YcioBue
Sananue 2.
COGILI/IHI/ITG pr}KI/IHbI HOCJIe,ZLOBaTeJIbHO, KaK ITOKa3aHO Ha pI/ICYHKe.
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2.1 NzmepbTe 3aBUCUMOCTD JIJIMHBI TIEPBOI [ MIPYKUHBI OT o01Ie#t sl npyx)kun L. [TocTpoiiTe
rpaduk moayderHoi 3apucumoctr. Oupeaeaure KoapUIMEHT HAKIOHA TaHHONW 3aBUCHMOCTH. 2.2
Ucnonws3ys pe3ysnbTaThl, TOJyUeHHBIE paHee, IMOJTYyYUTe TeOpeTUdecKoe 3HadeHne Kodddduimenta
HAKJIOHA 3TOI 3aBUCHUMOCTH U CPABHUTE C SKCIEPUMEHTAJIHLHBIM 3HAYEHUEM.

Penienue

Samada 9-2. HakJjioHHas IIJIOCKOCTH

OcHOBHasT CJTOKHOCTh aHAJIM3a JBUKEHUS TeJT B TOW CHCTEMe 3aKJII0YAeTCsI B TOM, UTO 3apaHee
He M3BECTHO HAIIpaBJIeHNe BEKTOPOB CUJI TpeHHdA. [[OHATHO, 9TO cuia TpeHWsl HaIpaBJieHa B CTO-
POHY, IIPOTUBOIIOJIOXKHYIO BEKTOPY OTHOCHTEILHOM CKOPOCTH TpyIIuXcs Tesl. Kpome Toro, ciejyer
y9eCTb, UYTO TPEHUE B JIAHHOW CHUCTEME MOXKET ObITh, KAK TPEHUEM CKOJIbXKEHUS, TaK U TPEHUEM
nokost. [loaromy Hambosiee pa3yMHBIM ITyTE€M aHAIN3a PA3JIMIHBIX BAPUAHTOB JBUXKEHUA STBJIAETCS
CJICJTYIONTNIA: CCTIATh MPEJIIOIOKEHIEe O HAIPABJICHUU JBUXKEHUSA TeJI, HAWTU COOTBETCTBYIONINE
3HAYEHNs YCKOPEHN! W Ha OCHOBAHWH TOJIyYeHHBIX (GOPMYJI, cDOPMYIMPOBATH YCIOBUS, IPU KO-
TOPBIX PEAM3YEeTCA PACCMATPUBAEMBII PEZKUM.

[Ipexkje Bcero, 3aMeTwM, 9TO HPU 3aJAHHBIX YUCJIEHHBIX 3HAYEHUSIX BBINOJTHSIIOTCS YCJIOBHS: &)
[o > tg o, TO3ITOMY MUK HE OYAET CKOJTB3UTD 10 MOJJIOHY, €CJIU IMOCIETHAN TTOKOUTCS, UJIH CKOJIb-
3uT BHU3; 0) f11 < tg v, TIOJJIOH MOXKET CKOJIb3UTh 110 HAKJIOHHOI TIOCKOCTHU IOJT JIEfiCTBIEM CHJIBI
TSXKECTU. DTO HAOJIOIEHUE TO3BOJISET YIIPOCTUTDH aHAJIN3 BO3MOXKHBIX BAPUAHTOB JIBIZKEHUA. By-
JIEM UX PacCMaTPHUBATH MOCJIEOBATEIHLHO IO MEPe YBeJMYeHnsT MAacChl TOBeIeHHoro rpy3a M.
Cretaem erie HECKOJIBKO OOIIUX 3aMEYaHUil, IMPUMEHUMBIX KO BCEM pexKMMaM JIBUKeHus. Kak
M3BECTHO, CHUJIA TPEHUsI CKOJIbKeHUs (OHA YK€ MaKCUMAJIbHAs CUJIa TPEHUsl ITOKOs) OIPEeJIeIIsieTCs
3akoHOM Kysona — AMOHTOHA:

