3agaua 1 (11 knac)

1. Bi3ok i3 3aKkpilNICHOIO Ha HBOMY BEPTHKAIHHOIO
IUIACTUHOI0 ~ MOXe  pyxarucs ©0e3  Teprd 1O
TOPU3OHTANIbHIN TTOBepXHI. Maca Bi3ka 3 IIacTuHo M. 9
Bbpycok Macoro M miABIMIEHUA Ha JIETKid HEPO3TSKHIN
HUTII, SKa TMPHUKPIUICHA 10 IJIACTHHHU 1 TEPEKUHYTa
4yepe3 OJI0KW Ha CTIiHIN 1 TTacTHHI. bpycok 1oTopkaeTbes m —»¢
IUTACTUHH, KOEQILIEHT TEPTA MK HUMH 4. Hutkm Mix M g
BI3KOM 1 CTIHKOIO HATSATHYTI TOPU30HTabHO. Macoro ]

OJIOKIB 1 TEpTSIM B HUX 3HEXTyBaTU. Bi30K yTpUMYIOTH O] O!
HEPYXOMHUM, a MOTIM BIANYCKalOTh. SIKy MIBHAKICTH
MaTHMe Bi30K, KOJIM BAHTaXX OIYCTUTHCS BHU3 TI0 BEPTHKAJIi HA BijcTaHb h ?

Y
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Cooci6 1 (3a Il 3axkoHoM HproTona) 5 G

Ha Bi30K [110Th BEpPTHKAJIbHI CHJIM: CUJa
TSOKiHHA Mg, cuia HOPMallbHOI peakxiiii
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onopu N, , cunatepts F., 3 00Ky Opycka,
0 CHOB33a€ MO CTIHLI, CHWJIA HaTATY

T
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HUTKHU F,, (Ha PHCYHKY HE IIOKa3aHO) 3 M

00Ky OpycKa Ta rOpU30HTAJIbHI CHUJIU: CHIIN I |

HATATY HUTKA ﬁm Ta ﬁHZ, cHIa Tncxyf’) S \(?\ T ??\ T T

Opycka Ha BEpPTHKaJIbHY IUIACTHHY. 0o Mg X

OCKITbKM  BEpPTHUKAJIbHI CHJIM  B3a€EMHO

CKOMITIEHCOBAHI i He BIIMBAIOTh Ha TOPU30HTAILHE IPUCKOPEHHS d JIOCTATHBO 3AIIUCATH

II 3axoH HproTOHA AJ14 Bi3Ka TUIBKM B POEKIisAX HA Bick OX:
_ FntFp-P (1)
—
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Ha Opycok nitoTh cuiia TSKIHHA Mg, CUjla HaTATy HUTKU F 5, cunma N HOpMasbHOI

T

®ee .o = . .
peakiiii BepTUKAJIbHOI TUIACTUHM, Ccuja TepTs F.,; MK OpyCKOM 1 BEPTHUKAIBLHOIO
IIACTHHOK. TIpUCKOpEHHs: Opycka dp CIOPAMOBAHO IIiJi KyTOM IO BEPTHKaNi i Mae
TOPM30HTAIBHY CKIaJOBY d DPiBHY IIPUCKOPEHHIO Bi3Ka i BEPTHKAIILHY dq :

C_iB = C_i + C_il . (2)

3a II 3akonom HeloToHa: dg = mg+F“f’m+N+FT1 B mpoexkiiisix Ha 0ci KOOpAUHAT:
OX: am =N (3)
OY: —am=-mg+F;3+E (4)

Hutka mpoxonuts yepes O6JI0KH Tak, M0 MPH MepeMIIEHH] Bi3Ka y HAMPsIMI CTIHKK Ha AX,
Opycok nepeMiityetbesi BHU3 Ha Ay = 2Ax. Tomy BepTUKallbHA CKIIa0Ba MPUCKOPEHHS
Opycka 3a MOJayJieM Yy JiBa pa3u OuIbllla MPUCKOPEHHS Bi3ka: a; = 2a. BpaxoByroun
TaKOX, IO CWJIa TePTS KOB3aHHA JOpiBHIOE F. = uN = pyma, cuna HaTATY HUTKA Y
OyIb-sIKii 11 TOUlll OHaKoBa 3a Moayiem F,; = F,, = F,3 = E, , Ta mo 3a III 3akonom
Hrrotona P = N = ma, orpumyemo 3 (3) Ta (4) cucremy piBHSHb

aM = 2E, —ma

2am =mg — E, — uma
3 IKO1 BM3HAYAEMO IPUCKOPEHHS Bi3Ka d:



