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BBenenue

IIpeomem ¢huzuxu

Mup, B KOTOPOM MBI XUBEM, IMPEACTaBIsIET COO0M COBOKYITHOCTh MaTepu-
aJbHBIX TeJI, HAXOISAIIUXCSI B IOCTOSHHOM B3aMMOIEHCTBUM U HEIPEPHIBHOM
npuxeHuu. [lepen HayKoil CTOUT 3afada M3YYUThb U PACKPBITh 3aKOHOMEPHOCTHU
U CBSI3M MEXY Pa3IuYHbIMU IPOLIECCAMU, SIBJICHUSIMU.

«Dusuka» B ImepeBoje ¢ rpedeckoro mpupoaa. M mepBoHavyanbHO (pusnKa
BKJIIOYAJIa BCIO COBOKYIIHOCTh 3HAHHUI 4YeJioBedyecTBa O Ipupoge. OQHAKO Jajlb-
Helilllee HaKOIUJICHUE 3HAHUI MpUBUIO K UX nuddepenunannu. [logBunuce Ta-
KU€ HayKU KaK XUMMUsI, OMOJIOTHSI, T€OJIOTUS U T. [I.

®duzuka - 3T0 HAyKa 0 HauboJee MPOCTHIX, OOMMX CBOMCTBAX Mare-
pud. OHa SIBJISIETCSI B 3HAUMTEJBbHOM CTelMeHM (DyHIAMEHTOM BCEX €CTECTBEH-
HbIX HayK. Tak (u3MKa sSBJIsSIETCI OCHOBOM JII XUMUU, OOBSICHSS IPUPOAY IIe-
PUOIMYHOCTH XMMUUYECKUX CBOMCTB, MEXaHM3M BO3HUKHOBEHMSI MEXATOMHBIX U
MEXMOJIEKYISIDHBIX B3aMMOAEHCTBUIL. B OCHOBE COBpeMEHHOI 3JIEKTPOTEXHUKHU
Jexart GusnuecKre 3aKOHOMEPHOCTU B3aUMMOAEHCTBUSI SJIEKTPUUYECKUX 3apsiioB
W TIOJIEH.

B 3aBucUMOCTU OT 00BeKTa MCCIeIOBaHUSI (PU3MKA IEIUTCS HAa MEXaHUKY,
TePMOAUHAMUKY (MOJIEKYJISIPHYIO (DU3UKY), yUeHUE 00 3JIEKTPUUYECTBE, ONTHKY,
aTOMHYIO U sIIEPHYIO (PU3BUKY.

v Mexanuka kak pazden Qusuxu

MexaHuKa - 3TO pa3aen (PU3UKH, U3YyYaoIMii mMpocTeidmyw (MexaHH-
4yecKyw) (opMy ABUKEHHMS] MATEPUHM, KOTOPas COCTOUT B NepeMemeHur
TeJl WM WX YacTeil APYr OTHOCUTEJIbHO JApyra. B TakoMm omnpeneseHun yxe
NAaHO TIOHATHE MeXaHWYeCKOU (DOPMBI IBMKEHHMS MaTepuu - 3TO TepeMelleHue
TeJl WIM WX JacTed Ipyr OTHOCUTENbHO Apyra. TakuM oOpa3oM, TOBOpSI O JBU-
KEHUM, BCeTaa Moapa3yMeBaeM, YTO OJHO TEJI0 TepeMellaeTcsl OTHOCUTEIbHO
npyroro. JIpyruMu cioBaMu IBWXXKEHUE BCETIa OTHOCUTEIBHO.

Ecnu nBukeHue Tesla OTHOCHTEIBHO, TO IJISl €r0 OMUCAHUS HEOOXOAMMO
(puc.1):
1. yCIOBUTBCSI OTHOCUTEJIHLHO KaKOro Tejia X M
WIA TPYMIBl Tell OyAeT OTCYUTHIBATHCS
nmepeMelleHe JaHHOTO Teja, T.e. BBECTH
TeJI0 OTcYeTa, 2. IJIs ONpeAesIeHUs] MOJo-
KEHUsI TeJla B IPOCTPAHCTBE C TEJIOM OT-
cyeTa HeOOXOOMMO CBSI3aTh HEKYIO CHUCTe-
My KOOpAWHAT. MBI XHBEM B TPeXMEPHOM
MPOCTPAHCTBE, ITOJTOMY TOJOXEHUE TOY-
KM OMUChIBaeTcs TpeMsl uyuciaamu. Eciaum
B3STh JEKAapTOBY CHUCTEMY KOOPAMHAT, TO OTCHCTa
TPM 4YHUCIAa - OTO TPOECKIHUHU paINyC-

TEJI0




BEKTOpa ¢ Ha OCH KOOPIOWHAT X, y, Z, 3. ISl ONMMCAHUSI OBVDKEHUST HYXKHO OT-
CUMTHIBATH BPeMsI, T. €. B3SITh Yachl.

Takum oOpa3om, Il ONMMCAHUS JIIOOOrO IBIDKEHUST HEOOXOIMMO BbIOpaTh
CHUCTEMY OTCYETa: 3TO TeJO OTCYeTa, CBSI3aHHAs C HUM CHUCTeMa KOOpIOWHAT, U
Yachl, OTCYUTHIBAIOIIME BPEMSI.

Modeau, ucnoav3yemoie 6 mexauuke

®usrka, Kak U Apyrve Hayku, paboTaeT UCKIIOYMTEIbHO C MOJESSIMU.
Monenb Tena (rpoliecca) B OTIMYKE OT PeaTbHOTO Tena (Tpoliecca), COXpaHsist
OCHOBHbIE CBOICTBa, aOCTparvpyeTcsl OT BTOPOCTENEHHbIX CBOMCTB.

1. MatepraibHasi TOUKa - 3T0 TEOMETpUYECKasi TOUKa, oOafaroniast Mac-
coil. B npuposie HeT HEMPOTSKEHHBIX TeJT, OHAKO B TeX CIy4asix, KOraa pa3me-
paMu Tejia MOXKHO TIpeHeOpedb, €ro MOXKHO PacCMaTpUBAaTh KaK MAaTepUaTbHYIO
TOUKy. Borpoc o ToM, MOXHO JT KOHKPETHOE TEJIO pacCMaTpyuBaTh Kak Marepu-
TbHYIO TOYKY WIA HET, 3aBUCUT HE OT pa3MepoB TeJia, a OT YCIOBUIA 3a/1auu.
OnmHO ¥ TO Xe TeJI0 B OIHUX YCIOBUSIX MOXHO PAacCMaTpUBaTh KaK MaTepualib-
HYIO TOUKY, B JPYTMX YCJOBMSIX KaK - MPOTSDKEHHOE TEJO.

2. CucrteMa MaTepUaIbHbIX TOUYEK.

3. AGCOIIOTHO TBEPIOE TeJIO - 3TO TeJIO, MPOTSLKEHHBIMU pa3MepaMu KO-
TOpPOIo IIpeHeOpeYb HeJlb3sl, HO COCTABHbIC YAaCTU €0 He COBEpIIAIOT IepeMe-
LLIEHWIA Jpyr OTHOCUTEJILHO ApYyra.

4. Yrpyro nedopmupyeMoe TeJIo - 3TO TeJO, PACCTOSHUE MEXIY OTIe/b-
HBIMM YacTSIMU KOTOPOro MeHsiercsl. OmHAaKO M3MEHEHUSI 3TU IPOMCXOISIT I10
3akoHy I'yka.

5.

IlepeuricieHbl HECKOJIBKO MOJEJIei, KOTOpble pPacCMaTpUBAIOTCSI B Mexa-
HMKe. Bo Bcex 3TMX MOIENsIX B KAYeCTBE MCXOMHOIO MOHSITUS BBICTYIIACT ITOHSI-
THE MaTepUaTbHOI TOYKMU.

MexaHyvKa noapasae/sieTcs: U 1o MeTodaM 1 UCCIeAOBaHMSL:

1. kunemamuka - pa3aen MeXaHUWKW, B KOTOPOM IBMXKEHME OIMChIBAacTCS Oe3
BBISICHEHUSI TIPUYMH 3TOTO JIBIKCHMS,

2. QuHamuka - pasnell MEXaHUKK, B KOTOPOM JBIDKEHUE OIMCHIBACTCS B 3aBU-
CHMOCTH OT IPUYMHEI IBIKCHUSL.



Tema 1
OcHo6bl KuHeMamuKu mamepuaivHol mouku. Paduyc-eexmop
(mpaexmopus), ckopocms, yckopernue. lIpamonunetinoe deuicerue.
Jleuxcenue no okpyicnocmu

1.1. Paduyc-eexmop (mpaexmopust), CKOpocmb, yCKOpeHue

B kauecTBe 00BEKTa UCCAETOBAHUST BBICTYIIAET TEJI0, MPOTSDKEHHBIMU pa3-
MepamMu KOTOPOTO MOXKHO TIPEHEOpeYb - MaTepuaibHask TOUKA.

IlepBoii KMHEMATUYECKOM 7
XapaKTepUCTUKON BVXEHUS SIB-
JISIETCS PaIMyC-BeKTOp & - BEK- N
TOp, TPOBEACHHBI W3 Havaia
CHCTEMBI KOOpIVHAT K MaTrepu-
anpHOU Touke (puc. 1.1). Ecmm
WCTIONBb30BaTh JEKAPTOBY CHUCTE-
My KOOPIMHAT, TO

- T'paekropus

e=ix+jy+tkz

rae /, j, K- €IMHUYHBbIC BEKTO-
pa, HampaBlieHHbIe BIOJb Oceit
X, Y, Z, x,y,z - mpoekumu pa- y
JIMyC-BEKTOpa Ha 3TM ocu (ze-
KapTOBbl KOOPAWHATHI TOYKHM).

AOCOTIOTHOM BEeJIMYMHON BEKTOpa WIM €ro MOAYJIeM Ha3bIBaeTCsl CKasp,
paBHbI UIMHE OTpe3Ka, M3o0pakarollero 3ToT BeKTop. ITonb3ysch TeopemMoit
ITudaropa, noaydyrM MoAy/ib paandyc-BeKTOpa

\e\=e=a/+y +2

Ecnmu ucnonb3oBarh chepryeckylo CUCTEMY KOOPOMHAT, TO TOJIOXEHUE
MaTepualbHON TOUYKM B MPOCTPAHCTBE MOJIEHO OMPENEUTh CACYIOIIMMY TpeMsl
BEJIMYMHAMU: PACCTOSIHUEM OT Hayaja CUCTeMbl KOOpAMHAT 0 MaTepuabHON
TOUKM - e, yroM 9 = Z.ZOP wmexnay npsmbiMu 02 u OP, yriom ¢ = ZXON
MeXIy MoyriockocTsiMu ZOX u ZOP JlekapToBbl U chepudeckre KOoOpauHa-
ThI CBSI3aHbI COOTHOILIEHUSIMU

X = 18in6'cos”,
y=esingsing>,
z=rcos(9.
OrnpenennTb, Kak ABUXKETCS MaTepualibHas TOYKa - 3TO HAWTU 3aBUCH-
MOCTh paguyC-BEKTOpa OT BPEMEHU &(() WIM HATU 3aBUCUMOCTb OT BpEMEHU
JIEKAPTOBBIX (MM MHBIX) KOOPAUHAT



1) = ix(t) + jyt) + kz(1). (1.1)
YpaBHEHUSsI, ONMCHIBAIOIIME MU3MEHEHUE AEKAPTOBbIX (MM WMHBIX) KOOPIM-
HAT BO BpEMEHU, MOJYYUIM Ha3BaHUE KUHEMATUUYEeCKUX YPaBHEHUIA.
IIpumep

2
x-at’,

* y =bcos(,
=yt
3nech a,b,y - MOCTOSIHHBIE KO3(PPUIIMEHTHI.

Touku npocmpancmea, uepes Komopbvie Npolidem 08UNCYWASCS Mamepu-
anvHas mouka, obpasyiom mpaexniopuro. DopmMa TpaeKTOPUU 3aBUCUT OT BbI-
6opa cucTeMbl oTcueTa. [1oHATUE TPaeKTOPUM MMEET OTHOCHUTEIbHBIM CMBICIT.

IIpumep. Teno magaeT B BaroHe, IBMIKYIIEMCS OTHOCHUTEILHO ITOBEPXHO-
CcTH 3eMJIM C TIOCTOSIHHOM CKOPOCThI0. OTHOCHUTENIbHO BaroHa TPaeKTOPHSI Tella -
npsMas auHusg. OTHOCUTENIbHO 3eMJIM TeJIO ABMXKETCS I0 KpuBoii (0e3 ydeTa
CONPOTHUBJICHUS BO3Ayxa 3Ta KpuBasl - mapaboJa).

Kak, 3Has KkuHeMaTUYeCKUEe YpaBHEHUsI, HAUTU TPAeKTOPUIO?

B omHOM M3 KMHEMaTWYeCKUX YpaBHEHHUI BBIpa3MM BpeMs KakK (HYHKIIUIO
KOOpIMHATHI (HampuMmep #(Z)) U MOACTAaBMM B OCTaBIIMECS ABa YpaBHEHUS

X = x(1{z)) = x(z),
Yy =y{l{z)) =y{z).

IMonyunnm nBa ypaBHEHUs, 3amampollude IBe IOBepXHOCTU. IlepecedeHue

3THUX IOBEPXHOCTE M OyIeT TpaeKTopus.

IIpumep
x(t) =af + bl +c,
* y{l) =mt,
2(0=0.

JBu:keHUe MaTepuaJbHOM TOYKM IIPOMCXOAUT B ILTocKocT XOY. Bripa3uB

y
BpeMsT U3 BTOPOTO ypaBHEHUS (1 = — ) U MOJACTaBUB B IepBOE YpaBHEHUE, MMOJY-
na

,2
+5h y _+¢. Oro ypaBHeHue napabonbl. Takum oOpasom, B
\mj
ockocty XOY MarepuaibHasi TouKa IBUXETCsS IO mapabose.
IIpumep

M x =a\ . .
J

x(() =a cosco/,
* y{1) =asin&t,
;2(0=0.



BHOBb ABUXXEeHUE MaTepUaJibHOW TOYKU MPOUCXOAUT B Tuiockoctu XOY. Bosse-
JeM B KBaJpaT MepBOe U BTOPOE YpaBHEHHUS, a 3aTe€M, CJIIOXUB IpaBbie U JIEBbIC
YacTy YpaBHEHU, MOJYyYUM

x2+y2:ae
DTO ypaBHeHHE OKpYXHOCTU. Takum ob6pa3om, B Iniockoctu XOY maTepualib-
Hasl TOYKa JBUXKETCS MO OKPY>XKHOCTU"

IMpu u3yyeHUU NBUXKEHUS Tejla BaXXHO 3HATh HE TOJBKO MO KAaKOW TPaeKTo-
pUM 3TO TEJNO IBUXKETCS, HO U KaK OBICTPO OHO IO 3TOW TPAaeKTOPUM JBUXETCS.
IMosTomy cnenylollieil KMHEMaTUYECKOW XapaKTePUCTUKOM NBUKEHUS MaTepu-
aJIbHOW TOYKU SIBJISIETCSI CKOPOCTb.

Crkopocmb (MeHO8eHHAsI CKOpPOCMb) - MO0 u3u4ecKas 6eAuduHa, Xapak-
mepuzyruwas 6blcmpomy UmMeHeHus paauyc—ei{cmopa 80 @pemeHU

s g U2 AT
IlycTe HgaHB KUHEMaTUYECKUE .
ypaBHEHUs IBUXEHWSA, T.€. U3BECTHA 1(t)
TPAEKTOPUS IBVKEHUS MaTepHualb- ”r'(t-fAt)
HOM To4Yku. [lONOXEHUS TOYKU B
MOMEHTbI BpeMeHu / u /+ At onu- @)

Py

chIBaloTCsl paauyc-Bekropamu ?(/) u
r(l + At) (puc.1.2). Haiinem pa3-
HOCTh Y
Jd? = fit + Av) - r(2). Puc. 1.2.
Ilpu At —> 0 wusMeHeHHe paauycC-
BekTopa (Ir) cTpeMuTcsl 3aHSTh MO-
JIOKEHHE TI0 KacaTeJlbHOW K Tpaek-
TOPUM B JAHHOU ToYKe. TakuM oOpa3oM, CKOPOCTh BCEraa HampasjieHa IM0o Kaca-
TEJbHOU K TPA€KTOPUU B TAHHOI TOUKE.
3anuieM BbIpaxkeHUe IJI CKOPOCTU B JIEKapTOBOU CHUCTEME KOOpAMHAT B
BUJIE
- - - dr -dx ~dy Zdz
u=/u+/u +t&u_=—=/—+j—+k—
* ' "odl dl dl dl
3HaTh, KaK OBICTPO MEHSIETCS BO BPEMEHU PaauyCc-BEKTOP - 3TO 3HATh
/a4 dx
«, < 0- ¥



TpeTbeit KMHEMAaTUYECKON XapaKTEepUCTUKOM siBsieTcsl yckopeHue. Eciu
CKOPOCTh XapaKTepU3yeT ObICTPOTY M3MEHEHUs paauyc-BEKTOpa, TO YCKOpPEHHUE
XapaKTepu3yeT ObICTPOTY M3MEHEHUsi CKOpocTH. TakuM oOpa3oM, yckoperue -
amo Quauueckas eauduHa, Xapakmepusyruias OblCMpomy U3MEeHeHUsl CKOpO-

cmu 60 epemeru

=lim* * (1.3)
a4 .di

3anuiremM BbIpa’X€HUEC OJid YCKOPCHUA B I[GKapTOBOfI CHUCTEME KOOpAUHAT

a= a+ja + ka,=i ——+d)]—— _d% Ao, dr/ _EJZf_ /= fy+ k'd
di
3HaTh, KaK ObICTPO MEHSIETCS BO BPEMEHU CKOPOCTh, - 3TO 3HATh
2.
ok ( 0 =dv, dx
di diP
do, d%y
~dt diP
do,
~dT di’

Yepe3s WHTEpeCyIOILyl0 HAc TOYKY TPAeKTOPUM IPOBEIEM OKPYXKHOCTb,
UMEIOLIYI0 C TpaeKTopueil OOly KacaTelbHYI0 B 3TOW TOYKE, T.. Ha JaHHOM
yJacTKe KpUBOil Haubojiee TOYHO MpHOIMKaoIIylocs K Heil (puc. 1.3). Dra ok-

PYKHOCTb Ha3bIBaeTCsl KacaTeJlbHOM, a
ee panuyc R - pammycoM KpMBHM3HBI B
MAHHOW TOYKe TpaeKTopuH. Bekrop
YCKOpEHHUsI BCerma HarpaBieH BHYTpPb
9TOIl OKpyXHOCTH. Ecinu aBuxeHue
MPOUCXOAUT C YBEJIMYEHHEM YCKOpe-
HUsI, TO YTOJI MEXIy BEKTOpaMU CKO-
pOCTH U yCKOpeHUust ocTphiii. Eciu

Puc. 1.3.

NBMKEHHE TIPOMCXOAMT C YMEHbIIe-
HHUEM YCKOPEHHUsI, TO YroJl MEXIy BeK-
TOpaMU CKOPOCTHM M YCKOPEHHUsS Ty-
moi. Ecau IBUXEHHME TPOUCXOIUT C

HEU3MEHHOUW MO BEIUYMHE CKOPOCTbhIO, TO YCKOPEHME HaIlpaBJICHO IO HOpMaJIU

K TPaeKTOPUH.

HpI/IHHTO packjiaablBaTb BEKTOP YCKOPECHUA Ha ABC YaCTU

5=5,+5,. (1.4)

BekTop @, HampaBieH Mo HOpMaiM (HOpMaJlbHOE YCKOpPEHME), a BEKTOp a, IO
KacaTeJbHOW (TaHTeHIMAJbHOE YCKOpPEHUE) K TPaeKTOPUM B paccMaTpUBacMOM

TOYKE.

MoxHo ImoKasaTb, 4YTO



K =a,=hm-Lt=1J-], (1.5)

rme |u|=o="of + sz +7’ BeluuMHa BEKTOpAa @, XapaKTEPM3YeT U3MEHEHME

CKOPOCTH I10 BeJIMYMHE.

Bekrop a, xapakrepusyeT U3MEHEHME CKOPOCTHY 10 HarpasieHuio. B mpo-
M3BOJIBHOM TOYKE TPACKTOPUHU HOPMAJIbHOE YCKOPEHME CBSI3aHO MPOCTOit (op-
MYJIO ¢ BeJIMYMHON CKOPOCTU M PATNYCOM KPUBHU3HBI B 3TOM TOUKE

KW,=y- (1-6)

HopMmanibHOE yCKOpeHVE YacTO Ha3bIBAIOT TakXkKe LEHTPOCTPEMUTETbHBIM
YCKOPEHHEM.

Ewie onHO moHsITUE, UCTIONb3yeMOe B KMHEMAaTuKe, - MyTb. [lymb medxcdy
08YyMsI MOUKaMu mpaeKmopuu - 3mo pacCmosiHue no mpaeKmopuu, 83samoe
MeHcoy SIMUMU Mo4Kamu.

JUist XapaKTepUCTUKHU JBWKEHUS MaTEPUATIBHON TOYKU BBEJIM TPU KWHEMa-
TUYECKUE XapakTepucTuku f(1), 6(0, 5(1). Ilpudem, 3Hasi, KaAK MEHSETCS CO
BpeMeHeM ?(/), MOXXHO OJHO3HAYHO HalTH, KaK MEHSIIOTCSl OCTalbHbIe KMHEMa-
TAYeCcKre BemnuuHbl v(¢) u a(T):

_ _/u df N.odvo dr
Wy = HlI=— = q(ij=—=—5-
W Voo dt Voodr  dr

W HaobopoT, 3Hasi, KaK MEHSIETCsSl CO BpeMeHeM S5(1), MOXXHO OOHO3HAYHO

HalTH, KaK MEHSTIOTCSI KWHEMaTUYeCKUe BeTMIrHbI (1) v u('1.):
51D =>  6(0=\a()dl+b, => r(t) =jv(t)dt +r,

3nech 7, M M, - TIOCTOSTHHBIE BEKTOPA, ONPE/ICTISIEMbIE M3 HAYaIbHBIX YCIIOBHIA.

HauvanbHble ycioBuUs - 3TO 3HAYEHUST PAIAYC-BEKTOpA U CKOPOCTU B KAKOM-
TO OTpeeSICHHbII MOMEHT BPEMEHU

[i(1=")=o0,

B kauectBe ornpeneseHHOr0 MOMEHTa BPEMEHM, KaK TpaBUIIo, OepeTcsi Mo-

MeHT BpemeHu ¢, = O.

1.2. Ilpamoauneiinoe dsuxcenue

PaccMoTprM YacTHBIA Cydail KPHBOJMHEWHOTO ABVDKCHUST - TIPSIMOJIH-
HeifHOe IBVDKEHWE, T.e. IBIIKCHUE OCYIIECTBIISIETCS MO MpsMOil TMHUK. BbiOe-
peM JeKapTOBY CHCTeMy KOOPIMHAT TAKMM 00pa3oM, YTOObI MaTepuaibHast TO4-
Ka IBUTAJIaCh BIOOJIb OCU X. YpaBHEHWSI, OMKCHIBAIOLIIE IBIDKEHYE, UMEIOT BUIT



dx d’x

a%

x = x(1), af ~ ar’
y=0, 0,-0p, =0, (1.7)
z=0. =0, a, =0.

PaBeHcTBO HYJIIO y—0171 U Z -0i KOOpAMHAaT ITOKa3bIBa€T, YTO B 3TUX HaIIpaB-
JICHUAX OIBM2KEHUE HE IIPOMCXOONT.
PaCCMOTpI/IM HECKOJIbKO HpOCTCle[I/D( BUIOB HpF{MOJ'II/]HCI‘/JIHOI‘O JBVDKCHUA.

Puc. 14.
1. PaBHOMepHOe IpsiMOJIMHEHOe OBIKeHUe. [IBrkKeHe Tejla Ha3bIBaeTCsl

PaBHOMEPHBLIM, €CJIN TEJIO ABVKETCA C TMOCTOSIHHOM CKOPOCTbIO

I/I=@=H = const 1.8
' dl %% (')

Torma uaMeHeHUe BO BPEMCHMU ITyTU U YCKOPEHUSA €CTh

dl
Ha puc. 14 1151 paBHOMEpHOIo ABVXKEHMSI IPUBEACHBI TpaKU 3aBUCUMO-
CTU OT BPEMEHU TTyTH, CKOPOCTH U YCKOPEHMUSI.
2. PaBHOyCKOpeHHOE MpsSIMOTMHEHOE NBUXKEHVE. JIBIKEHUE HA3bIBACTCS
PAaBHOYCKOPEHHbBIM, €CJTU TEJIO JIBVXKETCSI C TIOCTOSIHHBIM YCKOPEHUEM

«=gq = 1.8
dt a,, = const. (1.8)

CKopocTb M TyTb, MPOMAECHHBIA TEJIOM, MEHSIOTCSI BO BpeMeHU CJie-
JIYIOLIMM 00pa3oM
V=ai+y, *=y>+V+V

Ha puc. 1.5 m1a paBHOYCKOPEHHOTO IBVDKEHUS TIPY HAYaTbHBIX YCIIOBHSX
u, =0, x,, =0 npuBeneHbl rpaUKU 3aBUCMMOCTH OT BPEMEHHU ITyTH, CKOPOCTH
Y YCKOPEHMSI.

~T<r



a 0 B

N Puc. 1.5

I TIpumep paBHOYCKOPEHHOTO OBWXECHUS - CBOOOAHOE ManeHUe Tesl. DKCITe-
PUMEHTAJIBHO YCTaHOBJEHO' UTO BOJM3U MOBEPXHOCTU 3eMJU JIt060oe CBOOOAHOE
T o mamaeT Mo HaAMpaBAEHUIO K IEHTPY 3emyn C yckopeHueMm # = 9.81//c
DTo ycKopeHHWe, TOJydyMBIIee Ha3BaHWE YCKOpPEHHE CBOOOMHOTO TManeHUs, He
3aBUCHT HU OT MacChl Tejla, HU-OT COCTaBa, HU OT HaYaJIbHOW CKOPOCTH TeJla.

""IlycTh B pe3yiabTaTe HAOMIONCHMI HaM yHajlach HalTH 3aBUCHUMOCTH CKO-
pocti oT BpeMmeHH. WM3o0paszum 3Ty o
3aBUCUMOCTh rpaduuecku (puc. 1.6).
IIpomexyTtox BpemeHu \/,¢)\ paso-

U' x
ObeM Ha KOHEYHOE YMCJI0 MaJIeHbKHUX )

IIPOMEXYTKOB BpeMeHU Atf,. MaiaocTh \
MPOMEXYTKa BPEMEHM OIpeaesieTcs At
yCJIOBHMEM, YTO BHYTPU HETO JBUXKe- R ¥
HUE Teja MOXHO CYMTaTh paBHOMEp-
HBIM CO CKOpOCThIO H,. Torma rpadu-
YeCcKd IyTh, MNPOUIEHHBI MaTepu- \ tI tj t]‘*-l 1-n t
albHOM TOYKOM 3a BpeMsa A/, ecTb Puc. 1.6.

IJIOIIAAh IPSIMOYTOJIbHUKA ¢ OCHOBaHWeM JI/, M BBICOTON M. /
Ax, = vAtL,

Y
IlyTs, mpolineHHBIN MaTepUaabHON TOYKOW 3a BpeMs f, - £, paBeH IJIOLIa-
au Gurypsl, orpaHuYeHHOM ocblo u, = 0, kpuBoi u, = 0(0 ¥ AByMS MPSAMBIMU

t =L ni=l:

x(t,) -x(I',) = £u/f, =>]x>(t)dt
7+
BeenmeM moHsiTue cpemHeit ckopoctu. CpeaHsis CKOpOCTb - 3TO (husmye-
CKasl BeJIMYMHA, paBHAs OTHOIICHUIO MYTH, MPOUICHHOTO TEJIOM 3a BpeMs OT *,
no I, K 3TOMy BpeMeHU
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nyTh
Bpemst -1,
3nech x, = x(i), x, = x(1). CpenHas cKopocTb Ha MPOMEXYTKe BpemeHu [% /]
CBSI3aHa C 3aBUCMMOCTbI0 MTHOBEHHON CKOPOCTH OT BPEMEHM COOTHOLIEHUEM
1 "
— jv(t)dt. (1.9)
ITpumep. ABromoomiib npoe3xaeT 10 kM co ckopocTbio 20 kMm/4 1 erre 10
KM €O CKOpOCTBIO 60 KM/4. UeMy paBHa CpeIHSIST CKOPOCTh?

. 20km 20km _1
“10kM . Okm _ 10km ___V__ KM/

206m Iy 60km/u 3
He cnyvaiiHo 6Gonee moaApoOHO OCTAHOBMJIMCH HA MPSAMOJUMHEHHOM JIBUXE-
Huu. Jl100oe KpUBOJIMHEHHOE ABMXEHME MOXHO paccMaTpUBaTh Kak CyMMy
TPEeX HE3aBUCHUMBIX MPSIMOJUHEHHBIX TBUXEHUI

n=

1.3. Jleuxcenue no oxpyxcnocmu

PaccmarpuBas 1BUXeHME MaTepuaibHON TOUKHM, Mbl BBEIM PSAA KMHEMATH-
YeCKMX XapakKTepUCTUK: ¢ (TpaekTopusi), CKOPOCTb, YCKOPEHHE.

v Jlng omucaHus BpaulaTeJbHOTO JBH-
XEeHUS BBEIEM HOBBIE KMHEMAaTHYECKUE Be-
JUYUHBL.

PaccmoTpuM Miockoe ABMXEHHE Ma-
TepUaJbHOM  TOYKM MO  OKPYXHOCTH
P (puc. 1.7). Hauamo cucTeMbl KOOpAMHAT
0 COBMECTHM ¢ LEeHTpoM OKpyxHocTu. Ilo-

X 10XeHMEe TOUKM Ha OKPYXHOCTH OygeM Xa-
PaKTepu30BaTh YIJIOM TOBOPOTA CP, OTCUHU-
ThIBAEMBIM 0T IpsAMoit OX [0 mnpsaMmoii,
npoxoasiieii yepes MaTepUalbHYI TOUKY

™E_17- 1 Hayajo KOOpAMHAT.

N3meHeHUe yIia MOBOPOTa CO BPEeMEeHEM

O=0(0
3aBMCUT OT XapakTepa BpalllaTeJbHOTO JIBUXEHHUS Tela U HOCUT Ha3BaHUE ypas-
HeHUs  BPAUAMENbHO20  0BUNCEHU.

