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§ 29. Cuabl M noTeHUHAIBHAA 3HEPrUd

1. Baaumodeticmsue mea MOMCHO ORUCHLIBAMS AUGO ¢ NOMOWLIO CUA,
AUBO C NOMOULBI0 NOMEHYUAABHOL IHepeul KaK (QYHKQUUL KoopOuram
e3aumodeticmeyouyux yacmuy. B MakpocKomHyecKod MexaHHKe IpHMe-
HUMBl 00a crnocoba. IlepBbifi croco6 o6gajaer HECKOJbKo BoJib-
el oDIHOCTbIO, TAK KaK OH NPHMEHHM H K TaKHM CHJaM (Hanpumep,
CHJ/IaM TPEHHs), JVI KOTOPHIX HEeNb3f BBECTH NOTEHIHANbHYIO SHEPTHIO.
Bropoii xe crioco6 NpUMeHUM TOJBKO B CJIydude KOHCEPBATUBHBLIX CHJI.
Ho B kBaHTOBOH MexaHHKe, HMeOLIell JeJ0 C siBJeHHAMH MHKDOMHDA,
JUCCHMATHBHLIX CHJ HeT, H B HeH ]/ OmHcaHus B3auMojeficTBuA ua-
CTHIL NPHUMEHSAETCST HCK/IOUUTENBbHO BTOPOH croco6. B ypaBnenus aBH-
JKeHHs1 KBaHTOBOH MeXaHHKH CHJIBl He BXOAAT, @ BXOIHT JHIIb MOTEH-
1iUadbHAs SHEprus B3aUMOJEHCTBYIOWIHMX vacTuil. Pasymeercsi, B 3TOM
naparpade BONpOC paccMATpHBAETCsl TOMBKO B paMKaxX MAKpOCKOMH-
4ecKOfl MeXaHHKH.

2. 3Has feficTByIOIMHe CHJBl KaK GYHKIMH KOOPJAMHAT MaTtepHasb-
HBIX TOYEK CHCTEMbl, MOKHO BHIYHC/JIHTbL €€ NMOTEeHLHANbHYIO 3HepTHIO.
Dra 3ajaua pelaercs uHmezpuposanuem. Ilpoctefiiine mpHMepHl Ha
TaKoe BoiuncseHye Opiik nipuBeseHsl B § 25. MoxHO noctaByTh % o6pat-
HYIO 3aJa4y: BbIYHC/IHTh JeHCTBYIOLINE CHJBL 10 3aJ1aHHOH MOTeHIHANb-
HOH 3Hepruu Kak (YHKIHH KOOpAHHAT B3aHMOJEHCTBYIOMHX MaTe-
pHaJbHBIX TOYeK. DTd 3ajaya pelIaeTcs C MOMOIIbIO Gosee MpOCTOH
MaTeMaTHUecKoOH omepauun — Jugdgheperyuposanus. PaccMoTpuM cHa-
YyaJja OT/eTbHYI0 MaTepHaJbHYIO TOUKY, HAXOJAILYIOCA B CHJIOBOM Il0JIe
KaKHX-TO HEMOABHKHHIX Tei. EcC/AH cuibl KOHCEPBATUBHBIE, TO MOXKHO
BBECTH IIOTEHIHAJbHYIO 3Hepruio U, xortopofi o6JajaeT MaTepHasb-
Hasi TOYKa B paccMaTtpHBaeMoM CHJIOBOM mnosie. Beauunna U 6yjer
¢byHKUHeHd pajuyca-BeKTOopa # 3TOH TOYKH H/M €€ KOOpJHHAT X, Y, 2.
Ilycre Touka mpetepresa MpoH3BOTbHOE OeCKOHEYHO Majioe Iepeme-
menue dr. Ecau F— cuia, jefictByiomasn Ha Hee, To pabora 3Tofi cu-
Jbl TIpH TAaKOM NepeMellleHHH OyJeT paBHa yObAH NOTeHUHAJIbHOH
SHEPTHH:

