O cepuanbHbiX CNEKTpax >neMeHToB ).
Huanasc Bop.

[Ipegmer, 0 KOTOpPOM A HMEI0 YeCThb CerofHaA [JOKIaALIBATL, CACAYA
ApyxeckoMy npuriaamenuio mpesuanyma Hemenwroro dmsmueckoro OGme-
CTBa, 0YeHb OGmHpeH M OHJIO OBl COBEPIIEHHO HEBO3MOIKHO JAThL B OJHOM
IOKJaje CEONBKO-HUOYAL MOJHH® 0030p Ype3BHYANHO BamHBIX pe3yibTa-
TOB, JOCTHTHYTHX B TEOpHH CIEKTpOB. B mocaegyiomeM A mOmeTaoCh BEI-
 IBHHYTb HEKOTOpHE HCXONHEBIE NYHKTH, KOTODHE MHE KaMKyTCA BaKHEIMH
KAk 1A MOHWMAHHA COBPEMEHHOI'0 COCTOAHHA TEOpHH, Tak M NIA Halb-
HelIIuX BOSMOKHOCTEH ee pa3sBUTHA B Oxmxalimen 6yaymen. K coxanenumn,
BpeMsA He IIO3BOIMT MHe mojpo0Hee OCTAHOBHTHLCA HA HMCTOPMH Pa3BHTHA
CIEeKTPaIbHEIX TEOPHH, XOTA HTO H OHLIO OH HHTEPECHO B CBA3H C OCTAJb-
HBIM; OTCYTCTBH€ HCTOpPHYECKOro o630pa He OyZeT MemaTh OHHMaHHIO
HOCAeYIINEro M3JOMEeHNA, TAK KaK HCXOJHEIe NOI0MEHHA, Ha OCHOBAHHUH
KOTOpDHIX HEMHOIO IeT TOMY Ha3aj HNHITAINCH OGBACHUTH CIEKTPH, pemHu-
TEeAbHO OTINYATCA OT LOJOMEHHI H3IaraeMoro HHMe. IJTO0 pasiHdue
pacopocTpaHaeTCs Kak Ha pasBHTHe HAMMX IpefcTaBleHUl O CTpOeHHH
aToMa, TaKk ¥ HAa cNOCOo0 IpHMeHEHHd 3THX IIPeACTaBIeHHH K 00BACHEHHIO
cuextpoB. YTo KacaeTca NepBOro NYHKTa, MW GygeM npejgnoiaraTh, HO
teopur Rutherford’ a,aTom, cocTodamuy u3 MOJOKUTENLHO 3aDAKESHHOrO
Afpa, BOKPYI KOTOPOTO BpalllaeTcd HEKOTOPOE KOJHYECTBO IIEKTPOHOB;
pasMepHl sAapa 9pe3BLIYaiio Majdbl B CpaBHEHHH ¢ BEIHYHHOIO BCErO aTOMA,
B HeM COJEPIKHTCA, OfHAKO, IOYTH BCA ATOMHAA Macca. Bpema He mo3Bo-
JAT MHe IPHBECTH OCHOBAHHN 3TOH, Tak HashIBaeMON Adeprod (nyxieapnot)
meopus amona, W T, BEChMA CHILHEE MOATBepHICHHA, KOTOPHe OHa Ho-
JAyYdna OpH HCCIeJOBAHMAX B CaMbX pasAudIHHX obiacrax. Mue xogerca
VIOMAHYTH TOJBKO 00 OZHOM pesyabTaTe, MpHAABIIeM HeoOn4aliHylo mpo-
CTOTY H NIPHMBICKATeIbHOCTH COBDEMERHON TeOpHH aTOM3, A IFOBOPIO O TOM
BO33PEHNH, YTO YHUCIO 5JEKTPOHOB HEHTpajpHOrO aTOMa PABHAETCA NPOCTO
YHUCNY, OUpefelAnINe y NOJ0KeHNe COOTBETCTBYIOMEro 3JICMEHTA B UEPHO-
OHYeCKOll cHcTeMe. OJTO MOJOMEHHEe, BHCKA3AHHOE BIEpBHEe van den
Brock’om saBmaserca TOii mporpaMmoll, K KOTOPOH JOJMHO CBONUTBCH

7 Joknaj, npoImTanHHi 27 anpexrs 1920 rojga ma 3acegammu Hewmenxoro &®mam-
geckore O6mectBa B Bepanne (Zeitschrift fiir Physik, 2, p. 423, 1920).
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o6pAcHeAHe (PUIHYECKUX M XUMHIECKUX CBOHCTB DJIEMEHTOB,~—MBl IO HEI
HCXOAUTh M3 ATOMHOA MOJedu, onmpammiefici Ha 3T0 YHCIO, TAK HA3H-
BaeMbllf <aTOMHHII HOMep». llouniTka oCymecTBIEeHHA TaKOH IpOrpaMmbi
HA OCHOBE KJACCHYECKHMX 3aKOHOB MEXaHMKM ¥ DJIEKTPOJHHAMMEM CBA3aHA
C HeNpeonoJUMLIMH 3aTPYIHeHHAMH., OHM 0co0eHHO De3KH B Clydae CIeKT-
POB 3J€MEeHTOB. 3aTPyJHEHHA 3[4eCh HACTONBKO SICHH, YTO GblI0 OH JHII-
Hell TpaTO¥ BpEGMCHM OCTaHaBIWMBATLCA HAa HHX. OYEBHAHO, 9TO CHCTEME!
BBIIIEYIIOMAHYTOrO0 THOA IO OOLIYHLIM MEXaHMYECKHM H 3JIeKTPO-THHAMH-
9eCKHM MODEACTABJCHUAM Heé MOryT 06XajaTh JOCTATOYHOU YCTONYMBOCTHIO
H DOTOMY He MOTYT OHTL HMCTOYHUKOM CHIEKTPa, COCTOSINET0 M3 pPEe3KHX
JIHEMN.

B nocnenymolmen Msl OCHOBHIBaeMCH Ha IPEJCTaBICHHAX TAK HasbBae~
MO meopui xsanwmos. Her HeoGxogumocTH, ocobeHHO 3gech, B bepiamue,
H3naraTh QyHAaMenTanbHele paboTH Planck’a o TemaoBom H3dIyYeHHH,
OCHYHUBIIHE TONYKOM K PasBUTHIO TEOPHH KBAaHTOB, COIMACHO KOTOPOH
3aKOHHI, ONpeeNAnIHe X0 ATOMHLX HPOLECCOB, COAEPIKAT CYIIeCTBeHHL i
SJEMEHT IpPEPHBHOCTH. §1 ymomaHy 3aech TOALKO O rlaBHOM Ppe3yiabTaTe
Planck’a, oTHOCAmeMca K cBolicTBaM HeOoOhYaliHO IpPOCTO HOCTPOEHHOM
aTOMHOM CHCTEMEl, Tak HaseBaeMoro <ocuumiaropa» Planck’a. 9ror
OCUHJAATOP COCTOMT H3 OOHOHM, SJEKTpPHYECKH 3apfKCeHHOH YacTHUEI,
crocoGHON cOoBepmaTh rapMOHHUYECKHEe KoJe0aHud OKO/0 IOJOKEeHHA paB-
HOBECHA € YacTOTOl, He3aBHCHMOH OT aMmauTyAu. B pesyabTaTe paccmor-
PEHHA CTATUCTHYECKOTO PaBHOBECHA IPYNNH TaKHX CHCTEM B IOJNE H3JY-
9ennd, Planck, Kak H3BecTHO, IpUIIEA K BRIBOJY, YTO H3JAYYEeHHE H
IIOTAOUIeHre TAKUMH OCIHIIATOPAMH MOMKET UPOU3BOJUTHLCA TOJBKO TAKHM
croco6oM, 4TO HpH pPacCMOTPEHHH CTAaTHCTHYECKOrO DABHOBECHA IPHXO-
AMTCA NPHHUMATHL BO BHHMAHHE HCKIIOYATEIHHO HEKOTOpHE, oco0Le Co-
CTOAHHUA ocuaaaTopa. B 3THX COCTOAHUAX 2HEPLUA CHCTEMHB gBiadeTcd
HeJsM KPaTHHM YHMCAOM TAK HAa3HBAeMOI0 <«KBAHTA SHEpPIHH>», HpONOPLHO-
HaJIBHOrO0 d9HCAY KojebGauuit ocuuaiaropa. OcoOwe 3HaUYeHHA DHEPrUH
MOryT OHWTH BHIpaWeHH (QOpMyIOH:

E,=nhuw, (1)

rae n— 1ejoe 4HCiHo, ® — 9uci0 KoaeGapufl ocuminATopa H h — YHHBED-
calbHad, Tak Haswmpaemasd Planck’osckas mocroamsHas. [lonmTxa mpume-
HEHHA 3TOro pe3yabrara K 00bACHEHHUIO CIIEKTPOB 3JEeMEeHTOB HATAJKHBAETC A,
O0JHAKO, Ha 3aTpYAHeHHe, 3aKIDYaOIIeecd B TOM, YTO [BHIEHHE YaCTHIEL
B aToMe, HeCMOTpA HA LPOCTOTY CTPOEHHA IOCJIEXHEro, BooGUIe TOBOPA,
4pe3BHIYA{HO CIOXKHO, B CPABHEHHH C NBH:KeHHeM ocnuinaropa Planck’a.
Orcoona BO3HUKAET BOIPOC, KAKHM 06pasoM joameH OHTE 0600mEH BHBOJ
Planck’a, 9To6m NONYYATH OpHMEHEHHe B NAaBHOM ciaywae? B stoM orHo-
IIeHUHW BO3MOMHE pasiWyHEe TOYKM 3penms. Tak, Hanpumep, ypaBHeHHe
(1) momHO paccMaTpHMBaTH, KaK YCIOBHeE, ONpelelAiliee OTHOWEHHA IIpH
0COGNX [BHKCHHAY aTOMHON CHCTEMBI, M MOXHO IBITATHCA HCKATh 006INYio
dopmy sTEX ycaophil. C gpyro#l CTOPOHH, MOMKHO CMOTpeTh Ha YPaBHEHHE
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(1), kak Ha HEKOTOpOe yTBep:KJeHHe O CBOHCTBAX OpoIlecca H3NYYeHUHA, H
ClIe0BaTeNbHO, HCKATh OONIWe 3aKOHH, ONpeleldl0mHe JTH mpoueccH. B
treopud Planck’a mpuHHMaercs, Kak HedTo caMO co00D pasyMelonmeecs,
YTO YHCIO KoJeGaHHH cBeTa, NOLJOIEHHOIO H H3JIYYeHHOro OCIHJIA-
TOPOM, PaBHO COOGCTBEHHOH vacToTe KoJeGaHHil IOCIEAHEr0. JTO Hpeamno-
JoMeHHe MoxeT OHTL HAaIlHCAHO TaK:

y=0 €]

rie, KAk ¥ B JanbHelilneM, Mpl 0603HadaeNM, ¢ [elbl0 PE3KOro pasrpaHHde-
HUA, Yepe3 v— YHUCIO KoJeOaHHA HM31y4aeMOro cBeTa M 4epe3 o — YHCIO
Kosne6GaHul sacTHIH B aTome. MEl BUAUM OTCIOAA, 4TO pe3yabtar Planck’a
MOXeT ObITh MHTEPIPETUPOBAH TAKUM 06Pa30M: OCHUATATOD MOKET H3AYYaTh
H IOrJI0WATh CBET TOJABKO TaK HA3bIBAEMBIMH ¢KBAHTaMH H3JIYYEHHA» Be-
JHYUHDB

AE = hy 3)

Kax u3BeCTHO, TaKAs UHTEPIpeTaHs npusena Finstein’a & Teopuu Goro-
3JIeKTPUYECKOro apderTa, HMenolleil 60aploe 3HaYeHHe, KaK IPHMEHEHue
TEODHH KBAaHTOB K ABJICHHIO He CTAaTHCTHYECKOro xapakTepa. fl He cramy
OCTAaHABIMBATHCA HA XODPOUIO M3BECTHHIX 3aTPYAHEHHAX, K KOTODHIM IIpH-
BOJAHUT TaK HA3nIBaeMasl 1unomesq C6emosuir Keanmos B IBIeHHAX HHTepdepeH-
nuu, 00bACHEHHe KOTOpOiH CTOJh NPOCTO B KJIACCHIECKON TeopuH H3iy-
yenud. fI BooOme He HamepeH BXOXHTH B OOCY:KIA€HME 3arajkH, CBA3aHHON
C BOIPOCOM O NPHPOJE H3IYYEeHHd, Npeanojarad TOABKO IONHTATHCA
IOKa3aTh, KAKUM 06PasOM BO3MOMHO YMCTO (HOpPMalbHO IOCTPOMTH TEOPHIO
CIEKTPOB, OCHOBHEIE B3JEMEHTHl KOTOpOH ABJIAJIHCh OB OJHOBpEMEHHBIM
panMoOHAJbLHEIM DPasBHTHEM TOH M [Ipyroif HHTepOpeTallid pe3yabTaTa
Planck’a.

Jl1a MCTONKOBaHMA #ABIEHHA JHHERHBIX CIIEKTPOB JJIEMEHTOB Ha
OCHOBE YKa3aHHOI'O BHIE BO33DEHHA O CTPOGHHMH aTOMa MBl BHHYKIEHHI
npejnojaraThb, 4TO JydYeHMCIyCKaHMe aTOMHON CHCTEMB IPOHCXONUT TaK,
49710 OOHIYHHE NpejCTaBleHHA He B COCTOAHHH HWCTOIKOBATH IHponecca B
ReTalaX | He JaNT crmocoba ompejeleHHA YacCTOTH KojdeGaHH H3TyYEHHA.
Mel yBHAHM, OZHAKO, YTO CYIIECTBYET BO3MOMKHOCTH HPOCTOro. 06bACHEHUA
O0IIMX SMIMPHYECKHX 3aKOHOB YACTOT CHEKTPAJbHHX JHHMH, ecau npen-
NONOMKHTH, YTO JAA BCAKOTO UBNYYEHHUss ATOMHOH CHCTEMBl HMEeT CHIY
clenyolui 3aK0H UDPHPOAL: BO Bce BpeMsa Ipoliecca H3JAy4YeHWA, HOCTEx-
Hee o6najaeT OJHONW M TOH se 4acTOTON v, OHmpeleaeMON TAKHM ycaosuex
©UACHOMDL

h=F —E, 4)

rae E' n E" —opHeprud cucteMH 10 ¥ nociae uanydensd.lloaaras B ocmo-
BY 5TOT 3aKOH, MHI 3aKJI0YaeM, 9TO CIEKTPH He JalT HaM KapTHHH JBH-
SKEeHHs JacTHIl B aToMe, KaK 3TO NPHHHEMaeTcA B OOLIYHOI TEODHH H31y-
9eHHA, H HO3BOJAT CYAUTH TOJIBKO 00 H3MEHEeHHMAX SHEPTHH IPH TeX WIH
MHEIX BOSMOMKHMX IIPOLECCAX B aTOME BHIIEYKasanHoro THma. CoraacHo
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TaKOMY BO33PEHHIO, CHEKTPH CBH/ETEIbCTBYIOT O CYMECTBOBAHHH ONpene-
JIeHHHX HCKIOYHTEIbHRX 3HAYEHHI DHEPraH, COOTBETCTBYIOIIHX OCOGLIM
COCTOAHHAM aTOM3; HHIKE MH HA3HIBAEM STH COCTOAHUA CMAUUOHAPHLIMU
cocmoaRuANw aToMa, MO0 IIpefnoJaraeM, 4YTO aTOM MOMeT NpeGHBaTh KO-
HEYHE OPOMEKYTOK BpPEMEHH B KaKIOM H3 TaKHX COCTOAHHM, H, IOKHAAA
ero, CHOBa IONAjAaeT B [pyroe cranuoHapHoe cocroanue. Hecmorpa Ha
¢yHIaMEHTANLHO® DAa3iHYde MemAy TAKHM BO33DEHHEM H HPUBHIYHHIMA
OpeACTaBIeHHAMHA MEXaHHKH M 3IeKTPOJMHAMUKH, Ml YBHIUM BO3MOMKHOCTD
PAIAOHAJILHOrO COYETAHHA BHIIIEYHA3aHHOH TEOpHM CTPOEHAA aToMa ¥
darToB cuexrpockonud. (KA3alOCh HMEHHO, YTO XOTA MH X AONKHEH
OTKa3aThCA OT UPHMEHEHHA MEXaHHKH IIPHM ONHCAHHH IIepexoja U3 OJHOI'0
CTAaNMOHAPHOrO COCTOAHHA B ApPYyroe, TeM He MeHee BO3MOYKHO HOCTPOMTH
CBA3BHYK) TEOPHI0 ITHX COCTOAHHH, HOABL3YyACH OOKWUHON MeXaHHKON Aad
ONHCAHHA JBHMEHHA B CaMHUX CTALMOHAPHEIX COCTOSHHRAX.

Jlanee, mpomecc H3Ny4YeHHA, CBA3AHHHIA C IIEPEXONOM U3 OJHOrO
CTAUMOHAPHOr0 COCTOAHHA B ApYyroe, He MoeT OHTH IPOCTEXKEH B Jera-
JAAX C IOMOMBI0 OGHIYHHEIX DJIEKTPO-MAarHUTHHX HpexcrasBaenuil. CpoiicTBa
H3IyYeHHd arToOMa C TOYKH 3PEHHA 3THX IMpPeACTaBIEHUN OOYCIOBIEHH
HeIoCpEeACTBEHHO [BHMKEHHEeM CHCTeMBH H Da3iOKeHHeM OJTHX [BHIKEHHI
Ha rapMOHHYECKHE KOMIIOHEeHTH. TeM He MeHee OKa3aJoCh, YTO CYHIECTBYET
ray6okoe coomeememeue (Korrespondenz) Mes[y pasAHIHbIME THHAMH BO3-
MOJKHBIX IEPEexXofioB OT OXHOrO CTAIHOHAPHOTO COCTOAHHMA K APYroMy — C
ONHOH CTOPOHH, B Pa3AHYHLIMA FapMOHHYECKHMHM KOMIIOHEHTAMH pa3Jioxe-
Hua—c gpyro#t. TakuM o6pasoM pa3bupaeMas TeOpHS CIEKTPOB MOKeT
paccMaTpHBAThCA 10 HEKOTOpOW CTelleHH, Kak 0000meHne peicTaBIeHHi
o6p9yHON TeopnH H3AyIeHHd.

Jlna Hau6onee ACHOro H3NO#EeHHA OCHOBHHX IYHKTOB A PacCMOTPIO,
Oopeine 9eM IepexojiuTh K CIOMKHHM THIIAM CepHajbHHX CHEKTpOB, HOpo-
crefmul copuamnwnd cnekmp eodopoda. Hak HM3BecTHO, BTOT CHEKTP COCTOHT
13 HECKOJABKHMX JHHHY, 9HCIa KOJIeGAHHH KOTOPHIX € GOJBIIOK TOYHOCTHIO
MOryT OHITH BEHIpameHH (opmMyrnoll Balmer’ a:

Y= KK )
(n")? ()2
rae K —nmocrodanHas, »' u n”— neasle gucra. [lonaraa »'=2 u 3acrTa-
BlAA #' OPHHUMATE 3HAYeHHA 3,4..., Ml ONyYIaeM XOpOIIO M3BECTHYIO CEPHIO
BOJOPOAHHX JHHAN BHIHMOTO CHOEKTpa, morarad »'==1, mam »'==3, MH
moaydyaeM TOJOGHHIM e 00pasoM CHOEKTpalbHLle cepuy, HablojaeMbe B
yabTpa-duoneTOBHIX U HH(Pppa-KpacHHX obractax cnekrpa. O6pamasacsk Te-
nepb K CTPOEHHUIO i;o,uopolmoro aToma, ME BHANM, 4T0o, 10 Rutherford’y,
OH IPOCTO COCTOUT M3 OXHOTO 3apAMKEeHHOro Sfpa, BOKPYI KOTOPOrO IBH-
WercA eNWHCTBEHHHHN 51eKTpoH. [(NA MpOCTOTH Mul IpejuoiaraeM Maccy
Aapa 6ecKoHe9HO OOJBIION B CpaBHEHHH ¢ MacColl SIeKTpOHa H KpoMme
TOr'0 OTBJEKAaeMCA OT HeGONbIINX HN3MeHeHH{ B NBH:KEHHH, 00YCIOBICHHBIX
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A3MEGHGHHEM Macchl 3JMEeKTPOHA B 3aBHCHMOCTH OT CKODOCTH, KAaK TOrO
Tpe6yeT TeopuA OTHOCUTENbHOCTH. IlpH TAaKHX NpEeJIOCHIKAX 3IeKTPOH,
[0 NPHBHIYHEIM MEXaHHYECKHM NpefCTaBIeHHAM, GyHeT ONACHBATH 33 MKHY
THIl BJUTAIC ¢ AXPOM B OXHOM H3 (DOKYCOB; YACIO OOCOPOTOB B E€JHHHNY
BpeMeHH © W 6oibmas OCh 24 9TOrO S/IKICA CBASHBANTCA C dHepruel
CHCTEMH CJAEXYIOIIMMA OPOCTHIMEH (OpPMYNaMH, BHITEKAIOIIHMH H3 3aKOHOB
Keunxepa:

2wWs e?
W= m 9 2“—-W (6)

Tie e—3apsj, m-—Macca slexTpoHa, W — pabota, Tpebywmasca aad yaa-
JAeHUs 3MEKTpOHa OT fAxpa B OeckoHedHOCTh. IIpocToTa 3THX QopMyx Io-
OysmaeT NPHMEHHTH HMX AIA4 O0HACHEHHA BOJOPOAHOIO CHEKTpa, HO 3TO
HEBO3MOKHO JO TeX IOp, IOKA HAIIM IPeACTABICHHS ONMDATCA HA Kiac-
CHYECKYIO TEOpHMIO H3NyueHud. B camoM nene, mo 5TO TEOPHH COBEpIIEHHO
Helb3d WOHATH, KAKHM 06pasoM BOJOPOX HCIOYCKAaeT CHOeKTDP, COCTOAMmMH
H3 TOHKHX JHHH{, © MeHserca BMecTe ¢ W u MH JZOIKHE OH Ipepmo-
JNOXHTH, YTO YACTOTa M3Jy4aeMOro CBETa HENpPepLHBHO MEHAETCA BO BpeMA
um3nydenud. Ilogoxenne nena MeHAercdA, ecld Mbl PacCMOTPHM 3ajayy Ha
OCHOBAHHM BHIIENPHBEREHHLX NMpecTaBleHuil Teopuu KBaHTOB. CocTaBHM
IS KamJOH IMHWM MpOH3BeleHHe hv, YMHOXKad Ha % ofe CTOpOHH ypaBHe-
Hug (D); MH BHIHMM, 4TO IpaBad 4acTh IOJYYEHHOIO COOTHOIIEHHA MOMET
6HTH HAOHCAHA B BHJE PA3HOCTH IBYX HPOCTHX 4YiaeHoB. CpaBHHB:A €
dopmyao#t (4), MBl NPHXOAHM K 3aKIOYEHHIO, YTO OTAEILHLIE JAHHH COEK-
Tpa H3IYyYAITCH IPHU IEepexofe MeKAy JBYMA CTAalMOHAPHRIMM COCTOAHHAMH,
OpUHagIeKamuMI K 0eCKOHEYHOMY pAAY; dHeprud #-HOrO0 COCTOAHHA OIIpe-
genserca (eciau OTOPOCHTH HTPOH3BOIBHYI0 MOCTOAHHYIO) BEIDAMEHHEM:

E=—=" (N

Bufop oTpuumarelbHOr0 3HAKA OIpexeadeTcd TeM, 4YTO JHEprHA aToMa
Ipolle BCEro xapakTepuayerca paborolf, Tpe0yeMOR And yAajJeHHUS BJIEK-
TpoHa, Mbl 0603Baumau ee Bume 4depe3 W. Iloacrasnaa B dopuyny (6)
BMecTO W Bupamenue (7), MH IOIy4YaeM 4YHCIO OGOPOTOB JIEKTPOHA U
60NbIIYI0 OCh AAA #-0T0 CTAIlHOHAPHOIO COCTOSHHA:

1 2 K3 n2e?
= W]/ Wm0 TR @)

Mu Moram 6Hl Tenephb HCCAENOBATH OTHOIIGHHE [JBHKEHWI, ONHCHIBae-
MBIX 3THMH GOpMyJIaMu, K 0COOHIM COCTOAHMAM ocuuiaaropa Planck’a.
Mur He Gynem, onHakO, OXHiAe KacaTbCd 3TOrO BOIpPOCA, palMOHANIbLHAA
TPAKTOBKA KOTOPOTO MOMKET NPHBECTH K TEOPETHYECKOMY ONpeje]eHHIo
DOCTOAHHOH K; MH IOKakeM TOJAbKO, KakHM 06pa3oM 3TO oOnpeneleHHe
MoxeT OHITH HONYYeHO HpPOCTHM CpPaBHEHHEM H3JIy4aeMOro CHOeKTpa H
JABIKEHHNA B CTallHOHADHHX COCTOAHHAX, 3TO CpPaBHeHHe MNpHUBEJET Hac
TOTYaC K BLIIIEYOOMAHYTOMy OPHHLIALY COOTBETCTBHA.

