3.2. iBM)KeHune yactmubl Ha He NOoTeHUMNaNbHON AMbI C NJIOCKUM AHOM

BonHoBas KBaHTOBasA MexaHMKa. [lns peweHuss 3TON  3a4ayvM  UCMNONb3YHOT
cTaumoHapHoe ypaBHeHue LpeanHrepa. [lMpu 3TOM AOMNYyCKAeTCHd, 4YTO MOTeHuMWasbHas
3HEeprusi OT BPEMEHWN He 3aBUCUT (CTauMOHapHOe ABMXKEHUE). 34eCb HYXHO HECKOSIbKO C/0B
CKasaTb 0 caMOoM ypaBHeHuun LUpeanHrepa. CTpouTb OrpOMHbIA pa3gen Hayku, TakoW, Kak
BOSIHOBAsi KBaHTOBas MeXaHMKa, Ha OCHOBE OAHOro /Wb YpPaBHEHUS - PUCKOBaHHoOe
3aHsATMe. Bcerga MOXHO nokasaTb, 4TO Ntboe ypaBHeHue GU3MKU MM OWwKnboYHO wnnu
npeaenbl ero rMpUMEHEHUS OrpaHuW4YeHbl, OHO He TOYHO, 3HAuYuUT TOXEe OLWNBOYHO.
«NpeanbHbiX» ypaBHEHWA He CyLLeCTBYET, MO3TOMY Mbl BbIHYXXAEHbl WaeanMsnMpoBaTb CaMmy
npupoay, nsobpertas «maeanbHbli ras3», «ToyeuyHble 3apsabl», «cBobogHble Tena» M T.n. 3a
NobbIM  ypaBHEHWEM CTOSAT oOnpenesieHHble @U3nyeckne npeacraBieHns WM MOCTynathl.
CnpaBeanuBoCTb ypaBHeHus LpeanHrepa noaTBepXAaloT COBMAaAEHUMEM HEKOTOPbIX €ro
pelweHnn C OnbITHbIMM AJaHHbIMKM. QuYeBMAHO, YTO TaKoe COoBMNajeHue noaTBepXaaeT
NMPUMEHMMOCTb, OAHAKO He AO0Ka3blBaeT MpaBUJIbHOCTb. OAMH W TOT XXe pe3ynbTaT 4acTo
MOXHO TMOAYYUTb M3 MPSAMO MNPOTMBOMOMIOXHbLIX MNPeAcTaB/eHUA. A ecnv Npu peLlleHnu
YPaBHEHUS COBMafaloT «HYXHble» pe3ysibTaTbl U 0TOpacbIBAlOTCA «HE HYXHble», TO B UTOre
BCEeraa MOXHO MOJIyUYnTb TO, UTO HYXKHO.

Hanpumep, ecnm KMHETUYECKYHO SHEPIUI0 YacTULbI:
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Bblpa3nTb 4epes MMNynbC 4acTtuubl, TO CneayeT 3anmcaTb:
PV

B ypaBHeHun LpeanHrepa BblpaxeHue (3.2.2) Mocae YMHOXEHUS YuCauTens wu
3HaMeHaTesNa Ha m 3anucbiBaloT B BMAE:
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Mpwn 3TOM M3BpawatoT PU3INYECKNIA CMbICST KNHETUYECKOM SHEPIMN Ha NPOTMBOMOMOXHbINA.
Mockonbky ana csobogHoi vactmubl P=const, To E, no (3.2.3) obpaTHO nmpornopunoHanbHa

Macce yactuubl. Ons 4yero ato genaercsa? Ytobbl HE BO3UTbCS C U3BSIEYEHMEM KOPHS U3
CYMMbl KBaApaTOB NPOEKUMA UMNybCa:

P= /px2+p)?+Pj (3.2.4),

oTnagaet HeobxoAMMOCTb B (U3NYECKOM TONKOBAHMW ABYX 3HadeHwWi KopHsa. Ecnu
ncnonb3oBaTtb (3.2.2), TO CKOPOCTb 4YacCTuuUbl ABASAETCS NPUHUMMAMANBHOM MNOMEXon, T.K. B
CTOslueln BOJIHE «4acTuUa» HenoABMXHa.