BBeneM moHsITHE YII0BOU CKOpPOCTU. JYeaosas ckopocmb - amo qusue-
CKAs  GeAUMUHA, XAPAKMepUsyiowas ObiCmpony U3MeHeHUss 60 B8peMeHU yend No-
eopoma

AP AP (L10)
*' At dt

n=1

12



AHaJOTUYHO BBeJEeM IIOHSATHUE Y2106020 YCKOpeHUs,  KOmMopoe Xapakmepu-
3yem  Obicmpomy U3BMEHEHUs 60 6pPeMeHU Yen080i CKOpOCmu
... Hco d® d'm
s = lim = — = —i-
dt dt
HaiimeMm cBs3b MeXIy CKOPOCTbIO, YCKOPEHHMEM U YIJIOBOM CKOPOCTHIO, YI-

= lim’ = (1.11)
JIOBBIM YCKOPCHHEM. ITo BenuymHe MrHOBEHHa CKOpPOCTb €CThb

hi ro 1" (1.12)
lu| = u = fm-
W3 puc.1.8 cinenyer, 4To
10?|=2- 0. (1.13)
Moxcrasus (1.13) B (1.12), moxydyum
|C| = «o. (1.14)

W3 ompenenenus yrioBoro yckopeHus u (1.14) cmemyer
. - (1.15)
di{r* 'J e dt r
C yuetom (1.14) m (1.15) HopMasbHas M TaHTEHIMaJlbHAsI COCTaBISIONINE
YCKOPEHHUST CBSI3aHBI C YrJI0BOW CKOPOCTHIO U YTJIOBBIM YCKOpPEHMEM COOTHOIIE-

HUEeM
1-1 dmn (1.16)
\aA = 7 re :
= @@T (1.17)
-
Torxa |5|= -yja’ +a° = yf!’ i r2004 e /e’ +co'

B nanbHeiimeM, 4yTOOB He MyTaThcd, OymeM Ha3blBaTh 0 U a JUHEHHOMU
CKOPOCTBIO U yCKOPEHUEM, COOTBETCTBEHHO.

o cux mop, roBopsa o0 T e
YIJI0BOIl CKOPOCTHM M YyCKOpe- e M AT
HUM, CUUTANIU 3TU BEIUYUHBI ,/ .
ckanapHeiMu. OIHAKO B MeXa- // F(H‘At)

HUKE OHM BBOAATCA KAaK BEK- /
TOpHbIe (U3MUECKHE, BEIUUU- | A r(t) |
Hbl. JlaHHBIE BBIIIE OMpemee- |

HUSI YyrJIOBOW CKOPOCTU U YC- 0
KOpeHUsl KacaloTcsl ormpenmene- | /
HUS BEJUYUHBL (IJIMHBI) 3TUX | /
BeKTopoB. Termeph OMpemenuM /
ux HampasieHue. [Ipexmae Bce- % S

Py

ro cyuTaeM, 4YTO BEKTOp a> P
napajiejieH OCU BpalleHHUs.
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HarnpapieHue BekTiipa YIJIOBOM CKOpOCTUA
103 @ OyneM OIpeieNsiTh COITIACHO MPaBWITY TPABOIO
BrHTA. [ComIaCHO 3TOMY TMpaBWITY HAINpaARTICHVE
OTpe3Ka”JOKHO ObITb TaKUM, YTOOBI, DE[S
BIOJIb HEr0, Mbl BUIEJM TOBOPOT COBEPIIIAIO-
IIMMCST TIO YacOBOM CTpesike (Bpalasi TIOBKY
MPaBOrO BUHTA IO YAaCOBOM CTpEJTKE, BbBOBM
ero epeMellieHue ot ceds (puc. 1.9)).
\ Hanpagnenne BekTopa YIJIOBOIO YCKOpe-
HUSl COBMAjaeT C HarpasieHneM BekTtopa U,
€CcJI YIJIOBasi CKOpOCTh yBenuuuBaeTcs. [l
Puc. 19. YMEHBIIEHUU YIJIOBOM CKOPOCTY HarparieHye
BEKTOpa ¢ TPOTUBOIIOIOKHO HAMpaBICHUIO BeKTopa i>. B BekTopHOM RAE
CBSI3b MEX]Ty YIJIOBOI CKOPOCTBIO U YIJIOBBIM YCKOPEHUEM 3AITUIIETCSI B BUTIE
da

E=

dt
TMokaxeM, 4To MEXTy JIMHEWHON U YIIIOBOM CKOPOCTSIMU CYILIECTBYET IMPOCTast
CBSI3b BUIA
6 =[#ur]. (1.18)

3neck e - paguyc-BEKTOp, MPOBENEHHBIM K BpalAMOIIEHCS TOYKU W3 HAYR
CUCTEMbI KOOPIMHAT, PACMOJIOKEHHOI Ha OCH BpallIEHUSI.

3ameuarnue. BekTopHOE IIPOM3BEACHUE BEKTOPOB ¢ =[ab] - 310 BeKIOp,
PaBHbIIA M0 BEJIMYMHE TTPOU3BEICHUIO JJTUH OTIETbHBIX BEKTOPOB HA CUHYC YR
MeXIy HUMU

I = o sin lab )

W HaIpaB/IeHHbIA MEPIEHINKYJISIPHO IIOCKOCTH, B KOTOPOI PaCOIOKEHbI BeK-
Topa @ U b OpmHako Takasl IUIOCKOCTb UMEET ABa HampapieHUs. YToObl Bbl-
OpaTh HampaB/IeHUE BEKTOpa UCHONb3YIOT npasuao npaeoil pyku (puc. 1.10).
Ianblibl DpaBoii pyKu HaIlpaBUM BHOJIb IEPBOIO BEKTOpA, TaK, YTOObI OHU CIV-
Oaich B HaIlpaBJICHUU OT IIEpPBOrO BEKTOpa KO

Haripagnete BTOpPOMY IO HauMeHblleMy yriy. [Ipu smom
Gamsiory vk OOJTBILION Tiasiel] yKa3biBaeT HampaBlieHUe Bek-
¢ A TOPHOTO MTPOU3BEACHYISI.
Pacnmiiem panuyc-BeKTop B BUIE
B r=K+R, (1.19)
e Kk 1 R mpoeklMu paauyc-BeKTopa Ha Och
a BpallleHWsT W Ha TUIOCKOCTb  BpallgHUsI
t /’ * (puc. 1.11).
Hanipagnenne TMonacrasus (1.19) B (1.18) nomyurm
OCTaJTbHBIX MaJIbLICB
Puc. 1.10.
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[tor] = [ror,] + [€n] = [i[]. (1.20)

VYron mexmy Bekropamu co U R paseH 90",
TTO3TOMY

[€2]]= 0 =]o].
Takum 00pa3om, MOKa3auu, YTO MO BeTUIMHE
BEKTOPHOE TIPOM3BEICHME [FOT| paBHO UTMHE
BEKTOpa CKOPOCTH |u|. MOXHO T0Ka3aTh, 4TO

1 HaIlpaBJICHUC W COBMNAAACT C HAIIPABJICHHUCM
[tor].

ffl

4" t
u
& A ]
Y ]
T, /x n
(0]
Puc. 1.11.
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Tewma 2
OcHOBBI IMHAMUKU MaTepuajibHOM Touku. Cuita, Macca,
uMItysbc. 3aKkoHbl HeloToHA. [IBMKeHME Tesa Tof JeiCTBUEM
cwibl TsokecTu. Bec Tena

2.1. Cuaa, macca, umnynsc

K 4mcity OCHOBHBIX IMOHSITUI AMHAMUKY MaTePUAIbHOM TOUKM OTHOCSICS:
cuia, Macca, uMIyJibc. OCTaHOBUMCSI Ha HUX ITOIPOOHEE.

Cuna - 3T0 BaxkHellee, MepBUYHOE MOHSITHE B MexaHrKe HbiotoHa. Me-
xaHMKa HbloToHa - 310 cuioBas MexaHuKka. ITo3xe Obula IOCTpoeHa OecCio-
Basl MEXaHMKa, B KOTOPOI B KA4eCTBE MCXOIHOIO IOHSTHS BBICTYIA/A NOTCHII-
aIbHast SHEPIHs.

Cwia - 370 (pU3MYECKOE TIOHSATHE, XapaKTepU3YIOIee B3arMONCiCTBIC
Tes. He Besikoe B3auMOIEiCTBIE MOXET ObITh CBEICHO K CUUIC.

Cuia - 310 (hu3nyecKas BeJIMYMHA, XaPAKTEPU3YIOIIAA B3AUMONECT-
BHE, KOTOPOE NMPUBOIMT K JiehopMaiyi WM YCKOPEHHUIO TeJia.

Bce u3BecTHbIe HaM K HACTOSIIEMY BPEMEHM CWJIbI MOXHO pa3Ne/ivTh
Ha 4YeThIpe TUIMA: |) TPaBUTALMOHHBIE, 2) 3JEKTPOMATHUTHBIE, 3) sIEpHBIE,
4) cnabsle.

1). I'paBUTALIMOHHBIE CWIbI ACWCTBYIOT MEXIYy TeJdaMM, OQIATAOIIAMU
maccoil. OHu ObUTM OTKPBITHI HBIOTOHOM TIpU M3y4EeHUW ABUKEHUST HEOSCHBIX
Tell. Mexmy JHoObIMUA AByMSI MaTepUaIbHBIMUA TOYKAMU JICHCTBYET IpaBUTAL-
OHHAsI CWJIa paBHAas 10 BeJIMYMHE

f=T * (0A))
r
e y=6,67-10""(4-M’)/KI’ - TpaBUTAaLMOHHAs TOCTOSIHHASA, M, W m,

Macchl MaTepHaIbHBIX TOYEK, ¢ - pacCTOsIHME MeXmy HuMu. [Ipu 3ammcu Bk
pakeHMsT ISl TPaBUTALMOHHOM CHJIBI TOJB30BAIVCh TMOHSITUEM MACChI, XODI
TTOKa ellle He JaTv OIpenesieHre, 4TO 3TO Takoe. MOXHO MoKa3aTh, YTO aHayo-
TMYHOE BBIpaXKEHME JJIs1 CHITbI HAOMIOMaeTCsl TP B3aMMOICHCTBIN MaTepyaiib-
HOW TOYKM C OTHOPOMHBIM IApOM WJIM TIPY B3aMMOICHCTBUM IBYX OMHOPOI-
HbIX IApOB. B 3TOM cliydae mom pacCTOSIHMEM Hamo TMOHMMATh PAacCTOSTHUES
MEXy LIEHTpaMU TeJl.

2). DNeKTPOMAarHUTHBIC CWJIBI - 3TO CHUTBI, AEWCTBYIOIIME Ha 3apsiabl U TO-
KW, ¥ MX UCTOYHMKAMM SIBJISTIOTCST 3apsiibl ¥ TOKH. Hampumep, Mexmy TByMst TO-
YeYHbIMU IEKTPUYECKUMU 3apsiiaMi ¢, U ¢,, PacTONOKEHHBIMM HA PaccTosi-
HUM e JPYT OT JApyra, nevicTByeT ciiia KymoHa, paBHas TIO BeJIMIMHE

_<b3% 22)
4

P
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3nech k - KO3MDOUIIMEHT TTPOMTOPLIMOHATBHOCTH, 3aBUCSILIUIA OT CUCTEMbI €OU-
HUIL UBMEPEHUSI. DTO YaCTHBIN MPOCTEHIINI BUJT 3JIEKTPOMATHUTHBIX CHJL.

BzavmMoneicTBrsST MeEXXITy aTOMaMU, MOJIEKYJISIDHbIE CUJIBI U CUJIbI, YIEpKU-
BAIOIIME BJIEKTPOHBI OKOJIO aTOMHOTO $IIpa, - BCE 3TO CWJIbI 3JIEKTPOMArHUTHOTO
TPOUCXOXKICHUSI.

TTockombKy MEXMOJIEKYJISIPHBIE CWJIBI SIBJISTIOTCSI CHUJIAMU 3JIEKTPUYECKOTO
TPOUCXOXKICHUS, TO TAKOE e TTPOUCXOXKIEHNE UMEIOT TOBEPXHOCTHBIE CUJIbI, &
TaKXe JI0OblE CWJIBI CLETUICHUsT MEXTy TelaMu. K 3leKTpOMarHUTHBIM CUJIaM
CBOJISITCSI Y CUJTBI TPEHUSI.

Cwibl YIIPYrOCTH, MPOSIBJISIIONIUECS, HATTPUMED, TIPU CXATUU METaUThye-
CKOW TIPY>KWHBI, SIBJISIIOTCSI PE3YJIETATOM MPOSIBJICHUSI MEXATOMHBIX U MEXMO-
JIEKYJISIDHBIX B3auMoOJeHCTBUI. [103TOMYy M OHU Takke WUMEIOT 3JIEKTPOMAarHuT-
HYIO TIPUPOJY.

3). SlnepHble CWIBI - CWIbI, NSMCTBYIOIIME MEXIY YaCTULIAMU, BXOASILMMU
B COCTaB siipa. Mexry MpoTOHaMU, TTPOTOHOM U HEHTPOHOM, HeliTpoHaMu. OHU
WMEIOT Masblii paauyc AEUCTBUSI (HE MPOSIBISIIOTCS HAa PACCTOSTHUSIX CBBIIIIE
10~*m). IMEHHO siiepHble CUJTbI CKPEILISIOT PO, HECMOTPSI HA CHITBHOE J7IEK-
TPOCTATUYECKOE OTTATKUBAHUE MEXTY MPOTOHAMU.

4). Cnabble cwibl (WM CWIbI «CJIaboro» B3aumoneicTBusl). OHM OOHapy-
JKMBAIOTCSI B TMIPOLIECCaX MPEeBPAIICHUST SJIEMEHTAPHBIX YACTUILL C y4aCTUEM Heli-
TpuHO. Kak u sinepHble, caadble CUITbI SIBISIIOTCS KOPOTKOAEUCTBYIOIIMMU, T.€.
He MPOSIBJISIIOTCS HA PacCTOSIHUSAX cBbiie 10""M.

Crenyrolilieli BaxXKHEHIIeH TMHAMIIECKON XapaKTePUCTUKOM SIBJISIETCSl Mac-
ca. Illegm moHsITHe CWIbI ObLIO BBEACHO ellle 3a10iro 10 HeioToHa (MM IIMPOKO
TIOJTIB30BAINCH €IlIE BO BpeMeHa ApxuMmena, ObUld pa3padOTaHbl METOObl M3Me-
pEHUST CWIbI, €AVHULIBI U3MEPEHUsI CUIbl. Bce cuuTamm 3Ty XapakTepUCTUKY
BaOXKHEIIIIEH B MeXaHUKe), TO Macca Obuia BIepBble BBeAeHa HbIOTOHOM B paHT
OCHOBHBIX JMHAMUYECKUX BEIUYUH. >

Yto Takoe macca? IlepBoe HauaabHOE olpeaeeHue Macchl, naHHoe Hrbro-
TOHOM, TJaCWJIO: Macca - 3TO Mepa KOJMYECTBa BEIeCTBA. DTO OMNpenesieHre
TMOMYEPKUBAJIO, YTO MAcca He CBsI3aHa C KAYEeCTBEHHOW CTOPOHON BelllecTBa (ero
COCTaBOM), a OOJIbIIIE CBSI3aHA C KOJMYECTBEHHOU cTopoHOoi. ITo3xe oT Takoro
TIOHMMAaHUSI MacChl TIPUIILTOCh OTKa3aThesl. Macca - CIIOXXHOE MOHSITHE, KOTOPOe
TPYIHO CBECTU K 0ojiee MpOCTOMY, B YACTHOCTU, K MEpE KOJIMYECTBA BEIIECTRA.

K Hacrostiiemy BpeMeHU BbIpaOOTAIOCh CIIEMYIONIEE OMPENeIEHAE MACCh.

Macca - 310 hu3nuecKas BeJIMUNMHA, XapaKTepu3yiomasi Mepy UHepT-
HOCTH TeJia, Mepy rPABUTAIMOHHOTO B3aUMO/IEHCTBUSI M CBSAI3AHHASA C SHEP-
THeil TeJia M KOJIMYeCTBOM BEllecTBa.

TMosicHum naHHOE onpeaeeHUE.

1. W3 Broporo 3akoHa HbioTOHA, 0 KOTOpOM OyAeM TOBOPWUThH HIXE, CIEHYeET,
YTO Macca SIBJSIeTCs] KO3(hOUITMEHTOM MPOMOPLIMOHATBHOCTU MEXITY CUJION 1
YCKOpPEHUEM
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m=—,
a

U C 3TOM TOYKM 3pEHUsI OHA BBICTYMAET KaK Mepa WHEPTHOCTU Tefa, T.e. €0

CITOCOOHOCTH IBUTATHCSI C YCKOPEHUEM.

2. Macca BXOOUT B 3aKOH BCEMUPHOTO TSATOTEHUSI (3aKOH, JEUCTBYIOIINIA MeX-
Ty JTIOOBIMU MaTepUATbHBIMU TEJTAMU), W C 3TOW TOYKU 3PEHUS] MAcca BbICTY-
MAaeT KaK Mepa rpaBUTALMOHHOTO B3aMMOJIEHCTBUSI.

3. Mesicny mMaccoif ¥ 3Heprueit CyliecTByeT Hepa3phIBHASI CBSI3b

EF=mc,

IJe ¢ - CKOpOCTh cBeTa. Tak, Macca CBsi3aHa ¢ SHEprueii Tena.

, Obcymum cnemyroiuii Borpoc. byner v rpaBuTaLiioHHAas Macca Tena (T.e.
Macca, XapakTepusyrollasi Mepy TPaBUTALIMOHHOIO B3aMMOJCVCTBYSI) COBIA-
JIaTh, HATIpUMep, ¢ UHEPTHOU Maccoii? CrenuanbHbIe OMNbIThI TTOKA3ATA PAaBEH-
CTBO MHEPTHOI ¥ TPaBUTALIMOHHOI Macc (¢ ToyHocThio 10"7). Ha mpuHimme
paBEeHCTBA UHEPTHOI U rPaBUTAIMOHHON Macc MOCTPOEHA BCSI COBpEMEHHasT (hui-
3MKa.

TpeTbeil BaXHEHIIIEH TMHAMUYECKON BEJTMUMHON SIBJISIETCS] MMITYJIBC Tela.
ITHbtoTOH, KaK 1 Maccy, BBOMUT 3TO TIOHSITHAE B PAHT OCHOBHBIX BEJIMYMH. YTO Ta-

KOE UMITYJTbC TeJla WIM KOMUYECTBO TBDKEHUSI?~]

HNmvmysse Tena - 310 usuyeckasi BeJIMYMHA, PABHASA NPOU3BEICHUIO

MAaCChl HA BEKTOP CKOPOCTH

p=mv.
O6patumcst K rctopun. Bo BpemeHa HbloTOHa Macca cuMTtanach BeTMUK-

HOW TIOCTOSIHHOM. Ecy 3T0 Tak, To BBEJCHHOE MOHSITHE UMITYJIbCA HE JAaeT HU-

yero HoBoro. TemM He MeHee, HBIOTOH BBOOUT p B paHT OCHOBHBIX JUHAMIYE-

CKUX XapakTepucTuk. I[locne co3naHusi crenuanTbHONM TEOPUM OTHOCUTETBHOCTH

BBISICHWJIOCH, YTO Macca 3aBUCUT OT CKOPOCTH TeJia:

-5

3neck m,, - Macca MOKOSIILIETocs TeJia (Macca Mokost). TakuM 00pasoM, MMITYJThC
TeJia HeJIb3s1 MPEJICTaBUTh KaK MPOCTOE MPOU3BEACHNE BEKTOPA CKOPOCTU Ha He-
KU TIOCTOSIHHBIA MHOXWUTEITb

m

p = m()v.
Tenepb 1oce BBEAEHUSI OCHOBHBIX KMHEMATUYECKUX U TUHAMUYECKUX Xa-
PaKTEPUCTUK MOXHO TMPUCTYMWTH 4 YCTAHOBJIEHUIO 3aKOHOB, KOTOPBIM TOMYW-
HsIeTCs ABUXKyIeecs Tesiol >
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2.2. 3axonvt Hvromona

o HbloToHa OBLJIO M3BECTHO OOJIBIIOE YMCIO IKCIEPUMEHTATbHO OTKPHI-
TBHIX 3aKOHOB, HanpuMep, 3aKOoH Apxumena, 3akoH ['yka u T.a1. 3aciyra Heloto-
Ha 3aKJII0YAaeTCs B TOM, YTO OH YCTAHOBWJ TpU (PyHIAMEHTAJbHBIX 3aKOHAa Me-
XaHUKM U JO0Kaszald, YTO C MX MOMOIIbI0 MOXHO PEUIUTh JIIOOYI0 3amady o Me-
XaHUKe, BBIBECTU BCE OCTaJbHbIE U3BECTHbIE 3aKOHHBI.

CHavana nagum KpaTkyto (GpopMyanpoBKy Tpex 3akoHOB HbloToHa, a 3aTem
00CYIUM CMBICT U 3HAYEHUE 3TUX 3aKOHOB.

Iepsolit ,,3ak0H. JIploTOHA. Ecau pesyabmupyrouias cymmvl cui, Oeicmeyio-
WUX Ha meno, pasHa HyA, Mo OHO npedvleaem 6 COCMOSAHUU NOKOS eau NPIMO-

AUHElIH020 U pasHoMepHoeo dsudcenus. T.e. ecitm F =V I\ =0, To a = 0.

Bropoii 3akoH HbioroHa. Ckopocmb usMeHeHUus UMNYAbCA meaa 80 epeme-
HU paeHa pe3yavmupyroweil civie, Oelicmeyroujeil Ha meno:

& =F. 2.3)
J
Tpetuit 3akoH HwloToHa. [lpu e3aumodeiicmeuu 0eyx men cuaa, Oeicm-
8ylOWasl HA Nepeoe meno co CMOPOHbL 6MOPO20, PABHA NO GEAUYUHE U NPOMUBO-
NON0JCHA NO HANPAGAEHUIO ceae, Oelicmeyiouell Ha 6mopoe meano cO CHMOPOHbL
nepeoeo:

F=~F,- (2-4)
1. BepHeMcs K mepBoMy 3akoHY HbloToHa. BriepBbie OH ObLI1 yCTaHOBJIEH
Tanuneem. B otinmume ot lanmies HpOTOH cyMen MOHSITh, 4TO B MEXaHUKE
9TOT 3aKOH HOCUT (pyHIaMeHTalbHbIN XapakTep. [103TOMYy 3TOT 3aKOH U TOJY-
YWJI Ha3BaHME MepBoro 3akoHa HeotoHa/
3aKOH CIpaBelJIUB TOJbKO JJIsI MaTepUabHON TOYKU, MOO TOJBKO OHa He
MoOXeT Bpamiatbest. [lepBhlii 3aKOH yTBepxkaaeT, uto eciaiu F =0, To 5 = 0. D10
YTBEpXKIEHUE MOXHO paccMaTpuMBaTh KaK YaCTHBIA cCllydaili BTOPOro 3aKOHa.
IMouemy xe, TeM He MeHee, HbIOTOH BBIIEIM 3TOT 3aKOH B KayecTBe 0COOOTO
3akoHa? [To nByM npuunHaM. Bo-mepBbix, B HayKe 10 HbloTOHA rocnoacTBoBa-
Jla TOUYKa 3peHusi, Bocxoasias K yuyeHuo Apucrtoreiss. OCHOBHOE MOJIOXEHUE
CUCTEMbI APUCTOTENSI COCTOUT B YTBEPXKACHUU, YTO B OTCYTCTBUM BHEUTHUX CHJI
BCE TeJjla JOJKHBI TIPUXOJAUTh B COCTOSIHUSI MOKOsI. T.e. Mo ApUCTOTEJ0, YTOObI
TEJO NBUTAJOCh PAaBHOMEPHO, Mbl 00S13aTEJbHO JOJIKHBI TMPWIOXUTh KaKylo-
nu6o cuny [Takum ob6pa3om, cMbict | 3akoHa HbloToHa - Hamo HaBcerga MOKOH-
YUTh C MEXaHUKOI ApucToTesisi, oHa HeBepHa. J Bo-BTOphIX, U3 MepBOro 3akoHa
clieflyeT BaXKHbIM (U3MYECKUN MPUHLMUI: CYIIECTBOBAaHME TaK Ha3bIBaeMbIX
WHEePIUAIbHBIX cucTeM oTcueTa. CMbICT MEPBOTO 3aKOHA COCTOUT B TOM, YTO
€CJIM Ha TeJIO He AEWCTBYIOT BHEIIHUE CUJIbI, TO CYIIECTBYET CUCTEMa OTCUeTa, B
KOTOpOii OHO TokouTcs. Ho ecinu B ofHOM cucTeme TeJlo MOKOUTCS, TO CYIIECT-
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BYeT MHOXECTBO IPYIMX CHUCTEM OTCYETa, B KOTOPBIX TEJO IBIKETCS C TIOCTO-
SIHHOW CKOPOCTBIO.

Cucrembl 0TCYETA, B KOTOPBIX MPH YCJIOBMH PABEHCTBA HYJIO Pe3yiib-
THUPYIOIIEH CyMMBI CIJI, IEMCTBYIOLIMX HA TEJIO, OHO MPEObIBAET B COCTOsI-
HUU NOKO$1 WM NPSAMOJIMHEIHOIO ¥ PABHOMEPHOIO IBIDKEHMS, HA3bIBAIOT-
¢ MHepHHAbHbIMU. CyllIeCTBOBAHE WHEPIUATBHBIX CHUCTEM SIBJISIETCS He-
TPUBUATBHBIM CJIENCTBUEM 3aKoHA. MIMeHHO moTtoMy HBIOTOH BbIIENIWI €ro B
KayecTBe 0CO0Oro 3aKOHa.

2. Bropoit 3akoH HbIOTOHA yCTaHABIMBAET CBSI3b MEXIY PE3yJIBTUPYIOIICH
CUJION, JEVCTBYIOIIEH Ha TEIO, U CKOPOCThIO M3MEHEHMs ero umimyibcal Ode-
BUIHO, BTOpO#i 3akoH HbIOTOHA cripaBeB MpU YCJIOBUM, YTO HAOMIONATENb
HaxXOIWTCSl B WHEPLMATLHONU cUcTeMe oTcueTa. MIMEHHO OTHOCUTENTbHO 3TOM
CUCTEMBI OTCUETAa U paccMaTpuBaeTcsl NBVKEHME Tena. Ecim tenepb yoepem
BO3/ICHCTBYUE, TO TEJIO OYAET ABUTAThCSI PABHOMEPHO WU TTOKOUTHCSIA

3amemum. HbIOTOH cunTa Maccy TeJla BETMUMHON TTOCTOSIHHOM, TTO3TOMY,
Ka3aJ10Ch Obl, MOXHO 3aICaTh BTOPOil 3aKOH B BUIE

ma = P, 2.5
a He B Buze (2.3). Tem He MeHee, 3anuch BToporo 3akoHa HetoToHa B Bune (2.3)

yMeeT Ooblylo OOLIHOCTh. 3akoH HbioToHA B Buae — = F' chpaBemiMB He
dl

TOJIBKO B CJIy4ae ITOCTOSIHHOIM, HO U [UISI TIEPEMEHHOM MacChl, KOTOpasl 3aBUCUT

OT CKOPOCTHU.

W3 Bcex Tpex 3akoHOB HbIOTOHA BTOpPOI SIBIISIETCS CAMBIM BaXKHBIM, €TI0
YacTO Ha3bIBalOT OCHOBHBIM 3aKOHOM MEXaHWKU, a ypaBHeHUE (2.5) - OCHOB-
HbIM ypaBHEHUEM IBVDKEHMSI, 3aKOH OOOOILAIOIIMIA ¥ TIONTBEPXKICHHBIA ThHICS-
yaMu OnbITOB/I3aKOH yCTaHABIMBAET CBSI3b MEXIY IPUYMHON M3MEHCHMSI TBU-
JKEHUS - CWIOW U CAEACTBUEM - YCKOpPEeHHEM (IpU YCJIOBUM ITOCTOSIHCTBA Mac-
chbl). 3Hasl BBIpaXeHUE IJISI CWIbI F, MOXEM T'OBOPUTb O TOM, KAK ITPOMCXOIUT
TIBIDKEHIE,

F~>a->« u—>2(tpaekropusi).

“MOXHO TIOCTaBUTb W OOpaTHYIO 3adady. 3Hasi, KaK JIBUXETCS Teno, (T.e.
rt) ->u(/)->5(?)), Haittu F - pe3yabTUPYIOLLYIO CUJTy, KOTOpasi NeWCTByeT
Ha TeJIo, a 3HAUYUT CYIUTh O BO3ACUCTBUM APYIYX TeJl Ha UCCIIEIYyeMOe TeJIO.

Pelats npsiMble 3amaun, Kak IIpaBuiIo, Oosiee TPyaHO, OAHAKO, OHU Oosiee
BaxkHbIe. TPyIHOCTb 3aKJIIOYAECTCSI B OINpPEIC/ICHUM Pe3YJIbTUPYIOLIEH CUIIbI, ee
Buma. J

3. Tperwuit 3akoH HetotoHa. [TycTh MMeeTcst cucTeMa, COCTOSIIIIAST TOJTBKO U3
oByx Tel A U B. B Takoil cucteMe MOIyT IeWiCTBOBaTh JUILb ABE CWIbL F, -
cHJia, JeicTByIoIas Ha TeJlo A co CTOpPOHBI Tena B, u cwia F, - cuia, JeiicT-
BylollIasi Ha Teio B co cropoHsl Tena A . Ilo cBoeli mpupoae 3T CHIbl MOIYT
ObITb, HANPUMEpP, TPABUTALIMOHHBIMU, SJIEKTPOMArHUTHBIMU U T.O0. Ecmu cuy
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F, Hazpatb geiicTByrolleil CWION, TO cuia F, HOCUT Ha3BaHWE MPOTUBOAECICT-
Bytoieit. I HaoGopor.

Tpertuii 3akon HbioToHa yTBEp:KAaeT, UTO MpY B3aMMOACUCTBUU JABYX TeJ
cuia nerictust paBHaJIO> BenmumHe 1 HaIIpaBjIeHa B IIPOTUBOIIOIOXKHYIO CTOPO-
Hy-ewénpoTuBpaeiicTBus. Cuibl DEHCTBUS M MPOTUBOACHCTBYS HAIIPABICHBI
O OJTHOU MPSIMOM U UMEIOT OIHY TTPUPOLY.

"B3amemum, 9TO CWIIBI, BXOOSIINE B TPETHil 3aKOH HbIOTOHA, NPUIIOXKEHBI K
pa3HbiM Team. Hampumep, Ha 3akpervieHHou HUTH BucuT mmapuk. [llapuk meii-
CTBYET HA HUTb C CWIOW F,, HO ¥ HUTb JEUCTBYET HA WIAPUK ¢ cwioil P,. U3
TpeTbero 3akoHa HetotoHa F, = -F,. Tperuii 3akoH 6bu1 ccopmynrposaH Heto-
TOHOM JIJISI TOTO, YTOOBI TOKa3aTh, YTO CUJIA - 3TO PE3YJIbTAT B3aMMOICICTBUS
XOT$ ObI IBYX TEJI.

IToce Toro, Kak yCTaHOBJICHBI (ITOCTYJMPOBAaHBI) OCHOBHBIC 3aKOHEBI, KO-
TOPHIM TIOMUUHSIETCS JBVDKEHWE MAaTepUAIbHON TOYKU, MOXHO TIPUCTYIIUTh K
PEIIeHUIO KOHKPETHBIX 337au MEXaHUKU, T.€. U3y4aTh JIBVKCHUE TeJl TIOJ Jei-
CTBUEM TeX WIM UHBIX CWI. JIJis1 9TOro Hamo, UCTob3ysl BTOpoit 3akoH HeloToHa
U KOHKPETHOE BBIPAXEHUE PE3YJIbTUPYIONICH CUIbI, UCKaTh KWHEMATUYECKUE
XapaKTepUCTUKW JTBUKEHUSI.

3HaKOMSICh C TIOHSTUEM CUJIbI, OTMEYaIU, YTO IO TUITY B3aUMOICUCTBUS
BCE CWJIBI JIEJISITCSI HA YeThipe Tuma. Ha mpakTuke Hac MHTepecyeT KOHKPETHOE
BbIpaxkeHUe CUiibl. OTbIT TOBOPUT, YTO, B OCHOBHOM, CYILIECTBYIOIIME B IIPUPOJIEC
B3aUMOJICICTBUSI MOTYT OBITh OXapaKTePU30BaHbI CUJIAMU, KOTOPBIE 3aBUCST OT
TOJIOXKEHUSI MaTepUAIbHOM TOYKM ¢ (Ha KOTOPYIO 3TW CWIbl ACUCTBYIOT), OT
OBICTPOTHI U3MEHEHUSI 3TOTO TIOJIOKEHUST U, BPEMEHU 1, T.€.

