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SHepreTuuecKUil BHIXO] S/I€PHBIX PeaKUHHA B MUJJIHOHBI pa3 GoJiblle,
YeM XHUMHYecKHX peakuuii. Ha siIepHBIX peakIHAX COOTHOLIEHHE
MeXAy Maccod H sHepruef (13.2) moATBEpXKAEHO 3KCHEPHMEHTANBHO.
B sanepnofi ¢usuke u pu3HKe 37eMEHTApHBLIX YACTHIl 3TO COOTHOLIEHHE
HI'paeT HUCK/IUUTENLHYIO pOJb.

§ 17. O 3akoHax TpeHHs

1. B mexaHuKe OOGbIUHO HMEWT JE€N0 C CHJIaMH BCEMHPHOIO TATO-
TeHHs, YNPYTHMH CHJaMH H CHJIaMH TpeHHsl. MHOTZAa B MeXaHHKY
BKJIOYAIOTCS TaK¥kKe 3ajlaud Ha JBHXKEHHE 3JeKTPUUECKH 3apsKEHHBIX
YaCTHI B 3MEKTPHYECKHX H MATHUTHBIX noasax. Torda K ykasaHHBIM
CHJIaM 106aBJSIIOTCS €llle 3JIeKTPOMAaTrHHTHBIE CHIBL, T. €. CHJIBI, KOTOPBIM
TIOJIBEPXKEHBI 3apsKEHHbIE YACTHILI CO CTOPOHBI TakKHMX mnoJjed. CHibl
BCEMHPHOIO TATOTEHUS H YNpPYyTHe CHabl 6YAYT MOAPOGHO PacCMOTPEHHI
B jganpHefimeM. Ceifua¢ ke MBI KpPaTKO pPacCMOTPHM CUAbL, MpPeHUs.
3ameTHM OpH 3TOM, YTO MEXaHHKAa He 3aHUMaercsl M3yuyeHHeM (H3H-
YECKOH NPUPOJLI JeHCTBYIOLMX CHJI — 3TH BONPOCH PaccMaTpHBAIOTCS
B Apyrux pasgesax ¢usuku. [losTomy Mbl 37ech coBceM He Oynaem
3aTparuBaTh BONPOC O ITPOHCXOXKJEHHH CHJ TPEHHS, a OrpaHHYUMCS
OMUCAHHEM SMITHPHUECKH HaHJeHHBIX 3axoHo8 mpenus. IloHATHO, uTO
3TH BONPOCH NPH BCeH HX BAXKHOCTH HE HMEIOT BCe Xe Toro ¢yHaa-
MEHTAJbHOr0 3HaUeHUs, KaKHM XapaKTepHU3yIoTcH, HalpHuMep, 3aKOHBI
HebloToHa, a caMu 3aKOHBI TPEHHS ABJSIOECS NPUOTHKEHHSMH, Yacto
JIOBOJILHO TPYOBLIMH.

Yupyrue CHbl, CHJIBI BCEMHPHOTO TATOTEHHSA, @ TAKXKE CHJIbL IPHTA-
JKEHHs1 ¥ OTTaJKUBAHHA 3J1€KTPHYECKH 3apsKEHHBIX Ten 3aBHCAT
TOJIBKO 0M KOH(ueypayuy mea, T. €. OT UX B3aHMHOTO PACHOJIOXKEHH,
HO He OT HX cKopoctefl. CHJBl TpeHHsA, NOMHMO KOHGHIypanHH, 3a-
BHCAT €lle OM OMHOCUMEAbHbIX CKOpOCmel mea, MeXKIY KOTOPBIMH OHH
JEHCTBYIOT.