F. P — ,U/N ’ (1)

e N - cuna HopMmasibHOM peaknun. B narmem cirydae HaK/IOHHAS IIJIOCKOCTD BCETJIa HEIO/IBUKHA,

II09TOMY BEKTODBI YCKODEHHII BCEria HAIIPABJICHBI Mapasule/IbHO HAKJIOHHON riockoctu. [Tosromy

CrJTa HOPMAJIBHOM PeaKIn, TefiCTBYOINIast Ha JTF000e TeJI0, ABUKYIIEeeCst 0 HAKJIOHHOM IIJIOCKOCTH,
paBHa

N = mgcos a. (2)

HOSTOMy MOAYJIb CUJIbI TPpEHUA CKOJIb2KCHN A (T.e. KOorza TeJIo r[LBI/I}KGTCEI) paB€H

F.p, = pmg cos a (3)

A MOIYJIb CUJIBI TPEHU A ITIOKOA (KOI‘,ZL& TEJIO HE IBU2KETCHA I10 HOBerHOCTI/I) VAOBJIETBOPAET yCJIOBUIO:



| Frep noxos| < ptmg cos a. (4)

1. HpI/ICTYHI/IM TEIIEPb K aHaJIM3y BO3MOXKHBIX DEXKMMOB JIBUXKEHH, IIOC/ICA0BATE/IbHO MBICJIEHHO
yBeJIM4rBasd MaCChl IIOBENIEHHOI'O I'PYy3a,

V(m0 +m, )8 Mg

Peotcum 1. IToddon cxoav3um 6HU3 MO HAKAOHHOT NAOCKOCTIU.

[Ipeamnosokum, 9TO TOJIOH CKOJIB3UT BHU3 10 HAKJOHHOW IIJIOCKOCTH, & SIIUK HE JIBUXKETCS TI0
nojiony (T.e. MUK U TOJJIOH JBHXKYTCA Kak eJiHoe Ieyioe). B arom citydae cuiibl, JedCTBYO-
mye Ha IOJJIOH C AIUAKOM, U CUJIBbI, JEeHCTBYIOINE Ha ITOJABEIICHHBIA I'Py3, HAIIpaBJIEHbl TaK, KaK
MMOKA3aHO Ha PUCYHKE.
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Torma na ocHoBanum 2 3akoHa HbIOTOHA MOXKHO 3alucaTh ypaBHEHUs JJIs OIMUCAHUS JIBUXKEHUS
[TOJI0HA, C ITOJIE3HBIM I'PYy30M B IPOEKIMH Ha OCh X :

(m1+mg)a=T — (my + mg)gsina + ui(my + mg)g cos a. (5)

3s1ech T' - MOJIyJIb CHJIbI HATSI?KEHUST BEPEBKU, [41(1Mq + Mg )g COS & - MOJLYJIb CHJIbI TPEHUS, J1efCTBY-
IoIeit Ha MO0H. [IJ19 TO/IBEIIeHHOro Ipy3a aHAJIOITYHOEe YpaBHEHNE UMeeT BU/I:

Ma=Mg—T. (6)

3aMeTnM, 9TO MOJIY/Ib CUJIbI HATSZKEHUST BEPEBKU JIEHCTBYOMINIT Ha 9TOT I'PY3 PABEH MOJLYJIIO CHJIBI
HaTSKeHNUsI, efICTBYIONEN Ha ITO/I0H, TOTOMY, UYTO: BEpEeBKa U OJIOK HEBECOMBI, CUJIa TPEHUS B OCH
6J10Ka oTCyTCTBYIOT. MoOyin yckopeHuil paBHBI IIOTOMY, YTO BeEpEBKA HepacTsKuMa. V13 ypaBuenmit
(5) - (6) HAXO/WM, YTO B 9TOM PEXKUME MPOEKIUsI YCKOPEHUsI MOJJIOHA U MOJIE3HOTO I'Py3a paBHA

