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NPEAHCIOBHE K TPULUATD NATCMY H3LAHHIO

B HacTosllieM H3A3HHH NPOAOJIMKEHA TONHITKA OTPA3HTH B 3a/4ay-
HHKE HOBHle NpPOC/ieMbl TeXHHKH # GoJee MOJHO OXBATHTL Pa3jetl
MCXaHHKH, Panee He Hallleluike J0CTaTogHOro ocBenierns. Kpowme toro,
BCe BeJHYMHEL B 3ajayax MepeBeieHtr B MexIyHaponnyo crcteMy
ennyny (CH), Beesennyro B CCCP ¢ | smsaps 1980 r. B COOTBETCTBHK
co craHpaptoM Copera IJKoHomuyeckodi Bsaumonomomu CT C3B
1052—78 *). B KoHIe KHHTH NpHBENEeHa TabJHUA OCHOBHLIX, AONOMHH-
TEJABHBIX M NPOH3BOAHBIX €JHHHL, FeOMETPHYECKHX, KMHEMAaTHUeCKHX,
CTATHYECKHX H JIMHAMHYECKHX BEJIMYHH 3TOH CHCTEMHL

Hosrie paspenn cocrabnenn M. W. Bate (CMewannsie 3agaun Ha
CNIOXKHOE IBHMEHHE TOYKH H TBepioro Teaa, § 25), H. A. Dydaepnm
(Cucremn ¢ kavenwem. Herononommnie cesiam, § 50), . B. Yennano-
BuM (BeposiTHocTHEle 3afiaun TeopeTnueckoli MeXaHHKH, IJaBa X1V).
OZAHOBPEMEHHO NOMOJHEHHI HOBHIMM 3a/laYaMM [OYTH BCE OCTAJbHLIE
Pasjenibl, B 9aCTHOCTH BBEACHH 3alayH, CBA3aHHHE C MaHHOYJAATO-
PaMH; 4acTh 3akaY HCKJIOYeHa.

ABTOpCKMI KOJNMIEKTHB TIOHEC Tsmeaylo yTpaTy —B 1980 r. mocie
TAKENIOH MPOAO/IKHTENbHON GONE3HH CKOHYANCA ONMH M3 BeLylIMX
COaBTOPOB H THTYJIbHHIX PElaKTOPORB, YJEH-KOppecHoHAeHT AKafeMuu
Hayk CCCP, npodeccop Aunatoamnii Wcaxosuu Jlypre, Bo3rnasnsis-
IIHH aBTOPCKHHA KoasekTus ¢ 1935 r.

[Toarotosunu «COGOpHHK» K NeyaTH H NPENCTABHAH HOBHE SafauH
M. H. bare, H. B. Bytennn, A. C. Kennson, A. H. Jlypre, II. P. Mep-
KnH. KpoMe nepeuMcrlieHHHX Bbiue JHi, HOBHE 3a/laud AJsI HACTOS-
luero uspanus npeacrasuau E. T'. Beprep, I0. I'. Henoaos, M. B. Mu-
poxoB, 3. B. Ceran, B. B. Ctapoceanckuii, H. B. Uennauos, H. A. Dy-
thaen.

Hymepauns 3anay nsofinas: mepBoe YHC/O O3HAYAET HoMep napa-
rpaga, BTOpoe — HOMep 3ajauH B 3TOM naparpage. B ckobkax yKaabi-
BAacTCsi HOMED, KOTOpHA HMesla 3ajaya B TPHALATL BTOPOM — TPH-
IaTh 9eTBEPTOM H3RaAHHIX.

a;) Cooisercteyer I'OCT 8.417—81, peesentomy ¢ 1 supaps 1982 r. (Hpuney.
peo.
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H3 NPEAHUCIOBUSA
K TPHIALUATbL BTOPOMY H3AAHMIO

«COOPHEK 3aAay no TeopeTHuecKofl Mexannkes M. B. Memepckoro,
COCTaBJIEHHEIH NEPBOHAYAJLHO 1O MBICJIH M HOJ penakuueii M. B. Me-
LEpCKOro rpynnofi mpenofapaTesleli TEOPETHUECKON MeXaHHKH 6. ile-
TepOYPrCKOro NOJHTEXHUYECKOrO HHCTHTYTA KaK NOCOGHe LA npeno-
AABaHUS] MEXAHHKH B 3TOM HHCTHTYTE, NOCTENEHHO MOJYUH/ CaMOe IiH-
POKOE pacnpoCTpaHeHHe Kak B Halueil CTpaHe, TAK u 32 ee MpefenaMmy.
Haumnasn ¢ 1914 r., xoraa smiumio neppoe uanauwe «COopHHKa», OH
TEPEH3NABAJICA TOJLKO B HAllell CTpaHe TPHALUATL OLMH pa3; NEpBOMY
LE4aTHOMY H3[AHHIO NPENIUECTBOBAJO €Il HeCKOJbKO JHTOrpagdHpo-
BAHHBIX M3JaHHKIH.

OnHa H3 OCHOBHBIX NpuYEH ycnexa u pacnpocTpanenss « CGopHHKa»
SaKJIIOYAETCsA B TOM, 9TO B HEM N0JA06PaHH 3a034H, HMEIOLIHE KOHKpeT-
Hylo GOpMY, AAlONIHE BO3MOKHOCTL CTYNEHTAM npuobpectd Heob6XomnH-
MBIE L7171 HHX HAaBEIKH B NPUMEHEHHH OOIUMX TEOpeM H MeTOOB K pe-
LIEHHIO KOHKPETHHX NPHKJANHEIX BONPOCOB. :

«COOpPHHK» HEO[HOKPATHO nepepabatrsacs.

CocraBuTeniMH 3a]au, NOMEWIEHHLIX B nepeoM H3naHuu «CGop<
HuKa» 1914 r., 6un: JI. B, Accyp, B. A. Baxmerses, M. M. BenTkop-
cxkuid, A. A. l'opes, K. M. IlyGsara, A. M. Jlaprosos, . B. Meiepekuii,
B. ©®. Murkesuu, E. JI. Huronan, K. 3. Pepux, M. JI. Tarees,
B. B. Taknusckuit, C. I1. Tumowenko, A. H. Tynoposckuit, A. I1. ®au-
nep-®aut, A. K. Qenepman, B, I1. Ifatpoe u npyrue. B nocJenyounx
M3NaHUAX TpHHAAH yuactHe Takke E. K. Murponossckeii m
M. JI. dpauk.

B noaroroeke onunEanuatoro nepepabOTaHHOIO H3LAHHA NpPHHH-
Mayi ydacthe M. M. Akumos, M. . Bats, B. A. bepr, H. K. I'cpunn,
10. B. Honronenko, A. C. Kemsson, 10. I. Kopuunos, A. H. Jlypse,
K. B. Menukos, H. H. Hayronpras, I1. . Hemo6uu, H. I1. Hepo:os,
E. JI. Huxonan, B. . Ilexkun, I1. H. Cemenop, A. A. CMHpHOB,
C. A. Copoxor, K. U. Ctpaxosus, A. H. Hexkmaper 1 @. I. [Imuar.

IlBe cymecTsensbie NepepaBboTKy OCYMIECTBIEHE B UeTHpHALATOM
H UIECTHANUATOM H3AaHuAX. Pa6oTra mo noAroToBKe o6oMX H3namui
OBUIA BBIMOJHEHA KOJJIEKTHBOM Kaelpsl TEOPeTHUECKOH MeXaHHKH
JIeHHHUIPaACKOrO MOJNHTEXHBYECKOrD HHCTHTYTA. COCTABH/IH HOBHE 3a-
A24M M pPENaKTHPOBaJu: oTaen crathki —C. A. Copokos, Kumema-
TikH — H, H. Hayronsnas u A, C. Kenb3on, aunaMukH MaTepHaJbHOH



Touky — A. C. Ken3on, ansaMuxn cuctemul — M. M. Batb, ypasuennii
Jlarpanxa n Teopun koaeGaumii —I'. 10. [xanennnze. O6luee penak-
THpoBaHHe ocywiectsua A. M. Jlypbe. Kpome ynomMsHyThIX JHU, ais
YeTBIPHAAUATOTO H3JaHHS NPenocTaBHIH HOBkie 3agagu H. C. BaGu-
wesny, H. H. Hnenscon, B, JI. Kan, A. H. Xonogusx, A. H. Ikimros
u H. A. Iokyuaes.

Pa3spuTHe, HAYKH H TEXHHKH 33 NOCJEIHHe NeCATHJETHS BH3BAJO
neobxonHMOCTs HOBOH nepepaboTkn «C6opHukay (mocjenHss, Hau6o-
Jiee cyllecTBeHHan nepepabGotka Obina ocywmecrsaena B 1949 r., B ue-
CTHAALATOM H3NAHHH).

B Tpuauats BTOpOM H3AAHHH CAENAHA NOMNLITKA, HE BLIXOAA Sa
PaMKH TeOpPEeTHYECKOH MEXaHHKH, OTDAa3HTh B KaKOH-TO CTENEHH HOBhie
npOo6.eMbl TEXHHKH H G0sIee NOJMHO OXBATHTH T BONPOCH KJACCHIECKON
MEeXaHHKH, KOTOphle He HALLIH N0 CHX NOP AOCTATOYHOrO OCBELEHHS.
B cBasu ¢ 3TiM B «CGOpHHK» BBENEHB HOBHIE Pas/esbl, CONEpPHAlLHE
3a]ayH MO NPOCTPAHCTBEHHOH OPHEHTALMH, AHHAMHKE KOCMHYECKOro
NoJieTa, HelHHeHHBIM KosneGaHuaM, EOMETPHH MAacc, aHaJHTHIECKOR
mexanHke. OnHOBPeMEHHO CYIUECTBEHHO NOTOJHEHE HOBBIMH 33a]3a7aMH
pasfenkl KHHEMAaTHKH TOYKH, KHHEMATHKH OTHOCHTENLHOIO NBHIKEHHS
H NJIOCKOrO [BHM{EHHA TBEPAOrO Tena, NHHAMHKE MaTepHAJbHON TOUKH
H CHCTEMBI, IHHAMHKH TOYKH H CHCTEMBI EpeMEHHOH MAaCCHI, YcTOHIH-
BOCTH nBHxeHHsA. [eGoabluoe KOJIHIECTBO HOBHIX 3a/1a4 BBENEHO TAKXKE
NOYTH BO BCe npyrHe pasnenul «COOPHHKA®; HEKOTOPHIE 3a0aTH HCKIIO-
ueHbl K3 Hero. CnenaHsl TaKie He6OJblUHE IIEPECTAHOBKH B pasMelle-
HHH MaTepHana. B konne «CO60pHHKa» B KayecTEe A0GaBJIEHHA NpHBe-
Ilena Mexxnynaponuas cucteMa enuuuy (CH).

Pa6ora mo mnoAroToBKe TPHAUATL BTOPOrO H3LAHHA BHINOJHEHA
Cpynno#i npenonapaTtefel BHICUIHX y4eOHBIX 3aBeneHHi T. JIeHuHrpana.
CocTapuii HOBHIE 332[a9H W TNOATOTOBHJH K NMEYATH: OTAEN] CTATHKH —
. P. Mepkun, orgen kunemaTHkn— M. H. Bate (§§ 15—18),
A. C. Kenpzou (§§ 21—25) u II. P. Mepkuu (§§ 10—14 n 19—20),
OTAeN AMHAMMKH MaTepHasabHOfl Touku — A. C. Kenb30H, OTAen OMHA-
MHKH MaTepHannbuOH cHcTeMel — M. M, Bate (§§ 34—44) u H. B. By-
TeHHH (§ 45), otaen awamuthyeckoli mMexaunkH — M. . Bars (§§ 46,
47) u JI. P. Mepkun (§§ 48, 49), oTnen nuHaMUKH KOCMHYECKOro mno-
Jera — JI. P. Mepkud, oTAeN TeOPHH KOJAeGaHHi H YCTOAYHBOCTH JBE-
wenns — H. B. Byrennn. KpoMe BoileynoManyTHIX ML TIPEAOCTABHIH
Hoemle safayn M, 3. Konoeekuit, M. E. JIupwnn u B. A. CMonbuHKOB.

CuuTaeM CBOMM NPHATHEIM [OJIrOM BHIPA3UTh HCKPEHHIOW Gaaro-
napuocts npocdeccopam I'. KO. Cremanoey u B. H. lllenkauepy u
BO3[/IABJAEMBIM MMH KOJJIEKTHBAM Kadenp 32 LEHHHE 3aMeyaHns
H COBETHl, MO3BOJIBBIIHE YAYIIHTE « COOPHHKS.



OTOEJ NEPBHHA
CTATHKA TBEPOOTO TEJNA

I'JIABA 1
TNJTOCKASI CHCTEMA CHJ

§ 1. Cunw, meiicryomue no onpmoil npaAMOH

L1(1.1). Iisa rpysa, 8 10 H u § H, sucsitune na opuoit BEPEBKe,
YKPENIEHl HA Hell B Da3HEIX MeCTaX, MPHUEM 6Obiuis TDYy3 BHCHT
Hue Menbllero. KakoBo HaTsokeHwe BepeBKH, eciy BEDXHHH KOHeL,
€€ IPHKPEIVIEH K HeNOABHMIKHOH TOYKepP

Orser: 10 H u 15 H.

1.2(1.2). Bykcup Taner Tpu Gapxu pasnHYHREX pa3mepos, crenyio-
e onua 3a apyrod. Cuaa TArd BHHTA OyKCHpa B HaHHBI MOMeHT
pasHa 18 kH. Conpotusaenne Bogn mBHkeHMHIO Gykcupa pasHo 6 kH;
CONPOTHBJIEHHE BOAB [BHIKEHHIO NeEPBOIl Gapmu—6 kH, BTOPOH
Gapxi—4 kH u TpeTheli — 2 kH. Hwmetompiics s PacnopsixeHuH Ka-
HaT BEUIEDPIKHBAET 6e30NacHO PaCTATHBAIOLIYIO cHiy B 2 kH, Croasko
KaHaTOB HANO MPOTAHYTL OT OyKCHpa K nepeoii Gapie, Ot neppo#t Ko
BTOPOH H OT BTOpO# K TpeTsef, eciy ABHKEHHE — NPAMONMHENHOS H
PaBHOMepHoe?

Oreer: 6, 3 ¥ 1 Kanar.

1.3(1.4). Ha nxe maxter Haxomutes uenosex peca 640 H; mocpen-
CTBOM KaHATa, MEPEKHHYTOrO Yepes HemONBHKHEI GJI0K, ue/noBeK yaep-
JKHBaeT rpys B 480 H. 1) Kaxoe naenenne okasmpaer q9EN0BeK Ha AHO
waxTe? 2) Kakoit rauGonbimmi TPY3 OH MOMKET ynepaKaTs ¢ NOMOILbIO
KagaTta?

Orser: 1) 160 H; 2) 640 H.

1.4(1.5). Toesn uaer no NPAMOJIHHEHHOMY TOPH3OHTAJILHOMY NyTH
€ TOCTOAHHOH CKOPOCTHIO; BEC NOe3na, He CyHTas 5JIEKTPOBO34a,
12-10% kH. Kaxkosa cusia taru SJIEKTPOBO33, ECJIH CONPOTHBJIEHHE NBH-
HEHHIO noe3xa paeHo 0,005 napnenus 03712 HA peJbLCH?

Orser: 60 kH.

L.5(1.6). ITaccamupckuii mnoess coctout H3 37eKTpoBO3a, Gara-
HOro BaroHa seca 400 xH u 10 NacCazXuPCKHUX BaroHoB Beca 500 xH
Kaxne. C Kakoii cunofi Gyayr HATSHYTEL BATOHHEIE CTSKKH H KaKOBA
CHIIA TATH SJEKTPOBO3a, eC/IH CONPOTHBIIEHHE MBHKEHMIO N0€3/1a paBHO
0,005 ero seca? Ilpu PEIIEHHH 33/1aUH MPHHATh, 470 CONPOTHEBJEHHE
ABHMEHHIO pacrpeflefsieTCsi Mex/ly cOCTABOM noesfia NponopLHOHAIE-
HO BeCy B 4TO JABH»KeHHE 1oe3fa pPaBHOMepHOE,



Oreer: Cusa Tarn snextpoBosa 27 xH, Ty =25 xH, T =
=2-2,5 kH B 7. A, (HHXHHH HHOEKC O3HA4YaeT HOMED BAroHa, HaUH-
HasA 0T 3JeKTpOB03a).

§ 2. Cunpy, AHHMM JeHCTBHA KOTOPHLIX fepeceKalnTcs
B OJHOH TOYKe

2.1(2.1). B uenipe NpaBHJbHOTO MLIECTHYTOJBHHKA TPHJIOMNKEHH
cunel 1, 3, 5, 7, 9 v 11 H, HanpaBneHsble K ero pepiunsam. Haiite
BeJH4YEHY H HanpapJjieHHE PaBHONEHCTBYIOLUEH ¥ YpaBHOBEUIHBAIOULEH.

Oreer: 12 H; nmanpasienue ypaBHOBelLUHBAIOLIEH NPOTHBOMOJOMHO
HanpasJIeHHIO 3aNaHHOH cHibl B 9 H.

2.2(2.3). Cuny B 8 H pasnoxute Ha aBe no 5 H kaxnas. Mowxso
JH Ty e CHAY pasnoxuTs Ha aee no 10 H, 16 H, 20 H v 1. n.? Ha
ase no 100 H?

Oreer: [la, eciM He 33[aHEl HANPABJEHHSA PA3JOKEHHI.

2.3(2.4). Ilo HanpaB/ieHk© CTPONHIBAOH HOTH, HAKJIOHEHHOH K ro-
PH30HTY 1o yraoM o = 45°, neiicteyer cuia Q = 2,5 kH. Kaxkoe yce-
Jne S BO3HHKAeT MPH 3TOM MO HAMpPABJEHHIO TOPH3OH-
TANBHOH 3aTAXKKH H KaKafa cuna N aeficTByeT Ha CTeHy
IO OTBECHOMY HamNpaBJIEeHHIO?

Ozrger: S =N = 1,77 xkH.

2.4(2.5). [dea TpakTopa, HAYmHX no Geperam nps-
MOr0 KaHajia ¢ NOCTOAHHOH CKODOCTHIO, THHYT Oapky

K sapase 2.3 NpY NOMOUIH ABYX KaHaToB. CHABLI HATAMEHHS Ka-

vatop papuel 0,8 kH u 0,96 xH; yronm mexny

HuMu pasen 60°. Haifith compormsiense Boawl P, HCOEITEIBaeMOe Gap-

KOH MpH ee ABH¥EHHM, H YIJIEl o H B, KOTOPHE MOJKHBI COCTABAATH

KaHaThl ¢ GeperaMH KaHana,ecqau 6ap-
Ka JBHIKETCH napasnesbHo 6eperam.

Orger: P=1053 xH, a=33°,
p=27".

2.5(2.6). Koabua A, B nu C Tpex
NPYXUHHBIX BECOB YKpPENJeHE Hemno-
JIBHXHO HA TOpPH30HTAJIBHOH [OCKE.
K kploukam BecoB NpHBA3aHEI TPH BE-
PEBKH, KOTOPhIE HATAHYTH H CBA3aHH
B onuE y3en D. Ilokazauus Becos: 8,
7 u 13 H. Onpezenuts yriu o H B,
obpa3zyemble HanpaBJeHHAMH BEPEBOK,

K sanave 2.5 K 3anage 26 KaK yKa3aHO Ha DHCYHKe.

Oreer: o = 278°, p = 32,2°.
2.6(2.7). Crepxun AC u BC coenunenb mexay co6oil H C BEpTH-
KaJibHOIl cTeHOH nocpencTsom wwapHupoB. Ha wapuupunii 6oar C nei-
CTBYET BepTHKaJbHaA cuya P = 1000 H.

OnpefenHTs peaKLHH 3THX CTepikHell Ha wapHHpRBLl Goar C, ecan
YrJBl, COCTaBAReMble CTepXHAMH €O CTeHoH, paBHb: o =30
g = 60°

Orser: 866 H, 500 H.
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2.7(2.8). Ha pucynkax a, 6 u @, KaKk u B npensiayilei 3apaye, cxe-
MAaTHIECKH H300pajKeHHl CTEPXHH, COedMHEeHHEe Mexay coboil, ¢ no-
TOJIKOM M CTEHaMH MOCPeACTBOM wapHHpoe. K mapuupawiv Goatay
B, F u K noppewent rpy-
30l Q= 1000 H,

Onpenesute ycwmms B
CTEPIKHAX AJA CJyYacs:

a) o= p =45°%

6) a =30° p=60°

B) o =60° B ==30°,

Orger: a) 8§, =38, —
=707 H; 6) S, =577 H;
Sz=—I1164 H*); 8) §, =
=—577 H; S;=1154 H.

2.8(2.9). Ynuunnii @o- K sanaue 2.7
Hapes nmojBelleH B Touke B
K cepennue Tpoca ABC, MpHKpenJeHHOro KOHUaMH K KpiokaM A u C,
HAXOMALMMMCS HA OAHOW ropusonTanu. OmnpeaesHTs HaTsmeuns Ty u
T2 B wacrax Tpoca AB u BC, ecnu Bec ¢onapsa pased 150 H, mauna
Bcere tpoca ABC pasna 20 M M OTKJOHEHHE TOYKH €r0 TMOABECA OT
ropusouTani BD = 0,1 m. Becom Tpoca npenebpens.

Orger: Ty = T; =75 kH.

2.9(2.10). Yanuueii doHaps seca 300 H noasemen k BEPTHKAIb-
HOMY CTONGY € NOMOLIBLI0 FOPH3OHTANBHON nouepeunnsl AC — 1,2 M u

A &
V.4
7 v
K sanave 2.8 K sapave 2.9 K sanaue 2.10

noakoca BC = 1,5 m. Hatitu ycunua S, u S, B crepxunx AC u BC,
CYHTast KpensieHus B Toykax A, B u C wapHHpHEIMA.

Oreer: 8y = 400 H, S; = —500 H.

2.10(2.11). Snextpuyeckan jamna seca 20 H nossemena K ro-
TOJIKY Ha WHype AB u 3aTem OTTsHyTa K crene pepeskoil BC. Onpe-
Aenuth HaTskReHun: T, wuypa AB u T¢ epeskn BC, eciiu H3BecTHO,
uTo yron « =60° a yrom § =135° Becom wmypa u BepeBKu npe-
He6peysp.

Orser: Th=14,6 H, Tc =104 H.

2.11(2.12). Maytosuifi KpaH COCTOHT M3 crpenm AB, NpHKpenyien-
HO# wapuHpoM A K maute, n uenu CB. K konuy B cTpenn monsemen

*) 3Hak MEEYC NOKasHBAET, uTO CTEPMEHB CHHAT,



rpy8 P =2 gH; yram BAC =15°, ACB = 135°. Onpesenuts natae-
uue T uemu CB M yeusue Q B erpene AB.
Orger;: T = 1,04 kH; Q = 2,83 kH.
2.12(2.13). Ha onHol xenesHoli popore, NpoBeNeHHON B ropax,
b ¥4acToOK nNyTH B VlieJbe NoABelleH Tak, KaKk INOoKa3aHO Ha PHCYHKe.

&

K sanave 2.11 K sspave 2.12

INpennonaras nonsecky AB warpymenuoil cuaoit P =500 xH, maiitn
yeunus B crepxuax AC w AD.

Oreer: Crepxun AC u AD cxaThl ONHHAKOBHIM ycHiHeM 539 kH.

2.13(2.14). Yepes npa Gaoka A H B, HAXONKUMXCA HAa OAHOH ro-
PH30HTaNBHOH NpAMOH AB == [, nepekuuyta Bepeska CAEBD. K wog-
uaM C u D pepeBKH NOJBELIEHB! THPH Be-
ca p Kaxpaas, a K Touke E—rHpsa peca
P. Onpenenutb, mpeHeGperas TpeHHeM
Ha 6JIOKaX H WX pa3MepaMH, pacCTOSHHE
x Toukn E ot npamoit AB B nonomenun
pasHoBecHs. Becom pepeBKkH npexe6peus.

Oreer: x=——tn_
] 24/3p" — P2~
K sanaue 2.13 2.14(2.15). I'pys seca 25 H ynepxu-

BAETCA B PABHOBECHH JBYMsl BEPEBKAMH,
NMEPEKHHYTHIMH 4Yepes GJIOKH H HATATMBaeMBIMH rpysaMy. OpHE
H3 3THX rpysoB pecut 20 H; cmmyc yraa, o6pasyeMoro coorger-
CTBYIOLLeH BEPEeBKOli C BepTHKaJbio, pa-
BeH 0,6. [NpeneGperas Tpennem Ha 6io-
KaxX, ONpelejuTb BEJIHYHHY p BTOPOro
rpy3a H yroJs o, obpasyeMulii BTOpof Be-
PEBKO# C BEepTHKaJNLHOH JuHEeil. Becom
BEPEBKH NpeHebpeyn.
Orser: p=15 H, sina = 0,8.
2.15(2.16). K pepeBke AB, ofEH Ko-
Hell KOTODOit 3aKpenfeH B Touke A, npH-
Bfi3aHH B Touke B rpys P H pepeBka
BCD, nepekunyran yepes 6.10k; K KoHLY ee D) npuBs3aHa rupa Q Beca
100 H. Onpenennts, upeneGperas TpeHuem Ha OJOKe, HaTsxerne T
BepeBkH AB H BenkuHHY rpysa P, ecliH B TNOJA0MKCHHE paBHOBCCHH

K sanave 2.15
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YIIH, gdpaayemﬂe BEPEBKaMH C BepTHKanbio BE, papum: ¢ = 45°

Oreer: T=122 H, P =137 H.

2.16(2.17). Tpys P=20 kH nogaumaertcs Mara3uHHBIM KpaHOM
BAC nocpencrsom uenw, NepeKHHyTOH vepes 610K A u gepes 6ok D,
KOTODLIf yKpenseH Ha cTeme Tak, 9ro yron CAD = 30°. ¥t Memay
CTEPKUAMH Kpana: ABC = 60°, ACB = 30°. Onpenennts YCHNHs Q, H
Qz B cTepxHnx AB u AC.

Oreer: Q; =0, Q; = —34,6 xH.

2.17. lpa oguHAKOBEIX UHAHHRPa [ Beca P Kanawlil NOmBeIleHEH
A HHTAX K TOYKe O. Mexay HHMH nemur usauuap If seca Q. Bes
CHCTEMA HaxomuTcss B pasuoBecHu. Llumumapw [ we kacaworcs Apyr

K sanave 2.16 K aanage 2.17 K sanave 2.18

apyra. OnpenensTs 3aBHCHMOCTB MEXy YyrioM o, 06pazoBaHHLIM
HHTBIO C BEPTHKANBIO, M YrJoM P, 06pa3oBaHHLIM npsiMOii, Mpoxops-
ueii Yepes ocu wuaHEAPOB [ u I, ¢ BEPTHKANBIO,

Oreer: tgp = (%ﬁ—k l) tga.

2.18(2-18). Ha nByx p3aumuo NEPNEHAHKYIAPHEX TJa0KHX HaK/IOH-
HBIX TIOCKOCTAX AB m BC nexwur onHOpoaHE: wap O peca 60 H.
Onpepenuts nasnenne wapa wa KajKnyio NIOCKOCThb, 3HAA, YTO MJ0-
ckocts BC cocrapasier ¢ ropusosTtom yron 60°.

‘Orger: Np =52 H, Ne =30 H.

2.19(2.19). K BepTuranbHO# rnankoli ctene AB noaBellen Ha Tpoce
AC opuoponubii wap O, Tpoc cocrasasier co ctenoit yron o, BEC LIapa
P. Onpellennts HaTAMEHHE Tpoca T u paBnesue Q mapa Ha CTeHY.

Oreer: T=P/cos a, Q = Pig .

2.20(2.20). Onuoponeii uwap seca 20 H yaepxusaercs ua rnap-
KOH HAKJOHHOH NIOCKOCTH TPOCOM, KOTODBI TNPHBA3AH K NPYHHHHLIM
BECAM, YKpemJIeHHBIM Hall MJIOCKOCTBHIO; MOKA3aHHe NPYXHHHBIX BECOB
10 H. ¥Yroa naknoHa nnocKocTH K ropusoHTy paben 30°, OnpenenuTts
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YIOJ @, COCTARMSIEMEIH HANPABASHHEM TPOCA C BepTHKAMAbIO, H AaBJe-
ape () wapa Ha MIOCKOCTh. BecoM NMpYXHHHBIX BECOB mpeneGpeun.
Orger: o = 60°, Q = 17,3 H.
2.21(2.21). lapuk B peca P nonseuieH K HENOABHXKHON Touke A
NOCPEeACTBOM HHTH AB H JIEXHT HAa NMOBEpPXHOCTH TJaaKol cgepH pa-
Anyca r; pacctosHie Touku A ot noBepxHocTH cepnl AC = d, annHa

K sanaue 2.19 K sanaue 2.20 K aagaue 2.21

unte AB =1, npaman AO BeprukanmHa. Onpependts HaTskenue T
HHTH H peakuuio Q ceprl. Pagnycom 1apHka npeHeGpeyb.

Oraser: T=‘PT-:-_F’ Q=P3?r_—r.

2.22(2.22). Opnoponuuiit wap seca 10 H ynepxupaercss B paBHo-
pecHH aByMs tpocamH AB u CD, pacnojoxeHHHIMH B OOHOH BEpTH-
KajabHOH TJIOCKOCTH ¥ COCTaBNSIONIMMH OLMH ¢ Opyram yroa 150°.
Tpoc AB HakiloHEeH K TOPH3OHTY mnon yraoM 45°. Onpenesuts HaTs-
HEeHHE TPOCOB.

Orser: T =19,3 H, Tc = 14,1 H.

2.23(2.23). Koten ¢ paBHOMEPHO pacnpefesleHHBIM MO JJHHE Be-
coM P=40 xH n pannyca R =1 M JIeXKHT Ha BHCTyNaxX KaMeHHOH

P A i e o l;/?/'i'////

== S

LR

K 3saave 2.22 K sanawe 2.23 K aanawe 2.24

Knankd. PaccTosHne mexny creHkamu kgaaake [ = 1,6 m. TlpeneGpe-
ras TpeHueM, HaHTH [NaBJIeHHe KOT/IA HA KJAAKy B Toukax A u B.
Oreer: Ny = Nz =— 33,3 xH.
2.24(2.24). Bec onHoponHoro tpamboBounHoro katka pased 20 xH,
paanyc ero 60 cm. OnpenenuTs FOPH3OHTANBHOE YCHAHE P, HeoOXoaH-
MOe [JIf NEepeTacKHBAHHS KATKA Yepe3 KaMeHHYIO MJNTY BLICOTH 8 CM,
B NOJIOMEHHH, YKa3dHHOM HA DHCYHKE.

14
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Orger: P=11,5 kH. ‘

2.25(2.25). Onuoponuuii crepxens AB meca 160 H, nmuuer 1,2 M
noaseurer B 704ke C Ha aByx tpocax AC u CB oAHHAKOBOIl MJIHHBI,
pasuo#t 1 M. OnpenenuTs HATAKEHHA TPOCOB.

Oreer: Harsixenne Kaxzaoro Tpoca pasro 100 H.

2.26(2.26). Onuoponnutii cTepxenb AB npuKpenseH K BepTHKANL-
HOH CTeHe MOCPeACTBOM wapHMpa A M yAepXHBAeTCs noj yriom 60°
K BEpTHKaJu npu nomowy Tpoca BC, oGpasymomero ¢ HuM yroan 30°.
Onpepennts BeqHUMHY H HANpaBJeHHE peakiuH R IIapHMpA, €CAH K3-
BeCTHO, YTO BeC cTepxkuA paBeH 20 H.

Orser: R = 10 H, yrox (R, AC)=60°.

AN

K sanaye 2.25 K sanawue 2.26 K 3aaave 2.27

2.27(2.27). Bepxunii Konen, A onHOPOAHOro 6pyca AB, nnuHa Koto-
poro 2 M, a sec 50 H, ynupaercs B FJI3AKYI0 BEPTHKAJbLHYIO CTEHY.
K nuxuemy kouuy ‘B npHesizau Tpoc BC. Haiith, Ha KakoM paccTos-
HHH AC HYXHO UPHKPENHTh TPOC K CTEHe NS TOTO, YTOGH 6pyc Ha-
XOAHJCS B paBHOBECHH, 06pa3ys yron BAD — 45°. Ha#iTh HaTskeHHe
T Tpoca n peakumio R cTeHHL.

Oreer: AC=AD =141 M, T=56 H, R = 95 H.

2.28(2.28). Oxonuan pama AB, u3obpaxennas ma PHCyHKe B pas-
Pe3e, MOMeT BPAINATBbCS BOKPYr FOPH3OHTA/LHON OCH mapHHpa A M

ANA £/ 8
28 m
| P
[F

K sanaye 2.28 K aanave 2.29

CBOEM HMJKHHM XpaeM B cBOGORHO omnmpaercs Ha yeryn nasa. Hasitu
PEAKUHH ONOp, €C/aH N2HO, YTO BeC paMbl, papHui 89 H, mpuioxen
K cepennne € pamu v AD = BD.

Orser: Ra = 70,4 H, Rs = 31,5 H.

2.29(2.29). Banka AB nounepxusaetcs B TOPH3OHTAJILHOM IOJIO-
JeHnn crepxHem CD; Kpennenms B A, C v D wapHupHELe. Onpepe-
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JIMTh peakuuu onop A u D, ecaw Ha Kosue 6Gajaxu neHcTByeT BepTH-
KanbHas cana F =5 kH. Pasmepn ykasauwl Ha pucynke. Becom npe-
HeGpeuys.

Orser: R4 = 17,9 kH, Rp = 10,6 kH.

2.30(2.30). Banka AB wapuupHo 3akpemsiena Ha onope A;y koima
B oHa nonoxena Ha kaTku. B cepenune 6asnku, mop yriom 45° k ee

P P
4 w8 A }/*g 54\
zi;i” 20 ! 20 % 7 2r __; 2}

a) 6)

K sanase 2.30

ocH, neficteyer cuaa P =2 kH. Onpepenuts peakuun onop AJnH cay-
4aeB @ M 0, B31B pasMephl C DHCYHKOB H npeHebperas Becom Gaskm.
Oreer: a) Ra=158 kH, Re=0,71 xH; 6) R.=224 «xH,
Rs =1 kH.
2.31(2.31). Ha pucynkax naobpakens Gasiku AB, YIEpKUBaeMule
B FOPH3OHTAJIbHOM NOJOXEHHH BEPTHKAJbHBIMH CTepxHaMH CD. Ha

5'/:/>)

2rr C]

g) i

3 [0

|

K sanage 2.31

KOHUaxX Ganok neicTyioT cuan F =30 xH nox yriom 60° k ropu-
30HTY. B3sis pasMepw! C PHCYHKOB, ONpefesnTh yeHaus S B CTEPKHAX
CD v nabaenus Q 6anoK Ha CTEHy, eC]IH KPelJeHHs B A, C u D wap-
HHpHble. BecoM crepxueli H 6an0K npene6peys.

Oreer: a) S =39 kH, Q =19,8 kH; 6) S =239 xH, Q = 19,8 xH.

2.32(2.32). Snextpuyeckwii npoeon ACB HATAHYT MEKNY HOBYMS
cronbamMu TaK, yTo 0GpasyeT NOJOryi KpPHBYIO, CTp&lla NpOBHCAHHS
Kotopo#i CD = f=1 m. Pacctosnue Mexny cronbamu AB = [ = 40 m.
Bec npososma Q=04 xH, Onpenenuts uaTsxenHs npoBoja: T¢
B cpenHel Touke, Th B T5 Ha KoHuax.

Ilpu pelieHHH 3a1a9K CYHTATh, UTO BEC KAXK0i NMOJOBHHEL NpoBoAd
NPHJIOKEH HA PacCTOAHEM [/4 oT 6HxHEro cTonba.

Oreer; Tc=—%fl-=2 KH; T,=Tz=2,01 kH.

I T R  —
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2.33(2.33). Ias pamu, H300pPaXKEHHOH Ha DHCYHKe, OMpefenuTsh
ONOpHEIE peakikH Rx H Rp, BO3HUKAOIHE NPH AEHCTBHH TOPH3OHTAL-
HOH CHJIBl P, NpuioxesHol B Touke B. Becom paMmel npeneSpeus.

Orser: Ry=P 4/5/2, R,=P[2.

2.34(2.34). B nmeuratene BHYTDEHHEro CropaHus NJOLIaNb MOPLIHA
paBHa 0,02 M2, nnuma watysa AB =30 cM, AJAHHA KpHBOIMHDA
BC=6 cM. [lapnense rasa B nanuni MOMEHT HAJL TNODPWHEM pPaBHO

A
?/ //7//
Kl
¢ ANV
£t 2 I\

L 2a ] I
4, -l

- = %
K zagave 2.32 K aanaye 2.33 K sapaye 234

Py =1000 xIla, non nopuwsem P, =— 200 xIla. Hafitn cuny T, neii-
CTBYIOILYI0O €O CTOPOHH watyna AB Ha Kpupowxn BC, sH3BamHyI0
TNEpenajom AaBnennit rasa, ecnu yron ABC = 90°, Tpennem mexny
NOpIIHEM H LHJIHHADOM NpeHe6peyn,

Oreer: T =16 kH.

2.35(2.35). Bosnymsuif 11ap, Bec Kotoporo pasen G, ynep:xupaer-
€3 B paBHOBeCHH TpocoM BC. Ha wap meficTByior nombeMuas cua Q
H rOpH3OHTAJIbHAA CHJA NaBJieHHs BeTpa,
pasuas P. Onpenennts HaTsXeHue Tpoca
B Touke B u yron a.

Orser: T = +/PP+(Q—G), a=
= arctg Q-fG -

2.36(2.36). lns cxxaTHs HeMeHTHOrO Ky-
Guka M no gethipeM rpansm NOJB3YI0TCA
IUAPHHDHBIM ~ MEXaHH3MOM, B  KOTOpOM
crepxkuu AB, BC 1 CD coBnanaior co c1o-
poHamu kBanpata ABCD, a crepwmnn I, 2, K sanave 2.35
d, 4 paBHBI Mexny coGo M Hanpapnenn
10 NHaroHansfiM TOTO K€ KBafpaTa; /Be PaBHEIE 0O MOAYJIO cHAR P
NPHKJANBIBAIOTCS K TOYKaM A H D, Kak nokazaso Ha pucynxe, Onpe-
ACTHTD cHAbl Ny, No, N3, Ny, CHHMaWOWHE KYOHK, U yCHIHA 81, S5, S5
B cTepxusix AB, BC u CD, ecan BEJIHIHHA CHJI, MPHJIOMKEHHEX B TOY-
Kax A u D, paBna 50 xH.

Orger: Ny = Ny=— N3y = N; = 70,7 kH. Pacrarusaomue YCHJIHS:
S1=8; = 83 =50 kH.

2.37(2.37). Ilra tpampaiinmx NPOBO/A NOJBEIleHbl K NMONEpedbiM
TPOBOJIOYHEIM KaHAaTaM, M3 KOTODBIX KaKmEL NDHKpeNieH K ApyM
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cronbam. CrenGe paccTanieHs! BAONL NMYyTH Ha PacCTOAHHH 40 M Apyr
oT npyra. Jlnsg xKaxnoro nomepedyHoro KaHata pacerositng AK = KL —
=1B=5 m; KC=LD=0,5 . Ilpenebperas pecoM NpOBOJOYHOTO
KaHaTa, HaiTh HatsmkeHust 7y, T2 u T3 B uacrsax ero AC, CD u DB,
ecny Bec 1| M nposona pasey 7,5 H.

Orser: Ty = Ts = 3,015 xH, T> =3 kH.

A > ’rﬁ

Vi A

K aapaue 2.35 K zagaue 2.37

2.38(2.38). K wapnupy A cTepixHeBOro IIa pEHPHOTO YETHPEXYTOMb-
auka ABDC, cropowa CD KOTOPOro 3akpensieHa, NPHJOeHa CcuAa
Q=100 H nox yrnom BAQ =45°. Onpeneants Beiauuuny cuis R,
NPUJIOKEHHOH B IIapHHpe B noi yryiom ABR = 30° Takmm o6pasom,
9TO6b  yeTHpexyronsHHK ABDC 6b1 B paBHOBECHH, €CTH  YIJIBL:
CAQ = 90°, DBR = 60°.

Orser: R = 163 H.

K 3anaue 2.38 K aanave 2.39

2.39(2.39). CrepxHeBOil IApHEPHHEH MHOrOYrOJBHHK COCTOHT M2
YETEIPEX PABHLIX CTEpPIXHEH; KOHUE A M E MapHHPHO 3aKpensieHs;
y3au B, C v D Harpyxennl OIHHaKODOH BepPTHKAJbHON Harpyskoil Q.
B noioxeHHH paBHOBECHS YroJl HAKJIOHZ KpaiiHHX CTEpXHeH K FopH-
8OHTY @ = 60°. OnpenennTs yrosi f HaKJIOHA CPEAHHX CTEpHell K ro-

PH3OHTY.
Orger; B = 30°.

18
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2.40(2.40). s TpexmapupHO# apKH, NMOKa3aHHONR Ha puHCYHKe,
OMPENeNHTE peakuuu onop A u B, Bo3HuKalowmKe npy AeACTBHH ropH-
S0HTanNbHOM cHinl P. Becom apkn npenebpeys.

Oreer: Ry =Ry =P—1§-.

K aapase 2.40 K 3anane 2.41

2.41(2.41). IlpaMonuueinui ORHOpOAHLA Gpyc AB Beca P W He-
EecOMBbIH cTepiKeHb BC ¢ KPHBONHEENRHOH OChio [POH3BOJBLHOrO OYep-
TaHus COCAHHEHHW IIADHHDHO B TOYKe B U TaK e COENHHEHH C OMO-
pamMi A u C, pacnosOXeHHLMHE Ha OAHOR ropusontanu AC, ITpavue
AB n BC ofpasyior ¢ npswmoi
AC yron o = 45°. Onpegenuth
peakuuy onop A u C.

AL

Orser: R,— 5 P Re=
_2 =
e %z
2.42(2.42). Haknonnas 6aa- ﬁk_!

Ka AB, Ha KOHEIl KOTOpOil neii-
cTByer cusna P, cepeannofi B K 2anave 2.42
OmHpaercs Ha pe6po KoHconn
6ankn CD. Onpenesuts onopHble peaknuw, npexe6perast Becom 6asok.
O7eer: Ry=P, Rc=4P[+/3, Rp=2P[+/3.
2.43(2.43)- Jara cucrema, coctosias ua YETHPEX 3ApPOK, PasMephi
KOTOPbIX yKa3aHwl Ha pHcynke. Onpenenuts peakmun onop A, B, C u
D, Bo3HHKAIOIHE NPH NEHCTBHHE TOPH30HTAIBHON CHIL P.

Oreer: Ry=P 4/2/2, Ry=P, Re=P, Ry—=P 4/2/2.

a a a a
4, ) P

K 3amaue 2.43

R —— |

P AN

2.44(2.44). KpaH cocTouT M3 wemopeHykHO# Gammn AC u MOABHK-
Ho# Qepmbl BC, KoTopas Hmeer maphip C H ynepKeBaeTest Tpocou
AB. I'pys Q = 40 xH BHCHT Ba uenw, NEPEKHHYTOH yepes GJI0K B Togke
B n nayme# k Bopoty no npsmoii BC. Iiara AC = BC. Onpegeants,
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nperebperast Becom bepMEl W TPeHHeM Ha Guoke, HaTsxeHwe T Tpoca
Aan cuny P, exxumatomyio ¢depmy no npsamoft BC, Kak dyrknuH yraa
ACB = o.
Orser: T =80sin(p/2) kH; P=280 xH wne3asucumo or yraa g.
2.45(2.45). Baok C ¢ rpysoM P=18 H MOMeT CKOJB3HTH BLOJL
rubkoro Tpoca ACB, KoHIBE KoTOporo A ¥ B mpHKpensieHbl K CTeHAM.
Paccrosinue mexay crenamu 4 M; ajmHa Tpoca 5 M. OnpelenuTs Ha-

K sanaue 2.44 K aanaqe 2.45

TSRKEHHE TPOCA NMPH paBHOBECHH 6JIOKAa C Tpy3oM, mpeHeGperas Becom
Tpoca H TpeHHeM 6JI0Ka o Tpoc.

Hatsxennsn wactell Tpoca AC u CB onHHAKODH; HX DeJHUHHA MoMKeT OHTH
onpeneseHa B3 NoHOGHR TpPEyroNbHHKA CHJI B pasHoOefpeHHOrO TPeyroJbAHKE, omgpa
H3 ODKOBHX CTOPOH KOTOporo ecth mpamas BCE, a ocHOBaHMe JEXHT Ha BEDTHKa-
a4 BD.

Orser: 15 H nesaBucuMo ot BuicoTh BF.

2.46(2.46). Ins nepenpask yepe3 peKy ycTpoeHa Josbka L, KOTo-
pas mocpeAcTBOM posnka C NojBeileHa K cTaabHOMY Tpocy AB, aa-
KpenjeHnoMy B BepuiHHax Gawen A u B. [{na nepensuxeHus ponuka

1000

K sanave 246

C k nepomy Gepery caymur kanat CAD, nepeKHHyTHii uepes 6aox A
H HAMATHIBAEMEUL Ha BOpoT D; Takol e KaHaT HMEeTcs AJs MONTH-
THBAHHSA JIOJLKA K mpasomy Gepery. Touky A u B wHaxonsres Ha of-
HOH TOPH30OHTAJIH Ha paccTosHiH AB = 100 M ozna OT ApYro#; ANHHA
Tpoca ACB pasHa 102 m; Bec monsxn 50 xH. Ilpenebperasi ecom
KaHaTOB H TPOCA, & TAKXE TPeHHEM POJIHKA O TPOC, ONPeleNIHTE HaTA=
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menne Kanata CAD u HaTsaxenue Tpoca ACB B ToT MOMeHT, Koraa
DauHa et AC = 20 m.

Oreer: Scap =7,5 kH; Scp = Scqy = 95,6 kH.

2.47(2.47). Oxounnan pama AB, H300pasKeHHas Ha DHCYHKE B pas-
pese, Beca 100 H, orkpraetcs, spamasice BOKPYT TOPH3OHTAJBHOM
ock A, npi nomoms wrypa BCD, oru6atomero 6noku C 1 D. Baok C,
pa3MepamMH KOTOpOro npere6peraeMm, M TOYKa
A nexat Ha OAHOI BepTHKAMN; BEC pPaMBl NMpH-
JIOXKEH B €€ CePeHHE; TPDEHHEM TaKie Mpele-
Gperaem. Hafitn natsmenne T muypa B 3a-
BHCHMOCTH OT yraa g, o6pasyeMmoro pamoii
AB ¢ ropusoutansio AH, npepnonaras AB —
=AC, a Takxe Pau6ONLIEE H HAHMEHbLIEE
S3HAYEHHsI ITOTO HATSIKEHHA.

Oreer: T = 100sin (45° — ¢/2) H:

Toax=70,7 H npn ¢ = 0;
Tmin =0 IpH @ = 90°. K sajave 2.47

2.48(2.48). Ha xpyrnom raagkom LHJHHIAPE € TOPH30HTAJNLHOR
OCbI0 H panuyca OA =0,1 m nexar asa mapuka A ¥ B; Bec nepeoro
1 H, sroporo 2 H. Llapuku coenuuent nutoio AB Aauel 0,2 M. Omnpe-
[CIHTE YIABl @) K Qg, cOCTaBAfEMBle pannycamMH OA u OB ¢ BEpTH-
KanbHOH npsMoit OC B NOJIOXKEHHH DABHOBECHS, H NABJEHHS Ny v N,

K sanaqe 2.48 K sanase 249

HI2pHKOB Ha UMAMHAP B TouKax A u B. Pasmepamu wapukos npe-
He(peub,
sin 2

Oreer: ¢y =2—q, tgo,= ST BI= 84°45', @,=29°50",

Ni=cosq H=0,092 H, N,=2cosq, H=173 H.

2.49(2.49). I'manxoe Koabuo A MOMET CKOJB3UTH Ge3 TPEHHA MO
HENO/IBIXKHOH ITIPOBOJIOKE, COTHYTONR MO OKPYXKHOCTH, PacnosioxeHHol
B BEPTHKa/nbHOH MuockocTH. K Kosblly monseniena THps P W TMpHBSA-
saHa BepeBKa ABC, KoTopas NepeKuHyTa uepes HEMOABHIKHbBI GJIOK B,
HaXOMAUIHACA B BHICIIEH TOYKE OKPYKHOCTH; paamepamu 6noka npe-
HeGperaem. B Touke C nongemiena THpst Q. OnpenenHTh UEHTPANBLHLI
YroJl @ ayru AB B NONOMEHHH PABHOBECHS, NpeHEGPEras BeCOM KoJbIa
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H TpeHHEM Ha 6JIoKe, H YKa3aTs YCJOBHE, IPH KOTOPOM BO3MOMHO pap-
HOBecHe.

Orger: sin(¢;/2)=Q/(2P), g2 =n; nepBoe H3 yKasadHLIX MOJIO-
JHEHHIl DPaBHOBECHS BO3MOXHO npH Q << 2P, BTOpOe — NpH Jo6bix
QuP.

2.50(2.50). Ha npoeosiounoit okpyuocth ABC paamyca R, pacno-
JIOXKEHHOW B BePTHKaJbHOH NAOCKOCTH, MOMELIEHO TJIANKOE KOJabLo B,
BEC KOTOpOro p; pasMepamH KoJsua npere6peus. Konslo nocpesictsom
yrupyro HHTH AB cOellHHeHO ¢ HaHBLICIUEH TOY-
Ko A okpyxuocTH. Onpenenuts yron ¢ B no-
JIOXKEHHH DaBHOBeCHS, 3Hasl, YTO CHJIA HATHMKE-
HHA HHTH 1 NpPOMOPUMOHAJNLHA €€ OTHOCHTENb-
HOMY YAJIHHEHMIO, NPHYEM KO3(p(dHUKEHT Nponop-
IIHOHAJAbLHOCTH paBeH k.

Ecnun wepes L ® [ 0603Ha4YHM AJMHY HHTH COOTBET-
CTBEMHO B COCTOSHBE PACTSHYTOM H HEepacTSHYTOM, 10

K sanaue 2.50 T=k [ -

Oreer: cos¢=%%, ecny k-?@%pi—;; B NPOTHBHOM CJIyyae
p==0.

2.51(2.51). Touka M npPHTATHBAETCA TPEMsi HENONBHIKHHIMH LEH-
TpaMu M, (xy, 41), Ma(xz, y2) B Ma(xs, ya) CHAAMH, NPONOPIUHOHAL-
HLIMH paccTosinuaM: Fy = kyry, Fs = kors, Fs = kary, T ry = MM,,
rz=MM,, rs=M~Ms, a ki, ks, ks— KO3(QPHUHEHTE TPONIOPHHOHANL-
HocTH. OnpenenuTe KOOPAHHATH X, y TOYKH M B noso>KeHHH paBHO-
BeCHsA.

v v Ryt Raxa+ kaxs __ ki 4 kaya + Rays

Qreets ¥ S et By 0 Wbt

2.52(2.52). OnnoporHas NpAMOYTOJLHAN MacTHHKa Beca 50 H noz-
BeleHa TaK, 4TO0 MOXET cBOGOAHO BpalaThCH BOKPYr MOPH3OHTAJBHOI
ocH, TpoXoAfiueH BIOAL OAHOH H3 ee cTOpoH. PaBHOMepHO mylouimii
BeTep YAEDIKHBAET €¢ B HAKJIOHHOM NOJNOXEHHH mon yrjom 18° K Bep-
THKAJLHOH maockocTH. OnpenesuTs paEHOAEHCTBYIO-
IIYI0 NABJIEHHH, MNPOH3BOAHMBIX BETPOM Ha mJa-
CTHHKY MEpHEeHAHKYJNSIPDHO €e IMJOCKOCTH.

Orser: 5sin 18° = 15,5 H.

2.53(2.53). Konuepas uens HEMHOro MOCTa 3a-
7, JI0XeHa B KaMEHHOE OCHOBaHHe, HMemwlee ¢opMy
AR % NPsAMOYrOJNBHOrO NapaieNleNHnena, cpeiHee ceye-

K annaue 253 Hee kotoporo ects ABDC. Croponn AB=AC =

=5 M, yaeabHEIT Bec knanku 25 kH/M%; uens pac-

MOJNIOKeHa Ha anaroHann BC. Halitu Heo6xoQuMYI0 IJBHYV @ TPETHEi
CTOpOHE! MapaJuienenunena, ecnd HatAwmeHue Hend T = 1000 xkH.

OcHoBaRHEe NOMKEO GHTH PACCYHTAHO Ha ONpOKMAMEBaHKe BOKpYr pe6pa D; npH
pacyeTe npeHelSperacy CONPOTHBJIEHHEM IPYHTA.

Oreer: a > 2,26 m.
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2.54(2.54). 3emasHas HacHOb TNOAMHPAETCS BEPTHKAJLHON KaMeH-
1ot crenoit AB. Haiitn neobxonumyro TOJHHY CTEHH @, MpenoJa-
ras, 9TO NABJIEHHE 3eMJIH HAa CTEHY HaNpaB/JEHO rOPH3OHTAJBLHO, NpH-
JIOKEHO Ha 1/3 ee BricoTs K paBro 60 kH/m (Ha MeTp IJIHHEl CTEHBI);
yaenbHeiit Bec knaaku 20 kH /M.
Crena nonxna 6ure paccyMTana o
Ha ODpOKHANIBARHE BOKPYr pebpa A.
Orser: a = 1,42 um.
2.55(2.55).  Boaouanopuas
GalHs COCTOHT M3 LMNBHApHYE- ===
CKOPO pe3epByapa BHICOTH 6 M H i
JAHamMeTpa 4 M, YKpenaeHHoro Ha
YeThIpex CHMMETPHIHO pacmnoJio-
EHHBIX cTON62aX, HAKAOHHEIX K
TOPH3OHTY; IHO pesepByapa Ha- 2
XOAHTCA Ha BRICOTE 17 M Hajg
YPOBHEM omop; Bec Gawnn 80 %% ///z
KHI Z3BJIEHHEe B€TpPa PAaCCYHTHI- K sanave 2.54 K sapaue 255
BaeTcsl Ha MJOWAAb NPOEKLHH
TIOBEPXHOCTH PE3EPBYApa HA MJIOCKOCTH, NEPNEeRHKYNSAPHYIO HanpagJe-
HHIO BeTpa, NpHYEM yneqbHOe AaBJieHHe BeTpa ‘MPHHAMAETCH PABHBIM
1,25 kIla. Onpenenutp HEOOXOHMOe paccTofHne AB MEX]Y OCHOBa-
HHSIMH CTOJIGOB.

"

NN\

1

L I__{ I_'

Paccrosmve AB pnomxno 6urTh PACCIHTAHO HA ONPOKHALIBAHHE NaBJCHNEM BeTpa
[pH FOPH3OHTANLHOM el'0 HanpaBJAeHHH,

Orser: AB =15 m.

§ 3. Napannensunie cuaet

3.1(3.1). Onpenennte BepTHKaNBbHHE P€aKUHH onop, Ha KOTOphie
CBOGOZHO ONEPTA y CBOMX KOHLOB FOPH3OHTAJBHAS GajKa OJMHBL |,
HAarpy>K€HHas paBhoMepHo mo p H ma eamunny anumst Bec Ganku
CHHTATL BKJIYEHHBIM B DAaBHOMEPHO pACHpEfENeHHYIO Harpysky.

Orser: Ry— R2= '/2,0[ H.

3.2(3.2). Onpexeniuth BepTHKANLHbBIE PEEKLHHY ONOP TOPH30HTAND-
HOH Banku nponera [, ecam rpy3 P noMewer na Hell Ha PaCCTOSHHH X

OT NEPBOH OMOPLIL
I— x

Orger: Rj=P T R2=P%-

3.3(3.3). Onmnoponuuiii crepxens AB, minEa KoToporo 1 M, a Bec
20 H, noasewen ropu3oHTanbHO HA ABYX napaJJyesenbix Bepeskax AC
u BD. K crepxHio B Touke F Ha paccroninn AE = | /4 M nompewen
rpys P=120 H. Onpenennrs HaTaMeHus BepeBoK To u Tp.

Orser: Tc =100 H, Tpr — 40 H.

34(3.4). Ha ropusontansuyno 6aJlKy, Jexauyio Ha ABYX onopax,
PACCTOSIHHE MEX(1y KOTOPHIMH PaBHO 4 M, NOJNIOMXEHBl ABA Ipy3a, OMHH
C B 2 kH, apyroit D B 1 kH, Tak, 4t0 peakuus onopel A B ABa pasa
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Gonplve peakuwy onopwl B, ecam npenebpeus BecoM Ganku. Paccros-
gue CD wmexay rpy3amu pasao 1 . KakosBo paccroanue x rpy3a C
OT Onoput A?

Orser: x =1 m.

D

c I

BN

T 8,
£ : o
-

4 £ ] L1
v -

K sapauc 3.4

K 3agave 3.3

3.5(3.5). TpancmuccHOHHBIH Ban AB Hecer TpH IUKHBA Beca
Py=3 kH, P,=05 xH, Ps=2 kH. Pasmepn ykasaHu Ha pucyHxe.
OnpenennTs, Ha KaKOM PACCTOS-
- 300crt HHH X OT MOJIUMNHHKA B Hajgo
crt g3ery YCTAHOBHTb WKAB Beca Ps, yTo-
i 6l peaxius MOMWHNHKKA A pas-
HAJACH PEAKIHH NOLLINTHUKA B;
BECOM Baja npeHebpeun.
Orser: x =139 cm.
T e e e 2702k 3.6(3.6). Onpepenurs cuan
K 3agaxe 35 JaBJIEHHst MOCTOBOrO KpaHa AB
Ha pPEJLCEl B 33aBHCHMOCTH OT
noJioxkeBHs Tenexki C, HAa KOTOpO#H ykpemnsieHa nebenka. [Monoxenue
TeNEXKH ONpENEJIHTh PACCTOSHHEM €e CepelliHBl OT JEBOTO pessca B
nonsix obwed paumHn mocta. Bec mocta P==60 xH, Bec rtenexkn
C NofHHMaeMbIM rpy3oMm P, = 40 kH.
Oreer: Fa =(7—4n) 10 kH, Fg =(3 4 4n) 10 xH, rae n = ACJAB.

&

T fi#g

2 4 W b4
o
/4 %
&o
5
K aapawe 3.6

8.7(3.7). Banka AB anwuu 10 m u Beca 2 kH nexut na IBYX OMNo-
pax € u D. Onopa C otcTouT or koHna A ma 2 M, onopa D OT KOHLA
B —na 3 m. Konen 6anku A orraruBaercs BEPTHKaJbHO BBEPX TOCpen-

CTBOM MEPEKHHYTOro uepe3 6JOK TPOCa, HA KOTODOM TOABELIEH rpy3 Q
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neca 3 kH. Ha paccrosrnn 3 M ot konua 4 k Gaske noaseues rpys P
Beca 8 kH. Onpenensts peaknuu onop, npenebperas TpeHHeM Ha
Cioke.

Oreer: Rc = 3 kH, Rp = 4 kH.

S
by
1y

£

g ‘qﬁf_i]p AnE mp

K 3apaue 3.7 K 3apave 3.8

%

3.8(3.8). TopusoHTAanLHEI cTepens AB Beca 100 H moxer Bpa-
WATbCH BOKPYr HENOABHKHOH ocu wapuupa A. Konen B ortsirneaetcs
KBEPXY NOCPENCTBOM MEPEKHHYTOH yepe3 610K HHTH, Ha KOTOpOil noj-
BelleHa rups Beca P =150 H. B touke, naxonsuuefics Ha paccTosumu
20 cm oT Konua B, noxsemwen rpys Q meca 500 H. Kak penuka nanna
x CTepxkHs AB, eciH OH HaxOAUTCS B PABHOBECHH?

Orger: x = 25 cm.

3.9(3.9). Koren A ropHaoHTambHOrO crepxusa AB Beca 20 H u
OJHHEl 5 M OTTATHBAETCS KBEpXY NOCPEACTBOM NEPEKHHYTOH uepes GioK
BEPEBKH, Ha KOTOpOfl momeewren rpys Beca 10 H. Kouew B Takum e
00pasoM OTTErHBaeTCs KBEpXy Mo-
CpenCTBOM rpysa seca 20 H. B toykax -
C, D, E u F, otcTosmux onsa ort npy- °
roif 1 or Touek A ¥ B Ha | M, nogpe- E_F
IIEHE! TPY3Bl BECA COOTBETCTBEHHO 5, =
10, 15 u 20 H. B kaxoM mecrte Hamo 5] 7]
NOANEPETE CTEPIKEHb, YTOOL OH OCTA-
BaJicsl B PaBHOBECHHU? h 3znane 3.9

Orser. B cepenune.

3.10(3.10). K onnoponHoMmy cTepxHio, nina KoToporo 3 M, a Bec
6 H, nonsement: 4 rpyza wa pasmmx PAcCTOSIHHAX NDPYr OT Apyra,
TpHYEM N1Ba KPaHHHX — Ha KOHIax cTepHs. [TepBHft rpys ciepa se-
¢HT 2 H, Kamawlii nocnenyowsi taxenee npensaymero va 1 H. Ha
KAKOM DacCCTOSAHHH X OT JIPBOrO KOHUA HY)XHO NOABECHTH CTEepIKeHS,
4TOOLI OH OCTAaBAJICS TOPH3OHTANBHBIM?

Oreer: x =1,75 m.

3.11(3.11). Onnopoanas ropusoHTansHAs 62K COEMMHENA CO cTe-
HOM WapHHPOM W NOANepTa B TOHKE, JIeXKalllel Ha pacerosiuuH 160 cm
oT cTeHnl. Jlnnua Ganku 400 oM, ee Bec 320 H. Ha paccrosinuax 120 cm
H 180 cM oT ctenn Ha 6Ganke sexart npa rpysa seca 160 H u 240 H.
Onpenennte ONOpHLIE peakuHK.

Oreer: 790 H —seepx, 70 H — Buns.

3.12(3.12). Onnoponuas TOpH3OHTaNbHag 6anKa AJHHHE 4 M H Beca
5 kH sanoxena B creny, Tommusa KOTOpOi#l paBHa 0,5 M, Tak, 910 onu-
paetcs Ha Hee B Toukax A u B. Onpenennts peakunH B 3THX TOYKAX,
ecaH K cBOGONIHOMY KOHLY GaJKH MoABelleH rpya P Beca 40 kH,

Oreer: Ry = 340 kH — Beepx, R = 295 kH — Bhua,

bz
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3.13(3.13). T'opusoHTanbHasn Ganka 3afeNaHa OAHHM KOHLOM B
CTeHY, @ Ha APYIOM KOHIE MOAAepIKHBAET MoMuunHHK Basa. Ot peca
BaJla, WUKHBOB H MNOAWHNHHKA 0a/ika HCIBITBIBAET BEPTHKAJLHYIO Ha-
rpysry Q, pasHyio 1,2 kH. [Ipene6peras Becom Gaqku ¥ cukras, uTo
Harpyska Q nedcteyer Ha paccrosmui a@ = 0,75 M OT cTerwl, onpene-
JiHTb PEaKUHH 3a[e/KH.

Orser: Peaxiuust R = 1,2 kH, peaktupuulii Moment M = 0,9 kH-m.

FAl

J.5m

K aaaave 3.12 K 3spaue 3.13

3.14(3.14). T'opu3oHTanbHas Ganka, MOAAEPIKHBAIOIIAS GaJKOH,
MOABEPraeTCs NEHCTBHIO DABHOMEPHO PAacnpefe/eHHOH HATPY3KH HH-
TeHCHBHOCTH g = 2 KH/M. Ha Gasky y cBoGOAHOro KOHUA mepefaetcs

7 ”r}_ V-4 'ﬂ':
S J &

K aanave 3.14 K sanave 3.15

Harpyska oT KolonHel P =2 KH. Pacctosnue ocH KONOHHLI OT CTEHEI
{ = 1,5 M. OnipenenuTh PeaKiHH 3a0eJKH,

Oreer: R =5 kH, M=05,25 kH-m.

3.15(3.15). Ha KOHCONLHYIO rOpH3OHTANLHYI0 Ganky DEeACTBYET
napa cua ¢ momeHToOM M =6 kH-M, 2 B Touke C BepTHKaNpHAS Ha-
rpy3ka P =2 kH. [lnnna nponera 6anku AB = 3,5 M, BHHOC KOHCOJH

P BC=0,5 M. Onpegenuts peakiuu
g - r‘ 2 OIop.
¢ A 5B N Orger: Ry4=2 KkH-—BHH3, Rp=
7 | 7%_ =4 xH — BBepx.
ol qa Pl g 3.16(3.16). Ha OBYXKOHCONMBLHYIO ro-
o e T DH3OHTANBHYI0 63Ky JAelcTByeT napa
K Faxavaiaie cun (P, P), Ha neByK KOHCONb — PaBHO-

MEpHO pacnpefenenHas Harpyska HHTeH-
CHBHOCTH ¢, 8 B TOyke D npaBo#i KOHCOJIH — BEPTHKaAbHAA Harpyska
Q. Onpemesuts peakuwn onop, ecan P=1 kH, Q=2 kH, ¢=
=2 kH/M, a = 0,8 m.
Oreer: Ry = 1,5 xH, Rs =2,1 kH.
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3.17(3.17). Ha 6anxe AB nnunel 10 m yJsioxKen OYyTH AAA TONHEM-
Horo kpaxa. Bec kpana pasen 50 kH, u uentp TrxecTH ero HaXonHTCH
Ha ocu CD; pec rpysa P papen 10 kH; pec 6anku AB pasen 30 kH;
BeIET KpaHa KL =4 wM; pac-
crosiine AC =3 m. Haiitu onop-
Hbie peakiWd B Toykax A u B
sl TaKoro MOJOXEHHA KpaHa,
Koraa ctpedka kpaHa DI Haxo-
[UTCsl B OOHOH BEePTHKAJLHOMN
nnockoctd ¢ Gankoi AB.

Oreer: R;=—>53 kH, Rz =
— 37 xH. K samave 3.17

3.18(3.18). Banka AB nanum [ M HeceT pacnpeflelelinyI0 HATPY3KY,
NokasaHHy1lo Ha pucydke. MurencusHocts Harpyaku pasna ¢ H/m Ha
Konnax A u B 6anxu n 2g H/M B cepenure Ganxn. [Tpenebperas pe-
com GankH, HalTH peakiuu onop D n B.

Oreer: Rp = gqlH, Rp = 0,5g/ H.

7 -
S, %

o S

ﬁ;“ é){,b
A I-ﬂ 4 A ad A 5 7
Z 7 F ! a %{, & |

K sanawe 3.18 K sanage 3.19

3.19(3.19). I'opusontambytas G6anka AC, onepras B Toukax B u C,
fecer mexny omopamMu B u C paBHOMepPHO pacnpe/iesIeHHYI0 HATpPY3Ky
HHTEHCHBHOCTH g H/M; Ha yuacTke AB HRTEHCHBHOCTb HATPY3KH yMEHb-
WdeTcs no JIMHEAHOMY 3aKoHy no Hyns. Hakta peakuun omnop B u C,
npene6peras secom Ganku. ; ;

Oreer: Ro=¢(3a+3b + 5 ) H; Re=1 (36—5)H.

3.20(3.20). Ilpamoyronbublii muT AB WPPHTAalHOHHOIO KaHasa Mo-
HEeT BpAIATEC OTHOCHTENMbHO ocv O. Ecne ypopelb BOAL HEBHCOK,
HIHT 33KPBIT, HO, KOTAa BOAd JOCTHTaeT HEKOTOPOro ypoeHs M, wut
NOBOPaYHBAETCA BOKPYT OCH H OTKphiBaeT KaHan. [IpexeGperas Tpe-
HHEM H BECOM INHTA, ONpPENEJHTH Bhi-
cotry H, mnpu xoTopoli OTKpbiBaeTcs

IHT.
Orger: H = 3k sin .

K sapase 3.20 K sanave 3.2%

3.21(3.21). Ilpenoxpanutensuslii k1anan A NapoBOrO KOTAA COLH<
HEH cTepxHeM AB c¢ oaHopodHuIM privaroM CD Aamest 50 cM w seca
10 H, koTopnbiii Momer BpallaTecsi BOKPYT HeNOUBHXKHOH ocn Cjy
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Anametp knanana d =6 cM,nnevo BC =7 cm. Kaxof rpys Q HyHHO
NOABECHTL K KoHuy D phlyara nns Toro, utobbl KJamaH cam OTKphI-
Ba/Csl IPH [aBJIEHUH B KOTJIE, paB- z
Hom 1100 [Ia?

Oreer: Q =430 H.

3.22(3.22). Heckonbko oguHako-
BLHX OJHOPONHEIX IIHT NJAHHH 2/
CNIOXEHBl TaK, YTO YacTh Kawmoli 2

2
H =

[
G,
[ o ———

K 3anave 3.22 K aapave 3.23

TUIMTH BHCTYNAET Hal MUHTON Hukenexauweldl. Onpenenuts npefenss
HEIE ZTHHBEL BLICTYNAIONINX YacTel, NPH KOTOPHX MAHTH OynyT mnaxo-
IHTHhCA B PABHOBECHH.

Hp}l PELIEIMH CKRANLBAXTCR nocnenoBaTens-H0 Beca NJANT, Haguias ¢ BEPKHETI.
-_%—I, %1, %l H T. X
3.23(3.23). XenesHonopoHuH KpaH ONHPAeTCH HA peNbCH, pac-
CTOSHHE MEXIYy KOTOPHIMH paBHo 1,5 m, Bec Tenemkn KpaHa paseH
30 kH, neHTp TaecTH ee HaXomHTCH B Touke A, nexxanlell Ha JHHHH
KL nepecevenns njoCKOCTH CHMMETDHH TeNeKH o NJIOCKOCTLIO PH-
cynka. Bec nefenkn B kpauna papen 10 kH, LUEHTD THIKECTH €e JIeHT
8 Touke C Ha paccrosmnn 0,1 M ot npsimofi KL. Bec nporuBopeca D
paseH 20 xH, uentp Taxectn
€ro JIexHT B Touke £ Ha pac-
q CrosHUK 1 M or npsmoit KL.
_ T Bec ykocuunl FG papen 5 kH,
¥ 4 L H LUEHTP TAMKECTH €e HaXOIHT-
o ¢ B Toyke H Ha paccrosHmu
I M or npsmoli KL. Bruer
Kpada LM =2 wm. Onpene-
JNHTh HaubonbIni rpya O, Ko-
TOPLI He ONPOKHHET KpaHa.
< Orger: Q = 51,8 xH.
SONNERNN 3.24(3.24). Llentp TaxecTH
B At nepeiBHAKHOIO PesbCoBOro
kpaHa, Bec koToporo (6e3 npo-
THBOBeCa) paBeH P, =500 kH, HaxonuTcs B TOYKe C, paccTosn-
HHE KOTOPOH OT BEePTHKANLHOH NDJOCKOCTH, npoxonsileit 4Yepes
npaseifi peswe, paBHo 1,5 M. Kpawopas Tenexka paccuHTaHa Ha
noaeeM rpysa P, = 250 kH: Bouer ee pasen 10 M. Onpenenuts HaH-
MEHbIIHA BeC Q M HauGosbllee paccTosHHE X LEHTPa TSKECTH NPOTH-

Orsgert: 1, %!,

<
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BOBECA OT BEPTHKANLHOH MIOCKOCTH, NpoOXoasiied gepes nesuifi peJibe
B Tak, utober Kpan He ompokHHyJCH OpH BceX MOJOXKEHHSIX TeJeXKu
KdK HarpYyeHHoll, TaKk H HeHarpywsenHoll, COGCTBEHHEIM Becom Te-
JIeXKH npeHebpeus,

Orser: Q = 333 kH, x =6,75 m.

3.25(3.25). Kpau nns sarpyaxu MAaTEPHATIOB B MAaPTEHOBCKYIO MeYh
COCTOHT M3 JneGenku A, xonsiei Ha Kollecax Mo penbca, Y0 HHBIM
Ha Ganxax nepezBuxuoro mocta B, K HuHell wacty Je6eNKkH npH-

X sanpaue 3.25 K aanave 3.26

rpys Q = 15 kH, nomemenumii Ha gonare Ha PacCcTOsHHM 5 M OT Bep-
THKANbHOH ocH OA nebenkn, He onpoxumwiBan ee? Hentp 7axectn
JieGelKH pacnoyoskeH Ha ocu OA; PacCCcTOsIHME KaX[Ioro Kojeca or
ocu OA pasro 1 m.

Orser: P = 60 kH.

3.26(3.26). IMTopreMuEll KpaH ycTaHOBjeH Ha KaMeHHOM ¢ynzia-
meHTe. Bec Kpana Q =25 kH u npunoxen » HeHTpe Tsxkectd A Ha
pacctosiHul AB =0,8 M or ocu KpaHa; BHeT KpaHa CD =4 m. Oyxu-
AaMEHT HMEET KBaJpATHO® OCHOBAHHE, CTOPOHA Kotoporo EF = 2 u;
yAenbHsbil Bec Knanke 20 kH/M3, Belyucints HauMeHbIlyIO ray6Guny
QyHLaMeHTa, ecli KpaH NpeiHASHAYEH AAs HoAbeMa TAMKECTEH A0
30 kH, nprueM Qyrnament moaxen 6bTh PaccHHTaH Ha OIPOKHALIBA-
HHe BOKpyr pebpa F.

Orser: 1,06 m.

3.27(3.27). MarnntHas cTpeska moxpelleHa na TOHKOH NpOBOJOKe
H YCTAHOBJIEHA TODHIOHTANLHO B MarHHTHOM Mepuamane. I OpPH30HTAJIB-
HEIE COCTABJISIOIIHE CHJIEL 3¢ MHOIO MalHHTHOTO MOJS, ZeHcTByOLHe Ha
MOJMIOCE! CTPeJIKH B NPOTHBONOMNOMHHIX HATPABJEHHSNX, PABHEL Kaxnas
0,02 MH, paccrosnue Mexny nomwocamu 10 cM. Ha xaxoi yron HYIKHO
3AKPYTHTb NMPOBOJIOKY, YTOGH CTpeNKa cOCTaBHna yron 30° ¢ Maruur-
HLIM MEpRIHAHOM, €CIH M3BECTHO, 9TO IS 33KPYUHBaHHs IPOBOJIOKH
Hd_ yron 1° HyXHO NPHIOXHTE Napy, MoMeHT KoTopoli pagen
0,05 MH-cm?

Moneur sarpyusnaomest naps TPONOPUHOHAEH YTAY 3aKpySHBAHHA.

Oreer; 32°,
29



3.28(3.28). llpa onmopoamnix crepyHs AB u BC onumakonoro mno-
NnepeyHoro ceyeHus, H3 kotopulx AD Baeve ropoue BC, coepnHeunme
CBOHMH KOHLaMH nof yrnoM 60°, obpasyioT nomanbii pruar ABC.
Y konua A pwuar nogsewen Ha HutTe AD. OnpeaesuTh yron o Ha-
KloHa cTepxchsi BC K ropusoHTy NpH DaBHOBeCHH phiyara; Homepev-
HEIMH pasmepaMy crepixHeil npeHe6peys.

reer: g ar——;— 4/3, o=19°5".

3.29(3.29). Nlpa ctepxun AB u OC, pec eIHHHUB! AJHHBI KOTOPHIX
paBeH 2p, cKpenseHBl moA NpAMBIM yriaoM B Touke C. Crepxens OC

7

:%f:?
ﬂ

K sanaue 3.28 K sapaue 3.29 K sanawe 3.30

MOM€T BpallaTeCfl BOKPYT Topu3oHTalbHOM ock 0; AC=CB = a,
OC=b. B Toukax A » B moaBeiueHL THpH, Beca KoTophXx P, n Py;
P, > P,. Onpesennts yron o HakJoHa crepkus AB K rOpH3OHTY B TIO-
JIO2XEHHH PAaBHOBECHS.
Orger: tg o=+ =5
-8 b P+ Pitpdath) "
8.30(3.30). INonbemuniii Moct AB nonHuMaeTcs MOCpenCTBOM AByX

Gpycves CD anunnl 8 M, Beca 4 xH, no ogHOMy ¢ Kaxuofi CTOPOHH

Mocra; IHHA Mocta AB=CE =35 M; nmuua uenu AC = BE: pec
: MocTa 30 KH u MOXeT CYHTAaThCH NpHJIOMEHHBIM B ce-
iy

_ pennre AB. Paccuntats pec npoTHsopecoB P, ypaBHO-

BEUIHBAIOUIHX MOCT.

Orser: P = 13,83 kH.

' 3.31(3.31). I'naBuyio uacts nuddepernuambHOrO
G/10Ka COCTaBARIOT NBAa HEH3MEHHO CBA3AHHBIX MEM(LY
cofoii WKHBa A, OCb KOTOPHIX MOABElleHA K HeNomd-
BUIKHOMY Kpioky. JKeno6a Bx cuaGedn 3ybuamu, 3a-
XBATHBAIOIAME OeCKOHEYHYIO Lens, 06pa3yioutyio nse
TleTJid, B OIHY H3 KOTOPLIX NOMELieH HNOOBHIKHON BJ0K
B. K noneiuxHomy G6JOKY nofABeINCH NOZHEMAEMDI
rpy3 @, 2 K cBHCalowell ¢ GoJabworo O6J0Ka BeTBH
CBOGOLHON NeTNH npuoXKeHO ycuawe P. Paguycsl

I Aanave 3:37 WKHBOB A cyTs R H r, nphueM r << R. TpeGyerca Haii-
TH 34BHCHMOCTh YCHIHS P OT BeJHYHHBI NOAHHMae-

MOro Ipysa Q H ONpejenHTs 3TO YCHJIHE B cayuae: Q =500 H, R =

=25 cM, r = 24 cm. TpenneM npeHeGpeus.

Oreger; P———%Q(l —-T;-) = 10 H.

—
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3.32(3.32). Iluddepenuranuuil prnar coOCTOHT W3 crenia AR,
HMEIGLIero HENOABIHAIHYIO ONOPHYIO HPU3MY B ToYKe C, H nepexnafnHbl
DE, coenunennoii ¢ puiuarom AB nocpeacTBoM mapHupHbix ceper AD
u EF. I'pys Q =1 xH nozneewer x nepexnanuue B Touke G MOCper-
CTS0M Npu3Mul. Pacctosune MeKAY BepTHKalsIMH, NPOBENeHHbIMH Ye-
pe3 Toukn C u G, pabso | wmm. Onpenesuts Bec THpH P, KOTOpywo
HY}XHO BOARECHTb K privary AB B Touxke H Ha paccrosuun CH =1 u
AN TOro, YTOGH ypapHOBLCHTE rpy3 Q. Tpennem npeneGpeus.

Orger: P— 10 L.

A F & B

2
=

z

)
L]

m
[+
i)

b

B e AT A 2

K asnane 3.32 K sanaue 3.33

3.33(3.33). B wapHHpHOM ueTHIpexsDeHHOM MeXaHu3Me 3BeHO BC
napainelbino HCNOABHKHOMY 3BeHy AD. 3seHo AB=Hh nepnenauky-
nsipio AD. Tlocpenure AB npunoena roprsontaibsas cuna P. Ka-
Kylo rOpH3OHTaNbIYIO CHAYy @ clienyeT NpuaoxHTh K 3Beny CD B Touke
E, ecnn CE =CD/4, 4to6u MexaHusM 6uln B pasHoBecuu? Haiitn
DPeaklH B wapHupe D, Becom 3peHben npeHebpeys.

Orser: Q =2/3P, Rp ="'/sP n nanpasiesa no AD enpaso.

3.34(3.34). lna usamepeHHs Gonbmux ycHamuii Q ycTPOEeHa cHCTeMa
ABYX HepaBHommeunx perdaros ABC n EDF, coelnEeHHBX MeIy CO-
6ol taxeM CD. B Toukax B u £ HMeloTCS HeNOLBHIKHLIE onopul. Ilo
privary EDF Moxer nepensuratecs rpy3 P peca 125 H. Cuna Q, npu-
JIOMEHHASE B TOYKe A, yDABHOBEUIHBAETCS STHM TPY30M, NOMEILIEHHEIM
Ha paccrosiHuY [ ot Touku D.

Jrt

/i

14 Lpre M '

K sanave 3.34 K 3anawe 3.35

Ha xakyio pauny x nano nepesuHyTh 1015 COXpaHEHUS paBHOBeCH:A
rpy3 P nps yBennyesus cuniel Q Ha 10 KH, ecnm ykasamHble mHa pu-
CyHKE pasmephi COOTBETCTBEHHO paBHB: a =33 MM, b= 660 mw,
¢ =50 Mm?

Orger: x =2 cm.

3.35(3.35). Banxa AB pnumm 4 M, Beca 2 xH Momer BpallaThCH
BOKPYT TOpH3OHTAJbHOH OCH A W onupaetcs KouuoM B Ha npyrywo
6aaky CD pnuuel 3 M, seca 1,6 xH, KOTOpas NOANepTa B To4ke £ u
COeLHHEHAa CO cTeHON wapHupoM D. B Toukax M u N nomemens TPy3u
no 0,8 kH ramnwii. Pacetosnua: AM —3 M, ED=2 M, ND=1 wm.
Onpenennts onopuble peakuyu,
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Orser: Ry = 1,2 kH, Re==1,6 ¥H, Re=—14 kH, Rpr = 0.

3.36(3.36). KouconbHmii MocT COCTORT M3 Tpex uacteii: AC, CD
H DF, 13 xoTopeix kpaiinune ONIMpAalOTCsl Kaxpiasi Ha Npe omoph. Pas-
MEpEl  COOTBETCTBEHHO paBHB: AC = DF — 70 M, CD=20 un,

o 20
¥

20K | 20M , JoM
e !

K sapage 336

AB = EF —= 50 m. IToronnas Harpyska Ha MoCT parHa G0 KH /M.

Hafti napnenns wa onopst A u B, 1

POH3BOIHMEE 3TOH Harpyakoii,

Orser: N, = 1020 kH, Np = 3780 kH.

i, o

< 20

A

o a 3
A4
Qe

K sanage 3.37

3.37(3.37). KoHCOMbHBI MQCT cOCTOHT W3 ryiaBHo# (epMu AB u
ABYX GokoBbix epm AC n BD. CoberBesHbift Bec, NpuUXOAsLHIica Ha

noroxHklf MeTp depmni AB, papen 15
BEH

Bec

K 3azage 3.38
: EF

kH, a nna ¢epm AC u BD pa-
10 sH. Onpenennre peakuun

BCEX ONOP B TOT MOMEHT, KOrLa Bech
npaBui Nposter FD aaust noesmom,

KOTOpOro MOXXHO 3aMEHHTH pae-

HOMEDHO pacnpejiesieHHON MO Opo-
nety FD Harpyskoll uHTeHCHBHO-
crd 30 kH na norownwii Merp. Pas-
== MEpH COOTBETCTBEHHO pasHbl: AC —
=BD =20 M; AE=BF =15 u;

=50 M.

Orser:  Rc =100 kH, Rp =400 xH, Re =05425 kH, Rr=

= 1607,5 kH.

3.38. lna ocmotpa Ha NJABY OHHIIE TNOHTOHA BOMOH3MeLeHHEM
D = 2000 xH ero HocOBas oOKOHEYHOCT NONHHMAETCH KPAaHOM Tpyaos

noatemtocth P =750 xH. IMpuuum

32

asi YReNbHHIEl Bec BOAB P ==

a{lci



= 10 xkH/m%, onpenennts mawGonsmmii noxsem IHULIA Haj YPOBHEM

BOZH 1, ec/i NIOHTOH HMeeT POPMy IIPAMOYIONBHOro napajuienensnena

AauEsl L = 20 M, mupusn B — 10 o Llentp TsxxecTH nowktoHa C se-

MUT TocepennrHe ero AnmHl. Touka K Kpernemms Tpoca NonbeMHOTo

KpdHa H UeHTp TaxeCTH C HAXOAMTCA Ha OAHHAKOBOM PacCTOsIHHM OT

AHRWA noHTOHa. (Bomomamemenwe cynva umcienso PaBHO ero Becy.)
Orsert h = 1,36 m.

§ 4. Npoussonrnan naockas cucrema CHi

4.1(4.1). X oaxopoguomy crepixuio AB, KOTOpHII MOMeT BpalaTh-
CA BOKpYr wapHupa A, moxsewleHa B Touke B Ha BepeBke rups C
Beca B 10 H. Ot koHua crepxkus B NPOTHAHYT TPOC, HEPEKHHYTHIA ye-
pes 620k D u nopnepusaiomnii rupio Beca B 20 H. Haifitu BEJIHYHHY
yriia BAD == o, npn kotopom CTepiKeHb OyneT HAXONHTLCH B NOJOIKE-
HHH DaBHOBeCHH, 3Has, 410 AB — AD u pec crepacHs 20 H. Tpenuem
Ha 6/10Ke nperebpeys.

Orset: a = 120°.

4.2(4.2). TopusonransHas Gamxa KpaHa, nnuHa KoTopo# paBHa [,
Y ONHOrO KOHLA yKpelleHa WADHHpHO, a y APYroro KoHua B HozBe-
LieHa k cTeHe mocpeictBoM Tard BC, yron maknoua KOTOpOit K ropw-
SOHTY paBeH a. [lo Ganke moxer nepememarbes rpy3 P, nonoixeuuc

P 0»

K 3anage 4.1 K aaxawe 4.2 K sanave 4.3

KOTOpOro ompeliesisieTci NEPEMEHHHM PACCTORHHEM X o wmapaupa A.
Onpenenuts natsenne T Tard BC p 3ABHCHMOCTH OT NOJIOXEHHs
rpysa. Becom Ganku npene6peys.
Px

Orger: T= T

4.3(4.3). OnuoponHwutii lap Beca Q H paguyca a W rups Beca P
TNoNBelleHE Ha BepeBKax B Touke O, KakK NOKA3aHO Ha prcyrke. Pac-
crosiiie OM = b. Onpenennts, xakoi yron g obpasyer npamas OM
C BePTHKANLIO IPH PaBHOBECHH,

Orser: sing— %7’_%—@- .

4.4(4.4). Jlomanmii pwvar ABC, umeromuii HENOABHKHYIO ock B,
Becut 80 H; nneqo AB =04 M, njevo BC ==1 M, ueHTp TSKecTH phI-
ara HaxopHuTes Ha paccromHuu 0,212 M o BEPTHKANBHOH npsaMoit BD.
B toukax A u C TIPHBA3AHEl BEPEBKN, NEPEKHHYTHE Yepe3 Ojoku £ u

33
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D

F w natsarusaeMble rupamu Beca Py = 310 H u P, = 100 H. [Tperc6pe-
ras TpeHreM Ha 6JoKax, onpenenuts yrol BCF = @ B noJoeHuH pas-
HoBecHs, ecatn yron BAE = 135°,

Orser: @, = 45°, @z = 135°.

4.5(4.5). Jlebenka cHaGXeHa XpamoOBLIM KOJECOM muamerpa d,
¢ cobaykoit A. Ha 6apaGan nnaMeTpa dj, HENOABHMSHO CKPEILIEHHDI
¢ KoJlecoM, HaMOTaH Tpoc, MOIAep-
xuBalonHi rpys Q. Onpepenuth &\
IapneHue R Ha otk B colauku, ecau

7

%

&
A

2

G

W

D%\"h‘
NS
3‘
oy
Wl
W™
g
N O
G0

K agnatue 4.4 K aagauc 4.5

Aano: Q =250 H, dy =420 mm, d» = 240 mm, A =50 MM, a = 120 MLI,
Becom coGauku npexe6peus.
2 2

Oreer: R=Q—Z%-—1/i;—'_i=3ﬂ-[.

4.6(4.6). OnHoponnas 6anka AB meca P onupaertcs Ha Ase riaj-
Kue HakinoHHele npambie CD v DE, HaXOASIUNECS B BEPTHKANLHON MAG-
CKOCTH; Yrosl HAK/IOHa NepPBOH M3 HHX K TODH3OHTY paBeH ¢, BTOpOI::
90° — a.. Hafitn yron @ makioHa
f6ankn X rOpHIONTY B NOJOMe-
HHH DABHOBECHA M JaBJlelHs ee
HAa ONOPHHE [PSMEIE.

Orger: Np—Pcosa, Ng=
=Psina, tgb=ctg2az, 8=
=090°— 2 npu a < 45°

4.7(4.7). OnHoponHas 6anka
Beca 600 H u auuner 4 M enu-
paeTcs ONHHM KOHLOM Ha rjaf-

K sanaue 4.6 K sanaue 4.7 Kui MoJ, a OpoMeXyTOuHOi TOY-

koil B—Ha cron6 BLicoTH 3 M,

obpa3ys ¢ BepTHKaJbio yroa 30°. Basnka ynepiHBaeTcsi B TaKoM NOJo-

>keHnH BepeBkoi AC, nporsHyTofi mo nosy. IlpeneGperas TpeHnem,

ONpEene/IKTh HaTsKeHHEe BepeBkH 1 H peakuun Ry ctonba B Re
noJsa.

Orser: T =150 H, R =173 H, Rc =513 H.

4.8(4.8). Onuoponnas 6anka AB seca 200 H onupaercs Ha raaf-
Kuif ropusontageinii non B Touke B nog yraom 60° m, KpoMe Toro,

A
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TIOLAEPIHUBACTCA AByMA onopaMi C u D. Onpenennts peakumns omnop
8 Toykax B, C v D, ecnu namva AB=3 M, CB = 0,5 M, BD=1 m.
Orser: Rg = 200 H, Rc = 300 H, Rp =300 H.
4.9(4.9). Oguoponuas nanta AB peca P =100 H cBobofiHO omH-
paeTcsi B TOYKe A H ynepxuBaeTcs non yraioMm 45° K rOPH3OHTY ABYMS
crepxuamu BC # BD. BCD — pasuocToposnuii Tpeyronbuuk. Toukn C

K senave 4.8 'K sanage 4.9 K sagave 4.10

H D nexat Ha BepTHKanuHOM npsiMoh CD. Ilpene6peras secom crepi«-
HEll H CYWTas KpemnsieHus B Toukax B, C u D WIAPHHPHLIMH, ompene-
JIHTH PEAKLMIO OTIOPH A H YCHNHA B CTEPIKHAX.

Oreer: Ra =354 H, Sc =895 H, Sp, — —60,6 H.

4.10(4.10). OnroponHblii crepzxens AB peca 100 H onupaercsi ofi-
HHM KOHUOM Ha rJIafKuH TOPH3OHTaMLHLIN no, APYTHM — Ha TJaIKyIo
IJIOCKOCTh, HAKJIOHEHHYIO Toj yraom 30° ropusonry. ¥ koHua B
CTEPIKEHE TIONIEPMUBAETCA BEpeBKofi, NepeKHHYTO qepes 6nok C u
Hecyuleii rpys P; yacts Bepesku BC napajnensHa HakKJOHHON MJo-
croctH. Ilpene6peras Tpermem na Grnoke, onpeaenutk rpy3 P H cuin
Aaenenust Na v Np Ha NON ¥ HA HAKJOHHYIO MAOCKOCTD,

Orser: P =25 H; Ny = 50 H; Nj =433 H. ;

4.11(4.11). Ilpu c6opke MOCTA MPHILIOCH MOAHHMATE YacTh MoCTO-
Boi ¢epMu ABC TtpeMs kamaTamu, PacrnofioNeHHbIMH, KAK yKa3aHO

Z Y Ly
b :5:?":\3 F o 0/%

3
4 2r Nt 7
N

16

K sagage 4.1 K aapave 4.12

Ha pucyHke. Bec s7oit sactn Qepmur 42 kH, LEHTP TAMECTH HAaXOLUTCHA
B Touyke D. Paccroauds cooTBeTcTBeHHO paeHe: AD —=4 M, DB=2 u,
BF =1 M. Halith natmxeHns KaHaTtoB, ecnu Ipamas AC ropusom-
TajbHA.

Orser: To =18 kH, Tp=17,57 xH, Tc = 12,43 xH.

4.12(4.12). Crponuna oZHOCKATHOI KPHIIIH COCTOAT M3 Gpyca AB,
Y BepxHero kKoHua B cso6onHo nexxamero Ha raiagKoi orope, a HHX-
HHM KoHUOM A ynupatowerocs B cteny. Haknon Kpeilin tg o =0,5;
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Ha 6pyc AB npuxoAuTcs BepTuKaNbHas Harpyska 9 kH, npunomxennas
B cepeaune Gpyca. OnpelesinTe peakiuu onop B Toukax A u B.

Orser: Xa =18 kH, Y1 =54 xH, Rp = 4,02 xH.

4.13(4.13). K rnanxoii cteHe npHCIOHEHA ONHOPONHAf JECTHHIA
AB non yrnoM 45° k ropusouty; Bec jectHuust 200 H; B Touke D Ha
paccrTosiHuy, paBHOM 1/3 NJMHBl JECTHHLB, OT HHMKHEro KOHUA HAXo-
nurcsn yenosek Beca 600 H. Ha#iTh cunml jnapienus JecTHHUS Ha
onopy A u Ha cTeHy.

Orser: X4 =300 H, Y4 =—800 H, Xz = —300 H.

4.14(4.14). Ha noavemHolt ONHOPONHON JNeCTHHLE HAWHEL 6 M H
Beca 2,4 kH, xoropas MOMXeT BPaluaThCs BOKPYT FOPHIOHTANBHON OCH

]

/3
2y
“ o

— R Ry
T AR
K sanaue 4.13 K sanaue 4.14 K sanave 4.15

A B uaxjonena nop yranom 60° K TOpH3OHTY, B Touke D CTOHT YejioBeK
peca 0,8 KH ma paccroannu 2 M or koHua B. ¥ kouna B nectHuua
nonfepxupaeTcA Bepepkol BC, HaKnoHeHHGH Ton yraoM 75° K ropu-
3oHTY. OnpenennTs HaTAKeHne T BepeBKH ¥ peakuuo A ocH.
Orser: T =335 kH, X4 = 0,867 kH, Y1 =—0,0344 xH.
4.15(4.15). Onuoponsas 6anxa AB peca P= 100 H npuxpennena
K creHe wapHepom A W yHepxuBaeTcs non yriom 45° kK BepTHKalu
NpH NOMOWM Tpoca, NEPEeKHHYTOro 4epes GJOK W Hecyluero rpys G.
Berer BC Tpoca o6pasyer ¢ BepTHKaJILo yron 30°. B touke D k Ganxe
noaBeied rpys Q meca 200 H. Ounpenenutn
Bec rpysa G u peakuwio wapuupa A, npene-
Gperasi Tpennem Ha 6noke, ecan BD ='/; AB.
Orser: G=146 H, X;=73 H, Y,—=173 H.
4.16(4.16). lllmonka Bu-
i = CHT Ha JIByx wmionbankax, -
EN 7 7_@ npuyem Bec ee, panHuil 9,6
&l /5 kH, pacnpezenserca Mex-
NG &] ny HuMH nopoery. Llnion-
X 6anka ABC EuxHuM nONY-
A \ I L2aPOBLIM KOHLIOM ONHpaeT-
ATTESSE #  ca Ha noansThek A H Ha
BrIicoTe 1,8 M Han HHM CBO-
OOLHO NPOXOAHT Yyepes Nof-
wHOoHeK B; BeuleT wumon6anku pasen 2,4 M. [Tpene6peras BecoM 1iion-
Oanku, ONpefenyTs CHJILL AaBJEHUS ee Ha onopsl A u B.
Orger: X4 =—6,4 xH, Ya=—48 xkH, Xz =64 kH.
4.17(4.17). Jlureitnniit kpan ABC uMmeer BepTHKAMLHYIO OCb Bpa-
weuna MN; paccroanna: MN =5 m; AC=5 M; Bec kpana 20 kil,

K sanave 4.16 K szpaue 4.17
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IEHTp TANKECTH ero D HaXOLHTCH OT OCH BpalleHHs Ha PaccTOSHHM
2 M; BeC rpy3a, NONBELIEHHOTO B TOYKe C, pasex 30 kH. Hafitu
PeaKUHH noAwmumnHuka M u nonnsTHuka N,

Orser: Xy —=—38 kH, Xy = 38 xH, Yy — Y

4.18(4.18). Kpan B maxre, nogunmarowmmii
rpy3 P =40 xH, nmeer noansthuk A u B TOY-
ke B onmpaetcsHa raankyio URJIMH]I PHYECKYIO
TIOBEPXHOCTb, OCb KOTOPOH Ay BepTHKa/bHA.
JIismna xsocta AB pasua 2 m. Beuter Kpara
DE =35 m. Bec kpana pasen 20 xH g nprJio-
2eH B Touke C, paccTosHHe KOTOpOfi oT Bep-
THKaAR Ay pasuo 2 m. Onpenennts PeakuuH
omop A u B.

Orser: X4 =120 kH, ¥4 =60 kH, Xg=
= —120 gH.

4.19(4.19). Kpan nas nomsema Tsxectell
COCTOHT H3 Oanku AB, HHXHHA KOHey KoTo- K aagaue 4.18
PO CORQIHHEH CO CTeHOR WapHHpoM A, a BepX-
HUA YNEpIKHBACTCH FOPHIOHTANBLRBIM Tpocom BC, Onpenennts HaTH-
meHue T tpoca BC u naesenne na onopy A, ecnu H3BeCTHO, YTO Bec
rpysa P =2 kH, sec Gaaxu AB Paser 1 kH n npunowxen & cepennne
6anKH, a yron o == 45°,

Orger: T =25 kH, X, — —2,5 kH, ¥4, =—3 kH.

K zanave 4.19 K 3apane 4.20

4.20(4.20). Kpan uMeeT WAPHHPH B TOYKAX A, B u D, npugem
AB=AD =BD =28 w. Lentp taxectn pepmu KpaHa HAaXO0AHTCH Ha
PACCTOSIHHH 5 M OT BEPTHKA&JH, NPOXOAsuieH uyepes Toyky A. Breiser
KpaHa, CyHTas OT TOYku A, npH
3ToM pasen 15 M. IlomuuMaemmbny
rpy3 BecHT 200 kH; pec depmu P =
=120 «H. Onpepenurs onopuue
PEAKNIMH H HATSKEHHe cTepxxHs BD
LIt yKa3aHHOTO NMOJIOMKERHS KPaHa,

Orser: X,=260 &H, Y.= K aanave 4.21
=770 kH, T = 520 kH.

4.21(4.21). CumMeTpudHas CTpONMIbHASA pepma ABC y onmoro
KOHUa IUapHHPHO yKpensieHa B HemoABuxHOH Touke A, a y apyroro
KOHUa B onupaercs Katkamu Ha TJafKyio FOPH3OHTANILHYIO NJI0-
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ckocTb. Bec ¢epmn 100 kH. Cropona AC HAXOAHKTCS MOA PABHOMEPHO
pacnpejie/IeHHEIM, NePNeRAHKYASPHEIM € NaBNeHHEM BeTpa; PaBHO-
JOeHCTBYIOIIas CHJ AaBiieHns Berpa pasHa 8 kH. Jinnna AB =6 wm,
yron CAB = 30°. Onpefenutb ONOpPHLE peaKIlHy.
Orser: Xa=—4 kH, Y5 = 54,6 xH, Y5 = 52,3 kH.
4.22(4.22). Apounas (epMa HMEET HEMONBHIKHLI OMOPHENI wIap-
HUp B TOUKe A, B TOuke B — NONBHXKHYIO TFIafKylo ONOpY, NAOCKOCTS
KOTOPOH HaKJIOHEHa K TOPH3OHTY
non yrioM 30°. Ilponer AB = 20 M.
LleHTp TANKECTH (EpPMH, BeC KOTO-
poii BMECTe cO CHEroBOH HarpyakKoit
papen 100 xkH, Haxoaurca B TO4YKe
C, pacnono:KeHHOH Hajl CeperHHOH
K sanave 4.22 nponeéta AB. PaBrozelicteyiomas
CHJ jaBJieHHA BeTpa F pasHa 20 kH
H HanpaelieHa napajyenbHo AB, JMHHA ee NelCTBHS OTCTOHT ot AB
Ha 4 M. OnpenenHTs ONOPHEIE PEaKIIHH.
Oreer: Xa=—11,2 xH, Y, =46 kH, Rz = 62,4 kH.
4.23(4.23). ®epma ABCD B T0ouke D ONHpaeTcs Ha KATKH, 4 B TOY-
Kax A u B noasepxuBaeTcs HaKJIORHBIMU cTepxisvMu AE u BF, wap-
HHDHO yKPenJieHHbIMH B ToukaxX E u F. Packock ¢epmer # npaman EF,

! 5 7
(7 c
[ IN &
&
K sapnave 4.23

HaKJOHeHEl K TOPH3OHTY MoA yriom 45° nnuHa nawens BC =3 m:.
crepxud AE u BF onuHakoBoii JUIHEE; paccrosiie EF =34/2 u;
AH =2,25 4/2u. Bec depmn n Harpyskn pased 75 KH u nanpapnen
no npsmoi CG. Haiith peakuuio kKatkos Rp.

Orser: Rp =15 kH.

4.24(4.24). [{asnenne BONB Ha MAaJEHbKYI MJOWAAKY MNJOTHHE
BO3PaCTaeT NPONOPIHOHAMNLHO PACCTORHHIO €€ OT CBOGOAHOH NOBEpX-
HOCTH BOJIkl H DABHO BeCy CTO/NGA BOJAEI, BBICOTA KOTOPOTO PaBHA STOMY
PacCTOSHHUIO, A TUIOLAb OCHOBAHHSA paBHa B3ATON nuomanxe. Onpene-
JIHTh TOJILKHY TIJIOTHHLL B €€ OCHOBAHKH B IBYX ClyYyasnx:

1) Korna nonepeunoe ceyeHHe NMIOTHHH MPAMOYrONBHOE;

2) Korzma sTO ceueHHe TpeyroJbHoe.

[lnoTuna moMmKHA GHITB paccuMTaHa Ha ONPOKHAbIBAHHE BOKDYT
pebpa B napnieHueM BOAB, NPHIEM KO3((DHIIHEHT YCTORYHBOCTH A0N-
XeH ObITL paBen 2. BHICOT2 h NIOTHREI Takas e, KaK ryOHHA BOZB,
H paBia 5 M. Yzenbublii pec BOAB y == 10 kH/M?, ynenvHuii sec Ma-
TepHafia NIOTHHH | = 22 kH /M3,
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Koa(pHumeHTOM YCTORUHSOCTH HAIWBACTCA OTHOLIENile MOMeNTa Beca MACCHBa
K MOMEHTY ONPOKHAMBAMLUlER cHAbL [lasnende oAbt HAa nAOWAAKY NAOTHHH
Amueofik 1 M W BhicOTOM dy, rae Y-— paccTORHHe NJOWAAKE OF AHA B MeTpax,
P2BHO B KHAOHBIOTOHAX y(h— y)dy. Momenr sroro nasne,:ma OTIOCHTEBID TOY-

it B pasen y(k — y)y dy, Onpoxuambatownit moment pasen §y (h — y) y dy.
d
Oreer: a = 2,75 My b = 3,37 m.

4.25(4.25). Onpenennts peakunn onop A u B
Ganku, Haxopnsideiics nop JelicTBiHeM OaHOH

(Ll Z
pantlhr N\
s fnlf b,
Sl 5 [[1TH] %
i e i i v, [
2n 7 il
r -‘j 6& & 74 7% =
(68 3. 21 ne
K sanave 4.25 K sanaue 4.26

K 3agaue 4.24

cocpeNOTOYEHHON CHuIBl # napul cin, Harpyska u pasmepu ykasaowl
Ha pHCYHKE.

Orser: Xa =2 xkH, Y4 = —4,32 kH, ¥z =7,78 &H. .

4.26(4.26). Onpejenutb peakinu oHop A u B Ganxu, HaxoAsueHcs
TMOA REHCTBHEM ABYX COCDEJOTOMEHHBIX CHJ H PABHOMEpHO pacmpele-
JICHHOH HAarpy3kH. MHTEHCHBHOCTb paclpegelieHHOH HarpysKH, BEJIH-
YHHBI CHJI H Pa3MEPH YKa3aHH Ha PHCYHKE.

Orser: Xa=2,6 kH, ¥, =4,2 kH, Xz = 15,6 xH. :

4.27(4.27). Onpenesutb peakilni 3alle/IKH KOHCONBHOH 6anKH, H30-
GpakeHHON Ha PHCYHKe H HaxofsiLueiics Nnoji eHCTBHEM COCpPeNoToYeH-

HOH CHJIBI H NapH CHJL.
Orger: X =1 xH, Y =1,73 kH, M = 0,47 xH-m.

Gt 2ultr

BZ)
fL;*:,'aF?“T'W 17
Zrifen %
7
K 3anaue 4.27 K sanaue 4.28 K aanage 4.29

4.28(4.28). Onpenenutb peakuny 3ameNkH KOHCONBHON 6ankn, H30-
6paX<eHHOH Ha _PHCYHKE M HAXOASLIEHCH NOA AeiicTBHEM PaBHOMEPHO
pacnpefeneiHOH Harpy3kH, COCPENOTONEHHOH CHJIBL H Naphl CHII.

Oreer: X=28 xH, Y =17 kH, M ==—535 kH:m.

4.29(4.29). OnpenesnTh peakuHH 3afeKH KOKCOJBLHOM Ganku, uso-
6pakeHHOH Ha PHCYHKE R HaXxoAseics noj JeficTeHeM PaBHOMEpRO
PacnpeNeNeHHON HArpYy3KH, ONHOH COCPeNOTOYEHHON CHAB N ABYX nap
CHJL.

Oreer: X =11,8 kH, ¥ = —2,8 xH, M = —86,8 xH.m.
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4.30(4.30). Onpenennts peakuHH 3a[eNKK KOHCOMbHON GaNKH, H30-

GpaKeHHOW Ha.pHCYHKe H Haxofsmeiics noji AeHCTBHEM Maphi CHA M
Ve pacrpene/ieHHOH HArpy3KH, H3MEHSIOIeHCs No 8a-
gnlter  KOHY TPEYTONBHHKA.

Orser: X=—9 xH, Y =0, M =40 gkH-m.

4.31(4.31). OnpenennTs pPeakuuio 3alesKH KOH-
CONbHOH Ganku, H306paXKeHHOH Ha DHCYHKE H Ha-
XOJIfAIENCs NOA AEHCTBHEM COCDeIOTOYEHHOMN CHMI,
Napel CHJ H pacnpeliejieHHOH HATrpY3KH, H3IMEHSIo-
77" meiica no 32KOHY TPEYrOJLHHKA H TpPAamnelMH.
Oreer: X=137 xH, Y=25 kH, M=
g=tifir =—270 kH-m.

4.32(3.38). I'opusouTanbnas pazpessas 6Ganka
ACB y xoHla A 3ajenana B CTeHy, y KoHUa B onu-
paercss Ha MOABHXKHYIK onopy; B Todke C—wapunp. Banka sarpy-
JeHa KpanoM, HecylwHM rpy3 P Beca 10 xH; seuer KL —4 M, Bec
kKpana Q =050 xH, uenTp TANKeCTH KpaHa JeXKHT Ha BepTHKann CD.
Pasmepu ykasarel Ha pecyske. Onpegenutb, mpeHeGperas Becom Gan-
KH, ONOPHEIE DEAKLHH B TOYKax A H B [/ TAKOrO NOJIOXKEHHA KpaHa,
KOorjg OH Haxo/[HTCR B OJHOH BePTHKAaJILHOH MIOCKOCTH ¢ Gankoi AB.

Orser: Ra = 53,75 xH, Rs = 6,25 kH, Ms = 205 vH.

K sapave 4.30

o \ H—mbnf
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I 7 h\ 1
K ssaate 4.31 K sapave 4.32

4.33(4.32). Omnpenenuto peakunu onop A, B, C u wapunpa D co-
CTaBHOH 6anKy, H306PAIKEHHON HA PHCYHKE BMECTE C Harpy3KOil,

Orser: Xp =—2,8 xH, ¥Ys=—4,4 kH, Yp=22,2 kH, Yc =5 kH,
Xo '———-0, Yp = 5 kH.

7 Nf 7= 2rith Y\ g=g 7ttt Aﬁxff S
SN ST o, |
% 17 A -
. & ei% &t | & ;!W : pr%#n! #59?501 4#%49-:
K aanane 4.33 K sanave 434

4.34(4.33). Onpenenute peakunn onop A, B, C u wapuupa D co-
CTaBHOH 0aziky, 1300paxeHHOH Ha PHCyHKe BMECTe € Harpy3Koh.

Orger: X5 =3 xH; Ya =138 kH; Ys=—6,6 xH; Ye =10 kH,
Xp=0; Yp = 45 kH.

4.85(4.34). Moct cocTOHT H3 ABYX dacrtefi, CBA3AHIBLIX Mexly CO-
Goit WwapHUPoM A B HPRKpENJEHHHX K GeperoBLlM YCTOSM LIAPHHPAMH
B n C. Bec kaxnoi wacta Mocta 40 xH; ux nentpu tskectn D B E;
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lla MOCTY HaXOAUTCH rpy3 P ==20 kH; pasMeprt ykasaHb Ha pHCYHKe.
Onpenenuts CHAy paBieHHs b wapHupe A u peakuHn B Toykax B u C.

Oreer: Xz = =420 kH, Y, = F8 kH, X, =—Xec=20 gH, Y=
=~ 52 kH, Y = 48 xH.

g 73

i

7

vz

2,
B

24

K samaue 4.35 K zapage 4.35

4.36(4.35). Ha runankofi ropH3OHTAMBHON MIOCKOCTH CTOHT nepej-
DHXKHaA JECTHHLA, cOocTOAwasn U3 AByx gactel AC u BC, niuHpt 3 M,
Beca 120 H kaxnasn, coenuHeRrHEX maprupom C u BepepKoii £EF; pac-
crostuue BF = AE = | M; UeHTp TAKeCTH Kamnofi u3 uacreir AC 1 BC
HAXOLHTCA B ee cepemnte. B rTouke D Ha paccrosmrmm CD=06 m
CTOHT YesIoBeK, Becaulni 720 H. Oupenennts peakunn mona 112 PHH-~
P3, a TaKxke Hataxenne T sepeskn EF, ecnn yron BAC = ABC — 45°.

Oreer: Ra =408 H, Ry =552 H, Xc — +599 H, Ye= 1288 H,
T=522 H.

4.37(4.36). Moct cocToMT H3 IBYX ONHMHaKOBLIX gacted M u N,
COENHHEHHBIX MeX1y COGOIl H C HeMOABMKHEIMH ONOPaMH nocpecTEOM
IIECTH CTEPXHEH, HAKJIOHEHHEX K FOPH30HTY oA yriom 45° u cHaG-
EHHBIX Ha KOWLAX WapHUpaMH. Pasmepn ykasane Ha PHCYHKe. .
B touke G nomeruen rpy3 seca P. OnpefenuTb Te ycHIHS B CTepPIK-
HSX, KOTOPHIE BEI3BAHEl AeHCTBHEM STOTO Ipy3a.

Oreer: Rp=0, Rp=PA/3[3, Rc=0, R,=P+/3/3, Rp—
=P /32, Rr=P /2/6.
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K 3anave 437 K sagave 4.33

4.38(4.37). Mocr cocToHT H3 IBYX ONHWH2KOBLIX TOPH3OHTAaJbHEIX
6anoK, coefHHeHHRX WAPHHPOM A H NPHKPenJeHHKIX 1IApHHPHO K OC-
HOBAHHIO MECTKHMH CTEPIKHAMH I, 2, 3, 4, MpHYEM KpPaHHHE CTepIKHH
BEPTHKAJIbHEL, @ CPelHHe HAKJOHEHE K rOPH30OHTY mof yrioM o = 60°,
CootBetcTByionine pasMepe pasHb: BC =6 m: AB=—28 wm. Onpepe-
JIHTL YCHJIHA B CTEPHHAX M PeAKLHIO mapuupa A, ecny MocT Hecer
BEPTHKAJbHYI0 Harpysky P =15 kH wua paccrosHiy a =4 M or
TOYKH B,
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Orger: S, =—6,25 kH, S,=3S; =—5,77 xH, S4=125 kH,
X4 =289 kH, ¥, = 3,75 xH.

4.39(4.38). Brons Mmactepckol, 3naHue KOTOPOH TOAAepIKuBaeTcs
TPeXIIaDHUPHOH apKo#l, XONHT MO pesibcaM MOCTOBOM Kpal. Bec nore-
peyHoll GafikH, nepeABHraoieica no penscam, 12 kH; Bec kpaua 8 kH
(Kpan He HarpyxeH); JHHUA INeHCTBHS Beca KpPaKa OTCTOMT OT JEBOoro
pesibca Ha pacctosbHn 0,25 nnuun 6ankH. Bec kampofl nosoBHHE
apxu paseH 60 xH u nprnoxen ua paccrosHum 2 M ot BEPTHKAJH,

T ____________ £
o
= : = N
&
128K\ 50wk, 60K i
3 & © Viowy ~
_A /Yl 8
2 2
K zanave 4.39 K sapaue 4.40

NPOXOASILIEH HYepe3 CoOTBETCTBYIONYI0O onopy A wHau B; onopHLie
Pesibchl MOCTOBOrO KpaHa pacnosioyeHbl Ha paccTostHun 1,8 M 0T aTux
BepTHKaJiell. BricoTa 3nauusa 12 M, wHpHHa nposeta 16 M. PasHogeii-
CTBYIOLlAs CHJI N2BJEHHA BeTpa papna 12 kH u HampasneHa napan-
JencHO AB, nunus ee geHcTBHA oTcTORT oT AB Ha 5 M. Onpegenuts
Peaxuun wapurpos A ¥ B u cuny napjexus B apuupe C,
Orser: X4 =2 kH, Ya =67,8 kH, Xz —=—14 kH, Y5 =722 xH,
Xc== =14 kH, Yc = 74,2 gH.
4.40(4.39). I'pys P=25 H nopsewes x KOHIly TOPH3OHTAaJBHOTO
Gpyca AB. Bec Gpyca Q=10 H u npunomen B Touke E. Bpyc npu-
KpenJieH K CTeHKe HOCPEeNCTBOM 1wapHupa 4 w moanept crepxueM CD,
€ KOTOpHIM CKpEMJIER TOXE NOCPeACTBOM luapHHpa. Becom crepis
CD npeneGperaem. Paame-
PH YKa3aHH Ha DHCYHKE.
Onpenennte peakimu map-
HupoB 4 u C.
Orser: X,=—30 H,
Ya=—I17H, Rc = 60 H.
4.41(4.40). Jisa onmo-
K sssnne 1 Kioagass s polublXx 6pyca ONHHAKOBOMH
AJHHEl COEAHHEHb LUAHHP-
Ho B Touke C, a B To9kax A K B TakKe WAPHHPHO NPHKPENNEHH K ONO-
paM. Bec kaxioro Opyca paser P. B touke C mopselnex rpy3 Q.
Paccrosiune AB = d. Paccrosizne Touku C 10 FOPH30HTAJILHONH nps-
Moit AB pasro b, Onpenenuts peakuus waprupos A u B.

Oreer: — Xp=Xg=—- (P+Q), Ya=Y,=p +2.

4.42(4.41). J1pa crepxna AC u BD ONHHaKOBOH ANHHHI apiuipHo
COEHHEHB B TO4YKe D u TaK Ke MPHKPENJEHB K BEPTHKAJIbLHON CTEHE
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B Toukax A u B. Crepxtens AC pacnionoen TOPH30HTAJILHO, CTEPIKEHb
BD obpasyet yron 60° ¢ BepTHKanbHOIN CTEHOII. Crepxenn AC B Touke
E marpyxer BepTuKanbHOH cuaofl Py —40 H u B Touke C CHION
Q = 100 H, naknonennoi x FOpH30NHTY mox yriaom 45°. Crepxens BD
B TOYKe F Harpy>xeH BepPTHKaJbHOH CHJOH P; =40 H. [lano: AE =
= EC, BF = FD. Onpenesntb peakuuu wapuuapos A n B.

Orser: Xa=—287 H, Y, =6 H, Xpg=—=216 H, Yz =145 H.

4.43(4.42). Ilopsecka cOCTOMT M3 nByx 6anok AB u CD, coeni-
HERHBIX LIAPHHPHO B TOYKe D H NPHKPEMJIEKHHX K NOTOJKY IuaPHH-
pamu A u C. Bec 6anku AB pasen 60 H u npraoxen B Touke E. Bec
Ganku CD pasen 50 H u npunoxen B Touke F. B touke B x Ganxe
AB npunoXewa BepTHKaJbHAR
cuna P=200 H. Onpegennts
peaxkunn B mapHupax A u C, ec-
JIH 33[1aHEL CAEAYIOIIHE PasMephl:
AB=1 M; CD =08 M; AE —
=04 M; CF=0,4 M; yram Ha-
KJiona 6anok AB u CD k ropu-
80NTY COOTBETCTEBEHHO PABHHL:
a—060° u g = 45°

Orser: -—X,q = Xc = 135 H,
Ya=150 H, Yc = 160 H.

4.44(4.43). TopusonTanbHas LEL K 3anaun i
Ganka AB nnuue 2 M, npukpen-
NEHHas K BepTukKaJsHOMY cTon6y AC B Touke A u noanepras moxkocoM
DE, necer Ha koHue rpys Q Beca 500 H; cron6 AC YKPEHJieH MoAKo-
com FG, npuuem AE = CG =1 m; noakocs DE u FG HaKNOKeHH nof
yrioM 45° K ropr3oHTy. Hafitu ycunua Sg u Sy B nogkocax DE u FG
H PeaKIRrio TpyHTa B TOuKe C, mpeAnonaras, 9TO KPENJEeHHs 11apHHP-
HHE, H npeHe6peras BecoM 6aJKH, cToa6a H MONKOCOB.

Oréer: Sp==—1410 H, Sfr= —1410 H, Xc= 1000 H, Yc=

NG N g
P ANGIAY
P 6‘ 'ﬂ

K sapauc 4.45 K aapnave 4.46

4.45(4.44). B mocToBoit epme, H306pakeHHoli Ha pHCYHKe, Ha
y3ank C ® D UDHXORHTCS ONHHAKOBASN BeDPTHKa/lbHaA Harpyska
P =100 xH; naknonHbie CTEpIKHH COCTABAHIOT yraer 45° ¢ ropuson-
ToM. HakliTh ycuans B cTepxuax 1, 2, 3, 4, 5 u 6, BuianBaeMble AAHHOL
HArpy3KoH.

Orser: Sy = —141 kH, S; = 100 KH, S; = 141 kH, S; = —200 xIL
S5 =10, Ss = 200 xH.

4.46(4.45). B mocroBoi tdepme, nzobpakeHnodl na PHCYHKE, Y3ibl
C, D n E 3arpy:xeHsl oauHaKOBON BEPTHKAJNLHOA Harpyskofl P —
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== 100 xH. HaknonHEe CTepXKHH COCTaBASIOT Yribl 45° ¢ ropH3oHTOM.
Haiiti ycuina B crepxusax 1, 2,3, 4, 5,6, 7, 8 u 9, suaeipaemble nan-
HOH HarpysKoH.
Orser: 8§y = —150 kH, S; =0, 8;=212 kH, 8;=—150 xH.
Ss = —b0 xH, S = 150 kH, S; = 71 xH, S = —200 xH, Sy = 0.
4.47(4.46). [ina cGopkm MOCTA YCTPOEH BPEMEHHHIl NepeBsHHBII
KpaH, nepeMeliawmuics no penscam A u B na konecax. K cpeanemy
yany C umxuero nosica DE kpawa
T i NPHKpenJieH GJIOK, Caymallnii nis
< MOAHATHA TAMKECTH C NOMOLIBIO le-
& e i £  nH. Bec nopHHMaeMoro ¢ noaMocreii
i rpysa P=>50 kH, npuyem B wMmo-
i MEHT OTAENEHHS Ero OT NOAMOCTE
o f HanpapjieHHWe UEOH COCTABJASET C
BEPTHHAJBI yrod o = 20°%; Bo Habe-
L & ' f }aHHe KoJeOaHHH rpys3a oH OTTS-
o : THBAeTCH TOPH3OHTANLHBIM KaHa-
— | ToM GH.
p g Ilpepnonaras, 4T0 ropH3OHTaNE-
T T e i Hasl COCTABJAIOIAA HATAMEHHA Le-
K sanave 4.47 ITH BOCIPHKHMBETCH OLHHM NPABLIM
: penbcoM B, onpelennTh YCHIHe S;
B TODH30OHTANBHOM crepikHe CF B MOMEHT OTAENEHHs rpy3a oT noj-
MOCTeH H CDABHHTL €ro ¢ TeM ycuieM Sz, KOTOPOe NoMyyuock Ol npH
yrae o = (0. PasmMepH yKa3aHbl Ha pHCYHKe.
Oreer: Sy = 104,8 xH; S; = 50 kH.
4.48(4.47). HafiTh BeIMYMHY YCHAHS, CHHMZIOLLEro npeamer M
B fipecce, NPH CNeAYIOUIHX YCNAOBHAX: YCHKe P == 0,2 kH u nanpasneno
nepneHARKy/spHO phigary OA, HMeloleMy HenoIBHXRY© ock O; B pac-
CMaTpHBAGMOM MOJOXKEHHH npecca Tax BC nepneraukynspern OB w
nenut ZECD nononam, npu-
yem ZCED = arcig 0,2 =

h

-l e S = 11°20"; nmuna OA =1 w;
Z OB =10 cm.

E y " P Orser: 5 kH.
c] LA 2 4.49(4.48). Llem» 0O, ca-
| s MO3aXBATHIBAIOLIEr0  Ipy3Hl
3 ¥ A NpHCOOCOGNEHHS  COEMHHeHa
L&l |1 a [f wapuupoM O CO CTepPKHAMH
BRI ‘ OC=0D =60 cm. Crepx-
K ssnave 4.48 K sanave 4.49 HH COEJHHEHH 113 PHHPAMH e

C OBYMS DAaPHEIMH JIOMaHEIMH
pouaramu CAE uw DBF, KOTOPHE MOTYT BpaIaThcsi BOKPYT TOYEK A
H B coepunntensnoro crepxrn GH. B wapuupax E u F ocobhe Ko-
NOAKH yAepxuBaioT rpy3 Q = 10 kH tpenneM. Paccronnue Touku E
or crepxna GH paBpo EL =50 cm, a paccrosnue ee or crepxus 0C
pasio EN =1 m. Bucora tpeyrosenuka COD papra OK = 10 cwm.
Hafity cuiy, pacTsrHearmomyio coenuHHTeNbHHI crepxese GH, npe-
Hefperas BecoM yacTel MeXanH3id.
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Orger: 60 xkH.

4.50(4.49). Onpenenute peakunn wapeupor A, C, D, E n H
B CTEPXKHEBOH CHCTeMe, H300pakeHHOH Ha pucyHKe, ecqn CE = EH —
=HD u AC = CB. s

Oreer: Rpy=Rp=Ry =P, Rg=2P, Rc =P 4/2. Crepxenr EG
pacTaHyT, crepikens HK cxar,

4.51(4.50). Hatakenne NPHBOOHOTO PEMHSH, OCYLIECTEIAEMOe NpPH
nomoun noMaHoro pudara A0;0; v HataxHOro poauka O), paBHO 1O
Ty H ApYryw cTopoHy poskka P H. Hafith Bennamuy rpysa Q npe
PABHOBECHH CHCTEME], eCJH JaHoj
ZA0,0,=090°, D =55 cM,d = |5cm,
y=235 cM, lb=15 cmM, [ =145 cpm,
P=18 H.

Orser: Q=12 H.

5 o

Cy
EH=
s
=
| a

K 3apaue 4.50 K sanave 4.51

4.52(4.51). I'pys P Beca 4,8 xH ynepuBaercs Ha raaakofi ma-
KJIOHHOH IJIOCKOCTH MOCPENCTBOM BEPEeBKH, NapanfesbHOR NIOCKOCTH
H HaMOT2HHOH Ha HENONBMXKHEIH Ban nebenku ABC. ¥Yron rakiona
NIOCKOCTH K ropHsouTy 60°. Bec me6enku Q = 2,4 kH, ee uentp 13-
MECTH HaXONHMTCH Ha npaMoi
CO; neGemxa onupaeTcas B
Touyxke A Ha raapxmit nox, a B
TogKe B mpHKpensieHa K mnoay
6onroM. Hakith onopubie pe-
aKIHH, nperebperas paccros-
HHEM BEpEBKHM OT IIOCKO-
CTH

Oreer: Yo—4,8 kH, Xg=
=208 xH, Yz = 1,2 xH.
4.53(4.62). OnuopopHui K sanase 4.52 LN
crepxenb AB naunbl 2/ u peca
P MOXeT BpallaTbCA BOKPYT IOPH3OHTAJIbHON OCH Ha KoHie A crepik-
Ha. On onmpaercs Ra OfHOPOAHBI crepxens CD Tohi ke Anuusl 2,
KOTOPHIli MOXeT BPaILUaThCsi BOKDPYT TOPH3OHTANbHON OCH, NPOXONALIEH
uepe3 ero cepenuny E. Toukn A u E nexar Ha OnHOil BepTHKanH Ha
paccrosiuug AE = I. K kouity D nonsewen rpys Q = 2P, Onpene/nTs

- yron @, oGpasyemuil crep:xHeM AB ¢ BEPTHRANBIO B NOJOMEHHH DaB-

HOBECHn, NpeHebperasa TpeHHeM,
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Orser: p = arccos ! /s = 82°50".

4.54(4.53). Iea oqsoponsbix ctepxus AB u AC onnpaiotes B TouKe
A Ha rnafkuit TOPH3OHTA/BHBIA NOJ H APYr HA APYra 0O TAaAKHM BEp-
THKAJIbHBIM IIOCKOCTAM, a B TOYKaX B u C Ha riafiKne BepTHKaJbHbie
crednl. Ompepennte pacctosune DE wMexny cTeHaMmH, NpH KOTOPOM
28 CTEPXHH HAXORATCA B NOJIOKEHHH PaBHOBECHS, 06pa3ys
; Apyr c apyrom yron B 90°, ecnu pawo: aansa AB papua
% a, namna AC pasua b, sec AB pasen Py, sec AC pa-
BeH Pp. VPt o
X LD — SVl by B

K 3enave 4.5¢ Ozeer E ’\/Pt F P,

4.55(4.54). Onuopoanmiit G6pycok AB, koTophlit Moer BpallaThes
BOKDYr rOPH30HTaJIbHOA OCH A, onHpaercs H2 TNOBEPXHOCTb TINAJIKOro
LHAHHAPA pajnyca r, JIEXAMEro Ha rJIafKoH COPH3OHTANBHON nJo-
CKOCTH H yNep}XHBA€MOro HepacTsxuMoi uuTbio AC. Bec 6pycka 16 H;
anuHa AB =3r, AC =2r. Onpenennts HaTsKeHue HHUTH T H CHIIY
JapyieHns GpycKa Ha mapeep A.

Orser: T—69 H, Xa,=-—6 H, Ya=-—125 H.

4.56(4.55). Mexny NByMA TNAfKHME HAKNOHHHMH [JIOCKOCTAMH
OA v OB nonoxere IBa INafKHX COMPHKACAMOLHXCH OIHOPOIHEIX
UHIHHAPa: unAuHAp ¢ uentpoM Cy Beca Py =10 H u unnunnp c uen-
TpoM C; Beca P, = 30 H. Onpenennte yron g, cocTaBaseMsIi npaMoii

L=

K zapaue 4.55 K 3anave 4.56 K 3mnave 4.57

C1C; ¢ ropH30HTaAbHOM ocbio XOX;, naBNeHHs Ny B N, nManruapos Ha
IJOCKOCTH, 2 TaKye cuay N B3aHMHOTO HABNERHS WWHJIHHAPOB, €N
yron AOx; = 60°, a yron BOx = 30°.

Oteert @ = 0; Ny =20 H; No=1346 H: N = 17,3 H.

4.57(4.56). IIpa raanxkux oOKHOPOIHBIX wapa C), v C,, pafHycH Ko-
TOpHX Ry K Ry, @ Beca Py u P,, nonsewens ua pepeBkax AB u AD
B Touke A; AB=1I;; AD=1L; L, 4+ R, = Iz + Ry; yron BAD = a.
Onpepenute yron 6, o6pasyemuls pepeskoit AD c rOPH3OHTAJILHON MJIO-
ckocThi0 AE, wHatsmenns sepesok Ty, Ty m CHIY QNaBieHHs OIHOTO
1apa Ha Apyrom.

Oreer: tgh=— %"I_Elﬁs_“’ Fy— p, 200 = a/2)
€os =
2
_ p Sin(8—af2) - Jcos B
I =P, cos (¢/2) * N=Pp, cos (0/2) *
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4.58(4.57). Ha nByx OnHHAKOBEIX KPYIJHX OJHOPONHHEIX LUMJIHHA-
pax pajnyca r H Beca £ KaXcABIH, JeXalllHX HAa FOPH3OHTAJNBHON MJO-
CKOCTH H CBSI3aHHBIX 32 UEHTPHl HEpPACTSIKHMOH HHTBIO MJHHH 2r,
TIOKOHTCS TPeTHH OJIHOPOAHbBIH LHMIHHAD panuyca R u seca Q. Onpene-
JIHTh HaTHXKEHHE HHTH, JIaBJIEHHe IHJHHADOB HA MJOCKOCTH H B3aHM-
lioe faBJeHHe UHNHEADOB. TpelHeM npenebpeds.

Oreer: JlaBnenue KaXJIOro WHKUEro LMJIHKADPA HA IIOCKOCT PaBHO
P+ Q/2. Jlag.uinue )Mem,uy BEPXHHM H KaKAbIM M3 HHXHHX UHJIHHA-

(R+4r
a — ;
POB paBHO 5 '\/E"—lQ-TR Hartsixenue o
{3

HHTH DaBHO i

4.58{4.58). TpH OAHHAKOBBIX TpY-
On Beca M =120 H kaxpas nexar, s e BT
KaK yKa3aHo Ha pucyHke. Onpenenuts
JaBlleHHEe KaXKAOH H3 HHIKHHX Tpy6
Ha SEMJI0 H HA Y/IEPKHBAIOLIHC HX ¢ GOKOB CTGHKH. TpeHre:M Ipe-
Hebpeysn,

Orser: JlaBleHue Ha 3eMJIIO papio 180 H. [lapnenue Ha kamnayio
CTeHKY paBHo 34,6 H.

4.60. ®epma ABCD B Touke D ommpaetcs Ha KaTKu, a B Toukax A
u B nonnepxubaercs nakaoHueiMu crepxusima AE n BF, LIADHUPHO
YKpENNIeHHBIMK B TOuKax £ W F. Packocu ¢epMbl u npamas EF Ha-
KJIOHCHLl K TOpM3OHTY moj yrioM 45°; anmusa nadesn BC =3 u;

K soaave 4.58 K szxave 4.50

K senave 4.60

crepxcHd AE n BF onnHakoBOH  JJIMHBEL paccTosiipe EF—3 1/2\;

AH = 2,25 4/21. Bec drepmnl paBer 25 kH n HampasJieH 1O BepTHKAJH,
npoxonsiulelt yepes Touky C. Bec Harpyskn 112,5 kH. Onpenennts, sa
K3aKOM DAaCCTOSIHHH X OT TOYKH B HYMHO pacnojokHTbL HarpysKy,
yTOGH peakius B onope D crasna paBHa HyJo. '

Orser: x = 0,25 M.

4.61. MexaHusM po60Ta-MaHHMYJISTOpPa NpeficTaBiaseT coboil map-
HHPHBI TPEX3BEHHHK; 3BeHbs MOBOPAYHBAIOTCH B BEPTHKAJBHON MJO-
ckocTH. HajiT MOMEHTH! CHJI MPHBOMOB B wapuupax A u B MexaunaMa
poGoTa-MaHHIYAATOPa, HEOGXOMHMEE IUIsi TOrO YTOGH YIEPIKHBATH
3BeHbsl MeXaHH3Ma B TOPH3OHTA/ILHOM MoAoxeHut. Macca o6texta ma-
HHOYJIHPOBAHHA me = 15 Kr. Ilauuwl ssenpes: [j = 0,7 M, lh=038 m.
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3BeHbsl ONHOPO/IHKE H HX MacCH COOTBETCTBEHHO PaBHEL my = 35 KT,
ms = 25 Kr.
Orger: My =530 H-mM, Mz= 135 H-m.

Ipruveyanne k sanagam 4.61—464 MexanHaMu, cospalomme MOMCHTBI
B WapH¥pax, Ha pHCYHKAX HE YKa3aHEl,

3
173
A g Vs A & F. § 30
K sanase 4.61 K sanaue 4.62

4.62. HaliTH MOMEHTH CHJl NPHBOJIOB B IIApPHAPaX MeXaHH3Ma po-
GoTa-MaHKIYJIATOPA, HAXOASALIETOCR B PABHOBECHH, KOra BTOpOE 3BEHO
nojATo mox yryom 30° k ropusonty. Macca o6kekTa MaHHIy/IHpOBa-
HHA me==15 &r. Oiuue 3peHven: ;=07 M, b =105 m. Maccu
3BEHLEB: m; = 35 Kr, my; = 25 Kr.

Oreer: Ma=510 H-m, Mp =117 H-m.

4.63. Mexannsm po6oTa-MaHHOYNATOPA B, NONOMHEHAR PABHOBECHS
PacrnoNoKeH B BEPTHKANBHOH MIOCKOCTH. JINHHH 3Bennen: [y = 0,8 M,
lp=05 M, 3=03 m. Maccel 3BeHbeB: my; = 40 Kr, my =25 kr,
mg = 15 xr. HalitTh MOMEHTH CHJ NPHBOAOB B LIApHHDAX, ecad pykKa
CD masunynsaTopa Hecer rpys, macca KOTOpOro mp = 15 Kr. 3BeHbs
CYHTATb ONHOPOAHEIMH CTEDIKHSIMH. ‘

Oreer: Ma =665 H-m, Mg =248 H-M, Mc = 46,7 H-w.

K sunage 4.63 K 3anmsc 4.64

4.64. Pyka mexaHnsMma po60OTa-MaHHMYJATOpA yAepIKHBAET B pab-
HOBECHH rpys, Macca KoToporo mp = 15 kr. IlpyxchHa pasrpysouHoro
YCTPOHCTBA, MpPeAHA3HAYEHHOTO /IS YMEHbLIEHHS HArPY3KH Ha IIpH-
BOJ, nefiCTByeT Ha nepsoe 3peHo cuyod F = 3000 H, npuaoxeHHoi
Ha pacctosHuH AE =0,2 M or wapuupa A. HailTH MOMEHTH cHJ B
wapuupax. Jlnuip 3senven: ), = 0,8 M, [r = 10,5 M, I5 = 0,3 M. Macenl
3peHbeB: my = 40 Kr, my = 25 Kr, my = 15 kr. 3BeHbS CYHTATH OJHO-
PONHBIME CTEPHHAMU.

Orger: Ma=2502 H-m, Mg=214 H-m, Mc =233 H-m.

4.65(5.5). Onpenennute ONOpHHE peakKUMH H YCHJHA B CTEPIKHAX
KpaHa, H300pax€HHOrQ Ha pHCyHKe, mpH Harpyske B 8 kH. Becom
CTEDXHA NMpeHebpedn,
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Oreer: Ry = 26 xH, Ry = 18 xH — prus.

S

Howmep crepwns 1 2 l 3 l 4 5

Veuane, kH | —16,4 +u.5]—14,3 —1 | 419

4.66(5.6). Onpenennuth ONOpHHE peakuuy n YCHJIHA B CTeprkuax
CTPONHJLHOH epMH, H306paXkeHHOll BMecTe ¢ NPHIOIKEHHLIMH K Hefi
CHJIAMH Ha DHCYHKe.

3r ?/

oo !

K sanaue 4.65 K sapaye 4.65

Orser: Ry = 34 kH, Rz = 2,6 xH.

Homep crepamus 1 2 ' 3 1 , 5 6 7 ’ 8 I ]
Vennwe, xH | —7.3| +58|—2,44 -—4.7,—4,7 +3.9 |-081| —55| +4.4
Znlt
Znilf
¥

5 0
M, AN iy

og° o0° Sk
A, 7 Z &8
!_ 73

il 2 2 e
. K 3anaxe 4.67- K 3anave 4.68

4.67(5.7). Onpenenuts ONOpHEE peaKIMH M YCHJIHA B CTEpPIKHAX
THAbYATOH (pepMbl, H306paxieHHoll BMecTe ¢ NSHCTBYIOLLHMH HA Hee
CHJIaMH HA pPHCYHKe,
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Orger: R4 = 3,25 kH, Rg = 2,75 xH.

l Howsep crepmus 1 | 2 3 4 5 I 6 7
| Vewwe, kH | +13 | +308 | 35 | —25 | —26 | +173 | —173

4.68(5.8). Onpenenuts oNOpHLle pPeaKHHH H YCHJIHA B CTEPIKHAX
(epMer KpaHa, H306PaKEHHOrO BMECTE ¢ MPHJOMEHHLIMH K NEMY CH-

JlaMH Ha DHCYHEKe.
Orger: R1 = 3 xH, Rg =9 kH.

] s | o ey e a] w s

Homep crepixua

Yeunue, «H ]—o,s[+5,1 l-3,13[—5,4 —2.0]1—2.0,—2,33] 0 |—30

4.69(5.11). OnpefeanTs ONOPHIE PEAKUKH M YCHIHSL B CTEPIKHAX
COOpY2seHHsi, H300PAXKEHIOro BMEeCTe C JEHCTBYIOUWIHMH Ha HEro Ch-
JiaMH Ha DHCYUKE.

T~ Yt
T
= = 7 A
ﬁ Z ]
A, 7 & Yl ¥ 73
% et
i Sm H I A
I rid e’/ (1§
K 3anawe 4.60 K 3anade 4.70

Kak B 370#i, TaK K B clenyomnx 3agavax och OXx HampasjeHa mo
FOpH3OHTa/IbHOM NpsMOH AB BripaBo, a otk Oy — 10 BepTHKaNH BBEpX.
Orger: Xa=-—2 kH, Yo=14 xH, Y= 2,6 kH.

HoMep crepiun I 1 2 ' 3 ] 4 5 ' 6 l 1 8 9

Veume, kH | +45 —-4,5] +2 |—2,44 +2.44| +2 | 0 |—28}—14

4.70(5.12). OnpeflenuTh ONOPHHE PEAKUHH M YCRAHS B CTEPIKHSX
PACKOCHOH (epMH, H306pa)<eHHON HAa DHCYHKEe BMecTe C HATPY3KOIL.
Orser: Xa=—1 kH, Ya =3 &H, ¥z =1 xH.

Houep crepxns i 2 | 3 4 ] 5 6 7 8 9

Veunue, iH —2 | —2 | = |+|.41 +2|+4,24 e f g Py




4.71(5.13). Onpegennts ONOpHEE peakums M YCHIHA B CTEPIKHAX
MOCTOBO# (PepMil, KOTOpas BMecTe ¢ DNPHITOMEHHLIME K HeH cHiIaMH
H300parieHa Ha pHCYHKe.

¥ 20
«t-; 5 7 g
PN - . i
3.-: E;I:]fo/ Gt I //-l

K gazave 4.71

Orger: Y4 =2,1 kH, X = —2 xH, Y5 =29 kH.

Homep ctepmus I 1 2 | 3 4 I B I [ 7 l 8 9

Yeunwe, kH | —2,97 +2,1l+2.1 —21 +|.5l+o,9 0 ,-4,1|+0,9

4.72(5.14). OnpejenTe ONOPHHWE pEAKUMH M YCHANS B CTepX-
HAX COODYXKE€HHs, H306palKeHHOro BMeCTe C TNPHJ/IONEHHBIMH K HeMmy

K 3anave 4.72

cunaMu Ha pucyHke, Ctepxun 3 i 4 He cOeAMECHBI LIAPHHPOM B TOUKE
HX TlepeceyeHHs.
Orger: Y4 =22 kH, Xg=—2 kH, Y5 =28 k.

Howmep crepyns 1 I 2 3 | 4 5

Yeunue, xH 6 ' —7 | +4.9 ' +253 | —s.7

4.73(5.15). OnpepenuTs ONOpHHE peakuMH H YCHIHS B CTEPIHAX
HaBecHO# depmbl, H306paxKeHHol BMecTe C NeHCTBYIONIMMH Ha Hee
CHJIAMH Ha PHCYHKe,
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Orger: X4 =54 kH, Y» =6 kH, Xs=—54 xH.

HoMep cicpss 1 2 ] 3 4 & 6 7 8 9 10 11

Vewswe, kH |54 |-36] 18| +206[+206] +4,1 | —6|+35]alr27|—2

R
SSNSygy L 4 4501

K sapaue 4.73

474(5.17). B ysmax CTPONMJLHOH (epME ¢ PABHHIMH HaHensSMH
BCNEACTBHe [ABJIEHHA BETPa BO3HHKAIOT CHJH, [epPNEeHAHKYJsSpHLE

K sapnaue 4.74

kpossie: Py = Py=312,6 H u Ps = P3 =625 H. Onpenenuts BH3L-
BaeMhle BETPOM PEaxLHH ONOP H YCHJIHS B CTEPIKHAX (epMul, pasmeph
KOTOPOH YKasaHH HAa PHCYHKeE.

Orger: Yo =997 H, Xs=1040 H, Ys =563 H, S;=—1525 H,
Sp=—1940 H, S3=—1560 H, S;=S;=S;= —970 H, Sy =
= +1 ]00 H, Ss =440 H, Sg — —215 H, Sm = Su == —230 H, Sm =
= S|3 =3 SH =0, 315 = —26 H, S"; = +l340 H, S” = —1130 H,
S1e = 41050 H, Sjy = —750 H.

§ 5. Cuapl Tpeuns

5.1(2.56). Onpeaenuts HeOGXOAMMYIO 3aTAKy GOJTA, CKpemysio-
LIETO ABE CTAJbEBLIE MOJOCH, pasphiBaembie cunoii P=—2 kH. Bonr
NOCT2RJIEH C 3230pOM H He AosxeH paborath Ha cpe3., Koadduuuent
TPEHHA MeX Ay JiMcTami paseH (0,2,

52



Yxkazanue Bonr e gonmen pabotats ma Cpe3, NOSTOMY €ro Hajo 3aTHHYTH
€ TaKOR CHJIOH, 4TOGH PasBuBAIOMIEECH MEXN(Y JHCTAMM TPEHHE MOIJIO NPEAOTEpPaTHTH
CRO/bXKeHle JHCTOB. Cuna, peficTeyionias BAOAL OCH Gonta, B ABASeTCH MCKOMOH
3aTANKOR.

Orger: 10 xH.

5.2(2.57). Jlucth GymarH, ClOMeHHHE, KAK NOKA34HO HA PHCYHKe,
CKJIEHBAIOTCH CBOGONHBIMH KOHLAMH Yepe3 NHCT TaKHM ofpa3oM, 9TO
IONYHAI0TCA ABE camocToATeNbHble Kunbl A W B. Bec kanoro ancra
0,06 H, uncno Beex nuctos 200, Ko3ppHuKHEeHT TpeHHs Gymarw o Gy-
Mary, a Takxe O CTOJ, KA KOTOpoM OyMara JexHT, pased 0,2. Ilpexn-
fioiaras, 4TO ONHA M3 KMI YAEPIKHBAETCS HEMOABHIKHO, ONpeneslHTH
HaAMEHbIIEE FOPH3OHTANLHOe ycHaue P, neoGxonumoe nas TOrO, YTOOH
BHITALHTL BTOPYIO KHITY,

K aapave 5.1 K sapanc 5.3

Orser: Tlpu suTtackupanun A u3 B cuna P=241,2 H, a npu Bu-
TackuBanud B u3 A cuna P = 238,8 H.

5.3(2.58). Barou, cnycKamowmics Mo yKIOHY B 0,008, nocrurnys
HEKOTOpPOH ONpefielleHHON CKOPOCTH, MBHIKETCH 3aTeM pPaBROMEpHO.
Onpenenuts conpotuBieHHe R, KOTOPOE HCNBITHBAET BArOH IpH 3TOR
CKOPOCTH, €CJIH BeC BaroHa paseH 500 kH.

YKAOHOM NYTH Ma3shBAETCH TaHIeHC yrna HaKiOHa myTH K FOpPH30HTY; BCAGACTBHE
Ma/JOCTH YK/IOHA CHRYC MOXET GHTb NPHHAT PaBHLM TAHTEHCY STOTD yria.

Orser: R = 4 kH.

5.4(2.59). Iloean mnopumumaercs no NPAMOJHHEHHOMY NYTH, HME0-
wemy yknon 0,008, ¢ mocTosHHOH CKOPOCTBIO; BeC moe3fa, HE CYMTas
anekTpoBo3a, 12000 kH. Kakoea cuna taru P 3JIEKTPOBO3a, €CJIH CONMpO-
THBJIEHHE NBHEHNIO paBHO 0,005 cHib 1aBNeHHs noesfa HA penbew?

Orser: P = 156 xH.

5.5(2.60). Hernankoit HaknoHHOI nmockoeTH NpHIaH TaKOH yron o
HaKJIOHA K rODH3OHTY, YTO TSKENOE TeNo, MOMEIIeHHOe HA 3Ty IJo-
CKOCTp, COyCKAaeTCA € TOH MOCTOAHHONA CKOPOCTHIO, KOTOpAs eMy coob-
1ieHa B Hadasie ABHueHHs. Onpenennts k03 QRUHEHT Tperns f.

Orger: f = tg o

6.6(2.61). HaiiTh yron ecTecTBeHHOro OTKOCZ 3eMINSTHOFO rpyHTa,
CCaH KO3 HUHKEHT TPEHHA ANS 3TOro rpynTa f =0,8.

YII0M €CTECTBEHHOTO OTKOCA WASHDACTCH TOT HAHGONBIUHF Yron HaKJIoHa OTKOC?

I TOPHSOHTY, NpH KOTOPOM YACTHNA IpyHTa, HAXORRINAACH HA OTKOCE, OCTASTCH B
PaBHOBSCHH, @

Orser: 38°40,
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5.7(2.63). flumk peca P CTOMT HA IUEPOXOBATON FOPH3OHTAJNBHON
DJIOCKOCTH € Koadunuentom tpenus f. OnpenesnTsb, Moa KakHM yriom
B Hamo NMpHJIOXKHTE CHAY @, H BelH4YHHY 3TOH CHJILI NpH YCJIOBHH)
CABHHYTH SAILUKHK IPH HAHMEHblUeH BeJH4YHHe Q.
y2]
Orser: B =arcigf; =—-—£-=_+—.
ﬁ gf: leu 1/1+F

5.8(2.64). Tpu rpysa A, B, C seca 10 H, 30 H u 60 H coorser-
CTBEHHO JIeXaT Ha MNJACCKOETH, HAKNIOHEeHHOH non yrjaoM o K TopH-

30HTY. I'py3Hl coepumHent TpocaMm, KaK MOKA33aHO Ha pPHCYHKe. Koad-
(QUUHEHTE TPEHHs MEMIy IpysaMH M IJIOCKOCTBIO paBHl fz = 0,1,

r

P e —
A A

v
K 3apaue 5.7 K zapaye 5.8

fa=0,25 1 fc = 0,5 cooreeTcTBeHHO. ONpenenuTs yrosi c, Np4 KOTo-
POM Tela PABHOMEDHO JIBMMKYTCH BHH3 NO mJockocTH. Hajith Takse
HaTsKeHHA TpocoB Tap U Tae.

Orger: o= arctg 0,38, Tag—=2,7 H, Toec =65 H.

5.9(2.65). Ha pepxseii rpaHn npsMoyrossHoro 6pyca B, Bec Ko-
Toporo 200 H, Haxonurea npamoyrolibHeii Gpyc A seca 100 H. Bpyc B
ONHPaeTCs CBOEH HHIKHEH rpaHbio Ha FOPH3OHTAJBHYIO MOBEpXHOCTH C,
IpHYeM KO3((HUHEHT TPeHHs Mexny HuMmu f» = 0,2. Kospdunueur
TpeHHsi MexAy 6pycamu A u B f, = 0,5. Ha Gpyc A neiicTsyer cuna

¥
30°
A

B

G

&
K aanaue 5.9 K sanage 5.10

P =60 H, o6pasylomas ¢ ropu3oHToM yron o = 30°. Byzner s 6pyc A
JIBHraThCA OTHOCHTesbHO B? Bypetr nm 6pyc B OBHraTbCs OTHOCH-
TeNbHO myiockocTH C?

Oreer: Bpychl A k B octaiores B noxoe.

5.10(2.66). JIlpa Tena A ¥ B pacrnosoxeHH Ha HAKJOHHON IJo-
ckoctd C Tak, KakK MOKa3aHo Ha pucyHKe. Teno 4 secut 100 H, Teso
B—200 H. Kosddnuuent TpeHusn mexny A v B f; = 0,6, mexny
B n C f,=0,2. HccaenosaTs COCTOSHHE CHCTEMH NPH PA3NHUHBIX
3HaYeNHAX CuNLl P, npujoeHHol Kk Teny A mapajuleNbHO HaKJOHHOH
NJIOCKOCTH.
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Orser: Tlpu P << 98 H 06a Tena neuraiotca suus, He nepeMetasch
HpYr OTHOCHTENBHO Ipyra; mpH 98 H << P << 102 H oba Tena uaxo-
asTca B nokoe; npu P > 102 H teno B HEMONBHIKHO, & TeJo A CKOJb-
3uT no Teny B peepx.

5.11(2.67). Ha naksoHHo# nrocKocTH et NpAMOYroNbHbI Gpyc
B peca 400 H. K Hemy ¢ nomouisio TPOCA MPHCOEAHHAIOT NMPHAMOYIOJb-
Hull Opyc A Beca 200 H, KoTopsiii, ckobas
10 HAKNOHHOH NJIOCKOCTH, HATAIHBAET TPOC.
Koaduurentt Tpenns ¢ Hak/IoOHHOI muio-
cKocTbio f4 = 0,5 u fs =2/3. Byner nu cu-
CTeMa B falibHEAIeM HAXONHTLCHA B MOKoe?
Hafith natsixenwe T Tpoca M BelHuMHBL
CHNI TPEHH#A, IEHCTBYIONHE KA KAXKA0E Teso. K aanase 5.11
Becom Tpoca nmpeneGpegn.

Orser: CHcTeMa OCTAHETCS B MOKoe., Fs=286,6 H, F; =2134 H,
'=134 I

5.12(2.68). Knun C Bcrapnen Mexay nBymsi Telamu A n B, Koto-
PHE JI€kAT HA 1IEPOXOBATOH TOPHIOHTANLHONK TJIOCKOCTH. OmHA CTO-
POHa KJHHA BEpTHKaNbHA, Apyras —o6pasyer ¢ BeprHKa/bio yroJa
o = arctg 1/3.

Bec tena A pasen 400 H, a Bec Tena B 300 H; kosdduunenTH
TPEHHSI MEMAY NOBEPXHOCTAMM YKAa3aHH HA pHCYHKe. HaiiTy BeJHYHHY
CHILl Q, TmON NeficTBHEM KOTODOH OfHO H3 Ten CABHHETCH, a TaKmke

g
J 8 8 V%
- 2 %
K sapaue 5.12 K sanaye 513 K sapaue 5.14

3HayeHue cunbl Tperus F, neficteyiomweit npu atom co CTOPOHH TOpH-
SOHTAJIbHOH MJIOCKOCTH Ha OCTABLUCECH HEMOABHMCHBIM TeJIo.
Orser: Q =70 H, npuuem HauHeT NBHraTBLCA TeJO A; Fp =83 H.
5.13(2.69). Llununnp A nexur B Hanpasnsomux B, nonepeuyHoe
CeveHHe KOTOPBIX — CHMMETDHYHBIN KJIHH € YrJIoM pacteopa 0. Koag-
DHUHEHT TPEHHA MEXAy UsJHHApOM A u Hanpasnswome#t B papen f.
Bec unnuugpa pasen Q. Ilpn Kakoh Benmuuue cuaw P UHIHHAD HAY-
HET JIBHFaThCsl TOPH3OHTaALHO? Kako momken GuTb yron 0, 9tofu
ABHXKEHHE HAYANOCh MpH 3HaYeHHH CHAbl P, paBHOi Becy uunnuapa Q?
Qf
Orgert B ey 5"
5.14(2.70). Lipauuap seca Q Jexur Ha aByx omopax A u B, pac-
OJIOKEHHBIX CHMMETDHYHO OTHOCHTE/BHO BEPTHKANH, NPOXONSIIed ye-
pe3 UeHTp uuannapa. KospHUHEeRT TpeHHst Mexny UHIHHAPOM H Ono-
Pamu pased f, Ilpu Kakoii BesiudHHE TaHreHUHANLHON CHAB T LHHIHEJD

0=2 arcsin f,
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HauHeT Bpamartbes? Ilpn kakom'yrsie O 310 ycrpoiicreo 6yner camo-
TOPMO3AIIHMCA?

. 1
Orser: T=Th+ﬁ2rcw“‘i—sé——f' ﬂsgarccosm.

5.15(2.71). TlpeneGperas TpeHHEM MexxAy nonsyuom A W Hanpag-
AAOUEH, 3 TAKKe TPEHHEM BO BCeX IUAPHHDPAX H HOALIKIHHKAX KPHBO-
LIHITHOFC MEXaHH3Mad, OonpelnesHTh, KaKOBa NOMKHA
ObITH CHIA P, HeOGXONMMAs /S OANEPIKHBAHHS rpy-
32 Q NP yKa3aHHOM Ha pDHCYKKe NOJNOMEHHH Mexa-
HH3Ma. KaKkoBbl MHHHMaAbHOE M MaKCHMaJbHOE 3HAYe-
HHA P, ofecneudBaiolllie HENOABHI(HOCTD rpysa Q,
ecnH KO3QQUIUHEHT TPEHHA MeXOY NOJ3yHoM A M ua-
npapjsoLleH papex 7

. p_._Qacosgp __Qa cosg—fsing °

Oroer: P=intator: Pre="r ~ mo 1)

P __ Qa cosg4fsing
max —= " " in (9 + 0)

5.16. I'pys B Beca P ynepmuBaercs ¢ NOMOIIBIO
Tpoca BAD B paBHOBECHH NPH NOABEME MO LIEPOXOBA-
TOfi MOBEPXHOCTH, HMelome# (GOPMY 4YeTBepTH Kpyro-
BOro uuAHHApa. Koaduuuent Tpenns Mexay nopepx-
HOCTBIO H rpysoM f=tigq, rme @ —yroa TpeHHs.
OnpeaenuTe HATsMEHHe TPOCA KaK (yHKUHIO yraao. Hafitu ycio-
BHE, KOTOPOMY NOJIKEH YNOBNeTBOPHThH Yrod o, YTOGH HAaTHAKeHHe
TPOCa MPHHHMAJIO IKCTPeManbHoe 3HaueHue, Pasmepamu rpysa u 6io-
Ka A npeneGpes.

K aapawe 5.15

Oreer: S=P — S(Tsfﬂ__:;) o Harsaxenne S npuHaMaer sKcrpe-
ig(p-ta) 9

H = =
MaJbHOE 3Ha4eHHe np ig (35° + o/2 + ¢)

D A

K ssnavam 6.16 u 5.17 K sanaue 5.18

6.17. I'pys B Beca P ynepxupaercs p PaBHOBECHH MPH CMYCKe no
IEepOXOBATOR MOBEPXHOCTH, HMelowwleil dopMy YeTBEPTH KDPYTOBOIO LIH-
aurapa. KosHuumeHT Tpenus MEXNY MOBEPXHOCTbIO H Tpy3oM [=
=1tg @, rne ¢ —yron Tpenusn. Onpenesnts HaTsKEHHe Tpoca S Kak
QyHEKUHIO yrna a. B KakHX npemenax Moxer MeHSTLCH HATSIKEHHE
Tpoca npH paBHOBecHH rpysa B? Pasmepamu rpysa u 6.0Ka mnpe-
HeOpeyuk.

56

-

-



* Oreer: S=P — (j;“(i:l;,— 7 Tpys Gyner waxomurecss B pas-

HOBECHM, ECJIH HaTsAeHue Tpoca 6YAET HM3MEHATLCA B IIpenesiax

sin (a+ @) sin (& — @)
P sin (45° + /2 + @) =S=P sin (46° + a/2 — ) °
Ilpa e < @ rpy3 Gyner B paBHOBecHu M npwu OTCYTCTBUH TpOCA.

5.18. I'py3 @2 MOMET CKOJIb3HTL N0 LIEPOXOBATEIM rOpH30HTAJIbHEIM
Hanpasasoiim CD. K rpysy npuxpenner tpoc, NnponyieHHEii yepes
riaakoe otBepcTie A u HeCylumit rpya P. Kosdouunuent Tpenus Ipysa
0 Hanpaenswouue f=0,1. Bec rpysa Q= 100 H, rpysa P=50 H.
Paccrosigne ot orBepctua A 5o ocw Hanpasnsiownx OA =15 cm.
Onpejenuts rpaHHLbl 30HBL 32CT0A (F€OMETPHYECKOrO MECTa MOJIoMKe-
Huli paBHOBecns rpysa). Paamepamu rpysa u ortsepcrna npereGpevys.

Oreer: I'panuuL HMeIOT KOOpIAHHATH 44,64 cm. :

5.19. ABTOMOGHNIL yHAEPIKMBAETCH € MOMOILILLIO TOPMO30B Ha Ha-
KNOHHOH 4acTd zopork. Ilpm nepemelienwn TopmosHOil nepanu Ha
2 cM TOPMO3HBIE KOJIOKKH IHCKOBBIX TODMO30B T€peMemaloTcs Ha
0,2 mm. [lnamerp paGodeii yacTn aucka 220 Mw, HarpyeHHuH AMa-
MeTp Koneca 520 mM, Bec apTomoGuna 14 xH. Onpenennts, ¢ Kakoil
CHIIOJi BOJHTEJL AOJUKEH HaXKMMaThb HA Nefanh TOPMO3a, eciH yroa
HaKnona noporw 20°. Tpenwem kKauenusi npenebpeus. Kosdbduuuent
TPEHHS CKOJILIKEHUS] MEXKAY TOPMO3HBIMH KONOAKAMH ¥ IHCKOM [ = 0,5.
Topmosa Bcex KoJiec paboTarOT OAHHAKOBO,

Otser: 0,226 xkH.

5.20. T'py3s Q MOMeT CKOJB3UTH MO LIEPOXOBATHIM FOPH3OHTANLHEIM
Hanpasasiomum AB. K rpysy npukpemser Tpoc, Hecymuii rpya P.
OnpefenyTs rpaHMUBl YYaCTKOB, rfe DABHOBECHE HEBO3MOMKHO, eCJH
Bec rpy3a Q = 100 H, rpysa P =45 H, x03QdHUHEHT TPeHHS CKOJB-
wenns f==0,5. Paccrosinne ot uentpa 6Gaoka D no ocw HanpasJf-
mux h =15 cm. Pasmepamu Gnoka D u rpysa Q npeneGpeun.

Orser: Ila yyacTka ¢ rpaHHLAMH, KOOPAHHATHI KOTOPHIX COOTBET-
CTBeHHO paBHH (—39,6 e, —23,8 cm) u (23,8 cm, 39,6 cm).

_ﬂ_ﬂ_ﬁ

V.- =
K sanave 5.20 K sanave 5.21

5.21(4.59). K sany nprnomxena napa cun ¢ Momentom M = 100 Hu,
Ha pany sakmoseno TopMosRoe Koneco, pammyc r KOTOPOTo paBen
25 cM. Hatitn, ¢ kakoii chnoit Q Hano NPHKHMAaTh K KoJieCy TOpMO3-
Hbl€ KOJIOAKH, YTOOH KOJIeCO OCTaBaJoCh B TOKOE, €ClH KO3(hHUHEeHT
TPeHHs NOKOA f MEXAY KoJlecOM H KoJojkamu paben 0,25.

Orser: Q = 800 H..
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5.22(4.60). Tpamsaiinas npepb OTOABUraeTCH C TPEHHEM B HHIKHEM
nasy. Kospduuuent rpeuns [ ne Gonee 0,5. Onpenennts Han6oJbIIYIO
BHICOTY hi, H2 KOTOPO#l MOXHO NMOMECTMTh PY4KY ABEpPH, 4TOGH ZIBEph
npH - OTOABHTAHHH He onpokmabiBaniach. Iluphna neepn [=08 u;
R LEeHTD TAMECTH JBEPH HAXOJHTCS Ha €€ BePTHKalb-

HOH OCH CHMMETpHH.

[
Orger: h= 7 0,8 M.

i D 5.23(4.61). Linannnprueckuit pan seca Q u pa-

AHyca R NpHBOJHTCA BO BpalleHHe TPY30M, MOMBe-
IIEHHHM K HeMY Ha BEpPeBKe; BeC Tpy3a papen P.
Papnyc wnnop Bana r = R/2. Kostpdnumuent tpe-
Ij Hua B nopwHnuukax pasen 0,05, Onpegennts, npa
P

KaKoM OTHOLUeHHH Beca @ k Becy P rpysa nocnex-
| HHI{ ONyCKAaeTCA PABHOMEDHO.
K aanave 5.23 OTB);T: Q/P=p39_ P
5.24(4.62). KpommuTei, HarpyxeHHbH BePTHKaJABHOK cHloH P =
= 600 H, npukpeniex K crene aByMs Gonramu. OnpefennTh 3aTAKKY
6onToB, HEOOXOAMMYIO [IJIsl YKPEeNJeHHsA KpoHlTeHHA Ha crere. Koag-
(HLIERT TPeHMA MEXAY KpoHuTeHHoM H creHoH f=0,3. Jas Gonb-
LueH OCTOPOIKHOCTH PacyeT MPOH3BECTH B NPENNONOKEHHH, 9TO 3aTSHYT
TOJILKO Bepxuuii Gosar W YTO OOJNTH IIOCTaBJEHLI C 33a30pOM M He
monxHbl pabotath Ha cpes.
A Nano b/a > f.

Z a YKasanue 3aTamKod Ha-
SLBACTCH YCHNHe, NCHCTBYWOLiee
Biosnb ocH Gonra. Tlomwmas 3a-
TAXKa BepxHero GosTa COCTOHT
M3 [BYX uHacTeli: mepeas ycTpa-
HAeT BO3MOMHOCThL OTPLIBA KPOH-
LTeAHa M ONPOKHAHBAHHA €ro
BOKpDYr HHikHero 6oara, BTOpas
g 00ecreyHBaeT TO HOPMAabHOS
NABJEHHE BEpXNed YacTH KpoH-
! LiTedHa Ha CTeHY, KOTOpPOe BLi-
3npaeT HeoOXOAHMYW culy Tpe-
HHA,

Orser: 2 wH.

5.25(4.63). Ilect AB npHBOAMTCS B IBHXKeHHe Nalpuamp M, Haca-
MEHHEMH Ha Basl Bec necra 180 H. Paccrosinue mexay nanmpasisio-
wimn C u D pasno b=1,5 M. PaccTosHke TOYKH NPHKOCHOBEHMS
nanena K BRICTynY oT och mecta a = 0,15 m. Haiitn cuny P, Heobxo-
AMMYI0 ANA NOABEMA NECTa, eCJM NPHHATHE BO BHHMaHME CHIY TPeHHS
mexcly nanpasnsiomumu C H D u nectoM, pasryw 0,15 naBnerus
MEXAY TPYLIHMHCA 9acTAMH.

Orger: P = 186 H.

5.26(4.64). T'oprsorTaneusiii cTepxens AB nmeeT Ha kouue A o1-
BepCTHE, KOTOPLIM OH HalleT HA BEPTHKAJILHYI0 KPYrayiw croiiky CD;
AJiHHZ BTYAKH b =2 cM; B Toyke E Ha PacCTOsHHH a OT OCH CTONKH
K CTepxHIO mojeewrer rpys P, Onpenenuts, npere6peras BecoM

e

) :{/

K sagave 524 K sanaue 525
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crepxua AB, paccTosiue a Tak, wro6bl N0 IeficTBHeM rpysa P crep<
MENL OCTABAJICA B PAaBHOBECHH, eciu KOS(HUHEHT TPEHUS MEKAY,
CTepXXHEM H CTOHKOR f=0,1.

Orser: a = 10 cm.

5.27(4.65). K BepTHKanbHO# cTeHe IpHecTaBReHa JecTHuHua AB,
OnHpalIIasCcs CBOMM HHXKHHM KOHLOM Ha ropu3onTansnbiii nos. Kosd-
(pHLHEHT TPEHM:A JNecTHHUE O cTeny fi, 0 nox f2- Bec nectHuub BMecTe
€ HaxXOAsUHMMCA HAa HeH YeNOBeKOM PaBeH p u npuioxeH B Touke C,

ol
K sanave 5.26 K sanave 5.27 K sanzue 5.28

KOTOpasa AeJINT AJHHY JECTHHUB B OTHOUIEHHH m/n. OIIPEILEJIHTL Hak~
GosbllIK YTOJ ¢, COCTABJAEMEI JIECTHHIEH CO CTEHOH B MOJNOMEHHH
PaBHOBECHS, 4 TaK3€e HOPMAJIbHBIE COCTABJSIONIHE peaKuwil N crenn
H Np noJ1a [JiA 5TOro 3HaYeHHs .

, _{m+n)fs ___ph
Orsger: tga— =i Ny= T+ hh N

5.28(4.66). Jlectniua AB peca P ynupaeTcsi B MIafKylo CTeHY M
ONMHPAETCH 1ia TOPHAOHTANBHHH Hernankui nos. Kosdduunent Tpenns
JIECTHHIH O MOJ paseH f. INox kakuM yriiom e K 0oJy Halo NOCTaBHTbL
JIECTHHILLY, 4TOOBI MO HEH MOr MOAHSATBECS [OBEpPXY
YeJIOBEK, BEC KOTOpOTO p?

P+2p

2i(P+p) "

5.29(4.67). Jiecthuua AB onupaerca Ha wersaag-
KYI0 CTeHy H HerJiafkKwuii noJs, COCTapnsis ¢ NOCnen-
HuM yroa 60°. Ha nectrmue noMemaercs rpys P.
IlpeneGperas pecoM JecTHHUH, ONpelennTs rpadu-
YeCKH Haubosbiliee paccrosanue BP, mpu Kotopowm
JIECTHHLA OCTaeTcA B NMOKOE. ¥T0J TPeHus AJs CTe-
_ HHL H nona paseeH 15°

Oreer: BP =1/, AB.

5.30(4.68). Tsoxeanfi onnoponmkift ctepxkes AB newur Ha IBYX
onopax C u D, paccrosinue Mexay Kotopuimu CD — a, AC=b. Kosp-
(HIHEHT TPeHHS CTepKHA 00 OMOpH paBeH f. Yros HAKJNOHA CTEePKHA
K TOpH30HTY paBeH a. KakoMy ycnoBuio nonxna YAOBJIETBOPATE AJHHA
CTEPHHA 2] 145 TOro, YTOGH CtepieHh HAXOAMACA B PABHOBECHH, €CIH
TONMUMHOH €ro MOXXHO npeHe6peyn?

Orser: 21>=2b-Fa+ fﬂ tea, I>a+b. Tlepsoe ycnoBme pxam-
NaeT BTOPOe NMPH & > @, rAe @ == arcig f— yron Tpeuss; ecam e

o NS,
Bis Vhlay

Oreer: tga =

K sapgaye 529
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@ <, TO JNOCTATOYHO YAOBJETBOPHTL BTOPOMY YCJIOBHIO. Ilpu
[ <a-+b paBnopecwe npm npuHATOM Ha puCyHKe PacnoJioxesuy
onopul C HEBO3IMOXKHO.

5.31(4.69). Onnoponumiii Gpyc onupaertcs B TOuKe A Ha HernaKEi
FOPH3OHT2JIbHBIA MO/ M yNePXHBAeTCsi B TOUKe B BepeBKoil. Koadpu-
UHEHT TpeHnusi Opyca o no;n paeeH f. Yron o, o6pasyeMsiit 6pycom
¢ monom, paseH 45° Ilpu Kakom yrie ¢ HakJiOHa BepeBKH K ropu-
BOHTY OPYC HAaYHET CKOJb3HThL?

Orser: tg ¢ = 2+ 1/}.

B » ¢
4 - :
EAANEEERN
K sanmauc 5.30 K aagpaue 5.31 K saneve 532

5.32(4.70). Onnopoankf cTepers CBOMMH KoHUaMu A u B Moser
CKOJB3HTL 110 HErJIaIKOH OKpYXHOCTH panuyca a. Paccrosmme OC
cTepxust 10 nenTpa O OKPYMHOCTH, PACTONOMEHHOA B BepTHKAIbHOS
IJIOCKOCTH, paBHO b. Kospduurent Tpenns Mexny crepikneM u OKpYax-
HOCTBIO paBeH f. OnpenesnTs ANA nNONOXEHHIT DABHOBECHS CTepaKHS
yroJsi @, cocrapasiemMuit npaMoit OC ¢ BepThKasb-
HEIM JTHAMETPOM OKPYMHOCTH,

Order (141

reer: clgQ>=> — —— —f

5.33(4.72). TlpokaTHEIfi CTAaH COCTONT M3 ABYX
BajnoB guaMerpoM d =050 cm, Bpamalompxcs B
NPOTHBONOJIOXKHEIE CTOPOHB, YKAa3aHHBIE CTpeji-
KaMH Ha DPHCYHKe; DaCCTOSHHE MeXAy BajaMH
a=10,5 cMm. Kakoil TOMUMHE & JAHCTH MOMKHO
MPOKATEIBATL HA STOM CTaHe, ecH KO3dduuHenT
TPEHHA JJIfi DAcKaNEHMHOro Kese3a H YyryHHBIX
paJsos f==0,1?

