I'nasa 1. 3AKOHBI HBIOTOHA
N IBNXEHUE YA CTUILY

1.1. BAKOHBI HbIOTOHA

B 1686 rogy Heroron omy0Onukosan cBoil TpakTaT “MaTeMaTuyeckue Havaia
HaTypanbHO# (punocouu”, B KOTOPOM OH CHOPMYIMpPOBAN TpHU (hU3MYECKUX
3aKOHA IPUPOJbI. DTH 3aKOHBI JIEXAT B OCHOBE KJIACCHUECKOH MEXaHUKH, KOTO-
past MO3BONSET ONUCHIBAT PA3INYHbIE THIbI JABIXKEHUI, BKIIOYAs paclpOCTpaHe-
HUE BOJIH B aKyCTHYECKUX U YIPYTHUX CpPefiax.

YrtoOb! BbIPA3UTh (hU3MUECKUE 3aKOHBI B BAAE (DOPMYJ, ONHUCHIBAIONIUX Ipa-
BUTAL[UOHHbIE, JNEKTPUUECKHUE ¥ MACHUTHBIE NOJNS, UCTONB3YIOT TAKUE TOHSTHS,
Kak Macca, 3apsj, TOK U T.J. TakuM xe o6pa3oM MOXHO BBECTH MOHSTHE 3Jle-
MEHTapHOI Macchl (YaCTULbI) U 3aTeM onucaTh 3akoHbl HetoToHa. [Ipegnonaraer-
Csl, 4TO Macca pacrpefieieHa PaBHOMEPHO BHYTPH YacTHIIbl, @ CaMa 4acTHIa Ha-
CTONIBKO Majla, YTO BCE COCTABJISIOLIME €€ JJIEMEHThl MMEIOT B KaXblil MOMEHT
BPEMEHH OfIIHAKOBbIE CKOPOCTb U YCKOPEHHE. B fanbHeeM Mbl IOKaXeM, 4TO
TIpYU 3TOM MPEATIONOXEHUN MOKHO IIpeHeOpeub COOCTBEHHBIM BpAIEHHEM 4acTu-
IIbl ¥ PacIPOCTPAHEHUEM BOJIH BHYTPHU HEE.

CdopmynupyeM Tenepsb 3aKoHbI HbIOTOHA 7151 371EMEHTapHOI MaCChl.

Ilepsoiii 3aKon

CYHICCTBYIOT CUCTEMBI OTCUETA, B KOTOPBIX YaCTHULA (C-)J'ICMEHTapHaH MaCCEI) 0ocC-
TAaCTCA B COCTOSHUHM IIOKOA UIN ABUXKETCS C HeKOTOpOfI MOCTOSIHHOM CKOPOCTBIO V
pu yCJIOBUH, YTO HA HEC HE HeﬁCTBy}OT HUKaKWe BHEIIHUE CUIIbI. Takue CHCTeMbI
OTCYETA HA3bIBAIOTCA MHEPIUAJILHBIMA.

BTopoii 3aK0H

YckopeHne a 4acTHIbI IPSIMO MPONOPIMOHANBHO JICHCTBYIOMIEH HA YacTHIY
BHemHel cuine F

a=-1F, (1.1)

m

A€ m — Macca 4aCTHuIbI.

Tpernii 3akon

Cunbl Beeraa BO3HUKAIOT NapaMu. TIpeanonoxum, 4To 4acTuna m, AeficTByeT
c cunoit F,, Ha actuuy m,. B cBO0 ouepenp dacTuna m, AEACTBYET HA YACTULY
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m, ¢ cunoii F,|, KoTopast uMeeT Ty e BelnuuuHy, 4to u cuia F,, Ho HampasieHa
B IIPOTUBOINOJIOXKHYIO CTOPOHY (puc. 1.1, a)

Fy (p) =-Fiu(py). (1.2)

Teneps, mocie TOro kKak Mbl copMynupoBanu 3akoHbl HbloToHa, cnefyer
ClIeTIaTh HECKOJIBKO 3aMEYaHMUH.

1. 3akonsl HproToOHa cripaBesuBhI B 1F000¥ MHEPIMATIBHON CHCTEME OTCUETa,
OTHOCUTENILHO KOTOpOI U3MEPSAIOTCS TakKhe KMHEMAaTHYeCKUue MapaMeTphbl, Kak
CKOpPOCTh M ycKopeHue. VHepiuanbHas cucTeMa OTCUeTa ONpENENeTcsl CIIefyto-
myM o6pa3oM. Ecnil B OTCYTCTBUM BHELIHUX CUJI CKOPOCTh YacCTHIIbI IIOCTOSIHHA B
HEKOTOPOIl CHCTEME OTCYETA, TO TaKask CHCTEMA Ha3bIBACTCA MHEPIMANBHOIL.

2. B ofmeMm ciyyae Ha 4acTuIy MOTYT JIEHCTBOBaTh Cpa3y HECKOJbKO CHI,
pasnMyaloluXcsl BeJIUYMHON U HanpasieHueM. CooTBETCTBEHHO, cuia F B ypas-
HeHun (1.1) SIBIsIETCS CyMMApHOM, MM TIOJTHOM, CUIIOM, IGUCTBYIOIEH Ha YacTHUILy:

F=YF. (1.3)

=

[Tonnag cuna sBNSETCS BHEIIHEN CHIION, IIOCKONBKY €€ UCTOYHMK HAXONHUTCH
BHE YaCTHUlpbI.

3amMeTHM, 4TO B OOIEM CIy4ae CyMMY CHIl, IPUJIOXKEHHBIX K Pa3HbIM TOYKaM
TeJa, MOXKHO MPEJICTABUTh B BI/IE MOMHOM CHIIbI, IEACTBYIOIIEH B HEKOTOPO# TOY-
Ke, ¥ BpAIAIOIEro MOMeHTa. MOMEHTOM CHII MOXKHO IpeHeOpeyb B IPeAnoo-
KEHNH, YTO BPAIIEHNE YaCTHIII OTCYTCTBYET.

b
a 0
R )P >
F21
m
m,
a
F
6 2 1
F F 0 /
n
F dl
S
a @ \
a F2

Puc. 1.1. Mnntocrpauust Tpetbero 3akoxa Hutotona (a); cuna u pabora (6, 6, 2)
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3. CKOpOCTb U yCKOpEHHE SIBISIOTCS BEKTOpAaMH, KOTOpbIE CBSI3aHBI APYT C
IPYroM CIEAyOMUM 00pa3oM:

a=dv/dt. (1.4)

BexTopbl a 1 vV 3aBUCAT OT TOYKM HAOIIONICHUSI M OT BpEMEHH U B OOIIEM CITy-
Yae UMEIOT pa3nyHble HAPABIICHHSI.

4. Kak cnefyer u3 Broporo 3akoHa HpioToHa, yeM OoJiblile Macca YacTHIbI,
TEM MEHBIIIE e YCKOpeHHe, BbI3BaHHOE JaHHOW cuioil. TakuM oOpa3oMm, Mmacca
TpefcTaBIsieT co00i KOMMYECTBEHHYIO MEpY MHEPUMU WM, APYTMMHU CJIOBaMH,
Mepy CMOCOGHOCTH CONMPOTHBIATHCS N3MEHEHHIO CKOpPOCTH. EnuHuna m3Mepennd,
UCTONb3yeMasl B NMPAKTUYECKOH CHUCTeMe NSl M3MEPEHHsl Macchl, — 3TO KUJO-
rpammM:

[macca] — kr.

Wuepuus sBasetcs coiicTBoM Ted. Tak, HampuMmep, Macca Jr000ro Tena ocTa-
eTCs OJJHOM M TOM 3Ke, HE3aBHCHMO OT TOTO, HAXONUTCS OHO Ha 3eMile MM Ha
Jlyne. B rmaBe 3 Mbl mOKaxeM, KaK MHEPLHMs CBA3aHA CO BPEMEHEM paclpocTpa-
HEHUS BOJH B TEIE.

