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1. BBenenne

Benukue oTkpriTusa X1X Beka — criekTpasibHbIE 3aKOHOMEP-
HOCTH, OTKPBITHE 3JIEKTPOHA, PEHTI'€HOBCKOTO M3JIyYECHUS,
PaanOaKTUBHOCTH U AP. — NMPHUBEJU K TOHUMAHHIO TOTO, YTO
aToMa Kak MeJibYaiIieil HelIeMMON 4acTHIIbl BEIecTBa HE
CYILLIECTBYET B IPHUPOJIE, YTO aTOM HMEET CTPYKTYypy. Cpenu
pa3JIMYHBIX AaTOMHBIX MOJeJel, paccMaTpUBABIIMXCS B
Havyase XX Beka, HauboJiee paclpOCTpaHEHHOW ObLIa Ka-
meTbHAs MOJENb aTOMa, WIH MOJENb MyAWHTa, KOTOPYIO
MpeIOXKUI OTKpbIBaTed b 3yiekTpoHa [x.[Ix. Tomcon
(Joseph John Thomson, 1856—1940). CornacHo 3To#t
MOJIEJIN ATOM paccMmaTpuBasics Kak "cgiepa 00nopoonoii
noA0dCcUmeAbHOt d4ekmpusayuu, BHYTPH KOTOPOU BKpar-
JIEHO (KaK U3IOMUHKH B IyAMHIE) OTPEIEIEHHOE KOJUYECTBO
9JIEKTPOHOB, HEHTPATU3YIONINX IOJOXHUTEIbHBIN 3apsi
aroma. OgHako yOeauTeNbHbIE IKCIIEPUMEHTHI, BBITIOJIHEH-
Hble 1o pykoBojcTBoM Pesepdopmaa (Ernest Rutherford,
1871-1937) B 1909—1912 rogax, moka3ajm, 4YTO MOJIOXKHU-
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TEJIBHBIN 3apsi aTOMA COCPEIOTOUEH B HE3HAYUTEILHOM ero
yacTH — B siApe. Ha ocHOBE pe3ybTaTOB 3TUX 3KCIIEPUMEH-
ToB Pesepdopa mpensyioxus miaHeTapHylo MOJEIb aToMa,
COTJIACHO KOTOPOH 3JIEKTPOHBI B ATOME, HOI00HO MJIAaHETAM,
obpararotest BOkpyr siapa [1]. OgHako 1mo 3aKkoHaM KJIaCCH-
YeCcKOW (PM3UKK ATOM B TAKOW MOJIEIIN HE JTOJDKEH CYIIIeCTBO-
BaTh B IpHpoje. B camoM nere, cOTJIacCHO 3JIEKTpOaMHA-
MUKE, JIEKTPOH, OOpaIAOIIUiics BOKPYT sJpa, JOJIKCH
TEPSITh CBOIO SHEPTUIO HA M3JIy4YeHHEe. DHEPIusl Bpallarolie-
rocst 2JIEKTpOHa CBs3aHAa C PAagUYCOM €ro OpOUTHI,
MO3TOMY C YMEHBIIICHUEM SHEPTUH M3-3a U3JIYUYCHUST YMEHb-
maeTcsl Takke paamyc opOuThl snekTpona. I[Ipomecc
W3JIYYCHHUs MPOWCXOJUT HENMPEPBHIBHO, W JJIEKTPOH, B
KOHILE KOHIOB, NOJOKeH "ymacTs" Ha HOJIOXKUTEIbHBIN
neHtp nputspkenusi. Kax paccuuran Mlort (G.A. Schott)
eme B 1904 roay, "magenue" sseKTpoHa Ha SAPO JIOJIKHO
MPOM3OUTH MPAKTHYECK MTHOBEHHO, 3a BpPeMsl IMOpPsIKa
10~ ¢c. Kpome Toro, mo mepe IpHOIMAKEHHS K SAPY
9JIEKTPOH JOJDKEH BPAIAaThCsl BCe OBICTpEE, YTO OJDKHO
ObL10 OBl NPUBOAUTH K HEHNPEPHIBHOMY MOBBLIIIEHUIO
4aCTOTHI MCIYCKAeMOTO CBeTa. MeXay TeM HaOJroJaeTcs
COBCEM JIPYroe: eclii aTOM HCIYCKaeT CBET, TO ITOT CBET
XapakTepu3yeTrcss HaOOpOM JUCKPETHBIX [JIMH BOJIH. B
cBs3u ¢ 3tuMm OpeHdect (P. Ehrenfest, 1880-1933)
ocTpoyMHO oTMmeTw: "Bonpoc 3axaiouaemcs 8 caedyio-
wem: nouemy amom UCHYCKAem Yucmolil MoH, a He WYM,
no0obubll maykanvio koma?l"

Takum oOpasom, skcnepuMeHTsl Pedepdopna cozmann
TYNUKOBYIO cutyanuro. Hago ObU10 OTKa3bIBATHCS JIHOO OT
JIEKTPOAMHAMUKY, JUOO OT IUIAaHETapHOU Moneiau. boib-
IIMHCTBO (PU3UKOB TOTO BPEMEHH CYHTAJIO, YTO HE CIIEIyeT
OTKa3bIBATbCS OT JJICKTPOIMHAMUKHU, KOTOpasi ObLIa MOI-
TBEepXkIeHA MHOTOYHCIICHHBIMH J3KCIEpUMEHTAMH H HAIILIA
MpaKTHYeCKNe NpHUMeHeHus. Kpome TOro, u3 BeJIMYMH,
XapaKTepU3YIONINX IUIAHETAPHBIA aTOM — 3apsj, Macca
9JIEKTPOHOB U SIIEp — HEBO3MOXHO COCTABUTbL BEJINYUHY,
AMEIOIIYI0 Pa3MepHOCTb JUIMHBI, KOTOpasi JaBaja Obl
OLIEHKY pa3MepoB atoma. Ilo satum mpuumnam mo 1913 r.
9Ty MOZeNb (HU3UKH CTapamch He 3aMmedaTb. Pesepdopn
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MPEKPACHO MTOHUMAJI TPYIHOCTH IJIAHETAPHON MOJIENH, U OH
roBopuit B TO Bpemsi: "'Bonpoc 06 ycmotiuusocmu npedaazae-
MO20 AMOMA He HYICOAemca 8 PACCMOMPEHUU Ha IMoM
omane, Max Kak yCMouuugochb, HeCOMHEHHO, 3a8UCUM Om
MOHKOCMEl CMPOCHUA AMOMA U OM OBUNCCHUA €20 3aPANCCH-
noix cocmasnbix wacmeii" [1].

Bbixo U3 3TOTO TynHKa HaIles BEJIMKUN TaTCKUH (PU3UK
Huwse Bop (Niels Henrik David Bohr, 1885—1962) [2].

Hwibse Bop pommicst B Komnenrarene B BBICOKOOODA-
30BaHHON ceMbe mpodeccopa usunosioruu. [Tocie 3ammThI
JIOKTOPCKOU AUCCEPTAIUH O JICKTPOHHOW TEOPUU MeTaj-
noB B Konenrarenckom ynusepcutrete Hunbe bop ocenbto
1911 roma yexanm Ha craxupoBky B KemOpumx st
paboTel B 3HaMeHuTOl KaBenmuiickoit mabopatopuu, rie
JIx. JIx. Tomcon B 1897 roxy oTkpsLI 35tekTpoH. B 1906 romy
Hx. Jx. Tomcon mosyumsn HoGeneBckyro mpemuto "3a
meopemuiecKkue u IKCHePUMEHMAAbHBIE UCCACO08ANHUA IACKM-
ponpogoonocmu  2azos". Ko Bpemenu mnpmesga Bbopa B
snabopatopuro TOMCOH OBLT YBJIEUEH YCOBEPIIEHCTBOBA-
HUEM CBOEW MOJIEIM aToMa ¥ e MPUIOKESHUSIMH, U COBEP-
IIEHHO He MHTepecoBaics pabortorr Huiasca Bopa. Bekope
Bop yBuzaen Opuecra Pezepdopia — caMoro BbLAAIOLIET OCS
u3 yueHukoB JIx. . TomcoHna u mompocusiics Kk HEMy Ha
craxupoBky. Becnoit 1912 roga bop nepeexan 8 Manuectep,
rae Pesepdopa Bosriamisin kadeapy M JjJabopaToOpuio B
yHuUBepcuTeTe Buktopun. Tak ux cBena cyabba, yrOTOBUB-
mas Bopy yuacts "cnacutens" pezepdoproBckoil Momeu
atoma. bop cranm mneHTpajibHOW (uUrypodl B pa3BUTUU
KBaHTOBOM TEOPMU CTPOCHHS ATOMOB M UJI€0JIOroM "KomeH-
rareHcKoii" WHTEepnpeTanu KBAHTOBONH MEXAHUKH, CO3/IaH-
HOM B 1925—1927 romax. M3BecTHBI Takke ero paboOTHI B
00Jy1acTH siAepHON (PU3UKH.