Ons paGotel cTaHa HeOOKOAMMO, 9TOGM JHCT Saxpa-
THBaACA BpaAKINHMMHCA BalaMH, T.e, 4TOOW pasxogefl-

CTBYIOLI8A MPHJIOHEHHLIX K JIHCTY HOPMAnbHLIX PeakUHl W OHJ TPeHHs B Toykax A
# B 6lna nanpapnieHa O TOPHIOHTAMNH BNpano.

Orser: b << 0,75 cm.

5.34(4.73). bBnox pamuyca R cHab)keH AByMsi WUHNaMH pajHyca r,
CHMMETDPHYHO PaCHOJIOKEHHLIMH OTHOCHTEILHO €M0 CPENHEil NNOCKOCTH,
Ilune onnpaoTes Ha ABe UMAHHApHYecKHe nmosepxHocTH AB ¢ ropu-
30HTaAbHEIMKH oOpasyomumi. Ha 6GJ0K HAMOT2H TpoC, K KOTOPOMY
noaseilleHn rpyanl P u Py, npugem P > P, Onpefe/sinTs HanMeHbIYio
BeJIHYHHY rpysa Py, npu KoTOpoii 6710k GyZeT HaXOAHTHCH B PaBHOBE-

-

K 3apaye 6.33
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CHM, Npeanofaras, 4TO KOSQQHUHEHT TPEHHs WIMIOB O LMJIHHLPHYE«
CKHe noBepxHoCTH AB paBeH [, a Bec 6210Ka ¢ wWHNAMH Q.

YKasanHoe Ha DHCVHKe MONOMEHHe CHCTEME He MOKET GLTh NONOXeHHEM PaBa
HOBECHS; Moc/enHee TpebyeTcs NpeaBapHTENbHO HATITH.

Orger: B MOJIOJKEHHH DaBHOBECHS IJIOCKOCTh, MPOXOAsiAn uepes
ocH uHAMHApa AB m Gnoka, o6pasyer ¢ BEPTHKAJIBID YroJ, PaBHHI}

yriy TpeHus;
PRAI+F—fr)— rQ
RATFP+fr :

5.35(4.75). Ona onyckarusi rpysos ynortpeb.setcs BOPOT C TOp-
MO30M, H300parkennnit Ha pucyHke. C Gapabauom, Ha KOTOpPHIH HaMmo-

Pl=

K sanaue 5.34 K sanaye 5.35

TaHa LelNb, CKPEMJeHO KOHUEHTPHYECKOE NEPEBSHHOE KOJeco, KOTOpoe
TOPMO3AT, HaAaBJHBasA HA KoHell A priyara AB, COSIHHEHHOrO LENbIo
CD c xouuom D TOPMO3HOrO phiua-
ra ED. [Inamerp koJeca a = 50 cm;
Anamerp Gapabama b =20 cm;
ED =120 cM; FE=60 cm; AB =
=1 M; BC=10 cm. Onpenenuts
cuily P, ypaBHOBeLIHBAKILYIO TPY3
Q=28 kH, nopsewennnii k¥ nop-
BHXKHOMY ONOKY, eclH Ko3ddu-
LHEHT TPEHHA [Eepena O CTadb [=
=0,4; pasmepamn Konoaxu F mpe-
HebperaeM.

Orser: P =10,2 xH.

6.36(4.76). Harpaunx AB u BC
npuaMer ABC nomelieHs IBa ORH-
HaKOBHIX Tesla G n H Beca P, cBs- K sagaue 538
3aHHBIe HHTBIO, NEPEKHHYTOH Yepes
Gnox B touke B. KosaQpuunent tperns MEXNY TeJlaMH H FpaHIMH
npu3Mul paBer f. ¥rawt BAC u BCA pasn 45°. Onpepmenuts, npe-
Hefperas TPeHHEM HA G6JIOKe, BENIHYHHY YIJa o HAKJOHA rpasn AC
K rOpH3OHTY, HEOGXOAKMYIO LISl TOrO, YTOOKI rpy3 G Hagas OMyCKATHCS.

R
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Oreer: tga = [.

5.37(4.77). Tny6una 3ajl0XeHHsT Onop EeJIE3HONOPOKHOTO MOCT2,
NIEPEKHHYTOrO Yepes peKy, PaCCYHTaHa B TOM NPeNrOJOMEHHH, 9T0 BeC
ONOpHl € MPHXOAAINMMCH HA HEE IPY30M YDAaBHOBEUIHBAETCH AABJe-
HHEM IPYHTa Ha AHO ONOPL H GOKOBLIM TPEHHEM, NPHYEM TPYHT — MeJi-
KO3EDHHCTHH NECOK, HACHILIEHHBIH BONOH, NPHHHMA2ETCS 3a JKHAKOE
Tea0. BulyncauTh rny6uRy A 3a/103Kenns 3THX ONOp, €CJAH Harpy3Ka Ha
onopy 1500 xH, sec onopei Ha 1 M ee BricoTh 80 KH, prcoTa OMopht
HaJl AHOM peKH 9 M, BHICOTA BOJXBI HAal ZHOM 6 M, MJIOIAAL OCHOBAHMNS
onopu 3,5 M2, GOKOBasi MOBEPXHOCTE Onopel Ha 1 M BHCOTH 7 M2, Bec
1 3 necky, HackuleHHOro BOao#H, paben 18 kH, Bec 1 M® Bogm paBeH
10 xH n kosdpuuHenT TpeHus 0 mecoK CTanBHOro pyTnapa, B KOTO-
PoM saKiioyeHa KamMeHHas onopa, 0,18

Ilps pacsere Tpemus NpHEMMaem BO BHHMakWe, WTO CpeliMee GOKOEoe JaBJIeKKe
13 1 m* paeuo 106 + 0,9h)xH.

Orser: h = 11 M.
5.38(4.78). Onpenenautb yroa o HakJIOHZ MJIOCKOCTH K TOPH3OHTY,
NpH KOTOPOM pOJIMK pajuyca r — 50 MM paBHOMEDHO KaTuTcs Ho mJo-
crocTH. MaTtepHan TpyIMXCs Ted — cTafb, KO3 HUHEHT TPEHHA Kaye-
#s1 k= 0,05 mMm.

Bsiny ManocTd yria @ MOXHO npHNSTE o = ig e

Oreer: o = 3'26”.

5.39(4.79). Onpenesnts cuny P, Heo6XOAMMYIO LS pPaBHOMEPHOro
Ka4YeHHA LUHIAHHIPHYECKOrO KaTKa nuamerpa 60 cMm w seca 300 H no
FOPH3OHTAJIbHOH MJIOCKOCTH, eCH KO3()dHUHEHT
TpeHHs Kauenhs k2 =—0,5 cM, a yrox, cocrasise-
MBI cuOH P ¢ ropH3OHTAaJbHOR MNJIOCKOCTBIO,
paseH a = 30°. '

Orser: P =572 H.

5.40(4.80). Ha ropn3oHTanbHON NJIOCKOCTH
JIEXHT wap paauyca R u Beca Q. Kospdmuuuent
TPEHHS CKOJBIKEHHS MAapa O NJIOCKOCTE f, K03g-
$uuneHT Tperus kauemns k. Ilpu kakux ycuo-
BHSIX TOPH3OHTaJbHas CHia P, npunoxeHHas B UeHTPe wapa, coo6-
LIAEeT eMy PaBHOMEpPHOE KayeHue?

Oréer: k/R < |, P=Qk/R.

5.41. Tlpy B3auMOAEHCTBHH C JeASIHHIM NOKPOBOM JIEHOXOM pac-
cMaTpHBaeTcsl B PaBHOBECHH NOA HelicTBHEeM Beca cyaMa G, CHAH NOJ-
nepxanna BoAH D, ynopa BUHTOB R, a Takme CuJ, AeHCTBYIOLMX CO
CTOPOHHL JIbla B TOYKe (opiuteBns K: HOpManrHOro HaBienus N H
MaKCHMaJIbHOH CHJIK TpeHnst F. Yron Hakiona opuresns ¢ = 30°,
Kospouunent tpenus f=0,2. MaBectur 3zmavenns G = 6000 xH,
R=200 kH, a =20 m, b=2 M, e =1 m. [Ipenebperas muddepen-
TOM CyAHa, OMpeAeNHTb BEPTHKAJbHOE AABNEHME CyAHA Ha JeNsHO#
nokpoB P, cuny nopdepxanusi D u paccTOsiHMe ee OT LEHTP2 THAMKECTH
cyaHa [,

K aanaue 5.39
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Oreer: P—R 'f—;—’t‘ggT"’= 930 xH, D=5770 kH, = 0,83 m.

5.42. Tpys Q MOXeT CKOJIb3HTE MO UEPOXOBATONH BEPTHKANLHON Ha<
npasaaomeit AB. K rpyay npukpennen tpoc, mecymuit rpya P. Ilpe-
ne6peras pasmepom 6noka D, onpenenuts: 1) ycnosue, npH KOTOpPOM
BO3MOJKHA 30HA 3aCTOfAl (FeOMETPHYECKOE MECTO
BO3MOXHHIX TIOJIOXEHHHA paBHOBecua); 2) ycno-
BHE, NPH KOTOPOM BEDXHASA IpanHlia 30HEl 32CTONA
HaxXOLHTCA B NOJIOXKHTEJIBHON YacTH ocH y; 3) op-
AHHaTHI TpaHHI S0HH 3actost npH Q=05 H,

v/
£ /
G ! ’
K aana=e 5.41 K asaoue 542

P=10H, f =02, OD = 10 cv; 4) OpPAMHATHE! TpaHHU 30HH 3aCTOf
npp Q=15H, P=10H, =02, OD = 10 cu.

Oreer: 1) Q*/P2 <1+ % 2) Q/P<f; 3) ¥y =—326 cu, Yo =
= —8,6cm; 4) ¥, =0,5cm, ¥z =—3,59 cm.

TJABA I
NPOCTPAHCTBEHHAS CHCTEMA CHJ

§ 6. Cunnl, nuuuM JelCTBHG KOTOPHX NepeceKaIsTCa B 0Z:00 TouKe

6.1(6.1). ¥riosoit cTon6 cocTapsen H3 ABYX ONHHAKOEO HAKAOHCH-
Hux OpycseB AB u AC, ckpensenHEIX B BeplluHHe KOCDENCTBOM wap-
Hupa. ¥ron BAC = 30°. Cron6 nogn- V)
JNEepXXHBaeT J[iBA TOPH3OHTAJIBHBIX A
nposona AD u AE, coctaBasiomux A 7
mexnay cobofi npsimoli yron. Hara-
JKeHHe Kax(IoTO IMPOBOLA PpaBHO
1 xH. Onpenenute ycuaus B 6pycs-
AX, [pelnojaras, YTO IJOCKOCThb
BAC penutr mnononam yron DAE,
npenebperas BecoM GpyCheD.

Oreer: Sp = —8¢ = 2,73 kH.

6.2(6.2). I'opu3orTanpHue mpo-
BOA2 TeJNerpagHoi JHHUHM NOJBe-
WeHE! K Tesnerpapuomy cronGy AB ¢ nogkocom AC M COCTaBASIOT yroa
DAE = 90°. Hatsixxenun nposonios AD u AE COOTBETCTBEHHO DaBHbI
120 H u 160 H. B Touke A kpensenwe wapuupsoe. Hakitn yron o
Mexny miaockoctaMH BAC n BAE, npu X0TtopoM CTon6 HE HCOBHITHIBAET

EWE%C
P oA

K sanawe 6.1 K 3aaaue 6.2
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6okoBoro Haruba, H OTIpeleJITL ycuaue S B MOAKOCE, eClH OH NOCT aR-
7ieH non yriom 60° k ropuacHTy. Becom croi6a u AOfKOCa mpe-
uebpeysn,

Orger: a = arcsin (3/s) = 36°50’, S = —400 H.

6.3(6.3). I'pysa Q=100 H noanepxusaercs Gpycom A0, map-
HHPHO 32XpenyieHHtM B TOYKe A M HaKIOHEHHEIM NOJ yriom 45° k
TOPH3OHTY, H ABYMS TOPH30HTAJBHBIMH LENAMH
BO u CO onusaxosolt pmamub; <ZCBO —
= ZBCO = 45°. Haiitu ycunne S B Gpyce n Ha-
TsxkeHHs: T nemnefs.

Orger: S = —141 H, T=17] H.

6.4(6.4). Hatitu ycunua S; n S, B crepxunax
AB u AC u yeuname T B Tpoce AD, ecan IaHo,
uT0 LCBA = £ZBCA=60°, ZEAD = 3(°. Bec
rpy3a P pasen 300 H. ITnockoets ABC FODH30H-
Taneua. Kpensnenus crepxredt B Toukax A, B u C

K sansve 6.3 {IaPDHHDHHE.
Orser: T =600 H, S; = S, — —300 H.

6.5(6.5). Hafitu ycnins B crepsue AB u nensx AC u AD, nop-
IEPKHBAIOIKX rpy3 Q Beca 420 H, ecniu AB — 145 ¢, AC =80 cm,
AD =60 cwm, naockocts npamoyrosvuuxa CADE FOPH30HTaNBHA, a
mnockoetd V v W pepturanehu. Kpennewne B Touke B LIapHHPHOE,

Orser: Te =320 H; Tp = 240 H; Tp ——580 H.

K
|

A

K saaave 6.4 K sagaue 6.5 K aanave 6.6

6.6(6.6). Onpezenuts ycunus p Tpoce AB u B crepxnax AC u AD,
fMoLepaHBalomux rpys  seca 180 H, ecnin AB — 170 cm, AC=
=AD =100 cM, CD = 120 eMy CK=KD u nnockoers ACDA ro-
pusonTanpHa. Kpennenusi crepxkmeii B Toukax A, C u D waphnpnue.

Orser: 204 H, —60 H.

6.7(6.7). Ilepenocumi KpaH, nopHHMamomui rpya Q seca 20 kH,
YCTPOeH TdK, K&K YKa3aHO Ha pHeymke; AB — AE — AF — 9 M; yroa
EAF = 90°, nnockoeTs Kpana ABC penur npsimoit IOBYTpaHHbI yron
EABF nononawm. Onpenenuts cuny P, CHHMAIOLLYI0 BepPTHKANBHYIO
CTOHKY AB, a takme cuam P, Py 1 P, pactsrusaomne cTpyny BC u
Tpockl BE n BF, npene6peras secom gacteli KDaHa,
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Oreer: Py =42 kH, P, = 58 xH, P, — Py =150 xH.

6.8(6.8). I'pys @ Beca 1 kH noasemen B TOuKe D, kar ykasano
Aa pucyske. KpenneHus crepixmeii B Toukax A, B u D waprupHKe.
Onge,qenmh peakuun onop A, B
u

Orzser: R,q =Rp = 2,64 KH,
Rc=23,35 xH.

6.9(6.9). Boaaywsmii map,
YOEPIKHBAEMHH IBYMA TPOCAMH,

K aanave 6.7 K sanasne 6.8

HaXOANTCA NOJA AEeHCTBHeM BeTpa. Tpockl 06pasyioT Mexuy coboi mps-
MOM yroJi: MJIOCKOCTB, B KOTOPOH OHM HAXOAATCH, COCTABISET ¢ IIO-
CKOCTBIO rOpH30HTa yroa 60°. Hanpasnenwe BeTpa nepneHauKynspHO
JIMHHWM MepeceyeHHs] ITHX IJIOCKOCTeH H NapajuJiefbHO MOBEPXHOCTH
semJsm. Bec mapa u sakmiouenHoro B Hem rasa 2,5 kH, o6Bem wapa
215,4 % Bec | m® Boamyxa 13 H. Onpenenute Hatsixenns T; u Ia
TPOCOB H PaBHOZEHCTBYIONIYIO P cHN NaBleHHA BeTpa Ha map, CYHTasd,
9TO JIHHHH HeficTBHS BCEX CHJI, NPH-
JIOJKEHHHX K IIAapy, NepeceKaroTcs
B LIEHTpe mapa.

Orger: Ty=Ty=245 H, P=
=173 H.

6.10(6.10). Ha pucyrke n3o6pa-
XeHa INpoCTpaHCTBEHHan (epma,
COCTaBJIEHHAsl M3 LIECTH CTEpIKHEH
1,2,3, 4,5, 6. Cuna P pneftcteyer
Ha y3esi A B NIOCKOCTH NPAMOYTOJib-
HuKka ABCD; npu 3ToM ee JHHHA
JEHCTBHA COCTABNAET C BEPTHKAJIBIO
CA yron 45°. AEAK = AFBM.
¥Yrne paproGe APEHHBIX TPEYTOJbHH- K sagave 6.10
xoB EAK, FBM u NDB npu pep-
gm{alx JI‘}I, ‘B u D npamue, Onpepenute younus s CTEPXKHAX, ecau

— K.

Oreer: 8 =—0,5 xH, S ——0,5 &H, S; =-—0,707 xH, S, =
= 40,5 kH, S§ = 40,5 kH, Sg = —1 xH.

6.11(6.11). Onpepennts yeunus B BEPTHKANBHON CTOHKE M B HOrax
KpaHa, H300DaEHHOro Ha DHCYHKE, B 3aBHCHMOCTH OT yria o, eciu
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zaro: AB = BC = AD = AE. Kpennenus B touxax 4,'B, D u E wwap<
HHpHEIE.

Orser:  Spp=P(cosa— sina); Spz=P (cosa +sina); Spp=
=—P4/2cos 0.

¥4 (4

r

K aanave 6.11 K szanaye 6.12

6.12(6.12). Yruosoit cton6 AB, nomepxmBaroiHii BO3AYUIHHH
Kabenb, ynepxhuBaeTcsi IBYMA oTTskkamm AC n AD, npHyeM
£ CBD = 90°, Onpefenuts YCHIHA B CTON6E H OTTSIKKAX B 32BHCH-
MOCTH OT yr/ia @, 06pa3oBaHHOTO OXHOM M3 ABYX BeTBeil KabeJs ¢ mio-
ckoctbio CBA. BeTBn KaGensi TOPH3OHTAJGHH H BAaHMHO NepneHau-

Vg

KYJSADHH, HATSXKEHHS B HHMX ONMHAKOBE! H
pasHel T.
Orger: Spc =2T(sin p—cos @); Sap—
=2T(sin @ + cos @), Sap = —24/3Tsin ¢.
Orrsoxn 6ynyr HaTaHyTs o6e onmoBpe-
MEHHO NpH ycaoBuH m/4 << @ << 3n/4. Tlpu
£ 9<<n/4 wnn @ > 3n/4 onHa w3 OTTSEK
AoskHA OBITH 3aMeHeHa GpycoM.

4
a1 R 6.13(6.13). Mayra AB ynepxmupaercs B
Lt _L/’ BEPTHKAJIbHOM MOJIOXKEHHH MOCPENICTEOM YeTH-
e 2 PEX CHMMETDHYHO DACHOJOMKEHHBIX OTTSKEK.

K aanswe 6.13 ¥Yros MeXny KaXIbMH OBYMS CMEXHEIMH OT-
TAXKamu paeen 60°. Onpenenuts naeienwe
MAuTEl Ha 3€MJIO, eClTH HATsKEHHe KaMCIOH H3 OTTAXeKk pasho | KH,
a Bec Ma4qtH 2 xH.
Orser: 4,83 xkH.
6.14(6.14). Yerupe pe6pa AB, AC, AD u AE NPaBHILHON NATH-
YrodbHOH NHPaMHAL W306paKaloT N0 BelMYHHE H HanpaBJieHHI0 1e-
THpE CHIE B Macwtabe | H B 1 m. 3uas suicoty mupamunst A0 = 10 u
W pajuyc Kpyra, ONMHCZHHOro OKONO OCHOBaHHA, OC =45 m, RafTH
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paBHOACHCTBYIOIMYIO R 1 paccTofnie ¥ or Toukn O [0 TOUKH nepece-
YEHHA paBHOACHCTBYIOLIER € OCHOBalHEM.

Orecr: R = 40,25 H, x = 1,125 M.

6.15(6.15). K sepwure B Tpenoxunka ABCD nogpewen rpya E,
Bec koroporo 100 H. Ilomxks umeioT paBHyi0 ANMHY, yKpenseHE Ha

g

K-3anaue 6.14 K aanave 6.15 K aanaue 6.18

TOPH3OHTAJILHOM TONlY H 06pasylor Mexay co6oH paBHEE YIJIH.
Onpenenkrs ycuame B KaXnoii ua HOJKEK, €CJH H3BEeCTHO, YTO OHH
06pa3yoT ¢ Beprukanvio BE yrnwm B 30°,

Oreser: 3,85 H.

6.16(6.16). Haittu ycuamss S B Horax
AD, BD w CD TpeHoru, o6pasyiounx YIJIRI
B 60° ¢ rOPU3OHTANBHOM IIOCKOCTHIO, €C/H
BEC P DaBHOMEPHO MNOAHHMaeMOro rpysa
paBen 3 kH. Ilpu stom AB= BC = AC.
(Bua cBepxy pucyHka amanoruven pHC.
6.17.)

Orger: S =23 kH.

6.17(6.17). ns noavema wu3 waxTH
rpysa P peca 30 kH ycTanoBsenu Tpenora
ABCD wu ne6enka E. énpenenu'rb yCUMHA B
HOrax TPEHOTH NpPH PaBHOMEPHOM TOMHATHH
rpysa, ecnn TpeyroasHik ABC paBuocto-
POHHHI H yrnH, o6pa3oBaHHHE HOraMHu H
TpocoM DE ¢ ropH3oHTa/LHOM IIIOCKOCTBIO,
paBuu 60°. Pacnoaosxenne ne6enxu no or-
HOLIEHUIO K TDEHOTe BHIHO H3 PHCYHKa,

Ortser: §A =85=31,5 kH, Sc= K 3anave 8.17
= 1,55 kH.

6.18(6.18). Ha rnaakom nony crour TPeXHOTHH [UTATHB, HHIKHHe
KOHLEl €r0 HOXEK CBA3aHH LUHYPAMH TAK, YTO HOMKH U IHYPH Ta-
THBa 06pasyloT NpapHJILHEL] TeTpasap. K Bepxuell Touke wTaTHBa
noapewer rpys seca P. Onpeaenuts peakunio nosia R B Toukax OTOPH
H HaTHIEHHE LIHYPOB 7, BEIpA3HB HCKOMblE BeJMUMHE yepes P.

N

s
=
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1 P
Oreer: R = 3P. = Sl
6.19(6.18). PewruTs npeamayiiyio 3ajayy B TOM CJyuae, Korna
HOXXKH UITATHBA CBA3aHbl WIHYPAMI He B KOHLAX, a B CepenHHax, npu-
HMMAasR IIpH STOM BO BHHMAHHE, YTO BEC KaXKAOH HOMKH PaBeH p W NpH-
JIOJKEH K ee cepejlHHe.

Orser: R-———;P—]—p. T=3£-;—g—?£ 4/6-

6.20(6.20). Tpu onxoponHux wapa A, B u C oxHHAKOBHX panu-
YCOB NOJIOXEHB! HA TOPH3OHTAJIBHYIO TJIOCKOCTD, B3AAUMHO TPHKACAOTCH
W 06BA3aHH LWHYPOM, OrHGAalOLIMM HX B SKBATOPHAJIBHON MJOCKOCTH,
a ueTBepTHH map O TOro e pammyca H Takxe OJHOPOAHHIA, Beca

F

K aanave 6.20 K aanave 6.21

10 H, nexut Ha Tpex HmxHMX. OnNpenejnTs HaTsMeHwe mHypa T,
BEI3LIBAaEMOE A4BJIEHHEM BepxHero wapa. TpeHueM LIAPOB Mex1y co-
Go10 ¥ € TOPH3OHTAJIBHOM TIOCKOCTLIO TIPCHEGPEYD.

Oreer: T = 1,36 H.

6.21(6.21). B Toukax A, B u C, nexawmx Ha NPAMOYTONbHBIX KO-
OPAHHATHAIX OC5X Ha ONHHAKOBOM PAacCTOSHHMH [ OT Hayasla KOOPAMHAT
O, sakpennenn wutH: AD = BD = CD = L, cBS3aHHHE B TOuKe D,
KOOPAHHATHI KOTOPO#H

x=y=z=-(I— BF=2P).

B stoii Touke nonsewesn rpy3 Q. Onpenenuts HaTsIKeHNe HuTel Ty,
Ts u T¢, npennosiaras, 910 /\/%l < Li<all

[— 4307 27

I 924/307 — 2P
a8 & — T _
Oreet: Tui=Ta 31 +/3L7 — 212

3430 — 212 LQ.

LQ! TC ==

§ 7. Mpusenenne CHCTEMEI CHIT K npocrefimemy Bumy

7.1(7.1). K BepunHam ky6a NpPHIOMKEHH MO HanpaBJjeHHAM peGep
CHJIBL, KaK yKa3aHO Ha pHCYHKe. Kakum ycnoBusiM NOMMKHBI YAOBJET-
BOPATL MORynu cun Fy, Fy Fs, Fy, Fs v Fg, uTo6bl OHH HaXOLMIHCh
B PaBHOBECHH?
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Oreer: Fl = .Fz ——"-Fa = F4 == Fs = Fﬁ.

7.2(7.2). Tlo Tpem memepeceKaloOUIHMCS H HeMapaJtensHbIM pebpam
NPAMOYTOJNLHOTO NMapaniefenynesa AEHCTBYIOT TPH paBHBIE O MOAYAIO
cunbr P. Kakoe cOOTHOMEHHE NOJIKHO CYIECTBOBATh MEXAy pebpamu
a, b 1 ¢, 9TO6L 3Ta CHCTEMa NPHBOAMJIACH K OfHOH paBHO/EHCTBYIO-
eft?

Oreer: a=b—c.

1dE3 — £ -
‘**‘1”.-—
% ¢ I id
L3 B
5 z / \Q
i )P/ Pl Byia o
55 — ==
K 3anave 7.1 K aspave 7.2 K aazave 7.3

7.3(7.3). K uetupem sepuindam A, H, B u D Ky6a npuioxeHsl

YeThlpe paBHbie MO MOAYJIO CHabl: Py == P;=P; = P, = P, npuuem
cuna Py manpasnena no AC, P,—no HF, Py—no BE w Py—no DG.
IlpuBectn o7y cucreMy Kk  mpocrefimemy 2

BHAY. . 7

Oreer: PapHopefictByiowas paeha 2P H Ha-
npaejieHa no auaroHanu DG.

74(7.4). K npasuneuomy terpasnpy ABCD,
pebpa KOTOPOro paBHH @, NPHJIOKEHH CHJBL:
#y mo pe6py AB, F;, no pebpy CD wu
F; B Touke E —cepennte pebpa BD. Benu-
yuHb cua Fy u Fp; kakue yroAHo, a mpoexumu
cunsl Fs Ha ocH X, y u z pasun  + F,5 4/3/6; aaldite
— F,[2; — Fy 4/2/3.

IlpuBoanTest AH 3Ta cHeTeMa CHN K OfHOM PaBHONEHACTBYIOMIEH?
Ecn mpHBOAMTCS, TO H2HTH KOOPJAMHATH X M z TOUKH NEpeCeueHHs
JIMHHH JeHCTBHS paBHOAEHCTBYIOlleli ¢ fuio-
cKocThio Ox2.

Oreer: [lpubonurcs, Tak Kak npoekuyy rias-
HOrO BEKTOPE M IJIAaBHOTO MOMEHTa Ha KOOP[H-
HaTHHE OCH HMEIOT 3HaYeHHs

Vxl=F2‘\/§/2, VU=F1"—0;5F2; Vz=0;

Me=0, My=0, M= —a Y2 (F, 4 F,). o
M 3(F F K sapave 7.5
Koopdunaron x ==~ = ‘\é;.l(_'_ ;;.2 D 0.

7.8(7.8). K sepmmunam Ky6a, pe6pa KOTOpPOrO HMeloT AJHHY 5 cM,
NPHJIOKEHH, KaK YKa3aHO Ha PHCYHKe, WIECTh PaBHLIX 10 MOAYJIO
cun, mo 2 H xamaan, [llpuBectu 5Ty cHcTeMy K npocreiiiuemy
BHAY.
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Orger: CucteMa nNpHBOLWTCH X nape, MOMEHT KOTOpOil paBeH
204/3 H-cm u cocrasasier ¢ KOOPAMHATHEIMH OCSAMH YTJIBI: COS @ —
— —cosﬂ=cosy-——-\/§/3.

7.6(7.6). Cuctemy cun: P, =8 H, HanmpaBfeHHyl0 no Oz, u
P; = 12 H, Hanpasaennyio napanzenbHo Oy, Kak yKa3aHo Ha PHCYHKe,
rae OA =13 wu, NPHBECTH K KaHOHHYECKOMY BHJIY, ONpENeJSIHB BenH-
HHHY TJ12BHOTO BEKTOpa |/ BCeX STHX CHI M BeJIHUHHY MX TJABHOTO

Zy ,Z’
1

£ L
A , 1
e—————]

| y7)
£, I
- Hy. S === R "'—Ji""
& rd
, s M v Y / 7
AL oL
A

E ] 4" X~

7 z,”

K aanave 7.8 K sanave 7.7

MOMeHTa M OTHOCHTENLHO NPOH3BOJILEON TOYMKM, B3TOH Ha LeHTpaNb-
HO# BHHTOBO#H ocH. Haiith yram e, B u vy, cocrasusicMuie NeHTpaALHOM
BHHUTOBOK OCBIO ¢ KOODIMHATHHIMH OCSIMM, a TaKiKe KOODIHMHATH X H
Y TOHYKM BCTPEYH ee C MIockocThio Oxy.
Oreer: V=144 H, M=865 H-M, o= 90% B =arctg(2/3);
y=arctg(3/2); x=09 m; y =0.
7.7(7.7). Tpu cunu Py, P, u P; nexar B KOOP/AHHATHBIX NMOCKOCTSIX
H NapajljieJbHE OCHM KOOPAHHAT, HO MOryT GHITh HANPABJEHH KaK B
TY, TaK H B Jpyryio ctopoHy. Touku ux npunoxenns A, B u C Ha-
XODATCA Ha 3aJaHHHIX PACCTOSIHHSX @, b M ¢ OT Havajla KOOPHMHAT.
KakoMy ycnoBuio nosnxHe YAOBNETBOPATh BEJHYHHB STHX CHJI, 9TOGH
-OHH TIPHBOAWJNCL K ONHOW papuoneiicTylomei? Kakomy ycnosuio
iz JIO/XHB  YNOBJETBOPATh BEeJIHYMEEL STHX CHJI,
[ YTOGH CYWIeCTBOBaJa LEHTpPaNbHAR BHHTOBAs
OCb, NPOXOAANLAA YEPE3 Ha9asi0 KOOPAHHAT?

i b c _n PP o
oot mt R YR =% e
3

‘4 E == apz -

v =7 B nepsoM oteete P, P; u P3— mpoeKuuu
CHJ.

_,,/"c 7.8(7.8). K npaBunsHOMY TeTpasapy ABCD
K sanave 7.8 ¢ pebpaMu, paBHHMH a, NPHJOXKeHa cuia F; no

pebpy AB u cuna F, no peGpy CD. Hafitn
KOOPAHHATH X M y TOYKH nepeceyeHHsi LEHTPadbHON BHHTOBOH OCH
€ MmIocKocThio Oxy.

Orser: x=
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7.9(7.9). Tlo pebGpam Ky6a, paBHbIM @, neficTBYIOT NBeHaNIaTh PAB-
HHX TI0 MOAYMIO CHa P, KaK yKa3aHo Ha pucyHKe. [IpHBECTH 3Ty CH-
CTeMYy CHJ K KaHOHHYECKOMY BHIY H ONpeNesiHTh KOOPAHHATH X H Y
TOYKH IepeceyeHHs LEHTPaJibHON BHHTOBOH OCH ¢ nmiockocTeio Oxy.

Orser. V =2P 4/6, M =2%;Pa 1/, cosa = — cos g = — 1, cos y =
=—"1+/6, x=y="7,a.

7.10(7.10). Ilo peGpaM npsMOYroALHOTO NapaJJesenunena, coor-
BETCTBEHHO paBHbIM 10 M, 4 M 4 5§ M, neHCTBYIOT uIeCThH CHUJI, YKa3aH-
HHIX Ha pucyuke: Py=4 H, P,=6 H,Ps=3H,P;=2H, P;=6H,

Z

!
'8
I
I
Alx
g‘ i3
g A 7
P [
WL A4 |§
_z_,/'i' Hr1
K sapnave 7.9 K sanaye 7.10

Pg =8 H. Ilpupectu a7y cucreMy CH/I K KAaHOHHYECKOMY BHAY H Olipe-
ReJIHTh KOOPIMHATE X H Yy TOYKH NepeceueHHH LEHTPAJIbHONH BMHTOBOR
OCH € MJIOCKOCTLIO OXy.
Orser: V=54 H, M=—473 H-M, cosa=0, cosp =037,
cosy=0,93, x=—119M, y=—10 m.
z|

£

K aapaue 7.11 K aanaue 7.12

7.11(7.11). PasHoneiictByiomue P =8000 kH u F = 5200 xH cnn
NaBJEHHA BOAB HA IVIOTHHY NPHJIOXEHH B CpeAtell BepTHKALHOMN mlo-
CKOCTH MNEPNeHAHKY/IAPHO COOTBETCTBYIOLIHM IDaHSM HA pPacCTOAHHH
H=4 mu h=24 M or ocHoBauua. Cuna seca G; = 12000 kH nps-
MOYTOJIbHOR 4acTH MJIOTHHL IPHJIOXKEHAa B ee LeHTpe, a CHAa Beca
G, =6000 xH tpeyrosbHoll uacTH—mua paccTosHEH OnHOM TPeTH '
AJIMHBl HHIKHETO OCHOB&HHS TPEYrOJILHOTO CEYEHHS OT BEPTHKAJIBHOM
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rpaHH sroro cedenus. IllupuHa nuoTuun B ocHoBapmu b = 10 M, B
BepxHeH uacTi @ =05 M; tga =5/12. Onpenenurs paBHozefHCTBYIO-
LIYI0 pacnpefeseHHLEIX CHJI peaKUHH IPyHTa, Ha KOTOPOM YCTaHOBJEHa
IIOTHHA, .

Oreer: R, = 3200 xH, R,=20000 kH; YPaEHEeHHe JHHHH pefi-
CTBHs paBHozeicTRylowes: 125x — 20y - 53 =0, )

7.12(7.12). Bec panuomMauth ¢ 6eTOHHLIM OCHOBaHHeM G — 140 kH.
K Maute NpuioXkeHH CHja HaTsOKeHHs AHTEHHH F — 20 xH u paBHO-
ReficTBYIOIlas cusl nabsieHHs Berpa P =50 xH; ofe cuam TOpH30H-
TANbHEl M DACTIONIONKEHH BO B3aHMHO NEPNEHAHKYNSPHBIX MJIOCKOCTSX;
H=15 M, h =6 m. Onpenenuts Pe3yNbTHPYIOUYIO0 PeaKLHIO TPyHTa,
B KOTOPOM YJiO3€HO OCHOBaHHE MauyTHl.

Orger: CHibl peakunu IpyHTa NPHBONSTCA K JIEBOCTOPOHHEH MH=
Hame, coctosuleRt w3 cunm V =150 xH, nanpasnennoii mo LieHTpaJib-
Holi ocH

—30+ 14y 422  30—56z—14x  —2x- by

b 2 — 14

BBEDX, M Maphl CHi ¢ MOMeHTOM M =60 xH-m. Ock AuHaMu mepece-
KaeT MIOCKOCTh OCHOBAHMH B TOUKE X =22 M, y=2 M, 2 =0.

§ 8. PasHoBecHe NpoHaBo/ibHON CHCTEMBI CHA

8.1(8.1). Ha Kpyrnofi HaK/JOHHOi MNJOWIANKE, OCh Kotopoit ACD
HaK/OHeHa K BepTHKaau nox yrsom 20°, ykpensieHo B Touke B Teno
Beca 400 H. Onpenenuts MOMEHT OTHOCHTESLHO OCH AD, cosnapaemmuti
CHJIOH TSKECTH TeJsia, ecsin panuyc CB =23 M TOpH-
20HTAJEH.

Orsger: 410 H-m.

8.2(8.2). Berpsnoli neuratesr HMeer YeThlpe
Kphisid, HAKJIOHEHHHX MO YrioM o = J5°=—
= arcsin(,259 K nAOCKOCTH, TepNeHIuKyIspHOH
OCH BpalleHHs; pPaBHOAEHCTRYOIAS CHJl NABAEHHS
BETPA Ha Kaxnoe KpHyo pasHa 1 kH, wanpasnena
N0 NEPNEHAHKY/APY K MJIOCKOCTH KPHJa M Npuio-
MEHa B TOYKe, OTCTOSILUEH HAa 3 M OT OCH BpalleHHA.
Hadith Bpariamowmii MOMeHT.

Orser: 31,1 xH-m.

8.3(8.3). DnexTponeuratens, NoMeleHHHA Ha ocH () KOAECHOro
CKaTa TPaMBaHHOrO BAroHa, CTPEMHTCSI NOBEPHYTh OCh MPOTHB YACOBOM
CTPEJIKH, IPHYEM BeJHYMHA MOMeHTa Bpawaioueli napu cun (P, P)
paBHa 6 kH-m, a panuyc xonec 60 cu.

Onpepenute cuay Tsaru Q KosiecHoro ckara, npenmojaras, 4To OH
CTOHT Ha TOPHIOHTAJIBHEIX pesibcaXx. Tpennem KadeHus npeHeGpeun.

CHauana HaXOOHM CyMMy CHJI TpeHHs MEXJy KoJecaMH H pelib-
CaMH, B35B MOMEHTH CHJI OTHOCHTEALHO ocu O. 3atem NpoeKTHpYyeM
BCE€ CHJEL, TIPHJIOMEHHEE K KOJIECHOMY CKaTy, Ha TOPH3OHTAJLHOE Ha-
npablieHue.

Ozeer: Q = 10 xH.

K sapage 8.1

72



8.4(8.4). K okpymnocraM Tpex muckos: A paamyca 15 cM, B pa-
Auyca 10 cm u C papsyca 5 CM NpHIOxeHD! [apsl CHJI; BEJUYHHBEl CHJI,
COCTABNAIOIIHX [Taphl, COOTBETCTBEHHO paBHW P; = 10 H, P, =20 H

K 3anave 83 K 3anave 8.4

u P. Ocu OA, OB n OC nexcar B oiHOH naockocTH; yroan AOB nps-
moi. OnpenenuTh BeJHuYHRY cHibl P u yron BOC = o TaK, 4To6H! CH-
cTeMa TpeX AHCKOB, GyNyYH COBEpUIERHO CBOOO/HOM, OCTaBalach B paB-
HOBECHH.

Orser: P =050 H, a = arctg (—0,75) = 143°10".

8.5(8.5). IlombeMHBIH KpaH yCTaHOBJEH Ha TPEXKOJECHOH TeselKKe
ABC. H3apecrHbi pasmepn kpaHa: AD—=DB=1 u, CD=1,5 M,

4t

i (4
N
F
D
AC S nrar D))
Gﬁ%#‘ff’ 7%
M
40
G
K sanase 8.5 K sapaxe 8.6

CM =1 m, KL = 4 m. Kpan ypasrosemupaetcs nporusopecom F. Bec
KpaHa ¢ npotiHBoBecom paBeH P =100 kH u npuioxeH B Touke G,
Jexcawent B miockocth LMNF ua paccrosmws GH =0,5 M oT ocu
Kpana MN; nonHumaemuiit rpys Q pecur 30 xH. Haittu nabnenue xo-
JieC Ha peJibChl AJIA TAKOrO HOJIOMEHHS KpaHa, Koraa MNJOCKOCTh ero
LMN napannennua AB.

Orser: Nxz = 8,33 kH, N = 78,33 kH, Nc = 43,33 xH.

8.6(8.6). BpemeHHL!i NOXBEMHE KpaH COCTOMT H3 NHPAMHAL
C rOPH3OHTAJILHBIM OCHOBAHHEM B BHJE DPaBHOCTOPOHHErO TPEyroJb-
Hika ABC n c BepTHKaNbHOM FpaHLIO B BHAE paBHOGE/APEHHOTO
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Tpeyronbauka ADB; B Toukax O u D LIapHHPHO 3aKpenJieNa BepTHKA/ib-
Hail oCb KpaHa, BOKPYr KOTOPOH MOXeT BpallaThes cTpesa OE, Hecy-
mas rpys P. OcHopanne ABC mpukpenseHo K dyunamenty noaumun-
HuKamu A # B v pepruxasbHuM Gosntom C. Onpenenuts peakuuw onop
NPH PACTIOJIOKEHHY CTPEJIEl B IJIOCKOCTH CHMMETPHH KpaHa, eciiH Bec
rpysa P=12 xH, Bec xpana Q=6 kH, npuuem paccrosmme ero
LeHTpa TsKeCTH S or-och OD paBHO h=1 M, a — 4 M, b=4 M.

Oreer: Z4 = Zg = 15,06 kH; Z. =—12,12 kH; Xy = Xz =—0.
Z| D
2 I3
e / s
4 b7 A
7 ¥
£ 7 o
| F & £
z
I A Pl
=7 Kvwap s
K 3anawe 8.7 K 3anaua 83

8.7(8.7). Kpuwka CBETOBOrO MAaIUMHHOTO JIOKA YAepxHBaeTcs B
TOPHSOHTAJIBHOM TIOJIOKEHHH cTohkoi FG, ynuparoweiicss B KPHIOKY
B T09Ke F Ha paccrosHun EF =15 M or ocu KpHiKy, Bec xpuwkn
P =180 H; annua ee CH — 2,3 M; wmipuda CE =0,75 M, 2 paccrosi-
HHAA WapHHPoB A H B OT KpaeB KpHIIKH AE = BC =0,15 M. Hafitu

Peaxuny WwapHHpoB A w B M ycunue S 8
1% croiike FG.
! Oraer: Zy = —94 H, Zp=136 H,
Ya=VYs=0, S =138 H.

Has nnactuika ABCD, onupasick Ha Tpu
TOYEYHHE ONOPH, NBE M3 KOTOPHX pac-
TNI0JIOXXEHH B BEpPUIMHAX NPSAMOYrOJBHH-
Ka A ¥ B, a Tpetss —B HeKoTopo#i TOY-
ke E, yaepXnBaetcs B ropH30HTaNBbHOM
nonoxenuu. Bec mnnactunku pasen P.
IaBnenue Ha onopH B Toukax A ¥ B co-
OTBETCTBEHHO paBHH P/4 w P/5. Haiity
napireHHe Np Ha onopy B Touke E u Ko-
OPAHHATH 3TOH TOYKH, €CNH MJIHHH CTO-
POH NJIaCTHHKH pPaBHH a u b.

6
Orser; N£==-2%P. =1t y=
10
= 17 b-
8.9(8.9). Cron cTONT Ha Tpex HOXKaxX, KOHIIB! KoTopux A, B u C
06pa3yloT paBHOCTOPOHHHIT TPEYroJIbHHK CO CTOpPoHOH a. Bec crona

paBeH P, pudeM LEHTD TAMXECTH €r0 PACNONONKEH Ha BepTHKanH 200,
npoxonsiuer vepes uentp O, Tpeyronsuuka ABC. Ha crone momemes

K aapnaye 8.9
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Ipy3 p B TOYKe M, xoopAmHaTLl KOTOpoR x u y; ock Oy mapannensHa
AB. Onpenenuts NaBneHue Kax Aol HOMKH HA MOJ.

P 3 P P
OTBET- NA=—-3'-—'p'+(-‘—J3-:-x__y)_._l NB= jp_[_

a

24/3 x
3 3, ol

8.10(8.10). Kpyramii cron crour Ha tpex Hoxkax A, Az v As:
B nenrpe O nomeuieH rpys. KakoMy yCIOBHIO NONXKHB! YAOBJETBOPSTH
UEHTPAJIBHBIE YTJIH (), @y H @3 AJS TOro, YTobGul NaBJeHHA Ha HOXKKH

Ay, Az n A; oTHocHNHCE, KaK 1:2°4/3?

npl! pelleHHn 3aaaun 6epy‘rcn MOMENTI CHN OTHOCHTEJIBHO ABYX H3 paaHycon
OA;, OAg H OAs.

Orser: @, = 150°; @ = 90°; @3 = 120°,

8.11(8.11). Kpyraas nnacturKa, Becom Kotopoil nmpeHeGperaem, mno-
KOHTCA B TOPH3OHTAJBEHOM IOJIOKEHHH, OMHPASACh LEHTPOM Ha OCTPHE
0. He napyuras paBHOBECHs, MO OKPYXHOCTH NAACTHHKH Pa3MeCTHJH
rpyasi: Py Beca 1,5 H, P; Beca 1 H u Py peca 2 H. Onpenenuts yron
o HP.

Oreer: oo = 75°307, B = 151°.

+(v +2x) L, Ne=Lt2

K sanase 8.10 K sanage B.11 K aanase 8.12

8.12(8.12). Pemernnii wkus CD AMHAMO-MaLIHHEL HMEeT pajHnyc
10 cM; pasmepu Bana AB yka3aHH Ha pucyHke, Harskenune pepxmei
BeAyumefi BeTBH pemua Ty = 100 H, HuxHeit senoMoi T =150 H,
Onpenentts Bpamaomui Moment M u PeakiMy noamunHikos A u B
NpH =~ PpaBHOBECHH CHCTeMH, mpeHcOperas BecoM vactell MaluMHLI
(P, P)— napa, o6pasyemas cunamu CONPOTHBJIEHHHA.

Oreer: M =5 H-m, X, — —180 H, Xg=30H, Z,=2Z;=0.

8.13(8.13). Ha ropusoHTanbHu Bal, JiexanMi B NOMMHITHHKAX
A u B, neAcTBYIOT: C ONHOM CTOPOHH Bec Tena Q = 250 H, npuesazau-
Horo K wkuBy C pammyca 20 cm nocpencTBOM Tpoca, a ¢ APYroi
CTOpoHHl Bec Tena P =1 xH, Hapmetoro Ha crepxens DE, HewaMmenno
CKpenJieHHHI ¢ BasoM AB nop npsmum yraoMm. JaHu paccTosiHHA:
AC=20 cM, CD =70 cm, BD — 10 cm. B MOJIOMKEHHH pPABHOBECHS
crepxenb DE oTK/IOHeH OT BepTHKanu Ha yroa 30°. Onpenenuts pac-
cTosHKe ! neutpa Tsixectd Tesla P oT ocu pana AB W PeaKuHu Moa-
IHNHRKOB A ¥ B.
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Oraer: 1 =10 cm, Zy =300 H, Zs =950 H, X — X5 =0.

8.14(8.14). Ha ropusonTanbHbiii Ban AB HacaeHm 3ybuatoe Ko-
neco C panuyca 1 M u wectephs D panwnyca 10 cm. Iipyrue paamepss
yKa3aHu Ha pucyrke. K konecy C no HanpaBjieHHIO KacaTesbHORN npH-
JIOXeHa ropHsOHTanbHas cuna P =100 H, a k wecrepre D, TaKie
1O KacaTesibHOH, NPHAOkeHa BepTHKa/bHas cuna Q. Onpenenuts cHIy
Q ¥ peakuws moxwMnHuxoB A u B B NOJIOXKEHHH pPABHOBECHS.

Oreer: Q=1 kH, X,=—10 H, Xp=—90 H, Z, =—900 H,
£z = —100 H.

K aanase 8.13 K aanave 8.14

8.15(8.15). Pabounlt ynepxwusaer rpys Q=800 H ¢ nomomsio
DOpoTa, CXeMaTHHECKH H30GPaxeHHOro Ha PHCYHKe; pajHyc 6apabana
R =5 cM; Anuna pykostku AK =40 eM, AC = CB =050 cMm. Onpe-
ACMUTH NaBJieHHe P Ha PYKOATKY  [NaBJCHHS OCH BOPOTa Ha OMOpH

K 3zpaue 8.15 K sapave 8.16

A ¥ B npu TOM monoxenun BopoTa, Korna pykostka AK ropuson-
TaNbHa; cuila P BepTHHAaNbHA.
| Orser: P=100 H, X;=400H, Zi=—100 H, Xs=400H,
B = 0

8.16(8.16). C nomousio BOpOTa, CXeMaTH4eCKH H300pajKeHHOro Ha
PHCYHKE, ynepauBaercs rpys Q = | xH. Pamuyc Gapabasa R = 5 cm.
Hnvna pyxostku KD =40 em; AD — 30 eM; AC=40 cm; CB=
=60 cm. Bepepka cxonut ¢ GapaGana no KacaTeNsHOH, HAKJIOHEHHOH
K TOPHSOHTY moA yraom 60°. Onpegenuts naBieHue P Ha PYKOSITKY H
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peaxuun onop A m B npu ToM nonomesun BOpOTa, KOTJa pPYKOSITKA
KD ropusoHTannHa.

Oreer: P=125 H, Xy = —300 H, Z, =—357 H, Xz = —200 H,
Zp=—384 H.

8.17(8.17). Ha Ban AB BopoTa HamoTaHa BepeBKa, NIO/ie PIKHBALO-
was rpy3 Q. Paauyc koneca C, HAacaeHHOro Ha Baj, B INECThb pas
GoJiplile pajmyca Bajla, APyrHe Da3Mephl yKa3aHb Ha pucyHKe. Be-
PEBKa, HAMOTAHHAsl HAa OKPYXKHOCTh Ko/leca M HaTsiruBaeMmasi rpysoM P
Becom 60 H, cxomur c Koseca no kacaTtenpHON, HAKIOHeHHOH K ropH-
30HTY mon yrjoM o = 30°. Onpefennts Bec rpysa Q, npH KOTOpPOM

zl

K sanaue 8.17 K sanaue 8.18

BOpOT OCTAeTCsi B PaBHOBECHH, @ TAKXKE DPeaKUHH NOMILHIHHKOE A W
B, npeHe6peras BecoM BaJjla ¥ TPeHHeM Ha GJoKe D).

Otser: Q =360 H, Xa = —693H, Z, = 160 H, Xsg =173 H,
Zp = 230 H.

8.18. IlpamMoyronsHas omHopoaHas noaka ABCD peca G ynepxu-
BA€TCA B IOPH3OHTAJLHOM NONOMeHHH TpocoM EH, cocTaBasiommm c
TJIOCKOCTBIO TNONKH yros a. Onpeaenuts Ha-
TskeHHe T Tpoca (BecOM ero mpeneGpeus)
H peakunu netess A uB,ecnn AK = KB —
A=DE =FEC n HK nepnenaukynspHo

B.

Orger: T =
G
T.
8.19(8.19). Oanoponsan npsMoyroabHas
Kpoimika Beca P =400 H ynepxwusaercs K2aneqe 8.19
pH OTKPLITOH Ha 60° Han ropu3onToM mpo-
THBOBeCOM (). Onpenennts, NpeHe6peras TpeHuem Ha 67oke D, Bec
M PeaKuUHH WapHupoB A u B, ecnn 610K D yxpenser Ha oinof BEp-
Tukaiu c A u AD = AC,
Oreer: Q = 104 H, X, =100 H, Z, = 173 H, X5 =0, Zs =200 H.
8.20(8.20). Onnopoanasi npamoyrodpHas Kpbiluka ABCD simuka
MOXeT BpallaTbCsl BOKPYT FOPH3OHTAa/bHON ocn AB Ha metasx p TOY-
Kax A u B, Topr3ouTaneHass BepeBKa CE, napannenshas Ax,

G

G
2sina’ XA:XB:TCtgu’

ZA'——_ZBZ

7



YAEPKHBACT KPHIUKY noa yriom DAx = 30°, Onpenenuts peakuuu s
NeT/IsAxX, ecH Bec KpHuKy 20 H.

Orser: XA =0, Zs =10 H-, Xp=— 17,3 H, Zp=10 H.

8.21(8.21). Kpniwuka mnpsMoyronbHoro sumuka ABCD foanepra
C OIHOH CTOPOHHI Najnoukolt DE. Bec kprmuka 120 H; AD — AE: yroam
DAE = 60°. Onpenennts peakuuu wapuupos A u B, a Takxe ycu-
JiHe S B Nanoyke, npeHe6peras ee BeCOM.

Oreer: Xa=173 H, Z4 =30 H, Xs=0, Zp=60 H, S =345 H.

z F 4

¢ —
P

(]

1

1

A BY
o
K sanavqe 8.20 K sanave 8.21 K sapgave 8.22

8.22(8.22). ®pamyra ABDC Beca Q=100 H OTKPHITA Ha yroa
¢ =60°. lavo BD = BH; CE = ED; sepeBka EF napaaJienbha nups-
mol DH. Onpenenuts ycuane
P, Heo6xonumoe s yaepaa-
HHA (paMyrH B paBHOBecHw,
H peakuuy neresnp A u 'B.
Oreer: P=50 H, X,=
_'—_XB=21,7 H, ZA 223:
— 3.5,
8.23(8.23). Paspoanas
yacte ABCD wmocra peca 15kH
nomusTa uensio CE, mepexu-
HyTOR uepe3 6si0K E Ha ue-
6eaky K. Touka E naxomures B BEPTHKANbHOK M10CKocTH CBy. Onpe-
AeNHTh A1 H306Par<eHHOTO HA DHCYHKE TNOMOMKEHHS HATSIKEHHe
'z} uenn CE W peakuuu B Toykax A
£ ¥ B. LlenTp Tsxects pasponuoir
I YaCTH COBIAfa€T C NEHTPOM
1 npaMoyronsiuka ABCD.
: Oreer: T==3,75 xH, Y4 =0,

K aanave 8.23

4 B - Za=15 xH, Yp=—325 xH,
/W;{ N Y Zs—=5625 kH.

7 ) 8.24(8.24). Oanoposnnas nps-

2 & MoyrobHast pama Beca 200 H

K sanave 8.24 NIPHKPENiCHa K CTEHe NpH TNo-

MOINH LIAPOBOFC mwiapuHpa A u
NeT/in B H YNepHBACTCH B TOPHSOHTANBHOM MONOMKEHHAH BepeBKoil CE,
NpHBA32aHHOH B TOYKe C paMHl ¥ K reosgmio E, BOUTOMY B CTeHY Ha oji-
HOH BepTHKaNM ¢ A, npuyem £ ECA = £ BAC = 30°, Onpeneants Ha-
TAXEHHE BePEBKM M ONOPHHE peakuMw,
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Orgert T=200 H, X, =866 H, Ys=150 H, Z, =100 H,
Xeg=Zg=0.

8.25(8.25). Ilonka ABCD Baroxa, KOTOpas MOMeT BPALIATHCH BO-
Kpyr ocw AB, ynepikupaercsi B TOPH3OHTA/BHOM MOJOMEHHH CTep-
HeM ED, npuKpenJieHHbIM NPH NOMOWM wapHupa E K BepTHKANbHOIL
crene BAE. Bec nonku u sexaulero Ha el rpysa P paeen 800 H u
OpPHJIOKEH B TOYKE MNepeceYeHHsl pHaroHalleif mpamoyroieHuka ABCD.
Daubt pasmepn: AB=150 cMm, AD =60 cm, AK=BH =25 cwm.
HnuHa crepxus ED =75 cm. Onpenennts ycuame S B ctepxke ED
npenebperas ero pecoM, H peakuuu netesas K u H,

Oreer: S = 666,7 H, Xx = —666,7 H,Zx = —100 H, X, = 133,3 H,
Z; = 500 H.

K 3anave B.25 K zanave 8.2§

8.26(8.26). KeanpatHas opHopoxHas maactuika ABCD co cropo-
HOil @ = 30 cm ¥ Beca P=15 H 3akpenneHa B Touke A NpH noMoIu
1]apOBOr0 IapHHPa, & B TOYKe B NpH NOMOIH UHIHHIPHYECKOTO
wapHupa. Cropowa AB ropusoHTaspHa. B Touke E nnacTHHKA onu-
paerca Ha octpre. B Touke H Ha nnacTHHKy peiictByer cuaa F na-
pannensHo cropode AB. Haiitu peakuwu B Toukax A, B u E, ecam
CE=ED, BH =10 em, F = 10 H u nnacrusxa ;
06pasyeT ¢ TOpH3OHTANBHOH MJIOCKOCTbIO YIon
o = 30°,

Orger: Xa=10H, Y.=235H, Z.=
=—0,1H, Yp=-—3843 H, Zs =323 H, Re =
=2,17 H.

8.27(8.27). OgpnHopogHasi  FOpPH3OHTANbHAR
niHTa Beca P, uMeoman (GopMy NpAMOYroJbHOrO
nappanenennnena, MpHKPemjeHAa HENOABHIXHO K K sanave 8.27

LIeCTBI0 NPAMOJHHEHHEIMHM CTEPIKHAMH.
ONpefeNuTh YCHIHS B ONOPHEIX CTEPXKHAX, OGYCJIOBJIEHHHE BECOM
IJVIHTHI, €CJIH KOMUBI CTepiKHell MNpHKpemeHH K IJIHTe H HemoIBH-
HBIM YCTOSIM 1IADOBBIMH 1a PHHPAMH.
P

Oreer: S;=8;=35,=5;=0, $;=8=—5.

8.28(8.28). OnpefenuTs YCHIHA B IUECTH ONOPHEIX CTEDIKHAX, NOA-
JepuBaRINX KBagparthyw naury ABCD, npu neficTBHH ropu3oH-
TauabHOfl cHAl P Brosp croponsl AD. Pasmepnl ykasaHnbl Ha PHCYHKe.
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8.29(8.29). INpsamoyroneuas ABEPb, HMEKIlAs BEPTHKANBHYIO OCb
Bpawenus AB, oTkpaTa Ha yron CAD = 60° u VAEDXKHEAETCA B 9TOM
NOJIOEHHH ABYMSA BEPEBKAMH, M3 KOTODHIX OfHa, CD, NepeKHHYTa ye-
pes GMoK M HAaTArHBaercs rpysom P — 320 H, npyras, EF, npussisana

A v
P
-l ...
s K3
1” @ o
£ F 7.3
K sanewe 8.23 K sanage 8,29

K Touke F mosna. Bec mepH 640 H; ee wkpuia AC=AD = |8 u:
BricoTa AB =24 w. Ipene6peras TpeHuem ma 6noke, onpenenurs na-
TsxeHHe T BepeBkHM EF, a Takme peakumm LHIHHAPHYECKOrO 1ap-
HHD2 B TOYKe A ¥ NOANATHHKA B TOuke B.
Orser: T==320 H, Xa=69 H, Y,=—280 H, Xs==208 H,
Ys =440 H, Zp = 640 H.
8.30(8.30). Crepienb AB ynep:KuBaeTcs B HAKJOHHOM TI0JIOKEHHH
ABYM5 TOPH3OHTANLHLIMH BepeBKamu AD u BC. Tpu s1oM B Touke A
CTEPIKEHb ONHPAETCH HA BEPTHKANLHYIO CTEHY,
Ha KOTOPOfi Haxomurcst Touka D, a B Touke
B —wna ropusoHTanbHefi non. Towkn A u C
JexaT Ha OfHOH BepTKajan. Bec crepxua
8 H. Tpetnem B T0akax A u B npene6peraeM,
ITpoBepHTL, MOJKET JH CTepIKeHb OCTABATHLCH
B DAaBHOBECHH, H ONpeleNiHTb HaTAKeHHa Ty
v Tz BEpeBOK H peakuuH ONOPHEIX MJIOCKOCTeH,
eciid ZABC = £ZBCE = 6(°,
Oreer:Tp= 1,15 H,Ts =23 H,Rx =2 H,
Re— B8 H
K sansue 830 8.31(8.31). Mapa cun, Bpawamman sos-
Hyio Typ6uny T u Hmelowas Moment 1,2 kH-u,
YPABHOBELUHBAETCA NaBJeHHeM Ha 3y6en B KoHMyecKoro 3y6yaToro
Koneca OB u peakunamu onop. JlaBneHue Ha ayGen NEPONEHAHKYNAPHO
K paguycy OB =0,6 M u cocTaBasieT ¢ rOPH3OHTOM yron o = 15°"=
= arctg 0,268. OnpenennTs peakuuy NoansTHHKA C M NOALIKIHHKA A,
€CAH BeC TYpOHHBI C BajioM H KojecoM paser 12 xH u HanpasJieH
Baosb ocn OC, a paccrofnna AC =3 m, A0 =1 m.
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Orser: X, =2,667 kH, Xc=—0,667 kH, ¥, = —Y. = 0,107 xH,
Zc‘ == 12,54 kH.

8.32(8.32). Berpsinoil IBHraTesb ¢ FOPHIOHTANBHOR oCBI0 AC HMeeT
9eThipe CHMMETPHYHO PACMOJIOXKEHHBX KPEUIA, NAOCKOCTH KOTOPHX CO-
CTaBJSIIOT C BePTHKANBHOH MJOCKOCTbIO, meprengukyJsipuofi ocu AC,
paBunie yram 30°. Ha paccrosHun 2 M OT oCH K KaAOMy KpPHIY MpH-
JIOX€Ha HOPMAJIbHO K ero MJOCKOCTH paBHOZEHCTBylOl|asi CHMA AaB-
fieHust peTpa, papHas 1,2 kH (kpesio D B NpoeKLus Ha MAOCKOCTH Xy

P o
% Ea\‘
S 27
v

i

K sanave 6.31

n306paxkeHo oTAesnbno0). Ock ABHraTtelst onHpaercs B Touke A Ha noj-
WHNHKK, B TOYKe C-—Ha NONNATHHK M YNEPIKHBAETCH B NOKOE Bep-
THKAJIbHEIM JiaBJleHHeM P Ha 3y6en koneca B, NMPOM3BOAMMEIM He IO-
Ka3aHHOH Ha pucyHKe wecTtepueil. Paguyc koneca B pasen 1,2 m; pac-
croaHua: BC=05m, AB=1 m, AF =
=0,5 M. Onpegennts nasaexue P U pe-
aKLUHH Onop.

Orger: P=4 xH, Z.= 1,333 kH,
Ye=—0,416 kH, Zc = 2,667 xH, X5 =
= Xc=0.

8.33(8.34). I'pya Q paBHOMEpHO noA-
HHMaeTcs: MoTopom M mocpencrBom Gec-
KoHeuHOH mnenH. Onpefe/IATb peakumun
onop A ¥ B u HAaTAXEHHA B LleMH, eCJH
BeTBH LieNH HaKJIOHEHH K rOPH3OHTY MO
yraamu 30° (oce Opxy mapaisenbHa ocw
Ax), HssectHo, ut0 r==10 cM, R =
=20 cM, Q = 10 kH, HaTs:ReHHe BeAymleil gacTH Lenu BABoe GOAbILE
HATAXKEHHA BeJOMOH 9acTH, T. €. Ty = 927T,,

Orger: Ty=10 xH, Ta=15 kH, X, =—b52 kl, Z, =6 kH,
Xpg=— —7,8 KH, Ln== 1;5 xH.

8.34(8.35). Ons noarema Komposoli 6a6m Beca P ==3 xH CAYKHT
BepTHKaJIbHHH BOPOT, Bas KOTOPOro pammyca r =20 cM onmupaercs
HHIKHHM KOHUOM HA NOANATHHK A, a BEDXHHM KOHLOM YAEpXKHBaeTcs

K aspaue 8.33
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B nopwwunuRke B. Ban npueonutcs o ppamende motopoM. Hafith we-
O6XOnHMENT LASI PABHOMEPHOrO NOgbeMa KOMpoBoi 6206H Bpamaou i
MOMEHT MOTOpA, a TAKXKe peaKUHH B MOANATHHKE A M NomWHNHHKe B,
Ilpn atom pgano: Ay =1 M, A=230 cm
H Bec BPALIAIOLIHXCA YacTedl BopoTa
Py =1 kH.

Orger: My =0,6 gkH-m, X, =0,
Yo=-—21 kH, Z4 =1 kH, Xz=0,

= Ys=—09 kH.
8.35(8.36). Boport, cnyxamwui anas
. NOLbEMA NOPOALL H3 HAKJIOHHOTO HIyp-
iy da, cocrout u3 Bana pamuyca 0,25 m
"R\"”ﬂﬂ ¥ anaueer 1,5 M. Ban npusoamtes po
) BpallleRHe NpH NOMOIUH MOTOpa (Ha.

¥4
\‘;{4——’- pucynke He nokasaH). Onpenennts
LA i peakuH¥ ONOp W BPAILAICUIHH MOMEHT
Mgy MOTODa, eclH Bec Baja paBeH
0,8 kH, Bec rpysa 4 kH, koadduurent
TPEHHS 'MEAY IDPY30M H NOBEpPXHOCTbIO luypga paeew 0,5, yroa Ha-
KnoHa wypga k ropusonty paeeH 30° m mecto cxoma Tpoca ¢ Basa
HaxofuTcs Ha paccrosruH 50 cM oT moawknaMka B. Bpauenwe Bana

CHHTATL PABHOMEDHLIM.

K aanaue 8.34

73
K 3apawe 835
Oreer: Mep =093 kH-M, Xa= —1,08 kH, Z, = 1,02 xH, X; =
= —2.15 kH, Zp = 1,65 kH.
zl

g
|
14
A,
A
s
.r’/
7

K aanavc 8.35

8.36(8.37). I'opusoHTanbHEI} B TPAHCMHCCHHM, HECYIUMIT ABA MIKH-
Ba C u D peMenHol nepefaut, MOM€T BPallaThCs B MOALUMNHHKax A
n B, Paanycu wikueos: rc =20 cM, rp =25 CM; pacCTOSHHSA IIKHBOB
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OT MOMILIMMHHKOB: @ ==b =050 cM; paccTosiHMe MeKAY IWIKHBAMH
¢ = 100 cm. Hatskenus BeTBel peMHs, HageToro Ha WKHB C, ropuU3oH-
TaznbHbl H HMEIOT BeNRUMMH T u #), npuyem T = 2f, = 5 kH, narta-
JEHHA BETBEH PeMHs, HaZeTOro Ha wikuB D, o6pasyior BEPTHKAJbIO
yron @ = 30° u MMeIOT BeJHYMHH T3 M fy, OpuueM To — 24, Onpene-
JHTh HATAXEHHS Ty ¥ I2 B YCIOBHAX PABHOBECHR M pPeaKUHH NONWIMN-
HHKOB, BhI3BaHHBIE HATSIKEHHAMH pPeMHeil.

Oreer: T, =4 kH, t,=2 kH, X, = —6,3756 kH, Z, =13 kH,
Xs=—4,125 xH, Zy = 3,9 xH.

8.37(8.38). HaBnenue mwaryHa asurates, COCpeN0TOYeHHOE B ce-
penane D welKky KoNeHYaToro sana, papHo P =20 kH n HaIpaB.JeHo
non yrnmoM 10° k rOpH3OHTY, NpHUSM MNIOCKOCTH ODO,, npoxoasuas
4epe3 ocu pana OO, u weiiku D, oGpasyer ¢ BepTHKasbi yron 30°.

K sanaye 8.37

Ot MaxoBHKa ycHiHe nepefaeTcsi HA 3aBOJ KAHAaTOM, BeTBH KOTOpOro
NapaUiesIbHEl H HAKJOHeHH K rOPH3OHTY mop yrsiom 30° [eiicTBhe
cuisl P YypaBHOBEIMBAETCA HATSIKEHHAMH T W f BeTBeil KaHaTta u
pearuuamMy noawmnuukos A u B. Bec maxoBuka 13 kH, IHAMETP ero
d=2 M, cyMMa HaTsKeHHH BeTBel KaHaTa T+ t=17,5kH, a ykasan-
HbI€ HA PHCYHKE PaCCTOAHHA paBHH: TOYKH D ot ocu 00, r = 125 mm,
1 = 250 MM, m = 300 MM, n = 450 MM, Onpefienurs peakuuu HoAuIKD-
HHKOB A ¥ B u HaTsxenus £ u T,

Oreer: X, =-—57 xH, Z, =—447 xH, Xz=-—20,48 kH,
Zp=10,25 kH, T =4,92 kH, { = 2,58 xH.

8.38(8.39). na nepenaum BpallleHHsl C OOHOrO Baja Ha HPyroi,
€My napansieNbHulli, YCTAHOBJIEHH [BA OAHHAKOBHIX BCHOMOTATENbHBIX
IIKHBA, 3AK/IHHEHHBIX Ha ropusonTanbHofi ocu KL. Ock Momer spa-
maThCs B NMOAWMNHHKE M, ykpennesHoM Ha KojoHke MN. Tpeyrons-
HOE OCHOBaHHKe STOR KOJIOHKH NPHTAHYTO K mojy IByMs Goatamu A w
B u croGonHo onupaercs Toukoirt C. Boat A TNIPOXO/IMT Yepez Kpyrioe
OTBEPCTHE B OCHOBAaHMH, GoAT ke B —wepes npomosiropatoe OTBep-
CTHEe, HMeloulee HanpasneHne nudnn AB, Och KOJOHKHM MPOXOAUT Ye-
Pe3 UeHTp TpeyroabHHka ABC.

Onpenenuts peakuuu B TOUKAX A, B n C, ecnu paccrosnue ocu KL
OT nonaa pPaBHO 1 M, pACCTOAHHA CEPEHH IUKHBOB OT OCH KOJIOHKH
PaBHH 0,5 M 1 HATAMEHHA BCEX YeTbIpex BeTBell peMHell NPHHHMAIOTCH
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OfMHAKOBEIMM H paBHuiMu 600 H. BersM mnpaBoro peMHsi ropuaom-
TAJLHE!, a8 BETBH JIEBOTO HAKJIOHEHH K ropusoHty nom yraom 30° Bec
Beefi yCTaHOBKH paBeH 3 KH ¥ DpHJOXKeH K Touxe, Jexaulefl Ha ocu
KOJIOHKH; naHu pasmepH: AB = BC = CA = 50 cm.

Orser: Xa=960 H; Ya=0; Za=—239 xH; Xs=128 kH;
Zp=—1,19 kH, Z; = 5,97 kH.

..’/\
===
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M\ A
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=z 5
i
= &4
K 3pnsue £.33 K 3anave 8.39

8.39(8.40). lonsecka noNWMNHAKA peMeHHOTO WKHBa D NpHKper-
JieHa K [/afKOMYy TODHSOHTaJbHOMY moToaky MN B Toukax A u C
M ynHpaeTcss B Hero TO4KOH B. 3TH TOYKH JIeXKaT B BEPUIHHAX PaBHO-
ciopoHHero TtpeyrodsHuka ABC co cropoHoit 30 cm. [lojoxenwe
UEHTPa peMeHHOro wxHBa D onpenensetcs BepTHKaJbio EF = 40 cm,
onylueHHo# H3 LeHTpa E TpeyroupHuka ABC, M ropH3oHTaBIO
FD =50 cm, napaanensHoit cropose AC. ITnocKocTs KHBA nepnesH-
Ruryasipia npawoii FD. Harsxenne P Kaxciofi BETEM PeMHs PaBHO
- 1200 H u HaknoHeHO K BepTHKAAM NOA YrJOM
2z r 30°. Onpegenrrs peakuun B onopax A, B u

C, npeHe6perasi BeCOM 4acreif. -
Orser: Yp = 1,4 kH, Z, = 1,85 kH, Zy =
= 1,15 kH, Ye =—26 kH, Zo = —5,08 kH.
8.40(8.41). KaptnHa B pame, umeroueil
dopmy npamoyronsHuka ABCD, noppelueHa
Ha BEPTHKAJbHOH CTeHe NPH NOMOLIM [HYpa
EKF, naneroro na kpiok K Tak, yto kpaii /FB_
7 L rOpH3OHTaJeH; ToukH E, F— cepeamnni cTO+
por AD u BC. KaptHua HaKJOHeHa K CTeHe

1noj yrioM o = arctg %n Oonupaercst HA ABA

rBo3fs L u M, BOuthx B cTeny, npuueM AL = MB. PaaMepn Kap-
THHE: AB =60 cM, AD =75 cmM; Bec Kaptuuu 200 H u npuioxeH
B LeHTpe npaMoyroaeHuka ABCD; pnuna wHypa 85 cM. Onpenenuth
HaTskenue T luHypa M faBieHus HA reo3an L n M.

Oreer;: T=85H, Yi=Yu=—45H, Z, =Zy = —60 H.

K aanaqe 8.40
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8.41(8.42). Bugunap cocrount us ofHoponHoro crepxkHa AA;, noa-
BELIEHHOrO Ha MIBYX HEPACTAXKHMBIX HHTAX LJMHH [, KOTOphie ykpen-
JIeHH B TOYKaXx B u B). [nuna crepxus AA, = BB, =2r, a Bec P.
CrepieHb NOBEPHYT BOKPYr BEPTHKANBHON OCH
Ha yron ct. Onpeneants Moment M mapsi, Koto-
PYI0 HYXHO NPHJIOKHTE K CTEPIKHIO, YTOGH yznep-
KaTb €ro B PAaBHOBECHH, a TaKKe HaTsaeHue T
Hureil.
Orser: M= —-—M—i——.
V12 — 472 5in? (0/2)
T= = ;
2 4/12 — 4r% sin? (0/2)
8.42(8.44). Tpenora ABDE, umeiomas ¢dop-
My DNpaBHJIBHOH NMHPAMUMBI, YKDEIJIEHA LuapHHp- K aanave 841
HO Ha JIByX KOHCOJbHEIX 6Gankax. Yepes 6.0k,
YKpenjeHHH# B BepuinHe £ TpeHorw, NEPEKHHYT TpOC, PABHOMEpHO
TIOIHUMAIKH € MOMoLIbIo Ne6eakH rpya Beca P. Ot 6/10Ka K Jnebeqke
TPOC TAHETCS NapajnenbHO KoHCoNH. OnpefesnTh peakuuu 3amenkH

&) E
z
P :?'.P
Pl 1A
A ------ | —
| 7 7l hy,,..z; y
7|72 |2 s
/ 4 Z 5
z | (187
K sanaue B.42 K sanave 843

nepsoii KOHconH, mpeHeGperas ee BecoM n Becou TpeHorH. BricoTra
TPCHOTH paBHa [/2.

omer: ==L, Yomp, z=2p, M—_2p,

My=—§m, M,=——‘§PL

8.43. Yernipex3BeHHbifi MexaHu3m po6OTa-MaHHNYARTOPa pachono-
MeH B TOPH3OHTANBHOH MiIOCKOCTH Oxy. INMHL BCeX 3BeHBbes ommHa-
KOBBl H DaBHEI ], Macca KaxxJoro sseHa m. Macca o6bekta MaHHuny-
JHPOBanuA 2m. Haltth MOMEHTE CHA TAMECTH OTHOCHTENBHO KOOpJiH-
HaTHbIX Ocefi. 3BeHbA CUNTATEL ONHOPOAHEIMH CTEPHKHAMH,

Oreer: My= —4,98 mgl, M, =698 mgl, M.=0.
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§ 9. Uentp TaxecTn

9.1(9.1). OnpenenuTs nonoXeHHe UeHTpa TAXecTH C CTEPKHEBOro
xouTypa AFBD, coctosmero n3 ayrn ADB 9eTBepTH OKDYXHOCTH pa-
auyca FD==R wu w3 nyru nonyokpyxHocTds AFB, nocTpoeHHoii Ha
xopne AB xak Ha anamerpe. JIMHeHHbie MJOTHOCTH CTepKHEeH OLHHA-
KOBHL,

Orser: CF =R (4/2 —1) +-28 (32 4/2) =0,524R.
9.2(9.2). Onpenenutb nosioxenHe HeHTpa TsaxecTH C mnoman,
OrpaHH4eHHO# monyokpyxnocteio AOB panuyca R H ABYMS NpAMBIMH
pasHo#t aawnel AD u DB, npuvem OD = 3R. Ve

. 3416
Orser: OC___3n+lz R=1,19R.

- Y e

I
i i
1
7 3 ]
i i
1
: | &
] e 1 2— I
H————b‘-(—hq
K sapaue 8.1 K aanase 8.2 K sanaue 93 K sazaue 9.4

9.3(9.3). Haiitn uenrp tamectw C naomanu KPYrOBOIO cermeHra
ADB papuyca AO = 30 cm, ecin yron AOB — 60°,

Orger; OC = 27,7 cm.

9.4(9.4). Onpenennth NOJOKEHHe HEHTPA THIKECTH OHOPOJHOTD
AHCKA C KPYIJIBIM OTBEPCTHEM, NpeAnofaras pajiMyc AHCKAa paBHHM ri,
PanKyc OTEepCTHS pPaBHEIM rs
H UGHTD 3TOro OTBEpPCTHA Ha-

5’ Y /{r
4 7/ = XOOSIHMCSH Ha PacCTOAHHH

r/2 ot ueHTpa amcKa.
3

//4%‘ Orser: xc =)
//; 8.5(9.5). Onpenenuts Ko-
L OPAMHATH LEHTPA THAMKECTH
HeTBEPTH KO.IbL@, NOKa3aHHO-
K sanaye 9.5 K sanaye 9.6 TO HAa pHCYHKE.
Orser: x¢c = yc = 1,38 cm.

9.6(9.6). Halitu koopauHaTH ueHTpa TAMecTH (urypri, naobpa-
MEHHOH HA PHCYHKe.

Oreer: xc =10,61a.

9.7(9.7). HaliTv ueHTp TsXKeCTH NONEPENHOTO CeYeHHs NJOTHHE,
IOK232HHOTO HA PHCYHKe, NMPHHHMASA, YTO yaeabHbl Bec GeToHa paBeH
24 xH/m? a semnanoro rpysra 16 xH/m3,
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Orser: xc =8,19 M, yc = 1,9 m.

9.8(9.8). Haiith xoopaunartel LUBHTPA TSKECTH JOMEpeyHOro ceye-
HHS HEPABHOGOKOTO YrosKa, MOJIKH KOTOPOrO HMEIoT wHpury OA =a,
OB = b n Tonmuuy AC = BD = d,

o O bd— b* -t ad — 42

Oreer: X =—tato=—a1 * ¥ =30 Fa=d

9.9(9.9). Haittu paccrosuue LEHTPA TSKECTH TaBpPOBOIO CedeHHs
ABCD ot ctopoun ero AC, ecau BhicoTa TaBpa BD = h, wupuua
nofku AC = a, TOMIMHA NOJKH PaBHA d K TOJNUIHHA CTEHKH paBHa b.

0 . add - bR — pd?

TeET: 5 (ad + bk —bd) *
P

y —a—-—[—q—

7 "2’”’% 3
722227 R
O Im

B

l

K aagage 9.7 K aanave 9.5 K 3anane 9.4

9.10(9.10). Hafitu mentp tsiecTn ABYTaBpOBOro mnpoduns, pas-
Mepbl KOTOPOrO YKA3aHE Ha PHCYHKE.
Orser: xc = 9 cMm.
9.11(9.11). Hastu xoopanuath LEHTPA TAXECTH OAHOPOAHON nJia-
CTHHKH, H300pajkeHHOM Ha pHCyHKe, 3Has, yto AH =2 cM, HG =
=15em, AB=3cm, BC=10 cM, EF=4cM, ED=2cm.

10 10
Ozrser: x-—5—'—§ CM, y=-=l-i~§- CM.

R

VLR AR AN

b7z

K 3anase 9.10 K 3apnaue 9.11 K aapaue 9.12

9.12(9.12). B onHoponwoii kBampaTHoit socke ABCD co CTOPOHOMH
B =2 v Bripesano kBagpatHoe orsepctie EFGH, cTopors Kotoporo
COOTBETCTBEHHO MapanienbHbl cToponamu ABCD u pasmui 0,7 M Kax-
nas. OnpefenuTs KOOPOMHATH X H y UEHTP2Z TSMECTH OCTABLiefics
4acTH nockH, 3Had, yto OK=0K=05 M, rne O Oy — neHTpHl
xsanparos, OK u O,K cooTBeTcTBeHHO NapaeNbHEL CTOpOHam KBax-
parTos.
Orser: x =y = —0,07 m.
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9.13(9.13). Tlposectn yepe3 pepiunHy D 07HOPOHOrO NpAMOYrob+
Huka ABCD npsimyio DE Tak, yTo6bl NpH NOABELIMBAHYH oTpCaaHHoOH
no stofi npsMoit tpanenun ABED sa pepmnHy E ctopona AD, pap-
Has a, 612 TOPH3OHTANBHA,
Oreger: BE = 0,366a.
9.14(9.14). Nau kpagpatr ABDC, cTopoka KoToporo PaBHa a.
Haittu BHyTpH Hero Takyio Touky E, uTo6H oHa 6nina LEHTpOM TH-
= F gl IKECTH MJUIOMAAH, KOTOpas moJy-
I A r YHTCSl, €CJIH H3 KBajpaTa BhIpe-
3aTb paBHOGEADeHHEBIH TpeyroJb-
uuk AEB,

Orser: xg = a2, y—0,634a.

9.15: YeThlpe uenoBeka mue-

7 5 CYT OZHOPOAHYIO TPEYToJbHYIO

7 7 = 1z TJACTHHY. Jreoe B3stuck 334 npe

b BEPIUIMHE], OCTAJbHBIE — 34 CTO-

K sanase 9.13 K sanave 9.14 POHBI, MPUMBIKAIOUIHE K TpeTheit

Bepmute. Ha xakom paccTosuux

OT TPETbeH BEPLUHHBL OHH AOJKHB MOMECTHTBECH, I TOrO YTOOLI KajK-
ABH ¥3 YeTLIpeX MOJAREPIKHBAJ YETBEPTH MOJHOIO BECA NAACTHHBI?

Orser: Ha paccTosuus, pasHoM 1/3 miuus COOTBETCTBYIOLIEH CTO-

OHBL.

? 9.16(9.16). OnpenenuTe KOOPAHHATH LEHTPA THXKECTH CHCTEMMI

TPY30B, PaCIOJIOXEHHEIX B BEPLUHHAX NPAMOYTOJLHOTO napaieseny-

nena, pe6pa KOTOPOTO COOTBETCTBEHHO paBHul: AB =20 cm, AC =

=10 cM, AD =5 cm. Beca rpysos B sepumnax 4, B, C, D, E, F, G, H

cootBeTcTReHHOo papknl 1 H, 2 H, 3 H,4 H, 5 H,3 H, 4 H, 3 H.
Orser: x =232 cM, y=19,6 cM, z=6 cm.

)
i F
|
£ . G 2 g r
| g
7 J g 7 F 4
/ d o
% - ¥
‘f// L
&
K 3apave 9.16 K aanaye 9.17

8.17(9.17). Onpenenuts KOOPAMHATH NEHTPa THIKECTH KOHTYpa
NpsAMOYTrO/IbHOro napanjejenunens, pe6pa KOTOpoOro cyth OXHOPOA-
Hue Gpyckd mimuoi: OA=0,8 M, OB=04 M, OC=0,6 M. Beca
GpycKoB paBHb cootmeTcTBeHHO: OA =250 H, OB, OC u CD no
75 H, CG—200 H; AF—125 H, AG u GE no 50 H, BD, BF, DE
H EF no 25 H.

Orser: x=10,263 M, y =0,4 M, z = 0,105 m.
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9.18(9.18). Haiirn xoopaunats! LeHTpA THMKECTH Teljla, MMelouniero
DHA CTYJ1a, COCTOALLErO M3 CTepIKHeft OAHHAKOBON AMHHBL K Beca. JlaH-
Ha CTCPIKHSA paBHA 44 cMm.

Oreer: x =—22 cm, y = 16 cm, z = 0.
z
/ %
g
g [
5 7z,
0 ¥
I// 2 £ 3
7 y =3
K sanave 9,18 K sapnane 9.19

9.19(9.19). HafiT KOOPAMHATH HEHTPA TSKECTH TJIOCKOM tdhepmm,
COCTOSIEH M3 CeMM CTepikHef, ANMHBI KOTOPBIX YKA3AHH Ha PHCYHKe,
€CJIH BEC | M NI Beex cTepiHel OfiHH H TOT iKe.

Orser: x = 1,47 M, y=10,94 m.

9.20(9.20). HafiTh KOOpAMHATH LEHTPa THKECTH JepeBAHHOIO MO-
JIOTKd, COCTOfIIIEro U3 NpAMOYroJbHOrO mnapaJviesenunena M PyYKH
C KBANPATHBHIM ceyeHHem. [la-

z

HO: @ =10 cM, b =8 cM,c = ! £r£1
=18 cM, d=40 cm, = | L
=3 cMm. il ] II i d

Orser: x =10, y =288 cm, T
2=0. of el lEe—y; J

9.21(9.21). Kopnyc nerxo- AN T _@:‘
ro kpeficepa Becur 19000 kH. 5.4 |/ 4 47|/i\ s
LleHTp TsixecTH Kopnyca Ha- T
XOAHTCH 10 BEPTHKAJH HAaf P 0
KHJIEM Ha BERICOTEe y; =6 M. ~
Iocne cnycka Ha Boay BHYTPH K sanave 9.20

KOpIyca YCTAHOBJEHb TrJias-
Hble MAaWHHBE H KOTJbl. [naBubie Mamuun Becsit 4500 kH, n opaunara
HEHTPa TAMECTH HX y; = 3 M. Bec koTnos paeen 5000 KH, u opannaTta
LUEHTPA THXKECTH MX ys—=4,6 M. OnpenesNuTe OPAMHATY yc O6WEro
LEHTpa THAXECTH Kopnyca, MalllHH 4 KOTJIOB.

Orser: yc — 5,28 M.

9.22(9.22). Ha kopabne Bomouamemesuem B 45000 xH rpy3 BecoM
B 300 xH mepemeltes U3 HOCOBOro OTCeKa B KOPMOBOH Ha DPacCCTOSIHHE
60 M. Hackonbko nepemectunicst o6uyuit LUEHTD THMeCTH Kopabns u
rpysa?

Orser: Ha 0,4 m.

9.23(9.23). Ian oAxoponHoro Terpasapa ABCDEF, ycenenuoro na-
palfleNeHO OCHOBaKHIO, AaHbL Wioane ABC = a, nnowany DEF = b,
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paccrosyiue Mexay Humu h. HafiTH paccTofise 2 NeHTpa TSMKECTH HaH-

HOT'0 yCeYEHHOrO TeTpas/ipa OT ocHoBaHus ABC.
Orser: z=— -5+2—"/‘_l_';"ib-
4 a4+ab+b

9.24(9.24). Kopnyc sKOpHOH TNOABOAHOW MHHEI MMeeT (GOpPMY uH-

JIMHAPA C BHUTYKJbIMY CQEPUYECKHMH AHMIIAMH. Panuyc uMAHHApHYe-

z1 cKkoro mosica r = 0,4 M, BEICO-

% o) ' Ta UHMIHHAPHYECKOTO MOsca

i h = 2r; BEICOTH Clepuyeckux

DAANE CEerMeHTOB COOTBETCTBEHHO

?\ 2n paBubl: fi =0,5r u [, =0.2r.

ol \ = HafiTi eHTP TSXECTH NOBepPX-

. \ HOCTH KOPTYyCa MHHBL

A i c Orser: x¢ =tyc =0, zc =
\ / CSSI = = 1.967r — 0,507 u.

Y 4 9.25(9.26). Haftu mnpe-

K sapate 9.23 K 3azade 924 OeNIbHYIO BBICOTY i LMIIMHIDA,

Ipy# KOTOpOH TeJlo, cocTosIee

M3 UHIMHAPA M NOJYWApa OAMHAKOBOM IJIOTHOCTH H OXHHAKOBOrO pa-

Auyca r, TEpAeT YCTOHYMBOCTE B MOJOMKEHHH DaBHOBECHA, KOrAa OHO

OnHpaeTcs NOBEPXHOCTHIO NOJYywWapa KA TIAAKY0 [OPH3OUTANLHYIO
TJIOCKOCTb.

Ileutp 7TaKeCTH BCEro Tena [OJMKEH COBNafarts C LEHTPOM noayuiapa. Pac-
CTOSHHE [eHTpa TAMKECTH OAHOPOAHOro NOAYLIAPA OT €r0 OCHOBAHWA paBHO 3fgr.

4

R IR — -

Oreer: h=r[4/2:
9.26(9.27). HafTe npesenbByio BHICOTY A KOHYC2, NpPH KOTOpOi
TeJi0, COCTOsilllee M3 KOHYCa M NOJYLIAapa OLHHAKOBOH NJIOTHOCTH H

£
L
| \
Ll B
2 P écu
D S Y &
7 7 7% Gk
K sanave 9.26 K sapave 9.26 K 3anaue 9.27

panuyca r, TepsieT yCTOHYHBOCTL B NOJIOXEHHH PaBHOBECHS NPH YCJIO-
BHK TIpedBAyineH sanavs. -

Otser: h=r 4/3-

9.27(9.28). Tonkuii OLHOPOAHBI JIHCT H3OTHYT B BHIE IBYX Tpe-
YIOJBLHHKOB M KBaJlpaTad, Kak NMOKa3aHO Ha PHUCYHKe: paBHOGeApeHHbH
TpeyroneHuk OAB NexXHT B IIOCKOCTH XY, MPSIMOYTOJBHBI TPEYTOMb-
HHK ODE —B nnockoctH yz (BepliMHa TNpsAMOro yria — touka E),
xBagpar OBKE — B ropH3oHTaNbHOH mJockocTH. Onpefenuts Koop-
JAHHATH! LEHTP2 TAXKECTH HIOTHYTOTO JIMCTA.

Orser: x¢=3,33 cM, yc = 0,444 cm, zc = 3,55 cm.
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OTOEJI BTOPOH
KHHEMATHKA

FJTABA III
KHWHEMATHKA TOYKH

§ 10. TpaekTopyn M ypaBHEHHS JBHIKEHHH TOYKH

10.1(10.1). Tlo naHHOMY ypaBHeHHIO HNBMIKEHHS TOUKH Ha npous-
BO/IbHO BLIOPAHHOH TPAEKTOPHH NOCTPOMTDL YEPE3 PABHLIE NPOMENYTKH
BPEMEHH LUECTD MOJIOXeHH TOYKH, ONpeNeNuTh PACCTOSIEHe S 1O TPAeK-
TOPHH OT H2YaJd OTCYeTa N0 KOHEYHOTO MOJIOMEHHS! TOYKHM H MpOfneH=
HLIH €10 MyTh ¢ 32 YKA3aHHEI! NPOMEXYTOK BpEeMeHH (s ¥ 0—B caH-
THMeTpax,  — B ceKyHaax).

1) s=5—4f+£20<t<S5.

Orser: s = 10 eM, 0 = 13 cm.

2) s=1+4+2—£ 0<t<25.

Oreer: s = —0,25 cm, 0 = 3,25 cwm.

3) s=4sin10¢, /20 <t << 3n/10.

Orger: s =0, 0 = 20 cm.

10.2(10.2). Ilo naBHBIM ypaBHEHUSM ABHIKEHHS TOUKH HAfTH ypas-
HEHHs1 €8 TPAEKTOPHH B KOOPAMHATHOH (OpPMe M yKa3aTh HA PHCYHKe
HanpapJieHHe OBHIKEHHS.

1) x=3t—5, y—4—9¢.

Oreer: Ionynpsamas 2x + 3y — 2 =10 ¢ HaYaNOM B TOUKe x = —5,
y=4.

2) x=2f, y=_8n.

Oreer: Tlpapaa BeTBe napaGonkl y=2x? ¢ HAYATBHON TOUKOI
x=0, y=0.

3) x=>5sinl10f, y=3 cos 10z.

Oreer: Danmnc %—!—%-: 1 ¢ HavanbHOH TouKOH X =0, y==3.

4) x =2 —3cosbt, y =4sinbf — 1,

—0)\2 2

Orser: Snmnc & 92) L f;” == 1 ¢ HaganeHOH TOUKOH x —
=1 gy=—1.

5) x=chl=—;—(e’+e"‘}, y"——sht=%(e'—-e").

Oreer: Bepxusis wacts npasoil BeTBH runep6oan x? — y’=1 ¢ Ha-
H3JIBHOH TOYKOH x = |, iy = 0.
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10.3(10.3). TlocTpouTs TPaeKTOPHIO TOUKH, PamKyc-BeKTOp KOTO-
POH H3MEHAETCH COrNacHO YPABHEHHIO (rg H € — NOCTOSHHLIE 3aNaH:
Hble BeKTODHI, i ¥ j — KOOPAMHATHLIE OPTH).

1) r=ry- t-e

Oreer: Tonynpsimas, npoxogsiuas 4ePe3 HAYANLHYI0 TOUKY Mo(ro),
napajjiesibEo BEKTOpY e.

2) r=rop-}cosi-e.

Oreer: Otpesok MM, npsmoii suHuw, NpoXoAfilledl yepes TOUKY
M(ro) napannensuo BekTOpy e. Hayansuas To9ka Mo(ro + e); Bropan
Kpainss Touka M,(ro— e). Ilpu {— oo KoHew panuyc-BeKTOpa nposi-
AeT GecqHCTeHHOe YHCAO pas Yepes Kazayio TOYKY TDAEKTOPHH.

3) r=acos oz i+bsin Tl

xz 2
Oreer; OTpesox mepxHeit wacTu suunca -7 - 2 =1. Touxa Ha-

UHHAET NBHMEHHE OT JieBOH BEpUIMHLL SJHICA, MOHOTONHO HPHGAH-
IAsACHL K €ro nNpasod BepliMHe.

10.4(10.4). I'lo 3amauHbiM YpPaBHEHHSM [BMIKEHHS TOYKHM HaHTH
YpaBHeHHE ee TPAEKTOPHH, a4 TAKKE YKA3aThb 3AKOH ABHIKEHHS TOUYKH
IO TPAeKTOPHH, OTCYUHTHIBAR DACETOSIHHE OT HAYAJBHOND MNOJOMKEHHS
TOYKH.

1) x=23F, y=4£

Oreer: TloaynpsivMan 4x — 3y = 0; s = 52,

2) x=23sin{, y =3cos 1.

Oreer: OKpyxHOCTb X2 4 y2 = 9; § = 3¢

3) x=acos?t, y=asin?t.

Oreer: Otpesok npaMoli x4 y—a=0, npuuenm 0 x << qg;

=a 4/2 sin?{.

4) x=b5cos 51 y=5sin 52

Oreer: OkpyxHocTb X2 4 y? = 25; s = 25/2,

10.5(10.5). MocToBo#i KpaH [ABHMKETCA BLOJL MACTEPCKOH COr/IACHO
YPABHEHHIO X == £; 1O KPaHy KaTHTCH B MNONEPEYHOM HaNpaBieHHH Te-
JIEXKA COTNIACHO ypaBHeHHo y = 1,5¢ (¥ u y — B MeTpax, {—B CeKyH-
nax). Llens ykopauuaercsi co ckopocrsio v ==0,5 M/c. Onpenenuts
TPAEKTOPHIO UEHTPA THAMKECTH IPYy3a; B HAYAJILHOM NOJIOKEHHH LEHTP
TSAXECTH Ipy3a HAXOAH/CA B ropu3oHTanbHON muockoctu Oxy; oce Oz
HaNpaBJIeHA BePTHUKAJLHO BBEPX.

Oreer: Tpaekropus — npsmas: y = 1,5x; z = 0,5x.

10.6(10.6). suxenue ToukH, onuchBalowed ¢purypy Jlnccaxy, 3a-
IlaeTci ypaBHeHMsiMM X =3sinf, y=2cos2t ({—B cexkynaax).
HafiTh ypapHenHe TpaeKTOpHH, BHYEPTHTh €e H YKASaTh HANPABJIEHHE
ABHMGEHHST TOYKH B pPAa3JIMYELIE MOMEHTH BpeMeHH. YKa3aTe Takme
OmpKafiunii mocse HAYala ABMIKEHHS MOMEHT BpeMeHH f;, Koraa
TpaeKTopHA nepeceyer ocs Ox,

Orser: Yacte napaGomu 4x2 4 9y == 18, sgom Koropoit |x|< 3,

yI<2, thi=n/dc

10.7(10.7). Tlpn cootBercTByIOLeM BHIGOpe OCeli KOOPIHHAT ypaB-
HEeHHA ABHM(EHHS] SNEKTPOHA B NMOCTOSHHOM MATHHTHOM MoOJie onpefe-
JIAIOTCA paBeHCTBAMM x == asinkf, y=acoskf, z=vi, rie a, & B
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V— HEKOTOpLIE MOCTOANHLE, 3ABHCALIHE OT HANPAMKEHROCTH MATHMT-
HOro moJisi, MaCCH, 3apsAfa ¥ CKOPOCTH 35ieKTPOHA. Onpesennts Tpaek-
TOPHIO 3JIeKTPOHZ H 32KOH ABHIKEHHSA €ro 10 TPaeKTOpHH.

Otser: DreKTpPOH ABMMETCS MO BUHTOBOH JuHuH. HayaneHas Touka

2%
x=0, y=a, 2=0; war BuHTa h"—"T"" 3aKOH [OBHMKEHUS SJIEK-

TPOHa 1O BHHTOBON JIHHUM § = 4/a%k% 4 v,

10.8(10.8). T'apmoxnueckue konebanus TOUKH onpenensioTcs 3aKo-
HOM X = a sin(kt 4 ), rae a > 0 —amnauTyna Konebanmuii, £ > 0 —
Kkpyrosast yacrora KosneGauuii M &(—n < & << ) — HavanbHas paaa.

Onpenenuts uertp KoneGanmit aq, AMIVIUTYAY, KPYrOBYIO 4acToTy,
nepuos T, wacroty konebaunft f B repuax u HayanpHyo (asy no cie-
AYIOUEM YPABHEHHAM NBHXEHHA (X — B CAHTMMETPAaX, {— B CeKyH-
Bax):

Orazr
YpaBsHenus anmmensn

Gy, IIMI a, cM | k. panjc I e | F u [
I, x=--T7cos 12¢ 0 i 12 nf6 | 8/n — 2
2. x==4 sin (n£/20) — 0 5 /20 40 [0,025| - arcig (3/4)

— 3 cos (m#/20)
3. x=2— 4sin 140¢ 2 4 140 /70 | 70/x n
4. x =16 sin? I8¢ 3 3 36 /18 | 18/xn — /2
i e = e —

5. x=1—4cos ) t 1 2 730 60 5 /2

10.9(10.9). Tpys, nopeaTe# Ha YOPYroM KanaTte, KosebyeTcss co-
TJachio ypaBREHHMIO x = a sin(kt- 3n/2), rme a—s CaAHTHMeTpax,
k—B pan/c. Onpenenuts ammInTyay u KPYroByio 9acTory KoJeGaHuil
TPysd, ec/iH nepuon Konebauwit pave 0,4 ¢ H B HAyaNbHBIL MOMEHT
Xo = —4 cm. TlocTpouTs TaKike KPHBYIO paccTosHu.

Orser: a =4 cm, k = 5n pan/c.

10.10(10.10). Onpenennts TPAeKTOPHIO TOYKH, COBepuIaiolledi Off-
HOBPEMEHHO ABA rapMOHHYECKHX KOJIeGaHHsl PABHOH Y4aCTOTH, HO pas-
HBX AMIUMTYR M (a3, ec/iu Kole6aHus NPOHCXOLAT Mo ABYM B3aHMHO
NEPNEHANKYAPHEIM OCAM: x = a sin(kf + «), y=b sin(kt 4 B).

3 I3

Orser: danunc —::—,—-{— % - -%‘;icos (@ — p) = sin? (a — p).

10.11(10.11). Hafitn ypaBHeune TPAGKTOPHY ABMXKeHHs TOYKH, IO-
JIYSaIOMErOCA NpH CIOXEeHHH B3aHMHO NEPNeHIUKYJIAPHEIX KOJle6anuit
pasHoll YacToTH:

1) x=asin2et, y= asin ol;

2) x = a cos 20, y = a cos ot

Oteer: 1) x2a? = 4y2(a? — 12);

2) 2y* —ax—a? =0, npuuem 1X|<a, |yl<a.

10.12(10.12). Kpusowun OA BpAllaeTcs ¢ NOCTOSHHOR VIJIOBORM
CKopocTero @ == 10 pap/c. Nnuva OA = AB = 80 cm. Haiiru ypaBse-
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HHA NBHXKEHHA W TPAEKTOPHIO CPeiAHEH TOYKH M waTyHa, a Takmxe
YPaBHEHHE ABMIKEHHS NOJ3YHA B, €C/iH B HauasbHbIH MOMEHT NOJ3yH
HAXOAHJCA B KpaHHeM NpaBoM MoJO0-
JHEHHMH; OCH KOODAWHAT YKa3aHLI Ha
PHCYHKe.

=40 sin 10£.

2) Tpaekzopueﬂ Touky M siBaser-

T x T o ?

Cs1 3JInHnc W "{" T 1,

3) ypaBHeHHe NBUKEHMS| NOJ3YHA
B x =160 cos 101.

10.13(10.14). OnpelennTs ypaBHeHHMS ABMIKCHHA H TPAEKTOPHIO
TouKy o0ona KoJeca pamnyca R = 1 M aBToMOGHIIS, eCliH ABTOMOGH/IE
ABHMKETCA NO UPAMOJNHHEHHOMY NYTH C MOCTOSHHOH CKOpOCThIO 20 Mm/c.
ITpunATs, 94TO KONECO KATHTCA 663 CKOJBKEHMS: 33 HAUAJO KOOpAH-
HAT B3ATH HAYAAbLHOE NOJOXKEHHE TOYKH Ha OYTH, IPHHATOM 33 ock Ox.

Orser: Lluxnonna x — 20f — sin 20f, y = | — cos 201.

i0.14(10.15). HaHe: ypaBHCHUS ABHXKeHHA CHAPALA

I sanaye 10.12

. gi*

Xx=uyscosa-f, y=u, sma-t——2—.

VA2 vo— HayaJIbHas CKOPOCTb CHapsilla, & — YroJ MEeXALY Up M TOpH-
BOHTAJLHOH OCBIO X, £ — YCKOpeHHe CHJIbl TsikecTH. Onpegesnts Tpa-
CLTOPHIO NBHXKeHUs! cHApana, BeicoTy f1, manbhocts L u spems T no-
JieTa CHapsga.

£
Oreer: Tpaextopus — napabona y=tga.x — E"g_i_ X%, BBiCOTA
TACcos™ O

% v Y% _;
=—sin%?q, L=~—sin 2, T=2-" sina.
2g g
10.15(10.16). B ycnoeusax npeabiaymel sazaud onpesenuts, npH
KaKoM yrie GpocaHHst & AafbHOCTL NoAeTa L 6GymeT MAaKCUMAJBHOM.
Haiitu coorseTcTByiOMmHe BHCOTY M BpeMms rojera.

Y% v§ Ys
Orser: = 45°, Lnax = ey T=‘\/§‘§‘-

10.16(10.17). B ycnosmrsx 3amaun 10.14 onpefenHTe yroa 6Gpoca-
HHfl @, MpH KOTOPOM CHapsj nonanaer B TOYKy A ¢ KOOpAMHATAMM
X Uy

2 R
Orger: tga= %+ VU 2igy — g’ s
gx

10.17(10.18). Onpeneante napaGony GeaonacHoCTH (BCe TOYKH, Jie-
¥allHe BHe 5TOH napaGoJikl, He MOTYT OLITL AOCTHIHYTH CHAPSAOM NpH
HAAHHON HAaYaJLHOH CKOPOCTH Ug M JIIoGOM yriie 6pocanua o).

2

Y, g
Oreer: y=— — — x*.
2g 2v,
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10.18(10.19). Touka nBHKEeTCS NO BHHTOBOH JAHHHA
x=acoskl, y=asinkf, z=—vt

Onpenenuts ypaBHeHHS IOBHMKEHMS TOYKH B LHIHHIPHYECKHX KOOPOH-
HaTax.

Orger: r = a, ¢ = kt, z — vi.

10.19(10.20). [aue ypaBkerus HBHIKEHMS TOYKM:

x=2acos?(kt/2), y=a sin ki,

rie a H k—INOJOXKHTeJLHEE NOCTOSIHEBE. OnpenesuTs TPAeKTOPHIO
H 33KOH /IBHXXEHHSA TOYKHM MO TPAEKTOPHH, OTCYUTHBAS PACCTOAHHE OT
H2YaJbHOTO NONOXKEHHS TOYKH.

Orser: OKpyxHOCTL (X — @)? 4 y? — a?; s — akt.

10.20(10.21). B ycnoBnsix npeabinyiuet 3a1a9n ONpeAesHTh ypas-
HEHMs1 IBHIKEHHSA TOYKH B NOJNAPHLIX KOOPAHHATAX.

Orser: r = 2acos (kt/2); ¢ = kt/2.

10.21(10.22). Mo 3amaHHLIM YpABHEHMAM ABHIKEHWS TOYKH B Jes
KAPTOBEIX KOOpPAMHATAX

x = R cos®(k1[2), y=(R/2) sin kt, z= R sin (kt[2)

HaflTH ee TPAEKTOPHIO M YPaBHEHHs ABHXEHHS B C(HEPHYECKHX KOOP-
JAMHATAX.

Orser: Jluuus nepeceuenus cepul 2+ 2 4 22 = R2 y IHJIHHAPA
(x —R/4)? 4 y* = R*/4. YpaBuenus npuxenns B cepHUECKUX KOOp~
AuHaTaX: r = R, @ = kt /2, 0 = kt/2.

10.22(10.23). Touka yyacTByeT ONHOBPEMEHHO B ABYX B3aHMHO
NepnesAUKYNAPHEIX 3aTyXaloWuX KoNeOGAHHAX, YDaBHEHHA KOTOPHIX
HMEIOT BHI .

x=Ae " cos (kf + ), y= Ae~™ sin (kt + ),

e A>0,Ah>0,kE>0uce— HEKOTOpHE NocTosHHbe. Onpenenuts
YPaBHEHHS! IBHXKEHHSA B TONSPHbIX
KOOPIMHATAX H HafiTy TpaekTopuio ¥}
TOUKH. 2
Orser: r=Ae ™, o =kt +¢;
TpaekTopusi — JorapHdbmuyeckas A
ciMpans r=Ae k2
10.23. INnockuii MexaHusm Ma- L
HUNYJATOpa NMEePEeHOCHT TPY3 M3 Of- ?
HOro MOJIOXKEHHs B Apyroe mo Tpa- 4 - -
€KTOpHH, onpenensemoli NONAPHEL- #7%
MH KOOPAHHATAMH LEHTPa CXBaTa K 3anase 1023
re= fc(f)‘, Pec = ch(t). Haiitu:
1) 3akoHEI M3MEHEHHS YINOB P; U VPo, OTpafaTeiBAeMbIX COOTBETCTBYIO-
DIHMH NPHBOAAMH, OGecneduBaloliye BHIOJHEHKE 3a7aHHOMN nporpam-
MBI, 2) 32aKOHEI M3MEHEHHs STHX YIJIOB, ecJH rPy3 nepeMemiaercs ro
NpAMOf, NapanneNbHOil OCH ¥, OTCTOsILIel OT Hee Ha PACCTOAHHH g 1O
B3KOHY y = s(t), rae s — 3afiaunas GysKIHs BPEMEHH £.
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Orser:
AR o
2llfc (f)
g —B—12
241, ’
s (1) 2+ 212
= — cos N
2)  =arctg — Farc o NE T
o+ () — 1 — 12
201, *

1) 9, =@ (f) F arccos

P, = £ arccos

P = = arccos

§ 11. Ckopocre Toukn

TL.I(11.1). Toyka coBepwaer rapMoHMYecKue KOJNEGAHHE MO 3a-
KOHY X == a sin kf. OnpenejnTs aMnAMTYRy a M KDYrOBYiO uyacToTy k&
KO/IeOaHHH, eCiu PR X = X| CKOPOCTh U == Uy, & NpH X = xg CKOPOCTH
U = Vs ¥

2 3 2.2 2 2

O 5 X, — UpXy , k v —U
TEeT: Q= e ) = -

e X3— X

11.2(11.2). IavuHa nuHeliky ssMncorpada AB =40 cm, nauHa
kpusownna OC = 20 e, AC = CB. Kpusowun PaBHOMEPHO Bpaluger-
cst Bokpyr ock O ¢ yrnoBoi ckopocTeio . Haiitu YPABHEHHA TpaeKTo-
pBH H Tomorpaga ckopocTH Touknm M nu-
HeKH, Jiexalel na paccrosguun AM —
= 10 em oT KoHIA A.

2 2 2
. g S el *i
Oreer: gt am=1k e+
B Lo
' 10007 3

11.3(11.3). Touka onucuBaer Qurypy;
Jluccax)y COrJIacHO ypaBHeHusIM

x=2cost, y=4cos2t

(x, y — B canTHMeTpaX, { —B cekyHnaX). OnpeneNuTb BeJHYHHY U Ha-
NpaBJieHHe CKOPOCTH TOYKH, KOrZd OHA HaxomuTcs Ha ocu Oy.

Oreer: 1) v=2 cM/c, cos(v,x)=—1; 2) v=29 cm/c,
cos(v, x)=1. .

11.4(11.5). Kpupommn OA Bpaiiaercs ¢ nocTosAHON YrioBoH cko-
poctsio . HaliTu ckopocrs cepeautist M watyna KpHBOLIMNHONON3YH-
HOI0 MeXaHH3Ma H CKOpPOCTb NOJI3yHa B B 8aBHCHMOCTH OT BpeMeHH,
ecii OA = AB = a (cm. prcyHOK K 3agave 10.12).

Orser: 1) vy= -g-m A/8sinwl + I; 2) vp=2aw sin wl.
11.5(11.8). JIBuixeHue TOYKH 331aHO ypaBHEHHAMH
X = Upl COS @y, Y == Uyt Sin ay — e l?,

K aananue 11.2



npuuem oce Ox ropuaonramswa, ock Oy manpabnesa no Beprugann
BBEPX, o, g M @ < 11/2 — BeTHYHHLI NOCTOSIHHBIE, Haiitu: 1) tpaex-
TOPHIO TOYKH, 2) KOOPAMHATH HAHBLICIIErD ee nosnoxenusn, 3) npoek-
LHH CKOPOCTH Ha KOOPAHHATHHIE OCH B TOT MOMEHT, KOria To9Ka Haxo-
JAHTCH Ha ocH Oy,

2
T,
O er: I Ha 36 = i = 2- 2 __:__0_
raer: 1) pabona y=uxtga, 2!%@2%1:, } x %

2
. ﬂ - -
X sin 20y, y= E% sinfoy; 3) v, = x, cos @y, Up= % v, sin @, npuuem
BEPXHHH 3HAK COOTBETCTBYeT HauyajbHOMY MOMEHTY BpEMeHM, A4 HHIK-
. 2, sin ap
HHH — MOMeHTY t——-—T -

11.6(11.7). Oeuxenne Touku 3a1aHO TeMH € YDaBHeHMAMH, 4YTO
H B NPeAbIAYeH 3anade, NpuueM vy = 20 M/¢, ap = 60°, g = 9,81 m/c2.
Hafita, ¢ kaxoii CKOpOCTLIO U) HOMIKHA BLINTH M3 Hayaja KOOpAHHAT
B MOMeHT { = () BTOpas ToYka mjs TOro, YTOOHI, ABHrasnch PaBHOMEpDHO
no ocy Ox, ona BcTpeTHnach © NepBoil TOYKOH, U onpexe/HTL paccrosn-
HHE X[ IO Me€CTa BCTpeyH,

Oreer: vy = 10 m/c, x, — 35,3 m.

11.7(11.8). Onpenenets BBICOTH Ay, hy v h; Hap MOBEPXHOCTLIO
BOJLI TpeX NYHKTOB OTBecHOro Gepera, ecny H3BECTHO, UTO TPH NynH,
BLINYIIEHHEIE ONHOBPEMEHHO B 3THX MyHKTAaX C FOPH3OHTAMLHLIME CKO-
poctsamu 50, 76 1 100 m/c, OAHOBPEMEHHO YIaJIH B BOAY, NMPHEeM pac-
CTOAHHE TOYKH NafeHHs NepBOil MyJH o1 Gepera paBro 100 m; NPHHATH
BO BHHM2HHE TONbKO YCKOPEHHE CHMLI THIKECTH & = 9,81 m/c% Onpe-
AECNHTE TaKXKe NMPOIOMKHTENsHOCTL T nosera NyAb H HUX CKOPOCTH vy,
Uz H Us B MOMEHT NaJleHus B BOny. ’

Orser: h = f1g — by = 19,62 M, =29 C, vy = 53,7] M/C, Uy =
=177,52 m/c, vy = 101,95 Mm/c.

11.8(11.9). U3 opynus, ocs KoTOpOro o6pasyer yroa 30° ¢ ropusou-
TOM, BHNYLLUEH CHaPAA €O CKOpocThio 500 M/c. [peanoaaras, uro cua-
PAL HMEET TONBKO YCKOPEHHe CHJIE THIKEeCTH £ =981 M/c? naiitu
roforpad cKopoctH chapaga H CKOPOCTb TOYKH, BLIYEDUHBAIOUIEH ro-
norpad.

Oreer: Tonorpad — BepTikanpuas NpAMasn, OTCTOAAA OT HAYaJa
KOOPAKHAT Ha 432 M; v; = 9,81 M/c2

11.9(11.10). Onpenennts YPaBHEHHA [NBHXEHHS H TDPAaeKTOPHIO
TOUKH KOlleca 51eKTpoBo3a pajvyca R = | M, nexameii na paccros-
Hun @ = 0,6 M ot ocH, ecnH koseco KaTHTCA Ge3 CKOBMEHHS MO ro-
PH3OHTAJIBHOMY NPAMOJIMHERHOMY y9acTKy nyT; CKOPOCTL OCH KoJseca
v =10 M/c. Ocy Ox coBnanaer ¢ penncoM, ock Oy — ¢ panuycom ToY-
KH IpDH €€ HAYa/BEHOM HH3WEM MNOJOMKEHHH. Onpenesnnts Takxe cxo-
POCTb STOH TOYKH B Te MOMEHTH BpeMeHH, Koraa AHaMeTp Kojleca, nwa
KOTOpPOM OHa pacroJioxeHa, 3afiMeT FOPH3OHTaJBHOE M BEPTHKAJILHOE
NOJ03KeHHs].

Oréer: Vkopouennas umkmompa x— 10£—0,5sin 104, y=1—
—0.,5 cos 10£. Cxopocts: 1) 11 m/c; 18 M/c; 2) 5 M/c; 15 m/c.
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11.10(11.11). CxopocTs SJMeKTpOBO3a Up = 72 KM/9; pammyc Ko~
Jeca ero R = 1 M; KoJieco KaTHTCAd MO NPAMOJHHEHHOMY pelncy Gea
CKOJIEIKEHHS.

1) Onpepennts SoNHYHHY H HampaBJjieHHe CKOPOCTH v TOYKH M Ha
oboMie Koneca B TOT MOMEsT, KOrja paaHyc ToukKH M cOCTaBjiseT C Ha-
DPABJIEHHEM CXCPOCTH g yrod n/2 - a.

2) Iloctpouts roporpadr cxopocTH TOYKH M H
ONpEAENHTs CKOPOCTL U; TOYKH, BhIYepPUHBAIOLIEH
rogorpad.

Oreer: 1) Cxopocte v =40 cos(e/2) M/c u Ha-
npapJiena no npamod MA;

2) Oxpyxuocts p=2ypc0s0, rme 0=a/2,
paguyca r=vo (cM. pucyHox); v,=UVl[R=
=400 m/c%

11.11(11.12). OnpepesuTe ypaBHEHHS [BHXKe-
HHS M TPAeKTOPHIO TOYKH M Koneca paroHa panHy-
ca R =05 M, oTCTOAIER OT OCH HA pPACCTOAHHHU
a=06 M 1 Jgemauied B HAaYaJbpHEIHA MOMEHT Ha
0,1 M mHMe pesibca, ecsiH BaroH ABHKETCH NO nps-

K saxzve 11.10 MoJuHHelHOMY TyTH co ckopoeteio v =10 m/c.
HafiTu Tax:ke MOMEHTEl BpEMEHM, KOTLa 3Ta TOYKa
Gyner NPOXOAMTL CBOE HHIKHee W BepxXHee NOJOMKEHHA, H NMPOEKUMH ee
ckopoctn Ha ocu Ox, Oy B 3TH MOMenTHl Bpemenu. Oce Ox cosnanaer
¢ penscoM, ock Oy NpOXOAMT 4epe3 HadasJbHOe HHXKHEe NOJOXKEHHe
TOYKH.
Oreer: YONHHEHHAS IHKJIOHAA

x = 10t —0,6sin 20f; y=0,5—0,6 cos 20f;

npu t=-’:—§c— HHIXHEee [TOJIOMEHHE TOYKH, Ux = —2 M/C, vy, =0;

npH t=2—’5 (1 -+ 2%)e — pepxHes TOJOXKEHHEe TOUKH, Ux=22 M/C,
vy=0,rnek=0,1,23...

11.12(11.13). Touka ydacTByeT OZHOBPEMEHHO B JBYX B3aHMHO
NepneHAuKyNAPHLIX 3aTYXalUAX KoneGaHHAX COrACHO ypPaBHeHHAM

x=Ae~" cos (bt + ¢), y= Ae~" sin (&t +e).

OnpenenuTth MPOEKIHH CKOPOCTH TOYKH HAa OCH AEKAPTOBHIX H MOJSAP-
HBIX KOOPAHHAT H HAHTH MOAY/b CKOPOCTH TOYKH.

Oreer: 1) vy, = — Ae™™ [hcos (k! + e) + k sin (kl 4-¢)],

v, = — Ae* [h sin (ki + &) — kcos (& + e)];

2) v,=— Ahe=*t, Uy = Ake™H.

3) v=AAREFRe =9+ Fr.

11.13(11.14). Kakywo kpuByn Onuiuer xopabsb, HAywMd NoA Io-
CTOSIHYEIM KYPCOBHIM yriioM o K reorpaduyeckomy mepuanany? Ko-

pabib NPHHATL 33 TOYKY, ABHXKYWLYKCA 0O NOBEPXHOCTH 3eMHOro
wapa.
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§

J

Oreer: tg (-; —I—-%) =1{g (;f- -} %) eA-Mclaa, rne o —mupora,

a A— [oJroTa TEKYIIEro NONOMKEeHHs kopabna (31a KpHBas Hasbl-
BaeTcs JIOKCOADPOMHei).
Y B 2

Yxasaune. Bocnomsioears-
€A cepRuecKHMY KOOpARHATaMH r,
A s q.

11.14(11.15). ¥Ypasuenus
JBHXXeHHA TOYKH M B nuanan-
PHYECKOH CHCTEMe KOODIMHAT
HMEIOT BN {cM. 3apauy
10.8)

r=a, 9=4F, 2=t !

A

Hafitu  npoekuun cxopoctu K sanaue 11.13
ToUKH. M Ha ocH UMAMHIOpHYe-
CKOH CHCTEMEI KOODAHHAT, yPaBHEeHHs ABHIKEHHs TOYKH M), ONHCHBal0-
et rofiorpag CKOPOCTH, H TIPOEKLHH CKOPOCTH TOYKH M.

Orger: 1) v,=0, vy=ak, v,=v;2) r, =ak, ¢, =n/2 + ki, 2, =
3) Un = 0, le =ak2, Uz. = 0.

11.15(11.16). Touka M mBHXeTCH MO OKPYIKHOCTH COTJIACHO ypas-
HEHHAM

r = 2acos (ki/2), = ki/2

((r, —mnonspunie koopaunate). Haiitu npoexuuu CKOPOCTH TOYKH
M Ha oCH NOJSIPHOH CHCTEMbI KOOPAHHAT, YPABHEHHS ABHIKEHHS TOUKH
M,, omucuBawiei rogorpad CKOpOCTH, M NpOEKUHH CKOPOCTH
TOoukH M.

Orser: '1) v, = —aksin(kt/2), ve= ak cos (kt/2); 2) r = ak,
1 =n/2+ kt; 3) v, =0, vy =ak?

11.16(11.17). Touka gBuKeTCH MO JHHHH nepeceyeHHs cephl H LH-
JIHHJIPA COrJIACHO ypaBHEeHHAM

r=R, @=Fkif2, 0=Fki/2

(r, 9, 8 —cdepuueckue KoOpAHHATHL CM. 3anauy 10.21). Hafith mo-
AyJlb H NPOEKLHH CKOPOCTH TOYKH Ha OCH C()ePHIeCKOH CHCTEMB! KOOp-
IMHaT.

Orser: v, =0, vy, =(Rk/2)cos (k[2), vy=RE/2,

v = (Rkf2)4/1 + cost (k[2)-

11.17(11.18). HaltTu B nonsipHLIX KOOpAHHATAX (r, ) ypaBHeune
KPHBOH, KOTOPYIO OMHIIET KOPabiib, COXPAHAIIUMY NOCTOSHHBI yron
TNeJIeHra o Ha HeMOJBHXKKYIO TOUKY (Yrosl MeMAy HanmpaBJeHHeM CKO-
POCTH H HanpaBJeHKeM Ha TOYKY), €ClH AaHO: o H rg—p = ro. Kopabne
NPHEATL 33 TOYKY, ABMIKYIIYIOCA HA MJOCKOCTH, M 38 MOOJIOC B3STH
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NPOH3BONLHYIO HEMOMBHIKHYIO TOYKY B 5TOil naockocTd. Hccnenosats
yacTHee cayyan o =0, /2 u .

Oreer: Jlorapugmuueckas Cnupanb r= roe—98% Jlpn o = /2
OKPYHHOCTE r = ry; IIpH @ = ( HIH o = n npAMasn.

§ 12. Vcxopenue TouKH

12.1(12.1). Tloesn HBHIKeTCA CO CKOPOCTBIO 72 KM/4; mpH TOPMO-
JKCHHH OH mojiyyaeT 3amenjenue, pasnoe 0,4 m/c?. Hafith, 3a kakoe
BpeMsi A0 MPHXOZA NOe3Nla Ha CTAHIHIO H HAa KAKOM OT Hee PAaCCTOSHHH
AOKHO OLITh HAYATO TOPMOMKEHHE.

Orger: 50 ¢, 500 m.

12.2(12.2). Konpopas Gaba, ynapHe cBaipo, IBHIKETCH 3aTeM BMECTe
c Heit B Tewvenne 0,02 ¢ n0 OCTZHOBKH, MpHueM cBaa yrayGasercs B
3emi0 Ha 6 cM. OnpenenuTh HAYafibHYIO CKOPOCTh ABHXKEHHS CBaw,
CYHTAs €ro paBHO3aMe[JIeHHEIM.

Oreer: 6 M/c.

12.3(12.3). Boasnble Kal# BHTEKAIT H3 OTBEPCTHA BepPTHKAJLHOM
TpyGoukk uepes 0,1 c ogHa mocsie Apyrof H MajlalOT C YCKOPEHHEM
9,81 m/c% Onpenenuts paccTosnHe MeXAy NepBOR M BTOPOH KammsiMu
yepes | C nocne MOMeHTa HCTEYEHHS NMEPEOR KallJjiH.

Orger: 0,932 m.

12.4(12.5). Cuuras mnOCalOYHMYI0 CKOPOCTH CamoJsiera paBHoli
400 KkM/d, OnpefeAHTb 3aMeiJieHHE €ro NPH MOCajKe HA INyTH
{ = 1200 M, cunTas, 970 3aMeJIeHHe MOCTOSHHO.

Orser: w = 5,15 m/c2

12.5(12.8). Konpopas 6a6a najaer ¢ BLICOTH 2,5 M, a [i7ia €€ nof-
HATHA Ha Ty e BHCOTY TpebyeTCsi BTpoe GONbile BPEMeHH, 4eM Ha
nagenne. CKONBKO yIapoB OHa [eNaeT B MHHYTY, €C/AH CYHTATH, YTO
CBOGOAHOE MajeHHe KOMpoeoil Galul COBEpIIAGTCH € YCKOpPeHHeM
9,81 m/c??

Orser: 21 ynap.

12.6(12.7). Toasyn NBHMKeTCH MO NPAMOAHHEfHO! HanpapaAsiowed
C YCKOpEHHEM w,==— i° sin?" { Mfc?. Haiitu ypaBHeHHe JBH:KeHHS

MOJ3yHa, €CJAH ero HayalbHas CKOPOCTb Upy = 2m M/C, a HauajbHOe
TIOJIOXKEHHE COBMAajaeT CO CPeNHHM MOJOXKEHHEM MOJ3YHA, MPHHSATHM
3a HayaJo KoOpAHHAT. JIOCTPOHTL KPMBLIE PacCTOSIHMH, CKOpOCTeH H

YCKOpeHHuii.
Orger: x=4 sini;-t M.

12.7(12.8). Tloesn, uMess HavasibHYI0 CKOPOCTE 54 KM/d, mpomen
600 m B neperie 30 c. CunTan IBHIKEHHe NMOE3Aa PABHOIEpPEMEHHLIM,
OnpenenuTs CKOPOCTh H YCKOPeHHe noe3na B kouue 30-# cekynasl, ecnu
paccMaTpHBaeMoe IBHIKEHHE NOe3/ia NMPONCXONHT Ha 3aKpYIJIEHHH pa-
anyca R = | Km.

Oreer: v = 25 M/fc, w = 0,708 m/c2,

12.8(12.9). Ilpu orxome OT cTaHUMH CKOPOCThL MOe3a BOIPACTAET
PaBHOMEPHO H JOCTHraeT BeJHYHHB 72 KM/4 uyepe3 3 MHH mocje OT-
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XOZLa; MYTL PACNOJIONEH HA 3aKPyraeHdH pamuyca 800 m. Onpenennts
RacaTelbHOE, HOPMAJbHOE M NOJIHOE YCKOPEHMs noesja uepes 2 MHH
Iocliec MOMEHTa OTXOMd OT CTaHLMH,

Orser: wy = "fg M/?, wn =2/, M/c%; w = 0,25 M/c2

12.9(12.10). Tloesn nBuuceTcss paBHO3aMenJeEHO Mo JIyTe OKpYK-
HOCTH pajuyca R == 800 M ® npoxoaut nyts s = 800 M, HMes HAYAb-
HYIO CKOPOCTb Up==54 KM/4 H KOHeuHyl v = 18 km/u. Onpemenuts
fojoe YCKOPEHHe Moe3jia B Havaje H B KOHUE NYIH, a TaKike BpPeMsi
IBHIKCHHA MO 3TOH Ayre.

Oreer: wo= 0,308 m/c?, wy,==10,129 M/c2, T=280 c.

12.10(12.11). 3akpyrsenne Tpampaiinoro NYTH COCTOHT H3 ABYX
Ayr papuycoM py =300 M u p; =400 M. Llentpanbhue YIIu o) =
= ay = 60°. TlocTpouts rpadux wopmasn-
HOTO YCKOPEHHH BarcHa, MAYLIero no 3a-
KPYIJICHHIO CO CKOPOCTBIO U = 36 Km/M.

12.11(12.12). Touka gemxerca no ayre
OKpYXHOCTH panuyca R — 20 cm. 3akoH ee
ABHXXEHHA @0 TpaekTopuu: s = 20 sinnf K aanaue 12.10
(t—B cekyHmax, s—B CaHTHMETpax).

Halith Benuunny u nanpabsenue CKOpPOCTH, KacaTeslbHOE, HOPMa bHOe
H NO./IHOE yCKODEeHHS TOYKH B MOMeHT { =15 c. TlocTpouts Takke rpa-
(PHKH CKOPOCTH, KACAaTeNLHOrO H HOPMAaJBHONO YCKOpPEeHHIL.

Orser: CxopocTb paBHano Beanunne 20 cM/C K HanpaBneHa B CTO-
POHY, NPOTHBOMOJIOKHYIO MONOXHTEAEHOMY HATIPABJAEHUIO OTCYETA AYTH
8; Wy = 0; w = wn = 2012 cm/c2

12.12(12.13). TlpsaMonrHeiiHOe ABHIKeHHe TOUKH NPOMCXONUT Mo 3a-

KOHY s=%(al+e‘“’), T o ¥ g — NOCTOSIHHLIE Benwguue. Hafitn

HAYuaJNbHYI0 CKOPOCTE TOYKH, a TaKXKe ONpefennTh ee yCKopeHHe B
GhyHKUHH OT CKOpOCTH.

Orser: vp =0, w = g — gy.

12.13(12.14). [Buxenne Touku 3amano yPaBHeHHAMH

* = 10 cos (2x/5), y = 10 sin (2n#/5)

(x,y —B cantumerpax, t—p cekyunax). Hafitu tpaexropuio Touxm,
BEJIHUHHY U HaNpaBjeHHe CKOPOCTH, a TaKKe BENHIHHY H HanpaBieHune
YCKOpPEeHHS. :

Orser: OKpyXHOCTD pamuyca 10 cM; ckopocts v=4x cM/c u na-
TipaBJ/ieHa 1o KacaTesbHOH B CTOPOHy mepexona oT ocu Ox K ocy Oy
noBopoToM Ha 90°; yckopehne w = 1,652 cMfc? y HampaBaeHo K UEHTPY.

12.14(12.15). YpasueHus aBuKeHHs NMaJjbla KPHBOWIENA AH3ends
B NIEPHOL NMYCKa KMEIOT BHA x = 75 cos 42, y = 75 sin 4£2 (x,y—B can-
THMeTpax, £ — B cekynpax). Haiitu ckopocts, kacatesmroe i HOpMaJib-
HOe YCKOpPeHHs nafbua.

Oreer: v = 600¢ cm/c, wy — 600 eM/c?, w, = 48002 cm/c2.

12.15(12.16). JIpuxenre Touky 3amaHo YPaBHeHHAMH

x=a(eh +eH), y=a(e— e,
Fhe @ ¥ B — 3afaHHBe NOCTOAHHEE BeJIHIHHEI,
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Hafite ypamrnenwe TpaekTopuM, CKOpOCTb H YCKOPEliHe TOYKH Kak
byHKuuH panmyca-BexkTopa r==4/%%F 12

Oreer: T'unepbona x2— y? = 4a%; v = kri w = k3r.

12.16(12.18). Haittu panuyc KpHBH3HH NpA x=y =10 TpaekTo«
PHH TOYKM, ONHCHBawomeH ¢Qurypy Jinccamy corsiacHO ypaBHEHHAM

= —ga sin 20f, Yy =—a sin ot.

Orser: p = oo.
12.17(12.19). Hajfitn BesiMuuHy M HanpaBreHHe YCKOpEHHS, a TaKxke
Palvyc KpHBH3HHI TPa€KTOPHH TOYKH KOJeca, KaTALlerocs 6e3 CKOJb-

y?
| 2
§
A z
K sanaue 12.17 K zanaue 12.18

¥eHH7 10 TOPH3OHTaNbHOH OCH OX, €C/M TOYKA ONHCHEBAET NHKAOHALY
COrJIaCHO ypaBHEHHAM

x = 20f{ — sin 20, y = | — cos 20¢

(f—B cexynnax, x, y —B metpax). OnpenennTs TaKiKe 3HAYCHHE pa-
IHyca KPHBH3HH p npk { = 0.

Oreer: Yckopenune w = 400 m/c? u nanpaeieHo no MC x uentpy C
KaTHLIerocs Kpyra; p == 2MA, po =0.

12.18(12.20). Ha#itn Tpaekropuio Toukn M WaTyHa KpPHBOLIHITHO-

NON3YHHOFO MEeXaHH3Ma, eciH r=[=60cM, MB—= %I, @=4nt

({—B cexynnax), a TaKixe ONPENENHTb CKOPOCTb, YCKOPEHHE H pafiHyc
KPHBH3HEI TPAEKTOPHH TOUKH B MOMEHT, Korja ¢ = 0,

2 2
Oreer: Snnunc 13_0*"’%1'= I, v=280n cm/c, w=1600n2 cm/c?,
p=4 cm.
12.19(12.21). Ha npoBonouHof okpy»HOCTH paauyca 10 cM Hapmeto
Kosieyko M; yepe3 Hero npoxonut crepxens OA, KOTOPLIH PaBHOMeDHO
#_—4 BPallaeTcs BOKPyr Toukk O, nexauiedl Ha Toil xe

3 OKPYXKHOCTH; YIJIOBast CKOPOCTb CTEPIKHS TaKOBa,
) 49TO OH IOBOpaYyHBaeTcs Ha nNpsiMoH yroa B 5 c.

OnpenenuTe CKOPOCTE v H YCKOPEHHE w KOJedKa,
Oreer: v =25 cm/c, w = 04n? cMm/c2.
12.20. B ycnoBuax npenuinymed 3azauu onpe-
K sansvam 1210 u 1209 MDEJAHTL CKOPOCTL H YCKOpeHHe KoJiedka M Kak
(YHKIKIO yrJia @, eC/IH YI/I0BOE YCKOPEHHE CTepIKHS
OM pasro k cosg (k=const). B HauamHEE MOMeHT npi £=20
Yroll @ M ero CKOPOCT paBHAJHCH HYNIO, PafiHyC OKpYXHOCTH r,
I<p<snmn

Oreer: v=2r 4/2k sin @, w=2kr /1 F I5sin’g.
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12.21(12.22). [IsumeHune cHApPAAA 3afiaHO YPABHeHHSIMH
X =uvolCOS ttp, y=uwplsinay—"'/s gt?

rle vp H 0o — NOCTOAHHLIE Benndnubl, HaiTh pafHyc KpHEH3HH TpaeK-
TOpHH NpH { = 0 # B MOMEHT majeHHs Ha 3eMJ0.

Oreer: p= vgj(g cos a ).

12.22(12.23). Crapsap ABHXeTCH B BEPTHKAJBHON NJAOCKOCTH €O«
fJIacCHO ypaBHeHHaM x = 300f, y = 400¢f — 5{2 (t — B cekyHpnax, X,y —
B Metpax). Ha#itn: 1) ckopocts H ycKOpeHHe B HadalbHEIH MOMEHT,
2) BHICOTY H NanbHOCTH o6cTpena, 3) pa-
JHYC KPDHBH3HH TPaeKTOPHH B HauajnLHOM
H B HauBHICIIEH TOYKaX.

Orser: vp== 500 M/c, wo= 10 M/c?,
h=8 kM, s =24 KM, pp=41,67 Km,
p=9 Kwm.

12.23(12.24). U3 opynus 6eperosoit
apTHinepHs ¢ BHCOTH h=30 M Han
YPOBHEM MOPs NMPOH3IBEJEH BHICTPE I07
YrIOM o — 45° K TOPH3OHTY C HAaYajh-
EOH CKOPOCTBIO CHapsama vy = 1000 m/c. K aanave 12.23
OnpenesinTe, Ha KakOM pacCTOAHHH OT
OPYZHs CHAPAA NOMANET B LEJb, HAXONAULYIOCA HA ypoBHe Mops. Co-
NpOTHBJIEHHEM BO3AYyXa NpeHe6pedn.

Orser: 102 kM.

12.24(12.25). HafiTu kacaTenbHoe H HOpMaJbHOE YCKOpPeHHS TOYKH,
IBHIKEHHE KOTOPOil BEIPAXKaeTCA ypaBHEHHIMH

x=af, y=Ppf— g}f2.

— gt o
Orser: wy=— — g—(ﬂv—g)-. W, -—-——E-';—. rie v — CKOPOCTh TOYKH,

12.25(12.26). Touka ABMMKETCS MO BHHTOBOM JIHHHH COTJIACHO ypaB-
HEHHSIM X = 2cos 4/, y = 2sin4f, z = 2¢, npuuem 3a €AHHHLY ANHHE
B3AT MeTp. OnpelennTs pagHyc KPHBHIHE P TPaeKTOpHH.

Orser: p = 2!/ M.

12.26(12.27). [IBuikeHue TOuKH 3afaHO B NOJISIPHEIX KOOPAHHATAX
YPaBHEHHAMH r = oe* u @ = kt, rie @ W £ —safaHHEe NOCTOSHHLE
BequyuHHEL. Hafith ypaBHenne TpaekTopmH, ckopocTs, YeKOpenHe H pa-
AHYC KPHBH3HH TPAa€KTOPHH TOYKH KakK QGyHKIHH ee pafHyc-BeKTOpa r.

Orser: r = ae¥— norapudmuueckas cnupans: v =kr 1/2, 0=
=2k, p=r /2.

12.27(12.28). [IsuikenHe TOYKH 3allaHO YPaBHEHHAMH

x=2f y=1=1

(t—B cekyHpax, x H y—B canTHMeTpax). OnpejenuTs BEJHUHHHE H
HAMpABJIEHHSI CKOPOCTH H YCKODEHHA TOYKH B MOMEHT BpeMeHnu f — 1 ¢,
S e
Oreer: v=24/2 cMfc, w=2 cm/c?, (v, x)=45° (w, x)=90°
12.28(12.29). TocTPOHTL TPaeKTOPHIO NBHXKeHHS TOYKH, rofgorpad
CKOPOCTH H ONpele/HTh PajgHyC KPHBH3HH TpPAaeKTOPHM B HauajbHEIH
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MOMEHT, €CJIH TOYKA JBHIKETCS COTIACHO yPABHEHHAM
x=4f, y=4¢

(t—B cexynnax, x u y—p CaHTHMeTpax).
3
Oreer: Ypaprenue TPaeKTOPHH ¥ =—g-4;- — KyGOu4eckas mapaGosa;

FoAOrpad) CKOPOCTH — NpsiMas, NapassiedbHas OCH Uy Po =00 (Ha-
9aNbHAs TOYKA TPAEKTOPHH —
TOYKa nepernGa).

12.29(12.30). Kpueoumn
O,C nnuuoii @/2 mpamaercs
C NOCTOSHHOH YIriOBOH CKo-
POCTBIO @ BOKpPYr ocu O,
B toyke C c kpuBowmmom
WAPDHHPHO CBfA3aHa JHHeiiKa
AB, npoxonsmasi pece BpeMs
Hepe3 kauawuywes Myhty O,

K sanave 12.29 HAXONAILYIOCH HA PacCTOSHUH
a/2 ot ocH epamenns 0.

TlpunsaB Touky O 3a MOMIOC, HAHTH B NOJSIPHEIX KOOPAHHATAX ypaB-
HEHMA JIBHIXKeHHS TOYKH M nuHedKu, oTCTORMUIEH OT wapsupa C Ha
PACCTOAHHH @, €€ TPAEKTOPHIO, CKOPOCTb H YCKO-
PelHe (B HayasibHLII MOMEHT  yroa Q=
= ZC00; = 0).

Oreer: 1) r = a(l + cos(0t/2)), ¢ = 0t/2;

2) r=a(l + cos p)-— KapaHoHza;

3) v =awcos(wl/d);

aw? ot
4) w="9"4/5+4cos 9L

12.30(12.32). B ycaoBusix 3agagu (12.29) on-
PEACNHTb PafiHyC KPHBHM3Hb KapAHOKAK NpPH r ==
=2a, g =0,

Orser: po = 4/sa.

12.31(12.33). Koney A crepxust AB nepeme-
llaeTcs NO NPAMOJIHHeHHOH Hampasasioules CD
C NMOCTORHHOK cKOPOCTLIO va. Crepxkens AB Bce Bpems NPOXOAHT Ye-
pe3 Kauawowyrcs mypry O, otcrosiuyio or vanpabBasioweii CD Ha
paccrosiiiy a. Tlpunsis Touky O 3a noawc, HaliTH B MOJASPHLIX KOOp-
LHHATAX r, @ CKOPOCTbh M yCKOpeHHe TOYKH M, Haxomsuuelics Ha -
HeflKe Ha paccTOsHHH b OT nosn3yHa A.

K sanawe 12.31

2
v - vab >
Oreer: v= -2 A/a¥sin? ¢ + rcos’ @, w= —r cos®g4/T F 3sin? g,

rhe r=a/o® + 03fF — b, p=arclg (vat/a).
12.32(12.34). Touka M pBHXXETCH MO BHHTOBOH JIHHHH. YpasHenusn
ABHMCHHA €€ B LHAHHADHYECKOH CHCTEME KOOPAMHAT HMEIT BHI
r=a, Q=4I z=yvI.

104



HalTH TPOeKUHH YCKOPeHMS TOUKH HA OCH UHIHHAPHIECKON CH-
CTeMLI KOOplIHHaT, KaCaTE.HbHYIO H HOPMHJI!:H}’!O COCTaBnfAmOLLlE YCRO-
PeHHs B pagHyC KPHBH3HLI BHHTOBOM JHHHHE,

Orger: 1) w, = —ak?, Wy =0, w,=0;

2) v, =0, wn = ak?;

3) p =(a%?-+?)/(ak?).

12.33(12.35). Touka M IBHXETCH NO JHHMH NepeceueHHs cthepwr
x*+y’+ 22 =R? v unmunnpa (x— R/2)? + 42 = R?/A. YpaBHeuus
ABHXKEHHS TOYKH B CePHYECKHX KOOPAHHATAX HMEIT BHA (CM. 3a-
nagy 10.21)

r=R, o==~ki2, 0=Fkt/2

Halith NpoeKUNH M MOAYNb YCKODEHHS TOYKH B ChepHYECKHX KO-
OpAHHATaX.

2z 2
Oreer: w,=——%k—(l + cos6), ww=-—-R—§— sin 6,
1 3
we =%sin9cose, w=—8—f— 4 4 sin26.

12.34(12.36). KopaGan npuxeTca nog NOCTOSHHEIM KYPCOBEIM
yrnoM o K reorpaHueckOMy MepHAHAHY, ONHCHIBAS NPH 3TOM JIOK-
conpomuio (cM. 3apawy 11.13). Cumtas, 9T0 MOZY.1b CKOPOCTH U KO-
pabns He M3MEHJETCs, ONpeAesUTh MPOEKUHH YCKOPEHHs Kopabns Ha
OCH ChepHYECKHX KOODAMHAT r, A M @ (A — monrora, ¢ — IIHPOTA
MEeCTa MNJAaBaHHs), MOAYAb YCKOPeHHR H PafiHyC KPHBH3HBEI JIOKCO-
LPOMHH.

P v? .
Orser: Wp=—-p, W=— g sinccosatgg,
w@=—-;l';-sinzatgq>, w=—%q/l+sin"’atg“<p,

b ey bl
A1 Fsinfatgeq
rae R — panuyc 3emin, @ ==qq wi-—'-’%g‘— &
12.35(12.37). Bripasute neKapTOBH KOOPAHHATH TOYKH Hepe3 To-
pouzanbHbie KOOpAHHATH r == CM, § u @ uonpesenuts ko3pdHUHEHTE

JIsme.
Ozeer: 1) x==(a+ rcos ¢)cos 1, y=(a - rcosp)siny, z=
= r sin @;
2) Hh=1,Hy=a+rcosg, Hp=r.
12.36(12.38). [Ipuxenre TOYKH 3a4aHO B TOPOHIANLHOH CHCTeMa
KOOpAHHAT r, P M @. HaliTh MPOEKUHH CKOPOCTH H YCKOpeHHSl TOUKH
HA OCH 3TOH CHCTEMHI OTCUETA.
Orger: 1) vr = f, v, =(a + rcos )P, vy = rg;
2) w,=7—(a -} rcos¢)cos pp? — rg?
wy=(a + rcos @) + 2cos pip — 2rsin q;ﬁu}:,
we = r¢ + 2/p+(a + r cos g)sin gip.
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12.37(12.39). Touxa NBHIKETCA N0 BUHTOBOM JMHMM, HAMOTAHHOMN Ha
TOp, MO 3aKOHY
r=R=const, p=of, @=E&L

Onpenenutt NpoeKuuH CKOPOCTH H yCKOPEHHA TOYKH B TOPOHAAJb-
HOfi CHCTEMe KOOpAHHAT (® == const, &£ = const).
z Oreer: v, =0, vy==(a+ Rcosg)o,
Uq} == Rkl
wr = —[(a + R cos p)cos gpo? + R,
W, = —2Roksin g,
we = w?(a -+ R cos @)sin g.

12.38. MexarusM po6GoTa-MaHUNYAs-
TOpA COCTOHT H3 IIOBOPOTHOTO YCTPO-
K sanauam 12.35—12.37 ctBa I, KOJIOHHE NI BePTHKAJLHOrO Ie-
peMeuenHa 2 M BLIABHTAIOINEHCH DYKH

co cxpatoM 3. HaliTh ckopocTs M ycKOpeHHe HEHTpa CXBaTta NpH 3a-

AaHubx ¢(f), 2(t), r(f).
Oreer: v = [P + r*’¢? + 22,
w=A/(F —r¢?? + (r§ + 2/ ) + 2
12.39. BeprHkanpHas KOJOHHA, Hecyuiash pyKy poGoTa-Manunyns-
TOpa, MOXET MOBOpauHBaThCH Ha yroa ¢. Pyka co cxBaTom noBopaui-

K sanaue 12.33 K sagaue 12.39 K sapnaue 12.40

BaeTcA Ha yrosl € u BouiBHraercss Ha paccrosure r, Haiith ckopocts
H YCKOpeHHE LeHTpa CXBaTa.

Oreer: v==4/f*} r*$* + r?sin? 6¢?,
w=(F — ré® — r¢? sin® 82 4 (r§ + 276 — r¢? sin B cos )2 4
+ (r sin ® + 2¢¢ sin 8 + 2r¢é cos H)%
12.40. Mexanu3m po6oTa-MaHHMyNATOPA COCTOHT M3 NMOBOPOTHOIO

YCTPOACTBA € BEePTHKaNbHOM OChIO (Yroa noBOpOTa — @) H HBYX
SBEHbEB, PACMONOXKEHHBIX B BEPTHKAJNbHOH IVIOCKOCTH (Yrabl MoBOpOTa
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asenves — ¥ u 0;). Hafit ckopocrs uemtpa cxpara mpu mepemoce
Tpys3a.
Ozeer: v= B4} +12(0, + 0,2 + 21,0 (8, + 9,) cos 9, +

+ (4 sin 0, 41, sin (8, + 0,1 g%,

TJTABA IV
NPOCTERIUHE JABH)XEHHA TBEPAOIO TEJA

§ 13. Bpaiuense TBepAOro Tena BOKPYr HenogBHMKHOA ocH.

13.1(13.1). Onpenenuts yriopyio ckopocts: 1) ceKynmuolt cTpesks
9acoB, 2) MHHYTHOH CTPEJIKH 9acoB, 3) 9aCOBOH CTPeJIKH 4acoB, 4) Bpas
wennsi 3eMJIH BOKPYT CBOEHl OCH, CYHTas, 9TO 3eMJis HeaeT OfuH 060«
poT 3a 24 waca, 5) napoeo#i Typ6unn Jlapass, genaromen 15000 o6/mun,

Ozeer: 1) @ = n/30 pan/e =0,1047 pan/c.

2) o =m=i/1800 pan/c=0,001745 pan/c.

3) © = /21600 pan/c = 0,0001455 pax/c.

4) o = n/43200 pan/c =0,0000727 pax/c.

5) o =1571 pan/c.

13.2(13.2). Hanncate ypapHenne BpamleHus JHCKa NapoBoi Typ<
OEHH OpH MYyCKe B XOM, €CH H3BECTHO, 9TO YroJ NOBOPOTA MpOMOpP<
uuonanen KyGy BpemeHd M npH [=3 C yriosas CKOPOCTH HHCKa
paBHa @ = 27 pan/c.

Orser: @ = nuf® pan.

13.3(13.3). MasTuuk HeHTPOGEIKHOrO PeryJisiTopa, BpauIaIHACS
BOKpYF BePTHKa/bHOA ocH AB, menaer 120 o6/mun. B nagansuuii Mo-
MEHT yroa nopopora GuJi pasedH ni/6 pag. Hafitu yron nosopora u
YrIOBOe IepeMeleHHe MaaTHHKA 3a Bpems f = 1/2 ¢,

Oraer: qaz—lg-:rc pan; Ap=2n pan.

13.4(13.4). Teno, nauuHas BPaLaTLCH PaBHOYCKOPEHHO H3 COCTOS-
fAHA noxosi, nenaer 3600 o6oporop B neppue 2 MuHyth. Onpegenuts
YIVIOBOE YCKOpEeHHE.

Oreer: e =zt pan/c2.

13.5(13.5). Ban nayHHaeT BpamATLCH PaBHOYCKOPEHHO M3 COCTOS-
HHSl TIOKOA; B MepBHE 5 C OH copepmaer 12,5 o6opora. Kakora ero
yrJioBasi CKOPOCTh 1O HCTEUEHHM 3THX 5 ¢?

Orger: o = 10n pan/c.

13.6(13.6). MaxoBoe KoJleCcO HauHWHAeT BPAlATLCS H3 COCTOSHHH
TIOKOs paBHOYCKoperHO; uepe3 10 MHH Mocje Hauana ABHIKEHHS OHO
HMeET YrioBYI0 CKOpOCTh, paBHyio 4n pan/c. Ckosibko o6OpOTOR Clie-
JlaJio Koneco 3a 37H 10 MHH?

Oreer: 600 o6opotoB.

13.7(13.7). Koneco, uMeiollee HENOABHIKHYIO OCh, TMOJNYIHJIO Ha-
H9aJIbHYI0 YIROBYIO CKOpoCTh 257 pas/c; caesnas 10 o60poToB, OHO BCJex-
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CTBHE TPEHHS B TOMWHNHHKAX OCTaHOBMAOCH, OnpefesinTn yriioeoe
YCKODEHHe e KoJleca, CIHTAS ero MOCTOSAHHEIM.

Oreer: e = 0,1n pan/c?, BpallleHHe 3amMenJieHHoe,

13.8(13.8). C MomenTa BHIKIIOYEHHS MOTOpa NpONEnnep camoJera,
BPALUABLIMACA C YrIOBOi CKOPOCTHIO, paBHo# 40n pap/c, cnenan no
ocTaHoBkH 80 oboporoB. CKONBKO BpeMeHH NpoIJIO € MOMEHTa BHI-
KIIOUCHHST MOTOPa 110 OCTaHOBKH, €CJIH CYHTATh BpallleHHe nponesepa
PaBHO3aMeJIEHHEIM?

Orger: 8 c.

13.9(13.9). Teno cosepwaer kosebanus okono HENOABHIKHOH OCH,
TIpHYEM YroJl MOBOPOTa BEIPAXAETCH YpaBHEHHEM

¢ = 20° sin ¥,

[IE€ yron 1 BEIPAXKEH B YINOBHX Tpaaycax 3aBHCHMOCTBIO P =(21)°,
npHuem { o6osHauaer cekyHnwl. Omnpeneants yraoByio CKopocTh Tena
B MOMENT ! = 0, Ganxkakiune MOMEHTH {, B {5, B KOTOPHE H3MEHSETCH
HafnpaBaeHde BPalleHHs, H NepHon konebauus T.

Orser: ==-8—:-0—:rt2 panfc, =45 ¢, t,=135 ¢, T— 180 c-

13.10(13.10). Yacoso#i GasniaHCHp COBEpIIAET KPYTHABHHE rapMo-
HHYECKHe Koyebanxs ¢ nepuosom I = 1/2 c. Haubonsusii yroa or-
KINOHEHHS TOYKH obBoxa GanaHCHpa oOT No-
JIOXKEHHA PaBHOBECHA o = /2 pal. Haiitn
YrnoBylO CKOPOCTh H YrioBoe YCKOpeH:He
banaHca uepes 2 c mocae MOMEHTa, Koraa
GanaHCHP NPOXOLHT MOJOKEHHE papHo-
BECHf.

Oreer: o = 2n2 panfc, e = 0.

13.11(138.11). MastHuk KonebjeTcs B
BEPTHKAJBHOMK MJOCKOCTH OKOJIO HENONBHIK-
HOH ropusoHranbHoit och O. Buiing B Ha-
YaJbHEIH MOMEHT M3 TOJIOXEHHS DPaBHOBe-
CHfl, OH [oCTHraer HanGoJbero OTKJoHe-
Husl o == 51/16 pan uepes 2/3 c.

1) Hanucare 3akon koseBanmii MasfiTHHKA, CUHTasi, YTO OH COBEp-
LUaeT rapMOEHYeCKHe KonebaHus,

2) B KaKOM NONOXKeHHH MasTHHK Gyaer uMeTh HanGoJMLLIYIO Yrio-
BYIO CKOPOCTE H YeMY OHa paBHa?

K 3anawe [3.10

Orger: 1) q>=l—’; sin %nt pam.
2) B OTBeCHOM MOJIOKEHHH; mmx=—6%-:t2 pan/ci.

13.12(13.12). OnpenenuTs CKOpPOCTH v ® YCKOpPEHHEe 1w TOYKH, Ha-
XoslueHcs Ha noBepxHocTH 3eMsH B JIewMHrpajle, npHHNMAs BO BHH-
MaHue TONbKO Bpalienue 3eMJH BOKPYr cBoeif ocH; wupora JleHuH-
rpaza 60°, panuyc 3emau 6370 kM.

Orser: v =232 m/fc, w =0,0169 m/c2,
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13.13(13.13). MaxoBsoe Kozmeco papmyca 0,5 M Bpamaercs paBHO-
MEpHO BOKPYr CBOZH OCH; CKOPOCTH TOMEK, JIEXAIlkX Ha ero o6oue,
paBHa 2 M/c. CKo/bKo 060pPOTOB B MHHYTY AelaeT Komeco?

Oreer: n = 38,2 06/MuH.

13.14(13.14). Touka A wkwuBa, jexamas Ha ero o6oje, ABHIKETCS
co cKopocTbio 50 cM/c, a nekoTopas TouKa B, B3aTas Ha OnHOM pa-
Anyce ¢ TOUKOH A, NBHXXeTcs co cKopocTeio 10 cm/c;
paccrosinne AB = 20 cm. OnpefenuTs yrioByIo CKo-
POCTH @ M AHaMeTD LUKHBA.

Orger: @ =2 papfc, d =50 cm.

13.15(13.16). MaxoBoe Kosieco paauyca R =2 m
BpallaeTcsi paBHOYCKOPEHHO M3 COCTOSIBHS MOKOS:
uepes {= 10 ¢ TouKH, Nexaulue Ha obone, o6Jia-
AT JHHEAHOH CKopocTeio v ==100 m/c. HaiiTH
CKOpOCThb, HOpMAJIbHOE H KaCaTesIbHOe YCKOpeHHS K sanave 13.14
TOueK 060fa KoJseca VIS MoMeHTa [ = 15 c.

Orser: v =150 m/c, wp,= 11250 m/c?, w,= 10 m/c2.

13.16(13.16). Hafitn roprsonrasnshyio cKopocTs v, KOTODPYIO HYKHO
cOOOMMNTL TeNy, HAaXOASIUIEMYCs Ha SKBaTope, /% TOro uTobH OO,
LBHrasiCb paBHOMEPHO BOKpYr 3eMJM 10 9KBAaTOPY B 0COGhIX Hanpas-
JIAIOWHX, HMEJIO yCKOpeHHe cBoGonHoro nafeHus. OnpeflefuTs TaKike
Bpems T, Mo HCTeYeHHN KOTOPOro Tesio BEPHETCA B MePBOHAYaJBHOE
nosioxkeHHe. Pannye 3emau R = 637-10° cm, a YCKOpeHHe CHJIH TH-
2KeCTH Ha 3KBaTope g = 978 cm/c2.

Orger: v =79 km/fc, T==14 1.

13.17(13.17). Yron Hak/OHa MOJIHOrO YCKOPEHHS TOUKH o6ofa Ma-
XOBOro Koneca k pagnycy paeer 60°. KacarensHoe yckopeHue ee B faH-
HHi MOMenT w, = 104/3 wm/c2. Hafith HopMansHoe
YCKOpEHHE TOYKH, OTCTOALIeH OT OCH BpalleHHs Ha
paccrosHud r=0,5 M. Paguyc Maxosoro KoJeca
R=1m. 5

Orser: w, =5 m/c2

13.18(13.18). Ban pamuyca R ==10 cm mpHBO-
AHTCA BO BpallleHHe rHpeH P, NpHBELIEHHOR K HeMy
Ha HuTH. JIBH)XXCHHE FHDH BHPaiKaercs ypaBHeHHeM .
x=100f%, rne x—paccTosHHe THPH oOT Mecta P .
CXOl2 HHTH C MOBEPXHOCTH BaJjia, BhIpaKEHHOE B Ronasand 15,18
canTHMerpax, {—Bpems B CeKyHmax. Onpelenuts
YLIOBYI0 CKOPOCTB @ H YIJIOBOE YCKODEHHe & BaJia, a TaKiKe moJjiHoe
YCKOpeHHE W TOYKH Ha NOBEpXHOCTH Bajla B MOMEHT f.

Orser: © =20t pan/c, e=20 pan/c?, w= 200 1/1 + 400 cmfc2.

13.19(13.19). Pewsts npeanayuiyio 3apavyy B obueM BHIe, BHpa-
3HB yCKOpEHHE ToueK 000fa Kosieca Yepe3 Mpo¥iAeHHOe Fupeli paccros-
HHE X, pafHYC Kojieca R H yCKODeHMe TMpH % — wp = const.

Orser: w=w,4/1+ 4x7R2.

13.20(13.20). Crpesika rayisBaBOMeTpa JUIHHE 3 CM KoseBaeTcs Bo-
HpYr HENO/BHHON OCH 110 3aKOBY @ == Qo sin k¢, OnpengauTs yckope-
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HHE KOHIl2 CTPEJKH B ee CPEHEM H KpaiiHMX MOJOMEHHSX, a Takke
MOMEHTH BpPeMEeHH, TPH KOTOPHX YrJoBas CKOPOCTL & H YIJIOBOE YCKO-
PeHHE e OOpamaKTcs B HYyJb, €CJIH NepHOA KoJieGanuil paseH 0,4 c,
a yrjaoBasi aMIJIMTYAA @p = 7t/30.

Oreer: 1) B cpenneM noJoxerHu CTpesky w = 8,1 cm/fc?

2) B-kpafinux nonoxeHusx CTpenku w = 77,5 cm/c2,

3) =0 npu t =(0,14+0.2n) ¢ (n=0, 1, 2, S L

4) e=0nmput=02nc (n=0,1,2, ...).

§ 14. NpeoGpasosanye NPoCTeRNX ABHMEHUI TEEPAOTO TeNa

14.1(14.1). ¥YrnoBas cKopocte SyGuaToro Koseca 1 IHamerpa
Dy =360 mM paeua 10m/3 pan/c. Uemy HomXeH paBHSTHCA IHaMeTp
3yGuaToro Kosieca /I, Haxonsmierocsi ¢ KojiecoM / BO BHYTDEHHEM 3a«
LeNJIEHHH, YIJI0BasA CKOPOCTh KO«
z TOpOro B TPH pasa GoJibLUue Yryio-
- BOH OCKOpOCBH xo.rg:a I?
7 8er: Dy =— 120 MMm.
)/ I—%” 14.2(14.2). PenykTop cxopo-
CTH, CNYXalHA ANa 3aMeIeHus
BpaulenHs H Nepe/lalollHi Bpa-
) uiende Baaa [ Bany I, coctout
A" us qeTHpeX lecTepeH C COOTBeT-
CTBYIOLIHM 4HCIOM 3yGLOB: 2| =
z l=10, Zz=60. 23 = 12, 24=70.
OnpeaesuTe nepefaTodHOe OTHO-
LIeHHe MeXaHH3Ma.

Oreer: i = o1f/on = 35.
14.3(14.3). CraHOK co WKHBOM A NPHBOLHTCA B RABHXKCHHE H3 CO-
CTOSHHA NOKOsl GECKOHEYHHM peMHEM OT WKHBa B siekTpomoTopa:
pajunychl WKHBOB: ry = 75 CM, rp == 30 CM; nocJe nycka B Xof SNeKTpo-
MOTOpa ero yrioBoe yckopehne pasuo 0,4n paa/c?. [NpeneGperas

S

S

K aapawe 14.1 K sapgaqe 142

K aanaue 143 K 3ajaue 14.4

CKOJIb)KEHHEM PEMHA MO LUKHBAM, ONpele/HTh 9epPe3 CKOJIbLKO BPeMEHH
yraoBasi CKOpocTh craHka Gyner paBHa 10n pan/c.

Orser: 10 c.

14.4(14.4). B mexaHusme CTPeJIOYHOTO MHIHKATOPE NBHIKEHAE OT
peiikH MepHTensHOro wrHGTa | nmepenaeTcs wectepHe 2, HA OCH Ko-
TOpOH yKpemyieHo 3ybyaToe KOJIECO 3, CUEM/AIO[ieecH C LUeCTePHel 4,
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Recyluelt crpenky. OnpenenHTh YIrJoByK CKOPOCTH CTPeNKH, €ciid ABH-
JeHHe WITH(TAa 3ajaHO ypaBHEHMeM x = a sinm ki ¥ paanych 3y6ua-
ThiX KOJieC COOTBETCTBEHHO PaBHEI rg, Fg H ry.

Oreer: ©,=-"-akcoski.
Tafy

14.6(14.5). B Mexamnsame NOMKpaTa TpH BpalueHHH PYKOATKH A
HaYHHAIOT BpawaTeCa mecTepHu I, 2, 3, 4 u 5, KOTODHE TNpPHBOAAT
B ABHKEHMe 3ybuaTyio pefiky B nomkpara. OnpenestuTs CKOpOCTb MO-
ClenHeH, ecqiM pykosTka A BpalllaeTcs € YIVIOBol CKOpOCTbIO, paBHOMH

Y

K aanave 14.5 K aanave 14.6

s pan/c. Hucaa sybuoB mecrepeH: 23 =06, 23 =24, 23 =28, z,=232;
pafinyc nATOH WecTepuu rs = 4 CM,

Orser: vs =78 MmM/c.

14.6(14.8). Ina nonyvueHus NepHOAHIECKH H3MEHSIOMHXCH YIJIO-
BHX CKOpoOcTef Clen/ieHH [Ba OJHHAKOBHIX SJIHNTHYECKHX 3yO4aThX
Koneca, H3 KOTOPHX OJHO BpaiiaeTcs paBHOMePHO BoOkpyr ocu O,
€ YrJIOBOH CKOPOCTBbIO ® == 9m paj/c, a Apyroe OpHBOAHTCH NEPBHIM BO
BpaliaTeJibHOG [BHIKeHHe BOKpYr ocH O).
Ocu O u 0, napanyesbHH H NPOXOAAT
qeges tdhokycel sanrncoB. Paccrosnue
OO0, paBrO 50 cM, MoOAyOCH 3JITHNICOB 25
¥ 15 cM. OnpefesiHTs HaHMEHBIIYIO H
HanGoJILLIYIO YIJIOBHE CKODOCTH KoJe-
ca 01.

071867  Wmin = 7 PaRfc, Omax=
= 81z pan/c.

14.7(14.7). BuBecTs 3aKoH nmepenauu
BpalleHHsl Napel 3JMHNTHYECKHX 3yGHa-
THIX KOJIéC € noJjiyocaMH a H b. ¥raoBas
ckopocTk Koneca [ w; = const. Paccros- K sggaue 14.7
nue Mexny ocamu 0,0 = 2a, p — yrou,
06pa30BaHHLIH NPSIMOH, COENHHSIOWEH OCH BpalleHHS, H GOJbLIOM
OCpi0 sqsMNTHYECKOro Koseca /. OcH npoxonsT gepes Qokycs si-
JIHIICOB.

a®— c2-
Oreer: @)= @ —Saccos g F o O PA€ €= NHHEHHLH 9KCUeRTPHCH-

TeT SIIMNCoB: ¢ = 4/a® — b2
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14.8(14.8). Hafitu HanGoMNLIIYI0 K HAHMEHLIUYIO YrioBLie CKOpoCTH
OBAJIBHOrO Kosieca Oy, CuemnsierHOro ¢ Kodecom O, yrioBas CKOPOCTh
koToporo paBHa 8n pas/c. Ocx Bpamenus Konec HAXORATCS B LEHTpax
oBaJioB. Paccrosiine Mexay ocamu paBuo 50 cm. IMoayocm oBasnoB
paBuul 40 1 10 cm.

Oreer: Omin = 2n pan/c, ®msx = 325 pan/c.

14.9(14.9). Onpenenuts, HEpes KAKOH MPOMEXYTOK BpeMeHH 3y6ua«
Toe Xouuueckoe koneco O panuyca ry = 10 cm Gyner umers YIJIOBYIO

,T
’//0 2]
o 7 I
N, 1
AR
// ,6? \\
S 2 3

AW » |

K sanauo 14.9

K aamaue 14.8

CKOpOCTb, paBHYI0 144n pan/c, ecau oHO [IPHBOAHTCH BO BpauieHHe H3
COCTORHHSA MOKOSi TaKNM ke KonecoM O, pammyca rp = |5 CM, Bpa-
IIAIOLIBMCS paBHOYCKOPEHHO € YIJIOBBIM YCKOPEHHeM 41 pan/cd

Orser: { = 24 c.

14.10(14.10). Beayuwn#i san / ¢prKIHOHHOR NMepenaun Bpamaetcs
C YrJIoBo# CKOPoCTbio @ = 20m pan/c U Ha XONy mepensHraercs (Ha-
MpaBieHHe yKAa3aHO CTPeNKOH) TaK, YTO paccTosHHe d MeHseTcs Mo
3akoHy d =(10—0,5¢) cm (¢ —B CeKyHziax).

—
[] o
= 1 A
1772}
Vi X ¢
: o |
I o
i » /4 2 2 ' 77
K 3apawe 14.10 K aanave 14.11

Onpenesnts: 1) yraoBoe yckopenne ana JI kax dymkimio pac-
CTOAHMS d;

2) yCcKopeHHe TOYKH Ha ofole Koneca B B MOMEHT, Korpa d=r,
AaHbl paiHych (PUKLHOHHBIX KoJiec: r =5 cM, R = 15 cm.

0’1 ——

Oreser: 1) e=—-——53—,-,- pan/c?, 2) w==30m 4/400002% + 1 cm/c%

14.11(14.11). Haiith 3akon ABMKenus, CKOPOCTL H YCKOpeHHe noJ-
3yHa B KpPHBOLIMMHO-TIOA3YHHOTO MexanuaMa OAB, eCaH AAWHE ma-
TYH2 ¥ KPHBOWIANA OAMHAKOBH: AB = OA =r, a Bpauiense KpHBO-
wrna OA Bokpyr Basia O paBHOMEpHO: w = wp. OCb X HalpagJeHa
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1o Hanpasasioltel nonsysa. Hauano orcuera pacerosmuit — b Hentpe
O kKpuBolHTA.

. _— - 1 — i el
Oreer: x=2r cos oy, v, =— 2ro, sin o, w, = — wi.

14.12(14.12). Onpenesinte 3akoH NBHKeHus, CROpOCTL H YCKOpe-
HKe noJ3yHa B KpHBOWIHMOHO-NONI3YHHOTO MeXaHH3Ma, eciH KPHBOLLWN
OA BpamaeTcsi € MOCTOAHHON YrJOBOR CKO-
pocTei0 we. Jinena kpuBoumna OA = r, pnu-
Ha watyHa AB =/

Och Ox mnanpaBjeHa no Hanpapnsiomeil
nonsyna. Hawano orcyera—p uentpe O

K zapave 14,12 K 3anase 14.13

kpusownna. OtHowendue r/l==) creayer CYyHTATL BechbMa MaJIbM
(l« l]; o = Wgl.

Oreer: x=r (cos ayl —I—%cos&oat) +I— %—r,

v, = —rag (sin w,l -l-% sin 2"’0‘) .
w, = — ro? (cos o, + A cos 2sz).

14.13(14.13). Hafita 3aKoH [BMIKEHHS CTepIKHs, €c/H AHaMeTp
SKcueHTpHKa d = 2r, a oce BpauleHHs O HaxoQHTCs OT OCH AucKa C
Ha paccToanik OC = g, ocb Ox Hanpap/ieHa [O CTePIKHIO, HAYANO OT-
cueTa — Ha OCH BpailleHH#, a/r = A.

Oreer: x==acosp +r4/1 —A2sin2¢.

14.14(14.14). Hanucaty ypaBHenne IBHXEHHS NOPIIHS HELEHTPAL-
HOro KPHBOLIHMHO-NIOJ3yHHOTO MexaHu3ma. Paccrosiwwe oT ocu Bpa-
IleHHsi KPHBOWIHNA 0 HanpaBJisiio-
el nuHe#ikA kb, ANHHA KPHBOLUHKMA
r, AakHa watyHa [; ocs Cx Hanpas-
JIEHa N0 HamnpaB/sioliefl MOJ3yHa,
Hayano orcmwera paccrosnuii — B
KpaliHeM NpaBoM MOJIOXEHHH MOJ-
3yda; Ilfr=AMA, hfr=Fk, ¢ = o.

Oreer: x=r|[+/(A +1F — EP— K aszave 14.14
— A/42 — (sin @ -} £ — cos -

14.16(14.15). Kynax, paBHOMepro Bpawmasick BOKpyr ocH O, co3-
Ad€T paBHOMEpPHOe BO3BPATHO-MOCTYNATENLHOE ABHXKEHHE CTEPIKHS
AB.Bpewms ofHoro nosHoro o6opota Kysaka 8 c, YPaBHEHHA NBHXEeHHH
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CTEPIKHS B TEYeHHe STOro BpeMeHH HMeT BHA (X — B CaHTHMETpax,
f{— B CekyHpax)
{30-{-5{, 0<<i<4,
=170 —51 a<<i<s.
Onpenennts ypaBHeRHs KOHTYpa KyJ/aka H [HOCTPOHTH TpaduK NBHIKe-
HHS CTEPIKHS.
30+ 219, 0<o<m,
Orger: r=

P
-iﬂqa. << 2.

70 —

Z(Cw)

& M
& i 1 i
1 1 )
: : ]
V——4—% & & &

K aspage 14.18 K orpery aapaux 14.15

14.16(14.16). Hafity 3aKOH IBHXEHHs M NOCTPOHTH rpadwk BO3-
BPaTHO-TIOCTYNATENLHOrO ABHIKEHHS CTepxHA AB, ecn 3agaHo ypas-
HeHue NpodHAA KyJaka

r==(20 +—l-:-cp) cM, 0< @< 2n,

Kysnak paBHOMEPHO BpallaeTcsi € YIVIOBOH CKOPOCTHIO, paBHOHR

%n pan/c.
//

7 Jd & e

K sapgade 14.16 K oreety sapaun 14.16

Oreer: x=20- 10t sa Bpema oamHoro o6opora Kynaka (3 c),
nocJsie 9ero ABHKEHHE NepHOANYeCcKH NMOBTOPAETCS.