_ 2mg
M+ Qu+5m
2

. . . . . v
H_[BI/I,IIKICTI) VU B13Ka BU3HA4Ya€MO 13 CII1BB1JTHOIIICHHA [ = Z:

a

4mgl
v M+ (2u+5)m
Ockibku [ = % h
2mgh
v M+ (2u+5m

Cnoci6 2 (3a 3aKk0HOM 30epeKeHHs SHeprii)

[Tpu pyci Opycka BHU3 MOro MOTEHIIalbHA eHepria mgh (KiHleBe MOJIoXKeHHs Opycka
npUiiMaeMoO 3a HyJIbOBHUN PIBEHB) MEPEXOAUTh B KIHETHUHY €HEpriio Opycka 1 Bi3ka Ta
BUTPAUAEThCSI HA POOOTY MPOTH CHIM TEPTS KOB3aHHSA Opycka IO BepPTHKAIbHIN
MJIACTHHI:

2
mgh=%+MTvz+FTh (5)

[Tpu nepemimeHHi Bi3ka Ha [ y HampsAMi CTIHKU Ha CTIIBKU XK HaOIMKAETHCS O CTIHKH
0JIOK, 3aKpIIUIEHUH Ha IJIACTUHI, TOMy CyMapHa JIOBXXKMHA HUTKU MIX BEPTHUKAJIBHOIO
MJTACTUHOIO Bi3Ka 1 CTIHKOIO CKopouyeThcsi Ha 2[, 1 Opycok omyckaeTrbcs Ha h = 2l.
Pyxaerbcst Opycok pa3oM 3 BI3KOM TOPU30HTAIBHO 31 MIBUAKICTIO VU, =V Ta
OIyCKA€ETHCS [0 BEPTUKAII 31 WBUJKICTIO V), = 2V, TOMY IIBUAKICTH OPYCKa JTOPIBHIOE

vs = \JVZ + vZ = v? + (2v)? = V5v% = V5v. (6)

Cuna Ttepts koB3aHHsa F. = uN = uma, 7€ TPUCKOPEHHS Bi3Ka a npu

2 2
PIBHOIIPUCKOPEHOMY PYCl 31 CTaHy CIOKOIO @ = Z—l = %, TOMY

2

F, = pma = pm—. (7)
[TincraBnsemo Bupaszu (6) Ta (7) y piBHIHHS (5) 1 3HAXOIUMO V:
h_5mv2+Mv2+ vzh
mon = 2 T H
_ 2mgh
V= u + u+5)m

3agaua 2 (11 kmac)

[neanbHUM ra3 13 CTAI00 KUIBKICTIO MOJIIB 3/A1HMCHIOE MPOLIEC ph
AB, 300paxxenuii Ha puUcyHKY, B koopaunatax p(T), ne p — S|
rycTuHa rasy, a T — iforo temmnepartypa. [Ipu sxii X
TEeMIIepaTypl TUCK razy Ha 25 % MeHIui 3a MaKCUMaJIbHe \B T
3HaueHHd TUcKy. [louatkoBa Temneparypa T Bizoma. T o
0 To
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Jlns onucy nporuecy 3acTocyeMo piBHsIHHA MenneneeBa-Knanenpona: PV = " RT.

3anexHICTh TUCKY Ta3y BiJl TEMIEPaTypH 3 I[bOTO PiBHAHHA: P = % RT = %RT (1).