2. [Toyemy ObLIH HEOOXOIUMBI
KBAHTOBbIE NMOCTYJIATHI?

Bop cpasy ke cTajg CTOPOHHUKOM IUIAHETAPHOW MOJIEIIH,
XOTS MHOTUMH TOJAMH T03Xe OH mpu3Hajcs: "J nuxozda
He GOCNPUHUMAA NAGHEMAPHYI0 Modeab Gykeaavho". st
Bopa 310 6bUT JHMIIL 00pa3, a He UCTUHHOE M300paKeHHe
atoma. I[TOCKOJBKY aTOMbI B HPUPOAE CYLICCTBYIOT H B
OOBIYHBIX YCJIOBHSIX CTAOWIBHBI, TO MpoGjeMa IIaHeTap-
HOTO aTOMa OKa3bIBACTCS POOJIEMOI YCTONYHNBOCTH JJIEKT-
POHOB, OOPAIIAIOIINXCS BOKPYT SIEP ATOMOB, a 3TO B CBOIO
oyepenb CBOJUTCS K MPOOJieMe YCTONYMBOCTH aTOMHBIX
pasmepoB. M3 dakrta CcyniecTBOBaHHS ATOMOB CIICAYET,
49TO JOJDKHBI OBITh B MPUPOJE TaKHe MUHHMAJIBHBIC Pac-
CTOSIHUSL OT SiIpa, OJIMKE KOTOPBIX 3JIEKTPOHBI HE MOTYT
Haxomuthesa. O6ayMbIBaHMe 3TOU MpobsieMbl mpuBesio bopa
K T€HHAJIbHON MBICIIH, YTO JOJDKHA CYILECTBOBAThH IJIyOWH-
Hasl CBSI3b MEXK/y HAMMEHBIINM PACCTOSHUEM JJICKTPOHOB
B ATOME W HAMMEHBIIINM KBAHTOM JeicTBHsl. Brociencreuu
Bop Bciomunai: "B panmiolo nopy moezo npebvleanus 6
Manuecmepe, eecnoil 1912 200a, A npuwen K ydexncoenuro,
umo cmpoeHue IAEKMPOHHO20 PO 8 pe3epPopooscKom
amome YnpagAsemcs KeAHMoM Oeticmeus — NOCMOAHHOU
Ilaanka". Ho 310 03HA4aj10, 4TO, IPUHUMASI TIAHETAPHYIO
MOJIeJIb aTOMa, HeOOXOIUMO OBLIO OTKA3aThCSI OT KJIACCH-
vyeckux npexacrasienuii. [Tozguee Bop rosopui: "Pewaio-
WUM MOMEHMOM 8 amomMHot modeau Peszepghopda dviao mo,
YUMo OHA €O BCell ACHOCMbIO NOKA3AAd, MO YCMOUYUBOCb
amomos Heab3s 00bACHUMb HA OCHOBE KAACCUYECKOU (Pu3uKu
U UMo KEAHMOGHIIL NOCHLY AAIM — MO eOUHCIGEEHHO 03 MOIC-
Hblll 8bIX00 U3 ocmpoil ousemmvl. Hmenno ama ocmpoma

Hecoomeemcmsus 3acmasuid MeHs adcoalomHo nosepuns 6
NPABUALHOCHIL K8AHIM06020 nocmyiama".

B xonme 1912 roaga nmocie 3aBepiiennst CTaxxupoBku bop
ocrasui Peseppopay "Ilamarryro 3amucky", B KOTOPOI OH
BIIEPBBIE BHICKA3aJI UCIO 00 YCTOWIUBOCTH OPOUT U O CBSI3U
3JIEKTPOHHBIX OPOUT CO CTPOCHUEM MEPHOTNUECKOI CUCTEMBI
9JIEMEHTOB. DTO ObUIa ero rpaHavoO3Hasi mporpamma —
OOBSICHUTH HE TOJIBKO YCTOMYUBOCTD IUTAHETAPHOW MOICIIH,
HO U J1aTh oObsicHeHue "cgoticme mamepuu, 3a6UCAWUX OM
cucmemvl 2.4exkmponos ¢ amome". B ceoeM otete Pezephopa
COBETOBAJI HE CIENIMTh C BhIBOJaMu. Ho Bckope BBISICHH-
JIOCh, YTO CHEHIMTh ObLIO Hamo. Oka3aioch, 4TO K TOMY
BpemMenn B KemOpumke actpodusuk  HukosibcoH
(J.W. Nicholson) omny06mmkoBaJ psiJi CTaTeld, B KOTOPBIX OH
MOCTYJIMPOBAJI, YTO MPOEKIMSI MOMEHTA HMITYJIbCA JJICKT-
poHa B aToMe L KBAaHTYeTCs, T. €. IPUHUMAET IEeJIOUUCIICH-
Hble 3HauYeHus: L = nh/2m, roe n — ueinoe 4ucio, h —
nocrtosinHas [1nanka. Ha ocnoBe atoro nocrynata Hukosb-
COH HallleJl TUCKPETHbIE OPOHMTHI aToMa, Ha KaXIoW U3
KOTOPBIX, MO €ro MPEIIOIOKECHUIO, BPAIIAINCH T[PYIIIbI
971eKTpoHOB. 10 KJIaCCHYECKUM TIPEICTABJICHUSIM, JJIEKT-
POHBI JOJDKHBI HU3JTy4aThb JJIEKTPOMATHUTHBIC BOJIHBI C
YacTOTON, PABHOM MX 4YACTOTE OOpAIleHHsS BOKPYT spa.
OT1o m mnpeamnosiaran HwukonbcoH. C MOMOIIBIO TaKOro
MPEINOIOKEHHS, UPUOIMKCHHO CIPABEIJIMBOrO, Kak
MMOTOM OKa3aJIOCh, JUISl CHJIbHO BO30OYXKICHHBIX COCTOSHHIA
aToMOB, HUKOJILCOH OOBSICHUI MHOTHE OCOOCHHOCTH H3JTy-
YEeHUsI COJTHEYHOU KOPOHBI M TYMaHHOCTeH [3].

BeposiTHO, MOCIIETHUM TOJTYKOM K HAYYHOMY O3aPEHHUIO
Hunbca Bopa crama ero ciaywyaiiHasi BcTpeua B Hauaje
(despans 1913 roma ¢ COKYPCHUKOM TIO YHUBEPCUTETY
XancenoMm (H. Hansen), cnenmmancToM 1o CHEKTPOCKOTINH
[4]. Bop monenuiics ¢ HUM CBOMMHU HACSIMU O CTPOCHUH
BEILIECTBA HAa OCHOBE IJIAHETAPHOTO aToMa C OpOMTaMH,
YCTOWYUBBIMEA II0 KAaKUM-TO HEHOHSTHBIM HpHUYUHAM. B
pasroBope XaHceH crnpocus bopa, kak ero teopusi 00bsic-
HSIET CIEKTPAJIbHBIC 3aKOHOMEPHOCTH, OTKPBIThIC Baibme-
poMm, Punbeprom u Putnem. M 1yt BBIsICHHIIOCH, uyTO Bop
HUYETO He 3HaJ 00 3THX 3aKkOHOMepHOCTsX. [1o BocromuHa-
usM Bopa: "Kax moavko 4 ysudea gpopmyay Batvmepa, ece
HeMEOACHHO NPOACHUAOCH hepedo MHoU". DTo ObLIa MUHYTA
HAYYHOTO O3apPCHUSI, U 34 KOPOTKHUIA CPOK — MEHEE 4eM 3a
Mecsll — OH MOATOTOBIJI IIEPBYIO, CAMYIO CYIIECTBEHHYIO
qacTh cBoell paboTel "O CTPOEHMM ATOMOB M MOJIEKYI",
KOTOPYIO OH 3aTeM onybJuKoBa B xypHaie "Philosophical
Magazine, Series 6. Vol. 26, p. 1-25" 8 1913 roay [3].

Ho Bopa o606mennyro popmyiy banbmepa (J.Balmer,
1825—1898) u cBsI3aHHBIN ¢ Heit KOMOWHATIOHHBIN TPUHIIAT
Putoma (W. Ritz, 1878—1909) MHOTHE paccMaTpuBad, KaKk
"3a6aBHyro urpy unces". Bop BHepBbie OTKPBLI IJ1yOHHHBIN
¢$usnyeckuii cMbICTT 3TOR (popmysbl, "yBuaes" B Heid, kak
"poxnarorcs" KBaHTBI M3JIy4aromiero aroMa. OH MOHsLI, YTO
YACTOTA CIEKTPAIBbHON JIMHUM aTOMa CBsi3aHA BOBCE HE C
YacTOTON OOpaIieHus 3JIEKTPOHOB BOKPYT SApa, KaK 9TOTO
TpeOOBaJIM KJIACCHYECKME NPEACTABJICHUS, a C JHepruei
M3JIyYCHUS], BOSHUKAOIIET O IIPH MEPEX0/Ie ATOMA M3 OJJHOTO
CBOETO TUCKPETHOTO COCTOSIHUS B APYroe, Ipu 3ToM 0000-
weHHast popmysia BaabpMepa BRICTYIAET KaK 3aKOH COXPaHe-
HUSI HEPTHH B CUCTEME ATOM — H3JIyYCHHE.

