YcioBue

3amava 1. BEHn3 mo cryneHbKam

B nmanvoit 3a/1a1e BaM TIpejijlaraeTcs pacCMOTPETh JBUKEHUE BHU3 110 CTYIEHbKAM B Pa3/IMIHbBIX
BapuaHTaX. B ckoOKax B IIyHKTax 3a/Ja4dl YKa3aHbl BEJIMUNHBI, Yepe3 KOTOPbIe HEOOXOINMO BhIpa-
3UTH OTBET. YCKOPEHHE CBOOOIHOTO MAJICHUA — (.

Yacte A. ADGCOJIIOTHOE CKOJIbXKEHUe

1. /[se cmynenvru

[MTaitba, pazMepoM KOTOPOII MOXKHO IIpeHeOpedb, CKOJIb3UT 110 VI KOW FOPU30HTAIbLHON ITOBEpX-
HOCTHU C HEKOTOPOII cKOpocThio. Ha 1myTu maitdbl Ha paccTossHum [ IPYr OT JApyra HAXOIATCH JBE
CTyneHbKu BbicoToil b (puc. 1). Byaem cunrars, 14To coyaapenus ¢ maibbl ¢ TOBEPXHOCTHIO HEYIIPY-
rve B TOM CMBICJIE€, YTO IIPU CTOJIKHOBEHUU «3aHYJ/JIACTCA» BEPTUKaAJIbHAsA COCTaBJ/IAIOIIaA CKOPOCTH,
a POPU30HTAJIbHAA COXPAHAETCS.

Pucynok 1 — [laiiba u 1Be cTyIIeHbBKU BBICOKOI h

Ecsim mravasibHasg CKOpPOCThb maiiobl O6y/ieT 60IbIle HEKOTOPOTO0 KPUTUYIECKOTO 3HAUCHNUS Uy, I1aliba
[epeJIeTUT OJIHY CTYIIEHBKY U yJIapUTCd B ee Kpaii.

A1.1. Haitnure vy, (1, h, g).

Hasee OyjieM paccMaTpUBaTh CIIydan Uypy U Uxp—, KOTJIa HauabHasg CKOPOCTD MIAiObI O0JIbIe NN
MeHbIIIe KPUTUYECKON COOTBETCTBEHHO, OJHAKO MAJjIO OTIMYaeTCd OT Hee. SHAYEHHUA Uxpi U Ugp—
cunuTaeM IpUOIUKEHHO PaBHBIMMU.

A1.2. B KakOM U3 CIIYy9aEB, Ugpt WIH Ugp—, BPEMS JOCTHKEHUA HEKOTOPOil Touku ¢ 3a cTymeHDb-
Kamu (puc. 1) 6ymer MenbIe?

A1.3. B KaKOM U3 CJIy4aeB, Uyp+ WA Uxp_, HOTEPH MEXaHUIECKOH SHEPIUH 1O JTOCTHZKEHHN TOUYKH
® OynyT menbie?

2. Beckoneunas necmuuya.

Tenepb mpeIoI0KNUM, ITO CTYIIEHEK BBICTOM h Ha paccTOdHUY [ IPYT OT Jipyra OECKOHEYHO MHOTO.
Ecmu mocMmorperh Ha HUX €OOKY ¢ OOJIBIIOTO PACCTOsIHUA, TO OyJ/leT Ka3aTbCsl, UTO BCs JIECTHH-
1A IPeJICTaB/IsgeT cOOON CILIONIHYIO0 HAKJIOHHYIO IIOCKOCTH, a CKadyllas maiiba Ka3aTbcsd IIPOCTO
CKOJIb34IIEeN 110 HEeil.

A2.1. Cunrag, 9T0 N3HAYATIBHO A0y 3aIlyCTHJIN CO CKOPOCTBIO Uy, HAlIUTe CKOPOCTH €€ Ka-
JKYIIErocst CKOJIbYKEeHHsI [0 TAKOH HAKJIOHHOW MJIOCKOCTH Ugawy (R, I, g).

