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NPEAHC/IOBHE

Dusnka ABNISCTCA HauOoMee OIECTAIMMM AOCTIDKCHHEM HEIOBEHE-
ckoit HayuHoH MbiciH. ITo cTeueHHIO OOCTOATENLCTB GIAroAapd roHKe
BoopyxkeHmH XX B. 9Ty CBEPXHAYKY CO3JABAN0 TAKOE MOIIHOE COYCTA-
HHE CHJI M YMOB, KOTOPO€ He OBLIO JOCTHXMMO A0 OMHCHIBASMBIX COOHI-
THAH W ¢ABa A MOXET OHTh HOBTOPEHO B OyaymeM. Tak, KOHUCHTpamus
CPABHFAMBIX CHI B TEXHONOTHAX Havana X XI B. He COAPOBOXKMACTCA KOH-
LEHTPaHHEH CPaBHHMOIO HHTEJUIEKTYaJbHOrO MOTCHIMAIA H €ABa IH
MOXET NMPHABCCTH K CORGAHHIO CTONMbh XKC KPacHBOH HHTCINEKTYalTbHOH
AHANATHICCKOH HAyKH. OOBICHACTCA ITO MOABICHHEM MOIIHBIX KOMIIb-
IOTEPOB, KOTOPRIE 3aMEHHIH U3ALIHKIE AHATHTHYECKUE HOPMYIHL U Kade-
CTBCHHEIC PAcCYy’KACHAA MONYSMIHAPHUCCKAMH KOMITBIOTCPHBIMH pacHe-
TaMHi. TeM He MeHee YelOBEK YUMTCA, YTOOM HOHHMMATH Ce0A U OKpy-
scaromuii Mup. M no cux nop ¢usuka noMoraeT oMy Iydlne, d4eM MeHee
AHANATHICCKHE CTICIHANIBHEIC HAYKH.

Du3NKY NPUHATO HA3BIBATH KCHepumenmanshoill Haykoi. U neict-
BHTEIbHO, OHA GasUpyeTcs HA OrPOMHOM KOMHYESCTBE 3AMEHATEIbHBIX
ONBITOB W 3KCcHepuMeHTOB. OAHAKO HE MEHee BAXKHO, 9TO (H3HKA —
nayxka ananumudeckas (meopemuveckas). iMenno B ¢usuke cospaH
VHHUKAJILHAIH anmapar, HO3BOJIIOMUN AHAM3HPOBATh MPHYMHEI, CBA3H,
MCXAHHIMH H MOCHCACTBIA CAMEIX PASHEIX ABICHHH B CAMBEIX PA3HHX
Ku3HeHHHX cepax. Ha mpoToxenu MHOTHX crojieTuii ¢usuka Onina (U
eme Oyaer) NTOKOMOTHBOM, MYALIAMCH BNECPSAH UCNOBEUCCTBA H OCBE-
IMAOIIAM €MY MYTh. JTO OAHA W3 MPHYIAH, MIOYEMY BCEM HAAO 3HATH dn-
3uky. IlosToMy B JaHHOM Kypce 0c00O¢ BHHMAHHE YACICHO aHAIHTHYC-
CKOMY armaparty (prasHKn.

Harnas kAura pasdura Aa 3 YCIOBHBHIC YACTH MPAMEPHO PABHOTO
obneMa, u conepaut 42 pasgena. Yacts I «MexaHMka U MOJICKy/ISpHas
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(u3nka» BKIHOYAET pa3Aelihl, NMOCBALIEHHHE KIACCHYECKOH MeXaHHKe
(14), xonebamaM U BomHAM (5—7), CICLHATBHOM TEOPHH OTHOCHTED-
HocTH (8), cratncrraeckoi pmsnke (9-10), pusnaeckoit kupetuke (11) n
TepMoauHamuke {12-14). Yacte I1 «QmexTpoAUHAMHKA M BOJHOBAA
ONTHEKA» COACPKHT PAIACHEL, NOCBAMICHHBIE MCKTPHYCCKHM H MATHAT-
HBIM ABICHAAM (15-25), a TaKOKe TEOMETPHUICSCKOH H BOMHOBOH ONTHKE
(26-29). Yacts Il «KpantoBas ¢usHka» BKIIOYACT KBAHTOBYK) ONTHKY
(30) n Tenmoroe wamyqeHue (31), arommyro (32-40) i aaepnyio (41) du-
3MAKY, 4 TAKKE JACT MPEACTABICHAC O COBPEMEHHOH (H3HUCCKOH KapTh-
He MHpa (42).

Kypc aBnseTcs KOMIIAKTHBIM, HO TIPH 3TOM JACT OEMBHOE MPSACTAB-
ncHHEe 00 OCHOBHHIX 3aKOHAX H HOHATHAX COBPEMECHHOH (H3HKH, HX
B3aUMOCBA3H H NMPOHUCXOAACHUH. KiltoueBRIe OOpEACNCHHS H TSPMHHAI
BBLACTICHBI KYPCHBOM.

C 3aMeuaHMAMH H MOXEIAHUAMHU K ABTOPY MOXKHO OOpaTUThCA MO
anpecy: nik@cea.mu.
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Yactp 1
MEXAHHKA
A MOJIEKYJIAPHAA ®PU3UHKA

1. KuHeMaTHKa
MATEPHAJIBPHOH TOUKH

1.1. MexaHHKA H ee CTPYKTypa.
MaTepHasnbHas TOYKA H TBEpPAOE TeJI0

Dusuxa — HAYKA, UIYHAIOWAR OByLe 3AKOROMEPHOCINY AGREHNT NPY-
Podbl, ceOTicHea u CIPOeHUe MAMEPUN U 3aKOHb! ee Oeuxcenun. Mexanu-
K@ — 4acmb QUBUKN, UIVHAIOWAR 3AKORBI OBUNCEHUS U PABHOGECUS MEN.

Kraccuuecxas mexanurxa Vcaaxa Heiorona (1643-1727) nayqaer
JBIDKCHHE MAKPOCKONMMYECKHX TElI, CKOPOCTH KOTOPHX MAJH MO Cpas-
HCHHIO CO CKOPOCTBIO CBETA B BaKyyMe. JIBIKeHHE MaKPOCKOTHUECKAX
TEN CO CKOPOCTAMH, COM3MEPHMEBIMHA CO CKOPOCTBIO CBETA B BAKyYMeS,
H3YYACTCHd pelimueucmekol Mexanukot, KoTopad OCHOBAHA HA cheyu-
anbHOU meopuy omuocumenvHocmy, chopMymmaposanHoil AnsbepToM
JiinmreittoM (1879-1955). dna omucaHus ABMKEHUA MUKPOCKOIMUE-
CKMX TeJl (HAmpHUMEpP, ATOMOB M 3ICKTPOHOB) 3aKOHH KIACCHYECKOH
MEXAHAKH HE BCETAA MPHMCHHME — OHH 3AMCHAIOTCH 3aKOHAMH K6JH-
MOGOT MEXAHUK.

Co3nanue kIacCH4eCKO# (U3MKHM M MEXAHWKH MO NPaBy CBA3H-
Barot ¢ umeneM . Heorona, xotopuii chopMymupoBan ocHOBONIONA-
ralolIue 3aKOHK (PU3HKM MPAKTHHECKH B TOM BHAE, B KAKOM MBI CETO-
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JAH1 UMH noab3yemcd. HoBas kapTHHa MOpa M MaTeMaTHYSCKOE OIH-
CaHMe KOCMHYECKHX TEJl HAIOMEHH 3THM BEIUYANIINM YYEHBHIM B
Tpex KHHTax moj obmumM HaspaHueM “MareMaTuueckne Havana HATY-
panbHoit punocodun” u omyOnuxopans ¢ 1679 mo 1687 r. Heioton
BBEJ CHIY TATOTCHHA, ONPEACTAECMYI MacCaMH B3aMMOJCHCTBYFOIIHX
TEN, H MOKA34M, IT0 MIAHETH IBKYTCA IOZ ACHCTBHEM 3TOH CHIIH IO
sanmMnTHYeCKUM TpaekTopusM. Iapamnensuo ¢ JleiiOuuiemM oH cozaan
ocHoBH audPepeRIHANBAOH NreOMETPHH H NPHMEHAT KX AN AHANA3A
O6eckoneuno manex enmuanH. [lomamo $r3uku w Maremarnku, Heio-
TOH BHEC CBOil BKIaJ U B APYIHE HAYKH — B YaCTHOCTH, B CO3JaHHE
HAYYHHX OCHOB HCTOPHH.

Mexannka moapazaenseTcs Ha TPH Pajacna: KHHCMATHKY, AAHAMHA-
Ky M CTaTuky. Kunemamuxa M3ydaeT OBIKEHUE TeJl, HE PacCMATpHUBAs
MPHYIHHEL 3TOTO ABWKCHUA. Junamuxa A3YIacT 3aKOHE! ABIDKCHAS TEN H
OpPHYHHBL 3TOTO ABIDKEHUS, CIMAMUKG — 3aKOHH PABHOBECHUS TEJIA WMIIH
CHCTEMBI TE/I. 3HAA 3aKOHBL ABIKEHHSA TEJI, MOKHO YCTAHOBUTD M 3aKOHH
PABHOBECHI.

MexaHuka OHMCRIBAST ABHXKCHHME PEANbHRIX TeJI ¢ NOMOINBIO pA-
JAa abcrpakumii, yopowamoumx pemwende 3aaad. Cpeau HHX TOHATUS
MaTepHaNbHOM TOUKH H a0comoTHO TBepaoro Tema. Mamepuarnvras
MOYKa — TENO, Pa3MepaMH KOTOPOre B AaHHOM 3aJaue MOXHO npe-
peOpeas. Hanpumep, m3yuas ABmkeHWE TMAHETH MO OpOHTE BOKPYT
Comnpa, MOXHO NPHAATE €€ 33 MATEPHANBHYIO TOUKy. Ho mnamety
HENb3d CYUTATH TOYKOMH, €CJIH MH PACCMATPHBAEM NEPEMELICHUE IO
Hell aBTOMOOHIA.

Ipou3pompHOE MAKPOCKOMAYECKOE TEIO MOKHO pa3OHTh HA Mankie,
B3aUMOJACICTBYIOMHE MEXAY co0oif, YacTH, kaxkaad H3 KOTOPRIX pac-
CMATPHBACTCA KAK MaTcpHAIbHAA TOUKA CO CBOCH Maccoil. Toraa mayqe-
HHE JABIDKCHHA TN CBOJHTCA K H3YYCHHIO CACTEMBl MATCPHAIBHBEIX TO-
yek. B MexaHMKe 4acTO CHaYala M3Y4aloT ABHXKCHHE OTACIBHBIX TOYCK, a
3aTEM MICPEXOIAT K H3YICHHIO JBHKCHAS TCIL

Eme oxHa Moaens — abeoMmoTHO TBEpAOE TeN0. Abcomomno meep-
OblM mMeAOM HABKIBASTCA TEJO, B3AMMHOE MOJIOXKEHHE JIFOORIX TOYEK KO-
TOPOrO HEe H3MCHACTCA, B Kakux OBl mpoueccax OHO HH YUACTBOBAJO (He-

JAeDOpMHUPYEMOE TENO).
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1.2.[lepeMelieHHEe U NIPOHUI€HHBIH NIYTh

JIroboe aprkeHue abCOMIOTHO TBEPAOrO TEIa MOKHO MPEACTABUTH
KaK KOMOHHAILMIO MOCTYHATCABHOIO U BPAIATSIBHOTO ABMKCHHM. [l0-
cmynamenvroe 0guicenue — IBWKCHHUE, IPH KOTOPOM TI000H BBLACICH-
HBI B TEIE OTPE30K OCTAETCA MApALICIBHBIM camoMy cede. Bpawya-
menbHoe 08UdCeHUe — ABIKCHUE, TPU KOTOPOM TOUKH TENIA OMHCHIBAIOT
OKPY>KHOCTH, PACIIOJOXKCHHBIC B IMAPAJIICIBHBIX INIOCKOCTAX € LICHTPaMU
Ha TPAMOM, Ha3eIBacMOM OChio BpameHHd. IIpyu 3ToM oCh BpamieHHs B
MPOLECCE ABMKEHHUS MOKET MEHSITh CBOE ITOJIOKECHHUE.