OcHOBHBIE MPEANOJIOKEHUs B cBoell Teopun Bop chop-
MYJIIPOBAJI CIIEAYIOIMHIM 00pa3om [S]:

"1. Qunamuueckoe pasnogecue cucmemvl 6 CMayuOHapHOM
COCMOAHUU MOJICHO PACCMAMPUEANb ¢ HOMOUbLI) 00bIYHOL
MEXAHUKU, MO020d KAK Nepexo0 Cucmemvl u3 00H020 Cmayuo-
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HAPHO2O COCMOAHUA 8 OpY20e HeAb3A MPAKmosamy Hd Mo
oCHoge.

2. Vkaszauuolii nepexoo conpogodicoaemcs ucnyckanuem
MOHOXPOMAMUYECKO20 U3AYUCHUA, 044 KOMOPO2O COOMHOULe-
Hue Medcoy Hacmomoti u KOAUUeCmeoM 8blOeAeHHON IHePeUul
umenno maxoe, komopoe daem meopus Ilianka".

Bop paswscHun caenaHHble uM ponyiieHus: "Ilepsoe
oonywjeHue — HANPAWUBACMCA  caMO  CO0OU,  NOCKOAbKY
u368ecmmo, umo npu pacueme OBUNCCHUA IACKMPOHO8 00bIY-
HaA MEXAHUKA MepAaem c8010 abcoMOMHYI0 NPUMEHUMOCHIb, U
CNpageoausa Mmoavko 044 cpeoHux 3Hawenuil. C Opyeoii
CMOPOHbL, NPU PACHeMax OUHAMUYECKO20 PABHOGECUS 6 CMd-
YUOHAPHOM COCMOSHUU, 8 KOMOPOM Hem OMHOCUINEAbHbIX
cMewjeHutl yacmuy, Hem HeodX00uMOCmu pa3audams 0eticim-
sumebHble dgudiceHus u cpeduue... Cmayuonapmuvie cocmos-
HUA... OMAUYAIOMCA CBOCODPASHOU CMAOUABHOCTIBbIO, MO
NPOABASAEMCA 8 MOM, UNO 8CAKOE NPOOOANCUMENLHOE UZME-
HeHue OBUNCCHUS 3AMKHYMOT CUCEMbL NPeOCmas.isiem coooil
NOAHbILL NEPex00 IMOIL CUCEMbL U3 NePEOHAUAAbHO20 COCO -
HUuA 8 Opyeoe, OMAUUHOE OM He20 CMAYUOHAPHOE COCTOfA-
nue...".

Bop nomuepkusad, uro "npunumas meopuro Ilaanxa, mol
NPU3HAeM OMKPbINO HeOOCMAMOYHOCING 00bIUHOL IAeKMPO-
OUHAMUKU U PEUIUIME AbHO NOPBIEACM C INECHO C8A3AHHOT Yenbio
noaoxcenuti dmoit meopuu". Bop BIOJIHE OCO3HABAJ, YTO
"emopoe donywenue Haxooumcs 6 04e6UOHOM RPOMUBOPEUUL
¢ ODBIYHBIMU UOCAMU IACKMPOOUHAMUKU, HO KAXNCCINCA HEeOD-
X0OUMbIM 048 00bACHEHUSA IKCREPUMEHMAAbHBIX Parmos".
ITo atomy noBoxy Maxkc ¢oun Jlays (M. Laue, 1879—1960) B
TO BpeMsi BO3MYyIIEHHO ToBopwit: "Ho smo uenyxa! Ypas-
Henus Makceeaia cnpased.augvl npu cex 00CmMoAMeAbCmeax,
9.4eKkmpon Ha opoume do.axncen uzayuams” [3].

B 3aksrouenne cBoeit padboTsl Bop monBen utor crenaH-
HBIM HPE/NOJIOKCHUSIM:

"1. Hcenyckanue (uau no2aowenue) suep2uu npoucxooun He
HenpepuIsHO, KAK 210 NPUHUMACTICA 8 00bIYHOL AeKmMPoou-
Hamuke, d MOAbKO Npu nepexode CUCmeMbl U3 00HO20
"emayuonaprozo" cocmoanusa e opyzoe.

2. JlunamuuecKkoe pagrosecue cucmemvi 8 CmayuoHapHbiX
COCMOAHUAX ONpedeaiemcs 00bIYHbIMU 3AKOHAMU MEeXAHUKU,
moz0a Kak 0418 nepexooda Cucmemvl Mexncoy paziudHblmMu
CIMAYUOHAPHBIMU  COCMOAHUAMU IMU  3AKOHBI  Heoelicmeu-
mebHbl.

3. Hcnyckaemoe npu nepexode cucmemvl u3 00HO20
CMAYUOHAPHO20 COCMOAHUA 8 OPY20e U3AYUeHUe MOHOXPOMA-
MUYHO, U COOMHOWEeHUe MeXcOy UaAcmomoil v u oowum
KOAUYeCmeom uzayueHHoli snepeuu E oaemcs pasencmeom
E = hv, 20e h— nocmosnnas Ilaanka.

4. Paszauumvle CMAayuoHapHvie COCMOAHUA NPOCMOT
cucmembl, COCmoAweil U3 8pawarowezoca oKpye NoA0ICU-
MeAbHO20 A0pa IAEKMPOHA, ONPeOeAdOMC U3 YCAOBUA, UMO
OMHOWEHUEe MeHcOy 00uetl IHepeueil, UCNYUeHHOU npu 00pa-
308aHUU OAHHOT KOHPUYPpayuu, u YUCAOM 000POMO8 IAeKN-
POHOG Asasemcs yeavim kpamuvim h/2. Ipeonososcenue o
mom, umo opouma IAeKMpoHO8 Kpy2o8as PAeHO3HAUHO Mpe-
008aHUI, UMOObI MOMEHM UMRY.AbCA 8PAWAROUIe20C BOKPY2
A0pa 24eKMpoHa 6vla Obl yeavim Kpamuvim h/2T.

5."Ocnosnoe" cocmosanue 11060it amomnoii cucmemvi, m.e.
cocmoanue, Py KOMopoM u3AyUeHHAA IHePUS MAKCUMAAbHA,
onpedeasemcs u3 ycAo8us, Ymoobl MOMEHM UMNYAbCA KaAJIC-
0020 IAEKMPOHA OMHOCUMEABHO YEeHMpA e20 opoumvi pas-
Haaca h/2n ...

B nanpmeitiem npenmnosioxenust bopa B Teopun atoMmoB
66U C(HOPMYJIUPOBAHBI B BUIE KBAHTOBBIX MTOCTYJIATOB:

7*

Hunse Bop

1. Cy1iecTBYIOT cmayuoHapuvie (HE 3aBHCSIIUE OT Bpe-
MEHHU) COCMOoAHUAL, HAXOIACh B KOTOPBIX ATOMBI HE HUCITY-
CKarOT ¥ He TMOTJIOIIAIOT S3HEPTHI0. DTU COCTOSIHUS XapaKTe-
PU3YIOTCSl AUCKPETHBIM HaOOpOM 3HaueHui sHepruu Ey, Ej,
Es, ...

2. WcnyckaHue U TOTJIONIEHUE U3JIyYeHHUS! MPOUCXOIUT
MPH CKAYKOOOpPa3HOM TMepexofe aToMa H3 OJHOTO €ro
JIACKPETHOTO COCTOSIHUSI B JpPYyroe, Npu 3TOM JHEpPrus
WCIYIIEHHOTO WJIM TIOTJIOIIEHHOTO KBAaHTA OIpeesIseTCs
ypaBHeHueM hv = E, — E,,.

IlepBBIid MOCTYJIAT TPEACTABISIET COOOH, COOCTBEHHO,
npu3HaHue (paxTa, YTO ATOMBI B IPUPOJIE CylecTByoT. Ho
JUIs1 9TOT0 HeoOXomuMo 1o Bopy cunTaTh, 4TO ATOM MOXKET
HaXOAWTBhCS JIMIIb B COCTOSIHUSIX C JUCKPETHBIMHU 3Haye-
HUSIMU SHEPrud, W 3JIEKTPOHBI B aToMax oOpamaroTcs
BOKPYT SIApa Ha ONPEAEJICHHBIX JTUCKPETHBIX PACCTOSHUSX.
Haxoasicb Ha MUHEMAaJIbHOM PacCTOSIHUM OT SIAPA, 3JIEKTPOH
GoJIbllle HE MOXET HUKyAa '"mepeckouuth'", Tak 4YTO OH
JIOJDKEH HAXOMUTHCS B 3TOM COCTOSIHIH OE€CKOHEYHO TOJITO.
Tax 0OBSICHIETCS] yCTORYUBOCTH ATOMOB.

