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3T0T pAX PaBHOMEPHO CXOAMTCHA, a NMOTOMY €ro MOXKHO WHTEFPHPOBaTh MOYJICHHO.
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§ 43. AjpnaGaTHYyecKHe HHBAPHAHTHI

1. Dueprus, HMNyJIbC HJIH MOMEHT HMIYJIbCA MeXaHHUECKOH CHCTEMB!
ABJASIOTCS (QYHKUIHSIMH ee KOOpJAHHAT M cKopocteH. Ecau cucrema
3aMKHYTa, TO 3TH BEJHYMHH COXPAHAIOTCH, T. €. HE MEHSIOTCS C Teye-
HHEM BpeMeHH. EcJaH Xe cucTeMa He 3aMKHYTa, a apaMeTphl, onpeje-
JISIOLIHE €€ COCTOSTHHE, H3MEHSIIOTCS] BO BPEMEHH, TO YKa3aHHbE BeJH-
YHHBI, BOOGILlE rOBOPs, TaKKe H3MeHsioTcsl. Bo3bMmeM, HanpHMep, Mare-
MAaTHYeCKHH MasiTHHK, HHTb KOTOPOrOo INepPeKHHYTa uepe3 TIBO3Jb.

[TapameTpamu 3pecb ABJSIOTCS JJIMHA HHTH [ M yCKOpPeHHe CBOGOLHO-
' TO najeHHs g. MoXKHO TSAHYTb 3a CBOGOJAHBI KOHeEL HHTH, YMeHbILas
uan yeeauuuBasi . Ilpum 3ToM Hag MasiTHHKOM cOBepLiaeTCsi BHeLl-
HsAsl paboTa, a NOTOMY SHEPrHsi ero HaMeHsieTCs1. MOXHO TakxKe MEHSThb
yCKOpeHHe CBOGOZHOTO NaJieHHsl, NOJAHNUMAs HJHM ONMyCKas MasiTHHK Haj
3eMHOH noBepXxHOCTbIO. CpeliM pa3jIMUHBIX M3MeHeHUH BHEIUHHX mapa-
MEeTPOB HUTpatoT 0coby1o Posib 6eCKOHEUHO MeJIeHHbIe H3MEeHeHHs], Ha3bl-
BaeMble aduabamudeckumu *). . .

Ilpu sTOM napameTpsl, CKOJb Obl MEIJIEHHO OHH HH MEHSIJINCh, MOTYT
NpUHHMATh JI06be 3HAUEHMsI, JeXallle B JONYCTHMBIX Ipefenax.
Mg u3MEHeHH S HX Ha KOHEUHEIEe BeJIHYHHBI TpeGYeTCs JHUTb JOCTATOYHO
AqutenbHoe BpeMsi. [i3ameHeHHs: napamMeTpoB CHCTeMBI, laxe MeJlIeHHbe,
BJIEKYT 3a co0ofi U HM3MeHeHHs] IPYrUX (H3HueCKHX BesuuuH. Tak,
SHEpPTUsl CHCTeMBI, KaK YK€ OTMeuasnocb, He OCTaeTCsl IIOCTOSTHHOM,
MIOCKOJILKY BO BpeMs H3MeHeHHs IapamMeTpPOB HaJ CHCTEMOH NpPOH3BO-

*} B TepMonuHamMHKe TepMuH «afHaGaTHYeCKHi» NPUMEHSETCH B APYroM CMbIC/e.
AnvabatHuecKUM Ha3BIBAIOT Npolecc, MPOHCKOAAILMH Ge3 moABOAAa H OTBOAA Terlla.
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auTcsl pabora. Ho Moryt BeTpedaThCsl H TakHe BeJHYHHH, KOTOphbie
OCTAOTCS] MOCTOSIHHBIMM HJIM NPHOJIH3HTE/IbHO MOCTOSIHHLIMH H3-3a
MeJJIEeHHOCTH H3MeHeHHsl [apaMeTpoB.