Venexn §a3MygecKEX HayH. 3
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CornacHO HallMM HpPEANOCHIIKaM, BCAKAaA BOZOPOAHAA JWHHA H3IY-
qaeTca IpH Iepexofie MexAy ABYMA COCTOSHHAMH aroMa, COOTBETCTBYIO-
MMM pasAHYHLIM 3HAYEHHAM #; 4HCiI0 060opoTOB M GoJbmas OCh JJILIHICA
MOTYT OHTEH IPH 3TOM CAMbIMH Pa3HOOODPA3HBIME; KaK MOKA3HBAIOT HOPMYJIE!
(8), ¢ ywmeHpIIeHUeM JHELTHH ATOMAa BO BpEMA Hpouecca HU3AYYeHHA 60Ib-
mad 0ch OpGUTH 3IEKTPOHA YMEHbIIAeTCA M YHCIO 0GOPOTOB BO3paCTaeT.
Taxum oO6pasom, BooOule roBoOpdA, HCKIICYaeTcd BO3MOKHOCTH HOJYIHTH
COOTHOWIEHHE MEXAY YHCIOM OG0POTOB 3JeKTPOHA M 9acTOTOIO M3JIYy4eHHd,
COOTBeTCTBYKINEe OCHIYHHIM NpeicTaBieHudM o6 m3xydeHHH. Paccmorpuw,
0/IHAKO, OTHOILIEHHE 4YHCel OGOpOTOB ® ABYX CTAIHOHAPHBX COCTOAHMIT,
COOTBETCTBYIOIINX JaHHKM BeludyHEHAM #' M »’, ecl1H 7' U »n’ MOCTEIleHHO
BO3PacTaloT; MH YBHAHM, YTO OTHOWIeRHE NPUOAMIKAETCA K eJIHHHNE, XOTA
pasHocTh # — " ocraeTca HensMeHHOH. TakuM o06pa3oM OTKpDHIBaeTcH
BO3MOXHOCTH HONYYHTH HEKOTOpPOe OCHOBAaHMWE MJd CPaBHEHH: HAIHX
BO33peHHU! ¢ OGHIYHLIMM HpPENCTABICHHAMH TEOPAH M3IY4eHHA B TOM CIY-
4ae, KOTa PacCMaTpHBAIOTCA IMEPeXoisl, COOTBETCTBYOLIME GOJLMEM 3HA-
yeHnAM 7 ® #". ][44 4acTOTH H3JIy4YeHHA OpH TAaKOM Iepexoje Ha OCHOBa-
HuHA (5; MBI HMeeM:

K K . nK w - n"
VZ(W_W:(7Z —n") (—————————n,) 2 () )
Ecau yncha »' B »” BeIHKW B CPaBHEHHH C HX PAa3HOCTHIO, HTO BHI-
pakeHHe Ha OCHOBAaHMHM (opmya (8) OpHOIHMKEHHO MOMXeT OHTH Hepelnu-
CaHO TaK: .
2n2edm

vw(n’—'n")(l) W

(10)
rge ©— 4uciao o60poTOB B OJHOM H3 ABYX cocrodaHmii. Yuciao »'-—n"'—ue-
Joe; MH BHAHM II03TOMY, 4YTO IepBad YacTh BHIPAMKEHUHA, T.-6. o (n'—n"
COBIAjaeT ¢ YacTOTO OJHON U3 IrapMOHMYECKHX KOMIOHEHT, Ha KOTOphIE
MOXeT OHTH pa3fioleHO JIIMNTHYECKOe [BHKEHHe 3ieKTpoHa. Hak
A3BECTHO, JJId BCAKOI'0 NEePHOJHYECKOro JBHIKEHHA C YHCIOM HEpPHOIOB o,
CMEIMEHHE § YacTUIH CHCTEeMH B OIPeleJeHHOM HampaBlieBHH LPOCTPaH-
CTBa MONET OBITH Hpe[CcTaBIEHO, KAK (PYHKUHA BpPEMEHH TPHIOHOMETpHYe-
CKUM DPAAOM (QOpPMEIL:

E:Z C: cos 2 (1wt Cr) (1)

rZe CYMMHDOBAHHe IPOCTHpaeTCsa HA BCe MOIOKHTeJbHBIE Nelbie 3HAde-
HHA T.

Mu BupuMm Taxum o6pa3CM, 9YTO 4acToTa CBETa, H3NyYaeMoro NpH
repexone Mek]y CTAaUHOHADHBIMA COCTOSHHAMH, XapaKTepHU3YeMbMY IHCIaMH
» #u #’, OONbUINMA B CPAaBHEHHM € HX PasHOCTHIO, COBIAJAET C OJHOIO M3
KOMOIOHEHT H3/IyYeHHd, KOTOPYIO MOMKHO OXMIATH IIpH H30PDAHHOM IBHNE-
HHHU 3JEKTPOBA B CTANHOHAPHOM COCTOAHHH Ha 0CHOBAHWH OOHYHHX Ipex-
cTaBleHHI. JTO COBOaJeHHe IPOH30HJET B TOM CIyyae, KOrja IOCHeTHHN
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darrop ¢dopuyan (10) Gymer paser enunmme. Takoe ycAOBHE PaBHOCHILHO

CleAyIOINeMy: .y
nledm
K= —T 12)

OHo ¢aKTHYECKH BHIIOJHAETCH, €CAH IOACTaBAThL Jia K Benmuuny, Haii-
JEeHHYI0 Ha OCHOBAHHH W3MepeHHN B BOJODOJZHOM CIIEKTpe, a 1Ad e,m,h
BeJHIHHE, HEINOCPEACTBEHHO oIpeleasAeMple Ha OIbITe. Takoe coBIajeHHE
YCTAHABIUBAET C6A3b MeacOy Cnexmpor w Modeavto amoma sodopoda. Eciu npn-
HATH BO BHEMaHHe QYHAAMEHTA/JbHOE DA3JHyYHe MeXAY HpelcTaBIeHHAMH
TEOPHH KBAHTOB M OCHYHONX Teopwell H3nydeHwd, TO HalgeHHAd CBA3b
CTaHOBHTCA TeM Golee 3aMevaTedbHOH.

PaccmoTpum Teneph 6iamie OOGHADPYHEHHYIO CBA3b MEWAY CIHEKTPaMH,
OMUIAEMEIMA IT0 TEOPUH KBAHTOB—C OJHON CTOPOHH, U OOHYHON Teopuelt
U3Ty4YeHAA—C Ipyro#t, B 061acTH,Ile CTAIIMOHAPHLIE COCTOAHHUA OYeHb MaI0
OTJIEYATCA OZHO OT Apyroro. Hak yie moKasaHO, 4aCTOTH CIEKTPAJbHBIX
JMHAX B 3TON OGNACTH, BHIMHCIEHHHIE TEM W JPYTHM METOAOM, COBNANAIOT;
MH He JO/KHBI, OJHAKO, 3a0HBATH, YTO MEXAHHU3M HW3IyYeHHA B OOOHX
clIydJadx COBepIIeHHO pasnmdeH. I1o 0GHYHON TEOpHHM H3TyYeHHd, pasimy-
HEI@ KOMIIOHEHTH CBeTa, COOTBETCTBYIOIIHE Pa3iIWYHLIM KOMIOOHEHTaM JBH-
JKeHHA, H3JAYYAIOTCHA ONHOBPEMEHHO € OTHOCHTENbHOW HMHTEHCHBHOCTHIO,
ompepenseMOl OTHOIIEHHEM aMIUVIATYR KoieGaumit. CoBepuieHHO HHaYe
006CTOHT [€J0 B WHTEPOPETAIHA TeOpHH KBaHTOB. B atoM cayuae pasauy-
HBl€ CHCKTpAJbHble JHHHH COOTBETCTBYIOT COBEPUIEHHO PAasINIHHM IIpO-
eccaM, COCTOAIMM B Ilepexoje H3 OXHOTO CTAHOHADHOTO COCTOAHHA B
pasauyHele OJU3KHEe COCTOAHHA TAKAM O6GpasoM, YTO H3JIyYeHHe, COOTBET-
CTByIOIIEE T-OMY OGepTOHY, IPOHCXOJHT BO BpeMdA mepexoa, onpejelseMoro
TeM, 4T0 #— #n'==1. OTHOCHTEIbHAd HHTEHCHBHOCTb OTJEJIbHHIX CIEKT-
panbHHEX JHHHY, H31y9a€MbBIX IPH 5TOM, 3aBHCHUT OT OTHOCHTENBHOH BepoO-
ATHOCTH Pa3INYHLIX HEepexoJ0oB. 3ajaBafch BONPOCOM O Oonee riy60KOM
3HaYeHHW HaNW/IEHHOTO COOTBETCTBHA, Ml B IIpaBe, eCTE€CTBOHHO, OKHAATH,
YTO COOTBETCTBHE He OrPAaHHYHMBAETCH COBIAJIEHHMEM YACTOT CIEKTPAJIbHHEIX
JUHUY, BHYHCIAEGMEX TeM H ADYrHM METOJOM, HO IPOCTHpaeTcad M Ha
unmencusnocms. TaKkoe OMHIAHHe PABHOCHIBHO TOMY, YTO BEPOAMHOCIHL
OIIpe/IeIeHHOr0 Iepexoja MeXJy ABYMA CTAaDHOHADHHIMH COCTOSHHAMH
CBA3aHA H3BECTHHM 006pa3oM ¢ aMIJIATYIOH COOTBETCTBYIOUIEH rapMoHH-
9eCKOf KOMOOHEHTHI.

JanpHedimee paccMOTpeHHE IPHBOANT HAC K TOMY, 4TO 37a CB0eol-
pasHad CBA3b ABIACTCA 06WuM 3aKONOM OAR HAMMMUA NEPexodos meocdy cma-
YUOKAPHVIMY COCTROARUAMY, MEl NOJIKHH HPEXNONOKHUTH, YTO BO3MOXKHOCTH
nepexofa MexAy ABYMA JaHHHKIMHA CTAllMOHADHHIMH COCTOAHHAMH CBA3AHA C
HaJHYHEM ONpeleleHHONX rapMOHWYECKON KOMOOHEHTH B ABHMKEHHHN CHCTE-
Mu. Tor ¢akT, 9T0 BenMYHMHA YKA3AHHON KOMIIOHEHTH MOmeT OHTH CO-
BEpINEHHO Pa3IMYHONX B JABYX pPACCMATPHBAEMHX COCTOAHMAX, KOTJA YHCJA
n' B n’ HeBeNMKA B CPaBHEHHMH C HX PasHOCTHIO, 3aCTaBifAeT HAC Hamepen
OXHJATh, YTO CBA3L MEHAY BePOATHOCTHIO Iepexoja H aMIIATYHAoH rap-

3*



MOHRYECKOH KOMIIOHEHTH [BHKeHuwsa Oyiger, Boo6mE TIOBOpA, CIOKHOM.
To xe caMoe MOMKHO CKA3dTh OTHOCHTEJABLHO CBA3W YACTOTH H3AYYEHUS H
cooTBeTcTBYOMWEe KOMTOHeHTH. C 3TOW TOYKM 3pEHHA MBI [JOKHH, HAUpH-
Mep, pacCMATpPUBATE 3€eHYI BOJOPOAHRYID JAHMHUIO KH; H3IyYaeMYVIO Lpu
[epexoxe M3 4eTBepToro BO BTOPOE COCTOSHHE, HeKOTOPHM 00pasoM, KAk
«OKTaBY> KpacHo#l nuuuu /H , cooTReTCTBYOOWEeHd Iepexony u3 BTOpoto B
TpeThbe COCTOAHHE, XOTH 4acTora KojdeGanuil neppoil JHHUHE HUKOHM o0pa-
30M He paBHA YABOEHHON yacToTe BTOPOHl nuBWH. Mol JOMKHBI paccMar-
PHBATH POUECC, BHI3BIBAIOUIAN NOABNEHUE JUHAH H,, Kax o6ycroBIeHHBIN
Ha/lHIMeM HEeKOTOpOoH rapMOHMYECKOH KOMIIOHEHTH B IBIIKCHUH aToMa,
ABJAKMENRCA OKTABOH K KOMIIOHEHTE TOro ABHKEHHH, OT KOTOPOro 3aBH-
CHT BO3MOMKHOCTb U3Ny4eHHd auun H .

IIpescie 4em mepexoguTh K PacCMOTPEHHI APYIUX CHEKTPOB, B KOTO-
PBIX MBI HalJeM MHOTQYHMCIEHHBIe LIPUMEHEHHA H3N0KEHHON TOYKH 3peHHA,
fl X04Y VIIOMAHYTH 06 OZHOM HHTEPECHOM IPUMEHEHHH H3JIQHEeHHOIO K Teo-
puu ocnuianaropa Planck’a. Buumeaum us (1) um (4) vacrory KoseGasui,
COOTBETCTBYIINYIO NEPEeXORy U3 OZHOI'0 0cOGOr0 COCTOAHHA TAKOr0 OCHUIIA-
TOpa B Jgpyroe; Mbl HadjgeMm:

v=(n —n")o (13)
rie 7 ®W #'—4dHCHA, ONpeleNfonHe Yra3auHue cocToanuda. CyliecTBeHHad
upergocHiKa Teopud Planck’a sagaodaerca B TOM, 4TO 9acTOTa IOrIo-
UIaeMOro M M3JyYaeMoro OCHHIAATODOM CBETA BCErJa paBHA ®; Mbl BHIUM,
49TO 3Ta NPEJHOCHUIIKA PAaBHOCHIBHA YTBEPKZeHHIO, 9TO B JAHHOM OCUHI-
AATOpe, B HPOTHBONOJOKHOCTH ATOMY BOJOPOAA, BO3MOMHEL TOABKO Hepe-
XOJB MejKJy ABYMS COCEIHHMH CTauuoHApHLMH cocroaduaMud. C TOUKH
3peHHs, PasBHTON BhlIe, 3TOrO0 MOXKHO ObIIO KIATL HamNepesd, TaK Kak
pasHHUA MEeXKAY OCHHANATOPOM H aTOMOM BOAOPOda, [0 HAIMEMy Upeano-
JOKEHRIO, 3aKNI09alach B TOM, YTO [JBHMKEHHE OCUUINATOPA, B IPOTHBONO-
JOKHOCTH JBHKEHUIO 3JEKTPOHA B aTOME, ABIAETCA YHCTO I'APMOHHUYECKHM.
Mot mupam TakHEM 006pa3soM QOPMANBHYIO BO3MOMHOCTH HOCTPOUTH TEODPHUIO
H3AYYeHUWA, B KOTOPOHl CHEKTp BOZOpOJa W HPOCTOH CHEKTp OCLHUIAATOPA
Planck’a ¢durypaposand 66 ecBeplieHHO paBHonpasao. O4eBUAHO, OUHAKO,
4YTO TOJLKO ANA TAKOH NpOCTOMl CHCTEeMH, KAK OCHUIJIATOP, TEOPUA MOKET
6uTH GOpPMYIHPOBAHA OJHHUM YCIOBHEM; B 06IieM ciaydae 3TO YCJAOBHE pac-
najaeTcs Ha ABa: OfHO, Kacamlleecd XapaKTepa ABHEEHMA B CTANUOHAp-
HEX COCTOAHHAX, APYyroe, OTHOCHAIlGECH K HacTOTe CBeTa, U3NydyaeMoro upn
mepexoaax MemAy 3TUMH COCTOAHHHME,

Hepexonﬂ TEHEPh K CREKMPAM FLEMEHINOE € 00nee 6VICOKUM QIMOMHBIM HO-
Mepom, Mbl BHIUM, 9TO OHH HMeT 60Jee 3alyTAHHOE CTPOEHHE, UeM CHeKTp
Bogopona. Hak M3BeCTHO, OfHAKO, A CUEKTPOB MHOIHX 3J&MEHTOB Haiije-
HBl OPOCTHle 3aKOHBI, ABIAILINE 3aMeyaTeNIbHYI aHOJOTHIO ¢ dopMyroi
Balmer’a gna cmexrpa Bogopopa. Ilo Rydberg’y mw Ritz’y gactorsl
KOo.1e0aHMi CepHAaIbHBIX COEKTPOB 3THX 3JEMCHTOB MOrYT OHTH BHIDaMKeHH
dopmynod THHA:

v="[ (ar) —Fw (n) (14)
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rae # u #° gBa Heanle yuchaa, [ U fp—NBe (YHRUAH, NpHHANJEXKANINE
K psaly oOmupeieleHHHX (YHKIMI, XapakTepHHX 1A JAHHOIO 3IEMeHTa,
BechbMa TMPOCTO H3MEHAKIIHecd B 3aBUCHMOCTH OT # H, B YaCTHOCTH, IpH-
Gammampuecss K Hyao npu Goapidx 3nadeHuax ». OCTaBIAA NepBHA
yjeH npaBoil gacTh (14) mOCTOAHBHEM H HOACTaBIA AJA # BO BTOPOM 4ie-
He [y (#') pasiuqHLie lieasle, MOCIeZ0BATENLHO BO3PAaCcTaIINe YHCIA, ME
[ONYYuM pasanyHsle cepuu AuHHN. IlonHBIN CHEKTp MOMKET OHITH HOJYYeH
HA OCHOBAHHMM TaK HA3LIBACMOIO xoMOunauuornnoo npunuywna Ritz’ a, econ
B (opuyie (14) BMecTO [y (') B [ (#') WOACTABIAATH BCE COYECTAHHA ABYX
BEIHUYHH U3 COBOKYIHOCTH BCEBO3MOXHBIX 3HaYeHHH [, (n).

To o6croATenscTBO, 4TO YMCAO KONeGAHHN BCAKOH JIHMHMH CIeKTpa
ABIAETCH PA3HOCTHI0 JBYX IPOCTHX BHpameHHWl, 3aBHCAMMX OT LENHX
9yces, PUBOJAUT, HA OCHOBaHWW Halleli WHTEpHIpeTalHH lpouecca H3ny-
4JeHud, HEIOCPeICTBEHHO K IPEANONOKEHUI0 O TOM, 4TO YJIeHH [paBoH
yactu ypaBHeHHA (14), yMHOMXeHHEIe Ha A, MOIYT OHTh NPHDABHEHH! BHEP-
MM B Pa3NHYHHX CTANHOHADPHHX COCTOAHHAX aroMa. B cuekTpax aiaeMeH-
TOB, B IPOTHBOMOJOKHOCTh BOJODOJHOMY CHEKTPY, GUrypHpyeT He OXHa,
HO Nenmit pag GyHEumit ». DT0T (AKT BHHYEKAET HAC NPH3HATH AAA
aTOMOB 9JIE€MEeHTOB CYVUIECTBOBaHH@ He OJHOr0o, HO HECKOJbKHX DAAOB
CTAIlHOHAPHLIX COCTOAHHI; dHEpPruA %-Or0 COCTOAHHUA k-0ro paja Npeacra-
BHUTCA (€cCIu ONYCTHTh NPOUIBOJLHYIO IIOCTOAHHYIO) TaK:

E (m)y=—n~h.f.(n) (15)

IMopo0HY0 CIOKHOCTH COBOKYIHOCTH CTAIlHOHADPHHX COCTOSHMI 2IEMEHTOB
¢ BHICHIMMH aTOMHEIMH HOMepaMu H cJeAyeT OKHZATh Ha OCHOBAHHH CBASU
MEHOY CII.GRTpaMH, BLIYACIEHHLIMHA II0 TeOpHMH KBAaHTOB H pa3jOdeHHEM
IBR¥KeHHR aToMa HA rapMmoHmdYeckue konebanmd. Hak M y#e Bupensu, ¢
9TO¥ TOYKHM 3peHHd IPOCTOTA COBOKYIHOCTH CTaIHOHApHHEIX COCTOAHMM
BOJIOPOJHOTO aTOMa CaMBIM TecHHIM 06pasoM CBA3aHA C IIPOCTHIM IE€PHOIH-
HYECLHM XapaKTepOM [IBHIKEHHA 3STOro aTtoMa. B Apyrux aJeMeHrax, rie
HEeHTpalbHHI aTOM COJep:KHT HECKOJLKO BJEKTPOHOB, MH HaxoamMm Ooiee
CIOMHEIE OBHMEHHU:A M HMeeM 0ojee CIOXHOe Da3jio:KeHHe Ha rapMoHHYe-
CKHE ROHGGQHI/IH; JJag IOOJY4YCHHA CBA3H Medy IABHHEHHAMH aToMa Hu
CIIEKTPOM, OIpelelseMEIM YCJOBHEM YaCTOTHI, MBI JOJIKHEI OMHAATL H 60-
Jiee CIOKHYIO COBOKYIIHOCTH CTallHOHADHHX cocTosHHMl. B mocmenyomes
MBI YBHAHUM, KAK MOMHO IpPOCHEIUTL TaKOe COOTBETCTBHE B JeTalAX H Ka-
KUM OGPHBOM 9TOT IIyTh BeJeT K HEINQCPpeACTBeHHOMY O0BLACHEHHIO TeX
TEMHEIX MECT, KOTOpHle ObIIKM CBA3AHH ¢ NpHUMEeHeHUeM KOMOHMHAIHOHHOIO
OpUHINNA B CBA3K C KAKYUIEMCA I[POM3BOJOM HPHCYTCTBHA WJIH OTCYT-
CTBHMA JIHHHMY, UDPEICKA3RIBAEMEX 9THM IPHHIKIIOM.

Ha ugepTe:xe (cM. cl1ef. cTPaHHUIY) NPEeACTaBIEHH Te CTAallHOHAPHEIE CO-
CTOAHUA, KOTOpHE MOryT OBITHL ONpefieNeHn YHAa3aHHBIM 00pa3oM A aToMa
HaTpHuA. Coctroanna o6o3payeHn YEPHHIMU KPYEKaMY, IIpHN YeM pacCcToAHUSA
HX OT Bepmnanbnoﬁ JUHUH dqa DPONOPHHOHAJIbHEL YHCAECHHON BeINYNHE
SHEPIMH, HM COOTBeTcTBYoLell. CTpeskH Ha YepTeske 0GO3HAYAIOT NIEPEXOAH
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MEeHJY COCTOAHHAMH, CONPOBOMIAOIINECA W3NYIeHHEM TeX JHHUN HATpH-
€BOro CIeKTpa, KOTOpHEe I0AY9al0TeA IPH O6GLIYHMX YCI0BUAX BO3OYKISHNUA.
Cnoco6 pacnono:keHAd
CocToaRMH IO TOPH3OH-
TaJIbHBIM pAjaM Ha g4ep-
TeXe BHNOJHE COOTBET-
CTBYeT OOHRIYHOMY pac-
NONOMEHUI0 TaK HAa3hH-
; i ! ¢...|[x:5) BAEMHX <CHEKTPAILHLIX
Y O8N ) qneHoB» (Spektralterme)
¢ B CHEKTPOCKOUHYECKHX
tabannax. CocTOAHNA B IEPBOM FOPH30HTANBHOM pAAy, 0603HAYEHHOM GYK-
BOIO S, COOTBETCTBYIOT IEPEMEHHOMY 9/J€HY B BHpDaX€HHH TaK HasblBaeMOMH
«peskoii moGoauoil cepHu> (scharfe Nebenserie), H3/yyaeMbX Ipyd epexojax oT
HA3BAHHHX COCTOAHHH K IEPBOMY COCTOAHHMIO BO BTOpoit ctpoke. CocTodgHmd,
o6o3HaveHHBIe Yepe3 P, COOTBETCTBYIOT IEPEMEHHOMY YIEHY TAaK Ha3hIBaeMO
«rJ1aBHOH cepun> (Prinzipalserie), cBA3aHHON C IepeXOfaMu H3 COCTOAHMHN
R x nepeomy cocroaHup crpoku S. Cocroamms I COOTBETCTBYIOT IIe-
PEeMEHHOMY 9iIeRY «<pa3MpTOH mo6ouHoil cepum» (diffuse Nebenserie), manmy-
yaeMoll mojo6HO peskolfi MoGOYHON CepHM HpPH Iepexoxax K IIepBOMY CO-
CTOAHHUID BTOpOH cTpoxu. Hakowen, coctoanna B COOTBETETBYIOT NepeMeH-
HOMY 49jJeHY TaK HashBaeMo#l Bergmann’osckofl cepum, CBA3aHHOH C
IepexojaMy K D@PBOMY COCTOAHMIO TpeThell cTpokH. Crocol B3aHMHOIO
pPacoonoxenua pasInIHHX PALOB HOCAYKAT HALIOcTpanuel 6olee qeTaibHOR
TEOPHH, KOTOPOH MBI 3alimeMcA mO3gHee. Yike YOOMAHYTHIY Kamymuiica
IIPOH3BOJ, CBA3AHHHN C NpHMEHeHHeM KOMOMHAIMOHHOrO IIpHHLUHIA B
NaHHOM CiydYae, 3aKJII0YaeTcd B TOM, YTO NPH OGHYHHX YCJIOBHAX BO306Y-
SKAGHHA BO3BHHURAIOT Be BCe JHHHM, COOTBETCTBYIOIIHE BCEBO3MOKHBIM KOM-
OMHAnMAM YIEHOB CepHil HAaTPHEBOTO CIEKTpa, HO TOJABKO T€, KOTOphIe
Ha uyepTexe OGO3HAUEHH CTPEAKaMH.

