KBagToBO-110AEBASA

kaptuHa mupa (KIIKM).




B ocHoBe coBpemeHHoU KITKM nexut HoBas
donsundeckas Teopmua — KBaHTOBagd MeXaHMKa,
onucbiBaloLLasad COCTOSAHNE N OBUXKEHUE
MWUKPOOOBHEKTOB.

B ocHOBe KBAHTOBOW MEeXaHUKU riexat
dyHOamMeHTanbHbIE UOEUN O KBAHTOBAHUN
donanyecknx BennMYMH U KOpnycKkynspHo-
BOJSIHOBOM Ayanu3ame (eauHcTee
KOPMNYCKYNMAPHOIO N KOHTUHYalIbHOIO
nogxoga K onucaHuio mupa).




D opmMupoBaHTE UACU KBAHTOBAHUA
dpu3muecKkux BEeAMUNH.

OnpepeneHune: pnsnveckne BEMNYUHBI,
KOTOpbIe MOTyT NPUHMUMaTL NMALLb
onpeaeneHHble AUCKPETHbIE 3HAaYEeHUS,
Ha3bIBAlOTCH KBAHTOBAHHbIMU. A caMO UX
Bblpa)KeHne Yyepes KBaHTOBble YMca
Ha3blBaeTcs KBaHTOBaHMeM. Cama naes
KBAHTOBaHUA cpopmMmpoBanacb Ha OCHOBE
psaa oTKpbITUM B KOHUEe 19-ro — Havane 20-ro
BEKa.



OTN OTKPLITUA criegyroLme.

OTKpbITHE aneKTpoHa. B 1897 r. Obin
OTKPbIT 3NEKTPOH. Ero 3apan okasancg
HaUMEHbLUNM, rieMeHTapHbIM. 3apsa
noboro Tena paBeH LENMOMY YUCTTY
afieMeHTapHbIX 3apsiaoB. Takum obpasom,
3apsan OUCKPETEH, a paBeHCTBO = tn*e
npeacraBnsieT cobon dopmMmy KBaAHTOBaAHUS
SrIEKTPUYECKOro 3apsiaa.



B pe3ynerare akcnepuMeHToB Obinun
YCTaHOBMNEHbI 3aKOHbI PoToadhdekTa —
SIBIIEHNS1 BbIODMBaHUS 9N1EKTPOHOB U3
BellecTBa nog JencTBMEeM CBeTa, U3
KOTOPOro BbIXOAWUMNN CrieACTBUS:

1) HE3AaBUCUMOCTb SHEPTUUN BbiOMBaAEMbIX
9N1EKTPOHOB OT NHTEHCUBHOCTU CBETA, a
3aBUCUMOCTb €€ TONbKO OT YacTOThbl
CBETOBOW BOJIHbI;

2) Hanu4mne Ons Kaxaoro BellecTsBa
MWHUMaNbHOW YacTOTbl, NPU KOTOPOW
dOTOIPAEKT eLLLE BO3SMOXKEH.



CornacHo Teopuun aneKTpoMarHMTHOro
N3rny4vyeHmns Bo BTOpoU nonosunHe 19-ro Beka
criegoBano, YTo SHEpPrms TensoBoro
N3Ny4YeHns Ha BCeX YacToTax (BO BCEM
MHTepBare OnnH BOSIH) paBHANAaCh
6ECKOHEYHOCTU, YTO NMPOTUBOPEUUSIO 3aKOHY
coxpaHeHus aHeprun. Hy>xHo BbIfio pewnTb
aTy npobnemy.



B 1900-m rogy Makc 'naHk
(1858-1947) pnsa Bbixoga 13 aToun
CUTyaunu npeanioxusn cnenytouyto
rMnoTesy. aJ/IeKmpomMa2HUMHoe
u3Jsly4eHue ucrnyckaemcs
omaoesibHbIMU MopyuUsiMu —
KeaHmamu, eesluq4uHa Komophbix
npornopyuoHasibHa 4acmome
U3Js1Iy4YeHusl.