F=F@,u,/).
JIyist MexaHUKM He BaKHA TPUPOJIA CUJI, TJIABHOE - X B,

C Touku 3peHusT (pOpMATbHOM 3aBUCHMOCTU CWIBI OT T, 4, ¢ MOXHO
BBIIEJTUTh HECKOJIBKO OCHOBHBIX TPYTITT CHJL.

1. Tlocrostnnas cuna: F = const.

IIpumepsr: a) cuma Tsokect P =mg, 0) cuiia, IeHCTBYIOIIAS Ha 3apsLKEHHYIO
yacTuily(gq) B IUIOCKOM KoHaeHcatope F -gE (E - HanpsokeHHOCTb 371eKTpu-

yecKoro 1osst), cuya TpeHust 1mokost 1 FJ = UAT (N - BeumHa CWIbl peakiuy
OIIOPHI).
2. Cwuna, Bo3pacTaromiasi ¢ yBeIMUCHUEM PACCTOSTHUSI MEXKIY B3aIMOIEH-
CTBYIOIIUMH TEJIAMMU:

F = a/,
P =agee,
F =a,,
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ITpumepsl. Cuia, mpomoplMoHadbHas PacCTOSIHWIO, - 3TO ympyras cuia. JTa
CUJia HampaBjieHa B CTOPOHY, MPOTHBOMOJOXHYIO CMEIIeHWIO Tela M3 MOJOXe-
HHUS PaBHOBECHUS
F = -kr.

3mech Kk - KO3GQPUIMEHT YIPYTOCTH.

Takoit Xe BuUI MMeeT cuia, AeCTBYIOIIas Ha 3apsal ¢, TOMEIIeHHBIH
BHYTPb OLHOPOJAHO 3apsIXCHHOTO WIapa pafuycoM e, 3apsioM ¢  TIpH cMelle-
HHUe 3apsia Ha pacCTOAHWE ¢ OT IleHTpa Imapa

>
ITpu Gonpmux nedopMalusAX Teda CMJa YIPYTOCTH HAYMHAET 3aBUCETh OT Yjie-
HOB@, * ¢ * 2UT.A.
( 3., Cuna, yMeHbIIaOMAasACsA ¢ YBEJIUICHUEM PACCTOSHUSA MEXIy B3aUMO-
NefCTBYIOMUMHU TEeIaMMU:

F =-~¢ -Taxkoil BUg uMeeT KyJIOHOBCKasd " (I)aBI/ITaLII/IOHHaH CUIJIBI,
4

A

F =-~2 - cunsl, geiicTByoumue Mexay atomamu B rasax. OHM TO3BOJSIOT BbI-
2

BeCTU ypaBHeHue BaH-mep-Baannbca.
I[. CymecTBYIOT CUJbI, 3aBUCAIIAE OT CKOPOCTH IBUXEHUS O.

Haubonee BaxHbIe cayyau:

F= P,I/I - TAKOW BUI UMEIOT CUJIbI TPpEHUA NPpU He0O0JbIIUX CKOpOCTAX,
F= p,uun - TaKOW BUJ UMEET CHUJa TpEHUA TIpU 00JbIHUX CKOpPOCTAX NBUXCHUA.

5. Cwunbl, 3aBUCSIINE OT BpEMEHH.

ITpuMepaMu TaKUX CHJ SBIAIOTCSA, HATIPUMED, CUJIB B3DHIBA.

Yame BCero Ha TeJO JEHCTBYET He OJHA, a HECKONLKO CHJI, ITO3TOMY pe-
3YNBTHPYIOAA CHIA OYEHDb CIOXHO 3aBUCHUT OT 2, O, [

Hampumep, kKoneGaHue mapuka, pachmoNoXeHHOTO Ha MPYXWHE, MOI JAei-
CTBHEM BHEIIHel mepuoandeckoil cunbl. Llapuk moMenieH B BA3KYIO0 XUIKOCTb.
Torga BeIpaxeHue A1 pe3yAbTHPYIONIEH CUIB €CTh

F = mg - mg -kx- £5 + F, cos oo ¢ (2.6)
31ech TMEPBOE ClIaraeMoe - CHJia TAXEeCTH, BTOPOE - cuia ApxuMmena (m' - mac-
ca XMIKOCTH, BBITECHEHHO! WIapUKOM), TPEThe - yIpyrad Cuia, 4ETBEPTOE -
CHUJIa TPEHHS, IATOE - BHELIHSAS MepUOINYecKas cuma. |

2.3. Jleusicenue mena nod oeiicmeuem cunvt maxcecmu. Bec mena

Ha nwo6oe teno B6AU3U IMOBECPXHOCTHU 3eMu I[CﬁCTByeT MMOCTOAHHAA CuIa
IIpAMO NponmopuMoHalbHadaA MacC€ T€jaa, IMOJYyUYMBIIadA Ha3BaAaHUE CHUIIBI TAJICECTH,
BI)Ipa)KCHI/Ie AONd CMIIBL TAJNICECTU HEIMOCPEACTBEHHO BLITCKACT M3 3aKOHa BCE-
MUPHOTO TATOTCHUA. HpCI[CTaBI/IM 3eM0 B BUIE OJHOPOJHOIO IIapa paaguycom
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R, n maccoit M, (puc.2.1). JIroboe Teno, pacnoo- m
>KEHHOE Ha MOBEPXHOCTU 3eMJIU, MOXKHO CUMUTATh TO-
YeyHbIM TeJIOM. M3 3aKoHa BCEMHPHOIO TSTOTEHUS

CJaenyer, 4yto cuia, ,[[eﬁCTBym].LIaﬁ Ha TEeJIO Maccou m R’
BOTM3U TTIOBEPXHOCTU BCMIII/I, paBHa I10 BEJIMYMNHE 0
A
P (2.7)
M,

1 HarpabJI€Ha I10 HpFIMOfI, COC,Z[I/IHSHO].L[CI?T TEJIO C

LEHTPOM 3EMIIH. Puc. 2.1.
BeeneM yckopeHue CBOOOOHOIO IaJCHMSI Kak

KOM6I/IHa]_[I/I}O BEJIMYNH

(2.8)

YuureiBast, yto M, = 5.98-10"kr u 7" = 6.38-10°M mosyyaeM isl yCKOpEHUsl
CBOGOIHOTO MAJEHMSI XOPOILIO U3BECTHOE U3 LIKOMBI 3HaueHne g = 9.8 m/c’

BoipaxkeHvie st CUJIbI, IEHACTBYIOIIEH Ha TEJIO BOJIM3U MMOBEPXHOCTH 3eM-
JIA, MOXHO 3arKcath CAEAYIOLINM 00pa3oM

F = mg. 2.9
BTOpOfI 3ak0OH HploTOHA 3amuiieTcda B BUIC
dp  _ (2.10)

Pemienne 3amauv o ABWKEHMM Y
Tena TON AECUCTBUEM CWIIbI TSKECTH
HauyMHaeM C BbIOOpa CHUCTEMbI KOOpP-
nuHat. [TomectuMm Teno mMaccoii m B
Hauyalo cucteMbl KoopauHaT. Ocu
CUCTEMbI KOOPAMHAT Pa3MEeCTUM Tak, v,
yTOOBI HAMNpaBJIEHWE JCUCTBUSI CUITBI
TSDKECTU OBbLIO KOJITMHEAPHO C OChIO o
Y (puc. 2.2). Ilyctb B HayalbHBIA () X
MoMeHT BpeMeHM (7 = () BeKTOp CKO- Puc. 2.2.

POCTH JIEKUT B Iutockoctu YOX Torma HayajibHbIE YCJIOBUS UMEIOT BUI
x(t=0)=0, v(t=0)=u,osa,
w( =0=0  u(t=0)=osin,a, (2.11)
z2(t=0)=0, o (r=0)=0.
3nech M, - BEIMYMHA HAYQTbHOW CKOPOCTb Tejla, a - YIOJN MEXIy BEeKTOPOM

HavyalbHOU CcKopocTH U ochio X. BekrtopHoe ypasHeriie (2.10), yautbiBast 4to
/- _w.8" /T =p =0, pa3IokuM Ha TPU CKATSIPHBIX YPaBHEHUSI.

s




m—- =0,
dr
-, 2.12
m - mg, .
P g (212)
"2 JI
m—- =20
dt

YpaBHEHUS, TTOJIyYUM

dz s

—=6,=>z=ea+c,
dt .
N3 ycnoBust paBeHCTBA YCKOPEHUST @, U a, HYJIO CJIEAYET, YTO BAOJb OCeil

Xu Z'Teno win ABIXKETCSl PABHOMEPHO, WIM TIOKOUTCSL.
ITo ocu K Teo ABUXKETCs ¢ OCTOSHHBIM YCKOPEHUEM

dv
4
dt
HWcnonesyst HaYaIbHBIE YCIOBYSI, HAIEM TIOCTOSHHBIE C, U C'.

+=-g => o,=-gftc,, y= ¢ +C3/+CJ‘

Bnoms ocut X
" {t=0)=u,cosa=c,
x{t=0)=0=¢/
Bnonb ocu Z

X =t-vcosa, u,=o0,cosa.

0.(7T=0)=0=c,
z(f=0)=0=c,

I1o ocu 7Teno He ABUXKETCS, T.€. UMEEM CIydail IJIOCKOIO JBVKEHUS.
Brnomb ocu Y

=0.

Y,?=0)=wu,sina=c,
yit=0)=0=c,
TMonyynnu Tpu KMHEMaTUUYECKUX ypaBHEHUST ABDKeHWs. Hailinem Tpaekto-
puIo OBKeHUsI. 1St 3TOro BbIpa3uM BpeMsl uepe3 KOOPAMHATY X

-g—tu smat

X
t=
u,cosa
U MOACTaBMM B KUHEMATU4YECKOE YPABHEHNE ST KOOPIUHATBL
y=-6"—~—r~"osina——=> y=- % X’ +1ga-x
20,c0s a u,cosa 2u,,cos a

Takum 00Opa3oM, HaIUTM, YTO TOJ, NEHCTBUEM CWJIbI TSDKECTH Teo Oyner
nBUrathes B mockoctd YOX mno mapadone] KoopauHatel BepiMHbI Mapadosibl
3aIUIIIyTCs B BUIE
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-sin a cos a,

vo = °-sin’a.
2g

3HaHVEe KOOPAWHATHI BEPIIVMHBI MapadoJibl MO3BOJISIET OMPENETUTh MAKCHU-
MAaJIBHYIO BbICOTY (Y, =,) ¥ JAIbHOCTDb mojera (1, = 2X,)

C NOHATHEM CWJIbI TSDKECTU HEMOCPENCTBEHHO CBSI3aHO €I OMHO TMOHSITUE
- BecC Tea.

Bec Tena — 310 cuiia, ¢ KOTOPOIi TeJIo IECTBYeT HAa ONOPY WM MOoABeC.

N3 tperrero 3akoHa HeioTOHA ciemyeT, 4To cujia, ¢ KOTOPOM Telo JEWcCT-
BYET Ha OIOpPY, PaBHA IO BEJIMYMHE CWJIE, C KOTOPOW Oropa NeICTBYET Ha TeJO.
Takum o0pa3oM, HaXOXAECHKWE Beca TeJla CBOAMTCSI K OMPEAETICHUI0 CUIbl PeaK-
LIMU OTIOPBI.

ITpumep. Kak me- N .
HSIETCSI BEC Teja, pac- N
TOJIOXXEHHOTO Ha Ha- F
KJIOHHOM  TUJIOCKOCTH,
MpU yBEIUYCHUU YIyia
HakJIoHa?

Ha HemonsixHOE P
T€JO0, PACMOJIOXEHHOE umg
Ha  TOPU3OHTAIBHOM 6
IUIOCKOCTH, JEWACTBYIOT p,. 2.3
JIBE CWIBL: CWJIA TSKe-
cv ¥ cuia peakimu omnopel (N) (puc.2.3.a). Tlpryuem cymma 3THX CWJI paBHA
HyJTIO

JIII)I

mg+ N=0 => N - -mg.
Bec tena paBeH
P=-N=mg.

Ha HemonBuxHOE T€10, pacloNOXKEHHOEe Ha HAKJIOHHOW TUTOCKOCTH, JEHCTBYIOT
TPU CWJIbL: CHJIA TSDKECTH, cua TpeHus (F, )n cuia peakimu onopbl (puc. 2.3.6)
mg+ N+ P =0
Haiinem mpoexiyio 3anMcaHHOro YpaBHEHUsI HA HAMpaBJICHUE TEPIICHIUKYIISIP-

HOE€ HAKJIOHHOM TUIOCKOCTH
N -mgcos(.p =0.
3nech (@ - yroym HakJIOHA MOBEPXHOCTH.
Bec Tena B 3aBUCMMOCTH OT yIjla HAKJIOHA MJIOCKOCTA MEHSIETCSI TIO 3aKOHY
\P = wgcoscp.
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°mg

EEES3

Puc. 2.4.

TOHaA UMEEM

ITpumep. Jlerunk Maccoii 70
KT HaXOAUTCSI B CaMoJIeTe, KOTO-
pblli OMNUCBIBAET «MEPTBYIO TMET-
mo» paguycom 400 M (puc.2.4).
Ckopocth camoiera - 80 m/c.
YeMy paBeH Bec JieTUMKa B BepX-
Hell U HUXKHEel TouKax meTau?

WM B BepxHeil U B HIDKHeN
TOYKax <«MEpPTBOW METIW» Ha
JIeTYMKa JEUCTBYIOT 1BE CUIbL:
cuja TSKECTM U CuJla peakiuud
OIOPBHI.

B BepxHelt Touke «MepTBOI
MeT/Iu» HampaBJeHUE CWIbl pe-
akuuu omnopsl (JV,) coBnamaer ¢
HaMpaBJI€HUEM CUJIbI TSIKECTU U
C HampaBJIeHUEM LEHTPOCTPEMU-
TEJIbHOTO YCKOpeHus. s aroit
TOYKU M3 BTOpOro 3akoHa Hnio-

m—R =me + N.
Bec Tena B BepxHeil TOUKe «MEPTBOI METJU» paBeH
— u
V=N m

B HukHel Touke «MepTBOI TMETAU» HapaBJieHUE CUJIbI peaKUU OMOpPbI

(N,) IPOTUBOIIOIOXHO HAIPaBICHUIO CUJIbI TSKECTU U COBIANAET C HaIpaBJie-

HUEM LEHTPOCTPEMUTENbHOTO YCKOpeHUsi. [Jig 3TOl TOYKU U3 BTOPOTO 3aKOHA

HrloToHa umeem
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Bec Tena B HUXKHEl TOYKe «MEPTBOI METIW» paBeH

—N,=mVY

+g
R
HO[LCTaBl/IB 3HaA4YCHUA OJ1s1 MaCCbl U CKOPOCTU, UMEEM
64-10° KE-M
n2=" +98 =1020H+686H.



Tema 3
3akoH coxpaHeHus mmmnyiabca. IlenTp Macc.
PeakTuBHOE IBUXKEHHE

3.1. 3axon coxpanenus umnyasca

m

M3 nepBoro 3akoHa HrtotoHa creayet, uto B ciydyae VF =0 Teno moko-
7=1
WUTCSI WU JBVIKETCS paBHOMEPHO U TIPSIMOJIMHENHO, T.e. U = const VJIN paBHa
Hymo. Ecnu macca MatepuaibHOM TOUKM MOCTOSTHHA, TO TIPY YCJIOBUM PaBEHCT-
Ba HYJIIO PE3YJIbTUPYIOILEH CUIbl MaTepuajibHasl TOUKa JBMXKETCS Tak, YTO ee
HUMITYJIBC OCTAEeTCsl TIOCTOSTHHBIM.

PaccMoTtpyM Terrephb crucTeMy MaTepHabHBIX TodeK. Bce oHM ABIDKYTCS TI0
CBOMM TpaeKTopusiM bByneM Ha3bIBaTh CHCTEMY 3aMKHYTOM, €CJIM Ha Hee He
JIeACTBYIOT BHEIIIHVE CIIbl. BBeieM MOHSITHE MOJTHOTO MMITYJIbCa CUCTEMbI P,
KaK CyMMY MMITYJIbCOB OTIEIbHbBIX MaTepUabHbIX TOYEK

P = £PJ, (3.1
s =i
o€ n - 4YUCJI0 MaTepruaibHbIX TOYCK.
W3 BTOpOTO M TpeThero 3aKoHOB HbIOTOHA ciedyeT, YTo AJisA 3aMKHYTOM
CHCTEMbI NOJHbIA HMMITYJIbC OCTaeT-

Ci NOCTOSHHBIM BO BpeMenu. Jlo- "r p,

KaXeM 3TO ITOJIOXKEHWE IJIs1 3aMKHY- V¥~ .

TOM CUCTEMBI, COCTOSIILIEN M3 TPEX Ma- Vv e, m
TepHAIbHBIX To4eK (puc.3.1). B -,

3armuieM ypaBHEHUSI ABIDKECHUS
0 OTIEBHOCTY TS KAKION U3 TOYEK:

*|==F, 4, (3.2)

21+

"=P +F,. Puc. 3.1.
.d "M
CtoxXyuM ypaBHEHMSI
A+A+A=i/\___£i :l: +F+F +F+F +F. 3.3
of & df yidt a5 CUnToETEro (33)
M3 tpetrero 3akoHa HetoToHa criemyer

Fno= ~1\ . U = -*31> ~23 = -~32-
Torma Belpaxkenue (3.3) nmepenuiieTcs B BUIE
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it bP> &t P(t) = const (3.4)

AHAJIOTUYHO MOXKHO ITOKa3aTh CIPaBEIJIMBOCTb 3aKOHA COXpaHEHUs TION-
HOTO MIMIYJIbCa JJISI 3aMKHYTOM CHCTEMBI, COCTOSIIIEN U3 # MaTepHaJbHBIX TO-
YeK.

JInsi He3aMKHYTO#l CHCTEeMbl CKOPOCTh HM3MEHEHHMS €€ MOJHOr0 WM-
nmyJIbCa PABHA Pe3yJIbTHUPYIOIIEl BHEIIHUX CHJI, IEHCTBYIOIIUX HA CUCTEMY.

JlokaxeM 3TO, BHOBb MCXOISl M3 BTOPOTO W TPEThero 3akKoHOB HbtoToHa
IUTSI HE3aMKHYTOM CHUCTEMBI, COCTOSI-
meid W3 JABYX MaTepualbHBIX TOYeK
(puc.3.2). BHOBB 3amuieM ypaBHEHUS
IOBIKEHUSI TIO OTHENBHOCTH UTSl Kak-

m y
7 JOU U3 TOYECK
= fE__77 +2(<)
2 ' )
v dt (3.5)
21 IE, &=F, + P2\
Puc. 3.2. dt re
CxutafpiBasi ypaBHEHUSI, MTOIYIUM
d‘/ﬁTJrP?z =F +F"+F + F®
1
Nm
dP
= F, (3.6)
dt
rae F = nn CyMMa BHCHIIHUX CHUJIL.

AHaJOTMYHO MOXHO T0Ka3aTh CIPaBeIJUBOCTb NMPUBEICHHOTO BBIIIE YT-
BEPXICHUS JUII HE3aMKHYTOM CUCTEMBI, COCTOSIIIEC M3 # MaTepUalbHBIX TOYEK.
N3 (3.6) crmemyet, 4To, eClid Pe3yabTUPYIOIIas CUJia BHEIIHUX CUJI paBHA

A

Hymo C~F~” =0), To 3aKOH COXpaHEHUs ITOJTHOTO MMITYJIbCA BBITIONHSICTCS 1

IUTST HE3aMKHYTOM CHCTEMBbl MaTepUaTbHBIX TOYEK.
PaccmoTpuM cityyaii, Korma cymMMa BHEIIHHUX CUJI He paBHa HYJIO, HO Cy-
IeCTBYeT HalpaBjieHWe (HampuMep, HalpaBieHUEe BAOJb OCU X) Ui KOTOPOTO

n

CICOyeT

dP,

~=0 P (1) = const.
dt

TakuMm 06pa3oM, XOTs TOJHBIA MMITYJIbC CUCTEMBI HE COXpaHsETCs, COXpa-

HACTCA NIPOCKUIMA UMITyJIbCa Ha HAIlpaBJICHUC X.
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Hcnonb3oBanne BTOporo 3akoHa HbIOTOHA MO3BOJSIET, 3HASI BBIPAKEHUE
I71s1 cWiTbl F, HAaliTM KMHEMAaTU4YeCKUE XapaKTePUCTUKU NBIKeHus1. OgHaKo om-
penenuts F = P{r, v,t) 4acTo ObIBaeT OYEHb TPYIHO.

3aKOH COXpaHEHUSI MMITyJIbCa MO3BOJISIET pellaTh HEKOTOphIE 3amauu 0e3
TIPUBJICYEHUST BBIPAXKEHUS JIJIST CUJT, IEWCTBYIOIIUX HA TeJa.

B kauecTtBe mpumepa UCMOIB30BAHUS 3aKOHA COXPAHEHUST UMITYJIbCA pac-
CMOTpUM YNPYTUid yaap ABYX I111apOB.

Ha HenonBvkHBIH 111ap
Macchl My HaJETaeT Iap

T, T, H
waets womiese QOK) 10 0
Tlocne ynapa 1miap Macchel m.
a §)

HAQYMHACT OBUTATbCsd CO CKO-
POCTbIO M, B IIPOTUBOIIO- p ne 33
JIOXKHOM HaIIpaBJICHUMN. Orn-
PENENIUTb CKOPOCTh, C KOTOPO#i TOC/e yaapa OyneT ABUraThCs LIap MacChbl M1,

o ynapa (MOMEHT BPEMEHU #,) MOJIHBIIA UMITYJILC CUCTEMBI €CTh

P(t)=my,+0.
ITocie ynapa (MOMEHT BpeMEHHU /,) TOJHbBIA UMITYJIbC CUCTEMEI €CTh
P(/,) = Ne,5,+/J1,0..
I/ICHOJ'ILSYSI 3aKOH COXpaHECHMA MMITYyJIbCa, 3allMIIEM
/Ty, +0=/aC, + /uu,.

N3 3TOrO BBIpAXXEHUS HAiIEM CKOPOCTb, C KOTOPOW 11ap Macchl m, Oyner

JBUTaTbCA ITOCJIE yaapa

2(6,-0,)
mZ

JelicTBME 3aKOHA COXPAHEHUS TIOJIHOTO MMITYJThCA VI TTPOSKIINY UMITY/Th-
ca Ha BBIICJICHHOE HAIMpPABJICHUE Mbl MMOCTOSIHHO HAOMIONAaEM B TTOBCEIHEBHOMN
xu3HU. Ecnu noaka mpuctaeT HocoM K Oepery, a maccakup HaXOIWUTCSl Ha KOp-
Me€, TO KOI/Ia MacCaXup HAYHET UMITH IO JIOMKE CO CKOPOCTHIO U,, JTOAKA CO CKO-
poCTb U, OyIeT OTILILIBAaTh OT Oepera.

B coBpeMeHHOI1 (pu3nke 3aKOH COXpaHEHUs TTOJTHOTO MMITYJIbCA CUUTAETCS
OoJiee YHUBEpCATbHBIM, YeM TpeTuii 3akoH HbtoToHa. TTokaxkeM, Kak ro 3akoHa
COXpaHEHUsI TOJIHOTO MMITYJIbca ToTydaeTcsl TpeTuid 3akoH HetotoHa. Pacemot-
PUM 3aMKHYTYI0 CUCTEMY U3 JBYX MaTepUATbHBIX TOYeK. sl Takoil cucTeMbl
nMeeM

Pi(t) + P,(0 = const

IMpomnddepeHirpoBaB Mo BpeMEeHU MPaBYIO U JIEBYIO YacTH 3alMCAHHOTO

BbILLIE YPaBHEHMSI, TTOTyYUM
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Q.,D,",

y‘{I/ITbIBaﬂ, YTO UBMCHCHUEC UMITYJIbCa paBHO CHUJIE, UMEEM

D) 5 R =~> F =-F
! Y 12 Y21

—
~
N~
=

>

3.2. Ilenmp macc

Z[J'[H CUCTEMBI MaT€praIbHbIX TOYEK BBOAWTCS IOHATUEC LICHTPa Macc.
HYCTL TIOJIO2KEHUE MaTepI/IaJIbHOﬁ TOYKHW m, OIUCBIBACT PaayC-BEKTOP

2j. Torma pamMyc-BeKTOp, ONPEICISTIONINI MOJIOKEHUE IIEHTPa MacC CUCTEMBI
W3 1 MaTepUaIbHbIX TOYEK, OMPEICIISICTCS CIISAYIONIMM BhIPaKEHUEM

n

25-- 3.7

PaccMoTprM He3aMKHYTYIO CHCTeMy MaTepUaTbHbIX TOUYEK.
Ilpu ycrmoBum, 4To Macca MaTepuaibHBIX TOUYEK HEU3MEHHA, YpaBHEHUE
(3.6) ¢ yueToM MOHSITHS LIEHTPA MacC MPUMET BUJ

A - A - ?
d( T Mde\ 2 = g4y T 5 /f{_/ _F G
dt \)w 7 Tz di

3neck JI/ =Y m, - Macca CUCTEMbI MAaTEPUATLHBIX TOYEK.
M
W3 (3.8) cnemyer, yTo ABMXKEHME LIEHTPAa MAcC IOIHOCTBIO OMNpeAeseTcs
CYMMOI BHEIIIHUX CWJI, JEUCTBYIOIIMX Ha CUCTEMY MaTepUaTbHBIX ToueK. Ecim
CyMMa BHEIIHUX CUJI paBHA HYJTIO, TO LIEHTP MACC MOKOUTCST U JIBVDKETCS PaB-
HOMEPHO U MPSIMOJIMHEIHO.

3.3. Peaxmuenoe deuicenue

PeakTiBHOe IBIZKEHME TIPOVICXOMWT 3a CYET BBIOpPOCA YaCTW MacChl Tejia B
OIpelie/IeHHOM HarpaBiIieHre. PaccMOTpUM peaKTUBHOE IBIDKEHUE PaKeThbl WA
CHapsina.

B pakere M peaKTMBHOM CHapsiie IPOMCXOMUT ITOCTETIEHHOE CropaHvie
TOIUTMBA M MCTEUCHHE TOPSYMX Ta30B Ha3ad 4epe3 COOTBETCTBYIOIIME OTBEpP-
ctust. PaccMarpmBasi pakeTy ¥ BBITEKAIOIIME M3 Hee Ta3bl Kak eIUHYI0 MEXaH-
YeCKyI0 CHCTEMY, MOXXHO TIPMMEHHUTh K Hell 3aKOH COXpaHEHUs MMITyJhca. Tak
KaK BBITEKAIOIIMe Ta3bl 00JIamaloT MMITYJIbCOM, HalpaBIeHHBIM Hazal, TO OC-
HOBHAsI YaCTh PaKeThbl OYIET ABUTATLCS BITEPE]L.
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PaccmoTpum  pakery, X’
JIBUKYIIYIOCS OTHOCHUTEb- 1
HO TIOBEPXHOCTU  3eMJIM.
Bo3bMeM aBe CHCTEMBI KO- *k o
opauHat. OngHa cBsi3aHa C ras . f v
MOBEPXHOCTHIO 3eMJIU, NpY-
rasg - ¢ ABUXYIIEHCS pake-
Toii (puc.3.4).

ITycth B MOMEHT Bpe-
MeHu [ Macca pakeThl BMe-
CTe ¢ TOpIOYMM paBHa Aa U 3emiis
pakeTa JBUXETCSI OTHOCHU-
TEJILHO TOBEPXHOCTU 3eMJIU Puc. 3.4.
CO CKOpoCThl0 6. B MOMEHT
BpeMeHU =t + At pakeTa MMeeT Maccy [a, U JBUXKETCS OTHOCUTEJIbHO IO-
BepxHocTH 3emuim co ckopoctbio U, =u+ JC. 3gece AC - u3MeHeHHE
ckopoctu pakeThl 3a Bpemsi Af. [lycTh CKOpPOCTb UCTEYEHUsSI Ta30B OT-
HOCUTEJIbHO pakeThl - 4 W HampaBjieHa B CTOPOHY MPOTUBOIOJIOXHYIO
ckopocTu pakeTrbl. CKOPOCTb MCTEYEHHUS] Ta30B OTHOCHUTEJIbHO MOBEPXHOCTU
3eMJI1 B MOMEHT BPpEMEHHU T, eCcTh i, —Ii.

MMITysibc pakeThl B MOMEHT BpeMeHH / paBeH

P(t) = mu. 3.9
HMIysibe pakeTsl ¥ BHITEKAIOIINX M3 Hee Ta30B B MOMEHT BPEMEHU /, paBeH
P(t) =m,u, + (2?-na, Ko, -i1). (3.10)

Pakera u BbITeKalye ra3bl 00pa3yloT 3aMKHYTYIO CHUCTEMY, K KOTOpOW
MPUMEHUM 3aKOH COXpPaHEHUS MOJHOTO UMITYJIbca
ma v = Ifir, + (@ - or, )(u -i). (3.11)
ITocne packpbeiTus cKoOOK ypaBHeHHMe (3.11) mpumet Bun
- Ao-m = U -Am .
3pecy [Jor = na, - na. PaznenuB mpaByl W JIeBYIO Y4acTW ypaBHeHUs Ha I/, mpu
ycinoBuu uyto At — >0, moayyum
do _dm
m— = -u —
dt dt
la3bl, BbITEKAss M3 COIUIA PAKEThI, ACHCTBYIOT Ha Hee C HEKOTOPOIl CUJION,
KOTOpasi Ha3bIBaeTCsl PpEaKTUBHOM CUJIOY TATU
V=i, (3.13)
rae a = dm BpeMEHHOU (eXeCeKyHAHBbII) pacxoj TorauBa. PeakTuBHas cuia

dt
HaripaBJi€Ha IMPOTUBOITIOJIO0KHO HAIIpaBJICHUIO UCTCYCHMUS Ira30B.

