Pemenue 3amau 11 xitacca 2017.

1. JIBa OIMHAKOBBIX IMApUKa MACChl M CBS3aHBI HATSHYTOH HHUTHIO W PACIIOJIOXKEHBI Ha
chepe (cm. puc.). Pamgmyc, mpoBen€HHBI K TOYKE KacaHUS C BEPXHHUM IIIapOM, BEPTHUKAJICH, a
MPOBEJIEHHBI K TOUYKE KACaHWs C HIDKHUM, 00pa3yeT yroy oL ¢ BepTHKaibio. HaiimuTe ycKopeHHs
IIapoOB M HATSHKEHWE HUTHU cpasy IOCie TOro, KaK OTITYCTHJIM BEpXHUi map. TpeHus HeT, yCKOpeHHe
CBOOOJIHOTO MaJIeHUs g.

Pemenue.

[TockonpKy HauallbHasi CKOPOCTh HYJIEBas, TO IIEHTPOCTPEMHTENILHOE (HOPMAIBHOE) YCKOpPEHHUE
paBHO HymM0. HUTh HampaBieHa 1Mo MpsiMOi,KOTOpast COSMHSET IEHTPHI IIIApOB U IMTO3TOMY 00pazyet
yroJ o/2 ¢ TOPH30HTOM.

Torna 2-i# 3akon HeroTOHA ISt BEpXHETO MApUKa B MPOSKIIMU Ha TOPU30HTAIBHYIO OCh OYJIeT

Tcos(at/2) = ma

JIiis HUKHeTO mapuka 2-i 3akoH HeI0TOHA B MPOEKIIUU HA OCh MapallIeIbHYIO K KacaTelbHOU

Oyner
m g sin(a) — T cos(o/2) = ma
Ortcrona yckopenuea= (g/2)sina, a Hatspkenue T = mgsin(a/2).

2. lloxuna rpanp KIuHa Mack M IUTaBHO MepeXoiuTh B ropu3oHTans. Ha BucoTi H momictmim
HeBeJMKe Tijlo Macd m (m<M). Tiio i KJIMH BiAIyCKarOTh. 3iCKOB3HYBIIM 3 KJIMHA, TLIO MPYXKHO
BiJIOMBAETHCS BiJl BEPTUKAIBHOI CTIHKM 1 MiHIMAETHCS MO KJIMHY. Hackimbku MakcuMaiabHa BHCOTA
migiioMy Oye MeHIIe movyarkoBoi Bucotu H? Teprs Hemae.
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Po3p’ss3anns

BimHOpMYy€EMO TIOTEHITIAILHY €HEPTito TakK, 0 BOHA JIOPIBHIOE HYIIO, KOJIH TiJIO ITepeOyBae Ha
ropu3oHTalbHIHM noBepxHi. Toxl moyaTkoBa MOTeHIiabHA eHepris cuctemu £, =mgH . Ilicns

31CKOB3yBaHHS IMMITYJILCH KJIMHA Ta TiJIa € MPOTUIC)KHUMH Ta OJJHAKOBUMHU 3a MOJIyJIeM (BHACIIIOK
BIJICYTHOCTI TepPTS CHCTEMa € 3aMKHEHOIO B3JIOBX FOPU30HTAII, OT)KE TOPH30HTAIBHA CKIIAJI0Ba
IMITyJIbCY cucTeMu 30epiraeThesi). Tofli, BHACHIIOK 3aKOHY 30epekeHHs MOBHOI MEXaHIYHOI eHeprii Ta

3aIMCABIIY KIHETUYHY CHEPTii0 Yepe3 iMITyJIbC, MaEMO
2 2
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2m  2M
[Ticast BimOWTTS Tijla BiJl CTIHKH IMIYJIbC Tijla HE 3MIHIOE BEJIUYHHY, ajie 3MIHIOE€ HAIPSIMOK.
[ToBHM iMIyIBC cHCTeMH cTaHOBHTHME 2p . Ha MakcuMalbHIM BHCOTI ITiIHOMY IIBHAKOCTI Tijla Ta

(2p)’
2(m+ M)

HiHIMAETHCS TLIO 10 KJIMHY 5K 4. 3aluIIeMo 3aK0H 30epekeHHs TTOBHOI eHepril

=mgH . (D)

KIIMHA € OJIHAKOBMMH, IXHS CITIJIbHA KiHETHYHA EHeprist [lo3HaunMo BUCOTY, Ha SIKY



(2p)

————+mgh=mgH
2 (m + M )
2
BukimounBmy immysnbce 3 piBHsIHG (1)-(2), 3Haii1emMo
4mMH
Ah=H =M 3)
(m +M )
O6roBopumo 37100yTHI pe3yabTar (3).
1) Lle#t pesynbTaT € NpaBWIBHAM 3a pO3MipHICTIO. Maca MICTHUTbCS B UYHCEIBHUKY
MHOKHUKOM Yy KBaJ[paTi, TAK CaMO — B 3HAMCHHHUKY .
2) SIKImo KIMH € Jy’Ke BaXXKUM, TO BiH IPH BCIX pyxaX Tijia JIMIIAETHCS HEPYXOMUM.

BinOuBmmch Bif CTiHKHM, TUJIO MiTHIMA€EThCS HA Ty caMy BHCOTY, 3 SIKO1 3icKoB3HyJo. [Ipu mpomy
¢dopmyna (3) mae 0, 110 BiaNOBIIa€ TIHCHOCTI.

