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PHTL HeOOXOJHMEIM YCAOBHAM CHMMETDHHA, COOTBETCTBYIO-
LiHM, HAIIP., OHpeje)]. 3HAYEHEAM OPOHTANLHOTO MOMCHTA
aToma. JlaA cammx me ofHOTACTHYHEX (UM 8 peayawTaTe
MUHEMUBATHE BHEPrUd LoJydaeTcA HeaMHedHOe yp-uue
tuna yp-end [lIpggunrepa ¢ moTeHnuaioM, 3aBUCHIHUM OT
caMuX BOJIHOBBLIX d-nuii. MomHO CKazaTe, 970 SaeKTpPOH
JIBHKETCA B €aMOCOTJ&COBAHHOM U0Je, OOPEACdAeMoM Bee-
MM OCTallbHEIMH 2JIeKTPoHaMH. B ormudde oT ypasHenus
Tomaca — Qepmu, FAA 3TOr0 NOTeHNHAJ A, OJHAKO, He
NPeJiloRATAeTCA NPHMEHAMOCTE Ko25UAAACCUNECKO20 NP uU-
Gausenus.

Boasnme yenexs ACCTHTHYTH OPH HCCAROBAHNH 3JMEKT-
POHHBIX CBOHCTE MeTasioB. Hau®. mHTepec mpejgcTaBasger
pac4ér 3HepreTHd. CUEKTPOB 3JeKIPOHOB B 30He WPOBOIU-
MocTH. Basmayo poab syuecs HrpaeT Meros UCeBAONOTEH-
uhana (cM. Jonnas meopua}, B npocreiinieM Bapnaumre
JTOr¢ MeTofla BOAHOBLI® (-UHH JIEKTPOHOB 3AMOJHeHHLIX
30H [PAHUMAKTCA PaBEEIMH BOJHOBHM (-uuam csolon-
HEIX HOHOB, & BOJHOBbIE (-IHE 3IeKTPOHOB B 30He HPOBOJIH-
MOCTH BHOUPAOTCH B BHAP AMHeHHON KoMOHBAIMH OioC-
KHX BOJAH H BOJHOBBIX Q-IHRH 3aD0JHCHHEIX 000JI0YeK TaK,
qaroful 5TH KOMOWHAIME GBUIM OPTOTORAJBHBL K BOJHOBLM
¢-mirAM  aanoadeHHmX ofonodex. B pesyanrare 3anaza
CBOINTEA K yp-wuto Tuna yp-uua HIpéjuurepa, B H-pom,
OIHAKO, BMECTO IIOTEHIUAIA CTOMT JAHHEHHAA KOMOIHanHHA
00BIMHOIG CAMOCOINACOBAHHOTO TOTEHHHAJZA O HEK-POTC
CBABAHHOTO ¢ YIOMAHYTOR OPTOTOHATHIANMNEH BhpaskeHdd,
3aBHCAMEr0 OT Y9HSPTUM COCTOAHAA H BOJHOBEIX §-1{uH dIeR-
TPOHOB B HOHAX. JTY CYMMY W Ha3. HCeB[OINOTEHIALOM.
On 0Ka3bBAeTCA OTHOCHTENLHO MasbiM H3-2a ROMIIEHCAIUHI
YKa3alHEX ABYX 9/J€HOB, TAK YTO YP-HHE MOKHO PeHIATEH
N0 TeOPHH BO3MYMIEHH. JTo DO3BOJNAET DOAYIHTE BeCchMa
NCAHYI WEPOPMALIHKI O CBOHCTBAX KOHKPeTHBIX META0B.
B 4acTHOCTH, MaloCTh NCEBONOTEHIHANA HO3BOINIA 055
ACHATH H3IRECTHYH aMUHPHYCCKY GA030¢TE MH. Halamjae-
MbIX CBOJHCTB 2JIGKTPOHOB B MeTa/LIaXx K CBONCTBAM HeB3am~
MOjCHCTBYIOINHY 3JIE6KTPOHOE.
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KBAHTOBASL TEOPHA IIOJIA.
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HpauroBaa teopusa nona (KTI) — kBamrosan TeopnA
PRAATHBACTCKHUX CcHCTeM ¢ (eCKOHeMHO OOJNBIIHM YHCAOM
cTenteneil cBofonn (PeNIATHBHCTCKUX MoJefl), ABIANMWARCH
TeUPETHY. OCHOBONR OTMCAHMA MEKDPOTACTHI, HX B3aUMOIeH-
CTBRH M BIANMONPEBPAMEHIIT.