BTropoii mocTynaT onupaeTcsi Ha KBAaHTOBYIO THIIOTE3Y
ITnanka u sBisieTcst 00OOILIEHUEM ONBITHBIX PE3YJIBTATOB O
CHEKTPAJbHBIX JIMHUSIX U3JIy4aromiero aroma. OueHuBasi moc-
TyJIAT O KBAaHTOBBIX Mepexoaax, DuHmTelH [6] B 1916 romy
mcalr: "...Hoine MOJICHO ymeepucoams, umo OH Rpundo.ie-
JACUM K YUCAY HAOEHCHO YCMAHOBACHHBLY OCHO8 Hawie HayKu".

ITocrynatsl Bopa pe3ko npoTUBOpEYAT NPEACTABICHUSIM
KJIaCCHYeCKOi (hM3UKU, HO UMEHHO OTKa3 OT 3THUX HpeAcTa-
BJICHUH M BBEJICHUE UM KBAHTOB B MUP aTOMa, IIO3BOJIMIIO
Bopy noctpouts nepByro KBAaHTOBYIO TEOPHUIO aTOMA.
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3. DKcnepuMeHTa/IbHOEe J0KA3aTeIbCTBO
nocryiaaros bopa

CymiecTBOBaHME JIUCKPETHBIX COCTOSIHHIA B aToMe OBLIO
HEMOCPEJACTBEHHO Jgoka3aHo B 1914 rony B ombITax
Hxeitmca ®panka (J. Franck, 1882-1964) u I'ycraBa
I'epua (G. Hertz, 1887—-1975). IlepBonauanbHo ®pank u
Iepu, eme He 3Hast Teopum bopa, craBuiau mepen coOoi
3a7a4y 00 U3MEPEHNH MOTEHIINATIOB HOHU3AIINH HEKOTOPBIX
aTOMOB, B YaCTHOCTH, aTOMOB PTYTH. MHOIO JIET CIyCTS
®pank npusHaiCs: "IlockoabKy 6 mo epems cpedu PusuKos
20CN00CMB08AA0 OMKDPOBEHHOE Hedogepue K NONbIMKAM CKOH-
CMpyuposams Mooeab amoma npu mo20auiHem yposme 3HAHUil,
mo mMaio Kmo 0agai cebe mpyo GHUMAMEALHO NPOUUMAMDb
noceaweHnyro amomy pabomy. Ocobo ciedyem ommemums,
umo I'yvemag T'epy u A eénauane 6viiau HecnocoOHbl NOHAMb
oepommoe snauerue padomol bopa". OGCykaeHne pe3ysbra-
ToB 3kcniepuMeHTOB Ppanka u [epua (puc. 1) mpuseso
MOHMMAHHUIO TOTO, YTO HA CAMOM JeJie OHM M3MEPIUId He
NOMeHYual UOHU3AYUU, & NOMEHYUdA 8030yiHcOeHUsT AaTOMOB
PTYTH.
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Puc. 1. Pesyabrat onbita ®panka u ['epia

Bop ¢ ynoBiieTBOpeHHEM BOCHPHHSLT ONBbITHl PpaHKa U
Tepua. On mucan: "Pe3yabmamsl smux onvimos nokazau,
umo npu coyoapeHusx ¢ IACKMPOHOM AMOM He MOJCem
ROAYUUMb NPOU3EOABHOC KOAUUCCIMEO HEPIUUu, d MoAbKO
Mmakoe ee KOAUYECHBO, KOMOPOe MOUHO COOMBEmcmsyem
9HepeUU, He0OXO0OUMOTL 044 NePesood amoma U3 HOPMAAbHO2O
COCMOAHUA 8 OOHO U3 OCMAALHBIX CINAYUOHAPHBIX COCIMOAHULL,
0 CYWeCcmeo8aHUU NOCACOHUX HAM U3BECIMHO U3 OAHHBIX O
CNeKMPAx, MNOCKOAbKY IHePIUs IMUX COCMOSHUIL MECHO
C6A3AHA ¢ GCAUUUHOL CHEKINPAALHBIX Mepmos".

4. Boponcxaﬂ MOJ¢e/Ib aTOMa

[lepByro HOMBITKY MOCTPOUTH KBAHTOBYIO TEOPHIO aTOMa
Bojopoaa npeanpussut B 1910 rony MoJi010if B TO BpeMsi
aBcrpuiickuii pusuk ["aa3 (A. Haas, 1884—1941). OcHOBBI-
BasCh Ha TOMCOHOBCKOW MOJe/M aToMa M KBAaHTOBBIX
MpeACTABICHUSIX, OH BBIYUCIHJ TOCTOSHHYIO Puabepra,
3HaYeHUEe KOTOPOH, OJHAKO, BO MHOTO pa3 OTJIMYAIOCH OT
3kcnepuMeHTaibHoro. Mneu [Naasza B To Bpems ObLiu
MOJHSTHI HA CMeX 32 "HAUBHYIO MOMBITKY" COYETATH MEXTY

co6oii cTouib "HecoBMeCTHUMBIE Belu'", KAK CIIEKTPOCKOIIHS 1
KBAHTOBAsI TEOPUS U3ITyUCHUS.

B cBoeii paboTe Bop ucxoaus U3 miIaHeTapHOW MOJIETU
aToMa BOJOPOJAa U BOJOPOAONONO0HBIX aTtomoB [5]. B
COOTBETCTBHH C IUTAHETAPHOI MOJIeNIbI0 Bop paccmaTtpuBa
3JIEKTPOH, KOTOPBIA IBMKETCSI CO CKOPOCTBIO, HAMHOTO
MEHBIIIE CKOPOCTH CBETa, IO 3aMKHYTOW TpaeKTOpUu
BOKpYr szapa. "UYacmoma obpawenus v u 24aeHas 0cCb
opoumvl 2a 6yoym 3asucems om Koauuecmeda 3uepeuu W,
KOMOPYIO HA00 CO00WUmb cucmeme, umoovl yOaiums 34eKn-
pon Ha Oeckoneuno Goavuioe paccmosnue om 20pa". Itu
BEJIMUUHBI OmpenesoTcs ¢opmyiaMu (B COBPEMEHHBIX
0603HaueHusx) [7]:

\/i W3/2 5 Z€2 |
v_nZeQ\/ﬁ’ T )

3atem Bop npuHsI, 4TO OpOUTA, O KOTOPOI UAET peUb,
Kpyrosas, 1 UCIIOJIb30BaJI ujeto I1nanka o ToM, 4TO KOJIMYe-
CTBO 3HEPruu, UCIYCKAEMON IPH KaXJIOM aKTe M3JTyUCHUs,
paBHo hv. JanbHeiiue paccyxnaenus: bopa moaresepxaaroT
TeHHAJIbHOCTD XOJIa €r0 MBICJIeH U MOpa3UTeIbHYIO pu3nye-
cKyro HHTYHIMIo. OH IPEIOoIONKUI, YTO 3JIEKTPOH BHAYAJIE
HaxXOJUTCSl OYECHb NAJIEKO OT SiApa W He o0JagaeT OTHOCH-
TEJIbHO HEro 3aMETHOMW CKOPOCTBIO M YTO IOCJIE BCTPEYU C
SIIPOM DJJIEKTPOH IIONAJaeT Ha CTAIMOHAPHYIO OpOUTY
BOKDYT stpa. "Teneps donycmum, umo 34eKmpon ucnyckaem
MOHOXPOMAMUYECKOe U3AYUEHUe ¢ Yacmomoil Vv, pPAeHOu
N0.106UNEe YACTMOMbI 0OPaAUeHUSA IAEKINPOHA HA C80ell OKOHYA-
meavnoii opéume" . IMeHHO Takoe MPEINOIOKEHUE, IBIISIO-
meecs, MO CYTH, KBAaHTOBBIM IIOCTYJATOM, IPHUBOAUT K
npaBmwIbHOMY pe3ynbTaty! Takum o0pa3om, OI0KUB

nhvy
W=— 2
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¢ noMortsio hopmyisr (1) Bop momyuns BeIpaxeHus:
7z et A7 e 2,2
g AnmZ e 7 y o dnmZ e 2=z n .3)
n2h? n3h3 2m2me?