JBIKCHUEC TEM TPOUCXOAUT B HPO-
CTpaHCTBC U BO BpeMcHU. g onpeacncHus
MOJIOKCHUS MaTepPHATIbHON TOUKH TpeOyeT-
¢4 3agare cucteMy orcueta. Cucmema om-
cuema — COBOKYITHOCTb CHCTEMBI KOOPIH-
HAT U 4aCOB, CBA3aHHBIX C TCJIOM, OTHOCH-
TEJIBHO KOTOPOTO PAacCMAaTPHUBACTCS IBIDKE-
Hue. B mpaMoyronsHON JeKapTOBOM CHCTE-
M€ KOOPJHHAT, HCIIOJIB3yeMOH HamboiIee
qacTo, MOJIOKCHHUC TOYKH B ,E[aHHbII\/'I MOMCHT
BPEMEHH ONPEACTASTCI TPEMS KOOpPIUHA-
TaMH X, ¥ U Z UK PaAUyC-BEKTOPOM 7, IIPOBEACHHBIM U3 HaYalla CUCTE-
MBI KOOPAUHAT B JaHHYIO TOukKy (puc. 1.1). 3xeck u gamee cTpeika O3Ha-
qacT, UYTO CHUMBOJI ABJIFACTCA BCKTOPOM. B O6H.[CM CIydac KOOPAUHATBL
JBWKCHHS SIBISIOTCS (PYHKIUCH BPEMEHH:

X =fi(1), y = fa(t), z = f(1), (1.1)

WIH ?2]_5(1‘). (1.2)

Puc. 1.1

JTH YpaBHCHUS HA3BIBAIOT KUHEMAMUYECKUMU YPAGHEHUAMU O6U-
J#Ce M1 TOUKH.

Ilpy gBICKEHUM B NMPOCTPAHCTBE TOYKA ONMHCHIBACT KPUBYIO, HA3bI-
BaCMYVIO mpaexmopueti IBIKCHUS. JTa KPUBAs, OUCBUIAHO, OMHCHIBACTCS
ypasrHenusamu (1.1) u (1.2). B 3aBucuMocTt OT QOpMEI TPACKTOPUH ABH-
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HKEHHE MOXKET ORTh NPAMONHHEHHEIM HIH
KpuBomHHCHHEIM. JmHAA OTpeska TpacKTo-
PHH, NpOHICHAOIO MATCPHANEHON TOTKOM,
HA3RIBAETCH MpoiidennviM nymem S. Bextop
AF, COSOMRMOMIN HRAYATBHOE 7, M KOTICTHOE
F , IONOAEHHS ABIDKYINeiica ToukH (puc. 1.2),
HASHIBACTCA HEPEMEUICHUEM:

AF =F 7. (1.3)

IIpn npsamonmAREHHOM ABIDKCHHH BEKTOP
OEePEMEIIEHHS COBMAJACT ¢ NMPOXOAUMBIM Yua-
CTKOM TpPacKTOPHH, H MOAYIb NECPEMEIICHHA
PaBcH MPOHICHROMY IyTH.

1.3. CKopocCTh, yCKOpEeHHe

Cxopocms — BEKTOpHAA BETHUHAHA, XapakTepH3yomas OeCTpo-
Ty ABIDKGHHS M HANPABJICHUE ABHKCHHA MaTepUabHOH ToukH. Mare-
MATHYCCKH OHA 3aJacTCA MPEACIOM OTHONCHHA BEKTOpA NepeMe-
IIEHHA K HHTEPBANY BPSMEHH HIIA MPOH3BOIZHOH PagnyC-BEKTOPA TIO
BPEMEHH:

5o AF _dF- a4
_m—wAt - dt

Tak xak B npeene NpH MaNoOM HHTESPBANC BPEMCHH XOPAA CTPEMHT-
ci K KacaTebHoH (cM. puc. 1.2), To BEKTOP CKOPOCTH HANPABICH MO Ka-
caTeNbnoi K TpaekTopuu ABHxeHuA. [Ipu ManoM HMHTepBane BpPEeMEHU

|dF| =dS , 1o3TOMY MOXYH CROPOCTH MOXHO BHIPA3HTH 9EPE3 ITyTh:

v=]j—fl=%. (1.5)
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OrTcioaa myTh MOXKHO BRIPA3UTh 4EPE3 CKOPOCTH HHTETPAIOM:

IZ
§ = [vdt. 1.6)
tl

IIpu paBHOMEPNOM ABHMCHWUH CKOPOCTh BJISCTCS KOHCTAHTON M
MOXET OBTh BEIHECCHA M3-MoA 3HaKka mATerpama. Ilomyqmm m3secTHYyIO
$opmyny § = v(t; — t1), B Bonee MPHBEIMHOM BHAE S = Vi,

IMpoeximu ypaBhHeHus (1.4) HA OCH KOOPAMHAT AAKOT IMPOSKLMH
CKOPOCTH:

dx dy dz
vx =—,,v}t = —,vz =—,
dt dt dt

BrICTpOTY M3MEHEHHA CKOPOCTH (B 4aCTHOCTH, MOIYIA CKOPOCTH H
HANpPABJIEHUA ABIKSHHS) OTIpeAenseT yckopenue . o ananornu ¢ (1.4)
Yeokoperue OTPeNenIeTCS YPABHCHAIMH

. _d&v_dF
d=—=— (1.8)

dt df’

OTH ypaBHEeHHA MOTYT OBITh POAHTEIPIIPOBAHLI B BEKTOPHOM BAJAE
an6o ckamipHO. B HacTHOCTH, CKOPOCTh B OZHOMEPHOM CIyHac BRIpaka-
eTcs uepe3 HHTETPAl OT YCKOPCHHA:

(1.7)

15
h

Hrarerpans (1.6) n (1.9) mo3BonMIOT B OZHOMEPHOM CIy4AC BEIBEC-
TH U3BECTHRIEC YPABHCHHA A1 PABHOYCKOPCHHOTO ABHACHHA:

v=v,+at,

S=vt+at’/2. (1.10)

21



1.4. TaHreHHa/AbHOE, HOpMaJbHOE
H NOJIHOE YCKOpPeHHSA

ITycre TouKa ABIDKETCA MO KpH-
BOH ¢ DpPOH3BOIBHEIM YCKOPCHHEM.
B cooreercrenm ¢ puc. 1.3 mavansHas
ckopocts v, = MA, uepes Bpems At
ona pasna V = CE. PaxnoxwM BeKTOp
npupameHus cropoctn AV= AD Ha
JBE COCTABIMIOLIME: BAOIb HAMpABIIC-
HHUS  CKOpPOCTH  (TaHTCHUMANLHASA
cocranaiomat Av, = BD) u nepres-
JUKYTApHO (HOPMANBHAA, HIH LCH-
TpocTpeMuTeNERAs cocrapmmomas AV, = AB). B npenene nomyanm, wro
TAHTCHLHAIBHAA COCTAB/IMIONIAS YCKOPSHHUS g, PaBHA MPOH3BOAHOM OT MoO-
Ay CKOPOCTH:

o Puc. 1.3 E

Av, Av  dv

“=ima T T (-
Ilpu MaOM ITPOMEXKYTKE BPEMEHH TPASKTOPHIO MOXKHO CHHTATD Jy-
roii OKpy>HOCTH pagmyca R. V3 momobms TpeyronpHHKOB (B mpenene
MAJIOr0 BPEMEHU CTOPOHBL MAJIKIX YIJIOB PABHOOSAPEHHEIX TPEYrONbHU-
ko8 ABM u MCOQO B3anMHO OEepOSHAUKYISIPHH) OTHOIICHHE HOPMAJIb-
HOH COCTABIAIONCH MpApAmCHAA CKOPOCTH AV, K HA9aNbHOH CKOPOCTH

v| OPUMEPIIO PaBHAI OTHOIICHHIO NepeMeneHnd vAt = MC k paguycy R:

M,
vy R’

(1.12)

Tpyu ManoM MPOMEKYTKE BPEMEHH V| = V H HOPMAJILHOE YCKOPSHHE
a, BEpakactea w3 (1.12) w3pecTnod A3yUABIINM ABIKCHHC MO OKPYKHO-
cru dopmMynoit
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Ay, V'
a,=lim—*+=—. 1.13
" w0 AN R (L.13)
INonHoe yocKOpeHHE Tejla MOKHO ONPEASIHTh KAK NEOMETPHUECKYIO
CYyMMY TAHTCHUHATHHOH H HOPMANBTION cocTaBsromux (cM. puc. 1.3), a
ero Moaya» — no TeopeMe Indaropa:

a= ’a% + a2. (1.14)

B 2aBHCHMMOCTH OT COOTHOINGHHS TAHTCHLMANBNONH H HOpMATbHOH
COCTABNAIOMHAX YCKOPEHHA PasiHuAlOT MPAMONHACHHOS PaBIOMEPHOS
JABIDKCHHE, MOPAMOIHHCHHOS PABHONEPEMEHHOE JBIDKCHHE; NPAMOIH-
HEHHOS ABHDKCHHAE ¢ LISPEeMEHHEIM YCKOPCHHACM; PABNIOMEPTIOC ABAKCHHE
N0 OKPYXKHOCTH; PABHOLCPEMECHHOE IBHKCHAC IO OKPYXKHOCTH; PaBIoO-
MEPHOE KPUBOJIMHEHHOE NBIDKCHHE; KPHUBOIMHECHHOS PaBHOMEPEMEHHOS
JBIDKCHHC ; KPABONAHCHHOS JBAKCHHE € TIEPSMCHHEIM YCKOPCHHEM.

B zaxmouenne creayeT HAOMHUTE, YTO B MEKAYHAPOAHOH CHCTE-
Me eaununl (CH) Bpems uaMepdercd B CeKyHAAX (C), pacCTOAHHE — B
METpax (M), CKOPOCTb — B M/C, YCKOPCHHE — B M/C’.

2. JMHAMHKA MaTepPHAJIBHONA TOYKH

2.1. llepBulii 3akoH Hbl0TOHA

3axonn HbloToHa ABNAIOTCA (KAak M ApyrHe (PHIMYECKUE 3aKOHBI)
0000IMEHAHEM YETOBEIECKOTO OITHITA,

Ieperiii 3axon HelotoHa: Cyiyecmaeyiom cucmemsr omeyema, Hasol-
GaeMbie UHEPYUARLHBIMY, OMHOCUIMERbHO KOMOPLIX M00aR u30nuposan-
HAS OM GHEWHUX 8O30elCMEuti MAMEPUARLHAR MOYKA AUGO NOKOUMCA,
AUBO coxpansem coCmosHUE PABHOMEPHOZ0 NPIMOUHETHOZ0 OBUNCEHUA.

CrpeMiicHHE TENAa COXPAHHMTH COCTOSHHE MOKOA HIH PaBHOMEPHOTO
MPAMOTHACIHOTO ABIKECHHA HaswBacTea macpoueii. [losToMy nepsoiii 3a-
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koH HpI0TOHA HHOTAA HA3KIBAIOT 3aKoHOM HHEpIRH. [To cyTH, 3TOT 3aK0H B
HEABHOM BHAS YKA3KIBACT HA MHCPIHIO, CBA3AHHYIO ¢ MACCOH Teq, MpH OT-
cyTcrBAn Bo3acticTena (cwbl). [Tosromy ero maoraa dopmymapyior B BAze:
CKOPOCTD Tela v ABISETCA KOHCTAHTOH, €CIM MPHIOKEHHAd CHIa F paBHA
Aymo (v = const, ecrm F = ). 310 He COBCEM BEPIIO, B B Takoi (opmymnn-
POBKE OH ABIACTCA JACTHBIM CTyuacM Broporo 3akosa Herorona, Ha camom
JAene cyTb mepBoro 3akoHa HbIOTOHA 3aKmOYACTCA B YTBEDKACHHH, HTO
UHEPYUANBHBIE CHCIEMBL OMCYEMA CYIECEYION.

OueBnano: Bearxas cucmema omcuema, O8UNCYIHAICA ONMHOCUMERBHO
UHEPYUATOHOH CHCMEMbT OMCHERA NOCHIVIMIRERBHO, DAGHOMEPHO U RPIAMO-
JUREHHO, MAKINCE SRNAEMC UHEPYUARBHOU CHOMEMOT omeuema.

HeioTOH cunTan XOpomel HHEPOHATBHOH CHCTEMOH CHCTEMY OT-
CUETA, CBA3AHHYIO ¢ «HEMOABIMHEMU» 3B¢3aaMH. M XOTH CeroaHa Mul
3HACM, YTO 3BEAH PAVICTAIOTCA B MPOCTPAHCTBE ¢ HEKHM YCKOPCHHEM,
3Ta UHEPLMAJIBHAS CHCTEMA NOYTH )1 BCEX 33Ja4 MO-MPEKHEMY BECHMA
Hemioxa. Bopouem, u cBg3aHHad ¢ Bpamalometics Bokpyr ConHila 3em-
neli cHCTEMA OTCYETa HE HAMHOIO XYK€ H MOAXOIHT A GONBIIMHCTBA
BOZHHKAIOLIMX 3a4a4.