O6muit Boupoc 00 onpejeleHAH CTAlHOHAPHHX COCTOAHHM aToMa C He-
CKOJBKHMH 3I€KTPOHAMH CBA3aH CO 3HAYHUTEJbHLIMY TPYAHOCTAMH, IOBHIH-
MOMY, emle JaJeKHMH OT IIOJHOro pa3pemeHHA.BosmoixHO, ogHako, cienaTh
HEIOCPeACTBCHHBIE 3aKII0YeHHA O CTAMOHAPHHX COGTOAHHAX TAKHX aTo-
M0B, 00yCAOBIMBAIINX KU3JYYEHHA CEPHAJBHHX CIEKTPOB, €ClIH HPHHATDL
BO BHHMMaHUE SMOHDHYECKHe 3aKOHOMEPHOCTH CHEKTpalbHHX 916HOB. [lo
m3BecTHOMY 3aKoHY Rydberg’a ¢yuxnmm f, (n), urypupyomue B GHop-
mynxe (14), Moryr GpTh HamHCAHBI JJId CEepHaJbHHX CIEKTPOB, H3yYdeMBHIX
opu oOLYHEHX yCAOBHAX BO3GymaeHHs, B caenyiomedt ¢opme:

foim =1 g0 (16)

rae g, (n) — QYHKOHA, OpRGIMKA0madca NpH GonplIAX 3HAYEHHAX 7 K 1,
K —nuocroagnaa B ¢opmMyne Boxopopsoro cmekrtpa (5). OyeBugHO, YTO
STOT pe3YJIbTAT MOMKeT OhTh HCTONKOBAH TaKHM 06pas3oM: aTOM B COOTBET-



CTBYOINUX CTAIMOHAPHHX COCTOAHUAX HeHTpaleH, W OAWH U3 3IEKTPOHOB
Bpamaercs BOKDYr fifpa HO Takoll opOHTe, pasMephl KOTOPOH BEIMKY B
CPaBHEHHH C DACCTOAHUSAMH IDPYIHX 3JIEKTPOHOB OT Axpa. fcmo, yTo B
BTOM clyyae 3jeKTpuyYecKad CHJa, JSeHCTBYOWAA Ha BHEIHHA SIEKTPOH
7 o0ycaoBieHHAd AJPOM M BHYTDEHHMMH DJeKTpOHamu, O6yleT B IepBOM
npuGamKeHHH TOI #e camoll, 4TO u cumia, IJeHCTBYIOINAfA HA JJIEKTPOH B
aToMe BOZOpOJja; mpuOIMEeHHe OyAeT TeM Jydmle, 4deM Goabule pasMephl
OpGHTHL.

B Buay orpamuvennoro BpemMeHH # He OyAy NOApOOHO OCTaBaBIH-
BATHCH HA TOM, KaK NPUBeJeHHOe 06bACHeHNe NoaABAeHuA nocToguHol Ry d-
berg’a B Tark Ha3uBaeMBIX «IYIOBHIX CIEKTPaX> CEPHANBHOIO H3AYYEHHUSA
3JeMEeHTOB IpH OOHYHBLIX YCIOBUSX BO36yEAeHMA NoATBEpinaerca yOe-
AWTEIbHHM 00Da30M HCCIeROBaHUEH TaK HA3LIBAEMHX <HCKPOBHX CIEKTPOB>,
T.-e. CIEKTPOB, HM3NIYJaeMHX JJIeMEHTaMH IpH OYeHbH CHABHLIX JIeKTpHIe-
CHHX paspAfax M BHJHIBAEMBIX Vike He MeHTDAIBHLIMH, & HOHH30BAHHLIMU
aroMamy. S oTmedy ewe mia panpHefmero H3N0KEHHS, YTO He TOJLKO
OCHOBHEIE IPEeACTABIeHUA TEOpHH, HO M TA I'HIOTe3a, YTO B CTAlHOHAD-
HHIX COCTOAHUAX, COOTBETCTBYIOILIMX CHEKTDaM, OJHRB DJIEKTPOH Bpaliaercd
[0 HEKOTOpOH OpO6HTEe BOKPYI OCTANbHHIX, BEChMa MTEPECHO IOTBEpMAa-
eTcA HccaegoBanuaMu o0 H30HpareJpHOM NOIVIOIEHHMH ¥ BO3OYKAeHHN
CHOeKTPANbHEX JHHHN GoMGApZHPOBKOM ATOMOB 3JEKTPOHAMH.

CooTBETCTBEHHO HAIIEMY HPEXHOJOKOHHUIO O TOM, UTO H3NYYEMHE HpO-
HCXOZHAT IpPH MEpexofie M3 CTalHOHAPHOr0 COCTOARMA ¢ G0ibiuell sHepruel
K COCTOAHHIO C MeHhinefl 3sHepruefl, Mbl JO/UKHE OpPeACTaBAATH cele,
9T0 MOUOUEHUE UIAY¥eHUa ATOMOM CBA3RHO C IIepexofiaMH B o6paTHOM
HamnpaBieHdd. 1A BO3MOKHOCTA MOTJIOMMEHHAA 3J1eMeHTON CBeTa, COOTBET-
CTBYIOIIETO OAHOW M3 JMHHUN CEPHAJLHOrO CHEKTpa dIeMeHTa, HeoGXonuMo,
9TO6K aTOMbl HAXOAWIMCH B TOM M3 ABYX COCTOAHHH, OUpejeldAlIAX NaH-
HYI0 JHHHIO, KOTOPOe CBA3AHO ¢ MeHsumlel smneprueil. [[1a ajgemeHTa, aTOMH
KOTOPOro B ra3oo0pasHOdl ¢a3e He CBA3AHK B MOIEKYIH, ML JOXKHH
NpeAIoNOMHTE, YTO IIpH OOHYHEIX YCIOBHAX IIOUYTH BCE aTOMH HAXOJATCA
B TOM CTAlMOHADHOM COCTOAHHH, KOTODOMY COOTBETCTBYeT HaHMMeHbIIad
BO3MOJKHAA BEJIMYAHA 3HEPIHH, MEl OyIeM Ha3LIBATH €U0 HOPMAILHIM COCMOR~
Huew. ITO BIOJHE IOATBEPHJAETCA NAA CIEKTPOB IUEIOYHLIX METaJnoB,
TaK, HaAOpUMEp, B CHEKTpe HOIJIOMEHHA I[apOB HATPHA HMMEITCA TOJBKO
JAHUHA TI3aBHOM cepHM; 3Ta cepHs, KaK MH IOBOPHIMN IIPH ONHMCAHHUE 4ep-
Tea, COOTBETCTBYeT KAaK pa3 NepexogdM K COCTOAHHI0 € HAHUMeHbel
sHeprueft. /lanpuelimeii onopoi#l yIOMAHYTOro NpeACTAaBIEHHA 0 Opomecce
afcopmuud CHYKAT ONbITH, OTHOCALINECA K TAK HA3BIBACMOMY pe3oHaHC-
Homy ussywernuto. Ilapu HaTpud, Kaxk moxasan Buepsee W ood, OCBEeIlleHHHE
CBETOM 94CTOTHI, COOTBETCTBYOL{ell HEPBOMY YJIEeHy IJIaBHOH cepuu (H3BeCT-
Hafd KeJTad JHHUA HATp¥A), NpHo0OpeTarnT cHocOOHOCTH H3NydYaTh CBET,
B KOTODOM HMeeTCA TOJBKO Ta Ke caMas auHmda. CorjacHO HamuM Npej-
CTaBJABHHAM, 3TOT (PaKkT MOKeT OHTH OO6BACHEH TeM, 4TO aTOM HAaTpus IpH
OCBEIIEHNH MepexXOJdT M3 HODMAaJbLHOTO COCTOAHHA B HEpBOE COCTOAHHE



BTOpO#i cTpokH. To 06CTOATENBCTBO, YTO B ONKTAX PE30HAHCHOE H3AYICHHE
He ABIdercd IOJApH3CBAHHLIM B TOH de Mepe, KaK Iajaiomnil CBer, mpe-
KpacHO coriacyeTcd C HAUlMMH BO33peHHAMH,—M3JAY4EHHe OCBEIIeHHOTrO
mapa He ABJdeTcs Pe30HAHCHHLIM B CMBIcJAe OObIYHOI TeopWH, OHO 3aBUCHT
OT Hpouecca, NPOTEKAHUE KOTOPOro He CBA3aHO HENOCPeACTBEHHO C OCBe-
imeHueM. fIsneHne pe3oHAHCHOrO HM3NYYEHHA KeNTON HATpOHHON IMHHH,
OIHAKO, HE TaK TIPOCTO, KaK MH YHKaspBald Bume. Hak HM3BECTHO, KeATad
JA4HHA TaK ke, KAaK M [OpYrde JHHHM HATPOHHOIO CIEKTpa, COCTOMT A3
ABYX KOMIIOHEHT, DACIIOJO:KEeHHHIX OJHAa OK0JO0 apyroif. B o6runoM crnocoGe
ONHACAHHA CIEKTPOB MOMOIIBI0 CHEKTPAIBLHHX UYJEHOB 3T0 OGCTOATENBCTEO
YYHUTEIBAGTCA TEM, YTO YIEHE, COOTBETCTBYIOLUIHNE IIEpEMEHHOMY WIEeHY
rA3BHOH COpHH, HE ABIAIOTCA UPOCTHIMH, HO MOILYT OHITL IpeJCTABICHE!
ABYM#A, HECKOIBKO oTauyaminuyuca urcaamu. [lo mammm npepcTaBieHEAM
0 BO3HHMKHOBEHHMM HATPOHHArO CIEKTpA 9TO 3HAYMT, YTO CTAaUOHAPHEIE
COCTOAHNA, COOTBETCTBYIOIIKE BTOPOHl CTPO4Ke depTexa H 00603HAYEHHEHIE
yepes P, B NPOTHBONOIOXKHOCTh COCTOAHHAM S HmepBOi CTPOKH, HE ABIA-
JOTCA NPOCTHIMH; KamJOW TOYKEe CTPOKH COOTBETCTBYIOT [Ba COCTOAHHA,
3HaYeHHUA SHEPrBH KOTODPHX, OAHAKO, CTOIh Maj0 pa3jHvyaloTcd, 9TO B
Macmrale yepTe:xa OHH He MOIYT OHTH IIPEACTABIEHH [IBYMA pasieleH-
HEIMEH Toukamu. ManydeHme (M UOriolneHHMe) KamAO#l K3 KOMIOHEHT Hel-
TOR JHHUM CBA3AHO TAaKHM 00pa3oM ¢ ABYMA pa3NuYHAIMHM IIPOLECCaMH, YTO
NPEeKpacHo BHAHO M3 No3gHeHmux onuroB Wood’a W Dunoyer. OtH
aBTOpH IIOKa3ajH, YTO HPH OCBELIEHMH NapOB HATPHA CBETOM OIHOH U3
IBYX KOMIOHEHT KeITOH JMHHM, pe3oHaHCHOE H3dydeHHe (OO Kpadunel
Mepe, OpH HHU3KHMX JaBJEeHHAX) B CBOI0 OdYepelb JaeT TOke TOABKO OOHY
(Ty e caMyi0) KOMIOHEHTy, COOTBETCTBEHHO BO3BDPalIeHHI0 B HOPMAJbHOE
COCTOAHHE W3 TOTO0 HIHW [PYroro pajJOM pAaCHONOMEHHHIX COCTOAHHAU, B
KOTOpLIe aTOM [iepeme] IpH OCBeleHWH. JTH OHHTH GHJIA NO37Hee Upo-
DoMEKeHN Strutt’ oM, DpPE YeM ONHTH OHJIM pacupOCTpPaHeHH TaKie HaA
caydail ocBellileHHA BTOpOR TMHMeH riaBuoll cepan. Strutt mamea mpexpge
BCEro, 49T0 IPH OCBELICHHH 3TOH JHHEEH pe3oHaHCHOE H3JYYeHHE TOJBHO
B He60ApmION YacTH COOTBETCTBOBANO TOH e gacTore KojneGaHmil, KAk H
najalIlgl cBeT, 60JbLIEI0 e 9acThI0 COCTOAJNO H3 CBETA MENTOH JHHHH.
Taxodl pesyanrTaT, BeCbMa HEOXKHJAHHHH € TOYKM 3peHuA OGHYHEIX Npex-
crasleHuil 0 pesoHaHce (TeM Golee, YTO He CYHmeECTBYeT, KAK 3aMedaeT
Strutt, panvoHaJNbHOrO OTHOIIEHHA MEXIY JacToTaMy KojeGammE 0604X
J¥HUN IJIaBHON cepuH), Jerko o0BACHAETCA HA OCHOBAaHHH HAIEro BO3-
spenua. Ecin aToM nepeBeseH BO BTOpO€ COCTOAHHE BTOPOR CTPOKH, TO,
KaK BHIHO H3 9YepTeMa, KpoMe BO3BpalléHHA B HOpMalbHOE COCTOAHHE
BO3MOKHEI JBa IPYTHX Iepexofa, CBA3AHHKE C H3JyyeHHeM: mepexol KO
BTOPOMY COCTOSTHHI0 IIepBOH CTPOKM M K IHepBOMY COCTOAHHIO TpeThelt
cTpokH. ONEITH 3aCTABIAIOT CHEJAATH BEPOATHOE MPEHNIOJOKEHHE O TOM,
4TO BTOPOH M3 TPeX HA3BAHHHX BO3MOMKHHX IEpEXOf0B, COOTBETCTBYIOMIHHA
u3nydenuio uHbppa-kpacHoH JuHHM Oyier Hamnboldee BEpPOATHHIM; IpH
BaHHOM DAacCIOJIOKEHHH ONBITOB dTA JHMBRA He Mornaa Habmopgartbcs. Iosn-
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Hee MBI NpHBeeM TeopeTHYeCKde OCHOBAHHA, 'OBOPAIIKE B NOAL3Y HAINEro
HpeNNOI0KEeHHA O BEPOATHOCTH M3NyIeHHA HHQpa-KpacHod aummu. Ecan
aTOM- Itepelnex BO BTOPOE COCTOAHME HEepBOil CTPOKM, OCTAeTCA €AHHCTBEH-
HHII BO3MOMHEIN IIepexon K IepBOMY COCTOAHHIO BTOPOW CTPOKH, COIpPO-
BOMKJaeMuli CHOBA HManydeHueM wuHpa-kpacHol numamm. IIpm nepexone
H3 NOCHEAHEro COCTOAHHA K HOPMAJBHOMY H3IyYaeTcA XKenTas IHHHA.
Strutt mamen pazee, B NPEKPacHOM COrJAcHM C Hallel cxemol, 9T0 Mel-
THI pe30OHAHCHHI CBeT, BO30y#AaeMHIl YKas3aHHBM 00pasoM, COCTOHT H3
000MX KOMIOHEHT HEPBOH JMHHH IIaBHOII CEpHH Jaske B TOM Cclydae,
KOrjJa OCBellleHAe Japa HaTPUA (pPOU3BOJUJIOCH CBETOM, COOTBETCTBYIOIIMM
TOJBKO OXHOH KOMIIOHEeHTe BTOpPOH JMHHM riaBHON cepud. Takoil pesynn-
TAT BIOJHE COBIAJAeT ¢ HAaIIMMH IIPelIOJOKECHHAMHA, TAK KaK aToM, IONaB-
muil HA OYTH K HOPMAJbHOMY COCTOAHHIO B ONHO M3 COCTOAHHHA mnepsBol
CTPOKH (Ie BCe COCTOAHMA, KAK ViKe YKa3aHOo, OpOCTHE), MOTEpAN BCAKYIO
BO3MOHOCTH JATh Kakoe-IHG0 yKasaHue O TOM, OT KAKOro H3 JBYyX BO3-
MOKHHX COCTOSHHMHA BTOPOTO MECT2 BTOPOH CTPOKHM OH OpHOHT.
Bece atn crencTBHA MOryT OHITH BHIBEJEHB H3 CXeMH, IOJOXEHHOMH
B OCHOBY (hopMalbHOrO 06BAcCHeHHS creKTpoB. C Apyrofi cropoHm, ¢axT
CYLIECTBOBAHHA B 1apax HAaTpHA, KpOMe NOIJIOIMEHHd B JIHHUAX IJMABHOK
CePHH €IUE HEnPepbisHo0 UIUPAMEIsHO nNowoWeHua, HadHHAIOIErocss Ha
TrpaHEIE CEepHH M IIpOCTHpaloulerocd aajiee B YALTpa-(pHOAETOBYIO 004aCTh,
ABIAeTCA PENIAOIMM NOATBEpKIEHHeM NaJbHeNIrero npenoaomeHud. JT0
NPeINONOHEHNe 3aKII0Yaercad B TOM, 4YTO IpPH IOrJOIIEHHHA B JHHHAX
rIABHOH CcepwH HATPHA ME HMMeeM [JejJ0 ¢ NepexofaMH, OpH KOTOPHX B
KoHeyHOM cocroaHud (Endzustand) aToMa oZmH K3 371€KTPOHOB Bpaulaercd
BOKpYI' fADA M OCTAIBHHIX 3JEKTPOHOB II0 opbure Bce 66apmux M 60Jb-
Iux pas3mepoB. Ml MOMKHBEI IpeACTaBAATH ce6e 3TO HOrJoleHHe COOTBET-
CTBYIOIIYM II€pexojaM OT HOPMAJBbHOIO K TaKHM COCTOAHHAM, B KOTODHX
BHEIIHUN 3IEKTPOH CHOCO0eH YHANATHCA OT AIpa B 6eCKOHEYHOCTH. Takofi
nponecc ABIAETCA IOJHON amaxormeit homosaexmpuvecnomy o bexmy, 1mpo-
HCXONAMENY IPH OCBelleHHH MeTalinmieckoii miactumHeu. Hak wussecrtno,
MEI MOi€eM HOJYYIUThb JI00YI0 CKOPOCTH BBIIETAIOIIEr0 3MEeKTPOHA, OocBemad
MeTaJJl CBETOM COOTBETCTBYOINel 9acTOTH KoaebaHmii. dTa dYacToTa He
MOK6T, OTHAKO, MPEBOCXOAUTH ONPEeeHHON I'DARHUI, 3aBUCAINeH OT NpH-
ponnl MeTania, ¥ 1o reopund Einstein’a, mpocro ceaA3aHHO# € dHEpruei,
Heo0XoauMO#l [NA u3BIeYeHUs DIEKTPOHA M3 MeTajia.
~ Wsnomennoe ofiiee NpeACTaBIEHHE O IPOUCXOKACHAN CIIEKTPOB H3JY-
YeHHA U IOTJIOLIEHUSA MOATBEPHA9eTCA Ype3BHYaliiH0 NHTEepeCHHMH ONbITAMK
Hang 6035?/9/0()8?&%62!! CREXMPAROHOIL AURUTE 8 UOHUSAYUEH FACKMPOHHBIMYU MMOIUKANY.
Havano pemuTeqsHHIX ycnexoB B 3T0if 06JacTH IONOMEHO M3BECTHEIMH
onutaMH Franck’'a mu Hertz’ a. 9Tu mcciaegoBaTenu JOCTHIAH HepBHIX
3HAYATENBHEIX PE3yIbTATOB B OILITAX C HApaMy PTYTH, 00iafalolHMH OCO-
6RIMH CBOMCTBaMH, BechbMa 0o0XeryamlidMu Takde OoneITH. B BHAy Goapmoit
B&¥HOCTH Pe3yJbTAaTOB ONNTH OHIN pacopOCTpaHEeHH Ha3BaHHHMHU H ADY-
raMA QH3MKAMH HA GONLIIHHCTBO rasoB M METAXN0B B napoobpasHoi
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¢popme. C mOMOMBI0 HAIDEro 4yepremxa s MIUIOCTPHPYIO Pe3yIbTATH IIA
NIapOB HATPHA. JNEKTPOHH TPH COYJAPEHHH C aTOMaMM, Kak 3T0 GO
OGHApYKEHO, OTCKAKMBAIOT C HEH3MEHEHHOH CKOPOCTHIO B TOM clydae, eciad
IOCHeAHAA COOTBETCTBYET MEHbIIeHl KnWHETHTeCKO!l DHEepruy, uem Ta, Ko-
Topag Heo6xoZuMAa IJA NepeBoja aTOMa H3 HOPMAaNBHOIO COCTOSHHS B
cocegHes, T.-€. AJIA CAyYas HATPHA H3 NEPBOTO COCTOAHHA IEPBOH CTPOKH
B IlepBOe COCTOsHHE BTOpO# cTpoku. Hak TonbKO, o4HAKO, 3JI€KTPOH IIpHU-
ofpeTaeT KMHETHYECKYIO 3HEPrHio, PaBHYIO OO BEIWYHAHE YKA3AHHOW pas-
HHIe DHEDPIHH, COYAAPEHH® CTaHOBHUTCA TaKHM, YTO SJEKTPOH TepHEeT BCKO
CBOI0 KHHETHYECKYIO 9HEpPIHI0 M OJHOBDEMEHHO Ilap HM31yyaeT CBeT, COOT-
BETCTBYIOIIMH KENTOR JHMHMH, KAK H CJIeJOBalJ0 OXHAATH, €CJIH IpH CO-
yOapeHHH aTOM IEpexOOUT U3 HOPMaJbHOrO B YKasaHHOe cocrosaHue. Heko-
TOpOe BpeMdA CyuHleCcTBOBaJa HeOollpefelJeHHOCTh OTHOCHTEIHHO HNpPaBHJIBHO-
CTA TAKOTO TOJKOBaHHsA, TaK KaK B ONBITAX C DapaMH PTYTH HOpPH COOT-
BETCTBYIOIINX COYIApeHHAX OJHOBPEMEHHO BO3HHKAJIH B I1apax HOHEHI,
Cornacuo pamelf cxeMe Mb MOMEM OKHAATh 00pasOBABMA HOHOB TOJBKO
B TOM cllyyae, KOrza KHHeTHYeCKad pHepraa HACTOJNBKO BeJdKa, 9TO MO-
JKeT HepeBOJAThL ATOMBl H3 HODMAJBHOTO COCTOAHHA K o06umefl rpaHume
COCTOAHUI B Pa3nHYHHX pAgax. JanpHefmue ONHTH, 0COGEHHO aMepH-
KauckHx wucciaepoBareiet Davis’a m Goucher’a, HOkasanuw, OgHAKO,
9TO0 B JeHCTBATEAbLHOCTH HOHH MOTYT 00pa3oBaThCA HEIOCPEICTBEHHO IpDH
COYZapeHHAX TOJIBKO B TOM Clydae, KOrja KHHETHYeCKad 3Heprusa 3Jex-
TPOHOB HOCTHraeT YKa3aHHOH Bellme BeadduHH. HMoHuzauud, Ha6moIaB-
magca B onwrtax Franck’a u Hertz’ a, BH3nBaeTCcd KOCBEHHBIM BJIHA-
HHeM GOTo-3aeKTpUIecKOro aperTa, BO30YKIAEMOr0o OCBEIeHHeM MeTalllu-
YeCKHX yacTed ammapaTa CBETOM, U3Ay4aeMBIM ATOMaMd PTYTH IPH BO3Bpa-
HIeHHd B HOpManbHoe cocrosHue. [IpH paccMOTpeHHH NOJZOGHHIX ONBITOB
elBa J¥ MOMHO OCBOGOJUTHCA OT BHEYaTICHHA, YTO MLl HMeeM Jelo ¢
HEeIOCpeACTBeHHHIM W HEe3aBHCHMBIM JO0Ka3aTelbCTBOM DealbHOCTH OCOOBIX
CTanMOHAPHHX COCTOSHHN, K NpefnoJOKEeHHI0 CYUIeCTBOBAHHMA KOTOPHIX
HAC TpPHBETH 33KOHOMEPHOCTH CepHANbHHIX CHeKTPOB. ONHOBPEMEHHO M
noJy4aeM pellHTeJbHHI apryMeHT B IOJAb3Y HEXOCTATOYHOCTH HAIINX
OOHYHHX 3IEeKTPO-JHHAMHYECKAX W MeXaHWYeCKMX NpeICcTaBAeHHH o6
aTOMHHIX IIpoLeccax He TOABKO B OTHOIIEHHMH H3JIYYEHH:H, HO TaKKe B
OTHOINEHMH TAKHX SABJCHMHA, KAKOBHIMHK SIBAAIOTCA COYI2pPEHHA MEKIY CBO-
GONHEIMHM 3IEeKTPOHAMH H. aTOMaMH.

