HHepuusa

AHHOTaAnMA

PaCCManMBaETCH KaK NoABAAETCA MHEPLIMA B TEOPUN NOPOXKAEHHOTO NPOCTPAHCTBA-BPEMEHN-MATEPUMN.
O6bACHEHO ABNEHME UHEPLUMU ANA CAYyYaa HAANYMA CUMMETPUM K OTPAXKEHUIO Y BOTHOBOW QYHKLMU.
,ﬂ,nﬂ OCTa/ibHbIX CNhy4aes obbACHeHUA MHEPUUN HET, OAHAKO €CTb NpeanosioxKeHne 4To pa3Butue
MmaTemaTUyecKom Mmoaenn no NoOCTPpoeHUo BCENIEHHDIX U3 NONA MeTaBceneHHo No3BoAUT 0b6oCHOBaTb
MHEPUUIO U ANA TaKOro cay4yan.

BBeaeHue

Ewe co BpemeH HblOTOHA M3BECTHO YTO €C/M Ha Te/0 He AeNCTBYIOT CU/Ibl, TO Tes1Io IMb0o HaxoauTCcA B
COCTOAHUM NMoKoa AMbo ABUNXKETCA PAaBHOMEPHO U ﬂpﬂMOﬂMHeﬁHO. TaKoe CBOMCTBO Ten Ha3blBaeTcA
nepsbiM 3aKOHOM HbloTOHA. ITOT 3aKOH TaK*Ke U3BEeCcTeH KaK 3aKoH NHEepuUunn. VlHepLI,MFI - CBOMCTBO Tena
COXpPaHATb CKOPOCTb CBOEro AsnxxeHuna HEM3MEHHOM No BeNnYMHE U HanpasB/1eHuto, Korga He ,EI,eVICTByIOT
HWUKaKuMe CUMbl, a TaKKe CBOWCTBO Tena COMpPOTUBNIATLCA NU3MEHEHUIO ero CKOPOCTU.

Moyemy Cyw,ecTBYeT MHEPLUMA U YeM OHA 06bACHAETCA? B pamKax yCTOABLUMXCA TEOPUI OTBETA Ha 3TOT
BOMPOC HeT. B 3TO cTaTbe A PacCMOTPIO ABIEHNE MHEPLMN C TOUKU 3PEHNA TEOPUN NOPOKAEHHOTO
NnpocTpaHcTBa-BpeMeHn-matepum [1][2].

B pamKax 3Toi Teopum 31eMeHTapHas YacTuLa ABNAETCA Pas3/ioKeHuem noss MeTaBcesieHHoM no
HekoTopomy 6a3ucy. MoapobHee 31O onucaHo B [2], ypaBHeHMA 6 1 6.1.

NHepuusa

|_|pe,£l,I'IO!10)KMM, YTO aIEMEHTAPHAA YaCTULUa HEKOTOPOE BPEMA NpoBeEaa 6e3 BHelWHero BO3A€171CTBMH n
npeanosoXXMm OHa NPU 3TOM COXPaHAIa NOCTOAHHYHK CKOPOCTb. Kak aTa YyacTuua 6yp,eT ABUraTbCA
Aanee, npn ycaosnm oTcyTCcTeBnA BHELWWHETO B03p,el71CTBMFI?

[na NpocToTbl, Nnepelifiem B CUCTEMY OTCYETA FAe YacTULa HenoasuKHaA. MNycTb YacTuua, B 3-x MEPHOM
NOPOXAEHHOM MPOCTPAHCTBE, MMEET Hy/IeBble KOOPAMHATbLI. [lanee, paccMOTPIO C/yYai Koraa GyHKUUK
6asnca pasnNoKeHUs UMEIOT CUMMETPMIO MO OTHOLIEHUIO K OTPAXKEHUIO B MOPOXKAEHHOM NPOCTPAHCTBE
(P-cummeTpua). B MeTaBceneHHOM y4yacTKy, rae 4acTula NoOKOWIacb, COOTBETCTBYET 4-X MEPHbIi
UMAMHAP, B KOTOPOM OCb LUM/IMHAPA COOTBETCTBYET MOPOKAEHHOMY BpeMeHW. Mpu cMMMeTpum
dYHKLMI Ba3nca pasnoxKeHUs, 3TO 03HAYAET YTO BOIHOBAA QYHKLMA B KaXKAOM Cpese 3TOro UManHApa
TaKXe CMMMETPUYHA NO OTHOLWEHUIO K OTPa*XeHUHo. HanomHtio yto B Teopun NOpPoXKAEeHHOro
NPOCTPaHCTBA-BPEMEHM-MATEPUN BONHOBAA GpYHKLMA 3TO cynepno3muma GyHKUMIA 6asmnca pasnoxkeHus.
[AnHamMKa BOSIHOBOW QYHKLMM NPY 3TOM OMUCLIBAETCSA, B HEPENATUBUCTCKOM NPUBAUKEHUM,
ypaBHeHuem 9 ns [2]:

Y(t+dt) = UP(t)
C Y4E€TOM TOIO 4YTO BpeEMA ABNAETCA SIMEPOMKEHTHbIM ABNEHNEM, MOXKHO CAENATb CN1IEAYOULYHO 3aMeEHY:
t=kx*1

roe | —aTo paccTosiHme BAONAbL OCK 4-X MEPHOTO LUMANHAPA, K — HEKOTOpPbIV HEM3BECTHBIN KO3GPULMNEHT
nepeBoAALLMI PacCTOAHNE B NPOCTpaHcTBe MeTaBceieHHOM B MPOMENKYTOK BPEMEHM B NOPOXKAEHHOM
npocTpaHcTBee.



CoxpaHeHWe HeM3MeHHOM CKOPOCTU YacTULLbl B MPOMEKYTOK BpemeHu oT 0 Ao t;, NPy CUMMETPUYHBIX K
oTpaxeHuto GYHKUMAX Pa310KeHNA, O3HaYaeT:

¥(rt) =Y(-r1
37O TaKKe 03HavaeT yTo onepatop U coxpaHaeT cUMMEeTpUIO:
U¥(r,t) = U¥(-r,t)

M3 atoro cnenyert yTo npun ycnosun OTCyTCTBUA BHELWIHETO BO3,D,EI7’ICTBMH BOJ/IHOBaA dDYHKLI,VIﬂ 1 aganbuwie
AONKHa 6bITb CUMMETPUYHA, U LEHTP CUMMETPUM COOTBETCTBYET OCK LMAMHAPA. HEM3MEHHOCTb OCH
CUMMETPUM O3HAYAET HEM3MEHHOCTb CKOPOCTU. TeM cambim, MOKA3aHO YTO ANA CUMMETPUYHbIX NO
OTHOLWEHWUIO K OTPa*XeHUo d)YHKLI,Mﬁ 6asuca pa3noxeHnAa 4actnua AoN1XKHA COXPaHATb NOCTOAHHYIO
CKOPOCTb Y1 NOKAa3aH MeEXaHN3M UHEPLUN.

BonHOBaA GyHKUMA He BCEraa MMeeT CUMMETPUIO K OTpayKeHu o, Mo3ToMy TO YTO HaMMCaHO Bbllle
0ODBACHAET ABIEHNE UHEPLUMN TOJIbKO KayecTBeHHO. 15 NoJIHOro MaTemMaTyeckoro 060CHOBaHMSA
ABNEHUA UHepPUMM TpebyeTca co34aTb MaTeMaTUUECKYO MOAe b, ITa MOAE/b A0/IKHA MOKa3aTb Kak
Haxo4MTb IMePAKEHTHbIE BCeleHHble 13 nonia MeTaBcesieHHOM. A npeanosarato, YTo NPM NOCTPOEHUU
3TOM MoAgenu NoTpebyeTcs HANOKUTb KAaKME-TO OFPaHUYEHUS Ha BO3SMOXKHbIE aCUMMETPUN GYHKLNIA
6asuca pas3/iorKeHUs, N 3TN OrPaHMUYEHUA NPUBELYT K UHEPLUN.

3akJ/ilo4yeHue

ObbAcHeHo aBsieHMe UHEpUUN Ana cnyydyaa Haanmudma CUMMETPUN K OTPaXKEHUIKO Y BOJIHOBOWM (I)yHKLI,MVI.
[OnAa ocTanbHbIX ciyvyaeB 06bACHEHUA MHEPLMN HET, OAHAKO €CTb NPeAno/IoKeHUe YTo pa3BuTue
MmaTemMaTU4yecKou moaenn no NoCTpoeHUto BCENNEHHbLIX U3 NONA MeTasceneHHoM No3BoaAnT 060CcHOBaTbL
MHEepUMIo N ONA TAaKOro C/yyas.
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