2.2, Bropoii 3akoH HbloTOHA. Macca. Cuaa

Bropoii 3akon HetoToHa — OCHOBMNOI 3aKOH JUHAMMKH MOCTYIA-
TENBHOTO ABIDKCHAA, A2 U Beell ¢nsukn. OH BHTOMHASTCA B HHCPLAATD-
HEIX CHCTEMax.

Bropoii 3axon Hetotona: Ycropenue, npuobpemaemoe mamepuais-
HOti MOYKOT (IMeROM), NPAMO NPONOPYUOHATBHO BEKMOPHON CyMMe NpU-
JAOMHCEHHBIX CUR U OGDAMHO NPOROPYUOHTOHO MACCE MERd:

-

a=F @.1)
m
umH B Gonee mpuBRIYHOI dopmMe:
F=ma 2.2)

(8 cucreme CH koadhdpHLIHEHT MPONOPLUHOHANBHOCTH paBeH 1).
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3T0 YpaBHEHUE MOXHO HEPEHHCATD B BUAE

F= m— 2.3)
HIIH
-2 (24)
dt
rA¢ BBCICHA BCKTOPHAA BEJIHUHHA
p=mv, (2.5)

HassBacMas umnyascom. Gopmympoeka (2.4) proporo 3akona HrioTona
apieTca Hanbonee obmeii. B wacTHOCTH, B OTIHUBE OT GOPMYIHPOBKA
(2.2) oHA cOpaBeJIMBA HE TOJBKO B KIACCHYECKOH, HO H B PEIATHEUCT-
CKO¥ MexaHuke (mpn 6onee o0meM ONpeaeIcCHAA AIMAYIBCA).

Magcca nmepBoHAHATPHO ONPEACIANACh KAK KOJMHECTBO BELICCTRA B
duzireckoM Tene. Cerogua Maccy H3MepAIOT AByMs cnocobamu. B co-
OTBETCTBHH ¢ YPABHCHHEM (2.2) Macca THCICHHO paBHA CHIle, obecneun-
BaILel eIUHHYHOES VCKOPEHHE. Takasd Macca HA3hIBASTCA HHEPTHOIL
Bropoii cnoco6 H3MepeHHs MacCH OCHOBaH Ha 3aKOHE BCSMHPIIOTO TATO-
TCHHA, CBASHBAIOMEM CHIY TPABHTALIMOHHOIO NMPHTMKCHHA F Marepn-
alIBHRIX TOYEK C UX MACCAMH 711 U My:

F=y0 (2.6)

rac R — paccTodHHE MEXKAY TOTKAMH;

¥ — rpaBUTALMOHHAA NOCTOSHHAA.

Taxas macca HaspiBaeTca rpasutamponnod. CerogHa HeT OCHOBaA-
HAMil CUHTATB, YT0 HHSPTHAA W I'PABATALMOHHAA MAacca KAK-TO Pa3uHYa-
HOTCA.
Iepeerii n BTOpOIi 3aKkoH HeroTOHA MHOTHM KaXKyTCH OUCBANHEIMH,
HO He BeeM. M aelicTBATENBNO, B AOHBIOTONIOBOH MEXAHHKE APHCTOTEIA
OIUGOYHO YTBEPKAANOCH, YTO MPHYHHOH BCAKOrO ABIDKCHHS ABIASTCA
cmma. Takoe 3abmyxacHue OOBIMHO CBA3AHO ¢ HEAOOLCHKOH POJHM CHI
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TPEHUS, TPEMATCTBYIOWUX ABMXKECHHIO. OQNBITHBRIM MYTEM YCTAHOBHIIM,
YTO CHUJIA TPSHHA CKONbXEHHA OOBYHO MPOMOPLMOHAIBHA cHIe N mop-
MANBHOTO JABICHHA, C KOTOPOH OJHO TENO JEHCTBYET HA APYTOC:

F, mp = UN, 2.7

rac ¢ — KoxpdumHCHT TpeHHs, 3ABHCAIIAN OT CBOHCTB CONPHKACAIO-
IIHXCA MOBCPXHOCTEH.

B mpupoAe CyIEecTBYET HEMANO H APYTHX CHJI PA3HOIO MPOHCXOXK-
acHug. B nenmoM ke MOXKHO AaTh ONPEACICHME, HTO CUIA — 3MO 6EK-
MOPHAA BERUMKHA, AGTAIOUAACA MEPOTE UHMEHCUBHOCIIN 030elHCMEUS H
Meno Co CRMOPOHBL OPYZUX MER, 6 PE3YALMAMe KOMOPOzo meao npuobpe-
maem yCKOpeHue uas MeHaem opmy 1 paamepol.

Ennrnua macesr 8 CH — xunorpamm (kr), cunel — HeiotoH (H):
1H=1 kr- M/c2

2.3. TpeTnii 3akoH Hbl0TOHA

JTOT 3aKOH OOBACHAET, YTO MPOMCXOAMUT C ABYMS B3aUMOJACHCT-
ByIOmpMH TenaMH. TpeThnii 3akoH Heiorona: Bzaumooesicmeyrouue ma-
mepuancHvie moyky (mena) oeficmeyiom Opye HA Opy2a ¢ CURAMU, HA-
npaeneHHbIMI 600Ab COCOUHSIOWEN MU MOYKY NPIMOH, DOGHLIMU RO
MOOYRIO U RPOMUGOHORONCHBIMY 1O HANDAGREHUIO

Fr=—Fu 2.8)
rac Fro— chna, AcHCTBYIOMAA HA IEPBYIO TOUKY CO CTOPOHH BTOPOH;

F 4 — CHIA, NefiCTBYIOMas Ha BTOPYIO TOUKY CO CTOPOHBI EPBOii.

CymecTBeHHO, YTO 3TH CHIIBI NMPHIOXKCHH K PAa3HBIM TEIAaM H TO-
ITOMYy He xomnencupyiomes. Tpetuii 3akoH HbploTOHA NMOKA3RIBAST, KAk
nepeiiTd 0T AHHAMMWKH OAHOTO Tejla K AMHAMHKE CHCTEMEI TNl MyTeM
PACCMOTPEHHA CHII NAPHOTO B3aAMOACHCTBHA.

3akons HbloTOHA SBIAIOTCA OCHOBHRIMM 3aKOHAMM MexaHuku. M3
HMX MOT'YT ONTB BHBEASHH BCE OCTANIBHBIC 3AKOHH MEXAHUKH.

Cnenyer otmernth, w10 3akoHH HbloTOHa He ABIMOTCA CAMBIM
LIyOOKHM YpoBHEM (OPMYIHPOBAHHMSA KIaccHueckoH Mexanuku. Tak, B
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pamxax Jlazpanoieeoti mexanuxy UMEETCS €AMHCTBEHHAA (opMyna (om-
peAcneHue Oeiicmeus, PABHOTO HHTETPALY MO BPEMEHH OT Pa3HOCTH
MEXKAY KHAHCTHUCCKOH H IMOTCHOMANBHOH SHEPTHEH) W ¢AMHCTBCHHBIH
OOCTYJIAT: MeAq OGUICYMCA RO MOl Mpaexmopuu, 20e oelicmeue MuHu-
Mmanvro. V3 31010 MOXKHO BHBECTH Bee 3aKoHH HbioToHA.

Eme oxxo 2aMedanne KacaeTes TOTO, MOYEMY B KHHEMATHKE BBOJAT
TONBKO ABE NMPOU3BOAHRIC OT PAJUYC-BEKTOpA 7(f): MEPBYH> MPOH3BOJA-
HYI0 — CKOPOCTB, BTOPYIO — YCKOpeHue. [Ipon3soaurie Gonee BRICOKO-
ro NOpAAKa OORMHO He HyXHbL. CBA3aHO T0 ¢ TEM, YTO OCHOBHAA 33Ja4a
MCXAHHKA — MPESACKAATE MONOXKEHHA TEN B MODOH MOMEHT BPEMCHH,
T. €. OOpEAeNUTh BUA yHKIMM F(f) Ang kaxaoro Tena. Onnako He Cy-
mMEeCTBYET PYHAAMEHTATIBHOTO 3aKOHA, UTO-TAOO YTBEPIKAAIOIETO HETO-
CPEACTBEHHO O PaJMyC-BEKTOPe MaTepHanbHOH ToukH. Her Takoro 3ako-
Ha B ana ckopoctH. Ho ang yckOpeHHS OH €CTh: 3TO BTOPOH 3aKOH
Heiorona. I nocnegosatensHO mHTETpHpYS BTOpOoil 3akoH HeioroHa,
MOKHO HOMYHHTbh CKOPOCTh H PAAMyC-BEKTOP, T. €. JOCTATOMHO MOIHO
omucars asmkeHue. [losTomy ofmvHO Her ReoOxoammocta auddepen-
LMPOBAaTh PANHYC-BEKTOP OOJIee YeM ABANIRI.

2.4. 3aK0H cOXpaHeHHA HMNYJIbCA.
IleBTp Macc (MHepnuM). /IBHKEeHHEe NeHTPAa HHePOHH

W3 saxoros HetoToHa crnieayioT BaskABIE BHIBOABL. TaK A3 BTOPOro H
TpeThero 3akoHoB HbroToHa cieayeT, 4To kak Obl Tela HH B3aUMOASHCT-
BOBAITH, OHH HE MOTYT H3MCGHHTE CBOH CyMMapHEIH HMITyJBEC, OH COXpa-
maerca. Jleiicreureneno, w3 (2.4) m (2.8) cnegyer, 9TO NpH MApHOM
B3aMMOACHCTBHH TEJI U3MEHCHHSA HMITY IbCOB TEJI OAMHAKOBH HO MOAYIIID
H MPOTHBOMOIOKHEL HO 3HAKY, T. €. CYMMAPHEII AMITYIIEC IBYX B2aHMO-
JCHCTBYIOIIHX TEI NPH OTCYTCTBHH BHCIIHHX CHI HE MCHACTCA:
i __dp,

dt dt
BEJUTHBEIM H JJI1 CHCTEMEI H3 MODOTO KOMHUSCTBA MATCPHANEHEIX TOUCK
{Tem).

anm, mHTerpnpys: Ap, = —Ap,. Bee 310 ocraerca cnpa-
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TakuM 00pa3oM, B CIy4ae OTCYTCTBHSA BHCINHHX CHIL (17 3aMKHY-

MOt CUCMEMBL) ROTYHAEM 3aKOH COXPAHEHUST UMVVILCA! CYMMOAPHBI UM-

MYRBC 3AMKHYMON CHCMEMDbI 83AUMOOEICIMBYIONUX MER He MEHAEMCS C©
MEYEHUEM BPEMENRN

B = X §; = const. 2.9

3aKkoH COXpaHSHHA HMITYIbCAa CIIPABSAJIMB HE TOIBKO B KJIACCHHYG-
cKoi (m3HKe, HO H B PENATHBHCTCKOH MEXaHHKe (npm oboOmeHHOM
ONpeACICHHH HMITYlIbCa) U A1 MHKPOYACTHL] B KBAHTOBOI MEXAHHKE.
Ero MoxHO BHBECTH U3 0OHOPOOHOCIIU NPOCMPAHCMEd, KOTOpas 3aKTio-
YaeTCA B TOM, 9TO NPH NApAUICIBHOM NEPSHOCE B MPOCTPAHCTBE 3AMK-
HYTOH CHCTEMEI Tel Kak LIeJOr0 ¢ (u3ideckHe CBOHCTBA M 3aKOHKI
JBIDKCHHS HE H3MECHSIOTCA, HHEIMHA CIIOBAMH, HE 2aBHCAT OT BHIOOpA MO-
TIOKCHIS HAYANA KOOPAMHAT HHEPUHMANBHOH CACTEMHl oTcueTa. OucpHa-
HO, 4TO UMIYJBEC COXPAHAETCA U AT HE3AMKHYTOM CHCTEMH, €CJIH I€o-
METPHYECKAS CYMMA BCCX BHCIIHHX CHI PABHA HYIIO,

MexaaHaecKyio cHCTEMY YAOOHO ONMHCHEBATE KAK CAMHOE OO Uepes
CKOPOCTL €6 LigHTpa Mace. LIeHTpoM Mace (MIIH LIEHTPOM HHEPLIMH) CHCTEMBL
MATEPHANIEHEIX TOUCK HA3HBACTCA ToUKa C, pajAyc-BEKTOP KOTOPOH

n
2 mf
i=1

=, (2.10)
m

2]

rac M. u ¥ — COOTBETCTBEHHUO MACCA H PATHYC-BEKTOP i-H MaTepRANE-
HOH TOYKH;
1 — YHCI0 MATCPHAANTBHBIX TOYCK;

nm= Zm? — Macca CHCTEMEL
i=1
CxopOCTb LIGHTpa Macc, mojiydacMas npu auddepeHmupoanun pa-
JHYC-BEKTOPA, BHIPAKACTCA IEPE3 CYMMApPHBIN HMITYNIEC P TEI CHCTEMBL

= = _P (2.11)
m



HMueiMu cioBaMH, HMITYJIBC CHCTEMBL PABEH OPOM3IBESACHHID MACCHI
CHUCTEMREI Ha CKOPOCTBH €€ LIEHTpa Macce. YHUHTHIBAA TO, YTO M3MEHECHHE
AMITYIIECA MCXAHWYCCKOH CHCTEMBI pPaBHO TCOMECTPHICCKOH CyMMe

sHewHux cun F,,,. ., HONYUHM 3aKOH OGUIICCHUS YEHMPA MACC: YeHmp

MOCC CUCTEMBI OBUIICEMCS KAK MAMEPUATLHAA MOYKA, 6 KOMOpoil co-
CPEOOMOUEHA CYMMADPHAR MACCA CHCMEMBI U HA KOMOpYio Oeficmeyem
CURA, PABHAR 260MEMPUYECKON CYMME GHEUWLHUX CUN, NPUTONCEHHLIX K
cucmeme
v, =
L —
m dr =F, GHeHIN *
W3 3akoHa cOXpaHeHHA HMIYIbCA BHTEKACT, UTO OEHTP MAcC 3aMK-
HYTOH CHCTEMEI JBIDKETCA MPAMOIHHEIHHO H PABHOMEPHO MHOO OCTAeTCA
HECHOBHAHbBIM.