Yactp B. Tpenue ckosib>KeHUSA

CHoBa paccMOTpHUM CiTydaii 1ByX cryrenek w3 dactu Al. [lycrs Teneps mpucyTcTByeT cyxoe TpeHme
CKOJIbYKCHUSI, OJINHAKOBOE Ha BCEX MOBEPXHOCTAX. KoadduimenT TpeHus CKOJIbXKEHUS PaBeH [i.
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Bynem cunrars Tpemnme HeOONIBIINM HACTOILKO, 9TO BO BCEX PACCMATPHBAEMBIX CJIydasX IIaiiba
npocruraer Toukn P (puc. 1).

B1.1 Ilycts maiiby 3amycTHIN CO CKOPOCTBIO Up < Uy, C Kpas IepBoil crymeHbkHu. CunTasy, 4TO
BpeMsI COYJIApEHUs OUeHb MaJio, OIPEJIEUTE CKOPOCTh MIAObl cpa3y MOC/Ie MePBOro HEYIPYTroro

coynapenns vy (vg, [, g, h).

B1.2 B KakoM U3 CIy4aeB, Uyxpy WIH Ugp—, HOTEPH MEXaHUIECKOI SHepruu OyIyT MeHbIe?

Peinenne

3anaya 10-1 Baus no cryneHbKaMm

YacTrs A. AGCOJIIOTHOE CKOJIbXKEHUe

1. /[se cmynenvru

A1.1. Ilpu nBukeHun maibbl FOPU30HTAIBHAST COCTABJISIONIA €€ CKOPOCTU OCTAETCS HEU3MEHHOI.
Torga vy, onpeiesgeTca U3 ycJI0BUd, YTOOBI Maiiba paBHOMEPHO IIPOJIeTeIa 0 TOPU30HTAIIH JJTHHY
CTYHEHbKI B TO BpeMs, KAK PABHOYCKODEHHO yIIaJleT Ha ee BBICOTY. Torma:

L _ /2h .
E = 7, OTKyda:

Uxp = U\ =

2h

A1.2. Tak KaK ropu3oHTaJIbHasI COCTABJIAIOINIASI CKOPOCTHU INaiibbl OCTaeTCs IOCTOSIHHOW B XOJIe
JIBIZKEHUS] M PACCTOSHEE J10 TOUKH P B 000uX CIIydasaX (Ugp H Ugp.) OJIHO U TO XK€, TO, CIUTA Uy +
U Ugp. IPUOTM3UTE]BHO PABHBIMHU, BpeMs JOCTUKEHHd Iejn OyjeT oIuHaKoBbIM. Imnade rosopd,
BpeMd JIBM2KEHHS 70 TOYKM P 1pum NpUMEpHO MOCTOAHHON HA4YaJIbHONH CKOPOCTH HE 3aBUCHT OT
TOrO, OBLIO JI TPOMEXKYTOTHOE COy/IapeHre CO CTYTeHbKOM.

A1.3. B cuty coxpaHeHNs TOPU30HTAIBLHOM COCTABJISIONIE CKOPOCTH MAaiObl KHHETHYIeCKas SHeP-
rusi Maifiobl B Havdaje W JIBUXKeHHs U B Touke ® B obomx ciydadx coBnagatoT. Takum obpasoMm,
«TepdeTcCd» JIMIb IIOTCHINaJIbHad dHEPIud H.Iaﬁ6bl B II0JI€ TAXKECTH, USMEHEHUE KOTOpOI';I B O6OI/IX
ciydaax pasHo U = 2mgh, tae m — Macca maiionr. [Torepn Mexannyeckoil snepruu B cirydasax Ugp +
WIN Uyp. OJIMHAKOBBI.