[MnoTe3a lNnaHka dpakTnyecku
cTana Hadanom HOBOW QOU3UKU —
KBaHTOBOM (PU3UKK (CTapas
rnony4una HassaHue
Kraccu4yeckou).




CornacHo npeacTtaBneHnsM KBaAaHTOBOW
do13nKM aHeprmua KBaHTa

e = hxw,
rae w - 4yacrtoTa, a h — NOCTOsAHHasA
[TnaHKa, paBHas 6,626x10-34 [xxc.

OHa siBngaetca doyHaamMmeHTanbHOM
don3nyeckom KOHCTAaHTOM (KBaAHT
OEUCTBUS).



Takmm obpasom, ecnm B KIilaCCUYECKOM
doU3nNKe CHNTarnoChb, YTO SHEPTUA MOXKET
N3MEHATLCA HEMPEPLIBHO U MPUHMMATb
nobble, CKOsb YrogHo Ofn3knue 3HavyeHus, To
COrNacHO KBAHTOBbLIM NpeACcTaBNeHNsAM, OHa
MOXET NMPUHMMATb NULLb OUCKPETHbIE
3HA4YEeHUs1, paBHOMY LEMOMY YNCIY KBAHTOB
SHEeprun:

W =nxhxw,
rme n=1,2,3... - uenble Yyncna.



B 1905-m rogy A. QMHLWITENH, NPUHAB
rmnotesy [naHka, pacwmpun ee,
NpeanonioXuB, YTO CBET HE TOJSIbKO
n3ny4aeTcs KBaHTamu, HO U
pacrnpoCTpaHAETCA M MOrnoLwaeTcqa ToxXe
KBaHTamMu (Ha3BaHHbLIMUW BNOCNEACTBUN
doToHamMn).

Taknm obpasom, cBeT npeacraBnaeT cobomn
NOTOK CBETOBbIX YaCTUL, — POTOHOB. OTO
BO3BpaALLAET HAC K KOPMYCKYNAPHbIM
BO33peHnsamM HbloToHa, HO Ha HOBOM YPOBHE.



AHeprua doToHa e = hxw = mc?,
NOKOALLMNCA OOTOH He CyLLeCTBYET

AOVHLLUTENH TakKXe co30aeT OCHOBHOE
ypaBHeHne poToadpdekTa:

hw=A+E,
9Heprua poToHa pacxoayeTca Ha paboTy

BbIXO4a 3rieKTpoHa U3 atoma un npugaHue
eMy KNHETUYECKOUN IHEPrun.



KopnyCKyAApHO-BOAHOBOU AyaAU3M
CBE€TA U BEIIECTBA.

B ncropuun passmtmsa y4eHus o ceete
CMEHANM Apyr Apyra KopnyckynsapHas Teopus
ceeta (M.HbroToH) n BonHoeag (P. T'yk, Y.
[tonreHc, T. FOHr, XK. ®peHernb),
npeacraBnsBLlas CBET KaK MEXaHNYECKYI0
BOJTHY.

B 70-x ropax 19-ro Beka nocrne
yTBepXaeHua teopun Makceenna nog
CBETOM CTaslnM NOHUMAaTb 3NEKTPOMArHUTHYHO
BOJITHY.




B Hayane 20-ro Beka Ha OCcHOBe
aKCnepumMeHToB 6bI10 HEONPOBEPXKUMO
NOKa3aHo, YTO CBEeT obnagaet Kak
BOSTHOBbIMW, TaK U KOPMYCKYNSIPHbIMU
CBOUCTBaMMU.

bbIno Takke obOHapy»XeHO, YTO B MPOSIBNEHNN
9TUX CBOUCTB CYLLECTBYIOT BMNOJIHE
onpeaereHHble 3aKOHOMEPHOCTU: YEM
MEHbLUE OJSIMHa BOMHbI, TEM CUMbHEE
NPOSABNSAOTCA KOPMNYCKYNspHblIE CBONCTBA
cBeTa.



