Kosie0anus ToJICTOCTeHHOM cepbl HA TAKETIOM CTEpPKHE
(HYy”’KHO peIaKTHPOBATH)

2. ®opMyIHPOBKA 321241 U YPABHEHUS

ToncTocTennas cdepa 3akpernsieHa Ha OJJHOM
KOHIIE JITTMHHOTO CTEP>KHS, IPYTOi KOHEI] KOTOPOTO
3aKperi€éH Ha  Tropu3oHTadbHOM ocu  OZ,
HalpaBJICHHOM K HaM M MOXET BpalarbCcs B
BEpPTUKaJIbHON Tuiockoct XOY 6e3 tpenus. Bcé
IIPOUCXONT B BA3KOM cpene. O0a Tena NOJTHOCTHIO
norpy:keibl B cpeny. CrepkeHb aOCOIIOTHO
TBEPABIA U HE U3rHubdaeTcs B npouecce kadyanus. Ha
caMOM Jiejie ATO He TakK Mpu OOJIBIIUX YIJax
OTKJIOHEHHS.

[Tapametpsl cdepbl: m — Macca, BHEUIHHIM
TUaMeTp — d, BHYTpEHHUMN AuamMeTp — di;

[TapameTpsl KpyIJIOTO B CEYEHUU CTEPXKHSL:
Macca M, nuinHa L, quametp D.

[TapameTpsl cpenbl: o — IUJIOTHOCTh Cpelbl, 77 — KOI(P(UIIHECHT
JTUHAMHAYECKOU BSA3KOCTH CPEBI.

Ha cdepy (1map) AeHCTBYIOT CHIIBI:

mg = p,,V,,;0 — cuiia THKECTH, IPUIIOKEHHAS K LIEHTPY CQEPBL, TAE O, = Vﬂ -
)i

cpenHss IUIOTHOCTh Imnapa, g = 9,814 M/c?> — yckopeHHe CBOOOIHOIO IaJCHUS;

Macca wusmepsieTca yxke C Y4ETOM OTBEPCTHl TMOA CTEpKEeHb. (CTEpKEHb

3
zrd,

HeOOJIBIIOro AMaMETpa, MOATOMY IonpaBka HeOombmas. V,, = — BHEILIHUM

00BbEM 11apa;

oL

w i =—PV,,0 — cuna Apxumena;
N, — CHJIa peakluH CTep)KHs, Ha PUCYHKE HE TI0Ka3aHa;

F,,. =—37nd,V,, — cuma conporusmnenus cpeast mo Croxey (G. Stokes);

E PoS 11

0 =—Cypy V,,V,,, — CUla a3pOAMHAMHYECKOTO (JJOOOBOTO) COMTPOTHBIICHUS

no Herotony (I. Newton) [ITyTtwmiios, c. 205]. vy, — nmuHelHas CKOPOCTh LIEHTpa
mapa. [Ipu ycinoBuu, 4To MO CEYEHUIO0 CKOPOCTh HE MEHSETCSI, a 3TO HE Tak!
Y4ét mocneHel CHITbl aKTyalleH IPY CPABHUTEITHLHO OOJIBIINX CKOPOCTSIX,
KOTJIa COITPOTHUBJICHHE KHUIKOCTH HIIM ra3a o0yCIIOBJICHO B OCHOBHOM 3aTpPaToi
paboThl Ha oOpa3oBaHue BUXPE. TONBKO YTO HA3bIBATH OOJIBIION CKOPOCTHIO?
DKCIIEpUMEHT IMOKa3bIBAET, YTO MMEHHO 3Ta CHJIA UTPAET OCHOBHYIO POJIb.

zd?
Hpyrue oOo3HaueHus: S, = 42 — TUIONIaJb MpOEeKIuu Tena (Irapa) Ha
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IJIOCKOCTh, MEPHEHAUKYISIPHYIO K HANpaBJICHUIO ABWXKEHHUS (MuaeneBoe (0T
Hugaepa. Middel — cpennuit, cepenuna) cedenue), ¢, — KOIPOUIMEHT,
Pa3MYHBIA JJI1 TEJN pa3HbIX (OpM, HA3bIBAEMBIM KOA((HUIIMEHTOM JI0OOBOTO
conpoTuBicHUs. B Hamiel 3amadye OyneT MCHOJIB30BAHO 3HAUYECHME IS IIapa
Ci=0,47, eciu MOBEPXHOCTH IepoxoBaras. Eciii MOBEpXHOCTH TIajKas, TO
Cu[:O,lol.