3a rpadikoM Ir'yCTHHA 11€aJIbHOr0 ra3 3MEHIIYEThCS JIHIMHO , ToMy p = po — kT (2), ne
Po — MaKCUMallbHA TYCTHUHA Ta3y, k — KOE(IIIEHT MPOMOPIIHHOCTI.
Busnaunmo k, sixio Bpaxyemo, mo npu T TycTuHa rasy HaOyBae 3HaueHHs p = 0.

Toni Bupas (2) nadbysae Burmsangy 0 = po — kT,. 3Biacu k = %. [TlincraBuMO 3HAYECHHS

0
T
k'y Bupas 2): p = po = 22T = po(1 = 1) ().
VYpaxyemo Bupa3s (3) y 3aJIe:KHOCTI TUCKY BiJ Temneparypu (1):

P=—0 RT= 1—— y i
M M T, M MT,

—ﬁ Toni P = ,BT——TZ (4).

O4eBHUIHO, IO B JAHOMY MPOIIEC] 3aJIEKHICTh TUCKY 17€aIbHOTO ra3y Bij TeMIIepaTypH
€ KBaJIpaTUIHOIO (PYHKITi€I0, TpadikoM sSKOi € mapadosra 3 TiTKaMu, HalpaBJIeHUMU
BHU3. 3HAUEHHS TUCKY Y BEpIINHI Mapaboy T0PiBHIOBATUME MAKCUMAIBHOMY
3HAYEHHIO TUCKY Py gy

T
poll — 1) R (TR ook

Jocmigumo Bupas (4) Ha ekctpemym: P’ = 8 — T =0.3Biacu T = B—; = %0
. To B (To\? ,BT
Toni Ppax = B 70 - T_o (70) ° (6).

3a yMOBOIO 3a/1a4i Ipu TeMnepaTypl T; THCK Ta3y P; MEHIIIHi 3a MaKCUMAaJIbHE
3HAYCHHS TUCKY Py Ha 25 %: Py = Py — 0,25P 0 = 0,75P 0 = %Pmax (7).
[TincraBumo Bupasu (4) ta (6) y Bupa3s (7):

T? T? T, , 3

_B 2 _ 38T 3To _ n_Th_ 3 _
BT, T0T1_44 abo T -T; 16—0 abo 72 TO+16—0.

: . T.
Otpumanu KBagpaTHe piBHSIHHSA. [J1s1 OO CIIPOIIEHHS TO3HAYNMO T—1 =t.
0

Tonitz—t+3—=0.
16

. : 3 1
JuckpumiHaHT nopiBHoe D =1 — 4 - i
. T 3 T. 1
Kopeni piBasiHES: t; = == == Tat, = —= = —,
To 4 To 4
OTtxe, 32 1aHOTO MPOLIECY 3HAUEHHS TUCKY ra3y Ha 25 % MeHIIe 3a MaKCUMaJIbHE

3T, T,
3HAYCHHS IIpU TeMneparypax Ty, = — T T, = "

3agaua 3 (11 xnac) v
3. HacTHKa Macor M 3 MO3UTHUBHUM 3apsIoM (] JIETUTH 31
HMIBUJAKICTIO Uy BaKyyMi, Jie Oy/b-siKi 30BHIILIHI MOJIS |7 ol

BiJicyTHI. B MOMEHT yacy, KOJIM YaCTHMHKA 3HaXOIUThCS ‘
y toumi O (xo=0, y,=0) MUTTEBO BMHUKAEThCS @ ------- 5 w >
OJIHOpPIJIHC MAar”iTHe moje. BU3HAYUTH BEIWYHHY

Mar”iTHOI 1HJYKIIi IIbOTO IO, SKIIO IICIS HOro BKJIOYCHHS YacTHHKA TEPIIUN pas
neperuHae wiomuny XOV y toui 1 3 koopauHaTaMu x1 Ta y1.
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B yMoBI 3amauli He BHM3HAUYEHO HAMpPsMOK MarHiTHoOi iHaykuii. IlpoaHanizyeMo MOKIIUBI
BapiaHTH PyXy YACTMHKH B 3aJIC)KHOCTI BiJ] HANIPAMY NoJist. SIkOM JiH1T MarHiTHOT IHIYKUIT Oynu
napasenbHi MIBUIKOCTI YaCTHHKH, 1OJI€ HE JisU10 OU Ha Hel, HarpsM pyxy OyB OM HE 3MIHHUM,
1 yacTHHKa He moTpanwia 6u y Touky 1. SkOu niHii MarHiTHOI iHAYKIIT OyIu IepreHANKYIISpHI
oci OX, none y OyAb-sSKUA MOMEHT [isjI0 OM MEpPHEeHIUKYISIPHO IIBHIKOCTI, CTBOPIOIOYH