W3 Bcero BHINECKA3aHHOrO fACHO, YTO MH HMeeM BO3MOXHOCTL HA
OCHOBe IPOCTHIX IPEACTaBICHHH COCTABHTH HEKOTOPYIO KApTHHY BO3HHKHO-
BOHMS CepHAaJbHHX CIEKTPOB biaeMeHTOB. IImTasgch, ONHAKO, NPOHBKHYTH
rayGxe B 3aJady O AeTalnbHOIl CTPYKTYpe 9THX CHEKTPOB, C TEMH e OpH-
eMaM#, 9TO M B CJAydae CHEKTpa BOJOPOJAA, MH HATOJKHEMCS Ha 3aTpyAHe-
HuA. [aa cucTeM, He ABIAKIIUXCA 9YHUCTO IEPHOJMYECKHMM, HeBO3MOMKHO
MOJYYHTh HOCTATOYHEIX CBeJeHH{I 00 WX JBIKEHHAX B CTAlHOHADHEIX
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gOCTOAHHAX TOJBKO HA OCHOBAHWM BEIHYMHLI DHEPTHH ITUX COCTOAHHE,
TAK KaK I XapaKTePUCTHKH IOJOOHHIX JBHMEHHA HEOOXOAUMO HECKOMBKO
nanHex (Bestimmungsstiicke). MBI BeTpeTHMCA € TaKMMH 3aTPYAHEHHAMH
U A BOZOPOJAHOIO aToMa, €CIH MoenaeM 00bsICHUTH B IETANSAX BIUSHHE
BHEIIHHX CHJIOBHIX moxefl Ha 3Tor aroM. OcHoBaHHeM JajbpHe#miero mnpo-
ABHAEHKMA B 3TOH 06NACTH CIYKUT pa3BUTHE TEOPUH KBAHTOB. 3a IOCHeHHE
roasl pa3paGoTaH MeTOX onpejeieHdsa CTAaUHMOHAPHKIX COCTOAHHUA HE TOJBKO
IS OPOCTHIX NepUOJAWYEeCKHX CHCTEM, HO M JJAfA ONpPeAelNeHHOro Kiacca
HeluepuofHUIeCKHX, TAK Ha3bIBAEMAIX YCAOGHO-NEPUOOUUECKUT CUcmeM, YpaBHe-
HUA JBYKEHHUSA KOTOPHIX MOIYT OHITH pa3peileHHl <«pasjeleHHeM UepeMeH-
HHX>. [l14 cucTeM TAKOr0 THNA, KAK H3BECTHO, 06001eHHbIe KGOpANHATH
MOryT OHITH 3aJaHbl TAK, YTO ONHCAHHe [BMIKEHHHA C IOMOIIbI0 METONOB
ofuielt THHAMAKH CBEIEeTCA K PACCMOTPEHHI0 HEKOTOporo umciaa o0606meH-
HHX <HOMIIOHEHT JBMIKEHHH>, Kad[iad H3 KOTODPHX COOTBETCTBYET H3MEHe-
HHUI0 TOJNBKO ONHOM KOODAUHATH BO BpeMA JIBIMKEHHA M B HEKOTOPOM
OTHOIIEHHH <HE3aBHCHMA> OT OCTAILHBLIX. YIOMAHYTHI METOJ OnpejeneHus
CTAllMOHAPHHIX COCTOSHUI 3aKII0YaeTCA B TOM, YTO KaXIad H3 KOMIOHEHT
ABHKEHHA CBA3LIBAETCA YCIOBHEM, HA HOTOPOe MOMHO CMOTDPETh, KAk Ha
upamoe o6oOmenue ycaosud (1) ana ocunanaropa Planck’a; Takum obpa-
30M CTalHOHapHHE COCTOAHMA B OOLIEM CIyyae OHmpeleafioTcs CTOJILKHMH
IelHMA YHUCTaMu, CHOABKO cTeleHell cBoboam B cucreme. B »roit paspa-
60TKe TeopUH KBAHTOB NpPHHAAH yYacTHe MHOrHe QU3NKH, B TOM YHCIE CaM
Planck. f ¢ ynoBoascTBHEM yMOMHHAIO B 5TOM secte o pa6otax Ehren-
fest’a, KacaoIAXCA HpefelioB NPUMEHHMOCTH 33aKOHOB MEXaHHKH K aToM-
HEIM IpoIleccaM | JAIOMHPX HOBOE OCBeleH e IPHHIUIaM, JeKaAIUM B OCHOBE
ykazaHHoro o6o0lIeHHA TEOPUH KBAHTOB. PeMHTEIbHEIMHA yCIexaMy B IIpHMe-
JHEHUH TEOPHMH KBAHTOB K CIIEKTPAJbHHM BOUPOCaM MW 00643aHH Sommer-
feld’y m ero corpynuukaM. B nanvuefimem s we 6yay, OfHaKO, OCTaHABIH-
BaThbCA HA CHCTEeMaTHYeckoit ¢opMe, B KOTODON STH aBTOPH H3JIOHHIH
ux pesyaprathl. B cratee, HexaBHO mnossuBmefica B Tpymax HKomenraren-
ckoll Axamemmn, A HOKa3aJ, YT CHEKTPH, BHIIKCIAEMHE C IIOMOIULI YKa-
3aHHBIX METOAOB OIpefejeHHs CTAIHOHAPHHIX COCTOAHHMI M yCIOBHA dHa-
cToT (4), 061373I0T TEM ke COOTBETCTBHEM CO CWEKTPaMH, MHOJyYaeMBIMH
Ha OCHOBAHHH OOLIYHON TEOPHM H3AyYeHMs M3 NBIIKEHHA CHCTEMH, KaK
H CHEeKTp BOAOpPOoJa. OCHOBHBAACH Ha 3TOM obusem coomsemcmeuu (allgemeine
Korrespondenz), s nonpo6yio B OCTanbHON YAaCTH MOEro NOKJIANa H3JA0KHTH
TY TOYKY 3peHHsd, KoTopad HofpoGHee pa3BUTa B YKasaHHOHU cTaThe. Teopusa
CEpPHANBLHHX CIIEKTPOB M AeHCTBHA HAa HUX BHEIIHHX CHNOBHX IOJefl MOMeT
OuTH ImpejcTaBieHa B TaKOi - ¢opMe, 9TO OHA ABHTCA €CTECTBEHHHM pas-
BHTHEM OpeAuAYIHMX coofpaxienuii. Mue KaxeTca, 9T0 9Ta TOYKA 3peHHA
oco0enHO mpucnoco0ieHa K PacCMOTPEHHI0 GYAYIIMX 3a7a4 TEOPMH CHEK-
TpOB, W00 OHA IIO3BOJAAET NOJOHTH M K TaKHM 3ajayaM, rje Meroj Som-
merfeld’a HepuMeHHMM BCIEICTBHUE CIO¥HOCTH ATOMHLIX JBHKEHHIA.
Mz mepexonuy cpasy Kk H3yYeHHIO BINAHHUY, OKA3LIBAEMEIX NIPHCYTCTBHEM
HeGOAbIKX BO3MYINAIIIAX CHA HA CHEKTDP MPOCTHX CHCTEM, COCTOALIMX U3
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ORHOTrO 3JIeKTPOHA, BpaulalIleroca BOKPYr saxpa. Kak m pauswe, mna,
NPOCTOTHI, MB! BPEMEHHO OCTAaBHM 0e3 BHHMaHMA 3aBHCHMOCTL MACCHl dJIEK-
TPOHA OT CKOPOCTH, TpebyeMmoil Toll Mommduranmedl oGHYHEIX 3aKOHOB Me-
XaHWKH, KOTOPad CBA3AHA ¢ TeopHeld oTHocuTensHocTH. He6onbioe uamene-
HUe IBHIKEHWHA, BRIBHIBAGMOC BapHalHeil Macch, WMeio, 0JHAKO, CYIIeCTBEeH-
HOe 3HA4YeHHMe i paspuTHA Teopud Sommerfeld’a,” moasmsmedica
B CBA3H C OOBACHEHHEM TaK HA3LIBAEMON mowkod cmpyxmypw 6000poduus
surut, ITO ABIEHHE COCTOMT B TOM, YTO KAaK/ad BOJOPOAHAA JIUHHUHA, HA-
6mogaemas npubopaMu ouenb Goapuiofi paspemamoimieii CHOCOGHOCTH, OKa-
3HIBAETCA COCTOAINEH H3 HECKOJAbKHX KOMIIOHEHT, PACIOJOKEHHBIX GIH3KO
OXH& 0T ApYro#; mpuIMHA 3aKII0YaerTcd B TOM, YTO ABHKEHHE BOJOPOAHOrO
aToMa, eCJIH HPUHATE BO BHUMAHHE H3MEHeHHe MACCH, HEMHOT'O OTAHYAETCA OT
KeIIePOBCKOr0 JABHMKEHHUA, NYTh DJAEKTPOHA HE ABIAETCA TOYHO NEPHOLH-
9eCKAM., OTO OTKJIOHEHHE OT KeIJepOBCKOrO [BHKEHMs, OZHAKO, OYEHb
Malo B CpABHEHHH C TEMH BO3MYILSHHUAMH [BHKEHHUA aToOMa BOAOPOXd, KO-
TOPHIE BHI3LIBAIOTCA BHEITHUMM CHIAMH B ONHITAX Hafj ABleHuaAMu Stark’a u
Zeeman’a, a TaKKe B CPABHEHHH C BOSMYINAIOIINM BIHAHAEM IPUCYTCTBHA
BHYTPEHHHX 3JI€KTPOHOB Ha ABUHCHHe BHEIIHEro B CiIyJae APYrHX sie-
MeHToB. I[lpeneGperaa H3MeHeHHEM MAacChl, MBI He BHeCeM TakuM o6pasoM
CYHnIeCTBEHHOTO M3MeHeHuA B o0bACHeHHEe BANAHMA BHEIIHHX CHJ, 4 TaKme
B TOJKOB3aHHE TOIl pasHHIEl, KOTOPAA CYLIECTBYET MEMJY CIEKTPOM BOJO-
pofa W CIEKTpaMM APYIHX 3JIeMEeHTOB, O YeM Mhl FOBODH/H BhHIIIE.

Mu Gyaem Taxum o6pasoM, KAK H IIpe:kme, paccMaTpHBATL HEBO3MY-
IeHHOe ABIKEHMO aToMa BOJOpPOdA, KAK YHCTO HMEPHOAHYECKOE, M IPEmIe
BCEro sajaeMcA BOIDOCOM O CTALMOHADHHX COCTOAHHAX, COOTBETCTBYIOUIHMX
3TOMY HABMKEHHIO. OHEDPruA 9THX COCTOAHHUA OIPENENUTCA BhIPaKEHHEM
(7), BHBeneHHHM H3 BojgopoAgHoro cuexrpa. IIpm ZaHHON sHEPrUH CHCTEMEHI,
KHaK yMe YOOMHH2J0Ch, MOTYT OHTH oOIpeneleHH Ooibllas OCh 3JIHIICA
u ghciao obpamenuii. Beogsa B ¢opmyast (7) u (8) BeHpaxeHnHe a14 K us
dopuyan (12), MBI HDOXYYMM AJA BHEPTHH, GONABIOH OCH M YacTOTH 0060-
POTOB B #7-OM CTAaINUOHAPHOM COCTOSHHM HEBOSMYUIEHHOrO aToMa TaKue
BHIDAMEHUA:

1 2n2e*m h? 1 4n%e®m

w2 =

— e —
By=—W,= W= et T pE A

(17
B orHOmeHnr GOpME OpOHTH MH FOJMKHHK jJajee NPUHATH, YTO B CTALHUO-
HApHHX COCTOAHHUAX CHCTEMH OHa OCTaeTcA HeolpeleleHHOH, T.-e. DKCIeH-
TPHCHTET MOMKET IIPUHHAMATH KaKHe YroJHO HEOpephBHO H3MEHAIINAECH
3HAYeHHA. IJTO cleayeT HemocpeACTBEHHO M3 NpPHHIHIA COOTBETCTBHA,
%60 IHuCIO OGOPOTOB 3aBHCHT TOABKO OT 3HEpPruH, HO He OT 3IKCUEHTpPH-
cuteta. To e ciaexyer u3 Toro ¢aKTa, 9TO IPHCYTCTBHE IPOH3BOJILHO
MaAHX BHEUIHMX CHJ BH3HBaeT B OOIUeM cJaydae KOHeYHOe H3MeHeHHe
MOJIOKEHUA M SKCIEHTPHUCHTETa OpOMTH, B TO BpeMA Kak OoJplias
0Ch HCOHTHBAET TOJABKO MajHe W3MEHEHHA, HpOINOPUHOHAIbLHEIE BO3MY-
mawolnel cuue.
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3agaBasgce BOMpocoM O OammaiimeM onpefejeHHd CTAUHOHAPHHX
COCTOAHMI cHUCTeMH B IpPHCYTCTBHH JAHHOMO NOCTOAHHOIO BHENIHErO
CHJIOBOFO MOJA, MBI NOMMKHE HCCAEJ0BATb II0 NPUHLHIY COOTBETCTBHS,
Karuy ofpasoM BHEWHHE CHJIK BIXAKT HA pa3lOMEeHHE [BHiKEHHA Ha
rapMoHHUecKue konebanus. Hak yike cxasaHo, BINAHHME BHEHDIHHX CHI
CKAMKETCA B TOM, 4TO noXo:ieuue u ¢opMa opOuTtn Oyayr HelpepHBHO
u3mMeHATsCA, B ofmeM caygae npoTekaHHe BO BpPEMEHHM 3THX H3MEHEHHH
Oyder CTOTh CHOMKHO, YTO MBI HE B COCTOAHMH pAa3JOKHTh BO3MYIUEHHOS
JBH)KEHHe Ha rapMOHMYECKHE KOMIOHEHTH. B aToM ciydYae MH JOJMKHEI
OMHZATH, YTO BO3MYIICHHAA CHCTEMa HE HMEET pe3KO0 pasrpaHHIeHHHX
cTralMOHAapHEIX cocroanuil. llpexnmonaraa monpexHeMy, YTO H3JIyYeHHE
BCErja MOHOXPOMATAYHO H YyOpaBideTcd MNpaBMIOM YacToT, BCE iHE MH
HE MOKeM B 3TOM ClIydae OMKUAATH CIEKTDPAa, COCTOAMEr0 M3 PE3KUX JHHUMA,
BHEIIHHE CHJbl BHI30BYT pasMHITHE CHEKTPANbHHX JHHUH HeBO3MYIICHHOM
cucTeMil. B HEKOTOpHX cayyadx, OZHAKO, BO3MYIIEHHA MOryT OBWTH CTOIb
OpaBH/IbHBI, YTO BO3SMYHIEHHAA CHCTEMa JOIYCKaeT pasioieHHe HAa rapMo-
HHdeckue Koae0aHuA, XOTA COBOKYNHOCTH 3THX KonxeGamuil Oyner, ecte-
CTBEHHO, 0ojee CIOKHOIO THIA, 4YeM B HeBO3MyIIeHHOH cucTeme. Taxoe
H3MEeHEHHe IPOU30iifleT, HallpuMep, B TOM cJayJae, KOr/ja U3MeHeHHEe OpPOUTHI
BO BpeMeHH OyleT mepHojudecKHM. B sTOM cAydae B JBHIKEHHH CHCTEMH
MoABATCA rapMoHHIeCcKHe KoaeOaHuA, ABIAIONINECH KPATHBIMH YHCIa IIepHO-
IOB BO3MYIUEHHI ODOHTEH, H B CHEKTpe, KOTOPHI MOKHO OXNHIATH CO-
IIaCHO OOBIYHOH TEOpHHM H3TyYeHHdA, NONKHH HNOABUTHCA KOMIIOHEHTE!
COOTBETCTBYIOIINX 4acTOT. [IpHHUMO cOOTBETCTBHA NPHBOAUT HAC IOSTOMY
HEIIOCPeICTBEeHHO K NpefNoJ0KeHUI0 O TOM, YTO BCAKOMY CTAaIHOHADHOMY
COCTOAHMIO HEBO3MYLIEHHOH CHCTEMH COOTBETCTBYeT HEKOTOpOe YHCIO
COCTOAHHI B BO3MYMEHHOH CHCTeMe TakuM o0pasoM, 4TO IIPH. HEpexoje
MEMAY KAMABIMA U3 JBYX TAKHX COCTOAHHN M3lydaeTcA CBET, YacToTa
KOTOpOr0 TaK#e CBA3aHAa C NMEePHOTMYECKUM H3MEHEHHEM OpOUTH, KaK CBA-
3aH CHEKTp NMPOCTOH IePHOAHYECKOH CHCTEMH C ABHIKEHHEeM B CTaluoHap-
HHX COCTOAHHAX.

[loy4uTeqbHEIM OPUMEpOM IIOABICHHA BO3MYUEHHI NIepHOAHYECKOro
XapaKTepa MOMXET CJAYMHUTE CayJall BOJOPOJHOTO aroMa Noj4 JeHCcTBHEeM
OJHOPOJHOIO 3ieKTpHiecKoro mnond. [lox BauAHMEM NOJA MOJOKEHHE H
BKCIIEHTPACKATET OPOHTH HeOpepHBHO maMendwoTcA. OxassBaercd, OJHAKO,
970 IpPH ITHX H3MEHeHHAX IEeHTp OpOUTH 0CTaeTCd B IIOCKOCTH, IepIeH-
DMK YIAPHONA K HANPABICHHIO BIEKTPHYECHOH CHIH, H IBHKEHHE €ro B 3ToM
MJIOCKOCTH 4YuCcT0 mepuoguieckoe. Hortga meHTp Bo3BpaInaeTca B HCXOJHOE
MOJIOKeHHe, OpOUTa Taxie NPHHMMAET CBOe IIepPROHAYANBHOE IIOJOMEHHE
M DKCUEHTPHCHTET, H C 3TOr0 MOMEHTA BECh ITHKJI OpOHTH OyJeT HOBTO-
pATHCA B OTHOIIGHHM ee reoMeTpudeckoil ¢opMel H mojoxeHHa. B srTom
cJydJae olIpejejieHHe DHHEPrul CTAanMOHAPHHX COCTOAHHI BO3MYIIEHHOH
CHCTEMBl Ype3BHYAfiHO IPOCTO, TAK KaK OKAa3HBAeTCA, 4TO IIepHOJ BO3MY-
HICHHA He 3aBHCHT OT IIepBOHAYAJIBHOW KOHQUrypamuu OpOHTH H I0JO-
HEHHUA IIOCKOCTH, B KOTOpPOH ABHiKETCA LEHTD, HO ompefenderca 00JIBIIOK
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OCBI0 M CBA3AHHLIM C Hel0 YHCIOM 06opoToB opOuth. IIpocToe BrHYHCIeHHE
MOKa3biBaeT, 4YTO YHCJO MEepPHONOB BO3MYLIEHHA o BHIpaaeTca ciaenyiomei
dopuynoit:
o= ol (18)
T2Ma o

rie F—HUHATEeHCUBHOCTH BHEIIHEro ajerrpuieckoro nojada. llo awmamormm c
ompejeleareM 0COoObX 3HaYeHuid sneprum ocnmanAaropa Planck’a momuo
OMMAATh, YTO pa3HHIA SHEPrHH MEX]Y HABYMA DasIHYHBIMH CTalHOHAp-
HBIMH COCTOAHHAMH, COOTBETCTBYIOUIUMH OJHOMY H TOMY e CTalHOHap-
HOMY COCTOAHHIO HEBOSMYUICHHOR CHCTEMEI, ABAAETCHA MPOCTO HENHIM KpaT-
HHIM 9HUCJIa IOePHONOB BO3MYLIEHHA O, YMHOMEHHOro Ha /2. Mul npmxogum
TaKuM 06pa3oM HEeIOCPEeACTBEHHO K CAeAYIMIeMY BHPaxeHHIO JIA SHEepPruH
CTalHOHAPHHX COCTOAHHME BO3MYIISHHOH CHCTEMHI:

E=E, L kho (19)

rae E, 3aBHCHT TONLKO OT YHCJA %, OIpee]AIomero cTaHoHapHLHe COCTOA-
HHAS HEBO3MYIIEHHOI CHCTEME!, £—HOBOe IeJ0e 9YHCIO, KOTOPOEe MOKET
GLTh B NAHHOM ClyJae IOJONKHMTEIbHHIM HIA OTpPHUATENbHEIM. Biammaii-
mee pacCMOTpEHHe CBA3H MEHY sHeprueil M IBHIKeHHEM CHCTEMbI, KaK MH
YBHIUM HHMXe, IPHBOXUT K BHBOAY, 9TO & JONMKHO OWTH YHCIECHHO MEHLIIE
n, eCI¥ Mbl, KAk DaHbIle, NPUPaBHAECM BeaHYuHY F, 3HaUYeHHIO sHEPruu
W, n-0ro CTamHOHAPHOTO COCTOAHHA HEBO3MYINEHHOH CHCTeMH. Bpogsa
mia W, o, u a, 3adeHnda (17) B opmyay (19), maxogum:
B L 2T ST 20)
n? A2 8n2em

3azaBasch BONpPOCOM O BIHMAHHH 3JEKTPHYECKOrO NOAA Ha JUHHHA
BOJOPOAHOr0 CIEKTpa, MH MOJYYHM Ha OCHOBAHMHM YCI0BHA dacTor (4) auas
ygcra KojaeOaHMil cBeTa, H3AyYaeMOro IPH IEpexofe OT COCTOAHHUM, OIpe-
[eJAeMoro 4hcAaMM »' ® & K cocroAHMIO %, A" Clelywilee BhpameHHe:

2 n2etm 1 1 3aF e ", »
V=T ‘(@;")‘E“(_y/)—z)Jréer_m(”k =) 0

Jra ¢opMyTa TOYHO cOBHagaer ¢ (opMyiaMu, BHBeIeHHEMH Epstein’om
# Schwarzschild’ owm, gaommamn, xax U3BecTHO, YoenuTeabHOEe 00BACHE-
HUE 9aCTOT KOMOOHEHT sfifexma Stark’a daa 6odopodwwix aunuii. BuBog
3THX (OpPMyJT OCHOBAH Ha TOM, YTO aTOM BOZOPOAA B OZHOPOJHOM 5JeKTpH-
4eCKOM IT0J€ ABIAETCA YCJIOBHO MEPHOAWYECKOM CHCTEMOH, ypaBHEHHA IBH-
EHHA KOTOpDOH MOryT OBITEH paspelleHH pa3iejeHHeM IlepeMEeHHHX B Iapa-
GonMYecKEX KOODAHMHATAX; METOJOM, YKa3aHHHIM BHIIE, MOMHO [0ITOMY
onpefleUTh CTAllHOHAPHLIE COCTOAHUA.