Dyukyuu KoopOUHam, CKopocmel U napamemposg cuctemst, ocmaw-
WyUecs NOCIMOAHHBIMU NPU  GECKOHEHHO MEO0AeHHbIX USMEHEHUSX napa-
MEMPO8, HA3bIBAIOMC a0Uabamuseckumu UHeapuUarnmamu. 310 onpese-
JeHHe B JanbHelilieM 6yleT yTOYHEHO, MOCKOJNBLKY CaMO MOHATHE «MeJ-
JIEHHOCTH» HYXJaeTcsl B YTOYHeHHH. ApHabaTHuyecKMe HHBapHaHTHl
urpaju GoJbliyi0 pPoNb B CTApod MOJYKJIaCCHYECKOH TEOpHH artoma
Bopa. Ho oHM HMeIOT BaxKHOe 3HayeHHe U B JPYTHX pa3jetax QU3HKH.

2. BuisicHUM mnoHsiTHe ajguiaGaTHYeCKOro HHBapHaHTa CHayala Ha
npocTeHleM, HO BaXXHOM [pHUMepe TIapMOHHYECKOro OCUMJ/IIATOPaA,
coOCTBeHHAsi 4acTOTa KOTOPOTO OYeHb MeJJIeHHO H3MeHsieTca BO Bpe-
meHH. [IpHmMepoM MOXKeT CTYKHTh MaTeMaTHUeCKHH MasTHHK, ME[JIEHHO
M3MEHSIIOIUMHCST TapaMeTpaMH KOTOPOTO SIBJISIIOTCS JAJIHHAa HHTH [
H YCKOpeHHe CBoGOAHOIO MaieHust g (TouHee, HX KOMOGHHaLHs
®® = g/l). JIpyruM NpHMEepOM MOMKET CJYXHTb KojiebaHue IIapHKa
Ha MpYyKHHe, Ko3(hGhHIHEHT YOPYTOCTH KOTOPOH R sIBIsieTCs MENICHHO
MeHsolHMCs napameTpoM. Bee 3TH cHCTeMBl, Ha3LiBaeMble edpMOHUE-
CKUMU OCUUAAAMOPAMU, MaTeMaTHUeCKH 95KBHBaJeHTHb. /s KOHKpeT-
HOCTH 6yJeM HMeTb B BUJY IIApHK Ha NpyxuHe. 3ajaua o MaTeMaTHYe-
CKOM MasiTHHKe CBOJHTCS K 3TOMY CJydYam, ecjd BBEeCTH 0803Haue-
HHe B = mg/l. Kakum o6pa3oM npou3BoJuTCs H3MeHeHHe Ko3dduiueH-
Ta yNPYroCTH MJM BeJHYHH, €My SKBHBANEHTHHIX, — 3TO HE MMEeT
3HAUeHHsI, TOKAa 3ajaya TPAKTYeTCsl KaK YHCTO MaTeMaTHYecKas.

[lonnast sHeprusi rapMOHHYECKOrO OCLHJIATOPAa paBHA

mo? | kx?
E==+%-

Jla1a ee NpoH3BOAHOH N0 BpeMeHH MOXHO HamHcaTh

E = (mvb -+ kes) + 5 k.

BripaxenHe B cKo6Kax obpaimaercs B HyJb, TaK KaK X = v, IeACTBYIO-
was cujaa F = —kx ¥ no 3akony Hriotona mo = F. Beasi elue
NOTeHUHaNbHYIO 3HepTHIo U = 1/,kx%, nonyusm

E=U~. (43.1)

Mo cux nop Haiu BeYHCJIEHHS GblIH TOYHBIMH. HcnonbayeM Tenepsb
MeQAHHOCMb USMeHeHUs TIapaMeTpa k M ero MpoM3BoAHOM k. MenseH-
HOCTb O3HAYaeT, YTO H NPH H3MEeHSIIOLIeMCsl & JBHXKEHHE NO-NPEXHEMY
OylleT HOCHTb XapakTep KoJeGaHuil. TONbKO «MEPHOA» 3THX KOJeGaHHH
T, a TakXe NOJIOXKeHHe KPAHHUX TOUYEK, HOCTHIAeMBIX OCUMJIATOPOM,
GYAYT C/IETKa MEHSIThCS OT KoslebaHHsi K KoJieGaHHw. MHEIMH clloBamH,
3a KaxJoe KoJe6aHHe napaMeTp k JOJKeH H3MEHSATbCS OYeHb Malo.
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10 o6bIUHOE NpeicTaBJeHHe o meaneHHoctH. Ho B Hamell sajaue ero
HejoctaTouHo. Hajno Ha u3menenus k M ero mpou3BOAHOH HAJIOXHTD
JIOTIOJIHUTENBHOE OrpaHHYeHHe, NOTPe6oBaB, YTOOL! 338 KaXK/IBIA MEpUOA

