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BBepgeHue

Mexanunka — o/iHa U3 JPEBHENINNX HAYK, 3AHIMAIONINXCH U3y ICHIEM
npocreiimreii hbOPMbI IBUKEHUs TeJI B IPOCTPAHCTBE U BO BPEMEHH.
[TosToMy mMepBBIM MOHSATHEM MEXAHUKHU SBJISIETCS J8UICEHUE, TIOJ KOTO-
PBIM IMOHUMAIOT H3MEHEHUE MOJIOXKEHUS TeJIa B mpocTpancTse. s Toro
4TOOBI OXapaKTePU30BATD IIOJI0XKEHHUE TeJIa B IIPOCTPAHCTBE, HEOOXOIUMO
UMeTh KaKOe-TO J[PYTOe TeJI0, OTHOCUTEIHLHO KOTOPOT'O MbI U OYIeM H3Me-
PATH TOJIOKEHNE U3ydaeMoro resa. Teo nin cucreMy TeJi, HEIOIBUK-
HBIX JPYT OTHOCHUTEJIBLHO JIPYTa, MBI OyIeM HA3BIBATH MEAOM OMCYEMA.
LI aucIeHHBIX XapaKTePUCTUK JIBUKEHHUS TeJla OTHOCUTETHLHO TeJia
OTCYETa C HUM CBSI3BIBAIOT KAaKYIO-JIMOO CHCTEMY KOODIWHAT: IEeKap-
TOBY, cdepuyeckyio, IMUJINHAPUYECKYIO U T. J. B mpoliecce JBUKeHUs
IIOJIOKEHNE Tejla W3MEHsIeTCsl He TOJIBKO B IIPOCTPAHCTBE, HO U BO
BPEMEHH — B JIO0OOI 3aKOH MEXaHUKH sIBHO WJIN 3aBYaJMPOBAHHO BXOJSAT
paccTosinne u MpoOMeXKYyTKu BpeMeHu. [losTomy Hapsimty ¢ m3MepeHumeM
paccTosiHnsl HEOOXOIMMO M3MEpPEeHne BPEMEHHU, KOTOPOEe IIPOU3BOIUTCH
¢ TIOMOIIBIO YacoB. Tejio oTcuera, CBI3aHHAs C HUM CUCTEMa KOOD/IMHAT
U CHHXPOHN30BaHHBIE MEXKJYy CODOI Yachl 00Pa3yIoT cucmemy omeuema.
Be3 cucrembr oTcuera onucanue JIBUKEHNUST HEBO3MOYXKHO.

Peasbubie 00beKTHI B IPUPOJIE HACTOIBKO CJIOXKHBI, 9TO MHOTHE UX
YepThl U CBA3U IIPUXOJIUTCA OTCEKATh, NHaUYe NX KOJIMYEeCTBEHHOE U3yde-
nne HeBo3MokHO. [losToMy mpu paccmoTperuu ABUKeHUs (HUITIECKUX
00bEKTOB UCIIOJIL3YIOTCS HICAJTM3UPOBAHHBIC IOHATHUS:

& MaAMepPUaNvLHAL MOUKA — ITO TEJI0, Pa3MepaMi KOTOPOr'o B YCJIOBUAX
JTAHHOI 331291 MOXKHO IIpeHebpetn;

e abcontomno meepdoe Meao —3ITO CUCTEMa MATEPUAJBHBIX TOYEK,
paccTodgHue MeXKy KOTOPBIMHU HE MEHSETCd B IIpolecce JIBUKCHUS.
ITockombKy B pUpoie HE CYIIECTBYET HU MATEPUATBHBIX TOYEK, HU

a0COJTIOTHO TBEPJIBIX TeJI, & TAKKE HEBO3MOXKEH aOCOJIIOTHO YIIPYTHil NN
abCOJIFOTHO HEYIIPYTHil yIAp U T. II., DA OIMUCAHUNA KaKUX-Iub0 busmae-
CKHUX CHCTEM TPeOyeTCs PelnTh, KAKHe [1apaMeTPhl CHCTEMbI Mbl MOXKEM
njieann3nposaTh. 1lycTs, HaIpUMEpP, METAJIMYECKI IIAPUK I10/IBEIeH



4 Bsenenne

HA BEPTUKAJBHO Bucsiieil nutu. Torja, ecjm HAC WHTEpecyeT MepuoJy

KOJIEDAHUN 3TOr0 MAATHUKA, MBI MOXKEM PACCMATPUBATH IMAPUK KakK

MaTepruabHYIO TOUKY. EC/IU MBI XOTUM PACCINTATDH [TEPUO/T KDY TUJIBHBIX

KOJIEOAHUI STOrO IMapuKa BOKPYT BEPTUKAJIBHOI OCH, TO MBI JIOJIZKHDI

PACCMATPHUBATH €r0 KaK TBEPJOE TEJIO C YIeTOM €ro pa3MepOB U MacCChI.

Ecin ke MBI XOTUM BBIYUCJIUTE 9aCTOTY 3BYKOBBIX KOJIEOAHMIT, KOTOPBIE

OyIyT COBEPIIATHCS IMMAPUKOM IIOCTE TOTO, KAK MbI IO HEMY VIAPUJI,

TO HaM HEOOXOIMMO YUIUTHIBATH KAK PA3MEPBI MAPUKA, TAK U yIPYyTue

CBOIICTBa MaTepuaja, u3 KOTOPOro OH M3TOTOBJICH.

W3 BbIIIECKA3AHHOTO BBITEKAET, UTO BCIKOE OMHMCAHUEe (PU3UIECKON

CHCTEMbI OXBATBIBAET JIUIIb €€ YaCTh, & HE BCIO €€ IEJIUKOM.

Mexanuka cTaBUT mepest cob6oii JBe OCHOBHBIE 3aJIaYU:

1. V3yqenne pas3jmaHbIX IBUKEHUN U 00ODIIEHNE IOy I€HHBIX PE3YJ/Ib-
TATOB B BUJIE 3aKOHOB JIBUKEHUsI — 3aKOHOB, C MOMOIIBIO KOTOPBIX
MOXKET OBITH IIPEJICKA3aH XapaKTep JBUXKEHUsI B KaXKJIOM KOHKDPeT-
HOM CJTIydae.

2. OTbicKaHue OOIUX TEOpeM WJIM MPUHIUIOB, MPUCYIIUX JIFOOOH cu-
cTeMe He3aBHCHMO OT KOHKDETHOTO POJa B3aMMOIEHCTBUI MeXKLy
TeJIAMU CHCTEMBI.



KuHemaTtuka

Kunemamuka — pa3fiesl MEXaHUKH, TJe U3YdaroTcsl CIocOObI ornca-
HUSI JIBUYKEHUN HE3aBUCUMO OT NMPUYIUH, 00YCIOBIMBAIOIINX STU JBUKE-
HUsi. DTa IJIaBa B OCHOBHOM ITOCBSIIIIEHa, KUHEMATUKE TOYKH.

Jjist onmMcaHus JBUZKEHUSI TOYKH HEOOXOJIMMO 3HATH €€ IOJIOYKEeHUe
B JIIOOOIT MOMEHT BpEeMEHU. JTO MOXKHO CIAEIATH PA3HBIMUA CIIOCODAMI.

Bexmopnoiti cnocob. Tlomoxkenne wHTEpECyIONeil Ha¢ TOUYKH 3a/1al0T
DAy COM-BEKTOPOM T , POBEICHHBIM U3 HaYa/Ia KOOpAHHAT O B TOUKY.
ITpm sTOM mpoexrmn 7, 1y, 7, pagunyca-Bekropa Ha ocu OX; OY; OZ
COBIQIAIOT C KOOPJMHATAMU T Y; 2 TOUKH:

— ed v
=10 +ryj r.k =x

IIpu [IBUYKEHNM MaTepHAJILHONH TOYKH KOHEI| BEKTOPa T OINMCHIBACT

JINHUIO, KOTOpasi HA3BIBAETCS mpaekmopueti TOIKu. BeKTOPHBIN cr1ocoh

OTMCAHUS IBUKEHUST TOUYKHU ITPOUJLTIOCTPUPOBAH Ha ITpuMepe 3aja4qn 14.
Ternepb BBeJIeM TIOHATHE 6EKMOPA CKOPOCTNU MATEPUATBLHON TOUKH.
[Iycte 3a MpPOMEXKYTOK Bpe-

Menu At Touka A mepemecTuTcs 1 7

u3 Touku 1 B Touky 2 (pumc. 1).

Tor1a BEKTOP CKOPOCTH U MOZKET —

OBLITH OIpeIe/IeH KaKk

AT AT 1) 0 2

v = lim o= T
= Puc. 1

T 6 v Tt
AKIM 00pa30M, BEKTOD CKOPOCTU U €CTh [epBas IPOU3BoHasd OT 1 (1)
U HAIPABJICH B JIIOO0H MOMEHT BPEMEHH 1O KacaTeJbHOH K TPaeKTOpUH
naBsKeHns Touku A. Moyab BeKTopa CKOpocTH

dv
U:|7|: pral (2)
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Ecan reio JBUZKETCA C HepeMeHHOfI CKOPOCTBIO, TO TaKO€ JABU2KEHUE
XapaKTepusyercd YycrkopeHuem, T. €. CKOPOCTBIO USMEHEHNA CKOPOCTHU

N
— dv

gl 3)

Cpednue 6exmopuvl CKopocmu U YCKOPeHUA TOUKU:

— AT
<U>:Tt’ (4)
N AT
(d) =+ (5)

— =

Ternepb HOIYyYUM BbIpazKeHue [t U U 1 /15 JJF000I0 MOMEHTa BPeMeHN.
— =

U3 (3) caenyer, uro dv' = @ dt, orkya

mzfmtzm.
0

" — N
Oanako, 9Tobbl HaliTH U (t), HEOOXOAUMO 3HATH CKOPOCTb U o B HAYA/b-
o —
HBII MOMEHT BpeMeHH, Tak KakK A0 — 3T0 IpUpaIeHre CKOPOCTH, & He
—
cama ckopoctb v (). Tlosromy
- = —
U =Tvg+ at. (6)
Wurerpupys (1) u npoBojs aHAJIOTUYHBIE PACCYIKJIEHHUSI, JIETKO 110~
—
JIyYUTh BbIpazkenue Jyist 71 (t):

— — —
r=To+ vot + . (7)

Koopdunammwuii cnocod. 3aaercst 3aBUCUMOCTb KOOPJAMHAT JIBUKY-
melicss ToukM Kak (ByHKIuUi Bpemenu. B pamMkax JaHHOTO MOCOOUST MbI
OymeM paccMATPUBATL JBMYKEHHE TEJI TOJBKO B JEKAPTOBBIX KOOPIMHA-

Tax, MOITOMY B JIIOOOIt MOMEHT BpeMenu t

z=z(); y=y(t); z==z(@).

3uasg 3TU 3aBUCUMOCTU U HCIOJIL3yda coorHomenus (1) u (3), Jerko
HOJLY YUTh

dr dy _dz
B N Codt’

dv,  d’z dvy,  dy dv.  d’z
T W YT e T ar T e T ad




TeoperuvdecKkmne OCHOBDI 7

|7V = ,/v%—f—vg—i—vz;
d'| = /a2 + a2 + a2.

KoopaunaTHblil c10cob, Kak MpaBuio, UCHOJIb3YeTCsd B 3a/1a9aX, IJ1e
TpebyeTcst HaliTu ypaBHEHNE TPAEKTOPUHN, MOJLY/IU CKOPOCTU U YCKOPEHUsT
kaK (QYHKIMA t, yroJ Mexay @ ¥ U u T. 1. KoopmuHaTHBIA Cr0co6
[IPOMJLIIOCTPUPOBAH Ha IIPUMepax pelreHus 3aja4d 6; 12; 15; 19.

Ecmecmeennviti cnocob. Korma TpaeKTOpHst TOYKU M3BECTHA 3apaHee,
KOODJMHATA TOYKH OIPEIesIseTcs JJIMHON Jyru [, T. €. pacCTOsSTHUEM
oT BBIOPAHHOIO Hada/Ia KOOPAMHAT 10 TOUKH (0y2060l Koopdunamot).
3HaK KOODAMHATHI yCTAHABJ/IUBAETCS IMPOU3BOJILHO. JIBHXKeHHE TOYKHU
OIIPEJIEJIEHO, €CJI U3BECTHBI €e TPAEKTOPHUs, HAYaJ0 KOOD/INHAT, II0JI0-
JKNATeJIbHOE HaIIPaBJIeHIEe OTCYeTa, KaK [IPABMUJIO YKa3bIBAEMOE CTPEJIKOM
HA PUCYHKE, ¥ 3aKOH JIBMKEHUSI TOUKH, T. €. 3aBUCUMOCTD [(t).

OrmpesiesieHHbIE TPYJIHOCTH B <«ECTECTBEHHOM» CIIOCO0OE€ BBI3BIBAET
BBEJICHNE TIOHATHUS CKOPOCTU U yckopenusi. CKOPOCTh TOYKHU

a TaKz>Ke

(8)

v =v,T. 9)

— o . o o
31ech T — eIUHUYHBII BEKTOD, CBSI3aHHBIN C JIBUXKYIIENCS TOYKON 1 Ha-
IIPaBJICHHBIN 110 KacaTeJIbHOH K TPaeKTOPHUU B CTOPOHY BO3PacCTaHUs

. g o
JyroBoit KoopuHaTel. O6parTuTe BHUMAHNE HA TO, 9TO 7 — HePEMEHHBIN
BEKTOD, 3aBUCAIIMI OT BEJIMYUHBI JIyroBOi KoopauHarsl [ (puc. 2), a

dl
Uy = — 10
Toodt’ (10)
Vr — BeJIMYHNHa aﬂre6pa1/1qecxaﬂ.
%
B
5%
dl \\P ~
da T
da 4:30/1
T
0

Puc. 2
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ITponuddepeniuposas (9) 1o ¢, HAXOAUM YCKOPEHUE TOUKHU:

d7  dv. — AT dl

A " at T VT Tar ar

E)_d?_d’lh——)

@ T a Ttv

dvT — —9 d?
=T+ 0vi—,
dt T odl
rae dl/dt = v;.
MozkHO TTOKa3aTh, 9TO

(11)

a7 _ @
a — p’
rjie 7 — eJIMHUYHBIN BEKTOP HOPMAJM K TPAEKTOPHH, p — PAJIHYC KpH-
BU3HBI.
Torga (11) upuobperaer By

— d’Uq— — d’Uq— —
= . 12
a i , n (12)

Nnmenno no Takoit dhopMmysie BHIUUCIAIOT yCKOPeHUe, KOTa 3ajada pe-
naercs ecrecTBeHHbIM criocoboM. ITepsoe ciaraemoe B (12) nasbiBaeTcst
MAHEHUUAADHOM YCKOPEHUEM, & BTOPOE — HOPMaAbHbLM. OTCIONa MO-
JyJIb IIOJIHOI'O YCKOPEHUs (, paBeH

— /a2 2 _
a=\/a; +a; =

rJie ¥ — MPOU3BOJHAS MOJIYJII CKOPOCTU TIO BpeMeHu. KcTecTBeHHBIH
crrocob MPOMJLTIOCTPUPOBAH Ha, IpuMepe perenns 3agaqan 20.

IIpu pemenun 3a/1a4 HA BpallleHUe MATEPUATBHBIX TOYEK BOKPYT OCH
CJIeJIyeT TIOMHATb, 9TO B 9TOM CJIydae BMECTO CKOPOCTH U HCIIOJIB3YeTCs
HOHATHE 4240601 CKOPOCTU W , OTIPEIeIsAeMOil KaKk

(13)

w=4 (14)
dt ’
rae dt — BpeMsi, 3a KOTOpOe TeJo ToBepHeTcss Ha yroa d@. Bmecro
YCKODEHIS 4 424060€ YCKOPEHUE ﬁ
= dd

B=-- (15)

CBsI3b MeXK/Ly JIMHEWHOW U YIJIOBOW CKOPOCTSIME YCTAHABJIUBACTCS CJIe-
JIYIOIIUM COOTHOIIIEHUEM:

v=wp, (16)

rae p— paanyc OKPY>KHOCTH, 10 KOTOpOfI JABUZKETCsA TeJIO.



Pekomenanun 1o perreHuio 3a1a9 9

Bajaun KUHEMATHKH [IOAPa3Ie/A0TCa Ha IBa KJIACCa.

IIpaman 3adayua — KOrIa 0 33 IaHHOMY 3aKOHY JIBU2KEHUsI TpeOyeTcst
ONPEJIESIUThL CKOPOCTb W yCKopeHwme Tejia. Hampumep, 3agaum 11, 12,
13 u T 1.

Obpamnas 3a0a1a — KOra 10 33JIJaHHOMY YCKOPEHHIO MaTepuaIbHOMI
TOYKH @ , ee HAYaJbHON CKOPOCTH U ( ¥ TOJOXKEHUIO T ( B HAYAIBHBIH
MOMEHT BpeMeHU ¢ = ty TpedyeTcsi Opeie/IuTh P U T B 06O MOMEHT
Bpemenn t. K obparabiM 3amadaM oTHOCATCs 3agaan 10; 14; 15 u 1. 1.

Pexomenmanum 1mo pemeHuio 3a1a4

1. BummareabHO 03HAKOMBTECH C YCJIOBUAME 3a1a4u. VHorma mocite
pelenns y CTy/IEeHTa OCTAIOTCS <JUITHWE» JaHHble. B 3ToM ciydae
MOXKHO rapaHTUPOBATh, 9TO 33Jlada pelieHa HeBepHO. JIUITHUX JaHHBIX
B YCJIOBUU 3aJ1a49M MOIpocTy He ObiBaeT. Haobopor, 3adacTyio HempocTa-
folue TaHHble TPeOyeTcst MOJIYyIUTh U3 COOTBETCTBYIOIINX TAOJIMI UIN
CIIPABOYHHUKOB.

2. Permaiire 3aga1y B 00IIeM Buje, 1OCjIe 9ero MpoOBEPbTE pa3Mep-
HOCTh. HeBepHasi pasMepHOCTb — CBUJIETE/ILCTBO HEBEPHOTO PEIeHUs,
XOTs TTpaBUJIbHAS PA3MEPHOCTH HE SIBJISIETCS TapaHTHUell BEPHOTO perre-
HU.

3. CooTHOCHTE TOJIyYEHHBII OTBET CO 37paBbIM CMbICJIOM. Hampu-
Mep, €CJIM Bbl PACCUUTHIBAETE PACCTOSIHUE, KOTOPOE IMPOJIeTaeT JIHCK,
OPOIIIEHHBI CIIOPTCMEHOM C KAKON-TO HAYAJBHON CKOPOCTBIO U IO
YIJIOM (¢ K TMOBEPXHOCTH 3eMJIM, U TOJYYEHHBIH Pe3yJbTaT COCTABUT
okoJio 1000 MeTpoB, TO OTBET SBHO HEBEPEH, JlayKe €CJIU CIOPTCMEH —
MHOTOKPATHBII ueMnuoH Mwupa u Oummvnmiickux urp. Paccunranzast
CKOPOCTB JIBUZKEHUsI KAKOrO-JTH00 MaTepuajbHOTO Teja He MOXKET OBITh
paBHA WJIU TPEBBINATHL CKOPOCTH CBETA U T. .

4. B 3amagax tuma 3a7aqn 7 CTYJAEHTHI 9acTO IIy-

Tajor mepememienme AT W myTh Tema S, a mHOTIA o
CUNTAIOT, IYTO PeIb UJAET 00 OHON 1 TOI yKe BeJu<InHe. I
Ilosichum »Tm nousgTusa Ha mpocTroMm npumepe. IlycTb
TEJIO ITOIDPOIIEHO BEPTUKAIBHO BBEPX C HAYAJIbHON CKO- S < ¢
POCTBIO ¥y U HAXOJUTCS B IMOJIeTe BpeMsi t. 3a 9T0 BpeMsi \
OHO Wpoiijier paccrosiHue S7 JI0 HAMBBLICIIENH TOYKHU
HoJ/beMa U OIYCTUTCs BHU3 Ha paccrognue So (puc. 3).
Torma BeIMYUHON TEPEMEITICHUST SABJISIETCS BEJTUTIHA
Ar = 8; — Ss. B obuem Busie AT = 7 (t+ At) — 7 (t). Puc. 3
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IIyTh ke Tesa CKIaIBIBAETCS W3 IIyTH MaKCUMAaJIbHOI'O MOIbeMa Sp
1 cBOOOIHOrO majeHus So, T. €. S = S1 + S5.

5. CpaBHUTEIHHO DOJIBINON KJIACC 33J1a9 B KUHEMATHKE COCTABJISIOT
3a/la9u O TeperpaBe, KOT/la U3BECTHBI KaKue-Jndo JaHHble U3 Habopa:
[IIPUHA U CKOPOCTHh TEYEHUsl PEeKH, CKOPOCTH IEePEJIBUKEHUsI IIJIOBIA
(J1071KM) OTHOCUTEJIBHO BOJBI, & Tpebyercs HailTu Jub0 MUHUMAJILHYIO
CKOPOCTH IUIOBIA (JI0/IKM) OTHOCHUTEJLHO BOJBI, 4T00bl U3 TOouku A
MONacTh B TOYKY [, HAXOIAIIyIOCd Ha JpyroM Oepery, JudO yro
JIBUKEHUS [0 HAIPABJICHUIO K TEYEHUIO, IIPU KOTOPOM ILIOBIA (JIOAKY )
CHECET Ha, MUHUMAJIbHOE PACCTOSHIUE.

Paccmorpum  cHawanma  gBUzKeHUHE
F s B JIOJIKA TI0 peke ¢ obmmx mozurmit. Jls
/ 9TOTO  BBEJEM  CJeJyionme  0bo3HadYe-
HUs: U — CKOPOCTB JIOJKH OTHOCHTEILHO
BOJIBI, U — CKOPOCTDH TedeHust pekir. Tora

CKOPOCTB JIOJKU OTHOCUTEIBLHO Depera

L
Wan\ V-7,

T
|
\
\
\
\
\
l/ Kaxk Bu 4
-5 JTHO U3 pHC. 4, JIOJKA MOMaIaeT
A u3 Touku A B TOUKY B, TOJBKO €CJId Ha-
—

Puc. 4 npasJjieHne BeKTopa V' COBIaeT ¢ Halpas-

JleHneM TIpsiMoit AB, HO 3TO BO3MOXKHO

IpH PA3/IMYHBIX 3HAUCHUSAX BEKTOpa o . Hampumep, IIpu 3HAYEHHAX

BEKTOPOB U = U1 W U = 0 5. OJIHAKO U3 PHCYHKA BUJHO, YTO MIHH-

MaJIbHOE 3HAUEHHE CKOPOCTH U OyIeT IPH YCIOBHH, YTO TPEYTOJBHUK

CDFE oyner upsimoyroibabiM. Tpeyronbauku AFB u CDE 1o06HbI,
[IO9TOMY MOYKHO 3aIliCaTh

Umin l lu

v Ve M e e

WNurepecna dusntdeckas WHTEPIPETAINS TOTO pe3yIbTaTa. AToObI
mornacTb U3 To9kn A B TOUKy B, HaM HEOOXOMMO HAIPABUTH JIOJKY
neprenuKyasapuo AB u obecnednTh ee CKOPOCTH JBUKEHUST OTHOCH-
TEJIBHO BOJBI U min. B pe3ysbTaTe 3a BpeMsl IBIKCHUS JIOIKY CHECET Ha,
paccrosinue S, u ona GOKOM HPHOIU3UTCH K HAMEUIEHHON TIEJIN.

MpbI paccMOTpesTi BOTIPOC, ¢ KAKOH MUHUMAJIBHOM CKOPOCTBIO JIOJIZKHA
ILIBITH JIOJKA, YTOOBI 13 TOUKU A Ha oaHOM Oepery monacrb B TOUKy B
Ha jpyrom. Termepb paccMOTPHUM, Ha KAaKOE PACCTOsIHUE S CHECET JIOIKY
npu u3BecTHOM | U |. 3716Ch BOBMOMKHBI JiBa CIydas: v > u U U < U.




Bagaun

K 1iaBe 1

11

S min

B

Puc. 5

B mepBoM ciiyuae M3 KOHIA BEKTOPA 1 IIPOBEIEM OKDYKHOCTH C Pa-
JIMyCOM, paBHBIM U (puc. 5, a). VI3 pucyHKa BHIHO, 9TO JIOJKA MOMKET
MpUYaIuTh K JI0O0H TOYKE MPOTUBOIIOJIOXKHOIO Oepera U Jgazke ILIBITh
MPOTUB TedeHusi co ckopocTbio V' = v — u. CoBceM npyrasi KapTuHa

HabJoaeTcst B ciaydae v < u (puc. 5, 0).

b H TOAHUN OJIMzKE, 9eM Sy, IIPH OI JICHHOM 3HAYCHNIN
31ech Ha paccro o e, 9eM Shin, OTIPEJIETIEHHOM 3HATE
U IPUYAIATD HEe YIACTCA. BOCIoIb30BaBIINCh IOI00neM TPEyTOIbHIKOB

ABC u ADE, 3anuiem

l v v ’

Takum 00paszsoM, MBI CBSI3aJd BCE HapaMeTPbI
neukenust jgojku. Coobpasure, Kyia MOYXKET [IPU-
YAJINTh JIOJKA 1pn 4 = v. [TocMoTpuTe BHUMA-
TeJLHO pereHne 3a1a9u 4.

3agaun K riase 1

Bagaua 1. Bce 3Be3abl, B 4YacTHOCTH
u Hekoropas 3Be3ja N1, yrausiorcs or CoJiHia
CO CKOPOCTSIMHU, IPOIOPIMOHAJbHBIME HX Pac-
cTOSHUIO 710 Hero. Kak OyzerT BBIIVISAETb 3Ta
KapTUHA C «TOYKHU 3PEeHUs» 3Be31bl N7

LA OTKyJa  Smin =

IvVu? — 0?2
—
N
Ry
R
Ru
Puc. 6

—
Pemenune. Ilycrts pammyc-sektrop 3Be3unl N pasBen Ry, a pa-
—

quyc-BekTop 3Be3xbl M — R ;. Cumrasi, 9TO HaIpaBJICHUS BEKTOPOB
CKOPOCTH 3B€3]] COBIAJAIOT C HAIPABJIEHUSMHU WX Pa/IIyCOB-BEKTOPOB
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n HpOHOpHI/IOHaHbHI)I UM, MOXKHO 3allucaThb
_ _ _ — — —
UNM=VUpM— Upn~ Ry — Ry = Run,

e UNM— BEKTOP CKOPOCTH 3Be3/bl N OTHOCUTEJBbHO 3Be3ibl M.
Buzso, 9To 0H IpONOPIMOHAJIEH PACCTOAHUIO MeXK Ly 3Be3xamu, |Rysn|,
T. €. C TOUYKH 3pEHUS HADJIIOATE TSI, HAXOIAIIerocs na 38e3/1e N, KapTuHa,
OymeT aHaJOTHIHON, KaK, BIPOUYEM, W HAOIIOIATENsI, HAXOISIIETOCsT
Ha JIoDOi ApyTroii 3Be3e.

OTBeT: aHajJOru4Ho.

3amaya 2. Touka mpoImia MOJOBUHY IIyTH CO CKOPOCTHIO vg. Ha
ocTaBllelicd 4acTH IIyTH OHa IIOJIOBUHY BpEMEHM /JIBUTAJIach CO CKO-
POCTBIO V1, & TMOCJETHUN yIACTOK TIPOILIA CO CKOPOCTHIO vo. Haiitu
CPEJHION0 3a BCe BpeMd JIBUKEHUA CKOPOCTH TOYKH.

Pemenue. Ilo onpenenenuio cpejineit ckopocTu

AT
(7)== (17)
Becpb myTh TOUKa mporia 3a BpeMs
At = Aty + Aty (18)
e
Ar

€CThb BpeMd IIPOXOKIACHUA HepBOf/'I TOJIOBUHBI IIyTH, a Atl — BpeMd IIpo-
XOXKJICHUA BTOpOﬂ, KOTOPOE HAXOAUTCA U3 yCJIOBUA

Ar o Atﬂ)l + Atva

2 2 2 7

OTKYZa Ar

v1 + V2

Aty = (20)

IMogcrapus (20) u (19) B (18), Hosyunm

o g Ar 200 + v1 + v2

T 200 w1+ 2vo (v1 + v2)

At

Haiinem cpennioro cKopocTh TOYKI

2v0(v1 + v2)
(v) = ————.
200 + v1 + v2

OreeT: (v)= 2vo(vs + v2)
' 200 +v1 + V2
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2,0 20 /

/ T
1,0 7 1,0 ] T

N

10 20 tc 10 20 t,c

Puc. 7

Bamaua 3. Touka gBmKercs 1O TpsaAMO B oaHy crTopony. Ha
puc. 7, a, mokazan rpaduk IPOIIEHHOTO €0 IIyTH B 3aBUCHMOCTH OT
Bpemenu t. HaiiTu ¢ moMoIp0 3T0oro rpaduka:

a) CPEJHIOI CKOPOCTb TOYKH 3a BPEMsl JIBUKEHHUS;
6) MaKCUMAJIbHYIO CKOPOCTD;
B) MOMEHT BpeMeHH {(, B KOTOPbIi MI'HOBEHHAs CKOPOCTH PaBHA CPeiHel

CKOPOCTH 3a IIepBbIe tg CEKYyHJI.

Pemenue. a) U3 puc. 7, a, BumHo, aro yepes 20 ¢ ABUKEHUE TOUKU
npekparuiock: Ar = S = const = 2 m. Takum obpazom, cpemmsist
CKOPOCTb TOYKH

(v) = ar_ 10 em/c.
At

6) MsBecrHo, uro dusnveckas WHTEPIPeTAIMs [HEPBON [IPOU3BOI-
HOIl — CKOPOCTH ITPOTEKAHUsT KAKOrO-JTHOO0 MPOIECCa — B HAIleM CJIydae
JIBUYKEHUSI, & TeOMETPUIECKas — TaHI'€HC YTJIa HaKJIOHA, 00pa30BaHHOTO
KacaTeJbHON K rpaduky (DYHKIUU C TOJOKUTEJIbHBIM HAIIPABJIEHUEM
ocu abcriuce. Hamomumm, 4T0 3HAYUEHNE TAHTEHCA PACTET C yBEJINIEHUEM
BesmuuHbl yria. VI3 puc. 7, a, BUAHO, YTO YroJ HAKJIOHA MAKCHMAJIeH
Ha ygactke AB. YaureiBas, 9To IeHa JIeJIeHUs 10 OCH OPJIMHAT 2 M, a 110
ocr abcuce 2 ¢, JIETKO BBIYHUCJIATH, 9TO TAHNEHC MAKCAMAJBHOTO yIJIa
HAKJIOHA, & CJIEJOBATEIHHO, U MAKCUMAJIbHASL CKOPOCTh paBHA 25 cM/C.

B) Bocnonb3zoBaBmuch puc. 7, d, MOCTPOUM 3aBUCUMOCTH MIHOBEH-
HOIT U cpeJiHeil cKopocTeil OT BpeMeHH (COOTBETCTBEHHO, Kpusble [ u []
Ha puc. 7,6). U3 puc. 7, a, ciaeayer, 970 MIHOBEHHAsI CKOPOCTh PACTET
B riepBbie 10 ¢ IBMKEHUs, JOCTUraeT MAKCUMYMAa U OCTACTCH TOCTOSTHHON
na wunaTepBajse 10—15 c. 3aTeM HaYMHAET CHUYKATHCA W CTAHOBUTCS
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pasHoii myso upu t = 20 ¢. CpeiHsist YK€ CKOPOCTh JOCTUTAeT MaKCIMYMa,
upu t = 16 ¢ u nauunaer cumkarbes. st Haxoxaenusa Bpemenu (to)
PaBEHCTBA CPEJIHEN U MIHOBEHHOI CKOPOCTEH MOCTPOUM 00€ 9T KPUBBIE.
MozkHo caenatnb 9o ¢ momornbio [TK. U3 puc. 7, 6, HaxoamM, 970 MOMEHT
BpeMenu ty = 16 c.

OrseT: a) 10 cm/c; 6) 25 cm/c; B) to = 16 c.

3amaya 4. Jlomka ABUXKETCS OTHOCUTEIBHO BOJBI CO CKOPOCTBIO,
B n = 2,0 pa3a MeHbIeli CKOPOCTH TedYeHHs] PeKu. 110/ KaKuM yrjioM
K HAIIPABJIEHUIO T€UEHUsI JIOJKA, JIOJI2KHA JEPKATH KyPC, UTOOBI €€ CHECJIO
TedeHneM KaK MOYKHO MeHbIe?

Pemenmne.

I croco6

CHavajia BOCIIOJIB3YEMCsI PE3yJIbTATaMU, W3JI0KEHHBIMUA  BBIIIIE.
3 puc. 8 cpady xke caemyer:

.1
« = arcsin — ,
n
.1 s °
0 = arcsin — + = = 120°.
n 2

IT ciocob
ITomrpobyem pemnuTh 33181y TPSIMBIM CITOCOOOM.
3amnuireM KOOPAWHATBL & U Y Jjisd JTI000T0 MOMEHTa BPEMEHH t:

x=(u—wvsina)t; y=wvcosat.

IIpeamomoykmM, YTO JIOAKa HJOCTUTHET IMTPOTHBOIOJIOXKHOIO Oepera
3a Bpems tg. Torma ee cuecer Ha paccroguue S = (u — vsin «)ty.

<i
<i

<4
x

Puc. 8
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st mupuHBl pekn | MOYKHO 3amncaTh
l = v cos aty,

OTKY/a )
l (u —vsin @)l
ty=——, S=—"—"+.
VoS & v Cos &
st HAXOXKJIeHUsI yIJla, 110J[ KOTOPBIM Ha/I0 ILIBITH JIOJKE, UTOObI

ee CHEeCJI0 Ha MUHUMAJILHOE PACCTOAHME, HANEM SKCTpeMyM (QyHKIINN

S(a):

dS(a) | (u—wvsina)l
do v Cos &

_ (ul —vlsina)vcosa — (veosa) (ul — vlsin a)

’1)2 COS2 o

—v?lcos® o+ ulvsina — v’lsin® @ wlvsina —v?l
2. 2 = 2.2

VT COS™ & VT COST ¢
dS(a)
[IpupaBamBas “ o, K HYIIO, TIOJy1aeM
dS(a)
WY
da
pu
usina —ov =0,
OTKY/J1a

. v 1
sina = — = — |
u n

KaK 1 B IIEPBOM CIIOCOOE.
OrBeT: 6 =120°.

3amaya 5. JlBe wacrtunpl, 1 u 2, 18u-
—

KYTCA C TOCTOSHHBIME CKOpOCTIMEH V| Vit

u \_/)2. Wx pajinychl-BeKTOPBI B HAYATbHBII ~ Vot
MOMEHT PaBHBI TiU T IIpu xaxom co- n

OTHOIIIEHNH MEXKJIy STUMU YeThIPbMSI BeK- [

TOpAMU YACTHIIbl HUCHBITAIOT CTOJIKHOBE-
HUE JIPYT C JIPyrom? Puc. 9
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Pemenue. U3 puc. 9 crenyer, 4T0 yCI0BUS CTOJTKHOBEHUS MOYKHO

3aImMcaTh B BUJIE
— — —
o= 114+ vV1t,
T (21)
o= 12+ Vat.

Pemas cucremy ypasuenuii (21), nosaygaem

T1— Ty = (T — V1),

— — — —
Tak Kak BeKTOp 771 — 7o KOJJIMHEAPEH BEKTOPY ¥'g — U 1, TO MOYKHO
3aIncaTh:

t:|r1—r2
|02 — 01

Taxum 06pa30oM, yCJIOBUEM CTOJKHOBEHUS JIBYX YACTHUIL OYIET BBIIOJI-
HEeHHUe CJIeIYIONero COOTHOIICHUS:

— — — —

r1— 12 V2 — V1

= = T = =

T1— T2 |Ve— U1
— — — —

0 . T1T— T2  UV2— U1 B

TBET: — —— = — —
| 71— 72  |V2—TV1

3amada 6. /IBa mapuka Opocuin o/ £ — >
HOBPEMEHHO W3 OJ[HOW TOYKM B TOPHU3OH- A/@vﬂ) va(t) x
TaJbHOM HAIIPABJEHUU B MIPOTHBOIOJIOXK- N
HbIE CTOPOHBI CO CKopocTamu v1 = 3,0 M/c
u vo = 4,0 m/c. Haiitu paccrosiiue Mexkay \
[MapUKaMU B MOMEHT, KOIJa UX CKOPOCTH
OKaKyTCsI B3AaUMHO II€PIIEH/IUKYIAPHBIMUA. Puc. 10

u

Pemenune. Pacmomoxxup cucreMy KOOPJIUHAT, KaK IOKA3aHO

Ha puc. 10, 3anuieM ypaBHEHHE JIBUXKEHNs IIapPUKOB B ITapaMeTpHte-
CKOM BH/I€:

w(t) = ot; y(t) = =-. (22)

OrmMeTnM, 9TO, TIOCKOJIBKY KOOPANHATA Y 3aBUCHT TOJIBKO OT t, B JIIO0OI
— —

MOMEHT BPEMEHU OPJIUHATBI BEKTOPOB ¥ 1(t) u ¥ o(t) paBubl, a upamMas [,

HNCKOMOE PACCTOsiHHE, OyJeT mapaJsueiabHa ocn abcruec. st mpsivo-
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yroJibaoro Tpeyrosbanka ABC
™ s
ag —ap = —; tglag—ay) =tg .
2 2
Y4aursiBas, 9T0

tgas —tgan

tglag —ay) = —=—— 23
g( 2 1) 1+tga1tga2’ ( )
a TakzKe TO, 4TO tg g HEe OIIpeJiesIeH, T. €. 3HaMeHaTe/ b (23) paBeH HYIIIO,

HOJIY IMM:
1+tgagtgas =0. (24)

[TockoJIbKY TeOMeTPUIECKU CMBICT IIPOU3BOIHOM €CTh TAHTEHC YTJIA,
00pa30BAHHOTO KACATEIbHON K Tpaduky (DYHKINN C TOJOKUTETHHBIM
HAITPABJIEHNEM OCH abCIUCC, a MpOou3BojHAsA (DYHKIUN, 33/ IaHHON B a-
paMeTpuYecKOM BUJe, PaBHA

dy _ ()
dx T

(t)

r7e TOYKOW 0DO3HAYEHBbI TPOM3BOHBIE (DYHKIUI 110 BpeMeHH, mqudde-
pernupys (22), noaydaem

I

tgalzﬂ:—g—t; tgagzg—t. (25)
dx1 U1 V2

ITo ycaoBmio 3aa4u, Mapuku GPOCHIIN B IIPOTHBOIOJIOKHBIE CTOPOHBI,

nosromy y dy/dry nosBuica 3uak «MmuHycs. [logcrasigas (25) B (24)

U pelras IIOJy9YeHHOE yDPaBHEHHE OTHOCHTENBHO f, HAXOTUM MOMEHT

BDEMEHH, KOTJIa BEKTOPBI CKOPOCTeH U1 M Ug OKAXKYTCH B3AMMHO

HEPIEeH KIS PHBIMI:

2,42
1- 25 o,
V1V2
4/ V1V
OTKyJa ¢t = gl 2

Teneps BbIYUCIUM paccTosiHUE

I=NA+NC=" Vg”m + ”“;1”2 = V”gm (v1 +v2) = 2,5 M.

OrBeT: [ =25wMm.
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3amaua 7. Kabuna qudra, y KOTOPO paccTOSHUE OT IOJIa, 0 IO~
TOJIKa 2,7 M, HavYaja MOJHUMATLCI C yCKOpeHueM a = 1,2 M/CQ. Yepes
2,0 ¢ mocjie HaYa A MoAbeMa ¢ IMOTOIKA KaOMHBI CTaJI MagaTh OOJIT.
Haitrn:
a) BpeMs cBOOOJHOIO HajeHus 60JITa;
6) nepemelnenue u yTh 60JITA 338 BpeMst CBODOHOIO MAJICHUs B CUCTEME
OTCYeTa, CBSI3AHHOM ¢ maxToii audra.

Pemenne. a) OGo3HAUMM paCCTOSHHE OT MOJA JIO MOTOJKA
sudTa h, a yckopenue 60/1Ta B cucTeMe KOOPIMHAT, CBSI3aHHOMN ¢ THTOM,
a'. Torna a’ = g + a, a BpeMs cBOGOIHOrO TajeHus 6oTa .

t= 2 —o7e
a

6) YuurbiBasg, 4T0 yCKOpeHHe H0JITa OTHOCUTEIBHO MIAXTHI PABHO ¢,
nepemerrieane Ar onpeaesnM 1o hopMmyie

t2
Ar = vt — % ,
rae vg = atg— CKOPOCTh IBWXKEHHUA JI(Ta B MOMEHT OTpBLIBa 0OJITA,

to = 2 ¢ — Bpemsa oTpbiBa bosTa. Takum obpazowm,

2
|Ar| = |atot — % = 0,7 .

3HaK «MHHYC» MOSIBJISICTCS U3-38 TOIO, YTO HAYAJO KOOPJMHAT PACIIOJIO-
JKEHO B TOYKE OTPBIBA 00JITA, & B IPOIIECCE JIBUYKEHMST OOJIT OKA3bIBACTCS
Huzke 3Toit Toukm. Haiiem Temepb myTh 00JiTa OTHOCHUTEBHO IMIAXTHI
smdra. Kak mokaszano Bblille, OH CKJIABIBAETCS U3 JIBYX COCTABJISIONIIX:

S =51+ 5.

B namewm ciryuae S — BeIUYnHA MaKCHUMAaJbHOIO IObeMa 601Ta OTHO-
CATEJILHO MaXThl. BOIT Oy/IeT MoIHNMATHCS IO TeX TOp, TTOKa BETHINHA
gty He craHeT paBHOI vy. OTCIOA OIIpeiesisieM BpeMs orbema 60J1Ta ty:

a
’Uo—gtlzo, tlz—z—to.
g
Teneps 3anuceiBaem Gopmyity it pacaera Si:
gt% a%% a2t(2) ath

S1 =wvot1 — - = - — = =~ 0,3 M.
1 = VYol1 9 g 29 29 O M
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B cBoboamom masennn 60T OyIeT HAXOAUTHCA BPEeMST to:
t
to=t—t; =t— 2% =046 c.
g

YuursiBas, 9TO HaYaIbHAas CKOPOCTb PaBHA HYJIIO,

t2
SQZﬁle

2
Orcroma S =2 1,3 M.
Orser: 0,7¢ 0,3m; 1,3 M.
l
3amaua 8. JIBe JacTHUITBI JBUKYTCS -—
C IOCTOSIHHBIMHU CKOPOCTSIMA U7 U U Vi @]

[0 JIByM B3aWMHO I€PIEHIUKYJISTPHBIM |
OpsIMBIM K TOYKe wux Tmepecederust O. ‘
B moment ¢ = 0 wacTumnbl HaXOMUINCH I
Ha paccrostaun [ u le or Toukn O. Hepes

CKOJTBKO BPEMEHH TIOCJIE 3TOTO PACCTOSTHIE
MEKJTy JaCTUIAMU CTAHET HAWMEHbBIIIM !
Yemy oo paBHO?

I

Puc. 11

Pemenne. B MOMEHT, KOrja paccTOsIHUE MEXK/y TaCTHIAMU CTa-
HET HAMMEHBLIINM [y, PACCTOAHUS KazKJI0i n3 gactui 10 Touku O GyayT
paBHBL [ — U1ty U lo — Valy,, & paccrognue Mexky Humu (puc. 11)

l(t) = \/(ll — Ultm)Q + (lg — ’Ugtm)Q. (26)

Uccenemyem dyuximio [ (t) na sxerpemyM. g 3T0ro BO3bMEM HEPBYIO
IIPOU3BO/INYIO U IPUPABHAEM ee K HYJIIO:

di(t) [l —vitm)? + (l2 — vatm)?]

dt 23 /(I — vitm)? + (I — valm)®
_ 2’[)1([1 — Ultm) +4 21}2(12 — Uth) -0
2¢/(l1 — vitm)? + (l2 — vatm)?

JIpobb paBHa HYJIIO, KOIJIa €€ YUC/INTe/h paBeH Hy/o. [losTomy

U1 (ll — Ultm) + Vo (lg — ’Ugtm) =0.
PeH_IaH IIOJIYy9Y€HHOE€ YpaBHEHNE OTHOCUTEJIbBHO tm7 HaXOJJ1UM

_ livi + lave

2 2
V1 +U2

tm (27)

JLjisi HAXOXKJICHUST HAMMEHBIIEIO PACCTOSHUS [, mojcTasiseM (27)
B (26) 1, IPOU3BO/I HECJIOKHBIE IPEOOPA3OBAHNUSL, IOJIY YAEM BbIPAKCHUE
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I
m l o |l1’U2 — l2’U1|
m = =

2 2
VU1 + U3

- liv1 + lavs . _ |ll’02 - 121}1'

OrseT: ty, = —5—5=;lm
\vi+ v

2 2
(% +U2

X Bamagya 9. U3 nynkra A, Haxoud-
D mierocst Ha 1occe (puc. 12), HeobxoaumMo
A C\ 3a KpaTrdalilnee BpeMd IOIAcTb Ha Ma-
\ | HIMHE B IyHKT B, pacroJIo;KeHHbIi B MOJIe
N Ha paccrogamu [ or 1mocce. Ha kakom
B pPaccTOSTHUY OT TOUKK D CJIelyeT CBepHYy Th
C T0CCe, eCITN CKOPOCTH MAIIUHBI IO TIOJTIO

Pnc. 12 B 7) pa3 MeHbIlle ee CKOPOCTH MO Inocce?

Pemenue. Bpemsa npuxoma mamuasl u3 nyakra A B B ckiapi-
BaeTcs U3 BpeMeHH IPoxoxkjieHus ydactka AC(t1) 1 BpeMeHU IIPOXOXK-
nenus yaacrka CB(ta). Takum obpasom, obiuiee Bpems ¢

L—a:+77\/x2+l2 _L—xz+nva?+12
v v ’

v

t=11+t2 =

Uccnenyem dbyuximio ¢(x) Ha sxerpemyM. g sroro npupasHsieM

HYJIIO d,
Y dz’
dt —\/m2+l2+nx_0
do vvVx? + 12 -
OTKY/Ia
nr = v x% + 12
i ;
it —a? =12, x—
n?—1
l
OrBeT: =
n*—1

3amaua 10. Touka ABMKETCS BIOJIL OCH I CO CKOPOCTBIO, IPO-
eKIsI KOTOpOit v, KaK (DYHKINS BPEMEHH OIMCHIBACTCI TPapUKOM
na puc. 13,a. B moment ¢t = 0 xoopamnara Toukn x = (. M306pa-
3UTh IPUMEPHbIE TPAPUKN 3aBUCUMOCTEN YCKOPEHUS Gy, KOOPIAUHATHI T
U TPOWJIEHHOTO IIyTH S OT BPEMEHHU.
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6 -
5 7
4 S
3 v

Vx P X

1 a

0 1

4112340 6/t 0 t
-1

-2 1234567

a 6
Puc. 13
— —
Pemenune. Cornacuo (3), @ = dv /dt wim B CKaJISIpHOM BHJE

0 YCJIOBHIO 3aJ1a4U @, = dv,, /dt. Tlo anajoruu ¢ reoMeTpuyecKoil HHTEP-
nperamnueil CKOpoCTu KaK IepBOi IIPOU3BOJHON IIyTH 110 BpEMEHHU, YCKO-
peHre IpejcraBisger coboil TaHreHC yria, 00Pa30BaHHOIO KacaTeIbHON
K rpabuky dyskmn v, = f(t) (B Hamewm ciaydae v, (t) npejcrapisier
COBOI OTPE3KHU TIPAMBIX JIMHUIN) C IIOJIOKUTEJIbHBIM HAIPABICHUEM OCH
abcrmcc.

W3 puc. 13, a, Buano, yro Ha y4dacrke or t = 0 nmo t = 1 yckopenue
MTOJIOZKUTEJILHO W PABHO €JWHUIE, 3aTeM Ha ydactke ¢ = 1 jgo t = 3
OHO CTAHOBHUTCS PaBHBIM HYJIO, a v, IHocTogHHa. Ha ywacrke t = 3
J10 t = 6 yCKOpeHne MEHsSeT 3HAK U CTAHOBUTCS PABHBIM MUHYC €JINHUIIE,
a B TOUKe ¢ = 4 CKOPOCTH MEHSET HallpaBJIeHHEe Ha IIPOTUBOIOJIOYKHOE.
B Touke t = 6 yckopenue onsiTh MeHsIET 3HAK, CTAHOBUTCS PABHBIM JIBYM,
a B TOuke ¢ = 7 JBUKEHHE BJIOJIb OCU & IIPEKPAIIAeTCs.

T'eomerpuieckoii mHTEpIpEeTAIUeil TPOHIEHHOTO MYyTH B KOODIMHA-
TaxX t; vy ABJIAeTCH IJI0NA/1b, OlPDAHIYCHHAs JINHUEH v, U OCBhIO X, IIpUYeM
BCe YHCJIEHHbIE 3HAYEHUs IJIONA/1eit OepyTCs 10 MOMIYJIIO, T. €.

Sg = 151] + 152,

rae S; — o0mumii 1y Th, NPOIAEHHBINH BIOJb OCH T; S1 — IIyTh, HPOiiIeH-
HbIil Ha yuacTke oT t = 0 g0 t = 4; S5 — nyThb, NPOIIEHHBIN HA yYacTKe
t=4nm0t=".

BocmonpzoBasimucs dpopmysiamu Jitst IJIOMAIEH TPAIEIMH U IPSIMO-
YTOJLHUKA JIMOO TOJCUNTAB |UNC/I0 KBaIPAaTOB Ha puc. 13, a, HAXOAUM,
qro S, = 6. C y4eToMm 3HAKOB ILIOMIAJEH IIOJydaeM, UTO IEepeMeIleHne
Touku Ar, = 0, OJJHAKO 9TO HE O3HAYAET, YTO TOUKA BEPHYJIACH K HAUALY
JBUZKEHNS, XOTdA HCKJIIOYATH TaKyI BO3MOXKHOCTBH HeIb3s, TaK KakK
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U3 yCJIOBHA 3a/a' T HaM HEM3BECTHBI HU KOOPJAMHATHI HaYaJIa JIBUZKEHNA
TOYKH, HU 3aBUCUMOCTH Uy U VU OT t.

OrBeT: cM. puc. 13, 6.

Bamaya 11. Yacruma JBUKETCs B MOJIOKHUTETHHOM HAIPABJICHUN
OCH T TaK, UTO €€ CKOPOCTb MEHSIETCs TI0 3aKOHYy U = /T, TIe o —
[IOJIOYKUTEJIbHAs TocTosAnHasg. B mMoment ¢t = 0 gacTuila HaXOIUIACH
B Touke x = 0. HaiiTu:

a) ee CKOPOCTb U YCKOPeHUe Kak (DyHKIMIO BPEMEHU;
6) CPeIHIOI0 CKOPOCTH 3a BpEMs, B TEUYEHHE KOTOPOIO OHa IIPOMerT
epBbie S METPOB IIyTH.

dx
Pemenune. a)v:E:a T, OTKyzIa

d—xzadt.

NG
HHTerI/IpyH, BO3BO/A obe yacTu YpaBHEHUA B KBaJapaT U peniad I10JIy-
YEHHOE€ ypaBHEHUE OTHOCUTEJIBHO X, HAXOIUM
2t2

4

«

+C.

Wcnonb3yst navanabubie yeaosusg x = 0 npu t = 0, noaygaem C' = 0.
Takum obpazom,

T = [0}
4
Cormacno (1), 2
V=1 = 7 t,
. (28)
a=i=-
6) Ucunosb3yeM onpejiesieHue CpeiHero BEKTOpa CKOPOCTU
—
— AS
(V) =%
UM B CKaJapHOii dhopme
) = 5 (29)
At
2
e AS = %, ¢ yuerom (28)
2 2
AS = & At ,
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OTKYyZa
At =22 (30)

IMogcrapasst (30) B (29), HAXOMUM

(v) = %\/E

2 2
a’t « «
OrBer: a)v=—;a=—;6) (v)==S.
2 2 2
3amaya 12. Touka gBuKeTcs B IJIOCKOCTH XY 110 3aKOHY T = «dt,
y = Bt%, e o 1 B — HOJIOXKHUTENBHDIE TTIOCTOSIHHBIE.
Haitrn:
a) ypaBHeHHe TpaeKTopuu Touku y(z) u ee rpaduxk;
6) MOJyJIn CKOPOCTH U YCKOPEHUSI TOYKU KaK (DYHKIWHIO t;
— =
B) yTOJI (0 MEXKJy BEKTOPAMH @ U U Kak (PYHKIHUIO t.

Pemenue. a)

r = at; (31)
y = pt2 (32)

Uz (31) maxomum ¢ u, mojcrasigsd B (32), mojaydaeM ypaBHeHUE
TPaeKTOpUN
_ pa?
Y= o
[Mockombky (3 > 0, TpaekTopus NpejcTaBiser u3 cebs mapabosry,
HAIIPABJICHHYIO BETBAMU BBEPX U IIPOXOJIAIILYTO Yepe3 HAIaI0 KOOPIUHAT
(puc. 14, a).

Puc. 14
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6) & =«, y=20t, & =0; § =20. Coruacuo (8),
v =32+ 9% = /a2 + 45%2,
a =i+ = 20.

—
B) Tanrenc yrja MezKiy BEKTOPOM U U IIOJIOKUTEIbHBIM HALIPABJIE-
HUEM OCU abCIIMCC paBeH .
I p dy gy 2Bt

dx T «@

COCTaBﬂﬂIomaﬂ BEKTOPA YCKOPEHUsI 110 OCU & PABHA HYJIIO, C.HG,Z];OB&—
TEJIBHO, i mapasiesier ocu . Takum o6pasoM, yror ¢ MexIy a u v
paser ¢ = 90 — g (puc. 14, 6) win

tg @ = tg(90° — o) = ctgpo = Qﬂt

Orser: a)y:%m2;6)v=\/a2+4ﬂ2t2;a=26;3)tgg@

«@ 2515

3amava 13. Yacruma JBUKETCS B IJIOCKOCTH TY C HOCTOSTHHBIM

VCKOPEHHEM @, IPOTHBOINOJIOMKHBIM IIOJOKITEIHHOMY HAIPABIICHHIO

ocu y. YpaBHEHHEe TPAEKTOPUH UACTUIILI IMeeT BHI Y = ax — 32, Te

« U [ — IOJIOXKUTEJIbHBIE IIOCTOHHBIE. HaliTu CKOpOCTb ¥y YaCTHUIIBI B
HadvaJje KOOpInHaT.

Pemenue. ma moboro MoMeHTa BPEMEHH JIBUKEHUS TACTHUIHI
MOXKHO 3ammcarh (puc. 15)

Uy = Vg COS Y, Uy = Vg siny — at.

Hasee 5 5 . 9.9
vy = v + v, = vy — 2vg sin pat + a“t”.

at

- 2singp
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Haiinem Benmuaumny t,, BpeMeHU MIObeMa Ha MAKCHMAJILHYIO BBICOTY
U3 PABEHCTBA HYJIIO IEPBOil TPOM3BOIHOM ' B BBICIIEH TOUKE TPAeKTOPHN

y = (ax — f2*) = a — 20z = 0.

o .
OTKyILa HaXOJUM KOODPJMHATY Tmax — ? BbICII€ TOYKH IIOJAbEeMa

JaCTHUIBI.
SaTeM, OOACTaBJIdA 3HAYCHUEC Tmax B YPaBHEHUE TpPaCeKTOPUU,

U3 YCJOBUS 3a/1a91 HAXOIUM KOOPIUHATY Ymax:

2 2 2

(e « (e}
T Ymax MOYKHO 3aICATD
B at?,
ymax - 2

Otkyna ¢ yaerom (34) momydaem

2y [T
tm—\/ ” _a\/Qaﬁ' (35)

Teneph st HAXOXKJICHUS CKOPOCTH HYACTHUIILI B HAYAJE KOOD/MHAT
OCTAETCS OTPEJIE/INTD SNl ¢, T/Ie ¢ — YTOJI HAKJIOHA BEKTOPA U K TIOTOKH-
reapaoMy Hanpassenuio ocu X . [ockobky 4'(0) = «, BocmoIb3yeMCst
U3BECTHBIM COOTHOTTEHUEM

’

Y

IMoncrapss B 910 Bhipakenue saaderne y' (0), HAXOIMM BbIDAYKEHHUE JJTsT
sin ¢:

sing =

«

V1itaz’

Moacrasisas B (33) t = tp,, T.e. (35), u sinp, 1. e (36), nupoussoud
HECJIOXKHBIE TPe0OPAa30BaHUsT, HAXO UM

sing = (36)

a(l+a?)
80

Vo =

a(l +a?)
80

OrseT: v9g=
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3amaua 14. Hebomabmoe Temo 6pocun mo;t
o —
YIJIOM K TOPU3OHTY € HAYAJILHON CKOPOCTBIO U g.
Vot Haiiru:
a) HepeMenieHre Tesa Kak (DYHKIMIO BPEMEHH,

- .

7 (t);
6) cpeiHUil BEKTOp CKOPOCTH 3a IepBble ¢ ce-

KYHJ[ ¥ 33 BCE€ BPEMs JIBUYKEHISI.

|\>|‘Q¢

~

Puc. 16
Pemenue. a) U3 puc. 16 BugHo, 910 B 11060/ MOMEHT BpeMeHU
— — g
T = Vot + 2. (37)

6) Ilo onpezesnenuio cpeHUil BEKTOP CKOPOCTH

— AT
<U>_E

C yuerom (37) cpennuii BEKTOP CKOPOCTH 3a IIepBble ¢ CeKYH/T

gt

() =To+ 2L, (38)

it onpesiesiennsi CPeJIHEro BEKTOPa CKOPOCTH 3 BCE BPEMS JIBUKE-
HUs yITEM, 9TO IIOJTHOE BPEMs CKJIA/IBIBAETCS U3 BPEMEHH I0IbeMa TeJla
Ha MAKCHUMAJILHYIO BBICOTY U BPEMEHU TAJICHUS ¢ MAKCUMAJILHOM BHICOTHI
Ha 3emtio. OUeBHUIHO, 9TO 9TU BPEMEHA PABHBI U MbI MOYKEM 3AINCATH

t= tno;rbema + tcnycxa = 2tno;rbeMa; (39)

rjae t — BpeMs IIoJIeTa TeJja.

Bpems nogbema (ciycka) Haiiiem u3 yCeJOBUS MUHUMAJILHON CKOPO-
CTH U3MEHEeHHsI BEKTOpa 7. IIOHSTHO, 9TO 9TO yCI0BHE GyIeT BLIIOJ-
HATbHCA B TOYKE MaKCUMaJIbHOM BBICOTHI IIObeMa, TaK KaK B 9TOH TOYKe
7 mapasutenen ocu X . [I09TOMY, BBIYUCISIS HPOU3BOIHYIO 1O BPEMEHI
OT BEJIMYMHBI T U IPUPABHUBA €€ HYJIIO, HAXOJUM, YTO BpPeMsl IO beMa
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(ciycka) ¢ y4eToM TOro, 4To BPEMs — BEeJMYNHA CKAJISIPHAs, PABHO

nmoabemMa — o *

9

OupeessieM BpeMs HAXOXKJIeHUsI Tesia B nosiere 110 (opmydae (39):

= 2009) (40)
g

Haxonum cpeJiHuii BEKTOP CKOPOCTH 3a BCe BPeMsl [OJIeTa, MOJCTaB-
——
ssast (40) B (38) m yaursiBast, 4ro (g V) CKaIAp,

— — T(Vog)g
(V) =70~ 5
g
—>t2 _>t
orer w7 = Tws B0 @) = T+

3amaua 15. Illapuk majaer ¢ HyIeBOH HAYAILHOW CKOPOCTHIO
Ha TUIAJIKYIO HAKJIOHHYIO TLIOCKOCTH, COCTABJISAIONIYIO YTOJI (¢ ¢ TOPU30H-
toM. Ilposteres paccrosinue h, on yupyro orpasuscs oT miockoctu. Ha
KAKOM PACCTOSTHUHU OT MECTa IaJIeHUsl MAPUK OTPA3UTCS BTOPOil pas?

Pemenue. PacmosouM cucreMy KOODAMHAT TakK, 4TOOBI ee Ha-
YaJI0 HAXOIWJIOCH B MECTE MEePBOTO CONPUKOCHOBEHWs TeJIa C HAKJIOH-
HOI MJI0CKOCTBIO, 0ch OX Hampas/eHa BJOJIb HAKJIOHHON ILIOCKOCTH,
a ock OY nepreHuKyJIspHO et (puc. 17).

Puc. 17
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HauasbHast CKOPOCTH v LOCJIE COYIAPEHUs PABHA
vo = \/2gh, (41)

.
U BEKTOp v o obpasyer yroJ a ¢ ocbio OY.

VpaBuenue jBuzkeHust teja 1mo ocu QY mpejcrasiisier coboit cery-
IOIEE BBIPAYKEHUE:

t2
y = voyt + -, (42)
rae
Vgy = Vg COS &
u
ay = —gcosa. (43)

B MOMeHT maJieHus! Tesla Ha HAKJIOHHYIO 1utockoctb y = 0. Iloacras-
asist y = 0 B (42) u yaursiBas (41) u (43), HAXO MM

¢ 2v0y _ 2v2gh (44)

Ay g

ObpaTnre BHUMAHUE Ha HEOYEBUJIHBIN pPE3yJIbTAT — BPEMs IOJIeTa
apuKa MEXK/Ly JBYMsl OTPAyKEHUSIMHU OT IJIOCKOCTHU HE 3aBUCHUT OT yTJIa
€e HAKJIOHA U BCETJIA MTOCTOSIHHO.

Teneps 1o dhopmye

a zt2
| = vo,t + 02 R
YyUUTBIBasg, 9TO Ugy = VpsSina, ag, = ¢gsina, a takxke (41) u (44),
OTIpEIeTITEM
| = 8hsina.

OrBer: [ =8hsina.

Bagaua 16. Teso 6pocuiin ¢ TOBEPXHOCTH 3€MJIH IOJT YIVIOM (v

K TOPU30HTY C HAYAJLHON CKOPOCTBHIO vy. Haftrn:

a) BpeMs J[BUKCHUSI;

6) MAKCUMAJIbHYIO BBICOTY MOABHEMA U TOPU30HTAIBHYIO JAJLHOCTD 110~
JIeTa; TIPU KAKOM (v OHU PABHBI JAPYT JIPYTY;

B) ypaBHeHue Tpaekropuu y(x), rie y u x — lIepeMeIleHue Teja 10 Bep-
TUKAJIA ¥ TOPU30HTAJIU COOTBETCTBEHHO.

Pemenue. a)Haunem perienne 3aiaum ¢ HAXOXKICHUS [IPOEKIIUI
BEKTODA HAYAJIBHONH CKOPOCTH U( W BEKTOPA YCKODEHHs @ = g
wma ocu OX m OY, a 3areM COCTABUM ypaBHEHUs JBUXKEHUS BIOJIb
KaXKJIOro HampasJjeHus. [lomecTum Hadaj0 KOOPJAWHAT B TOYKY OPOCKA
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Vo

a
!

Vgcosa | X

(puc. 18), a ocp OY HanpasBuMm Hapajuie/IbHO BEKTOPY YCKODEHUs CBO-
OOHOrO IaJICHIA ?

Torna a; = 0; ay = —g.

ITockosibKy cmita TpeHUsi O BO3JyX HE YUUTBIBAETCs, TO, COTJIACHO
nepBoMy 3axkony Hbrorona, Bioss ocu OX Tejio Oy/ieT JABUTATHCS MPsi-
MOJIMHEITHO U paBHOMEPHO, a Bojb ocu OY MepByr MOJOBUHY IIyTH
paBHO3aME/JIEHHO, 8 BTOPYIO II0OJIOBUHY — PaBHOYCKOPEHHO.

ITosTomy mokem 3ammcarh

x = vg(cos a)t, (45)
. t?
y = vo(sina)t — 97 . (46)
Ha makcnMasbHOl BBICOTE, KOTOPYIO MOXKET JOCTHIL TEJIO, Uy = 0.
HNcxozst 13 9TOT0 HaiijileM BpeMst ojrbemMa

Vy =Y =vo8iN& — Gluon. = 0;  tuon. = % . (47)

Barem onpeaeJ MM BpeMd JIBU2KEHUA TeJla — T

2v0 sin « . (48)

T = 2tnon. = 7

6) MakcuMa/IbHYIO BBICOTY HObeMa Haiinem, nojgcrasus (47) B (46):

h— vé sin? o - vesin? o _ 2 sin? o (49)
g 29 29

TOpu30HTAILHYIO JAIBHOCTD II0JIeTa OUPEIE/IfeM, HOoACTaBuB (48)
B (45):
208 cos asin o v .
[=""——"—— = “sin2a. (50)
g g
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st maxox ienust yria «, upu koropoM h = [, npupasuusaem (49) u (50):

2

2 2
visin“ o vi .
02" = — Pgin2a.
g

29
Samenasa

sin2c = 2sinacosa u  cosa = V1 —sin?a

U TIPOU3BO/IA HECJIOYXKHBIE TPE0OPAZOBAHUS, BHIUNCIIIEM (1

sina = 0,97,

o = arcsin 0,97 = 76°.
B) Jlia maxoxienus ypaBHenus TpaekTopun u3 (45) BbipazkaeM t:

x
Vo COS ¥

U, IOJICTAB/IgAs [O/Iy YeHHOE BhIpazkenue B (47), moJjiydaeM HCKOMOe ypaB-

HeHue:
g (Ez .

r)=zrtga — ————
y() & 208 cos? o

BusHo, uTo TpaekTopus mpejcrasiisier coboil mapaboJry, HalpaBJieH-
HYIO BETBSIMU BHHU3 U IIPOXOJIAIILYIO Yepe3 HadaJI0 KOOPIUHAT.

Bajady MOXKHO pemmTh B oOpaTHOM mopsiake. CHadaja MOIyduTh
ypaBHEHHE TPaeKTOPUHU. 3aTeM B3ATh IEPBYIO MPOU3BOJIHYIO, IPUPAB-
HSTH €€ HYJII0 U PEelUTh MOJYyIeHHOE yPaBHEHHE OTHOCUTEIHHO T. DTO
3HadeHne x OyJIeT COOTBETCTBOBATL KOOPIUHATE Tpax, IPU KOTOPOW
BBICOTA MOIBEMA Ny ax MAKCUMATBHA. 110ICTABIIsIS BBIDAYKEHUE IS Tax
B (46), oupesesumM BpeMsl [OIbEMa HA BBICOTY Nmax. 3ATE€M BBIPAYKEHHE
IS Loy, OZICTABUM B (47) 1 HalIeM Ay ay. [OpU3oHTAIBHY IO HAJIBHOCTD
roJieTa HalijieM U3 BbIParKeHUs

I = 2vp(cos a)T,

e T = 2tyopn.
Barem u3 ycaosus h = [ mHaxonum yrou «. IIpegocrasisiem auraresio

BO3MOXKHOCTDH PEHINTDH 33139y BTOPBIM CIIOCODOM CaMOCTOSITEILHO.
2 2

2vg si . .
OrBeT: a)7T = M;@ h=gsin?q; | = 2 sin2a; a = 76°
g 29 g
B)y=ztga — 92 z2.

208 cos® o
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Bamaua 17. Ilymka u 1mep HAXOMATCS Ha OJHOM YPOBHE Ha pac-
crosann 5,1 KM apyr orT gpyra. depe3 CKOJIBKO BPEMEHM CHAapsiy C Ha-
YabHON CKOPOCTHIO 240 M/¢ gocTuruer neu?

Pemenue. IlpoBomsa paccyxienus, aHaJoOrWmdHble 3ajade 15
(puc. 18), 3amuceiBaeM:

2ugcosat =1, (51)

vo sina = gt. (52)

U3 (52) maxoaum:

. t . 2 — g2t?
sina=2L, cosa=V1-—sinPa=Y0"9" (53)

Vo Vo

IMoncrasnss (53) B (51), momygaem:

2t\/v2 — g?t2 = 1.

BozBogum obe wacTu B KBaJpat, jajiee IMOICTABJISEM YHUC/IEHHBIE
3HAYEHUS Vg, ¢ U | 1 TPUXOAUM K YPABHEHUIO

4t* — 2400¢% + 27 - 10" = 0.
ITocse obo3Hadennst t2 = x ypaBHeHHe IpHOOpPETaeT B
4z* — 2400z + 27 - 10* = 0.

Haxomnm cragasia x, a 3areMm t:

r1 =449; t; =21 ¢~ 0,35 muH;
ro = 151; to =12 c = 0,2 muH.

ITamaTys o Tom, 9TO, KaK U B 3aj71a4e 15, t1 U to — 9TO BpeMsl MO b-
eMa CHapsijia Ha MAKCHMAJIBHYIO BBICOTY (fnox ), & BPEMsl JIOCTHIKEHUS
cuapgaoM e (7) Gyzer B ABa pasa 6oJbmuM, moayauM: 7 2 0,7 Mum;
7o =~ 0,4 MuH.

OrBeT: 7 ~ 0,7 Mun; 72 ~ 0,4 MUH B 3aBUCUMOCTHU OT HAYAHLHOTO
yra.

3amaua 18. U3 mymKku BBITYCTUIN TOCAEIOBATEIHHO IBA CHAPSIIA
€O CKOpoCThIO vy = 250 M/c; mepBbril moj, yrioM 01 = 60° K TOpH30HTY,
BTOPOI 1oz, yryiom 0y = 45° (asumyr oxun u tor xke). Haiitun unrepsas
BPEMEHU MEXKJTY BBICTPEJIAMHU, IPU KOTOPOM CHAPSJIBI CTOJKHYTCS JIPYT
C JIPYTOM.

Pemenne. B MOMEHT CTOJIKHOBEHUsI CHAPSAIO0B UX KOOPIMHATHI
PaBHBI, T. €. X1 = Xo, Y1 = Yo, a At = t; — ta, € T1,%2,Y1,Y2 —
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KOOPJIMHATHI IEPBOIO M BTOPOI'O CHApsJIOB, a t; W ty — BpeMs ITOJeTa
MEPBOTO M BTOPOTO CHAPSIOB COOTBETCTBEHHO.
C yueTom pe3yJsibTaTOB PelleHust 3aadu 15 3amnmucbiBaeM

r1 = vg cos Bty (54)

To = Vg cos Oato, (55)
2

Y1 = Vo sin 91t1 — % 5 (56)
2

Y2 = Vo sin 92t2 - % . (57)

Mpupasuusas (54) u (55), (56) u (57), mosyuaem:

cos 01t1 = cosOato, (58)

'U()(Sil’l 91t1 — sin thg) = g (t% - t%) (59)
s (58) caenyer: ;
__cosb

ty = oy t1. (60)

[Mepenummenm (59) ¢ yuerom Toro, uro At = t1 — to
vo(sin O1t1 — sin fats) = gAt(tl + ta). (61)

IMogcrapasst (60) B (61), mpouseejiem asreGpandeckue npeobpazoBa-
HUS U, YUUTBIBasA, 9T0 coS by # 0, HaxoauM
21}0 sin(01 — 02)

At = g(cos 01 + cos 62) =1l

Orser: At=11c.

Bamaua 19. Yacrtuma ABMKeETCS B MIOCKOCTH XY €O CKOPOCTHIO
= — —
V=ai+pxj,

— =
rae i@ u j —opreioceit X u Y, a u — I0JI0KUTEIbHbIE TIOCTOSTHHBIE.

B mHaua bHbBI MOMEHT 9aCTHIA HAXOAUIACH B HadaJie Koopauaat. HaiiTu:
a) ypaBHEHHUE TPACKTOPHUU JacTUIBI Y (T );
6) pajuyc KPUBU3HBI TPACKTOPUU KAK (DYHKIUIO .
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Pemenue. a) 3anumneMm ypaBHeHUs JBUKEHHs YACTHUIILI B KOOP-
nuaaTHON hopme. U3 yemoBus 3amadu cieyer, 9To

Uy =& = au (62)
Wurerpupys (62), naxomum
= ot + C1.
ITo yenosuio 3amaun upu t = 0 x = 0; caeposarensuo, C; = 0, T. e.
x = ot, (63)
vy =9 = Pz = aft. (64)
Hasnee, uarerpupys ypasaenue (64), moaygaem:

2
Y= agt o

W3 navaapHbIX ycsioBuit ciemyet, 9To Cy Tak:Ke paBHA HYJIIO, T. €.