14.17(14.17). HanucaTe ypaBHeHHe KOHTypa KyJaka, Y Kotoporo
NONHBIH XOA CTep#Hs h = 20 cM cooTBeTCTBOBaJ GHl OAHOI TPeTH 060-
poTa, NpHYEM NEepeMelleHHs] CTEPIKHS A0MKHE OHTbL B 3TO BpeMs Npo-
NOpLHOHANBHE YTNY noBopoTa. B tewenne cnenyioueii Tpern o6opora
CTepxKeHb NOJKEeH OCTABaThCs HEMOABHXKHBIM, H, HaKodel, Ha NpoTs-
JKeHHH nociiefHeH TPETH OH HOJIKEH COBepwaTh o6paTHHA Xoi NpH
TeX ke YCJNOBHfX, 9TO H Ha mepBo# TperH. HauMmenbuiee paccrosinue
KOHIla CTEPXKHA OT UEHTPA Kysaaka paexo 70 cm.
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Orger: KoHTyp Kynaka, COOTBETCTBYIOMmHIt nepBoi TpeTH o6opoTa,
Npe/CTaBASeT aDXHMEA0BY CIHPAL:

r= -—?::llp +70)CM.

Bropo# Tpetst 060poTa COOTBETCTBYET OKPYIKHOCTE panHyca r = 90 cM.

K sanave 14.17 K 3anage 14.18

Ina nociiennefi TpeTH oGopoTa KOHTYP KyJlaKa mpencTashsier coGofi
TaKKe apXHMeloBy COHPAJb:

r— (90 — %tp) CM.

14.18(14.18). HaiiTh, Ha KaKyio QJIHHY ONMyCKaeTCsl CTEpPieHb, ONH-
paloImuACs CBOHM KOHLOM O KPYroBoH KOHTYp pajkyca r = 30 cm Ky-
‘JlaKa, NBHXYWIErOCH BO3BPAaTHO-NOCTYNAaTENBHO CO CKOPOCTBIO ©=—
=5 cm/c. Bpems onyckaHHsi cTepiHsa { — 3 c¢. B HauaJpHHH MOMEHT
CTepIKeHb HaXOIHTCA B HAHBHCIIEM I10JOKEeHHH.

Orser: h = 4,020 cM.

14.19(14.19). HafiTh yckopeHHe KpYroBoro MoCTyNaTe/bHOro IBH-
XKYIIEroCcHd KyJiaka, €C/iH NPH ero paBHOYCKOpeHHOM. ABMIKeHHH Oe3
HayaJibHOH CKOPOCTH CTep KeHb OMYCTHJCS 33 4 C M3 HaHBHCILEro MO-
JoKeHus Ha h — 4 cM. Pajnyc Kpyroporo KoHTypa kynaka r = 10 cm.
(Cym. prcyHOK K 3anave 14.18.)

Orger: w =1 cm/c2

FNABA V
MJIOCKOE ABH)XEHHWE TBEPIOI'O TEJA

§ 15. ¥YpapHeHHa ABHIKeHws maockoil $urypu

15.1(15.1). Jiunefika snauncorpada NMPHBOAKTCS B ABHIKEHHE KpH-
pomtunoM OC, BpamalnomuMcs C MOCTOAHHOM YPMOBOH CKOPOCTBIO g
Bokpyr ocH O. IlpnesiB non3yn B 3a noJsioc, HamHCaTh ypaBHEHus IJIO-
CKOTr0 JBHXKEHHS JIHHeHKH aJuHncorpada, ecni OC=BC=AC=r.
B HauanbHH# MOMeHT JuHeHKa AB 6rijia pacnojio}KeHa FopPU30HTaJIBHO,

Oreer: x5 = 2rcos wpl, ys =0, gz = —wyl.

15.2(16.2). Kosieco pannyca R Katutcs 6e3 CKOJbMeHHS Mo POPH-
soHTaJbHOH npamMof. CKopocTb ueHTpa C Kojeca MOCTOAHHAA H PaBHA U.
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OnpenesuTe ypasHeHHs NBHMIKEHHsi KoJecd, €ClId B HAYaJbHBL Mo-
MEHT OCb Y’, JKECTKO CBSI3aHHAsM C KoJecoM, Oblia BepTHKaJlbHA, 2 He-
NOABHXKHAA OCL y MPOXOAMJA B 3TO BpeMs 4epe3 LeHTP C Koneca. 3a
DOJI0C NPHHATE Touky C.
v M
Oreer: xc=1vl, yo=R, p= -R—t.
15.3(15.3). Llectepenka pamuyca r, KaTsmlasics 10 HENOZBHIKHOM
LIeCTEPERKE panuyca R, NMPHBOAKTCS B ABHXKeHHE KpHBOwHnoM OA,
BpallajoniMesi paBHOYCKOPEHHO C YIVIOBEIM YCKOPEHHeM €o BOKPYT OCH

i

K aaneye 15.1 K sanave 15% K aepaqe 153

O HenonBHXKHOH wWecTepenkH. CoCTABHTS YPaBHEHHH OBHKEHHS MOH-
BHXXHO#H lleCTepeHKH, NpPHHAB 3a MOJIOC ee ueHtp A, ecau npu £ =0
Yr7oBasi CKOpOCTb KPHBOWIHNG wp =0 H HauaibHHIl yroj NnoBopoTa

(pg=0.
2 2
Orser: x,,=(R+r)cos%t-, Ya=(R+r) sinﬁ‘%—, Q=

R gql? 5
= (T +1 ~5 » FAE @1 — YyroJ nNoBopoTa NOABHIKHON IIECTEPeHKH.

15.4(15.4). lllecrepenka panuyca r, KaTamascs BHYTPH HeNoOABHX-
HOM lecTepeHKH paniMyca R, NpHBOAHTCS B ABHXeHHe KPHBOLUHIOM
OA, BpamamWHMCs paBHOMEPHO BOKPYT OCH
O HenoaBHXKHOM IIECTEPEHKH C YI/IOBOH CKO-
pocteio o Ilpu t=0 yroa ¢p=0. Cocra-
BHTb ypaBHEHHS NBHKEHHS NOABHIXXHOH Ile-
CTEPeHKH, NpPHHAB ee UeHTp A 3a nonioc.

Oreer: x,=(R — r) cos wy,
Ya=(R—r)sined, ¢ =—(R/r—1)ayd,

rle @y — yroJ NoBopoTa NOABHMKHOH IuecTe-
PEHKH; SHAK MHHYC NOKAa3KBAET, YTO IMeCTe-
peHKa Bpauldaercs B CTOPOHY, MPOTHBONOJONK-
HYI0 KPHBOLIHMY.

15.5(16.6). Haiitnn ypaBseuHs ABH)MEHHs IIaTyHa, eCJH KpHBOIIHI
BpalaeTcss paBHOMEpPHO; 3a NOJIOC B3ATE TOUKY A Ha ocH madabila
KPHBOWHNA; 7 — ANHHA KPHBOWIKNA, [ — AJIHHA WATYHA, wo— yTJIOBas
CKOpOCTe KpHBowuna. I1pu f =0 yroa o = 0.

K sanage 15.4

Oreer: x =rcos oy, y=r sin oy, ¢=— arcsin (—;- sin mot) -
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15.€(15.7). Mydr A u B, ckonb3auine 8oL NPAMONHHEHHBIX Ha-
NpABNAIOULKX, COCNAHHEHL cTepxKHeM AB mnunnl [ Mydra A asuxkercs
€ NOCTOANMOM CKOPOCTBIO va. Hanncate ypasuennst nmikerus CTePXKHA

K sanaue 155 K zagave 18.6

AB, npepnonaras, 910 Mydrta A Hauwana aeEraTecst oT Touku O. 3a
nioJoc npuHATL T049KY A. ¥Yron BOA pageH n— a.

3 Ut
Orsert xy==—uvlcosa, y,=uv,tsina, ¢=arcsin (-—f-— sin a).

15.7(18.8). Konenw A crepxust AB CKONB3HT N0 npAMonHHeRHOR
HATIPaBJISIOIER € NOCTORHHOH CKOPOCTEIO U, NpHYEM CTep}eHb IpH
DBHXEHHH onupaercs H2 wtudT D. Hanucats ypaBuenHs nBHikeHHA
CTEPHHA H €ro Komna B. [lnuHa cTepyHs paBHa [, npeBHIUeHHe

g
& e
x
0 A
7% = z
K sanave 167 K sapave 158

wrupta D nan npaMonumeiikofi Hanpasasoued paesHo fi. B Hayane
JBHIKCHHS KOHell cTepxusa A coBmagan ¢ Toukofi O— HayaioMm He-
NONBHIKHOH CHCTEMb! KOOpaHHAT; OM = a. 3a nonioc NPHHATL TOYKY A.

Oreer: xp=ul, y,=0, ¢ =arctg —— fut ;
a— of Hi

Kl it VX (a—vip’ 2T Vit Ga—a"

15.8(15.9). Kpueownn 014 naunm a/2 BpallaeTcsi ¢ NOCTOSHHOH
YTJIOBOH CKOPOCTHIO 0. C KPOBOILHIOM B TOuKe A WAPHHPHO coenuHeH
crepxens AB, npoxoasuiuii Bee BpeMs yepes Kauawuwywocs mydrty O,
ppuiem OO, = a/2. HaiiTh ypaBHeHHs REHIKEHHS crepikua AB m
TPaeKTOPHIO (B NONAPHLIX M NEKaPTOBEIX KOOPAHMHATAaX) TOYKH M, Ha-
XOAsUIEHCS HA CTEPIKHE Ha DPACCTOSHHH a OT wzapHAapa A. 3a noadwc
NPHHATE TOYKY A.
i

aQ
z P

5 sinwt, ¢=

Orger 1) xﬁ=%(l+coswt). Yp=
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2) Kapauoupa: p==a(cosg — 1), 22+ 2=a(x — /2 F 1)
15.9(15.11). Kpueowun OA awrtunapainenorpamMma OABO,, mo-
CTaBNeHHOro Ha GoJbioe 3seno O0:, PaBHOMEPHO BPALI4eTCs € YIVo«
BOH cKOpocTh0 @. IlprusB 3a momoc Touky A, COCTAaBHTH YpaBHeHHs
AprxeHns 3BeHa AB, ecni OA=0,B=au 00, =AB=b (a < b):
B HayajbHH MOMeHT Kpuomun OA 6w Hanpaenen mo OO,.
Oreer: xy=—acosof, y,=asinoel, ¢=_2arclg e f_i;':::wt .
15.10(15.12). Kpusomun OA auTenapannenorpamma OABO,;, mo-
CTaBJeHHOro Ha Manoe 3seHo OO;, paBHOMEPHO BpaIllaeTcs ¢ YIJIOBON

K aanase 159 K sanave 15.10

CKOPOCTHIO @. IlpHHsB 32 mosioc ToyKy A, COCTABHTL ypaBHEHHS ABH-
Jenusi sBeHa AB, ect OA=0B=a u 00, =AB=5 (a > b);
B HayaJbHHA MOMEHT KpuBowHn OA 6GuJ HanpasneH mo 0O,
cos of — bfa
sin @f

Oreert xp=acosol, y,=asinot, p=2arcctg

§ 16. CxopocTH ToYek TBEpROro Tesa B ILIOCKOM
apHxKenud. MruoBennuiii neuTp CKopocTe

16.1(16.1). Hanpapsp och neprmemmuxynsipuo CKOpPOCTH 06O M3
TOYeK MJIOCKOR (HIYpH, NOKA3aTh, 970 NPOEKIHY Ha 3Ty OChH CKOpOCTeii
BCEX JIe3alllHX HA Hell TOYeK paBHH HYJII0.

16.2. Koneco KatHTcs mo HakJIOHHOMN IIOCKOCTH, ofpasyiomeir yron
30° ¢ ropusoHToM. LleHTp O KoJeca ABHIKeTCs IO 3aKOHY xo == 10#2 cm,
rne x-—oOch, HanpaelieHHas napajJiellbHo Ha-
KJIOHRO# mnockocTH. K nentpy O koseca noage-
el cTepxkens OA = 36 cm, KaualowHiicst BoKpyT
TOpH30OHTaNLHOK OcH O, nepneHAHKYJIApPHOR mo-

"
CKOCTH PHCYHK&, MO 3aKOHY Q=3 Sil{pan.

K saxase 16.2 HaifiTh ckopocth KoHua A crepxus AO B Mo-
MeHT BpeMmenH =1 c.
Orser: ckopocts papHa 2,8 ¢M/c W HanpapneHa MapaJlieNbHO Ha-
KJIOHHOH IJIOCKOCTH BHHS.
16.3(16.4). Ilpu neMIKeHHH QHCKa panuyca r = 20 CM B BepPTHKA/b-
HOH NJNOCKOCTH Xy €ro neHTp C [BHMETCA COMIaCHO YypABHEHHAM
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xc = 10f M, yc =(100—4,92) m. INpu sTOM AHCK BpamLaeTcss BOKPYD
TOPH3OHTaLHOH ocH C, NepneHNHKYJNsPHON NJOCKOCTH RHCKAE, C MHO-
CTOSIHHOH YIJIOBOH CKOPOCTHI @ == m/2 pan/c. Onpepenuts B MOMEHT
BpeMeHH f =0 cKopocTe TOuKH A, Nexa- g
et Ha o6ope nucka. [MosoxkeHHe ToukH A
Ha [HCKe OmpeleNsieTcsi yrioMm ¢ = af, oT-
CYHTHBaeMHEM OT BEPTHKAJIH NPOTHB X0Ana
YaCOBOH CTPEAKH.

Oreer: CropocTp HalpasjieHa MO FOpH- /]
30HTa/ld BNPABO H paBHA 0O MOAYJIO g
10,31 m/c.

16.4(16.5). CoxpaHHB ycJOBHe Mpenkl-
Iymel 3ajauH, ONpeResuTs CKOPOCTL TOUKH

A B MOoMeHT BpeMeHH { =1 c. g +
Oreer: va, = 10 M/c, va, = —949 m/c, K. shnave 163
ua =138 m/c.

16.5(16.6). Jlpa oRMHAKOBHX AHCKA panuyca r KaXALiii coeqHHeHH
NHIEHApHYeCKHM wapHHpoM A. Jinck | Bpamaercs BOKpyr HenomeHK-
HOf TOPH3OHTaJLHOR ocH O MO 3aKOHY ¢ =
= @(f). [luck Il BpauaeTca BOKPYr ropH3oH-
TaJbHOi OCH A COrJIACHO YPaBHEHHIO P =
=1 (f). Oct O u A nepneHAHKyNApHH mJ0-
CKOCTH DHCYHKA. ¥riH ¢ H 1 OTCYHTLIBAIOTCSH
OT BEPTHKAJH NPOTHB XOAa YaCOBON CTpenKH.
Haitta ckopocts nentpa C pucka /1.

Oreer: ve, =r (¢ cosg -+ Pcosy),
ve, =r(psing + 1 sin ),
Uc=r ’\/q92 + 1132 + 2(])le08 (¢_|P)' K 3anave 16.5

16.6(16.7). CoxpaHue ycjoBHe NpeABIAyIeH 3apayH, HaiiTH CKO«
pocTe ToukM B aucka /I, eciw LACB = n/2.
Orser:

8/
: = A
Up, =r [ c0S @ + 4/2 cos (45° 4 )], !EN,
s, =r [ Sin @ + 4/2¢ sin (45° 4 ¢)], ;
2 ? e i g =z
vs=r A/ + 202 + 2 /24 cos [45° — (p — ¥)].
16.7(16.8). Crepxens AB nnuEm | M geu-
HKETCH, ONHPAACh BCE BPEMsI CBOHMH KOHLAMM
Ha JBe B3aHMHO NepneHAnKyJsipHHe npsamue Ox u Oy. Haiite xoop-
AHHATH X H Y MIHOBEHHOIO WEHTPa CKODOCTEfi B TOT MOMEHT, KOTHa
yron OAB = 60°.
Orser: x=0,866 M, y =— 0,5 M.
16.8(16.10). [locka CKJIafHOro CTOMA, HMEKOLas dopMy mnpaMo-

YrOMIbHHKA €O CTOPOHAMH a H b, OBOPOTOM BOKPYr ocH mikna O nepe-
BoputCA H3 mnonoxwenws ABCD B nonoxeuwe A;8,C\D, u, Gynysn

K aagave 16.7
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pasnoeHa, o6pasyer NpsMOYTOJNEHHK CO CTOpoKayH b u 2a. Haiirn
noJioxeHue ocH wHna O oTHOCHTENbHO cTopos AB u AD,
b a
Orger: xoz%, Yo o
16.9(16.11). Tlpamas AB nBuKeTcsi B MNOCKOCTH PHCYHKA. B Heko-
TOPHH MOMEHT BPEMEHH CKOPOCTb Uy TOWKH A cocTaBaser ¢ mpsimof
AB yron 30° u paena 180 cM/c, HanpaBienHe CKOPOCTH TOYKH B B 5TOT

K
:
D 4
-
Ay L1 |
/7 4
o
= %% Z
e {4
A 8 z —_—
K sspgave 16.8 K sanave 16.9 K aspave 16.10

MOMEHT COBNAfaeT C HanpaBieHHeM npsmoii AB. Oupenenuts cKOpocTs
Up TOYKH B.

Orser: vs = 156 cm/c.

16.10(16.12). Ilpamass AB nBHKeTCHs B IJIOCKOCTH PHCYHKa, NpH-
HeM KOHell ee A BCe BPEMA HaXOMHTCS Ha NONYOKDPYKHOCTH CAD,
a caMma NpAMasi BCe BpeMsi NMPOXOAHT uepe3 HEeNOABHXKHYIO Touky C
anamerpa CD. Onpenenuts CKOPOCTb vc TOYKH TPAMOH, cOBNapaiouledi
¢ Toukolt C, B TOT MOMeHT, korna pamuyc OA mepneHnuxynsipen CD,
€CJIH H3BECTHO, YTO CKOPOCTL TOYKH A B
3TOT MOMEHT 4 M/c.

Oreer: ve = 2,83 m/c.

16.11. Crepikens AB nmauunt 05 M
JABHXETCA B TNJOCKOCTH pHCyHKa. CKo-
pocTe va (va ==2 M/c) oGpasyeT yroa
45° cOCBIO X, COBMEIIEHHOM CO CTEPIKHEM.

K asnaqe 16.11 K sanauc 16.12

Cxopocte vs TOYKE B o6pasyer yron 60° ¢ ockio x. HaliTu MOAYJb
CKOPOCTH TOUKH B H YrJIOBYIO CKOPOCTE CTEDIKHS.

Orset: vp=2,82 m/c, ® = 2,06 pan/c.

16.12. TouMnbHWE CTAHOK NPHBONMTCH B J[BHXKCHME TENAJBIO
OA =24 cm, KoTopas KosebJeTcs okoMo ocH O no 33KOHY

Q= % sin %t pan (yros ¢ OTCYHTHIBAETCA OT ropH3oHTaJNH). TOYHIB-
HHA Kamerb K BpalllaeTcs BOKPYr oc O ¢ moMommio crepxus AB.
Ocu O 1 O, nepneHAHKYAAPHB! NIOCKOCTH pHcyHKa, Haiitn CKOpOCTh
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ToukH D, nexatlelt Ha o6one TouKALHOro Kamust K pamnyca R = 2B0;,
npu t =20, ecin B aToT MoMeHT OA u O,B PacnosioyKeHsl TOpPH30H-
TaJabLHO.

Orser: vp = 39,44 cm/c.

16.13. Ha pucynke u3o6paeH cymmupylomuii MexaHusm. B mero
BXORAT CTepXKHH [/ H 2, ABHXKYLIHECH BAONL BePTHKAJBHHX HANpas-
NSHOWHX, DTH CTEPIKHH COEAMHEHH C KO-
pombicioM AB uMNHHAPHYECKHMH map-
HHPaMH, CKONB3SILMMH B Na3aX KoOpoO-
Meica. CTepIKHH ABHIKYTCA CO CKOpO-
CTAMM vy H vp. [lokasats, yto ckopoctn
CTepHsi 3, COGAHHEHHOTO ¢ UenTpoM O
KopoMeicia AB H CcKONb3sero B Bep-
IHKaJbHRX HAalpasfslOMX, PaBHAa MO
MOLLY IO

U= : - &
= —
a+tb a+b 2 K sagaue 16,13
rie a u b — pasmepsl, yKasaHHHe Ha pucynke, Hafitu Taxke YrJIOBYIO
CKOPOCTE KOpoMEic1a AB.
U —0;
b cos’a NpH U; > Uy,
16.14(16.14). Crepienr OB spantaercs BOKpYr ocH O ¢ NOCTOSH<
HOH YTJIOBOK CKOPOCTEIO 0w =2 ¢! 1 NPHBOLHT B ABHXEHHE CTEPMeHb
AD, touku A u C KOTOpOT0 ABHIKYTCs II0 OCAM: A — Mo ropH30HTAJb-

Orser: o=

K saxaue 16.14 K sanasge 16.15

Hoit Ox, C—nmo BeprukanbHOH Oy. Onpepenuts CKOpOCTL TOYKH D
CTepIKHsl NpH @ =45° W HaATH ypaBHEHHE TPAEKTOPHH 3TON TOUKH,
ecin AB=0B=BC—=CD =12 cm.

Orser: vp="53,66 cm/c, (l—xz)z+ (%5-)2= 1.

16.15(16.15). B KpHBOWHNHOM MexaHH3Me JJIHHA KpPHBOLIMNA
OA =40 cm, nnuHa matysa AB = 2 m; KpusOwWHN Bpamaercs PaRHO-
MEpHO ¢ YrJIOBOH CKOpOCTBIO, paBHOH 67 pan/c. Haiiru YIrJIOBYIO CKO-
POCTb @ WIATYHA U CKOPOCTH CPefHedt ero Touk M npu yeThpex moJo-
MEHHAX KPHBOWIKNA, AJA KOTOPBIX yrof AOB cooTeeTcTeHHO paseH 0,
/2, m, 3n /2.
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Oreer: 1. o= -——g-at panfe, vy=377 cmfc. II. =0, Upp=

=7b% cmfc. I11. m=%n pap/e, vy =2377 cmjc, V. 0=0, Upp =

=754 cmfc. 3HaK MHHYC B BHIPAXEHHH © YKa3HB3eT, YTO IaTyH
BpallaeTcs B CTOPOHY, MPOTHBONOMNOKHYIO KPHBOLIHTY.

16.16(16.16). Haiitu ckopocTs momsyna B HeUEeHTPAJIbHOTO KPHBO-
LIHITHOTO MeXaHM3Ma NpPH ABYX FOPH3OHTANLHLX H ABYX BEPTHKAaNbHAIX

K 3anave 16.16 K sanawe 16.17

TIONIOMCHHAX KPHBOLIMIA, BPAIAIOLIErOCs BOKPYT Baja O ¢ YrJIoBO#
ckopocTeio @ = 1,5 panfe, ecnim 0OA —40 cM, AB=200 cm,
OC =20 cm.

Oreer: vy — vz = 6,03 cM/c, vy = vy =60 cM/e.

16.17(16.17). Onpenenutn CKOPOCTE TOYKH K YeTHpex3BeRHOro Me-
xaHusMa OABO,; B nofowenun, ykasaHHOM Ha PHCYHKe, ecJld 3BEHO
OA pnuue 20 CM MMeeT B MaHHLIH MOMERT YIJIOBYIO CKOpOCT® 2 pan/c.
Touka K pacmonioxeHa B cepenute crepixus BO,.

Orser: 20 cu/c.

K 23apgaue 16.18 K 3anase 18.19

16.18(16.18). Onpenenuts ckopocTs nopusa E npueonHoro me-
XaHH3Ma HACOCA B MOJOKEHHW, YKA3AHHOM Ha pHCYHKe, eciH OA —
=20 cM, OB = O\D. Kpusomun OA spamiaercs PaBHOMEpPHO ¢ yrio-
BOit ckopocTeio 2 pan/c.

Orser: 46,2 cM/c.

16.18(16.19). Crepxken 014 u 0;B, coeauuesnbe co CTepIKHEM
AB nocpencreom wapaupos A H B, MOTYT BpAILATHCS BOKPYT HEmon-
BHXKHEX TOYeK O; H Op 0CTaBasich B OAHOX NJIOCKOCTH H obpa3ya
LapHUPHE deTHpexsBeHHuK. JlaHo: AnuEa crepxis O,A =a u ero
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yrJioBas CKOpocTh . OnpenenuTe NOCTPOEHHEM Ty TOUKYy M CTepikHs
AB, cKopocTb KOTOpPOH HampassieHa BRONb 3TOFO CTEpXHS, a4 TaKxe
HalTH BeJIHIHHY CKOPOCTH v TOYKH M B ToT MoMeHT, Korja yron OAB
HMEeT NaHHYIO BEeJHYHHY o,

Orser: vy = ao sin o.

16.20(16.20). Yriosast ckopocTs cTepxusi 014 WAaPHUPHOTO YeThi-
PEX3BEHHHKA DAaBHA @j.

Bripasute yrimoeyio ckopocTs @g crepxus O.B uepes o, W Kpat-
saiwne paccroanus OD B O:E or oceit Bpamenns crepxueit 0,4
u 028 po maryna AB.

Oreer: Wy = Wy OaF

16.21(16.21). B wapHupHoM ueThipex3peHHaxe ABCD sepymuft
KpHBOIIHN ‘AB Bpawmaercss ¢ NOCTOSHHOH YIJIOBOH CKOPOCTHIO . (g ==

A D
K sapmaue 16.20 K sanase T6.21

=6n pan/c. OnpeenaTs MIHOBEHHHE YriOBHE CKOPOCTH KPHBOIIHIA
CD u crepxusi BC B TOT MOMEHT, KOT[ia KpHEOWHN AB W cTepieHb
BC o6pasyior onHy npsamyio, ecin 'BC = 3AB.

Orser: wsc = 2n pan/c, wep = 0.

16.22(16.22). K cepeanne D crepxkua AB maprupHoro napanses
JorpamMma OABO, npucoepkheH ¢ NOMOWIBIO wapHupa D cTepiKeHb
DE, npuBonsmufl B BO3BpaTHO-HO<
CTynaTeJlbHoe NBHXKeHHe moasyn K,
Onpepenate ckopoctb foJssyna K
H YIJIOBYIO CKOPOCTB cTepxHa DE
B NOJNIOXEHHH, YKa3aHHOM Ha

K manaze 1622 K aspmave 16.23

pucyrke, echin OA = 0,8 =2DE =20 cm, a yr/I0Basi CKOpPOCTb 3BEHa
OA pasra B pannuii Moment 1 pan/ec.

Orser: vk = 40 eM/c, wps = 3,46 pan/c.

16.23(16.23). Tlonayuu B u F caBoeHHOrO KPHBOILIHTHO-JIOJI3YH+
HOTO MEXaHH3Ma COefHHeHH cTepxHeMm BE. Beaywu#t kpupomun OA u
BeJIOMBIH KPHBOWHN OD KayaloTcsi BOKPYr o6LIEHl HemoABHIKHON OCH
O, mepneHAHKY/IsPHOH NJOCKOCTH PHCYHKa, ;
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OnpezesiuTe MrHOBeHHHE YIJOBLIE CKOPOCTH BEeNOMOrO KPHBOWHMAA
OD wu watyna DE B TOT MOMEHT, KOrja BeAyLHH KpHBOWHN OA
MMEIOIKA MIHOBEHHYIO YINIOBYIO CKOPOCTh wo==12 paa/c, nepneu-
AHKyNsipeH Hanpasasiowed nonsyHos. Haum pasmeps: OA = 10 cwm,
t OD =12 cnu, AB=26cm, EB — 12 cu,

DE =12 4/3 cnm.

Orger: wop = 104/3 panfc,
I'.I)DE_—“—laO—'\/g pan/c.

16.24(16.24). Tlopmens D runpabBiHge-

CKOro mpecca NPHBOAHTCA B JABHXEHHE Io-

CPEACTBOM LIAPHHDHO-PHIYAXKHOIO MeXaHH3Ma

5 sanacs 180, OABD. B nonoxenuH, yKa3saHHOM Ha PHCYH-

ke, phyar OL uMmeer yrJoBYKW CKOPOCTE @ —

=2 paa/c. Onpenenants cKOpocTe TNOpwHA D H YIJOBYIO CKOPOCTB

speHa AB, ecan DA = 15 em.

Oreer: vp = 34,6 cm/c, was = 2 pan/c.

TR

K sanaue 15.25

16.25(16.25). TMonpukHOe Je3sne L HOXHHL, ANA pesKH MeTanna
NIDHBONHTCH B NBHXEHHE I1UADHHDHO-PHYAXHBIM MexaHH3moMm AORBD.
Onpenennts CKOPOCTH lwapHHpa D W YrJOBYIO CKOPOCTE 3BeHa BD,
€CJIH B MONIOKEHHUH, YKA3aHHOM HA PHCYHKe, YTJIOBafi CKOPOCTb phIYara
AB paBea 2 panfc, OB=5 cw,

P 0D =10 cm.
at o/ ; Oreer: vp=8,65 cm/c, wsp=

E L - “")51— - : = 0,87 pan/c.
\+,/ 16.26(16.27). B mawmune c Kauawo-
[4 L¥MCS UHAHHAPOM JBJINHA KPHBOLIHNA

OA =12 cM, paccTosiHHe MENAY OChIO

Bana H OCBK) mand HHAHHApA
00,=60 cm, noHHAa watyna AB—60 cm. Onpepenurs  cKo-
POCTb NMOPIIHA NpH HETHIPEX NOJOXEHHSIX KPHBOIWIMINA, YKa3aHHHX Ha
PHCYHKE, €C/1¥ yr/ioBas CKOPOCTL KPHBOLINNA o = 5 pan/c = const.
Oreer: vy = 15 cM/c, v = 10 cm/c, vi = vy = 58,88 cM/c.
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16.27(16.28). B mawune ¢ KagawumuMes HHEIHHADPOM AJAHHA KPHBO-
umna OA = 15 cM, yrjioBasi CKOPOCTs KpHBOIHNA @p= 15 panfc =
= const. HaiiTu cKOpOCTL MOpLWHS H YrioBYI0 CKOpOCTb HUAMHAPA
B MOMEHT, KOrla KpPHEOLIWN NeprneHaukyaspeH waryny. (CM. pHCyHOK
K 3apave 16.26.)

Orser: v =225 em/fc, © = 0. .

16.28(16.29). KpHBOWwHNHEI MexaHH3M CBSi3aH IUAPHHPHO B cepe-
Aune C watyHa co crepxuem CD, a nocnepnuii —co crepxkuem DE,
KOTOPHH MOJXeT BpallaThCH BOKpYr o
och E. N

OnpenenuTs  YrioBylO CKOpOCTh
cTepxHst DE B yKa3aHHOM Ha PHCYHKe
NOJNOXKEeHHH KPHBOIUHINHOrO MeXaHH3-
Ma, eclii TONKH B H E pacnonoeHH
Ha OOHOH BepTHKANH; yriaoBafg CKO-
pocTe @ KpuBowkna OA pasHa 8 pan/c,
OA =25 cm, DE = 100 cm, £ CDE =
=90° u ZBED = 30°. K aagase 16.28

Orser: ope = 0,5 pan/ec.

16.29(16.30). Katymka paguyca R KaTHTCH IO TOPH3OHTAJBHO
niockoctd HH Ge3 ckonbxenus, Ha cpennell NHAHHADHYECKOR 4YacTH

7 |

B
H N

% /

K sanaqs 16.29 K sanave 16.30

or

KaTyWIKH pafuyca r HaMOTaHa HHTb, KOHell KoTopoii B o6nagaer npu
STOM NBHXXEHHH CKOPOCTBIO 4 IO TOPH30HTANLHOMY HATpaBJeHHIO,
OnpepenuTh CKOPOCTh U NepeMellleHHs OCH KATYIIKH.

o R
Oreer: v=u—p——.

16.30(16.31). LlenHan nmepenaua B BeJocamene co-
CTOHT H3 UeNH, OXBAaTHBaKoLlell 3ybuatoe Koneco A
¢ 26 3ybuamu u wecrepuio B ¢ 9 ay6uamu. lllectepus
B peu3MeHHO coelHHeHa C 3aaHHM KogecoM C, nua-
MeTp KoToporo paseH 70 cm. Onpenenuts CKOpPOCTH Be- K 3anase 1631
JlocHnena, Koraa KoJseco A nenaer B CeKyHLy oauH
06opot, a Koneco C KaTHTCS NPH STOM 63 CKONbLIKEHHS NO NPSMO/IH-
HellHOMY NYTH.

Orser: 22,87 xm/u.

16.31(16.32). Kouseco panuyca R = 0,5 M KaTHTCs 6e3 CKONbIKEHHS
no NpsIMOJIMHeRHOMY YYaCTKY NYTH; CKOPOCTB LEHTPAa €ro mnocTostHya
H paBHa vo = 10 m/c. HaiiTu ckopocts komnos M,, Ms, M;s u M,
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BEPTHKAILHOTO 1 TOPH3OHTANBLHOrO RHAMETPOB Koyeca. Onpenennts
€ro yrioBYI0 CKOPOCTB.

Orser: v, =0, vy = 14,14 Mfe, vs=20 m/c, ve=14,14 M/c,
o = 20 pan/c.

16.32. Ha pucyske usobpazeH CYMMHUDYIOUIHA MexaHuaM. lpe na-
panienvhte pefikn / u 2 NBHIKYTCH B OAHY CTOPOHY € NOCTORHHBIMH

P £ vy
B— S
2 v,
K sanave 16.32 K sanase 1633

CKOPOCTSIMH Uy M vz. Mexny pelikaMu 3a1XaT muCK papHyca r, xaTs-
HMACA no peiikam 6e3 CKOJNbIKeHHS, Ilokazats, yTO CKOpOCTh cpenHed
peitku 3, npHcoennHeHHON K ocH C RHCKa, pasHa moJycyMMe CKOpocTeit
peek / n 2. HaliTh TaKxe yrJoBylo CKOPOCTb [HCKa.
Uy — Ug
T2
16.33. TonBuxuplit 670K / 1 HENOABIKHKI 670K 2 CORNHHEHDb! Hee
pactsumMoii Huthlo. I'pys K, npukpenseneir x KOHUY 3TOH HHTH,
ONYCKAeTCH 00 BepPTHKaJH BHH3 MO
3aKoHy x =—=2{* M. Omnpepenuts cko-
poctd Touek C, D, B u E, nexauux
Ha ofone mMoBHIKHOTO GJIOK3, B MO-
MeHT =1 C B NOJOJKEHHH, yKa3aH-
HOM Ha DMCYHKE, eCIH pajiHyc mno-
IBHxHOrO Osnoka I paBen 0,2 M, a
CD 1 BE. Haittn Takxke yriioByio
CKOpOCTH GJoKa 1.
Orser: ve=0, vo =2 m/fc, vg=
=v;=24/2 mMfc, =10 pan/c.
16.34. Ipys K, casansmit nocpes-
CTBOM HepacTAMHMOA HHTH C KaTyi-
KOH L, OmycKaeTcsi BEpPTHKAJBLHO BHH3I
K sagase 1634 no 3akoHy x= {2 M., Ilpu stoM Ka-
TyWKa L KaTHTCA 683 CKOJNLMCHHA 110
HENOABHXHOMY rOPH3OHTANbHOMY penbcy. OnpejiesdTs CKOPOCTH TO-
yek C, A, B, O u E KaTyllku B MOMEHT {=1] ¢ B TIOJIOXKEHHH, YHa=
SaHHOM Ha DHCYHKe, 3 TAKXeE YIJOBYK CKOPOCTH KaTYILIKH, €C]H
AD 1 OE, a OD =20C =02 m.
Oreer: ve=0, va=6 M/c, va=14 Mfc, vg=2 wmfc, ve=
==4,46 M/c, w = 20 pan/c.

Orser: 0 —
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16.35(16.34). Kpusowun OA, Bpamasce ¢ YrmnoBofi cKOPOCTHIO
©o=2,5 pan/c BOKpyr ocH O HENOABHKHOrO KOJ€Ca pajHyca rz =
= 15 cM, NPHBOANT B NBHXKEHHE HACAMKEHHYIO Ha €ro KoHel A LiecTe-
PeHKy paauyca ry = b cM. OnpeesuTs BEJHIHHY ¥ HaNpaBJeHHE CKO-
pocreit Touek A, B, C, D u E nonBHxHOH wiecreperky, ecnu CE | BD.
Oreer: va = B0 eM/c, vs =0, Up = 100 cM/c, ve = ve = 70,7 cM/c.

K sapave 16.35 K sagaue 16.33

16.36(16.35). Ha oce O nacaxenn sy6uatoe xoseco K mmamerpa
20 cm ¥ kpupownn OA pmuuoii 20 cM, He CBA3aHHBIE MeXAy COGOM.
C watynoM AB Harilyxo CKpemseHo 3y6uatoe Koneco L Huamerpa
20 cM, aavna matyna AB =1 M. Koneco K Bpamaercsi pasHoMepHo
c yrzoBof ckopocThio paBHOH 2m pan/c, H, 3axXBaThiBag SyGps KoJeca
L, npusoaut B gpHwenne watyn AB u xpusoumn OA, Onpenenwnts
YIIOBYIO CKOPOCTE ) KpuBOwEma OA B uerhipex ero MOJOMKEHHSX:
JBYX TOPH3OHTANbHEIX H ABYX BepPTHKAJbHbIX.

Oreer: 1. m,=-:—?-n paz/e, III. m,=l—£n paxnfc, I1. o, == pag/e,

IV. o, == pan/c.

16.37. Kpusommn OA =20 cM BpaulaeTcs BOKPYr HENOABHKHOR
ocd O, nepneHAMKYIAPHON TJIOCKOCTH PHCYHKa, ¢ yrJioBofi CKOpOCTHIO
2 pan/c. Ha ero komen A Hacaena uiecte-
penka 2 papuyca 10 cm, ndxoasmasica BO
BHYTpPEHHEM 38LENJIEHHH ¢ HEMOABHIKHHBIM KO-
Jecom I, coocunM ¢ kpupoumnoM OA. Onpe-
JAENHTE cKopocTH Toue B, C, D u E, nexamux
Ha obone wecTepenkH 2, ecny BD L OC.

Orger: ve=0, vp=vp=404/2 cum/c,
UE‘=80 CM/C.

16.38(16.36). Mexanuam YaTTa COCTOMT M3
xopomucia 014, xotopoe, Kauasck Ha ocH O,
nepefaet NpH NOMOLIH waTtyua AB npuxenne K sanage 16.37
kpuBowHny OB, ceobogHO HacaKeHHOMY Ha
oce 0. Ha Toii xe ocH O cunut Koseco I; maryn AB okanunBaercst
kKosecom [/, Harlyxo CBSI3aHHEM C wwatyHoM. OnpegendTb YrioBHe
cxkopocTd KpuBousna OB u koneca / B MoMeHT, Korla o = 60°, p—=
=90° ecnn r;=r,=304/3 cm, O,A =175 cM, AB =150 cM 1 yrio-
Basi CKOPOCTh KOpPOMEICNA o == 6 pan/c.

Orser: wop = 3,75 pan/c, o; = 6 pan/c.
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16.39(16.37). naverapunii Mexawusm cocTomt u3 KPHBOILUHNA
14, NPUBOAALIErO B IBHIKEHHE waryn AB, kopomeicna OB n koneca |
Papuyca r =25 cm; watyn AB okauuyusaercs luectepenxolt I/ pa-
Auyca rp = [0 cM, HarIyxo ¢ HHM CBS3AHHOM. Onpenenurs YrioBy:o

A6

K 3agawe 16.33 K 3anave 16.39

CkopocTe kpuBowmna O,A u koseca I B MOMeEHT, KOraa o — 45°,
p=90°, eciu 0.A=304/2 cm, AB = 150 cwm, yraopas CKOPOCTb KO-
pomeicia OB » = 8 pag /c.

Otser: w1 =4 Pan/c, o; =>5,12 paa/c.

16.40(16.38). B mawmne ¢ KauaonuMcs UHAHHAPOM JJIHHA KPHBO-
whna OA =r u paccrosuse 00, = a. KpuBownn Bpamaercs ¢ no-
CTOSIHHOH YIJIOBOH CKOPOCTBIO wp. Ompefesnits YIJIOBYIO CKOPOCTH )
martyia AB B 3aBHCHMOCTH OT yriia NOBOPOTa KpHBOWIKNA . Onpene-
JIHTE HaHOOJbLIEE H HAHMEHbILEE 3HAYEHHS o), 8 TAKIKE 3HAYCHHE vria
@, 0pH KoTopoM @y = 0. (Cm. prCyHOK K 3anave 16.26.)

Wgr (@cosp—r) | 4 . &gr

a®+r*—2arcosg’ Lmax =SV ey

Orser: &= npu @=0;

Wyl
a-+tr
16.41(16.39). Haiith npu6mmxensoe BREIDaXKeHHe IJISl NPOEKIHH Ha
KOOpAHHATHEIE OCH CKOPOCTH mOGOH Touku M warysa AB Kpusowmn-
7 HOTO MEXaHH3Ma NpPH pPaBHOMEpPHOM
BpallleHHH Balla ¢ yruopofi cko-
POCTEIO @, NpeAnosnaras, 4T AJHHA
KPHBOWMNE r MaJia IO CPABHEHHIO
¢ nnunoé watysa [ Tlonoxenue
ToukH M onpenensiercs ee paccrosi-
HHeM MB = 2.

r
O mip = — npe ¢=mn, ©; =0 npH @ == arccos —.

K samaye 16.41

llpumeuanne. B dopuyny, NOJYy4aeMyl0 NP pelleHWH 3anaud, BXOAHT
1 — (% sin q:) » e @ = w! ofoarayaer yron BOA 3ro BHID2XeHHe pa3na-

raed B pag H YAEpHHRAaCM TONBKO JiBA NEepBEIX gleHa.

Orger: v;—=— o rSintp—]-LE;—)i sin2cp], uy=-’i'—mcosqa.
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§ 17. Henoasmxuas u nomsmkHas ueHTPOMAM

17.1(17.1). Hafith uedTpoHABl TpH ABHMKEHHH crepxHs AB, yka-
SaHHOM B 3ajave 16.7.

Oreer: TlonBuxuas LeHTPOHJa — OKPYKHOCTb panmyca 0,56 m ¢
HeHTpOM B cepenure AB; Henoasuxkuas LEHTPOMA — OKPYIKHOCTh pa-
myca 1 M, ¢ uentpom B Touke O.

17.2(17.2). Onpenenuts NOABMIKHEE W HENONBHIKHEIE LEHTPOHIH
GrokoB A ¥ B monucnacra, pannycki KOTOPBIX COOTBETCTBEHHO DaBHbI

T4 H rp, IpeanoJiaras, uro ob6ofima C ABHXKeTCs NOCTY-
7 NATEJIBHO.
' Oreer: Tloppuuble uenTpouar: Gnoka A — ok-

PYXHOCTb panmyca ra, 6noka B — okpyxHOCTH pa-
!
’-1-, AHyca ':-3" I'ps HENIOABHIKHEIE LHEHTPOHABL: BEPTHK2bHbIE
1
KacaTenbHble K TNOABMMKHEIM LEeHTPOHZAM C MpaBoif
i CTOPOHHE HX,
1 ; A
18
=
c
K sanawe 17.2 K samaye 17.3 K sapave 17.4

17.3(17.3). HafiTu reoMeTpHYecKH HENONBHIKHYI0 H NOABHIKHYIO
LEHTPOHAR IlaTyHa AB, AJHHA KOTOPOro paBHa [JHHE KPHBOLIHMNA:

AB=0A =r.

Orser: HenonBu:kHasi LEHTPOMA2 — OKpPYIKHOCTB paauyca 2r c
ueHTpoM B Touke O, 2 NOABMKHASA — OKPYIKHOCTE PaAHyCa r C LEHTPOM
B TOuKe A Najblia KpHBOLIMNA.

17.4(17.5). Crepxenpr AB nBHKeTCH TakuM O6pa3oM, UTO OQHA W3
€ro ToYeK A ONHCHBaeT OKPYXKHOCTb PafHYCa r ¢ LEHTPOM B Toure O,
a caMBIfl CTEpIKEeHb NPOXOAHT MOCTOAHHO Yepes NaH- 7
HYI0 TO9RY N, nexanyio Ha TOH K€ OKpPYXKHOCTH. .

Hafitn ero uentpous.

Oreer: HenonpmmxHasi UeHTPOHA2 — OKPYIK~ A Y
HOCTb paanyca r € 1eHTpoM B Touke O; NOABHIKHASA
LEHTPOHA2 — OKPYXHOCTb palMyca 2r ¢ LEHTpOM
B TouKke A. /4

17.5(17.6). HaiiTn HenoABHXHYI0 M NMOABHNHYIO K sanawe 17.8
LeHTpOHAR 3BeHa CD antHnapaJanenorpamma, no-
cTaBleHHoro Ha OGosbluee 3peno -AB, ecnim AB=CD =5, AD =
=BC=aua<b.

Orser. HenoppuxHas uenTporaa — runepbona ¢ doxycaMu B TOY-
Kax A u B, a noapuxuHas UEHTPOMAA — TAKAA 3K runepbosa c Qoky-
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caMu B Toukax C u D. [leficTBHTeALHLIE MOMYOCH runepbon pasHLI
af2.

17.6(17.7). Hafitu HETOABHIKHYIO H TNONBHIKHYIO LEHTPOHAH 3Bela
BC aHTHnapa/nenorpaMMa, NOCTABIEHHOrO Ha MeHbuee 3BeHO AD,
ec.nHAB——-.CD=b.AD=-CB=aHa<b.

Orser: Henonsnxuas LEHTPOHAA — 3JIIHNC € (GOKYCAMH B TOUKAX

A ¥ D g c nonyocamu b/2 u Y, /67— a=. IloaBuxmuas LEHTPOUAZ —
TaKOH K€ SJUIHIC, HO ¢ GOKYCaMH B Toukax B u C.

17.7(17.8). IlBa crepxuss AB u DE, Harayxc coefHHEHHEE nof
NPsIMBIM yrjioM B TO4Ke F, ABHXKYTCS TakHM o6pa3oM, YTO CTepKeHb
AB Bcerzia mpoxoauT uepes HEeMOABHXHYI0O Touky K, a apyrofi crep-
weHb DE—vepes HENOABMMKHYIO TO4YKY N; paccroanue KN = 2a.

c B
A D
<l
K sanave 176 K sanave 17.7 K sanave 17.8

Hafitu ypaBuenns uentpoma B stoM NBHIKEHHH; OCH KOOPAHHAT YKae
32HBE! Ha PHCYHKe,

Orser: x} +yt=a?, &+l =402

17.8(17.9). Ise napannensrete peiiky AB u DE ABHXKYTCA B Npo-
THBOIIOJIOKHEIE CTOPOHEI € NOCTOAHHBIMH CKOPOCTAME Uy H Uj. Mexny
pefikaMy HaxXomuTCs MHCK pajHyca a, KOTOPBIH BCJIEACTBHE ABHIKEHHMII
PEEK M TPEHHR KaTHTCA N0 HAM 6€3 CKOJIbIKeHHS.

Ha#itu 1) ypasnenus UEHTPOHJL HCKA, @ TAKIKE ONPEACTHTE 2) CKO-
POCTE vo. uentpa O’ fHcka M 3) YIVIOBYIO CKOPOCTH JUHCKA; OCH Ko-
OPOHHAT YKA32HE Ha DPHCYHKE.

_ — 2
Oreer: 1) y,= -,f':—ﬁ,:- §¢2:+“c=az(::+zi) 2

2) CKOPOCTB LEHTPa AMCKA HANpaBieHa B CTOpPOHY Gonbinefi u3
AaHHBIX CKOPOCTEIi; BEIHIHHA Vo PaBHa MONYPa3HOCTH BEJIHUMH LaH-
HEIX CKOpPOCTeii;

__Uitm
3) = —

17.9(17.10). Haftu ypapuenns nenoapwxcHoli TMOABHKHOH 1leH-
TPOHA cT1epxhs AB, KOTOpHI, onupasice Ha OKPYIKHOCTb pamuyca a,
KORLOM A CKOMB3WT BAOJL NpsiMoil Ox, NpOXOAsAINeli Yepes LeHTp ITOoil
OKPYKHOCTH; OCH KOOPJAHHAT YKa3aHH Ha PHCYHKe.
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Oreer: xg(xz —@®) — a3 =0, n%=ak.

17.10(17.12). Haiitn npubiikeHHEe ypaBHeHHS HENOXBHIKHOH H
TIOABHXHOA LEHTPOMA waTyHa AB KpHBOIUMIIHOTIO MExaHH3Ma, Tpej-
noJiaras, 4to ANkHa mwatyna AB — [ HacTobKO BelHKa Mo cpaBHEHHIO

K sapgane 179 K sans=e 17.10

¢ nnuHo# KpuBowMna OA =r, uto aaa yriaa ABO = & momxHO npw-
HATb SiNG = H COS & = |; OCH KOOPAMHAT yKa3aHH Ha PHCYHKeE.

Oreer:- (xp —I)? (x3 + yz)=rxZ, 1 (B+mg)=rmnm}.

17.11. Crepxenp AB ckosb3uT Touko#t A mo FOPH30HTaJLHOH Hpsl-
MOH M IIPOMEXKYTOUHON TOUKOMH
C KacaeTcsi Kpyra paamyca r.
Onpepenyte ypasHeHHe He-
HOABMKHOH MW NOABHXHORM
LEHTPOHA CTEPIKHA.

Orser: Henonpuxknas uek-
TPOHAA HMEeT YypaBHEHHe
y°r? = x* — x?r? B cHcTEME KO-
opauatr xOy c HauaJoM B
LEHTpe Epyra.

OABHXXHas LeHTPOHAa — Napabona x}=ry, B CHCTeMe KOOPAHHAT

ndy;.

K sanage 17.11

§ 18. ¥Ycxopenus ToueKk TEEpPHOro Tesla B MJOCKOM
ABHXEHHH. MrHOBeHHRI LEeHTp ycKoperui

18.1. Koseco KaTHTCS 1O HAKJIOHHOf MJIOCKOCTH, obpasyioueh yron
30° ¢ ropusonTOoM (CM. pHCYHOK K 3anaue 16.2). Lléntp O koneca npu-
T N0 3aKOHy xp = 10#2 cM, rae x— och, HanpaBieHHas MapaJi«
JIEJIBHO HAK/IOHHOM muockocTH. K uentpy O Koseca nopseuieH crep-
xeHb OA = 36 cM, Kagalomuiicss BOKPYr rOpH3OHTaAbHOA ocu O, nep-

NeHAHKYNAPHOH NJIOCKOCTH PHCYHKa, MO 3aKOHY q:=3£sin16‘-t pan.
Haiiti ycxopenne konna A crepsua OA B MOMEHT Bpemenn f =1 c.
. Oreer: wa, =252 eM/c?, wa, = —8,25 cm/c?, wy =264 cm/c2
18.2(18.3). Ilpu npuxeHun mucka pannyca r = 20 cM B BEPTHKAJ b=
HOH TJIOCKOCTH Xy ero ueHtp C ABWIKETCH COTJIaCHO ypaBHEHHAM
Xc =10t M, yc =(100 — 4,9#) m. Ilpu sToM AncK Bpamazercs BOKpYT
TOpH3OHTaNbLHOH OcH C, nepneHAMKYNAPHOR NJOCKOCTH MMCKa, € MO-
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CTOSIHHOH YIJIOBOH CKOpPOCTBIO @ == 7/2 pan/c (cM. pHCYHOK K 3apdye
16.3). Onpenenuts B MOMEHT Bpemenu { =0 yckopenue touku A, ne-
Hauwel Ha o6one AnckKa. [Tonoxenne ToukH A Ha amcke onpejieNseTcn
YrJIOM @ = @I, OTCIMTHIBAEMEIM OT BePTHKaNH NPOTHB XONA YaCOBOH
CTPeJIKH.

Oreer: Ycropenne HalPaBiieHO MO BEPTHKANM BHH3 H paBHO MO
monymo 9,31 m/c2

18.3(18.4). Coxpanup ycioBue NpeALIAYIIeH 3aaaqH, ONpenesHTH
YCKOpeHHe TOUKH A B MOMeHT Bpemenn f = | c.

Oreer: wy »—=—0,49 m/c? wa,==—9,8 M/c? wy = 9,81 M/c2,

18.4(18.5). IIBa oauHAKOBBIX AHCKa pPajfiuyca r KaxIHN COeNHHeHL
UHTHHAPHYECKHM wWwaphupoM A. JIMCK [ BpaluaeTcs BOKPYr HENOABHIK-
HO¥ rOPH3OHTaNbHON OcH O 1O 3aKOHY @ = @(t). duck 11 Bpamaercs
BOKPYF TOPHSOHTA/MLHON OCH A COTNIaCHO ypaBHEHMIO ) = P(£). Ocu O
H A nepneHAHKYNAPHH DJOCKOCTH PHCYHKa. Yrim @ H P OTCUYHTHL-
BAIOTCA OT BEPTHKANH NPOTHB XONa 4YacOBOH CTPENKH (CM. PHCYHOK
K 3apnage 16.5). :

Hafitu yckoperue nentpa C ucka /1.

Orser: wc=z\/w%x+w%y, roe  w, =r(pcosg —¢?sing-4
+pcos b — 47 sin ), we, =r (§ Sin @ + ¢? cos ¢ +  sin P + 2 cos ).

18.5(18.6). Coxpauus ycnoeue npenmaymell 3afadm, waiiTH YCKO-
peHue TouKH B ancka /1, ecnu ZACB = nf2.

Orger: wg=— '\/wfa,, +wh, rTae wp.=r [@ cos @ — ¢?sin o+
“+ V21 cos (45° + ) — /247 sin (45° 4-y)], wg, = r[sin g+
+ ¢° cos @ + 4/2 sin (45° +- ) + 4/2? cos (45° + )]-

18.6(18.7). Jlunefika snmuncorpada ckONB3HT KOHHOM B 1o ocH
Ox, xoKuoM A —no ocu Oy, AB =290 cwm. (CM. pucyHOK K 3anaue
15.1.)

OnpenenuTh CKOPOCTL H YCKODEHKE TOUKH A B MOMEHT, KOraa yrod

@ HaKnoHa anHelkn K och Ox papeH 30°, a NpoeK1HU CKOPOCTH H YCKO-
pennsi ToukH B Ha ocb X paBuul Up, = — 20 cmjfc, wp, = — 10 cmfc

Orser: vy, =34,64 cu/c, wy, = — 142,68 cmfcd

18.7(18.8). Mydtet A n B, cKonb3smue BAOJL NPAMOTHHENHLX 0F-
PA3YIOIKX, COENRHEHH crepixHeM AB nmuum L Mydra A usumercs
C NOCTORHHOH CKOPOCTBIO U4 (CM. PHCYHOK K Samaue 15.6). Onpege-
JIHThL ycKopenne My(hThl B u yrioBoe yckopenue crepiHs AB noso-
HEHUH, NpH KOTOpoM cTepxenb AB obpa3syer ¢ npamoit OB 3apanuui
yroi g.

ui sin’ @ vi sin’a

Orser: wg = T gt 5 SRt sin gq.

18.8(18.9). Halitn yckopenre nosmsyHa B W MrHOBeHHLI LeHTp
yckopenuit K watyna AB KpPHBOWMIHO-NON3YHHOTO MeXaHH3Ma, H30-
GpaeHHOrO Ha DHCyHKe K 3ajave 1641, npu apyx TOPHICHTANLHEX
H OHOM BEPTHKAJLHOM NOJIOMEHHAX xpHBOWHNa OA, Bpalarierocs
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C TIOCTORHHOH YIJIOBOH CKOpOCTHIO wp = 15 pan/c BOKpyr Bana O.
Dumna KpuBownna OA =40 cM, uauma watyna AB — 200 cw.

Orger: MruoBeHHHI! UeHTp yckopenul K nmpH @ =0° u ¢ =180°
JIEXHT HAa OCH Hanpapasionlel noasyHa.

1) =0, ws==108 m/c?, BK =12 m.

2) ¢ =190°, wp = 18,37 m/c?, BK =40 cM, AK = 196 cm.

3) @ =180° ws=172 m/c?, BK =8 m.

18.9(18.10). Nnuna watysa AB KPHBOLIHITHO-NTONI3YHHOTO MeXa-
HH3M2 B ABa pa3a GoJblwe AnHHM KpuBowwkna OA. Onpegenuts mno-
JIOXEHHe TOYKM Wwatyna AB, yckopenne
KOTOPOH HanpaBJieHO BROAb WIAaTYHA, B
MOMEHT, KOTJla KPHBOLIMII TepNeHaHKY-
JIAPEH HAMPaBJAILEA TOJN3yHA, KPUBO-
wan OA Bpautaercs pasHOMepHO.

Oreer: Ha pacctosinun uetepTy ain-
HEH  1IATYHa, H3MepeHHOH OT rog-
ayHa B.

18.10(18.11). Ilopmens D THADPABJIHIECKOr0 Mpecca IpPHBOAHTCH
B HBHIKCHHE TIOCPEACTBOM IMAPHHPHO-PEINAKHOrO Mexanuima OABD.
B nonoxeruu, ykasanuom pa pucynre 16.24, priuar OL umeer yruo-
BYylo CKOPOCTb ® =2 pan/c W yIJoBoe ycKOpeHne e=—4 pan/c?,
OA =15 cM. Onpenenuts yckopense NOpIUHSA
D u yriosoe yckopensue 3seHa AB.

Oreer: wp =294 cm/c?, 45 = 5,2 pan/c3,

18.11(18.12). Kpubownn OA nauen 20 cm
BpaIAETCs PABHOMEPHO € YIJIOBOH CKOPOCTHIO
wo =10 pan/c ¥ NpHBOAHT B ABMIKeHHe -
TyH AB pimun 100 eM; noasyn B apkercs
no BeprHkann. Hafitu yriosywo ckopocts u
yrJIOBOE YCKOPEHHE LIaTyHa, a TaKke ycKope-
HHE Moi3yHa B B MOMeHT, Korma KpHBowmMm
A WaTyH B3AHMHO MEPNEHAHKYJIAPHH ¥ obpa-
SYIOT € FODH3OHTAJILHOH OCHIO YTIIH o = 45°
H B =45°.

Oreer: © =2 pan/c, e = 16 pan/c?, wp =
= 565,6 cm/c2.

18.12(18.13). Onpeaenuts YIIOBYIO CKO- K sanase 18.11
POCTE H YrJIOBOE YCKOPEHHE LIATYHA HeleH-
TPanbHOro KPHBOLIMNHOTO MEXaHH3Ma, a TAaKXKE CKOPOCTb W ycKope-
HHe nossyHa B npu 1) ropusontasibHOM NpapoM H 2) BepTHKAIbHOM
BEPXHEM NOJIOKEHHH KpHBouHna OA, ecnu mocnensufi BpallaeTcs BO-
Kpyr KoHua O ¢ nocTosHHOH YIJIOBOH CKOPOCTHIO (g, OPHYEM AAHE:
OA=r, AB = |, paccrosmue ocu O KDHBOLUHNA OT NHHHH NBHXEHHSH
nonsyna OC = h (cM. pHCcyHOK K 3a1age 16.16).

K sanaue 18.9

ro, hr*o] hro,

T t—=e———, gy L
P—h (12— iy N oy

ri?
W, = rmg[l -+ --——-—-——(P vk ] .

Orger: 1) o=
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rog r(r+ h) o}
2) 0=0, e=-—-—-—°—~—-, Un — % == ———-——-—L.
: VRGP U= e
18.13(18.14). Crepxens OA waphupHoro ueThlpex3penHuka OABO;
DPALIa€TCs C MOCTCAHHON YIJIOBOH CKOPOCTBIO @p. Ompenesuts yrio-
BYIO CKOpOCTB, yrioBOe ycKOpeHHe crepxus AB, a takxe YcKope#He

wapHupa B B NOJIOXKEHHH, yKa3aHHOM Ha pH=
cyHKe, ecii AB =204 = 24.

3 3
Oreer: © =0, e=—1/ﬁimg, w5=% aes.

18.14(18.15). lMoaBuxuoe nespue L HOx-<
HHLl [AJIf pDE3KH MeTajlla NPHBOJAHTCS B [ABH-
HEHHE NIADHHPHO-PEHIYAXKHBIM  MEXaHH3IMOM
AOBD. B nonoxexus, ykasaHHOM Ha PHCYHKe
K 3anave 16.25, yrnoban ckopocts priuara AB
paBHa 2 pag/c, ero yrioBoe yCKOpeHHe paBHO
4 pan/c?, OB=5 cm, O;D = 10 cm. Hafitu yckopenne wapuupa D
H YrJOBOe yCKOperie 3BeHa BD.
Oreer: wp == 32,4 cM/c?, exp — 2,56 pan/c.
18.15(18.17). Iloa3yH B KPHBOWIKIHO-NON3YHHOIO MeXanuaMa OAB
IBHXeTCA 00 AYroBoit Hanpashswouied. OnpefeninTs KacaTelrHoe H
g Hopmanbnge YCKOpeHHs
A .. Non3yna B INONOXKEHHH.
= Eﬂl\x‘? YKa3aHHOM Ha DHCYHKe,
% ecmm OA=10 cm, AB=
=20 cm. Kpueowun OA
Bpauaercs, lMesd B JOaH-
HHl MOMEHT YIJIOBYI0 CKO-
pocte © =1 pan/c, yrao-
BOe yckopeHue e = ().
Oreer: wp, = 15 em/c2,
Ko ws.=o.
L/ 18.16(18.18). Onpese-
K aanaye 18.15 JHTE YIJIOBOE YCKOpeHHe
watyda AB mexaunsma,
PACCMOTPEHHOTO B MpeiWAyuleli sapave, eclH B NOJOKeHHH, yKa-
SaHHOM HA DHCYHKE, YINIOBOe YCkopenHe KpmBowuna OA pasmo
2 pap/c?
(flreer; 1 pan/c2.
18.17. TounnbHEd CTAHOK NPHBOAMTCS B  ABHMKEHHe neaanelo
OA=24 cm, xoropasn Konebnercsi okono ocu O 1o 3aKOHY

no_ - n
¢=-g Sin—<-{ pan (yron @ oTcuHTHBaeTCs OT TrOPH3OHTAaJNH). Tounne-

Hbi kamerb K Bpamaercs Bokpyr ocu O ¢ nomompbio crepxkus AB.
Ocu O u O; nepneHAMKYAApHH IJIOCKOCTH PHCYHKA (CM. PHCYHOK K
sanave 16.12). Ha#itu B MoMent Bpemenn f =0 yckopenne Toukr B
TogHJbHOrO Kamis K, ecnu 0,8 =12 cm. B stor moment OA u O,B
PAacroNIOXKeH:H rOPU3OHTANbHO, nphvyeM £ OAB = 60°,

Oreger: wp =429 cM/c2

K sapaue 18.13
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18.18(18.19). AnrTHnapasinenorpaMM COCTOHT H3 ABYX KpPHBOLIMIOB
AB u CD oavHaxoBoi AJMHHL 40 €M H WAPHHPHO COENHHEHHOrO C HHMH
crepus BC anunam 20 cm. PaccrosiHue MExAY HEMOABHMKHBIMM
ocsiMH A H D paBHo 20 cM. Kpusouwinn AB Bpawiaercsi ¢ nocTosHuoi
VIJIOBOH CKOPOCTBIO w. Onpenennts YrioByw CKO-
pocTh H YrJIOBOE ycKopeHue crepxusi BC B MoMenr,
koraa yron ADC pasen 90°.

c

Oreaer: msc=% ©, BpalleHHe 3aMeJIeHHOE;
g __ 20
Bc= 9 %

18.19(18.20). B malwuHHe ¢ KaYaioWHMCA UHIAHHA-
poM, JexauiiM Ha Uandax O,, AJMHA KpPHBOLUHIIA
OA =12 cwm, anuna matyHa AB =60 CM; PacCTORHHE g samave 18.18
MeXHy OChI0 Bala H OCbI0 nand UHIMHApa
00, =60 cM. Onpenennts yckoperre NOpuiHs B H pafuyc KpHBH3HE
€ro TpAeKTOPHH NPH ABYX NONOKEHHAX LHAHHApPA: 1) KOrAa KpHBOLIHII
H WaTyH B3aHMHO NEPNEeHANKYJNAPHH H 2) KOrNa KPHMBOLUKI 3aHHMAeT
nonoxenue Ill; yraoBas ckopocrth
KpHBOIIHNa o, =const =15 paxn/c.
(Cwm. pucyHOK K 32na4e 16.26.)

Oteger: 1) w =6,12 cm/c?, p =
= 589 cMm;

2) w = 2583 cM/2, p =
=0,39 cm.

18.20. YXectknk npsamMofi yroJ
AME peuxercst Tak, uto Touka A
OCTaeTCsl BCe BPEMSA HA HENOMBHIK-
How npamoit Oy, TorAa Kak Apyras
cropona ME npoxoaut gepes Bpa-
matoutpfica wapuup B. Paccrosnne
AM = OB = a. CKopoCTh v TOUKH
A nocrosnna. Onpenesnth yckope-
HHe ToukE M Kaxk (QyHkumo K sagase 18.20

yria @. 2
2 . 3
Oreer: wy= Aa (1 + sin ¢)”. Bekrop yckopenus Hanpasien

BHYTPb YrJla B cocTaBisieT co ctopoHol MA yron o= 45°— /2.

18.21(18.21). Llentp koseca, KaTsllerocs 6e3s CKONBKEHHS NO Mps-
MOJIMHEIHOMY peJibcy, ABHMETCS PaBHOMEPHO €O CKopocTeio v. Omnpe-
ZeNHTL YCKOpeHHe Jio6oil TOuKH, Jexalllel Ha ofoje Koleca, eciiy ero
pazuyc pabeH r.

Orger: YcKopeHHe HalpaBlleHO K NEHTPY KoJieca H paBHO v?/r.

18.22(18.22). Baron Tpampasi ABHIKETCH M0 NPAMOJHHEHHOMY ro-
PH30HTAJILHOMY YYacTKy- MyTH € 3aMeljeHHeM wo=2 Mm/c?, umesn
B IaHHBI MOMEHT CKOpocTh o =1 m/c. KoJjieca KaTaTcsl nmo penscam
6e3 cronpxkenus. HafiTh yckopeHHsi KOHLOB ABYX HHaMETPOB pOTOpa,
o6pasylomHXx ¢ BepPTHKaNpl0 YRAM mo 45°, ecnH paguyc KoJeca
R =0,5 M, a poropa r = 0,25 M.
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Orser: w, = 2,449 M/fc?, wy=3414 M/?, ws— 2,449 wm/c2,
wy =0,586 m [

18.23(18.23). Koneco katiTCst 6€3 CKOMbMeHHS B BEPTHKAJILHOH
TJIOCKOCTH 110 HAKMOHHOMY NpsiMoJHHeliHOMy myTH, Haiith yCKopeHue
KOHLOB AByX B3aHMHO MepNEHAHKYJISAPHBIX AHAMETDPOB KoJieca, H3 KO«
TOPHX ONMH mapalseNieH pelibCy, €ClH B pacCMaTpHBAEMElT MOMEHT

K sanave 18.22 K sagaxe 18.23

BPEMELH CKOPOCTL LIEHTpa Koneca vp =1 M/c, yckopenue LHEHTPa KO-
aeca wp = 3 M/c?, pannyc Koneca R = 0,5 u.
Orger: w; =2 wm/c?, ws=23,16 M/c®, w3 —6,32 m/c? wy—=
= 5,83 M/cZ
18.24(18.24). Koneco papnnyca R=0,5 M KatrTcs 6e3 cKombe-
HUSl MO MPAMOJIHHEHHOMY DENBbCy, B HAHHHI MOMEHT ueHtp O Koneca
HMeeT ckopocth Up =0,5 M/c W 3amensenne wo=0,5 M/c2 Haiitn:
1) MrHOBeHHRIH LeHTp YCKOpeHusi Koneca, 2) yCKOpEHHE g TOYKH KO-
Jieca, cOBnajaioueli ¢ MIHOBEHHEM ueHTpoM C ckopocred, a TaKke
w 3) yckopenvie Toukn M u 4 pannyc KpHBH3-
Hbl €€ TPACKTOpHuH, ecnti OM = MC =05R.
Oresr: 1) r=0,3536 m, 0 = —n/4;
2) we=0,5 wm/c% 3) wy=0,3536 M/c?;
4) p=10,25 m.
18.25. INomprkHu 670K I W Hemonswk-
‘ HHIH GJIOK 2 COeIHHEHE HEPaCTANHMOL! HHTBIO,
P ey Py3 K, npuxkpennenusii k KOHLY 3TOH HHTH,
ONyCKaeTcfl BePTHKAJLHO BHH3 [0 33aKOHY
x=2f* M. Onpefenuts yeKopekne Toyek CB
H D, nexcatinx na o6one NogBHKHOrO BoKa 1,
B MOMEHT £=10,5 ¢ B nonoxennn, ykaszas-
HOM Ha pHCyHKE, ecny OB _L CD, a pasuyc noasusxHoro 6noka 1 pa-
BeH 0,2 M.
Oteer: we =5 M/c?, wg = 7,29 M/c%, wp =6,4 m/c2
18.26. I'pys K, casauumfi TMOCPEACTBOM HEPACTAXKMMON HHTH € Ka-
TYWKOit L, ONyCKBeTCH BepTHKAJNBHO BHH3 1O 3aKoHy x = {2 m. Ilpwn
STOM KaTymika [ RaTHTCH 0e3 CKOMBKEHHS Mo HETIO/\BHIXHOMY TOpH-
SOHTaNLHOMY peabcy. Onpefenuts yckoperus Touek A, B u D, sexa-
EX Ha 060je KAaTYLIKH, ee YIJIOBY® CKOPOCTb H YTIOBOE YCKOpeHue
B MoMEHT BpeMeHH {=0,5 ¢ B NOJNOKEHHH, YKa3aHHOM Ha pHCYHKe:
AD 1. 0B, OD =2 0C=0,2 m.

K sanave 18.25
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Oreer: wp =209 M/c?, wp==224 wm/c?, wp=20,1 M/c?, ©=
=10 pan/c, e =20 pan/c

18.27. Koneco pamnyca R KaTutcs Ge3 CKOJBIKENHS NO TLIOCKOCTH.
Llentp O Koneca ABHKETCA € NOCTOSIHHOL CKOpOCThIO vo. B Touke A
C HHM LUAPHHPHO COENHHEH CTep-
weHb AB pnudn [ =3R. Ilpyroit
KOHEl, CTePIKHA CKOAB3HT MO MJ0-
CKocTH. B nosoxenus, ykasaHHoM
Ha DHCYHKe, ONpELEJiHTh YrJOBYiO
CKOpPOCTb H YIJIOBOE YCKOPEHHE
crepxua AB, a Takme JKHeHHblE
CKOpOCTb K YCKOpeHHe ero Touku D.

K sanawe 18.26 K sapave 18.27
Yo 24/3 vd 64/3 vd
Oraer: Wap =-§T€_' Eap =TF, UB“-—_—QUO, wB=—9——R' .
18.28(18.26). Illectepenka pamuyca R = 12 cm NIPHBONHTCA B [BH-

Xenue KpupownnoM OA, BpamlamoiuMcs BOKPYT ocH O HENoABHIKHOMN
IIeCTEPEHKH C TEM »Ke pPafHyCOM; KPHBOLIHN BDPALIeTcd C YrJOBHIM

K 3zanave 18.28 K sanaye 18.29

YCKOpEHHEM g0 = 8 pajt/c?, HMes B NAHHLL MOMEHT YrioByI0 CKOpPOCTH
@ =2 paa/c. Onpenenute: 1) YCKOpeHHe TOH TOYKH NONBHIKHON Ime-
CTepeHKH, KOTOpAs B NAaHHLIA MOMEHT COBNANAaeT ¢ MrHOBEHHHIM LEHT-
PoM cxopocTed, 2) yCKOpeHHe AHAMETPANLHO NPOTHBONOJOIKHON TOY-
Ki N H 3) ToJomeHHe MTHOBEHHOTO LIEHTPa YCKOpeHu# K.

Orser: 1) wy =296 cM/c2, 2) wy =480 cM/c?, 3) MK =424 cm,
ZAMK = 45°,

18.29(18.26). Halith noJo)keHue MIrHOBEHHOrO lieHTpa YCEOpEeRHi
H CKOpPOCTE Ux TOUYKH (HTYPH, COBnajlalowiel ¢ HHM B AQHHEEH MO-
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MEHT, a TarKe YCKOPEeHHE Wc TOYKH (GHTYPH, € KOTODON B AAHHLIY
MOMEHT COBNafdeT MIHOBEHHENi LEHTP CKOPOCTEH, eCin LiecTepeHka [
PanByca r KaTHTCH BHYTPH HeNOABMIKHOro Koseca I/ paaumyca R —2r
H KpuBoiixn OO0,, NpHBOAAIIHA B NBHIKEHHE Geraroilyio 1ecTepeHKy,
HMEET MOCTOAHHYIO YIJIOBYIO CKOPOCTH .

Orser: MruoBeHHB LEHTP YCKOPEHHH COBNAfaeT ¢ nentTpom O He-
TOABHXKHOM LIECTEPEHKH: Uy = 2rQ), W, == 2reZ

18.30(18.27). Haiitn yckopesun Komuos B, C, D, E BBYX IHaMeT-
POB INECTEPEHKH pajfuyca ry =5 CM, KaTALIEHCA CHAPYIKH HeNomBHIK-
HOM INeCTepeHKH panmKyca ro= 15 cMm. [lonBukuas LIeCTePEHKa NpH-
BOAHTCA B NBHIKEHHe MPH NMOMOWK KpeBownna OA, spauiaiouerocs
C TMIOCTOAHHON YTVIOBOH CKOPOCThIO wp = 3 pazn/c BOKpYr ocud O Henon-
BHMHOM IUECTEPEHKH; OfHH H3 NHAMETPOB COBNAAAET C JIHHHEH 0A,
Ipyroit — el nepneHAuKkyasper. (Cu. PHCYHOK K 3anave 16.35.)

Orser: wp = 540 cM/c?, we = wg — 742 eM/c?, wp =900 cm/c2,

18.31. Tlokasatk, 4TO B MOMeEHT, KOrfa yrioBas CKOpocTh @ = (),
NPOEKLHH YCKOPEHHH KOHLOB OTpe3Ka, COBEPIURIOIUErO TJIOCKOE ABH-
JKEHHE, HA HANpaBJIEHHE OTPE3Ka PaBHH MeXAy coboil.

18.32(18.28). IMokasaTh, 4TO B MOMEHT, Korna YPIOBOE YCKOpeHHe
& = 0, NpOeKUHH YCKOpPeHHH KOHUOB OTPe3Ka, COBEpPLIAIOMEro MJIOCKOe
ABHXCHHE, Ha Hanpas/ieHHe, NEPNEHLHKYNAPHOE OTPE3KYy, paBHH Me-
XAy coboii.

18.33(18.20). YckopeHMs KOHLOB crepxua AB pmunm 10 cM, CO-
BEPLIAIOUIETO NJIOCKOE ABHNEHRE, HANPABJAeHH BAONL CTEPIKHA Ha-
BCTpedy Apyr Zpyry, npuyeM ws = 10 cM/c?, ws = 20 cm/cZ Onpexne-
JIHTb YIJIOBYIO CKODOCTD H YIJIOBOE YCKODEHHE CTepIKHA.

Oreer: © = 4/3 panfc, e=0.

18.34(18.30). YcKopeHusi KOHLOB OAHOPOAHOro cTepkua AB niuHE
12 cM, COBEpLIAKILErO MJIOCKOE ABHIKEHHE, neprnedauKyisapusl AB u
lianpaeJieHH B ORKY CTODOHY, NpuyeM ws =24 cm/c?, wp =12 cm/c2,
Onpenesuts yrioBylo CKOPOCTb, YIJ0BOE YCKOPEHME CTEPIKHA, 3 TaKKe
YCKOpeHue ero ueHTpa TamectH C.

Oreer: 0 =0, =1 pan/c?, yckoperue Toukn C NepReH AHKYJ/IAPHO
AB, HalpaBJIeHO B CTOpPOHY YCKODEHHH Todek A B B K pasHO 18 cm/c2,

18.35. Crepxens AB nnunn 0,2 M cosepmaer IJIOCKOTapaJiietb-
lOe NBHIKEHHEe. YCKOpeHHs ero KoHuoB A u B NepNEHANKYIAPHE AB,
HanpapJieHbl B MPOTHBONOJIOKHEIE CTOPOHK H 110 MOAY/IO PaBHE! 2 M/c2.
Ha#its yraioByio ckopocts, yriiosoe YCKoperHe CTEPKHS H YCKOpeHHe
ero cepenuHnl C.

Orser: @ =0, e = 20 pag/c?, we =0.

18.36(18.32). Ycxopewns pepmind A u B TpeyronsumKa ABC, co-
BEPLIAINErO IJIOCKOE JBHXKEHRE, BEKTODHO DABAH: Wp=— Wy =@,
Onpenennts yraoByw CKOPOCTE M YIVIOBOE YCKOpEHHe TPeyToJNbHHKA,
8 TaKxe YCKOperHe BepuiHnt C.

Otser: @ = 0; e =0, we = a.

18.37(18.33). Keampar ABCD co ctopoHoio @ COBEPIIAET TLIOCKOE
ABHMEHHE B IJOCKOCTH pHCyHKa. HaiiTH nonoxense MreoBeHHoro
LEATPa YCKOpeHHH H yCKOPeRHA epilst ero C u D, ec/l H3BECTHO, 4TO
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B NAHHBIH MOMEHT YCKODeHHs IBYX BepiuuH A # B OJIMHAKOBH MO Be-
nuynHe W pasHH 10 cM/c®. Hanpasaenue yckopeuwi Touek A u B co-
BraflaeT CO CTOPOHAMH KBaApPaTa, KAK yKa3aHO HA PHCYHKe.

Orger: we=wp =10 cM/c? H HanpaBJCHL NO CTOPOHaM KBal-
pata. MrroBelnbiil LeHTP yCKOpelnHH HAXOJHTCA B TOYKE MepecedeHHs
LHaroHale# KBagpaTa.

oL B

A A Wy
|

b/l c £ 8 48 e A z

K aagaue 18.37 K sagaue 18.38 K sagaue 18.39

18.38(18.34). PaBHoctopoHHuit Tpeyroibuuk ABC nBHXKETCA B MJ0-
CKOCTH PHCYHKa. Yckopenue BepwieH A W B B RaHHHE MOMEHT Bpe-
MeHH pagnsl 16 cM/c? B HanpaBJeHEl MO CTOPOHAM TPEYroAbHHKA (CM.
pucyHok). Onpegenuts yCKopeHHe TpeThel Beplundbl C  Tpeyroub-
HHKa.

Oreer: we Hanpasyeso ot C K B. we = 16 em/c2

18.39. Crepaens AB anuue 0,2 M aBHKeTCA B MJIOCKOCTH PHCYHKA.
Ycxkopenne Toyka A wa(wa =2 M/c?) obpazyer yron 45° ¢ ocbio X,
COBMELIEHHOR €O CTEpIKHeM. YCKopenne TOUKH B wa(ws =4,42 m/c?)
pacnojioxxero mnon yrioM 60° x och x. Haitu yriopywo ckopocts,
YIJIOBOE YCKOpPEHHE CTEpIHA H ,
yckopeHHe ero cepezuin C. 55

Orger: o« =2 panfc, e=
= 12,05 pan/c2, wc 1—3—= 3/,1§ M/c2. = Pl

18.40(18.35). Ksagpar ABCD il
CO CTOPOROIO @ =2 CM COBEp- 4
1I2EeT NA0CKoe nBHKeHEE. B nan- p ¢
HBIl MOMEHT YCKOpDEHHA BepLIHI
ero A # B cooTBeTCTBEHHO paB- K aanave 15.40 K sanave 16,41
HH No Mopyal waq =2 cM/c?,
ws = 44/2 cM/c® W HanpaBJeHbl, KaK yKkasaHo Ha pucyrke. Hafitn
MTHOBEHHYIO YIrJIOBYKD CKODOCTH H MTHOBEHHOE YIJIOBO® YCKOpEHHE
KBajpaTa, a TaKxke ycKopeHue ToukH C.

Oreer: @=4/2 pagfc, e=1 panfc?, wo(we==6 om/o?) Hanpaop-
qerwo ot C x D.

18.41(18.36). HaitTH Moays b YCKOpeHHS CepenHHH cTepxHa AB,
€CNH M3BECTHE! MOAYJAH YCKOpPEHHE ero KoHUOB: wgq = 10 cm/c?,

wp =20 cufc? u yrawl, o6pazoBalHble YCKOPeHHAMH ¢ npsamod AB:
o =10 u p =70

1 = -
Orser: w=-5 af/w} + @2 — 2w, w; cos (B —0)=8,66 cm/c’
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TJABA VI

ABUXXEHHUE TBEPHOI'O TEJIA, HMEIOLIEr0 HENOABH)XHYIO TOYKY.
NPOCTPAHCTBEHHAA OPHEHTAL NS

§ 19. Heuxenne TBEPAOro Tena, HMEUlero
ORHY HENOABHIKHYIO TOMKY

19.1(19.1). Ock z Bosuka PABHOMEDHO ONHCBIBAET BOKPYT BEpPTH-
Kann OF Kpyrosoii komyc c yrnom pacteopa 26. YrnoBasi ckopocrs
BpalueHns oCy BONYKa BOKPYr OCH L paBHa @y, a IIOCTOSIHHAA YIoBas
CKOpOCTL COGCTBEHHOTO BPALIEHHSI BOJYKA pPaBHa . Onpenenuts pe-
JIHYHHY H HamnpasjedHe a6coOJIOTHOMN YIJIOBOH CKOpocTH @ Bojuka,

Orser: Q= /\/mz -+ @} + 200, cosB,

o -} @, cos B
/\/m2+mf+2mml-cosﬂ

19.2(19.2). Aprtunrepuiickuil cua PAL, LRBHrasch B aTmocdepe, ppa-
LlaeTcs BOKPYr OCH z € YraoBOR CrOpOCTLIO @. OfHOBpeMenHo och

cos (Q, 2) =

K sanmave 19.1 K aanaye 19.2

cHapsila z BpamaeTcs ¢ YriioBofi CKOPOCTBIO @) BOKPYT ocH €, Hanpap-
JIEHHOH MO KacaTesbHOR K TPaekTopmu UeHTpa tamects C crapsza.
Onpenennts ckopocTs Toyku M CHapsAla B €ro BpalllaTejbHOM MBH-
- #eHuH, eciE CM = r uorpeaok CM nep-
NEHLHKYJIIPEH OCH Z; YTOJl MeXIY ocami
z H L paseH y.

Oreer: vy = (® + o cos y)r.

19.3(19.3). Kouye, BricoTa KOTOporo
h =4 cM u pagnyc ocHoBaHHs r — 3 cm,
KaTHTCA 110 MIOCKOCTH 663 CKOMbKeHHs,
HMEsl HENOABHXKHYIO BEPLIHHY B Touke O.
Onpenenuts yraoeyio CKOpOCTb KoHYca,
KOOPAHHATHL TOYKH, BHIYEPYHBAOMIEH ro-
Rorpag yrioBofi CKOpocTH, M yriosoe
YCKOpEHHE KOHYCa, €CiH CKOPOCTb UEHTPa OCHOBAHHS KoHyca v —
== 48 cM/c = const.

Orger: w =20 pan/ec, x; =20 cos 151, ) =20sin 15, z =0,
e = 300 pan/c2.

K sanaue 19.3
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19.4(19.4). Konyc, sepmnsa O KOTOPOro HeNOABHIKHA, KATHTCS 1O
IIOCKOCTH 0e3 CKo/beHns. Bricota konyca CO = 18 cM, a yros mpH
Bepwrge AOB = 90°, Touka C, UEHTP OCHOBaHHSI KOHYca, ABHIKETCH
PaBHOMEPHO H BO3BpallaeTCs B IePBOHAYAJbHOE INOJOMKEHHe uepes

K sanawe 19.4 K sanave 195

1 c. Onpegenats CKopocth KOHua B nuametpa AB, yriosoe yckope-
HHe KOHYCa H YCKOpeHHe ToyeK A u B.

Oreer: vp=36m 4/2 cMfc =160 cMfc, & (e =239,5 pan/c?) Ha-
npasieHo neprerfdkyaspio OA nu OB; wy (ws =1000 cM/c?) Ha-
npassieHo napazienbio OB; wg(ws = 1000 4/2 cM/c?) fexuT B nio-
ckoctd AOB n HanpaeaeHo nop yriom 45° k OB.

19.5(19.5). Konyc A obGeraer 120 pa3 B MHHYTY HENOABHIKHLIN
KoHyc B. Bricotra konyca OO; =10 cM. Onpenenth NepPeHOCHYIO
YrJIOBYI0 CKODOCTb @) KOHYCA BOKPYF OCH 2, OTHOCHTEJLHYIO yrJAOBYIO
CKOPOCTh @, KOHYCa BOKpYr ocH OO;, a6COMOTHYIO YIJIOBYIO CKOPOCTh
Wz H a6CONIFOTHOR YIiIOBOE YCKOPEHHE &, KOHYCA.

Orser: ©. = 4n panfc, o, = 6,92n pan/c, wa(wa = 8n pan/c) ua-
npasiieHa no ocu OC, e.(es = 27,68n® pan/c?) nampapneHo napaif-
JIENBHO OCH X.

19.6(19.6). CoxpaHsB YC/IOBHS TpeAHAYyDIeH 324aYH, ONpeLe/iNThb
CKOpOCTH K yckoperus Tovek C u D HMOABHIKHOTO KOHYca.

Orser: vc=0; vp(vp =80n cm/c) HampaBieHa mapannensno
ocH x; Wc(we=320n% cMm/c?) Ranpabiero nepnesmukynspuo OC
B IIoCKoCTH Oyz; NPOBKUHH YCKOpeHHs TOYKH D:
wp, = —4807® em/c?,wp, = —160 .\/ﬁnﬂ cM/c2.

19.7(19.7). Konyc /I ¢ yriiom mpu BepLinHe
og = 45° kaTtHTCA 6€3 CKOJbIXKEHHA MO BHYTPEH-
Hefl CTOPOHE HENONBHMHOrO KoHyca I ¢ yriom
NpH BepluuHe oy = §0°. Bricota noaBHKHOro KO-
Hyca 00; = 100 cm. Toyka O,, ueHTp ocHoBaHms
NMOABHIKHOIO KOHYC3, ONHCHIBAET OKpPYIXKHOCTh X sanaea s
B 0,5 c. OnpesenuTs NepeHOCHYIO (BOKPYr OCH 2),

OTHOCHTeJIbHYI0 (BOKPYT ocH OO;) u aGcooTHYI0 YrJoBbie CKOPOCTH
KoHyca /I, a takxke ero aGCOMIOTHOE YrJIOBOE YCKODeHHe.

Oreer: @.(we==4m pan/c) HampaBneHa no ocH 2z; (0, =
=7,39n pan/c) nanpasnesa no ocH 0,0; @.(w.=4n pan/c) Ha-
npaBnexa no ocH OMa; ea(g. = 11,3n2 pan/c®) manpasseHo no ocy x.
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19.8(19.8). Coxpanns ycnoBus TpenbILyIlelt 3anauy, onpemeHTs
CKOPOCTH #  yckopeHnsi towek O;, M;, M, noaBHMKHOrO Ko-
Hyca.

Oreer: wo(vo = 1532n CM/C) HanpaBjieHa NapansiejbHO OTpHIA-
TeJibHOR oc Ox, v (vi = 306,4n cm/c) HampaBJieHa NMapalleNbHO OT-
pruatesbHol ocH Ox, vz = 0, wo(wo = 612,802 cM/c?) HanpaBJeHo oT
O:1 no nepnenankynspy k Oz; NPOEKLHH YCKOPEHHs TOYKH M,: w,, =
= —362n* em/c?, wi. = —B65n* cm/c2; W, (we =
= 1225n% cM/c?) neXHT B NJIOCKOCTH O0\M; u na-
NpaBJieHo NepneHauKyaapao OM,.

19.9(19.98). Iluck OA pannyca R = 44/3 cu,
Bpalanchk BOKPYr HENOABHMKHON ToYkH O, 06KATH-
BAET HEMOABHXKHBLIA KOHYC C YIJIOM NpH BeplLixHe,
paBuniv 60°. Hafite yrioByo ckopocts BpallleHHs
AHCKA BOKpYr €ro oCH CHMMETPHH, eCJIH yCKOpe-
HHE w4 TOuKM A NHCKa o0 MOAYMIO NMOCTOSHHO W
paBHo 48 cm/c2.

Orser: @ = 2 pan/ec.

19.10(19.10). Teno nBmxetcs BOKDYI' HEMONBHHOH Touky. B ne-
KOTOPbIli MOMEHT YIJIOBas CKOPOCTL ero H3obpaxaercs BEKTOPOM, npo-
GKIHH KOTOPOTO H2 KOOPAHHATHHE OCH PABHH 4/3, 4/5. 4/7- Haiiru
B STOT MOMEHT CKOPOCTb v TOYKH Te/s8, OnpenesseMod KOOpIHHATAMH

‘Jﬁn ’vr?—a ’V?S'
Orser: v =0.
19.11(19.11). Konnueckoe sy6uatoe Koneco, och KOTOpOro mnepece-
KaeTcsl ¢ reOMETPHYECKOH OCLIO MJIOCKOH OHOPHOM LWIECTEepPHH B LEHTpe
nocnenreft, o6eraer NATL Pa3 B MHHYTY ONOPHYIO wecTepH1o. Omnpe-
OEJHTE YIJIOBYIO CKOPOCTh (3, BpPallieHHS KO-
JIECa BOKPYT €ro OCH H YIJIOBYIO CKOPOCTh @
- BPalUeHHs BOKPYr MIHOBEHHON OCH, eCJH
PaAHyc ONOPHON IeCTEPHH BABOE 6oMbIIE

Pajgnyca koJseca: R = 2r.
TIIITTA:  Orser: w, — 1L04T pan/e,
2 o =0,907 pan/c.
K sanave 19.11 19.12(19.12). VYraoBas CKOpOCTL Tena
@ =7 pan/c, MrHOBEHHAs OCb €ro COCTAB-
JIFI€T B  [MaHHBI MOMEHT € HENOABHIKHEIMH KOODJAHHATHHIMH
OCAMH OCTpHe yriW o, B u y. Hafitu menwauny CKOPOCTH U H
TIPOEKUHH €€ Ux, Uy, Uz Ha KOOPAHHATHBIE OCH MJA TOUKH TeJia, KOOp-
AHHATH KOTOPOM, BHpAaMeHHbHe B MeTPaX, B NaREbl MOMENT paBHBL
0, 2, 0, a2 Takxe paccrosmue d sTofi TOYKH OT MTHOBEHHON OCH, ECJIH
cosa = 2/7, cos y = 6/7.
Orger: vy, =—12 Mfe, ©v,=0, uv,=4 M/c, ©v= 1265 m/c,
d=182 m.
19.13(19.13). Hafith ypabresus MraoBeHHON OCH M BEJIHYKHY YIJIO-
BOH CKOPOCTH @ Tena, ec/id H3BECTHO, 9TO NpPOEKIHH CKOPOCTH TOYKH
Mi (0,0,2) wa koopamnaTHBIE OCH, CBA33HHHE C TEJOM, pABHH
Un =1 M/c, vy =2 Mm/c, v,y =0, a HanpapjieHHe CKOPOCTH TOYKH

K sapave 19.9
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Mz (0,1, 2) onpenedisieTcs KOCHHYCaMH YrnoB, o6pa3oBaHHLIX ¢ OCAMH
Koopauuat: —2/3, +2/3, —1/3.

Orger: x4+ 2y =0, 3x+ z =0, o = 3,2 pan/c.

19.14(19.14). Kounyeckoe 3yGuatoe koJjieco, cBOGONHO HacaxenHoe
Ha KpuBownn OA, o6kaTHBaeTCs N0 HENOABHIKHOMY KORHYeCKOMY 3Y6-
yaToMy ocHoBaHuw. OnpenenwTh YIrJN0BYIO
CKOPOCTb. @ H YIJOBOE YCKOpEHHEe £ KaTs-
LLIErocs KoJjieca, ecsii MOAYJIH YrJIOBOH CKO-
POCTH H YIJOBOTO YCKOpPeHHS (HX Hanpas-
JIeHHS" YKa3aHB HA PHCYHKe) KPHBOMIHNA o
OA, Bpalaoomerocs BOKPYr HENOABHXKHOH g

_l\:\;,.
ocy 0,0, COOTBETCTBEHHO PAaBHE g H ep- T ,/_,7;/%
e—_50 “ i

)
O =— =
Orger sina sma Cl +

"4 o}ctgae,, rae e, — eNMHAYHLIH BEKTOP,
HanpaeneHHE# or Toukn O Kk Touke C, a €2 — eHHAYHHI BeKTOp, nep-
neHanKysipasif ninockocts OAC n Hanpapb/eHHBIH HA YHTaATENs.
19.15(19.15). B ycnioBHAX npenbiaylLiei 3ajadYH ONPEAe/HTb YCKO-
peuns Touek C u B, ecnu panuyc ocHopanus paneH R.
2 2

K szanave 19.14

0
sina sino (e —2e;), rae e; u ey

Jiexalniie B MJIOCKOCTH PHCYHKa eQHHHYHBIE BEKTODHI, NEPNeHIHKYApP-
uuie npamMuM OC u OB coorBercTeeHHO (06a 0pTa HanpaBJieHbl BBEPX).

: Rog
Orger: we———e;, w=2Ree, |

§ 20. MpocTpancTBeHHAas OpHEHTALMA; KHHEMATHYECKHEe (DOPMYILI
Jfinepa U MX MoAHQHKALMA; AKCOMMIL

20.1(20.1). HckyccTBeHHasi TOPH30OHTANBHAA MJOIIAIKA Ha Kaualo-
LieMcsl Kopabrne co3naercs ¢ noMmollple KapaaHosa noaseca. Ock iy
BpallleHHs BHEIUHEro KoJblla NapaJjiiefbHa NpoNoJabHOA ocH Kopabns;

RS

7%

Zply )]

K sspaue 20.1

yroJs moBopoTa BHEILIHEro KoJbla o603Hadaercs yepe3 f (yroa 6opro?
BOIl KauKH). ¥T0A 00BOPOTa BHYTPeHHEeH paMKH 0003HAY3eTCs 4epes c.
Jlns opHeHTAlHH KoJiell BBOASAT TPH CHCTEME! KOOPIHHAT: CHCTEMA Enk
cBA3aHa ¢ kopabGaeM (ocwy E HanpaBjeHa K npasomy 6opty, ock 1 —
K HOCy Kopa6as, ock {— NepneHAHKYJfpHa najnybe); cHcTeMa X i2;
CBf3aHA C BHEIIHAM KolbLoM (OCh yj COBMA/IaeT C OChIO 1]); CHCTEMa
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XYz CBSI3aHa C BHYTPEHHHM KOJABLOM (OCb x COBNAajaer ¢ x1). Ilono-
HHTENLHLIE HANPABJIEHHSI OTCYETA YIJIOB BHAHEL H3 PHCYHKOB: npH
o =f =0 Bce CHCTEMH OTCYETZ COBMAAAIOT. Onpenenuts oprenta-
IHI0  (COOTBETCTBYIOLHE HATIPABISIOMIHE KOCHHYCBI) BHYTpeHHero
KoJibla noapeca OTHOCHTENBHO KopaGJs.

Oraer:
S I. n | 4
cos B 0 — sin p -
sin a sin cos sin o cos i
z2 | cosasinp | —sina | cosacosf

20.2(20.2). Bo Btopom cnoco6e YCTAaHOBKH KaplaHOBa mnojseca,
OMHCAHHOrO B NpefHIAYWeH 3anade, OCh BPallleHHS BHELIHEro KOJIbIa
llapanyesibHa NONEPeYHOH OCH Kopabis. IIpu srom cnocobe moaseca

K sanaue 20.2 i

ocb §, cBA3aHHas ¢ KopabJeM, COBNAfaeT ¢ OChIO X| BpauleHHsa BHeli- &
HEr¢ Kolbua, a OCb Y BpALUeHHA BHYTPEHHEIO KOJbUA coBnapaer o
€ OChIO Y], IHECTKO CBR3AHHOH C BHELUHHM KOJBLOM. Yron NIOBOPOTa &
BHELIHEro KoJibla o603HayaeTcs Teneps o (yron xunepoii Ka4KH), a =
yroJ noBOpoTa BHYTPEHHEro KoJbLa — gepes B. Ounpenenuts opuenta- M

IIHIO BHYTPEHHETO KOJbLA MOJBECa OTHOCHTENBHO KOpabJsl. i
f)a
Oreer: . = t X
i

t-
X |cosP)| sinasinB |—cosasinp ~

Y 0 cos a sin a

z|sinB|—sinccosp cosacosf T
&

20.3(20.3). I'lonoxenne TBEPAOrO TeNa, HMEINIEro OfHYy Henopg- Yy,
BHXHYyI0 TouKy O, onpenensercst Tpems yriamm diinepa: yraom npe- ’
LEeCCHH P, YrJIOM HYTaUHH O H yraom c¢o6cTBeHHOro BpalleHHA ¢ (CM.
PHCYHOK) . Onpenenuts Hanpasasomue KOCHHYCB! NIONBHIKHOMN CHCTEME b
orcaeta Oxyz, W

144



Orser:

n 4

x | coscosBcos @— sin ¥ sing
— cos 1 cos B sin P — sin P cos g
2 cos 1 sin 6

sin P cos B cos p 4 cos P sin @
— sin P cos O sin p + cos 1 cosp
sin v sin @

— sin O cos g
sin 8 sin @
cos 6

20.4(20.4). 3Has CKOPOCTH M3MEHEHHS yrjoB Diinepa, onpenenuth
YrJIoBylo CKODOCTL TeJla M ee NpOEKUHMH Ha OCH HenoABmkHOR Ofng

U nogsuxuo#i Oxyz CHCTEM oOTcyera.

Oreer: @=a/2+ 6 + ¢ + 24 cos b,
@ == ¢ Sin 6 cos p — B sin ¥,
Oy, = ¢ Sin 6 sin p + 6 cos P,

op=¢@cosb+1p, o, =—psinBcosp+}
~+ 6 sin g, @, = sin B sing + 6 cos ¢,
o, =P cosh + ¢. '
20.5(20.5). Mas onpepenenns spama-
TEJILHOTO NBHXXEHHS CaMOJeTa ¢ HHM CBf-
SHIBAIOT OPTOTOHAJLHYIO CHCTEMY KOOPIH-
Hat Cxyz, NpuueM och X HANMpPABIAETCE MO
OCH CaMoJIeTa OT XBOCTa K KaOHue JeTyHKa,
OCb Yy pacnoJiaTaeTcAd B IIJIOCKOCTH CHMMerT-
PHH CaMOJIeTa, 2 OCb 2 — [0 Pa3Maxy Kphi-
Ja BOpaBo aniA Jetduka (C— ueHtp TH-
JKECTH CaMmoJieTa). YrJOBHE NepeMeLleHHs
CaMoJleTa OTHOCHTe/IbHOH oceli CENE (ropu-
30HTaJIbHAA OCb & HampapisfeTcH 1o Kypcy
caMoJieTa, ocb 1) — BEPTHKAaJbHO BBEpX, a
TOPH3OHTaNbHAS OCh § — MepneHgHKynsp-
HO OCSIM & H 1) ONpENensoTcs, Kak Noka-
3aHO HA PHCYHKE, TPeMS CAMONETHBIMH
yrlamH: YrJIOM PpEICKaHHS 1,

[-_T%

2 ad
K aapawam 20.3 5 204
9t 7
=
¢ £ j 7
£

K sanavam 205 & 26.6

ymioM Tanraxa @ u yrnom Kpewa ¢.

Onpenenute oprentaumio camonera (cucrembr orcyeta Cxyz) oTHO-

CHTEJIbHO TpexrpaHHuKa CEnl.

Oraer:
E n 4
cos 1 cos B sin @ — sln YPcos O
§ | sinsinp—cosyhsinOcosg | cosBeosgp cos P 8in @ +- sin Y sinB cos @
2 | sincos @ 4 cos p sin @ sin @ — c0s 0 sin g cos ¢ cos ¢ — sin P sin @ sin g

20.6(20.6). 3Has CKOPOCTH H3MEHEHMs CaMOJIETHBIX YTJIOB, Ompefe-

JIRTL TIPOEKIHH YTJIOBOH CKOPOCTH CaMmoJjera

Ha OCH CHCTeM KOOpAH-

HaT Cxyz B CEnt (cM, PHCYHOK K NpeAbyLIei 3ajlage),
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Oréer: o, =1bsin@+¢§, o,=fcosbcosg-}0Osing, o,
= —dcosOsing+0Ocosp, w@g=qcospcosd+Osiny, ;=

=— ¢ Sin@ 41, wp= — ¢ sinycosO + 6 cosp.
20.7(20.7). na uccnepoBaHHA EauKH Kopabsis H ero ycToHuYHBOCTH
na Kypce BBOOAT TpH KopaGedbHEIX yryia: P — mxgpepent, 6 — Kped
55 C— H @—Yyroa pBRICKaHH#, CHCTEMa OTCYeTa
Cxyz ecTko cBf3aHa c Kopabuem, C—
LEHTP TH2KECTH KOopabJf, OCb X HanpaBJeHa
4 OT KOPMH K HOCY, OCb Y — K JieBoMy Gop-

¢ s g Ty, OCb 2z — NEPNEeHAHKYJIAApHO nanybe; cH-

z D e crema koopaunat CEnl opueHTHpyeTCH OT-

5& | ¢ 7 HOCHTENILHO Kypca Kopabssi: ock £ BeptH-

KaJibHa, FOPH30HTaJbHAsA Ochk E HanpaejeHa

s 7 No Kypey, FOpH3OHTaNbHAS OCh 1) — BJIEBO

OT Kypca (Ha pPHCYHKe H300paieHHl CH-

K saxauam 20.7 & 20.8 creMul ocefl, BBenennux A. H. Kpuuo-
BHIM).

Onpenenuts opHenTalHio Kopabas (KoopauHaTHHX oceil Cxyz) or-
HiocHTeNBHO Tpexrpanskka CEng.
Orser:

x| cospeospfsinysinBsing | cosO sing |—sinPpeosgp 4 cosysinBsing
y |—cos sin @ -} sin P sin B sin g| cosB cos @ | sin P sin @ -+ cos P sinBceos g
Z sin P cos @ — 3in @ cos 1 cos O

20.8(20.8). 3nan CkOPOCTH M3MEHEHHsi KopaleJBHHX YrJyios, Onpe-
JenuTh NPOEKIHW YIJIOBOH CKOPOCTH KOpabns Ha OCH CHCTEM oTcyera
Cxyz n CEnt (CcM. PHCYHOK K NpenbIAYILEH 3anaye).

Orser: ©,=1pc0s 0 sin @ - 6 cosp, wp =0 cosp -+ ¢ sin P coso,
@, =1 cosB cosp — B sing, a,=1p—§sinb,
@, = —psind 4§, wg = — O sin P 4+ ¢ cos P cosH.

20.9(20.9). Touka M (ueHTp TAMKECTH caMoJsera, Kopalas) nBu-
FETCS BAOJb NOBEPXHOCTH 3eMJIH, IPHHAMAeMOl 32 mwap paauyca R *);
BOCTOYHAS COCTABJSIOLIas CKOPOCTH TOYKH PaBHA Ug, 4 CEBEPHAS — Un«
OnpenesuTh CKOPOCTh H3MEHeHHS IIHPOTH @ H JOJTOTH A TEKyIero
noJioweHus ToukH M.

7] . v
Orser: ¢'=TN' l=—}—e-“%5; TNpH TOMOMHTENLHHX Up M Uy CO-

cTapAOWAan ¢ BampapjeHa HAa 3amafl, a CoCTaBifWOLlas A— N0 OCH
SN spawennus 3eman ot Oxuoro nontoca K CesepHomy.

*) 31eck H B faJbHedlles caTHes 3eMan npeeGperaed.
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20.10(20.10). ina wsyuedus OBHIKEHHS BOMHIH 3eMHOIN NOBEPXHO-
CTH Tesl (CaMOJIETOB, paker, KopaGnefi) W mpHOOPOB, ycTaHOBJEHHBIX
Ha HUX, DBORAT NOABHMHOH KOOPAHHATHBIH TpeXrpaHHHK — TPexrpan-
uuk Jlap6y. Tlpu reorpaduueckoii ophentammun Tpexrpannnka [ap6y
OEnG ropusonTasbHasn ock £ HanpaBiseTcs Ha BOCTOK, FOPH3OHTAaNLHas

.4 ¢

)

K sagaue 209 K aapave 20.10

OCb 7)—Ha CeBep, Ock {— BEPTHKaJbHO BBepx. Onpesenuth npoek-
UnK Ha ocH E, 7, € yrioBoii ckopoctH TpexrpaHnuka Ofqt, ecnn npo-
EKLHH CKOPOCTH €ro Hauana (ToukH () OTHOCHTENbHO 3eMJH paBHH
Ug = Uk, Uy = vy, ty = 0; yrioBas ckOpocTh BpalleHHsi 3eMIK paBla
U, pannyc 3emau R.

Ozser: wg=— 9= — v,/R,
A UE
o, = (U + z.)cos<p=(U -i—m)COS(p,

o o
m;:(u-}—l)sin q)r—-(U-i—"E-c—:S—'F)SIan.

20.11(20.11). Tpexrpannuk [Jap6y Oxyz Ha noBepxHOCTH 3eMJH
OPHEHTHpPOBaH He reorpaH4ecKH, Kak 370 ObIIO CAENAHO B npefsay-
ILieH 3a7a4e, a O TPACKTOPHH OCHO- -
BaHHsl TPEXIPAHKHKA OTHOCHTEJBHO il
3eMnu: ock X HampaenseTcs ropH-
30HTANLHO M0 CKOPOCTH © Bepuld-
e O (UEHTP THAKECTH camoneTa, v Ftecty)
KOpabJif) TpexrpaHHHMKa OTHOCH-

TENLHO 3eMJIH, OChL ¥ HanpasJsiercs 2z
FOPH3OHTAJNILHO BJIEBO OT OCH X, a g £ (Bocmen)
0Ch z — BepTHKANLHO BBepX. Ofnpe- Af%ﬁ;’z,%ﬁ%%wg

AENHTH TMPOEKUHH YIJOBOH CKOpo-  7ocwoems Ozy

CTH TpexrpaHHuka Oxyz, ecliH CKo- K sazase 20.1T

pocts ToykH O paBHa v, a ee Kypc
ONpENeNIAETCH YTJIOM ) (YroJ Mexy HanpaBJieHHeM Ha CeBep H OTHO-
CHTENILHOH CKOpOCTLIO TOUKH O).

Oreeri o, =U cos ¢ cos §; w, = U cos @ sin ¢ - o/R;
©, = (U +4) sin ¢ - $=U sin ¢ -+ v/p.
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3necs R, U, @ ¥ A HMeIOT 3HaueHHs,, BBefleHHHWe B 3amadax 20.9 u
20.10, a p— paamyc reofesHyeckoii KPHBH3HH TpaeKTOpuH (p > 0
npa P << 0, up <O npuyp > 0).
20.12(20.12). Tpexrpannuk JJapby Ox°y°2” Ha noBepxHocTH SeMiH
OPHEHTHPOBAH CJe[YIOIHM 00pa3oM: ock x° HanpasJisgeTcs mo abco-
atotHol ckopoctu V Touku O (mpepmoiaraercs, UTO OHa IBHXKETCH 1O
o \plecten) NOBEPXHOCTH 3eMJiH), TOPH3OHTAJb-
Has ocp y? HanpaBJAseTcsi BJeBO OT
ocH x° ocb 2° BeprukasnsHa. Onpene-
JIHTh MNPOEKLHH YIJOBOH CKOPOCTH
Tpexrpankuka Ox%yP2° ecau coerab-

oy v z° NsoLHe cKopocTH ToukH O OTHOCH.
Z TEeJILHO 3eMJIH pPaBHH vz H vy.
17 T e E(Jmhj Vv
AP+ Oreer; ©p =0, Op=—p, Op=
K 20.12 ;o 5
PR =(U 1+ 3)sing+46, rone R, U, gua

HMeloT 3HaueHHs, BeejjeHHEle B 3anavax 20.9 u 20.10,

- o
V=4/(vg+ RU cos@)* + 0% u th:T,E.;.'_R; cos g

20.13(20.13). T'npockon HampaBJIEEHS YCTAHOBJEH B KapAaHOBOM
nonpece. CHcTeMa KOOPAHHAT Xil12) CBA33aHa C BHeMHeH paMko# (ocek
BpalleHHsi €e BepTHKaJbHa), CHCTEMa Xxyz CKpemJieHa C BHYTpeHHeH

( Zy
|
e 2z L(senum)
i
o S z
7 g Jlcete)
&
Ty Q’gmm % Gt
K sanaue 20.13

paMKoil (och x BPalIEHHA ee ropusonTaibna). Ock z BHYTpeHHei: pam-
KH SBJSETCS OAHOBPEMEHHO OChblO COOCTBEHHOTO BpallieHHsi THPOCKONA.

Onpenenuts: 1) opueHTaumMI0 Ock z BPAIIEHHS FHPOCKONA OTHOCH-
TeJbHO reorpa)HYeCcKn OpHEHTHpPOBaHHEIX oceii Enk (cM. 3amauy 20.10),
eclii TNOBOPOT BHEHIHEH paMKH (OCH f;) OTCUMTHIBAETCS IO YACOBOH
CTpEJKe OT IJIOCKOCTH MepHIHaHa (naockocTh mi) M onpepensieTcs
YrjioM o, 4 TOALEM OCH 2 HaJ FOPH3OHTOM Onpenesserca yrioMm B;

2) NpoeKUMH Ha OCH X, Y, z YIJIOBOM CKOPOCTH BpalleHHs Tpex-
rpaHHHKa Xy2, npednonaras, 4yTo touka O nopgBeca rHpoCcKoma HEMO-
IBHKHA OTHOCHTEJIBHO 3eMIH,
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Orser: 1) : | X 2

z| sinacosP | cosacosP |sinf

2) o,=p —Ucosgsina,
@, =@&cos f 4 U(cos @ cosa sin § — sin ¢ cos p),
@, == G sin B -+ U (cos ¢ cos @ cos p + sin @ sin f),
rae U—yrnoBas ckopocTs Bpalllenns 3emiau, ¢ — IIHPOTA MeCTa.
20.14(20.14). B ycnoBuax npensuayliefi 3anauk onpenenuTh Npoek-
LMK YTJIOBOH CKOPOCTH BpalleHHS TPEXrPaHHMKA Xyz, €C/H CeBepHas
H BOCTOYHAH COCTABJISIOLIHE CKOPOCTH TOUKH MOMBECA COOTBETCTEEHHO
PaBHE vy H UEg.

°E . N
Oréer: o, =f — U-f—m cos @ sin @ — - cos @,

w, =G cos +(U+ -R—:;'_)Es_q)- (cos @ cosa sin § — sin ¢ cos B) —

L :
—-Tsmasm B,

o, =& sin p —i—(U —]-—E%E;—é-)(cosq:cosacosﬂ -+ sin ¢ sin g),

rae R — papuyc 3emin.

20.15(20.15). [IpmxKeHHe TeJa BOKPYT HENOIBHIKHON TOUKH 3afaHO
yriaMd Sfinepa: o= 4f, 1|J=i;-—2t, 9=;. Onpenennts KoopAH-
HaThl TOYKH, BBIYEpPYMBAIOLIEHd roaorpag yrioBofi CKOPOCTH, YrJOBYIO
CKOpPOCTb M YIrJOBO€ YyCKODEHHE TeJa OTHOCHTENLHO HEeNnOABHIKHBEIX

OCeH x, Y, 2.
Orger: x=0,=24/3cos2, y=0,=—24/3sin 24,

z2=0,=0, ©=24/3 pag/c, e=44/3 pan/c®.

K sanaye 20.16

20.16(20.16). HajiTH nOIBIDKHHIT K HEMOABMXHLIT AKCOMAM BHell-
HEro KoJjieca BaroHa, KaTHALUETOCs MO FOPH3OHTAJNLHOMY NYTH, Cpef-
HHH pazHyC KPMBM3HH KOTOPOro paBeH 5 M, PajHyC KoJeca Barosa
0,25 m, mupuna xonen 0,80 M,
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INpnmenanne. Koneco mpamaercs BMECTe ¢ BaroHOM BOKPYP BePTHKANBHORN
ccu Oz, npoxofsiled wepe3 UEHTP SaKPYIJeHHs MNYTH, M OTHOCHTEJbHO BaroHa Bo-
KLyr ocy AB, T.e. Bpalaercs BOKPYr HenozBuuoi Togxku O.

Oreer: HenonBHiKHHI aKCOHA — KOHYC, OCh KOTOPOrC COBMAfaeT
c ocero Oz, ¢ yrnoM npu pepiuuHe o = 2 arctg 21,6 = 174°42’. Tlon-
Bi#MHBIH aKCOHI — KOHyC ¢ ocblo AB u yrnom nph Bepuinse f =
= 2 arctg 0,0463 = 5°18’.

20.17(20.17). IpueHne Teqla BOKPYr HENOABHIKHON TOYKH 3a4aHO
TpH [OMOWM YrnoB JOfjepa c/lenyIOWHMH ypaBHEHHAMHD @ = nf,
Y =n/2+ ant, 6 = n/3. OnpenesuTh NpoEKUHH YII0BOH CKOPOCTH H
YrJIOBOro yCKODEeHHA Tejla Ha HeNOABHIXKHHIE OCH, €CNH @ H f— M-
CTOSIHHLI® BEJIHYHHEL YKasaTe TaKxe TO 3HAYEHHE napameTpa a, npu
KOTOpOM HENOABHKHLIM aKCOHIOM Tena OymeT muockocTs Oxy.

13

n 3 . 1
Qreaer: ®©, — 5 cos ant, mym";/ sin ant, m¢=n(a +?)’

2
mz“/3~cosant, e,—0, a=—-—-;—.
20.18(20.18). ¥Yrnn 3itnepa, onpefessiollHe NONOMEHHE Tena, Ha-
MEHSIOTCA MO 3aKOHY (perynisipHas mpeueccHs) ¥ = pp 4 nif 6 = B,
@ = Qo + ngf, rae Yo, €, @o-— HavanbHEE 3HAYEHHA YTJIOB, a4 1n; M
n; — NOCTOSIHHBEIE YHCJA, PaBHblE COOTBETCTBYIOLIHM YIJIOBHIM CKOpO-
craM. OnpefesiHTe YIJIOBYIO CKOPOCTh  T€Jia, HEMOABHKHBIE H HOL-

BHXHEIH aKCOHIHIL.

an®+/3 .
g, = ——— —sinant, e, =

Oreer: ©=A/n} + nj + 215 cos B HemoABHIKHEI AKCOHA — Kpy-

Dl
: n; sin” 6,
rogoit Kouye E? —!—n’——(u:c:s—eo_l_on-l—)-,—§2=0 c ocbl0 § u yraom
. I '
acteopa 2arcsin 22588 o pokunit akconn — Kpyrosof KOHYC
pacTBop -
2.y
1y sin§,
24 y“—mﬁ:() ¢ Ocbi0 2 M YrJoM pacTBopa
ny sin 8,

2 aresin -———.

TIABA VII
CJIIO)XHOE JBHMEHHWE TOYKH

§ 21. ¥YpaBHeHHA ABHIXEHMH TOYKH

21.1(21.1). Onpepenuts ypaBHEHHE NPAMOJHHENHOrO [ABHIKEHHS
TOYKH, CKJAaAHBAMILIErocs H3 ABYX FapMOHHYECKHX KonebaHmii:

xy=2cos (nt + nf2), x;=23 cos (nf + m).

Oreer: x = 4/13 cos (nf + @), rae ¢ =arcltg % = 33°40’.

21.2(21.2). Dapa6ay 3anucLBaioLIero ycTpoHCTEA Bpallaercs pap-
HOMEPHO CO CKOPOCTLIO ®p. Panuyc GapaGana r. Camonmceil coenuHed
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C NeTansio, NBHXYUIEHACS N0 BEPTHKANA No 3aKOHY

Yy = a sin ot.
Hakith ypaBHenue Kpupofi, KOTOpPYI0 3amHilleT nepo Ha OyMaXHoH
JIEHTe,

s o x
5 — s —_—
Oreger: y—=a sin =

a7
=S R
R
Ni's 8
i Al
@y
: N
@ \
; {1
HE 04
T !
= 1T IT ‘\\ <
2ottt 17,
K sapave 2.2 K aanawe 21.3

21.3(21.3). Tipu BpauleHHH NMOBOPOTHOrO KpaHa BOKPYT ocH O,0;
. € TOCTOSTHHOH YTJIOBOH CKOpOCTBIO @) rpy3 A nomHuMaercs BBEpPX no-
- CPEACTBOM KaHaTa, HaBePHYTOro Ha Gapaban B. BapaGaun B panuyca r
BpallaeTCH € MOCTOAHHON YIJIOBOK CKOPOCTBIO @i Onpenenuts atco-
JIIOTHYIO TPaeKTOPHIO rpysa, eciiH BEUIET Kpa-
Ha paBeH d.
Orser: BunTOBasA nuHHSA, YpaBHeHHe KOTO-
poH
x=d cosz—: . -:—. y=d sm—% : %,
Och x NpOXOAHT Yepe3 ock 0,02 u HauanpHOE
NOJIO}KeHHe Tpy3a, OCb z HanpaBjieHa BBepx
NO OCH BpallleHHs KpaHa.
21.4(21.4). Ilpu copmemenus paGoTsl Me- K sanave 214
XaHH3MOB NOABEMa Tpy3a H NepeMeleHHs
KpaHa rpys A mnepeMellaeTcsi B FOPH30OHTAJbHOM H BEPTHKAJILHOM
HanpaBnenusx. Bapa6an B panmyca r=0,5 M, Ha KOTOpHIi HaBHT
KaHat, NOANIePIKHBAIOLLRI IDY3 A, BpamaeTca Npu NycKe B X0 € yrio-
BOH CKOPOCTEIO ® = 21t pas/c. KpaH nepeMeiaercs B FrOpH3OHTaIbHOM
HamnpasJieHHH € NOCTOAHHOH cKOpocThio v = 0,5 M/c. Onpenenurs a6-
COJMIOTHYI0 TPAGKTOPHIO rpy3a, eC/iH HauafbHEIE KOOPAHHATH rpy3a
xo= 10 M, yo——"ﬁ M.
Orger: y = ~—2% ¢or | y, = 6,28x — 56,8.

o
21.5(21.5). Crpena AB noBopoTHOrO KpaHa BpaulaeTcsl BOKPYr OCH
010; ¢ nocTosHHOl yrNOBoK CKOPOCTBIO . [1o TOPH30HTANBHOH CTpeJe
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0T A K B IBHETCS TeieXKa ¢ NOCTOSHHON CKOPOCTHIO Ug. Onpenenuts
a6COMIOTHYI0 TPAEKTOPHIO TENEXKKH, ©CJAH B HAYANBHLIT MOMEHT Te-
JiexKa Haxoaunack Ha ocH 0,0,.

Oreer: TpaeKTOpHS — apXHMELOBa CIHpANp I =—':ni @, rie r— pac-

CTOsIHHE TEJIEXKH OT OCH BPALUEHHS, () — YroJ NOBOPOTA KPaHa BOKPYT
ocu 0,0,.

21.6(21.6). Jlenta npu6opa, Clykaliero /st 3aNHCH KoJe6aTellbe
HEIX IBHXXeHHH, ABHIKeTCs no Banpasnesuio Ox co CKOpOCThIO 2 M/cC,
Kone6nwoweecs saonb ocu Oy Teno BHMEpPYUBAET Ha NEHTE CHHYCOHLY,
HaHGoJblIasl opanHaTa Kotopoit AB=25 cM, a anuHa O0,C =8 cm.

|&
y B ;
B -
r
"tg \ //
g = DN - /
A A .
‘\ 1’
\, ,I
N \____ b
G
K aapaue 21.6 K sanase 21.6

HajiTn ypaBHeHHe KoJe6aTenbHOrO IBHIKEHHs Tesa, IPennonaras, yro
To4Ka O CHHYCOHIBl COOTBETCTBYET NOJOXKEHHIO Teja IpH f=0.
Orser: y = 2,5sin(50xf) cm.
21.7(21.7). Tpampaii nBHXXETCA DABHOMEPHO NO MPSIMOJIBHEHHOMY
FOPU3OHTAJILHOMY Y4acTKy CO CKOPOCTbIO v ==5 M/c, mpuueM Ky3oB
COBEPLIZET HA Peccopax rapMOHHYECKHE KO-
nebanus ¢ aMnauTynod @ = 0,008 M u ne-
puogom T =.0,6 c. Hafitu ypasHeunue Tpa-
EKTOPHH LEHTPA THKECTH KY30Ba, €CJH ero
CpeAHee pacCTOsHHE OT I0JOTHA JAOpPOrH
h=105 M. Ilpn t =0 uentp TaxecTH Ha-
XOAWTCS B CPELHEM MNOJIOMEHHH, H CKOPOCTh
kosnebauns wanpapnena peepx. Ocs Ox Ha-
NpaBHTb FOPH3OHTAJLHO NO TMONOTHY B CTO-
POHY [BHXKEeHHH, Ocb Oy — BEepTHKANbHO
BBEPX 4YEpe3 MOJIOKEHHE UEHTpa THXKECTH
npu f=0.
Orser: y= 1,5~ 0,0008 sin 0,8nx.
21.8(21.8). Onpenenuts ypaBHeHus Tpa~
EKTOPHH CJIOXHOTO ABMIKEHHA KOHUa NBOi-
K seanaue 218 HOro MasTHHKa, COBEplIalero OOHOBpe-
MEHHO JiBa B3aHMHO NepreEIHKYSpHEX
rapMOHHYECKHX KoJieOaHHA PaBHOH YacTOTH, HO Pa3HLIX aMIIKHTYH H
¢a3, ecan ypaBHeHns KoNleGanuii HMEOT BHI X = a sin(ot - a),
y = b(sin of 4 B).

x’ yz
Oreer: aaunc ?‘+'5? -

2xy
ab

cos (& — B) = sin?(a — B).
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21.9(21.9). KoHen OBOHHOrO MasiTHHKA oONMNCHIBAET tdurypy Jluc-
Caky, mONyHalOULylocs NPH CJOXEHHH IBYX B3aHMHO NepHeHAHKYsp-
HBIX FapMOHHYECKHX KosebGammit: x = a sin 20f, y = a sin ot. Haiitn
YPaBHEHHE TPaeKTOPHH.

Orger: a’x? = 4y%(a® — 4?).

21.10(21.10). XKenesHOAOpOMHBI TOE3N ABHIKETCS pasHOMepHO CO
CKopocTio 36 KM/4, CHrHaNIBHBIH (oHaps, NPHBEIIEHHLIH K mocaen-
HEMY BaroHy, CpLIBAETCH C KpOHLITeHKHa. OnpelesuTs TpaeKTOpHIO a6~
COJIIOTHOTO IBHJKEHHA (OHAPA H MJAHHY NYTH s, KOTOpHIil OyneT npoii-
[€H Noe3NoM 3a BpeMs najeHus ¢oraps, ecqn (PoHape BaxOmHTCs Ha
BhicoTe 4,905 M ot semsn. OcH KoopnuHaT mposecTs Yepe3 HayaJbHOe
ToNOXKeHHe (PoHaps, och OX — rOPH3OHTANLHO B CTOPOHY ABHIKEHHS
noe3zna, ock Oy — BEPTHKaNBHO BHH3.

Oreer: TapaGona ¢ BepTHKaJLHOH OCBIO y=0,049x2, s=10 m
[(x, y —B Metpax, t— B cexynnax).
: 21.11(21.11). Pesen M copepiaer nonepeusoe BO3BpaTHO-NOCTYNa-

TEJLHOE [BHXKEHHE COTNIACHO 3aKORY x = asinwf. HaliTh ypasrenue

TP2eKTOPHH KOHUA pe3lla M OTHOCHTE/LHO RMCKa, Bpalualouierocs
PaBHOMEPHO € YTJIOBOH CKOPOCTBIO @ BOKPYr ocH (), nepecekarowiedt
a6CoMIOTHYIO TPAEKTOPHIO Pe3lia.

N i ———t
=

K sanave 21.11 K aanaye 21.12

Oreer: E2 4 (n — a/2)% = a?/4 — okpyxHOCTL paaxyca a/2 ¢ ues-
TPoM B To4yke C (CM. PHCYHOK).

21.12(21.12). B HeKOTOpPLIX HSMEPHTENBHLIX H AEIHTENbHBIX npH-
Gopax 175 MEpeMEHIEHHsi yKa3aTens NPHMEHSETCS nubdepennuanb-
HHH BHHT, cocTosiuluii u3 ocu AB, umewmeii B yacth A BHHTOBYIO
Hape3Ky ¢ waroM f MM, a B yacth B — Hape3ky ¢ waroM h, << h.
Hacts A Bpamaercss B HemonBHXKHOH rafike C, a wacTh B OXBaTH-
BaeTCH sJaeMeHToM D, JHINEHHBIM BPAllaTeNLHOTO [BHIKEHHS
COENAHHEHHHIM C yKa3aTeNeM, CKONL3SAIUHM BJOJb HENOABHIKHOM
1LIKAJIBL,

1) Onpepenuts nepemenienue YKasaTesisl npy NOBOPOTE MaXOBHYKA
OCH Ha |/n 060poTa (COOTBETCTBYIOMAS 1IKANA HAHECEHA Ha nHcKe £},
ecid n =200, by = 0,5 MM u k2 =04 mm. Obe Hape3KH NpaBble WK
o6e JeBwle.

2) Kak u3amenuTcs nokasanue npuGopa, ecnu B uacti A cpenaTo
JIeBYI0 Hape3Ky, a B 4acTH B — npanyio?,
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Oreer: 1) s=-% (hy— hy)=0,0008
2) s=—(h + hy) =0,0045 wm.

21.13(21.13). YcxopuTtenbHBIHi MEXaHH3M CTPOrafibHOrO CTaHKa Co-
CTOHT H3 IBYX napajnensHeix BajoB O u O,, KpuBowxna OA u xy-
aucel 0,B. Koweny xpusownna OA coeuHeH LIAPHHPHO C MOJ3YHOM,
CKOMB3SALIEM BAOJAL Npopess B Kyauce O,B. HaiiTh ypaBHeHue 0THOCH-
TeJbHOr0 ABMXXEEHs MOJ3YHA B NPOPE3H KYAHMCHl H yDPaBHEHHE Bpalle-
HHS CAMOH KyJIHCHl, ecnH KpHeomun OA
OJHHHL r BpalllaeTcA ¢ NOCTOAHHOH yrno-
BOH CKOPOCTBI0 @, PaCcCTOSHHe MeEXIy
ocaMH Banop 00; = a.

K sanave 21.13 K sanave 21.14

r sin of

Oreer: §=»\/a2+r2+2arcosmt, tgq’—m

21.14(21.14). B poraTHBHOM [BHrAaTeJs€, CXeMATHUCCKH MOKa3aHHOM
Ha pHCYHKe, WHJIHHIPE, NPHKPENVIEHHEE K KapTepy, BpallaioTcs
BMecTe ¢ HHM BOKDYF HeNONBHIKHOM ocH Baja O, a IIATYHH MOpLIHER
BpamaloTcs BOKPYT najibla A HeNoABHXHOrO Kpksowmna OA. Yka-
3ate: 1) TpaekTopHio aGcoMOTHOrO ABHXKEHHs TGUEK B nopiumel H
2) npHOMHXKEHHOE ypaBHEHHE HX OTHOCHTEJILHOrO IBHXKEHHSA O OTHO-
IIEHHI0 K LHJHHADAM, €CH LUHJHBAPH BpalllaloTCH € YIJIOBOH CKO-
poctuio ©. Jlano: OA=r u AB=1. Och Ox u Oy HMewT Hayajo
B llenTpe Baaa. [1puuats, 90 A = r/l Mano.

Oreer: 1) OkpyxHocts X2+ (y +r)P =D,
2) §=1(1 — A cos of — %sinzmt).

21.15. Bep7ozer, 3aBHCIUVH HENOABHIKHO Haj MoJsiHOM, c6pacHBaeT
Ipy3 H B TOT K€ MOMEHT HaYuHHaeT OBHraTbCA CO CKOPOCThIO Uy, HA-
MpaBAEHHOH HOL YrJAOM o K FOPH3OHTaikHOH mnoBepxHocTH. Haiith
YpaBHEeHHs] NBHIKEHHS W TPAaEKTODHIO Tpy3a OTHOCHTEJLHO BEpTOJETa
(ocH OTHOCHTENLHOH CHCTEME! KOODAHHAT HamNpaBJieHH H3 LEHTpa TA-
JHeCTH BEPTOJIeTa FOPH3OHTAJIBHO MO Kypcy H BePTHKAJBHO BHH3).
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® :
Oreer: x,= —vdcosa, y,= -‘%—- =+ v¢f sin o. TpaekTopusi — napas

gx;
Gona y,=—x, tga4- e
2u5cos®a

§ 22. Caoxenne ckopocteli Touku

22.1(22.1). Kopabne RBHIKETCS NpPAMOJMHENHO €O CKOpOCTBIO ¥y,
Ha BricoTe £ Hajl MOpeM CO CKOPOCTBIO U; JIETHT CAMONET TeM e
KypcoM. OnpezennTe paccrosiiue /, OTCYHTHIBAEMOE N0 NODHIOHTAJM,
Ha KOTOPOM Hajo COpOCHTL BEIMIEN, 4TOOH OH moman Ea KopaGin.

ConpoTHB/iieEHEM BO3[lyXa ABHIKEHHIO BEIM- v
neja mpeHeSpeys., -q-—’-;
Orser: 1= (v, — v,) 4/2k/g. <
22.2(22.2). Pewunts npenuinymyo 3ana- o ]
qy, €CJH caMojileT JIeTHT C TO# e CcKo- | I
POCTBIO HABCTPEYY ABHKYLIEMYCS Kopabmaio. > ——

Oreer: | = (v, -+ vy) 4/2k[g. S Eanae 2t

22.3(22.3). Kopa6nb, npoxonsmufi Touky A, EBHKETCH ¢ MOCTOSH-
HOH MO MOAYJI0 M HamnpaBJIEHHIO CKOPOCTBIO vo. Ilom Kakum yriom B
K npamoii AB Hano HayaTb [ABHIaThCsl KaTtepy M3 TOUKH B, uTo6m
BCTPETHTLCHA C Kopabnem, €ClH CKOPOCTh KaTepa
NOCTOsIHHA IO MOAYJI0 H HallpaBJIEHHIO H paBHA ~_Y
u1? JIukust AB cocTaBasieT yroa o ¢ NEprneHsm- f 2
KyJI5ipOM K Kypcy KopaGiisi. | 7E

I

Oreer: sinp = -:—" oS ;.
1

22.4(22.4). B npemuinymieii sajave omnpene A,
JuTb BpeMa T, mo HCTeYeHHH KOTOpPOro Karep A e T
BCTPETHTCH € KopabJieM, eclii H NepBOHAYAMBHOE K sagade 22.3
paccTosnHe MexAy HHMH paBHsilocs AB =L

!
Orger: T= — =
o, sin 1, -{-/\/of— ugcosquu
oy _l_ sin iy cos Py

0, €os (‘5’0_ ﬁ) IETNC T A

22.5(22.5). IlpoBoouHAR OKPYKHOCTS Bpa-

IfaeTcs B CBOEH TJIOCKOCTH OTHOCHTE/NLHO He- AN
GOABHKHOTO wapHupa O ¢ NMOCTOAHHOH yryio- K sanaue 22.8

BOH CKOpOCThI @. Kak GyeT ABHraThca Touka

M nepeceueHHS 3TOH OKDYMHOCTH C HETIOXBHIKHORN OKPY#HOCTBIO TOFO
e panuyca R, npoxoasuei Takxxke uepes wapuap O

Orger: Touka nepeceyeHusi oGXONHT Ka){aylo H3 OKpy:KHOCTed
C NOCTOSIHHOH CKOPOCTBIO, PABHOK oR.

22.6(22.6). Kopabne uner kypcom IOB co CKOpOCThLIO @ Y3JIOB,
NpH STOM (yHOrep Ha MauTe NoKa3LBACT BeTep B. Kopabas ymeHbmaer
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Xon [0 @/2 ysnoB, ¢pmorep nokaseiaer setep CB. Onpenentts: 1) Ha-
NpaBJieRue U 2) CKOPOCTL BETpA.

IIpuwyeyanne. Hanmenosanue xypea ¥Ka3biBaeT, Kyna HOeT kopabnb, HamMme-
HOBAHHE BETPa — OTKyNA OH fyer.

Orger: 1) C cesepa, 2) a4/2/2 vanos.

22.7(22.7). Ona onpeneneHusi cOGCTBEHHOM CKODOCTH caMoJieTa
NpH BeTpe Ha 3eMJe OTMEeYaloT NPSIMYI0 JHEHIO H3BECTHOH NHEH .
KOHUK KOTODOH JOJKHEI GLIThH XOpowlo BHaHH cBepxy. Hanpasnenue
OTMEUEHHOH Np5SIMOA ROMKHO COBNANATEL ¢ HampasJeHHeM BeTpa. Baosns
3TOH NpSIMOM CaMOJleT NpoJeTe] CHaYasa no BETpy 3a Bpems / ¢, a 3a-
T€M NMPOTHB BETpa 3a BpeMs f; ¢. Onpesennts COGCTBEHRYIO CKOPOCTb U
camoneTa M cKopocTs V Berpa. -

1

Orser: U=;—(7l|—+—:2—) Mfe, V=%(—E-—-—:T) M/c.

22.8(22.8). lna onmpenenenusi co6CTBEHHOH CKOPOCTH © camonera
TIpH BeTpe pa3MeualoT Ha 3eMJe TPeyrosisHbli nonurod ABC co cto-
podamy BC=1/, CA=1,, AB=1; m. Jlna Kaxaoi CTOPOEBI MOJIH-
ToHa ONMpefedsioT Bpems noJerta: fy, fz, f3 c. Onpenenuts coGCTBEHEYIO
CKOpPOCTE ¥ CaMOJIeTa, ipeasio-
f1arasl, YTo OHa HEH3MEHHa 1o
BEJIHYHHE, H cKopocTe V Ber-
pa. 3apauy pewmts rpadu-
YeCKH.

Ilosacneune  Cobersensof
CKOpPOCTBI0 CcamoJfieTa Ha3uBaeres
CKOPOCTb C€aMOJIeTA OTHOCHTENLHO
BO3yxa.

K sanave 22.8 Oreer: OT npoH3BONBHOMR

TOUKH M OTJOXKHTH TpH Bek-

Topa, COOTBETCTBEHHO paBHuIX Ni/fy, Iy/ts, Is/ts v mapannensHbix CTOpO-

Ham BC, CA u AB nonurona, Benwunna CKOPOCTH ¥ camoJieTa ollpe-

ACTHTCA PANHYCOM OKDYXKHOCTH, NPOXOAAILEH Uepes KOHLB STHX Bek-
Topos. CkopocTs BeTpa onpenessiercs BeKTopoM MO.

22.9(22.9). IMaccaxup ABHXYywerocs co CKOPOCTLIO 72 KM/4 0o ro-
PHSOHTAJILHOMY LIOCCE aBTOMOGH/IS BHAMT yepe3 GOKOBOE CTEKJIO Ka-
GHHBl TPACKTODHH Kaneib OIS HAKJIOHEHHBIMH K BEPTHKAJH Tof
yraoMm 40°. Onpenennts a0COMIOTHYI0O CKOPOCTh NaleHHsl NOMAEBEIX
KaneJh OTBECHO NajaiolIero n0MAs, mpeHeGperas TpeHHEM KameJb
0 CTEKJIO.

Oraer: v=-—4—l;"0, =23,8 m/c.

22.10(22.10). Bepera peku napasiesnbHE; JONKA BBILNA H3 TOYKH

H, ACPXKA Kype MepnesauKynsipHo GeperaM, HOCTHINA MPOTHBONO-
J0xHOro Gepera uepez 10 MuH nocie oTupabnelds. Ilpu stom ona
nonaJyia B 704Ky C, nexauyio Ha 120 M, HHXKe TOUKH 0 TEeYEHHIO
peky. Yro6hl, ABHrasich ¢ npexHedl OTHOCHTENLHOH CKOPOCTBIO, TO-
nacTs U3 TOYKH A B Toyxy B, Jiexamiyio Ha npsmod AB. NepreHaH-
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KyNAPHOiH GeperaM, nonKe HaNO NEPXKATH KYPC TOK HEKOTOPHM YrioM
K npAmMoit AB H MpOTHB TeYEHHS; B 3TOM Clyyae JOAKA LOCTHraeT npo-
THBOMOJOXHOTO Gepera uyepes 12,5 mun. Onpenenuts WHPHRY pekH [,
OTHOCHTENILHYIO CKOPOCTB u JIOAKH M0 OTHOLICHKIO K BOAE M CKOPOCTH U
TEYEHHS DEKH.

Oreer: [ =200 M, u =20 m/MuH, v = 12 M/MuH.

22.11(22.11). Kopabmb nnniBer Ha lOr co ckopocthio 36 4/2 km/u.
Bropoii Kopabnb HAET KypcoM Ha 10T0-BOCTOK CO CKOPOCTBIO 36 KM/4.
HafTu Benuuuny M HanpaBneHue CKOPOCTH BTOPOro Kopabus, onpene-
JAeMble HabmiopateneM, HaXOMsILULMMCH Ha
nany6e nepsoro Kopa6asi. A

Oreer: v,(u, =36 ¥M/4) HanpaBrera i
Ha CEBEpO-BOCTOK.

22.12(22.12). Jluwelika AB annuncorpa-
¢a npHBOANHTCA B OBHKEHHe cTepxkHeM OC, g 8
BpalllajoniHMes BOKpYT oce O ¢ moCTOAHHOM %
yra0Bol CKOPOCTBIO o Kpome Toro, Bech
MEXaHH3M BMECTE C HanpaBARKOLIHMH Bpa- K sapave 22.12
1aeTcs BOKDYT OCH, NEPNeHOHMKYJARpHOI
TJI0CKOCTH PHCYHKA M MIpoXonsulek yepes TouKy O, C noCTOSHHOR yrno-
BOH CKOPOCTBIO, DaBHOH TaKxe o Halith aGcomotnyio ckopocts npo-
M3BOJIbHOH TOYKM M nHReHKH KakK QYHKUHIO paccTosHus AM=1] B
MPERTIONOKEHHH, YTO BpauleHxe crepxusi OC H BpalIEHHE BCETO Me-
XaHH3Ma IPOKCXOINHT B JIPOTHBOMNOJOMHEIX HampaBlieHHAX.

Orser: vy = (AB — 2[) wy.

22.13(23.13). Pewnth npeAuAyLIyIO 3aKavy ANs ClySas, Korna oba
BpalICHH# NPOHCXOOAT B OKHOM HaNpAaBJEHHH.

Orger: upm He 33BHCHT OT TOJOKEHHS TOUKH M wu paBHa AB-wg.

22.14(22.14). llapy nentpobexkHoro perynsTopa Yarra, Bpaniaio-
Ierocs BOKPYT BEPTHKaNbLHROA OCH € yTaIoBo#l cKopocTsio @ == 10 pan/c,
Gnarofaps H3MEHEHHI0 Ha-
TPY3KH MAlUMHH OTXOAST OT i,
3TOll OCH, MMes .IJI7 CBOHX v
CTEepIKHeH B AaHHOM TIOJIOKe-
HHH YTJIOBYIO CKOPOCTE ==
= 1,2 pan/c. Haiitn a6conior-
HYI0 CKOPOCTb IIapoB peryJis-
TOpa B PaCCMAaTPHBAEMBIH MO-
MEHT, eCNH HOJIHHA CTepIKHeH |
!=0,5 M, paccTosHHe wMme-
Ay OCAMH HX nogseca 2e —
= 0,1 M, yrnu, o6pasoBannLe M
CTEPIKHSAMH C OCBI0 peryas- ?
TOpa, ¢ = oy = o = 30°, K samawe 22.14 K sazaue 22.15

Orser: v = 3,06 m/c.

22.15(22.15). B ruapaBnuyecKol Typ6uHe BONa H3 HANpPaBASIOMEro
annapaTa nonagaeT BO Bpaularoleecs paboYee KoJieco, JNONMATKH KO-
TOPOTO NOCTABJIEHH, BO H3BEXaHHe BXONa BOAH C YAADPOM, TaK, YTOGH
OTHOCHTEJIBHAA CKOPOCTb U, Kacanack JionatkH, HafiTH oTHocuTenbuyo
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CKOPOCTb 4YACTHILI BOAEI Ha HapyXHoM ofone Koneca (B MOMeHT
BX0Za), eCli¥ ee a6CoMoTHAs CKOPOCTh NPH BXOZE v = 15 M/c, yron
MEXNy abCOMIOTHON CKOPOCTBIO M pamHycoM o = 60°, Pamuyc Bxoma
R =2 m, yriioBas ckopocTs Koseca paBHa s pan/c.

TN
Oreer: v, = 10,06 M/c, (v,, R) = 41°50".
22.16(22.16). YacTHuul BOOH BXODAT B TYP6HHY CO CKOpOCTBHIO #.
Vron mexny CKOPOCTBIO u M KacaTelsHOR K pPOTOPY, NMpOBEeHEeHHOI
B TOYKE BXON2 YaCTHUH, pPaBeH co. BHemuHR nHameTp potopa D, ero
HCJI0 060POTOB B MHRYTY n.

K sanave 22.18 K 3apaqe 22.17

OnpenenuTs yron Mexny JnonaTkoil POTOpa H KacaTenbHOH B TOYKe
BXOIa BOLHI, MpH KOTOpoM Bofa GyneT BxoauTs Gea ynapa (oTHOCH-
TeJIbHAA CKOPOCTh YaCTHL B 3TOM CIYyYae NOMKHA GLITH Ha{lpaBlieHa
BIOJL JIONATOK).

60u sin
60u cosa— nDn *

22.17(22.17). B Ky HMCHOM MeXaHH3Me NPH KayaHuu kpuBoliHna OC
BOKpYr ocu O, NepneHmHKYIAPHON MIOCKOCTH PHCYHKa, noJ3yH A, ne-
PeMeIasncs BROAb KpuBowkna OC, NMPHBOOHT B ABHMKEHUE CTepIKEHD
AB, mBuiymuiics B BepPTHKAJBHBIX Hanpapnsiomux K. Paccrosuue
OK = I. Onpenennts CKODOCTL IBHIKEHHS TOJN3YyHa A OTHOCHTENBLEO
KpoBomuna OC B (yHKu#H OT yriioBoi
CKOPOCTH © H Yrila MOBOPOTA ¢ KPHBO-
LIHNa,

lf
Oreer: v, = Jolgg,

€os @
T 2 22.18(22.18). Haiitu a6CcoNTHYIO
e CKOpOCTb KaKOH-NHE0 TOYKKH M cnapuuka
AB, coemHHAOLEro KpHBowxne OA n
O:B oceil O u 0,, ec/H pagHycH KOJeC OfHHAKOBH: R — ) M; PalHyCLI
KpHBOWHNOB: OA = 0,8 =0,5 m. Ckopocth 3KMnaxa pp= 20 M/c.
Cropoctb Toyk# M onpenenuts ans YEeTHIDEX MOMEHTOB, KOrla KpH-
pownsl OA u 018 nu6o BepTHKANBHH, THEO rOPH3OHTANbHEL Koneca
HaTATCS N0 penbcam 683 CKOJbHeHHS.

Oreer: vy = 10 m/c, v =30 m/c, vy = v, = 22,36 Mm/c.

22.19(22.19). Koneca A u B Barona, JABHIKYIIEroCsl CO CKOPOCTBIO U

Oreer: g p=

N0 MPAMONHHEHHOMY PeNbCy, KaTHATCS NO HeMY 6€3 CKOJbIKeHHS. Pa-
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LHYCHl KOMeC pasHEl r, H paccTosinue Mmemny ocsmu d. Onpegmennts
CKOpOCTb LCHTPA KONECa A OTHOCHTENBIIO CHCTEMBl KOODAMHAT, HEW3-
MeNNo CoN3AHHOH ¢ KonecoM B.

Oreer: Cropocts paBua vd/r, nepnennukynspua kK AB u Hamnpas-
JIeHa BHH3.

22.20(22.20). MexaHH3M COCTOHT M3 ABYX NapasllebHEX BasoB O
u O, kpusownna OA u Kynucel 0,B; konen A kprBownna OA cKosb-
3HT BOML npope3il B KyJauce O)B; pacCTOAHHE MEXKIY OCSMH BaJjOB
00 paBno a; anusa kpusownna OA pasua [, npuyem [ > a. Ban O
BPAIAETCsl C MOCTOSAHHOM YTJIOBOH CKopocTslo @. Haiitu: 1) yrnosyio

K sanase 22.19 K sanave 22.20 K sanaue 22.21

CKOPOCTb @ Basia O) B OTHOCHTENBEHYIO CKOPOCTH TOYKH A MO OTHOMIE-
HHIO K KynaHce OB, BHpasuB ux uyepes NIePEMEHHYI0  BeJIHYHHY
014 =s; 2) HanbOnblUMe H HAHMEHBIIHE 3HAYCHHS STHX BEJIHYHH;
3) Te nonoxenus KpuBOWMNA, NPH KOTOPHX 0 = @,

@ ?— g2
Oreer: 1) m;z—z—(l +—?—

0, = VI Fs TOUFs—aGFI—9@Fs=I;

!

2) mlmax=m‘___—a"l mlmln=m'[_,:_a'r Uy max = AW, t“rmln=0;

3) W} = @ NpH 018 1L O]O

22.21(22.21). Kamedb A Kavalomefics KyJauCH MeXaHH3Ma CTpo-
ranpHOTO CTaHKA NPHBOAMTCH B ABHXKEHHE 3y6uaTofi mepemauedi, co-
crosuied u3 3y6uatku D u ay6uatku E, necymedi na ce6e och Kamus A
B BHAe nambua. Pamuycn sy6yatoxk R =0,1 m, R; = 0,35 M, 0} =
=0,3 M, pacCToRHHE Mexny ocbio O 3y6uatkn E u uentpom B ka-
uanus Kyaucsl 1B ==0,7 M. Onpenenuts yrioByio CHOPOCTb KYJIHCH
B MOMECHTHI, KOTAd@ OTpe3ok 014 nH6o BepTHKAneH (BEepXHEE H HHIK-
HEe MOJNOKEHHS), MHOO mepnesguKynsiped kyiuce AB (aesoe u npa-
BOE TOJIOMEHH:), €CAH 3y6yaTKa MMEeT  yrIJOBYyIO CKOpOCTh
© =7 pazn/c. Toukn O; u 'B pacnono:keHs Ha OIHOIL BEDTHKAJIH.,

Oreer: 0, = 0,6 pafi/c, oy = oy =0, oy = 1,5 pan/c.

22.22(22.22). Onpenenutb YriOBYIo CKOPOCTh Bpauialomielics Ky-
JIHCEl KPHBOLUKNTHO-KYJIHCHOrO ME€XaHnH3Ma MPH YeTHIPEX NOJIOMKEeHHHX
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KPHBOWIKHNA — IBYX BEPTHKAJLHBIX H IBYX TOPH3OHTAJILHEIX, €CJH
a=60 cM, =80 cM u yrnoBas CKOpPOCTb KDHBOWIMNA paBHA
n pan/c. (Cm. pucyHoK K 3anave 22.20.)

Orser: m,m%n pan/e, oy =ww==0,64n panfc, y;=4n pan/c.

22.23(22.23). Onpenenuts a6CoOMIOTHYIO CKOPOCTh TMOPIIHST POTa-
THBHOTO JIBHTATeNsl NDH ABYX BEPTHKAJNBHBEIX H JBYX TODH30HTAJbHbIX
nonoxeHusx watysa AB, ecau nnuHa KpuBowmna OA-==r=0,24 M,
YrJI0Basi CKOPOCTL UMNKHHApA ¢ KapTepom paBHa 40m pan/c. (Cm. pu-
CYHOK K 3apaue 21.14.)

Oreer: vy = 20,11 m/ec, vin =40,21 M/c, vy = vy == 33,51 M/c.

22.24(22.24). BocroyHasi, ceBePHasl M BepTHKaNbHas COCTABJAIO-
e CKOPOCTH TOYKH M OTHOCHTENLHO 3eMJIH COOTBETCTBEHHO paBHEL
Ug, Uy, Up. BHICOTA TOYKH HaZ NOBEPXHOCTHIO 3eMJIH B NAHHLIH MOMEHT
paBHa h, wnpoTa mecta @. Panuyc 3emyi R, ee yraosasi CKOpOCTb G.
Onpesennts coctaBasouine abCoNOTHOR CKOPOCTH TOYKH.

Oreer: vx=vs-+ (R4 h)ocosg, v,=uvy, v, =uv; (OCb X Ha-
TNpaBlicHa Ha BOCTOK, OCb y — Ha CEBEP, OCb 2 — BEPTHKAJBHO BBEPX).

22.25. B KpPHBOWHNHO-KYJTHCHOM MEXaHH3Me C MOCTYNATEJbHO [ABM-
wyuekcss Kymucod BC kpusownn OA (pacnonoeHHbi NO3afu Ky-
Jice) anubbl [ = 0,2 M BpaulaeTcs ¢ NOCTOAHHON Yri0BO CKOPOCTBHIO,
paBHOH 3n pan/c. Konuom A, COeNMHEHHHIM INADHHDHO C KaMHEM,
CKOJB3ALHM B POPE3H KYJHCE, OH
coobutaer Kynwce BC BO3BpaTHO-
nocrynarensHoe ABuieuxe. Onpe-
IENHTb CKOPOCTb v KYJIHCH B MO-
MEHT, KOrja KpHeBouiun oGpasyer c
0ChI0 KYJHCH yroJ 30°.

Oreer: v; = 0,942 m/c,

=

K sanane 2225 K sapave 22.26

22.26. CTepikeHb CKONL3HT B BEPTHKAJBLHHWX HANPaBIASIOILHX, OMH-
pasct HHIKHAM KOHLOM C MOMOLUbIO POJIHKA H3 NOBEPXHOCTH MONYIH-
JHHApa paauyca r. [loayuunuHAp NBHIKETCA 10 FOPHIOHTA/NH BNPapo
¢ MOCTOAHHON CKOpoCThio Up. Pamuyc ponuka p. Onpefenuts CKOPOCTh
CTEPKHA, €CNM B HaYaJbHHE MOMEHT OH HAXORHJICA B HaHBHICLIEM
TOJIOXKEHHH.

) v i

geer———— ==
N +eof =&
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22.27. Ha TtoxapHoM cTaHKe o6TaymBaercs UHJIHHID AHaMmeTpa
d =80 mm. Wnunnens nenaer s — 30 06/mMun. CKOpoCTh mponosn-
HOH monawH v =02 mm/c. Onpenenuts CKOPOCThH D, pe3na OTHOCH-
TeLHO 06Pa6aThIEae 400 UHAKHKLpA.

Oreer: v, = 1257 mm/fc, g a = 628, rpe O — YPOJ MeXIy v, H
OChIO LINHHAEIS.

§ 23. Cnoxenne yckopenuii Toukm

23.1(23.1). Haknownas nnockocTs AB, coctaBnsiomas yroa 45°
€ FOPH3OHTOM, ABHIKETCH NPSMOJHHEHHO NapaiensHo ocd OX ¢ Mo-
CTOAHHEIM ycKopenueM 0,1 m/c? Ilo sTo# miockocTn cnyckaercss Teno P
C TIOCTOAHHBIM OTHOCHTEJNLHBLIM ycKopeuuem 0,1 4/2 M/c%; HayanbHBe
CROPOCTH NJIOCKOCTH H TeJla PaBHLI HYJII0, HAYANBHOE MONOKEHHE Tena
ONMPEACNRLTCSA KOOPAHHATAMH X =0, y=h. Onpesennts TPAEKTOPHIO,
CKOpOCTb H YCKOpeHHE aGCoNOTHOTO ABHIKCHHS Tena.

Orser: y=h— x/2, v=0,1 4/5 m/c, w=0,1 A5 mfc.

23.2(23.2). BenocHneaucT Ha HEKOTOPOM YYaCTKE rOpH30HTANBHOTO
NPAMONHHEHHOTO NYTH OBHIKETCH 1O 8aKoHy s = 0,1#2 (s—B metpax,

¥

K 3anave 23] K aanaye 232

{—p cexynnax). Jlano: R=0,36 m, [=0,18 ™, z = 18 3y0u0B,
22 = 48 3y6uoe. Onpenennts a6eonoTHOR Ycxopenue oceir M u N pe-
JIOCHNCAHHIX TNejfalell (mpeanonarasi, Y70 KoJeca KaTaTcs 6e3 CKOMNb-
eHus) npu f= 10 ¢, ecnu B 3TOT MOMEHT KpuBowKn #MN pacnoJo-
JKeH BePTHKAJIBHO.

Oreer: vy = 0,860 m/c?, wy = 0,841 m/c2.

23.3(23.3). Onpenenuts abconoTHOE YCKOpDEHHE KaKoH-Hubynn
ToukH M cnapuuka AB, coepuusioLIero Kpupowunu oceft O u O,
€CIH OSKHMAX [BHXETCA MO NPSIMONWHEHHOMY yYacTKy NyTH PaBHO-
MEPHO CO CKOpPOCTBIO vg = 10 M/c. Papuycnt xoxec R = 1 M, paguycu
KPHBOWIHNOB r = (0,75 M. (CM. pHcyHOK k 3apave 22.18.)

Oreer: w = 75 M/c2.

23.4(23.4). Haiitu cKopoeTH M ycKopenus Touex My, Mz, My u M,
TYCEHHILILI TPAKTOpA, ABHIKYLNETOCR 6€3 CKOJBMKEHHSt MO MPSMOJHHEN-
HOMY YYaCTKy NYTH CO CKOPOCTBIO Up H YCKODEHHEM @p; PaAHYCH KO-
JIEC TPAKTOPA paBHLI R; CKOMbMEHHEM IyCeHHUE! IO oboay Konec npe-
HeOpeys.
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Orser: v, = Uy==10; A/2, v,= 20,, v,=0,
p 2
= w + (w0 + vi/R), we=2ws

w:;=’\/trLJb" + (wo — 03/R)", ws=0.
23.5(23.5). Ha renesike, mBIKyNIeficA NO TFOPH3OHTAJIH BIPABO
c yckopenHeMm w = 0,492 m/c?, ycTaHOBJIeH 3JICKTPHYECKHE MOTOp, poO-
TOp KOTOpPOro IpH INyCKe B XOA BpawlaeTcs COrNAaclio YPaBHEHHIO

K sanaue 234 K 3anave 235

@ = {2, IpHUEM YTOJI ¢ H3MEepAeTCs B panHaHax. Panuyc poropa paeen
0,2 M. Onpenenntt aGcONKOTHOE yCKOpeHHe ToukH A, znexamed Ha
obope potopa, mpu f=1 ¢, ecaiH B 3TOT MOMEHT TOYKa A HaxoaWTCs
B NOJIOXKEKHH, YKA3aHHOM Ha PHCYHKE.

Orger: wa(ws = 0,746 m/c?) nanpaeneno N0 BEPTHKANH BBEpPX.

23.6(23.6). OnpenenuTs B NpejBAYlleH 3ajaye YrIOBYH CKOPOCTh
paBHOMEPHOro BpallleHHs pPOTOpa, NPH KOTOpONl Touka A, HaXomdack
B MOJOXKEeHHH B, uMeer abCcoIOTHOE YCKOpeHHWe, DaBHOE HYJIO.

Oreer: © = 1,57 pan/c.

K 3apaue 237 K 3anaye 23.8

23.7(23.7). K Bany 3/1eKTpOMOTOpPa, BPaLIAIOLIErOCH COTHACHO
ypaerennio ¢ = wl (® = const), NpHKpenfeH noa NpPAMHM yraom
crepxkeds OA AnMunbl /; OpH STOM 3JeKTPOMOTOP, YCTAHOBJEHHEHH 6e3
KpenseHHH, coBepliaeT FOPH3ONTAJbHHE TapMCOHHMYECKHE KoJebakiis
Ha ¢QyHAaMeHTe Mo 3aKOoHy x = asinwl. Onpegenuts abcomortnoe

T
yCKOperHe TOYKH A B MOMEHT BPEMEHH ! =——c.

Orser: wa=w*4/a® + 2

23.8(23.8). Tenesnixka, Ha KOTOPO# YCTAHOBJIEH MOTOP, ABHIKETCH MO
FOpH3OHTanNK BIPAaBO C NOCTGRHHHM yckopernem @ = 0,4 u/c?. Mo-
TOp BpauldaeTcss no 3axoHy @ = '/ot?, Onpepennth abconOTHOE YCKO-
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perHe B MOMeHT ! =1 c ueThpex Touex M;, My, Ms, M, potopa, OT-

CTOAINHX OT OCH poTOpa Ha pacctosuuu /= 0,24/2 M u 3auumaio-
LWHX B 3TOT MOMEHT O/0XKEHHE, YKA3AHHOE HA DHCYHKE.

Orser: w; = 0,4 /2 M/c%, w, =0, ws—0,4 /2 M/c2, 1w, —0,8 m/c2.

23.9(23.9). ABTOMOGHAIL HA TNPAMOTHHEHHOM YYacTKe nyTH OBH-
HETCA C YCKOPEHHEM wo = 2 M/c? Ha npognonbuui Ban macaken Bpa-
IWALWKACS MaXOBHYOK pamuyca R = 0,25 M,
HMEIOUIHH B NaHHBIE MOMEHT YIJIOBYIO CKOPOCTb |
@ =4 pan/c u yrnoBoe yckopenue g =4 pazn/c2.
Hafitu abconloTroe ycKopenne Toyek ofoma Ma-
XOBHYKE B NaHHHH MOMEHT.

Orser: w==4,58 m/c2.

23.10(23.10). CamoneT RBHIKETCH NpPSAMONH- K 3anase 23.9
HEHO C YCKOpeHHeM wo=const=4 M/c, BHHT
Inamerpa d=1,8 m BpallaeTcsi PaBHOMEPHO € YIJIOBOH CKOpOCTBIO
pasroii 60n pan/c. Haiith ypasmenns nBmKenus, CKOpocTb H yCKo-
PEHHE KOHIA BHHTa B CHCTEME KOODAHMHAT, HEMOOBH2KHOH OTHOCHTEb-
HO 3emaH, npugem ock Ox 3TOH CHCTEME KOODIOHHAT COBMAagaeT C
ocpo BHHTA. HauaneHas ckopocTs camoneTa vp = 0.

Orger: x=2f M, y=0,9cos60nt M, z=0,9sin 60ns »; v—
= /162 +2916n% m/c; w= 31945 m/c>.

23.11(23.11). B peryasitope, BpamarowmeMcsi BOKpYr BepTHKaILHOMN
OCH C MOCTOSHHOH YrNOBOR CKOPOCTBIO © = 67 pan/c, Taxenwe THPH
A, NpHKpenJeHHbie K KGHIAM NPYKHHH,
COBEpINAOT rapMOHHYECKHe  konebauus
Bronb nasa MN takum 06pa3om, yTo pac- M
CTOSIHHE MX IEHTPOB TAXECTH OT OCH Bpa- !
WeHHR H3MeHAITCs No 3akony x = (0,1 -+ A |
+ 0,05sin8nf) M. Onpepennth yckopenme | @
LEHTPA TAMECTH PHPH B MOMEHT, KOFIA KO-
PHOJIHCOBO YCKODEHHE [AOCTHTaeT MaKCH-
MaJBLHOFO 3HAYEHHS, H YKasaTh 3HauCHHE
KOPHOJIHCOB3 YCKOPEHHsl NIpPH KpaiHHX Mo- N
JIOXKEHHSAX THPH.

Oreer: w, = 6n2 m/c?, w, =0.

23.12(23.12). Ctpys BOAB TeyYer mo ro- K 2anase 23.11
PH3OHTanbHOH Tpy6e OA, paBHOMepHO
BPALIAIOWEHCs BOKPYr BEPTHKANLHOH OCH C YIJIOBOM CKOPOCTBIO, pas-
HOH 27 pan/c. OnpenenuTh KOPHOJIHCOBO YCKOpPEHHE w. B 3TOH TOYKE
CTPyH, e OTHOCHTENbHAsi CKOPOCTH U, (v, =21/11 wm/c) Hanpas-
Jeda Ha OA. TlpwusaTe AaR 7 NpHENHIMKEHHOE 3HAYGHHE 71—
—22/7.

Oreer: w, = 24 m/cZ.

23.13(28.13). Kpyrnas tpy6ka paaguyca KR =1 ™ Bpamaercs Bo-
KpYr TOpPH30HTa/IbHOH OCH O NO YacoBOfi CTPeJIKe ¢ MOCTONHHO yrJio-
BOH CKOpOCTHIO @ = 1 pap/c. B Tpy6ke okoii0 ee Touks A KoneGiercs
Wzpnuk M, npuuem TaK, 410 yron ¢ = sinnf. Onpepenuts abconioTHbie

Maxosuok
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VCKODEHHS INapH¥a: KACATEARHOC @, W HOPMANKIOE W, B MOMEHT
t= 21/5 .

Orser: wy = —4,93 m/c2, w, = 13,84 m/c

23.14(23.14). Jluck Bpaumaercs BOKPYr OCH, DEPNEHAMRYAAPUOR
MIOCKOCTH AHCKA, N0 YacOBOH CTpPeJKe DPAaBHOYCKOPEHIIO C YIrIOBHM
ycKkopenuem 1 pan/c?;, B moMeHT { = () yrnoBas CKOpPOCTb €ro paBHa

¥i
\ v
\‘ -
~z /Y _ .
/M

K asnaue 23.13 - K 3anave 23.14

Hya0. Ilo onHOMY M3 QHaMeTpoB AHCKA KOAeGIETCA Touka M Tak,
yTO ee KoopIhHHaTa E = sin wif M, npuueM ?{—B cexyHnax. Onpenennts
B MOMeHT [ = 12/5 ¢ npoekuuu abCONIOTHOrO YCxopeHus Touxku M na
ocH E, 1], CBA3AHHDBIE C JTHCKOM.
Orger: wy = 10,95 M/c?, wy = —4,37 m/c2
23.15(23.15). Touka ABHIKETCH PABHOME[IHO C OTHOCHTEJbHON CKO-
pOCTHIO U, MO XOPME AHCKA, KOTOPLIH BpaluaeTesi BOKPYT cBoei oce O,
NEPNeHAHKYNAPHOH NNOCKOCTH JHCKAa, C NOCTOAHHOH YINOBOH CKO-
pocTeid ®. Onpefe/nte abCONMIOTHHIE CKOPOCTE W YCKOPEHHWE TOYKH
B TOT MOMEHT, KOFAa OH2 HAXOOHTCH Ha
KpaTyajlileM paccTOSHMH A OT OCH, B npen-
MOMOMXKEHRHH, YTO OTHOCHTEJbHOE [BHIKEHHE
TOYKH [POHCXOAMT B CTOPOHY BpauleHHs
DHCKA.
Oreer: v=vu,+ ho, w = + 2uv,.
23.16(23.16). [lns nmepenaym BpaueRHs
OJHOTO Baja K APYroMy, napaijielsHOMY
epBOMy, NpHMeHReTCA MydTa, KoTOpas
ABJAETCHA OOPAalUEHHBIM  SJJNHOTHYECKHM
LUHpKYJIeM C 3aKpemIeHHbM KPHBOLIKNOM
K sanaxe 23.16 O0,. Kpupowsn AB spaliaeTcs ¢ yrioBo#H
CKOpPOCThLIO @ BOKPYr ocH O) W NpHBOUHT
BO BpallGHHE KPECTOBHHY BOKPYr oci O BMecTe cO BTOPHIM BajoM.
OnpenenuTs yryoBYI0 CKOPOCTh BPAUIEHKA KPECTOBHBEL, @ TaKXKe [e-
PEHOCHYI0 H OTHOCHTGJBEYIO (M0 OTHOMIEHHIO K KPCCTOBHHEC) GKOPOCTH
H yCKOpeHHR (TNepeHOCHOe, OTHOCHTeNbHOe H KOpPHOJAMCOBO) TOukH A
NoJNI3yHa npH @) — const, ecnu 00, = A0, =01B =a.

ot ey . 2

Oraer: m=—§—' f}e"_-_'(:;',liill sim Tt' Ur=am‘CUbTr. W, =w, =
ﬂmlg . (.I)] & EBI

='--2-—- sin Tt' w.::amicos Tl.
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23.17(23.17). BeJjocHneaMcT ABHXETCH mo rOpH3OHTANBHOR nuart-
¢popMe, BPallAOUICHCA BOKPYT BePTHKAJIBLHOH OCH ¢ NOCTOAHHOH yrJio-
BOil CKOPOCTBIO @ = !/, pam/c; paccTosiHite BeJOCHMCMHCTA A0 OCH Bpa-
UIeHHS NAATQOPMBl OCTAeTCH MOCTOSHHEIM H PAaBHBIM r =4 M. OTIO-
CHTE/IbHAR CKOPOCTH BEJIOCHMEAMCTA v, =4 M/C M HanpapjieHa B CToO-
PCHY, NPOTHBONONOKHYIO NEPEHOCHOH CKOPOCTH COOTBETCTBYIOWEH TOY-
Ku naatdopmel. Onpefenuts abcomoTHoe YCKOpPEHHE BEJIOCHMEAMCTA.
Ha#iti Takike, ¢ Kakoi OTHOCHTeNsHO CKOPOCTHI0 OH [OJIKEeH [BH-
raThCs, YTOCH ero aGCoNIOTHOE YCKOpeHHe PaBHAIOCH HYJIO.

Oreer: 1) w(w = 1 m/c?) nanpasieno no panuycy K UeHTPY AHCKa;
2) v, =2 m/c.

23.18(23.18). Komnpeccop ¢ npaMONHHEHHBIMH KaHAnaMu paBHO-
MEpHO BpaIaercsi ¢ yIJIOBOH CKOPOCTBI) @ BOKPYr ocu O, mepneHmH-
KyJADHOH NJIOCKOCTH PHCYHKA. BO3ayx TeyeT no xaHaliaM ¢ MOCTOSH-
HOH OTHOCHTENBHON CKOPOCTHIO o).
Haiith npoexunn aGconioTHoii cko-
POCTH H YCKODEHHR Ha OCH KOOp-
AMHAT OJIA YaCTHUBl BO3NYX4, HAXO-
nauleiics B Ttouke C xamana AB,
TIpH CACOYIOUIMX HAHHEIX: KaHad
AB waknounen x pagmycy OC non
yrnom 45°, OC=05 M, o=
=4q pan/c, v, =2 M/c.

Oreer: vy =77 wm/c, vq=
=1414 w™m/c, wy=23554 M/c? K senave 2318 K sanase 23.19
wy=—114,5 m/c%.

23.19(23.19). Pemnts npeabiniymyio 3amayy nns clay4yas KpPHBOJIH-
HeMHOro KaHana, eC/IH PafHyc KPHBHM3HK KAHAAA B Touke C paBeH p,
a yron Mexuy HOpMajbio K KpueoH AB B Touke C u pamnycom OC
Pasen . Paguyc CO pagen r.

Orser: U =1v,c05Q+ro, v, =0 sing, w, = (2v,0 — oZfp) sin g,
w, =— [rmﬂ -+ (2U,w — vf/p) cos cp]_

23.20(23.20). Brpasute Kak ¢yHKuMIO BPEMEHH YIJIOBOE YCKOpe-
HHE ¢ KayaloWEACE KyNHCH NONePeyHO-CTPOrasibHONO CTAHKA, ECIH
KPHBOLIHN JJIKHD! 7 BPAIlaeTCs PABHOMEPHO C yri0BOH CKODPOCTBIO w;

PACCTOSIHHE MEXNY OCAMH BpaLICHMA KDHBOWIMNA H KYJHCH @ > r.
(Cm. pucynox k 3apave 21.13.)

(r? — a?) arw? sin ot
{a® + r* + 2ar cos wi)?

23.21(23.21). Kamenn A COBepLIAET NEPeHOCHOE NBHIKEHHE BMecTe
C KyNHCOH, BpallalOUIENCH € YrioBoit CKOPOCTBI) ‘M YFJIOBLIM YCKO-
PEHHEM g BOKpYr ocu O;, NepneHAHKYnAapHOA NAOCKOCTH KYJIHCHl, H OT-
HOCHTENILHOE MPSMONUHEHHOE LBH)KEHHE BHOJb TNPOPE3H KYJHCH Ca
CKOPOCTBIO o, M yCKOpeHHeM w,. OnpenesntTs NpoekuHH a6Co0THOro
YCKODEHHs1 KAMHSI Ha MOJABHXXHHE OCH KOOPAHMHAT, CBA3aHHLIE C Kyau-
COH, BEIPA3WB MX Yepes fnepeMenHOe pacctoskue 0,4 = s. (Cm. pu-
CYHOK K 3agaue 22.20.)