Cusiel  TpPEHHA MOTryT JEHCTBOBAaTH MEXKJAY CONpPHKACAOLHMHUCA
TeJAMH HJIH MX YaCTAMH KaK NpPH HUX OTHOCHTEIBHOM JBHKEHHH, TaK:
H IIPH HX OTHOCHTE/JbHOM MOKoe. TpeHue HA3bIBAETCA BHEWHUM, €CJIH
OHO JIeACTBYeT MEXJy pas3jHYHBIMH COMPHKACAlOWIHMHUCA TejaMH, He
o6pasyolWMMH €IHHOTO Tesa (HampuMmep, TpeHHe Mexay OpyCKOM H
HAaKJOHHOH TMJIOCKOCTBbIO, Ha KOTOPOH OH JIEKHT WJIH C KOTOpOH OH
cocKann3biBaeT). Ecan Ke TpeHue mnposiBasercs MeXAy PasJHYHbIMH
YacTSAMH OJHOTO H TOTO K€ TeJa, HarpuMep MeXAY PasIHYHBIMH CJI0SMH
3KUJKOCTH HJIH a3a, CKOPOCTH KOTOPHIX HENPEPLIBHO MEHSIOTCS OT CJIOA
K CJ010, TO TPEHHE HA3bIBACTCA gHympeHHum. BrpoueM, pasieneHune
TpPeHHA Ha BHYTPEHHeE M BHEIUHeE HOCHUT YCJOBHBEIE Xapaktep. Ecau
CONMpHKAcalolecss Tena OO0bEAUHUTh B OJHY MEXaHHMYECKYI0 CHCTEMY,
TO TPEeHHe, KOTOPOE paHee pacCMaTpHBAJIOCh KaK BHeUIHee, CTAHOBHTCA
BHYTpeHHHM. CH/1a TPEHHUS, UCTILITHIBAEMAs TBEPABIM TEJIOM IIPH JBHHE-
HHH B XHJHOCTH (MU rase), €CTh CHJ1a BHYTPEHHETO TPEHUSA B XKU/IKOCTH,
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a He BHENIHEro TPEHHS MEXy XKHJKOCTLIO H TBepIbIM TesoM. [leAcTBH-
TeJLHO, OIIBIT NOKA3LIBAET, UTO CJOH JKHIKOCTH HJIH asa, HENoCpencT-
BEHHO MPHMbIKAIOLU[HE K MOBEPXHOCTH TeJa, MPHJIMNAIT K Hed U JBH-
KYTCA BMECTE C TeJIOM, a TpeHHe BO3HHMKAeT B OKpYXailled cpeie
MEXKIy PasJHYHBIMH CIOSIMH €€, CONPHKACAIOUHMHUCS IPYT ¢ IPYroM.
Tpenue MeXAy MOBEPXHOCTAMH JBYX COMPHUKACAIOWMXCA TBEPABIX
TeJ TpH OTCYTCTBUH MEXAY HHMHM XHIKOH HJM Ta3ooGpasHodl mpoc-
JOHKH (CMa3kH) HasbiBaercs cyxum. [IpUMEHHTENBHO K 3TOMY CJydaro,
KOTJa COIpHKAcalolliecsl Tela JBHXKYTCA APYr OTHOCHTEJbHO Apyra,
PA3JIHUAIOT MPeHUe CKOALXEHUA W mperue Kadenus. TpeHHe Mexny
IIOBEPXHOCTBIO TBEPJOTO T€Jla H OKPYXKalollledl ero XHIKOH WJIH raso-
oGpasHoil cpefiodf, B KOTOPOWX OHO JBHXKETCH, a8 TAKXKe TPeHHE MEexIy
Pa3NUYHBIMH CJIOSIMH TAKOH CPebl, HA3bIBACTCA MUOKUM UTH BAKUM.
2, PaccMoTpuM CHayasla 3aKOHBI CyXOro TpeHHA. Takoe TpeHHe
BO3HHKAET He TOJbKO MPH CKOMDbXEHHH GJHOTO TeJa 10 MOBEPXHOCTH
APYroro, HO H IpH BCAKOH MOIBITKE
BHI3BATb TAKOE CKOJbXKeHHe. B mocaen- fy
HeM cJyyae TpeHHe HasblBaercs mpe-
HUEM NOKOA WIH MpeHuem Cyenienus. C
Hanuune Tperus mokosi — XapakrepHas Top = -1
0COGEHHOCTb CyXoro TpeHus. B Gosee | 8 ]
obtieM cMbIce, 6e30THOCHTENLHO K TOMY, -
MeXJy KaKHMH TeJaMH BO3HHKaeT Tpe- P
HHE, OHO Ha3bIBAETCA CYXUM, €CTTH CHJIbI
TpEHHsl He HCYe3alT NpH oOGpalleHHH
B HYJb OTHOCHTEIBHBIX CKOPOCTEH CO-
npUKacamuuxcs TeJd. B IIPOTHBONONOXKHOM C/ydyae TpeHHe Ha3bl-
Baercs mudxum. IlonoxHM TSxKeNbH OPyCOK Ha NOBEPXHOCTH TOPH30H-
tanbHOro crosia (puc. 27). B cocrosinuu nokos Bec 6pycka P ypasHo-
BelleH CHJIOH HOPMAJbLHOTO AaBJeHHs f,, ¢ KOTopod Ha Gpycok jeii-
creyer croa (P = f,). Ilpunoxum sareM K GpyCKY TOPH3OHTAJIbHYIO
cuny f, mexatilylo B BePTHKaJIbHOH MJIOCKOCTH, MPOXOAsILIEH yepes ero
LEHTP MacC, KaK MOXKHO O/uKe K TIOBEPXHOCTU CTONIa, YTOGH! Mpen-
OTBpATHTb ONPOKHIbIBaHHE OpyCKa, KOTAa OH MpHJIET B [BHXKEHHE.
ONBIT MOKa3BBAET, YTO €CJAH CHa [ He NPeBOCXOJHT HEKOTOPOH ormpe-
nenenHoil Beanuunnl [, (f << f;), To Gpycox HE NPUXOIHT B JBHKEHHe,
Orciofa cnenyer ciaejarb BbIBOA, YTO Ha OPYCOK CO CTOPOHBI CTO-
Ja JeficTByeT paBHasi H IPOTHBOINOJIOXKHO HampaB/ieHHas cuaa [,
ypaBHoBelIMBaouas cua1y f. IT0 M eCTb CHJIa TPeHHs, a HMEHHO
Tpenus nokos. Takas ke CHJa TPeHUs, HO B IPOTHBOIONOXKHOM Ha-
IpaBJieHin, AeHCTBYeT Ha INOBEPXHOCTb CTOJA CO CTOPOHBL Gpycka.
Cuna TpeHHsi IOKOS aBTOMaTHYECKH MPHHUMAET 3HayeHus, paBHbIe
BHemrHell cusle f. MakcuMaJ/ibHOe 3HaUEHHE CHJIBI TPEHHS MOKOsl PaBHO f.
JlonyCTHM Tenepb, 4TO OPYCOK CKOJIb3MT MO MOBEPXHOCTH CTOJA
cO CKOpOCTbI0 U. IIpH paBHOMEpPHOM JBHXKEHHM MHEACTBYIOW@s CHJIa
f mo-mpexHeMy ypaBHOBELUHBAeTCA CHMOH TPEHHA [, Eciu pasho-