3t2
Bpra)KaH us (63)

t=2
0%

u nojcranisg B (65), IPUXOAUM K yPABHEHUIO TPACKTODPHUU JIBUZKEHUS
qaCTHUIIbI 3
2

Y= (66)

KOTOpas, KaK BUINM, MIPEJICTAB/IIET U3 cebs mapaboIry.
6) I cioco6
Pagnyc xpuBusubr Oy1eM ncKaTh U3 COOTHONTEHMIT

2 2
v (Y

R="", (67)

Ay = —
" R’ an

rjie HOpMaJlbHOe YCKOPEHUE @, KOTOpoe Mbl HaxoxuM u3 (13),

an, = +/a? — a2,

a M a; — TOJHOE U TAHT'€HIINAJBHOE YCKOPEHHE; U — CKOPOCTh JIBUKEHU
JacTUIlbl; R — pajnyc KpUBU3HDI.
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Hampassenne taHreHnuaabHOIO YCKODEHUS COBIIAJA€T C HAIPAB-
JIEHHEM CKOPOCTH, T03TOMY, nuddepeHupyss MOIy/ib CKOPOCTHU 110 t,
HAXO/IUM .+

=4 o= 20t (68)
it Jii e

ITo ycmoBuio 3aja4un TpebyeTcst ONpeIenTh KPUBU3HY TPAEKTOPUU
B 3aBUCUMOCTH OT KOODJMHATHI X, 03TOMy B (68) mpousseseM 3ameny

€T
t=",
«

1IOCJIe Yero IMoJIydaeM X
af

Va2 + a2

TosnHoe ycKopeHue a Haxo/uM u3 (8):

a=/a2+ a2 =+\/i? +§% (70)

Juddepennupys (63) u (65) mBarxk/bl 0 BPEMEHU U IOACTAB/ISAS
pesyabrarst B (70), HAXOIIM

ar =

a=af. (71)

Teneps, 3nas MOIHOE U TAHICHIINAJIBHOE YCKOPEHUS, CIIPABE/JINBO:

204, 2 2 2.2 _ 2.2 2
an = 1023 — o’ Btz —af el a B .
a? + %22 o® + B%a? Va2 + B2

BanmieM BbIpazKeHue JJis KBAJAPaTa MOJLyJId CKOPOCTH ¢ yaeroM (8),

(62) u (64), 3amenus t = 2.

ITomyaaem
v? = a? + 3222
Hauee
R— v? (o +5%2%) (e + 322%)1/? G (533)2] v
an B & a ’
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IT cooco6
MozkHO BBIYUCIUTD R IIPOIIie, eC/Iu 13 Kypca aHAJTUTUIEeCKON reoMeT-
pun BCIIOMHUTH (DOPMYJLY JJIsi paInyCa KPUBU3HBI

R:w. (72)

1

Beps nepByio u Bropyio npousBo/iable Boipazkenus (67)

/ B 7z g

y=—-x Yy =
o o

" HOrHCTaB.HHH HO.Hy‘IeHHBIe HpOI/I3BO,HHbIe B (72), HaXO,ZLI/HVI
o\ ? 3/2
(6% T
R=%14+ (2
a|' " ( a )

OrBerT: a) yzﬁxz; 6) R=2 |1+ <@>
20 3 «

3amaua 20. Touka JABUKETCs, 3aMeISIICH, IO OKPYKHOCTH PaJIi-
yca R Tak, 9TO B KaxKJIblii MOMEHT ee TAHTeHINAJIHLHOE U HOPMAJIbHOEe
YCKOPEHUsI OJMHAKOBBI 110 MOJy/0. B MomenT ¢ = (0 CKOpPOCTb TOYKWU
paBHa vg. Haiitu 3aBucuMocTs:

a) CKOPOCTH TOYKHU OT BPEMEHH U IIPOHIECHHOIO IIyTH;

6) I[OJHOIO YyCKODEHUsI TOYKU OT U U S.

973/2

Pemenue. a)B ycioBugx 3ajaqu ckazano, 4To TOUKA, JBUTAACH
— —
IO OKPY?KHOCTH, 3aMeJJIAETCs, CJIeJOBATEIbHO, (4 r U U HaIlPaBJIEHbI
B IIPOTHUBOIIOJIO?KHBIE CTOPOHBI, T. €.

<
N

aT:—/(.):

=

dv _ v*

dt R’
PEHIaH 9TO ypaBHeHI/Ie METOJ0M paS,ZIeHeHHH HepEHVIQHHI)IX7 HaXOIUM
1 t
~—=—+4C.
v R

13 HavaIbHBIX yCJIOBHN OIpesesseM

c=1.

Vo
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VYpaBHenue npuodbpeTaeT BUI

t 1
v R T
nJjim RUO o

T Rtwt 1+ (wi/R)

st motydeHuns 3aBUCUMOCTU CKOPOCTH JIBUYKEHUST TOUKU OT TTPOii-
JIGHHOTO IIyTH 3anuireM auddepeniuan CKOPOCTU ¢ YIeTOM TOTO, 9TO
TOYKa JIBUXKETCS C 3aMeJlJIEHUeM, U G, = G-

'U2 v
dv__a’Tdt__andt—_Edt——Edsa

rae dS = v dt.
VHuTerpupys moJy9eHHoe ypaBHEHIE METOIOM Pa3IeIeHIs TePeMeH-
HBIX U ONPEJIeiss U3 HavYa bHbIX yejaoBuil C' = vg, IPUXOJIUM K ypaBHE-

HUIO
v = voe Y/ E, (73)

6) 3aBUCHMOCTH IOJHOIO YCKOPEHHsI TOUKH OT ¥ HailieM, UCIOJIb-
3yst POPMYIY JJIsI TIOJIHOI'O YCKOPEHUsI U PABEHCTBO TAHTEHITHAJIHLHOTO
1 HOPMAaJIbHOI'O YCKOPEHU:

— /a2 2 _
a=/a7 +a; =

st onipeiesienust 3aBUCUMOCTH TIOJTHOTO YCKOPEHUS OT TIPOHIEHHOTO
[yTU ONSATH BOCHOJIb3YEMCS PABEHCTBOM G = G, U BbIpaxkenueM (73):

B B 02 - v§672S/R
Gr=tn=F ="
Torna

2
o D) 5 _ \/5’[)0
a—\/aT‘Fan—W.

V28 V20?
- Re2S/R - R

3amada 21. Touka aBMKeTCs 10 JIyre OKPYKHOCTH pajumycom R.
Ee ckopoctb v ~ \/§ , e S —upoiienublii myTh. Haiitu yroa mexy
BEKTOPaMU CKOPOCTHU U IOJTHOTO YCKOPEHUsT KaK (DYHKIHIIO S.

Orser: a)v=uve /% 6)a
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Pemenwne. Us puc. 19 gacuo, uaro tga = Z—",
v? S
ITockonbky v, = v,
dv dv dS dv
Ar = V& = 5 7 — 55U
dt dS dt dS
Io yemosmo 3amatu v ~ /S, Toraa
dv 1
s 28’
aar =1/2. C yaerom (74) 7
S ~
= —_— a
tg o R 0
g Puc. 19
Orser: tga=_——.
2R
3amaua 22. Komeco Bpammaercss BOKPYT HEMOJBUKHON OCH Tak,
YTO YroJl (¢ ero HOBOPOTAa 3aBHCAT OT BpeMeHH Kak ¢ = [3t2, rae

B = 0,20 pas/c?. Haiiti mosmoe yckopernue a Toukn A Ha 06ojie Koseca
B MOMeHT t = 2,5 ¢, eci cCKOpocTh Touku A B 3roT MomenT v = 0,65 Mm/c.

Pemenue. Ilo oupenenenmo (14) n (16),

_dp _
w—dt—25t,

v=wR.
W3 9TUX COOTHOLIEHUI HAXOIAUM PAJHIYC KOJIECA

v

I[aﬂee HaXO0/J UM HOPMaJIbHOEC U TaHI'€HIIUAJIbHOC YCKOPEHN:

UQ

an, = — = 20vt,

R
dv dw v v
“a R Ty

ar .
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Teneps, ncHob3ys MOJyUYEHHBIE PE3YIBTATHI, JIETKO HANTH OJHOE
yCKOpeHue:

2
t) + (26vt)2 = ? V1+(2662)% = 0,7 M/

Orser: a=0,7Mm/c2

Samava 23. Touka A HaxomuTcad Ha 000 KOJIECA PAJYCOM
R = 0,50 M, KOTOpoe KaTUTCA 03 CKOJILXKEHMS I10 TOPU30HTAILHOMN
HOBEPXHOCTH €O cKOpocThio v = 1,00 m/c. HaiiTu:
a) MOJLYJIb U HAIPABJICHUE YCKOPEHHs TOUKU A;
6) moJHbI 1y Th S, IPOXOIUMBI TOUKOIl A MeX/ly JABYMSI IIOCIIE/0-
BaTeJIbHBIMI MOMEHTAMU €€ KaCaHHsI IIOBEPXHOCTH.

Pemenue. a)llpu pemennn sToi 381491 MOJIE3HO BCIOMHHUTD, ITO

B KypCe aHAJUTHIECKON TeOMeTpur TPaeKTOpus JII0OO0M TOYKN KoJieca,

KOTOPOE KATUTCs 63 TPOCKATB3bIBAHUS 110 TIPSIMOM, HA3BIBAETCS ITUKJIO-

noit. O6paTuM BHUMaHUE Ha J(Ba (haKTa, KOTOPbIE OY€Hb 00JIerdar HaM

pelreHne 3a1a9u:

— TpaekTopusi JIOOOH TOYKH Ha 0007 KOjeca IMPEeICTaBsIeT COOO
[UKJIOWTYy HE3ABUCHUMO OT XapaKTepa JBUXKEHUs: PABHOMEDHOE OHO,
PABHOYCKOPEHHOE JINOO paBHO3aMEJIEHHOE — JIUIIEL ObI KA9€HUE OCY-
MIECTBJISIOCH 6€3 POCKAIB3bIBaHMA. /1t IpocTOTHI Oy/1eM paccMar-
pUBaThH PABHOMEPHOE JIBUKEHUE;

— B JII0OOI WHEPITMOHHON CUCTEME OTCYETA MATEPUATHHAT TOIKA MMEET
OJIHO M TO K€ YCKOPEHWE.

CitesroBaTesibHO, yCKOpEeHHe JI000H TOUKKM Ha 000/ie KoJieca, CBA3aH-

HOE TOJIBKO C €r0 BPAIlleHUEM BOKPYT OCH, Oy/IeT HAIIPABJICHO 10 PAIIYCY

K TIEHTPY KOJIECA U OIPEJIEUTCS BhIPAYKEHUEM

1)2

ag =4 =2 m/c%, (75)

TaK KaK B BBICIIEH TOYKE IUKJIOUILI JIMHEHHAs CKOPOCTL JIBUYKEHMUS
TOUKN A COBIAJIAET 1O BeIMYUHE U HAIIPABJICHUIO CO CKOPOCTBLIO JIBUKE-
Hus TeHTpa Kojeca v. Boobire ke B 110001 TOUKe KoJeca ee JImHeHast
CKOPOCTb JIBUYKEHUSI COBII&JAET 110 MOJYJIIO CO CKOPOCTBIO JIBUKEHUSI
[IEHTpa KoJieca, a pa3jndaeTcs JIMIIL HalpaBJIEHHEM CBOErO BEKTOPA,
3a MCKJIIOUeHneM BepxHeii roukn (puc. 20).
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Puc. 20

W3 npuBeieHHBIX PACCYXKIEHUIT JIETKO OIIPEJIEIUTD PAIIYC KPUBU3HBI
[UKJIOUIbI. Pe3yIbTupyonmit BEKTOP CKOPOCTHU Vg IPEJICTABJISIET COOOM
BEKTOPHYIO CYMMY CKOPOCTU IIOCTYIIATE/JILHOIO JBUYKEHUdA KoJleca U JIU-
HEITHOW CKOPOCTH BPAIIEHUS BOKPYT OCH. B BepxHeil Touke

vg = 2v (76)
n 2
Vo

a = — 5 77

‘ (7

rjie p — PaJuyC KPUBU3HBI ITUKJIOUIDL.
Mpupasuusas (75) u (77), ¢ yuerom (76) moaygaem

p=A4R.

Pajinyc KpuBHU3HBI TUKJIOWIBI MOXKHO BBIYUCUTH U BTOPBIM CIIOCO-
6oM, Tak Ke Kak u B 3ajaqe 19. [Ipegocrasisiem auraTesito ceaarb 31O
CaAMOMY.

6) Pesyibrupyroniuii BEKTOp CKOPOCTH HANIEM € HOMOIIBIO TEOPEMbI
KOCHHYCOB ¥ C y9IETOM COOTHOIIEHUIT

cos(180° — p) = —cosp; vo =wR; = uwt; Tz%r.

Tor,zga, 3alHuCbhbIBagd TEOPpEMY KOCHUHYCOB, IIOJIydJaeM:

vo = /20% — 202 cos(180° — @) = \/2w2R? + 2w R? coswt =

= wR\/2(1 + coswt) = 2wR cos %t ;

T/2 T/2

T
S = fv —2fvodt—4Rfcos——dt—8R
0

2m
rje y49TeHo, uto 1’ = —.
w
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OrseT: a)as = v2/R = 2,0 M/c?, BeKTOp @ 4 HaTpaBjieH BCe
BpeMs K HeHTpy Kojeca; 6) S = 8R = 4,0 m.

3amaua 24. Tsepoe Tea0 BpalmaeTcs ¢ yraoBOH CKOPOCTHIO
—
W =ati+bt? j,
5 — = . .
rme a = 5,0 pan/c®, ¢ u j —oprel oceit X u Y. Hajiru yron «

—
_
MeXKJy BEKTODAMH YIJIOBOTO YCKOpeHms (3 W W B MOMEHT, KOTJa
B = 10,0 pag/c?.

Pemenue. Ilo ompemenennio cKaasIpHOTO TTPOU3BEICHUA,

(@B) = a®t + 20%83 = |&|| 7| cosa,

e oL =
w=p=ai+2btj,
|| = Va2t2 + b2t4,
—
| B] = Va®+ 4b2t2.
CrnenosarenbHo,
cosa = (@F) _ a’t + 20°° I
DB VR + 0t Ve + 467 Va® + 02123
22 +40%* a4 ad+ 4 a4 P

T VAR TP BB 2+ AP By3aR + B2
oTKyma o = 19°.

OrseT: a=19°



OcHoBHOe ypaBHeHHe
AUHAMHKH

B mpenplayineil riaBe Mbl yUUIUCH OIKUCHIBATH JIBUMKEHHE, HE Pac-
cMaTpuBasi, YeM OHO 00ycJiOBJIeHO. /IMHaMuKa n3ydaer JBUKEHUE TeJl
B CBSA3M C TeMU MPUYINHAMU, KOTOpPbIE BBIZLIBAIOT 3TO JABMXKeHHE. Bes
KJIACCHYIECKasi MeXaHUKa 0a3MpyeTcs Ha TPeX 3aKOHAX, CPOPMYTUPOBAH-
HBIX HbIoTOHOM.

ITepswiti 3axon Hwvromona. Kaswcdoe meno npebvsaem 6 cocmos-
HUL NOKOA UAU PABHOMEDHO20 NPAMONUHETH020 d8UICEHUA D0 MET NOP,
noKa Jetcmeyowue Ha Meao Cuib, He 3ACMABAM €20 USMEHUMD MO
cocmosHue.

K nonaTuio cuiabl Mbl BepHEMCsI HEMHOTO II032Ke, & ceifdac ele pa3
BHUMATEIHLHO TIePEUTEM [IE€PBbBIi 3aKOH, OH €Il HA3BIBACTCs IPUHIIUIIOM
lammnest wm npunnunom naeprun Lasmtes. Xorst Nasueit copmysm-
poBaJI cBOil mpuHIUIT panbite HploTOHA, HO OH BBIBEJI €r0 TOJHKO KaK
CJIEJICTBYE W3 IIPOBEJIEHHBIX UM OIBITOB. HbIOTOH Ke cresias u3 HEro
KpaeyroJIbHbIIl KaMEeHb KJIaCCUYECKON MEXaHUKU.

W3 mepsoro 3akona HeioroHa cieayer SKBUBAIEHTHOCTD COCTMOAHUA
noKoA U pPasHOMEPHO020 deusicerus. Ho MBI BEIuM, 9TO B HOPHUPOE
JAJIEKO He BCe TeJjla HaXOJATCS B COCTOSHUU IOKOST WM PABHOMEPHOTO
[IPSIMOJIMHEHOTO JIBUXKEHUs. Tesla MOTYT JIBUTATHCS 10 CAMBIM CJIOXK-
HBIM TPAEKTOPHSIM, a TaKKe M3MEHSThL CBOIO CKOPOCTb. BozjelicTBue,
10JT, BIUSIHUEM KOTOPOTO ITPOUCXOJIAT 9TU U3MEHEHUsI, HA3BIBAIOT CUAOU.
Cumta —9T0 KOJMYECTBEHHAsT XapaKTEPUCTUKA BO3JEHCTBUS HA KaKOe-
JmbO TeJIo cO CTOPOHBI apyrux Tej. llojx meficTBrmeM cmiibl, Kak IMOKa-
3BIBAET OIIBIT, TEJIO B 3aBUCHUMOCTH OT €€ HAIIPaBJIeHUs Oy/IeT M3MEHATH
CKOPOCTBH CBOETO JIBUKCHUS, YBEJUINBAs WU yMEHDLINAsd €€, T. €. CUJIA
ABJISIETCS IPUIUHON YCKOPEHUS — MOHSATHS, BBEJICHHOTO HAMHU B IIEPBOit
riase. Takum 06pa3oM, MOKHO CKa3aTh, ITO YCKOPEHUe, IpuodpeTaeMoe
TEeJIOM, TIPOTIOPIIMOHAIBLHO JeficTByIomei cume, a ~ F.
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W3 ombiTa HAM WU3BECTHO, YTO I TOTO, YTOOBI TPHIATHL pa3-
HBIM TeJIaM OJMHAKOBOE YCKOPEHHE, HEeOOXOIUMO IPUJIOKUTH PA3HYIO
cuy. IlpeacraBum cebe, 94TO MBI MMeeM CBUHIIOBBIA W JI€PEBSIHHBIN
mapbl OJIMHAKOBOrO juamerpa. s npuianus UM OIMHAKOBOIO YCKO-
peHusT HEOOXOAMMO IMPUJIOKUTL PA3HYIO CUJIY, OOJIBIIYIO JIJIsI CBWH-
IOBOTO W MEHBINYIO JIsT JIEPEBSIHHOTO Tmapa. 10 »Ke camoe Oyrer,
€CIM MBI 3aXOTHM 3TU IMapbl OCTAHOBUTH. JIjisi OCTAHOBKHM CBUHIIO-
BOrO mapa Tpedbyercst bosibinas cuia. CTerneHb COMPOTUBIAEMOCTH TEJa
U3MEHEHUIO €r0 CKOPOCTH HA3bIBAETCS uhepmHocmyvlo. Mepoit mHept-
HOCTH CJIy’KUT BeJaWduHA, HasbiBaemasi maccoli (m). Oupenemmum co-
OTHOIIIEHNE JIBYX MACC PA3JIMIHBIX TeJ 10 0OPATHOMY COOTHOIIEHUIO
YCKODEHMi, MproOpeTaeMblX STUMH TeJaMU IO, JEeHCTBHEM DPaBHBIX
CILT:

me_ 2 (78)
mo al ’
Tenepb cHOBa BepHEMCH K HOHATUIO cuibl. Ilepermmiem  (78)
B BHUJE
miai = Moas. (79)

ITockosbKy cuita sIBJIsSIeTCSl IPUYNHON YCKODEHUS TeJa, a YCKOPeHHe
3aBHCUT OT MAacCChl TeJjia, JIJIsl OIpPEJIeJIEHUs] IIOHSTUSI CUAbL JIOJIZKHO CO-
6JII0IATHCA PABEHCTBO (79) IPU PA3JIMYHBIX COOTHOMIEHUSIX MACC U YCKO-
penuii (78). EcrecTBeHHO B34Th 3a ONPEIE/ICHUE CHJIbL BEJIMIUHY ME.
Tak Kak ycKOpeHHEe eCThb BEJIMYMHA BEKTODHAsS, TO U CHJIA F — raxke
BEKTOD, HaIpaBJICHHE KOTOPOI'O COBIAJAeT C HaIpPaBJCHHEM BEKTODa
YCKODEHUSI.

Bmopot 3axon Hvtomona. Ipoussederue maccor MamepuasvHotl
MOYKY HaA ee YCKopenue pasHo Jetcmeyowets Ha Hee CUuLe:

ma =F. (80)

Cuta — BeJINUMHA BEKTOPHAsI, IIO9TOMY CJIOYKEHUE HECKOJbKHUX CHJI
OCYTIIECTBJISIETCS TI0 TIPABUJIY CJIOYKEHUS BEKTOPOB.

Emnuanna cunbt B cucreme CU HasbiBaercst HproronoM (H), koTopsbtit
paBeH cuJje, IoJ AeCTBAEM KOTOPOIl Tesio ¢ Maccoit 1 Kr mpuobperaer
yckoperne 1 m/c?.

B mo6om ciydae, Korga OHO TEIO MAaccoit my JAefiCTByeT Ha TeJo
MacCCOIt Mo, TOTJA U TEJIO C MAacCO Mo JIEHCTBYeT Ha TEJIO C MACCOU M.
Takum 06pa3oM, IpaBUIbHEE TOBOPUTH O B3AUMOJEHCTBUU JIBYX TEJI.
Heroron chopmymupoBast o0Imuii TPUHITUI B3aUMOIEHCTBHUSI.
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Tpemuti 3axon Hwvromona. Cuavi, ¢ Komopvimu dee mamepuans-
Hoble mowku deticmeyrom dpye na dpyaa, 6cezda pasHv, MO MOJYAIO U HA-
NPABAEHDL 8 NPOMUBONOAONACHBLE CIMOPOHBL 800AL NPAMOU, coedunAoULEel

MU MOUKU: . -
Fio=—Fo.

Eme pas mocmorpum na ypaBHeHue
BTOpOTO 3akoHa Hprorona. Mbl BuamM,
TO OHO HE COJIEPKUT CKOPOCTH, & TOJIBKO
yckopenue. UToObI Jydiie HOHSTb 9TOT
YpPE3BBIYAHO BaKHBIN (DAKT, paccMOT-
PUM [ABUKEHHE JIBYX WHEPINAIBHBIX CH-
crem orcuera. llycTs nneprmanbHas cu-
crema K/ IBUZKETCA ¢ HOCTOAHHON CKOPO-
CTBIO ¥ () OTHOCHTEJILHO JIPYTOil MHepIIH- Puec. 21
anbHOM cucrembl K (puc. 21). CropocThb
toukn M orHocuTempHO cucreMbl K’ obosmaumm v, Torma ckopocTs
JIBUYKEHNS 3TOH TOYKM OTHOCHTEILHO cucrTeMbl K (obosmaumM ee )
OyeT paBHA

T =70+ (81)
ITepemummenm (81) B BUE:

— — =

v =0 -

Jucdbdepenmupyss obe HaCTH 1O BPEMEHHM ¥ YYUTLIBAadg, 9TO U
IIOCTOAHHAS, IOy IAM _, .
dv' dv
At dt
T. €. yCKOPCHIE BO BCEX MHEPIUAJIBHBIX CUCTEMAaX OKA3bIBACTCA OJUHAKO-
BBIM, U, CJIEJIOBATEIIHHO, YPABHEHUA OUHAMUKY HE USMEHAIOMCA NPU Ne-
pexode om 00H0T UHEPUUANLHOT cucmemvs omcuema K dpyeot. ToBopsr,
4TO ypaBHEHHE M a = f‘) MHBAPUAHTHO OTHOCUTEJILHO IIPe0bpa3oBanus
KOODJMHAT IIPU lIepexoie OT OJHON MHEPIUAJbHON CUCTEMBbI K JIPYIroii
(npeobpazosanue asmies).

Yr0065b! OHATH 3aKOHBI HBIOTOHA 1 HAYIUTHCS CBOJUTD HAXOXK/ICHIE
3aKOHA JIBUKEHUs YaCTHI[ K TUCTO MaTeMaTHYeCKOH 3ajiatde, HeoOXo-
MO 0bCcymuTh cgoticmea cun. Cuaa Mmpenus cKkoAvICeHUs BOSHUKAET
IIPU CKOJIb2KEHUU JAHHOT'O TEJIa 10 IIOBEPXHOCTH Jipyroro tesa. IIpupoma
CUJIBI TPEHUsI CKOJIbXKEHNsI BeCbMa CJIOXKHA. PaHbllle CYUTaIOCh, HUTO
MEXaHU3M BO3HUKHOBEHMS 3TOI CHJIBI IIPOCT U 3aKJIIOYaeTCs B 3allellie-
HUU HEPOBHOCTEI, IPUCYTCTBYIONINX HA 00ENX IJIOCKOCTSX CKOJIbXKEHUS.
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OHaKo BCe ropasfio cyioxkHee. B TOYKaxX COMPUKOCHOBEHUSI IIJIOCKOCTEH
ATOMBI CIEIUISIOTCS, TPU HAYKUME U JIBUZKEHUU TeJI JPYT OTHOCUTEIHLHO
Jpyra CIenKa PBETCs, HEPOBHOCTU CMHWHAIOTCs, BOSHUKAIOT KOJIeOAHUS
U JBUKEHHE ATOMOB, BBIJEJISEeTCd TEIJI0, YTO IPUBOAUT K IOTEPIM
suepruu Ha Tpenue. HecMoTps Ha CIOXKHBIH MeXaHI3M BO3SHUKHOBEHUS
CIJIBI TPEHUs CKOJIbKEHHSI, €€ BEeJUYIUHA B XOPOIIeM IIPUOJIMKEHUN
MOXKeT OBITh BBIUUC/IEHA TI0 CJIeyomeil hopmyie:

— —
F =kR,, (82)

e k — K03 OUIMEHT TPEHUS CKOJIbYKEHUSI, 3aBUCAIINI OT TPUPOJIHI
U COCTOSIHUS COIPHUKACAIONINXCS IIOBEPXHOCTEI; ]_%>n — cuJia HOpMaJib-
HOTO JIABJIEHUsI, TPUKUMAIOIIAST TPYIIUECS OBEPXHOCTHU JIPYT K JIPYTY.

Cna F HAIIPABJIEHA B CTOPOHY, IIPOTHBOIIOJIOXKHYIO HAIPABJIEHUIO
JIBUYKEHUS JJAHHOTO TeJIa OTHOCUTEJIBHO JIPYToro.

Hpyrast cuiia, KOTopyio hOpMaIbHO MOXKHO HA3BATH CUJIONH TPEHUSI,
HO HUMEIOIas JIPYroil MEXaHW3M BO3HHUKHOBEHWS, HA3BIBACTCA CUAOT
CONPOMUBAEHUA. DTA CHJIA JEHCTBYET HA TEJIO IPH €ro IMOCTYIIATeTLHOM
JIBIZKEHNN B Ta3€ MM KUJIKOCTH I 3aBUCHT OT CKOPOCTH U TeJIa OTHOCH-
TEJILHO CPeJIbl, IPUYEM HAIPABJICHA OHA POTHBOIOJIOXKHO BEKTOPY U

F = kv, (83)

e k — MoJIoKuTeIbHBIH KO3(DMUIMEHT, XapaKTepHBIA JJIs JAHHOTO
Teja W JIAHHOW CpPelbl. DTOT KOIDMUIMEHT, BOOOIIE rOBOPsi, 3aBUCHUT
OT CKOPOCTHU U, OJIHAKO IIPU MAaJIbIX CKOPOCTSIX BO MHOTHX CJIydasiX €ro
MO2KHO CUUTATH [TOCTOSHHBIM.
Paccmorpum  Tenepb  MOAEKYAAPHDIE CUALL, KOTOPbBIE JIEHACTBYIOT
Mex Iy aroMamu. [Ipubim3uTesIbHO 3TU CHIIBI MOXKHO M300pa3UTh TaK,
KaK »3TO ToKa3aHO Ha puc. 22. Mexa-
F HU3M JIEHCTBUST MOJIEKYJISIDHBIX CHUJI U3Y-
JaeTcsd B Kypce KBAHTOBOM MEXaHUKH, & UX
O0CODEHHOCTBIO SBJISETCS TO, 9TO ATOMBI,
oOpasyiolue MOJIEKYJ/Ibl, IPUTATUBAIOTCS
Ha, OOJIBIIINX PACCTOSTHUSIX W OTTAJKABA~
IOTCsI Ha, MaJIbIX. DTUM U O0bSICHSETCS Cy-
IIeCTBOBaHUE TBEPbIX Tesl. [Ipu Gosrbrimx
PaCCTOAHUAX UX ATOMBI IIPUTATHBAIOTCH,
MputsxeHue HO CYIIECTBYET paccrosiaue d, OJmKe KO-
TOPOTO BKJIIOUAETCH MEXAHU3M OTTAJIKU-
BaHWA. JTa BEJIUIAHA d U STBIACTCA MEXK-

OrtrasnknBaHve

Puc. 22
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aTOMHBIM paccrogHueM. Korma MoOJIeKyJsbl JIUIIb CJIerKa HAYNHAIOT
OTKJIOHATHCST OT TIOJIO?KEHUST PABHOBECHUSI, MMEIOIIETOCS MEXKJTy HUMU
HA pACCTOSHUU d, BO3HUKAET yIpyTras CHJIa Z_ﬁ, MIPOITOPITNOHATbHAS
BEJIMYUHE CMEIeHUsI U HAIPABJIEHHAs] K TOJOKEHUIO PABHOBECHUS. DTa
CUJIa HA3BIBAETCH YNpy20l U OLPEIEsIIeTCs BhIPAXKEHNEM

—

F=—kT, (84)

roe ¥ — PaJInyc-BeKTOD, XapPaKTEePUIYIOINIl CMelleHrue YaCTUIbI U3 I10-
JIOXKEHUsI PABHOBECUS; K — IIOJIOKUTEJILHBIN KOIDDUIUEHT, 3aBUCIIINNL
OT KOHKPETHOI CHJIBL.

B mexanuke mpuMepoM yrpyroit cuibl aBiseTcs 3axon Iyka

F = kAl (85)

rie Al — BejmdyuHa yupyroi jgedopMaliiu.

PaccmorpuM Teneps CHIIbL, Ha3bIBaeMble @yndamenmanvrowmu. Han-
Gosiee yHaMEHTATIbHAS CHJIA —39TO CHJIA, XOPOIIO HAM W3BECTHAsI
13 MIKOJIBHOTO Kypca (DUBUKH, — CUAG 2PABUMAUUOHHKO20 NPUMANCEHUA,
JICHCTBYIOMIAsT MEXK/LY JIBYMsl MATE€PUAIBHBIME TOUKAME B COOTBETCTBUM
C 3aKOHOM BCEMUPHOI'O TATOTEHHs U OLpeessdeMasd KakK

F=x LTQ ) (86)
T
rie v = 6,67 - 1071 M3/ (kr - ¢?) nasbiBaeTCs TPABUTAIIMOHHON OCTOSIH-
HOIA.

O6parnTe BHIMAIHIE Ha, TO, 9TO BO BTopoM 3akore Heiorona (80) mos
MACCOil IOHUMAETC MEPA MHEPIUHI TEJIA, T. €. UHEPIMHAA MACCA, & B 3a-
KOHe BCeMUPHOTO Tarorenus (86) — epasumayuonias macca. OUBITHBIM
[[yTeM YCTAHOBJIEHO DABEHCTBO WHEPTHOH ¥ I'DABUTAIMOHHON MACCHI,
[I09TOMY B JIAJIbHEHIIIEM MBI OY/IeM TOBOPUTB TOJBKO O Macce.

O6ozuauus B (86)

yma2

,’,2

U MIOJICTABUB B 9TO BHIPAXKEHNE BMECTO My U I BEJIMYUHY MaCChl U PAJIM-
yca 3eMiIH, oIy daeM BeJIMUNHY ¢, HA3bIBAEMYIO YCKOPEHUEM 6006001020

nadexus )
g =9,807 m/c”,

T. . YCKOpeHHe, IpuobpeTaeMoe TeJoM Maccoil 1 Kr mpu CBOOOTHOM
MaJeHU B TPABUTAIMOHHOM TIOJIE 3eMJIM, HE CJIUIIKOM BBICOKO HAJ, €e
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nosepxHocThio. Torga Beipaxkenue (86) npuobperaer ciemyomuil Bu:

—

F =mTy, (87)

_
rme F' mHaswsBaeTcst 00nopodnoti cunoti masicecmu. ObpalmaeM Balile BHU-

MaHHE Ha Pa3/InYUC IIOHATUA 6ECq F) n O,ZLHOPO,ILHOI;‘I CHJIbI TA2KEeCTU F’)
Bec P — 510 ciuTa, ¢ KOTOPOI TeIo JICHCTBYeT Ha Henodeudichyio omopy
OTHOCHTEILHO JJAHHOrO Teja. Halpumep, rpys Maccoil m HaXOJAuTCs
B Jindpre, HelOIBUKHOM OTHOCHTEILHO 3eMin. Torma Bec u oJHopogHAs
CHJIa TA>KeCTH COBIIaJal0T. ECHI/I Ke .HI/Iq)T HadHaeT IIOJHUMaTbHCA BBEPX
C YCKOpEeHHeM @ , TO BeC

?zm(?—i—?).

K npyroit dynmamenTasbHO! CUle OTHOCUTCH KYAOHOBCKAA CUAA,
JEHCTBYIOMAT MEXKTY JIByMsI TOUECUHBIMUA 3aPIJIaMU ¢ U G2

F=r%E
;

TJIe T — pacCTOSTHUEe MEXKIY 3apsamamu; k — KO3(PMOUIMEHT TPOIOPIo-
HaJbHOCTH.

Citesiyer TakKe YSICHUTD, 9TO TDABUTAIMOHHAST CHJIA — ITO BCETJIA
CIJIa TPUTSIPKEHUs, & KYJOHOBCKAasi CHJIa MOXKET OBITh KaK CHJION mpu-
TSZKEHUsI, TAK U CUJIOU OTTAJTKUBAHMUSI.

IIepenummem BTOpOIt 3akoH HbloToHna B ciemyromnem Buje:

dv 3

Boipazkenue (87) Ha3bIBACTCA OCHOGHBIM YPAGHEHUEM OUHAMUKU.
OcHOBHOE ypaBHEHUE JIUHAMUKHU TIO3BOJISIET PENIaTh JBa KJIacca 3a/ad:
1) HAlTH NEHCTBYIOIMIYIO HA TOUKY CHJLY fl €CJIM U3BECTHBI Macca 1

TOUKH ¥ 3aBUCHMOCTb OT BPEMEHU ee paJimyca-Bekropa 7 (t);

2) HafTh 3aKOH JABUXKEHUsI TOUYKH U 3aBUCUMOCTb OT BDEMEHU €€ PaInyC-

BEKTOPA 7 (t), eciiu U3BECTHBI Macca 1M TOUKH, JeHCTBYOMAs Ha Hee

— —
cuia F u HadaabHble yCcioBuUd — CKOPOCTb vV g U TOJIOKEHUE T g
TOYKHU B HAYaJbHLIA MOMEHT BPEMCHH.

IIpn u3yveHnn ABUKEHIS MEXaHUIECKOM CUCTEMBbI, COCTOSIIEN 13 Ma-
TepHAJbHON TOYKM W TBEDPIBIX TeJ, B Kypce obmieil du3mKu CryaeH-
TOB 00yYaiOT ONMCHIBATH UX JIBUYKEHHME C IIOMOIIBIO BTOPOIO 3aKOHA
Hrrorona, a B3amMmojieiicTBre MEXKJy JEeMEHTAMU CUCTEMbBI — C ITOMO-
b0 TpeTbero 3akoHa Hpiorona. OHAKO IPU PENIEHNN TAaKUX 33139,



Teoperuveckue ocHoBbr 47

0CODEHHO ¢ OOJIBINTUM THUCJOM IJEMEHTOB, OoJee d3PMEKTUBHBIM SIBJIS-
eTcsi IPUHIUI BUPTYaJbHBIX pPadoT. PaccMOTpUM KOPOTKO CyTh 9TOTO
[PUHIIAIIA, HO CHAYAJIA BBEJIEM HEKOTOPBIE HMOHSTHS, KOTOPbIE HAM I0-
Tpebylorcs B jajbHelmeM. Jucao cmenenet 60600 — 3TO KOJIMIECTBO
HE3aBUCHMbBIX I1aPAMETPOB, KOTOPble HEOOXOIMMO 3HATDH JIJIsi OIUCAHUS
JIBIDKEHUsI CHCTEMBbI. 1aK, MaTepruajibHas TOYKA HMMeeT OJHY CTeleHb
CBOOO/IBI, €CJIN OHA MOXKET TIePEMEIATHCS BIOIbL HEKOTOPOI TIPsIMOit min
KPUBOIi, JIBe CTEIeHW CBOOOJIBI, €CJIM OHA IEPEMENACTCA B ILIOCKOCTU
WM KaKO#-nb0 3aJaHHON MOBEPXHOCTH, W TPU CTEIEHU, €CJIn OHA
IIEpEMEIIAETCs B IIPOCTPAHCTBE.

JlBe MaTepuajibHbIE TOYKM, CBA3aHHBIE MEXKIYy CODOIl KECTKUM
CTEpyKHEM, UMEIOT IATh CTereHeil ¢cBOOObI, NOO MEPBYIO TOYKY MOXKHO
cunTaTh CBOOOMIHOI, TOTIa KAK BTOPAas JOJIKHA HAXOAUTHCS Ha cdeprde-
CKOIf IOBEPXHOCTH, OIIMCAHHON BOKPYT HNEPBOIT TOUKHA PAIAYCOM, PABHBIM
JIJTHHE CTEPIKHSI.

st onpenesieHust crereHeil cBOOOJBI KaKOH-11O0 MeXaHUIeCKOi
CUCTEMBI CYIIECTBYET IPOCTOE IMPABUJIO: YHCJIO CTEIeHeil CBODOIbI Me-
XAHUIEeCKONW CHCTEMbI PABHO KOJMYECTBY TOUYEK, KOTOPOE HEOOXOIMMO
3aduKCHPOBaTH, YTOOBI BCAKOE IBUKEHHE B CHCTEME IMPEKPATHUIIOCD.
Tak, Hanpumep, B 3ajade 32 CHCTeMa WMeeT OJIHY CTeleHb CBOOOJIBI,
a B 3ajiaue 42 — nBe. VIHbIMU cjiOBaMU, BCe IE€PEMEINEHUsI B CHUCTEMe
C OJIHOIl CTeleHbI0 CBOOOJIBI MOXKHO BBIPDA3UTh Yepe3 OJIMH IIapaMmerp,
a B CUCTEME C JIBYMs CTEIEHSIMHU CBOOOJBI — 9epe3 /IBa U T. 1.

Broppim momnsgTrem, mMeIONmM BaKHOE 3HAYEHNE I [TPUHITAIA
BUPTYaJbHBIX PAOOT, SABJIAETCS IOHIATHE SUPMYAALHO20 NEPEMEULEHUA.
ITox BUpTya/bHBIM TIEpEMEIEHNEM TOHUMAETCS NPOU3EOALHOE, COBME-
CIMUMOE € YCAOBUAMU CEA3U, DECKOHEWHO MAAOE USMEHEHUE NONOICEHUA
cucmemot. Bupryasbhoe iepemertierue 6yaeM obosuHadars 0r;. O6parure
BHUMAHUE, 9TO BUPTYaJIbHBIE IEPEMEIIEHUsI He UMEIOT OTHOIIEHUS K ITPO-
[eCCy JBUZKEHUs: OHU BBOJSATCS IIPOOHBIM MOPSIIKOM JJIsi TOTO, UTOOBI
BBIIBUTH MMEIOIINECS B CHCTEME COOTHOIIEHUS W CUJIBI, JefCTBYyIONINe
Ha CHCTEMY.

Ha mexanmveckyio cucreMy KpOMe BHENIHUX CHJI JIEWCTBYIOT CHJIIbI
peaknuu cBs3eil, T. e. HUTEH, cTepxKHell, moBepxHocTeil. IIpu perrennm
MIOIABJIATOIIEr0 OOJIBIMTUHCTBA 38/1a9 MbI UIEAU3UPYEM peajibHbIe (Du3u-
9eCKUe YCJIOBUsI, T. €. CUNTAEM CTEPXKHI HEBECOMBIMU U HECZKUMAEMbBIMU,
HUTH HEBECOMBIMU U HEPACTSKUMBIMH, IIOBEPXHOCTU TAKUMU, IJie Ka-
JeHue IPOXOJUT 0e3 MpocKasb3biBaHusi, u T. 1. O600mas 3TU nIeaJin-
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3UPOBAHHBIE MOJETN, MOYKHO CHOPMYJIUPOBATH CJIEIYIONIUIl TTPUHIIN:
0As Ka2HcAOT METAMUNECKOT CUCTNEMbL GUPMYAALHAA PAOOMa peaxyul
PasHa HYAI0, T. €.

6Ar =3 Ri67;=0, (89)

_
— P
rme R; — cuma peakiuu CBI3U, 1 ; — PaJNyC-BEKTOP i-if TOYKU CUCTEMBI.
SamnuiemM ypaBHEHUE JIBUKEHUsI CUCTeMbl u3 N TOYEK B BUIE

N N

Zmz7z = Z(?z + Ry, (90)

i=1 =1

re F; — BHOIIHIe CHUIBL
ITepemummem (90) ¢ yaerom (89):

Kak MbI roBopu/iv BbIllle, TIPUHIUI BUPTYAJbHON PabOTHI MOJIYyYeH
IS MJIeATH3UPOBAHHBIX OOLEKTOB, TOITOMY O T JIJIs BCEX TOUEK OJIH-
HAKOBBI U B BhIpazkeHun (91) cymMMUpoBaHHe 10 BCEM TOYKAM CHCTEMBI
MOXKHO 3aMEHUTH Ha

- = —
(mi —F)5 S, (92)
- -
rje m— Macca Teja, i — yCKOPEHHe ero IeHTpa macc, F — pesynabru-
pyIoIas BCeX BHEIIHNX CUII, 0.5 — BUPTYAIbHOE IIEPEMEIIEHIe TeJIA.
ITepemumenm Teneps (91) B Buze

N T — —
> (mi S — F)sSy,=0. (93)
k=1

3amerbTe, UYTO Terepb CYMMUPOBAHUE WJIET 110 BCEM TeJiaM, BXOJIAIIUM
B CHCTEMY.

Paccvorpum nipocreiimuit cirygait — cuctemMy ¢ OJIHOI CTEeHbIO CBO-
6071, s ee ommcanus JOCTATOYHO BBECTU OJIMH IIAPAMETD — IEepeMe-
[eHNe KAKOro-nb0 Tejia CUCTEMBI, Yepe3 KOTOPbIl MOI'YyT OBbITh BbIpa-
ZKEHBI BCe OCTAJIbHBIC ITapaMeTPhl BCeX TeJl, BXOAAIINX B CUCTEMY.
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Sanumem

58y, = Axdr, (94)

rjie 0 — BUPTyaJbHOE IMEepeMellenre BhIOpaHHoro reja, 0S5 — BUPTY-

aJIbHOE IMepeMeleHne k-ro Tejia CUCTEMbI, Aj — MOCTOAHHbIE KoM dU-

[UEHTHI, 3aBUCAIINE OT KOHCTPYKTUBHBIX OCOOEHHOCTEH CUCTEMBI.
VuureiBas, 910 KO3 MUIUEHTs A MOCTOAHHDBIE, MOYKEM 3aIlCATh

Sp = Api. (95)

IMogcrapisst (94) n (95) B (93), HAXOMM BbIparKeHUeE JIIsT ONIpeiese-
HHsI YCKOPEHUs B CHCTEME C OJTHON CTEIEeHbI0 CBOOOJIBI:

ZFkAk
k

= S e d? (96)
k

Paccvorpum prMenenmne TpuHIMIIA BUPTYAJIbHON pabOTHI HA TTpUMeEpe
sagaun 29. CHadvaja OIpeNe/ UM YUCIO CTeleHeil cBOOOIbl YCTAHOBKH.
JIerko MmoHATD, ITO yCTAHOBKA MMEET OJIHY CTEIleHb CBOOOIBI, TAK KaK
JIJIST TIPEKPAIIEHUST BCIKOTO JBUYKEHUSA CUCTEMBI JJOCTATOYHO 3a(PUKCHPO-
BaTh OJIMH U3 I'Py30B. B KauecTBe OCHOBHOIO IIepeMeIeHnst Jx BbiOepeM
BUPTYyaJIbHOE TIEpEMEIEHIE Tejia 1M, YCKOPeHe KOTOPOro HaJI0 HANTH.
Torma BupTyasbHOE TIEpEMENIeHNe BCeX TPY30B B CUIY KOHCTPYKTUBHOM
0COBEHHOCTH YyCTaHOBKY Takxke Oyzer dx, a 05 = dx, T. e., corsacHo (94),
Ap =1 (k =1,2,3). IIna dbopManusaiuu pacdera ya00HO BCe JaHHbIE
CBECTHU B TAOJIHILY:

Tabmuma 1
mp 0Sk Ay, A7 Fy
mo ox 1 1 mog
mi ox 1 1 —magk
ma ox 1 1 —magk

Hasee, nopcrasisgs gannpie u3 1abi. 1 B (96), noxygaem:
. —  mo—k(mi+ma)
i=d=— """
mo + mi1 + ma
Pacemorpum 6ostee CIOKHBIN CJIydail — JIBUYKEHUE C JIBYMsI CTENEHAMUI

cB0o6ObI. Terneps Ji0OBIE MepeMereHrst B CUCTeMe MOTYT OBbITh BbIpa-
JKeHBI uepe3 0 U Jy, KOTOpbIe MbI ipuMeM 3a ocHOBHBIE. Tormna §.5), Oyer
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MIPEICTABIATL COOOH TUHEHHYI0O KOMOMHAIINIO 9THX JIBYX BUPTYAJIbHBIX
nepeMeIreHuii:

05, = Apdx + Bydy, (97)
S = Api + Byij. (98)

Toncrapastst (97) u (98) B (93), npuxo UM K

Z(mkgk — F)oSk = Z[mk(Akx + Briy) — Fk](Ak(Sx + Bioy) =
k

= Z(mkAixém + mkAkBkj}(Sl‘ — FL Aoz +
k
+ myp A By + ka,%yéy — FyByoy) = 0.

OTcroia moIyYaeM CUCTEMY YpaBHEHUIT:
Z mkAifL" + Z mkAkBkg'j = Z FkAk,
k k k

99
kaAkBk.i+kaB£j}= ZFkBk- ( )
k k k

Ipunmensig reopemy Kpamepa, naxoqum pemenue cucremot (99) B obriiem

BUIE:
1 > FeAr Y my A By
. k k
= D Z Fi. B, Z ka]% ’
F r (100)
1 kaAi ZFI@AI@
. L k k
Y=D YompApBy Y FpBi |’
k
rie

S mpA: Y mpAyBy
% e

D= kaAkBk kaB,%
k k

Paccmorpum nipuMeHeHre TpUHIUIIA BUPTYaIbHON pabOThI HA IIPU-
Mepe 3aja49n 36.

B nmammoit 3amade cuctema o0J1aaeT JBYMS CTEIEHAMHI CBOOOIDI,
TaK Kak JIjIs 3aIPEIeHusT JIBUKEHNsT CUCTEMbI HEOOXOIMMO TIOC/IEI0BA~
TEJIbHO 3AIIPETUTD IIEPEMEIEeHUE IBYX €€ TOUEK.

Bribepem B KadyecTBe BUPTYaJIbHOTO MEPEMEIIEHUs 0T — IepeMelne-
HUE TeJjia 111 OTHOCUTEIBHO OJIOKA, a B KauecTBe 0y IepeMerneHne 6J10Ka
OTHOCHUTEJIBHO MOBEPXHOCTH 3emyn. Torma E)p = ? + 3, rie E)p—
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Tabsymua 2
Mk 35Sy, Ay, AZ By, B? Fy,
mi oy —dox -1 1 1 1 mig
ma oy+dx 1 1 1 1 mag
mo oy 0 0 1 1 0

PE3YJIBTUDPYIOIIEE YCKOPCHUE TeJia 717 . 3amosHuM TadJI. 2 ", BOCIIOJIb30-

—
BaBIuch Gopmynamu (100), Haxomum & p:

D = (m1 +ma)(mq + ma +ms) + (ma — m1)2 =

Tp

1.
JIIMO
3TOM

(m1 + m2)2 +ms(my +mag) — (Mo — m1)2 =
2

= m% + 2mimo + mg + ms(mq + ma) — mg + 2myme — mj =

dmyims + mz(my + ma);

(ma2 —ma)(m1 +ma +ms)g — (m1+ ma)(ma —ma)g

D
i(mg—ml)(ml—kmg—&—mg—ml—mg)z w;
D D

dmim
2 [(m1 +m2)* — (my —m)*] = =52
ag = @ +y _ 4dmima —|—m3(m2 - ml)

dmima + ms(mi + ma)g

Pexomenanym mo pemeHnio 3a1a4

Ilpu pemennn 3a/a49 HA JUHAMHUKY MATEPUAJBHBIX TE HEOOXO-
MPaBUILHO M300Pa3UTh BCE CHUJIBI, JEHCTBYIONHE Ha Teno. llpum
MBI He BCerjla MMeeM BO3MOXKHOCTH OIPEJIEINTh HalpaBJIeHue
JIBUZKEHUS, a CJICJIOBATE/ILHO, U HATIPABJICHIE CUJILI TPEHUS, KOTOPast BCe-
IJIa HAIIPABJIEHA B [IPOTUBOIIOJIOKHYIO JBUKEHUIO CTOPOHY (3amada 38).
B Takux ciayuasx HeOOXOINMO CHAYAJIA PEIINTH 3a/a9y 6€3 yJueTa, CIIbI
TPEHUsI U OTPEJIEeIUTh HAIPABIEHNE JBUKEHNsI TeJla U CACTEMBbI TeJl.

Ilocie 3TOr0 CTAHOBUTCS SICHBIM HallpaBJIEHHNE CUJIbI TPpEeHUd N I10AB-
JIFeTCAd BO3MOXKHOCTH CAeJIaTh NPABUJIBHYIO 3allMCh OCHOBHOTO 3aKOHA
JUHAMUKHN.

2. Eciu mo ycaoBuio 3a/ia9u TpEHHEM MOXKHO IIpeHeOpedb, a ompe-
JIeJINTH JBUYKEHUE TeJIa WA TeJI B CIJIy KHHEMATHIECKAX OCOOEHHOCTEIH
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YCTAHOBKM HEBO3MOXKHO, TO HAIIPABJIEHIE BEKTOPOB YCKOPEHUs BbIOUpa-
eTcs TIPOU3BOJIBHO, a 3aTeM II0 UX 3HaKy, IIOJIYYEHHOMY B pe3yJbTare
peleHns, orpeessdeTcs ICTUHHOE HallpaBJIeHUe JIBUKEHU.

3. B nekoTopbIx 3ajatuax HEOOXOMMO BBLISIBUTD 3aBYaJUPOBAHHYIO
nJero, MocJie Uero 3ajada perraercd 0e3 Tpy/a. Tak, Hanmpumep, B 3a-
Jadax TUMA 33089l 33 MOJIydaeTcs He3aMKHyTas CHCTeMa yPaBHEHMIA.
3J1ech TOCTATOYHO JIOTAJIATHCA, UTO a1 = 203, & JAJBIIE JIEJ0 MaTeMa-
TUYECKON TEXHUKU Ha YPOBHE CPEIHEN IIKOJIbI.

B mekoTopBIX 3a/1auax, Iie CUJia, NPUIOKEHHAS K Ty, 3aBUCUT OT
BPEMEHU, OCHOBHAs TPYAHOCTD 3aKII0YACTCs B IPABUJILHOM PACCTAHOBKE
[Ipe/ie/IOB MHTErpupoBanus. Tak, HaIpuMep, B 3ajade 48 mpu omnpeese-
HUU IIyTH, IPOHIEHHOr0 TEJIOM, HUXKHU 1IPEJIeJI NHTErPUPOBAHIS PaBEeH
He HyJII0, KaK 9TO 3a4acTyIO HO0JIaraloT CTYJIEHTHI, a 3HAYEHUI0 BPEMEHN,
KOIJI[a CHJla TPEHUs CTAaHeT PaBHOI NPHUJIOXKEHHOH CHuje, T. €. TOMY
MOMEHTY, KOTJ[a, COOCTBEHHO, U HaJYHETCs JBIMKeHue. /loctarodno 3tro
[MOHSATD, U 3aJ[a1a PEIIaeTCs JIETKO.

4. IlpaBuibHBII BEIOOD HAIIPABJIEHUsI OCEHl KOOPAMHAT OY€Hb IaCTO
obJrervyaer perrrenue 3aa49u. Ky Testa IBUKyTCsS B PA3HBIX IJIOCKOCTSIX,
TO JIydllle B34Th HECKOJIbKO cucreM orcuera (3amauu 37, 42). Kak mnpa-
BIJIO, OJTHY U3 OCeit KOOPIUHAT HAIIPABJISIOT BOJIbL BEKTOPA YCKOPEHMSI.

5. Ilpu permennn 3a7a1 IMHAMUKE CHAYAJA, KAK TPABUJIO, 3AIIACHI-
BaIOT BTOPOi 3akon HbioToHa B BeKTOPHOI (hopMme, a 3aTeM B TPOCKITUIX
Ha, JIEKApTOBY CUCTEMY KOOD/IUHAT, JOTIOIHSS UX KMHEMATUIECKIMHI CO-
oTHOIeHusAMEA. B 3a/1a1ax, T/ie Te/I0 JBUKETCS 110 CheprIecKoil moBepx-
HOCTH, PEITieHre 3HAYUTEIHHO 00JIErdaeTCsl, €CJIM 3alUChIBATD ITPOEKITUN
BTOPOTo 3aKoHa HBIOTOHA Ha HOJBIZKHEIC OPTHI 70 U T , 3aja4a 53.

6. Ilpu permernu 3a7a9 ¢ TOMOIIBIO IPUHIIATIA BUPTYAJIHHBIX PAOOT
B KadeCTBe OCHOBHOI'O BHPTYAJIBLHOT'O IEPEMEIeHUs JIYUIlle BCErO BbI-
6paTh ImepeMeIreHne TOro Tejia, yCKOPeHne KOTOPOro HaJI0 HANTH.

3agaun K riase 2

3amaua 25. Yacrtuma aBmkeTcs BI0AbL ocn X O 3aKOHY
z = at? — B3, rae a u [ NOI0KNTEIbHBIE IOCTOSHEBIE. B MoMeHT t = 0
cnta, JAeficTByIoIasa Ha JacTuily, pasua Fy. Haiitu snadenme F, cunt
B TOYKAX MIOBOPOTa M B MOMEHT, KOT'JIa IaCTHUIIA OISATH OKAYKETCS B TOUKE
z = 0.

Pemenue. Onpenenmum BHadaIe BpeMs, 32 KOTOPOE IaCTHUIIA JI0-
CTUTHET TOYKH MOBOPOTA. [I0CKOJIBKY B 9TOI TOUKE CKOPOCTH JIBUKEHUST
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YACTUIBl PABHA HYJIIO, B35B IIEPBYIO [IPOU3BOAHYIO 110 BpeMenu or x(t),
IIPUPaBHSIB €e HYJ/JII0 U PENIUB IOJyYeHHOEe ypaBHEHHE OTHOCUTEIBHO I,
OIIPE/IEJINM MCKOMOE BpPEMsI:

& = 2at — 38t2 = 0.
Orciona t(2a — 36t) = 0.

2
IMoxyaaem aBa KopHa: t; = 0 1 ty = 3 %,
Kopenb t; = 0 COOTBETCTBYET HAYAJY IBHKCHHS TACTHILL, 8 fy —

BpeMeHH, KOTrJJa 9aCTHUIla JOCTUI'HET TOYKH IIOBOPOTa. TeHepL OIIpeaeJINM
BpeMs BO3BPAIICHUA JaCTHUIbI B HAYAJIO KOOpAUHAT. ,ZLHH 9TOT'O IIpUpaB-

HsleM HYJIO &
Y r=at? B> =0

nJjim

t?(a — Bt) = 0,

a
orkyna tg3 = 0; t4 = E

Kak u panee, t3 cooTBeTCTBYeT Hada/ly IBUXKEHUs, a t4 — BPEMEHU
BO3BpallleHNns B Ha9aJ 10 KoopauHat. Jlajiee HailieM BhIpazkKeHue JJIst CUJIbI
F, B j11000i1 MOMEHT [IBUKECHUSI.

BammieM Bropoii 3akoH Hprorona st yacTuiibt
F, = mi = 2m(a — 30t) (101)
n Hafiaem Boipazkenne A F, npu x =0u t =0, 1. e. Fo:
F,(t =0) = Fy = 2ma. (102)
ITepenmmenm (101) ¢ yuerom (102):

Fz:2ma<1—§ﬂt>:Fo< —%t). (103)

Moacrasiaas B (103) 3uadenue to, T. €. BPeMd JBUKEHUS TOYKH JI0
[IOBOPOTA, HAXOIUM
F, = _FO;

rje Fy, — cniia, JefcTByOMAst Ha YacTUILy B TOYKE TOBOPOTA.
Haiiiem cuity, IefiCTBYFOILY IO HA YACTUILY B MOMEHT €€ BO3BDAIIEHNUS
B nadaso koopaunar (Fy). Iloncrasus B (103) 3nadenue ty, morydaem

F, = -2F,.
OrBeT: 3HAYCHUA CHJIBI B TOYKAX IIOBOPOTa M B MOMEHT, KOTL/1a

JaCTHUIla BHOBL OKa3bIBAaCTCdA B TOYKE T — O, COCTaBJIAIOT —F() u —2F0
COOTBETCTBEHHO.
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3amaua 26. Haittn Moayns W HampaBjeHUE CUIbI, JEHCTBYIOMIEH
Ha YaCTHUIly MacCOil m IpHU ee JBUKEHUU B IJIOCKOCTH XY 10 3aKOHY
x = Asinwt, y = B coswt.

Pemenue. Ilpoguddepennuposas mBaxKapl 110 BpEMEHU & U Y,

HaxomuM: i = a, = —Aw? sinwt; § = a, = —Bw? coswt. Hanee
— — —
— — — - . —
F=md=m(d,+day)=mlaz i +ayj)=—mla|€, =
. — —
= —mw2\/A2 sin® wt + B2 cos? wt €, = —mw?T,
—

MOIYJIb CHJIBI F paBeH
2 /.2 2

— . .o —
rjge €, —eauHuYHbIi (6a3uCHbIT) BEKTOP 7; T~ — PaJUyc-BEKTOD dYa-
CTHIIBI OTHOCUTE/IBHO HaYa/1a KOOP/IMHAT.

— —
—

Orser: F =-mw?7;|F|=mw?/22?+ y2

3amaua 27. Ha riagxoit ropu30HTAILHON TOBEPXHOCTH HAXOATCS
JIBa OpycKa ¢ Maccoit mi U Mg, KOTOPBIE COeTUHEHbI HUTHIO. K Opyckam
B MOMeHT t = ( TPHUJIOKUIN CHUJBI, MPOTUBOIIOJOXKHO HAIPaBICHHBIE
U 3aBUCSIUE OT BpemMeHn Kak I} = a3t u Fy = ast. Haiitu, depes
CKOJIBKO BPEMEHU HUTH ITOPBETCs, €CJU CHUJIa HATSXKEHUsI Ha Pa3pbIB
pasua Fi.

Pemenune. 3amumem OCHOBHOE ypaBHEHUE IUHAMUKH JIJIsi TIEP-
BOI'O ¥ BTOPOIrO OPYCKOB. YCJIOBUMCSI CIUTATD, ITO (Vo > (V1, W, CJIEJIOBa~
TeJIHHO, OPYCKU JBUKYTCS BIOJIb IOJOXKATETIHHOTO HAIIPABJIEHN OCH X .
Torza /1 MOMeHTa pa3pbiBa HUTHU, KOT/IA €€ CUJIa HATSI2KEHUS JIOCTUTHET
BesmauHel Fly,, MOXKHO 3amucaTs:

Fp — aqt = mya,

ot — Fyp = maa,

rJe a — YCKOPEHUe, C KOTOPBIM JIBUYKYTCsI OpyCcKU. BhIpazkast 3 mepBoro
YPaBHEHHS @ U I0JICTaBJIsAs I0JIydeHHOe BbIpaKeHre BO BTOpoe ypaBHe-
HHe, HaXOJIUM ¢ — BpeMs, 4yepe3 KOTOPOe HUTh IIOPBEeTCH:

F; —a1t
a = /L - 5 Oégt — an =
mi1 mi

m2an — almgt

Orcrona HaxoIuM t:
. . (ml + mQ)an

mioz + maaa

t:

(ml + mQ)an
mias + meaa

OrBeT: t=
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Bamaua 28. Aspocrar maccoit m = 250 Kr HaYaJ OIyCKATHCS
¢ ycxopernem a = 0,20 m/c?. Onpegenuts Maccy 6asmacta, KOTODbIi
creyer cOpocuTh 3a OOPT, ITOOBI AIPOCTAT MOJIYIHIT TAKOE YKe YCKOPe-
HUe, HO HAIIPABJIEHHOE BBEPX.

Pemenue. 3amumem OCHOBHOe ypaBHEHUE JMHAMUKU I[PU JBYX
cIIyvasX: JIBUZKeHNe adpocTaTa BHU3 C yCKOPEHUeM, paBHBIM —a, U JIBHU-
JKEHHUe a’dpocTaTa BBEPX ¢ yckopenueM a. [lomyaaem:

Fron —mg = —ma,

Fuon — (m — Am)g = ma,

rie Fo, —nombembas cuiia, jeficTByiomas Ha aspocrar; Am — Macca
cOporreHHOro HaJLIacTa.

Boraurast Bropoe ypaBHEHUE U3 TIEPBOrO U IPOU3BO/IS dJIEMEHTaAPHBIE
peobpa30BaHUsl, HAXOAUM Beaudauny Am:

Am = Zma_ 10 kr.
g+a

OrseT: Am =10 k1.

Sagaga 29. B ycranoske (puc. 23) Macchl Tes PABHBI My, M1 U M2,
Macchl OJI0Ka U HHUTell IpeHeOpeKMMO MaJjbl U TPeHHs B OJI0OKe HeT.
HaiiTi yckopeHne @, ¢ KOTOPBIM OIIYCKAETCS TeJIO Mg, W CHJIY HaTsIzKe-
HUs HUTHU, CBA3BIBAIOIICH TeIa MACCAMU 11 U Mg, €CJu Ko3(pPHUIIeHT
TpeHust paBeH k.

Pemenwne. Pemenne momodHbIX 3a/ad ¢ MOMOIMBIO ITPUHITAIIA
BUPTYaJbHOI paboThl ObLIO PACCMOTPEHO B TEOPETUYECKON YacTh IJI. 2.
Tenepp pemuMm 3aja49y KJIACCHYECKUM METOJIO0M. PAacCMOTpUM KarKioe
Tes0 oTaenbHo. Ha Tesno mg JeHCTBYIOT CHjla TSZKECTH Mg g U CHJIA

—
. —
HaTsKeHus HuTu 1’ 1- Ha reso my1 AEUCTBYIOT CUJIa TAXKECTH 1M1 g , CUJIa

: N,
- m — - m —
T 1—11—\ 3 u,—z—‘Fsz

N [ 1 |
T _ ©
m1 g . m2§
Mo F1py y
mog

Puc. 23
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— — —
peaknuu onopsl N1, cujla HaTAKeHHA HUTH 1o U cmiia TpeHud F.,p.
—

Ha Teno mo /:LeI?ICTByIOT_gI/IJIa TSXKECTH mg_?:, cuta peaknuu ormopbl N o,
CHJia HATAZKECHUA HUTU T3 " CurJjia TpeHI/IH FTPQ' HOCKOJH)Ky 110 yC.HOBI/HO
3a/1a91 MacChl OJT0OKa U HUTEl TPeHeOPEsKNMO MaJIbl M TPEHUS B HUX HET,
TeJla MaccaMu Mg, M1 U Mgy 3a OJIHO M TO K€ BPEeMs ITPOXOJIAT OJIUH
n TOT 2Ke HyTI) 5
S =8y = 85— =2
2

CHeﬂOBaTeﬂbHO, BCe TeJia ,D;BH?KyTCH C OJHMM M TeM Ke yCKOpeHI/IeM (L,
" CHUJIbI HAaTAXKECHUA HUTHU TaK2Ke O,HI/IHELKOBI)I " paBHbI T

SaHI/ILHeI\I ypaBHeHHe ABU>KCHUA CUCTEMDbI B CKa.HS{pHOI\I BUJIE C ytIe—

oM g =a,=a, Ty=Ty=Ty=Ty=T,
mi1g — N1 = mag — Ny =0,
Fip1 = —kmaig, Frip2 = —kmag,
mog — gk(my +ma) = (mo +m1 + ms)a,
OTKYy/IA

_ mo — k(m1 —|—77’L2)
mo + m1 + me

s maxoxkaenus 1 3amuineM ypaBHEHUE JIBUXKEHUS TeJsia 1Mo
(MOXKHO My WK Ke Mg — PE3yJIbTaT OyJeT TOT JKe)

moa =T — kmag.

TlomcraBisis ciofia BeIpaskeHne M ¢ U TTPOU3BEIsT HECJIOXKHbIE aaredpa-
nYIecKue mpeodbpasoBanms, Haxoaum 1

T =

ma[mo — k(m1 + m2)] g+ kmag = moma(1l+k)g .

mo + mi1 + ma mo + mi + me
Orper: q= 2T\ TM2) = k(ma +ma) g, T = _moma(1+ k) .

mo +m1 + ma2 mo +mi1 +ma2

3amaya 30. Ha HaKJIOHHYIO MJIOCKOCTH, COCTABJISIONLYI0 YIOJ «
¢ TOPHU30HTOM, HOMecTHIM JBa 6pycka: 1 u 2 (puc. 24). Maccsr 6pyc-
KOB M1 U My, KO3IDOUINEHT TPEHUs MeXK/y IJIOCKOCTHI0 U STUMHU
opyckamu ki u ko, pudem ki > ko.

Haitrn:
a) Culy B3aMMOJEHCTBUs MeXKly OPyCKaMU [IPU JBUKECHNN;
6) yroJ <, Ipu KOTOPOM CKOJIbYKEHUs He OyJIerT.

Pemenue. a) Pacnomoxum ocu KOODAUHAT, KAK IOKA3AHO
na puc. 24. 13 pucyHKa BUJIHO, UTO HA KayKJIO€ U3 TeJ JAeHCTBYIOT
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Puc. 24

—
—
YEThIpE CUJIBL: CUJIa TSA2KECTH 1 g , CJIa PEaKIN OIIOPBI N, CHJIa TpeHuAd
— —

F .p m cuita B3anmogeiicTBus MeK iy 6pyckaMu F'. SamuiieM ypaBHEHHs
JIBU2KEHUST OPYCKOB B BEKTOPHOM BHUJIE:

— —

mia1=mig + N1+ Fpi,
= —

mo@a=mog + No+ Fopr

[Tockosbky 1o ycsoBuio 3amauu ki > ko m Tpebyercss HAUTH CHITY
B3aMMOJIEHCTBUST MEXKJy OPYyCKaMu, sICHO, 9TO CHCTEMa W3 JIBYX Opyc-
KOB OyJIeT JBUraThCsl KaK €JNHOEe TeJI0e € OJMHAKOBBIM YCKOPEHHEM

ap = az = a.
HpOeLLI/IpySI 9TU CUJIBI Ha OCHU KOODJWHAT U YYIUTBIBasdA, ITO

{02 Nj —mjgcosaq,
0 = Na —magcosa,

ImoJrydaeM CUCTEMY U3 IBYX ypaBHeHI/IfI C ABYM A HEU3BECTHBIMMU!

migsina — kymygcosa + F = ma,
megsina — kamog cosa — F = moa.
3 ee pemennst Haxoum F':

mima(ki — k2) cos a
mi + ma

F =

6) CkoJIbXKEHUE CHCTeMbl MPEKPATUTCH, KOTJa CUJIa TPEHUs OpycKa
Maccoii m1 +mso CTaHET MEHBIIIE CYMMbBI CHJI TPEHUsI OPYCKOB MacCOil 111
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n mso, T. €.
ko(mi +me) < kimi + kama,

rie ko — Ko duImeHT TpeHus OpycKa Maccoi my + ms.

ko =tga,
OTKY/Ia
t kimi + kama
ga < ——" .
mi + ma2
Orper: a) F =Tl —he)eosa gy o hums + hams

mi + ma mi1 + ma2

3amaua 31. IIlaiiby momMecTH/u Ha HAKJIOHHYIO IIJIOCKOCTD, COCTaB-
Jgrontyio yroi o = 10° ¢ ropusontoMm. Ecsim maiibe coobmuTh HEKO-
TOPYIO HAYATIBHYIO CKOPOCTBH BBEPX IO TIOCKOCTH, TO OHA JO OCTAHOBKN
[IPOXO/IUT ITyTh S1; €CJIH 2Ke COOOITUTD TY K€ HaYaJbHYI0 CKOPOCTh BHU3,
TO Iy Th JI0 OCTAHOBKM paBeH Seo. Haiitn Koaddurment Tpenmnst, 3uast, 910

52/51 =n= 4,0.

Pemenue. IlockoabKy 1Mo ycJaOBUIO 3872491 B OOOUX CIIyUIasIX TEJIO
OCTaHABJIMBAETCH, TPOUJIS 1yTH S1 U S COOTBETCTBEHHO, TIOHSTHO, ITO
OHO JIBUTAJIOCH PABHO3aMEJJIEHHO M CHJIA TOPMOXKEHUSI

Z_7>T =m7g sina +km7yg cosa

BcerJia HallpaBjeHa B CTOPOHY, IIPOTUBOIIOJIOXKHYIO HAIIPABJICHUIO JIBU-
JKeHus. B cirydae MBUKEHUS TeJjia BBEPX 00€ COCTABIISIIOIINE CUIbI TOPMO-
2KEHUs HallpaBJIEHBI B OJIHY CTOPOHY, COBIIQIAIONLYIO C TOJIOKUTETbHBIM
nanpasiaenneM ocu OX. Bamwmiem st 9TOrO CJaydasi BTOPO#l 3aKOH

Puc. 25
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Hprorona B ipoexknuu wa ocb OX:
may = mg(sina + k cos o),
OTKYIa
a1 = g(sina + k cos ).
Bpems jgBuzkenus t1 J0 OCTAHOBKU OLPEIETUM U3 YCJIOBUsI
Vo — (thl = 0,

OTKY/1a
Vo Vo

=20 ____ Y
L. g(sina + k cos )

ITyTe S1, mpoiiIeHHBII TEJIOM, OIIPEEUM U3 YPABHEHUS

aiti _ v5

2 2g(sina+ kcosa)

Sl = U()tl —

IIpu jBuKeHNN TeIa BHU3 TOPMO3SINAs CUJIa HAITPABJIECHA B CTOPOHY,
IIPOTHUBOIIOJIOKHYIO TTOJIOKUTEIFHOMY Harpasjennio ocu OX, a cocras-
JISTOIIAE CUJIBI THYKECTH M g SN ¥ CHJIBI TPeHusl km g cos (v HAIIPaB-
JIEHBI B IIPOTUBOIIOJIO?KHbBIE CTOPOHBI, T. €.

mas = —mg(sina — k cos ),

OTKyZa
as = g(kcosa — sina).

Kak u B ciryuae JiBmKeHust Tesia BBEpX, CHadYaJa HAXOIUM tg, & 3aTeM

SQI

2

(¥
Sy = 0

2g(kcosa —sina)

S2
ﬂaﬂee C y49eToOM TOro, 49To ? = 1, HIOJIy49aeM
1

__ sina+ kcosa
kcosa —sina

IIpoBojs HecIOXKHBIE TPEOOPA30BAHNS, HAXOIUM K:

_n+1 B
k——n_ltga—o,&
OrseT: k=0,3.