Oreer: e=
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Oreer: wy = w, — s0? wy = st + 20,0, npuueM ocu & # 1 Ha-
NPAB/AEHEl COOTBETCTBEHHO BAOJb NMPOPE3H H MepneHOuKYJsPHO K HEll.
23.22(23.22). Onpenennts YraoBoe YCKOPEHHE BpallaloLledCs Ky-
JHCH KPHBOWMKIHO-KYJMCHOTO MEXaHH3Ma CTPOraJIbHOTO CTaHKa npH
ABYX BEPTHKAJBHEIX H NBYX TOPH3OHTAJhHBIX MONOXKEHMAX KPHBOLINMA,
ecaH nnuHa Kpueowuna [/ = 0,4 M, paccTomHHe MEXAY OCSMH KPHBO-
wHNna H Kynoce a = (L3 M, yrjioBas CKOpPOCTb PaBHOMEpPHOro Bpalle-
HHA KpHBOWMNA o =3 pan/c. (CM. pHCYHOK K 3amaue 22.20.)
Orger: ¢ =0 nu @=180°, e=0; ¢=90° e=1,21 pan/c3
¢ =270° ¢ = 1,21 pan/c? (BpaileHHe 3aMEANECHHOE).
23.23(23.23). Haiitn yckOpeHHE OTHOCHTENHHOrO OBHIKEHMS KaMHS
KYJHCH BAONb €€ MpOpe3d B npeanayilef
aajavye MPH YKasaHHHX YEeTHpex INoJoxe-
HHMAX KPHBOLUHNA. :
Oreer: ¢ =0, w, = 1,543 m/c%; ¢ =90°
H @=270°, ‘w,= 1,037 m/c%, @=180°
w, = — 1,037 m/c2
23.24(23.24). HalTH ypaBHEHHE RBHXe-
HHS, CKODOCTE H YCKOpeHHe cynmopra M
CTPOTAJBLHOTO CTaHKA, NPHBOLHMOTO B IOBH-
HEHHE KDPHBOLUMNHO-KYJHCHHIM MEXaHH3-
2 MOM C kaualouledca kynuco# O;B. Cxema
K sapave 23.24 yKasaHa Ha pHcyHke, Kynuca coepuneHa c
cynnoproMm M npu nomowH monsyHa B,
CKOJIb35LIEr0 OTHOCHTE/BHO CYNNOpPTa N0 HaNpaBAfioileH, nepneHmu-
Kynsapro# ocH ero npumenus. Hawo: O,B=1, OA=r, 0,0=a,
r << a; xpusownn OA Bpallaercs ¢ NOCTOAKHON Yri0BOM CKOPOCTBIO ©;
yron NoBOPOTA KPHBOWIHNA OTCYHTHBAETCH OT BEPTHKAJAbHOH OCH.

reer: x =1 r sin of Ny— {a - r cos wt) (a cos of + r) '
"y Va' + 7%+ 2ar cos ot e (2® + r® + 2ar cos of)
w = rle? “1”—9')(“+"‘-‘Oﬁmf)—r’(ﬂ-cosmi+r)* Sinae)
{a® + r* + 2ar cos wt)”

n l(!) HMenahne KoopaHHaTa OTCUHTHBAETCA OT BepTHHAMM, npoxonslied vepes
Touky O.

23.25(23.25). Hailtu yckopeHHe peslla CTPOTA/NLHONO CTAHKA € Ka-
yatouleiicy KYJIWCOH NPH ABYX BEPTHKAJbHHX M ABYX FOPH3OHTANBHBIX
NOJIOXKEHHsIX KPHBOLIHNE, €CNH ANHHA KpuBowHna r = 0,1 M, paccTon-
HHE MeXIy UCHTPaMH BPAILEHHSI KPHBOIIMNA H KynHeH a =03 u,
AnvHa Kyauchl [ =0,6 m, yrnopas CKOPOCTb BpauleHHs KpHBOLIMNA
© = 4 paa/c = const. (Cm. pucyHok k 3anaye 23.24.)

Oreer: TMpy @ =0 u ¢ =180"w, =0, npu ¢=90° u ¢ =
= 270° w, = F2,21 m/c2

23.26(23.26). Jlonatka AB Typ6uHH, Bpawmanuleiics NpPOTHB Yaco-
BOHl CTPEJKH 3aMEANEHHO C YIJOBHIM YCKODPEHHEM, DaBHBIM 3 pan/c,
HMEET pananyC KPHBH3HH 0,2 M M LEHTP KPHBH3HH B Touke C, MpHYeM
OC=0,14/10 M. Yactuua sonu P, otcTosmas ot ocu O TypOHHE! Ha
pacctoniun OFP = 0,2 M, ABHXKETCS N0 JIONATKE HapyKy H HMEET CKO-
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pocts 0,25 m/c u KacaTesnbhoe yckopenre 0,5 M/c? no oTHOWEHHIO
k sonatke. Onpenenuts abeoaloTiioe yekoperte wacTuust P B TOT MO-
MEHT, KOT/Aa yIJIoBas CKOPOCTb TypOuEbI paBHa 2 pan/c.

Oreer: wa =0,52 M/fc2

23.27(23.27). llo paanycy aucka, Bpawaiotierocs Bokpyr och 0,0,
€ YrI0BOH CKOPOCThIO ® = 2f paj/c B HaNpaBAGHMHM OT LEHTpa AMCKa
K ero o6oay nsHxkercs Touka M no sakouy OM = 42 cm. Paguyc OM
coctapaser ¢ ockio 0,0; yron 60°. Onpesenuts BednunHy aGCOMOTHORO
yckopenus Touku M B MoMenT { = | c.

Oreer: wy = 35,56 cm/c2.

K aanaue 23.26 K sanaue 23.27 K 3ngave 2123

23.28(23.28). [Tpamoyroavuuk ABCD spawaercs BOKpyr CTOPOHGI
CD c yrnoso#t cxopocteio ® =n/2 paafc = const. Broan CTOPOHH

AB npuxercs Touka M no 3akonHy E=a sin =/ M. Hanu paamepni:
Y 5 P P

DA=CB=a wm. Onpenenutb BelHuHHy aBCOMIOT-
#Oro YCKOpenis TOYKH B MOMEHT BpeMenu f= | c.

an? p
Oreer: wy=— 4/2 wmfcd

23.29(23.29). Kpanpatr ABCD co cropoHoio 2a M
BpallaeTcs BOKPYI CTOpOHH AB ¢ nOCTOAHHON yriio-
BOWi CKOPOCTbIO @ =m /2 panfc. Bnoas auaromans
AC copepuiaer rapMoHuyeckoe koneGanue Touka M

no 3akony E=acos 5 { w. Onpenesuts nennuny a6-

COJIIOTHOTO YCKODEHHA TOukH nmpu f=1 c u ¢ =2 ¢c. 2
Orger: wa=an® 4/5 m/c?, wa = 0,440 m/c2. A aznane 2.2

23.30(23.30). Crepxerr OA Bpamaercs BOKpyr ocH z, NpPOXOAsA-
me#d yepes Touky O, © yrnoBuM 3amensncuaueM [0 pan/c. Bpoas
CTepxkHA OT TOYKH O CkONbL3WT waitba M. Onpenesuts abcomioTHoe
yCKOpeHHe WaAbsl B MOMEHT, KOrjla OHa HAXONKTCH Ha paccTosHMH
0,6 M oT Toukr O K HMEET CKOpOCTb H YCKOpPCHHe B8 ABHIKEHHH BHOJb
cTepHi cootBercTBelHO 1,2 M/c 1 0,9 M/c?, ecain B 910T MOMEHT yrsiO-
Basi CKOPOCTL CTepHs paBHa b pan/c.

(l):mer: wa = 15,33 M/c? u cocrasaser ¢ wanpaenennem MO yron
B 23°.
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23.31(23.31). [a#i6a M nBHKETCA NO FOPH3OHTANLHOMY CTEPIKHIO
OA, tak uto OM =0,5¢2 cMv. B To e BpeMsi CTepKeHb Bpallaercs
BOKDYr BePTHKaJ/bHOH OCH, NMpoxoasiliel yeped Touks O, mo 3akowy
@ =2+ t. OnpenennTs pafHajbHYI0 H TPAHCBEPCANLHYIO COCTABISIO-
uive abcomoTHOH ckopocTH M ab-
12 COMOTHOLO YCKOpPeHHs wmaibu g

, MOMeRT f =2 c.
i Orger: v, =002 cMmfe, ve=
1 =0,1 cmfe, w,=—049 cm/c?

| = 0,24 28

%‘I. we = 0,24 cm/c

1%

4 "
: 23.2 .32).
/_/Jy = 7 3.32(23.32). Kpyr panwyca r
pallaeTca ¢ NOCTOSHHOM YIJIOBOH
|
!

y
|

Z CKOPOCTBIO @ BOKPYT HEOOABHIKHOM

s ToukH O, Jiexallleli Ha ero OKpyu-

Z HoceTH. [1pn Bpaulenun kpyr nepe-

2 CeKaeT HENOMBHKHYIO FOPHIOHTANDL-

K 3anasam 23.30 1 233 HYIO TpAMYK — OCh X, [poxons-

wyio yepes touky O. Hailte cko-

POCTE B yckopenue TO4Kx M nepecedenus Kpyra ¢ OCbl0 X B JABHMe-

HHSAX STOH TOYKM NO OTHOIUEHHIO K KDYFY U NO OTHOWIEHHIO K OCH X.
BHpasHTh HCKOMHE BeqHYHHB yepes paccToaune OM = x.

Oreer: Tlo oTHoweHnio k npamoit Ox Touka M ABHIKETCA CO CKO-
POCTbI0O — @ 4/4r2 — x2 1 yckopenneM —w?x. T1o OTHOWERHIO K Kpyry
TOYKa NBHIKETCH B CTOPOHY, NPOTHBOMONOXHYIO BpAaLUEHHIO Kpyra,
€ NOCTOAHHOH CKOPOCTLIO 20r M yCKopeHueM 4w’r.

K 3apave 23.32 K aapave 23.33

23.33(23.33). l'opusontanbuas npaMas AB nepemeulaercs napan-
JiebHO CaMoii ce6e N0 BEPTHKANH C MOCTOSIHHON CKOPOCTLIO uw W mepe-
CEeK3eT MpH 3TOM HENOABHXHBIA Kpyr pamuyca r. Halith ckopocts u
ycKopeHHe TOMKH M nepeceueHusi npAMOH € OKPYXHOCTBIO B [BHXe-
HHAX ITOW TOYKH OTHOCHTENBHO KPYra M OTHOCHTENBHO npamoii AB
B (YHKUHH OT yraa ¢ (CM. PHCYHOK).

Orser: 1) B npueHHH NO OKPYKHOCTH TOuka M HMeeT CKOpOCTH

u u? cos

T H KacatTenkHOe YCKOpEHHE m:—: , HOpMasapHOEe YCKOpEHHE
s

rsin®g -~

2) Tlo oTHowenkio k npsmofi AB Touka M ABIIKETCS CO CROPOCTHIO
1L cos @ %

Sing U YCKOPeHHeM —

rsinfg ’
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23.34(23.34). TNonynpamaa OA BpailaeTcs B NAOCKOCTH PHCYHKA
BOLPYT HENoABinKHoi ToukH O € noCTOsIHHON YraoBoit CKOpPOCTBIO @.
Bponn OA nepemeutaercss Touka M. B MomeHt, xorna noaynpsimMas
copnazana ¢ ocvlo x, Touka M naxoamnach B Hawasiee KoopaHHaT, On-
pesennTL ABHKeHHE TOUKH M oTHOcuTensHO nonynpsiMoii OA, eciH u3-
BEeCTHO, 4T0 abconoTHAR CKOpOCTh U TOukH M
IOCTOAHHA Mo BeaHyuHe. Onpeaenntes Taike
AGCOMOTHYI0  TpaeKTopHio u  aBconmoTioe
yckopenie Toukn A

Orser: Touka M peuxerca no OA co cko-
POCTBXO U, = U COS wi.

A6conioThas TpaexktTopus Touknm M —
OKPYXHOCTh, €€ ypaBHCHHE B MOAAPHMX KO-

O e
OpAMHATAX r=—SiNQ, B ACKAPTOBLIX KOOp-

K 3anaye 23.34

v \2 o \2 i
AHHaTax x2 - (y *E) = (E) . AdconloTHoe yckopeHue Touku M

Wa — 2000.

23.35(23.35). Touka ABUIKETCH C MOCTOSHUON CKOPOCTHIO U MO pa-
AMyCy ANCKA, BPAILAIOUIEroCs C MOCTOAHHON YrA0BOH CKOPOCTHIO o
BOKPYr OCH, NEPNEHAMKYAAPHOH NJOCKOCTH [KHCKA H NPOXOASLLEit
gepes ero ueHtp. Onpenennts a6CONIOTHOE YCKOPEHHE TOUKH B TOT MO-
MEHT, KOT/la OHa OyeT HAXOAHTHLCS HA PAaCCTOSHH:
r OT UEeHTpa OHCKA.

Orger: w, = o +/r*o® + 4v2.

23.36(23.36). Lllapuk P aBuxercs co CKOpO-
croio L2 m/c ot A k B no xopae AB mucka, Bpa-
IIAIOLEroCs BOKPYr OCH, NPOXOAsUeH 4Ycpes €ro
LEHTP NEepNEeHAMKYARPHO NAOCKOCTH aHcka. Halitu
abCoNIOTHOE YCKOPeHHe HIAPHKA, KOTZAa OH HaXo-
OWTCS HA KpaTyaHilleM PAcCTOAHHHM OT UEHTpA AH-
-cka, papHoM 30 cm. B 3TO0T MOMeEHT yrnosas cko-
pocTs nMcka pasHa 3 pafn/fc, yraoBoe 3aMeleHitE
paBto 8 pan/c

Orsetr: w, = 10,18 m/c2

23.37(23.37). Pewnts npenbiaylilyio 3agauy p NpPeamnoJOMKEHHH, 4TO
AHCK BpallaeTcs BOKPYr AHaMeTpa, NapaanelbKoro xopue.

Oreer: w, = 3,612 Mm/fc2.

23.36(23.38). Pewwuts sanauy 23.36 mpu ycnoBum, 4TO OCHIO Bpa-
WeHHs! JHCKA SIBASETCH AHAMEeTp, NepNeHAHKYAsIPHbIH Xopae.

Oreer: wa = 7,2 M/c2

23.39(23.39). Kopabab, Haxonsiuuicst Ha 3KBATOpE, HAET Kypcom
ceBepo-BocTOK. CKopocTh ABUXKEHHA KOpabuas pasHa 20 ysaam. Haiitu
a6COMIOTHYIO CKOPOCTH M KOPHOJNHCOBO YCKOPEHHE KOpabas ¢ yuetom
Bpaienus 3emau, CUHTas paguyc 3emaH papHbiM R — 6,378-105 m
(nanMenopbanue Kypca yKaswiBaer, Kyma WAeT CyOHO; y3en == 1 Mop-
cKkas mMuna/u = 1852 m/v =0,5144 m/c).

Orser: v, = 470,4 m/fc, we = 1,06- 103 m/c2

K sanave 23.36
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23.40(23.40). B ycnosusix npeaniyuieil 3afiaun HaiTk aGeonioTHoe
YcKopeHue Kopabnis, CUMTas ero CKOPOCTh NOCTOSHHOH.

Orser: w, = 347,766-10—% m/c2

23.41(23.41). Tlo oboay AuCKa panuyca R, BPallajoOErocs BOKPYr
CBOEro AHAMETPAa C NOCTOAHHON YrNoBOH CKOPOCTHI0 @, ABHXSETCH C
IOCTOAHKOH MO MONYJa0 cKOpocThio © Touka M. Haiith aGeomotHoe
yckoperHe ToukH M Kax QyHKUMIO yrna ¢, COCTaBJCHHOTO panHyc-BeK-
TOPOM TOYKH C OChIO BpallleHHs [HCKA.

Orser: w,— /\/;—; -+ @*R? sin® g + 20?v® (1 - cos?g).

2342(23.42). Nluck papmyca R BpaulaeTcs ¢ NOCTOSHHON YrAOBO#M
CKOPOCTRIO @ BOKPYr OCH, NPOXONsAUICH UCPES €ro UeHTP NepNeHanKy-
NApHO naockocts aucka. [lo
OAHOMY H3 IHaMETPOB AHCKA
nBR¥eres Touka M Tak, uto
€€ PACCTONHHE OT UeHTPa AHC-
Ka  MCHSIeTCST N0 3aKouy
OM = Rsinw!. Haiith adco-
AKTHYIO TpaexkTopuio, abco-
NIOTHY0 CKOPOCTh H abconioT-

Ag HOE ycKOopeHke Touxn M.
K 3aspave 23.4) K sananue 2342 Orser: Ecan HaAYanbHOE
NoAOMEeNHEe TOYKH M IpHHATE
33 HaYano KOOPAHHAT, a OCb y HANPaBHTL (0 HAYAJALHOMY nOJOXKe-
HHI0 AMaMeTpa, o KOTOPOMY HBHXeTcs Touka M, T0O ypaBHense Tpa-
CKTOpHHK Byner

o

(OKpY>XHOCTb DOJIOBHHHOTO PaJHYCa C LUEHTPOM HA cepeliHHe paauyca).
AGcomoTHas cKopocTh v, = @R. AGcoaloTioe yekopenue w, — 202R.
23.43(23.43). Huck spawmaercs ¢
HOCTOSIHHOH YrIOBOH CKOPOCTBIO @ BO-
KPyT OCH, nNpoxomsiueH uepes ero
UeHTP NePNeHARKYAAPHO MJOCKOCTH
aucka. Ilo xopae AB us ee cepenmun
D neuxercs Touka M ¢ nocTosHuol
OTHOCHTEJILHOH CKOpocTbio u. Xopaa
OTCTOMT OT LEHTPA JNCKa HA paccTosl-
Hue c¢. Ha#tn  aGcomothyio cxo-
pocTe H abcOonioTHOE YCKOpEeHHe TOou-
K anmaue 23.43 Kaamowe 2344  ku M xak (YHKUMH pacCTOsHHS
PR —
Oreer: v, = 4/0%x® + (u + 0cf, w,— @ 4/2 J (2u - wc)?.
23.44(23.44). Ilo noaBmcuHOMY pajanycy AMCKa OT LenTpa K odoay
JABHMETCA TOYKa M C NOCTOSHHON CKOPOCTHIO v,. IloABKIMKHLIN paauyc
TIOBOpauKBAETCS B NMOCKOCTH JHCKA € NOCTONHHON YIJIOBOI CKOPOCTHIO
;. [lnockoets aucka Bpamaerca Bokpyr csoero BHAMETPa C MOCTOSH-
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HOH YFJI0BOH CKODPOCTBIO 2. Haiitn a6conothyio CKopocTh TOUKH M,
cuuTas, 4T0 npu { = 0 touka M Haxommaack B UeHTpe AMCKa, a MoA-
BUKHBIH Painyc Gbii HANPABJIEH N0 OCH BPAILLCHHS HHCKA.

Orser: v, =uv, A/l -+ £ (0? + o2 sin? o,f).

23.45(23.45). Toyxa NBHIKETCS CO CKOPOCTHIO 2 M/c no oKpyx«-
HOCTH o6oaa aAMCka auaMeTpa 4 M. [luCK BpallaeTca B NPOTHBONOJIONK-
HOM HAMpaBJIEHHH, HMEA B NaHHBIl MOMEHT YrAOBYIO CKOPOCTH 2 panfc
H yrioBoe yckopekue 4 pap/c’. Onpemennts a26COMIOTHOE YCKOpPEHHE
TOUKH.

Orser: wa(wa = 8,24 m/c?) Hanpasaeno noa yryiom 76° Kk panmycy.

23.46(23.46). [luck Bpawlaercs BOKPYr OCH, NePHCHAHKYIAPHON
TINOCKOCTH AHCKa M NPOXOAALLEH Yepe3 ero UEHTP, N0 3aKOHY ¢ = 2/3f%.
Baone pasmyca aucka HayuHaeT OBHraTbCR TOYKA MO 3aKOHY § =
=42 — 10 4+ 8 (cM). PaccrosiHite s u3MepsieTca OT UEHTPA MHCKA.
Onpenenntb a6comoTHYI0 CKOPOCTL M a6COMOTHOE YCKOPEHHE TOYKH
B MOMEHT BpeMeHH [ = | ¢.

Oreer: v, = 4,47 cM/c, wa = 0.

23.47(23.47). Moaoce KOALLO PajHyCa r IKECTKO COEAHHEHO C Ba-
oM AB, W MPHTOM TaK, YTO OCb BANA PACMONONKEHZ B MJIOCKOCTH OCH
xonbna. Konsuo samosneno
HKHIKOCTHIO, NBHKYILIEHCA B
HEM B HanpaBJeHHH CTPEeKH
€ MOCTOSAHHOH OTHOCHTENLHOMN
ckopocThio . Ban AB Bpa-
l1aeTes N0 HaNnpaB/eHHIO
ABH¥EHHSI CTPEJKH  H4acos,
€C/IH CMOTPEeThb MO OCH Bpa-
menuss ot A k B. Yrnosas
CKOPOCTb BaNa ® NOCTOSIHHA. e it K ausase 248
Onpegenuts BeNHYHHE abco-
JIOTHBIX YCKOPEHHH HaCTHL JKWAKOCTH, PacnoJioKeHHuLX B Toukax I,
2,3n4.

u® u? u?
Oreer: w; =rm’-—-—-r-. wy = 3re? +— wy=w=2ro’* + -

23.48(23.48). llo ycnoBuam npenwiayuiefi 3anaul, HIMEHEHHLIM
JIHLG B TOM OTHOUICHHH, YTO NJIOCKOCTb OCH KOJIbUA Teneph MepreHgH-
KynspHa ocH Bana AB, onpepeinTts Te e BeJIHMMHB B IBYX CAy-

yaax:
1) mepeHocHOE H OTHOCHTENBLHOE NBHIKEHHS OLHOTO HalpaBJIEHHS;
2) cocTaBafOIIHE [BHIKEHHR NPOTHBOMNOJOXHBI MO HanpasJeHHIO.

Orser: 1) wy=ro? — 12r — 2uw, w;—=3ro? + w?r 4+ 20u,
w, = wy = A/(¥r + 20u + P - 40?r%;
2) wy =ro® —u’fr + 2ue, wy=3re® + u¥r — 20u,
wo = wy = A/(0?r + u¥fr — 20u)? + 402,

23.49(23.49). Touka M paBuoMepHO ABUNETCA N0 06pa3yOULe Kpy-
TOBOro KoHyca ¢ ocbio O/ 0T BepIHHB K OCHOBAHHIO C OTHOCHTENEHON
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ckopocTelo  uy; yron MOA=oa. B moment ¢t=0 paccrosuue
OMo = a. Konyc pzsHOMepHO Bpawiaercs BOKpYr CBOEH OCH C yrio-
BOl ckopocTei0 . Haiitn abcomorHoe yckopenue
ToukH M.

Orser: YCKOpPEHHE NEXHT B MAOCKOCTH, nepnes-
AHKYJISPHOH OCH BpalleHWA, W MPENCTABAAET CO-
Go#i runoTERY3y TPEYrOJibHHKA € KATeTaMH W,, —
= w?(a + v.4)sina B w. = 2v,0 sin o.

23.50(23.50). Onpenennts B npenwaymel 3ana-
He BeNHYHHY abCOJIOTHOTO yCKopexwHs Ttouks M B
MOMEHT {=1 C B TOM cly4ae, KOrNa OHA [BHIKET-

K aazsue 2345 cs no obpasyrnoulel KoHyca ¢ NOCTOSHHEM OTHOCH-

TENLHLIM YCKOPEHHEM wW,, HANpPaBJEHHHIM OT Bep-
LIHHE KONYca K OCHOBaHHIO, IPH cJIeAyIOIKX NaHHbiX: o — 30°, g —
=15 M, w, =10 m/c?, @ =1 pan/c; B MOMeHT { =— 0 OTHOCHTENLHAS
CKOPUCTh TOUKK ©, PABHA HYJIO.

Ozeer: w — 14,14 m/c2.

23.51(23.51). llonaras B 3apaue 23.49, yro KOHYyC Bpaulaercs
BOKPYr CEOCHi OCH PABLOYCKOPEHHO C YIJIOBHIM YCKODEHHEM €, OMpese-
JHETL BEAHYHHY a6COMOTHOTO YCKOPeHKS W TOYKH M B MOoMeHT f — 2 ¢
Npy creayiouiux nakubix a=30° a=02 M, v,=03 mfc, g=
=05 pan/c? B moment f=0 yrnoBas ckopocTh © paBHa Hymo.

Orser: w = 0,64 m/c2.

23.52(23.52). Pera wnpuun 500 M Teuer ¢ wora ua CeBEP €O CKO-
poeteio b5 m/fc. OnpenesuTs KOpHOJIHCOBO YCKOPEHHe W, HacTui
BOLH, Haxonsunxcs na 60° cesepuoii wuporu. Onpepennts 3aTeMm, y
Kakoro Gepera BOAa BLILE W HACKOJILKO, ecay
H3BECTHO, Y4TO NOBEPXHOCTH BONH [IOJKHA
OnTb NEepneHAHKyNSPHA HANPABJICHHIO BEKTO-
pa, COCTaBJICHHOTO H3 YCKOPEHHS CHIIBI TSKe-
CTH g H BEeKTOPa, PaBHOTO H NPOTHBONOIONK-
HOTO KOPHOMHCOBY YCKOPEHHIO.

Oreer: Kopuonncoeo yckopente w,(w, =

K sasane 2150 =1,89-10-* wm/c?) wanpaeneso k 3anany.
Bona sbiwe y npaporo 6epera na 0,0096 m.
23.55(23.53). MarucTpanb I0KHLIX JKEJEIHWX NOPOr K CeBepy OT
Meuntonons kaer npamMo no mepuauany. TennoBos HBHIKETCH €O CKO-
pocteio v =90 KM/4 Ha ceBep; WHPOTa MecTa ¢ = 47°. HaiiTh kopHo-
JIHCOBC YCKOpPEHHE TenfoBo3a.

Orser: w. =2,66-10—° m/c2

23.54(23.54). [lo ene3HONOPOKHOMY NYTH, NPONOIKEHHOMY 110 Na-
panieiy CeBePHOM IWIHPOTH, [BHXETCH TeNa0BO3 €O CKOPOCTHIO
v,=20 M/c ¢ 3anana na Boctok. Hafith KOpHOAHCOBO ycKopenne
We TENJIOBO3A.

Oreer: w. = 2,91-10-3 m/c2

23.65(23.55). Onpenennts KOPHOJAHCOBO YCKOPEHHE TOYEK My, Ms,
Ms, M, koneca 37eKTpOBO34, ABHIKYIUIETOCH NO MEPHAMAHY, B MOMEHT
nepeceyesns sKBaTopa. CKOPOCTH LEHTPa Koseca 3JEKTPOBO3a Up =
=40 m/c.
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Orser: 1na touex My u My w. —=0: nnn touex Moo My w, =
=581-10=3 m/c2

23.56(23.56). Peka Hena Teuer ¢ poctoka Ha 3anaj mo papajnenu
60" cepepHoit wHpoTh co CropocTelo vy = 1,11 m/c. Onpenennts cym-
My DpoeKlHit Ha KacaTelsnyilo BC &k COOTBETCTBYIOIIEMY MEDHIAHAHY

K 3anave 2355 K sanawe 2356

TEX COCTABAAIOMHX YCKOPEHHIi YACTHI BOMEI, KOTOPHIE 3aBHCAT OT CKO-
pocTH TedeHus. Paanyc 3eman R — 64- 105 m.

Orser: wge — 1,395- 104 M/cZ

23.57(23.57). Pexa HeBa TeueT ¢ BOCTOKa Ha 3aman no napaanenu
60° ceBeproil wWupoOTH €O CcKOpoCTHIO U, = 1,11 M/c. Hafith cocras-
JfloUKe a6CONIOTHOTO YCKOPEHHS YacTHUB BOZLH. Paguyc 3emin
R=064-10° m.

Orser: w,==1,692-102 m/c?, w,=3,86-10~7 mM/c?, w.=1,616X%
X 10— m/c2

23.58(23.58). Haiith a6comotHoe yckopenue LIAPOB LEeHTpoGex-
HOrO peryisTopa Yartra, ecnin OH BpallaeTcs BOKPYr CBOed BepTH-
Ka/IbHOH OCH, HMes1 B AaHALIE MOMEHT Yr0ByIo CKOPOCTh ® = 5t/2 parn/c
oW yr7I0BOM yCKOpeHHH & =1 paa/c?; yriosas CKopocTs pacxox-
ACHMs WapOB ® = 11/2 paf/c Npu yraoBoM yckopenun ey = 0,4 pan/c2,
Nanka pykostok wapos ! = 0,5 m, pacctoskue MEXy OCAMH HX MNpH-
Beca 2e = 0,1 ™, yron pacTsopa peryssitopa B paccMaTrpHBaeMBlit Mo-
MeHT 20 = 90°. PasMepamu wapos npereGpeus, NpHHHMan MmWwapsl 3a
TouKH. (CM. prcyrok k 3apaue 22.14.)

Oreer: w = 2,937 M/c2

23.59(23.59). Haiith a6comoTHoe YCKOpEHHEe [apoB UEHTPOGEK-
HOTO perynsiTopa YaTta, eci MoCAe H3MEHENHSl HATPY3KH MaUIMHBI
PETYJISITOp HAYan BPAIATLECA C YrIOBOA CKOPOCTBIO © = mt pajn/c, np-
€M LIApEl MPOLOIKAIOT OMYCKATHCHA B AAHHBI MOMEHT CO CKOPOCTBIO
Ur =1 M/c B KacaTeJbHHM YCKOpeHHeM w,, = 0,1 M/c?®. ¥Yron pac-
TBOpa peryasTopa 2o = 60% ankmna pykositok wapos [ =05 w, pac-
CTORHNEM 2¢ MEXIY WX OCAAMH NpHBECa MOXHO npeneGpesnb. Illape
NpuusATh 32 ToukH, (CM. pHCyHOK K 3anave 22.14.)

Orsger: w = 6,71 m/c2.

23.60(23.60). Bosayurnan tpamewss ABCD COBEPUIAET KadaHHs
BOKpYr ropu3oHTaznbHOil ocH 0,0, mo 3aKoHY ¢ == g sinof. T HMHACT,
BHITOJHAOUIKI ynpaXkieHre Ha nepexaanwne AB, Bpauiaetcsi BOKpyr
HEE C OTHOCHTenbHOH YIAOBOH CKOPOCThIO » = const; gano: BC —
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= AD = [. Onpenenuts a6CoaloTHOR YcKopeHHe TodykH M Ha mogouse
THMHACTA, OTCTOSIWIEN OT nepeknafnHn AB Ha paccrossun a B Mo-
MEHT {=mn/w c. B HaualbHbIi MOMEHT [HMHZCT OHLN pacnojoxen
BepTHXallbHO, TONOBOH BBEPX: Tpaneuus
ABCD 3askMana BepTHKa/bHOE HHIKHEE [O-
NOKEHHE.

Orser: wy (wy=0?[9; (l —a) —a(29, +
- 1)])sanpabneno pepThkanbHo BEEpX, ecin
BhlpaXKeHHe B KBaJApaTHBIX CKOOKAX MOJIOXKH-
TEALHO.

23.61(23.61). Touka aBrxKetcs no pasmy-
Cy AHCKa COrNacHO YPaBHEHHIO r = ae*!, rpe
@,k — nocTosnHbe BeaniMHH. JIHCK Bpawa-

K sanawe 23.60 €TCH BOKDYr OCH, NEPHNeHAHKYJIAPHOH ero njo-
CKOCTH W NPOXOAfLIeH yepes LIHTP, COTJAacHO
ypaeHenuio @ =kf. Onpenennte abCoOMOTHYIO CKOPOCTh, 26CONOTHOE
YCKOPEHHE, KACATEILHOE H HOPMAJIBHOE YCKOPEHHA TOYKH.
Orser: v=ake™ /2, 0 =2k, w_— ab?* 1/2, w,—
= ak?* 4/2.

23.62(23.62). Touka M pmpuKeTCs 1O NOBEPXHOCTH 3eMJIH; Kypc
ABHXeHHs k (Yroo Mex1y HanpaBJ/ieHHEM Ha cepep M CKOPOCThLIO U
TOYKH OTHOCHTeJbHO 3eMJH), LWKPOTa MECTA B RAHHBIE MOMEHT paBHa
¢. Onpefle/IuTb BOCTOYHYIO Wcx, CEBEPHYI Wey H BEPTHKAALHYIO W,
COCTABJAIOILHE KOPHOJIHCOBA YCKODEHHS TOUKH.

Oreer: we. = —2v0cosksing, we, = 2vosin k sin P, Wez=
== — 2ve sin k cos @, rae w— yraosas CKOPOCTh BpalleHus 3eMJiH.

23.63(23.63). B ycnosusix npenwnyuiei 3anaqu OMNpeAesinTbL BeNH-
YHHY H HanpaB/iCHHe TOPH3OHTAJILHOH COCTZBJIAXWIEH KOPHONHCOBA
YCKOpPEHHHA TOYKH M.

Oroer: wenw = 200 Sin @; TOPH3OHTA/MbHAA COCTABASIONLAN nepneH-
AHKYNAPHA CKOPOCTH U TO4KH M OTHOCI'TeNLHO 3eMJIH W HanmpaBbseHa
BJICBO OT HEE 3 CCBEPHOM MOJYWIAPHH W BNPaBO B IOKHOM MOJYLIAPHH.

23.64(23.64). Buicota Toukn M Hajx noBepxHOCTbX 3eMan pasua h,
upora mecta ¢. OnpenesTb BOCTOUHYIO Wex, CEBEPHYIO We, W BEP-
THKAJIBHYIO Wez COCTABAAIONINE NEPEHOCHOr0 YCKOPEHHS TOUKH, 06yc-
JIOBNCHHOTO Bpautennem 3emmu (R —ee paimyc, o — yraosas cko-
POCTB).

Otéer: w,x =0, w,,=(R + h)w?singcosyp,

We, = — (R + k) 0? cos? g.

23.65(23.65). Bocrounas, cepepHasi H BePTHKANbHAS NMPOCKUHH CKO-
POCTH TOUKH M OTHOCHTENLHO 3eM/IH COOTBETCTBEHHO PABHbBI Ug, Uy M
Us. OnpefesuTs NPOEKLKH OTHOCHTEALHOTO YCKOPCHHS TOYKH Ha KOOp-
AHHATHBIE OCH X, Y, z (OChb X HanpasjeHa Ha BOCTOK, OChb Y —Ha ce-
BEp, OCb Z2— MO BEPTHKAaJH), €CTH BHICOTA €€ Haj [OBEPXHOCTHIO
3eman B LaHHMWII MOMeHT paBHa A, a LHpora mecta ¢ (R M o —pa-
LMYC H YrJ0Bas CKOPOCTb 3eMJil).
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2

) v,0
Orser: w,, =g — B +";z tgg - Ri’;r . Wy =0y +5 7+ R+h tge+
UpTy e o + Uy
RERT U= T RS

23.66(23.66)- B ycnoBusx rmpeamiaymueil 3ajaus  onpenenuTh Cco-
cTapisonke abconoTioro yckopeiusi touxu M, nsmmymefica B6/aH3H

3eMan.

Orser: wy =0 — R+h tgp + Rfl "h —2 (uy sing — v, cos p)w;

2
UJ —""UN+R+’I tg‘p+ R+

vt v
wz———-ﬂ,,—f;T;w—(R + h) @* cos? ¢ — 2vgm €OS @.

Nh

+ (R -+ h) @” sin @ cos @ + 2vw sin g,

23.67. Kpupowinno- KYJTHCHBIH MexaHu3M NPHBOJHOTO MOJIOTA CO-
CTOHT H3 MPAMOJHUEHHON KyJiKCLI, COBEpLIaioIeH BO3BPATHO-MOCTYNA-
TeAbHoe ABHiKeHne. KynHca NpHBOAMTCA B ABHMMKEHHE KaMHem A, co-
eMHEeHHBIM € KOHUOM KpnBowuna OA = r = 0,4 M, KOTOPHIH Bpamaer-
Csl paBHOMEPHO € Yri0BOH CKOpPOCThIO, paBHoi 4n panfc. Ilpu t =0
KynHca 3aHHMMaeT HHiKHee NojoxeHue. HafiTH yckopeHue KyJHcH.

Orser: w = 63,2 cos 4nt m/c?

23.68. Kpupownn OA =r = 0,5 M, NpHBOASAIIHI B ABHXKeHHe Nps-
MOJTHHEHHYIO KYJHCY, KOTOpas COBEpIUaeT BO3BPAaTHO-MOCTYHATeNbHOe
ABHXEHHE, B MOMeHT, Korga ZxO0A =60°, uMeer yrioByio CKOpoCTh
@ =1 pan/c u yriosoe yckopesHe e = =1 pan/c? Haiitu yckopeure
KYAHCH B YKasaHHEA MOMEHT OJA OBYyX cayyaes: 1) xKorma ¢ >0 u
2) korpa e << 0.

Oreer: w; = 0,683 M/c?, w; = 0,183 m/c2

23.69. TloctynatensHo OBHIKyIIEACA KyJdak HMeer ¢opMy noay-
IHCKa, CKOJIb3SALIEro N0 HAMpaBJeHHIo cBoero anamerpa AB ¢ nocrosu-
HOAi CKOpPOCTH0 vge. Onpenennts yckope-
HHE [NBH)XEHHA CTep KHf, onupaiollerocs
Ha KyJIaK, nepneHfHKy/JapHOro ero gua-
MeTpy AB B CcBOGOAHO CKOJL3AIIEro
B npopesn nepxasxi. Pagumyc ponuka
paBed p. B HayanbHBIT MOMEHT cTep-
JXeHb HAXOOHUTCH B BEPXHEM MOJIOXEHHH.

oz (r +p)?

[+ o — 2
23.70. Ha ToxkapHOM cTanmke o6raun- Z

BAeTCH UMAHHAp nHaMeTpa 80 Mo K 3snave 2371

llnuapens penaer 30 o6/mun. Cxopocts

NpoaonsLHOH nofga4yd nocrosHua H, pasHa 0,2 mm/c. Onpenenuts cko-

POCTb H yCKOpeHHe pe3lla OTHOCHTEJAbHO 0bpalGat:iBaeMoro LNJIHHApA.
Orser: v, = 1257 MM/Cc, w.=7895 mMm/c¢? w,=w,=—

=394,8 mm/c?,

Oreer: w =
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23.71. CrepixeHb CKOJIL3NT B BEPTHKAJLHLIX HANPaBJIAILIHX, ONK-
PasiCb HHIKHMM HKOHLOM HAa TA4JKYI0 HAKAOHEYIC NOBEPXHOCTH Tpe-
yroaeHoii npusmsl. [Ipuama asmercs no ropusoHTansm BlIpaBO € MO-
CTOSHHBIM ycKopeiHeM w,. HaiiTn ycxkopenue crepixia.

Oreer: w = wq tg .

FrnABA VI
CINO)XHOE NBWIXEHHE TBEPACIO TEJA

§ 24. Cnoxerue aprmennii Tena

a) CnoxeHHe NJOCKHX RBHXEHHRH Tena

24.1(24.1). Kpusownn /1] coepmnser ocu O; u Op AByX 3y6uathbix
Konec [ w 11, nphyem 3auenyienye MoXeT GhiTh HIIH BHELIHEE, HIH BHYT-
periee, KaK yKasaro Ha PHCYHKe, Koseco / O0CTAETCH HEMOABHIKHLIM, a
kpnpowun //I Bpawaercs Bokpyr och Op € YraoBoi CKOPOCTLIO s,

K 3anaue 24,1 K 3anaue 242

3uasi pajnychl KONEC ry W ry, BHYKCIHTL 1A Koseca [f ero a6comor-
HYI0 yraoBy!0 CKOPOCTb @z H €TO OTHOCHTENbHYN YTJIOBYIO CKOPOCTH
(23 IO OTHOILEHHIO K KPHBOIUKNY.

ri+ra

Orger: BHellHee 3auenfeHHe: ©,= , S %=;.,3T’:'__ Byt
2
r—ra

r
PEHHEE 3ALCMUICHHE: Oy == — @y ———=, (== — (03"_'—- 3HaK MuHYC
2

YKa3bBAET HA TO, YTO COOTBETCTBYIOUIME Tena BPAIAIOTCA B NPOTH-
BOMNOJIOXHBIE CTOPOHEL.

24.2(24.2). Halitn OTHOCHTENBHYIO ¥ 26COMOTHYIO YTJOBEIE CKO-
poctn 3y6uatoro koaeca I/ paauyca r, KaTawerocs no HENOABHIKHOMY
3ybuatoMy Kojecy / ¢ Tem k€ pajyycoM M NPHBOASLICTOCH B JBHIKE-
HHe KpuBownnom ///, BpamaoMuMes BOKPYT OCH HENOABHIKHOTO KO-
Jeca O ¢ yrnopofi CKOPOCTHIO @g; IBHIKEHHe KpuBowuna OA NpPHHATE
32 TepeHocHoe,

Orser: w3 = wp, Wy = 2wp.

24.3(24.3). 3auenzerue, npusozsiuice B GHCTpPoe BPALLEHHE TOYHJIL-
HBIH KaMmeHb, YCTPOGHO Cheaywouny obpasom: crepxens [V nocpes-
CTBOM 0COGO# pYYKkH MPHBOAHTCA BO BpalleHHe BOKPYr ocu O C yrao-
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BOR CKOPOCTBIO @4 Ha KoHue crepxus O, HAXOOWTCH Masell, 1a KOTO-
puiit cBoGOAHO Hagzeto koneco /{ paamyca ry. [lpwu BP3LUEHHH DPYUYKH
najen 3acTaBiaser Koaeco /I KaTutecs Ge3a CKo.biseHus 1O Hapyix-
HOMY HEMOABHXHOMY Kpyry /Il panmyca r;. Ilpn stom, Onaronaps
TPeHHIO, Koaeco /1 Bpautaer 6es crkonbskeHus Koneco [ panuyca ry, cBo-
GoaHo HacaxenHoe Ha och O) B HEH3IMCHHO CBR3ANHOE € OCHIO TOWHIA.
AR

\.

K 3agave 243 K 3anmave 24.4

Tlo nannomy pamHycy r; HapyxHOil HEeNOABHIKHON OGOHMLI HaWTH Ta-
KOe 3HaueHHe ri, 4yTobn Obiio ©y/ws = 12, T. e. uTobH TouHJIO Bpa-
manock B 12 pas GuicTpee NPHBOAALLEH €r0 B ABHIKEHHE PYUKH.

1
Oreer: ry ==l

24.4(24.4). Ha#itu gncno o6opotos B MHHYTY WECTEPHH C YHCJOM
3y6uoB zz = 25, ecnu kpuBownun OA spaulaercs BOKpyr ocH O Henop-
BHXHOH WecTepHu (c yHCnoM 3y6loB zo = 60) ¢ yriosoi CKOPOCTEIO,
COOTBeTCTBYIOWRH g = 30 06/MHH, W HeceT Ha cebe OChb ABOHHOI
WeCTEPHH ¢ uHcAaMmu  3y6uOB
2] =40, 2p = 50.

Orser: ny=— n, (l~——:%)=

=-—60 06/mM¥n (B OTHOWEHHH \ 4
3HaKa MHHYC CM. OTBET K 3ajaue J -
@y

24.1).

24.5(24.5). B snHuHKAHue-
CKOM MeXaHH3Me, NPHMEeHAEeMOM
B KOHHBIX TIPHBORAX MOJOTUJIOK,
Boguno OA w koneco ! paamy- K sarave 94.5
ca ry Hacamensl Ha Baix O cBo-
6ogHo; ocy Oy xoseca I/ ykpensiena ua BOAHIe, & Koseco [If papmy-
€a rz MOXer CBOGOAHO BpailaThCst BOKPYr ocu O, Onpepenuts yrno-
BYIO CKOPOCTb @) Koseca [, ecny soauny OA coobiuena yrnosas cxo-
pocTe wp, a Kosmecy [/ or mpyroro nBuraTens (toxe Koumoro)
coobuiena yryioBas CKOPOCTE 3 NPOTHBONOAOKHOTO HanpaBieHus.,

Oreer: ©; = w, (l +-:—’I’-) -+ :—:Imal.

24.6(24.6). Penykrop ckopocTeli cOCTOMT H3 Tpex 3ybuarhix KoJec.
INepBoe koseco (yHcAo 3y6UOB z; = 20) nacaxeso Ha pemyuuii Ban /,
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nenawuiui n; = 4500 06/MuH, Bropoe (2; =25) cBOGOLHO HAaCaXEeHO
Ha OCh, YKECTKO CBA3aHHYIO € BenoMbiM BajoM [f, Tperbe Koseco
(za=70) c BHyTpEeHHHM 3alenjeHHeM HenonBwHo. Halth umciao
060poTOB B MHHYTY BEZOMOr0 Balia H Geramolero Koseca.

Orser: ny = 1000 o6/muH, ng = —1800 06/muH.

24.7(24.7). Benywwmit Ban [ penykropa penaer ny == 1200 ob/mun.
Ha#ita aicao 060poToB B MHHYTY BeloMOro Bana [l, ecly HenoiBHH-
HOe 3y64aToe KoJieco ¢ BHYTpPEHHHM 3alenieHHeM umeer z, = 180 3y0-
1oB; GeraloliHe wecTepeHKH, clapeHHble Mexay coboi, UMerT 2:==060

Ve =
pr—==— L=y — B
-l- Z,
7
il ™
TR T 7 A
K 3apane 24.6 K sanaue 247 K 3apave 24.8

M z3==40 3ybuOB; wecTeperKa, 3aKpenyieHHaa Ha BeNOMOM Baay,
BMmeeT z4 = B0 3y610B.

Orser: njy = 3000 o6 /MuH.

24.8(24.8). Penykrop cxopocTefl COCTONT U3 Heno[BUIKHOH luecTe-

peHkKH paguyca ry =40 cM, AByX Geramouirx le-TepeHOK panHycoB

r=20 cM H rs =30 cM, cNapeHHHX MeX-

Z F Ay co6OH, H IMecTePeHKH C BHYTPEHHHM

£ £ 3auenyieHHenM paanyca ry =90 cM, cHgs-

el ma BepgoMoM Bany. Benymm# Banm M

KPHBOLIHI, HEcCylWlHH oOcH OeralouiHx me-

cTepeHoK, genawnt n = 1800 o6/mun. Hali-

7 4 TH 4HCNO OGOpPOTOB B MHHYTY BEAOMOrO
7 = == Baa.
s P Oreer: ny = 3000 06/MuH.

24.9(24.9). Pepyrtop ckopoctel ¢ mja-

HeTapHOH nepenayedl COCTOMT H3 HETIOABHXK-

K sanmue 24.9 HOTO COJIHEYHOro Konaeca [/, y(ECTKO CBA3aH-

Horo ¢ Banom /, pamKs, cBOGOOHO Bpallaio-

meiics BOKpyr oceil [ M /I ¢ yrfioBod ckopoctei £, NBYX rniccrepe-
HOK 2 M 3, XeCcTKO CBASAHHBIX MeXAy coGoH H CBOGOAHO HacaXXeHubX
Ha och EF, Bpaltawulyocs BMecTe ¢ paMKoFH, u BefOMOl 1uecTepHH 4,
JKecTKO cBflanHOM ¢ sBaaom //. Onpelendts oTHOLIEHHe YIJIOBOH CKO<
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poctn Baza /I K yrnoBo#i CKOPOCTH paMKh, eciH UIECTEPEHKH
HMEIOT  CHeAyIOllee YHCAO 3ybuoB: 2z =49, z,==50, z3=>51,
24=50.
L) |

QOreer: TMW

24.10(24.10). Haiita yrnoByio cKOpOCTb @y BeiOMOro Bana pe-
AykTopa ¢ nuddepennnancHoil nepenaveli, ecsau BEJlyllHii BAJ € KpH-
BOIIKNOM, HECYIUHM Ha cefe nepenaToqHble WIECTEPEHK:, CnapeHHbe
Mexy coGoH, Bpawiaerca ¢ yraosol ckopoctsio o =120 paa/c.
Koneco / Bpamaetcs ¢ yr.iosoit cKOpocTeo o= 180 pan/c ¥ HMeer

Z-— — .t.? HTJ—

T
L7 IZ JI
44
vz
N e 1
= J' _[—
L (¥
7 l
K aanmaue 24.10 K aanave 24 11

yucno 3ybuoe 2z = 80; OeraiomHe Ko.Jeca HMEIOT uHCAa 3yGUOoB:
2p=—20, 23—40, a Koneco, CHAALEE HA BeJOMOM Bany, HMeeT
24==060 3ybuos. Koseco / u seaymmii Baxn BpamawTcs B OAHOM Ha-
NpaBJEHHH.

Oreer: w1 = 280 pan/c.

24.11(24.11). Peayxrop ckopocteit ¢ nuddepennuansroil nepesa-
9efl COCTOMT M3 uYeThipeX 3yGYaTHIX KOJEC, W3 KOTOPHIX nepeoe —
C  BHYTPEHHHM  3alenJeHHeM — AeNaer
160 06/mMHH H HMeeT 2, = 70 3y6LOB; BTO- [z
pPoe H TpPeThe COapeHH MeXRy coboll H CH- i
IAT Ha OCH, BpallamoweHcs BOKPYT OCH Be-
nyuwero Bana / BMeCTe ¢ MOCHeAHHM, MIe-

&1
nas m=1200 o6/Mu#; uuchna 3y6UOB: Zz— L__|
= 20, 23 =30, ueTBEPTOE — C BHYTPEHHHM =
3auenyieHHeM — uMeer 2z, —80 3ybuoB H 7 m_J J I waa
- Pz

33KJHMHEHO Ha BegomoM Banay. Haiitu yncno ”””17 g
060pPOTOB B MHHYTY BeIOMOTO Baja, ecny T -2
Bazn I n woseco ! BpauiaroTcs B MPOTHBO- d
NONOJKHLIX HanpaBJeHHAX, K sanase 24.12

Oveer: ny = 585 06/mun.

24.12(24.12). Penyktop cKopocTeil HMeer HENOABHIKHYIO IiecTe-
peuky I, cnapeHnsie Mexay coGoifi ROABIIKHbIE wecrepeHkd 2 u 3 ¢
BHYTPEHHHM 3aLETVIEHHEM W ILECTEPHIO ¥, 3aK/IHHEHIYK HA BEHOMOM
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sany. Hafitn uncno o60poToB B MHHYTY BefoMOro BaJja, €C/IH YHCAA
3y6uoB paBHbl 2y =3, 2; = 80, 23 =70, z, = 20; Benywmii Ban Bpa-
LaeTcs ¢ YrJIOBOH CKOPOCTLIO, COOTBETCTBYMOMEH n; = 1200 06/MuH.

Oreer: nyy = —375 06/mMuH.

24.13(24.13). B Gnoke cucreMsl «TpHIIEKC» HA Bajly @ — a i#e-
CTKO Hacaxken uenHoH 610k A; Ha TOT ke Basi CBOGOAHO HACZIKeHa
BTYAKa b C MOABEMHOH LENbi0 H FPy30M, HArJAyX0 COELHHEHHAN C py-
kostioil B. Ha xaxcnelil nanel pykosTkd cBOGO/NO HACAIKCHH LBE LUe-
crepur /I u Ill, cnapennsie Meny cofoil, wectepHH [/ cuenmens ¢
wecteprer /, saknuuenHol Ha paay @ —a, weetepenkn 1] cuenzenst
C HenoABHik:blM 3y6uaThiM KojecoM [V. OnpeaennTs oTHOLEHHE Yriio-
BbIX CKOPOCTEH BpallieHHsi Bajla @ — a W BTYAKH b, €ClIH Yucha 3y6uoB
xoaec [, I, Il u I'V cooTBeTCTBEHHO paBHh: 2 = 12, 2, = 28, 23 = 14,
24 = 54,

Orser: @qfwp = 10.

“’““]ﬂ/ T .
|7 A1 [

b iy I 4=l

K sanauwe 2413 K aanave 24.14

24.14(24.14). B uuaunnpuueckom znutdeperunane 3ybuatoe ko-
Jieco papnyca R cpoBojHo HacaxeHo Ha Ban [ —/[ u Hecer Ha cebe
WIECTePHH PanHYCOB rz H ra, ChiapenHbie Apyr ¢ aApyrom. Koaeco R npu-
DOIHTCA B [BHMEHHE LieCTepenxoH paluyca ro. Lllecrepenxku pannycos
r2 W ry 33UEMJIAIOTCS C LUECTEPEHKAMH PAJHYCOB ry; M ry, 33KJHHEH-
HBIMH COOTBETCTBEHHO Ha Banax [ — [ u [/, us KOTOPBIX DOCJELHKI
BLINOAHEH B BhAe BTysnkH. Halltu yrnosyw ckopocte Bana II, ecaw
H3BECTHE! YTJIOBEIE CKOPOCTH BpPaIUEHHS ny W ng Bados [ — ] u O —O,
NpHYEM 3TH BaJbl BPAllAlOTCsl 110 O/JHY CTOPOHY.

Orser: i, = (nl + n, %) -E'fr—: - n;,%’ .

24.15(24.15). B nuanerapuom npHBofie KapTodesekonaTeNs LeH-
TPaJLHASA ILIeCTePeHKAa a, COBEPIIAIOlasn NOCTYNaTEbHOR NPSMOJIHHET-
HOe paBHOMEDHOE NBHXXEHHE BMeCTe CO CBOEHi OCblo, COeNHHEHa NpH
NOMOLUH Mapa3HTHLIX WECTEPEHOK b € MOABHIKHBIMK IUECTEPEHKAMH C,
K BIYJAK3aM KOTOPbIX NPHKPENJEHH KpHALA d; OCH LUECTEpeHOK b H ¢
HaCaeHH Ha BOAWJIO S, Bpamalnuieecs BOKPYr OcH UeHTPaNlbHOH LIe-
CTEPEHKH @ C YTIOBOH CKOPOCTLIO . Onpepennts aGeoNoTHyIO yrilo-
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BYIO CKOPOCTb IUECTEPEHOK, a TaKIKe Xapakrep ABIDKEHWS KPHILER,
CCAH PanHyCH BCEX WECTEPEHOK OLHHAKOBHI. :

Oreer: © = 0; Kpbibsi COBEPWAIOT MOCTYNATENBIOE WHKAOHAAID-
HOC IBHIKEHHE BMECTE C UEHTPAMH ILECTEpeHokK C.

{d
K 3anave 24.16 K 3apawe 24 16

24.16(24.16). Kpneourin OA c nporusosecoM B Bpawiaetca ¢ yrio-
BOH CKODOCTBIO g = cOnNst BOKpYr ocH O HEMOIBHIKHOM LIECTEPEHKH
H HeCeT Ha Kokue A ock Apyro#t weCTepeHKH TOro e pasMepa, Coemu-
HEeHHOH ¢ uenblo. OnpenenuTs yrjoByl CKOPOCTb H YIJIOBOE yCKOpe-
HHe MOABHMYKHOH 1ECTEDEHKH, & TAKXKEe CKOpPOCTb H YCKOpeHHe MpoH3-
BOJIEHOH ee TOuUKH M, ecnH nauua
KpuBoummna OA = [.

Oreer: © =0, e=0— wecre-
peHKa coBeplliaeT KpYrosoc MoCTy-
NaTelbHOE [BHXKEHHE BMecTe ¢
LUEHTPOM A; vy = s = lo; wy=
= Wa =— l(:)zn -

24.17(24.17). B anuuMKIHUE-

CKOH nepepaue Belyiuas IECTEpHs K samase 24.17
paavyca R Bpalllaetcs NpOTHB ua-
COBOH CTPCJIKH C YTJIOBOH CKOPOCTBIO ©p H YIJIOBLIM YCKOPEHHEM egq,
KPHBOWIAN AJHHE 3R Bpalllaercsi BOKPYr €e OCH M0 YacOBOH CTpenKe
C TOH Xe YrioBo# CKOPOCTHIO H TEM e YIOBLIM yckopenneM. Hailtu
CKOpOCTh M yCKopeHHe Touku M BepoMof wrectepun panuyca R, nexa-
Lledl Ha KOHlIe JOHAaMerpa, NepneHAHKYJSADHOTO B JAAHHLIH MOMEHT
KPHBOLLHIY.

Oreer: v = Rw,~/10. w =R A[10 (e + o) — 120, -

6) CnoxeHue NpPpOCTPAHCTBEHHB X ABHXXEHHH Tena

24.18(25.1). Jlaun 1Bz KOHHUECKHX 3y6UaTHIX Koseca, OcH KOTO-
PLIX HENOABHXXHLI, 8 COOTBETCTBCHHLIE yryiel paBHu o H P. [lepsoe
KOJIeCO BpaulaeTcs ¢ YIJIoBOIl CKOPOCThi0 ®y. OnpenenuTs yrioByio
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CKOPOCTb ()2 BTOPOrO KO¥ECa H BLIMHCIHTL €€ B TOM ciayuyae, Korga
o =30° B =60°, v, = 10 06/mun.
— sin (af2)
= T 1sin (B/2)
24.19(25.2). Kapycens mnpeactaBiser coboit Kpyrayio mJomanky
AB, xoropan Bpammaerca Bokpyr ocs OC, NPOXOAALLIEH Yepes ee LEHTD
D, nenas 6 06/mnu, a ock OC Bpam@ercst B TOM e HaTNpPaB/eHUH
BOKpYr BeptHkain OE u nenaetr 10 oG/Mun. Yron wmexny ocCsmu
o = 20°, nnameTp miomanku AB pasen 10 wm, paccrosuue OD paBHO
2 m. Onpenenuth CKOPOCTH v TOYKH B B TOT MOMEHT, KOrma oHa 3a-
HIMAeT caMoe HHIKOE NOJIOKEHHE.
Orser: v = 8,77 m/c.

Orger: @, =25,16 ob/MuH.

Az
\ 4
\ /
u——fw.‘ I %
\ {
Ny
!
\ /6
i/
N ——
s
K 3anave 24.18 K 3ansue 24.19 K 3anaue 24.20

24.20(25.3). lliapoBasi npoGuiKa COCTOMT H3 moJoro wapa /1 (B Ko-
TOPOM HaXORATCHA WAPH H BELUECTBO, NMOMBEPraiouieecs APO6AEHHIO),
cHusiero Ha ocu CD, Ha KOTOpOH 3aK/JHHEHO KOHHYECKoe 3yGuaToe
koneco E papuyca r. Oce CD CHAHT B NMONWMNHHKaxX B pame I, co-
CTaBJsOIIeH OfHO uesnoe ¢ ocelo AB u npusossumedci BO BpalieHHe
npy nomoin pykoaTkH G. Kosneco E cuenasercs ¢ HenonBHIKHLIM
konecom F papryca R. Onpenenuts
a0CONIOTHYIO YrJIOBYI0 CKOpOCTh WIa-
pOBOH APOOHJIKH, ECIH PYKOSTKAa Bpa-
IIAETCA C YIrJOBOH CKOPOCTBIO wg;
yron mexay ocaMu AB u CD pasen
o. Onpenenute Takxe abcoMOTHCE
YTJIOBOE YCKOPEHHE IIApPOBOM APOGHJ-
KH, eC/IH yroBafi CKOPOCTb PYKOATKH
wy = const.

Oraer:

mdzg A+ RP+2rRcosa,

K 3anave 24.21

e-=m2—R— sin a.
0 r

24.21(25.4). [lnn pacTupaHus Pyawl NpHMEHsOTCs Gerynnl B Buae
YYTYHHBIX KOJICC CO CTAJIbHEIMH O0ONLAMH, KAaTAHMHCSA 1O AHY KOHH-
yecKoi yawk. Berynn BpawaioTtcs BOKpYr ropusontannHoll och AOB,
KOTOpas B CBOW OYEPEeNb Bpaijaercs BOKPYT BepTHKasbHOR ocn OO0,
cocrapasioier ¢ oceto AOB oaHo uesnoe. Halitu aGcosiorusie cko-
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poctu Touek D u E obona GeryHa, nmpuHHMas, YTO MTHOBEHHas OCh
ppallenna GeryHa npoXxonut vepes cepeauny C JHHWM Kacauusn obona
Geryna ¢ aHoM yawH. CKOpOCTH BpalleHHs BOKDYL BEpTHKAJLHOH OCH
@: =1 pan/c, mHpuHa beryHa h=0,5 M. I

Cpenuni papuyc Geryna R = 1 m, cpea- —

HHA pannmyc Bpawenus r=06 m, - : =

tgax =0.2. B=QF———
Oreser: vp=—ver= 0,28 m/c. N e T T 8
24.22(25.5). ucddepenunansuas ne- i o

penaya COCTOHT H3 ABYX AuckoB AB u = = !

DE, uenTpy KOTOpDHX HaXOASTCA Ha HX £ ) .

ofmeli OCH BpAlUEHHS; 3TH NHCKH CXKH- D= %%

malor koneco MAN, oce kotoporo HI =

neprnenfuKyaspHa ocH AuckoB. Onpene- : ==

Juth ans koneca MN ckopocte v uen- % =

Tpa H u yrJIoByI0 CKOpOCTH ), Bpamle- K Sdsne A

nHa Bokpyr ocH HI, ecam ckopoctu TO-
YeK KacaHHs KoJieca ¢ AWCKAMH paBHHL vy =3 M/c, v =4 m/c, pa-
nnyc konmeca r ==0,05 m.

Orger: v=105 M/fc, w,==70 pan/c.

24.23(25.6). CoxpanHB YCJOBHSA NpefHAyIeH 330341 H 3HAA [JIHHY

Hl = _l!é' M, ONpeNesiuTh a6COMIOTHYIO YIJIOBYIO CKOPOCTHL W abconwT-

HOe YrJIOBOE YCKOpeHHe KoJeca
MN.

Oreer: @ = 4/4949 pan/c,
e = 490 pan/c2

24.24(25.7). Boavox A Bpa-
niaercs OTHOCHTEJBHO CBOEH OCH
cumMMerpun OB ¢ nocrosiHHOH
yrIoBOH CKOpPOCTHIO @) pan/c.
Ocb OB onucEBaeT paBHOMEDHO
Konyc. 3a OfHy MUHYTY BepiiM-
Ha Bonuyka B penaer n o6opo-
ToB; ZBOS = . Halitw yrno-

BYI0 CKOPOCTE @ M YrJIOBOE YCKO- K sanave 24.24 K sanave 2425
PEHUE € BOJIYKA.
2
. = 2 At g S L
Orser: (] /\/ml -+ (30 ) =20y, 35 C0s %, e= zzsina.

24.25(25.8). Kpyramuii gucKk BpailaeTcA C YriaoBOH CKOPOCTRIO @)
DOKPYF ropH3oHTaJbhoi ocn CD; onHopemenno ock CD Bpamaetcs
BOKPYT BepTHKaJbHOH ocH AB, mpoxoasiedi yepe3a ueHtp O [HCKa,
C YrnioBOH CHOPOCTHIO . BHIUHCAHTHL BeJHYHHY H HanpaBJieHHE MIHO-
BEHHOI Yrioeofi CKOpPOCTH «® H MTHOBEHHOTQ YIJOBOTC YCKOPEHHs €
JLHCKA, ecH w; = b panje, v, = 3 pan/c.
Orser: @(w =>5,83 panfc) cocraenser yrael o = 30°68" wu
— 59°2/ ¢ MNoNOKUTENLHHIMH HAMpaBAeHHAMH oceH x H 2; efe =
=15 pan/c?) HanpaB.JeHO MO OCH 4.
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24.26(25.9). Huck pagmyca R BpallaeTcs ¢ MOCTOAHHOM Yr/0BOi
CHOPOCTBIO . BOKPYr ropusotitanbdofl ocn 0,0», KOTOpas B CEOIO
O4EPELb BPALLAeTCs C NOCTOAHHOH YrI0BOfi CKOPOCTHIO w. BOKPYT Bep-
THKanbHoi ccu. Hailitn ckopoctu u yckopenus touek A w B, aexauwmx
Ha KOHUaX BePTHKaJbHOrO LMAMETpPa AHCKA.

e e 7 5
Orger: v, =vy=Ro, w,=w,= Ro_ ,\/fkoe + w’.

24.27(25.10). Kpanpathasn pama BpallaeTcd BOKpYr ocw AB, ne-
2z 2 06/Mui. Bokpyr ocw BC, coBnanaiomeit ¢ AHATOHAMBIO pamel,

i g Eﬂ [ —
K 3anave 24.26 K sapaue 24,27 K 3apawe 24.28

BpatlaeTcs AHCK, nesas 2 o0/muH. Onpenennth abconioTHyio yrio-
BYIO CKOPOCTh H YIJIOBOE YCKODEHHe MHCKA.

Orser: © = 0,39 pan/c, e = 0,031 pan/c2.

24.28(25.11). Oce menmbhuutoro Geryna OA spauraercs paBHo-
MEpHO BOKPYr BepTHKanbHOH ocH Oz ¢ yroBoH cKopocThio Q. Jmiua
ocn OA = R, panuyc Geryna AC = r. Cuntas, uTo B gaHHLi MOMEHT
Touka C GeryHa mmeeT CKOpOCTb, PaBHYIO HYJI10, ONpPENENiNTb YIJIOBYIO
ckopocTe GeryHa o, HanpaBjeHHe MPHOBEHHOH OCH, MOABHXKHBIL M He-
NOABHIKHEIH 8KCOHIEL.

o VR
Orser: ==

4B — KOHYCHl C BepuHHOH B Touke O, NMOABHIKHLIA — C yraom z’OC
npH BepuiuHe, pasubiM arctg(r/R), weno-

Q; mruobewHas oce — npamas OC: akcomu-

o IBHNHUI —cC yrnom 2OC, paBHbIM @ 1t—
3fE —arctg(R/r).
/ 24.29(25.12). Nuddepesunansuan nepena-
4 ///% M Ya COCTOMT H3 KOHHUECKOro 3y6uatoro Koje-

ca /1] (catennamra), HacaXkeHHOro CBOGOLHO

§l 4 Ha kpusowun /V, KOTOPHI MOXeT BpawaTs-

Csl BOKpYr HENMOOBHKHOH ocH CD. Cartennur

7 COCAMHEH C KOHHYSCKHMM 3y6uaThiMu Kojeca-

K 3anage 24.20 M [ w11, BpainawiuHMuCH BOKpYr Toi e

oct CD ¢ yrnOBEIMH CKOPOCTAMH =S5 pan/c

¥ ©z =3 paj/c, NpHUEM BpALUEHHS NPOHCXONSAT B OAHY CTOPOHY.

Pannyc catennnta r =2 cM, a paguycu konec [ u I/ onuMHaKoB M

paBHb R=17 cM. Onpepenuts yrioByl CKOpOCTb wy KpuBouuna [V,

YIJIOBYIO CKOPOCTh 3¢ CATENJIHT4 1O OTHOWEHHIO K KpPHMBOLINOY H
CKOPOCTE TOUKH A.
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e

Orser: vy = 0,28 M/fc, wy =14 pan/c, wy =3,5 pan/c.

24.30(25.13). B puddepeHunanbHOM MexaHH3Me, PAaCCMOTPEHHOM
B npeablyliel 3apaue, KoHHueckne 3y6uateie xoseca / u I/ Bpawaiot-
CA B pasNbie CTOPOHB C YIJOBHIMM CKOPOCTAMH ) =7 panfec, wz =
=3 panfc. OnpenenuTe va, gy H Wz, €CAH R =05 cM, r=2,5 cm.

Orser: vy = 0,1 Mfc, o4 = 2 pan/c, ws = 10 pan/c.

24.31(25.14). Ilpy nBHxKelHH aBTOMOOM.IH O 3aKPYTr/eHHOMY MyTH
BHELIHHE KoJeca aBToMobuJisi, mpoxons 6oabuiui NyTh, HNOJKHE Bpa-
imarthes 6LicTpee BHYTPEHHHX KoJec,
NPOXOASINHA MeHbwHi nyre. Bo uabe- X
HaHHe TIOJIOMKH 3ajHed Bedyiueil ocH
aBTOMOOHJIA npuMcHAeTCs 3y6uatas ne-
penaua, HashBaeMas gupdepentyannioil

H HMeIas cielyloulee yCTPOHCTBO. = I £ b
3apHAA OCh, Hecyllas nBa Kojeca, 'J"-?\_‘-J =

JeJaercsi W3 ABYX OTACABHEIX uacrted [ &

v I/, Ha KOHUAX KOTOPEIX Harjyxo Haca- TR

MEHB! 1Ba OAMHAKOBBIX 3y6uaThiX KOJe-  y __E

ca A u B. Ha 3tux yacrax Bana B nog- E A

IWHNHHKAX Bpauiaercs xopobka C ¢ oA ]

KOHHYeCKHM KoaecoM D, Harnyxo c¢ uei e P

coepHtensbiM. KKopobGka moayuaer Bpa-
LIEHHE OT FIABHOrO (NPOIOJBHOIO) Bana, NPHBOAKMOrO B ABHXKEHHE
MOTOPOM, 4Yepes NocpefcTBo 3y64aTKH E.

Bpauiense kopobkn C nepenaercs 3ybuarteiM Konecam A u B npw
NOMOIIH [BYX KOHHYECKHX liectepeHoK [ (caTensauToR), cBoGonHO
Bpall{alOlHXCH BOKPYr OCeH, YKpenJeHHbX B KopoOKe NepneHmHKY-
nApHO K 3anHeit ock [ — JI aBToMOGHAS.

HafiTH yrioBrie CKOpPOCTH 3agHHX KOJieC aBTOMOOMJIA B 33BHCH-
MOCTH OT YIIOBOH CKOPOCTH Bpalienus Kopobku € u yrioByio CKOpPOCTh

®, CATeNJHTOB OO OTHOWWEHWID K KO- u
pobke, ecnu aBTOMOOHJAB ABHIKETCH —ll—
co ckopocTeld v =236 KM/u no 3a- " ”U
KDYDJIEHHIO cpefHero paamyca p=— 27
=05 M; panguycs Kojec 3afHeH ocu A M , P2 i
R =05 M; paccTosHHe MEXAy HHMH " ’{Qﬂ
=2 m. Paguyce 3ybuathix konec A
bd T 4

# B BnBoe Goablie papuycoB caten- 4 HJ
JHTOB: Ro==2r. V4 ¥

rgeT: ;=24 Pa.ll/C. w2 = K sanaue 24.32

= 16 pan/fc, o, =8 pan/c.

24.32(25.15). Ilpu npuMeHeHms uddepeRniHaNbHOrO 3alenieHus
ANs MONyyeHHs HasHAYeHHOIO OTHOWIEHHS uMcen obopotoB ocell AB u
MN x xonwueckum konecam I W [l auddepeHuHanbHOTO 3aLENNeHH
GPHCOEHHSIOT HAarAyxo UMJAHHApHYeCKue 3ybuathlie koneca I' w 117,
KOTOpHIE CLENJAITCH ¢ wectepeHkamu [V u V, Haca)XeHHbBIMH Ha-
rayxo Ha ocb AB. HaliTh cooTHOweHHe MEXIY YI/IOBHMH CKOPOCTAMH
wp H @ BanoB AB v MN, ecniv papuych Kosec I u /] ogMuakoBhl, uHCaa
sybuos xkoaec [’, [f”, IV v V cOOTBeTCTBEHHO paBWbl m, n, X, Y.
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o e Y fix y
Orser: e (F"—T) 3
24.33(25.16). B puddepenunansHoti Nepefade, paccMOTpPeHHOH
B NpeibAyiled 3anave, Mexay 3y6uaThMy konecame J” u [V BBENEHO
NapasHTHOE KONECO ¢ HENMOMBHIKHOMH OChIO Bpaumenus. Tpebyetcs naiith
COOTHOLUEHHe MEAY YTJOBLIMH CKOPOCTAMH @¢ H @ BaJsioB AB u MN,
COXpansasa BCce OCTAaJbHEE YCAOBHA 3a0a4H.
LS B ¥y
Oreer: —"D—?‘—? _l;l__? 4
24.34(25.17). Ouddepennuanshas nepenava, coegHHsAoOWEan obe
TIO/IOBHHEL 3aHeH OCH aCTOMOGHAA, COCTOMT M3 ABYX LUECTEPEHOK ©

K 3anave 2434

OMHHAKOBHMH pagHycaMH R =— 6 cM, HacakeHNLIX Ha NOJIYOCH, Bpa-
IUAIOHECA [PH NBHMKEHHH aBTOMOOHJS Ha NOBOPOTE C PA3HBIMH. HO
NOCTOAHHEIMH 1O BEJHYHHE YIJIOBHMH CKOPOCTAMH ©; — 6 pan/c u
r w2=4 pajl/c OAMHAKOBOTO Hampapaenus. Mex-

Ay UIECTEPEHKAMH 33XaT Oerymuit caremint pa-

% 4 Auyca r=3 cM, cBOGOAHO HACAXKEeHHBIH Ha och.

Ocb caTennnTa ecTko 3amenana p KOXyxe H

MOXET BPALLATLCH BMECTe C HHM BOKPYr 3aiHci

ocu aBromobuns. Haflit oTHocHTEenBHO Kopnyca

aBTOMOGHAS  YCKOPEHHS ueTHpPEeX Towek M,

7 M;, Ms w M, catennuta, nexammux ua KOH-
y UaX JBYX HHAMETPOB, KaK MOKA3aHO, Ha pH-
Z 2 cymke.
£ e——=— Orser: wy =21 Mm/c?, wy,= 0,91 M/c?, w,=—
= ws = 1,73 m/c2.
J 24.35(25.18). B mudgepenunane sybopesuoro
27 CTAHKA YCKODHTENbHOE Koseco 4 CHAHT Ha ne-
= RyWweM Bally a cBOGORHO, BMECTE CO CKpellieH-
K sanmiiin HEIM C HHM 2KecTKO KomecoM I. Ha komue reny-

Wero Bajla @ CHAMT TOJOBKa, mecyinas ock CC
carenaHToB 2—2. Onpenenuts yriosyo CKOpPOCTL BellOMOro naja b
C HarJyX0 3aKJIHHEHHLIM KONecoM & B MATH cAyuanx:
1) ¥YrnoBas ckopocts Beayuiero Bana wa, YIJioBas CKOPOCTb YCKO-
PHTENEHOTO KoJieca wy = (.
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2) VrnoBas CKOPOCTb BEAYLIErD Bala g, YCKOPHTEJBbHOE KOJeco
BpaulaeTcs B TY e CTOPOHY, NTO W BedAYLIHH Bax, € yrJoBOH CKO-
POCTBIO (4.

3) YckopuTenbHOE KONEco 11 BEAYLUIHH Ban BpallaloTCsl B OAHY H
Ty € CTOPOHY C PaBHHIMH YIMOBLIMH CKOPOCTAMH 03 = Wa.

4) VYckopuTeNnbHOe KOJECO W BeAywiWil Bajl BpallalTcsi B OAHY H
TY JK€ CTOPOHY, MPHYEM 0y = 2W,.

5) ¥YrioBas CKOpOCTb BEAYINErO BaNd wa, YCKOPHTENbHOE KOJIECO
BpallaeTcsd B IIPOTHBOMNOJOMXHYIO CTOPOHY C YrJAOBOH CKOPOCTBIO (.

Oteer: 1) wy = 204; 2) 0p = 204 — 0} 3) wp=ty; 4) wp =0;
5) wp =20, + 4

24.36(25.19). B nuddepenunane 3y6opesHoro CTAHKA, OMHCAHHOM
B NpedblAyLIEH 3anade, yrjiobas CKOPOCTh BEAYLLETO Bajla o, ==
= 60 06/munn. Onpenenuts, KAKOBA AONMKHA OLITH YrJOBas CKOPOCTh
YCKOPHTENbHOIO Kojeca, YToObl EeNOMEIH Bal OBl HEMONBEMKEH.

Orser: 04 = 120 06 /MuH.

24.37(25.20). B auddepennnane 3y60pe3noro ¢TaHka YCKOPHTeJb-
HOe KoJieco 4 HeceT Ha celc OCh CaTeNNMHTOB. YTJIOBasi CKOPOCThL Bepy-
LIEr0 BaNa ®q OnpejiesHTh yriOBYyIO CKOPOCTh BELOMUID BAna B CJje-
LYIOLIHX TPeX clyuasx:

1) Ycxopurteabuoe xoneco 4 BpallaeTrcs B CTOPOHY BCAYLIEro
Basa C YraO0BOH CKOPOCTHIO W4 = @,.

ZIIZa 7

N
By

K sanaue 24.37 K aapave 24.38

2) To ke, HO BpalleHHs BelyLIETO Bana H YCKOPHTENLHOrO KoOJeca
HOPOTHBOINOJ0XKHAE 10 HATIPABJEHHIO.

3) VYckopHTenbHOE KONECO H OCh CATENJIHTOR HEMOABHIKHGL.

Orser: 1) @p = Wai 2) wp = —3Wa; 3) Wp = —Wg.

24.38(25.21). B cranounom au¢depednuane KOHHYECKOE koneco /
3aKJHHEHO Ha BeAylleM BaJy @, HA KOHLE BefOMOro Bala b CHAHT
ronoeka, Hecymas ock CC catennutor 2—2. Ha ToMm e Bany cBo-
GONHO CHOHT KOHHYECKOEe KoJieco J, coCTaBJfAOUIEEe ONHO NENOe ¢ Yep-
BAYHEIM KonecoMm 4. OnpeaenuTh NepefaTOYHOE YHCNIO IPH HENOABHK-
HOM 4YepBfike 5, a CAEAOBATENBbHO, H KOJMECax 4 K J, ecly BCE KOHHUE-
CKHE KOJIeca OJIHOTO pajHyca.
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Orser: wp/wa = 0,5.
24.39(25.22). Ilpoioii auddepeHnnan cocTonT U3 KpHpowwna /11,
KOTOPBIl MOXXET BPaillaThCs BOKPYr HENORBHXKMON ocH ab. Ha kpueo-
wHn ceobonio HacameH catennut [V, cocTosumii H3 ABYX Harayxo
CHpENnJeHHbIXx MexUy coboli KONHYECKHX 3y0uaTbhiXx KoJeC panHycOB
ry=25cM u ry=2 cm. Koneca 3TH COeZIHHEHH C ABYMS KOHHYECKHMH
3ybuathmMe konecamu I W [l pammy-

& coB Ry =10 em u Ry =05 cm, Bpa-
SJE LWAKLHMHCA BOKPYr ocH ab, HO c
U Az KPHBOILHIIOM He CBA3aHHLIMH, YrJo-

[ w Bble cKopoctu wonec [ u II coorBer-
W———===—' crBesno paBub:: ©, =45 pan/c u
lr‘

z w2 =9 pan/ec. Onpepenuts yrnopyo

{  ckopocth kpHeowHDa ws W yruosyio

7 CKOPOCTb CATENNHTA MO OTHOMIEHHIO K

JIE KPHBOLUKIY (43, €CTH 062 KOMeca Bpa-
i WAIOTCA B ONHY H Ty K€ CTOpORY.

K apnave 2439 Orser: W=7 pan/C. Wy ==

=5 pan/c.

24.40(25.23). Pemnuts NpEeARIyIly0 3a0auy, NOpEegnONaras, 4ro
3ybuarsie koneca [ H [/ BpamamTcs B OPDOTHBONOJNOKHBE CTO-
poHbL

Oreer: w3 = 3 pan/c, g = 15 pan/c.

24.41(25.24). Kpectosuna ABCD yumBepcaibloro miapanpa Kap-
nava—TI'yka (AB 1 CD), ynorpe6aseMoro NpH llepefaye BpALLEHHA
MeX{Ny NCPECEKAIOUIHMHCS OCAMH, BPALLAETCH BOKPYr HeNoBHIKHORM
ToukH E. Hafitn oTHomeune o;/ws
A7 BaNoOB, CBA3AHHBIX KDPECTOBH-
HOH, B NIBYX Clyyasx:

1) korpa narockoers Bunku ABF
TOPH3OHTANbHA, @ NJIOCKOCTH BHJ-
k# CDG BepTaKanbha;

2) Koraa naockocTs eHAKH ABF

K aanase 24.41 BEPTHKANLHA, 4 NAOCKOCTL BHJIKH
CDG et mepnennukynspra.

Yron mexay OCAMH BaIOB NOCTOAHHBI: o — 60°.

Oreer: 1) o1/0; = 1/cos o0 = 2; 2) @y /w; =cos o =0,5.

24.42(25.25). UlapoBas npo6GHIKA COCTOHT H3 NONOrO mapa nwua-
merpa d = 10 cMm, cupsntero na ocu AB, Ha KOTOPOH 3aKNMHHEHO KO-
JIeCO ¢ yHCaoM 3y6uoB z; — 28. Ocr AB 3aKperyeHa Bo Bpallamollei-
CA pame / B momwHnueKax a ® b. Pama [ coctasnsier oaHo nesoe
c ocew CD, npuBoAsiieiics Bo BpailieHHe NpPH NOMOIWH pyKosTka [[].
Bpawenue wapoBoit npo6unku Bokpyr ocu AB OCYILECTBJISETCH TpH
TIOMOLLK 3Y6UATHIX KONEC C WHCAAMH 3YOHOB 2, — 80, 25 = 43, 23 — 28,
[IpHYEM NepBoe H3 HHX HeNoABHXHO. Onpenenuts aGCOMOTHYIO YFJIO-
BYIO CKOPOCTh, yIJIOBOEe yCKOpeHHe APOGHJKH H CKOPOCTH H yCKOpEHHS
ABYX ToueKk E w F, meamux B paccMaTpHBaeMHIii MOMEHT BpEMeHH Ha
och CD, ecan PYKOATKY BpPailalT ¢ NOCTOAHHOH YrIOBOH CKODOCTLIO
© =43 pan/c.

S

- —ifh
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Oreent ©a =908 panfec, e =344 pan/c?, ve—vr =04 M/,
we = wr = 4,68 m/c2,

24.43(25.26). [MoBopoTHasi uwacTh MOCTd GOCTABAGHA WA KATKH
B Bl/lé KOHHYECKHX 3yO4YaTHIX kojec K, OCH KOTOPHIX 3aKpenjensl B
KONhUueBOH paMe [ HaKJAOHKO, TAK YTO HX MPOAOMKEHHS MEePeceKaloTcs

I8

K 3anawe 24.42 K 3snave 24.43

B FEOMCTPHYIECKOM UEHTPE NJOCKOH ONOPHOH [UeCTepHH, 1o KOTOpPOH
NEPEKATLIBAIOTCA ONOpHHE 3yGuaThle Koneca K. HaiiTu yraoeyio cko-
pocTb H YrJOBOE gcuopenue KOHHYECKOrO KaTKa, CKOPOCTH H YCKOpe-
HHA Touek A, B, C (A — ueHTp KoHHUeCKOro 3y6uaroro koneca BAC),
€Cli panuyC OCHOBaHNA Katka r =0,25 m, yron nph sepiunue 2o, npH-
ueM coS o = 84/85. YraoBas CkopocTe BpaLleHHsl KOMbUEBOI pambl
BOKPYr BEPTHKaJbHOH OCH (g == const — z

=0,1 pan/e.

Oreer: ©=0,646 panfc, e=
=0,0646 pan/c?, va=0,16 Mm/c, vs=
=032 mfe, ve=0, ws=0,016 m/c?,
ws=0,11 m/c?, wec=0,105 m/c2.

24.44(25.27). Teno pBuxeTcs B npo-
CTPAHCTBE, [PHYEM BEKTOP YrJOROH
CKOPOCTH T€J1a DABEH ) H HaNpaBieH B
BaHHHE MoMeRT no ock z CkopocTs
Toukh O Tena paBHa vy H obpasyer c K aanawe 24.4¢
OCAMH Y, z OAHHAKOBHIE YIJIE, paBHHEe
45°. Haiits Touky TBepnoro resa, CKOPOCTb KOTOpOH GYHET HAaHMeHb-
ek, U ONPeAETHTL BEIHUYHHY 3TOI CKOPOCTH.

O718er: Umin = vo cos 45°. TakoBa CKOPOCTH TOYEK MLCHOBEHHOH BHH-
TOBOH OCH, NapannensHoil ocH z, npoxoasued yepes TOYKY C KOOPJiH-
HaTaMu x= — (y, cos 45°%)/0, y==0.

24.45(25.28). Teno A Bpamaercs ¢ yraoeoii CKOPOCTLIO ) BOKPYr
OCH Y H NBHIKETCH MOCTVNATENbHO CO CKOPOCTLID U BAOIL TOH 3KE OCH.
Teno B aeuxercs nocTynaTennHo co CKOpPOCTBIO Us, ofipazyioueii yroa
a ¢ oceio y. Ilpu kakom cooTHowenuw py/vs NBH*KeHHe Teda A no
OTHOWIeHHIO K Teny B Gyner uucTeiM Bpaiienuem? [ne npu srom 6y-
ACT JIeXKaTh OCh BPalleRHaA?

Orser: Ilpu v;/vs = cos o, oTHOCHTENBHOE HBHMeHHe Tena A Mo
OTHOWEHHIO K Teay B OyleT YMCTHIM BpalieHHeM BOKPYT OCH, mapaJ-
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Uz sina

JieJbROH y W OTCTOANIEH OT Hee Ha PACCTORHUE | — ————, OTJOKEH-

W)

HOM N0 HNEPHEHANHKYJIAPY K OCH y H COCTaBaAIOLLe ] NocTynaTenbHOH

CKOPOCTH U SiN ot.

Z

(E’

K sapave

Z)
,)’t
o @z
v, I
wJ 1
= i
|
I
a
M___
d, 4
\4 5 /ey ’
4
(z‘ w{,
2445 K 3apave 24.46

24.46(25.29). Teepnoe Teno, umewwee Gopmy Kyba co cropoHoft
a = 2 M yYacTByeT ONHOBPEMEHHO B YeTHIPEX BPAILIEHHAX C YrJIOBEIMH
CKOpPOCTAMH @) ==y == 6 pan/c, v = 03 =4 pan/c. Onpepeauts pe-
SYJNLTHPYIOLLEE NBHIKEHHE Tena,

Orger: Teno NBHIKETCs NMOCTYNATENALHO CO CKOPOCTHIO ¥, NPOEKIHH

KOTOpPOH paBHBbI Ux

=—12 m/c, vy, =12 M/c, v: = —8 m/c.

§ 25. Cmewannble 3aa4H HA CHOKHOE HBHIKEHME TOMKH

H TBEPAOro Teaa

25.1. Koneca napoBo3a coenuHentl cnapuikoM AB. Koneca pa-
auyca r = 80 cM KaTarcsi 6e3 CKOJNbIKEHHs MO peabcaM Hazero. Ilpu
AEHXKEHHH H3 COCTOAIRHA NOKO#A Yrojl MoBOpOTa Kojec @ = Z P04

3n
H3MEHAETCSl MO 3aKOHY q:=-4—t“’ pan. Bpone cmapuuka AB, B coor-
BeTCTBHH ¢ ypaBHeHneM s =AM = (10 40{%) cm, neuxercs nonsyH

K 3apaue

25,1 K 3apave 252

M. Onpepenuts a6cofIOTHYIO CKOPOCTE H a6CONIOTHOE YCKOPEHHE Mos-
3yH2 M B momeRtT f =1 ¢, ecan 0,0, =AB, 0.4 = 08B = r/2.
Orser: vy = 450 em/c, wy = 1170 cm/c2
25.2. Hemonexknan wecteps [ coefHHeHA LEeNbI0 C OLHHAKOBOH
no paianycy noasuxiHOH wectepHe#t 2. lllecrepns 2 npuBOAKHTCH B nBH-
JKeHHe C NMoMOLIbK KpHeomuna OA =60 cM, Bpawalomerocs npoTHe

- T
X0/1a 4aCOBOH CTPeJKH MO 3aKOHY ¢ =&f paa. B moment epevenn
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t =0 kpusowun OA naxoaH/csi B NPaBOM FOPHIOHTANLHOM [OMONKE-
Huy. Bposb ropusonTanbuoi Hanpasnsitouredn BC wectepun 2, coBme-
LEHHOH C OCbEO §, ABHIKETCS MOA3YH M, copepuiatouiuit xoneGanust

okoJi0 HeHTpa A no 3akory s = AM =20 sin —’2‘—1' cM. Onpeneants a6-

COJIIOTHYIO CKOPOCTh H abcomioTHOe YCKOpeHHe nosizydHa M B MOMEHTbI
ppemerH: £, =0, fo =1 c.

Or6er: vm,=44.1 cmfe, vm, = 31,4 cmfe, wy,= 16,5 cM/c?, wu=
= 64,2 cm/c’.

25.3. Tpeyronbnasi mpu3ma, oGpasyioulas yron 45° ¢ ropu3oHTOM,
CKOJIb3HT HanpaBO N0 TrOpPH30HTANBHOH NJOCKOCTH CO CKOPOCTHIO
v(v = 2t cm/c). Ilo HaKNOHHON rpaHH NpH3Mbl CKATHBAETCS 6€3 CKOJb-
WeHUA KpPYrAuH UHnnBAp. Monyak cKopocTH ero ueHipa mace C ot-
HOCHTENIbHO TIpH3Mbl paBeH vc = 4f cm/c. Onpenenute MoAyab aGco-
JIOTHOH CKOPOCTH ¥ a6COMIOTHOTO YCKOpeHNs ToykH A, nexamie# Ha
o6oje UHAHHAPA, ecnH B MoMeHT { = ] ¢ LACD = 90°.

Oreer: vy = 6 cufc, wa = 5,60 cm/c2,

G

K 3anaue 253 K aanaye 25.a

25.4. Konvueckas mectepus M npuHBOAHTCA B [OBHXKEHHME TO [ie-

crepHe N ¢ nomomso oce OC, 3akpennennoit B touke O u Bpaumao-
LleHcsl BOKPYT BePTHKAJbLHON OCH 2 € TOCTOARHOH YIJIOBOH CKOPOCTLIO
2 pan/c. I'opusontanbias naardopma P, K KOTOPOH NPHKpenjaeHa Iie-
crepust N, IBHKETCA YCKOPEHHO BepTHKalb-
HO BHH3, HMCA B faHHHH MOMEHT CKOpOCTH 022‘[3,
v=80 cM/c u yckopenne w= 80 4/3 cm/c®.
Yron BOA =60°, nuaverp AB 1wectepun o s
M pasen 20 cm. Haiitn aBconorHele cKo-

POCTH M ycKopeHHs Touek A u B urecrep- 2
HH M.
Orger: va =80 cu/c, ve=100 cm/c, o
wa =0, wp =302 cm/fcz 4;
25.5. Pewnts npeaniayllyio 3apauyy B 2
npeanonoKennu, yre ocs OC Bpamaercs K 3asaue 25.6

BOKDYT BEDTHKaJbHOH OCH 2 € VEJNOBOH
CKOpOCTEIO, paBHoii 2f pan/c. Haiith abconOTHRE YyCKOpeHHS ToOHEK
A u B Kornueckoi mwectepHH M aas momenta BpemenH f=1 c.
Oreer: wa =0, wp = 308 cm/c2
25.6. [loBopoTHEI KpaH BpAalllaeTcs BOKPYT BepTHKANbLHOH Henoj-
BHXKHOR ocH 0;0, ¢ yraosoii ckopoctsio @(w==1 pan/c). Baonas ro-
PH30HTAJbHOH CTPeNH KpaHa, COBMELIEHHOH € OCbl0 §, KaTHTcs 6e3s
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CKOMbHeHHA Tesexkka. llenrp macc C ee saasero Koseca panuyca
10 cx aBHKeTCA 10 3aKoHY sc = OC = 60(1 4 ) cm. Onpenenuts Mo-
Ay:b abconOTHON CKOpocTH Touku M, nexawedi Ha obopne KoJieca,
B MOMeHT f=] ¢, ecth £ZMCD = 30°. Haiitn tak:ke mogynu abco-
JIOTHHX YCKOpeHHH Touek A B D, nexamux Ha ofole kojeca, B Mo-
MerT i =1 ¢, ecny LACD =190°.

Orcer: vu = 129 cm/c, wy — 278 cm/c?, wp = 380 cm/c2.

25.7. Ilecrepus ! panuyca 10 cM npHBOAHTCS B ABHIKEHME BHYTpH
wectepun 2 paauyca 40 cM ¢ nomolbo Kpreownna OC, spawaroie-
roci ¢ nNocTOAHHOH yrnoBoii cko-
pocThio @y =2 pan/c. [ecrepns 2
B CBOIO OYEPeAbL BpallaeTcst BOKPYr
FOPH30HTANLHON HCTOABHYKHON 0oCH
0,0, ¢ nocTosHHOl VINIOBO# CKO-
pocTbio w =2 pan/c. Onpenenuts
MORYyaH abconioTHOM CKopocTit M
26CONIOTHOIO YCKOPEHHA TOuKH A,
Jexauleil Ha obopme wWectepuu /,
ccnn L OCA = 20,0C =90°.

K aamase 25.7 Orser: va=103,8 cm/e, wa—
=494 cm/c2

25.8. Haiita Monyae a6comoTHOro ycKopenus TOYKN A B npepml-
Lyuleii 3anaue Jis MOMEHTa BpEMEHH =2 ¢, ec/H BpallleHne ure-
CTEPHH 2 BOKPYr HEeNOMBHIKHON FOPH3OHTANBbHON och 0,0, ApOHCX0-
AWT C MepeMenHOll yrIoBOH CKOPOCTHIO @ (0 =(2 —f) pan/c). Cuu-
TaTh, YTO B MOMEHT BpEMeRH [ —2 ¢ Touka A 3aHNMaeT nosoXKeHve,
YKa3aHHO® Ha DHCYHKe K npeabigyiues
aspaue.

Orser: wa = 455 cm/c2,

25.9. lllectepuss I pagmyca 10 em
IPHBOAHTCA B NBHXXEHHE MO luiecTepHe 2
panuyca 20 M nocpeAcTBoM KpHBOuIHIa
OC, mpawawluerocs ¢ yraosoi CKOpO-
CTeI0 wp == I paa/c. LUlecrepus 2 B ceoio
Ouepe/ib BPALIAETCH BOKPYr HCRONBHIX-
HOIi ropu3oHTanbHoi ocu 0,0, ¢ nocro-
AHHOH  VIJIOBOH  CKOPOCTBIO @ (=
=2 paa/c). Onpenennts MORyb a6CONIOTHOLN CKOpPOCTH H abcosoT-
HOTO YCKOpEHHR B MOMeHT {=1 ¢ ToukuM A, Jexaueli Ha obome we-
ctephy I, ecan £.0;0C = £0OCA = 90°.

Orser: vq = 73,5 em/c, wy = 207 cm/c2

25.10. Kpusowun OC ¢ novowsio crepxus AB TIPUBOOHT B [IBH-
AeHHe Non3ynn A ¥ B, KOTOpHle CKOMB3AT BAOML B3aHMHO nepnexan-
KYIAPHLIX HANPABISAIOWEKX X H §. ITH HaNPAB/SAOLIHE B CBOK OYCPelb
BpAILAIOTCS MPOTHB XOfA YACOBOH CTPENKH BOKPYr ocH O C MOCTOSH-
HOH YriIoBO#l CKOpocTeio @(w == n/2 pan/c). Yron [OBOPOTA ¢ KPHBO-
wnna OC, OTCYHTHBAaeME OT OCH X NPCTHB XOA2 YacoBOH CTPENKH,

K 3apaue 259

T “ -
H3MEeHsICTCA MO 3aKOH =—1 an. HEIHTH MOOYJH 36COJIIOTHOH CHO-
= y
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PocTH H aGCONIOTHOrO YCKOpeHHst TOYKM M nunefiku AB B MOMEHT
Bpemend ¢ = 0, eciih OC = AC = CB = 2BM — 16 cwm.

O7eer: vy = 44 cM/c, wy = 93,8 cM/c2

25.11. Kowye I ¢ yrnom npu sepwune O pasnuim 60° katares Ges
CKONbXKeHHs BHYTPH KoHyca 2 ¢ yryioM npu Bepuume 120° Komyc 2
B CBOKW OuYepend BpaimaeTcs BOKPYT HEMOABHIKHON BEPTHKAJIBHON OCH
0,0; ¢ nocrostuuoOit YrJOBOH CKO- o
poctei0 @ (© =3 pan/c). Touka B
06ofla OCHOBaHHA Konryca I JeXHT
Ha nsamerpe BC, pacnonoXeHHOM

2ilfz
A

K sanase 25.10

K aanawe 25.11

B OAHON BePTHKA/IbHOHA MnocxocTH ¢ ockio 010, Ckopocts Touku B 1o
MONyJII0 NOCTORHHA, paBHa 60 cM/C u HanmpaBleHa 3a pHCYHOK mep-
NeHAuKyJspHO miockoctk OBC; OB = 0C =20 cm, 2 COD = 30°.
Onpenenute MOAYJH a6COMOTHHIX yckopenuii Toyex B n C kouyca I.

Oreer: wp = 497 em/c?, we = 316 cm/c2.

25.12. Hafith B MOMEHT BpemenH f==1 ¢ TeoMeTPHYECKOEe MeCTO
ToYeK KOHyca [, PacCMOTPEHHOTrO B npeamayllelf 3afaye, abcoNOTHHE
YCKODEHHS KOTOPBIX HE H3MEMATCH, HECMOTPA HAa TO, YTO CKOPOCTB
T04ku B 6yner nepemennoit M papHOIl
60t cm/c.

Oreer: Touku Komyca I, coBMellen-
Hele ¢ o6pasymnuwelt OC.

25.13. KpyroBoft KoHyc KaTHTCH 6e3
CKONbIKEHHA 1O FOPH3OHTANBHOMY MAHC-
KY, K KOTODOMY OH NpHKpENnJeH Bepuin-
Boii Q. JlHCcK B CBOIO Ouepelib Bpallaercs
BOKDYr  HENOJABMIKHOH  BEpPTHKAJbLHOMH
ock 0,0, ¢ mocTosHHOR YrioBOM CKoO-
poctero @ (@ =2 pan/c). Crkopocts ueH-
Tpa A OCHOBAHHS KOHYCA OTHOCHTENEHO
TIOKOALlEroCs IUCKA paBHAa mo Monynw 15 cM/c W nanpaBjena ua
UHTATENs NEPHEHAHKYNSPHO TIOCKOCTH pHCyHka. Haifith  moxynu
a6CcomoTHOH CKOPOCTH W a6COMIOTHOrO yckoperua touku C kacanus
OCHOBaHHA KOHYcA @ OHcKOM, eciH OQ=QC=QB=BC=
=10 cm.

O7eer: vc = 40 cm/c, we = 105 cM/c2,

25.14. Onpenenuts MOAY.b> a6COMOTHOTO YCKOpeHusa touku C, pac-
CMOTDEHHOH B npeluayumiedl 3afaue, OAS MOMeHTA BpemenH =1 ¢
B NPEnnonoXeHHH, YTO RHCK BpallaeTCsi YCKOPEHHO C YIJIOBBIM YCKO-

K sanave 25.13
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pesvem e(e = 2{ pan/c?), npuyeM B HauaNbLHLIF MOMEHT BpPeMEHH Mo-
LyNb yriaoBoH CKOpOCTH GBI paBeH 2 pan/c.

O7reer: we = 197 em/c2

25.15. T'Hpockon YcTaHOBJieH HA TOPH3OHTaNbHON maathopme L,
BpalalIeRca BOKPYr HeNOABHXKHOH BepTHKaiAbHOH ocu 0,0] ¢ no-
CTOSIHHOMH YINoBo# CKOpocThIo o) (@) = 21 pan/c). 'npockonom siBasier-
csi anck K pammyca r =10 cM, BpauaouHics BOKPYr TOpH30HTAJb-
Hoit ocu 0,0, ¢ NOCTOSHHON YIMIOBOH CKOPOCTbIO ©2(@e = 8 pan/c).
Ocy 0,0; B cBOW0 OYepeny Bpawaercs BOKPYr BepPTHKAJLHON OCH
0,0; 1o 3aKony @; = 2nf? pag. B Moment BpeMenn f=0 anck K
Jexan B OLHOH BEPTHKaJbHOH MiockoctH € ocklo 0,0[. ¥Yron s or-
CYHTHIBAETCS OT 3TOH IJIOCKOCTH B HANPABJEHHH, YKa3aHHOM Ha pH-
cyake. Ocu 0,0; u 0,0, nepecekaworcs B uentpe nucka K. Hafitu
MonysnH a6eoMOTHOH CKOPOCTH H a6COMIOTHOID YCKOPEHHS TOYKH A,

" Jie)called Ha BepXHEM KOHIE BepTHKaJb-
%ﬂx a 4 Horo nuamerpa AB nucka K B MOMeRT
" BpeMenH =1 ¢, eciy paccTOfHHE MeX-
Ay napanaensHuMu ocsmu 0,07 1 0,0}
@; paeuo 00; =30 cm.
Orser: wva=314 cmfc, wa=

=T7170 cm/c2,
4 AR 4
; o -
%af 7 <&
K aapawe 25,15 K sanase 25.16

25.16. Bnoas watyna AB KpPHBOWHIKO-MON3YHHOTO MeXaHu3Ma
OAB okoiio Toukn C coepmaer koaeGanmus Mydra M no 3akomy

s=CM=20sinZ¢ cM (och §, HanpaBJeHRAaA BAOJb WaTyHa AB,
2 Ty

nMmeeT Havano B dentpe C maryna). Kpusowun OA Bpawmaercs Bo-
KPYr TOPH3OHTaNBHOH OcH O, MepnenAMKyNApPHOH MJIOCKOCTH DPHCYHKA,

- F14
NPOTHB X042 YAaCOBOH CTPENKH 1O 3aKOHY @ =-§'t pan. OHPBJIE.HHTB

MOAyJIH 80COMIOTHOM CKOpoCTH M aGCOJIOTHOrO yCKopeHus mydra M
B MoMenT Bpemens f=0, ecin OA =10 cM, AC=CB=AB/2=
== 20 cm. '

Oreer: vy = 32,3 cM/fc, wy = 37,2 cm/c2.

25.17. Crepmens AB anunbl 4 4/2 M CKOMb3KT KoHUOM A BHH3
BJIOMb OCH Y, @ KOHNOM B BRoab ocH x vanpaso. Touka A nBHxercs
MO 3aKOHY Ya = (65— ?) M. OnHOBpemMeHHO BAONb cTepxus or A K B
CoCcKanb3riBaeT Touka M. OupelenuTs MORY/b AGCONIOTHOH CKOPOCTH
H abCoNIOTHOrO YcKoOpennsi Toukin M B Moment { =1 c, ecain ypaBHe-
HHE NBHXKeHHA TOYKH M BRONL OCH s, COBMEILEHHOH CO CTEpKHeM,
HMEET BHJ, s=AM=21/2 £ M.

Oreer: vy == 7,06 mM/c, wy = 8,06 M/c2
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25.18. Kpyrosoft xoHyc 7 ¢ yrnoM npu BepulHe pasHbiM 120° npu-
Kpennen K HeNoABHIKHOMY KOHYCy 2 ¢ yIJom npH Beplunte 60° wapua-
pov O u xatarcs Ges cxonibxenns. [lpu s1om oce OA KoHyca I co-
BEpLUAeT BOKPYr BepTHKaJbHOH ocu 0,0, oaun obopor B CeKYHAY.
Bnone puametrpa BC = 20 cM ocHoBaHus KORyCa [ nposoxeHa Ha-
NpapAsIoOWASA, N0 KOTOPOH CKOJIL3UT nonsyn M, coeepiuas kone6ayus

o, 8

RN N
£

S

(/4 B
R R Z
5

K s3apmave 2517 K aanave 2518

OKOJIO uenTpa A no sakony s — AM = 10 cos 27f cm. B HayaJbHEIf
MOMEHT BpeMeHH ! =0 Hanpasnswmass BC nexur B onmoil BEPTH+
KaNbHOH IUIOCKOCTH ¢ waphupoM O. Haiitu MOAYJb alcoJoTHOro
YcKOpeHus noasyna M B MomenT { =0,

TBET: Wy == 572 cM/c?,
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OTHOEJI TPETHUH
AMHAMHUKA

TJJABA IX
JHHAMHKA MATEPHAJIbHOHA TOYKH*)

§ 26. OmpepencHHe CHA N0 3aJaHHOMY [BHMEHHIO

26.1(26.1). B waxTe onycKaercs paBHOYCKOPeHHO JH(T Macchl
280 xr. B neperie 10 ¢ or npoxonurt 35 m. Hajite HaTtskeHHe kauaTa, -
Ha KOTOPOM BHCHT JIH(QT.

O7rser: 2548 H.

26.2(26.2). I'opusonTanbHas maardopma, Ha KOTOPOH JIEXHT rpys
maccel 1,02 kr, onyckaercs BepTHKAJALHO BHH3 C ycKopeHHeMm 4 M/c2
Halitu cany naBjaeHHs, IPOH3BOAHMOTO PPY30M Ha IaT(OPMY Bo Bpe-
MFA HX COBMECTHOIO CITYCKa.

Orsger: 5,92 H.

26.3(26.3). K Teny maccel 3 Kr, JeXaluleMy Ha CToJe, NMPHBA3AAH
HHTb, APYIOH KoRell KOTOpOH npukpenned k Touke A. Kakoe yckope-
HEe Hafo cooOuMTL Touke A, nOAHHMAas Teno BBEPX MO BEPTHKAJMH,
yTO6bl HHTH O6OpBaNiach, €CJH OHA
pBeTcsi nIpu HatTsKenHH T =42 H,

Orser: 4,2 m/c2

26.4(26.4). Ilpu mommeMe KIeTKH
aupTa rpadHK ckopocTel HMeeT BHA,
H3obpaxceHHbIH HAa pHcyHKe. Macca
7 kneTku 480 kr. OnpenenuTs HaTAME-

uus T3, To, Ts kanara, K KOTOpOMY
NpHBEUIeHA KNeTKa, B TeyeHHe Tpex

npomexyTkop speMenu: 1) or £=0 no t=2¢; 2) ot t=2 no t=
=8cu3d)ort=8caoit=10c

Orger: Ty = 5904 H, T, = 4704 H, T3 = 3504 H.

26.5(26.5). Kamens wmaccu 0,3 Kr, NpHBA3aHHBIH K HHTH AJHHH
1 M, ONHCHLIBAET OKPYIKHOCTH B BepTHKANbHOH MIockocTH. Onpenennts
HAMMEHLIDYIO YTJIOBYI) CKOpOCTh @ KaMHS, NPH KOTOPOH lﬂaonam"me'r
PaspLBE HHTH, EClH CONPOTHBIEHHE ee pasprisy paBHo § H.

Orger: omm = 4,494 pan/c.

26.6(26.6). Ha KpHBOAHHEHHEIX y4YaCTKaX JKeJe3HOAOPOXKHOrO NyTH
BO3BLILAIOT HAPYXKHHI pesibc Hall BHYTPeHHHM AJIS Toro, YToOwl cHJia

[>T S -
I

78

K 3anage 26.4

*) Bo Bcex 3ajauax [OHHAMHKH, €CJH KHeT CHNEUHAJILHOTO YKa3aHhs, Maccofl
NPYMKHH, yIpYTHX 0a/oK, CHAAMH CONPOTHBAGHHA M T. M. CaeaAyer npenebpeus.
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IABNCHHA NPOXOMAIEro Noe3na Ha pensChl Ghijia HanpaBjeHa neprei-
JAMKYNSPHO MONOTHY HOpOrH. Onpenenuts BeNHMHHY h BO3BBILEHHS
HapY}KHOro pe/ibCa HAA BHYTPEHHHM NDH CENYIOMKX AaHHLIX: pagHyC
sakpyrnenuss 400 M, ckopocts mnoesma 10 m/c, PaccTosiine MesKay
penbcamu 1,6 M.

Oreer: h = 4,1 cm.

26.7(26.7). B Barome noespa, moymero cHayana no npAMOJIHHE -
HOMY TyTH, 8 3aTeM MO 3aKPYIJIEHHOMY €O cKOpPOCThiO 20 M/c, mpou3-
BOJIHTCH B3BELUHBAHYE HEKOTOPOro Ipy3a Ha MpPYXHHHBIX BECcax; Bechl
B NEpBOM Carydae noxaswimaloT 50 H, a Ha 3akpyrsennn 51 H. Onpe-
ACNHTL PafinyC 3aKPYrJAeHHA MyTH.

Oreer: 203 M.

26.8(26.8). I'mpr maccwl 0,2 kr nogBeweHa K KOHLY HHTH AJHHE
1 M; BCJEACTBHE TONYKA THPA NONyuHJ]a FOPU3OHTANBIYIO CKOPOCTL
5 mM/c. HaiiTh HaTsxenHe HHTH HeNOCPELCTBEHHO TOCHE TONYKA.

Orser: 6,96 H.

26.9(26.9). I'pyz M maccw 0,102 Kr, nofBelwes il HA HATH JLJIHEL
30 cM B HenmomBHKHOH TOuKe O, npencraeiigser cob0H KoHuYecKHil
MafiTHHK, T. €. ONHCHBAET OKpYK-
HOCTL B TOPH3OHTaNBHOM TJIOCKOCTH,
MPHYEM HHTb COCTABASET C BepTH-
Kanero yron 60°. Onpenmenuth cxo-
poCTb U Ipy3a M HaTsxeHwe T HHTH.

Orser: v=2,1 mfc, T=2 H.

26.10(26.10). ABTOoMOGH/Bb Macchl
1000 kr ABHXKETCA MO BHIIYKJIOMY MO-
€Ty co ckopocteio v=10 m/c. Pa- K aanave 26.9
AHYC KPHBH3HEI B CEpPeAHHE MOCTa
p =50 M. OnpenenuTy CHY AaBlieHHs] ABTOMOGH/S Ha MOCT B MOMEHT
NPOXOXKAEHHA €10 Yepe3 CepellHHy MOCTa.

Orser: 7800 H.

26.11(26.11). B nopnuMatouteiica Ka6HHe NOABEMHON MaUHHL npo-
H3BOMHTCs B3BELIMBAHKE TeNa HAa MPYHHHHIX Becax. Ilpu pasmOMep-
KOM JBHXXEHHH KaGHHEI IOK33aHHE NPYXKHHHBIX BecoB paBHO 50 H, npH
yckopennom — 51 H. Hafith yckopenue kaGuHbL.

Orser: 0,196 m/c2.

26.12(26.12). Macca xysopa TpamBaitHoro Barona 10000 kr. Macca
Tenexxkn ¢ konecamu 1000 xr. Onpenenuts CHAy HAaHGOMBLIETO U HaH-
MEHBLUETO A2BJEHNHA BArOHA HA PeflbChl TOPH3OHTABHOTO NPAMONKHEN-
HOTO y4acTka MyTH, €CIH Ha XONYy KY30B COBEPIIAET HA PECCOPAX Bep-
THKAJIbHbI@ TapMOHHYeCKHE KO0ne6aHusA no 3aKony x == 0,02 sin 10¢ M.

Oreer: Nimax = 12,78-10% H, N, = 8,78-104 H.

26.13 (26.13). Tlopmens aBHTaTens BHYTPEHHETO cropanys
COBEpIUAET T[OPH3OHTa/bHLHE KONeOAHMA COrMIACHO SaKOHY x=—

= (cos of + {? cos 2mt) CM, TH€ r— AJIHHA KpuBOwuna, ! — Aauna

iatyta, o — rocTOAHHAsA 1O BeNHYHHE Yr0Bas CKOpocTs Bana. Onpe-
nenuTh Haubosbluee SHAYEHHE CHJIH, AEACTBYIOWE!H Ha NOpIUeHb, €CaH
Macca nocaenHero M,
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Oreer: P = Mro?(1 +r/l).

26.14(26.14). Pewero pynoo6GOraTHTENBHONO TPOXOTA COBEpIAET
BepTHKAaJbHBIE rapMOHHUECKHE KOJNeOGaHHA € aMMAMTYRo#l a =15 cM.
Haiitn paumMensinyio yacroty k KoseGanuit pemera, npu KoTOpoit
KyCKH PYAB, JleallHe Ha HeM, 6ynyT OTIenaTbCH OT HEero W nopbpa-
CBHIBATHECH BBEPX.

Oreer: k = 14 pan/c.

26.15(26.15). Teno macch 2,04 Kr coBepiuaeT KoseGaTenbHOe ABH-

it

WeHWe N0 TOPH30HTAABLHOH NpAMOM coraacHo 3akony x = 10 sin - M
HaiiTh 3aBHCHMOCTb CHJIHI, IeHCTBYIOLLEH HA Tei0, OT KOOPAHHATH X,
a TaKxe HaubOoJBIIYIO BeJTHYHHY 3TOH CHJIBL.

Orser: F = —5,033x H, Frax = 50,33 H.

26.16(26.16). JIBHieRMe MaTepHANbHOH TOYKH MaccH 0,2 Kr Bh-
paaetcsi ypaBHeHHWsIMH x = 3cos2nf cM, y=4sinat cMm (f B c).
OnpepesinTte NPOEKLHH CHJMBI, NeACTBYIOIEH HA TOYKY, B 8aBHCHMOCTH
OT ee KOOpIHHAT.

Orger: X ——0,0789x H, ¥ = —0,0197y H.

26.17(26.17). Illapuk, macca koroporo pasHa 100 r, mazaer nog
JIEACTBHEM CHJILI TRIKECTH H MPH 5TOM HCTEITHBAET CONPOTHBJEHHE BO3-
nyXa. JIBHIKEHHE apHKa BHIPAXKAETCs ypaBHEHHEM

x=4,9t —2,45(1 — e %),

rge x —B MeTpax, { — B CeKyHlax, ock Ox nanpaBJieHa MO BepPTHKAJH
BHH3. OnpenennTs CHIY CONMPOTHBJERHSA BO34yXa R M BHIPA3uTH ee Kak
(YHKIHIO CKOPOCTH 1napHKa.

Orser: R = 0,98(1 — &%) H =0,2v H.

26.18(26.18). Macca crona crtporanpHoro cranka 700 kr, macca
obpabaTrBaemoii neraqu 300 Xr, ckopoctk xoxa crona v =05 M/c,
BpemsA pasrosa f=0,5 c. Onpenesntb cuny, neo6x0nuMyI0 AnA pas-
roHa (cuuTas J[BHKeHHe DABHOYCKOPEHHHIM) H [OJ [OajJBHERHIero
PAaBHOMEDHOrO ABHKEHHA CTONA, eCslH KO3QQUUHEHT TPeHus NpH pas-
rone f; =0,14, a npu paBHOMepHOM ABHKeHuM f — 0,07.

Orser: F) — 2372 H; F, =686 H.

26.19(26.19). I'pyenas BaroHetka maccuml 700 Kr omyckaeTcs no
KaHaTHOH JKeNe3HOH JOpore ¢ yk’noHoM o ==15°, BMes cKOpocTh
v=16 m/c. Onperennts HaTAKeHHe KaHATA NpPH pPaBHOMEPHOM
CMyCKE H NPH TOPMO>KEHHH BaroHeTKH. Bpems topmokenns f =4 c,
obunii KOS(pQUIHEHT CONpOTHBNEHHA ABHeHuio f=0,015. Ilpu Top-
MOX<EHHH BaroHeTKa ABHX{eTCS PaBHO3aMenJeHHO.

Orser: T, = 1676 H, T; = 1956 H.

26.20(26.20). I'pys maccer 1000 Kr nepemeuiaetcs BMECTE C TENEX-
KOH BLO/Jb TOPH3OHTAJbHOH (JEPMBI MOCTOBOTO KpaHa CO CKOPOCTBIO
v=1 m/c. Paccrosuue leHTpa THAMXKeCTH Ipysa N0 TOYKH MOLBECA
I=2>5 . Tlpu BHe3anHOM OCTaHOBKE TeJEXKH FPyS no HHepUMH Gyner
TIPORONIKATH ABHIKEHHE H HAYHET KavaThCAd OKOJIO TOYKH MojBeca.
Onpenennts HanGonbllee HaTseHNe KaHATA NPH KAYaHHH TPy3a.

Oreer: T=10000 H,
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26.21(26.21). Onpenennts OTKJOHEHHE g OT BepTHKAJIH H Cuiy
RaBjeHHs N Barona Ha peNisC NMOXBECHOH AOPOTH NpH ABHIKEHHH Ba-
TOHA 1O 3aKpyryeHuio papuyca R =30 M co ckopoctsio v==10 m/c.
Macca Barona 1500 xr.

Orser: o = 18°47'; N = 15527 H.

26.22(26.22). Macca noesna Ges JOKOMOTHBA paBna 2-10° xr.
IBurasice 110 TOPHIOHTAaNBHOMY NyTH P2BHOYCKODEHHO, TOe3ll 9epes
60 ¢ nocne nauana nBuxenns npuoGpen ckopocts 15 mM/c. Cuna tpe-
nua papna 0,005 seca mnoesna. OnpenenuTs HaTSHKEHHE CTSIKKH
MEXAY MOe3NOM M JIOKOMOTHBOM B NEPHOJ pa3roHa.

Oreer: 59 800 H.

26.23(26.23). CrioptuBHBI caMoneT Maccw 2000 Kr neTut ropu-
S0HTANBHO C YCKOpeHHeM 5 M/c?, umes B NaHHH MOMEHT CKOPOCTh
200 m/c. ConpoTuBieHHe BO3AyXa MPONOPLHOHANBHO KBaflpaTy CKO-
pocty M npu ckopocTy B 1 M/c pasuo 0,5 H. Cumtas cuny CONPOTHB-
JIEHHA HAMNpaBJEHHOH B CTOPOHY, OGPAaTHYIO CKOPOCTH, ONpeNeNHTh
CHNY TATH BMHTA, eC/IH OHAa COCTaBJAseT yroa B 10° c HalipaBleHHeM
nonera. OnpenenuTs Takke BeTHYHHY MOMBEMHOH CHJAL B JaHHHI
MOMEHT.

Orser; Cuna rtarn pasna 30463 H, nogvemmas cuna pasua
14 310 H.

26.24(26.24). I'pysosoii aBTOMOGHAL Macck 6000 Kr pbesykaer Ha
HapoM €O CKopocThio 6 M/c. 3aTOPMOMEHHHE ¢ MOMEHTa Bbe3ga Ha
napoM aBTOMOOHNL ocTaHOBHJCH, mpoias 10 M. Cunrtas RBHMKeHHe
aBTOMOGH/IAI  paBHO3AMENJIEHHBIM,
HaHTH HATSXKEHHe KaX/I0ro Hs ABYyX
K&8HATOB, KOTOPHIMH NapoM MpPHBS-
3aH K Gepery. Ilpu peutennn 3apa-
4H npeHeGpeyr Maccoii H ycKope-
HHEM mapoma.

Oreéer: Hatsxenne Kaxnoro
ganata 5400 H.

26.25(26.25). I'pyaut A u B Be-
ca Ps=20 Hu Ps;=40 H coeau-
HEeHH Mexny coboif npyXXUHHOI,
Kak nokaszano Ha pucyuke. I'pys A
coBepliaeT cBOGOAHBIE KoJeOaHHA K sanase 26.95
[I0 BEPTHKAJNBHOH IPAMOH ¢ am
nauTyno# 1 cm u mepuomom 0,25 c. BHuucauTe cuiny nanGoabliero
H HAMMEHBIIEro NaBleHAs rpy3oB A ® B Ha onopHym noBepx-
socts CD.

Orser: Rmax =72,8 H, Rmin =47,2 H.

26.26. I'pys maccl M =600 xr nocpenctsom BOpOTa TOAHHMAIOT
N0 HAaKNIOHHOMY wypdy, cocTaBaswuemy yron 60° c rOpH3OHTOM,
Kospduunent tpenns rpysa o NOBepXHOCTs wypda pasen 0,2. Bo-
pot panuyca 0,2 m sBpamaercs mo sakoHy @ = 0,4#%, Haifith naTsxe-
HHE TpOca, KaK (pYHKUHIO BPEMEHH H 3HAYEHHE STOCO HATAIKCHHS Ue-
pes 2 ¢ mocJie Hawama nogbeMa.

Oreer: T = (5,68 4 0,288¢) xH; npu =2 ¢ T==6,256 xH.

3anaye 26.26
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26.27(26.27). CaMoner, NHKHpYS OTBECHO, [JOCTHI CKOPOCTH
300 M/c, nocne "ero JeTYHK CTajl BBHIBOAHTH CAMOJET W3 MHKe, ONH-
ChIBafg Ayry OKpyXKHoOcTH pajuyca R ==600 M B BepTHKaJbHOA NJO-
ckoctH. Macca gaeryuka 80 kr. Kakas HauGonpiias cHJa NPHIKHMaeT
JIeTYHKA K Kpecay?

Orser: 12784 H.

26.28(26.30). I'pys M peca 10 H noapeien X Tpocy AJMHBL [=2 M
H COBEplliaeT BMECTe C TPOCOM KOJieGaHHs COrfiacHO yPaBHEHHIO ¢ =

= —-’;— sin 2xf,rae @ — yron OTKJOHEHHS TPOCA OT Bep-

THKa/IH B paananax, {— spems B cexyHnax. Onpege-
JuTh HaTAXeHHA T; H T, Tpoca B BEPXHEM M HHIKHEM
NONOXKEHHAX Tpy3a.

Orger: Ty = 32,1 H, T>= 8,65 H.

26.29(26.31). BesocunenucT ONHCHBAaeT KPHBYIO
pamuyca 10 M co ckopocteio 5 M/cex. Haittn yron Ha-
KJIOHa CPCAMHHOH MJIOCKOCTH BeNlOCHNENa K BeprHKa-
JH, a TakKie TOT HanMeubllnl kOs3(OHUMEHT TpeHus
MEXAY IIHHZMH BeJIOCHIENa H MOJOTHOM HOpOrH,
#  npH KoTopoM 6ymer ofecrmeueHa yCTORYHBOCTE BeJO-

K 3apnage 26.28 cunena.

Oreer: 14°20'; 0,255.

26.30(26.32). BenocumenHuii TPeK Ha KpHBHX ydacTKax nyTn
HMEEeT BHPaXkH, MpodHIE KOTOPHX B MONEPEYHOM CEYEHMH MpencTaB-
NsieT COOOi MPsMYI0, HAKNOHHYKO K FOPH3OHTY, TaK YTO HA KPHBHIX
YYaCTKax BHEIIHHH Kpal Tpeka Boulue BHyTpennero. C Kakoil Hau-
MeHblleli H C Kakoil HauGolbiuel CKOPOCTHIO
MOXHO €xaTh MO BHPaXKy, HMewlleMy pajguyc R
H yroJl HaKJIOHA K TOPH3OHTY &, eciH Koa(gh-
LIHEAT TPEHHs PESHHOBHIX LIHH O TPYHT TPEK4
pasBeH f?

: =t tga—F
Orser: Umin_"\/gRT‘:I_f—tg—u‘ '
= tga+f
Utnax = gR l—flgu =
26.31(26.33). Bo u3bexanue HecuacTHHX
C/Iy4yaes, NPOHCXOAMBIUHX OT pa3pblBa MaxOBH-
KOB, ycTpaMBaeTCA Cllefyiolliee mnpHcnocobae-
K 3azane 26.31 Hue. B ofome MaxoBuKa nomelaetcs Tteno A,
YIAep3KHBaeMO€ BHYTPH €ro mnpyxuHoii S; Ko-
ria CKOPOCTE MaXOBHKa [OCTHTaeT NpeAenbHOH BeNWu¥HH, Teqo A
KOHUOM CBOWM 3apeBaer srictyn B saspuxku CD, xotopas u 3a-
KpeiBaeT pgoctyn napa B Mamuny. Ilycte Macca Tena A pasua
1,5 xr, paccroaHue e BhcTyna B OT MaxoBuKa paBHO 2,6 cm,
npenenbHas YrjaoBasg CKOpOCTe MaxoBHKa 120 of6/mun. Onpenenuts
HEoOXOAMMEIH KO3 (HUHEHT >KECTKOCTH NPYXHHH ¢ (T. €, BeJHYHHY
CHJIH, NOA pAefcTBHEM KOTOPOH NpYXXHHA CXuMMaercas Ha 1 cm),
npejnonaras, 410 Mmacca Tena A cocpefoToueHa B ToYKe, pac-

1
l
|
|
|
1
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CTOAHHE KOTOPO#l OT OCH BpallleHHS MAaXOBHKa B H3o6paxeHHOM Ha
PHCYHKE MOJIOMEHHH pasHO 147,5 cm.

Oreer: 145,6 H/cm.

26.32(26.34). B perynstope HmeioTcs rupr A maccel 30 Kr, KOTO-
PBIE MOTYT CKOJIb3WTE BAOJIE TODPH3OHTa/IbHOK mpsiMoii MN; 3TH rupw
COGAMHEHBI MpyXBHAMH C TOYKAMH M u N; LEHTPE TAIKECTH THpB
COBNAJAIOT C KOHUAMH TpYXHH. Paccrosmme KoHua Kaxjoii npy-
KHHB OT OCH O, NepneHmHKyJNAPHON NIOCKOCTH DHCYHKa, B HeHanps-
HEHHOM COCTOSHHHM PaBHO D CM, HSMEHEHHE [UTHHBI MPYKHHBI HA 1 CM

e
i

K zanawe 26.32 K sanawe 26.33

BH3EIBAETCS CHaIoH B 200 H. Onpenenuts paccrosimue LEHTPOB THKC~
CTH rupb oT ocH O, Koraa perysstop, paBHOMEpHO Bpawance BOKPYr
ocu O, nenaer 120 06/mumH.

Oreer: 6,55 cm.

26.33(26.35). IlpenoxpanuTenbHbIE BHKIIOYATEND napoBkix TYpGHH
COCTOHT M3 najbua A MaccH m = 0,225 kr, NOMEeNIEHHOTO B OTBEPCTHH,
NPOCBEPJIEHHOM B IlepefiHedl YacTH Bala TYPGHHH NEPIEHAHKYIAPHO
OCH, H OTIKHMAEMOTO BHYTDL MNPYMHHOH; LEHTP THKECTH NaNbLa OT-
CTOMT OT OCH BpalleHWs Baja Ha paccrosuuu [=8,5 MM npu HOp-
MaslbHOH CKOPOCTH BpalieHusi TypGHHW n = 1500 06/muH. Tlpu yse-
JIMYEHHH 4qHcna oGopotos wa 10% nanen npeogonepaer peaxigHio
NIPYIKHHBI, OTXOLHT OT CBOEr0 HOPMaJIbHOTO MOJIOMEHHS Ha paccTof-
HHe x = 4,5 MM, 3ajleBaeT KOHELL phiyara B # ocBofGoxnaer cobauky C,
CBA33aHHYIO CHCTEMOH pPBIYArOB C NPYKHHOM, 3aKphIBalOllel KJanan
flapopacnpefie/iuTe/IbHOro MexanusMa TypOuHH. Onpenenuts xect-
XOCTb NPYXKHHEL, ynepxuBawouwledi Teno A, 1. e. cumy, Heo6XoAuMYyI0
LIS COKATHA €e Ha 1 CM, CyHTas peaKuuio MPYXHHE NPONOPLHOHANL-
HOIf ee cxaTHIo.

Orser: ¢ =289,2 H/cm.
26.34(26.36). Touka Macchl m nBumKeTCH 10O SJHIICY -z-:-+ %;-= 1.

YCKOpeHHe TOYKH MapaJJiesbno OcH y. Ilpn ¢ =0 xoopauuaTh Touku
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6uny x=20, y=~>0, HavaneHan ckopocts Ug. OnpeneauTs cuay, Hefi-
CTBYIOIYX0O Ha ABHIKYIHIYIOCA TOYKY B Ka»X[noH TOYKe ee Tpaex'mpﬂn.
254

ush

0

Orser: Fy=—m—‘—z,?; .
el 26.35(26.37). 1llapuk maccu m
; 3aKpern/ieh Ha KOHUE BepTHKAJb-
o~ ik HOrO YNPyroro CTepiKHs, 3a)KaToro
o
s

HUXXHHM KOHLOM B HENOJABHXXHOMH
crolike. Ilpy HeboNBlIHX OTKIOHE-
HHAX CTEPXXHA OT €ro BEpPTHKA:b-
HOTO  PaBHOBECHOTO  MOJIOXKEHHs
MOXHO NPHOMHMKCHHO CYHTATH, 9TO
IEHTP LIapHKa HBHIKETCH B TOPH-
30HTaNbHOH MJOCKOCTH Oxy, npo-

b g

% xonfAuell yepes BepXHEE paBHOBEC-
HOe TNOJNOMeHHe LCHTPAa LIapHK4.
K sanaue 2535 Onpefiequts 3aKOH H3MEHEHHS CH-

JIB, C KOTOPO#H YNPYTHH, H30THYTHI
crepyeHs NefCTBYeT Ha IIADHK, eCJH BHIBEAEHHKEI H3 CBOEro MOJOKe-
HHA DABHOBECHH, MPHHATOIO 34 HaYaJ0 KOOPAMHAT, IIAPHK ABHXKETCH
COTMJIaCHO YPaBHEHMAM X = a cosS ki, y—= bsinkt, rne a, b, k— nocro-
AHHEE BEJHYHHHI.

Orser: F=mk’r, rne r=/x? 4 2.

§ 27. Juddepenupansisie ypasHeHHs NBHMKEHHS

a) [IpaMonuuelinoe ABHMXEHHE

27.1(27.1). Kamenp najaer B maxty 6e3 HayaJbHOR CKODOCTH.
BByk OT ynapa KaMH# O [HO IAXTH ycJAblan Yepes 6,5 ¢ o MoMenTa
Hayana ero nagenus. Ckopocts 3Byka paBra 330 M/c. Haiitu rny6uny
LIaXTHL.

Orser: 176 m.

27.2(27.2). Tsaxenoe TeNO CIycKaeTcst NO rIafKofl NMIOCKOCTH, HA-
knonenHo# noa yraoM 30° k ropusonty. HaiiTh, 3a kKakoe Bpems Teno
npofiner nyTs 9,6 M, €cNM B HayaNbHBIA MOMEHT €ro CKOPOCTH paBHs-
Jack 2 m/c.

Oreger: 1,61 c.

27.3(27.3). Ilpu BbicTpene H3 OpyRHs CHApPAN BHIIETAET C ropH-
BOHTaJIbHON ckOpocTeio 570 M/c, Macca cHapsizma 6 kr. Kak Bemuko
Cpenree NaBJEHHE [OPOXOBHIX rasOB, €CJIH CHapsfl TPOXOAWT BHYTPH
opyaust 2 M? CROJBKO BpEMEHH JBH)KETCS CHADAL B CTBOJE OPYMHS,
ec/IH CYHTaTh AABJIEHHE ra30B MOCTOSHHEIM?

Orser: P =4,88-10° H, ¢ =0,007 c.

27.4(27.4). Teno MaccH m BCJEACTBHE MOJYYEHHOTO TOJIUKA npo-
IO N0 HEerjnanKoH TOPHSOHTAJbLHOH MJOCKOCTH 3a 5 ¢ paccrosuue
5§=24,5 M n ocraHoBunoce, Onpenenuts Ko3Qduuuent Tpenus f,

Orger: f=10,2, i
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27.5(27.5). 3a kaKoe BpeMA W Ha KAKOM PACCTOSIHHH MOXKET GHITH
OCT2HOBJIEH TOPMOSOM BATOH TpaMBas, MWAYUIHH NO TOPHIOHTAJBHOMY
nyTH €O cKopocTbio 10 M/c, ecnn cOMpoOTHBNEHNE IBHIKEHHIO, pasnu-
BaeMoe NpH TOPMOXKeHHH, cocTtaBisieT 0,3 Beca BaroHa.

Oreer: t=34 ¢, s =17 M.

27.6(27.6). INpunnmas B nepBoM NpHGIHIKeHNH CONpPOTHBIAEHHE
OTKATHHKA NOCTOAHHLIM, ONpEeHTE NPOAOAKHTENBHOCTE OTKATA
CTBOJIA TOJIEBOH NYIIKH, €ClM HayaNbHAf CKOPOCTh OTKaTa paBHa
10 M/c, a cpeanas nauHa oTKaTa paBHa 1 M.

Orser: 0,2 c.

27.7(27.7). Taxenasi TOYKA NONHHMAETCS MO HETNALKOH HAKION-
HOH IJIOCKOCTH, cocTasnswouwed yron o =230° ¢ ropHsoHToM. B Ha-
YanbHHH MOMEHT CKOPOCTb TOYKH DABHANACE vp==15 m/c. Kosgdn-
Luent TpeHus f=0,1. Kako#i nyTte npolizer Touka A0 OCTAHOBKH?
3a Kakoe BpeMs TOYKA NMPOHAET 3TOT MyTb?

Orser: s = 19,57 M, f =261 c.

27.8(27.8). Ilo npsAMonuHeRtHOMY JHeNe3HOLOPOXXHOMY MNyTH ¢
yrjioM HakaoHa o= 10° paron KaTHTCA C NOCTOAHHON CKOpOCTSIO.
Cyntasi CONMpOTHBIEHHE TPeHWs NPONOPLUHOHAILHEIM HODMaJIEBHOMY
AABJIERHIO, OMPENENUTL YCKOPeHHe Barona H ero ckopocts uepes 20 c
TOCIe HayaJsid JBHXKEHHMsl, €ClH OH HayaJl KaTHThCS 663 HayajabHOH
CKOPOCTH MO NYTH ¢ yrjioM Hakjaona = 15°. Onpepennts Takke,
KaKoit myTh npofifleT BaroH sa 310 BpPeMA.

Oreer: a=" B =) g=0,867 mfc?, v = Al c(fs: o) gt = 17,35 m/c,

cosa

__sin(B—a) g*@
S-—T "E—‘— 173.5 M.

27.9(27.9). Haittn nanbosbiuyio CKOPOCTH NafeHus Iapa Macch
10 xr u panmyca r=28 cM, npuHHMasn, 4TO CONpOTHBJIEHHe BO3AYyXa
PaBHO R =kov% rie v-— CKOPOCTb NBHMEHHS, ©— MJIOMIANL Npoex-
LA TeJla Ha MJIOCKOCTb, NEPNEHAMKYMAPHYIO HANpaBJeHHIO ero NBH-
JKEHHH, H k— 4uC/IeHHEH K03(MHUUKEHT, 3aBHCsuiHi OT GOpMH Tena
H HMeIOUni AJig wapa snadenue 0,24 H-c2/mh

Or8er: Umax = 142,5 M/c.

27.10(27.10). [lpa reoMeTpHYeCKH DaBHHEIX H ONHOPOIHBLIX luapa
CACMARBI H3 DA3NHIHEIX MaTepnasoB. [IMOTHOCTH MaTepnana mapos
COOTBETCTBEHHO DaBHH y; M yz. Oba wapa nagaioT B Bo3nyxe. Cun-
Taf COMPOTHBJIEHHE CPejll NPONMOPUHOHANBHEIM KBEZLDATY CKOPOCTH,
ONPENENHTL OTHOIIEHHE MAKCHMAJIBHHX CKOPOCTeH 1apos.

Oreer; ~Lmax _ "\/ L
v Va2

2 max

27.11(27.11). Tlpn CcKOpOCTHOM CNycKe JEDKHMK Maccer 90 kr
CKOJIL3HJI N0 CKJIOHY B 45° ne orrankmsaschk nanxamu. Kosdduument
TPeHHA JBlK o cHer f==0,1. CoOnpOTHB/NIEHWEe BO3NYXa ABHIKEHHIO
JIBDKAHKA MPOMOPUHOHAJIBHO KBaIpDATy CKOPOCTH JIBDKHHKA W TpH
ckopoctH B | Mm/c pasro 0,635 I }%axylo HAHGONBLIYIO CKOPOCTH
Mor pasBuThb nABLKHHKP? Hackonbkeo yBeNHuMTCHS MaKcuManbHad CKO-
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POCTb, €CJH MO0A0OPaB NIy Mash, JLDKHHK YMEHBIUHT KO3(Qu-
1HenT Tpenus no 0,052

Or6eT: Uy max=29,73 M/C; CKOpOCTH YBENHYHTCH 10 U max ==
=30,55 m/c.

27.12(27.12). Kopabnb ApHeTcd, MmpeosoJeBas CONPOTHBIEHHE
B0LH, NPONOPUHOHaAbHOE KBAaJApPaTy CKOpOCTH u pasHoe 1200 H npu
ckopocty B 1 M/c. CHma ynopa BHHTOB Hamlpaenena no CKOPOCTH
ABHXEHHS M H3MeHseTcs no 3akony T =12-10°(1—wv/33) H, rge
U —CKOpOCTh KOpabusisi, BHpa)xenHas B M/c. Onpenesiuts Hau6OAb-
LIyI0 CKOPOCTB, KOTOPYIO MOXET PasBHTh KOpab.ib.

O76eT: Umax =20 M/c.

27.13(27.13). Camoner JeTHT ropusoHTanbHO. CONpoTHBJEHME
BO3Ayxa NpOTNOPUHOHANLHO KBajapaTy ckopocT M pasuo 0,5 H npu
ckopoctd B 1 M/c. Cuna TaArd noctosiuna, pasHa 30760 H u cocras-
asger yron B 10° ¢ manpasneHnem nosera. Onpenennts HaHOONBLLYIO
CKOpOCThL CaMOJeTa.

Or6€T: Umax = 246 M/c.

27.14(27.14). Camoner maccw 104 kr mpusemsisiercs Ha rOpH30H-
TAJIPHOE TOJIC Ha JbDKaX. JIeTYHK NOABOAMT CAMOJIET K NOBEPXHOCTH
Ge3 BEepPTHKANBHOH CKOPOCTH H BePTHKAJIBHOIO YCKODEHHSI B MOMEHT
npusemiennsi. Cuna 7060BOr0  CONPOTHBJIEHHS TNPONOPLHOHAa/ALHA
KBajpaty ckopocty u passa 10 H npu ckopoctu B 1 m/c. Topsemuas
CHJIa NpONOpLHOHANbHA KBajpaTy ckopoctu u pasHa 30 H npu cko-
poctu B 1 mfc. Onpenenute AAHHY W BpeMs npofera camosera no
OCTaHOBKH, NpHHAB KO3(duuHent rpenus f =0,1.

Oreer: 8§ =909,3 m, T = 38,7 c.

27.15(27.15). CamoJsier HAYHHAET NMHKHPOBATH 6e3 HAYAMBLHOL Bep-
THKANBHOH CKOpOCTH. CHIa CONPOTHBJIEHHSI BO3AyXa TNPONOPLHO-
HaJBHA KBaapaTy ckopoctH. HaiTH 3aBHCHMOCTH MeXK1y BEpTHKanm-
HO#l CKOPOCTHIO B [JaHHBIH MOMEHT, HpPOiiqeHHRIM nyTeéeM H MaKcHMaJlb-
HOH CKOPOCTBIO NMHKHPOBAHHS.

2
—2gs3,
Oreer: v="0p,, \/ 1 —e #8%/mex |

27.16(27.16). Ha xakyw Bmcoty H u 3a xakoe Bpems T nomuu-
MeTcA TeJo Beca p, OpOleHHOe BEPTHKAJIEHO BBEPX CO CKOPOCTBIO
Ug, €C/IM CONPOTHBJIEHHE BO3/lyXa MOMKET OHTb BHIPAXKEHO (HOPMYJOi
k?’pv?, rne v — BenMYHHA CKOPOCTH Tesa?

In (vgk2+ l) arctg ko,

Orser: H=——-———-—2gk, : T=T

27.17(27.17). Teno maccw 2 kr, 6polnenHoe BEPTHKAJIbHO BBEpPX
€0 ckopocTeio 20 M/c, HCIBITHBAET CONPOTHBJIEHHE BO3/lyxa, KOTOpoe
npu ckopocth v M/e pasuo 0,4v H. Haiitw, uepes ckonbko CEKYH,
TEJI0 NOCTHITHET HAHBLICILErO MOJOMKEHHS,

Orser: 1,71 c.

27.18(27.18). INonsomuas JooKa, HE MMEBLIast XOAa, MONY9IHB He-
Gobluylo OTPHUATENBHYIO IJIaBYYeCTh p, MOrpy)KaeTcs Ha ray6uny,
RBHrasce rnocrynarensHo. ConporHBieHHe BOAW Npu HeGOJIBLION OT-
PHUATEALHOR MJI2BYYECTH MOXKHO NPHHATH INPONOPUHOHAJBHMM Iep-
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BOA CTeNeHH CKOPOCTH MOTPy:KeHHsi W paBHbIM ASu, rie k — Ko3d-
(pHUMEHT — NPOMOPUHMOHAJBHOCTH, S —MJOWAAL  TOPH3OHTAMNBHOM
MPOEKUHH JIOLKH, U— BeJIHYHHA CKOPOCTH MOrpy)eHus, Macca noaxu
pasia M. Onpenenuts CKOPOCTH NOTPYIKEHHA v, eciH npu =10 cko-
pocts U= 0.

Qreer: v =—:§— (I — e_—k‘§i§ ’) :

27.19(27.19). Ilpu ycnosusax MpefbiAylieH sSajayH oONpefeNHTs
nyTs 2, NPOHAEHHLIH MOTPyMKaoUleiica JOAKOH 34 Bpems T.

&S
Oreer: z=k—‘§-[T—%(l — Tr)]

27.20(27.21). Kaxopa nomxHa GuTh MOCTOAHHAA Tara Bunta T
TNPH TOPH3OHTANLHOM MOJieTe CaMOJeTa, YTOGH, MPOJETEB S METpOB,
CaMOJIET yBEJHYHJI CBOKO CKOPOCTH C Ug M/c 10 v; M/c. Tsra suuTa
HanpapJjieHa no CKOpocTH mosetra. Cuna s06OBOrO CONPOTHBJEHHS,
HANpaBJIEHHasl B CTOPOHY, NMPOTHBONOJOXHYIO CKOPOCTH, MPONOPLHO-
HaJbHa KBanpaTy CKOPOCTH H paBha o H mpu ckopoctu B 1 M/c.
Macca camosnera M kr.

a(vf— v?ems'w)
Orser: T =_l——W— H.

27.21(27.22). Kopabns macce 107 ®Xr pmemercs co CKOPOCTBIO
16 m/c. ConpoTHBleHHE BOAL! NPONOPLHOHANBPHO KBaJpaTty CKOPOCTH
kopabsisi ¥ pasuo 3-10° H npm ckopoctu 1 M/c. Kakoe paccrosmnue
NpOALET KOpabJsb, NPeXIe YeM CKOPOCTH erd craHeT paBHoi 4 M/c?
3a xakoe BpeMs KOpab.s NpoiHAeT 570 paccToaHue?

Oreer: s =146,2 M, T =6,25 c.

27.22(27.23). Teno nagaer B BosAyxe 6es HAYaNbHORN CKOPOCTH.
ConpotuBnenwe Bosgyxa R = k2pv?, rpe ©— Benuuuna CKOPOCTH
Tena, p—Bec tena. KakoBa 6YHeT CKOpOCTH Tesia MO HCTEUEHHH Bpe-
Menw [ nocite Havana Reuxenns? KakoBo npefensHoe 3HaueHme
CKOpOCTH?

- 1 ehet _ p—kat

Oraser: U=Im. U=

27.23(27.24). Kopabap maccnr 1,5 105 kr NpeofoJeBaeT CONpPOTHB-
Jense BOLH, paBHoe R =av? H, rae v—ckopocts kopabna s M/c,
a4 o — NOCTOAHHBIH KO3QQuunenT, pabuuii 1200, Cuna yropa BHHTOB
HanpaeJieHa NO CKOPOCTH B CTOPOHY ABHIKeHHS M H3MEHSeTCA No 3a-
kony T=1,2-10°(1—wov/33) H. Hafitu saBHCHMOCTE CKOPOCTH KO-
Pabns OT BPEMEHH, eciH HaYaJbHAs CKOPOCTH paBHa ©g M/c,

__ 70uo + 20 (0, + 50) (26 — 1)
70 + (o 4+ 50) (%555 — 1)
27.24(27.25). B npeawinyimeii Sanade HalTH 3aBHCHMOCTS Npoit+
ZEHHOTO MYTH OT CKOPOCTH.

50 —20
Oreer: x=893In _ZDT-|_5U- + 357 In 00_0__—20‘" (m)

:n-.] -

Orser: v
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27.25(27.26). B sapaye 27.23 HaiiTH 3aBHCHMOCTb MyTH OT Bpe-
MEHH NPH HaYaNbHOH CKOpOCTH vo== 10 m/c.

0.056¢ _
Oreer: x= 1250 [g Lot 50€ =0 e G — 50¢; npu vy, =10 mfc

0,056¢
x=12501n 2—3+1 _ 5oy,

27.26(27.27). Baron macctl 9216 Kr NpuxonuT B ABHIKEHHe BCJeM-
cTBHe NeHCTBHA BeTpa, néwmero BIOJIb TNOJOTHZ, H [OBHXETCH no
rOpH30HTaNbHOMY nyTH. CONpOTHBJIEHHe NBHIKEHHIO BaroHa paBHO
1/800 ero seca. Cuna nasnenus Betpa P=kSu? rpe S — nnowane
3ajnell CTeHKH BaroHd, MNOABEPIKEHHOH [ABJIEHHI0 BETPa, paBHas
6 M2, u— CKOpOCTH BETPa OTHOCHTENBHO BaroHa, a k= 1,2. A6couior-
Hasi CKOpOcTh BeTpa v = 12 M/c. CunTas HagasJbHYI0 CKOPOCTH BaroHa
PaBHOH HYJIO, ONPeAeHTh:

1) naubosblIyI0 CKOPOCTh Umax BaroHa;

2) spems T, koropoe norpe6oBanocs 6bl OMAA LOCTHXKEHHA 3TOf
CKOpOCTH;

3) Ha KaKoM paccTosiHuu x Barom mabeper cxopocts 3 M/c.

Orser: 1) Umax=4,08 M/c, 2) T =0, 3) x==175,5 m.

27.27(27.28). HafiTn ypaBHEHHe NBHIKEHHS TOYKH MaccH m, na-
nawomel 6es HauaJbHOH cKopocTH Ha 3emin. ConpoTHBneHHe BO3-
AyXa NPONOpUHOHANLHO KBanpaty ckopoctd. Kosdduuuent nponop-
LHOHAJILHOCTH paBeH k.

v e YT £k
Orser: x= E In ch = t

27.28(27.29). Byep, secsiunii BMecTe ¢ naccaxXupamu Q = 1962 H,
IBHXETCS NPAMOJHHEHHO IO JIAJKOH TOPH3OHTAJLHOH NOBEPXHOCTH
Jbla BCAEACTBHE AaBJIEHHS BeTpa HAa napyc,
MJOCKOCTE KOTOpOro ab obpasyer yroa 45° ¢ na-
npapjienHeM ABHKeHHS. AGCOJIOTHAs CKOPOCTB
W BeTpa MEpNeHAHKYAspHa HanpasjeHHIO ABH-
wenus. Benmurna cuiwl nasnenus Betpa P BH-
paxaetcs ¢opmysionn Helotona: P = kSu?cos? g,
rje @ —yroja, o6pasyeMEli OTHOCHTENBHOH CKO-
pOCTBIO BeTpa u ¢ nepnedpgukyasipom N K mno-

K sanase 27.28 CKOCTH mapyca, S=95 wm?— mnowans napyca,

k==0,113 — onuTHR# K03Qduuuent. Cuna nas-
JienHsi P nanpagniena nepneHgHKYJAPHO Miockocte ab. IlpeneGperas
TPeHHEM, HalTH: 1) KaKylo HaHOONBLIYIO CKOPOCTH Umax MOMET NOJY-
4yHTe Oyep; 2) Kakoit yron o cOCTaBJRET NPH 3TOH CKOPOCTH MOMe-
LleHHHH Ha MauTe (alorep ¢ NJOCKOCTbIO Napyca; 3) KakoH nyTs xy
RoxKeH NPOATH Oyep A/ TOTO, YTOGH NMPHOGPECTH CKOPOCTh v="/3w,
€CJ/IH ero HayallbHas CKOPOCTb paBHA HYJIIO.

Orser: 1) vmax—=w, 2) & =105 3) x; =288,5 m.

27.29(27.30). BoxaTnii TpaMBas, BHIK/IIOYAs NMOCTENEHHO PeOCTAT,
YBeJHYHBAET MOIUHOCTD BATOHHOIQ JABHraTedsi TaK, YTO CHJIA THTH
BO3pacTaeT OT HY/AS NpPONOPUHOHAJNBHO BPEMEHH, YBEJHYHBAfACh HA
1200 H B Teuenne xampoll cexkyHaw, HaiiTh 3aBucrMocTs npoRiieH-
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HOTO MYTH OT BPEMEHH JABHXKEHHS BarOHa NPH CJEAYIOIMHX AAHHBIX:
macca Baroa 10000 xr, conpoTHBneHHe TPeHHS MOCTOSHHO H COCTAB-
azeT 0,02 Beca BaroHa, a Haya/JbHAs CKOPOCTb paBHA HYJIO.

Orser: JIBuKeHle HayHeTCs gepe3 1,635 ¢ nociae BxNIOYEHHA TOKa
no 3axkoHy: s = 0,02(f — 1,635)3 m.

27.30(27.31). Teno Maccel | Kr ABHMKETCA TOA melicTBHEM nepe-
MenHOH cwumbl F=10(1 —f) H, rae Bpema {—p cexynaax. Yepes
CKONBKO CEKYHJl TeJO OCTAHOBWTCH, €CNH HawaJbHAas CKOPOCTh TeJia
Uo==20 M/C ¥ CHNa COBNAanaeT MO HaNPABIEHHIO CO CKOpOCTELIO TEna?
Kaxkoi nmyTe npofifieT Tes10 00 OCTAHOBKHP

Orser: = 3,236 ¢, s = 60,6 M.

27.31(27.32). Matepuanbnas TOYKAa MaccH m COBEpIIAET NpsAMO-
JiuHeHHOe ABHXKEHHe MOA AEHCTBHEM CHJIE, H3MEHSIOLENCS To 3aKoiy
F=Fycosowf, rne Fo U ©—nOCTOAHHbIE BENMYHHLL. B HAYAJbHLL
MOMCHT TOYKAa HMeJIa CKOPOCTE Xp=vp. HafiTH ypaBnenne nsmikenus
TOYKH. '

nf;, (1 — cos wt) + vyt

27.32(27.33). Yacruua Maccu m, HeCylllass 3apsj SJeKTpHYecTBa e,
HAXOANTCA B ONHOPOLHOM 3JIEKTPHYECKOM MOJIe C HEPEMEHHLIM HANpsi-
xenneM E—=Asinkt (A n k— 3anaunsle nocrosinube). Onpenenuts
JABHXXCHHE YaCTHUL, €CJIH HM3BECTHO, YTO B 3JIEKTPHYECKOM MOJie Ha
4acTHlly gneficteyer cuna F =eE, Hanpapnennas B CTOpOHY Hamnps-
wenna E. BansnweM cuabl TsxecTd npeneGpeyb. HawanmbHoe moso-
JKEHHE YACTHLL MPHEATL 332 HAYaJO KOOPAHHAT; HAayaJbHas CKOPOCTh
9acTHUE! paBHA HYJIO.

e sin kf
Orser: x S (i - =

Orser: x=

27.33(27.34). OnpenennTe MABHIKEHHE TSIKEJIOrO apHKa BHOJbL
BOOOpaXKaeMOro NPAMOJMHERHOTO KaHana, MPOXOMALLIEro Hepe3 LEeHTp
3eMnn, eclH NMPHHATE, 9TO CHAA IPHTSIKEHHS BHYTpH 3eMHOrO- 1zapa
NIpOTOpUHOHAIbHA PACCTOAHMIO ABHIKYLIEHCS TOYKH OT LeHTpa 3emin
H HamnpaBJieHd K STOMy LEHTPY; IIAPHK ONYUIEH B KAHAJ C MOBEPXHO-
cTH 3eMan G6e3 HavyaibHOH CKOPOCTH. YKa3aTh TaKKe CKOPOCTh
LIapHKa NpH TPOXOXIECHHH Yepe3 HEeHTP 3eMJH M BpeMs NBHIKeHHS
Ao storo uentpa. Pamuyc 3eMan pasen R = 6,37-10° m, yckopeune
CHIbl TIpUTAKEHYA la TOBEPXHOCTH 3eMau NPHAATH PABHHM g =
=098 M/c2.

Oreer: PaccTosiHMe [IapHKa OT UEHTPa 3€MAH MEHAeTCs Mo

3axkony x = R cos '\/{;t. v=79-10m/c, T=1266,4c=21,1 mun.

27.34(27.35). Teno nanaer Ha 3emu0 ¢ BHCOTH k Ge3 HAYaNbHOMH
ckopocTH. ConpoTHBieHHeM BO3nyxa npeHebpeub, a CHAY NpHTaKe-
HHfl 3eMJIH CYHTaTh OBPATHO NPONOPLHOHANBHOL KBanpaTty paccTos-
HHA Tena ot uentpa 3emnan. Hafith ppems T, no mctevenun KOTOpOIo
TEJI0 NOCTHTHET NOBepxHOCTH 3eMJsn. Kakyio ckopocts v ono mpuo6-
peTer 3a sto Bpema? Paamyc 3emun pamen R; yckopenme cuabl Ta-
HECTH Y NOBEPXHOCTH 3eMJH PABHO £.
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Rl 2gRR
Orsger: v= R¥E"

L  [/R¥%k ( /5 4 R¥+A R—h
=t A/ T (v g1y,
7 2 A/RE + 5 arccos p—r

27.35(27.36). MatepnanbHas TOYKAa MacCH m OTTANKHBAETCS OT
UeHTpa CHAOY, NPOMOPUHMOHANBHOW pacCTOAHHIO (KO3(QHUHEHT mpo-
NOPUHOHANBHOCTH mk;z). ConpoTHBienue cpeabl NPONOPUHOHATIBHO
CKOPOCTH [BHXEHHA (KO3((QHUHEHT NpONOPUHONANIBLHOCTH 2mky).
B Havanbblfi MOMEHT TOYKA HAXOLH/IACH HA DACCTOAHHH @ OT LieH-
Tpa, H €& CKOpPOCTH B 8T0T MOMEHT paBHANACh Hyao. HaiitH 3akoH
JBHIKEHUA TOYKH.

a L

Orger: x= P (0ef! + Be=®), rne e =[R2+ k, + k, B=
=A/EEFE, —k,.

27.36(27.37). Touka Macchl /m HAYWHAeT ABHTATHCA 0e3 HauaJb-
HOH CKOPOCTH H3 NOJOMNKeHHA X =~ f NPAMOAHHERHO (BAONL OCH x)
NOL AefiCTBHEM CHJLI NPHTSIKEHHS K Hauany KOOpAMHAT, H3MENsio-
weiics 1o 3akony R = o/x?. HailTu MOMEHT BpeMeHH, KOTA3 TOYKa
OKajeTcs B MONOKEHHH x; = f/2. OnpenennTs cKOPOCTh TOUKH B 3TOM
NOJIOYKEHHH.

Orsger: ) = 25‘3;_ ,\/—:_-—(l +—’2i), U = r\/i—u

27.37(27.38). Touka macchl m HAYMHAET ABHTATLCH M3 COCTOAHHS
NOKOA M3 MOJOXKEHHS Xo=—ad NPAMOJHHEHHO NOA JeHCTBHEM CHJBI
NPATAXEHHS, MPONOPUHOHANLHOA DPACCTOAHHMIO OT HAYana KOOPHHHAT:
Fz=—cymx, ¥ CHNH OTTAaJKHUBAHWSA, NPONOPLUHOHAJILHOR Kyby pac-
cToAnRuA: Qx = cymx®. [IpH KaKOM COOTHOLIEHHH Cj, Cp, & TOUKA JNOCTH-
T4eT Hayajia KOODAHHAT M OCTAHOBHTCA?

Orser: ¢ ==1/scoa2,

27.38(27.40). Ilpy mBHMKeHHH TeNa B HEOﬂHOpOﬂz}IOﬁ cpene cHJja

20
CONPOTHBJIGHHA H3MEHSIETCS [0 3aKOHY Fr‘_'é_-T-TH’ rpe v—
CKOpOCTb T€NA B M/c, a s— npoiieHHB nyTe B MeTpax. Onpenenuts
NpOHAEGHHHA NyTh KaK (YHKLMIO BPEMEHH, €CJH HAYalbHas CKOpOCTh
vo=>5 m/c.

Orser: s=3[175t+l— l] M.

6) KpHBonuuefiHoe NBHXEHHe

27.39(27.41). Mopckoe opyane BrIGpachiBaer cHapspn Macchl 18 kr
€O CKOpOCTBIO ¥g=T700 M/c, nefcTBHTenbHas TPAaEKTOPHA CHapsna
B BO3oyxe H306pajyeHa Ha PHCYHKe B OByX cayuesax: 1) korma yroa,
COCTaBJsIEMBI OCbIO OpYAHAl C TODH3OHTOM, paeeH 45° u 2) koraa
5TOT yron papen 75°% [iA KamAOrO M3 YKasaHHEIX OByX Ciaydaes
ONpeneNnHTb, Ha CKOJBKO KHIOMETPOB yBesnuujack Obl BEICOTA H AaJb-
HOCTL moJeTa, €cnH OB CHApSiA HE HCNLITHIBAJ CONMPOTHBIEHHS BO3-

nyxa,
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Orser: Ysenuuenne Brcotw: 1) 7,5 KM, 2) 12 xM. Vsenruenme
nansHoctH: 1) 36,5 kM, 2) 16,7 kM.

27.40(27.42). Camoner A netnt ma Bhcote 4000 M Haz 3emueii

C TOpH3OHTAJbHOH CckopocTeio 140 m/c. Ha xakom PacCTOAHHH x,

H3MEDPSIEMOM IO TOPH3OHTAJIbHOH NPSAMOil OT KaHHOH Toukk B, HOMMKeH

OHITE COPOIIEH C caMmojieTa 6e3 HavaJbHOR OTHOCHTENBHOI CKOpPOCTH

KaKOH-THG0 rpy3 nsisi Toro, utobii

A™M
72 L OH yman B 31y touky? Conpotus-
n A N JIEHHEM BO3yXa npeHeGpeun.
fg Orser: x = 4000 M.
3 27.41(27.43). Camoaer A netHr
7Y h HaL semyefi Ha BeicoTe A ¢ ropu-
) \ = a..’b
% ~ A 4
7 <- ; |
g N S < |
Al $ LA e
‘ \ Ig o
12345CTESUNRER 7ot %,/ 0
K sapawe 27.39 K 3anave 27.40 K 3apaue 27.41

SOHTAJILHOH CKOpOCThIO vy M3 opyans B npomsseseH BHCTpen mo
CamoleTy B TOT MOMEHT, KOLA3a CaMOJeT HAaXOLMTCH Ha ONHON Bep-
THKanu ¢ opyanem. Haiditu: 1) xakoMy ycnoemio posmkHa yHOB/IETBO-
PATE HayajbHaA CKOPOCTb Uy CHAapAda AAs TOro, YTo6H OH MOTF TO-
NacTb B CaMOJIET, H 2) TMOA KAKHM YIJIOM ¢ K TOPH30HTY [OJKEH GBITh
caena BrcTpes. ConpoTHBAeHHEM BO3nyxa npeHebpey.

Oreer: 1) vg>v7 +2gh; 2) cosa=v,[u,

27.42(27.44). HauGonbwas ropu3oHTanbHas AafbHOCTD CHapszna
pasra L. Onperenutb €ro ropH3OHTANbHYIO AAaJNbHOCT [ mpH yrae
Gpocanns o == 30° u BEICOTY h TPaeKTOpHH B 3TOM cJyuze, ConpoTtus-
JIEHHEM BO31YyXa npeHeGpeys.

Oreer: ln-‘/ziL, h=£§a.

27.43(27.45). Ilpn yrne GpocaHusi o CHapsn HMeer FOPH30HTAJb-
HyI0 AaJbHOCTE lo. ONpenesninTb rOPH3OHTAJBHYI0 AANBHOCTH TPH Yrie
Gpocanusi, paBHOM /2. ConpoTHBNEHHeM BO3LyXa npenebpeys.

- e a

Orser: lap = T

27.44(27.47). Onpegenute yros HaKJIOHA CTBOAA OpYZMS K ropu-
30HTY, €clH LeNb obHapyeHa Ha paccTOAHMM 32 KM, & HauaiabHAas
CKOpOCTe CHApfima Uo==600 M/c. ComporuBiernem BOSAyxa mpene-
Gpeys.

Oreer: oy = 30° 187, otg = 59°42",

27.45(27.48). PemnTh npeaHayinyio 3agauy B TOM caydae, Korna
uesb GyneT HaXOAHTBCA Ha Bhicote 200 M Ham yposHeM apTHANepHii-
CKHX TO3HLHH.

Orser: ay=30°50, as ==59°3I".
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27.46(27.49). W3 opynus, HaxoAsuierocss 8 Touke O, NPOM3BeNH
CEICTPEJ MOJ YrioM ¢ K TOPH3OHTY € Ha4albHOH CKOPOCTBIO Up.
OnnoBpeMenHo H3 Touxw A, Haxopsuielics Ha paccTosHHH | no ro-
pusoHTanu or Toukd O, NPOHSBENH BHICTPE] BEPTHKAJLHO BBEpX.
Onpenenuth, ¢ KaKo¥i HayallbHOH CKOPOCTBIO U; HALO BHINYCTHTH BTO-
poit cHapan, 4TOGEl OH CTOJNKHYJCS C NepBEIM CHAPAZOM, €CIH CKO-
pocTh ¥p W TOYKAa A NeXaT B ONHOH BEPTHKANLHON MNJAOCKOCTH:
ConpoTHBAEHHEM BO3[yxa NnpeHe6Gpeyb.

Orger: vy=ugsine (uesaBucuMo oOT paccroauus [, gua I <

v%sin?u

27517(27.50). Ha#itn reomerpuyeckoe MeCTO TONOXKEHHH B Mo-
MeHT [ MaTepHa/bLHLIX TOYEK, ONHOBPEMEHHO OpOleHHHX B BepTH-
KaJbHOK IJIOCKOCTH H3 OJHOH TOYKH C ORHOH H TOM e HayaJbHOM
CKOPOCTBLIO U TOJ BCEBO3MOMKHLIMH yrflaMH K TOPH3OHTY.

Orser: OxpyxHOCTb pamnyca Uof € LEHTPOM, JeKaLMM HA Bep-
THKaJIH TOYKH GpocaHMsA, HHKe 3TOH TOUKH Ha !/ogf2

27.48(27.51). HaiiTh reomerpHyeckoe MecTo (OKYcOB Bcex mapa-
COllHYEeCKHX TPaeKTOPHH, COOTBETCTBYIOUIHX OJHOH M TOH e Hayajb-
HOH CKOpPOCTH To H BCEBO3MOIKHEIM yriaM 6pocaHus.

4
Up

Oreer: x* + if? =

27.49(27.62). Teno seca P, OpoieHHOe € HAYaJbHOH CKOPOCTBIO
Up MOX YTJIOM €. K TODH30HTY, ABHIKETCS NOJA BJAHAHHEM CHAB THIKECTH
u conporupienusi R Bosnyxa. Onpenenuth HaHGOABWIYIO BHICOTY A
Tena HajJi YPOBHEM Ha4allbHOTO INOJIOXKEHHS, CYHTAs CONPOTHBJIEHHE
NponopUHOHANLHEIM NePBOH cTeNneHH ckopecTH: R = kPu.

Orser: h= m’%‘i _"érlk? In(1 4 ko, sin a).

27.50(27.58). B ycaopusx sapauum 27.49 HaWTH ypaBHeHusI nBH-
JKEHHA TOYKH.

Orger: x= -5'1’-%2(1 —ekef), y=— -k;lg—(vu sin ¢ —{-—%) (1—e—kst)—

t
—

27.51(27.54). Ilpn ycaoBusix 3amaun 27.49 ompemesuth, HA KAKOM
PACCTOSIHHH § NO TOPH3OHTAJH TOYKA MOCTHIHET HAHBLICILETO NOJO-

KEHHA.

ug sin 2a

Orser: S=m.

27.52(27.55). B BepTHkanpHOH TpyGe, MOMELIEHHOH B LEHTpe KPYr-
sioro HaccedHa M HAarayxo 3aKpHTOHM CBEpXY, Ha BHICOTE 1 M chenaHm
OTBepCTHSE B GOKOBON NMOBEPXHOCTH TPYOH, H3 KOTOPHIX BLIGpachHBa-
J0TCA HAaKJOHHBIE CTPYH BOABI MOZ Pa3NHYHBIMH YTJHaMH ¢ K TOpH-
souty (@ <<m/2); HavaibHas CKOPOCTE CTPYyH paBHa Up=—

3
=,\/ ‘35?&? Mfe, rne g — yCKOpeHHe CHJB TAXKECTH; BEICOTA TPYOH
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1 M. OnpenenuTs HauMenslwnY panuyc R GacceiiHa, IpH KOTOpPOM Bcs
Bhi6packiBaeMas Tpy6oii Boma manaer B GaccefiH, kak 6w Mana uu
6rina BHCOTA €r0 CTEeHKH.

Orser: R = 2,83 M.

27.53(27.56). Onpenenute IBHIKEHHE TSIKeNOil MaTepHaabHOIL
TOYKH, Macca KOTOpOH paBHa m, TIPUTATHBaEMONl K HENOABIIKHOMY
ueHtpy O CHJIOH, NPAMO TPONOPIHOHANBHOR paccroanuio. JIBukeHue
NPOHCXOAHT B IyCTOTE; CHJIa NPHUTAKEHHS HA ERHMHHIE paCCTOSHIS
paBHa k’m; B MOMeHT t=0: x=ga, ¥=0, y=0, y =0, npuuem
oce Oy HanpaBaeHa NO BEPTHKAJIH BHU3.

Orser: 'apMoHyYeCKOe KOJEGATENBHOE HBHIKEHHE: X = @ COS kt,

y:k;‘;(l—coskt) Nno oTpesKy npsmok y=f;--—%x, x| < a.

27.54(27.57). Touka MacCH m ABHIKETCH NOL AEHCTBHEM CHIH
OTTANKHBAHHA OT HENOABHXHOrO weHTpa O, MaMeHsouleiicA no 3a-
koy F = E?mr, rne r— pannyc-sextop TOUkH. B HaYaNbLHBIT MOMEHT
TOUKa Haxonunack B Mo(a,0) u EMena ckopocTe o, ¥
HanpapJeHHyl0 napannenpHo ocH y. Onpenenuts Tpa- 93
EKTOPHIO TOYKH.

Orser: (7‘:—)2— (—E-’-)ﬂ=l (runep6ona).

27.55(27.58). Ynpyras EHTb, 3aKpENJeHHAs B TOY-
Ke A, UPOXOAHT Yepe3 HENONBHIKHOE rAafKOe KOJib-
1o O; K CBOGONHOMY KOHLY €e NMpHKpemsieH mapak M,
Macca KOTODOro paBHa m. JINMHA HEBHTAHYTON
HETH [ =A0; nna ynnuHeHHs HHTH Ha 1 M HyXHO
NPHIOMKATL CHIY, pPaBHYIO A%m. BHTAHYB HETH no %
npamoit AB Tak, uTo AJMHA ee yBeNHUHIACL BABOE, Ksareae 0T
COOOLHAN WAPHKY CKOPOCTH ¥, nepueHIHKYIsAPHYIO
npamoit AB. Onpepenurp TPAeKTOPHIO IIADHKAE, npeHeGperas jeii-
CTBHEM CHJIH T7XECTH H CYHTAs HATANKEHHE HHTH TPONOPUHOHANLHEIM
ee yIJIHHEHHIO.

2
Orser: Sanunc ki:- -+ —f—; =],
14}

L

27.56(27.59). Touka M, macca KOTOpOR paBHa m, NPHTATHBAETCA
K n HENOABWXHHM ueutpam Cy, Gy, ..., C; CHIAMH, DPONOPLHOHAL-
HBIMH PACCTOAHHAM; CHNIA NPHTANEHMA Toukn M K uentpy C; (i=
=1,2,...., n) passa km-MC; H; Touka M n NPHTATHBAIOLIHE
UEHTPEL JIEXKAT B MIOCKOCTH Oxy. OnpenenuTs TpaexTopnio Touku M,
ecd npu f=0: x=uxp, y=y0, i=0, = v,. JleiicTBHEM CHILI TH-
JKECTH TIpeHebpeys,

Orser: dnnunc (—x—_—a—-)2 3 [(y—b)—l— -

x—a x5

a 2k
W] 5=1

%

THe a=-]-[; i kx;, b=%i by, k= Zn: k;.
=1 i=l

i=1



27.57(27.60). Touka M npursiruBaercsi K AByM ueHTpam C) H Gy
CHIAMH, NPONMOPUMOHANEHBIMKM paccTosuuaM: km-MC; u km-MCs;:
uenTp C; HENnoJBHIKEH H HAXOAHTCA B Hayane KOOPAMHAT, UeHTp C;
pasBHoMepHO aBmikerca N0 ocw Ox, Tak uyT0 Xz = 2(a -} bt). Haiimu
TpaekTopuio ToukH M, nonaras, yto B MomeHnT £ =0 Touka M Haxo-
IOHUTCS B IJIOCKOCTH XYy, KOOPAHHATH €e X=§ = a H CKOPOCTb HMEET

NPOeKIHH s
x=2=0, y=0.

OTGG‘I'Z Brurosas JIHHHSA, pACNOJIOIKEHHAs Ha 3JJHOTHYECKOM uH-
2
JIHHApPE, OCb KOTOpOro ects Ox, a ypaBHeHHE HMEET BHI %;—l-

2
-+ 3’;—= I; mar BuHTa paBen mh -,2?-'.
27.58(27.61).- YacTnna Macchl m, HeCylliag 3apal OTPHUATENLHOrO
BJCKTPHYECTBA ¢, BCTYN3aeT B OAHOPOAHOE 3JEKTPHYECKOE MOJe Hanps-
keHHA E cO CKOPOCTLIO Up, MEPNEHAHKYASPHOK HAanNpaBJeHHIO HAUDHA-
xeHusi nona. OnpepenuTs TPAaeKTOPHIO AaNbHEMUIero [BHIKelHd
YacTHIlEl, 3HAs, UTO B 3JCKTPHUCCKOM TONle Ha Hee [eiicTByeT cuna
F —¢FE, nanpaBienHas B CTOPOHY, NPOTRBONOJOMKHYIO HANPAMKEHHIO
E; neiicTBHeM CHJIBI TAMKECTH nmpeHe6Gpedb.
Oreer: Tlapa6ona, napaMeTp KOTOpOil pased mo?/(eE).
27.59(27.62). Yacthua Maccel rm, HECYllas 3apaAl OTPHUATENLHOrO
SNEKTPHYECTBA e, BCTYNAeT B OAHOPOAHOE MArHHTHOE NOJe HalpsiKe-
uus H co CKOpPOCTbIO e, TepneniHKyJIApHONl Hanpas-

F JEHHIO HANpsKeHHs noasi. OnpelenuTh TPaeKTOPHIO
JanpHefilero JBHKEHH: YACTHUB, 3HAS, YTO HA yace

mO—>=  Taly peiicteyer cuna F = —e(v X H).
Tlpu peluerREr YROGHO NONL3ODATLCA YPABHEHHSAMB ABKIKe-
H HHSI TOYKH B nNPOeKIlHsIX I1a KacaTeJblylo H Ha riapHyx0 HOp=

MaJb K TP2EKTOPHHK.

