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3aBganng 1

[Ipy>)xuHHA TapMaTa, BCTAaHOBJICHA Ha 3aKpIIUICHINH TOPU3OHTAJBHIN IMiIJI031,
BHUCTPIITIOE METajJeBy KyJbKy MAacOl M Ha MaKCUMalbHy BiacTanb S. Ha sky
MaKCUMaJIbHY BIJICTaHb BiJ] TOYaTKOBOT'O PO3TAITyBaHHS TapMaTH MOXHA BUCTPLIUTH
KYJIbKY, SIKIIIO TapMaTy BCTAHOBUTH Ha BI3KY, SIKUW O€3 TepTs pyXaeThCs MO Miai03i?
Maca Bi3ka 3 rapmMaror M.

Po3B’s130k
JluBuch po3B’sa30k 3aBaaHHs Ne 4 g 10-ro kiacy.

3aBmaHug 2

Y onHIA 3 HayKOBO-TIOMYJSPHUX TEJEBI3IMHUX MporpaM OyJo IOKa3aHo
BIJIOMUI JIOCHIJ 3 «MEPTBOIO MneTiiero». Hepenuke Tino 0e3 TepTs 31CKOB3YE 3 MEBHOL
BHUCOTH h TI0 IOXWJIOMY KO0JI00Y, IKUI IEPEXOIUTh B «IIE€TIII0»: BUTOK TBUHTOBOI JIIHI{
paniyca R. 3a meBHOT0 3HaY€HHS BUCOTH A TLIO MPOXOAUTH BEPXHIO TOUKY METIII HE
BIIpUBAIOYHCH B1Jl K0jJ00a. AJle MeTid, [0 BUKOPHCTOBYBAJACA B TEJIEBI31iHIN
nporpami, Oyna po30ipHOI0. 3HIMAIOYU BEPXHIO YACTUHY K0J100a, BeAyunuil epeKkTHO
JEMOHCTPYBAB, 1110 TLIO TAKOX MPOXOJAUTH «KMEPTBY NETIIO». Ta, Yu HE XUTPYyBaB BiH?
3a sSKUX yMOBaXx LEed «(POKyc» BHKOHYETbcA? SKIIO pajilycd, NpOBEIEHI B KpaiiHi
TOYKH CHUMETPUYHOIO PO3PUBY CTBOPIOIOTH KYT (¢ 3 BEPTHKALIIO, TO MPH SKIH
MiHIMaJIbHIN MOYaTKOBIA BUCOTI Ha/l HUYKHBOIO TOUKOIO METI1 TpeOa BiIMyCTUTH T1JIO,
11100 BOHO BHJIETLIIO 13 %0J100a?
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3a yMOBOIO 3ajlaul pyX TiIa TIO KOJOBOMY XOJIOOY, pO3TalllOBaHOMY ¥
BEPTUKAJIbHIM TUIONIMHI, BIJOYBAa€ThCS 3a BIACYTHOCTI cunu TepTa. Komm Tinmo
PYXa€eThCS M0 K07100y, HA HHOTO TTOBUHHI JISITH CUJIA TSDKIHHS Ta CHJIa Peakilii Ornopu
31 CTOPOHHU kK0J100a. SIKIO TiJI0O MPOXOAUTH BEPXHIO TOUKY TETII, HE BIIPUBAIOYHCH
B1J1 5)k0J100a, TO CHJIa peakxiiii OMopy He MMOBUHHA JIOPIBHIOBATH HYIIIO.

VY BUnajKy pyxy Tija no xoJjio0y 3 oTBopoM (puc.l) mixk Toukamu A Ta B, cuia
peaxiiii 3HUKaeE, a TUIO IPOJOBXKYE PYX MiJ AIEI0 CUIU TSOKIHHSA 10 apadoi, siK Ti0,
KUHYTE MiJ KyToM 10 ropu3oHtTy. L[o0 Tijno, sike BHUJIETIIO 3 TOyka A, 3HOBY
JTOTUKHYJIOCS 110 *0Jio0a B Toullli B 6e3 ymapy o0 HbOro, mBHUAKICTh Tijla IIOBUHHA



OyTH HampaBjieHa MO TOTHYHIM 70 k0J00a, TOOTO MEePHNEHIUKYISIPHO IO pajiyc-
BEKTOpa B Toulll B.