= B 1924-m rogy dopaHuy3ckum
donsuk Jlyn oe bpowunb
BbIABMHYN CMENyIo rMnoTesy:
KOpNYyCKyNAPHO-BONHOBOM
ayanmam nmeet
YHUBepPCcanbHbIN XapaKTep, T.e.
BCE YacTulbl, UMerLne
KOHEYHbIN nMnyrnbc, obnagatoT
BOMNMHOBLIMW CBOUCTBaAMM.




[Tpn NposiBNeHUn y MUKPOOOBLEKTA
KOPMYCKYNAPHbIX CBONCTB €ro BOJSIHOBbIE
CBOWNCTBA CYLLECTBYIOT Kak noTeHuUnanbHas
BO3MOXXHOCTb, CITOCODHas npwu
onpeneneHHbIX YCNoBUAX NEpPenNTn B
OENCTBUTENBLHOCTL (gManekTnyeckoe
eOVHCTBO KOPMYCKYNMAPHbIX 1 BOJTHOBbIX
CBOMCTB MaTepun).



[1To coBpeMEHHbIM NpeacTaBreHNAM
KBAHTOBbIN OOBEKT — 3TO He YacTuua, He
BOJSIHA, N JaXe He TO U He Apyroe
O[QHOBPEMEHHO.

KBaHTOBbIN OOBLEKT — 3TO HEYTO TPETHE, HE
paBHOE NPOCTON CyMMe CBOWUCTB YacTuLbl U
BOJHbI.



IIpuHITUII AONOAHUTEABHOCTH.

KopnyckynsipHble U BONTHOBbIE
CBOMCTBa MUKPOOOBLEKTA
ABMNATCA HECOBMECTUMbIMU B
OTHOLUEHUN UX OQHOBPEMEHHOTIO
NPOSIBNEHNSA, OHAKO OHU B
pPaBHOW Mepe XapaKTepusytoT
OOBLEKT, T.€. AOMOSTHAKT APYr

Apyra.

[aTtcknn punsnk Hunec bop B

1927-m rogy copmynumpoBarn
NPUHLUMN OOMNONHUTENBHOCTMW.




Bcsikoe ucmuHHoOe siesieHuUe npupoobl He
MoXxem 6bImb oripedesieHO OOHO3Ha4YHo C
MOMOWbIO CJ108 Halwez20 si3blKa U
mpebyem Orisi ceaoe20 oripedesieHuUs, rno
KpaliHeU mepe, d8yx
83aUMOUCKJIIroHYarowux 0onosIHUmMesibHbIX
noHsmuu. K yucny makux siefieHuu
OMHOCSIMCS, HarpumMep, KeaHMoe8ble
s18JIEHUSI, )XU3Hb, rcuxukKa u op.



OCHOBHBbBIE ITOHATUA U HPI/IHI_[I/IHBI

KIIKM.

PaHee cyumarnochk, Ymo ycmpolcmeo Mupa MOXKHO
ro3Hasamb, He 8MelWUB8asiCb 8 He20, He 8/1USIS Ha
rpomexaroujue 8 HEM rpoueccsI.

KapmuHa peanbHOCMuU 8 K8aHMOBOU MexXaHUKe
cmaHosumcs 08yraHo8ou: ¢ 00OHOU CMOPOHbI 8
HeE€ 8x005m xapakmepucmuKu uccriedyemozo
obbexkma, a ¢ Opyaou — ycrioeus HabroOeHUs.

Takum obpa3om, 8 KIIKM riosiensemcs npuHyun
OmHocumesibHocmu K cpedcmeam Habs1ro0eHusl.



IIpocTrpaHCcTBO M BpemA.