3amaya 32. Yepes Jierkuii 060K IEpeKUHyTa HeBecoMasi Hepac-
TSKUMAasi HUThb, Ha KOHIAX KOTOPOW BHUCAT JBA OJMHAKOBBIX TI'Dy3a
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¢ maccoit M (puc. 26). OgHOBpEMeHHO

X o Ha KaXKJ[bIil U3 9TUX I'PY30B KJIAJYT MO J0-
1 o
[IOJTHUTEJILHOMY T'Py3y: CIIpaBa MacCOi
o 7 3m wm caeBa wMaccoit m. Onpeaennts
b YCKOpEHHe T'PYy30B U HATIKEHUE HUTH.
Tpenus B ocu 6JIOKOB HET.
M (]
o Pemenwme.
X2 I crioco®
Pacnonoxxum oce OX, Kak mOKa3aHO
Puc. 26

mna puc. 26. Ha xak/plit u3 rpy3oB jefic-

TBYeT CHJIA TSXKECTU U CHUJIa HATsIYKeHUsI HUTeil. 3amuiemM BTopoil 3aKoH

Herorona s oboux rpysos B mpoekiun #Ha ocu OX; u OXs:
¥24M+mmzuw+mm

(M +3m)g—T = (M + 3m)a. (104)

Pemmas cucremy, naxommm:
m (M + 3m)(M + m)
=g-———; T= :
T IMrom’ M+ 2m

IT crioco®6
Vcnonp3yeM TPUHIAI  BUPTYAJbHLIX pabor. Samosnum  Tabm. 3
u, nojcrasidas ganabe B (96), Haiigem:

Tabymna 3
mp 55k Ay, AZ Fy
M+m oz 1 1 —(M+m)g
M +3m —ox -1 1 —(M+3m)g

ZFkAk

_ & __m
S med2 M +2m
k

r=a g.

[MoacraBiigst MOJYYEHHOE BbIPAyKeHUE B II€PBOE yDABHEHUE CH-
crembr (104), onpenensem T

(M +3m) (M +m)

T'=y M+ 2m
m (M + 3m)(M + m)
L a=g—"T T = .
Orper a=g g M +2m
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Bagaua 33. OupeesuTs yCKOpeHHWe, € KOTODPBIM JBUIKETCS
I'Py3 M1 B YCTAHOBKe, n300pazKeHHOi Ha puc. 27. Macca BToporo rpysa
me = 4my. Tpennem, maccamu OJIOKOB U HUTEH, a TAK¥XKe PACTIKEHUEM
nuTeit mpenedbpeds. Hutn BepTUKAIbLHEI.

Pemenmne.

I croco6

B mannoit 3amate 6e3 cOOTBETCTBYIONINX PACIETOB HEBO3MOKHO CKa-
3aTh, KAKOW M3 Ipy30B Oy/eT IBUTaTbCs BBEPX, & KAKOW OIIyCKATBHCS.
[TosTromy ock koopmauaar OX MOXKHO pacrojararhb IPOU3BOJIbHBIM 00pa-
30M, a TIOCJIe TIOJICTAHOBKY NC/IEHHBIX 3HATEHUH MOXKHO Oy/IeT CKa3aTh,
JIBI2KEHHE KaKOr0 U3 I'PY30B COBIAJAET C IMOJIOXKHUTEJIHHBIM HaIpaBJIe-
HueMm ocu OX.

Pacnonoxxum oce OX, Kak mokazaHo Ha puc. 27, U 3alullieM BTOPOi
3akoH HbioToHA TSt TPY30B 1M1 U Mo

miay =T —myg, moas = 2T — mag,

rjie T — cuta HATSIKEHUsT HUTH.

Mpbl moJty4yusiu JiBa ypaBHEHUsI ¢ TpeMsl Heu3BeCTHbIMU. 13 Kunema-
TUYECKON CXeMbI YCTAHOBKHU BUJHO, YTO YCKOPEHUS 41 U Qg PA3TUIHBI,
[IO9TOMY €CJIM Mbl YCTAHOBUM MEXKJY HUMHU CBsI3b, TO MOJIyIUM HEJO-
cTalomee Tperbe ypapHeHue. M3 reoMeTpuueckux COOOParKEHUi $ICHO,
YTO €CJM TPy3 My HPORJET MyTh S7 BBEPX, TO T'PY3 Mg OIyCTUTCS
BHU3 Ha paccroguue So, Koropoe pasHO Si/2. IlockosbKy moibem
[EepBOTO I'Py3a W OIYCKAHHE BTOPOTO MPOMCXOJST 3a OJHO W TO K€
BpeMsl, a IyTH, MPOWJIECHHBIE TPYy3aMU, MPIMO POMOPIUMOHATBHBI UX

=
=
]

Puc. 27
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YCKOPEHUSM, MOXKHO 3allicaTh

S o a1t2/2 a1 9
So a2t2/2 a2 ’
WA a1 = 2a2.

Mpr mosyunn HeOCTaIoNee TpeThe ypapHenne. Temeph Halma Cu-
cTeMa PUHUMAET BUJT

miay =T —mag,
moag = 2T — mag,

a1 = 2a2.
Pemenne cucremn! paer

2(m2 — 2m1) 2(4m1 — 2m1) g 2
a; = = =Z =49 wm/c".
VS T 9T T 9T g =AW

[ToscraBuB BbIpaxkeHue /i ap B IIEPBOE ypPaBHEHUE CHUCTEMbBI, MOXKHO
HaWTH TaKXKe CUJIy HATsKeHHUs HUTH 1.

IT cioco®

Korua rpys mi nomaumMercs (OIyCTUTCS) Ha PACCTOSHUE 0X, TPY3 Mo
omycrurca (MOAHUMETCs) Ha PACCTOSHUE B JIBa pa3a MeHbiee, 01 /2.
BamosauM Tabi1. 4 ¢ y9eToM 9TOro u, mocTas s Jannbie B (96), maiimem:

FrA
iza:%kkzg(mg—le) :4m1—2mlg:g:49M/Cz
! EmkAﬁ 4my + me 4my 2 ’ ’
k
Tabymua 4
mi 5Sk Ak Ai Fk
mi ox 1 1 —mig
SR R RS S S S B,
2 2 2 4 29

Pemenue: a; =4,9 m/c?.

3agaua 34. laiiby mosoKnuam Ha HAKJIOHHYIO IJIOCKOCTH M CO-
OOIIMMIN HAIIPABIEHHYIO BBEPX HAYAJIBHYIO CKOPOCTH vy, KOIDDUIIEHT
TpeHusT MeXK/Iy Iaitboil 1 mIockocThio pasen k. Ilpm Kakom 3HaIeHMH
yIjla HaKJOHa « Imaiiba Mpoiier BBEPX MO IIJIOCKOCTH HAWMEHbIIIee
paccrosinue? Yemy ono pasuo?
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Pemenune. B zamage 31 Mbl ykKe TOJYYINUIN BBIPAYKEHHUE IS
myTu S, KOTOpOe TeJIO MpOIeT BBEPX IO HAKJIOHHOM ILJIOCKOCTHU, KOTJIa
eMy COODINMJIN HAYAJIBHYIO CKOPOCTH V!

[ S— (105)

2g sina + k cos «
dl
[IpupaBHUBas HYIIO TEPBYIO TPOU3BOIHYIO T HaXOIUM Smin

dS cosa — ksin a

=0
da (sin o + k cos a)? ’
OTKY/1a )

IMogcrapasst (106) B 3HaMenaTens (105), HaxomM:

cosae 1

tg o sina

Torya (105) npuanMaeT Buj
2
Smin = 0 sin a.
29

Jlerko moxkasarb, ITO

Vifkz= 1 (107)

sina’
U BBIpaYKEHUE JJIst Spi, B OKOHYATEJIHLHOM BUJE OYJIET BBINJISIETH CJle-

JIYIOIM 00pa30M: )

__ Y%
20V1+ k2

2

Smin =

1 Vo
Orser: mpuk=—, Spin= —————.
tga’ 2gv/1 + k2

3amaua 35. bpycox maccoit m TAHyT 3a HUTH TaK, 9TO OH JIBU-
JKETCsI ¢ MOCTOSTHHOM CKOPOCTHIO 110 TOPU3OHTAILHOM IJIOCKOCTH € KO-
dunmentom rpenus k (puc. 28). Haiitu yros a, ipu KOTOPOM HaTsIZKEHUE
HUTU MUHUMAJIBHO. deMy OHO paBHO?

Pemenue. Ha ,ILBI/I}KyHLI/II/ICH OPYCOK JeifiCTBYIOT: _CHUIa THKeCTH
m’g, A PEAKIIHH OIOPEI N cHTa HaTsOKenus HuTH 10 M CHUIA Tpe-

AN

Hust F 1. IlocKoIbKY B yCIOBHNM 33/1a41 O BeCe HUTU HUYEro He CKa3aHo,

—
OyIeM CIUTATh €€ HeBECOMOIL, CJIe0BATE/IbHO, CUJIa HATSIKeHUs HUTH 1’
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y

i

—
paBua F'. Kpome Toro, T€JI0 ABUKETCS C MOCTOSHHOW CKOPOCTBIO, ITO-
9TOMY paBHOJEHCTBYIONAs BCeX YeThbIpeX CHJI paBHa HYJIIO:

— N = =
F+mg+ N+ Fq, =0,

N
rae F'yp, — cuia TpeHus.
B mpoekrusax na ocu OX u OY

{ Fcosa— Fyp =0, (108)
Fsina+ N —mg=0. (109)
ITockoneky Frp = kN, a N =mg — Fsinc,
Fip = k(mg — Fsina). (110)
IMoncrasiss (110) B (108), mosydaem
Fcosa—kmg+ kFsina =0,

OTKY/Ia

F_T—__Fkmg (111)

cosa+ksina

Cuna Harsikenus: Huutu 1 6yjieT TeM MeHbIle, deM GOoJIbIe 3HAMEHA-
resb (111), mosTomy uccseiyeM ero Ha SKCTPEMYM:

(cosa+ ksina)' = —sina + kcosa = 0.

Orcroma HAXOIUM
k=tga. (112)

Tenepb HeoOxoauMO ybeauThesi, uTo yejaosue (112) coorsercrByer
UMEHHO MakcuMmyMy. J[jIs 3TOro BO3bMEM BTOPYIO IPOU3BOJHYIO OT
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snamenaress (111) u nposepum ee 3uax
(—sina+ kcosa)’ = —cosa — ksina < 0.

Takum obpaszom, 3HaveHme k = tga COOTBETCTBYET MAKCUMATLHOMY
3HAYCHUIO 3HAMEHATEJIS, a

kmg

Thin = —————5~ .
T cos a1+ k?)

(113)

IMoscrapus B (113)
1

VIFE2’

Ccos&x —

TIOJTy TUM
kmg

Toin = 575

kmg
VI+kE
3amaua 36. B cucreme, mokaszaHHoil Ha puc. 29, Macchl TeJ paBHbI
mg, M1, Mo, TPEHUS HET, MacChl OJOKOB MpeHeOpekmMo MaJsbl. Haitrn
YCKOpEHUe TeJia 171 .

OrBeT: tga=Fk; Thin =

Pemenue. Boibepem momoxkuTebHOE HATPABIEHNE OCH T BBEPX
U 3amuiineM Jjisg IPy30B OCHOBHOE ypaBHEHHE JUHAMUKHU B ITPOEKIAIX

ma ocb OX (puc. 29):

miar, =T —mag, (114)

Modoy =1 — mag. (115)
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TpeTbe YpaBHEHHEC II0JIydaeM HCXOJd U3 KUHEeMaTUYEeCKON CBS3U MEezK 1y
a1 U ag:
—
o+ al, (116)
—/
0— ayg,, (117)

1=

9 =

2] =of

—

a

—

a
—

rae a o — YCKOpeHue 6.HOKa7 a — YCKOpEHHnE rpy30B OTHOCUTEJIBHO 6J10Ka.

[Mepenucas ypasuenus (116) u (117) B ckanspuoit hopme u CKIaIbi-
Basd JICBBIE W IIPABDLIE YACTH, TTOJIyIUM:

a1z + asy = 2ag. (118)
st Testa mg BBeseM cBoio och KoopaunaT QY u 3amurinem:
moag = 27T. (119)
Permus coemectro (116), (117), (118) u (119), Haxoqum:

_Amaime + mo(ma —ma)
dmima + mo(my + m2)

A1z

MeTo0oM BUPTYaIbHBIX pa0OT 3a4a9a PEIIeHa B KPATHOM N3JI02KEHIN
TEOPETUIECKNX TOJIOXKEHNH, MPEIIeCTBYIOMMIX JAHHOM TJIaBe.
- dmims + mo(m1 — mz)
" dmama + mo(ma + m2)

OrBeT: ay,

Bagaga 37. B ycranoske (puc. 30) usBectHbl yron « u Kodhdu-
[IUEHT TPEeHUsl k MeXKJy TEeJOM 1] M HAKJIOHHON IJIOCKOCTHIO. Macchl
OJT0Ka M HUTHU TPEHEOPEKUMO MaJIbl, Tpennsa B Ojioke HeT. Bruavase oba
TeJia HeloBIKHbBL. HaliTu oTHOIIIeHne Mace Mg /my, IpH KOTOPOM TeJIo
Mo HAYHET a) OIYyCKATHCH; 0) MOJHUMATHCS.

Pemenue. IlpoBous paccyXiaeHus, aHAJOIMIHBbIE TPOBOIMMBIM
B 3amadax 30, 31, 35, 3amuimeM ycJIOBUs JABUXKEHUS Teaa Mo BHU3

Puc. 30
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B npoeknugax #Ha ocu OXq u OXo:

mog — T >0,
T —mygsina — migkcosa > 0,

OTKYZa

mo .
— >sina + k cos .
mi

,H.HH JABUZKEHUS TeJIa 12 BBEPX 9THU YCJIOBUA 3alIUNITYyTCA CJICTYIOIITIM
obpazom:

T —mag >0,
migsina — T — kmigcosa > 0,
OTKyZA
ma .
— < sina — k cos a.
my
Orser: a) =2 >sina+kcosa; 6) —2 < sina — kcosa.
mi mi

Bapaua 38. Haksonnas mockocts (puc. 30) cocraBisier yrog

a = 30° ¢ ropuzonToM. OTHOIIEHHE MACC TEJT

ma o o 2

mi 77 3 '
Kosddburment rperns mex 1y Tesom my u miockoctbio k = 0,10. Maccor
6JioKa M HUTH IpeHeOpekuMo MaJibl. HaflTu Mojysis u HalpaBjeHne
YCKODPEHUSI TeJla Mg, €CJIN CUCTEMA MPUIILJIA B JIBUYKEHNAE U3 COCTOSHUS
TOKOSI.

Pemenwne. B zamavax momobHOro THMA 1 TPABUILHON 3aIUCH
OCHOBHOTO ypPaBHEHUS TUHAMUKNA HEOOXOIUMO OIIPE/ICTUThH HAIIPABJICHIE
YCKOPEHHS U, KaK CJIEJICTBUE 3TOTO, HAIIPABJICHUE CUJIBI TPEHUA, NHATE
3agada Oyler HepaspemuMa. [[OHATHO, 9TO CHJIa TPEHHS HE MOYKeT
W3MEHUTH HAIPABJICHNE JIBUYKEHUs, OHA JIUIIb YMEHbBIAET YCKOPEHUe,
ITO3TOMY €CJTH MBI PEITUM 33124y B OTCYTCTBHE CHUJIBI TPEHUSI, TO CMOXKEM
OTPEJIESINTh KAaK HAIPABIEHNE YCKOPEHUsA, TaK W HAIPABJICHUE CHUJIBI
TPEHUs.

SamuieM OCHOBHOE ypaBHEHME MMHAMUKN B Tpoekiusix Ha ocu O X1
u 0Xsy:

moa, =1 —mjgsina,

Mmaa, = mag — T,

rie T — cuia HATSIXKEHUS HATH.
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Permas nmomyvennyio cucremMy, HaXOIIM:

Ay =

n —sin o
n+1

2
IToncraBus n = gua= 30°, noJstyyaem:

a; >0,

T. €. TeJIO ABUZKETCA BBEPX, a CUJIa TPEHUA HallpaBJIeHAa BHU3. Tor,zga

myal, =T —magsina — kmygcosa,

/
maa, = Mmag

OTKY/Ia

;) _ n—sina—kcosa

T’

Orser: a),=0,05g.

a

—
175

= X
F

ATp é

o) ST

y
Puc. 31

e g=10,05g.

Bagaua 39. C KakuM MUHUMAJIb-
HBIM YCKODEHHEM CJIeJIyeT TePEMEIaTh
B TOPU30HTAJILHOM HAIPABICHUN Opy-
cok A (puc. 31), urober Tema 1 wm 2
HE JIBUTAJIUCh OTHOCUTEJBHO Hero?
Maccbr Tenn ogumHAKOBBI, KO(MMUIHEHT
TpeHUsT MeXKJy OpycKOM u 0bouMu
Tenamu pasen k. Macchr 6/10Ka U HUTH
IpeHeOPEeKNMO MaJibl, TPEHUS B OJIOKEe
HET.

Pemenue. Terma 1 m 2 we OyayT ABUTATHCS OTHOCUTEIHLHO
6pycka, ecyu npoeknun Becex cuyi Ha ocu OX m OY pasubl. Omyckas
3aIUCh ypaBHEHUIT BTOpOro 3akona Hbioroma B BekTOpHOH hopme, 9To
MBI HEOJJHOKPATHO JIeJIaJIi BBIIIE, CPa3y Ke 3alUIIeM YCJIOBHE OTCYT-
CTBUS JBUMKEHUsI TeJ OTHOCUTEIHLHO OpycKa B Ipoeknmsax Ha ocu OX

u OY:
kmg + mamin = mg — kmamin,
OTKYy/Ia
g — 91 =k)
min 1 + k

1—k
OrBeT: amin:g( )

1+k
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3amaua 40. Ilpuszme 1, Ha KOTO-
Ppoit HaxoUTCs OPYCOK 2 Maccoit m, co-
OOIMJIN BJIEBO T'OPHU30HTAJIBHOE YCKO-
perane a (puc. 32). Ilpu kaxom Max-
CUMAJIbHOM 3HAYEHUU ITOTO YCKOPe-
Hust Opycok eme OyAeT OCTaBATLCH

O 77 L
HEIIO/IBUYKHBIM OTHOCUTE/IbHO ITPU3MBI, %
ecan KO DUIUEHT TPEHUS MEXKIY
numu k < ctga? Puc. 32

Pemenue CHauaja BbISICHIM, DU KAKUX YCJIOBUAX OPYCOK Oy 1eT
JIeYKaTh HEIOJIBUZKHO Ha HAKJIOHHOW IIJIOCKOCTH TIPH €€ yCKOEHHOM
nemkennu. Ha Gpycok ,LLeI/ICTByIOT CHJIA TAZKECTH 1M g, cua peakrun

HAKJIOHHOU TJIOCKOCTH N W CHJIa TPEHUS TTOKOST F rp- SAIHIIEM BTOPOI
3akKOH HbroToHa Jijisi ABUXKEHUS OpycKa:

— =
mg+N+F =md.
Temepnb 3amnumrem ero B mpoeknusx na ocu OX u OY':

mgsina + kN = ma cos a,

N —mgcosa = masin a.
Pemrast cucremy ypaBHEHUIT OTHOCHTETBHO (v, HAXOJM

sina+kcosa 1+ kctga
cosa —ksina 7 ctga—k

Obparure BHEMaHWE Ha TO, 9TO 1pu k = ctga a = 0o, T. e. OPyCoK
He OyJIeT JBUTATHCS BBEPX HU MPU KAKOM 3HAYEHUU (.

1+ kctga

O eT: a= .
reet gctga—k

3amaya 41. Ha teno maccoit mq, Jiexkalee Ha IJIAJKOW TOPHU-
30HTAJBHON IJIOCKOCTH, B MOMeHT ¢ = ( Hadaja JefiCTBOBAThH CHUJIA,
3aBuCAIIasg OT Bpemenn Kak F' = kt, rme k — nocrosgauas. Hampasiemnne
9TOII CUJIBI BCE BPEMsI COCTABJIAET YIoJl v ¢ ropu3onToM (puc. 28). Haiiru:
a) CKOPOCTH TeJIa B MOMEHT OTPBIBA OT [LJIOCKOCTH;
6) IyTb, IPONIEHHBINA TEJIOM K 3TOMY MOMEHTY.
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Pemenue. a)/Jdng orpsiBa Tesa 0T MIOCKOCTUH HEOOXOIUMA CUIIA
mg. YcjoBueM oTpbiBa Oyjer

mg — Fsina =mg — ktsina =0,
OTKY/Ia

_mg
2ksina

(120)

tOTp. =

[Ipoeknus Broporo 3akona Heiorona Ha ocs OX Oyjer umersh BUJI:

kt cos « = ma,

o= kt cos . (121)

m
CkopocTb Tesia B MOMEeHT OTpbiBa ¢ yueroM (120) u (121) 6yuer paBHa
tOTp

mg? cos a

Vorp = adt = .
orp f 2k sin? «v

0
6) IlyTb, HpoiifeHHbIi TeJOM O MOMEHTa OTPbIBA:

torp

S = fatdt. (122)
0

Toncrasistst (120) u (121) B (122) 1 1poBO/Isi HHTEIPUPOBAHKE, HAXOJIM

g — m?g® cos o
© 3k%sin®a
mg? cos o )5 = m2g® cos o
2ksin®a ’ © 3k%sina

3amaua 42. Ha ropu3oHTabHOIT TOBEPXHOCTH HAXOMUTCS TpU3Ma, 1
Maccoit mp ¢ yrmom « (puc.33), a Ha Heit OpYCOK 2 Maccoit ms.
[Ipenebperast Tpennem, HAfTH yCKOPEHHE IIPU3MBL.

OrBeT: &) Vorp, =

Pemenue.

I cioco®

Pacnonoxkum cucremy kKoopaumHAT, KaK IMOKaszaHo Ha puc. 34. Bpy-
COK TIpPHU JBUXKEHUU 110 Tpu3Me OyJeT [eiicTBOBAaTh HA Hee C CHUJION
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y N, _
N;
o
a
—
my - %\
o myg
¢ 77 =
e} /\Nz X
myg
Puc. 33
Ny = —N,. II 6 @
5 = 2. IIpu aTom yckopenune 6pycka a2 OTHOCUTEJHHO I'OPU30H-

TAJbLHON TOBEPXHOCTU Oy/IET PABHO

— —
a2 = a1+ @2oru,

_ .
IJie @ 1 — YCKOPEHHE IPU3Mbl OTHOCUTEIHFHO FTOPU30HTAJIBHOI TOBEPXHO-
—
CTH, & @ 2 oy — YCKOPEHUE OPyCKa OTHOCUTETHHO ITPU3MBI.
3aruiieM B BEKTOPHOM BHJIe BTOPOii 3aKOH HbI0TOHA 11151 ABUZKEHUST

OpyCKa 1 TIPU3MBI:
—
mo a9

_
miaq

.
=myg + No,

— —
=mi g + Ni+ Nj.

Tenepb nepenuniieM ypaBHEHUA B IIPOCKINAX Ha OChb O0X:

ma(a1 — az orn. cOS @) = —Nasin (123)

mia; = Ny sina (124)

Puc. 34
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u Ha ock OY:
—M2a2 ory. SIN = Ny cos a — mag. (125)

Ipwu sammen yureno, aro No = NJ,.
Boipasum as oy, 13 (125):

a’2 OTH. = ng — N2 cosa . (126)

me sin o
Hasee, mogcrasiss (126) B (123), moxydaem:

mag — Nz cosa

mo (a1 — - cos a) = — Ny sin a.
me sin o

[TpuBost BbIpazkeHue K 00IeMy 3HAMEHATEJI0 U Pellasi 0Ty YeHHOe
ypaBHEHHE OTHOCUTETHHO No, HAXO/IMM:

Ny = ma(gcosa — ag sina). (127)

Teneps mogcrasisiem (127) B (124) n HaxomuM a;:

a Ma2g sin av cos « g sin v cos
1= ) =

m1 + maSin® « . mi

1 2 51n2a+ —

m2

IT crioco®

Pemmum 3a1a4y, UCOB3ysl TPUHIUI BUPTYAJIBHBIX paboT. Cucrema
o0J1a/1aeT JIBYMsI CTEIEHsSIMU CBODOJIBI, TaK KaK JIJIsl IPEKPAIEeHUs B Heil
BCAKOTO JIBUKEHUST HEOOXOMMMO 3apUKCUPOBATDH JiBe ToUKkn. s ymo0-
crBa och OX HarpasBum BIpaBo, a ock OY — Bamn3. O603naunm depes 6 X
nepemMerrienne mpu3Mbl. [Ipu Harmem BbIGOpE HAIPABJICHUI KOODIUHAT-
HBIX OCell MOXKHO 3aIlUCAThL, 9TO MepeMelnenne 6pycKka 1Mo TOPU30HTAN
paBHO 0 X — cosadY, a mepeMellieHre 110 BEpTUKAJIU paBHO sin adY, rie
0Y — nepemernienue OpycKa BJIOJIb KJIMHA.

BamnosiauM TabI. 5.

Tabymna 5
mr 5Sh, Ay, A2 By, B? Fy,
ma d0x1=0X —cosadY 1 1 —cos« cos® a 0
ma 0y1 =sin adY 0 0 sin «v sin? a mg
my dxa=0X 1 1 0 0 0
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ObpaTnTre BHUMAHNE, 9TO TIPY PEIIEHNHN 3829 ITUM CI0coO0M (hop-
MaJIbHO HAXOJIUTCS TaKXKe W YCKOpEeHUe OPYCKa OTHOCUTEBHO MPU3MBI,

a2 orn-
ITpumensisa dbopmysst (100), Haxomum:

__ magsinacos o gsin o cos
mi

X:al_ .2
mi + masin® « .
! 2 smza—&——
ma2

(14 (m2/m1))gsina .
1+ (mz2/m1)sin® «

- (m1+ ma)gsina
Y = a2 omu. = ) =
mi1 + mosin® «

III crioco6
Teneps ucmob3yeM MpU PENeHNH 3a1a91 HEMHEPIIMOHHBIE CHCTEMBI,

cazannble ¢ nupusmoii X[0'Y! n X,0'Y] (puc. 34). B srux cucremax
—
OTCYeTa JBUZKETCsT TOJIBKO OPYCOK 12 ¢ YCKOPEHHEM @ 3 OTHOCUTENIBHO

IJIOCKOCTHU IIPU3MBI, 110 KOTOPOH OH CKOJIB3UT.
SamnuiemM ypaBHEHUE JIBUKEHUsT OPyCKa

— -, 3 =
Mo Uoom =M2g + No+ Fuyo
U ypaBHEHHUE [BIZKCHNS IIPH3MLI
= -, =
O:mlg+N1+N2+FI/IH1'

Torya B ipoekimu Ha ock O'Y ypaBHeHUe JBUKeHUs OPYCKa IIPHHIMAET

BUJ
0= —msgcosa + No + Fyuy. 2 sina,

a ypaBHeHWe JIBUKEeHUs IPU3MBI B TpoeKnn Ha och O X

0= Fyu.1 — Nosina.

Jlajiee miepenuchbiBaeM 3TH YPABHEHUS C YI€TOM TOTO, 9TO

— —
— —
FI/IH.IZ_mla nu FI/IH.2:_m2a’7
njin, B CK&HHpHOM BI/I,D;G7
Fou1=—mia n Fuy 9= —maa.

Bnech Fuy. 1 v Fyuy. o — CUJIBI HHEPIUH, AEWCTBYIOIINE HA TIPpU3My U1 Opy-

COK COOTBETCTBEHHO.
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Temeps mpuxoanM K CIeIyIONEil crucTeMe ypaBHEeHWI:

0 = —mag cosa + Nao + msas sin a,
0 =mya; — Nasina,
pelasi KOTOpyo, HaXOIUM

. gsin a.cos o
sin® a + (m1/me)
sin a cos
OrseT: a1 = gsmacosa
) mi
sin“ o + —
ma
3amaua 43. Teno maccoit m OpocwaIn MO YIJIOM K TOPU3OHTY
—
. — o
¢ HAYAJBHON CKOpOCTHIO ¥ o. Haiitu mpuparienune umimysibca A P tena
3a TepBbIe ¢ CeKYH/I JBUKEHUS U MOJIy/Ib ITPUPAIICHUS UMITYIbCA TEJIa

3a BCE BpeMd JIBUXKCHUI.

Pemrenune. JIBukenne Tema, OPOIIEHHOTO MO/, yTJIOM K TOPU30HTY,
110/IpOOHO paccMoTpeHo B 3aj1a4e 16. Bouro mokazano, aro Bosb ocu OX
TEJIO JBUIKETCS PABHOMEPHO CO CKOPOCTBIO Uy = Vg COS (v, a BJIOJb OCH
OY 1epByIO MOJOBHUHY IIyTH PABHO3aMEJIEHHO, a BTOPYIO PaBHOYCKO-

DPEHHO CO CKOPOCTBIO
vy = vgsina — gt.

ITosTomMy m3MeneHne IMIYIbCa TPOUCXOIAT TOTBKO 34 CUET vy, KOTOPasd
3a BpeMd ¢ U3MEHUTCH Ha BEJIUYNHY

AT, =g,
a M3MeHeHWe MMITYJIbca Oy/IeT PABHO
—
AP =mAv, =mygt. (128)

s onpeneneHnss MOJyJisT TPUPAIIEHUS WMITYJIbCA 38 BCE BpeMs
JIBUKeHus, joctarodo B (128) BMecro ¢ HOACTABUTH OJIHOE BpEMsi
JIBUKEHUSI TeJla, KOTOpOe BO3bMeM U3 3aja9u 14:

_ 2(WoY)
S
Haxomm
N — —
|AP|:_2m(vog)
g

OrBer: A?:m?t; |AI_3)|:—
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Bagaua 44. Yacruma maccoit m B MoMmeHT t = (0 HaYUHAET JIBU-
raThCs MO, JIEHCTBAEM CUJTBI F = ?0 cos wt, Tie ?0 U W — IOCTOSTHHBIE.
Haittn myTn, mpoiigeHaniii qactureit, B 3apucumoctn ot t. MI300pas3uth
IPUMEPHDIT TpadUK 9TON 3aBUCUMOCTH.

Pemenue. 3Banuimem ocHOBHOE ypaBHEHUE TUHAMUKIN:
Fo .
dv = — sinwt dt.
m

Nurerpupys ero, mosydaem
t
Fi . Fi
v== fsmwt dt = == (1 — coswt).
m mw
0

BocnoabzoBasiiucs cooTHOIMEHIEM

Szfvdt,

HaXOJIUM IIyTh, IPOIJICHHBII YacTUIe B 3aBUCUMOCTH OT BPEMEHU,
t

g = fo f(l — coswt)dt = FO2 (wt — sinwt).
mw mwg
0
Fy .
OrBer: S=— (wt—sinwt); puc. 35.
mwj
S
0 2.75 4.75 6.75 =Wi‘

Puc. 35

Sagaua 45. B momenTt t = 0 wacTuia Maccoil m HaUMHAECT JIBU-
raThCs 10M AeiicTBueM cuibl F' = Fycoswt, rme Fy W w MOCTOSIHHBIE.
CKOJIbKO BpEMEHH YACTHILA OYyIeT JABUIraThCsl 10 1epBoii octanoBku?! Ka-
KOIi IIyTh OHA IPOHJIET 3a 9TO BpeMs! KakoBa MakcuMaJjbHAS CKOPOCTH
JACTUIBI HA 9TOM ILyTH !
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Pemenune. 3Bammmem oCHOBHOE ypaBHEHHE JIMHAMUKU B CJIEJYIO-
IeM BHJIE:

d’U FO
— = — coswt.
dt m

Paznensaa nepemennbie u nnrerpupys 1o t, HaXOUM

Fy
v =

3|

¢

fcos wt dt = L2 ginost. (129)
mw

0

Yacruiga OyierT ABUTaThCS O TEX MOP, MOKA €e CKOPOCTb HE CTAHET
PaBHOI HYJIIO:
Fy .
—sinwt =0
mw

N
sinwt = 0.

Orkyna wt=mut = T
w
IIyTs, mpoiigeHHbII JacTuIeit 3a 3T0 BpeMs, Oy/1eT paBeH
T/ w

S:fvdt:ﬂfsinwtdtZ 2FO2.
mw mw
0

MakcuMaJabHYIO CKOPOCTH HAWJIEM U3 YCJIOBUS PABEHCTBA HYJIIO TIEP-

BO# IIpOU3BOAHOI d
v

Fo
T m coswt =0,

T
t= t=—.
OTKY/la COS W On %

ITozncrasiiss nmoaydeHHOe BhIpazkenue Jijist Bpemenu B (129), Haxomum

Fo
Umax = — -
mw
T 2Fy Fy
Orser: t=—; 5= "% Unax = —
w mw mw

3amaua 46. B moment t = 0 gacTuie cooOIUIN HAYATBLHYIO CKO-
— o
POCTH ¥y, ¥ OHA HAYAJIA JIBUTATHCS MO, IEHCTBUEM CUIBI COTPOTUBICHUST
—
o — o
cpeJibl, TIPOIOPIMOHAJIBHON ee cKopocTn Kak I = —rv'. Haiitu:

a) BpeMs JBUZKEHUs YaCTHIIbI II0J[ JeHCTBIEM 9TOf CUIIbI;

6) CKOPOCTBb HYaCTHUIBI B 3aBUCUMOCTH OT HpOfI,ILeHHOI‘O €I0 IIyTH, a TaK2Ke
TIOJTHBIIT OyTh 10 OCTAHOBKMU.
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Pemenue. a) 3anuineM OCHOBHOE ypaBHEHHE MHAMUKHA B CKa-
JITPHOM BHJIE:

— = =TV
dt

njin

dv_ g (130)
v m
Pemras 310 ypaBHeHnE, HAXOIIM:

nv=—"¢t+InC.
m

W3 navaabubix yesosuii t = 0, v = vy onpenensiem C' = vg.
Torna
v = vge~ T/t

Yacruma OyJer JBATaThCA 0 TEX TIOp, TIOKA ee CKOPOCTh HE CTAHeT
PaBHOII HYJ/IIO, & 3TO CIIyIUTCs IIPU { — O0.

6) g HAXOXKIEHUST CKOPOCTH YACTHUIIBI B 3aBUCUMOCTH OT IIPOHICH-
noro nyru nepenuiesM (130) B Buie

dv=— L vdt.
m

Ormeuast, aro v dt = dS, TpuUxXo UM K

r

dv=——dS.
m
WNurerpupys Y s
f dv=—" f ds,
m
vo 0
HAXOJIAM: . .
v—1v9g=——2S8; v=v9g— —8S.
m m

[Tonmberit myTh paBen

r

Suon. = vofe—“"/m)t dt = 27
0

t
OrBeT: a)’U:’erXp(——r),t—?OO;6)'U='U0—ﬁ;SHOH. = %
m m T

3amaua 47. Ilynsg, mpoOuB [0CKy TOMMUHON h, W3MeHMIa CBOIO
CKOPOCTB OT vy J0 v. HaiiTu BpeMsi JIBMKEHUs IIYJU B JIOCKE, CUUTAsI
CUJTy COIPOTHBJIEHUS IIPOIIOPIIMOHAIBHON KBaIpaTy CKOPOCTH.
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Pemenne. 3anumem oCHOBHOE ypaBHEHHUE JTMHAMUKH KAK

dv_ 2
E— k'U,

OTKY/la, pa3/iesss IlepeMeHHble 1 MHTeIPUPy«, HaXOIM:

v

t
fv—g z—kmf dt, (131)
0

Vo

m{vo —v) (132)

t =
kvov

Teneps neobxoxumo Haiitu k. Tis aroro nepennmenm (131) B Buze

¢
@z—ﬁfvdt.
v m

0

Tlo ycmoBuio 3aja4u 3a BpeMst ¢ myJis IpoILia myTh h. 3amMedas, 970

v

Vo

0
PUXOJINM K
In2 =— k h,
Vo m
OTKY/1a
Y In(v/ve) _ In(wvo/v)
k = — = .
mh mh

[Moacrasisas norydennoe Boipazkenue B (132), naxoaum

‘= h(vo — v)
" wovlnwv /v
h(vo —v)
vovlnwvg /v’
3amaua 48. Ha ropmsonTaibHON TOBEPXHOCTU ¢ KOIDDUITTEHTOM
Tperus k jexkuT TEs0 Maccoit m. B moment t = 0 K HeMmy IO

OrBeT: t=

=
TOPUBOHTAJIBLHYIO CUITY, 3aBHUCAIILYIO OT Bpemenn kak F' = bt, tme b —
MIOCTOSAHHBIN BeKTOp. HallTu 1myTh, MPOWJAEHHBI TeJIOM 3a TepBbIe

CeKyHJ1 JeficTBUdA 3TON CUJILL.
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Pemenune. 3amumem Bropoii 3akon HbioTOHA B BEKTOPHOM BHIE
—
— —
ma = bt+kmyg
WK B MPOEKIUH HA TOPU3OHTAILHYIO OCh

dv
m— = bt — kmg,
OTKY/Ia

dv = (b—ni ~kg)dt.

Nurerpupysi 310 ypaBHeHHe, 00paTHTe BHUMAaHNE Ha HUYKHUH TIpeIes
UHTerpupoBaHus 110 Bpemenn. OH paBeH to (CM. PEKOMEHJAIMN TI0 pe-
HICHUIO 33J1a4).

t

- bt bt? t bt> bty
v—f(a—k)dt (2m lgt)to 5 — kgt = - 4 kgto.
to
Hamee:
S = ——kt—bo—i-k‘t)dt—(@—k‘q—ﬁ—btot+ktt)t—
~ \6m 2 to

bt — 3mkgt2 — 3btdt + 6kmgtot — bty + 3kmgtd + 3bty — 6mkgtd (133)

6m

s paBE€HCTBa ,HeﬁCTByIOIIlHX Ha TeJ1o FOpI/I3OHTaJIbH0ﬁ CHJIbI 1 CUJIBI
TpEeHUA HaAXOIUM to — BpeéMs HavdaJla JIBU2KCHUA

btg = kmg,
OTKYyZIa L
to = % . (134)

IMoncrasiss (134) B (133) 1 IPOU3BO/IA HECIOXKHBIE IPEOOPAZOBAHHS,

IOy daeM:
b(t —to)?
6m

S:

IIpu t < tp cuna TpeHus MPEBLIAET MPUIOYKEHHYIO BHEITHIOK CHJTY,
TEJIO He JIBUYKETCs, U yTh S = 0.

_ 3
Orser: S:M.Hpﬂtéto S =0.
6m
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Bagaua 49. Camoser jeaer <«MepTBYIO METJIIO»  PaJLycoOM
R =500 M ¢ mocrostHHO#i cKopocThio v = 360 KM/ 4. Haiditu Bec nerunka
Maccoit m = 70 Kr B HUKHEl, BepXHEH U cpeJIHell TOUKAX METIIH.

Pemenue. Ilpu coBepurenunm «MepTBO#l HMETIN» MM BOOOIIE TIPH
KPUBOJINHENHOM ABHZKEHHH Ha Te/I0 JEeHCTBYIOT HECKOJIBKO CHIT. B narmem
CJIydae 9TO CUJIa TIKECTH P u cua peaxmum N T. €. CUjia, C KOTOPOit
KPECJIO JIABUT Ha JIETYUKA, & JIETYNK B COOTBETCTBUU C TPETHUM 3aKOHOM
Hrerorona — Ha kpeciio.

Banmmem BTOpoit 3akoH Hprorona st 000
X TOYKH «MEPTBON HETJIN»:

a mg + N =m3d. (135)

3a cucremy KoopauHAT Bo3bMeM och OX, HAYAJIO KO-
TOPOI COBHA/IACT C IEHTPOM <«MEPTBOU LETJIM», a Ha-
upasJieHne ocu — ¢ ee pajuycoM (puc. 36). Kpowme roro,
Puc. 36 OCb BpalllaeTcst BMECTe ¢ caMoJieToM. Toraa ImpoeKIust
cuIbl TakecTH m g Ha ock OX B mo60ii TOUKe meT/m

Oy/ieT paBHa Mg cos o, a yckoperne a = mv? /R, u (135) npumer u:

mg

’ITLU2

mgcosa+ N = =

OTKY/1a MOJTydaeM: )
N =m( —geosa).
m{ 7 —gcosa

HOILCT&B.HHH YUCJICHHbIE 3HAYCHUA T, U, Ru g, a TaKXKe ¢ = 7 — HUZKHAA

71'
TouKa, @« = () — BepxHdAd TOUKA U o = 5 — CPEAHsAA TO'Ka, HaXOIUM

coorBercTBenno 2,1, 0,7 u 1,5 xH.
Orser: 2,1;0,7u 1,5 xH.

3amaya 50. Bejocumeuct eer o Kpyrjoi ropu30HTAIBHOM ILI0-
maake paguycom R. Kosddunment Tpenusi 3aBUCHT TOJBKO OT pac-
crosinug r 10 nenrpa O mwomanaku Kak k = ko(1l — (2/R)), tae ko —
nocrosinnas. Haiitu pajmyc okpyzxkuoctu ¢ mneHtpom O, M0 KOTOPOW
BEJIOCHTIETUCT MOYKET e€XaTh ¢ MAaKCHUMaJIbHON ckKopocThio. KakoBa arTa
CKOPOCTD?!

Pemenwue. Ilpu asmxkenun BegoCcUIreucTa Mo KPyry €ro TaHT€H-
nuajgbHOe YCKOpeHue paBHO Hys0. IIpn m3Menenun pajmyca JIBUKeHUs
OyJeT MEHSThCsI HOPMAJIbHOE YCKOPEHUE, & TaKzKe KOI(MDPUIMEHT TPEHUsI.
Pannyc okpykHoctn m MakcuMasbHAasi CKOPOCTb, C KOTOPOW IO Heil
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MOZKET JIBUr'aTbHCA BEJIOCUIICIUCT, OIIPEIACIAIOTCA U3 YCJIOBULA:

va T
= mgho(1- 7).

Pemas sto YpaBHE€HUE OTHOCUTE/ILHO U, HAXOJIUM

v= ,/%(Rr—ﬁ). (136)

v
b} PpaBEHCTBa HYJIIO noJIydaeM T

dr
dv
— ~R—-2r=0
dr " ’
r = E
=5
ITo smaky BTOpOii npousBoaHOll ybexkgaemcs, uro r = R/2 coorser-

CTByeT MaKCUMaJIbHOMY 3HAYEHUIO CKOPOCTH:
d*v
—— ~ —2<0.
dr

TloacraBasiem r =

v | 5

B (136) u onpeenseM vnyax:

vV k’ogR

Umax - 2 .

OrseT: r= g; Umax = VkogR/2.

Samada 51. ABToMAaIMHA JBUKETCS PABHOMEPHO IO TOPU30HTAh-
HOMY IIyTH, uMeromemy ¢opMmy cuHycouasl y = bsin(z/a), rae b
U (@ — HEKOTOPBIE TIoCcTosiHHBIe. K03 DUIMEeHT TpeHnst MexK Iy KoJecaMn
u foporoii paseH k. [Ipu Kakoit CKOpOCTH ABMKEHIE aBTOMAIIUHDBI OYIeT
MIPOUCXOIUTH G€3 CKOJIbKEHUSI !

Pemenue. Apromamuna Oyaer JBUIraTbCsi 0€3 CKOJIbYKEHUS,
IIOKa HOpMaJIbHOE yCKOpeHue Oyjier 00ecrednBaThCsl CHJION TPEHUsI.
13 pemennsd 3aga4un 49 caeayer, ITO B BBICIIEH TOYKE TPACKTOPHUH CHJIA,
JeHCTBYIONIAasl Ha aBTOMOOW/Ib, a CJIEIOBATEIBHO, W CUJIA, ¢ KOTOPOI
aBTOMOOMJIb JIEHCTBYeT Ha JIOPOTY, OYJeT IPH BCEX MPOUNX PABHBIX
YCJIOBUSIX MUHUMAJIbHA DTO XOPOIIO U3BECTHO JIIOOOMY, KTO XOTsI ObI pa3
CHIET 38 PyJIeM TPaHCIOPTHOrO cpeacTBa. [[oaToMy MakCHMaJIbLHO BO3-
MOYKHYIO CKOPOCTH OyJIeM OmpeaesaTh Mg ropba CHHYCOUILI, KOTOPAs
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umeeT KoopauHarTy & = a7/2. B 9710il TOuKe aBrOMaIlNHA HAYHET JIBU-
raTbCsd C TPOCKAJIb3bIBAHUEM, KOTJIa IEHTPOCTPEMUTEIHLHOE YCKOPEHHE
CPaBHSIETCSI C YCKOPEHUEeM, 00eCIeInBAIOIINM CUJTy TPEHUS, T. €.

kg=——. (137)

3HaK <«MHUHYC» YKa3blBAeT HA TO, UTO ITH YCKOPEHUS HAIPABJIEHDI
B IPOTHBOIOJIOXKHDBIE cTOpOHBI. OcTaerca HaiiTu Beamdanuy R, paBHyIo
paJnycy KpUBHU3HBI CHHYCOU b JIj1sT 9TOr0 BOCHOMB3yeMcst (hOPMYJION,
KOTOPYIO MBI YK€ MPUMEHsIA B 3a1ade 19
[1— ()2
R=—-"%5——. (138)
JBaxk bl GepeM POM3BOAHYI0 OT Yy = bsina/q, mojcraBisgeM Io-
JydeHHble 3Hadenus upn r = arn/2 B (138), pesymasrar—B (137)
U, BbIparKas OTTY/a ¥, HAXOUM

v

k
- OrBeT: v< Tg

Samaua 52. YacTuia mMaccoii m JBUXKETCSI KO

BHYTPEHHEH IJIQIKOU IOBEPXHOCTU BEPTUKAJILHOI'O

nmwimaapa paguycom R. Haiitu cuny masienus ga-

CTUIIBI HA& CTEHKY IWJINH/Pa, €CJId B HadaJbHBII

Puc. 37 MOMEHT €€ CKOPOCTb PaBHA Uy U COCTABJSET YTOJI (v
C TOPU30HTOM.

Pemenne. Pazmoxxum vy Ha JIBe COCTABJMIONINE: Vg Sin o —
rapaJiieJIbHy 0 OCH IUJINHIPA, Vg COS (v — IIapaJIe/IbHY 0 OCHOBAHUIO 111~
suaApa. [IoHaTHO, 9TO coCTaBIIAIONAs vy Sin (v 0OECTIEYNBACT JBUKEHIE
JaCTHUIBI BEPTUKAJIBHO BBEPX, U HUKAKOIO JABJICHUS HA CTEHKY 3a CUYeT
9TOr0 JIBUKEHHMs] YaCTUIA He OKa3bIBAET, & COCTABJISIONAs Uy COS
BBI3BIBAET JBUYKEHUE YACTUIILI 110 OKPY?KHOCTHU M, KaK CJIEICTBUE ITOTO,
BO3HUKHOBEHHUE IEHTPOCTPEMUTE/IBHON CHJIbl. BejimunHa 3TON CHJIBI
U paBHA CHUJIE JABJICHUS, OKA3bIBAEMOIl YaCTUIEl HA CTEHKY IUJINHJIPA

2
F = (%) cos? a.

2
mu,
0 ) cos? .

OrBer: F:( 7
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3agaua 53. Hebosabmoe Teno mnomecTnn
Ha BEPIIUHY IVIQJIKOTO Iapa pajuycom R. 3arem
mapy COOOIMIM B TOPU30HTAILHOM HAIIPaBJIe- Lo
HIM TIOCTOSTHHOE YCKOPEHHE @ (, I TEeJO HAYAJIO
CKOJIb3UTH BHU3. HaiiTu cKopocTh Tejia 0THOCHU-
TEJBHO IIapa B MOMEHT OTPbIBA. =

p<|

Pemenue. 3Sammmem ocHOBHOE ypaBHe-
— —
HHUe JUHAMUKHU B IIPOEKIUAX Ha OPTBI T U 7

(puc. 38):

m% = mgsinf — macos#, (139)
2
m%zmgcos@—i—masin@—N. (140)

YaursiBas, 9T0 i J
Rdv
dt = — =—"—,
v v
riae dl —»a3JeMeHT TyTH, TPOWIEHHDBIN TeJoM 3a BpeMs dtf, TeperuIieM

(139) B BHAE
vdv = (gsinf — acos)R db.

IIpoBogsa nunrerpupoBamme

v

0
fvdv:Rf(gsiHH—aCOSG)dH7
0 0

HaXO UM
v2

5 = —R[(gcosf + asinf) — g|.

[Tockosbky B Moment orpbiBa N = 0, mepenuiineM mocaeIHee ypaB-

nenwe ¢ yaerom (140): )
v

7 = _U2+Rga

_ [2Rg
v = 3 -

CamocrosiTenpro permure 3amady 1.95 u3 [2] u cpaBHUTE pe3ynbTATHI.

2Rg
3

OTKY/1a

OrBeT: v=



3aKOHbl COXpPaHEHUA
UMNYy/bCa, 3HEPruu
U MOMEHTA MMNYyJbCa

B dusuke cymecTByeT HECKOJBKO OCHOBOIIOJIATAONIUX ITPUHITUIIOB
WA 3aKOHOB, CBSI3aHHBIX C (DyHIAMEHTAJbHBIMU CBONHCTBAMH Bpe-
MEHU U HPOCTPAHCTBA. JTHU MPUHIUIBI UI'PAIOT B COBPEMEHHOU HayKe,
U HE TOJIBKO B (DU3UKE, HACTOJIHKO BarKHYIO POJIb, YTO HOCST HA3BAHUE
OCHOBHDIT 3GKOHOE COTPGHEHUA. DTO 3AKOHL, COTPAHEHUA UMNYADCG,
IHEP2UYU U MOMEHME UMNYADCA.

3aKOH COXpaHEeHHs WMIIYJIbCa CBSI3aH C OJHOPOIHOCTBIO IIPOCTPaH-
CTBa, 3aKOH COXPAHEHUsI SHEPTUU — C OJHOPOJHOCTHIO BPEMEHH, 3aKOH
COXPAHEHUsI MOMEHTa, UMILYJIbCA — C M30TPOIHOCTHIO IIPOCTPAHCTBA.

JeiicTBHEe 9THX 3aKOHOB JAJIEKO IPOCTHUPAETCS 38 PAMKU KJIACCH-
JeCKONl MeXaHUKHU. DTO MUKPO- ¥ MaKpPOMUP, 3JeMEeHTapHbIE YaCTUIIbI
U OIPOMHBIE MACChI, BECh CIIEKTP CKOPOCTEIl OT MaJIBbIX JI0 CyOCBETOBBIX.
Kpome Toro, 3mm 3aKOHBI HAXOJST IIUPOKOE WHIKEHEPHO-TEXHUIECKOEe
MpuMeHeHne B TPUKJIAIHBIX HayKax. Jlo cux mop yueHbIMH He obOHa-
PY?KeHO HHU OJHOTO Caydas OTKJIOHEHHWS OT HuUX. VX posb B m3ydeHun
dusnIecKoil KapTUHBI MUPa 00YCJIOBJIEHA CJIELYIONUMU ITPUIHHAMUA.

1. BakoHbl coXpaHeHHsI HE 3aBUCAT HU OT TPACKTOPHUIl YaCTHUIl, HA OT
xapakTepa JIefiCTBYIONUX CUJI, IO9TOMY OHH JIaf0T BO3MOXKHOCTH
C IOMOIIBIO YPaBHEHNI JIMHAMUKHU UCCJIEI0BATh MEXaHUIEeCKUe IIPO-
[IECCHI, HE BHUKAA B UX JETAJIHHOE PACCMOTPEHHE.

2. 3aKOHBI COXpPAHEHUsI HE 3aBUCAT OT XapaKTEPHUCTHUK HIefCTBYIONIUIX
CHIJI, TTIO3TOMY MOT'YT OBITh HCIIOJIb30BAHBI JAZKe TOTJA, KOTJIA CHJIbI
BOOOIIE HEU3BECTHDL.

3. Jlaxxe B Tex ciayvasx, KOTJIa CUIBI B TOYHOCTH W3BECTHBI, MHOTHE
3aja4i, HaAlpUMEp 3aJa4y O JBMXKEHUM MHOIMX YaCTHUIl, JIydIle
pelaTh ¢ MOMOIIBI0 3aKOHOB COXPAHEHUS.

3axon coxpanenus umnyavca (Koauwecmea O0BUHCEHUS).
«4 npumamMmaro, uro BO DBceseHHOIl ecTh U3BECTHOE KOJMYECTBO
JBUZKEHNSI, KOTOPOEe HHUKOIJIA He YBEeJIUUNBAETCS, HEe YMEHBIIAeTCH,
U, TaKAM 00DPa30M, €CJd OJHO TeJO IPUBOJIUT B JIBUKEHUE JIPYTOE,
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TO TePsIeT CTOJILKO CBOErO JBUXKEHUS, CKOJILKO ero coodbimaet. Tak, ecian
KaMeHb MaJIaeT Ha 3eMJII0 <...> ¢ jJomyckaro, ITo OH <...> IepeiaeT
eit coe jBrmkenne. Ho Tak Kak 9acTb 3eMJid, IPUBEJICHHAST B JIBUZKEHUE,
COJIEPKUT B cede B ThICAYY, HAIIPUMED, Pa3 b60jiee MaTepun, 9eM CKOJIHKO
3aKJ/II09A€TCs B KAMHE, TO <. ..>> OH MOXKeT COODIIUTH TOJBKO B THICIIY
pa3 MeHbITy10 cKopocTh» (Pene JlekapT — HEm3BeCTHOMY ajpecary).

Bepositno, 310 OB BriepBble cHOPMYIMPOBAHHBIN 3aKOH COXpaHe-
HUs MMIIyJIbca (KOJMYeCcTBa JBHXKeHHs ). BTopoe HazBaHue, 10 MHEHHUIO
aBTOpa, HOoJIee BEPHO OTParKaeT CyTh.

ITo ompeeseHNIo, UMITYIBC IACTUIIBI OMPEIEISETCA BBIPAXKEHUEM

—
—
P=mv,

e mu U —ee Macca u CKOPOCTb.

O6paTuTe BHUMAHIE Ha TO, ITO 1_3> BeJIMYMHA BeKTOpHasi. Jlekapt ke
B CBOHUX pacyeTax IoJjaraj KOJUYeCTBO JBUKEHHS CKAJIAPHON BeJIUYN-
HOI, BCJIEJICTBUE Yero BCE ero pacyeThbl OKa3aJMCh HEBEPHBIMMU.

st m3oIMpoBaHHON MaTEepUAIbHON TOYKU 3aKOH COXPAHEHUS WM-
MyJIbCa, SIBJISETCS CJASICTBHEM BTOPOTO 3aKona HbioTomHa, coryracio KOoTo-
POMY TIpU OTCYTCTBUH JIEHCTBYIOINIUX HA YACTUILY CUJI €€ CKOPOCTh, & CJie-
JOBATEIHHO, W UMITYJIbC, HE MEHAIOTCsI. B cytae OOJIBIero KOJInIecTBa
YaCTUIL 32KOH COXPAHEHUs NUMITYJIbCA CIIPABEJJINB JIUIIb IIPU HEKOTOPBIX
orpannvenusix. Cucrema, B KOTOPOil HM Ha OJIHO U3 €€ TeJl He JIEHCTBYIOT
JIpyrue Tejia, KpoOMe BKJ/IIOUEHHBIX B CHCTEMY, HA3bIBAETCS 3AMKHYMOT
cucmemoi.

Cuiibl, JefcTByOMUE MeXKIy TeJaMu, OOPasyIoMUMU 3aMKHYTYIO
CHUCTEMY, HAa3bIBAIOT 6HYMPEHHUMU CUAGMU.

Tenepn ycTaHOBUM CBSI3b MEXKJIy TpeTbUM 3akoHOM HpioToHa u 3a-
KOHOM COXPAaHEHUs WMITYyJIbca s 3aMKHYTON cuctembl. g sToro
[epenuiieM OCHOBHOE ypaBHeHue JuHaMuku (88) B Buie

—
P _F (141)
dt
T. €. NPOU3EOIHAA UMNYALCA MAMEPUANLHOT MOUKU MO BPEMEHU PABHA
deticmeyrouets Ha Hee cuie.
PaccvoTpum iBe wacTHITBI, UMEIONUE UMITYJIHLC COOTBETCTBEHHO ?1

n Ps. Torma mpm mxX CTOJKHOBEHUH, COTVIACHO TpeTheMy 3akoHy Hbro-
TOHA, MOYKEM 3alMCATH
— —
dP,  dP,
dt dt
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NI N N

OTKY/1a N N ~ ~
Pi+ Py=mq v 1+ mg v 9= const.

YuraTeab caMOCTOATEIHHO MOXKET 0000IINTH ITOT PE3YJIbTAT Ha JIIO-
06oe uncyio wacTuil. Takum 00pa3oM, st 3aMKHYTOH CHCTEMbI 3aKOH
COXPaHEHUsI UMITYJIbCA 3AIUIIETCS B BUJIE

P = Z ]_3>i(t) = const. (142)

Bamersre, 9T0 B (142) BMITyIbe 060 9ACTHIBI CHCTEMBI 3aBUCAT
or BpeMenu. OHAKO IPH yOBLIN UMIIYJIbCA KAKOU-INOO YaCTH CUCTEMBI
y OCTaBIIeiics YacTH UMILYJIbC BBIPACTAET POBHO Ha TAKYIO K€ BEJIMIHUHY.
Boipazxenue (142) MOXKHO Hepenucarsb Jyist KOMIOHEHT &, Y, U 2 B BHUJIE

Z P, (t) = const, Z P, (t) = const, Z P, (t) = const.

Cdopmysnpyem 3aKOH COXPAHEHHsT UMITYJIbCA, JIjIsT 3aMKHYTON CHCTEMbI
CJIEJIYIOIIM O0PA30M: NOAHBIL UMNYALC 3AMKHYMOTU CUCTIEMbL ECTNY
GCAUYUHA TOCTIOANHAA.

Paccmorpum Temeps nesamknymyro cucmemy, T.€. TaKyIo CHCTEMY, Ha
KazK/Iy10 TOYKY KOTOPOIl AefiCTBYIOT BHEIIHUE CUJIbI CO CTOPOHBI KAKMX-
JmboO JPYrux TeJ, He BXOJMAINNX B JAHHYIO cucTeMy. B sTom ciydae
paseHcTBo (142) y»ke He OyNeT BBINOJHSITHCS, T. €. UMITYJIBC CHCTEMBI
He OyIeT MOCTOSHHBIM. PaccMOTpPUM HE3AMKHYTYIO CUCTEMY, Ha KaXK/IyIO
TOYKY KOTODPOII JIERCTBYIOT BHENTHUE CUJIbI, He BXO/smue B Hee. Torma

%:FH—FHB*'---"‘FM
2 (143)
%:Fm‘f’FBI""“—FF%

rae Fij — cuna, geficTByromas Ha -0 YaCTUIy CO CTOPOHBI j-if; Fj —
BHEITHUE CHUJIBI, AefICTBYIONINE Ha -0 TACTHILY.

Ecnm MBI CTTOKUM 3TH ypaBHEHHUs, TO CyMMa Beex [j; = 0, Tak Kax
I goboit cumel Fi; Beerya Haiimercsa cmuia, paBHAdA IO BeTHIHHE
7 TPOTHBOIOJIOXKHAS IO HampasyeHmio, T.e. —Fj;. Takum obpasom,
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Boeipaxkenue (143) npumer By

dY(mivs) R
——iﬁ——_E:Fi (144)
WIn dl_D> =1
W - FBHeLLIH.) (145)

— —
rae P — o0muit uMITyJIbC CHUCTEMBI; F'pyen. — PE3YJIBTUPYIONIAS BCEX

BHEIIHUX CUJI.
PaS,ILe.HHH IIepeMEHHbIC U IIPOBOJAA MHTEIrPUPOBaHUe, HAXOJINM
t

— — —
Py— P, = fFBHem‘ dt, (146)
0

T. €. NPUPGULLHUE UMNYALCE CUCTNEMDL PABHO UMNYADCY DE3YALMUPYIO-
wWeli 6CeT BHEUHUT CUA 3G COOMBEMCMEYOULUT NPOMENCYMOK 8PEMEHU.

ITenwmp wmacc (If-cucmema). B 060it cucreme dHacTuil MMeeTCst
omna Touka C, HazbIBaeMas UEHMPOM MACC, KOTOPad 0DIATAeT PIoM
HMHTEPECHBIX W BaXKHBIX CBOMCTB. [JIABHBIM Cpey HUX SBJISETCH TO, YTO
yermp macc A10600 cucmemvt 4acmuly, dUNCEMCA Mak, Kak eCAu Obl 6CA
Macca cucmemsv, 6vLaa cocpedomouena 8 amotl mouke u K Het bviau 6vi
NPUAOHCEHDL BHEULHUE CUADL.

[TonoKenne TOYKM IEHTPa MACC OTHOCHUTEILHO Hadaja KOOPIUHAT
XapaKTEPU3YETCs PAJINYCOM-BEKTOPOM

1

rjae m; U T; — Macca U PaJUyC-BEKTOD i~ YACTHILL; 1M — Macca Beeil
CHCTEMBI.

MOo2KHO TIOKa3aTh, 9TO HEHTP MAacC CHCTEMBI U3 JBYX YACTHIL C MacC-
caMu mj W Mo HAXOJIUTCS HA NPSAMON, MX COequHsIOmed, B Touke C),
KOTOpas JICJIUT PACCTOSHUE MEXKJYy STUMH YACTUIAMH B OTHONICHUN
Iy : 1o = my M. Iponuddepeniuposas (147) 1o Bpemenu, Haiinem
cxopocmv V¢ uenmpa macc

— 1 —
Vo= Ezmivi;

UMITYJIBC 2K€ CUCTEMDBbI JaCTHUIl PaBEH
—

-
P=mVec. (148)

[Mepenucas ypasuenue (145) ¢ yaerom (148), mosyuaem ypashenue
deudicenus UEHMPa Macc, KOTOpoe 1o ¢opMe COBHAJAECT ¢ OCHOBHBIM
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YpaBHeHUEM JUHAMUKNI

N
dV ¢ -

pri F prem. - (149)

31ech FBHemA—pesyﬂanponmaﬂ BCEeX BHEIIHUX CHUJI, JEHCTBYIOIIMX
Ha CHUCTEMY.
— —

U3z (149) cuenyer, uro eciu Fopen. = 0, To Vo = const, cieno-
BaTeJbHO, }_5 = const. Takum o0pa3oM, ecau UeHMP MacC J8UHCEMCA
DABHOMEPHO U NPAMOAUHETHO, UMNYALC CUCTIEMDL COTPAHACTNCA.

Pemtenre mMHOTHX 3a/1a9 3HAYUTEIBHO YIIPOIIAETCs, €CJIM IOJIb30-
BAThCs CUCTEMOIl OTCYeTa B KOTOPOW IEeHTp macc noxkourcs. Cucremy
OTCYEeTa, CBA3AHHYIO C TIEHTPOM Macc, Ha3biBaioT I[-cucmemoti. B 1-cu-
cTeMe NOAHBIL UMNYALC CUCTIEMDL YACTIULY, 8Ce20a PABEH HIYAH.

Paboma. Opunum n3 HamboJiee MIMPOKO UCIOJIB3YEMbIX MOHATUNR B (hu-
3UKe SABJISETCs MOHATHE Padomb.. FECIU TOUKA TPUJIOKEHUS] CUJIBI F
COBEPINAET JIEMEHTapHOe mepemerienne Ar, TO TOBOPST, YTO CHJIA F
COBEPINAET JIEMEHTAPHYIO PaboTy

§A=TF d7 cosa = FgdS, (150)

e —
TJIe (v — YToJT MeXK1y BekTopamu I n d 1,
2 dS = |dr| —»suemenrapubiii nyrs, Fg—

|

npoexiust ' ma d7 (puc. 39). Orciona
CJIEJTyeT BaxKHBIN BBIBOJ, — paboma npous-
ar sodumcs cunob.

Besmanna JA — anrebpandeckasi.
B szaBucumMOCTH OT yrjla MEXKIy BEKTO-

»

my

i —
pavu F u dr oHa MOXKeT OBITh Kak
Puc. 39 II0JIOZKUTEJIbHOM, TaK W OTPUIATEbHOM,
B 9aCTHOCTH PABHOM HyJIIO (ec/iu F L ar,
T. €. ?S = 0).
Boobire roBopst, mousitre paboThl B PU3NKE U ITO ¥Ke MOHATHE B YKU-
TEeICKOM CMBbIC/Ie pa3udHbl. [IpecraBbre cebe, 4TO BbI yIep:KUBaeTe
I'Py3 Ha BBITAHYTHIX PYKaX JITOO UIETE [10 TOPU3OHTAIBHOI IIOBEPXHOCTH.
B nepom ciyuae dS = 0, BO BTOPOM HaIIpaBJIEHUE CHUJIbI TAYKECTU
HepIeHNKYJISIPHO HAIIPABJICHUIO JIBUKeHUsI, 1, coryacto (150), 64 = 0.
TTocrapaiitecb oTBeTUTH Ha BOIPOC, B KAKOM cCiiydae paboTa Bce XKe
COBEPIIAELTCS.
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Wurerpupysa (150) 1o BceM 3jleMEHTApHBIM ydacTKaM IIyTH OT

—
TOYKN 1 710 TOYKH 2, HAXOAUM pabomy cuav, F' HA JTaHHOM IIyTH

2 2
A:f?d?:stds. (151)
1 1

OTMmerum ouH Ype3BbIYAiHO BaxkHbI (akT, ciaemyomuit uz (151):
eCcJIN CuJIa HaIpaBJE€HA B OJHY CTOPOHY, a TEJO JBUXKETCS B JIPYTYIO,
TO pabomy co8epulaem MoALKO COCMABAAIOULGA CUABL 6 HANPALEAEHUL
nepeMeteHUA.

. —
Homyctum, Te0 1o AeficTBreM cuiibl F' CMeCTHIIOCH Ha PACCTOSHIE

— —
A7, Torma, packimagpBas A7 Ha cocrasistomue Ary, Ary u Ar,,
—

a F —mna cocrapmgtomue F,, F, m F,, MOXHO CKa3aTh, ITO 00IIas
pabora A Gyner paBHa

A=F,Ary + FyAry + F,Ar,. (152)

Eme ox0 BaxKHOE 06CTOATENLCTBO: suipasicenue (151) cnpasedauso
HE TOABKO OASL HACTIUYLL, HO U 6000uLe 0 1106020 Meaa (UL CUCTEMb

-
mean). Ipu omom nod dv wu dS caedyem nonumams nepemeuenue
—

MOUKY NPuodcenUA curvs F .

BenomunM reoMeTpudeckuii CMBICT OIPEJIEJICHHOTO HHTErpaia; ImjIo-
a/ib, O'PAHUYEHHAsI KPUBOMH, OChIO abCIMCC W OpJUHATAMU X1 W To.
U3 puc. 40 jrerko BUETH, 9TO djieMeHTapHast pabora § A ducjienno paBHa
IJIOIAJIM 3AIMMTPUXOBAHHON IMOJIOCKH, a pabora Ha IyTH OT TOYKH 1
JIO TOYKH 2 — IJIOIMa A (PUrypbI, OTPAHMYEHHON KPUBOii, opjuHaTaMu 1
u 2 u ocero S.

ITosae. OpauM n3 HamboOJIee CJIOXKHBIX MOHATHUII COBPEMEHHOU (DU3MKI
SABJISIETCS TOHsITHE NoAsA. JLomycTrM, MBI TOMEIaeM MaTepruaIbHOE TeJIO
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B KaKyIO-JIM00 TOYKY ITPOCTPAHCTBA U 3aMeYaeM, UTO Ha HEero JeiCTByeT
cuJIa, HAIPABJIEHHAS I10 PaJUYyCy-BEKTODY R. Torma MOXKHO cKa3aTh,
YTO MaTepUAbHOE TEJIO HAXOJAUTCI B noae cun mascecmu. OueBuiHO,
9TO TOJIE eCTh OODbEKTHBHAS PEAJHHOCTH W CYIIECTBYET HE3aBUCUMO
OT TOTO, UMEETCs JIM B TOYKE C PAJINyCOM-BEKTOPOM R MaTepUuaIbHOEe
Tesio Jmbo HeT. A cwmia, HauMHAIOMAS JEHCTBOBATH HA MOMEIIEHHOE
B II0JIE MaTE€PUAIBHOE TeJO, SIBJIAeTCsl WHIUKATOPOM HAJUYUSI TOrO
[oJIist, T. €. ero cjeacTBueM. Ecjin mojie He 3aBUCUT OT BPEMEHU, TO OHO
HAa3BIBACTCST CMAUUOHAPHbLM. VIMEIOTCS cTallmoOHapHBIE MMOJIst, B KOTOPBIX
co3/laBaeMasi UMHU CIJIa, JeHCTBYIONAsl Ha MaTepUaIbHOEe TEJIO, 3aBUCUT
TOJIBKO OT TOJIOYKEeHUsI Teja. Takue Cuiibl HA3BIBAIOTCS KOHCEPBAMUG-
HOLMU.

B obmem ciyuae pabora 3aBucuT OT TpaekTopuu. B ciydae xe

KOHCEPBATHBHBIX CHLI
ggFKOHC. ds = 0.

Orcrofia citejiyeT BayKHbI BHIBOJL— paboma, Co8ePULAEMAs KOHCEPBAMUG-
HOLMU CUAAMU, 3AGUCUM AUWD O NOAOAHCEHUA KOHEUHOT U HAYAALHOU
mover mpaeKmopu.

K komcepBaTHBHBIM cHJIaM OTHOCSTCS CHJIA THAXKECTHU, JIEKTPOCTa-
THUYecKas cuiia u T. J. Bce cuiibl, He dABJISIONIMECT KOHCEPBATHUBHBIMHA,
HA3BIBAIOTCS HEKOHCEPBAMUBHDLMU. DTO CHIIBI, pAOOTa KOTOPBIX 3aBUCUT
OT IIYyTH, HAIIPUMEDP CHJIBI TPEHUS U COIPOTUBJICHU.

JIroboe cuaoBOE MOJIe BBI3BIBAETCS JIEHCTBUEM OIIPEIEJIEHHBIX Tel,
IIO9TOMY B3aHMO/IeHICTBIE MaTepPHUaJIbHOIO TeJla Yepe3 CUI0BOeE I10JIe €eCTh
B3aMMOJEHCTBIE C JPYIUM MaTepHaabHbIM TejoM. CHIbl, 3aBUCIIIIE
TOJIBKO OT PACCTOSHUS MEKJIy B3aMMOJEHCTBYIONIUMU TeJIAMU U Ha-
[IpaBJICHHbIE 110 TIPAMOI, ITPOXOJLINEll 4Yepe3 3TU Teja, Ha3bIBAIOTCS
UeHmpasvromu. K HIM OTHOCATCS TPABUTAIIMOHHBIE, YIIPYTHE U KYJIO-
HOBCKUE CUJIBL. [lenmpanvtvie cuive ABAANOMCA KOHCEPBAMUSHBLMU.

Pabora nenTpanbHOl CHMJIBI HA MPOU3BOIBLHOM IIYTH OT TOYKH 1
JI0 TOYKHU 2 JIA€TCs BbIPayKEHUEM

2
A12 = ff(?”) dT.
1

IIpeamomoxmm, 9T0 UMEETCs TIEHTPATLHOE TI0JIE, CO3/IaBAEMOe CUCTEMOM
HETMOJBMKHBIX TeJ, AeficTByIomux Ha tejao M ¢ cumamu ?1, ]—52, e
KazKJiasi U3 KOTOPBIX SBJISIETCS IeHTPaJIbHOI. B 3ToM ciryuae pabora pe-
3YJILTUPYIONUX CUJI IIPU TIEPEMEIIEHNN MaTepuaJbHOTO Tesia M u3 oaHoit
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TOYKM B JPYTYIO PaBHA AJredpamvdeckoil cymme paboT OTAEHHBIX CHJI.
A tak Kak pabora KarXK0i U3 9TUX CUJI He 3aBUCUT OT IIyTH, TO U paboTa
PE3yIbTUPYIONIEH CUIbl HE 3aBUCUT OT ITYTH.

Cite10BATEIIBHO: NOCKOABKY UYEHMPAALHBLE CUABL 00AG0AI0M MAKUMU
€60TUCMBaAMU, OHU ACAAIOMCA KOHCEPEATMUSHBLMU.

Mowmrocms. g xapakTepucTUKH 3(DEHEKTUBHOCTH PabOTHl MeXa-
HU3Ma BaskKHO 3HATH, KaK OBICTPO OH BBIMOJIHAET padboty. s sroro
BBOJIUTCS TIOHSATHE MowHocmu. MornHocTs —5T0 pabora, coBepiiaeMast
CUJION 3a eJMHUILY BpeMeHH. K/ 3T0 OTHOIIEHNE He OCTAeTCs MTOCTOSTH-
HBIM, TO HEOOXOJIUMO MEPENTH K IIPEIey:

- —
p= lim 8A_dA_FdS _ go (153)
At—0 At dt dt

Ciiesyer OTMEeTUTh, YTO HOHATHE MOIIHOCTH IIPUMEHUMO HE TOJILKO
K MEXaHMIECKUM CHUCTEMAaM, HO W BOOOIIE K JI000M CuiIe, COBEpIIaloreit
pabory.