(2.12)

3. Pa6GoTa u 3Heprus

3.1. Pa6oTa cuAbl. MOIHOCTD

B nmoBceaHeBHOH XWU3HH MOHATHE pa-
BOTH 9acTO CBA3BAHO ¢ YCHNMAMH IO Mepe-
MCIEHAIO TENIA H3 OQHOTO MECTa B APYTOE.
a Ipn 210M ueM GoBIIE MpHIAracMas CHIA H

qem Oonpme nepeMemeHHe, TeM Oompme

2 pabora. K TOMy ¢ HO ONBITY ACHO, 9TO
paboTy COBEPIIAET TOMLKO COCTABIAIOIANA

Puc. 3.1 CHIIEI, HATIPABNICHAAA BAONh MEPCMCIICHHS.

Tax, ecnm Ba TpamBaii ACHCTBYET NEpHcH-

JUKYJISpHAdL pesibcaM CHNIA, TO HEpeMelleHHe H paboTy 3Ta cHia He CO3-
mact. Takam oOpazom, paboma cuavi — mepa Oelicmena Cunbl, 306uca-
Was Oom GEAUNHNHBL H HORPABAECHUR CURBL U OM NEPEMEWEHUS MOYKYU €e
npurosicenus. JInd Manoro nepeMeIngHHA dr ¢ MOMOINBK) CHIH F, Ha-

L1}
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OpaBICHHOM IO, YIIOM 0 K HANPABICHHIO NEPEMEIEHUT (M CKOPOCTH),

pabora dA (puc. 3.1) pasHa:
dA=F dr cos a=F dS cos a. 3.1
A1y DOPMYIY MOXKHO KOpOYE 3aIMCaTh YEPE3 CKANIpPHOS MPOU3BE-
JOCHAC!
dA = FdF . (3.2)

PaGora mo nepeMeImeHHIO AN KOHSUHOH TPAeKTOPUH BHYHCIAETCA
AATeTpHpOoBaHUEM (3.2) mmm (3.1):

A=iﬁ'd?=tiosoair=tiosadS =iﬂdS, (3.3)
1 1 1 1

rae F,— npoexupa cHIL HA HANPAB/ICHHE MEPEMEIISHAA.
Ecmu crnma M yron HOCTOSHHEL, TO HX MOYHO BHIHCCTH H3-HOJ 3HAKA

HHTeTpana, H paboTa ompeAenseTca u3BecTHOH hopMy moit
A=F S cos a. (3.4

Hna eramcnenua uuTerpana (3.3) mago
3HATH 3ABHCHMOCTb MPOSKLUHH CHIIBI F; oT

¥
2
'
nytd S BAoab TpackTopnn 1-2. Ecnmm ota 3a-
BHCHMOCTh NPSACTABICHA rpadHueckH KpH-
BOIi, TO HO CBOHCTBY mHTerpana pabora on-
peAengeTca Ha rpaduke MIOMANLIY (PUTYPEI

oA KpuBoi (puc. 3.2). S

YroBsl OXAPAKTEPH30BATh CKOPOCTE CO- Prc. 3.2
BEPLICHUA PaOOThI, BBOAST MOHATHE MOLIHO-
CTH, XapaKTepH3yeMoii paboTol, KOTOpast COBEPIIACTCA B SAUHMIYY BpEMe-
HA. Mownocme onpedeasmea npouseoorot on padomsl no epement:

= Fv. (3.5)



Eqvmuna paGote — mxoyas (Jx): 1 ik — paboTta, cosepimaemMas
cunoii 1 H va mytu 1 M (1 Tx = 1 H:M). Eausnna MOIMHOCTH — BaTT
{B1): 1 Br — MOmHAOCTB, IpH KOTOPO# 3a BpeMa 1 ¢ coBepmaeTcs pabo-

a1 [Pk (1 Br=1 Ax/c).

3.2. JHeprua. KHHeTHYeCKas
M NOTEHIHANbHASA SHEPrus.
KoHcepBaTHBHBIE H AUCCHIIATHBHBIE CHCTEMbI

OHepeus — KORUYECIBEHHAR MePA DAIMUYHBIX U008 OGUICEHUR
mamepuy. C pasHEIMH BUAAMH JBHXECHHS MATEPHH CBA3HIBAIOT PA3HEIE
(hOpMEI SHEPTHH: MEXaHWHNECKYIO, TEILIOBYIO, 3NEKTPOMATrHHTHYIO, AA6p-
HYIO, XHMATICCKYIO H Op. Mepoii mepeaaun SHEprAA OT OOHOTO TEla K
JAPYTOMY MOXKeT CyHTh paboTa, a, HAPHMEP, B MPOLIECCE TEILIOOOMe-
HA — KONHYECTBO TSIUVIOTH. JHep2la Xapaxmepusyem cnocobrocme me-
a4 cogepuames pabomy.

KuneTHueckas H DOTSHIHATBHAS SHEPTHH ABJAIOTCA ABYMA BHAAMH
MEXAHHYICCKOH SHEPIHH.

Kunemuuneckas sHepaus — SHePUS MEXAHUYECKOT CUCHIEMbL, 306U-
cawas om cxopocmeii Ogudcenus ee moyex. CHa, AeCTBYIOmMAT HA
MECPBOHAMANBHO HEMNOABIKHOE TENO H BHISHIBAIOANA €r'0 ABHKCHHE, CO-
BepmaeT paboTy, HAYIIYIO HA YBEIHYCHHE KHHETHYeCKOH sHeprim dT
Tena: dA = d7. U3 onpeaenenus paGoThl ¥ BTOPOro 3akoHa HeloToHa:

dvdr
dt
OTKyJa MONYy4YacM BHPAKCHHS 711 KHHETHISCKOH SHEPTHH

dA=Fdr=m =mvdv=dT,

T = vd:ﬂ, 3.6
Im v > (3.6)

BuaHo, 4T0 KHHETHYECKAS SHEPTUA 3aBHCUT TOJMBKO OT MACCH H CKO-

poctd Tenma. B pasABIX HHEPIMANBHBIX CHCTEMAX OTCUCTA, JBIDKYIIHXCA
JPYT OTHOCHTENBHO APYTa, KHHCTAUCCKAA SHSPTHA TeTa HOOAMHAKOBA.
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Tlomenyuanonas >uepzun — SHEPUR CUCMEMB! MEA, ONPeOeasiemas
UX G3AUMHBLYM DACRIORONCEHUEM U XADAKIMEPOM CUR G3AUMOOeiCMEus Me-
00y wumy, lloRsTRe MOTCHOMANBEHOH SHEPrHH MOYKHO BBECTH, TONBKO
€C COBEpIIAeMasd CHIAMH paldoTa He 3aBHCHT OT TPASKTOPHH ABMXKEHHA
TENA W OMPEASHICTCA TONbKO HAYANBHBIM H KOHSTHBIM HONOXKCHFSIMH
Tena. [pu sToM B3auMoaeiicTBAE TEN OCYMECTBIACTCA MOCPSACTBOM CH-
JOBRIX MONEH, KOTOPhIE HASRIBAIOTCH MOMEHYUANbHLIMU, A CHJIH, ACHCT-
BYIOIINE B HHX, KOHCEPEAMUGHbIMU, ITO, HATIPAMED, TMOMNA YIPYTHX, TPa-
BHTALHOHHEIX, 3NeKTpocTarudeckux cmn. Ecnm ke pabota, coBepmacmasn
CHJIOH, 3aBUCHT OT TPASKTOPHH NMEPEMEILEHHS TENA U3 OAHOM TOUKH B ApY-
IYIO, TO CHJIA HA3HIBACTCA AHCCHTIIATHBHOM; €¢ PHMEP — CHJIA TPECHRAAL

HecnoxHo nokasarts, 910 HONE ABMASTCA NOTCHIOHAIBHEIM, CCIIH Pa-
00Ta N0 NepeMeIeHUIO TeJia N0 MOOOMY 3aMKHYTOMY IyTH PAaBHA HYJIIO

j Fdi=0. (3.7)
c

Emge Gonee oueBnano, aro ecmu pabora no nepeMEmeHAIO TENa 1o
3aMKHYTOMY MyTH HE PABHA HYTIO, TO HOJIC HE MOKET OBITh MOTCHUHANE-
HBIM, TIOCKOIBKY NOTEHLMAJILHAA HEPTHA B OJHOI U TOH XK€ TOUKE A0 H
MOCJIE NEPEMEIICHAA NPAAAMANA OBl JBa Pa3HEIX 3HAUCHHA.

3.3. CBA3b CH/IBI M IOTEHIHA/IbHOH YHEPrun.
Ycio0BHe paBHOBECHSA

Teno, HAXOAACH B MOTSHLMANLHOM HONIE CHI, 00NajaeT NOTCHIM-
ampHON sHeprueii /1. IIpn mepeMemieHHn Tena B MOTCHOHATIEHOM IOJE
paboTa COBEpIIAETCA 3a CHeT YOBUIM MOTCHUHAILHON SHSPIrHH H MO3TOMY
UMeeT MPOTUBOHONOXHMI 3HAK dA = —dTT, unn

Fdr = -dil . (3.8)
HHrerpupys 310 ypaBHEHHE, TONYIUM
= —J‘ Fdr +const, (3.9)

TAE COtst — MOCTOAHHAS HHTEIPUPOBAHHS.
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TakuM 06pa3oM, DOTCHLHAIRHAS PHEPTHA ONMPEASIASTCA ¢ TOHHO-
CTBIO A0 HEKOTOPOH Npou3BoaLHOM nmocToaHHOM. [Tockonrky pabora on-
peAcHACTCA PAIHOCTRIO SHEPTAH HAUANEHOTO H KOHCTHOTO COCTOSHHIH, TO
KOHCTAHTA NPHU ITOM B3aMMHO YHUYTOIKAETCA U BoOOIIE HE ABIAETCA CY-
mecTeeHROH. [losToMy 3Ty KOHCTAHTY, ONMpEACHMOmMYIO TOUKY HymAd
MOTCHOMANBHON 3HEPruH, BHOHpaloT W3 coobpakennii yaoOcrea. Ha-
OpHMEp, AN NOJ CHIH YOPYTOCTH 33 HOMb OOHYHO MPHHHUMAIOT JHEp-
THIO B NOJIOKCHAH PABHOBECHA, @ AT TPABHTAMOHHBIX M ICKTPOCTATH-
YECKAX HOMCH — SHEPIHIO B YAANCHHOMH B G6CKOHSTHOCTD TOYKE.