(3.12)
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VYpaBHeHUE, OMKCBIBAOIIEE ABVDKCHHME PAKeThbl, IMOIYyYeHO TPU YCJIOBUH,
YTO Ha Hee He JIeHCTBYeT BHEIIHsA cwia. [1py HaIMuMM BHELIHEH CWIbl F*\
NEVCTBYIOILICH Ha TeJI0, Macca KOTOPOTO M3MEHSIETCS BO BPeMEHH, ypaBHEHHE,
OIMMCHIBAIOILIEE TAKOE IBVDKEHIE, TIPUMET BUIT

i g A (3.14)

J dt
YpasHenue (3.14) monyuwio Ha3BaHWE ypaBHEHUsT MelepcKoro.
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Tema 4
Pa6ora. MoiiHocTs. KnHeTHueckast M moTeHILMalbHas SHEPTUU.
CB$13b NOTEHLIMAIBHONI SHEPIYU C CUIJION. 3aKOH COXpaHEHMS
SHEPrUMU JJisl MaTepuaJibHOM TOUKU. 3aKOH COXpaHEHUSI SHEPIUK
JIJIST 3aMKHYTOM KOHCEPBAaTUBHOM CUCTEMbI MaTepUaIbHbIX
TOYEK. 3aKOH COXpaHEHUsI SHEPTUM JIJIs1 He3aMKHYTOMI
KOHCEPBATUBHOI CUCTeMbl MaTepUaIbHbBIX TOUEK

4.1. Paboma

OnpegesieHre MOHSTUS paObOThl B (PU3MKE - 3TO 00O0OLIEHUE KUTEHCKOM
paboThl, BETMYMHA KOTOPOI 3aBUCUT OT MBIIIIEYHBIX YCUJIUA U PACCTOSTHUSI.
PaccMoTpuM ABUKEHME Teja BAOJIb OCU X IO/ AEUCTBUEM MTOCTOSTHHOMW CU-
bl F, HampaBjieHUE AEUCTBUS KOTO-
poii CcOCTaBjisSIeT C HamnpaBJICHUEM E
nBrxeHus yron ¢ (puc.4.1). Iycts 3a
BpeMsI { TEJIO TIEPEMECTUIOCh Ha pac- o)
crosiHMe x. Torma BeKTop mnepemeliie-
HUST €CTb X. O
Paboma, cosepwaemas cunoii, Puc.4.1.
amo QusuuecKkasn 8eAuUHA PAGHAs CKAASPHOMY NPOU3EE0CHUIO CULbL HA 6eKMOP
nepemeujeHus

»

X

A= F-x = F -x-cos<p. “.1)

B 3aBrcrMOCTH OT yrta MeXIy CUION M HarpaBieHUEeM MepeMelIeHUs pa-
00Ta MOXXET ObITh KaK TTOJIOXUTENTbHOM, TaK U OTPULIATETBHO.

O000IIMM TTOHSATHE PA0OTHI HA CITyJail IBVDKEHUS TeJla TT0 KPUBOJIMHEWHON
Tpaektopuu. Ilycth Teno aBu-
JKETCS TI0 HEKOM KPUBOJIMHEWHOMN
TpaekTopuu (puc.4.2). Ha Hero
TIEUCTBYET CUJa, BeJIMYMHA U Ha-
MpaBlicHUe KOTOpOi B 0OIIEM
cly4ae 3aBUCHUT OT TTOJIOKEHUSI
tena. Teno, qBUTAsICH MO KPUBO-
JIMHEWHON TpaeKTOpUHU, IPOXO-
JIAT ITyTh OT TOYKX | [0 TOYKHU 2.
Pa3obbeM Becb myTh Ha U - O€
YUCII0O  MAJEHbKUX  YYaCTKOB:
JA;, AH, ..., Ar,. <«ManocTtb»
pa3dvieHKs] Ha YJacTKU Ofpe/e-
JIsieTcsl AByMsI TpeOOBaHMSIMU: a)
MOXHO CYUTATh YYaCTKU TPSIMO-

Ar,

Puc. 4.2.



JIMHEMHBIMU, 6) MOXHO CUMTAaTh, YTO CWJIA, NEMCTBYIOIIAS HA y4acTKe, MOCTO-
sHHa. Bektop mepemeltieHus Tejia Ha j - oM yJactke ectb Jfl., a cua, mevicr-
BYIOLLIASl HA TeJIO HAa 3ToM yuacTke F. Torma paboTy, coBepLIaeMylo CWION Ha

KPUBOJIMHEIHOM TPAEKTOPUM OT TOYKU 1 10 TOYKU 2, MOXHO MPEACTABUTD B BU-
Jie CyMMBI paboT, COBepLIAeMbIX Ha MaleHbKUX ydyactkax JI?,, JIA, ..., Hr,

A=F @ + F, i +... + FAf, = £ FAR (42

B npenene nipu Al -» 0 BbIpaxeHue 11 pabOThl TIPUMET BULL

/=1 1(L)

byksa L momyepkuBaeT, 4T0 MHTETPUPOBAHNE JOJDKHO BECTHCH ITO OIpe-
JEJICHHOU TPACKTOPUU JBVXKEHUS.

BenuuvHa paBHasi CKaIsIpHOMY TIPOM3BENICHUIO CHJIBI HA M3MEHEHUE pamyi-
YC-BEKTOpAa HA3BIBACTCS 31eMEeHMAPHOU padbomoli

bA = F-df 44

Paboty, coBepiiiaemyro cuioli Ha KpMBOJIMHEWHOMN TPAaeKTOpWHY OT TOUYKU |
IO TOYKH 2, MOXHO TIPEACTABUTH B BUJE CyMMbI 3JIEMEHTapHBIX Pa0OT.

3amemum, 9TO B OOIIEM ciydae 54 O3HA4YaeT He MOJIHBIN auddepeHIaT
oT yHKIIMU A, a Matylo paboTy, coBepllaeMylo Cuioli F Ha MajoM ydyacTke
TpaekTopun df

Paznoxxum cuty, AeWCTBYIOIIYIO Ha TeJlo, Ha JBE COCTARJISIIOIINME HAIpaB-
JIEHHYIO IO KAcaTeJIbHOM K TpaekTopud (F,) U HANpapIeHHY0 HOPMAIBHO K

HEli(/?,,)

F = Fr+P,. @5)
Torma BeipaxkeHHe It PabOTHI MOXKXHO 3aIliCaTh B BUIE
2 2
A= J f\dr+ ] F,dr 4.6)
1(5) Hi)

W3 onpenenerust paboThl CleoyeT, YTO paboTa, coBepliacMasi HOPMaITbHON
COCTARJISIIOILICH CUJTBI PaBHA HYJTIO

Jp.dr =Q. (4.7)
HA)
BripaxkeHue st pabOTHI IPUMET BUIT
2 2
A=) Fdr=1J Fdr 4.8)
1(i) 1(A)

Takum o0OpazoM, eciii, Harpumep, TeJaO ABWKETCS IO JCUCTBUEM CHITHI
WA TPYMIbl CWJI IO OKPY:KHOCTU C TOCTOSTHHOW TI0 BEJIMUMHE CKOPOCTHIO, TO
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paboTta, coBeplllaeMasi 3TUMM CUJIaMU, paBHa Hymo. Taksce paBHa Hyso pabora
CWJTBI PEaKIIUU OTTOPHI.

4.2. Mowrnocmo

Paboma, cosepwaemas cunoii 6 eQuUHULY 8peMeHU, HOCUM HA38AHUE CPed-
Hell Uau UCMUHHOU MOWHOCMU
JIT ‘
<N >=—,
1
Ecnu cuna, aeiicTByomias Ha TeJlo, TTOCTOSTHHA M TEJIO IBUXKETCS C MOCTO-
SIHHOM CKOpPOCThIO (1 = const), Toraa

A F.
<N>=-% A LRnpy, (4.9)

O606IHCHI/ICM ITOHATUA CpeﬂHCfI MOIIIHOCTHU 4BJACTCd MIHOBCHHAs MOIIl-
HOCTbD.
Menosernnas MoutHocms  OIIPEACIACTCA KaK CKOPOCTb H3MEHCHMUA pa6OTI)I
BO BpEMCHU
. SA  Fdf - _
N=—=__ =Fo (4.10)
dt dt
Ecau n3BecTHO M3MEHEHUE BO BpEMECHU MTHOBEHHOI MOIIHOCTHU, TO CpEA-
HsAA9 MOIIHOCTDL 3a BpEMA I ecTtb
<N>=\N(t)dI,
o

4.3. Kunemuueckas u nomenyuanvias sHepeuu. Ce136 NOMEHUUANbHOU
3Hepeuu ¢ cuaol

O6paTtuMcsl KO BTOpOMy 3akoHYy HploToHa. B ciiyyae MOCTOSSHHOW Macchl
nMeeM
dy
ni g
dt
YMHOXUM TpaBylO U JIEBYIO YaCTU YpaBHEHUs CKaJSIpHO Ha BEKTOp dr
do
m\—-dr\ = F-dr 4.11)
YpaBHeHue (4.11) MOXHO IepernucaTh B BUIE
m(dv~] = 64 => m(du-0) = SA 4.12)

CKaHHpHOC IIPOU3BCACHUE BEKTOPOB paBHO ITPOMU3BCACHUIO MO[[YJ'[CI‘/JI 9THUX
BEKTOPOB Ha KOCHMHYC yIjla ME€XIAY HUMU

vdv = \u\ -\dv\cosp = \6\ -d\u\ -vdu. (4.13)

35


file://-/dv/cosp

Z o (0

o(t+dt) o(t) |du|cosp=d|0|

rY ]
diT P

o(t+dt)

Puc. 4.3.
3peck o = |[t3|, i =i1?u|, B - yroa mexmy BekTopamMu o u do. Ilpu 3anvcu
(4.13) yuursiBanu, urto |dujcos/? ecThb GECKOHEUHO Mayioe MPUPALIEHNE CKOPO-
CTU BIOJIb HANIPABJIEHMS BEKTOPA CKOPOCTU U IO3TOMY paBHA M3MEHEHUIO 3TOM0
BekTopa dv (puc.4.3).
CyuetoMm (4.13) ypaBHeHue (4.12) nmpuMeT BuUm
J" Y c a
PEY'Y) (4.14)
BBeleM MOHSATUE KMHETUYECKOM SHEPTUU MATEPUATBHOM TOUYKH.
Dusuueckas 6eAuMUHA, PABHAS NOAOBUHE NPOU3EEOCHUS MACCbl Mamepu-
ANbHOU MOYKU HA KEAOpam CKOpOCMU, NOAVMUNA HA36AHUE KUHEeMU4ecKoll 3Hep-
Ul MamepuaibHoli MmouKu

E=m0

s OINpeCacjacHUusA EK CJIeaAyeT, YTO KMHCTHUYCCKasd SHEPIrUda 3aBUCUT TOJBKO

OT MacChl U CKOPOCTU MaTepUaIbHON TOUKHU.
N3MeHeHNe KUHETUYECKOI SHEPTUU PaBHO 3JIEMEHTapHOI pabdore
dE, = 3A.
ITycTb Teno mepemeniaercs 1Mo HEKOTOPOil TpaekTopuu (/,) U3 TOYKU 1 B
Touky 2. Bo3pMeM oOT mpaBoit u jeBoii yacTteii ypaBHeHus (4.14) uHTerpaja mo
TpPaeKTOPUHU OT MEPBOU OO BTOPOM TOUKHU

\dE,=\8A. 4.15)
D 1L
CneBa B ypaBHeHUHU (4.15) cTouT MHTerpaia oOT MojHOro auddepeHimaia

JjdE, = E, - E

K]

a crmpaBa - paboTa cuJi, AEHCTBYIOIIMX Ha Tejio, Tpu ero Ile-

peMelleHUU U3 TOYKU 1 B TOUKY 2
mo. mo._ — 4 (4.16)
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Ypasuenue (4.16) mokaseiBaet, yto pado- 1°
Ta, coBeplaeMasl "CHIOM, NCCTBYOIIE Ha Ma-
TEpUATbHYI0 TOYKY, 3aTPAauyMBacTCSI HA M3MEHE-
HHME ero KWHeTW4ecKou sHepruu. Eciu pabota
MOJIOXKUTETbHA, TO KUHETUYECKAs] SHEPIUsi BO3-
pactaer. Eciu pabota oTpuiiatesibHa (IEHACTBUE
CWJI HATpaBJIEHO MPOTUB JBIKCHUSI U TOPMO3UT
€ro), TO KWHETUYECKasl HEPTUS Tela yObIBaeT.

B ob6miem ciyyae, 4toObl HailTh paboTy He- 2
00XoauMo 3HaTh: 1) TpPaeKTOpUIO, MO KOTOPOM P"-44.
JIBVKETCST TEJIO. 2) KaK Ha 3TOU TPaeKTOpUU MEHSIETCS] BEJTMYMHA U HATpaBICHUE
CUJTBI. DTO YacTO He MPOCTO chesiaTh. Bo3HMKAeT BOMpOC, HEMb3sI JIU HAWTU 00-
XOIHOU TYTh JUISI HAXOXJEHUS paOOThl, HE UCIMONBL3Ys BbipaxeHue (4.3)? Oka-
3bIBAETCSl, TAKOW MYTh CYILIECTBYET.

"CTOUKHM 3peHUsI coBeplliaeMOil paboThl, BCE CUJIbI, CYIIECTBYIOIIME B MPU-
polie, MOXHO Pa3OUTh Ha JBE TPYIIIbL:

1. KOHCepBaTUBHbIE WX MOTEHUUANbHbIE (P ),
2. HEKOHCEPBATWBHbBIE WM HETOTeHIMaTbHbIE (FJ.

Cuna Hazvleaemcs KOHCep8aAmMuUBHOIL, ecau paboma, cogepuiaemasi 3moti
CUAOIL, He 3a8UCUm 0M mpaeKmopuu, no KOMopoul meao nepemeuiaemcs U3 npo-
U3604bHOI mouku 16 mouky 2, m.e.

iPKdr = j2 Pdr 4.17)

3necy L, n L, paznuuHble TpacKTOpUX OT ToUkU 1 10 Touku 2 (puc.4.4). Pabora
3aBUCHT OT TOJIOKEHUST HAYATbHOM M KOHEYHOU TOUEK.

Ecmu ycnosue (4.17) He BBITIONHSIETCS, CUJTa HA3bIBAETCSl HEKOHCEPBATUBHOM.

Eunie onHo ompeneneHre KOHCEpBAaTMBHOW CUbI cienytolee. Cuia Haswli-
eaemcs KOHCepeamuagHoll, ecau paboma, cogepuiaemas Imoil Cuaoll no Ar000il
3aMKHYMOU mpaekmopuu pagna Hyro. JleiictButenbHo u3 (4.17) cnenyer

2 2 2 1

Jj Fdr-j Fdf = 0=>j Pdr + \ Fdr = 0=> jP.dr = 0. (4.18)

st Toro 4yto0bl yciaoBue (4.17) BBIIOIHSIOCH HEOOXOAWMO, YTOOBI IO,
WHTErpajioM CTOSLT MOJIHbIA ArddepeHIan 0T HEKOTOpoi (PYHKIIMH, T.€.

o\d?=-JdE, = E,-E , 4.19)
M) 1
3HaK MUHYC B BbipaxeHuu (4.19) obmienpuHsThid. s HEMOTEHIMATEHBIX
CWJ Takoe ypaBHEHWe HamucaTb Henb3s. DyHkums E,, Has3blBaeTcsl MOTEHLM-
QTbHOM (yHKLMEH WM TOTCHUMATbHOM sHeprueid, £, uE,, - 3Ha4YeHus Mo-
TEeHLIMAJIbHOM 3Hepruu B 1 U 2 Toukax.
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Pabora, coepliliacMasi MOTEHLIMAILHON CUJION, paBHA Pa3HOCTH MOTEHLIM-
JIbHBIX SHEPIYIA B HAYAJIIbHOM M KOHEYHOM TOUKax
A=E -E, 4.20)
Ecmu cuna moreHUManbHasA, TO 3jieMeHTapHasl padora 34 paBHaA M3MeHe-
HUIO TOTEHLMAIBHOM SHEPTMU CO 3HAKOM MUHYC
Fdr=-dE, (x,y,2). 4.21)

Wnu B nexkapToBOii cMCTEME KOOPIUHAT

dE, ok, 0FE,
F<b + Kydy'" 4 = - SZdX+—="dy+—"-dz (4.22)
OE, 8E, OE,
3nech YaCTHbIE TTPOU3BOIHbBIE OT MOTEHLMAILHON SHEPIUU.
ox dy dz
OE, _ EE
U3 (4.22) cnenyer, uto F, P K oy F ol

Cunty F MOXHO 3amucarb CJeAyIomM 00pa3oM
~ - - e OE - OE - O0E -
E =Ei +Fj+EI= / / k.

" KyJ "

Wnu, BbiHocst E, "onyaum A oy dz

= 7=t /—=tKk— >E,, = -gradE,,. (4.23)
ox dy dz
Cuaa Hazvieaemcs KOHCEPBAMUBHOU (UAU NOMEHUUANBHOIL), eCau ee MOJIC-
HOo npedcmasuma 6 sude epaduenma om HeKomopoul CKAApHOU YHKYUU
F,=-gradH
D10 ele oAHO omnpenesieHUue MOTEHIMATBbHON CUITbI, SKBUBAJIEHTHOE TIpe-
JbUTYLLMM.
PaccMoTpymM nipriMepbl TOTEHIIMATBHBIX CHIT.
1. Cuna tsexectu: F = mg.
BeibepeM cucteMy KOOpIMHAT TaKMM OOpa3oM, 4ToObl OCh Y ObLia Ha-
MpaBieHa B  CTOPOHY, MPOTUBOIIOJIOXHYIO  CWJIe  TsDKecTu.  lorma
F=F=0, F,=-mg.

Eciu cwa moteHIManbHas, CyInecTByeT MYHKIMS £, TakKasi, 9To

oL,
0= -% (4.24)
ox
__ Eé*,
dz '’
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N3 (4.24) cnenyer, uro E, He 3aBUCUT OT KOOPAWUHAT X U JI, a 3aBUCUT
TOJIBKO OT KOOPAMHATHI y

dE
_mg =—f—dy => dEn == IT’Ing :> E» = mgy + C

Ha onbiTe u3MepsiloT He MOTEHIUAIbHYIO 3HEPTUIO, a Pa3HOCTb MOTEHLIU-
anbHbIX 3Hepruil. bynem cuurtats, uro E(y = 0) = 0. Torna C=0 u BbIpaxxeHue
IUUISL TIOTeHILIMAJIbHOM SHEPTrUU eCTh

E,=mgy

2. Cuna BceMMpHOro TsroTeHusi, cuna Kymowa: F=m \’e F= r B

o01IeM BMJE 3TU CWJIbI MOXHO 3anucarb Kak F =—A,~—e, rae A, - MOCTOSIHHBIN
e
K023 dulIMeHT, 3aBUCAUIMA OT BUIAa paccMaTpuBaeMoil cuibl. CyliecTByeT
¢pynkuua E=-— + C Ttakas, 410 -j-r =-grad\ —- . IlocrostHHag C ompe-
e r , e
nensiercs u3 ycnosust E (e = <») =0 u paBHa HyJO.

3. anyraﬁ cuna: F = -kx. 3mech X cMellleHHMe TOYKM OT ITOJIOXKEHUS PaBHOBC-
2

KX
cust, k - KoapobuumneHt ynpyrocru. CymectByer dyukuust £, =——+ C taxasi,

erZA
yTto —KkXx=-grad IMocrosinnass C  omnpenensiercss U3 yCJIOBUS
% ‘7
E {x =0) =0 u paBHa Hy1I0.
4. TlpuMepoM HeTOTEULIMATLHOU CUJIbI SIBJISIETCSI CUJIa TPEHMUSI, NeiCTBYIONIAasl Ha
NBUXYIIEECS 1O TOPU3OHTAIBHOU TIJIOCKOCTM CO CKOPOCTBIO U  TEJo:

F, =—{img— 3pecp y - xoapbuuueHt tpenusa. Ecau Obl 3Ta cuia 6buta Mo-

TeHIMAJIbHOM, TO TPU NBUXEHUM Tejla MO 3aMKHYTOU Tpaektopuu 1 —>2—>1
pabora, coBepluiaemasi cujioit, o6bia 06l paBHa (. IlycTh Teao ABUXKETCS MO Mpsi-
MOJIMHEWHOM TpaeKTOPUM BHayajae OT TOYKM | K Touke 2. A 3aTeM BO3BpalllaeT-
csi OT Toyku 2 kK Touke 1. PaGota, coBepliaeMasi CWIOl TpeHHS Ha ydyacTke
1—>2u2—>1,CcO0TBETCTBEHHO, OyIET

/42 = -nmgl,
A/A/ = fimg(-/) = -Mmgl.
3mech / - paccTosiHME OT TOYKM 1 10 Touku 2. PaGoTa cuiibl 1O 3aMKHYTOM Tpa-
exropuu 1 —» 2 —>1ecThb

DT0 JOKa3bIBA€T, YTO CHJIa TPCHUA €CThb HEIIOTCHLIMaJlbHasa CUJjia.
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4.4. 3axon coxpanenus snepauu 041 MamepudaiLbHOIU Mo4Ku

BHoBb obpatumcs ko 11 3akoHy HptoToHa. Mbl 1oKa3aiu, 4yTo paboTa, co-
BeplIaeMasi BHEITHUMU CUJIaMM, 3aTpauyvBaeTCsl HA M3MEHEHUE KUHETUYECKON
9HEpruu Teia

JdE =\SA.

3amuieM paboTy Kak CyMMY JIBYX PaOOT: padOTy, COBEpLIaeMYyIO IIOTeH-
LIUATbHBIMUA CUJIAMU, U PabOTy, COBEPIIIAEMYIO HETTOTEHIIMATBHBIMU CHJTAMMU.

)AE,= )(F.dr)+)(F,dr). 4.25)
1 14 A}
3necs F, u F, - pe3ybTUpYIOLINE NOTEHLMAIbHBIX U HEMOTEHLMAIBHBIX CUI,
JIEMCTBYIONIUX Ha TeJO. YpaBHeHUE (4.25) mepenuiiieM B BUIE
2 2 2 2 2
\dE, = -JdE, . [pdr *~ \d{E, . E,)=) (F,dr. (4.26)
1 1 1(£) 1 1g)
®uznueckasl BeJIMYMHA, PaBHAsl CyMMe TOTEHIMAIBLHON M KUHETUYEeCKOM
SHEPruii, MOTy4YnsIa Ha3BaHUE MOJTHAsI MEXaHWUYECKasT SHEPTUST
E+E, =l
VYpaBHeHue (4.26) TMoOKa3bIBaeT, YTO W3MEHEHME ITOJHOM MEXaHUJECKON
SHEPIUU TIPOUCXOANT 3a CYET pabOoThI, COBEPIIIAEMON HEMOTEHIMATBHBIMU CU-

JJaM1
2

\E,-E=JF,dr., 4.27)
| i(i) \
ECﬂLl HA meao He 0eﬁcm6yf0m HenomeHuudaabHble CUAbl UAU uxpa60ma
pasHa 0, monpu aeum‘eﬂuu NOJHAA MeXaHUu1ecKas Hepeus meaa 6yaem ocma-
B8AMbBCA i’lOCmOﬂHHOL?
E=E, => E{ft)=E1).
B 31OM 1 3aKkmrodaeTcs 3aKOH COXpaHCHUA TOJIHON MEXaHUYECKOMN QHEPIun.
HpI/I JBV2KCHUM TEJIa ITPOMUCXOOUT HETIPEPLIBHOC IMPEBPALLICHUE KMHETUYC-
CKOU SHEPIMU B MOTCHUMAIbHYIO SHEPIUIO 1 O6paTHO B 5KBUBAJICHTHbBIX KOJIN-
YECTBaX, TaK 4YTO IIOJIHAsA MEXaHMYCCKasl S9HEPIUsA T€la OCTaCTCA HEW3MEHHOM.

4.5. 3akon coxpaneHus IHepeuU 0451 3aMKHYMOU KOHCEPEAMUBGHOU CUCMeMblL
MamepuaibHbvIX mo4eK

Ilycte wumeercst cucteMa N MarepuanbHbIX TodeK. [IpemronoxuM, 4to
1) oHa 3aMKHyTasl, T.e. Ha Hee He NEHCTBYIOT BHEIIIHUE CWJIbI, 2) BHYTPEHHUE
CWIIBI SIBJISIFOTCST TTIOTEHIIMATBHBIMUA WM KOHCEPBAaTUBHBIMU. Takast cucteMa Ma-
TEPUATbHBIX TOUYEK HA3bIBACTCS 3AMKHY MO KOHCEPBAMUBHOU CUCMEMOLI.

J171s1 IPpOCTOTBI BO3bMEM CHCTEMY, COCTOSILIYIO U3 TPEX MaTepUaIbHbIX TOYEK.

40



ITonHolt MexaHWMYeCKOI SHEprueil CUCTeMbl MaTepUaIbHBIX TOYEK HA30BEM
BEJIMUMHY, PABHYI0 CyMME KMHETUYECKUX SHEPTUMA OTIEIbHBIX MaTepUATbHBIX
TOYEK U MOTEHLIMAbHBIX SHEPIUi UX B3aUMOOCHCTBUIA.

151 mepBoii MaTepUabHOM TOUYKM MOXKHO 3aIKcaTh

AHaJIOTMYHO 1JIs BTOpOfI u TpeTLCfI MaT€pHaIbHbIX TOYCK 3allMIIEM

ll[l{]:(P])(*Tj) + (P32,C]€j).
Crnoxus TPU YpaBHCHMA, ITIOTYyYUM
d(E\E,, . E;) = SA. (4.28)

PaboTta BHYTPEHHMX CUJI C YUETOM TPEThEro 3akoHa HbloToHa paBHA
S5A= (FIZ’rf(/j - rz)) + (F13 ’d{rx - U) + (4 ;d(rz - ?3)) =>
SA = (F,dr,) + (F,dr) + (F, dr,).
3necs r, = I -r, e,=e[-e, r,=r,r, Eciu BHYTpEHHUE CWIbI NTOTEHLIUAIb-
HBIE, TO
{Fdr) = -dE,,

(Fdr,) =-dE,, 4.29)
{FZJdFﬂ) = 'dEvzs'
TMoncrasus (4.29) B (4.28), nomydum
d(EK[ + EK2 + Elc] + EI/ZZ + El./l3 + En23) = 0 (430)
N3 (4.30) cnenmyer, 4to
J X +XX =0t (4-31)

AHaJIOTMYHBIA pe3yIbTaT MOAYYWId /IS CUCTEMbI 1 MaTepUalbHBIX TO-
YeK.

TakuM 00pazoM, MOJHASE MEXAHMYECKAS] SHEPrusl 3aMKHYTOI KOHCep-
BATHBHOM CHCTE€Mbl MATEPHAJIbHBIX TOYEK, PABHASA CYMME KHMHETHYECKHMX
SHEPIuii OTAEJbHbIX MATEPHAJILHBIX TOYEK U NMOTEHIMAILHBIX SHEPruii X
B3aUMO/IEICTBUI, €CTh BEJIMYMHA MOCTOSAHHASA

b Y N
S=1 - "+ 5X,=const. “4.32)
7 P
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4. 6. 3axon coxpanenusi Inepeuu 041 He3AMKHYMOIU KOHCEPEaAmuUeHOIl
cucmemot MaAMePUALLHBIX MOYEK

PaccmotpyM  He3aMKHYTYIO cucTeMy M3 N MaTepuaibHbIX ToueK. Ilyctb
CHCTeMa SIBJISIETCsS] KOHCEPBATUBHOM, T.€. BHYTPEHHME CHIBI TIOTCHIMATBHEIE. Ha
KaXIyl0 MaTepuabHYI0 TOUKY ACHCTBYIOT KaK BHYTPEHHME, TaK M BHEIIHWE
cwibl. Torna aist Kaxkaoi U3 MaTepruabHbIX TOYEK CHCTEMbI MOXEM 3aITicaTh

dH,;=SA, SAf\ 4.33)

e 5Aj - aneMeHTapHasi paboTa BHYTPEHHMX cul U 8Ap - anemeHTapHas pa-
0oTa pe3yabTUPYIONIMX BHEUTHUX CWJ, NEHCTBYIOIIMX HA Y-yIO MaTepUATHHYIO
TOUKY.

IIpocymmupyeMm IipaBbie U JIeBble YacTu ypaBHeHUs (4.33)
( N \ N N

Vy=t ) y=i 3=i
HOCKOJ]])KY CHUCTEMa KOHCEPBATHUBHA, TO, KaK ObLIO MOKAa3aHO BBIIIE, CyMMa
3JIeMEHTAPHBIX pabOT BHYTPEHHMX CIJI PaBHA

Z<A4=-1>y0

Ecm  BHelHue CUJIbI TaKXKe SABIISIIOTCA MOTCHLUAIbHBbIMU, T.€.
< ]—l ) — _A \ TO

* * " :
¢ 1% 45X (434

j<>

W3 (4.34) cnenyer, yto
5X+Z*,,+S*"=wm'- 435)

/=i /=1.

Takum obpa3oM, eci Ha KOHCEPBATUBHYIO CUCTEMY MaTepUaIbHBIX TOYEK
JIEUCTBYIOT BHEIIIHUE TTOTCHIUAIBHBIE CUJTbL, TO U3MEHEHUE COCTOSTHUSI CUCTEMBI
TIPOVICXOITUT C COXPAHEHUEM TOJTHOW ee MexaHWJeckoil sHepruu. OmHako Te-
Tepb MO, TIOJIHOM MEXaHWYECKOW 3HEeprueil MOHMMAaeM CyMMY KUHETMYECKUX
SHEPIUi OTAEIBHBIX MAaTePUATTbHBIX TOYEK, CYMMY MOTEHIIMATbHBIX SHEPIUIA X
B3aMMOJIEVICTBUIA Y CyMMY MOTEHLIMAIbHBIX SHEPIUI B3aUMOIACUCTBUST CUCTEMbI
C BHELITHUMU TeJTaMMU.

B yactHOM ciyyae 3aMKHYTOI KOHCEpBAaTMBHOI cucTeMbl U3 (4.35) Bblte-
Kaet ycnosue (4.32).
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Tema 5
MoMeHT uMITyibca, MOMEHT cuJjibl. M3MeHeHrne MoOMeHTa
UMIyJabca. 3aKOH COXpaHEHHUSI MOMEHTAa MMITYJIbCa CUCTEMBbI
MaTepUAIbHBIX TOYEK

5.J. Momenm umnyavca, MOMEHmM CUbL

Ilycth Ham naHa HeKOTOpasi BeKTOpHas dusnyeckass BeauunHa A. DTo
MOXeT ObITh, HANIPUMEpP, CUJIa, CKOPOCTh, YCKOpeHUe U T.I. BekTop xapakrepu-
3yeTcs: 1) TOUKOI IpUIOXKEHHUS, 2) HaIpaBlieHWeM, 3) mauHoii. Hampumep, pa-
IUyc-BeKTOp: 1) TOYKa MPUIOXEHUS - HauyaJdo CUCTeMBbl KOOPAMHAT, 2) HaIpaB-
JIeHUEe - T0 TPSIMOM, COeAWHSIONIEl HadvajJo KOOPIMHAT M paccMaTpHBaeMYyIO
TOYKY, 3) IUIMHA - paCCTOSTHME OT Havyajla CUCTEMBl KOOPAMHAT 10 TOYKH.

MoMeHT BekTopa A OTHOCUTEIbHO Hadvaja KOOPIMHAT ONMpeAessieTcs] BeK-
TOPHBIM TIPOU3BEACHHUEM paanuyc-BeKTOpa Ha BeKTOp A

M=\TA\ = IVA. (5.1 AN I

Takum oOpazoM, Momenm umnyibca ma- B
mepuanvHoll MouKu - >mo @uauueckas eeauyu- -
HA, YUCAEHHO PABHAS BeKMOPHOMY Npou3eede- Iy
HUK paduyc-eeKkmopa HaA 6eKmop UMHYAbCA P
(puc. 5.1) O

1= [ep). (5.2)

Momenm cuavt  3mo ¢huszuueckas eeauvu- -

Ha, HYUCAEHHO pABHAS BEKMOPHOMY npoussede- L '

HUI0 paduyc-eeKmopa Ha 6eKmop Culbl
— Puc. 5.1,
M=\\. (5.3)

HpI/I HaXOXICHNUU BEKTOPHOIO IPOU3BECACHUA pagWyC-BEKTOpP M3 Hayajla CUCTC-
MBI KOOpAMHAT MEPEHOCUTCA B MECTO PACIIOJIOXKECHUA MaTCpI/IaJIbHOﬁ TOYKH.