Puc. 27.
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BeCHSl HeT, TO JBUXKEeHHe 6yleT yCKopeHHHnM. B o6oux ciaydasx Benu-
YHHA CHABI TPEHHSA [, BOOOLIE rOBOPS, 3aBHCHT OT CKOPOCTH v. Xa-
paKTep 3TOH 3aBHCHMOCTH IpaduueckH H300paKeH Ha CXeMaTHYeCKOM
puc. 28. Cuna TPeHHA, TPHJOXKEHHAsA K NOBEPXHOCTH GpyCKa, BCeria
JeficTByeT NPOTHB HamnpapieHHs ABMKeHHs mnocaefnero. Ha rpaduxe
5TO OTPaXKeHO TeM, YTO 3HAKH BEJHUHH [, H ¥ BCET/1a POTHBONONOKHHI.
[Mpu v = 0 rpad¥K BLIPOXKAAETCS B OTPE3OK BEPTHKAJIbHOH MPAMOH.
DTOMY COOTBETCTBYET TOT (aKT, YTO CHJIA TPEHHS NOKOA MOXKET NPHHH-
MaTth Jwoboe 3HaueHue ot —f, 10 +fo. Ilpu yBennuenun abcomoTHOH
BEJHYKMHBI CKOPOCTH aGCOJIOTHAS BeMYHHA CHJIBI TPEHHA cHayaJa yObl-
BA€T, 1POXOAMT Yepe3 MHHHMYM, a 3aTeM HayuHaeT BospacraTe. Bes
KpHBas CHMMETPHYHA OTHOCHTENBHO Hayana KoopauHat [f (+ v) =
= — f(—wv)]. Kak skcnepumenTaiasHo yctanosua KyJon (1736—1806),

ﬁrp ﬁ"ﬂ

—.f&/_-\ -75——-—-—-——-

Puc. 28. Puc. 29.