1. KeranTosme noas

HpauToroe (MHade — KEBAHTOBAHHOS) ToJle TPENCTABIA-
er coboil cvoeofipasHell cunTes UOLATAH KiIACCHY. noas
THIA FTEKTPOMaCHHTHOTO U [IOAA BePOATHOCTEIl KBAHTORBOI
mexanukd. Ilo coBp. npepcraBneHnsAM, KBanToBOR HOJE
Asasercds HanGomee QYHIAMEHTANLHGH W YMHBEDCATIbHOMN
dopmoil MaTepuu, JNerameli B OCHOBe Beex eé KOHKpeT-
ULIX 11POABJIEHUI.

IlpencrapneEne 0 KaIaccHd. NOAe BOIHAKIO B Hejpax
TOOPHH  dileKTpoMarHeTHsmMa ®apagen — Mawcseana nu
OKOHTATCALHO BRIKPHCTANIE30ORANOCE B TIPOIECCe CO3TaHna

ChOem. TeOPHH OTHOCHTEABHOCTH, TOTpReboBabBmel. oTKaaa
OT sgfupa Kax MaTePHANBEOrO HOCITEIA 3J.-MarH. OPOHec-
cos. Tlpu oToM nole NPYINIGCE CYHTATh He fopMoi ABH-
JHEHAA K.-1, cpedkl, a cienudnd. Gopvoii MaTepuu ¢ gechMa
HENPUBWYIHLIME cBONCTBAMM. B oTamuue or gactum, Kinac-
CHY. floJeé HeNPepuBHO CcO3NASTCeA H YHHUTOMaeTcH (Hc-
nycKaeTca M DOTJEOIaeTcH aapagamu), odaagaer GeckoHed-
HbiM guca0M cTeneHeil cBoGoib6l U HE JOKANM3YETCA B Ol-
pefeda. TOMKAX NPOCTPAHCTBA-BPEMEHH, HO MOGKET pacOpo-
CTpaHATLCA B HéM, nepefasad cHrHAT (B3auMogelcTBIE)
OT OAHOIl 9AaCTHLH K KPYroil ¢ KOHewiod CKOPOCTLID, He
UPEBOCXONAME CKOpPOCTH CBOTA c.

BO3HRKHOBCHHE KBAHTOBRIX HRIT NPUBETO K TEPECMOT-
PY Kaaccud. npejcTaBleHOil O HelPePLIBHOCTH MeXaHIHIMA
HCOYCKAHKA N IOIJCUIEHUA CBEeTa M K BLBOLY, YTO OTH
MPOLECCH MNPOUCXOAAT AUCKPETHO — NYTEM HCILYCKAHWA
H TOMIOUIEHNA KBAHTOB 3J.-Mard., Nojis — goronoe. Dos-
HHKIIYH NPOTHBOPEYHBYIO ¢ TOYKH 3[eHAA KIaccud. JH-
BHOKN KAPTUHY, KOCKA € 3I.-MATH. TOJCM COMOCTABAAIHNCH
$oTONL W OJHE HBAEHHS UOAZABANNCL HHTePIpeTalUH
JHIUE B TePMKHAX BOJH, & JPYrHE — TOILKO ¢ OOMOIIBID
OpencraBacHUA © KBAHTAX, HA3BIBATH KOPNYCKYARDHO-
soangswM Oyaiusiom. OTO OPOTHBODedNe pPaspeuiinIoch
IOCAeNOBAT. NPHMEHeHHEeM K HOJK Hjeii KBAHTOBOH Mexa-
HHKH. JlUHaM#49. OepeMeHHH® 2J.-MarH. 0018 ~— DOTCH-
unane A, ¢ 0 BAOPAMEHHOCTH 3JIEKTPAY. M MATH. LGAA
E, H — crald KBAHTOBAIMY 0Repamopadu, LOTTHIj iOITH~
MHCH Onpeael. repecmMaAnIaoiHbM COONHOUIEH LA U I(EﬁcT—
BYWIIMMA H3 BOJHOBYI $-OHI0 {(aMIIATYAY, WIH gexmop
COCMOARUR) CHCTEMB. TeM CcaMEIM BO3HHK HOBBIH (s,
o0BEKT — KRAHTOBOS® TN O0Jae, YIOBIETBOPAWILIES
¥P-HHAM KJaccHd. 3MeKTPOAHHAMMKH, HO HMEIOmee ¢BOU-
Ml 3HAYCHUAMH KBAHTOBOMEXAHNT. OMePATOPLI.