Konebanua BeluuHHa k/k octaBanach mnodtH mnoctosiHHOH. TouHee,
370 TpeGoBaHHe CBOJUTCA K TOMy, YTOOBl Ha KaJIOM NepHojJe KoJeba-

HHA OTHOMICHWe £/ MOIJIO GHITh NMPEJCTABNEHO B BHJE
k k
= (F,0+a, @
rae (k/k), — 3HAaUEHHe TOTO OTHOMICHUS B KAKOH-JTHGO TOUKe paccMaT-
pHUBaeMoro mnepHojia, Hanmpumep, B €ro CepeiuHe, a o — IONpaBKa,
cTpemdmascsl K Hyao npH k& — 0. Mmes 3To B BUAY, NIPOHHTErpHpyeM
Bhipaxenue (43.1) B npenenax ot ¢ go ¢ + T (k) A1 MPOH3BOJLHOTO

moMmeHTa Bpemend f. Ilomyuum
t+T

AE:E(t+T)—E(t)=<%>0 S Ulx(@)dt +B|.  (43.3)
{

3zech p — monpaeka, obpamaromascs B Hyab npu k& — 0. (Ilepemen-
HAsl HHTErPUpOBaHus oGo3HayeHa ¢, 4TOGLI HE CMELIHBATh €e C HHXKHHM
npenesnom ¢.) Bxonsamuil cioga uHTErpas AOCTAaTOYHO BLIYHCIHTBL B HY-
JeBOM MpHO/IHKEHHH, T. €. CYUMTATh IIPU BBIYMCJICHHH, 4YTO 3a Bpemsa T
napaMerp k He MeHdercst. BosHuKaiomas Be/Je[CcTBHe 3TOrO OIIMOKa
B BblpaxkeHuU i AE Gyzer BTOPOro WM BLICHIErO NMOpSIAKa MaJoCTH
no k. Ilo To#i ke npuuuHe MOXHO OTOpocUTh mompasky f3. HakoHnen,
MOXKHO OIYCTHTB MHIAEKC HY/b B MHOXKHTENE [epell HHTerpajoM (k/k),.
WHBIMH c/IOBAMH, MOXKHO HAaNHCaThb
P t+T
AE="% S Ulx ()4t (43.4)

¢

rie uHTerpas (HO He MHOXHTeNb Iepej HHTErpajoM) BBIUHC/IAETCA
B MPENNONOXeHUH TocTosHCTBa k. Ilpy BBIUHCIEHUH HHTErpaga MOMEHT
BpPEMEHHU { MOXKHO NPUHATH 33 Hauajo OTCUETa BpPeMeHH, T. €. IIOJOXKHTh
t = 0. Jro, KOHeYHO, He H3MeHUT pesyaeTara. Ilpu k = const kocp-
IHHATAa X COBEpIIAET TapMOHHYEeCKHe KoJeGaHusi x = x, cos (of + 9J),
a HoToMy

U =" cos? (01 4+ 8) = £ [1+ cos 20t + 8],

TAK Kak MoJHas sHeprus paBHa E = 1/, kxj. Mcnonb3ysa mosnyueHHOE
BbIpAXKEHHWE H BBLINOJIHAS HHTEDHPOBaHHE, MOJY4YHM

T T

S Udt="% S [1+cos (2ot +8)] dt =T

0 0
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[Ipoussenenue Tk ¢ TOYHOCTHIO 10 BETHUHH BLICHIETO MOPSAAKA MAJOCTH

no k naer npupawenne Ak napamerpa k 3a nepuox T. Takum o6pasom,
BMecTO (43.4) MOXKHO HanucaTthb

