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WCCJEJIOBAHUE MAJTEHUS TSKEJIOTO TEJA B BO3IYXE
IPA KBAJIPATUYHOM 3AKOHE COITPOTHUBJIEHUS

I'op6au H.U., JIysxxuncknuii E.C., HesepoBckasn S1.b.

benopyccruii nayuonanvruiii mexnuueckuu ynueepcumem, Munck

B pa60me anGOOﬂMC}Z pesyiomamsl meopemuiecKux UCCEe008AHULL NAOEHUSL MANCEN020 Mead
6 603@)/)66‘ npu Keadpamulmom 3AKOHe ConpomueieHusl. HO]ZyIlEH p}l() anamumu4ecKux 3a@uCZlMOCm€IZ,
xXapakmepusyrwux OCHO6Hble napamenpbl 9noco OBUICEHUS.

PaccmoTpuMm mageHue Tena B BO3myxe 0e3 HadalbHOW cKopocTu. [Ipumem cuimy
conpoTuBneHus It paBHOH MO BeIUUYMHE ]ulfz, rae ji- HOCTOSHHBIH KOI(PPUIHEHT
COIIPOTHBIICHUS, 3aBUCIIIUN OT (GOPMBI M pa3MepoB Tela W (PU3MYECKHX CBOICTB
CpeIbl.

OnpenenyM M3MEHEHHE CKOPOCTHU NaJE€HHS U NMPOWIEHHOTO IyTH C TEYEHHEM
BPEMEHH, MPEACIbHYI0 CKOPOCTh NAJEHUs, BpEMs, B TEYEHUE KOTOPOTO TEJIO JOCTUIaeT
IpesleIbHON CKOPOCTH, PACCTOSIHUE, NMPOWJEHHOE TEJIOM 0 JOCTHKEHHUS MpeesIbHON
(MakCUMaIIbHOI) CKOPOCTH MaICHUS.

1. HampaBum ocp Ox (puc.l) mo BepTUKanm BHU3, H300pa3uM TeIO B

TIPOM3BOJILHOM TIONIOKEHHH M MOKaXKEeM CHJIBI, JIeiiCTBYIoIMe Ha Hero: Bec P U cuty
conpotusienus K.

3anuiueM BTOPOH 3aKOH JUHAMHKHU B MPOEKIUHU Ha och OX:

mi=P—-R=P—pul? (1)
- arF
rie F = mg. O6o3HaUNM X = E Y COKpaTuM Ha 171, IOJIy4YHM
ar f17d
ary _£V?=i(_5"_{ﬁ)_ @)
dt 10 W%
g _ poma _ 2 .
0O0o3HaYNM E = [i; ? = T1%, pa3nenuM NepeMeHHbIC U IIPOUHTETPUPYEM:
¥ ar £ 1 nt¥
j:; BT -E:i kdt = Zn Eﬂ'ln-w = kt.
O [ToTeHnupyeM TIOMYyYeHHOE BBIPAKECHUE W
OTIpE/ICIIUM 3aKOH M3MEHEHHUsS CKOPOCTH C TCUCHUEM
BpPEMEHHU:
sz:r&r_:_
~ = vl (3)
a _ 2. JIns  omnpeneneHus MPeAeTbHOM CKOPOCTH
R naJicHus ypaBHeHue (3) pecTaBuM B BHJIE
1—ag" THRE
< P V= nl.i_g-z:rﬁ'z . 4)
W3 (4) cnenyet, 4TO ¢ yBEIMUYEHUEM BPEMEHU
MaJIeHUs] CKOPOCTh BO3pacTacT W TMpH £ = =%
X JIOCTUTAET MaKCUMAIIbHOMU (TIpEe/IeIbHOI ) BETMYMHBI:
Puc. 1
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E}F=H=J%. (5)

3HaueHue "{}F MOHO TaKKe MONYYHuTh U3 ycnoBus Makcumyma Gynxmun f{F ),

pu KOTOPOM f (V) %— Q. TTosromy moncraBue B ypasHenue (1) yckopenue

aw F T,
== (), momyunm F — #Tv‘;}f, = 0. Orcroma ¥ = \‘E = ??g

3.0npenenuM Bpemsi, 332 KOTOPOE CKOPOCTb MaJCHUs Tejla JTOCTUTHET 3HAYSHUS
BEChbMA MaJi0 OTJIMYAIOLIETOCAd OT MPEAEIbHOW CKOPOCTH, T.€. V= T‘V,ﬁ,, rae J = 1,