5.2. HU3zmenenue momeHma umnyavca

BHOBB o6paTuMcs KO BTopoMy 3aKoHy HbloToHa B Bume

m— =P (5.5)
dt
YMHOXUM TIpaBylO U JIEBYIO 4acTM ypaBHeHHs (5.5) BEeKTOPHO Ha paauyc-

m ..dgt -M (5.6)

IlpaBasg yacth B (5.6) - MOMeHT cuibl. [ ompeneieHus: JEBOM 4YacTh B
BhIpaXXeHUU (5.6) pacCMOTPUM TPOU3BOIHYIO OT BBIpaXEHMS [euf:

BEKTOp 2.
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BekropHoe mpou3BeieHe BEKTOpa Ha caMoro cedsl paBHO HyM0. Takum oOpa-

30M, IOJIyYUM
d
P (5.7)
dt dt

Hcnons3yst 3T0 COOTHOIIICHKE, BBIpaXeHUE (5.6) TeperuIiieM CIemyrOoM
obpa3oM

m—eit] = VE)

‘Iz \ (5.8,

W3 Broporo 3akoHa HbloTOHA, MOIYYWIN: U3MEeHeHUe 80 8peMeHU MOMEH -
ma uMnyabca MamepuaibHOl Mo4KU pA6HO MOMEHMY pe3yAbmupyrouieli Cubl,
deticmeyoweti Ha mouky. YpaBHeHue (5.8) Ha3bIBaeTCsl ypaBHEHHEM MOMEHTOB.

M3 nonydeHHOro ypaBHEHUS! CJIEMYET, YTO €CIM MOMEHT Pe3yJIETUPYIOLIeH
CWIbl paBeH HYyJ/IO, MaTepuaibHasi TOUKa OyJdeT MBUTaThCsl ¢ HEM3MEHHBIM BO
BpeMEHU MOMEHTOM UMITYJIbCa, T.€.

M=0 "> L{l)=L@),

e 1] v ¢, - Npon3BOJIbHBIE "MOMEHTHI" BPEMEHHU.

MOoMEeHT cuJibl MOXKET OBbITh PaBeH HYJIO B JBYX CITydasiX.

1) pesynbTUpyIOIIasl cuia, JeHCTBYIOIAas Ha MaTepuasibHYIO TOUKY, paBHa Hy-
0. U3 yenous F = O cienyer, UTo npu pagHOMepHOM RPAMOAUHEHHOM 08U~
HCEHUU MAMEPUANbHOU MOYKU MOMEHIM UMNYAbCA OCMACMCS 8EAUMUHOLL NO~-
CMOSIHHOIL.

2) TpY ABVXXEHUU PE3yJIbTUPYIOLIas Cujla HarpapjieHa BOOJb WIM NPOTVB Ha-
TpaBJIeHUsI panuyc-BekTopa, T.e. Ftte wm F 14 ¢

Cwibl, HarpaB/ieHUe JEHCTBUSI KOTOPbIX HA MaTepUaIbHYIO TOUKY Mapai-
JIETbHO WIM aHTUMNApaLIeJbHO PaauyC-BEKTOPY, MPOBEAEHHOMY B 3Ty TOYKY,
TOJTYyYMJIM Ha3BaHUE 1IEHTPaIbHBIX.

Bropoii cnyyaii HaGmtogaeTcsl, HanmpyuMep, MPU PacCMOTPEHUU JBMKEHMUS
TOYKH TOJ ACACTBUEM KYJOHOBCKMX CWJI WJIM CWJT BCEeMUPHOTO TAToTeHus. [leit-
CTBUTENIBHO, MYCTb MMEIOTCS ABE TOYKW C Maccamu OT, U m,. llpuyem Macca
TMEPBOI TOYKM HAMHOTO OOJTbILIE MAacChl BTOPON TOUKH.

CBspKeM ¢ TOYKOM OT, HavyaJlo cucTeMbl KoopauHat. Cuia, IeicTByrolas

Ha TOYKYy m, CO CTOPOHbI TOYKHM OT,
F=—fc"~"7"M =[Fr] = 0. (5.9)



Takum 00pa3oM, MOX AEHCTBUEM CIIbI BCEMUPHOIO TSTOTEHUS TOYKA M,
OyZeT ABUraThCsl OTHOCUTEILHO TOYKU #1, C HEU3MEHHBIM MOMEHTOM HMITYJIbCA.

3amemum. [prxeHHeTTuiaHeT Hallleil cucteMbl BOKpYr CoslHIIA TIPOVICXOIUT
MO/, JCUCTBAEM CWIbI BCEMUPHOIO TSTOTEHUSI, TIO9TOMY MOXHO YTBEPXKAATh, YTO
TJTAHEThI " IBUXKYTCST OTHOCUTENBHO COJTHIIA C HEM3MEHHBIM MOMEHTOM KMITYJTbCA.

EcmC~mu "mamepuansHyio mouky oelicmeyem uyeHmpaibHas cuia 1ob602o
NPOUCX0IH00CHUS, MO MOMEHM UMNYAbCA .MAMEPUANbHOU MOoUKU Oydem coxpa-
HAMbCA.

OTtMmeTuM, 4TO Hua SIBJISIETCSl LEHTPATbHOM JIUIIIb IIsI OMPENEICHHON CUC-
TeMbl oTcyera. sl Apyroit cucTeMbl OTcUeTa 3Ta CUJa YK€ MOXET ObITb He
neHtpaibHO. Hanmpumep, BozbMeM Ty ke cuity. Eciiv Hayano cructeMbl KOop-
JUHAT Mbl TIOMECTUM B TOUKY HAXOXJECHUS TeJla C MACCOA m,, TO Cuia, JeHCT-
BYIOLLIAsl HA TOUKY 7, OyaeT LeHTpalbHOW. ITomecTum Hayano cucteMbl KOOp-
JIMHAT B TOUKY, PACIIOJIOKEHHYIO HEe Ha NPSIMOMA, COSAVHSIOLIEH TOUKU M, U m,.
B stom ciyyae cuia, IefCTBYyIOLIAs HA TEJIO M1, CO CTOPOHBI OT,, yXe He Oyner
LIEHTPAJIBHON. A pa3 cwia He LEHTpalIbHAasl, TO B HOBOM CHUCTEME OTCYeTa MO-
MEHT UMITyJIbCa TeJa He OYyJEeT COXPaHSIThCSI.

5.3. Baxon COXPAHEHUA MOMEHmMAa UMny1bCa CUCMEMbl MamepuaibHblX mo4exK

PaCCMOTpI/IM CUCTEMY MaT€pHaIbHbIX TOYCK. MomeHT MMITyJIbCa CUCTEMbI
MaT€pUuajJbHbIX TOYEK OIIPECACIMM KaK CyMMY MOMCHTOB OTIAC/IbHBIX MaTr€pu-
AJIbHBIX TOYCK

[=Y], (5.10)
M
BHOBB TSI TIPOCTOTHI PACCMOTPUM CHUCTEMY U3 TPEX MAaTepUATbHBIX TOUYEK
(puc.5.2). Jnst KaxKaor 13 HUX MOXKHO

3armcaTb _':. . F,.

da» m, - o o 1T
M, &

/. ) FE,
M

~at="

di,
= M.

dl

0
3nech Ij v M. - MOMEHTBI MMITyJIbCa

WU CWIbl, ACWCTBYIOILLEN Ha Y-yl Ma-
TEPUAIBHYIO TOUKY.

C/l0XUB, COOTBETCTBEHHO, TIPaBble U JIEBbIE YACTW YpaBHEHWIA, Oyaem
WMETh
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m i
IpeamnonoxvM, cucteMa MaTepUATbHBIX TOYEK 3aMKHYTas, T.€. HA Hee He
JIECTBYIOT M3BHE ApYyrue Teia. PacnuiineM BbIpaxkeHUe Il CYMMbI MOMEHTOB

Ccui

XM,=M,+M,+M,=[>f]] +[r,F,] +[rF)]. (5.12)
M
3necs P, F, P" - pe3yasTUpYIOLIME CUIIbL, AEHCTBYIOLIME HA MEPBYIO, BIOPYIO
U TPEThIO TOUKU, COOTBETCTBEHHO
J2=4+4 P,=4+4 =4+4- G13)

C yuetoM (5.13) BbIpakeHUE IsI CyMMbl MOMEHTOB CHJT IIPUMET BUTT
EM, =P 4]+ 1> 41 H[22 4 HR 4] +[n 4 T+[] 4] *
M
Paccmorpum cymmy \A\ P, 1 + I'f,4 ]+ W3 tpetnero 3akoHa HetoToHa crie-
nyert, yto 4 - 4 + Torma
[UL] + [2]1] = [(Ll-¢,)P,] = 0. (5.14)

PaBeHCTBO HyIMIO 3aMTMCAHHOIO BBIIIE BBIPAKEHUSI BBITEKAET U3 YCIIOBUSI,
4yTO BEKTOp [[-2, aHTUMApajUleNieH BEKTOpy F,, TO3TOMy CUHYC yIJIa MexXIy
HUMU PaBEH HYJIO.

AHaJIOTMYHO MOXHO TOKa3aThb, YTO

[LA4]+[*4]=0 wu [e, P] +[e, 4] =0- (5-15)

Takum 00OpazoM, MoiydaeM, YTO CyMMa MOMEHTOB BCEX CHJI B 3aMKHYTOM

cucteMe paBHa Hymo. Toraa u3 (5.11) nmeem

—/%0 => L =const, Te. ['(/,)=2Z(/,). (5.16)

INokazanu, 4TO WIA 3aMKHYTOM CHUCTEMBI M3 TPEX MaTepUaIbHBIX TOYEK
MOMEHT VIMITYJTbCA CUCTEMBI €CTh BeJIMYMHA ITOCTOSTHHASI, HE 3aBHCSINast OT Bpe-
MCHU.

AHAJIOTMYHBIA BBIBOI MOXKHO CIEJIaTh IS 3aMKHYTOM CHCTEMBI M3 /1 MaTe-
PUATBHBIX TOYEK.

Takum 00pa3oM, 6 3amMKHYmOll cucmeme MamepuaIbHbIX MOUEK MO-
MeHm UMNYAbCA CUCMeMbl eCHb GeAUUHA NOCINOAHHAA.

3ameuanue. MOMEHT UMITyJIbCA MaTepPUAIBHOM TOYKH, a 3HAYUT U CUCTEMBI
MaTepuaTbHBIX TOYEK, 3aBUCUT OT BbIOOpa cHcTeMbl otcyera. CoBepliast Tepe-
XOII OT OTHOM CHCTeMBI OTCYETa K APYTOi, MBI MEHSIEM BEJIMYMHY MOMEHTA M-
yJbca (MeHsteTcs e.). OmHaKo, eC/iv CrcTeMa 3aMKHYTasl, B HOBOM CHCTeMe OT-
cyeTa HOBOE 3HAaUYCHHE MOMEHTA MIMITYJIbCA CHCTEMBI, TTO-TIPEKHEMY, €CTh BeJlv-
YMHa TIOCTOSIHHASI, He 3aBUCSIasi OT BPEMEHU. DTO YTBEPXKICHUE BbITEKAET 13
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(l)aKTa, YTO CUCTEMA MaT€pUAIIbHBIX TOUCK, 3aMKHYTas1 B OHOM CUCTEME OTCYE-
Ta, OCTACTCA SaMKHYTOfI U ITPpU TIEPEXOIE K ,Z[perfI CUCTEME OTCYCTA.

MoxHo I10Ka3aTb, 4mo ecau cucmema mamepuansHovlX mo4ex He3aMKHY-
mas, mo U3MeHeHUe MOMeHmMAa Umnyabca makoti CUCmeMmbl paeHo pe3yabmu-

Pyrouemy MOMeHmYy 6HeuWHUX Cua, Oelicmeyrouux Ha CUCmemy

J1

n

3pece M =1"M'"". Mp =\I; PA\ I’ - cymvMa BHEWHMX CWI, IeiiCT-

BYIOIIMX Ha,/ - YIO MaTepPUAIbHYIO TOUKY.
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Tema 6
IIpeobpaszoBanue 'anuies. IIpyHIMO OTHOCUTEIbHOCTU
Tanunes. IlocTynaTel cieuuaabHOR TEOPUU OTHOCUTEIBHOCTH.
IIpeo6paszoBanue JlopeHna. CokpallleHUe JJIUHbI. 3aMelJIeHue
BpeMeHU. Dopmybl mpeodpa3zoBaHUs CKOPOCTEN

6.1. IlIpeobpa3zosanue I'aauaesn

PaccmarpuBas ABUXXKEHUE MaTepUaIbHOIO TeJla, BCeraa MOHMMAeM, YTO OHO
OTHOCHUTEJIbHO, T.€. COBEPILAETCS] OTHOCUTEIbHO BbIOpAaHHBIX Tesl oTcuera. CBs-
3aB C 9TUMM TeJaMU OTCYETa CUCTEMY KOODAMHAT W 4Yachl, HAUMHAEM paccMmar-
pUBaTh U3MEHEHUE TIOJIOXKEHUS Tesla (MaTepuaabHONM TOYKU) B MPOCTPAHCTBE.

OmHO ¥ TO Xe SABJICHME MOXHO pacCMaTpUBaTh C TOYKM 3PEHUS Pa3IMYHBIX
cucteM orcyeta. Hampumep, ABUXEHUE JIOAKU 1O peKe MOJIEHO M3Yy4aTh, HAXo-
JSich Ha Oepery WM TUIbIBSI Ha Hapoxoje.

EcTecTBEeHHO, BO3HUKAIOT BOIPOCHL: 1) Kak CBSI3aHbI MEXIY COOOM KUHe-
MaTUYeCKME XapaKTePUCTUKM [BUXEHUs Uil pPa3IUYHbIX CUCTEM oOTcyeTa?
2) MEHSIOTCS WIM HE MEHSIIOTCS, a €CJIU MEHSIIOTCS, TO KaK 3aKOHbI JMHAMUKU,
UX BUJ TPU TEepexolie OT OAHOI CUCTeMbl OoTcyeTa K Ipyroii?,’

OrpaHuYMMCsl paCCMOTPEHUEM CHUCTEM OTCUETa, KOTOpbIE ABUXKYTCS OTHO-
CUTEJILHO APYT pyra paBHOMEPHO U MPsSMOJIMHEHO. Peub uaeTr o cOBOKYIHO-
CTU MHEPLMAJIbHBIX CUCTEM OTCYeTa

Ilyctb uMeeM nBe MHeplMadbHble cucTteMbl orcuera O u O' TlonoxeHue
MaTepuaibHOW TOYKM B TIEPBOIl CUCTEMe OTCUeTa OMKMChIBAEM C MOMOIIbIO CUC-
TeMbl KoopAauHaT XYZ, a BO BTOPOWl CUCTEMbl OTCUETa C IMOMOIIBIO CUCTEMbI
koopauHat XYZ' KoopAMHATHYIO CHCTEMY BTOPOM CHCTEMbl OTCUETa Pacro-
JIOKUM Tak, 4robbl X u X'comamamu, Y\\Y, u Z\\Z' (puc.6.1). ITycth BTO-
past cucTeMa OTCcYeTa IBUXETCS OTHOCUTENIbHO MepBoil co ckopocTblo 0, B Ha-

Puc. 6.1.
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npasieHun ocu X . [lprdyeM B HauaibHbI MOMEHT BpeMeHu [ =0 obe koopau-
HaTHBIE CHCTEMBI COBIMagain. Bo3bMeM IMpou3BojibHYI0 Touky M W3 puc.6.1
HEeTOCPENCTBEHHO BUIHO, YTO KOOPAMHAThI TOYKW M BO BTOpOI CUCTEME OT-
cyeTa BbIPAXaKOTCsl yepe3 KOOPIMHAThI 3TOM K& TOYKU B TMEPBOM CHCTeME OT-
cyera 1o opmysiam

x'=x-n,/,
V=y, (6.1)
=z

A Kak mpeoOpasyeTcst BpeMsl IIpU IIepexoie OT OOHOM CHUCTeMBbI OTcUeTa K
NIpyroii? 3apaBblii CMBICA MOACKA3bIBACT Ul0 B O0EMX CHCTeMax OTCYeTa BpeMs
TeyeT oauHaKoBO. [1oaToMy K TpeM 3alrcaHHbIM PaBEeHCTBAM HYXKHO 100aBUTh
elle OTHO

1=1 6.2)

B BekTopHOM BHIE Mpeodpa3oBaHKMe KOOPIWHAT M BPEMEHU MOXKHO 3aIlu-

caTh CAEOyIOLIM 00pa3oM
e'=e-b,J,
(6.3,

AHaJIOTMYHBIA BUI MpeoOpa3oBaHUE MMEET3-XJIydae IIPOM3BOJILHOM OpHEHTa-
LIMA CUCTeMbI KoopauHaT O’ OTHOCUTENIBHO CUCTeMbI KoopauHat O.
IIpeobpazoBanue KoopauHaT U BpeMeHU (6.3) HasbIBaeTCsl npeofpazosa-
Huem TIanunes. TlponuddepeHIMpoBaB IpaByO U JIEBYIO YacTU IEPBOIO ypaB-
HEHUsI, HailieM
u=u-u,. 6.4)
CxkopocTb Tena B cucteMax orcueta XYZ u XY'Z' paznuuHa. OgHako yckope-
HMSI OIMHAKOBHI. I JOKa3aTe bCcTBa 3TOro ellie pa3 nponuddepeHIpyeM Bbl-
paxenue (6.4)

d>_do oy 6.5)
VY

BenuauHBI, M3MEHSIOIIMECS TP TIePeXone OT OOHOM CHCTEMBI OTCYeTa K
JIPYTOi, HA3BIBAIOTCS OTHOCHUTEIbHBIMU. TakuM 00pa3oM, KOOPIMUHATHI U CKO-
POCTh MaTepUAIbHOM TOYKHU SIBJISIOTCSI OTHOCUTEIBHBIMU BEJTMYMHAMM.

Ha nepBrIit\13 TOCTaBIICHHBIX BOIPOCOB JAjIM OTBET - HAIUIM, KaK MeHs-
JOTCSl KMHEMAaTUUYECKUE XapaKTEPUCTUKM IBIDKCHUST TIPU TIepeXome OT OmHOM
WHEPLMATbHON CUCTEMBI OTCUeTa K Apyroii. [lormbitaeMcst 1aTh OTBET Ha BTOPOiA
BOIPOC: MEHSICTCS WIM HEeT BHI 3aKOHOB JMHAMUKU TIPH TIepeXole OT OIHOM
CUCTEMBI OTCYETa K IPYroi.

6.2. Ilpunyun omnocumenvrnocmu lanunes

CucreMa otcuera HCO6XO,Z[I/IMa, IIOTOMY 4TO 0e3 Hee HeJb3s paccMarpu-
BaTb ,[[BI/DKCHI/IC.p6£[HaKO €c BbI60p B JOCTaTOYHOM MEPE IIPON3BOJICH. ITockob-
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Ky CHCTeMa OTCYeTa MpENCTaBiIsieT COOOl JIMIIL BCTIOMOTATEIbHOE CPEICTBO,
33aKOHbI (PU3MKM, CYIIECTBYIOIIME OOBEKTUBRIIO, HE JOJDKHBI 3aBUCETh OT KOH-
KPETHOTO BBIOOpA CHCTEMBI OTCYeTa. BriepBbie 3TO OTYETIMBO TOHSUT [amuieii.
OH 3aMeTwI1, YTO €C/IU OTHO U TeK XK€ SIBJIEHWE pacCMaTpyBaTh C TOUKW 3PCHUST
IBYX cucteM oTcueta O u O', IBIXKYLIMXCS OTHOCUTEIBHO JPYT JApyra IMpsiMo-
JIMHETHO U PAaBHOMEPHO, TO 3TO SIBJIEHKE OyIET MPOTEKaTh C TOYKU 3PEHUST 3TUX
CHICTEM OTCYETa OUHAKOBBIM 0OPa30M.

YT0 MBI TOHMMAaEM, TOBOPSI «OAMHAKOBBIM 00pa3zom»? I1ycTb MMeroTcs Jse
CUCTEMBI OTCYETA: ONTHA, CBSI3aHHAsI C TIOBEPXHOCTHIO 3eMJTH, ApYyrasl - C paBHO-
MEPHO W TIPSIMOJIMHEWHO TUTHIBYIIMM TMapoxonoM. HeobxomnMo paccMOTpeTs,
KaK JIBVDKETCS JIOAKA, B OMHOU U APYToif CUCTEMax OTCYeTa.

OCHOBHBIM 3aKOHOM MexaHUKMU siBjsieTcs 11 3akoH HploToHa. 3armuiiem ero
JIJIS TIEPBOM U BTOPOM CHUCTEM OTCYETA.

_d_* s
m a —I< 6.6)
2 _F (fe7)

,
IepBoe ypaBHEHME OMUCHIBACT ABVDKCHIE MATePHATLHON TOYKM B CHCTEME OT-
cueta O, Bropoe - B cucteMe orcuera O’

MpbI TOKa3ajIM, YTO YCKOPEHMsI OMMHAKOBBI B Pa3TMYHBIX MHEPLMATBHBIX
cucTeMax oTcdera/CunrtaeM, 4TO Macca He 3aBMCUT OT BBIOOpA CHCTEMBI OTCUC-
Tay TakM 0Opa3oM, JieBble YacTH ypaBHeHMiA (6.6) 1 (6.7) coBHamaror.

Ho 4T0 mporicxoauT ¢ cuiiaMu TIpH TIepexofie OT OIHOM CHUCTEMBI K Ipy-
roit? JlomycTiM, Hac WHTEpecyeT B3aMMOJICICTBAE MEXKIy IBYMsT Telamu. K3
OIbITa CJIEOyeT, YTO, B OOIIEM Ciydae, CHIa 3aBUCUT OT PACCTOSTHUS MEKIY
B3aMMOJICVCTBYIOIIMMHU TEJTAMH, MX OTHOCUTEIBHOM CKOPOCTH Y BPeMEHU

F = Kr-ryp»~»,0, F =Fr-?2,v[-v,t). 6.8)
Ho npeoGpazoBanue I'anmuies: He MEHSIET HUA OOHY M3 3TUX BeIW4uWH. Jleit-

CTBUTEJTLHO, UCTIONB3Ys (6.3) 3anmiiem

e[=/ -vt, e =e,-uyp ©.9)
Torna paccTosiHKUE MeXIy B3aMMOIEHCTBYIOLIMMY TeIAMU €CTh
r,=rer, =fl-r', =f, (6.10)
To ke caMoe MOXKHO ITOKA3aTh U [JIsi OTHOCUTEILHOM CKOPOCTH
u,=6,-6,=Uuj-6,=0, ©.11)

OT1cioma SICHO, YTO CWJIbI HE MEHSIIOT CBOErO BMA IPH IEepexone OT OmHOM
HMHEPLMAaJIbHOI CUCTEMBI OTCYETa K IPYroit
Fa> (1) = Fr,v,1). 6.12)
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KonkperHplit npumep: F = G-—'-"j( \-r,) - cWia BCEMHPHOTO TSrOTe-
-
Hust. [lpu mepexoie K HOBOUM WHEPIMATGHOU CHCTEME OTCYeTa IMOMy4rM CJie-
JTyIOIlIee BBIPAKEHUE TSI CUJIBI

T Tp—r-4t—rjl{r,-»»t-r, + x>1) = G-"(r-r) = F (6.13)

006a ypaBHeHus (6.6) u (6.7) OTIMYAIOTCS LUTPUXAMU, HO IO CYIIECTBY TO-
KIECTBEHHBL: TIEPEHIsT OT OJHOI CUCTEMBI OTCYETAa K [IPYroil, Mbl 3aMEHUM
e,u,l Ha YV, n',/' B HOBbIX IepeMeHHBIX ypaBHeHHe HbIOTOHA OIMMCHIBACT JBU-
KEHUE MaTepraIbHOM TOUKU B HOBOI MHEPLIMATBHOM CUCTEME OTCUETA.

HeunsMeHHOCTh OCHOBHOIO YpaBHEHMSI MEXaHMKHU SIBIISIETCSI C/ICACTBUEM
TOTO, YTO 8Ce MEeXAHUYECKUe A8AeHUs NPOMeKarom 00UHAK0B0 80 8CeX CUC-
memax omcuema, pAGHOMEPHO U NPSAMOAUHEUHO OBUNCYULUXCSL Opye OMHO-
cumenvHo dpyea. B 3TOM M 3aKiroyaeTcss CMBIC IPUHIMIIA OTHOCUTEIBHOCTH
Tanunes.

IIpyHLIMIT OTHOCUTEIBLHOCTA ObUT COOPMYIMPOBAH I MEXaHUYECKUX SIB-
JleHuii. EcTecTBeHHO, BO3HMKACT XeJlaHME PaclpOCTPaHUTh €ro Ha Bce (hu3mde-
CKUe SIBJICHUS, T.€. TT0Ka3aTbh, YTO BCE 3aKOHbI (PU3MKU JOJDKHBI OBITh OAMHAKO-
BbIMU I BCeX HaOromaTesieil, OBYDKYILIMXCS C MOCTOSIHHOM CKOPOCTbIO OTHO-
CUTEJILHO JIPYT Apyra HE3aBUCMMO OT BEJIMYMHBI M HaIlpaBJIEeHUs] CKOPOCTHU. B
YaCTHOCTH, Ha oNTUYeCKMe sBJIeHUs. OIHAKO OKa3ajaoch, YTO ypaBHEHMS Mak-
CBeJ1a, OMMCHIBAIOIIME JICKTPOMArHUTHbIE (ONTUYECKME) SIBJICHMS, HE OCTalOT-
Csl HEM3MEHHBIMU TIpY MepexoAe OT OTHOM MHEepLUUaJIbHOM CUCTEMBI OTCUETa K
JIPYIoii ¢ UCMIOJIb30BaHMEM IpeodpazoBaHus [ amuest.

B uem 3mech nmeno? He BepHbI ypaBHEHUsI, ONMCHIBAIOLIME PACIIPOCTpaHe-
Hue cBeTa? OIBIT TOBOPUT O TOM, YTO OHM IMPaBWJIBHO OMNMCHIBAIOT PacIipocTpa-
HeHue cBeTa. MoxeT ObITb HEeBepeH IIPUHLIMI OTHOCUTeIbHOCTU? Jla HeT, Xo-
poumit npuHuun. Mcnons3ys ero u npeodpasoBaHus 'anuiiesi, moka3aiu Heus-
MEHHOCTh OCHOBHOTO 3aKOHA MEXaHUKM.

Ecnu npyHUMI OTHOCUTEIbHOCTHU SIBJISIETCSI OCHOBOITOJIAraloluM B (hU3U-
Ke, TO U3 (pakTa 3aBUCMMOCTU CHUCTEMbl YpaBHEHMII MakcBesula OT CUCTEMbI OT-
CcyeTa BbITEKAeT: WIM OHM He BEpHBbI, WIM HE BepHO IpeoOpazoBaHue lamwes,
KOTOPbIM MBI TOJb3YEMCSI, COBEpILAsl Mepexo OT OAHONM MHEPLMAIbHOU CHCTE-
MbI OoTcyeTa K Apyrpid. OgHako, ecjii He BepHO mpeodpasoBaHue [amuies:, To He
BepHa MexaHuKa HbioToHa. Benb Mbl IToKa3aau HEM3MEHHOCTh OCHOBHOIO 3aKO-
Ha MEXaHUKW Tipu TipeodpazoBannu [anvnes. Tlepen ¢pusnkamMu OTKpbUTUCH TpU
BO3MOXKHOCTH:

1. TIpyHUMIO OTHOCUTEIBHOCTU PACHPOCTPAHSIETCS TOJIbKO HA MEXaHUKY U
HE MMeeT OTHOIICHUSI K 3JIEKTPOIMHAMUKE (OITUKE).
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2. TlpMHLOUI OTHOCUTEIBHOCTA MMEET YHUBEPCAIbHBIM XapaKTep, HO CUCTe-
Ma ypaBHeHMII MakcBejijla He YIOBJIETBOPSICT 3TOMY IIPUHLMITY, U OT Hee
HYXXHO OTKAa3aTbCs.

3. IIpyHLIUII OTHOCUTEJIBHOCTU CIIPABEIJIMB IJIsI BCEX SIBICHHUI IPUPOIEI,
M cucTeMa ypaBHeHMII MakcBellla mpaBribHa. Torma mepexom K Ipy-
roii MHEepPUMAJbHON CUCTEME OTCYeTa MOJIKEH OIMCHIBATHCS YXe He C
noMolipio IpeobpaszoBanus lanmies. B 3ToM ciaydae HYXHO MeEHSTh
MEXaHUKY.

BriGop mexay 3TUMU BO3MOXKHOCTSIMM HOJIKEH ObLI caefaTh omnbIiT. M oH
ero cueiai.

B 80-x romax neBSITHAALATOrO BeKa OBUIM BBIMOJHEHBI OINBITHI Maiikellb-
coHa-Mopiau, pe3yiabTaThl KOTOPBIX CBUAETEIBCTBOBAIM O HE3aBUCHMOCTHU CKO-
pOCTH pacIpoCTpaHEHUs CBeTa OT MCTOYHUKA VUIM HaOomaTeNss. DTH pe3ysibra-
Thl HEBO3MOXHO OOBSCHUTDH, UCIOJIb3Ys Ipeobpa3oBanus [aaues.

IIpeodpazoBaHue koopauHat l'anunes He BepHo. Jlyuille cka3aTh, npeodpa-
30BaHue [amwiess He BEpHO IS ONTUYECKUX SIBICHUH, T.e. ypaBHeHUs Mak-
CBeJIa BEpHBI, a BOT IIpeobpa3oBaHus [anuiiess He BBINOJHSIOTCS. Ecim mpuH-
LIUII OTHOCUTEJILHOCTH BCEOOILIMI, HYKHO HAWTH HOBBIE IIpeobpa3oBaHUs, a
3HAYUT U MOCTPOMTH HOBYIO MexaHUKY. Ho oTcioma BBEITEKaeT, KaK OTMEYaoch
BBIIIIE, TIPU YCJIOBUM BCEOOIIHOCTY MPUHLMIIA OTHOCUTEILHOCTH, YTO «HE Bep-
Ha» U MexaHuka HproToHa.

6.3. Ilocmyaambr cneyuanbHol meopuu OMHOCUMENbHOCMU.
Ilpeobpazosanue Jlopenuya

B 1905 romy A. DiiHIuTeiiHOM Oblia OMYOJMKOBaHA TEOPUSI, MOJyYMBIIAs
Ha3BaHUE CIeIMaIbHONW TEOPUM OTHOCUTEIBLHOCTH, KOTOPAsl CYIIECTBEHHBIM 00-
pa3oM M3MEHUJIa HalllM MPEeACTaBJICHUs O CBOMCTBAX MPOCTPAHCTBA U BPEMEHMU.

Ipu ee popmynupoBke A.DMHIITEHH OonUpacs Ha IBa MOCTyJaTa:

1. Bce @u3suueckue s61eHUs 6 UHEPUUANBUBIX CUCHEMAX omcyema npu 00u-
HAKO0BbIX HAYAABHBIX YCAOBUSX NPOMEKArm O00UHAK080. DTOT TIOCTY/IAT
SIBJIIETCSl PACTIPOCTPAHEHUEM TMPUHIIMIIA OTHOCUTENbHOCTU [amuies Ha
BCE SIBJIEHUS IPUPOIBI.

2. Ckopocmb céema é nycmome 60 6Cex UHEPUUANBUBIX CUCeMax omcuema
00UHAK08a, hpuvem 00UHAKO08A NO 8CeM HANPABACHUSAM U He 3a8UcCUm HU
Om CKOpOCMU UCMOYHUKA, HU OmM CKOpocmu Habarwdamens.