Ak '

[Npupamenne Ak 3a nepuon Ko/seGaHHH MOKeT OBITb CAENAHO CKOJb
yroano ManbM. [lostomy, eciu sHepruio E paccMaTpHBaTbh Kak (yHK-
LIHIO napaMeTpa k, TO B nipezeie npHOJIHMKEHHoe cooTHoweHHe (43.5)
nepeiser B ToyHoe AH(pepeHLHaNbHOE ypaBHEHHe

dE dk

i
Hurterpupysa 310 ypaBHEHHe, NOJYYHM

E
In V= const,

a ToToMy

£ _ const. 43.6

Vi (43.6)
Hcnonws3ys ¢opmyannt (40.3) 1 (40.4), U3 3TOrO COOTHOLIEHHS IIONYYHM
elle JiBa JpyrHX:

ET = const, (43.7)

E_ const. (43.8)
(0]

3TU COOTHOIIEHHS O3Hayawrt, uto geautunst ET u E/w 0aa eapmonu-
4ecKoeo ocyuaramopa  agastomea  aduadamuueckumy  UHBAPUAHMAMU.
[1pu sTOM nepuod xoarebanus T u wacmoma ®, BXONSUIHE B 3TH COOTHO-
IICHUS, OAJCHbL BHIMUCAAMBCS MAK, KAk ecau Gt npu Koaebanusx napa-
Memp k 0Crmasaacs NOCMOAHHbIM, T. €. TIO dopmynam (40.3) u (40.4).
Hanpumep, B clyyae MeneHHOro YKOPOYEHHSI HHTH MaTeMaTHYeCKOTO
MasITHHKA, COBEpLUAIOIIEro MaJjnle KoJebaHHs, ero nepHol 7' MeajeHHO
yMeHbllIaeTcsi OT KojebaHHs K KoJeGaHuio. OLHOBPEMEHHO 3Heprus
KoJIe6aHHl BO3pacTaeT TakKHM 00pas3oM, 4To npoHspelenHe ET octaetcsa
IOCTOSIHHBIM. v

3. Jlna npaBuabHOrO MOHUMAHUSA JOKAa3aHHOH TeopeMbl HEOOXOMHMO
TOYHO OTA2BAaTh ce0e OTYeT, YTO OHHUMAeTCs NOJi MeIJIEHHOCTBIO H3MeHe-
HHA napamerpa ocuuansropa k. HenocrarouHo, 4to6el H3MEHEHHA mapa-
MeTpa k Ha KaxkJoM MepHojie KoseGanuil Oblin GeckoneuHo mansl. Hano,
yToOBl 3TH H3MEHEHHsl yjoBJeTBopsiiM ycioBuio (43.2). IlpexcraBum
cebe, HanpuMmep, 4TO BOJAM3H HIKHErO IIOJOXKEHHs HHUTb Maremaride-
CKOTO MAasiTHUKA JeHCTBHEM BHENIHHX CHJ1 HEMHOro yKOpayHBaeTcs,
a BOIM3M KDaWHHUX IIOJIOKEHHH yJINHHSAETCH, IPHHHAMAA HCXOLHOE
3Hauenne. Pabora BHENIHHX CHJ NpPH YKOPOUYEHHH HHMTH BOJNH3H HHXK-
HEro mnoJioKeHHs Oyler Gosbiue paGoTH, NPOH3BOAHMON MasTHHKOM
Haj BHEIUHMMH TOJASMH NPH YAJHHEHHH HUTH BOJM3H KaxXIoro Kpak-
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Herg mofoxeHus. IlpuyuHa 3TOro B TOM, WTO IIpH KoJe0aHHAX MasiT-
HHKAa HaTsKeHHe HHTH MeHAeTCH, JOCTHIad MaKCHMyMa B HHXKHEM
nonoxennu. IlosToMy 3a Kaxkjoe KoneGaHHe B CHCTEMY ABaXKAbl 6YJET
BKJIaJbIBaThCS HepPrus. UM ecan uHcno KojgeOaHHH B3fATh JOCTATOYHO
OOJBIIHM, TO H TPHPOCT 3SHEPTHH MOXKHO CIe/aTh TaKKe GOJBLIHM,
XOTH JUIMHA MAasTHUKA, a ¢ Hed H nepHop T oCTaHyTCS HEH3MEHHBIMH.
Konebanusa ¢ NepHOIHYECKH MEHSIIOMIMMHCH MTapaMeTpaMH HasbIBaIOTCS
napamempudeckumy. IlpumepoM Moryt cnyXkute kauend. K napamer-
pPHUECKHM KoJebaHHAM pe3yJbraThl (43.7) U (43.8) He NpPHUMEHHMSI,
CKOJIb Gbl MaJlbIMH HH OBLJIM H3MEHEHHs IlapaMerpa k B Npefenax Kaxk-
Joro nepuosa Konaebanuil. [Ippunna sToro B ToM, YTO 3TH H3MEHEHUS He
ynoBaeTBopsiioT ycaoBHio (43.2). I'py6o rosops, ycaosue (43.2) cso-
OJumcs k mpebosaruto, 4mobsl usmeHeHus napamempa k npoucxoduiu
MeOaeHHO U moHomoHHo. Tak, B IpHBECHHOM IIpHMepe afnabaTH4eckas
HHBAapHAHTHOCTb BhIpakeHuil (43.7) u (43.8) Gyner umerb MecTo, ecid
JJIMHA HHTH H3MeHsieTcs MeJIeHHO H MOHOTOHHO. Eciu ke Ha Takue
U3MEHEeHHUS HaJOXKHUTh ellle MaJible H3MEHeHHS KoJaebaTesbHOro Xapak-
Tepa, NofoGHBIE TeM, KOTOPhle HMEIOT MeCTO NPH ITapaMeTpHYECKOM BO3-
OyxkneHHH Kosnebanuil, TO K TaKHM cJaydasiM Teopema o6 aanabGaruue-
CKOH HHBAapHAHTHOCTH BhlpaxeHui (43.7) u (43.8) He mpumeHHMa.