JIOLIEHTPOBE MPUCKOPEHHS, 1 YaCTHHKA pyxayacs O Mo Koy y TUIOHINHI, 1110 NePIeHIUKYIsIpHa
JHISIM MarHITHOI IHAYKIIT 1 BKIFOYa€e Bick OX. SIKIIO mpu mibOMY MOJIe IepreHAnKyIspHe X0V
1 crpsiIMOBaHE «BiJ Hac», TO YaCTHMHKa Bech yac 3Haxojwiacs 0 y miomuHi XOV, a He
MOTparuisia Ha Hei y IeBHI MOMEHTH, SIK 3a3Ha4€HO B YMOBI. B ycCixX 1HIIMX BHUIMAaJIKaX 4aCTUHKA
TUIBKU NIEPIOMYHO Nonaaana ou B miomuuy XOV y touni O, ane He noTpanuia ou y Touky 1.
Tomy 3anumiaeTbcss MPUWHITH, MO0 JIiHIT MarHiTHOL
THIYKITT CIIpsIMOBAHI MM ISSIKUM KYTOM 0. JI0 HApsIMy pyxy Y
yacTUHKM. Ha  ckmagoBy — mBHAKOCTI ¥y = vcosa

ol

SST

napaseibHy BEKTOPY MAarHiTHOI 1HIYKIIii B cuna Jlopenua
JiATUA HE Oy/ie 1 BOHA 3aJIMIIAETHCS HE 3MIHHOIO, [0 CTBOPIOE
PIBHOMIPHMI pyX YaCTUHKH B3J0BK JIIHII MArHITHOT 1HAYKIII].
Ha cknmagoBy mBuAKOCTI ¥V, = vsina  NepHeHIUKYISAPHY

<

[ Ei

BEKTOPY MAarHiTHOI 1HIYKIIii B nie cuna Jlopenna F, = qBv,,
UJZ_ qBv,

IO CTBOPIOE JIOLEHTPOBE MPUCKOPCHHA @y = —* = —= (1),

0 MPUBOAMWTH JO OOEPTOBOTO PYyXy YACTUHKH. B pe3ynbrari HaknalaHHd [HUX PYyXiB

TPAEKTOPISl YACTUHKU € TBUHTOBOIO JIIHIEI0 «HAKPYUEHOIO» Ha JiHIT MarHiTHOI 1HAYKIii. Kpok
IBHHTOBOI JiHIT , ne T — mepioJ o0epToBOro pyxy yactuHku: 3 Bupasy (1): v, = % , TOMYy
T = ZZ;—:. Y MOMEHT BKJIFOUEHHS MOJI1 YAaCTHHKA, 110 3HAXOAUTHCS Y Toulll O, BIIXWIAETHCA
Bij o XOV 1 monajae Ha Hel B Toulll 1 yepes yac ogHoro 0o6epty T, TOOTO BiJICTaHb MIXK

. . . s ves 2nm .
To4ko10 O 1 TOUKOI0 1 JOPIBHIOE OHOMY KpPOKY I'BUHTOBOI JiHil [ = v T = vy, R 3 1HIIOTO

ooky | =+/x? + yZ . IlpupiBHIOEMO BUpa3u 1 [, Ta BU3HAYAEMO MOMYJIb BEKTOPA MarHiTHOT

. [ 2mm X1 21me1
IHAYKIIi: B = ———=v cos a. BpaxoByrwouu, 10 COS & = ———= OTpUMyeMO B =
2.2 2,2 (x1+y1)
q./*1ty1 x1+yi

3anaua 4 (11 knac)