BeJIHUHHA CHJBI TPEHHA [y, He 3aBUCHT OT BEJIHUHMHEI IJIOMIAAH MOBEpX-
HOCTH, BJIO/Ib KOTOPOH Te/Na CONPHKACAIOTCs, H NPONOPUHOHANLHA CHle
HOPMaJILHOTO JaBJeHus f,, ¢ KOTOPOH OIHO Teso NeHCTByeT Ha ApPYroe.
[NosToMy MOXKHO HamucaThb

f'rp=p'fn' (171)

IlocTosinHas p HasblBaeTCs KOIpuyueHmom mpeHus W 3aBHCHT OT
HIPHPOAB M COCTOSIHHS TPYLIHXCA NoBepXHocTeH. Ecnu Teno aelcTBu-
TeJBHO CKOJIB3HT 110 MOBEPXHOCTH APYroOro Teja, TO | Has3bIBalOT K03g-
puyuenmom mpenusn ckoivmcerus. Ecin ke Tena noKosATcs APYr OTHO-
CHTe/ILHO JApYTa, TO €ro HasLlBAIOT KO3PPUUUEHMOM MPEHUS NOKOS.
B nocsentem cayyae npeanosaraercs, yto B Qopmyde fr, paBHO fo,
T. €. MAKCUMaJbHOMY 3HAYCHHIO, KOTOPOE MOXKET MPUHUMATh CHia Tpe-
HHA NoKod. B cooTBercTBUM ¢ pHc. 28 KO3dHIIHEHT TpeHUs p, Boobiie
roBOps,, 3aBHCHT OT BEJWYHHBl CKOPOCTH ©. Brpouem, Kak Takxe
ycTtaHoBua KyJioH, 3Ta 3aBHCHUMOCTh, KaK MpaBHJO, BHpaxeHa ciao,
TaK 4TO, KOrja He Tpebyercsa 60sblasi TOYHOCTh, KOSPGDUIHEHT P MOXKHO
CYHTATh HE3aBUCALIUM OT CKOPOCTH, Torzna Kpupas puc. 28 BbIpoXKnaercs
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B KPpUBY1O pHc. 29. Cujia TpeHHs U B 5TOM HACAIH3HPOBAHHOM CJ1ydyae 3aBH-

CHT OT U, TOCKOJBK Y [ PH TepeX0jie CKOPOCTH Hepes HYJ/Ih OHa MeHseT 3HaK,

a npu v = 0 cTaHOBHUTCS Heolpejie/eHHOH. Bo Bcex 3ajiauax Ha CHJBI

TPEHHs!, TPHUBOJAMMEIX B KOHIE 3TOT0 naparpada, IpeinoJaraercs,

YTO (L HE 3aBHCHT OT U.

HesaBucumocTs CHibt TpeHHs MOKoA OT IVIOWAAH CONPHKOCHOBEHHA TeJ MOXKHO
AEMOHCTPHPOBAThL C MOMOLIBIO CJCAYIOLIErO OmbITa. BpYCOK (HaanMep, KHpI‘lH‘-I),
HMeIoUIHi (bopMy NpAMOYTOJBHOTO Napaje/nenuneaa, KIaaeTcd pas/InuHbIMH rpanaMHu
Ha HAKJ/JOHHYIO IIVIOCKOCTh. YBeHuyHBas Yr'oJl HAakKJoHa HaKJOHHOH IIOCKOCTH, Ha

OIIbITE YGG}KIIHQMCH, YTO CKOJIbXKEHHE HAUHHACTCA NIPH OJAHOM H TOM Xe yrJje, He3aBH-
CHMO OT TOTO, KaKO# TPaHbiO 6pyCOK GLI TIOJIOXKEH Ha HaKJIOHHYIO TJIOCKOCTD.

3. Tlpu HamMYHH CYyXOTO TPEeHHs TeJO MOXKET HaXONUTLCSA B COCTOSI-
HWH TIOKOS, JayKe eCJH Ha Hero nojefcTsoBaTh Kakoi-iubo cunofl. Ecau
NPH/IOKEHHAsA CHJIa [ He IPeBOCXOAUT MaKCHMAJLHOTO 3HAuYeHHs [y
CHJIBI TPEeHHS IOKOsl, TO TeJNo He npujer B apmxkenue. C stolt ocobeH-
HOCTBIO CYXOrO TPeHHA CBSI3aHO Tak HasblBaeMmoe fe4eHue sacmos. Jo-
IIyCTHM, HallpuMep, uTo Tesio A, jiexa-