Ve =mn
[Moncrasum B (3) Bmecto |/ 3mauenme | = J71. Ilocne cokpamenus Ha V
g2MkE_g 1, 14y
noayuymM ¥ = ———— . Orcroma t = £, = —IiNn—. 6
yM ¥ = R A Fooamk 1y ©
Wnu ¢ yueTom BBECHHBIX BbIllIe 0003HAYEHUI:
1 |[m 1+
ty== |—in—t (6)
dvjpg  1-¥

Takum o00pa3oM, BpeMs, B TeU€HHE KOTOPOrO CKOpPOCTh Teja JIOCTUTAET
NpEeJeNFHOTO 3HAYEHUS, 3aBHCHT OT MacChl Tena M Kod((UIMEHTa CONpPOTHBICHHS
BO3/yXa, T.e. 0ojee TsDKEJIOoe TelIOo JOCTUraeT MNPeAeIbHON CKOPOCTH MNajeHUs 3a
OoJbIlIee BpEMS IPU OJTHOM U TOM K€ COIPOTUBIIEHUH BO31yXa.

4. OnpenenuM 3aBUCUMOCTb ITPOWIEHHOTO ITyTH (KOOPJAUHATHI X)) OT BpEMEHH.

dr gIHRE 4
Tak kak ¥ = P ﬂ.m, TO pa3genuM TEPeMEHHbIE W TpeodpazyeM
(@R ayde 7.

fdx =n

Ez:rﬁ'r_i,l t»- Eznkt_ﬂ_;[ :
Iloce HUHTCTPHUPOBAHUSA DOTOI'0 BBIPAKCHUSA IPHU HAYAJIBHBIX YCIIOBUSAX t = ﬂ,

xg = 0 momyunm:

1 y i d
¥ =nt+ Em% 7)
Tak kak b= ¥, & — i, 10 (7) MOKHO 3aIHCaTh B CIEAYIOMIEM BUE:
e {1+ g 2';%"@5 1
x=Vplt+—In (8)
F‘EVM Zz

B cooTBeTCTBMHM C STHM 3aKOHOM TeEJIO 6y,HCT nmaaat 40 TEX IIOp, IIOKa HE

o ar
JOCTUTHET NPEENbHOM cKopocTu. B 3TOM cilydae yckopeHue i 0, to mocie

JOCTHKEHUS MIPEeNIbHOW CKOPOCTH JalibHellee ABMKEHHE Teja OyeT paBHOMEPHBIM
CO CKOPOCTBIO, PAaBHOM IIPENEIBHON CKOPOCTH.
5. OmpenenuMm Kakoi MyTh, OyJIeT MPOXOIUTHh TENO J0 MOMEHTa JOCTHXKEHHS

MPE/ICNbHOM CKOPOCTH B 3aBMCHMOCTH OT BpeMmeHH L. Jlns sToro moicraBum B

dopmyiy (7) 3HaueHne L, u3 (6)
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_ 1 1+ , 1
x_ninkznl—}r-lr& 2
[Tocne mpeobpazoBaHuil MOTYyYUM
1 z 1w 7
=—— - =——-— - . 9
x %lnt:l <) Mln{l ¥ )

U3 dopmy (5), (6) u (9) cnenyer, uro OoJiee TAKEIOE TENO MPOXOTUT OONBIIHIA
MyTh JI0 JTOCTHKCHUS MPEACITHLHON CKOPOCTH U 3a OOJIbIIIee BPEMsi, YeM MEHEE TSIKEIIOe,

IpU OJHMX M TeX ¢ 3HadeHusax ) u [I. IlpenenpHas ckopocTs majgeHust Oonee

TSDKEJIOTO Tesa OOoJbllle CKOPOCTH MaJeHHs MEHee TSDKEIOro HpU MPOYMX PaBHBIX
YCIIOBUSIX.
6. OmpenenuM nanee 3aBUCUMOCTh CKOPOCTH TAACHHUS Tela OT MPOHICHHOTO
paccrosiHus (OT Iy TH).
aF FdE
Jns sToro ypaBHeHue (2) mepemnuiieM, BBeIs MOJICTAHOBKY v ak BUJIE
T T V;I ..
= —{— HJIN C YYCTOM BBCACHHBIX BBIIIC 0603Ha‘-IeHI/II/I.
Fd¥ 7 7
—=k(n* -V 10
=% = k( ) (10)