5. TIOCKOJIBKY YCKOPEHNUE U3MEPSETCS B M/C?, €IMHAIEH H3MEPEHHS. CHIILI SIB-
JIAETCS

KI'*M

c2

Ota €IMHULA U3MEPCHUS HA3bIBACTCA HeroTonoM:

[F]= KI‘2'M - H.
c

B cucreme CI'C (I"ayccoBa cucteMa) euHULEH U3MEPEHNUS CUNIBI SIBJISIETCS AMHA:
1 quua = 10° H.

6. CornacHo paseHcTBY (1.1) ycKopeHHe NpsSMO NMpPONOPLUOHANBHO CHJIE U
00paTHO MpONOPLMOHATIBHO Macce. TakuM 00pa3oM, Macca M CHJIa WIparoT Mpo-
THBOMONIOXKHYIO POJIb TIPU YCKOPEHWH YacTUlbl. Mbl ele He pa3 OyaeM 3TO Ha-
OnrofaTh, paccMaTpyBasi pa3iuyHble THIbI BUKEHHS], BKII0Yas paclpOCTpaHEHHe
BOJIH.

7. W3 Broporo 3akoHa HbloTOHA cnefyeT Takxe, YTO Cujla U YCKOPEHHE HMe-
10T OJIMHAKOBOE HalpapJieHne. BEeKTOpbI CKOPOCTH ¥ CHJIbI, TEM HE MEHEE, MOTYT
MMETb Pa3HYI0 OpMEHTAlMIO, HA[pUMep, OHU MOTYT ObITh HANMpaBIEHbI B MPOTH-
BOIIOJIOXKHBIE CTOPOHBI.

8. IIpeamonoxuM, 4yTo pe3ynpTHpyromas cuna F pasaa Hymo. Torga u3 (1.1)
H0Jy4aeM

a=0 wmwm dv/idt=0
H, CJIEMOBATEIILHO,
V = const.
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[TpyHIMI MHEPIMATIBHOTO ABMXKEHNUS ObLI BIIEPBbIE OTKPBIT ['anuieeM.

9. ®opmynupys TpeTHil 3aKoH HBIOTOHA, MBI paccMaTpUBalI AABE YaCTHULBI U
IEACTBYIOIINE HAa HUX CUIbl. HECMOTpPS Ha TO, 4TO 3TH CHJIbI PABHBI IO BEJIUYMHE
1 IPOTHUBOIIONOXHBI 110 HAIIPABJIECHUIO, UX PE3YJBTHPYIOLIAs HE PaBHA HYIIO, IIO-
CKOJIBKY 3TH CHJIbI IIPUIOXKEHBI K Pa3HbIM 4aCTULAM.

OcHoBbIBasich Ha 3akoHax HbIOTOHa, BBEfIEM Tenephb Takue MOHSTHS, KaK KO-
JINYECTBO JIBIKEHNS (MMITYJIbC YACTHULBI), IMITYJIbC CHIIBI, paboTa, a TaKXe KUHe-
THYECKasl ¥ TOTCHIMAIbHAS SHEPTHSI.

W3 pasencrBa (1.1) mmeem

dv
ma=m—=F,
dt

U
dP/dt =F, (1.5)
e
P =mv (1.6)

SBISAETCS BEKTOPOM, KOTOPBII HA3bIBAETCS UMITYJIbCOM YACTHIBI M U3MEPSIETCS B
H-c:
KI' ‘M

[P]= -Hec.

C

Takum o6pa30M, COIJIACHO BTOPOMY 3aKOHY HI)IOTOHa7 cuna, HeﬁCTBYIOHIaﬂ Ha
JacTuly, paBHa CKOPOCTH HU3MCEHCHUSA UMITYJIbCa 4YaCTHUIIbI. prrI/IMI/I CJIOBaMu,
UMITYJIbC YaCTULBbI U3MEHSCTCSI UMEHHO 6nar0uap;1 HeﬁCTBymHIeﬁ Ha Hee cune. B
YaCTHOCTH, B OTCYTCTBUC CAJT UMITYJIbC YaCTUIBI OCTACTCA IIOCTOSTHHBIM:

P = const. (1.7)

9o emle ofiHa (opMyIIPOBKa NepBoro 3akoHa HeroToHa.
3ammmeM Tenepsb ypaBHeHue (1.5) B Bujsie

dP = Fdt. (1.8)

[Tpoussenenne Fdr 00bIYHO HA3bIBAIOT UMIYILCOM dN CHIIBI, JIEHCTBYIOLIEH B
TEUeHNE MHTEpBalla BpEMEHN dt:

dN =Fdt + dP. (1.9)

3aMeTuM, YTO MMITYJIbC CHJIbI U KOJMYECTBO JIBIKEHHS YaCTHIbI U3MEPSIIOTCS
B OJIHHX U TeX Xe eJUHULAX.

[Tpennosnoxum, 4yTo Ha yactuiy Aeiicryer cuna F(f) B TeyeHue uHTepBaja
BpEMEHU

tystst,

Torpa u3 pasencrsa (1.9) umeem
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’fzdP = }F(t)dt =N

it it
nin
P(z,) - P(1,) =N, (1.10)

T.€. IMIYJIbC CUbl N paBHAETCS Pa3HOCTH MMITYJILCOB YAaCTHIIBI B MOMEHTHI Bpe-
MEHH 1, U .

KOMIOHEHTBI 3THX BEKTOPOB B MPSIMOYTOJIBHOI A€KApPTOBOM CHCTEME KOOPHH-
HaT CBsI3aHbI MEXHY COOOM CIIEAYIOLIUM 00pa3oM:

P,Y(IZ)_P);([I) =N);’
Py(IZ)_Py(tl) = Ny’
P.(t) - P.(t)) =N..

BsepneM Tenepb NOHSTHE PabOThI, KOTOPYIO MOXKHO onpefeauts (puc. 1.1, 0)
Kak

b
W = [F-dl, (1.11)

rae F-dl - ckansiproe mpomssenerne cwibl F u nepememenns dl. Ono ompepens-
eTcs CIEMyIomuM 00pazoM

F-dl =F,dl. (1.12)

3nech F; 0003HaYaeT TAHT€HIUATBbHYIO KOMIIOHEHTY CUJIbI B HATPABICHUH Tie-
PEMELLIEHNSI.

ITo onpepenenuto, ckansgpHoe npousBeenne F-dl xapakrepusyer paboTy cH-
ab1 F, 3aTpaueHHyI0 Ha IepeMelieHIe JacTUIbl Ha paccrosHue d/. Ha puc. 1.1, 6
MOKa3aHbl TPH BO3MOXHbIE opreHTanun BekTopoB F m dl oTHOcuTenbHO ppyr
mpyra. B nmepBom ciy4yae mpoekiys cuibl Ha Hampasnenue dl sBrsercd MomoXu-
TeNbHOH, M, cliefioBaTenbHo, cuia F mpomssogut pabory. MHbIME cnoBamu, B
pe3ynbTaTe paboThl, IpousBefieHHol cunoit F, yactuia nmepemeraercs B Hampas-
nenuu dl. Bo BTopoM cnydae Hanpasnenust cunbl F u nepemernenns dl nepres-
MUKYJISPHBI IPYT K APYTY, U, CIEOBATENBHO, CHIa HE NMPOU3BOAUT PabOThI BHOMb
aToro nyTu. HakoHe, B OCeHEM ciTydae, KOrfia yroll MeXAy 3TUME BEKTOpaMH
cocraBisieT 6onee 90°, paboTa SIBISIETCS OTPULATENBHOR. JTO 03HAYAET, YTO pa-
60Ta Mo MepPEMEIEHAI0 YaCTHIIbI MPOM3BOJIUTCS B HAMPABJICHNUH, TPOTHBOMOIOX-
HoM F.