Mu paccMoTpuM Telleph HECKOJBKO OJIHike TO COOTBETCTBHE, KOTOpOe
CYLIECTBYeT MEKAy H3MEeHeHHAMH BOJOPOZHOPO CIEKTPAa B 9JeKTPHIECKOM
noJje (kak aTo Ha6aogaerca npH adpderte Stark’ a) u pasioxeHneM BO3MY-
IIeHHOr0 JBHiiEeHHA aToMa Ha rapMoHHYeCKHe KOMIOHeHTH. MH Haxopum
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npemxae BCero, 4TO BMECTO IIPOCTOr0 PA3NOKEHHA Ha rapMoHAYeCKNEe HKOM-
NIOHEHTH, COOTBETCTBYIOMEro KelmiepoBCrOMY IBHKEHHIO, CMECIEHHNE E JJICK-
TPOHA B 3ajJaHHOM HaNpapJeHUH B MPOCTPaHCTBE BLIPAKAGTCA B JaHHOM
ciaydae Tak:

E=2C,, cos2m {t(rm—f—v.c) —}—cw} (22)
rge w—cpegHee 4ucao ofpamieHH B BO3MYILEHHOH opfuTe, ¢—YyKasaHHOE
BHIIE YHUCIO TIEPHOAOB BO3MylleHHA opOutel, C., H ¢,, — TOCTOAHHHE,

CYMMHDOBaHME NpOCTHpaeTcd HA BCe IeJkle 3HaYeHHs T H x. Paccmarpm-
BaA 1epexoj MeKAy ABYMA CTAIMOHADHLIMH COCTOAHHAMH, XapaKTepH3ye-
MHNMY HEKOTOpHIMU 4Hciamd #', K # #", %", Mol HaiiileN BAA Tex 3Ha4YeHHN
9THX YHCe], KOTOPHE BETMKH B CPABHEHHH C PaBHOCTAMH #'—n” H K'—k",
49TO §acTOTa H3IyJaeMol JAHMHHM NpHOJHMEHHO BHIPASUTCA ClIERyIOINedH
dopmynon:

vy —n"yo-+F-—E")s (23)

Mo mmeem TakuM o0pa3oM CBA3b MeXAY CHOEKTDPOM H /[BHKCHHEM AaToMa
TOrO jK€ ¥apaKTepa, KaKk H B paHee PaCCMOTDEHHOM IPOCTOM CAY4ae HeBO3-
MYLIEHHOIO aTOM& BOROpOZa. 3AeCh HMEETCA HAMHIO TaKoe e COOTBeT-
CTRUE MEXAy rapMOHHYECKHMH KOMIOHEHTaMH ABHMKEHHA C ONpeleleHHbIMH
3Ha9CHUAME T H 7 B ¢opuyde (22) U HepexofOM MexIy ABYMA CTAIHOHAp-
HLIMH COCTOAHHAMH, JUIA KOTOPHX # —n'=1 u ¥ —k" =1,

JTO COOTBETCTBHE INpHBEIET HAC NpH ONMKafieM pacCMOTPEHHHA
ABMIKEHHA KO MHOTHM HHTEPECHHIM CIENCTBHAM. Tax, paccMOTpeHHEe [BH-
JKeHHA IOKAsHBaeT, 9TO BCAKAA apMOHHYECKAd KOMIIOHEHTA BHIPamEeHH
(22), pna KOTOpOH T -|-¥%— 9eTHOE YHCIO, COOTBETCTBYET HpPAMONHHEHHOMY
KOJe6aHMIO, NapalielbHOMy HAIPABISHHIO DIEKTPHIECKOro IONd, BCAKAA
e KOMIIOHEHTa, 1 KOTOPOi T - #—YUCI0 HeYeTHOe, COOTBETCTBYET 3JLIAM-
THYECKOMY Ko.JeGaHHIo, NepleHIuKyIAPHOMY SJeKTpHIecKoMy mnomo. Pac-
cMaTpuBaA 5TOT (paKT B CBeTe NPHMHIMIA COOTBETCTBHA, MhH HIpHXOIAM K
MuIcnu OOBACHHTE TAKHM 00Pa30M HaGMIONaeMYD, XaPAKTEPHYIO ROAAPUIAUNIO
HKOMHOHEHT 3dderTa Stark’a; H3Ty4eHHE, CONPOBOKRAAIUIEE HEPEXOIH,
aad KOTopHx cyMMa (n' — #") (k' — k") — gerHOE uHCIO, FOAKHO NABATH
KOMIIOHEHTH, 1 KOTOPHIX 3.IeKTPUIECKHHA BEKTOD KoslelaeTca mapanleasHo
3IE€KTPHIECKOMY IIOAI0, HAO60pOT, Jid MEpPexXo[0B C HEYEeTHHM 3HAaYeHHEM
(W' —n") 4 (¥ — %) nomxsa BO3HMKATH KOMIIOHEHTA C 3JEKTPHYECKHM BEK-
TOPOM, KoJeGiomuMcA NepHeHJAKYJAAPHO NOM0. 9ITO IPEeRNON0KeHHe
BIIOJTHE NOATBEPKAASTCA OIBLITOM H COOTBETCTBYET SMIMPHYECKOMY IPABHAY
nojspusanuM, ycranosienuoMy Epstein’om B ero mepsoit paGore 06
spdexrre Stark’a. [IpaMeHeHna mpuHNUNA COOTBETCTBHA, O KOTOPHX MEl
MO CHX IOD TrOBOPHJIH, OTHOCHBIIHECA K BOIPOCY O BO3MOXHOCTH Ppa3iuy-
HEIX THOOB HEpexoJ0B M K IOJAPU3ANMY CBETA, M3AY4aeMOro NpH TAKHX
nepexogax, OwAM YHCTO KA4ECTBEHHOro xapakTtepa. Bo3MOMXHO, OfHAKO,
Ha [0YBe JTOr0 NpHHUHMNA, CPaBHHBAaA OTHOCHTEJIbHHE 3HAYCHHA aMILIH-
TYJA COOTBETCTBYIOUIUX IapMOHHYECKHX KOMIOHEHT JBHMHEHHA, JATh KOJH-
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9YECTBEHHYIO OLUEHKY OTHOCHTEILHOH BEpOATHOCTH Pa3JUYHHIX BO3MOMHBIX
epexofoB. IT0 coolpameHHe BeCbMa IOYYHMTENHHO ONPABAANOCH JJIA CIY-
wad spderra Stark’a B Bogopome. Mccregys unciaoBble 3HaYeHHA KO3(-
dunmenros U, B opmyre (22), MOKHO BIIOJHE OCBETHTH CBOEOOpasHOe H
Kak OyATO DpPOH3BONLHOE paclpefeleHUe UHMeNcusHocmeld B PasIRYHEX
KOMOOHEHTaX, HA KOTOpOoe pacnajaeTcd Kamgas BOAOpPOJHAA NUHUA B
3MIEKTPHYECKOM IOJXe. 3TAT BOmpoc o6cToATeNsHO pasobpad Kramers’ om
B €ero HeJaBHO NOABHBUIeficd [guUccepTalHd, copepaxameidl mogpobHOE
ofcy:xaeHre NPHMEHEHHA NPAHOHWIA COOTBETCTBHA K BOIPOCY 06 HHTEH-
CHBHOCTH CIIeKTpPalbHBX JHHHH.
Ilepexonss K BOIPOCY 0 6auanui 00MOPOOHOW MAIHUMHOIO NOAR HE Mi-
#un 6000pods, MBI MOMeM IIOCTYOHTb COBEpUIEHHO AHAJOTHYHHM 0GpasoM.
Hak m3sBectHO, JeficTBHe TaKoro moisd Ha JIBHIKEHHE BOZOPOAHOIO aToMa
CKaM#eTcA NPOCTO B HAJOKEHHH pABHOMEDHOrO BpalleHHA HA [BHKEHHE
9IEKTPOHA B HEBO3MymIeHHOM aTtome. OCb BpalleHHA NapajlelbHa HpH
STOM HANpPaBISHHI0 MATHATHON CHJH, 9¥CI0 OOOPOTOB BpamleHHA BHpa-
3uTCA opMyao:
e H
4t me

rie H—HHTeHCHBHOCTh IHOJA, C—CKOpPOCTh CBeTa. Ml HMeeM, Clex0Ba-
TeJbHO, CHOBA TOT CIy4all, KOJa BO3MYIIEHHsA HOCAT YHCTO NepUogH4Ye-
CEHII XapaKTep H Tje YHCJI0 IEepHofOB BO3MYIIEHHI He 3aBHCHT OT (OPMH
M UOJOKeHHWA OPOHTH, a B JaHHOM clydae JaKe He 3aBHCHT OT ee GOJb-
moii ocu. Mpl MomeM TakHM 06pa3oM HpUMEHHTH Te jKe CooOpa:KeHHd, Kak
n na4a a3pderra Stark’a, u B npaBe 0KUAATH, YTO SHEPTHA CTAIHOHAPHEIX
COCTOAHHN CHOBa BHIpasuTCa mo (opuynre (19), r@e gasa o HYXKHO IOCTa-
BHTb 3HaYeHHE (24). OTOT pesyabTAaT BIIONHE COrJIACYETCA C BHIPAXEHHAMH,
puBepeHHbIME Sommerfeld’ onm m Debye’en naa 3sHauyeHHI dHEprum
CTAWOHADHEX COCTOAHHN BOJOPOJAHOIO aroMa B MarHMTHOM noxe. BuBoj
3THX BHIPAKCHHUI OCHOBAH HA TOM, 9TO YpaBHEHHA [ABIUKEHUA aToMa B Mar-
HUTHOM I[0J€ MOryT ObITh paspelleHH pasleleHHeM IlIepeMEeHHEIX, 6CJIa
BBECTH IPOCTPAHCTBEHHHIC MOJAPHBIE KOODAMHATH C OChbI0, HapaliensHOM
HAOpaBIeHHIo 0014, Ecid nonsTarsca, OTHAKO, H0Ib3YAChH HEOCPeACTBEHHO
ycJI0BHEeM 4acTOT (4), BHIYHCIUTE BIMAHHE IIOJA HAa BOJOPOAHBE JIHHHH
¥3 3Ha4YCHHMHA SHEpPIHH B CTALMOHADHBIX COCTOAHHAX, TO IPHAETCA CTOJIK-
HYTBCA C KQXYIIAMHACA HECOrJACHANMH, CAYKHBIIHMH HEKOTOpOe BpeMA
cepbesHBM 3aTpyAHeHHeM 4a Teopud. Sommerfeld u Debye yxasanw,
9TO0 He BCAKOMY MLICIHMOMY IIePeXOAY Me Ay ABYMA CTALHOHAPHKIMHA COCTOMA-
HHAMHA COOTBETCTBYET AKHHUA, HaGmojaemas B sdderTe Zeemann’a; s npo-
THBONOJOKHOCTD HOAOKEHHD Jed B apderre Stark’a B HaHHOM cayyae
U0 TEOpHUH CIEAYeT 3HAYUTENBHO GONbllee YHCAO KOMIOHEHT, 4YeM HaOMNo-
jgaeTcA HA oOOBITe. JTO 3aTpyAHEHHe, OXHAKO, HCcYe3aeT, KaK TOALKO MEl
IpHBIedYeM NPUHOAN COOTBeTCTBHA. Mcciaepya pasioseHHe JBHKEHHA HA
rapMOHHYeCKHe KOMIOOHEHTH, MBI HaXOJUM HeENOCpeACTBeHHOe O0LACHEHHE
KaK HeBO3MOKHOCTH IIE€pPeX0/i0B, COOTBETCTBYOIINX «IHIHAM» (iiberzihlig)

g —

(24)
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KOMIIOHEHTaM, TaK H HOAApHU3alup HabmofaeMbix KOMIOHEHT. Tak, HampH-.
Mep, MBI IIPOCTO HAXORHM, YTO BCAKAd 3IANTAYECKH-TApMOHHYecKad KOM-
MIOHEHTA, C YHCJOM Konebanuii To, IOABIAIIIAACA B PA3I0KEHUA HEBO3MY-
HIeHHOro ABHIKEHWA, PACUAfaeTCA B HOPHCYTCTBHH MAUHHTHOTO HOJA IOX
BIMAHMEM YKA3aHHOrO BHIIE pPABHOMEDHOrO BpalleHHs OPOUTH Ha TPH
rapMOHMYECKHE KOMMIOHEHTH, OfHA M3 HUX —NPAMOJUHeHHAA C YHCIOM
KoiebaHuil o B ¢ HalpaBiAeHHeM, Napa/ielbHLIM MArHHUTHOMY NOIIO, JBe
oCTalbHble—KPYroBhle ¢ 9HCIaMd KojeGanmi tw-o H 10—3J, Koaebmo-
muecsd B IPOTHBOIONOMKHHX HANpAaBIGHHAX B IIOCKOCTH, NEpHEeHHKY-
aapHoit momo. CrefosatenbHo, ABHKedHe, NpejcTasiaenoe dopuynaon (22),
HE COJEpHUT KOMHOHEHT, A KOTOPHX 7 0oapuwe eJHHHUIE! (B DPOTHBOIO-
noxHOCTh 3QdeKTy Stark’a, rie B IBHKEHHH HMEIOTCA KOMOOHEHTH IJIA
Bcex smaueunit x). CpaBHHBAdA 3TOT pe3dyinbTaT ¢ dhopMyiol (23), BeIpamalo-
el «aCHMOTOTHYECKOe» COBIIAJeHHe YHcaa KoJeCaHHll M3NYYEeHHA U IHCAA
koNeGaHnil rapMOHHYECKON KOMIOHEHTH B clyyae OONbIIMX 3HAYEHHIl » U
k, ME IPUXOAMM K BBIBOAY, 9TO IEPeXOfH, IAd KOTOPHX & MeHdercd 6o-
nee, 4eM HA eJHHHIY, HEBO3MOMHH B 3TOM ciayyae. [lono6urnim ke oGpasoM
aaa ocumaasaTopa Planck’a HCKMOYEHH HEepPeXoisl MY HBYMA OCOOLIMM
COCTOAHHUAMH, NI KOoTOpHX % B (Qopyyae (1) oramuaerca Ooixee, 4eM HA
eguHuny. Jlajee MH JOMKHE 3aKIIOYHTH, YTO BO3MOMKHEIE IIEPEXOJH pac-
mafanTea Ha aBa THOA. [[71d4 NepeXonoB, COOTBETCTBYIOUIMX MNPAMOJIHHEH-
HHIM KOMOOHEHTaM KoaxeGanud, & B Qopmyie (19) me maMmenaercda, 4acTora
v, IEPBOHAYAIHLHON BOAOPORHON NHHHH TaKKe He H3MEHAETCA H DJAEKTDH-
JecKUil BeKTOp KoaelaeTcsa mapajieasHO noxi. [[na BTOpOoro THHA mepe-
X0/I0B, COOTBETCTBYIOLIEI'0 KPYIOBHIM KOMIIOHEHTaM KoiaeOGaHHA, L yMeHB-
maeTcs UId yBeJHYMBAETCA HA €IUHHUNY, IPH YeM dYaCTOTH KOJe6aHua
COOTBETCTBEHHO pDAaBHH v,-}¢ H v,—g; Upr HabMOJeHUH NapaaIeabHO
10110, Kole6anua OyAyT MONAPH30OBAHE! 10 KPYTy. DTH pe3yJAbTaTH COrjacy-
I0TCH C H3BECTHON TeopHelt Lorentz’ a OTHOCHTEILHO HopMaAbHoto o Perma
Zeeman’a. Hpome Toro xapakrep Hammx cooOpakeHmnit IpencraBIaeT
TeCHEHMYI0 MLICAHMYIO ® aHAIOrHI0 C YKa3aHHON Teopuell, eCId TOJIBKO
NMPHUHATH BO BHAMAHHEC (YHIAMEHTAJBbHYIO Pa3HUIY NpeiCTaBICHHH TeOpHH
KBAaHTOB H OOBIYHONW TEOPHH H3IyYEHHA.

lpuMepoM npuMeneHHs HoZOGHBIX ke cOOOpameHul, IPOIHBANIIEM
CBET HA CTPOEHHE CUEKTPOB APYIHX JIEMEHTOB, MOMKET CIYKHUTEL dedcmeue
HEGOALULO0 BOSMYUWAIOULEI0 CUL08010 NOAR, CUMMEIMPUAHOL0 OMHOCUMEILHO ULHMPE
(2dpa), na cnexmp sodopoda. B nmaHHOM mpuMepe, B UPOTHBOIOJIOKHOCTH
paHee DACCMOTDPEHHHIM CcIyYasM, BH (OpMa, HH NOJOKeHHEe HJIOCKOCTH
OpOHTH He MeHATCA C TeYeHHEM BpeMEeHH M BO3Mylialolnee jelcTBHE
TI0J1g CKAa3hBaeTCA NPOCTO B PABHOMEDHOM BpauleHHH 60JbIIOH oCH OpOH-
TH. B aToM ciyuae BO3MyieHHA HONpeXHEMY NMepHOJMYECKOrO Xapaxrepa
H MB MOXEM Hpejoaararh, YTO KaMAOMy 3HAYEHHI0 3HEeprHd CTAlHOHAap-
HOr0 COCTOAHUA HEBO3MYMIEHHOH CHCTEMB COOTBETCTBYET PSR JAHCKpPET-
HEIX 3HAYeHHU SHEPrHH BO3MYLIEHHON CHCTEMBI, XapaKTepH3YOIIHX CO-
CTOAHHUA, ONpejeldeMue HeNHMH unuciaMu k. B paccwarpuBaeMom ciydae

Venexn $mamaeckux Hayw 4
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9UCN0 KOJeGaHuUll BO3MYIIEHHA J, PaBHOE YHCIO 060pOTOBR GOompmofl ocH,
33BHCH? IpH JAAHHOM CHJIOBOM 33aKOHE He TOABKO OT 60abmoi OcH oplu-
TH, HO U OT €e SKCUeHTPHUCHTeTa. 3MeHenue SHEPrUH B CTAIHOHAPHHX
COCTOAHHAX, BLI3BAHHOE NPHCYTCTBHEM BO3MYAUIUX CHI, He oOmpefe-
JATCA CTOAb e NPOCTHM BHpayKeHHeM, Kak BTOpo¥ dYieH dopmynn (19),
SaBHCHMOCTDL 3TOr0 M3MEHEHHM: OT & OyJeT MeHATHCA NpPH pPasIHYHHX I0-
asx. Mu yBHAMM OJZHAKO, YTO CYHIECTBYET BO3MOXHOCTb XapaKTEPHCTHKH
IBHIKEHHA B CTanMOHADHLIX COCTOAHHMAX A4TOM3a BOJOpOAAa IHpH Jo6OM
NeHTPANLHOM BO3MYyIIAILIEM HOJe NOMOINBIO OJHOIO H TOro Ke YCIOBHA.
J1a yAcHeHHA 3TOro Mu OCTAHOBHMCA Ha OJWH MOMEHT HA OUpEe]eHHH
xXapaKkTepa ABHMCHHA BO3SMYIICHHOI'O BOJZOPOJHOTO aToMa.

Hax MH yme ropopuis, B CTAHOHAPHHX COCTOSHHAX HEBO3MYIIEH-
HOro aToMa BOJOPOJA BIIOJNHE OIpejeNeHa TOJbKO O6ojbmag OCh OpOGHTH,
9KCIEHTDHCHTET ee MO:eT NpPHHHMAThL ni06he 3Hadenusa. C apyroit cro-
POHH, H3MeHeHHe 3HePrHM aToMa IIOA JeliCTBHeM BHEIUHEro CHIOBOTO IIO-
JA 3aBHCHT OT (OpPMH H MOJOXKEHHA OpPOHTHI, MOITOMY, €CTeCTBEHHO,
oIpefieficHNe 3HEPrHW aToMa B CHJIOBOM IIoJe cBASaHO c 0ojee geTalb-
HEIM onpefeqeHHeM OpOHTH B CTAOHOHAPHHX COCTOAHUAX ROSMYLIEHHOH
cacteMH. B paccMOTpeHHHX BHINE CJIyYadX H3MEHEHHA BOJOPOJHOIO
CIEKTpa B ONHOPOAMOM 3JEKTPHYECKOM H MarHHTHOM II0Je, YCIOBHE 3Hep-
ren (19) nomyckaer mpocToe reOMeTpPHIECKOe TOJKOBAaHHE.

B anexTpuieckom moae paccToAHHE ALpA OT IJIOCKOCTH, B KOTOPOH
ABIKETCA MEHTpP OpOGMTH M KOTOpad ompepeiAeT H3MEHCHHE SHEPrHH CHC-
TeMHl, NMPOU3BOAHMOE UOJEM B CTAIHMOHAPHHX COCTOAHHAX, paBHa 60Ib-

N k
WO moXyocH OpOHTH, YMHOKEHHOH Ha w B cnyyae MarHHTHOFPO HOJA

MOJKHO MOKA3aTh, YTO BeJAHYHHA, ONpeiendAnmasd W3MeHeHAe dHePruM CHC-
TEMHW B DPHCYTCTBHH IOJfA, T.-6. IUIONAAb NPOYKIEHM OPOHMTH Ha INO-
CKOCTb, IEPIEHAAKYJIADHYI0 K MATHMTHO! CHJe, B CTAalHOHAPHHIX CO-
CTOAHHAX paBHAETCA INIOIIAAH Kpyra ¢ pagdycoM, pPaBHEIM OOJBINONA IIO-

k
ayoce opGHTH, T.-e. 7. @,2, YMHOMEHHOHM Ha . AnarorayHeM 06pa3’oM

MOXHO II0Ka3aTh, 9T0 HaJH4He COOTBETCTBUA, TpeGyemoe TeopHeli KBAHTOB
M@Ky €HEKTPOM H JBH:KEHHEM aToMa NPHBOIUT K IPOCTOMY YCIOBMIO i
cIy4asd BOZOPOJZHOTO aTOMa, BO3MYIIAeMOro IleHTPaJbHOW CHIOH: B CTa-
OHOHADHHNX COCTOAHHAX BO3MYIIEHHOH CHCTEMH MaJjasd OCh Bpaulaioiiefcs

k
op6urel paBHa GoapmoR ocH 24, YMHOMEHHON HA P

970 ycI0BHE BHBeJeHO nepBoHadassHo Sommerfeld’ ou u3s ero 06-
et TeopuH onpejeseHHA CTANHOHADHKX COCTOAHHI UEHTPAJILHOIO ABHIKE-
HUA, ABIA0NIIErocs 0CO0EHHO NPOCTHM IPAMEPOM IBHKEHHSA YCIOBHO-IIEPHO-
Zudeckoil cuctemnl. MosHO JeTrko IIOKasaTh, 9TO YKasaHHOE onpeneleHHe
Majaofi OCH PABHOCHJIBHO TOMY, YTO IapaMeTp 2p 21IHOTHIECKOH OpGHTHI
ompezgenaercA BHpaKeHHeM TOH e dopmbl, Kak # Ooapmasd och 2a, B
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HEBO3MYIIEHHOM aToMe C 3aMeHnolo # depe3 k. Taxum ofpasom mapamerp
«CTAlHOHAPHBIX COCTOAHHH BO3MYHIEHHOrO aToMa GYAeT HMeTh BEXHIHHY:
h2
2m2e%m

2p=F? (25)

Ilpy TakoM ompejeqeHHH CTAlMOHADHBIX COCGTOAHHHA MBl [OJYYIHNM
JNA 9acTOTHL CBETa, W3JIYyYaeMoro NpPH NepeXofaX MEAY COCTOAHHAMH C 7
# k,000pIIMMH B CPaBHEHHH C HX Da3HOCTBIO, BHIpameHHe, COBHajaIlee
¢ (22), rme w-—vyHcao OGOPOTOB 3JIEKTPOHA B MEMICHHO Bpamapmedcs
opburte, G—4ucI0 060pOTOB GOJBIIOH OCH OpOHTHI.

Ilpexige weM HTTH AajibIle, HHTEPECHO OTMETHTD, YTO BHINEH3I0KEH-
HOE ompejeleHne ABMKEHAA B CTAlMOHAPHHX COCTOAHHAX a4TOMa BOAODO-
A3 B BO3MYIIAOIIMX BHENIHWX CHJIOBHMX NOJAAX HE COBHAjaeT B HEKOTO-
PHIX OTHOINEHHAX C OHOpeleleHHAMHU TeX jKe COCTOAHHH B TeopHAx Som-
merfeld’a, Epstein’ a u Debye’a. CoorBeTcTBeHHO CYUIHOCTH TEOPHU
YCJIOBHO - DEPUOAMYECKHAX CHCTeM, B paf0oTax 3THX aBTOpPOB CTalHOHapHBIE
«COCTOSAHUA CUCTEMH C TpeMa CTelNeHAMH CBOOOAE ONpeAelNAloTCA TpeMd
‘JCAOBHUAMH H, CII@IOBATEIBHO, XapPaKTEPH3YIOTCA TpeMs IelbIMH YHCJIaMH.
B repMuHax npeIbAyIIero H3I0MEHMHA 9TO PABHOCHJILHO TOMY, 9TO CTa-
NUOHADHEE COCTOAHHA BO3IMYHICHHOH CHCTEMH, CONPAKGHHLIE OZHOMY
-OIPEJeIEHBONY CTaliHOHApHOMY COCTOAHMIO HEBOBMYIIEHHOrO aTOMa, CBA-
3aHHOMY Y HaC eJHHCTBEHHLIM YCJIOBHEM, B AAHHOM CJyd93€ NOAYHHEHEI
€lle ABYM YCJIOBHAM H XapaKTEPHIYIOTCA KpPOME % ellle HOBLIMH ABYMHA Ie-
JHIME YACHaMH. B cmay 7TOro, 4TO BO3MYHIEHHA KEIJIEPOBCHKOIO [BHXe-
HAA B PacCMOTPEHHHIX CJIYyYadX YHCTO IEpHOJHYECKHEe, JHEprddg BO3MY-
MEeHHOM CHCTeMBl ONpefenAeTcA TONBKO OJHHM YCIOBMEM; BBeJeHHE Ka-
KOro-1u60 f06aBOYHOIO YCJAOBHA, COIJIAaCHO BHINEH3JOMEHHOMY, HE BHE-
€8T 4ero-1m00 HOBOrO Jd HNoHHMAHMA aBieHud. [loaBlaeHHe HOBHIX BO3-
MymAnIAX CHJI, XOTA OB H MaJnX, JId CYIIECTBEHHOr0 HM3MEHEHHd Xa-
parTepa areRuit Stark’a @ Zeeman’a, Bce e MOXET COBEpIICHHO
H3MEHUTHL (POPMHN [BHKEHHA, XapaKTepuayeMble YHA3aHHBIM €JHHCTBEHHBIM
yCIOBHEM. 3IeCh ML HMMeeM COBEpIIEHHYIO aHAJOTHIO TOMY (akTy, dYTO
«COEKTP BOAOPOAA (Kak 310 OOnYHO Habia0faercsa) He MeHAeTCA 3aMETHO
[O0A BIMAHHEM MaJLX CHJI, X0TA Obl mociaefHue W GRIM BCE ke HACTOJb-
KO 3HAaYMTENbHH, 9YTOOb BHI3BAaTh GoJipIIMe HSMeHeHHA (OpMEHl H HOJIO-
JKEHHA 3IeKTPOHHOH OpOHTHI.