Fdr=—duU. (29.1

D70 paBeHCTBO CIIpaBeJUINBO, KAKOBO Obl HU ObLIO MepeMellieHHe dr.
ITostomy, ecau ¢yukuus U (#) u3BeCTHa, TO OHO IOJHOCTBIO ONpeje-
Jsier cuay F 1o BeiunHe u Hampas/eHHo. B camom Jene, 4ToObl HafiTH
BeKTOp F, JOCTaTOYHO ONpeletnTh ero npoekuud F,., F,, F, na xoop-
JIHHATHBIE OCH TPSIMOYTOJIBHOHN CHCTEeMbI KOOpAHHAT. B 3THX mpoekuusax
ypassenve (29.1) sanuiuercs Tak: '

Frdx+F, dy+F, dz=— dU. (29.2)

JlonmycTHM, YTO CMellleHHe IIPOHCXOAUT BJOJAbL KaKoH-H60 OJHOM KOOp-
nuHaTHO# ocH, Hanpumep och X. Torma

Fodx = —[dU],,
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H, CJelloBaTeNbLHo,
&=
MHpeKcer y, 2 03HAYalOT, YTO NPH CMEILEHHH, A CJENOBATENbHO, H IPH
InddepeHPOBAHHH KOOPAUHATH ¢ M 2 JOJBKHB OCTAaBAThCSl NOCTOSIH-
ubiMH. MubiMu cosamu, U (x, y, 2) npy auddepeniy popanu i J0JKHA
paccMaTpHBaTbCsi KaK (QYHKIMS OJHOTO aprymeHTa Xx; OCTaJbHbie JBa
aprymesTa, y u 2, sBJAIOTCA napamempamu, KoTopsie npH puddpepen-
IIMPOBAHHH MO X JOJIXHBLI OCTABAaTbCH TOCTOSHHBIMH., BeJHUHHBI, ITI0-
Jydawlliecs B pe3yJbTaTe Takoro JHpdepeHIHPOBAHHS, HA3LIBAIOTCA
wacmrvimy npoussodrsimy Gyskuu U. OHu 0603HAYAIOTCS CHMBOJIOM 0,
B OTJIMYHE OT CHMBOJIA d, NpHMeHsieMoro npH AubdepeHIHpOBaHHH
GYHKUHHE OJHOTO HE3aBHCHUMOTO MEpPEMEHHOro. AHasjoruynbie coobpa-
JKeHHS CNpaBejMBel H IJs [POEKUUH CHJBl BIOJML OCTaNbHBEIX IBYX
ocefl Y u Z. Takum o6pasom,
oU ou ou '

Fx:“"&’ Fy=_5j’ F =7 (29.3)
Ecmn oyukuus U(x, y, 2) u3BeCTHA, TO HaXOXKIEHHE COCTABJSIO-
uux F,, Fy, F, cBOAUTCA K BBIYHCJIEHHIO €€ YACTHBIX MPOM3BOIHBIX
no KoopauHatam. Pasymeercs, ¢opmyanl (29.3) oTHoCATCA TOJNBKO K
CJIy4al0 KOHCEPBATHBHEIX CHJI.

Fe=— <dU>y, 2

Ipusegem npumep. HaMepss moTeHUHANbHYIO SHePIHIO PACTAHYTOM CIHDPANBHOM
APYKHHKI, HALLIH, YTO OHa ompelensercsl BolpaxendHem U =1/, kx?, rie x — yauu-
HeHHe NMPYXHHH, a k—TocTosinpass. HampaBuM ocb X BJIOJB OCH NPYXHHE, 3aKpe-
MHB OJHH KOHEIl ee, a APyroil 6yneM ylepxuBatb pykofi. Toraa U Gyaer GyHKIHeR
TOJbKO OJHOH KOOPEHHATH x. PacTsiHyTasi NpyxHpa JeficTByeT Ha PyKy ¢ CHJIOH

~_U__U_ 4l s\
f —‘a—;——a——dx<2kx)——_kx-

3HaK MHHYC yKasmBaeT, 4ro cuJsa F nampaBiena B CTOPOHY, IIPOTHBONOJIOXKHYIO
CMEIlEHHIO, T. €. SIBJIACTCA CUAOL RPUMAdNCHUA.