M — (my + myg)(sina — pcos «) (7)
a= g.
(m1 + mo + M )
D10 BBIpazKeHNe OyJIeT CIPABEIMBO, €CIN 9Ta MPOEKIHsl OTPUNATEbHA (T.e. JIeHCTBUTEIBHO MO/

JIOH CKOJIB3UT BHU3 [0 HAKJIOHHON 110cKOCTH). Clle/I0BaTeIbHO, 9TOT PEXKUM PEAU3yeTcsi Ipu

a<0 =

. (8)
M < (my + mg)(sina — py cos o) = 8,2Kr

[Tokarkem, 9TO B 9TOM peKUMe My JIEHCTBUTEIBHO OY/IET TOKOUTHCS OTHOCUTE/IHHO MOJJI0HA. Feym

STOT I'PY3 JIBUZKETCS BHU3 BMECTE € MOJJIOHOM C HEKOTOPBIM YCKOPEHHEM @, TO JIS HErO CIPABE]I-

JIMBO ypaBHeHHUe (B IPOEKIMH Ha HAKJIOHHYIO IJIOCKOCThH «BHU3» )



moa = mogsina — Fipo. 9)

N3 sToro ypaBHeHus CJe/lyeT, 9TO CUJIa, TPEHUs JEHCTBYIONAA Ha IPy3 JOKHA ObITH paBHa

Fipo = mogsina — mpa (10)

B paccMmorpeHHOM pekuMe yCKOpeHHe U3MEHSIETC OT HyJIsl JO MaKCHUMAJIbHOIO 3HAYEHUS (ypax =
g(sina — py cos a). CrreoBaTesbHO, CHJIA TPEHHS JOJIKHA U3MEHSATLCS OT Frp,o = mogsina 10
Fipo = pimpgcosa. Bo BceM aTOM Jmala3oHe CHIa TPEHHSA MeHbINEe, 9eM MaKCHUMaJsIbHasg CHIIa,
TPEeHUS MOKOA Frp max = [40T0g COS (v, CIeIOBATEIBHO, IPY3 CKOJIB3UTH 110 HOAI0HY He Oymer. OT-
METHM, YTO JJjIs TAKOIO CKOJIbYKEHWS IOJJI0H HaJI0 TIHYTh BHU3 C HEKOTOPOH 3aMeTHOW CHJIOi
(BBIUMCIIEHE KOTOPOI HE TPeOyeTcs 10 YCJIOBUIO 3a/1a4N ).
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Ecim Macca moBeIeHHOro rpysa MpeBbICUT 3HaYeHHe, 3ajaBaemMoe ycaosueM (8), To cucrema Ie-
peliieT B CAeTYIONMi PeKIM 2.

Peotcum 2. Iloddon ¢ 2py3om noxkoumca.

BepxHIoi0 TpaHuIly 3TOro pexKuMa HaiijgeMm, KakK HUXKHIOI I'PaHUILy PeXKuMa 3.

Peotcum 3. Iloddon dsustcemcs 88epxr noO HAKAOHHOU NAOCKOCTU, AUUK 0BUHCEMCSH
smecme ¢ HuUM (Mm.e. HE NPOCKAABL3BIBAET N0 TLOOOOHY ).

B sToM pekmme M3MEHUTCH Ha ITPOTUBOIIOJIOKHOE HAIIPABJIEHUE CHJIbI TPEHUS, JIEHCTBYIONEH Ha
HOJIJIOH CO CTOPOHBI HAKJIOHHOT 110cKoCTH. [TosTomy B ypaBHeHuu (5) J0CTATOYHO U3MEHUTH 3HAK
mepes cjaaraeMbIM, OIMUCHLIBAIOIINM IIPOEKIINI0 CHJIbI TPEHHUsI, & YpaBHEHUE I JIBUMKEHHUS IO
BEIIICHHOI'O I'Py3a OCTaHEeTCs Hem3MeHHBIM. Takum o0pas3oM, CHCTeMa YPaBHEHHil, OIMMCHIBAIOIIIX
JABU>KEHNE B JaHHOM pExKHMe, UMeEeT BUJ