Ilycth mMeloTcs ABe MHeplualbHBle cucTeMbl orcuera O u O’ Cucrema
orcueta O' aBuxKeTcsl oTHocuTeabHOo O co ckopocTeio 0,. Kak u mpu pac-
CMOTpeHUU TpeobpaszoBaHuii [anuiesi, OyneM cuMTaTh, YTO OCU KOODAMHAT X
u X' coBnamatot, aocu Y\\Y', u Z\\Z' (puc.6.1).

PaCCMOTpI/IM HEKOTOPOE cobbiTe A C TOYKU 3pC€HUA 9TUX ABYX HWHCPLM-
allbHBIX cucTeM oTcyeTta. [lom coObITHEM 6y,[[€M IIOHMMAThb IIOJIOKCHHUE TCJIa B
HCKOTOpOfI TOYKEC IMPOCTPAaHCTBA B OHpeZ[CJ'IeHHI:IfI MOMCHT BPEMCHMU. B cucreme
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orcueta O coObiTe A OygeM XapakTepu3oBaTh KOOPAMHATAMU X,Y,Z U MO-
meHToM BpeMeHu C, B cucteme O', cOOTBETCTBEHHO, x,y,z u /' CoObite A
MOXET OBITb 3aKJIIOYEHO, HAIIPUMEDP, BO B3PBIBE WM 3arOpaHuM JAMIIOYKH U T.1I.

Ilepen HaMu CTOWT 3aJada, HAWTH, KaK CBSI3aHO COOBITHE B CHCTEMAax OT-
cuera O u O’, T.e. KaK cBs3aHbl X,y,2,1 u x',y'z t'

Ucxons uz TI0CTYJIaTOB SVIHLHTCP'IHB, MOKHO I10Ka3aTb, 4YTO COOBITHE B CHC-
TeMe orcyera O’ CBSI3aHO C COOBITHEM B cucreMe orcyera O COOTHOIICHHEM

BUIA

y =
z'=2z, 6.14)

COOTBETCTBEHHO COOBITHE B cricTeMe oTcuera O CBSI3aHO C COOBITUEM B CHCTE-
Me orcyera O’ COOTHOLICHUEM
x' +V”l'

y=y:
z2=z\ (6.15)

[+

IIpeobGpazoBanusa (6.14) u (6.15), cBasbIBalOlIe COObITUE A B IByX WHEPLY-
aJIbHBIX CHCTEMax OoTcyeTa, MOJyYuv Ha3BaHUe npeodpa3oBanus Jlopenua.

OT™MeTHM, UYTO INPU CKOPOCTU M, CTPEMSILLENCS K HyJIO MIpeoOpasoBaHUe
JlopeHniia nepexogut B npeodpazoanue ['amwesi. Takum obpazom, Tipeodpazo-
BaHue [amunes ecTh mMOpenenbHBI CiIydail npeoOpa3oBaHust JlopeHia mpu
n,-» 0.

N3 npeobpazoBanust JIopeHIia ciaeayer, YTo B WHEPLIMATBHOW CUCTEME OT-
cuera O' Bpemst cobbitust A (1) CBSI3aHO HE TOJBKO C BpeMeHeM COObITUS A B
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cucteMe orcyeta O, HO M C TIOJIOXCHUEM COOBITUSI A B 3TOM CHUCTEMe OTCYeTa.
MHbIMM clToBaMM, BpeMsT «[IPeBPaIIacTCs» B IIPOCTPAHCTBO 1 HAOGOPOT.

PaccMoTprM HECKONTBKO MHTEPECHBIX CJICACTBUM, BBITEKAIOIINX U3 TPed-
pasoBanus JlopeHria.

6.4. Coxpawenue oaunvt

IpenmnonoxvM y HacC ecTb JIMHEWKa, MOKOSIIAsICSl OTHOCUTETBHO CHCTEMbI
otcyera (Y, IpryeM B 3TOM CUCTEME KOHIIbI JIMHEWKW 3aKPETUIeHbI B TOUKAX X/
u x\. Takum oOpa3oM, mivHA JIMHEHKY B cucteme O’ OyaeTr

C,=4-*;- (6.16)

JUist TOrO 4TOOBI HAWTU UTMHY JIMHEWKW OTHOCUTETbHO CHUCTEMBI OTCYETA

0, Bocrofib3yeMcsl TipeodpazoBaHueM JlopeHiia

=4

- <<<.")

Ioncrasus (6.17) B (6.16), nomyurM
””(*9'*}'.>-(""9) (6]8)

«£

Kak MbI 1Ipor3BoauM M3MEpeHue JTMHBI ABKYLIerocs: oobekTa? st 31o-
TO HEOOXOAMMO OTMETUTH TTOJIOKEHKE KOHIIOB 00beKTa (JIMHEHKU) B OMVH U TOT
K€ MOMEHT BPeMeHH, T.e. U3MEPUTb X, U X, NpH (, = I,. C y4eToM CKa3aHHOIO
BbIpaxkeHue (6.18) npumer Buz

x;'x;z(XI'x}) "L= = /aa aMA -4 = /;Baol(' (619)
c
-$

3mech /.. =X, -X,. TakuM 00pa3oM, JUTMHA JIMHEMKN B JBUIKYLLEWCS CHCTeMe

JBUXK
oTcyeTa paBHA YMHOXEHHOW Ha ,/1—f IUIMHe 3TOl XXe JIMHEWKM B cucTeMe

oTcyeTa, OTHOCUTEILHO KOTOPOI OHA TTIOKOUTCSL.

MBI 0OHAPYXWIM, YTO AJTMHA (PU3MIECKOTO Tea (JIMHEWKN) OTHOCUTENbHA,
T.€. pa3IMyHa B Pa3HbIX crcTeMax orcuera. Haubonblyto ivHy TrHelika uMe-
€T B TOl CUCTEeME, TJie OHA MOKOUTCS.

YT0 3HAUUT COKpaIlleHUE JUTUHBI JIMHEHKNU? SICHO, YTO HUKAKOTO peaTbHOrO
COKpAlleHUsT JJIMHBI HE MOXET MPOM3OUTU. DTO ClieayeT U3 OCHOBHOIO TPHH-
LIUMa, TTOJIOXXEHHOTO B OCHOBY CHELUATBHON TEOPUN OTHOCUTEIIBHOCTH - TIPUH-
LIMIa paBHOIpPaBUsl BCEX MHEPLMAIbHBIX cucTeM otcueTa. [loaTroMy He MoXer
OBITb U pEYM O BO3HWKHOBEHUM KAaKWX-JIMOO HaMpsDKeHWH U aedopmarivii, Be-
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JYIIUX K COKpallICHUIO JIMHEUKU. <<YKOpO‘{€HI/Ie>> JIMHEUKU IIPONCXOONT UCKITIO-
YUTEJIbHO B CUJIY Pa3/IMYHbIX CIoco0oB MN3MEPEHMA IJIMHBI B IBYX CUCTEMax OT-
cyera.

BcrniomMHnM, Kak MBI U3MepsUId JUTMHY. JIis 5TOro Mbl B OINpeneeHHbIA
MOMEHT BpeMeHHM ! (DHUKCHPYeM ITOJIOXKEHNE KOHIIOB IBIDKYIIEHCs TuHeKu JC,
u x, Ilyctb cobbiTHe A 3aKiioyaercsi B TOM, 4TO B cucteMe orcyera O Mbl B
MOMEHT BpeMeHHM ¢ (DUKCUpYeM TOJOXEeHUEe MEPBOro KOHLA JIMHENKU X, a CO-
ObITHEe B, COOTBETCTBEHHO, B MOMEHT BpeMeHH / (DUKCUPYeM ITOJIOXKEHHE BTO-
POro KOHILa JMHEHKH X,

Hcnons3yst npeodpazosanust JlopeHiia, BpeMst coObITvii A U B B IBUXKY-
meiicsa cucreme orcueta O ecTh

5 X, m--J]X,
C <’ c

3nech /, - BpeMs pUKcalvK TIOJOKEeHMSI TIEPBOTO KOHLA IMHEHKU X\ B cUCTeMe
orcyera (Y, t, - BpeMs UKcalMM MOJOKEHUsT BTOPOrO KOHLA JIMHEHKU X\ B
cucreme CY. PazHOCTb BpeMeH (bUKcalluu MOJIOXKEHWH MepBOro U BTOPOro KOH-
1IOB IMHEWKU paBHA

_2\)(2 -X, )
g-2=", (6-21)

C TOYKM 3peHMsI CUCTeMBI oTcdeTa Q' MBI He OMHOBPEMEHHO (PHKCHpyeM
TMOJIOXKEHNE KOHLOB JIMHENKU X/ U X,. OOMH KOHeLl paHbllie, IPyroi - Mo3xe.
Orciona ¥ BO3HMKAeT M3MEHEHHWE UIMHBI JIMHEHAKU TIPU Tepexoie OT OIXHOM
HMHEPLHATLHOM CUCTEMBI OTCYETa K IPYTO.

6.5. 3amednenue epemenu

BHOBb paccMOTpuM J1Be MHEpLIMaIbHbIE cucTeMbl orcyeta O u O'. Bosb-
MEM B CHCTeMe oTcyeTa (Y HEeKOTOpYlo TOUKY C KOOpAMHATON X' (0 KOOpIWHA-
TaX ¥y W Z He roBOpUM, MOCKOJbKY MpH Tepexojie K cucteMe orcyeta O OHU
npeoOpasyloTcs B y U z). JlomycTuM, B 3TOI TOYKE TPOU3OIILUIH JBAa COOBITUS B
MoOMeHTHI BpeMeHU [\ u I', IIpoMexyToK BpeMEHN MeX[Iy COOBITUSMU B CUCTe-
Me otcueta O’

*2-K=T,, (6.22)
OnHako, eciu B cucteMe otcueta O COOBITUSI TTIPOUCXOISAT B OMHOM TOUKE Mpo-
CTpaHCTBa, TO A1l cucteMbl O 3710 yXe He Tak. CoracHo mMpeoOpa3oBaHMIO
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HOpCHL{a B cucteMe otcueta O TIIEPBOC COObITHE HpOHSOfII[CT B TOYKE

_x'to/) _x'+tun4d
> a BTOPOE€ B TOUKE X, =
‘4 /i
W, cnenoBatenbHO,
x,-6= " _ “x 6.23)

' 4
Takum 00pa3oM, HECMOTPSI Ha TO, YTO COOBITUSL B CUCTEME OTcueTa (V' mpoucxo-
JST B OHOM TOYKE, T€ Xe COObITUS B cucTeMe oTcueTa O yXe He OIMHOMECTHBI.
OmnpenenviM MPOMEXYTOK BPEMEHM MEXIY pacCMaTpUBAaeMbIMU COOBITHSI-

MU B cucteMe orcueta O OmsTh BOCIOJNB30BaBIIMCH Ipeobpa3oBaHueM Jlo-
peHlia, HailneM

t+"x’ t+Ix'
T 6.24)

Wcnone3sys (6.24) Haiigem

I =T LI-II- (6.26)

ITpomexxyTk BpeMeHUM MeXTy OfHOU U TOi Xe Mapoil COOBITUI B Pa3IMUYHBIX
MUEPUUATTbHBIX CUCTEMaxX OTCYEeTa OKa3bIBAIOTCS pa3nu4yHbIMU. HanmmeHsbliryio
JUTUTEIBHOCTh MEXIY COOBITUSIMUA Mbl OOHAPYXWBaeM B TOU cucTeMe OTcyeTa, B
KOTOPOM 3TH COOBITHUSI MPOUCXOSAT B OHOM M TOH Xe Touke. Pusnyeckoit npu-
YWHOI 3aMeJJIeHUs] BPEMEHM SIBJISIIOTCSI COBEPLIEHHO PAa3JMYHbIE CIIOCOOBI €ro
cpaBHeHust B O' u O. B mepBoM ciyyae u3MepsieM MPOMEXYTOK BpEMEHU B OfI-
HOW TOYKE, BO BTOPOM - B PA3TUYHBIX TOUKAX.

OueBUIHO, BCE CJBIIIAIN WIA YATAIU, YTO KOCMUYECKUE TyTEIIECTBEHHU-
K1 OymyT CTapeTh He Tak OBICTPO Kak WX coOpaThs Ha 3emie. Her nu 3mech Ka-
KOro Tmapagokca (B JUTepaType 3TOT BOMPOC MOMYYWJ Ha3BaHUE Mapagokca
0u3HeLoB)?

PaccMoTpuM n1Be cucTeMbl OTCUETa: OJHA CBsI3aHAa C 3emJeii, Apyras - C
KocMuuyeckum kopabiem. Ha 3emine ocrasncst 6au3Hen A, O6iausHen B myterie-
CTBYET Ha KOCMMYECKOM Kopabye 1Mo 3aMKHYTOMY MapIIpyTy K 3Be3le ApPKTyp
1 00patHO co ckopocTbio 1, = 0,99c. Jlns Habmomarenst Ha 3emile paccTOsIHUE
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1o Apkrypa L =40 cetoBbIx JieT. CripaimBaeTcs, KakuM OyIeT BO3pacT O1m3-
HEIOB, Koraa Oyv3Hel] B 3aKOHYUT IyTElIECTBUE M BEPHETCS Ha 3eMITIO, eCi
JI0 HayaJa IyTelecTBusl uM Obuto mo 20 jet?
C Touku 3peHust Ou3Hena A BpeMsi, yepe3 KOTopoe Kopabib ¢ OIM3HEIOM
B BepHercst Ha 3emITio, eCTh
21 SO ¢ nem
T=—=—=280,uem .
o, 099 ¢
Bospact 6im3Hena A K MOMEHTY BO3BpallleHHs Kopaossi Oyner
20 + 80,8 = 100,8 1em.
C Touku 3peHUsT OMU3HEeNa B, HaxomsuIerocss B KOCMUYECKOM Kopaoiie,

BpeMsl ero IyreliecTBus B A\ —j pa3 Kopoue; Bedb Oau3Hel A CUMTaeT, 4To

yackl Ha KOCMUYeCKoM Kopabne uayT B yl1-0,99% =0,14 pas memtennee. ITo-

3TOMY ISl OyiM3Hella B BpeMsi KOCMUYECKOTO TYTEIEeCTBUSI OylIeT

80,8 0,14 =11,4 rona.
Bospact 6i1u3Henia B K MOMEHTY BO3BpallleHUsI KOCMUYECKOTO KOpaoJist

20+ 11,4=31,4rona.
OnHaKO Mbl CTATKMUBAEMCSI C KaKYILIMMCSI TTApaJlOKCOM, KOTIa KOCMUYECKUI TTy-
TEUIECTBEHHUK, TSI HA 3eMITIO, 3aMevaeT OTCTaBaHWE 3eMHBIX YacOB IO CPaB-
HEHHIO C ero cCOOCTBeHHbIMU. Toraa, Ka3aaoch Obl, MTPOBOIS PACCyXKACHMS, aHa-
JIOTUYHBIE MPEABITYIIM, MbI TTOJYYUTIU Obl PE3yJIbTaT, COMIACHO KOTOPOMY TTO-
cje Bo3BpalleHus1 oim3Hela B oim3Hen A OyneT ero Mojoxe. Yto mporuBope-
YUT MPEALLIECTBYIOIIMM PACCYXKACHYSIM.

Pa3Be u3 cooOpaxkeHMii CUMMETPUM HE SICHO, YTO BO3pacT OJTM3HELOB JTOJ-
>XeH ObITb ONMHAKOB B KOHIE IMmyTelecTBUsi? T.e. Ha MepBblil B3MISL KaxeTcs,
YTO Teopusl DIHINITEeIHa MPUBOAUT K MpoTHBopeunto. [IpoTtuBopeune ycTpaHsi-
eTCsl, ec/Iv 3aMEeTUTb, YTO MpoOdJieMe MPUCYIa BHYTPEHHsIs acuMMeTpusi. binz-
Hell Ha 3eMJie OCTaeTCsl BCErla B OMHONM W TOU e MHEePUUATLHOU CUCTEME OT-
cyeTa, Torjaa Kak KOCMOHABT, TIOBOPaYKBasi 00OpaTHO K 3eMJiie, MEHSIET ee.

ITapagokc OnM3HELOB (Ha3bIBAEMbIH €lle MapagoKCOM 4acoB) MMEET H0J-
rytlo ucroputo. Tenepb moutu Bcex (DUM3MKOB YCTpauMBaeT IMPUBEICHHAS 31ECh
WHTEpIpeTalnys KOCMUYecKoro myteiecTBusl. OgHAKO CyIIEeCTBYeT elle psif
¢uzuKoB, GprnocodoB, MATEMATUKOB, KOTOPBIE CYUTAIOT, YTO OM3HELBI K KOH-
LIy TYTEIIeCTBUSI MTOCTAPEIOT OAUHAKOBO.

6.6. Dopmyavt npeobpazoeanus ckopocmeli

PaccMoTpuM IBIDKeHME MaTepUATbHOM TOYKHM C TOYKW 3PEHUS JBYX CHUC-
TeM O 1 O’ « CKOpOCTH onpeae M OObIYHBIM 00pa3oM.
B cucreme orcuera O
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- dr dx dy dz
U=— W1 U, =—,
A A
B cucreme orcuera Q'
-, dF , dx’ ’
u=--WWmial =-=, 9y o %% T
A dt dt A
Ucnons3ys npeobpaszoanust JlopeHua (6.14), HaiiieM CBSI3b MEXIy U3Me-
HEHUWEM KOOPAMHAT U BPEMEHU IIJIsl pa3TMYHbIX MHEPLIMATbHbBIX CUCTEM OTcyYeTa

u- A dt-1lck
dx'= ., dy'=dy, d7'=dz, di'= , ° . 627

Wcxomst u3 oIpeneseHUss CKOPOCTM U ImpeobpaszoBaHus (6.27), Haiimem
CBSI3b MEX/Y CKOPOCTSIMU MaTe€pUaJbHOM TOUYKM JJIsI PA3IMUHBIX WHEPUUATBHBIX
CHUCTEM OTcyeTa

dx’ dx-v dt dx-vdl o, -0,
0o = —— =1 = =— (6.28)

£ 0 - PrE >

AHAJIOTUYHO pacCMOTPUM KOMIIOHEHTHI CKOpOCTH Ha ocu Y {Y) u Z(Z')

w11 »JI

o,=—= —* =% , 6.29)
- -\dx
c C
w
dr  _I,,
2 T

TMonyunau ¢GHopMysbl  PETSITUBUCTCKOTO Mpeodpa3oBaHUsI CKOPOCTEi; X
Ha3bIBAlOT MHOTAa (GOpPMYTaMM CIIOXEHHUs CKOpocTeil. OTMETHM, 4TO KOMIIO-
HEHTBI CKOPOCTH TI0 0cAM V M Z' 3aBUCAT He TOJNBKO OT U, M M,, HO ¥ OT KOM-
MTOHEHTBI cKopocTH . HepaBHONpaBHOCTh ocK X IO CpaBHEHUIO € OCsIMU ) U
Z cBs3aHA C TeM, YTO MO HeW HampaBJeHO IBMXEHHE WHEPLMATIbHbBIX CHCTEM
oTcyYera.

YauThiBasi, 4TO CUCTEMbl O IBHXETCS OTHOCUTEIbHO CUCTEMBI O’ CO CKO-
pOCTBIO -M,,, 3anuieM (HOPMYJIbl 0OPATHOTO MPeoOpa3oBaHMs

A2, 42,

1+,0, . %0'.
c

o>
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Ilycts B cucteme otcuera O IBUMXKEHHUE OCYIIECTBISIETCS] BAOAb ocu X'
CO CKOpocThiO ¢, T.e. v.=c, u, =0, o =0. Mcnoabsys npeodpazoBaHue

ckopocrteii (6.31), HaiimeM, 4TO

o =u.=0, o=""-=c. (6.32)

DTOT pe3yJIbTAT COOTBETCTBYET BTOPOMY ITOCTY/IATy DUHILNTEMHA: CKO-
pOCTh CBETa B BaKyyMe BO BCEX MHEPLMAIbHBIX CUCTEMaxX OTcYeTa OAMHAKOBA.

IIycte B cucreme orcueta O' MaTepHaibHas TOYKA IBIKETCS BIOJb OCU
Y, d_=0, u' =0, v, @0. Torna B cucreme orcyeta O TPOEKIMU BEKTOPA

CKOpOCTM Ha Ocu KoopauHar ectb u,=0, u’u,, v, =v'J[—- Hanpas-

JICHUE CKOPOCTH, C KOTOpOﬁ JBW2KETCA MaT€pHraibHas TOYKa, OIPEAC/IAACTCA Bbl-

paxeHueMm
1ga = " = tgaA-", (6.33)
U, V ¢
rae fga, =—" Ilo cpaBHeHMIO ¢ mpeoOpasoBaHueM lanmnes npu npeoGpaso-

BaHuM JIOpeHLa yroji a, ONpeNesIOIUil HAIpaBIeHE CKOPOCTH, YMEHBILAET-
ca (puc.6.2).

iv u;

"O IV ” *
Puc. 6.2.
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Tema 7
OCHOBBI PeJISITUBUCTCKOM AruHaAaMUKU. [ToHsSITHE 3HEprvK B
PEJIITUBUCTCKOM MEXaHUKeE

7.1. Ocnogbt peasmueucmckol OuHaMuKu

Jrobast puzmyeckast Teopust CTPOUTCST TIO cxeme: 1) BBOIMTCS OMpeesieH-
HbIII HAOOp (PU3MUYECKUX BEIWYMH, 2) MOCTYJIUPYIOTCSI 3aKOHBI, YCTAHARTMBAIO-
1LIMe CBsI3b MEXIY 3TUMU BeJIMUMHAMMU, 3) paccMaTpUBAKOTCSI CIEACTBYS, BbIle-
Karolye U3 3Tux 3aKoHoB. I1o Takoil cxeme, B YaCTHOCTH, CTPOWJIACh MEXaHUKa
HptoToHa, Takyro e cxeMy Halo MPUMEHUTD MPU MOCTPOSHUM MEXaHWKU DVH-
TeiiHa (PeISITUBUCTCKOM MexaHWKW). Kpome Toro, mpu MajibIX CKOPOCTSIX

— «1 HoBas PEIATUBUCTCKAA MEXaHMKaA MOOJDKHa IIEPEXOAWTb B MCEXaHUKY
Cc

HbrtoToHa (Benp B 3TOM ciydae IpeoOpazoBaHus JIopeHlia coBIagaoT ¢ mpecd-
pazoBaHusiMu [anmusiest).

OCHOBHBIM 3aKOHOM KJIACCMYECKOM MEXaHWKU SIBISIETCSI BTOPOW 3AKOH
HbrtotoHa (Wi ypaBHeHUE ABUKEHMS)

TIae p =mo U m = const
EctectBeHHO, 4TO Iiepen DHHINTEAHOM BCTala 3aJada HAWTU PeISTTUBUCT-
CKOE ypaBHEHUE ABVKEHUSI, T.€. YCTAHOBUTD 3aKOH, CBSI3bIBAIOIINIA KMHEMATHYC-
CKV€ XapaKTePUCTUKU ABUXKEHUS C TTPUIVHON, BbI3BABIIEH IBIKEHE (CUITON).
Ipexne Bcero, DUHIITENH TMepeonpenessieT MOHITHE UMITYSIbca. B perst
TUBUCTCKOU MEXaHWKE IO/ UMITYJIbCOM MBI MTOHUMAaeM (hU3MYECKYIO BJIUMHY,

YUCJIEHHO PaBHYIO i
p=—=8S= =>  p=mO). (7.1)
f?
m
Benvumba m = . °= HasbIBaeTCsl PESITUBUCTCKON Maccoil WM MPOCTO Mae-

coii. BennurHa m, Ha3bIBaCTCs1 MacCoi MOKOSI.

Takoe BbIpakeHUE IS UMITYJIbCA MATEPUATHHOU TOYKU (YACTULIBI) BbITe-
KaeT U3 TpeOOBaHUSI BBITIOIHEHUST 3aKOHA COXPAHEHWST UMITYJIbCa JJIsT 3aMKHY-
TOW CHUCTEMBl MaTepUATbHBIX TOYEK TIPU TIEpEXONe OT OMHOM WHEPUUATBHOU
cucTeMbl orcueta K npyroid. IlosicHum ckazaHHoe. B mexaHuke HbloToHa cko-
POCTH MaTEepUATBHON TOYKM B PA3IMUYHBIX WHEPIUATBHBIX CUCTEMAaX OTCYeTa
CBSI3aHbI COOTHOLLIEHUEM
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U =H-0,.
Taxkum 00pa3oM, ec/iv B MHEPLIMATBHOI cucTteMe otcuera O

n
£, = const,
7=1
TO U B MHEpLMAIBHOI crcTeMe orcuera O’

EP'I.=XH -COI>; =Const °

Jist Toro 4toObl 3aKOH COXPaHEHWSI MMITYJIbCA OCTABAICS HEM3MEHHBIM
(BBITIOTHSIICST) TIPY TIEPEXOJIE OT OJHOW WHEPLIMATBHON CUCTEMBI OTCYETA K JIPY-
Toii ¢ ydyeToM TipeobpazoBaHusi JIOpeHIa, U MOTPEOOBATOCH MEPEONpeENe/iCHIE
TIOHSITUSI UMITYJIbCA.

IMocne 3Toro DUHINTENHH MOCTYIUPYET OCHOBHOM 3aKOH PENSITUBUCTCKON
MEXaHUKU B BUJIE

f=F (7.2)
dt

CKopocmb usMeHeHUsI UMNYAbCA MAMepUualbHoll MOYKU pasgHa pe3yabmu
pytowell cune, delicmeyroweli Ha smy mouky. PopMaTbHO OCHOBHBIE 3aKOHbI
PENSITUBUCTCKON U HEPEJIITUBUCTCKON MEXaHUK WMEIOT OAUHAKOBbIA Buid. [lo-
pa3HOMy onpelesieHbl UMITYJIbChI.

W3 penaTUBUCTCKOTO YpaBHEHUSI IBWKEHWSI CIIEAYeT HECOBIAJIEHUE Ha-
TpaBJieHWIA CWIbl U yckopeHust. [IpomuddepeHipoBas JIEeByI0 4acTb ypaBHeE-
Hus (7.2), Nodydum

m, dv m, Gocoo = s
c wnYedt ¢ wmV,eh dt F (1.-1)

HamnpasneHnne nepBoro ciaraemMoro JieBoit yactu ypaBHeHwus (7.3) coBnana-
€T C HaIpaBJIEHWEM YCKOPEHUSsI, a BTOPOTO - C HAIPaBJIeHUEM CKOPOCTU. Takum
00pa3oM, HampapIeHNE CUJIbI U YCKOPEHUSI HE COBMAIAIOT.

W3 onpeneneHust Macchl CIEAYET, YTO OHA CTAHOBUTCSI BCE OOJIbIIIE MO Me-
pe TOro, Kak CKOPOCTh ABVIKYIIETOCS Tejla MPUOIMKAETCSI K CKOPOCTU CBETA.
IIpu 1 =c macca CTaHOBUTCS OECKOHEYHO OojblIoil. OTcioga ciaeayeT, YTo C
TIOMOII[bIO CHJI HEBO3MOXHO 3aCTaBUTh JBUTATHCS TEJIO CO CKOPOCTHIO, TIPEBbI-
IIAIOIEH CKOPOCTh CBETA: €ro MHEPIMAIbHASI Macca pacTeT 10 OECKOHEUHOCTH.
A pocT Macchl MPUBOMWT K BO3PACTAHUIO COMPOTUBICHUSI Tejla W3MEHEHUIO
CKOpPOCTHU U, TAKUM 00pa3oM, HE MO3BOJISIET €T0 CKOPOCTU MPUOIMIKATBECS K CKO-
pOCTH cBeTa.

JIsT XapaKTepUCTUKW TBKEHUST B PEISITUBUCTCKOM MEXaHUKE, KaK U B He-
PeNSITUBACTCKOW, BBOASTCS TOHSITHS: DHEPIvsi, pabdoTa, MOMEHT KOJMYECTBA
JBUKEHUST, MOMEHT CWJIbI U T.1.
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7.2. Ilonamue 3nepeuu 6 peassmueuCmcKoi Mexanuke

Tenepb BMECTO HEPEJSITUBUCTCKOTO YpaBHEHUS JBMXEHUsI HEOOXOIMMO
HUCXOIUTh U3 PEISITUBUCTCKOTO ypaBHEHMUSI.
YMHOXMUM 00€ yacTu ypaBHeHUS ABKeHMs (7.2) cKansipHo Ha BekTop C
_d mx>
I/I_

& 1 :6-F (7.4)

PacnuieM 6ojiee moapo6GHO JieByIo 4acTh ypaBHeHUs (7.4)

.2\ t/u
r=nt,v
dt ( 20 ” 2\ dl ,2\K JI
1 n .
v
o nnn AN R
2V2\2~  dt v ¢ P
-?
17( 2\ 2\
TO,,
wmYaJl
51 J1
1 me ram. .
4 2\Ve dt ye\ dt 20 (7.5)
1-
v J w

C yueroMm (7.5) ypaBHeHUE (7.4) mpUMeET BUL,

(7.6)
dt
«YMHOXUB» 00e yacTH ypaBHeHUs (7.8) Ha df, HOIy4UM
= (Fdr). (7.7)
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W3 (7.7) cmemyer, uto paboTa 3aTpayMBaeTCsI Ha M3MEHCHUE BEIWIMHEI
myc’

DTa BeInInHa IIoJIydymJia Ha3BaHUEC COOCTBEHHOM OHEPIuM T€jia

— me (7.8)
1-

B ToMm ciywae, korma Teso mokoutcss u = (), oHO obJiamaeT sHeprueit
_ 2
E=mc", (7.9)
KOTOpast Ha3bIBaeTCs HEPTUEH TTOKOSI.
Ecnu cwunbl, nmeiicTBylolMe Ha MaTepuajbHYIO TOUYKY, IOTCHIIMATbHBIC
(KoHCepBaTUBHEIE), TO

SA = {Pdr) = -dE,

IloncraBuB 3T0 3HaYeHHe B ypaBHeHHe (7.7), cBSI3BIBalolice pabOTy U U3-
MEHEHNE COOCTBEHHON HEPTUU, HAWIEM

me o4, mc  +4, =const. (7.10)

1-

CyMMy COOCTBEHHOI 3HEPruy M TOTEHIIMAIbHOW YHEPTUM HAa3BIBAIOT TMOJ-
HOW 3HEepruei MaTepuajibHOU TOUKMU.

ITpu ManbIX CKOPOCTSIX OBYKEHUST — <k 1, BBIpaXXeHHWe IJIsT COOCTBEHHOM
c
sHepruu (7.8) MOXHO 3amucaTh B BHIE
c’m,

1 2u
mc = me- + MM .
1’1110%c F=mc (7.11)

-=mc +
1-

TakuMm o6pa3oM, B pe3yiabTaTe TOTO, YTO TeJIO MpUoOpeTaeT CKOPOCTh, K
€ro 3Heprum TOoKost m,c’ TIpUOABISETCS KMHETUYECKAsh SHEPTUS, U 3Ta CyMMa
MpeACTaBJIsIeT COOCTBEHHYIO 3HEPTHIO IBMXYIIerocsa Tena. [losTroMy KuHeTHde-
CKYI0 SHEprulo Teja, ABUXKYIIETOCS C MPOM3BOJBHONW CKOPOCTHIO, B PEISTUBU-
CTCKOM MeXaHUKe OTPENesIsTIOT Kak

E . =E-m,c =m.,.c (7.12)

B
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HpI/I MaJIbIX CKOPOCTAX 3TO BBIPAXCHUC IMECPEXOAUT B KJIAaCCHYECCKOEC BbIpa-
XKEHUE TSI KWHETUYECKOM SHEPprumn

MexXay UMITyJbCOM M COOCTBEHHOW 3HEPTUEd B PEITUBUCTCKOW MeEXaHH-
Ke CYIIEeCTBYeT TeCHasl CBsI3b. PaccMOTpuM

E_my
< n S
prEmy = _'{Mﬁﬂw—mﬂl@éz RSN i}z) ﬂlcS-j,
'-7 ~ &
E=c@(p’ + mY).