3. Tpu dopmyast (29.3) MoXHO OOBEIMHHTL B OJHY BEKTODHYIO
¢dopmyny. C 37Ol HEJbIO YMHOXKHM 3TH (GOPMYJBI HA €IHHHYHBIE BEK-
TOpE KOOPAMHATHBIX ocelt i, j, B M caoxuMm. B pesysabrate nosyuum

F=-—gradU, . (29.4)
rae cumBosioM grad U o6osHauesa cymma
_ou, U . oU :
gradU=571+5y‘J—{—§k. (29.5)

Ona, corjacHo cooTHoueHHIO (29.4), siBasercs BeKTOpoM. Bekrop,
onpenessieMblii  cooTHOweHuem (29.5), HasbiBaetcsi epaduenmom cKa-
aspa U. Ilas Hero, Hapsny ¢ obosnavennem grad U, mpumensiercs
Takxke obosnaueHue VU, 3nech V («nHabna) o3HauaeT CHMBOJHUECKHH
BEKTOP HJIH onepamop

d.,0.,, 0
V=b—~xl -{-@J‘l‘&k» (29.6)
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Ha3elBaeMblfi onepamopom Iamursmona (1805—1865) uiu Habna-onepa-
tTopoM. Takum o6pasoM, VU ¢opMalbHO MOXKET PACCMaTpPHBATLCS
Kak [IpOH3Be/leHHe CHMBOJHUECKOTO BekTopa y Ha ckaasp U. IloHsiTHO,
4TO MOXKHO TOBOPHTR O TIpajiHeHTe He TOJNBKO QyHKUHH U, HO H JIo-
Goii ckanspHodl GyHkuuu KoopiauHaT. [loHsTve TrpamueHTa IIHPOKO
NpHMEHsIeTC B CaMblX pa3HooOpasHbIX Bompocax GU3HKH H MaTeMa-
THKH.

Ja ysicHeHHs] TeOMETPHUYECKOTO CMBIC/Ia PPajiieHTa MNONe3HO BBECTH
NOGePXHOCIU YPOBHS, T. €. TaKHe NOBEpXHOCTH, HA KOTOPBIX ckajisap U
ocTaeTcsi NOCTOSIHHBIM. IlyeTh S — oaHa H3 TakUX MOBEPXHOCTeH H
NycTh OHA NPOXOJAHUT uepe3 TOUKY NpOCTpaHCcTBa /, B KOTOPOH HIeTCs
grad U (puc. Bb). ITomectuM B 37O TOuKe Hauajto Koopaunat. Ocb X
HaNpaBHM MO HOPMAaJH K NOBepXHOCTH ypoBHsa [/ = const, nposens
eIMHHYHBIH BeKTOp [ B cTOpoHY BozpacraHusi U. Koopaunarhee ocH Y
m Z pacmojio)karcsi B IJIOCKOCTH,
KacaTeJbHOH K IOBEPXHOCTH YPOBHS
U = const. §lcHo, uto npu Takom
BHIOOPE KOODJHHATHBIX Ocell YacTHhle
IIPOU3BOJIHBIE %_j H g[?/ B paccMmarp-
BaeMOH TOUKe mpocTpaHcTBa obpa-
TATCA B HYJb, Tak 4ro B ¢opmy-
Jge (29.5) ocraHercsi OHO TO.HbKO

neppoe caaraemoe: grad U= ~—t Puc. 55,

HameHUM Tenepb ofo3HaueHHS. Ezm-

HUUHBI BEKTOp HOpMaJH K TOBEpXHOCTH ypoBHst U = const ofosHa-
YMM CHMBOJIOM 72, @ pacCTOstHHE MeXAy ABYMsl OeCKOHEUHO G/IM3KHMH
nosepxHoctTami ypoBHa U u U - dU, u3MepeHHOe BJOJbL HOPMAJH,
T. €. PACCTOsSIHHE MeXJy Toukamu [/ u 2, — cuUMBoJioM dn. Toraa ode-

ou _ dU ou
ix = dn . OTy BeJqnunHy uauie 0GO3HAUAKOT MOCPEACTBOM -
H HAa3LIBAIOT 1pou3so0rot ckarapa U 6 Hanpasieru HOpMaau K nosepx-
Hocmu yposHa. B 3ToM HampaB/aeHHH BejuuyuHa {/, OUeBHIHO, H3Me-
Hserca Haubosee ObicTpo. Takum -o0pazoM, B HOBHIX 0GO3HAUCHHAX