Kak ato cnepyer u3 onpenenenus (1.11), padota cunsl F Bpons nytn L =
= [a, b] (puc. 1.1, 6) npeacTasaseT co00il cyMMy (MJIN MHTErpan) MOIOXHATEIb-
HBIX U OTPULATETBHBIX JIEMEHTAPHBIX COCTABILIIOIMX pabOThl BAOIb 3TOTO MyTH.
CymmapHast paboTa MOXKET 3aBHCETh OT MyTH L, a Takke OT MOJOXEHHS KOHEeU-
HBIX TOUEK MHTEpBana @ 1 b. B nanbHeiimemM MbI OyIeM paccMaTpuBaTh B OCHOB-
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HOM Takue CHJIbI, paboTa KOTOPBIX OT MyTH HE 3aBUCHUT. TaKue CHUIIbI Ha3bIBAOT-
s KOHCEPBAaTUBHBIMU U, COOTBETCTBEHHO, B 9TOM CiIy4ae B ompefeneHud (1.11)
MyTh YKa3bIBATh HE 00S3aTENBHO.

O6paTumMcst Teneph K HEKOTOPBIM CBOMICTBAM BEKTOPHBIX MOJEH, PacCMOTPEH-
HbIX B npuioxennd 3. Kak Tam mokas3aHo, HE3aBUCHMOCTh pe3yJbTaTa UHTErpH-
POBaHUS OT MyTH O3HAYAET, YTO paboTa CUIIbI BOJb 3aMKHYTOTO KOHTYpa paBHsl-
€TCsl HyII0:

W=fF-dl=0. (1.13)

Bocnonb3oBasiuck onpeyieseHneM potopa F, Mbl npuxonum K Apyroit ¢opme
paseHcrBa (1.13)

rot F = 0. (1.14)

JlaHHOE BBIpAKEHHE CMPABENIMBO B PETYJIAPHBIX TOUKAX, T.€. TaM, IJie CyIIe-
CTBYIOT NepBbIe MPOKU3BOHbIE cuibl F. B TO e Bpems Mbl MOXEM MpENToarars,
YTO Ha HEKOTOPBIX NoBepXHOCTX cuna F tepout pa3pois. Torpa, Kak crnefyer u3
IpUIIOXKEHNS 3, aHaJoroM BblpaxeHus (1.14) nis Takolf MOBEPXHOCTH SIBISETCH

thopmyna
nx(F,-F)=0, (1.15)
W

nxF,=nxF,

rjie n 0003HAa4YaeT BEKTOP €NMHUYHOI HOpManu K IoBepxHocTH (puc. 1.1, 2).
ITockoBKY 3TH BEKTOpPBl OpPTOTOHANbHBI N, 3aK/II0OYAEM, YTO TAHTE€HUMAJLHbIE
KOMIIOHEHTBI CHIIBI IIPH NIEPEXOJIE YEPE3 MOBEPXHOCTD OCTAFOTCS HENPEPBIBHBIMH.

Henocpepcrsenno u3 pasencrsa (1.14) cegyer, 4To KOHcepBaTUBHYIO cuiy F
MOXHO TIPEACTAaBUTh B BUJC IPAMEHTa HEKOTOPOH CKANSPHOH (PYyHKIMH (CM.
npunoxenue 3). [IpefcraBum aTy cuiy B BUjie

F=-grad U, (1.16)
HOCKOJIbKY

grad F = -rot grad U = 0.

Wcnonb3ayst Bbipakenue (1.16), MOXHO u30eXKaTh BBIYMCICHUS UHTErpaia B
paseHctBe (1.11) u BbIpasuth paboTy uepe3 ¢yHkuuo U. [leficTBUTENBHO, MOJI-

crasinsist (1.16) B (1.11) v mpuHAMAas BO BHUMAHHUE, YTO

di- gradU = 2 a1 = du,
al
OOJyInM
b b
W = ~[grad U-dl = -[dU = U(a)- U(b). (1.17)
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Takum o6pa3oM, 3Has 3HaueHUs (PYHKIMKM U Ha KOHIAX IYTH, Mbl MOXEM
HailTh paboTy 06e3 BCSIKOTO HHTETPUPOBAHUS. DTa paboTa pPaBHSAETCS Pa3HOCTH
3HaueHni pyHKIME U B KOHEYHBbIX TOYKaX MHTepBana. CyIECTBYET aHANOrus
Mexpy yHkuueli U ¥ NOTEHIUANOM 3JIEKTPHYECKOTO0 M TPABUTALMOHHOIO IO-
Jell, ¢ IOMOLIBI0 KOTOPOTO MOXHO BBIYMCIUTH PaboTy, IIPOM3BOAUMYIO 3TUMU
nonsmu. @yukuys U, Tak Xe, KaK U NOTEHIUANbI, ONPEENsIeTcss HEOJHO3HAYHO,
C TOYHOCTBIO 10 HEKOTOPOU IIOCTOSHHOM. B 4aCTHOCTH, CYLIECTBYET OECKOHEUHOE
MHOXeCTBO (pyHKIMA U, KOTOpblE NIpHU MOJCTAHOBKE B BbIpaxeHue (1.16) Oyayr
laBaTh OfiHY ¥ Ty Xe cuy F.

3amernm, uto (yHkius U u pabota W 3afatorcsl mpou3BefiCHUEM CHIIbI HaA
IepeMEILIEHNUE, U, CIIEJ0BATENbHO, 00€ 3TH (DYHKLUK U3MEPSIOTCS B [KOYILIX:

W] = [U] =52 = x.

C

CylecTByeT HECKOJMbKO KJIACCHYECKUX MPUMEPOB KOHCEPBATHMBHBIX cuil. K
HHUM OTHOCSTCSl TPAaBUTALOHHBIE M HE 3aBUCHMBIE OT BPEMEHM 3JIEKTPHYECKHE
CHITBI, 2 TaKKe CHNIbI, BO3HMKAIONINE TIPU YIpyrou pecopmamuu MpykuHbl. C
PYTO#l CTOPOHBI, pab0Ta CHJI TPEHHS WIIM MATHUTHBIX CHJI 3aBUCUT OT MYTH WHTE-
FpPIpOBaHI/ISI ", CJIEAOBATEIBbHO, TAKUE CUJIbI HE ABJISIIOTCA KOHCCpBaTI/IBHbIMI/I.

[Tpexxpe yem oOcyxkpaThb cMbIcn (QYHKIME U, €CTECTBEHHO BBECTU MOHSTHE
KHHETHUYECKOI 3HEepriy. [T0CKONBKY B HAllIEM ciIy4dae padoTa HE 3aBUCHT OT MYTH,
OyfeM TIpeAmnonaraTb, 4TO CKOPOCTh V HalpaBleHa MO KacaTENbHOH B KaXIOM
touke myTtH L. Torpga, ucnons3ys BTopoli 3akoH HploTOHa, BEIpaXkeHNE MOJ UHTE-
rpasioM (1.11) MOXHO 3anucaTth Kak

av

Fdl=m®-dl=m®adl.
dr dr
ITpuMmensist paBeHCTBO

F-dl:mv%d1=mvdv,

U, CIENOBATENLHO,

b b Vz(b) V2( )

W = [Fdl =mfvdv=""—2 - 722, (1.18)
“ u 2 2

dyHKIMA

E = mv*2 (1.19)

Ha3bIBACTCS KMHETHYECKON 3Hepl"I/IeI71 YaCTuubl MacCel m, HBI/I}KYI.HeﬁCH CO CKOpoO-
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CcThIO v. TakuM 00pa3oM, Mbl HAIIA €Ile OffH CNoco0 BbIPa3uTh pabOTy W NpPH
9TOM M30€XaTh MHTETPUPOBAHKS BOJIb yTH B BbIpaxkeHuw (1.11).