4, TlonyyenHble pe3yJibTaThl MOXKHO OGOOMIMTL Ha Caydal HErapmo-
HHUYECKHX Koj1e6aHHil ¢ ONHOH CTeleHbio CBOGOIRI, T. €. KoJeGaHHii,
COBepIUaoUXCs NOoA JeHCTBHEM He KBasHYNPyruX cuil. B stoM cayuae
KOJeQJIIOIAsicsl BeJIHYMHA MEHSIeTCS BO BpPEMEHH He CHHYCOHIAMNLHO,
a Kak-to vHade. [lepuon Konebanuit 7 onpeje/nsiercst He TOJbKO mapa-
MEeTpaMH CHCTeMHl, HO H HX aMIIuTy10H. Bmecto dopmyas (43.7) nony-
yaercs

KT =const, . (43.9)

rie K — KHHeTHYeCKAsi SHEPrusi CHCTEMbI, YCPEIHEHHas [0 BpeMeHH
3a nepuoj KosieGaHHs (YEPTAa KaK pa3 UM 03HAYaeT TAKOE yCpeaHeHHe),
T. €.
. t4T
K=+ S K dr. (43.10)

?

B cayyae rapmonHuecKux xoJefaHHH, KaK HETPyJHO JIOKa3aThb, cpel-
HHe 3a I[epHojl 3HAUeHUS KHHETHYeCKOH H TOTEHIHANbHOH 3Heprufl
OJIMHAKOBBI, 4 MOTOMY Ha KaxAylo H3 HUX NPHXOIHTCS NOJIOBHHA IOJ-
Ho#l sHepruy, T.e. K = U = 1/,E. Toraa ¢opmyaa (43.9) mepexoaur
B paHee rnonydyeHuyio ¢opmyay (43.7).