¢dopmyaa (29.5) npumer Bun
grad U=V n. (29.7)

BUAHO

Orcrona BuaHo, uto epaduenm gynxyuu U ecmy sexmop, nanpasertbil
no Hopmaau K nogepxrocmu ypogwa U = const e cmopony eospacma-
rus U; e20 0auHa 4ucienno pasHa npoussooHol no wopmaiu gyrkyuu U
K moti gce nosepxtHocmu. IIpeuMyliecTBO TAKOrO ONPEJENEHH s 110 CpaB-
HEeHUIO ¢ onpejeneHueM (29.5) COCTOMT B TOM, UTO OHO UHBAPUAHNIHO,
T. €. COIEPKHT TOJIbKO BEJHUHHB! H NOHSITHA, HMEIOLIHE HellOCPeICTBEH-
HbIfl TEOMETPHUECKHH CMBICH, W He COJIePIKUT HMUETO TAKOro, 4TO BHO-
CHTCS CaydYaliHBIM BBIOOPOM KOODAWHATHOH CHCTEMBI.



162 PABOTA U 3HEPTHUSA [rJ. 1v

OTMeTHM ellle OiHY NPOCTYIO, HO BaxHylo ¢opmyay. IlpoBesem depes
TOuyky / (cM. puc. H55) oTpe3oK npsimoil /3 moj yriom ¢ K HOPMAJH n.
Toury 3 Bo3bMeM Ha noBepxHoctH ypoHs U 4-dU. launy storo orpeska
o6osnaunM ds. Tak Kak TOUKa 3JeKHUT Ha TOH XKe OBEPXHOCTH yPOBHS,
UTO M TOYKa 2, TO npupaieHns GyHkuun U Ha otpeskax /2 u I3 Oyayt
OfHH U Te Xke. Tak Kak camMu OTpe3KH GecKOHEeUHO MaJbl, TO yYaCTKH
noBepXHOCTeli yPOBHS, Uepe3 KOTOphble OHH IIPOXOAST, MOTYT CUHTATHCH

NJIOCKHMH, 2 NOTOMy ds= Ha stoM ocHoBauuu

cosa.”
au (—iLj cosa,
ds — dn
HJIH B HHBIX O0O3HAUYEHHAX
oU aU U
G = an cosa—ﬁ(ns),

. ov
Tle § — €JIHHHYHBIH BeKTOp B HanpabjieHHH oTpe3ka /3. Benuuuna 3

Ha3bIBaeTCsl NPOH3BOAHOA QyHKuHH U B TOM JKe HAnpas/eHMH. quH
ornpefiesieHye TpajueHTa (29 7) MO yYUM

35_ = (s grad U). (29.8)

@opmyna sra crnpaBefMBa HE3aBHCHMO OT KOHKPETHOTO CMBIC/IA
¢dyuruuu U. Ecan U sBasiercst NOTEHLMANbHOH 3Hepruell Marepualb-
HOHA TOUKH, TO ¢ yueToM (29.4) dopmysa mpHHUMAaer B[

aU
U (Fs),
HJIH
ou
Fs:_ ’a’s‘, (29.9)

4yTO, KOHEUHO, JerkKo MOJy4YHTb M NpsMo u3 (29.1).