Baxkmo erne 3al0OMHATHL BOT 9TO: KOTAa TOBOPAT O KaKOH-1160 pabore
(MOIIHOCTH ), HEOOXOAMMO YETKO IPEICTABJIATE ¢e0e, KaKas UMEHHO CUAL
(cuaw) amy pabomy cosepwaem.

IlomenyuaavHas sHepaus. ITO TOHATHE CBA3aHO C OCOOEHHOCTHIO
KOHCEPBATHBHBIX CHJI, pa00Ta KOTOPBIX HE 3aBHCUT OT TPACKTOPHH, a 3a-
BHCHT JIMIIL OT KOOPAWHATHI HAYaIbHOM 1 KOHEIHON TOYEK TPACKTOPUN
MaTepHaIbHOI'O TeJa.

[Mepenumenm Beipazkerne (151) B Buze

App = fF dr = —[U2) - U1)] =UQ) - U(2). (154)

Besnmaunst U(2) n U(1) maseiBaiorcst nomenyuaavnol snepeued. Te-
1ephb MOHSATHO, YTO HOTEHIUAJbHAS SHEPIUsT — 9TO CHOCOOHOCTH KOHCEP-
BATUBHBIX CHUJI COBEPIIATH PaboTy, mo3ToMy-T0 B (154) nepes ckobramu
U CTOHUT 3HAK «MHHYC», TaK KaK H3-3a COBEPIIEHUs PabOThI Ha ImyTH 1—2
HOTeHINAIbHAS JHEPrusl yObIBaeT. 3alnieM BLIPAKEHUE I SJIEMEH-
TapHOit paboTsl 0 A Ha yTH d T :

= =
0A = F dr =—-dU,

OTKYZa
FgdS = —dU, (155)
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= = — .
rue F dr = FgdS, dS = |d7"| —snemenrapHblii yTh, a Fig — npoekiust
N
F' na nepememienne d T .

ITepemumenm (155) B BHIE

oU
Fg=—22
o dS

st TpexmMepHOTO CIydast

F —(8—U7+8—U7+8—U?) = —gradU = —VU.
oz Jy 0z

Paccvorpum Bomrpoc 0 CBsI3W MMOTEHITHATBHON SHEPTUN U COCTOSHUST
paBHOBecusi. MarepuajbHOe TeJI0 MPeOLIBACT B COCTOSTHUN PABHOBECHSI
B TOM CJIy4ae, €CJU MPU OTKJOHEHUHU €TI0 OT 9TOT0 COCTOSHUS B TY WJIN
WHYIO CTOPOHY BO3HHKAIOT CHJIbI, BOZBPAIIAIONINE €r0 B COCTOSHUE PaB-
HOBECHsI. DTU CHUJIbI COBEPIIAIOT IIOJIOXKUTEILHYIO paboTy, T. €. eCJId 3TO,
HaInpuMep, TPABUTAIIMOHHDIE WJIH YIIPYTHAE CUIbI, OHU IIPUBOSIT K YMEHD-
[MIEHNI0 TOTeHINaabHON sHeprun. OTCIoa MOHATHO, YTO IMOJOKEHUIO
paBHOBECHUSI COOTBETCTBYET MUHUMYM OTEHIIMAJIbHON sHeprun. BuiBom:
COCMOAHUE PABHOBECUA YCMOTUYUBO 6 MOM U MOALKO 8 MOM CAYUGE,
K020a eMY COOMBEMCMEYEM MUHUMYM NOMEHUUAALYHOT SHEPLUL.

Kunemuueckas aHepausi. ClIOCOOHOCTb TeJ COBeplIaTh paboTy,
KpPOME BCEro IIPOYero, OIpeJIedeTcss I CKOPOCThIO UX JBMXKeHus. Pac-
CMOTpUM TOAPODHEE 3TOT Bompoc. IlycTh gyacTuiia Maccoit m mBUKeTCs
o1, AeficTBueM CuiIbl F', KOTOpast MOYXKET MPEJCTABJISATh CODOI Pe3yiib-
TUPYIOIILYIO0 HEKOTOPBIX cuil. Torma sjemenTapaas paboTa, coBepIiaeMast
9TOIl cuJjIoil, paBHa
o =
0A=Fdr.

—
mduv

dt

SA=m7 dv,

N
— —
YuureBas, ato dr = v dt u F = , IMeeM

N, B CKaJIAPDHOM BUJIE,

2
muv
0A =mvdv = d( )
2
N
Takum obpazom, paboTa cuibl F' TPUBOAUT K TPUPAIIECHUIO BETUIMHB
mu? /2, KoTopas Ha3BIBAETCS KUHEMUMECKOT Hepauet

2
muv

2

K =

(156)
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IIpu nmepemertiennn Tea n3 TOYKNA 1 B TOUKY 2
KQ — Kl = Alg, (157)

m. e. NPUPAUEHUE KUHEMUYECKOT IHEP2UL YACTUUDL, MG HEKOTOPOM
NEPEMEUWEHUL PABHO AA2eOPAUMECKOT CYMME PAOOM BCET cun, Jelcmey-
OWUT HA YACTNULY 6 HANPaBAEHUU nepemewenus (M. 3a1ady 83).

Obparure BHUMAaHUE: IMOTEHIMAIbHAS W KHUHETUYIECKAs] SHEPIUH
HE SABJISTIOTCS ADCOTIOTHBIMU BEJIMIUHAME U OIIPEJIEJISIOTCS C TOUHOCTBIO
0 mocTogHHOM. Tak, MoTeHIma bHAs SHEPrUs JIEZKAIIEro Ha CTOJe
TeJia MOXKET OBbITh U3MEPEHA OTHOCUTEIHLHO TIOBEPXHOCTH 3eMJIH, YPOBHS
MODsI, IOJIA U T. /., & BEJUYNHA KHHETUYIECKOHl SHEPIUU 3aBUCUT OT
OTHOCUTEIBHOM CKOPOCTH CUCTEMBI OTCYETA.

3axon coxrpanenus smepeuu. Kak nmoxazano Bbiie, paboTa CTOPOH-
HUX CHJI WJIET HA U3MEHEHNEe KWHETUYECKON W MMOTEHINAJIBHON IHEPIUuu
CUCTEMBI, T. €.

AK 4+ AU =A(K +U) = Acrop.- (158)

Bemnmunna

E=K+U (159)

HA3BIBAETCH NOAHOU mexanuveckol snepeuet E. 13 (159) crneayer, aro
IIOJIHAA MEXaHUYIECKasl SHEPT U MOXKET U3MEHATHCH 3a CUeT IPUJIOZKEHN
CTOPOHHHX CHJI. B IIDOTHBHOM 2Ke CjIydae OHa IOCTOSAHHA, T. €.

E = K 4+ U = const. (160)

Beoipazkenue (158) mpescraBiisier OIMH U3 CAMBIX, & BO3MOXKHO, U CAMBII
dyHIaMeHTaIbHBIN 3aKOH IPUPOIBI — 3aAK0H COTPAHEHUA IHEPLUL.

Momernm umnyawvea. MoMeHTOM UMITYJIbCA YACTHUIIBI A OTHOCHTETHFHO
—
roukn O Ha3bIBAIOT BEKTOP M, paBHBII BEKTOPHOMY IIPOU3BEJIEHUIO

BEKTOPOB 7 U P
P p _

M = [7 7] =rpsina = Ip, (161)

— = .
rjue o — yroj Mexuay r u p, = rsina— naevo (puc. 41).
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ITponuddepennupyem (161) no Bpemenn
— N —
it _ a7 3], [+ 4P
dt | dt’ Tt |
YVauTeiBas, 9T

)

—
7>dP
T odt

N —
1 TI0CKOJIbKY Touka O HenojusuxkHa, a d p /dt = F, 10, ciejyst BTOPOMY
zakony HbioTona, nosyaaem

=
Besmmunny [7 F'] HasbBator momermom cuave F orHocuTensHo Toukn O
—
(puc. 42). Bekropet N u M gBJISIIOTCS aKCHAJBHLIMA U 0Opa3yioT Ipa-
—

BocroponHww cucremy. Momyns N = [F, tae | —mwieuo Bektopa F
orHocuTeabHO Toukn O (puc. 42).
Tenepb MBI IOJIONIIN K OYEHb BaXKHOMY BBIBOJLY:

dM
@ _ . (162)
dt
.
1o ypasnenue momenmos. U3 mero cienyer, uro ecqiu N = 0,
—
o M = const, T.e. ecau omnocumenvro mouru O evilbpanHot cu-

CMEMDBL OMCHEMA MOMEHT 6CET 0eﬁcm6y7ow,ux Ha Yacmuyy cua paser
HYAM0 6 MEUYEHUE UHMEPECYNOUWUL HAC NPOMENCYMKOE BPEMEHU, O
OMHOCUMENBHO IMOT MOYKY MOMEH, UMNYADBCA LAcCUYUd, OCTNAEIMCA
NOoCMOAHHBIM 68 TMEUYEHUE ITN020 BPEMEHU. DTO U eCTh 3GK0H COTPAHEHUA
MOMEHMA UMNYADCA.
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Pexomenmanym mo pemeHnio 3a1a4

1. Ilpu pertennn 3a/1a9 Ha 3aKOH COXPAHEHUs MMITYJIbCA HEOOXOIUMO
pa3’enuTh BHYTPEHHNE U BHENIHWe Cuibl. [loMHUTE, YTO BHyTpeHHUE
CHJIBI HE MOTYT M3MEHHUTH XapaKTep JIBUKEHHs CUCTeMbl KaK I1eJI0r0,
9TO MOTYT CJI€JIATD JIUIIb BHEIIHNE CUJIbI. ey B0/Ib KaKoi-11ub0 KOop-
JUHATHOI OCH W/ HAIIPABJIEHUS CyMMapHAas COCTaBJIAIONIAs BHEITHUX
CWJI paBHa HYJIIO, TO BJOJIb 3TOI'O HAIIpaBJIEHUS CHCTEMa OKa3bIBaeTCs
3aMKHYTOIl, M BJOJb 3TOIl OCH MOXKHO 3alicaTh 3aKOH COXPaHEHUS
UMILYJIbCA.

2. Beibupaiite pacmojiokeHne oceil KOODJIMHAT U WX HAIPaBJICHUE
TakuM 00pa30M, 9TOOBI ITPOEKIINN BEKTOPOB CKOPOCTEN, NMILYIbCOB, CHJI
TSI2KECTH, a TaKzKe CKaJisipHas (popmysia Broporo 3akona Heiorona nmvesn
HanboJIee TIpocToit BU (HampuMmep, 3a1aun 56, 61, 62).

3. Ilpu pemennn 3amad Ha paspbiB

CHapsjia, pacla)] YacTUIBl # T. II., KO- y
rja yIaBIIdil 1101 MECTOM Pa3pbIBa OCKO- My Vs )

JIOK MMeJT KaKyIo-JIn00 CKOPOCThH JIHOO J10- 0 o Mmvo | X
CTUAT IIOBEPXHOCTU 3€MJIN 3a OIIPeJIesICH- -

HOe Bpems (3amada 64), odeHb yI00HO

[OJIb30BATHCs  [APAJLIEJOIPAMMOM  UM-

uysbcoB (puc. 43). Crporo rosops, B 3a-

Jladax TAKOrO THIA CUATATH CUCTEMY 3a-

MKHYTOW HEJIb3sl, TaK KaK Ha OCKOJIKI

JefCTBYIOT BHEIITHUE CUJIbL: CHJIa TsKe- Puc. 43

CTH, COUPOTHUBJICHUE BO3/yXa U T. J., OJIHAKO BPeMs Pa3pbiBa (pacuaja)
KpaifHe MaJso, TO3TOMY W3MEHEHHEM HMITYJIbCa MOXKHO HpPEeHeOpedD,
CUIMATAs 3a TOT MPOMEXKYTOK BPEMEHM CHCTEMY 3aMKHyToi. Ocraercs
OTKDBITBHIM BOIIPOC O HAIPABJICHUH BEKTOpPA CKOPOCTH o, 6e3 [ero
pelieHre HeBO3MOXKHO. JIjist 3TOro yIo6HO MoJIb30BATHCA COOTHOIICHUEM,
HOJIy9eHHBIM B 3ajade 16, rje BbIBEJIEHBI BCe OCHOBHDBIE YDABHEHUS
JUIST TeJa, JBUKYIIErocss B TPABUTAIMOHHOM moje 3emsm. Tak, ecam
B YCJIOBUY 381491 JTAHO BPEMS TAJIEHNsT OCKOJTKA Ha 3eMJTIO ¢ 10T TOIKOM
paspbIBa, TO HEOOXOMMO PACCIUTATD BPeMsI t( 110 Ciieytomnei (hopmyie:

2h
tO = )
g

rie h — BhICOTa Pa3pbIBa CHAPS/IA.
Ilpu t < to BeKTOp U | HAIpABJEH BHU3, IpH t > ty BBEPX, a IPH
t=ty vy =0.
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4. B zamagax tuna 78 u 81, Korja JefCcTBYIONAs Ha TEJIO CUJIa, TIe-
pemenHa, BTopoit 3akoH Hpiorona nenpumenum. B arom ciaydae ciaemayer
MOJI30BATHCST TEOPEMOI 00 M3MEHEHNM IOJTHON MEXaHMIECKON SHEPTUN
CHCTEMBI.

5. Byapre BHUMATEIBHBI Ipu uUCHOJb30BaHuu Gopmysbl (154).
IlomuuTe, YTO OHA TPUMEHUMA TOJIBKO B CJIydae KOHCEPBATHUBHBIX CTa-
MUOHAPHBIX IOJIEH.

6. Ilpu pemenun 3a7a49 Tumna 3a1a4u 86, TJ1e Mysas TOMAIACT B MOI-
BEIIIEHHBIN I'PY3 1 TPeOyeTCst OMPEIe/IUTh JIUOO CKOPOCTH IIYJId B MOMEHT
O IAHNS, JTUOO YIoJI, HA KOTOPBIN OTKJIOHUTCS [TO/IBECKA, JINOO BHICOTY,
Ha KOTOPYIO IOJHUMAETCS TeJO, CTY/IEHTHI OY€Hb YacTO II0JIArafoT, UYTO
KUHETHYeCKas SHePrusd IIyJIn IepefieT B HOTEHIHAJIbHYIO SHEPTHUIO TeJla,
IO THABIIEI'OCsA Ha BBICOTY h

Ha camowm ke fmeste B MOTEHITUAJIBHYIO SHEPIHUIO TEPeHeT He KUHe-
TUYIecKasd SHEPTHUS MY/, & KHHETHIeCKasl SHEPTU CUCTEMBI ITyJIsT—TeJo,
a 9TO JIaJIeKO He OJTHO U TO JKe€.

Sagaun K riase 3

3amaua 54. UYepes OJI0K, YKPEIJIEHHBI Ha TOTOJIKE KOMHATHI,
[MEPEKNHYTa HUTh, Ha KOHIAX KOTOPOIl ITOJBEINEeHBl TeJia MACCAME 171
u my. Maccel 6J10Ka ¥ HUTH TIPpEeHEOPeXKUMO MaJibl, TpeHust Her. Haiitu
YCKOpEHHE TIEHTPa MACC ITON CHCTEMBI.

Pemenue. Haobarerami ums IefCTBYIOT BHEITHIE CUJIBL: CHJIA
TIKECTU U cujia o croponbl Ojioka T (puc. 44). Tlosromy ypasuenue
JBrKeHus 1eHTpa Mace (149) sanumercs B Buje

)

N
ch - —
el Fon = (mi+me2)g —27. (163)
T
T
- Temepb HE0OXOaUMO HaiiTH BbIpaskenue s 1.
m, Bribepem momoxkurenbHoe HamnpasiaeHne ocu OX
m
! BHU3 U 3aIdIIeM st 000WX TPYy30B OCHOB-
HOE ypaBHEHNE JUHAMUKH B IPOEKIINAX Ha ITY
0OCb, IpeJIoJaras, YTo0 HAIPABJICHUAE JIBUYKCHUS
Puc. 44 , HPpel , p pas

rpy3a mq COBIAJACT C MOJIOKUTEC/ILHBIM HaIllPpaB-
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nennem ocu OX:
{ mig —T = msa,

mog — 1T = —maa.

Pemas 9Ty CUCTEMY, HAXOANM:

2m1m2
my +me 7
Orcrona
4dmimeo (ml - m2)2
Fon. = (m1 +ma)g — =
i ( ! 2)9 m1 + ma g mi1 + ma2

VuursiBas, uro B ypasueruu (162) m = mq + ma, HAXOIUM:

- _ (u—ma)®
(m1+m2)* 77
_ 2
Orser: E)C:M_)
(m1 +m2)

Bagaua 55. Bamkuyras nernouka A maccoii m = 0,36 Kr coeuHeHa
HUTBIO ¢ KOHIIOM BEPTUKAJILHON 0CH IeHTPOOeKHOi Mamusbl (puc. 45, a)
U BpalaeTcst ¢ yrJIoBOi ckopocTbio w = 35 pas/c. Ilpu srom HUTH
cocrapsier yrou ) = 45° ¢ Beprukasbio. Haiitn paccrosinue ot mienTpa
MacC TETOYKH JI0 OCH BPAIEHNs, & TAKyKe CUIY HATAXKEHWT HUATH.

Pemenue. Ilpm paBHOMEpHOM BpAINEHUU IMEHTP MACC IETOTKH
B BEPTHKAJHLHOM HAIPABJICHUNA HE JIBUXKETCS, CJIEJIOBATEJIHLHO, BEPTH-
KaJIbHAS COCTABJISIIONIAs CUJIbl HATSXKEHU HUTH [}, KOMIIeHCHpyeT cuiry
msizkectu myg (puc. 45, 6). TopusonraiibHasg Ke COCTABJIAIONAS CHUJIbI
HATSYKEHWs] HUTU [MOCTOSTHHA 110 MOJLYJIIO U BCE BPEMsl HAIIPABJICHA K OCU
BpaleHus. Pajuyc OKpy»KHOCTH, [0 KOTOPOI BpaIaeTcsd HEHTP Mace

_ =¢

Puc. 45
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(rouka C'), HAXOANM U3 BBIPAZKEHUS
mw?p =mgtgh,

OTKY/Ia

p= gtgf = 0,8 cm.
w

Haxonum cuny varszkenust nutu Fi:

_mwp _mg gy
sin 0 cos 6

OrBeT: p=08cm; F, =5 H.

Bagaua 56. Kpyreii konyc A maccoit m = 3,2 K U ¢ yrjiom
nosrypactBopa o = 10° KaTuTcst paBHOMEPHO 0€3 CKOJIbYKEHUsI TI0 KPYT-
JIOM KOHWYECKOil moBepxHOocTH B Tak, 4ro ero Bepmwmua (O ocraercs
HenoaBuKHON (puc. 46, a). Ienrp mace konyca A HAXOIUTCA HA OIHOM
ypoBue ¢ Toukoit O m orcrout or mee Ha [ = 17 cm. Och Komyca
JIBU2KETCsI ¢ yryIoBoii ckopocrbio w = 1,0 pasx/c. Haiitu cuiny Tpenus
[TOKOsI, JIEHICTBYIOIILY IO HA KOHYC A.

Pemenue. Pacmomoxkum och OX, Kak mokasano Ha puc. 46, 6. To-
IJla CUJIa TPEHUs! TOKOs OyJIeT CKJIaIbIBATHCS U3 IIPOEKIIUU CHUJIbI TsYKe-
cru Ha ocb OX U IIPOEKIIUU CUJIbI PeaKIluu, KOTOpas paBHA 110 BeJINUNHE
U [IPOTUBOIIOJIOXKHA 110 HAIIPABJIEHUIO IIPOEKIUU IIEHTPOCTPEMUTE/IHHOMN
CHJIBI:

2
I, =mg {Sina + <wgl> cos a} =6 H.

Orset: Fp =6H.

W

Puc. 46
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3amava 57. MoTOuKINCT efeT MO0 BEPTUKAJILHON ITUINHIPIIe-
cKoit crenke pajumycoM R = 5,0 M. IlenTp mMacc geoBeKa ¢ MOTOIIUKIOM
pacnojioked Ha | = 0,8 m or crenku. Kosddurmenr tpenust mMex iy
koJiecamu u crenkoit k = 0,34. C kakoif MUHUMAJILHON CKOPOCTHIO MOZKET
exaTb MOTOIUKJ/IUCT 110 TOPU30HTAIBLHON OKPYKHOCTHU?

Pemrenne. MuHumambHas CKOPOCTb JIBUKEHUS MOTOIUKJIA 10 TO-
PU30HTAIBLHON TMOBEPXHOCTH JIOJIKHA OBITH TaKOi, YTOOBLI CHJIa, TPEHUA

IOKOA 5
kmuo

B =35

YpaBHOBEIINBaJIa CUJIYy TA2KECTHU MOTOHUKJIa C MOTOIIUKJINCTOM

FTS{)K. =mg.
Orcrona
kvl?nin _
r—1 Y
nJIm
R—1
Umin = ( A )g~
(R—Dg

OTBeT: Upin =
k

Bagaua 58. Cucrema COCTOUT M3 JIBYX MIAPUKOB MaccaMu 17
U Mg, KOTOPBIE COEUHEHBI MeXKJIy cO00i npyKunkoit. B Mmoment t = 0
IMAPHKAM COOOIIIIIA CKOPOCTH U1 W U9, TMOCTIE Uero CHCTEMA HAYaJa
JBUraThCS B OMHOPOIHOM II0JIe TsizKecTw 3emuin. HaiiTu 3aBHCHMOCTD
OT BPEMEHH MMITYJIbCA TOH CHUCTEMBI B IIPOIECCE ABUKCHUS U PAIIYCa-
BEKTOpA €€ LEHTPa MaCC OTHOCUTEILHO €r0 HAYaILHOIO IOJIOXKEHIS.

Pemenne. Bwmoment ¢ = 0 IMIIyTIbC CHCTEMBI, COCTOSIIEH U3 IBYX
IIIAPUKOB, PaBEH -
— —
Po=miv1+movs.

[ocste nagata JBUKEHUST B OJTHOPOJIHOM TIOJIE TI?KECTU 3EMJIA UMITYIIhC
—
3a IPOMEXKYTOK BpeMeHH ¢ Bo3pacTaeT Ha BeJIUYUHY M ¢ T U CTAHOBUTCS

PaBHBIM N N
P(t)= Po+mygt.
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Panyc-BexTop 1menTpa Mmacc

gt
2 b

— —
v

Te= ct+

—
1€ U . — CKOPOCTb ABHUZXKEHUA HNEHTPaA MacCC

1 — M1 +me U
:Ezmivi:—ﬂh-ﬁ-mg .

— — _

Orset: P(t)= Po+mygt.

3amava 59. Yacrtuna 1 cToJIKHY/IACH C YaCTUIEN 2, B PE3y/IbTATE
Jero BO3HMKJIA COCTaBHAs dacTuia. HallTu ee CKOPOCTb U U MOIYJb v,
ecau Macca Jactunbl 2 B 7 = 2,0 pa3a Oouibllie, ¥eM YacTUnb 1, a ux
CKOPOCTH TIepe]], CTOJTKHOBEHUEM

+3
-5

— —
21 7
— —
41 7

U
—
v

2

r7ie KOMIOHeHThl ckopoctu B CIH.

Pemenue. 3Banuiiem 3aK0H COXpAHEHUsI UMILYJIbCA JIJIsI CTOJIKHO-
BeHNs JacTurl 1 m 2

mvy +nmvs = (m+nm)v, (164)

— — — o I o
rme vi, Vg2 W UV — CKOPOCTU II€pBOU, BTOPOU U COCTABHOU YaCTHUIL
COOTBETCTBEHHO, OTKY/Ia

- _ V1+nU
14+n

Iepemnumenm (164) B Bue
27 435 +4ni —5nj =(1+n)T
Tloncrasnsaa n = 2, noaydaem

07
3

o= B () e

— —
Orser: 72%;1}%4M/c.
n

- =
] =0

)

T
3

OTKYZa
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3agaua 60. CrBos mymkn HampasyeH oy yriaom 6 = 45° K ro-
puzonty. Korja Kosteca mymKu 3aKpenyieHbl, CKOPOCTh CHAPsIIa, MAaCCa
koToporo B 7 = 50 pa3 MeHble Macchl mymku, v. = 180 m/c. Haiitn
CKOPOCTD TYTIIKU CPa3y TOCJE BBICTPE/Ia, €C/IN KOJECa ee OCBOOOINTD.

Pemenne. CyMMapHbIi WMIYJbLC CHCTEMBI CHAPSAI—ITYIITKA,
U(m + nm), tae U — cKOPOCTH IyIIKK B MOMEHT BbLIETa CHAPsIA, 1M —
Macca CHapsAIa.

Bamnurem 3aKOH COXPAHEHNUsT UMITYJIbCA B IPOEKINU HA TOPU3OHTAb-

HOe HalpaB/IeHne
U(m + nm) = vg cos fm,

OTKYZa

Vo cos 6
= ——> =25 M/c.
147 /

Oreer: U =25wm/c.

3apaua 61. Ilymka maccoit M maunnaer cBOOOHO CKOJIB3UTD BHN3
II0 TUIAJKOHN IIJIOCKOCTH, COCTaBJIAONIEl yron o ¢ ropm3oHToM. Korma
IIyIIKa I[POILIa IyTh [, IPOU3BEJM BBICTPEN, B PE3yJIbTaTe KOTOPOI'O
CHApPSJ, BBLIETE] C HMIYALCOM P B TOPU3OHTAILHOM HAIDAB/ICHUI,
a mymika ocranoBmiach. lIpenebperas maccoil cnapsiia, HAWTH IPOJIOJI-
2KUTEJIbHOCTD BBICTPEJIA.

Pemenune. Pacnomoxkum ocb OX, kKak mokazano Ha puc. 47.
K momenTy BBICTpEsIA Opy/IMe TPOILIO IyTh | U JOCTHUIJIO CKOPOCTH U

v = at = gsin at. (165)

13 cooTHOmEHNA 5 .
] — at”  gsinat
2 2

HAXOJIAM /

. (166) ©
gsin o

IMoncrasnsgs (166) B (165), onpesensem
CKOPOCTb ¥ HMILYJIbC IYIIKA B MOMEHT
OCTAHOBKH

v =1/2lgsina, x
P, = Mv = M+/2lgsin . Puc. 47
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IIpupamenne mpoekuu uMIyaIbca Ha och OX, KOTOpoe HEe3aMKHYTast
cucTeMa IIylIKa —CHaPs MOJIydaeT 3a BpeMs BbICTpesa T,

Pcosa— P, = Pcosa — M+/2lgsina = Mgsin ar,

OTKYy/Ia
- Pcosa — M+/2lgsin «
o Mgsina '
Pcosa — M+/2lgsin «

OrBeT: 7= -
Mgsin o

Bamaya 62. e mebosbime mydroukn ¢ Mmaccamu mi = 0,10 xr
u my = 0,20 Kr JIBUXKYTCS HABCTPEUY JPYT JAPYLY 1O IJIAIKOMY TOPH-
30HTAJIBLHOMY TIPOBOJLY, H30I'HYTOMY B BUJIE OKPYZKHOCTH, C TIOCTOSTHHBIMU
HOPMATLHBLIMHI yeKopernamu a1 = 3,0 M/c? u ag = 9,0 M/c?. Haiitu Hop-
MaJIbHOE YCKOPEHHMEe COCTABHON MydTbhI, 00pa30BaBIIeics MOCIe CTOTK-
HOBEHUS.

Pemenue. Ilpeamomoxum, 110 MydTOUKA MACCON M1 JTBUKETCS
10 9aCOBOI CTpeJIKe, W IPUMEM 3TO HAIPABJIEHUE 33 MOJOXKUTETHLHOE.
TTockoJibKYy 110 YCJIOBUIO 33191 OHU JIBUXKYTCS C TIOCTOSTHHBIM HOPMAJIb-
HBIM YCKOPEHUEM, U3 COOTHOIIEHUST

ap = —

R

HaXO0JIUM CKOPOCTb l\ly(bTO‘IeK B MOMEHT CTOJIKHOBEHMSI

vi =/ Rai; wv2 =+/Ras. (167)
BanuieM 3aKOH COXpaHEHUs UMITY/IbCa C YIeTOM 3HAKOB CKOPOCTeft
mivy — movg = (mq + ma)v,

rjie ¥ — CKOPOCTh JIBUKEHUsI COCTaBHON MydThl. YunreiBag (167), mosry-

JaeMm
mi+\/ Ra; — mar/Ras = (mq + ma)v = (m1 +m2)v/ Ra,
miy/ar —may/as = (mq + ma)\/an,

rJe @, — HOpMaJIbHOE YCKOPEHHe COCTABHOM MydThI, OTKY/Ia

njainm

B 2
(m1y/a1 —may/az) =20 M/c2.

(ma +m2)2

Ap =

OrseT: a,=2,0wm/c2.
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3amaua 63. B MoMeHT, Korja CKOPOCTH
maJIAfoIIero teaa cocrapmwia vy = 4,0 m/c,
OHO Pa30pPBaJIOCh HA TPU OJIMHAKOBBIX OCKOJIKA.
JlBa OCKOJIKa pa3JjIeTeuCh B INOPU30HTAJIBLHOI
IJIOCKOCTHU TIOJ IPSIMBIM YIJIOM APYL K JPYry
co ckopoctbio v = 5,0 M/c Kaxpli (puc. 48).
Haiitu cKOpoCcTh TPeThero 0CKOJIKa cpasdy Mmocje
pa3pbIBa.

Pemenne. Banumem 3aKOH COXPAHEHUS MMITYJIbCA B BEKTOPHOM
BHJIE

— — — —
Py=P+ P+ P, (168)

— —

rae P — uMIy/be Tesia 10 paspbisa; P — UMILYJIbC OCKOJIKOB, PA3JIeTeB-
—

IIUXCA B TOPU3OHTAIBHOI IIIOCKOCTH; P/ — NMIIy/IbC TPETHEro OCKOJIKA.
ITeperumem (168) B ckaxspHOM BHE

P = \/PO2 + (2P cos45°)? = \/9m2v(2) + 2m2v?,

T7le M — Macca KazKJIoTO OCKOJTKA.
Vuursisas, uro P’ = mv’, naxoaum

v = /903 + 202 ~ 14 m/c.

Orser: v =14 m/c.

Bagaga 64. Cuapsiji, BBILYIIEHHBI cOo cKopocTbio vg = 100 M/c
moji yriaoM « = 45° K ropusoHTy, pazopBajcs B BepxHeil Touke O
TPAEKTOPUHU HA J[BA OJMHAKOBBIX OCKOJIKA. OJINH OCKOJIOK YITaJl Ha 3eMJTIO
noy Toukoit O co ckopoctbio v = 97 M/c. C Kakoii CKOPOCTBIO yIajt
Ha 3eMJII0 BTOPOil OCKOJIOK !

Pemenwne. Jlna 3ammcu 3aKoHa COXpaHEHUsT UMITYIbCa HEOOXO-
JINMO BBISICHATH HAIPABJIEHUE BEKTOPA CKOPOCTH U1 OCKOJIKA, YIIABIIErO
Ha 3eMJII0 110/1 TOUKONH O B MOMEHT Da3pblBa. 37€Ch BO3MOYKHBI TPH
BapHaHTA:

a) HavaJbHAS CKOPOCTD OCKOJIKA OblLIa PABHA HYJIIO, M OH CPa3y 2Ke
HAYAJ [aJIaTh BEPTUKAJIBHO BHU3, JIOCTUTHYB K KOHILY ITaJCHUSI
cropocTH v1 = 97 M/c;

6) HavasbHAsI CKOPOCTH ObLIa HAIPABJIEHA BEPTUKAJILHO BBEDPX;

B) HavajIbHAsl CKOPOCTH ObLIa HAIPABJIEHA BEPTUKAJILHO BHUS.
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Paccmorpum BapuanT (a). B 3amade 16 Mbl HAIUIM BbIpayKeHue Jjist
BBICOTBI TTOrbeMa h, 5 s
vy sin” «

h = %

~ 450 m.

Haustee Haxomum vy
v1 = \/2gh = 97 m/c,

YTO FOBOPUT O TOM, YTO B HAIIIEM CJIydae peajn3oBasics Bapuant (a). [To-
9TOMY 3aKOH COXPAHEHUs UMITYJIbCA B MPOEKINU Ha ocb OX 3ammrinercs
B BUJIE
m
Mg COS O = - V2a

OTKYJIa
Var = 2v( COS (v,

JIe Vo, — HPOEKIUs CKOpOCTH Uy Ha ocb OX.

PesynpTupytomnyo  CKOpOCTH  BTOPOTO
OCKOJIKA IpU IAJEHUU Ha 3eMJI0 Hafigem
u3 Teopembl [Tudaropa (puc. 49)

vy = ¢/ v} + 4v cos? a = 0,17 km/c.

Puc. 49

Orset: vy =0,17 gkm/c.

3agaga 65. Ilior maccoit M ¢ 4ejlOBEKOM MacCOM M IIOKOUTCH
HA MOBEPXHOCTH NpyJia. OTHOCUTEIHHO TIOTA YeJIOBEK COBEPINAeT Iie-
pemenieHue T co ckopoctbio v’ (t) u ocramasimsaercs. [IpeneGperas
COITPOTHUBJICHUEM BOJIbI, HANTH:
a) HepeMernenue 7 IIoTa OTHOCHTENbHO Gepera;
6) IOPHU3OHTAJILHYIO COCTABJISIONLYIO CHIIbL, ¢ KOTOPOIl YeJIOBEK Jieii-
CTBYET Ha IJIOT B IPOIECCE JIBUYKEHUS.

Pemenmne.
a) I cmoco6
3arnuieM B BEKTOPHOM BHJIE 3aKOH COXPAHEHUS MMILYJIbCA CHCTEMbI

YEJIOBEK—IIJIOT:
muv,+ M7y =0, (169)

— —

rIe U1 U U9 — CKOPOCTH UeJIOBEKAa W ILJIOTAa OTHOCUTEIBHO Oepera.
o — — — —

C napyroit cTopoHbl, v = vg9 + v, Tme v’ — CKOpOCTb YeOoBEKa
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—
OTHOCHTEJIBHO II0Ta. 3aMenus v 1 B (169), naxomnm

— m —
v

2= M

Vumuoxkast 0be gacTtu Ha dt, MOIyIaeM

__m
m+M "’

rjie I’ — nepemerenue 4eaoBeKa OTHOCUTENILHO ILIOTA.

IT croco6

Pemum  3a71a1y, BOCIIOIB30BABINUCH ITOHATHEM IleHTpa Macc. llo-
CKOJIBKY COIPOTHBJIEHUE BOJBI IPEHEOPEIKUMO MaJjIo, Pe3yJIbTUPYIOIIast
BCEX BHEIIHUX CUJI, JEHCTBYIONMX Ha CHCTEMY 4YeJOBEK—ILJIOT, paBHa
HYJIIO, T. €. TIOJIOZKEHUE TeHTPa MAaCC JIAHHOW CHCTEMbI B IIPOIECCEe JIBU-
JKEHUsI 9e/I0BEKA OCTAETCs HEM3MEHHBIM, TI09TOMY

— —
m 11+ M1y = const,

rae 71 U T 9 — PAINyChi-BEKTOPDI, XaPAKTEPU3YIOINHe OJIOXKEHNST [€H-
Tpa MacC 9eJ0BEKa M ILJI0Ta OTHOCUTEIHHO HEKOTOPOI TOUKHM Ha Oepery.
Jlajlee HAXOIUM CBSA3b MEXKJy IPUPALNICHUAMI BEKTOPOB 7| U Ty N1
epeMeIleHneM YeJIOBeKa U ILUIOTa OTHOCUTENLHO Oepera: Ary = [,
Ary = ly. YunreiBag, uro |1 = Il + I/, rae I/ — nepemerenne 4esioBeka
OTHOCHUTEJIHHO IIJIOTA, MOy IaeM

m_y

=

6) TOpU3OHTAIBHYIO COCTABJIAIONLYIO CHJIbI Fl., ¢ KOTOPOIi YeI0BeK
JIECTBYeT Ha TJIOT B IPOTIECCE JIBUKEHUsI, HAMIEM U3 COOTHOIICHUS
— —
AP, = F.At,

rie AP.,; — u3MeHeHne UMITyJIbca 110Ta 3a BpeMs At. ITepexons K mpe-
JeJ1y, IoJIydaeM

7 _ dPu  mM  d7

YTodt T mA4+ M dt
) .. m . = _ mM  dv’
Orser: a)ly= 7m+Ml’6) F.= M d

3amayva 66. JIBe ommHAKOBBIE TEIEKKHU | 1 2, Ha KaXKJI0H M3 KOTO-
PBIX HAXOJIUTCS [10 OJTHOMY 9€JIOBEKY, IBUXKYTCs O0€3 TPEHUS 110 WHEPITUN
HaBCTPedy JPYyr ApYyry IO HapasiIeJbHBIM pejbcaM. Korma resekku
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HOPABHSIINCH, OHHU IIOMEHSUIICH HACCAYKUPAMI, KOTOPbIE HEPENPLITHYIIN
C OJIHOI TeJIeXKKU Ha JIPYTYIO IEPIIEH IUKYJISPHO JIBUKEHUIO TEJIEeXKEK.
B pesysnbraTe TelexkKa 1 OCTAHOBUNACL, & CKOPOCTH TEJIEXKKH 2 CTasa
', HaiiTn mepBoHAYaIbHbIE CKOPOCTH TETEIKeK U1 U U2, €CIH Macca
KaxKJI0il Tesiexkku (6e3 yesioBeka) M, a Macca KayKJoro 4esJoBeKa m.

Pemenune. Hamnpasienne mampaBieHue ABUXKEHUS IEPBOA Te-
JIEYKKU TIPUMEM 33 TIOJIOKUTETbHOE W 3AIIAIIEM 3aKOH COXPAHEHUs] UM-
IIy/JAbCa JJId IIEPBOA U BTOPOI TEJICIKKU:

— —
Mo 1—MMuvo = O7
— —
—M7Vs+mv,=(M+m).

Pemmas sty cucremy, Haxomum

N
? muv
1= 557
M—-m’
N M7
Vo = .
—m
Orser: o mv v MY
: 1= y V2 = .
M—-m’ M —m

Bazmada 67. [IBe oJuHaKOBBIC TEJICKKN JIBUMKYTCS JAPYT 32 JIPYTOM
1o uHeprn (6e3 Tpenus) ¢ OJHOI U TOi JKe CKOPOCThIO v o. Ha 3a/meit
TeJlesKKe HaXOJUTCsl 9eJI0BeK Maccoil m. B HeKoTopblil MOMEHT JesioBex
HPBICHYJI B IEPEIHION TEJIEKKY CO CKOPOCTBIO 1 OTHOCHTEILHO CBOEH
Tenexkku. VIMest B BULy, 9TO Macca Kaxkjoil Teneskku paBHa M, HaiTh
CKOPOCTH, ¢ KOTOPBIME GYJyT ABUraThCs 06e TeJexKKHU I0Cje 9TOro.

Pemenmue. Vmnynbc Beeil cucreMbl B pe3ysibraTe TOro, 9TO 4eJI0-
BEK IIePelPLITHYJI B IIEPEJIHIOI0 TeJIEXKKY, He U3MEHUJICH, II09TOMY
—

— —
CM+m)Vo=MVaan+ (M+m)V qep, (170)

— —
rjae Vigay 1V pep — CKOpOCTH 33J1Hell U 1epejiHeii TejieskeK IIocjie Toro,
KaK YeJIOBEK TPBITHYJI B TIEPETHIOI TEJIEXKKY.

BanuieM 3aKOH COXPAHEHUsI UMILYJIbCA JIJIsl 3a/IHEN TeIeXKKM:

(M+m)Vo=M0", +m(Vsan+ ), (171)

— —
A€ U zan + u — CKOPOCTH HPBITHYBHIECTO Y€/JIOBEKa OTHOCUTEJIBHO IIO-
JIOTHa JOPOTH.
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Pemast cosmectro (170) u (171), maxomgum:

— N um R N uMm
Usagzvo_m7 Unep:UO+(M+m)
_
— um — w Mm
Orser: U zang = 1}0+M+ ; Unep — UO—’_W.

3amaua 68. Haiitu paboTy, KOTOpPyIO HEOOXOINMO COBEPIIHUTD,
YTOOBI ¢ MUHUMAJILHBIM YCUJIAEM IIePEMECTUTh OPYCOK MaCCOi M BIIOJIb
IJIOCKOCTU U3 HadabHOil Touku 1 B Touky 2 (puc. 50), paccrosnue
MezK/Ty KOTOPBIME II0 TOpu30HTa I [, a 110 Beprukaau h. Kosdduruenr
TPEeHHsT MeK, 1y OPYCKOM M IIJIOCKOCTBIO paBeH k, a IPUIOXKEHHAsT CUJI& F
HaIIpaBJIeHa I10J1 yIJIOM [ K HAKJIOHHOM ILJIOCKOCTH.

Pemenue. B3amagax, MOCBSIEHHBIX BTACKUBAHUIO IPY30B 110 Ha~
KJIOHHOW TIJIOCKOCTH, BCErja OrOBAPUBAETCS, YTO I'PY3 BTACKUBAETCS
mesrenno. Cuiia ke, JIefCTBYIOMAs Ha I'Py3, HAIIPABJIEHA JHOO 10 Ka-
CATEJIbHOM K TPaeKTopuu, JuOO MOJ] KAKUM-JHO0 YIJIOM K HAKJIOH-
HOW TwTocKocTH. Ha 3t j1Ba 006CTOATENIHCTBA yUAIluecs, KaK [IPABIIIO,
He obpamaoT BHUManus. Ha mpumepe perienust 9Toit 3ajadu J1auM
bU3NIECKY 0 HHTEPIPETAINIO ITUX YCIOBHIA.

[Tpu HepeMemeHHH Opycka Ha HEro ,ZLeI/ICTByeT HeTBIPE CHJIBI CHITA
TH)KeCTI/I m’g, cuia peakImy OHOPbI N CUJIa, TPEHUst F np U CHJIA

F. Pabory coBepiiaer TOJIBKO COCTABJISIONIAs] CUJIbI B HAIPABJIEHUN
repeMelrenus, T. e. B HareM ciydae F cos 3. [lasee nocienoBare/ibHOCTh
penieHus Takas »Ke, KaK U IIPU PEIIeHUN 3a/1a9 Ha 3aKOH COXPAHEHUS
UMITyJIbca. Pacrosokum cucreMy KOODIMHAT, KaK IT0OKa3aHO HA puc. H0,
3aTeM 3alullleM ypaBHEHHE JBIKEHNs OPYyCKa B BEKTOPHOM BHJIE

Mm@ =F +mg + N+ Fup.
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Pacnumiem ypapaenue jiBuzkenusi Opycka B mpoekiusax #Ha ocu OX

n OY: ma = Fcosa —mgsina — Fip, (172)
0= N + Fsina — mgcos a.

YunureBag, uro Iy, = kN = kmgcosa, pemaeM cuCTeMy OTHOCH-

TeabHO F: .
m(a + gsina + kg cos )

F:
cos 3+ ksina

(173)

Temepsb cTaHOBUTCS SICHOU IMOCTAHOBKA IBYX YCJIOBHIl B 3ajadax IO-
nobroro tumna. OKasblBaeTCsi, 9TO CHJIA, a CJIEJOBATEIBLHO, U pabdoTa,
3aBUCAT KaK OT YCKOPEHUsl, C KOTOPBIM MBI JIBUYKEM I'DY3 1O HAKJIOHHON
wiockoctu, tak u or yriaa (. U3 (173) BuaHO, UTO MHHUMAJIbHASI
pabora OyjieT coBepIlieHa IIPU JABYX YCJIOBUAX: PABHOMEDHOM JIBHKEHUN
nozHuMaeMoro rpysa (a = 0), 9To COOTBETCTBYET YCJIOBUIO 3ajadn 74
«TeJI0 MEeJIJIEHHO BTAIUIN HA TOPKY», U ONTUMAJIbHOM 3HAUEHUN YA [3,
BOIIPOC O KOTOPOM HE CTOJIb 0deBHUeH. [[0CKOIBKY OT (3 3aBUCHUT JIUIITH
sHaMeHaTesb (173), mis Toro, aTobel F' OblLIa MUHIMAJIBHA, 3HAMEHA-
resib () = cosf + ksin 8 10/KeH UMeTh MAKCHMAJbHOE 3HAUEHHe.
Uccnenyem dbyakmmio ¢(3) Ha IKCTpeMyM ¢ MOMOIIBIO TeopeMbl Pepma
U T€OPEMBI O BTOPOI MPOU3BOIHOM B TOYKAX IKCTPEMYMA

dii}ﬁ) = —sinf+ kcos3 = 0; % = —cosf —ksinf <0,
OTKYyJIa

mg(sin o + k cos @)

VIt kR

Pabora cunbr F cos f wa nmytn S npu F = Fl,;, paBHa

tgﬂ:ka Fmin:

mg(sin o + k cos «)

A= FcosfBS = ik cos 3S.
C yuerom TOro, 94to
1
Ssina=~h, Scosa=I cosp_ _
TOVIHRE 14K
0Ty IaeM
_ mg(h+kl)
1+ K
OrseT: A= M

1+ K
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Samavya 69. OgHOPOAHBIN IUIUHIP Ha- A
XOJIUTCsT HA JIByX TOPU30HTAJBHBIX PEIbCaX
(puc. 51). Ha mero namorana HUTb, K KOHILy KO- A
TOpOit NPUJIOZKUII HOCTOSTHHYIO CHILY F'. Haittn

t

pabory cuabl F' 3a BpeMs, B TedeHHE KOTOPOTO + E
0Ch IUJIMHJIPA IIEPEMECTUIIACH 03 CKOJIbXKEHHS
Ha PACCTOSIHEE [, eCJIH CHIIA: Puc. 51
a) ropu3OHTAJbLHA — ciydail (a);
6) BeprHKajbHA — caydail (6).

Pemenune. OueBngao, aro Touka A JBUKETCS OTHOCUTETHHO
POPU30HTAJBHBIX PEJIbC CO CKOPOCTBIO B JiBa pasda OOJIbINe, 4eM OCh
[UIMHJIPA, TTI09TOMY B caydae (a) A = 2F[, HOCKOJIbKY TIPH IIPOXOK JIEHAN
roukoii A myTu 21 och nusmHgpa npoiier nyrh . B ciayuae (6) Touka B
JIBUKETCS OTHOCUTEJHHO PEJIbC C TAKOW Ke CKOPOCThbIO, KAK W OCh
nuanHApa, mosromy A = Fl.

Orser: a) A=2Fl;6) A= Fl.

Bagaua 70. Yacrtuna coBeprmia IIepeMeIieHre 10 HEKOTOPOit
TpaeKTOpI/II/I B_IUIOCKOCTH Iy W3 TOUKH 1 ¢ paLLI/IyCOM BEKTOPOM
T = i + 2] B TOYKY 2 C DaJMyCOM-BEKTODOM T o =27 — 3]
IIpr sToM Ha Hee MeHCTBOBAJM HEKOTOPBIE CHJIBI, OJHA M3 KOTOPBIX
F=3i + 47. Haiitu pabory, KOTOpPYIO COBepIInIa CHUIa F. Ennnunst
usMepenust 11, ro u F'—B cucreme CI.

N
N
Pemenue. Ilo oupenesnenuio A = FA7'. B Hamewm ciryuae

AT =T9g—T1=2i —-3j —i —2j =i —57; F:37+47,

Wcnonb3yst onpeiesieHne CKaJsipHOTO TPOM3BEICHMS, 3AIIAIIEM:

—

A= 37 +47)(7 =57) = Forg + Fyry = —17 JIx.

Orser: A=-17 JIx.

Bamaya 71. JlokomMOTHB Maccoil 1m HaYMHAET IBUTATHCS CO CTAH-
MU TaK, 9TO €ro CKOPOCTh MEHSeTCS 110 3aKOHy v = «av/ S, rje a—
MoCTOsIHHAs, S — HpoiijieHHblil myTh. Haiitu cymmapayio paboTy Bcex
cuil, JEHCTBYIOIUX Ha JOKOMOTHB, 3& IEpBble { CeKyHJ, IIOCIe Hadasa
JIBAZKCHUS.
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Pemenue. Bocnosbsyemes coornomennem A = T, —T). B namem
ciaydae Th =0, 1. e.

2
A=Ty= % : (174)
IJle ¥ — CKOPOCTD JBUKEHUST JIOKOMOTUBA TIOCJIE TIEPBBIX ¢ CEKYH/I.
Banumem
at?

Vcnonb3yst N3BECTHOE COOTHOLICHHE
v =V2Sa, (176)

¢ yueToMm v = /S HAXOUM

a=2 =% (177)

S = . (178)

[opcrasnas (177) u (178) B (176), maxomum v2 u, ¢ yuerom (174),
CyMMAapHYI0 paBoTy BCeX CHII, JIEHCTBYIONUX HA JJOKOMOTHB 34 IIEPBbIE ¢
CEKYHJI IOC/Ie HataJla JBUKEHNU,

4,2
ma”t
A=maS=——
8
4,2
mao-t
Orser: A= ——.
8
Bamaua 72. Kunermueckass »sHeprust HaCTHUIBI, JIBUXKYIEHCST
10 OKPY2KHOCTHU panycoM R, 3aBUCHUT OT MPORIEHHOIO Iy TH S 110 3aKOHY
K = «af, rne a—mnocrosinnasi. Haiitu Moysib cuiibl, JeificTBYOMuUit
Ha JaCTHUILy, B 3aBUCUMOCTH OT S.
Pemenune. Ilockosnbky u3 ycioBus K = «S ciemyer, 910 Ku-

HeTu4IecKasl dHeprusl JacTUIbl 3aBUCUT OT IPOIJIEHHOIO IIyTH, MOXKHO

cJleJIaTh BBIBOJ, YTO TEJIO JIBUKETCS PABHOYCKOPEHHO II0JI JelCTBUEM
—

KaKOU-TO CHJIBL F'pyer. IS ompesiesieHnss yCKOpeHUsI, JeHCTBYIONIErO
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Ha TEJIO, BOCHOJIb3yeMCs TIOIYyICeHHBIM B 3a7a9e 61 pe3yabraToM:
v =1vV2S8a.

Orciofa ¢ yuerom
K=aS=— (179)

HAXOIM
N
Fonem. = ma = a.

ITockobKy HacThla JABUZKeTCsl 10 OKPYKHOCTH, Ha Hee JeficTByer
elle U IeHTpOCTpeMuTe bHas cuiia. VI3 (179) naxomum

2
1}2: as

nJjim

Fpe = 2 =222

Momynb cutbl, IeHCTBYIONIEH Ha JaCTUILY:

PP+ P =1+ (B
OTBerT: FZO‘\/@'

Bagaua 73. Yacruibl Maccoil m MOUaIaioT B 00JIACTh, D€ Ha HUX
JeficTByeT BCTpEYHas TOPMO3sIas cuia. LyyOuHa T IPOHUKHOBEHUSI
YACTUI[ B 9Ty 00JIACTH 3aBUCUT OT UMITYJIbCA P YACTUI KAK T = Qp, TJe
«—3aJlaHHasl OCTOsiHHAs. HallTu 3aBUCHMOCTH MOJYJIs TOPMO3AIIE
CIJIBI OT .

Pemenne Yacrumna HatunnaeT TePITh CBOIO KHHETHIECKYTO dHED-
U0, TIOMAas B 00JIACTh, IJIe HA Hee HAUMHAET JefICTBOBATH TOPMO3HAIIAST
cuna F', 1 OJTHOCTBIO TepsieT ee TOC/e IPOHNKHOBEHNS HA TJIyOUHY .
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Banumiem Boipazkenne Ko — K1 = A jyis Halero ciydvas:

—Kle:—FZ‘

nm )
m; = Fux. (180)
W3 ycmoBust x = ap ciemyer
2
2 xT
= . 181
e (181)

IMoncrasnss (181) B (180) u pemrast MOIy4eHHOE yPaBHEHHE OTHOCH-
TenbHO F', HaxomMm:

3aga4da 74. HeboubIoe Te1o Maccoii m Mejt-
JIEHHO BTAIIIJIN Ha TOPKY, AeHCTBys cuioit F', Ko-
TOpasi B KayKJOH TOUKE HAIPABJIEHA M0 KACATEb-
Hoit K Tpaekropuu (puc. 52). Haiitu pabory sToii
CHJIBI, €CJIM BBICOTA TOPKU h, JJIMHA ee OCHOBaHUS [
1 K03 duImenT Tpenus k.

Pemenue. I'paBuranmoHHOe 10jIe 3eMJIU CO34AET IEHTPAILHbBIE
CIJIbI, KOTOPBIE SIBJISIIOTCS KOHCepBaTUBHbIMU. Pabora JeiicTByomeil Ha
TEJIO0 CHUJIbI F B II0JIe TAKUX CHJI HE 3aBUCHT OT TPAEKTOPUHU, & OIIPe-
JeJdeTcs IMOJIOYKEeHHeM HAYaIbHON M KOHEYHOH TOYeK JIBUYKCHUs TeJa.
YuaurbiBas 310, a TakkKe onpejiesenue paborsl A = F'S, noayanm

A =mg(h+ kl).

Orset: A=mg(h+kl).

3amaga 75. Bpycok maccoit m = 2,0 Kr MeJJIeHHO TIOHSIIN 110 II1e-
POXOBATOI HAKJOHHON IJIOCKOCTH Ha BbicoTy h = 51 cM mpu momoru
HUTH, apaulejbHON 3Toi mockoctu. [Ipu sToMm coBeprmaun pabory
A = 16,0 Ix. Ha BeicoTe h HuTh ormycruiu. Haiitu ckopocTb Opycka,
JIOCTHUTIIIETO [T€PBOHAYAIBHOTO TIOJIOXKEHNUS.

Pemenune. Ilpu momguarunm Opycka UacTb PabOTHI PACXOJIYETCsT
Ha [IPEOJI0JICHNE CUJIbI TPEHUsI UJIU, TOBOPS TO-JIPYTOMY, B OOIILYI0 paboTy
BXOUT paboTa cujl TpeHus. Jra yactb pasaa A—mgh. [lpu ckarbiBanun
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OpyCcKa B KHHETUYIECKYIO SHEPIUIO TaK:Ke IePeiiieT He BCA MOTEHIHAb-
Has SHEPI'usd, a IMOTEeHINAJIbHAS YHEPIUS 38 BBIYETOM PACXOJ/0B Ha IIpe-
oJloJIeHre CUJT TpeHns. TakuM 00pasoM, MmoJLydaeM:

2
mgh—(A—mgh):2mgh—A:%.

Orcrona
A
v= 2(2gh - E) = 2,0 m/c.

Orser: v=2,0wnm/c.

3amaga 76. K mebosbimomy 6pycky maccoit m = 50 r, jiexkariemy
Ha TOPU30HTAJILHON MJIOCKOCTH, MPUJIOXKIIN TTOCTOSTHHYIO TOPU30HTAIb-
umyto cuny F = 0,10 H. Haiitu pabory cut TpeHust 3a BpeMs JIBUKEHUsT
Opycka, ecan Kod(MDMUINEHT TPEHUS 3aBUCUT OT TPOHIEHHOTO MYyTH T
KaK k = vz, rae v — nocrosinnas, pasHas 0,08.

Pemenusa Bpycok Oymer gBuratbcs T0 TeX IOP, MOKaA CHJIA
TpeHUs He CPABHSIETCH C MOCTOAHHON cuyont F; 1. e. F' = ymgx. Orcroma
HaXOJWMM IyTh, IPOHICHHBIN OPYCKOM:

T=— (182)

Ormpeiesisiem paboTy CHJI TPEHUsT
x x 5
ATp:—fFTpdx:—fmgvmdxz—%, (183)
0 0

rue I, = —mgyz.
IMoncrasiss (182) B (183), momyuaem
F2

ATp = — m = —0712 ,Z];}K

Orser: Ay =-0,12 JIxk.

Bamaua 77. Illaiiba maccoit m = 50 T cocKaJIb3bIBaET 0€3 HAYATb-
HO# CKOPOCTH 110 HAKJIOHHOH IIJIOCKOCTH, COCTaBJIsIONIeH yroa a = 30°
C TOPU30HTOM, U, MPOs IO TOPU30HTAIHHOI IJIOCKOCTH DPACCTOSHUE
[ = 50 cMm, ocranaBimBaercsi. Haiitu pabory cusi TpeHust Ha BCEM IIyTH,
cunTas BCoy kodddunuent tpenust k = 0,15.
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S Yy
PR v
/
Puc. 53

Pemenune. PaGora cui TpeHus CKIaJBIBACTCS M3 JBYX PaboT:
paborsl Ha 1wyTu I3 — A; u paborsl mHa nyrtu | — A (puc. 53). O6mas

pabora Ag
AO = Al + Aa

yCKOpeHus Ha myTn [y u [
a; = g(sina — k cos ), (183)
a=—kg. (184)
CropocTh maiibbl B KOHIIE ITyTH [; U Hadaje myTn [

v=+/2a1ly, v=V2al,

OTKY/1a
a1l1 =al
wm “
I = . l. (186)
IMoncrasiss (183) u (184) B (186), moayvaem
I, = S . Frp1=—kgmcosa, Fr, =—kmg,

sin o — k cos a

k2 gm cos al

A0=A1+A=FTP1Z1—|—FTpl:—< —i—kgml):

sin — k cos «

_ k- _ kgmt
- kgml(tga_k—i-l)— hetga = 0,05 JTx.

Orser: Ap=—0,05 Ix.

3amauya 78. Jlpa Opycka maccaMu mi W Mg, COeIMHEHHBIE HEJe-
(GOpMUPOBAHHOW MPYKUHKON, JIeXKAT Ha TOPU3OHTAJBHON ILIOCKOCTH
(puc. 54, a). Koaddunmenr rpenusi mMexkiay OPYyCKAMU U ILUIOCKOCTBHIO
pasen k. Kakyio MUHUMAJbHYIO IIOCTOSHHYIO CHJIY HY?KHO IPUJIOXKUTH
B FOPU30HTAJILHOM HAIPABJIEHUU K OPYCKY MacCOil 11, 9TOOBI JpyToi
OPYCOK CJIBHHYTH C MecTa?!
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Ny Ny
ynp FYI'ID
|t— —»]
F F, F rpor.
L m /\/\/\ m, 1 Vrma TP.HOK sza
a 6

Puc. 54

Pemenue. Cpasy mociie Hagasia JIBUKEHUsI IEPBOTO OpyCKa Mpy-
JKWHA HAYHET CKUMAaTbhCsl, U Ha 00a OpyCcKa HAYHYT JeiiCTBOBATH CHJIBI
yupyrocta Fyn, = kAl (puc. 54, 6), tae £ — k03P UINEHT KeCTKOCTH
npyxunbl; Al — cxxarue npyRunabl. OHO PABHO PACCTOSIHUIO, TTPOIeH-
HOMY TIEpBBIM OpPYCKOM, HpPH YCJIOBHHU, 9TO BTOPOil mokouTcs. Ilpum
JIBUYKEHUN BIIPABO IIE€PBOrO OPyCKa HA HEro JIEeWCTBYET CHJIa TPEHUs!
Fip1 = ENy = kmig, a Ha BTOPO#l OPYCOK — CHJIa TPEHHsS ITOKOSA —
F TP.IOK. *

Paccvorpum mogpobriee aBmKeHme mepBoro Opycka. o Tex mmop,
noka I' > Fyy, , 6pycok OyneT asurarhbes yckoperno. Ilo mMepe cxxarns
MPYKUHBI CHJIA YIPYTOCTU Oy/IeT PACTH, W KaK TOJHKO OHA MPEBLICHT
OCTOSIHHYIO cumty [, nmeficTByfornyto Ha OpyCOK B TOPHU30HTAJIBHOM
HaIpaBJIeHNN, OPYCOK 1M1 HAYHET JBUTATHCS C 3aMeJJIEHIeM JI0 ITOJTHON
ocTanoBku. B aror Moment Fyp 1 Al IpUMYyT MaKCHMAaJILHBIC 3HAYCHUA.
Bpycok ke maccoit mo HAYHET JBUKEHHE C TONO MOMEHTa, KOTJa CHUJa
YIPYTOCTH JOCTUTHET MAKCUMAJIHLHOTO 3HAYCHWST TPEHUS [TOKOsI, KOTOPOE

paBHO kmag, T. €.
kgms = KAl nax- (187)

Bajiada yCIOXKHSIETC TeM OOCTOSITEIbCTBOM, UTO CHJIA YIIPYTOCTH
3aBUCUT OT CTEIEHU CXKATUsI IPYKUHBI, TIO3TOMY OHA, a CJIeI0BATEHHO,
U yCKOPEHUe, SIBJISIIOTCS EPEMEHHBIMU BEJIMINHAMM, T. €. BTOPO 3aKOH
Hprorona B JaHHOM CJIydae HEIPUMEHUM.

B npepucioBun K rjaBe Mbl OTMETHJIM, YTO W3MEHEHUE ITOJTHOMN
MEXaHUYECKOH SHEPIUH CUCTEMbI PABHO PaboOTe CTOPOHHUX CHUJI, T. €.

AE = A, (188)

B mamem ciydae cTOpOHHUME CUJIAMUE JIJIsi TIEPBOTO OpyCKa OYIyT CHJIBI
F u Fip1. IlockonbKy B Hadajle W KOHIE JBHZKEHHs IIEPBOTO OpPyCKa
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€ro KUHeTUYEeCKasl HEPrusi PABHA HYJIIO, MOXKHO CKa3aTb, YTO U3MEHe-
HI€ MeXaHNIECKON SHEPIUU CUCTEMbBI DABHO M3MEHEHHIO TTOTEHIMAJIBHOM
SHEPIUH PYKUHBL.

C yderom Bblneckazanuoro, (188) samumercs B Bu/e

A HAll?nax
E = AU = "2 — F\lnax = FrAlmax = FAlnax = kmigAlmas,
OTKYy/ZIa
Al — 2F =kmg) (189)
max K .

Ioncrasnsz (189) B (187) m pemast moJydeHHOE ypaBHEHHE OTHOCH-
TesibHO F', HaxommM:

Foin = wkg'
OrseT: Fuppm= Wkg.

Bamaua 79. Yactuma macchl m JBUKETCS IO OKPYXKHOCTH pa-
guycoMm R ¢ HOpMAJIBHBIM YCKOPEHUEM, KOTOPOE MEHSIETCS 10 3aKOHY
a, = at?, rae a — nocroguHasg. HallTH 3aBICEMOCTL OT BPEMEHH MOIII-
HOCTH BCEX CHJI, IEHCTBYIOMINX HA YACTHILY, & TaKyKe CpeJiHee 3HAYCHUEe
9TO# MOITHOCTHU 3a HEPBBIE ¢ CEKYHJI [TOCIe HAYAJIA JIBUYKEHUS.

Pemenue. Pacemorpum mapameTpb! ABUKEHUSA IACTUIIBI. V3 BbI-
paxkernust at? = v?/R onpeensem

v =tVaR. (190)

Buanm, 9To cKOpoCTh 3aBUCHUT OT BpPEMEHHU, 3HAYUT, HA TACTHUILY
JefiCTByeT KaKas-TO CUJIa ¢ TAHTEHITHAJIBLHON cocTaBsioneit F

Fr=m % =mvVaR. (191)
IlenTpocTpeMuTenbaas cuna Fy . = mat? paboThl He COBEpIIaeT,

TAaK KaK BCErVIa HAIPABJICHA IEPHEHUKYISIPHO JIBUXKEHUIO, [OITOMY
[PU BBIBOJIE 3aBUCHMOCTH MOIIHOCTH OT BPEMEHH OHA He YYIUThIBACTCS.
Ioxcrasistem (188) u (189) B BbIpakeHue Jyist MOIMIHOCTH W HOJIy9aeM
HCKOMYIO 3aBUCHMOCTD:

P = Fv=mRat.

ITockoIBbKY CKOPOCTDb YaCTHIILI 3aBUCUT OT BPEMEHU, OIIPEJIETIUM CPeTHEee
3HaYEHUE MOIIHOCTU 3a IEpPBBbIe { CEKYHJ| IMOC/e HaYaJa JIBUKCHUS
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KaK A F.S
t

o~

rme A —pabora, coBepiiaeMasi TAHTEHIIHAIBHON  COCTABJISIOIIEH

na mytu S. Torma .

/ 2
S:fvdtzaTRt.
0

C yuerom (191)

aRmt
<P> - 2 .
Orser: P=amRt; (P)= om;Rt.

3amada 80. Bpycok maccoit m = 1,00 Kr HAXOIUTCA HA TOPU30H-
TaJabHOI 1I0cKocTH ¢ Kodddurmentom Tperus k = 0,027. B nekoropsiit
MOMEHT €My COODIIUJIN HAYaJbHYyI0 cKopocTh vy = 1,50 m/c. Haiitu
CPEJHIOI MOIITHOCTH CHUJIBI TPEHUsI 33 BCE BPEMsl JBUKEHUSI OPYCKa.

Pemenwue. U3BecTHo, 4TO NpuUpaIeHue IMOJTHON MEXaHMIECKOM
SHEPI'MH YACTHUIBI HA HEKOTOPOM IIyTU PAaBHO AJredpamydecKoil cymMme
paboT BCex CTOPOHHUX CHUJI, HEUCTBYIONIMX HA YACTHUILY HA TOM 2Ke IIyTH

By — By = Acr.. (192)

ITockoMbKY B HAYAJBHBINT MOMEHT TEJIO MMOKOWJIOCH, TO o = 0.
Kunerntieckas sHeprus pacxojiyercs Ha pabOTy IO IIPEOJIOJIEHUIO
CTOPOHHUX CHLIL: )

B = — % = —Aer. (193)

B wnamem ciygyae cTOpOHHEH CHIION SBJISIETCS CHJIA TPEHUS, HOITOMY
BpeMsI JIBI2KEHNsI OPYCKa OIPE/IEIAeTCs U3 yPaBHEHUT

ma = Fy, = —kmg,
vo —at =0,
OTKYIA ;
- %
~ kg (194)

BanucbiBast BIpaXKeHue JJIs CpeiHeli MOIIHOCTHU | 1I0/ICTAaBJIsAs B HEIO

snaderne Acy u3 (193) u ¢ u3 (194), maxomum:
Acr. B kmguo

(P)=—="= " =—20Br

Oreer: (P)=-20B
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3amaua 81. HebombmoMy Tery Maccoit m, HaXOIAIIeMyCs Ha TOPH-
30HTAJIBHON TIJIOCKOCTH, COOOIUIN CKOPOCTh vg. Koaddurment Tpenust
3aBUCUT OT MPOMIEHHOIO MyTH S 10 3aKO0HY k = S, re v — MOCTOSTH-
nast. HaliTn MakcMMaIbHYI0 MIHOBEHHYIO MOITHOCTD CUJIBI TPEHUS.

Pemenmue. 3amnummeMm BbIparkeHUe JJIsi MOITHOCTU B BH/JIE
P = Fuv, (195)
e F'— cuia TpeHust:
F = —kmg = —aSmyg. (196)

OHpe,I[e.HI/IM 3aBHUCUMOCTDb pa6OTbI oT HpOI;'I,HeHHOFO IyTH, BOCIIOJIb30BaB-
MU Ch COOTHOIIECHUEM

S S
2 2
AE:ACT.=m7”:deS=—famngsz—@=
0 0
_va_va
T2 2

OTKy/1a
v=1/v3 —agS?. (197)

Haxonnm 3nadenue S, Ipu KOTOPOM MIHOBEHHAS MOIIHOCTD CHJIBI Tpe-
HUsI MaKcuMaJibHa, nojcrasisisa (196) u (197) B (195) u npupasBHuBas
HYJIO TIEPBYIO IIPOU3BO/IHYIO TIO TIPOTiJIEHHOMY IIyTH:

P = —aSmg\/v3 — agS? = —amgy/v3S5? — agS?, (198)
i
% ~ (3/11(2)52 - agS4> ~ Svi —28%ag = 0.

Ilepserit koperb S7 = 0 He uMeeT (PUNIECKOTO CMBICTIA, TAK KaK
npu t = 0, S = 0 cuja TpeHUs eIle He COBEPIIIIa PabOTy, MOITOMY
MOIITHOCTH CHJIBI TPEHUS TaKKe paBHa Hy/I0. BTopoil KopeHb

Vo
\/ g '

Toncrasisas ero B (198) u MPoOBOMIs HECTOXKHBIE AIreOPANIECKUE TIPe-
00pa30BaHUsl, HAXOJUM MAKCUMAJHHYI) MITHOBEHHYIO MOIIHOCTH CHJIBI
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TpEeHus

| Prax| = (mTUS)\/@

OrBet: |Ppax| = (mTUg)\/ng

3agaua 82. Cucrema COCTOUT M3 JBYX IOCJEIOBATEILHO COEJIN-
HEHHBIX MPYKUHOK C YKECTKOCTIAMU K1 U Kgo. Haittum pabory, KOTOpyIo
HEOOXO/IMMO COBEPIIHUTD, YTOOBI PACTIHYTh 9Ty cucremy Ha Al.

Pemenune. Pacnosmoxkum magano koopgunar C, Kak ITOKa3aHO
—
ma puc. 55. Ilpu mpuiokennn K cucreme cuibl F mepBasi crimpaJib

ymHATCA Ha Bequmanny Alp, a Bropast Ha Besuuuny Als. 3amnuiinem jiBa
OYEBU/IHBIX PABEHCTBA!

Al + Al = Al
HlAll = HQAZQ.

W3 nux ciemyer

Al =—"2 Al Al = —"1 AL (199)
K1 + K2 K1 + K2
Amin = Al + A2; (200)

rjie Amin — MUHUMaJIbHAs paboTa, HEOOXOMUMAsl JIJIsl PACTSIKEHWs CH-
crembl Ha Al; A1 u Ao — pabora yupyroii Cujibl IEPBOI U BTOPOIi mpy-
JKUH. Beraucaum paboTy yupyroii CHIIbI IIPU PACTAYKEHUH i-i TPy KIUHBI
Ha Beanauny Al;

dA; = Fdl; = —kil; di;,
Al
Ai:—mflidliz—
0

riAl? (201)
.

[TockobKy HaM HEOOXOIUMO HAMTH PabOTy, COBEPIIAEMYIO MPUIOKEH-
—

HOH K cucTeMe BHENTHeH cujioit F', HalpaBJeHHON TPOTUB CUJI YIIPYTO-
CTH, 3HAK «MHUHYC» OILyCKAaeTCH.

e VAYAYAYAY: SV VN

Puc. 55
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IMoxcrasiss (201) ¢ yaerom (199) B (200), mosrygaem:
2 2
- _ K K2 2 | K2 K1 2 _
Amm A1+A2 2 (/i1—|—,‘62) Al T 2 (/i1—|—l€2) Al
K1 + K2 2 B 2 7

e kK = _fke
K1+ K2

AP

OrBer: Amin:HT.

Sagaga 83. Yacruna aBuzKercs BAOJb OCA X I10JI AeHCTBUEM CUJIBLI
nons F, = ax — 22, rae a = 8,0 H/m, 3 = 6,0 H/m? Haitru
KOODIWHATY X() TOYKH, B KOTOPOW MOTEHIMAJbHAS SHEPIUsl TaCTUIIBI
Takas ke, Kak B Touke & = (.

Pemenue. Ilockospky B Touke x = () moTeHIMAIbHAS SHEPTUS
YACTHIBl PABHA HYJIIO, UHTErpUpys Bbipaxkenue (155) u npupasHuBast
UHTErpaj K HyJIo:

g
2 3
axT x
= flon— e = (25 - 22)

0

oJIyqaem

OTKYZa

OrsBeT: 29g=2M.

3anaua 84. IlorenmuaabHast SHEPTUS YACTUIIBI B HEKOTOPOM TIOJIE

a b
nmeer Bug U = — — =, nae a # b — MOJIOXKUTETbHBIE IOCTOSHHBIE, T —
'

7"2
paccrosgHue oT nentpa noss. Habitu:
a) 3HAYEHHE T(, COOTBETCTBYIONIEE DABHOBECHOMY IIOJIOKEHUIO Ha-
CTHIIBI; BBISICHUTD, YCTONYINBO JIN 9TO HOJIOYKEHUE.
6) MaKCUMAaJIbHOE 3HAYECHHE CHJIbI IIPUTHAMKEHUs; M300pa3UTh I[pU-

MmepHble rpadukn 3apucumocteit U(r) u Fo(r).
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Pemenue. a)[lockoabKy B II0JI0KEHUN PABHOBECHUSI [IOTEHIINATb-
Hasl SHEPTUsl YACTUII JOJIZKHA ObITh MUHUMAJIBHOMN, JJIs HAXOXKJIEHUSI
9TOr0 MOJIOZKEHUsT HEOOXOIUMO uccaeoBarh dyuaknuio U(r) Ha sKeTpe-

MYM:
’ LR S o
or 3 2 g2 r)
OTKY/Ia
2a
7'0—?