Orsger: OxpyxHocTs panuyca mue/ (eH).

27.60(27.63). OnpenenTe TPAGKTOPHIO ABHXXEHHA UYACTHUH Macs
CHl /1, HeCyllefi 3apsAA e 3MeKTPHYeCTBa, €csH YacTHlla BCTYNHAa B
O/IHOPOIHOE 3JIeKTPHUECKOe fl0Jle C NEepeMeHHHM HamnpskeHueM E =
=Acoskt (A n k—3anaunble MOCTOAHKEIE) CO CKOPOCTBIO Uy, nep-
NMEHAHKYJIAPHOH HAaNpaBJEHHIO HANpPSIKEHHs NO0JIs; BAHAHHEM CHIB
TAMECTH npene6peyb. B SnekTpHYeCKOM TNoONe Ha vacTHLy HeficTByer
chuna F = — eE.

K zapave 27.59

eA k

Orger: y=——z (l =sieos o x), Tie OCb Y HANpaBJieHA Mo Ha-
MpsKEHHIO TOJA, Hayano KOODAMHAT COBNAafaer C HayalibHBIM
NoJoKEeHHeM TOYKH B NoJe.

27.61(27.64). Ilo Hernanko# HAKJOHHOM TIUIOCKOCTH JBHIKeTCH
TANKeJ0e Teno M, NOCTOAHHO OTTATHBaeMOe NMOCPeACTBOM HHTH B TOpH-
30HTAJBHOM HampaBJlieHHH, mapajinenbHo npamofi AB. C uexotoporo
MOMEHTa [ABHJ}KEHHE Tela CTAHOBHTCA NPAMOJIHHEHHEIM H paBHOMEp-
HbiM, TIPHYEM H3 JBYX B3aHMHO NEPHEHAHMKYJSPHBIX COCTABASIOLIHX
CKOpOCTH Ta, KOTOpag Hanpasjiea napannenbio AB, pasna 12 m/c,
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Onpenennte BTOPYIO COcTaBAsAIOWyIO U, CKOPOCTH, a TaKke HaTAKe-
HHe T HHTH NPH CJAEAYIOLHX NAHHLIX: YKJIOH miockocTh ige = 1/30,
KO3(hpHuMeNHT Tperust f=0,1, Macca Tena 30 kr.

Oreer: v, =4,24 cM/fe, T = 27,7 H.

27.62(27.65). Touka M Maccsl m maxonmutcs Noj AefcTBHEM ABYX
CHIl NPHTFAXKEHHSA, HANPABJIEHHBIX K HEMONBHIKHBIM ueHTpaMm O; H O,
(cM. pucysok). Benmumna stux cun NPONOPUHOHANEHA PacCTOAHHUIO
ot Touck O # 0, Koadpdpuuuenr IPONOPLHOHAALHOCTH OAHHAKOB H

5 i
Yz
0, 0;

Za

Z

K 3apane 2761 K sanaue 27.62

paseH ¢. JIBuiKeHHe HaumHaeTca B Touke Ag €O CKOPOCTRIO Up, MEpIIEl-
ARKYAspHOH nuuuu 0,0, Onpenemuts, KaKyl0 TPAeKTOPHIO ONHIUEeT
Touka M. HafiTh MOMeHTH Bpemenm, korza oua NEepecexkaeT Hamnpae-
neHHe auHER 0,0;, ¥ BLIYHCJHTD €e KOODAMHATH B STH MOMEHTH!
BpeMenn. Pacctositue or Toukn Ag 1o ocu y pasro 2a.

- x* y: = 2c W
OTBBT. SJU!HHC (2_&)"2'-"-‘ W——- 1, rne k= /\/—_m—. = 0,

Xo=—2a, Yo==0; ty=nfk, x,=2a, y,=0; l,=2n[k, x,=— —2a,
Y2=0 n T. i. Bpemsa, B Teuenne Kotoporo
TOYKa ONMHCHIBaeT anmunc, T = 2x/k. .4

27.63(27.66). Ha Touky A wmaccu m,
KOTOpas HauHHAeT ABMIKEHHE H3 MOJ0XKe-
HHA r=ry (TAe r— papmyc-BekTOp TOu- r’a
KH) CO CKOpOCTBIO wp, NepneHAnKyAApHOH & T2
To, MEACTBYeT CHAA NPHTAIKEHWS, HAmpas- Ao
MeHHas K LEeHTPY O M nponopuuoHanbHAas K 3agave 27.63
paccrosmnio ot Hero. Koaddpuument mpo-
NOpUHOHANLHOCTH paBeH mc,. KpoMe 70r0, Ha Touky ne#icTeyer mno-
CTOAHHAsA CHIA mcrp. Halith ypapHenHe nBHiKeHHs w TPaeKTOPHIO
TOYKH. KakoBo m0mXHO 6HTb OTHOmEHHe c1/c, 4TO6H TpaekTopHs
JIBHZEHHs1 npoxomHnia uepe3 uentp O0? C xakoit CKOPOCTBID TOYKa
npoiger uentp O?

Oréer: 1) r=fl—rn +7"2_l—sin 1/cTt—I—ro(l -—cil)cos Ae t;

C 2
¥ ——r0 S, )
2) anaunc L —i—(y‘:{:' ) =

c
’°('—EJ
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3) Touka A npoiiner gepes uentp O, ecnu cifc = 2;

4) touka A mpoiiner yepe3 ueHTp O CO CKOPOCTHIO U= —Uy B
MomenT Bpemenn { = 1/4/c; .

27.64(27.67). Tsixxenad TOUKA MAacCCH m NajaeT H3 MNOJOMKEHHS,
onpenenseMoro kKoopauHaTaMH xo=0, yo=h npu =0, non nei-
CTBHEM CHJE THMKECTH (mapanienbHOH OCH y) H CHJALH OTTaJIKHBA-
HUS OT OCH Y, NPONOpPUHOHANLHONH paccTOSHHIO oT 3TOH ocu (KOag-
¢HIHEHT TponOpuUHOHANLHOCTH ¢). Ilpoeknu# HauyaNbHOH CKOPOCTH
TOUKH Ha OCH KOOPAMHAT PaBHBl Ux = ¥p, vy — 0. Onpenennte Tpaek-
TOPHIO TOYKH, a TaKKe MOMEHT BpeMme-
HH [; nepeceyeHHs OCH X.

Orser: TpaekTopua

s=2shtAfZ(h—y),

rie k-—-«\/—:-'—. L= ‘?él'
K safase 27.65 27.65(27.68). Touka M maccm m

ABHIKETCHA IMOA HOEHCTBUEM CHIHB TsXKe-
CTH NO IiajkoH BHYTPEHHEH TNOBEPXHOCTH NMOJOTO LHJHHJApA paauy-
ca r. B HavaibHBEIT MOMEHT Yron @o=71/2, a CKOpOCTb TOYKH PaBHA-
snace HyJo. OnpelenHTs CKOPOCTh TOYKM M M peakuyio NOBEpXHOCTH
HHJIHHApPA NPH yrie ¢ = 30°.
34/3

Oreer: v =4/3 - 4/gr; T=~—2—mg.

§ 28. Teopema 006 M3MeHeHHHM KOJHYECTBA NBHIKEHHS
matepuanbHoli ToykH. TeopeMa o6 M3MeHEHHH MOMeHTA
KOJHYECTBA [IBHXKEHHS MATEPHANbHOW TOYKH

28.1(28.1). JXene3HonOPOKHBIH NO€3x NBHIKETCA IO TOPHU3OHTAMb-
HOMy H DpAMOJHHeHHOMY ywacTky nyTH. Ilpm TOpMOXKeHRAM pa3BuBa-
eTcd CHJa compoTHBNeHHn, pasHas 0,1 Beca noe3ma. B MoMenT Hauana
TOPMOXKEHHAI CKOpOCTh noe3na pasnserca 20 m/c. Hafith BpeMma Top-
MOXKEHHSI H TOPMO3HO#H NYTE.

Orser: 20,4 ¢, 204 m.

28.2(28.2). ITo LIEPOXOBATOH HAKJIOHHOH NJOCKOCTH, COCTaBJsK-
weH ¢ ropu3oHToM yron o= 30°, cnyckaercs TaKenOe Teno Ge3 Ha-
ganpHOH ckopocTH. OnpenenuTth, B TeueHHe KAaKoro BpeMewH 7 Teno
npoiifeT myThk AAHHH [ = 39,2 M, ecin Koad¢uuAeHT Tperus f=0,2.

Orger: T=5c.

28.3(28.3). IToean maccw 4-10° kr BXOgHT Ha noaneM i=tga =
= 0,006 (rme oo—yron nonwema) co ckopocteio 15 Mjfc. Koaddu-
UHEHT TpeHHs (Ko3hHLUHEeHT CYMMapHOTO CONPOTHBJEHHA) NPH ABH-
keHun noe3fa pasen 0,0056. Yepes 50 ¢ nocne Bxoma mnoe3na Ha
nopkeM ero CkKopocts magaer po 12,5 m/c. Hailte cuny Tarn Ten-
JI0BO3A.

Orser; 23120 H.
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28.4(28.4). I'mpbka M npuesizana x KOHUY HEepACTAMKHMON HHTH
MOA, vactp kotopoit OA mponyuwiesa yepes BEPTHKANbHYKY TPYOKy;
PHpbKa IBHXKETCS BOKDYT OCH TPYOKH 1O OKDY»KHOCTH painyca
MC =R, nenas 120 o6/Mun. Meanenuo BTArkpan Huts OA B Tpy6KY,
YKOPAUHBAIOT HApYXHYI0 4acTb UMTH 10 AnMHEL OM,, mpu KoTopoii
THPbKA OMHCEIBAET OKPYMHOCTb pajnycom
R/2. Ckonbko 0GOpPOTOB B MHHYTY Jenaer
THDbKA 110 3TOI OKPYIKHOCTHP

Orser: 480 06/MuH.

28.5(28.5). Ina onpenenenusi Macchl rpy-
JKEHOFO KEJIe3HOAOPOIKHOTO COCTABA MEMOY
TENJIOBO3AMH H BarOHAMM YCTAHOBHIX AMHA-
momerp. Cpejnee noOkasanHe IHHAMOMeTpa
3a 2 muH okasamoch 10° H. 3a To ixe Bpems
coctaB Habpan ckopocts 16 M/c (Bmagane
coctaB cTosasn Ha mecre). Haiitm macey co-
CTaBa, ecnd KOa(p@uuHenT Tpenusa = 0,02.

Oreer: 3036 T.

28.6(28.6). Kakos pomxen 6mth K03(du- K aamave 23.4
UHEHT TPeHHsi [ KoJNec 3aTOPMOMKEeHHOTO ABTO-
MOGHZIA O AOPOry, ecliH NPH CKOPOCTH e3nn v = 20 M/c oH OcTaHap-
JiHBaercs yepe3 6 c nocne Hayala TOPMOIKEHHA.

Orser: f=0,34.

28.7(28.7). Ilyna maccw 20 r BHIETaeT H3 CTBONA BHHTOBKH CO
CKOpocThio U =650 M/c, npoGeras KaHan cTBONA 3a Bpems f—
==0,00095 c. OnpenenuTs CpenHiol BeNHYHHY AABJAEHHA rasos, BH-
OpacHBAOLIMX NyJI0, €C/H IUIOMANb CeYeHHA KaHana o= 150 mm2

Orser: Cpenmnee nasaenne 9,12-10% H/mm2.

28.8(28.8). Touka M pBMIKeTcsl BOKPYr HeMOABHIKHOTO LEHTPA NOR
AEHCTBHEM CHJIBI NPHTHAMEHHA K 3ToMy uentpy. Hafitu CKOPOCTb Ug

Z

K sanaue 288 K 3anage 28.9

B HaHOoOJlee YnaneHHOH OT UEHTpa TOYKE TPAEKTOPHH, €CH CKOPOCTH
TOUKH B HauGonee GAMIKOM K HeMy NONOMKEHHH v = 30 cM/fe, a ry
B NATh pa3 Goablle ry.

Orser: v, =6 cm/c.

28.9(28.9). Hairtn wumnyasc PaBHOzEHCTBYIOIEH Beex CHN, nedi-
CTBYIOLIHX Ha CHapsA 3a BpeMs, KOTA CHAPAL M3 HAYAMNLHOTO NOJO-
Hennsi O nepexonut B HauBHIcIee nonoxenne M. J1ano: v = 500 M/c;
0o = 60°% vy = 200 m/c; macca cnapsaa 100 kr,

Orser: Tlpoexknun umnynseca paBHoOAeicTBYIOMeH: Sy=—5000 H-c,
Sy=—=43300 H-c.
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28.10(28.10). Ipa acrepouna My 0 M, onucEIBaIOT OAHH M TOT Ke
snaunc, B (okyce kotoporo S HaxonuTes Connue. Paccrosnne Mexny
HHMH HACTONBKO Maujo, uto aAyry M;M. ananunca MOKHO CYHTaTh OT-
peskom mnpamol. MHspectHo, uto nnuna ayru MM, paBHsnace a,
KOrga cepemyHa ee Haxoaunack B nepurennu P. Ilpennomnaras, 4to
ACTEPOHON JBHIKYTCH C paBHBIMH

/s, ~ CCKTOPHANBHEIMH CKODOCTSIMH, Ompe-

M nenuThs AavHy ayrue MM, xorma ce-
A Rz % _\p peauna ee OymeT NpOXOmMTh uYepe3

B i atpenuii A, ecnH uasecTHo, 4To SP =
= R1 H SA = Rz-
Orger: MM, = %—a.

2
K sapave 28.10 28.11(28.11). Maneyuk MaccH
40 Kr CTOHT Ha TNOJO3bAX CHOPTHB-
HEIX caHcl, Macca KoTOpLX paBHa 20 kr, W [JenaeT KaiKaylo CeKyHAY
Tomyok ¢ mmnyaecom 20 H-c. Ha#itw ckopocth, npHodOpetaeMyio ca-
usimu 3a 15 ¢, ecnu ko3dpuunedT Tpenua [ = 0,01.
Orser: v= 3,53 m/c.
28.12(28.12). Toyka coBeplUAaE€T paBHOMEPHOE [OBHXKEHHE TIO
OKPYIXHOCTH €O CKopocthio v=0,2 m/c, fenas nonHuiH 06OpOT 3a
spemsi 7 =4 c. Halitn uMnyznec S cun, AeACTBYIOLIMX HA TOYKY, 3a
BpeMsl OLHOrO MONYTIEPHOLA, €CAH Macca TOUKH m = 5 Kr. Onpenenuts
cpeiHee 3HaYeHHE CHAB F.
Orger; 8§ =2 H-¢c, F=1 H.
28.13(28.13). Jlpa MaTeMaTHYECKHX MafTHHKa, NOABEWIEHHEIX Ha
paTSX aaun L v L (4 > L), coBepwaior kKoJiebanHA ONHHAKOBOH
amuautynu. O6a MasTHHKA OJHOBPEMEHHO HavyaiW NBHPATHCA B OX-
HOM HanpaBJEHHH H3 CBOHX KpaHHHX OTKAOHEHHEIX nosoxenuii. HakitH
ycnoBHE, KOTOPOMY JOJIKHBE! YAOBNETBOPATbL AJMHB L u kL mna Toro,
yTOOGB MASATHHKH II0 WCTEYEHHH HEKOTOpPOro MpOMEeXYTKa BpEMEHH
OIHOBPEMEHHO BepHYNIHCh B MOJOKeHWe paBHOBecHs. Onpenennis
HaHMeHbLUIHH NpOMeKyTOK BpeMeHn T.

Orser: A/Lfl, = k/n, rne k,n—uense yucna u apobe k/n neco-
kpatima; T =kTy=nT.

28.14(28.14). lllapuk Macchl m, NPHBA3AHHBIH K HEpPaCTSKHMOH
HUTH, CKOJBSHT MO TJIaAKOR TOPH3OHTANbHOH NJAOCKOCTH; ApPYroH Ko-
Hell HHTH BTACHBAIOT C NOCTOAHHOM CKOPOCTBIO @ B OTBEpPCTHE,
cmenaHHOe Ha mhockoctdH. OmnpenenuTh ABHIKEHHe IUApPHKA H HaTHA-
jkenuc HATH T, ecjM H3BeCTHO, YTO B HauyalibHHI MOMEHT HHTL pac-
noJIoXKeHa N0 NpsAMOKW, pacCTOAHHE MEXKHY WAapHKOM H OTBEpPCTHEM
paBHo R, a Npoekuys HauyaJbHOH CKODOCTH WIAPHKA HA NEpIeHAHKY-
A5p K HanpaBJeHHIO HNTH paBHA Up.

Oreer: B nosspHEIX KOOpAHMHATAX (eciM NPHHATE OTBEDCTHE 3a
HAYAJI0 KOODAWHAT M YIOJl (o PABHLIM HYJIO)!

. ooyt y rm.vﬁR‘z
T e R e L
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28.15(28.15). Onpenenute Maccy M Conmua, mmes cnenyioume
naunwie: paguyc 3eMan R =6,37-10° m, cpenHas naotTHocTs 5,6 1/M3,
6oJsbiasl MoJyoCh 3eMHOM Op6uTH a = 1,49- 10" BpeMs obpa-
wennss 3emau Bokpyr Comuua 7T = 365,25 cyr. Cusly BceMHpHOTO
TACOTEHHA MEMKAY ABYMS Maccamy, papHbIMH | Kr, HA paccTOSIHHH

I M cuntaem pasHo#t g-g—H. The m—Macca 3eMiH; H3 34KOHOB

Kennepa cneayer, yto cuna npuramenuss Semnu CosvileM paBHa
4nta’m
————-Tfr 7 » [Ae r— paccrostine 3eman ot ConHila.

Orser: M = 1,966-10% xr.

28.16(28.16). Touyka Maccsl m, NOABEDIKEHHASl MAEHCTBHIO LEH-
TPaJbHOW CHAE F, onHCHIBAaeT NeMHMCKaTy r?= @ cos 2¢, e a—
BEIHUHHA TOCTOSIHHAY, r— DACCTOSIHHE TOUKH OT CHJIOBOTO WEHTpa;
B HAUYAJILHHIH MOMEHT r==r;, CKOPOCThL TOUKH PaBHA Up W COCTABASET
Yrosl c ¢ NpsAMOH, COCAHHSIOIEN TOMKY ¢ CHIOBBIM uentpom. Onpene-
JIHTL BEJIUGHHY CuAbl F, 3Has, 94T0 oHA 3aBHCHT TONBKO OT paccros-
HHSl 1.

2
Ilo dopmyne Bune F=—-—n-::— %;;;-—r)- +%—), e C— YABOEHHA CCKTOp-
Has CKOPOCTH TOWKH,

3ma® .
Orser: Cuna nputaxenus F — T, r2v? sin?a.

28.17(28.17). Touka M, macca KOTOPOH rm, [BHMIKETCSl OKOJO He-
MONBHXXKHOrO LeHTpa O mon BJMSIHHeM CHbl F, HCxomsumell U3 sToro
LeHTpa H 8aBHCALLEH TONBKO OT paccTostaus MO = r. 3Hasi, uTo CKO-
POCTb TOYKH U==a/r, Tle @ — BeNHUHHA NOCTOAHHAS, HAATH BeJH«
UMHY CHIB F M TPAGKTOPHIO TOUKH.

Orser: Cuna npursikenns F = ma?/r3; TPaeKTOPHS — Jorapud-
MHYeCKas CIHpaJs.

28.18(28.18). Onpenenuth aBHKeHHe TOYKH, Macca kotopol 1 kr,
NoL ACHCTBHEM LEHTDAJbHON CHIBI TIPHTSIIKEHHSI, o6paTHO NMponopuHO-
HAaJIbHOK Ky6y DacCTOAHHA TOYKH OT UEHTPa NPHTSIKEHHS, NpPH CJje-
RYIOUIHX NAHHBIX: Ha paccrosuuu 1 M cuna peena 1 H. B Hayasbuuigi
MOMEHT PaCCTOSHHE TOUKH OT HEHTPA NDHTSKEHHS DABHO 2 M, CKo-
pocts vo =05 M/c u cocraBasier yron 46° ¢ HanpaBJieHHeM NpsiMof,
TIpOBEAEHHOH M3 LEHTPA K TOUKe.

OTger: =4 414/2, r=9®,

28.19(28.19). Yactnua M maccer [ kr NPUTATHBAETCA X Heno-
ABHXHOMY mnentpy O cuno#, ofpaTHo NPONOPUHOHANBHON NATOMH
CTENEHH paccToAHHA. 3T1a cuna pasua 8 H na paccrosiHun 1 m.
B Hawaneubifi MomenT wacTHuZ RaxomuTest Ha paccrosHuy OMy =
=2 M H HMEET CKOpOCTb, NeprneHfuRynsipHylo Kk OMo u pasHyio
0,5 M/c. OnpenenuTs TPaeKTOPHIO YACTHIEL.

Orsger: OxkpyxHoCTh panuyca 1 M, UeHTp KoTopoit JeuT Ha Ju-
nun OM, Ha paccrosiuun | M ot nenTpa NpPHTAMEHHS.

28.20(28.20). Touxa maccer 0,2 KT, OBHXKYINASCA NOJ BAMAHHeM
CHIILL NPHTSXKEHHS] K HeNOABHIXHOMY LEHTPY NO 3aKOHY TATOTeHHS
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HeloTona, onuchBaeT nOJAHBE 3aaunc ¢ nonyocamu 0,1 M u 0,08 m
B TegeHne 50 c. OnpenenuTs HaHGONBLIYIO H HAWMEHLIUYIO BETHUHHEI
CHIBL NPHTSIKeHHUs F NpH 3TOM ABMMKEHHH.

Oreer: Fmax=1,97-10-° H, Fpyn = 1,23- 104 H.

28.21. MaTemaTHUEeCKHiI MafATHHK, KaKIBlH paaMax KoToporo
ILTATCS OAHY CeKyHAmY, HA3blBaeTcsl CeKYHAHBIM MAATHHKOM H Npu-
MeHfleTcs JAJs oTcuera BpemeHu. Haiitu nnuHy [ 3TOro MasTHHKA,
CUHTAH YCKOpeHHe CHIH TsxecTH paBHeM 981 cm/c2. Kakoe Bpems
HOKAaXEeT 3ToT MasiTHHK Ha JIyHe, rlle YCKODEHHEe CHJEI THAMXECTH B
6 pas menbine semuoro? Kakyio nnumy [j nomxeH HMeThb CeKYHAHBIH
JIYHHBIH MafgTHHK?P

Orger: [ =994 cm, T, =245 ¢, I, = 16,56 cM.

28.22. B HekoTOpoH TOuke 3eMJH CEKYHIHBIi MASTHHK OTCYHTH-
BaeT BpeMsl npaBuibHO. Bynyun nepeHeceH B Ipyroe Mecro, OH OT-
craeT Ha T cekyun B cyTku. Onpenennts YCKODEHHE CHJIBI TSMECTH
B HOBOM MOJIOXKEHHH CEKYHIHOrO MasTHHKA.

T 2 =
Oreer: g1=§g, (1 —-W) » TOE Gp-— YCKOPEHHE CHJIBI TAMKECTH
B NE€pBOHAYAJLHOM TOJOMEHHH ManTHHKA.

§ 29. Pafora H MOIIHOCTh

20.1(29.1). Beroruslt 6nox ABCD, pa3amephl KOTOpDOTO YKa3aHEI

Ha pHCyHke, HMeer mMaccy 4000 kr. Onpenenurs pabory, Kotopyio
Halo 33TPATHTR Ha ONPOKHALIBAlINE €ro Bpallle-

. e HueM BoKpyr pebpa D.

i A Orser: 39,24 xIlx.

T T 29.2(29.2). OnpenenuTt HauMeHbulylo pabo-
|| TY, KOTOpPYI0 Haad 3aTPaTHTh AJs TOTO, YTOGHI
B9 T NOAHATL HA EUM TeJlo MaccH 2 T, ABHTas ero
5 I ] N0 HaKJIOHHOH TJIOCKOCTH, COCTABJAAKOIIeH C
ropusoitoM yroa B 30°. Kosadduuwenr tpe-
Hua 0,5.

Orser: 183 k]Ix.

29.3(29.3). Has toro yrobbl nomHsTL 5000 M3
BOIE Ha BBICOTY 3 M, NOCTABJIEH HACOC C ABH-
raresieM B 2 J1. c. CKONTBKO BpeMeHH norpeby-
eTCs /1A BBINOJHEHHS STOH paboThl, ecau Kosh-
(huumenT noneatoro Aeficteua nacoca 0,87

KosddnunerToM nose3soro AeficTBHA HAINBAETCA OTHOMERHE NOJESHON pabats,
B JaRHOM CJydae paGoTH, 3aTpPateHHOH Ha nOAMATHe BoAW, K pabore ABHEMyLIed

CHIIH, x;ropan HO7KHA OuiTe GoJblle noNe3sof paGoTH BCJISACTEHe BpEeNHHIX CONpO-
THBNICHHH,

K 3amave 29.1

Orser: 34 u 43 Mun 20 c.

29.4(29.4). Kak BelMRa MOIIHOCTL MALIHHBL, [OZHHMAlOLLef
84 pasa B MuHYTy mojloT MaccH 200 kr Ha Bmicoty 0,75 M, eclH Ko-
s¢puuneHT NONe3ROro KelicTBHA Mawuub 0,77

Orser: 2,94 xBr.
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29.5(29.5). Bruncauts 06wyl MoLIHOCTE TPEX BONONANOB, Pacro-
VIOXKEHHBIX NOCJENOBATENIbHO Ha OfHOM peke. BhicoTa mafenus BOAB:
y nepsoro Bogomana — 12 M, y Broporo — 12,8 m, y Tpetbero— 15 m,
Cpeanuii pacxon Bonkl B pexe — 75,4 m3/c.

Oreer: 29,4 MB1.

29.6(29.6). BLIYHCAHTD MOLIHOCTE TypOOTeneparopoB Ra CTaHUHM
TPAMBaHHON CEeTH, eC/IH UHC/IO BaroHOB Ha JuMHHH 45, Macca Kax goro
Baroka 10 r, conpotupsenne Tpenna passo 0,02 peca BaroHa, CpenHss
CKOpOCTL BAaTOHa 3,3 M/c u norepu B ceth 5%.

Orger: 309 xBt.

29.7(29.8). Buiunciuts paGoty, KOTOPasl MPOH3BOOHTCS MDY NONB-
emMe rpy3a Maccsl 20 Kr no HakJOHHON NJIOCKOCTH Ha paccTosHuH 6 M,
EC/H yTonl oOpasyeMbifi MNOCKOCTBIO € FOPH3OHTOM, paeeH 30°, a xo-
s puurent Tpenus pasen 0,01.

Orser: 598 [1x.

29.8(29.9). Koraa typ6oxon Hmer co CkopocThio 15 yanos, Typ-
6uHa ero paseHBaeT MoluHoctb 3800 kBr. Onpenenute cuny compo-
THBJIEHHS BOZBI NBHXKEHHIO TypGoxoja 3aHas, uTo Kos(pdHLUHEeHT To-
JIEIHOTO NEHCTBHSI TYPOMHE H BHHTA paBen 041 u 1 yaen =
=0,5144 m/c.

Oraer: 201,9 xH.

29.9(29.10). Ha#itk MomHocTh ABHTaTENs BHYTDEHHETO CropaHmus,
€C/IM CPELHEe naBlleHHe HA MNOPIIEHh B TEUCHHE BCErO XOHA pPaBHO
49 H Ha 1 eM?, niusa xona nopurus 40 oM, nrowank nopuwHs 300 cm32,
4HC0 pabouux xono 120 B MHHYTY M KOS(MOHIHEHT noNe3Horo meii-
creus 0,9.

Orser: 10,6 kBT.

26.10(29.11). Illandosancuent Kpyr Auamerpe 0,6 M pmenaer
120 o6/muu. Ilorpebasemas mowmocts 1,2 xBr. Koadduunenr tpe-
HHA LIH(OBANLHOTO Kpyra 0 metans pasen 0,2. C Kakoil cuioi Kpyr
NpHXHMERT WAHPYEMYIO AeTans?

Oreer: 1591,5 H.

20.11(29.12). Onpenenuts MOIUHOCTL HNBHTATeNst NPOAOJBHO-CTPO-
TajbHOrO CTaHK3, eClH JJMHa paboyero xopa 2 M, ero NIPO A0 MK H-
TenpHoCTs 10 ¢, chna pesamns 11,76 xH, Ko3thGHuMeHT noneaHoro
neiicrens cranka 0,8, JIpuxeHue cuuTath PABHOMEPHEIM.

Orser: 2,94 kBrT.

29.12(29.14). K xouny YIPYroH NpPYXHHH TONBELIEH IPY3 MacCH
M. J1ns pacTszeHusl npyXHHH Ha 1 M Hapo NPHINOXHTE CHIY B ¢ H,
CocTaBuTh BHpaxeHHe MOJHOI MexaHHYecko SHEePrHH Tpysa Ha npy-
XuAe. JIBukenHe OTHECTH K OCH X, HPOBENEHHOMN BEPTHKANLHO BHH3
H3 NOJIOXKeHHS] pABHOBECHS TPY3a Ha MpyKHHe.

Oreer: E =1/,Mi? 1 /,cx2 — Mgx.

29.13(29.15). ITpn xonbbe Ha NEDKAX Ha AUCTAHUMIO B 20 KM WO
TOPH3OHTA/IEHOMY NYTH NEHTP TSKECTH JBIXKHHKA CoOBEpIIas rapmo-
HUYeCKHe KoJieDaHHf ¢ aMIIHTymoi 8 cM u ¢ uepuogoM T =4 ¢,
Macca JbDXHEKA 80 Kr, a KO3(UUMEHT TPEHHA JMBIK O CHEr f=0,05.
Onpenenurs paGory JeHuKa na Mapuie, eCllH BCIO IMCTAHLUHIO OH
npowen 3a I yac 30 MuH, a TakKe CPEAHION MOLIHOCTH JILIFKHHKA.
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Tipumeuanue Caurath, yro paboTa TOPMONEHHS NPH ONYCKAHHH LEeHTpa
TAXECTH JbDKHHKA cocTaender (,4 pabGothl NMpPH NOABEME LEHTDE TAKECTH Ha Ty

Je BHCOTY.

Oreer; A= 1021 xdx, N = 1889 Br.
29.14(29.16). MartemaTnuecknfi MaaTHuk A Beca P u niuHe [
noji AefiCTBHEM TOPH3OHTANBHON CHAbl Px/l no;Hscs Ha BHCOTY Y.
BoiyncanTs NOTEHUHANBHYIO SHEPrHI0 MasTHHKA JBYMA CcrnocoGaMu:
1) kak pabory cHIH TsMXecTH, 2) Kak paboty, npo-

4 U3BEAEHHYI0 CHMoit Px/l, w ykasarts, npH Kakhx
Z ycnoeesix 06a cnoco6a mMPHBOAAT K OAHHAKOBOMY
oY pesynsTary.
1 1 Px?
i 7 Orger: 1) Py; 2) T O6a orsera onmHa-
o ! 3 KOBHI, €C/IH MOXHO npeHebpeys 2
"*--.._l_,r:‘_'_; 29.15(29.17). HOna uaMepeHNs MOLIHOCTH NBH-
G rarteist Ha ero WKHB A Hajera JieHTa C JepeBsH-
K aamaue 29.14 HEIMH KonoZkamu. Ilpasas Bersr BC JeHTw ynep-

KUBAETCs NpYHHHBEIMH BecaMi (, a Jepas ee
BerBs DE HarsiruBaetcs rpy3oM. Onpefennts MOWHOCTH JIBHTATENS,
CCJIH, Bpaillanch paBHOMepHO, OH pender 120 o/MuH; npu 3tom npy-
JHHHEIE BECH MNOKAa3nBal0T HATSKEHHE npanoll BETBH JICHTH B
39,24 H; mMacca Tpy3a paBHa | kr, jpuamerp wkuea d =63,6 cu,

K samaue 29.15 K sanase 29.16

Pasnocts HaTsKenwuit BetBeil BC ¥ DE neHTHl paBHa CHIE, TOPMoSs-
nieit mkue. Onpenenurs pabory stoll cuau B 1 c.

Orser: 117,5 Br.

20.15(29.18). IlocpemctBoM  peMHA  [epenaeTcsl  MOHMIHOCTB
14,71 xBr. Paauyc peMentoro wguea 0,6 M, yryioBas CKOpoCTe WIKHBA
cootsercTByer 150 of/muH. ITpennonaras, 4ro Hatsixenue T Bedyuleit
BETEH peMHA BABOe OoJbiue HATSIKeHHs [ Be[OMOH BETBH, ONpeneNHTh

HatskeHne T u £
Orser: t = 1873 H; T = 3746 H.

220



§ 30. Teopema 06 M3MeHeHMM KuHeTHUECKOH 9HEPTHH
MaTepHaNbLHOH TOYKH

80.1(30.1). Teno E, Macca koToporo paBHA m, HAXOLHTCS Ha rnag-
KOl TrOpH3OHTanNbHOH niockoctd. K Teny npukpersiea npy:una
MECTKOCTH €, BTOPOH KOHel, KOTOpoii NpHEpeIyieH K wapuupy O,
Hnuna HenedopMupOBaHHON npyskunb paBua lp; 00, =L B Haualb-
HEFi MOMeHT Teno E OTK/ONEeHO OT noJoMCHHSA
paboBecus O Ha KoHeunyio Benuuniny OF —a g = Q.
H oTnylieno Oes HauanbHoi ckopoctH. Onpefe-
JIUTh CKOPOCTb TeJla B MOMEHT NPOXOXIEHHSA
NONIOX<EeHH PABHOBECHS.

2 s
Oreser: U=/\/%15[%+lu (1 —-4/!2—{-02)] .
30.2(30.2). B ycnoeusix mpeamayuteit aanagn
Onpefie/IHT CKOPOCTh Tena £ B MOMEHT Nnpoxoi- K sanave 30.1
llenns MoJioKeHH paBHoBecust O, mpemmonaras,
UTO MJIOCKOCTb LIEPOXOBATa M KOIMPQHIMEHT TPEHHS CKOJMbKEeHH:
paBcH f.

Orser: v? = ':T {c [321 + L(l-—AEFF? )] —f[(mg + ch)a +

1
i e

30.3(30.3). Teno K HaxXomuTCs HA 1IEPOXOBATON HAKJOHHOM IIO-
CKOCTH B IOKOE. YTOJI HaKJIOHAa NJIOCKOCTH K FOPH3ONTY @ M fo = tga,
rae fo— ko3¢ }HUHEHT TpeHHs NMokosA. B HEKOTOPHIH MOMERT Teay co-
oflLucHa Hauanbuasi CKOPOCTh Up, HAnpaBJeHHAs
BOJb nJOCKOCTH BHHM3. Onpenenuts nytb s,
NMpO¥ileHHEH TeNoM A0 OCTAaHOBKH, ecay K03~
(HULHEHT TPEeHHA npH ,un;nxennn paBeH f.

(0] U &
FErTe S == 2¢ (fcosa—sing) ©
30.4(30.4). ITo wHaknosHolt mnJOCKOCTH, CO- K sanaue 30.3

CTaBlAoUIeH C TOpH3oHTOM yron 30° cnycka-
ercsi 6e3 HAYaNbHON CKOPOCTH TSXeJoe Teno; KO3(hGbHUHEHT TpeHus
paseH 0,1. Kakyio ckopocte Gyner uMers Teslo, Npoitas 2 M oT Hauana
OBHXeHun?

Orser: 4,02 m/c.

30.5(30.5). Crapsan macckl 24 KI BhIIETaeT U3 CTBOJNA OPYAHS CO
ckopoctbio 500 m/c. Jlnuna crBona opyamust 2 M. KaxoBo cpensee sna-
HeHHE aBJIeHHs ra3oB HA CHApSAN?

Orsger: 1500 xH.

30.6(30.6). MaTepuanbHas TouKa MacCh 3 KI ABHranach mo ropu-
30HTaNbHOH NpsAMOH BNeBo €O ckopocThio 5 M/c. K Touke npusomunu
NOCTOAHHYIO CHJY, HanpaBJEHHYIO BhpaBo, JleficTBHe CHIb JIpEKPAaTH-
nocs yepea 30 ¢, ¥ Toraa CKOpOCTh TOUKM OKasajlach paBHOM 55 M/c
¥ HanpapJeHHOH Bnpapo. HaliTe BeJHSHHY 9TOH CHJAEI H COBeplUeR-
HYIO elo pabory.
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Orger: F=6 H, A = 4,5 gIlx.

30.7(30.7). [Ipn noaxone k CTaHUMH NOE3N HIET CO CKOPOCTHIO
10 m/c nox ykJsoH, yron koroporo o = 0,008 pax. B nekoTopmifi mo-
MEHT MallHHHCT HAaYHHaeT TOpMO3HThL noesn. ConpoTHBJEHHE OT Tpe-
s B ocaAx cocraBasier 0,1 or Beca noeapa. Onpenenuts, HA KaKoM
DACCTOSIHHH H 4epe3 Kakoe BPeMA OT Hayajla TOpMOMeHHS Noe3fl OCTa-
HoBHTCA. IIpHHATE, YTO SinN o = o

Orser: 55,3 M, 11,8 c.

30.8(30.8). IToesn maccu 200 T HAET No rOpH3OHTANBHOMY YYACTKY
nyt# ¢ yckopenuweM 0,2 m/c®. ConporHBieHHE 0T TPeHHH B 0CHAX
coctapaser 0,01 Beca noesma M cCuHMTAeTCs He 33aBHCALLEM OT CKO-
poctH. OnpenenuTh MOLIHOCTb, Pa3BHBAEMYH TEMJOBO3OM B MOMEHD
t=10 c, ecnu B HayadbHEII MOMEHT CKOPOCTb MNoe3Ja paBHANACH
18 m/c. '

Orser: 1192 kBT,

30.9(30.9). Bpyc HaynHaeT OBHTaThCs C HAYaJLHOH CKOPOCTBIO Up
M0 TOPH3OHTAJbHOR INEpOXOBATOH MNJIOCKOCTH H NPOXOAHT 10 NOJHOH
ocTaHoBKH paccrosHue s. OnpefennTs Kos(HUUHEHT TpPeHMS CKOJb-
JKEHMA, CYHTAs, YTO CHJIA TPEHHH NPONOPLHOHAJLHA HOPMaJbHOMY
JaBJIEHHIO,

Oreer: = v/(2gs).

30.10(30.10). JXeneavonopoxHad niathopMa HmeeT Maccy 6 T
¥ TIpH ABHIKEHHH HCNBITHIBAET CONPOTHBIEHHE OT TPeHHA B OCHX, PaB-
noe 0,0025 ee Beca. PaGounii ynepcs B noxosllylocs niathopMy H
NOKAaTHJ €8 N0 FOPH30HTAJNLHOMY H NPAMOJHHEHHOMY YYacTKY NYTH,
nekctBys Ha Hee ¢ cHuoi 250 H. Ilpoiins 20 M, ox npenocTaBus miat-
(opme KaTHThCST camol. BHUHCIHTB, Npexebperan CONPOTHBIEHHEM
BO3Ayxa H TPEHHEM KoJieC O pesbCh, HauGOJbLIYID CKOPOCTh IJIAT-
(hopMBl BO BpeMs ABHXEHHS, 8 TaKxe BeCb MyTb, NPOHAEHHBIH €10 N0
OCTaHOBKH.

Or8er: Umax = 0,82 M/c, s =34 M.

30.11(30.11). I'soany BGHBaercss B CTeHY, OKa3BIBAIOILYI0 CONpO-
tupnenne 700 H. Ilpu xaxnoM yaape MONOTKA TBO3AL yraybasercs
B creny Ha aauny [=0,15 cM. Onpenenute MacCy MOJOTKA, ECIH
NpH ynape o LWJANKY TFBO3AA OH HMeeT cKopocTs v = 1,25 m/c.

Orset: 1,344 xr. \

30.12(30.12). Ynapuuit pa 3eMni0 MeTeopHT maccel 39 kr yray-
G6usica B nouny Ha 1,875 m. Bhulcaeno, yTo noysa B MecCTe Magenus
METEeOpHTA OKA3bIBAET NDOHHKAIOIIEMY B Hee TesJy CONPOTHBJIEHHE
5-10° H. C KaKoil CKOPOCTbIO METEOPHT JIOCTHT NOBEPXHOCTH 3eMJH?
C kakol BHICOTBI OH JoNxeH 6bL1 ynacte 6e3 HavanbHOH CKOPOCTH,
y1o6H Yy noBepxuocTH 3eMJH NpPHOGPECTH YKA3aHHYI0 CKOpOCTh?
CuutaeM CHJIY TSMKECTH NOCTOSHHOH H npeHe6peraeM CONpOTHBAEHHEM
BO3ayXa.

Orser: v=219 m/c, H = 2453 M.

30.13(30.13). HesaTopmoxkennni noesn maccw 500 7, ABHrasce
¢ BHKNIOYCHHBIM [BHTATEJIEM, HCHBITHIBAET CONDOTHRIEHHE R =
= (7650 4 500v) H, rze v —ckopocTb B M/C. 3Hasd Ha4yanbHYyO CKO-
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pocTe moeana vg=15 M/c, ompeneNuTs, KaKkoe paccTOsHHe Mpoiiner
noesll 10 OCTAHOBKH.

Orger: 4,5 KM.

30.14(30.14). T'naBuylo 4acTh YCTAHOBKM AJIA MCOKITAHHMS MaTes
pHAJIOB YA2POM COCTABNSET TsXKENas CTaNbHAs OTNMBKA M, npHkpens
JIEHHASl K CTEPIKHIO, KOTOPBHIi MOXeT BPallaThCA NOYTH Ge3 TpeHHs
BOKPYT HEnoABHMIKHOM ropusonranshoit ocu O. [lpewe-
Gperas Maccoil CTepXHs, paccvaTpuBaeM OTIHBKY M
Kax MaTepHaslbHYID TOYKY, NJS KOTOPOH paccIosiHue
OM =0,981 M. Onpenenuts CKOPOCTs U 3TOH TOUKH B
HHXXHEM MOJIOXKeHHH B, ecin oHa najaer H3 BepxHero
nonoxeHHsT A ¢ HHUTOMHO MaJloffi HayaneHOBR CKO-
POCTLIO.

Orser: v—=6,2 m/c.

30.15(30.15). HanucaTe BhipaeHue NOTEHIMANBHON
SHCPrHH YIpyro# peccopwl, mporubaiouieiica va 1 cm or
Harpyskn B 4 kH, mpeanonaras, yro nporu6 x Boapa-
CTaeT NpAMO NPONOPUHOHANLHO HATPy3Ke. K ssxate 30.14

Orser: T1 —(20x2+ C) Ik, eciu ¥ B CM.

30.16(30.16). IpyxuHa MMeeT B HEHANPAKEHHOM COCTOSTHMH
nnuny 20 cm. Cuna, HeobGxoAuMas AJisl H3MeHeHHs ee NJMHHE Ha 1 cm,
paBua 1,96 H. C kakoif CKOPOCTBIO v BRUIETHT #3 TPYOKM wIAPHK
macenl 30 I, ecim mpy»xHMHA GBIAA Cixa-
7a no anuHe 10 cMm? Tpy6xa pacnono- \'\MAMWL%D !
¥KeHa FOPH3OHTANBHO. \

Orser: v =8,08 m/c. ‘%\\\\\\X\‘\\\\\\

30.17(30.17). Cratuyeckuit nporu6 K sanase 30.18
GankH, 3sarpyxemHoll rocepeiuHe rpy-
soM Q, pased 2 mM. Halith HanGonbwMit nporu6 Gankw, mpeHeGperas
ee Maccoi, B ABYX cayuasx: 1) koraa rpya Q nonoxer Ha HEH30THY-
7yi0 GaJKy W ollymer Ges HauaNbHOH CKOpOCTH; 2) KOTAa Tpys Q
Nafaer Ha CepenMHY HEH3OrHyToH 6anku ¢ puicoTel 10 cM 6e3 Hayalib-
HOH CKODOCTH.

K 3apnaue 30.18

IlpH pelleHEH 33nauw ClellyeT WMETh B BHOY, uTO CHA3, NelCTEYIOIan Ha Tpya
€O CTOPOHH GaJIKH, NPONOPLHOHANEHA ee Nporuby.

Oreer: 1) 4 mm; 2) 22,1 MMm.

30.18(30.18). [Ipe HemanpsuxkenEme npymunm AC u BC, pacno-
JIOXEHHBIE N0 FOPH3OKTANLHON NPAMOH AX, NDHKPEIVIEHH 1uapHHpaMH
K HenoABHXHHEM TouKaM A u B, a B Touke C—k THpe Macchl 2 xr.
Ilpyxuna AC cxumaercst Ha 1 eM cHaoft 20 H, a npyxuna CB Bo-
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Tsirupaercst Ha 1 cm cunoit 40 H. Paccrosune AC=BC =10 cm.
I'mpe C coofiuena cxopocth Up=2 M/c B TAKOM HANpPaBJEHHH, 4TO
NpH MOCJTEeIyIOLIEeM ABHXKEHHH OHa NPOXOAHT yepea Touky D, Koopam-
HAaTHl KOTOPOH xp=8 cM, yp=2 CM, ec/lH 3a HAYAN0 KOODAHHAT
NPHHATL TOYKY A H KOOPAMHATHEIE OCH HaNpaBWTb, KAK yKa3aHo Ha
pucynke. OnpegennTs CKOPOCTE THPH B MOMEHT NpOXOXKIAEHHS ee ye-
pe3 Touky D, Jiealllylo B BePTHKAJbHON MJIOCKOCTH Xi.
Orser: v= 1,77 m/c.
30.19(30.20). I'pya M Beca P, noasewenHsit B Touke O Ha He-
PACTAXHMOR HMMTH AJMHB [, HauHWHaeT JBHraThCS B BepTHKAIbHOH
nnockocTH Ge3a HayanbHOH CKOPOCTH H3 TOY-
c g 4 xu A; npu OTCYTCTBHH CORPOTHBJIEH#sI Tpys M
i ~J  MOCTHrHET mnofoxenuss C, TA€ ero CKOPOCTb
]
7
F

o6parutca B HyJnb, TIpHHAB NOTEeHUHANLHYIO
SHEprHio, oOYCNOBJIEHHYID CHJOH TAXeCTH
rpysa M B Touke B, paBHoil HyJIO, nocrpo-
HTE TpaQuKH H3MEHEHHH KHHETHUYECKOH M Io-
TEHUHANLHON 3HEPrul, a TaKKe HX CYMME
B 3aBHCHMOCTH 0T yraa ¢. Maccofi HuTH mpe-
Hebpeub.

Orser: JIpe CHHYCOMAB! H NPsiMaf, HMEOLIHE YpaBHEHNS

I'=~Plsing, V=PI(l —sing), T4V =PL

K 3anave 30.19

30.20(30.21). MarepuanbHas TOYKA Macchl /m COBEpIIAeT rapMo-
Huyeckue KoneGaHus no npamoii Ox non pmelcTBHeM ynpyroii Boc-
CTaHaBJHBAKOILEeR CHJBI NO CHEAYIOUleMY 3aKOHy: x = a sin(ki--p).
IlpeHeCperas CONPOTHBJIEHHSAMH, NOCTPOMTH rpadMKH H3IMEHeHHH Kii-
HeTHYecKOn 3Hepru¥ 7 u MOTEHUMANbHOH SHepru# ¥V mBmkymefics
TOYKH B 33BHCHMOCTH OT KOOPAHHATH X; B HayaJe KoOpaHHAT V=0,

Orser: O6a rpagura — napaGonsl, HMeIOIHE ypaBHEHHs

mk? rmh?x?

T=——-2-—(¢22———x2). V= 2 .

30.21(30.22). Kakyio BepTHKaNbHYIO CHNy, MOCTOSIHHYIO MO BeJH-
UHHE H HanpaBJiEHW!O, HA0 MPHJOXHTL K MaTepHaNbHOH TOYKe, YTOGH!
NpH NajfleHHH TOYKH Ha 3eMJI0 ¢ BHICOTH, paBHON paanycy 3emun,
5Ta cuia cooluiuna TouKe TAKYIO JXe CKODOCTb, KaK CHJIA MpHTSNe-
uua K 3emne, 06paTHO NPONOPLHOHANBHASE KBAAPATY PACCTOAHHS
TOUKH O LEHTpa 3eMau?

Orser: P/2, rne P— Bec TOYKH HA MOBEPXHOCTH 36MJIH.

30.22(30.23). I'opHsoHTa/bHAs NMPYIKHHA, HA KOHIE KOTOpOH npH-
KpelJieHa MarepHajbHas TOYKA, CXaTa cuaof P u Haxonutca B MOKoe.
BHesanHo cuna P MeHsieT HANpaBJieHHE HA MPAMO NPOTUBONONOMHOE.
Onpenenuts, npeHeGperass Maccofi NMPYXHHEL, BO CKOABLKO pa3 MoJy-
vallleecs NpPH 3ToM HaunGodbuiee pacTsacenHe [, GONblIe NEpBOHE-
YAJALHOTO Cx<aTHs ).

Orser: I/l = 3.
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30.23(30.24). Teno Gpoweno ¢ NOBEPXHOCTH 3eMsH BEEPX Mo Bep-
THKAJNLHOH JIHHHK C HAYa/lbHON CKOPOCTBIO ¥ Onpenennts Bricoty H
NONHATHA TeNa, NPHEHMAasi BO BHHMaHHE, YTO CHJlAa THIKECTH HIMEHS-
ercst o6paTHO NpPONOPLHOHAJBHO KBaapaTy PaccToslns OT leHTpa
SeMIH; CONpOTHBIEHHEM BO3AyXa npenebpeus. Pamuye 3eman R =
= 6370 kM, vo=1 Km/c.

Rvg
EgR—Ug

30.24(30.25). [Ise uacTuum 33PSIKEHEl MOJIOKHTENLHEIM SJIeKTpH-
HeCTBOM, 33pSIA nepBoit yacTuusl ¢ == 100 K, 3apAn BTOPOH 9aCTHILI
92=0,1 ¢, nepeaa vactuua ocraercs HENIONBH KHOM, & BTOpas ABH-
JETCSl BCJIEACTBHE CHJIBL OTTAJIKHBAHMS OT nepBoil wactuusl. Macca
BTOPOH uaCTHUB! paBHa | Kr, HauanbHoe paccTosiive OT NepBoii yac-
THUbI PaBHO 5 M, a HayaJkHas CKODOCTHL paBua nymo. Onpenennts
BEDXHHH Npenen sl CKOPOCTH HABHIKYLIEHCS! YACTHUH, NpPHHHMAas Do
BHUMaHHe LeHlCTBHE TONLKO ONHON CHJIBI OTTAJNKHBAHHS F — q192/12,
TI€ r — PACCTOSIHHE MEXAY YACTHLAMHE,

Orser: 20 M/c.

30.25(30.26). Onpenenuts CKOPOCTh Up, KOTOPYIO HYMHO COODILIMTE
110 DEPTHKANH BBEpX TENy, HaXONALIEMYCS HAa NOBEPXHOCTH 3eMim,
AJ1s1 TOTO, YTOGH OHO MOMHAJOCH Ha BBHICOTY, PABHYI0 3eMHOMY pamuy-
¢Y; NPH STOM HYXHO MPHHSTL BO BHHMAHHE TOJILKO CHNY MPHTSIKEHHS
3eMsH, KoTOpas H3MeHsieTcsi O6paTHO NPONOPUHOHANBHO KBaApaTy,
PAcCCTOsINKMS Tesia OT ueHTpa 3eman. Paanyc 3eMau pasen 6,37-10° M,
YCKOPEHHE CHJIN NDHTSIKEHHS Ha noBepXHOCTH 3eMau pasno 9,8 m/c2.

Orser: 7,9 xm/c.

30.26(30.27). Haiith, ¢ kakoi CKOPOCTLIO Ug HYKHO BLIGPOCHTHL CHa-
PAll C TIOBEPXHOCTH 3eMAH MO HANPaBJEHHIO K JIyHe, YTOGLI OH NOCTHD
TOUKH, TI€ CHNB nNpHTSKeHHs 3emau H JIyHbl DaBHBL, H OCTAaJCH B
9TOH TOuKe B paBHoBecHH. JIBuxKenneM 3eMan u JIyHe COIpPOTHBJIE-
IHEM BO3NYXa npeHeGpeub. YCKOpeHHE CHJK TSIKECTH Y NOBEPXHOCTH
3eman g =9,8 M/c, Otnowenne maccs JlyHe ¥ Semau m: M — | : 80;
PaccTosinue Mexay HuMu d=60R, rme cantaem R =6000 kM (pa-
Auyc 3eman).

Kosdduurenr f, pxoasmuit B GOpMyJNy nNST BeNMYHHH CHIK BCe-
MHDHOTO TSINOTEHHSA, HAXOAHM H3 ypaBHEHHS

Oreer1 H = = 51,38 k.

mg = mf [T}?’_ —E{_’f—m;]

M
2¢R(d—R) \/ 77 @—R—R _ B 1—a

Orser: vi= — =———19oR, roe
d /\/ﬁ(d—R)-I-R 0 1+te
748
i
_ — ==10, i -
O o » 1am T 75 kM/c

30.27. I'pyHT yrpamGoBhiBaeTcsi pyuroil 6a6oit Macchl 60 Rr u ¢
nonepeuHelM ceweHueM 12 nm?, kotopasa namaer ¢ BbicotEl 1 M. Ipu
nocnenneM yaape 6aba BXOAMT B TDYHT Ha riyGuny 1 cM, npuuem
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COTPOTHBJIEHHE TPYHTA [BHXEHHIO 6aGH MOMNHO CYHTATbL NOCTOMHH-
HeM. Kakylo HasOoNBIyI0 Harpy3Ky BBIIEDIKMT CDYHT, He napas
ocankn? Jlonyckaetcs, 4To yrpaMOOBEHHEIR PPYHT MOXeT BHLIEPIKATh
6e3 ocalku Harpyaky, He NpPeBOCXOASILYI0 TOFO CONPOTHBJIGHHS, KO«
TOpoe BCcTpedaeT 6aba, yrnybnsaach B FPYHT.

Orser: 494,9 x[l1a.

30.28(30.28). IlaxTublii AT NBHIKETCA BHH3 CO CKOPOCTBIO Up=
=12 m/c. Macca mupra 6 1. Kakylo cumy TpeHust Mexay JubTOM
H CTEHKaMM INAXTHl AOJ2KEH Pa3sBHTb NpPelOXPaHHTENLHEN napaluior,
uTo0kH OCTAHOBHTH JHMT HA NPOTSKEHHH NyTH s == 10 M, ecnu Kauar,
yAaepxuBarowsi augr, obopnancs? Cuily TPEHMsI CYHTAaTh NOCTOAHHOIM,

b
Orser: F=m(g+:—: = 102 xH.

30.29. Koabuo macew 200 r CKOAL3HT BHH3 MO NPOBONOYHON Ayre,
umeomed ¢gopmy napabonbl y=—x% Kosblio HaYano MBHraTbCcA U3
TOYKH x==3 M, y=90 M c Hynesoi#l HauaJbHO{i cKopocthio. Onpene-
JIHTE CKOPOCTL KOJIblld M CHJIY, AeHCTBYIOLIYIO HA KOJLLIO CO CTOPOHE!
NPOBOJIOKH, B MOMEHT NPOXOXKAEHHSI MM HHXKHEN TOYKH napaGoubl.

Orger: vy =13,3 m/c, R=1725 H.

30.30. MaremarHyeckiii MasiTHHK AJHHB [ BEIBENH M3 TOJONKEHHS
paBHOBecHs, cOOOIIMB eMy HavajbHYl0O CKOPOCTE U, HANPABIEHHYIO
no ropuacHTanH. OnpeneinTs JJIHHY AYrH, KOTOPYID OH ONHINET B Te-
HeHHe OJIHOro nepHoza. -

0

Orger: s=4[ arccos (l — ol )"

§ 31. CMewmanHble 3a8a4H

31.1(31.1). I'pys maccw | kr nHoaBelweH Ha HHTH AJHHE 0,5 M
B HenoaBHxkHOH Touke O. B Hayanbuui MOMEHT rpy3 OTKJOHEH OT
BepTHKanH Ha yroa 60°, u
eMy coobllleHa CKOpOCTh Uy B
BEPTHKANLHOH MJIOCKOCTH WO
Nepnena¥KynApy K HHTH BHH3,
paBnasi 2,1 M/c. Onpenennts
HATSXKEHHE HUTH B HaHHH3-
1eM fONOXKEHHH H OTCYHTHI-
BAEMYI0 N0 BEPTHKAJNH BH-
COTY, Ha KOTOpYyi0 Ipy3 noj-
HHUMAeTCcs Haj 3THM [oJoXKe-
HHEM.
Oreer: 28,4 H, 47,5 cMm.
K Samans 8t 31.2(31.2). CoxpaHnss yc-
JIOBHA nNpennAyllel sagaum,
KpOMC BCJTHYHHE! CKOPOCTH Up, HANTH, NPH KaKOH BEJHYHHE CKOPOCTH Ug
rpys Oyner NpoXoAHTHb BCIO OKPYYKHOCTb.
Oreer: vy > 4,43 m/c.
31.3(3L3). [lo penwcam, nosoxennwiM no nyra AD u o6pasyio-
IIHM 3aT€M NETMO B BHAE Kpyrosoro Koaslia BC papuyca a, cKaTLis
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BAETCA BArOHETKA MacCh m. C KaKOH BEICOTH A HYIKHO MyCTHTH Ba-
TOHETKY (€3 HauaNbHOH CKOPOCTH, YTOGW OHA MOC/ia NpoHTH BCiO
OKDYIKHOCTb KOJIbLA, He OTAENAACH 0T Hero? Onpenenuts napaenue N
BArOHETKH Ha KO/LLO B Touke M, ans koropoit ZMOB = g.

Oreer: h=>2,50, N=mg (—2‘—1"--—2+3cos !p) s

31.4(31.4). TlyTe, N0 KOTOPOMY HBHKeTCS BaroHeTKa, CKaTHIBafACh
H3 TOYKH A, 06pasyeT pasoMKHYTYIO MeT.io paauyca r, Kak nokasaHo
Ha PHCYHEKE; LBOC =
=/ BOD = a. Haiith, ¢ ka-
KOH BBICOTBI £ MOJMIXHA CKa-
TEIBATBLCS BaroHerka 6e3 Ha-
HMaNbHOH CKOPOCTH, YTOGH OHA
MOryia MpoWTH BCIO MeTyo, a
TdKXe TO 3HaueHHe yria o,
P KOTOpPOM 3Ta BHICOTA fi
HaUMEeHbIIAS].

VYxasaune Ha ymactke DC
LeHTP TAMKECTH BATOHETKH COBEpIla-
€T napabonHyecKoe ABHIKEHHE, K 3anaqe 31.4

Oreer: Iz:r(l +cosa +2—u:;-a—); bpin MipH @ =43°,

31.5(31.5). Tsaxenas crambHas OTAMBKA Maccws M — 20 kr npH-
KpefeHa K CTePXHIO, KOTODHIA MOXEeT BpamaThcst 6e3 TpeHHs
BOKDYT HeMoABMXHOH ocu O. OTaHBKa Magaer M3 BepXHErO MONOXMe-
HHA A C HHYTOXHO MajsoOH HAYanbHOMH ckopocTsio. IlpeneGperas mac-
COH CTEPXKHS, ONPeNesinTh Haubojbluee RABJEHHE HA OCh. (Cm. puey-
HOK K 3agaue 30.14.)

Oreer: 980 H.

31.6(31.6). Kako#t yron ¢ BepTHKanbio COCTABISET Bpallalounics
crepskelb (B Mpenkiylledi 3a7a4Ye) B TOT MOMEHT, KOTAA JZBJEHHE Ha
OCh PaBHO HY:J0?

Teer: ¢ = arccos(2/3).

31.7(31.7). IMapamiotuct Maccw 70 Kr BHGPOCHICS H3 CaMoOieTa
u, nponereB 100 M, packpruun napaunor. Haiite cuay narsmenus CTpO-
TIOB, HA KOTOPHIX YeJIOBEK GbUT MOABELIEH K MApAIiOTY, eCJIH B TEYEHHE
NEPBLIX MSTH CEKYHI ¢ MOMEHTa PACKPHTHS NapaulioTa, TpH MOCTOSH-
HOM CHJIe COMpOTHBJIEHHS! ABHXEHMIO, CKOPOCTh NAPAIIIOTHCTA YMEHb-
umnace a0 4,3 M/c. ConpoTHBneHMEM BO3AYXa ABMMKEHHIO YelOBeK:
npeHe6Gpeys.

Orger: 1246 H.

31.8(31.8). 3a 500 M no cramuum, crosued Ha NPHIOPKe BHCOTH
2 M, MalIHHHCT noe3aa, HAYLIETo CO ckopocteio 12 m/c, 3akpua nap
H Havas TOpMO3HTE. Kak senuko MomxHo GLITh cOnpoTHRAeHHe OT TOp-
MOXKEHHS, CYMTAEMOe NMOCTOSHHBIM, YTOGH NOE3l OCTAHOBHJCH y CTaH-
Hud, ecan macca noespa pasna 1000 1,°a conporHpaerme Tpenus
20 xkH?

Orser: 84,8 xH,
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31.9(31.9). Tsxenas OTNHBKA MAacCH /M NPHKPENACHA K CTEPIKHIO,
KOTOpBIH MOMeT BpawaThest 6e3 TpeHHs BOKPYr HeMORBHXKHOA ocu O
W OTKJIOHEH OT BepTHKAJu Ha yron @q. M3 storo mavanbHoro monoxe-
HHF OTAHBKe COOGILA0T HAYalbHY CKOPOCTh Ty (cm. pHeyHox). Onpe-
JeNHTh YCHIME B CTepXHE KakK (QYHKIHIO yria
OTKJIOHEHHS CTEPIKHA OT BepTHKa/aH, mpeHebpe-
ras Maccoi crepxus. [launa crepxua [

Orger: N = 3mg cos @ — 2mg cos ¢, + mv}fl.

Ecnn N > 0, crepxenb pacTsnyT; ecau N <<
<< 0, cTepeHb CHKaT.

31.10(31.10). CdepruecKuii MasiTHHK COCTOMT

K s2aave 319 H3 HuTH OM pnuAb [, DpHKpenJeHHOH ORHHM

KOHIOM K HenolBHXHOH ToukKe O, H TaAmenoH

ToukH M Beca P, npHKpenJieHHOH K ApyroMy KoHLY HutH. Touky

M otknoumam M3 MONOXEHHA PaBHOBECHS TaK, YTO ee KOOPAHHATHI

il z
A
J =
At
4
MAzyz)
b/
-3 P r
K 3anave 31,10 K 3anaue 31.11

crann: mpu { =0 x = xp, y =0, 1 cOOGLUIJIA eil HAYANBbHYIO CKOPOCThY
X9 =0, Jo = vy, Zc = 0. Onpenenuts, NpH KaKOM COOTHOLUEHHH HAYAMhL-
HBIX ycnoBHH ToukKa M GyneT onmHCHBaTL OKPYXHOCTE B FODH30HTa/b-
HO/l NJOCKOCTH H KakoBo Oyler Bpems obpallleHHs Toukw M mo sroi
OKPYIKHOCTH.

Orser: vo=x4/glz0s T =27n+/2/g.
3L11(31.11). JIpkHHK npu MpbiXKKe € TPaMnNHUHA CHYCKAETCH ¢

sctakaab AB, uaknouernoit non yriom @ = 30° K ropu3oHTy. I"Iege,u,
OTPLIBOM OR MNPOXOIOHUT HEGOJ’IbH.IyK) TOPH30HTAaNbHYIO NJAOWANKY C

JUIHHON KOTOPO# MpH pacyere npeHeGperaeM. B MOMeHT oTpHBa JBIK-
HHK TOMYKOM coobiuaer ceGe BepTHKaJbHYI COCTABJIAIOUIYIO CKODOCTH
vy = | m/c. Bucora acrakazel =9 M, KO3QOHUMEHT TPEHHR JEDK O
cher f= 0,08, nusua npusemnenus CD o6Gpasyer yron B=45° ¢ ro-
pusonroM. Onpenenutes AanbHOCTh [ moJeTa NEDKHHKA, npeHeGperas
COMPOTHBJIEHHEM BO3AYXa.

INMpumeuanwue JlaneHoCTelo NoJeTa CYHTATE AJAMY, HIMEPAEMYKX OT TONKH
oTpuBa € [0 TOMKH npH3cMJIeHHs JBMKHHKa Ha JavHuH CD,

Oreer: | =474 m,
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31.12(31.12). I'pya M Beca P napaer Ges mavanbmofi CKOIOCTH C
BHICOTE /1 Ha namty A, nexawyio ma cnupansHoil npyxune B. Ot
AeficTBNA ynaBluiero rpysa M npyuHa cxKuMaercs Ha BeilHyHHY M.
He yunrmeas Beca naure A u CONPOTHBNEHHH, BHYHC/IHTL BpeMs I,
CHHATHA NPYXHHBI HA BeWukHy kb B HMnynsc S ynpy-

TO¥ CHJH NpPYXWHE 32 Bpems 1. oy
Oreer:T=%(%——a), S:p(r+1/_2§£_).

oy . h _ V% (H¥H -

rae tga— 2VHEUT TR ' ¢ h a {

31.13(31.13). Ipu paspuse Maxosuka ogHa muz 4
ero uacreft, HauboJsiee ynanenHas oT MecTa Karacrpo-
(bl, OKA3a7aCh HAa PACCTOSHHM 5==280 M OT mepBo-
HauanpHOrO nonoxenus. IlpeneGperas conmpotupIe-
HHEM BO3AyXa NpH [ABHMKEHWH YKa3aHHOH uacTH H3 77
NepBOHAYaJIbHOTO MONOMXeHHS B KOHeyHoe, Jexalllee K saxawe 3112
B TO# K€ COPH3OHTANbHON NNOCKOCTH, HANTH HAHMEHb-
liee BO3MOMHOE 3HAYeHHe YIJIOBOH CKOPOCTH MaXOBHKA B MOMEHT
KaTacTpodu, eclin paiHyc MaxoBuka R = 1,75 m.

Orser: n =286 06/muK, wim © =30 pan/c.

31.14(31.14). T'pys M, nonsewmennri Ha npyxune K BepxHell ToyKe
A Kpyriioro Koniblia, pacrio/loeHHOro B BEPTHRAIBHORN NAOCKOCTH, Ia-
Aaet, CKOJb3A MO Kolbly Ge3 rtpewns. Haifity, kakosa nomkua 6biTh
JEeCTKOCTh NMPYXXHHB IS TOTO, YTOOK naBlieHHe
TPy3a Ha KOJBLO B HWXHeH Touke B paBusnocsk
HYJIO NPH CAeAYIOUHX AAHHBIX: Paguyc KOJbLa
20 cM, Macca rpy3a 5Kr, B HAYaJbHOM MOJ0KeHHH
rpysa paccrosiine AM pasno 20 cm u npyxuHa
HMeeT HaTYPalbHYi AMMHY; HaYaJibHas CKOPOCTb
rpy3a paBHa HYJIO; MACCOH NPY3XHHbI NPeHe6peys.

Orger: llpyxHHa nOJKHA YAJHHATBCS Ha K sanswe an.14
1 cM npu nedcTBHH cuabl, paBrOH 4,9 H.

31.15(31.15). Onpenenuts napsente rpysa M Ha Kombio B HuKHes
Touke B (pHCYHOK npenmwnyileii safaus) NpH CREAYIOUHX LAHRLIX: pa-
anyc Koasua 20 oM, Macca rpyaa 7 Kr; B HAYaJIbHOM NOJIOMKEHHH rpy3a
paccroanue AM papro 20 cM, npuueM npyKuHa PACTHHYTA H JJIHHA ee
BABOE GO/Ibllle HATYpPAJbHOMR ANMHEL, KOTOpan paBHa 10 cM: MeCTKOCT
NPYKUHBI TAKODA, YTO OHa YANHHSeTCS Ha | cM npH peficTBHM cHiL
B 4,9 H; navanbHas ckopocts rpyaa PaBHAa HYJNIO; MaccCo# NpPYXHHH
npeHeGperaem.

Oreer: Jlasnenne HanpasieHO BBepx W paBHo 68,6 H.

31.16(31.18). T'naakoe Tsaxenoe kosibuo M Beca Q MOXKeT CKosb-
3uTh Ge3 TPeHHS NO Ayre OKPYXKHOCTH pamuyca R cm, pacnooxesnolt
B BEPTHKAJLHON MIOCKOCTH. K- KOJblly npHBA3aHa yunpyras Hute MOA,
NpOXOAsUAsH 9epes rIdAKoe HeNONBHXKHOe KoJblo O W 3aKpensenuas
p Touke A. [IpuHaTs, 970 HaTAMEHAe HUTH PaBHO HYJi0, KOria KoabLuo
M naxonurcs B Touke O, W TO ANS BHTATHBAHHUS HATH Ha | cm HY>XHO
NPUJIONKHTL CHNY €. B HauanbHH{ MOMEHT KOJBLO HAXOAMTCH B TOUKE
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-B B HeycTORiYHBOM PaBHOBECHA H TNPH HHYTOMHO MaJioM TOJTKe Haun-
HaeT CKOJNb3HTL No OKpyHocTu. Onpenenuts nasienwe N, npoHssonu-
MOe KOJIbLIOM Ha OKDYKHOCTB.

Oreer: N =2Q -+ cR + 3(Q + cR)cos 2¢; naBneHne HanpasieHo
wapyxy npu N > 0, sayrpe npu N << 0. ;

31.17(31.17). Tpya noapellled Ha HUTH JuuHE 0,5 M B HenoaBuK-
Hofi Toyke O. B navanpHoM nonoxennu Mo rpys OTKJIOHEH OT Bep-
THKan®n Ha yroa 60° n
eMy coobllleHa CKOPOCTb Ug
B BEePTHKAJIbHOH [JOCKO-
CTH N0 MepHeHAHKYISApY
K _HHMTH BHH3, paBHasn
3,5 m/c.

1) Haditu 70 nonoxe«
Hue M rpysa, B KoTOpoM

,é HaTsixkeHHe HHTH  6ynen
% PABHO HYJKO, H CKOPOCTh Uy
7,,//5’/‘} B 3TOM NOJOXKEeHHH,

/A

2) Onpepenuts Tpaex-
K 3anawe 31.16 K aanave 31.17 TOPHK NOCHeAyIOIero ABH=-
. JMEHHA rpy3a Q[0 TOTO MO-
MenTa, KOria HMTe GYRerT ONAThH HATAHYTAa, H BPEMS, B TeYeHHe KOTO-
pPOro To49Ka MpPoineT 3TY TpaeKTOPHIO.
Oreer: 1) Tlonoxenne M HaxomHTcsi Hajd ropH3OHTaNbIO TOuku O
va paccrosiunn MD =25 cm, vy = 156,5 cm/c.
2) Mapa6osna MABC, ypaBHerne KoTopoii, oTHeceHHOe K ocsiM Mx

n My, umeer Bun ¥ =x4/3 — 0,08x% rpys onucupaer 3Ty napaGony
B Tevense 0,55 c.
31.18(31.18). MaTemaTuueckui MasiTHHK yCTaHOBJIEH HAa caMmoJfere,
KoTopuii noaHHMaercst Ha Buicoty 10 kM. Ha kakyio vacts Hago ymenn<
LIHTh ANHEY HHTH MasaTHHKa, 9T06H NepHOL MaJblX KoneGaHuil Mast-
HHKA Ha 3TOH BHCOTe OcTaics Ge3 u3MeHe-
Huii? CHITy TSXKECTH CaMTaTh 06parHo nponop-
IHOHANLHOR KBAaapaTy pacCTOSIHMSL 4O LleHTpa
3eMJH.
Oreer: Ha 0,00313!, rae !— mnuna HuTH
Ha NOBEPXHOCTH 3eMJH.
31.19(31.19). B HenomsuxHo# Togke O
nocpenctBoM HHTH OM anunn | nofpeied
rpys M macch m. B HayanbHBIF MOMEHT HHTB
OM cocrasisieT ¢ BepTHKa/blO Yron o H CKO-
K sanaue 3119 pocts rpysa M paBHa mymo. [Ipu nmocnenyio-
IeM JABHXEHHH HHTb BCTPEYaeT TOHKYIO Mpo-
BosioKy O, HampaBJieHHe KOTOPOH NeprneHAMKYJNSPHO NJOCKOCTH ABHs
JKEHHS TPy3ad, a NONOXKeHHe onpefeNseTcs NOJANPHLIMH KOOPAHHATAMHUI
h =00, u B. Onpenenuts HaHMeHbllee 3HAYeHHe Yria «, npH KOTO-
pom muTe OM mocsie BeTpeun ¢ npoBONOKOi 6yneT Ha Hee HABHBATHCH,
a TaKXe H3MeHeHHe HATIMEHHS HHTH B MOMEHT €€ BCTPeUH ¢ MPOBO+
sioxor. Tonuuno# NpoBoOKH npeHeGpeyn,
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!

hr3 2
Orger: @ = arccos [T (—5 <+ cos ﬂ) ——?]: HaTAMeHHe HHTH yBenH-

YHBAETCS Ha BeNHUHHY 2mg,£ (—g——l- cos [3) :

31.20(31.20). Taxenas Touka M macew m OBHETCH N0 BHYTpEH-
¥efl OBEPXHOCTH KPYrioro WHAMHADA pannyca r. Cudtas nopepxHoCTh
LHAHHAPA a6COMIOTHO FAARKOH H OChb UHJIHHADA BEPTHKAJBHORN, onpe-
JeNuTh NaBJieHHe TOYKH Ha nHauHap, Hauanb-

Hasf CKOPOCTb TOYKH PaBHA HO BeJHYHHE Dy H )
COCTaBJIAET YTOJ & € POPH3OHTOM. =t
2 2 ‘
muycos” a £
Oreer: N = —> :
r |
31.21(31.21). B npenmayuiefi sapaue cocra- 1 b
BHTh YPABHEHHH ABHXXEHHS TOYKH, €CJH B Ha- Pl !
YaJlbHEIH MOMEHT TOYKA HAXOAMIACE HA OCH X. TR~
Up COS &
Oreer: x ==r cos [-—-”—r— t]. i
]
I

y=rsln[£:3£ t]' z=UDt sina+gf2/2 3

' 81.22(31.22). Kamens M, nHaxomswmiics Ha K aagave 31.29
BepumHe A rankoro nojycgepuueckoro Kynona
panuyca R, moayuaer HaqajbHYIO FOPH3OHTATbHYIO CKopocTs vo. B Ka-
KOM MECTe KaMeHb NOKHHeT Kymos? IlpH KaKux 3HayeHHSX vy KaMeHb
COHleT ¢ KynoJja B HauaJbHHWA MoMeHT? CONPOTHBAEHHEM [BHMKEHHIO
KaMH$ 10 KyIoJy npeHe6peub.

2 . o}
Oreer: ¢ = arccos.(g- -+ r;i,;) . Up=4/gR.

K 3anave 31.22 K 3apave 31.23

31.23(31.23). Touka M maccel m OBHMKETCH MO TJIANKOI NOBepXx-
HOCTH moJaycgepHyecKkoro Kynosia pagnyca R. Cuuras, yTo Ha TOuKy
ReACTBYET CHJIA TH3KECTH, NAPaJe/bHast OCH 2, H 3HaS, Y470 B Haualb-
HEIl MOMEHT TOYKa HMela CKODPOCTh Uy H HaXOAHJNACh Ha BHCOTe g OT

OCHOBaHHSA KyMoJa, onpelelHTh AaBJEHHe TOUKH HA KYIOJ, KOTAa oHa
6yner Ha BHcoTe /i OT OCHOBaHHST KynoJa,

2
mg v
Orsert N = R (Bh — 2hy — ?O -
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31.24(31.24). Toyka M maccul m ABHIKETCH [0 HENHON JIHHHY

y = (e +e~*)=qgch =

NOA JeHCTBHEM CHJIBI OTTaAKMBaHuA, napainenbHoli ock Oy, rampag-
JierHo ot ocu Ox u pasuod kmy. B Moment =0 x=1 M, x=1 m/c.
Onpenenutp faBnenue N TOUKM Ha KpHMBYIO M JBHXKEHHE TOUKH MpH
k=1 pan/c? u a =1 M (cunoii Taxectn npenebperaem). Pannyc kpu-
BH3HH UenHO# JuHuMK pasen y?/a.

Oreer: N=0; x=(1+4+1) m.

L4
7
By
g Z
K aupnaue 31.24 K 3aaage 31.25 K 3anaue 31.26

81.25(31.25). I'lo kaxo# niockoi KPHEOI ClCAYeT HAOTHYTH TPYOKY,
yToOH MOMelleHukblfi B Hee B Ji06oM MecTe WAPHK OCTaBajicd Nno OTHO-
1ifeHHI0 K TpyOKe B paBHOBeCHH, eciii Tpy6Ka Bpallaercs ¢ MOCTOAHHON
YTIOBO# CKOPOCTHIO ® BOKpyT ocu Oy?

a
Oreer: Ilo mapa6osne y=—;—2g—x2 +c.

3128(31.26). Touka M maccet m=1 Kr apHMeTcs NO TIagKOH

ROBEPXHOCTH KpPYIJIOrO KOHyca, yroa pacTeopa Kotoporo 2o = 90°,
fio/l BAHAHHEM CHJIK OTTAJKHBAHHA OT BepwuHe O, nponopuHoHadb-
HOM paccTosHRI: F == c-OM H, rne ¢ = 1 H/m. B nauansnuii MmoMeHT
Touka M maxomuTcs B Touke A, paccrosnve OA pasno a = 2 m, Ha-
yajbHas CKOpPOCTh Vo =2 M/C H HampasfieHa NapaJjaesibHO OCHOBAHMIO
KOHyCa.

Onpenenute apmxeHHe Toukw M (cuioii TsukecT: mnpeneGpeun).

IMonoxenne Toukw M onpefensieM KOOPAHHATON Zz M MOZFADHEIMH KOOPANHATAMH F

¥ @ B NJOCKOCTH, Tepnedauxynsptoi ocH Oz, ypabHelile MNOBEPXHOCTH KOHYCa:
r2—zt =0,

ore, et %, (Bt )

31.27(31.27). Ilpu ycnoBHax nNpeAHAyiueli 3ajaun, CYHTAA OCh
KoHyca HanpapJieHHOR MO BePTHKAJH BBePX M YUHTHBAS CHAY TAMECTH,
OnpenelHTh AaBleHHe TOYKH HAa NOBEPXHOCTL KOHYca,
a’v] sin 2a ]
2rs .

Orger: N=msina [g +
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31.28(31.28). Martepuasrnan Touka A TOm NeficTEHEM CHALI TH-
JKCCTH ABHIKETCH M10 LIEPOXOBATOM BHHTOBOH NOBEPXHOCTH, OCh KOTOPOil
Oz BepTHKaNbHAa; NMOBEPXHOCTL 3amaHa YpaBHeHHeM 2= a@ -} [(r);
X03(p(pHUHEHT TPEHUS TOYKH O NMOBEPXHOCTh paseH k. Haiity ycnopue,
NpH KOTOPOM IBHKEeHNS TOYKH IPOHCXOMIT
Ha MOCTOSHHOM pacCTOfHHM OT ocH AB =
=rp, T. & NPOHCXOOUT MO BHHTOBOH JIHHHH,
a4 Takxe HalTH CKOPOCTH 3TOr0 ABHIKEHHS,
npeanonaras, 4to a = const,

Yxaszauuwe [nA pelICHHA 3agaun Lejeco-
06pasHO BOCMONBL3OBATHCH CHCTCMON  eCTECTECHHBIX
occil, MPOEKTHPYA YpABHEHHEe MDHMEHHS Ha Kaca-
TCABHYIO, TNABHYI0 HOpMalbk H GHHOPMAaJb BHHTORO
JHHHEH B TOuKe A. Ha PHCYHKe Yroa Memay HOp-
MaJbHOH KoMnOHEHTCH N peakuws swuBTOBOK nO-
BCPXHOCTH H 0OpTOM raapHoft HOpManH n° obo3ka-
4cH vepea B

Orser: JIpueHHe 00 BHHTOBON JH-
HHH BO3MOXXHO NPH YCHOBHH tgo —

—kA/1+ [2(r)cosPe=0, rgetgae=

= a/frg; CKODPOCTL  [IBHMEHHH U=
=1/§fof,("o) -
31.29(31.29). Teno K, PasMepaMu  Ko- K 3apase 3123

TOPOro MOXHO npeHeGpeys, YCTAHOBAESHO B
BepxXHeil Toyke A IepOXOBATOMH MOBEPXHOCTH HENONBHKHOFO MOJIyLH-
JIHHApa pajnyca R. Kakyio HavalbHyl0 TOPH3OHTANLHYIO CKOPOCTB g,

K 3anaye 3129 K sapave 31.30

HanpabJeHHYI0 [0 KacaTeJbHOH K ULWJHHADY, HYKHO COOGIIHTE
meny K, yTo6bl OHO, HaYaB ABHIKEeHHe, OCTAHOBMJIOCH Ha MOBEPXHOCTH
IHNHHADA, eClH KO3(HUWEHTH TPEHHS CKOJbXeHUS NpPH ABHIKEHHH
H NOKOe OAHHAKOBH H PaBHHI f?

Oreer: vy<< /\/ %ﬁ% [VIEPe-2o—(1—23)], rae ¢y = arctg f.

31.30(31.30). Teno K, pasmepamm KoToporo MoxHo npere6peus,
YCTaHOBJIEHO B HHXHeH TOuKe A BHyTpeHHeH YacTH IlllepoXoBaToi mo-
DEPXHOCTH HENOABHMKHOrO UuaMHApa pamuyca R. Kakyio Hauanbryio
POPH3OHTANIBHYIO CKOPOCTb Up, HANMpPaBACHHYIO N0 KacaTedbHOH K LH-
JIMHIPY, HYXHO coo6uMTL Teny K, uTo6bl OHO AOCTHIIO BepxHell ToYKH
B unnuunpa? KoshhHuHeRT TpeHtsn CROMbKEHHS paeeH f,
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Oreer: v,=> T_f_i#r [2(1 — 2f?) 4 3e24].

31.31. Ulapur, noaselleHHEl Ha HHTH, ONHCHBAET OKPYXHOCTH B
TOPH3OHTA/LHOH NAOCKOCTH, 06pasyd Konuyeckuft Masmuumk. Hafitn
BHICOTY KOHYyca, eclH wapuk copepiiaer 20 o60OpoTOB B MHHYTY.

Orger: h= 2256 M.

31.32. MartepuanbHasi TOYKd ENHHHYHOH MACCH ABWUIKETCH B ro-
PH30HTaNBHOH NAOCKOCTH NMOX HeficTBHEM CHJOBOro IOJISI € NOTEHUHA-
gom I =x*+ xy+ 4> B navanbiufl MOMEHT TOYKa HMeeT KOOPIH-
HaTH ¥ =3 cM, Yy =4 cm ¥ ckopocts 10 cm/c, mapannensHyio nomao-
KHTEAbHOMY HanpasaeHHio och X. OnpefenuTs ABHXKEHHE TOYKH.

Oreer: x = 3,5cos »\/§1—|— Sf sin /\/5!-—0,5 cosi{-5sini,

=7 5 : -
y=23,5c0os4/31+ .;/5 sin 4/3 14 0,5cosf — 5 sin £.
31.33. MaieHbKOMY KONBLY, HaACTOMY Ha NPOBOJOYHYIO FOPH3OH-
TAJBHYIO OKPYXHOCTb pagHyca a, CooGLINJAH HAYAJALHYIO CKOPOCTH Ug.
Koadohnunent TpeHns Koibla o mpososioky pased f. Onpepennts, de-
pe3 Kaxoe BpeMf KOJIbLO OCTaHOBMTCH,
Up

Oreer: t=— S—dv
T TV

31.34. MarepwanbHan ToYKa MacChl 2 KF NPUTACHDAETCA K HEKOTO-
poMy uentpy cunoi F = (—8xi — 8yj— 2zk) H. Hauanbtoe nonoxe-
HHE MaTepHaJbHOH TOYKH ONpefensfieTcs KOOpAHHATAMU X —4 cM, y =
=2 cM, 2=4 cm. Hayanwuana cropocts paBHa Hyaw. Onpepenurb
YD2aBHEHHS JABHIKEHHS TOUKH M ee TPAeKTOPHIO.

Orzer: x = 4cos2f, y=2cos2f, z=4 cos{. TpaekTOpHA — JHHUA

nepecegeHHst ABYX NapaGo/HYeCKHX LHJIMHAPOB X = —4 H y=
22
= —-—2. 3710 — napabona, Jiexauas B MIOCKOCTH X = 2y. L sumenne
N0 TPaeKTOPHH OCYLIECTBJISIETCS HA YYacTKe OT TOYKH X =4 cM, y=
=2 cM, z=4 cm o Touku x =4 cm, y = 2 oM, 2 =—4 cM.
31.35. Kourueckuft MagTHHK HMeeT ANHHY | H ONHCHIBAET B TOpH-
20HTANbHOH MJOCKOCTH OKpY}KHOCTh papHyce a2, OnpejlenuTs nepHOR
obpallleHHs KOHHY2CKOTO MasiTHHKA,

4
on /P —a?

B A

Orser: T =

§ 32. KoacbareanHoe NBHIKeHHE

a) Ceo6onune KoneGaHHSA

62.1(32.1). Ilpyxuna AB, saKpenyieHHRfi OJHHM KOHLOM B TOYKe
A. Taxopa, uto aas yAnuHenns ee Ha 1 M HEo6XOIMMO MPHJIOMHTH
B Touke B npu crathyeckoft marpyake cuiay 19,6 H. B Hekotopwifl
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MOMEHT K HHXKHEMY KOHLY B Henedopmupobammoli npyiuHb MofBe-
wkBaiT rupio C macem 0,1 kr n OTOYyCKaloT ee 6e3 HauyaJbHOH CKO-
pocru. Ilpene6perasi mMaccoii mpy:KuHEI, HamHcaTe YPaBHEHHE HAajb«
HelIero ABHXKEHHS MHPH H yKa3aTth AMIOJHTYLY W MepHON ee KoneGa-
HHH, OTHeCs NBHXKeHHe K OCH, NpOBeeH- ., o
HOW BepPTHKaJIbHO BHH3 M3 IOJIOMKEHHs CTa-
THUECKOI'0 DaBHOBECHS FHPH. ’

Oreer: x=—0,05c0s 14 M, a =5 cM,
T=0,45 c.

32.2(32.2). Ilpn paBHOMepROM cnycke
rpysa Maccet M ==2 T co ckopocTsio v=
=5 M/c npousoIIIa HeOXKKHAAHHAS 34€pXK-
Ka BEpXHEro KOHLA Tpoca, Ha KOTOPOM
ONYCKAnCA rpys, W3-3a sauleMJIEHHS Tpoca ¢
B obokiMe Giioka. [lpeweGperast MacCOR K samsve 321 K sanave 323
Tpoca, ONMPeReNHTL ero HauboJbilee HaTH-
JHEHHE INIpH MOCIenyolHX KONeOaHHAX rpysa, eciH ko3(dHIHEHD
JKECTKOCTH Tpoca 4-10° H/m.

Oteer: 466,8 kH.

32.3(32.3). Onpepenurtp HanGosblliee HATANEHHE Tpoca B mpefhl-
Ayuied 3anaue, eclM MeKay IPY3oM B TPOCOM BBeiena yopyras mnpy-
HHHA € KO3PQHUHEHTOM JKeCTKocTH ¢y == 4105 H/m.

Orser: 154,4 xH.

32.4(32.4). I'pys Q, nanas c BuicoTH £ =1 M 6e3 HauANBLHOM CKO-
POCTH, ynapsiercsa 06 ynpyrylo rOpH3OHTAJIbHYIO GalKy B ee CepeauHe;
KOHUK 6afKh saKpensensl. Hamucats ypaBhemne majbHefillero npH-
EHHS rPy3a Ha OanKe; OTHeCs ABHMIKEHHE K OCH, NPOBeNeHHON BepTH-
KaJIbHO BHH3 H3 MOJIOXKEHHN CTATHYeCKOro PaBHOBECHS rpy3a Ha GaJiKe,
EC/IH CTaTHYeCKHH mpornG Ganku B ee cepelHHe NpPH yKasaHHO# Ha-
rpy3ke paBen 0,5 cM; Maccoil Gasiku npeHe6peys.

Orser: x = (—0,5cos 44,3f -} 10 sin 44,3t) cM.

32.5(32.5). Ha kaxnywo Peccopy BaroHa NPHXOAMTCH HATrpyaKa
P H; mon stoit HarpysKoii peccopa NpH paBHOBECHH nporxaaercs Ha
5 cm. Onpenennts nepron T cobcTeeHHBIX KoneGauuil BaroHa Ha pec-
copax. ¥mpyroe ConpoTHBIIeHHe PecCOPH MPOMOPUHOHANLHO cTpene ee
fporuba.

Oreer: T =045 c.

32.6(32.6). Onpenenurs nepuon CcBOGOMHMX KoOMeGaHuM tynma-
MeHTa MAUIMHY, MOCTABIEHHOrO Ha YNPYru#i rPyHT, eca# Macca (yH-
Aamenta ¢ mamwnHo#t M = 90 71, nnomans nogowek Gyraamenta S —
= 15 M2, KO3 DHIHEHT HECTKOCTH rpynta ¢=AS, rae A= 30 H/cm® —
T4K Ha3HBaeMas YAeJbRAA KECTKOCTb FPYHTA.

Orser: T = 0,089 c.

32.7(32.7). Halttn nepron cBoGomHEIX BEPTHKAJILHHIX Kone6aHi
KOpabJsisi Ha CHOKOWRHOH BORe, eCaH Macca kopa6as M T, nnomans ero
ropHaoHTanbHO! mpoerkudn S M2 [notsocrs soaw p=1 1/M%. Cu-
JIaMH, 06YCJIOBJIEHHHMH BSISKOCTbIO BOAH, NpeHe6peys.

M
Oreer; T = — .
T F— 25 26S
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32.8(32.8). B ycnoBusx npeamfiyulel 3ajaud HAHTH ypaBHEHHS
AB¥xeBHs1 Kopabas, eciH OH OLlJl CNyIIeH Ha BOAY C HYJIeBOH BepTH-

Ka/IbHOH CKOPOCTLIO. '

Oreer: y=¢—%~ cos /\/pfds f .

32.9(32.9). I'pys, Bec xoroporo paeed P H, nomseusen Ha ynpyroii
HHTH K HEenoJBHMHOH TouKe. BHBenenHbiil 03 MONOEHHUA PaBHOBECHS,
rpy3 HauHHAeT COBeplIATh KoncGanus. Beipa3ute anuHYy HHTH X B
OYHKUHH BPeMeHH M HAiTH, KaKOMy YCJNOBHIO MOJIXKHA YRAOBNETBOPATH
HAyanbHas JAMHA ee Xp, 4TO6H BO BpeMs OBHIKEHHS FHPH HHTH OCTa-
Bajack HartaHyrod. HartsiKeHHe HHTH NPONOPLHOHAJBHO YIIHHEHHIO;
LJIHHA ee B HepaCTAHYTOM COCTOSIHHHM pasua [; OT OeMCTBHS CTaTuue-
cxofl marpysku, pasuoit ¢ H, vute ynauuserca #a 1 cm. Hayanesasn
CKOpOCTb TPY3a pabBHa HY.JIIo.

Oreer: x=1 +—?+ (xo—— I——f;-) cos(r\/g t), <<+ —2—:;.

32.10(32.10). Ha gea BpamaouHxcs B NMPOTHBONOJOKHBE CTOPO-
Hbl, YKa3aHHHE HA DHCYHKe, LUHJIHHAPDHUECKHX LIKHBA OJHHAKOBOTO
pannyca c¢BoGOAHO MONOKEH OAHOPOILHEI CTepIKeHb; LEHTPH UWIKHBOB

O; v O; naxomatcs Ha ropH3ontalbHoll npamoii 0,0,; paccrosiHHe
0,0; =2I; cTepxeHb NpHBO-

An ' < AWTCA B [OBHIKEHHE CHJIaMH
g TPEHHSA, PA3BHMBAINHMICAE B

TOYKAX KACAHHSI €ro CO WIKH-

6, ) BaMH; STH CHJIH NpONOPLHO-

\_ .12 HaJIbHBI [ABJIEHHIO CTEePKHA Ha

] LIKHB, TpHYeM KoagdHIHEHT

K 3axawe 32.10 NponoOPUHOHANBLHOCTH  (KO3(-

(hHUMeHT TpeHus)} paBeH f.
1) Onpepenuts ABHXeHHE CTEepIKHA MOCJTE TOTFO, KaK Mbl CABHHEM
€ro H3 NOJIOXKEHHS CHMMETPHM Ha Xo npH vy = 0.
2) Haiith koad¢uumenT TpeHus f, 3Has, 9T0 nepHoa konebawuuit
T crepxust npu [ = 25 cm pasen 2 c.

Orser: 1) x=xocos(4f 2 1), 2 j=4TL—025.

32.11(32.11). K onuo#t u Toli e npyxuHe IOJBECHJH CHAuana
rpy3 Beca p, a BO BTOpOH pas rpys Beca 3p. OnpelennTs, BO CKOJILKO
pas H3MeHHTCH Iepuon KojeGarui. 3Has Ko3(Q(HUHEHT XEeCTKOCTIH
NPYKHHBl €, 4 TaK)Xe HaualbHEIC YcJa0BHS (Ipy3nl NoABelIHBALHCH
K KOHUY HePacTAHYTOH NPYXHHH M OTHYCKaJHCh 63 HauyaJaLHOll CKO-
POCTH), HAHTH YpaBHEHHS ABHXXEHHS TpY30B.

e A P \fcg __ 3 . [eg
Oreer: T, = 3, x,=— - cos = [, Xp= - cos 3 1.

32.12(32.12). K npysxuue xectkoctu ¢ =2 kH/M cnauana nopse-
CHIM TPYs Macch 6 Kr, a 3aTeM 3aMeHWJIH erc rpy3oM BIBoe Gombliei
MaccH. OnpenenuTh YacToTH H nepuoabl KoneGawHii rpy3os.

Oreer: ky = 18,26 pan/c, k; =129 panfc, T\ =0,344 ¢, To=
=049 c.
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32.13(32.13). K npyxune, ko3()pHUHCHT MKeCTKOCTH KoTopoll pa-
BeH ¢ = 19,6 H/M, GbuTH nonBewersl ABa rpy3a ¢ maccamu m;=>0,5 Kr
H ny =08 kr. CHcTeMa HaXONMNACh B MOKOE B MOJNOMEHHH CTAaTHYe-
CKOTO PaBHOBECHS, KOTAA rpy3 my y6pasu. Haiitu ypas- P
HEHHE JBHMCHHA, YACTOTY, KPYroBYiO HacTOTY H MEPHOA
KoJieGaHuil ocTaBLICTOCH rpysa.

Oreer: x =0,4¢0s6,26¢ M; f=1 I'u, £ =2n pan/c,
Tr'=1.¢.

32.14(32.14). I'pya macew my =2 Kr, NOLBELICHHBII
K DOPYXHHE, KO3(QHUHEHT MECTKOCTH KOTopo#t ¢ =
=98 H/m, raxoputes B paBHOBecHH. B HeKOTOpbIi MO- iy
MEHT K Ipy3y m; Robasunn rpy3 mp =0,8 kr. Onpepe-

JINTb ypaBHEHHE ABHMEHHA H NepHOm KoJeGaHHi HByX ]

‘TPY30B. K sanave 32.13

Orger: xo=—0,08¢c0s5,916¢f M, T = 1,062 c.

32.15(32.15). I'py3 nomBecHan cHayana K MPYKHHE € JKCCTKOCTHIO
¢ =2 kH/M, a 3ateM k npyxuHe ¢ XKecTKocThiO ¢ =4 kH/mM. Hafitu
OTHOILEHHE YACTOT H OTHOLUGHHE NepHomos KoaebaHHH rpysa B 3THX
JBYyX caydasx.

ek 1w . I .
Oreer: i 0,7071, — 4/2=1,4142.

32.16(32.16). Teno Macchl 7 HAXONHTCH HA HAKIOHHON MJIOCKOCTH,
COCTABJIAOIEH Yros o ¢ BepTHKanbK. K Teny npHKpemyieHa npyxHua,
JHECTKOCTE KoTopok ¢. Tlpy:HHa nmapannienbHa HAKJIOHHOH NJIOCKOCTH.

K 3anave 32.16 K 3anave 32.17

Hafith ypaBueHHe NBHIKGNIHS Tesa, eC/H B HaYaibHH{ MOMEHT OHO
6L10 MPHKPEIVIGHO K KOHIY HEpacTAHYTOH NpY>KHHH H eMy Onljia
coobuiena HauaibHas CKOPOCTH Up, HaNpaB/ieHlan BHA3 MO HAKJIOHHOMN
nnockoeTH. Hauano KoopnuHAT B3ATh B HOJOXKEHHH CTaTHYECKOrO paB-
HOBecHA.

C

cos ki, roe k= =

- mgcosa
Orser: x =U—": Sinthl— SEECe st

32.17(32.17). Ha raanxo#t n/JOCKOCTH, HAKNOHEHHON K TOPH3OHTY
Nof YrAOM © HaXORHTCH NPHKDENJIeHHbIH K TpyXHHe Cpy3 Beca P.
CraTuyeckoe YAJHHEHHE MPY’HHH pasHo f. OnpenennTs KosleGaHus
rpy3a, eclH B HAYaJbHBIH MOMEHT Mpy»HHA Gbia pacTAHYTA M3 He-
HATIPSKEHHOro COCTOSHHA Ha JIJIHHY, paBHyio 3f, # rpy3 ornyileH Ges
HaYabHON CKOPOCTH,
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Orser: x == 9f cos (/\/z;-m . i).

32.18(32.18). Temo macc M = 12 Kr, mpHKpenJieHHoe K KOHLLY
NPYXHHM, COBEPIIACT rapMOHHUeCKHe Konebanus. [Ipu nomowwm cexyn-
IlOMEpa yCTaHOBJIEHO, YTo Tejo cosepiunno 100 nmonmbix KoNeGanmit
3a 45 c. ITocne 910r0 K ROHUY MPYXKHHE! [06aBOYHO NPHKPENHIN Tpy3
Macew M; = 6 xkr. Onpepenuts nepHos Kosebaumfi ABYX Cpy30B Ha
IPYHHHE.

Orger: Ty=T A / M—'L"-d-’— — 0,65 ¢.

32.19(32.19). B ycnoBusix npeawinyiiell samaun HaiTH YpaBHeHHE
JABHXEHHSI OfHOro rpy3a M u aByx rpysos M - M;, ecin B oGonx cay-
yasX rpysbl ObITH MOABELUCHHI K KOHLY Hepac-
A TAHYTOH DPYHHHEL
Orger: 1) x=—5,02cos 147 cm, 2) 5=
=-—7,03cos 11,4 c¢M, rne x H x; OTCYMTHIRA-
IOTCS COOTBETCTBEHHO OT KaXJAOr0 H3 OBYX
4 MOJIOXEHHH CTATHYECKOTO panHOBECHS.
32.20(32.:20). I'pya M, nopmBeuIeHHWH K
HEMOABHKHOH TOUkKe A Ha FpyXHHe, coBep-
fd MAaeT Manbie rapMOHHYCGCKHE Konebanus B
BEPTHKaNbHON MJIOCKOCTH, CKOJIb3A 6e3 Tpenus
s o fyre OKPYXHOCTH, NHaMeTp Kotopoi AB
K 3saave 32.20 paBeH [, HaTypajbHas ANHHA NPYXKHHH a;
JKECTKOCTh MPYXKHHBI TaKoBa, uTO TNpH MOEH-
CTBHH CHJIH, paBHOK Becy rpysa M, oHa moaygaeT ynJuHeEHHe, pae-
uoe b. Onpenenurb nepuop T koneGauuit B TOM ciyuae, xorfla [==
=@a - b; Maccoi NpyXKHHKHI npeHebpeyb M CHHTAaTh, YTO NpH KOjebHa-
HHfX OHA OCTAEeTCH PACTHHYTOM,

Orser: T =2mn 4/lfg.

32.21(32.21). B ycnopusix npembipyileil sagawm HaiTH YpaerHeHHe
ABHMEHHA rpy3a M, eciu B HayaabuHi MoMent ZBAM = Qo H TOUKE
M coobumnan HauanbHYI0 CKOpOCTH Tg, Hanpas-
JIHHYI0 MO KACATE/IbHOH K OKPYKHOCTH BHH3.

e ’ 2_ Yo H '\/E
— s Sl £
Oreer: ¢= g, cos : ¢ o sin - 7
32.22(32.22). Teno E, macca ®oToporo pas-
Ha m, HaXO[MTCH HA IMafKOH rOpH3OHTANbHOMH
nnockoctH. K Teny npukpenneHa mpyxuHa
HECTKOCTH ¢, BTOPO# KOHEll KOTOpO# mpHKpen-
K 3anave 32.29 JeH K wapuupy O). InnHa HeneopMupOBaHHON
NPYHHUHE paBHa [y; B MOJOMEHHH DPABHOBECHS
Tela NpyxHHA HMCET KOHEWHBIH npefBapHTeNbHbIL HATAT, paBHbIIl
Fo=c(l— L), rae !=00,. YyuteiBas B FOpH30HTAJILHOII COCTaB-
AAIOUWCH YNDPYTOH CHIB NPYXHHW JIHUID JHHCHHEIC YJCHB OTHOCH-
Te/IbHO OTKJIOHEHHS Te/da OT NOJOMEHHS PaBHOBECHS, ONPEACHHTH Tie-
PHOA ManbIX Konebanul tena.

7 £

238



TR T .

Oreer: T =21 A/ml[F,. -

32.23(32.23). Marepra/bias TOYKa Macchl M MONBELICHA K KOHILY
HEPacTAHYTOH NDYMHHHE ¢ KO3(D(MHUHEHTOM KEeCcTKOCTH € H OTHylueHa
¢ HayalbHON CKOPOCTBIO Vp, HampabjenHoil BHM3., Hafitn ypaBHeHHe
ABHXEHHS H MepHOA KoJMeGaHuil TOYKH, ec/IH B MOMEHT BPEMEHH, Koraa
TOYKE HAXOAMNACh B KPAHHEM HHMHEM NOMOXEHHH, K Hel MPHKAALbI-
BalT cuny Q = const, Hanpas/ienHyi0 BHHA.

Hagano KoopmuHAaT BLIGpAThL B TOJOMKEHHH CTaTHYECKOro pPapHOBe-
CHA, T. €. Ha paccTosHHE P/c OT KOHLA HepacTAHYTOR MPYIHHBL

Oreer: x=--§— + [/\/(—';i)e—i- (f'ci)i——?—] cos z\/%t, roe ¢ or-

CHHTEIBAETCST OT MOMEHTa BPEMEHH, Korna Hayanma
ReficTBOBaTh cuia Q, T'=2n A/m/c .

32.24(32.24). Onpepensts nepHos CBOGOLHBIX
KoneGaHui TPy3a MacCh m, NPHKPENVIGHHOTO K &
ABYM TapajJiellbHO BKJAKYCHHHM MpYKHHAM, H
KO3()(HUHEHT JKECTKOCTH NpPYXXHHE, 3KBHBAJEHT-
HOH JiaHHOW IBOHHON MPYXKHHE, eCNH TPy3 pacho-
JIOMCH TaK, 4YTO YIJIHHCHHS o6eHX mpyxuH, obaa-
AIHX 3aJaHHBIMH KO3(HIHEHTAMH KECTKOCTH K axikane 34 %4
€y H Cy, ONHIIAKOBYI.

Oreer: T =2n —2 =y + cy; PACTIOTOKCHHE rpysa Ta-
(¢y =+ c2) P

KOBO, 4TO a1/as = C2fc).

32.25(32.25). B ycnoBHsiX TMpeAbfyliel 3ajaun HaiiTH ypaBHEHHe
IBHXXEHHSI rpy3a, GCJH ero MONBECHNH K HepacTAHYTHM NpYXHHAM H
COOOLIMNHE €My HaalbHYIO CKOPOCTH Up, HANPABICHHYK h,

BBEpPX.

Oreser:

e T (e1 -+ c2) Cz
o [
m : (c1 + c2)
—_ ——— Sil —_
N @t "N =

82.26(32.26). Onpeneants nepHon cBoGOAHBIX KoOJe- g
Ganpit Tpy3a MacCel rn, 3aXaToOro MeXIy ABYMS npyXH-
HaMH ¢ Da3sHBIMH KO3(D(MHUHEHTAMK JKECTKOCTH ¢; H Co. Z

’ m K sapave 3225
OT&BT. T=2n ‘(cl—w- -

32.27(32.27). B ycaopusx npepmayuiel 3afayd HAHTH ypaBHCHHeE
JIBHXEHHS Ipy3a, eCnH B NOJOMEHHH DABHOBECHS €My COOOLIHIM CKO-
POCTh Vg, HATPABJACHHYIO BHHS.

Orger: x =1y '\/En-i—i—cﬁ' sin z\/—‘ﬁ'::—c’)!

32.28(32.28). Onpenenute Ko3hQHUHEHT XECTKOCTH € NpYXHHE,
SKBHBAJICHTHON HBOHHOH NPYXXHHe, COCTOsMEH M3 ABYX NOCTENOBA-
TENbHO BK/IKOYCHHBIX NPYMHH € pa3HbMH Ko3(Q(HIHCHTAMHA XeCTKOCTH
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Ci M €2, H yKa3aTh TaKMe NepHon KojeSauuH Trpyza MaccH Im, monpe-
LIEHHOTO HAa YKa3aHHOH NBOIHONH NnpyixHHE.
N . BiGity n B m(c; + c3)

Orser: L= e == '\/__"c,c, ;

32.26(32.29). B ycaoBHsX mMpefHAyLlel 3afauH HaHTH ypaBHeHHe
IBIXXEHHS TPy3a, CCJIH B HAYaJbHE} MOMEHT OH HAXORMJICH HHXKE FO-
JIOXKECHHS PABHOBECHS Ha PACCTOSHHH Xo H eMy CO-
OGLWIH CKOPOCTb Up, HANMPABJEHHYIO BBEPX.

Oreer:
Citz
X ==X, COS ey b f Y t —
3 (e1 -+ c2) m

PSP AT TR ,\/_f_tf.a__
To €163 Ll (ci+ci)m &

32.30(32.30). Onpene/uTe KOS(GHIUACHT ecT-
ROCTH COCTABHOH NPYMHHB, COCTOSINEH H3 ABYX
NOC/ENOBATENbHO COGAMHCHHLIX MPYXHH € PasHbI-
K aapave 32.23 MH KO3(hdHunenTamu xectkocTH ¢, =29,8 H/em n
cz=29,4 H/cm. Haiith nepuon konebanuii, aMmnin-
Tyay H YPABHEHHA [BHMCHHSI IpPy3a MacChi 5 Kr, NOABELIEHHOrO
K YKa3amHOii COCTABHOH TpYXHHE, €CNH B HaYanbHBIH MOMEHT rpy3
OB CMEIEH M3 TOJMOXEHHS CTaTHYECKOTO PaBHOBECHS HA 5 CM BHH3
H eMy 6wna cooblieHa HavajibHas CKOPOCTb 49 cM/c, HampaBienHas
TAKXe BHH3.
Orser: c=?lfj:’—cz==7.35 Hfcm, T=0517 ¢, a =643 cm, x=
=5c¢0s 12,13f 4 4,04 sin 12,13¢ oM.
32.31(32.31). Teno A, macca KOTOpOro paBHa m, MOKET TepeMe-
1aThCsl MO FOPH3OHTaMbHOH mpsiMoil. K Teny mpukpeniera npywua,
KO3 ()HUHEHT MECTKOCTH KOTO-
poit c¢. Bropoit KOHEW npy:KHHKI
YKPEnJIeH B HENOABHMHOH TOY-
ke B.Ilpuyraec=c, npymuna

K sanave 3231 K zanaue 32.32

He pedopmupoBana. OnpeseNinTh YACTOTY W MEPHON ManbX Koneba-
HHH Tena.
€ cos? ag / m
Orser: k= —T—, T=2ﬂ/\/‘m-
32.32(32.32). Touka A, Macca KoTOpoii pasna m, NpHKpenyiesa npy-
HMHHAMH, KaK YyKa3ano Ha pHcyHKe. B HexompOM nosoxeHHH Touka
HaXonNTCA B PAaBHOBECHH H BCE NPYMHHE He Hanpamens, OnpefeaHTb
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ko ritent xecrkoern IKBUBAJCHTHOA NPYMEHL NPH Maakx Ko-
JeGannsiX TOYKH BAOML OCH X B a6COMIOTHO CAA0KHX HANpaBARIOUIHX H
HACTOTY CBOGOAHLIX KOMEeGaAHHE TOuKM. -
£4C. (v
Oreer: ¢=c, cos’e, + (¢, + c3) cos’a, 4 = _"_’cs cos’oy, k= ,\/F x
4
32.33(32.33). Onpenenutsy KO3(DQHUHEHT IKCCTKOCTH  MPYIKHHBI,
SKBHBANCHTHON TPeM NPYMXHHAM, MOKA3AHHLIM Ha DHCYHKe, NpH KOJe-
Ganuax ToukH M B a6COMOTHO TAALKHX HANpaBJsSIOLIHX BAOJL OCH X.
Pewnts 1y e 3apnauy, ccam HanpasnfoUlEe pacnoyioXeHs B0
ocH y. OnpeAenuTs YacToTH 3THX KojeGaHuii.
Oreer: ¢, = ¢, cos’ g, -+ ¢, cos? qy; cy=cy sin’ q; + ¢, sin? g, + ¢y

ke=lc,Im, ky=rfc,Im.
B ucxonHom nonoxennn OPYXHHE He HANPAXEHH H Toyka M Ha-
XO[HTCA B DABHOBECHH.

K 3apawe 32.33 K aanave 3234

32.34(32.34). Onpegennts KO3 QHIUHEHT JKECTKOCTH 3KBHBANCHTHOI
TIPYXHHBI, €C/IH TPYy3 M MaccH m mpukpenJien K CTEPIKHIO, Maccoii
KOTOpOro MoXHo npere6peus. CTepxensb wapuyupro 3aKpeIJIeH B Toyke
O u npukpennes Tpems BEPTHKAJLHEIME TPYXHHAMH K (yHAaMEHTY.
Koadbduusentsr xecrkoern NPYMHH €1, C3, €3. [Ipymuun npukpennesn
K CTEP3KHIO Ha paCCTOSIHWAX @i, Oz, G OT WIADHKPA. I'pys M npuxpen-
JICH K CTEPXKHIO Ha PACCTOAHHM b OT wWapuHpa. B nonomenuu paBHoO-
BECHA CTEPXEHb TOPH3OHTANCH. DKBHBANCHTHAS pPYXHHA Kpenures
K CTepKHIO Ha paccTosuHM b ot wapuupa. Haiira YaCTOTY MalbiX Ko-
nebanuit rpyasa.

2. 2 -
ca +cza +ca c
Orger: c=—"1" 227 98 5 —.

32.35(32.36). Buntopas NPY>KHHA COCTOHT H3 1 Yy9acTKOB, K03ddn-
IHEHTH MECTKOCTH KOTOPHIX COOTBETCTHEHHO PAaBHH Cly Coy wi-y Chs
Onpenennte KO3()(PHIIHEHT >KCCTKOCTH ¢ ONHOPOAHOH MPYHHL, SKBH-
BAJICHTHOH AAHHOI, H NEpHON cBOBOAHLIX KOMe6aHmui TOUKH, Macca Ko-
TOpOi paBua m.

Ozeer: ==l = T=2%, e k=q/L,

Y.

i=1
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32.36(32.85). I'pyz maccel 10 Kr, Jexalluit #Ha aOCOMOTHO IIARKOM
POPH3IOHTANILHON TJIOCKOCTH 3aXKaT MEXAY ABYMs NPYXHHAMH ONHHa«
KoBoii xectkoeTH ¢==19,6 H/cm. B HekoTophifi MOMEHT rpy3 Obia
COBHHYT Ha 4 cM OT NOJOXEeHHH PaBHOBECHS BMPaBO M OTnyiued Oes
HavanbHOH ckopoctH. HafiTh ypaBHeHHe NBHXKeHHs, NepHOA Kone6a-
HHH, a TaK)Xe MaKCHMaJbHYK CKOPOCTL rpy3a.

Orser: x =4 cos 19,8 em, T = 0,317 ¢, %max =79,2 cM/C.

32.37(32.37). I'pys P maccH m mNofABelen K crepxuio AB, Koto-
puifl COeAHHEH ABYMS MPYMHHAMH, ¢ KO3(OHUHEHTAMH XECTKOCTH Ca
u c3, co crepxuem DE. Ilo- »
CJACOHHI NpHKpeIVieH K Mo- A
ToNIKy B Touke [ npyxu- 0 2
Hofl, Koa(hGhHUHEHT XecT- ' £ Z
KocTH KOTOpO# 1. ITpn xo- 4
aeBanusx crepkeEH AB M g Cs c

NI c R
8
NS A P

K sapaue 32.38 K sanaue 32.37 K aanaue 32.38

DE ocTaioTcs ropH3oHTanbibiMH. ONpenenuTs KOS(OHUHEHT XKecT-
KOCTH OMHOH SKBHBANGHTHON WpPYXXHHH, NpH KoTOpo#t rpys P Gynmer
konebaTees © TOR ke wacToTof. HaliTH mepHon CBOGOAHHIX Konebannil
rpysa. Macco#l crepHeil npenebpeyb.

N - 0 (7 7)) o A /m(0|+f2+ﬂa)
Biberates ci+cat¢6 " S e (ca+e3)

 32.38(32.38). OnpenenuTs COGCTBEHHYIO YACTOTY KoneGaHHH Tpy3a
Q macch m, NOABELUEHHOrO HAa KOHUE ynpyroft KoHconu anunu L Ilpy-
JKHHA, yACPHUBAIOAs TPY3, HMEET XecTkocTh €. JKecTkocTb Ha KOHIE
KOHCOM ompefensercss Qopmynoit ¢ = 3EJ/P (E—wmonyab ynpy-
rocts, / — moMenT nHepuus). Maccoli KoHconu npeHeGpedsb.
3EJc
Oreer: k= A/ GET o °
82.39(32.39). KoneGanus rpyza macc M = 10 kr, nexaulero Ha

cepeaune ynpyrofi 6ankm mecrkoctn ¢ =20 H/em, mpoucxonsar ¢ am-
nnutynol 2 cM. OnpelleflATh BEJHYHHY

4,
M 4 g HAYaNbLHOH CKOpPOCTH Ipy3a, ecjH B MO-
7
14
i

%
g,
A a MeHT BpemeHH f=0 rpy3 Haxommuicsi B
NOJIOXEHHH PaBHOBECHS.
Orsger: vp= 28,3 cm/c.
K 3anave 32.40 82.40(32.40). I'pys Q@ maccw m 3a-
KpemjieH TOpH3OHTANBHO  HaTAHYTHIM

tpocom AB = 1. [Ipi mManLix BEpTHKa/JbHbIX KOJCGAHHAX Ipy3a HATA-
JKeHHe Tpoca S MOXHO CYHTaTe MOCTORHHHM. OmnpenenHTh 4acToTy
cnoBomHEX KoJeGaunil rpysa, eC/lH pacCTOsHHe rpysa oT KOHLA Tpoca
A pasHo a.

St j pan/ec.

Oreer: k= m
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32.41(32.41). I'pys peca 490,5 H nexur nocepenune Gankn AB.
MoMeHT HHepIHH NOMepeyHOro ceueHHs Ganku J = 80 cM*. Onpepe-
JNHTh AEHY Gasku [ H3 YCJAOBHA, YTOGK NEepHOM CBOGOLHBIX KoJebaHuil
rpysa Ha OGanke Owa paBen T =1 c.

lpumesanne CrarHgeckuf nporkg 4 b1 B
Ganke onpenensercs  opMmynoft f= TS{E‘T' g %
rie Monynb ynpyrocTh E = 2,05-1011 H/m2. A .

Oreer: 1=15,9 m.

32.42(32.42). I'pys Q maccwl m 3axar MEXAY OBYMSI BEPTHKANb-
HEMH TpYXHHaMH ¢ KO3((HUHEHTAMH ecTKOCTH €1 H Cz. Bepxuuii
KOHEL, NMepBOH NPyMHHB 3aKPEeN/eH HENOABHIKHO, 8 HHIKHHA KOHeL
BTOpOi NPYXHHB NPHKPCIJICH K cepeiHHe GajiKu. Onpenenuts nauny
6asku ! Tak, 4TO6H nepHon Konebammil rpysa 6ua pasen T. Moment
HHEPUHH NONEpeYHOro cevenus 6anku J, Monyas ynpyroctu E.

2
3 [ 4851 (o1 4 0y — 21 )

4n’m
c’( 77 _c')

32.43(32.43). Hafitu ypaBHeHue ABHCHHS M nepHon KoiebaHui
rpysa Q MacCh m, TOABEUIEHHOTD K MpYMKHHE ¢ KosppHUHeHTOM

Orser: [ =

¥

2

PN X
a % E %g @
= G % ’5., ’ .
(R . :
K sanaue 32.42 K 3azage 3243 K 3anage 32.44

ECTKOCTH €y, GCNIH MPYIKHHA NPHKDPENJCHa K cepeinHe GaNKH NITHHN
L. JKectkocth Gankn wa n3rub E£J. B HawanbHmE MOMGHT rpy3 Haxo-
AHJICS B MIOJIOXKENHH CTaTHYECKOrO PABHOBECHS H eMy Ghsa COoGIeHa
CKOPOCTh To, HaNpaBJIeHHAs BHM3.

e m (P + 48ET) . ,\/ BEley
Oreer: x =10y A | ——————=sin @©P L 48Ehym b

48FJc,
EE (cif*+ 48EI)m
T - 2-11 Cy- 48E7 -

32.44(32.44). I'pys Beca Q 3axar MEXAY KBYMS BepTHKAJbHBIMH
NPYMHUHAMH, KOSPMHUHEHTH KECTKOCTH KOTOPHIX PaBHEl €y H 2. Bepx-
HHH KOHEll MEpBOH NPYXHHEI 3aKPENJICH HEMOBHMHO. HHXHHUIL KOHel
BTOpO# NpYXHHH MPHKPENJCH K CBO6OIHOMY KOHLy 6a/IKH, 3a1eNaHHO
APYTHM KOHLOM B CTeHE. 3Ha®, 4TO CBOGONMAM KoHelr 3ajena’soi
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GalKn mon AeficTBHeM cuial! P, NPHAOKeHHOR K CBOGOIHOMY KOHIY

6ankn, Aaer nporu6
o b0
T BEI™

6aJke I, npu KOTOpO# rpys 6yner Kosebatbhea ¢ AaHHuM nepuonoMm T,
HafiTu ypaBHeHHE NBMIKEHHS rpy3a, €CAH B HAYAaJbLHHEH MOMEHT OH
OBl MOABELICH K KOHLAM HEPACTAHYTHIX NPYXHH H OTnyuleH 6e3 Ha«
YaibHOH CKOPOCTH.

’ rae EJ — 3ananuas XecTKocTh GajKH NpH H3THGe, ONpefeNnTh AJHHY

A2
8 3E](C|+Cg—-%“§—)
Oreer: = -

402
Cz( ;.Iﬂ '—2—'—-61)

. col® + 3E7 \/ [erc2l® 4 (€1 + €2) 3ET | g
*=— QoI (o ca) 36T 8 @F L3ENQ &

32.45(32.45). Crepxxens OA pnuum [, HA KOHIe KOTOPOro NoMemeH
Ipy3 MaccH m, MOXeT nosopauupaTthesl BOKpyr ock O. Ha paccrossnn
a or oci O K CTEPHHIO NMpHKpenJeHa NpyHHA ¢ KoahHUHEHTOM

Z Cz
: A |
xﬁa A@ {4 $c’,
L

== 1

K zanage 32.45 K aanaqe 32.46

wecTkocTH €. OnpegenuTs COGCTBEHHYIO 9acTOTY KoJeBaHRil rpysa,
ecau crepxenb OA B NOMOMKEHHH paBHOBECHS 33HHMAET FOPH3OHTA b~
HOe moJoxenHe. Maccoil cTep:xHs npeHeGpeus,

Orser: k= % ,\/g pan/c.

32.46(32.46). T'pya P maccul m noABelicH Ha NPYXHHE K KOHILY
CTEepXHA NJHHL [, KOTOPLIi MOXKET MOBOPAYHBATLCA BOKPYr ocu O.
Kosdpuuuent xectkoctH npyxunbl ¢;. [pyxuHa, nopaep:knapaonias
CTepKeHb, YCTAHOB/CHA Ha paccTOsiHAM b or ToukH O M umeer Ko3d-
QHUHCHT KECTKOCTH €2. Onpenennts co6CTBEHHYIO YacTOTY KoJe6aHHM
rpysa P. Maccoit cTepxHs npese6peus,

! cic
Oreer: k= A| meflipseey panle.

32.47(32.47). lna onpeneneHHsi YCKOPEHHMS CHIB THMCCTH B NaH-
HOM MECTe 3CMHOro Wapa NPOH3BOAAT OBa onkita. K Konuy npyHHH
NOABEIIMBAOT TPY3 Py H H3MCPSIOT CTaTHUECKOe YAJIHHEHHE MPYIKHHH
h. 3aTem ¥ KOHUY 3TOf K€ NPYKHHH NORBCLINBAIOT APyroi rpy3 Pg

244

Mo o

T



H ONsiTh H3MEPAWT cTaTHYecKoe yamnenue {o. [Tocne 3Toro noeTopsioT
004 OnHTa, 3acTaBiss 06a rpysa MO OYepedH CoBepuiaTh CBOGOLHBIC
Kone6aHus, W H3IMEPSIOT NMPH 3TOM TNepHoabl Konebaunit 7y u T BTO-
POl OMHIT AENalOT AN1S TOTO, HTOOK YYECTh BJIHAHME MACCH CaMO npy-
AHHBI, CUHTaH, YTO MpH ABHXXEHHH IPy3a 3T0 BAHSHHE 3KBHBAJNCHTHO
LpHOABJIECHHIO K KoneGmolleficst Macce HEKOTOPON J06ABOYHON MACCHI.
Haiitu dopmysy nns onpenenenus ycKOpEHHS CHIIN THMSCCTH MO STHM
ONBITHEIM JTAHHBIM.
An? (h— 1)
Ty — T2
32.48(32.48). Ilo ropusoHTanbHolt xopme (nasy) BEPTHKANbHO pac-
TIOJI0XKEHHOTO Kpyra fABHXeTcsl 6e3 TpeHus Touka M maccw 2 Kr nop
LCHCTBHEM CHAL npuTskends F, nponopunoHanbHOM MO BEeIHYHHE pac-
crosunio fo uenrpa O, npHueM Kos()GHUHEHT NpONOPUHOHAIBHOCTH

Orser: g =

7

brr I Z -2‘_';?‘.).

St

K sansge 32.48 K 3anave 32,49 K 3ansve 32.50

98 H/m. Pacctossne ot ueHtpa kpyra no XOpau pasHo 20 cM, pagnyc
okpyxnoctd 40 cm. Onpeflennth 3aKOH ABHMKCHHS TOYKH, €C/IH B Ha-
YaNbLHLEIH MOMGHT OHa HaxoJunach B NPaBOM KpaiiHeM noJgomenun Mg
H ormymeda Ge3 HawanbHOH ckopocTH. C KaKofl CKOPOCTHIO TOUKA
NPOXOLHT YePe3 CepefHHY XOpah?

Oreer: x = 34,6 cos 7t cm, % = %242 cn/c.

32.49(32.49). K crepxuio AB, maccoil KoToporo npeHebpeyb, npu-
KPENJICHb! TP NPYXXHHH. JIBe, ¢ XeCTKOCTBIO € W €, yNepIKuBaiOT
CTepXCHb H pacnosioXeHsl Ha ero KoHUax. TpeTbs NpyKHua, Kect-
KOCTb KOTOPOH €3, MPUKPENJICHA K CEPCAMHE CTEPIKHST H HeceT rpys P
Macce m. OnpefienuTh COBCTBEHHYIO 4aCTOTY KoJeSammit rpysa.

. — 4cy-€p-C3
Orger: k= ,\/ ) panfc.

mider-ca+cr-ca+0z-c5

32.50(32.50). I'pys macce 10 kr, MpUKpeNJEHHLI K OpyKHuHe ¢
KO3 pHUHEHTOM XKecTKOoCTH € = 1,96 kH/m, CoBepLiaeTr KonebaHus.
Onpefenuts NONHYIO MeXaHMYECKYIO 3HEPrHIO FPY3a M NMDYHHHB, Npe-
Hebperas Maccoi NPy KHHE, NOCTPOHTD rpadiHK 3aBHCHMOCTH yNIpYrof
CH/IN OT NEpeMelliCHHsl H NOKa3aTh Ha HeM MOTCHUHAJLHYIO SHEPrHio
Hpy>unel. [IpUHATL NOMOMEHHe CTaTHYECKOro PaBHOBECHS 33 HAYANO
CTCUETa NOTeHUHAJBLHOH 3HEprHH.
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Orger: T ="mx> 4+ ",cx®= (551 980x%) Ox, ecia x—B M,
%—nB m/c. 3aMTPHXOBAHHAA HA PHCYHKE TJIOIAJb paBHA MOTEHUMaNb-
HOM SHEPrHH NpYKHHEL

32.51. MarepuanbHas TOYKa MacChl /1 HAXOMHTCH B noJje AefcTBHs
CHJIH C MOTEHLHANIOM

I = Yk (2 + 442 + 1622).

JHokasaTb, 4TO NpH ABHXKEHHH TOYKH M3 Jio6oro (HeHyseBoro) Ha-
HaJIbHOTO MOJIOXKEHHA 4Yepe3 HEeKOTOpOoe BpeMs TOYKa CHOBa INpHAET
B 310 nmonomenne. Onpefenuts 370 Bpems. ByAeT Jid CKOPOCTH npu
BO3BpAllEHHH paBHa HayalJbHOA CKOPOCTH?

Oreer: T = 2n A/m[k. CKopocTh TOMKH Hepe3 IPOMEIKYTOK BPEMEHN
T craHeT paBHOH CBOGMY HAYAJBHOMY 3HAYCHHIO.

32.52. MaTepranbHasA TOYKA MaccH /1 HAXOAHTCHA B NoJie AeficTBHA
CHJIbL, TOTEHIIHAN KOTOpOH

= Y,k (32 4 24 + 522).

BepueTcss 14 TOuYKa B STOM CJYyYaG B HCXOMHOE NOJOMXCHHE IIO
NPOLECTEHH HEKOTOpOTO BpGMEi{M?

Orger: Henbas ykasaTh MOMEHTA BpPeMEHH, KOTJla BCE TPH KOOpHH-
HaTHl NPHMYT HCXoIHLe 3sHaueHHs. TOUKa B MPOLECCE CJIOMCHUSI Tpex
KoJie6aTeNBHHX ABHMKCHHII HE BEPHETCH B HCXOOHOE MOJOIKEHHE,

6) Baussnne compoTHBIeHHS Ha cBoOGomHHEe
KoneGaHus

32.53(32.51). Inactuna D Macew 100 r, noaBenensas Ha npyxune
AB B HenoABHIKHOI Touke A, ABHMETCHS MEIKILY MOJIOCAMH MarHHTa.
BesiencTBHE BHXPEBHIX TOKOB JIBHXKEHHE TOPMO-
3HTCA CHJOi, MPOMOpUHOHANBHOH CKOpocTH. Ch-
Jla CONMPOTHBJCHHA MNBHMCEHHIO paBHa ko®?! H,
roe £k =0,001, v—ckopocte B M/c, ®— Mar-
HUTHEIH TOTOK Mexay nomtocamu N u S. B na-
yaJbHLIE MOMEHT CKODPOCTb MNNACTHHKH paBHa
HYJI0 ¥ NPYXHHA HE pacTAHyTa. YIUIHHEHHE ee
#a | M nonyuaercs npH CTaTHYECKOM ACHCTBHH
cund B 19,6 H, npunoxenHol B Touke B. Omnpe-
JeNHTb [NBHXEHHE NJACTHHKH B TOM cjaydae,
xorna @ =10 4/5 B6 (se6ep — enuHHIa MATHHT-
Horo notoka B CH).

Orser: x = —g~251(0,05 cos 13,77t -
-+ 0,00907 sin 13,77f) M, roe ock X HanpasicHa
BHH3 H3 NOJOXEHHH CTATHYECKOTO PaBHOBECHH
HEHTPA THMXECTH MJAACTHHKH.

82.54(32.52). OnpepnenuTe [BHMKEHHE ONACTHHKH D npH ycnoBHsx
npefniAymeR safayd B TOM cJydae, Korga MarsuTHHE notok @ =
=100 B6.

Orger: x=—0,051e-% -}-0,001e98¢,

W’/}W

K aanagsam 32.53 5 32.64
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32.55(32.53). Unnuunp seca P, panmuyca r u BHCOTH /2 nOLBeLIeH
Ha npyxuue AB, sepxunit xoseu koropoit B sakpennen; HHAHBAP [O-
TPYXeH B BOAY. B monoxenun pamHoBecHs UMAHBAP nOrpykaercs
B BOAY Ha MOJIOBHHY CBOEH BHCOTH. B HayansHHI 248
MOMEHT BpPEMEHH WHAHHAD Obl MOrpy}eH B BOAy
Ha 2/3 CROEHl BHICOTH H 3aTeM 6€3 HAYaJbHON CKO-
POCTH NpHUIEN B ABHXXEHHe IO BEPTHKAJBHOH npsi-
MOii. CHHTasi KeCTKOCTh NpYXHHEI PaBHOH ¢ #H
Tipeanonaras, 4T0 NeHCTBHEe BOAW CBOAHTCH K noba-
BOYHOH apXHMENOBOH culle, ONpefenuTh NBHKEHHEe
LHJIHHAPA OTHOCHTeNILHO NOJIOXKEHHs paBHORECHS.
TlpuusATH yaenpHEI! BeC BOAN PABHEIM 7.

Oreer: x = —é—-h cos kt, rae 2= % (c -- myr?).

32.56(32.54). B npenmnyuieli sagage onpeae-
JHTE KOJIeBaTeN-HOE ABHIKEHHE WHJIHHApA, ecuad
CONpOTHRJEHHE BOAH TPONOPUHOHAJLHO TEPROMH K asnage 3255
CTEIEHH CKOPOCTH M DaBHO av.

Ozser: [IpMkeHne UMJHHApa OGyner KonebarenbHBIM, echH

c Ttré o \2
(F+5v)=(z) >
Torpa
A e e
x=€/\/me‘“' sin (/22— 2t 4 B),
2 B —n? P
rae =y n=, th"—'—"‘/Tn- =S

32.57(32.55). Teno A macce 0,5 Kr JeXKHT Ha HErnaaKok ropH30H-
TAJILHOH NJIOCKOCTH H COENHHEHO C HENONBHIKHON Toukoil B NPYXHHOMH,
ocb Kotopoii BC ropuaontansha. Kosdpduunent Tpenus tena o mio-
ckocte 0,2; mpy»<u#Ha Takopa, 4TO
nns yanHHeHHs ee Ha 1 cm TpeGy-
erca cuna 2,45 H. Teno 4 orozpu-
HYTO OT TOYKH B 7ak, 90 npyxuuna
BBITHHYJaCh Ha J cM, H 3aTeM OT-
nyueHo 6e3 HayalbHOH CKOPOCTH. K aanave 3257
Hatru: 1) uncno pazMaxop, KoTo-

PhHie COBEpUIHT Teso A, 2) BeJHYHHE Da3MaXOB H 3) NPONONKHTENL-
HOCTE T Ka)KOTro M3 HHX.

Teno ocranomHTCH, KOTA2 B NONONKEHHH, TAE CKOPOCTH €0 papHa
HYJIIO, CHNa YAPYroCTH HAPYXHHG OyNeT paBHA CHIe TPEHHA uiu
MeHbllle ee.

UOwer: 1) 4 pasmaxa; 2) 52 em, 3,6 cM, 2 cm, 0,4 eM; 3) T=
=0,14 c.

32.58(32.56). I'pya macctt M =20 kr, Jexaluil Ha HAKIOHHOMN
HET2AKOM IJIOCKOCTH, NPHKPENHIH K HEpacTAHYTOH MPYXKHHE H COO6-
LHIH eMy HAYa/ibHYI0 CKOpocTh vg = 0,5 M/c, wanpaenennyo BHUZ.
Kosdduunent tpennn ckonbxenus [= 0,08, KO3(PPHUHEHT ecTKOCTH
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npyxunsl ¢ =20 H/cm. Yron, o6pasosatibifi HAKIOHHOIN NIOCKOCTBIO
¢ ropHsoHTOM, o = 45°. Onpenennte: 1) neproa xonebauuii, 2) gucao
MaKCHMANbHBIX OTKJOHEHHH OT MOJIOMKEHHsi PABHOBECHS, KOTOPHIE CO-
BEpLIHT IP)3, 3) BENHYHHE 3THX OTKJOHEHHII.

Orger: 1) T=0,628 c; 2) 7 otknouennit; 3) 7,55 cm; 6,45 cmy
5,35 cm; 4,25 em; 3,15 em; 2,05 em; 0,95 cm.

32.59(32.57). Teno maccwt M = 0,5 kr coeepiizer kKonebanus Ha
TOPH3OHTAJNLHOH TJIOCKOCTH NOA AeHCTBHEM [BYX OAHHAKOBBIX Npy-
KHH, IPUKPENJIEHHBIX K Telly OAHHM KOHUOM H K HENOABHXXHON CTOli«
Ke — IPYTHM; OCH MpPYXHH JI€XKAT Ha ONHOH rOpH3OHTAJbLHOH NPAMOIL.
Koad)pHUHEHTE! JXECTKOCTH NPYXHK €=

oF A [ == 1,225 H/em, kosdouumeHT Tpe-
_m!_m\ HUS npH [BHXEHHH Tena f=0,2, npu
7 7 7~ nokoe fo=0,25. B HayaJbHEI MOMeHD
g T€NO GBIIO OTORBHHYTO OT CBOErD Cpef-

K 3anave 32,59 HerO nojioxeHuss O BNpaBo B NONOMXKeHHe

Xg==3 CM H OTnylieHo Ge3 HauaJbHO
ckopoctu. Hafkitu: 1) o6aacTe BO3MOMHBIX PABHOBECHHIX MOJOXEHHI
Tela — «obNacTe 3acToA», 2) BEAHYHHY PAasMaxoB Tena, 3) YHCJIO ero
pasmaxoB, 4) NPONOMKHTENBHOCTE Ka)K[Oro H3a HHX, 5) NOJOXeHHe
Tena nocae KosebaHwuii.

Orger: 1) —0,5 em << x << 0,5 cm; 2) 5,2 cm, 3,6 cm, 2 e, 0,4 M3
3) 4 pasmaxa; 4) T=0,141 ¢, 5) x=—0,2 cm.

32.60(32.68). Ilon peftcTBHEM cuNBl cONpoOTHBICHHA R, NpONOPLHO-
HaJIbHOH nepBoi creneHH ckopoctH (R = av), 7en0 Maccw m, noige-
LIEHHOE K NPYXHHE XKECTKOCTH €, COBEpLUAaeT 3aTyxalolllHe KoNeGaHHA.
OnpenenuTts, BO CKOJBKO pa3 NepPHO 3aryxauux Konebawuuii I' mpe-
BOCXOOHT NEPHOA He3aTyxawliux kojebannit Ty, eCaH OTHOLIEHHE
n/k=0,1(k?=c/m, n=a/(2m)).

Orger: T = 1,005T,.

32.61(32.59). B ycuioBuax npensiaymefi 3a1ayd ONpeaesHTh, Yepe3
CKOJIBKO MOJHBIX KON€OaHHH aMMJIHTYA2 YMEHBIHTCH B CTO pas.

Oreer: yepes 7,5 NOJHKX KoNeGaHMi:.

32.62(32.60). Hns onpedeleHus COMPOTHEICHHS BOAB ABHIKEHHIO
MOJle/IH CYAH2 NPH OYEHb MalblX CKOpOCTAX Momeds M mycrnnim nua-

BaTh B COCYZAE, NPHBA32B HOC

A 8 H KOpPMY TOCPENEeTBOM JABYX

WA M MWW OINHH2KORBEIX TIpyHH 4 H B,
[~ . = ——————% - ——— cuib HaTAKeHH§ KOTOpHIX
e ——_| TPONOPUHOHANBHBE  VAJIHHE=
HHsiM. Pesynerare mabmone-

K sanayan 32.62  32.63 HHH TNOKaszani, 4YTO OTKJIOHE-

HHs MOMACHH OT IOJIOMEHHS
PABHOBECHS TNOCJIE Ka)AOr0 pasMaxa yMEHBLIAIOTCH, COCTABMsAA Teo-
METPHYECKYI0 NpOrpeccHio, aHaMeHarens Kotopoi paeen 09, a npo-
JOMMHTRIBHOCTE KaXaoro pasmaxa T =0,5 c. Onpenenute cuny R
CONPOTHBJIEHHS BOABI, NPHXOAFLLYIOCH Ha KaKOoblii KHIOrpaMm Macchl
MOpeNH, NpH CKOPOCTH ee parHo#t 1 -M/c, mpenmoyaras, 4TO COMPOs_
THBJIEHHE BOALI NPONOPUHOHANBHO NEPBOH CTeNeHH CKOPOCTH,
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Orger: R = 0,42 H.

32.63(32.61). B ycnoeusx OpenbAywiel 3afaiyn HANTH ypaBHEHHe
ABHMEHHS MOLEVH, €CIIH B HAYANBLHEH MOMeHT npyuna A Gbuna pac-
TAHYTa, a npy>xuHa B cxara Ha senuunny Al =4 cm 1 Moaens Gelna
OTNylleHa Ge3 HauyaNLHON CKOPOCTH.

Oréer: x = e~%2M1(4 cos 6,28 - 0,134 5in 6,28¢) cm.

32.64(32.62). Nns OMpEeNe/eHHs BAIKOCTH xHakoctH Kynow ymo-
j"qpeﬁ.nn.n CNEAYIOLIHI METON: MOABECHB HA MPYHHHe TOHKYIO NJIACTHHKY

» OH 3aCTaBIANl ee KoneBaThbcd cHayanga B BO3-

Ayxe, 2 3aT€M B TOif JKHIKOCTH, BA3KOCTH KOTOPO#
Hajneano OonpeaendTb, H HAXOMAHJ TPOLOJNMKH-
TENLHOCTE OAHOrO pasmaxa: Ty— B neppoMm ciyuae
H T;—po BropoM. Cuna Tpenus MEXNy MJIACTHH-
KOH H MHIKOCTBIO MOMKET GHTh BhlpakeHa opmy-
noit 2Sku, rae 28 — NOBEPXHOCTH MIACTHHKH, U—
€€ CKOPOCTh, k& — KO3((HUNEHT BAIKOCTH, Ipene-
Operasi TpenHeM MEXIY NAAacTHHKOH H BO3MIYXOM,
ONpenenHTe KO3MMHIUHEHT £ N0 HalfeHHEM H3
ONbITa BeNHYHHaM T u T,, ecny Macca niacTHHKH
paeHa m.

Im o ——
Orser: k =TT /\/Tg — 72

32.65(32.63). Teno macce 5 kr NOABeNIeHO HA NpYHHe, Koaddu-
IHEHT MECTKOCTH KoTopoit pasen 2 kH/m. Conporuenensue cpenn
TIPONOPLHOHANBHO CKOPOCTH. AMIIHTYAA noc/ie weTHipex KoneGauuii
yMeHsliunace B 12 pas. Onpenenuts nepuopn JorapapmMuyeckat me-
KpeMeHT KoJeGaumit,

Oreer: T =0,316 c, A=nT/2=0,31086.

32.66(32.64). B ycnosmsx npeabinylled safaun HalTH ypaBHEHHe
ABHMEHNHS TeNa, €C/IH ero NOABECHNH K KOHILY HEpaCTAHYTOH IPYKHHK
H OTNYCTHNIH Ge3 HaYalbHOM CKOPOCTH.

Oreer: x = =197t (—2,45 cos 19,9 — 0,242 sin 19,9¢) cm.

32.67(32.65). Teno maccu 6 Kr, NMOABEIIEHHO® HA NPYXHHE, NpH
OTCYTCTRHH CONPOTHBJeHHsT KoJsebJaerca c¢ mepuomom T = 04n ¢, a
€C/IH AeHCTBYET CONpOTHBIEHHE, NpPONOPUHOHANLHOE MEepBOi CTENeHH
CKOpOCTH, ¢ nepuogoMm T == 0,5n ¢. Hagtitu KO3(GHIHEHT NPONOpLHO-
HAJIbHOCTH G B BBIP2XKeHHH CHJIH CONMPOTHBJEHHT R = —qu u omnpe-
AC/HTE LBHKEHHE Tejla, eC/IH B HAvalbHBIH MOMEHT MpyuHa Gmna
PACTAHYTA H3 MOJIONKEHHT PaBHOBECHS HAa 4 CM H Teno NPencTaBIeHo
camMoMy cebe.

%

K aamave 32.64

Hb;e , Xx=5e—¥sin (41! —f-arctg%) CM.

32.68(32.66). Teao maccu 1,96 kr, moapeimenHoe na NpyXHHe, Ko-
Topas cuioit 4,9 H pacrarupaerca na 10 cm, OPH [ABHKEHHH BCTpeYaer
CONPOTHBIIEHHE, MPOMOPLUHOHANLHOE MEPBOH CTEeNEeHH CKOPOCTH | pH
CKOpOCTH 1 M/c pasuoe 19,6 H. B HauanbHeifi MOMeENT NpYKHHA pacTa-
HYTa M3 NOJIOKEHHs! PABHOBECHN HA 5 CM H TeJIO NPHIINO B BHKenNe
Ge3 HavaneHo#l ckopoctH. HaliTu 3akon 9TOro NBHIKEHHH,

Oreer: x=5e=% (54 1) cm.

Orser: o= 36
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32.69(32.67). I'pyast Macenl my = 2 Kr K fy=—3 KI noABelLIEHH
B MONOXEHHH CTATHYECKOrO PABHOBECHN K NPYXHHE, KO3(D(PHLUHEHT
IKECTKOCTH KoTopol ¢ =392 H/m. Macnaubii neMngep BbsbIBaeT CHIY
CONMPOTHBAEHHA, NPONOPUMOHAILHYIO NEPBOl CTENEeHH CKOPOCTH H paB-
5 Hy®w R=—oav, rne =98 H-.c/M. I'pys m, cuanm,
Hafith nocsne 3T0ro ypaBHeHHe NBHXKEHMSA rpysa mi.
Oreer: x = 8,32e—%4 — (,82e—45¢ c\.
32.70(32.68). CratnyecKoe yAJHHEHHE NMPYIKHHH NOMI
nefictBHem .rpysa Beca P paeuo f. Ha kone6mouwmiics
rpy3 [eHCTBYeT cHna CONPOTHBJIEHHS CPensl, nponop-
IHOHANBHAS  cKOpocTH.  OnpegennTs  HaHMeHbllee
m, 3HaueHHe Ko3tdHUHEHTa CONpPOTHBAEHHS @, NpH
o, KOTOPOM npolecc NBHXKEHHs GyfeT anepHOAHYEeCKHM.
2 HailTH nepHOA 3aTyXawoWIHX KoAeGaHuil, eciaH K03-
K sonave 3269  (DHLHEHT CONPOTHBJICHHA MeHblle RaHAEHHOro 3Ha-
YeHHs.

Oreer: a=2P[+/gf. Tipu o < 2P[+/gf nemense 6yner koseba-
— g a?
TEJBHEIM C NEPHOAOM T--—2n/ R b

32.71. I'pya maccw 100 r, monBeweHHHA K KOHUY TPYKHHE, JBH-
erca B RuAKoCTH. KosppuuHeHT 3ecTROCTH npyxHHE ¢ == 19,6 H/M.,
Cuna conmpoTHBNIEHHS IOBHIKEHHIO NPONOPLHOHAJLHA NEPBOil CTeneHH
cKopocTH rpysa: R = awv, rpe e =3,5 H-c/Mm.

HaliTi ypapHeHHe ABMXKEHHs rpysa, ec/H B HayafibHBI MOMEHT
Tpy3 GBI cMelleH H3 MOJOMeHHA PaBHOBECHA Ha Xo = 1 CM H OTHylUeH
6e3 HAaYanbHOH CKOPOCTH.

Oteer: x=1,32¢-7¢ — 00,3328 cm.

32.72. B ycnoBusix npenbiaylleft 3apauu naliTH ypaBHeHHe NBHMKe-
HHA TPY3a M MOCTPOHTb Fpa(HK 3aBHCHMOCTH IepeMelleHHs OT Bpe-
MEHH, €C/IH B HAYa/bHHK MOMEHT rpy3 CMELIeH H3 MONOXKEHHA CTaTHye-

Z,CM

7,0
08

K samave 32.72

CKOro DABHOBECHH HA PACCTOSHHE Xo= 1 CM H eMy cooGllUeHa HauaJdb-
Haa ckopocTb 50 cM/c B HampaBlEHHH, IPOTHROMOAOKHOM CMEleHHIO.
Oreer: x = —e"" | 2228 oy,
32.73. B ycnosuax sapaun 32.71 B HayanbHBIE MOMEHT rpys cMe-
MleH H3 NOJOMKEHHA DABHOBECHN Ha pACCTOSHHE Xp=—5 CM H EMY
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coObIleHA HavalbHast CKOPOCTH U= 100 cM/c B TOM e Hamnpagne-
uiH. Hajitn ypasuenne nsmxenns rpysa u mocrpomts rpaHK 3aBHCH=
MOCTH NepeMelleHHs OT BpeMeHH.

Oreer: x = 11,47 —6 de-28 ¢y,

8
Ill.l,,’z
&

1 1 1

ar 02 93t

K sagnave 32.73
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o Bt

8
g..

32.74(32.72). CocraBute aupdepennnanbuoe YPaBHEHHEe MaaLIX
KonebaHHH Tskenol TowkH A, Haxofswefics wWa KoHue CTEepX<HA, 3a-
KPeMyIeHHOTo WapHUpHO B TouKe O, CYHTAs CHITY CONPOTHBJIEHHS cpeas
NpoNnoOpPUHOHANBHOH NepBOl CTENeHH CKOPOCTH C Ko3dduumeHTOM npo-
NOPUHOHAJIBHOCTH C., H ONPEAENHTh YACTOTY SaTYXalOMHX KoJeGaRuil,
Bec toukn A pasen P, kosbduument
HECTKOCTH NMPYXHHBE ¢, NJHHA CTepHHA
i, paccrosinie OB = b. Maccoft crepx-
Hi npeHebpeus. B monoxennu pasHoBe-
CHsi cTep>KeHb ropusoHTajeH. [lpn Ka-
KOM 3Ha4YeHHH KO3GMQHUHEeHTa o IBHIKe-
HHe OyaeT anepuogHYECKHM? R 7 7

B s i s b*
Orser: ?y+u-ﬁ-y+cT,-y=O,

—b , [ee _ (abe2
=TANP 2Pl) pan/c,
27 cP K sanave 8274
0;—"-/\}-8—'.

32.75(32.73). ITpu konebaunsx rpy3a macce 20 Kr, NoaBelieBHOTO
Ha TpYXKHHE, GHJIO 3aMEYEHO, YTO HAHGOMBIIEE OTKJOHEHHE NOCie
10 nonHeix KoneGaHHi yMEHLIIHJIOCH BIBOE. Ipys cosepmun 10 noa-
HBIX konebanuii 3a 9 c¢. Kak Beank kosdbouuuent CONPOTHBIIEHHS o
(npH COMPOTHBIIEHHH Cpens!, NPONOPUHOHANBHOM NEPBOA CTereHH CKo-
POCTH) M K2aKOBO 3HaueHHE KO3(ODHIHEHTA KECTKOCTH C?

Oreer: @ =3,08 H - ¢/m, ¢=974,8 H/m.

32.76(32.74). CocraBuTh Audpeperunansioe  ypaBHeHHe MAanbIx
Kone6auui Toukw A u onpenenHtsb HacTOTYy 3aTyXaloWIHX Konebauui.
Bec Toukn A pasen P, kospunuent xectrocTy NpPYXHHBI €, PACCTOA-
Hie OA = b, OB=1. Cuna conporHsnenns CPeNH MPONOPLHOHANBHA
NePBOH CTeNneHH CKOPOCTH, Ko3(hHUHeHT NPONOPLUHOHANBHOCTH PaBeH

NN

N
\
§
&.\\\\\\‘
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a. Maccoft crepxxus OB, wapHUPHO 3aKpenneHHoro B Touxe O, npe-
Hebpeus. B nosoxkeHHH paBHOBECHs cTepeHb ropusontanen. [lpu

g

KaKOM 3HauyeHHH KosdhQHUHEeHTa o [IBE-
Henne 6yaer anepHOIHYECKHM?

¢ F . 5 cl?
Oraer: -Ey'—l—ay +"b7' y=0,
4 g . R
& . 1=’\/Pb= — 3p7 Pane,
2! P
2, a > S e
ALy 7z > V%
7 4 32.77. Teno maccul 5 Kr mogpeLieHO
A K KOHLY npyxiHbl XectkocTH 20 H/m
K sanave 3276 H TomelleHo B BA3Kywo cpeny. Ilepuoa

ero koJjebaHuli B 3TOM CJayHae papeH

10 ¢. HaiiTh nocrosiHHylo neMndHpOBaHHS, JIOTaApH(PMHYECKH Aexpe-
MeHT KojieGaHHil H nmepHoJ CBOBOAHKIX KONebaHuii
Orser: a= 19 H-¢fm, A=nT{2=9,5, T=3,14 c.

B) BuHyxaenHbve kolebanusn

32.78(32.76). Hafitn ypaBHeHHe NpAMONHHEHHOTO ABHIKEHHS TOYKH
MAacchl M, HAXOOSUEHCH MoA AEHCTBHEM BOCCTaHABAHBAIOUICH CHJH
Q = —cx u nocrosiuHo# cunbl Fo. B Havanwupiii Mmoment { =0, xp ==
H X% =0. Ha#fiTh Takxe nepHoL KoJeGaHHH.

Oreer: x=—Fcl(l — cos k), roe k=/\/—51—. T =2mu/k.

32.79(32.76). Onpepenuts ypaBHEHHe NPAMONMHENHOrO NBHMKEHHH
TOYKH MAcCChl 1, HaxOAsUeHcs MOn JACHCTBHEM BOCCTaHaBJHBAIOLIEH

»

A

0}

K 3apage 32.81

cunbl Q=—c¢x u cunnl F=oal. B nagsaneHbii MOMEHT
TOYKA HAXOAHTCH B MNOJNOMEHHH CTATHYECKOr0 paBHOBe-
CHSl H CKOPOCTH €€ paBHa HYJIO,

Orser: x—= r:ka (bt — sin kf), tne k= ,\/%

32.80(32.77). Hafitu ypaBHeHHE RPAMOJIHHEHHOTO
JIBHIKEHHA TOYKH MAacChl /71, H2 KOTOPYIO [eliCTByeT BOC-
cTaHaplNHBawwaAa cuna Q=—cx v cuna F= Fe <,
ecii B HaualbHHII MOMEHT TOYKA HaxOAHNAach B MOJO-
JKCHHH D2BHOBECHH B COCTOSIHHH MOKOS.

Orger: x= m——-(E-,-I-::-';_u—...) e~% — cos kt + % sin kt) 3

c

rae k—-—-—/\/ ;

m
32.81(32.78). Ha npyxuHe, KO3(ODHUHEHT XeCTKOCTH KOTOpOH
¢—=—19,6 H/m, noAseilen MarHuTHEI crepxens macch 100 r, Huxuni
KOHell MarHHTa NPOXONHT Uepe3 KATYIIKY, N0 KOTOpOH HIET mepeMeH-
Hbit Tok { = 20sin8nf A. Tok uIer ¢ MomeHTa BpemeHH =0, BTHATH-
Raf CTEPIKCHR B COJCHOHA; A0 ITOTO MOMEHTa MarHuTHBI crepKeHb
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BHCeN Ha npyXHHe HemoaBuxHO. CHla B3aHMONefCTBHA MeXny mar-
HHTOM H KaTyIUKol onpenensercs paBeHcTeoM F=0,0167; H. Onpe-
ACNATH BEIHYMACHHBIE KOJNEGAHHA MArHHTA,

Oreer: x = —2,3sin 8t cm.

32.82(32.79). B ycaosusix Npeablaylleli sanays nailtn ypaeneHmue
ABHIKEHHS MarHHTHOrO CTEPXKHSA, €CNH ero MOABECHNH K KOHIy Hepac-
TAHYTOI NPYIKHHHE H OTOYCTHIH 6€3 Hayain-
HOH CKOpPOCTH. .

Oraer: = —5cos 14f 4 4,13 sin 14¢ —
— 2,3 sin 8nf cwm.

32.83(32.80). B ycnoenax 3amaun 32.8]
NAHTH ypPaBHEHHE ABHMEHHMS MATHHTHOIO
CTEpXH5, €CJAH eMY B MOJOMKEHHH CTaTHYe-
CKOro paBHOBECHS COOGLUM/IH HAYaNBLHYIO CKO-
pocTh v =15 cM/c.

Orger: x=4486sin 14f— 2,3sin 8¢ oM.

32.84(32.81). T'ups M nomeewrena ua npy-
WuHe AB, sepxunii KOHen KoTopoi coBep-
WaeT TrapMOHHYeCKHe koneGaHHSA NO BepTH-
KanbHOH MpAMOA aMnNNTYLH @ M 9acToTw f,
1aK 410 O\C = asinnt cM. Onpenenurs BhI-
HYMXIECHHHE KojeGaHHa rHpn M npH chenyo-
UIHX NaHHBIX: Macca rupH pasHa 400 r, or
Aeficteus cunn 39,2 H npyxuua yanussercs
Ha 1l M, a=2 cM, n =7 pag/c. K sanege 3284

Orser: x=4sin7f cm.

32.85(32.82). Onpenenuty NBHIKEHHE THpH M (cm. 3apawy 32.84),
TONBELICHHOH Ha Npyxuue AB, Bepxuuii Komen KoTopoit A copepinaer
F2pMOHHUCCKHE KOJEGAHHs MO BepTHKANH AMILIMTYOH a4 © KpYTroBoit
YacTOTLl R, CTaTHYECKOE® pacCTsIKeHHe NPYXHHHN MOj NefCTBHEM Beca
THpH parHO 6. B Havanbumit MOMeHT Touka A samHMaer croe cpeniHee
NONOXKEHHE, A rHPsi M HaXOAHTCA B MOKOE; HAWANBHOE MONOYKEHHE
THPH TPHHATEL 32 HAYa/NO KOOPAMHAT, a ock Ox HanpaBHTbL no Bep-
THKaH BHH3.

Orser: x=— kg:ig [k /\/gsin a\/:g-t—sinkt] npH k= ,\/i;
x“——%[sin /\/%t — /\/%tcos kt] npu k= ,\/ﬁ_

32.86(32.83). Cratuueckuii nporué PECCOp TPYEHOrC TOBaPHOrD
BaroMa Al.=5 cm. Onpenenurs KPHTHYECKY10 CKOPOCTE MBHIKEHHA
BaroHa, npy KOTOPOH HAYHETCA «TaJONHPOBAHHE» BATOHA, €CAH Ha
CTHIKaX peJIbCOB BAaTOH HCMBITHIBAET TONYKH, BRI3EBAIOLIHE BEIHY -
IeHHEe KOJNeOaHHA paroHa Ha peccopax; AJMHHA penbcos L =12 M.

Oréer: v =96 km/u.

32.87(32.84). HHIHKaTOp MAIIHHE COCTOMT M3 UHIHHApa A, B Ko-
TOpOM XOMHT mopileHs B, ynuparomuiics p npyxxkuHy D; c nopimnem
Coenunen crepiens BC, k KoTOpoMy TMPHKPeIVIeH NHIYWHE wrrgt C.

astnnt

t

—=

{\\“\\‘{\\m\
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Tlpennosiaras, uTo AaBieHHE Mapa, BHIPAXKEHHOe B MacKaNfAxX, H3IMeHs-
2nt
eTCs cOornacHo gopmyne p==10° (4 + 3sin _T_) , rne T'—Bpems on-

Horo ofopora Bana, OnpefeNHTh aMIVIHTYAY BHHYKIEHHHIX KonebaHHii
wrugra C, ecnu pan cosepisaer 180 o6/MMH, IpH cleaylomux AaH-
HEIX; [UIOLIaAb MOPIUHA HHOHKaTopa ¢ =4 cM? Mac-
€2 NOJABHXHON YacTH HHAHKaTOpa 1 Kr, npyXmHHa CXKu-
maerca Ha 1 cm cunof 29,4 H.

Orser: a —=4,64 cm.

32.88(32.85). B ycnoBusix npenbiayuledi 3agaun
HAaHTH ypaBHeHHe IOBHXKeHHs WITH(GTa C, ecaH B Ha-
YanbHHH MOMEHT CHCTEMa HaxofHnack B MOKOE B IO-
JIOXEHHH CTATHYECKOr0 PaBHOBECHS.

Orser: x —=—1,61 sin 54,22f -- 4,64 sin bt cm.

32.89(32.86). I'pya maccw m =200 r, noasellex-
HBIH K NpYXHHE, KO3(D(QHIUHEHT XEeCTKOCTH KOTOpOH
9,8 H/cm HaxoaHTCs mon AeicTBHeM cuibl S=H sin pi,

K sansee 3287 ppe H=20 H, p =250 pan/c. B HayanbHeli MOMEHT

xo=2 cM, vo=10 em/c. Havano xoopAuHaTr BH-

6pano B TOJOMEHHH CTaTHYeCKOro paeHoBecHa. Hailitu ypasuenne
JABHIKEHHA Tpy3a.

Oreer: x = 2cos 70— 2,83 sin 70¢ + 4,17 sin 50f cMm.

382.90(32.87). B ycaoBusix npennpylnei 3anaud H3IMEHHJIachk Ya-
crota Bo3MyLlaiomefl CHAB, moayuHB 3Hayende p =70 pan/c. Onpe-
[enuTh ypaBHEHHe ABHMEHHA rpyaa.

Orser: x = 2cos 70t + 1,16 sin 70t — 71,41 cos 70¢ cm.

32.91. I'pys macch 24,5 Kr BHCHT Ha npyxHHe »ecTKocTH 392 H /M.
Ha rpys uauuHaer neicteoBate cuna F(f)=156,8sin4¢ H. Onpene-
JIHTL 33KOH IBHKEHHA rpysa.

Orser: x =0,2sin 4f — 0,8f cos 4f m.

32.92. T'py3 macch 24,5 Kr BHCHT Ha npy>KHHe 3KecTKoctd 392 H/m.
OnpeneNuTb OBHXKeHHEe Ipys3a, €CJAH Ha Hero HauHHaeT NeHCTBOBATH
cuna F = 39,2 cos 6¢f H.

Oreer: x=16sintsin5 cm. Konebanus HocAT Xxapakrep
GHEeHHH.

32.93. I'pys Ha npykuHe KonebGnercs Tak, YTO €ro JABHIKEHHE OITH-
cuBaercs AH(Q(epeHIHAILHEM YPaBHEHHEM

Gosssetrrse
4

7

1 Il "l'
P R T,

3 ) aane
‘\\\\\\\\.\\\ RN

mk -+ cx = 5 cos of -} 2 cos 3wf.

Haiiti 3aKOH OBHIKEHHS rpy3a, ec/H B HayalbHbIi MOMEHT €ro Cme-
LieHHe H CKOPOCTh OHAH PaBHHI HYJIO, 8 TaKXKe ONPeNesHTh, MPH Ka-
KHX 3HAYEHHAX o HACTYNHT pe30HaHC,

i 47me® — 7c ,\/T 5
Orger: x= = mo® (¢ = oma®) °S —t+—————cos af +
2
+ ——g57 cos3wf. PesoHanc HACTYOHT B ABYX CHAYYAAK: O)xp=

1 /T c
— 1 A/E e =afE
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r}) BausHHe COnNpoTHBNeHus
Ha BHHYXOCGHHEHe KONebaHug

32.94(32.88). Ha npyxase, Ko3bDHUHEHT KeCTKOCTH KOTOPOi ¢ =
=19,6 H/M, nomeetens MaruuTymit cTepmeds macck 50 r, NMpoxo-
ISUIHE 4epe3 CONEHOHH, M MEeNHAs MIACTHHKA Macch 50 r, mpoxoas-
asa Mexny mnoalocamMu warwuta. ITo coneHompy Teyer TOK i =
=20sin8nt A, KOTODENI pa3BHBaeT CHJIY B3aHMOLEHCTBHS C MATHHT-
Hbim cTepxkiem 0,016 H. Cuna ropmocenns men-
HOH NJIaCTHHKH BCJe[CTBHe BHXPEBLIX TOKOB paBHa
kuv®2, rpe k=0,001, ®=104/5 B6 n v— cxopocts
MNacTHHKY B M/C. OnpepeniTs BEIHYXIECHHBE KOJe-
6aHHs MIACTHHKH.

Orser: x = 0,022 sin (8nf — 0,91x) m.

32.95(32.89). B ycnosuax npenwmnymeli sanauu
HaHTH ypaBHeHHe [BH)KeHHS TJIACTHHKM, eC/IM ee Mof-
BECHJIH BMECTE C MACHHTHHIM CTEpXKHEM K KOHLy He-
PACTAHYTOH NPYMXHHH H COOGIIMIH HM HagaJbHYIO
CKOpOCTh 5 cM/c, HANPaBICHHYIO BHHS.

Oreer: x = e—25/(—4,39 cos 13,77t +

+ 3,42sin 13,77¢) -+ 2,2 sin (8af — 0,91n) cm.

32.96(32.90). MaTephnanbhas TOYKa MaccH m =
==2 Kr NoABeIleHa K NpYkHHe, KO3 bUUHEHT HKecT-
KocTH kotopo#t 4 KH/m. Ha Touky meiicteyior soamy-
maowman cuna §==120sin(pf 4 6) H u cuna conpo-
THBJIEHHST  IBHXKEHHIO, TPONIOPLUHOHANbHAS  NepBoil
CTeNEeny CKOPOCTH K paBHass R =0,5+/mcv H.Uemy i s aan A
PaBHO HaHGoibliee 3HAueHHE Am,x AMIINTYOH BHI- 69295
HyXJeHHBIX KoneGauui? Ilpnm xakoH wactote p am-
MIHTYNAa BHIHYXIEHHBMX KoJeGauuit pocTHraer HauGoibpllero axa-
YEeHHs?

Orger: Amax=6,2 cM, p = 41,83 pag/c.

32.97(32.91). B ycroeuax npemmpayuieli sagagu HafiTa ypaBHeHHe
JBHXKEHHA TOYKH, €CJIH B HAaYaJIbHbIH MOMEHT BPEMEHH ee MOJIOMKEHHe
¥ CKOPOCTE OBIIH PaBHBI: Xo = 2 cM, Uo =3 cM/c. Yacrora Boamy-
watooweH cune p=30 pan/c, HavaupHas (asa BOIMYIIAIOUIEH CHJIH
8=0. Hayano KoopaHHAT BHGPAHO B MOJOMEHHH CTATHYECKOTO pas-
HOBECH$.

Orser: x = e~".181(4,422 cos 43,3 — 1,547 sin 43,3¢) -+
+ 4,66 sin (30f — 0,1747) cm.

32.88(32.92). MarepuaibHasi TOYKa MacCH 3 Kr nogBemleHa Ha
npyxHHe ¢ KosppuuseHToM xectkoctH ¢=117,6 H/m. Ha Touky
AEHCTBYIOT BO3Mymiatowas cuna F = Hsin(6,26f + B) H u cuna sia-
KOoro conporHeneHus cpeanl R=—ov (R B H). Kak uaMmenntes
aMIVIHTYNa BBIHYKACHHHIX KOJNEOaHHH TOUKH, €C/IH BC/ENCTBHE H3aMe-
HCHHA TeMNepaTypu BA3KOCTE CPeAn (kKos(dullHeHT @) yBemuuHTCs
B TpH pasa?
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Orger: AMNIHTYOAa BHIHYXXAEHHBIX KoneGauuii yMEHBLLIHTCS B Tpu
pasa.

32.99(32.93). Teno macce 2 Kr, NMpPHKPENJEHHOE MPYMKHHOH K He-
NOARHACHOH TOYKe A, ABHXKETCH NO rAaAKOH HAKAOHHOH MJOCKOCTH,
ofpasviolled yron ¢ C TOPH3OHTOM, NOJA AEHMCTBHEM BO3MYyLlaloUleil
canel S=180sin 10 H B cHabl CONpOTHBJAEHHS, MPONOPLUHOHANBHOH
A ckopocTH R=—294v (R B H). Koadpduumuenr

JECTKOCTH NpyHHH ¢ =05 kH/M. B Hauanbblit

' MOMEHT TeJl0 HaXOAHJIOCh B MOKOe B MOJOXEHHH

cTaTHYeckoro paBHOBecusi. HaliTh ypaBHeHHe OBH-
- JKeHH# Tena, mepromn T ceoboaHbX H T) BHHYX-

JleHHBIX KOJeGaHHH, CABHI (paskl BREIHYIKIEHHBX

KoncGaHuR H BO3MYUIaloUleH CHABIL.
: Oreser: x == e~":351((),228 cos 49,46¢ —

K 3anase 32.95 — 0,72 sin 49,46¢) + 3,74 sin (10— 3°30") oM, T=

= 0,127 ¢, Ty = 0,628 c, e = 3° 30,

32.100(32.94). Ha teno maccom 0,4 Kr, NpHEPENJEHHOE K TMPYIXKHHE
¢ Ko3poHUHEHTOM xectkocTH ¢ =4 kH/M, neficteyior cuna S =
=40sin50f H u cuna compoTHBiIeHHsl cpein R —=—oav, rae o=
=25 H-c/M, v—cxopocts Ttena (v B M/c). B Hazaipublii MOMEHT
TEJNO MOKOHTCH B MOJONEHHH CTaTHYECKOro paBHOBecHda. Halith 3akoH
IBHIKEHHA TENa H ONPeaeNIHTh 3HAYEHHE YacTOThl BO3MYyLIAOLIeH
CHJIH, IPH KOTOPOM aMINIHTYAA BHIHY>KINeHHEXx KonebGanui Gyner Max-
CHMaJIbHOH.

Orger: 1) x=0,647e-*** sin(95¢ — 46° 55’)+ 1,23 sin (50¢f —
— 22°36) cm;

2) MakcuMalbHas AMIJHTYLA BHEHYXICHNHX KojeGaHufi nosyyae
erca npu p=89,7 paa/c H paBra 1,684 cm.

32.101(32.95). Ha Teno maccul M Kr, NDHKpPENAeHHOE K MPYMHHe
¢ Ko3(puuHenToM xectrocTH ¢ H/M, neiicteyior BosMymaloulas cuna
S=~Hsinpt H u cuna conporuBaenns R=—av (R 8 H), roe v—
CKOpOCTL Tena. B HauanbHulif MOMEHT TeNO HAXOMHIOCH B NOJOXEHHH
CTATHYECKOTO pPaBHOBECHA H He HMeso HadanbHOH ckopoctH. Hafti
ypaBHeHHE NBHIKEHHs Tena, eclH ¢ > o/ (4M).

hpe™™ ( 3 20®+ p? — &2
S = L R
Oreer: x = oy Fanip? 2n cos A2 — n?t + W X
X sin A/B2 = n? t) + =t anzp (B — p?) sinpt — 2npcospi), rae
h=H[M, B =c/M, n==c/(2M).
32.102(32.96). Ha Tteno macce 6 Kr, NOABEIIEHHOE K MpPYXHHE
¢ KecTKocThlo ¢= 17,64 kH/M, pmefictByer BO3MylIAWWIAs CHaa
P,y sin pf. ConpoTHBaeHHe XKHAKOCTH NPONOPLHOHAaNbLHO ckopoctu. Ka-
KHM JOJKeH OHTh Ko3hOHUHEeHT CONPOTHBJIEHMA o BA3KON »KHIKOCTH,
yTOOR MAaKCHMasbHasi aMMJHTYAa BEHYXIEHHBX KOneGaHWH paBHs-
JaCh YTPOEHHOMY 3HAYCHHIO CTATHYECKOTO YAJHHEHHA Mpyxunb? Uemy
papnsgercs KO3(pQHUHEHT paccTPOHkH z (OTHOLIEGHHE KPYroBoH yac-
TOTH BHIHYX/JEHHBIX KOJeOGaHHil K KPYroBoH uyacroTe cBODOAHEIX KOJe-
Gaunit)? Halitu cpeer ¢ashl BHHYXIeHHHEX KoJe0aHHH H BO3MYIHAK-
e CHJHL
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Oreer: o =110 H-c¢/m, 2= 0,97, & = 80° 7".

32.103(32.97). Ha Teno maccu 0,1 KI, OPHKDENJIEHHOE K TIpY3KHHe
¢ KO3(QHUHEHTOM MECTKOCTH ¢ =25 kH/M, neficteyer cuma S =
= Hsinpt, ree H=100 H, p= 100 paf/c, H cHJla CONpPOTHBIIEHHS
R=PBv H, rae =250 H-c/M. Hanucarts yPaBHeHHE BBIHYIKAEHHEIX
KoNeOaHKi M OnpeflenuTh 3HAYEHHE YACTOTH P, OpH KOTOPOM aMmjH-
TYA2 BBIHYXIEHHBIX Kosnebanufi ByfeT MakcHMAaibHOL.

Orser: xz= 0,98 sin 100t — 1,22 cos 100¢ cm: MaKCHMyMa aMILTH-
TYAB! He CYILECTBYET, TaK Kak n > kf+/2.

32.104(32.98). B ycnosusx npeamnyiieii aanasy ONpEeNenHThL CABHT
thask BHIHYXIEHHHIX KoneGanuii 1 BO3MYLIAIOLIEH CHJIHL

Orger: &= arctg 1,25 =751°2(".