4. ®opmyant (29.3) TpuBHAMBHBIM O6pasoM o6obliatoTess Ha Cayyai
[POU3BO/ILHON CHCTEMBl MATEPHAJbHBIX TOUEK C OJHHMH TONBKO KOH-
CEepBaTUBHLIMH cu/1amu. B 3TOM caywae morteHpManbrast sHeprusi U
siBasercss (QyHKUMEH KOOpAHHAT BCeX B32aHMOJEHCTBYIOUIMX TOYEK.
Bumecto (29.3) crmenyer mucathb

ou ou ou

Fix=_a’x:,y Fiyz_gy—i; th“"'az_i- (2910)
3pech x;, Yi, 2; — KOOpAMHATHl (- MAaTepHAJIbHOH TOYKH CHCTEMH,
a Fi, Fiy, Fi; — KOMIIOHEHTH AEHCTBYMOmEH Ha Hee cuibl. Howmep i
MOXKET IIpoferarh BCe BO3MOKHBIE 3HAUEHHS, TaK 4to dopmyJsl (29.10)

CTIpaBeUIUBHL AJifl Kax<IOH TOYKH CHCTEMHI.
5. 3aKOH COXpaHeHHs 3HEPr¥H B MeXaHHKe SIRJIfeTcs CleicTBHEM
ypaBueHus ABHxeHHA HerotoHa. MoxHO jiH Hao60pOT BbIBECTH ypaB-
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HeHue JBuxKeHHs HbloToHAa N3 MeXaHMYeCKOro 3aKOHA COXpaHeHHs
sHepruu? Ha 3TOT BONpOC cjlelyeT OTBETHTL OTPHIATEJNBHO. Y paBHeHue,
BBLIP@XKAIOMee COXPAHEHHE 3HEPTHH, SABJACTCH CKAASLDHLIM, B TO BpeMA
KaK YypaBHEHHEe JBHXKEHHS €CTb 6eKMmopHOoe W 3SKBHBAJIEHTHO mpem
He3aBHCHUMBIM 4UCA0BbIM YpagHeHUuAM. $ICHO, 49TO OJHOTO CKaJjsapHOTO
ypaBHEHUs1 HENOCTATOYHO 7S BHIBOJIA H3 HEro TpeX He3aBHCHMBIX
uyHCJOBEIX ypaBHeHuH. Ho ecnu npuxkeHue ofxHOmepHOe, TO MPH HEKO-
TOPLIX JIOMOJHHTEJbHBIX MPEANOTOKEHHAX W3 3aKOHA COXpaHeHHs
SHeprHH MOXKHO BLIBECTH ypaBHeHHe JABHXKeHHs1 HebloroHa. [lomycTuy,
uTO MaTepuasbHas TOYKA JABUKETCA BJONb KaKOH-TO (PMKCHPOBAHHOH
JUHUH NOJ AefiCTBHEM OJHMX TOJNBKO KOHcepBaTHBHBIX cHJl. Ilo 3akony
coxpaHeHusl 3Heprud /ymuv? + U == const. TlorenunanvHasi 3Heprusi
U npy Takom ABHIKEHHH MOXKET pPacCMATPUBaTbCcA KaK (QPYHKUHA TONbKO
PaccTOAHHUS S, H3MEPEHHOTO BJOMb TpaekTopud. luddepenuupys mo-
cllejlHee COOTHOLIEHHE MO BPEMEHH, MOMYYHM

mvb+%s’=0,

dUu

d?v

v (mv — Fy)=0. (29.11)

WIH, YYUTBLIBAS COOTHOIEHHS V=38 U F3=—

Orciofa mocsie COKpalleHHsl Ha ¢ MoJydaercsl ypaBHEHHE JBHKEHHUS
Hpiorona.

Heo6xonmMo, O7HaKo, OTMETUTb, YTO YypaBHeHHe HbloToHa B Me-
XaHHKe ofsiafaer Gosbinell OOMIHOCTHIO, YEM 3aKOH COXPaHEHWs 3Hep-
ruu. Bo-mepBuiX, NMpuBeleHHHIl BBLIBOJ CIpaBeiHB TOMbLKO JJIsl KOH-
CepBaTHBHHIX CHJl. Bo-BTOpBIX, Ipu BBIBOAE B ypaBHeHHH (29.11) mpo-
H3BOJIWJIOCh COKpalleHHe Ha v. [losatoMy Heo6XOAMMO BBECTH O0noAHU-
meabHoe npeonoaoJcerue, HE CONEpKalleecsl B caMOM 3aKOHe CoXpa-
HEHHA SHEepTHH, 4To v = 0. Ypasrneuue (29.11) umeer 1Ba pelueHus,
KOTOpble 002 YIOBJETBOPSIIOT YCJIOBHIO cOXpaHeHHs 3Hepruu. OfHO
U3 HHX, a UMeHHO v = 0, GBIO OTOpOIIEHO. 3aKOH COXPAaHEHHs 3Hep-
THH ]IS 5TOTO He AaeT ocHOBaHMH. OfHAaKo pellieHHe v = 0 ne coraa-
cyercsi ¢ ypaBHeHHeM HbioToHa, ecnu TosbKO cuia F He ofpamaercs
B HYJIb.