Kaxk cnenyer u3 paBenctsa (1.18), pabota W, nponssogumast cunoit F, pasng-
€TCSl pa3HUIE KMHETHYECKUX SHEPIMH YacTHIBI B KOHEUHBIX TOUKAX MHTEpBala
nyti. O6benunss Boipakenns (1.17) u (1.18), onuceiBaroye paboTy, TOTyIUM

W=U(a)-U (b)=E (b)-E (a),
I
U)+E@)=U (D) +E@D). (1.20)

[MocnepHee cooTHOIIEHNE MOACKA3bIBAET, YTO (pYHKUMS U ONKUCBHIBAET 3HEp-
TUI0, KOTOpask Ha3bIBaeTcs NMOTEHUMANbHON 3Heprueil yacTuipl. COOTBETCTBEHHO,
ypaBHeHue (1.20) o3HayaeT, 4TO CyMMa KHHETHYECKON 1 MOTEHIMANBHOH SHEPI Uil
YacTULbl HE MEHSETCS IPU YCIOBHM, YTO paboTa IO NEPEMELICHUIO YacTHIIb
MPOM3BOUTCS KOHCEPBATHBHLIME CHIaMu. Takum 006pa3oM, 3TO ypaBHEHHE SBIISI-
eTcd (hOpMYIMPOBKON 3aKOHA COXPAHEHNSI MEXaHMIECKO 3HEPTUN:

E (p) + U (p) = const, (1.21)

Ie p — NPOU3BONIBHAS TOYKA MYTH, O KOTOPOMY NPOUCXOJUT JABIKECHHE Yac-
THIIBI.
B cootsercrun ¢ BoipaxkenusiMu (1.17) u (1.18) nmeem

Ub)=U(a)-W

E(b)=E (a) + W. (1.22)

3To0 03HayaeT, 4To ecnu pabora cunbl F sgBnsgercd MOTOXUTENBHON, TO IO-
TEHIMAIbHAS SHEPIUs YMEHBIIACTCS, 8 KMHETHIECKas — yBenuumBaeTca. M Hao0o-
pOT, €CIIM YacTHIA JBIXKETCS B HAINPABJICHUA IIPOTHBOIIOJIOXHOM HANPABICHUIO
cuiel F, TO MOTeHIMaNbHAs SHEPTHUSA YACTULBI PACTET, @ KMHETHYECKAs — YMEHb-
IIaeTCs.

3ameTuM, uTo ypaBHeHue (1.21) oObscHseT, noueMy cuna F HasbiBaeTcs KOH-

Ta6numa 1.1

Bennunna O603HaueHne Bripaxenue PasmepHOCTB

CMmelenne S - M
CkopocThb v ds/dt M-c!
Yckopenne a dvidt M-c?
Macca m - KT
Cuna F ma H
KonnyectBo fBUXKEHHUS (MMITYIbC P mv H-c
YaCTHUIbI)

Wimnynbe cnibl N de[ H-c
Pa6ora w fF~ dl Tx
[NoTennuanbuas 3HEprus U fF‘ di JIx
KuneTtuueckast aHeprus E mv?/2 TIx
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cepaTuBHO. Kak ObLIO MOKa3aHO paHEe, €CIU CUIIbl MONYMHAIOTCS PABEHCTBY
(1.13), To MexXaHMYecKas SHEPIHsl YACTHIbI COXPAHAETCH.

[Tpu obcyxpeHnn 3akoHOB HbIOTOHA MBI BBENM HECKONIBKO OCHOBHBIX IIOHS-
T (Tabn. 1.1). PaccMoTpuM Temeph HECKONBKO TMPUMEPOB, HILTIOCTPUPYIOIIUX
JIBIKEHHE YaCTHLIBI.

ITpumep 1
[TpennonoxuM, 4To B TEUEHNE HHTEPBAlIA BPEMEHN
O0<t=T
cuna F, nefictByronias Ha 4acTUIly, UIMEET TONBKO KOMIIOHEHTY x (puc. 1.2, a).

a 0
F, Uy

X

3 Zl
Sx Ev
|
1 1
1 [}
1 [} ——
1 1
1 1
i l
0 :
to T ¢ 0 t
0
F,
(1)
_________ -
T
oy T t
1
Puc. 1.2. ToBenenue cunbl F,, ckopoctd V, H S
CMEIIICHHS S, (2)
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Onuiem JIBVDKEHUE YaCTHULBI IIPUA YCIIOBUHU, YTO B HAYaJbHbI MOMEHT BpEMEHUA
OHa IMoKomiIach, T.C.

5.(0)=0, v.(0)=0, a,(0)=0.
3pech s,, V, I a, — 3TO X-KOMIIOHEHTb! NEPEMELIEHNs, CKOPOCTH M YCKOPEHUS

COOTBETCTBEHHO.
[Tpumensist BTopoii 3aKkoH HeroToHa, mosmyynm

t
vad[ t
a =50y S0 v . (1.23)
m 0

X m X

[Tpexpe Bcero, 04EBUAHO, YTO YCKOPEHNE U CHJIA 3aBUCST OT BPEMEHH OfIUHA-
KOBbIM 00pa3oM. [0 HEKOTOpOro MOMEHTa BPEMEHH { = f, OHH HalpaBICHbI
BIOJb ocH X. [Tocne 3Toro yckopeHue u cujia MEHAIOT 3HaK ¥ B MOMEHT BpPEMEHH
t = T craHOBATCS paBHbIMU HyJI0. [loBefieHHE CKOPOCTH — COBEPLIEHHO APYroe
(puc. 1.2, 6). Crauama ckopocTh OBICTPO BO3PACTAET U B MOMEHT BPEMEHHU ¢ = f,,
JIOCTUTAET CBOEr0 MaKCUMAILHOTO 3HayeHus. 3aTeM, 0 Mepe YMEHbIICHUs M-
MyJIbCa CUJIbI, CKOPOCTh TAK:KE MalaeT ¥ B MOMEHT BpeMeHH ¢ = T JIOCTHTacT CBO-
ero MUHUMAJbHOrO 3HaueHud. [locie 3TOro yactuua JABIXKETCS C MOCTOSHHOM
CKOpOCTBIO. 3aBUCUMOCTh MepeMEleHNs OT BpEMEHH ToKa3aHa Ha puc. 1.2, a.
ITo onpenenexuto, CKOPOCTb paBHsIETCA HAKIOHY 3TOH KPUBOA.

B coorBercTBUM € BhIpaxkeHueM (1.23), IMITyJIbC CHIIBI B HEKOTOPBIA MOMEHT
BpEMEHU t ONpPEACIAET MTHOBEHHYIO CKOPOCTD JIBUXKCHUSA YaCTHUIBI. B YaCTHOCTH,
ecinu

fF ()dt =0, (1.24)
0

TO YacTHUIA MpPEKpallaeT CBOE [BMXKECHUE, M €€ CKOPOCTb CTAHOBUTCS PaBHOM
HYJIIO:

Vv, (1) =0.

O‘{eBI/IHHO TaKXe€, 4YTO €CJId UMIYJIbC CUIbl U3MEHUT CBOM 3HaK, TO YacCTula
HAYHET ABUTaThCA B IPOTUBOIIOJIO2KHOM HaIlPABJICHUH.