[Tocne nnTerpupoBanus ypaBHeHus (10) ¢ yueTomM HYJIEBBIX HAYaJIbHBIX yCIOBHMA
Y TIOCJIeIYIOUINX MPEe0Opa3oBaHUil IOTYyUUM

V=nyl— e (11)

Zhw

W3 (11) BUOHO, YTO ¢ YBEIHMUYCHHEM X BBIpOKEHHE B yOBbIBaeT, CTPEMSICH K

HYJIIO IPH X —F 20, & CKOPOCTh |/ CTpEMUTCs K MAKCUMAJIbHOM (MPeIeIbHON) CKOPOCTH

E}F=n.

W3 Beipaxenus (11) Takke MOXHO OINpeAenuTh, KaKk OBICTPO CKOPOCTH
TaJAl0NIEro Tela NPUOMIKaeTCea K MpeeibHOH , T.. ONpPeNetuTh X mpu ¥ = 'I[flf‘:}F.

3 Boipakerns ¥ = 1 — g 20F =y = —ﬁln{l —yd) = —%%lﬂ (1—y%),

YTO COOTBETCTBYET MOJyYeHHOU paHee dhopmyde (9).

B kauecTBe mpuMepa paccCMOTpPUM JBIKEHHE TMApalllOTHCTa, CYUTas dYTO
HapaloT PacKpbIBACTCS KaK TOJIBKO MAPAIIIOTUCT MOKUIAET CaMOJIeT.

W3 npakTuKu N3BECTHO, YTO CHJIAa CONPOTUBIICHHUS BhIpaXkaeTcst (popmyioii [1]

R =>cpSV?, (12)

rzie C,- Oe3pasMepHblil KO3(PGUIMEHT COMPOTUBICHHS; 1T napamnora €, = 1,4 ;
{2 - IIOTHOCTH BO3/yXa;
npu § = 157 u napnermnm 760 mm pr. cr. @ = 1,200 H - ¢? / u%;
S - mwIomae MPOEKIMH NapalIioTa Ha TOPH30HTATBHYIO TIIOCKOCTh, 142,

Torga st ko> uIMenHTa CONPOTHBIECHHS [ ITOTyYaeM BHIPaKEHNE:
1
B~ TSRS (13)
[IpuMeMm Maccy MapamnoTUcTa BMecTe ¢ mapamnoroM it = & &z, sHauenue S

npuauMaeM 10, 20 u 30 1”.

Torz[a JJIA j'_,l', IIOJIYYUM TPHU 3HAYCHUA:
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= 8,435:16,870 u 25,305 H - ¢® /2 wau xe 7 At
3HayeHHe ¥ MpUMeEM:
1 =09 1 =099 15 =0,99% 4, =0,9999;
Jst IpUHATBIX 3HAYEHUH 1, (i U Y ONPEAETMM NPEAEIbHYI0 CKOPOCTh aICHuS,
Bpems f, M MyTh, MPOMICHHEINH 33 3TO BPEMs, HCIONMB3YsI dbopmynsr (5),(6) u (9).

PesynbraTsl BRIYMCICHH TPUBECHBI B Ta0ume 1, rae l‘fm - M/fc, L,- B CeKyHJax, X-

B MeTpax.
Tabnuya 1
Y

W/ Vg 0,9 0,99 0,999 0,9999

8,435 t.= 1,449 t, = 2,604 t = 373% t.= 4872
9,641 % = 7,880 %, = 18,585 g = 29,491 %, = 40,414

16,87 t, = 1,024 t, = 1,841 t, = 2,544 t,= 3445
6,819 x = 3,940 X = 9,293 g = 14,745 4 = 20,207

25,30 t, = 0836 to=1203 T =4158 t.= 2814
5,567 % = 2,625 % = 6,193 Xz = 9,826 . = 13,465

W3 Ttabmuubl 1 BUAHO, YTO TENO JIOCTHTaeT CKOPOCTH, BechMa ONHM3KON K

Hpe/IeIbHOM 32 TOCTATOYHO HEOOJIBIIIOE BpeMs, a He 3a Bpemsl T = o2

Tak mnpn xod>dduumente compormpnenns f = 25,3 &2/u Teno nocruraer

3HadeHuA 99,99%

L;r

‘iz IPUMEPHO 32 2,8 c.