6. Ucnonp3ys moHATHe TOTEHIMANBHON 3HEPTUH, MOXKHO BHIPA3UTb
YcAosUe  pasHOBeCUs MEXaHWUECKOH CHCTEMBI H €r0  ycrmoddusocmu.
PaccMoTpuM CHayasna cucTeMy B3aHMOJEHCTBYIOUIMX MaTepHaldbHBIX
TOUEK, Ha KOTOPYIO He HaJIOXKeHbl HHKakue cBs3u. Ilyctb Bce fefict-
BYIOIMe CHJIBI KOHCEPBATHBHLI. TOrjia HX COCTaB/SAIOMIHE MOXHO TIpej-
craBuTbh GopMmyaamu (29.10). B cocTossHUH paBHOBeCHs BCe CHJBL, a
C HHMH H Bce TepBble IPOH3BOHbLIE TOTEHUHANBHOM 3Heprun U 1o Koop-
JMHATaM JOJ/DKHBI obpamiatecss B Hyab. OTciofa cleiyer, uTo dasd pas-
Hogecus HeoBX00UMO, 4mobbl NOMeEHYUAAbHAs 3Hepeus Oblaa Cmayuo-
napra. CTallHOHApHOCTb O3HA4aeT, YTO TNpH BCAKOM BLIBOJIE CHCTEMBI
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U3 COCTOSIHWS PaBHOBECHSI, KOTJ@ KOODAMHATBI MatepHaJbHBIX TOUEK
noJiyuaioT GecKOHeUHO Majble npupamenus Ox;, Oyi, ..., 02,, dyHK-
uust U ocraercs nout noctosinHoil. Tounee, npupauwienis gynkuun U
IpH TaKUX OECKOHEYHO MaJbX HU3MEHEHUSIX KOOPJAMHAT SABJSIOTCH
GECKOHEUHO MaNbIMH 604e¢ 86iCOK020 nopsaoKa, 4eM MPHPALIeHUs CaMHX
KoopauHat. B wacTHOCTH, cucmema 6ydem HaxoOumbca 6 pasHosecutl,
ecau nomeHyuaivKasn 3nepeus U KcmpemaroHa, m. e. MURUMAAbHA AU
MAKCUMOAbHA.

Ecau nomenyuareras skepeus MUHUMAAbHA, MO pasHosecue Gydem
yemotivueoim. eHcTBUTEbHO, NMYCTh U, — 3HauUeHHE IOTEHLUANBHOMN
3HEPriu B COCTOSTHHN paBHoBecHusi. [lo yc/oBHIO TeopeMbl MOXHO HafTH
Majiyi0 OKPeCTHOCTb BOJIM3M COCTOSIHHSI paBHOBECHSl, B KOTODOH pas-
Hocts U — U, nojoxutenbHa. BuifepeM 3Ty OKpecTHOCTb Tak, YTOOHI
b0 0 << U — U, < &, TIe & -— HeKOTOPOe IIOJIOKUTENbHOE UYHCIO,
KOTOpPOe MOMKEeT OLIThb B3SITO CKOJIb YTOJHO MajbiM. DBEIBeeM Temepb
CHCTEMY U3 COCTOSIHHSl DABHOBECHsi, COOOIIMB €ff KHHETHYECKYIO 3Hep-
ruio K, << e. 3arem mnpenoctaBuMm cucteMy camoit cebe. CoBojHoe
JBUXeHHe cUCTeMbl OyJleT NMOAYMHATBCH 33aKOHY COXPAHEHHS 3SHepTuH
K+U=K,+ U, umu U— U, =K, — K. Orcioga BHIHO, YTO
U — Uy << &, TaK Kak KHHeTHUeCKas 3Heprus K He MOXeT OBITb OTpU-
parteannoii. ClefoBaTeIbHO, cHeTeMa 0Oe3 BHeIIHMX BO3JAeHCTBHH He
MOXKeT BLIHTH 3a npepesnl o6aacti 0 << U — U, < & 1 6yeT coBepiuaTh
B Hell GUHUTHOe JABHXKEHHE. DTO O3HAUAET, UTO PABHOBECHE CHCTEMBI
NP MUHUMYyM€ IOTEHLUHaNbHOH 3HEPTHH Yycmoiiuugo, TOUHER, YCmoiiueo
N0 OMHOUEHUIO K OECKOHEUHO MANGIM BO3MYU4EHUM.