CTauMoHapHoe ABMXXEHNE BO3MOXHO TOJIbKO B ABYX Cny4asx.

1. Ha kpyrosoin opbute. [ns aToro ciydasl ctaumoHapHoe ypaBHeHue LUpeauHrepa
He noaxoauT, T.K. OHO He Y4YUTbIBAae€T 3SHEPrut0 CBA3KW, KOTOpas ABASETCSs CYMMOM
KWHETUYECKON WM noTeHumanbHOM 3Heprum. YTobbl MONYy4YMTb MOMHYIO 3HEpPrut, KoTtopas
NMOCTOSIHHA, HaAO0 Y4YeCTb W 3HEpPruto cBA3n. HemsaMeHHON ocTaeTcs Tosibko anrebpanuyeckas
CYMMa KMHETUYeCKOM, NoTeHUMasIbHON N SHEPIrUn CBA3N.

2. B noTeHuuanbHOM siMe C MNOCKMM AHOM. B 3TOoM cnydyae 4dactuua cBobogHa wm
MOXeT WM3MEHWUTb HarnpaBfieHUe ABUXEHWUS, TONbKO OTpaxasCb OT CTEHOK sMbl. [lpn 3TOM
KMHEeTMYeCKas 3Heprns 4yacTtuubl HEe MEeHSeTCs M COBMagaeT C MOJIHOWM 3Hepruen 4yactuubl,
T.K. NOTEHUMANbHYIO SHEPIUI0 B pacCMaTpuUBaeMon 3ajaye MOXHO NpUPaBHATb HYJIHO.

Mpwn peweHnn NMpUHUMaT, YTO Y CTEHOK siMbl BOJIHOBAs (PYHKUWS MPUHUMAET HyJiEBblE
3HayeHnsa. OuM3nMYecKm 3TO O3HayaeT, 4YTO <«Mpuienume» K 4acTuue BOJIHY, BHYTPU SAMbl
paccMaTpuBaloT TONbKO CTOSiYME BOJIHbI, T.€. Ha AJIMHE SMbl AO/DKHO YKaAblBaTbCA uesnoe
4Uncno nosyBosiH. [1o3TOMY MOAy4daloTCAa TOMbBKO BMNOJSIHE oOnpedeneHHble 3Ha4vYeHus
KWHETUYECKOM 3SHeprmu, KOTopbiMM MoXeT obnagaTb BOSIHA-4YacTuua. 34ecCb cpasy
BO3HMKAOT ABa BOMPOCA, Ha KOTOpPble BOJIHOBas KBaHTOBas MEXaHWKa He OTBe4yaeT.

1. OTkyna areHT BHewHero BosgeincTems (hOTOH, aTOM MAM MHAsA 4YacTuua) MOryT
3HaTb O <«paspelleHHbIX» 3SHEpPreTUYecKnUx YpPOBHHAX, 4TOObl M3MEHUTb KUHETUYECKYIO
SHEPruto 4YacTuubl B SME Ha OoNpeaeneHHyo BennuumHy. Ecnm nepegaHHbii nmnynsc He 6yper

E, (3.2.3).



COOTBETCTBOBATb YPOBHIO 3HEpPrnm, To ob6pasoBaHme CTosiHen BOJIHbI CTAHET HEBO3MOXHbIM, U
BCE YPOBHM Cpa3y nponaayT.

2. MoyeMy NpUHUMAOTCS BO BHWUMAHME TONIbKO CTOSYME BOJIHbI, U WUFHOPUpPYETCS
obwmnii cnyyan beryuwen BonHbl? EcTeCTBEHHO, YTO Npu y4yeTe 6erywmx BOJSIH BCe BbIBOAbI O
KBAHTOBAHWM 3HEPIrnM B NMOTEHUNANbHOM SIME OKaXXyTCs OWMOOUYHbIMU.

