Crpoex Ha aToma — Mogean HA Prabpdopa u bop. Bonoponen atom
Crpoex Ha aToMa — Mogeau Ha Peabpdopa u bop

CpBpeMEeHHHTE MPEACTaBH 3a CTPOEXkKa Ha aTOMa 3amoyBarT Ja ce opopMsT €Ba B HaUanoTo Ha XX B. clej
OTKPUBAHETO HA SBJICHUETO PATUOAKTHBHOCT U ONMUTUTE Ha aHTIuiickus Gusuk 'b. Peaspdopa o pasceiiBane
Ha O-YaCTHIIM OT pa3lIMYHU BelecTBa. Poabpdopa ycTaHOBMII, Ye aTOMUTE UMAT CJIOKEH BBTPEIIEH CTPOEK:
CBCTOSIT C€ OT IOJIOKUTEIHO SIIPO C MAJIKU pa3MEpPHU, OKOJIO KOETO CE ABMXKAT OTPULATENIHU eleKTpoHU. KaTo
IS0 aTOMBT € EJIEKTPOHEYTpaJieH, ThH KaTO MOJIOKUTETHUTE U OTPULIATEIHUTE 3apsiii C€ KOMIIEHCHUpPAT
B3aUMHO. Te3u pe3yiaTaTH €CTECTBEHO IIOCTABWJIM BBIPOCA 3a BBTPELIHUS CTPOEK Ha aroma, KakTo M 3a
Pa3MoJIOKEHUETO Ha ENEKTPUYHUTE 3apsaIu B paMKUTE HAa HETOBUS 00EM.

[Ipe3 1911 r., uzyuyaBaiiku pa3ceiiBaHETO HA O-YACTHUIX (ITOJIOKUTEIHO 3apPEJACHU YACTHUIM) OT PA3IMYHU
BelIeCTBa, PbAbpopH OTKpHBa, Y€ LEIMAT MOJOXKHTEICH 3aps] M NOYTH IplaTa Maca Ha aTOMHUTE €
ChCPEIOTOUCHA B SAPO C pa3MepH OT MOpsAbKa Ha 10 m (pa3mepuTe Ha aTOMHUTE ca ~107% m, 1.¢. okono 10°
'BTH TO-TOJIEMH OT TE3W Ha syipata). OCHOBaBalKM ce Ha TE3W Pe3yNTard, Prabpdopsa mpemsiokun T.Hap.
IIaHeTapeH Mojen Ha aroma. Criopes To3U MOJIENl aTOMBT €€ ChCTOU OT MOJOKHUTEIHO 3apEICHO TEXKKO SIpOo,
OKOJIO KOETO IO 3aTBOPEHU OpOMTH C€ JBMXKAT EJIEKTPOHUTE, 0Opa3yBallKM T.HAp. €JICKTPOHHA OOBHBKA Ha
aToMa. 3apsabT Ha SIPOTO MO TOJNEMHHAa € paBeH Ha OOIIMs 3apsA] Ha BCUYKU EJIEKTPOHH. T03u Mojeln
o0sicHsIBa)T TOOpe OMUTHTE 1O pa3CceBaHETO Ha (-YAaCTHIM OT BEUIECTBOTO W TIO3BOJIMJI Ja CE OIpeNeNu
3apsAObT Ha SAPOTO; OMIIO TOKAa3aHO, Ye 3apsaAbT ( Ha AIpPOTO € paBeH Ha MOopenHus HoMmep Z Ha elleMeHTa B
IepuoJMYHaTa cucTeMa Ha MeH/ieneeB, yMHOXKEH 10 €J1eMEHTapHUs eJIEKTPUUEH 3apsij e: (=Ze.

Monenst Ha Ppaspdopa obaue ce okazan cBbp3aH C peauna 3arpyaHeHus. ChbIriIacHO 3aKOHUTE Ha
KJIacCH4YecKaTa eJeKTPOIMHAMHKA BCEKH €JIEKTPUUCH 3apsiil, KOWTO CE IBMKH YCKOPUTEIHO, TPSAOBA Ja U3IIbUBa
€JIEKTPOMArHUTHU BBIHU. B TakbB ciiyuail eNeKTpOHUTE, NBHIKEHKU CE€ OKOJO SAPOTO, HEMPEKhCHATO I
U3JIbYBAT EJIEKTPOMArHUTHU BBJIHHU, BCJIEACTBME HA KOETO EHEprusita UM IIOCTENIEHHO Ie HamMaisBa. B
CIIEKTPHYHOTO IIOJI¢ HA SAPOTO BCEKH CIEKTPOH MPHTEKAaBa IOTCHLManHa eHeprus U~Ze’/r, kbaero I e
paauychT Ha CHOTBETHAaTa OpOMTa Ha JABM)KEHHE Ha elekTpoHa. OueBHIHO C HaMaJsiBaHE EHEprusAra Ha
€JIEKTPOHA IIe HaMalsiBa U paJuyCchT Ha opOUTaTa My, IIPH KOETO B OMpPEJEICH MOMEHT TOM e MaJHe BbPXY
AJIpOTO, T.€. AaTOMBT I1I€ IIPECTaHE Jla ChIIECTBYBA KaTo ycroiunBa cucrema. C npubInKaBaHETO KbM SIAPOTO
MEPUOABT U YECTOTATa HA €JIEKTPOMAarHUTHOTO M3TbUBAHE ChHILO 1€ C€ U3MEHAT HEMPEKBCHATO, TOPAIU KOETO
CHEKTHPBHT Ha U3JIBUBAHETO I1I€ ObJIe HENPEKbCHAT (B JEMCTBUTEIHOCT U3TbUBAHETO HA aTOMUTE MMa JIMHEEH
(IUCKpeTEH) CIIEKTHD).