Tenepb HEOGXOAMMO BBISICHUTD, YCTORIMUBO JIN 3TO HosioxKeHune. Kak cka-
3aHO BBIIlle, YCTOWYIMBOE MOJIOXKEHNEe PABHOBECHSI COOTBETCTBYET MHHU-
MyMy [IOTEHIINAILHON SHEPIHUN, LIOITOMY BO3bMEM BTOPYIO HPOU3BO/IHY IO
or U(r)u nmoacTaBuM B Hee 3HAYEHHUE T(:

4 3

0’U (Ga 26) bt
r r r:rg:ZTa

or? 8a®
IToCKOILKY 1O YCIOBHIO 33241 @ ¥ b HOJIOXKATE/ILHBIC HOCTOSHHLIE,

0*U
or?

> 0.

CresoBaresnbHo, pu 7 = 19 = 2a,/b NOTEHIMATIBHAST SHEPIUsT YACTUIbL
MHUHHUMAaJIbHA, YTO COOTBETCTBYET yCTOWYNBOMY PaBHOBECHOMY IIOJIOXKE-
HUIO.

6) Coruacuo (156),

F=- =5 (%2-p)

a2
Uccnenyem 3Ty OYyHKINIO Ha SKCTPEMYM:

_9’U _2b  Ga

- )
or? r3 rt

OTKY/JIa PACCTOAHUE T'max, COOTBETCTBYIOIIEE MaKCHUMaJIbHOI cujie IIPpUTLA-

JKEHUsI, PABHO
3a

Tmax = ?;

a CUJIa IPUTAKCHUSA 5
b

Frox = —= .
ma 27a?



122 Tuasa 3. OCHOBHBIE 3aKOHBI COXPAHEHHST

u(n)

Puc. 56

ITpumepnsrit Bug dyukuuit U(r) u F(r) nzobpazxken Ha puc. 56.

2a . b
Orset: a)rg= 7, » YCToliHBO; 6) Finax = a2
3apgaua 85. Ilyss mpoHmkaeT B TOJICTYIO JOCKY Ha [NIyOUHY
H = 0,15 m. CropocTb Iy B MOMEHT COYJApeHHs C JIOCKOI
vg = 500 m/c. C Kakoil CKOPOCTBIO BBLICTHT IyJjisd, HPOOUB JOCKY

u3 TOro ke marepuaja tosmmHoil A = 0,05 M? Cuty conpoTuBJeHMsT
MaTepuaJia JOCKU CIUTATH IIOCTOSHHOMN, a JIBUYKEHUe IIyJIU PSIMOJTHE -
HBIM.

Pemenue. 3Banumem Boipaxkenue (158) NpUMEHUTENBHO K YCIO-
BUSM Halmell 3a1a4m:
2

2
AK:%_%:—A. (202)

Buak «munyc» B (202) o3Hauaer, YTO KHHETHYECKAs SHEPIUsd IIyJIN
YMEHBIIIAETCs, TaK KaK PaCXOJlyeTcsl Ha coBeplienne paborsl A mpoTuB
cunnl conporusiietus (Feonp). Ilo yeroBmio 3amatu, Bes KHHETHIECKAT
Heprus ObLIa N3PACXOI0OBAHA Ty el TP TPOHUKHOBEHNH Ha, TiyouHy H .
Orcrofia 1 ONpeJIesIuM CIITy COPOTUBJICHUSI:

2 2

muv muv
- 20 :_Fcoan; Fcor[p. - 21_10 .

VaureiBasi, 9TO IPU ITPOHUKHOBEHUN IIyJIU Ha TJIyOmHY h eii mpejcrouT
COBEPIIUTL PabOTy HIPOTUB CUJIbI CONPOTHB/ICHHS A = Feonph, 3ammrmenm
ypaBHEHHE pabOTH:

2 _ o mvg
T — T8 = —Feomph=— 22 h. (203)

Orciona

v=19\/1—h/H =408 m/c.

Orset: v =408 m/c.
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Puc. 57

agaua 86. HebGosbmaga maiida A cockanab3biBaeT 0e3 HaYaJILHOMN
CKOPOCTH C BEPINUHBI TJIAJKON TOPKU BBICOTON H, mMeroleil ropu3oH-
TasbHblil Tpamiuinn (puc. 57). Ilpu kakoii BeicoTe h TpaMimHa maiiba
MIPOJIETUT HAMOOJIbIIee paccTosiaue S7

Pemenue. rasagaua sBIseTCs OJHON U3 OECUMCIIEHHBIX Bapua-
[uit Ha TeMy JBU2KEHUsI TeJia B [0Jie CUJIbI TsizkecTu 3emiin. Kpome Toro,
OHA WJLIIOCTPUPYET 3aKOH COXPAHEHUsI SHEPIUH.

[IpoBosst paccyKieHusi, AaHAJOTUIHBIE PACCY XK IEHUSM, TTPOBOIUMBIM
B 3aj1ate 16, MOXKHO 3aIlCaTh:

S = ut, (204)

rjie S — Iy Th, NPOIIEHHBIN TMIaiiboii TToce OTphiBa 0T MIAT(OPMBI; U —
CKOPOCTB Taiibbl B MOMEHT OTPBIBA.

3amnuineM TakKe BhIPayKeHUe JIJIsi BBICOTHI TPaMIUIMHA f, Ha KOTOPYIO
maifba OmycTuTCst 3a BpeMs ¢, U 3aKOH COXPAHEHUs] SHEPIUU:

_ gt
h="7", (205)
2
m; =mg(H — h). (206)

Pemas cosmectro cucremy (204)—(206), moydaem

S =2v/Hh — h2. (207)

Uccnenyem dbyuximio S(h) Ha IKCTpeMyM:
ds  2H —2h)

dh  oy/Hh — 12 0

OTKYy/JIa
v H
’

h:
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Ioncrasnszs h = H/2 B (207), maxoauMm HanboJbIIee PACCTOSHNE,
KOTOpPOE IIPOJICTAET Inaiiba:

Smax = H.

Orser: h:g;Smasz.

3amaga 87. Jleramiass rOpuM30HTAJILHO IIyJIsd MAacCOil m IomaJa
B TeJo Maccoit M, KOTOpoe IMOJBEIeHO Ha JBYX OJMHAKOBLIX HHUTSIX
pnoit [ (puc. 58), u 3acTpsiyia B HeM. B pesysibraTe HUTU OTKJIOHUIUCH
ua yrou 0. Caurast m < M, naitru:
a) CKOPOCTb IIyJIH IIepe/] HOIaJIaHueM B TeJIO;
6) OTHOCHTEJBHYIO JIOJIO [€PBOHAYAILHON KUHETHYECKON SHEpruu
IIyJTH, KOTOpasi Meperia Bo BHY TPEHHIO IHEPTHIO.

Pemenne. a) Iocse nonajanus My Maccoii m B TeJO MacCOi
M cucrema mysasi—reno Maccoit m + M npuobperer KUHETHIECKYIO
suepruio K.

CKOpOCTH ABUKEHUST ¥ CUCTEMBI IIyJIsI—TeJI0 B IIEPBBI MOMEHT ITOCJIe
[OTTAaIAHUST OIIPEJIeJIsieM U3 3aKOHA COXPAHEHUST MMILYJIbCa

muvg = (m+ M)v,
rJ1e Vg — CKOPOCTD Iy/IN HEPEJ] HONAaHIeM B TeJIO, OTKY/Ia

_m_ .,
m+M

Kuneruueckas sneprust K, mpunobperentast CUCTEMOH My Iss—TeIo:

(m+M) o  (m+ M)m? m? m

K: v = '[}2: ’()2:
2 2m+M)?> ° 2(m+M) 0T m+M

Ko, (208)

e Ky — KuHeTwdecKkas SHePrus Iyl B MOMEHT IOTAJ[AHNUS B TEJIO.
OTa KHHETHYIeCKask SHEPTUsl TepeiifieT B MOTeHIINAIBHYIO, KOTIa TeJI0
[IOTHUMETCSI Ha BBICOTY h.
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W3 puc. 58 BumHO, 4TO
h=1-1cosf =1(1— cosh) = 2lsin® g

[ToTennmanbuas SHEPTHT

N D

U = (m+ M)gh = 2I(m + M)gsin®

Bammmiem 3akon coxpanenus sueprun K = U wim

m721)2 =2l(m+ M) sin2 ?
2m+ M) 0~ gsm g -
Orcrona
Vg = wSing \/E

mm ¢ yaerom m <K M

2M
Vg = —
m

lsing
g 5

6) OupelesunM J0JII0 IEPBOHAYAJBHON KUHETHYECKOT SHEPIrUuK I1yJIH,
KOTOpas IEPENIa BO BHYTPEHHIOI YHEPIUI0 KaK

K- K
77_ KO .
C yuerom (208)
m
Ko — K
. 0 Om—|—M —1_ m
K Ko T T Me

ITockonbky 1m0 ycaoBuio 3agaau m << M,

m
=1
2M .0 m
OTBeT. a)v—ﬁ lgﬁln§76)7’]—1—ﬂ

3amava 88. Illaiiba A, gpurasicb 1m0 TJIAJAKON TOPU30OHTAILHOI
IJIOCKOCTH, YIPYrO OTCKAKUBAET OT [IJIAJKOW BEPTUKAJBHOW CTEHKU
(puc. 59, Bux cepxy). HaiiTu TOYKY, OTHOCHUTENHLHO KOTOPOH MOMEHT
UMILYJIbCa MIAROBI OYIeT OCTABATHCS IIOCTOSHHBIM B 9TOM IIPOIIECCE.

Pemenwne. Ha maiiby meiicTByer cmia TSKECTH, CUIa PEAKITAN

CO CTOPOHBI FOpI/I3OHTaJ'IBHOI71 IIJIOCKOCTH U CHJIa PeaKIINH R co CTOPOHBI
CTEHKN B MOMEHT yJ/1apa O Hee. Hemee JABE CUJIbI YPABHOBEININUBAIOT JIPYT
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Puc. 59 Puc. 60

—
apyra, ocraercsa cuia K. Ee MoMeHT paBeH HYJIIO OTHOCUTEIHHO JIIO0OM
-

TOYKH, JIEXKAIell Ha JIMHAU BeKTOpa R, a 3HAYUT, OTHOCUTEIHHO JII000
13 9TUX TOYEK MOMEHT MMILY/IbCa MailObl Oy/IeT OCTABATHCS TOCTOSIHHBIM

B JITAaHHOM IPOIIECCE.
. —
O 1 B e T: jI06ast TOUKA, JexKallas Ha JIMHUK JeficTBus BekTopa R.

Samaga 89. Kamennb A maccoil m Gpocuiin 1o, yrjioM K TOPU3OHTY
¢ HAYAJIBHOI CKOPOCTBIO U . lIpeneGperasi COIPOTHBIIEHHEM BO3IyXa,
HaWTH 3aBUCUMOCTH OT BPEMEHM MOMEHTa UMIIYJIbCA KaMHSsI M (t) orHO-
curesibHO ToUKH 6pocanust O (puc. 60).

Pemrenune. 3anpoMekyTok BpeMeHN df MOMEHT UMITYIHCA KAMHSI
OTHOCHUTETLHO TOYKU (O TOJIyIUT IIPUPAIIEHUE

dM = N dt = [7,mg)dt.
[ockomeky 7 = Vot + gt2/2 (cm. 3amauay 14), dM = [0, m gt dt.

—
VaureiBag, uro B moment ¢ = 0 M(0) = 0, u unTerpupysa 310
BBIpasKeHUE, HAXOJIAM:

t
M(t) = f[?o,my’]t dt = [To,mgt2/2.
0
_

Buano, uro BekTop M HampaBjeH 3a IJIOCKOCTh PUCYHKA W OCTACTCS
HEU3MEHHBIM B IIPOIECCE JBUYKEHUS.

OrsBerT: ]\—/.}(t) = [Vo,mq]t?/2.



BceMupHoe TAroteHue

I'paBuTamnmonnoe B3anMO/IENCTBUE ABJISAETCS OJHUM U3 YETHIPEX BU-
JIOB B3aMMOJICHCTBUI U UI'PDACT YPE3BbIYAIHO BarKHYIO POJIb B IIPUPOJIE.
OHO ommCHIBAETCsT 3aKOHOM, OTKPBITBIM HBIOTOHOM, M HOCUT Ha3BaHUE
3aKOHA BCEMUPHOI'O TATOTEHHUsI, COTTIACHO KOTOPOMY CUAG, € KOMOPOol 084
meaa NPumAzuBaomcs dpye x opyey, NPonopuuoOHaAbLHG MACCAM IMUL
mea U 06pammo NPONOPUUOHANLHA KEAIPAMY PACCTNOAHUA MEAHCOY HUMUL:

F =m0 (208)
T
Beanuuna v B dhopmysie (208) naspiBaercs rpaBUTAIIMOHHON TOCTOSHHOI
U paBHa

v =6,670- 107" v /xr - c2.

Ecsu B (208) mozgcraBuThb my, Mo ¥ T PABHBIME €JUHUIE, TO 7 Oyler
YHUCJICHHO paBHA CUJIE, C KOTOPOH MPUTATUBAIOTCS JIBA Iapa Maccoit 1 Kr
KaXKJIbIfl, OTCTOLIIHIE JIDYT OT JAPYyTa Ha PACCTOAHUU 1 M.

Yurareab, BEPOSITHO, yzKe 0OpaTH/I BHUMAHUE HA CXOJICTBO 3aKOHA
BCEMHUPHOI'O TATOTeHUs 1 3aKoHA KyJsloHA — U B TOM, U B JAPYIOM CJiydae
B 3HaMeHaTe e crouT 2. JIo cux nop (DU3NKM HBITAIOTCS CO3/IATH €IHHYIO
TEOPUIO T0JIst, KOTOpasi Obl OObEIUHUJIA TEOPUI0 TIATOTEHWE C Teopuei
aylekTpudecTBa. [loka 3TM MONBITKY He YBEHYAJNUCH YCIEXOM.

Ipyroit 3arajkoil 9Tux AByX (DyHIAMEHTAJIbHBIX 32KOHOB IIPUPOJIBI
ABJIAETCA OYEeHb MaJiasd BEJUYNHA I'DABUTAIMOHHOIO B3aMMOEHCTBUS
[0 CPABHEHUIO C JIEKTPOCTATUYECKUM. KECim MbI PACCMOTPUM OTHOIIE-
HIU€ CHJIbI TPABUTAIMOHHOI'O IPUTSKEHNS K CHJIE SJIEKTPOCTATUIECKOTO
OTTAJKUBAHUS JIBYX JIEKTPOHOB, TO ITOJIYINM COBEPIIEHHO (haHTACTUIE-
CKOE 9YHCJI0, Ha3BaHUA KOTOPOMY B MaTemaTnke HeT — 1/4,17-10%2. Drum
u 00bsICHSIETCST TOT (DAKT, 9TO B KBAHTOBOI (PU3MKE I'DABUTAIMOHHOE
B3aUMOJIEICTBUE B CHJIY €r0 MAJIOCTU HE UI'DAET CYyIIeCTBEHHOI DOJIH.
B obmmeit ke Teopum OTHOCHUTENHHOCTH OHO WIPAET JTOMHHHUPYIOILYIO
POJIb, TTOCKOJIBKY 3Ta TEOPHUsl UMEET JIeJIO ¢ OIPOMHBIMU Maccamu. Ko-
HEYHO, BeChMa COOJIA3HUTEIbHO COEJIMHUTH KBAHTOBYIO (DUUKY C TEO-
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pueit OTHOCUTEILHOCTH DUHIITEHA, OJTHAKO, HECMOTPsT HA MHOTOJIETHIE
U MHOTOYHUCJIEHHBIE HONBITKH (DU3NKOB BCETO MUPA, CJIEJaTh ITO IIOKA
HE YJaJI0Ch.

Pacemorpum Tesio maccoit my, HaXo/IsIIeecst Ha TOBEPXHOCTH 3eMJTH
U IpuTArusalolieecsd K Heil COIVIACHO 3aKOHY BCEMUPHOI'O TATOTEHUA.
Iepemnumem (208) B BuzE

mM3
T

= ma,

e r — paguyc 3emun; Mz — macca 3emMin.

M:
Orciona a = 2~ 9.8 m/c?
T

Benuuuna o nazniBaercst ycKopenneM cBOOOIHOTO TaIeHIS 1 0003HA~
vyaercs OykBoil g. Bosee Tounoe suadenue g = 9,807 m/ <.

OjtHAKO CJIe/IyeT YIecThb, YT0 3eMJIs BPAIACTCS OTHOCUTEIHHO HHED-
[MAJIBbHBIX CUCTEM OTCYETa C [IOCTOSTHHOM YTJIOBOI CKOPOCTHIO W, TOITOMY
HEOOXOIUMO BBECTHU IeHTPoGeKHyo custy unepuuu Fi, (puc. 61,6)

Fin = mw?r, (209)

IJie m— Macca Tesla, T — paccrogiue oT 3eMuoil ocn (puc. 61, a). U3
puc. 61, a, sICHO, YTO @ SIBJISIETCS MUPOTON PACIIOIOKeHUsT Tesia. Ilepe-
nurrem (209) B BuIE
F,, = mw?R3 cos .
N
Takum o6pa3om, Bec Teja P OyJeT CKIaIbIBATHC U3 JBYX COCTAB-

JISTOTITAX :
P=F,+ Fn=my. (210)

Puc. 61
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—
U3 (210) cremyer, uro BesmuuHa ¢ 3aBUCHT OT MUPOTHI MecTa. O
—

HAKO JlazKe Ha dKBaTOpe BejauunHa F i, He3HauuresabHa (cM. 3amady 101)
U TI09TOMY B IIOJIABJIAONIEM KOJIMIECTBE 33129 MOYKET HE yUUTHIBATHCH.
Kpome TOro, BeJImurHa, § 3aBUCHT OT BBICOTBI HA,T IIOBEPXHOCTHIO 3eMIIH
(cm. 3amaay 111).

ITob3ysich 3aKOHOM BCEMUPHOTO TATOTEHHS U TaOJIUIAMHI TIOJIOKE-
HUs TIJIAHET, COCTABJIEHHBIMHU 3a MHOTO JieT acTpoHomoMm Tuxo Bpare,
Kenep oTKpBIT Ipe3BLIYAfiHO TPOCTHIE U U3ANIHBIE 3aKOHDBI, KOTOPHIM
MOTINHAIOTCS IBUYKEHNS TITaHeT. 3aKOHbI Kerrepa TaKOBBI:

1) Bee wianersl aBuKyTcst BOKpYr COJIHIIA [0 9JUIHIICY, B OZHOM U3 (O~

KycoB KoToporo Haxojurcss CoJtHiie;

2) paamyc-BekTop oT CoJlHIIA JI0 IIAHETHI «3aMeTaeT» PaBHbIE IIOIA I

B paBHbIE UHTEPBAJIbI BPEMEHU;

3) KBaJpaTbl BpeMeH 0OpalleHusl JIBYyX IJIAHET IIPOHOPIUOHAIBHBL KY-
6aM GOJIBINIX IIIoIa el nx opout: T2 ~ a3.

3aKOH BCEMUPHOI'O TSTOTEHHS ITO3BOJISIET PACCUNTATH TAK HA3BIBA-
eMble KoCMHUYecKne ckopocTu. llepBas KocMmdeckasi CKOPOCTb ¥7 — 3TO
CKOPOCTH, KOTOPYIO HEOOXOINMO COOOIUTE TETy, ITOOBI OHO CTAJIO HC-
KYCCTBEHHBIM CITyTHHKOM 3€MJI U BPAaIaJ0Ch BOKPYT Hee [0 KPyTroBOn
opbure ¢ paguycoMm Rz, Majo 9eM OTJINYAIOIMIMMCS OT PAJIYCa 3EMJIN.
Ee M0xkHO ompesieiuTh n3 paBeHCTBa EHTPOCTPEMUTEIBHON CUIbI BECY

Tesja Maccoit m 9
muvy - m
Rs 9,
OTKYZIa
vy = \/gR3 ~ 8 km/c. (211)

Obsamast Takoit CKOPOCTBIO, TEJO OyIeT BpaIaTbCs BOKPYT 3eMJIn
110 KPYroBOil opouTe.

Bropoit kocMuteckoit CKOpoCTHIO HA3BIBAETCS CKOPOCTH, ITPU KOTOPOit
TEJIO TIPAKTUIECKU BBIXOUT U3-110/T BJUSHUS IPUTKEeHUsT 3eMJin. Boiie
MbI [IOKA3aJIM, 9TO B I10JIe IEHTPAJLHBIX CUJI (& TPABUTAIMOHHOE HOJIe
Bemin ABJIFETCS MMEHHO TAKHUM 110jieM) paboTa He 3aBUCUT OT IIyTH,
MO3TOMY JIJIsl 3JIEMEHTAPHON pabOThl HA IyTH d7r TPOTUB CHJI TSTOTEHUS

MO2KHO 3allicaTb
mM3
— dr.
r

dA=Fdr =~

IIpoBosst nurerpupoBanue

(o]
A:derzf'ym]\jsdrzvas,
r R3
R3
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3aIlMIeM PaBEeHCTBO paboT, yUUTBIBas, UTO g = %:
3
mg ="y mé\gh : (212)
3
Tepenumewm (212) B BUE
Mz gRs. (213)

3

Ormeuaem, 4To JieBas 4dacTb paBencrBa (213) npejcrasisier u3 cebs
paboTy, KOTOPYH HEOOXOIMMO COBEPIIUTH HTPOTUB CHJI IIPUTSIKEHUsT
Semin:

A =mgRs3.
st coBepirenust Takoit paboThl HEOOXOTMMA KUHETUIeCKas SHEPT U,
paBHast 9
muy
—y = mghs,

rjae v — MHHHMAaJIbHO HeO6XO,HI/IMaH CKOPOCTDB [IJisl BBIXO/Ia U3-I10/1 BJIA-
AHUA I'PABUTAIMOHHOI'O ITIOJIA BeMJII/I, BTOpad KOCMHUYIECKad CKOPOCTh:

vy = \/29R3 ~ 11 xm/c. (214)

Pexomenmanmm 1o pemeHmio 3aaad

1. Pemenne 33124 Tuna 3ama4u 99, Korjia BHYTPH OJTHOPOHOTO Iapa
uMerTCs cheprudecKrue IMOJIOCTH, <«HAMPSIMYIO» MPUBOIUT BO MHOTHX
cllydadx K MaTeMaTHYECKUM CJIO?KHOCTAM, 3a9aCTyIO HEPa3PEITUMbBIM.
OpHako perreHne TakuxX 3aJia9 CUIBLHO YIPOIIAETCs MPU TPUMEHEHIH
METOJIa HAJIOXKEHUT. DTOT METOJ| MPAKTHIECKH 0e3 M3MEHEHWI MOXKET
ObITH [IEPEHECEH Ha AHAJOTUIHbIE 33a9U JIEKTPOCTATUKY [3], 9To cBs-
3aHO C OAUHAKOBOU MaTeMaTUYeCKON KOHCTPYKIUEH 3aKOHa BCCMUPHOI'O
TATOTEeHNd 1 3akona Kysona.

2. Tlpu pemenun 3a1a41 Tuna 3aa4du 103 HeoOXOMMO YIUTHIBATD,
YTO BEJIMYMHA YCKOPEeHHsl cBOOOIHOro majenus ¢ ue pasua 9,807 m/c?,
ITOCKOJIBKY T€JIO TIOJIHUMAETCS Ha 3HAUUTEIbHYIO BBICOTY, U BEJIMYUHA §
YMEHbBIIAETCS.

B 3ajavax Takoro Tuna mpuMeHsIeTCA 3aKOH COXPAHEHUS SHEPIHH.
Hamo To/ibKO MOMHUTE, 9TO B MOMEHT OpPOCKa TeJIo 00J1a1aeT HaIaIbHOM
[MOTEHINAIBHON SHEprueil B CHCTEME <«TeJIO — 3eMJlsi», W 3Ta IHEPTUst
BO3PACTaeT JO TOTO MOMEHTA, KOT/Ia TeJIO JOCTUTAET HAUBBICIICH TOUYKHI
ObEMA.
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3ajaun K riase 4

Bagaua 90. Hexoropas I1aHeTa JIBUKETCS 10 OKPY*KHOCTH BOKPYT
Cournia co ckopoctbio v = 34,9 KM/¢ (OTHOCUTE/LHO I'eJTHMOLEHTPH-
Jeckoil cucTeMbl oTcuera). HafiTum mepmon obpamieHust 3TOM MIaHeTHI
Bokpyr CoJtHIa.

Pemenue. Ilockonbky macca Cosaiia M MHOTO
6OJIbITIe MACCHI IJIAHETHI 1M, MBI IIPUXOINM K 3ajade
O JBU2KCHUM MaTepUaJsbHOII TOYKH MacCOil m B rpaBu-
rarmornnoM mojie Couara. [Ipu M > m CosHile MOXKHO
CYNTATh HENMOJBUXKHBIM. B 3TOM ciydae ILiaHera m
JIBUYKETCS 110 OKPY?KHOCTH PAJIAYCOM @, IEHTP KOTOPOM
coenagaer ¢ nearpom Cosana (puc. 62), paBHOMEPHO ¢ Puc. 62
IEPUOIOM OOPAITEeHUs

T =2 (215)

v

—
Ha nnanmery maccoit m neiicrByer cuyia F', HanmpaBjieHHas K IEHTDY

Coumaia. 3amnurieM BTopoil 3akon HbloTOHA B TPOEKIMN HA PAJIYC A:

= mM muv?
F = =
|F'| =~ a2 a
OTKYJla HaXOIUM a: o
v

IMogcrapsst (216) B (215), nosyuaem

7 =2 955 ey,
v

Orser: T =255 cyr.

Bamaya 91. Ilepuos obpamenust FOnurepa Bokpyr Cosana B 12 pas
60JIbIlIe COOTBETCTBYIOIIEro mepuoja s 3emym. Caurasi OopOUTHI IL1a-
HET KPYTOBBIMU, HAWTH:

a) BO CKOJIbKO pa3 paccrosiaue or FOnurepa no CosHiia pesbiaer

paccrosiiue ot 3emiin 10 CoJlHIA;

6) ckopocTb u yckopenue HOmuurepa B reJMOIEHTPUIECKON crucTeMe

oTcUera.
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Pemewnue. a)3amumem rperuii 3akon Keriepa jisa opbur FOnm-
Tepa U 3eMJIn: ) 5
Tio _ aio

)
T3 a3

rie Tio u T3 — nepuojibl obpamenus FOmurepa u 3emiin Bokpyr Cosrriia;
ajo m a3z — paguycel opout FOmmrepa n 3emim.
IIo ycnosuio 3amaun Tio = 1273, oTKyma

3
144 = [ &©
as

40 — {144~ 52.

as

njim

6) Ucnonbaysa (216) u3 npeapiyieil 3a1a4u, HAXOIUM CKOPOCTh

vz,/ﬂxl?)KM/c,
a

rae M — macca Costnna. [TockosibKy mianeTa 00J1a,1aeT TOJIbKO HOpMaJib-
HBIM YCKOPEHUEM, PACCUYUTHIBAEM YCKOPEHUE:

2
v

an = =22-10"* m/c’.
a

Orser: a)Bb5,2pasa;6) 13 km/c; 2,2- 1074 m/c?.

Bamaya 92. Hekas nanera JIBUXKETCsT BOKPYT

m CoJtHITa TI0 JUTATICY TaK, YTO MUHUMAJIBHOE PACCTO-
v sHue Mmexkjy Heit u CoJiHIIEM PaBHO 71, a MaKCH-
MaJibHOE — 7. HaliTi ¢ MOMOIIBIO TPeThero 3aKoHa

Puc. 63
Kermtepa mepuog obpartenust ee BOKpyr CoJtHIA.

Pemenue. U3 rperbero 3akona Kerrepa ciemyer, 9ro KBajapar
repuojia oOpaIeHnst TPOTOPIIOHaIeH KyOy OOJIbIIOH TOJTYOCH OPOUTHI,
[IPEJICTABJISIIONIEH SJUIATIC. DJUIANIC MOYKHO 3aMEHUTH OKPYXKHOCTBIO C
paamycoM, PaBHBIM TOJIOBUHE 0O0sibmioit ocu. W3 puc. 63 BugHO, 49TO
BesiunHa GosIbIIoN nosiyocu pasHa (11 + 72)/2. 13 dopmyast (216)
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oIy IaeM
M
v 2L
a
rjue
o= r1+ 12
2
Hautee,
r1+ T2
7= 2 _ g Lty
v ’YM 2’}/M
r1+ 12
2
+7)2)3
Orper T =m0
TBET ™ ]

Bagaua 93. [lBa ciyTHHKA JBUXKYTCS BOKPYD 3€MJIH IO KACAIO-
muMcst TpaeKTopusiM. OUH CIIyTHUK JIBUXKETCS 110 OKPY2KHOCTH PAJIILy-
COM 7", APYTOil — IO SJUIUIICY C IIEPHOJIOM OODPAIlEHUs, B 1) Pa3 OOJIBbIINM,
4yeM y nepporo ciuyTHuka (puc. 64). HafiTun ¢ HOMOIIBIO TPEThEro 3aKoHa
Kemepa MakcnMaJIbHOE PACCTOAHIE MEKILy BTOPBIM CILyTHUKOM H IICH-
TPOM 3eMJIH.

Pemenmue. 3anumem Tperuit 3akon Kerepa:

T2 3
T2 = PN
I L 3
r
= - 217
L=5 1)

3nech T — nepuog, 0bpalleHnst CIlyTHUKA, JTBUXKYIIErocsi 0 opobuTe pa-
Jamyca r; ¢ — O0JIbIIAs IOJIYyOCh JUIMIITHIECKOIT OPOUTHI, paBHAS B HAILIIEM
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ciyJae

o= ”"*% ’ (218)

[JIE Tmax — MAKCHMAJBHOE DACCTOSIHUE MeXKJy BTOPBIM CIIyTHHKOM
U IIEHTPOM 3EMJIN.
IMogcrapass (218) B (217), Haxoum

1 8r’
n? (14 rmax)’

Y

OTKY/Ia
Tmax = r(2772/3 —1).

OTBeT: Tmax = r(2772/3 —1).
Bagaua 94. Cuyrauk JIyHbl, JBUraBIIHiICST

110 KPYT'OBOil OPOUTE PAIYCOM 7', TIOCJIE KPATKO-
BPEMEHHOI'O TOPMOYKEHUS CTAJI JBUTATHCS IO JI-

‘\ﬁ JIMIITHYECKON OpOHTEe, KACAIOMIEHCS IIOBEPXHO-
‘v cru Jlyaor (puc. 65). Haiitu ¢ nomompio Tpe-

Thero 3akoHa Kerurepa Bpems majieHus CIlyTHUKA

ua Jlymy.
Pemenune. Cuyrauk ynajger Ha JIyHy, Koria
Puc. 65 T
t= 30 (219)

e T — mepuo/i BpalleHusi CIIy THUKA 10 SJIINnTrYeckoit opoure. Haxo-
JIAM TIepHoJ1, OOpAIeHns CIyTHUKA 10 KPYTOBOI opbuTe:
27r

T==".
v

3aech v = \/yM/r, a M — macca CllyTHUKA.
B sTom cayuae
27r3/?

T="r (220)

BamumeMm Tperuit 3akoH Keruiepa:

T2 7"3

7 iRy
2

rie R— paguyc Jlyuasr; (r+ R)/2 — Gosbinas nostyocs sjummca (puc. 65).
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Torna
T— T T+ R 3_27rr3/2 r+ R 3_ 2m T+ R 82
o 2r ) AM 2 ) T AM I\ 2 ’
t_&_ T r+ R 82
2 M\ 2 '

3/2
) o r+ R
Orser: t_\/’Y_M( 5 ) .

Samava 95. IIpexcrasum cebe, 4T0O MbI CO31a/1 Moie b CoJTHEUHOI
CUCTEMBI B 1) Pa3 MEHBIIYI0 HATYPAJbLHON BEJIMUIMHDI, HO 3 MATEPUAJIOB
TOIt Ke camoil cpeameil miaorHoctu, yro y Cosuna u miaaner. Kak
M3MEHSITCSI TIPYA 9TOM TEPHOILI OOpAIeHUs MOJIeJIeH IJIaHET IO CBOUM
opburam?

Pemenue. Ilepuox obpamenus mianersl B COIHEUHO cucTeMe

Ty = 28 (221)

v

rine R — paguyc opbutsl mianersl B CosiHeunoit cucreme. Ilomcrasiisist
B (221) Boipaxkenue v = \/yM/r, Haxonum
T 21 R 21 R%/?
R — = 3
VYM/R VM
rae M — macca mnanetsl B Comneunoit cucreme. B momenn CostHewroii
CHCTEMBI, TI0 YCJIOBHUIO 3 Ia8M,

(222)

R3
T—p=
n
S,HGCB m — MacCcCa IIJIaHeTbl B MO/JIEJIn Conneunoit CUCTEMbI, p — CPpEeIHAA
IJIOTHOCTDL BeliecTBa MOJIEJIN.
HepI/IO,H O6pameHI/IH IJIaHEThI B yMeHbHIeHHOfI Conneunoii cucreme

¢ yuaerom (222) u (223):
2mrd/2 2xR¥2 /% onR3/?

B \/’TW_ M [ N VAM

Buanwm, aro T = T, T. €. IepuO/T BpaIeHNs IIJIAHET HE M3MEHUTC.

W d‘m

m=2 i p = (223)

3

Sk

T,

OTBeT: He U3MEHSITCH.
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m: o
2 3amaua 96. Jlpoitmas 3Be3a— 3TO CHCTEMA

U3 JIBYX 3Be3[l, JABIKYIIUXCS BOKPYD €e IIeHTPa
macc. U3BecTHbl paccrosume | MeKIy KOMITOHEH-
TaMH JIBOMHOW 3Be31bI W Iepuojl 1 ee BpaIleHus.
Cuwuras, uto | He MeHsIeTCsI, HAHTH MAaCCy CUCTEMBI.

Pemenue. Ilo ycroBuio 3ama«an, paccTosHme
MEXK/ly 3Be37/[aMu | He MEHSIETCS U BPAIAIOTCS] OHU
BOKPYT IIEHTPa MAacC, MMO3TOMY MOYKHO CKa3aTh, UTO
B OO0 MOMEHT BPEMEHM 3BE3Jbl HAXOMATCS Ha MPOTUBOIOJOKHBIX
KOHIIAX BeKTopa T = T o — 71 (puc. 66), KOTOPbIil TPOXOJUT Hepes
IEHTP MAace.

[TockobKy MeXK1y 3Be3famMu JIEHCTBYIOT TPABUTAIMOHHBIE CHUJIBI
UPUTSZKEHUs, OHU CO3JAI0T HOPMAJILHBIE YCKODEHUS (p, U Uy, Ha-
IpaBJIeHHbIe K IEHTPY MAacC CHUCTeMbI. KpoMme TOro, M3BECTEH IIepPHOT

Puc. 66

BpallleHusI CUCTeMbl, a Fis = Fy) W myry = marg, MOTOMY yTJIOBDLIE
CKOPOCTH 3B€3/1 W OJJNHAKOBDI. BaHI/IHIEM 9TO B BUJI€ CUCTEMBbI ypaBHeHI/Iﬁ
9
anl = m—l = wr,

(224)
_ Fia o
Up, = — = Wry.
ma2

Yunreisast, uro w = 27 /T, nepenummem (224) u jg06aBUM elle 0JHO
yPaBHEHHUE, CBA3bIBAIONIee 71 U 'y C [

dr® _ Fo _ ymama _ yme

T2 miri mairil? ril?’

ﬁ _ Fio _ ymame (225)
T2 mars maral? rol?’

l=7r1+7rs.

Pemast cucremy (225), naxoaum
4?3
m=mi+me = —5
~T
413
VT
3amaga 97. Yacruia maccoit m HaAXOUTCH BHE OHOPOIHOIO IIapa
Maccoit M Ha paccTrosHHUE 7 OT ero IeHTpa. Haiiru:
a) HOTEHIUAJBHYIO SHEPIUIO TPABUTAIIMOHHOTO B3aUMOEHCTBUS Ya-
CTHUIBI U I1aPa;
6) cuily, C KOTODOIl map JeficTByeT Ha JacTHILY.

OrseT: m=
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Puc. 67

Pemenue. a) Pasobbem Bech map Ha 3JeMEHTapHBIE CJIOU. Pac-
CMOTPUM KaKO#-ub0 cepudeckmii cjioii pajguycom p u maccoit 6 M
(puc. 67). Iorenuuma/bHas SHEPrUus B3AUMOICHCTBHSI YACTHIIL C 9JIEMEH-
TapHBIM TOSICKOM .S 9TOTO CJI0sT PABHA

dU = —~ <"";5—ZM> siné df. (226)
W13 rtpeyroasauka O AP, ncnob3ys TeopeMy KOCHHYCOB, HAXOAM
12 = p? + 1% — 2pr cosé. (227)

Huddepennupys (227), mosyuaem
ldl = prsinf df,

o a
A sing g = L4 (228)
pr
IMoncrasnsem (228) B (226)
moM
dU = —7( 2 >dl (229)
U TIPOBOJIUM MHTErPUPOBAHME 110 BeeMy ciioro. Haxomaum
r+p
§U = — m5M dl — — m5M
2rp o

Wurerpupys mo BceM CJI0sIM, TTOTyIaeM
mM
r

U=—v

WarepecHo oTMeTUTDH, UTO MOTEHIIMA IPABUTAIMOHHOIO IIOJIS TOH-
Koro cdepuueckoro cios ¢ = —yIM /r Takos, kak ecau Ov, 8¢ Macca
2MO020 CA0A OVLAG COCPENOMOYUENa 6 €20 Uenmpe. DTOT BBIBOJ, IPE3BbI-
YaHO BaykKeH M MHTEPECEH.
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6) Bocnosbzosasumics dopmydioit (155), noaygaem

__8£__7Mm

FT_ 87’_ r2 ’

Orser: a)U:_%;@F :_’7M2m.
r

3amaua 98. JlokazaTh, 9TO CHJIa TATOTEHUsI, JeACTBYIOMAA HaA Ta-
cruiy A BHYTPH OJHOPOJHOTO C(EPUUECKOrO CJIOSI BENecTBa, pPaBHA
HYJTIO.

Pemenune. Pacemorpum omnopogroe cheputieckoe TEIO U BhIOE-
peM B HeM TOUKY A, He IPUXOJAILYIOCd Ha ero 1eHTp (puc. 68).
Ha wacrumy A wmaccoit m co CTOPOHBI
dm, o dS IJIOIIAJIKY MACCOi My JIefiCTBYeT cria

) | Frnyml = 7
7 N

a CO CTOPOHBI IIJIOIIAJJIKN MaCCO Mo — CUJIA
dm, o dS; P Hal 2

mam

Puc. 68 | Emam| =7 =5
T2

O4eBUIHO, UTO M1 U 1My TPOIOPIUOHAIBHBI IJIOMAINA KAXKJION U3 dJIe-
MEHTaPHBIX ILIONIAI0K, KOTOPbIE, B CBOIO OY€PEb, POIOPINOHAIBHbI
KBaJj[paTy paccrosguus oT dactuiipl A g0 mromajaku. C jpyroit cro-
DPOHBI, CHJIA TATOTEHHs yObIBAET OOPATHO MPOIOPIMOHAJILHO KBAAPATY
9TOrO Ke PacCTOosHms. TakuM 00pa3oM, eCjIi Mbl YBEJIUIUM PACCTOSHIE
B [Ba pasa, TO Macca IJIOMAJIOYKN YBEJIUIUTCS B U€ThIpE pasa, HO
BO CTOJIBKO K€ Pa3 U YMEHBIUTCS CUJIA IIPUTS2KEHUSI, T. €. Pe3yJIbTUPYIO-
asl CUJIa CO CTOPOHBI JIBYX IJIOIIAJIOK, PACIIOJOKEHHBIX Ha KOHIAX OT-
pe3ka r1+ro, Bceraa Oymer paBHa Hy 0. Pa3dnBast MBICIEHHO BCIO chepy
Ha [1apbl, IPUXOIUM K BBIBOJLY, UTO I'PABUTAIMOHHAS CUJIA, JEHCTBYIOIIAsT
Ha vyacruiy A, pasua nymo. Eciu 661 ipupojia Obljia yeTpoeHa Tak, 9To
B 3aKOHE BCEMUPHOT'O TATOTEHUsI IIOKA3ATE/Ib CTEIEHH ObLT OOJIbIIE IBYX,
TO IJIOIIA/IKA MACCOH 1M1 NpUTAruBaja Obl yacTuily A ¢ OoJIbIIeil CUJIoi,
a ecm OBl TTOKAa3aTe b CTEeHn ObLT paBeH eIUHUIE, TO KapTHUHa OBLIa
OBI 0OpaTHOIA.

3amada 99. Uwmeerca ogmnopommbrii map maccoir M u paguycom R.
—
Haiitn nanpskernocts G M MOTEHIMAJ (0 TPABUTAITMOHHOTO TIOJISI 9TOTO

nrapa Kak QyHKIUU paccTodHug 1 oT ero nearpa (upu r < Ru r > R).
M306pasurs npumepHsie rpabukn 3asucumoctu G(r) u o(r).
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Pemenmne.
I crmocob
B 3aj1a1e 98 mokaszaHo, 9TO cHja IpaBUTAIMOH- R
HOTO B3aNMOJIEHCTBUSA MEXK Ty chepuaecKkoit 06010t~
KOl U MaTepruasbHOIl TOYKONW BHYTPHU IIapa paBHA
HYJTIIO. DTOT PE3Yy/IbTAT OMOYKET HAM PACCIUTATD
HaIPS2KEHHOCTH Gu ITOTEHITUAJT Y BHYTPU OJTHOPOJI-
HOTO Tapa maccoit M. Puc. 69
Boienum B miape maccoit M omiap MeHBIIEro
nuamerpa M’ (puc. 69). Temepb MOXKHO CUUTATB,
4yTO GOJBINOI Mmap Maccoit M cocrout nsz Menbinero M’ ¢ pamuycom T
7 0DOJIOUKM, & YACTUILA MACCOI 17 MOKOUTCsI Ha, BHEIITHEH CTOPOHE 9TOTO
mapa. B aTom ciydae Ha dacTtuity m OyIer AeficTBOBATH CHUJIA

— M’
F=|Fuum|=7 T2m (230)
[Tn0THOCTD BelecTBa MIapa PABHA
M
p=— (231)
g 7TR3
Torna macca mapa M’, ¢ yuerom (231),
3
M = %mﬁ ]\]{; (232)

Cuty B3aMMOJEHCTBHS YACTHIBLI MACCOH m W mapa Maccoit M/,

T. e. Korja r < R, onpesenmm, nojcrasus (232) B (230):
Mmr
F(r) =7 —75

Haiinem nmorennua bHyio SHEPTHUIO YACTHUILHI 17, HAXOSIIEHCd Ha 110~
BEPXHOCTH Imapa maccoir M':

3/1ech YacTHas IPOU3BOIHAS 3aMEHEHA HA [OJIHYIO, TOCKOJIbKY U = f(r)
U HU OT Yero 6osbIe He 3aBucuT. OTCIOIa

r

T 5
U:—derz—VMmfrdrz—M.
0 0

R? 2R3
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BoIpazkenue Jjis HOTEHIINAJA, CO3/1aBaeMoro mapoM Maccoit M, zamnm-
meM Kax M2
Y1 = —7 R3 5

Uco6. = % Z Uia

e Ugqos. — COOCTBEHHAS TIOTEHITNAIbBHAST YHEPTHUS CUCTEMBbI TIap IACTHUII,

yauTbiBad IIPpX 93TOM, ITO

a U; — noreHmmaibHast SHEPIUs B3AUMOIAEHCTBUSA i-ii 4aCTUIbI, B HAIIEM
cJlydae YacTHIbL 11, CO BCEMU OCTAJIbHBIMU dJIEMEHTaMU CHCTeMbl (B Ha-
IIeM CJIydae — ¢ [IapoM).

Kpowme norennmana 1, cozmasaeMoro mapom mMaccoir M/ ecthb eme
[IOTEHINAJ, CO3/IaBAEMbINl 000JIOUKON (9. B 3amade 98 Mbl mokazasm,
9TO BHYTpHU Cepudeckoil 000JIOUKHU cuja, JeHCTBYIOIas Ha YacTUILY
Maccoit m, BO BCeX TOYKAX TOXKJIECTBEHHO PaBHA HYJIO. DTO O3HAYAET,
9TO (Py — MOCTOSIHHAS BEJIMYMHA, U 9TO 3HAYUTETBHO ODJIErvaeT HAIILY
3a/1a9y, TaK KaK MOXKHO M30eXKaThb MATEMATHIECKUX TPYIHOCTE, BbI-
YUCJIUB (P2 B IEHTPE Mapa

R

oo = f dat. (233)

r
T

3neck dM — macca TOHKOTO CJIOsI, OKPY2KAIOIIEro map Maccoit M:

dM = 4nr?p dr.
Ucenonb3yst (231), noxydaem
dM = 3 <Ma> v dr. (234)
R
Barem, nojcrasiss (234) B (233) n npoBOjA UHTEIPUPOBAHUE, HAXOJIM
_ 3 aM o
$2="%5 o3 (R* —12).

IIpumensiss TPUHINI CYTIEPHO3UIAN, OIPEJIEIIeM IIOTEHIHAT (P, KaK
GYHKIMIO pacCTOSTHUSI OT IEHTPA Iapa s ciydas 7 < R:

_ My
pren =1+ = -0 (3-2). (235)
HaHpHH{eHHOCTb I‘paBI/ITaIJ;I/IOHHOI‘O I10J1d
M
Gren=-20_ M5 (236)

T or R
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_
Teneps paccanraem ¢ u G, Korjga r > R, T. e. TOUKa HAXOIUTCS BHE

mapa M.

B 3ajage 97 Mbl npunnin K BayKHOMY BBIBOJLY, 9TO ITOTEHITUAJI B TOUKE,
HAaXO/I4INeCst BHE TOHKOT'O OJTHOPOIHOI'O CPEPUIECKOI0 CJIOsT, TAKOB, KaK
ecau Obl BCd Macca TOTO CJosd Obljla COCPeJoTOYeHa B €ro IeHTPeE.
DTOT )Ke BBIBOJI JIETKO 000OIUTH Ha CJIydail CIJIONTHOTO Iapa.

Torma
M
U=—y=",
,
== r 2 R,
= _ O m —
R T B

—
rie U, ¢ 1 G — noreHnuajbHas SHEPrUsi, IOTEHIINAJ U HAIPAZKEHHOCTh
CPABUTAIMOHHOTO TI0JIs Ipu 1 > R.

IT cmoco6

ITpu pemennn 3ama4qu crrocobom I MbI IOJIB30BAINCH PE3y/IbTATAM,
IMOJTyYeHHBIMY B 3a7a49ax 97 u 98. Ecu ke BbI UX He peraJim, TO TPUIeM
K 9THM BBIBOJAM CJieyrommumM oopasom. CHava & Olpeae/uM IOTeHITHA
TOJIsT, CO3/IaBAEMOT0 TOHKUM OJIHOPOJIHBIM CPEPUIECKUM CJIOEM BeTIe-
crBa Maccoit m u pamuycom a (puc. 67, p = a). Hua sroro maiigem
noreanuan dy B Touke P(r > a), KOTODPbIi cO37aer 3JieMeHTAPHbII
nosic dS gamHOTO Ccyios. Ecam macca 9Toro mosica dm W e€ro TOYKHU
HAXOJSATCS HA PACCTOSIHUM & OT TOYKU P, 10 dp = —vydm/x. Yuurbisasi,
9TO

dm = %msin@ de,

HIOJIy JaeM

dp = — % sin 6 do. (237)

Hastee uz reopembr kocunycos (st AOAP) caenyer, 9410
z? = a® 4+ 1% — 2arcosf.

Bssas auddepeniman 3Toro BhIpaXkeHus, Haiigem

x dx = arsin 6 df. (238)
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ITpeo6paszyem (237) ¢ momompio (238) Kk BuIY

_1fam
d<p—2<ar>dx

U IPOUHTETPUPYEM 3TO yPaBHEHHE IO BCeMy CJjiot0. Torma

r+a

=—-— do = — 1
Pa>R 2ar r

Takum obpazom, nomenyuan 6 mouke P 6ne monxozo 00Hopodnozo
chepunieckozo ca0A MAK08, KAK €CAU Obl 8CHA MACCA IMO20 CAOA ObLAG
cocpedomouena 6 ez2o uenmpe. Feim ke Touka P HaxXOMuTCs BHYTPH
cinost (r < @), TO UPEAbULYIHE PAacYeThl OCTAIOTCA B CHJIE BILIOTDH
JI0 mHTEerpupoBanusd. Temepb Mpeie/ibl UHTETPUPOBAHUS IO X OyIyT OT
a—2r goa-+r.

B pesynbrare monydaem

QoagR - 7 )
T. €. NOMEHYUAA BHYMPU CAOA HE 3ABUCUM OM NOAOHCEHUA Mouku P,
a caedosamenvHo, oH 00UHAKOE 80 6CET MOYKAL SHYMPU CAOA.
Torma
ym
9y ) T BHE CJIOSI,

Gr = or

0 BHYTPH CJIOAL.

I'paduku 3asucnmocteit ¢(r) n G(r) 171 TOHKOTO OJTHOPOJIHOTO CJIOST
puBe/ieHb! Ha puc. 70.

G(r)

-V

Q(r)

Puc. 70
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— —
Orser: GT<R=——T,GT>R=—?T,

2
Pr<Rr = —3<1 — #) %; Pr>R = — WT (puc. 70).
3amaga 100. BuyTpu omHOPOIHOTO IMapa MJIOTHOCTHIO ) MMeeTCsl
cepuyeckasi MOJOCTb, IMEHTP KOTOPOH HAXOMUTCS Ha PACCTOSTHUH [
or nenrpa mapa (puc. 71). Haiitu HanpszkeHHOCTD 5’ MOJIsT TATOTEHUST
BHYTPHU TOJIOCTH.

Pemenue. Bocnonbsyemes mpunmunom Hasoxkenus. [Ipesamoso-
2KUM, 9TO BHYTPHU OJIHOPOJHOIO Trrapa Maccoit M, pamgmycom R u maoT-
HOCTBIO ) BCTPOEH IIap MEHBIIEro pajuyca I U3 T'HIOTETUIECKOTO Be-
MECTBA MACCOW 1M M INIOTHOCTBIO —p. DTO T'HUIIOTETUYECKOE BEIECTBO
He MPUTATUBALT, & OTTAJIKUBAET OOBITHOE.

Boerancanm HAIPSZKEHHOCTH IPABUTAIHOHHOIO TOJIs, CO3/IABACMOTO

-
GOJILIITM MIAPOM B TOUKE ¢ KOOpJAUHATaMH | — 7', BOCIIOJb30BABIINCD
dbopmymoit (236):

aM:_fiw):_(;_ﬂg)ﬁ_m

Anajiormano JJId IIapa U3 TUIIOTETUYIECKOI'O0 Be-
IIecTBa 3alluIIeM

G 22 _<M)H

r

Bamenstst M/R® u m/r3 na (4/3)mp, naxomnwm:

Ql
S

Il

I

|

3
=

I
|

Ql
3

Il

|

|
3
A
3

OrmpesiesisieM  Pe3yIbTUPYIONTYIO HAIPSKEH-
HOCTb I'DABUTAITMOHHOTO TIOJIsI, IIPUMEHsISl IPUHIIAI CYTIEePIIO3UITNN:

— 4 — 4 N 4 —

Go=Gu+Gm=—gmp(l =7) = gmp7 =51

wl

— 4 —
OrBer: G =-— 3P [ . ITosie BHYTpH MOJIOCTH OJTHOPOTHO.
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3amaua 101. Haiitu coOCTBEHHYIO TTOTEHIIMAILHYIO SHEPTUIO T'pa-
BUTAIMOHHOTO B3aMMO/IEIICTBHS BEIECTBa, 00Pa3yOIIEero:
a) TOHKMI OJHOPOAHBIN cdepudeckuii cjoit mMaccoil m u pajauy-
coMm R;
6) OJZHOPOJHLIIL map Maccoil m u pajuycom R.

Pemenue. a)Pazobbem cdhepuueckuil ¢oii Ha Majble 3JIEMEHTHI
Maccoit dm. DHeprusi B3aUMOICHCTBHUSA KarKIOrO 3JEMEHTa, CO BCEMH

OCTAJILHBIMU PaBHA
ymdm

oU = 7

Cyl\/ﬂ\ﬂ/lpyﬂ II0 BCEM dJIEMEHTaM U y4IUTbIBasl, 9TO KazK/lasl ITapa B3anMO-
,HeﬁCTByIOIl[HX JIEMECHTOB BOfI,ILeT IPpU 3TOM JABaK/IbI, ITOJIYINM

ym?
°R

U=-—

6) Bocronbsyemes pesyiabraTamu, mOJyYeHHBIME B 3ajade 99, rie
BBIBEJICHO BBIpAaKEHNUE JIJIsl MOTEHITHAJIA, CO3/IaBAEMOT0O TIIAPOM PAINYCOM

R u maccoit m: 5
mr

Pr<Rr) = 7 "

Torma sHeprusa B3anMoaeficTBus d1eMeHTa dm OyeT paBHa

mr2

dU = —v 7 dm. (239)

BammrreM BbIpakenue Jisd dm Kak QYHKIHIO PACCTOSHHS 7' OT IEHTpa
mapa (3agada 99):
dm =3 % 2 dr. (240)
R

Toncrasists (240) B (239) u MHTErpUPYS, HAXOIUM

R
2
m 4 3ym
= — _— d _ -
U 37R6 r*dr R
0
2 2
OrBeT: a) z—%;@U:—Sgg.

3agaua 102. BoraucauTh OTHONIEHWE CAEAYIONIAX YCKOPEHMIH:
YCKOPEHUS (1, BHI3LIBAEMOI'O CUJION TATOTEHUs Ha IOBEPXHOCTH 3EMJIU;
YCKOPEHUS (g, O0YCIOBJIEHHOTO TIEHTPOOEKHON CUJION MHEPIUH Ha SKBa-
Tope 3eMJin; YCKOpeHust a3, coobrmaeMoro tesiaMm Ha 3emiie CosHIeM.
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Pemenune. 3nauenme a; = ¢ ObLIO TOJYYIEHO B TEOPETHIECCKUX
CBEJIEHUsIX, TIPUBEJICHHBIX B HAYaJIe IJIaBbl. YCKOPEHUE (3, O0YCIOBJIEH-
HOE TIeHTPODEYKHOI CUJION MHEPIUY Ha 9KBATOPE 3eMJIH,

as = w?R3 = 0,034 M/<327 w= 2% ,

rjie Rz — pagnyc 3emitn; T — Mpo1ozKATEIbHOCTD CyTOK.
Vckopenue ag, obyciioBiiennoe CostHIEM,

as = = 10,0059 m/c?,

yMc
,r2
rie M —macca Comaia; r — paccrosinue Mexkay CostarieM n 3emreii.
Taxum obpasom, ay : as : az = 1:0,0034 : 0,0006.

OrBeT: aj:as:az=1:0,0034:0,0006.
3amauya 103. Ha kakoii BbIcOTE HaJ| TOJTIOCOM 3E€MJIN YCKOPEHUE
cBoGosIHOTO NIaJleHust yopiBaer Ha 1 = 1,0%7 B n = 2 paza?

Pemenue. YcioBue ymMenbienus: yCKOPEHUs CBOOOTHOTO 1A I€HILST
Ha OJIMH HPOIEHT 3AIUIIEM B CJIEIYIONEM BHJIE:

=99, (241)
go
rae go = YM /RQ—yCKopeHI/Ie CBODOOJIHOIO TMaJIeHUsT BOJIU3U TOBEPX-
woctu 3emuym; M uw R-—wmacca u pajumyc 3eMyii COOTBETCTBEHHO;
g =7yM/(R + h)? — yckopenue cBOGOIHOTO MaeHUA Ha BhICOTE .
IToncraiss Beipazkenue st g = go B (241), mosyuaem

vM/R?* — yM/(R + h)? R?
n= =1- 2
M (R+ h)
R?

njim

2Rh + h? = nR? + 2nRh + nh?.
ITepenumiem 3TO ypaBHEHHE B CJIEIYIONEM BHUJIE:
2Rh = nR? + 2nh + h%(n — 1).
[Mockomeky 2Rnh u h?(n — 1) < nR2, To
h = % ~ 32 KM.
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yCIIOBI/Ie YMEHbIIEHUA YCKOPEHNA CBO60,ZLHOFO IIaJICHUA B N = 2 pa3a
3almeM CJIe/ 1y oInM O6pa3OMI
_ AMJ/R*  R’+2Rh+h°
YM/(R+ h)? R? ’

OTKY/JIa
h* 4+ 2Rh + R* (1 —n) = 0.

Pemmas nosryuennoe kBaapaTHoe ypaBHeHMe, HAXOIUM

h=R(V2—1) ~ 2640 k.

OrseT: h=32xkM; h=2640 kM.

Samaga 104. Teyy coolmmian Ha IOJIOCE 3eMJIU CKOPOCTH g,
HalpaBJIEHHYI0 BEPTHKAJIBLHO BBEPX. 3Hasl pajuyCc 3eMJIM U yCKOPEHUe
CBODOJHOTO TAJIEHNsT HA €€ MOBEPXHOCTHU, HAWTHU BBICOTY, HA KOTOPYIO
[IOJIHUMETCSI TeJIO.

Pemenne. Cunras cucremy «reo—3eMiisi» 3aMKHYTOW U ITaMSsI-
TysI O TOM, YTO I'PABUTAIMOHHAS CUJIA OTHOCUTCS K Pas3psily KOHCEPBa-
THUBHBIX, 3AIIUIIEM 3aKOH COXPAHEHUS] SHEPIUH

K+ U = Ko+ Us.

Brech K1 = mv /2 — nauanbnas KuHeTHUeCKas sHeprus tena; Ko = 0 —
KUHETHIECKasl SHEPrUsi TeJIa B HAMBBICIIIEH TOYKE TObeMa, COOTBETCTBY-
romeii Boicore h; Uy = —ymM /R — norennuajibHas SHEPrusl CUCTEMBI
«Te0—3eMist» B MOMeHT Opocka; Uy = —ymM /(R + h) — nmoreniuaiib-
Hasl SHEPI'UsS B HAMBBICIIEH TOYKE IO beMa.

Taxum 06pa30M, 3aKOH COXPAHEHUsI SHEPTUU B HAIIIEM CJIyYae BbITJIsi-
JIUT CJIEJIYIOIITUM 0OPa30M:

mud mM mM
- =7 .
2 R R+h

Coxpammas Ha m 1 yauTbBasd, ato YM = gR?, nomydaem:
2 R
Vo = gR (R ¥ h) )
h=R <292R - 1) .
Vo

OTrBerT: th(@— )

Vo

N | =
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Bamaua 105. Haittu mepros obpalnenns CIyTHUKA, JTBUKYIIETOCS
BOKDYI' HEKOTODOil IIJIaHETHI BOJIM3U €e IMOBEPXHOCTHU, €CJIU CPEeJIHsIsT
IJIOTHOCTH IJIAHETH p = 3,3 T/cM>.

Pemenue. YrTobbl TE0 ABUTAIOCH TIO KPYTOBOH opbuTe ¢ pajmy-
coM R, IpuMepHO PABHBIM PAJUYCY IJIAHETHI, HEOOXOIMMO BLIIIOJTHEHTE

CJIEJTYIONIErO YCIOBUSL:

mv® mM __4m TR%p

R:’YRQ_’Y?’ RQ)

OTKY/1a
v = 2R, /%. (242)

IIepuom obpartennst cry THUKA,

2TR
v

T =

i, ¢ yaerom (242),

T=/3"~18u
P

Orser: T~18u.

Bamaga 106. CroyTHUK BBIBEIN HA KPYTOBYIO OPOUTY CO CKOPOCTHIO
v "Ha1 oJirocoM 3emuin. Haiitu paccTosiHue OT CIy THUKA JI0 TOBEPXHOCTH
Semitu.

Pemenwue. Kaxu B npenpyiymeit 3aaue, ¢ yaerom g = yM/R?,
3aTIUIIeM:

mv® mM mMR®>  mgR®
R+h V(R+h)? TRR+h)? (RER?
OTKY/1a 5
2 = 9B
R+h
nJjm
th(ﬂj—l)
v

Bamaga 107. CoyrHuk 3emju Maccoil m JIBUYKETCS 10 KPYTOBOi
opbute, pajgmyc KOTOPOil BjBoe Gosbine pasgumyca 3emun. Kakoit jo-
MOJIHUTEIBHBI UMITYJIbC U B KAKOM HAIPABJIEHUH CJIEyeT KPATKOBpE-
MEHHO COOOIIUTH CIIyTHUKY, 9TOOBI IJIOCKOCTH €0 OPOUTHI IIOBEPHYJIACH
Ha yroJi o 0e3 u3MeHeHus: Pajmyca OpoOuThI?
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Pemenue. Ilo ycmoBuio 3amadn, mociie COOOIIEHUS CIYTHUKY
JIOTIOJTHUTEIBHOTO UMITyibca AP pajuyc ero opOoUTHl He JOJKEH W3-
MEHHUTBCS, CJIEJIOBATENbHO, HE HU3MEHATCS HU CKOPOCTH, HU HMIIYJILC
cnyrnuka (puc. 72).

Ucronb3yst TeoOpemMy KOCHHYCOB, MOXKHO 3aIUCATD

aP
|AP| = \/2P2 — 2P2cos o = 2Psin% : (243)
B P
Kaxk u B IByX mpeabLaynmmx 3a/atdax, CKOpoCTb v Hail-
JIeM U3 COOTHOIIECHUA
Puc. 72
mu? mM
orR ' uR® - (244)

C yueroM TOro, 4YTO YCKODEHHE CBOOOJHOrO TAJEeHUsT ¢ PaBHO
g = YM/R?, soipaskenne (244) npuammaer Bux Rv? = g/2, orkyna
v =+/gR/2. lmMmysbc ciiyTHUKA

P=mv=m % (245)

Toncrasnsa (245) B (243), nosny4gaem:

|A?| =m 2gRsin% .

- .o
Oreer: |[AP|=m 2gRsm§.

3amaua 108. Borameants pajgmyc KpyroBoit opOWTHI CTAITHOHAP-
HOTO CITyTHUKA, 3eMJIH, KOTOPBIl OCTAETCsT HETIOIBUAKHBIM OTHOCUTETHHO
ee moBepxHOCTH. KakoBa €ro CKOpOCTh B WMHEPIHMAJBHOIl CHCTEME OT-
cuera, CBEJIEHHOW B JAHHBIT MOMEHT C IEHTPOM 3eMJIn’

Pemenune. Cuyrauk Oyger ocTaBaTbCs HEMOJBUKHBIM OTHOCH-
TEJILHO MMOBEPXHOCTU 3€MJIH, €CJIA YIJIOBas CKOPOCTb €ro BpalieHus 0y-
JIeT paBHA yIJIOBOI CKOPOCTH BPAIEHUS 3€MJINA. SAINIIEM BTOPOil 3aKOH
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Hrrorona, a Tak»ke BbIpakeHne st JUHEHHON U YTJIOBOM CKOPOCTEIt:

mu? mM
T o r2 ’

v =wr, (246)
_n
=

3ech r — paJuyc OpOUTHI CILy THUKA; ¥ — JITHEHHAs CKOPOCTD €r0 JIBHzKe-
HUSL; W — YIJIOBas CKOPOCTb BPAIEHUS 3€MJIM U CILyTHUKA; 1 — II€PHOJ
BpalleHnst 3eMJIH BOKPYT CBOeil ocu.

Pemas cucremy (246), naxogum

7«:,3/7 21 —4.2-10" K,
7T

v=wr=3,1km/c.

OrseT: r=a~42-10%* xvm; v~ 3,1 xm/c.

Bamaga 109. Haiitu maccy 3emiin, eciu CIyTHUK, JBUXKYIIUACS
B €e 9KBATOPHUAJIBLHOI IIJIOCKOCTH € 3a11a/1a Ha BOCTOK 110 KPYTOBOi opOuTe
pamuycom R = 2,00 - 10* kM, mosBisiercss HaJi HEKOTODPBIM ITyHKTOM
Ha 9KBaTope Kaxkjple 7 = 11,6 4.

Pemenwne. Kak nmpaBuio, CIIyTHUKIA U PAKETHI 3aIlyCKAaIOT C 3a-
maja Ha BOCTOK, YTOOBI WCIOJIb30BATH CKOPOCTH BpAIEHUS 3eMJIH,
[I09TOMY 001IIast CKOPOCTD Vg [IBUYKEHUS CIIy THUKA OTHOCUTEHHO IIOBEPX-
HocTr 3eMuin OyJIeT OTBEYATh BBIPDAXKEHWIO Uy = U + ¥3, e U — CKO-
POCTh JIBUXKEHWsT CIIyTHUKA OTHOCHTEJIHHO MOBEPXHOCTH 3eMJIIH; U3 —
CKOPOCTB BpAallleHusi 3eMJI OTHOCUTEIHLHO CBOEI OCH.

SBamurmem BTOpoil 3ak0oH HbIOTOHA JIJIsT HAIIIErO CJLydast:

mM_mv(Q)
R R’

rjie m u M — Macchl CIIyTHUKA W 3€MJIM COOTBETCTBEHHO, OTKY/IA

1)§_R _ (vt v3)’R

M = S S (247)
Haumee
v=wR= 2% R,
o (248)
3 = woR = R,

T
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IJie Wi U wy — yIVIOBblE CKOPOCTH BPAIEHNST 3eMJIM BOKPYT CBOei och
U cryTHUKa oTHOcHTeIbHO 3emin. [epenumem (247) ¢ yaerom (248):

2 2
2rR  27R A7’ R3 T 24

Orser: M =6-10%* kr.

3amavya 110. CroyTHEK JBHXKETCS B SKBATOPUAJIBHON IJIOCKO-
cti 3eMJI ¢ BOCTOKA Ha 3alaj] 10 KPYroBOW OpOHUTE pajiycoM
R =1,00-10* xm. HaiiTi 0THOCHTEILHO TIOBEPXHOCTH 3eMJIH:

&) CKOPOCTH CILy THUKA;

6) ero yckopenue.

Pemenue. a)IlocKOIbKY CIlyTHUK JIBUKETCS B CTOPOHY, IPOTUBO-
[IOJIOKHYIO BPAIIEHUIO 3€MJIH, €r0 CKOPOCTH OTHOCHTEIHBHO OBEPXHOCTH

Semiin paBHA
v =3+,

rJe v3 — CKOPOCTb BpallleHns] 3eMJIM OTHOCHUTEHLHO WHEPIUAJIbHON CH-
CTeMbl KOOPJMHAT C HAYAJIOM KOOPJAMHAT B IEHTPE 3eMJIH,

2w
vg—wR—?R

(w — yr/I0Bas CKOPOCTH BPAIEHHs] 3eMJIH OTHOCUTEIBHO OCH), 8 U — CKO-
POCTB CILy THUKA, HAXOISIIEr0CsI HA PACCTOSTHUN R or mawana KOOD/INHAT,
OTHOCHUTETLHO ITOM K€ CHCTEMBI.

Broipaxkenne s v Haiigem u3 Broporo 3akona HuoToma

mu? _ mM
R R’
OTKy/1a
M
v = %.
Torma
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6) Paccunraem yckopenue:

<27TR M)Q
) T R _ 47T2R + 41 ’YM ’YM _

R R T2 T\ R "R
_’yM<1+47TR R 47r2R3>_7M< 2R R)QN

2 R s I L Y L
T YM  T?~yM R? + T yM

Ormer: a)v ~=7xM/c;

6) a’ ~ 4,9 xm/c.

3amaga 111. UVckyccTBeHHBIH CIyTHUK JIyHBI JIBUYKETCS O KpPYy-
roBoii opbure, pajuyc KOTOpoil B 1] pa3 Gosibiie pajuyca Jlyabr. Cuu-
Tast, YTO HEDOJIbINAs CUJIa COMPOTHUBJIEHUSI, UCIBITHIBAEMAs CILY THIKOM
CO CTOPOHBI KOCMITYECKOH IIBIJIN, 3aBICHT OT €ro CKOPOCTH Kak F = av?,
IJle (v — IOCTOSHHAs, HANUTU BpeMs JIBUXKEHUs CIIyTHUKA JIO I1aJIeHUs

Ha [TOBEPXHOCTD JIyHBI.

Pemenmue. Ilycts B MOMEHT BpeMeHU T CIIyTHHUK JBUZKETCS 110 OP-
obure pamuycom r = nR, rne R— pamuyc Jlynsl. B cucreme orcuyera,
cBsI3aHHOM ¢ JIyHOIT, ToJIHAS SHeprusd CIiyTHUKA [ ecTh cymMa ero KuHe-
TUYIECKOW SHEPTUN U MOTEHITNATLHON SHEPTUN B3anMo/ielicTBu ¢ JIyHoii:

E=K+U.

Vekopenue na oBepxHocTu JIyHbl ¢ (ycKopeHue cBOGOHOTO 118 [CHUS
Ha Jlyne) u yckopenue ¢, Ha pacCcTOSHUU T OT meHTpa JIyHbl Maccoi M
OTPEJIETISTIOTCST BBIPAYKEHUSIMU:

M M
9= R a  gr 20
OTKY/JIa )
gr =9 —=

[Torennmanbuas sHeprus B3anmo/eiicTeus ¢ JIynoit

2
mgR
U=—-mg,r=— m9z
T
Kunernyeckas sHeprus japuzKenus crnyTHuka K = mgv?/2. Torma

BbIpazKeHue JIJid TIOJTHOTL QHEPIrun NMpuHUMaeT BUJI:

2 72

2 2
=" mgk (249)
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TTockonmbKy opbuTa CIyTHHKA KPYToBas, B JIIOOOt MOMEHT BpeMeHn

mv®  mgR®
5 T Mgr= 2z
OTKY/1a )
2= 9 (250)
T
Ioncrasmsa (250) B (249), Haxommm:
mgR®>  mgR® mgR®
B(r)=—"0" - T = - T (251)

VMeHbIlleHre TIOJTHON HEPIUH CIIyTHUKA 3a BpeMs di paBHO pabore,
COBEPIICHHON IPOTUB CUJIbI TPEHUH, CO3/1aBaeMOl KOCMUYECKON IIbLIBIO,

—dE =dA = FdS = Fvdt = aw® dt. (252)

Iocne mogcranosku (250) B (252), nmeem:

3/2 3/2 p3
gR’ ag®’?R
a muddepentupys (251) o r, mosydaem
dE mgR?
dr o2
JiRIbL B2
dE = ’”292 dr. (254)
T

ITpupasuusaem (253) u (254) u moCsIe HECTOKHBIX IPEOOPA3OBAHMI

TPUXOJINM K
m dr

2aR\/g W = —dt.

WMurerpupyem 0be 4acTu BhIPAYKEHUS:
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OTKY/1a
m(yi—1)

av/gR

m(yn—1)
av/gR
Bamaga 112. OupenennTb yCKOpEHUE CBOOOIHOIO 1A I€HUs Ha, BbI-
core h = 20 kM Hag 3eMieil.

OrseT: T=

Pemenune. 3anumeMm BbIpakKeHHs JJIA YCKOPEHHS CBOOOIHOTO
[aJICHUs Ha [OBEPXHOCTH 3eMii (go) U Ha BbICcOTE h(g):

M
gOZfYﬁ

u M
g (R+h)*"
Orcrona, yanreisast, aro h/R < 1,

2
g _ (R+h %14_%.
g R R

Takum obpazowm,

2
_ R _ _goR | 2
9—90<R+h> —R+2h~9,751\[/(3.

Orset: ¢g~975wM/c.

3agaua 113. BuraucanTh mepByI0 U BTOPYIO KOCMUYECKHE CKOPO-
¢t Jiyist 3a1ryckoB ¢ JIyabl. CpaBHUTD ¢ COOTBETCTBYIOIIMMEA CKOPOCTSIMU
T 3eMUIIH.