IIpumep 2

[TpennonoxumM Tenepb, 4TO BHELIHSA cuna F, BefeT ce0sl Kak CTyIeH4aTas
¢yHkuys (puc. 1.2, 2), nperepneparoiias pa3pbi B MOMeHT BpeMenH ¢ = 0. Kak
cieqyer U3 paBeHcTBa (1.23), yCKOPEHHE B 3TOM CNy4ae TaKxKe SABISAETCH CTYIEH-
YaTo# (PYHKIMEN, a 7Sl CKOPOCTH M CMELIEHHS UMeeM

2

F. F.t
v()=—=t u s (t)y=——.

m 2m
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Takum 06p830M, IBH2KCHHUE YaCTUIIbI B HepBLIfI MOMEHT BpEMCEHHU ONPEALIIACT-
€ CJICTYIOIIUMA HaYaJIbHBIMU YCTTOBUSIMUA

5,(00=0, Vv, (0)=0, ax=F,im. (1.25)

prI‘I/IMI/I CJ1oBaMu, B HavyaJbHbIA MOMEHT BpEMCEHU HeﬁCTBHe CWJIbI NMPUBOAUT
TOJIBKO K IIOSIBJICHUAIO YCKOPEHUS.

IIpumep 3

PaccmoTpuM fieficTBrE IPSIMOYTONBHOTO UMITYJIbCA, IMEIOLIET0 aMILIUTyAy F,
¥ NIMTENBHOCTH T (pHC. 1.2, 0). BupHo, 4To mocne 3aBepiucHus AeiicTBUs 3TOTO
VIMITYJIbCA B MOMEHT BPEMEHH ! =T YCKOPEHHE, CKOPOCTb M CMEIIEHHE YACTHIbI
PaBHSIOTCA

a,t)=0, Vv, (t)=Fa/m, s, (t)=F71/2m. (1.26)

W3 sTHX BbIpaXKeHNH CIEAYET, UTO IPH YMEHBIICHUH AJATENBHOCTA T H, Clc-
[OBATENbHO, NP YMEHBIIEHUN UMIyJIbCa CUIbl N, (T) CKOPOCTh U CMELLCHHE
TaKke YMEHBUIAIOTCA 1 B IPENENE CTPEMATCS K HYJIIO.

[Tpepnonoxkum Teneppb, 4YTO yMEHBIIECHHE JNIUTENBHOCTH UMIYIbCa T COMpO-
BOXKJAETCsl YBETMIEHUEM CUIIBI ' TaK, YTO UMITYIIbC CHIBI N, OCTAaeTCsl MOCTOSH-
HbIM. Torja B mpefiesie Mbl TOY4UM JelbTa-(hyHKIMIO [Jupaka d, T.e. MMITYIbC
0ECKOHEYHO Manlofl MPOROKUTENBHOCTH U OECKOHEYHO OONBLION aMILTUTY/bL.
HauvasnbHbIe ycioBrs B 3TOM Clydae 3almChIBAIOTC KaK

a,(0)=0, v, (0)=N/m, s,(0)=0. (1.27)

3TO0 03HAYAET, YTO B MOMEHT BpeMeHH ¢ = () cuna NpUBOAUT TONBKO K TOSIB-
JIEHUIO HEHYJIEBOH CKOPOCTH.

3aMeTM, 4TO NpU U3YYEHUH CTALMOHAPHBIX KONEOAHUI M PACIPOCTPAHCHHS
BOJIH 00€ 3TH (PyHKIMY — CTyNEHYaTasl U AeNbTa-(hyHKIKA — OYRYT UCIOIb30BATHCH
JIOBOJILHO 4acTo.

IIpumep 4

I[TpepcraBuM cebe, YTO HA YACTULY AEHCTBYIOT cpa3y ABE CHIbl, KOTOpbIE Ha-
TpaBleHbl, COOTBETCTBEHHO, BIOJIb OCU X U BIOJb OCH y, a X U3MEHEHHE BO Bpe-
MEHH OTNCHIBACTCS CHHYCOMAATBHBIMI (DYHKIMAMA. [Ipefmonoxum Takxke, 4TO
9TH KOJeOaHUs IMEIOT OfIUH ¥ TOT Xe TEepHoJl M, KPOME TOTO, CAABUHYTHI MO (hasze
Ha 90° OTHOCHMTENLHO JPYr Apyra. Torga cMeIeHus YacTHIl BHOJMb KaXoH 13
ocell MOXKHO 3anucaTh Kak

s,(t)y=asinwt, s,()=b sin(mtii\ (1.28)

\ 2)’

Ifie 0 — YIJI0Bas YacTOTa, & MHOXUTENN a U b 3a[jat0T aMILTUTY/bI KoleOaHuil.
Taxkum 00pa3oM, BEKTOp CMEILECHNS 3aIUChIBAETCS B BUJIE

s (f) = ia sin ot £ jb cos wt. (1.29)
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3pech i U j — efuHIYHbIE BEKTOPbI BIOJIb OCEH X 1 Y.
YrtoObl ONPEeNUTh TPAEKTOPHUIO ABMXKEHUS YaCTHIbI, TIPECTABUM BbIPAKEHUS
(1.28) ciemyrotmmm o6pazom:

s.(Ofa=sinwt  u  s,(0)/b=1tcos wt.
Bo3Bopis 9TU BeNMUMHBI B KBaIpaT M 3aT€M CKIafbIBas UX, IOTYINM

ss(D/a’ +s,(1)/b* =1. (1.30)

OTO PaBEHCTBO SBIETCA YPABHEHHEM SIIIMIICA C TIONYOCMA @ U b, JIEXallEero
B m1ockoctd XOY (puc. 1.3). Takum 00pa3oM, 3a BpeMsi, paBHOE IIEPUOLY

T = 2n/w,

YacTHIA JIBIKETCS TI0 SIUTMNTUIECKOH TPAeKTOPHH M BO3BPAIIACTCS B HAYANBHYIO
TOUKY, IIPIYEM HalPaBIICHNUE IBIKEHNUSI (10 YaCOBOH CTpEJKE WU NMPOTHB) 3aBU-
CHUT OT 3HaKa (pasbl /2. Tak, HanpumMep, eciu

s;()=asinwt, s,()b sin(mt+£\

\ 2)

TO JIBIKEHHE POMCXONT 1O YacOBOJ cTpenke. [JaHHOEe CBOWCTBO JIBMKEHUS Yac-
THIBI Ha3bIBACTCS IMNTHYECKON Nonspru3anueil. Korga o0e aMmmarTynel @ u b
PaBHBI JIPYT APYTY, SIIIHAIC CTAHOBUTCS KPyroM. Takxke Jerko NOKa3aTh, YTO €CIH
KOMIIOHEHTBI CMEIIEHUA S, U §, W3MEHSIOTCA CHHXPOHHO, T.€. €CIU OTCYTCTBYET
(ha30BBIil CIBUT, TO YACTHIA [IBIKETCS BIOML MPSAMON JIMHUM (TUHEAHAS OMSPH-
3a1ysl), HAKJIOH KOTOPO# OTHOCUTENBHO OCH X PaBEH

tg @ =bla.

MEeI nokazany, 4To BIKCHAE YACTHIBI IIUNTHYECKH OJISAPU30BAaHO, KOITA
pasHOCTh (ha3 MEX[Y CMEIIEHUIME s, U 5, PaBHAETCA +5t/2. MOXHO Takxe Io-
Ka3aTh, YTO TaKOE Xe [IBIDKCHHUE HAOMIOfAeTCs HPHM HPOM3BONBHOM (ha30BOM
capure. OnHako B o0lIeM ciTyyae MOJNYOCH SIUIMICA yke He OyAyT coBmajaTh C
ocamu koopamHat. Ilo3fHee, W3ydyas pacmpoCTpaHEHWE BOJH, MBI PacCMOTPHM
pa3InyHble THIbI HONSpU3aLMK. DJUIMITHYECKOR nmonsipu3anueil o0nafaioT, Ha-
npumep, BoiHbl Paned u Bonubl Ctonnu. CTOUT TakkKe 3aMEeTHTb, YTO €CIIH 3aBU-
CUMOCTbL OT BPEMCHHU HE SBISACTCA CHHyCOHHaHbHOfI, TO TPACKTOPHUA INBUKCHUA
YaCTHIIbl IMEET, KaK MPaBUIIO, OYEHb CIOXKHYIO (PopMy.