HsnoxkeHHoe ocTaeTcsi ClIpaBefJIMBBIM U NP HAJHYHH AHUCCHIIATUB-
HBIX CHJl THIA JKHAKOTO TPEHHS, a TaKXKe THPOCKONHYECKHX CHJI.
JeficTBUTE/IbHO, B COCTOSIHHM DPAaBHOBECHsi, KOT[d BCE MaTepHajibHLIE
TOUKH TMOKOSITCH, TaKHe CHJbl paBHbl HyJio. [lostomy HeoGxomumoe
yCJOBHe paBHOBeCHs, Tpebyiolllee CTAUMOHAPHOCTH MOTEHUHAJNBHOH
snepruu U, ocraercs B cusle. CoXpaHseT CHIY H JIOKa3aTebCTBO YCTOH-
YHBOCTH paBHOBecHA npu muHHMyMme U. Tolbko pAaBeHCTBO, Bblpa-
JKaollee 3aKOH COXPAHEHHS 3HEepPTUH, NMpH HaJHUHU JHCCHNATHBHBIX
CHJ B [OKa3aTe/bCTBe CJEAyeT 3aMeTHTb HepaBeHCTBOM (K -4 U) —
— (Ko + U <0 wm U—U,<<Ky,— K. D10 TOJIbKO YCUIHT
JaJpHelINe 3akMoueHus. Jluccunamugheie cuvt Geaqiom pagrogectie
euje Goaee yemotiuusoim. ECay cucTeMy BHIBECTH M3 COCTOSTHUSI PABHOBe-
CHSl U 3aTeM IpeJoCTaBHTh camoil cebe, TO JMCCHNIATHBHBIE CHJIBI B
KOHIe KOHLOB CHOBA BEPHYT CHCTeMY B COCTOSiHHME DABHOBECHSH.

[IpyunHa YCTOHYMBOCTH paBHOBeCHS IIpU MHHUMyMe U BBIABHTCH
0co0eHHO HAaTJIAJHO, eCJd PacCMOTPETh BCEr0 OAHY MAaTepUaJIbHYIO
TOYKY, MOTYLIYIO COBepllaTb OJHOMEpHOe JBHKeHHe. B 3ToM ciyuae
rpaduk ¢yHkuuH U HMmeeT BUJ I[OTEHUHANbHOW sIMBl (2HAJIOTHYHOM
TOH, KOTOpas IpeiCTaBjieHa Ha pHC. 45). B cocTosHHH paBHOBecHs
MaTepHanbHaA TOUKA «IeXKHT Ha JHEe NOTeHHManbHOH fAMbl». Huxakue
CHJIBL HA Hee B 3TOM IIOJIOKEeHHUH He NeHcTBYIOT. IIpH CMelleHHH TOUKH
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B CTOPOHY, KaK JIeTKO BUJeThb, NOSB/SIETCS CHJAa, HalpaBJeHHas K Io-
JIOXKEHHIO PABHOBECHS H CTPEMSLIAsACs BEPHYTb TOUKY B 3TO [10JIOKEHHE,
Ecan ke Touka HaxoiauTcss B pPaBHOBECHH TaM, TJe MOTeHUUaJbHAs
3HEpPTHs MaKCHMalbHa (T. €. «JIEXKHT HA BEPIUHHE MOTEeHIHAALHON
ropbl», HApUMep B Touke N HA puC. 44), TO NpH ee CMEIIEHHH B CTO-
pOHY mnosBJseTCsl CuJla, HalpaB/eHHas OT IOJOXKEHHS PaBHOBECHS.
Takasa cuja ellle Jajbile yBeleT TOUKY OT 3TOrO NOJOMXKeHHs. PaBHo-
BecHe GyIeT HeyCTOHUYHMBLIM. Pagrosecue 6caKkotl mexarudeckol cucmemst,
8000U4e 2080p5, HEYCMOLHULO, eCAU NOMEHYUAALHAS IHEPRIL MAKCUMAALHA!