Pemenwne. IlepBag &KocmMumdeckass CKOPOCTH CIyTHHKA, CO-
riacHo (211),
vy =/ gR, (255)
rie g = YM/R?— yckopenne cpobommoro majenus Ha Jlyme, R—ee
pajuyc, M— macca. Torma
v = % ~ 1,67 km/c.

Bropast kocMuueckasi CKOpocTh Vo B V2 pa3 GoJbIie vy :
vy = V201 &~ 2,37 KM/ C.

Orser: v = 1,67 xMm/c; v ~ 2,37 kM/c.
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3amaya 114. Kocmuueckuit kopabib momreraer K Jlyne mo napa-
60JIMIECKOI TPAEKTOPUH, IIOUTH KACAIOIIENCs ee MOBEPXHOCTU. B MoMeHT
MaKCHUMAJIbHOTO cOJmKennst ¢ JIyHO#T Ha KOPOTKOe BpeMs ObLI BKJIOUEH
TOPMO3HOM JIBUTATEb, U KOPAOJIb IIeperte Ha Kpyrosyio opourty. Haitru
[IpUpAIIEHNe MOJLYJIsi CKOPOCTU KOPabJist IPH TOPMOYKEHUH.

Pemenue. Ilpu npubmmxenun x JlyHe kocmumdeckuit KopaOJib
JIBUTAJICS TI0 TAPAOOTMIECKO TPAEKTOPUH U UMEJT BTOPYI0 KOCMIUYIECKY O
CcKOpocTh vo. Ilociie BKIIIOUEHMsT TOPMO3HOI'O JBUTATENSI €0 CKOPOCTD
YMEHBINAETCS JI0 MEPBOHl KOCMUYECKOI CKOPOCTH U] IOCKOJIBKY OH IIe-
PEXOUT Ha KPYToByIo opbury. YuureiBag coorHomenus (211) u (214),
3aIIIIeM

M

A'U:'Ul—vgz'l}l(].—\/i): 3

(1—+v2) =—-0,7 w/c,
rnme M u R — macca u pajguyc JIyHb.

OreeT: |Av|=0,7wMm/c.

3amaua 115. Kocvudeckuit kopabiib BBIBEIN Ha KPYTOBYIO Op-
6uTy BOM3M TOBEPXHOCTH 3eMiin. Kakyio JOTOTHUTETHHYIO CKOPOCTH
B HAIIPABJCHUN €T0 JIBUKEHUST HEOOXOIMMO KPATKOBPEMEHHO COOOIUTD
KOPabJIt0, ITOOBI OH CMOT MIPEOI0JIETh 3eMHOE TAroTeHne?

Pemenue. 3amaua siBasercs ooparnoii 3aade 114. Eciu Tam Tpe-
60BaJIOCH CHU3UTH BTOPYIO KOCMUYECKYIO CKOPOCTD JI0 IIEPBOIi, TO 3/1€Ch
Hao0OPOT — yBEJIMIUTH C IEPBOH IO BTOPOH KOCMHUIECKONW CKOPOCTH.
IIosromy oTBeT oueBuUIEH:

Av = (V2 —1)\/gR =327 xm/c,

e R — pajuyc 3emitu.
OrBeT: Av =327 xMm/c.

Bamaua 116. Kocmuaeckuit kopabiib JBUXKETCsT BOKPYT 3eMJIH
0 Kpyrowoil opbure, pajumyc KOoTOpoit B 77 = 2,5 pasa 0OoJiblie
pajguyca 3emuin. Kakyio JIONOJTHUTENHHYIO CKOPOCTH HAJI0 KPATKO-
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BPEMEHHO COOOIIUTH KOpaOJIIO0 B HAIIPABIECHUN OT
1eHTpa 3eMJIA [0 €€ PAJINYCy, YTOOBI OH CMOT II0-
KUHYTH I10JIe TSITOTEHUS 3eMJIH !

Pemenwme. Paccmorpum puc. 73. lomonnu-
TeJIbHAsI CKOPOCTh U, JOJKHA MMETh TaKylo BeJIu-
YUHY, 9TO0BI PE3YJIBTUPYIOIIAsi CKOPOCTb KOPabJIist v
ObLIa paBHa BTOPOIT KOCMUIECKOIL, T. €.

/2
V=V = LR,

n
e R— pajuyc 3emutn.

BocnosnbzoBasuiics Teopemoii [Iudaropa u coornomenusvu (211)
u (214), sanumem:

Puc. 73

2 _ 2gR  gR _ gR
Up =————= ",

n n n

v,,:,/ﬁ=5KM/C.
n

OrBer: v, =5 KM/cC.



OdvuHaMuKa TBepporo rtena

B rnaBe 3 MBI y2Ke KOPOTKO OCTAHABIMBAJIUCH HA TTOHITHA MOMEHING,
KOIJIa PACCMATPUBAJIHI 3aKOH COXPAHEHNSI MOMEHTa UMITYJIbca. Ternepn ke
YJEIUM 3TOMY TOHSTHUIO OOJIbIIE BHUMAHUs. B MojaBsomeM 60Jib-
IMUHCTBE 3aJ1a4, KOTOPbIE Mbl PEIIaJi JI0 CUX TI0P, pasMepbl u (hopma
JIBUZKYIIMXCS TEJT He UIPAJIU CyIecTBeHHO posn. [Ipu Hamux pacuerax
MBI IPUHUMAJIH TEJIO 38 MATEPUAJIbHYIO ToUKy. Kpome Toro, paccMaTpu-
BaeMble HAMU 3aJ[a9 CBOJIMJINCEH JTHOO K HOCTYHATEILHOMY JIBUKEHUIO,
JinbO K BPAIATEILHOMY.

[Tpu nocrynare ibHOM JIBUZKEHUHN JTI00As TOYKA TeJIa 33 OJ[UH U TOT YKe
[IPOMEZKYTOK BPEMEHU ITPOXOJIUT OJTHO U TO YK€ PACCTOSTHUE, T. €. CKOPOCTh
U YCKOpeHUe B JII0O0I MOMEHT BPEMEHU OJIMHAKOBBIL. DTO MO3BOJISIET 3a-
MEHUTD JBUKEHUE TeJIa JIBUXKEHNEM OJIHON N30paHHOil TOUKM, HAIIPUMED
JIBUZKEHUEM IIeHTPa Macc.

[Ipu BpamaTeLHOM JBUKEHUU JIOCTATOYHO 3HATH IMOJIOKEHUE OCH
BpAIEHUSI U YIJIOBYIO CKOPOCTb.

B MmexaHuKe TBepIOro TeJjia pacCMaTPUBAETCS JIBUYKEHHE, COCTOSIINEe
KaK M3 [OCTYNATEJIHHOrO JBUYKEHUS] KAKOHW-JIM0O TOYKHU, TAK W BPAIla-
TEJILHOTO JIBUYKEHUsI OTHOCUTEIHBHO KaKOH-Tub0 oCu — HAIpUMep KaTs-
IUHACS 110 TTOBEPXHOCTH TUJIMH/IP.

ObparaeM BHUMAHHE YUTATENEH HA TO, YTO B JAHHOWU TJIABE MBI
paccMaTpuBaeM TeIo KaK abCOTIOTHO TBepoe. Takum 00pa3oM, II0CKOe
JIBUZKEHHE Tejla MOYKHO IIPEJCTABUTH KaK CYyMMY JBYX JIBUYKCHWHA —
HOCTYHATEILHOIO CO CKOPOCTBIO U ( M BPAIIATEIBHOTO C YIJIOBOH CKO-
pocThio W . JIuHeiHAsST CKOPOCTH TOUKHU, BPAIAIOIIEHCS [0 OKPYKHOCTH,
MOJKeT ObIThH TIpejicTaBleHa Kak ' = [w 7| (puc. 74), a noiHas
CKOPOCTh U KaK o o

U=+ [wT]

W3 ombiTa W3BECTHO, 9TO YIVIOBOE YCKOpEHHWE TeJja (3 3aBUCHT
HE TOJILKO OT IIPUJIO?KEHHOU CHJIbI F, HO TaK»Ke M OT PAaCCTOAHUA
70 OCH WJIM TOYKH BpameHmsi 7. 1109TOMy IPH DPACCMOTDEHHH Bpa-
MIATEJIbHOTO JIBU2KEHUSI BBOJIUTCS BEJIMYMHA, HA3bIBAEMAT MOMEHITLOM



Teoperuveckue ocHoBbr 157

/ ‘
w o~ — J‘
ol
v r |
sin AN
N
o/ T
F
Puc. 74 Puc. 75
—

_
cunve N. Momenrom cuist N orHOCHTETHLHO TOUYKM () HA3BIBAETCS
— =
Bekrop N = [ F'] (puc. 75). Bekrop N nepreHuKyJIsipeH IIII0CKOCTH,
Y
o —>
B KOTOPOIi JIeKaT BEKTOPLI ©° W F', M €ro HalpaBJICHUE OIPEIEIACTCS
PaBUJIOM NPABOTO BUHTA. Besmuuna | HA3BIBACTCS MAECHOM CUADL Pe-
3yABTUPYIONUIT MOMEHT €CTh BEJIMIUHA & IUTUBHAS:

KoY.

CyMMa HpOI/IBBe,HeHI/IfI JICMEHTAPHBIX MaCC Ha KBa/JpaT UX PaCCTOA-
HHA OT OCHU BpallleHUA HA3BIBACTCA MOMEHMOM UHEPUUU TEAA OTHOCH-
TEJIbHO OCH BpaIllleHUA

I= Z Amr?. (256)

MowmenT NHEPINH, TaK K€ KaK I MOMEHT CHUJIbl, — BEeJIMYNHa aJJIUTUBHAA:
1= g I;.
i

Ocnosnoe YpaBHEHUE JUHAMUKHN JIJIg BpallaTe/JIbHOI'O JBU2KEHUST OT-
HOCHUTEJILHO OCU Z BBITVIAIUT CJICYIOIIUM 06pa30M:

IZB = NZ;

rje I, — MOMEHT MHEpIUH TBEPJIOTO TeJIa OTHOCUTEIHHO OCH BPAIICHUS;
N, — anreGpanveckast CyMMa MOMEHTOB BCEX CHJI, JICHCTBYIOIUX Ha TEJI0
OTHOCUTEIHFHO OCU Z .

DaKTUIECKU MTOCIIC/HEE YPABHEHUE ABJISIETCS BTOPBIM 3aKOHOM Hbro-
TOHA, TJE POJIb CHJILI MICPAET MOMEHT CHJIbI, POJIb MACChl — MOMEHT
urepuuun u T. 1. (Tabu. 6). Cornacuo dopmyse (256), MoMeHT MHEPUUN
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Tabsymua 6
TTocTynarenbHoe naBUXKEHME Bpamarenbaoe nBuzkenune
—
ma=F I18=N
— —
F —cuia N — MOMEHT CHJIbI
m — Macca [ — MomeHT uHepIun
— o
a — JIMHEHOe yCKOpEeHue (8 — yrioBoe yCKOpeHme
—
P — UMILyJIbC M — MOMEHT UMITYJILCA

olpeJiesieH KaK ITPOU3BeJIeHNe 3JIeMEHTAPHBIX MACcC Ha KBaJpaT UX Pac-
CTOSTHUsI OT OCHU BpalneHusi. Kicam Tejio 0JIHOPOJIHO, TO

I=fr2 dmzpfr2 dv, (257)

rJe p — IJIOTHOCTH TeJja; T — PACCTOSHIE 0 ocu Bparmienus; dV — 3Je-
MEHTAPHBII 00bEM.

Ucnonb3ys Tabir. 6, morydaeM BhIpaKeHUe [Ijisi KHHETHIECKOI IHep-
MUY BPAIAIOIErocs: TeJja 2

K=<

. (258)

a TaKz>Ke IJId pa6OTbI BHEITHUX CUJI IIPU BpaIllleHUU TBEPIOro TeJjia

%2} t
A:fdA:dego:wadt. (259)
0 0

[Ipu nocTynarebHOM IBUYKEHUN YCJIOBHEM PaBHOBECHS OBLIIO paBEH-
CTBO HYJIIO aJreOpamvecKoil CyMMbI BCEX BHENTHUX CHJI, ITPUIOKEHHBIX

K TeJLy:
> Fi=o. (260)

Teneps ke HEOOXOMMMO JOIOJIHUTH 3TO YCJIOBUE PABEHCTBOM HYJIIO
PE3YILTUPYIONIET0 MOMEHTA BHEITHUX CUJI OTHOCUTEJHLHO JII000# Hero-

JIBUKHOI ocu
d Ni=o. (261)

Kax sicno w3 Tabs. 6, mpu BpammaTeIbHOM JIBUKEHIN MACCa 3aMEHSIETCS
MOMEHTOM WHEPIIUU, IOITOMY B TabJI. 7 MPUBEIEHBI MOMEHTHI WHEPIIUU
TeJ1, HanboJiee YaCcTO BCTPEUYAOIINECs B 3a/1a9ax o o0Ieil dpusuke.
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Tabsmma 7
MowmenTt
Teepmoe Teo Ocob Z.
MHEPIUN
. . 1 9
Toukwuit crep:KeHb JUTHHOMI | IleprieriuKyisipHa CTEPIKHIO 5 mil
. 1 2
Crtomaoit umuaap paguy- | CoBmagaer ¢ OCbIO MUJINHIPA 5 mR
com R
1
Toukwuit quck pajguycom R CoBrtajiaer ¢ JUaMeTpoM JINCKA, 5 mR>
2
Tap pamumycom R IIpoxomuT gepes nenTp mapa = mR?

Bce 3nadenusa g MOMEHTOB WHEPIIUH MTOJTYYIEHDBI B 33/1a9aX, ITPUBO-
JIUMBIX B 3TOU IJiaBe.
Heomnenmmyto moMoIis mpu pacdaere MOMEHTOB HHEPITHNA MOYKET OKa-

3aTh meopema IImetinepa:
I. = I +ma?®, (262)

riae I, —MOMEHT WHEPIUU OTHOCUTE/JIHLHO IMPOU3BOJIBHON ocu Z; Io —
MOMEHT MHEPIUA OTHOCUTEJIHLHO OCH Z¢, KOTOpas HapaJsijiebHa OCH 2,
HO TIPOXOIUT Yepe3 reHTp macce C Tesia; m — Macca Teja; ¢ — PacCTOsTHIe
MEZKJTy OCSIMI.

Pexomenmanym o pemeHmio 3aaad

1. Ecim nBmxkenue Tesra MOCTYHATENBHO, TO €M0 MOMEHT UMITYJIbCA
OTHOCHUTEJILHO TIEHTPA MACC PABEH HYJIIO U OCTAETCs HEM3MEHHBIM B IIPO-
1ecce JIBUZKEHMS.

2. Ilpu nanucanun ypaBHEHUS PE3yJIbTHPYIONIEr0 MOMEHTA BCEX CHUJI,
JEHCTBYIONNX Ha TEJI0, BLIOMpaiiTe TAKyIO OCh, Y KOTOPOH XOTs ObI OJINH
MOMEHT OBbLIT paBeH HyJo (3agaqdn 117, 118).

3. Pabora cumii TpeHusi paBHa M3MEHEHUIO KHHETHYECKON SHEpruu
CHCTEMBI CO 3HAKOM «MUHYC» (3azada 145).

4. Ilpu pemenunn 3amad Tuma 146 moMHUTE, YTO IPHUPAIIEHUE
7 yObLIb KaKO#-T1O0 BeTMINHLI — pas3uble Bernu. [Ipuparnenne omnpese-
asercd Kak AXy, = Xo — Xp u yosums kak AXys = X1 — Xo.
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Sajaum K riase 5

Samaua 117. Toukwmit  omHopoaHbIl  crepxkenb AB  Maccoii
m = 1,0 Xr gBuxKeTcss MOCTyHATeNbHO ¢ yckopenmem a = 2,0 m/c?
o1, TIefICTBUEM CHJIBI ?1 u ?2 (puc. 76). Paccrosiaue b = 20 cM, cua
F> = 5,0 H. Haittu juymmay cTepKHs.

Pemenue. IlockombKy Mo yCaoBUIO 33JIa9U CTEPXKEHb JIBUKETCS
MMOCTYTATETbHO, MOMEHTBI CHUJI f‘)l u f‘)g OTHOCHUTEJILHO TEHTPA MAcCC
paBubI. [IprMem HampaBseHne CUIHI ?2 3a ToJIOKuTEIbHOE. Torma

— —
FQ—Flszl,

— 1
Fis="Fs Ly

Pemras sty cucremy otnocurensrno Fy u [, HaxoauMm

20F,
ma

l= =10wm

OrseT: [=1,0wMm.
3agaua 118. O,ILHOpO,D;HaH 6aﬂKa JIEXKUT Ha JIBYX oropax (puc. 77).
Oupeie/uTh peakiuu OIop F1 n F2
Pemenune. PauosaeiicTByiomass cua TsaKeCTH paBHA BeCy
Gankn P u IIPUJIOXKEHA K €€ IIeHTPY MHepluu. bajika HeloJIBHUXKHA,
HO3TOMY JIOJIZKHO BBIIOJHATLCA cieyioniee yeaosue (260):
P=F 4+ F5. (263)

Kpome Toro, mo/izKHO BBIIONHATHCA ycjaoBue (261): pesyabrupyrommuii
MOMEHT BCeX JEHCTBYIOMMX Ha OajKy CUJ OTHOCHUTEJIBHO JIFOOOH ocu
JIOJIZKEH OBITH PABEH HYJIIO.

Fy A E

b F,

Puc. 76 Puc. 77
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Bamnmimrem 3o ycioBue OTHOCUTEJIBHO JIEBOIT TOUKH OIIOPDbI:

P(é - l1> — Byl =1y — o). (264)

Pemast cosmectro (263) n (264), maxomum

P1-2 P 1-2
g P _1=2 o P 1-2h
LTy itk 2T 2=+
Orper: =L t=20 —p P 1-2h

2 l—(l1+l2)’ 2 l—(l1+l2).

Bamaua 119. B HavyaJ bHOM MOJOXKEHHM CEPEINHA TOPU30HTAb-
HOTO OJIHOPOJIHOTO CTEPYKHSI MAacCOi m ¥ JUINHO¥W | HAXOMUTCS Ha]I
yuopom A (puc. 78). JleBblil KOHeI[ CTEpXKHsI HAYAJN MEJJIEHHO TSHYTh
3a HUTH. Kakyio paboTy HaJI0 COBEPIIUTH, ITOOBI CTEPXKEHDb BBHICKOMHII
uz-1oj, ynopa B, eciu paccrosinue Mexkiay ymnopamu A u B paBHO «a
1 KO3 DUINEHT TPEHUS MEXKJLy CTEepKHeM u yrnopamu k7

Pemenwue. [lo Toro xkak crepkeHb BBICKOYHUT U3-TI0J, yriopa B,
OH Oy/IeT HAXOIUTHCSI B COCTOSTHUN PABHOBECHSI, TIO9TOMY 3aIUIIIEM YCJIO-
Bus (260) n (261):

{ P—Fjp=Fp,
P(a+x) — Faa =0,

rae Fy m Fp — cuibl peakiuu ormop A m B COOTBETCTBEHHO; T — BEJIH-
YMHA TPOJIBUZKEHUS CTEPKHS BJIEBO; PP — Bec CTepIKHS.

Bropoe ypaBHeHme —3T0 pe3yabTUPYIONINI MOMEHT BCEX CHUJI, Jeii-
CTBYIOIIMX Ha CTEPYKEeHb OTHOCUTEJHHO omopbl B. OTcioa

P(a+ x)

Fy=—-"-, FB:—E-

a a

ITockosbky B omope A u B omnope B cujia TpeHUsI HalpaBjeHa
B OJIHY CTOPOHY, T. €. IPOTUB JBUKEHUs CTEPIKHH, BhIpasKeHue A Frp

Fa
A

Puc. 78
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nMeeT BUJL

atw x) kP (o + 22).

FTp:k(FA+FB):kP<+ =—
a a a

Sanumiem BbIpazKeHue JJjis SJIGIVIQHTapHOfI pa6OTbI

dA=F,, dr = kTP (a + 2x)dx,

e k — ko3 dunmenT TpeHns.

(1/2)—a

_ kP _ (L) kel
A= . f (a+2x)dx—<2a 1> 5
0

) . L_ kmgl
OTrBerT: A_<2a 1) —

Bamaua 120. Vmeercss TOHKHI OJHOPOIHBIN CTEPIKEHb MACCONH M,
u jumHoM [. Hatn ero MOMEHT WHEePIUH OTHOCUTETHHO OCH, TPOXOISIIeH
qepes:

a) ero KOHeI| U HepIeHIUKYJISIPHBI caMoMy cTepKHIo (puc. 79, a);

6) €ero LEHTP U COCTABJILAIONIEH yroJ o co crepxkueM (puc. 79, 6).

Pemenue. a)

dI = z* dm, (265)
dm = X dz, (266)

e A — JuHeilnag IJI0THOCTD:
A= ? : (267)

Puc. 79
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C yuerom (266) u (267) nepermrenm (265):

dl = %xQ dz,
OTKY/1a .
l2
=" 2y = M
l ff” T3
0
6) -
dI = 22 sin? o dm = 2> sinQaTdm,
1/2
msin? az? ml?sin® «
I= ; dr = 1 .
“4
ml? mi%sin® o
OTBeT. a)I—T 6)I—T

3amaua 121. Haiitu MOMEHT WHEPIIMU TOHKOI OTHOPOIHON TIpsi-
MOYTOJIbHOI IIACTUHKKA OTHOCHTEIBLHO OCH, IIPOXOJMAIIENl depe3 OiHYy
U3 BEPIIUH ILJIACTUHKY IEPIEHIUKYJIAPHO €€ IJIOCKOCTH, €CJIU CTOPOHbI
IUTACTUHKU PAaBHBL @ U b, a ee mMacca m.

Pemenne. dlzrzdm,
dm = odS = o dx dy,

rJe 0 — HOBEPXHOCTHAas IIJIOTHOCTH MaTepuaJia IJIaCTUHKH:

_m
T ab’
TOr/IA m
I = b (2% + y*)dx dy,
a
OTKY/Ia 0 b o
ab 3
0
OrserT: I:M.

3
Bamaua 122. Toukas oxnopoaHas miaacTunka maccoit m = 0,60 kr
nMeeT hopMy paBHOOEIPEHHOTO MIPSIMOYTOJILHOTO TpeyToabHnKa. Haiimu
ee MOMEHT WHEPIINYA OTHOCUTE/IBHO OCH, COBITAIAONIEH C OJTHUM U3 KaTe-
TOB, JTTHA KOTOpOTo a = 200 MM.
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y Pemenue. Ilomyuanm

a
dI = r? dm,
y=-xt+a

dm:Gds:dedyzz—n;dxdy,
a

. - 7,2:%27
Puc. 80
a —x+a a —x+ta
2
I:—Tffodxdy:fxzdxfdy:
a
0 0 0 0
_ma2_4F.M2
- = .

SHaveHne MpeIesioB WHTErPUPOBAHUS  II0-
HATHO u3 puc. 80.

777161,2

6
3amaua 123. BpraucmTh MOMEHT WHEPITHT
OJTHOPOJIHOTO Tapa pajimycoM R OTHOCHTETHLHO
OCH, TIPOXOIAIIEH Yepe3 ero MmeHTp.

=4r M.

OrBeT: I=
Puc. 81

Pemenne. DBynem pemars 3agady B cheprieckoil cucreme KO-
OpJMHAT, JIs KOTOPOI 3jieMeHTapHbiil 06bem dV = 12 drsiné df do
(puc. 81). Torma

dI = r?sin® 6 dm = pr* drsin® 6 df de,

rae p— 00beMHasl IJIOTHOCTH mrapa.

R ™ 2
I:pfr4drfsin39d9fdg0:%mR?
0 0 0

OTrBer: Izngz.

Bamaya 124. Beisectu dopmysy i MOMEHTa WHEPIUH ITOJIOTO
mapa OTHOCHTEHHO OCH, MPOXOJsIeil depe3 ero renTtp. Macca mapa
paBHA M, BHYTPEHHUI pajuyc r, BHemHul K.

Pemenue. Bocmonb3syemcst mpunnumnoMm HaJsioxkerus. [Ipemgmoro-
JKUM, 9TO BHYTPH Imapa paamycomM R m maccoit Mp momerneH map
U3 TUMOTETUYIECKON MATEPUH PAJUYCOM 1" U Maccoit M,.. YuuTniBas, 9To
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MOMEHT I/IHepHI/II/I BeJIMYMHA aJJUTHUBHAA, SallUIIIeM:
Io=Ig+1, (268)

rie IR*MOMQHT nHEpIHU IMapa pPaJlnyCoOM R, IT*MOMQHT nHepuum
Imapa U3 TUIOTETUYIECCKOTO MaTepuaJja paJunyCcoMm 1.

Torna
MR = pRVR7 (269)
m
P = VRfr ’ (270)7

r7e pr — IUIOTHOCTb MaTepuaJsa IoJoro mapa; Vr_, — 00beM 000I09KNA.

dVp_, = 4nr’2 dr’,
R
Vi = 47Tfr’2 dr’ = %w(Rg —73). (271)

IMogcrapasiem (271) B (270), a 3arem (270) B (269). YunrsiBast, 410 06beM
apa OUPE/Ie/IAeTCsT BHIPAYKEHIEM

4
Ve = - TR3,
3
HaXOIIM:
mR?
Mp = RS _ 37
2 9 2 R®
Ir ==MgrR" ==
REp AR Ty
[Tonarast, 9T0 ppr, = —pu, , 3AIUCHIBAEM:
2 r°
== 5 R3_g°
Moacrasisem Ir u I, B (268)
Iy = 2 m R —r°
075 R3 —¢3
2 RV —¢°
Orser: Ip=-m-—"5—.
075 R — 3

Bamaga 125. Ucxomst w3 HOpMyIIbl JIjisi MOMEHTa WHEPIUHA OJHO-
POJHOTO Iapa HaWTH MOMEHT WHEPIMH TOHKOTO CQPEPUIECKOro CJIOS
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Maccoit m " pajumycoM R OTHOCHTENBHO OCH, TPOXOJISIIEH depe3 ero
[EHTP.

Pemenwne. Tak Kak pevub mjieT 0 TOHKOI
XA cdepuyeckoii 060I09Ke, 3amuinemMm | = f R? dm.
Pasnenum cdepy Ha y3Kme KOJIbIA MUPUHON dr
(puc. 82) u naiiyem dS:

x! do dS = 27nr dx.

VYuursiBas, 9To r = Rsin 6,

de =rdf, dS=2nR*sind do,
Puc. 82 dm = G ds = 02w R? sin 6 db,

TJIe 0 — MOBEPXHOCTHAS TIJIOTHOCTb.
Haxomum Maccy m = 4moR? u MOMeHT mHeprm

I = 2770R4fsin39 df = ngQ.
0

OrBeT: [ =2 mR2

3amaga 126. BLI‘{I/ICJII/ITI) MOMEHT WHep-

TN

a) MEIHOIO OJHOPOJHOIO JAUCKA OTHOCUTEIHLHO
€ro oCH, ecjau ToJImuHa aucka b = 2,0 MM
u paguyc R = 100 mmM;

6) OJHOPOJHOIO TOHKOIO JCKA, JIJIs KOTOPOrO

b < R.

Pemenue. a) PaszobbeMm juck Ha sjemMeHTapHbIe KOJsbla. Lorja
00beM Takoro KoJbiia Oyzer pasen (puc. 83)

Puc. 83

dV = b2nr dr.
MomMmeHT WHEePINN JIUCKA
" 4 2
I = frz dmzpfr2b27rrdr = QWprT = mé’% =28r- M,

0

rae p — obbeMHAS IIOTHOCTE; m = mR2bp — Macca aucka.
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6) s ToHkoro jucka

dS =2mrdr, dm = o2nrdr,
R

_ 3 _U271'R4_mR2
I—af27r7“d7"— = 5

0

rie m = omR?, 0 — IOBEPXHOCTHAS IIJIOTHOCTb.
2 4 2
mR R mR
OTBer: a)I:T—Zwbp——ZSF M2 6) [ = 5
Bamaua 127. BoraucamTb MOMEHT MHEPITUH OJIHOPOJHOTO CILIOII-
HOTO KOHYCa OTHOCUTEJIBHO €r0 OCHU, €CJIM PAJUYC OCHOBAaHUs KOHyca R
paBeH BbIcoTE h.

Pemenue. Pa3obbeM KOHyC Ha 3JIeMEHTaApPHBIE JUCKH PAIAYCOM T°
u rosuuoii dh (puc. 84). Bocosb30BaBICh PE3YJILTATOM PEIICHUST 3a-
Jauan 126, 3anumieM BbIpazkeHue Jjisi MOMEHTa MHEPIUH 3JIeMEHTapHOI'O
JTICKA:

2 2 2 2
dv  ripnr
Al == dm = "L — dr.
2 2 2
3jech ydTeHO, WTO, MO yCJaoBHIO 3ajaun, R = h, u obbem KoHyca
C paJmyCcoM OCHOBaHUS T 3
r
V==
dh /N |
OTKYyJa h
dV = mr? dr. gt
Haxoaum MOMeHT uHepuu
R
o B 7rp R Puc. 84
=5 = .
0

1
YyaureiBas, 9T0 M = 3 pmR3, momyqaem

3mR>

==

3mR?
10

OrseT: [ =
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3amaua 128. Haiit MOMEHT WHEPITUH TOHKOTO

X [IPOBOJIOYHOIO KOJIBIA PAJMYyCOM @ M Maccoit m
U/ o
OTHOCHUTEJILHO OCH, COBIIAJIAIONIEH C €0 JHaMEeTPOM.
< |
a Pemenue. Kax u panee, 3anmucoiBaem

I:fodm.

Puc. 85 13 puc. 85 caemyer:

x=acosa, dl=ada, dm=mda/(2m).

C yderom 3T0ro

2 2 2
I:4fa cos amdaZQam {laﬁ—lsinQa]

2 ™

OrBer: [ = (]P—m.
2
agaua 129. Ilokazarh, 9TO Iy TOH-
Yi KOW TJIACTMHKM IIPOM3BOJILHON (DOPMBI HMe-
ercsd CJeJyiolias CBA3b MEXKJy MOMEHTAMHI
R uneprun: Iy + Io = I3, tie 1, 2, 3 — B3anMHO-
o MIEPIICHTUKYJISIPHBIE  OCH, TPOXOJIAINNIE {Yepe3
X OJIHY TOYKY, IPUYeM OCU 1 U 2 jieKaT B IJIOC-
KOCTH IIJIACTUHKH.
Wcnonb3ys 31y cBA3b, HANTH MOMEHT UHED-
MY TOHKOT'O KPYTJIOTO OJTHOPOTHOTO JIUCKA Pa-
Puc. 86 gamycoM R m Maccoil m OTHOCHTEILHO OCH,
COBITQIAIONIEH C OTHUM U3 €ro JTUaMeTPOB.

Pemenue. IlpoBemem gepes Touky O ocu KOODAMHAT, KAK ITOKA~
3aHO Ha puc. 86 (0Ch Z TEPIeHUKY/IAPHA IIIIOCKOCTH YepTexka). Torma

xr=Rcosa, y= Rsina,

2 .2
I, = g m; R cos® o,
i
_ 22
I, = E m; R; sin” o,
i

L=> mR?.
k
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W3 npuBe/ieHHBIX COOTHOIIEHMT BUIHO, ITO
I.+1,=1..

HajimeM MOMEHT HMHEPIMH TOHKOI'O OJIHOPOIHOTO JUCKA OTHOCHU-
TeapHO ofHoM 13 oceit OX nmu OY . Ouesngno, uro I, = I,. IlockomsKy
MOMEHT MHepIMH TOHKOro qucka I, pasen I, = mR?/2 (cm. Tabm. 7),

o, — 21, = M
Orcrona .

Iz:Iy:T,
OrBer: Igg—i—Iy:Iz;IQE:Iy:mTR2

3agaua 130. MomeHTBHI HHEPIUHU TeJ1a OTHOCUTEILHO B3AMMHO ITa-
pasuiebHbIx oceit 1w 2 pasuel I = 1,0 r-M? u Io = 3,0 r-M2. Ocu 1 1 2
pacnoJyIozKeHbl Ha paccTogHugax 1 = 100 MM n 29 = 300 MM OT IleHTpa
macc C' tesna. Haititu MOMEHT WHEpIIUU ITOTO Teja OTHOCUTEBHO OCH,
poxo/Isiteit depe3 Touky C' U mapaJiesibHoit ocsaM 1 u 2.

Pemenwne. Bocnomszyemcsa Teopemoit Ilteitnepa
2
{ I = Ic + ma7,
2
Iy = Ic + mus,

riae o — MOMEHT WHEPIINKA TeJia, OTHOCUTEIHLHO OCH, TPOXOIAIIEH depes
IEHTP MacC U MapaJiebuoit ocam Xq u Xo.
Pemasi cucremy ypaBHeHMIi, HaX0IUM

2 2
_ 111’2 — 121’1

_ 2
Ic=——"F%—F5—=07r-m".
T2 — T1
.[1 x2 — 121'2
Orser: Ic=—2—1=0,75r Mm%
T2 — T1
Bamaua 131. OmnpeneauTb MOMEHT HHepIuu [ KOJbIa MacCoit
m = 50 r u paguycom R = 10 cM OTHOCHTEIHHO OCH, KacaTeJLbHON

K KOJIBILY.

Pemenue. Bocmompsyemes reopemoit Ilreitnepa:
I =1Ip+ ma®.

8nech [ —MOMEHT WHEPIUM OTHOCUTEJIHLHO IPOU3BOJLHON  OCH;
Ic = mRZ/Z—MOMeHT WHEPIIUU OTHOCUTETHLHO OCH, TapaJleTbHOI
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JIAHHOI U UPOXOoJidineil uepe3 meHTp nHepnmu Tesaa (128); m — macca
Tesa; @ — PACCTOSHUAE MEXKJLY OCIMU.

MOMEHT MHEPIUU KOJIbIA
3

°mR2.
5 M

R*m

I=1Ic+mR*= +mR? =

OrBeT: I:ngQ‘.

Bamaua 132. OpHOpOAHBIH JUCK pagnmycoM R uMeeT KpyTJIblil
BoIpe3 (puc. 87, a). Macca ocraBiieiicst (3aIITPUXOBAHHOI) 9aCTH JIHCKA
paBHa m. HailTu MOMEHT WHEpIMM TAKOTO JMCKA OTHOCUTENBHO OCH,
MIEPIIEHINKYISIPHOM TIIIOCKOCTH JICKA, U TPOXO/TSIIIEI:

a) uepes Touky O;
6) wepes ero mMEHTp MAacc.

Pemenune. a) Obosnaunm [y MOMEHT MHEDIMH JIUCKA C KPYIJIBIM
BbIpe3oM (puc. 87, a). Bocuosb3oBaBmuch IPUHIMIOM HAJIOKEHUSI, MO-
JKeM 3alncaTh

Iy =1, — I, (272)

e I —MOMEHT WHePIUN JTUCKa paanycoM R 06e3 BBIPE3aHHOTO JIMCKa
pajuycom R/2; I — MOMEHT HWHEDIMH JIMCKA U3 <«TUIOTETHIECKOIO»
BEIECTBA C IJIOTHOCTBIO — p U pajuycom R /2.

Torna 5
=" (273)
TTomywum Is ¢ momombio Teopembr [Tefinepar
m2R2 m2R2 3 2

I — — = — — . 2 4
2 8 1 g M2l (274)

a R

o_~_ 2

medm e
a 6

Puc. 87
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3iech my u my — Macca JIucka pajaumycoMm R 6e3 BhIpesa M Macca JIUCcKa
U3 «IUIOTETUYECKOrO» BEIIECTBa PaguycoM R/2; NJI0THOCTH KOTOPOro
[0 BeJUYNHE PABHA IJIOTHOCTU BEMIECTBa OOJIBIIOTO JUCKA, HO WMeeT
OTPULIATEJbHDBIN 3HAK.

B ycroBuax 3amadm maMm mana Macca OCTABINEHCS TacTH JTUCKA 1M,
TO3TOMY HEOOXOIUMO YCTAHOBUTD CBSI3b MEXKIY M1, Mo U M.

OueBuIHO, ITO Macca JUCKA IIPOIMOPIMOHABHA KBAIPATY €ro paiu-
yca, IO3TOMY JIEFKO TOJIyIUTh CJIEYIOIIIe COOTHOIIEHNUSI:

my = %m (275)

my = % . (276)

IMoscraBus 11 BRIpazkeHust B (273) u (274), a noayvIeHHbIE Pe3yilb-
Tarel B (272), HAX0UM
Iy = 13 mR?
07

6) g HAXOXKJEHUS MOMEHTA WHEPIUH JIUCKA OTHOCUTEJHLHO OCH,
IPOXOJIAIIEHt Tepes3 ero 1menTp mMace I, Bocmoab3yemcs Teopemoit I reit-
Hepa

IC = IO — mq a2,

IJIe @ — PACCTOSTHUE MEXKJy OChIO JIMCKA U IapaJsiiejibHOl eif OChIo,
IPOXOJIATIEH Yepe3 TEHTP Mace,

13

In="mR?
0 2 )
m —ém
1=3m
Torma
13 s 4 2
IC—24 R 3 ma’.

Yrobbl HalTH paccTosiHUEe @, HAIeM KOOPJWHATHI IIEHTPa MAacC.
Bamenum puc. 87, a, IKBUBAJEHTHBIM puc. 87, 6, TJie MacChl 0OOUX JTHC-
KOB, COCTOSIIUX U3 OOBITHOTO MW <THUIMOTETUIECKOTO» BEIIEeCTBa, MPEJI-
CTaBJIAIT co60ii Toukn ¢ Maccamu (4/3)m u —m/3, pacluosoKEeHHBIMI
Ha KOHIAX orpeska jyuHoil R/2. TTockosbKy 3ajada CUMMETPUIHA
OTHOCHUTEJIbHO ocu Y, opjuHara 1eHTpa Macc Yo = 0.
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Jls1st TIeHTpa MacC BBIMIOJIHSAETCS YCIOBUE:

mia = m<R a)
6= —ma| — —aj.
2

C yuerom (275) u (276)

IIpumenssa treopemy lTeitnepa, onpenensem Io:

Ic = Iy — ma® = i—;mRz
37
T2
3amaua 133. B ommnopomHOM JamcKe Maccoit
° I m = 1 kr um paguycomM r = 30 cM BBIPE3aHO
/ Kpyruioe orBepcTue nuamerpoM d = 20 cMm, eHTp
r KOTOPOT'O HAXOAUTCs HA paccrosuuu [ = 15 cMm or
ocu aucka (puc. 88). Haiirn moment unepnun [
MTOJTy IEHHOTO TeJIa OTHOCUTEILHO OCH, TTPOXOJIf-
et TePIeHINKY/ISIPHO TIJIOCKOCTH JTUCKA, Iepe3
€ro IEeHTP.

d OrBerT: a) Iozng2;6) Ic mR2.

Puc. 88

Pemenue. Ilo cBoeit mocTanoBke 33/1a9a He TMEET TPUHIIATTHA b
HBIX OTJIMYHIl OT Ipeblyleil. Pas3mdue 3aKr09aercst JIUIb B UCXOJI-
HBIX JIAHHBIX, TIO9TOMY, HE TIOBTOPSS IPUBEJICHHBIX BBIIIE PACCY K ICHUI,
Ccpa3y BBIUHUCINM MACCY BBIPE3AHHOTO TUCKA M1 :

2

e (277)

mp=m

Sanumiem BbIpazKeHue Jijigd pe3yJIbTUPYIOIEero MOMEHTa MHEePIUN I() oT-
HOCHUTEJIbHO OCH, HpOXO,ILHH.[efI qgepes IMeHTp JUCKa

2

IOZI—Ilz%—Il, (278)

rie I = mr?/2— MOMEHT MHepIMH IHUCKa OTHOCHTETHLHO OCH, TIPOXO-
JSIIeit yepe3 ero NmeHTp; 1 — MOMEHT HMHEPIUU JINCKA, U3 «TUMOTEeTUYe-
CKOT'0» BEIIECTBa OTHOCUTEJILHO TOIl YK€ OCH.



Basaun k rmase 5 173

s erancimenns [ Bocmob3yemcs Teopemoit [ Teitnepa, yauTniBast
upu sToM (277):
& 4 md? md?
L=_"0 00 M 2= (@2 482,
T o4 1 32,7 ( )
[Tozacrasiss noydenHoe Bbipazkenue B (278), mosydaem

1 2 md2

[=gmr® =25 (d? +81%) = 4,19 - 1072 xr - M.
1 o md o 2
I=-= — d”+8l°) =
Orser: 2" 327“2( +80)

=4,19-1072 &r - M. I

Samaua 134. Ha crynenvarstii 6s0k (puc. 89)
HaMOTAHBI B ITPOTUBOIIOOXKHBIX HAIIPABICHUAX JIBE
nutu. Ha KoHerr 0j1HOM HUTH JEHCTBYIOT MMOCTOSHHOMN =
cuJIoit Z_ﬁ, a K KOHILYy JPYTroil NPUKPEIUIEH TIPy3 |||||| m
maccoit m. zsectnsr pajmycsl R u Ry 6710Ka 1 €ro
MOMEHT HWHePINu [ OTHOCUTETHHO OCH BPAIIECHUSI.
Tpenna ner. Haiitu yriosoe yckopenue 6J10Ka.

Puc. 89

Pemenne. 3Bamumem Bropoii 3akon HpioTona i ycTaHOBKH,
n300pazkeHHoit Ha puc. 89:

mgRy — FRy = I3 +mR3p,

rjie mR3 — MOMEHT MHepIUU Ipy3a M OTHOCHTELHO OCH, MPOXOJgIett
gepes3 MeHTp OJIOKA MapaJIe/IbHO JIBUKEHUIO IPYy3a.

Orcrona
mgR2 — FRy

e I + mR2

mgR> — FRy

I+mR2

Bamaua 135. Ha oanopoanblif CILIONIHON 11-

suaap maccoit M u pagmycoM R 1mioTHO HaMOTaHa
JIerKasl HUTh, K KOHILy KOTOPOil NPUKPEIJIEH I'Dy3
maccoit m (puc. 90). B moment ¢ = 0 cucrema
npunuia B jsuzkenne. [Ipenedperast TpenueMm B ocu
[UJTMHJIPA, HAWTH 3aBUCHMOCTD OT BPEMEHU:
a) MOJLYJIsI YIJIOBOW CKOPOCTH IUJIMHJIPA,;
6) KUHETHYECKOl HEPIUu BCEll CHCTEeMBbI;
B) YIVIOBOI'O YCKODEHWUS.

OrseT: 8=
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Pemenne. a) 3anuiieM BbIpayKeHue, CBI3bIBAIOINeE JIUHEHHOE
(TaHreHIUAIBHOE) YCKOPEHHUE ¢ TOYKH, JIEXKAIIel Ha MOBEPXHOCTHU IH-
JINHJIPA, C YIJIOBBIM YCKODEHueM (3:

a =GR, (279)

¥ BbIparKeHUe, CBA3bIBAIOIIEE YIVIOBOE YCKOPEHHE C BPAIIAIOIINM MOMEH-
ToM Nz, IEUCTBYIONINM Ha TUJIWHIP C MOMEHTOM uHepruu [:

N

=2z, (250)
rie 5
1= M2R . (281)

Bpamarommit MOMeHT, AeHCTBYIONN Ha THIHHID:
Nz = FR. (282)
Bamurmiem BTopoit 3akoH HbOTOHA, JJTsT BUXKEHUST TPYy3a MAaCCO 1M
mg — F' = ma,

OTKyIa
F=m(g—a). (283)

Ioxncrasnsa (283) B (282), a 3arem (282) u (281) B (280), Haxomum G

_ 2m(g —a)
A==
C yuerom (279) omig — BR)
_ “mig —
A="Mr

Pemrag TOJIy4Y€eHHOE€ YpaBHEHNE OTHOCUTEJIbHO ,6, TmoJry1aemM

dw

_dw 9
A= dt  R[1+ (M/2m)]’

OTKY/la OIIpe/iesisseM MO/1yJIb YIJVIOBOII CKOPOCTHU ITMJIMHIPA:

t
. gdt . gt
YT f R[L+ (M/2m)] ~ R[1+ (M/2m)]
0
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6) Kuneruveckast sneprus cucreMbl, n306parkenHoii Ha puc. 90, ckia-
JIBIBAETCS U3 SHEPIUU BPAIIEHUsI IUJIMHJIPA,
K Iw? Mg*t?
1 = ————
2 4[1 + (M/2m))?
U SHEPIUU MOCTYIIATEILHOIO IBIKEHNS I'Py3a Maccoil m
muv? N mg2t2

Ke==-= 201+ (M/2m)]?’

rJIe yaTeHo, 9To v = wh.
Torga mosiHast IHEPIUS CUCTEMBI

B B M92t2 mg2t2 B
K=K+ K= i aieme T sns ozmE -

Mgt +2mg*t*  2mg*t?[l + (M/2m)] mg?t?

A4 (M/2m))2 AL+ (M/2m)]2 201+ (M/2m)]

VrioBoe yckopenne [ JIETKO HAXOJUTCS € TOMOIIBIO IIPUHITATIA, BUPTY-
AJIBHBIX PADOT. 3aIOTHIM TAOIHILY

Tabymua 8
mg 0SK Ax A%( Fx
m ox 1 1 mg
MR? Sz 1 1
op=— — il
2 YR R R? 0
u Bocnosbayemcs (96):
o Z FK AK _ 2mg

T S mAZ T M+2m’
2mg B g
(M +2m)R ~ R[l+(M/2m)]"

8=

. _ gt : __ mg’t*
OrBeT: a)w= R+ (M/2m)] 6) K = o[+ (M/2m)]’
g

®) 8= Fa (i)

3amaua 136. Yepes HEMOABUKHBIN OJIOK B BHUIAE OJHOPOIHOTO
CILJIOIIHOTO IUJIMHJIPA MACCOii 1M IIepeKNHyTa HeBeCOMasi HUTh, K KOHIIaM
KOTOPOI TOJBENIeHbl TPY3bl M1 U Meo. Ilpenebperast TpenueM B ocu
6J10Ka, ONpPEIC/TUTD:



176 Tuasa 5. Jlunamuka TBEpIOro TeJia

(A
N>

(0]
T,
' —
T2
mg I m,g
Puc. 91

(0]

1) yckopenue a rpy3os;
2) cuibl Harskenus T u Tb.

Pemenmne.

I cioco®

Pemum cravasia 3a/1a9y KJIaCCHIECKUM
criocobom. Ilycrs mostokure/bHOE HATIPAB-
senne ocu X Oymer cBepxy BHEM3. U3
puc. 91 sicio, 9TO rpy3 My 00a1aEeT OO
et Maccoii, TO9TOMY ero ABUKeHue OyIeT
COBIIAJIATH C TOJIOKUTEJHHBIM HAIIPABJIE-
HreMm ocu X, a JIBUYKEHUE TPy3a my OyJ1er

HAIIPABJICHO B IPOTUBOIOJIOKHYIO cTopony. Kpome toro, Ty > T, unade
ObI He OBLIO PE3yJIbTUPYIOIMIEr0 MOMEHTa, 00EeCIIeINBAIOIIEr0 BPAIEHUsT
6J10Ka.

13 Tpernero 3akona HoioTrona ciemyer, 9To

Ty=T, u Ty=T, (284)

SBamnurem ypaBHeHHE BTOPOro 3akoHa HbIOTOHA J1j1st TPY30B 1M1 1 Ma:

= T1 —mg, (285)
= mag — TQ, (286)

U ypaBHEHUE OCHOBHOT'O 3aKOHa MEXaHUKU JIJId BpalaTeJIbHOTO JIBUXKe-

HUA:

Ny = Ip. (287)

Vuuroisag (284), BoIpaskeHust MOMEHTA, [IJIMH/PA UJIU JIACKA

2
Iy = % (288)

(cM. Tabu. 7) 1 yIJIOBOrO yCKOPEHUS

b=z (289)

IoJIydaeM IIoCJIe/THEE YpaBHEHNE CUCTEMbI:

mR

(Ta =T)R=128=17 3 =" (290)

2
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Pemast coBmectHo ypasuenus (285), (286) u (290), naxoanM ycKopeHue
Ipy30B
meo — M1

= it +(m/2) 9>

a n3 ypasrennii (285) u (286) — cuiry HaTszKeHUs HUTENT
Ty =mi(g+a), To=ma(g—a)

IT crroco6

Pemmum Termeps 3aja4y ¢ MOMOIBIO MIPUHIIAIIA BAPTYAJIBHBIX II€pe-
merrenuit. s sToro 3amomaum Tabsuiy. OHaAKO Ternepb HEOOXOIMMO
YUUTBIBATD, UTO IUJINHAPUIECKUI OJI0OK UMeeT Maccy U, CJIeJ0BaTeIbHO,
MOMEHT HUHEPIUH, [I03TOMY TabJIMIA CJIErKa YCJIOXKHSIETCH. 3a OCHOB-
HOe BHUPTyaJIbHOE IepeMelleHne 0 IpPUMeM IlepeMelleHre Ipysa 1mq,
a 3a 0@ — yroJji, Ha KOTOPBIN MOBEPHETCS OJIOK MMPU BUPTYAJIHHOM IIe-
pPEMEIeHNN IPY30B HA PACCTOSHUE 0X.

Tabsymua 9
MK 0SK Ax A2 Fk
mi or1 =0z 1 1 —mig
ma dra=0x 1 1 mag
R? Sz 1 1
=" So="2% - —
2 TR R R? 0

IMoacrasisas Tabaudanbie ganubie B hbopmysy (96), moaydaem

> FrAy
. K m2 — Mmi
r =a =

- ZmKAi mi +m2+m/2g'
K

Cuny natszkenusi T n Th HAXOIUM, KaK U B TIEPBOM CIIOCODE.

mo — My

OrseT: a= 29;T1:ml(g+a),T2:m2(g—a).

mi1 +ma +m/

Bamaya 137. Ha crymenuarsiii muanHpuyecknii 6JJOK HAMOTAHBI
B IIPOTUBOIIOJIOXKHOM HAIPABJIEHUU JIBE HUTH C TIOJBEIIEHHBIMU K HIM
rpy3aMu MaccaMu mj u me. HaiiTu ycKopeHue rpy30B 1 CUITy HATAKEeHUs
nuteit. MomenT wHepriun 6710Ka I, paguyc COOTBETCTBYIONINX YIACTKOB
ooka Ry n Ro.

Pemenmue.

I cioco®

BoiGepem  mosioxkuTesbHoe Hanpasienue ocu X Buuz (puc. 92).
SBamnumiemM ypaBHEHHE BTOPOTO 3aKOHa HBIOTOHA JJIst TPY30B My U M3
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" ypaBHEHHE OCHOBHOI'O 3aKOHa MEXaHUKHN JIJId
BpaliaTe/JIbHOI'O JBU2KCHUA:

miay = mig — 11, (291)
moag = Ty — mag, (292)
Ny = I45. (293)

B npempimymeir  3amade TIpy3bl  BUCEJN
Ha KOHIAX OJHOII HEBECOMON HUTH, II03TOMY
la1] = |a2| = a. 3mech ke ABE HUTH HAMOTAHLI
B IIPOTHBOIOJIOXKHOM HAIIPABJIEHAN HA CTYyIEH-
YaTBII UJINHJIPUIECKH OJIOK, I/Ie KarK/1asd CTYIIeHb UMeEeT CBOi pajmyc
Ry u Rs, nosromy |a1| # |az|, 1 HEOOGXOIMMO COCTABUTH eIlle OIHO
ypasrenue, uaade cucrema (291)—(293) 6yuer nezamkuyTa. CobcTBEHHO,
B 9TOM, €CJII HE CIUTATH JOBOJBLHO KPOIOTIMBLIX, XOTH U 3JIEMEHTAPHBIX
MaTeMATHYeCKUX BLIKIAJIOK, U 3aKII09aeTCsd <«U3IOMHUHKA» 33JIa4M.
IToHATHO, 9TO YIVIOBOE yCKOPEHUE MUJIMHAPUIECKOTO OJI0Ka MOCTOSHHO,
a JIMHEHHbIe YCKOPEHWS I'PY30B HE PAaBHBI, MOCKOJLKY IPU IIOBOPOTE
[UJIMHPUIECKOTO 6J10Ka HA YIoJl dy TPy3y mi TPUXOJUTCS TPOXOIUTD
GOJIbIINIA 1IyTh, Y€M TpPY3y Mg, U3-3a TOro 4ro Ry > Ro u |ai| > |asgl.
Tereps HETPYJHO COOGPA3UTh, YTO, MOCKOJBKY IIPONHJICHHBIH ITIyTh
JIMHEIHO 3aBHCUT KaK OT YCKODEHHsl, TaK W OT paJuyca OJIOKa
COOTBETCTBYIOLIETO YIaCTKa, CIIPABEIIIBO

B e
RQ B a
nJjim
Ry
— o 294
la1] = |az] i (294)

Taxum 06pa30M, MbI MOJIYUUIN 3AMKHYTYIO CHCTeMy ypaBHeHuii. Perre-
Hue cucremsl (291)—(294) ¢ yuerom

_ laa] _ ez
b= R R
OPUBOJIUT K CJICAYIOITUM BbIDAZKCHUAM:
o (m1R1 — msz)R1 o (m1R1 — m2R2)R2
a1 = 2 PR g = — B} PR
I+m1R1 +m2R2 I+m1R1 +moR
T :mlgl+mQRQ(R2+R1) T :m2gl+m1R1(R2+R1) .

I +miR? +maoR3 I +miR} 4+ maR3
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IT crroco6

Pemum 3a/1a9y ¢ OMOIIBIO IPUHIATIA, BUPTYAIbHBIX IEPEMEIEHUH.
st aToro cocraBum Tabsr. 10, Tae 3a OCHOBHOE IEpEMEIIEHIE BO3BMEM
[epeMeIeHne TPy3a M.

Tabsmma 10

MK 0SK Ax A2 Fk

mi dr1=0x 1 1 mig
Ry Ry R2

dro="—"-"-19 — 2 —
mao ) i T i R% mag
ox 1 1
1 dp=— — — 0

YT R Ry R2

Bocnosnbzosasuics dopmysioit (96), naxomum

Y FxAr m1g —mag(R2/R1)

- YmxAk  (I/R?)+mi+m2(R3/RE)
(m1R1 — maRa2) Ry

I+miR? +maR3

1 =a

Yurarens 6e3 Tpyma caM BBITHCIUT G, JJS 9€ro HAJI0 JIMOO epe-
IHUCaTh TaOJINIy, IPUHAB IIEPEMEINeHIe I'Py3a Mo 38 OCHOBHOE, JHOO
BOCIIOJIB30BaThCs cooTHOIeHneM (294). Cuity HaTs>KeHHs HUTel JIerko
HajiTn u3 coorHomenuii (291) u (292).

a; = g (m1R1 —2m2R2)R21; as =
I +miR7 +maR5
I+ maRa(Ra+ Ry),
I+miR? +maR3’ I+miR} +maR3
3amaya 138. TopusoHTa bHBIN TOHKUN OJI-
HOPOJHBI crepkeHb AB maccoit m u ajuHOR [
MO2KeT CBOOO/IHO BPAIATHCS BOKPYT BEPTUKAJILHON
ocH, IIPOXO/Isiieii yepe3 ero Kouer A. B HekoTopsblit
MOMEHT Ha KoHer B Havaja JIefiCTBOBATD ITOCTO-
daHas cuia F', KoTopas Bce BpeMsl IepIEeHIUKY-
JITpHA TEPBOHAYAILHOMY TOJIOYKEHUIO ITOKOWBITIE-
rocsl CTepXKHSI W HalpaBjeHa K T'OPU30HTAJIbHOMN
wiockocrn (puc. 93). Haiitu yrioByoo ckopocThb
CTepyKHsI KakK (QYHKIUIO €ro yrjia I0BOPOTa
73 HAYAJHLHOTO ITOJIOXKEHHUSI.

(m1iR1 —ma2R2)Ro

I+miR} +maR3’
I+miRi1(R2+ R1)

Orser:

T =mag

T5 = mog

Puc. 93
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Pemenmue. IlockombKy cTep:KeHb B HAYAJIHHBI MOMEHT BPEMEHH
U TIOCJIE BO3/EHCTBUS Ha HEro BHENIHEH CUJIbI HAXOJUTCI B TOPU30H-
TAJILHOHN IJIOCKOCTHU, MOTEHINAJIbHAS SHEPTHUs CTEPYKHS HE MEHSIeTCs.
M3menenne ke MexaHUYIECKOIl HEPruu OyJeT IPOUCKOIUTL 33 CYET
n3MeHeHus KUHeTHYecKoi dHeprum K, paBHOil paboTe BHEIIHUX CHJI
[IpU TIOBOPOTE CTEPXKHs BOKPYT HEIOBUKHOI OCH HA yroJ . B HameMm
ciiydae B MOMeHT Bpemenu ¢ = ( kwumHermdeckas smeprusag K; = 0,
a 3HaYUT, MOYKHO 3aIlNCATh

AK = KQ — Kl - K2 = dABHeH.L; (295)
Iw? mi>
e Ky = = I = = dAswem. = Nz dp, Ny = Flcos (puc. 93).
Takum 06pasom, Beipazkenue (295) npuobperaer Bu:
2
%wz = Flcosp dy,
OTKYIA ”
2 _ 6F
wh = fcosgodcp
0
AT

w — /6Fsmap.
ml
Orser: wz\/@.
mil

Bamaua 139. B ycranoske (puc. 91) u3BecTHBI Macca m OJIHOPO/I-
HOI'O CILIOIIHOIO IIUJINHJIPA, ero paguyc R u Maccel Te1 my 1 mo. CKOIb-
JKeHUs HUTH U TPeHud B ocu Iumpapa metT. Haiitn yriosoe yckopenue
[UJIAIIPa U OTHOIIeHne cul HaTsikeHust 11 /Ty BEPTUKAJIBHBIX yIaCTKOB
HUTH B TIPOIECCE JIBUKEHUA. ¥Y0eanTnes, aro 11 = Ts mpu m — 0.

Pemenmnue. B3zamade 136 661710 HOTYyTIeHO BBIPDAYKEHHE JIJIsT TAHTCH-
IHAJILHOTO ycKopeHus Tes. [lojcraBuM ero B BeIparkeHue JJjisl yIII0BOIO
YCKOPEHHST IHJINH/IPA:

[ma —malg

p= R - (m1+m2+m/2)R ' (296)

B Toit ke 3a/1a1€ OBLIO TTOTYYE€HO BBIPAXKEHUE JIJIsI CUIIbI HATSIKEHUS
uureit 77 u Ts. Togcrasisasa B 9Tu Bblpaykenus 3uadenue a us (296),
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HAXOJIAM:
T, — mig(m + 4ma) T, — mag(m + 4ma1)
1= ) 2 — )
2(m1 + ma +m/2) 2(m1 + ma + m/2)
OTKy/a 1 mi(m+ 4ma)

T ma(m+4dmi)’
Jlerko ybemurhest, aro 11 = T mpu m — 0, T. e.

lim mi(m + 4mz)
m—0 M2 (m + 4m1)

=1

Teneps omnpesennm [ ¢ TOMOIIBIO MPUHITUANA BUPTYAJIBHBIX II€pEMe-
mennii. 1I0CKOJIbKY B yCTIOBUSAX HUYErO HE CKA3aHO O COOTHOIIEHWH 1M
U Mg, TO IyTEeM HOJICTAHOBKU JaHHBIX B Tabi. 11 B (96), HaxomuM:

a= _ Ima—mlg 8= |ma —malg
mi + ma + (m/2) ) (m1+m2+(m/2))R'
Tabmumna 11
my 0SK Ak A% Fre
my ox 1 1 —mig
mo ox 1 1 mag
2 R R
OrseT: B= [m2 —malg T mi(m+4ma)

(m1+me +m/2)R’ To ~ ma(m +4m;)’

Sagaga 140. B ycranoske (puc. 94) u3BecTHBI MACCHI TEJ M1 U M2,
K03 durmenT Tpennsa k MeKIy TEJIOM M1 U TOPU3OHTAILHON TOBEPXHO-
CTBIO, & TaKXKe Macca OJIoKa 1M, KO-
TOPBIA MOYKHO CYUTATH OIHOPOIHBIM
juckoM. CKOJIbXKEHUsT HUTH 110 OJIOKY
mer. B moment ¢ = 0 Teo mo HaYU-
HaeT omnyckarbes. [Ipemedbperass Tpe-
HreM B ocu OJI0Ka, HalTH:

AFT p

a) yCKOpEHHe TeJia Mma;

6) paboTy CHJIbI TpeHus, Jeii-
CTBYIOIIIEIT Ha TeJIO My, 3a 1Iep-
BBle ! CEeKyH]I IOCJle Hadaja Puc. 94
JIBUZKEHUS.
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Pemenune.

I cnocob

a) 3amnmiieM ypaBHEHHE MOMEHTOB M HPOEKIMU BTOPOIO 3aKOHA
Herorona juist rpy3oB my u mo Ha ocu OY u OX CcOOTBETCTBEHHO:

N=1I,8=1,2,
T

mag — To = maa, (297)

T, — kR = mia.
Yunreisas, uro R = mg, [ = mr?/2, (To — T1)r = N, tae r — pajuyc
6J10Ka, pemaeM cucreMy (297) OTHOCUTEIHHO YCKOPEHUsI TEJL:

mo —kml
mi + ma + (m/2)

6) Pabora cusbl Tpenus

mlgkat2
2

A=FpS=— 2.

II crioco6
BanosanM Tab1. 12 u mo (96) BerUncauM I = a,

o my1 — km1
mi1+mz 4 (m/2)g

Tabsymua 12
M 5Sk Ak Ai Fk
mi ox 1 1 —kmag
mr? ox 1 1
> e B 0
ma ox ox 1 mag
Hamee Bce Kak B IEPBOM CITOCOOE.
— kma mlgkat2
OrseTia)a= —12" "M __4.5) 4= T1I%A0
) mi +ma + (m/2) 9: 6) 2

3amaua 141. MaxoBUK ¢ HAYAJIBLHON YIJIOBOM CKOPOCTHIO Wy Ha-
YUHAET TOPMO3UTHCST CHJIAMHU, MOMEHT KOTOPBIX OTHOCHUTETHLHO €r0 OCH
[IPOIIOPIINOHAJIEH KBAaIPATHOMY KOPHIO U3 ero yIJjioBoil ckopoctu. Haiitu
CPEJHIOK YIJIOBYIO0 CKOPOCTb MAaXOBUKA 33 BCE BPEMsI TOPMOXKEHUSI.
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Pemenue. Ilo ounpenemennio cpemnero,

(298)

rie T— BpeMsd BpallleHUd MaXOBUKaA. Cornacno yCJ10BHUIO 3a/a91, MOMEHT

TOPMO3HBIX CHJI

N = kyw = —8I

rae k — K03 UIMEHT TPOMOPINOHAILHOCTH.
Taxum 06pa30M, MOKHO CIUTATH

B=a

nJjim

OTKY/1a

OmpeniesiuM U3 3TOr0 BhIpazkeHust 1':

0 T
dw
% = fdt7 T = 2\/(4)0.

wo 0

Haitem 3aBucumocts  w(t). CHOBa  BOCIOJIB3yeMCs
uueM (299), HO UBMEHHUM IIPeJIeJIbl NHTErPUPOBAHUSI:

0 0
[ far
w t

3\8

Orcrona

(299)

(300)

BBbIpazKe-

(301)

Moacrasias (301) u (300) B (298), mojyduaeM CpPEIHIOID YIVIOBYIO CKO-

POCTh MaXOBHKa
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Samaua 142. [nagkwuii omHOpouHBIH crepxkeHb AB wmaccoit M
u JAuHON | cBOOOIHO BpaIaeTcsi ¢ YIJIOBON CKOPOCTHIO Wy B NOPH30H-
TaJIbHOI IJIOCKOCTU BOKPYT HEIOBUXKHOIN BEPTUKAJIBHON OCH, TTPOXO/Is-
mieit vepes ero kouen, A. 113 rouku A HauMHAET CKOJIB3UThH 110 CTEPIKHIO
nebosbiias mydTa Maccoit m. Haiitu ckopocTsb v/ My Thl OTHOCUTEILHO
CTEPKHS B TOT MOMEHT, KOTJ[a OHA JIOCTUTHET ero KoHra B.

Pemenue. IlockosibKy NpOEKIMsi MOMEHTA BCEX BHEITHUX CHJI
Ha OCb BpAIIEHUsI PABHA HYJIO, B CHCTEME CTep:KeHb—MydTa MOMEHT
UMITYJIbCA COXPAHSIETCsI. Y TJIOBYIO CKOPOCTH BPAINEHUs] CTEPXKHsI B TOT
MOMEHT, Korjla MydTa JIocTHraeT ero Konia B, obosnauum w’ . Torma
3aKOH COXPAHEHMs] MOMEHTa MMIIYJIbCa 3AIIUIIEM B CJIEIYIONIEM BUJIE:

Twy = Iw' + miW/, (302)

e I = MI? /3 — MOMEHT MHEPIIUH CTEPYKHSI OTHOCUTEJILHO OCH BDAIIe-
HUSA, TIPOXO/IdAIeil uepes ero Kower, (cM. Tabir. 7); ml? — MoMeHT mHeprum
B TOUKe B.

ITockonbKy cTepKeHb TVIAJKWI U TPEHUsT HET, JJIsi CUCTEeMBI CTEep-
KeHb—MYy@Ta BBITOJIHIECTCS 3aKOH COXPAHEHUsT MEXaAHNIECKON IHeprun

7
Tw? - Iw?  mo?

5 = 5 T 5 (303)
TJIe v — TOJTHAsT CKOPOCTH My(dTHI B TOUKe B.
Pemast copmectro ypasHenust (302) u (303), Haxoum:

W= ___ (304)

1+ (3m/M)

22
2 wpl 3m

=——= — [24+=— . 305
* =t (0 ) o)

[Tonrast ckopocTh MydTBI ¥ CKJIAIBIBAETCS] U3 CKOPOCTH JIBUYKEHUSI
My(TBI OTHOCHTEILHO CTEP:KHs v’ M yIJIOBOH CKOPOCTH BparieHus w'l.

[TockoIbKY 3TH CKOPOCTH B3AUMHO MEPIEHIUKYIAPHBI, HCKOMYTO
ckopocTh v/ HaifijieM, Ucnosb3ys TeopeMmy Iludaropas:

v = /0?2 — (W)

UJol

I+ Bm/M)

C yuerom (304) u (305):

UJol

V1+ Bm/M)’
Samaua 143. JIBa ropu3oHTaAJbLHBIX IUCKA CBOOOIHO BPAIAIOTCS
BOKDPYT BEPTUKAJILHON OCH, TPOXOJIAIIEH 1depe3 uX TeHTPhl. MomeHTb

OrBeT: v =
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WHEPIUN JINCKOB OTHOCUTEIBLHO 3TOH ocu [1 m Iy, yrjioBbIe CKOPOCTH
w1 1 wsy. Ilocte majenst BEpXHEro JIMCKa HA HUXKHUN 00a JINCKa M3-3a
TPeHUsT MeXK/Iy HUMU HadvaJ i HEKOTOPOEe BPEMs BPAIAThCA KAK €IUHOe
nenoe. Halitn:

a) YCTAHOBUBIILYIOCS YIVIOBYIO CKOPOCTH BPAIEHUS JIUCKOB;

6) paboTy, KOTOPYIO COBEPILUIIU [IPU STOM CHJIbI TPEHHS.

Pemenue. a) 3anumem 3aKOH COXPAHEHUsI UMILYJIbCA Jist abCo-
JIIOTHO HEYIPYTOro CTOJKHOBEHWsI, TJI€ BMECTO MACCHI M OyJIeT MOMEHT
uHeprun I, a BMECTO CKOPOCTH ¥ — YIJIOBast CKOPOCTD W:

Lwi + Ibwy = (I1 + Ig)w.
Orcrona
_ TLiw + Dwe

T L+D

6) PaGora cus Tpenusi Oymer paBHA IPUPAIICHUIO KUHETUYIECKON
SHEPIMH BPAIEHUs ITON CUCTEMBI:

1 1
A=AK = B (Il +Ig)w2 —3 (Ilwf +12w§) =
2
1 Lo+ w1 2 2y _
= 5 (Il +12)<711+12 ) 3 (Ilwl +12w2)—
—__hh (w1 — wa)
oL + 1) Tt R
. L + Dws _ LD . 2
Orsert: an)w—ilﬁ_l2 ;6) A= T+ 1) (w1 — we)?.

Samaua 144. Toukwmii crepzkeHb Maccoil m um AjauHOI [ Bparma-
ercs C YIVIOBOH CKOPOCTBIO W] B TNOPU30HTAJBHOI IIJIOCKOCTH BOKPYT
BePTHUKAIBLHOM OCH, TPOXO/IAINEH Tepe3 cepennay crepxkus. [Ipomomkast
BpaIaThCs B TOM 2Ke IJIOCKOCTH, CTEPXKEHDb IIEPEMEIAETCS TaK, YTO OCh
BpAIIEHNsT TPOXOIUT Yepe3 KOHeIl cTepxKHsi. HaiiTu yrioByio cKOpocTh
BpAIIECHUS TTOCJIE TIEPEMETTCHIS CTEPKHT W .

Pemenne. Cucrema m3osmpoBaHa, U TPEHHE B HEl OTCYTCTBYET,
IIO3TOMY /JIJIS PeIlleHUs MCIOJIb3yeM 3aKOH COXPaHeHUs MOMEHTa HM-

yJIbCa: .
—
E I ;W ; = const.

HOCKOHBKy B pe3y/ibTaTe NepeMenieHNsl CTCP2KHA ITPOUCXOAUT U3ME-
HEHUEe MOMEHTa UHMITYJIbCa CTEPXKHA, 3aKOH COXpaHEHUd MOMEHTa WUM-
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MyJIbCa 3aIUIIEeM B CJIEIYIOIEM BUIE:
Ilwl = IQWQ. (306)
Broipaxkenua gnsa Iy u Is 6epem u3 tadm. 7:

I mi? I mi?
1 = —_— 2 = — .

12’ 3

IMoacrasiss st 3uadenus B (306) u peras 1oJydYeHHOe ypaBHEHIE
OTHOCUTEILHO Wa, HAXOIUM

Wy = —( .

w1
Orser: wy = .

Bamaua 145. YemoBek maccoif mi CTOUT Ha KpPaio TOPU3OHTAH-
HOT'O OJTHOPOJIHOTO JIICKA MACCON Mg M pajuycoM R, KOTOpBI MOXKeT
CBODOJTHO BPAIATHCS BOKPYT HEIOJIBUKHONW BEPTUKAJBHON OCH, ITPOXO-
JISIIeit 9epe3 ero meHTp. B HEKOTOPBI MOMEHT 9e/I0BEK HAYAJI JBUTATHCS
[0 Kpalo JMCKA, COBEPINWJ II€peMelieHre Ha yroJ ¢ OTHOCHTEIHLHO
JmcKa u octaHoBuiics. [Ipenebperast pazmepamu 4esioBeKa, HANTH yroJr @,
Ha KOTOPBIN TOBEPHYJICS JINCK K MOMEHTY OCTaHOBKH U€JIOBEKA.

Pemenune. I/IMHy.TH)C YeJIOBEeKa IIpU JIBU2KEHUU OTHOCUTEJIbHO
JUCKa OIIpeJe/IdeTCd BbIpazKeHNeM

Ilwl = _7774?2@/ )
e [T = miR? — MOMEHT HHEpIUH YeJ0BEKa OTHOCUTEIBHO OCH, IIPO-
XOIATIEH dYepe3 MEeHTpP JUCKA; ¢ — BpeMs JBIKEHUSI de/IOBeKa 10 KParo
JTACKA.

CyMMapHBI HUMIIYJIbC CUCTEMBI YEJIOBEK—IHUCK OTHOCHTEIBHO II0-
BEPXHOCTH 3EMJIH:

Y

2
—(L + L)w=— <m1R2 + Mk )

b
2 t

rje o — MOMEHT WHEPIUH JINCKA.
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BanmcbiBas 3aKOH COXpaHeHnsd MOMEHTa UMITYJIbCa

7m1R2S0/ = — <m1R2 + m2R2> f

t 2 t

" pelasi IIoJIly9YeHHOe YpaBHEHNE OTHOCUTEJIBHO ¢, HAXOJANM:

2ma’
L we
mi + ma
2 ’
OrBet: @:—ﬁ.