2. Beckoneunas aecmuuua.

A2.1. Tak Kak B OECKOHEYHOI JIECTHUIIE JBUKEHNE HA KaXKJIO0# C/IeAyrolleil cTyleHbKe OyIeT 11o-
BTOPATDH JIBUZKEHME Ha IPEIbLIYIIEeil, JTOCTATOIHO PAacCMOTPETh JIUIb oanH mposeT. OgHy cTy-

MEHbKY IMaiiba MpOJIETUT 3a BpeMd t; = UL = ,/%. [Ipu sTOM 110 HAKJIOHHOM ILJIOCKOCTH Iaiida
Kp-
IpeoJIoJieeT PACCTOSHME, PaBHOE JAMaroHaIu OJHON cTyneHbKH s; = +/[2 + h2. Torma ckopocThb

KaxKyIIerocs ABU2KCHUA paBHA:

S1 9(12 + hQ)
t1 2h
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Yactp B. TpeHue ckoib>KeHUSA

B1.1 Bo Bpems coynapenus Ha a0y JAeiiCTBYIOT CJIELYIOIIAe CUJIbL: CUJIa TAYKECTH Mg — BEp-
TUKAJbHO BHU3, CUJIa PEAKIIUA CO CTOPOHBI TOBEPXHOCTH N - BEPTUKAJIBHO BBEPX U CHUJIa TPEHUS
CKOJTb2KEHU ST ﬁTp — FOPU3OHTAJILHO IPOTHB HAIPABJIEHUS JBUXKeHUdA. BepTukaabHas COCTABJIAIO-
mas CKOPOCTH TIepeJl COyJapeHneM paBHa v, = +/2gh, Tocsie HEeyNpyroro COyJapeHus — HyJlo.
Torna 2-it 3akon HpioToHa B MMMy IbCHO# (pOpMe B IPOEKINH Ha OCh, HAIIPABIEHHYIO BEPTHKAIBLHO
BBEPX, BBIIVIAJIAT CJIEYIONIIM 0Opa30M:

0 — (—muwy) = (Nep — mg)At

riae N, — cpeinss cuia peakiuu 3a At — BpeMs coyjapenus. Tak Kak BpeMs COyJapeHUs OYeHb
MaJIOo, TO JijId TOr0, 9YTOObI Ipou3BeieHue B IPaBoil YacTH PaBHAIOCH MU, HEOOXOIUMO YTOObI CUJIa
peakiuu Ncp ObLIa JJOCTATOYHO BEJINKA (Ha CIJIY TSKECTU TakKoe TpeOOoBaHUe HAJOXKUTH HEJIb3sl,
TaK KaK OHa MOJHOCTBIO Olpe/ieieHa Maccoii maiiter). Torma cutoit TsyKecTn B pa3sHOCTH B IIPABOI
JaCTU MOXKHO IpeHeOpedb, OTKY/ 1A

muv

Ny = —2
PAt

F At

Tak Kak B /11000l MOMEHT BpeMeHH cupaBeyiuBo [, = (N, To aHaJOrm4HOe BBIPasKEHUE BLIIOJI-
HsI€TCS U JIJIA CPEJIHUX 10 BpeMeHu Bejnm4uH. Toryga 2-it 3akon Hbiorona B mMItyibcHOl hopme B
IPOEKIINY Ha TOPU30HTAJIBHYIO OCh BJIOJIb HAIIPABJIEHUS JBUKEHUS MOXKHO 3aIlUCATh B BUJIE:

mug — mupg = —Fyp opAt = —uNep, At = —pmu,

- * e e — = - § I e Y
MUg — MUy F o enAt uN_ At LT

OTrcroma mostydaeM:

Vg = vp — puy, = v — ur\/2gh

vl =v. —uv. = v~ — u'20h

B1.2 s Toro 9To0BI Uy, COXpaHHU/Ia 3HAUYEHHNE U CMBICH, YKa3aHHBIH B myHKTe Al.1, Oymem can-
TaTh, YTO 9TO CKOPOCTh B MOMEHT OTPBIBa C BepXHeil cTyleHbKU. B ciydae Ugp. II0Tepn Mexanude-
CKOI 9HEPTUH POUCXO/IAT Ha TPEX dTalaxX: IepBoe CoyapeHue co CTYNEeHbKOI, BTOPOe CoyIapeHue
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C TOBEPXHOCTBHIO, CKOJIbXKeHue 1o noepxuoctu o Touku P. Ilpu nepBom coymapenun norepu
MOKHO HaiiTh, 3Hag CKOPOCTb IOCJIe COYJAapeHus, pacCinTannyio B mynkre B1.1:

2 2
mv? mvi_
Q1, = EZLO - Enocne = - + mgh -
2 2
2V
—_ — Ep— ;
- E.:i:- - Eﬁ;;‘:ﬁ = Ty
-
IJIe U1— = Ugp — py/2gh. Tlojcrapiisst BbIpayKeHHe JIJIsl Uy, TOJTYYaeM:

- T V- — ,Et\.". 2g h
Q1 = pmg(l — ph) + mgh

[Torepu sHeprum Bo BpeMs BTOPOT'O COYAAPEHUA CUATAIOTCA aHAJIOTUIHO:

2
muy_

2

2
muy_

2

Q27 = E,uo - Enocne = =+ mgh -

v, " My, "

Qe = Egg = Engene = ——+mgh ——2—

IoLae

v = v — e/ 2gh=v__ —2u. 2gh Orciona cienyer:
Q._= umg(l=3uh) = moh

IJie Vg = U1— — f/2gh = Ugp. — 2004/2gh. OTcrona ciemyet:

Q2- = pmy(l — 3ph) + mgh

Bo Bpemsa «BTOporo mnoJsieras maiba OTJIETHT OT CTYIEHBKH 110 TOPU30HTAIN Ha paccToguue [j_ =

V1—4/ %. Ecnu 0603Ha4uTh paccrosinme ot Kpasi cTyeHbku 110 Touku O 3a s, TO B CUJTy TOCTOSTHCTBA
CUJIBI TPEHUSI CKOJIbYKEHUS U OTCYTCTBUS BEPTUKAJBHOIO YCKOPEHUs MOTEPU SHEPIUU HA TPEThEM
srane OyJIyT paBHbI:

Qs = pmg(s — i) = pmg(s — 1 4 2ph)

Takum 06pa3oM, IOJIHBIE IIOTEPHU SHEPTUU B CIYYa€ Uyp. PABHBL

Q- =Q1- + Q2 + Qs = pmg(s + 1 —2uh) + 2mgh

B cJIydae UKer IIOTEPU SHEPI'UHN IIPOUCXOIAT Ha JABYX dTallaX: COyJapeHue C IIOBEPXHOCTLIO U JaJIb-
Heiilee CKOJIbKeHne. Pacuer mpousBojuTcs 1o (opMysiaM, aHAJOTMYHBIM TPUBEJICHHBIM BBIIIIE.
Ha mrepsom srarre:

mu? mu?
QH- = E/ILO - Enocne = 2Kp+ + mg(2h) - 21+
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rjie U4 = Uxptr — M/4gh paccunTbiBaeTca anajorndHo mynkrty B1.1.
V. =¥, . — oy 2gh Orcioma:

Quy = pmg (12 — 2ph) + 2mgh

Bo Bpemsa mosiera 110 ropu3oHTaIN IMaiiba IpojieTaeT PACCTOAHUE [14 = Uygpi 4 /%. Torna morepu
QHEPIruu Ha BTOPOM 3Tall€e PpaBHBI:

Qo = pmg(s + 1 —ly) = pmg(s + 1 — IV2)
[Tosimble 110TEPU 9HEPTUH B CIIydae Ugp

Q4 = Quy + Qo = pmyg(s + 1 — 2uh) + 2mgh

To ecth morepu Heprum B 000UX CJIydasxX OJUMHAKOBBI. JlaHHBIN pe3yabTar MOBOPUT O TOM, UTO
3aBHCUMOCTbD IIOTEPh SHEPTUHN OT HAYAJILHOI CKOPOCTH Iaiibbl HEIIPEPbIBHA, HE UCIIBITHIBAET CKAUKa
B TOYKE Uyp.
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