Broprim netokoM ofIero noHATHA KBAHTOBOLO HOJA ABH-
JAack BOJHOBAA $-nuA FacTHIBL P (&, {), K-pas ABIACTCA
HE CAMOCTOATEABHOH (M3. BeNHWYHHOH, & aMIJHTYIOd co-
CTOHHHUA YACTHIIE: BEPOATHOCTH JBHLIX, OTHOCHAIMUXICH K
9acTaie $H3. BeTHYNH BHPAMKAITCA vepes OHRHHediie N0
Y eupadiedna. T. o., B KBaATOBGH MeXauMKe ¢ RaEI0H
MaTepUHanbHON YacTHISH OKA3aN0Ch CBAZAN0 HOBOG TOJE—
moJie aMILIATY, BEPOATHOCTEH.

Penastusucrckoe obofmenne P-¢-unu opuseno II. A, M.
Hdupaka (P. A. M. Dirac) & weTHpéxsoMIoHeHTHOI BOIHO-
Boil $-num aleRTpona Yo (=1, 2, 3, 4), npeobpasyoniciics
[0 coHHOpHOMY tpejcTaBaeunte Joperye zpynnu. Borope
OHJIO OCO3HAHO, 9TO U BOOGII® KAMIOI OTT. PeaATHBICT-
CROI MHKPOYACTHIE CeAYeT COOTHECTH JOKAJNLHOE Toje,
OCYMIECTRIAAKILEe HEK-Dpoe TpejcTasiedte rpynunl Jlopes-
na H uMewikee QU3. CMHEICA AMIVIATYIH BePOHTIOCTH.
OGofmeRe Ha cayuail MH. WACTHI LOKA3ado, 4TO eCIH
OHU VROBJCTBOPAKNT OPANNUNY HePasJHTHMOCTH {(moxc-
decmaennocmy NpuKHYyuRy), TO JAS ONHCAHMA BCeX 9acTHL
JOCTATOYHO OZHOTO TIOJA B 9ETRIPEXMEPHOM TMPOCTPAIICTRE-
BPCMEHH, ABJIANINETOCA OHEPATOPOM B CMBICTE KERHTOROH
MeXaHHKH. JTO JOCTHI&ETCA TePexoioM K HOBOMY KBaUTO-
BOMEXAaHNY. OPEICTABICHHK — OPEICTABICHUIO 4HCEd 3a-
DOJHEHAA (WIH UPEICTABICHUIG AMODNYI0Z0 KBANMOELHLUR).

Beopumoe TaKIiM OYTEM OIePaTOPHOE TOAe OKA3MBACTCA
COBEPINeHHO AHAJOLMYHHNM KBAHTOBAHIOMY 5/.-MATH. HO0-
J10, OTANYasAch OT Hero JHIb BHGOPOM IpeXCcTaB.ieHHA
rpyunn Jiopesma #, BO3MOmMHO, CnoCO00M KBAalUTOBAHIA,
Ilopo6uo sx.-MarH. Uoa0, OJHO TaKoe 1OIE COOTBETCTEYET
BCeil COBOKYLHOCTH TOMASCTBEHHKNX YACTUL, JAHHOTO COp-
T4, HAOP. OfHO onepaToproe Jupara noae OHACLIBAET
Bce aJleKTpoHb (M mosuTpoun!) BeexerHoii.

Tak BOsHEKaeT yHMBepcaJbHAaA KapTHHA efmioobpasno-
To cTpoeHns Beell MaTepur. Ha ¢MeBYy noasiM B dacTHuam
KIaccHq. (QH3MKH UDPHXOAAT enitame ¢us. OODERTH —
KBAHTOBLIE TIOJIA B YeTHIPEXMEPHOM POCTPaHCTBE-BPEMEH,
M0 O HOMY IIA  Ka#KOro COPTA TACTHH MM (Kaaccud,)
noneil, JeMeHTADHBIM AKTOM BCAKOIO B3AHMOREHCTHHA
CTAHOBUTCH B3alMyJelcTBHe HecK. moJeil B oIitoll TouKe
IDOCTPAHCTBA-B)eMEHH, HAH — HA KODIYCKYJAPHEOM A3E-
Ke — JIOKANBHOe H MIHOBEHHOEe NPeBPAlleHNe OJHAX Yac-
T B Apyrue. Huaccuu. ke BsanmogelicTeue B Bipe ci,