3amaua 146. Ha riagakoil rOpu30HTAIBLHON MJIOCKOCTH JIEXKUT OJI-
HODOJHBII TUCK paanycoM 7. Ha Hero ocTopoKHO OIyCTUIN JIPYTOit
TaKOil K€ JINCK, IIPE/IBAPUTEIHHO COODIINB €My YIJIOBYIO CKOPOCTH Wy.
Yepes ckobKO BpeMeHU 00a JTUCKa Oy/IyT BPAIAThCs ¢ OTHON 1 TOit XKe
YIJIOBOIl CKOPOCTBIO, ecyii KOI(MDMUIIMEHT TPEHUsS MEXKJIy JUCKAMU pa-
BeH k7

Pemenue. Crauaja HaiifeM yCTAHOBUBIILYIOCS YIJIOBYIO CKOPOCTH
Bpalenus w. VI3 3aKkoHa COXpaHEHUsI MOMEHTA UMITYJIbCA CJAEIYET, YTO

Jwy = 2Jw,

riae J — MOMEHT WHEPIUU KaXKJO0ro JIMCKA OTHOCUTEIBHO oOIeit ocu
ppamenus. Orciona w = wp/2. Tenepb paccMOTPUM HOBeEHUE OJIHOTO
U3 JINCKOB, HAIIPUMED HUKHero. Ero yrioBas CKOPOCTb MEHSIETCs TIOJ
neiictBueM momenTa N cuit Tpenus. Borancanm N. s 9Toro Bolaemm
Ha BEPXHEeil ITOBEPXHOCTH JIUCKA SJIEMEHTAPHOE KOJBIO C PAJycaMu T,
r -+ dr. MoMmeHT cujt TpeHusi, JIeHCTBYIONINX HA JAHHOE KOJIBIO, PABEH

m, m,
AN = rk{ 2L ) 2nr dr = 2k ( 22 )2 dr,
Tro To
rjae m — Macca KaxKJoro Jimcka.
IIpounTerpupoBas 310 BhIpazkenue 1o r ot 0 10 7, MOJIyIUM

N = %kmgro.

W3 Broporo 3akona Hbiorona mjis BpamareabHoro asmkenns Ny = Jz 3
HAXOJINM, YTO IPUPAIIEHNE YIJIOBOIl CKOPOCTH HIKHETO JINCKA ITPOUCXO-
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JUT Ha BeJIUIUHY dw 3a BpeMs

D

dt = T 4kg

dw dw.

J
N
Wurerpupys 3ro ypasaenue 1o w ot 0 10 wp/2, noaydnm t:

t= 37‘0%]{@.

OrBeT: t=3ro%kg.

Bamaua 147. JIByM OMHAKOBOIO PAINYCA JTUCKAM COOOTIIUIN OTHY
U Ty?Ke YTJIOBYIO CKOPOCTb W o (puc. 95, a), a 3aTeM uX IPUBEJH B COIPH-
KOCHOBEHHE, W CUCTEMa Yepe3 HEKOTOPOe BpeMs IIPUIILIa B HOBOE yCTa-
HOBUBIIIEECST COCTOsiHUE JBUKeHUsl. OCH JINCKOB HEMOJBUYKHbBI, TPEHUS
B ocsx HeT. MOMEHTBI MHEPIIUY JINCKOB OTHOCUTEJILHO UX OCEll BpaIlleHUst
pasubl I1 u I». Haiitm:

a) UpUpAIeHue MOMEHTA MMILYJIbCa CHCTEMBI;

6) yOblLIb €e MEXaHUYECKOI SHEPIUH.

Pemenmue. a) O6muit MOMEHT UMITY/TbCA CHCTEMBI U3 JIBYX JIUCKOB
JI0 TOTO, KAK OHU IIPUIIUIA B COIPUKOCHOBeHue, pased (I1 — Iz)wp. 31ech
y4TeHo, 4TO B Oyaylleil TOYKe CONPUKOCHOBEHUS BEKTOPHLI JIMHEHHBLIX
cKopocTeil U HaIpaBJeHBl B IIPOTHBONOIOMKHBIE CTOPOHBI (puc. 95, a).
OO6mmii MOMEHT MMITY/ILCA TOCJIE€ TPUBEJICHUS JIUCKOB B COIPUKOCHOBE-
HIIE U yCTAHOBJICHHS yIJIOBOi cKopocTu w pasen (I + Io)w; (puc. 95,6).

Vi

<i

Puc. 95
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[IpupaBHIBasg MOMEHTBI UMITYJIHCA, HAXOIAM:

w1 = 711_12w
! L+ I 0
' (1 — I)* in
AM = My — My = 227220 0 — (I + Iy)wy = — —12290
2= M= wo = (I + T2 L+ 1
6) YObLIb MEXaHUUECKOH SHEPIUU COCTABUT
AE=E, — B =T+ (it Boi
2 2
- I+ 1> wg _ I — I 2 - 2]1]20.)8
o2 0 L +1o T Lh+L
4]1]20.10 2]1]20.)3
Orser: a) AM=——"—""";0) AFE=F; — B, = ——.
) I+ 1> ) ! 2 I+ 1>

Samaua 148. OpHOopomHbIil cTep:Kenb JumHOM [ = 110 eMm pacmosto-
2KeH o1 yraoMm o = 60° K TyIaIKO# rOpu30HTAIBLHON TIOBEPXHOCTH, Ha, KO-
TOPYIO OH OIMPAETCss CBOUM HMXKHMM KOHIIOM. CTepkeHb 6€3 TOJIYKa
ormycTusn. HaiiTu cKopocTb BEpXHEr0O KOHITA CTEPXKHST HEIIOCPEICTBEHHO
nepes MaJeHueM ero Ha IMOBEPXHOCTD.

Pemenne. Tak Kak cTep:KeHb OTIIyCKaJn 0€3 TOJIYUKA, €r0 HHUXK-
Huil KOHEI[ B IPOIECcCe HMAJEHUs OCTAJICH HEIOJBUXKeH (Cujia peakiuu
pabornl He cosepiiaer). Mcrnonb3yeM 3aKOH COXPAHEHHs] MEXAHUIECKOM
sHepruu. IlorennnasibHast SHEPTUs IEHTPA MACC CTEPXKHS OTHOCUTEIHHO
rOPU30HTAJBLHOIT ToBepxHOCTH Mgl sin /2, a KuHeTHIecKast SHePrust

Iw?  miPW?
2 6
3aKOH COXpAaHEHUsI MEXaHUIECKO SHEPIUH

mglsina mi*w?

2 6

YuursiBast, 9To v = wl, HAXOIUM

v =+4/3glsina =53 m/c.
OrBet: v=+/3glsina=53wm/c.
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Bagaua 149. B cucreme (puc. 96) wus-
BeCTHBI Macca m rpy3a A, macca M crynenda-
Tor0 6J10Ka B, MOMeHT nHepiyn I moceIHero
OTHOCUTEJILHO €r0 OCH U PAJUYChl CTYIEHU
6sioka R u 2R. Haittu yckopenue rpysa A.

Pemenwne. Pemum 3amady ¢ moMoIso
[PUHIIAIIA BUPTYAJbHBIX PAOOT.

ITockonbky rpy3nt m u M 3a oaHO U TO
2K€e BpeMsl IIPOXOSAT OJIMHAKOBOE PACCTOSIHUE,
0Sr st m w M paBHBI IO MOJYJIIO, HO
UMeT pa3Hble 3HaKku. [lajee cieayer cran-
JIapTHAas OTepaIys — MOJACTAHOBKA 3HAYMCHUIA

u3 tabi. 13 B (96).

Tabmumna 13
mi ASk Ak Ai Ey
m ox 1 1 mg
M —o0x -1 1 Mg
I _ o 1 B 0
R R R?
ITomyanm v
F=q = g(m — )

m+ M+ (I/R?)’

CaMoCTOoATeILHO penimre 9Ty 3a/1a49y CTaHAapPTHBIM METO/JI0M, T. €. 3alli-

MIUTe ypaBHEHUS:

— IIOCTYHATEIHHOTO JIBM2KEHNsI OJIOKA BBEPX C YCKOPEHUEM a3}

— BpaIeHue 6JI0Ka C yCKOpeHueM [3;

— BTOpOro 3akona Hpiorona s rpysa m;

— KMHEMaTHYeCKOU CBSI3M MEXK/Iy YCKODEHUSIMU Ipy3a U OJIOKA.
Permtenne nosyvyennoit cucreMbl ypaBHEHUN IPUBOIUT K TAKOMY JKe

pe3yJbTarTy.

OrseT: a=

g(m — M)
m+ M+ (I/R?)’



Ynpyrue pecdopmauum
TBepAoOro Ttena

Jlo cux mop MBI paccMaTpuBaji abCOIOTHO TBEP/IbIE TEJIa, T. €. TeJIa,
HE TOJIBepKEHHbIe J1ebOPMAINN, CUUTAs, YTO IJIEMEHTHI Tejia He JBU-
JKYTCS OTHOCHUTEJBHO JPYT Jpyra. [Ipm paccMoTpeHun »Ke JIBUKEHUsT
1ebOPMUPYEMOro TeJIa TaKasl UIeaIM3alns HellpreMIeMa — HaM He0OXO0-
JIMMO PACCMaTPUBATD JIBUYKEHUE JPYT OTHOCHTENIHHO JIPpyTa 3JIEMEHTOB,
U3 KOTOPBIX 9TO TeJI0 cocTouT. Ho Tak Kak BCe Tejia COCTOAT U3 aTOMOB,
HaM, CTPOTO TOBOPsi, HEOOXOUMO PACCMATPUBATDH JIBUXKCHUE KaXKIOTO
aroma. [loHATHO, YTO Takas 3ajada HEBBITOJHUMA, a KPOME TOro,
K OT/ICJIBHOMY aTOMY 3aKOHBI KJIACCUIECKOH MEXaHUKN HEITPUMEHUMBI.

YT10o06B1 000#iTH 3TU TPYAHOCTU, B MEXaHUKE CILIONIHBIX CPEJ TEJIO
pasdbuBaeTCs Ha MAJIble JIEMEHTBI, a CUJIbI, JeHCTBYIONNEe Ha KAXKJIbII
MAJIBII 3JIEMEHT CO CTOPOHBI COCEJIEH, PACCMATPUBAIOTCS KAK BHEIITHUE.
[Ipu sTOM OYeHb BasKHO, CKOJBKO ATOMOB COJEPYKUT KAXKIBIH JIEMEHT.
Ecmu 4umeo aTroMOB MaJio, TO 3JIEMEHT MOXKET 00JajaTh KaKUM-TO
UMITYJIHCOM, OTJIMYHBIM OT HyJIs, TaK KaK aTOMbI 9TOTO 3JIEMEHTA CO-
BEPIIAIOT Xa0TUIECKOE TEIJIOBOE JABUKeHne. 1109TOMy BbIIEIEHHbIH dJ1e-
MEHT JIOJIZKEH COMIEPXKATDH JIOCTATOYHOE KOJMYECTBO ATOMOB, UTOOLI UX
CYMMAapPHBIH UMITYJIbC ObLJT DABEH HYJTIO.

Kpurepuem 1 Bbi60pa pasmepa 9J1€MEHTOB, Ha KOTOPbIE Mbl pas3-
OUBaEM TEJIO, ABJIAETCS CPEIHEE PACCTOSHUE MEXK Ly aToMaMu. Pa3mepbl
9JIEMEHTOB JIOJIZKHBI OBITH MHOTO GOJIBIIE CPEHEr0 PACCTOSHUS MEYK Ly
aTOMaMM, HO W He CJHUIIKOM OOJILIMUMHU, YTOOBI BCE CMEYKHBIE ATOMBI
9TOTO 3JIEMEHTA JIBUTAJIMCH OJUHAKOBO, — TOJHLKO TOTJ@ MbI CMOYKEM
OIHCATH JIBUKEHUE HTOTO JIEMEHTa € TOMOIIBI0 3aKOHOB KJIACCHIECKOMN
Mexauuku. CobJioenne 3Tux JByX TPeOOBaHUil MO3BOJISAET PACCMATPU-
BaTh peasibHbIE TeJIa KaK CILIONTHBIE.

Bee Bugpr gedopmarnmii MOYXKHO CBECTH K JIBYM OCHOBHBIM BHJIAM
nedopmarmn — nedopmarmu  pacmsotcerusn (corcamus) 1 Jedopmaryun
cdsuea.
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Hedopmanus pacrszkenus (czKaTus) XapaKTEpU3yeTcsl BeJINIUHOI
OMHOCUMENLHO20 YOAUHEHUA E:

e=bmt_ Al (307)

l l

rje | — IyiuHa Tesa 10 pacTsyKeHust; [ — JUIMHA Tejla MOCje PACTAKeHH.

B 3aBUCUMOCTHU OT PACTAXKEHUA NI C2KAaTUA BEJIMINHA € .HI/I6O II10JI0-
JKUTeJIbHA, 100 OTPUIaTeILHA.

IecbopMansl  CABHUra  OIPEICITCTCS

E BEJIMYMHON OTHOCUTEIBHOTO CABUTA. FEcmm
c c -/ MBI IIOAEHCTBYeM Ha BEPXHHUIl Kpail Tesa
v / . ,
B /-B y cuioit F' (puc. 97), To Touka A nepeiiner
At A / B A, B—8 B',C—3 (' Ilpusrom Gymer
BBITIOJTHATHCS YCJIOBHUE
Puc. 97 _AA" _BB' _ CC’ _

V_W_O—B—W—tga. (308)
Benmauaa v HASBIBAETCH OMHOCUMEALHBLM COBU20M.

Beakoe pacTarkenume W C2KATHE COIPOBOXKIACTCH COOTBETCTBYIO-
TITM yMeHbIHeHI/Iel\I nJjam yBeJH/ILIeHI/Iel\l IIOIIEPEYIHOI'0 CeYeHUd. STO n3-
MEHEHNE TTOTePETHBIX PAa3MePOB HA3EIBACTCS OMMOCUMEADHIM NONEPet -
HOLM PACUUPEHUCM TLITH COHCAUMUCM:

; _di—d __ Ad
5 = —

T d d’
e d — TMomepedHbIil pasMep Tesa 0 gedopMalui, a d; — Ioce.
IIpu pacTszkeHIN TONIEPETHBIE PA3MEPBI TEJIa YMEHBITTAIOTCS U e < 0;
IIpU C2KaTUU ¢’ > 0. Taxum obpasom, € u e’ BCerja UMET IPOTUBOIIO-
JIO2KHBIE€ 3HAKHN 1M CBA3aHDbI Me}K,ZLy CO6OI7I COOTHOIIIEeHUuEM

g = —pue, (309)

e p— kodddunuent [lyaccona, mmeronuit s KaXKJ0ro Marepruaa
CBOE 3HAYEHUE.

[Ipu jedpopMupoBanum TBEPIBIX TET B HUX BO3HUKAIOT CUJIBI YIIPY-
roctu. B abCcoIr0THO yIpyroMm Tejie CUJIbI OJHO3HATHO CBSI3aHBI ¢ JedOp-
marueii. Ecim B TakoM Tejie 1o JeificTBEeM BHEITHUX CUJI BO3HUKAIOT
nedopMaIun, TO MOCe MPEKPAIEHUS UX JIeHCTBUS TEJIO CHOBA, IIPUHU-
MaeT ¢Boio hopMmy. B feficTBuTEe IbHOCTH 2Ke TBep/Ible TeJla He 0018 1ai0T
TaKO# CIOCOOHOCTBHIO, O WeM XOPOIIO0 U3BECTHO aBTosobuTesasM. [Ipe-
JIeJI, JI0 KOTOPOTO peaJjibHbIE Tesa BelyT cebsi Kak abCOJIIOTHO yIIpyTue,
HA3BIBACTCS NPEICAOM YNPY20CMuU.
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Paccmorpum ynpyrue HanpsizKeHHs, BO3SHUKAIO- F
e B TBEPAOM TeJie IOJ JeficTBUeM BHENIHUX CHJIL. I
IIycTs K 3aKperIeHHOMY OJHHMM KOHIIOM CTEPIKHIO /148

cedenneM S npuiioxkena cuaa F (t), Bospacraiomnas u

co BpemeneM (puc. 98). Crep:keHb HAYHET PACTAIU- |

BaTbCsl, U B HEM yCTAHOBSITCS CHJIBL, JIEHCTBYIOIINE e

C OJHOW dYaCTH CTEpXKHsI Ha Jpyryo. MbicaeHHO ,_a*
pas3esinM CTEpKeHb Ha JBE YaCTH W PACCMOTPHM

CWJIBI, JeficTByIolye Apyr Ha apyra. [lockoabky Puc. 98

CTepzKeHb He JIBUKeTCs, TO Ha BEPXHIOIO U HU2KHIOIO

YaCTU CTEPXKHs#, COIVIACHO TPeThbeMy 3akony HbioToHa, meficTBYIOT 011~
HaKOBbIE, HO IIPOTUBOIIOJIOXKHO HAIIpABJIEHHBbIE CUJibl. OTHOIIEHUE CHIIBI
K CEYEeHHIO, Ha KOTOPOM OHa JEefCTBYeT, IIPU YCJIOBUU OJTHOPOIHOCTH Ma-
TepuaJia TBeP/IOTO TeJia, HA3BIBAETCI HANPANCEHUEM 68 JAHHOM CEYEeHUU:

F
o==. (310)
S
ONBITHBIM IIyTeM yCTAHOBJICHO, UTO JUIsi CTEPIKHEH PasHOro Mare-
puaja, HE3aBUCHMO OT MX CEUEHMsS] W JUIMHBI, CIIPABEJJINBO CJIEILYIOIee
PaBEHCTBO:

Ee==. (311)

Bnech E — KO3 UIMEHT TPOMOPIINOHAJIHLHOCTH, 3aBUCAIINNA OT BHJIA
BemiecTBa, win Moayab FOura. C yuerom (310) Beipazkenne (311) npu-
HUMAET BUJL

o= E= (312)

U Ha3bIBaeTCs 3akoHom Iyka.

ITockosbky Moysnb E xapakTepusyer yIpyrue CBOWCTBA TeJI, sIB-
JITeTCsT KOHCTAHTOW W HE 3aBUCHUT OT TOTrO, JePOPMUPOBAHO YIKe TEJIO
wim Her (pasymeercd, B Ipejesax jeificrBus 3akona ['yka), mpu pac-
Jerax HEOIEHHMYIO I[OMOIb HAM OKA3BIBAET NPUHUUN CYNEPNO3ULUUL.
Omn zakiovaercs B cieyromneM. [Ipenosokum, Mbl CKIMaeM OPYCOK
co Bcex mmectn rpameit. [IpoBectu pacder mamenenuss obbeMa Tesa
[IPU OJTHOBPEMEHHOM CXKATHUH CO BCEX TPEX Hap I'PaHEl BeChMa, CJIOXKHO.
[TpuaIMI Ke CyHepro3UIu MTO3BOJIAET OCYIIECTBUTH ITOC/IEI0BATE b
HBIIl pacyeT u3MeHeHus 00beMa Tejia MPHU CXKATUH CHAYAJIA C OIHOMN
napbl I'paHeii, 3aTeM €O BTOpOil u mocje —c Tperbeit. CymmupoBa-
HUE BCEX TPeX WM3MeHEHUH o0beMa JIaeT Pe3yJIbTUPYIOILYI0 BeJNYUHY
Av. Benumunna, XapakTepu3yolias CxKaThe Tejia MpU TPUKJIAIbIBAHIH
CIJIBI CO BCEX CTOPOH, HA3BIBAETCS KOIPPHUUUEHMOM CHCUMAEMOCTIU [3,
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nJjm MO&y/L@M 6CECMOPOHHEZ20 CIHCAMTMUA

Fa—o U OIIpeIesIsieTCsl KaK
/ k_>,? S
,,,,, ./ 1 9V
/- __ LoV 1
/

PaccMoTpuM — Temepb  BO3HUKHOBEHHE

Puc. 99 HANPSIKEHWHA TPpU  CJBUTE.  3aKpernum

HIDKHIOIO TPaHb IapaJlie/IeluIe a Helo-

JIBUYKHO, 8 K BEpXHeil IPHIIOKUAM CUTY F),

JIEJKAIYI0 B ILUIOCKoCTH 3710l rpanu (puc. 99). MpblcjenHo paszienum

napaJuiesienumes] Ha jase yactu cedenueM S. JLis Toro, 9To0bl BepXHsist

4aCTh Teda HAXOIWIACh B PABHOBECHM, HA HEE CO CTOPOHBI HUKHEl

YACTH TeJa JIOJIZKHA JIEeHCTBOBATD CHUJIA F7 PABHOMEDHO PaCIIpe/Ie/ICH-

Hag 10 BeeMy cedenuto S. Toryma mamnzenyuasvroe HANPANCEHUE T
OIIPEJICIM KaK ”

T=g- (314)

OIBIT TOKA3BIBAELT, ITO OMHOCUMEAbHBILI CO8UZ Y TIPSIMO TTPOIIOPITHO-
HaJIeH MPUJIOYKEHHOU cuyie F' 1 00paTHO MPOIMOPIMOHAJIEH CEUeHUI0 S:

Gy = g . (315)

C ydaerom (314)
T = Gn. (316)

Koadbdurnment npomnoprmonanpaoctn G- Ha3bIBACTCST MOJYAEM CO6U2G
jgarHoro marepmasia. OH Tak ke, Kak W Momysab FOHra, He 3aBUCHT
or ¢opmMbl 00pasia, a TOJBKO OT CBOMCTB caMoro marepuaja. Kak
U B CjIydae HOMepedHoil medopMaruu, Ipu JAedOopMalud CABUTA IPU-
MEHAM IIPUHIIUI CYIIE€PIIO3UIINAN.

Kpome pazobpanabIx BbINIe OCHOBHBIX AedopMarinii paccMOTPUM
KPYUEHUE KPY2A020 CMeEPHCHA. K KpYIIblil CTepyKeHb 3aKpelsieH
OJIHMM KOHIIOM HENOJBUXKHO, & K JPYIOMYy KOHILY IPUJIOXKEH BpAIla-
TEeJbHBIE MOMEHT ﬁ, UMEIONINI HAIPABJICHUE BJOJIb OCH CTEPIKHS,
TO CTEPXKEHBb TOJIYIUT TAKYI0 AeOPMAINIO, IIPU KOTOPOH €ro HmKHee
OCHOBAaHWE [IOBEPHETCSI 110 OTHOIIEHUIO K BepXHeMy Ha yrod ¢ (puc. 100).
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OueBuaHO, YTO 3TO JAehpopMalns CABUra. 3a-
koH ['yKa 1pu Kpy4eHnn uMeeT CJIe Ly oTuil BU,I;:

p=fN wmwm N =k,

2 riae k = 1/f. Kosdduimenr nponopruoHaibHo-
e ctu k CHJIBHO 3aBUCHUT OT 7* — PAJINyCa CTEPIKHS:
1
k~—.
1 4
Puc. 100 Iuepausn ynpyeot dehopmayuu, a ToUHEE, ee

[OSIBJIEHHE, CBSI3aHO C TE€M, YTO BHEIIHsIsS CUJIA,
necdopmupyst Teno, cosepiaer pabory. Ilocse ke mpekparenust neii-
CTBUSI BHEITHE! CHUJIBI TEJI0 CAMO CIIOCOOHO COBEPIIUTH PabOTy, PABHYIO
TOl, KoTOpas ObLIa 3aTpadeHa BHEIIHEH CUJIOil Ha ero aedOopMalluio,
ecJii, KOHEYHO, TeJ0 abCoMIoTHO ynpyroe. MoXKHO cKa3aTb, YTO BHYT-
DEeHHsIsT TOTEHIINAJbHAS SHEPTUsT aDCOIIOTHO YIIPYTOro 1ebOpMUPOBAH-
HOTO TeJla YBEJIUINBACTCS HA BEJINUIMHY paOOThI, 3aTPAYCHHON HA €ro
nedopmaruio. OTMETHM, YTO HAIMU PACCYKJCHUS] BEPHBI JJI MAABLE
u medaennoir nehopMariyii, B IPOTUBHOM CJIydae KapTHHA MOy IUTCs
CIIOXKHEE.

Paccmorpum kakoe-ubo Teso, TMoBepruyToe PAcTsKeHNIO, 1 BbIJIe-
JINM BHYTDPH ero obbema 3jeMeHTapHbIil Kyb co croponamu (. Torja,
¢ yaerom (310) u (311), cma

F =ol?> = ¢FEI?, (317)

l l
A:dexzngﬂdx.
0 0

Ilocne 3amennr dl = dax = | de:

pabora

€

2
A:E13f5d5:l3ET€. (318)
0

Ota pabora u OyJIeT paBHA ITPUPAIEHUIO MOTEHIINAIBLHON SHEPTUN Jie-
dOopMUPOBAHHOTO TeJIa,

2
A=U="21=wn, (319)

e w = Fe?/2— ynenbhast noTeHNua bHAs SHEPrus JebOpMUPOBAH-
HOTO Tema, v = 2 — obbeM Tea.
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ITosb3ysich coornortennem (312), MOXKHO IIOJIyYUTh APYTUe 3aBUCHU-
MOCTH:
= = - 320

2 2 2F ( )

Tenepsb BBIYUCIMM HEPIUIO yIpyroit medopmaruu npu ciapure. Ha
rpanb Ky0a ¢ pebpamu [, JIeyKaliyio B IJIOCKOCTH CIBUTA, JIEHCTBYeT CuIa

F = 711? = GyI?,

IIpW 3TOM BEpXHssl TPaHb TepeMeriaercd Ha peauauny dr = [ dvy.
Haxomum pabory cuset F', snepruto yupyroit nedopmaruu U 1 yIeabHyio
[OTEHIINAJILHYIO SHEPTUIO J1e(DOPMUPOBAHHOIO TEJIa W:

A—Gl3f7d7 “r,
0
2
A=0="5"8F = w, (321)
2 2
_GP T
ve 5 2~ 2G

Pexomenmanmm 1o pemeHmio 3aaad

1. Tlpu permennn 3a/1a49 Ha CBOWCTBA YIIPYTUX TEJ YACTO 3HATUTE b~
HOE YIIPOIIEHNE MPHU pacydeTax JAaeT MPUMEHEHUE MPUHIUIIA, CYIEePIo-
gurun. JlomycTuM, 910 Kakoe-aubo Tesio MOJBEPraeTcs OJIHOBPEMEHHO
cxaTuio (pacTsKeHUI0) U CABUrY (3aKpyduuBaHHIO). Torga MOXKHO pac-
CMaTPHUBATHL HE OJIHOBPEMEHHO 06a mporecca, a uX JIOOYIo Mocje0Ba-
TEJIbHOCTD, MMOCKOJIbKY BeJIMIuHbl F u G He 3aBUCAT OT HPEJBICTOPUN
nedopMarun Teja.

2. B sajmagax tuna 3amaun 166 obparaiite BHUMaHME, 3aKpEILICH
OJIMH KOHerl JebOPMUPOBAHHOIO Teja Win HeT. Eciaum 3akpervier, To
B BBIpazkeHun 1yist U u A BBosmTe ko3 durment 1/2.

Sagaun K riase 6

3amaua 150. Kakoe maBienune HEOOXOIUMO TPUIOKUTH K TOPIIAM
CTAJILHOTO IUINHIPA, ITOOBI €ro JINHA He U3MEHUIACH ITPU ITOBBIITEHII
temueparypbl Ha 100 rpajycos?
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Pemenwne. Haxomum oTHOCHTE/NBHOE VIIUHEHNE TEJa, 00YCIOB-
JIEHHOE TIOBBIIIIEHUEM TE€MITEPATY PBI:

rie o — KOS(i)(bI/IL[I/IeHT TEePMUYICCKOT'O PACIIUPECHUA.
yﬂeanoe JaBJIEHNEe, KOTOpOe HeO6XO,D;I/H\’IO IPpUJIOZKUTH K TOPpIaM
CKaTOoro nuJInHapas:

Ee=> =P (323)

IMoscrapisst 3Hadenue € u3 (322) B (323), noaydnm

P =aFEAT =022 T'Tla = 2,2 - 10° arw.

Orser: P=22-10% arm.

Bagaga 151. Kakoe jgasienue usnyTpu (IpU OTCYTCTBUM HAPY K-
HOI'O JIABJIEHUsI) MOT'YT BbLIEPIKATH:

a) CrTeKJIsIHHAs TPYOKa;

6) crekngnnas chepudeckas KoJaba ¢ pAIUycoM r = 25 MM U TOJIIIU-
Hoit crerok Ar = 1,0 mm?

Pemenue. a) PaccMOTpuM CTEKJISTHHOE KOJIBIO €IUHUYIHON MIH-
punbl. Torma naBjenue, nedCTBYIOIIEe HA CTEHKHU KOJIbIia, OYIeT PaBHO
PA3HOCTH BHYTPEHHUX U BHEITHUX HAIPSIYKEHUI:

F F Ar

P = 0 — O = X O — )
BAYTD: PHCHE T omr 27(r + Ar) ™oy

~ 2,0 MIla = 20 aTwm,

1€ Oy, — TPEJIEN TPOYHOCTU CTEKJIA.
6) s crekasiHuol chepuueckoii KoaObl CIIPaBeIuBO:
I F - 2Ar

P = Oguyrp. — Opmerr. — 5 5 ~ Om -

dmr 4m(r + Ar) r

= 4,0 MITa = 40 aTwm.

Orser: a) P~ 20 arm;
6) P ~ 40 atm.

Bamaua 152. T[opu3oHTAJIBHO PACIIONOKEHHBI MEIHBIN CTEprKEeHb
mmnoit | = 1,0 M BpammaioT BOKPYI BEPTUKAJIBLHON OCH, MPOXOJISIIEi
qepe3 ero cepenuny. [Ipm Kakoil wacTore BpalleHUsT OH MOYKET pPaso-
pBarbes?
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Pemenue. Cuna, pacrarmBamolasl MeIHbI CTepyKeHb, paBHa
LEHTPOCTPEMUTEJILHON cuiie, JOeHCTBYIOMIE Ha IEHTP MacC KaxKI0n
[OJIOBUHBI CTEPKHSI, KOTOPBIN HAXOUTCS Ha paccrostHuu [ /4 oT 1eHTpa
BpAllCHUS:

_omw® | omAr?(1/4)°n® mr?nll
/4 /4 ’
rAe M — Macca CTEPXKHA; 1 — 9aCcTOTa BPAIICHUA CTEPXKHS.

Bamenss m = pSIl/2, rue p— WIOTHOCTD Meau; S — IIOMAIL cede-
HUs CTEPKHS, ITOJIyJaeM

_ pSPr®n?

Ey 5

Hamnpsikenne paspbiBa

_ By plPmn?

9P =g 2

HaCTylae€T IIPpU 9aCTOTEC BPpAIllCHUA

V200/P g 102 06 /c.

"= 7l

Orser: n=0_8-10% 06/c.

Bamaga 153. K mpoBosioke u3 yIJIEpOJUCTON CTajau JJITHHON
Il =1,5 M u quamerpom d = 2,1 MM mojiBerieH rpy3 maccoit m = 110 kr.
Ipunnmas mist craau mojtyas FOura F = 216 I'la u npejenr npomnopriy-
onaJsibHOCTH 0, = 330 MIla, onpenennTs:
1) Kakyio 70J110 IepBOHAYAJILHOI JIJIMHB COCTABIISIET YJIMHEHHE TIPOBO-
JIOKH TP STOM T'DPY3€;
2) UpEBBIIIAET IPUIOKEHHOE HAIPIXKEHUE UJIA HET MPEJIEJT IPOIIOPIUO-
HaJIbHOCTH.

Pemenune. a) 3anucbiBaeMm 3akoH I'yka JJIsd IIPOJOJILHOIO PACTsi-
KenHusi: 0 = Fe, a Takxe

Orcrona

Fl _ 4FI 4-100 kr-9,8 M/c - 1,5 s
Al = — = = ’ : =2,16-10 Ay
ES  Erd*> 216-10° Ta- 3,14 - (2,1 -1072)? m? ’ .

uTo cocrasisger ~ 0,14%.
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6) IlpemesioM IPOIOPIMOHATIBHOCTH HA3BIBAETCS TAKOE 3HAYCHUE O,
IIpU KOTOPOM €IIle BBIMOJIHAETCS 3aKOH ['yKa:

2
o= £ A NOKE9SM/C gy,
S 314-(21-10 %) u

Orser: a) Al =~ 0,14%; 6) He npeBbIIIAET.

Bamaua 154. Mexgnas OpPOBOJIOKA cedenmeM S = 8 MM 1O

JIefiCTBUEM PACTATUBAIONIEH CUJIBI YJIMHUIACH HA CTOJIBKO, Ha CKOJIBKO
ona yjnuusercsa npu HarpeBanuu Ha 30 K. Ilpunmmas nma memam mo-
ayne FOura EF = 118 T'lla u kosdduimenT JIMHEHHOTO pacIIupeHUst
a=1,7-10"" K~!, onpenenure 4nciIoBOE 3HATEHIE TON CHIIBL.

Pemenune. Cornacuo (311), abcomoTHOE y/JIHHEHIE TPOBOJIOKH
1101, BO3/ICHCTBUEM PACTATUBAIOIICH CUJIbI

IF
Al ="
! SE’
9TO yKe yJJIMHeHUe TIPU HaTpeBaHUH
Al = ol AT.

Orcrona

F=aSEAT =1,7-107°-8-1075.118-10?- 30 K~ ' -m? - TTa- K = 481 H.

OrseT: I~ 481 H.

3amava 155. Cranbaast npoBosioka quamerpa d = 1,0 MM HATSHYTA
B TOPU30HTAJBHOM IOJIOXKEHUU MEXKJIy JBYMs 3aKUMAMU, HAXOISIIIM-
Mmucst Ha paccrosiauu | = 2,0 M apyr ot apyra. K cepejunae npoBoIoKn —
rouke O — nogsecusu rpy3 maccoit m = 0,25 kr (puc. 101). Ha ckosbko
CAHTUMETPOB OIycTuTCs Touka O7
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Pemenue. Uz ABOC, ¢ yuyerom majioctu Al, MOXKHO 3aIIUCATD:

e
==
"3 AABO: a = 2z/1.
Orcrona
l'2
Al = = (324)

l

ITpu pacTszKeHu# CTaJbHOI IPOBOJIOKH Ha KayKIAylo ee HOJOBUHY C
JUINHOM [ /2 neficTByer cuiia, paBHast, coriacHo (311),

eEn d?

F=¢ES = 1

B cuty cummerpun 3a1a49u OyjieM paccMaTPUBATH TOJIBKO €€ JIEBYIO
qactb: € = 2Al/l, a F = AlET d?/(2l). Dta cuna cosepmaer paboTy
OPOTHB CUJI YIPYTOCTH, KOTODas PaBHA HM3MEHEHUIO HOTEHIUAIbLHON
SHEPIUU CTAIBHO IPOBOJIOKH.

TakumM 00pa3oM, MOXKHO 3aIMCATH

2A1 2A1
A= U_2deAl’d(Al) 2E“d fAl’ (Al') =

(325)
_ 2Em dQAZQ
==

i, ¢ yaerom (324), -
2rE d°x
U=——7F—. (326)
l3
C Japyroif CTOpOHBI, BO3pacTaHue MOTEHINAJIHHON SHEPIrUu MPOBO-
JIOKH 38 CHUECT €€ PACTAKCHUS PABHO N3MEHCHUIO MOTCHINAIBLHON 9HEPrun

Ipy3a Maccoil 1M, OMyCTUBIIErOCs Ha PACCTOSHUE T, T. €.
U =mgz. (327)
Ipupasuusas (326) u (327), HaxXOMUM:

T = mg I~ 25 cMm.
27rd

OrBeT: =25 cM.
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Bamaua 156. OmHOPOAHBII yIIPYTHiT OPYCOK JIBUKETCS 110 NJIAJTKOMN
POPU30HTAJBHON TIJIOCKOCTH TIOJ, JeHCTBUEM TIOCTOSIHHOM cujbl Fyy, paB-
HOMEPHO pacupeesienHoit mo ropity. [Liomae Topra — .S, moayas FOura
marepuasia— F. Haittun orHOCHTEIbHOE C2KaTue OpycKa B HAIIPABICHUN
JeiCTBUS JTaHHON CHUJIBI.

Pemenwne. Ilpu pgBmkenunm crepkHs, KOTJIA OJIMH €0 KOHET]
He 3aKpeIlUieH, & Ha JPYroil JeficCTByeT BHEIIHsds CUJa, CHJIa PeaKIuu
orcyrcTByeT, 1o3roMy dopmysia (311) npuobperaer ciemyomuii BU:

Fi
e=—>.
2ES

— F 0
T 2ES’

Bamaua 157. Toukuit oIHOPOTHBIN METHBIN CTEpKEHDb JJIUHON [
U MAaCCO#l 1M PaBHOMEDHO BPAIAETCsi C YIJIOBOI CKOPOCTBIO W B IOPH-
30HTAJIBHOU TIJIOCKOCTH BOKPYT BEPTHKAJIBHOI OCH, MPOXOJSINell depe3
OJIVH U3 ero KOHIOB. HaiiTu cuity HaTs»)KeHUsI B CTEPXKHE B 3aBUCHMOCTHU
OT PaCCTOSIHUSL T JI0 OCH BPAIEHUSsI, & TAKXKe YJTUHEHIE CTEePIKHSI.

OrseT: €

Pemenue. 3amumem BhIparkeHue sl JEeMEHTAPHON CUIbI, Jeii-
CTBYIOIIEH Ha DJIEMEHTAPHYIO MACCy dm, PACIIOJOXKEHHYIO Ha, PACCTOs-
HUU 7" OT OCU BPAIIeHUSI:

o dmw?r?

dF = “20 0 = pwr dr,

r

rae dm = pdr;

rae m = pl;
r 5(Ar)  dF
r B
y 2,2 2713
[ pwirtdr  pwil
ar— [ et
0

mw?l r? pw?l3
OTBeT. F—2<1—l2>,Al—3E

Bamaua 158. CroomHoit MeTHBIH IMJIMHAP aiuHoi [ = 65 cMm
[IOCTABUJIM Ha TOPU30HTAJBHYIO I[MOBEPXHOCTH W CBEPXY TPUIOXKUIN
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BePTUKAJIbHYIO cxkuMmaiontyio cuiay F = 1000 H, xoropasi pasnomepHO
pacupeiesieHa 1Mo ero Topiyy. Ha CKOJIBbKO KyOWYecKuX MUJIIUMETDPOB
M3MEHUTCST 00beM IUInHIpa’

Pemenue. H3amenenne obbeMa MUIHHIPA OMPEICIACTCI KaK

2 Al
Av =7(R+ AR)*(I — Al) — 7R*l ~ wR?] (2 U z) :
3J1echb OTOPOIIEHBI OECKOHETHO MAJIbIE BBICIIETO MOPSIKA. Y IUThIBAsI,
aro Al/l = e; AR/R =¢'; ¢’ = —pe, rne p— xoabdunment [Tyaccona,
a TakzKe, UTO IIPU CXKATHU € OTPUIATEIHHO, HAXO/INM:

A=2uF = 1,6 M.

Av = 1R?le(1 - 2p) =

Orser: Av~1,6Mm>.

Bamaua 159. Meamnblit crepKenb JIUHON | TOABECUIN 3a OJIH
KOHeTI K 1moToJiKy. Haiiru:

a) yJJIMHEHHE CTEPXKHS 1I0J] JeHCTBIEM COOCTBEHHOIO BECA;

6) oTHOCHTEIBHOE HPUPAIIEHUE ero 00beMa.

Pemenue. a) OrHOCHTE/NBbHOE YIJIUHEHUE CTEPIKHSI

0(Al) dF _ pSgdl _ pgdl

! ~ SE  SE = E

abCOJTIOTHOE YJITTHHEHUE
1
12
Al = 1l =2
E f 2F
0
6) AbcosoTHOoe U3MeHeHne 00beMa

Av=m(R+AR)* (1 + Al) — TR* ~ mR?l ( z +2A_R>.

VunreiBas, uTo v = TR?l, OTHOCHTEILHOE IpUpAIIeHne 06heMa
Av Al 2AR
v R -

Sarmurem, 9To
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Torna A Al
v
— R (1 —2p).

v

) ~opgl? . Av Al

Orser: a) Al = TR 6) W T(I—ZM).

3amaga 160. Bpycok u3z marepuasa ¢ mosysiem FOura E u koaddu-
nmenToM [lyaccoHa 1 1oIBepriin BCECTOPOHHEMY CXKATHUIO jiaBjieHueM P.
Haitrn:

a) OTHOCHTEJIbHOE yMEeHbIIeHHe ero obbema,

6) B3aUMOCBsA3b MEXK/Y KO3DduiueHToM czkuMaemoctu 3 U yupy-

TUMU TIOCTOSTHHBIMU F 1 1.
[Mokaszarnb, uro kKoaddunuent [lyaccona p e MOXKeT IpeBBITIATH 1 /2.

Pemenue. a)ljis npocToTsl B KauecTBe OPyCKa pacCMOTPUM Ky6
¢ pebpamu, paBHBIMU OJHO ejuHUIE JUINHBL. [JOCKOIBKY 1O yCJIOBUIO
3aJ1a9M HA KaXKJIyI0 IPaHb HAIero Opycka JIEHCTBYeT OJMHAKOBOE JaB-
Jienne cxkaTtus P, pa3mepnl rpaHeit Opycka He UMEIOT 3HAYCHUSI.

[TycTs 06beM OpycKa JI0 CzKaTHsl paBeH v, a nocje cxkarug v’ . Cxxarue
OpycKa OCYIIECTBIIsIETCS ¢ Tpex map rpaneit. [Ipumenss npuHun cy-
HEPIIO3UIINN, PACCMOTPUM CHAYAJA CzKaThe OPYCKa ¢ BepxXHel 1 HIZKHei
rpaneii. [Tocse cxkaTus Ha MaJIyIo BeJTHIUHY OPYCOK OY/IeT UMETH BBICOTY
1+e¢,acevenne (1+¢’)? ~ 1+2¢’. Buaku € u €' MBI TOKA HEe YIUTHIBACM.
Ob61bem ke Hpycka mocite jredopmaruu oyIer

vVV=(1+¢e)(1+2)~1+¢e+2¢,
alv =1 —v=¢+2¢.
[TocKOJIbKY JlaBjieHue OGpycKa OCYIIEeCTBJISIeTcss CO BCeX Tpex Tap
rpameil, TO, UCTIOJIL3Ys IPUHITHIT CYTIEPIO3UITMH, MOXKHO 3aIlUCATD:

Av'3AY = 3(e + 2").

VuurbiBag, 4rTo HepBOHAYAJILHBIA 00bem Opycka (v = 1) ymeHb-
MATCsA, T. €. Av OYyJIET UMETh OTPUIATEIbHBI 3HAK, BHIPAYKEHIE

F P

“TSET B
u coornorenue (309), HAXOIIM

Av
v

=-=3(1—-2u) =. (328)

=
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6) Ilo oupenenennio u cormacuo (313) xoadbdunuent ckuMaeMocTn
(MoLysIb BCecTOpOHHEro cxkaTusi () paBeH

1 9V

62_? aip

Beps upezen ornomtenns (328), naxoaum 3:

Av  3(1—2p)

1
= — — 1' —
B UA;I)IEO Ap E

VYeraHoBuM Tenepb npejiest 3HaveHnii kodddurmenrta Ilyaccona fi.
OueBn/IHO, YTO IPU PACTSZKEHNH (CXKATHH) TeJla ero 00'beM yBeJInInBa-
ercs (YMeHbIIaeTcs), U ero U3MeHeHHe PABHO

Av =e(1 —2p).

ITosromy Av 1 £ JIO/KHBI UMETH OJIUH ¥ TOT K€ 3HAK, & 9TO BO3MOYKHO
JIAIIL B CIydae, Korja p < 1/2.

Hamu paccyzkennst HOATBEPKIAIOTCS TPAKTUIECKUM OIMBITOM — JI0-
CTATOYHO TOCMOTPETH B JIIOOOM CIIPABOYHUKE TAOJIUILy 3HAYEHUN KO-
durmenta [lyaccona p.

st abcommoTHO TBepOro Tea (= 1/2, T. e. u3MeHeHue ero obbemMa
HE ITPOUCXOJINT.

Av (1—-2u)P

Orser: a) — =-3

_ o (1—2p)
~ —H=:6) B =3

E
N
3agaua 161. YcTaHOBUTH CBA3DL MEXKIY KPYTAIMMM MOMEHTOM N

U YIJIOM 3aKpyIUBAHUS (O JIJIS:
a) TpyObl, y KOTODO TOJIIUHA CTEHOK A7 3HAYUTEHLHO MEHBIIE
pajmyca Tpyosr;
6) CILIONIHOIO CTEPZXKHS KPYIJIOrO CEYCHUS.
Ux nuna [, paguyc r u MOy/b casura (G M3BECTHBI.

Pemenue. a)[lorennuanbuas sHeprus
1

C yderom Toro, uro 3akoH ['yka npu kpydenunn unmeer Buig N = kg,
3alnIIeM: N2
= —. 2
U= (329)

st kombiia N = STr, riae S — mIomaib KOJIbIa:

S = 2nrAr.
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Kpyrsammumit moment
N = 2nrArrr = 2w Arr. (330)

IMoxncrasiss (330) B (329), mosydaem

U — N_2 _ o2t Arr?
2k k

VaenbHas MOTEHIIMATIBHAS SHEPTUN TeDOPMATIITT

U  wriArr?
rie oobeMm Tpyobsl v = 27l Ar.

C npyroii croponbi, coryacuo (321),

2
T

w=2-. (332)
ITpupasuusas (331) k (332), Haxogum:
L TN (333)

l
Haiee, ¢ yuerom 3akona I'yka npu kpyuenun N = ki, mosrydaem:

NI

L 2rr3GAr

6) Boipaxkenue (333) upexcrasisier dbopMmysy s pacdera kst
KOJIBbIIA, KOTIa AT MHOTO MEHBIIE €10 PaInyca. IToObI MOy YUTh 3HAYTE-
Hue k JIJIS CeYEHUs CILIONIHOTO CTEPIKHS, IIPEICTABJIAIONIEro OO0 KpyT
PAIIyCcoOM 7', HEOOXOAUMO IIPOUHTErpUpoBaTh (333):

T

4
k:ﬁfﬁdr:”&” : (334)
l 21
0
OTKYI2
v N _ 2Nl
L 7Gr?
N1 2N1
. _ -6 _
Orper a) 4 2 GAr’ ) 14 xGrt
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3amaua 162. Boranceantb MoMmeHT cuil N, KOTOPBIE BBIZLIBAIOT
3aKpydMBaHue CTAJILHON TPyOB! jymmuoil | = 3,0 M Ha yroa ¢ = 2,0°
BOKDYT €€ OCH, €CJIM BHYTPEHHUII ¥ BHEINHUI JuaMeTpbl TPyObl PaBHbBI

dy = 30 MM 1 dy = 50 MM

Pemenune. Borumenmmv smavenme k st TpyObl ¢ BHYTPEHHUM
U BHeNIHuM jaMerpamu di 1 do ¢ momMolbio (334):

da/2

~

_ G

E
Il
[\V]
N‘zl
@
m‘f‘%

3anucoiBas 3aKOH FyKa, HaXOJMM:

G

(di —di)e =05 kH - .

OrBer: N=05kH-M.

Bamaya 163. Haiitu HanbOJIBIIYIO MOIIHOCTH, KOTOPYI MOYKHO
1epeaTh C MOMOIIBIO CTAJIBHOIO BaJjld, BPAIIAIONIETOoCs BOKDPYT CBOeit
0CH ¢ yIJIOBO# cKopocThio w = 120 paj/c, ecau ero jymua [ = 200 cM,
pamgmyc r = 1,50 ¢cM U JTOIMYCTHMBIH yTOJI 3aKPYIHBAHIA (0 = 2,5°.

Pemenue. Ilpu BpamarenbHom IBUKEHAN
P =Nw=kypw.
Ucnonbays Boipaxkenue (334) s k, Haxoaum

G4
AL 2y

5 =17 xkBT.

Pmax =

OrseT: Ppax =17 kBt

Bamaua 164. OgHOpOIHOE KOJIBIIO MACCO m, MMEoIee BHEITHIIT
paanyc 73, IJIOTHO HACAXKEHO Ha BaJ pajuycoM 7. Baja Bpammaercs
C IOCTOSIHHBIM YIJIOBBIM YCKOPeHHeM [3 BOKPYT ero ocu. Haiitu MomeHT
YIPYTHUX CHI JiehOpMAIK CJIBUTA B KOJIBIE B 3aBUCUMOCTU OT PACCTOSI-
HUS 7" JIO OCH BpAaIlleHUS.
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Pemenne. Mowmenr cun
N = (1, (335)

rie I — MOMEHT WHEPIH KOJIBIIA;

dl =r*dm =1r*pdS = %75 dr.
To — T
3/1eCh TIOBEPXHOCTHAS TJIOTHOCTH p,
p= . m
W(rg - r%) ’
dS = 2mr dr,
2m
d = d =
B N
2 4 2
1= 2 [ gp=ml2=r) (336)
T2 — T 2(7"2 - 7"1)

T

IMogcrapisst (336) B (335), IPUXOUM K BBIPAXKEHHIO

N — Bm(rs —r*) .

28 ~1%)

v Bmlrd =)
2(r3 — %)
3amaua 165. Haiitu suepruo ympyroit medopMaiun CTaJIbHOTO
cTepkHsI Maccoit m = 3,1 Kr, KOTOPBIil pacTsSHYT TakK, 9TO €ro OTHO-
curenpHOe yaamHenne € = 1,0 - 1073,

Orser:

Pemenue. HWcnomnbsys (319), Haxomum sHepruio yupyroii gedop-

Maluun o B2
U=wy=—""°_M2¢ =40 JIx,
2p 2p

rae m = 772l p; p— IIIOTHOCTD CTAJIM.
OrseT: U =40 Ix.

Samaga 166. CrajabHOM IUINHIPUIECKHIT CTEPXKEHD JJINHOI [ U pa-
JIYCOM 7 TIOJIBECUJIA OJHUM KOHIIOM K IIOTOJIKY.

a) Haiitu suepruio U yupyroii pedbopManuu CTepKHs.

6) Boipasurh U uepes ornocuresnbuoe yiyuaenne crepxkusa Al/l.
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Pemenue. a) Tedbopmarms crepKHs 10J] JeHCTBIEM COOCTBEH-
HOTO Beca MPUBOIUT K IPUPAIIEHUIO ero MOTEHIINAIbHON SHEPIUH, PaB-
HOIT paboTe CHJT TSIYKEeCTH IPOTUB yIpyroil medopMarun:

AU = dA =  FS(AL).

Muozkuressb 1/2 nHosgBUIICS ITIOTOMY, YTO OJIMH KOHEI CTePXKHS 3aKPEILIECH.
Wcnonways pe3ynbTaThl 3aj1a4u 159, 3amnmiiem:

pgl’ dl’

S(Al) =

a TakKe
F =mrl'pg,

rJe p — IJIOTHOCTH crasu. Torma

213
T rpgl
fFéAl <> .

6) OTHOCHTEILHOE YJIMHEHUE CTEPXKHS HANIEM, UCIOJIB3Ys PE3YJlb-
TaThl 3aja9u 159:

AL _ pgl
I~ 2E
nJjan 9 9 919
Al _pgil

<l> =5 (337)

C yuerom (337):

2713 2 2 272 2

(7 rpgl m\ ridlEp gl (27 o Al
w= ()= () = () ()
2
OreeT: a)U:<g>r2p g*I3/E; 6) U <2:>7“QZE<AZZ> .

Bamaua 167. Haiitu suepruio ynpyroit medopmarun CTaabHOTO
CTEPKHs, Yy KOTODOTO OJIMH KOHEI[ 3aKpeILIeH, a JPYroil 3aKkpydeH
Ha yroJ ¢ = 6,0°. Hymnua crepxkust [ = 1,0 M, a ero pajguyc r = 10 mm.

Pemenue. Bocnonb3yemcs pesynbraramu 3agadu 161:

kgo TrtGe?

U—fN 5 = u =7 x.

Orser: U =7 ]/x.
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3amaua 168. Haiitu pacnpegenenne mIOTHOCTH SHEPTUN yIIPYTOit
nedopMaIuu B CTAJbHOM CTEPXKHE B 3aBUCHMOCTH OT PAaCCTOSIHUS T
J10 ero ocu. lyimHa crep:kHsi [, yro 3aKpyduBaHUs .

Pemenwue. Bocnosbp3yemcs cooTHOleHUEM, TOJTYICHHBIM B 3a-
nade 161: Grig?
1 1 2 7wGrip
= — N = — k = —_—
U=3Np=ghke A

_g_G€04T2
_0_7'

w
212

G*r?

OrBeT: w= 5
21



MexaHuKa
Hec)KMMaeMOMn >XUAKOCTH

Begakuit 06beM KUIKOCTH WK ra3a CIocobeH KaK yrogHO M3MEHSTh
CcBOIO (OPMY TIOJT EHCTBUEM CKOJIb YTOJHO MAJIBIX CHUJI— 9TO SIBJSETCST
KOPEHHBIM OTJINYMEM >KUJIKOCTEH M ra30B OT TBEPALIX Tes. 2KHIKocTu
U Ta3bl B OTHOIIEHNU W3MEHEHUsI 00beMa BelyT celst Kak yIpyrue Teja,
T. €. IpU W3MEHEHUU O0beMa B HUX BO3HUKAIOT CHUJIbI, YPaBHOBEIIUBa~
fomme JieificrBue BHemHUX cuil. OQHAKO IIOTHOCTH YKHUJIKOCTH IIPaK-
TUYIECKN HE 3aBUCUT OT JABJICHUS, TIOITOMY KUJIKOCTH Oy/JIeM CIUTATh
HECHCUMAEMOT, CPEeTOIL.

Bo mHOrEX cityuasix, Korja cujia TpeHus MEYK Ty OTIETbHBIMA CIOSIMI
TeKyIIedl >KUIKOCTH TPEHEOPEKNMO MaJjia, KUIKOCTH MOYKHO CUHTATD
udeasvHol, T. €. JIUIIEHHON BHYTPEHHEI'O TPEHUS.

B KNMHEeMaTUKe }KI/I):LKOCTeﬁ BO3MOZKHBI JIBa paSJ’[I/I‘{HbIX MeTO/la OITn-
canus apwxkenns. OQUH U3 HUX, Ha3bIBaeMblii Mmemodom Jlazpanoica,
COCTOUT B TOM, UTO JABUKEHUE YKUJIKOCTH 3aJACTCA MYyTEM YKa3aHUsT
3aBUCIMOCTH OT BPEMEHH KOOPIMHAT BCEX €€ YACTHUIL:

x = Fi(a,b,c,t),
Y= FQ(CE,b,C,t),
z = F3(a7b7cvt)7

rae a, b, ¢c— KOOpAMHATHI YaCTHI] B HAYAJIbHBI MOMEHT Bpemenu ¢t = (.
Wckmogast m3 9TUX ypaBHEHHWI BpeMs, MOXKHO MOJIYYUTH ypaBHEHUE
TPaeKTOPUU YaCTHUILbI.

OHaKO OCHOBHBIM METOIOM THAPOAIPOMHAMUKU SBJISETCA MEMOJ
Diinepa, KOTOPBIA 3aKJII0YAETCS B TOM, 9TO JIBUXKEHUE YKUJIKOCTH OIIPe-
JesideTcs IyTeM 3aJaHus I0Jisl CKOPOCTEll *KUJKOCTH B IIPOCTPAHCTBE
B KaXK/JIblii MOMEHT BpPEMeHH, T. €.
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NN, B IPOEKIUAX Ha OCH HpﬂMOyI‘OJ’IbHOfI ,HeKapTOBOﬁ CUCTeMbI KOOP-
JUHAT,

Vg = fl(x7ya 2, t)7

Uy = fQ(J?, ya 2, t)7

Uy = f3(l’, Y, 2, t)v

— - i -
TJe UV =Ug 1 +0y ) +U, k — CKOpOCTB >KMTKOCTH B MOMEHT BpeMeHn t

B TOYKE IIPOCTPAHCTBA, OIPE/IEITEMON PaJIUYCOM-BEKTOPOM
T=zity) +zk.

Besmuuuner z, y, z, t Ha3pBaOT nepementvimu JiUsepa. B KadecTBe

[IEPEMEHHBIX Diljlepa BMECTO MPSMOYTOJBHBIX JIEKAPTOBBIX KOODIMHAT

(x,y, z) MOXKHO [OJI30BATHCS IIUJIMHIPUIECKIMU, C(DEPUUECKIMU U JPY-

TUMHU KOOD/IMHATAMH.

Cmayuoraprsim Ha3bIBACTCH JBUYKEHUE KUJIKOCTH, KOIJIA II0JIe ee
CKOPOCTEil He NU3MEHAETCSI C TeUeHHeM BpeMeHU. JIunuet moka Ha3bIBa-
eTcsl JINHUS, KacaTeJbHas B KayKJIOH TOUKe KOTOPOH B JIIOOOH MOMEHT
BpEMeHH t COBIAJAET IO HAIPABJICHUIO C BEKTOPOM CKOPOCTH U JIBH-
KyIeficss KUAKOCTA. JacTh »KUJIKOCTH, OIDAHUYEHHAs JIMHUSIMU TOKA
Ha3BIBACTCS MPYOKOU MOKa.

Eciin Tedenme crammonapHO, TO MOBEPXHOCTH, OOPa30BAHHAS JIH-
HUSIMUA TOKa, IIpeJCTaBjsieT cob0il Kak Obl HENPOHHUIAEMYIO TPYOKY.
Hu onma w3 wacTuiy »KuJIKOCTH, HAXOJAMNIECs BHYTPH Takoil TpyOKwH,
[IPU JIBUZKEHUN HE BBIIJET 3a ee IPEeJIeIIbl.

Bes KukocTh mim ra3, HpoIe/i-

IIIHe Yepes3 OJIHO CevYeHne Takoil TpyOKH,

JIOJIZKHBI IIPOWTH U Yepes Jioboe JIpyroe Va

ee ceuenune (puc. 102). 3a npomexRyToK S,

BpeMmenu At depes cedenne S mpoieT
KOJIMYIECTBO KIUJIKOCTU WJIN Ta3a, PABHOE

Z
S

Amy = prv1 AtST. Puc. 102

Yepes cevenne Sy 3a TOT 2Ke TTPOMEXKYTOK BPEMEHH ITPOIiJIeT KOJTUIECTBO
KUJIKOCTHU WJIU Ta3a, PABHOE

Amg = P2V2 AtSQ 5

rjie p1, P2, S1 1 S — INIOTHOCTHU YKUJIKOCTU UJIH ra3a B CEUEHUIX S1 1 Sy
coorBercTBeHHo. OUeBUIHO, 9YT0 Am; = Amsg, UHaYe HA TPOMEKYTKE
MeXy S1 U So y HAC JUOO MOABJIAIOCH ObI KAKOE-TO JIOTIOJTHUTEIHHOE
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KOJIMYECTBO KUIKOCTHU, JinO0 mcdesaso. [IpupasauBas Am; = Ameo,
MPUXOJIUM K CJIE/LYIOIIEMY BBIPAYKEHUIO:
plletsl = pQ'UQAtSQ. (338)

OZHAKO COOTBETCTBYIOIINE PACYETHI M ONBIT MOKA3BIBAIOT, 9TO
IIPU CKOPOCTSAX, MEHBIIUX CKOPOCTH 3BYKa, YKUJKOCTH W TI'a3bl MOYKHO
CUUTATD HECHCUMAEMBILMU, TT09TOMY ypaBHerue (338) samumiercs B cie-
JLyTOIIEeM BUJE:

0151 = 1252

njainm

vS = counst. (339)

VYpasuenue (339) Hocur Ha3BaHUE YpasHehue Hepazpuierocmu. V13 Hero
cJIeJIyeT YPe3BhIYaiiHo BAXKHBIN BBIBOJI: TaM, I/le CeUeHne TPYOKN yMeHb-
1aeTCsl, CKOPOCTD ITIOTOKA BO3PACTAET, UJIH, UTO TO YKe CaMoe, IJIe JTUHUN
TOKa I'yIe, TaM CKOPOCTH TEUYEHUsI TTOTOKA BBIIIIE.

B naspHeitirem Mbr OyieM paccMaTpPUBATH TOJIBKO JBUZKEHUE YKUITKO-
creit. [l onmcanus uxX IBUYKEHUsT HAM HEOOXOIMMO 3HATH, KAK CBI3aHBI
CKOPOCTH JIBU2KEHUS YKUIKOCTHU C JlaBieHneM. Takoe cOOTHOIIIEHIE OTpa-
’KaeT ypasHenue Beprysim:

g v? 4 pgh + P = const, (340)

rme P — napmenne, h — BbICOTa, ¥ — CKOPOCTDH TTOTOKA.

Eciu ckopocTh B pasHBIX cedeHUAX TPYOKU DPA3IUIHA, €€ KOHI[BI
PACIIOJIOZKEHBI HA Pa3HOU BBICOTE, TO ypaBHeHUWe BepHysuinm nmeer cie-
JYIOIUI BU:

Py — P = pg(h1 — ha2) + g (v} —v3). (341)
Ecyin ckopocTs moToka v1 U vy y JABYX cedeHuil TpyObl PaBHbI, TO
Py — Py = pg(hy — ha), (342)

T. €. PA3HOCTD JIABJIEHUIT paBHA BeCy CTOJI0a YKUIKOCTU MEXKLY YPOBHIMU
cevyeHuit.
B cityuae ropusonTaibaoro noroka hy = ho u

Py — Py =0 (0f —13), (343)

T. €. Pa3HOCTb ILaB.HeHI/If/'I B IIOTOKeE O6yC.HOB.HeHa TOJIBKO U3MCEHCEHUAMU
CKOPOCTH. ’TaM7 rJae JIMHUU TOKa CryHiailoTCda U CKOPOCTU BO3PaCTalOT,
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Puc. 103 Puc. 104 Puc. 105

JIaBJIEHUE YMEHBIAETCsI. IJTO CBSI3aHO C TEM, UTO 3JIEMEHT KUIKO-
CTH, BIUCHIBasCh B 0OoJiee y3Koe ceueHne TPYyOKU TOKA, HE YMEHBIIAET,
a YBEJUYINBAET CBOH 00bEM, CTEeHDb CXKATHUS MaIaeT U, CJAET0BATEIHHO,
IaJiaeT JaBJIeHue.

BanuiiemM ypaBHeHHe DepHy/uIn Jjisi CEeYeHHs IIHPOKOIO COCYIa
¢ IUIOMIAJbI0 JdHA S7 W JjIs OTBEPCTHS ILIOMAJBIO S9, MPOJIETAHHOTO
BO/m3u mHa cocyna (puc. 103), cuurag upu 3TOM KUJIKOCTH HECIKUMAE-
MOMi, T. e. p = const. Kpome Toro, naysioxxum ycjaoue

Sa
S_1<<1'

Torma ypasuenne Beprysin nprnodbpeTaeT BUI:
pui pv3
P0+7+pgh:Po+7, (344)
a ypaBHEHNe HEePa3PbIBHOCTHU:
1)151 = UQSQ. (345)

Pemast cosmectro (344) u (345) ¢ y4eTOM HAJIOXKEHHBIX YCJIOBHIA, HAXO-
JUM:
vy = \/2gh. (346)

DTO cooTHOIIEHHE Ha3bIBaeTCs Popmyaot Toppuuensu.

Paccmorpum siBiieHme, ITPOUCXOJIAIIEE B HEMO/IBUKHOI MOHOMETPH-
JecKoil TpyOe, TTOMEIEHHON OTBEPCTHEM K IOTOKY, — TaK HA3BIBAEMOIT
Tpy6e ITuro, Haxomsmel mmupokoe mpuMeHeHne B TexHuKe (puc. 104).
Y Takoil TpyOKH CKOPOCTH T€UYEeHUsI HOTOKA IIepeJ] OTBEPCTHEM DpaBHa
HYJIIO, & JHUHUM ToKa ucKpubisiiorcs (puc. 105). Togcrasus B (341)
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ve = 0, nostyuaem ypasHenne Beprysim fyis Tpyoku Iluto
2
Py~ P =1

njainm

2
B:H+%a (347)

U3z (347) ciaemyer, 9T0 HENIOBUZKHBIL MaHOMETD, OOPAIIEHHBINH OT-
BEpPCTHeM K TOTOKY, OKarkKeT JaBjleHne Ha BeJUUUHy pvi/2 Gosblee,
9eM JIBUKYIIUICS BMECTE C MOTOKOM. DTO HMPOUCXOUT U3-3a TOTO, UTO
OCTAHOBHUBIIHECS ITePe]] MAHOMETPOM HaCTHUIIBI CO3/]AIOT CJION, I7le IOTOK
CYKUMAETCs, 9TO IPUBOJUT K HOBBIIIEHUIO JABJICHNAS HA BETUIUHY pv%, /2.
Iepemnumenm (342) B Buze

2

P:P+%< (348)

Bemmunny pv?/2 masbiBatoT dunamuueckum dasaenuem, P — cmamu-
cmuneckum dasaeruem, a P — noanvim.

C nomompio TpyOokm Iluro MBI m3Mepsiem moJiHOe Japiaenue P
BosHukaer pe3oHHBIN BOIIPOC — KaKOe Ke U3 ITUX JABJICHUN NCTUHHOE?
JlunamurdecKkoe JaBjeHre — 9TO «U30BITOYHOE JIABJICHIE, BOSHUKAIOIIEe
13-33 BBEJEHUS B IIOTOK M3MEPUTEJHHOIO IPUOOpPA, MPUBOJLIIIEE K €ro
Bo3MmyIenuio. lVcTunnoe ke aBjieHne —3TO CTATHCTUYECKOE JaBJIe-
nue P.

Ecim cmemats B TpybOke I[luto GoKOBOEe OoTBepcTHE, TO CKOPOCTH,
a CJIeJI0BATEIbHO, U JaBJIeHne BOJIU3M STUX OTBEPCTUN, OYIYT MaJIO OT-
JITYaTbCsl OT CKOPOCTH ¥ JIABJICHUSI HEBO3MYIIIeHHOro roroka (puc. 106).
IlosroMy maHOMETp, IPUCOEIUMHEHHBIH K TaKOi TPYOKe, IOKaXKeT cTa-
TucTuvueckoe mapjienne P. Ecim Ke KOHCTPYKIWIO, TPEICTABICHHYIO
ma puc. 107, TpuCcoOeIMHATL K MAHOMETDPY, IMOKa3bIBAIOMEMY Pa3HOCTH

K maHomeTpy

Puc. 106 Puc. 107
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z —
A Fp ~
- VO
>V Z F
d - P
R = ARl
Fio
D
-~ —
F' Flo
Puc. 108

nasjennii (nuddepeHuaIbHOMy MAHOMETPY ), TO OH MOKAYKET JINHAMU-
“YeCKOe JIABJIEHUE, & [IPOrPa Ly HPOBAHHBIN COOTBETCTBYIONINM 00Pa30M —
CKOPOCTD HJIH 00bEM IIPOXOMIATIEN KUTKOCTH.

o cux mop MBI pacCMaTpPUBAJIA UJEAJIbHBIE YKUJIKOCTH, T. €. 2KHJI-
KOCTH, He O00JIaJIaiole BHYTPEHHUM TpeHuneM. PeajibHblE KHUIKOCTU
00J1a1aI0T BHYTPEHHUM TPEHUEM WJIM BS3KOCTBIO. DTO MMOJATBEPIKIACTCS
OIIBITOM, KOT/Ia BO3HUKINEE B JKHUJKOCTU IO JEHCTBUEM KaKUX-JIH0O
MIPUYIUH JIBUKEHUE IMOCTEIEHHO MPEKPAIAeTCs.

PaceMoTpuM JiBe TLUIACTUHBI, MOTPYZKEHHBIE B KUJIKOCTH (puc. 108).
[IycTp HMXKHAA IIACTUHA HEINOJIBUKHA, & BEPXH:S JBUKETCS OTHOCH-
TEJILHO Hee CO CKOPOCTBIO U . UTOGH! IIACTHHA JBUIAIACH, HEOOXOIUMO
NPUJIOXKUATh K Hell KaKylo-TO CHITY F. ITockonbKy OHa JABUXKETCHA C
MTOCTOSTHHO# CKOPOCTBIO, TO CYIIECTBYET KaKas-TO JIpyras CUja, paBHasd
7 IIPOTHUBOIIOJIOXKHO HAIIPaBJIEHHAS F. OTa cuiia U ecTh CHJIa TPEHUs
?Tp, [P JIBUYKEHUU TIJIACTUHBI B KUIAKOCTH. OTBITHBIM Iy TEM YCTAHOB-
JIEHO, 9TO

Frp=175, (349)

rjie 1) — KoaPunuenm enympennezo mpenus, WiIn Kodphuyuenm 6a3-
KOCMuU, WA NPOCMO BA3KOCTN, — 3ABUCAT OT MPHUPOJILI U TEMIIEPATYPBI
JKUJKOCTH; S — IJIOMIA/b TIACTHHBL.

Hukusig mracruna Ipu JBUXKEHUM BEPXHEH TaK:Ke I0JIBepraeTcs

—
JEeHCTBUIO CHIbl F ’Tp, PaBHOI 110 BeJIMYNHE U IIPOTUBOIIOJIOYXKHOM 110 Ha-

IIPABJIEHUIO ]_7>Tp. OueBuanoO, 9TO B3aMMOJEHCTBHE IBYX IUIACTHH OCY-
IIECTBJISAETCS depe3 XKUTKOCTD U [ePeaeTCs OT OHOTO CJIOS JKUIKOCTH
K japyromy. ITosroMy BazKHO HOMHUTL, 4TO (hopmyia (349) oupenessier
HE TOJILKO CHJIy TPEHHs, JeHCTBYIONLYIO Ha IIJIACTUHY, HO U CUJLY TPEHUs
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MeEXK/1y COIIPUKACAIOMIUMUCA TaCTAMU 2KUTKOCTHU. MozkHO IIOKa3aTh, 9TO

dv

Zs. (350)

Frp =1
Besmuuna |dv/dz| — modyav epaduerma ckopocmu — NOKa3bIBaeT, Kak
OBICTPO M3MEHSIETCsI CKOPOCTD B HAIIPABJIEHUH, TIEPIEHIUKYJISIPHOM JIBH-
JKEHUIO KHJIKOCTH.

Bce ckazannoe Bblllle OTHOCUTCS K MAJIBIM CKOPOCTSAM TEYEHUS KU
KOCTH, KOI'/Ia OHA TEYET CIOKOITHO, KaK Obl OT/IEJbHBIMU CJIOSMU, KOTO-
pble He IePEeMeNInBaTCA JPYT C JPYroM. B Takux ciydasX FOBODSIT,
qTo Tedenue samunaproe (caoucroe). Ilpu pocre CKOpPOCTH y CTEHOK
HAYMHAIOT HOSBISTHCS 3aBUXPEHUSI, TAMIHAPHOCTH Hapylnaercs. Takoe
TedeHrne HA3bIBaeTCS mypoyaermuvim. Ilpu HEM pe3Ko BO3pacTaeT JaB-
JieHne B TPyOOIIPOBO/IE, N3MEHSAETCSI PACIIPE/IETIEHIIe CKOPOCTEHl 110 ceve-
Huio Tpyosl. BosnukHOBEHME TYPOYICHTHOCTU OIIPEIEISIeTCsS 3HATEHTEM
wucaa Petinoavdca (Re). HaunHas ¢ HEKOTOPOTO KPUTHIECKOTO 3HAYCHUS
9TOrO YHUC/Ia, JJAMAHAPHOE TE€UCHNE MIEPEXONUT B TYPOYICHTHOE:

Re = 2% (351)

e p — IJIOTHOCTD YKUJIKOCTH; U — XapaKTepHasi CKOPOCTh MOTOKA; | —
XapaKTePHBI pa3Mep; 1) — BA3KOCTb.

Eciin B KavecTBe XapaKTepHOIO pasMepa B3sTh JIUAMETD TPYOBI,
TO st Boabl Re Oyzmer pasuo 1000.

Ha memrenno aBmKymuiicss B 2KUJIKOCTU MMAPUK IEHCTBYET B COOT-
BETCTBUH C 3akonom Cmokca cuma

F = 6mnrov,

rJie ¥ — paJInyc IapuKa.
Pexomenmanum o pemeHmnio 3aaad

1. Ilpu pemrenun 3a/1a4, CBsI3AHHBIX C JBUXKEHUEM YKUIKOCTH, HEOO-
XOJIUMO 3alUCAThL yPABHEHHE HEPA3PBLIBHOCTHU CTPYH, ypaBHeHue bBep-
Hysut 1 HOPMYJIBL JIJIsl JOTIOJTHUTELHBIX YCJIOBUN, €CJIM OHU, KOHETHO,
eCcTh. 3aTeM pPenuTh MOJyYeHHYIO CHCTEMY yPABHEHUI OTHOCHUTEIHHO
HEU3BECTHOHN BeJIMYUHDI.