X

Puc. 1.3. DnnunTideckas nonspu3amyst

el R
R

2



B 3aximrouenne nodasum cnepyromiee. IIpeanonoxmuM, 4To B MOMEHT BPEMEHN
¢t = 0 yacruna nokoutes, T.e. v(0) = 0. Ecni 3aTeM Ha JacTHLy JICACTBYET CHCTe-
Ma CHJI TaK, YTO CyMMapHasl CHJIa B KaX[blil MOMEHT BPEMEHH PaBHA HYJIIO, T.€.

SFE,n)=0, >0, (1.31)

TO, KaK CleflyeT u3 paseHcTBa (1.5), 4yactuua asurathes He Oyper. Takum o0pa-
30M, YaCTHI[A HAXO[JUTCSL B COCTOSIHIM PaBHOBECHS, €CIH YIOBJIETBOPSETCS YCIOBHE
(1.31), a BpaleHue YacTULbI OTCYTCTBYET.

1.2. IBXKEHUE CUCTEMBI YA CTHLL

Jlo cux mop Mbl paccMaTpHBAaNy JBIKCHUE OJHON EIMHCTBEHHOH YacCTHIBI.
Tenepr nenecooOpa3HO JaTh ONMCAHWE HEKOTOPBIX OOIIMX CBOWCTB JIBIKEHHUS
cuctembl yactur. C 3TOH LETbI0 BBEAEM MOHSTHE IIeHTpa Macc. [Ipemmonoskum
CHayasa, YTO MMEIOTCS BCErO [IBE YACTHUIBI C MaccaMu mi, W m,, ABIXYLIUECT
Bfonb ocu x (puc. 1.4, a). B Kaxnblil MOMEHT BpEMEHH ¢ MX MOJOXEHNE Ompefie-
JSEeTCs, COOTBETCTBEHHO, KOOPAMHATAMHU X,(f) U x,(f). LleHTp Macc aTux yacru
3a/1aeTCs CAEAYIOIM 00pa3oM:

X |+ MpX,y

xo(t) = = 2=l =%x1<r>+%xz(r>, (1.32)

my +ny, M
rme
M=m +m,

SIBIISIETCS TTOJIHOM MACCOM CHCTEMBI.

Kak BuHO W3 BbIpakeHus (1.32), HEHTp Macc PaclojOXeH MEXAy 4YacTH-
Iam, TpuueM ONMXe K 9YacTuie ¢ Oomblieil Maccoil. B wactHOCTH, ecim mac-
Cbl YaCTHI] ONMHAKOBBI, LEHTP MACC PACIOaraeTcs TOYHO NOcepefnHe. TakuMm

a 6

Puc. 1.4. Lentp macc (a, 6); mapa cun (8); coyapeHne AByx dacTul (2); cucrema mMacc (0)
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00pa3oM, LIEHTpP Macc XapaKTepu3yeT, B HEKOTOPOI CTENEeHH, paclpefieneHne yac-
THII.

LenTp macc obmajaeT IByMS APYrUME BaXKHbIME cBoiicTBamit. opmyny (1.32)
yIOOHO MepenucaTh B BUJIE

M x(t) = myx, (2) + myx, (¢). (1.33)
HuddepeHimpoBanne NOCIEIHETO BbIpaskeHNs [0 BpEMEHH JaeT
M v, (1) = mVy, (1) + myV,, (1), (1.34)

Iie Vi, Vo B Vi, — CKOPOCTH YacCTHI] ¥ LEHTpa Macc.

3TO COOTHOLIEHUE MOKA3BIBAET, YTO B OOIIEM CIydyae CKOPOCTb LIEHTPa Mace
OTNIYaeTcs OT ckopocted yacThil. ITockonmbKy mpaBas 4acTb ypaBHeHHs (1.34)
TPEJCTaBIsIET cOO0 CYyMMY HMITYyIbCOB OOEHX YAaCTHI, €CTECTBEHHO HA3BaTh €€
MMITYJILCOM (KOJNMYIECTBOM JABIXKEHMS) CUCTEMBI

P.()=P, () + P, (0.

PasencrBo (1.34) Torpa 3anuuieTcs caefyonmM o0pazom:

M v,.= P, (1), (1.35)
T.€. CKOPOCTD LIEHTPa MacC ONPEESETCS HMITYICOM CHCTEMBI H €€ TIOJIHOW Mac-

COll.
[Mocne pudpcpepentmpoBanus cootHowenus (1.34) nomyyum

2 2 2
Md X0 =m1d X4 +m, d“x,
dr® ar® dr®
WA
M ay,. =m, a,, (t) + m, a,, (¢). (1.36)

3pech a,, — 3TO YCKOpEeHUe LEHTpa Mace, @, U d,, — YCKOPEHHs], COOTBETCT-
BEHHO NEPBOI 1 BTOPOY YaCTHIIBI.
[Tpumensist BTopoii 3akoH HetoToHa, BMecTo ypaBHeHus (1.36) momyuum

May=F, +F,,. (1.37)

3nech F, u F,, 0003HAYaIOT pe3yabTUPYIOLINE CUMIbI, AEHCTBYIOIINE HA KaX-
[0 YacTHIly.

Ham BaxXHO pasnuuath [Ba THIIA CHJI: BHYTPEHHHE W BHELIHHME. BHyTpeHHue
CHIIbl BOBHUKAIOT M3-3a B3aUMOJICHCTBYS YACTHI] CUCTEMBI, B TO BPEMsI KaK MCTOY-
HUKH BHEIIHUX CWJT HAXOAsATCs BHE ee. COOTBETCTBEHHO, NIMEEM

F =F +F, F =F+F

Ix>

(1.38)

o
e F u F, 0003HauaioT BHEIIHUE CUJIbI, NCTOUHUKOM KOTOPBHIX HE SIBISOTCS
YacTUIbI camoii cucteMbl. I HaoGopot, cunbl F i F, ., BbI3BaHHbIE YaCTHIAMHU
CaMoii CHCTEMBI, SBSIOTCA BHyTpeHnuMH. Tak, HanpuMep, F. — 3T0 cuna, ¢ Ko-

TOPOM BTOPAs YaCTULA ICUCTBYET HA NIEPBYIO.
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CornacHo TpeTbeMy 3aKOHYy HbIHOTOHA BHYTpEHHHME CHIbI, HAllpUMEp IpaBUTa-

[IMOHHBIE, 3JIEKTPHYECKHE WA TIOBEPXHOCTHBIE, BO3HAKAIOT APAMH Tak, YTO
i i i i

F =-F, mm F =-F .

Takum 006pa3om, TpaBas dacTh cooTHomeHus (1.37) ynpomaercs, © Mbl TIO-
JydaeM

_ e e _ e
Ma, =F, +F, =F, (1.39)

e F — pe3ynbTUpYIONiasl BHEIHSS CIIIa.

OTO 03HAYaeT, YTO ABUKEHME LIEHTPA MAcC He 3aBUCHUT OT BHYTPEHHHX CHII,
XOTS OHU U BIMSIIOT HA JBUKEHUE KaXIO¥ YaCTHIIbI B OTAENBHOCTH.

Baipaxenue (1.39) MOXHO nepenucarb B BUiE

dP./dt = F!, (1.40)
MOCKOIIbKY
Ma,, = M—dvo" = ﬂ
dt dt

Takum 06pa3zoM, JBIKEHHME LEHTPA MAcC MOXHO MPECTABUTb KaK JIBUXKEHHE
JacTHIbl Macchl M TOf fieficTBEEeM BHEIHeH cunbl F. TakoBO TpeThe U3 yrmoMs-

HYTBIX paHEe CBOICTB LIEHTpa Macc.