Iee Ha TIOBEPXHOCTH TOPU3OHTANb-

HOTO CTOJ/Ia, HAXOAUTCS B PABHOBECHH, ‘]-/Km\ﬂ A mm—]
KOrfa o0e IpUKpemeHHble K HeMy -
IPYKHHB HEe PacTSIHYTBl HJIH PAcCTH-
HyTol OfnMHaKoBo (puc. 30). B stom
IOJIOXKEeHHH CcHJa, jeHCTBylomas Ha
tejo A, pasHa Hymo. CmecTuMm
Teso A U3 MONOXKeHHs PaBHOBeCHS B Ty MJIH APYrylo CTOpoHy. Eciu
cuna f, neficTBytolas CoO CTOPOHbI PACTAHYTHIX NIPYKHH, He TIPEBOCXOAHT
fo, TO TEIO A M B HOBOM IOJIOKEHHH OCTaHeTCS B paBHOBecud. Ia mo-
BEDPXHOCTH CTOJId He CYLIECTByeT ONpELeJeHHOr0 II0JIOKEeHHS paBHO-
Becus Tesa. Hanporus, cyiecTByer 06/1acTh, IpH CMELLICHHH B IIpejeIax
KOTOpOH TeNO OCTaeTcs B PaBHOBECHH. JTa 06JacTb HasblBaeTcs: 00-
aacmoro 3acmos. Cyxoe TpeHue, AeHCTBYIOIEe, HanpHMEp, B IOAILHI-
HHKaxX H3MepHUTEeJbHBIX HPHOOPOB CO CTPEIKAMH, OTDAHHUMBAET UyB-
CTBUTEJILHOCTL TaKuX NpuGopoB. Hasnnuue ke obnacty 3actos nenaer
HeOIpee/IeHHBIM I10JI0XKEHNE PABHOBECHS, B KOTOPOM YCTaHABJ/IHBaeTCs
CTpesIKa NPH M3MEpEHHSX, T. €. OrPaHUYMBAET TOUHOCTh H3MEPEHHUf.

4. Bo MHOTHX cCJIy4asiX CHJIbl TPEHUS OKA3HIBAIOTCH MOJE3HBIMH.
Tak, aBTOMOOUJIL NIPHBOJUTCS B JIBHKEHHE CHJIAaMH TpeHHs, AeHCTBYyIO-
HIAMH MEKJy IIHHAMH KoJlec H MOJOTHOM JOpory. CHJILI TPEHHS NPHBO-
IAT B IBHKeHHe noes3fa. CUsbl TpeHHs, BO3HUKAIOIIHE MEXKILY IPHBOI-
HbIM PEMHEM H LIKHBAMH, OCYILECTBJ/ISOT Nepeiauy ABHKEHHS OT OfHOTO
MaxoBHKa K Apyromy. Ilogo6HBIX MPHMEpPOB MOXKHO IPUBECTH Heorpa-
HHYEHHO MHOT0. 1o CI/IONIb U PSIIOM CHJIBL TPEHHUST SBJISIIOTCS BPEIHBIMH.
TaxoBbl, HaNpUMep, CHJIBI TPEHHS, BOSHUKAIOIU[HE MEXKIY OCbIO H BTY.JI-
KOH, a Takke MEXAy IPyrHMH JeTajJsMH MawuHel. OHH IIPHBOAST
K TIpex/J1eBPeMEHHOMY H3HOCY MALUMH, U ¢ HUMH IIPUXOAUTCS 60POTBCSH.
s sToll meau npuMeHsercss cmasxa. OfHako Gojee panuKalbHBIM

Puc. 30.

.
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€1ocofGoM yMeHBILEHHs CHJl TPeHHs ABJSETCA 3aMeHa TPeHHMSA CKoJlbXKe-
HHS mperuem kadenus (wapuxononmunuuky). [lop Tpennem kaueHus
MNOHUMAIOT TPeHHe; BO3HHKaloLlee, HalpHMep, MEXIy IapooGpa3HbiM
WK HHJTHHAPHYECKHM TeJIOM, KaTAIUMCH 6€3 CKOJIbKEHHS M0 IJI0eKOH
MJIH H30rHYTOH noBepxHOCTH. TpeHHe KaueHHS (OPMaNbHO MOAYH-
HAETCH TEM ke 3aKOHAM, 4TO W TpeHHe cKoabxeHus. OnHako kKoahdu-
IIMEHT TPeHHS NPH KaueHUH 3HAYHTENBHO MEHbIE, 4eM NMpPH CKOJbiKe-
Huu. HaubGosee paauKaJbHBIM COCOGOM YMEHBIUEHHS CHJI TpPeHHA,
KOTOpLIH 38 roc/lefHee BpeMsa HauuHaeT noaydarth Bce Gosbliee H Golb-
liee - pacrnpocTpaHeHue, fBJsSETCH CO3JaHHe «BO3AYLIHOH MOAYIMIKH»
MeXJy CONPHKACALIMMHUCH MOBEPXHOCTSMH. ' :