Puc. 1.

[To3HaunMoO MIBUAKICTH TiIa B To4YIll A, sk v. Tomdi, mjs Tijga, KHHYTOTO T
KYTOM /10 TOPU30HTY, NPOEKIIA MBUAKOCTI Ha Bick OY, 10piBHIOE vy, = v Sin ¢ — gt.
Y Bepxnii Touni v, = 0. Toxi yac migiiomy Tina:

vsin
t="" (1)
g
OckiTbKH pyX B37I0BXK ocl Ox pIBHOMIpPHHH, TO JajdbHICTh MOJBOTY TLIa

(BimcTanb Mik Toukamu A 1 B) Bu3HauaeThCs sIK:

L=vcosg-2t. (2)
3 MaJItOHKa BUJIHO, 110

L = 2R sin ¢. (3)
[TpupiBusiemo Bupasu (2) ta (3) Ta miacraBumo Bupas (1):

2Rsing = 2vcosg - VSIgn(p.
R = 12 cos @
—
3BijacH,
— gR
V= — 4).

3 MaHOIO MIBUJIKICTIO TUIO MOBUHHO BWJIITATH, 00 MPONTH «MEPTBY METIION.
SKIo mBUAKICTE Tija Oye MEHIIO 3a v, TO TiJIO MOJCTUTH M0 mapadosi 2 HIKYe
Touku B. SIK110 mBUAKICTh TUIa Oyie OLIBIIOT 32 U, TO TIJIO BUJIETUTH 3 K0J100a yepes
pO3pi3, pyXarouuch HaJl )K0JI000M 10 napadoJi 3.

Po3paxyeMo BUCOTY MOXHJIOI IUIOLIMHU, 3 SKOi MMOYAJI0 pyXaTHCs TiIO, 1100
MIPOUTH «MEPTBY TETIIO». ¥ MOMEHT MOYaTKy PyXy MOBHA MEXaHIYHA €HEpTis Tiia
BIJIHOCHO HI>KHBOTO TTOJIOXKEHHSI 5K0J100a IOPIBHIOE MTOTEHITIAJIbHIN eHeprii Tina:

E; = mgh.

VY Toumli A TiO Mae sIK KIHETHYHY, TaK 1 TMOTEHIIabHY €HEprito, a ii moBHA

MeXaHIYHa €Hepris B Iii TOYIIl TOPIBHIOE

E, =mg(R + Rcos @) +
3a 3akoHOM 30epexeHHs eHeprii E; = E, abo

mv?

2




mv?

2

mgh = mg(R + Rcos @) +

3BiaCH,
v =./2g(h — R(1 + cos 9)). (5)
[TpupiBHsieMo Bupasu (4) Ta (5):
gR
= /2g(h—R(1
o5 V2g(h —R(1 + cos ¢))
1
h=R(1+cos¢p + 2COS<P).

Sxuro BucoTa Oy/1e MEHIIIOK0 32 h, TO TLJIO AIMTE MO %0700y 10 TOUKH A, a MOTIM
MOJIETUTH 10 Mapadosi 2. Skiro Bucora Oyae OUIBIIOI0, TO TIIO BUIETUTH 3 %K 0JI00a
Ta MOJICTUTH 110 Tapadoi 3.

3aBmanadg 3

[lin wac mnpuroryBaHHs BCIM BIOMOi Ta30BaHOi BOJU

Byriiekuciuii raz (oxcug kapoony COj) mojaroTh IMiJi TUCKOM Y < m
HOCYIUHY 3 BOAOK. I'a3 po3unnserhes y Boai. Maca posuunesoro B 4|~
pIAUHI Ta3y NpSAMO MPOMOPIIiAHA TUCKY, MIJ SKUM Ta3 MOJA€ThCS CO.