O06061mM Tenepb 3TOT pe3yabrat. [Ipenonaoxum, 4yTo uMeeTcs MpOU3BOIb-
HOE YHUCI0 YacTULl, IPMYEM B OOLIEM CIydae 3TH YACTHUIBI UMEIOT pa3jIdyHbIE
CKOPOCTH, YCKOPEHHS 1 HalpaBieHus! ABIKenus: (puc. 1.4, 0).

KoopnyHara x IeHTpa MacC TakOd CHCTEMBI ONPEAEISETCS TaK X€, KaK H
paHbIIE:

N
1
xo(t)=—=ymx,, (1.41)
M n=1
e X,— KOOPJMHATA X YACTHIBI MACChI /m,, M — MONHAS MAcca CHCTEMbI:
N
M=Ym,.

n=1

JI71sl HeNpepBIBHOTO PACIpENCNICHNsI Mace ¢ JIMHEHHOH INIOTHOCTBIO P BJIOMb
HEKOTOpOil MuHuK L uMeeM

M=[pdl u xo(t)=ifpxdx, (1.42)
L L

re P dx — Macca JTUHEHHOrO NEMEHTA.
TouHO TaK Xe OmpefeNnsoTCs ABE IPYrie KOOPAWHATHI [IEHTPa Macc:

O P L PR S LA P WL (1.43)
M M M
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[Mocne pupcbepeHIUPOBAHUS STUX BHIPAXKEHUI IO BpEMEHH HMEEM

v m\V, V2
VOx - Emn nx , V()y — E n"ny , VO: - Emn nz (144)
M M M
Huddepenuupy ele pa3s, NoAyIuM
a = E m,d,, a = E m"a’l,\‘ a = E m,ay;
Ox M ’ Oy M ’ 0z M

YMHOXas KaxX[ylo U3 CyMM B BbIpaxKeHUsX (1.43) COOTBETCTBEHHO Ha BEKTO-
pbl i, j m K, a 3aTeM ckiajbIBas pe3yJIbTaThl, MOMYYUM

DL A P LA (1.45)

r,=-="———", s
0 M 0 M M

TIE I, — Pajlyc-BEKTOp IEHTpa Macc, a I, — PaIyC-BEKTOp JACTHUIILI C HOME-
pom n (puc. 1.4, 6):

r,=x, i+y,j+z,Kk.

B YaCTHOCTH, [JIs1 HEIPEPBIBHOT'O PACIIPEACTICHUSA MaCC UMEEM

_Jorav v, = !p;jdV’ a, = [p;dV7 (1.46)

I,
0
m s

e p — 00beMHas IOTHOCTh, dV — 3NeMEHTapHBIN 00BEM.
Kaxk cnenyet u3 paBeHcts (1.45),

MVO=§m” v,=P (1.47)
n=1
n
Mao=imnan=inf:F", (1.48)

n=1 n=1

IIOCKOJIBKY CYMMa BHYTPEHHUX CUJI paBHA HYJIIO.
Kak m panee, Mbl BHUM JiBa 3aMeyaTelbHbIX CBOWCTBA IEHTpa Macc, a
MMEHHO:
1) MMIIyJIbC LEHTPA MACC COBIANAET C KOJMYECTBOM MABIKEHUS Tena mMacchl M
1 paBHSIETCS CIIEAyIOLIEl cymMMe:

P=EPn;

2) yCKOpEHHE LIEHTPa Macc ONPEeNIeTCs CyMMapHOl BHEIHEH CUIION U Mac-
coll Bcell cucTeMbl. JTOT (DaKT CHIBHO YIPOIAET M3YYEHHE €ro JBIKEHUs. B
OTIMYKE OT LEHTPa Macc, YTOObI ONPEAEIUTh CMEIICHUE, CKOPOCTh U YCKOPEHHE
HEKOTOPOI YaCTHUIbI CUCTEMBI, HEOOXOIIMO 3HAaTh [ICACTBYIOIINE HA HEE BHYTPEH-
Hue cuibl. Ho 9T cUnbI CyIECTBEHHO 3aBUCAT OT PACCTOSHUS MEXKY YaCTHLAMI,

28



KOTOpOE, B 00IIEM CiTy4ae, M3MeHseTcsl co BpeMeHeM. [loatoMmy BbIumMcieHne Ku-
HEMAaTHYeCKUX NMapaMeTpPOB YaCTHI] CUCTEMbl OOBIYHO SBNsIeTCs Oonee CI0KHOM
3afjayeil, YeM BBIUACICHNE ITUX TAPaMETPOB AJIA IEHTPA Macc.

Kak ormevanocek paHee, B clydae HENPEPLIBHOTO PACIPENENCHHS MacC CyM-
MUPOBaHHE BHEIIHMX CUJI B BblpakeHud (1.48) NpPUBORUT K pPE3yJAbTHPYIOLIEH
cujie, IPUIOKEHHOH K LIEHTPY Macc, ¥ CUIOBOMY JIUNOJIO, T.€. IIape CUIl, UMEIo-
IIMX OfMHAKOBYIO BEJMYMHY M MPOTHBOIOJOXHOE HampasiaeHue (puc. 1.4, s).
3pech MbI IPEANoNaraeM, YyTo 3Ta napa Cill OTCYTCTBYET.

Bripaxenne (1.48) MOXHO nepenucaTh Kak

N ) N &, ap g
Emnan_zm)l_:_: .
prent < dt dt

=1

Taxkum 00pa3oM, ecy pe3yIbTUPYIOLIas CUla PaBHSAETCS HYJIO, MMIYIbC, a
TaKXe CKOPOCTh IIEHTPa MAcC OCTAKOTCS MOCTOSHHBIMHU:
N
P= E m, v, = const, v, = const (ecau F¢=0). (1.49)

n=1

B TO Xe BpeMst yacTHIbl CUCTEMBI MOTYT JIBUTaThCsl € ycKopeHueM. Ilepsoe u3
cooTHowenuit (1.49) mpepcrasnsieT co00i (POPMYIMPOBKY 3aKOHA COXPaHEHUS
UMIIy/bca [/ IIPOU3BOJIBHOIO PACIpENeieHUsl Macc, HalpuMep [UId MX Helpe-
PBIBHOTO PaclpefeleHusL.

MBI paccMOTpENH CHCTEMY 37IE€MEHTAPHBIX MAcC U, B YACTHOCTH, MOBEICHUE €€
LEHTpa Macc 1o AByM nmprurHaM. OfiHa U3 HUX CBS3aHA C M3YYEHHEM CTOIKHOBE-
HU yacTull. [Ipyras mpuyvHa 3aKIFOYAETCS B TOM, YTO PACIHPOCTPAHEHUE BOIH
COIIPOBOXX/AETCS IBIXKEHUSIMHU 3JIEMEHTapHOr0 00beMa cpefibl. UTOObI NOMYy4YUTh
YPaBHEHHUE, OINCBHIBAIOLIEE JABIDKEHUS TAKOro 00beMa, HEOOXOUMO NMPUMEHUTD
BTOpO# 3aK0H HbtoTOHa:

ma,=F°

I7ie m — Macca 00beMa, a, — YCKOpPEHHUe ero IeHTpa Mace, a F* — BHemHsIs cuia.

CTOJKHOBEHUA YACTHUI[

BepHeMcs Teneps K ciydaro IIpOCTEHIell CHCTEMBI, COCTOALIEH U3 [IBYX dYac-
THII, ¥ PacCMOTPUM MX coyfapeHue. [Ipefmonoxum, 4To MHTEPBAl BPEMEHH, B
TEeYeHHE KOTOPOTO MPOUCXOMIUT CTOJKHOBEHUE, UPE3BbIYANHO Mall, U YAaCTHLbI B
3TO BpeMsl He MEHSIFOT CBOETO MONOXKeHNs. [IpefnonokuM Takxe, YTo HEKOHCep-
BATVBHBIE BHEIIHUE CHIbI OTCYTCTBYIOT U, CIE[OBATENBHO, NIONHAS MEXAaHMUECKAs
9HEPrusl IO ¥ MOCIe CTOJKHOBEHMSI OCTAeTCs OfHON U Tol Xe. B obmem ciydae
Haln4yue HEKOHCEPBAaTUBHBIX CUJI IIPUBOJUT K HEKOTOPBIM MOTEPSM MEXaHHYEC-
KOl 3HEPIUH.