"Ecau 6 amux 6vblpasiceHusx npudamv n pasuvie 3HAYCHUA,
noayuum pao snavenuit W, v u a, coomgemcmegyomux paoy
Kongueypayuii cucmemvl. Co2AACHO NPEObIOYUUM PACCYHCIe-
HUAM Mbl NPUXOOUM K GbI8OOY, WO 3Mu KOHPuypayuu
COOM8emcmeym COCMOAHUAM CUCEMbl, 8 KOMOPbIX Hem
UBAYUCHUS IHepeUl, d NOMOMY OHU OYOYmM CIMAYUOHAPHBIMU,
noka cucmema He byoem 603myuena usghe. Mol guoum, umo
sHauenue W maxkcumaibHo, Ko20a n noAyuaem HauMeHvuiee
3HaueHue, pagHoe eouHuye. Imom cayuaii Oydem coomeem-
€cmeosamv Haubosee yCMOoUUUBOMY COCHOAHUI CUCTNEMb,
m.e. 6ydem coomeemcmeosams moti c643u AeKMpPOHd, 044
paspeiea KOMopPoil NPuxooumcs 3ampadusams Haubdo.ivuiee
KoAuuecmeo snepeuu'.

Wcnosb3yst M3BECTHBIE B TO BpeMsl 3HAUCHUS (PH3NUECKHX
MTOCTOSIHHBIX, BOP MOJIy4nII OlIeHKH:

I/—V:13B.

e

20=11x10%cm, v=62x10"c!,
Otcroma "Muvi 6udum, umo smu Geauuumvl mMoz20 xHce
NOPAOKA, 4MO U MUHUMAABHIC PA3MEPbL AMOMA, ONMUYECKUE
Yacmomel u UOHU3AYUOHHBIE NOMeHYUa bl
CornacHo ¢opmysam (2) sHeprus, HCIyIIEHHAs TPH
00pa30BAHMU OJHOTO U3 CTAMOHAPHBIX COCTOSIHMI aTOMa
BOjlopoJa, paBHa W = 2rn’me*/(n*h?). Torna "xoauuecmeo
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SHepaulL, UCNYCKAeMOIL Npu nepexoe CUCIeMbl U3 COCIOAHUL,
coomeemcmeyrowe20 n = ny, 8 COCMOsAHUE, COOMBEMCMEYIO-
wee n = ny", paBHO

2m2me* [ 1 1
an_Wm:— ST "5 |

2 2 2
h ny Ny

C ucnonap30BaHUEM KBAaHTOBOTO moctynataW,, — W, = hv
OTCIOZIa Cpa3y e MOXHO MoJIyInTh popmyiy Baasmepa

2m2me* [ 1 1 1 1
y=T (D ) =R( - ).
h n o n n

Oty dopmysty Bop BeIBel erie aByMs criocodamu. IDTO
ObLTO OJtecTsmIelt moOea0l TeOpHH, MOCKOJIBKY 0aIbMEpOB-
CKasl cepusi aTOMa BOJIOPO/IA HAIILIA ECTECTBEHHOE OOBSICHE-
HUE, U K TOMY € CTaJO BO3MOXHBIM BBIYUCIUTH TEOPETH-
4eCKH MOCTOsIHHYI0 Punbepra

2., 4

R:§%?5:11xm”c4.

C y4eToM [IBIKEHHS] aTOMHOTO SiIpa TEOPETUUECKOE 3HAYEC-
HUE MOCTOSIHHON Puadepra npekpacHo corjacyeTcs ¢ IKCIe-
PUMEHTAILHBIM 3HAYCHUEM, TIOJTYUYEHHBIM U3 CAMBIX TOUYHBIX
CIEKTPOCKOTIMYECKMX U3MEPEHHUIA.

ITo Mepe yBenwyeHWs SHepruu (YBEJMUCHHsS UHCIA 71)
pPa3HOCTh MEX]y COCSTHHMHU YPOBHSMH JHEPTrUM CTaHO-
BUTCSI CTOJIb HE3HAYUTEJIbHOH, YTO MOXHO TOBOPHUTH O
MOYTH HENPEPHIBHOM HM3MEHeHUH 3Hepruu. Ho HenpepbiB-
HOC WU3MEHEHHME (PU3UYECKUX BEJIMYMH XapakKTEpPHO IS
Kiaccuieckoit ¢pusuku. Takum 0Opa3zoM, IpH JOCTATOYHO
OOJIBITINX 3HAYEHUSIX YuCia 1, koTopoe bop Ha3Bas esasHbim
K8AHMOBbIM UUCAOM, PE3YIHTATHI KBAHTOBOW TEOPUHU TI0JI-
JKHBI COBIAJATh C pe3yJIbTaTaMH, MOJYYEHHbIMU HA OCHOBE
KJIACCUYECKUX TpeACTaBlieHud. B aToM 3akirouaercst npum-
yun coomeemcmeus, BiepBblie chOPMYIMPOBAHHBI BopoMm B
1918 romy B paGore "O KBAaHTOBOH TEOpPHM JIMHEHYATHIX
criektpoB" [5]. Bop mucan: "Oxazasoce, umo, xoma mol u
00421CHbI OMKA3AMbCA OM NPUMEHEHUA MeXAHUKU NPU ONUCa-
HUU nepexood u3z 00H020 CMAYUOHAPHO20 COCMOAHUA 8 Opy20e,
mem He MeHee, MOJICHO NOCIMPOUMb CEAZHYH MEOPUo IMux
COCMOAHULI, NOAB3YACL 0OBIUHOU MEXAHUKOU 049 ONUCAHUAL
O0BUMNCEHUA 6 CAMUX CIMAYUOHAPHBIX cocmoanuax. Haiee
npoyecc u3AYUeHUA, CBA3AHHDBIIL ¢ NEePexX000M U3 00HO20 cma-
YUOHAPHO20 COCMOAHUA 8 Opy20e, He Modcem Oblmb npoc.ie-
JCEH 8 OeMAAAX ¢ NOMOUDIO O0BIUHBIX IACKMPOMASHUNIHBLX
npeocmag.aenuil. Ce0lCmMea U3 AYYeHUs amoma ¢ MOUKU 3PeHuUs
IMUX NPedCcmagaeHuti 00y cA08.4eHbl HeROCPEOCMEEHHO J8UIICe-
HUeM CUCMeMbl U PA3AONCCHUCM IMUX OBUNCEHUL HA 2APMO-
HUuueckue KoMnoHeHmol. Tem He MeHee 0KA3AA0Ch, UMO
cywecmeyem 0a1eKo uoyujee cOOmeemcmeue Mexncoy pa3auu-
HbIMU MUNAMU 803MONCHBIX NEePex0008 om 00HO20 CIAyUo-
HAPHO20 COCMOAHUA K OPY2OMY, ¢ OOHOU CIOPOHbL, U PA3AUY-
HbLMU 2aPMOHUYECKUMU KOMNOHenmamu — ¢ opyzoi". Henoc-
pelICTBeHHbIE pacueThl 1Mo bopy moOKa3pIBaroT, 4TO,
HANpuMep, YaCTOThI CHEKTPAJIbHBIX JIMHUM, COOTBETCTBYIO-
IIUX MEPEX0JaM MEX/Y CUIBLHO BO30YXKIEHHBIMU COCTOS-
HUSMU (TIpu 72 > 1), paBHBI 4acTOTE OOpAIIEHNS JIEKTPOHA
BOKDYT SIIpa M TApMOHUKAM 3TOH 4acTOThL. TakuM oOpazom,
npu OOJIBINIUX 3HAYCHUSIX TJIABHOIO KBAHTOBOI'O YHCIIA
KBAaHTOBbBIE 3aKOHOMEPHOCTH IIJIABHO MEPEXOIST B KJIACCHYE-
CKHE 3aKOHOMEPHOCTHM, TaK YTO EJIMHCTBO TPUPOAbI HE
napymaercsa. Bmecre ¢ rem bop nmomuepkusai, uro "Ipun-
Yun coomeemcmeus 00ANCeH PAccMampusamvcsa KaK Yucmo

K8AHIMO080-MeopemuyecKuti 3aKoH, KOMopbulii HUKOUM 00pa3om
He MOodicem Y MeHbUUMy KOHMPACH MedHcOy IMUMu NoCmyad-
MAMU U KAACCULECKOTL 9 ACKIMPOOUHAMUKOIL..." .

B mmpokoM cwmbIcie NPUHIUI COOTBETCTBUS MOXHO
paccMaTpUBATh KaK MPEANOJIOKEHUE O TOM, YTO KBAHTOBAS
TEOpHsl COACPXKUT B ceOe KJIACCMUYECKYIO MEXaHHKY B Kaue-
CTBe IpefesbHoro ciaydas.. Takyro uaero Bbickazan [lmaHk
eme B 1906 roay. On mokasain, 4uro "kiaccuueckyro meopuio
MOJICHO 0XAPAKMEPU308AMb NPOCHO KAK Meopuio, 8 KOMopoii
Kkeanm Oeticmeus bOeckoneuno maa" [8]. B manbHeiem B
1927 roay DpeHndect mokasaji, 4TO B 3TOM IMpeaesIbHOM
cilyyae CcpelHHE 3HA4YeHHS KBAHTOBBIX BEJUYUH MOMYU-
HSIFOTCSL COOTBETCTBYIOIIMM YPABHEHUSIM  KJIACCUYECKOMN
Mexannku. Hube Bop mcxoamn u3 apyroit mpeanoChLIKH.
OH [pPeamoJIOKWI, YTO TPH HEU3MEHHOW TOCTOSHHOU
IInanka ¥ mpu YacTtoTe Nepexona, CTpeMsIecs K HyJIo,
KBaHTOBO-TEOPETUUECKUE PE3YIIbTATHI TOJDKHBI CBOJIUTHCS K
pe3yJbTaTaM, HMOJyYeHHBIM Ha OCHOBE KJIACCHYECKUX Npe-
craBienuit. Ilpunuun coorBercTBusi bopa okazascst oueHb
THOKHMM | TUIOJOTBOPHBIM HHCTPYMEHTOM B €T'0 TEOPUH.