3) SIKIIO KJIMH € JTyXe JIETKUM, TO TUIO BIaJe BHU3 MaiKe BEPTHKAIBHO, PYXalOUHCh
MIPaBOPYY JyXe IMOBUILHO, HATOMICTh KJIMH IMBUAKO IMOine JiBopyd. [licis BIZOWTTS BiJ CTIHKH TiJIO
MIOYHE MOBLIBHO PyXaTHCh JIiBOPYY, alie HIKOJIM He Ha3/10’KeHe KJIMH 1, BiIIOBITHO, HE MiIHIMEThCS Ha
HBOMY HI Ha sKy BHcOTy. @opmyna (3) aias HYJIhOBOI MacW KiIWHA Ja€ XWOHUU pe3ynbTar. OTKe,
3100yTUil pe3ynbTaT (3) € 3aCTOCOBHUM, JIMIIE SKIIO Maca KJIMHA € He HAJATO MaJoIo: TiJ0o Micis
BiJIOMTTS TOBUHHO MaTH OUTBIY IIBUAKICTh, HI’K KJTUH, a0W TiJIO MOTJIO Ha3JOTHATH KIMH: M>m (11e ¢
€ yMOBa 3acTocoBHOCTI hopmym (3)).

VY rpannyroMy BUNAAKy, M=m, popmyna (3) nae BipHuii pe3ynsrat: Ah=H. TobT0, BUCOTA, Ha
SKY HiAHIMETBCS TJIO, SIKIIO MOTO Maca JIMIIe TPOXH MEHIIAa 3a Macy KJIMHA, € HEXTOBHO MaJIOko
MOPIBHSHO 3 BUCOTOIO KJIMHA H.

3. C HEeKOTOphIM 00BEMOM HCATBHOTO Ta3a OCYIIECTBISACTCS ITUKII, TTOKa3aHHBIA Ha PHUCYHKE.
MunumanbHas TeMrepaTypa rasa, JOCTHraeMasi Mpu BHITIOJHEHWH IUKIA, paBHA 1. Kakoii oObeM
Oyzer 3aHUMATh T'a3, KOTJa ero TeMIleparypa IpH BBHITIOJTHEHNH IIHKIIA CTaHeT PaBHOUN 27 y,?
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OueBuIHO, UTO MUHUMAJIbHAS TeMIIeparypa JIOCTUraercst B Touke (py, Vy). B cooTBeTcTBUM C
ypaBHEHUsIMH cocTossHUs Tasza pV, =vRT, . wu pV =vR2T . nomyunm: pV =2pV,. Ilono6HbIx

min

Touek Ha rpaduke nBe. OmHa W3 HUX — dTOTOUKA (py, 2Vp).BTOpas nexuT Ha HAKIOHHOW MpSIMOU

) pV =2pV,
JIMHHY C YPaBHEHHUEM p = Py D, - Peliiast mosrydeHHyIO cCHCTEMY ypaBHEHHI 2p, v ISt
0 p = - pO
Vo

HCKOMOTO 00BbEMa, HaXoauM V' = (1 + \/ﬁ )% .

4. B coOpaHHOl cxeme JIaMIIOYKa TOPUT OJIMHAKOBO SIPKO Kak IMpU 3aMKHYTOM, TaKk U MpH
pazomkHyTOMKTI0Ue K. Haliinte HanpsKeHHe Ha JIaMITOvKe.



O603HauM CONIPOTUBJICHUE JAMIIOUKH 4yepe3 R, a MCKOMOe HampspkeHue Ha Hel — uepe3 U.
HcxomHyI0 AIIEKTPHUYECKYIO ITIeTIh C HE3aMKHYTHIM KJIFOYOM MOYKHO H300pa3dTh B AKBHBAICHTHOM
BUJIe, TOKa3aHHOM Ha pHCyHKe cjeBa. lorja HampspkeHHE Ha ydacTKe IIelH, COJeprKalleM
napaienbHoe coeauHenue, paHo U; = U + 90-(U/R), cwira Tekymerodepe3 3TOT y4acTOK TOKa
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coctaniseT (U/R) + (U/180), u 3akon Oma IsiaHHOM CXeMBbI JaéT:

U +90- (U/R)
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[Tocne 3aMbIkaHusI KJIFOYA IIETIh MOXHO IEPEPUCOBATh TaK, KaK IMOKa3aHO HA PHUCYHKE CIIpaBa.
W3 Hero BHIHO, YTO HANpsUKEHHWE HAa BEPXHEM YydYacTKe IENH, COJEpIKallleM J[Ba pPEe3ncTopa M

U U
JaMIIouKy, coctaBiisieT 54 B. 3akonOma miis aToro yvactka renu umeet Bua: U 4180 (—+—j =54

.Pemasi monyuyeHHble ypaBHEHHs, HalWIEM, YTO COIPOTUBIEHHE JaMIodyku paBHO R = 30 Owm, a

HamnpspkeHue Ha Hert U = 6 B.

5. JlBa HezapsukeHHBIX KoHAeHcaTopa ¢ émkocTsmu C; u C, COeNMHUIM C OIMHAKOBBIMHU
OarapesiM, Kak MMokKa3zaHo Ha cxeMme. [lociie ycTaHOBICHHS paBHOBECHS 3aps]l BTOPOrO KOHJEHcATopa
OKa3aJicsl paBHBIM (,. KakuM cTaHeT ero 3apsj q mocie 3aMbIKaHus Krova?

N3 coxpaHeHus: CyMMapHOTO 3apsja BEpXHHMX (MM HUKHUX IUIACTHUH) CIEIYET,4YTO [0
3aMbIKaHUsl 3apsibl KOHJEHCATOPOB OJMHAKOBBIL. [I0CKOIBKY CyMMa HalpspKEHUU HAKOHJEHCATOpax
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paBHAa CyMMe HanpsDKeHUM Ha Oarapesx, TO ¢, (E-'_C_ =2U . llocine xe 3aMblKaHMs KIIO4Ya
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s 2220 e 01

2 1