Ha crepkeHb TEUCTBYIOT CHUIIBL:

o _ M
Mg = p.V.§ — cuiia TSKECTH, TAe P =V CpEIHssA IIOTHOCTh CTEPIKHI,
C
2
DL ) .
V.= — 00BEM CTEpIKHH;
Foo =—pV-0 — cuna Apxumena. Tak Kak CTep:KeHb CTaJlbHOM, TO Majia IO

CpaBHCHHIO C CHJION TSDKCCTH, HO OCTaBUJI JI1 CUMMCTPHUH 3aIIMCH,
NC — CHJIa pCaKIMU IIapa, Ha pUCYHKC HC IIOKa3aHa,

—

N — cmna pCaKouu OCH, Ha PUCYHKC HC IIOKA3adaHa,

Fmp — CHJia TPCHUA B OCH, HA PUCYHKC HC IIOKa3aHa, CAUTacCM MaHOﬁ;

—

F.,=#.V. — cuna compotuieHus cpeasl mo Crokcy. UYemy paBeH

KO(PPULIMEHT, 3aBUCIIIUN OT T€OMETPHUH, JJIsl [IWIMHAPA HE 3HaI0 1moka. OnbIT
II0Ka3bIBAET, YTO 3TA CUJIa MeHbllIE, ueM F., , 1, BUIUMO, MeHblIE, YeM F,, , TaKk

KaK JHUaMETp CTEP>KHsS MEHBIIE TuaMeTpa chepsl;

E PoS¢

2 =—Cc V.V, — cuna 1060Boro conpotusieHus no HeloTony. 3nech ve—

JIMHEWHAs! CKOPOCTh CPENHEN TOYKM YaCTH CTEP:KHS MEXKIY OCBhK0 M BEpPXHEHN
gacTeio cdeprl. S.=DL — momane NMONEpeYHOro IBMKCHUIO CEYCHHS JUIA

cTepkH4. /[ Kpyrjaoro UMiaMHApPA, MPOAYBAEMOIrO MEPHEHIUKYISIPHO
oopasyromeiit pu L/D>40, xoapduument ¢c=1,202. 31ech Takke He y4TEHO
W3MEHEHHE JTUHENHON CKOPOCTH BJIOJIb CTEPKHS MONEPEK ABUKEHUSA. Y TOUHEHHE
CM. HUXKE.
Hcxonum U3 OCHOBHOTO YPaBHEHHMSI IMHAMUKY BPAIATEIbHOTO IBHUKEHUS
TeJIa BOKPYT OCH M CTaHIAAPTHBIX ONPEACICHUN
Id—a)szg+MFﬂw+MMg+Ma +M +M. M. +M, L (2.1)

dt Fic Py For

! Kospdurment  nmobooro  comporuBnenms [/ [DnexrpomHeni  pecypc]. URL:
https://translated.turbopages.org/proxy_u/en-ru.ru.d5d50132-66bb2805-2c008ef8-
74722d776562/https/en.wikipedia.org/wiki/Drag_coefficient. (lata oopamenus: 12.08.2024).
2 Koa(puuuent 1000BOr0 COMPOTHBIEHUS Kuprnuya. Muoro Tabmun // [DnekTpoHHBI
pecypc]. URL: https://stroiteh-msk.ru/foto/koefficient-lobovogo-soprotivieniya-kirpicha.htmi.
([ara obpamienus: 12.08.2024).
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d — . - o — —- -
d—(t”k =0,V=[61], M. =[TF].
rae K — equHUIHBIN BeKTOp BA0IL ocu OZ, @ — yriioBas cKkopocTtb, | — pamuyc-
BEKTOp, MPOBEAEHHBIA OT OCH BpAaIllEHUS B TOUKY IMPUIOKEHUS Cuibl, M e =
MOMEHT COOTBETCTBYIOIIEH CUJIbI. MOMEHTBI BCEX Cu peakunu pasHbI 0, n3-3a
MEPICHAUKYJISIPHOCTH CUJIBI U palyC-BEKTOpa MN =0, mostomy B (2.1) He

yKa3aHbl.
MoOMEHT MHEPIIMH CUCTEMBI C YUETOM TeopeMbI LlITeliHepa paBeH
d 2
— 2
I—IC+IOM+mw(L—?j : (2.2)

[To oueBMIHBIM MPUYUHAM CIIETYET OTPaHUYUTh nuameTtp mapa do <= L.