Teneps pazoObeM MyTh, MPOXOAUMBIH 32 HEKOTOpOE MPHUHATOE 0o0lee Bpemsi, Ha
JBa ydYacTKa: TEpBBI — YyYaCTOK YCKOPEHHOTO IBW)KEHUS W BTOPOM — YYacCTOK
PaBHOMEPHOTO JIBHKEHUS C JIOCTUTHYTOW HA TIEPBOM YHaCTKE MPEAETbHON CKOPOCTHIO.

Paccrosnue, nmpoiiieHHOE TEJIOM Ha MEPBOM y4acTKe, OMNpeNeNuM 1o (opmyie
(8), KoTOpYIO MIpPEICTAaBUM B BUJIE:

A= l’i}p

.+
Y op

(1-11.*' i ’H"FFI

T
n
'F"

g

PaccrosiHue npolilecHHOE Ha BTOPOM Y4YacCTKe:

F

(14)
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Az = l’i}p&@ﬁ_ f}-*)' (15)
Torna o61iee paccTosHUE

Z'E"mflfl

™ 1+€ M
X — X+ X — E}Ftﬁ-f-:m ; : (16)
IIpumem 3a obmee Bpems T,; BpeMs NajJeHMs MAPALIIOTUCTA C BBLICOTHI
ft = 10002 c mnpemenbHONM NOCTOSHHOM CKOPOCTBIO H}p = 5,567 mf€, uro

COCTaBJISIET TPUMEPHO 3 MUH.
Brruucnum paccrostaue, o gopmysie (8) Npearnosokum, 4To B TECUEHUE BPEMEHU

Eop ™ 2 MU IBIDKCHHME OBLUIO YCKOPEHHBIM M 10 ¢opmyine (16), kak cymmy

paccTosHMM Xy TPH YCKOPEHHOM [IBHJKEHMM M X, IPU DPAaBHOMEPHOM, IpPUHSAB

p= 25,3008z fau, ¥, = 5,567 ¢/ ¢, t, = 2,812¢ um = 80 &e.

[To popmyme (8)
n (14 )
x = Vel + Em. 5 =
30 f 1+ E_,—?%-&.&emw)
= 5,567+ 180+ 75388 In= 5 = 999,868 x

IZEE-I o

x =5567180 + ——in = 999,868 A
25,255 Z

HOJIy‘IeHHbIC pPEe3YyJIbTaThl B TOUHOCTH COBHAJArOT. 9T0 00BIACHIETCI TEM, 4TO
JOCTHXXCHHEC TOYHOI'O 3HAYCHUA HpGI[CJ'IBHOfI CKOPOCTHU TCOPCTHUYCCKU BO3MOXKHO IIPU

t = @ IlosToMy B mpezenax npuHATOro 3HadeHus f,; a TeM Oosee mpu OONbIIMX

3HaueHUsIX £, 5 NBUKCHUE MOKET PACCMATPUBATHCS YCKOPEHHBIM.

—2ip,t

3amMeTuM, 4YTO BBIpAXKEHUE & =it C yBenMYeHueM [ JOCTaTOYHO OBICTPO
CTPEMHUTCS K HYJIO, HAYMHAS JaKe CO 3HaueHus [ = 3 €8x , a , UMCHHO, pu 3TOM
3HaYeHMU [ W yKa3aHHBIX BBIIIEC 3HAYCHUSX W, M un T‘{E’ 3TO BBIPAXXEHHUE PABHO

2,58 1073, KOTOPBIM MOXKHO TIPEHEOPEYb.
Torma Ui  3HavueHHd ¢ = 3 cgx MOAJICHHE MOXKET pAcCMaTpHBAThCS —Kak

PaBHOMEPHOE CO CKOPOCTEIO Ky, @ KOOPAMHATA X ONpEeNIeTcs 1o hopmyre
T
X = E}Pt-f-;-!nz, (17)

YTO XOPOIIIO COTJIACYETCs ¢ JaHHBIMU Ta0I. 1.
JIUTEPATYPA

1. Tapr C.M. Kpatkuii kypc Teopernueckoil mexaHuku. — M.: Breiciias mkona,
1955.-416 c.
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