3a wuccrnegoBanus crpoeHuss atoma Huibscy Bopy B
1922 romy Oblna mpucyxiaeHa HoOesneBckas mpemus 1o
(usuxke.

5. Tpuym¢ teopun bopa

Teopus Bopa cpa3sy ke MoJIyInsia BLICOKYIO OIECHKY BBIIAIO0-
muxcs (PU3MKOB TOro BpemMeHu — OJiiHiuTelHa, JlopeHna,
IMnanka, Pe3epdopna, xunca, a 3ommMmepdesba aKTUBHO
BKJIFOYMJICSI B pa3BUTHE TEOPHH. B mepBoit cBoeit OOJIbIION
(6onee 60 cTpaHHI) yXe YNOMHHABIIEWcs cratbe bop
MpOaHAJIM3UPOBAT BCE IKCIEPUMEHTAIbHBIE (DAKTBI TOrO
BPEMEHH, OTHOCSIIUECS K CTPOCHUIO aTOMOB U MOJIEKYJI,
IpH 3TOM OH HE CTOJIBKO 3a00THJICS O MaTeMaTHYeCKOH
KOPPEKTHOCTH OMHUCAHUs, CKOJIbKO 00 OLIEHKAaX 1 KauyeCTBEH-
HOM ITOHUMAaHWH siBJIeHIA. O0 3TOM MHOTO JIET CITYCTSI IIHCAT
Teiizenbepr (W.Heisenberg, 1901—1976) B cBoeii cTaThe
"KBanToBas Teopus u ee unrepnperanus’: " Mamemamuue-
cKaa ACHOCMb cama no cebe ne npedcmagasia 044 bopa
Kaxoil-mo ocooennoti yennocmu. On onacaacs, umo ¢opmais-
Has mMamemamuyeckas cmpykmypa ckpoem @husuyeckyio
CywHoOCmb npodaemol, u 0blA YOEHcOeH, Umo 3aKOHUCHHOe
Pusuueckoe onucanue 00ANCHO 0e3yCA06HO NPEOULeCMBO8ANb
MaAmemamuyeckoti gopmyauposke".

V06enuTebHbIM 10Ka3aTEILCTBOM CIPABEIJIMBOCTH TEO-
pun Bopa crano OOBSICHEHHE WM CHEKTpPaIbHOW CepHH,
KoTOpyto OTKpeUI B 1896 romy actponom IlukepuHr
(E. Pickering, 1846—1919) B cniektpe 3Be31bI { Puppis. Ita
cepusi — cepusi [IukepuHra — O4YCHb HANIOMMHAJIA CEPHIO
Banpmepa. Cumtanoch, 4TO OHa CBS3aHA C BOJOPOIOM,
HaxXOJSIIMMCS B 3Be3[JaX B KaKOM-TO OCOOOM COCTOSIHMHU.
Amnanornunsie cepun HaOmogan Paynep (A. Fowler) B
1912 tomy B 1a0OpATOPHBIX WCCIEAOBAHHSIX CIEKTPOB
CMeCH BOJIOPOJIa W TeJIus B BaKyyMHBIX TpyOkax. Takum
00pa3oM, BO3HMKJIA MPOTUBOPEUUBASI COBOKYMHOCTH (ak-
TOB. DTOT KJIyOOK nmpoTtuBopeunii pacinyral bop. 3 reopun
Bopa criegosaio, yTo nocrosinHast Punbepra ajist BO1opoao-
noJMOOHOTO aToMa 3aBUCUT OT 3apsiaa ero sjpa:
R, = Z?Ry, rie Ry — moctosiHAas Punbepra mis atoma
Bojopoaa. bop mpennosioxui, 4yto cepust [Tukepunra mpu-
HAJJIOKUT BOBCE HE BOJOPOIY, & MOHU30BAHHOMY TEJIUIO
He ™. Bckope mpenckaszanust bopa skcriepuMeHTAIbHO MO~
tBepausim Ilamen (F. Paschen, 1865-1947) u DOBanc
(E.J. Evans).
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C y4yeToM ABHXKEHHUSI ATOMHOTIO sJpa HocTosiHHas Pun-
Oepra JiJiss BOJIOPOJAONOTO0HOTO aTOMA OKa3bIBACTCS 3aBH-
cameil or maccwl sapa: Ry = Z?Ryg/(1+m./My), rne
M; — macca sapa ¢ HoMepoM Z. DTO MO3BOJIMIO 00bsIC-
HUTDb U30MONUYECKOe cMeujerue CIeKTpaabHbIX JuHui. [1o
takoMy cMmetieHno B 1932 roxy FOpu (H. Urey, 1893 —-1981)
OTKPBUI TSDKEJIBIA H30TOI BOAOPOIa — detimepuil.

Ha ocnoBe cBoeit Teopum bop moxazan manee, 4to
CHEKTPBI OPTO- U Maparejdsi OTHOCATCS HE K ABYM Pa3HBIM
9JIeMEHTaM, Kak B TO BpPEMsI CYUTAJIOCh, & K HECKOJbKO
pa3IMYAIONIUMCST COCTOSIHUSIM OJIHOTO M TOTO JKE 3Jie-
meHTa — reiusi. B 1915 rogy Bop BmepBhle mpuMeHHI
TEOPUIO OTHOCUTEJIBHOCTH K JJIEKTPOHAM, BPAIIAFOIIIMCS
BOKpPYT siapa. OH IPHIIET K BBIBOY, YTO C YYETOM PEJISTH-
BHACTCKOW MAacChl JJIEKTPOHA TOJBKO KPYrOBBbIE OPOUTHI
MOTYT OBITh CTAIIMOHAPHBIMH, JJUIUITUYECKUE K€ OPOUTHI
JIOJDKHBI IPELECCUPOBATD.

TpuympanbHoe miecTBUEe Teopuu bopa cBsizaHO Takxke ¢
HCCIIEAOBAHUSIMU PEHTTEHOBCKUX CHekTpoB. B 1914 rony
Koccenb (W. Kossel, 1888 —1956), ucnosns3ys uaen bopa,
TMOCTPOUJT TEOPUIO PEHTICHOBCKUX CIEKTPOB. PaHO moruo6-
mmit B IlepBoifi MupoBOil BOIlHE TaJIaHTJIUBBIM YYEHUK
Pezepdpopna Moz (H.G.J. Moseley, 1887—1915) skcne-
PUMEHTAJILHO Hallle]d 3aKoH (3akoH MO3JH), KOTOpPbIH
TO3BOJISIET MO HM3MEPEHHOW 4YacToTe (WM [JIMHE BOJIHBI)
XapaKTePUCTHYECKOTO PEHTTCHOBCKOTO W3JIYYeHUS] TOYHO
YCTAaHOBUTb ATOMHBIA HOMEp TAHHOTO 3JIEMEHTA, U, CJIE0-
BaTEJIbHO, 3aps/l ero siapa. 3akoH Mo3JM BIEpBbIE MPOLe-
MOHCTPHUPOBAJI, YTO HE AaTOMHBIA BeC, a ATOMHBIA HOMeEp,
OIIpeACISAIOIINI 3apa] Aapa, sSBJIIETCI OCHOBHOM XapakTe-
PUCTHKOHN aToMa IMPH €ro PACIOJIOKEHUN B TIEPHOINIECKON
cucteMe a1eMeHTOB. Tak Mo3/u yOoeuTeIbHO O ITBEP U
runote3y Ban nen Bpyka (A. Van den Broek, 1870—-1926) o
TOM, YTO PELIAIOLIYIO POJIb B PACHOJIOKEHUH JIEMEHTOB B
MEPUOIUNIECKON CHCTeMe UTpaeT HE aTOMHBIN Bec, a 3apsa
SIpa, PABHBIA aTOMHOMY HOMepy. Moszmu mwmcai: "Omu
Oanivle ABAAIOMCA 8ANCHBIM KpUumepuem 6 0npoce 0 8Hym-
DEHHeM CMpPOCHUU amomd, U pewumesbHo NOOKPenaaiom
mouky 3penus Peszepgopoa u Bopa".