CTosiume BOJHbI ABMSAKTCS YaCTHbIM CllydaeM MHTepdepeHuMn B pe3dysbTaTe HaNoXeHUS
OBYX BOJIH, PpacnpoCTPaHAWMXCA B MNPOTUBOMONOXKHBLIX HamMpasaeHUsX C OAWMHAKOBOM
yactoTon, nonspusaumen (4A9 nMoOMepeyHbiX BOJSIH) W OAMHAKOBOWM aMnaMTydon B
COOTBETCTBYHOLWEN KoopauHaTe. B cTosuyen BOSHE OTCYTCTBYET MepeHOC 3Hepruu, T.K.
npsmMas u obpaTHas BOJSIHA MEpPEeHOCAT SHEPruid B paBHbIX Koau4vectBax. [pu HapyweHumn
Nto60ro n3 nepeyumncneHHbiX yciosmin obpasoBaHme cTtos4yen BOSIHbI HEBO3MOXHO.

B CBSA3M C 3TMM BO3HMKAIOT AOMOJIHUTENbHbIE BOMPOCHI.

1. KakoB MexaHu3M nHtepdepeHumnm 4yacTuubl caMmon ¢ coboin?

2. Kakum o6pa3oM ofHa 4vacTvua pas3fenseTcs Ha HEeCKOSIbKO 4YacTeln, Kaxpas ee
YacCTb HAaXOAUTCH B MYyYHOCTSAX CTOSIMEN BOJSTHbI M OTCYTCTBYET B y3nax?

34eCb HET CMbICa NpUBOAUTL pelleHne ypaBHeHus LpeanHrepa ansg Kaxaom KOHKPETHOM
3ap4a4yn, 4tobbl He JfloMaTb rosioBy 4uTatento. Xenawowume NyTewWwecTBOBaTb B C/IOXHbIX
MaTeMaTUYECKNX NabupuHTax peleHnin Moryt obpaTtmTbCs K crneuuanbHoOM nuTepaType.
MpuBeny roTtoBbi pe3dynbtaT (Hanpumep, .E. MNycTtoBanoB. ATOMHas M sagepHas dusuka.
N3p. MockoBckoro yHusepcuteTa, 1968, cTp. 51):
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TR (3.2.5),
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rae | - AnvHa noTeHuMnanbHOM SiMbl.

Knaccnueckaa MmexaHuka. OuMLLEHHBI OT KBaHTOBOMEXaHWYECKMX HarpoMoOXAeHWMN
pn3MYeCcKnii CMbICA 3adayn O YacTumue B MOTEHUMANbHON SIME MOXHO MPOWMTIOCTPMPOBaTb
YMCTO KJlACCMYEeCKOoM Moaenbk. Bo3bMEeM WHYp Maccom m, 3aKpenseHHbI Ha KOHUuax u
HayHeM Bo036yxaaTb B HeM nonepeyHble konebaHus Tak, uTobbl obpasoBanacb cros4as
BOJIHA@, HanpuMmep, U3 O4HOW MONyBOSHbI. OYEeBMAHO, YTO 4SS 3TOro NoTpebyeTcs 3aTpaTuTb
onpeaeneHHy 3Hepruo. YTobbl OpraHM3oBaTb CTOSAYYKD BOSHY W3 ABYX MNOSYBOSH, HaAo
[06aBUTb MOPUMIO SHEPrMM HE KaKyl Mnonano, a onpeaesieHHOW BennuuHbl. B pesynbTaTe
pPacCMOTPEHMS 3TOW KIAaCCUYECKON MOAEMMN, Mbl MOJTYYNM TOYHO TaKMe Xe pe3ynbTaTbl, Kak U
npu peleHun ypasHeHus LpeanHrepa. Mo3ToMy «uyyaecHoe» BO3HUKHOBEHME KBaHTOBbIX
YPOBHEN 3HEPrnn npu ABMXEHUW 4YacTuubl B OrpaHMYeHHoOW obnactu sBnsercad obMaHoM —
pe3ynbTaTOM KBaHTOBbIX A06aBOK 3Heprum ansa obecnedeHmns o6pasoBaHMs CTOSHEN BOJHbI.