IMoncraBuM Bhipaxenue (43.10) B dopmyny (43.9) u nmpumeMm Bo-
BHHMaHue, uro K = 1/, mv®, p = mv, dq = vdf, rne dg — npupatie-
HHe KOOpPIHMHATEHI, ONpelensiollell NOJN0XKeHHe MaTepHalbHOR TOUKH.
Torna nomyuurcs

@ p dg=aanabariueCKui HHBapHAaHT, (43.11)
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NpHYEeM MHTETPHPOBAHHE BeleTCs IO ITOJHOMY TEPHOAY JBHMKEHUS
MaTepHaJbHOH TOUKH B NIPENIIONOXKEHHH, YTO IapameTphl, XapakTepu-
3yiollHe CHCTeMy, 3axkperveHul. OlLiee A0Ka3aTenbCTBO COOTHOIIEHUS
(43.11) ocHoBaHO Ha ypaBHeHHsAX MeXaHHKH B dopme ['aMmuspTOHA.
Mei ero npuBoauTh He Gyfem. OrpaHHYHMCS TOABKO ABYMS IPHMEPAMHU.

5. [lepBuift npuMep. B nuiungpe ¢ riagkuMd CTEHKaMM JBHIKETCS
BBEPX H BHH3 HJCalbHO YNPYTHH LIAPHK, NMOCJAEJOBATENbHO OTPAXKAMIKHACA OT OCHO-
Banuss AB u nopuHs CD no sakonaMm aGcooTHO ynpyroro yaapa (puc. 106). Ho-
IYCTHM CHauajad, YTo NOJS CHJALl TAXKECTH W NPOYHX CHJOBBIX MOJeH HeT. 3acTa-
BEM mnopuweHbs CD OueHb MeJJIeHHO MepeMellaTbhCs €O CKOpocThlo u. Hecaemyem,
KaK 3T0 CKaXeTCs Ha [IBHXKEHHH apuka. [lepefileM B JBHXKYUIYIOCS CHCTEMY
OTCYeTa, B KOTOPOH nopuieHb NOKOHMTCA. B 3To# cucTeme cKopocTh wapuka Gyner
v — u. [Toce oTparkeHHs] LapHKa OHA COXPAHHTCHA IO BeJH-

YHHe, HO U3MEHHT 3HaK, T. e. GyleT paBHa — v+ 4. B He- 1 /}”
NOABHXKHOH CHCTeMe OTCueTa Ta Ke CKOPOCTb paBHa 7
(—v+ wy+ u= — v+ 2u. Tllpupawenne KHHeTHueckOH (' 4
SHEPrHH WIAPHKA B pe3yJbTaTe OJHOKPATHOI'O OTPaXKeHHSA

OT IBHKYLIErocs MOPIUHA GYyfeT NO3TOMY paBHO /)

AK =g [(— 04 2up2— 2] = — 2m (uo — ). l

v

Pasgenus 3To cooTHouwenne Ha K = 1/, mo? u npeneGperas
KBaJpaToM Ma/OH CKODOCTH 4, HOJYYHM

AR 42, @3.19) A 8

K v

. Puc. 106.

ITocMoTpHM Tenepb, KaK MeHsleTCA NepHOj KoJeGaHui
mapuka T B pesynbraTe [BHXKeHHs mnopuns. Ilop nepuo-
nom T Mbl MOHHMaeM BpeMs ABHXKeHHS IAapHKa TYAa H 06paTHO, BBIUMC/AEHHOE B Iped-
TIOJIOXKEHHH, YTO BO BpeMs TaKOro ABHMKEHHS NMOpLIeHb saxpensen. Ecau [ — pacctosi-
jge MexJy NOPIIHEM H JHOM IMIHHAPA BO BpeMs 3Toro ABHMKeHHs, To T = 2//v.
Cnycrst Bpemst T paccrosinue [ BospacTeT Ha uT, a CKODOCTb WIAPHKA YMEHbIIHTCA
va 2u. IlepHon Kose6aHHi B TOJILKO YTO YKa33HHOM CMBIC/e H3MEHHTCS H CIe/laeTcA

pABHBIM
o 204uT) _ 2(4uT) 0+ 20)
T v—2u v —4u? ’

HIH, TpeHe6Gperas KBaApaToM MajoH CKOPOCTH 4,

, 2uTo+-4lu u
T _T—i————-——--—v2 =T 44T 0"
TakuM o6pasoM, 3a BpeMs 7' mepHoj nosaydaeT NpPHpaLIeHie
u AK
AT--4T—U~__——~T e