5. Kak ye rosopu/ioch Bbillle, B OTJHYHE OT CHJ CYXOTO Tpe-
HHA, CWJIBL XKHAKOro HJIHM BA3KOTO TPeHHs OOpallaloTca B Hy/b BMeCTe
C OTHOCHUTENbHBIMH CKOPOCTSIMH MeX{]y CONPHKACAIOIHUMHCH CJOSAMH
cpenbl. bBomee moapo6Ho Bompoc o BfI3KOM TpeHHH Oyner pasobGpaH
B MEXaHHKe »KHJAKOCTeH W ra3oB, d TaKXKe B KHHETHYECKOH TEeOpHH
rasoB. 37ieCb K€ Mbl OUY€Hb KPATKO PACCMOTPHM TOJNBKO CHJIbI XKHAKOIO
TPEHHd, BO3HHMKAIOIIHE NPH JBHKEHHH TBEPJAOTO Tela B XKHAKOH HJIH
rasoo0pasHoli cpene. IToMHMO cHJ, OGYC/IOBJIEHHBIX COOCTBEHHO BHYT-
pPeHHHM TpEeHHeM, Ha MOBEPXHOCTb ABHXKYLIErocs TeéJMa CO CTOPOHHI
Cpeabl JIeHCTBYIOT TakkKe CHJbl HOpMaJbHOro AaBJjeHHs. Pe3yabTHpyio-
ulasi 3THX HOPMAJIbHBIX JaBJEHHI HMEeT COCTABJ/ISAIOLLYIO, HAallPaBJIEHH YIO
NpOTHB [BH:KeHHs Tena. Takas COCTaBAAMIAS HA3LIBACTCA CUAOH
conpomusaerus cpedsi. Ilpn GOMBILIMX CKOPOCTAX OHA BO MHOrO pas
NPEBOCXOAHT CHJIBI COMPOTHBJEHHs, 00YC/MOBJAEHHble COGCTBEHHO Bf3-
KuM TpennemM. [Ipn pacemorpeHuu 1BHKEHHS Tena B BS3KOH cpeje 3TH
IBe CHJIbl 1enecoobpa3sHO OOBEIHHHTL BMecTe. TaKyl CyMMapHYH
CHJY, HanpaB/JeHHYIO IIPOTHB CKOPOCTH JBHKYUIEroCs Te/a, yCJIOBHO
OyneM Ha3blBaTh TaKKe cudod mpenus 1 0003HaYaTh CUMBOJIOM fy.

IMpu MasbIx CKOpOCTAX CHaIa fi, NPONOPIHOHANbHA NEPBOH CTeneHH
CKOPOCTH Teja:

: Jop=—Fo. (17.2)

[Tpu Bo3pacraHuy CKOPOCTH 3aBHCHMOCTb CTAHOBHTCS Ooiee CaoXK-
HOW, a 3areM cuja TpeHUs HaduHAeT Bo3pactaTb NPHOIH3HTENBHO
NPONOPLUHOHANBHO KBajpaTy CKOPOCTH:

pr_—_— —k202%= —k2Uﬂ. (]7.3)

«KoathpuuueHTsl TpeHHsI» &, U k,, a Takxke 00JacTb CKOPOCTEH, B KO-
TOpOH OCyLIecTB/SETCS Mepexo] OT JHHelHoro 3akoHa (17.2) kK KBa-
apatuyHoMy (17.3), B CHJIBHOH CTeNeHH 3aBHCAT OT (POpMEl H pasme-
pOB Tena, HanpasJieHHsi €r0 ABHXKEHHf, COCTOSIHMSA [OBEPXHOCTH Tena
H OT CBOHCTB OKpYyaatoule#t cpeabl. MCKycCTBEHHO yBelHYHBast MOBepX-
HOCTb TeJla H NpHAaBas efl Halexkaulyio Gopmy, MOKHO CHJIBHO YBe-
JIHYMTE 3HageHHs KoahdHULHeHToB £, W k,. Ha 3ToM ocHOBaHo ycTpoO#i-
CTBO W AehcTBHe mapaumnota (cMm, 3ajaauy 8 K 3ToMy maparpady).
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3A0AYH