4. ]lBa OAHAKOBUX UWJIHIPH, OCI SIKUX
TOPU3OHTANIBHI 1 TMapanenbHi, o0ep-

TAIOTBCS 3 OJIHAKOBOIO IIBHJIKICTIO B
MIPOTWJIC)KHUX HANpsIMax, sIK ITOKa3aHO Ha
PUCYHKY. Ha uunminapu knanyth
TOPU30HTAIBHO  MAacHBHY  OJHOPIIHY

JOLIKY TaK, 10 B MOMEHT JOTHUKY il : 50 cm :

LIEHTP 3HAXOAUTHCSA Ha BiJCTaHi 15 cM 1o ' '

TOPU3O0HTAJIl BiJl OCI OJTHOTO 3 IWIIHAPIB. SIKOT MakCUMaIbHOI MIBUAKOCTI TOCSTHE JIOIIKA,
MpHUBEACHA B PyX IHIIHIpaMu? Bigcranp Mik ocsMu IwniHAPIB AopiBHIOE 50 cM,
Koe(iLI€eHT TEPTS MK JOLIKOIO 1 MOBEpXHAMHU HUIIHAPIB 0,4.
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| —
Ha momiky, mo AeXuTh HWIIHApPAX, fAKi 17 1 : w i N,
00epTaroThCs, AIFOTh CHJIM TEPTSI KOB3aHHS >
F.,=puN, i F,, =uN, B IPOTHICKHHX — — ‘F = N o~ —
HampsiMax. Sxmo nomka JIGKATh HE | '/‘\
CUMETPUYHO BiJIHOCHO NWJIHAPIB, TO Bara : H
JIOTIIKH PO3MO/AICHA HE TIOPIBHY 1 CHUJIH TEPTS ‘ ll mg

pizHi. Konu ieHTp Macu AOUIKY 3MIIIEHHUH Ha
X BiJl BEPTHKAIBHOI TUTONIMHY, CHMETPUYHOT
B1IHOCHO LIWJIIHJIPiB, 3 pIBHOBaru MOMEHTIB CHJI BIIHOCHO OC1, 1110 JISKUTh Ha IJIOIMIMHI CUMETPIi

. .. ) ) l
1 MPOXOAUTH Yepe3 JIHII0, M0 3’ €IHY€ TOYKU JOTUKY JOLIKK 10 HWIHAPIB, MaemMo: N, P



2mgx

N, é +mgx =0 abo N, —N; = . To6to N, OGinbima i 6inbInow Oyae cuna tepts F, |

nomika Oyze pyxaTucs 3 IpUCKOPEHHSM BITIBO.
_ Fro—Fp1 _ uNz—uNy _ u(N2—Ny) _ p2mgx _ 2ug

m m m m 1 l
[IpuckopeHHsT TpOMOpIIHHE 3MIIICHHIO BiJ] TMOJOKEHHS pPIBHOBArM 1 Mae MPOTUIICKHUUN

HanpsIMOK, TOOTO jouika Oyne 3/A1MCHIOBaTH rapMOHIYHI KOJIMBAHHS 3 LUKIIYHOIO YaCTOTOIO

2ug . .
w = T . 3aJexXHICTh KOOpAWHATH B1J 4acy X = X, COS wt, ne X, — 3HAYCHHA KOOpAWHATHU

B IIOYAaTKOBUH MOMEHT 4acy, KOJIH JOIIKY OIMYCTHIIN Ha IUTIHIPH, IKE € aMIUTITYI00 KOJIUBAHb.
3aleXHICTh IIBUJIKOCTI  BIJ 4Yacy MOKHAa BH3HAYUTH SK MOXIAHY BIJ KOOpPAWHATH
V= —X,wsinwt. ToOTo nolIKa Mae MaKCUMaJbHY IIBUJKICTH B MOMEHTH IMPOXOKEHHS
MTOJIO’KEHHS PIBHOBAr| (IIEHTP MAaCH MOCEePEIMHI MK IIIJIIHIPAMH) 1 11 MIBUJIKICT JOPIBHIOE:

/z ,2-0,4-9,8 M
Vmax = XoW = X, # = 10cm Y 40?