(3akoH ['enpi). Y BepTUKAIBHOMY HUJIHIPI, 3aKPUTOMY HEBArOMUM
TIOPIITHEM, [TOJIOBHHY 00’ €My 3aiiMae BoJia, HaJl BOJOIO 3HAXOMUTLCS /7
Byriekuciauii ras. [lopmens 3HaxoauTbes Ha BiacTadi 20 ¢M Bi AHA H.0
uuingpa, mwioma nopmes 10 cm? Koiam Ha mopHIeHb CTaBIATH
BAHTAXX MACOI0 2 Kr, BIH OmyckaeThcs Ha 3,12 cm. SKoi 3arayibHOi ¥
MacH BaHTaX Tpeda po3MICTUTH Ha MOPILHI, 00 BECh BYTJIEKUCIUN

ra3 po34YMHUBCA y BOJI 1 MOPIIEHb OMYCTUBCS 10 ii moBepxHi? [lopiiens pyxaeThes 0e3
TepTs. TemnepaTtypa crana. O6’eM BOAM MiJ Yac PO3YMHEHHS rasy HE 3MIHIOETHCS.
Atmocepnuit Tuck 100 kIla.

b
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k10 B piauHi 1eskoro o0’ emy V, miJ THCKOM p pO3UHHSETHCS AesiKa Maca rasy,
TO B HEPO3UYMHEHOMY CTaHl Lel raz Oyzae 3aiimatu o0’eM V mig TUM e THUCKOM P.
VYpaxoByrouu 3akoH ['eHpi, MOXKHA BBa)kaTH, 110 CIIBBIJHOIIEHHS MiX 00’emMaMu
pinunu Ta razy — V = kV,), ne k — koediiieHT nponopIifHOCTI.

3a yMOBOIO 3aja4i BYTJICKHCIIMI Ta3, PO3UMHSIOYUCH Yy BOi, Oyne 3aiimMaTu
nonaTtkoBuil 00’em Vp, piBHUI 00’€eMy BOJM, HE 3MIHIOIOYM 3arajbHy Macy ra3y B
LHMJTIHAPI M1 MOPIIHEM. 3arajibHUi 00’ €M rasy B LIIIHJPI CKIAJATUMETHCA 3 00’ eMy

ra3y Haj Bojoto V. = % tao0’emyrazy V = kV, =k % PO3YMHEHOTO Y BO/II.
CroyaTKy TOpIIIEHb CTBOPIOE THUCK PIBHUN aTMochepHOMY p,, OCKUIBKH 3a
YMOBOIO NOPIIEHb HEBAroMuil. BaHTax Macor m CTBOPIOE NOJATKOBUM THUCK Ap, a
CuJia 0JJaTKOBOT'O THCKY ra3y Ha nopiueHb F = ApS noBuMHHaA BpiBHOBa)XXYBaTH Bary
BaHTaxy P = mg:
mg = ApS.
3BijacH,



M
2Kkr'10 -
m 2
g ~— < =2.10*la.
10-3 M2

3a 3akoHoM boiins-Mapiorta zm;{ CTaHIB Ta3y miJ J1i€10 aTMOCHEpPHOTO TUCKY Ta
CYMapHOT'O TUCKY, CTBOPEHOI'0 BaHTAXKEM 1 aTMOC(EPHUM TUCKOM:

po(k + kW) = (po + Ap) (. + kW — V1),
ne Vi —o0’eM razy, IKuii pO3YHMHUBCS TICIIS TOTO, SK HA MOPIICHb TOCTAaBUIIA BaHTAX.
Sh Sh Sh Sh
Po (7 + k;) = (Po + Ap)( + k= — Shy),
ne h, — BUCOTa, Ha SIKY OIYCKA€ThCSI MMOPIICHB i1 AI€10 BAHTAXY.
[lepeTBOpHBIIM BUpa3, OTPUMYEMO 3HAUCHHS KOE(IIIEHTA MPOMOPLIHHOCTI k'

05 (1+k) = (o +8p) (51 + k) — hy );
k= (p" +1)2—h1—1 ~ 0,872.