1. Y106HbIfI MeTol H3MepeHHs! KOS(DHLHEHTa TPeHHS NMOKOs COCTOMT B CMNEAYIO- -
meM, Temo KaajeTcsd Ha HaKJIOHHYIO TUJIOCKOCTb. M3mepsieTcs MUHUMANLHBIA yroa
HaKJ/OHA IIJIOCKOCTH O, MPH KOTOPOM HauHHaeTcAd cKoJbxXeHHe, HaiTu cBs3p mexny
yrJoM ¢ H KO3(ODHIHEHTOM TPEHHUA W.

OTtBeT p=tga.

2, YesoBeK MOKeT, XOTs H MelJIeHHO, IPHBECTH B JBHKEHHe THKENYI0 6apKy Ha
BOJe, €CJH OH GyJleT TAHYTh 34 KaHaT, npuBA3aHHbf K Heli. Ho oH He B coCTOSIHHH
CHeaTh 3TO C TSKEJbIM TeJIoM, JIeXKallHM Ha 3eMJle, eCJH AaXKe BeC 3TOro TeJia 3aMeTHO
MeHbIlue Beca Gapxu. [louemy?

3. TlonoxuTe cTep:keHb B TOPH3OHTAIBHOM MOJOKEHHH Ha yKa3aTesbHEEe MaJbUkl
BAalIKX PYK. BHauane nanbuni JOKHE OHITh Pa3BefeHbl, a CTEPKEHb JOJKEH JeXaTb
Ha HHUX CROHMH KOHIAMH. 3aTeM NpHOJMKaHTe nanawubl APYr K Ipyry. Okodo Kakoi
TOYKH CTePxKHA OHH COHAYyTcA? [ocse 3TOro naniblikl CHOBA Pa3BeluTe TaK, YToGH CTep-
JKeHb BCe BpeMsl JIexKad Ha HUX B FOPH30HTANbHOM MNOJNOXKEHHH. B KakoM mecte Gyner
HaXOJAHMTHCS OAMH H3 NanAblesB, KOrAa IPyro#l NOCTHrHeT KoHua crepxHs? [Tpousse-
IHTe 3TOT ONBIT H OOBACHHTe HabJIOlaeMble ABJICHHS.

4, llogep, epyutMii Ha arTOMOGHJE MO TOPH3OHTANLHOH MNJOMIALH B TyMaHe,
BHE3aNHO 3aMeTHJ1 HeJaseKo BrepeiH ce6Gs CTeHY, NMepNeHAMKYJSPHYIO K HamnpasJje-
HHIO JBHXKeHHA. UTO BBITOJHee: 3aTOPMO3HTb HJH NOBEPHYTb B CTOPOHY, YTOGH! mpe-
HOTBDATHTb aBapHIO?

OTBeT. 3aToOpPMO3HTH.

5. ABTOMOGH/Ib ABHKETCS C MOCTOSHHON CKOPOCTbIO BAOJL H3BHJIMCTOH TOPH30H-
TajbHOH Aopord. [IpMHHMas JOpOTY 3a CHHYCOHMAY, HAWTH MakCHMaJbHYI0 CKOpPOCTb,
KOTOpPYIO MOMKeT pa3BHBaTh aBTOMOOHJb, 4ToObl He GBMIO 3aHoca.