BripazuMm cuny uepe3 MOTEHLHAMBHYIO sHepruio. Caenats 310,
noaenus o0e uactu (3.8) Ha dF , HENB34, HOCKONBKY ONEpalMd ACICHUS
CKaIApa HA BEKTOP NMOKa He ompeaencHa. Urobm pemmrte mpobmemy,
BOCTIONB3YEMCA MATCMATHUCCKAM TIOHATHEM 2paduenma. Ilo ompenene-
HHIO rpaaucHT ckamapa I7 (grad I7) — 370 BEeKTOp ¢ KOOpAMHATAMH

dil dir di
(—s—s'— )’ HIH
dx " dy dz
drf- dif - di;
rad =7+ 22 74055 ). 3.10
grad s 5 j+ % (3.109)
I'pagrenAT NoXa3HBACT HATIPABICHHS HAHCKOPEHINErO BO3IPACTAHUS
HEKOTOPOH BENMYMHHHL, 3HAYCHHE KOTOpPOH MEHAeTCd OT ORHOH TOYKH
OpocTpaHcTBa k Apyroil. Hanpumep, €ciu B3aTh BRICOTY HOBEPXHOCTH
3eMmH Hax ypOBHEM MOpPS B JBYXMCPHOM MpPOCTPAHCTBE (JONMTOTa—
IHPOTA), TO €6 TPAIUEHT B KAKAOH TOYKEe MOBEPXHOCTH OyAeT Hampas-
NeH B ropy. BakHo, 4TO CKalApHOE NPOM3BESJACHHE IPAAHCHTA ¢ Gecko-
HEIHO MANBIM BEKTOPOM TIepeMEmCHHA JacT nonnwii anddepenoman
3T0i PyHKIMH:

dar dar dr
ad I, dr )=—dx+—dy +—dz . 3.11
( gr ) pe dy dy dz /4 (3.11)
CpasauBai (3.8) 1 (3.11), MOXXKHO NOTYYHTD [ KOHCSPBATHBHEIX CHJT
F=—gradl = -ﬂ (3.12)
dr
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HITH IO KOOPAHHATAM:

F =—£,F =—£,F =_£ (3.13)
¥ dx 7 dy °© dz
Bua dyaxumm 7 saBucHT ot xapaktepa cunoBoro Homa. Tak, mo-
TEHUHATRHAA MMEPrUd Tela Maccoii m, HOOHATOTO HA BREICOTY A, HAXO-
aurca u3 (3.8):
Il =mgh. (3.14)

Haiinem noteHUmBaNBHYIO SHEPIHIO yNpyroacGopMAPOBAHHOTO TENA
(mpyxuner). B cooTBeTcTBUM ¢ 3aKoHOM ['yka, cuia ynpyroctu £, npo-
HOPLHOHANBHA AedopMaLiiH x:

Fyp = — kx, (3.15)

rae k — xosddumpent ynpyrocra.
Taxum obpazom, us (3.9)
IT = kx22. (3.16)

3aMEeTHM: HORHGR MEXAHUYECKR SHEPIUA CHCMEMbL PABHG CyMMe
Kunemusecroti 4 NOMeRYUaRbHOol sSHepii:

E=T+IT. (G.17)

INoroBopuM Temeph ¢ PaBHOBECHH TeJ (KOTJa TEIO COXpaHAET CO-
CTOSHHEC HOKOf) H CBA3H PAaBHOBECHA ¢ MOTCHOHATBHOH 3Heprmeil. M3
BTOpOrO 3akoHa HeloTOHA cneayer, UT0 0n3 pasrosecus weepawaroue-
2003 mena HeoBXo0uMo, Umobel 2e0MeMPUYECKAS CYMMA 6CeX NpUio-
HCCHHBIX BHEUHUX CUNt Db PAGHA HYMIO.

B notermmanenoM none 3T0 YCIOBHE CBOAHUTCA K CICAYIOMEMY
{cM. 3.12). Teno HAXOIUTCH B PABHOBECHH, CJIH OHO HAXOOUTCA B TOUKE,
B KOTOPOH IPAZHCHT MOTCHOHAEHOH SHCPTHH PaBeH Hymo. Tak, B oA-
HOMCGPHOM CIyd4a¢ AOCTATOYHBIM YCJIOBHEM PABHOBECHA ABIASTCA JIO-
KaJIbHREIH SKCTPEMYM B HCCIEAYeMOl Touke (YCIOBHEM NOKABHOTO DKC-
TpeMyMa auddeperummpyemoli pyHKUMA ABIAETCA PABSHCTBO HYMIO €€
IEpBOiT MPOH3BOIHOT).

PazmmaioT TpH Buza paBHOBeCHA Ko20a qiynxyus nomeHyuanoholl
IHEPSUY UMEeI FOKARBHBINE MAKCUMYM WY NEPe2ul, Mo PasHoeecue Heye-
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moiiuueo. B 310M caydae, €ClU Clerka CMECTHTD TENo,
TO OHO NPOAOIDKAT CBOC JBFDKCHAC 34 CYCT BO3HAKICH

OTKIIOHAIOIEH CHITHL
Kozoa gyuxyun nomenyuanvhoii swepauu umeem
a AOKCALHBIT  MUHUMYM, MO PAGHOGECUE  VCHIOHUNEO.

B 2mom CIy4ae, €0 CJICTKA CMCCTUTh TOIO, TO OO
BCPHETCA HA3an B COCTOAHHE PABHOBCCHA 34 CHET BO2-

HAKMCH BOBPAIIAIOMICH CHITHL.
Kozoa ¢ymamus nomemyuanbHoil  sHepzuy  s6-
6 RAEMCA KOHCIQHMOU, MO NORONCEHUE DPABHOBECUR —

Oespasayunoe. B 9TOM cnydae, €CH CNErKaA CMECTHTH

g TENO, TO CHIIA HE BOSHUKHET, H OII0 OCTAHCTCA B HOBOM
TOJIOKCHHH.

» Ilap B BepxHeii Touke cepHISCKOH NOBEPXHOC-

TH — OpUMEP HEYCTOHYMBOIO paBHOBECHS (pHC. 3.3, a).

Puc.3.3  [llap ma ame cipeprmeckoii HOBEPXHOCTH HAXOIMTCH B

COCTOSHHH YCTOiMmBOTO papHOBecHa (pmc. 3.3, 6).

A 1Wap, neskalnpii Ha MIOCKOEH TOPH30OHTANEHON HOBEPXHOCTH, HAXOAUTCA B
cOCTOAHAA Oe3pasTHIHOTO paBHOBECH (pac. 3.3, B).

PaccmoTprM B KawecTBe MpAMEpa XApaKTCPHYIO 3aBHCHMOCTE TI0-
TCHUHATBHOMN SHEPIHH, YacTO HCMONB3YEMYH NPH MOACIHPOBAHMM Ha-
HOTEXHONOTHH. JTO TOTCHUAAT MEKMONSKYJSPHOTO B3aHMOACHCTBHA,
HA3BIBACMEIN nomenyuarom Jlennapoa-Iiconca:

U(r) = A/ = BA® =Uf(ro/r)™> = Aro/r)], (3.18)
rae A u B — nonoxuTeIhHHE HOCTOAHHEE;
A= U, B=2Uprd.

Ha 6onpmmx paccTosAHIX MONCKyNH (B COOTBETCTBHH ¢ puc. 3.4)
NPATATABAIOTCA, HA MANBX PE3KO BCTYIIACT B CHITY OTTANKHBAHHC, B
HPOMEKYTKE — MOJNIOKEHUE PABHOBeCHS. HecnoikHO uepe3 mpOH3BOA-
HYIO ONPEACIIHTD, 9TO 'y — PABHOBECHOC PACCTOAHHS MEXKIY JACTHLAMH,
a Uy — royOuHa noTeHLManbHOM aMel. OYEBUAHO, YTO 3TO TMOMOKEHHE
VCTOHYIMBOTO PABHOBECHA.
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Puc. 3.4

3.4. 3aK0H coXpaHeHHs 3HePTHH

Haes 3akoHa COXpaHEHHs HEPTHH (MATEPUM, ABIKEHHS) WPHUHAA-
aexut M. B. Jlomonocory (1711-1765), mpuuem $opmymupoBra Iroii
AACH HMCEET rIobaNbHOS TONKOBAHHE: BCE H3MCHCHHSA, CNYIalOMUACCA B
UPTPOAE, MPOHCXOAAT TAK, YTO ECIIH YTO-TMO0 MPUOABUTCA K YeMY-THOO,
TO CTOJNBKO OTHHMETCA OT qero-mbo apyroro. Kopowe roeops, ecnmm B
OZHOM MECTE HPHOABHTCA, TO B APYToM yOaBHTCH.

BriBegeM 3aK0H COXpAaHEHHS MEXAHWYESCKOIH MEPrUM U3 BTOPOTO 3a-
roAa Heiotona. Mcnone3ys norame rpaamenta (3.12), ypaBHeHHE ABH-
JKCHHS MATCPHATBHOM TOYKH B CAIOBOM HOJIE MOKHO TIPEACTABHTD B BHAC

m—=—— (3.19)

YMHOXHM APAaBYIO H JICBYIO TaCTH 3TOTO YPABHCHHS CKATAPHO HA
BEKTOP CKOPOCTH YACTHIIBL:

_d¥ _ dll__ dIdF __dll (3.20)

V—=— = -

d dr | dr dt  dt




Ipeobpazopas neByo YacTh (3.20), nony4arM

d mp® dr
4 =2 3.21
dt( 2 ) dt @21)
HIH
d
—(T+INH=0, (3.22)
dt

OTKYZa TIOCHE HHTCTPHPOBAHHA CICAYCT 3AKOH COXPAHEHUS MeXanuye-
cxoil snepaun E:

E=T+ IT = const. (3.23)

(NORHAR MEXARUYECKAR DHEPSUS KOHCEPBAMUGHON CUCMEMBL COXPAHAET-
c). CyIecTBEHHO, YTO NPH BHIBOAE MPEANONATANIOCh, YTO MOTCHIHAID-
HAsA SHCPrHA YACTHIOH HE 3ABACHT B SBHOM BHIC OT BPCMCHH, 4 3ABHCHT
THIIb Mepe3 pagnyc-BeKTop (cM. 3.20).

M3 3akoHa coxpaHeHHs MeXaHH4ecko sHepruu (3.23) ciaeayer, 4To
T = E - Il(x). IlockonbKy KHHETHYECKAA SHEPTHAS BCErAa HCOTPHIATE -
Ha, TO YPAaBHCHHE

E-II(x) 20, (3.24)

OTpeACTACT AOCTYIHBIC (C TOYKH 3PCHAA KIACCHICCKON MEXaHHKH) 00-
NaCTH ABWKEHUSA (2Paruifbl OBUIICEHUS).

3aKOH COXpAHEHHA MEXAHUYECKOH SHEPTrUH ABI9ETCS YACTHHIM CIIY-
yaeM Bonee obmero 3axona coxpanernua u npespawenus snepeuu. U ec-
IH B Hamel cucTeMe AEHCTBYIOT BHCIIHHE CHJIM H OHA CTAHOBHTCA HE-
KOHCCPBATHBHOH, TO H3MCHCHHC DJHCPTHH CHCTEMHl paBHO pabore
BHCIIHHX CHII.

dr + dIl = dA. (3.25)

OTMeTHM B 3aKMIOYCHAC, YTO 3aKOH COXPAHCHHA H MPSBpPAICHHA
SHEPTAH ABIACTCA CIEACTBHEM OOHOPOOHOCMY GPEMEHY, APOABIAIONES-
rocd B HEU3MEHHOCTH (PUBHYECKUX 3aKOHOB ¢ TEUSHHEM BPEMEHH.

37



3.5. Ynpyroe H HEYNpyroe coyaapeHue Tea

BakHbIM OpHUMEPOM MPHMEHECHHA 3aKOHOB COXPAHEGHHA HMITYIbCA H
3HEPTAH ABIMETCA 33Ja9a O COYAAPCHAH (CTONKHOBCHAH, YAAPE) TElL.

Taxoe coyaapenme aByx (wm 6onee) Tenm NMPOHCXOAMT 34 CHUET
B3aUMOACHCTBHS, KOTOPOE OOBIMHO JIMTCA OYeHb KOpOoTKoe Bpema. Ha-
TpUMEp, TPH COYAapeHrH GUIBAPAHBIX APOB B3AUMOAEHCTBUE ofecme-
YHBAETCA CHIAMHU JAeopMaLMH IMAapoB NPU CONPHUKOCHOBESHUH. A COYAa-
PSHAE BNEKTPOHOB M HOHOB B ICKTPHYUCCKOM pa3psae MPOHCXOZHT 32
CHET KyJIOHOBCKOIO B3aMMOACHCTBHA, KOTOPOS BEIHKO JIMIIL B MIHOBE-
HUS HAMOOMBILETO COMMMeHUS YAacTUL, CHIB B3aHMOACHCTBHA MEXKAY
CTAJIKMBAIOIMMMHCA TEJIAMH H3-33 MAJIOIO BPEMEHH INPOIECCA CTOIb BE-
JHKH, YTO BHEIMHHMHU CHJIAMH B MOMEHT CTOJIKHOBEHHS MOXHO NpeHes-
peas. IlosToMy chcTeMy Ten mpH yaape MOXKHO pPacCMATPHBaTh Kak
3aMKHYTYIO H IPHMEHATH K HEl 3aKOH COXPAHCHHA HMITYTbCA.