[IpotuBopeuusita B Mozena Ha Pwpavpdopa Omnm mzbernatu ¢ mpenioxeHus ot garckus ¢usuk H. bop
npe3 1913 r. HOB, KBaHTOB MOJIEN HA aTOMa, KOMTO CE OCHOBABA HA CIE€JHUTE TPH MOCTYJIaTa:

— ATOMBT MOXeE Ja CBhUIECTBYBA CaMO B OINPECIIEHU CTAl[MOHAPHU CBHCTOSIHUS, BCSIKO OT KOUTO C€
XapakTepu3upa ¢ onpeziesieHa CTOMHOCT Ha I'bJIHaTa eHeprus. Ha cranonapHUTe ChbCTOSHUS ChOTBETCTBAT
OTIpe/IeNIEeH! CTAllMOHAPHU KPBTOBU OPOUTHU, IO KOUTO C€ JABMXKAT eNeKTpoHuTe. [Ipu ABMKEHHETO cH M0
TE3W OPOUTH €JIEKTPOHUTE HE M3THUBAT €IEKTPOMArHUTHU BHJIHHU.

— Ilpu npeMrHaBaHe Ha aTOMa OT €IHO CTAIlMOHAPHO CHCTOSHUE B JIPYTO CE€ M3IIBYBA WJIH MOTIbBIIA (POTOH.
ATOMBT U3MBUBa (POTOH, aKO CE M3BBPIIBA MPEXOJl HA EIEKTPOH OT ChCTOSIHUE C MO-TOJIIMa eHeprusi Em
KbM CBCTOSIHHE C TIO-Majika eHeprusi En, mim norirsiia GoToH KaTto U3BBPILBA MPEX0]] OT ChbCTOSTHUE C T10-
Majika €Heprusi KbM CHhCTOSIHHUE C MO-ToJisiMa eHeprus. EHeprusiTa Ha MOTbIHATHS WU U3TbUeH (OTOH €

paBHa HA Pa3NMKaTa B EHEPIUUTE HA JIBETE CheTosHus — E =hf = | E, - En| .

— MoMeHThT Ha HMMIYJCa Ha €JEKTPOHA Ha CTAalMOHAPHUTE OpPOMTH MOXKE Ja MMa camMoO JHUCKPETHU

(kBaHTyBaHH) cToiiHOCTH — L, =mv,Ir =n#&; n=123,....

[IepBusaT moctynar Ha bop neduHupa cTabMIHOCTTa Ha aTOMUTE. BTOpPHSAT mocTynaT € CBBp3aH C
Ha0JII0/JaBaHUTE JUCKPETHU aTOMHHM CIIEKTPH U B ChIJIaCHME C KBAaHTOBaTa XUMoTe3a Ha [[maHk 3a TOMIMHHOTO
u3npuBaHe. TpeTusT moctynar Ha bop He e CBBbp3aH ¢ HUIO, HAOIIOAABAaHO 0 TO3M MOMEHT. Toil e
NPOABJKEHUE Ha HJAESATa 32 KBAaHTYBaHE Ha BEJIMYMHHUTE B MHUKpocBeTa. HeroBusit cMuchi € uzsicien 10
TFOJIMHU TO-KbCHO, CJIEJ KaTo A0 bpoii M3ka3zBa XUmoTe3ara 3a BBJIHOBHUS XAPAKTEP HA MUKPOYACTHUILIMTE.
Oka3sBa ce, 4e TPETHSAT MOCTYJIaT HaJlara YCJIOBHETO BBPXY BCsAKA Bb3MOXKHA KpbroBa OpOMTa Ha €JIEKTPOHA Ja
MOraT Jia C€ HaHecaT LSJ10 YKUCIIO BBJIHKU Ha b0 bpoiin:
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C nmpyru nymu, €NEeKTPOHBT MOXKE Ja C€ HaMHpa caMO Ha TaKuBa OpPOUTH, YHATO IBJDKMHA € KpaTHa Ha

IbJDKMHATA Ha BbhJIHATA Ha b0 bpoiin 3a enexkTpoHa cbe ChOTBETHATA CKOPOCT.