Bo Bpemst cBoero coypapeHust yacTuubl Aedopmupyrorcs. COOTBETCTBEHHO,
OHM IIPHOOPETAIOT HEKOTOPOE KOJMUYECTBO MOTEHIMANBHOI SHEpruu. 3aTeM, Io-
cne fepopManyii, YaCTULBI BOCCTAHABIMBAIOT CBOO NEPBOHAYANBHYIO (hOpMY, U
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MOTEHIANbHAs SHEPTUS CHOBA NIEPEXOAUT B KHHETHUYECKYIO. B JieficTBUTENBHOCTH
9TOT MPOLECC 3aHUMAET HEKOTOPOE BpeMs, HO B HallleM NMPUOMMXKEHHH MOXHO
CYUTaTb, YTO OH IIPOMCXOIUT MTHOBEHHO. B KauecTBe mpuMepa paccMOTpUM ClTy-
yaii, KOrja yacTula Macchl 71, JBIXKETCS BIONb OCU X C NOCTOSIHHOH CKOPOCTBIO
V, HaBCTpeuy YacTulie ¢ Maccol mi, (puc. 1.4, 2). IIpepnonoxum Takxke, yTO
BHELIHNE CUJIbI OTCYTCTBYIOT. TakuM 00pa3oM, OKa3bIBAIOTCS YAOBIETBOPEHHBIMU
BCE YCIOBUSL, HEOOXOMMbIE JITISl COXpPAHEHUS UMIYJIbCa CHCTEMbl M €€ MeXaHuye-
CKOIl 9HEPIUH.
o cToNKHOBEHUSI IMEEM

P=m,V, n E=m V] /2, (1.50)
IIOCKOJIBKY

v, =0.

0603Ha‘{aﬂ CKOpPOCTH YaCTHUIl MOCJIC CTONKHOBCHHUS KaK Vi, U V,,, Ipuxoanm
K CJICYIOIIUM BBIPAKCHUAM IJIT UMITYJIbCA U QHEPIUn:

2 2
mvy o my V2,
= 422

P=mV, +mV, u E= > > (1.51)

HpI/IHI/IMaH BO BHUMAHUE 3aKOH COXpaHEHHUsI HUMITYJIbCa M 3aKOH COXpaHCHUA
QHEPIruu, MOJYyIYUM CUCTEMY U3 TBYX ypaBHeHI/IfI OTHOCUTEJIBHO HEU3BECTHBIX CKO-
pOCTefI YacCTull ocCJI€ CTOJTKHOBCHUS:

MV, =m V., +mV,.,

(1.52)
mv;/2=m, Vlz*/2+m2 sz*/2.
Pemmenue aToit cucTeMbl IMEET BUN
my = n, 2m, _
Ve ="y gy, = Ty (ecmn v, = 0). (1.53)
my +my my +my

W3 cootHommenni (1.53) MOXKHO CAeNnaTh ClEAYOIUE BBIBOJBI.

1. CkopocThb nepBOM YacTHIbI V. HE MOXET NPEBBIIIATL CKOPOCTD V,;  ITOM
K€ YaCTHIBI [0 CTONKHOBEHHUs, NMOCKOJNBKY YaCThb SHEPIUM IEPENAcTCS APYrou
YacTHuIle.

2. Ecni Maccbl 00erX YacTul] paBHbI MEXYy cO00il, TO TMepBasi 4acThia B pe-
3yJbTaTE COYJAPEHNS] OCTAHOBUTCS, @ BTOPast OYET ABUTAThCA CO CKOPOCTBIO, PaB-
HOH CKOPOCTH V:

V,. = V.
3. Ecnu Macca nmepBoil YacTHIbI OONbIIE MACcChl BTOPOY YaCTHLBI: #71,> M,, TO
00e JacTuibl OYAyT IBUTATHCS B OJJHOM HATpaBieHWd. [Ipyu yBenmdIeHNn OTHOIIE-

HUSL /M, CKOPOCTb NEPBOI YaCTUIBI OYIET CTPEMUTHCS K V,, & CKOPOCTb BTO-
PO YaCTULBI — K 2V,.

30



4. Ecnu mMacca m, MEHBILIE MacChl #1,, TO TOCIE CTONKHOBEHHs NepBas yac-
THIA HAYHET ABUTATHCS B IPOTHUBOINOJIOXHOM HAINPaBICHNUH, & CKOPOCTb BTOPOH
YacTHIBI OYIET MEHbINE CKOPOCTH V.

PacemoTpum Teneps pacnpepienienne KuneTnueckoi sneprun. CormnacHo ¢op-
Mmyie (1.19) KuHeTHYECKas SHEPTHS YaCTHUL] ONPENENAETCA KaK

2
m,; vV
El=#, E,=0
2
)i
2 2 2
E. - ny Vl* _ my —m, my Vv,
o - >
2 m; +m, 2
2
g2V 4} oV}
A - 2
2 2(my +my)
nim
E g E 4
* m, —m * m,m
! =(_1 ) P . (1.54)
E, my +m, E, (my +my)

Orcrofa, HanpuMep, CIEfyeT, YTO KOrfla MacChl YacTHI PaBHbI IPYT APYTY, BCS
KUHETHYECKasl SHEPTHsl IEPBOM YACTHIIbI TIepeflaeTcs Mochne CTOIKHOBEHHS! BTOPOH
YacTHUlE.

C nmpyrofi cTOpOHBI, €CIM pa3HOCTh MAcC BEJUKA, 3HEpPrusl NepBON YaCTULbI
IPaKTUYECKH HE U3MEHUTCA. B TO Xe Bpems sHeprusi BTOpOil yacTuupl OY#eT OT-
HOCHTEJILHO Mana, eCiu

my/m, << 1 uwm m,/m;>> 1.

[Tone3Ho TakXke paccMOTPETh CHCTEMY, COCTOSIIYIO W3 HECKOJNBKUX YACTHII
OJIMHAKOBOH MacChl, PACIONOKEHHBIX HA PACCTOSHUM [ IPYT OT JIpyra BOJNb OCH
x (puc. 1.4, 0). IIpepmonoxkum, 4To B MOMEHT BpeMeHH ¢ = 0 mepBas YacTuia
HaYMHAET JIBUTAThCd B CTOPOHY JIPYTO¥ YacTHIBI CO CKOPOCThIO V. 3aTeM, B MO-
MEHT BpeMEHU

T=I/V

OHA CTANKMBAETCA CO BTOPOH YacTHLEH M OCTaHaBIMBaeTca. B pesymbrate coypa-
PEHUS YaCTUI[A MACCHI M1, TAKXKE HAUMHACT IBUTATHCS, U 3TO MOKA3bIBALT, KAKIM
00pa3oM JIBIKEHUE M SHEpPrusl nepefatorcs B cucreme. Hanmpumep, B MOMEHT Bpe-
MEHH

t,= nl/v

YacTUIa mi,,; HAYMHAET IBUTAThCS CO CKOPOCTBIO V.

Jlns mponecca mepeHoca TPeOyrOTCs MOCNEOBATENbHbIE COYAPEHHST YaCTHII.
STOT nmpolece UrpaeT BaKHEHANYI0 pollb NIPU PacIPOCTPAHEHUU BOIH B rase, Ofi-
HAaKO B XHJKOCTSX ¥ TBEPABIX TENAX MEXaHNU3M PACIPOCTPAHEHNUS] BOIH COBEPIIEH-
HO MHOIL
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