Po3riissHeMo BMIAIOK, KOJU Ha MOPIIEHb MOCTABUIM N BAaHTaXIB 1 MOPIICHb
OIYCTHUBCS 10 MOoBepxXH1 BoAU. CTBOPEHUI LIMMU BaHTaXXaMU TUCK JOPIBHIOE NAD.
3a 3akoHoM boitns-MapioTra:
po(Vi + kW) = (po + nAp)V,,

Sh , -
ne Vi = k=-—00’eM yCbOro po34MHEHOr0 y BOA rasy;
Sh Sh
0 7(1 + k) = (po + nlAp)k—-.
Do

3Biacu n = rap’ & 3ATAJIbHA Maca BaHTaXYy Ha MOPIIIHI JOPIBHIOE

Ap = —

m
m, =nm =22" = 11,5 kr.
kAp

3aBnaung 4

[lo nBOX mapaienbHUX MPOBIIHHMKAX MPOTIKAIOTH €NEKTpHuHI cTpymu. Cumna
CTpyMy B NIEpPIIOMY MpOBIAHUKY JopiBHIOE 10 A, y npyromy — 30 A. IIpoBigHukH
po3TaiiioBadi Ha Bijictani 10 cM oJivH BiJl ojiHOT0. BU3HauTe BiJIcTaHb B/l POBITHUKIB
0 TOYKH, Yy SIKIH MarHiTHI MOJis OJIHAKOBI 3a BEJIWYMHOIO, aje MPOTHIICKHI 3a
HaIpsIMOM.

Po3B’s130k
MoxnuBi JaBa BUNAAKU PO3MIIICHHS IITYKAaHOI TOYKH, SKI BHU3HAYAIOTHCS
HaIpsIMKaM# CTPYMIB Y TIPOBITHUKAX.
Bunanok 1: ctpyMu B MpOBiTHUKAX MalOTh OJHAKOBUN HAIIPSIMOK.
Buznaunmo 3a 10mMOMOroro mpaBuia CBEpAIHKA (mpaBusia TpaBOi PYKH)

HanpsMKA BEKTOPIB IHAYKI[IA Mar"iTHUX IMOJIiB 31 Ta B2 y Toukax A (37iBa BiA
nepiioro nposigHuka), C (Mixk npoBigaukamu), [l (cripaBa Bij APYroro MpoBiTHUKA)

(puc. 1).
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Puc. 1.
OdyeBHIHO, IO yMOBa BHUKOHYETbCS Juimie B Touri C, po3MilIEeHId Mix
MPOBITHUKAMHU.
[To3HaunMo BiJicTaH1 BiJ MPOBIAHKKIB 10 TOUkU C a; Ta a,. Ypaxyemo, 1o a, =
a— al.

Mopyni BeKTpiB 1HAYKIIH MAarHiTHUX TIOJIB MNPOBIAHUKIB y Touil C
JIOPIBHIOIOTb:
__ Mpolq,
17 2na,’
_ Huol; _ upolz
T 2ma, 2m(a-ap)

[IpupiBHAEMO BHpPA3HU:
Kioli _ _ Hiolz

2ma, 2n(a—a,)’
L I

a; a-—-aq

La
L =25cwm.
I +1,

a,=10cm—2,5cm = 7,5 cwm.
Bumnanok 2: ctpyMu B MPOBIAHMKAX MPOTIKAIOTh B MPOTHIICKHUX HAIPSIMKaX.
Buznaunmo 3a 0IIOMOroOr mpaBuia CBEp KA (mpaBuWJia IPaBOi PYKH) HAMPAMKHU

BEKTOPIB 1HJYKIIM MarHiTHUX MOJiB Bl Ta Bz y Touykax A (37iBa BiJ MEPIIOTO
nposigauka), C (Mix nmpoBigaukamu), [l (crpaBa Big Apyroro npoBigHUKaA) (puc.2.).
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3 puCyHKa BUJHO, IO MPOTUJICKHI HANpSIMKU BekTopu B; Ta B, Mmaioth y
toukax A 1 J[. Oxgnak, y Touni /I piBHICTE MOAYJIB BEKTOPIB HEMOKJIMBA, OCKIJIBKU
cTpyM I; MeHIu# 3a cTpyM [, , a TPOBITHUK 3 LIUM CTPYMOM BiJIJaIEHU# BiJ TOUKH J]
O1IBIIIe, HIXK TPOBIAHUK 31 cTpyMoM I, . Tomy B; < B, y Toumi /I.

VY Toum A:

__ bpoly,
27Ta1 ’

_ __Hiol2
2m(a,+a)’

1

2

[TpupiBHAEMO BHpa3H:
Hioli _ _ Hiolz
2ma, 2n(a,+a)’

I=Iy
a, =10cm+ 5cm = 15 cm.