B npenene, koria nopiieHb IBHMXeTCS GECKOHEUHO MejJleHHO, npHpameHHs AT u
AK MOTYT paccMaTpHBaTbhCsl KAk GECKOHEYHO Majbie AH(pepeHluasbl, H Mbl IOJY-
yacM ypaBHEHHe

dT  dK
I + K =0,
Hurerpupys ero, HaxoiuM
TK =const, (43.13)

T. e. seauduna TK Asasemcsa aduabamuueckum UHBAPUAHITOM,
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6. Bropo#l mpuMep. YureM Tenepb HajJH4He CHJbI TskeCTH. ITycTh vy —
CKOpOCTb OTpasHBLIErocs lIapa B BepXHeM moJoxenuu (puc. 107). Ha paccTosnuu
X ero CKopoCTb U ONpele/HTCS CooTHOWeHueM v? = v} + 2gx. Murerpan (43.11)
B paccMaTpHBaeMoM ciydae 6yler

1
J=2m S Vit 2gx dx,
0

rie ! — paccTosiHHe Mey NOPLIHEM M JHOM LUHWJIHHApA. Humezpar Hado eviducaume
8 npednoaosceHuU, 4mo NOPUIeHb BaKpPeniex, m. €. npu no-
@ —— o e cmofnHom |. BHUHCTeHHe LaeT

2m 2m
I =3z 012" —vj =37 1 —oD,

&

The U3 — CKOPOCTb Iapa B HHMXHeM IOJOXeHHH. Taxkum
o6pa3oM, Hago HOKa3aTh, YTO PasHoCTb U§ — v} ABaseTcs
aguabaTHueCKMM HMHBApHaHToM. [l 3TOro BBEIMHCIHM 3Ha-
yeHHe cKopocTell v; U v, cnycTs nepHof T. OGo3HauuM 3TH
3HAYEHHH U] ¥ U; COOTBETCTBEHHO. PasymeeTcs, BLIUMC/ICHME
D HajJo NO-TIPeXHeMY HPOBECTH /IS HENMOJABHIKHOrO INOPIIHSA,

4 p HO TEPeMECTHBLIErocs B HOBOE NOJIOXEHHE. 3a Bpema T
MOpIIeHb MepeMecTHTCsT BBepX Ha paccTosiHue uT. llap npoi-

Prc. 107 et 3To pacctosinue 3a epeMi AT = uT/v, (ecyin npeHe6peun

: BenvuuHamMy Gonee BHICOKOTO NOpAnxa Manocth). [lpu stom

noj JAefiCTBHEM CHJBI THXKECTH €ro CKOPOCTb YMEHBIUHTCH

u
Ha gAT =g o T. Kpome Toro, npu OTpaKeHHH OT ABHKYIIETOCH NMOPLIHSA 3Ta CHO-
1

POCTb JONMOJIHHTENIbHO yMeHBIIHTCS Ha 2u. [loatomy

T v

v =0, — (8L 42 u=r, — 222y,

Ut U1

TaK Kak

T
‘ Uy =0y +¢ 7.
Ha ypoere AB cxopocTs mapa 6yneT v = v; — 21, a 0KoJIo AHA UH/AHMHJpPA
v =v]" 4 2gl = (v; — 2u)® 4 2gl = 02— dvyu,

ec/H npeHe6peub kBajpartoM u. MaBiekas KBajpaTHblil KOpeHb H CHOBA mpeHeGperas
u?, MONyYHM

20
vh=u,— "1y,
Ug
C To#l e CTeneHbI0 TOYHOCTH
v =v]— 6o, 0,u, v =0} —6v,t5U.