Pewenne. Ecan aBToMoGH/IbL ABHKETCH MO KPHBOJHMHEHHON TpaeKTOPHH
C YIOCTOSIHHOH MO BeJJHUHHE CKOPOCTBIO, TO eT0 YCKOpeHHe a 6YAeT ToMbKO HOPMAJbHBIM.
370 ycKOpeHHe CO3AaeTCA CWIOH TPEHHS NMOKOA MeKAY KoJleCaMH aBTOMOGH/IS M MOJIOT-
HOM JOPOTH: fr, = ma. Eclu CKOpOCTb aBTOMOGH/IA MPEeB30MIET OTpele/NeHH bl Npe-
Ies, TO /sl YHepXaHHs aBTOMOOM/IS Ha Tpe6yeMoil TpaeKTOpHH, Ile KpHBH3HA ee
BeJIHKa, MAaKCHMaJbHOMA CHJIbl TPeHHS [y OYyAeT HeLOCTAaTOUHO (fy < ma). ABTOMOGHIb
HAYHeT CKOJIb3UTb B HAIlPaBJIEHHH HOPMAJH K TPaeKTOPHH. [IpH 3TOM B COOTBETCTBHH
¢ rpaduKOM pHC. 28 CHJIa TPEHHS CKOJIbXXEHHS YMEHbUIHTCH, YTO NpUBELET K JaJbHEel-
weMy 60KOBOMY CMEUIeHHIO aBTOMOGHJIA C TPacKTopuH. B 3ToM M COCTOHT ABJeHUe
3aHoca. [IpH JBHXKEHHH MO CHHYCOHZe HODPMaJbHOE YCKOPEHHe MAKCHMAJbHO B ee
BEPILIHHAX, FJie KpHBH3HA KpHBOH MakcuManbna. Ecau y = y (x) — ypaBHeHue CHHY-
COHbI, TO B BepwinHax ' = 0, M pajlyC KPHBH3HB B 3THX TOYKAX MOKHO BHIYHC/IHTh

no ¢opMyie 7 =] y'’ |. Umes BCe 3T0 B BHIY H 3amucaB YpaBHeHHE CHHYCOHAH B BH/eE

. x
y=Asin 2:rt—l~ (amnaiuTya A ¥ NPOCTPAHCTBEHHLIH NMepHoa ! MOCTOSHHBL), HETPYIHO

NOJMy4HTh YC/OBHE, NMPH KOTOPOM 3aHoca He 6ylet:

VAT
Sy a4

rie { — KOSQQuuueHT TpeHns, g — ycKopeHHe CHJBl TANECTH,

6 Pewnts 1y e 3ajauy, npeinosiaras, 4T0 aBTOMOOMIL JBHXKETCA C MOCTOSAH-
HOH CKOPOCTLIO 110 3yikncy ¢ noayocamu A u B. B KaKHX TOUKax TPaeKTOpHH HOpMaJlb-
HOC YCKODEHHE aBTOMOGMJIA NOCTHIaeT MAKCHMANbHOTO H MHHHMAJbHOTO 3HAUCHHI?
Hafith 3TH 3Havenug.

Av2 B2
OTBerT. a““:——BZ , Ougu=—->-. 3aHoca He O6yJeT NPH YCJIOBHH

2
v<Bl/%.
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7. Tpexnonarasn, uto ofe npyxuxe! Ha puc. 30 OAWHAKOBH, HAHTH JJs Tena A
pa3mMepbl 061aCTH 3acTOA.
OrteerT. Lentp ocHoBaHHS Tena A MOMET HaXOJNHTbCA B PAaBHOBECHH B JIOGOKH
TOUKe B Npejenax o6JacTH
uP

'—'?k—<X<—|—

rae P — Bec Tena, U — KOO(pDHUHEHT TPeHHA, B — KO3(DHUHEHT ympyroctTa mnpy-
*KUHBI (OfHOK). 32 HauaNo KOOPAMHAT NMPHHAT UEHTP 06/ACTH 3aCTOA.

8. IlapawoTHCT coBepiiaeT 3aTAxHOH npbikoK. CuHTasg Maccy NapallioTHCTa
m pasHoit 70 KT, HafiTH YCTaHOBHBLIHECS CKOPOCTH ero najeHus Ge3 mapaiuoTa H ¢ pac-
KPHITBIM NapaiutotoM. JlJs YenoBeueckoro Tena NpH NageHuu Ge3 mapaunota Kodddu-
UHEHT k, 10 MOPSAKY BeTHYHHH paseH 2 r/cM. IIpH pacKpHTOM mapaworte 3TOT Ko3d-
¢HUMeHT Bo3pacTaeT npuMepHo B 100 pa3, T. e. cocrasiaser npubausutesso 200 r/cM.

Pemwenne. YcraHoBHBIIASCA CKOPOCTb MNaJCHHS HalJeTcss U3 YCJIOBHUS,
4yTOGbL BEC UeJoBeKa P = g ypaBHOBEIIHBAJCSA CHJIOH TPeHHA. ITO JaeT

v——l/@w{ 60 M/c 6e3 mapawoTa;
o ky | 6 M/c ¢ PacKpHITEIM NapaLIIOTOM.

ke
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