Ecmu cymMMapHas KMHETHUECKAd HEPTHA T/ IOCIe COYAAPSHHA paB-
HA MX SHEPrHH A0 COYAAPeHHs (KMHETHHYECKAS JHEPTHA COXPAHACTCA), TO
COYJapeHHE HA3RIBAIOT yhpyeum. Eciu B mponecce COyAapeHHs NMPOHCXO-
AHT YMCHBIICHHG CYMMAPHOH KHHETHYICCKOH SHEPTHH CTANKHBAFOIIHXCSH
TEN, TO COYAAPCHHS HAIBIBAIOT Heynpyeum. AGCoriomno Heynpyaum yaa-
POM HA3KIBAKOT CTOIKHOBCHHE ABYX TEN, B Pe3yIBTaTe KOTOPOTO TeIA 00b-
SQHHAIOTCA, ABHTaiCh AAJIblIE Kak ¢auHoe Lienoe. IlpoaeMoHCTpOpoBaTh
abCOMIOTHO HEYIPYTHii YAap MOXHO ¢ MNOMOIIBIO IIAPOB U3 MIACTUIMHA.
A, HanpuMep, TPOLECC HOHM3ALMA MONCKYTH OBICTPHIM BIEKTPOHOM
ya00HO paccMaTphBaTh KaK YMPYToe COYZAPEHHE C nepeaadcii SHepran
BMEKTPOHY MOIEKYJIH SHEPTHH, NPEBRILIAIOLIEH NOTEHIHUAN HOHH3ALIAH.

CoynapeHHe HASHBAIOT yenmpanshbiv (TOGOBRIM), €CITH TEIA OO yia-
Pa ABIDKYTCA BAOTL NMPAMOH, Mpoxoasueii yepes ux LeHTph Mace. B mpo-
THBHOM CJIyYae COYZAPCHHE HASHIBASTCA OK06biM (HELICHTPABHBIM).

PaccMoTprAM LEHTpaNBHOS yNpyroe coyAapeHue OHICTPO JacTHIBI
¢ HenoABwkHON. M3 coOOpakeHHiT CHMMETPMH MOCE LEHTPAIBIOTO
yAApa YacTHIBL MO-TPEKHEMY MOTYT ABHTATHCH TOJBKO BAONbL TOH ke
OpAMO#, OpoXoAAIIeH Yepe3 HX HEHTPH Macce, TaK 4TO 334a4a CBOJUTCH
K OZHOMEPHOI. B 3TOM cryuae chpaBeANnBH CKAISPHBIC 3aKOHBI COXpPA-
HCHHA AMITYTECA H KHHCTHICCKOH SHCPIHH!
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Mv =Mv, + mv,; (3.26)

2 2 2
My _ My, L

) 3.27
2 2 2 3.27)

rae M — macca;

vV — CKOPOCTE OBHICTPOi (MepBOi) JACTHLL J0 COYAAPCHNAS;

V) — CKOPOCTb OBICTPOM JACTHOBI HOCIC COYAAPCHHS;

m — Macca;

V2 — CKOPOCTB BTOPOH TaCTHLHI NOCTIE COYAAPCHAS.

INoaenus nowIeHHO 3aKOH COXPAHCHMA PHEPTHH HA 3aKOH COXpaHe-

HHA MMIYJIBCA TAK, YTOOB COKPATHIHCH MACCH! (A1 3TOTO WICHR ¢ M
HAZO0 HEPCHECTH B JICBYIO TaCTh CHCTEMBI), MOy IHM

v+ =v,. (3.28)
IMoacraBne CKOPOCTH LEPBOi UACTALBI HOCHE COyaapeHus B (3.26),
NOAYIuM

_2M
Mim

v, v. (3.29)
BaxxHBM DapaMeTpoM JUIS 3ICKTPOHUKH H HOBRIX TEXHOJIOTHIA 4B-
NAeTCA JONA SHEPrHHU &, TepgeMad OnleTpoil YacTHUEH B CTONKHOBEHHM.
Ona HaxXOAUTCA KAK OTHOIICHHE MOTEPH SHEprHH AE HepBo# yacTHUEH K
MEPBOHAMANBHON SHeprun E. QueBrAHO, 9TO MPH YNPYTrOM CTONKHOBE-
HMH NOTepd SHepruu AE neppoii 4acTHIML paBHA SHEPTUH, OPHOOPETEH-
HOl1 BTOpOI HacTHOCH 5!
2 2 2
mv, 2M°m

AE=""2 - . (3.30)

2 (M+m)

OTCIOAA HMEEM

_2M’mv' MY AMm
(M+mpP 2 (M+m)*

(3.31)
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PaccMoTpuM ¢TydaH HAHOONEe BaXKHRIX COOTHOMEHHH Macc (0Au-
HAKOBHIX, PA3/IMYHBIX, CYIIECTBEHHO Pa3IH4HAIX). [Ipn 3TOM pasHEIMH
NONYYIAI0TCA HANPABICHAA CKOPOCTEH H JONA NEPeTAHHON SHEPrHH.

Pe3ynbTaT MaTeMaTH4eCKU MOATBEPXKIACT HAOMIOACHHE, YTO Hau-
Gonee rhpexmuanviitc 06men Inepzueli npu YNPYUX CoVOAPeHuAx 603-
MOHCEH MeNHCOy yacmuyamu co cpaeHumol maccoli. B wactHocTH, ApR
LIEHTPAIRHOM COVAAPEHHH HACTHULl ¢ OAWHAKOBOH Maccoit (M = m) u3
(3.31) uMeeMm & = 1, uTO 03HAUAET MOJIHYIO NMEPEAAYY IHEPTHH OT HAJIe-
TArOMmEH JacTHUH K HEMOABIDKAOH A MONHYIO OCTAHOBKY NEPEBOi WacTh-
I B PE3YILTATE YAapa.

Ecnu ke MacChl COYAApAIOIIHXCA YaCTHI] CYIIECTBSHHO PA3IH4HEI,
TO B 3HaMeHatene dopmyms (3.31) Moxno mpeHeOpeus Nerkoil Macco
00 CpaBHEHMIO ¢ Takenol. Tak, ecnu OnicTpas yacTHia 0onee MacCHUBHAA
(M >>m), 10

E=—<<l. (3.32)

Ecnu GnicTpas yacTHLA MEHee MaccHBHAA (M<<m), moayuum

&= ﬂ << 1. (3.33)
m

Pesymprar B ABYX MOCISAHHX CIYYasAX MOKA3HBACT, 9TO NPH LCH-
TPaJbIOM CTOIKHOBSHHH HacTHI] C CYLIECTBSHHO Pa3IMMHON Maccoit Ko-
14 mepenaBagMoil SHEPTHH HEBEIHKA. JTO CIPABEAIHBO HE3aBHCHMO OT
TOrO, KAKasd TacTHLA TKeNee — OBICTPad HIH HeNOABIKHAA, YacTHEIM
cay4aeM (3.33) aengeTca, HAMPUMED, CTOJKHOBEHHE IIAPA CO CTEHOM.

IMonyueHABIe 3aBACAMOCTH ATPAIOT OONBIIYIO PONE B JNCKTPOHHKE.
Tak, 13 (3.33) cnenyer, 9T0 YCKOPSHHBIH SMCKTPOH TPH CTONKHOBEHHH
aToMaMH H HOHAMH MOXKET HEPSAATh MM JTHIIb THICAYHYI0 JOMIO SHCPTHU
A MeHee, JIerkue 3MeKTpoHsl SHCTPO YCKOPAIOTCA B 3ICKTPHAYECKOM 10~
7€, HO MEANICHHO HEPEIAIOT CBOKO SHEPTHIO OKPYIKAFOTIAM THKEIBIM 1ac-
THUAM. B peaynpTaTe B paspaaHEIX H APYTUX SIEKTPOHHHIX mpHOOpax
YaCTO TEMICPATYPA SNCKTPOHOB OKABIBACTCA BO MHOTO a3 BHIIC TEM-
MepaTypsl aTOMOB. 14K, B ra3opa3paaHBIX OCBCTHTCIBHEIX JIAMITAX TCM-
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mepaTypa aToMOB H KOIOH COCTaBIFET COTHH, a TEMIIEPATypa BICKTPO-
HOB Pa3spija — THICAYH KEJIbBUHOB. JTO MO3BONAET FOPIYUM BIICKTPO-
HaM oddexTHEHO BO3OYXKAATH (C HOCTSAYIOIHM CBEYCHHCM) ATOMEL.
3aech U B APYTUX NpUOOpax OTPhIB TEMIECPATYP CNIIOCOOCTBYET HX BBHICO-
KO TONE3H0H MOITHOCTH A SKOHOMHYHOCTH.

A, Hanpumep, B cOOTBETCTBHH € (3.32) YCKOpPEHHBIE aTOMBI H HOHBI
CIOCOCHRI OTAABATH JIMIIbL MATYIO YaCTh CBOGH 3HEPTHH HA MOHH3ALHIO H
BO30YXKACHAC MONEKYJT CPSAbI.

3HaHHE OTHOCHTENBHOH NMOTSPH SHEPTHH MO3BOIACT OLCHHTE THCTIO
YIPYIUX LEHTPAIBLHRIX CTONKHOBEHHIT (J, TpeOyeMBIX ANS NMpaKTHYSCKH
TMOJTHOTO TOPMOKEHHA ORICTPOH JacTHLEL:

Qw%w — (334)

m.ﬂ

rac m,; H M, — MACCH COOTBETCTBCHHO TAKCIIOH H NETKOH CTANKHABAIO-
IHXCS YACTHLL.

Tax, gaxe ana coyaapeHuii OHCTPHX SMEKTPOHOB ¢ AAPAMHA ATOMOB
Bogopoza — mnporoHamMu Q = 1000. OgHako wncno HEOOXOAUMBIX A7
TOPMOMEHHA COYAAPCHHIE MOXKST 3aMETHO IPEBHINATh JAXe 3Ty OONb-
myo BeamumHy. Jlaneko He Bce COYIApeHHA YACTHL, LCHTPANBHBIC.
OBBMHO TaCTHIE NPH CTONKHOBCHHH JTHINE CTICTKA 2aACBAlOT OJHA APY-
I'VI0, TAK 4TO HEPEAAYa SHEPTHH MPH TOM MEHBILE, YeM NPH LIEHTPaJIb-
HOM yaape. Takme OOKOBHE VAAPH HMIparoT OOMBIIYIO pONB B TCOPHHA
CTOJIKHOBEHHH. YueT uX TpeGyeT BBCACHUS NOHATHA “CEUCHHME CTONIKHO-
BEHHA .

Wz dopmyn BRAHO, KAKAM CTAHOBHTCS HATIPABICHAC ABFAKCHHS TEI
MoCTEe CTOMKHOBSHHA. QNBIT Urphl B GUABLAPA MOKA3HMBAST, UTO ABHXY-
muiicad Iap OCTAHOBHTCA YK€ MPH NEPBOM YIOPYIOM LEHTPAIbHOM
CTONKHOBCHHH ¢ APYTAM TOYHO TAKHM XK€, HO HEMOABHPKHEIM INAPOM
{puc. 3.5, a). A nerxuii map Opy YIpyroM coyJapeHHH MPOCTO OTCKAKU-
BACT OT TSKENOTO H H3MCHACT HANPABICHHE CBOCTO JBHKCHHA (M BEK-
TOPHYIO XaPAKTCPACTHKY JBAYKCHHA — HAMITYIIEC), IOYTH HE MCHAA CBO-
et sHeprum (puc. 3.5, 6). HaoGopor, Takennii map, npHaasas CKOpoCTh
JIETKOMY, COXPAHACT HATIPABICHHE CBOCT'O ABIKCHAA (pHC. 3.5, B).
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Mo ymapa Iocne yaapa

=0 O0G*
. o= e
. (O~ o (O o=

Puc. 3.5

PaccMoTpuM Temeph LEHTpanbHEI a0COMIOTHO HEeynpyruil yaap,
KOTJa Temo MAaccH M n CROPOCTH V CTAaNKHBACTCA ¢ HETOOBHKHEIM TC-
7IOM MAccH 71, 3aKOH COXPaHSHHAA HMITYTbCa B 3TOM CIyUac AMEET BHA

MV = (M+m)v, (3.35)
TAE Vv — CKOPOCTB TEI [OCTIC COYAAPCHAA.
QOuepnaHO,
y=MY_. (3.36)
M+m

Ilocmeansas dopMyna MO3BONAST NONYIHATh PAA AOCTATOMHO O9C-
BHUAHHIX BRIBOAOB. [IpH HEYNpyroM yaape TEHKENOro TENA MO JIETKOMY B
TEIUIOBHC MOTEPH HACT Manad NOIA KHHETHUeCKo# »Heprun. Ecim ner-
KO€ TeNo ObeT Mo TKENOMY, TO IOUTH BCA SHEPrAA yXOAHT B Teruo. Ec-
JIH MacCH Te CPABHUMEI, TO KOHEYHAS KMHETHUECCKAS SHEPIHA CHCTEMHL
CpPaBHHAMA € TEIUIOBEIMH TIOTEPAMI.