Ecnu MaT€puajbHad TOYKa ABUXKETCA C COXpaHCHUEM HMMITYyJIbCa

T.C.

p = const,
TO U 3HEPIUsl TOYKU TaKXKe COXpaHsIeTCsl 1 HA00OPOT.

3ameuanue. Tlpu MOCTPOCHUM HEPEIITUBUCTCKOM AMHAMUKK HBIOTOH ITo-
cTyaupoBaa Tpu 3akoHa. [lepBblii - yTBepXIaeT CyIIeCTBOBaHWE WHEpLUaIb-
HBIX CHCTEeM oTcyeTa. BTopoil - ycTaHaBJIMBaeT OCHOBHOE YypaBHEHUE JBIKE-
Husi. M, HakoHel, TpeTUil - yCTaHABJIMBAeT CBSI3b MEXAy CUJION NEUCTBUS U
NPOTUBOECHCTBUSI.

IIpr mocTpoeHUU PENSITUBUCTCKONM MEXaHUKKM DWHINTEH OCHOBHOE BHU-
MaHUE YAEJSIET ONPEACICHUIO PENSITUBACTCKOIO YPABHEHUS IBUXEHUSI U BbITe-
KalolUM U3 HETO CJIEICTBUSIM.

OpHako, Ipexae 4YeM (QOpMYyIMpPOBaTh PENISITUBUCTCKOE YpaBHEHUE BU-
XeHus, A. DUHINTeiH BBOOUT IBa IOCTYJIaTa, KOTOpPbIE OIMCBHIBAIOT CBOMCTBA
NpPOCTPAHCTBA U BPEMEHU, U B KOTOPBIX C CAMOI0 Hayajaa MpEearnosaraeTcs, 4ro
paccMoTpeHue (U3MYECKUX SIBJICHUIM, B TOM 4YHUCIAE U MEXaHUYECKUX, OyleT
MPOMCXOOUTh B WHEPUMAIbHBIX CHCTeMax oTcuera. I[lpmuem A. DUHINTENH
Bciaen 3a HbloTOHOM TMOHMMAaeT MoJ MHEePUMaIbHBIMM CUCTEMaMM OTCUYeTa CHUC-
TEMbI, B KOTOPBIX TE€JIO ABUXETCS PABHOMEPHO U IPSIMOJIMHEWHO, €CJIM Ha HEro
He JEeWCTBYIOT Apyrue Teja. TakuM oOpa3oM, ¢ CaMOro Hayajaa MOCTYJIUpYyeTCs
CYILLIECTBOBAHUE WHEPLMAIbHBIX CUCTEM OTCYETA.

HakoHell, B peJSITUBUCTCKONM MEXaHMKE Hag0 PEIIUTh BOMPOC O CBSI3U MEX-
Iy J€MCTBUEM IIEPBOrO T€ja Ha BTOPOE U BTOPOrO Ha IMEpBOE, T.€. YCTAHOBUTH 3a-
KOH, aHaAJOTUYHBII TpeTheMy 3aKOHY HblOTOHA B HEPEISITUBUCTCKOM MEXaHUKE.

3aKOH paBEeHCTBA JEICTBUSI M MIPOTUBOIACUCTBYS B BUIIE

64



B (bM3MKe BBINONHSIETCS He Bcerma. B HacTosiimee BpeMst pesIsITUBMCTCKAsT MeXa-
HMKa MCITONIb3YETCS ISl ONMMCAHMS JBVDKEHUSI KOCMUUYECKUX TeJ W JIBYDKCHUST
3JIEMEHTAPHBIX YacThIl. M 3mech 3aKOH paBeHCTBA JCHCTBUS W NPOTHBONCHCT-
BUsI B MpocTeliiieii popme 0ObIMHO HE BbIMONHsIETCs. Tak ecu 1Ba 3apsiia g, 1
g, IBUXYTCSI CO CKOPOCTSIMU W, W U, TO CWUJa, NEHCTBYyIOLIAsl Ha 3apsil ¢, cO
CTOPOHBI ¢,, HE PaBHa CUJIe, NEHCTBYIOLIEi Ha 3apsia ¢, CO CTOPOHBI </,

ML ? hi,
T.€. TpeTUii 3akoH HbloTOHA He BBITIOTHSIETCS].
Tpetnii 3akoH HproToHa MOXHO chOpMYyIUPOBaTh Kak TpeOOBaHKWE COXpa-
HEHUSI CYMMbI WMITYJIbCOB B3aMMOJIEVCTBYIOIIMX TeJI, €CJTM HET HUKAKWX BHEIII-
HUX CUJI. DTO 3aKOH COXPAHEHWSI UMITYJIbCA.



Tema 8
JIBrKeHMEe B HEMHEPLIMAIbHBIX CUCTEMAaX OTCYETa.
HeuHeplLmanbHble CUCTEMBI, IBMXKYIIMECS IOCTYIATEIbHO
MPSIMOJIMHEMHO OTHOCUTEJIBHO MHEPLIMATIbHBIX CHUCTEM.
HeuHeplimanbHble CUCTEMbI, COBEPIIAIOIINE BpallaTeIbHOE
JIBIDKEHME OTHOCUTEIBbHO MHEPLMAIbHBIX CHUCTEM

WuepranbHbie CUCTEMBI OTCYETa - 3TO CUCTEMBI OTCYETa, B KOTOPHIX TeJI0
JBIDKETCSI pABHOMEPHO U IIPSIMOJIMHEMHO, €C/IM Ha HETO He JEMCTBYIOT ApyIvie
TeNla WIM MX Pe3yIbTUPYIOoIIee JeCTBIE PABHO HYIIIO.

WHbIMU clTOBaMU TIOT, UHEPUUAAbHBIMU CUCHEMAMU OMCYema Mbl HOHUMA -
eM cucmembl Omcuema, O8UNCeHUe mesa 6 KOMopbixX NOOYUHACMCS 3AKOHAM
Hbvromowna.

Pazmuanbie nHepIMAIbHBIE CUCTEMBI OTCUETa ABYDKYTCS APYT OTHOCHUTEIIb-
HO JIpyra C IIOCTOSIHHOM I10 BEJIMYMHE Y HAIPaBIICHUIO CKOPOCTBIO, T.€. MHEPL-
TbHBIC CUCTEMbI IBIIKYTCSI APYT OTHOCUTEIBHO Apyra 0e3 YCKOPeHUSI.

B mpupone cyiecTByeT OOJBIIOE YMCIIO CHCTEM, IBIDKYIIMXCS OTHOCH-
TEJIEHO MHEPLMATbHBIX CHUCTEM OTCUeTa C YCKOpeHHeM. B KadecTBe mprmepa
paccMOTpUM B371eT camoseTa. [Ipm B3neTre camosieT IBIDKETCS C YCKOpPEeHHEM
OTHOCHUTEJIbHO CHCTEMBI OTCYETa, CBSI3aHHON C MOBEpXHOCTHIO Jemm. Ecm
cucTeMa OTCYETa, CBI3aHHAS C TTOBEPXHOCTHIO 3eMIIM, UHEPLMATbHAS, TO CHC-
TeMa OTCYETa, CBSI3aHHAsSI C CAMOJICTOM SIBIIIETCSI HEMHEPLIMATBHOIA.

Yacto HaM HeOOXOOVIMO 3HATh, IO KAKUM 3aKOHAM IPOVCXOIUT JBIDKEHVE
TeJ B HEMHEPUMATIBHBIX CHUCTEMax oTcueTa. Hampumep, 4To MpOMCXOOUT C Te-
JIAMM TIpY B3JIET€ PAKeThbI U T.]I.

OueBUIHO, YTO BTOPOI1 3aKOH HEIOTOHA HE IpUMEHUM 1T HEMHEPLIATb-
HBIX cHCcTeM oTtcdeTa. TeM He MeHee, TIpeajiaracTcsl ISl ONMVCAHUS JBWICCHYS B
HEMHEPUMATIBHEIX CHCTEMaX OTcYeTa ITOJIb30BAaThCS BTOPHIM 3aKOHOM HbloTOHa,
HO HECKOJIbKO M3MEHUB €r0. JIj1s1 TOro 4To0BI IIOHSTh, KaK HYXKHO M3MEHUTH OC-
HOBHOE ypaBHEHUE, OINMMUCHIBAIOIIEEe NBIDKEHUE MAaTepUATbHON TOYKH, OCTAHO-
BUMCs GoJiee TIOIPOOHO Ha IBYX TUIAX HEMHEPLIMATBbHBIX CUCTEM:

1. HeMHepIMAaIbHBIE CHCTEMBI HE BpaIAIOIIMECs, MBIDKYIIMECS TIOCTYIIa-
TEJILHO MPSIMOJIMHEITHO OTHOCUTEIEHO MHEPLMATBHBIX CHCTEM.

2. HemHepUUaIbHbIe CUCTEMBI, KOTOPhIe He IBIIKYTCS ITOCTYIATEIbHO OTHO-
CUTEJIPHO MHEPLMAIBGHBIX CHCTEM, a COBEpIIAIOT BpalllaTeJIbHOE IBIKe-
HUE.

8.1 Heunepuuaavnoie cucmemot, 08UMdCyuwuecs NOCMynameabHo
APAMOAUHEHHO OMHOCUMEAbHO UHEPUUAAbHBIX CUCTEM

IIycts mMeercs nHepumanbHasa cuctema orcuera O (XYZ) u mBroKymasics
OTHOCUTEJTbHO Hee TMOCTYMaTeIbHO MPSMOJIMHEHO HeWHepLMaibHasl crcTeMa
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orcueta (¥ (XY'Z). Ilyctb e, - paaMyc-BeKTOp, OMKCHIBAIOILMIA TMOJOXEHUE
Hayaja KOOpAWHAT HEMHEPUUATbHOW CHUCTEMBI OTCYETa B WHEPLUAIBHOW, e U
Y pammyc-BEeKTOpBI, OIMUCHIBAIOIIME TOJOXEHUE MAaTepUaTbHOW TOYKU B
VHEPLUATbHOW W HEWHEePLUATbHONM CUCTEMax OTcYeTa, COOTBETCTBEHHO. Uc-
TOJTB3YS MPABWJIO CIIOXKEHUST BEKTOPOB, 3aMUIIEM
r=F+r,
bynem cuutaTh, 4TO B 00EMX CHCTEMax OTCYETA BPEMSI TEYET OJMHAKOBO, T.€.
1=I"
CkopocTy IBUXKEHUSI MaTepuabHON TOUKW B MHEPLUATBHON U HEUHEPLIU-

aJIbHOM CHCTeMax CBSI3aHbl COOTHOIIIEHUEM
dr df dr. o,

_. = —- 4+ -
di dt dt
YCKOpCHI/IH TEJ1a B PIHCpL[PIa)ILHOfI u HCI/IHCpL[I/IaJ]])HOfl CHUCTEMAX CBA3aHbI
COOTHOILECHUEM

%I%Z :d<]f,l/‘12_’_d\+ —g/zzS C_Z’ = e/ + a,. \(81/)

B PIHCpLIPIEU'[bHOfI CUCTEME [JBM2KCHUE OIMMCHIBACTCA C INOMOIIBIO BTOPOIo

3akoHa HrloToHAa
n?—"=/? => /1/1171 =N 8.2)

IlonctaBus (8.1) B (8.2), momydum
mo!/=F—ma,
3amemum. Tlepexon OT MHEPLUMAIBHOI CHCTEMbI OTCUeTa K HEUMHEepLIMalb-
HOIi CUCTeMe OTcUeTa, IBMXKYIIEHCS OTHOCUTEIbHO MHEPLIMATbHON CUCTEMbI OT-
cyeTa, TOCTYMaTeJbHO W MPSIMOJVMHENHO He MPUBOIUT K M3MEHEHUIO BbIpaXKe-
HUS Ui cWibl, T.e. F = F". JleiicTBUTEIbHO, eClii peub UIET O B3aUMOAEHCTBUN
IIByX TeJl, TO CWia, JAEUCTBYIOIIas Ha TIEpBOE TEJO CO CTOPOHBI BTOPOTO
F=F{(r-r, Ul-u,, t), npu mepexone K HEWHEPLUMAJIBLHOI CUCTEME OTCYETa
He MeHsiercs F'= F"{f%— 4, b\-0',,/").
Beenem noHsATHE CUITBI UHEPLIMK
F,=-md"~-m"t -3)

HpI/I JBW2KCHMU TEJIa B HCI/IHCpL[I/IaJIbHOfI CUCTEME OTCYECTa, Z[BI/DKYH.[@fICFI
OTHOCUTEJILHO I/IHGPL[I/IEU'[LHOI?I CHUCTEMbI OTCYETa IIOCTYNATCJIbHO MW IIPAMOJIN-
HCfIHO, cuaa uHepyuu paeHa npouseeaeﬂuio Maccsl meaa Ha yCKopeHue HeuHep-
L(Lla/leOl:i cucmemslt omcyema OmHoCuUmenbHo LlHepL{Lla‘lBHOL? cucmembsl omcue-
ma, 631momy co 3HaAKOM MUHYC.

Torma YpaBHCHUE OBMKCHUSA TEIa B HGI/IHepL[HaJILHOfI CUCTEME OTCYETa
NMECT BU
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di?

6> @6 (8.4)
tin—-=F+F

TMocye BBedeHUs CUIBI MHEPLMY ¥ifABHEHNE NBIKEHNS B HEMHEPLMATLHOI
cucteMe oTcyeta (OpMaJTbHO COBIAJAET C YPABHEHUEM [BVXEHUSI B WHEPLU-
ajbHOU cucTeMe oTcyera.

Takum obGpa3om, ISt ONMMCAHUST ABUXKEHUS Tejla B HEMHEPLMATbHOU cucTe-
M€ MOXHO TOJb30BaThCsSl OCHOBHBIM ypaBHEHUEM ABWXKEHUS I WHEPLUUATb-
HBIX CUCTEM OTCYeTa, HO C JOOABJIIEHUEM €Ille CUJIbl UHEPLUU.

UYrto Takoe cuibl uHepuuu? PeasbHbl OHM WU HET?

Ilo cpaBHeHMIO C TpPaBUTAUMOHHBIMU, BSJIEKTPOMATrHUTHBIMU, SIIEPHBIMU,
cabbIMU CUJIAaMU CUJIBI MHEPLMM HE CBS3aHbl ¢ B3auMojeicTBreMm Teia. Hamom-
HUM, YTO TIOHSITUE CWJIbl ObUIO BBEAEHO B MEXaHUKY KakK MOHSITUE, XapaKTepu-
3yloliee Mepy B3auMopaeicTBus Tesl. Cuibl MHEPLIMU OOYCJIOBJIEHBI HE B3aUMO-
JNEeVCTBUEM, a CBOMCTBAMU CUCTEMBbI OTCU€Ta, B KOTOPOU paccMaTpuUBalOTCSI Me-
XaHW4YecKue siBieHusl. B 3ToM cMmbiciie X MOXHO Ha3BaTh (DUKTUBHBIMU CHJIAMU.

K cunam viHepiuu Helb3st IPUMEHUTh TPeTUI 3akoH HbloToHa.

Cwibl MHepIMK peasibHbl. [Ipu paccMoTpeHUU GU3MYECKUX SIBJICHUI B He-
WHEepLMAbHBIX CHUCTEMax OTCYeTa MOXHO YyKa3aTb KOHKPETHbie (uanieckue
nocienctsusi 3tux cuia. Hampumep, B BaroHe moe3na pe3yabTaT NEUCTBUS CUT
WHEPUUU MOXET MPUBECTU K YBEUbSIM MAcCaXUpoB, T.€. K BeCbMa PEaTbHOMY
pe3yabTarty.

Xopol1l10 U3BECTHO yBEIUYEHNE Beca KOCMOHABTA, HAXOMSIIETOCsSI B PaKere,
B3JIeTalolell ¢ moBepxHocTy 3emum (puc.8.1). Bec Tena - 3T0 cuita, ¢ KOTOpoit
TEJO NaBUT Ha OMOpYy WM pacTsaruBaeT noasec. Ha 3emue
Bec Tesa

P=mg
B pakere, B3jmeraloieil ¢ MOBEPXHOCTH 3eMJIM C yCKOpe-
HUEM d, Ha TEJIO Hapsly C CUION TSXKECTU AEUCTBYET CU-
Jla UHEpLMU, HampaBjieHUue KOTOPOW COBMAAAaeT C Harpas-
JIEHUEM CWIBbI TSXKECTU, ITOITOMY BEC TeJla B paKeTe paBeH
P =mg-ma, => P=m(g+a,. 8.5)

O600IMM TIOHSITUE CWJIbI MHepUMU. Bburs M3 mpa-
BOM M JIeBOMl dacTeil ypaBHeHMs1 (8.4) MpaByl0O U JIEBYIO
< yacTu ypaBHeHUs (8.2), moaydum

P, =m(a-a). (8.6)
W3 (8.6) cienyer, 4TO cuna uHepyuu 3mo Quauueckas
8eqUUUHA, YUCAEHHO pPABHAS NPOU3BEOCHUN) MACCbl HA

Puc. 8.1. PA3HOCMb YCKOPEHULl meaa 6 HeUHepyUdabHOU U UHepuuU-
anvHoil cucmemax omcuema. Takoe omNpeneseHUWE CWIbl WHEPLUMU MOXHO pac-
MPOCTPAHUTh Ha JIIOOYI0 HEWMHEPILMAIbHYI0O CUCTEMY OTCYeTa.

mg
'F  mb,
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8.2. HeunepyuanvHvle cucmemsl, cosepuaroujue 8pauyamenbHoe O08UNCEHUE
OMHOCUMENbHO — UHEPUUANBHBIX CUCMEM.

PaccMoTpuM nBUXXKEHUE MaTepUalibHOW TOUKM B HEMHEPILIMAJbHOUN cUCTeMe
oTcYeTa, KOTopasi He JABUXKETCS MOCTYIATeJIbHO, a BpallaeTcsl ¢ YrJIOBO CKOpPO-
CThIO (4ACTOTOI) CO OTHOCHTEIBLHO HEKOTOPOIi ocu (puc.8.2).

[00)

Puc. 8.2.

I/ICHOJ'II)SYH JCKApTOBbLIC KOOPAWHATHI, CBA3b MEXKIY paluyC-BEKTOpaMU B
I/IHCpL[I/IaJ'[I)HOfI n HCHHCPHHaﬂLHOﬁ CHUCTEMaAX OTCYECTa IpeacraBuM B BUC

Mo+mo+s(o=?(0Ao+no/(0tmm+u,+;> +K 8.7)

3nech /, /', k u /,Y', k' - eIMHUYHbBIE BEKTOpAa B MHEPLUMAIbHONW U HEUHEPIIU-

aJbHOM CcUCTEeMaxX OTCYETAa COOTBETCTBEHHO.
HaﬁneM, KakK CBs3aHbI CKOPOCTU MaTepI/IaJ'II)HOIL/'I TOYKHU B I/IHﬁpHI/IaJ'[bHOIL/'I u
HeHHepHHaJ’ILHOﬁ CHUCTEMAX OTCUETa

~dx ~dy dz (-dx’ ~dy' ,d7', ,dl ,dl' dk’
x—+ A
dl dl dl 1 dt dt dl dt dl dl j

ditdf Ldk
=> u=u+ X—+V—+7—
Vo dt dt dt

(8.8)

BCHOMHI/IM, 4YTO TaKoO€ d— PaCCManI/IBaH JABUKEHUE TCJIa IO OKPYXHO-
t

CcTH nmokaszajiu, uTo — = u = \<b ¢ 1. [Ipu BpanieHnn MaTepuaTbHON TOYKU paaU-
dt

Wm
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YC-BEKTOp T MCHACTCA IO HAMpaBICHUIO, HO HE MCHACTCA IO BCIUYUHC. Torma
AHAJIOTUYHO MOXHO 3aMucCaThb

=12

g - (8.9)
di?
-=[coP].
Hcnonssys (8.9), monyuum
>roy& K fuxi+yj+ k] =[a T] (8.10)

IlonctaBus (8.10) B (8.8), IMOIYyIMM COOTHOIICHME, CBI3BIBAIOIIEE CKOPO-
CTW B MHEPUMATbLHON ¥ HEMHEPIIMATbHON CHCTEMaxX OTcYeTa, B BUJIEC
6=06"+[1?"]. (8.11)
HaiimeM cBsI3b MeXIy YCKOPEHMSMHM MaTepuajbHON TOUYKM B WHEpIIUANb-
HOW W HEWHEepIHUaTbHOUW cucTeMax orcyera. s 3TOTO BO3bMEM TMPOM3BOIHYIO
OT IIpaBOM M JIeBOI 4acTell ypaBHeHMS (8.11)

~ >< ~ o~ > - >~
dv ( c%x dy'Z ; &JI e+ ﬁo,zx i, +T;cz \A:
dt J
" dx’ Ldy' T,dz’z-" d2dx'  didy'  dkdz
25" "7-’ tk 2 + +
dt dr dt dt dt Tardr T dt dt
- " _ ~dx' ~dy' r-fd7
—d}Ix+Jy + kZ to,/—+ ] *+k —
dt dt dt

(8.12)

2 df L d?
OX— +/—+z—

dt dt dt
PaccmoTpum cnaraembie, BXoAdlide B IMpaByI0 9acTh BeIpaxeHus (8.12):
? ’ .1 ’ ’ ’ o~ _- ' ~_ ’ Al -
) d? dx + dj'dy +a’kdz' _r.d/dx_ ¥_m:/\ﬁ_+rmrlg10£ _ pOVIIJ,
i A Rt A iy L Jm L “"J,u L J it
da - - - da
2) _i)fx} +J J/y+kz’ dt i
A d
3) / + / AR = [cou,

,dI' ,dk'
X +7—
K ar " Cdi

Torma Bepaxenue (8.12) mpumeT BUL

v

[to, x'[co T] + VY ]co /] + z'[co *']] = [co[co ?]].
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a=a+ ‘;@f it 6]+ [i[it FJ. (8.13)

N3 ompenenenyst cwibl wHepimy (8.6) clieayer, 9T0 Ha MaTepUATbHYIO
TOYKY BO Bpallaolleiics HeMHepLUUaTbHON cucTeMe oTcuera OyayT MOTMOMHU-
TEJTBHO JEWCTBOBATD €I TPU CHUIIBL

1. K. T, Hannuue s1oii cuibl 00yCIOBIEHO HEPaBHOMEPHOCTHIO
t
BpallleH!s] HeMHePLUaIbHON CUCTEMBbI OTcyeTa, T.e. 6 =1i(?). Ecnu HeuHepium-

aJTbHasl CUCTEMA OTCYETa BPaIllaeTCsl ¢ MOCTOSAHHOM yactoToi, To F,, = O.

2) P,=-m[S[6F]]. Bcnomuum, uro [eF]=u5J?J. 3mece R mpoekuust

paauyc-BeKTopa 7 Ha TulockocTb BpaiteHus (cM.1.20). Torma
N2=-»{»[»"]] =-[ffl(ff1")-"(0)»)Im =  fflO)%  (8.14)

Cuny F,, Ha3bIBaIOT LIEHTPOOEXHON critofl MHepumy. Hammane 310l cuibl nie-
MOHCTpUpyeT mpoctoii onbIT (puc.8.3). Mmeem muck. OT 1meHTpa OUCKa K €ro
Kparo IT0 paIauycy BBRIOWTA KaHaBKa, B KOTOPOM JIeXUT miapuk. Lllapwk mpyxu-
HOU CBsI3aH ¢ LIeHTpoM aucka. Ecim paccMOTpuM TOJIOXEHUE 1apuka B clydyae
co=0 u co "0, To okasbiBaercsl, 4T0 R, <R, Cuna HaTSOKEHMS! NPYXMHBI PaBHA
nm’R.

3j P, =-2mf{(bn']. B MexaHuKe 3Ta Cuia MHEPLMM TOTy4nIa Ha3BaHWE CHIIBI
Kopuonuca. Cuna Kopuomuca NmposiBasieTcst JInlib, €CU TeAO0 IBUXKETCS OTHO-
CHUTEJIbHO HEMHEPLUAIBLHON cUCTeMBI oTcueTa. Ecm 6' =0, To £, ;= 0. Ilogs-
JIEHWE KOPUOJIMCOBOM CUJIbI MOXHO OOHapyXuTb Ha CJeIylolleM TMpuMepe
(puc.8.4). Bo3bMeM AMCK, KOTOPBIA MOXET BpalllaThCsl BOKPYT BePTUKATBHOM
ocu. IlpodepT™M Ha HeM pamMabHYIO MPSIMY0. 3allyCTUM B HalpaBlIcHUN OT
meHTpa aucka (Touka 0) K Kparo (Touka A) mapuk co cKopocThio '. Ecmm amck
HE BpalllaeTcsl, apuK OyIeT KaTUThCsl Mo paavaibHoi npsiMoir OA Eciu muck

o=0 wz0

>
o > G

Puc. 83
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Puc. 84

MPUBECTH BO BpallleHUE, TO 1IApUK OyIeT KaTUTh-
¢s1 o n3o0pakeHHoM KpuBoii OB. T.e. 1o oTHO-
IIEHUIO K BpAlLAIOLICHCsl CUCTeMe OTcyeTa Ila-
PUK BeeT cebsl TaK, KaK ecii Obl Ha Hero NEecT-
BOBaJla CWJIa, MEPIEeHANKYIISIpHAsT CKOPOCTU U’



Tema 9
KonebaTtenbHble ABMXKEHUS MaTepraibHOM TOuK. CBOOOIHbIE
rapMOHMYECKME KOJEOAHUS: IBMKEHUE IIapUKa IO ICUCTBUEM
VIIPYTOW CWJIbI, MATEMATUYECKUI MAsITHUK, 3aTyXarolIue
KoJieOaHus. BbIHYXIEHHbIE KOJIEOAaHUS MaTepUaTbHOM TOUKHU

Ilepuoanueckoe sBAeHUE (MpOLECC) - 3TO sIBJIEHUE (Mpolecc), Mpu KOTO-
pOM M3MEHEHME KaKON-TO BEJIWYUHBI, HANIpUMep, / TOBTOPSIETCS B TOM Xe ca-
MOM BUJI€ Yepe3 COBEpILIEHHO ompeaeieHHOe BpeMs - repuon (7):

/(0 =/"(<+r)-

YacTto B MOBCEAHEBHOU XU3HU Mbl BCTpEYaeM HETepUOIMYECKUEe SIBICHUS,
KOTOpBIC TMOXOXU Ha MEepUOogUUYEcKUe SIBJICHUS: ABUXKEHUE LIapuKa IO ACCT-
BUEM YIPYroi CWJIbl, IBMKEHUE HE3aKPEIUICHHOTO KOHIIA JIMHEWKU U T.0. DTH
SBJICHUS He OyayT nepuoguueckumu. Pusnmueckre BeJUUYMHBI, OMKUCHIBAIOLINE
NBUXEHUE OYyIyT MOCTETIEHHO YObIBATh 1O BEJIMYMHE.

Takue sBJIeHUS] HA3bIBAIOT OOIIMM TEPMUHOM - KOJieObaHHUsI, a TNepuoaunye-
cKMe KoyiebaHUsI TIPEACTABIISIOT YAaCTHBINM CIydail KoyiebaHUuil BOOOIIIE.

Konebamenvnvimu Oeusxcenusmu (KoaeOaHusmu) HaA3bI8AIOMC MaKue Gu-
Obl dgudiceHUst, Komopbvie 001a0arom moi Uau UHOU CMeEeNneHbr) NOo8MOopsSeMOCmU.

B 3aBucuMoOcTM OT xapakrepa BO3ICHCTBUSI Ha KOJEOJIOIIYIOCS CUCTEMY
BHEIIHUX TeJ DPa3IMYaloT CBOOOAHBIE WM COOCTBEHHBbIE KOJIeOaHUS, BBIHYX-
NEeHHbIe KojiebaHUsl, aBTOKOJIEOaHUS U TTapaMeTpUiYecKre KojaeOaHusl.

Ce0600HbIMU  Uuau cOOCMBEHHbIMU HA3BIBAIOTCS KOJeOGaHUSI, KOTOpPBIE IIPO-
HUCXOASIT B CUCTEME, KOTOPYIO BBIBEJIM M3 COCTOSIHMSI paBHOBECHUs, a 3aTeM Mpe-
JNOCTaBUJIM caMoi cebe.

BbiHyoic-OenHbimu Ha3bIBAIOTCSI TaKME KOJIeOaHMS, B MPOIECCE KOTOPBIX KO-
Jiedmoniasicsl CUCTeMa MOJIBEPraeTcsl BO3IEHCTBUIO BHEIIHEH MepUOIUYECKHU
U3MEHSIOIIEHCST CUTTBI.

Aemokonebanuss KaK U BBIHYXJCHHBIE KOJeOaHUS COMPOBOXIAIOTCS BO3-
NECTBUEM Ha KOJIEOJIOUIYIOCS CUCTEMY BHELIHUX CHJI, OMHAKO MOMEHTHI Bpe-
MEHU, KOTJa OCYILECTBJISIIOTCSI 3TU BO3ACHCTBUSI, 3aJalOTCsS caMoil KojebJto-
LIEICsI CUCTEMOI - cucTeMa caMa YIpaBJiseT BHEIIHUM BO3ICHCTBUEM.

Ipu napamempuueckom KonebGaHUM 3a CYUET BHEIIHUX CUJT TPOUCXOAUT
MepuoanMyYeckoe M3MEHEHMEe KakKoro-ambo TmapameTpa cuctembl. Hampumep,
IJIMHBI HUTH, K KOTOPO# MOJBEIICH IIapuK, COBEPILIAIINii KoJeOaHusI.

IIpocTeiiiium KojiebaHUEM SIBISIETCS 2apMOHUYecKoe KoaebaHue, m.e. KO-
nebanue, npu KOMOpom Quauveckdas 6eAUMUHA, ONUCHIBArWds 3mo KoaebaHue,
U3BMeHslemcsi CO 8peMeHeM N0 3AKOHY CUHYCA UAU KOCUHYCA

J(t) = Acos((i>l + %).

B nanbHeiliiiem Oonee moapoOHO OCTAHOBUMCSI Ha CBOOOMHBIX U BBIHYXK-

JNEHHBIX KOJIeOAHUSIX.
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9.1. Ceéoboonbte capmonumeckue Koaebanus
9.1.1. Jleusicenue wapuka nod delicmeuem ynpyeoii Cuavl

IMycTh MMeeTcsi MaTepuaibHasl TOYKa, Ha KOTOPYIO JACHCTBYET cuiia
F = -kr.