CornacHo CneunanbHOU Teopumn
OTHOCUTENbHOCTU CYLLECTBYET €ANHOE
NPOCTPAHCTBO-BPEMS Kak abcontoTHas
XapakTepucTtunka vyetblipexmepHoro Mupa
(MpPOCTPaHCTBEHHO-BPEMEHHOIO KOHTUHYYMA)



HquI/IHHO CThb.

[TpocTpaHCTBO, BpEMS N MPUYNHHOCTb
ABNAKOTCA OTHOCUTENbHBLIMU N 3aBUCUMbIMU

Apyr ot apyra.
[MpnymHHOCTL B coBpeMeHHoU KI'TKM mnmeert
BEPOATHOCTHbIN XapaKkTep (BEPOATHOCTHaSA
MPUYNHHOCTD).



B3aunmMmoaericrBue.

Bce MHOroobpasune B3anmMmoaencTBmnm
nogpasgensercd B COBPeEMEHHOU
don3nyeckon KaptmHe mmpa Ha 4 Tuna:
CUNbHOeE, INfIeKTPOMarHUTHoe, criaboe v
rpaBUTALUOHHOE.



[1o coBpeMeHHbIM NpeacTaBneHnaAM Bce
B3aNMOOENCTBUA UMEIOT OOMEHHYIO
npupoay, T.e. peanna3yloTca B pesynbraTe
obMeHa dpyHOamMeHTanbHbIMX YacTuyamm —
nepeHoc4YMKkamMmuy B3anMMOOEeENCTBUN.

Kaxxgoe n3 B3anmoaencTtBun
XapakTepusyeTca KOHCTaHTOW
B3aMMOOENCTBUA, KOTOPOE onpeaenseT ero
CpaBHUTENbHYO NHTEHCUBHOCTb, BPEMEHEM
npoTekaHua n pagnycom OencTBuUS.



CunbHoOe B3anmoaeucrTeume.
ObecrneynBaeT CBA3b HYKITOHOB B A4pe.

KoHCTaHTa B3anmoaencTBuga paBHa

npubnuantensHo 10°, paguyc aencrems
nopsagka 107"°, Bpema npotekaHua t ~10%c.

HacTtunubl — NepeHOCHNKN - Pp-ME3O0HDbI.



JriekmpomMac2HUMHoe 83aumodelicmeaue:

KOHCTaHTa nopsaaka 1072, paguyc
B3aNMOOENCTBUSA HE OrpaHnYeH, BpeMs
B3anmopaencTeus t ~ 10-°°c.

OHO peanunayeTtca mexay Bcemu
3apsKEHHbIMU YacTULaMn.

YacTnua-nepeHoCcUHnK — POTOH (g-KBaHT).



Cnaboe B3anmogencrTeue.

Css13aHo co BceMu Buaamu b-pacnaga,.
KoHcTaHTa B3aumopericteng nopsagka 1073, t
~10"¢.

JTO B3aMMOAENUCTBUE, KakK U CUNbHoOeE,
ABIAETCH KOPOTKOOAENCTBYIOLLMM: paanyc
B3anmoaencTeust r~1078 m.

YHacTtuubl — nepeHoCcHnKkn - BupTyanbHbie W-
N Z-0030HbI.



‘paBMTaLUOHHOE B3aMMoaencTBUe.

ABngeTca yHMBepcanbHbIM, U3 BCEX
B3aUMOOeUCTBUN ABNAETCA caMbiM CriadbbiM U
NPOABMSAETCA TONMBKO MPWY HanNnnM4nn
NOoCTaToMHO OonbLUKMX MacC.

Ero paguyc oencrena He orpaHnyeH, Bpem4
TaKKe He orpaHun4yeHo.

OBMEHHbIN XapakTep rpaBUTaLMOHHOIO
B3aMMOOENCTBMA OO0 CUX NOP OCTAETCA noa
BOMPOCOM, TaK KaK rmrnoTeTnyeckas
dyHOamMeHTanbHas Yactuua rpaBMTOH NoKa
He obHapyXeHa.