OTnenpbHO HYXXKHO HamucaTb MOMEHT CHIIBI v TTIO
F., ¢ yu4éToM WH3MeHEeHMs] JIMHEHHOW CKOPOCTH

BIOJb CTEPXKHS, I1e [ =) — pacCTOSHUE OT OCH [
BpaIlleHUs JI0 TPOU3BOJIBHOTO AJIEMEHTA CTEPIKHS -
(cm. Hke. JlomonHeHus ). dSc

®
o cepDe? (L - d2)4 L N HaM
Foo 2 4

Emeé moxHo 106aBuTh 111 cMapTdhoHa

2 4 4
M =SB (T (1L-2] | e

Ho sra Bennuyuna mana. ' z ds
AHaNOrM4HO 11 MOMEHTA CHIbl F,, chepsl ’

(2.3)

g
S

Puc. 2.X

(cm. HUKE. JloTTOMHEHUS).

3
M, =Sl 2R §(E—1j+(£—1j . (2.5)
w2 4\ R R

3nech 0, = 2R, rae R — BHemHui paauyc chepbl
Torna ypaBuenue (2.1) npuHUMaeT BUA

d’p P L p [L—d j :
—=-m1-2 (L-R)+M| ——£2| ——2 || gsin
dt* {( plllj( )+ (2 Pc 2 Ine
2
U{Bﬂ%R)z%(dez} }“’

3(L L Y| ¢.D
—% CZU?TR5|:Z£E—1)+(E—1J }4‘ C4 (L—d2)4 ‘Cl)z‘(()z

31ech @, — TPOCKUUSA YIIOBOM CKOpPOCTH. EcnM BBECTH HONOJHUTENBHBIC
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0003HAYECHUS;

2 2
25:? 37zd2(L—d—22j +/.1C(L_2d2j (2.3)

— JACKPCMCHT 3aTyXaHMU:,

wp=3|ml1-Lo (L—i]ﬂw E—&(L_—"Z) 0, =] 24
I Pur 2 2 pe 2
— COOCTBEHHas IMKJIMYECKas 4YacToTa KojcOaHWi (He myTaTh C YIJIOBOKH

27
“ 2
CKOPOCTbBIO), T, =—— — COOCTBEHHbIH MepHOA. 3aMETHM, YTO BEIMYMHA @),
W
0
MOJKET OBITh Kak 0oJible, Tak ¥ MeHbIle O (KojeOaHus CHU3Y TOYKHU MOBEca —
OOBIYHBIC, M CBEPXY OT TOYKH II0JIBECA).

3
L _Polc, 2R E(L‘l}(k‘@ LEP0a) | @)
o, 2l 4\ R R 4

II€ @2 — YroJl IpH KOTOPOM TOJIBKO NOJ AeWcTBHEeM cuibl F, ckopocTs

YMEHBIIIAETCS B € pas.
B utore nonyyaem

d’ d 1 i
=2 125=2 4 Z|PPIZ8 | Esing =0. (2.6)
dt dt ¢, |dt|dt
To ecTb 0ObIKHOBEHHOE TUPhepeHIIMATIPHOE YPaBHEHUE BTOPOTO MOPSIKA,
OJTHOPOJIHOE, C TOCTOSIHHBIMU KO3((UIIMEHTaMHU, HEIMHENHOE U3-3a CHHYCA YIJia
U KBajJpaTa yrjioBoi ckopocTd. OT OOBIYHOTO ypaBHEHHUS MasiTHUKA OHO
OTJINYAETCS 3 CIaraeMbIM.
Nnu cucremy IByX ypaBHEHHH IIEPBOrO MOPSIKA

do|de

do, _ —200, — i‘a)z‘a)z — )} sing
ddt @, | (5.2)
4
@
Pemnrenne 3Toro ypaBHEeHHs C HAYAIbHBIMU YCIOBHAMH
@‘tzo =@ W, |y = WOro- (6)

u OyJeM paccMaTpHUBaTh.
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