UsnoxeHHble Pe3y/bTaThl MOXKHO PaCIpOCTPAHHTb H HA CHCTEMEL,
cBofona rnepeMellleHHsi KOTODBIX OTPAHHYEHA HAAOMEHHbIMU CEA3AMU.
Hano Tonbko mnorpeboBath, 4TOObI CBSI3H ObUIM  uleaabHbiMi, T. €.
TaKHMH, KOTOPble He POU3BOAAT PabOTHl PH JIIOOLIX BO3MOKHBIX IlEpe-
MellleHHsIX CHcTeMbl. [IpHUMepoM MOXKET CAYXHTb HAeaJbHO TJaiKHil
IIAPUK, HARETHIl HA HJEAJbHO TBEPAYIO M TJAAKYIO CIHIY, KOTOpas
3ajlaeT HallpaB/JeHHE BO3MOXKHOILO NepeMellleHusl 1mapuka. Cumaa, aefi-
CTBYIOLIAsi HA IIAPHK CO CTOPOHBI CIHLbI, TIePEHAUKYASIpPHA K Hampa-
BJIEHHIO BO3MOXXHOTO IepeMellleHHs] W paboThl HE IPOU3BOJHT.

Tlpu Hanuunu cBsizell yCJOBHSI DABHOBECHsI MarepHaabHOH TOUKH
NPUHUMAIOT BHJ
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rae R — peaxyus cessed, T. €. Cula, C KOTOPOH CBSI3H JAeHCTBYIOT HA
paccMaTpHBaeMylo MaTepHaJbHYIO TOUKY. B HeJsX KPaTKOCTH Mbl IIpoO-
BEJMH PacCyxKJeHHS [Jis ONHON MaTepHuaibHO# TOuKU. B ciyuae cucreMst
M3MEHHUTCS TOJIBKO YHCJIO YPaBHEHHH, HO CaMH PacCy:KIeHHsl OCTaHyTCsl
6es wuamenenuit. Ilycte Ox, Oy, 8z — co3moscHbie nepemeujenus mare-
pUanbHOR TOUYKH BJIO/Ib KOOPAMHATHBIX oCefi. YMHOXAs Ha HUX ypaBHe-
nus (29.12), ckianpiBas ¥ NpHHUMAst BO BHUMaHHe, YTO PEaKIMH CBs3el
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TakoBo HeoGXonHMOe ycJoBHE paBHoBecHs. OHO 03Ha4aert, uTo 8 cocnoA-
HuW pastoeecus nomenyuasorad snepeus U cmayuonapra. He usme-
HATCA U PACCYXJICHHS] OTHOCHUTENBLHO YCTOHYHBOCTH DaBHOBECHS, KOTO-
pble OBl NIPUBECHE! BhIlLe. MITocTpauuell MOXKET CHYKHTh TSKeNbIH
LIapHK, MOMELIeHHBIH HAa JHO cepHueckod 4awu (ycToHunBoe papHO-
BeCHe), WIH B BEPIIMHY BLINYKJIOH MOBEPXHOCTU (HEYCTOHYMBOE PaBHO-
Becue). [Ipu Haauduu CuA CYyxoeo MmMpeHus CHMOYUOHAPHOCHL NOMEH-
yuarvnoti snepeuu U 0as pasrosecus ne HeobxoOuma. TIpaMepoM Moxker
CIyXUTh DaBHOBecHe OpyCKa, JieiKallero Ha HaKJOHHOH IJIOCKOCTH.