ITocne Gyectsiero ycnexa teopun bopa B 00bsicHeHUN
MHOTHX (DakTOB OH MOMBITAJICS HA S3BIKE JTOH TEOpHHU
AHTEPIPETHPOBATh TMEPUOIMICCKYIO CHUCTEMY 3JIEMEHTOB,
WCTOJIb3Ysl XAMHYECKHEe W CIEKTPOCKOIMYECKUE JTaHHBIC
cBoero Bpemenu. O6 atom bop crnenan noknan B 1921 roay
B ®usnueckoMm obuiectBe B Komenrarene. OH K spy ¢
3apsoM Ze TpuOABIISII MOCIEIOBATEILHO Z 3JIEKTPOHOB,
pacnoJjiaras ux o pasJInuHbiM opoutam, "npu smom npuxo-
oumceA cmasums 80NpPOC MaxK: KaK moxcem 0vbimy 00pazosam
amom npu NOCAe008aMeALHOM NPUCOCOUHECHUU U CEA3LIBAHUU
0MOeAbHBIX IAeKMPOHO8 6 cuto6om note a0pa?" Tlopsiaok
3aI0JIHEHUSI 3JICKTPOHHBIX 000JI0UeK 0e3 ydeTa NMpUHIUNA
[Maynm, KOHEUHO, SIBJISIETCS HENPABIIBHBIM. TeM He MeHee,
ellle He 3HAsl BaXXHBIX KBAHTOBBIX 3aKOHOMEPHOCTEH, KOTO-
pble OBLIM OTKPBITHI MO37HEe, BOop BCe ke yBEepeHHO Iat
"...00bACHEHUE XAPAKMEPHBIM  OMKAOHEHUAM OM NPOCHON
nepuoduunocmu 8 cucmeme diemenmos" W OPOCIEUT
"obpasosanue cemeiicmea pedkozemeavivix d.aemenmos". On
MIPHILET K BEIBOMY, YTO 72-i 3JIEMEHT 1O CBOUM CBOWCTBAM
OTHOCHUTCS HE K PSITy PEIKO3eMEeNbHBIX 9JIEeMEHTOB, KaK B TO
BpeMsi ommbouno cuutan J[dosuite (A. Dauwillier), a
SIBJISIETCSl aHAJIOTOM nupKoHus. B xonne 1922 roga Kocrep
(D. Coster) n Xesemu (G. Hevesy) neiicTBUTEJIbHO OOHAPY-
JKHUJIM B IIMPKOHHMEBBIX PyJaX HOBBIN 3JIEMEHT C MOPSAKOBBIM
HOMEPOM 72 B TEPUOAUUECKON CHUCTEME 3BJIEMEHTOB. DTO

CTaJIoO ouepeAHON OJjecTsuel modbenoi KBAHTOBOM Teopuu
Bopa. HoBbIIi 3JIeMEHT MOJIyYUs UMS 2daghHuti B HECTh
JIPEBHEr0 Ha3BaHUS CTOJIHUIBI [laHnu.

HccnenoBanust bopa o pacmpeneneHnn 3JIEKTPOHOB B
MOATPYIIIAX Y ATOMOB B MEPHOIMYECKON CHCTEME JJIEMEH-
TOB CBITPAJIA BAXHYIO POJIb B OTKPBITUN NPUHYUNA 3anpema.
XoTs B TO BpeMst Bop He 3HaJ1 3TOro MpHUHIMIA, HO BIOJHE
CIIPaBeJIMBO 3a/1aBAJICSI BOIIPOCOM, OYEMY BCE JICKTPOHBI
aTOMa HE COCPEIOTAYUBAIOTCS B COCTOSHUU C HAMMEHbIIICH
JHEpTruUei, T.e. Ha K-0001104Ke. DTO BIOCIESICTBUN OTMEYa
IMaymu (W.Pauli, 1900—1958): "... cywecmeennviii npozpecc,
KOmopwlil Obla 8 MO 8peMA 00CMUSHYM 0.1a2004P s UCCAe008d-
Huam bopa, cocmosn ¢ 0bvsacnenuu (Ha ocrose cdhepuuecku-
CUMMEMPUUHOTL AMOMHOU MOOeAU) 00PA308AHUSL NPOMEINCY-
MOYHBIX 000.104eK AMOMA U 00WUX CBOTICING PEOK03EMEAbHBLX
9aemenmos. Bonpoc o mom, nouemy éce 24eKkmponvl amoma 6
OCHOBHOM COCMOAHUU HEe HAXOOAMCA 6 CAMOU GHYMpeHHell
0boa0uKe, yyuce 8 panHux pabomax evioeasics Bopom kax
umerowuil PyHOAMEeHMAAbHOEe 3HAUEHUe... OH 8 UYACIMHOCMU
paccmompen  3anoanerue camoi eHympenuei K-060.10uxu
amoma 2eaus U CYWecmeeHHylo C8A3b IMo20 ¢ 08yMA
PA30EAbHBIMU CREKMPAMU 2€AUS — OPMO- U NAPAeAUeGbIMU
cnekmpamu. Ha ocnose kaaccuueckoti Mexanurku Heab35 0bl10
0amv  CKOAbKO-HUOYOb  YOeOUmeabHo20 008ACHEHUS 3MO020
AeaeHus. Ha mens npousgeno cuavHoe eneuam.ierue mo, 4mo
Bop — u ¢ mo epems, u 6 NOcACOYIOWUX OUCKYCCUAX — UCKAA
obwee obOvacHenue, Komopoe 0OblL10 0bl CHPABEOAUBO 044
3an0.AHenus A000i 21eKkmponHoll 0bosouxu..." [9].

Teopust Bopa COBMECTHO C NPHHIMIIOM COOTBETCTBHSI
MO3BOJINJIA Pa300paThCsl B OTPOMHOM KOJIMYECTBE IKCIEPH-
MEHTAJIbHBIX (PAKTOB, OOBSICHUTH MHOT OUUCIICHHBIC SIBJICHUS
W OHA IO MPaBy CYMTAJACh MPEKPACHOW TeOpHell CBOETo
Bpemenn. OHa Jajia MOIIHBIA TOJYOK BCEMY JaJbHEUIIEMY
pa3BuTHIO aTOMHOW ¢usnku. OueHuBas Teopuro bBopa,
Pesepdopa B 1931 roay rosopwr: " cuumaro nepsonauao-
HYI0 K8AHMOGYI0 Meopulo Cnekmpos, evlosunymyr bopom,
OOHOTL U3 CAMDBIX PEBOAOYUOHHBIX U3 8CEX K02OA-AUDO CO30AH-
HbLX 8 HAYKe, U A He 3HAI0 OpY20oil meopuu, Komopasa umeia ovl
ooavuiuil ycnex". Tak ke BBICOKO OlleHMBaJ Teopuro Bopa
Diiuireitn: "... Bee Mou nonvimku npucnocobums meopemuye-
CKUe OCHO8bI PUBUKU K IMUM pe3yabmamam nomepneiu
nOAHYIO Heyoauy. Dmo 0bli0 MaK, MOouHO u3-nood Ho2 yulid
3eMAs, U Huede He 0bLI0 6UOHO MEePAOil NOUEHI, HA KOMOPOT
MOUCHO Ob1A0 Dbl cmpoumsb. MHue 6ce20a Kazaaocy 4yoom, 4mo
9MOT KOALOAWETICA U NOAHOT NPOMUBOPEUULl OCHOBbI OKA3d-
A0Cb 00CMAMOouHo, 4modsl no3goaums bopy — ueaogexy c¢
2CHUANBHOU UHMYUYUCH U MOHKUM 4YMbeM — HAUMU 2AA6Hel-
wue 3aKOHbl CHeKMPAAbHBIX AUHULL U IACKIMPOHHBIX 000.404eK
amomos, 6KAIOUAA UX 3HAYenue O0AA Xumuu. Dmo MHe
Kaycemea uyoom u menepob. Dmo — HAUBLICULAA MY 3bIKAAb-
Hocmb 6 00.aacmu moicau".