Jlaa npaBHABHOrO OCBENIEHHS NPEALIAYUIHX COOOpPAKEHHi, a4 TaKKe
“TeX 3aJaY, ¢ KOTOPHIME MH BCTPETHMCH, AA CHEKTPOB DJIEMEHTOB C BHI-
‘COKMMH aTOMHBIMH HyMepamm, He OecmoJe3sHO CKasaTh Hapy CJIOB O BJIHA-
HUY H3MEHEHHA MAaCCH JJeKTpPOHA B 3aBHCHMOCTH OT CHOpPOCTH Ha 3TH
npoGuems, CornacHo ¢ TeM, 4TO yiKe CKa3aHO O TOHKOW CTpYKType BO-
FODOAHHIX JIMHHI, HOpenayiiHe coobpameHAA HMEIOT CHAY TOJIBKO B TOM
<JlyJae, KOTJla BAMAHWE BHENIHUX CHJI BEJHKO B CPAaBHEHHH C TEMH OTHJIO-
HEHHAMH OT YHCTOrO KeINIEPOBCKOTO MABHMHEHHA, KOTOpHIE BHSBLIBATCA

4*
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3aBHCHMOCTBIO MACCHI dJEKTpPOHA OT CKOpocTH. Ecnau mpEHATL BOo BHUMA-
HHe 3Ty 3aBHCHMOCTH, TO [BHXXEHHE HEBO3MYIIEHHOIO aTOMa IepecTaeT
ObITH CTPOTO IEPUOTHYECKUM, H MEI IIOJYYHM JBH:KCHHE COBEPIIGHHO TOTO
¥e XapaKrepa, Kak H B PasoCpaHHOM clydae BOJOPOJHOIO aToMa, BO3MY-
maeMoro HeGOMBIIMM IeHTPAILHBIM IIoJeM. Ilo mpuHIMDY COOTBeTCTBUS,.
MBEl JOJUKHBI OMHJATH TECHYK CBA3L MEXKIY YHCIOM O0OpOTOB GOALINON
ocH OpOHTH M PABHOCTAMH YacTOT KOMIOHEHT TOHKOW CTPYHTYPHI; Tak e,
Kak B B DpasoGpaHHOM BHIe cAydae, Te OpOHUTH, IapaMeTphl KOTOPBHIX
AalTca ypaBHeHHeM (2D), COOTBETCTBYIOT CTANMOHADHLIM COCTOSHHAM. Ja-
JaBafCh BOIPOCOM 0 SAUAHUU BHEWHUL 1O0ACH NG TROKKYIO CIPPYKMYPY AuHUuE
6000poda, MEI JIOJUKHEI He 3a6hBaTh, 4TO IPHBEJEHHOE BHIIE ONpEeieIeHHe:
OTHOCHTCH TOJBKO K CTAlHOHAPHLIM COCTOAHHMAM HEBO3MYUIEHHOTO aToMa,
OpOUTH B 3THX COCTOAHBHAX, KaK MBl ViK€ CKa3aldM, CHIRHO H3MEHAIOTCA
yi#e B NPUCYTCTBMM BHEIIHHX CHJI, MaJIHX NO BeJIMYMHE, IO CPABHEHUIO C
TEMH, C KOTODHMH DNpDHUXOJMTCA OIIEpHPOBATH B ONEITAX HaA ABICHUsIMH
Stark’a m Zeeman’a. B cuay cromxHOCTH BHI3HIBAEMHX BO3MYILIeHHIT
IpHUCYTCTBHE TaKMX II0JeH NIpHBeJeT K TOMY, YTO aToM yie He 6Gyzer obia-
IaTh COBOKYNHOCTBIO DE3KO OIpefe]eHHHX CTAlHOHADHHX COCTOAMHUI, H B.
CBA3H C 3THM KOMIOHEHTH! TOHKOH CTPYKTYpHI onpefeleHHOH BOXOPORHOMN
JIVHWH CTAHYT pacIILIBYATHIMM M CAMBaOMMMHCA. CYMIECTBYET OJHAKO:
HECKOJBKO BAMHBIX CIy4aeB, KOIJa BO3MYUIEHHS HMEIOT IIPOCTOH Xapak--
tep. llpocTefimuM MHICAMMHIM [PHMEDOM ABIAETCA caydail BO3MyLIeHHS
BOJOPOJHOTO aToMa HEeHTPaJbHOH CHIOH (HeHTp—aApo aToMa). flcHo, 4TO
JABHKEHHE CHCTEMH COXpaHHMT CBOW LEeHTPalibHO - CHMMETPHYHHI Xapakxrep
H OTIMYHE BO3MYIIEHHOrO IBHIKEHHA OT HEBO3MYHIEHHOI'O CBEIETCH TOIlb-
KO K TOMy, 49TO 4YuCIO 0GOpOTOB GOXBIION OCA (NpH KAHHLIX 3HAYEHHAX
ocH H IiapaMeTpa) CTaHeT MHLIM. JTOT NYHKT CyuiecTBeH gad pasbu-
paeMoil HHKe TEODHH CIEKTPOB DJIEMEHTOB C BLICOKHM aTOMHBIM HYMepoM,
u60 BIWAHHEe W3MEHIUMBOCTH 3JIeKTPOHHOH MACCH TOrO e THIA, KaK U
H3MeHEHHe, NpOHCTeKamllee OT IPHCYTCTBHA CHJ, BHI3BaHHBIX BHYTPEH--
HAMH 3JEKTPOHAMH, HODTOMY B CJIyYae TaKHMX CIEKTpOB BIHAHHE H3MEH-
YUBOCTH ITEKTPOHHON MACCH CKAaKeTCA HMHAve, 4YeM B ciaydae JUHHH BONO-
pona. YuHTHLIBasg M3IMEHYHBOCTD JJACKTPOHHOH MAcCH, MB ‘HE CMOMeM
ORMATh paclienieHna HAa OTAeAbHbIe KOMIOHEHTH, NOABHTCA TOJBLKO
He60JbINOe cMelleHHe PaslIuyHHIX JHHHNA CepHH.

IIpocTeIM npHMEpOM TOrO Cay4ad, KOrja aroM Bogopoja 6yiaeT oGia--
IaTh PE3KUMH CTAllHOHADHLIMH COCTOAHHAMH H INPH ydYeTe H3MEHYHBOCTH
MacCH 3JEKTPOHA, MOMeT CAYKHTH aTOM B OJHODOTHOM MArHHTHOM IIOXe.
JeiicTBHe TAKOr0 HOJNA CKAMKETCH B TOM, YTO HA [BHKEHHE HEBO3MYWEH--
HOTO aToMa HaNOKeTcsA BpallieHHe Beell CHCTEME BOKDYT OCH, IIpOXojd-
meii Yepes AApO MapalierbHo momo. 110 NpUHNMIY COOTBETCTBHH OTCIOAR.
HEIIOCPENCTBEHHO CJIelyeT HeOOXONHMOCTL pacClielJeHHd KamkA0H KOMIIO--
HEHTH TOHKOM CTPYKTYPH B HOpMaIbHHIN TpAmIeT Lorentz’a. JTa iKe 3a-
Aada MOxceT OHITE, BIPOYEM, pelreHa M DOMOINBI0 TEOpPHH YCIOBHO-NIEPHOIH-
YeCKHX CHCTEM, TaK KAaK YpaBHEHHA [BHIKEHHA B MarHHTHOM IOJe [0~
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TIYCKAIOT pasjeleHHe IePeMeHHLX B IPOCTPAHCTBEHHBIX MONAPHHIX KOOp-
JOAHATAX Jaixe B TOM CJIydae, KOIZA YYHUTHIBAETCA HM3MEHUYHMBOCTH MACCHI,
rak 970 y:ke otMeueHo Sommerfeld’ox u Debye’ s Bonee cioxayo
'3amady IpejacTaBlIAeT aTOM B OJHOPOJHOM JJAEKTPUIECKOM IOJe, He CTOIb
SHAYUTENHHOM, 9TOOH MOKHO Gbuio NpeHeGpedysr M3MEHEHHeM MAcchl. B aToM
clIydae He CyMIECTBYET CHCTEMb KOOPAMHAT, B KOTOpOH GBINIO OBl BO3MOM-
HO DEWHATL YPABHEHHA /[BWIKEHHA pa3le/cHHEM MEePEeMeHHBIX, & IOTOMY
3a7a4a He MoseT OHTH pelleHa IOMOIIBI0 TEODHH CTALHOHAPHEX COSTOA-
HHUIl VCJAOBHO-NEPHOJAYECKHX cucTeM. bimikaiiliee HcclenoBaHHe BO3MY-
ImeHuil NOKAa3BBaeT, OXHAKO, YTO XapaKkTep HX TaKOB, YTO U B JaHHOM
-cIyyae ABHKEHHE DIEKTPOHA MOKeT ObITh pas/loxeHO Ha pAX AHCKDeTHBIX
rapMOHHMYECKHX KOMIIOHEHT KoieGaHudA, pacnajaioliAXcA HA ABe IPYHIEH ¢
Kose0aHAAMA NapallelbHBIMH H NepHeHAUKYIApHuIMH modw. CormacHo
IPUHIKIY COOTBETCTBHA, MBI MOMeM OXHIATL ¥ B JAHHOM cilydae paciie-
IIeHAs KaMI0W BORXOPOXHOM JUHHH HA HEKOTOPOE YHUCIO pEe3KuX, NnoiaApH-
30BaHHHX KoMOoHeHT. [loan3ysach Tem e NPUHNHMIIOM, MH B COCTOSHHH
‘OTHOBHAYHO ONPEJeNUTH CTALMOHADHLIE COCTOAHHA CHCTEMbl ¢ YEa3aBHBIM
nemenueM. (lpo6aema peficTBHA 2JIEKTPHYECKOro MNOJA HA KOMIIOHEHTHI
TOHKOH CTPYKTYpH BOROpPOAHHX JIHHMH Oyger pasofpaHa ¢ 3TOM TOYKH
3penua B craThe Kramers’a, KOTOpad CKOpPO HOMM¥HA HOABUTbCA. B Hel
‘OyfeT IOKa3aHO, KaKuM OGpa3s0oM BO3MOKHO BO BCeX HeTaNAX NpelcKa-
3aTh XapaKTep Iepexojs TOHKOH CTPYKTYPH BOAODPOIHLIX AHWHHHA B 06LIY~

Heril o@dext Stark’a mpu Bospacranmeil HHTEHCHBHOCTH dJIEKTPHYECKOH
CHIBI.

O6parumcsa TeIepb CHOBA K 33Ja49€ 0 CEPURIBHBIL CREKMPAT AeMENMO6
-C BVICOKUMY amomnvinw Hymepamu. Hax Mbl yiKe rOBOPHJIH, OOIIHOCTDL IO-
croaHHo# Rydberg’a mna 3THX CHEKTPOB BHHYMKIAET K 3aKIIOYEHHIO O
TOM, 4YTO aTOM B paccMaTpHBAaeMHX CTAalHOHApDHHIX COCTOAHMAX HeHTpa-
JIeH U 9YTO CYIIEeCTBYET OIMH 3JEKTPOH, ABINKYIUMHCA BOKPYI AApa H IpY-
THX 3JEKTPOHOB IO OpOHTEe, pasMepsl KOTOPOH BeJIHKK B CDaBHEHHH C
paccToSHMEM BHYTDEHHMX 9I€KTPOHOB OT dAapa. /IBmkende BHeIIHero
‘OJIeKTPOHA MOMEeT OLITH II03TOMY B HEKOTOPHX OTHOLISHHAX CPABHEHO C
IBHKCGHHEM 3JeKTPpOHa BOJOPOJHOr'C aromMa, BO3MYUIAeMOI'0 BHEINHHMH CH-
JIaM¥; MOABJEHUE pas3nHYHbIX CEepHH B CHEKTpax [ADPYTrUX 3JJIE€MEHTOB MO-
JKeT C 3TOH TOYKM 3peHHd pAcCMaTPHBATLCA AHAJOTMYHLIM DPacCIUemIeHHIo
JIIHAA BOJAOPOXA HA KOMIIOHEHTH B IIPHCYTCTBHM BHEMHHX cuA. B csoeit
TEOPHH CTPYKTYPH CepHAJbHLIX CIEKTPOB THNA IIEJOYHHIX METANIOB S0 m-
merfeld cpenan npeimonoxeHde, 4To OpOHMTa BHEIIHEro SJIEKTPOHA Ha-
XOIUTCA B HEKOTOpOH MIOCKOCTH M BO3MYlUAalolHee [AeHCTBHE BHYTPEHHHOX
9JEKTPOHOB B 4TOME Ha [BUJKEHHE BHEIIHEro 3JeKTPOHa B MepBOM IpH-
OMM:KeHHHM TOTO e XapaKTepa, KaK HpOCTOe BO3Myllamllee HEHTPAJNLHOE
none, GelcTpo yOuIBamOliee ¢ yaajdeHHeM OT Axpa. Mcxoms u3 Taxoro upen-
nonoxenusa, Sommerfeld ompegennn ABMKEHHE BHEIUIHETO 3JEKTPOHA B
<TalHOHADHHX COCTOAHHUAX aTOMA, HO0JBL3YACH CBOell ofueil Teopueit HaxOMk-
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NeHdA CTAaHOHAPHEIX COCTOAHMN HEeHTpalbHOrO ABHMKEHHA, OCHOBAHHON Ha
PasaequMOCTH NEePeMEeHHEIX YpaBHeHUN nBHxkennd. Sommerfeld mokasai,
KaKdM 00pa3OM BO3MOMKHO 3THM IYT€M BHYHCIHTH COBOKYIHOCTH 3HAYEHHUIY
9HEpPrHA CTAlHOHAPHLIX COCTOAHHIE aToMa, pacloJaraiomuxcd IMoROGHO
IMIOUPHYECKUM CHEKTDANbLHEIM YreHaM B PAAN, KaK 3TO BHAHO HAa HaIeM
CXeMaTHYeCKOM YepTexe, OTHOCALIeMCA K CIydaio HaTpOHHOro cnekrpa. Co-
cToAHNA, conocransemue Sommerfeld ou B oTmenbHHeE paAnu, coBHa-
JaloT C TEMH, KOTODbie MH B HalueM pasfope CIyyas &ToMa BOAOpOIA,
BO3MYIAEMOT0 IEHTDAJbLHEIM II0J€eM, OTMEYaJH ONHHMM H TeMJ e 3Hade-
HHAMA k; COCTOAHHA NepBOofl CTpOKH depreixa S COOTBOTCTBYOT k=1,
BTOpOit P k==2 u T. ., KaKk 9T0 YKa3aHo Ha uepTemxe. COCTOAHUA C OAHHM
K TeM Ke 3HAYEHHEM » COeJHHEHB NYHKTAPHHMH KDUBHIMHA, BEDTHKAJILHHE
aCHMITOTH KOTODHX COOTBETCTBYIOT CTAalHOHAPHEIM COCTOSHHAM aToMa
Bogopozxa. To 06cTOATENBCTBO, 4TO IpU NMOCTOSHHOM # M BO3PACTAIOINEM A
3HaYeHUA DHEDPrHH CTAHOBATCA BCe OiMIKE K COOTBETCTBYOLIMM 3Hade-
HHAM HEeBO3MYIEHHOTO aTOMa BOJOpOAa, HENOCPEACTBEHHO SABCTBYET U3
reopun. Ilpn Goibmux 3HAYEHHAX mapaMeTpa OPOHTH BHEIUHHH 3JIEKTPOH
3a BCE BpeMA oOpallleHHa OcTaeTcA Ha OO0JBIIOM PACCTOAHHH OT BRYTPEH-
Hell CHCTeMbl, & IOTOMY YHCJIO IEPHOLOB BpamleHHsa Gonpmod OCH XouTH
KenuepoBckoil OpGHTH BHEMHEro 3JeKTPOHa YMEeHbIIAEeTCA C BO3pacra-
HHEeM %, OZHOBpEMEHHO YMEHBbIIAeTCA M BIHAHHE BHYTPEHHeH CHCTEMH Ha
Ty SHEPrHi0, KOTOPYIO HeoOXOAMMO COOGIIHThL aTOMy AAdA YAaJdeHUd BHeEII-
HEro 3JMeKTpoHa B GeCKOHEYHOCTD.

JTH NpeKpacHHe YCIEeXH TEOPHH CIYHAT CTHMYJIOM K pas3hiCKaHHIO-
TAKHX CHJIOBHIX 3aKOHOB IJA BO3MYIIROMEro KeHTPalbHOIo I0Jd, KOTOPHE
COOTBETCTBOBAIH Obl HAGIIOJaEMEIM CIEKTpaM aieMenToB. Sommerfeld’y
yIaJoch Ha CaMOM JeJe HA OCHOBAHHH INPOCTHIX HOpeANOJOKEHHH 06 3THX
3aKOHAX BLIYHCIUTE (DOPMYIH IJA CHEKTPAIbHHX YWICHOB, MEHAKINWXCA IPH
3aJaHHOM % B 3aBHCHMOCTH OT %, KaK TOr0 Tpe6yioT SMIHPHYECKHE (DOPMYIIH,
oTkpriTiie Rydberg’om; npu momomu mpepnockiok Sommerfeld’a.
0Ka3aJ0Ch HEBO3MOMKHHIM, OANAKO, OGBLACHHTL Te W3MEHeHHA 3HAYCHHH
9HepruW IpH W3MeHEeHHH % H n, KOTOphie HabamopganTca B cmeKkTpax. Oge-
BHIHO, KOHEYHO, YTO H HeJAb3d OHJO OXKHAATH JAETAJILHOrO COBIAJCHHA
OpH CTOJb YOPOINGHHOM YueTe JeficTBUA BHYTPEHHHX B3JeKTPOHOB Ha.
cunexTp. Boree neranpHmll aHanu3 MOKa3blBaeT, HAOpuMep, UTO INpH H3-
YUEHHH BJIHAHAA BHYTPEHHHX JJEKTPOHOB HAa OpOHTY BHEUIHEr0 MPHXO-
ARHTCA NPHHHMATL BO BHHMAHHE HE TOJBKO CHJIH, 0GYCIOBIEHHEE KOH(QH-
rypanueil BHyTpeHHe CHCTEMH IPH OTCYTCTBHH BHEMEEro 9JACKTpOHA, HO-
UPHXOAUTCA YYHUTHIBATL H BIMAHHC BHEIIHEro 3JIEKTPOHA HA /[BUIKCHHE:
BHYTPEHHHX. .

ITpempe ueM mepeiiTH K BOmpocaM, CBA3AHHEIM C NONKTKOH o0bACHE-
HHA CEpHAJbHHX CUEKTPOB 3JEMEHTOB ¢ HEOONBIIHM ATOMHEIM HYMEpOM, MEE
TOKaxkeM, KaKuM ofpasoM mpepnoioxeHne Sommerfeld’ a o xapakrepe
OpOHTH BHEIIHEro 3JeKTpoHa YOeZHTeJIbHO NOATBepiKIaeTcs Ccoobpake-
HHAMH, OCHOBARHHLIMM Ha UPHHIHIIEC COOTBETCTBHA B OTHOIIGHHH [OABIE-



— 55 —

HHAA WIH OTCYTCTBUA JNHHI, BO3MOMKHHX 10 KOMOHHANUOHHOMY NPHUHLUIY.
Iaa oToro Mnl 3afiMeMca 3ajauefl O pPaslIOKEHMH [BMKEHHA BHEIIHETO
2JIEKTPOHA HA rapMOHHYECHKHe KOMIOHEHTH; 3aJaYa pelaeTrcA IpocTo,
eClH peJloNOKUTh, 4T0 IPHCYTCTBAE BHYTPEHHHX 3JE€KTDPOHOB BHI3HIBACT
TOJBKO paBHOMEpPHOE BpallleHHe OPGHTH BHENIHEro 31eKTPOHa B ee IIo-
ckoctH. Hammame artoro BpalueHus, ¢ 9SUCHOM 06GOPOTOB 0, CKaMeTcH B
TOM, YTO BMECTO KAKOH-IHG0 rapMOHMYECKOH, 3IIMITHYECKOll KOMIOHEH-
Thl C Y3CTOTOK Tw, HMeIueficd B [BHKEHNH HEBO3MYHIEHHOrO aroMa,
HOABATCA JBA [KPYIOBLIX BpamleHAs € YacToTaMu 1o -6 M tw —o. Pas-
Joxenne BO3MYIIEHHOTO [BHiKEHHA Ha TapMOHUYECKHE KOMIIOHEHTH
IpPeACTaBUTCA, CIeqOBaTeNIbHO, CHOBA (Qopmynoii Tuma (22), B KoTOopo#
ogHAaKo, 6yiyT HMeTbCcA TOJBKO WIEHH, AId KOTOpHX r==-+1. Jlanee
JacToTa Kone6aHuil M3nydYeHHA 1ad CoJplINX 3HaYeHuii n W %k Domnpe:sx-
HeMy IIpelICTaBHTCA aCHMITOTHYECKOll ¢opmyaoii (23); corracEO npuHIH-
LIy COOTBETCTBHA, MEI MOMEM IOJITOMY OMHAATH, YTO OCYIIECTBHME TOJBKO
nepexolsl MGEAY TAKHMH JBYMA CTAIIHOHADHLIMH COCTOAHHAMH, Y KOTO-
peIX £ pasnuyaeTcA Ha eJWHHNY. Bsraag Ha Ham yepTe: MOKA3HBAeT,
9TO 9TH 3aKII0YEHHsA B CIyd9ae HATPHA COTJACYIOTCA C OILITOM: BCe
HMEIOWHEeCA CIEKTPalbHHE CEePHH COOTBETCIBYIOT MCHIYHMTEILHO Iepe-
XOlaM MeXAy COCTOAHUAMH, HAHECEHHLIMH Ha JBYX COCEAHHX CTpOKax.
IJTo coBmafieHue TeM Goiee 3aMedaTENIbHO, YTO paclpenei]eHHe 3HAUSHUM
SHEPrHM CTAUHOHADHHX COCTOAHHA HO pAAaM IPOH3BEJEHO IO TEOPHH
Sommerfeld’a copepmieHHO HE3aBHCHMO OT BO3MOMHOCTH IEpPEX0JOB
MENIYy BTHMH COCTOAHHMAMH.