32.105(32.99). T'pys maccw 0,2 kr nonsewex Ha NpyXHHE, KO3(-
QHLUAEHT JKECTKOCTH KOTOpOH pasen ¢ = 19,6 H/m. Ha rpys nei-
CTBYIOT BO3MyIlarouias cuna S =0,2sin 14f H u cuna CONPOTHBAEHHA
R=49v H. Onpesennts cnpur a3 BHHYXOEHHHX KONEGAHHN H BO3-
MYIAIONIeH CHJIbI.

Orser: & = 91°38".

32.106(32.100). B ycnoBHsx npenmnyuiefi aapaum
HalTH KO3 (HUHEHT XECTKOCTH €; HOBOM NPYXHHL,
KOTOPOH HYKHO 3aMEHHTb AaHHYIO NpYyXKHHY, 4TOGH
CABHI (a3 BHIHYXAEHHBIX KoJeGanuil u BO3MyLlL 310
el CHALl CTaJ PaBHHM 7t/2.

Oreer: ¢;=39,2 H/m.

32.107(32.101). inss yMeHblienuss [eflcTBHA Ha
TENO MaccH /m BO3Mywtawled cunbl F = Fysin(pt 4 K 3amave 32.107
+06) ycranaBnHBAIOT NPYKHHHBI aMOpPTH3aToOp ¢
KHAKOCTHEIM memngepom. Kosdduuuent xectkoctn npyxuts ¢. Cyp-
Tas, 4TO CH/a CONPOTHBIEHHSA NPONOPUHOHAILHA NEPBOH CTENEHH CKO-
pocTH (Feonp = ov), HaMTH MaKCHManbHOe AHHaAMHYECKOe [aBJeHHE
BCeil CHCTEMBbl Ha (yHIaMeHT npH YCTaHOBHBIINXCA KoJieGaHusAX.

k4 dnp?
Orger: N=F, '\/(k'—:;)zlinﬂpﬂ' rae k"’=7:l—. nﬂ——ﬁu.

§ 33. OTHocuTeNnbHOE NBMIKEHHMe

33.1(33.1). K xomuy A BeprHKanbHOrO ynpyroro crepxhs AR
npHKpenset rpys C macew 2,5 kr. I'pys C, 6ynyun sweegen us noJio-
JHEHHs PaBHOBECHs, COBEPIIAET rapMOHHYECKHE KoJeGaHus NoM BAHS-
HHEM CHJIEI, IIpONOPUHOHANLHON PACCTOSIHHIO OT NOJOXEHHS PaBHOBe-
cus. Crepxens AB TakoB, 4TO MR OTKJOHEHHS KOHLA ero A na 1 cm
HYXHO NpuioxkuTs cunty 1 H. Halitn aMnantyny smmy»xpennsix koje-
Gauuit rpysa C B TOM cayyae, Korfla TOYKa SaKpENeHHA crep:xus B
COBEPLIAET IO TOPHIOHTA/ILHON NPREMON TapMOHHYECKHE Xone6aHus
aMmanTyas | mm 4 nepsonma 1,1 c.

Orser: 5,42 mM.

33.2(33.2). Touka nNpnBeca MaTeMaTHYECKOTO MASTHHKA Ji §1205 I
ABHIKETCAl MO BEPTHKAMH paBHOyckopenno. Onpesennts neprop I ma-
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JIBIX KoneGaHuii MasTHHKA B JIBYX cayyasx: 1) KOrja yCKOpeHHe TOYKH
NpHBeCa HaNpaBJeHO BBEPX H HMEET KaKylo YroJHO BEJHYHHY p;
2) korpa 3To yCKOpPEHHe HaNpPaBJEHO BHH3 H BeNHYHHA €ro p < g.

4 {

Orger: 1) T=2n o 2) T—Qn/\/g_p.

33.3(33.3). MaremaThueckhit mMaaTHMk OM nnmns! [ B HayaJbHLIN
MOMEHT OTKJIOHEH OT nojlokeHus paBHoBecHa OA uHa HexoTOpHIH

Cas Yyrol o H HMeeT CKOPOCTh, PaBHYIO

e HYJII0; TOYKA NpPHBECa ero B 3TOT MO-
MEHT HMEET TaK¥Ke CKOpOCTh, PaBHYIO
HYJIIO, HO 3aTeM ONYCKAaeTcd C IOCTO-
SIHHEIM yckopeHnem p = g. Onpene-
JIHTb OJHHY § OYTH OKPYKHOCTH, OIH-
chlBaemoll Toukod M B OTHOCHTENL-
HOM JBHXEHHH BOXKpyr ToukH O.

K sapave 33.1 K zapaue 33.3 Orsger: 1) Ilppg p=g s=0;

2) npy p > g s =2I(n— ).

33.4(33.4). )Xeneanomopoxuuli noeas uOer co ckopocrbio 15 M/c
1o pejbcaM, NPOMOXEHHHM NO MepuAMAHY € lora Ha cesep. Macca
noezna 2000 T.

1) Onpenenute GOKOBOE NaBJEHHe MOE3Ra HA PEJbCH, CAH OH
NEPECEKAET B LAaHHbIH MOMeHT cesephyio wupoty 60°, 2) Onpemenuts
GOKOBOE JaBJICHHe NOe3[la Ha pesbCH, €CHIH OH HOET B 3TOM Xe Mecrte
C ceBepa Ha 1or.

Orser: 1) 3778,7 H na npaewii BocTounbiit pense; 2) 3778,7 H na
NpaBbiii 3aNagHBIA pefsC.

33.6(33.5). MarepranbHasa Touka CcBOGONHO TMafaeT B CEBEPHOM
noaymaphiu ¢ BeicoThl 500 M Ha 3emuio. [IpuHEMas Bo BHHMaHHe
BpalleHHe 3eMAH BOKPYr cBoed ocH H npeHeGperas cONpOTHBJEHHEM
BO3[lyXa, ONpElENHTb, HACKOJBKO OTKJOHHTCS Ha BOCTOK TOYKA NpH
nafienny. 'eorpadyyeckas wHpora Mecta pasHa 60°.

Orser: Ha 12 cm.

33.6(33.6). B BaroHe, OBHKYIIEMCS O NPAMOMY TOPH3OHTANBLHOMY
NyTH, MAasTHHK COBEPLIAET MaJlbleé FrapMOHHYECKHE KONeGaHHA, NpHUEM
CpEHEE €r0 MOJOXKEHHEe OCTAETCH OTKJOHEHHEIM OT
BepTHKaIK Ha yroa 6°.

1) Onpepennts yckopenue w saroHa. 2) Haittu
pasHOCTE NEpPHONOB KoJebauuih MasaTHHKa: T —
B Cllyyae HENOABHIXKHOrC BaroHa o T —B LaHHOM
clyuae.

Orger: 1) w=1,03 m/c? 2) T— T, = 0,00287.

33.7(33.7). Touka O, npuBeca MAaSTHHKA AJIHHH
! cosepilaer NpAMOJHHEHHBIE TOPH3OHTAJILHEE Tap-
MOHHUeCKHE KOJeOaHHS OKOJNO HENOLBHIKHON TOY-
KH O: OO, = a sin pf. Onpenenuts Majbe KonAeGaHHS MAATHHKA, CUH-
Tas, 470 B MOMEHT, paBHuY Hyaw, g =0, g =10.

2
Orser: ql=—m§qf_—pi)—(sinpt—-% sin kt). k=,\/$_

O

K 3apaue 33.7
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i

33.8. Touka, Haxoaswascs Ha mHpore A, OpolleHa B 3anafHOM
HANpPAaBJEHHH NMOL YIJIOM ¢ K TOPH3OHTY C HAYanbHOil CKOPOCTBHIO vg.
Onpenenuts BpeMs n RanBHOCTH NOAETA TOYKH,

2 i i 2 o
Oreer: t=— g+2m':’° i;;cma s 2"";‘““ (1 __ 2aw, coz cos )
0
L "gsm 2a = Ugﬁ) cos A sin a (16 sin® ¢ — 12)

g 3¢* :
TA€ © — YIJIOBAas CKOPOCTb BPALICHHA 3eMIH.
33.9(33.9). Ilapux maccw m, NPHKPENJEHHLIE K KOHIY rOpPH30H-
TaJlbHOH MPYIKHHB, KO3QMHUHEHT JKECTKOCTH KOTOpPOH ¢, HaXOHOHTCH
B NIONIOXXEHHH PaBHOBeCHst B TPyOKe Ha pacCTOSHHH a oT BEPTHKAb-
HOH OCH. ONpENeNHTh OTHOCHTENbHOE IBHIKeHHE wapuka, ecan TpyOka,

g

7

K 3amasue 33.9 K aanage 33.10

00pasyrolllasi C OChI0 NPSMOii Yrod, HaYHHAeT BpPallaTeCs BOKPYT Bep-
THKaJILHOH OCH ¢ NOCTOSHHOH yri10BOS CKOpPOCTBIO .

Orser: B cucTeéMe KOOpPAHHAT, Hayano KOTOpOH COBNagaer ¢ Toy-
KOH DaBHOBECHS IIApPHKA,

2 L33
kz"’_“m, sin? "/kQ 2t upu k:—_«\/§>m;
2 —_—
x=—6’~z%(ch'\/m2—k2t—-l) npH k=/\/—;‘t<m.

33.10(33.10). T'opusonransnas Tpy6ka CD PaBHOMEpHO Bpamaercs
BOKpYr BepTHKaabHOR ocH AB ¢ yranosoit ckopocThio . BryTpH
TPy6kH HaxonHTes Teno M. Onpenenute CKOPOCTs © Tena OTHOCH-
TENbHO TPYOKH B MOMEHT €ro BHIJIETA, €CNH B HAYadbHAI MOMEHT
v=0, x = xo, nIHHA TPYOKH paBHa L. Tpenuem npenebpeys.

Oreer: v =4[/l — 2 .
33.11(33.11). B ycioBusix npepsifyiieii 3anayn ONpeneints Bpems
ABHMEHHS Tena B Tpybxe.
L4AfL?2— 2
Xo
33.12(33.12). B ycnoBusix 3anaun 33.10 cocTaBHTH IHbdeperuy-

4JIEHOE ypaBHEHHe NBHXKeHHs Tena B TpyGKe, eciu KosthpuunesT tpe-
HH# CKOJIBXKEHHA MEM(LY TelloM H TpyGKol pasen f.

xr—19

1
Oreer: T = = In
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Oreer: = w’x + [ 4/g? + 40°%2; BepXHEMY 3HAKy COOTBETCTBVET
% << 0, vmxHemy x > 0.

33.13(33.13). Konbuo aeuakercss no raagkomy crepxuio AB, koto-
pHH paBHOMEPHO BpPAlLAeTCs B TOPH3OHTAALHON TIOCKOCTH BOKpYT
BePTHKAJILHOH OCH, Npoxopsuleii yepea koHen A, fenasi OAHH 06OpOT
B CeKyHAY; OJHHA crepxusa 1 M; B MoMenT { = 0 KOJBLO HAXOLHJIOCH
Ha paccTosHKH 60 cm or koHUa A H HMENO CKOpPOCTb, DABHYIO HYJIO,
OnpenenuTs MOMEHT f;, KOTla KOJBLO COHAET CO CTepIKHI.

Orser: 1) = In3=0,175 c.
2n

33.14(33.14). Tpybra AB BpallaeTcsi ¢ NOCTOSIHHON YIJIOBOH CKO-
POCTLIO © BOKPYr BEPTHKAJLHOH OCH CD, cocraBnfs ¢ Hell HeH3MeH-
HBIH yroa 45°. B Tpy6Ke HaXOOHTCA TAXMeBI
wapux M. OnpelennTs BBHIKEHHE 5TOrO LlapHKA
OTHOCHTENILHO TpPYOGKH, ECTH HayanpHAS CKO-
pOCTh €ro paBHa HYJIKO ¥ HavyallbHOE PAcCTORHHE
oT toukn O pasno a. Tpennem mpeHeGpeds.

Orser: OM = % (a - ’a’_m".g_"’—_).(eo.smﬁ e
+8—o.5mr1/f)+ gm'\!/2_ !

33.15(33.15). Onpenenurb, kak MeHseTcs
YCKOpeHHe CHJBl TAXecTH B 3aBHCHMOCTH OT HIH-
pPOTEH MecTa ¢ BCINEACTBHE BpalleHHs 3eMaH
BOKpYr cBoel ocu. Pagnyc 3eMun R =6370 kM.

Oreer: ECJI’H npzeueﬁpeqb yieHoM ¢ of BBHILY €ro MasocTH, TO
g‘=g(] el R;m 'p). uan gp= 9,81 (l = cfsgq’ , TAE g — YCKO-
PEHHE CHJAB TSXKECTH Ha noJloce, ¢— reorpaduyeckas wHpora
MecTa.

33.16(33.16). Bo cKo/MbKO pas Halo YBEJHUYHTH YIJOBYIO CKOPOCTb
BpallleHHs 3eMJH BOKPYr cBOeH OCH, 4To0sl THXKejas TOYKa, HaXOns-
Llafcs Ha TOBEPXHOCTH 3eMJIH Ha 3KBaTOpe, He HMena Ol Beca? Pa-
nuyc 3eman R = 6370 um.

Orger: B 17 pas.

33.17(33.17). ApruanepniicKuii cHapsn NBHMETCS MO HACTHIBLHON
Tpa2eKTOpHH (T. €. N0 TPaeKTOPHH, KOTOPYIO NpPHOJIHIKEHHO MOXKHO
cyHTaTh FOPH30HTAaNbHOH mnpsMoH). T'opH3oHTanbHas CKOPOCTh CHa-
pANa BO BpeMA ABHMeHHs vUo =900 M/c. Cuapsa noJ¥eH nopa3uthb
Lesib, OTCTOSILLYIO OT MecTa BeicTpena Ha pacctostHH 18 kM. Ilpene-
Gperasi CONPOTHBJIEHHEM BO3AYXa, ONPEACAHTH, HACKOJBKO OTKJIOHHTCA
CcHap#Al OT LeJH BcneAcTBHe Bpailenus 3eMad. Crpensfa NpPOHCXOOHT
Ha CcepepHON wWHpote A = 60°.

Orger: CHapa/ OTKJAOHHTCH BIIpaBo (E€CAH CMOTDETH Ha Hero
CBEPXY NEPNEHAHKYAAPHO K CKOPOCTH) HA BEAHYHHY S =— @Upl2sin k=
=22,7 M HesaBHCHMO OT HaNpaBJIeHHs CTPeNbOH.

33.18(33.18). ManTHEK Ha NJHHHON HHTH NOAYYaer HeGOALLIVIO
HaualpHYI0 CKODOCTH B NJIOCKOCTH cemep-ior. CuHTas OTKJIOHEHHS

ZA
K aanawe 33.14
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FEES

MaATHHKA MaJbiMH MO CPaBHEHHIO C RJMHOH HHTH M NPHHHMAaA BO
BHHMaHHe BpalleHHe 3eMJH BOKDYT OCH, HaHTH BPeMs, N0 HCTEUEHHH
KOTOpOro MJIOCKOCTh KadiaHHi MafATHHKA COBMNAAAET C NJOCKOCTHIO
3anan-BocTOK. MasaTHHK pacnonoen wa 60° CEBEPHOH WIHPOTH.

Oreer: T =13,86(0,5+ k) wacos, rue & — [

33.19. Tsukemam TOYKa MOJKET NBHraThes 6es TPEHHS 10 BEpPTH-
Ka/LHOMY NPOBOJIOYHOMY KOJIBLY, KOTOpPOEe BPAIlAaeTcs BOKPYr CBOEro
BEPTHKAJILHOrO IHAMETPA C MOCTOSAHHON YIJIOBOM CKOpPOCTHIO . Pa-
Auyc xonbua pased R. HaiiTu nonoxenue paBroBecHs TOukH H ofnpe-
AEJIHTh, KaK OyNeT ABHraThbCs TONKA, eC/IH B MNOJOIKEHHH PaBHOBECHS
OHA TONYYHT MaJyio CKOPOCTE o N0 KacaTeJabHOH Beepx.

Oreer: TlonoXeHHe pasHOBecHst COOTBETCTBYET YLy @p—
=arccos;§k*, OTCIHTHIBAEMOMY OT HHXXHEro NOJIOXKeHust TOYKH Ha
kpyre. Touxa, nonyumemas manyio CKOpOCTh o, Oyler coBepluaTs
Majble KonebaHHS OKOJIO TOJIOXKEHHS paBHOBECHH COTVIACHO ypaBHe-

o RE_ o
HHIO: =%sin kt, rne k=———-—-—"/(° ch g

33.20. Ipyxuuunii BHGponaTUHK HCNOMb3YeTCd JAAA H3MEepeHHs
BEPTHKAJILHOTO YCKOPEHHsi MOe3afa, KPyropasi YacTOTa BEPTHKAJABHBIX
KoneGanui koroporo passa 10 pag/c. Basa npuGopa cocrasaser onHo
LeJoe ¢ KOPNYCOM OAHOrO H3 BaroHoB noesfa. K Gaae npuGopa Kpe-
MHTCH MPYXHHA ¢ KO3(PPHUHEHTOM 3ecTKOCTH ¢ = 17,64 kH/m. K npy-
JKHHE NIPHKPEIVIeH Tpy3 Macchl m = 1,75 kI. AMnauTyaa oTHocHTe/ -
HOTO ABHMEHHs rpy3a Bubponarynka pasna 0,125 cM no sanwcu npu-
Gopa. Hafitu makcuManbHOe BepTHKaNbHOE yCcKopenHe mnoesna. Ka-
KOBa aMn/IHTyna BubGpauuu nmoesna?

Orser: MakcumanbsHoe BepTHKaJbHOE YCKOPEHHE noesfla paBHO
Wmax = 1237 cm/c?. AMnauTyna BepTHKaNbHEX KoneGauuii noesna
paBHa: a = 12,37 cm.

33.21. Bubpometp ucnoamayercsa anis ONpEeneneHnsi BepTHKANLHBIX
KoneGanuil opHON M3 uwacTell MamwHHB. B NONBHIXHONH CHCTeMe npH-
Gopa nemndep orcyrcrsyer. OTHOCHTENbHOE CMELlEHHE naTyHKa BHOG-
pomeTpa (MaccusnOro rpysa) pasho 0,005 cM. Co6cTBeHHAS YacToTa
xoneGanui BHGpoMerpa — 6 I, wacToTa KoJeGaHui BHOpupyomeH
YacTH Mawmnbl —2 I'u. YeMy pasHbl aMnuuTyna kosebanmil, Makcy-
MaJibHas CKOPOCTb M MAKCHMallbHOE YCKOpeHHe BHOpHpyIollell yacT
MalIHHBI?

Orser: Ammuutyna koneGannii pasua a = 0,04 CM, MaKCHManbLHas
CKOpOCTh paBHa Um =05 cM/c, MakcHManbHOE ycKopenue paBHO
Wm = 6,316 cm/c2.

33.22. I'pya maccw m = 1,75 Kr noaseuren BHYTpH KOpOOKH Ha

- BEDTHKANLHOH [pYyXUHe, KO3I(QQHUUHEHT KecTKOCTH KOTOpoll ¢=

=0.88 xH/M. Kopofka ycraHoB/JeHa Ha cToJIe, BHOpHpYIOUIEM B Bep-
THKaJbHOM HanpaefiieHHH. YpaBHenue KoheGauuil crona x —
=0,225sin3f cM. Hafitu a6comoTnyio AMONUTYLY KogaebGawuuii

rpy3a.
Oreer: x=0,2254 cm.



THABA X
JOIHHAMHKA MATEPHAJIbHOHA CHCTEMHI

§ 34. TeomeTpun mMacc: UEHTP macc MaTepHAJNBLHOM
CHCTEMBl, MOMEHTbI HHEDLIHH TBepIbIX TeJ

34.1(34.1). Konenuartwii Baj TPEXUHAHHADOBOro JIBHraTels, H30-
GpaKeHHL!i Ha pHCYHKe, COCTOHT M3 TPeX KOJEH, DaCHOJOKEHHHIX
nox yrnoM 120° mpyr Kk npyry. Onpenenuts noJioXKeHHe HeHTpa Macc
KOJIEHHATOr0 Baja, cYHTas, 970 MACCH KOJEH COCPEIOTONEHH B TOY-
kax A, B u D, npuuem myu = mp == mp = m, H npeHeGperass Maccamu
OCTanbHHX yacTefl Bana. PaaMepwl yKasaHE Ha PHCYHKe.

Oreer: LlenTp macc coBnagaer ¢ HadanoMm koopauHat O.

Asg o lge 428
K4
fzﬂj\{ﬁﬂ'

v/

K 3anane 34.1

34.2(34.2). Hafit ypaBHeHHs IBHXEHHS NHEHTpa Macc IapHHp-
noro napamnenorpamMmma OABO,, a Take ypaBHEHHE TPaeKTOPHH
€ro LeHTpa Macc npu BpauleHHH Kpupomnna OA ¢ noctosnHO# yrao-
BOH CKOpOCTHIO . 3BeHbs napaJjijesorpaMMa — OMHOPOIAHHIE CTEpMKHH,
npuueM OA = 0,B=AB/2=a.

3 3 i
Oreer: xc=a-+ S acos ®f, Yc=-yasinof, ypanHeHHe Tpaex-

2 3 ) 3
TOPHH (xc—-a) +yi= 7 @) — OKPYXHOCTb papuyca —a ¢ IeH-
Tpom B Touke K c koopaunaramu (o, 0).

g A Vi
J @,
oY \? } Lz
& AR
K 3apave 34.2 K sapave 343

34.3(34.3). K nonayny [ macew M; nocpepctBoM TOHKOf HEBeco-
MoH HHTH npHkpenden rpy3 II macesl M, Ilpu konebauusix rpysa
N0 3aKOHY @ == o SiN wf NON3YH CKOJML3IHT N0 HEeNOZBHIKNOH rOpH30H-
TANBHOH riagxoH nosepxHocTw. HalTh ypaBHeHue gBHMKeHMS TIOI3yHa
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xy=f(f), cunTas, 94T0 B HAYANLHBI MOMEHT (t=0) nonayn wuaxo-
auncs B Hayane orcuera O ocu x. [lauia uutH pasHa [,

Orser: xy=—— -J‘Ti-h_fr’ﬁ I sin (g, sin of).

34.4(34.4). Onpenenute nonoxenue LUEHTPA MacC HEHTPOGeXHOro
PErynaropa, K3o0pameHHOTO Ha PHCYHKe, eclH Macca Kam/aoro Ha
mapos A u B pasna M,, macca MypTer D pasua M, Ilapm A u B
CHHTATE TOYEYHBIMH MaccaMu. Maccoil crepxheit npexebpeds.
M+ M,
2M, + M,

34.5(34.5). Onpeaennts TP2EKTODHIO LUEHTDa MacC MeXaHH3Ma 3J-
JiRAcorpaga, cocrosuero 3 mybr A u B macew M, xaxpas, kpHBO-
urga OC maccel M, u numeiikn AB Macch 2M,; mano: OC=AC —
=CB = 1. Cuutats, yt0 nuHefika H KPHBOWINN NPEACTABJSIT OHO-
POAKBIE CTEPXKHH, & MY(PTH — TOYEYHBIE MACCH.

Orser: x¢ =0, yo =2 [ cos g.

K 3anaue 344 K sapave 34.5 K 3anaue 336

Orseri Oxpyxnocts ¢ LEHTPOM B TOuKe O H pajgHycoM, paBHHM

4M, -+ M, ._l_
2M|2F3Mg 2°

84.6. K BepruKasbHOMY Bany AB npHKpennensl nBa OLMHAKOBHIX
rpysa E v D ¢ noMowsio apyx NepneHAUKyIsipHEIX ocH AB u nputom
BSaHMHO ~TNEPNEHIHKYMAPHHX cTepxueii OFE = OD —r. Maccamu
CTEPKHEH W Bana npewe6peus. I'PY3B cYMTATh TOYETHBIMH MaccaMH,
Haiith nonoxenue uentpa mace C CHCTEMBI, @ TaKie LeHTPoGexHEe
MOMEHTH HHEPUHH Sy, S0 Tsy.

Oreer: C(/or, /or, 0), Jeo=1Jy, =Ty, =0.

34.7(34.8). BHYHCAHTL MOMEHT HHEPUHH CTallbHOrO Basa pajuyca
b cM u maccw 100 Kr OTHOCHTEnBHO ero obpasyiwoweii. Ban cunrats
OIHOPOAHEIM CIIOWHLIM LMAHHAPOM.

Orser: 3750 xr-cu2.

34.8(34.9). BuuuciHTe MOMeHT HHEPUHH TOHKOro OIHOPOAHOIQ
nojyaucka macew M u pagmyca r oTHOCHTeNBHO OCH, npoxoasnied
BROJIL NHAMETDA, OTPAHHYMBAIOLLErO NOJYIHCK.

Orser: Mr2/4.
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34.9(34.10). Buuwcants ocepie fy H J, MOMEHTH HHEpUHH H30-
GpaiKeHHOM Ha PHCYHKe ONHOPOAHOH MpPAMOYTO/NBHOM TIACTHHKH Mac-
cbl M oTHOCHTENbHO OCEH X H Y.

Orser: I, =1*/sMa?, J, =*/:Mb2.

d
3
ﬁ 1
Y8
N .
|
il W
Za = W Y
£
1o al a
K ssnauge 34.9 K 3anaue 34.10 K sanaue 34.11

34.10(34.11). BHYHCANTE MOMEHTH HHEPLUHH H306PaKEHHOrO Ha
PHCYyHKE OAHOPOAHOTO NPAMOYrOJLHOrO Napanjiefenuiena maccw M
OTHOCHTENLHO OCEeH X, Y H 2,

Orser: Iy="g-(a* +4c%), J,= 2 (b2 443, 1, = 2@+ .

34.11(34.12). B TOHKOM ONHOPOLHOM KPYIJIOM HHCKE pamuyca R
BHICBEDJIEHO KOHLEHTPHYECKOE OTBEPCTHE pafiHyca r. BLMHCIHTH MoO-
MEHT HHEPLHH 3TOro RHCKa Macch M OTHOCHTENBHO OCH 2, MPOXOAs-
el yepes €ro LEHTP Macc NEepneHIHKYASPHO MJIOCKOCTH HDHCKA,

M
Oreser: fz=T(R2+f2)-
34.12(34.13). BoiuMCAMTE MOMEHT HHEDUHH TOHKOH OIHOPOIHOM
AJacTHHKH Maccu M, uMerolier ¢opMy paBHOGENpPEHHOrO TPeyrob-
4 HHKa C BHCOTOH h, OTHOCHTENLHO
, OcH, mpoxonsuledl uepes ee HeHTp
Macc C napannenbHO OCHOBaHHIO.
! 1
= Orger: 5 MK
A A 34.13. Ogwoponnas MeTalIHue-
3 D CKas NJacTHHKa BHITIOJIHEHa B BHAE
K aapave 31.12 K sanase 3413 P@BHOCTOPOHHEro  TPEeyroJbHHKa.
Macca nnactunku passa M, [—
JJHHE €€ CTOPOHH. BHUHCNINTL MOMEHT MHEpPIHHH NJIACTHHKH OTHOCH-

TeNbHO OCH 2, NPOXONSIUEH 4Yepe3 ee BEepUIHHY NapaiieNbHO OCHO-
BaRHIO.

Oreer: I,= —g— ML,

34.14. OpHoponuasi paBHOCTOPOHHSAS TPEYrONbHAA MJIACTHHA HMEET
maccy M u pnBHY cTOPOHM /. BHIYHCAHTL MOMEHT HHEDUMH MJIACTHHH
OTHOCHTEJbHO OCH 2z, NPOXOAsILeH Yepe3 BeplUMHY IIACTHHH NEepneH-
IHKYJISIPHO €€ NJIOCKOCTH,
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Oreer: [,—= %Ml’.

34.15(34.16). BHUHCIKTE MOMeHTH! HHEPUHH OTHOCHTENBHO TPEX
B3aHMHO TICpMEHAHKYASPUBIX OCell X, y W z TOHKOH ONHOPOZHOI
ANJHITHYECKOI NAACTHHKH

MaccH M, Ol"pazHHlIEHIIOﬂ KOH- 4
2
TYpoM —:-;,—+‘,gy,T=l. z /ﬁ \q
Orser: I, = T—bz, b= \J T
M M :
=3¢ IL="1(*+0. AN ey
34.16(34.17). Onpemenuts K sanave 30.14 K 3anave 34.15

MOMEHT HHCPLIHE OnHOpoOm-
HOro 110JI0ro wapa maccel M OTHOCHTENBHO OCH, NpOXOARLLeH YEepe3

€ro UeHTp TAXKecTH. BHellnuil u BHyTpenuuii PaiMychl COOTBETCTBEHHO
paBsbl R H r.

S 5
Oraer: -g— M %3—_-_% :
34.17(34.18). Bemucauts MOMeNT HHEPUHH OAHODOAHON TOHKOIi
0GO/I0NKH, BHINOSHEHHON B BHE nojaycdeps pankyca R, OTHOCHTENbHO
OCH, MpOXOJALLEH Yepes LEHTP nonycdepu neprneHAHKYAAPHO K orpa-

e ——

Sou

K 3anesue 34.17 K sanage 34.18 K sanave 34.19

HHYHBAIOILEH €e NIocKocTH. Macca M o6onouku PABHOMepHO pacrnpe-
ZeneHa no NOBEpPXHOCTH NoJaycdepr.

Oraer: —:— MR2,

34.18(34.19). Bruucanrs Painyc HHEpUHH CIJIOLIHOTO OAHOPOA-
HOTO UMNHHAPA OTHOCHTENBHO OCH z, NEPNEHOUKYNAPHON OCH I{HAHH-
Apa H OTCTOALLEH OT ero nearpa macc C Ha pacctofHHH 10 cM, ecan
PafHyc uHAHHOpa paBeH 4 cM, a BeicoTa 40 cM.

Orser: 15,4 cm.

34.10(34.21). MasnTHHK COCTOMT Ha3 TOHKOro O/JIHOPOAHOTO CTepK-
Hsi AB maccn M, k¥ komuy KOTOpOTro NpHKpenyned ONHOPOAHBIA NHCK
€ macc M,. Hnuna CTEDMHS paBHa 4r, Tae r— pagHyc Aucka. By-
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YHCAHTE MOMEHT HMHEPUHH MasTHHKAa OTHOCHTeNBHO ero ocd npuseca O,
NepnesAHKYNAPHOR NJIOCKOCTH MasiTHHKA M OTCTOALLEH Ha paccros-
HHH r OT KOHLlA CTEPIKHA.
4M 99M

Oreser: —%—2 re.

34.20(34.23). Toukuii opHOopomHbLl cTepxens AB paunm 2/ n
maccsl M npukpennen B nenrpe O K BepTHKaNBHOH ocH, 06pa3ya ¢ Hel
yron c.. BHYHCIHTE MOMEHTH HHepuMH cTepxHa J., Jy, H UeHTpOGeK-
HHIli MOMEHT HHepuHH Jxy. OcCH KOOpAHHAT NOKA3aHH Ha PHCYHKe.

Miz me . M=

Orser: I, e cos’a, J, = - sinZe, J.p =—¢— sin 2a.

34.21. OpunopomHblfi Kpyrniii OHcKk Macck M u pammyca r npu-
KpensieH K ocH AB, otcrosiled or ientpa Macc C Ha paccTOSHHH

N

Wi A

K 3apave 34.20 K aanaune 34.21

OC =r/2. BbYHCINTL OCEBBlE H HEHTPOGEKHHE MOMEHTH HHEpHHH
LHCKA.
3 Mr? Mr?
Oreer: I, = Mr, ly=—"7 = Joyy=Jdxz==1,,=0.
34.22. BHIYMCIHTL MOMEHT HHEPUHH OJHOPOLHON TPEYroJkHOH mia-
ctHHKH ABC Macch M OTHOCHMTENBHO OCH X, NPOXOfsileft 4epes ero
BepiiyHy A B NJOCKOCTH IUTACTHHKH,

£ €c/IM [laHBl paccTosHHs OT Touek B u C
1o ocH x; BM =hg, CN = he¢.
M
' b, Orser: ..fx ZT (th + hBhC + hg).

| 34.23(34.24). Tlo nansHM 3agaun

7 N T 341 onpefenuTh LEHTPOGEXHHE MO-
K 3agase 34.22 MEHTH HHepUHH Jxz, J,z, J:, KONEHUATOrO
Bana.

3 3
Oreer: Iy, =— 5 md(a+D), .f”z=—iz—-md(a—|—b), Iy =0.

34.24(34.25). OnHOPONHH KPYrAKI QHCK MaccH M 3KCIEHTPHYHO
Haca)KeH Ha OCh Z, NepNeHIHKYJNAPHYIO ero IockocTH. Panuyc nucka
pasen r, skcuenrpucirer OC = a, rae C — nenrp Macce fucka, Beiyuc-
JIUTH OceBHe i, Jy, J. v nenTpobexnute Joy, Jxz, Jy. MOMEHTH HHEPUHH
Ancka. OcH KOOPJHHAT NOKa3aHkl HA PHCYHKe.
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Oreer: 1=, = m (=4 4). L=M(T+d), 1,—

=J.=4,,=0.

34.25(34.27). Tlo panubiM 3apayn 34.94 BEIYHCIHTL MOMEHT HHep-
LHH JHCKA OTHOCHTENLHO OCH 2;, Jexallell B BEPTHKANBLHOH IMJOCKO-
CTH Xz H obpasyiowei ¢ ochlo 2 yroa .

2
Orser: I, — ﬂqr_‘_ sin?gp + M (-'2— -+ a’) cos®@.

N <
Zt
PN 2z V4
=S = = Z
ZZ 7%
A
g
&
K 3ausuc 34.24 K sanave 34.25

34.26(34.28). Onnoponumifi Kpyramfi auck macem M HacaxeH Ha
OCb 2, NPOXOAALLYIO yepe3 ero HeHTp mace C. Och CHMMETPHH IHCKa 23

K sana=e 34.27

K samane 34.26

JIEXKHT B BEPTHKAJILHOH NJOCKOCTH CHMMETDHH X2 H ofpasyer ¢ ockio z
yroa o.. Paauyc aucka pasen r. Beumcsauts HEHTPOOEXKHEE MOMEHTH
HHEPUHH JHCKA Jxz, Jyz, Jxy (OCH KOODAMHAT HOKA33aHH HA pHCYHKe).

Oreer: Jay=Joy =0, Jpz=
=(JZ[ = Jx.) s";]?2a = Agrz Sin 2“‘

34.27(34.29). Pewnts npemnipy-
Llyi0 33ajauyy B NpPelNOJOXeHHH, YTO
LHCK S3KCIEHTPHYHO HAaCaeH Ha Och
2, npudYeM 3KcueHTpHcHTer OC =a,
Orser: I, =1, =0,

I = 2£ (—2—, + a’) sin 2a.

34.28(34.30). Onnopoaumi#t kpyraslii auck paanyca R HacaxeH Ha
OCb BpalleHHs 2, [TPOXOAAMYI0 Yepe3 Toyky O H COCTABIRIOIYIO €
OCBIO CHMMeTpuH AHcka C2; yron . Macca jgucka paeia M. Onpepe-
JIHTH MOMEHT HHEPUHH J. NHCKZ OTHOCHTENLHO OCH BpalleHHA z U LieH-

K 3anave 34,28
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TpobexHNe MOMEHTH HHEpUHH Jx» H J,z, ecnu OL — npoexius ocH z
Ha naockocTs aucka, OF — a, OK = b.

Orser: J,= M [(a‘ - -%»R2) cos’a 4 —}‘—Rz sinta 4 b’],
T (—;—R2 + a’) sinacosa, J,,=Mabsina.

34.29. Ognopognas npsMoyroibHas naactuuka OABD macew M
co cTopoHaMM a H b npukpenyena cropoHoii OA K ocH OE. Bryue-
JINTH HEeHTpOGeKHWe MOMEHTH HHEePUHH NAACTHHKH Jy,, Jy- v Joy.

Mab
Oreser: .’,;z‘:-l'xy:os -’yz= 7
z
EAW
A 8
L]
077 B 2y
,
K sanave 34.29 K 3anave 34.30

34.30(34.31). OnHoposHas NPAMOYrosbHas IJIACTHHKA Maccw M
CO CTOPOHAMH JUIHHH a M b NMPHKpenJieHa K OCH 2z, NPOXOAnilel yepe3
OnHy M3 ee JHaroHajedl. BHUHCANTL UEHTPOGEKHLIH MOMEHT HHep-
LUHH Jy, MJIACTHHKH OTHOCHTENLHO OCEH y M 2, JICHKALIHX BMECTe ¢ mJa-
CTHHKOI#i B MJIOCKOCTH pHCyHKa. Hauano ko-
OPAHHAT COBMelUeHO C IIeHTPOM Mace nJia-
CTHHKH.
) __ M abla® — b
Orser: JW"TQ'_—_a’+b2 :
34.31(34.34). Bpawaroulascs  YacTe
NOABLEMHOI0 KpaHa COCTOHT H3 crpennl CD
AnHHE L H macen M, nporhsoeeca E mac-
cel Mz n rpysa K maccm M;. Paccmatpu-
Bas CTpeJy KaK OJHOPOAHYIO TOHKYIo 6GaJi-
Ky, a nporuBoBec £ u xpyr K Kak Touey-
HHEe MAacCH, ONPeAeJHTbh MOMEHT HMHepLHH
K/ safage 8i51 J: KpaHa OTHOCHTENbHO BEPTHKANbHOH OCH
BpallleHHs 2 H LeHTpOoOexkHble MOMEHTH
HHEPLHH OTHOCHTEABLHO OCEHl KOOPAHHAT X, Y, 2z, CBA3AHHHX ¢ KPAHOM.
LlenTp macc BceH CHCTEME HAXOAHTCA HAa OCH z; crpena CD pacnono-
JKEeHa B IJIOCKOCTH Y2.

Orger: J.= Mya® + (Ms + M, ) I sina,

Jye=20t M jasin 9 — Mytising, Ty, —1,,—0.




§ 35. Teopema o DBHKeHHH LEHTPA MacC MaTepHankHOW CHCTEMB)

35.1(35.1). Onpenenuts rnapubli BCKTOp BHCLIEHX CHJI, HEMCTBYIO-
WHX Ha MaxoBHK M, spawarommiics Bokpyr ocu AB. Ocey AB, yKpen-
JIEHHAsl B KPYTOBOH pPaMe, B CBOIO OYepeb BPaulaercs BOKPyr ockh DE.
Llentp mMacc C MaxosHKa HAXOLHTCH B TOUKe nepeceuenHss ocei AB
u DE.

O7ser: Tnasubiii 8eKTOpP BHEILIHHX CHJI DPaBeH HyJIio.

&

K sansge 35.1 K sanaue 35.2

35.2(35.2). Onpeneants rsiaBuni BEKTOP BHELIHHX CHJ, NpHIO-
MeHHHX K JguHedke AB sanmncorpada, uaobpakednoro ua pHCyHKe.
Kpusownn OC Bpaluaercst ¢ NOCTORHHOH YIJIOBOI CKOpOCTHIO ®; Macca
auneiixH AB pasna M; OC = AC = BC = I.

Oreer: Tnasuuift BexTOp BHEWHHX CcHA napasienes CO u paseH
no mMoaynio Mlw?.

35.3(35.8). Onpenenute r1aBuK BEKTOD BHELUHHX CHJI, nefcTBY1O-
IHX Ha KoJieco Maccw M, cKaThiBalolleecs ¢ HAKIOHHON MNIOCKOCTH
BHH3, ecnH erc nentp macc C ApmmweTcs mo sakoHy Xc = at?/2.

\ g =
z AN

K sagame 353 K sanave 35.4 K sapaue 355

Oreer: TnaBuuE BeKTOP BHELIMHX CHJI NapaJjuiesieH ocH X, Hanpap-
JieH B CTOpOHY ABHIXEHHS H paBeH no monyJio Ma.

35.4(35.4). KoJeco KaTHTCA €O CKOJbMKEHHEM IO TOPH3OHTAJLHON
npAMOH mnon AeiictBueM cunm F, usobpaxennoil ma pucynke. Haiity
8aKOH JBH)KeHHs HeHTpa Macc C Koneca, ecsi KOSQQHUHEHT TpeHHs
CKOJIbXKeHHa paver f, a F==5fP, rne P— Bec koneca. B navanbuui
MOMEHT KOJIeCO HaXOAMJIOCh B NMOKOE.

Orser: xo = 2fgi*.

35.5(35.5). Koneco kaTHTCa CO CKOMBIKEHHEM IO TOPHS0HTaNBLHOR
ﬂpHMOﬁ NOJ AeHCTBHEM MPHJOMKEHHOTO K HEMY Bpallaloillero MOMeHTa,

aHTH 3aKOH [BHMKeuHs mHeHTpa Macc C Kofeca, eCcliH KosbHUHEHT
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TPEHHS CKOJIbXeHHs paBed f. B HavanoHBH MOMEHT KOMECO HAXOMH-
JIOCE B TOKOE.

Oreer: xc= [gt?/2.

35.6(35.6). Baror TpaMBasi coBepluaer BCpTHKaJbHblE rapMoHHye-
CKHE KoJiebaHHs Ha peccopax aMmiuTYAl 2,5 ¢M W nepuopa T = 0,5 c.
Macca kyaoBa ¢ narpyskoit 10 T, macca Tenexku H konec 1 T. Onpe-
HeJIHTh CHNY AAaBJIEHHH BArOoHa HA pellbCH.

Oreer: ot 68,0 no 147,6 xH.

35.7(35.7). Onpenenuth CHJY AaBJeHHs HA FPYHT HACOCA AJIA OF-
Kayky BOJH IDH ero pabore BXOJOCTYIO, €CJIH Macca HENOABHIKHBIX
yacreii kopnyca D u ¢yupamenta E pabna M;, Macca kpupoluuna
OA = a paBHa M,, macca Kyauckt B u nopuiisn C paBHa Ma. Kpupo-
wun OA, ppamaiowmiics paBHo- :
MEPHO C YTJIOBOH CKOPOCTBIO ®,
CYMTATh ONHOPOAHEIM  CTEpIK-

=

ynpyrom OCHOBaHHH, KO3 QH-
UHEHT YNPYroCTH KOTOPOro pa-
BeH ¢. Halti 3akoH nBHKeHHs
K sanase 357 K sanave 35.9 ocu O xpueomnna OA no pep-
THKaJH, eC/IH B HAYaJbHHi Mo-
MeHT 0cb O HaXoAHNIach B MOJIOXKEHHH CTATHYECKOrO PABHOBECHS H el
Onina coobuieHa 1o BepTHKaJH BHH3 CKOPOCTh Up. B3saTh Havano or-
CHYeTa OCH X, HaNpaBNeHHO# BEPTHKAJLHO BHH3, B MOJOMEHHH CTaTH-
HECKOro pasHoBecHa ocH O. CunaMu CONpOTHBIEHHA ApeHeGpeys.

3§
o { HeM.
B { Oreer: N=(M+M,+Mj) g+
3 2
{ + =~ (M, + 2Ms) cos .
— D i 2
7 i 35.8(35.8). cnonkaosas pan-
o V4 i HHe Npeingyuleit 3agayd, CYu-
I ) § TaTb, YTO HACOC YCTAHOBJIEH Ha

c h
Oreer: l) an m‘—?&(ﬁz Xo—— WCOS‘EI-{-

+ = sin kt—l——’-e—g%—cosmt.

wz
Ao c _ Ma2Ms iR
£ne k= M+ Mo+ M * h—M1+M2+MaT'

< - __ Yo _h :
2) npu M:+M2+Ma_{92 Xo= - Sin of 4 —= { sin of.

35.9(35.9). HoxHHUN ANm pesKH MeTasna COCTOAT H3 KPHBOIIHI-
HO-NIOJIBYHHOTO MeXxannsma OAB, x non3ywy B KoToporo npukpen-
JIeH TMOABHXKHHI HOX. HenomBuumii HOX ykpenseH Ha yHpamMeH-
te C. Onpenennts faBiienkie (pyHAaMeHTa HA TPYHT, eCAH JIHHA KpH-
BOWHNA r, Macca KpHBowwuna M,, anuua wartyka !, macca nosaysa B
C MOABHXMHHM HOXOM Mj, Macca dynpamenta C u kopnyca D paBHa
Ms. Maccoii watyna npexebpeus. Kpupowmn OA, paBHOMEDHO Bpa-
UIAYMHHCA ¢ YI/IOBOH CKOPOCTHIO @, CYHTATH OAHOPOMHEM CTEPIKHEM,
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Vxkaszanue Bupaxerue 4/1 — (r/1)? sin? ot caenyer pasnoXKTE B PR H OT-
GpocHTbL BCE 4JIEHH! pAQa, CORepMaiipe OTHOLeHAe r/fi B CTeneHW BHILE BTOPOT

Oreer: N = (M + My + Ms) g + -2 [(M, + 2M,) cos of +
2
-+ 2M, -';- cos 2mt].

35.10(35.10). Onextpuuecknit Motop Maccm M, ycramosnen 6es
KpenjieHuit Ha IJIAJIKOM TFOPH3OHTanbHOM (yHAaMeHTe, Ha Baly Mo-
TOpa MOA NPAMHEM YILJOM 3akpenjieH ONHHM KOHLOM OAHOPOMHEIH
CTepXKeHb AJIHHB 2] H Macch M, Ha ApYroii KOHEL CTepXKHs Haca)keH
TOYEYHBIH rpy3 macchl Mj; yriopas cko-
pOCTE Bajla paBHA .

Onpepenute: 1)  ropH3oHTaNBHOE
IBHIXeHHe MoTOpa; 2) HauGoJbliee ro-
PH30HTAJIbHOE YCHAHE R, HeHCTBYlollee
Ha OoJaTH, ecnH MMM Gyoer 3akpenyieH
KOXKYX 3JIEKTPOMOTOpa Ha (yHRAMEHTE.

Orser: 1) I'apMonnyeckne koJjeba-
HHSl C AMIJIHTYAOH CEMs £ aMe) b

M+ M, + M;
puonom 2mfo;

2) R= (M, +2M)lw?.

35.11(35.11). Tlo ycnoBHsM npenki- K sznase 35.10
Aoywed 3apayd BHYHCIHTH Ty YTJIOBYIO
CKOPOCTb @ Baja 3/J1€KTPOMOTOPA, NPH KOTOPOi 3nekTpomotop GymeT
NMOANPHIHBATL Hal (PYHAAMEHTOM, He OyAyYH K HEMy TNpHKpenjeH
GontaMH.

. M+ M+ M) g

Orser: @ > /\/ T AT

35.12(35.12). ITpu cGopke anekTpomoTopa ero porop B 6HJI 3KC-
HEeHTPHYHO HAacaXeH Ha ock Bpamlenus C; Ha paccrosuun C,C,=a,

rae Cy— neHTp Macc crartopa A, a Co— o
LeHTp macc potopa B. Potop paBHoMep- 4
HO BpalllaeTcs € YrJIOBOH CKOPOCTBIO .
DJIEKTPOMOTOP YCTAHOBAEGH nOCepenHHe A | e
ynpyroi ©OankH, CTaTHYeCKHH mporu6
KoTOpOH paBeH A; M;— macca craTopa, ARA
My — macca poropa.

HafitH ypaBHenHe jBHIXEHHA TOYKH |
C; no BepTHKaJNH, €clé B HayaJlbHHI o = i @
MOMEHT OHa HaXOHHJAacb B MOKOe B MO- R s R

JIOXEHHH CTATHYECKOTro pasBHopecus. CH-
JIaMH CONpOTHBNeHHsT npeHeGpeus. Hayano orcuera ocu x B3aTh B mo-
JIOXKEHHH CTATHYECKOTO pPABHOBECHS TOYKH C;.

Orser: 1) Ilpu z\/-g—q&m x;=-—--;:—?—_—t—;o73inkt+ﬁf—_;2—sin of,
B g e M, .
rhe k— i k= T av’;
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2) npu /\/%=m x,=2—:’;,-sinmt -—Q%tcosmt.

35.13(35.13). DnekTpHyecKHii MOTOp Macckl M, ycraHoBjieH Ha
Ganke, »ecTKOCTL KOTOpoH paBHa c¢. Ha Ban MoTopa HacaMen rpys
maccel M, Ha paccTosiHHH [ OT OCH Bana. YrsoBas CKOPOCTh MOTOpA
o = const. OnpejeauTy aMNIKHTYRy BHHYMAEHHBIX KoJaeGanHii MOTOpa
Y KpPHTHYeCKOe 49ucio erc o60poToB B MHHYTY, NpeHeOperas Maccoii
OanKH H CONPOTHBJIEHHEM ABHIKEHHIO.

OThe i et ER S0 ) P g
e AT T h v My M T T N M

35.14(35.15). Ha pucynke wusobparkeHa KpaHOBas TeaewKa A
macew M), KoTopas 3aropmorkeHa nocepennHe G6anku BD. B uenrpe
macc C) TeneXKH nNoABelieH
TPOC OJIHHB! [ ¢ NPHBA32aHHHEM K
HeMy rpyaom C, Maccn M.
Tpoc ¢ rpysom coeepuuaer rap-

5 Vi
. & = e
F: - i by
7 Z
2 ! 7
K sagawe 35.13 K sapawe 35.14

MOHHYECKHE KonebGaHHs B BepTHKaJbHOM nyockoctd. Onpesenuts:
1) cymmapHyio BePTHKanbHYl peakuHio 6anku BD, cuntas ee xecr-
KOH; 2) 3aKOH [BHMKeHHA ToukH C; B BEPTHKaJLHOM HANPABJEHHH,
cunTas 6anky ynpyroi ¢ Koa(pGHUHEHTOM yNpyrocTH, paBHHM C.

B nayanbHRH MOMeHT Ganka, Gynyus HemeOpMHPOBaHHO, Ha-
XOILHJACh B NMOKOE B rOpH3oHTanbHOM nonoxxeHud. Cuntas KoneGanus
TpOCa MalbiMH, OPHHATL: SiNQ = @, cos @ = 1. Hayano orcuera ocu y
B35iTb B MOJIOMEHHH CTAaTHYECKOTo paBHOBecHa ToukH C;. Maccohi
TDOCA H pasMepaMH TeNeXKH N0 CPaBHEHHI ¢ AJHHOH 6anky npexe-
Opeub.

Orger: 1) Ry=(M;+ M;)g; 2) touka C, coBepluaer cBobojaHHE

KoseGauHsi N0 3aKOHY Yy = —(—M—_‘:;M Cos A/ T, _:_ ;b

35.15(35.16). CoxpanHB faHHbie NpeAHAylled 3aAayd H CYHTAA
6anky BD ecTko#, ompefenHtb: |) cyMMapRYK TrOpHSOHTaJLHYD
peakuHio penbcoB; 2) B NPeANOJOXEeHHH, YTO TeJeXKa He 3aTOpMo-
JKeHa, 3aKOH JBHXCEHHA LeHTpa macc C; Tenexkd A BAOJbL OCH X.

B nayanpuwii MoMedT TOuka C); HAxXoAMNlack B IIOKOE B Hayajne
oTcuera OcH x. Tpoc coBepiiaer KoJeGanus Mo 33KOHY @ = (gCOS Of.

Oreer: 1) R. = —Mqlpow? cos of; 2) Touka C, coBepluiaer Kone
Gauusi ¢ aMnaHTYHOMH M_.A'i?'F lp, u Kpyropoil 9acToTOR © NO 3aKOHY
2
My

Xy {oy(1 —cos wi).

T MM,
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35.16(35.17). Ha cpemnelt ckameiike JIONKH, HaXonHBUIEHCA B mno-
KO€, CHIENH IBa YejioBeKa. OOHH H3 HHX, Macch M, =50 kr, nepe
MECTHJICA BIPABO Ha HOC JIOAKH. B KakoM manpasnenms w Ha Kakoe
PACCTORHHE NOJIIKEH NEPEMECTHTLCA BTOPOI YEAO0BEK MACCH Mo=T70 kr
AJisl TOTO, 4TOGH JIOAKA OCTasach B nokoe? [iuma Jonku 4 M. Conpo-
THBJIEHHEM BOAH NBHXKEHHIO JIONIKH npenebpeys.

Oreer: BneBo na KopMy Jioaku na paccrosinne 1,43 m,

35.17(35.18). Ha OAHOPOAHYIO TIDH3MY A, nexallylo Ha TOPH3O0H-
TalbHOH [JIOCKOCTH, NOJOMeHa OAHOpOAHAA mpu3Ma B; nonepeynkie
CENEHHA NPH3M — NPSAMOYTOJIbHHE TPeYTONRHHKH, Macca npH3MEl A

BTpoe GoJiblie Macch npuamum B. Tlpeano- 5

Jiaras, W4TO MPHSMH H TOPH3OHTAJbHAS 7

TZIOCKOCTL HJI€A/IBHO TJIAfIKHE, ONpeNeinTh 4

AAuHy [, Ha KOTOpPYIO nepeapuHercs TpH3- B € =
Ma A, korpa npuama B, cnyckascs no A, /mf
AOHIET IO TOPH3OHTANLHOH NJIOCKOCTH, . 555 en e 17 g

Orser: | =(a—b) /4.

35.18(35.19). ITo ropusonTanshol TOBAPHOH NAaThopMe AJHHBI
6 M M MaccH 2700 Kr, HaXONHBWENCA B HAYAJLHLI MOMEHT B NOKOE,
NBOE paboyHX [MEPEKATHIBAIOT TSIKENYK OTIHBKY M3 JIeBOro KOHI[a
nnathopmbl B npaekii. B Kakywo cTOpoHy H HackosbKO [lepeMecTHTCA
npH sTOM nnatopma, ecniy o6masi Macca rpysa H pabouux pasHa
1800 xr? Cunamu CONpPOTHBIEHHR ABHIXEHHIO naaTgopMsl npenebpeys.

Orger: Hanepo ua 2,4 M.

35.19(35.20). Mma rpysa M, u M,, COOTBETCTBEHHO MACCH M u
M, coenuHeHHBIE HEDACTSIKHMON HHTBIO, nepeGpolleHHoit yepes
6nox A, ckonb3AT Mo rAAKHM GOKOBEM CTOPOHAM TNPAMOYrOJBHOTO
KJHHA, onupatowlerocs ocHoBaHHeM BC Ha raagkyio TOPH3OHTATBHYIO

K sapave 35.19 K aapaue 35.20

mockoctb. Halith nepemeutenne xauna no TOPH3OHTAJNBLHOH TNJIOCKO-
CTH NPH ONMyCKaHHA rpysa M, ma Brcoty A= 10 cm. Macca Kimna
M= 4M, = 16M,; Maccoit HuTH H 6i0Ka npereGpeus.

Oreer: Kanu nepemectutes Brpaso Ha 3,77 M.

35.20(35.21). Tpu rpysa maccei M, ==20 «r, M;=15 kr u M;=
=10 Kr coelHMHEHH HepACTAMUMON HHThIO, nepeGpolleHHOR Yepes
HenoABHHKeE 6JM0kH L v N. Ipu onyckauwu rpysa M; suH3 rpya M,
NEPEMEILAETCA N0 BEpXHEMY OCHOBAHHMIO YETHIPEXYrONBHON yCeueHHOH
napamMunel ABCD maecce M = 100 kr BNpaBo, a rpys M; noauumma-
erca 110 6okosoit rpann AB BBepx. Ilpenebperas Tpennem mexny yce-
YeHHO# nupamuno#t ABCD u nonom, onpemenuts nepeMeniesne yce-
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yennoi nupamuiw ABCD ornocutensHo nosa, ecnu rpya M, omye-
THTCA BHH3 Ha 1 M. Maccoii HHTH npeHe6Gpeys.

Orger: Bnero na 14 em.

35.21. TlogeyixHON NOBOPOTHEIH KPaH [JAA DeMOHTa YJHYHOMA 3JeK-
TPOCETH yCTaHOBJAeH Ha aproMalunse maccet 1 T. Jlionpka K kpawa,
VKpenneHHas Ha crepxHe L, mo-
ET NOBOPAaYMBATHLCH BOKPYT TOpH-
sonTasphod ocH O, nepneHmHKYy-
JIIPHOW MJOCKOCTH pHcyHKa, B Ha-
YanbHEI MOMEHT KpaH, 3aHHMAB-
IIHH TOPH3OHTAJbHOE MOJOKEHHE,
H ABTOMAIUYHA HaXOJAWJHCH B MO-
koe. OnpenenuTs nepeMelleHHe He-
3aTOPMOXKEHHOH ABTOMAWUHHBL, ec-
Ju KpaH mosephyncs Ha 60°. Mac-
ca OOHOPOXHOIO cTep:kHa L Innupb
3 M paena 100 wr, a JiuolibkH K —
200 kr. llerrp mace C monekn K otcToHT oT ocH O Ha DacCTOSIHHH
OC =3,5 M. ConpoTHB/IEHHEM [BHEHHIO npeHebpeus.

Orger: Hanpaso Ha 32,7 cMm.

K 3amaue 35.21

§ 36. TeopemMa 006 H3MeHeHHH FJIABHOTO BEKTOPA KOJHYECTB
IBHeHHs MaTepHanbHON cucTembl. Tpunoxense K CnaOWHLIM CPERaM

36.1(36.1). OnpenenuTh TrAABHBEIH BEKTOp KOJHYECTB [BHIKEHHA
pafoTaKuiero peaykTopa CKOpocTeH, H300pa<eHHOro Ha pHCYHKE,
eCc/IH LEHTPH TAXKECTH KajJAOro M3 deThipex Bpallamiinuxca 3y6yaThix
KOJIeC JIEXKAT HA OCAX BpalleHHs.

Orser: TnasuHil BEKTOP KOJHYECTB IBHIKEHHA paBeH HYJIiO.

(i) ¥za
F7A 77)
K 3anage 36.) K 3anawe 36.3

36.2(36.2). Onpenenuts CyMMy HMOYJbCOB BHEIUHHX CHJI, NPHJO-
¥eHHBHIX K pENyKTOpY, PaccMOTpeHHOMY B npenmayileill 3apade, 3a
NPOM3BOJILHBI KOHEYHBIT MPOMEKYTOK BPEMEHH.

Oreer: CyMMa HMNYJbCOB BHELIHHX CHJA PaBHa HYyJIO.

36.3(36.3). Onpenenuts INaBHEIH BEKTOP KOJHYECTB ABHIKEHHS
MasiTHHKA, COCTOfLlero M3 oaxHopommoro crtepxkHs OA maccm M,
IIHHE 4r # ONHOPOAHOro AHcKa B maccw Ma, panmuyca r, eciii yrio-
Bas CKOPOCTb MafTHHKA B JAHHHH MOMEHT paBHa .
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Orser: Tnaeuuii BexTop Konuuects LBHIKEHNsI HanpaBJieH TlepneH-
AHKYAAPHO cTepXHio OA u no monymo papey (2M, + 5M,) ro.

36.4(36.4). Onpenennts MOAy/Nb W HalpaB/lleHHe TrAaBHOTO Bek-
TOpa KONHYECTB ABHIKEHHS MexauHama 3nanncorpata, ecan macca
KpHBOWINNIA paBHa M, macca nuHeiliky AB 3nJHNcorpaga pasHa 2M),
Macca KaxnoH us mydpr A u B papua Mz, nanwmr pasmepm: OC —
=AC=CB =1 llentpn macc KPHBOLUKHTIA M NHHEHKH paCHONOKeHH
B HX cepeaHHax. KpHBowmun epamaercs c YrI0BOi CKOPOCTBIO .

Orser: Monyas raasmoro BEKTOpPa paBeH Q=%£(5M.+4Mz);

HalnpaBJieHHE TJIaBHOrO BEKTOpa NepneHaHKyIApHO KPHBOLUHITY.
L

K sanawe 36.4 K sanase 36.5 K sanaue 366

36.5(36.5). Onpegenurs TNIABHEIH BEKTOp KOMHYECTB IBHXEHHA
LEHTPOGEIKHOrO perynsTopa, YCKODEHHO BDAILAIOWIErocs BOKPYT BEp-
THKaNbHOH ocH. [Ipn stom yrm P HSMEHSIOTCS M0 32KOHY @ = g ({)
H BEpXHHE CTEpIKHH, [OBOPAYHBASCH, MONHHMAIOT wapsl A u B. ny-
Hel cTepxHeli: OA=0B=AD—BD— |. Llertp Mmacc mydrw D
Maces M, JexuT Ha ocH 2z, Hlaps A u B cuurats TovesHbiMy Maccamu
Maccn M, kaxasi. Maccoii CTepXHEH npeHebpeys.

Oreer: Q.=Q, =0, Qz=——-2(M,+Mg)l¢sinq>, rie Q —rnap-
HHf BEKTOP KONHYECTB ABHXCEHHS, NJIOCKOCTB Yz COBNAA4er ¢ Mio-
CKOCTBIO PaCOJIONEHHS CTEPIKHed perynstopa.

36.6(36.7). B mexanusme, H300paKEHHOM Ha pHCYHKe, IBHKY-
Lleecs KoJieco paauyca r umeer maccy M, TIpHYeM LIEHTp Mace KoJieca
HAXOAHTCA B TOuKe O); HEHTP MacC npsAMONHHERHOTO CTepxHa AB
Macchl kM naxogures B ero cepeanne. Kpusownn OO, spamaercs
BOKPYTr ocH O ¢ nocroauxol YTJIOBOHi CKOPOCTEIO @. Onpenenuts riap-
HHil BEKTOP KONHYECTB ABHIKEHHs CHCTeMH, NnpeHebperas maccoii KpH-
BOUIHIA.

Oreer: Ilpoekunu raasnoro BEKTOPA KOJIMYECTB OBHIKEHHS CHCTe-
MH H2 OCH Koopauuat: 1) ma oce Ox: —Mre cos of; 2) Ha ocw Oy:
Mrao (1 4- 2&)sin wt.

36.7(86.8). Macca crsosa Opyaus pasha 11 1. Macca crapsna
PaBHa 54 kr. Ckopocts CHapsana y AyJbHOTO cpesa ug==900 Mm/c.
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Onpegennte CKOPOCTH CBOGONHOrO OTKaTa CTRONA OPYAHA B MOMEHT
BHIJIETA CHApSAA.

Orger: CxopocTh OoTKaTa CTBOJA OpyAus pasHa 4,42 M/c W Ha-
npaejeHa B CTOPOHY, NMPOTHBONOJOXHYK ABHXKCHHIO CHapAna.

36.8(36.9). ['panara maccw 12 Kkr, neteBmas co ckopocthio 15 M/,
pasoppajlack B BO3fyXe Ha aBe yacTH. CKOpOCTH OCKOJIKA MAcCh 8 KT
BO3pOC/IA B HANpaBJeHHH ABHienHs ao 25 M/c. Onpenenute cKo-
POCTH BTOPOrO OCKOJIKA.

Oreer: 5 M/c B HanpaBleHHH, NPOTHBOTMONOXHOM ABHIKEHHIO mep-
BOT0 OCKOJIKA.

36.9(36.11). ITo ropu3ontanpHOl naardopme A, HBHKyuleiics no
HHEDIHH CO CKOPOCTBIO Ug, NEPEMEINaercs TesNeXxka B ¢ nocTosHHOM
OTIOCHTENBHOM CKOpPOCTLIO Ko, B HEKOTOPHH MOMEHT BPEMEHH TeNem-

ka Owmuma 3aTopmoxkena. Onpene-

b« 1 JIHTb 0BLIyI0 CKOPOCTH U naartgop-
= 1—¥ MH C TENEXKOl Nocjie ee OCTAHOB-
S = = KH, ecnE M — macca naathopMH,

— MAcca TeJIeXKKH.
K sanage 36.9 S

m
Orser: v =uy+ m iy.

36.10(36.12). CoxpaHHB yC/IOBHE Npefnayllel 3a1aui, onpelenTh
nyTh §, KOTOpHil npoiifier Tenexka B no nnatdopme A ¢ MoMenTa
Hayana TOPMOMEHHA N0 MOJHOH OCTAHOBKH, H BPEMS TOPMOMEHHS T,
ecsiH CYMTATH, YTO NPH TOPMOXEHHH BOSHHKAeT OCTOAHHafA N0 BeJH-
gMHe CHAa conporHeiaerus F.

Vxasaunue B puddepeHuanbHOM ypauHeRIH NBHIKEHHA TENEXKH HCNO/bB30-
BaTs cooTHolleHHe Mu 4+ m{u 4 ©) == const, rAe # H U— NepeMeHHHE CKOPOCTH.

1 mM ug mM
Oreer: S= 5 F¥m F' ““m¥m F’

36.11(36.13). M3 nHakoHeuHHKA MOXapHOrO pyKasa C MONEpeYHHM

cevenneM 16 cm? Gper cTpysi BoaW Nofx yraom a = 30° K rOpH3OHTY
; co ckopocTrio 8 mM/c. OnpenesuTh CHIY NaBleHHA

CTpYyH Ha BEpTHKaJAbHYIO CTedHy, npexebperas
JNefCTBHEM CHJIH THXeCcTH Ha (oOpMYy CTIPYH H
CUHTA, 4YTO YACTHUH KHAKOCTH IOCNE BCTPEYH
CO CTELOH NPHOGPETYT CKOPOCTH, HANpPaBIEHHBE
BHOJIb CTEHEL.

Orser: 88,8 H.

36.12(36.14). OnpenenuTs rOPH3OHTANBHYIO cocTaBasiollyo N BO3-
HHKAKUleH NPH IPHXEHWH BOAH CHJIBH [aBJeHUR Ha ONOpY KOJEHa
Tpy6u nuamerpa d = 300 mM, no KOTOpo# TeyeT BoAa CO CKOPOCTHIO
v=2wmjc.

Orser: N =284 H.

36.13(36.15)- Boga BXOAHMT B HENMOABHXKHEIH KaHaJ NEepeMeHHOro
ceueHMH, CHMMETPHYHHI OTHOCHTENBHO BEDTHKANBHOH INJIOCKOCTH, €O
CKOpOCTHIO Up =2 M/c nox yrioMm oo = 90° K ropH3oHTY; ceyeHHE Ka-
wana npu sxoze 0,02 Mm% ckopocTs BoAW y BHXO[A H3 Kanala U] =

e

K zagawe 36.11
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- e T

=4 M/c u HanpaBnena nop yraom a; = 30° k ropxzonTty. Onpenensts
MOLYJIb POPH3OHTAJILHOH COCTABJISIOLIEH CHJE, ¢ KOTOpOH Bonxa neii-
CTBYeT Ha CTEeHKB KaHala.

Orser: 138 H.

pe S

e

5/
=

U
o
K aanase 3612 K sanave 36.13 K 3anave 36.14

36.14(36.17). Onpenenuts MOZLYNb TODH3OHTANILHOR COCTABNSIOLLLR
CHIN IaBJIeRHsi CTPYH BOAW Ha HENOABHIKHYIO JIONATKy TYPOHHHOrO
Koseca, ecny oObeMHBIE pacXom Boaw Q, nnoTHOCTS ¥, CKOPOCTE Mo-
AdUH BOAEI Ha NOMaTKy U; rOPH3OHTaNbHa, CKOPOCTa CXoAa BOAB! Dg
06pasyet yron o ¢ ropHsoHTOM,

Oreer: N = yQ(v; + vy cos a).

§ 37. Teopema o6 wamenenuu riasHoro MOMEHTa KOJIRUeCTR
ABMIKCHUSI MaTepranbuoi cuctemu. dnddepenunansuoe YPasHeHHne
Bpallenys TBEPOTo TeJa BOKPYF ReNOABMIKHON OCH

37.1(37.1). Onnoponnwuii KPYIABIH AHCK maccs M =50 kr u pa-
Buyca R =30 cm watutca Ges CKONBXEHHR 110 T'OPH3OHTANBHON NNo-
CKOCTH, Jlenast BOKPYr csoeii ock 60 06/mun. Buuncnurs TNaBHHE MO-
MEHT KOJHYECTB NBHXKeHHS JHCKA OTHOCHTENBHO Oceii: 1) npoxopsiest
H€Pe3 UEHTP JHCKA NeprneHAHKYNSPHO MIAOCKOCTH ZBHIKeHHs; 2) ot-
HOCHTeJIbHO MTHOBEHHOH OCH.

Oreer: 1) 14,1 xr-m?/c; 2) 42,3 kr-m?/c.

87.2(37.2). BHuuCnUTL TNaBHbIli MOMEHT KoMMuecTs ABHIKEHHS JIH-
Helikn AB annuncorpada B abconioTHOM NBHXXEHHH OTHOCHTENBHO
OCH 2, coBnajaiuledl ¢ OChI0 BpauleHHs KpuBoitHnia OC, a takske B
OTHOCHTEJIbHOM RBHIKEHHH 1O OTHOLUEHMIO K OCH, npoxonsiled yepes
UeHTp macc C auneRKu DapannensHO ocH z Kpupowwun spaujaercs
C YIIOBOKH CKOPOCTBIO, NIPOEKUHSI KOTOPOH Ha OCh z PaPHa w:; Macca
AHHeNky paeHa m; OC = AC — BC — | (cM. pucyHOK K 3anave 34.5).
mi?
3

37.3(37.3). BuuncanTth rnapHm MOMEHT KOJIHYCCTR JIBHIKEHHS
[NAHETAPHON Nepefiaysr OTHOCHTENBHO HeNOABHIKHON OCH 2, CoBnapamw-
el ¢ Ocel0 BpanieHus KpHBouinna OC,; Henoaswxicuoe Koneco / H

2
Orser: Ly, — = mPo,, Lo, —— .
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TIOABHIKHOE KoOJeco J— OAMHAKOBOro panuyca r. Macca koneca 3
paena m. Koneco 2 macchl m, uMeeT paguyc rp. Kpusowun Bpaiaercs
C YINOBOH CKOPOCTBLIO, MPOEKLHA KOTOPOI Ha OCh Z paBHa w.. Maccoi
/ 3 KpuBolMna npeHebpeus. Koneca cum-
TaTh OJHOPOAHBIMH AHCKAMH.
Orser: Ly, =
2 8
— mg ( r+3r2)q‘l‘ m (r + ra) (r+r2)m .

37.4(37.4). Harsmxenus pepyiues
M BeNOMOl BeTBeH peMHH, NPHBOLSA-
K 3agawe 37.3 HIEr0 BO BpallleHHe WWKHB pajguyca
r=20 cM, macces M = 3,27 Kr, coot-
BeTcTBeHHO paeun: Ty =100 H, T, =150 H. Yemy nonxkeu 6uithb pa-
BCH MOMEHT CHJI CONPOTHBNEHHA [NA TOro, 4To6H WIKHB Bpamafcs
C yrloepwM yckopeHdem &= 1.5 pan/c?? [lkup cunTaTh OLHOPOIHEIM
IHCKOM.
Orser: 9,8 H:m.
37.5(37.5). Onn onpelleneHHss MOMEHTa TPEHHs B UandaXx Ha paj
HacaXXeH MaXoBHK Maccw 500 Kr; paoMyc MeeplHH MaXOBHKa p =
= 1,5 m. Maxopuky cooflueHa yrnosas CKOpPOCTb, COOTBETCTBYIOL{as
n =240 o6/MuH; npenocTaBNeHHbli camMoMy cebe, OH OCTAHOBHJICSH
yepe3 10 mun. Onpegenuth MOMEHT TpEeHHsi, CHHTAs €r0 MNOCTOSHHBIM.
Orser: 47,1 H-m. .
37.6(37.7). Ins GLICTPOro TOPMOXeHHs GONBIIHX MAXOBHKOB MpH-
MEHAETCs 3JEKTPHUYECKHH TOpMO3, COCTOSILHH K3 ABYX AHaMeTpalbHO
PAacrnonoOXeHHHX MOAKCOB, HeCylwlHid Ha cebe 0OMOTKY, MMTaeMylo mo-
CTOSIHHBIM TOKOM. TOKM, MHAyLHpYeMEE B MacCe MaXOBHKd NPH ero
ABHXEHHH MHMO MOJIOCOB, CO3AaI0T TOPMO3sllMH MOMeHT M;, npo-
NOpUHOHANBHBIA CKOPOCTH v Ha oboje MaxoBHka: M, = kv, roe k—
KO3 QHUMEHT, 3aBHCHALUMH OT MATHHTHOIO NOTOKA H pa3MepoB Maxo-
BHKa. MoMeHT Mz OT TpenHs B MOANTHNHHKAX MOXKHO CHHTATb NOCTOSH-
HHIM; THaMeTp MaXxoBHKa [), MOMEHT HHEPLMH €r0 OTHOCHTEJBHO OCH
Bpailenns J. HaliTh, uepes xakoii NpOMEXYTOK BpeMEHH OCTAHOBHTCH
MaXOBHK, BpallalwlUHics ¢ YrA0BOi CKOPOCTLIO .
e k Doy
Orser: T—k—D—In(l e oM, )
37.7(37.8). Teepaoe Teno, HaXOMHBLIEECS B NOKOE, NPHUBOAKTCA BO
Bpalleline BOKDYT HENOABHXXHOH BePTHKANBHOH OCH NOCTOSHHEIM MO-
MEHTOM, paBHbiM M: NpH 9TOM BO3HHK2eT MOMEHT CHA CONPOTHBNEHHS
M,, nponopUHOHANLHBIH KBAaAPaTy YINOBO# CKOPOCTH BpauleHHs: TBep-
noro tena: M| = aw®. Haliti 3akon H3MeneHHs yraopoil CKOPOCTH;
MOMEHT HHEPLHH TREPLOTO TeJla OTHOCHTENLHO OCH BpalleHus papeH J.

M P —1 %
o P A
37.8(37.9). Pewuts npermayulyio 3agady B MNPeANONONKEeHHH, YTO

MOMEHT CHJ COMpOTHBAeHHs M; nponopuuoHaneH YTnoBOil CKOPOCTH
BpaUleHHs TRepnoro tena: M, = aaw.

Orser: 0=
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Oreer: =—A-:- (1 —e~at),

37.9(37.10). lllapuk A, naxomsiumiics s Cocynie € HAKOCTHIO H
NPHKPENVIEHRHIR K KOHLY cTepikus AB mannm |, NPHBOLUTCA BO Bpa-
LIEnHE BOKPYr BepTHKanwHOH och 010; ¢ HavanbHOii YraoBoii cxo-
pOCThIO wo. CHNA CONPOTHBNEHHS KHAKOCTH NpONOpIHOHANbHA Yra0-
BOA CKOPOCTH BpalueHHsi: R — amw, rae m— macca urapuka, o —
KO3 QHUHEHT NPONOPLUHOHANBHOCTH, Onpenenuts, uepes kakoii npo-
MEXYTOK BPEMEHH YIJIOBasi CKOPOCTH BpALLEHHS CTAaHeT B Apa pasa
MeHbllle HayanbHOH, a TaKxe 4ucno 06OpPOTOB 7, KOTOpOe caenaer

i

K sanase 379 K zapaye 37,10

CTEPAEHB C LIAPHKOM 32 STOT NPOMEKYTOK BpPEMEeHH. Maccy urapuxa
CHHTATH COCPENOTOUEHHON B €ro LeHTpe, MAaccoii CTEPIKHA npeHebpeyk.
layg
4na °

37.10(37.11). Onupepenuts, ¢ KaKoii YFNOBOH CKOPOCTBIO o ynazmer
Ha 3EMII0 CNHIIEHHO® nepeBo Maccel M, ecnn ero uewtp mace C pac-
TOJIOHEH 112 PACCTOAHHH h OT OCHOBAHMS, @ CHJIE COMPOTHBNEHHS BO3-
AyXa CO3LAIOT MOMEHT CONPOTHBJNEHHS M., NpHYeM m., — —ag?, rae
o = const. MomMeHT HHepuUME nepeBa OTHOCHTENLHO ocH 2, CoBnanaio-
liefi ¢ OCBIO, BOKPYT KOTOPOi NOBOPAYHBAETC HEPeBO NPH NafieHuH,
paeen J.

n -

Orser: w= ’\/%_g—mi- (e ! —1—2}'1).

37.11(37.12). Ban pannyca r NpHBOOHTCH BO BpallaTeNbHOe IBH-
JKEHHE BOKDYT FOPH3OHTANBHON OCH THpeli, NoapeleH O NOCPeCTEOM
Tpoca. as TOro utobsl yrnosas CKOpPOCTL Balla 4epes HeKoTOpoe
BpeMst ToCNe Hauaja [ABHXXEHHE HMena BENHYHHY, ONH3KYI0 K no-
CTOAHHON, C BAaJIOM COEAMHEHE! n ONMHAKOBEX NNACTHH; CONPOTHRJIEHHE
BO3IyXa, HCNBTHBAEMOE NNACTHHOMN, NPHBOMKTCS K CHJIE, HOPMAaNbHOK
K MIaCTHHE, NPHNOXKEHIOH Ha PacCTORHHH R oT ocu Bana H npomnop-
UHOHANbHOH KBajApaTy €e yri0BOM CKOPOCTH, npHueM KosdbuumerT
NpONOPUHOHANLHOCTH papeH k. Macca rHpH m, MOMeHT HHEpLHH Bcex
BPALIAIOLLHXCA YacTeli OTHOCHTENBHO OCH BpALIEHHs paeen J; maccoh
TpOCa H TpeHHeM B OnOpax npexebpeus.

1
Orser; T=; In2, n=
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Onpepenuts yrioBYI0 CKOpOCTh @ Bana, Npeapojaras, YTo B Ha-
YajibHLIil MOMEHT OHA papHa HYJIO.
mgr e —1 2
ot TRE 0= p)
knR % + 1 I+ mr
craToyno GONbIIOM 3HayeHns [ yraoBasi CKOpocTh © O6JH3Ka K Io-
X mgr
CTOSHHOKH BeNHUYHHE '\/ER'_'
37.12(37.15). ¥Ynupyryio OPOBOJIOKY, Ha KOTOPOH MOJABEINeH ORHO-
POLHHI LIAap € PajHyCcoM r H Maccoli m, 3aKpyuWBaloT Ha Yron g,
a 3aTeM MPGAOCTABNSAIOT eif cBOGOAHO packpyuuBaTbcs. MowmenT, He-
oB6X0AMMEL IS 3aKPYYHBAHHA NPOBOJIOKE HZ OMMH pamHaH, paBeH C.
OnpenenuTth ABHX(EHHE, NpeHe6peras conpoTHBAEHHEM
A BO3AYXa H CYMTAd MOMEHT CHAbI YOPYFOCTH 3aKpy-
YEHHOW MPOBOJIOKH [pONOPUHOHAJLHLIM YINy Kpyue-

\ HHA .
. p5e.
Orser: ¢ = @, COS ’\/W L.

37.13(37.16). Yacopoii Ganarcup A Moxer Bpa-
K sanaue 37.13 [IATHCS BOKPYT OCH, TepnelliMKyJIspHOH ero mnocko-
CTH ¥ NpOXomosilnel yepe3 wenTp TsxcectH O, umes or-
HOCHTENbHO 3TOH OCH MOMeHT HhepurH J. DanancHp npHBOIHTCA B ABH-
JKenHe COHPaNbHON NPYXHHOH, OMNH KOHel, KOTOPOH € HHM CKpen-
JieH, a APYrod NPHCOEAHHEH K HENOABHXKHOMY Kopnycy uacos. [lpn
nopopore GanaHCHPa BOSHHKAET MOMEHT CHJ YOPYFOCTH [MPY2KHHH,
fPONOPIHOHANbHE yray nosopota. MomenT, Heobxonumuit ans sa-
KPY4YHPaHHS MPYXHHE HA ORHH pafHaH, pased
¢. OnpenennTh 3aKkoH JBHIXKeHHS OGanaHcHpa,
CCNH B HayalbHLIE MOMEHT B YCIOBMSX OTCYT-
CTBHS CHJI ynpyroctH 6anaHcHpy COOGLIHNH Ha-

4anbHYIO YLJOBYIO CKOPOCTDH (p.

g s
Oreer: @ =y '\/:5" sin ’\/%t-

37.14(37.17). OIns omnpepejieHHsi MOMEHTa
HHepuuH J; Tesla 4 OTHOCHTENBHO BepTHKAJbHOMN
oci Oz ero NpUKpPenuiH K yNpyromy BepTHKalb-
Homy cTepiHi0 OO0, 3aKPYTH/H 3TOT CTepIKeHs,
nosepHys teno A sokpyr ocu Oz Ha Manwi
YIon o, ¥ OTMYCTHIH; TEPHOL BO3HMKIMHX KOJe-
K sanave 37.14 Oauuii OKasascs PapHBIM i, MOMEHT CHN ynpy-
roCTH OTHOCHTeJbHO ocH Oz paBeH m,=— — Q.
Ins onpenenenns: KoagduuueHra ¢ npoaenany BTOPOH ONKT; Ha CTep-
seub B TOuKe O OB HajeT ONHOPONHHIH KPYIJH AWCK paaMyca r
maccu M, u Torna nepuon xonebawuit okazancs papeuiM Ty Onpepe-
JIHTh MOMEHT HHepuUHH Tena J,.

Oreer: ® = A/mgnkrR; upn no-

Orser: I,= —'2—r‘ (;—;)2
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37.16(37.18). Pemnrts NPENBIAYWYIO 3aRaYy B MPEANONOKEHHH, YTO
AJi5 onpelleneHus KoaddHUHeHTa ¢ BTOPOH ONHT NPONeNNBaloT HHAYe:
OAHOPOIHLIN KPYrihiii OucK Maccw M u papsyca r npHkpennsercs
K Teny, MOMEHT HHEPLHH KOTOPOro Tpebyercs onpepenuts. Halith mo-
MEHT HHepuMH Tesna J., ecnu nepuos konebamuii Tena T, a nepHoj
kone6GaHui Tena ¢ [IPHKPENJIEHHEIM K HEMY NHCKOM Ts.
Mr? 'l‘f
2 t'f-—r',l

37.16(37.19). Buduaspunii nomeec cocront H3  OOHOPOZHOro
cTepxus AB nnueel 2a, nomsewmennoro TOPH3OHTAJILHO MOCPEeACTBOM
ABYX BEPTHKANbHHIX HHTEeH ANHHB [, OTCTOSLIHX IPYr oT npyra Ha
pacctosiinn 2b. Onpeneants nepuop KPYTHJABHEX KOneOaHuil cTepmns,
nonarasi, YTO CTePXHeHb B TeYeHHe BCEro BpeMeHH
ABHIXEHHA OCTAETCA B FOPH3OHTANBHOM MONOMEHHH ”TM}W‘T‘
H HaTsXeHHe KaXOH H3 HHTeH pPaBHO nNONOBHHE
BECA CTEPIKHS. )

Yuasaﬂu He Ilpn onpenenexnn FOPH3OHTAABHOR co- b
CTaBAIOMeH NATAMEHHS KaXEoH wH3 HHTeH, cvuTas Koneba- ]

HHA OHQIAADa MaZTEIMH, SAMEHHTD CHHYC yI1a MeXAy Hampas- A
JIEHHEM HHTH H BEPTHKANLK) CAMUM YIIOM. I a

Orsger: J,=

L
[~
H
~
o

2na vl K 3anawe 37.16
Orser: =N
37.17(37.20). Ilnck, nopseiueHnsii K YOpyroi npoeoJioke, coBep-
LIAeT KPYTHNbHBIE KoNeGaHHS B KUAKOCTH. MoOMerT HHEpUHH [OHCKA
OTHOCHTENILHO OCH NpPOBONOKH paseH J. Momenr, HEOOXONMUMEH Ans

- 3aKPYSHBAHHA [POBONIOKH HAa ONHH panHaM, paBeH ¢. MomenT conpo-

THBJIEHHS] NBHIKEHHIO paBeH oSw, rape @ — KO3 P HIHEHT BsisKOCTH
JHHAKOCTH, S — cyMMa naouianef BEPXHEr0 H HHXKHEro OCHOBAHH{ [j-
CKa, © — yrnoBasi CKOPOCTb HHCKa. Onpepenwuts nepuHon koneGawumii
AHCKA B XHAKOCTH.

Oreer: T = e

Adel — o257

37.18(37.22). Teepuoe Teno, nopselennoe na YNpyrok npososoke,
COBEpPLIALT KPYTHNbHEIE KONeGaHHS MOA MefiCTBHEM BHEIHEro MOMeH-
Ta Me, NPHYEM Mpz = my Sin of - m3 sin 3wf, roe my, M3 4 w — no-
CTOfHHLIE, a4 2— OCb, HanpaBNeHHas BHOJIL NPOBONOKH. MoMeHT CHN
YOPYrOCTH NPOBONOKH DaBeH Mynp, NPHIEM Mynp z = —CQ, Tle €—
KO3 puuHEHT ynpyrocTH, a ¢ — yron 3akpyuuBanns. Onpenenurs 3a-
KOH BBLIHYAEHHBX KPYTHALHHX KoJebauuii TBEPMIOTO Tena, ecay ero
MOMENT HHEPUHH OTHOCHTeNbHO OCH z paBeH J.. Cunamu COTNIpOTHBNE-
HHA IBMXeHHIo npeHebpeus. Cuptats, yto Aell, = o u Aell, == 3a.

Orger: = k’h—mi sin wf | = _"3%, sin 3wf, rge B—cfl.
h=mfl,, hs=mafI,.

37.19(37.23). Pewnrs NPEARAYILYIO 3ala9y C YYETOM MOMEHTa CHI
CONPOTHBNEHHSA /M, NPONOPLUHOHAALHONO YrAOBOH CKOPOCTH TBEpHOro
Tena, npuiem mc; = —P¢, rae P — nOCTOSHHEI ko3 G HUHeHT,
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Oreer: ¢ = A sin(wf — &)+ 43 sin (30f — &3), rue

Ay = A = ha
A[(k2 — o?)? - 4n0® 3 V= 902y + 36n%w? |
2nw 6no
81=arctgm;. 83=arctgk—,_97. fl-=2L]z.

37.20. Iuck D, papuyc kotoporo pased R, a Macca— M, nonse-
LIeH Ha ynpyrom crepxue AB, HMEWIlLEM MECTKOCTh Ha KPYYEHHe C.
Konen ctepxus B spauaercs no 3akony @s = wof + @ sin pt, rae wo,
(D, p— nocrosikHEle BenuyHHbl. [lpeHebperas cHnamH
COMPOTHBJEHHS, ONPeNenHuTs ABHMenne aucka D: 1) npu
OTCYTCTBHH DeSOHaHca, 2) npH pesoHaHce. B HayaleHBIH
MOMEHT AHCK OBl HeNnoJgBHMKEH, a CTepIKeHb — Hele-
dhopMHPOBaH.

Orser: 1) qp,, (t}=mot—

k sinkt + —— k’ (sm pt -—-—- sin kt)
9 2cQ
rae k= MR:I v h MRZ H
2) tpA(t)—-mﬂi— sin kt—|—2k (k sin kt—tcoskt)
K aazaue 37.20 37.21. Tsepjpoe TeNO, NOABElLIeHHOE K YIPyroi mpo-

BOJIOKE, COBEpIIAET KPYTHAbHEE KONeGaHHS B JKHAKOCTH.
MomeHT HHEpUHH Tella OTHOCHTENBHO OCH MPOBONOKH 2z paeeH J..
MoMeHT cHN YNPYrocTH NPOBONOKH Mynpz = — CQ, TAe ¢— Ko3pbu-
LHEeHT yNpyrocTH, a4 ¢ — yron 3aKpydYHBaHHs; MOMEHT CONPOTHBIEHHSA
ABHXEHHIO m..=—— [}¢, TAle ¢— yraoeass CKOpPOCTk TBEpPAOro Tena,
a p>0. B HayanbHelf MOMEHT TBepAoe Teno OHIJIO 3aKPyueHO Ha
yron g H oTnylleHo Ge3 HayanesHOH ckopoetH. HalTH ypaeHenHe nBu-

B c
JKEeHHs TBEPMOTO TeNd, eClH —7— < - -
z
Oreer: 3aryxalomue KpyT HJ'II:HHE Kose6anusl M0 3aKOHY
Q=g ™ (cos —n t—l— sin 4/k2 — n? t)
rpe B2=c/l., n = B/(2]:).

37.22. Opnoponnbli Kpyrawil Auck macce M u paauyca R, nopnse-
UIeHHEH K yNPyro# npoBoJiOKe, MOXKET COBepIaTh KPYTHIBbHEE KoJe-
6anns B KHAKOCTH. MOMEHT CH ynpyrocTH NPOBONOKH Mynp » = —CO,
rAe OCh z NPOBeieHa BAONb NPOBOJNOKH, ¢ — KO3((HLUHEHT ynpyrocrH,
a @ — yron 3aKpyyHpaHHs; MOMEHT COMPOTHBNEHHS ABUIKEHHID M ; =
= —f@, roe ¢ —yriaoBas CKOpPOCTb JHCKa, a P > 0. B HauaasHuIf

MOMEHT AHCK OB 3aKpyd4eH Ha yron p H OTnyweH 6e3 HayanbHoH
ckopocTH. Halita ypasueusne nnn}xeﬂnﬂ nncxa, ecnu:

D ﬂ'ﬁkT=’\/MR=' 2) MR“ < ’\/MR*'
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Orser: AnepHopuueckoe nBmenue no 3aKOHy

1) 'M'“'*%,= /\/W%_z- 9= qee~" (1 + nt), rae n=_M_Ee?‘
R A I =y .

rae k2 =2¢/(MR?), n = B/ (MR?).

37.23. Teepnoe Teno, nozpewrenHoe Ha YOpyroii npoBosoke, cosep-
WAET KPYTHABHHE KOAeGaHHS MNONL NeHCTBHEM BHENIHEr0 MOMEHTA
My » == Mo COS pl, TAe My H p— NONOKHTENBHbIE MOCTOSIHHLIE, & 2—
OCb, HaNpaBJieHHAs BAONb MPOBONOKKH. MOMEHT cHI YTPYrocTH npo-
BONOKH fTlynp z = —C@, TAE €— KO3 DHLHEHT YOpyrocTs, a @ — yroJs
3aKpyuHBanKs. MoMenT WHepumM TBepHoro Tena OTHOCHTENBHO OCH 2
PaBeH J. CulaMH CONPOTHBIGHHS NBHIKEHHIO npexebpeun. Onpene-
JIHTE yPABHEHHE LBUXKEHHS TBEPAOro Tena B CAyuasx: 1) /el s Ds

2) Afc/l,=p, ecnu B HawanbHEI MOMEHT NPH HeHaNpsKEHHON npo-
BOJIOKe TBEPAOMY Tely 6wsia coobuieHa yraopas CKOPOCTE (.

I : h
Oreer: 1) ,\/7‘? = p, qazi;:-"- sin &t T (cos pt — cos k),
the k=/c/l,, h=myl;

D A/-=p o="2sinkt+ltsing, rre p— =0
h=myJ,.

37.24. Onnopoznueii Xpyrasiii axck macest M g panHyca R, nonse-
WEHHLH Ha YMpyro# npoBoJIOKe, coBepuiaeT PE30HAHCHEIE KPYTHJIbLHEE

KoneGaHHs B JKMAKOCTH NOA AeHCTBHEM BHELIHEro MOMEHTA fMy ; —
=mosinpt, rie my ¥ p— NONOKUTENBHEIE MIOCTOSIHHEE, @ Z— OCh,
HalpaBlieRHas BAOJL MPOBOJNOKH; MOMEHT CHA YNpYrocTH TIPOBOJIOKH
Mynp z == —CQ, TAe ¢— ko3 duumenT ynpyrocts, a $— yron 3akpy-
UHBAHHA, MOMEHT CONPOTHBNIEHHS ABHXKEHHIO M., — —Bp, roe ¢ —
yrnoBasi CKOpocTs nHcKa, a B > 0. Haiita ypaerenue BEIHY K IEHHBIX
PE30HAHCHHX KoNeGaHHi [HCKa,

2C h 2m
Oreer: Tlpy p= o p=— T cosplf, rope h— MRD"
il
n=ym.

37.25(37.24). Ilna onpenenenus KO3 DHUKMEHTA BAIKOCTH KHIKO-
CTH HabmMOnaT KoneGaHHA NUCKA, NOMPELICHHONO K YOpYro# nposo-
JIoke B MHAKOCTH. K nucky npusoxen smwemmnui MOMEHT, paBHHI
Mg sin pt (Mp =const), NpH KOTOPOM Habnlopaercs sABIeHHe peso-
HaHca. MOMEHT CONpOTHBNEHHS HBHXKERMIO NHCKA B MHAKOCTH paBeH
aSw, TAe o -— KOsGOUIHERT BAZKOCTH HKHIKOCTH, S — cyMmMa nnoua-
HeHl BEDXHETO H HHXHEro OCHOBaHHI AHCKa, © — YTJIOBasl CKOPOCTH
nucka. OnpeflenuTs KO3MGHUHEHT o BI3KOCTH ¥HAKOCTH, eCIH aMmnJiH-
TyAa BHHYXMJEHHBIX KOAeGaHHH AHCKA NpH pe3oHaHce pPaBHZ @o.
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37.26(37.26). [pw nonere cHapsia BpauUlEHHe €T0 BOKPYT OCH CHM-
MeTpHH 3aMefsercs fefCTBHEM MOMEHT2 CHAN COMNPOTHBIIEHUS BO3-
AyXa, paBHOTO kw, rie ©— yrnoBas CKOPOCTh BpaLUeHHsi CHapsina,
k — noctoanubi Ko3¢duLHEHT NPONOpuKOHaNLHOCTH. OnpeneanTs 3a-
KOH yOBIBaHHS YrJOBOH CKOPOCTH, eClIH HayajbHAs YrioBas CKOPOCTh
pPaBHa g, @ MOMEHT HHEPLIHH CHAapfla OTHOCHTENBHO OCH CHMMETpPHH
pasen J.

Oreer: o —

Orser: 0o =wye ’ ;

37.27(37.27). [lns onpeneneHnsi YCKOPeHHST CHJIEI THMKECTH MOJb-
3yioTcs 0BOPOTHBIM MasTHHKOM, KOTOPHI mMpeicTaBaser coGofi crep-
Kellb, cHabXKeHHbIH NPyMs TPeXIpaHHEIMM HOMaMH A H B.
Onnn M3 HOMeH HenoiBHIKEH, @ BTOPOli MOXeT nepeme-
uiaThcs BAOAL crepXHs. [logpenpas cTepiKeHb TO HA ONMH,
TO Ha APYrofl HOX H MeHnas paccrosiuse AB Mexay HHMH,
MOXHO AOOHTbCS paBEHCTRA NEPHONOB KaYyaHHH MasTHHKA
BOKPYT KaXXIOro u3 HomeH. YeMy paBHO YCKOpPEHHE CHJIH
TAMECTH, €C/IH PacCTOfHHE MeXIY HOMaMH, NPH KOTOPOM
NEPHOLN KauaHWii MasTHHKa pasubl, AB=1[, a nepuon
KauaHH# papeHn 1?

Orser: g = 4n2l/T>.

37.28(37.28). [lpa TBepomX Tena MOTyT KauaTeCs BO-
KPYr OJHOH W TOH »<e TOPHSOHTAJILHOH OCH KaK OTAENELHO
Apyr ot Apyra, Tak H ckpensenuble Bmecte. Onpenenuts
NPHBEAEHHYIO [NHHY CJOMKHOIO MasiTHHKA, €CIH MAaCCHl TBEPAHX Tel
M, 1 Mz, paccTosNHs OT HX HEHTPOB TAMecTH A0 obuiel ocH Bppalie-
HHSl Q) H ay, @ NPHBENEHHEE AJHHE NPH OTAENBHOM KaYaHHH KaXKIoro
[l H 12.

Mat, + Maasl,

Orger: I“":—_—M.a. o

37.29. Yacte npubopa npencraBasieT co60ii ONHOPORHLI CTEPIKEHb
ONHHE L, cBOGOLHO noABeleHHblH OOHHM KOHIOM Ha rOpH3OHTAJIbHOH
ocy O. Jlist perHcTpalHy KayaHHil CTEPXKHA K ero HHKHEMY KOHLY
NpHKJICHBaeTCH HeGOMNLLIOE 3epKajo Maccwl m. [Ipm 2TOM, yTobH ya-
cToTa KolebGaWHii CTEpPXKHA He H3IMEHHJach, HA HeM B APYIrOM MecTe
ykpennsercs rpys A. PaccmarpuBas 3epkano W rpys Kak MarepHanb-
HEle TOYKH, HaHTH MHHHMalbHYI0O Maccy, KOTOpPYIO HOJXKeH HMEeThb
rpys A. Ha kaxoM paccrosiuus oT ocu O ero cienyeT npHKpenuTsb?

Oreer: my = 3m, OA="/sL.

37.30(37.29). [Ins perynHpoBaHHS XOAA YacoB K MasiTHHKY Macchl
M;, npuBenennofi naKBEl [ € paccTOSHHEM @ OT ero UEHTPA THAKECTH
L0 OCH MOABeCa NPHKPEnsioT nobaBouHHH rpys maccsl M, na pac-
CTORHHM X OT OcH nojpeca. [lpunuMas no6aBOuHBIF Ipy3 3a Mare-
PHAJBHYIO TOYKY, OpefentTs HaMeHeHHe Al npHBefeHHON ANHHB MasAT-
HHKa MPH NAHHBIX 3HAYeHHsSX Mz ¥ X W 3HaueHHe x = X), NpH KOTO-
poM 3anaHHoe H3MeHeHHe Al npHBeNEHHON ANHHM MAasATHHKA HOCTH-
raeTcA NPH NMOMOMmMHE A06aBOYHOrO Tpysa HaHMeHbLUeH MacChl.
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Orseer: TlpHBeieHny0 OMHY MasTHHKA HANO YMEHBLIHTE Ha

M=l =y

37.31(37.30). lins onpenenexus momenTa HHepunu J nanHore Tena
OTHOCHTENBHO HEKOTOpolt ocH AB, npoxoflsiuei uepes LeHTp Macc G
Tena, €r0 NMORBECHNH MECTKO CKPENUIEHHHIMH € HHM CTepXHsMH AD
n BE, cBoGoaHO HacaeHHBIMH Ha HernoaBHMK- D £
HYIO TOPH3OHTalbHylw ock DE, Tak, uro e
ocb AB napannenswa DE; npusens 3atem
TeNIO B KoneGaTellbHO® ABHXKEHHE, onpelensi-
JIH NPOACIMTCNLHOCTh T ORHOrO pasmaxa.
Kax Besuk moMenT muepumm J, ecnu Mmacca
Tena M u paccrosuye mexny ocamu AB u
DE pasuo A? Maccamu CTepxHedl mnpeHe- 4
Gpeusn.

Oreer: J = hMg (?T: - —:—) !
37.32(37.31). Pemnts npegmayluyio 3alagy ¢ yYeTOM MacCe TOH-
KHX ONHOPOAMBIX NPAMONHHeHHKIX cTepxuedl AD u BE, ecam macca
KaXXJ0ro U3 HHX paBHa M,.
- 2
Orer: 1 = p[ L2V LT 3M 424, k)

37.33(37.32). [na onpenenenus MoMeHTa HHEDUHYU LIATYHA ero 3a-
CTaBNAIOT KayaTbCsl BOKPYT FOPH3OHTaJbHON OCH, MpojeB Yepes BTYJI-
Ky uans Kpefiukonda TOHKHN LHAHHAPHUECKHI] crepxens, Ilponos-
HHTENbHOCTL €Ta paamaxos 1007 = 100 c, roe T — nonosuua nepuopa,

(A

K 3anage 37.31

o

K aspave 37.33

3ateM AnA onpeneneHus paccrosnun AC = h nentpa macce C oT uenT-
pa A oTBepCcTHS WATYH NONONKHIM FOPH3OHTANbHO, MOABECHB €ro B
TO4Ke A K Tansim u onepes Toukoii B Ha aTHopMy HECATHYHEX Be-
COB; NaBJeHKe Ha Hee OKa3asOCh MPH STOM DABHBIM P, Onpepenurs
UEHTPANbHBIH MOMEHT HHepuHH J IIaTyHa OTHOCHTEJIEHO OCH, MepreH-
OHKYNADHO# NINOCKOCTH DHCYHKa, HMes ClenymwllHe AaHHHe: Macca
martysa M, paccrosiHne Mexmy BEPTHKANAMH, NPOBENEHHEIMH HYepes
ToukH A U B (cM. mpaBmil pHCYHOK) PaBHO I, pamuyc uandu Kpefil-
Konda r.,
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Orser: ]:M _.2_7‘2 _....'E..[_.r)_

g ot Mg
37.34(37.33). MasTHHK cOCTOHT H3 cTepxHsi AB c npukpensieHHEM
K HEMY 1IAapOM Macchl /m M panuyca r, UeHTp kOToporo C HaXOmHTCs
Ha NPomoONKeHHH cTepxHs, Onpenennth, npeHebperas MaccoH cTepi-
4 Hfl, B KAKOH TOYKEe CTePXHsi HYXHO MOMECTHTh OCh MOABeca
LNS TOro, uTo0bl MPONOJXKHTENBHOCTL ONHOrO pasMaxa npu
MaNBX KauaHHAX HMeNna AaHHYIO Benuynny T.
1 —_—
Orser: OC= 5 (g7 + +/gT* — 1,67 ).
Tak kax noaxmo Gure OC Z=r, TO pellleHHe BO3MOXHO, ecnw
2

2 L
n> 1,4? r; PelleHEe, COOTBETCTEYIOIlEE 3HAKY MHHYC Nepen paaHKa-
JiIoM, HEBO3MOZHO.

37.35(37.34). Ha kakoM pacCTOAHMH OT LEHTpa Macc
pomxen OHTL noapelreH (H3HYECKHIT MaATHHK, YTOOH me-
Ksaaave  pyopi ero Kauanmi GbLT HAHMEHBIIHM?

i Orser: Ha paccrosiuy, paBHOM pagHycy HHEpLUHH Ma-
ATHHKA OTHOCHTENLHO OCH, NPOXOAsileH yepes €ro LeHTP Mmacc nep-
NeHAHKYAAPHO TJIOCKOCTH KayanHi.

37.36(37.35). MasaTHHK COCTOHT H3 CTePXKHA C ABYMS 3aKpenneH-
HBIMH Ha HEeM Fpy3aMH, pacCTOsSHHE MeX Iy KOTOPHMH pasHo [; Bepx-
HHi TPY3 HMEET Maccy mj, HHXHHII — Maccy my. Onpepenuts, Ha Ka-
KOM PACCTOSIHEH X OT HH)KHEro rpyaa HYXHO NOMECTHTh OCh NOJBeca
OAsl TOro, 4TO6H MEepHOf MalHX KayaHHH MasATHHKAa GHA HaHMEHb-
LIHM; Maccoi CcTepikHs npeHebpeus H rpy3bl CYHTaTh MaTepHaNbHEIMH

TOUKAMH. e ol
= my 4+ AV ma

Orser: x=1 1/m| W.

37.37(37.36). Ha kaxom pacCTOSIHHH OT OCH NOfEeca A0JKeH OHTh
npHcoeayHeH K (PHIHUECKOMY MaaTHHKY )106aB0l-IH}:;If~'l rpys, yrobu ne-
pHOIL KauyaHHH MasTHHKA He H3-
MeHHJICH?

Orser: Ha paccrosuun npu-
BeeHHOH NAHHL (H3HYECKOro
MafTHHKA.

37.38(37.37). Kpyrnuii uu-

N> JNHHAD Maccw! M, anunm 2/ u pa-

o pHyca r=1[/6 xauaeTcs OKONO
oct O, nepneHOHKYASPHOH NJNO-
CKOCTH pHcyHKa. Kak uaMeHuTCs
nepuol  Kauanui  OHJIAHHAPA,
eC/IH NPHKPenuTh K HEMY Ha pac-

K sanase 37.38 K 3anaue 37.39 crosuel OK =%5/;5] Toyeunyw

maccy m?

Oreer: [lepuon KauaHWi He H3IMEHHTCH, Tak KaK TOYEYHas Macca
noGaplieHa B LiEHTpe KauaHHil LHIHHADA.

37.39(37.38). Haiitn ypaBHeHue Manux konebaHHii OAHODONHOTG
OHCKa Maccwl M W paanyea r, COBeplaloiero KonebaHHs BOKDYr Fo-

7
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PH3OHTaabHOH ocu Oz, NEPNEHAKKyNAPHOR €ro MIOCKOCTH H OTCTOS-
Lieii OT UeHTpa Macc C aucka Ha paccroanny OC = r/2. K nucky
IPHJIOXKEH BPAllAOMWHE MOMEHT g, NPHYEM mMap z = mg Sin pt, roe
My ¥ p— NOCTOsAIHHBIE, B Hayanbkwiii MoMenT IONCKY, HaXOnHBLIEMYCSs
B HHAKHEM NOJIOKEHHH, 6blna cooblueng yrioBas CKOpOCTh wg, CHnamu
COnpOTHB/ICHHA mnpeHebpeub. Cuuras KonebaHHs ManbiMH, OPHHATH
sin @ = .

h :
Oreer: 1) Ilpn p == —‘;% q>=-T!(cou—-k,_pp,)sm kt +

h & ol -‘-'5-.,{-.’— _ Amy ]
= Sinpl e k= A/ 3E. h=5,

{28 1 h : h
2) npu p=zv—§rg— q>=;-(m0+ﬁ Slnpt—-ﬁtcospt, rae
_ Amg
h_SMrI'

37.40(37.39). B ceiicmorpaax — npuGopax ans PErHCTPaLUHH 3eM-
JIETPSICEHHH — NDHMEHSAETCH (HH3HYECKHUI] MasATHHK, OChb NOXBECA KOTO-
poro o6pasyer yron o ¢ BepTHKaJbl. PaccTosHue ot OCH MogBeca Ao
UCHTPa MaCC MasTHHKA DaBHO @, MOMEHT HHEPUHH MasTHHKA OTHO-
CHTENLHO OCH, NPOXOAALIEH Yepes ero ueHTpP Macc napannentHo ocH
noaseca, paser ¢, Macca ManTHHKA paBHa M. Onpenennts nepuog
KonebaHui ManTHHKA.

J'C+M'u2

Orser: T =2n YIRS

37.41(37.40). B BHGporpacde ana sanucu TOPH3OHTANBHEIX KOJeba-
HHH QYHRAMEHTOB MauIHH MasTHHK OA, cocrosimmit n3 peiyara c rpy-
SOM Ha KOHUE, MOXKET KauaTbCsl BOKPYT CBoeR FOPH30HTaNbHOH ocH O,
YREPKHBASACE B BEDTHKAJIBHOM NOMOIKEHHH YCTOHYHBOro paBHOBeCHS
COGCTBEHHOH MacCoit H CIHpaabHON npyxuuoii. Onpe-
ACTHTE NEPHOA COCCTBeHHBIX KONEGAHMII MafTHHKA
TIPH MafbIX Yrinax OTKJIOHEHHS, eC/IH MaKCHMaJbHHG
CTaTHYECKHH MOMEHT CHJIBI TSIKECTH MASTHHKA OTHO-
CHTCILHO €ro OCH BpaweHusi paBeH Mgh, MOMeHT
HHEPUHH OTHOCHTENILHO TOH JXe OCH paBeH Js, KO3(h-
(QHUHEHT XKeCTKOCTH NpPyKHHBL, CONPOTHBJIEHHE KOTO-
POH TNpONOPUHOHANEHO yray 3aKPYYHBAHHs, PaBeH c;
MpH PaBHOBECHOM NOJOXEHHH MasfiTHHKA TIpYXKHHA
HAXOLAHTCA B HEHAMPAXEHHOM COCTOSHMH. CONpOTHE-
JIEHHAMH NpeHebpeys. :

_‘—_!z K aanaue 37.41
c+ Mgh ~

37.42(37.41). Bubporpad (cm. NPENBIAYLLYIO Sangayy) Sakpensen
Ha (YHLaMeHTe, coBeplIaouem FOPH3OHTANBLHEE TapMOHHYECKHE KO-
sebaHHit Mo 3aKOHY X = @ sin wf. Onpenensrs aMILIHTYRY a Kosaeba-
HHH QyHnameHTa, ecau AMIJIHTYRA BHIHYXKIEHHEIX KonebaHHil masT-
HHKa BHOpOrpaga okazanach pPaBHO# .

Orsger: T =292n
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., — Wole+ Mgh— 1,07

Oreer: a= i :
37.43(37.42). Ilpn nycke B xoA 3nekTpHuyeckod nebenkH K Gapa-
6any A npHNOXeH BpalAIOLHii MOMEHT Miap, NPONOPLHOHAIBHBIH Bpe-
MEHH, NpHYEM mep = af, rie a — nocTosiHKas. I'pys B maccw M, noa-
HHMaeTCsl MOCPefCTBOM KaHaTa, HaBHTOro Ha Oapabam A panuyca r
H maccel M, OnpepaenHts YrioBywo CKOpocTr GapabaHa, cCuHTas ero
CIJIOWIHEIM UHAHHApOM. B HavanbHEIH MOMeHT jebelka HaXolHJ4Ch

B NOKOe.

. . (af—ﬂM;gr)l‘
Oreer: m—m.
37.44(37.43). nsa onpeieneHnss MOMeHTa HHepuUMHH J MaXOBOro Ko-
neca A paauyca R OTHOCHTENIBHO OCH, MPOXOASIUEH Yepe3 LEeHTp Macc,
Koneco o6MOTanH TOHKOH NPOBONOKOH, K KOTOpOH npuBsisajH rupio B

(18

K sapene 37.43 K 3anave 37.44 K 3ansue 37.45

Maccsl M; B wabnmopanH Npoao/KMTEAbHOCTE | ONYCKAaHHA THPH C
BuicoTel A, Jlis HCKIIOYEHHR TPEHHS B MONLUHNHHKAX NpOAenasH BTO-
pofi onBIT ¢ rHpel maccel My, NpHYEM NPONOIKHTENBHOCTh ONYCKAHHA
okasanacb paBHoi T, mpu npexueii Bricote. CuHTas MOMENT CHJH
TPEHHS MOCTOAHHBIM H He 3aBHCHLIHM OT MacChl FHDH, BbIYHCJIHTL MO-

MEHT HHepuHH J.

£y, — M) — (2 — M’)

2 2
L D2 TI T?
Orger: T =R 7 I
=2 a2
Ty T3

37.45(37.44). K Bany [/ npHCoeIHHEH 3JEKTDHYECKHH MOTOp, Bpa-
nmiamilHii MOMeHT koroporo paBeH mj. IlocpeacrsoM penykrtopa cko-
pocreli, cocToAllero H3 uetelpex 3y6uyartwix konec I, 2, 8 uw 4, aror
BpaliialollHil MOMEHT nepepjaercs Ha wnunnens [/ TokapHOTo cTaHka,
K KOTOPOMY MpHJIOMEH MOMEHT COMPOTHBJEHHA mz (3TOT MOMEHT BOS-
HHKAeT NpH CHATHH PEe3LOM CTDYMKKH ¢ OOTAauHBAEMOrO H3MENHs).
OnpenenHTh YrNOBOE ycKOpeHue wmuHnens [/1, ecnn MOMeHTH uHep-
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NHH BCEX BpallAINUXCA eTallelf, HACAXKEeHHMX Ha Banu f, Il u [1],
COOTBETCTBEHHO paBHKt Ji, Ju1, Jin. Panuyen xonec PABHEL £y, I3, 3 B ry.

mlklz'ksq—mz r, r
Orser: gy = - = » The k1_2=—2. k3‘4=‘i-
(7] o+ Iy) B2 o+ 1oy r I3

37.46(37.46). Bapaban A maccs M, n pamHyca r MpHBOAHTCH Bo
BpalileHHe nocpencTBoM rpysa C Maccw Ms, NPHBASANHOTO K KOHUY
HepactaxuMoro tpoca. Tpoc nepe6po-
LieH yepes 610K B B HaMoTaH Ha Ga- 7 N
paban A. K 6apabany A nprnoxen 77
MOMEHT COMPOTHBJIEHHA mMc, NPONOP-
LHOHAJIbHEIA yrioBoH ckopocTd Gapa-
6ana; ko3¢ dHIHeHT OpONOPUHOHANE- A
HOCTH paBeH a. OnpenennTe yriosyio
CKOPOCTE GapabaHa, eciiH B Hayajgb-
Helfl MOMEHT CHCTEMa HaXOZHNach B K sazave 37.46
nokoe. Maccamu kawata u 6ioxa B
npene6peus. Bapa6an cumrate cniomwHEmM ONHOPOAHLIM  IIHIIHH-

LpoM.
. o= Mr 1 g ___ 2« ; w
Orser: o= = (1 —eF), rme p= =L 1oy ’anlm

= const.

_ Mogr
T a
37.47(37.46). Onpegenuts yrioBoe YCKOpeHHE BeZyllero KoJjeca
ABTOMAIIAHBI Macch M M pamuyca r, eciim K Konecy NPHIOXKEH Bpa-
WAOUHA MOMEHT mmgp. MOMEHT HHEDUHH KOJECa OTHOCHTENLHO OCH,
npoxoasilien yepesa ueHtp macc C NepneHAnKYISpHO MJIOCKOCTH MaTe-
PHAJBION CHMMETpHH, paBeH J¢; fx— KO3 dHUKENT TpeHus kavenns,
Frp—cuna tpenns. Halith Takike anavenne BpalUAIOLIEr0 MOMEHTa,
TNPH KOTOPOM KOJIECO KATHTCS C MOCTOSAHHOH YTJIOBOM CKOPOCTBIO,
m, — Mgf,—F_ r
Orger: € =—=0 Igfx AL » mapzMgf:: +F'rpr.

37.48(37.47). Onpenesuts yrnosyio CKOPOCTL BeIOMOrO0 aBTOMO-
GunbHOro Koneca Macch M u panuyca r. Koneco, katsmeecs co CKOJb-
HEHHEM MO TFOPH3OHTAJNBHOMY WIOCCE, NMPHBOAHTCH B ABHMEHHE [O-
CPEACTBOM TOPHSOHTAJIBHO HalPaBJIEHHOH CHJIbI, MPHJIOXKEHHOR B ero
ueHTpe mMacc C. MOMEHT HHepLHR KOJeca OTHOCHTENbHO OCH C, nep-
NEHAHKYIAPHOH NUIOCKOCTH MATepPHANbHOM CHMMETpHH, paBeH Jey fe—
KOSQQHUHEHT TpeHHs KaueHHS, f— Koshduument TPEHHsl MpH Kade-
HHH CO CKONbXXeHHeM. B HauanbHBIi MOMEHT KONECO HaxXOmMAOCH B
Hokoe,

Oreer: o= 1145 {Ir— )t
c

37.49(37.48). HMamenntca au yrioBas CKOPOCT: KOJieca, PacCMoT-
Pellioro B npenbiaywiell sapave, eCiH MOAYJb CHIHI, NpHIIOKEeHHOH
B ero uentpe mace C, yBenuuuTcs B Ba pasa?

Oreer: He usmenntes,
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37.50(37.49). Yepes 6GnoK, Maccoit koToporo npeHeOperaeM, mepe-
KHHYT KaHaT; 3a TOUKy A KaHaTa yXBaTHJCS YesnOBeK, K Touke B nop-
BSI3aH TPy3 ONHHAKOBOH MacCH C yenoBekoM. YTo npoH3oHner ¢ rpy-
30M, €CHOH YeJOBEK CTAHET NOAHHMATHCH [O KaHATy co
CKOPOCTBIO U OTHOCHTENLHO KaHaTa?

Orser: Tpy3 Gyner noAHHMAaTbCA C KAHATOM CO CKO-
pocteio v/2.

37.51(37.50). Pemnts npeapayllyio 3afayy, NPHHH-
Masi BO BHHMaHHe maccy 610ka, KOTopasi B YeThlpe pasa
MeHblIe Macchl yesoBeka. CuutaTh, uro Macca 6s10Ka
45 PaBHOMEpHO pacnpejiefieHa no ero o6ozny.

4
Orger: I'py3 GyAeT nORHUMATBCH CO CKOPOCTHIO 5 v

A
37.52(37.51). Kpyrnas rophsoHraabnas naatdopma
K sozase 3750 MOMKET BpalllaTecs Ge3 TPEHHA BOKPYr HelOABHIKHOR
och Oz, npoxonsiueft yepes ee uentp O; no naardopme
Ha HCH3MEHHOM paccTofiHHH ot ocH Oz, paBHOM r, HOeT ¢ no-
CTOSIIHOH OTHOCHTENLHON CKOPOCTRIO U WYeNlOBEK, Macca KOTOPOIo
paera M;. C xkakofi yrnioBoit ckopocTbio @ 6GyseT npm 3TOM Bpa-
watees naatopma BOKPYT OCH, eciin Maccy ee Mz MOMXHO cunTaTh
paBHOMEpDHO pacnpejefieHHOH no nJollamH Kpyra pajgHyca R, a B
HayaJbHBIH MOMEHT IIaT(OpMa ¥ YenoBeK HMenH CKOPOCTb, PaBHYIO
Hyai0?

Yy

= f— 2M,r

Orger: 0= Fr o ¥
37.53(37.52). Kpyrnas ropH3oHTanbHas niaatdopMa Bpamlaercs 6es
TPEHHS] BOKPYl BEPTHKANBHOH OCH, NpOXoAfuIell uepe3 ee LEHTp Macce
C MOCTORHIOH YI/IOBOH CKOPOCTBIO @g; MPH 3TOM Ha NAaTdoOpMe CTOAT
YyeThipe 9e/IOBEKA OLHHAKOBOH Mac-
CH: ABAa — HA Kpaw naaTdopmel, a
LBa— Ha PacCTOAKHAX OT OCH Bpa-
LeHHs, PaBHEIX NOJOBHHE PajHyca
naathpopmul. Kak HameHuTes yrao-
Bag CKOPOCTh MNaarTgopMbl, echaH
JIIOAH, CTOSILIHE Ha Kpalo, 6Gynyt
JABHTAaTbCH IO OKPYXHOCTH B CTO-
; POHY BpalleHHs € OTHOCHTEJILHOH
K 3anave 37.53 JHHEHHOI CKOPOCTLIO i, a JIIOJH,
CTOAIHE HA PACCTOSTHHH TNOJOBHHEL
palnyca OT OCH DpauleHns, 6yAyT ABHraTbCs 110 OKPYKHOCTH B NpO-
THBOMONOXHYIO CTOPOHY C OTHOCHTE/IbHON JIHHEHHOH CKopoCThio 2u?
Jliopefi cynTaTh TOYEHHHLIMH MAacCaMH, a MAATGOPMY — KPYIABIM OR-

HOPQAHBEIM JHCKOM.
Orger: Tlaatgopma GymeT BpamaThea € TOH JXe YrnoBoil CKo-
OCTEIO.

37.54(37.53). Pewnte npelbliywyo 3ajauy B NpeinoJoKeHHH, UTo
BCe JIIOH ABHIaKICA B CTOPOHY Bpauwlenus naardopmel. Papnyc miat-
Gopmel R, ee Macca B YeThpe pa3a GoJibLic Macchl KaI0ro H3 Joaeif
H PaBUOMEPHO pachpejeseHa mo Bcefi ee naomand. Beiscuurts Taxwe,
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JeMy NOKHa GHIThL PaBHA OTHOCHTENbHAS MiHeiinas CKOPOCTh 1t JJis1
TOro, yroOe! NaThopma nepecrana BpalarLeA.
8 u 9

Orser: (D|-—(0|)—-E—E. u-—-ER(BU.

37.55(37.54). Yenogeky, CrosiiemMy Ha ckameiike JKykoBckoro, B
TO BPEMS, KOI/la OH NPOTSHYN PYKH B CTOPOHE!, COOGLIAIOT HAYANBHYIO
YIVIOBYIO CKOPOCTh, COOTBETCTBYIOIYIO 15 06/MHH; NpH 3TOM MOMCHT
HHEPLHH 4YEJIOBEKA M CKaMelikH OTHOCHMTENhHO ocH BpallelHs papen
0,8 kr-m% C kakoit yraosoi CKODOCTbIO HAaYHET BpallaTECH CKaMelika

C 'eJIOBEKOM, ec/lH, NMPHOJHSHE PYKH K TYNOBHULY, OH YMEHBIUHT MO-
MEHT HHEepLUHH CHcTeMH 10 0,12 Kr-nm2?

Orser: 100 06/mun.

37.56(37.56). I'opuzonTtanbuas Tpy6ka CD moxeT cBo6omHo Bpa-
UATbCH BOKPYr BepTHKaNbHON ocH AB. BuyTpu tpy6xu Ha paccrosiHun
MC = a or ocu naxonurca wapuk M. B HeKOTOpHII MOMenT BpeMelH

B TpybKe coolilaeTcs HavallbHas yrio-
4 Bast ckopocth @g. Onpepeants yrio-

H D BYIO CKOPOCTE @ TPYOKH B MOMEHT,

it L,_:-_—:33 KOria wiapWK BEUIETHT M3 TPyOKiL.

K 3aanave 37.55 K 3anave 37.57

Mowmenr mnucpunu TPYGKH OTHOCHTENILHO OCH BpauleHHs paBen J,
L —ee nanka; TpeHnHeM TnpeHeOGpeyb, IAPHK CYHTATH MaTepHansHoH
TOYKOH Maccur 1.

J + ma?

I+ ml? e

37.57(37.67). Onuoponsmii crepxends AB pnunm 2L =180 cm u
Maccel My = 2 kr NOABEWeH B YCTORYHBOM NONOKEH K PaBHOBeCHs Ha
OCTpHE TaK, 4TO OCh €ro rOPH30HTAaNbLHA. Broas CTEPIKHA MOryT mepe-
MEWATbCH 1Ba wapa Maccw M, =5 kr kaxamii, NDHKDENJIeHHEE K
KOHIAM IBYX ONHHAKOBLIX NpyXuH. CTepXHIO Co0BmaeTcs Bpania-
TE/IBHOE [BHIKEHHe BOKPYP BEpPTHKAJALHON ocH c YCJI0BOH CKOPOCTHIO,
COOTBETCTBYIOLIeH 1y = 64 06/MuH, Npuuem uaph PACTIONOKEeHb! CHM-
METPHUHO OTHOCHTE/ILHO OCH BPALIEHHS H LEHTPH! HX C OMOLUBIO HHTH
YAEPIKHBAIOTCH Ha PAacCTOSHHH 25, = 72 om Apyr ot mpyra. 3artem
HHTL NEpPENHraeTcs, H WApH, COBepIIHB HEKOTOpOE YHCIO KoneGaumil,
YCTaHABJIHEAIOTCA NIOA NECTBHEM NPYXKHH H CHJ TPEHHS B MONOMKCHHC
PaBHOBECHA Ha paccTOsHHA 2/; = 108 cm Apyr or npyra. Paccmarpm-
Basi WAPHl KAK MaTepPHANbHEE TOUKH H npere6peras MacCaMp NPy,
ONPCHENHTE HOBOE YHCNO 713 0GOPOTOB CTEPKHUSA B MHHBYTY.

Orger: o=
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6MI} + M,L?
6Myl2 4+ M, L?
37.58(37.58). Tenexka mOBOPOTHOTO MOABEMHOrO KpaHa ABHXKeTcs

€ NOCTOAHHOH CKOPOCTHIO U OTHOCHTENBHO cTpensl. Motop, Bpamiaio-
o LHH KpaH, CO3JA€T B NEPHOA DPa3rOHAa MNOCTOSHHBIN
o MOMEHT, paBHBIH my. OnpefesiHTs YrAOBYIO CKOPOCTH
® BpalleHH# KpaHa B 3aBHCHMOCTH OT DaCCTOSIHHS X

3\%‘@ / TENIeXKH 0 ocH Bpatienuss AB, ecnn mMacca TeqexKH
c rpy3om paBHa M, J — momeHT HHepuHH KpaHa (6e3

/ TEJIE€KH) OTHOCHTENBLHO OCH BpallleHHs; BPAllleHHe Ha-

Orger: ;= fy = 34 06/MuH-

YHHACTCS B MOMEHT, KOrfla TeNeXKa HaXOAHTCH Ha
PaccTOSHHH Xg OT och AB.

N L my X —xg
A& Oreer: O=FraE -
K 3anaue 37.53 37.59(37.59). CoxpaHHB yCJIOBRe Tpeanayiieii 3a-

Layd, OMPeNe/iHTb YIJIOBYi0 CKOPOCTH © BpalleHHs
KpaHa, ec/H MOTOp CO3AaeT BPAIUAMUIHE MOMEHT, PaBHBH My — o,
IAe My H & — NOJOMHTENbHBEE [OCTOSHHLIE.

x X
x uarclg — —e
mg —harclg ] . | J
Orsert m=m-e SB dx, rae k= M
Xa

a 1

= f\/W (oce x HanpaBsieHa BIpaBo BHOML CTPeIH),

X

p ]
§ 38. Teopema 06 H3MeHeHHH KHHETHYECKOIN HEPrHH
MAaTepHANLHON CHCTEMBI

38.1(38.1). BrunciuTh KHHETHYECKYIO SHEPIHIO IJIOCKOrO MEXaHH3-
Ma, cocToswero 3 Tpex crepxHelt AB, BC n CD, npuxpeniesHex
UHIHHADHYECKHMH wapHipaME A H D K NOTONKY H COeQHHEHHHIX Me-
®py cobod wapunrpams B w C. Macca kaxporo u3 crepyiet AB

K sanase 38.1 K sanave 38.2

H CD pnunb | paBHa M;, macca crepkus BC pabna My, npHyeM
BC= AD. Crepxuu AB n DC BpamaloTcs ¢ yrioBoil CKOPOCTHIO @.

Oreer: T = -?Lg_a—M’ P,

38.2(38.2). Omuoponuuiit ToHkHi cTepxens AB maccw M onu-
paerca Ha yron D u KOHLOM A CKONB3HT MO rOPH3OHTANBHON Hanpas-
agomeil. Ynop E nepemellaercsl BNPaBo ¢ NOCTOSHHOR CKOPOCTHIO V.
UnpefienHTh KHHETHUCCKYI0O 3HEPTHIO CTEPKHA B 3anHCHMOCTH OT
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yrna @, ecli NnHHA cTepXHS paBHa 2/, a npesbieHue yrna D Hap
rOpH3ONTaIbLHOM Hanpasasiowedi paBHo H.
v? : LT

Oreer: T = ”; (l __2"1175'"3“""%?’17 sm‘q;).

38.3(38.3). Briuncautn KHHETHYECKYI0 3HEpTHIO KYJHCHOrO Mexa-
HH3M4, €C/IH MOMEHT HHepUHH KpHBOwWANa OA OTHOCHTENLHO OCH Bpa-
LWEHHS, NepNeHAHKYNAPHOH NJOCKOCTH PHCYHKA, paBeH Jo, IIHHA Kpii-
BOLIANA PaBHA @, Macca KYJHCH paB-
Ha m, Maccofi kKamHs A npeneGpeus.
Kpueounn OA Bpautaercs c yrJ10Boii
cKopocteio @. Ilpw kakwx nonome-
HUSIX MEXxaHH3Ma KHHETHYecKas smep-
THY AOCTHraeT Hauboabllero W Hau-
MEHBUIETO 3HAYEHHI?

Orger: T = —;-(.J'O ~+ ma? sin? ) w?.

HawnMensllas  Kunernueckas SHep-
TH —INpH KpaHHHX MOJOKEHHNX KYJIHCHI, Haubonsillass — npu npo-
XOMIEHHH KYNHCOH CPENHErO [MOJOMKEHHS.

38.4(38.4). Buukcautn KHHETHUECKYI0 3HEpPrHi0 TYCeHHUB TpaK-
TOpa, NBHIKYNIErocs €O CKOPOCTHIO V. PaccTosmue MEXAY OCHMH

S5 =
7% Sl -
_ o

K 3anave 38.4 K 3apase 38.5

K 3apase 383

KojeC paBHO [, paZmych KOJEC DaBHH f, MacCa ONHOMO NOrOHHOTO
MeTpa [yCeHHYHO# 1leNH paBHa 7.

Orger: T =2y (I 4 nr) v2.

38.5(38.5). BuuHCIHTL KHHETHYECKYIO SHEPrHI0 KPHBOLIHITHO-NOJ~
SYHHOrO MeXaHH3Ma, eC/IH MaCCa KPHBOLUKNA m,, ANHHA KPHBOLIMIA I,
Macca nonsyHa m,, AMMHa watyHa [ Maccolt matyma npese6pey.
KpuBoiwsn cuuraTe onHOpoaHbIM CTepxHeM. YI/ioBafg CKOpOCTb Bpa-
LIEHHA KPHBOMIHIA .

5 2
Oreer: =% —;—ml + m, | sing -} -% 1 2‘P= rlw?,
/\/ 1— (-f—) sin® @
38.6(38.6). Pewuts npenwiayutyio 3apasy s MOJIOMEHHsA, KOTHg
kpupowsn OA nepueHmHkynspen Hanpapasiomed NoN3yHa; yyecTs
Maccy WAaTyHa ma.
Oreer: T— —;— (% my + my -+ m;,) r2w?.

38.7(38.7). IlnaHerapuuit MexanusM, PACHONIOKEHHBIA B TOPH3OH-
TalbHOH NJIOCKOCTH, NPHBOAMTCS B JBHIKEHHE KPHBOLIANOM OA, co-
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eJMHAIOILHM ocH Tpex opxHakoBeix koaec I, /f n IIl. Koaeco [ we-
NOABHIKHO; KPHBOLIMA BPALUIAGTCS € YIrJOBOH CKOpOCTHIO . Macca
Ka([IOro M3 KoJiec paBHa M;, pamuMyC Ka)<AOro H3 KOJec paBeH r,
Macca KpHBOWIHNA paBHa M;. BBHIUHCAHTE KHHETHYECKYIO SHEPrHI Me-
XaHH3Ma, CYHTafg KoJieca ONHOPOIHBIMH [IH-
CKaMH, a KpPHBOLIKI — ONHOPOIHBLIM CTEpM-

D
A‘ = HeM. Hemy paBHa pa6ora naphl CHJ, NpHJO-
%‘Wg WeHHOH X xoaecy I11?
K4

Oreer: T= rz:(; : (33M; + 8M,); pabora

K 3apawe 38.7
paBHa HYJIO-

38.8(38.8). Menbununeie Geryunl A W B HacaXeHb Ha TOPH30H-
ranbHyl0 ock CD, koTopas BpallaeTcsi BOKPYr BepTHKasibHOi ocu EF;
macca kaxporo Gerysa 200 Kr; nHameTpel GEryHOB ONHHAKOBHL, KaiK-
Aeii pasen 1 Mm; paccrosHue mexxay Humu CD paeo 1 M. Haiitu

K sanave 338 K 3apnave 38.9

KHHETHYECKYIO sHeprHi Geryuos, korpa ock CD coeepuiaer 20 o6/mun,
JIONYCKas, YTO NPH BBIYHCIEHHH MOMEHTOB HHEDUHH GEryHbl MOXHO
paccMaTpHBaTh KaK OINHOPOJHBIE TOMKHe NHCKH. KaueHne GETyHOB Mo
ONOPHO# MJIOCKOCTH NPOHCXONHT 6e3 CKOMbXEHHS.

Oreer: 383 H-Mm.

38.9(38.9). B KynHCHOM MexaHH3Me NpPH Kauyanud puiyara OC Bo-
kpyr ocH O, nepneHaHKyNApHOH NJAOCKOCTH pHCYHKA, noasys A, nepe-
Mmewmasck Baonk puyara OC, npHBOIMT B JABHIKeHHe cTepeHs AB,
ABHIKYIIHNACA B BepTHXaAbHEIX Hanpasiaomwux K. Pruar OC paunet R
CYHTATh OZHOPANHEIM CTEpIKHEM ¢ Mac-
COK iy, Macca [O0J3yHa paBHa Mg,
macca crepxus AB papra m;, OK= 1L
Bupa3nTh KHHETHYECKYIO 3IHEPrHIO Me-
XaHH3Ma B (DYHKIHH OT YIJIOBOfi CKOpO+
CTH M yrila nosopora phivara OC, ITon+
3yH CYHTATh TOYEYHOH Maccoll,
2

Orager: T=-ﬁ-r2:'—‘q)[m.R2 cos® @ + 88 (m, + my)].

38.10(38.10). BHYHCAHTL KHHETHYECKYIO 3HEPFHIO CHCTEMBI, CO-
cTOsiLleH H3 ABYX KoJec, cCOefHHEHHBIX NapoBO3HHIM criapHHkoM AB u
crepxuemM 0,0z, ecin ocH KONeC ABHXKYTCH CO CKOPOCTbIO Ug. Macca
KayJoro xojeca pasHa M;. Cnapuuk AB M coefHHHTeNBbHH cTep-

K 3anave 3810
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wenp 0,0, umeor onunakosyio Maccy M, Macca konec paBHOMepHO
pacnpenenera mno ux obomaM; O1A =028 = r/2, rne r— pamuyc Ko-
seca. Koneca xarsatcs 6ea ckoabieHHs no NpAMOJIHHEHHOMY pesbCy.

2
Oreer: T=—2 [16M, -+ M, (9 + 4 sing)].

38.11(38.11). Asromobuns Maccsr M IBHETCA NPAMOJHHEHHO MO
TOPH3OHTANLHOR J0pore €O CKOpoCTeio v. Kosbpuuuent TpeHHs Kaye-
HH MMy KOosecaMu asTOMOOHNA M NOPOrOH paBeH fx, pannyc Ko-
JIEC 7, CHlla 43DOAHHAMHYECKOrO COMpOTHBAeHHs R. BO3gyxa mponop-
LHOHANbHA KBazpaTy ckopocTh: R. = uMgu?, rme p— xosdduunenr,
3aBUCAWMKA OT PopMbl aBTOMOGHA. Onpenenuts MowHOCTs N ABHrA-
TENs, NepefaBaeMyio Ha OCH BeAYUIHX KOJieC, B YCTAHOBHBLUEMCS pe-
IKHMe,

Orser: N = Mg (%‘- + p.vi’) .

88.12. Mammna maccet M ans WAHGOBKH AN NBHXKETCS PaBHO-
MEDHO H NPAMOJHHEHHO CO CKOPOCTHIO ¥ NO TOPH3OHTANLHON NMJOCKOCTH
katka. [lonoxenne uentpa mMacc C yka3aHo ua puCYHKe. Buigncauth
MoutHocTs N mBHraTens, nepenaBaeMylo Ha
OCH KONlec pajnyca r, eciH [x— Ko3(du- i
UHEHT TPEeHHA KaueHHs MEXKAY KOJecaMu g€
aBTOMALIMHLL H JBIOM, @ f — Koadduunent 4/ — 7
TPEHHS] CKOMBbXKeHHT MeXAy uxbyomel z
kpomkoit A u npgnom. Koseca kaTsaTcs Ges :h,‘ £
CKOJIbXKEHH . "

M
Oreer: N=—3—g (Qf +—fr'i 0.

38.13(38.12). Ha Ban nuamerpa 60 MM HacarceH MAXOBHK HpaMeT-
pa 50 cM, nenawouii 180 06/mMus. Onpenentts KO3(HIHEHT TPEHHS
CKOJIbXEHHs [ MEXAY Ba/OM H NOAWMNHHKAMMH, €C/H TOCAE BBIK/IIO-
YCHHA npuBOmA MaxoBHK cnenan 90 oboporoB no0 ocraHoBku. Maccy
MaxOBHKa CYHTAaTh paBHOMEPHO pachpene/ieHHOH no ero ofomy. Mac-
COH Bana npeHe6Gpeys.

Orser: [ = 0,07.

38.14(38.13). Uunuuapuyeckuii pan amametpa 10 oM M Maccer
0,5 1, Ha KOTOpPHIH Haca)KeHO MaXOBOE KOJEeco auameTpa 2 M H Macchl
3 T, BpailaeTcsi B NaHHWH MOMEHT C YIJIOBOH CKOpOCTBIO 60 of/muH,
4 3aTeM OH MpejocTas/ed caMoMy cebe. Ckoabko o6OpoOTOB emie che-
JIa€T BaJl 0 OCTAHOBKH, €C/IH KO3GhHUHEHT TDEHHA B NOALIHIHHKAX
pasert 0,057 Maccy MaXOBHKa CYHTATH PABHOMEPHO pacnpenenerHof
1o ero o6omy.

Orser: 109,8 06.

38.15(38.14). Onnoponmstit crepwens OA mnnnw I u maccs M Mo-
KET BpAWATECS BOKPYT TOPH3OHTANLHOMN HEMOABMNKHOH ocH O, mpo-
XOAAilleH Yepe3 er0 KOHel NMepreHARKYIAPHO MIOCKOCTH PHCYHKA, Criu-
PallbHasi NPYXKHHA, KO3(()HIHEHT YNPYrOCTH KOTOPOl paBeH ¢, OIHHM
KOHIOM CKpENJIeHa ¢ HemoABHXHOH ocbto O, a IpPyruM —co CTepiK-
neM. CTepiKeHb HAXOAHTCH B MOKOE B BePTHKANBLHOM MNONOMEHHE, npH-

K 3anave 38.12
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UEeM NpyXHHa NpH 3TOM He NedopmupoBara. Kakyio ckopocts Hamo
COO6LUHTL KOHUY A CTePXHR NJsi TOro, YTOGH OH OTKJIOHHMJCH OT BEp-
THK4JIH Ha yroJi, paBuui 60°?

- (9Mgl + 2n?c)
Oreer: v= '\/T s

38.16(38.16). K kounam ruGroii H?acm}xnmoﬁ HHTH, nepebpolen-
HOH Yepes HMYTOXKHO Maleii 60k A, noxpelweHs nBa rpysa. I'pys
he Maccel M; MOMeT CKOJBb3HTE
@% BIOJIb TJaJKOrO BEPTHKAJb-

: Horo crepxHa CD, orcrosue-
ro OT OcH OJIOKa Ha paccros-
HHH @; LIEHTP THAMECTH 3TOro
rpysa B HAYaJbHBIH MOMEHT
HaXoAHJICH Ha ONHOM YpOBHe
C Ocki0 6J10Ka; nopx neHCTBH-
€M CHJBI TAMECTH 3TOT rpya
HayHHAaeT onyckartecs 6e3 Ha-
9anbHOM ckopocTH. Hafitu
33aBHCHMOCTL  MEXAY  CKO-
POCTBbIO MEPBOrO Tpy3a H BH-
A COTOH ero onyckawna A

K asneve 3815 K sazsse 38.16 Ma%%a BTOPOrO rpy3a pasb-
Ha -

O 1 02=2 (a2+h2)M’h—-M(‘vaz+hz—ﬂ)
i = My (a* + ) + MEF *
38.17(38.17). T'pya P Maccu M ¢ HaNOXKEHHHM Ha HEro NOMOJHH-
TCILHEIM Tpy3soM Macch M, mocpeAcTBOM LIHypa, MEPEKHHYTOrO Ye-
€3 GJIOK, MPHBOAHT B JBHXKXEHHE M3 COCTORHHA MNOKOS TeJ0 A MaccH
2, HaXONALICECH HA BEraNKol rOpPH3OHTaNLHOM MIocKoetn BC. Ony-
CTHBLIHNCE Ha PpaccTOfHHE S,

A oY1 rpys M mpoxomut wepes Koneiuo
AR N —~r D, xoropoe chHMaeT mononuu-
£ Sy TenbHHIl Tpy3 M;, nocne uero

s Tpy3 M, onycrnsumck Ha pac-

WITF%  croanue so, nprxoguT B cocros-

K sspase 3§.17 HHe nokos. Onpegenuts ko3th-

bunyent TpenHs [ memay Te-

JioM A B NOCKOCTHIO, peHefperas Maccof IHypa H 6JI0Ka H TpeHHeM
B Gnoke; nano My = 0,8 kr, M =M, =01 Kr, 51 =50 cM, s = 30 cMm.

51 (My + M) (M + M) + s;M (M + M, -+ M,) —02
Mz |51 (M + M3) + 52 (M + M, + My)) o~

38.18(38.18). Onmnoponnas mute paunm L, yacts KOTOPOH JIeXHT
Ha [JAAKOM FOPH3OHTAJILHOM CTOJIe, ABMMKETCA NOJ BJNSHHEM CHJIBL
TSKECTH APYroH YacTH, KOTOpasi CBENIHBAETCH CO CTOJA. Onpenenuts
NMPOMEXKYTOK BpeMeHd T, MO HCTeeHHH KOTOPOTO HHTb NOKHHET CTOM,
€C/IH M3BECTHO, YTO B HAaYaNbHLIH MOMEHT HJHHA CEEIIHBAIOLLEHCH Ya-
CTH paBHa [, a HayaJbHAR CKOPOCTL PAaBHA HYJIIO,

Orser: f=
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L&

Orger: T = /\/—-{E‘:In(-L—“i—————ﬂ "’Lz_'lz)

38.19(38.19). Onuoponuas uTL AyHHE 2a, BHCEBLIAS WA TJIaIKOM
WTHGTE H HAXOAHBUIASCH B MOKOE, HaUHHAeT IBHFATECH € HAYaJbLHOM
CKOPOCTBIO ¥y. OHpClICJIHTb CKOpOCTb HHTH B TOT MOMEHT, Korga gda
COHJET CO INTH(TA.

Oreer: v =n\/ag + v2

38.20(88.20). Tpaucnoprep TNIPHBOAHTCA B OBHM{EHME H3 COCTOAHHH
TIOKOs IPHBOOM, MPHCORAHHEHHEIM K HHXXHEMY LIKHBY B. [lpusox co-
0013aeT 3TOMY IUKHBY NOCTOSHHEI Bpalnaomnii Moment M. Onpepe-
JIHTE CKOPOCTb JIEHTH TPAHCIOPTEPA U B 3aBHCHMOCTH OT ee nepeme-
LIEHHA S, €caM Macca NOAHMMAaeMoro rpyaa A pasHa M,, a wkupn B
H C paguyca r u Maccu M, xaxpwi
NPEACTABAAIOT CO00H OAHOPOAHEE Kpyr-
JBle UHAHHAPH. JlenTa Tpamcnoprepa,
Maccol KOTOpoft caenyer npereGpeus,
06pasyeT ¢ rOpPH3OHTOM yron a. CKOJb-
HEHUE JIGHTE! MO IUKHBAM OTCYTCTBYET.

L 2 (M — Mgr sin a)
Orger: v = a\/ T 0L+ iy S K aanase 38,20

38.21(38.21). I'opusonTanbuas T yoka CD moxer cBoGopno Bpa-
INaThCsl BOKPYT BepTHKANLHOR OCH AB (CM. pHCYHOK K 3apaue 37.56).
Buytpn Tpy6ku Ha paccrosmmm MC = x, OT ocH jexur Teno M.
B HekoTopLii MOMeHT Bpemenn Tpy6Ke cooblneHa HavanbHan yriaopas
CKOPOCTh .

Onpegenuth ckopocTs v Tena M OTHOCHTENBHO TPY6KH B MOMEHT,
KOTAa Teno BBENETHT H3 Tpy6kH, Moment HHEpPUHH TpyOKH OTHOCH-
TEILHO OCH BpameHHs paBed J, L — nnnHa TpyGkm; TPEHHEM MpeHe-
Gpeur. Teno cuutats MaTepHaJbHOH TOYKOW Macchl 7.

¥ xa3anne Bocnomaosartses OTBEEeTOM K 3afiave 37.56.

I+ ng

Orser: v =, /\/T-T-ﬁ? (L*— <)

38.22(38.22). Tlo ropusonTanbHoi naathopme A, nBuKyLlelics npu
OTCYTCTBHH TPEHHS, NepeMenaeTcs Tejo B ¢ NOCTOSHHON OTHOCHTENL-
HOH CKOPOCTLIO #g (CM. PHCYHOK K 3ajave 36.9). Ilpu satopmaxkupa-
HHH Tesla B Mexpmy HHM H naatdopMoli A BOSHHKAIOT cUik TPeHHH.
Onpenennty paGoTy BHYTpeHHHX cun TPEHHs Mexny TenoM B u naar-
¢opmoit A or MOMeHTa Hagana TOPMOXKEHHA A0 NOJAHOH OCTAHOBKH
Tesa B oTHOCHTensHO nnatdopmer A, ecnu Hx Maceh COOTBETCTBEHHO
PaBHHE m uH M.

Yxasaune Bocnonsiopatben OTBETOM 3alaun 36.9.

A I mM 5
Orser: A= — T M

38.23(38.23). C nomomsio 3NEKTPOMOTOPa JieGejkH K Banay Gapa-
Gana A pammyca r H Macch M, npujoX<eH BpamAOIIHE MOMEHT Map,
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NPONOPUHOHAaNbHEH yray nNoBopoTa ¢ GapaGana, IpuYeM Ko3(Q(pHLHEHT
NpONOPUHOHAJILHOCTH paBed a (CcM. PHCYHOK K 3apave 37.43). Onpe-
LelHTb CKOpPOCTh NOKHHMaeMoro rpy3a B maccet My B 3aBHCHMOCTH OT
BEICOTH ero nofbema h. Bapaban A cuuTaTh CIIOWIHBIM LHJIMHAPOM,
Maccoit Tpoca npexeGpeyb. B nauanbHbil MOMEHT CHCTeMa HaXOLH-

Jach B NOKOe.

e 2h (ah — 2M,gr?)
Orger: v—= 7 (M, F 231,
38.24(38.24). Ha pucyuke m3o0parced NMOLBEMHBI MeXaHH3M Je-
Oeaku. I'pys A mMacen M, noiHHMaeTcs MOCPeNCcTBOM Tpoca, nepe6po-
uresHoro Yepes 6iok € H HaBHTOro Ha
Gapafan B panuyca r u Maccn Ma.
K GapaGaRry npusioXeH Bpaluawouuii mo-
MEHT, KOTODHI ¢ MOMEHTa BKJIOYEHHs
NpONOpUHOHANEH KBaapaTy Yria IOBO-
pora @ GapabaHa: mep = aQ? rme a —
DOCTOAHHEN Kosdwbuuuent. OnpenennTs
CKOpPOCTL rpy3a A B MoMeHT, KOr&a OH
K 91aaxnangy nofHHMaeTcs Ha sHcoTy A. Maccy 6apa-
Gana B cyuTaTh paBHOMEpHO pachpe-
nmenexHoli no ero o6ony. Buok C — cmromHo# gyuck macest Ma. Maccoii
Tpoca npeHcOpeys. B HavaibHEII MOMEHT cHCTema uaxoguiach B
ToKoe.

o e /\/ 4h (ah® — 3M,gr?)
TEET: U==A\J 35 @i + 2M, + My *

38.25(38.25). Kakywo Haya/lbHYI0 CKOPOCTb, NapaulesibHyIo JHHHH
HaHGOJIBIIEr0 CKaTa HAKJIOHHOH MJIOCKOCTH, HAaf0 COOGLIHTH OCH KO-
Jieca paguyca r AJnA TOro, YTOGH OHO, KaTach 6€3 CKOJLKEeHHs, NOA-
HAJIOCh Ha BHICOTY h 10 HakJOHHON NyocKoCTH, ofpasyioueil yroa o
¢ ropusonToM? KosdhuuHeHT TpeHus KaueHus paseH f.. Koneco cuu-
TaTh OAHOPOAHEIM AHCKOM.

Oreer: =% /3gh(1 +%ctga).

38.26(38.26). Jlpa uMAHHAPA OAHHAKOBOH MAacChH M pajHyca cka-
THBAIOTCH Ge3 CKOJNLXEHHS MO HAKIOHHON NnoCkocTH. IlepBeui Lm-
JIMBAD CIITOLIHOMH, MAacCy BTOPOTO IHMJIHHAPA MOMKHO CYHTATh PaBHO-
MEPHO pacrperenckuoil mo ero oGoapy. Haiitw sasucumocts mexay
CKOPOCTSIMH LEHTPOB MaCC LHJWHAPOB NDH ONYCKAHMH HX HA OAHY
H Ty e BHCOTY. B Hava/ibhbili MOMEHT WHJHUADHLI HAXOMMJIHCH B
MOKoe.

Oreer: vofv; = 4/3/2.

38.27(38.27). SnuuMKJIHYeCKHH MEXaWM3M, PaCHOJONEHHHEH B ro-
PHSOHTAJIBHOM MNJOCKOCTH, NIPHBOAHTCH B NIBH)KEHHEe H3 COCTOSHHSA MO-
KOs MOCPEACTBOM MOCTOSHHOrO Bpallaioliero MoMewta L, mpuiomen-
Horo K kpusomuny OA. OnpenennTh yrioBylo CKOPOCTH KPHBOIIHIA -
B 33BHCEMOCTH OT €ro yriia MOBOPOTA, €CJH HelomBHM<Hoe Koneco [
HMEET pajiHyc ry, noABHXHoe Koseco /I —panmyc ry ¥ maccy M), a
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kpusowun OA = maccy Mi. Koaeco 71 cuntats OJHOPOAHEIM AHCKOM,
@ KPHBOWIHI — OAHODONHLIM CTEPIKHEM,

T 2 3Ly
Orser: m__—r|+rg '\/9M|+2Mg'

38.28(38.28). B kyaaukosom MExXanHsMe, pacroJoXKeHHOM B ropH-
30HTAJIbHON MIOCKOCTH, IKCHEHTPHK A NPHBOAMT B BO3BpaTHO-NIOCTYMA-
TeabHoe ABHeHue ponuK B co wrakroit D. Mpyxuna E, coenunennas

G
K 3apave 3827 K sanaue 38.28

CO LITAHroH, o6ecneyHBaeT MOCTOSHHEI KOHTAKT POJIHKA ¢ SKCUEHTpPH-
KOM. Macca sKCueHTPHKa paBska M, SKCHEHTPHCHTET e paBeH MNoJO-
-BHHE ero pajgMyca; KO3(QHUHEHT yNpyroCTH NpyxHuusl pased c. Ilpn
KpafiHeM JIeBOM TOJOMEHHH INTAHIH NMPYXKHHA HE HAMpsKEeHa, Kakyio
YrJIOBYi0 CKOPOCTL HA[0 COOOLIHTHL IKCUEHTPHKY AJA TOrO, 9TOGBI Ol
NepeMecTusl wraury D H3 Kpafiuero JieBoro B KpafiHee NMpaBoe MoJO-
xenne? Maccoit posnka, WITaHrH H NPYXHHE NpeHe6peys. OKCUeHTPUK
CYHTATh OJHOPOAHBIM KPYTJILIM AHCKOM.

Orser: = 24/c/(3M).

38.29(38.29). Kakoll nmyTh npoefier BenOCHMEAHCT He Bpauias ne-
HalliMH [0 OCTAHOBKH, €CJIH B HAuYaJIbHEIH MOMEHT OH [BHrAaJICA CO
CKROpOCThIO 9 KM/u? ObLias Macca BEJIOCHNEAA H BEJOCHNEAHCTA pasua
80 kr. Macca Kax/aoro H3 KoJiec paBHa 5 Kr; Maccy Ka)(Ioro Hi KoJiec
CYHTATb PABHOMEDHO PacrpeNesieHNofi N0 OKPYXHOCTH ae
paguyca 50 em. Koapduuuent Tpenns Kavenus Kosec
0 semuto pasen 0,5 cm.

Orser: 35,6 M. &

38.30(38.31). I'pya A maccwt M, onyckascs BHE3,
NpH NOMOLUH TPoOCd, TIEPEKHHYTOTO Yepe3 HenofBH-
HHf Gaok D, mogHuMaer BBepx rpys B macch Mo, 14
NPHKPENJIEHHB K ocH noABWMuoro Ginoka C. Bmoku
C u D cyntats ONHOPONHHIMH CIVIOMIHBIMA OHCKaMp 4
macce! My kaxaeit-Onpenenuts ckopocTh rpysa A B 4
MOMEHT, KOrja OH OMYCTHTCH Ha BHcoty h. Macco# K sanaue 3830
Tpoca, NpocKajJb3kiBaHHeM 1o ofonaM OGJOKOB M CH-
JiaMH CompoTHBJEHHA npeHefpeys, B HavanbHEIl MOMEHT clcTeMa Ha-
XoaHjiach B MOKOE.

) Lk 2M| —'fd! — M,
Oreer: v=2 ,\/2gk 8M, -+ 2M; + 7M; °

299



38.31(38.32). K semyuemy Konecy — Gapalany A — cHerooyMcTi«
TEA MPHJIOXKEH NMOCTOSIHHEIR Bpawlamoluu# MoMent m. Maccy GapaGa-
Ha A MOXHO CYMTaTb PaBHOMEPHO pacnpejelienHoll no ero o6ogy.
Cymmapuas macca cuera D, muta B u Beex NPOYHX MOCTYNATENbHO
F ABHMYLIMXCA yacTel NOCTOAHHA M paBHa
Mz. KosphHUHEHT TpeHHSI CKOJbKeHHS
CHEra H IlHTa O 3eMJII0 paBeH f, Koadgpu-
LHEHT TPeHHs KaueHus GapabaHa O 3emunio
paBeH fx. Macca 6apabana pasma M;, ero
pajguyc r.
K 2anawe 3831 Onpenennts 3aBlicuMocTs Mexay nyteM
S, NPOHAEHHWM WUHTOM B cHeroouncTHTeN s,
H MolyJleM €r0 CKOpPOCTH ¥, eClH B HaYaJbHHE MOMEHT CHCTEMa Ha-
XOOHNack B MOKOe.

A

. L 2M; + .413 2
"2 m— (M + g ©-

38.32(38.33). CkopocTs aBTOMauIHHH, ABHICYILENCH NO NPAMOH ro-
PH30OHTAJIBHOH NOPOre, BO3POCAA OT Uy N0 s 32 CYET YBEJIHYEHHS MOLL{-
HOCTH MoTopa. Ilpn atom Gmiat mpoiigen nyts s. BAuHCaHTS paborty,
COBEPIUICHHYIO MOTOPOM HA 3STOM TepeMelleHHH aBTOMALIMHL, ec/H
M, — macca kamxpmoro ua YeTHpex Kosec, Mg — Macca Kysopa, r—
Pazuyc Koijec, fx— KO3((QHUHEHT TPeHHS KaueHHs Kojlec o 1mocee.
Koaeca, katammuecs 6es cKONbKEHHS, CYHTATE OAHOPOAHBIMH CILIOLI-
HHIMM AHCKAaMH. KHHeTHWecKoii smepruefi Bcex perauseil, KpPOMe Komec
H Ky30Ba, npeHebpedn.
6M, 4 M,

2

Oreer: s

Orger: A= (93— v?) + L (am, + M) gs.

38.33(38.34). Crpemsanka ABC c wapHupom B croumT Ha rnagkom
TOPH3OHTAJIBHOM nony, anuna AB = BC = 2/, uestpe Macc Haxonsires
B cepenunax D u E crepxneii, pa-
INYC HHEPUHH KaXXHof JecTHHIIE
OTHOCHTEJILHO OCH, NpOXOAsiiel ye-
B pe3 LeHTpP Macc, paBeH p, paccros-

¥ HHe WapHupa B ot nosa pasuo A.

B  uekotopnlii Moment Bpemenu

A CTPeMsAHKa HAYHHAET Nafath BCIef-

s CTBHe pasphipa cTepwus FG. Tlpe-

K sanave 3833 K sanaue 38.34 Hebperas TpeHHeM B IluapHHpe,

onpeneants: 1) ckopoets Toukn B
B MOMEHT ynapa ee o 1oJa; 2) CKOPOCTH TOYKH B B TOT MOMEHT, KOTAA
paccTosiHue ee oT nona Gyaer pasuo A/2.

—IE—
Oreer: 1) v=2{ -,;-%_h?; 2) U=%/\/gh;(%_i:-§7)-.
38.34(38.35). Crepwensr AB pnunn 2a najaer, CKOJL3A KoHuoM A
70 T.allKOMy TOPH3OHTanbLHOMY nony. B Hayansnolii MoMeHT cTep-
JKENb 3aBMaN BEPTHKANLHOE NOJOXKEHHE H HAXOAHACS D MOKOoe. Onpe-
LeJIUTE CKOPOCTE WEHTPAa MacC CTePXHA B 3aBHCHMOCTH OT €ro BH-
COTH h Hapm monom,
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Oraer: v=-(a——k)»\/4a,_3h, .

38.35(38.36). B auddepenuuanbrom BOPOTE IBA 3KECTKO COeNHHeH-
Holx Bana Ky u Ky ¢ paguycamu 7y ¥ rp 1 MOMEHTaMH HHEPLHH OTHO-
cHTeNBHO ocH 010, cooTBeTCTBEHHO Jy u J; npusonsaTcs Bo Bpauienue
pykostko#t AB. ToapuxHuui 6aok C 8
NONBELIEH Ha HEBECOMOH HepacTaKH- d!
MOl HHTH, NeBasi BeTBb KOTOpO# mHa-
Buta Ha Baj K,, a npasas merpr— A°
Ha Ban K. Ilpu Bpauennn pykostku
AB nepas BeTBL HHTH CMaTHEaeTCs
¢ Bana K;, a npaBas BeTsBbr HaMaTh-
BaeTcss Ha Bad Ko K pykostke AB
NIPHJIOKEH TIOCTOSHHBEIH Bpaluarommil
MoMenT m. K 6noky C nogpewen rpys
D macew M. Haiitu YIJIOBYIO CKO- K amane 3598
POCTL BPALLUEHHS PYKOSTKH B MOMEHT,
COOTBETCTBYIOIUHA KOHUY nombkema rpysa D Ha BHCOTY 5. B Hayagn-
HHH MOMEHT cHCTeMa Waxomuaach B mokoe. Maccamu DYKOSITKH
6noka npeneGpeys.

o) i, 2m— Mg (ra—ry)

Oraer: =2 4[2s— 2= T r 40 F 0T

38.36(38.37). Bopor npusoautcs B ABH{EHHE NOCPEACTBON pEMEeH-
HOH mepenav, coemHHsIOmMEeH IKHB I, cupsimmit Ha Bany BOpOTa, cO
IIKHBOM [, CHARMEHM Ha Bany mMoropa. K wkupy [ Maccmt M, u pa-
AHyCa r MPHIOMEH NOCTOAHHE BPAWAKWHi MOMeHT m. Macea wku-
Ba Il paBua M,, paguyc ero R. Macea
6apabana Bopota M, pamuyc ero r,
Macca noAnuMaemoro rpysa M. Bopor
OPHBOAHTCH B JABHKEHHE H3 COCTORHHSA
nokosi. Haiitu ckopocts rpyaa B Momenr,
KOria OH MOAHHMAeTcs Ha BHcory h.
Maccamu pemus, xanata u TPEHHEM B
HNONUIHNHHKAX npene6peqs. Ulkupm u
6apabaH CYHTaTh OAHODOAHHIMH Kpyr-
JIBIME HHAHHADAMH.

Oraer:
el 2,\/ h(mR]r* — M,g) K 3anaue 38.36

My (R/r)* + M; (R[r® | My + 2M;

38.37(38.38). Pemntn NpenBIAYINYIO 3a[ayy, NPHHHMAA BO BHHMA-
HHE MacCy KaHaTa, K KOTOPOMY NPHBs3&H rpy3. JlamHa kaxata 1,
Macca eIHMHHUB AAHHH KawaTa M. B wavanpueil mMoment ¢ sana 6a-
pabasa BopoTa cBHCana wacTh KaHata nuHHON 25,

B h (mRrt — M.g —¥,Mgh)
Oreer: v=2 '\/M; (RIr)? + My (RIr)* + M3 + 2M, + 2M1 *
38.38(38.39). Iloctosummik Bpaulaiomuii Moment L npunoxen g
Gapabany Bopora panuyca r u Macen M,. K KoHLy A HaMoTaHHOTO Ha
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Gapaban Tpoca npHBAsaH rpy3 Macch M, KOTOpbIA MOAHHMAETCH [0
HAKJIOHHOM TJIOCKOCTH, PACMOJNOXEHHOH NOA YINOM o K rOPH3OHTY.
Kakyio yriioByio ckopocte npuo6perer 6apaban Bopora, NMOBEPHYBLIHCH
na yron ¢? KosQHUHEHT TPeHHs CKONbXEHHSI TPY3a O HAKJOHHYIO
IJIOCKOCTh paseH [. Macco#t Tpoca npewme-
Gpeys, 6apabaH CYNTaTh OAHOPOAHEIM KPYT-
JIBIM UHJHHAPOM. B HayanbHeii moment cu-
cTeMa Ohia B NOKOE.

Oraer:
mm—?_VL—Mg&T(SiHE-}-fCDSﬂ) L
r Ml +2M3

38.39(38.40). Peunts npeawnymyio 3a-
Zayy ¢ y4YeToM MaccH Tpoca, K KOTOpPOMY:
K sanave 38.38 npusszan rpys. Juauxa Tpoca paewa I,
Macca eaHHHUB [AHHE Tpoca papHa M.
B uHaganbHEfl MomeHT ¢ 6apabana BOpoTa CBHCana 4acThb Tpoca AJiH-
Holt q. MiaMeHeHHEeM MOTeHUMAJILHOW 3HEPrHM TPOCca, HAMOTRHHOFO Ha
GapabaH, npenebpeyp.
1 2L — 2M,gr (sin @ + f cos @) — Mgr (2a — r) sin a
Oraer: m=7»\/2 2 My oM, I 3A Q.
38.40(38.41). K 6apabany Bopota pammyca r; H Maccsr M, npuno-
HeH MOCTOAHMBIN Bpawaromuil moMedt L. K KoHny Tpoca, Hamoranu-
HOTo Ha OapabaH, npukpenneHa ock C koneca maccen M.. Koneco
KaTHTC Ge3 CKOJBXKEHHs BBEPX MO HAKIOHHOIN MJIOCKOCTH, PAcmosio-
z MEHHOH NMON YrIoM a K roprsonty. Ka-
<\ KYIO YIIoByI0 CKOpocTh npHoGperer Ga-
paban, caenas n oGoporos? BapaGau m
KOJIECO CUMTaTh OAHOPOAHBIMY KPYLJIBIMH
nunHuApamy. B Hauvanwneit MoMent cu-
cTeMa HaXxoaunack B fiokoe. Maccoii
TpoCa H TpeHHeM npeHebpeus,

Orser:
K sapave 38.40 - _2_ L — Maogry sina
U= '\/2“‘" M +3M; "

38.41(38.42). PewmTs npessioyiyio 3aaauy c Yy4eTOM MaccCh Tpoca
H TPEHHSl Ka4YeHHS KoJieca O HAKJIOHHYIO ILIOCKOCTh, ecim [— ajlHHa
Tpoca, M — Macca ero emuHHUBl OJHHB, @ — AJHHA YACTH Tpoca, He
HaMOTaHHOH Ha OGapa6GaH B HayaJbHEI MOMEHT fx — KoagduiHenT
TPeHHUA Ka4eHHHA, ro— pamvyc Koneca. M3MeneHHeM mnoTeHuHANLHOL
SHEPTHA TPOCa, HAMOTaHHOrO Ha 6apaban, npenebpeys.

Orser:

L— rlg[M, (sln a4 —;-"—cos u) + M (a — mar,) sin n]

2
My 4 3M, + 2M! '
38.42(38.43). Koneco A cxaTHBaercs 6e3 CKONbIKEHHS N0 HAKJIOH-
Hoit mnockoctH OK, moamuMas 1OCPEICTBOM HepacTsDXKHMOIrO Tpoca
Koneco B, xotopoe KaruTcs 6€3 CKOMBMEHHS Mo HAKIOHHON MJOCKO-

m——--i 2nn
n
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et ON. Tpoc nepeSpowen yepes 6nok C, Bpawalomuiics BOKPYT ne-
MOABHIKHOH ropusoutanbuoii ocw O. Haditn ckopocts ocn komeca A
NpH €e TNepeMemeHdH mapaieibHo nueuum OK wHa pacctosHue s.
B HayaaoHblii MOMEHT cHcTeMa 6mia B nokoe. O6a xoneca u Gnox
CYNTaTh OAHOPONHBIMH AHCKAMH OfHHA-
KOBOH Macchl u paguyca. Maccoii Tpoca
npexnebpeyn.
Oraer:

e ,\/-;—gs(sina—— sin g) .

38.43.(38.44). Petunts npenmaymyio
3afayy, MNpHHHMas BO BHHMaHWe Tpe- K 3anave 3842
HIfe Ka4Ye€HH# KOJeC O HaKJIOHHBE TJIo-
ckoctH. Koapduunent Tpeuus kauenus pasen fi, pamHycH KoJec
PaeHH r.

B =2 e s | sitlie — sin gi— J%
Orger: v=2 /\/7 gs[sma sin p — -~ (cosa - cos ;3)] .

38.44(38.45). K rpyasy A maccu M, mpukpensena HepacTAXHMan
HHTh, NepebpollenHasn wyepes Giok D Macchl M, W HAMOTAHHAs Ha
GOKOBYIO NOBEPXHOCTH LHJIHHAPHYECKOTO KaTka B macchl Ma. Ilpn
[OBHIXeHHH Tpy3a A BHM3 N0 HAKJOHHO NAIOCKOCTH, pacnoJOKeHHOH
NOA YraoM o K TOPH30HTY,
Bpauiaercs G6aok D, a katok
B xatutcs 6e3 CHOMbeHHS
BBEpPX N0 HAKJIOHHON IJIOCKO-
cTH, obGpasymolel ¢ ropHsoH-
TOM yron .

Onpenenuts CKOPOCTh
rpyaa A B 3aBHCHMOCTH OT
NPOHIEHHOTO MM NYTH S, ecqH
B HayaJlbHHH MOMEHT CHCTe- K 3anave 38.44
Ma HaxoAHhach B OKOe.

Brok D n xatok B cYHTaTH OAHOPOAHEIMH KDYTJIBIMH LHAHHADAMH.
CunaMu TpeHHst M Maccoii HMTH npeneGpeys.
o~ 2M, sin @ — Ms sin P

Orser: v=2 4\/2gs M, + 40, 30, "

38.45(38.46). Pewnts npeginymyio sagany s TIPENNON0KEHHH,
4T0 KO3(h(HIHEHTH TPEHHS CKOJILMKEHHS H KaueHHsl COOTBETCTBEHHO
paBHe! | H fx. Pagnyc xatka B pased r.

,\/ 2M, (sin @ — f cos @) — M; (s[nﬁ+—!r"—-cosﬂ)
Oreer: v =2 2ps M, A, 3G .

38.46(38.47). I'pys macce M mogBelieH Ha HepacTAMHMOM OHO-
POAHOM TPOCe AMMHE! [, HABHTOM Ha UHAMHApPWYecKHi# GapaGaH ¢ ro-
PH3OHTAJBHOR OCbIO BpauleHus. MoMeHT uHepumu GapabaHa OTHOCH-
TENbHO ocH BpauleHus J, paanyc 6apafana R, Macca eAHHHOE AJHEE!
Kanata rm. Onpenenurs eKOpoCTh rpy3a B MOMCHT, KOTAa AJHHA CBH-
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calollelf 4aCTH KaHaTa PaBHA X, €CAH B HAaYaJbHHA MOMEHT CKOPOCTH
rpysa vp=0, a AnKuHa cBHCaAKmied YacTH KaHaTa Gbuia paBHa xo;
TpeHHeM Ha ock Gapabana, TOMIIHHOK TPoca H H3IMEHEHHEM MNOTeH-
lHaJIbHOH 9HEPrHH TpOca, HAaBHTOrO Ha GapaGaw, npe-
Heopeds.

2M 4 m (x4 x0)] (x — x;)
Orger: v=R el J+(g,+n:}))],g, .
38.47(38.48). I'pya A maccu M, nompewen K onxo-
OAHOMY HEpacTSXXHMOMY KauaTy miuubl L H Maccsl
2. Kanar nepe6powen uepes 6nok B, spamarownics
BOKpYyr ocu O, MepneHAMKY/spHON MJIOCKOCTH PHCYH-
Ka. Bropoii KOHell KaHaTa NpHKpenJeH K OoCH KaTKa

=

1 | C, Karsulerocss Gea CKONbMKEHHS M0 HENO4BHIKHOL
M NIOCKOCTH.
K aanauve 38.46 Biiok B u kaTok C— OAHOPONKEE KpYyrible AHCKH

Pamuyca r u mMaccH Ms kamumit. Kosdouunent tpe-
nusi KaueHHsi Katka C 0 ropusoHTanbHYIO MJIOCKOCTh paBen fx. B ua-
UaNbHEI MOMEHT, KOTZa CHCTeMa HaXOAHlack B TOKoe, ¢ 6aoka B
CBHCa/la YacTb KaHaTa AJuHH [ Onpenennts cKopocts rpysa A B 3a-
BHCHMOCTH OT €I0 BEPTHKaNBLHOTO MepeMereHHs M.

Orser:

,\/231‘: {Ml+g—%(2l+2r+h)—f—:[Ma+M,(.E:___z"_L_Tﬂz,_%)]}
3 My + My + 2M, )

38.48(38.49). MexaHusM snnuncorpada, pacROJOMeHHHH B ropH-
3OHTaNBHOH NJIOCKOCTH, MNPHBOAHTCA B [ABHMKEHHE TOCPEACTBOM

] V|
Mg c
03 Af Sl
>
K 3anave 38.47 K 3anaue 3848

NOCTORHHOrO BPAIUAIOLIEr0 MOMEHTa my, NMPHIOMKEHHOTO K KPHBOLIH-
ny OC. B wauaibHHi MOMEHT npu @ =0 MeXaHH3M HAXONHACH B
nokoe. HaiiTh yrnoByio ckopocts kpuBowkna OC B MOMEHT, Korma
OH cienan 4ersepTs ofopora. Jlano: M — macca crepxua AB, ma =
== mp = m — Maccu noasyHos A u B, OC=AC = BC = [} maccoil
KpuBouHna OC u cHAaMU CONPOTHBJIEHHS npeHeGpeds.

e gy 3atme
Orser: m—?/\/ M+

38.49(38.50). Pewwnts npeasimymiyio 3apayy ¢ y4eTOM MOCTOAHHOIO
MOMEHTA CONPOTHEAEGHHA mc B lWapHupe C,

[ 1 37t (g — 2m )
Orcer: o=—r A/ —fr 13 —
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38.50(38.51). K «kpusownny QO; snuumknugecroro MeXaHH3aMa,
PACTIONIOMEHHOr0 B TOPHIOHTANBHOH IJIOCKOCTH, MPHAOKeEH Bpaiialo-
LKA MOMEHT Map = Mo — oo, rie Mo 1 o — NonoKHTENbHNE NOCTOSH-
HHE, @ O~ ynloBas CKOPOCThb KPHBOWMMA. Macca Kpusowmna pasha
m, M— macca cateanuta (nomBmkHOro Koneca). Cuntas KpHBOWIH
TOHKHM OIHOpPOIOHBEIM CTEPIKHEM, a caTen-
JIHIT—OQHOPOAHLIM KPYTJIHIM JHCKOM pa-
Auyca r, ONpeAeNIHTL YIAOBYK CKOPOCTL ®
KpHBOUINTNIA KaK QyHKUMO Bpemenn. B na-
HaJbHBIH MOMEHT CHCTEMAa Haxoaunacs B
nokoe. Pajamyc wemomeumxuo# mwectepHu
paBeH R; cunaMu conmpoTHnnenus npe-
HeGpeys.