3uaunt, v} — v =v} — ov? wn J' —J = 0, npuueM 3To COOTHOUIEHHE BEPHO C TOY-

HOCTbIO 10 WIeHOB mopsiika u? == [*. PasfleNnB ero Ha Bpemsi T M OTOXKAECTBHB 44CT"
J—J .
HOe ~——r—— C TIPOH3BOAHOH -, MOMYUHM

dJ p
2 AR
B ALz,
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rie A ot [ ue 3aBucur. Mmed B BuLy, UTO HAC HHTEPECYIOT HU3MEHEHHS BeAMYHHHI J
IPH KOHeYHbIX udmeHeAusnx !, npeoGpasyeM 3TO COOTHOLIEHHe, BBelS BMecTO ILudie-

peHLHala BpeMeHu Auddepennuan LauHbl dl = [df. Torla moaydYHTCH

dJ p
~ar =4k
w1 B mpegene mpu I — 0
dJ
=

CnepoBatenbo, J = const, Kak Obl BeJTHKH HHU GBIH H3MeHEHHS mapamMetpa [, T. e,
seauduna J seasemea aduabamudeckum uxsapuarmost. Takas annabaTuyeckass HHBa-
dJ
I oKasajnacb npo-

. v L : dJ
HNOpLHOHATLHOR 6mopod, a He mepsoil ctenend [ . Ecan 6bi I 6bl1a HPOMOPILHO-

PHAHTHOCTb TIOJ1Y4HJaCh 6naronapa TOMY, YTO TNPOU3BOAHASA

HaJbHA NePBOI CTeeHH NPOU3BOJHOH /, TO aguabaTHYeCKOH HHBAapHAHTHOCTH J He
HOJYYHJIOCH Gk,

3A0A4YH

1. Ulapuk MaTeMaTUYeCKOro MasiTHHKA HJIH ILIAPHK, NPHKPeIVIEHHBIH K NPYXKHHE
C 3aJaHHBIM KOS(HIHEHTOM YNPYTOCTH, MeMJIeHHO Hcrapsiercs (CHCTeMa C MepeMeH-
Hoit Maccofi). Dyzer sin BeiuuuHa ET agua6aTHyeCKUM HMHBApPHAaHTOM H TNOYeMy?

OTeerT. Her.

2. llapuky Macce m, HaleToMy Ha TOHKYIO CTalbHYIO CIIHILY, Macca KOTOpoif
NpeHe6pexUMO Maja Mo CPABHEHHIO C 1, cOOOIeHa NPONO/IbHAS CKOPOCTb B Hanpas-
JIEHHH K TOUKE 3aKpelvieHHsl CIHUIbI, a TaK:ke CKOPOCTb B MEpPNeHAUKYIsPHOM Hanpas-
nenuu. [Tpepnonaras, 4to 3a Nepuoj, KoJeGaHHs [mapHKa €ro CMellleHue BJAOJb CIIHILI
Majo Mo CPAaBHEHHIO C ee IJHHOH H mpeHebperas TpeHHEM, ONPEAETIHTh XapaKTep
NOCJIENYIOUIETO IBMMKEHHS LIapHKa.

Pewenne Ecnm v — nonepeynas CKopocTh wapHKa, TO BeluunHa vy T
SIBJISIETCS alHaGaTHYeCKUM HHBapHaHTOM. [Teprog T NponopuuHOHAaNeH PacCTOSHMIO [
liapuKa OT TOYKH 3aKpemvienus cruupl (cM. 3ajauyy 20 x § 42). [Tostomy anuabartuye-
CKMM MHBapHaHTOM OyleT Takxe A = vil. Kpome Toro, jBukKeHHe HIapHKa NOLYH-

HseTCSl 3aKOHY COXPaHEHMsl SHEPTHH, KOTOpHIi TpeGyeT, 4TOGH MOJHAsT CKOPOCTb
1IapUKa U COXPAaHs/Iach Mo a6CoJIOTHOH BelHuuHe. Ecan U — CKODOCTb IIapHKa

BIOJIb CIHLBI, TO 0% = 0} + vj = const. Takum o6pasom, Besuunna A = (@ — i)l
ecTh aguaGaThyeckuii unpapuanT. Ha paccrosinmu [y, npu rotopom v¥, = A, npo-
ROMbHAs CKOPOCTD U} 06PATHTCS B HYJb. [To3TOMY WapHK He MOxeT NOAOHTH K Touke

3aKpenyieHus G/uke, 4eM Ha pacctosinue ly. JlocTureyB nonoxerus [ = [, OH NoJKeH
OTPA3UTLCH.