2. HpI/I pemennn 3aJa9 Ha BBIYHCJICHUE CUJI peaKIUU IIPU NCTECICHUN
CTPpyU O4Y€Hb YaCTO 3a CUJIy PCaKIMU NPUHUMAIOT CUJIY TUJIPOCTaTU4e-
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CKOTO TABJIEHUs, UTO sABJIsieTCs ommnokoit. [Ipn ncredernnn crpyn n3 Ka-
KOro-iub0 COCy/ia B HEM IPOUCXOJUT IIepepacipe/ie/ieHue JaBIeHuil,
B pe3yJibTaTe |Yero jaBjieHrne BOJIM3U CTEHKU, HAXOJMAIIEHCs HAIIPOTHUB
OTBEPCTHS, OKA3bIBAETCST OOJIBINNM, €M BOJM3M CTEHKH C OTBEPCTUEM.
Ha sTom m ocnoBano jieiicTBre peaKTUBHBIX JBUTATEICH.

3. Ilpu permenun 3a7a4, T/ JaH PACXO/T BOJIBI, 0cOO0e BHUMAHUE 00-
pamaiite Ha pazmMepHoCcTb. Ecm pacxos () nan B j1/¢, TO €ro HeobX0AuMo
JIOMHOYKUTH Ha [JIOTHOCTH BOABL (py).

3agaun K riase 7

3agaga 169. OrnpesennTh pa3sHOCTh JIABJICHAN B IMUPOKOM U Y3KOM
(d1 =9 M, do = 6 cM) KoJIeHAX TOPU3OHTAILHO TPYOLI (puc. 109), eciu
BOJIa B IIMPOKOM KOJIEHE TE€YET CO CKOPOCTBIO v = 6 M/c. IlnorHOCTD
BOJTHI p, = 10% xT/c3.
Pemenne. 3amumem ypaBHeHnne Hepa3pPHIBHOCTH
peS1v1 = peSava,
OTKy/a, ¢ yaerom S = md? /4,
i
Vo = U1 ? . (352)
2
SanmcoiBas ypaBHenne beprysiin

Ps¥3
2

PsvT
2

P+ =P+

U mojicTaBisAs B Hero (352), naxonnm AP:

2 4
AP:Pl—pQZp”l(Z}l_ >z7,3-104Ha.
2

2

Orser: AP =7,3-10%Ila.
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Puc. 110

Bagaua 170. WneanbHas *KUIKOCTb T€UET O IJIOCKOH Tpyde oau-
HaKOBOTO CEYECHUsI, PACIIOJIOKEHHO! B TOPU30HTAIBHOM IIJTOCKOCTH 1 30~
rayToil, Kak nokaszano ua puc. 110 (Bug csepxy). IIoTok craiuonapHblii.
OIuHAKOBBI I JABJICHNE U CKOPOCTH »KUJIKOCTH B Toukax 1 u 27 Kaxkoii
BUJI UMEIOT JIMHUN TOKA?

Pemenmue. Ilockonbky TpybOa pacrosioykeHa B FOPU30HTAJILHON
ILUIOCKOCTH, & IMOTOK CTAIlMOHAPHBIN, JIMHUKM TOKA OYIyT CryIIaThCs Y
TOYKH 2 M3-3a TOTO, 9TO [MOTOK BOJBI OYIET CTPEMHUTHCS IPOWTH IO HAM-
KpaTrdJaiiemy myTu. [109ToMy CKOpOCTH ITOTOKA B TOUKE 2 OyIeT OOJIbIIE,
9eM B TOYKe 1, a JIaBJIeHne COOTBETCTBEHHO MEHDIIIE.

OrBer: P > P, v; < wvy. IlnorHoCTh JIMHUIE TOKa pacTer
PN TIepexoJie OT TOYKHU 1 K TOYKe 2.

Bamaua 171. JIpe MaHOMeTpHUYEeCKHe TPYOKM yCTAHOBJICHBI Ha TO-
PU30HTAJIBHON Tpy0e IEepPEeMEHHOTO CEYCHHsl B MECTaX, IJIe CCUCHUS
TpyObl pasubl S1 u So (puc. 111). ITo Tpy6e Teuer Boma. Haiitu o6bem
BOJIBI, TPOTEKAIONIMI B €MHAILy BPEMEHU Uepe3 CeueHue TPYObl, ecym
Pa3HOCTh yPOBHEH BOJIBI B MAHOMETPHUIECKUX TPyOKax pasHa Ah.

81 32

Puc. 111
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Pemenue. O6beM BOMBI, MPOTEKATOINIEH B €JIMHUILY BPEMEHH Yepe3
ceveHne TpyObl, paBeH

Q = Sv, (353)

rJle U — CKOPOCTH MOTOKA, BOJBI.
CorniacHO ypaBHEHWIO HEPA3PBIBHOCTH CTPYH MbI MOYKEM B3sITh JII000€e
CeYeHue U COOTBETCTBYIOILYIO eMy CKOpocTh. [lepenumenm (353) B Buje

Q = Slvl. (354)

ITockobKy TeueHme CTAIMOHAPHOE, YPABHEHHE HEPA3PBIBHOCTH CTPYHU
IIPUMET BUJIL:

’1}151 = 1)252. (355)

Vpasuenue Bepryium js Hatero ciydast (FOpU30HTAILHBIN TOTOK)
nMeeT BUJ,

Py~ Pr =2 (o] —u}), (356)
KpOMe TOro,

Vpasuenus (353)—(355) o6pasyior cucremy, perias KOTOPYIO, HaXO-
JIIM
2gAh

=5
R Vi

(358)
IMogcrapisst (358) B (354), mosryuaeM o6beM BOIbI, IPOTEKAOIIEH yepes
cedenue TpyObI B €JIMHUILY BPEMEHH:

Q = pS152 2980
53— 5t
2gAh
83— St

Bagaga 172. Tpybka Iluro (puc. 112)
YCTaHOBJIEHA Ha OCH TIa30IpOBOJA, ILIOMAH —
BHYTpEHHEro cevueHust Koroporo pasaa S. Ilpe-
Hebperast BA3KOCTHIO, HAUTH 00beM Tasa, MPOoXo- B
JAIEero depe3 cedenune TPyObl B €IMHUILY Bpe-
MEHH, €CJU PA3HOCTh YPOBHEH B JKUJIKOCTHOM
Manomerpe paBHa Ah, a IIOTHOCTH YKUJIKOCTU
U Ta3a — COOTBETCTBEHHO Py U p.

OrBeT: Q= pS1S,

Puc. 112
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Pemenune. Bamnumem 3akon BepHymwnm st HAIEro ciydast

=0):
(UQ ) v%

Py — Py = poAhg = 22

2
OTKyJa
2p0Ahg
v =) —=.
p

O6bem raza (), TPOXOIsAIIMil Yepe3 cedeHne S B €JIMHUILY BPEMEHH,

paBeH: SRV
= Suy = 8§21
Q 1 =57,
OrBer: Q=S5 M.
V' op

Bamaya 173. BeprukaibHasi cTpysl WIeajJbHON >KUJIKOCTH BBITE-
KaeT M3 TOPH30HTAJILHOIO OTBEPCTHUS PAJIUYCOM T CO CKOPOCTBIO V.
Haittu pagnyc ctpyum na paccrosnnu h HUXKE OTBEPCTHSI.

Pemenue. Ypasuenus Bepnyium n Hepa3pbIBHOCTU CTPYU UMEIOT

CJICAYIOIUHA BU: 9 9
2 2’ (359)
pS()U() = pSv,

TJie U — CKOPOCTH CTPYU KUJKOCTU Ha PaCCTOAHUN h Hmxe OTBEPCTHUA,
S() = WT(% — IJIOIIa /b OTBEPCTUA U S = 7'('7”2 — IIoOIa/Jdb CTPYHU Ha pac-
cToSTHUU h HUXKe OTBEPCTHUA.

Pemas cucremy (359), mosydaem

Orser: r=r19 T
1+ =
Vo

Bamaua 174. UgeanbHast )KUIKOCTH TEUIET CTAITMOHAPHBIM TOTOKOM
110 HAKJIOHHOM 110cKoCTH. [U1ybrHa moroka ymenbinaercs: B 7 = 2,0 pasa
ua paccrognun [. Ha kakom paccrosiauu I’ riry6una HOTOKa yMEHBITUTCST
B 17 = 4,0 paza?

Pemenue. Bo3bmem B IOTOKE IPOU3BOJILHYIO TOUKY, /i€ CKOPOCTH
IIPOXOZKJICHHSA MTOTOKA paBHa vy, a Iiiybuna notoka h. Ha paccrosnum [/

CKOPOCTH IIOTOKA PABHA U3, a Tiyouna h/7'.
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SBanmmem ypasuenne BepHy/n u ypaBHEHNE HEPA3ZPBIBHOCTH CTPYHU
Ha yJacTke 1-2, rie riyOnHa MOTOKA YMEHBINAETCS B 1) Pas:

2 2
(%0 Vo
— 4 gl== ,
2 9T (360)
nuy = v2
W3 pemenns cucremsr (360) HaxomMm:
2 2gl
= . 361
U1 -1 (361)

SBanmmem ypasaenue BepHy/i u ypaBHEHNE HEPA3ZPBIBHOCTH CTPYHU
JUIsT ygacTKa 1-3, rje riryOuHa MoTOKa yMEHbINAeTes B 1) pas:

2 2
U1 I U3
— 4 gl ==,
2 "I T (362)

/
n'vy = vs.
Pemenue cucrempr (362) ¢ yaerom (361) maer

"2
V=" L=l
o

2
OrseT: U' = 7727_1l:5l.
n°—1
Bamaua 175. Ha crone crouT mupoKuil MHJINHIPUIECKUAN COCYT
Boicoroit h = 50 cm. Cocysr namosiren Bojioii. [Ipenebperast BA3KOCTHIO,
HaTH, HA KAaKOW BBICOTE OT JIHA COCYJA CJIEyeT CJe/iaTh HeOOJIbIIoe
OTBEpPCTHE, YTOOBI CTPYsI U3 HEro OWja B MOBEPXHOCTH CTOJIA HA MaKCH-
MaJIbHOE PACCTOSTHUE [pax OT cocyla. deMy pPaBHO lmax?!

Pemenue. Oupenesum CKOPOCTh HCTEUEHUsI JKUIKOCTH U3 TIOJIOTO
OTBEPCTHS B OTKPBITOM IITHPOKOM COCYZE C IIOMOIIbI0 hopMyssl Toppu-

HeJIJIn:
V= 29(h0 - h)7

rie hg — BBICOTA PACIIOJIOXKEHUsT OTBEPCTUsI HAJ JIHUIIEM COCYIA.
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BpEEMH JBUZKCHUA dJIEMEHTa IIOTOKa:

2ho
t= /7. (363)

[IyThb, TPOXOAMMBIIT 9JIEMEHTOM ITOTOKA!

1 = vt = \/4(hoh — h2).

Bricoty hg, 0becrreanBaroNy o MAaKCUMAILHOE PACCTOSTHAE [y ax, OTIPE-
JIeJTUM ¢ TIOMOIIBIO TeopeMbl Pepma:

dl_ h—2ho _0
dho  v/hoh — h2 ’

OTKY/Ia N
ho = 5 = 25 cm. (364)

Toncrasnss (364) B (363), HaXOIIM

Imax = h.

OrsetT: hg=25cM; lpax = h.

Bagaua 176. Kakyio paboTy He0OXOINMO COBEPIIUTD, ITOOBI, JTeii-
CTBYsI [IOCTOSIHHOM CUJION Ha mopiiens (puc. 113), BbIIABUTH U3 TOPU30H-
TaJIbHO PACIIOJIOKEHHOIO IUIMHIPA BCIO BOLy 3a BpeMms t7 OO0beM BOJIBI
B [IWJIKHJIPE PaBeH V| IIOIMIA/b CeYeHUsI OTBEPCTHS S, IPUYIEM § 3HAUN-
TeJILHO MEHbIIIe II0Ma, 11 mopiiHs S. TpeHne n BS3KOCTH TPEHEOPEIKIUMO
MaJIbl.
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Pemenune. 3anumem Buipaxkenue Jjist paboTol A:
A= FIl= Fut. (365)

W3 ypaBHeHUsT HEPA3PBIBHOCTH V.S = VS HAXOJUM:

v =20 (366)

S

3amnuceiBaeM ypaBHeHHe BepHyum s TOPU30HTAILHOTO TEUICHUsI
KUJIKOCTH:

P2 P2
51} ‘|‘P:§'UO7

rJe p— IIOTHOCTDb BOJIbI, OTKY/Ia
p="= (v — v?).
2
VunrsBag (366), s < S u F' = P/S, naxonum:
S

P2
IMoncrasiss (367) B (365), mpuxo UM K
A= g v? % ut.
Iockonsky V3 = S303t3, moxyuaem
A=V
2 1257877
R
Orser: A= 3 2ot
Bamaua 177. U3 oreepcrusi B JiHE BBICOKOTO IIHJIMHJIPHIECKOTO
cocynma BBITeKaeT Boja. llmomaas cedenms cocyma B 17 = 100 pas

OoJibIlle ILIONIAN CcedeHus oTBepcTus. HaiiTu yckopeHme, ¢ KOTOPBIM
1epeMeIaeTcs ypoBenb BOJIbI B COCY/I€.

Pemenue. IlockoabKy ypOBEHb KHJIKOCTH OYJET OITyCKATHCsI
paBHO3aMEJJIEHHO, 3a BpeMs dt OH OIyCTUTCS HA BeJunduny —du:

dt = — & (368)

U1

rJe U1 — CKOPOCTDH OIIyCKaHUA YPOBHA 2KNJIKOCTU B MOMCHT BPEMEHU t.
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SBanmiem ypaBHeHne Hepa3pbIBHOCTH CTPYH U ypaBHeHue Bepryuim,
YUIUTBIBasi, 9TO aTMOC(hepHOe JaBjeHue o Beell Tpybe TOKa OJMHAKOBO:

2 2
nUL = vo; %—i—gaj:%, (369)

rjie U3 — CKOPOCTb BBITEKAHUS XKUJAKOCTH U3 cocya. 113 ypasuenuii (369)

HaXOIUM
v — V29T
1 772 _ 1 M

(370)

IMogcrapasst (370) B (368) m mHTErpUpysi, IOJy9IaeM BbIPpayKeHHEe

i t: 0
t:-x/n2—1f\/‘;%= 21,2 (371)
h

Ucnonbayst cooTHOMIEHTE

at?
h=-=%
u (371), mpuxoauM K
g 4
=— =10
a 71 g
Orser: a=——2 =10"4g.
=1

Bamaya 178. [lwmmsHapudeckuii cocysi BBICOTOH h € ILIOIIAJIBIO
OCHOBaHUs S HAIIOJIHEH BOJI0i. B JHE coCy/la OTKPBLIN OTBEPCTHUE C TLIO-
maapio s < S. Ilpenebperasi BA3KOCTBIO BOJIBI, ONPEIENIATH, Uepe3
CKOJIBKO BPEMEHU BOJ[a BBITEUET U3 COCY/IA.

Pemenue. B mpempiayimeit 3amgate ObLIO MOTYyUIEHO BbIparKeHHE

st t:
t:\/n2—1,/%. (372)

Iockoubky 1o ycsoBuio 3aza4uu s < S, To n > 1, u dopmyna (372)

npuobperaeT BuJ
[2h S /2h
tp ) —~ —4/—.
g S g
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Bamaua 179. TopuszoHTaJBHO PACIOJIO- o)
JKeHHas TpyOKa AB juHoil [ Bpaiaercs ¢ 1mo-
CTOAHHOHI yIVIOBOI CKOPOCTBIO W BOKPYI HEIIO- A

S,
(0]

JIBUZKHOM BepTuKasbHOI oc OO, IPOXOIsiieii -«
gepes koner A (puc. 114). B tpy6ke naxourcs
ujeasibHas KuUJIKocTh. Konerm A Tpybkum oT-

Puc. 114

KPBIT, & B 3aKPLITOM KOHIIE B MMeeTcs OvYeHb
MaJjioe orBepcTme. HaiiTm, ¢ Kakoil yriaoBoit
CKOPOCTBIO OTHOCHUTEJBHO TPYOKM Oy/IeT BBITEKATH YKUJKOCTH B 3aBU-
CUMOCTH OT «BBICOTBI» ee CTOJi0a h.

Pemenue. Ha kaxiplit s7ileMeHTAPHBIN yIACTOK YKUJIKOCTH BBICO-
Toit dh m Maccoit dm jelcTByeT cuia

dF = w?(1 — h)dm = w*(1 — h')pS dI’,
0 l
f dF = pSw? f (I—h')dn. (3873)
F l—h

Wurerpupys (373), Haxomum CuiLy, JeHCTBYIONLYIO HA XKUJKOCTD DU Bbl-
X0JIe €€ M3 MaJIOrO OTBEPCTHS:

_ pSw?h®  mw’h
_ oS meth (374)

F

rjae S — IUIOMa/ b CedeHnst TPYOKH; 1M — Macca HJIeaJbHON JKHUIKOCTH
B 3aBHCHMOCTH OT BBICOTBI CTOJIOA.
U3 (374) cneayer
_dv  WPh

[TockosIbKyY HAJIO YCTAHOBUTH 3aBUCHMOCTD CKOPOCTH UCTEUIEHUST YKIJIKO-
CTH OT <«BBICOTBI» CT0J16a, HeoOxouMo B (375) mepeiitu or auddepen-
nupoBaHus 110 ¢ K auddepeHnnpoBaHuio 1m0 h, BOCIIOIb30BABIINCH JIJTsT
sroro coornomenueM dt = dh/v.

Torya Beipazkenue (375) npumer Bug

vdv = — dh.

Nurerpupysa
pupy: 0 o

2
fvdv:%fhdh

v l
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n pelnlad IMOJIyIYeHHOe YpaBHEHNE OTHOCUTE/IILHO vV, HaXOJAUM

OrBeT: v:w—h 2—l—l.

V2 \ h
3amagya 180. C mpoTHBOIIOIOKHBIX CTOPOH IMUPOKOTO BEPTUKAJb-
HOTO COCyJia, HAIOJTHEHHOTO BOJOI, OTKPBLIN 1IBa OJMHAKOBBIX OTBEP-
crus, Kaxkzjaoe momaiasio S = 0,50 cm?. Paccrostanme MEXKIy HUMU
no Beicore Ah = 51 cvm. Haifitu pe3ysbTUPYIONYI0 CHIIy PeaKIuu
BBITEKAIOIIEH BOJIbI.

Pemenue. Ilpemmosoxum, 970 068 OTBEPCTHS 3aKPHITHI 3aTJIYIII-
KaMH, IJIOMIAIb KOTOPBIX PAaBHA ILIOMA U oTBepcTuil. Torga Ha KaxkIyto
3arIyIIKy Oy/IeT OKa3bIBATHCS THIPOCTATUYIECKOE JIABICHUE:

Fiy = pgh1S m  Fy = pghsS,

e hi u ho — BBICOTHI BOJSIHOTO CTOJIOA HAJT TIEPBBIM U BTOPHIM OTBEP-
CTUSIMHA COOTBETCTBEHHO.

ITocsie Toro Kak OTBEpCTHUS OTKPBLIN, BOJA U3 HUX OYJET BBITEKATH
CO CKOPOCTBIO, orpeesisiemoit 1o ¢gpopmyste Toppudesin:

v? = 2gh. (376)

3a eWHUIly BpEMEHH CTpyeil Oy/eT YHOCUTHCS WMILYJIbC, DPABHBII
P = pSv?, wm, ¢ yuerom (376), P = 2pSgh. IlockombKy cmia
paBHA U3MEHEHUIO UMITY/IHCA 38 €JIMHUILY BPEMEHH, MOXKHO CIUTATH, 9TO
peaKTUBHAS CHJIa pABHA

F =2pSgh,

T. €. OKa3bIBAETCA B JBa pa3a OOJIbINE CUJIbI THIPOCTATHIECKOTO JIaB-
nenns. Tak xkak F} m F, HampaB/IeHbI B TPOTUBOTOJIOKHBIE CTOPOHBI,
PE3YIBTUPYIOIIAs CUIA

F=F — F, =2pSghy — 2pSghs = 2pSgAh = 0,50 H.

Orser: F =0,50H.

3agaua 181. B 60koBOI cTeHKEe MUPOKOTO MUIAHIPUICCKOTO BEP-
TUKAJBHOTO COCY/Ia BBICOTOI h = 75 cM caemaHa y3Kas BepTHUKAJIbHAST
IeJTb, HUZKHWI KOHEIT KOTOPOil ynupaercsi B JHO cocyna. JlwHa memn
I = 50 cM, mupuna b = 1,0 mMm. 3akpbIB IIeJIb, COCYJ HAIOJJIHUIN
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Bosoit. HaiiTu pe3ynbTUpYIONYIO CHIYy PEaKIUH BBITEKAIOMIEH BOJIBI
HEMOCPEJCTBEHHO IIOCJIC TOTO, KaK IIeJIb OTKPBLIN.

Pemenne. Bocooab3osasmuch BbIpazK€HUEM JIJIsd CUJIbI pEeaKITNN,

HOJTY9EeHHBIM B IIPEIbLIyIIell 3ajade, W yduTbiBag, 4ro dS = bdh/,
HAXO/TIM:

dF = 2pgbh’ dh/,
OTKYIA

h
F =2pgb f R dh' = pgbl(2h — 1) = 5 H.
h—1

OrseT: F=5H.

3ama4ya 182. Boma Tever co ckopocThio v 1o U-o0bpas3noit TpyOke,
JIeykarieit B ropu30HTaIbHON TI0cKoCcTH. [Lnomaas cedennst Tpyoku S,
paauyc 3akpyrienuns R. Haiitu:
a) CyMMAapHbBIH UMILYJILC BOJBI B 3aKPYIJIEHHON YacTu TPyOKM;
6) MOJYJIb CHJIbIL, HEHCTBYIOIMUII €O CTOPOHBLI TeKyIlell BOIbI
Ha CTEHKU M30THYTOH YacTu TPYOKH.

Pemenue. a)3a emunuiyy Bpemenu B U-06pa3uyio 4actb TpyOKU
—

TEeKYIIeil }KUJKOCTHIO TPUHOCUTCS UMITYJIbe P = pS VU1, & BHIHOCHTCS
IMIIYJIbC, PABHBIN 110 BEJIMYUHE U IIPOTUBOIIOJIOXKHBIN 110 HAIIPABJICHUIO
?2 = —pSv?z (puc. 115). 2KuakocTb OKa3blBaeT JABJACHUE Ha CTEHKU
TpyOBI, a CTEeHKH TPYObI, B COOTBETCTBHUY C TPEThUM 3aKOHOM HbIOTOHA,
C TaKOHI 2Ke CUIOH JIeHCTBYIOT Ha 2KUJIKOCTh, U3MEHAA €€ CyMMapHbIil
nMirysibe. [locKosibKy n3MeHeHne UMITYIbCa 3a €IUHUIy BPEMEHU PaBHO
JleficTByIONIel Ha HEero cuJjie, MOXKHO 3alCaTh:

2
muv

AP =Py - P, =2pS0° = ™

-
<i

—
<

<

Puc. 115
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Orcroma m = 2pS R, a cyMMapHBIi HMITYJIEC BOJIBI B 3aKPYTVIEHHON 9acTH

TPyOKN
P =mv =2pSRv.

—= AP
6) Kak ykassiBasocs Beiie, F = Ay P IS COWTHIIBL BPCMCHHT
- = —
F =P, —Py=pSvv;—pSvvs. (377)
Vuurbisas, ato | V1| = —| 2|, n nepenuceas (377) B cKagApHOM BHIE,
oIy JaeM
F =2pSv?.

Orser: a) P=2pSRv;6) F = 2pSv°.

3amaga 183. Boja BbiTekaerT u3 60JBIIONO Oaka MO U30THYTOM
10T IPSAMBIM YTJIOM TPyOKe, BHyTpeHHHi pajuyc KoTopoit r = 0,50 cm
(puc. 116). Hdyuuaa ropuzonranbhoii yactu tpybru | = 22 cm. Pacxon
Bojbl () = 0,50 ui/c. Haiitu MOMeHT cuil peakiuu BOJbI Ha CTEHKH TO
TpyOKU OTHOCUTETBHO TOUKU O, 00YC/IOB/IEHHO T€IEHUEM BO/IbI.

Pemenue. Bocrnonbssyemcs pesysnbrarom 3amadun 180, riae 66110
[IOJIYYEHO BBIPAYKEHME JIJIsl CUJIbI PEAKITUH BBITEKAIOIIEH BOJIBI

F =2pSgh, (378)

v =+/2gh, (379)

a TaK2Ke BbIpazKeHUeM JIJIsI CKOPOCTU pacXo/ia BOIAbBI

Q = pvS. (380)

dopmysnoit Toppuaesmn

Pemras cosmectro (378)—(380), onpejessgeM Culy PeaKIUU BbITEKA-
omieil crpyu:

)
=
e
Y
-
[=2]
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ITo ycnosuio 3azaun pacxol, () JaH B JI/C, OTOMY JJIs lIepecdyera
B cucremy CIU ero HeoOX0uMO JTOMHOXKUTH Ha p. Torma

o 0@ _ 0@

S 7r?

CirefoBaTeIbHO:

2
N=iF="% _o7n

Orser: N =0,7H.

Bamaya 184. IwmHapudeckuil cocys ¢ BOJOM BPAIAIOT BOKPYT
€ro BepPTUKAJBLHOM OCH ¢ YTJIOBOI CKOPOCTHIO w. Hairm:
a) dopmy cBOGOHOIN HOBEPXHOCTH BOJIBL;
6) pacupejiesieHUIe JIABJICHNs BOJbI HA JIHE COCY/A BJIOJIb €r0 PaJyca,
€CJIN JIaBJICHHE B IIEHTPE JHA paBHO Fp.

Pemenune. a) Paccmorpum nosespenue
BOJIBI BO Bparatomemcs nuauaape. [Ipu Bpa- z
IIEHUN COCY/Ia KNUJIKOCTb B HEM Uepe3 KaKoe-TO Aw
BpeMsi OyJeT BpaIlaThbCs BMECTEe C IHJINHIPOM
n3-3a CUJI BA3KOCTH. IIpeamnomokum, 110 HADJIIIO- \
JlaTeNhb, & CJIEJIOBATE]BHO, I HAYAJIO KOOD/IMHAT,
HaXO/IATCA B IEHTPE BPAIIEHUS U BPAIIAIOTCS
BMecre ¢ umuaapoM (puc. 117). C Touku 3penust
HaOJIIOIaTe s, HA JIEMEHT YKUJKOCTH, JIEYKATIUT {
Ha, [OBEPXHOCTH, JEHCTBYeT CHJIa HHEPIUT Mw>T,
[JIe M — Macca 9aCTHIL KUJIKOCTH. Puc. 117

PaCCMOTp_P}IM HAIIPABJICHIE PABHOJEHCTBYIO-

=
4

:/
F

meit cunbl F'. Beigesmv Ha rpanune ToHKuit sjgement obbema. Co
CTOPOHBI COCEJIHUX CJIOEB JKUJIKOCTH HA HEro OyIyT JeliCTBOBATH CUJIBI
JaBJIEHNs, HOPMAaJIbHbIE K I'DAHUIAM 3jeMeHTa. LCiu 3JieMeHT B3ATh
JOCTATOYHO TOHKUM, TO CHJIBI, JIEHCTBYIOIINE Ha OOKOBBIE I'DAHUIIBI,
OyIAyT MaJibl U PE3YJIbTUPYIONAs CUJIA 1_7> HOpPMaJIbHa K IIOBEPXHOCTH.
Torma, mpm Mmaom «,

a=tga= 5 tga—dr—i,

mwr dz W2

OTKY/1a
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Wurerpupys, moaydaem

IJIe 2 — BBICOTA OT MOBEPXHOCTHU YKUJKOCTH HA OCH COCYJIA; T — PACCTOSI-
HUE OT OCH.

®opma cBOOOHOI TIOBEPXHOCTHU YKUJIKOCTH IPEJCTABJSET U3 Cedst
mapaboJION T BPAIICHMSI.

6) Hassienue B s11060ii Touke napabosiona BpaleHus OyaeT CKaibl-
BaTHCsI U3 JIABJIEHUSI B TEHTPE BPAIECHUS U JABJICHUSA «3JIEMEHTaAPHOIO»
CTOJIOMKA BOJIBI, T. €.

guw?r? pw 7"2

P:P0+p
29

=P+

2 2

OrBeT: a)mapaboon]] BpAIIEHUA: 2 = ;— r%,6) P =Py + 'Ow L
g

3ama4ga 185. Ilo Tpybe pagmycom R TedeT cTalmOHAPHBIN TOTOK
Baskoil xkugkoctu (puc. 118). Ha ocu TpyObl ee CKOpOCTH paBHa vg.
Haiitu ckopocThb KUIKOCTH KaK (DYHKIIMIO PACCTOSIHUS T OT OCH TPYOBI.

Pemenune.

I crmoco6

_ = MpIC/IEHHO BBIIEIUM B YKUJIKOCTU  ITH-

JuHAD paguycoM r < R nmumoii [ ¢ ocbio, coB-

majaomeil ¢ ocbio Tpyosl. Torma Ha eauHUILY

Puc. 118 MOBEPXHOCTU UJINHIpA OyIeT IeifCcTBOBATH
CUJIa, TPEeHus

dv
frop = 21l -

TTockombKy ABUKEHME YKUIKOCTU ITPOUCKXOIUT C TIOCTOSTHHON CKOPOCTHIO,
MOYKHO yTBEPXKJATh, UTO fr, YPABHOBEITHBAETCSA PA3HOCTHIO CHJI JaBIe-
wus P, u P, Ha TOprax InuanH/Ipa, T. €.

2mrin % = —(P, — Py)mr?,

OTKYJIa
Y P — P

—dv = 2nl

rdr.
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Y CTEHOK KUIKOCTD «IIPUJINIAeT», T. €. ipu r = R, v =0

0 R

P -P
—fdv—iznl frdn

v T

2 2
po B PR ()
anl R?

OTKY/1a

Ha ocu Tpy6n! npu r = 0 CKOPOCTH TEYEHUST KUJIKOCTH

(P — )

2
o B

V=17 =

Torna BbIparkenue it CKOPOCTH IPUHUMAET BU/T

—_— (1 - ;;) (381)

Sopa ckopocreii v(r) nzobparkena ua puc. 118.

II crroco6
Beipaxkenue Jyist v(r) MOXKHO HAflTH ¢ HOMOIIBIO HEOPEIEJIEHHOIO
HHTErpaJia

_ P-P
dv = o rdr.
Wurerpupys, moaydaem
P -P s
v = P re+C.
Y crenok Tpy6sl v = 0. Orcoaa
c=P"Fpe

4nl

Torna

2
Orser: v:v0<1—;2>.

3amaga 186. Ilo Tpybe mymHoit [ u pajguycom R Teder crarnuoHap-
HBIIl TTOTOK KUJIKOCTH, IJIOTHOCTH KOTOPOro p U BA3KOCTH 7). CKOpOCTh
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TeIeHUd KUJIKOCTU 3aBUCUT OT PACCTOAHUA 7" JIO OCHU pr6bI KaK

Haitru:
a) 00beM KUJIKOCTH, IPOTEKAIONUIl uepe3 cedeHne TpyObl exkece-
KYHJIHO;

6) KMHETHYECKYIO SHEPIUIO XKUJIKOCTU B 00beMe TPyOb;

B) CHJy TpEHWUs;

I') Pa3sHOCTh JaBJICHHs HA KOHIAX TPYOBL.

Pemenue. a) Mbicsenno pasobbem cedenue TpyObl Ha KOJIbIA
pPaIyCcoM r U IMUPUHOI dr.

[Tnomane kaxmoro xosmbmna dS = 2nr dr. B emunuiyy Bpemenu
Jepes Takoe KOJIbIO IpoTedeT obbeM Kuiakoctu dQ) = 27r drv. Ob6muii

00beM KIIKOCTHU OIPEICTUM C YIETOM BBIPAXKEHUS /I U, HAWJIEHHOTO
B IIpEJBIAyIIeH 3a1a4e:

R R , ,
r o R
Q—fZﬂrvdrzfQﬂ'Zvo(l—RQ)dr: 5
0 0

6) Borancmm KUHETUYICCKYIO dHEPIrUI0 2KUJIKOCTU:

v?dm
dK = 5
dm = p27mr drl,
" 2 2 2 2
1 r wl R pv
K:2fv(2)<1—RQ> pZQWTdTZTO.
0

B) s onpenenenus cuiisl Tpenus Bocmosbayemcs (350) u (381):

dv
FTp = T]Sdz

B mamem ciyaae dz = dr. Takum obpaszom,

2 2r
F.p = n2m Rug =’
upu r = R

Fp = 4nmog.
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r) Jusa oupenenenust AP ucnosnb3yem nosydenHoe B 3ajade (186)
BBIPAzKEHHE JIJIS V:

_(PL=P) o AP
vo = = B
OTKYJIa
477l’l)0
VAL
2 2 2
Orser: a) Q = %; 6) K = 7fl?“6pvo; B) Fp = 4mnlvg;
r) AP = 477lv0.

R2
Bagaga 187. B cucreme (puc.119) wu3 mmpokoro cocyma A
nmo TpyOKe BBITEKAET Bs3Kasg KHUJIKOCTb, IJIOTHOCTH KOTOPOM
p = 1,0 r/cm3. HaifTn cKOPOCTD BBITeKaHus KUAKOCTH, ecam hy = 10 o,
ho =20 cm u hg = 35 cMm. Paccrostaue | o1uHAKOBHI.

HH\HHHHHH
RN
>
w

/

J——
-
-

Pemenue. Ilpu BHEMATETHHOM PACCMOTPEHUU PUCYHKA BUIHO,
4uTo hg npeBbimaer Ha Ah = 5 ¢M BeJIMYNUHY yPOBHS, IIPH KOTOPOM YKIUJI-
KOCTL B000OIIe ObI He BbITEKaJa. VIMEHHO 9TOT M3JUIIEK JACT JIOIOJIHU-
TeJBbHYI0 KHHETUIECKYIO SHEPIU0 XKUJIKOCTH, BTeKaroIeil B Tpydy. [Ipu-
paBHUBas KUHETHUECKYIO U MOTEHIMAIbHYyIo sHepruu pv?/2 = pgAh,

HAXO/M
v =1/29Ah =10 m/c.

Orser: v=10cm/c

3amaua 188. Pamumyc cedenuss TpyOOmpoBOga MOHOTOHHO YMEHb-
IIaeTCs 0 3aKOHY T = roe %, rme a = 0,50 M~ !, & — paccTosiHne oT Ha-
qajia TpybompoBoa. Haiitu orHOmenne ancest Peiinosbica B ceueHusix,
OTCTOSIIUX JPYT OT Apyra Ha Ax = 3,2 M.
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Pemenune. YUncao Peitnonbaca s cedeHnst, HaXOJISIIETOCS

Ha PpacCTOAHUU X OT Haqaﬂaijy60Hp0BoAa,
—Qax
viroe
I{el = L )
n

a JIJIsl CeYeHUsl, HaXOSIIerocst Ha paccrosaun r + Ax,

—a(z+Ax)
V2T0€
f{eg = p
n
W3 ypaBHEHUST HEPA3PBIBHOCTH
pvlﬂr3672aw ::pvzﬂrgef2a(m+Am)
HAXO/M Vg = V12027
Haustee
Res B e2o¢Az . e*Dt(IJrAI) B eaAz _5
Rel - efaz - -
I{eg
Orser: =
I{e1

Bamaua 189. I[lpu gBmkenun mapuka pagnycoMm 1 = 1,2 MM B IJIu-
lepruHe JaMUHApHOe OOTeKaHue HAOJIOIAeTCs IPU CKOPOCTH IIapUKa,
He npesbimaioniei v = 23 ¢m/c. Ilpu Kakoit MUHUMAJILHON CKOPOCTH Vg
mapa paJinycoM ro = 5,5 ¢M B Bojie OOTeKaHue cTaHeT TYpPOyIeHTHBIM?
BaskocTp rummnepuna u Bozipl paBHBI cooTBeTcTBeHHO 1)1 = 1,39 Ila - ¢
une = 1,1 mlla-c.

Pemenune. TI'pannmneit MexXay JaMUHAPHBIM U TYPOYICHTHBIM Te-
YeHneM B BOJIE CTAHET PABEHCTBO duces PeffHosbAca I JBUKEHUs
[apUKa B IJIUIEPUHE U BOJIE:

pLVITL _ p2UaTa
m o
Orkyma
vy = P2 5 vk e
P2V27T211

OrBeT: vy =5 MKM/cC.

3agaga 190. CBHUHIOBBII MAPUK PABHOMEDPHO OIYCKAECTCs B TUIN-
nepune, Bsa3kKocTh koroporo 1 = 1.39 Ila - c¢. Ilpu kakoMm mHanbosbireM
JuaMeTrpe apuka ero obrekanue eie jamunapaoe? Ilepexon K TypOy-
JICHTHOMY 00TEKaHuio coorBercTByer yuciay Re = 0,5 (910 3uauenue Re,
Py KOTOPOM 38 XapAKTEePHbI pasMep B34T JIUAMETD [IAPUKA).
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Pemenwne. IlockombKy CBUHIOBBIN MIApUK OIYCKAETCS PaBHO-
MEPHO, OYEBHIHO, YTO CHJIA TKECTU PP ypPaBHOBEIIUBAETCS BBHITAJIKU-
BaroIeit cuoit Fy u cuyioir conpotunsienus: F', onpenenseMoil 3aKOHOM
Crokca:

P=Fs+F
o éﬂd—g— é7rd—3—i-67r7“v
PI3 T g =P0ggT g nrv,

rae po 1 p — IJIOTHOCTDH IVIMIIEPUHA U CBUHIIa COOTBETCTBEHHO.
Permmast IIOJIyY€HHOE€ YpaBHEHHNE OTHOCUTEJIbHO UV, HaXOJIUM

_ 9lp=po)d® ) (382)

v 187

U3 (349) ¢ yuerom (350) mosyuaem d = %, Ky/Ia HOJCTABJIsIeM
0

(382). Torua
2
d=7¢{ _18Ren” 5 MM.
V gp0(p — po)

OrseT: d=05 MM.

3amaua 191. JIpuraresab Kopabs ObLT OCTAHOBIEH B TOT MOMEHT,
KOT/JIa €TI0 CKOPOCTDH ObLTa paBHa vy. Kro adpdexTuBHas Macca paBHa m,
a Cujia CONPOTUBJICHUS IIPU JBUKEHUU KOpabJisi MPOIOPIINOHAIBHA, €r0
ckopoctu. Onpere/mTh:

a) Kakoil IyThb IPOiijeT KOopabJib JI0 IOJIHOH OCTAHOBKY;

6) Bpemsi, 3aTpadeHHOe KopabjeM IPU [IPOXOXKIEHUU ITOIO ILyTH.

Pemenwne. JIBurasicb B BaA3KOH cpeje, TEIO YBJIEKACT OKPYyKa-
OIIYIO0 €ro KUJKOCTH 3a coboi. MoJiekysibl KUJIKOCTH MPUOOPETaroT
CKOPOCTH, HPOHOPIMOHAJBHBIE CKOPOCTH Tejla v. 3arpadnBaeMas Ha
Pa3roH MM TOPMOXKEHWE Tejga paboTa OYIeT MPOMOPINOHAILHA €ro
sddekTuBHON Macce (a He IPOCTO Macce), KoTopas GOJIbIIE MacChl
Testa Ha TO6ABOTHYIO (IIPHCOEIMHEHHYT0) MACCY, 3ABUCSIILYIO OT BI3KOCTH
cpespl U pOPMBI TesTa.

a) Ilockosibky mBurareab KopabJist ObLI OCTAHOBJIEH, CHJIA COILPO-
TUBJIEHUsI €JINHCTBEHHAsI, OKA3BIBAIONIAS BJIUSHUE HA €0 JIBUKCHUE.
[TosToMy MOXKHO 3amuCaTh:

dv dx

ma = —kv m— =—k—
T dt’

rae k — K03 UIMEHT TPOMOPINOHAILHOCTH.
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Nurerpupys nosy9IeHHOe ypaBHEHHE, [IOJIyIaeM
k
v(x) =vy — — x.
m

Ipoitnennpiit myrs S Haiigem u3 yciaosus v(S) = 0:

5 =2
%z Vo
6) Bpewmst, npoiiieHHOe KopabiieM 10 OCTAaHOBKH, OIIPEJICJINM U3 yPaB-
HEHUs dv
m— = —kv
dt

Ero permenne maet
v(t) = vpexp (— k t) .
m

TockobKy v(t) aCUMITOTHIECKU TPUOIUZKACTCA K OCH ¢, OyJIeM CIUTaTh
BpPEMsI /IO OCTAHOBKH T, KaK 9TO IPUHSATO B (PU3UKE, BPDEMEHEM, 338 KOTO-
poe v(t) ymenbuures B e pas. s ero HaxoxK ieHus BO3bMEM [I0Ka3aTelb
9KCIIOHEHTHI k = —1 u Haiijem:

OrBeT: a)S:mvo;6)t:%.



PenatTuBucrtckas MexaHUKa

[Tourn mBa Beka CYMTAIOCH, YTO KJACCHIeCKas MexaHnKa Hbiorona
SIBJISIETCST BEPITIMHON eCTeCTBO3HAHUS U OCHOBOI MUPOBO33penus. B oc-
HOBE HBIOTOHOBCKOI MEXaHWKU JIEYKAT MPEIIIOJIOKEHNs] O TOM, 9TO BCe
SIBJICHUSI B MUPE CBSI3aHbI C ITPOUCXOISATINM B IPOCTPAHCTBE U BO BDEMEHU
repeMeIeHneM, B3anMo/IefiCTBUEM U CTOJIKHOBeHneM aToMoB. [IpocTpan-
CTBO M BPeMsl — 9TO CIIeHa, Ha KOTOPOl U PA3BOPAINBAIOTCs (DU3NIECKIE
mporieccbl. Hu mpocTpaHcTBO, HU BpeMsi, HU MaTEPHs HE CBA3AHDI MEXK Ty
coboii. Bo Bcex cucremax orcdera Bpems Teder paBHOMepHO. Fcym Obr
MaTepusi UCYe3jia, TO MPOCTPAHCTBO U BpeMsi HE M3MEHWINCh Obl. Bee
MIPOCTPAHCTBEHHBIE COOTHOINEHUS MMOAIUHSIOTCS Treomerpun EBKanza,
a IPABUTAIMOHHOE BO3JICHCTBHE IIEPeIAeTCsl MIHOBEHHO. [ JTaBHBIM IPUH-
nuioM BcesieHHO sIBJIsIeTCsl JIAIJIACOBCKUI JIETEPMUHU3M — BCE IIPU-
YUHHO-CJIEJICTBEHHBIE CBSI3M OJIHO3HAYHBI.

Co BpemeHeM 3KCIepUMEHTaJbHasi (DU3NKA HAKAILINBAIa (DAKTHI,
KOTOpBbIE HEe MOIJIa O0bACHUTH KJaaccmieckas Mexannka Herorona. Tak,
HAIIPUMED, IIpejicTaBieHne 3upa He TOMUIOCH JIjisi O0'bSICHEHUS PACIIPO-
CTpaHeHUsT JIeKTPOMAIHUTHBIX BOJIH.

B 1905 r. A. DiiHIITeitH BBIIBUHYJI JIBA ITPUHITAIIA, TIO3BOJISIFOIIIE 00b-
SACHUTH HAKOIMBIIECS K TOMY BPEMEHHU SKCIIEPUMEHTATBHBIN MATEPUAIT,
B TOM 9HCJIE W Pe3yIbTaThl ombiTa Maitkeascona—Mopaimn.

1. IIpuHIKMI OTHOCUTEIHLHOCTH, IPEICTABIIIONINI cob0it 06001IeHIe
IPUHITATIA OTHOCUTEIHLHOCTH [asmies Ha Jro0ble (pU3nIecKre mTpOoTecCh:
Bce (bu3MUecKue SIBJICHUS MPOTEKAIOT OJIMHAKOBBIM 00pa30oM BO BCEX
MHEPIUAJBHBIX CHCTEMaX OTCYeTa, BCe 3aKOHBI IPUPOJbI U YPABHEHUSI,
UX OINUCBIBAIONINE, UHBAPUAHTHBI, T. €. HE MEHSIOTCS, P ePexoje OT
OJIHOM CUCTEMBI OTCUETa K APYTroit. HUKaKMM OIBITOM HEIb3sI B IIPUHITATIE
BBIJICIATH HU OJIHY W3 HUX KaK MPEIMTOYTHTEHHYIO.

2. CKOpOCTb CB€Ta HE 3aBUCUT OT CKOPOCTH UCTOYHHKA 1 OJUHaAKOBa
BO BCEX HalIpaBJICEHHAX MW BO BCEX HHEPIHUAJBHBIX CHCTEMaX OTCYeTa,
a TaK2Ke CKOPOCTb JIFOOOTO CUTHAJIA, WJIN BOS,HefICTBHH Ha MaTepHuaJibHbIE
TeJa HE MOZKET IIPEBbICUTH CKOPOCTH CBETa.
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PaccmorpuMm spe cucrembl koopaunat K u K’. Ilycrh gachl Haxo-
naresa B cucreme K, KOTOpasi IBUZKETCS PABHOMEPHO U TIPSMOJIMHEITHO
€O CKOPOCTBIO ¥ OTHOCUTEIBHO K -CHCTEMBI.

Torna
At

V1= @2/’

ti —tr = At = (383)

rie t utx —spemsa B K u K’ cucremMax cooTBETCTBEHHO, ¢ — CKOPOCTD
ceera. U3 (383) coeayer, uro ABUMKyIIHecsd dYachbl WIYT MeJJICHHEE,
9eM TOKOSIIUECs. DTO SBJICHUE HA3BIBACTCS 3AMEOAECHHBIM GPEMEHEM.
Bpewmsi, orcumrhiBaemMoe 1mo vacaMm, ABUXKYIIMMCS BMECTE€ C TeJIOM,
B KOTOPOM IIPOUCXO/UT IIPOIECC, HABBIBACTCS COOCTMBEHHDIM GBPEMEHEM.
U3 (383) cmemyer, uro Bpemsi At mporecca B APYroii CuCTeMe 3aBUCHT
OT CKOPOCTH 3TOi cucTeMbl. I13-3a OrpoMHON Besnmuauubl ¢ 3ddexT
3aMeJIJIEHUsT BPEMEHU UMeeT CYIIEeCTBEHHOE 3HAYEHUE IPU CKOPOCTSIX,
OJIM3KUX K CBETOBBIM.

JlpyruM BaXKHBIM CJIEJICTBHEM IIOCTYJIATOB DUWHINTEHA SBJISIETCS
n3MeHEeHNe NeOMEeTPUYECKNX Pa3MepoB Tes npu jsrmkenunu. Ilycts nBa
CTEpIKHsI, PACIIOJIOXKEHHbIE TIEPIEHINKYIAPHO JIPYT K APYTY, JBUAKYTCH
IPSIMOJIMHEHO U PABHOMEPHO CO CKOPOCTBHIO U OTHOCUTEIHHO K -CrucTeMbI
(puc. 120). IIpuHIMI OTHOCUTEIHHOCTH YTBEPKIAET, YTO PA3MEPhI TeJl
OCTAIOTCsl HEM3MEHHBIMU B HAIIPABJIEHUU, IIEPIEHINKYJISIPDHOM JIBUYKE-
nuio. Ecim 661 9T0 OBLIO He TaK W KAKOW-TNOO0 CTEpPKEeHb B KaKOH-11O0
cucreMe OKaszaJsicsg Obl KOpOYe MM JJINHHEE JAPYroro, TO B Pe3yJibTare
9KCIIEpUMEHTAJIbHBIX I/ICCJIQJIOBB,HI/IIU/I MbI CMOI'JIN 6])1 OTJIMIUTD OJIHY MHEP-
UAJIBHYIO CHCTEMY OT JAPYTO#, HO 9TO IMIPOTUBOPEYUNUT IPUHITUILY OTHOCH-
tesibrHOCTH. CTepKeHb Ke AB, NBUAKYIIMIACS ¢ TIOCTOSTHHON CKOPOCTHIO ¥
OTHOCHTENBHO K'-cucTeMbl 0TCueTa, H3MEHUTCS 110 JUINHE, W ero JIJIMHA

Puc. 120
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I = lyp B K'-cucreme Gyner pasna

2
I=1ly /1L
0 CQ;

(384)

rjie lg — cobCTBeHHAs JIJTMHA, CTEPXKHSI, T. €. JJINHA CTEPYKHS B CHCTEME,
rie on nokontes (K'-cucrema). D1or 3bdEKT HASBIBAETCS A0PEHUELEBIM
COKPAUWEHUEM.

B kiraccudeckoit MexaHuKe mpeobpa3oBaHus KOODJIUHAT W BPEMEHH
PEIaloTCs C IIOMOIIBIO TpeobpasoBanuii [ajmies, 0CHOBAaHHBIX Ha DABEH-
CTBE JIJINHBI TeJI U OJMHAKOBOM TEUYCHUU BPEMEHU B PA3IUIHBIX WHEPIIU-
OHHBIX cucTeMax KoopauaaT. OJIHAKO U3 JBYX MOCTYJIATOB DUWHIITETHA
CJIeZIOBAJIO, UTO TeYeHWe BPEMEHU W JIJINHA TeJl 3aBUCAT OT CUCTEMBI
orcuera. [loaromy HEOOXOMMMO OBLIIO BBIBECTH (POPMYJIBI, KOTOPBIE YU~
THIBAJIM ObI JIODEHIIEBO COKPAINEHUE JJIMHBI, & MIPU MAJBIX CKOPOCTSX
repexo/ i Obl B ipeobpasoBanus [asuest.

Takue GopMyabl OBLIN MOJYyUEHBI, OHH HAa3bIBAIOTCS NPeodPa3osa-
nuem Jlopenya.

IIpeo6pazosanus Jlopenma npn nepexoge ot K/ k K-cncreme nMeror
BU/I: - oV

_ 2
Y R (385)

i@ i@

a npu nepexojie or K’ k K cucreme

'+ Vi — = t'+ (2'V/c) (386)

m7 y y) m?

\%
rae 3= —; V — ckopoctb K’'-cucreMbl OTHOCATENHLHO K -CHCTEMBI.
C

Eciu monoxkuts B mpeobpasoBanusx Jlopenma ¢ = 00, TO MbI
ojrydaeM rpeobpasoBanus [amiest.

IIycts B K-cucreme B IJIOCKOCTH XY JIBUKETCS TaCTHUIA TAPAJIIETHHO
ocu OX €O CKOPOCTBIO v, a K-cucrema JBUKETCST CO CKOPOCTBIO V.
Torga MOXKHO MOy IUTH

, Ve —V

== 387
T 1— (UIV/CQ) ( )

(%

Ota (hopMysIa BEIpAXKAET PEAATNUSUCTCKUT 34KOH NPe0dPa306aAHUA CKO-
pocmu.
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Paccvorpum Temepn, Kakyio ¢popMmy TpUHHMAOT 3aKOHbI HbioToHa
pu npeobpazopanusix Jlopenna. B mexanuke Herorona cusia mpegcras-
JIsieT coDO CKOPOCTh M3MEHEHUs MMILY/IbCA:

= d(m7)
F=———.

dt
VMmysbe ABMZKEHNS PaBEH MU, HO B CKOPPEKTUPOBAHHOM DIHIITEHHOM
yPaBHEHUW Macca TaKyKe SBJIAETCsl (DYHKIMEl CKOPOCTHU, U BBIPAYKEHUE
JIUTST IMITYJIbCA TIPHOOpEeTaeT BUJ,

—
— mo U
vo=

_
P=m _—_
1— (v2/c?)

(388)

rie
mo

m=-——— (389)

V1= (%3

B Beipakenun (389) BesnuuHA M) HA3BIBAETCS MACCOU NOKOUSWETCHA
YACMUYDL TWIIA TIPOCTO MACCOT, NOKOA.

OHUM U3 Kap/IMHAJBHBIX OTJIMYUN PEJIITUBUCTCKON MEXAHUKHU OT
Mexanuku HbloTona siBisiercs ciefcrsue, BbiTekaoree u3 (388). Ecim
Ha TeJIo AeUCTBYeT MOCTOAHHAS CUIa, TO B MexaHnke HbioToHa CKOpOCTH
Tesia OyJIeT yBeJIMYUBATLCS IPAKTHIECKH JI0 OeCKOHEYHOCTH. B pestsi-
TUBHCTCKOM JKe MeXaHHKe pPacTeT He CKOPOCTb Teja, & €ro HMIIYIbC,
KOTOPBINI MOXKeT HeNPEePLIBHO PACTH, IIOTOMY YTO pacTeT Macca. depe3
HEKOTOPOe BPeMs YCKOPEHUE HCYe3aeT, HO MMILYJIbC IIPOJIOJIKAET PACTH.
Mpsr roBopuM, 9TO ecyu IEfiCTBUE CUJIBI BEIET K MAJIOMY YCKOPEHUIO, TO
Tesio 00J1a1aeT OOJIBITON MHEPIHell, MepOoil KOTOPOil siBJisieTcst Macca. 13
dopmyinr (388) ciemyer, 4ro pu v A ¢ UHEPIW TeJia KpaiiHe BeJuKa.

W3 kiraccudeckoll MeXaHUKM W3BECTHO, YUTO IOJT JIEHCTBHEM IOCTO-
SAHHO¥M CHJIBI CKOPOCTH TeJia OyJeT Bo3pacTarb. 13 pensaTuBHCTCKON
MeXaHUKHI MbI 3Ha€M, ITO C POCTOM CKOPOCTH pacTeT 1 Macca resa (389),
T. €. IPWIOKEHHAsI K TeJIy CHJIA COBEPIIAaeT HA KAKOM-TO IIyTh PaboTy,
[IPUBOJAIIYI0 HE TOJBKO K YBEJIMYICHHUIO CKOPOCTH, UTO yKe OBbLIO m3-
BecTHO BO Bpemena Hpioroma, HO m K yBeqamdenuio maccol. C Ipyroit
CTOPOHBI, pabOTa, IPOU3BOINMAs HAJT TEJIOM, YBEJIMUNBAET €r0 SHEPrHUIo,
ITO3TOMY JIOTUYHO CJeJIaTh IIPE/ITOJIOKEHe 00 SKBUBAJIECHTHOCTH MaCChI
u sHeprur. YTo0bl yCTAHOBUTD ITY CBsI3b, DUHIITEHH TTPE/IITOIOKUIT, 9TO
3aKOH COXPAHEHWs SHEPIUH CIPABEJINB U B TEOPUU OTHOCUTEIHLHOCTH
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1 TIOJTy YU COOTHOIIECHUE
K =mc* — moc?, (390)

rae K — KuHeTndecKas SHEPIusl Tesa; 1M — PEeJISTUBUCTCKas Macca, TeJa,
onpeengemas 1o dhopmysie (389); mo — Macca IOKOs TeJa.

ITepemumenm (390):
me? =moc® + K. (391)

Awnamusz coornomenus (391) npusen Ditnmreiina K BHIBOLY (HDOPMYJIBI
moc? — 910 0bIIas BHYTPEHHsIA SHEPrus Tejla (KMHeTHHecKast, XIMIHe-
CcKasl U T. JI.), Ha3blBaeMas anepauel nokos Ey. Bennunma mc? Hasbl-
BaeTCs NOAHOU dHepeuet mead. 3aKOH B3aUMOCBSI3M MacChl U 3HEPIUU

IIPHHSITO 3aIlMCHIBATH CJIETYIONUM 00pa3oM:
E =mc* = moc® + K. (392)

Bripazkenue (392) npescrasisger coboit oqun u3 GbyHIaMEHTAIbHBIX
3aKOHOB 1pupobl. [lepsoiii wien (392)

Ey = moc2 (393)

HA3BIBAETCS 3AKOHOM 63QUMOCEA3YU (NPONOPUUOHAALHOCIIL) MACCHL My
u anepauu noxos Ey Tena.

Ucnonbsyst Boipazkenusi (388) u (392), sierko mosyduTsb HhOpMYyILY,
CBSI3BIBAIONLYIO UMITYJILC U TTOJIHYIO SHEPrHUIo

4:p202

E = c¢\/p? + mic2. (394)

C dusuueckoii Toukn 3penus, (394) upejgcrasiger GoJIbIIONH MHTEPEC.
[ToHATHO, 9TO BEJIMYINHBI SHEPIUH U UMITY/IHCA HMEIOT PA3HbIE 3HAYCHUS
B Pa3JIMIHBIX cucTemMax orcdera. OIHAKO Takasd NX KOMOUHAIWA, HA3BI-
BaeMag MHBAPUAHTOM, HE 3aBUCUT OT CKOPOCTH TeJia, & CJIeI0BATE/IbHO,
U OT CUCTEMBI KOOPIUHAT.

2
E —mge

njim

Pexomenmanum 1o pemeHmnio 3aaad

1. Ecoim B 3aja4e NIpUMEHSETCS TEPMHUH <« COOCTMBEHHAA ONUHA,
TO WMeeTcd B BHIY JJIMHA TeJA B CHCTEMe OTCYeTa, LJe OHO (Teso)
nokouTcsi. JlmmHa Ke Teja B cHCTEMe, OTHOCHTETHHO KOTOPOIl OHO
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JIBUYKETCSI, OIIPE/IesieTcs 1o hopMyJre

2. Cokpallienue JIJIMHBI [TPOUCXOIUT TOJBLKO BJIOJIb HAIIPABJIEHUS
JBUXKEHUSI, B TIONIePEYHOM HaIIPaBJIEHUU JJINHA He U3MEHSIeTCs.

3. Bpewmsa B cucteme orcdeTa, IBUKYIIEHCS BMECTE C TEJIOM, 3aMe/I-

JIIeT CBOM XOJI A
to

?
V1= (v?/c?)
rae Aty — cobCTBEHHOE BPeMsl, OTCYUTHIBAEMOE 10 JacaM, JIBUKY IIIMCS

BMeCTe C TEJIOM; At — BpeMsi, OTCIUTBIBaeMOe 11O JacaM JABUZKYIINMCA
CO CKOPOCTBIO ¥V OTHOCHUTEJIBHO TeJia.

At =

Sajaun K riase 8

Samaua 192. Crep:keHb JBUXKETCS B IPOJOIHLHOM HAIMPABJICHUN
C TOCTOSIHHON CKOPOCTBIO ¥ OTHOCUTEIHLHO WHEPIUAJILHON K -cucTembl
orcuera. [ Ipn KakoM 3HAYEHUN v JIJINHA, CTEPYKHS B 9TOI CUCTEME OTCUETa
Oyaer ma 7 = 0,50% meHbIne ero cOGCTBEHHON TIMHDBI?

Pemenue. i crepxkus, IBUKYIIETOCSd B IMIPOJOJHLHOM HaIpPaB-
JIEHUU C IIOCTOSIHHOI CKOPOCTBIO ¥ OTHOCHUTEJIHLHO HHEPIUAJIbHON K-
CHCTEMBI OTCYeTa, YCJIOBHE 33 1291 3AIUIIETCS CJIEAYIONINM 00Pa30M:

1)2

(1—77)l0=l() 1—0—2.
COKpaH_LaSI Ha lo " BO3BOJA B KBaJpaT 0be yacru YpaBHEHUA, IPUXOIUM

K BbIDazKE€HUIO 9

L=2p+n*=1-"",

OTKY/la NCKOMO€ 3Ha49€HUE CKOPOCTHU

v=cy/n2—-n)=0,10c.

OrBeT: v=0,10c.

Bamaua 193. Haiitu cobCTBeHHYIO JIUHY CTEp:KHA, ecan B k-
CHCTEME OTCUETA ero CKOpocTh v = ¢/2, mmna | = 1,00 M u yroa Mex iy
HUM U HaIlpaBJIeHuEeM JIBuKenus 0 = 45°.
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}‘i
><\'

Puc. 121

Pemenune. Hampasum och X HemOABMAKHONM cuCTeMBbI OTcUeTa K,
OTHOCHTEIBHO KOTOPOI cucTeMa orcdera K’ JIBUKETCS CO CKOPOCTBIO U
napasutesnbHo ocn X' (pue. 121).

SBammmiem teopemy Iludaropa st coOOCTBEHHON JITMHBI CTEPXKHSI,
1. e. aymabl B K’ cucreme orcyera

I§ = aj + by

uu, ¢ yaerom (385) u by = atga,

2 2 2.2 2. 92 9
1(2): a 2+a2tg2a:a +a“tg” « 2UL‘cgaﬂ _
1-5 1-7
21 t2 —t2 2 1
:a( +ga2gaﬁ)::a2 3 —thOzﬂQ =
1-p cos” «
=12(1 —sin® a3?),
rie )
P=ad>+d’tg%a, 1= a2 , 6:9.
cos” c

Orcrona cobCTBEHHA JIJIMHA, CTEPYKHSA

lo=1

Orser: [p=1,08Mm.

Samauya 194. CrepkeHb IBUXKETCS PABHOMEPHO B IPOJIOJHHOM
HAITPABJIEHNN MUMO JIBYX MeTOK A 1 B, pacroyio;KeHHbIX Ha PACCTOSHUN
Az npyr ot jgpyra. CHadaja B MOMEHT t1 HAIpOTHB MeTKU A okazajcs
epeHUil KOHEI[ CTePXKHsL. 3aTeM HAIIPOTUB METKH B B MOMEHTHI to U t3
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0Ka3aJ1Ch COOTBETCTBEHHO MTEPEIHUHI 1 38 ITHNIT KOHIIBI cTep:KHsa. Haiiru
€ro cOOCTBEHHYIO JIJINHY.

Pemenmue. 3amumem npeodbpazosanue Jlopenna B Buje

l

lo= —— b 395
07 /1- (02)2) (39)

rjae CKOpOCTI) JABU2KECHU A CTep}KHH

Az
v= 2 (396)
JJIMHa CTep?KHH
[ = oty — tp) = D2Uta—12) (397)
to — 11

Pemmast coBmectno ypasuenust (395)—(397), HaX0UM €ro COOCTBEHHYIO
JUTAHY

o Dels—t)
o ()
Aa(ts — ta)

OrseT: lg=

foor (5T

Samaga 195. C Kakoili CKOPOCTBIO JIBUIaJIMCh B K -crcreme orcuera
4acel, eciu 3a Bpems ¢t = 5,0 ¢ (B K-cucreme) OHE OTCTAJIM OT YaCOB STOi
cucrembl Ha At = 0,10 ¢?

Pemenue @opmyna jjig pacdera 3amenjienus spemenu (383)
B YCJIOBHSAX 31240 IIPUMET BUJI;:

t— At

V1= (v2/c?) '

BosBogs 06e wactu B KBajpar, morydaem

2
t? <1 - ”2> =12 — 2tAt + A,
C
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Permraem nosryuennoe ypaBHnenne OTHOCUTEIBHO U:

= =0,6-10% m/c.
t t

Orser: v=0,6-10° m/c.

3amaua 196. CobGcerBenHOE BpeMst YKU3HI HEKOTOPO HECTAOMITHHOMN
gactunbl At = 10 me. Kaxoit myTh nposieTuT 3ra gacTura Jo pacraja
B J1a00OPaTOPHOIL cucTeMe oTcUeTa, e ee BpeMs xKuzuu At = 20 nc?

Pemenue. Bossoug B kBaupar obe gactu (383) u perast 1oJry-
YEeHHOE yPaBHEHHEe OTHOCHTEILHO U, HAXOIUM

v=ocq/1— %2
- At )

IIyTn, mpoiiieHubIil YacTHICH 10 pacnaja (S ) B JIaDOpaTOPHOI crcTeMe
orcyerTa, Olpeae/ UM U3

At
S = vAt = cAt 1—<—0> =5 M.
At

OrseT: S=5M.

Bamaua 197. JIBe gacTuIbl, IBUTABIINIECS B TaOOPATOPHON crucTEMe
orcYera 110 OJHOI HPSMON C OJMHAKOBOII CKOPOCTBIO v = 3¢/4, nonasu
B HEIIOJBUKHYIO MUIIEHbL ¢ TPOMeXKYyTKOM BpeMenu At = 50 uc. Haiitu
CODCTBEHHOE PACCTOSTHIE MEXKJLy JACTUIAMU JI0 [TOTAAHNS B MUIIECHb.

Pemenwme. Paccrognue mex iy d9acTUIAMU B HENOJIBUYKHON CH-
cTeMe OTCYeTa
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OTKY/1a COOCTBEHHOE PACCTOSHUE MEYKJYy JaCTUIIAMEI

o= — VAL _q7.

OrseT: lg=17Mm.

Samaua 198. CrepykeHb IBUKETCS BIOJIL JUHEHKN € HEKOTOPOit
MOCTOsIHHOM cKopocThio. Ecin 3adukcnpoBaTh MOJIOXKEHNE 000UX KOH-
IIOB JIAHHOTO CTEPZKHS OJHOBPEMEHHO B CHCTEME OTCUEeTa, CBA3AHHON
C JIMHEHKOM’, TO pasHOCTh 0TCYeTOB 1O JuHelike Axr; = 4,0 M. Ecim xe
MTOJTOKeHne 000MX KOHIIOB 3a(pUKCUPOBATL OJHOBPEMEHHO B CUCTEME
0OTCYeTa, CBA3aHHONU CO CTEpXKHEM, TO PA3HOCTh OTCUETOB IO ITON 2Ke
jguneiike Aze = 9,0 m. Haiitu cobGCTBEHHYIO JUIMHY CTEPIXKHS W €ro
CKOPOCTb OTHOCUTEJILHO JITHEHKU.

Pemenue. B mepsom ciayuae

2
Axlzlo 1—<E> .
C

Bo BTopom ciyuae

Pemast coBmectro st JABa YPaBHCHUS, HAXOUM:

lo=VAr;Ary =60 M v=cy/1— izl ~22-10% m/c.
2

OrseT: lp=6,0wmv~~22-10% m/c.

Bamaga 199. JIBa crepxKHS OJMHAKOBON COOCTBEHHOW JJIUHBI [
JIBUKYTCSI HABCTPEUY JPYT APYTY HMapasiIebHO O0IIell rOpu30HTAIbHOM
ocu. B cucreme orcuera, CBA3aHHON C OJHUM U3 CTEPIKHEH, TPOMEXKY-
TOK BPEMEHU MeKJIy MOMEHTAMU COBIAJICHUIT JIEBBIX U MPABBIX KOHIIOB
crepKHell okazajicss paBubiM Atf. KakoBa CKOPOCTb JIBUYKEHHsI OJIHOI'O
CTEpKHsI OTHOCUTEIBHO JIPYyroro?
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Pemenwne. Jlna pacyera oTHOCH- - K
TEJIbHONH CKOPOCTU JIBUKEHUS CTepKHENl lo
BoIGepeM K'-cucremy oTcdera, CBAZAHHYIO X
¢ omHUM u3 crepxkHeil, ocb OX wHampa- IMp. Jles.
BUM BioJb apukenus (puc. 122). Cko- K v,
POCTDL JBUXKEHHs cTepxkus B K'-cucreme o
Oymer paBHa v, = v. K’'-cucrema nBu- Jles. Mp. x'
2KeTCs OTHOCUTEIHLHO K -CHCTEMBI CO CKO-

POCTBIO l Puc. 122
0
V= N

IToCKONbKY CTEpKHM JBUYKYTCA HABCTPETY JIPYT JPYTY, BbIPaKEHHe
(387) upunumaer Bu

o/D_
(&) |
Orsem: v:(2lo/At)/[1+<%>2].

3amaga 200. Bo CKoOJIBKO pa3 pPeISITUBUCTCKAS MACCA YACTHUILHI,
CKOPOCTH KOTOpO# orimdaercst oT ckopoctu cgera Ha 1 = 0,010%,
[IPEBBIIIAET €€ MaCCy IOKOs !

V=

Pemenmne. Ilo ycmosuio 3amaun,

n= C—v
C
Orcroa CKOPOCTh YaCTHIIBI
v=rc(l-mn).
Coryacuo (389),
m 1 1 1

Orser: —X ~70.

mo
3amaga 201. Haiitu cKOpoCTb, TP KOTOPOR PEJIITUBACTCKUN M-
MyJIbC YacTulbl B 1) = 1,4 pa3a MpeBLINIAET ee HHIOTOHOBCKUI HMITYJIBC.
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Pemenune. 3amminemM OTHOIICHHE PEIIATUBUCTCKOI'O HNMITYJIbCa
K HBIOTOHOBCKOMY':

Orcrona
772 1 vt =1
2 '

PemmaeM ypaBHeH#ne 0THOCUTEIBHO v
C
v=—yn?—-1=0,70 c.
n

OrBeT: v=0,70 c.

3amaua 202. Kakyo paboTy HaI0 COBEPINUTDH, YTOOBI YBEJINIUTH
CKOpoCTh JacTuilbl ¢ mMaccoit m or 0,60 ¢ jgo 0,80 ¢? CpaBHUTDH TIOJTY-
YEHHBIH Pe3yJIbTAT CO 3HAYEHUEM, BBIYUCIEHHBIM 110 HEPEJSITUBUCTCKON
dopmyite.

Pemenue. Ilockombky paboTa, COBEpIIEHHAS HAJ TEIOM, PaBHA
U3MEHEHUIO €10 KUHETUYECKOl SHEPIHUu, I PEJISITUBUCTCKOIO CILydad,
¢ ydaeroM (390), nmeem

A = Ky — Ky = mgc? 1 _ 1 > -
PR Tl <¢1—<v3/c2> V- ()

= 0,42moc>.

Pabora B HEpEIATUBUCTCKOM ClTydae

2 2
AH.p. - w = 07147’77/0(32.

Orset: A, = 0,42moc?; App = 0,14moc>.

3amaua 203. IIpum Kakoil CKOpPOCTH KHHETHYECKAsl SHEPrUs dva-
CTHUIIBI PaBHA €€ SHEePIUU MOKOsI?
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Pemenne. Kunernueckas sHeprus 4acTUIbI DABHA €€ SHEPIUN
nokost K = moc?, B aToMm ciiydae (392) npunuMaeT Buj

me? = 2m002

wiu, ¢ yaerom (389),

moc2
1— (v2/c?)

_ 2
= 2mgpc”,

OTKY/Jda HaXOJIUM CKOPOCTDL YaCTUIIBI

v = c\/g =2,6-10% m/c.

Pemenue v=26-10% m/c.

Samaga 204. Haiitu 3aBUCHMOCTH UMITYJIBCA TACTUIIBI C MACCOH M
OT €€ KUHETUIECKON HePTUuu. BHIYnNC/IUTh UMITYyJIBC TPOTOHA ¢ KMHETH-
geckoit sneprueit 500 M»aB.

Pemenue. 3anummem cooTHOIIeHME Jid 1OJHON suepruu (394)
u GopMyILy CBA3HM MMILYJILCA U HOJIHON sueprun (392):
E? - pP%? = m(2)04,
E =myc® + K.

ITosicraBasem B mepBoe BbIpazkKeHNe 3HAUECHUE TTOJTHOM SHEPTHHU U PelraeM
MTOJTy I€HHOE YPaBHEHUE OTHOCUTETHLHO P:

P= % VE(K 1 2moe?) = 1,09 TsB/c.

Orser: P=1,09TB/c.

3amaua 205. Haiitn CKOpOCTh TaCTHUIBI, KHHETHIECKAsST dHEPTHST
koropoit K = 500 MsB u umnyasc P = 865 MsB/¢, rie ¢ — ckopocThb
CBeTA.
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Pemenue. Uz E = mc? maxomnm Maccy m = E/c® m mvimymbe

JaCTHUIbI

E
P:mv:—;.
C

IMockonbky E = K +mgc?, BEIpazKeHne 11 IMITY/IbCa, IPHOOPETaeT BUI:

(K + moc?)v

’
CQ

P =

OTKY/Ia
Pc?

= . 398
v K + moc? ( )

BamnumieM COOTHOIIEHUE JIIA CBSA3M IIOJHON SHEPIHM M HMILYJIHCA
PEATUBUCTCKON YacTunsl (3amada 204)

1
P == /K(K +2mpc?)
C
1 BbIpa3uM U3 HETO MacCCy IIOKO4A:
P2 — K2

mo =
0 2K

(399)

Toncrasnsa (399) B (398) m HpPOBOAA HECTIOXKHBIE MPEOOPAZOBAHUS,
HAXO/IIM CKOPOCTH YaCTHUILBI

,_ 2PK
_P2+(K2/02)
Orser: v=087c.

= 0,87 c.
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