KopnyckynsipHas KBaHTOBasi MexXaHMKa. 34eCb NpuAaeTcs pacCMOTpeTb COBEpPLUEHHO
abCcypaHY0 C TOYKM 3peHus PM3MYeCcKOoro CMbiCsla MoAesNb, Korga 4actuua, oTpaxascb OT
CTEHOK $IMbl, Obpa3yeT «CToauvyl BOAHY» (durypa 3.2.1). Ho ata cutyaums He 6onee
abcypaHa, 4YeM Hape3aHHass Ha KyCOYKM YacTumua, HenoaBMXXHasi C paBHOMEPHO

odur.3.2.1
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pacnpenenieHHbIMWU KyCcOo4YKaMum No AHY MOTeHLUWasIbHOMN SMbl.

MpaBoBMHTOBas 4acTuua, ABUrasiCb BAOJSIb SAMbl, OTPaXaeTcs OT CTEHKM U ABUXETCA B
06paTHOM HanpaBNEHNM yXe B KayecTBe JIEBOBMHTOBOW 4YacTuubl. MNMpoBo3rnacuM abcypaHoe
TpeboBaHme, 4Tobbl BHYTPU MOTEHUMA/IbHOM SIMbl BCerga BO3HMKana ‘“crosddas Bo/HA”, T.e.
Ha AJIMHE sAMbl NOC/YyLWHasa YacTmua yknaabiBana Lenoe Yncrio nosyBUTKOB CBOEW BMHTOBOM
TpaekTopun. OUYeBMOHO, YTO MUHMMaNbHas dHeprus 4Yactuubl 6yneT B TOM crydae, eciv B
sIME YKaAbIBAeTCs TOJIbKO MOMBUTKA BUHTOBOM TpaeKkTopuu. Mpu elle MeHbLUe 3Heprum
ONIMHA BOMHbI ae bponnsg (war BUHTOBOM TPAaeKTOPWUM) CTAaHOBUTCS TaKoM, YTO MOJIBOSTHbI YXe
He YKnagbiBalTCad B pa3Mepbl sIMbl M ob6pa3oBaHume "“CTosiuel BOMHbI” HEBO3MOXHO.
OTHOCKTENbHO 3TOro odwuumanbHasas @u3MKa cnekynmpyet BOKpYyr “HyneBbix konebaHunin”,
BUPTYasbHbIX YacTuL, BaKyyMa M NPoYen epyHabl.

MOMEHT uMnynbca YacTuubl Ha BUTKAX BUHTOBOM TpaeKTOpPUU:



h=mVr (3.2.6).
OnvHa BoNHbI e Bpoiins paBHa A/IMHE OKPYXHOCTM MOMEPEUYHOro CEYEHUS BUHTOBOW
TpaeKTopuu:

A=2nr (3.2.7).
Moactasnsasa (3.2.6) n (3.2.7) B (3.2.1), Hangem:
27°h’
E:# (3.2.8).
Ycnosue “crosiuein BOsIHbI":
[

rae n - uyenoe yucno (n=1,2,3...), noactaeum B (3.2.8) n nonyuum (3.2.5). Takum obpaszom,
Mbl MOYYUIM MOJIHOE COBMNageHme C ouumanbHbiM KBAaHTOBOMEXaHUYECKMM pacyeToM. [pwu
3TOM Mbl COBEPLUEHHO HE MOJIb30Ba/NCb ypaBHeHueM LlpeauHrepa. Mano Toro, npu 3ToM
MCNO/Ib30BaH MPUMUTMBHbLIA MaTeMaTMYeCKMit annapaTt, WCKYalLWmMii  BO3MOXHOCTb
ocrnapuBaHUsa MOJSyYEHHOro pesynbtata (CpaBHUTE C odUUMANbHBIMX MaHUMNYASAUMAMU NpU
BbiBoAe (3.2.5), obpaTMBWKNCL K YyKasaHHOW nuTepaTtype). lMockonbky HuM oduumanbHoe
pelleHne 3TOW 3afauyu, HU MPUMEpP pEeLleHMsl, nMpeanaraeMoro HoBOW (PU3NKOWM, He UMeLT
pn3nM4ecKoro cmbicsa, eAMHCTBEHHbIN BbIBOA, KOTOPbIA MOXHO caenaTb — 3TO COMHEHWE B
NpaBWabHOCTU ypaBHeHus LLpeanHrepa.