Ecma coyaapeHue ABIMETCS HEOSHTpanbHEIM (6OKOBBIM), TO B 00-
IIEM CITy4ae HEOOXOAHMO YUMTRIBATH BEKTOPHBI XapakTep 3aKkoHA CO-
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XpaHEHHA HMITY/TbCA, KOTOPRIH PacnaaeTcd HA TPH YPAaBHEHHA MO KOOD-
JAuHATaM. Bopouem, Aja BRXXHOTO CTydad CTOMKHOBEHHUA OAMHAKOBHX MO
MACCE JACTHLL MOMKHO TIOYIHTE HHTCPSCHBIH pe3ybTar 663 KOOpJHHAT-
Horo paceMotperus. [1o ananorum ¢ (3.26) u (3.27)

MV = M3, + M7, (3.37)
My" M. M5, (3.38)
2 2 2 '

BRIpazHE HAYABHYIO CKOPOCTE ORICTPOi yacTunm u3 (3.37) u noa-

craeus ¢ B (3.38), monyanm
v, =0.

B aaHHOM Ciiydae CKAMApHOS IPOH3BEACHHE 00paIacTcs B HOMb B
ABYX cmydaax. Bo-nmepBHX, €ClM KOHETHAA CKOPOCTh OBICTPOH TacTHLBI
paBHA HYNTIO — JTOT CAy9al OEHTPANbNoro yAapa MH PacCMATPHBANH
BhiIe. A s GOKOBOTO yAapa OCTAacTCA Clydail, KOTAa YIod MexIy Ko-
HEIHBIMHA CKOPOCTAMH JacTHI npamoii. Taxknam obpazom, nocae 6oxoeoczo
YOapa nanemaiouiedl Yacmuysl RO HENOOBUINCHOT Yacmuye moill dce Mac-
Cbl HACMUYLL PAIEMAIOMCS OO NPSIMbIM Y2I0M. ITOT BHBOA CYLIECT-
BEHHO YIPOIIACT PAcCMOTPCHHS NOHH3AUMHA H BO20YKICHAA ATOMOB
3ICKTPOHHBIM YAAPOM.

4. KuHeMaTHKAa M AUHAMHKA
BpAalllATEJIbHOrO ABMXKEHHMA TBEPAOro TeJia

4.1. KHHeMaTHKa TBepAOro TeJia.
YrioBoe nepeMellieHHe, YIJI0Bas CKOPOCTD,
YIJI0BO€ YCKOpeHHe

PaccmoTpraM BpameHme TBEPAOro Tema BOKPYT HETOJBHDKHOM OCH.
Touku 2TOTO TeJia MpU BPAIATENBHOM ABHKEHMH OMMCRIBAIOT OKPYX-
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HOCTH Pa3HBIX PaJUyCcOB, LEHTPHI
KOTOPHBIX JIEKAT HA OCH BPaIlEHU.
Ilpm >TOM BCE TOUKH MOBOpadH-
BAIOTCS 3a BpeMs df Ha OJUHAKO-
BB yron dg. Ilycte HexoTOpad
TOYKA [ ABIDKETCS TI0 OKPYKHOCTH,
ONHCHIBACMONH  PagUyC-BEKTOPOM

L

7.(t) (puc. 4.1). Yroa nosopora ¢

BO BpamarcJIbHOM IBIKCHUU B-

JA€TCA  AHAJIOTOM  IPOMAEHHOrO Prc. 4.1

MyTH S B MOCTYTATEIBHOM JBHIKE-

HHH. YPaBHCHHS JBWKCHHS B HALIeM TPEXMEPHOM MHUpE HauOoJee HH-
¢dopmaTuBHBI B BEKTOpHOM BHAc. [TosTOMy HEOOXOIUMO 3a1aTh 6exMOp

yenoeoeo nepemewjerus d¢@ BO BpalIATEIbHOM JBUKECHHUU KaK aHAJOT

BEKTOPHOTO MEPEMEIEHNs dFF B MOCTYIATEBHOM JBHKEHHH. DTOT BEKTOP
HE MOKET OBITh HAMPAB/ICH MO HAMPABJICHUIO JBIKCHHUS TOUKH, MOCKOJBKY
IPH BPALIECHUH PA3HbIE TOYKH JBIKYTCS B PA3HBIX M MEHAIOLIMXCS HAIpaB-
JICHSIX, & BEKTOP VITIOBOTO NIEPEMEIICHHS TOJDKCH XapaKTePHU30BaTh HAIPAB-
JIeHUe BPAIIGHHS Tena B oM. [losToMy HampasneHue Bektopa d¢) (TOd-

HEC — ICCBAOBEKTOPA, MOCKOIBKY €r0 MOXKHO OTKIAIbIBATh U3 JIIOOOU
TOYKH OCI/I) 3a4a1UM HaIllpaBJICHUCM MOCTYIIATC/IIbHOI'O ABUXKCHUA OCTPUL
IIPaBOTrO BHHTA, FOJIOBKA KOTOPOTO BPAINACTCs B HAIPABICHUN ABIDKCHHUSA
TOYKH IO OKPYKHOCTH. [Ipn TakoM ompenaeieHHN IO npasuiy npasozo
GUHMC BEKTOP YITIOBOTO MEPEMEIICHH ISl TFOOOH TOUKH Tella HAIpPaB-

JICH B OJTHOM HAIIPaBIICHUH.
BBenem Teneph MOHATHE YIJIOBOM CKOPOCTH ), XapaKTEPU3y FOIEH
OBICTPOTY BpaleHus Te1a. [1o aHanoruu ¢ mocTynaTe/IbHBIM ABHKCHUCM
o= ﬂ , “.1

dt

IpHYEM BEKTOP YIJIOBOM CKOPOCTH () HMMEET TO K& HANpaBJICHUE,

urou d¢ .
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JIvneinas ckopocts Touku (puc. 4.2)
CEA3AHA C YINIOBOH CKOPOCTBIO COOTHOIIC-
HHCM

Ecnu ypasnenue (4.2) 3amicaTh B BeK-

TOPHOM BHIE, TO OHO CBSDKCT BEKTOPA CKO-

Puc. 4.2 POCTH, YLIOBOH CKOPOCTH M pajHyca OK-

PYXKHOCTH 0O NpaBUIy MNpPaBOrO BHHTA.

B 0600menHOM TpexmMepnoM BHAE YpaBHCHRA (pHC. 4.3) mpaBnny npaso-
IO BHHTA COOTBETCTBYET BEKTOPHOE MPOH3BEACHHE

7 =[&7], 4.3)
rge r — B o0meM CIydae Tpex-
MEPHBII1 (2 He ABYMEPHBIH) pagnyc-

BEKTOP NPOA3BONENON TOYKH TEHA.

Ecnu BekTOp YINOBOH CKOpO-
CTH TOCTOAHCH, TO BPAIICHHC Ha-
3HBAKOT PAGHOMEPHBIM C HEPHOAOM
T 1 4acTOTOi BpalieHM #:

T =2 = . @4

JanuM Teneps Mo aHATOTMH ¢ MOCTYNATE/ILHRIM ABHKEGHHEM OIIpe-
JENICHAEC YITIOBOIO YCKOPEHHA & KAK OBICTPOTH H3MEHCHHA YTIOBOM
CKOPOCTH:

. da
§=—. (4.5)
dt

Omars ke MO aHANOTHH IIPH YCKOPEHHOM JBHXEHHHM BEKTOp YIIO-
BOTO YCKOPEHHS COHANpPABNEH BEKTOPY YIJIOBOH CKOPOCTH, NpH 3aMeA-
JICHHOM — TIPOTHBOHATIPABNICH €My (B 000HX CIydJadx HAMpaBlcH B CTO-
POHY BIEMEHTAPHOTO NMPNPAMEHHUA YIAOBOH CKOPOCTH). YINIOBOE YCKO-
penMe MOMKHO CBA3aTh ¢ TAHTCHLMAIBHHIM yekopemmeM (1.11) ¢ momo-

mpio (4.2):



dv d(er) do
ar e — ) —
dt dt dt

B cBOIO odepeapb, YINIOBYIO CKOPOCTh YAOOHO CBA3aTh ¢ HOPMAlib-
HRIM yekopenmeM (1.13):

re . 4.6)

v2
a,=—=wr. %))
r

Ecnu cnoxuts ¢ noMoIpio TeopeMul ITndaropa TaHre HIMANBHOE U
HOPMATIBHOE YCKOPEHHA, TC TOIYSIHM I MOOYAR ROAHO20 YCKOPEHUR:

a=rlTid. 470

4.2. Pa6oTa nNpH BpamiaTeJAbHOM ABHXKEHHH.
MOMEHT CHJIbI

PaccmoTpum paloty, cosep-
IMACMYIO NMPH BPAMCHAH MATCPH-
albHOH TOYKM HO OKPYXKHOCTH
noj AcUCTBHEM NPOCKLMH AcHCT-
BYIONCH CANE HA NEPEMEICHAS
(TaHTEHLMALHOM COCTABIAIOMICH
cunnl). B cooreerctBuu ¢ (3.1) 1
puc. 4.4, mepeiias OT mapamMeTpoB
OOCTYNATSIBHOTO  JABIDKSHHA K

mapaMeTpaM BpaILATEILHOTO JBH- Prc. 4.4
xerns (dS = R dy),
dA - F dS =
’ Puc. 4.4

=FsR dp=Mdp. (4.8)

31ech BBEACHO MOHATHE MOMEHTA CHITH OTHOCHTEIBHO OCH Bpallie-
aus OO, kak npou3BeacHAe CANH Fy AA TNe4o CATH R:

M=FsR. (4.9)
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Kak sugHO u3 cooTHomeHHd (4.8), Momenm cunsl 60 epayames-
HOM OBUIICEHUN AGNACMCA AHANOZ0M CURbL 8 NOCIYNAMERbHOM O8ldICe-
HuY, MOCKONbKY 00a HapaMeTpa MpH YMHOXCHHA HA AHATOTH d¢ U dS
JaoT pabory. OueBHAHO, MOMEHT CHIIRI TOME JOJDKEH 3aJABaThCA BEK-
TOPHO, NMPHIEM OTHOCHTENBHO TouKH O ero ompezencHHe JacTces vuepes
BEKTOPHOE MPOW3BEACHHE H HMEET BAX

M = [RF]. (4.92)

OKOHUATENILHO: pafoma npu ePMYAMETLHOM OBUICEHUN PABHA CKA-
AAPHOMY HPOU3IBEOCHUIO MOMEHMA CUAIbL HA YeR0B0E NEPeMetyere:

dA =M dp. (4.10)

4.3. KuHeTHYecKas 3Heprus NIpH BpalmaTe/JibHOM
ABMKeHHH. MOMEeHT HHepIUHA

PaccmotprM  abcomoTHO TBEpAOE TENO, BPAMIAIOMEECA OTHOCH-
TEIbHO HeMOABIDKHOM OCH. MBICICHHO pa300beM 3TC TENO HAa GeCKOHeY-
HO MAJIH¢ KYCOYKH ¢ OSCKOHETHO MANBIMA PasMEpPaMH H MACCAMH MM,
My, N ..., HAXOAAIHECA HA PACCTOAHHA Ry, R,, Ry ... or ocn. KnreThue-
CKYIO SHEPrHIO BPALIAIOUIErocd Tela HalaeM Kak CYMMY KHHETHYECKHX
3HEPTAH €10 MATIEX YaCTCH:

mp? mRZw? w? Jes?
T=32,— =32, —==F2mRl ==; (411
J= X, mR}, 4.12)
rae J — MOMEHT MHEPLHH TBEPAOTO TENA, OTHOCHUTEIBHO AAHHOI
ocu 00,.