(my +mg)a=T— (my +mg)gsina — py(my + mg)g cos a

(11)
Ma=Mg—T

U3 sTux ypaBHeHUii ciietyer, 9To YCKOPeHHe MojIoHa (M PaBHOE eMy YCKOPEHHUs sIIUKa) ONUCHI-
BaeTcs (popMyJIoit

. M — (mq 4+ mo)(sina + pcos a)g. (12)
(m1 + mg + M)

Ota dopmysa cupaseuBa npu a > 0, win upu

M > (my + mo)(sina + p4 cos ) = 16,8 xr. (13)

Ecim mMacca HOJBEIIeHHOrO Tpy3a JIeKUT B HHTEPBAJe MEXK/y HalJIeHHBIMU IPAHUYHBIMU 3HAYe-
musvu (8) u (13) moaon ¢ anmKoM Oy T HOKOUTHCSL.

[Ipu yBesmaeHnn Macch MOJBEIIEHHOTO I'Ppy3a M yCKOpeHHe II0/JIOHA C AIIUKOM OyIeT BO3PACTATh.
OnHako, CHJIOi, KOTOpas HEMOCPEICTBEHHO «PA3TOHSIET» SIIUK SIBJISIETCS CUJIA TPEHWUs, JefiCTBY-
fOIasl HA HEro CO CTOPOHBI MOJI0HA. [109TOMY TIpH HEKOTOPOM YCKOPEHHUHN MOJJIOHA, CHJIbI TPEHHUST
Oy/ieT HeJI0OCTATOIHO, YTO COOOIIUTE TAKOE YK€ YCKOPEHHE AIHKY, TOITOMY AIUK HAYHET CKOJIb3UTh
1o no/tony. IlosroMy mosBIIsieTcst CoreyIomuil PesKUM JIBIZKEHHS.

Pexxum 4. IToa1oH aBMXKETCsI BBEPX, SIIUK IIPOCKAIB3BIBAET II0 IO/JIOHY.



Ha PHUCYHKE I[TOKa3aHbl HAaIIpaBJICHUA CUII, ﬂeﬁCTBYIOHlHX Ha JIBU2KYIITUECH TEJIa B paCCManHBaeMOﬁ
CHUCTEME. ypaBHeHI/Ie, OIIKMCbIBaromiee JIBU2KCHHE ANMUKa IIPU €ro IIPOCKaJIb3bIBaHUU II0 IIOJJOHY,
3allUCbIBacTCd B BUIEC

Moay = [LoMMog COS (v — Mg Sin a, (14)

TJIE [4pTMg COS (v - MOJYJIb CUJIbI TPEHU, JIeHCTBYIONIEN MEXK Y SAMUKOM U Mo 10HOM. V3 ypaBHeHUS
(14) cremyer, 9TO YCKOpEHUSI SIIUKA B 9TOM PEKUME OCTACTCS OCTOSTHHBIM U PABHBIM
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ag = (pocosa —sina)g = O,63§, (14)
VpaBuenne IBUKEHUS HOJIOHA B IPOCKIMHA Ha OCh X B 3TOM PEXKHME HMEET BHI:
mia; =T — mygsina — pemog cos a — g (mo + my)g cos a. (15)
JlobaBJisist ypaBHEHNE JIBUXKEHUS ITOJIBEIIIEHHOIO I'PY3a
May = Mg—T (16)

U pemias MOJIydeHHYIO CHCTEMY yPaBHEHU, TToJyduM (DOPMYJTy JijId YCKOPEHHsl MOjIoHa (U 10JI-
BEIIIEHHOT'O I'Py3a):
M — my sina — pgmg cos a — g (mg 4+ mq) cos a

= . 1
“ m1+M g ( 7)

Dta dopMyJia I YCKOPEHUSs TTOI0HA CIIPABE/IJINBA, €CJIH 3TO YCKOPEHNE MTPEBBINAET MaKCUMAJTh-
HO BO3MOXKHOE YCKOPEHHUe fAIuKa, 3a1asaemoe dopmysioii (14), T.e. npu