Ykaszanue TIlpumennrs Teopemy of n3mMeHe -
HHH  HHHeTHYeCKoft shepruw B mH(bepeuunanshodl
dopme.

Oreer: m=—ﬂ£°-(1 —-e_-"_:.;- t). rae Inp=(—gl+-g—m) (R+rp.

38.51(38.52). Pewnts mpepniayutyio 3agavy ¢ yveroM NOCTORHHOIO
MOMeHTa TpeHus M.p Ha oct O carennuTa.

K 3anave 3850

Mﬂ = TMTD —-—la—. j)
Oreer: 0= l—e "o J, rne Jpp=

a

=(5+3M)(R+rP

38.52(38.53). Kpusourun 00, rHNOLMKIHYECKOTO MeXaHH3Ma, pac-
TIOJIOXEHHOTO B IOPH30HTAJbHON MAOCKOCTH, BPalliaeTcss ¢ MOCTOSHHOMN
Yrioso# CKOpOCTHIO Wo. B HeKoTOpHifl MOMeHT
BPEMEHH JBHraTtenb OHN OTKAIOYEH H nopg
REHCTBHEM TOCTOSIHHOrO MOMeHTa Mirp cunt
TPEHHS HA OCH caTe/sHTa (NMOABHIKHOTO KO-
Jieca) MeXaHHSM OCTAHOBHJICH.

Onpenenurb BpeMa T TOPMOXeHus H yron
@ NOBOpPOTa KPHBOWIANA 33 3TO BPEMS, eCIH
ero macca pasHa M,;, My — macca catennuta,

H r— pafHyCcH GOJBIIOT0 H MaNoro KoJjec.
Kpusomun npuuaTh 3a OAHOPOAHHA TOHKHil
CTEpXeHb, a4 CcaTeJJIHT— 332 OfHOPOAHHI K e 3610
JUHCK.

Yrazaune Tpumennts TeopeMy 06 H3MEHeHHH KHHETHYECKON SHeprHE B ang-
Gepennunansuoit dopme.

rInp 1 rlnp M 3 :
= —_—— = ——— 2 — [ S
Oreer: 1= Ry @, P 2 RMyp O rAe -’np ( 3 -+ ) M) X

X(R—rp.
38.53(38.54). Kpecropuna C NPHBOANTCA BO BpalleHHe BOKPYr
HCMOARIKHOM OCH () ROCpeACTEOM ORHOPOAHONO cTepx<us AB, Bpa«
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ulaolerocss BOKPYr HenoaBuikHof ocH O (ocu O n O neprneHnHKYy-
NAPHBI MJOCKOCTH pHCYHKa). IIpH 31oM nonaywul A u B, coenuHennrle
NpH fOMOLLH IapHHPOB coO cTepxkHeM AB, CKONB3AT BHOJL B3aHMHO
NeprneHAHKYJAPHBIX mpopesell KpecrosuHu C,
Bpaillenne cTepXHs NPOMCXOIHT Moj AeHCTBHEM
NOCTOSTHHOrO BPaLIalolero MOMeHTa Mep. Ompe-
INeJHTL YrIOBYIO CKOpPOCTb cTepiHs AB B Mo-
MEHT, KOrJia OH clesaeT YeTBepTh 000poTa, ecin
B HayaJbHblH MoMeHT npy ¢ =0 ou mumenx
YII0BYIO CKOPOCTb (g, BeanyuHa MOMeHTa co-
NPOTHBJEHHA, BO3HHKAIOLIEro B KaXAOM U3
wapHupoB noadyuos A uw B, B nBa paza MeHb-
K 3anave 3853 we sp. [IpOYMMH CHIAMH COTPOTHBJEHHS MHpe-
HeGpeub. Macca crepxHs paBua m; MOMEHT
HHSP%HH kpecToBHHE C oTHocHTeNbHo ocn O) paeen J; 00, = OA =
=0B=1I

| Bmm
S A 2B 2
Oreer: o= 4/ T a7 + ol.

§ 39. IlaockonapannenbHoe (MJocKoe) ABHIKEHHE TBEPHOTO TEna

39.1(39.1). Taxenoe Teno cocToMT M3 cTepxHst AB paunel 80 cM

H MaccH 1 Xr W NpHMKpenJieHHOIo K HeMmy Aucka paguyca 20 cM w
Maccel 2 Kr. B HauanbHEIH MOMEHT NIpH BepTHKaJbHOM NONOMKEHHH
CTepKHs Teny coolllleHo Takoe NBHXKCHHE, YTO CKOPOCTh LEHTpa Mace
M, cTepixHs paBHa HYJO, a CKOPOCTh HenTpa Macc M, Aucka paBHa
360 cm/c u HanpaBneHa mo ropH3oHTaau Bnpaso. Haiith nocnenyo-
Iice MOBHIKEHHE Tejna, NpPHHHMAas BO

N 3HHMaHHe TONLKO AeHCTBHE CHJAH TH-
Yy p  ECTH.

Orser: Teno paBHoMepHO Bpalila-

eTCs C YrJaoBoH CKopocTeio 6 pag/c

BOKPYI' CBOEro LEeHTpa Macc, KOTOphIii

onuceiBaer mapabony y*= 117,5x

(Hawano KoopaHHAT — B TouKe B, ock

y Y HanpaBjeHa No FOPH3OHTANM BOpa-

BO, OChb X — BHH3}.

39.2(39.2). Iuck nagaer B BEpTH-
KalbHO#H MNIOCKOCTH NoOA AeicTBHEM
CIBl TsXKECTH. B HawaabHuIi MOMeHT aucKy GBLa cooblueHa yrJopast
CKOPOCTb Wo, @ €ro LeHTp Macc C, HAXOAHBLUMIACS B Hayale KOOPAWHAT,
HMeJ TOPH3OHTANbHO HANPAaBJIEHHYI0 CKOpPOCTL Uo. Halkith ypapHeHust
nprxxenus aucka. Ocu x, y H3o6paxceHs Ha pHcyHke. Cunamu compo-
THBNIEHHA TIpeHeGpeys. .

Oraer: xe =0y, yc=-g;—. @=uayl, TrOe @— yroa NoBOpPOTA
JHCKa, 06pa3oBaHHLIH OCbIO X M ANAMETPOM, 3aHHMAaBLIHM B HaYalb-
HBJi MOMEHT FOPH3IOHTAJbHOE MOJ0MXKEHHE.

39.3(39.3). Pewmnts npenwulgymlyio safavy, CIHTas, 970 MOMEHT Mc
COMPOTHBJIEHHS NBHXEHHIO OTHOCHTEJLHO NOABHIKHON rOpH30HTAJBHOI

K sanawe K 3snaue 39.2
39.1
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OCH, MpOXOAsUIeH yepe3 HeHTp mace € [HCKa NePneHAHKyIAPHO NJIO-
CKOCTH ABHIKEHHHA €ro, NPOMOPUNHOHAJEH NepBoil CTEneH: YIJIOBOH CKO-
pocTH IHCKA @, npHYeM KOIQGHUHENT NPONOPLHOHANBROCTH paBeH f.
MoOMEHT HHEpUNH AHCKA OTHOCHTENLHO STON OCH pasen Je.

# I £
Orser: xg=uyf, yc=-g2—, ¢ == cﬂn (l-——e e ) rme ¢—
yrosl nOBOpOTA AMCKA, 0OpA30BAHHBIA OCHIO X W AHAMETPOM, 3aHHMAR-
LIHM B HAaYaJbHBIH MOMEHT FOpH3OHTANBHOE MNONOMXKEHIe.
38.4(39.4). Benywee xoneco aBToMammHb! paawyca r u maccH M
ABHIKETCH TOPH3OHTANBHO H npAMonmHedino. K Konecy npunoxen spa-
WA MOMeHT m. Paanyc HHepuMH KoNeca OTHOCHTEABHO OCH,
NPOXOASIIEH YEPe3 UEHTP MACC NepreHAHKYJIAPHO ero NJOCKOCTH, pa-
BeH p. KoahduuHeHT TpeHHs CKOMBIKEHNS KONECa O 3eMJiio paBseH f.
Kakomy yCTOBHIO JlOJKeH YNOBJETBOPATH BPAUIAIOWING MOMEHT JIs
TOTO, YTOOB! KOJIECO KaTHJIOCH 663 CKOJBIKeHHA? ConpoTHsnenneM Ka-
UeHHA npenebpeun,

Orger: m<_fMg _r_f_::-_p_ﬂ

39.5(39.5). PewnTs npenwayuiyio 3agauy c YYETOM TPEHHHA Kaye-
HH#A, €CIH KO3(Q(HUHEHT TPeHHA KAYEHHs PaBeH fy.

Oreer: m<_fMg 1"_-1-9_3_ + Megfy.

39.6(39.6). Ocp BenoMOro KoJeca ABTOMALIMHBI ABHKETCH ropH-
30HTaNLHO H NpsAMoanHEHHO. K ocH Kosleca npunoXKeHa ropH3oOHTaNbHO
HanpaBneHHas ABHxywan cuna F. Panuyc mHepllAM Koneca OTHOCH-
TEJILHO OCH, MPOXOJAUIeH Yepe3 NEHTP MacC IeprneHJHKYNADHO ero
NNIOCKOCTH, paseH p. KoagduiseHT TpeHHS CKOMBIKEHNA KoJleca o 3eM-
Mo paseH f. Paauyc xoneca pased r, Macca kosieca paBHa M. Kaxomy
YCJIOBHIO NOJIKHA YOBJETBOPATH BEJHYHHA CHJIBI
F pns toro, ytofH KoOneco KaTHIOCH 6€3 CKOMbiKe-
Hus? ConpoTHB/IEHHEM KaYeHHsi npexebpeyb,

2 2
Orser: F < fMg '—:;L :

39.7(39.7). Pewmnts npeAnayulyto 3anauy ¢ yye-
TOM TpPEHHS KayeHHs, ecnH KO3(OHUHEHT TpeHHA
KAyeHH#A paBeH fx.

Oreer: F< Mg (rz-l-p:Z—Mng-r d K 3anave 39.8

39.8. ABTOMOGHABHEN TpHUEn NBHXKETCH 3aMEANEHHO € YyCKOpe-
HHeM wo N0 octaHoBkH. IIpn sTomM TOpMO3 B OfHOM H3 ero Konec He
BK/ioyaeresi. Jlapnenne Kosmeca Ha gopory paswo N. Koaddwumenr
TPEHHA Kojleca ¢ Aoporoft paeen [. Jlamo: r — papmyc xoneca, m —
ero macca, p— panuyc uaepuus. OnpenennTs CHAY TOPH3OHTAJLHOTO
AaBnexus S Koneca Ha €ro ochb.

N i

2
OTBeT: 1) wa—f'mAr“T’:‘| SzmwO(I “]—‘%—)' 2) w0>-m—-—p-i—.
S =muw, + fN.
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39.9(39.9). Koneco paamyca r KaTHTCs Mo NpAMONHHEeAHOMY FOpu-
BOHTANbHOMY peJbCcy nON AefiCTBHEM NPRJAOKEHHOTO BpPallalolLero
MOMEHTa mMap = 5/ofMgr, rne f— KO3PHUHEHT TPeHHS CKOAbIKEHus,
M — macca komeca. OnpesenHTh CKOPOCTh TOYKH KOJECA, CONPHKACAIO-
welics ¢ penbcom (CKOpocTb MpockanbabiBaHusi). Macca koneca pas-
HOMEPHO pacnpejiesiena no ero obony. TpeHHem KayeHusl npeHebpeyb,
B HaYaNbHHH MOMEHT KOJIeCo HAXONMWJIOCh B NOKOE,

Orser: ng i

39.10(39.10). Pemnth npeamayliyio 3aasy ¢ yyeroM TpeHHs Ka-
YeHHs, eC/lH KOI(MHUMEHT TPEHHS KauyeHun fx = 1/4fr.

Orsger: !/4fgt.

39.11(39.11). OxHOpoAHHT LWMIHKHADP C FOPH3OHTAJBHON OCHIO CKa-
THIBAETCH MOJ AEHCTBHEM CHAEl TSXKECTH [0 HAKIOHHON LIEPOXOBATOMN
MJIOCKOCTH ¢ KO3(Q@uuuenToM TpeHus f. Onpefenuts yroad HakioHa
NJOCKOCTH K TOPU3OHTY M YCKOpPEHHE OCH UWIHHAPA, NPeANOnaras, YTo
NpH ABMMeHHH LHIHHAPA CKOMb}KehHe OTCYTCTBYeT. COnpoTHBNIEHHEM
KayeHusl npeHebpeusb.

Oreer: o << arctg 3f, w =2/3g sinc.

39.12(39.13). OnHOpOAHH{ CNJIOIIHOK KPYIAH HHCK KaTHTcst Gea
CROjIbXKeHHsT N0 HAKJIOHHOH NJOCKOCTH, PacNONIOMEeHHOI NoA yrioM o
K ropusonty. Och mHCKa o6pasyerT yroll B ¢ nuHHeH HauGosibluero
ckata. OnpenennTh yCKOpeHHe HEHTPA Mace AMCKA, CYMTAS, YTO €ro
KaueHHe NPOHCXOAHT B OJHOM BePTHKAJBHON MJOCKOCTH.

Orger: we=2/sgsina sinp.

39.13(39.14). Onuopomubii UHNHEAP C FOPH3OHTANBHOR OCHIO CKa-
THBAETCH NOA AeACTBHEM CHIIH THMECTH CO CKOJbIKEHHEM N0 HAKJIOH-
HOM NJIOCKOCTH NpH Ko3(hduuUHeHTe Tpeuus ckoanxenus f. Onpenenuts
yros HaK/IOHA IJIOCKOCTH K FOPH3OHTY H YCKOpeHHe OCH LMJIHHApA.

Orser: o > arctg 3f, w=g(sina— fcos ).

39.14(39.16). OnHoponnoe KojlecO pamuyca r CKaThBaercsi Oe3
CKOJIBbXKEHHSA MO HAKMOHHOH NJOCKOCTH, 06pasyoulell yron o ¢ ropu-
soutoM. Ilpn kakoM sHauenuu kos(duumenTa
TpeHHsl KaueHHs fx LEHTP Macc Koseca Oyner
7 ABHTaThCs PaBHOMEDHO, @ KOMeco Npu atoM Gy-
AeT paBHOMEPHO BpPaWIATHCA BOKDYTr OCH, NPOXO-
Asiliedi Yepes LEHTP MacC NEPNeHAHKYNSPHO €ro
NJIOCKOCTHP

Orger: fy=riga.

39.15(39.16). Ha Gapaban onHopoznoro Katka
Maccel M u panmyca r, nexaulero Ha rOpH3OH-
TaJbHOM HIEPOXOBATOM IOJy, HAMOTAaHA HHTh, K KOTOPON MpHIOMeHa
cuna T nopx yraioM o K ropusonry. Paguyc 6apabana a, panHyc uHep-
LHH KaTka p. OnpenenuTe 3aKOH ABHIKeHMs och Katka O. B Ha-
yalibHHH MOMEHT KaTOK HAaXOQM/ICA B TNOKOe, 3aT€M KATHICH 6e3
CKOJIbIKEHHS.

K sanave 39.15

.y I r{rcosa—a)
Orser; x= AT

Hanpaso,

12, npHyeM OCh X HampaBieHa CJlieBa
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39.16(39.17). Oasoponutiit cTepxens AB maccsl M ropnaoHTanbHO
TIOABEIIEN K NMOTONKY NOCPENCTBOM /BYX BePTHKANBHEIX HHTEH, MpH-
KPENNEHHBIX K KOHNAM crepxxHA. HafiTH naTsxenme oanoii H3 HHTeH
B MOMEHT 06phiBa ApYroil.

Ykaszaunue Cocrapurs Audbepennmabible YpaBHEHHS NBHEIKSHHS CTepIKHA
ANA BecbMa Malloro npoMEXYTKa BpeMeNH, Clenyomero sa mMoMeHTOM olphIBa HHTH,
II]}EHEGPEFBR H3MCHeHHEeM Hanpaaneﬂua
CTEPHHA H H3MEHeNHEM DACCTOAHMA LeHTpa Pro7r il %
MacC cTepAKHA OT APYrol HHTH.

Oreer: T = Mg/4.

39.17(39.18). OgHoponuwiit crep-
wehb AB maccw M nospewen B A 8
Touke O Ha JBYX HHTAX PaBHON c K 3snaqe 39.16 K 3anave 35,17
HHM [OJHHBL

Onpenenutb warskenne OfHOA H3 HHTe# B MOMeHT OOphiBa Apy-
rofi. (Cm. ykasaune Kk 3apave 39.16.)

Orser: T = 0,266 Mg.

39.18(39.19). Onsoponunii TOHKHI CTepXeHb OAKEB 2/ n maccw M
JICKHT Ha AByx onopax A u B; mewtp macc C CTepiKHA HaxXoAHTCH

Ha OIMHAKOBLIX PACCTORHHAX OT OMNOp, nplYeMm y Pt
CA = CB=a; pasneune wua KaM/ylw onopy W
paBHO 1/2 P. Kak H3MeHHTCS NaB/ieHHe Ha omnopy

A B TOT MOMeHT, Koraa onopa B 6yner mMruosen- K 3azave 3018

HO ynanena? (Cm. ykasanme k 3anaye 39.16.)

reer: JlaBnenwe Ha onopy A NONYYHT NpHpauieHHe, paBHOe
2 — 3a?
3 T 309 M8

39.19(39.20). Tsxennis KPYrawi uuaneap A maccsr m o6MOTan
NOCpesiHe TOHKOH HHTBIO, KOHEl KOTopoii B 34KPEIIeH HEeNOABHIKHO.
Huakknp napaer 6e3 HauanbHo# cko- 2
POCTH, pa3MaruiBasi HHTh. Onpenennts
CKOpOCTh OCH HMJAWHAPA, OCAE TOro
KaK 3Ta OCb ONYCTHTCA Ha BHICOTY ki,
H HalitH Batswenne T HuTH, T

Oreer: v=3/34/3gh, T =1mg.
39.20(39.21), e riubxue nutH 06-
MOT2HB BOKPYT OAHOPOLHOTO KpPYIJIO-

FO UHAHHOpa Maccel M um papmyca r !*:

TdK, YTO 34BHTKH HX DACIOJOXKEHb |

CHMMETDHYHO OTHOCHTEABHO CpejHei Ay

IUIOCKOCTH, mapajfenbHoll OCHOBA- K sansue 39.19 K sanzwe 30.20

HuAM. Llnineap nomeuen Ha HaknOH.

HOl niockoctn AB Tak, yTo ero 0Gpa3syloulie nepneHHKYNAAPHE! THHHK
HaHOOMBIIEr0 cKaTa, a KoHUM C HHTeN 3aKpenJieHtl CHMMETPHYHO
OTHOCHTE/IbHO BHILIEYKA3aHHOH CpenHell NJIOCKOCTH Ha paccrosiuuu 2r
OT nnockocTh AB. Llnanvap waunkaer psurathes Gea HAYANLHOH CKO-
POCTH NOA NEHCTBHEM CHJIB TSXKECTH, NPEOAOsIeBas TPEHHE O HAK/OH-
HYIO NJIOCKOCTE, MpHYeM KOs dHIHEHT TpeHHs paser [, Onpenenuts
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nyTh S, NpOHJeHHEH NeHTPOM MacC LHAHIAPA 33 BpeMs f, H HATSes
HHe T HuTeit, npennoaaras, YTo B TEYeHHEe PACCMATPHBAEMOTO MpOMe-
JKYTKa BPEMEHH HH OJHA N3 HHTEll He CMaTHBaercs N0 KOHIUA.

Orser: s= —;,-g (sina — 2f cos ) £, =—é—Mg (sina + fcosa).

Ilunuuap octaercs B nOKoe, ecnu tg o << 2f.

39.21(39.22). [Ba unnunaApHYecKHX Bana maccw M; m M, ckars-
BAITCH N0 JABYM HAKMOHHBIM NJOCKOCTAM, OOpa3ylollHM COOTBET-
CTBEHHO YIJIE & H [ ¢ rOpH3OHTOM. Iy
Banel coepnpenH  HepacTAXHMOR
HHTBLIO, KOHIUB KOTOPOH HAMOTAHH

K 3anaye 39.21 K aanage 39.22

Ha Banbl M K HUM npuxkpenneld. Onpefenurs HaTAXKEHHe HHTH H ee
YCKOpEHHe NpH ABHXXEHHH MO HAKIOHHHIM NJOCKOCTSIM. Banm cunrats
ONHOPOAHBIMH KPYIJbIMA HuaubApamu. Maccoit HurH npeinreGpegs.
MM (sin a4 sin B) - M, sina — M, sin B

3L+ 0 CTET MM

39.22(39.23). Onpeneautp nepHox Madux KoneGauuit OAHOPOAHOIO
NOJNYKPYIJIOro LGHCKA pannyca R, HAXOOALErocs Ha HerJafkol ropu-
BOHTAJBLHOH NJOCKOCTH, O KOTOPOH OH MOXET KATHThCA 0e3 CKOJNb-
JKeHuS.

e >
Oreer: T = %% 4/2g (9n — 16) R.

Orger: T—=g

§ 40. NpubakxerHHas TeopHa THPOCKOMNOB

40.1(40.1). Bonuok Bpaliaercs No 4YacoBOH CTPesIKe BOKPYT €BOeil
ocH OA ¢ mocTOAHHON YIVIOBOH CKROpoCTEIO ® =600 pan/c; ocs OA
HAKJIOHeHa K BEPTHKaJl; HHXXHHA KoHell oCH
O ocraercs HeMONBHIKHHM; NeHTp Mace C
BoJMYKa Haxofutes Ha ocu OA Ha paccrosHHM
OC =30 cm or toukn O; pamuyc HHepuUHH
BOJIYKA OTHOCHTeNbHO ock papen 10 ecm. Omnpe-
BeNHTh ABHMEHIe ocH Bonuka OdA, cunras, ¥to
rIaBHHH MOMEHT KOJHYECTB ABHIKEHHS BOAY-
Ka orHocuTenbHo ocH OA pasen Jo.

Orser: Ocs OA Bpawaercss BOKpPYr Bep-
tHKkami Oz nMo yacoBOH CTpenKe, ONMHCHBast
Kpyrosol KOHYC, <€ TOCTOfIHHOH YIJIOBOH  CKOpOCTBI @) =
=0,49 pan/c.

40.2(40.2). Bonyox, umes ¢opmy HHCKa muaMerpa 30 cm, Bpalla-
ercsi ¢ Yyrjosol ckopocteio 80 pap/c BOKpYr cBoeil oCH CHMMETPHH.

K asnaue 40.1
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JUick nacaxen ia ock anunbl 20 €M, PaCTIONOKEHHYIO BIOAb OCH CHM-
meTpuit Bonyka. OnpenennTs yriosylo CKOpOCTh DeryaspHOit mperecs
CHIf BOJYKA, NMOJIArasl, YTO ero rJNaBHBf MOMEHT KOJHYECTB ABHIKEeHHS
paser Jo.

Orser: 2,18 pan/c.

40.3(40.3). Typ6uua, Ban koTopoit mapasuienes NPOAONBHOHK OCH
cyaHa, nenaer 1500 o6/muH. Macca epawaiouutxcs yacteit 6 T, pa-
nuyc urepukn p=0,7 m. OnpefesnTs rHEPOCKONMHYECKNHE NABACHHS HA
NOAUIMITHHKH, €CJIH CYAHO ONHCHIBAET UMPKYJSUHIO BOKPYr BEPTHKAJb-
HOll ocH, noBopaunsasce Ha 10° B cekynay. Paccroanse mexay non-
LWHNHAKAMH [ = 2,7 M.

Orser: 30,4 xkH.

40.4(40.4). OnpeneanTh MakCHMaNbHEE THDPOCKOMHYECKHE HaBJe-
HHSI HA NOAWHNHHKH OHICTPOXOAHON TYPOMHE, YCTAHOBNEHHON HA KO-
paGae. Kopabnb nonpepskeH Kunesoll Kayke c aMnauTyaoil 9° u ne-

K 32naue 404 K 3anaue 40.5

PHOAOM 15 C BOKpYr OCH, MepneHAHKYJAPHON OCH POTOpA. Porop 1yp-
6uHb maccu 3500 kr ¢ pagnycom uxepums 0,6 M penaer 3000 06/Mun.
Paccrosinue mexcay nopmmnuukamu 2 m.

Orser: 13,0 kH.

40.5(40.3). Onpenenuts speMs T nonHoro o60poTa ocu CHMMETDHH
apTH/IEPHACKOTO CHApsAfa BOKPYr KaCaTeNbHOH K TPAaeKTOPHH HeHTpa
Mace CHapsina. JTO ABHIKEHHE NMPOMCXOAMT B CBA3H C NeHCTBHEM CHIIL
conpoTHBaeHHs Bo3dnyxa F=6,72 kH, npubnumenso wanpasnenwxoii
NapajnenbHO KacATeNbHOH H TPHJOKEHHON K OCH CHapsiaa Ha pac-
crosiud h=0,2 M OT newTpa Macc crapaaa. MOMEHT KonHgecTpa
ABHXEHHA CHApAlA OTHOCHTENBHO €0 OCH CHMMETPHH paBeH
1850 xr-m2/c.

Oraer: 8,66 c.

40.6(40.6). I'a30Typ60BO3 NPHBOAHTCH B JABH)KEHHE Typ6iHOH, ock
KOTOpOil mapaJjiiefbHa OCK KOJeC H Bpaiulaercsi B Ty e CTOpOHY, uTo
¥ Kojeca, fenasi 1500 o6/muH. MOMEHT MHEpUMH BpallariHxcs yac-
Teli TypOHHE OTHOCUTeNnbHO OCH Bpailenus J = 200 kr-m2 Kax se-
NHKA N0GaBOUHAA CHMiA NIABJEHHS HA PENbehl, €CAM TA30TypOOBO3 HaeT
No 3akpyrneHuio papnyca 250 m co ckopoerbio 15 m/c? liluprna ko-
Jen 1,5 M.

Orger: Ha omuu pensc 1256 H BHus, ma apyroit pemse 1256 H
BEEDX,
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40.7(40.7). B npoGusike c Gerynamn Kaxauiit GeryH HMeeT Maccy
M = 1200 xr, papuyc MHepUHH OTHOCHTEJBHO ero ocH p= 0,4 M, pa<
anye R =0,5 M, MraoBeHHas ocb BpalleBusi GeryhHa OPOXORHMT depe3
Cepe/iHHY JIHHHH KacaHua OeryHa ¢ aHom vamu. Onpepenuts cuiy
AaByeHns GeryHa Ha TOPH3OHTA/AbHOE OHO YalUN, €CJAH TNepeHOCHas
yraoBas CKOpPOCTh BpalleHHs OeryHa BOKpPYr BepPTHKaJbHOH oCH COOT-
BeTCTBYeT n = 60 06/muH,

Orser: N = 26,9 xH.

K sanave 40.7 K 3anave 40.8

40.8(40.8). Konechent ckat maccr M=1400 xr, paauyca a =

=75 CM ¥ C PajiHyCOM HHEPIIHH OTHOCHTENbHO CEOEH OCH p=4/0,55¢a
JBHXETCsI paBHOMEPHO CO CKOpOCTBIO U==20 M/C Nno 3aKpyIIeHHIO
paauyca R =200 m, nexalllemy B rOpH30HTaAEHOH nnockoctH. Onpe-
HENUTh CHNIY HNABJEHHS CKAaTa Ha PeNbCh, €C/IH PACCTOSHHE MEXAy
penscami = 1,5 M.
Orger: N = (6,87 & 0,77) xH.
40.9(40.9). Ha pucynxe n3o6paxeH ysesn MOBOPOTHO! FacTH pas-
Bopnoro mocra. Ban AB ¢ mapHHpHO NpPHKpENJeHHBIMH K HeMy Mo
yrnom a crepxuamu CD u CE BpalllaeTcsi ¢ YrJI0BOH CKODOCTBIO .
Ilpu stoM konmueckne wectepHu K u L, cBobomHO Haca)keHHBIC Ha
crepxxun CD u CE, KatArcsa Ge3 CKONLMKEHHS 110 HeNoABHIKHOH nio-
CKOH TrOpH3OHTAJBHOH Mie-
N\ crepre. Onpepennts chHIy
LONOJNIHHTENILHOTO JHHAMH-

2 2E 2 M 9eCKOre HAABJIEHHS IHecTe-
pes K u L macen M xaxnas
\H% L Ha HeNoIBHXHYIO FOPH30H-
K J - TanbEYI0 IIECTePHIO, eCJiH
7 | & £ papHyceH BCeX IIecTepeH
7 o pashu r. IlonpHiKHble mIe-
% CTePHH CYHTAaThb CIJIOLIHBI-
T T,
% e 3&7 MH OZHOPONHHMHE NHCKAMH.
N 2
Mragsina
K 3anave 40.9 K 3anave 40.10 Orser:

) s

40.10(40.10). Ksanparhasi pama co cropomofi a =20 cM Bpalua-
eTcsl BOKPYT BePTHKANLHOA oCH AB ¢ yrioBoi#i CKOpoCcThIO ;=2 paa/c.
Bokpyr ocr ED, coBMelIeHHOH € AHATOHANLIO paMH, BPALIAETCH
auck M pagnyca r=10 cMm ¢ yrnosoit ckopoctsio © = 300 paa/c.
OnpenenuTs OTHOLIEHNHE AONOJMHUTENLHBIX CHJI GOKOBOTO RABNEHHA HA
onops A H B K COOTBETCTBYIOINMM CTaTHYeCKHM AaBleHHAM. Maccodl
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. — 4

pamH mnpeHcbpeus. Maccy nucka cyurate PaBHOMEPHO pacnpeneseH-
HOH no obony.

Orser: 4,32.

40.11(40.12). Koneco pamuyca @ u maccm 2M BpaulaeTcsi BOKpyr
rOpH30OHTaNMBHOK Ocli AB ¢ nocTosiHHOIN YIJIOBOH CKOPOCTBIO wy; 0ochL AB
Bpaulaercsi BOKPYr BepTHKamibHOH ocu OD, npoxopsuweit uepes LEHTP
KOJIeCa, C MOCTOSHHOH YIMIOBOH CKOPOCTBIO Wy, HANpPABJEHHS Bpare-
HHA nokasauwel cTpenkamu. HaliTw CHAB naBJieHus Na v Ng Ha non-
wunEHKH A H B, ecni AO= 0B =*h; macca xoneca PaBHOMEpPHO
pacnpenenerna no ero obony.

2 2,

Oreer: Ny= Mg ([ + a—;’,—'zm—’) Ng= Mg (l —%) -

40.12(40.13). Ipocreiimuii THPOTaXOMETPp COCTOHT M3 THPOCKoONa,
PaMKa KOTOPOrO COeAMHEHAd JBYMH MNPYXKHHAMH, NPHKPENJIEHHBIMH
K Koprycy mpuGopa. MoMeHT HHEepUMH THPOCKONA OTHOCHTENBHO OCH
COGCTBeHHOTO BpAlleHHs paBeH J, YraoBasi CKOPOCTh THPOCKONA paBHa

o a
(.J‘fd/
A I \ g
; ONET T
I ZE
7 £
~Thn
.'l ;b:l \‘
T
K aanawe 40.11 K sanage 40.12

o. Onpenenuts yron o, Ha KOTOPH# NOBepHETCA OCh FHPOCKONA BMe-
CTE C ero pamkoii, eciu npubop ycraHOB/IEH Ha maatdopme, Bpaillao-
ueHcst ¢ yriopo#t CKOPOCTBIO @y BOKPYr OCH X, nepneHaAnKyIapHOl
OCH y BpallenHs paMki. KospHuHEeHTH KeCTKOCTH NPyXHE PaBHH ¢}
YTOJl o CIHTATh MajIbIM; PacCTOsIHHE OT OCH BPallleHHs PaMKH A0 npy-
HXHH paBHO a.

Jo

Orger: o= e Ot

§ 41. Meton KuHeTOCTATHKH

41.1(41.1). Onpepennts cuy TsXKeCTH, AEHCTBYIOMYI0 HA KPYIJIH
ONHOPOAHLIA puCK paguyca 20 cM, Bpauaiouintics BOKpYF OCH Tio
SaKOHY @ = 3%, Ocb NPOXOAHT Uepes LEHTP AHCKa NEPIEHAHKY AP HO
€r0 NJIOCKOCTH; IJIaBHEIT MOMEHT CHJI HHEPUHH IHCKA OTHOCHTENBHO
OCH BpauleHusn paseH 4 H-cm.

Orser: 3,27 H.

41.2(41.2). Toukmil npAMOAHHENHEI ONHOPOAHBIH CTEpIKEHB NJH-
HH | n maccwt M BpauaeTcs BOKPYT OCH, NPOXOASLLEH MHepreHAHKY-
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{IFIPHO CTEPIKHIO uepe3 ero KoHell, MO 3aKOHY ¢ = af®. Hafitn Benu<
HHHEl H HanpapJieHust pasHomeHcTBYROMMX J, u J; UeHTpObeMHBIX u
BpPallaTeNlbHBIX CHJl HHePUHH YaCTHI[ CTEPIKHS,

Orser: PasHogeiicTByiomas BpaliaTenbreIx cHa HHepuud J.=— Mal
Hanpas/ieHa MEPNesIHKYNAPHO CTEPIKHIO Ra paccTosHHH 2/3/ or ocu
BpallleHHs; PaBHOAEHCTBYIOLAS LEHTPOORKHEX CHJ HHepuun J, =
= 2Ma?lf? nanpaenena BLOMb CTEPIKHA OT OCH BDALUEHHH.

41.3(41.3). Koneco maccet M u panmyca r KawvHTCs 663 CKOJIbIKe-
HHH 10 NpPAMOJHHEHHOMY TrOPH3OHTANLHOMY peabcy. Onpenenuts
TIaBHBIH BEKTOP ¥ TNIaBHLIH MOMEHT CH/I MHEPUHW OTHOCHTENBHO OCH,
NPOXOASIUIEH uepe3 UEHTP MacC KOJeca NeprneHAHKYJISPHO MJIOCKOCTH
Apmxenus. Koseco cuitrate conourselM onnoponssim puckom. Ilentp
Mace C IBMXETCS 1O 3aKOHY xc == at?/2, The @ — NOCTOAHHAS MOJIO-
XKHTENbHAA BesuyuHa. OChb x HanpaB/ieRa BAOJBL penbea.

Oreer: [naBrHil BEeKTOP CHJI HHEPUHH PaBeH NO Monynio Ma u
HampapJ/ieH napanielbHO OCH B OTPHUATEJbHOM HANpPABJEHHH; [JIAB-
HEId MOMEHT CHJl HHEpUHH paBeH no abconioTHOW penmunwe '/,Mar.

41.4(41.4). OnpesennTs rNaBHHET BEKTOP M TVIABHBII MOMEHT CHJ
HHEPUMH NOABHIKHOIO Koneca [/ niaHeTapHOro MeXaHH3Ma OTHOCH-
TeJIbHO OCH, NPOXOASUIEH uepe3 ero ueHtp mace C neprneHaHKyAspHO
n70cKocTH nBHKeHnst. Kpusownn OC spauaercs ¢ MOCTOSHHON yrio-
BOHl CcKopocTelo @. Macca xomeca /I pasua M. Panuycn konec
PABHH r.

Orser: TnaBHEI BEKTOp CHN HHEpPUMH NapaJsieseH kpusomuny OC
H paBen 2Mrw? rnasmbli MOMEHT CHJI HHEPIHH paBeH HYJO,

I

K aapaye 414 K sanage 41,5

41.5(41.5). Korew A onxoponHoro ToHkora crepius AB nanumE 2!
A maccel M nepeMeluaercst o ropHIOHTaNbHOR HaOpaBAsIOWeH ¢ no-
MOLIbI0 ynopa E ¢ NOCTOAHHOH CKOPOCTBIO ¥, MPHYeM CTepiKeHb BCe
Bpemst onupaercs ka yron D. OnpepenuTh rNaBHb/i BEKTOpP H IVIaBHBII
MOMEHT CHJI HHEPLHI CTePIKHS OTHOCHTENLHO OCH, MPOXONsiiliel yepe3
uenTp mace C crep st NepNeHfHKYJISPHO TIOCKOCTH NBHIKEHHS, B 3a-
BHCHMOCTH OT yIna g.

2 2
Orser: V”’=3M—;T!sin‘qacos¢. V¥’=M%-I(l—3cos9qa)>(

]
Xsinfg, mif)l=— -z—MF —;—z sin’ @ cos .

41.6(41.6). Mo mawubv npefbigyuiell 3aaun onpefenuTs AHHAME-
HecKoe gasnenne Np crepius Ha yron D.
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Orser: Np= 3 -5 M sin’ g cos ¢.

41.7(41.9). 1ns sKCmepHMEeHTANBHOTO onpeflesieHnss 3aMeANEHHA
TPO/NeHOyca NpHMEHSEeTCS YKHAKOCTHBIH 2KCeNepOMeTp, COCTOALME H3
U3OTHYTOIl TPYOKH, HAMOMHEHHOH MACAOM H PACHOI0MKeHHON B BepTH-
KAJNLHON TJIOCKOCTH. OnpeneiuTh BeMYMHY 3aMenieHHs Tpoaneibyca
NpH TOPMOXKEHHH, €C/IH MPH 3TOM ypPOBeHb KUIKOCTH B KOHLE TPYOKH,
pAaCMONIOKEHHOM B HAMNPABIEHHH JBHIKe-
NS, TNOBHILIAETCH A0 BenHuMHel hy, a B C
NPOTHBONOJOMXHOM KOHLIE NOHHMKAeTCd Mo
hy. Tlonomenne akcesepomeTpa ykasano Ha 2
pHCYHKE: oy =@y =45°, h; =25 MM, ~
hy=75 mm. S

(’12 _— hl) tg’ a lg (7]
Mmtga;+ ke tpa

41.8(41.10). C xakum yckopesHeM HOMIKHA NBHTAThCs MO ropu-
SOHTANBLHON TNJOCKOCTH NpH3Ma, GOKOBasi rpaHb KOTOpO obpasyer
yron o € rOpH3OHTOM, 4TOGH TPY3, mexauiuil Ha GOKOBOil TpaHH, He
NepeMeniaca OTHOCHTENBHO NPH3ME?

Orser: w = gtga.

41.9(41.11). s HccnenoBUKHs BANAHNHA GLICTPO YEpeAYHIIHXCH
PACTATHBAIONIHX H CXHMAIOLHR CHJT HA MeTaJIHYeCKHH 6pycok (Hembi-
TaHHe Ha yCTaloCTh) HCMHTYeMmuli G6pycok A NpHKpennsioT 3a Bepx-
HHL KOHel k nona3yHy B kpusowmneoro mexakmsma BCO, a k HHX-
HEMY KOHLY NOABELIHBAIOT TPY3 MACCH
M. Haitru cuay, pacrarmeaioimyio Gpy-
COK, B TOM ciyYae, Korga Kpueowun OC
Bpalaercsi BoKpyr ocH O ¢ mocTosHHOM
YIJIOBOH CKOPOCTEIO @.

Orser: w=g — O,Sg_ K sapaue 41,7

yl-‘—-—-!”—-—;—
S —

K aanave 41,9 K aanmaue 41.10

Yrazanue Bupawmenne 4/1 — (r/l)? sin® { cnenyer pasnoXuTs B pSg H OT-
OpocMThL Bee WNeHE pHIa, COZNEpIallHe OTHOMEHHe rfl B CTeNeHH Bhle BTOpPOR.

Orser: Mg -+ Mre? (cos of -!L cos 2mt) .

41.10(41.12). Onpenenutr onoOpHHE PeaKlUNH NOANATHHKA A 1 MoJ-
ummKHKa B noBopoTHoro kpana npu nopRuMMaHHH rpy3a £ Maccw 3 T
¢ yckoperHem !/3g. Macca Kpana paBHa 2 T, & ero LEeHTP MacC HaXo-
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autcs B touke C. Macca tenexkn D pasua 0,5 7. Kpan u Tenexka
HETIONBHAKRLL. Pasmeps! ykasaHw Ha pHCYHKe.

Oreer: X, = — Xp="52,1 kH; ¥4 =563,9 kH.

41.11(41.13). Onpenenuts onopHHe peakuus NoANATHHKA A ¥ nof-
WHNHHKA B MOBOPOTHOrO Kpaka, pacCMOTPEHHOTO B Mpenmaylled 3a-
Aase, npH nepeMellesHH TeeXKH BIeBO ¢ yckopennem 0,5¢ npu oteyT-
creun rpysa E. LIeHTp Macc TesesKH HAaXOAMTCA Ha ypOBHe ONMopH B,

Orser: Xa= 12,8 kH, X =—15,2 kH, Y2 =245 xH.

41.12(41.14). Ha napom, npuBs3aHHEH K Gepery nByMsi mapaJ-
JICTBHEIMH KaHATaMH, BbE3XKaeT IPY3OBHK MACCH 7 T CO CKOPOCTBIO
12 xm/4; TOpMO32a OCTAHABNHBAKOT rPY30BHK HA HPOTSIKEHHH 3 M,
Ilpeanonaras, uTo cHna TPeHHE KOMEC O HACTHJ MapoMa NOCTORHHA,
OnpeaesinTh HaTAXeHHe KaHaToB. Maccoi n yckopehHeM napoma npe-
Hebpeyn.

Orser: T =6,48 xH.

41.13(41.15). ApTomobunb maccw M paBHXKercs TIpSAMOJHHEHHO ©
yckopenuenm w. Onpefenuts BePTHKANLHOE AABJIEHHE NMepPeaHHX H 3af-
HUX KOJNeC ABTOMOGHAA, ecnH ero HeHTp Mace ¢ HAXOOHTCH HA BH-
cote h OT nosBepxHocTH TpyHTa. PaccTosnua nepegnedl H 3anpefi ocell
aBTOMOOH/ISI OT BepTHKanu, NpoxoAsmed wuepes
LEHTp MACC, COOTBETCTBEHHO PABHH a W b. Macca-
MH KoJiec npeHeGpeub., Kak momken ABHratecs ap-
TOMOOUNb, YTOGE NABNEHHS NEPeAHHX ¥ 33JAHHX
KONeC OKasajiuch paBHBIMH?

M (gb — wh) — M(ga+tuwh)
Oreert Nim——ia—_rr. Ng—W-

IPH TOPMOMEHHH aBTOMOGHIS ¢ 3aMelyieHHeM W =
a—b

s

|
7 Z R i
7 7

K aanave 41.14 K 3anave 41.13

41.14(41.16). C xakuM yCKOpPeHHEeM W OMNyCKaerTcs rpys Maccel M,
nonHuMasn rpy3 maccw M, ¢ nomoilbio nonHcnacra, H3o6paXKeHHOro
Ha pHcyHKe? KaKoBO yCnoBHe paBHOMEpPHOrO NBHXKEHHsi rpy3a M;?
Maccamu GnoKOB H Tpoca npenebpeun.

YKa3anue Yckopehde rpyaa Mz B ueTrpe pa3s MeHsllle ycKopewHs rpysa M.

AMy — M M, 1

Orser: w=4gm—m. ¥ Y

41.15(41.17). Tnapkuit knud Maccel M ¥ ¢ yriioM 2c npn BepuinHe
Pa3iBHTAET ABe NJACTHHH Macch M, Kaxpas, JieallHe B [TOKOE Ha
TIaAKOM TOPH3OHTanbrOM crone. Hanucare ypaBHeHHS ABHIKEHHS
KNHila H NJAACTHH M ONDEAENHTL CHAY AABJeHHS KJAHHA HA Kamaylo
H3 TLIacTHH,
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Orger: YpapHeHue NBHIKEHHS KIHHA

__ wi ) Mctga
B e e w'_gMclgu+2M.lga"

YPaBHEHHE NBHIKEHHS NNACTHH:
‘ﬂ
sl=—:f2i—. rae wy=uwlge;
CHJa LaBJeHHA

et le;

cosa
41.16(41.18). I'pys A maccw M,, onyckasch BUH3, OPHBOJHT B [BH-
EHHE TIOCPEACTBOM HEPACTAKHMON HHTH, nepeGpolUeHHON yepe3 we-
nonBHXuwit 6nok C, rpys B maccu Mz Onpenesiuts cuny nasneuus

crona D na non, ecnu macca crtona paBHa Ms Maccoll HHTH nipeHe«
6peys.

M2
Oraer: N=(M, + M+ M, —-mIM—g)g.

2l
A
" s =
K aanave 41.18 K 3anave 41.17

41.17(41.19). I'pys A maccu M,, onyckasicbk BEM3 N0 HaKnouHOMN
naockocTH D, 06pasyioilieit yron a ¢ ropusoHTOM, NPHBOJAHT B JBHXe-
HHE MOCPe/ICTBOM HEPACTAXHMOH HHMTH, népeSpowesHoR uepes weno-
neuxHEl 610K C, rpys B maecm M, Onpenenuts
FOPH3OHTAJIbHYIO COCTABJASIOULYI0 NABJEHHS HAKJIOH- 7

HOH myiockocTH D wa BricTyn mona E, Maccod mutH E

upeHeGpeys.
— o
Oreaer: N=Mlgﬂ§%ﬁicos a. st
a a
41.18(41.21). Onroponunfl crepxens macen M u N
AMHHE | BpamaeTcs ¢ nocTosHHOR yraosoil CKOPOCTBIO P

O BOKPYr HENMOABHIKHOH BepTHKAaNLHOM OCH, mepnel-
AHKYJNSDHOR CTEPMHIO H MPOXOAAILLH Yepes ero Kowel.
Onpenenuts pacrarusaionlyio cuny B TIONIEPEYHOM CeYeHHH CTEPXKHS,
OTCTOSIIEM OT OCH BPAlUEHHS Ha PACCTOSHHH a.

Orser: F = M(F— a?)w?/(2]).

41.19(41.22). Onwoponnas NpAMOYrojibHAA MNJ4aCTHHKA Macew M
PA4BHOMEDHO BpalllaeTcsi BOKPYr BEPTHKAaJBHOE OCH € YrJOBON CKO-
POCTBIO . Omnpenennts cHay, paspHBaiONLyio NJaCTHHY B HampasJie-
HHH, IZPNEHIHKYNAPHOM OCH BPALIEHHA, B CENEHHH, NPOXONAMIEM ye-
pe3 oco npaiieHus,

K 3anaue 41.19
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Orger: Maw?/4.

41.20(41.23). OnHoponHsIt KPYrabI RHCK pazuyca R m maccst M
BpallaeTcsi ¢ MOCTOAHHOH YrJOBOH CKOPOCTHIO @ BOKPYT CBOEro BEp-
THKAIbHOrO pHaMerpa. Onpeneants CHIY, Pa3spHIBAIOILYI0 AHCK MO
JHAMEeTpY.

Orger: 2MRw?/ (37).

41.21(41.24). Touxu# mpaMONHHEHHbL OLHOPOIHBH CTepIKeHb MJH-
HEl [ u Macce M Bpaimaercss ¢ nmocTOSHHOIN YIIOBOiT CHOPOCTbIO ©
OKOJIO HEMOABHXKHOK TOYKH O (WAPOBOM MIAPHHP), OMHCHBAS KOHH-
HECKYI0 TNOBEPXHOCTH ¢ ocklo OA M BepunHoil B Touke O, BLIUHCAHTE

K aanmawe 41.20 K 3anave 41.21 K 3anave 41.22

Yroil OTKJAOHEHHS CTepPMHs1 OT BEPTHKAJBHOTO HAMpABJEHHS, a TAKKe
BeNHYHHY N napjeHHus cteprus Ha wapuup O,

3g | 7g?
Oreer: = arccos ETr N——2— Mlo? /\/1 = o

41.22(41.25). B ueHTPOGeXHOM TaxoMeTpe IBa TOHKHX OXHOPOX-
HbIX TPSAMOJIHHEHHLX CTEPXKHS JJIHHH @ W b KeCTKO COELNHEeHH NOA
NpPAMBIM yTJIOM, BeplinHa kotoporo O waprupHo coe-
AuieHa € BEPTHKAJALHHIM BallOM; BaJ BpalaeTca
C MNOCTOSIHHON YraOBOH CKOpPOCTHI0 . HaiitH 3aBp-
CHMOCTE MEXAY © H YriOM OTKJOHEHHR ¢, o6paso-
BAHHBIM HanpaBJEHHEM CTePIKHA JAJHHH @ H BepTH-
KaJblo.
b? cos @ — a? sin @
(b*—a¥) sin2p -
41.23(41.26). Touxuii oAHOPOAHEIH NpsIMONHHEH-
K sapave 4123 HblH cTepxkenb AB wapuupHo coeauHex ¢ BepTHKamb-
HEIM BajoM B Touke O. Baa Bpawmaercs ¢ nocrossHoil
CKOPOCTBIO ©. OnpeAeNHTh yrosi OTKJIOHEHHS @ CTCPICHS OT BepTHKAMM,
ecin OA =a u OB =b,

Oreer: 0*=3g

I e a—b
Oraer: COSQ)—-—-?—“TW.
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§ 42. Nasnenve spamnaoilerocs TBEPNOro Tena Ha OCh BpanieHus!

42.1(42.1). LlesTp Macc MaxoBoro Koneca maccw 3000 kr Haxo-
AHTCA HA PACCTOSIHUK 1 MM OT rOPH3OHTaNbHOI OCH Bana: paccrosiHus
MOAIIHAHHKOB OT KOJIeCa paBHE MeXAy co6oil. HaliTh cHn NaBJeHtis
Ha TIOALUHNHHKH, KOrAa Ban nemaeT 1200 o6/mimiy. MaxoBiK HMeer
TIOCKOCTH CHMMETPHH, TIePNeHAHKYAAPHYIO OCH Bpalllerns.

Oreer: Cuna pamnenis Ha Ka<nbli H3 NOAINHIIHHKOB €CTh DaBHO-
LEeHCTBYIOLLaA NBYX CHJ, H3 KOTOpHIX oaHa paBua 14,7 kH n nanpas-
JI€H& NO BepTHKANIH, a Apyras paeHa 23,6 xkH u Hanpasjiesa napad-
JICAILHO TIPAMO#, CoenMESIONIel reoMeTpHyecKuii LEHTP KoJieca, Haxo-
BAUIAACH HA OCH Baja, ¢ LEHTPOM MACC KONeca.

42.2(42.2). Onnoponuerii KPYrabH AHCK Maccnt M PaBHOMEpPHO
Bpallaercs ¢ yrjioBOH CKOPOCTbIO & BOKPYI HENOABHIKHOIN OCH, pacro-
JIOXEHHOH B MJOCKOCTH HAMCKa M OTcTosiuell OT ero LeHTpa Mace C
Ha paccroaunu OC = a. Onpenennts CHAL IHHAMHYECKODO LaBJeHHus
OCH Ha NOANATHHK A W mopwunuuk B, eciy OB = 0A. Ocu x n y
HEH3MEHHO CBA3AHK C QHCKOM.

Oreer: Xa=Xp=0, Vo= ¥Vp= Maw?/2,

=
A
N
K aanage 42.2 K sanaue 42.4

42.3. Pewnts npemwimymyio 3alady B NPEANOJOMKEeHHH, 4YTO Tpu
HaMHIHH CHII COMPOTHBJEHHS Yr/OBas CKOPOCTh AMCKA yOBIBaeT no
SaKOHY @ == Wo— Eof, TZle Wy H £y— NOJOMKHTENBHEE NOCTOSIHHbiE,

Oraer; Xa = Xp= —Maeo/2, Ya =Yy — Maw?/2.

42.4(42.3). K BepTHkanbHOif ocu AB, Bpawaromefics PaBHOYCKO-
PEHHO C YIVIOBBIM YCKODPEHHEM e, NPHKPeNJEeHH npa rpyaa C u D
NMOCPEACTBOM NBYX NEPNEHIHKYNspHHX ocH AB u NpUTOM B3aHMHO
HeprieHIHKYAAPHEX CTepikHel OC = OD = r. Onpenenuts cunm nu-
HaMHUeCKOro naBiennss ocH AB ma nognatuuk A u NOAIINNHNK B,
I'pyaw C u D cuuraTth MaTepHabEBIMH TOYKaMEH Macesl M wamppiii
Maccamu crepxnueil npenebpeus. B navanbHel MOMEHT CHCTEMa Has
Xonunace B nokoe. OCH x H y HEM3MEHHO CBA3AHH CO CTEPIKHAMH.,

Oreer: Xy=Xp=L re(er+1), v,= Va="L ro(er—1).
42.5(42.4). Crepxkenp AB paumm 2/, pa xomuax KOTOPOro Haxo-
ASTCH TPY3H paBioii Macce M, Bpamaercs PaBHOMEPHO € Yriopof

=

CKOpOCTBIO ) BOKPYT BepTitkaabiaoil ocu Oz, npoxonsiueii yepes cepe-
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muHy O nnunel crepiuA. Pacctosuue Toukn O or noawmnuuka C
PaBHO @, OT noAnfATHYKAa D paBHO b. ¥Yron mexay crepxuem AB u
ocelo Oz coxpaHsieT MOCTOSHHYIO BeNHYHHY . IlpeHeGperas Maccoil
CTEPXKHA H pPasMepaMH rpy30B, ONpPENENHTb TPOEKHHH CHJI NaBJeHHS
Ha noxwHneHk C M NOANATHHK D B TOT MOMEHT, KOTAa crepXeHb
HaxomuTcA B naockocth Oyz. X
Orser: Xg=Xp=0, YC=—YD=-£[E:°—_|_§%'-;E-. Zp=—2Mg.
42.6(42.5). Ha Konusl oci AB HafeTH ABa ONHHAKOBHIX KDHBO-
muna AC u BD paunw [ B maccel M) xamawill, 3akJHHeHHHe NOX
yraom 180° otHocurensHo mpyr anpyra. Oce AB pianuul 22 W MaceH
: M; BpamaeTcs ¢ NOCTORHHON Yr/10BOH CKOPOCTHIO
%/ Z w B nopwHnuukax £ ¥ F, pacnofoKeHHBIX CHM-
2B METPHYHO Ha paccTosHHH 20 Rpyr or npyra.
Onpenennts cuinl napaenus Neg u Nr na non-
LIHIHHKH B TOT MOMEHT, Korpa Kpupowun AC
HanpaBJeH BepPTHKaJbEO BBepX. Maccy kammoro
KDHBOLUHNA CYHTATL PaBIOMEDHO paclpefeicH-
HOfli BoOAbL ero ocH.

L
. 2a .
; - Do 14
I % l
E ; A, 2a lla; a, 2a
26 z : > %3
w o 7
/

W/& D T F
K aanave 42.5 K 3anave 42.6 K sanase 42.7

Orser: Chna nasieHHs NE=—;—M2g + Mg — y—‘%—‘?—- npy Neg>0

HalpapJieHa 1o BePTHKAJH BHHS, NpH Ng < U—-Bfepx.

Cuna nasiesns N,.-==%M,g+M.g +—M-%f(-°-— HanpasJeHa no
BEPTHKANH BHH3.

42.7(42.6). K ropusonrasbHomy Baay AB, Bpamalouiemycs ¢ no-
CTOSHHOH YI/JIOBOiH CKODOCTBIO ®, MPHKpENJeHH ABa paBHBIX, NepheH-
OHKYJfPHHX €My CTEDXKHS AJHHH [, JexallHX BO B3aHMHO neprne-
AHEYJAPHBIX NJOCKocTAX (cM. pueynok). Ha kouuax crepakweii
pacnodoxeHsl wapu D u E maccw m KamauH. Onpefefuts CHIB
IHHAMHUECKOrO HaBsneHHs Bana Ha onopH A u B, Illapm cuurars
MaTepHaJbHBIMH TOUKaMH; MaccaMH CTepxKHeH npeHeGpeub.

Oreer: Ny= Ng= -'—‘-/55— mile?.

42.8(42.7). K pepruxanexomy sany AB, ppaulaloilemycs c rmo-
CTOSIHHOH YrJIOBOH CKOPOCTLIO ®, MESTKO NPHKPCIJEHH [ABA CTEPXKHI.
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Crepieris OF ofpasyer ¢ Banom yron g, crepxens OD mepnenaunky-
JASIpeH MJIOCKOCTH, cojepxalucit Ban AB u crepiensr OE. [lawii pas-
meptt: OE =0D =1, AB=2a. K xounam crepiuef NpHEpensens
msa wapa E u D maccw m kawawit. Onpefiesuts cHIB InHaMHYe-
CKOro JlaBJieHHst Bana ua onopu A u B. lllapu
D yu E cynutath TOMEUNBIMH MACCAaMH; MaccaMi
cTepxHel npenebpess.
milo?
2 ’
Y, — mlw? (a — I cos ) sin @
A 2a %
Yo — mile? (a4 1 cos @) sin @ y
2a
42.9(42.8). HcnonwzoBan yenoBre 3anmayu
34.1, onpenenuTs CHAB NMHAMHYECKOTO jaBJe-
HHA KOJIEHYaTOro Bana Ha mojumHnuukn K u L.
Ban mpamaercs pasmomepHo ¢ yriosoit cko-
poctbio . Tlpu peirenun MOXKHO BOCHOJIB3OBATHCH OTBETAMH K 3aja-
yam 34.1 u 34.23,

Orser: Xy=—Xp—

K 3apave 429

Oreger: XKE_XL:%deZI—gb(’)E’
3 b
Y,(-=—YL=‘2/ md 2o

42.10(42.9). Onroponusiit crepxens KL, NPHKPENJIEHHEIH B LEHTpe
NON YrJIoM « K BepTHKaJbHOH OCH AB, Bpallaercs paBHOYCKOPCHHO

2a
a

r

g
ﬁA&@_ w///‘i‘?z'.bﬂy

K 3anrave 42.10 K sanaye 42.11

=

BOKPYT STOR OCH € YrIOBEIM YCKOpeHHeM e. ONpesenuTh CHAB HIA-
MHYECKOro AaBJeHHs ocH AB Ha NoAnaTHEK A W NOLMUNHHK B, ecan:
M — macca crepxus, 2/ —ero nnuwa, OA = OB = h/2; OK=0L=L.
B HazanbHBIH MOMEHT CHCTEMA HAXOMHJIACH B TIOKOE.

2 2
Oraer: XB=—-XA=-?TISSIJ'12(1, Yp=—Y,= 1:’; e’ sin 2a.

42.11. Onvoponnas npsiMoyronbhas nnactukka OABD macen M
€O CTOpPOHaMH @ H b, NpHKpelJieHHas ctoponoli OA K Bany OE, Bpa-
HAeTcA ¢ MOCTOAHHON YrioBoH CKOPOCTEI ®. PaccTosupe MEX Ay omno-
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paMH OFE = 2a. Buiuncauts GOKOBbiEe CHAB JHHAMHUEIKOro NaBJEHHS
Bana Ha omopet O u E.

Orser: Noy=Ng,=0, N0y=-g-Mbm’, N£y=l?Mbm2.

42.12(42.10). ITpaMoli oNHOPOXMBIH KPYrNblil LHIHHAD Macch M,
AAWEL 2/ 1 panuyca r BpallaeTcsl ¢ IOCTOSIHHOH YIJIOBOH CKOPOCTBIO ®
BOKpDYr BepTHKanbHOH ocu Oz, npoxonswe#l uepe3 wnewtp mace O
WAJMHHAPAE; yroa me:mxay ocbio unaunapa OF U ockio
Oz coxpaHsicT npPH 3TOM NOCTORHHYIO BEJRYHHY
a. Paccroanne H1H:; Mexny noansTHHKOM H nom-
wHnHHkoM paBao A, OnpeneinTts GOKOBHE CHIH
napnenus: Ny Ha nomostEuk u N; ma noa-
LIHMHHK.

Orser: Hassesns Ny u Ny uMeloT ofHHAKOBYIO
BEJHYHHY

o?sin2a £ 1 1
M 2h (T 2= 3 rz)
M NPOTHEONOJOXHE MO HANPABJEHIIO,
2.13(42.11). BryucauTh CHAB 1aBJAEHHA B MOJ-
wuneukax A u B npn Bpaulenuu soxpyr ocu AB
OZHOpOONOTrO TOHKOro Kpyrjoro aucka CD naposoii
TypOHHEl, mpeanoaaras, ute ock /A5 npoxosnt ue-
pe3 ueHtp O gHeka, HO BCACACTBHC HCNPaBHJLNIOTO
paccBepJHBaHUA BTYJIKH COCTaBASET C NEPNEHAHKYJISPOM K MAOCKOCTH
ancka yron AOE = o =0,02 pan. [lano: macca mucka 3,27 kr, paauyc
ero 20 cM, yraoBas ckopocth cooTBercTeyer 30000 o6/mun, paceros-
Hue A0 =50 em, OB =30 cm; ocb AB cuntats aGCOMOTHO TBepHOR H
NpHHATH Sin 20 = 2a.

K aapave 42.12

K 3anage 42.13 K 3agaue 42,14

Orser: Cunnl faslienss oT Beca aucka: 12,1 H na nommuomux A
u 20,0 I{ wa nommumnuuk B; cUAB [aBJeHUS Ha NOMIUNHNHHKH, BHZb-
DBACMEIC BpalienHeM JHCKAa, HMEOT OLMHAKOBYIO Beiuuuny 8,06 xH
M MPOTHBOMOJOXKIIbIE HATTPABJECHHS.

42.14. B pesy.asTaTe HETOYHOII COOPKil KPYIJIOro AHCKA lIAPOBOIl
TypOuHLl nrocKocTh AucKa ob6pasyer ¢ ocsio AB yroa o, a Heurp
Mace C AucKa He J@XKHT HA 310l ocn. JKcuenTpucHTter OC — a. Haiitn
6OKOBHIE CHJLI JAHHAMHYECKOro AaBAEHHA HA NomouHnuiugd A n B, ecau
Macca nicKa pasHa M, pagunyc ero R, a AO = OB = h; yrnoBas cko-
pPocTb BpalleHHs AHcKa HOCTOSHHA H pABHA .
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¥rasanuce Docnoatiorariea ovserom x samaue 34.97.

M 2 in 2
Oreer: Yp=Yp=0, X; = — 'E_[ T+a2) s';ha —I—acosa]mﬂ,
2 X
X 2—}; [(——i a’ Slghm -—acosu]m?.

42.15. OnHoponHslit Kpyrablit guck macesl M n pazuyca R nacaxen
Ha ock AB, mpoxoasitiyio uepes TOuKy O InCKa H COCTaBAMIOMYIO € ero
ocbio cHMMeTpun Cz, yron a. OL — npoekums ocH 2z, COBMELLEHHOI
¢ ocbio AB, Ha NIOCKOCTL JHCKA, npHuem OE =a, OK=b. Buunc-
JHTE GOKOBBIE CHAB IHHAMHYECKOTO AABJCHHS HA NMOMMATHHKA A 1 B,
€cn IHCK BPAllAeTCsi C NMOCTOAHHON YrioBoil CKopocTwlo @, a AOQ —
_— OB = h.

K 3agaye 42.15 K 3anave 42,1
Yxazauue Boenonbaoeathes oTBeTOM x 3anate 34.28.
M 1 :
Orger: X,=— — —;- Maw? cos a s (T R} a‘*’) ®° sin 2a,

Xp= —.—é—Mam‘!cosa—}--g;-(diR?—l—az) o? sin 2a,
YA:.—-i;’(l —|——:-sina)(o"’,

Tl Mb a. = ) 2
Y= —2—(| sSill a ) o°.

42.16(42.12). Omnoponnas npsMoyroabHas NMACTHHKA Macew M
PaBHOMEPHO Bpaluaercss BOKPYr cBOeit AHaroHanu AB ¢ yriosoit cko-
pocteio . OnpenennTs CHIN IHHAMHYECKOTO

DaBJIeHHs] NJacTHHKH Ha onopwt A u B, ecnu ;
ANHHEL CTOPOH pPaBHH! a H b. J[
S

z

' D
— Mabo? (a? — b?) 2

! 8

12(a*+ 59t

Orger: X;=0, Y=

__ Mabo? (a2 — b?)
Xp==0, YB_WW

42.17(42.13). C xakofi yrsoBoii CKOPOCTBIO
IOJDKHA BpauwiaThcd BOKpYr xaretra AB —a
OAHOpONHast MNaCTHHKA, HMEOLlan (opMy pasHoGenpenHOro npsiMo-
YroibHoro Tpeyroibnuka ABD, 4ro6u ciia GOKOBOro NABNEHHS Ha
HUXHIOI onopy B paeusace myawo? Paccrosuue MeXJy onopaMH
CYHTATh PABHEIM IJIHHe KaTera AB.

Orser: o =2 4/g/a.

K 3anase 42.17
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42.18(42.14). Bpawaonianaca 4acTh NOABEMEOTO KpaHa COCTOHT H3
crpeast CD pnumnt L u macew Mi, npotuBopeca E u rpysa K macest
My xaxnmit. (CM. pucyHok K aanaue 34.31.) Tlpu BKAIOYEHHH NOCTOSH«
HOTO TOPMOS3ALIEro MOMEHTa KpaH, BPamasick A0 3TOrO € YIAOBO CKO-
pocTelo, cooTBeTcTByloweli n = 1,6 06/muH, ocTaHaBiuBdercs ue-
pes 2 c,

PaccmaTpupas cTpeny Kak OZHOPOAKYI0 TOHKYR GaiKy, a mpoTH-
BODEC C rPYy30M KaK TOYeuHble MAcChl, ONPENENHTh AHHAMHYECKHE pe-
aKiuHu onop A H B Kpana B KoHUE ero TopMmoOMeHH:. Paccrtosmue Me-
uay onopamu Kpana AB=3 M, My=51, M;=8 T, a =45°, L =
=30 M, /=10 M, ueHTp Macc Bceli CHCTEMH HAXORHTCA lla OCH Bpa-
IleHHS; OTKJOHEHHEM Ipy3a OT MJOCKOCTH KpaHa npenebpeusb. OcH x,
§ cea3aub! ¢ kpanoM. Crpena CD HaxOIHTCA B NMJAOCKOCTH y2.

¥xkazanue Bocrossaopatscs oTheroM K 3amave 34.31 (nodoxns M. = Ma).

Orger: Ya= —Yp =0, Xsg = —X, 22 60,8 xH.

§ 43. Cmemanusie 3agavn

43.1(43.1). Onnopoanas Tsxenas 6Ganka AB pawnn 2 npu 2a-
KPENJEHNBIX KOHIAX HAXONHTCH B FOPH3OHTANLHOM HONO:eHHH. B He-
KOTOphIfi MOMEHT KoHel A ocBoGoxnaeTcs, H GaliKa HauHHaeT nanarh,
Bpallasch BOKPYI TOPH30HTAJLHOI

&7/, Z ocH, npoxoAsited gepe3 woweu B; B
Ai ; %"y MOMEHT, Korna 6a/lka CTaHOBLTCS Bep-
| =8 THKAaJLHON, OCBOGOXKIAETCH M KOHell

B. OnpenesuTe B noclenyiolleM IBH-
K. sasate 43t HeHnH GanKH TPaeKTOPHIO ee LEHTpa

Macc H YrJOBYIO CKOPOCTh (.

Oreer: 1) TlapaGona y*=3[x — 3% 2) o= 4/3g/(2]).
43.2(43.2). Taxenulii ONHOPOAHHII CTepIKeHb AMHHH [ nopBellcH
CDOHM BEPXHHM KOHIOM Ha FOpH3OHTaAbHOH ocH O. CTepxHio, Haxo-

gL

% AHBLIEMYCA B BEPTHKAJNBHOM NOJOMKE-

H HHH, 6bTA CcOOGLIEHA YrAOBAf CKO-
1

i poctb @y=34/gfl. Cosepump noa-
ofopora, oH ormeasercs OT ock O,
Onpeneauth B noclenyiomeM aBHKe-
HHH CTepXHH TPAEKTOPHK ero lieH-
Tpa MacC H yrJOBYK CKOPOCTE Bpalle-
HUST Q.

4
Orgert 1) TIlapaboaa yo=
I 2 3
=g —ar¥e 2) o=afE,
K aanwup A2 K 3amase 43.3 43.3(434). Ba ogHOPOAHHIX KPYT-

netx uuaHugpa A u B, maccst Koro-
PHIX COOTBETCTBEHHO paBHE My u M,, a panuych OCHOBaHHIl ry H Fa,
06MOTaHH IBYMSi THOKHMH HHTSIMH, 3aBHTKH KOTODBIX pAacmofio-
JeHb CHMMETDHYHO OTHOCHTEJRHO CPeAHHX NAQCKOCTefl, mapaJiesb-
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HBIX OCHOBAHHSM LWIHHAPOB; OCH LHJAHHAPOB FOPH3OHTAALHE, npHuem
06pasylouiie HX NEPEHIHKYNAPHL THHHAM HAHGOIBIIHX ckatoB. Oco
UHIHHAPA A HeNoABHXHA; LWAHEADP B namaeT H3 coCTOSHHS NOKos!
NOM AEHCTBHEM CHJH THXKECTH.

Onpenenurs B MOMeHuT f mocne Hauaza ABHXEHHs, NMpeanonaras,
YTO B 3TOT MOMEHT HHTH €Ile OCTAIOTCS HAMOTAHHBIMH Ha 063 1LH-
JNHHApPA: 1) YrJOBHE CKOPOCTH ) H g OHJIHHADOB, 2) MpoiizeHHbIH
HEHTpOM Macc uuauuApa B nyTe s u 3) npaTaxeHue T wuTell

QEMQ ¢ 0. — 22M:|
4] (3Ml+2M9) 5 i ra (3M; 4 2M,)
_ (M + M) 2, n' MiM.g

D s="gtrmm, 5 3 T=Grrem-

43.4(43.5). Onxoponuuh crepkens AB AnuHL @ HioCTaBNeH B Bep-
THKANBHOHR IIJIOCKOCTH noa yriom ®o K TODH3OHTY TaK, 4TO KOHIOM A
OH ONHpaercsa Ha FAanKyio BEPTHKAJILHYH cCTe- A
HY, a8 KOoHUOM B — ga rnanxui FOPH3OHTAJBHHBIT
NOJI; 3aTeM CTEPXKHIO NpeNocTaBAeHO nanarth Gea
HayalbHOH cxopoctH. 1) Onpenenuts yraosywo
CKODOCTh H yrioBoe YCKOpeHHe CTEepHS.
2) Haiitu, xaxofi yroa ¢, 6yIeT cocTaBafaTh
CTEPIKEHD C FOPH2OHTOM B TOT MOMEHT, KOTa OH
OTOHHET OT CTEHHI.

Orger: I) ¢= /\/ja& (sin @, — sing) , N

-~ 3 - 2. 5%
p=— —%cos ¢; 2) sin @y = —-sin go. K sanaue 43.4

43.5(43.6). Hcnonbaosas ycuosme Npenuinylileit 3anauH, onpene-

THTE YIVIOBYI0 CKOPOCTE § CTEPXKHH H CKOPOCTH HHIKHENO ero KOHuA
B MOMEHT NajeHHs CTepXKHS Ha noJ.

Oreer: = f\/—a—f—(l _"s]T Siﬂ?%) sing, ,

Up =—;- sin @, 4/ga sin q,.

43.6(43.7). Tonras OfHOpO#Has focka ABCD
TIPAMOYTOJILHOH GOpMb! MPHCIOHEHA K BEPTHKAND-
HOif CTeHe H OMHpaeTcs Ha aBa reoang E u F
6e3 rosIoBoK; paccrosnue AD paBHo FE. B He- :
KOTODHIi MOMEHT [OCKA HAYHHAET MANATh C Hu- K sazave 43.6
ATOXHO MaJiolf HayadbHOH YrJOBOH CKOpOCThIO,
Bpauaace BOKPYr npsamoi AD. Hcekmoyas BO3MOMKHOCTE CKOJIBIKEHHS]
JOCKH BILOJIb rBO3Jlell, ONPENeNUTh Yroa o — ZBAB;, npn Kotopou
TOPH3OHTaNlbHAs COCTABJSIOMIAA PeakUHH H3IMEHSET HanpasJeHHe, H

Orger: 1) 0= f;

-Yron o.; B MOMEHT OTDHIBA NOCKH OT reosnen.

Orser: ;= arccos —g— =48°11", @,=arccos Tls' =70° 32,

43.7(43.8). Ipa nmucka BPamlaloTcs BOKPYr OANOA M TOH ke oCH

' € Yr/IOBHIMH CKOPOCTAMH ®)1 H ©2; MOMEHTH HHEPLHH AHCKOB OTHOCH=-
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TeNLHO 3T0i ocH paBHH [ M Jp. OnpenentuTs noTeplo KHHETHUECKOID
SHEPTHHM B cayuae, Koraa o6a gucka 6yAyT BHE3aNHO COeAMHEHE! (QpHK-
HHOHNOH MydToir. Maccoii ee npereGpeus.

I Tl g

Orger: AT _?m(w' — w,)%.

43.8. Tcno A Bpamaercs 6e3 TDCHHA OTHOCHTeABHO ocnt QO ¢
yraosoit ckopocthlo wa. B tene A ma ocn 0;0, noveuten potop B,
BPaLaiOWLHIICsl B Ty JK€ CTODOHY € OTHOCHTEJBION CKOPOCTLIO mp. Ocn
00’ u 0,0] PacnoNOMCHH HA OmHOIL npamoi. MoMeHTE uHepuun
Teqa A n poropa B OTHOCHTENBHO 3TOl npsAMoil pasubt J4 u Jp. Tlpe-
Hebperas NOTepAMH, ONpeaenuTs paboTy, KOTOPYIO MOMNIKEH COBEPIIHTH
MOTOp, YCTaHOBNEHHHI B Telde A, mns coobuienHs poropy B Takofi
YIJIOBOH CKOpOCTH, NPH KOTOPO#H Teno A ocTakoBHTCH. :

1 J
Orser: A =gy [m'j,_(l +T‘;—) -]-QmAmB].

43.9. Ha wxus, Bpamalomuiics Ge3 CONPOTHBRENHA BOKPYr rOpH-
30HTaNbLHOA OCH O ¢ YrioBO# CKOPOCTBIO o, NAKMIYAH PEMEHB ¢ JBY-
Msi rpy3aMi Ha KoHLaX. LlIkuB — OAHOPOAHLIH AHCK MacCH m W pa-
LHYyCa r, Macca Kamaoro u3 rpy3oB M = 2m. Cuuras HauaJbHBIE CKO-
POCTH rpy30B paBHLIMH HYJI0, ONPENEIHTb, C KAKOH CKODOCTLIO OHH

K 3anade 43.8 K 3anage 43.9 K 3anave 43.10

GynyT ABHraTbCst NMocje TOTO, KaK CKONbMKeHHe PEMHS O IUKHB Npe-
kpaTuTca. Halith Takie paboTy CHJI TPeHHS PeMHS O IIKHB,

Orser: v=~;’-m0r, A,p=%mmﬁr2_

43.10(43.10). Teepaoe Teno Maccel M kayaercs BOKDYT FOpH3OH-
TanbHoi ocu O, nepneRgHKyIApHOH NJIOCKOCTH pHCyHKa. Paccrosmue
OT OcH noxageca A0 uexTpa macc C paBno g; pananyc WHepOHH Tesa
OTHOCHTE/ILHO CCH, NPOXOAflIeH uepes LEeHTp MacC NepNeHAHKYISPHO
MJI0CKOCTH pHCYUKA, paBeH p. B HAuanbHEI MOMEHT TelJo GHIO OTKJIO-
HEHO W3 NOJ0XKEHHs DABHOBECHR Ha Yrod Qo H OTOymeHo 6e3 Hayalb-
HOil ckopocTu. OnpenennTy ABe COCTaBJAsIOUIME PeaKuHH OcH R u N,
pacnonoxesHble BLOJb HANPABJEHHS, NMPOXOIAUICIO Yepe3 TOYKY noj-
Beca H UCHTP Macc Tend, ¥ nepneHAHKYJsipio emy. Belpasute HX B
33aBHCHMOCTH OT YIV1a (p OTKAOHEHHS TeJa OT BEPTHKAJH.
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e
2y

2
Oraer: R == Mg cos ¢ + =EMpase (cos ¢ — cos qp),

pz _},, a2
[ :
N =ﬂ'1g—p—2+—c‘2—' sin Q.

43.11(43.11). Tsoxensrit ONNOPOANLI UKTHIAD, NONYYHB HHUTOIKHO
Manylo HauajbHYI0 CKOPOCTb, CKaThliBaeTcsi 6e3 CKOMbLIKEHHS C ropH-
30HTaNLHOH maowankn AB, kpai kotopot B 3aocTpen u napas.iee
obpa3syiotleii LHINHAPa. Panuyc ocHOBaHMA Lii-
JuHApa r. B MoMmenT otnesedns umansapa ot
MIOMAKH MUVIOCKOCTL, TPOXOASUIAR 4epe3 oCh
UHAHHApA H Kpaii B, oTKJOHeNna OT BepTHKANb-
HOTrO MOJNOXKEeHHA Ha HeKOoTophlit yron CBC, = a.
Onpenenuth yriosyo CKOpocTs LIIHHADPA B MO-
MCHT OTAEJeHHS ero OT nJOLafKH, a TaKiKe
yron c. TpenneMm KaueHHs M CONpOTHBJICHHEM
BO3[lyxa IpeHebpeys.

A

Oreer: 0 =2 /\/—,ﬁ—. @ = arccos %=55.l°. s

43.12. ABTOMaWHHA ANA WAHYOBKY NBAA JBHKETCS MPAMONHHENHO
M0 TOPH3OHTAIBIION MAOCKOCTH KaTKa. [Monoxenuwe uewtpa mace C
YKa3aHO Ha pHCYHKe K 3aiaue 38.12. B' MOMEHT BHKIIOYeHHA MOTOpa
MaliHHa HMesla ckopocTh v. HaHTu nyrb, npoilenHsit MaluuHol Ko
OCTaHOBKH, €CNH fyx — KO3 QHIMEHT TPEHUS KaueHHs MeXAy KosjecaMu
2BTOMAIUMHEL H JBAOM, 2 [— K03 (HUHEHT TPeHHS CKONbIKeHHA Me-
Kay waudylomen kpomkon A H nbgom. Maccoil Koaec papuyca r,
KaTALNXCA 6C3 CKOAbXEHHSA, npeHebpeds,
LB P
2 2fr+fx -

43.13(43.12). Ha 60k0BOi! NOBePXHOCTH KPYTa0ro UHJHALpPA C Bep-
THKANBLHON OChbI0, BOKPYr KOTOPOH OH MOXET Bpawmathcs Ge3 Tpelius,
Bblpe3aH riafiknid BHHTOBOH 2Keno6 C yrioM nombeMa o. B Hauann-
HElH MOMEHT UHAHHAD HAXOAMTCS B NOKOE; B ed06 ONycKaloT Tse-
JIBlt WIADHK; OH MajiaeT no esoby 6e3 HauaNbHON CKOPOCTH M 3aCTaB-
JIAIET UHNMEAP Bpawatbes. Jlano: macca umaueapa M, paauyc ero R,
Macca lWaprHka m; pacCTOfiHHe OT WIapHKa A0 OCH CYHTaeM paBHHM R

H MOMEHT HHEDIHH UHJHHAPA paBHEIM %MR*. Onpenenuts yriosyio

CKOpOCTb @, KOTOPYIO UMAHHADP Oyner ¥Merb B TOT MOMEHT, KOrga
IAapHUK ONyCTHTCA HA BHCOTY A.

Orser: s—

Oraer: o — 2mcos @ 2gh
2= R (M+2m) (M + 2m sin®a) °
§ 44. ¥Ynap

44.1(44.1). Ba6a A ynaphoro xonpa nanaer ¢ BHCOTH 4,905 M n
yhlapser HaKOBafbHIO B, YKpenNeHHyl0 Ha npyxune. Macca 6abu
10 xr, u Macca nakoBainHu 5 Kr, OnpesieanTh, ¢ Kakofi CKOpOCTLIO
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HauHeTCs NBH)KeHWe HaKOBaJLHH mocje ynapa, ecau 6aba Gyner npu-
raThcsl BMecTe ¢ Hell.
Orser: 6,54 m/c.

44.2(44.2). I'pya A maccet M; napaer 6e3 HauaabHod CKOPOCTH

C BHICOTH h Ha nuuTy B macchl Ms, YKpelleHHYIO Ha MpYKHHE, KOTO-

pas HMeeT KOS(Q(HLHEHT MXECTKOCTH C.

Hafith pennunny s C3KaTHA NPYIKAHE Mo~

cje yAapa B NpeAncJIoKeHHH, UT0 Koad-

A3 GHUHEHT BOCCTAHOBMERMS PaBeH HYJMIO.

l i Orger:

| = Mg ,\/ Mig® M

l = &+ 2 ooy
5 o e 44.3(44.3). B npubope nns onwTHOrO

£ OnpeAesieHHs KO3((HUHEHTa BOCCTAHOB-

=
5 JIeHHs] WaPHK U3 HCMBITYEMOro MaTtepna-
o J1a najiaer 6e3 HayalLHOR CKOPOCTH BHY-

K saxane 4.1 K aazewe 442  TPH BEDTHKAJIBHOM NpO3paunch Tpy6Ku ¢

3ananHHOR BHICOTH /A =50 ¢M Ha Hemo-
ABHIHO 32KPENJEHNYIO FOPH3OHTAMbHYIO IJACTHHKY H3 COOTBETCTBYIO-
mero matepuana. Hafirn koadouument BOCCTAaHOBAEHHS, ecin BH-

€0Ta, Ha KOTOPYIO MOJICKOYHN LIADHK Noclie yAapa, OKa3asach PaBHOR
hg = 45 cM.

Oreer: k= 7/hyfh; = 0,95.

44.4(44.4). Yupyrufi Wapuk majacT MO BePTHKANH C BHCOTH h Ha
TOPH30HTANbLHYI0 TNTHTY, OTCKAKHBAaeT OT Hee BBEpX, BHOBL MajiaeT Ha
NAHTY H T. ., NPOAOMXKas 3TH ABHMKeHusd. Halith nyTth, npoRinennsit
LIAPHKOM [0 OCTAHOBKH, €CNH K03QQHUIMEHT BOCCTAHOBIEHHS NpH
YAape paBeH k.
14 &2
=gk

44.5. IlBa Tena ¢ MaccaMu my u mz M KO3(HUHEHTOM BOCCTAHOB-
Nekus k JIBHXYTCA MOCTYNAaTeNbHO MO OLHOMY H TOMY e HanpabJie-
HHIO, KaKoBH fOMKHE GHTL HX CKOPOCTH U; H Us, YTOOH mnoC/e ynapa
JOTOHSAIOIEE TEJIO M) OCTAHOBHIOCH, a TeJO My MOJYYHIO Gbl 3ajmaH-
HYI0 CKOpPOCTB UP
14k my _ my—kmy

ko omtm® 2T R(m T omg) 2

44.6(44.5). Ilaposofi monorT Maccw 12 T mapjaer co CKOPOCTEIO
5 M/c na HakoBaJBHIO, M8CC2 KOTOPOH BMeCTe ¢ OTKOBLIBAEMON Je-
Taneio paena 250 1. Hafitu pabory A;, normouaemMyo OTKOBHBaeMOi
netanelo, H pabotry Ap, nOTepAHHYI0 Ha COTpsiceHHe ¢yHIaMeHTa, a
TaKxe BHYHCJIHTE KO3Q(HUHEHT 1) NONE3HOr0 HeACTBHA MONOTA; yaap
HEYnpyrHii.

Orser: Ay = 143 kH-M, A; = 6,87 kH -, n = 0,95,

44.7. Monor macce my == 10 Kr pacnawmHBaer 3aroTOBKY IO HYX-
HHX pasmepos 32 70 ynapos. 3a CKONBKO yN8pOB 3Ty OnepallHio mpo-
H3BefleT MOJOT Macchl mg = 100 Kr, €CIH NPHBOAHOA MeXxaHH3M COOG-

Orger: s=

Oreer: vy =
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= By )

Yy

- =

IaeT eMy TaKylo Xe CKOPOCTb, YTO H MEpBOMY Mosnory. Macca nako-
Banbii M = 200 xr. Yaap cunrars a6comorno lIeYynpyrum.

Orser: 10 ypapos.

44.8(44.6). Haiiru CKOpOCTH nocsie abGCONOTHOrO ympyroro ynapa
ABYX ONHHAKOBHIX LIAPOB, JABHIABLIMXCH HaBcTpedy Apyr Apyry co
CKODOCTSIMH U; ¥ Us.

Oreer: Lllapw nocne YZapa 06MeHHBAIOTCS! CKOPOCTAMH,

44.9(44.7). Iba ogunakopmx ynpyrax wapa A u B apumyrcs Ha-
BCTpeuy Hpyr apyry. [Ipn KakoM cooTHowenuu MEKIY CKOPOCTAMH 70
yaapa wap A nocne YRapa ocranopurca? Kosdduument soccranonme-
HHSl IDH ynape paBeH &,

v 1+ £
. A
Orser: ——— S

B

44.10. Teno A macturaer Teno B, umes B 3 pasa O0NBLLIYIO CKO-
pocts. KakuMm fiomxHo 6uTh COOTHOLICHHE Macc 3THX Tell, YTO6L! mocse
yAapa Tteno A ocTaHoBHsoCh? Ynap cunrare npsmbm LEHTPaJbHbIM.
Kospouuuent soccranosnenus & — 0,8.

Oreéer: mp/my = 5.

44.11(44.8). Onpenenuts OTHOLUEHHE MaCC fmy H my ABYX LIapoB
B CIEAYIOUHX ABYX cayuanx: 1) MEepBHl 1Wap HAXONKTCA B MOKOe;
NPOHCXONHT UEHTPaJLHEIN yaap, nocae KOTOPOro BTOpof Wap oCTaeTcH
B 1NOKOe; 2) wapsl BCTpeyaloTca PaBHHMH H NpPOTHBONOJOMHBIMH
CKOpOCTAMH; moC/Ie UEHTPaJLHOrO ynapa BTOPOWM IIap OCTaercs B mo-
Koe, KosaddrurenT BoccTanopienus paseH k.

. LR Ma __

Orser: 1 -W'_k’ 2) TnT—[+2k'

44.12(44.9). Tpu aGcomwoTHo YUDYrHX Iapa € maccaMu my, my
H m3 JIeXAT B rIafKoM Keiobe Ha HEKOTOPOM PAaCCTOSHHM APYF OT
npyra. Ilepewiit wap, nywesnsit ¢ IIEKOTOPOH HaYyanbHOH CKOpPOCTLIO,
YAapsier BO BTOpOM, MOKOAN[HICS Wap, KOTOpH#, HayaB ABHTaThCH,
B CBOIO OYepels yHapseT B TPeTHii, MOKOALLHACS wap, Ilpu Kakofi Be-
JHUHHE MACCHl my BTOPOrO MIapa TpeTHii Li2p MONYYHT HauGoaslIyIo
CKOpOCTE?

Orser: my= +/mym,.

44.13(44.10). lilap maccer my, ABHXXYLIHACS MOCTYNATENBHO CO CKO-
POCTBIO ¥y, BCTpeyaeT NMOKOAMIHICH LIap MacCH nlp, TaK YTO CKOPOCTE
ero oGpasyer np ynape Yron c € JHHHEeH, coenuHsIomen LeHTPH! 1ia-
poe. Onpenennts: 1) ckopocts NEpBOTO 1llapa nocje yaapa, CYMTas
YAap aGCONOTHO Heympyrim; 2) CKOPOCTb Ka/oro ua LIapos moclne

yA2p2 B NMpeAmoJIOKeHHH, YTO yznap YUPYrHi ¢ KoapuumenToM Boc-
CTaHOBJIeHHS k.

Oreer: 1) u;=u, «/sin%c—i—( L )2cos"’a;

my -+ my
3 — kma 2 my (1 4 %) cosa
A sin2 _(”‘1 -) 2 = 1
2) uy=u; z\/ infa -} ") ©08%¢, w=up, e

44.14(44.11). A6comoTHo YUPYTHi Wap, UeHTP KOTOPOro ABHIKeTcs
NPAMOJIHHEHHO €O CKOpPOCTHIO v, BCTpeuaer moj yrniomM o rnagkyio
BepTHKanbHyio niockoets, Onpenenuts CKOPOCTh Illapa noclie ynapa
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Oreer: Yron oTpaXenus paBeH Yriy nafieHHs, CKOPGCTH N0 # moc-
JIC yaapa no MOAYJK paBHLL

44.15¢44.12). CranbHoll lUapHK Majaer Ha COPH30HTAAbHYIO CTaJb-
HYIO TAHTY oA yraom 45° H oTcKakuBaer nop yraom 60° K BepTHKaJIH.
Onpenennts K03(p@GHUHEHT BOCCTAHOBIEHHS NpH
ynape.

Orser: k =0,58.

44.16(44.13). lllapuk najaer HakKJIOHHO CO
CKOPOCTBIO ¥ Ha HeNoJABMXKHYIO TOPH30HTANLHYIO
TJIOCKOCTh H OTCKAaKHBaeT OT TMJIOCKOCTH CO CKO-
POCTHIO vlzv'\/?/?. Onpezenuts yroa napne-
HHS & M yros oTpaxenus f, ecnn KOI(pduUHEHT

K 3aase 44.16 BOCCTAHOBIEHHS PN yRape k= +/3/3.
Orser: o = n /6, f = n/4.

44.17(44.14). Ipa onuHakoBbHIX abCOIOTHO YNpyTHX wWapa, ABH-
ragCh NOCTYNaTejdbHO, COYJapAlTCA C¢ PaBHBIMH NO MOLYJIO CKOpO-
cramMu v. CkopocTs seBoro wiapa jo yfiapa uanpasieHa N0 JHHHH
LEHTPOB HAUPAaB0o, 2 CKOPOCTh NPaBoro liapa 00 yaapa obpasyer C JH-
HEeH UeHTPoB yros a (cM. pucyHok). Halitu ckopocTH mapos mocJse
Yiapa.

Oreer: Uin = —vcoSa, =0, Uy, = v, Usy = vsina. Ocb n
HANpagjeHa Mo JHHUM LEHTPOB BOPABO, OCh T — BBEPX.

\

c &

4

K 3apave 44.17 K 3anave 44,18

44.18(44.15). Mmerorca Tpn onunakosuix wapa M, Ma, My panuy-
coB R, paccronuue mexny ueHtpamu C,;C; = a. Onpenenurhb, Ha Ka-
koll npsamoit AB, nepnenaukynapHol nunun CyC,, nonKeH HaXOAUTHCS
uentp C; TPeTwero llapa AN TOro, YTOGH, [0JYYHB HEKOTOPYIO CKO-
pocts no nanpasnenuio AB, sToT wap mocne yaapa o wap Ma nanec
UeHTPaZbHER yAap wapy M); mape a6conioTHO YNPYrH H ABMMKYTCA
NOCTYTATeNIBHO. I

Orser: Paccrositne upsamoil AB ot uentpa C, pasko BC, = 4R?/a.

44.19(44.16). ina ykpenseHus rpyHra nof QYHAAMeHTOM 3LaHHA
cean maccs M =050 kr BOmBanHCL KONpoM, 60eK KOTOPOro MacChi
My =450 kr nanan Ges HayaJbHOW CKOPOCTH C BBICOTH A =2 M; npH
NocnefHHX AecaTy yAapax cBad yraybunacs Ha 6 =5 cm. Onpegenutsb
CpelHee CONPOTHBJEHHE TPYHTa NpH BOHBAHWH CBaH. YOap CYHTaTh
HeYNpyrHM.

Orser: § == 159 kH.
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v

A - B |

44.20(44.17). lipa mapa ¢ MaccaMi m; K g BUCAT Ha napannenb-
HEIX UTAX OAHH Iy u [y TaK, YTO UEHTPHl HX HAXOAATCA HA ONHON Bbi-
cote. fleperiii wap OB OTKAOHEH OT BEPTHKANN HA YroJ o M 3aTeM
otnyuieH 6e3 Hayanbhoit ckopoctd. OnpefenuTs yron npeienbHoOro
OTKNOHEHHS o3 BTOPOrO liapa, €clMH kKo3(hGhHUHEHT BOCCTAHOBJNENHA
paBeH k.

. gin Y2 __ m (1+£) T @
Oreer: sin 2 _’J—il'i"—f-i;z_— Iy Sin 5

44.21(44.18). MaaTHHK ynapHOR MAaLIMHLI COCTOMT H3 CTANBHOTO
mucka A paguyca 10 cM H TOALMUBL 5 CM M K3 CTAaJBHONO KPYRIoro
crepxHa B nuamerpom 2 cm u mumun 90 cm. Ha xakoM paccrosmuy /

J L : o
[Z7] II A
-~ I
v l o |

k-
!

=1
A)C

K 3axave 44.21 K sanawe 44 22 K 3anave 44.23

OT rOpH3OHTAJIBHOH IMJIOCKOCTH, B KOTOPOH JICKHT och Bpawenns O,
nonxen GbITh noMellen pa3GupaeMbiil Malluno# 6pycok C, yTo6H OChb
He MCNHITEIBaJI2 yiapar? YAapHIl HMOYIBC JEXHT B MIOCKOCTH PHCYH-
Ka ¥ HanpaBjieH FOPH30HTAJIBHO.

Orser: | =97,5 cm.

44.22(44.19). Onpencauts noNOXKeHHe UCHTPA YAAPa MPAMOYTOJib-
HO¥ MHIUeHH AN CTpenbOu. BricoTa Mumeny pabHa A.

Oreer: s = 2h/3.

44.23(44.20). Onpenenuts nosnokeHue ueHTpa ynapa K Tpeyrofs-
HOH MMIIEHH NS CTpenb6ul. Beicota MuIlenu paska A

Oreer: s = h/2.

44.24(44.21). [isa wKHBa BPAMIAIOTCA B OAHOH NJIOCKOCTH BOKPYT
CBOHX OCeil C YIJIOBHIMH CKODOCTAMH 0o ¥ g. Oupenenuts yriosrie
CHOPOCTH IUMKHEOB ©; H 2 MOCHE TOrO, KaK Ha HHX Oy#eT HakuHyT
pPeMeHb, CUHTAA LIKHBH KPYrJBIMH JHCKaMH OLMHAKOBOI NJOTHOCTH
¢ papnycamu Ry u Ry u npexe6perasn CKOJIBXKeHHEM H Maccoil peMHs.

Rioyg -+ Rioyy s Riog + Rjwg,
Ry (Ri+EK]) Ry (RE+R)
44.25(44.22). BannucTHUECKHIl MasTHUK, ynoTpefasiomuiics pas
onpeneleHisi CKOPOCTH CHapsiAa, COCTOMT M3 uMamHApa AB, noasenieH-

HOrO K TOPH3OHTaNbHOH ocH O; LUHIHHAD OTKPHIT € ONHOr0 KoHua A
H HanoJlHeH MeCKOM; CHapAJ, BAeTAIUUI B IMAMHAD, NPOH3BOANT Bpa-

Orger: o=
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leHHe MasiTHHKa BOKpYr ocu O wa uwekotoph# yron. [Hawo: M —
Macca MasitHHKa; OC = h — paccrosinue oT ero mentpa Macc C ao
ocH O; p— paauyc HHepLlH OTHOCHTEABHO ocH O; m — Macca CHaps-
na; OD = a — paccTosiHHe OT JHHMM AENCTBHS YAApPHOrO HMOysbca
00 OCH; o — YToJT OTKJNOHeHHs MadaATHHKA. Onpenenn'rb CKOpPOCTL CHa-
pana, npennoqaaras, 4To OCh MaATHHKA O He HCORETHIBaeT YAaapa, npH-
yeMm ah == p

Oreer: Uzw,\/zsini_
m a 2

44.26(44.23). Onmoponnwii crepkens Maccsl M u pnusm I, npH-
KpET/IEHHbIH CBOMM BEPXHHM KOHLOM K WHIHHADHYECKOMY mapHupy O,
napaer Ge3 HayaJLHOH CKOPOCTH M3 TOPHSOHTATBLHONO TOMOKEHHS.

'/5/75/%
A
i ‘0*'-"77:
1
I
(|
i
|
: I~
A : 8
]
I
4 ,,, 1
- s
I'— /%/Wz
K sapame 44.25 K sapavue 44.25 K sanaue 44,27

B BepTHKaNbHOM MOMOKEHHH OH yNapsieT rpy3 Macch m, coobuias eMy
LBHXEHHE N0 ropH30HTANbHOl LIepOX0BaTOH NNOCKOCTH. Kosddhuuuenr
TPeHHsl CKOJIbXKeHHA f. OnpelenuTh nyTh, DPOHACHHHN TPY30M, CUNTANA
YyIOap HeymnpyrHm.

3l M3

2 (M+3m)**

44.27(44.24). Opnoponuasi npsiMas npU3Ma C KBaAPaTHEIM OCHO-
BaHHEM CTOMT Ha FOPH3OHTANLHOA MJIOCKOCTH H MOMET BpamaThCs BO-
Kpyr pebpa AB, nexamwero B 5T0fi naockoctH. Pe6po ocHoBanns NpH3-
MBI paBHO @, BhiCOTa ee 3a, Macca 3m. B cepenuny C 60koBoii rpaHH,
npoThBoNexamel pebpy AB, ynapsieT uwap Macch m ¢ rOPH3OHTaslb-
HOH CKOpPOCTHIO T.

[peanonaras, uTo yAap Heynpyruil W YTo Macca Lrapa cocpenoTo-
UeHa B ero LeHTpe, KOTOPHI mocne ynapa octaercss B Touke C, ompe-
A€JHT, HAMMEHBUIYI0 BEJHYHHY CKOPOCTH U, MPH KOTOpOH npuaMa
ONPOKHHETCS.

Orser: v="1/,4/53ga.
44.28(44.25). Tnatpopma ¢ NOMELIeHHEM Ha Heli MpH3MaTHYECKHM

rpy3oM AB KaTuTCA RO ropH3OHTANBHHIM pesbCaM €O CKOpPOCTBIO U.
Ha nnaropme nMeerTcs BHCTYN, B KOTOPHN ynupaercsa pebpo B rpy-

Orser: s=
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34, NPENATCTRYR NOCNEAHEMY CKONMLIHTL Mo TaardopMe Brepes, HO He
TPENATCTBY#A BpalIEHHIO €ro oKoso pebpa B. Ilawno: h— BricoTa UeH-
Tpa Macc rpysa Hajl NIaT(OPMOH, p— panuyc HHEDIHH I'py3a OTHOCH-
TenbHO pebpa B. Onpeneauts yrio- A
BYIO CKOPOCTh o BpalleHHs rpy3a oko- L
8

no peGpa B B MOMEHT MrHOBEeHHO# b?"
OCT2HOBKH MJIaT(HOPMHL. :

Oreer: ® = hv/p?, @
44.29(44.26). lionaras npu ycuo-

BHAX npenbifymell 3amaum, 4To rpys iz

NPEACTaBAACT coGOH  omHOpORHMI K aanese 44.25

NPAMOYTroJbHbIH napanienenunen,

ATHHZ pebpa KOTOPOro BRONb MAaT(OPMbI paBHa 4 , a BHCOTa 3 M,

HaiiTH, NIPH KaKOM CKOPOCTH MPOH30HAET ONMpPOKHABIBAHHE rpy3a.
Oreer: v = 30,7 kv /u.

v
7

§ 45. iHBaMHKA TOMKHW M CHCTeMBI! nepeMenHol Maccw
(nepemennoro cocrasa)

45.1(45.1). CoctaBHTh ypaBHeHHe NBHIKEHHS MasiTHHKa TepeMeH-
0K MaCCHl B Cpe/ie, CONMPOTHBJIEHHE KOTOPOi NPONOPUHOHANBHO CKO-
pocTH. Macca MasiTHHKa H3MeHSeTCs nd 3a0aHHOMY 3aKOHY m = m({)
NyTEM OT/eNIeHHs YaCTHL C OTHOCHTEN:LHOM CKOPOCTHIO, PAaBHOR HYJIO.
HnvHa waty MasTthdka L Ha Masteuk NeHCTBYET TaKie CHJa COMpO-
THBJICHHS, TPONIOPUHOHANBHAS €TO YrJIOBOH CKOpOcTH: R = —Bg.

Oreer: t'i)—i—m—f‘)—l-(jj —I—i!'smqa-——-o.

45.2(45.2). Cocrasurs nuddepenumansroe YpaBHeHHe BOCXO[sille-
T0 ABHXeHHUA pakeTthl. S(¢eKTHBHYI0 CKOPOCTh U, MCTEHeHHS Ta3ob *
CYHTATH MOCTOAHHOK. Macca pakerH naMeHsiercs 1o 3aKOHY m = mgf (1)

(3akoH cropauns). Cuna CONpOTHBNeHHs BO3AYXa ABNSETCSH. 3ajaH-
HOH (YHKUHeH CKOPOCTH M NOJOKeHHS! paketrl: R (x, x).

o f () R (x, %)
Oreer: x=—g T ve @
45.3(45.3). IIpounterpuposaTts YPaBHEHHE NBHXKEHHS Npensiaylied
3ajavn npu m = mo(l — af) u R =0. Havanmenas ckopocts pakeThl
Y NoBepxHOCTH 3eMsiH paBHa Hymo. Ha Kakofi BEICOTe Gyaer Haxo-
AUTHCR pakera B MoMeHTH f==10; 30; 50 ¢ npu v, =2000 M/c u
o= 1/100 c'?

Oreer: x (f)=-2-[(1 —af) In(1 —af) +af] — €2, x(10)—0,54

%(30) =5,65 kM, x(50)= 18,4 km.

454(45.4). Paxera HauanbHOM MAcCH /my NOAHUMAaercs BepTHKA/b=
HO BBEPX B ONHOPOAHOM MOJIE CHJIEI TSIKECTH C MOCTOSHHEIM ycxope-
HHeM ng (g -— ycKOpeHHe 3eMHOro TAroTendn). [IpeneGperasi conpo-

* p dm
) Tara peaktusworo poeraTens onpenessercsa popyynof Py = — —F Per The

Ys — 3 pexTHRHAS CROPOCTL HCTEYEHHs,
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THBACHHEM arMmocdepbl H cyHTasi 3(JeKTHBIYIO CKOPOCTE U, HCTCYE-
Wit ra30B NOCTOSIHHOW, ONpefcnuTb: 1) 3aKon M3IMeHeHHS Macch pa-
KeThl, 2) 3aKOH M3MEHEHHA MACCH PAKETH NPH OTCYTCTBHH NOAS TS~
roTel s,

Oreer: 1) m==mgexp (— ”;tl gr); 2) m =myexp (—-%f—t).

45.5(45.5). Macca pakers, onucauHoii B 3ajave 45.2, uaMeHsleTcs
no == Iy NO 32aKOHY m = moe~%. TIpeneGperast CUNOH CONPOTHBJIECHHS,
HaiTH ABHIKEHHE DaKeTH M, CUNTasf, YTO K MOMEHTY BpPeMEGHH Iy BeCh
Sapfi MpaKTHYECKH CrOpes, ONpefeNHTh MAKCHMANEHYIO BHCOTY MOAL-
eMa pakeThl. B Hauasnbublfi MOMEHT pakeTa MMeda CKOpPOCTD, pPaBHYIO
HYJll0, H HaXOMHJIach Ha 3eMJle.

o, 2
%% (av, — g) 1}, rne v.— 5pdexTHBHAS CKOPOCTH HC-

TEYeHHs ra30B H3 PaKeTHl,

45.6(45.6). Ilpu ycnosmsix mpemmiiywedi 3apauu onpefelHTE 3Ma-
HeilHe «, OTBevalollee MAKCHMAJbHOM BO3MOXHOH BHICOTE MNONBEMA
Pakerbl Hmax, ¥ BHYHCAHTL Hmax (Benuumny p = afy = In(mo/m,)
HeobOXONHMMO CHHTATL MOCTOSAHHOMH; rm; — Macca PakeTsl B MOMeRT fp).

Orger: o = oo (MrHoBeHHOe cropanne), ., = 1'v2/(2g).

45.7(45.7). Tlpu ycnoeusx sapay 45.5 u 45.6, 3agapmucey K03t u-
LHEHTOM Meperpy3ku k = cv,/g, OnpenesuTs BHCOTY moabema H pa-
KeTHl B 33aBHCHMOCTH OT Hrmax.

Orger: H = Hmax(k — 1) /E.

45.8(45.8). Paxkera crapryer ¢ JIYHE BepTHKaIbHO K ee NOBEepXHO-
cTH. SO QeKTHBHAS CKOPOCTL HCTeYeHHs ©, ==2000 m/c. Yucno Lluoa-
KoBcKoro z ==5*). Onpenennts, Kakoe N0JKHO GBITHL BpeMsl cropanis
TOMJIHBA, 4TOOLI paKera JOCTHINIa CKOpocTH v = 3000 m/c (npuusATH,
4TO yCKOpeHHe CH/Ib TsKeCTH BOAH3K JlyHel nocTosiHHO M pasHO
1,62 m/c?).

Oreer: ~2 muu 4 c.

45.9(45.9). Paxera npwXeTcsi B ONHOPOAHOM MOJNe CHJAB THIKECTH
DBEpX C MOCTOAHHBIM yckopeHueM w. [lpeneGperas comporuBieHHeM
atMocepsl M CYHTasA 3(hHEKTHBHYIO CKOPOCTh Up MCTEYEHHS! ra3oB TO-
CTOAHHOH, onpenennts Bpema T, 3a koTopoe Macca PaKeTH yMeHb-
LIHTCA B ABAa pas3a.

Orser: T = v, In 2/ (w + g).

45.10(45.10). DdpexTHBHAA CKOPOCTH HCTEYEHHS Ta30B H3 pakeTHl
Ue =2,4 kM/c. KaKOH NMpPOLEHT HONMEeH COCTABNATHL BeC TOMJHBE OT
CTapToBOro Beca paketw, 4T00OH pakera, ABHIKYI(ASICH BHe MOAS TALO-
TenusA H BHe aTMocgepsl, npruobpena ckopocTb 9 km/c?

Orser: Ilpumepro 98%. )

45.11(45.11). Paxera nBHXeTCA NOCTynaTtesbHO NPH OTCYTCTBHH
TATOTEHHA H COMPOTHBIEHHS cpenbl. J¢eKTHBHAR CKOPOCTL HCTeye-
HHA ra3oB v, = 2400 m/c. Onpenennts uucno Llnonkosckoro, ecaw B

Oreer: H—

*) Yucnom ILlnonKOBCKOrO HA3LBACTCA OTHOWEHME CTAapTOBOA MAacc PaKeTH K
Mmacce pakeTel Ge3 TonJdsa.
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MOMEHT MONHOTO CrOpaHHs TOMJIHBa CKOPOCTL pakeTs GyfAeT pabha
4300 m/c.

Orger: z ~ B.

45.12(45.12). Teno nepeMenHoii Maccw, umes HAYAJBUYIO0 CKOPOCTh,
PABHYIO HYJIO, ABHKETCS C NMOCTOSIHHHM YCKODEHHeM @ no rOpH30H-
T2NBHEIM HaNpaBAAIOWHM. DPhexTHBHAS CKOPOCTL HCTEYEHHS TA30B U,
nocrosinna. Onpefienuts, npeneGperas CONMPOTHBJIEHHEM, MYTb, NPOi-
JeHHBIt TeNnoM N0 TOr0 MOMEHTa, KOPJila ero Macca YMEeHBIIHTCS B
k pas.

Orser: s = v.2(In £)?/ (2w).

45.13(45.13). Pewmnts OPeALIAyIYI0 3aauy, NPeanoN0IKHB, YT0 HA
TENO AEHCTBYET CHIA TPEHHA CKOJBMKeHHS.

. ' wve ]
Orger: s= EICES (Inkp, rme f— xoadpuument TpeHus

CKOJBMCEHHS.

45.14(45.14). Teno mepeMeHHO# MacChl NBHMKETCS 10 crnenHanbHbIM
Hanpae/sIOUIUM, TPONOKCHILIM BIOJL 3KBaTopa. Kacatenbuoe YCKO-
pelHe w.=qa nocrosuHo. He yuutsiBas conportupsense LBHIKEHHIO,
ONpENesHTb, BO CKONBKO Da3 YMEHbLIMTCS MACCa Tenld, KOPa OHO
Clenaer oAHH 060pOT BOKpYr 3eMnu, ecau a(pdexTHBHAA CKOPOCTEL HC-
TedeHHs rasoB ve. = const. Kakcso nomkuo 6uITh YCKOpeHne a, 4yTobhi
nocie OnHOro o6Gopota Teno npHobpeno NepByl0 KOCMHYECKYIO CKO-
pocte? Papuye 3emnu R.

Oreer: B exp(2 +/=Rq v,) pa3; a= g/(4n).

45.15(45.15). Onpenenuts B NpefblIyLIed 3ajdue MacCy ToNJIuBa,
CrOpEBLIYI0O K MOMENTY, KOrfla AaBJeHHE Tefa Ha HaNpaBAsiolHe 6y-
ZeT PAaBHO HYJIH0.

(- %)

Oreer: m;=rmy\l —e e

45.16(45.16). Teno ckoab3aT 1o rOPH30HTANLHHEIM penncaM. Mete-
YeHHEe ra3a NpOHCXOAHT BepTHKa/JIbHO BHH3 C MOCTOSHHON s dexTus-
HOH CKOPOCTBIO ve. Hauanbkan ckopocts Tena paBHa vp. Hafitn saxon
H3MEHEHHS] CKOPOCTH Tella W 3aKOH ero JNBHIKeHHS, eCAH H3MeHeHHe
Maccul NMPOHCXOAMT N0 3aKOHY m = my — af. Kosdpuuuenr tpenus
CKOJIb)KEHHST paBeH f.

Oreer: U-=UO"f[Et"‘Ue'DF£E?]. S=zr0t—-—f{-c;—g——

-—v,[!lnmo +m—°a_-'a—!(ln (my—at)— 1 —-—-2—“-(Inrno — 1))]}.

45.17(45.17). Pewstn OpenbAYyILYI0 3aJlaqy, eC/lH H3MEeHeHHE TOon-
AnBA GYNeT NPOMCXOAMTL MO 3aKOHY m = mge—or, Onpenenurs, npu
K2KOM o TeNo GyfeT NBUTaThCs C NOCTOSIHHON CKOPOCTBIO g,

Ped
Orser: v=uv,— f(g —av,)t, s=uot—f(g—-av,)?. u=§t.
(-4

45.18(45.18). Kakoit NyTh MPOHAET pakeTa Ha NPAMOIHHCHHOM
aKTHBHOM y4acTKe B NYCTOT€ H NPH OTCYTCTBHA CHA TSTOTEHHS 3a
BpeMsl pasroHa OT HyJNeBoil HAuanbHOM CKOPOCTH A0 CKOPOCTH, paBuoi
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s¢hdeKTHBHON CKOPOCTH HCTeYeHHs MPOLYKTOB CrOPAHHSA Ue, €CAH H3-

BECTHA HayalbHAS Macca PaKeTH g H CEKYHAHBIE pacxon P?

Uelity €—2
Oreser: §=—pF —g » FAe €— HemepoBo HHuCIO.

45.19(45.19). Pakera ABHXKeTCR NPAMOJHHEAHO BHE NOJS TATOTE-
HHSl H NMPH OTCYTCTBHHM comporupjienns. Haiitu paboTy cHibl Tars k
MOMEHTY, KOPjila CropHT Bce tonnuso. HauanpHasa macca pakers mi,
KOHewHasl — mj. D¢heKTHBHAS CKOPOCTh HCTEUEHHS U, MOCTOSHHA.

Orser: A=m?(z—1—In2), z=mo/m,.

45.20(45.20). Tlpn xakOM OTHOUIEHHHM Z HaYaNbHOM fnp W KOHeYHON
M) MacC pakeThl, ABHIKYIEHCH NpSAMONHHEHHO B NyCTOTE€ W NPH OT-
CYTCTBHH CHJ TATOTEHHs], ee MeXaHHUYeCKH K.II. J1., OnpefensgeMblil KaK
OTHOIIEHHe KHHETHYECKOH SHeprHH paKeThl MOCJE BHITOPARHA TONJHBA
K 3aTpaYeHHOH SHepriH, uMeeT HaHbOJbllee 3HaYeHHe?

Orsger: z— KopeHb ypaBHenusa In z=-2—(lz:‘-'_—-zﬂ-.

45.21(45.21). Camoner, uMeroui Maccy mp, MPH3eMIASETCH CO CKO-
POCTBIO ¥p Ha MoNsApubi aspoapoM. BenepcrBue obGrenenennss Macca
caMojeTa NpH ABHIKEHHHM MOCJe TOCaAKH YPeJHYHBaeTcs COTJIACHO
topmyne m =umyg -+ at, rae a =const. ConporuBneHHe NBHIKEHHIO
camMosieta N0 aspoApOMY NMPONOPLHOHAIBHO ero Becy (K03(QQHUHEHT
nponopurRoHanbHocTy f). Onpepenuth NPOMEKYTOK BpeMeHM A0 ocTa-
HOBKH caMmonieta ¢ ydetoM (T) u Ges yuyera (7)) H3MeHeHHs ero
mMaccel. Haliti 3akon H3MeHeHHs CKOPOCTH C TeUeHHeM BpeMeHH.

. m_ Mg Z2avp T

Orger: T— - (/\/I +_fgma l). T T

2mgve — f7 (2mo + at) ¢
2 ('?To + at)

45.22(45.22). D¢dekTHBHEE CKOPOCTH HCTEYEHHs NEPBOMH H BTOPOM
CTYNeHH y ABYXCTYNEHYaTOR paKeThl  COOTBETCTBEHHO PaBHE vﬁ"::
= 2400 m/c n v#=2600 wmfc. Onpenennrts, CYHTAsA, HTO ABHIKEHHE
NMPOHCXOAHT BHEe TOJA TArOTEHHA W aTMocdepsl, uncna Iluoskosckoro
s obecneyenys KoHeyHol ckopocTH vy = 2400 M/c nepBoii CTyneHH
H KOHeYHOH CKOpocTH Uz == 5400 M/c BTOpOi CTYneHH.

Ozger; zy = 2,72; 2, =3,17.

45.23(45.23). Cuuran, uro y Tpexcrynenyatofi pakers uucna Lluon-
KOBCKOro H 3¢)(eKTHBHBIE CKOPOCTH U, HCTEYEHHs Yy BCeX Tpex CTyme-
Heil ofiHHAKOBH, HaHTH YyHchao [{Honkosckoro npu ve = 2,4 km/c, ecnn
noc/e CTOP2HHA BCEro TOMJIHBA CKOPOCTh paKeTH paBHa 9 km/c (Bnus-
HHeM M0JiA TATOTEHHs H CONpOTHBAeHHeM aTMoceph npeHebpeus),

Orger: 2 = 3,49.

45.24(45.24). TpexcryneHuaTtasa paKeTa ABHMKETCR NOCTyNaTENbHO
NpPH OTCYTCTBHH TSArOTeHHs] H CONMPOTHBJNEHHRA aTMochephl DddeKTHB-
HEle CKOPOCTH HCTedeHHSI W yHcaa LluonkoBckoro mas Bcex cryneHed
ONHHAKOBBl H COOTBETCTEEHHO paBHH v, = 2500 M/c, z=4. Onpege-
JHTb CKOPOCTH PaKeTH MNOc/Je CFOPaHHA TOPIYEro B NepsBofi CTyNeHH,

BO BTOpOW H B TpeThef.
Orser: vy = 3465 m/c, ve = 6930 m/c, vy = 10395 M/c.

-

U= .
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45.25(45.25). B momenT, korna npubamxarouniics k Jiyne Kocmn-
UECKHN KOpaG/ib HAaXOAWTCH Ha paccrosmnu H or ee NOBEPXHOCTH H
HMEET CKOPOCTE o, HANpPaBJIEHHYIO K UEHTPY JIVHBI, BRIKYAeTCs TOp-
MO3HOHl ABHratesb. YUHTHIBAS, YTO CHAA THTOTEHHS obpatso nponop-
UHOHANBHA KBaRpaTy patCTOSHHA OT Kopabas no uentpa JIyHet u
NpHHHMa#, 4TO Macca Kopabis H3MeHsiercs no 3aKOHY m = mge—of
(mo— Macca pakeTH B MOMEHT BKmOuelHS TOPMO3HOTO ABHraTens,
& —TNOCTORHHOE 4YHCAO), HalTH o, nph KoTtopom kopabab coBepmHT
MATKYIO NOCanKy (T. e. Gyner HMeTb CKOpOCTH NPHAYHREHHS, paBHYIO
HY10). DGGEKTHBHAS CKOPOCTh HCTEYeHHS rasom Ue NOCTOAIHHA. Pa-
anyc JIyhel R, yCKOpeHMe CHIBI THMECTH Ha Jlyne ga.

2
/ L gﬂR

Orser: o -+ R ES

45.26(45.26). HaiiTu 3akoH M3MeHeHHs Macch PAKETHl, HayasiiCcH
JBHXXEHHE BEPTHKAJNbHO BBEPX C HyJIeBOi HAUAMBLHON CKOPOCTBIO, €CAH
¢ YCKOp€HHE W NOCTOAHHO, a CONPOTHBICHHE CPesibl NPONOpUHOHANBHO
KBaZpaTy CKOPOCTH (b — Koadduunent NponopuHoHanbHOCTH). IMose
CIUIEl TAMECTH CUHTATh ONHOPONHEIM. SEKTHBHAR CKOPOCTL HCTele-
HHf rasa v, NocTORHHa,

Oraer:

__( 2602w’ ) gy py Tt bt
m=\mo+ 3 g7 /)¢ BCE T A CE i v v
45.27(45.27). Pakera nepemelaercs B ONHOPOAHOM MOJIE CHJBl TA-
HECTH MO NPAMOHA ¢ NOCTOSHHBLIM YCKOpEHHEM w. ITa mpamas o6pa-
ayer yron o ¢ rOPHSOHTAJBHOH IIOCKOCTBIO, NPOBENEHHON K noBepx-
HOCTH 3eMJIH B TOYKE 3amycKa paKeThl.
lpennonaras, uto asdgexTHbHA CcKoO-
POCTh HCTEUEHHS ras3op vV NOCTOAHHA
O BeJHYHHE M HanpaBJeHHIO, onpene-
JIHTE, KaKOBO HNOMIKHO OBHITh OTHOIIEHHE x
HaYaJibHOH MAacCH pakeThi K macce pa- v
KeThl Ge3 Ttomampa (uncito Llponkos-
CKOr0), €CTH K MOMEHTY CrOpaHHf TON- £
JIHBA pPAKeTa OKasanach Ha pacCTOSHHH J Z
OT yKasaHHOl BEIIIE KacaTeNbHOM NJo- K miee sy
CKOCTH.

€os @ 2wH
Oreer: z=¢"*® Ve, rpe g—yron, o6pasyeMuili CKOPOCTHIO
- @ sin@4 g
Ue C KacaTeNbHOH MJIOCKOCTHIO, PABHbI = atelp—— - ——
45.28(45.28). Teno nepeMeHHOf Macchl RBHMKETCS BBEPX C MOCTOSH-
HEIM YCKODEHHEM © 10 IIEPOXOBATHIM MPAMOJHHEHHEIM Hamnpagasio-
14HM, COCTaBNSIONHM Yronl o ¢ ropu3oHTOM. CHHTAs, YTO MoOJNe CHIE
TAMECTH ABJIAETCH ONHOPOAHBIM, a CONPOTHBAEHHE ATMOCGEDH ABH-
JEHHIO TeJ1a MPONOPUHOHANBHO MepBoOit CTemneHH CKOpOCTH (b — Ko3ch-
(HUHEHT CONPOTHBNEHNS), HANTH 3aKOH M3MEHEHHS MacChi Tesa. -
(eKTHBHAS CKOPOCTp HCTEYeHHS rasa Ue INOCTOSAHHA; KO3Gh(HUHEHT
TPEHHS CKONBbIKEHHS MEXAY TENOM H HanpapJAKWKEME paBen f,
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g -
Orger: m= [ mg— E'wf" )e Ye ——bﬂ(t——g“—). roe =+
&7 L g
+ g(sina + fcosa), ny— HaualpHas Macca TeJa.
45.29(45.29). Aspocrat BecoM ( MNOANHMAETCA BEPTHKAAbHO M
yeiexkaer 3a coGofi croxenusiii Ha semye kanwar. Ha aspocrar nei-
CTBYET noj’beMHaf cuaa P, cuna TAMECTH H CHJIA CONPOTHBAEHHS,

nponopuHoHanbHasi KBaapaTy ckopocTH: R = —fx% Bec emunuubl
OauHBl Kauata p. COCTaBHTh ypaBHEHHS NBHIKCHHS a3pocTarTa.
Pg _ Bety o

Orser: = —g -+ O+ vx G v

45.30(45.30). Ilpy ycnoBHAX NpEeAHYUleH 3afauH ONpPEAeJHTH
CKOpOCTh TMOABEMA a3pocTata. B' HauaJbHBEIH MOMEHT a3pOCTaT Hero-
ABHXEH H HAXOAHMTCs Ha BeIcOTe [,

Pg [l N (M)2(1+ﬁ-‘:7)] N

(g +v) Q+yx

2g { Q-+ vH, 3”'3‘5‘]

—Zpz+av L T UaFw ) Q=%

45.31(45.31). llapoo6pasHas BOAANAS Kanj# NajacT BepTHKAJBHO

B atMocdepe, HACHILEHHON BONAHEIMHE napawmi. Beneacroue komzaeHca-

LHH Macca KalJlH BO3pacTaeT NPOMOpPLHOHAJIbLHO MJOLANM €e MOBepX-

HocTH (Ko3(¢QuUHEHT nponopuHOHanbHOCTH e). Hauaneumi panuyc

KanJH ro, €e HauaJlbHas CKOPOCTb Up, HauyasibHas BricoTa hy. Onpene-

JIATH CKOPOCTH KAMJH H 3aKOH H3MEHEHHsI €e BLICOTH CO BPEMEeHeM
(conpoTnBiEHHeM OBHMXEHHIO npeHeGpeub).

Orser: 2=

Yxasauune Ilokasate, yro dr = adf, H nepefiTh K HOBOA HE3aBHCHMOA Iepc-
LICHHON r.

P5fo [l fo 2 g f2 2 l'g
Oreer: x=ho+—~| 1 =\ 7) | —gx | — 2+ |
3 4
L a ro
o=v°—r§-—--aa—[r-—-r—3-], rae r=ry+ af.

45.32(45.32). Pewnts npensiayilyio 3afaduy B NPelnoJOXKeHHH, YTO
Ha Kamjio KpoMe CHJIE THXECTH AEfCTBYeT elle H CHia COMpOTHBIC-
HHS, NPONOPUHOHANBHAS MJIOWAAH MAKCHMAJbHOTO NONepeyHoro ceye-

HHUSA H CKOpocTH Kamii R = —4fnr?u (f — nocToAHHLI KO3 PHIHEnT),
[ — (40436) \
» | 1. 1 grg T(ﬂ-‘_u)
Orser: x="hy BT 50 T + o1, X
% [r—%laﬁi-m} —%i3ﬁ+2u)] g(r?—r})
Ju(da I 3p)

1
— (46+3p)
a
- gr gy’ = (u+ﬂl] -< @tp
"“"4a+3ﬂ+[ P ) F ’
The r = ro 4 cl.
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45.33(45.33). Cucpuyras s KNYOOK TAXeNas ORHOPORMAs Lens je-
2HT WA KPalo TOPH3OHTAJIBHOrO CTOJIA, (IPHYEM BHAUAJE OAHO 3BOUO
UCNH HEMOLBHXCHO CBEWHBAETCH co cTona. Hanpasass och x BEpTH-
Ka/ZbHO BHH3 H TNPHHEMAas, YTO B HAYANLHUBL] MOMCHT x=0, x=0,
ONpeienHTh ABHXKEHHE LenH.

Oreer: x = gf?/6.

45.34(45.34). Llensb cnoxena ua zexne u O[HHM KOHHOM NpHKpen-
fIeHa K BATOHETKE, CTOAILNEH HA HAKJIOHHOM Y9acTKe MyTH, obpasyo-
IIeM yron o ¢ ropHsoHTOM. Koadduument tpewus uenm o zemummo j2
Bec emmnmubl anmHe! uenu y, Bec BarometxH P. CxopocTe BaroneTKn
B HaYanbHBIH MOMCHT vp. Ompemennts CKOPOCTh BArONCTKH B J106oit
MOMEHT BPEMEHH H BLIACHHTL HeoGXonuMoOe ycnoBe, NpH KOTOpOM
BATOHETKA MOIKET OCTAHOBHTHLCH.

i P2 Pg . [ Pt
Oreeri 5= 3oy + 3y sine [ 1l— o |+

-|-—'~gx sin a -} [Pe [l ——-—m—-]cosa ——l—f X Cosa
3 6y P+va2 3'e '
OcTanobka MOXET MMETL MECTO NpH BAENONHEHWHH HepaBeHcTBa [ >
>tigea.
45.35(45.35). MatepnanbHas Touka maccw m OPHTATHBAeTCA Mo
SAKOHY BCEMHDHOTO THAroTeHHst HbioTosa k wenomsmxuoMy LEHTDY.

Macca nentpa co ppemeseM MeHSeTCH 1o 3aKoHy M __‘T-ﬁ" Onpe-

OENNTh NBHIKEHHE TOYKH.

Ykazauue IlepeATn x wHoBHM KOOPOHHATAM C NOMOWBI0 COOTHOIWICHHTT
X
B =1Fa " ol +al)

Orser: YpasHenns nBHMKeHHS B Koopaunatax E, n umeior Bua (f —

NOCTOAHHAS TATOTEHHS)

2 2,

T =0, LMo o T,

T. €. OTBEYAOT OGLIYHBIM YPABHEHHAM B CIyN4€ NOCTOAHHHIX MACC,
[losTomy B 3aBHCHMOCTH OT HaYaNbHBIX YCNIOBHI B nepeMenHEIX E u 1
HMEIOT MECTO SJIIHNTHYECKHE, NapaloaHYecKHe WM runepGonnueckHe
OpOHTEL

45.36(45.36). [ns 6uctporo coobimenns POTOPY rHpOCKoIa Hep6-
XOAMMOro 4YHCNa 0GOpPOTOB NMpHMeHSeTCs PeaKkTHBHBH 3anyck. B teno
POTOpA BACJILIBAIOTCSH NOPOXOBLIE WAINKH 061ie Maccoil my, NPOAYKTHL
CropaHusi KOTOPBIX BHIGPACEIBAIOTCH 4€pe3 CNenHANbHLE COMJA, Ilpn-
HATE NMOPOXOBbIE WIALIKKH 33 TOYKH, PACNONOMKEHHBbIE HA PacCTOSSHHM r
OT OCH BpalleHus potopa. Kacatensuas coctapasionas atddperTHBHOH
CKOpOCTH HCTEYEHHS NPORYKTOB CrOPaHHSA U, MOCTOAHHA,

Cunras, yto ofwmmii pacxon macewm Nopoxa B OAHY CEKYHAOY pa-
BeH g, ONpenenHTh Yr/I0BYI0 CKOPOCTh @ POTOPa K MOMEHTY Cropasus
NOpOXa, eCnH Ha POTOP MEACTBYeT MOCTOAHHEN MOMEHT CONpOTHBJIE-
Hus, pasHeid M. Papuyc potopa R. B HauansHuil Moment POTOp Ha-
XOAUTCH B MOKOE,

Y
= H HB (e} HT=—
1+ af K NpHBEAEHHOMY BpeMeH
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Orser: o= Ra%—=M
rq
HHEPLHH POTOPA OTHOCHTEJBHO OCH BpallleHHS.
45.37(45.37). ITo paHHEIM npeRbIBYLIed 3ajaYd HaRTH YrIoBYIO
CKOpOCTL pPOTOpa NOCJe CropaHHs Nnopoxa, eCliH Ha pOoTop ACHCTRyer
MOMEHT CONPOTHBJIEHIHA, NPONUPLUOHANBHEIN €r0 YTJOBOH CKOPOCTH
(b — K03 bEUHEHT NPONOPUHOHANLHOCTH).

b
J T,
Orger: © = Roeg [ -—(-———’lJ ™ ]
b Iy

45.38(45.38). MHoroctyneHyarasi pakera COCTOHT M3 MOJE3HOTO
rpysa M ctynedeii. Kaxpgas cTyneHb nocne H3pacxXOAOBaHMA TOMJHBA

7
ln—j—‘“, rne Jo=J1, + myr?, T,— Moment
P

| Loneznnd e OTACAAETCH OT OCTA/NBHOH KOHCTPYKHMH.
P WSES ITox cyGpakeroii NOHHMAaeTCA coOYeTaHMe
nemhiens T § paborarolueli CTyneHH, BceX HepaGoraro-
S Y s § IMHX CTyIleHell H NOJIe3HOTO rpysa, mpH-
ﬂ-fm‘{/ﬁff% < § S 9eM Anisi NAHHON cyGpakeTn Bce Hepa-
= = 5§ GoTalouie cTyneHH A NOJe3Hbli Tpy3 Hp-
3 o3 JITIOTCH <IONIE3HBIM TpPYy30M», T. €. KaK-
‘b\
oy

, Has pakeTa pPacCMaTPHBAaeTCH KaK OfHO-
Zemghen cTynenyaras pakera. Ha pucynke yxa-
3aHa HyMepauHs cTyneHel H cy6pakerh.
Ilycte g—Bec mosesHoro rpysa,
P; — pec tonnuBa B [-H cTynenu, Qi—
cyxofi (6es TomihBa) Bec i-CTYIEHH,
Gy — nonHui Bec i-k cy6pakeTrl.
Beons B paccMorpenne gHcno LlnosnkoBckoro Ans kampolt cy6-
paKeTHl

fcmyf:vm

—

K sagave 45.38

Z _—"——"-'Gl

)= G; iy P[

H KOHCTPYKTHBHYI0 XapaKTEePHCTHKY (OTHO].[IEHHE MMOJIHOTO BE€ca CTy-
NCHH K ee CYyXOMYy BeCy) AJA KaKAOH CTyneHH

P
o — ngr; L

ONpeJieNiThL MOJIHLIA CTAPTOBLIA BeC BCEH PakeTwl, Bec k-H cybpakert,
Bec TONJMBA R-H CTYMeHH, CyXo# BeC k-f CTyneHH. X
Vxaszauue Ilpy pewesun sanaul BBECTH 04— ®OTHOCHTEJBHHI Bec» i-it cyGe

paKeTs, T.e. OTHOLUEHHE HAYaJLHOrO Beca CyOpaKeTh Kk BeCy €€ MOJIeRHOro rpyaal
ay = GyfG;, oz = GzlGa, rery Oln = Gnl'q-
n n s‘ — ’ n n S‘ i l
Orer: Gy T[22k Gyma] ][ 2L
1% St %
-1 =l imk 1=k
z, — 1 P
Py= —’f;k—'Gk; Q= —sﬁ— (bopmynr ®eprperra).

45.39(45.39). OeyxcTyneHuaTas pakera npefHasHa4eHa cooGLHTE
noneswoMy rpysy g =1 kH ckopocte v==6000 m/c, DPppexTupHEE
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CKOPOCTH WCTEYEHHA ras30B Yy CTYneHefl OAMHAKOBLI # PaBHR U, =
= 2400 M/c. Konctpykrusnee XapaKTepHCTHKH NEepPEOH W BTOPOH CTY-
TneHefl COOTBETCTBEHHO PABHH S| == 4, s, — 5 (cM. 3apany 45.38). INpe-
HeOperasi CHJIOM TATOTEHHMS 3eMau H CONPOTHBAEHHECM aTMoChepsl,
OMpeNenHTh 7HCAa LInOAKOBCKOro Aas nepBoii m BTOpo#t cy6paker,
MpH_KOTOPBHIX CTAPTOBHH BeC () paketul OYReT MuHHMAaAbHLIL.

Oreer: 20 =3,12, z, =391, G, = 152 kH.

45.40(45.40). Hcnonbays manubie Npeasinyles 3anaun, onpeneanTs
ANA KayK[OH CTYNEHH BeC TOMJIMBA H CYXOii Bec.

¥xasaune Henomeaosats (OpMYJIn! OTDeTa K 3amaxe 45.38.

Orser: P, = 1004 kH, P, =105 kH, Q, =33,5 kH, Q; =2,6 kH.

45.41(45.41). Yernpexcrynesuaras PaKeTa COCTOMT M3 4eTHIpex
paker. KoHcTpykTHBHAR XapaKTEpHCTHKA s H 3(beKTHBHAA CKOPOCTD
Ue Y BCEX DAKET ONMHAKOBLI H PaBHH s =4,7, v, =24 Kkum/c. Kakos
AoJKeH OHTL CTapTOBHIH Bec pakeTs!, yTobbl oHa rpysy B 10 xkH co-
ofmuna ckopocTe v = 9000 m/c? (Bocnone3aosaTtecs topmynaMu or-
BeTa K 3anauve 45.38.)

Orser: 3720 xH.

FTABA XI
AHAJINTHYECKAS MEXAHUKA

§ 46. Tpunuun Bo3MOMHEIX Nepemenienuft

46.1(46.1). T'pys Q nonummaercs ¢ NoOMOLIBIO DOMKpaTa, KoTOpblfi
NPHBOLMTCA B ABHIKEHHE PYKOATKON OA =06 m. K KOHIY DYKOATKH,
NIEPNEHNUKYNAPHO e, npracIKeHa cuna P= 160 H.

7
K sanaue 46.1 K 3epane 46.2

Onpegenuths BEJIHYHHY CHJIB TAMECTH Tpysa @, ecnu 1uar BuHTZ
AoMKpaTa h = 12 Mm.

Oreer: Q = 52,2 xH.

46.2(46.2). Ha maxopnyok KOJIEHUaToOro mpecca feficTByer Bpa-
Wawowmi MoMenT M; ochb MaxOBHYKA MMeeT Ha KOHIAX BHHTOBHE Ha«
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PE3KH 1ara fi NPOTHBONOJDXKHOLO WaNpanjelnus H NPOXOAHT 4epes
[Be TAHKH, WAaPIHUPIO RPHKPENJCITHbE K ABYM BEpUIdHaM CTEDHKHEBOro
pomMG6a €O CTODOHOIO @; BEpPXHsisl BeplunHa pomba 3aKperuieHa Heno-
IBHXXHO, HHMHAA NpPHAKPEJieHa K TOPH3OHTAJILHOH OJHTE mpecca.
Onpepenuth CHNy AABJEHUS Tpecca Ha CRUMaeMBlli NpeaMer B MO-
MeHT, KOria yroJ npH sepiunxe pomba pasen 2a.

Oraer: P=n1—1ctg a.

46.3(46.3). Onpeaeants 3aBHCHMOCTH MeAy moaynamu cHa P o
@ B KAHHOBOM Ipecce, ecaH cHyia P npuioiKeHa K KOHLY DPYKOSTKH
ANHHE O TNepneHfHKYJASPHO OCH BHHTAa u pykosTkH. lllar BmHTa pa-

Ben f. ¥ron npsx BepuuHHe KaHHAa Ly
te————>i
paBeH c. i ie

Ozeer: Q=P%. T I lq

(i

a2
o )
3 z \
4 i
2 24
| 2 |
K 3anaue 463 K aapaye 46.4

46.4(46.4). PucyHoK npencTaBasieT cxemMy MallMubl AJs HCMBITa-
nua o6pasuos Ha pactenne, Onpenennts 3aBHCHMOCTh MEXKRY YCH-
anem X B obpasue K u paccTtosHHeM x oT rpysa P macch M fo ero

A Nusswen  HysreBoro nonokenns O, ecaH NpH noMou
H GE? N rpysa Q wMawsHa ypaBHOBellleHa TaK,
YTO NPH HYJEeBOM noJo¥enu# rpysa P u

F IpH OTCyTCTBHHM ycuans B K Bce peluaru
ropusodTanbuel. Jawo  paccrosHus [y,

Z
A

]
=1
b3

G
(S

L !2 H é.
[ x x{
Orger: X = Mg—>-.
ely
N 46.5(46.5). I'pyaet K u L, coennHeHHHE
K 3anaue 4635 CHCTEMOIl pRIMAaroB, H300paX{eHHBIX HA PH-
CYHKe, HaxomfTca B paBHoeecHH. Onpe-
1
AeNUTh 33BHCHMOCTL MEJKAY MacCaMH IpysoB, ecli [IaHO: == 5+
ON 1 DE__ 1
OM  3*' DF~ 10~

DE 1
Oreer: My = Z¢ " oar " oF Mk = 350 Mx-

46.6(46.6). Onpenennts Molynb CHAB @, CxpMarouteli oGpasen A,
B PHUAMEOM Npecce, H3oGpaxkennom Ha pucydxe. Hawo: F =100 H,
a==60cm, & =10 ¢m, ¢ =60 cm, d = 20 cm.
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Orser: Q = 1800 H.

46.7(46.7). Ha naatdopye B Touke F HAXOAHTCHA rpy3 macce M.
Hauwa AB=ua; BC=0b, CD =c; IK = d: gnuna naatpopme EG =
= L. Onpepennts COOTHOLICHHE MKy ANHHAMH b, ¢, d, I, npu koro-

g : b e

2 15 L. :
i
a L R
[ H o e
et i i
= @, |
: 4 ‘ 3 < & !

2 A £ A !
N NN Vi K
A I

7 e A 7o
K 3apave 4685 K sanaue 45.7

POM MacCa 1 rupH, ypaBHOBEIUIHBAMOWER TPY3, HE 3aBHCHT OT MOJO-
HEHUA €ro Ha naatdopMe, H HANTH MAccy THpH M B STOM cny4ae.

s oL

Orger: =y
46.8(46.8). K nonsyny A mexannsma sauaHncorpada npuaoxKena

cina P, nanpasnieHHas BIO/b HAnpapBasiouleii NOJ3yHa K OCH Bpamge-

Hist O kpreoumna OC. Kakoit Bpamawouuii MoMenT Hafl0 MPHIOKHTE

K kpusowuny OC pas Toro, ytobm

MeXaHH3M Obl1 B PaBHOBeCHH B mo- |Y

JIOXEHHH, KorZa KpuBowHn OC |p

O0pasyer ¢ HampaeasiOwel noaay-

Ha yros ¢? Mexauusm pacnonoxen A

B FOPH3OHTAJIBHOJ [JIOCKOCTH, MpPH-

yeM OC=AC=CB—=1. ¢
Orser: M = 2P| cos g. \
46.9(46.9). TTosucnacr cocront 0 =
H3 HenoasHHoro 6ioka A u ua n d B
NOABHXKHEIX Gnokos. Onpegeduts B K sanave 46.8 K sagaqe 46.9

Cllydae paBHOBECHH OTHOILUEHHe
Maccet M nomnumaemoro rpyaa k cuse P, npusioeHuoi k KoHuy Ka-
HaTa, CXORAINEr0 C HEMOMBHMIKHOIO Gnoka A.

Oreer: Mg/P = 9n.

46.10(46.10). B KyJHCHOM MeXaHW3Me NpH KavaHuH peiyara OC
BOKDYT TOpH3OHTaNbHOR ocn O monmsyn A, nepemenasich BLOJIB pHi-
yara OC, npuBOOUT B ABHKEHHE cTepxeds AB, newkymmiics B Bep-
THKAIbHBIX Hanpapasomkux K. Jlauw pasmepnt: OC=R, OK=1
Kakyio cuny Q napo npmoxwurs NepneHAMKYNAPHO KpHBoUinny OC
B 109Ke C anst T0Oro, 4roGul YPaBHOBECHTL cuny P, nanpasiennyio
BRonb crepxns AB Beepx?

Pt

Orser: 0= m .
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46.11. Kynak K maccu M; naxogurcs B Moxoe Ha TJafikoH TOpH-
- 30HTa/IbHOH MJICCKOCTH, moanepixuBas crepmeHs AB maccm M, xo-
TOPHIF PACHOMOXEH B BepPTHKaJAbHBIX Hanpasismowux. CHcreMa Haxo-
JHMTCH B MOKOS moj peficTrRHeM cHabl F, npunomeHHo# K xynaky K no
ropHsoHTtanH Hanpaso. Onpegeants
Mompynb cuakl F, ecain Gokosasm no-
BepXHOCTb Kysaaka oOpasyer ¢ ro-
pusontom yron o. Ha#itn Ttakxe

K sapave 46.10 K zanrave 46.11

o6nacTb 3HavyeHHH MOAyss cHAH F B ciygae Hersagkoii TOPH3OHTA/b+
HOH TJIOCKOCTH, €CJIH KO3(GOHLHEHT TPEHHA CKOJLKEHHS MEXIy OCHO-
BaHHeM KyJiaka K H ropu3OHTasIbHON IJIOCKOCTHIO paBeH f.

Oreer: 1) F = Mg iga,

2) Mpgtga — f(M+Mz)g < F < Mpgtga - f(M 4 M) g.

48.12. Kpyrosoi kynak K macce M, H pagumyca R cTOHT Ha He-
rIagKoH ropH3oHTaNbHOR naockocTH. OH conpukacaetcs ¢ Kouuom A

e

R O o s L R

K sapaue 46.12 K sapave 46.13

cTepus AB macchl Mz, PacmonoKeHHoro B BepPTHKAJBLHLIX HAMpaBp-
nsomsx. CHCTeMa HAaXORHMTCH B NOKOe nox fReiicteueM cham F, npu-
JIOXEHHOH K KynaKy no ropusonTans Hanpaso, Ilpu stom AM = h.
Haiith ob6nacte sHaueHHii mMoaynsa cunml F, eciu ko3t HusenT Tpe-
HHSA CKOJIbXEHHs KyJlaKa O FOPH3OHTANIbHYIO IUIOCKOCTb paBeH f,

Orger:
IR Mg —FM+ M) g <F<YE=F Mg 1 (M, + M)

46.13. Kpyrantit skcueHTpuk A maccel M; HacaxeH Ha HEMOABHK«
HYI0 TOPH3OHTaNBHYI0 och O, NepneRAHKYNSPHYIO NIOCKOCTH PHCYHKA,
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OKCUGHTDHK MOIAEPKHBACT pavy B macem Ms, umenmyvio BepTu-
KaJbHble HanpaBasiomue. Tpexuem npesebpets. JKCUGHTPHCHTET
OC = a. Hafitu EEJHIHHY MOMEHTA o, NPHIOKENHOTO K IKCUEHTPH-
KY, €C/lH MK NOKOe MaTepHalibHOll cucTemn OC ofpasyer ¢ ropusou-
TaNbiO YroJi .

Orser: mo = (M, + M) ga cos a.

46.14(46.11). B MexaHuame AOMKpP&Ta MPH BpAILeHHH PYKOATKH A
INHHBl R HaUMHAWT BpamaTscs 3ybuareie kKoneca 1, 2, 3, 4 u 5, xo-
TOpLHIE NPHBOAAT B [BHIKCHHE 3yBuaTyio peiiky B novkpara. Kakyio
CHIY HAZo TPHJIOXHTL NEPNEHAHKYNSPHO PYKOATKE B KoHIe ee mns

Q

K aamave 46.14 K aapawe 46.18

TOro, 9T06n wamka C npu pasHoBecHu HOMKpaTa PasBuila naBieHHe
pabnoe 4,8 xH? Papgmycu 3y6yateix konec COOTBETCTBEHHO ~ pABHKI:
n=3cM, r;=12 cM, rs =4 cM, r;= 16 CM, rs =3 CM, A/HHa py-
KOATKH R = 18 cM.
. D—pnf1fars

Oreer. P—Qm-—-—ﬁo H.

46.15(46.12). uddepenynanpumil BOPOT COCTOHT H3 ABYX MeCTKO
CBI3AHHEIX Banos A u B, NpHBOAEMEBIX BO BpallieHHe pYKoATKoh C
AhvHH R. Iloguumaemwbiit rpys D maccw M NPHKPENJEH K MNOABHMK-
HoMy &ioky E, oxBauennomy kanatom. [lpu spa-
LIEHHH pyKoatkn C nepas BeTBb KaHATA CMATH- £ ¢
Baercd ¢ Bana A pa;myca ry, a mpapas BeTBb 37
HamaTbiBaeTcd Ha Ban B paamyca ry (r2>ry).
Kakyio cuny P wano NPHACIKHTE NEepneHfnKy- {ag' g
JIPDHO DYKOSITKE B KOHLE C€ AJs1 TOro, uToGH A
YPaBHOBECHTE rpy3 D, ecnin M =720 kr, r, = |
= 10-cM, ry = 12 cM, R = 60 cm? e

= A
Oreer: P=Mg_’2§RL= 118 H. TS

46.16(46.13). B mexanuame aHTHNAapaaneno- K sanave 46.16
rpamva ABCD spenns AB, CD u BC COeNHHEHR
UHHHADHIECKHMH 1wapunpami B n €, a nunuEApHMuecKHMH WAPHA<
pamu A u D npukpennens k croiike AD. K speny CD B waprupe C
NPHJIOKEHA ropusontanehas cuna Fe. Onpenenuts moayas cuiw Fp,
TIpHIOKeHHOH B iapuupe B nepnenaukynspHo 3peny AB, ecnu mes
XaHHSM HaXONHTCS B DAaBHOBECHH B IOJOXEHHH, YKa3aHHOM Ha -
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pucynre. Hawo: AD=BC, AB=CD, <£ABC=/ADC=90°
£ OCB = 30°.
Oreer: Fg =2 F¢.
46.17(46.14). Kpueowundo-non3yuneifi mMexaunsm OAB cpszan B
cepepyne watyHa AB nmamuapuuecknM waprupomM C co cTepikiem
CD. Crepxuu CD n DE coefnneHbl UMAHHAPHYECKHM wWapHupoM D.
Onpepennutb 3aBUCHMOCTh MEXXKIY MOJV.IS-
ma caa Fa u Fp, coorsercreenno nepne-
nukynapueix crepxuamMm OA u DE, npu
paBIOBECHH MEXaHM3Ma B INOJOXKEHHH, yKa-
3aHHOM Ha pucynke. Jlano: £DCB = 150°,
ZCDE — 90,
Orser: Fp =4Fa.
46.18(46.15).  KonozouHo-6annaxHbii
TOPMO3 BaroHa TpaMBas COCTOMT H3 Tpex
ar AB, BC u CD, coenvHeHHBIX ILIapHH-
Fa4 pamu B u C. Ilpu ReRcTBHH rOpH3OHTaNb-
HOH cuib F topmosHuie wkonopku K u L,
K 3anaue 46.17 COOTBETCTBCHHO NPHKPENAEHHEE K TAram
AB u CD, npuxumalotca K kosecy. Onpe-
nenuts chabl nasackus Ny u Ni xonomok na Koneco. Pasmepu yka-
3aHH Ha pHCYHKe. BaroH HaXOAHTCH B TOKOE.
Orger: Ny =F a-:;b s Ny=F -—g— b:d 2
46.19(46.16). Ha pucynke nzobpacena cxeMa KOJ0ZOYHO-6aHmaK-
HOro TOPMO3a BaroHa TpaMpas. OnpenenuTe 3aBHCHMOCTb MEXAY d,

AL F
4 ‘152._\' —:—F Z
L]
Vid L . o -:]
h
: i D
o 3 1
= A Ap =l (8 /)
AN
d’ 6—.
K zanave 46.18 K sanave 46.19

b v ¢, npn HANHYHH KOTOpOH kKononkKH A B B nopn neficTeHeM cunwm F
NpHXAMAITCA C OAHHAKOBEIMH MO MONYJIO CHAaMH K 6GaHpamam Ko-
nec € w D. Hafitn TarmoKe BenuuuHy 5Tok cuakl. Koneca cuHTtath
HEMOABMIKHEIMH.
a at+b+e a-tb

Orger: =3 Q=F 25 °

46.20(46.17). Haitty maccu M; u M; apyx rpysos, yIepuBaembix
B p4BHOBECHH rpy3oM Maccw M Ha NJIOCKOCTSX, HAKJIOHEHHBIX K To-
pH30NTY NOA yraamu o ¥ B, ecau rpy3m ¢ Maccamn M, u M, npukpen-
JieHB K KOHlaM TPOCa, HAYLlero oT rpysa ¢ maccoit M, uepea 6uok O,
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HacaxmeHHEIl HA TOPHIOHTANBHYIO GCB, K noasmkuomy 6aoxy O, n sa-
TeM 4Yepe3 Gnok Op, HacaXkemumii Ha ocbh Gaoka Oy, & rpyay maccHl
M,. Bnoks Oy u O2 — coocHmuc, Tpesnem, a Taxxe Maccamn 6a0xoB
I TpOca npeHebpeyn,

M M
Oraer: ﬂh:m—u-, 1”2= —m-

46.21(45.18). K roHuav HepacTs.uMmofi HHTH NPHBA3AHH TPy3H
A u B oannaxopoit macch, OT rpy3a A Huthb NPOXOAHT MapangensHo

G ~%

K angase 46. 20 K sanaue 46.21

TOPH30HTAJIBHON IIJIOCKOCTH, OTHO3ET HeNOABHMKHBN 610K C, oxpaTH-
BaeT MOABMXXHBIA O6noK D, 3atem oruGaer HeNOABHXKHHN 610K E, roe
K APYroMy KOHLY HHTH NPHBA3aH rpys B. K ock nogewxuoro 6noka O
nojasetnex rpy3s K maccel M.

Onpepenuts Maccy M, Kaxzaoro us rpy3os A u B n xosdpuumenr
TPEHHSA CHOJILXKCHHA [ rpy3a A o TOPH3OHTANLHYIO TAOCKOCTB, CCIH
CHCTEMA IPY30B HAXOAHTCH B TO-
Koe. Maccok nutn npeHeGpeys.

Oreer: My = M/2; [ = 1. 60xH 300t

46.22(46.19). CoctaBHan Gan- A e y B : D
Ka AD, nexauias Ha Tpex ono- o ok
Pax, COCTOMT H3 BBYX G6aJIOK, »%a aTa ai%: 2a 2a ?’
LIADHHPHO COENHHEHHBX B TOY- | C ;
ke C. Ha 6anky peiictByior K asnaue 46.2
BEPTHKAJIbHO  CHJAM, paBHHe
20 xH, 60 xH, 30 kxH. Pasmeps: ykasauu Ha pucyuxe. Onpeneanin

Peakuuu onop A, B n D.
Orser: Ry = 10 xH, Rs = 105 kH, Rp = —5 xH.

2 V- V- P
8 4 D £

’r [ ¥ro| - T
%a g | aq a%a a_Lo a

SRR

K zanawe 46,24

46.23(46.20). OnpeeauTs BPAMWAKNIMI MOMeHT, KOTOpHIE Hapo
TPHIOKUTE Ha ydacTke BD x 6aaxe AD, paccmoTpenroi B npenbIy-
luei 3anave, pusi TOT0, ITOGH ONOPHAs PeakuMs B D pamranacs BYJ10.

Oreer: M = 20a xH-m.

46.24(46.21). CocrasHas Ganka AE, nexamas na IByx conopax A
i C, coctout U3 Tpex 6anok AB, BD u DE, mapHHDHO coenMHeHHBIX
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B B u D. Banka DE B ceyennn E 3amemnena B ctewe. Onpenennts
BEPTHKAJIbHYI COCTABNAIOLIYI0 peakuun B ceyenny E. K GankaM npi-
JIOXEHE YeTHpe paBHbIE BepTHKAaNbhble cHabl P, PaaMepH ykazabl
Ha pHCYHKe.

Orger: R = 0,5P.

46.25(46.22). Onpenennts MOMEHT mg MApH, BOSHHKAIOWIEH B 3a-
Aenke G6aiku DE, paccMOTpeHHOM B NpeabAyIUeiH 3a1a4e.

Oreer: mg=0.

46.26. Banku AB u BD coenHHEHH LHJMHADPHYECKHM IHapHHPOM
B. I'opusonransuaa Ganka AR 3aLleMNIeHa B BEPTHKAJbHOH cTeHe ce-
uentieM A. Banka BD, onupawowmasics 0 raankuil Buctyn E, o6paayer
¢ BepTHKaJNbIO yron @. Bnoaw 6anku BD pefictyer cuna F. Onpege-
JIHTE TOPH3OHTANbLHYIO COCTABJAIONIYI0O PeaKLUHH B 3alleMJEHHOM ce-
yenHHn A. Maccoi Ganox npeneGpeus.

Orser: Ryr = Fsina.

A4 8 Lt 12
o]
Za i e o ’f%ﬁ
i Tin- = =
K 3apawve 46,26 K sanave 46.27

46.27. lse ropuzouTanviuie 6anku AB u BD coefkHEeHH LMIMHL~
puueckuM wapuupom B. Onopa D cTOHT Ha kaTkax, a ceyenue A 3a-
weMneno B crenke. K Ganke BD B Toyke K mpunoxena cocpeioro-
uennas cuia F, o6pasyiomas yron e ¢ ropusonToM, Pasmepn yKasans:
Ha pHcynxe, OnpefenuTs COCTaBJAIIIHE PEAKUHH B 3alleMICHHOM

A%
I

2M

K sanave 46,28

ceyeHHH A H DEaKTHBHEIN MOMEMT m, NapH, BO3WMKAIOWEH B 3TOM
ceyenyH. Maccoft 6an10k npene6peys.
Orger: Rax = Fcos a, Ray ="'/sF sina, m, = Fa sina.
46.28(46.23). JKenesHONODPOKHEIN KpaH OmHpaeTcs wa pEenbCH,
yKpenJieHHHEe Ha JABYX TODH3OHTANBHEIX ABYXIPOJETHHX 6ajKax G
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CL F S i

B =

NPOMEXYTOURLIMH mapurpamMn. Kpaw mnecer rpy3a P=230 xH, cnna
THXECTH KpaHa Q = 160 xH. Onpegenuts MoMenTt PEAKTHEHOH Napu

B 33[I€/IKE B NOJOXKEHNH KPaHa, YKA3AHHOM Ha pHCYHEKE.

Oreer: Ma= —1/,(1,95Q + 3,60P) = —210 xH-m.
46.29(46.25). Kapxkac nAATHOPMEL cOCTOHT M3 [-06pasmuix pam ¢
NpOMexyTouRuMH wwapuupaMu C. Bepxuue woniui PaM JKecTKO 3a-
LieMaeHel B GCTOHHYIO cTEHY, HHXKHHE — OMHPAIOTCS! HA LHTHHAPHYe-
CKHEe noaBHXKHEIE onopbl. Onpepe-

Y JIMTh DEPTAKANBRYIO DeAKLHIO 32-
= P lemmeniid npu nedcrsnu cun P,
A % l 7 u P,
b Orser: Y= P;——ch/!.
LS
L4
£
7
K sanawe 46.29 K sanawe 46,30

46.30(46.26). Ise 6anku BC u CD LIAPDHHPHO CoeauHeHbl B C,
UMAHHADHYECKHM IIaDHHPOM B NPUKpenaeHH K BepTHKANBLHON CTOMKe
AB, 3aueMnennol B cevenuu A, a UMNHHIpHYECKHM wapuupom D co-
enHtenbl ¢ nonoM. K GankaM npunoxenw TOPH3OHTaNbHLIE CHIE Pj
H P;. Onpenenute TOPH3OHTAJIBHYI0 COCTABASIOLIYIO DEaKLHH B cede-
Huu A. Paamepm ykazauer na PHCYHK®,

Orger: R =P, 4 1/2Ps.

46.31(46.27). Onpepenuts MoMenT Ma PEeaKTHBHOW Naphl, BO3HH«
Kaiouleit B 3anenke A crofku AB, PAaccMOTPeHHOH B npewinyineds 3a-
Rage.

Oreer: ma ={Py 4 1/,P;)h.

46.32(46.28). Mse depmu J u /I, coenunentie wapuupoM D, npu-
KPErIeHsl cTepkuamMu 17 w IV ¢ nomouisio wapeupa C k semue; B
TOYKax A y B OHM MMeOT onopu
Ha Katkax. PepMa [ Harpyxena
BePTHKANBLHOH chioit P wa pac-
CTOAHHH a oT onopw A. Haiitn
PeaKuuio Katka B,

Yrasaumne, Ilpensaprrensno
ONpEelle/INTh  NOJMOKEHHE MrHOBEHHBIX
ue;ll‘rpon ckopoctet C, n Cp depm [ K 3anage 46.32
u il

Oreer: Rg=—P -% B—g: » The b—nnevo peaxuuu Rp oTHOCHTENBHO

MIHOBEHHOrO ueHTpa C; Peaxumus R manpasnena NEPNeHHKYNAPHO
TI0CKOCTH CKO/IbXKeHHs KaTka B caesa Hanpaso BHM3,
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§ 47. OGmee ypasuesHe QRHAMEKY

47.1(47.1). Tpu rpysa maccer M xaXcawlii COefHHEHH HEPaCTsXM-
MO HHTBIO, HepeOpOLIeHHON yepe3 HenoABHKHEMN 6ok A. Ilea rpysa
NeXaT Ha raajKoH OPH3CHTAJLHOH NJOCKOCTH, a TPeTHH rpys noise-
el BepTHKanbho. ONpencanTs YCKOPEHHE CHCTEME M HATAMEHHE

" , HHTH B codenud ab. Maccoll nutH n 6J0Ka npe-

j Hebpeyn.
b R ,v/—,//,/\g-\ reer: v ='/yg, T="/Mg.
0 ?/,g 47.2(47.2). Pewntb npelbayulylo 3afavy c
Z yueToM Macchl 6J0Ka, cuHTas, YTO [PH [ABHIKe-
2 HHH Tpy3oB 6iok A Bpawaercs BOKPYr HeEmo-
ABHIKHOH ocH. Macca 6J0Ka — ennoliHOre OOHO-

K 3anave 7.1 POLHOTO AHCKa — paBHa 2/M.
Orser: w="/sg, T ="'/:Mg.
47.3(47.3). IBa rpy3a Maccu M, u M, nonpewens Ha ABYX rHO-
KHX HEepPACTSXIMBIX HHTHX, KOTOPHE HAaBepHYTH, KAK YKa3aHO HA pH-
cyHKe, Ha O6apabamnbl, HMeIOWHE pafHyCH r; M rz H HacaXXeHHHE Ha
06Uy OCh; FPY3hl ABHIKYTCH MOA BJIHAHHEM cHAH TdxectH. Onpene-
JiiTh yrJ0BOe YyckopeHnue g GapabaHoB, npenebperas HX MaccaMH H
Maccol HHTeH.
Mars — Miny
M My ;
47.4(47.4). Ilpun ycnoeun npepblayilefi 3aaayd ONpeNeNHTb Yrio-
BOE ycKOpauHe e H Hatsxedus Iy u T, HUTel, NPHHHMAas BO BHHMaHHe
. MaccH 6apabaHoB, OpH cie-
OYIOUIHX OganEeXx: M, =
=20 kr, Mo =34 kr, =
=5 cM, r; = 10 cM; Macch
6apabanoB: Manoro 4 Kr u
6oapmoro 8 kr. Macce Ga-
pabanoB cyuTaTh paBHO-
MepHO pacnpefe’eHHBIMH
0 HX BHEIUHHM NOBEPX-
HOCTSIM.
Oreer: =49 pan/c?
T)=246 H, T2==f67 H.
47.5(47.5). K cHcreme
K 3apase 473 K 3gaade 7.5 K sanaue 47.6 OJTOKOB, H306par<eHHOR Ha
PHCYHKE, TnomselleHBl rpy-
au: My maccwr 10 xr u My maccw 8 kr. OnpenesuTes yckopeHwe ws
rpysa M; v HaTaXXeHue HHTH, Npenebperas MaccaMu GJIOKOB.
Oreer: wy=2,8 m/c?, T =56,1 H.
47.6(47.6). K mwxneMy mxupy C noAbeMHHKA NPHIIOKEH Bpallaio-
wui Moment M. Onpenenuts yckopenwe rpysa A maccn M;, NOAHH-
MaeMoro BBepx, ecin mMacca nporusoseca B paBHa My, a wruss C u D
pa;auyca r M MaccH M; kaxaw# npefcTaBasiior cOGOR ONHOPOAHHE
UHIHHADH, Maccolt peMHA npeHebpeub.

Orgeri e=g
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M (Mo — M) ar
ML Mo+ My r *

47.7(47.7). Baa rabectana — Mexanuama AN NepeaBHIKEHHS TPy-
SOB—pajlHyca r MPUBOANTCA B ABIDKEHHE NOCTOSMHLIM BPALIAIOUIEM
MoMeHTOM M, npmaoennLi k pykositke AB. Onpenennts yckopeHue
rpysa C maccu m, ecnn Kosduiiient TPENHA CKOJbIKEHHS] Tpy3a

Oreer: w=

O rOPH3OHTAJIBHYIO ITOCKOCTH paBed f. M
Maccolt xawata u kaGecrana npe-
HeGpeys. Al 8
Orser: w= M ) § [ E
mr ‘'r

47.8(47.8). Pewmts npeguinyulyio 3a-
llauy € YyYeTOM Macchl KabecTaHa, Mo-
MEHT HHEDUHH KOTOPOIO OTHOCHTENBLHO
OCH BpallleHHs papeH J. -

. __r(M—Fmgr)

Orger: w= S - K sapave 47.7

47.9(47.9). I'pyz A maccm M,, ONyCKAasCh MO HAKMOHNON TJiamKoil
MIOCKOCTH, PACMOJOMEHHOH MO YIWIOM & K rOPH3OHTY, NPHBOAMT BO
BpallleHHe NOCPEACTEOM HEPACTSIKHMON HHTH Gapaban B Maccu M,
u paguyca r. Onpegenuts yriosoe ycKopenHe ©apaGana, eciH CUHTATE
6apaban ONHOPOAHBIM Kpyr- g
JIBIM UHJAHHAPOM. Maccoii ne-
noaswHOra 6aoka C u uuTH
npenebpeyb.

. . 2M,gsina
Oreer: B—W-M—z)—.
47.10(47.10). Yesonex
TONKAET TEJIEKKY, NpHJI0IKHB
K Hell TOPH3OHTANBHYIO CHIY K spanee 479 K sanave 47,11
F. Onpenenuts YCKOpeHEe
KYy30Ba TeJIEXKKH, €C/IH Macca Ky3opa paBHa M;, M, — Macca kaxuoro
H3 HETHIpEX KOJIeC, r— pajguyc Kojec, fx— koadduunent TDEHHA Ka-
uehns. Koneca cumrate comowsmmu Kpyrnmmu AUCKaMH, KaTHlIH-
MHCA 0 penbcaM 6e3a CKOJNBbIKEHHS.

I il

f
F— 25 (M +4M2) g

(M + 6M,) '

47.11(47.11). Katox A maccet M;, ckaThBasch 6es CKONBXKEHHA No
HAKJIOHHOH NJIOCKOCTH BHM3, NOAHMMAET MOCPEACTBOM HEPACTSIKHUMO
HHTH, NepeGpoulennoii yepes 6ok B, rpys C maccs M,. IIpu stom
6nok B spauiaercs BOKPYr HeNoABHKHOA ocH O, OEPNEHAHKYNSPHOR
ero naockoctH. Karok A u 610k B — onsoponnsie KpYTJIEie OUCKH OXH-
HAKOBOH MaccH H pauuyca. HakmouHAas MIOCKOCTD ob6pasyer yroa a
C ropu3oHTOM. OnpenenHTh ycKOpeHHe OCH KaTka. Maccoll HHTH npe-
Hebpeup,

Orger: w=—

M sina— M,

Orser: w=g TM:-I—_M;—'
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47.12(47.12). Tpys B maccw M; npuBOAMT B ABHIKEHHE UHJIMHADH-
yecKkHH kaTtoK A macce M, ¥ paguyca r npH NOMOILM HHTH, HAMOTAM-
HOK Ha KaToK. OnpenenHTbh yckopeHHe rpysa B, eCllH KaTOK KATHTCs
Ge3 cKOJNbLXKeHHA, a KO3(QQHUMCHT TPCHHs KaueHHs paBeH fx. Maccoii
Gnoxa D npexe6peys.
M; — Bi's M,
Oreer: w==28g el
8M, + 3M;
47.13(47.13). Crepxens DE macch M, JNexuT Ha Tpex Katkax A,
B u C maccn M, xaxaeiii. K cTepiHio npHioxeHa no ropH3OHTamH

&7
. D E F
s N

K zanage 47.12° K sanave 47.13

Bnpapo cuaa F, npusonsitias B ABHIKEHHE CTEpIKeHb H KaTtky. CKOJb-
HEeHHEe MeXKy CTePXHeM H KaTKaMH H TaKiKe MexXaAy KATKaMH H ro-
PH30HTANBLHOK TMJIOCKOCTbIO OTcyTcTBYeT. HaliTH yckopenHe cTepikHst
DE. KaTKH cYHTATb OZHOPOAHKIMH KPYLJHMH UHJIHHAPaMH.

e
TB8ET, W= 8M, + 9M; °

47.14(47.14). Onpenenuth yckopenue rpysa M, paccmoTpeHHOro
B 3apade 47.5, ¢ yueToM MaccH O6JOKOB — CIIOIIMEIX OTHOPONHBIX
AMCKOB Maccel 4 Kr KaMJEIf.

Oreer: wy= 0,7 M/c.

47.15(47.15). I'pya A maccu M;, onyckasce BHH3, NOCPEICTBOM
HepaclsikMMOH HHTH, nepe0GpouieHHOH yepe3 HENOABHXKHBIH 6siok D
M HAMOTAHHOW Ha WKHMB B, 3actaBnser Ban C KaTuTECA 6€3 CKOMBXKe-
HHA MO TOPH3OHTAAbHOMY penbey. Llkus B
pazuyca R xecTKO HacaxeH Ha Ban C pa-
nuyca r; uXx obuwas wmacca paeBHa M a
pAamHyC HHepUHHM OTHOCHTeNbHO ocH O,

7] — NEPNeHANKYNAPHOH  IJOCKOCTH PHCYHKA,
D paser p. Hafith yckopeune rpysa
A. Maccoii uutH u 6a0Ka npeHe-
A Gpeys.
K sapave 47.15 Mi(R— ,-)2

Oreer: W= M T

47.16(47.16). LlenTpo6exubiii perynarop BpalIaeTCH BOKPYr Bep-

THKaNbLHOA OCH € NOCTORHHOH YIrJIOBOH cKOpocThIO ©. Onpemenuts

yrosl otknonenus pyvek OA m OB oT BepTHKanM, NPHHHMAaA BO BHH-

MaHHe TONBKO Maccy M kaxznoro u3 mapoB W maccy My mydpru C,
BCE CTEPIKHH HMEIOT OAHHAKOBYIO ANRHY [,
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)

1)

=

o — M+ M)g
Oreser: cos @ == S
47.17(47.17). Uentpobesxuuti PETYNATOP BpalllaeTcs ¢ NOCTOSHHON
YrnoBo#t cKOpocThi0 ©. Hafitu zamncmmocts MeXy yrnoBol cko-
POCTBIO DErynsiTopa H YrioM o OTKJIOHeHHs €r0 CTepiKHeli OT Bep-
THEANH, ecid MypTa maccel M; omxkumaercs BHH3 NPY)KHHOH, HAXOAS-
wefics npy @ =10 p HeleOPMHPOBaHKEOM COCTORHIN H 3aKpenenHoil
BEPXHHM KOHLIOM HAa OCH perynisitopa; mMaccu WAPOB paeHul My, nanya
CTepkHeli paBHa /, ocH moxeeca CTEPIRHEH OTCTOAT OT OCH peryasitopa

7
A £
N 5 3
<ba Naa @ ] © \.\_
A Yig : z
i
'l
i
Ll{ oL
1
-—‘-——!ﬂ‘-e
¢ @D
- K 3anawe 47.18 K 3amage 47.17 K 3anawe 47.18

Ha PACCTOSIHHM @; MaccaMu cTepikueli NPYZHHB! npene6peys, Kosp-
(DHUAEHT >KecTKOCTH NpYKHHE paBeH c.
1 o0 (M.+M,)g+2lc(l-—cosu)

Orger: v*= Mylo FTsina) tga

47.18(47.18). LenTpobexuuii NPYXXHHHBIA PEryNsTop COCTOHT H3
ABYX Ipy30B A v B maccnt M RaMIHI, HACAKEHHLX HA CKPenJieHHkli
CO LIMHHAENEM DErynsTOpa TNaiKni ropH3IOH-
TanbHEH cTepxens MybTH C Macch M, tar pnu-
Hbl [ H MIPYXXHH, OTKMMAIOMHX TPY3H K ocu Bpa-
IIEHMS; PACCTOSHHE WAPHHPOB THT OT OCH IUTHH-
AEJIs pABHO €; € — KOSQ(QHUHEHT KECTKOCTH npy-
#uH, OnpenennTs yriosyto ckopocts perynaTopa
TIpH yrie pactBopa «, eclld NPH yrie do, rie
%0 <" @, TIPYXHHB HAXOAATCS B HEHATpAIKEH-
HOM COCTOAHHH; MacCO¥ TAT H TpeHHeM npe-
Hebpeub.