W3 comoctaBneHud GopMyI KMHETHYECKOH SHEPTHH HOCTYOATEINb-
HOTO H BpaImATENBHOTO ABIDKCHHH BHIHO, YTO MOMEHM UHEPWUU 60
BPAHAMERLHOM OBUNCEHNY AGRRAEMC AHARO2OM MACCHE 6 ROCIYNAMeRb-
Hom Oeuceruy. ®opmy na (4.12) ynoOHa A pacuera MOMEHTA HHEPLIHH
CHCTEM, COCTOAINMX H3 OTACTBHBIX Mar¢pHaTbHBEX TOWeK. Jns pacuera
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MOMEHTA HMHEPUIHH CIUIOMIHBIX TEJ, BOCIOIb30BABIINCH OINPEACICHUEM
HHTEIrpaia, MOKHO npeobpazosats (4.12) k BHAY

J = [ R%dm. (4.13)

HecnoxHo 3amMeTHTh, 4TO MOMEHT HHEPLIMH 3aBUCHT OT BBIOOpa OCH
U MEHIETCS NPH €€ MAapa/UIeIbHOM IepeHoce u mosopote. lIpusenem
3HAYCHHUI MOMEHTOB HHEPIINH JUI HEKOTOPBIX OJHOPOIHBIX TSI

U3 (4.12) BunHO, 9TO MOMEHT UHEPYUU MAMEPUATLHOT MOYKY PABEH

J. = mR?, (4.14)

IAe /M — Macca TOYKH;

R — paccTosHMe 10 OCH BpalleHHUsL.

HecnoxHO BEIMHCINTE MOMEHT HHEPLIHHU U IJIS 1107020 MOHKOCHIEH-
H020 yuaunOpa (WM YacTHOTO CAy4as LUATHHAPA C Malol BBICOTOH —
MOHKO20 KOAbYA) pagryca R OTHOCHTEIBHO ocH cuMmMeTpun. Paccrosanane
JI0 OCHl BPAIIEHHA BCEX TOUEK A TAKOTO TEIa OAMHAKOBO, PABHO paany-
CY M MOKET OBITh BBIHECCHO M3-TIOJ 3HAKA CyMMEI (4.12):

Joy = XioymiRE = R2Y2, m; = mR2. 4.15)

Crnaownoi yununOp (AN YaCTHRIN CITyYald LFTHHAPA ¢ MO BBICO-
TOW — Ouck) paguyca R mng pacuera MOMECHTA HHEPLUM OTHOCHTEIBHO
ocu cummeTpuu TpeOyeT BerumciacHus uHTerpana (4.13). Macca B 3tom
CIIy4yae B CPEOHEM COCPEAOTOUCHA HECKOMBKO OIIIKE K OCH, UYeM B CITydae
MOJI0TO LUITHHAPA, U GopMya Oyaet noxoxa Ha (4.15), HO B HEH TOSBUT-
¢ KO3 dHUUMCHT, MeHbIIHH ¢auauLbl. Hatizem stot ko3dduiiueHt.
Ilycre CrTOIMHOM LIMHAP WMEET TUIOT-
HOCTB p H BBICOTY /. Pa3o0beM ero Ha monbie
OWIMHAPH (TOHKUC MIWIMHIPHICCKUC MOBCPX-
HOCTH) TOMIOUHON dr (Ha puc. 4.5 mokaszaHa o
MPOCKINS, TICPHCHANKYIIPHAS OCH CHMMCT-
pun). OObEM TaKOTO MOJIOTO ITHHAPA PaJUY-
ca r PaBCH IUIOIIAAW TIOBCPXHOCTH, YMHO-
JKCHHON Ha Tomumwny: dV = 2xrh dr, Macca:
dm = 2mphr dr, a MOMCHT HHCPIIH B COOTBCT-
creu ¢ (4.15): dJ = *dm == 2mphr’dr.

Puc. 4.5
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TlomHEIN MOMEHT MHCPIMH CILIOLTHOTO MIMHAPA MOTYyIACTCSl HHTCT-
PUpOBaHUEM (CYMMHPOBAHUCM ) MOMCHTOB HHCPIIAH TTOJTBIX LIATHHAPOB:

] = 2mph ffr3dr = gth‘*.

C y4eToM TOro, YTO Macca CILIONIHOTO ILHIMHAPA CBSA3aHA C IJIOT-
HOCTBIO (OPMYIOH m = ZR*Mp MMEeM OKOHUYATETBHO MOMEHT MHEPIMH
CILTOUTHOTO LWJIUHIPA!

mR?
Joy == (4.16)
dl AHAIOTHYHO HINETCI  MOMEHM
| ° -;I: | UHEPYUYU MOHKO20 CMEPHCHs AJTAHBL L
-L/72 0 I L72 U MacChl m, €CJIH OCh BPAINCHUA IICP-
Puc. 4.6 NEHAUKYJSIPHA CTEPXKHIO U IPOXOJUT

yepes ero cepeauny. Pazobbem Takoit
CTep)KEHb B COOTBETCTBHH C puc. 4.6 Ha xycoukn tommmHOU dl. Macca
TAKOTO KyCOUKa paBHa dm = m dl/L, a MOMCHT UHCPIIH B COOTBCTCTBHU C
(4.15) dJ=FPdm= I* m dl/L. TlonHe1ii MOMECHT WHEPLUN TOHKOTO CTEPXKHS
TIOJTYYACTCS  WHTCTPUPOBAHUCM  (CYMMHPOBAHHCM) MOMCHTOB HWHCPLIUH

KyCOYKOB: | = % f—Lij

MCHT UHCPLU TOHKOT'O CTCPXKHA AJTUHBI L v macch m:

[2dl. Baarue M€MEHTApHOTO MHTETpAia AT MO-

mL?

J.= - 4.17)
Heckonpko ciaokuedt Oepercs MHTE-
A JRT—,7 TPl TIPH TOHCKS MOMEHMA uHepiyuL 00-
HOPOOHO20 wapa pamayca R v Maccel m
r dr OTHOCHTENPHO ocu cummeTpun. Ilycrs

— CIUIONTHOY IMap MMEET INIOTHOCTS p. Paso-
ObEM €ro B COOTBETCTBHH C pHC. 4.7 Ha
TIOJIBIC TOHKWC IPUTHHAPHI TOMIMUHOHN dr,
Puc. 4.7 OCb CHUMMCTPHUU KOTOPBIX COBIAIACT C

ochio BpatieHus mapa. O0peM Takoro mo-

JIOTO IIUTHHIpA Paaulyca F PaBeH ILIOMAIN TOBEPXHOCTH, YMHOKEHHOH Ha

TOJILIHHY:
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dV = 2nrhdr = 4nrvRZ — 12 dr,
TA¢ BRICOTA HUIHHApA h HaliieHa ¢ HomoMb30oBaHHEM Teopembl [Thdaropa:
h=2VRZ—7Z.
Toraa HecnoXHO HATH MacCy TIONOTO UHITHHAPA:
dm = 4npr\/w dr,
a TAKKe MOMEHT HHEPIHHM B COOTBETCTBHHM ¢ (4.13):
dJ = Pdm = 4mpr3VRZ — 12 dr.

IMonneii MOMEHT HHEPUMH CIUIOMIAOTO MAPa MONYIACTCA HHTCTPH-
poBaHMeM (CYMMHPOBAHHEM) MOMEHTOE HHEPLHH TIOJIRIX LTHITUHAPOB:

] =4np ff 3VRZ —ridr = 2np foR r’VRZ—r2d(r?) =
= —2np f: T’WRZ =12 d(R? -1%) = %npRs.

C y4eTOM TOro, YTO MACCa CIUIOLIHOTO IAPA CBA3aHA ¢ MIOTHOCThIO
N 4
dopmynoii m = ;npRB, HMEEM OKOHYATCIIPHO MOMCHT HHSPLOHH OTHO-
CHTENBIO OCH CHMMETPHH OZHOPOZHOrO mapa pagayca R Macch m:

Ju =25, @.18)

4.4. Teopema lliTelinepa

Ionats TO, KAk MCHACTCA MOMCHT HHEPLHH IIPH NAPATUICALHOM IIepe-
HOCE OcH, moMorasT TeopeMa Illreiinepa. [lng ee A0ka3aTeIbCTBA PACCMOT-
PHMM TIPOH3BOIBHOE TBEPAOE TENIO MACCHL 1 B MPOSKIHH, NEPNCHIUKYIAD-
HOI oCH BpameHus O, mpoxosamei depes neHTp mace tema (puc. 4.8).
PaccmoTpuM ApyTyio NPOH3BONLHYIO OCh BpAllEHHA (), NapaliebHYIO
ocH O H pacnoNOXEHHYIO Ha PACCTOSHUH & OT Hee.

MomeHT nHepOHH OTHOCHTENEHO OCH O paBeH:

Jo=ZZ,mR. (4.19)
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Puc. 4.8

AHATOrHYHO MOMEHT HHCPUHH OTHOCHTC/IBHO OCH O]
_ o 2
j - Ei:l miRu‘- (4-20)

Bocrnonbs3oBaBuixck TeM, UTO KBAAPAT BEKTOpPA PABEH KBAAPATy €ro
Moayas v Ry; = R; + d, nonyunm

- . s 2 ey
]=X, ﬂ}.ins = X2 m(Ry + @) = X2, mR; + X2, ma? +
+22;>o:1 miRid =]0 +dZ 2?0:1 m; +2&2?0:1 mERi. (421)

I'lo ONpeac/JICHHID HCHTPAa MacC NoCACAHAA CyMMa paBHA HYJIHO, OT-
KV CICAYET:

] =Jo + ma®. (4.22)

J10 1 ectb Teopema Llreitnepa: Movenm unepyuu menra omuocu-
MeIbHO NPOU3BOTLHON OCU GPANEHUS PAGEH CYMMe MOMEHmMA UHepyul
IMO20 Mend, 635mMo20 OMHOCUMENLHO NAPAINENbHON el 0CU, NPOX00s-
wetr yepes yeHmp Mace, i NPouU36eOeHls Maccsl meia Ha Keaopam pac-
CHIOAHUA MEAHCOY OCAMIL.

N3 teopemsr LTeiiHepa caeayer, uTo MomMeHm uHepyu MuHUMAaneH
OMHOCUINENBHO OCU, NPOXOOSUeTs Yepe3 YeHmp Macc meid.

Teopema no3sossiet, Hanpumep, U3 (4.17) BBIMHCIUTD MOMEHT HHEP-
LMK A1 MOHKO20 CMEPXHCHA ANMWHBI L, €ciii 0Ch BPaLECHHs NMEPCHINKY-
JSIPHA CTEPKHIO M MPOXOJHT UEPE3 €10 KOHELL:

mL?

Je="5 (4.23)
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4.5, YpaBHeHHe AHHAMHKH
BpalIaTe/AbHOTO ABHXKEeHHA

Ecnn Ha Teno AcHCTBYET MOMEHT CMIM M, TO OHO HAYMHACT Bpa-
marses. Ilpu 210M paboTa NpUNOKEHHON CHITEI dA MAET HA YBCIHYCHHE

2
KAHCTHYCCKOH OHeprmu Bpamenns dI: dA=dT nmm Md(p=dj%;
Mowdt = Jodw.
IMocne npeobpasoBaHHii MMEeM OCHOBHO® YPAaBHCHHE AUHAMMKHU
BPAWIATCIETIONO JBAYKCHHA!

M=Js (4.24)
HIH B BeKTOpHOM BHAC:
M=Ji 4.25)

OHO ABIAETCA AHANOTOM BTOPOro 3akoHa HbloTOHA, MpHYeM BMECTO
CHJIBI, MACCHI M YCKOPEHHS GUTYPHPYIOT HX AHAJIOTH: MOMEHT CHJIH, MO-
MCHT HHCPLFH, YTTIOBOC YCKOPCHHAE.

ChopMynapyeM Tenepb OKOHYATENBHO ABA YCIOBHA pPABHOBECHA
TeA (KOTAA TEJI0 COXpaHAST cOCToAHMe nokoa). M3 sroporo 3akona Hero-
TOHA, KaK TMOKA33aHO BHINE, CICAYET, ITO O7 PAGHOGECUS MER Heobxo-
OH.MO, ymobist CEOMEMPUHECKAR CYMMO 6CEX RPUAOICERHBIX GHEMHUX CUTI
Goura pasra Hyrio. 13 ocnoBHOTO YpaBHEHHS AAHAMHKH BPAIATCIBIIOTO
OBIDKCHASA CTICAYET, UTO O PABHOGECUR MEAA HeOBX00UMO, umobvl 2e0-
MEMPULECKARA CYMMO BCEX RPUAONCEHHBIX BHEWHUX MOMERMOEB CUR Ovina
PABHA HYIO.

4.6. 3aKOH cOXpaHeHHs MOMEHTa HMNYJIhCa

OcroBniOE ypaBHCHHE AHHAMHKH BPAIIATCITBHOTO ABMKCHHA (4.25)
MOKHO TIEpenmucars B Goee obmeM BHAE:

—  d(Ja) _dL
M= ? _t’ (426)
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