Hanpuwmep, paccMoTpuUM
IIapUK, COEAUHEHHbIA NPYKUHON
o co creHkoi (puc.9.1). Havamo
X CHCTeMbl KOODAMHAT Pacrojio-
XKMM B TOuYKe paBHoBecus. [lpu
OTKJIOHEHUHU IlIapuKa W3 TIONO-
JKEHUSI paBHOBECHSI Ha HEro Jeii-
CTBYeT YIpyrasi cuia, CTpeMsi-
asicss BO3BPaTUTh LIApUK B TO-
; JloxkeHue paBHoBecusi. Eciu Ha-
Puc.9.1. MPaBUTh OCh KOOPAMHAT X BIOJIb

HamnpaBJICHUA OBUXKCHUA LIapuKa, TO yIrpyrasa cujia €CTb

F = -kx.
C y4eTOM BBIpaXKeHMSI IJISI CUJIbI OCHOBHOE YpaBHEHUE ABMIKECHUS IIPUMET BUI
d'x
m—z- = -kx. ©.1)
di
BenuunHa———sBisieTcsl MOJOXUTENIbHAS BEJIWYMHA, IIO3TOMY €€ MOXEM 000-

aa

K . .
3HAYUTDh, KaK —=(Q.o- ITapamerp 10, HazoBeM coOCTBeHHOI udacToToil. Torma

m
ypaBHEHUE, OMMCHIBAIOLIEE NBUXEHNE MATEPUAILHOM TOYKU, UMEET BUI
d'x
, +cox=0. 92
dt
PelieHreM TaKOro ypaBHeHUS ABJsIETCS QYHKIUA
x(t) = Acos(wf+ %), 9-3)

rie A u ¢, - HeKure NMPOU3BOJbHbIE MapaMeTpbl, KOTOPbIE ONPEAETSIOTCS U3
HavaJlbHBIX YCIIOBUIA, T.e. 13 3HaHusA x(t =0) u u(/ =0).

BenvuuHa A Ha3bIBaeTCsl aMIUTUTYAON KoJjieOaHUsl. AMIUIUTYAA - 3TO Hau-
OoJiblliee OTKJIOHEHUE Tesia (MaTepruaabHOM TOYKM) OT MOJIOXEHUs paBHOBECHSI.

BenmvuuHa c%t + (p,, HasbiBaeTcsl (a3oii KosebaHus. B MOMEHT BpeMeHU
1 =0 ¢aza konedbaHust paBHa ¢,, MOATOMY 3Ty BEIWYMHY Ha3bIBAIOT HAYAIbHOM
¢azoii.

st noxkaszatenbcTBa, 4To (pyHKuus (9.3) siBasieTcsl pellleHUeM ypaBHEHUsI
(9.2) HaiizeM BTOpPYIO TPOU3BOAHYIO OT KOODAMHATHI X
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d
i =-A(osm(wt +q>,) (CKOpOCThb)

d’x
—y = -"co”cos(co,/ *+ (p,) (yckopenwue). 9.4)
IMoacraBus (9.4) u (9.3) B ypaBHeHue (9.2), monyuum
(-y1©o0cos(©,7 + (p,)) +Ao,,cos((0(/+ (p,) =0 => 0=0. (9.5
M3 (9.5) cnenyet, uro dyHkums (9.3) neiicTBUTENbHO SIBJSIETCS pEelIEHUEM
ypaBHeHUs (9.2).
Haiinem, kak mepuos KonebGaHMii cBsi3aH ¢ BeJauuuHoi <B, W3 ompenene-
HMSI IEPUOANYECKON DYHKIUU CIeayeT
cos[<o,(r+ /) + d] =cos(oy +d). 9.6)
st BeimojiHeHUs (9.6) HEOOXOAMMO YTOOBI
co,((+ T)=cy + 2n.
Torma mepuon KojieGaHWi CBA3aH C COOCTBEHHOM YacTOTOM ClIeAyIOIINM
obpazom

7=2% 9.7)

©!’
Yucno koyiebaHuii B CAVMHUIY BPDEMCHUN HA3bIBACTCA 4acTOTOU

1
vV=—

r
W3 cBs3u nepuoaa c BEJIMUUMHON 10, CJICAYEeT, 4YTO

vV = —2- W co, = 2nv,
2%
T.. BeJMYMHA 10, JaeT 4ucao KoneOaHuil 3a 2w cekyHn. Ee Takke Ha3blBaloT
KPYroBOU MM LIUKJIUYECKOW YaCTOTOM.
Haiinem ammiautyny M HadajbHylo ¢a3y Kosebanuii. I[lycTb, Hampumep,
HavyaJibHbIe YCIOBUSI UMEIOT BUJ

Nn'=0)="o (98)
u(/=0)=0.
Hcnonbays (9.8), nonyuum
ITcoad,, =*, bl =x,
9.9
\-A(o,sin d,, = 0. [b,=0

C yueroM (9.9) dyHkuusi, onuckiBawIias KojedareJbHOe ABUXEHUE, €CTh
X((): *Ocosﬁv .
Haiinem, yemy paBHa KMHeTUYeCKasl U MOTEHIMAIbHASl SHEPTrUU KOJeoio
LIEHCA TOYKU

75



fflU 171

2

2 e 7, 4y« 2 - 2 7
Ey = — =y *co, sin (oy ) = -x, sin ((0,0 , (9.10)
/oC /€ 2 i/ 0\
o11)
£,= —=-*ycos (ay).
[TomHast sHeprust CBOGOIHBIX TAPMOHMIECKIX, KOJICOAHN €
IW(a,0+ " siii’(ay) = *~. 9.12)

H300pa3uM rpacdudeckd, Kak cO BpeMEHEM IPOUCXOAUT M3MEHEHHE TIOo-
TeHIUAJIbHON M KWHETUYECKOU 3Hepruil (puc.9.2). MakcumyMm TMOTEHIMATBLHOM
SHEPTUU COOTBETCTBYET MUHUMYMY KMHETUIECKON M Ha0OOPOT.

E&‘ Ell’ E i
kAZ /Ex /En / E
> F g
co,t
Puc. 9.2.

B kauecTBe mpuMepa COOGCTBEHHOTO TaApMOHUYECKOTO KOJeOaHUs MBI pac-
CMOTpEJIM ABUXKECHUE MaTepUaNbHOM TOYKM TIO ASHCTBUEM YIIpYyroit cuibl. Pac-
CMOTpUM ellle OTUH TpuMep KojiebaHWil TToJ0OHOTO THIIA, IIMPOKO PacIpoCTpa-
HEHHBII B TIPaKTHKe, - KoJebaHe MaTeMaTHUECKOTO MasTHHKA.

9.1.2. Mamemamuueckuii Masmuux

Mamemamuueckum MasmHUKoM HA3bI8AIOM, CUCMEMY, COCMOAUWYIO U3 Ma-
MmepuanvHoil. Mmouku, NoO08euweHHOl Ha,HeeecoMoll Hepacmsaxcuaoi Humu. Pac-
CMOTPUM, KakK OyIeT MPOUCXOAUTh, NBUKEHUE MATEMaTUYECKOrO MasiTHUKA, IO-
cle TOrO Kak Mbl, OTKJIOHMB €ro OT TMOJOXEHUS DPAaBHOBECUS, OTIYCTUM
(puc.9.3). Havano cucremMbl KOOpAMHAT PACMONOXUM B TOYKE MOJBECA MaTeMa-
ThyeckKoro MasitHuka (0). OTKIOHEHUE MasiTHUKA OT MOJIOXEHUSI PAaBHOBECHSI
OyaeM XapakTepus3oBaTb yrjioM ¢, oOpa3oBaHHBIM HUTBIO C BepTUKaIblO. s
HaX0XEHUsSI BPEMEHHOI 3aBUCUMOCTHU YIJIa CP BOCIIOJIb3YEMCSI ypaBHEHUEM TSI
MOMEHTOB
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= 9.13)

3nece M - pe3ybTUPYIONIMIA MOMEHT BCEX CHJI, NEHCTBYIOIIMX Ha MaTepHalib-
HyIo TOUKy. Ha MaTepmaibHyIO TOUKY OEHCTBYET CHIa TSDKeCTHM M CHUIa HaTsDKe-
HUsT HUTH. Torma pe3yTbTUpYIOIIit MOMEHT CIJT €CTh

M =[/" /uE] + > IV]. (9.14)
Bekrtopa ¢ u N antumnapamienbHsl, mostomy [fUI/1 =0. Monyib MoMeHTa cu-
JIBI TSDKECTU paBeH
A? =/»TESn<p. (9.15)
3mech / = 1| - WIMHA HUATH.
[pu gBIDKEHME TIO OKPYKHOCT MOMEHT MMITYJIhCa MOXKHO 3aITcaTh B BUIE
L=[ep]=m[rv]=m]?[co/ 1] =m{(a(e?) - 2 (2a)}.
BekTopa co 1 7 B3aMHO OpPTOTOHAJTBHEI, TIO3TOMY CKAISIPHOE TTPOM3BEIe-
Hre (ra) = 0. Takum obpazoMm

L = w/co. 9.16)
C yaetom (9.14) u (9.16) ypaBHerue (9.13) mpumer BUI

9.17)

Haiinem npoekuto ypaBHeHus1 (9.17) Ha och BpallieHUs

2¢ @ ;e aP_ g
ml - = -mgbsm¥p dt 7 Simp. ©.18)
3HaK MUHYC B TpaBoil yacTu BbIpakeHUs (9.18) 0OBSICHSIETCS ClIeayIOUM

obpazom. C pocToM yIia cp IBIDKEHHE 3aMeIUITETCs, T.€. YIJIOBOE YCKOpEeHIe
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d 10
—y- yMeHbIIAeTCd. DTO MOXET OBITh TOJILKO B TOM CJIy4ae, €ClId B IPaBOiA Yyac-
]

™ (9.18) cTOUT CllaraeMoe CO 3HAKOM MUHYC
OrpaHMYMMCsI pacCCMOTPEHMEM MaJlbIX KOJieOaHMi, T.e. KoJeOaHWid, s

koTophlx sin(p«<p. Bsegem o6o3HaueHue co,= —, Torma ypaBHeHue (9.18)
MPUMET BU,
, T <®=0. 9.19)
dl

®opmanbHo ypaBHeHUs (9.19) u (9.2) coBmagalor mpu 3ameHe ¢ Ha Xx.

Pewenuiem ypaBaenust (9. I'9) sipasiercst byHKLMS
<p() = Acos(w + b,)

TakuM 00pa3om, Mbl TTOKa3aju, YTO MPU MAJIbIX OTKJIOHEHMSIX OT TOJIOXe-
HMSI paBHOBECUS YIJIOBOE OTKJIOHEHME MAaTeMaTUYECKOTO MasiTHUKA U3MEHSIETCSI
10 TapMOHUYECKOMY 3aKOHY C MEpUOIOM

=—=2k\- . (9.20)
9.1.3. 3amyxarouue Kosebanus

BHOBb paccMOTPUM CHCTEMY, COCTOSIIIYIO M3 IIapWKa, KOTOPBIA C TOMO-
b0 TIPY>KMHBI MPHUKPEIUIEH K CTeHKe. B o0lleM ciiydae Ha IIapuK, BBIBEIEH-
HBIl M3 TMOJIOXEHHUS] paBHOBECUSI, HApsIAy C YIPYroil CHJION OymeT AeicTBOBaTh
cuia tpeHust. Ilapuk ABUXETCST B BO3MyXe, KOTOPHIA MPEISITCTBYET 3TOMY IBHU-
xxeHuto. Cujla TpeHUsI CBsI3aHa CO CKOPOCTBIO IBMKEHMUS IIapHUKa BbIpaXkeHHeM

ax .
I, =-an = -a~, AT>0. 9.21)
~dt
C yuetoMm (9.21) OCHOBHOE ypaBHEHUE IBUXECHUS MMPUMET BUI
d’x dx
m—ipe -kex—@x-a— 9.22
dt dl ©-22)
O6o3Hauum — = 2y. Torma ypaBHeHue (9.22) MOXHO Iepenucarb Ccie-
na
JIYIOLIMM 00pazoM
dx dx
S #2y—+ X = 0. 9.23
dr Y .23)

HCHOCpe[[CTBeHHOfI MOJACTAHOBKOW MOJIEHO MOKa3aTh, YTO ob1Iee peicHue
9TOI'0 YpaBHCHUS UMEECT BU

x(/) = Ae"'cos*CDo -y’/ + d,) => x(1) = Ae"'cos(co/ + b,), (9.24)
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e <o=ya>p-y’ BemmuuHbl A u ¢,,, KaK ¥ P PacCCMOTPEHUU HE3aTyXalo-
X KOJIeOaHWi, OMpeaesItoTCsI-U3 HaYaIbHbIX YCIOBUIA. 3alMCaHHOE pElICHUE
TOJyYeHO MPU YCIoBUK Y < co™.

CpaBHuBas 3aTyxalolve KojiebaHHs C He3aTyXalolMMU TapMOHUYECKUMU,
BUIMM, 4TO «IICPUO» KOJIeOaHMI1 yBEIMYMBACTCS

271
r=2" o= — (9.25)

o N¢9
M300pazM 3aBUCMMOCTb OT BPEMEHM OTKJIOHEHMSI TOUKM OT TOJIOXEHMS
paBHOBecHsT MpU 3aTyxawolieM konedaHuu (puc.9.4). IlItpuxoBoii nMHUMENR 000-
3HauyeHb! rpaduxu 3aBucuMoctd +Ae~" W3 rpadukoB BUIHO, UYTO C TeUEHUEM
BPEMEHM YMEHbIIIAETCSI OTKIIOHEHUE TOYKU OT TTOJIOKEHUSI PABHOBECHSI.
BenmnuuHy y, xapakTepusyolylo BSI3KOCTb CPEbl, HA3bIBAIOT KODOUIU-

*
(i
A . "
~ -
* e -~ / Ae
/\ .
\/ T
- - -
- - -
_A r‘
Puc. 94.
eHTOM 3aryxaHus.. BMecTo y il XapakTepHUCTHKU 3aTyXxaHWsl yIOOHO BBECTU
JIPYTYIO BEINYVHY.

CpaBHUM OTKJIOHEHMSI TOUKM OT IOJIOXKEHMSI PABHOBECHSI B MOMEHTHI Bpe-
MeHU tut+ T

x{1) ég”'cos((al + %) et (9.26)
x{t +T) Ae-"""cos(oi(t + T) + %)
B3 norapudm ot npasoii u jieBoii yacteii (9.26), moayynmM
x(t) o
In (T =y7 =5.
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BenuuuHa 5 HasbiBaeTcs socapugmuueck bm dekpemenmom 3aTyxaHUs.
CpaBHUM OTKJIOHEHWE TOYKU OT, TIOJIOKEHUS PABHOBECUSI B MOMEHTHI Bpe-
menu t ¥ [ + NT, tne N - nenoe uucno. Torma

@ <> A 27)

(Che
HpI/IpaBHHCM 1oKa3aTeJib OKCIIOHCHTbLI €AUHUIIC

m=1 => #,=1. (9.28)

[Mpu uucne mepuonos N,=— OTKJIIOHEHHE TOUKH OT TOJOXEHUS pPaBHOBE-
5

CUS B MOMEHT BpeMEHM / OTJIMYaeTcsd OT OTKJIOHEHUS B MOMEHT BpeMeHU
t+ N,T B e pa3. Takum o6pa3oM, pU3NIeCKU CMBICI JOrapu(pMUIECKOTO JeK-
peMeHTa 3aTyXaHHWsI COCTOWT B TOM, YTO ero obpaTHas BeJIMYMHA TOKa3bIBacT
yepe3 CKOJIBKO TEePHOI0B OTKIOHEHHE TOUYKU OT TOJIOXKEHUST paBHOBECHS Oyer
OTJINYAThCSA B € pas.

Yro MOXHO CKa3aTb 00 SHEPruy KOJEOIIOMEHCS TOUYKM?

W3 BToporo 3akoHa HpioToHa ciemyer, 4To

dE, = (Fdr) + (F,dr) => dE=-dE,(F,d?») =>
d(E, . EJ = {F.dr).
CI/IJ'[a TPEHUA HE ABJIACTCA HOTeHHHaJ'[bHOfI CI/IJ'IOfI, IIO3TOMY KOJ'[C6aHI/I9[

MaTepuaJbHOM TOYKM OYIyT MPOMCXOAUTh ¢ M3MEHEHHMEM IIOJHOM ee SHEepIUU.
IMpyuyeM TOCKONBKY pabota cui TpeHust 84 <0, To ABUXKEeHUE MaTephaTbHOMN

TOYKH MPOUCXOOUT C YMCHBIICHUEM €€ MOJTHOM SHCPTIUNn.
[0a+ Onj-[0A+ £,()]<O, >/ 930)

9.2. Boinyscoennsie K01e0aHUA MAMEPUAILHOU MOYKU

BHOBBL paccMOTpUM IIapWK, COSMMHEHHBIN Yepe3 TPYKUHY CO CTEHKOM.
Ilycth Ha apuK Hapsoy ¢ CWIAMU YIPYTOCTH W TPEHUs NEHCTBYET BBIHYX-

Jarmmad cujia, USMEHAKIIaACad BO BpEMECHU 11O TapPMOHHNYCCKOMY 3aKOHY
— A .
F, = " sin co/.

3Mech CO - 9acTOTa BBIHYXKIAIOIIEH CUJIBI.
Hcnons3yst BTOpoii 3akoH HbloToHa, 3amuiiem

m—— = -kx-a— + JI sin co?, 9.31)
dr dt -
Ipu 3amucu (-11.31), npenmonaraem, 4yTo cuiaa F, HampaBleHa BIOJNb OCU
x. Beenem oGosHauenne —- = /. Torma ypaBHeHue,(9.31) mepenuiercs cie-
ra

IYIOIMM 00pa3oM
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dx V dx' ~.' .
3/72—*3Y,—/f,+«°oW, \ur
OIIBIT FOBOPUT, YTO KoJieOaHue OyaeT IMPOUCXOOUTh C YACTOTOM BBIHYXK-

JAIOLLIEN CUJIbI, II09TOMY pellieHre YpaBHEeHUsT OydeM UCKATh B BUIE

x(1) = Asm(at + a). (9.33)
B ortmmume oT cBOOOMHBIX KOJieOaHWIA BeWMIMHA aMIUIMTYyOel A W Ha-
yajJibHOI (ha3bl a MpK BBIHYXICHHBIX KOJeOAHUSIX OMNpEACIseTCS HEe U3 Ha-
YaJIbHbIX YCJIOBUIA, a 3aBUCUT OT aMIUIMTYObl U (Da3bl BbIHYJICHAIOIICH CUJIbL.

(932)

IMoncraBuB BbIpakeHUsT T CKOPOCTM — = Aocos(cor +a) U YCKOpEeHUsI
dl

*
d 2x - ~A(o sin(co? + a) KosebolLIeics TOUKA B ypaBHeHue (9.32), noinyuum

dt

-Am'’ sin (co* + a) + 2y4co cos(co/ +a) + COV4 sin (co/ + a) = £, sin oil.
Wm

V*(6Jo - k> | HY It ’
2y"4©(cosco/ cosa - sin co/sina) = /, sin cor
B (9.34) crpynniupyem craraembie ¢ MHOXUTENISIMA COS 0/ 1 sin o
A\ (co’-co’Jsina + 2Ycocosa cosco/ +
| / q 1 ) e (9 35)
\A\ (CO’*-co’)cosa-2ycosina — _/, > sin a/ =0.
Mbl MOJIy4YM/Iv ypaBHEHUE BUIA
Cjcosco/ + csincuf = 0, (936)
e ¢, = JI17 co’ -co”)sina + 2ycocosa 1, ¢, = /JNro’-©°)cosa-2y<»smal--/,.
J7st Toro 4toObl TaKoe YpaBHEHUE BBIIOIHSUIOCH IJIST JIIOOOTO MOMEHTA
BpEeMEHHU, HEOOXOIMMO, UTOOBI

(9.34)

¢, =0,
c,=0.
Takum obpa3om, ypaBHeHUe (9.36) pacrianaercsi Ha CUCTEMY JIBYX CBSI3aH-
HBIX YPaBHEHUU BUIA
,41(co’-co’)sma + 2ycocosa =0,

r (9n37)

A\ (co’-co’)cosa-2ycosina =./,.
W3 nepsoro ypaBuéHM A~Haiinem

ga=—r1" (9.38)
co, -Co
151 HaxoXaeHUsT aMILIMTYIbl A Bo3BeaeM oba ypaBHeHUsI cucteMbl (9.37)
B KBaapar
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(10 -10°) A’sin*a +2(w’ -10°),4 sina * 2ycocosa + 4y'ur'’JI’ cos’a =0 ,

(©o - 0>) “cos’a-2(0o’ - ©’)"’cosa * 2ycosin a + 4’a>’A’sin’a =f
Cl0XUB UX, MOJIYYUM
(®I-<u’fA + HWA* = f =>
a- /0 (9.39)

*(co%-c0?)? + 4y’@’

C yuetom (9.38) u (9.39) BbIpaxxeHue, OMUCHIBAIOIlEe U3MEHEHUE BO Bpe-
MEHU TMOJIOXEHUS MaTepuajbHOW TOUYKU MPU ASUCTBUU HA HEE BBIHYXXIAIOLIEU
CUWJIbI, €CTh

2yin
*('): /o ~gin cat -arcig (9.40)
y(co’-co’)® + 4yV fo, -0

AMmuTyga KoJjieOmiolieicsl TOYKM 3aBUCUT OT aMIUIMTYIObl BbIHYXIAl0-
LIEeW CUJIbI, OT YaCTOThI COD-
A CTBEHHBIX KoJjiebaHuii 0e3
yyeTa CWIbl TPEHUS 10,
BSIBKOCTU Cpeibl Y U 4acTo-
Thl BBIHYXJAIOIIEH  CUIBL.
Ha pwuc.9.5 npusegeH xa-
pakTepHblii TpaduK 3aBU-
CUMOCTU aMIUTUTYIbI KOJie-
0aHUil OT YaCTOTBI BBIHYX-
naroiieit cuiabl. M3 rpaduka
BUIHO, 4YTO TMpU OIpele-
JIEHHOUW Uil JaHHOM cucTte-
Mbl YacTOT€ BBbIHYXXAAlOUIEH
CWIbl aMIUIUTyAa Koseba-
T + HUIA JOCTUTaeT MaKCHUMaslb-
o, o, ®  Horo 3Hauenusi. KoneGauust
Puc. 9.5. c 1:4aKcy1Maan0171 aMIUIUTY-
JIOU HAa3bIBAIOTCSI PE30HAHC-
HBIMM, a caMO SIBJIEHUE «packauykKu» KoJieOaHUU MO0 MaKCUMaJbHOU aMILTUTYAbI
Ha3bIBAETCS PE30HAHCOM.
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MakcuManbHOEe 3HayeHWE aMIUIMTyJa OyneT MMeTh, KOrja 3HaMeHaTesb
BbIpaxkeHUus1 A{(1) uMeeT MUHMMAaJIbHOE 3HAaYCHMUE.
Beegem ¢yHKIMIO
g(w) = (ro®-<a®)® + 4yV
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Haiinem vacrory (10,), mpu KOTOpoi 3Ta (DyHKIMM NPUHUMAET MUHK-
MaJIbHOE 3HauYeHue

£=0 =,  <o,[(co-Y)-2y']=0
9.41)
<x=V>0-2y-
Pe3oHaHcHOe 3HauyeHUE aAMIUIUTYyOdbI 6y,£[eT
A= ~ =k == &)

~J«-100) Hya> jAy 4y'(a)’-2y) 2y t-y?

Buaum, 4ro Kak pe3oHaHCHasl 4acToTa, TaK W PE30HAHCHAs aMIUIATYAA
CWIBHO 3aBUCST OT BEJIMYUHBI CWIIbI TpeHUs (rmapamerpa y). C yMeHbIIEHrEM
CWJIbI TPEHUSI MPOUCXOAUT CIBUT PE30HAHCHOI YaCcTOThI K COOCTBEHHOI YacToTe,

B Hayke u TexHUKe SIBJIEHUE Pe30HAHCA UTPAET KaK TMOOKUTENIbHYIO, TaK U
OTpULIATENbHYIO poiib. OHO OYEeHb TMOJIE3HO B aKyCTHWKE, paavoTexHuke. B me-
XaHWKe, KaK TMPaBWIO, CTPEMSITCS TPU KOHCTPYMPOBAHWM MEXAaHWUUYECKUX U3ME-
JIWA WCKITIOYUTh BO3MOXHOCTh HACTYIUIEHUSI PE30HAHCA.

PaccMoTpyM, 4TO TIPOMCXOMWT C DHEPTUE MPU BBIHYKIECHHBIX KOJIeOaHU-
SIX MaTepUaTbHOU TOUKW. BHOBb MCXOIMM W3 YpaBHEHUS TSI SHEPTUU

</, +4,)=84p + U- (9.43)
3neck 81, - ameMeHTapHasi paboTa BbIHYXAAIOLICIH CUIIBL.

Haiinem cymMmMy KMHETMYECKOW W MTOTEHIIUATLHOW SHEPTUIA YIIPYTOi CUITBI

E=+— =_"ffcos’(fll? + a) + -/}’sin’(co/ +a). (9.44)
2 2 2 ! 2
Ilpexne Bcero, u3 BeipaxeHus (9.44) ciemyeT, 4To MOMHAs SHEPTUST 3aBU-
CUT OT BpeMeHU. Ecnu paccMoTpeTh BpeMeHHOU uHTepBat ot / no / + T, To B
3TOM TMPOMEXKYTKE TPOUCXOAUT u3MeHeHue £ Bo BpemeHu. OnHaKo,

H1) =K. D,
T.C.

J(84,,. +54)=0.

Takum 00pa3oM, yMeHbIIEHHE SHEPTUM KOJEOIOIIEICS CUCTEMbI 3a CUET
paboThI CHUJI TPEHUSI 32 TIEPUO KOMITEHCUPYETCST BO3PACTAHUEM 3HEPIUU 3a CUET
paboThl BBIHYXKIAKOLLIENA CHUITBI.
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[Tpunoxenue
3akonbl Keriepa

Ilepewiii 3axon Kenaepa. Kaxnas IiaHeTa ABMXKETCS IO 3JUIMIITUYECKON
opoute, mpuuem CoJiHIE pacroyiaraeTcsi B OMHOM U3 (POKyCOB 3JUIMIICA.

Bmopoii  3axon Kenaepa. Tlpsimas, coemubsioniass CoJIHILIE C IUIAHETOM,
OIMKCHIBAET PaBHbIC TUIOMIAAM 32 PABHBIC TPOMEXYTKU BPEMEHU.

Tpemuii 3axon_ Kenaepa. KyObl OOJIbIIMX MOJYyOCei JIIOOBIX ABYX ILIaHe-
TapHBIX OPOUT OTHOCSITCSA IPYr K JAPYry KakK KBaJpaThl TMEPUOIOB OOpallleHUst
3TUX OpOUT. JIJ19 KpYroBbIX OpOUT

' R}) T
, NL=A aLy
3ameuanue. DNIUATIC €CTh TeOMETpUUECKOEe MecTo ToueK (M), cymma pac-
CTOSIHUM KOTODBIX IO IBYX JaHHBbIX ToueK P/ u F, (bOKychl 3/uIMIICA) UMEET
OJHO U TO Xe 3HauyeHue (puc.ll.1)

MF\+MF, = 2a.
Y Otpe3ok AA'= 2a - HamboIbllIee
M(xy) B paccTosiHHe MeXIY OBYMSI TOUKAMHU

SJUTHTICA - HA3bIBAeTCsl OOJIBIION OCHIO
amnunca. Otpe3ok BB'=25h Hau-

'
/ MCHbBIIEEC PACCTOAHUC MCEXAY OBYMS
F O F / TOYKaMHM 3JUIMIICa - Ha3bIBACTCA Ma-
A o
\ ’ ’ JION OCbIO 3JIJIMIICA.

ITpumem npsamyro FF, 3a ocb
Br" abcuucc, a cepeauHy orpeska F,F,
Touky O 3a Hayajlo CUCTEMbI KOOp-
nuHat. Ilycts Touka M umeeTr Koop-
OUHATBI X U y. YpaBHEHUE O3JIuIca

Puc.Il1.1

MOXXHO 3amucaTh CIEAYIOIUM 00pa3oM
s B J (I1.2)
OKpY>XHOCTb MOXHO paccMaTpuBaTh KaK 4YacTHBII
cllyyal aJuIMIICca.
Hcnone3yst 3akoHbl HblOTOHA UM BbIpaXeHWe ISt
TPaBUTALIMOHHOM CWJIBI, TTIOTYyYUM 3aKoHbI Kerepa.
Haunewm c Tpethero 3akona Kermepa.

Ilyctb ecThb JBe IUIAHETBI, KOTOPbIE ABUXKYTCS BO-
kpyr ConHua Mo KpyroBeIM opbuTaM c paguycaMu R 1
Puc.I1.2 K,, nepuonamu 7/ u T, (puc.I.2). YcnoBuio ABUXEHUS
MOYTH TI0O KPYroBbIM OpOMTAM YOOBJIETBOPSIIOT BCE IUIa-
HeTbl COTHEYHOI cHCTeMBI 3a uckioueHueM IlnyToHa.
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HpI/I OABUXKECHUU TEJa II0 OKPYXKHOCTHU, HEHTPOCTPEMUTECIBbHOC YCKOPECHUEC
CBA3aHO CO CKOPOCTbIO ABUXKCHUA U paANyCOM OKPY>KHOCTU BbBIPpA>XXKCHUEM

R
CKOpPOCTh MOXHO TPEACTaBUTh KaK OTHOUIEHUE TYTU, MPOUAEHHBIM TEJIOM
(mIMHA OKPYKHOCTH), K BpeMeHU (IIepHUO[I)

»=" (I1.3)
Tor)la YCKOPCHUE TCJIa MOKHO 3alucarb CIACAYIOIUM o6pa30M
4n°R
a=- (I1.5)

mM
U3 Broporo 3akoHa HeoTOHa ma = y-'—- (m - Macca miaHetel, M - Macca

CoJIHIIa) ITOTyYUM

u A (TL.6)

X

ITonyyeHHOE BBIpaXXeHUE CIIPaBEIIMBO MPU PACCMOTPEHUM IBVKEHMUS JIIO-
0OOIi MaHeTHl, T.e.

4KCR?  _ 4n’R}
(I1.7)
y£2 yTzz
Unu
RI _T?
Py (I1.8)

Jloka3aTenbCcTBO BTOPOTO 3aKoHa Kermsepa BbITeKaeT M3 3aKOHAa COXpaHe-
HMSI MOMEHTA UMITyJIbCa.
IMycTs Hauyano cucTeMbl KOOpPAMHAT cOBMagaeT c mojoxeHueMm CoJHIia.
Torma M3 3aKOHA COXpPaHEHUsI HM-
nyiabca ciaenyet (puc.Il.3)

@ T o dF L =mrusmq> = const. (I1.9)
)

. @ Tornma
: @ — = — rv, = consty, (I1. 10)
g 2m 2
£§ raie u,=usin(p NepHeHIUKYISIpHAas
paguyc-BEKTOPY COCTaBJSIONIAs CKO-

M pOCTH.

Puc.I1.3 Pacnuiiem ee moapobHee

dt
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IMoncraBuB MosydeHHOE BbIpaXkeHHE B BbIpaKEHUE JJISI MOMEHTA UMITYJTh-
ca, TIoTyYuM
-r\dr,\ = consist. I1.11)

JleBast 9acTb IMOJYYEHHOTO BBIPAXKEHMSI €CTh IUIOMIANb (PUIYPHI 3aMeTaH-
HOIM pamuyc- BEKTOpoM 3a Bpemsi df. TakuM oGpa3oM, eclii IPOMEKYTKH Bpe-
MEHH paBHBIE, TO M IUIOMIAAN OyayT paBHBL. Bropoii 3akoH Kerutepa nokasaH.

JloKazaTeIbCTBO MepBOro 3akoHa Kermrepa 10CTaTOYHO rpOMO3IKO, TO3TO-
MYy OCTaHaBJIMBAaTbCS Ha €ro BBIBOIE He OyaeM.
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