6. O000menue Teopun bopa

Teoputo bopa 0600mun B 1916 rogy 3ommepdensa
(A. Sommerfeld, 1868 —1951) Ha ciyuaii cuCTeM C HECKOJIb-
KUMHU cTeneHsiMu cBo0o/1bI [10]. 1151 3TOro 6611M chopMyIu-
pPOBAHBI MpAaBIJIA KBAHTOBAHMS IJISI CHCTEM CO MHOTHMU
creneHsMu cBobobl. TIpexae Bcero, 3oMMepdeb moka-
3aJ1, YTO YCJIOBHE KBAHTOBAHUS OOPOBCKUX OPOUT BHITEKACT
u3 TpeboBanus: §pdg =nh, rae p U ¢ — KAHOHMYECKH
CONPSDKEHHBIE UMITYJIC U KOOPIWHATA, & MHTEIPUPOBAHME
MPOBOJUTCS] IO 3aMKHYTOMY HUKJY TEPHOINYECKOTO IBH-
KeHus1. 3oMMepQeITbT TPEIIOIOKUI, YTO TAKOe TpeOOBaHIE
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clielyeT NMepPeHeCTH Ha KaXAYH k-F0 CTeleHb CBOOOIbI
paccMaTpUBAaEeMOW CHUCTEMBI, BBOISI KBAHTOBOE YHUCIO 7l
IJIsL 9TOH cTemeHn cBoGonsl: § pr dgi = nih. 3oMmepdernsa
paccMaTpuBajl 0OOOIIEHHBIE MpaBUJia KBAHTOBAHUS Kak
(yHIAMEHT KBAaHTOBOM TEOPUH, BMECTE C TEM OH CUHUTAJ,
4T0 3TO "Hedokazammvie u, 6epoAMHO, HEOOKA3yeMble
ymeepacoenus" . JIUIIb ¢ CO31aHIEM KBAHTOBOM MEXaHHUKH C
momMomibio Metona Bentmens— Kpamepca— Bbpunntosna
(BKB) kBanTOBBIE ycnmoBus bopa—3ommepdenbaa ObLn
BBIBEJICHBI CTPOTO KaK HEKHE MPUOJINKEHUSI.

PazButne teopun bopa npuBeno k NpeacTaBJIEHUIO O
MpocTpaHCTBeHHOM kBaHTOoBanuu opdbut [10]. TTom mpo-
CTPAHCTBEHHBIM KBAHTOBAHMEM IOHMMAJIM BBIACJICHUE OII-
pelleIeHHBIX JUCKPETHBIX OPUEHTAIINHN IITIOCKOCTH OPOUTHI B
npoctpanctse. Kak mucan 3ommepdensn, "Beccnopro, npo-
CMPAHCMBEHHOe KEAHMOBAHUE KeNAePOGCKUX OPOUm NpuHao-
AeANCUM K CAMBIM HEONCUOAHHBIM CACOCMBUAM KBAHMOBOT
meopuu. I1o npocmome v1800a u pe3y AbmMamos 0Ho NPeocmag-
Agemes noumu o0.auedcmgom". DKCIEPUMEHTAILHOE TOKA-
3aTeJIbCTBO NMPOCTPAHCTBEHHOTO KBAHTOBAHUS OpOUT 30M-
Mepdenbl ycMaTpuBal B 3€€MaHOBCKOM  paCIIEIIIICHHA
crnekTpajbHblXx JuHUM U B ombiTax llltepna um I'epnaxa.
JanpHelmuii aHanau3 pe3yiabTaToB onbiToB lllTepHa u
Iepnaxa mokasaji, OJHAKO, YTO B 3THX ONbITax ObLI (pakTu-
YECKHM OTKPBIT CIIHH 3JIEKTPOHA.

7. HecocTositenbHocTh Teopun bopa

HecMoTpst Ha HemOCpeACTBEHHOE IKCIEPUMEHTAIBHOE MOI-
TBEpXKACHUE TOCTYJIaTOoB Bopa, m ycmexoB ero Teopuu B
OOBSICHEHIM MHOTOYHCIICHHBIX JKCIHEPUMEHTAIBHBIX (ak-
TOB, B nepuoa ¢ 1919 mo 1925 ronsl cranum Bce sicHee
MPOSIBJISITECS TPYAHOCTH M HEAOCTATKH 3TOW Teopuu. Teo-
pus onuchIBajia IJIaBHEHIINE CBOWCTBA aTOMOB, HO CMBICI
MpaBUJI KBAHTOBAHMSI OcTaBaJics 3aragounbiM. He 3ps bop
HAa3BIBAJ UX MOCTYJATAMHU, T.€. HEJIOKA3aHHBIMH TIPEIIIOJIO-
KeHUSIMH. VX CMBICI CTajl SICEH TOJIBKO TOCJE CO3JdaHUs
MOCJIENOBATEIbHON KBaHTOBOM MexaHuku. Teopuss bopa
okasajach (haKTHUYECKH JIMIIb Teopueil aToMa Bogopoda U
BOJIOPOAOTIOIOOHBIX aTOMOB. [TONBITKM 0000IICHUS TEOPUU
HAa CIydYal maxe CIEAYIOMIEr0 aToMa B MEPUOIUIECKOM
CHUCTEME — aTOMa I'eJIisl — HU K YeMY IOJIOKUTEIIbHOMY He
npusenu. Kpome Toro, mo teopun bopa mMoxHO ObLIO
BBIUUCJIUTD [aJIeKo He Bce (u3mueckue BeJuuuHbl. [Jaxe B
ciIydae aToMa BOAOPOJa MOXKHO ObLIO paccuuTaTh YacTOThI
(WM UIMHBI BOJIH) CIEKTPAJIbHBIX JIMHAN, U HE CYLIECTBO-
BaJIO OOILETrO MPHHIUIA BBIYICICHUS SIPKOCTH WJIM WHTEH-
CUBHOCTH 3THUX JIMHUH. J{J151 3TOM 11eJTM BBOIUIIUCH JIOTIOJTHH-
TeJIbHBIE TIPEJIIIOJIOKEHHUS, OCHOBAHHBIE HA MPUHITUIE COOT-
BETCTBUS — 3TOU "6oamebnoi nasouxu", Kax rOBOPHI
3ommepdenba. Bee ato, xak ¢ oropueHneM otmeuall bop,
MIPEBPATIIIO €T0 TEOPHIO "noumu 6 unmyumueHoe y2advigamnue

uemunnwvix omuowenuir". Tlepuon ¢ 1919 mo 1925 romsl
Ha3bIBAJIM NEpUOAOM "cucmemamuueckozo yeaovieanus" Ha
OCHOBeE NpuHIIa cooTBeTcTBUS. B 1924 roay 3omMmepdeib
npopodeckn rmcalt: "C nomowwio ceoe2o npunyuna coomeen-
cmeus Bop nvimaemcsa mecho yea3amv K8aHMO8YI0 Meopuio ¢
Kaaccudeckoil meopueii usayuenusa. Ou oeticmeyem no 803-
MONCHOCU UHOYKIUBHO U HA OCHOGEe (pu3utecKux coodpaice-
HuUil, CONOCMABASA NOCMENEHHO KANCOOMY KEAHMOBOMY YUCAY
nepuod HeKomopo2o 0sudceHus. Boaweonas cuia npunyuna
coomeemcmeus NOAHOCHbIO ONPABOAIACH NPU 8bI800€ NPABUL
0mbopa KBAHMOBBIX HUCE, NPU PACCMOMPEHUU CEPUANBHBLX U
noaocamvix cnexmpos. Ilpunyun cmaa nymegooHol HUmvio
0414 6cex HogblX omKkpuimuii bopa u e2o wikoavl. Hecmomps na
9MO, A He MO2Y CUUMANb €20 OKOHUAMEALHO YO08.1emEopume-
ALHBIM YIIce U3-3d 020, UMO 8 HEM CMeUanbl KAdCcudeckue u
Keaumosvle mMouxku 3peHud. Mue xomeaocv 0bl ygudeno
NPUHYUN COOMBEMCMBUA KAK 0c000 8ajxcHoe caedcmaue
Oyoyweil 00noAHeHHOU KBAHMOBOU Meopuu, d He KAaK ee
ocnoganue". ITo GbLIO CKa3aHO OYKBAJILHO HAKAHYHE CO3/1a-
HUSI KBAHTOBOM MeXaHuKu!

ITo cymectBy Teopusst Bopa eme He Oblma HacTosIIEH
TeopHel, a (pakTHYECKH MPeICTaBIIsIa cO00i HabOp MOCTY-
JIATOB, KOTOPBIE COYETAH B ceOe SIBHO HEMPUMUPUMOE —
KJIACCHYECKYIO HENPEPBIBHOCTH (BpalllcHHE Ha OpOMTax) u
KBaHTOBBIE CKauyku. K TOMy BpeMeHHM MOSBUJIMCH HOBBIE
9KCIIEPUMEHTAJIbHBIE (DAKTBI, KOTOpbIE HHKAaK HE MOrJja
00BsicHUTH Teopusi bopa. HyXHbI OB HOBBIE HJIEW, HOBBIE
npeacrasieHusi. Taxue umen B 1925-1927 ropmax Obliu
BBICKa3aHbl U paszpabotanbl [eitzenbeprom, dupakom, e
Bpoiinem, lpémunrepom, Bopuom, Iaymu, Bopom, Ditxii-
TEHHOM W APYTUMH (PHU3UKAMH, KOTOPHIMHU OBLITU CO3aHBI
OCHOBBI COBPEMEHHON KBaHTOBOM Teopuu [11].
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The history of the creation and development of Bohr’s atomic theory is discussed. Even now, with a consistent quantum theory available,
Bohr’s theory is not simply the property of history, of methodological interest only. To this day, the ideas of the theory not only provide
an excellent introduction to atomic physics, but are also used successfully in treating atomic Rydberg states, exotic atoms, etc.
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