Hpome 3akmoueHHA O BO3BMOMKHOCTH TOJBKO HEKOTODHIX THIIOB Ie-
pexonoB MBI MOMEM OMHIATh €llle B JAHHOM CAyiae IO OpHHUOMIY COOT-
BETCTBHA KEDPYIrOBOH MNOJADH3ALHMH CBETa, M3JYYaeMOro BO3MYIIEHHBIM
aToMoM. B DOpOTHBONOJOKHOCTE 3(deKTy Zeeman’a, NOIApH3ANHUA B
3TOM Cly4de He MOiKeT OBITb HemOCpeJCTBEHHO HalaojaeMa BCIEICTBHE
HeOIpereJeHHOCTH NAOCKOCTel op6HT. 3TOT BHBOJA OTHOCHTENBHO IOJAPH-
3alRU HMeeT, OAHAKO, NIPpHHIINIWAJNLHEN MHTEpeC B CBA3H C TEOpPHEeH mpo-
necca manyuensd. C TOYKH 3peHHMA OOMIEro COOTBETCTBHA MEKJY CHEKT-
POM aToMa ¥ pa3lOKeHHEeM ero ABM:KeHdHd Ha rapMOHHYECKHE KOMIIOHEHTH,
HHTEpPECHO CPaBHHUTbL CBET, H3AydYaeMHll NOpH IEpEXOJax MEexIJy [AByMdA
CTAIlHOHADHEIMH COCTOAHHAMM, CO CBETOM, H3]yYaeMLIM TapMOHHYECEH KO-
Ae0JIOIMMCH JIEKTPOHOM II0 32KOHAM HKJIACCHYECKOH 31eKTpPORHHAMUKH.
PacemarpuBad, B 4acTHOCTH, M3IyYeHHE JJIEKTPOHA, Bpallalomerocd Io
KDPYry, MH HafileM, YTO OHO CBJ33HO C ONpEeJeJEeHHHM MOMEHTOM Bpa-
meHud.

dneprua AE m MOMeHT mMmyibca AP H3Ny4YeHHA 33 HEKOTOPHIH IIPO-
MEHYTOK BpeMEHH CBA3aHH COOTHOMICHHEM:

AE=2nw0 AP (26)

rie o—9qucio 060p0TOB 3IeKTpOHa, CoBajamniee COriacuHo KJACCHYECKOH
ONIeKTPOJUHAMHEE C YaCTOTOK H3JTYICHHMA V. Hpennonaraﬂ, 4yTO BCA U3NYy-



— 56 ~—

YeHHAs 9HepruA paBHA /v, MBI HalifieM 1JA BCEro MOMEHTa HMIOyJbca

‘HU3NYYEHUA TAKOe BHIpameHHe
b -

Ypessn4aiiHO MHTEPECHO, UTO 3TO BHIpakeHHe JefiCTBHTENBHO PaBHO
U3MEHEHUI0 MOMEHTA HMNYJIBCA, HCHOHITHIBAEMOMY aTOMOM IIpH Iepexofax,
CBA3AHHBIX C U3MCHeHHeM /4 Ha eguauny. B camom gerxe, ofuiee yciaosue
JAA ompefefeHHs CTAHOHADHHIX COCTOAHHN [EHTPAJBHOI CHCTEMH B
Teopun Sommerfeld’a, coBmagawimee B YacTHOM cAydae NpuGImsp-
TeJAbHO KeIJICPOBCKOTO JBUMMKeHHA ¢ (opMylolt (25), paBHOCHILHO TOMY, 4TO

h
MOMCHT MMIYJILCA CHCTEMHI SBAACTCA UEJBIM KPATHBIM BETHYHHBI 5n0 B Ha-

mHX 0003HaYeHUIX:

h
P_L.Z—T-[ (28)
Mul BagEM TakuM 06pasoM, UTO 9TO YCIOBHE IOATBEPKIAETCA IPO-
CTHIMH cO00paeHUAMI OTHOCHTENBHO COZPANENUA MOMERMA UMNYILCA 60 GPEMA
npovecca uzsyvenus. Hak yme ropopHiaoch, C TOYKH 3peHHA TEOPHH CTAIHO-
HapHHX COCTOAHHII YCJIOBHO-IIEPHOAMYECKHX CHCTEM, yCJaoBHe (28) ABnaercs
palHoHaJIBHRIM 0B00IIeHHeM mepBoHavYaapbHOro mocryirara Planck’a o6
0COOBIX COCTOAHHAX TI'apMOHHYECHKOr0 oclmmiatopa. B cBasm ¢ 3TEM
HHTEDPECHO HAUOMHUTb, YTO BIIEPBHIE HA BO3MOMHOE 3HAUCHHE MOMEHTA
HMIOYJIbCAa B IPHMEHEHMAX TCOPHM KBAaHTOB KaToMy ykasaa Nicholson ma
OCHOBaHHKH TOr0, 4TO IIpH KPyrOBOM JBH:KEHHH MOMEHT HMIYJBCA IIPOCTO
MpONOPLUHOHAJEH OTHOWIEHHI0O KHHETHYecKOl 9HEpPrmH K dacToTe 0060-
poTOB.
Hark noraszanr moknaguuk B YkasaHHO! yae pabore, mosBuBIIeics
B «Tpynax Homenrarenckoi#i AxajgeMun», HOJ0GHEE e cooOpaskeHHs JAIOT
HHTEpPeCHOE MOATBEpPIEACHHE CAEICTBUN NPHHIMIA COOTBETCTBHA A CIy-
9asd aTOMHOU CHCTEMB € paauajbHOM MM oceBoi cummerpmeit. C apyroi
CTOPOHH, He3aBHCHMO OT Hac Rubinowicz ykasanr ma Te caeacrsus, KO-
TOpLIe MOTYT GHITH H3BJIE€YEHH H3 H3MeHEHUI MOMEHTA HMOYJIbCA BO BpeMdA
H3JYYeHHA B OTHONIEHHHM BO3MOKHOCTH pPa3IHYHLKX THIOB IIE€PEX0X0B U
monApusanuy uanydeHHda; Rubinowicz moxyumn takum oOpasoM MHOrHE
M3 YKa3aHHHX BHImeE pe3yiapTaToB. OZHAKO, B OTHONIEHHWH K CHCTEMaM C
pazuajpHOl M OCeBOH CHMMeTpHell MOKHO HOJYyYHMTH Golee JeTajlbHEE 3a-
KIIOYEHHA TOALKO IPH OJHOBPEMEHHOM II0Jb30BAHHMH MPHHUHIOM COOTBET-
CTBHA M HA4alOM COXPAHCHHS MOMEHTa MMIYJIbCa BO . BpeMA IIponecca
usnyyenusa. Tak, Hanpumep, B ciaydae aTroMa BOJOPOZA, BO3MYIIAEMOIO
OEeHTPaJdbHOH CHJIOH, Ha OCHOBAHHHM Havaja COXpPaHEHHA MOMEHTAa HMIYJb-
€2 MOXKHO cjiefaTh TOABKO TOT BHIBOA, 4TO IIPH BCAKOM Hepexone % He
MOMET H3MeHATLCA 0ojee, YeM HA CAHHULY, MKy TeM HUPHHIEI COOTBET-
CTBHA OIpefieleHHo TpelyeT, YTOOH NpPH BCAKOM BO3MOMKHOM Ilepexone k
MEHAJOCH HA 1, U TakaM o6pasoM HCKIOYaeTcd, HAIPHMEp, caAyyail HeHs-
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mMeHHocTH 4. Hpome TOro IPHHIHN - COOTBETCTBHA [JaeT He TOJBKO Cpef-
CTBO [Js HCKIIUYeHHA ONpejeleHHHX lIepeXoX0B KaK HEBO3MOKHBHIX (B
3TOM CMLICJE€ HpPHHIUI COOTBETCTBHUA — «IPHHIHUI 0TGOpa»), HO W Ipef-
CTABIAET BO3MOMHOCTH CYiAEHHA 00 OTHOCHTEJAbHOH BEPOATHOCTH pas-
JAYHHX THIOB LEpPeXOf0B Ha OCHOBAaHHH H3YIEHHS BEAHYMH AMIIATYN
rapMOHMYECKHX KoJeOaHHii, Ha KOTOpHe MOiKeT OLITh Pa3NOHEHO IBHIKE-
Hue. B namem cayvae, HanpuMep, TO OOCTOATENBCTBO, YTO AMILIHTYIbI
KDPYPOBEIX KOMIIOHEHT € HalpaBleHHeM BpaileHHdA, COBOAJAKIUUM C Bpa-
IeHHeM 3JeKTPOHA BOKPYr Anpa, OOXbIIe aMIUIHTY[J KOMOOHEHT ¢ IIPOTH-
BOIICJIOHLIM BpalieHHeM, NPHBOIUT K BHIBOJY, 4YTO JIHHHY, COOTBET-
CTBYOIHE NEePEX0iaM, IpH KOTOpPHX % yMeHbImaerca Ha 1, NOMKHBEL ORITH
BooQme sipye TeX JNUHHH, KOTOphle H3JNy4alnTCA HOpH Iepexojax ¢ k, Bo3pa-
cTalomuM Ha 1. ITOT BHIBOA HMMeEeT, OJHAKO, CHIY TOABKO HJIA TeX Cuex-
TPaJbHLIX JHHHH, KOTOpHE H3Ay4amwTcd HpPH Nepexojax M3 OAHOro H TOro
e CTALUOHAPHOrO cOCTOAHHMA. [1A OUEHKH OTHOCHTEAbHOH HHTCHCHB-
HOCTH IBYX CIEKTpPalbHHX JHHHH B JAPYrHX ciay4aax HeoOxopumo, pas-
ymeercé, IOpHHATH BO BEUMAaHHE OTHOCHUTEALHOE YHCJIO ATOMOB, HAXOAAMIHNX-
€A UpH JAHHBIX YCIOBHAX BO306Y#ACHHA B HaYaJbHLIX COCTOAHHAX, COOT-
BeTCTBYomHUX 0GoMM mnepexojaM. XOTaA HHTEHCHBHOCTb, €CTECTBEHHO, He
3aBHCHT OT YHCIa ATOMOB, HaXOJAMHUXCA B KOHEYHCM COCTOAHNH, TeM He
MeHee XIpM OleHKe BEPOATHOCTH IIepexoja MeKIy ABYMA CTAUHMOHADHEIMU
COCTOAHHAMH HYMHO pacCMaTpHBATL XapaKTep IBIIKEHHA KaKk B HAYaNb-
HOM, Tak ¥ B KOHEYHOH OpOGHTe; BEPOATHOCThL NEPEX0ola onpenensercA
3HAYEHHMAMH AaMIIIHTYAB, COOTBETCTBYIOIIEH KOMIOHEHTH Kole0aHUA B
TOM ¥ JPYrOM CcOCTOAHMH. B KadecTBe IIpuMepa Mbl Ha OZMH MOMEHT
.BepHeMCA K 3ajade, Y:Ke 3aTPOHYTOH B CBA3H ¢ onnTavu Strutt’a orHO-
CHTENbHO PE30HAHCHOI0 M3IyYeHHdA IAapoB HAaTPHA, UMEHHO K BOHpocy 00
OTHOCHTEJBHOH BEpPOATHOCTH PAa3JHYHHIX IHEpexojoB aToMa H3 BTOPOrO
COCTOAHHA BTOPON CTPOKR Hamero 4epreska. Takue Imepexofpl BO3MOMHEI
K IEpPBOMY COCTOAHHIO HEePBOH CTPOKH, KO BTODPOMY COCTOAHHIO TOH e
CTPOKH H, HAKOHEIl, K NePBOMY COCTOAHHIO TpeThell cTpoku. Hak M yixe
TOBODHJIH, BEpOATHOCTH BTOPOr0 M3 HAa3BaHHHBIX IEDPEXOJOB 110 ONLITHRIM
JapHLM—Haun6oxpwas. Teneps Mpl MoOMeM J06aBHTh, 9TO NPHHIMO COOT-
BETCTBHA [JaeT, IIOBAJUMOMY, BO3MOMHOCTH TEOpPETHYECHOI'0 TOJKOBAHHA
DTQro pesyapTaTa. YKa3aHHHEE TpPH Ilepexoja [JOJKHH COOTBETCTBOBATH
TeM rapMOHHMYECKHM KOMIOHEHTaM [BHJKeHHd, 4YacTOTH KOTOPHX OyAyT B
Hamux o6ozHavyeHMaAXx Zo-}o, vw-+o6 W 6. Jlerko BHAETH, YTO TOJBKO
AJIA BTOPOTO NEpexoja COOTBETCTBYIOWAA KOMIOHEHTA KOoJeOaHHA HMeeTcd
B H44aJBHOM H KOHEYHOM COCTOSHHMM C aMIUIMTYAOI0, OTJHYHON OT Hyad.

Kak Mbl Bujemm yie, COOTBETCTBHE MEKJY CIIEKTPOM 3JIEMEHTA U
' ABHGHEHMEM aToMa 00bAcHAET HabGlioJaeMHe OrpaHHYEHHA B IPUMEHEHHAX
KOMOMHANMOHHOIO NPHHIHNIA K IpeJCKasaHHI0 HANWYNA TeX HIA HMHEIX
CHeKTpanpHplX JuHHN. Ha oCHOBaHHH TOro e COOTBETCTBHA Hemocpeld-
CTBeHHO 00bACHAETCA (aKT, OTKPHTHI B mociefnde rogsl Stark’om u
€r0 COTPYAHHKAMHM H 3aKI0YaWMiAcd B IIOABJIEHHH B CHOEKTPaX MHOIHX
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3NEMEHTOB HO8WL CepUuy KOMOUKAUUORNBIY AuHwd 3HAYHTEJbHOK HHTEHCUBHO-
CTH, paHee He HAGMIONABIIMXCA; 3TH JHHUWA HOABIAIOTCA B TOM ciydae,
Korja CBETAINHECA aTOMBI NOJABEPraioTcA JeHCTBHIO CHJIBHHIX 3JeKTpude-
CKUX Honeff. JT0 dABIeHUWE BHONHe HONOGHO HAINYMI0 TAK HA3LIBAEMHIX
KOMOMHAUHOHHEX TOHOB B AKYCTHKe H IIPOHCXOAHT OTTOrO, YTO BO3MY-
IIeHHE [BIKCHHs BHEITHUM HOJXeM CKa3LBaeTcCA He TOJALKO B BO3jeificTBHHA
Ha KOMIOHEHTH KoJdebaHHsd, cyllecTBOBaBUINEe M 6e3 HOJAA, HO H B IIOABIE-
HHM HOBHX F3PMOHHYCCKHX KOMIOHEHT, He HMMeBUIMXCA B HeBO3MYlIeH-
HOM JIBH¥EHHH; JaCTOTH KoJeOaHHUIl 3THX HOBHX KOMIIOHEHT OUpefeadIoT-
cA BHIpamenueM 1o - ¥s, rae x oramyuo or -+ 1. [lo mpmunmmy coorer-
CTBHJA MH B IIpaBe II0dTOMY OKHAATh, YTO BAHAHHE DIEKTPHYECKOrO MNOJIA
BHPA3uTCA HE TONLKO BIHMAHWEM HA JHWHAM, CYNIECTBYOIHe NpH OOHYHHX
YCIOBHAX, HO H B TOM, 4YTO aTOMHl HOJY9YaT BO3MOMHOCTH IIE€PEXONOB HO-
BOTO THIIA, IPK KOTOPHIX % WM COBCEM He HM3MEHfETCH, WIH MeHAeTcd Ha
nenoe 4mciao, 6oapmee eNHHHUIE, B Pe3yabTaTe IONKHH IOABHTHCA «HO-
BHIe», HablofaBMEeC] KOMOMHAMOHHKE JuHuA. OIleHKAa aMIIHTYX KOM-
NOHEHT KOJe6aHMA B HAYalIbHHX H KOHEYHHX COCTOAHHAX aToMa, COOT-
BETCTBYIOIIMX HOBHM JHHHAM, TIO3BOJAET Jame y4ecTb Ty CTENeHb JIETKO-
CTH, ¢ KOTOPOH YKasaHHHE JHHHH MOI'yT BO30YKAATbCHA DJIEKTPHYECKUMHE
HOJAMH.

O6muit BOmpoc O BIRAHAA 3NEKTPHYIECKOTO IOJA HA CHOEKTPH 3ie-
MEHTOB C BHICOKHM 4TOMHBLIM HYMepOM dABJseTCA 3ajaiell, CyIeCTBEHHO
oTaH4aomeica or paso6panHoro Bume 3¢¢dexTa Stark’a B BOZOPOAHBIX
JuHAAX. B JaHHOM CiIyJyae MH HMeeM 1el0 He C BO3MYUIEHHEM JBHKEHHA
YHCTO nepHopudeckolt cucreMel, a ¢ Bo3MylleHHeM HEepPHOAMYECKOH CHCTE-
MH ¥ (€3 TOro yi;e HOABEPrHYTOH MOCTOPOHHEMY BO3jeiicTBHIO. 3ajada o
TaKOro poja BO3MYIIEHHH CXOAHA ¢ 3ajadell O BIHAHWH CIAGHIX SIEKTPH-
9eCKHX HOJeH Ha KOMIOOHEHTH TOHKOH CTPYKTYPH BOJODOAHBEIX JHHHH.
JleificTBHe 2IeKTPHIECKOro HOJA HE CepHAJbHBIE CIEKTPH 1€MEHTOB MO-
#eT GRITh ONpefeleHO, KaK CIefyeT H3 BHIIECKa3aHHOro, H3y4eHHeM BO3-
MYWEHA! ABHKEHWs BHEUIHErO 3JEeKTpoHA B HPHCYTCTBUM moisa. B mpo-
MOJMUKEHHH MOeH ymoMaHyToM Bbime pa6oTh, KOTOpas [ROJKHA CKOpO
noaputhcd B «Tpynmax Honemrarenckoii AxajgeMun», OyAeT 1IOKa3aHO, 4TO
TAKUM cIOCOGOM MOMHO, HOBHIHMOMY, HOJIYYHTL TOJKOBAHHE HMHTEPECHHX
¥ cojepixarelbHHX Habmojgesnlt Stark’a u Apyrax.

W3 mnpenmfymiero ACHO, KAaKMM 06pasoM MOKHO IOIY9HTh oOmiee
npencTaBieHHe O BOSHHKHOBEHHHM CEpHaJbHBIX CIEKTPOB THIIA HATPOHHOTO
cHexTpa. 3aTpyAHEHH:, BOSHHKAomYe IPH HOUKTKE AETaIbHOro O6BACHE-
HHA CHeKTpa JJio60ro B3JEMEeHTa, BO3HHKAOT ¢ IIOJHOA culIol ykKe B
BOLIPOCE O cnexmpe weius, dIEMEHTa, CIeAYOLIEro 3a BOAOPOAOM H 0061a-
HAOMEro B HEHTPaJbHOM COCTOAHHH BCero [AByMA siexkTpoHamn. Hak
H3BECTHO, CIIEKTD remﬁ—npocroﬁ, T.-€. COCTOUT H3 NPOCTHX JIUBHAA, HIN
IBOMHHX MHHHAA ¢ 09eHb HEGONBLIIMM pAacCTOAHHMEM MEXIY KOMIIOHEHTaMH.
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OGuapy#eHo, OXHAKO, 4TO JHHHH pACHAfAlOTCA HA [Be TPYNNL, KaKAAd
M3 KOTOpHIX ONHCHIBaeTca (opmyroli tuma (14), 5TH Ipynmsl o6o3HavYaOTCH
0GBIKHOBEHHO, KaK CHEKTp (OpTO) Teadd H Uapa TIeldudA; NDOCAECRHHE
CIEKTP COCTOMT M3 IPOCTHX JHHUI, NepBHA—H3 YKa3aHHEX BHIle RyGre-
TOB. ITOT (HAKT HAIKYHA Y TeJHd, B IPOTHBONOJOKHOCTD EI0YHBIM MeTad-
1aM, ABYX MOJHHIX CEPHANbHHEIX CIeKTpoB THma Rydberg’a, He mMenomux
HYKAKAX B3aUMHHEX KOMOHMHAIMEA, KA3ajcHA CTOJAb HEOKHMIAHHBLIM, YTO OJHO
BpeMs GLUIN CKIOHHLI CYHTATh TeJHil CMEChIO JBYX 2J€MEHTOB. Taxko# BH-
XOA W3 HOJNOMEHHA B HACTOsIIee BpeMA HEBO3MOMKEH, TAK KaK B COOTBET-
cTByWImedl 061acTH NepHOZHYEeCKOli CHCTEMHl J7AEMEHTOB BET MecTa AId
HOBOTO JJIEMEHTa WIH, BHIpakasgch NpaBUJbHEE, HET MecTa NJA dIeMeHTa ¢
HOBLIM CIeKTpoM. OGhACHEHHe HAJHYHA JBYX CIEKTPOB MOMET OblTh, OAHA-
KO, CBEJJEHO K TOMY, 4TO B CTAallHOHAPHHX COCTOAHHAX, COOTBETCTBYIOIIHX
CepHajJbHEIM CIIEKTpaM, MEl HMeeM [eJ0 B JAaHHOM clydae C CHCTeMOii,
obianampmeil BCero OAHUM BHYTPEHHHM 3JEKTPOHOM; BCJIEACTBHE 3TOrO
IBHsKeHHEe BHYTpPeHHEH CHCTEeMH, HpH OTCYTCTBHH BHEIHEro dJIeKTpOHA,
OymeT 9HCTO NepHONHYECKHM M JIerKO MOKeT II03TOMY BO3MYUIATHCA BHelI-
HAMA CHIIQMH.

Ona oObsAcHEHHA 3TOr0 NYHKTA MH HAZ KOPOTKOE BpeMA [OILKHbE
fauKe OCTaHOBHUTBCA HA BONPOCE O CTAIIMOHAPHHEIX COCTOAHHAX, HMEMIHX
3Havenwe 1NAd BO3HUKHOBEHHA CepHANbHBIX cleKkTpoB. Hak yixe rosopm-
J0Ch, MBH JOJKHH IPEAIoJaratb, 4T0 B 3THX COCTOSHHAX OJWH DIAEKTPOH
KBHXXETCA 10 HEKOTOpoil opbure BAAJ® OT Agpa H JPYTHX 3JEKTPOHOB.
MomxHO nymars, 470 B OOImEM ciIydae BO3MOKHO HECKOJIBKO DPa3IdTIHBIX
TPYON TAaKUX COCTOAHHN, U3 KOTOPHX KAEKJAA COOTBETCTBYET Pa3lIUYHOMY
CTAIHOHADHOMY COCTOSHHIO. BHYTpeHHell cHCTeMEl, paccMarpHBaeMof H30-
agposanHo. DBimxaifimee paccMoTpeHHe NOKa3WBaeT, YTO NpU OOHYHEIX
ycaoBasax Bo30GymaeHus HawnOonbineil BepOATHOCTRIO o6GjiajaeT Ta rpylna,
Y KOTOpOH [BH:KEHHE BHYTPEHHEro JJIEKTPOHA COOTBETCTBYET <HOpMalb-
HOMY> COCTOSHHIO BHYTPEHHEN cHCTeMHl, 06ragaiouieMy HauMeHbelt sHep-
rueil. [lance, sHeprud, Heo6X0oaMMaA Ijd NepeBoia BHYTPEHHEH CHCTEME
U3 ee HODMAJLHOTO COCTOAHWA B J[Pyroe CTAIHOHAPHOE COCTOAHUE, B
ofmeM cayyae OYeHb BeJMKa B CpPaBHEeHHWW C TOH JHeprueii, Koropad
peo0xoa¥Ma 1A NepeBoja BHEIIHETrOo JJIEKTPOHA M3 HOPMAJABHOIO COCTOSA-
HHA HeATpPaIbHOrO aToMa B CTAlMOHApHYIO OpOUTY GOJBIIHX pasMepoB.
Jlantee, BHYTpEeHHAA CHCTeMa TOIBKO B HOPMAalIbHOM COCTOAHHH 061ajiaer
B ofuleM ciydae IIUTEAHHHM CYLMIeCTBOBAHHEM H IIOTOMY MOMKeT BHJep-
JKMBATL, HE PAa3pyIIaAch, epexofn BHEIIHEero 3JIeKTPOHA W CBA3aHHOE C
3THM mpomeccoM Hanyyenne. Hondurypanua aToMHON cHCTEMBl B ee cTa-
IYMOHAPHLIX COCTOAHHUAX, B YACTHOCTH, B HOPMaJBHOM COCTOSIHHH, B O0IIeM
ciyuae BIIOJHE ONpEIE/CHHA, HOITOMY MBI MOMEeM IIpeAmoxaraThb, YTO BHYT-
PeHHAA CHCTEMa HCOHTHBAaeT TOIbEO He(oJabllife M3MEHEHHA C TedeHHeM
BpEMEHH, BHI3bIBAEGMble HPHCYTCTBHEM BHEMIHErO 3JeKTpona. MH MoeM
103TOMY HIpeANoNararh, 4TO BIAHAHAE BHYTPEHHEH CHCTEMH Ha JBMIKEHHE
BHEIDHErO 3JEKTPOHA, B OOLIEM, TOrO e xapaKTepa, KaK W BO3MYIIEHHA
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JBUREHHA 3JeKTPOHA B 4ATOME BOJOPOAA, BLI3BIB3eMble IOCTOAHHBIM BHEII-
HHM II0JEM, H BCIEJICTBHE 3TOTO HY:KHO OMXHAATH NOABIEHHA CIIEKTpa,
COOTBETCTBYIOUIEr0 COBOKYOHOCTH CHEKTPaJbHBIX WIEHOB, 06GpasylLIHX B
ofimeM ciay4ae CBA3aHHYH TpYIIy, XOTA Jame B OTCYTCTBHH BHENIHAX
CHJ He BCAKad KOMOHMHAUMS ABYX YJICHOB 3TOH COBOKYHOHOCTH OIpefersier
noABJeHHe CHEKTpaabHOH JueuM. B BOmpoce o cnekTpe reiausa xelo
o0CTONT MHAYe, TAK KaK BHYTpeHHAA CHCTeMa, KaK MLl Yie T'OBOpPHIH, CO-
JEDKHUT BCEro ONMH 3IEKTPOH, ABUMEHNHe KOTOpOro MmpH OTCYTCTBHH BHEMI-
HEroO 3JIEKTPOHA YHCTO HEePHOIHYECKOEe, €CJM TOJLKO HpeHelpedh TeMH He-
60NpIINMA H3MEHEHHAMH KeILIePDOBCKOIO JABUMKEHHA, KOTOPHE BRIBHIBAIOTCSH
H3MeHeHHeM Macchl 2JeKTPOHA B 3aBHCHMOCTH OT cRopoctH. Popma opbm-
TH B CTAUMOHAPHLIX COCTOAHUAX BHYTPEHHEH CHCTEMAI O3TOMY CaMa IO
cele HeompeleleHHa, WM, TOYHEE BHPamKaach, YCTOUIHBOCTE OpPOGHTHI
CTOAb Maja (faxe OPH YYeTe H3MEHYUBOCTH MacCHl), 4TO YiKe Maibie
BHEIIHHE CHUJH B COCTOAHHH HM3MEHHTbH SKCUEHTPHCHTET OpPOHUTH B TedYeHHe
BPEMEHM HA KOHEYHYD BeauduHy. Taxkmm o6pa3oM B clydae aroMa reius
OTKPLIBAETCA BOSMOMKHOCTDL CYLIECTBOBAHHA HECKOILKHX IPYNH CTalHOHAp-
HEIX COCTOAHMH, JIA KOTODHX 3Heprud BHYTpeHHell cHcTeMbl NpHOIN3H-
TelpbHO OJHA H Ta ke, X0TA ¢opMa H NoNOKeHHe OPOHTHl BHYTPEHHErO
3JEKTPOHA CYDIECTBEHHO pa3IHYHH; TeM CAMbBIM HCKIYeHa BO3MOKHOCTHL
IIepexof0B MEMAY COCTOAHHMAMH BHYTpH pas3AdYHBIX IPyOn Jae B IpH-
CYTCTBHH BHEIIHHX CHJI B COrJacHy ¢ HaONIOIeHUAMH Hal CHEKTPOM IelHd.