Mg tga + 2¢! (sina — sin ap)

Orser: © = 2M (e + L sin @) :
47.19(47.19). B PerynaTope uerhpe rpyaa
OIHHAKOBOH Macck M) Haxoparcs ma xomnax K aanaue 47.19

ABYX PABHONJIENHX DBIYATOR JUIMHE 2/, KOTOpbIe

MOTYT BPALIATECS B NJAOCKOCTH PeryasTopa BOKpYT KOHNA InHuzeas O
H 00pasyioT ¢ ocslo mmengens nepeMelHb yron ¢. B royke A, naxo-
IeHCsl OT KOHua nuumesns O Ha paccrostin OA = @, co mnuupenem
WiaphHupHO coenunensl puyarn AB 1 AC paunm a, KOTOphlE B TOYKAX
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B u C B cBOIO OUepeib cOYNeHeHs! co ctepxuavu BD u CD pnnun a,
HecyutiMu my¢gty D. B Toukax B u C HMeIOTCH [ON3YHKH, CKONb3#H-
liMe BAO/ML PHNAroB, HecylHx rpy3s. Macca mydTw pasua M. Pery-
NATOp Bpallaercs ¢ NOCTOSHHOH YryoBOH ckopoctblo ®. Haltu cea3b
MCIKAY yraoM H YILJIOBOH CKOPOCTHIO «w B PABHOBECHOM MNOJIOMEHHH
perynsitopa.

Orser: PabHOBeCHOE MNOJOXEHHE peryJisitopa BO3MOMHO TOJIBKO

YaMaa
NpH ©== A /=p5— He3aBHCHMO OT YrJia .
1

§ 48. ¥pasrenusa Jlarpanxa 2-ro posa

48.1(48.1). Ilepepgava BpatlienHs Me¥Jy AByMs BalaMH OCylue-
CTBISIETCH ABYMsi 3yOYaTEIMHM KOjecaMH, HMEUIHMH COOTBETCTEEHHO
2y H 2; 3ybloB, MOMEHTH HHEPUHH BAaJOB C HacaXXeHHHIMH HA HHX
KOJlecaMH COoTBeTcTBeHHo paBHH [y H [p. CoctaBHTh ypaBHEHHE ABH-
JKeHHs NepBOro Baja, €CAH Ha Hero ACHCTBYeT BPAllAKMIHA MOMCHT
M;, a ua apyroii Ban— MoMeNnT conpothBaenHs Mz Tpeunem B moa-
IIHOIAKAX NpeHebpeys.

Orser: (I~ i215) §= M) — iM», rne i=2,/z.

48.2. Bapaban 5 luenTpuQyrs NPHBOAHTCS BO BpALIEHHE 3JEKTPO-
peurateneM /] depes ABYXCTYNCHUATHH PeNyKTOp. 3a4aHbl MOMENT
HHepuHH Jfo 3NEKTPOABHraTeNsd, MOMEHT
nuepuun Jp; 6apadama, MOMEHT HHepLHI
J1 npoMexyTowHOro Bafja pegykKropd,
nepenaTouYHbie YHCRA io) H fj2 CTymeHeil

C R

K zanaue 4B.2 K zanave 483

penyktopa. K poTopy 3JeKTPOABHTATeNs IPHJOXEH Bpamaloimui
MOMeHT Mo B MOMeHT cunl compotiBienus Mj, K Bany pemyktopa m
K GapabaHy — MOMEHTHI CHJl conporusnenuss M) u M; cootper-
creenHo. CocraBurb AHdgepeHnHANbHOE ypaBHeHHe BpaimuenHs 6apa-
bGana UeHTpH(QYTH.

Oreer: (43,2, + 1,8, +1,) 6 =(M,— Mg)iohy, — Mii, — M.

48.3. Tlpuson 3neKTPOMOOINS COCTONT H3 3NekTponpuratens 31
Il ONHOCTYNEHYATOro PEAYKTOPa € TepeRaTourHEM yucaom i. CocraBnth
IuddepeHnHalbRoe YpABHEHHE ABHXKEHHS 3JeKTPOMOOHNS, eci fo—
MOMEHT WNHepLHH pOTopa 3JeKTpoaBHratess, J;— MOMeHT HHepUHH
KAXKOOTO M3 YeThipex KoJec, HMeOUHX pamHyc r, m— CyMMapHas
Macca snexkTpoMobunsg, M — Bpallalolinit MOMEHT 3J1€KTPOABHraTels,
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M’ — MOMeHT cuar conpoTHBnenms Ha Bany snekrpopeHratens, F—
CYMMapHasi cu/iia CONMPOTHBIEHHS ABHIKEHHIO 3NeKTpoMoGHAs,
47, Jo Yo M—M

Oraeri (m—!——;r +a7)i= e

48.4. dnexrponsuratens 3/ CTabHIH3HPYIOEro NpHBoAa ycra-
HOBJIEH HA BpaulalolleHcs paMe, NONOMNenHe KOTOpOH 3ajaercs yr-
nom @. lllecrepus / na pany SJACKTPOABHTaTe)lsi OBKATHIBAETCA BOKPYT
UIECTEPHH 2, CBA3AHHON € HenompHIKHEM ocHOBaHueM. CocTaBuTh
InpdepeniiHanpHoe YpaBHeHHe
ABHIKEHHS paMH, ecau J;— MomeHT
HHEPUHH DaMLI BMeCTe C 37eKTpo-
ApHrateneM, Jo— MOMeNT wHepuHH
POTOpA 3JIEKTDONBHFATENS, {jo—Ie-
PEAATOYHOE YHCNIO NapH wecTepew,

K sanave 48.4 K 3apaue 485

Mo— Bpamaomuit  MoMent S/IeKTpoABHTaTeNns, My — MoMeHT cmn
CONPOTHBIIEHHN Ha Bany anexktpoaeuratens, M| — mMomeHT cui, npH-
JIOXKEHHBIX K paMe BOKPYT ec OCH.
132 - 1

Oraer: [1o (1 + =)' + 1] o= (M, ~ M) (147-)—m.

48.5(48.3). Onpenenuts aBMKenHe TPy3a MAaccH m, BHCSLIEro Ha
ONHOPOAHOM TPOCe MAacCH fmy; M IJHHE [ Tpoc HaBePHYT Ha bGapabau
PaMyca a H MAaCCH my; OCh BpalleHHsi TOPHIOHTANLRA; TPEHHEM npe-
‘HeGpeub, Maccy Gapabana cuMTATEH PaBHOMEDHO pacrnpeneneHnoi no

€ro o6ony. B Havanbuelii MoMenT £ =0 cucrema HAXONHNACH B MOKOE,
JJIMHA CBHCABIUEH gacTH Tpoca lo.

YKkasanue, Tlpene6pzus. pasmepamn Gapalana mo CcpaBHEHHIO ¢ AAHHON Che-
LINBAOLUEACA YaCTH Tpoca.

N L TE ol _ mg
Orger: x = - +(la‘|‘ " ch (mt 4 my + mg) I A

'48.6(48.4). B anuumkanyecKom MexaHH3Me Ceraollasi miecTepeHKa
PalHyCa r; HACAXEHA HA KPHBOWIMN C MPOTHBOBECOM, Bpamaniuics
BOKDYT OCH HENOIBHIKHON WeCTEePEHKH Mox aeficTBHeM NPHJIOIK EHHOTO
MoMenta M. Onpepneauts yriosoe YCKODEHHE BPALEHHS! KPHBOLINHHA
- OKpYJKHOE YCHIIHE S B TOUKe Kacanus LIECTEPEHOK, ec/IH pACCTOsHHe

355



MeXNy OCHMH IIecTEPeHOK paBHO [, MOMeMT HHeplLHH KPHBOLUHNA
C MpOTHBOBCCOM OTHOCHTEJBHO OCH BpallleMHs KpHBowuna paeed Jo,
Macca beraiouled IUeCTepeHKH 1y, MOMEHT HHEPLHH LIeCTEPEeHKH OTHO-
CHTELNO ee OCH Ji; TpeHHeM npeHeOpeub, UEHTP Mace LUeCTePCHKH
H KPHBOIUHIMA C NPOTHBOBECOM HAXOAHTCH HAa OCH BpalleHHs KPHBO-
una.
o M _ Nt

Orger: € !0+m112+!,12/r'f . x E.

48.7(48.5). B nnanerapHoM MexaHH3Me kKoleco ¢ ocklo O Hemo-
BBIDXHO; K pykositke 0,03 npunoxeH Bpaulalomuii Moment M; mexa-
HH3M pacnoNiozeH B rOpH30HTaNbION nmuockocTH. OnpenenuTs yrioBoe
YCKOpeHHE PYKOSITKH, CHHTasi Kojeca of-
HOPORHEIMH AHCKAMH € OJHMHAKOBHIMH
MAaccaMH m H pagHycaMH r H npeHebpe-
rasg Mmaccoii pyxosljaxn.

Oreer: g =

22mr? *

K 3apave 48.6 K 3apave 48.7

48.8(48.18). Beryns K, K npHBOomsTCA B JBHXKeHHe OT BaJjla BH-
raTens NpH NOMOIIH Tepe]asH, CXeMa KOTOPOH MOKA3aHA HA PHCYHKe,
Macca opnoro Geryna pasHa 3 T, cpennmii paauyc R =1 M, paguyc
Bpauledns r ==0,5 M. CunTtaem, yT0 MIHOBEH-

1 Hasi OCb BpauleHHa OeryHa NpPOXOAMT 4epe3
cpeanwio Touky C obona. OTHolenue pafwuy-

K COB KOJIEC KOHHYECKOIl Nepefayl OT OBHrATENN
L K BEPTHKaJbHOMY Bany paBuo 2/3. Beryn cuu-
= TaeM OIHOPOAHBIM JIHCKOM pafiuyca R u mpe-
HebperaeM Maccoil BceX ABHIKYLIHXCS YacTeil

N0 CPaBHEHHIO ¢ Maccoil GeryHos. BrlyucnuTs,

= KaKOH MOCTOSHHBIN BpAMAWLIANA MOMEHT [0.-
’%.;(_ 3KeH OBITh NPHJIOMKCH HA BaNy ABUraTeNs, 4To-
2l - 065 CcOOCLIMTL BEPTHKANLHOMY Bajy YIJOBYIO
= ckopocte 120 06/Muu no werewenun 10 ¢ ot

MOMEHTAa nycKa [BHFaTeNs; cHJIaMK cOnpo-
K sanage 48.8 THEJEHHS npeHebpeus.
Orser: 3140 H-m.
48.9(48.7). I'pys M maccu 101 xr nofnuMaeT ¢ NOMOLIBIO HONHCHA-
cta rpys M;, xorophii BMecTe ¢ MOABHIKHOK OGOHMOII HMeeT Maccy
320 gr. Beex 6210k0B veThipe, GonbuHe GJAOKH HMEIOT maccy no 16 kr,
Manue —no 8 Kr, paguycs GoJblWHX GJOKOB pPaBHH r, PafHychH Ma-
Jibix paBabl ri. Onpepenuth yckopenwe rpysa M. Ilpu onpenenenuin
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BHEPTHH OJIOKOB NpeanosnaraeM, YT0 Macchl HX pPaBHOMepHO pacnpe-
JeNensl M0 OKPYKHOCTH.

Orser: 0,1g.

48.10(48.9). B MawmHe ANS CTATHYECKOrQ YPABHOBEWHBAHHA po-
TOpOB MNOAUHINHHKH HAKNOHEHE! MOA YINOM o« K BepTHKanH. Porop,
NOMEUICHHNE B NMOAIUHIHHK, HMEeT MOMCHT HHEPUHH J (OTHOZHTEALHO
CBOEH OCH) H HeceT HeypaBHOBe-
IIEHHYO Maccy m Ha PaCCTOSIHHH r
ot ocH. Hanmueats auddepenumans-
HOE€ YypaBHEHHe JBHIKEeHHS poropa
H ONpedenHTb 4MacToTy MaJhlX KO-
Ne6aHlil OKOJIO NOJIOIKeHHs paBHO-
BECHA.

Oreer: (mr* 4 1) ¢ +
+ mgrsinesin g=0,

mgrsina
k= “mrff 7 v TR @—yron

NIOBOpPOTa POTOpA.

48.11(48.19). Onwmoponumii ko-
HYC KATHTCH MO 1UePOXOBATOH IJIO-
CKOCTH, HAKJIOHEHHOH MO yrioMm c
K ropusonty. IlnHHa o6pasymoueit
KOHYca /, yron pacteopa 2B. Cocta-  x samawe 289 K 3anaue 43,10
BHTb ypaBHEHHE ABHIKEHHS KOHyca.

YKazanne 3a OBOGIIEHHYI0 KOOpAMHATY npHNATH yron ®, obpazoBannmil
conpukacaiomefics obpa3yiouieii ¢ npaMOf HarOOMBIIEro HAaKJONZ TIOCKOCTH.

AT gsina 5

Orger: @ -+ TleosipF 1j5) Sin®=0.

48.12(48.10). Matepuanbuas Toyka MACCH! 171 NBHKETCS MOJ BAHA-
HHEM CHJLL TSXKECTH MO WHKJIONAANbHON HANPABNAIONICH, 3aA4HHON
YpaeuenHeM s=4asinq, rge
§—Jyra, OTCYHTHBaeMas Or oy
T09kH O, a ¢ —yron kaca- ’
TENBHOH K INKJIOHTE ¢ ropu-
30HTanbHOH ocklo. Onpepe-
JIHTb NBHXXEHHE TOYKH,

Oreer:

s=4sin (3 /21 44,),

rie A H Q¢— NOCTOSHHEE HH- K sazave 43.12 et
TErpHPOBAHHSA.

46.13(48.11). Cocrasute YPaBHEHHe INBHIKEHHS MasTHHKA, COCTOS-
IIEro H3 MaTtepuanbHoll TOYRKH M Macch m, NOABEIUeHHOW Ha HHTH,
HABEPHYTOH HAa HeNOaBHIKHE] LUHIHHID panuyca a. Ilnuna ceHcAome
B NOJIOYKeHHH DABHOBECHS YacTH HHTH paBHa L Maccoit HuTH npene-
6peyn.

Orger: (I+ a®)® + a2+ gsin® =0, rae ®— yron orknoHenns
MafATHHKA OT BEepPTHKAJH.
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48.14(48.12). CocraBHTbL ypaBHeHHE ABHIKEHHS! MAafTHHKA, COCTOs-
arero u3 MaTCPHaJ’[bHOﬁ TOYKH MaccH i, NOJIBEIUeHHOH Ha HHTH, OJHHA
KOTOpO#i W3MeHsieTcs MO NPOM3BOJBHO 3amaHHOMY 3akony [ == [({).

Orser: § -+ 2 -i- ¢ -+ Tg sing==0, rge @-—yron OTKJIOHEHHS HHTH

OT BepTHXAAN.
48.15(48.14). Touka nopgeeca MasiTHHKA, COCTOSILEro H3 MaTepH-
aNbHOI TOYKH MACCH m HA HEPACTAIKMMOH HHTH IJHHH [, IBHKETCH
0 3amannoMy 3akony E = Eo(f) no Hak/JOHHOH mpaAMOI, o6pasyiolieH
yron ¢ c ropusontoM. COCTABHTL YpABHEHHE ABHIKEHHS MAATHHKA.

Oreer: (';'}-i——';i sin (p—{—Tg-cos(qa—a):O.

48.16(48.15). Jipa mana, HAXONALIHXCA B OJHOH NJOCKOCTH H 06pa-
syloimux Mexay coboii yron «, coefnHeHul wapHHpom Kapaana. Mo-
MEHTH HHEpLHH BaJIOB pPaB-
wet J; u Jo. Cocracurs
ypaBHCHHE ABHIKCHHA IMep-
BOTO Baja, €CJAH Ha HEro
LEHCTBYET BpaularoulHA
voMmeHt M;, a K mpyromy
Bajlly MOpHJOIKEH MOMEHT
conporupaenng M, Tpe-
Kiaasianepifth HHeM B TMOALNINHHKAX npe-
HeGpeus.

Orger: O6Go3snavas yepcs ¢ yroJ MOBOPOTA HEPBOrO Baja, HMCEM
cos @ 21 .. Js sin® e cos®* @ sin 29 .

[‘r' + 1 1 — sin? a cos? @ ) ](p T (1 —sinacosiq)
cos
=M —M 1 — sinacos?g

48.17(48.8). KpupolmnnHuH MEXaHusM COCTOMT M3 MOPIIHS Maccu
my, wartyHa AB macchl my, kpueownna OB, pana 1 MaxoBOro Koseca,
J»— MOMeHT HHEPUHNH IUATYHA OTHOCHTEJBHO ero ueHtpa mace C; J;—
MOMEHT HHepUHH KpHBowWwHNa OB, Ba-
Jla H MaXOBEOTQ KoOJleca OTHOCHTEeJBHO
ocH; Q — nuomaas NopLHH, p— [AaB-
JIeHHe, MeHCTBYMOllee Ha nOplLUeHsb,
|— nnHua 1WaTyHa; $— pPacCTORHHE
Mexny ToukoH A u UcHTpOM Macc lua-
TyHa; r— piuEa Kpeeomuna OB;
M — moMeHT COMpOTHBINERHS, mEii-
K aanave 4817 creylomui Ha Ban. Cocrasuts ypas-
HeHHe JIBHIKEHHS MeXaHH3Ma, CYHTas
YToJ1 MOBOpOTA WaTyna P MankM, T. €. noNaras SinP=1P u cosP = I;
B KayecTBe 060OIIeHIIOH KOOPAHHATH B3ATh yroJl BOBOPOTA KPHEO-
wHna @. MexaHH3M pacrofiokeH B rOPH3OHTAJNBHON MIOCKOCTH.

Oreer: [(m| -+ my) r? sin? @ + (J, 4 rys?) (—f—)z cos*@ 4 Ja] ¢+
L [(m, +m) P — (Jy+m,s?) ({)2] cos @ Sin @ = — M + pQr sin g
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48.18(48.20). Tlo OAHOPOIHOMY CTEPIKHIO Maccel M W niunu 2a,
KOHLUH KOTOPOrO CKOJNL3AT N0 TJANKOH, PACHONONKEHHOH B ropH3ou-
TaNbHOH MIIOCKOCTH OKPYIKHOCTH pafnyca R, OPHXKETCA ¢ NOCTOSHHOMN
OTHOCHTE/IEHOM CKOPOCTBIO U MaTepHANbHAS TOUKA Macchl m. Onpene-
JINTe ABHXKeHHe CTepXHA. B Hauansuwelit MoMent MaTepHANbHAS TOYKA
HAXOHTCA B LEHTPE MACC CTEPIKHSA.
vf

Orser: & — B, = Carctg serne B o1

2 M 2 a*
R — g +—m— (R — —3'—)
C — NpOH3BOMIBHKE NOCTOSHHNE.,
48.19(48.21). Konum OAHOPONHOTO TsIKesoro crepxua AB mnnuim
2a u macce! M ckoneasit Ges TPEHHA N0 rOpH3OHTANILHOMY H BepTH-
KaJIbHOMY CTePXHAM paMKH, BpauIaolleiics ¢ BOCTOSHHOH YIiIOBOMH
CKOPOCTLI0  BOKDYr BEPTHKANbHOH CTOPOHH. COCTAaBHTSH ypasHeHue

ABMIKEHHA CTEPIKHA H ONpenenHTE MNOJOMKEeHHe OTHOCHTeJIBHOIro pas-
HOBECHS.

Orser: i;— Ma®® — % Mo®a? sin® . cos ® — Mgasin® =0, rge 6 —

yroi, o6pasyemulii cTepcHeM ¢ BEPTHKaNbIO. B monoxennn pasuose-
cua 4 =0 (Heycroiiunsoe pasHOBecHe).

K 3agaue 43,18 K aanave 48.19 K 3apave 4820

48.20(48.22). K okpyXHOCTH IHCKa pannyca R WapHHpHO npuco-
€AHHEH DBIYAT, HeCylUHH HAa CBOHX KOHLaX COCPeLlOTOYeHHRIE MACCH
my ¥ rmy. Paccrosuns Mace ot IIAPHEPA COOTBETCTBEHHO PABKEI /) W [y
Iuck Bpamaercs oxono BePTHKalLHOH OCH, NeprneHnuKyAApHOH ero
TJIOCKOCTH, € YrJIOBOH CKOPOCTHI0 w. CocTamuTh YPaBHEHHEe OBHIKEeHUSN
peuara H OnpefesHTh €r0 OTHOCHTENbHOE MOJIOIKeHHe PaBHOBeCHS.
Maccoii puiyara npexedpeus. Ock Bpamenns pHYAra napannenbHa ocH
BPalleHHs nncka, Pewnts Takxe sanauy B NPEANONIOMNeHHH, Y4TO HHCK
BpallaeTcs B BEPTHKAJBLHON IMIOCKOCTH (yuecte neiicteme cuaw Tts-
WeCTH).

Orser: Ins Bpauienns BOKPYT BePTHKANBHOH OCH

(i 4-mald) p — Ro? (myly — myly) cos (P — wf) =0,

Opu mily = myl; pHYar B 6e3pasnHYHOM OTHOCHTENBHOM PaBHO-
secud. [lpn myly 55 myl, CYIMECTBYIOT ABA MOJIOZKEHHS OTHOCHTENBHOIO
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PAaBHOBECHH, NPH KOTOPHIX Y =wof X n/2, T. e. pEYAr HANPABIEH NO
pamuycy. Ilna Bpaulenus BOKPYr rOPH30HTalbLHON OCH

(i} + maf3)  — Ro® (myl, — Iyly) cos (Y — wt) -+ (rmly — myly) g sin =0,

Ilpu myly # mql; OTHOCHTENBHOE PABHOBECHE HEBO3ZMOMKHO.

48.21(48.24). Tomkniz nuck Maccw M MomeT cBOeH NJIOCKOCTHIO
CKONb3WTh Oe3 TpeHHS MO TOPH3OHTAAbHON mnJyockocTH. Ilo amcky,
BCPXHfAA TNOBEPXHOCTL KOTOPOro [1€poXoBaTta, [BHIKETCH MaTepHaib-
Hasi TOYKAa MAacCH /1. YPaBHEHHH OTHOCHTEJILHOIO HABHXXEHHS TOUKH
B ACKapTOBBIX KOOPAMHATAX X H I, CBA3AHHKX C AHCKOM H HMEKLIHX
Hayano B €ro LeHTpe Macc, safaHel B BHAe X =x(l), y =y(f). Mo-
MEHT HHEepPUHH OHCKAa OTHOCHTeNBHO ero meHtpa Macc paBeH J. Ompe-
AENHTE 38KOH H3MEHEeHHSA yl"J‘[OBOﬁ CKOPOCTH JHCKAa. B navansuom
NOJIOXEHHH JIHCK HEeMOJABHEeH.

M . M 3 =
Oreer: [-‘r o *,;'3.—54‘ (x* + !/2)] ¢+ gfl—M (xg — yx)=
__ mM S .
T ME+m (xolfo — y(}xﬂ)l

TAe Xo, Yo, Xo, Yo— 3HAYEHHN KOOPAHHAT H NPOCKUHH CKOPOCTH TOYKH
B Ha4aNbHHH MOMEHT BPEeMEHH.

48.22(48.25). Ilo aucky, onHCaHHOMY B MpeAnnylueit 3a4aqe, BAOTE
OKPY7KHOCTH pajanyca R nBHKeTcsl MaTepHAJbHAA TOYKA C OTHOCHTEb+
HOH cKopocTelo v == af. HaliTH 3aKon ABHKEeHHS AHCKA.

. L mM Ra 2_____i
Orser: ¢ = — e Ral—mf",
m-- M
E=— m':-RM cos 02_};5 2, n=— m‘:_RM sin u;p £

Fie @—Yyrojl noBOpOTa QHCKA, & £ H 7] — KOODAMHATH LEHTpa Mace
AHCKAa B HENOABHXHOH HEKApTOBOH CHCTeMe, HMelollell
Hayano B UEHTPEe HHEPIIHH CHCTEMH.

48.23(48.26). MaTepuanbuas Touka M npukeTcs nop
LCHCTBHEM CHJIBI TAXECTH N0 ODPAMOJHHENHOMY CTepKHIO
AB, BpamarwieMmycs ¢ NOCTOAHHOH YTJIOBOH CKOPOCTHIO
© BOKPYr HenoABHXHOH BepTHKaneHOR ocu. Crepxenb
AB o6pasyer yron o ¢ ropusontansto. Haiiti sakon nes-
IKCHHA TOYKH.

Orser: Paccrosnue pBHXKYyIeHCA TOYKH OT TOYKH Me-
peceyeHHsi NPAMOH ¢ BePTHKAIbHOH 0ChIO

r =Clemtcosa + Cne—wtcosﬂ _I_ i sina

o cosfq’

K aanave 4823
rae C; n Co— NOCTOAHHEIE HHTETPHPOBAHHA.
48.24(48.27). MartepnanbHasa TOYKa Macchl /7 JBHXKETCH MO KPyro-
BOH paMke pajinyca @, KOTOpas BpallaeTCa ¢ MOCTOSHHOH YIJOBOI
CKOPOCTHI0 @ BOKpYr BepTHKanbHoro nHamerpa AB. CocraButh ypas-
HEHHe ABHXEeHHA TOYKH H onpefenduts MOMeHT M, HeoOxoluMHE AJs
NOAJEpaHHA [OCTOAHCTBEA YTJI0BOH CKOPOCTH,
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Oreer: & + (f— — o?cos 1‘}) sin®=0, M=2ma®sin® cos? - od.

48.25(48.41). Teno maccw m MoKer BPAIlATLECH BOKPYF TOPH30OH-
TanbHOk ocH 010, KoTopas B cBoI0 Quepeny Bpallaercs C NOCTOAHHON
YIVIOBOM CKOPOCTBIO & BOKPYr BepTHKadbHOH ocu OC. Llentp macc
Tena G JeXKHT Ha paccTosHuKM ! OT TOuKH O Ha NpAMOH, NeprneHy-
xynspuoi O.0,. Ilpexnonaras, uro ocu 0,0; u 0:G SBJAIOTCA TAaE-
HHIMH OCAMH HHEPLHH Tena B Touke O, COCTARHTH YPaBHEHHE [BHKE-
nns. MOMEHTH HHEpUHH Tesa OTHOCHTeNbLO TJIABHHIX OCefi paBHEI
ACBLC, .

Orger: Al + 0?(C— B) sin 0 cos § = — mgisin®, roge & — vron
nosopora sokpyr 0,0,.

7
K 3anawe 43.24 K 3apaue 4825 K 3zapaue 4826

48.26(47.20). Opnoponsas HuTh, K KOHLY KOTOpOH mNpHBsI3aH
rpy3 A maccu m, orH6aet HenooBHIKHENT 610K B, oXBaTHBaCT NOABHK-
neli 610k C, NOmHMHMAETCH BBEPX HA HENOLBHKHMI 610K D u Mpoxo-
AHT NApaJe/IbHO rOPHIOHTANIBLHOH MNOCKOCTH, [l K ee KOHWY NpHES -
san rpy3 E maccu m. K oca 6n0oka C npuxpensen rpy3s K maceer my.
Kospduuuent tpenns crompienus rpy-
3a £ 0 rOpHSOHTATBHYIO MJIOCKOCTH pa-
Ber [. TIpn kakom ycrnosuu rpys K 6y-
JeT ONyCKaThCs BHH3, €CJIH HayallbHHE
CKOpPOCTH BCEX IPY30B paBHSAHCH HYyJsI0?
Haiith yckoperne rpysa K. Maccamu
6JIOKOB H HHTH npeHe6pets.

Orser: my >m(l 4),
m—m(l+f)

my + 2m -

48.27(47.21). Ilsa rpysa D u E wmaccn m KaMOelfi NpHBSSAHE!
K KOHUAM HepacTSLKHMOH HHTH. dTa HHTL OT rpysa E wufer Hepes
HENOABHXHEIH OAOK A, 3aTeM OXBATHEAeT NONBHMKHEN /0K B, pos-
BpaulaeTcss BBepX HA HENOABHMKHHNA 640Kk C, COOCHHII ¢ BJOKOM A,
MPOXOAHT napan/ebHO FMaKOH HAKNOHHOH MJIOCKOCTH, rie K KOHILy
HHTH npuBssan rpys D. Hakionwmas nnockocTs ofpasyer yroan o
€ ropusonToM. K nozemxuoMy 610Ky B npukpernien rpy3 K maccer m;.

E

w=g

K 3apauwe 48.27
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Kosdduunest Tpenns ckonbienus rpysa £ 0 ropu3OHTaALHYI IO«
cKoCcTh paeeH f. Maccami OJOKOB H HHTH npeaeﬁpeuqb. BriscHuTs
ycJioBHe, mpH KOTOpPOM rpys K 6yner omyckaTecd, HaliTe yckopenue
3T0r0 rpysa. B Hauasnpubiii MOMEHT CKOPOCTH BCEX T'PY30B DaBHSANHCH

HYJII0. .
Oreer: my>m(f +sing), w=g™=" $ S

48.28(47.22). Tlpuama A Maccsl m CKOJIL3HT MO TIafKoi GOKOBOI
rpany npusmul B Maccd rmy, o6pasyoitei yron a ¢ ropudoutom. Onpe-

K aanage 48.28 K sanave 48.29

IeNnTh ycKOperHe npuamul B. Tpenunem mexay npuamoft B u ropuson-
TaJbHOH MJIOCKOCTHIO NMpeneGpeys.
m sin 2a

g 2 (m; 4+ msin®a) "

48.29(47.23). Ha raaaxoli ropH30HTANBHON NACCKOCTH rnoMenexsa
TpeyronbHas npHaMa ABC Maccel m, KOTOpas MOJKET CKOJNB3HTE 663
TPeHHA MO 3TOH MJIOCKOCTH; IO rpauu npHaMel AB xaTutcs 6e3 cKOMb-
MEHHS ONHOPOAHHH KDYFJIEH UHAHHAD Maccwl
my. OnpenennTs yckopenHe npH3MBbL.

Orser: YcKopeHHe HalpaB/leno BhAeBO W
pPaBHO

Orger: w=

YA SL AL

my sin 2a
T TR T R T e ek

48.30(47.24). Yepes 6nokw A u B ¢ neno-
ABHMHBLIMH OCAMH [repedpoIleH 1UHYp, NOAKep-
KHBAIOUNA NOABHKHKIE 670K C; yacTH wHYypa,
He JleXailiHe I1a KoHuaxX, BepTHKaJibHeL. Bnok C
HarpylKeH ruped Macchl m =4 Kr, K KOHUAM
IIHYpa NpHKpenJeHbl CPy3bl Macehl iy =2 Kr
H my; =3 kr. Onpefe/nTs YCKOPEHHA Bcex Tpex

K asnaxe 48.30 Tpy30B, npeuebperasi maccamu GJIOKOB M IUHYpa
H TPEHHeM Ha OcHX.
1 1 3
Orser: w= 4t g (sBepx), w, =7 & (8Bepx), ==~ & (sRu3),

48.31(47.25). I'pyst M, w M, ommHakosoii Macce m JLBHKYTCS
no JBYM HakJOHHLIM HampaBasiomuMm OA u OB, pacnonoxeHHsM
B BEPTHKAJIBHOH [JIOCKOCTH NOA yriamH a H P K FOPH3OHTY; HHTh, CO-
CAMHAIOUIAN 3TH rPy3H, HieT or rpysa M, uepca 60k O, Bpamaw-
UIK{ICA OKOJIO TOPH3OHTANBHOM OCH, OXBaTHBAeT MOABHIKHBII MIKIB Q,
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Hecymnit rpya M maccwr my, H 3aTem yepes 610Kk O, HageTHil HA Ty
e OCb, 4TO0 H 6ok O, umerT k rpysy M,. Baokn O; u O coocisie,
Onpenenute yckopewne w rpysa M, npeucbperas TpeHueM, a Takwe
Maccamu 6N10Ka, IUKHBA H HHTH,
1 — m (sin a + sin B)

ny + 2m 3

48.32(47.26). Pewmnts npenmpymyio 3apady, 3aMeHHB Tpyaml M,
n M, kaTkaMH Maccel m H panHyca r KaXkpouiil. Katke cguTath CnmoLl-
HEIMH ONHOPOAHEIMH KDYINIBIMR AHCKaMH. KoadpHuseHT TpeHus ka-
dEHHA KaTKOB O HAK/IOHHBIE NMJOCKOCTH paBeH fr.. Hutn 3akpensnens
1a OCAX KATKOB.

m
Oreer: w=g

m:—m[sinu+ sin B +{_—“(cosa+cosﬁ)]

my + 2m .
48.33(47.27). Iana cHcteMa ua IBYX OJIOKOB, HeNONBH:KHOTO A
H NOABHXKHOrO B, u Tpex rpysos M,, M, u M,, moneemennsix ¢ ro-
MOUIbIO HEpACTSKHMBIX HHTeli, KAK YKa3aHO Ha pHcyHke. Maccn Tpy-
30B COOTBETCTBCHHO DAaBHH /2y, mz W M1z, TPH 3TOM my << ma -+ ms

Orger: w=g

K aagage 48.31 K sanaye 48.33

H my = my. Maccamu 6n0kon npere6peus. Harfitu, MpH KakKoM COOT-
HOLIEHHH MacC my, mg H ms rpy3 M, 6ynet omycKaTeCa B TOM Cayuae,
KOria HayaJIbHele CKOPOCTH IPY30B PABHEI HYJIO.
‘:H’Igﬁ‘I3
my~+ms *

48.34(48.45). Haiitu yckopenue TenexkH, no niaatgopme KOTOPOH
KaTHTCS 6e3 CKONbMEeHHS KPYTJIH OHIHHAP, €CH CaMa TeJeXKa Cka-
TEIBAETCH TOXKEe (e3 CKOJBIKEHHs M0 MIOCKOCTH, HAKIOHEHHOH K rOpH-
30HTY NOA YIJIOM e B mapajnenbHoil miaTdopMe TeNexKH; o6pasyio-
LHE NHJIHHApA TNepneHAHKYNAPHH JHHHAM HauOONBIIEro CKATA miaaT-
(popmer. Macca Tenexkn Ge3 komec M, macca scex xojec m, Macca
Uunpenpa M;, Kojeca CYHTATL ONHOPOAHBIMH CIJIOWINHEIMH NHCKAMH,
6M -+ 6m -} 2M,
6M 1+ 9m + 2M,

Orser: Nonxuo 6HTL my >

Orser: w— g sina.
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48.35(48.37). CocTaButh YpaBHEHHS [BIDKeHHA SJJIHNTHYECKOro
MafTHHKA, COCTOSIIEr0 H3 mon3yHa M, macen my, cKOnb3silero Ges
TPEHHHA I10 FOPH3OHTAJNBHOH NMOCKOCTH, H wWwapHKa Ms Macch msg, CO-
€NHHEHHOr0 ¢ noasyHom crepxHeM AB anuwm I CTepsxeHb Moxer
' mpawarecs Bokpyr ocn A, cessamHOl ¢

oA V% NONI3YHOM ¥ NEPHEHAHKYMAPHON MIIOCKOCTH
Rl T i S e o M g e e
} z JIHHTH‘IECKO;O MaATHHKA.
; Oreer: — [(my + my) §+mylg cos g] =0,
A 24, 1§+ cos @j + g sin p=0,
K aanaue 48.35 F—2n /\/-’E"-_:—m -fE ;

48.36(47.28). Tlpu naeame tenexkn A Ha ynpyruii ynmop B Haum-
nalorcs kKoseGaHHMA mOAEelleHHOTO Ha crepxne rpysa D. Cocrasurs
midepenliialibiee ypaBHeHHA ABHXXEHHA MAaTEePHAJbHOH CHCTEMHI,
€CNH m)— Macca TENeXKH, rp— Macca rpysa, [— NJHHA cTepXKus,
€ — KO3 (HIMEHT HeCTKOCTH Npyxuuw ymopa B. Maccoit konec u
BCEMH CHJIaMH CONMpoTHEIeHHs mnpeHebpeuys. Hauasno oTcuera ocH x

3
itie

v

AN N 2N
Z
X
Y/
K zanane 48.38 K asnave 48.37

B3fiTh B JICBOM KOHUe HeAcdOPMHpPOBaHHOH npyxHHBE. Onpenenuts
NEPHON ManLix Kone6aHHH rpy3a DpPH OTCYTCTBHH ymopa B. Maccoid
cTepxHs nperebpeds.

Vxasanne IlpeneGpeun unenomM, ComepxailiM MHOXHTENS §2, cuntats ¢=0,
singp = @, cosg = 1.

Oreer: (my + my) X + myl§ cos @ — mylg? sin g = — cx,

¥cosg4-ljp=—gsing; T=2“'\/TE}E’\/;—‘

48.37(47.32). Ilo wenopsmXHOM nNpH3aMe A, pacmoNOXeHHOR Tmox
yII0M @ K rOPH3OHTY, CKOJb3HT npusma B Macch m,. K npuame B,
NOCPencTBOM UHJHHApHYecKoro wapHupa O H CNHpaNbHOH NPYXHHE
¢ KO3((HUHEHTOM KECTKOCTH €, NPHCOENHHEH TOHKHH ONHOPOIHEI
ctepakens OD maccw my # AnHul [ CTepixcens coBepuiaer KosjeGaHus
BOKpyr ocn O, mepreHOHKyAsPHON IJIOCKOCTH pHcyHka. llonoxenus
npusMbl B n crepxua OD onpeneneHsl NoCpeACTBOM KOOPOHHAT S H (.
Hanucares augdepennnanpible ypaBHeHHS ABHMKEHHS MaTepHalbHOH
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CHICTEME!, COCTORMUCH H3 MPH3MK B n crepxus OD, npexe6peras ci-
Aami TpeHus.. Onpenennts mepuHos Manwx KoseGarmii crepxus 0D,
ecqin myglcos? o << 2c.

Yxaszanue Cunrate sinQ = P cos{@p+ ) = coso— @sine, sarem npe-
IeGpest YJIEHAMH, CORePIKAUIHMH MHOMKHTENN P H@-Q.

Orcer:  (m, + my) & + 4 mulg? sin (g + o) — 5 mulip cos (g + @)=
=(my +m,) g sina, %m,ﬂﬁ: — %m;l.’s‘ cos (@ + a) =—é— mygl sin @ — ce,

T ==2s] /\/ ity [y (1 -+ 3 sin® @) -+ 4my]

6 (m + my) (2¢ — mygl cos?a) °

48.38(47.34). Pewnrs 3anauy 48.37, C4HTasd, Y70 npusMa A maccwl
M3 IBHIKETCA M0 [NafKOH rOPH3OHTAJBHOMN MJIOCKOCTH, a €e NOJoKeHHe
onpenenseTcs KOOpAHHATOH X.

Orser: (rm + my + mg) % + (my +my)5cosa +m,—é—¢2 sing —
-—m,—;-q)comp=0.
(g - m3) & €05 @ - (my +- m2) § + my 4 67 sin ( -+ @) —

&
—my 5 §cos(p+a)=(m + m) g sina,
1
3
48.39(47.30). Marepuanbhas Touka A Macen my OBHXETCS B Bep-
THKANBHOH TMJIOCKOCTH [O BHYTPeHHeH rraaxoii [OBEPXHOCTH Hemno-
ABHMHOrO UHJINHApa papuyca l. Matepuans- g
Hag Touka B Maccel m, npHcoeiMHeHHas K A
i
I\

ml’§ — %’mlli cosg — %mds” cos(p+a)= % mygl sin @ — cq.

Touke A mocpenctsoM crepxust AB mnuun [
MOET KoJNe6aTec BOKpYr ocH A, neprmenau-
Ky/IfPHOH TNIOCKOCTH pHCyHKA. Ilosoxenus
TOYeK A 1 B onpemeneHH ¢ MOMOLIBIO yriios
@ H @, OTCYHTHIBAEMBIX OT BepTHKAnH, CocTa-
BHTH AHGdepeHLHanbHble YpaBHEEHs NBIKe-
HAA cucteMbl. Hanucate auddepenunanpupe
YP4BHEHHSA MaJILIX KonebaHuii cHcTeMEl Mac-
cofi crepxkua AB npene6peus.

K sapaue 48.39

Ykas anue Ilpenebpeus wnemamy, ConepxainMi  muo¥HTeNH ¢2 B &3 a
TaKMe CYRTaTh sin(Q —a) =~ @ — q, cos(p—a) = 1, sing =~ o, sing == @

Orser: (my + my)li myl§ cos (@ — a) — m,l¢? sin (@ — a)=
=—(m +m,) g sina, [p - lacos(p—a) 4 la? sin (p—a)= —gsin g,
(1t - o)l + ol = — (my + my) ga, 1§+ 16— — gop,

48.40(48.40). IlepoxopaThiit LUHIHHAD Maccel m H paauyca r xa-
THTCS Ge3 CKONBIKEHH: 1o BHYTDPEeHHell NOBePXHOCTH MOJI0ro UHIHHApa
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Maceol M W paadyca R, MOryumero BpaulaThCA OKONO CBOEil rOpH3oH-
TanbHO pacrionoxennodi ock 0. MoOMeHTH HHEDUHH LHIAHEAPOB OTHO-
CHTEJILHO CBOHX Ocell pasusl mr?/2 n MR?. CoctaBiTh ypaBHEHHS JBH-
JKeHHS CHCTEeMH M HaHTH HX IEpBHE HHTErpaJsl.

Orser: MR*® — _12_ mR(R—r)d — RB]=C,,
5 MR+ 4 m [(R—1)— RO + 2 (R—rP ¢ —mg (R—r)cosg=C;,

TAe @— yroJl noBOpOTa OTPe3Ka, COEAMHRIOUIEro OCH LHJIHHAPOB, a
& — yron noBopOTa BHEILHEro MHJIHHAPA,

K 3anave 48,40 K 3anage 4841

48.41(48.48). Opuoponkeiit mucK paiuyca R, umewomufi Maccy M,
MOXKET BpallaThCs BOKPYr cBoeil ropusoHTanbHOH ocH O. K aucky Ha
HuTH AB nnHHE! [ nofBelreHa MaTepHaNbHas TouKa macchl m. Cocta-
BHTb ypaBHeHHS JABHXEHHA CHCTEMH,

Oreer: (m +%) R%p + mRI cos (¢ — $) $ + mRL sin (@ — ) $ +
+ mgR sin =0,
Rcos (@ — %)+ lp — Rsin (@ — $)¢* + g sin p =0,

rie ¢ —yroa noBopoTa RHCKA, a §— yron OTK/JOHEHHS HHTH OT Bep-
THKAJIH.

48.42(48.49). JInck cHCTEMEI, OTNHCANHOH B TpenHAymleli 3agave,
BpalllaeTcs C MNOCTOAHHOH yIJIOBOIi CKOpOCTRIO w. COCTaBHTL Yypaphe-
HHE ABHIKEHHA MaTepliaJibHOH TOYKH.

Orser: ) — o? % sin (of — ) —I—% sinp=0.

48.43(48.31). CocTaBHTe ypaBHEHHSE OBHMEHHA MATEMAaTHIeCKOro
MasiTHHKA Macchl ri, TNONBEIIeHHOTO HA YNPYroii HUTH, OAHHA HHTH
B TNOJIOXKEHHH paBHOBeCHR [, ee XXeCTKOCTh paBHa ¢. HaliTH nemikenue
ManATHHKA [JIf cjAydad Manblx KonebaHuil, B KayecTere o606LIEHHBIX
KOOPIHHAT B3fHTh YrOJ @ OTKJOHCHHH MafTHHKA OT BCPTHKAJH H OT-
HOCHTENLHO® YAJIHHEHHEe HHTH 2.
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Orser: (1 ++2)¢ 4 22¢ -+ % singp=20,

F—(14+2)¢?+ —z+L(1—cosq)=0,

z=Asin(z\/-m-c:t+u), ¢=Bsin(»\/$t+ [3), rie A, o B,

f — NPOH3BOJLHBIE NOCTOAHHKIE.

48.44(48.33). OnHH KOHell HepacTAMHMOIl TOHKOH HHTH ODMoOTal
BOKPYr ONHOPOAHOIO KPYTJIOTO LMIHHApA pazauyca R, BTOpPOH KOHClL
npHKpenaeH K HenoaBuxHO# Touke O. Llnnuuap, pa3MmarthiBas HHTH,
ONMYCKaeTCs BHH3, OJIHOBpEMEeHHO pacKauHBasch BOKPYT FOPH3OHTAJL-
HOHA OCH, mpoxolsileil Yepez ToukKy nofBeca WATH. [lpe- 2

pebperast MaccoH HHTH, OCTaBHTh mAudQeperupansHbe g
ypaBHeHHS [ABHIKeHHS LHIHHApA.
- - : |
Oreer: p— Rp— %pq>2= %g cos @, |
d . - . !
7 (P%9) — Rp? = — gp sin q. </

48.45(48.34). Iounbaysick pe3ynbTaTamy, NOJAYYEHHbI-
MH NpH pelleHdd NpeAblnyuieH 3aayd, COCTABHTHL AH-
depenanbHOe ypaBHeHHe Maluix Konefaunii HHAHNADA, o
€C/IH_JBHIKEHHE HAYANOCh M3 COCTOSIHHS NOKOSL H OPH o . oo o
t=0, p=po, ¢ =q@o70.

Oreer:  —-[F*(0G]+gF (09 =0, rtae F()=-E= 4 p, — Ryp.

48.46(48.35). OnpenennTh ABHIKEHHE CHCTEMB, COCTOSIEH M3 [IBYX
Macc my M mp, HACaXEHHBIX HA TIAAKHH TODH3OHTAMBH CTepXKeHb
(oce Ox), Macch cBSI3aHB
NPYXHHOH JKEeCTKOCTH € H
MOTYT ABHIaThCH THOCTYHa-
TEJIbHO BHOJb CTEPIKHA;
PACCTOSIHHE M4y LeH-
TpaMH Macc NpH HeHanps-
XKeHHOH NpyXHRe paBHO /; K sanave 4540
HayaJgbHOE COCTOSIHHE CH-
cTeMul npn {=0 ompenensiercs creayOUHME 3HAYCHHAMH CKOPOCTEd
H KOOpAHHAT UeHTpOB Mmacc: X3 =0, X3 = up, xo =1, %3 = 0.

mytiel + 222 sin ke,
{ i sin &t}

Orser: X = m

au 1 mytly .: Ly [ 1
xz_’—m{ml“ﬂ’—"k_usmk‘}- k‘"’\/"(ﬁ e

48.47(48.43). Cucrema, cocTosfiuiafi H3 JABYX OJHHAKOBHIX KOJeC
pajMyca @ Kamjgoe, MOTYLIMX He3ABHCHMO BpAallaThbesl BOKPYT obiei
HOPMaJIbHOW K HEM ocH 010, nnuHE [, KATHTCS nO TOPHIOHTANBHOH
njockocTH. KoJleca cBA3aHH NMPYIKHHOI KeCTKOCTH ¢, pafoTanouei Ha
Kpyuernie (ynpyru#i TOopcHOH). Macca kaxigoro woneca M; C— mo-
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MEHT HHEDUHH KOJileCa OTHOCHTENLHO OCH BpalieHHs, A — MoMeHT
WHEPLHH KOJMECa OTHOCHTE/BHO AHAMeTpa. COCTaBUTH ypaBHEHNs ABU-
HEHHs CHCTEMH H ONPEeNHTb [ABHIKEHHE, OTBEYAIOINee BaualbHBIM
yenosusM @y =0, ¢1=0, @2=0, =0 (g), g2 — yran NnoBopora
Kosiec). Maccofi oc npensopeis.

Orser: q"='£1>" (mt - —:’:7 sin kt), %=—é (cnt +- —k“’— sin kt),

b= 2c
'\/Ma=+c+4A (%)5 '

48.48. Mexahusm POGOTa-MHHANYNATOPA COCTOMT H3 KOJIOHHL ans
. BEPTHKANILHOrO NepeMellents, YCTPOHCTBA ANS TOPH3OHTANBHOTO Iie-

a
—
]
|

K sagaue 4847 K 3naaue 48.48

PEMELICHHS, COCTOALIEr0 H3 3BeHbeB | H 2, M BHABHTralOmefics ropli-
30HTa/NbHOK DYKH CO CXBaToM 4. Maccu SBenber MeXaHH3Ma my, m,
H ma JIBHXKylHe CHJL, CO3AABAeMHE NPHBONAMH B NOCTyNaTeNbHBIX
Napax, paBHH COOTBETCTBEHHO Foy, Fio # Fas. CoCTaBHTB nupdepen-
HHAMLHEE YDABHERHS NBHMKEHHs MeXaHH3Ma. TpeHuem npeHe6peys.

Orser: mgk==F,, (m,- mj) J=F,,

(my + 1my + ma) 2 = Foy — (my + my + my) g.

48.49. Mexanuam po6OTa-MaHHNYNATOPA COCTOWT M3 NOBOPOTHOMH
KOJIOHHH I, yCTPOIiCTBa ANsl BepPTHKAMLHOrO nepeMenienHs 2 o BRIABH-
TaloUledcsl pykH co cxeaToM 3, Mowment HHep-
UHH 3BEHa ] OTHOCHTCNBLHO OCH MOBOpoTa J):
Macca 3BeHa 2 my, MOMEHT MHEPLHH OTHOCH-
TEJILHO OCH MOBOPOTA J3; Macca ABHramoucHes
PYKH CO CXBAaTOM M3, pPacCTOSIHHE OT OCH (10-
BOpoTa JIo LeHTpPa MacC P, MOMEHT HHEepLHUH
OTHOCHTENbHO ueHTpasibHoH ocu Js. K ocn mo-
BOPOTa TNpHJONeH MoMeHT M, apuxyume

K Samxis 4R CHJIE, CO3faBaeMule NPHBOAAMH B nocTyna-

TEJbHEIX NaPaxX, paBHbl COOTBETCTBEHHO Fiz M

F3s. Coctauth Nudepennuanpume YPaBHEHHR NBHUXEHHS MEXaHH3IMa.
Tpenuem npeneGpeus.

Oreer: - [y + Iy + 1y + mep?) ] = M,
(g +my2=Fp, —(ny+ my)g, my (6 — p3%) = Fp.
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48.50. Beprikanbuan xojouna I, ecymas PYKy pofoTa-Maunnyns-’
TOpa, MOXET NOBOPAaYMBaTLCs HA Yrost @. Pyka co cXBaTom moBopawy-
BaeTcsl Ha yron & W BHABUTaeTCs Ha paccTOfiHMe r. MoMeHT HHEepLHH
BepPTHKATBHOH KOJNOHHB OTHOCHTEJbHO OCH
Bpauenns Jy; aBeHpst 2 ¥ 8 cuMTaTH TOH-
KUMH ONHOPOAHLIMH CTEPIKHSMH AJHHH [p
M I3 4 MACCH M, B mg; Macca MepeHoCHMO-
ro rpysa m. K BeptuxanbrON ocy Bparile-
HH5T TIPHJIOIKEH MOMeHT My, K OcH nopopo-
Ta BTOpOrO 3BeHa — MOMeHT Mg ABHIXKY-
87 CuAa, COo3JaBaeMas NPHBOAOM B Io-
CTynaTeNbHOH nape, Fy;. Cocrasute aug-
¢epeHUHANbHEIE YPABHeHHS ABHIKEHHA Me- 3 3
Xanu3Ma. Tpenuem npenepeys. s 4.n

Orser: a‘-j‘—[(.!. + 1_12 mols + I (r) sin? ﬁ) ci:] = My,

%(I(r}ﬁ)—!(r):j:z Siﬂ’ﬂ'cosﬂ=Mﬁ+[ms(r——%) +mr]g sin @,

65

(myt-m) P —[ms (r —2) 4 mr] @2+ ¢ Sin28)==Fyy— (ims-F-m) g cos B,

2 4
rae J(r)=mz|r* —rl +—3- + mr2.

48.51(48.50). Koneco kaTutcs Ges CKONbIKEHHSI N0 TOPH30HTAMb-
HOlt miiockocTH. Pajgmuyc koneca a, ero macca M; C— vomenr muep-
IHH KOJNeCa OTHOCHTENBHO OCH, Npoxopsiueii NeprnesiHKyAsSpHo mJo-
CKOCTII Ko/1eca 4epe3 €ro LeHTP; A — MOMEMT HHEPUHH KOjieca OTHO-
CHTEADLNO €ro AxnaMeTpa. CoCTaBUTL ypaBHEHHS NBHIKEHHS Kojeca,

¥kasanne Mcnonaosats ypasrenus Jlarpam¥a ¢ MEOMHTEASMH ang Hes
TONOHOMHBIX CHCTEM.

Oreer: —- (A sin®8) — C (¢ - 1 cos 8) B sin 6 — 0,
(C + ma®) 2 (& +  cos B) — map sin 6 —0,
(A + ma®) & — A2 sin B cos & +

+(C + ma®) (§ -+ Peos 8) § sin = — mga cos B,

Tie @ — Yron noBOpOTa KoJleCa BOKPYr OCH, NEepNeHHKYNSDHOH ero
TIJIOCKOCTH; © — yrosl HaKNOHa NJIOCKOCTH Kogeca K TOPH3OHTY, ) —
a3UMyT BEPTHKAJBHOH NJIOCKOCTH, copepaiieii AHaMeTp KoJeca H
npoxonsitledi yepes TOMKY Kacauus.

48.52(48.51). Kouneucaropuuit mukpodon coctont us nocjpenoBa-
TEJILHO COENAHHEHHBIX KAaTYIUKH CAMOHHAyKLHH I, pesHcTopa conpo-
THBJIEHHS1 K M KOHAEHCATOPa, MJAACTHHE KOTOpOTO CBSI3aHH [ABYMS
TPyXHHaMu obliefi ecTKocTH ¢. Llens npHcoenmnena HCTOUHHKY
NIHTAHUS € NOCTOAHNON 3.4.¢. E, a wa nunactumy KOHIAEHCaTopa fiefi-
Creyer nepemenHas cuna P(f). Emxocts KOH[IEHCATOPA B NOJOMEHHH
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PAaBHOBECHA CHCTEMH Co, pacCcTosiHHe MeXAy mJIacTHHaMH B 3TOM no-
JIOXXEHHH «, Macca NOABHXHOH NJaCTHHE KOHAeHcaTopa 1. Beectu
SJIEKTPHLGECKHEe M MeXaHHYeCKHe obo6ilenHbIe KOODAHHATE H COCTa-
BHTb YypPaBHEHHH [OBHXEHHH CHCTEeMH B
topme Jlarpammxa.

C

P(t) Yxazauns 1. Ilorenumamenas smepria
KOHZeHcaTopa  paeia V= ¢%(2C) (C —cu-
KOCTh KOHLERCATOpa, §— 34pAA Ha ero o6kian-
KaX); SJIeKTPOKHHETHYECKas SHEPrUf BHYHCARCT-
ca no ¢opuyne T = L2 (L — kosdpduuucur

. q
CAMOHHAYKIHA, 1=—H — CHIla ToKa B LEnH),
£ 2. 3a oboblenrse KOOPLHHATE APHUATE 117-
MEHEHHe 3apfiia KOHAeHcaToOpa ¢ H CMeleHHe
K 3anave 48.32 NPY>KHH H3 NOJIOKEHHR paBHOBecHA. Torpa noa-

Huli 3apsg OymeT ¢g<-¢, a TNoaHoe cMellen:e
Xo-FX%; 3/CCh Qo —3apsA KUHAEHCATOPA, A X, — CMElleHHe NPYIKHH OT Hejirpa -
HOI 0 NUAOKEHHA B AONCHEHAC PABHOBECHA CHCTEMEL,

" £ o
Oreer: mi +cx ——q— e = P (1),
2 S
AR -Erp 2= o
48.53(48.52). OnpenennTs 9acTOTH MANHX CBOGOAHBIX KONe6amuii

KOH[IEHCATOPiIOro MMKpO(OHa, onHCaHHOrO B Npeawayuteit sanaue. Co-
NPOTHBEHHEM Pe3HCTOpa npeHebGpeus.

1 c 1 c 1 32 E*
Groetaki 22 ,\/m o CL = (m CDL) 4 a?mL *
48.54(43.54). Haobpaxennas Ha PHCYHKe CHCTEMa OTBeYaeT NpHH-
UMIHANbHOH CXeMe 3JIeKTPOMarHMTHOrO JaTyHKa aKcejdepoMerpa.
Macca sixopss M, obuiasi ecTKOCTb NPYIKHH
o ol Vs c. CaMOHHAYKUMS  KaTYIIKM  W3MeHseTcs
BCMeACTBHE H3MeHEeHHS BO3LYLIHOIO 3a30pa B
g Margutonpoeope L = L(x) (x— pepTukans-
T HOE CMellleHHe fKOPS H3 MOJIOMEHHs, KOrAa
IPYHHE He HanpsieHw). K kaTyiike npu-
K sanave 48.54 COE[HHEHA SJIEKTPHYECKAS LleNb, COCTOALIAS
H3 3MeMeHTa ¢ 3aflaHHoH 3. 4. ¢. E, conpoTus-
Jenve uenu paBHo R. CocTaBHTE YpaBHeHHS ABHMCHIS CHCTEMH H
ONpPENe/IHTE €e MNOJONEHHE paBHOBECHS.

Yxasanue 3a ofofuiesHbe KOOPIHHATH NPHHATD CMEUIEHHE x AKOpS H 3a-
PAR §, COOTBETCTBYIOWIEA TOKY i 8 nenu (i = dg/dt).

Orser: YpaBHERHS IBHIKEHHS:
Lg i+ gi-2L = F; M'—-l—i'z—l—cx—M
‘7+Rq+qx ax'_ 3 x 9 axq — g.
B «nonoskennn  paBHOBECHS» X=X H i=§ =1y, raAe ip— E/R;
1 foL 2
cxo=Mg+ 5 (53:-)0 fo-
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48.55(48.55). Cocraruth YPABHEITHS MaNbiX pBMXeHHH BOAH3H 1O-
JIOMEHNST PABHOBECHS SJEKTPOMArHUTHOFO H4TUHKEA, ONHCAHHOrO B
npeabayulel sanave.

YKasanue 3a ofoSwenuse KOOPAHHETH B3NTh M3MeneHHe 3apsla e H Bep-
THKAJILHOE NEpPeMeLIeHAe SKOPs H3 NOJONeHHs PasnoBecHs §. ®ymkumo L(x) pas-

AM0KuTe B pAn L= L(xo4-E) = Lo Li&4... n orpahmantics B STOM psany
NEPBHMH ABYMS GJIeHAMH.

Oreer: Lé + Ré + Liif = 0; ME +cE — Lyi2 =0,
48.56(48.56). Ochopanue AdTYHKA, ONHCAHHOTO B 3ajnave 48.54,
COBEpIUAET Manble BEPTHKAAbHHE KONeGaHHs mno 3akouy E=2E&,sinwf.
Onpenennts 3akoH ABMKenusn SIKOPA H TOK B 3JIeKTpHYeCKON ieny
JaTyHKa.
MED(lJa

Orser: i = i Lily {R (¢ — Mo®) cos wt -

+ [Lio + Ly (c — Mo?)] sin i},
x= ﬂ%‘i".ﬂ_ {—[Li3L00® + (R*+ L2 (c—Mo?)] sin 0t 4 ©L2%2R cos ot},
rne A= R*(¢c — Mo®)? + o* [Lfig 4+ Lo(e— Mo?)]%

48.57(48.57). dnekTpoMexanuyeckas apu KYIlast CHCTEMa COCTOHT
H3 UHJIHHADHYECKOTO MOCTOSHHONO MATHHTA C KOHUEHTDHYECKHMH no-

JiocaMu A, CO3RAOWEro paiHanbHOe none, H AKkopa maccel M, onu-
PAIOIETOCHA HA TPYKHUHY KECTKOCTH . SIkopb coennnen ¢ KaTyIko#,

R
& A e
£ e

il

K aanave 48.57 K sanawe 48.58

COCTOAIMIEH H3 n BHTKOB, H C MeXaHHYECKHM neMntepoM, conpoTHeTe-
HHE KOTOPOro NpOnopLHOHAJBHO CKOpOCTH sikopA (KO3GduuHenT co-
NpotHBJeHusn B); cpenHuii PalHyC KaTyliKW r; ee caMOHHAyKuus L,
COMPOTHRJIEHHe R, MaruutHas HHAYKUAS B 3a30pe maruuta B. K 3a-
HHMAM KaTyIIKH MPUIOIKeHO nepeMennoe Hanpsikenne V(f). Cocra-
BHTb YPABHEHHS OBHXKEHHS CHCTEMBL,

Yxazanue O6obumennse CHITH, OTBEuZWOUIte B3aHMOAEHCTEHIO KaTyrisy u
MArRHTA, paBHW Q, = —2nrn Bx, Qx = 2mn Bg (Q¢ — snexrponsmkymag CHAa,
HHAYLUHPORAKHAN B 3/EKTPHYECKOR LeNH, a Q: —cuna B3aaumogeficTeus KaTyLixH ¢
MarHHTOM).

Orger: Lg + RG + 2nrnBi=V (), ME4Bx+cx— 2nrBg =0,
48.58(48.58). K ocuopanuio CefiCMOMEeTPa € HIAYKUUOHHBIM npeo6-
PasoBaTesieM npHKpemnsiena KaTylllka 3 n BHTKOB pafmyca r, coens-
HEHHAS € 3NEeKTPHYECKOH PETIICTpHpYIOlle# CHCTeMOf, CXEMaTH3HpVe-
MOH wLenww ¢ caMouHAyKuuedi L B conmporupaennem R. Maruurssi
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CEepIeYHHK, CO3[AI0UKH paaHaibHOe MArHHTHOE NoJe, XapaKTepH3ye-
Moe B 3a30pe MaruWTHOH HHAyKuHeH B, onupaeTcs Ha OCHOBaHHe ¢
NOMO:UBIO NPYXHK 0bLlefi wecTkocTH ¢. Ha cepmeunuk meficTeyer tak-
e Cula CONMPOTHBJIEHHS, PONOPLUHOHANBHAA €r0 CKOPOCTH, BHI3HIBACH
Mad feMndepoM, CO3AAKIMM CHJAY cOGpoTHBresHs BX. CocTaBHThb
YpaBHenud, onpelensiollye nepeMellleHie cepiedHHKa H TOK B LeNH B
cilydae ManHX BEePTHKAAbHBIX KoseGaHHH OCHOBaHWS CeilcMOMeTpa mo
3akony E = Egsinwf.

Yiazanue OGobucinue chis, OTBCYaloUHe BIaHMONEHCTBIO KaTyIKH &
MariuTa, RawTes gopuytamu Qp = —2arnBx u Qx = 2nrnBg.

Oreer: Mx + Bx -} cx — 2nrnBg — ME,w? sin wf,
L + R + 2nrnBx = 0.

§ 49. Hurerpansy ABHKeHus, npeoGpazosanne Payca, KaHOHHueckua
ypaBHeHMsa 'amMuinTOHa, ypaBHeHust fIkoOn — IaMuIbTOHA,
npuluun Camuastona — OcTporpaackoro

49.1(49.1). Tpy6ka AB epautaercA ¢ NOCTOSIHHON VIAOBOH CKO-
POCTBI0O @ BOKPYr BepTHKanuHoii ocw CD, cocrasassi ¢ Heil yrom o
B TpyGke HaXomuTCH NpYXHHA XKeCTKOCTH ¢, OAHH KOHel KOTOPOf
yKpensen B T04Ke A; KO BTOPOMY KOHUY NpYXHHH NPHKPENJIeHO Teslo

7 MACCH m, CKOJb3fillee 6e3 TpeHHR BHY-
24 TPH TpyOKH. B HenedopMHPOBAHHOM CO=
ﬁ% CTOAHHH [JIHHA Npy»KHHB paBna AQ = L
% b [lpunss  3a o6oGwennyo KOOPAHHATY]
()
A
c&‘
W
K ssaave 49.1 K sanaue 49.2

paccrosiHHe x ot tena M po toukH O, onpenenHTs KHHEeTHYeCKyIo
sHepriio T tena M u o606uieHHHIT HHTErpan 3HepTHH.

Ozrcer: T =-%- m [# + (I + x)? ©? sin%a],
mx* —m(l 4 xP o? sina + cx? } 2mg cosax =4,

rie i — nocToSHHAT HHTErPHPOBAHMS.
49.2(49.2). Hafitn nepsule HHTETPaliHl JABHIKEHHS COEPHYECKOro
MafiTHHKa AJHHE [, MOOXeRHe KOTOPOTo onpefiesisieTcs yraaMu 6 u .
Orger: 1) HuTerpan, COOTBETCTBYIOWHE UHKAHYECKON KOOpAHHaTe

Y (MHTErpan MOMEHTOB KONHMYECTBA JBHIKEHHS OTHOCHTEJbHO OCH 2)3
Psinf = n;
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2) wuterpan sweprum: 62 - 2 sin2g — 9 —F~ ccs@=h, roe n n

h — nocToAHKbe HHTErpHpPOBaHUS.

49.3(49.3). I'mpockonuyeckn TAXOMETp yCTaHOBJeNn Ha naatdopue,
Bpawawoueiics ¢ NOCTOSHHOH YrioBOi CKODOCTbIO & BOKpYr ocH L.
Onpenennts nepsue uuTerpansl ABHMKEHHSA, ecnn KoshHUHEHT >KecT-
KOCTH CTHDAJNLHON NDPYXWHBI PaBeH €, MOMEHTH WHepIHH THPOCKOMNa
OTHOCHT®/IbHO TJIABHBIX LEHTPANBHEIX OCeHl X, §, Z COOTBETCTBEHHO
paunl A, B u C, npuuem B = 4: cunpl TPEHHS Ha OCH 2 cOOCTBEHHOro
BPALLEHHA THPOCKONMA YPaBHOBELIHBAIOTCH MOMEHTOM, CO3LABAEMbIM
CTaTOPOM 3JIEKTPOMOTOPaA, [PHBOASIINM BO BpAaLieHHe THPOCKOTI; CH-
JlaMH TPEHHS! Ha OCH NpeMeCcrHH ¥ mpeHcGpeyp.

(3

I
]
1

ad

K sanase 49.3 K sazage 494 K sapave 495

Orser: 1) Hurerpan, COOTBETCTBYIOIIHA LUHKIHYECKOH KOOpAHHATe
@ (uHTErpan MOMEHTOB KOJHYECTBA ABHIKEHHs OTROCHTENIBHO OCH 2):
9+ usinb = p;

2) o6oGuernuf unTerpan 3HEPruui

7 (€3 + 469 — (Cu? sin? + Au cos?6)] + 5 o=k,

49.4(49.4). Martepuanshas Towka M coenMuena NIOMOIIBIO
crepxug OM anuum ! ¢ nmockum mwapuipoM O, ropH3oHTafBHAT OCh
KOTOpOro BpallaeTcsi BOKPYr BePTHKAMH € MOCTOSHHON YIJIOBOH cKo-
PocTei0 . Onpenenuth yCAOBHE YCTOHYHBOCTH HHMHEroO BepTHKAJb-
HOTO MOJIVXEHH MAATHHKA, NEpHOA ero ManHx KoneGauui NpH BhIBE-
HAEHHH €r0 H3 3TOr0 NOJNONEHHS H 0606LIeHHE HHTErpan SHepruu.
Maccoti crepikust npeneGpeus.

. 3 - 4 2n
Oreer: 1) o? < 5 2) T ——-——m;
3) ¢z—co23in2q)—2§-cosm=lz.

49.5{49.5). ¥YpaBHOBeweHHH FHPOCKON B KaplanOBOM TNOABECe
ABHNETCA 10 HHepUHH. OnpeneiuTh KHHCTHUECKYIO SHEPIrHI0 CHCTEMBI
H lepBbie HHTETPaNbl ypaBleHHH [BHKEHIS, CCNH MOMEHT HHEPLHH
BHeIUHE!l paMKH OTHOCHTCILNO HENOABHIKION ocy BpaleHus § paeen
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Je, MOMEHTH HHepuUHH Bﬂyrpemﬁe:‘i PaMKi OTHOCHTEJIBHO TMaBHHX LieH-
TPaNbHbIX Oceil X, ¥, z pasun 1), J,. J, a cootBercTByiommue MoMenTH

HHepUHH rHpocKkona —Jy, Jy u Jo (T = I,).
Oreer: 1) T= - {[1,+ 1, + (I 41, — I7) cos?6] 2 +
+ (I, + 1) 6+ 1. (¢ -+ sin 0));

2) uHTerpaJ], COOTBETCTBYIOWHE UHMKAHYECKON KoopauHAaTE @ (HH-
Terpaj MOMEHTOB KOJIHYeCTBA [BHIKCHHS THPOCKONA OTHOCHTEJLHO
ocH 2): ¢4 ¢ sinf =n;

3) HHTerpas, COOTBETCTBYIOUINf WHMKJITUECKON KOOpAHHATE ¥ (Hn-
Terpaj MOMEHTOB KOJHMYeCTBa ABHIKEHHS BCEH CHCTEMH OTHOCHTEJLHO
ocH §):

[fe + 72+ (Ve 4+ 1x — 1) cos®0) v + Tn sin @ = ny;
4) HHTErpan 3HeprHu:
(e + 724 (% 4 1o — 12) cos®61 47 + (7, + 1) 62 = 1.

49.6(49.8). I'mpockon ycTaHOBlIEH B KapAaHOBOM mOZBEce. Boxpyr
oceii £ M y BpallleHHs PaMOK NOABeCca [eACTBYIOT MOMEHTHLI BHELIHHX
cun Mz u My. Urnopupys UMKNHYECKylo KOOpAHHATY @, HaiiTu 1) nHp-
¢epenyuanbubie YpaBHEHHS ABHKeHHS ANs KoopauHatT ¥ u 0, 2) rupo-
cxonHueckne uneHH. (CM. pHCYHOK K 3anage 49.5.)

r r F =
Orser: 1) [Je+ 12+ (V% + 1. — J2) cos®8] § —
r ’ L Ty .
— 2(Ix + 7. — I2) cos 8 sin 88 + J.n cos 06 = M,
A r ’ . 9 .
(7 + 7,) 8 + (x4 1 — I7) cos 6 sin 6" — J,n cos 0 = M,;

2) I,ncos 60, — J.ncosBi.

49.7(49.9). CocraBure ¢Qyuxunio TI'aMHABTOHA M KaHOHHYECKIIe
YPaBHEHHH [BHXEHHS AJSl MaTeMaTHYeCKOr0 MAafTHHKA MAacChl m u
JAJHHB [, nonoXeHHe KOTOPOTO ONpelefsieTess YoM ¢ OTKIOHEHIs
ero or Beprukaii. [IpoBepHTh, YTO MONYYeHHHE YPABHEHHS SKBHBA-
JIeHTHH O6rYHOMY AH(depeHUHaANbHOMY YDABHEHHIO ABHIKEeHHS MaTe-
MaTHYeCKOro MaﬂTll{HK%.

. _1p Ty e :

Oreer: 1) H= 5 =5 —mglcosq; 2) p=—75, p=—mglsing.

49.8(49.10). MaTtepHaneHasi TOYKAa MaccH m NOABelleHa € MOMO-
LB CTEpXKHs AAMHH [ K NIOCKOMY WIAPHHDPY, TOPH3OHTAJbHAA OCh
KOTOpOro BpallaeTcsi BOKPYr BEpPTHKAJH C NMOCTOSHHOH yrJOBOH CKO-
pocTEi0 @ (CM. pHcyHOK K 3anave 49.4). CocraBute dynxumio Tamunb-
TOHA W KaHOHHUECKHE YpaBHEHHR ABHIKeHHA. Maccy CTepXKHs ne yuu-

THBATD.
1 p? m? o
Oreer: 1) H=— —¢ B @? sin? g — mgl cos ;

2) ¢:m_"}f, p=ml*e® sin @ cos ¢ — mgl sin q.

49.9(49.11). BeprHKalbHOe TNONOMNEHHE OCH CHMMETPHH BOJITKA,
BpaLialonlerocs OTHOCHTEAbHO HenoABHXHON Toukd O nom peficTBHeM
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CHIIH TAXKECTH, onpeflensercA yraamu @ n B. ckmouus UHKJIHYECKY10
KoopAuHaty @ (yron coberBeHHOro BPAWIENHs), COCTABHTE NJIS Yriios
¢ H P ¢pynarunn Payca u Famunbrona. Macca Boauxa paBHa m, pac-
CTOSIHHE OT €ro ueHTpa Macc Ao Touku O paeHo
I, MOMeHT HHepUHH OTHOCHTEJBHO OCH CHMMe-
TpHHAZ paBen C, 2 OTHOCHTe/IbHO OCeft X H y pa-
BeH A.

Orser: R= % A(cos® Ba? 4 p2) —
— Cn sin Ba + mgl cos a cos B,

P Cn sin B)?
H=_2?‘£[£“—25T515_3+P§] + mgl cos e.cos B,

rae n= ¢—sinfa =const. (3necy u B KL
HefilleM cuMBOAB P, Pg u T. 1. 03HauaT 0606- K 3ngaue 49.9
LIeHHBEe HMNYJbCEHL)

49.10(49.12). Tonbaysics PE3YNbTATAMH, NOJYUCHHBIMH NPH pelue-
HHH Npefn/yinedl 3aNayd, COCTABHTL JUIA KAHOHHUECKHUX HnepeMeHH X
lamunbrona anddepenypansube YPaBHEHHH MaJbix KojgeGaui
BO/IUKa OKOJIO BEPXHEro BEPTHKAJBHOIO NOJ0IKeHH,

Orser; d=—}1 (Pg + Cnp), }3ﬂ=mglu, B=T:P 2

Py=— (Pu~+Cnp) +mgip.

49.11(49.13). Moaoxenue ocy CHMMEeTDHH 2 BOJIYKA, ABMIKYIIErocs
OTHOCHTCJIBHO HenoABHKHOHK TOYKH O nopx meficTBHEM CHAL TAMKECTH,
OTpeAensieTcst yrnamu Sisiepa, yraoM npewecchu ) u YIJIOM HYTAUHH
0. CocraButh ¢yukumio M'amunsrona nns yr-
J0B ¥, 8 1 @ (yrom cobeTeennoro Bpaulexus)
I COOTBETCTBYIOUIMX MMMNYJbCOB, €CAH 1 —
Macca Bosuka, | — paccrosinie ot ero nextpa
Mace 10 To4kH O, C — MOMEHT HHepUHH OTHO-
CHTEJILHO OCH 2, A — MOMEHT WHepUHH OT-
HOCHTeNIbHO M0G0 OCH, Jexauieli B 9SKRa-
TOPHANBPHOH NJIOCKOCTH, NpoXonsiies yepes

Touky O.
1 Py — P cos )2
Oreer: H = ﬁ_[(—mﬁn‘;;ﬁ"i + Pg] 1

K sanawe 49.11

1
+ ¢ Po + mgl cos®.

49.12(49.14). B ycnosnsax Npensiaymied 3afaul COCTABUTH Kauo-
HHYECKHE YDABHEHHS ABHMEHHS BOJUKA.

- Py —P cosB ”
e | L] —
O e s Pi—0.
- P . (Pg cos 6 — Py (P cos@— P ) <
— g — m gt Uy @ .
0= et o Po— e ~+ mgl sin @,
Py, —P_cos@ P .
oy i | SR @ ? —
= T Agesme T Pe=0.
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49.13(49.15). CpobonHas TOuKa eAHHHYHON MacChl IBHIKETCS B
BEPTHKANBHOH MJAOCKOCTH Xy MO/ AeHCTBHEM CHJABI THKecTH. COCTaBHTD
BuddepennuanbHoe . yPaBHEHHE B YACTHHIX NPOH3BOAHHX SIKOGH —
Tamunbrona W HaiiT ero nosmsbiii WHTErpan (ock y HanpaBneHa Bep-
THKAJIbHO BBEPX).

avV |, 1 AV \2, 1 [favV\2
Oraerdie +"§(“5;) +E(_67) +gy=0,
V=bit +byx £ - A/(— 22y — 26, — ) +-C,

rae by, b 1 C— npousBoNbHHE NOCTOsAHHEE, 3HAK > caenyer GpaTs
NIDH NOABEMeE, 3HAK «—> NPH CHyCKe.

49.14(49.16). INonvayack peaynnTaTaMH, NOMYYEHHHIMH IpPH pelle-
NHH NpefHAylleH 38AaYH, H CBOHCTBAMH MOJNHOrO HHTErpasa YpaBHe-
HHsl $lk06H — I'aMH/IbTONA, HAHTH NEpBbie HHTETPANEl YDABHEHH ABH-
JKEeHHS TOYKH.

av 1
Orser: gg-—1 +5N—2gy — 2, —bti=ay,

aVl b 3

'E-b_;‘:x +Tﬂf\/_2gy_2b!._b2—_a2.

av : aVv <
BN e —2gy —2b, — b=y,

roe ay, a2, by u b: — NPOH3BOMBHNE NOCTOSHHEE.

49.15(49.17). Dusnveckuit ManaTHMK Macch M Bpamaercs BOKpyr
HENOABHXHOA TOPH3OHTANbHON OcH. MOMEHT HHEpUMH MAATHHKA OTHO-
CHTE/IbHO 5TOH OCH paBeH J, PacCcTOsSIHHe OT UEHTPa Mace MasTHUKA 40
ocu paeHo [, Cocrapute nuddepenunancuoe ypabrenue Sko6u — Ia-
MHJALTOHA, HAHTH €ro NOJIHEI HHTErpajl H NepBhHe HHTEerpajhl JBHMKe-
HHSI MasTHHKA (HYNEBOH YpOBeHb MOTEHUHAJBHOH 3HepPrHH B3fTh HA
YPOBHE OCH MasfTHHKA).

2
Orssri 1) -%‘{--l——;r %) — Mglcosp=0;

@

2) V=bti1/2fs A/Mglcosg — bdg;
L]
TQ’
A B e L T STy i 1
3)t=F/\/2§n T E AR =+ /2] 4/Mglcos g — b =1I¢,

rAe a u b — npoH3BOJBHBIE NOCTOAHHKE HHTCrPHPOBAHHIL.
49.16(49.18). [pmxenHe BOJIUKA, HMEIOUIEro OAHY HENoABHKHYIO
Touky O, onpedensiercs yraamu dHaepa P, 0 u ¢. INoabaysice pesynb-
TaTaMH pellleHus 3anau 49.11, cocTaBuTL ypaBHeHue B YAaCTHEIX Mpo-
H3BOAHHX HK0OH — I'aMuIbTOHA W HAHTH NOJHHI HHTErpaJ ero.

aV 1 av av 2 1 av 2
Ozeert 1) 3r + wrrg (55 — 55-2=0) + 35 (35) +

-+ 79%-— (%)2 4 mglcos8=0;
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N Ay =

>

2) V =20y + byp + bso +
Aby 2 — by cos B)?
+S ’\/-—-24451— o — (4565 05B) —2Amgl cos 0.d0.

sin? @

49.17(49.19). KoHUbl CTPYHB 3aKpEN/IEHH B HENOABHIKHBIX TOYKAX
A u B, paccrostie Mexly KoropeiMu pasro /. Cuutas, 9T0 HAaTAMEHHE
T cTpyHH OAHHAKOBO BO BCEX TOYKAaX, ONMpefefHTh aeiicteue 1o Ia-
MHJIBTOHY [/ MafdblX KoNebauuii CTPYHLL
INpeanonaraercs, YyTo Kose6aHHA NPOHCKOANT
B OfHOH BEePTHKAJNLHOH NJOCKOCTH Xy H HYTO
Ha CTPyHY HeHCTBYIOT TOJBKO CHJIH Ha-
TAMEHHA, JHHEIHas NJIOTHOCTH CTPYHBEl paB-
Ha p.

K sanave 49.17

£ I

Orser: S=-21—§ DS[p (g—f E—T(—g% 2]dxdt, rie y=y(x, {).

49.18(49.20). Tloawaysce npunnunom Iamuabrowa — Octporpan-
CKOTO H pe3y/bTaTaMH PELIeHHs NpeAbayllel zafail, cocTaBHTL AH(-
¢epeHlHaNLHOE YpaBHeHHe KoaeBaHui CTPYHEL

12

Orser: -%%—=a’ ZT!’;, rae 02=-%: rpannunbe ycnosusa: y(0, )=
=y(l, )=0. Y

49.19(49.21). A6conotHo rHGKas ONHOPOAHAs H He- s
PACTAKHMAas HUThH OJHHL [ NOABenieHa 3a OAHH KOHEIl B
touke O. Onpepnennts peficteie no IaMuALTOHY AAA
MaJhX KoJeGaHHii HHTH OKOJI0 BePTHKAJH, MPONCXOIsi-
UHX NOA JAeHCTBHEM CHIAHW TaxecTH. Macca emHHHDE

HAJIHHBI HHTH paBHa p.
53

I
Oreer: S=—g— S S[(-g-f—- 2—~~g(!—-.7¢:) (—gg—)ﬁdx dt, i
(1]

4 K aspaue 49.19

rie y=ypy(x, 1).

49.20(49.22). Toab3ysick NpPHHIHNOM T'amunbTona — Octporpas-
CKOTO M pe3y/IbTATaAMH pelleHHs npeibiayuieil 3af1aun, COCTABHTL NHG-
¢epeHiHaNbHOE ypaBHeHHe MaJbiXx KoJeGaHHi NONBEeIIeHHON 3a OIHH
KOHEIl HHTH.

2
Orger: g—g—=g—‘%[(l—x) g%]; TPaHHYHEE YCJOBHS!
)
1) y(0, 8)=0, 2)y(L, 1), g_ix-: H Tf— .., KOHEHEL

49.21. Tonsaysick npHEUHDOM I'amunbrona — Octporpaickoro, co-
CTaBHTbL AH(eperyuansHoe ypaBHeHHe OPOAOIbHHEX KOMeOaHHR TOH-
KOro CTepXKHs, 3aJIe/JaHHOTO HA OHOM KOHLE H C Maccoil m Ha Apyrom
KOHUE, H MOJY4YHTb TrpasHuHble ycjobus. IlnoTHocTs Matepuana
CTEPXKHA P, MOAYJb MPoAO/bHOH ynpyroctH E, mioliafb nonepegHoro
cegenns F, ganua [,
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0%u 2%u - 2
Oreer: —;7 = 2_6?" rae u(x, t)— nepeMelieHKe B HanpapJeHHH

NPORO/LHON OCH, a==4/E[p; rpanmyusie YCJIOBHS:

L &u du
ulx._n—--O, m "—-BP x-I_-_ E ol

49.22. CoctaButs auddepenunaisHoe YPaBHeHHE KPYTHJBHBIX KoJe-
GaHuil CTepHs, 3a/e/IaHHOTO Ha OJHOM KOHIE, ¢ JMHCKOM Ha LpYroMm
koHue. IlnoTHocTe Marepuana crepus p, mozaysb cApura G, nonepey-
HOE ceueHHe — Kpyr paamyca r, ajauHa ctepxua [ Moment HHEpPLHH
Aucka J.

%, 3%
Oraer: S —@ 35 rae B(x, f)—yron noeopora monepeuroro

i
ceueHHs, a==4/Gfp} rpannuunie ycnoBus: ©|,q=0, I—m gy =

a0
=‘—‘G-{p a—lx—l' rne Jp=nr‘[2.

49.23. Tlonbayacy mpHEINOM Tamanerona — Octporpanckoro, co-
cTaBHTb AHGdepeHiHansHOe ypaBHeHHe TIONEPETHEX KoJe6aHHi map-
HHDHO OnepToH GankH, a TaKXe NOJYYHTh TPaHHYHLE yeaoBus. [Tnor-
HOCTL MaTepHana GajKH P, MOAYJb MpOAoJbHO ynpyrocts E, mio-
iane, nonepedHOro ceyeHds F, MOMEHT HHEPLHH NOMEPEYHOr0 CeYeHHs
I, nnuna Gaaxu L

2 4, EI
Oreer: —ng- + c? %tg,— =0, rae v(x, f) — npork6 Ganky, ¢ =— ,\/pff'
% o _.n B% =
TpaHHYHEIE YCJOBHA: Ul._q=0, e 0; vl =0, a—,L_‘ =0,
49.24. Tloawaysice npaHuunom I'amuabroHa — Ocrporpanckoro, mno-

JIySHTb IPAaHHYHBIE YCJIOBHS B 3ajjaye O MONepPeuHbIX KoJe6aHHIX KO-
CONBHOH 6ankH AAHHEB [

= du
% Orger: vlyq=0, % ey
0% —0 v -y
GEE| PEe iy I Y it

49.25. Toaeaysice npuununom Tamunp-

7 Toia — OcTporpafickoro, COCTAaBHTL ypas-

K 3anawe 49.25 HEeHHs] MaJibiX KoJleGaHHI CHCTeMBI, cocTos-

LIeH H3 KOHCONbHOH GasKK AuuHL! [ W rpy3a

MACChl 1, NPHKPENJIEHHOTO K 6a/JKe H K OCHOBANHIO NPYMHHAMH JECT-

KocTH ¢. [lnoTHoets mMaTepuana Ganku p, MoAysb OpPOAOIBHOH ynpy-

roctu E, niomajs monepeyHoro cedeHns F, MOMEHT HHEpPUHH Tomepey-
HOro ceueHus J.

a'v EJ do
‘=0. rape ¢ = —p—F-', leua":o,"‘ﬁ

=0,

r-o_

. 0% 2
Oreer: 5 F +c Fr

Ay (i) .
ax3 o =0, EJEF e —C (U lx—l = l't), mu=—=c (U lx-l -—2!1).
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§ 50. Cuctemni ¢ KavenneM. HerononomHble cBS3N

50.1. ITokazath, 4To ycnoBHe Kadennsi aucka 6e3 NPOCKaNE3bIBaA~
HHA 1O 33JIaHHOH KPHBOH HA NOBEPXHOCTH BHLIPAXKAETCH B BHIE KOHEu-
HOr0 COOTHOLIEHHS MeXNy OGOGIUEHHBIMH KOOPAHHATAMH.

Oreer: s ==rg, rge s— nyrh, TIpOHEHHBLITT TOUKON KOHTAKTA BHOAD
KPHBOH, r— pafiHyC [HcKa, @ — yroJl noBopoTa BOKpYr ocil, opToro-
HAJIBHOH MJIOCKOCTH AHcKa (¢ = 0 npu s =0),

¥
3

7 P R A ol

K aanaye 502 K zanaye 50.3

50.2. Monyunrs yenoeHe KaueHus 6€3 CKOJbIKEHHS Tesa, MOBEepX-
HOCTb KOTOPOTO fABJAETCH LHJIHHAPHYECKOR NOBEPXHOCTBIO, MO MJIO-
CKOCTH.

¥xasanue Cunrars 3a]aHRBM ypaBHende HanpasJsolles — KPHBOA, KoTopas
DONMYUAETCS B TJIOCKOCTH NOMEPEYHOIO CeNeHMA HHJIHHAPHIECKOoR NOBEPXHOCTH B CH-
CTEME KOODIHHAT, KECTKO CKpeNsieHHOR ¢ tejoM. B kawecrse napamerpos, ompene-
NAONIHX NOJIOXKEHHEe CeYyeHHs Tesla Ha NMJOCKOCTH, MpHHATL X, Y — KOOpIOHHATH mno-
moca A, yron O nosopora cHcTeMbl KOOpAHHAT qu;, CKpemiernoff ¢ TesloM.

Oreer: i —(Exsin0 - mxcosB)=0, Y+ (Excos@—nxsin8) 6 =
=0, rae Ex, 7x—KOOpPAHHATH  TOYKH CONPHKOCHOBEH K5,

50.3. Pemwnts npegmayumiylo 3apauy
B ciayvae, KOrla HanpapJjsiionlas IH-
THHAPHYECKOH TIOBEDPXHOCTH ABJSIETCH
SILTHIICOM.

Orser: %} (a®sin?0 + B2 cos?0): 6 =

==0, j— (az-—-b’)ésinecns? =10
(a? sin® 8 4 b% cos? B)

T/l X, §y — KOOPAOHHATEI LEHTpa SJAHM-
ca, a— Goabwas, b-—manas mnonyocH
aJannca. B yactHoM caysae b = a nony-
9aeM H3BecTHOe ycJoBie X-4-ab =0,
¥ =0 KageHHs KPyrosoro UHJHHJpA IO K 3anave 50.4
IJIOCKOCTH.

50.4. Pemnts sapauy 50.2 B cayuae, koraa HanpagAsolas HIHH-
APHYecKoH NOBePXHOCTH ABJIsieTCH napabonoii.

Orser: 2i-+pBsinBtgd=0, 2j—pb(2-+ tg20)sin0=0, rze
% ¥ — KOOPAHHATH BepIUNHH napabonw E2 = 2pm.
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50.5. Peutnts 3apauy 50.2 B cjy4yae, KOrTa HampaBJSOWAan LHIHI-
APHYECKOH TIOBEPXHOCTH FIBJISIETCH BETBLIO THIEpP6OJILL.

Orser: % — (a®cos?0 — b2 sin?@) § =0,
(0% 4 52) B sin B cos B —0
{o%cos* 8 — b2 sin? 0) !

rie X, §— KOOPAWHATEI TOUKH NEPEeceYeHHs] acHMOTOT CHIepGOJL
n?/a®—E /6 = 1.

¥
7
b ¥
~
‘ ¥
o £
K sanave 508 K sanawe 508

50.8. Ilonyunth ycioBHe KayeHNs 6Ge3 CKoOJBXKEHMA TEJa, OTpaHH-
YEeHHOTO UHJIHHADHYECKOH MOBEPXHOCTHIO, MO LHJIHHAPHYECKON HOBEpX-
HocTH. B kauecTee nmapameTpoB, onpefensioOmuX NOJOMEHHE CegeHus
FeNa Ha MJOCKOCTH, NpHHATH S, 6, rae s— miwwa Ayru Bnosns wanpas-
Jisioulel ONOPHON NOBEPXHOCTH, OTCYHTHBAEMAad OT HeKOTOPOH TOuKH
Zo ToukH K CONpHKOCHOBEHHS [IBYX HanpaBJIsIOUIKX, 0 —yron mexny
oceio AE cHcTeMbl koopamuar AEn, ckpen-
JIEHHOH C CeYeHHEM Tena, H KacaTeabHoil
B Touke K,

dt, \2 dn,.\2 1%
o —— K __K

Oreer: ds—[ %) T\ )] de,
rae Ex, Mg — KOOpAMHATH .ToukH K B cH-
creMe Koopauuat AEy,
_ 50.7. Pewnts npeppylyso 3amagy B
K asgage EO.8 cllygae, Korga no KPYroeoMy LHJAHHADY pa-
Auyca r KaTHTcA 0e3 CKOMBbXKeHHS LHJIHH-

ApHYECKOE TeJIO, HanpaBJsIolled KoToporo siBasierest 1) sannc, 2) na-
pabona, 3) BeTBb rHNepHOJILL.

Oreer: 1) rdy=a®?(a? sin?0 + b2 cos?0)~" d,

2) rdp=pcos™6db,  3) rdyp=0a%(a*cos?B — b? sin20)” " dp.
Cmeic napameTpoB TaKoii e, Kak B 3agagax 50.3, 50.4, 50.5.

650.8. B BapuaTOpe yIJIOBOil CKOpocTH (CM. PHCYHOK) paccTosiHHe
AuCKa pajgnyca r OT OCH FOpH30HTalbHOro abCOMIOTHO MIEPOXOBATOrO

JHCKa MOXET H3MEHATHCH 00 MNPOH3BOJLHOMY 3axony. Hadtu cessn
MeXAy yrjaMH noBopoTa ¢ H Y IHCKOB,

380



Orser: rdp = xdgp. 1o coorHoweHne B 06iem cayuae He HHTe-
TPHpYeTCs.

50.9. Jlpa mrepoxoBaTHiX KPyroBHX KOHyca, OCH KOTOPBIX napaJf-
JIENIbHEl, CONPHKAcaloTCH NPH noMollu KonecHka. Ocb KojlecHKa na-
pannenbHa obpasyiouny Koycos. Kosecuko moxer nepememartics
BAOJIb CBOEH OCH IO IPOH3BOJIBHOMY
3akony. Haifitu cBssp mexay yrio-
BEIMH CKODOCTSIMH BpPaLI€HHs KOHYCOB,
€C/IH 0 — YyroJl MeXay ockio H of-
pasywoilerd KoHyca, h— BricoTa Ko-
Hyca.

o, :

Oreer: xp= ( S A x) P, roe
X — paccTofiHlie KoJiecHKa OT BepiiH- K sapase 50.0
HEl BEDXHET0 KOHYcCa.

50.10. KoHek ¢ moayKpyriikiM JIe3BHeM KaTHTCS 0o apay. Hanucats
YCJIOBHE OTCYTCTBHS MNPOCK3Jb3BBAHHA KOHbKA B MONEpeYyHOM Ha-
DpABJICHHH.

Oreer: £sin®—gcos® =0, rae x, Y — KOOpDAHHATE! TOYKH CONpH-
KOCHOBEHHsSI KOHbKA €O JIbAOM, 8 — yrom mexay mpsmoill nepeceuenns
MJIOCKOCTH KOHbKA C IJIOCKOCTBIO Jibfia H ockio Ox.

50.11. Haiiti ypaBHenmHe KHHeMaTHYeCKo# CRA3H npH  KayeHHH
AHCKa pannyca @ mo abcoNIOTHO INEPOXOBATOH MJIOCKOCTH, MPHHSB B
KagecTBe NapaMeTpoB, oOnpeje-

JIAOLIHX NOJIOKEHHE JAHCKAa, 4
z
g g z
K sanawe 50.11 K aamave 50.13

1) KOOpAHHATE Xc, Yc, 2c UEHTPA NHCKA H YIiIM diinepa 6, v, @, 2) xoop-
AHHATHL X, Y TOYKH KOHTAKTA IHCKA C MJIOCKOCTLIO H yrilbl Jitnepa 6, 1, P.

Oreer: 1) %c —ab cos @ sin — a7 sin 6 cos Y —apcos p=0,

Jc +ab cosBcos h — aip sin O sin —apsinp=0, 2;-1absind=—0.
[Tocnennee ypasrenwe cBoguTes K KOHEYHOMY COOTHOUIEHHIO 2o —
=acosf.

2) %= agcosv, § = agsin .

50.12. Pemute NPENLINYYIO0 3afauy s IHCK& € OCTPEIM Kpaew,
Korjla npockKa/b3LiBaHHE OTCYTCTBYET JHIUL B NONEPEYHOM Harpae-
JIEHHH,

Oreer: 1) k¢ siny— gccosp—abcos®=0, 2p=acosh,

2) £sinp— jcosp=0.
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50.13. Koneco pagmyca @ ¢ nonepeunoil macewxoft (wecrepns)
KaTHTCA MO NJOCKOCTH TaK, 4TO ero och BCErna napaJjiiesbHa mio-
ckoctH. HaiiTh ypasnenne KinematHueckoil cpsish.

Yxasanue. IMonepeunas macesxa me NpeNATCTBYeT CKONbMEHHIO KOneéca B Ha-
TpaBJieRHH OCH COGCTBEHHOTO BpalleHys.

Oreer: isin®— ycos®—ap = 0.
50.14. Illap papuyca a kataercs mo aGconoTHO LiepoxoBaToft mo-
BepxHOCTH. Haitrn ypaBHeHHS KuHeMaTHuecKoill cBsisy B cayyasx,

Y

K 3anave 50.14

KOra noBepXHOCTh DpejcTaBisieT coboil 1) NAOCKOCTh, 2) UHAMHAD
pamuyca R, 3) cepuyeckyio yauiky panuyca R (R > a), 4) xonyc
C yrJloM @ MEXIY ocbi0 H o6pasyiolteil.

Yxazauue B kavecrBe 0606ueHnax KOOPAMHAT BHOpATL KOOPHAMHATE TOYKH
CONpHKOCHOBEHHA Lapa € MOREPXHOCTBIO H Yrim SiJcpa.

Oreeri 1) % — ab sin P 4 ag sinB.cos =0,
9+ ab cos P + ag sin 6 sin P —0;
2) (R—a)y + a(p cos® 4 §) =0,
2 — af cos (P — y) — a¢ Sin O sin (P — y) = 0;

3) (R — a)py sin 8, 4- ab cos 8, sin (p — Y1) + ap sin B, 4
- a@ [cosB sin 8; — sin 6.cos B, cos(p — Py)] =0,

(R — )8, + aBcos (Y — ;) - ag sin 6 sin (g — 1) — 0;
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&=

&

4) Ag sinu - ab cos o sin (P — o) —l—mi: sina 4
+ag [cos B cos @ — sin @ cos & cos (§ — 0)] =0,
A—ab cos (y — o) + a@ sin @ sin (b—o0)=0.

50.15. Dnauncoun Bpawenns (a — Goawlas noayock, b — manan
MOJIyoCh) KATaCrCs 00 abrosiOTHO UIepoXoBatoil maockoeTd. Hanweats
YPABHEHHE KHHEMATHUECKOH CBSI3H, NMPHHAD 3a 0GOGLICHHBIE KOOPIH-
HaTH X, 4, 0, ¥, @, rne x, y— koopmunaty TOUKH COHPHKOCHOBEHHS
JJIHOCOHAA C NA0CKOCTBIO, B, ¥, ¢ — yran 3iinepa.

Oreer: (% sin § — g cos $) (a® cos?8 + b® sin?6)' — a26% — 0,

(% cos & + g sin §) (a® cos?6 -} b2 sin?6)': -+ b2 sin 6= 0.

K sanage 50.15 K 3anave 50.16

50.16. TopounaneHoe Teso kKaTaercs No aBCOJMIOTHO LIEpOXORATOH
TVIOCKOCTH, b — pannyc KpHBH3HEI MepHIHaHa TOPa Ha 3KBaTOpe,
a-+ b— pagnyc 3KBaTOpHAJILHOH OKPYXXHOCTH Topa. Haklru ypasue-
HHS KHHEMAaTHYEeCKOH CBA3H, TIPHHSIB 3a o0606IIeHHble KOOPAHHATH
x, 4, 6, ¥, 9, re x, y— KoopAHHATH
TOUKH CONPHKOCHOBEHHSI TOpa € MIo- 4
ckoctelo, O—yron wHaksaoma TOpa,
Y—yrol MeXay chaefiloM cpenHeit
IJIOCKOCTH TOPa H ockio Ox, ¢ —yroa
COGCTBEHHOrO BpallEHHs TOpa.

Oreer: x - ¢(a -+ bcos0)cos P -

-+ b6 sin p=0,
¥+ ¢la+b cosB) sin p — b6 cos Pp=0. e

50.17. Onpenennts uncao 0606- 4 )
LIEHHBIX KOOPAHHAT H YHC/JO CTeneHei K 3anase 50 17
CBODOAE  [ABYXKOJIECHOI  TelexKH,

Kopnyc Tesnexkn apmmkercs napajieflbHO NNOCKOCTH, N0 KOTOPOR Ka-
TAlTCsi 6€3 CKOJBIKeHHsl Kojeca, CBOGOAHO BpallaiouiHecs Ha oGuieil
OcH, r — pajuyc KoJec, ! — JJIHHA NOJIYOCH.

Orger: Yetnpe 060611eHHEIX KOOpAHHATH X, ¥, @1, 0, KoTOpEIC CBA-

3alLl ABYMS HCHHTErpHPYeMBIMH COOTHOLIEHHAMH

%cosO0+gsin®—r@ —I8=0, %sin6— gcosf=0.
Cucrema obnanaer ABYM#A CTerneHsMil cRobOIbL,
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50.18. Onpenennts yueao 06o6uUleHHBIX KOOPAHHAT H 9HCJIO cTeme-
Hefi CBOGOAN TYCEHHYHOTo TpaKTOpa, YUHTEIBAH, YTO ryceHHLb obec-
NeYHBaloT KayehHe 6e3 CKoMbKEHHS JHIIL B OPOJOJBHOM Hampabie-
HHH, I — paJHyC ONOPHLIX KoJec, 2/ — mupHHA KoJeH.

Oreer: YeTwipe o6o6mennsix KOODAHHATH X, Y, @1, 0, KOTOpBIR
CBH3aHEl OLHHM HEHHTETPHPYEMBIM COOTHOLIeHHeM X coS 6 - gsinf—

—r@; — 16 = 0. Cucrema HmeeT TPH CTeNeHH CBOGOMH.
V ¥y

K sanawe 50.18 K zanawe 50.19

50.19. Onpenenuts uneao 06061EHEBIX KOOPAHHAT H YHCJO crene-
Hell cBoOOAE! Gyepa.

Oreger: Hetripe 06061EHHEX KOOPARHATH X, Y, 6, @, xoropue cBs-
8aHL! IByMs HEHHTErPHPYEMHMH COOTHOILIEHHSMH

(cosB+4-gsinb)tgg —ab=10, xsin®—gcosO=0.
Cncrema HMeeT fiBe creneHH CBOGOMIM.

50.20. AGCOMIOTHO WEPOXOBATHIN LHCK panuyca r KaTHTCS 1o np4-
Moii. Ha nuck omupaetcs crepixenn, Kouel KOTOPOrO CKOJB3NT MO TOfl
xe npsaMoR. Onpemenuts THcnO y
0606IIEHHBIX KOOPIHHAT H THCJIO
cTeneHell cBOGOAH CHCTEMH, C€O-
CTOALeH H3 JHCKA H CTepKHA.

¥

#)

K sanege 60.20 K sanaue 5021

Oreer: Onna o6o6leHHast KOOPAHHATA, 3a KOTOpPYIO MOMHO HpH-
HATb yron 0 Mexny crepxuem B npsmoii. Ocranbrne napaMeTpHl,
OUPEAENIAIOLHE TOJIOXEHHE CTEPIKHS H JIHCKA, BHIPAXKAIOTCH uyepe3
yroqi O OpH NOMOIIH KOHEWHEIX cooTHowenu# E = rclg(6/2), x=
= —2r(ctg(0/2) + 6/2)+ c1, ¢+ ctg(8/2)+ 6 = c.

50.21. Onpenenuts yHCA0 06OBLIEHHBIX KOOPAMHAT M 4HCJIO CTene-
nel ccoGOABI CHCTEMBI, COCTOALIEH H3 TPEX LIEPOXOBATHIX LHJIHHAPOB.
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HBa osunakosbix UHAHHAPA PafHyca r KaTaloTCR o FOPH20HTABLH Ol

NJOCKOCTH, a TPeTHH WHIAHHAP papuyca R karaeTes no 3THM ABYM
LHIHHADPAM.

Oreger: Ulecrs oobiuennnix KOOpIHHAT X, y, 6, @, @1, @2, KoTOpbHIE
YAOBJIETBOPAIOT HeThlpeM AH(p(epeHnHaILHEM ypaBHeHHSIM:
X —Rgpsing --(-}frq;, —y)=0,
9§+ Rycos® + 6 (rpy — y)ctg 8 — 2rg, =0,
;‘csin(e——a)—Rq;sinBsin(G—u)+2r¢zsinasin(9—-—u)—-
— ('J(rtpz +xsina — ycoso)sinf=0,
7 5In (0 —a) + Ry cos B sin (f — a) — 2r; cos a sin (8 — a) -}

-{—é(r%-i—x sina — ycos @) cos0=0.

CHcreMa HMeeT fiBe CTemeHH cBO6OIHL,

50.22. CocTaBHTb ypaBHEHHS [BHIKEHHS TYCEHHYHOTO TPaKTOpA,
onHcaHHOro B 3ajgaye 50.18, npu yenoBmm, uto MoMeHT CHIl, Mlepeja-
BaeMHI OT ABHraTeNs HA JeBYIO rycenunny, pasen M;(f), a na npasyio
rycenuny — M, (£), m— macca TpakTopa. Maccoii rycemnny u kousec

K aspave 50,23

Tpene6pedb; J — MOMEHT HHEPUHH TPAKTOPa OTHOCHTENbHO BEPTHKA/b-
HO#f OCH, IIPOXOASIIEH yepe3 NSHTP Mace.

Oreer: mri = (M; + M,) cos 6, mri= (M, -} M,) sin 8,
Jr8=1(My— M), r¢ = sxcos8+ ¢ sine— .

50.23. ITokasarb, yto HKEeNesHONOPOXHAR KoJlecHas napa (ckart)
NpH KayeHHH N0 pespcaM 6e3 CKOJbM(EHHS HMECT OfIHY CTENCHb CBO-
GOop kL

Yrazauue. 3a Monens KoaecHo# Napel NPHHATE TEND, COCTOAUIMEE WA ABYX
OAHHAKOBLIX KOHYCOB. CKJIEEHIILIX OCHOBAHHAMH, Pefibchl CYHTATH FeOMeTPHUEeCKHMH
npaMbiMH. PacemoTpers cnyuali Maamx oTKAOHEHHRA o MPAMOARHEHHORD NBHKEHHR
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BBectn memomemxuylo cheTeMy koopamnat Oxyz W ;Be MOABHXHEX CHCTEMI Ax’y’2"
H CEnL, onpegensiemple Tabaanamu KOCHHYCOB YIJIOB MEXIY OCAMH
x ¥ o E z 3 n ¢
cosp 0 —sinyp x
g I 0 u
sinp 0 cosyp =z

cos@ —sinB 0 x°
sin@ cosB0 g
0 0 E 2

cosBcosp —sinB —cosB sin P
sinfcosy cos® —sinB siny
sin 0 cos P,

X

Y
z

rne 0, Y — yraw Kpenoea; 3a o6oGimenune KOCPAMHATH MPHEATE &, 6, ¢, ¢, rae
¥ — OpiuHaTa Lentpa Macc C, @ — yroJ NoBopoTa Teaa BOKPYL OCH KOMECHOR Baphl.

Oreer: Ycaopas Kauenus 6e3 CKONbLIKEHHS HMEIOT BHI
0—9p=0, $+¢0(F—tga)tga=0, j=¢(R—Itga),

OHH HHTEIPHPYIOTCH; KoJecHasi Napa HMeeT OAHY CTENcHb CBOGOMIBI.
50.24. OnHOPORKMI AHCK PafHyCa @ B MACCH /1 KATHTCS Ges CKOJTb-
JKEHHs IO rOpPH3OHTaNbHOH MJIOCKocTH. COCTaBHTL YpaBHEHHS ABHIKC-
HiA AHcKa 1) B xoopamHatax xc, yc, 0, ¥, @, e X¢, Yc— KOOPAHHATH!
uenTpa Macc Hucka, 0, Y, ¢ — yrue Jiinepa, 2) B KOOpAHHATAX X, Y,
0, P, @, rlle x, ¥ — KOOPAHHATH TOYKH KOHTAKTA AHCKA C NJIOCKOCThIO,
6, ¥, o —yrnu Siaepa (cm. sapnauy 50.11); 3) B kBasukoopmHHATaX
P, g, r, ABIAIOUIHXCH NMPOEKOHAMH BEKTOpPa MTHOBEHHOH YrJ0BOH CKO-
POCTH BpallleHHs JHCKA HA TJiaBHHIE OCH UEHTPAaJLHOrO 3JJHNCOMAA
nhepuns; A, C— raBHble UEHTPAJbHEE MOMEHTHI HHEPLHH IHCKA.

d aL d oL
Orser: 1) — ———=1), ———— —2,,
dt 3x, at “dg, x

——————=—a(4, sin P — A, cos V) cos 0,

d oL ;
i = — (A, cos P + A, sin ¢) sin 6,
d oL :
TR a (A cos P -+ A, sin ),
%c — ab cos B sin p — a sin O cos b — ag cos =0,
Jc + ab cos 6 cos P — ay sin 0 sin p — a sin =0,
rae A, A;— HeonpejeneHuHe MHOXuTenH, L — ¢ynxuns Jlarpaumxa,
L_—..—;-m (£2 =+ 8% + a2 sin20) + - A (62 + fcos20) +

+71C(-.i; sin @ + ¢)* — mga cos6;

d oL d oL d oL L d_ oL
=Ry, ey, & B Gl g L 0Ly g
dt ox dt aj dt a0 8 dat oy

d oL

E—apcosy=0, g—a¢sinPp=0,
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" rge Ay, Ae— HeompeneneHHHe MHOXHTeH, L — pynruun Jlarpanxa,
U L=gml2+ 5+ @ (82 4 2 sin26) 4-

en:l +2ax (0 cos 6 sin P 44 sin 6 cos §) —

' — 244 (8 cos 6 cos p — + sin O sin ¢)]+—£—A(éz+1i:2cos"’9) +
::; EE ‘—2!-C(li) sin 0 - ¢)* — mga cos 0:
'y 3) (A +ma®) p+ Aqg*tg 0 — (C + ma?) gr = mga sin 6,

AG+Cpr — Apqtgd=0 (C+ma)i+pg=0, O=p.

Ilocae Toro, Kak sTh ypaBHeHHs RPOHHTErpHpOBaHH, 0000LIEHHEE KO-
) OpAHHATH X, ¥, P, @ HAXOAATCH H2 COOTHOLICHUI

- 1i;c059=q, ¢=r—gqtgh, X=agcosy, §=asinp,

i 50.25. Hcnoneays peurenne NpeAnnyllel 3amaul, HalTH Bce BO3-
&  MOXHbIE CTAHHOHADHHE ABHMXCHHS JHCKA.

Yxasanne Craudonapeble nammenus nucka ©0TOOPaKAIOTCH  COCTOAHHAME
PaBHOBecHs B npoctpanctse (6, 2, ), rne R == p, © = ¢ + Psin 6.

Oreer: COCTOSHHMS PaBHOBECHN B npocrpancree (6, Q, w) obpa-
" 3yior moBepxuocts II, ypasHenue Kotopo# (C - ma?) Qe — AQ?sin 0
+mgasin® =0, NpEACTABIAIOLIYI0O JABYMEPHOE MHOroofpasme cra-
LHOHADHHIX ABHMEHKWH nncka. Ha sToit moBepxmocTH ToukH mpsmoit
6=Q =0 cootsercreyiot TAKOMY KaueHHIO IHCKA MO NpAMOH, mpH
KOTOPOM TJIOCKOCTh JHCKA COXPaHAET BEPTHKAJbHOE MOJOXeHHe, TouKH
npamoit 6 = w =0 coorpeTcTRYIOT BEPUYEHHIO NHCKA BOKPYT HemoABHK-
HOr0 BepTHKalbHOro aHamerpa. Bee ocranbubie Touku nosepxmoctn 11
COOTBETCTBYIOT KDYTOBEIM HBHIKCHHAM.

50.26. Hafiti ycnoBus ycTOHYMBOCTH ABHIKECHHS nucka 1) opu ka-
YEHHH NHCKA [0 MpPAMOH, KOTa [JOCKOCTb MHCKA BEPTHKa/bHA; 2) npu
BEPuCHHH J1HCKa BOKPYF HEMOABHXKHOTO BEPTHKAJLHONO AHAMETDA;
3) mpu Kauenuu JHCcKa 1o OKpPYKHOCTH, KOTJ@ IJIOCKOCTH JHCKA Bep-
THKAJIbHEL

Yxasauue. Henonezosats pewense zapaun 50,24 (3) m samaun 50.25.

A
Oror: 1) 03— 8

2 2 ___ _mga
2) Q >pr--m.

3) Q*[A(1 + 2 sin?B) 4 ma? cos?6)] + Qo (3C -+ ma?) sin@ 4
+£-(C + ma®) & > mga cos .

BXOAF!U.[HQ— B 9TO HEPaBEHCTBO BeJIHYHHLI CBHA32HH COOTHOLLUEeHHeM
(C+ ma?) Qo — AQ2sin 0 + mga sin 6 = 0.
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FTMTABA Xl
OHHAMHKA KOCMUYECKOro nNoJETA

§ 51. Kennepoeo nsusmenue (aBuxenue
Noj| AEHCTEMEM LEHTPAaJNbHOM CHJABI)

51.1(50.1). Moayne cHibl BCEMHDHOTO TATOTEHHA, MNeflcTByIoNn]
Ila MaTepHabHYI0 TOHMKY Macchl /m, ONpefensiercs paBeHCTBOM F ==
=mp/r?, rae p=fM — rpasurauHOHHbI fnapaMerp NpHTArHBAIO-
mero uenrpa (M-—ero macca, f— rpasurayuonnas NOCTOSHHAA) It
I — paccrosiiie OT LEeHTPa MNpPHTHKEHHS A0 NPHTATHEAEMON TOUKI,
3uas paguyc R mebecsoro tena u YCKOpeHHe ¢ CHJBl TAXecTH *) Ha
Cro INOBEDXHOCTH, ONpeJleNHTh TPABHTALHOHHEI RapaMmerp | Hebec-
HOTO T€Ma H BBIYHCINTE €ro AJisi 3eM:H, ecyii ee paguyc R = 6370 rm,
a g=9_81 m/c

Orser: p=gR? ana 3emau p=3,98-10° Km3/c?,

51.2(50.2). Onpepennts rpaBHTALHOHHBI napaMerp Mn H YCKOpC-
HHE CHJBl TAXKECTH g 114 NOBEPXHOCTH HEOECHOTro Tesa, ec/iH H3BCCTHH
OTHOlWEHHSA ero maccel M. u pammyca R. K macce M u pamuycy R
3emay. Berunenuts 5tu sennunns aaa Jlyns, Beneps, Mapca u KOnn-
Tépa, AAs KOTOPHIX COOTBETCTBYIOLIHE OTHOLUEHHS LaHBI B CHEnyioulei
Tabnnme:

MM R, R MM R, iR
Jlyna 0,0123 0.273 || Mapce 0,107 0,535
Berepa 0,814 0,953 | Kmazep 317 10,95
Orger:
1, kM3[c2 g. Mfc? l’ B, KM3e3 g, Mjc?
Jlyna 4,90- 108 1,62 Mapc 42,8-10° 3,69
Bencpa 326 10° 875 | IOnutep 126 - 103 26,0

51.3(56.3). MaTepnanphas TOYKA PaBHOMEDHO NBHMCETCH MO Kpy-
roBofi opbure Ha Bhicote /1 Hal nosepxHOCTHIO HebecHOro Tena pa-
auyca R noj AefiCTBHEM CHIIH BCEMHPHOro TsroTenHs. OnpemensTs
CKOpPOCTb JBHMEHHA U1 H mepHOA obpameuns T MaTcpHagbHOM
TOUKH **),

= —ZpT
: = b eRr
Oreger: 1) v, = ’\/’T_ '\/W (KpyroBasi cKOpOCTb Ha BHICOTE
H pns naunoro nebecHoro Tena);

*) 3mece M B pafeHeReM DPeANONAraeTcs, 910 CHIa NpuTsAXenHs nebecHoro
Tela HanpaB/eHa K ero HEeHFpy; YCKOPEHHA cHi TSXKECTH g naioTen Ges yyera Bpds
LUERHA HeBecHHIX Tey.

**) Bo Bcex 3amauax STofi INaBH CONPOTHE/EHHEM aTMocdepu mpeHebGperaen,
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““NESw Tl

— B "’
2) T =2nr /\/ ﬁ =5 % . 3necs r— paccrosune or Mare-

PHaJIBLHOR TOUKH 10 lentpa HeGecHoro Tena, p— ero rpaBHTaLHOHHKIT
napaMeTp, £ — YCKOpEHHEe CH/bI THMKECTH Ha ero NMoBepXHocCTiL.

51.4(50.4). TlpeueGperass BHICO10/i moneta HCKYCCTBEHHOrO CIYT-
HHKa HajJ NOBEPXHOCTRIO HEGECHOro Tesa, ONpeNesHTh NMEPBYIO KOCMII-
HECKYIO CKOPOCTB U; H COOTBETCTByMOIUMH neprof T obpawenns nas
3emsn, Jlyne, Beneprr, Mapca u Onutepa.

Oreser:
U1 KMfE T, mun 01, KMfc T, Mumu
3emann 7.91 843 || Mapc 3,54 101
Jlyua 1,68 108 IOnxTep 42,6 172
Benepa 7,30 87,5

51.5(50.5). Ha xaxoii BEICOTE HYXHO 3amycTHTH KpYroBOH CNyTHHK
eman, obpawamkiics B NJIOCKOCTH 3KBAaTOpa, HJiA TOro, 9T00Bl OH
BCE BpPEMN HaXOIHJICH Hafl OOHHM H TEM K€ NYHKTOM 3eMJH?P

Oreer: H = 35 800 km.

51.6(50.6). IMox KaknM yrioM P mepeccKaercsi ¢ 3eMIIEM SKRATO-
POM Tpacca CMyTHHKa (NpOEKUHs ero TPaeKTOPHH Ha 3eMHYIO NOBEpX-
HOCTb), €C/TM OH HIBHIKETCH 110 KPYroBo# opOHTe BECOTH H, HAK/IOHEH-
HOM O/ yrJIOM O K NJIOCKOCTH SKBaTOpa?

Oreer: tgp = it »rie Q — yrinosasi ckopocts cy-

cose+ Q4 (R4 H)':p

TOYHOTO BpallieHksi 3eMJIH H |L— ee IpaBHTALHOHHHIL NapaMeTp.

51.7(50.7). Touka maccwl m NpPHTATHBAETCA K HelOABHXHOMY IieH-
TPy MO 33aKOHY BCeMHpHOro TsroteHuss F = mpu/r?, rae p— rpaenra-
LHOHHEIH napaMeTp uentpa mpurskenud. Halith umterpaa sweprum.

Oreer: v?— 2u/r = h.

51.8(50.8). Onpenenuts, npu Kakoit Bricote H kpyrosoil op6HTHI
CYTHHKA ero MOTeRLUHA/MbHAS SHEPrHH OTHOCHTENBLHO IIOBEPXHOCTI
NJI2HeTH pafuyca R paBHa ero KHHETHYECKOH IHEpPrHH.

Oreer: H = R /2.

51.9(50.9). Onpemenurs, ¢ kako# cropocTeio Boiiner MeTEeOpHT B
3eMHYyI0 arMocdepy, ec/qH ero CcKOpocTb Ha OECKOHEYHOCTH Ueo =
=10 um/c.

Orser: v =~ 15 xm/c.

51.10(50.10). Kakyio MunuManbuyio CKOpOCTh Uz HYXKHO COOGILUHTE
KOCMHYECKOMY anmapaty Ha HOBEPXHOCTH TJIaHeTH, wro6H OH yna-
JuicA B GeCKOHEYHOCTH?

Oreer: v, =4/20, — Bropas koemmueckas ckopocts (vi — nepsasn
KOCMHYECKasi CKOPOCTh).

51.11(50.11). Onpepenuts BTOPYIO KOCMHYECKYI0 CKOpOCTL IR
3emnu, Jlynn, Benepw, Mapca u KOnmrepa,
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Orser:

vz, KM/c o3, KMfc
3eman 11,2 Mapc 5,0
Jlyna 2,37 Onntep 60,2
Benepa 10,3

51.12(50.12). Touka ABHIKETCH TOA NeficTBYEM LEHTPANbHOH CHIH,
Cunras, 4T0 MORYNbL PajMyc-BEKTOPa T TOUKH 3aBHCHT OT BpeMeHH ¢
CJIOXHLIM 00pa30M Yepes MOASPHHE YroJ @, ONpefelHTh CKOPOCTb H
YCKopeHHe TouKH ¥).
2
Orser: u’*=c2[u2+(gu )2]; we =0, w, = =+ c'u? E—':-l—u).
P dy
rie u==1/r, c=r*¢ =|r X v| =const — ynsoensan cexrophas cko-
POCTh, 3HAK MMIOC AJISl CHJIE OTTAaJKHBAHHHA, 3HAK MHIYC — A5 CHJHI
NPUTHMKEHHS.
51.13(50.13). Tayka macchl m ABHKETCH MON AeHCTBHEM LCHTpalb-
HOFi CHJIH 10 KOHHYECKOMY CeeHHIO, YpaBHeHHE KOTOPOrO B HONSAPHEIX

— - T
KOOpOHHATAX HMEeT BHI Fr= Ttecosg ’ FIE p H e¢—mnapaMerp #

SKCUEHTPUCHTET Tpaektopud. Onpefenuts cuuy, noj AeiicTBHEM KOTO-
poOii ABMXKeTCH TOUKA.

Orser: Fo =0, F,=—mp/r?, rae p==c?/p u ¢ — ynpoennas cex-
TOpHAs CKOPOCTh.

51.14(50.14). Touka MaccH m NPHTATHBACTCHA K HENOIBHXHOMY MO-
JOCY TIO 3aKORY BCeMHpHOTO TsroTenus F = mu/r?. Haiitn Tpaekro-
PHIO IBHIKEHHS TOUYKH.

Orsger: Kpusasi proporo mopsiika (KoHHYecKoOe ceueHHe), ypasme-

. : P

HHe KOTOpOH B IOJIAPHEIX KOOPAHHATAX HMEET BHJL, r = T (g
tne p==cif|, a ¢ 0 &— NPOH3BOJBHBE MOCTOAHHBIE HHTErpHPOBAHHS.

¥Yxa3asue Bocnofbaosatees oTBeToM K 3amaue 51.12.

51.15(50.15). Matepuanbuas Touka JBAMETCH NOJI NEHCTBHEM CHJIH
BCEMHDHOMO TATOTEHHA NO /JHATHYECKOH TPAGKTOPHH, SKCUEHTDHCH-
Ter Koropoi € << |, a napamerp p. 3uas HHTerpaa naowameil ¢ =
=r’¢==rr><v], ONpEeLCJIHTL NONYOCH @ H b 3AAHRTHUECKON Tpaek-
TOpuH H nepHol obpaltennus T.

P P 2np? a’
Orete: am—bor, pm P e e R Y
1 —e? A1T—£ c(l — eyt i
51.16(50.16). B ycnopusix mpenmaywmieli 3ajaul onpeesHTs yCKO-
PEHHE TOYKH B MOMEHTHI, KOT/la OHA NPOXOAMT Amoreii i nepureii.

£3 o c* 2
Orser: wa=—pT(l —F): w,,==—pT(l + e}t

*) 3nece ¥ B panbHellleM NPENNONATZETcd, YTO NOMOC OONADHOA CHCTEMHE KOA
OFIHHAT COBNAAAET C NEHTPOM NPHTsMeHus (OTTANKHBaNES),
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51.17(50.17). 3uan nepuon ofpawernn T CITYTHHKA BOKPYr 3eMimn
10 S/JIHNTHYECKOH OpGHTE H PasHOCTB ero amores H nepures H, onpe-
LeNHTb SKCUEHTPHCHTET OpOHTHI

Oreer: e=Hr\/§ﬁ.

51.18(50.18). CrnyTHHK ABHIETCH OKOJIO MAHETE! pannyca R no
SINHATHYECKOH OpbuTe ¢ 3KcUeHTpHCHTeToM e. Haiitu 6onbiyi0 noJay-
OCb ero OpOHTH, ec/IH OTHOILEeHHE BHICOT TNepHres H anores pasHo p<< l.

o 1—y

Oreer: a= | =y =2l ) R.

51.19(50.19). Touka apmkercs non JeiicrBHeM CHJIEl BCEMHPHOTO
rArorenus F = mp/r’. Bupasuts nocrosmmymo sHepruH h (cM. 3a-
nauy 51.7) 4epes sneMeHTH TPAEKTOPHH TOYKH H IDABHTAUHOHHE 11a-
pamerp .

Orser: h = —p/a nns sammanTuyeckoil TPACKTOpHH (& — Gonpiran
nosiyock samnca), b =0 nas napaGonuyeckoit TpaekTopuu H h=p/a
Ans runep6oJIHUCCKON TPaeKTOPHH (& — BellecTBeHHAN N0JyOCk THREp-
60J181) .

51.20(50.20). B mavanpuerii mMomenT MaTEpHANbLHAA TOYKA, HBHIKY-
LaACH MO 3aKOHY BCEMHPHOTO TATOTEHHS, HAXOMHIACH B MOJOMKEHHH
Mo Ba paccTOsIHHE ro OT MpHTHrHBAl0- Beptna romecngz
Iero HeNTpa H HMella CHOpPOCTb Uy, Yo ceveRuR - r
Yron MexJly BEeKTOPOM CKOPOCTH v
H JHHEHEA TopH3oHTa (KacaTesabHOM,
NpPOBEJICHHOH B Touke My K oOK-
PY)XHOCTH, UEHTP KOTOpOHi coema-
Baer ¢ UEeHTPOM [MDHTHXKEHHA) pap-
Hancs O, a noaspuwi yron 6w pa- Looermapes
BeH @p. OnpelenHts 3sKcLeRTpHCHTET
€ H Yyroll & MeXny noJasipHoH ochblo H

¢OKYCHOﬂ JHHHEH KOHHUYECKOro ceve- K sapage 51.20
HHA *),
i fg Bo
H = a3 1t t 5% S =7 n r =
Oreer: e A\/l-{— 0 h g (p, —e) T=rip e

==TIgUp €0S0) — unterpan nnowageit, h = p? — 2u/r — unTerpan sHep-
THH.
51.21(50.21). Onpenenurs, KaKyl0 CKOPOCTE Hal0 cOOBIIHTL KOCMU-
HECKOMY anmnapaty, uToGhl, NOCTHrHYB BEiCOTHl H Hal NoBepXHOCTBIO
NJIaHEThl H OTAEJAMBIIHCL OT NOC/JEAHEH CTYNEHH DAKETH, OH ABHraJcs
no 3aMUNTHYecKOH, mapaboanueckol HiIH rHNEPGOAMNECKOl TPaeKTQ-
puu. Papuyc nnasern R.

Yxazanne BocnoJbsoBaThen OTBETOM K Npeabnyilen 3anave.

Orser: Tlpn v << vy TPaeKTOPHA — 3JIIHNC, NPH Up = Uy — napa-
2 _igz__z

R+ H
*) 3a nonommuTentHoe Hanpaeaenue (poKaaBHOf OCH KOHHYECKOIO CEHEHHA MpH-

HHUMaeTCy HanpanjieHHe OT MOMKC3, COBNANAIONIEre ¢ OIHUM H3 OKYCOB ceyenus,
K Gmxaninel Bepuivse,

Gona, npm Up>> v,—rumepbona, rme U, = 2 v —
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napafonuyeckass ckopocTh Ha Buicote H (o — Kpyroeasi cKo-
POCTB).

51.22. Kakyio HY»HO COOGLIHTL HAUAJBHYIO CKOPOCTBE Uy = U3 Ma-
TepHaNbHOH TOUKe Y TOBEPXHOCTH 3eMuiH, YTOGH OHA MOTJIA MOKHHYTH
upenens ConHeyHOH CHCTEMBL.

Oreer: vy= 03———'\105-{- V2(4/2 — 1) ~ 16,7 xmfe, rtae V=~
~ 30 km/c — kpyroBas ckopocTs 3eman, Uz— BTOPaA KOCMHYECKas
CKOpPOCTE.

51.23(50.22 u 50.23). B MOMEHT OTAENCHHS KOCMHICCKOTO AMIMa-
para OT mnocne[Heli CTYNeHH paKeThl OH Haxonwacsa B Ttouke M, ma
Boicote H == 230 kM ot noBepXHOCTH 3eMIB M HMCJ HaYaJdbHYIO CKO-
pocte Up = 8,0 KM/c, npHYeM BekTOp
CKOPOCTH ¥g COCTABJAAA C JHHHEel ro-
pH30oHTa (KacaTeabioH, MPOBeNEHHOM
B TOuYKe My K OKpyXKHocTH papguyca
ro) yroa 6, =10,02 pan.

OnpefleuTh MOCTOAHHYIO MJIOM(A-
HcH ¢, napamerp p TPaeKTOpHH, NO-
CTOANHYyI0 3HepruH h, uanpaBieHue
6onblloil OcH 3ARHNTHYECKON TpaeK-
TOPHH CHYTHHKA, SKCUCHTPHCHTET &
TPAEKTOpHH, anoref (Hmax) ¥ nepu-

K sanase 5123 reft (Hmn) u nepmwon T obpawenus
CNYTHHKA.

Oreer: c == 52790 km%/c, p =7002 KM, h=—56,6 km2/c?, g¢—
=q@o— 0,335 pan, rile Q¢— HavanpuE NONAPHEH YToJl paadyc-BeK-
Topa ro; e =0,0649, Hmax = 1120 kM, Humnn= 210 kM, T =985 mun.

51.24(50.24). Ilpun kakom Hanpap/eHHH HAYaAbHOH CKODOCTH KOc-
MHYECKHH annapat ynajerT Ha NOBepPXHOCTH MJAHETH panuyca R Bue
SABHCHMOCTH OT BeJHYHHB HAauaJbHOU CKOPOCTH?

Orser: Ecnu mavanouas CKOpOCTh GyeT HanpaBseHa BHYTPb KO-
HyCa, ONHCAHHOIO BOKPYr MJaHETH K3 HAYAJLHON TOYKH.

51.25(50.25). TIpH KaKHX HauaJBHBIX YCNOBHAX TPACKTODHS KOCMH-
HECKOTO annapara, 3allylieHHOr0 Ha BHcote F/ OT NMOBepXHOCTH nJaa-
HeTH paguyca R, e nepeceqeéng}a MOBEPXHOCTH?

R
Oreer: 1) v > v? RT B s b, = 5 coseu>m, roe o —
Kpyrosasi CKOpOCTh AJIsi NAHHON MJIaHEeTH Ha BHcoTe H.
Havanbuasa ckopocts JOMKHA OHTH HalpasjieHa Blle KOHyca,
ONHCAHHOrO BOKpYT NJIAaHETH H3 HAYAJABHON TOYKH.
51.26(50.26). Hajite saBucuMocTb Mexny nepuHopamu I; o6palie-
HUA naaner BOKpyr ConHua H GONLLIHME NMOJYOCAMH @; HX SJITHITH-

YECKHX TPaeKTOPHI,

a3

aj 2 -
Orser: 77 = o LA Mobuix niawer (TperHi 3aKOR Kennepa),

1
51.27(50.27). IepHox oBpawenss ogEOrO Ha cnytuukos IOnutepa,
Hasusaemoro Mo, pasen 1,77 cyrtok, npuyem panHye ero opOGHTH co-
crasnser 95,91 paguyca IOnurepa. Cpemuee paccrosmmue OnuTtep —
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Conmuuc pasio 520 cpensero paccrosmus 3emas — Conue
(5,20-23000 semubix panmycoB), a mepios o6palienys IOnurepa Bo-
kpyr Connua pasen 11,8 ner. Ompenennts ornowenue maccs FOmu-
tepa K Macce Conuua (pamuyc IOnurepa paeen 11,14 pamnyca 3eman).
Orser: Macca HOnurtepa B 1000 pas menbue mMacce Conunua.
51.28(50.28). Ilon cpentum 3nauennem [r] pammyc-BeKTOpa TOUKM,
ABIDKYLIEHCS N0 20JHNTHYeCKOI TPAEKTOPHH, MONHMAETCS BEHUHHA,

onpenenseMasi pPaBeHCTBOM {r]==-;75 rdt, rme T —nepuos o6pa-
]
L[EHHA.

Onpenennts cpenmnee smayenie PafHyC-BEKTOpa MJAHETH, eCJH
a— boMblias noJyoch, @ €-— SKCUEHTPHCHTET ee SMHNTHYCCKOL
TPAeKTOpPHH.

Orser: [rl=a(l + Y, ¢2).

51.29(50.29). Ilpa cnyTtHHKa, HMEIOLIHE pABHbLIE MACCH, OBHKYTCS
B OMHOM HanpaBJeHWH BOKPYI MPHTATHBAIOLIEr0 LEHTpa MO KOMMJIA-
liapHHM OpBHTAM, OOHA H3 KOTOPBIX — KPYIO-

Bas pajmHyca rp, a APYrasi — sJJHNTHIECKAN

C pacCTOMHHSIMH MEpHress H amores rp o 8rg

cooTBeTCTBEHHO. Ilonaras, uTo cnyrHHKH ny- %

TEM HENOCPENCTBEHHOH CTHIKOBKH COENHHUILCH z
ILpyr ¢ ApyroM B TOYKE CONPHKOCHOBEHHA HX | o

OpOHT H HaJsibHefillee ABHIKCHME NPONOIIKAJH
BMecTe, HAHTH anoredl X HOBOH OpGHTEL

. 4
Oreer: 1,4 =3 To- K 3anaze 51.30

51.30(50.30). Onpenennts €BA3b MEXKIY HCTHHHOR @ H 3KCUEHTPH-
gecko# £ aHOMAanHAMH TOYKH HA SJIHITHIECKOH op6HTe 3KCLEHTPH-
CHTETa e.
1—e
146
51.31(50.31). Buipasuth cKopocTh B moG0fi TOYKe 3JTHNTHYECKON
OpOHTH 4epe3 SKCLUEHTPUYECKYIO aHOMAaJIHIO.

. B / l+ecos E
Orser: uz-,\/% Il —ecosE *

51.32(50.32). Hafirn ma snnuntHueckofi op6uTe TaKHe TOUKH, CKO-
POCTb JIBHXKEHHH B KOTOPHIX paBHA CPCAHEMY reOMEeTPHUECKOMY CKO-
pocTel B nepHree H anoree.

Orser: E = +n/2 (touku pacrmonomenn Ha KOHUAX Majol OcH
sanunca).

51.33(50.33). 3Has BupakeHust OAS pafHYC-BEeKTOpPa TOYKH, CO-
BEPUIAIOMIEN 9JJIHITHYECKOE J[BHXKEHHE BOKPYT NpPHTArHBAOLIETO
LeHTpa;:

Oreer: ig -;i = ig% ‘

). v e — A
L i ema ST a(l —ecosE)e,,

IZie €-— OpT pajnHyc-BEKTOpa ¥, NPOBENEHHOr0 H3 HEHTPa MPHTSKEHNS,
@ — McTHHHAHA, a8 £ — skcuenTpuyeckas aHOManuH, HafiTH BHPaMKeHis
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A5 BEKTOpa OpGHTANbHON CKOPOCTH 3TOfl TOYKH, 3amucaHHble B op&u-
TanbHOH H MHEPUHANbLHOM CHCTEMAX KOOpAHHAT.

Orser: v= f\/%[e,e sin @ - e, (1 + e cos g)],
ﬂ':'\/%[“—el 4/1 — e?sin E e (I—-e’)cosE]'

1—ecosE 1—ecos E

rae € —OpT, HampaBJeHHHH H3 Nojloca B MepHred, a €2 — OpT mep-
NeHIHKYJAAPHOTrO OpTY €] HalpaBJCHHA.

51.34(50.34). B xakoit Touke 3ANHNTHYECKON OpOHTH yroJ Haknona
TPACKTODHH K MECTHOMY TOPH30HTY (IVIOCKOCTb, NeEpReHaMKy/IsipHAs
Pajnuyc-BeKTOpYy) AOCTHraer HanboJbLIErQ 3HAYEHHA?

Orger: E = +n/2.

51.35(50.35). CnytHHK NBHIKeTCH MO KpyrosoH op6ute panHyca r,
Aenas onud obopor 3a spems I. B pesyabrare momyuenus panHans-
HOTO HMMIyJbCa CKOPOCTH BEJHYHHN 4 OH NEPeXOAHT HA SJJMNTHUE-
CKylo opbury. Onpesennts nepHon OGPAILCHHA MO SANHITHIECKOI
cpbute.

7
Orser: T,= T 7o \Tvh "
[1 ~ \Zar ]

51.36(50.36). CnyTHHK ABHMETCH TIO KpPYroBOil op6HTe papmuyca r,
Aenasi oMK o6opor 3a pems T. B pesynbrate nosnyuenus TaHrenum-
aJIbHOTO (KacaTeNbHOr0) HMIOYJILCA CKOPOCTH BEIHYHHBI X OR nepexo-
AHT Ha SANHNTHYeCKYI0 opbuty. Onpeneauts nepuop ofpalueHus no
SANMITHYECKOI opbure T).

T

[-(E) =T

51.37(50.37). CnyTtHuk mBHMETCS TO Kpyroeoi OKO/N03eMHOll Op-
bure paguyca r. Onpepennts BeanuHny PaAHANLHOTO HMMYJabCA CKO-
POCTH, B pe3yibrate KOTOPOro CHYTHHK MEPefifleT Ha SJIHITHYECKYIO
OpOHTY € nepHreem ry.

SR Y W TR
Orser: u— r‘(/\/: /\/-r_)

51.38(50.38). Kocmuueckuli kopaGie IBHMETCH CO CKOPOCTBLIO
v==30 KM/c no opbure 3emnu, umerouich pamuyc ry=150-10° kwm.
Kakoii KacaTenbHbli uMOyIbe CKODOCTH ¥ OH HO/XKEH NOJNYYHTL, YToGH
B agesuH cBoedl HOBOH OpBMTH OH NOCTHT OpGHTH Mapca (r2=
=228-10° gm)?

Pewnuts Takyio e samauy ans caysas nosera K opbnte Benepn
(rs = 108-10° km).

Orser: Ha op6uty Mapca: u= 2,95 xm/c.

Ha op6uty Benepni: 1= 2,55 km/c.

51.39(50.39). CnyTHHK ABHKETCH MO SIAHNTHYECKOI: OKOJIO3EeMHOR
OpbuTE ¢ pajHycOM MEPHTeA M ANOTes COOTBETCTBEHHO 7| H rz. Onpe-
ACJHTD BEJIHIHHY KacaTesbHOTO NPHPOCTA CKOPOCTH u B NepHree, npH
KOTOpOM BRICOTA arioref ysenauuntes pa H,

Orser: T)=
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L= A/ (A - A7)
Oreer: u== n ntra+H rn4r/

51.40(50.40). Kocmuuyeckuil Kopabnb, ABHKYIIHICA 1O KpyroBoii
CnyTHHKOBOH OpOHTe, NOJXKeH CTApTOBAaTh C HEe MyTeM NONYYeHus Ka-
CaTeNbHOTO HMIYJIbca CKOPOCTH M BHEIITH Ha runepboaHuecKyio opGHTY
C 3aJlaHHEIM 3HAYCHHEM CKOPOCTH Ha GECKOHCUHOCTH Us. IIpH Kakom
pazHyce ro HayaleHOH Kpyromoli opluTH BedHY9HHA HEOOXOMHMOro
HMOYJabCa U OYHeT HAuUMeHbUICH?

Oreer: ro= 2u/v§°.

§ 52. Pasune sapaun

52.1(51.1). [Ipe cBOGONHHE TOUKH, MACCH KOTODHIX DAaBHE M H Mg,
JNBHIKYTCH MOA HCHCTBHEM CHJI B3aHMHOro NpHTseHHs. Onpemenuts
3aKOH INBHXKCHHSA TIEPBOH TOUKH OTHOCHTEJLHO BTOPOIL.

Orger: OTHOCHTENIBHOE NBHKEHHC NIPOHCXOAHT [0 TEM XKe 3aKOHAM,
STO H a6COJIOTHOE C TPaBHTALHOHHEIM NapaMeTpoOM

p == f(m + ms).

52.2(51.2). Kako#i BHI mpHMeT 33BHCHMOCTS Mexay nepHonamu T
obpawenust nnawer Bokpyr Conuua H GONBIIHMH NOAYOCAMH @ HX
SIIMHNTAYECKHX OpOUT, eciH yuecth nBuxkenHe Conpla, BH3BAHHOE
NPHTAXKEHHEeM COOTBETCTBYIOLIEN NaaHeTH?

0 a? ag' M+ my M
TBET. —5 i —H = ———, THe m,, Mo, — Macchl mnJaseT
Tf T; Mt m, pit 1 2 M H

ConHua cooTBeTCTBEHHO (CPaBHHTH C OTBETOM K 3anaue 51.26).

52.3(51.3). [Ipa onHOpORHEX Wapa paauycos Ry u Re nauanm npu-
TaThCH M3 COCTOSHHS IOKOS MOJ JEHCTBHEM CHN B3aHMHOTO MPHTAMKe-
uust. Onpenennth, ¢ Kakoil OTHOCHTENLHON CKOPOCTBIO Uy CTOJKHYTCH
LIApH, eC/H NepBOHAYA/ILHOE PACCTOSIHHE MEMAY HX LeHTPaMH pABHA-
Jiock L, a Macch IUapoB paBHEI My H My,

1 1
Orger: v, = '\/zu(m"'f) » rme p=f(m 4 m,).

52.4(51.4). [ie TOuKH, Macchl KOTODHIX DABHBI My ¥ My, HAYANM
JBHTATbCS H3 COCTOSIHHS MIOKOA TOA NeHCTBHEM CHJA B3aHMHOIO MNpH-
tskenns. Onpenmenuts Bpemst T, gepes KOTOpoe CTOJKHYTCS TOYKH,
eC/TH NepBOHAYa/bHOE PACCTOSIHHE MEXAY HUMH papHAJOCH L,

LS
Orser: T=§ /\/ﬁ’ rae p==f (m; + m,).

52.5(51.5). Ilse cBoGOAHHE TOYKH, MacChl KOTOPHIX PaBHE! My A s,
JABHXYTCA NOM ACHCTBHEM CHJI B3aHMHOTO npuTsikenus. OnpemenHThb
SAKOH [ABHXKCHHA TOYeK OTHOCHTENBHO HX 1eHTpa Macc C.

Oreer: JIBHXKCHHE MO OTHOLICHHIO K LCHTPY Macc NPOHCXOLHT no
TeM K€ SaKOHAM, YT0 H agcomomoe ABHINEHUE C IPAaBHTALHOHHbIMI

i 12
napametpam fu=f sy B P'2=f_‘——“(ml+,,,,)z '
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92.6(51.6). Ilpoekuus ueHTpasbHON CHNBI HA PANHYC-BEKTOP PABHA
= (-%-f—%—) »rae p >0 n v— HekoTopuie noctosiEHbe. Onpenenuts
TPAGKTOPHIO NBHIKYILIEHCH TOYKH.

Orser: 1) v<¢? r= s_i_em:kw_s) , The ¢=r2p=const,
p=£—;—l’-, K=1—-%, e ¥ & — NPOH3BOMLHEE NOCTOSHHELE.

2)p—rtee: -;1-=%3§-+C,q>+02, C, u C; — NOCTOAHHBIE HHTEr
PHpOBaHHS,

Hv>chr= l+ech‘l(cp—e)' e P=—%‘:=—. kzz%_l‘

€ H &— NPOH3BOJIbHEIE TIOCTOAHHbE.

52.7(51.7). Kocmuuecknit annapat Maccsl m npHbAHXKaeTeA K nia-
HEeTe N0 MpsMOH, Npoxopswlel wepes ee ueutp. Ha kakoit Bricotre H
OT NOBCPXHOCTH MJI2HETH HYXHO BKJUIOYHTL HBHTaTeNb, YTOGH co3na-
BdeéMan HM NOCTOAHHAN TOPMO3silias cHia, pasHasi ml, ofecrneyunaa
MArKY10 nocaixy (Rocaiky ¢ HyJeBol CKOpOCTbIO)? Cropocts KoCMH-
HECKOTO annapata B MOMEHT BK/IOYEHHSI JBHTaTeNs paBHa U, rPaBH-
TaUHOHHLIH NMapaMeTp NJaHETH y, €e Painyc R; npHTAXXeHHeM APYrHX
HeOecHHIX TeJ, COMPOTHB/JEHHEM aTMOChEpH H HIMEHEHHEM Macchl
ABHTaTeNs npenebpeus.

Orser:

G e R Y| PR )
=7 -F+TR-r——2—i 7{7+TR+_2— —4uT( —R; smak
nmoc, ecan T > p/R? u avak mumye, ecan T << p/R2.

52.8(51.8). Ompepenuts nonesnyio paborty, KOTOPY®0 IOJIXKEH CO-
BEPIUHTL ABHTATENlb DAKeTH, 4TOGH MOAHATL KOCMHYECKHH annapat
Ha BHcoty Il Haj MOBEPXHOCTHIO MJaaneTH! U
COOOIIHTL €My Ha 9TON BLICOTE KPYIOBYI0 H
napaGoanuecKylo KOCMHYeCKHe cKopocri. Mac-
€4 KOCMHWYECKOr0 amnnapata Ha TNOBEpXHOCTH
naauets pasHa M, pamnyc naanerw R; conpo-
THBJIEHHEM aTMmocdeps mnpenebpeys. Brmmue-
JIHTh 3Ty pabory AAs BTOPOHl KOCMHYECKOil
cKOpoeTH ans 3emun, ecan M = 5000 xr.

26

Oreer: A.=MgR-—£-R—_|_W. AzzMgR,
A;=31,85-10" kH - m.

52.9(51.9). Kocmuvecknii annapar Bpauiaercs c YriaoBOH CKOPOCTEIO
€. Onpenennts, Kakyio nonnyio paGory LOMKell COBEDUIMTH NBHIa-
TeNib MaxoBuka M, uTOGH OCTaBOBHTL BpallieHHEe KOCMHYECKOrO 8nfa-
para, cuaTas, YTO BpalleHHE NOCHEHEro MPOHCXONMT BOKPYT MOCTY-
NaTeabHO MEPEMCILAIOLIEHCS OCH, NPOXOAAILel Yepes ero LEHTp Macc.
Ocb ppalilcHHsi MaxoBHKa COBRAalaeT C OCbI0 BpalieHHs annapara;
J w Jo— MOMENTH uHepUHH MAXOBHKA H anmaparta (BMecTe ¢ Maxo-
BHKOM) OTHOCHTENbHO O6uielft ocu Bpawedus. B navanbuuit MOMeHT
Yr/0Bas CKOpPOCTb MaXOBHKA paBHa YIJIOBOf cKOPOCTH annapata,

K 3anawe 52.9
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52.10(51.10). Cunras, uTo €TaTOP 3MEKTPOMOTOPA CHCTEMB!, ONH-
caHHOi B 3amaue 52.9, cosnaer Bpawaiomuii MoMeHT Mop = Mo — %o,
rae Mo B % — HeKOTODHE TNOJOXHTEeNBHEE NOCTOSHHNE, ©— OTHOCH-
TEJIbHAas Yra0Baf CKOPOCTH MaxOBHKa, HafiTH ycJoBHe, Heobxomumoe
ANSl TOTO, YTOGH TOPMOMeHHe BpallleHHs KOCMHYeCKOro annapaTa
NpOH30WNIO 3a KoHeunoe BpeMsi. Ilpennonaras, yTo sT0 yCJa0BHe BHI-
TIOJIHEHO, ONpPeNenHTs BpeMs 1 TODMOMEeHHs.

: ) _ o= JM,

Orser: Mg>x—T Q T= i Im TH; —doy

52.11(51.11). Onpenenurs yroa P, Ha KOTOpHt noBepHeTCH KOCMH-
YeckHil annapat 3a BpeMsi TOPMOXKEHHs BDAIIEHHS, eCaH OHO OCyLle-
CTBJISIETCH cnocobaMH, oMHCAaHHHEIMM B 3amadax 52.9 u 52.10.

e JUe=d) =1 ) | ITM,

Oreer: Y= o, Q 2 (M7 — QxJy) In T =

52.12(51.12). [lns noBopota Kopmyca KOCMHYECKOTO anmapara Hc-
NOJNb3YETCH 3MeKTPOABHTaTeNb-MaXOBHK, yYPaBHeHHe NBHIKeHHS KOTO-
POro Ha BpaulamuleMcs anmapaTte HMeeT BHA @ + of/T = 1, roe o —
OTHOCHTEJIbHAR YTJIOBaf CKOPOCTL MaXOBHKa, I — €ro NocTosHHas Bpe-
MEeHH, U — ynpaBJifiolllee HaNpsAXKeHHe, NPHHHMAOlEe 3HAYeHHT =1,
Onpenennts [nuTenbHocTs #; pas3rona (4=1tg) W TOPMOMEHHS
f2(u=—ug) MaxoBMKa, eC/IH MepPBOHAYaJbHO HeBpAILAIOLIHHCT KOp-
nyc npH HenmoABHIXKHOM MaXOBHKE TpeOyeTcd NOBEpPHYTH Ha 3afaHHBIN
yros @ H ocTaHoBHTb. Och BpalileHHs MaXOBHKA NMPOXOLHT uepe3 LeHTP
MacC KOCMHYeCKOro ammnapara; ABHKeHHe CYHTaTh NJocKHM. MoMeHThH
HHEPUHH MaxXOBHKa M annapaTa OTHOCHTeNbHO ofulefi ocH BpalleHHs
CODTBETCTBEHHO paBHu J H Jo.

Orger: h=7+TIn(1+4/1—e ), t,=Tla(1 +4/T—e7),

Jop
rne T=I_u01_‘"

Orcer: A=

FJABA XIII

YCTORYHBOCTL PABHOBECHS! CHCTEMbI, TEOPHS KOJIEBAHHHA,
YCTOHYHBOCTL IBH)KEHHA

§ 53. Onpepenenne ycaosufi paBHOBECHS CHCTEMBL.
YeToliuMBoCTE paBHOBECHS

53.1(52.1). Ocp Bpamenna AB npaAMOYTOMLHON NIACTHHH HAKJIO-
HeHa noj yryiom o K BepTHKasnH. Onpenenuts MoMeHT cui M oTHOoCH-
TEeJbHO OCH AB, KOTODHIi HyXHO NPHIOKHTL K IJAcTHHe AJsa ee 1o-
BopoTa Ha yrosl ¥. Bec nnactuum P, pacctosHHe or IeuTtpa mace G
NIacTHHH 1o ocH AB pasHo a.

Orger: M = Pasinasin®.

53.2(52.2). IlapaupHbil 1WecTHYrONbHYK, COCTORIIHN H3 1WECTH pap-
HHX OJQHOPOJHBEIX CTepXHeH BCCAa P KaxAbiH, pacnoJoxen B BepTH-
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KanbHOH nsockocTH. Bepxusst cropoma ulectyrodsuuxa AB weno-
ABHXKHO 33KpeN/eHa B FOPH3OHTALHOM IMOJOMKEHHH; OCTaJbHEE CTO-
POHE pPAacnoJo>keHs CHMMETPHYHO MO OTHOLIEHHI0 K BepTHKaJH, Opo-
Xopsimesn uepes cepesuny AB. Onpefienuth, Kakyio BepTHKaJBHYIO
culy Q Hallo NPUJOXKHTL B CepefHHE TOPH3OHTAMBHOMN CTOPOHH, Npo-
THBONONOKNOH AB, nnsi Toro uTO6M CHCTEMa HaXomMAach B Gespas-
JINYHOM PaBHOBECHH.
Oreger: Q = 3p.

K 3anave 53.1 K sanave 532

53.3(52.3). K onuoponsomy crepxuio AB pnunm 2a u peca Q, nox-
BEIUEHHOMY HA JIBYX HHTAX JUIHHH [ KaXXnas, NPHJOXKeHa mapa cun
¢ mMoMentom M. Touku nopseca HUTeH, pacnoJOMKeHHHE Ha oIHO# ro-
PH30HTa/H, HAXOASATCA Ha paccTosHuu 2b apyr ot apyra. Hafith YTOJI
U, onpelensomni NOJI0XKEHHe PAaBHOBECHS CTepIKHA.

Orser: B noJio>keHHH paBHOBeCHs yrosi ¥ HAXOAMTCH Hs YpaBHeHHs
M A/2 — (a — b — 4ab sin?(6/2) = Qab sin 9.

53.4(52.4). INpaMonnHeAHBIA OAHOPOARMEA crepxkens AB minum 21
YNHPAETCH HHXHHM KOHUOM A B BePTHKaNBHYIO CTEHY, COCTABJAS C

28

!

t
i
1
]
I
L
i

|

K sanave 53.3 K 3anawe 53.4 K 3anave 53.5

e yron . CTepiKeHb omHpaeTcs Takxe Ha rBoaub C, napanneasHsi
crene. ['BO3ib OTCTOMT OT CTERHW Ha pacCTOSHMH @. Onpenenuts yroa
9 B NOJIOXKEHHH PABHOBECHS CTEPIKHIT,

Orsert sin @==~/a]l.
53.5(52.5). Ha rnankufi uuauunp pPajJiHyca r OmHPAalOTCH ABa ONHO«
POIHHX TSIKEJHX CTepXHfA, COeAHHeHHHX IapuHpoM A. JliHHa Kaxe«

Aoro crepxHsi paBHa 2a. Onpeflenmuts yron 20 pacTBopa crepXHeH,
COOTBETCTBYHIIHH DOJNOXKEHHIO PABHOBECHS.
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Oreger: ¥Yron ©® onpenensiercs u3 ypashenns algd®—rig? € —
=] ;

53.6. CicTeMa COCTOHT M3 ABYX OnHOpOmHEIX crepxueit OA n AD
JJIHHB @ H Macchl /m, PacnoJIO’KeHHHX B BepTHKaJbHON NJOCKOCTH.
B Touke A cTepiKHH CcOeNHHeHH wapHHpoM. B Touxe O — HeMOOBHMK-
HHIF WapHAp. B Touke B cTepxKewb AB coenuuen WIapHUPOM ¢ TesJOM
C macchl mj, KOTOpOE MOKeT nepeMeliaThcs No Bep-
THKanH, npoxonsiell uepea Touky O. Cepenunn
crepxielt OA u AB coepuHeHb! NPYXHHON MECTKOCTH
c. nuna TnpyMHHS B HEHANpPsiKEHHOM COCTOSHWH
lp << a. HaliTH monoxeHus paBHOBECHA W YCJIOBHS HX
ycTofiuHBOCTH. TpeHuleM H Maccoll NpYKHHH Tipe-
Helpeus.

Orser: Tlpn 2(m -+ m)g > cla — kL) omno ycroili-
gHBOe cocTosHHe papnosechss @ =0, nmpn 2(m -}

4m)g <c(a—Ih) nma COCTONHHA DaBHOBECHT — 7
HeycToiiuuBoe ¢; =0 u yeroiiynsoe Z
Y y A
2 (m + mi) g +cly '

@y = arccos o . K 3agave 53.6
53.7(52.7). KoHubl OZHOPOAHOrO THAMKEJOro CTepMHA MIHHE [
MOryT CKONb3UTh 6e3 TpeHHs Mo KpHBOH, 33a/laHHOH ypaBHeHHeM
f(x, y)=0. Onpenenntp nosoxeHusi pasHoBecHs cTtepxkuf. (Ocb y
HanpaeJjcHa N0 BEPTHKAlH BBEpX, OCb X — 0 FOPH3DHTANH BNpPABOD.)
Oreer: KoOpOHHAaTH KOHLOB CTepXKHS, OTBEYAIOIIHE MNOJOKEHHIM
paBHOBecH#, 6y0yT pelieHHsSIMM CHCTeMH

(e — x4+ (e — y1)* — =0, flxi, g1)=0, F[(xg 5)=0,

of of R il e o
20— 955 7w, = ta— 5 5+ o

63.8(52.8). OpnxopomHmF THXeNWH CTEpKeHb MIHHB [ MOXeT
CKOJIb3HTE CBOHMH KOHUaMH Ge3 TperHs no mapaGone y = ax? Omnpe-
LenuTh BO3MOMHBlE noJoxeuus pasnoBecus. (Ock y wanpaenena 1o
BepTHKaJH BBEPX, OCb X — N0 COPH3OHTAJH BNPaBo.)

Oreser: IlepBoe NonoXKeHHe PaBHOBECHS:

Yo=—x;=1/2, y1=ys=al/4.
Bropoe moJ0XKeHHe paBHOBECHS oOnpeliefifeTcs H3 ypaBHeHHA
chE = 4/al no ¢dopmynam
1

) g o | I
R Ch g €t B ety e

53.9(52.9). Pewntt 3apauy 53.7 B NpeAnoJIOXKeHHH, YTO KpHBas
ABAAETCH SJITHNCOM (f (x, 1) =-§' + 'g_z — 1= 0) + 8 [JIHHA CTEPIKHFA

ynoBsieTsopaeT ycaosHio [ << 2a. Onpenenuts BO3MOXHEE NOJOMKeHHS
PaBHOBECHSA CTEepIKHS.

Ykaaanwe BMecTo nexapToOBHX KOOPIMHAT cHEIYEeT BBECTH KOOPAHHATY @
(sxcmenTpRyeckyio aHOMa/HIO) ¢ HOMOLOBIO COOTHOUICHWH x = acosq, ¥y = bsing,
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Orser: Tlonoxehns paBHOBeCHS OTREYAOT 3HAYEHHAM 3KCUEHTPH-~
YCCKHX aHOMAaJHH, ONpejenseMblM H3 YPaBHEeHHH

a) p=7a— @, CoSQ,= f\/;a— (cywecteyer npu < 2a);

in 92— 1 + 1 — 16/(237
0 50250 [T e [

BYET mpy @ > b u I < 2b).

53.10(52.10). Ilo r/1aIkoMy IIpOBOJIONHOMY KOJBLY paasyca R,
PacnoJIo}eHHOMY B BEPTHKaJbHOM TJIOCKOCTH, MOXET CKOJB3HTL Ges
TpeHHA KoaeyKo A. K sTomy komeuky ma muTH nomseluen rpys Macchl
fMi; ApYTas HUTH, NEPEKHHYTAs Yepes HHYTOXKHO Maibi 610K B, pac-
MOJIOKEHHHIT Ha KOHLE FOPH3OHTANBHOrO AnaMeTpa GOJBIIOTO KOJBIA,
uMeeT Ha Konue C npyroit rpya Q maccw my. Onpenenute nonoxenns
PABHOBECHSI KOJleykKa A H HCCICNOBATH, KaKMe H3 HuX yCTOHTHBYY,
KaKHe HeT.

Yrasauue Ilonoxeune xonewka A CHENYeT XapaKTepH3OBRAThL LEHTPAJILHEIY

yrnom @ == £DOA. Hapo orgentno PaccMaTpHBaTL paBHOBCCHE KONEUKA Ha Bepa-
UCH H HEDKHCH NMONYOKPYKHOCTSX.

K 3azave 53 10 K aanaue 53.11

Oreer: Ha Bepxmeli MoNyoKpyKHocTH (0< ¢ <n) npu awbux
SHAYEHHAX Mg/Mm; CYIECTBYeT MOJIOXKeHHe HeyCTOHYIBOro PaBHOBecns
2
. 1 m
s[n—‘@.:— EEE“‘B L npuyem 0 < qo <<n/2. Ha nux-
2 4 Iy m,
Helf NOMyOKPYXHOCTH (n << @ <C 2n) npu ma/my << 1 CYLleCTByeT no-
2

. 1 n; My

ecus Sil —=— —= 84—
J0XKeHHe YCTOflYHBOro paBHOBeCHN y 7 ( e + 84 o

3n
npuyeM 1t < @p < —5 -

53.11(52.11). Onnoponsas KpafpaTHas NNACTHHKA MOMKET Bpa-
WATECH B BEPTHKANbHON IJIOCKOCTH OKOJIO OCH, NMPOXOAfIleR Yepes

yron O; sec nnactukke P, ninka ee croposn a. K yray A naacTHHKH
NpHBA3AHA HNTH MVIHHLI [, epeKHHYTas yepes Maiaw#l 640k B, oTcros-

LU Ha pacCTORHHM @ Mo BepTHKANH ot touku O, Ha wuTu Bucut rpys
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2
Beca Q;.—.iz_ P. Onpenenute nonoxcuna pasHOBeci? cHCTeMH H HC-

C/Ie[l0BAaTh HX YCTOHYHEOCTE.

Orger: TlonoXeHns paBHOBeCHS OTBEAloT CIeAYIOWHM 3HaAYeHHAM
yrna §: Y1 =0, Ya=m5/6, Pg=mn/2, Y4 =3n/2. Tlepsoe u Tpetbe
NOJNIOXCHHS DABHOBECHS YCTOHYHBE.

53.12(52.12). Opuoponnmii Tsxenui creprkens AB naunnt 2a onu-
PaeTCsi Ha KPHEOJNMHENHHYIO BanmpagJIsioILYI0, HMeOULyio ¢opmy moay-
OKpYIKHOCTH pannyca R. Onpepnenuts, npeseGperas TPEHHEM, NOJIoXe-
HHE PpaDHOBCCHA H HCCHAENo-
BaTh ero ycTOUYHBOCTD.

Orger: B nonoxenun pap- g
HOBECHA CTepiKeHb HaKJOHEH
K TOPH3OHTAJMLHOH JIHHHH NOA
YoM g, ONpefesgeMeM H3
YPaBHEHHS

COS Q= E%’—[a -}— 1/(12 - 32R2] K sanawe 53.12 K 3apaue 53.13

(npennonarae'rca, uto AR <a< 2R). 3ro MOJIOKEHHe DaBHODC-
CHAI YCTOMYHBO.

63.13(52.13). Tonmemunisi Moct OA cxemaTHuecKy n3o6paxen na
PHCYHKE B BHLE OLHOPOAHOH MiacTHHb! Beca P u fmmum 2a. K cepe-
AUHE Kpas IJIACTHHB NPHKPENJIEH KaHaT MJHHB [, nepeKHHYTHi yepes
Manbifi 670K, Jlexallinii Ha BepTHKaJH na paccTosiniy 2a Han TOYKOI
O. Ipyroit kouen, C KanaTa coeluHeH ¢ NPOTHBOBECOM, CKOJIB3FLIHM
Gea TperHs NO KPHBOMHHEHHOI Hanpapasioueil. Onpejennts dopuy
STOH HanpaBJsAWILeH K BeC NMPOTHBOBeCa Q TaK, uTO6H cHCTeMa HAXO-
Annace B Ge3pasjHYyHOM pAaBHOBECHH.
Ilpn ropH3oHTaILHOM NOJOMKEHHH MOCTA
répomaoaec C wuaxomutcss Ha npsMmoit

}j’
AN

QDA A SRR AR AR

Kol

Oreer: 9=P/1/2; YPaBlieHie Ha-
npaanmome‘}’{ B ONAPHLIX KOOpAHHA- p Li
Tax r, &: r°=2(I—24/2acosd)r 4+
+-4 4/2al — 2 — 8a2. Ly

53.14(52.14). Hccnenopath ycroliun-
BOCTh BCPTHKAJBHOIO NOJOXKEHHA paBHO- J;
BECHA «0DpalleHHOro» JBOHHOIO MadT-
HHKa, ¥300pakeHHOro Ha pHcynKe. Ma-
ATHAK MOXeT OHTb CXeMaTH3HPOBAH B
Bune JBYX MAaTEPHAJILHEIX TOYEK Macc /) M Mg, CBA3AHHHX CTepiK-
HAMH [JIHH [) H [,. B BepTHKa/IbHOM MOJIONEHUH paBHOBECHs NIPYXHHB
(3KeCTKOCTH HX €1 H €2) He HanpsKeHH.

Orser:  VcioBHE  yCTOHMHBOCTH — MMEIOT BHE ¢l > myg,
[(e, +c)t, — (m, + m,) g][cd, —mg] > el l,

53.15(52.15). Hccnenopath yCTOHYHBOCTS BePTHKAJIBIOIO MOJOMNKE:
Hi5l PABHOBECHA CHCTEMII MAasiTHHKOB, H306pa’keHHOH Ha pHCYHKe}
AHHA CTEpXKHA nepBoro MasTHHKa 4k, Broporo 3h n Tpertwero 2h

2]

DS AR L vy

NS

K 3azave K sapnave 53 15
53.14
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Maccol BceX MASTHHKOB M JKeCTKOCTH NPYMKHH OAMHAKOBH H COOTBET4
CTBCHHO paBHul m i €. PaccTosinusi TOYEK NMPHKPCIJIEHHS NMPYHHH OT
LeHTPOB Macc paBHb f. Maccoit crep:Heli npeneGpeus, a Maccw i
paccMaTpHBaTh KaK MaTepHaJibHEe TOYKH; KOTfa MasTHHKH HaXONATCSH
B BEPTHKAJNBHOM IOJIOXKEHHH, TPYIKHYE He HaNpaIKSHEL.

Orser: VcoBHA yCTOHYHBOCTH HMEICT BHIL

13ch? — 4mgh > 0, 49c%h* — 59mgchk® + 12m?g%h? > 0,
36c%h% — 153mgc?h’ - 130m2g%ch® — 24m3g®h® > 0.

53.16(52.16). B wmastHuKe maanorpada tpya M noxmeemen Ha
crepxue OM, ceo60AHO NpOXOASALIEM yepe3 BpaLlaAIOIIHHACA UHIHHAPHK
O Hn wapHHPHO COeNHHEHHOM B Touke A ¢ KOpOMBIC-
saom AO,, pamawmuMcs orkoJo ock Oy. dauna xopo-
MbiCNa 7, pacerosiHye OT LeHTDA Macc rpysa Jo wap-
Hupa A pasuo [, paccrosune OO, = h. Hccnenopats
YCTOHUHBOCTh BEPTHKAJBHOTO NOMOMKEeHHUs PaBHOBECHHA
MasgTHHKa. PasMepaMH rpysa H MaccOfil CcTepikHeH
npeHeGpeys. _
Oreer: Ilpu 1/r£ >h_——r — MoJio¥eHHe PaBHO-
BecHs ycroitunBo; npu 4/rl < h — r — HeycToiuHBO.
K sanave 53.16 53.17(52.17). IlpamMosnHeHHEH NpPOBOMHHK, MO KO-
TOPOMY TedyeT TOK CHJM [, MPHTACHBAaeT mapaJielb-
BB emMy npoBop AB, no kKoTopoMy TeweT TOK cHaw is. Ilposony AB
HM2eT Maccy /m; K HeMy NpHCOeQHHEeHa NPYXHHA IKEeCTKOCTH C; AMHHA
kaxporo u3 nposomoe I Ilpu orcytcTBHH B mpoBoge AB Toka pac-
CTOsIHHE MeXQy npoBojAaMH paBHO a. OnpenensTs NOJOMKEHHS paBHO-
BecHs CHCTEMB! H HCCIEAOBAThH HX YCTOMUH-

2 B
A~ =— BOCTb.
7 Yrazanne Chna BaanmonefcTBHA IBYX ha-
é g paleNsHBX NPOBONHHKOB C TOKAME iy H 13 IJH=
7 > . HE [, OTCTOSIIHX Ha paccToAMEM d IPYr OT Ipyra,
v )
?,N\N‘- { ompenensiercs no ¢opuyne F =-2%I.
7
7
Z 24, a?
7 = ! Oreer: Tlpy o =-—"* < —— HMeloTCSI
7
7 - ~ | 1.4 IBAa TOJIOXKEHHS  pABHOBECHH: X3 =
7 2 L __a o a

b 4 £ = ofic g R e S

K sapawe 53.17 K sapese 53.18 a*
+ A/— — @: x; oTBevaer ycToliunBoMy

NOJOMKEHHI0O PaBHOBECHS!, X — HeycToiuuBoMy. [lpn « > a?/4 nono-
eHni paBuoBecus Her. [IpH o =a?/4 uMeeM eJHHCTBeHHOE NOJOKe-
HHE paBHOBEeCHs, KOTOpOe HeyCTOHYHBO.

53.18. Crepxens OA pJaHHE @ MOXeT CBOGOAHO BPALaThCs BOKpYT
ToukH O. K KoHuy A cTep:HS IIaPDHHPHO NMPHKpENJieH cTepxeHbp AB
AJUHE @, HA APYroM KOHLE KOToporo 3akpenseH rpys B Macce m.
Touka O u royka B coenpHeHH MeXZLY cOGOH MPYKMHON JKECTKOCTH C.
Macca npyxunhl npexHeGpeXXHMO MaJia, AJIHHA NPYXKHHH B HeHamnpfs
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T =

JAEHHOM COCTORAHHH paBna a. Hadfith nonoxenus paBHOBecHs, cyHTAas,
UTO ClICTEMAa pPACMOJIOKeHa B BEPTHKANBHOMN naockoctH. Macceoii CTepx-
ueii AB u OA npene6peus.

Oreer: Yetbipe cocTosuus PaBHOBECHA

G=0 h=0 = Ph=m; g=Fq, P==+ 1,

mg 4+ ca -
Tie COS @y == COS ¢3=-—--—’;C 2 - llpu mg > ca ycroiiynso coctosume
paBHOBecHs @y == 0, 1 = 0. [IpH mg < ca YCTOHUHBE! COCTOSIHMS paB-
HOBECHH @ = @3, | == x13. CocTosHHe paBHOBecHS Q2=gt, P2 =1
BCera HeyCTOHYHBO,

§ 64. Mannie xoneGamus CHCTeMm ¢ ONHOH cTeneHsw cBoGommy

54.1(53.1). JKecrkuit crepxens OB mnmust | Moser CBOOOAHO Ka-
HaTBCA HAa WApoBOM IUapHHpe oKoso kKouua O W Hecer LIAPHK Beca
Q Ha npyrom kouue. Crepaxens YAEPKHBAECTCH B TOPHIOHTAJBHOM MO-
JIOKEHHH NOCPEACTBOM HEePACTANKHMOrO BepTHKAJLHOID UWIHYpa NJHHE
h. Paccronune OA=a. Ecmn IIAPHK OTTAHYTb MNepHeHAHKYNAPHO
IJOCKOCTH DHCYHKa H 3aTeM OTNYCTHTB, TO CHCTEMAa HAYHeT KoJe-
Gateca. TlpeneGperas maccoii CTEpXK- g
I, ONpeNesHTh Nepuon Malkx KoJe- .
GaHnil cHCTeMH. Jf
IRl
Orser: T=—2n IV i

-~
+B
V/éz:
K sanase 54.1 K sanave 54.2

54.2(53.2). Onpeneantn NePHOL ManuX KosJebaHmui acTaTHuecKoro
MafTHHKA, ynorpeC/iieMOro B HeKOTOPHX celicMorpadax ans 3anHcH
koneGanuit noysel. ManTHHK COCTOHT M3 HECTKOro CTepXHs JJHHB [,
Hecynero Ha KoHUe Maccy m, 3axaryio MeXny AnByMSs FOpH30OHTAJIb-
HEIMH TIDYXHHAMH eCTKOCTH € C 3aKpenjeHHEIMH KoHlaMH. Maccof
CTEpXKH npeHeGpeub, H CUATATbL NPYXNHHH B NOJONKEHHH paBHOBecH:A
HeHanpsKeHHBIMH.

Orser: T=——i——.
€ g

]

54.3(53.3). MaaTHHK cOCTOHT H3 KECTKOrO CTepIKHs nsduwl I, ge-
CyILero maccy m Ha cBoeM Kokpe, K CTEPIKHIO NPHKPENJIeHH JBe npy-
HHHH JKECTKOCTH € HA PACCTOAHHM @ QT ero BePXHEro KoHIHa; NpoTH
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BOMOJIOXKIIBlE KOHUE TpPy:xHH saxpensent. [IpeHeGperas wmaccol
CTePIKHSA, HAHTH NMEepHOA MaJblX KoJieGaHHH MasATHHKaA,

2
Orger: T = _——_—ﬂ——: "
2ca® | g
mil* i

54.4(53.4). Ilpennonaras, 4T0 MasiTHHK, ONHCAHRHIE B npenBayllel
3ajavye, YyCTAHOBJEH TaK, 4YTO Macca m pacnoJioeHa BbIILE TOYKH noMd-
Beca, ONpelesuTL YCJOBHe, NPH KOTOPOM BePTHKAJLHOE IIOJOMEHHE