M — my sina — pgmg cos a — pug(mg + mq) cos «
mq —|—M

g > (po cos v — sin a) g. (18)
STO HEPaBEHCTBO 6y,ILeT BBIIIOJIHATBCA, €CJIM MacCCa IIOABCHICHHOI'O I'Py3a IIPEBLICUT 3HAYCHUE

(ft0 + p1)(mo + my) cos

M > -
1 — pocosa + sina

= 19,6 xr (19)

[ToaBemem uTor: yCcKOpeHue o/ I0Ha OIUChIBAeTCsT (PyHKITHe:



(M — (mq + my)(sina — g cos ar) M — 82
= ; npu M < 8,2 xr
0; npu 8,2 kr < M < 16,8 xr
a; = ¢ M — (my + mp)(sina + pcos ) M — 16,8
= npu 16,8 kr < M < 19,6 xr
(mq 4+ mo+ M) ‘(q 25+)Mg P
M — my sina — pgmg cos o — py(mo + mq) cos o M — 18,1
= M > 19,6
\ p— g 5T g Tpwu ,6 K
(20)
Yckopenue SuKa 3a/1aeTcsi (PyHKIneit
a1 npu M < 19,6 xr
ag — M (21)

(o cosa —sina)g = O,63§ upu M > 19,6 xr
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3aBMCUMOCTb YCKOPEHWI OT Maccbl M

0
s/m B 3 2 25
A

YckopeHua a, mich2

macca M, kr

2. I'pacukn mosydeHHBIX 3aBUCHMOCTElN MOKa3aHbl Ha pUcyHKe. [lyHKTHpoM ob03HaUeH ydacToK
rpaduKa 3aBUCUMOCTH YCKOPEHUS SIIUKa, KOT/Ia OHO OTJIMYAeTCA OT YCKOPEHUS I0JIJIOHA.

3. llousaTHO, 9TO paIMOHAIBLHBIM BLIOOPOM MAaCChI ITO/IBEIIIEHHOI'O I'PYy3a SIBJISETCS yIaCTOK OT TOYU-
K1 3 710 ToukE 4 (B pekuMe 3 10 Halleil TepMUHOIONHN ), KOT/Ia, AIIUK MTOJHUMAETCS U He CKOJIb3UT
o nojony. [lo-BuauMomy, He ciejyeT 3aTpavuBaTh JIMITHUX YCUJIUNA U 3aCTaBIATH SIUK JIBU-
raThbCs C YCKOPEHUEM, IMO3TOMY HamOoJiee pa3yMHO BBIODATH 3HAUYEHUE MACChl, COOTBETCTBYIOIEE
HavyaJIbHOI TOYKe 9TOI'0 y4yacTKa, T.e.

M = 16,8k, (22)

Tounee, ayTh OoJbIe!
4. KIIJI 6ymer MakcMMaJ/JbHBIM TpU YKa3aHHOM 3HadeHun maccbl M = 16,8kr. [Ipm menbieit
Macce sIuK He OyIeT MOJHIMAThLC, a IPU OOJIbINEH — 9acTh SHEPIUHU OITYCKAIOIIEerocs rpysa Oymer



IPEOOPABOBBIBATLCS B KUHETUYECKYIO SHEPIUsl JIBUKCHUS SIUKa U 1O/JI0Ha. Een mojiBerneHubit
I'PY3 OIyCTUTHCS HA HEKOTOPoe paccrogane Ah, To dAmuk noganMercs Ha Beicoty Ahy = Ahsin a.
[Tosromy KII/I yctanoBku B 3TOM cjydae OyaeT paBeH

mogAhy  mgsina
MgAh M
O“IGBI/I,ZLHO, Y9TO JaHHad BEJIMYNHA 3aMETHO MEHBIIIC 1 110 ABYM IIpUYINHaM: HeO6XOILI/IMOCTB Ipeo10-

JIGHUS CUJI TPEHUS U «OECIOJIE3HBIIY MMObEM MOJJIOHA.
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~ 60%. (23)