ITH coobpaxeHHA INPHUBOJAT HEIIOCPEACTBEHHO K BOIPOCY O THIIE
BO3MYIIEHHN OpOUTH BHYTPEHHEro 3JeKTPOHa aTOMAa rejHA, BOSHAKAIHIMX
6jarojapa OpUCYTCTBUIO BHEIIHero aeKTpoHa. L.andé B mociegHee BpeMA,
‘OCHOBHIBasfCh Ha JTOM, PacCMOTpeN BONpPOC O CIEeKTpe reama. XoTd pe-
3yJAbTaTH 3TO# PaGOTH BO MHOTHMX OTHOMIEHHAX OYeHb HHTEDECHH (B 0CO-
6eHHOCTH B CMEICIe YCTAHOBJIEHHA CRJIBHOIO 00paTHOrO BO3JeHCTBHA Ha
JBHIKEHHE BHENIHErQ 3JIEKTPOHA B CHJY TeX BO3MYIIEHHI], KOTOpHIE BHI-
SHBAIOTCA €r0 IPHCYTCTBHEM BO BHYTpEHHeN cucreMe), TeM He MeHee 3TH
pesyJbTaThl He MOTYT JaTh YAOBIETBOPHTEAbHOro OOBACHEHHA CIEKTpa
reaus. HesaBUCHMO OT TeX Cepbe3HHX BO3paKEeHHH, KOTODEE MOTyT OBITH
ClelaHb OTHOCHTENLHO BHYHCIEHMH BO3MYyIeHH# OpOHTH, coobpaweHHsd
-Landé 3aTpyZHAKT IOHAMAHYAE BO3HAKHOBEHHA JBYX OTACABHHX CIeKTPOB,
He HMeIOIIMX B3aHMHEIX KOMOMHAOUll ¢ TOYKM 3pEHHA NPHHOHOA COOTBET-
~CTBHA. 1A BRACHOHHA IOJOKEHHA Bemeil HeoGXOXUMO, IOBHIMMOMY, TIHa~
TeIbHOE HCCHeJOBAHHE B3AHMHHX BO3MYIICHMI BHeWHel M BHYTpeHHell
OpOHTH aToMa rejud. OTH BO3MYIIEHHA YpPEe3BLIYAHHO YCIOKHAWT Xapak-
Tep ABUMEHUA 0O00UX DIEKTPOHOB aToMa reins, ‘M CTALHMOHADHEIE COCTOA-
HHA He MoryT OnTh onpegeleHbl METOJaMH, paspaloTaHHHMH [JAA YCIO0B-
HO-IepHOJHYecKAX cHcTeM. VcciemopanneM 3TOr0 BONIpOCa ROKIATYHK
sagAMajcsa copmecTHo ¢ Dr. Kramers’ ou B mocieaane roau. B gornaze
006 aromuoll npoGieme Ha CHe3fe TONIAHACKMX eCTEeCTBOMCHbITaTeded H
Bpauei B Jleineme, B anpene 1919 r., A KpaTKO COOGIIEI O PE3YABLTATAX
HAllMX BHYMCAEHHH HpoGJeMbl BOSMyIEHHS, a TaKme 00 HCCICZOBAHHM



onpeneleHHHX 0COOBIX KIACCOB [BHMKCHUH, HR KOTOPHE MBIl HATOIKHYIUCH:
B Hameli pa6oTe M KOTOpHE MOIyT HMeTh 3HaYeHHe 1A O00BACHeHHA
cuexrpa rends. BHemHue 06CTOATEALCTBA HE II03BOJUIH HaM 10 CHX LOp
ony6aMKOBATh HAINW BHYMCIECHHA; MH HajeeMCA COOOIUUTL O HUX B OaH-
sxaltmem GyaymeM B CBA3M € 3ajayeft 0 CHEKTpe reiaud.

3agaua O CIIEKTpax 3IEMEHTOB C GoJee BLICOKHM ATOMHEIM HYMEPOM
ABJAACTCA MOCTONBKY GoJiee IPOCTOH, IOCKOJbKY BHYTPCHHSAA CHCTEMA B ee
HOpMANBLHOM COCTOSHHMM B 3TOM ciayyae 6ojee olpeieleHHa, YeM B aroMe
requa. C apyroit cTOpOHBI, KOHEYHO, BO3PACTalOT 3aTPYAHEHHA B MEXaHH-
seckofl 3ajave ¢ ypelmueHHeM umcria dgacTMn B arome. Ilpumepom nna
3TOr0 MOMET CAY:KHTH chexmp iumug, aTOM KOTOpOro B HEHWTpPanbHOM CO-
CTOAHUH COMEPKUT TpPH djeKTpoHa. OTKIOHEHHA CHEKTPAIbHHX 4YIEHOB
JUTHA OT COOTBETCTBYIOIIMX 4YJICHOB CHOEKTPa BOAOPOZA OYEHb MAalh A
IepeMeHHOro uieHa riaBHO cepuu (f==2) m nuddy3Hoil NOGOYHOHA ce-
paH (k==23) H OYeHb 3HAYUTeALHHE [1d IepeMeHHOro 4YileHa pe3KOH mo-
6oumofi cepun (k= 7). 3TOT pe3yabTaT BeChbMA OTIAHYEH OT TOTO, KOTODHIA
MO¥HO OBIO OB OMMIaTh, ecanm Obl JeficTRUE BHYTPEHHHX JIEKTPOKOB
MOMKHO ObLIO 3aMEHMTh NEeHTPAJBHON cHiOH, Haxomamelca B NPOCTOd 3a-
BHCHUMOCTH 0T paccToanns. lIpninna ponkua OHTH NIPpHNHCAHA TOMY, YTO B
opOHMTax CTalMOHAPHHX COCTOAHHH pe3kofi moGoYHOH CepHH mapaMerp,
ompejeneHHA B mepBoM npubiammeHud ¢opmynaod (25), TOIBKO HEMHOrO
OpeBOCXOAUT JHHeliHwe pasMepsl opGHT BHYTPEHHHX 3JeKTpoHOB. IIpn
BRIYHCICHNHA 4HcaAa 060poTOB GOablIoil OCH OpGHTH BHEIIHEro 3JCKTPOHA
B CTANHOHAPHEX COCTOAHWAX, YHCIA, OUPEJeNAI0IEero 110 NPHUHOUIY COOT-
BETCTBHA OTKIOHEHHA CIEKTPAJIbHEIX 9JIE€HOB OT COOTBETCTBYIOIIHUX 4Yie-
HOB BOJOpOAa, HeOOXOQWMO YUHTHIBATH B JeTalAX B3anMOAeHCTBHS TpPeX
3JIEKTPOHOB Ha WX [BH:KCHHA; TAKOA yYeT B OCOGEHHOCTH CYLIECTBEHEH
A1A TeX NPOMEKYTHOB BpeMeHH ofpameHHs BHENIHEr0 3JEHKTPOHA, KOrja
noclnejHHi Haxonurca BOJHM3M OT ABYX OCTaAbHBIX 3MeKTPOHOB. Jlaske B
TOM ciaydae, ecin O HOpPMAJRHOE COCTOAHHE BHYTpeHHell CHCTEMH NDH
OTCYTCTBUH BHENIHEro 3JeKTpoHa OblI0 BIIOJHE U3BECTHO (9TO COCTOAHHE
IOKHO OuTh IOJOGHHM HOpPMaJBHOMY COCTOAHHMIO aTOMA IelHA), TOYHOe
pemienpe BOSHUKAKIIEH NpU STOM MEXaHHUYECKOH 3aJayd MPejCTaBIAIO0 Obi
HeoOblYaliHEIE TPYAHOCTH.

Ilpn nepexoge K CHEKTpaM 3JEMEHTOB ¢ eme 6ojee BHICOKHM aTOM-
HEIM HyMepOM—MeXaHHyecKas 3ajaya, pelieHue KOTOpO#l HeoOXOQuMO IId
OINHMCAHHA [BHXEHHHA B CTAIMOHADHBIX COCTOAHMAX, CTAHOBHTCA BCE TPYI-
Hee, UTO ABCTBYET yike H3 HeoOhYaliHON CIOKHOCTH MHOTHX Habmiojae-
MBIX CHEKTDOB. [laxe B clexTpax HpocTefiliero CTpOeHHd, [AaBaeMBIX IHe-
JIOYHEIMH METAJJIaMM, CEpHaJbHbHIE JUHHH HE ABIATCA NpPOCTHIMH, HO
COCTOAT H3 dybaemos, paCCTOAHHE MekJY KOMIIOHEHTAMHM KOTOPHX CHIBHO
BO3PACTAa€T C ATOMHBIM HyMepoM. ITO OGCTOATENBCTBO YKasbBaeT Ha TO,
9TO ABHKEHHME BHEINHEro JJeKTPOHA He ABIAETCA IPOCTHM IIeHTPaAbHBIM
IBMIKEHHEM, HO HOCHT 0ojee 3alyTaHHBI XapakTep; Mbl JONMKHH, ClIeI0-
BaTeJAbHO, CYHTATHCA ¢ 00lee CHOKHOMR COBOKYIHOCTBIO CTAlMOHApPHBIX
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cocroanmil. Tor QakT, YT0 B aToMe HATPHUA Mb HMEEM NeI0 ¢ mapaMd
CTRIIHOHaPHHX COCTOAHHMH, B KOTOPHX O60Jiblad OCh W rapaMeTp BHeEIN-
Hero 3JeKTPOoHA NpHGJHKEeHHO onpeneiderca dopuynamu (17) u (25), yka-
3HBAeTCA HE TOJBKO OJHWHAKOBOH poAbI0 000MX COCTOAHHI B CHEKTpe
(KaK MBI 9TO BHAEIHM HpH pa3fope OMBLITOB HAJ PE30HAHCHHIM H3IYyYEHHEM
apoOB HATPHA), HO NOATBEPHIAETCA BeChbMa MOYYHTEJbHHM 06pasoM IpH
H3YYeHMH C€BOCOOPA3SHOro NeHcTBUA MArHHTHOrO IOJA HA Ay6GaeTH. IJTO
fedcTBHE 3AKIIOYEETCA B TOM, 49TO NpH HECOIBIIMX CHJIAX HONA Kampad
KOMIIOHEHTA Ja€T TaK HA3HBACMHI axomassnviti sfgexm Zeeman’ a, co-
CTosANMA B paclienieHnn B oTAudne oT Tpuoiera Lorentz’a Ha Gonbmiee
YHCIO Pe3KHX KOMIOHEHT; IpH Bo3pacraioumed cMie moid, Kak Hadmozard
Boepsrie Paschen m Back, ofe koMmoHeHTH Ay0ieTa CIHBAITCA MO-
CTENEHHO B OfHY IPOCTYIO CEPHAJbHYI JHHHI C HOPMAJIBLHHM 3ddexrToM
Zeeman’a. .

J10 BAHAHHE MAarHATHOTO NOJA HA XYOIeTH IMIEeXCYHEIX CHOEKTPOB
MHTEPECHO He TOJBKO B CBA3H C NpeNbIAyIIMM, KaK IIOKa3HBalllee Tec"
HY0 CBA3b KOMIOHEHT Ay6ieTa M peanrbHOCTh OpPOCTOrO OGBSACHEHH:A
ofmell CTPYKTYpPH CHEKTPOB IIEeJOYHHX METANNI0B, HO NPEACTaBIAeT H
Jpyroe 3HaveHMe: OHO IIOKAa3hBAET BHOJHE OMpelelNeHHO (eCIH, KOHEYHO,
MOKHO IIOJOMKHUTHCA HA MNPUHUOHO COOTBETCTBHA), 4TO NCACTBHE BHEIIHErO
MATHATHOTO TOJAA HA JBHMEHHWE DIEKTPOHOB IEJOYHHX ATOMOB, B OTIHYHE
oT 3pdekTa Zeeman’'a B BOJOPOAHHIX JHHHAX, HE MONKeT OHTH CBele-
HO K IIPOCTOMY HAJIOEHHI0 PABHOMEPHOTO BpaleHHA C YHCIOM 0GOpOTOB,
ompepensieMsM QopMyno# (24) Ha BO3MOMKHOE CTalHOHAPHOE [BHMEHHE,
cynleCTBYOIee BHe HoJad. Takoe HaloMeHHe IO OPHHIMIY COOTBETCTBHA
Bcerga OGN DpPHBOAMIAO K HOpMAJALHOMY 2ddeKTy Zeeman’ & JId KKIOH
KOMIOOHEHTH ay6iaera. B cBA3H ¢ 5THM- HYXHO IIpesxae BCEro yKasaTb,
YTO pa3HHIA MEEAy IPOCTHIM AefiCTBHeM MarHHTHOTO [101d HA KOMIOHEH-
TH TOHKOM CTPYKTYpH JHHHA BOJOPOJA, HpeICKa3hBaeMHM Teopued
HabmogaeMeIM JeficTBHEM Ha IneJod9Hble Ay0JeTh, He ABIAETCA LPOTHBO-
peuneM. [{OMIOHEHTH TOHKON CTPYKTYpPHl HE COOTBETCTBYIOT KOMIOHEHTAM
By6ieTa; KamxIad KOMIOHEHTA TOHKON CTPYKTYPH COOTBETCTBYET IO TEO-
pUH BCell COBOKYIHOCTH KOMIOHeHT ay6iaeTa, TpHIIeTa H T. 4., 3aHHMAO-
LIEX MeCTO OZHOU CHeKTpa’bHOH nuHuME B cxeme Rydberg’a; Hanuuue
addexta Paschen’a m Back’a B cUIBHBIX MONAX ABIdeTcd HO3TOMY
CYmeEeCTBEHHOI1 0mOpOo#i A1 TeOPeTHIECKOI 0 NpeACKasaHuA 0 Xapakrepe Aefi-
CTBHUA MardHTHHX [OJel Ha KOMIIOHEHTH TOHKOH CTPYKTYpHl BOJZODOIHBIX
Juauit. Yto KacaeTca «aHOMAJBHOrO» AEHCTBHA MalnX mojell HA KOMIO-
HeHTH ny6iaera, T0, HOBHAMMOMY, HeT HEOOXONMMOCTH HCKATh €ro IPUIUHY
B HeINPUMEHHMOCTH OOBIYHBHIX 33KOHOB BJAEKTPOJUHAMMKH K JBHKEHHIO
BHEMHEro 3JeKTPOHA B CTAIHOHAPHEIX COCTOAHHAX; CHOPEe MBl HMeeM
Jeno ¢ jJeficTBHEeM MArHHTHOTO LOJA Ha TY TOHKYIO CBA3b MEMJY IBHNKe-
HHAMH BHYTPEHHHX M BHEIIHHX JJEKTPOHOB, KOTOPad, MOBHAMMOMY, OHpe-
Jexder noasjeHue. 1y0aeToOB.
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Jlerxo BUAETH, YTO TaKOe NpelCTaBICHHAE He COBCeM YYMKA0 TaK Ha3u-
paeMolt <reopum csasm» (Kopplungstheorie), mpu momomm roropo#t Voigt
MOr, XOTA ¥ YHCTO (POPMAJBLHO, YIE€CTh NOAPOGHOCTH aHoManbHOro 3dderTa
Zeeman’a. MoxHO ase HaJeATHCA HOCTPOHTH TEOPHIO 3TOro ddderra Ha
no4Yse TEOPHH KB3HT, GOpPMAIBHO CXOAHYIO ¢ Teopuelt Voigt’a, HecMoTpA
Ha (YHIAMEHTANBHYI0 PpasHHNY B BO33pEHHAX TOH W JApYyrod TeopHH Ha
CTPYKTYpY aToMa W HpoIllecC H3AydeHHs; nonoGHOM amanoruedl oGaagaioT
pasBHTaA BhIlIe TEOpPHA HOpPMAIbHOro 3ddeKTa Zoeman’a U neppoHaYalb-
Hag Teopua Lorentz’a, 6asmpyomascsi Ha KIACCHYECKOH 3JIeKTPOAMHA-
vuke. B cokanenuio, BpeMa He IIO3BOJAET MHe IMOApOOHEE HINOKHTH OTH
HHTEpeCHHE BONPOCH, H A N03BOJIAK cefe TOABKO YKa3aTh HA YIOMAHYTOE
y:xe npopo/xenne Moelt crarey B «Tpyrax HomeHrarenckoii Axajnemuu», B
KOTOpO#t 06CY#AAOTCA KaK BOIPOCH O BOSHHKHOBEHHH CEPHANbHBIX CIIGK-
TPOB M BIMAHHMH HA HHX B3JIEKTPHYECKOI0 M MATHUTHOrO MOJA, TAK H He-
KOTOpLle ImpoGJIeMEl, CBfA3aHHHE CO CTPOCHHEM aTOMOB B CBf3H C HM3yde-
HHEM CIIEKTpOB.

B mpexminymeM nanoxeHHH f HaMepeHHO He OCTaHABIHMBAaCA Oauixe
Ha BOIPOCE 0 CMpoesun amoMos u Mosexys, XOTs BTOT BONPOC eCTECTBEeHHO
CaMBIM TECHHM 06pa3oM CBA3aH C TeopHeH BOSHHKHOBEHHA CIOEKTPOB, IO-
JobHoi pa3o6panHoi Bhime. [loTpe6HOCTE HCHONBH30BATH PE3YJALTATEHI, IO-
JydeHHbE Ha OCHOBAHHH H3YYEHHA CIEKTPOB A 3TOH Nelau, BOSHHKAeT
yie B CBABH C IIPOCTOM TeOpHe#t BOJOPOAHOIO CIEKTpa, TaK KaK OKAa3hl-
BaeTcsd, 4TO BeJIWdWHA 1A OGOJbIION OCH 3JIEeKTPOHHOH OpOHMTH BOJOPOA-
HOr0 aroMa B HOPMAJIbHOM COCTOAHMH (n—=1) TOro e NOpPANKA, KAK H
3HaYeHHd, HOJydYaeMHe Ijd pa3sMepoB aTOMOB C NOMOIIBI0 KHHETHYECKO
TEeOpuH rasoB. B cBoelt HepBoOll cTaThe Ha STy TEMY JOKIANYHK YHE IH-
TajacA Ha6pocaTh OCHOBH TEOPHH CTPOEHHA aTOMOB 3AEMEHTOB H MOJEKYX
XUMAYECKUX coequHeHmil. JTa Teopua Obuia OCHOBaHA HA IIPOCTOM 00o6mie-
HHM pe3yJbTAaTOB I CTalHMOHADHHIX COCTOAHHH aToMa BOAOPOAA, IOJY-
9eHHEX Ha OCHOBAaHHEM CIEKTpa; CHEACTBHSA €e BO MHOIMX OTHOIIEHHAX
[OATBEPHKAANHCh ONHTOM, B OCOOGEHHOCTH OTHOCHTEIBHO OOWero THIa
H3MEHEHHA CBOMCTB 2JeMEHTOB IO Mepe BO3pacTaHHA aTOMHOrO HyMepa,
Jy49myUM OPHMEPOM Yero MOXeT CAYKHTHh 3aKOHOMepPHOCTH B PeHTIeHOBCKHX
CHeKTpax, oTKpnTaa Moseley’em. f1 moassyloch, ogHaro, ciaydgaeM 3a-
METHTDb, 9TO MHOI'H€ 4YacCTHEIE OpeAnOJOIKCHHA ITOMN TEOpHH HOJHCHEL 6HiTH
B JleTandAX HN3MEHEHH; K 9TOMY BHIHY[aeT COBPEMEHHOe DasBHTHE TEOPHH
KBAaHT KaK B OTHOIIEHWH pa3palOTKH METOAOB ONpeleleHHdA CTalHoHap-
HBHIX COCTOAHHH, TAK M B CMbICIe 3aJaYH O BepOATHOCTH Da3’IMYHHIX IIe-
PexXon0oB MEeKIY COCTOAHHAMH; K TOMY e NPUBOAHT OOCYIEHHe IpaHmI
INIPUMEHHUMOCTH MeXaHHMKH H HeJOCTAaTOYHOE¢ Ccorjiacue TEeOpHH C OIIBITOM,
KaKk Ha 3TO OCHOBATEJIBbHO YKa3HBAJOCh C pasAdyHuX cropoH. Tak, Ha-
mpEMep, 6ojee HEBO3MOKHO ONpPaBAATh INPEANONOMEHHE, BBEJEHHOE 1A
Hpe,llBapHTeJIbHOﬁ OpHEHTHPOBKH O TOM, 4TO B HOpDMajbHHX COCTOAHHAX
9JIEKTPOHHI ABINKYTCA B FeOMETPHYECKH OCOOEHHO HpPOCTHIX OpOMTAX, IO-
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NOGHO <«JMEKTPOHHHIM KoJbUaM», CoobpaeHusa 06 YCTOHYHBOCTH aTOMOB
H MOJIEKYJ B OTHOWEHHH BHEUIHHX BO3JeHCTBHIl, a TaKde BO3MOMHOCTH
00pa3oBaHuA aToMa [OCNETOBATENbHEIM MPUCOCAUHEHUEM OTHENbHLIX BIEK-
TPOHOB NPUBOAAT HaC, BO-IIEPBHIX, K TOMY, 4TO paccMaTprBaeMble KOH(H-
rypanuy JIeKTPOHOR HAXOJATCA HE TOALKO B MeXaHMYECKOM paBHOBECHH,
HO ®H JOXKHB 06JafaTh M3BEeCTHOI yCTOMYMBOCTBIO B CMBICIE TpeGoBaHmi
OOLIYHON MeXaHHKH H, BO-BTOPHIX, K TOMYy, YTO YKa3aHHHE KOHGHUIYDaIlMH
JOUKHBl OHTB TAKHMHU, 4YTOOLI ORIIH BO3MOMHEI Nepexolhl K HHM U3 ApY-
rHX CTAlHOHAPHHIX cocToAHHH aromMa. Takwe mHpocrThle KOH(HIypalwH,
KaK 3JEeKTPOHHEIe KONbHA, He YIOBJIETBOPAIOT 3THM TpeGOBaHHMAM, M MEI
BHIHYIEeHH HCKaTh Gonee ciaoxubx ¢opu aBHieHnA. OJHAKO, HET BO3-
-MOKHOCTH BXOAMTH B JAeTaibpHOe OOCYHIOEHMe 3THX, elle OTKPHTHX BO-
TIpOCOB, ¥ d NOJKEH OIPaHWYMTHLCA yKazaHHeM CHOBA HA MO0 CTAThIO, KO-
TOpasd CHOpPO JOJXKHA BHUTH B CcBeT. B 3akiiodeHHe MHE X09YeTCA elue
pa3 OTMETHTb, YTO B HAcTOALIEM NOKJIale d CTPEMHICA TOJBKO H3JIOXKHUTH
UCXOIHHe TOYKH 3peHHdA, Jeallne B OCHOBe TEOPHM CHEKTpOB. B oco-
GeHHOCTH MHE XOTEIOCh IIOKasaTbh, 4TO, HECMOTpPA Ha KODeHHOe pasiuiue
3THY. TOYEK 3peHHA M OOHYHHX NIpeJCTaBICHHHA O IIpolecce H3NyIeHHS,
BCe e BO3MOKHO, HA OCHOBAHHH 0O0INETr0 COOTBETCTBUA MEXIY CHEKTPAMH
¥ JBHIKEHHEM B aTOMe, BOCHOJL3OBATHCA TAKWMM IIpEACTaBICHHAMH, KaK
OYTEBOAHON HATBHIO IPH MCCAEJOBAaHUH CHEKTPOB.

IlepeBen C. Bagu.os.