Boxopoaen arom

Teopusita Ha Bop MOXKe J1a ce MPUII0KH 3a HA-TIPOCTHS aTOM — aTOMa Ha BOJOPO/Ia, KOUTO ChIbpKa €IUH
MPOTOH U €MH €JeKTPOH. Macara Ha MPOTOHA € MHOTO MO-TOJIsIMa OT Macara Ha €JIEKTPOHA, MOpaau KOETO
MO3KEM JIa IPUEMEM, Y€ eIEKTPOHBT Ce ABMKH OKOJIO HETIOJBUKHHUSI IPOTOH, HAMUPAIIl C€ B IIEHTHpa Ha aToMa.
3a pasiMka OT MacuTe EJIEKTPUUHUTE 3apsayd Ha MPOTOHA U EJEKTPOHA Ca €JHAKBHU 10 TOJIEMHHA, HO
MIPOTUBONOJIOXKHU 10 3HaK. CuiiaTa Ha B3aMMOJICHCTBHE MEXK/y €JIEKTPOHA U MPOTOHA Ce OMpeesis OT 3aKoHa
Ha Kynon. Ts npezacrasisiBa 1EHTPOCTPEMUTENHA CUJIa, MO JEHCTBUE HA KOSITO €JIEKTPOHBT CE JBUKU ChC
CKOPOCT Vy, [0 ChOTBETHATa OpOUTa C HOMEpP N, C paanyc Iy!
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CwraacHo Tpetus noctynar Ha bop panuycsT Iy Ha opbutaTa TpsiOBa 1a yIOBIETBOPSIBA YCIOBHETO
(2) mv,r, =nh.
Ot (1) u (2) MoxeM J1a TOJTYYHM 3a pajinyca Ha N-TaTta opouTa:
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Axo 3amecTuM B (3) KOHCTaHTHTE C TEXHHTE CTOWHOCTH M IMOJOXHM N=1, mie ompeaenuM paauyca Ha
ThpBaTa BE3MOXKHA opouTa r1=0,53.10"° m. [Tonyuenara cToifHOCT € B 100PO CHOTBETCTBHE C TOBA, KOETO CE
ompezesst OT KHHETUYHATa TEOPHsl Ha ra30BeTe.

EHeprm{Ta Ha BOJOPOAHHA aTOM C€ CbCTOHU OT IMOTCHLMAIHATA CHECPIHUA Ha B3aI/IM0I[eI\/JICTBI/I€ MCXKAY AApOTO
(TpOTOHA) M eNeKTpOHA W KMHETHYHATA CHEPrys Ha JBU)KEHHE Ha eNIEKTPOHA ChC CKOPOCT Vp IO CHOTBETHATA
opbuta ¢ paauyc ry. I[lorennunannara eneprus U, MoXxe a ce mpecMeTHe, KaTo Ce M3I0JI3Ba BPbh3KaTa MEXKIY
paboTa M TMOTCHIMAIHA SHeprus, KMHeTHYHaTa 1, — KaTo m3noimsBame (1) 3a Ja HamepuMm cCKOpocTTa Vi, a
TSAXHATa Cyma IIle HU Jajie mbjiHata eneprus E, Ha enextpona, qBukeny ce mo opourara ¢ Homep N:
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TBHil KaTo MPOTOHBT € HEMOJIBIDKEH (HsAMAa KMHETHYHA CHEPTHs), ITbTHATA CHEPTHs HA aToMa ChIIO Ce J1aBa
ot (5). Biwxname, ue TS e oTpumaTenHa W C yBeJIMYaBaHE paguyca Ha opOuTata, Ha KOSTO C€ HaMHUpa
CJIIEKTPOHBT, eHeprusaTa HapacTBa. [Ipu N—o En=0, T.e. TOBa ¢ MAKCMAJTHATA CHEPTHS HA BOJOPOIHUS aTOM.
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Ot dopmyna (5) ce BuKAa CHINO, Ue €HEPTUATA HA aTOMA 3aBHCH CaMo OT eHO 110 uncio N (E, ~ =),
n

Hape4YeHO TJIaBHO KBAHTOBO YHCIO. Pa3nuuHATE CTOMHOCTM HA N ONpPENensT EHEPreTUYHUTE HUBA Ha
eNeKTpOHa B aroMa. EHepreTHyHOTO HUBO TpH N=1 ce Hapu4a OCHOBHO €HEPreTHYHO CHCTOSIHHE (HOpMAaHO
cberosiHue). EHeprernunuTe HUBa npu N>1 ce HapuyaT BH30Yy/I€HU €HEPreTUYHH ChCTOSHUS Ha aToMa. BbB
Bb30YJCHUTE ChCTOSHUS aTOMBT HE ChINECTBYBA ABIAr0. OOMKHOBEHO TOW M3TbYBA KBAaHT €HEPIHs, CHIIIACHO
BTOpHS NOCTYyJIaT Ha bop, U nmpeMnHaBa B MO-HUCKO €HEPreTUYHO CBHCTOSIHUE, A MO-KbCHO, W3IMYCKaUKH OIlE
€IMH WUJIM HSKOJIKO KBAaHTA, CE BPBIIlA B OCHOBHOTO ChCTOSIHHE. OCHOBHOTO CHCTOSIHME € Hall-yCTOMYHUBOTO, Thi1
KaTo Ce XapaKTepu3npa ¢ Hali-MaJIkaTa CTOMHOCT Ha ITbJIHATA CHEPTHSL.



