METOAbl AHANMN3A CJIOXHbIX CIMNEKTPOB, B YACTHOCTU
CNEKTPA >XXENES3A *).

B. NpoTpunaH.

[leaTenbHOCTb eCTeCTBOMCMbLITATENIA 4acTO CpaBHMBAKOT C 3ajadeit
pasragbiBaHMa 3arafokK npupogbl. Mbl He cobupaemcsi 34ecb 06CyXaaTb
BOMPOC O TOM, MPMMEHUMO /I 3TO CPaBHEHWe KO BCEM 06M1acTAM HayyHOro
nccnegoBaHWs, HO HaM KaXeTcs, 4YTO OHO [JaeT BepHOe MpeAcTaBfieHUe
0 TOW 3afjadye, KOTOpash BCTaeT Mepef CMNEKTPOCKOMUCTOM, 3aHMMAalLUMCS
pasbIiCKUBaHMEM 3aKOHOMEPHOCTEM B CTPOEHMWM CMeKTpoB. Beab xapakTep-
Has O0COGEHHOCTb 3arafoK 3aK/lu4yaeTcs B CO3HATE/IbHOM 3aTeMHEHWU
WUCTUHHBIX COOTHOLUEHWI A MexXay npegMeTaMu W SIBNIEHWAMW, W, AeACTBU-
Te/IbHO, MPU WM3YYEHUM CMeKTPOB HEBOJIbHO CO34aeTCs BMe4vaT/ieHWe, 4To
npupoga COo3HaTe/IbHO W MpeAHAMEPEHHO CTpeMuaach TuiaTeslbHa CKPbITb
3aKOHOMEPHbIE COOTHOLUEHUS, CYLLECTBYHOLLME MeXAY CMeKTpasbHbIMU Jn-
HUAMKU. HeCcKoMbKO cneunannsmpyst Hawy aHasoruto, Mbl MOXEM CPaBHUTb
3ajavyy aHanmMsa WM ,,pacnyTbiBaHWS' CMEKTPOB C M3BECTHOW 3ajauvei
»X0fa LaxMaTHOro KOHSA“. B pebycax 3TOro Tuna OTAE/bHbIE C/IOTU
KaXXyTCs pacno/fioXXeHHbIMU COBepLUEHHO 6GecnopsgoyHo. [MogobHo 3Tomy
N B CMeKTpax CMeXHble NWHUWM (T.-e. JINHWW, COOTBETCTBYHOLLIME MOYTU
0QVHAKOBbIM [/MHAM BOJIH) 4acTO HEe MMEKT HUYero o6lero mexagy
coboto. [lepBeiillasi 3ajaya CMeKTPOCKOMMWCTa — HaWTK 06Llee npaBuio™
C MOMOLLbI KOTOPOr0 MOXHO 06bl10 Obl pasbICKMBATb CBA3U MEXAY MHUAMNA
T.-€. HallTM npaBwMoO, aHa/lONM4YHOE MpaBW/y XOfa KOHA B LUAXMaTHON
3aflade. lpaBWNO 3TO [aBHO YyXe HalgeHO UM HOCUT HasBaHWE KOMOMU-
HauWOHHOro npuHuMna Pupgbepra-PuTtuya. B UCTONKOBaHWWN COBPEMEH-
HOli TeopMn aToma MpPaBWIO 3TO COOTBETCTBYeT BOpOBCKOMY ,,yC/IOBUIO
YyacToThl", KOTOPOE FNacuT, YTO N3TyUeHMe KaXAoN U3 CneKTPaibHbIX JIMHUIA
06yCcnoBnMBaeTCA MepexofoM aTtoma W3 OAHOr0 KBaHTOBOrO COCTOSHUS
B Apyroe (Xof KOHS1) W 4yacToTa W3/ly4eHWUS V MPOMNOpLMOHasibHA W3MeHe-
HUO 3Heprum E1—E2 coOTBETCTBYHOLWEMY 3TOMY CKauKy, — APYrUMWU C/lo-
BaMu, 4TO

4 HaneuvataHo B ,,Naturwissenschaften*, 12, p. £45 (1924).
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BTopas u4acTb 3ajaunm COCTOMT B MPWMEHEHUM .3TOF0 MpasBuna
K pasbiCKaHU 3aKOHOMEPHbIX COOTHOLUEHWIA MeXAy JMHUSAMM KaKoro-
HUOYAb OnpefeneHHOro cnekTpa. Kak W3BECTHO, AN MHOFMX CMEKTPOB
yfanocb paspewmnTb M 3Ty 3ajayy. Yjganocb 3TO MNOTOMY, 4TO npupoja
Oblna HacTO/bKO MpegynpeanTesibHa, UTO BKAYMAA B CBOM COOPHUMK
CMNEKTpa/bHbIX 3afay4 KakK C/IOKHble, TaK W MNpocTble 3arafkuW, TaK 4To
YefloBeK, MepexoAss OT JIerKoro K TPYAHOMY, MO MOCTEMNeHHO COBEpPLUEH-
CTBOBATbCS B pelleHWM 3TUX 3arafoK. MOXKHO cKasaTb, UTO B HacTosLiee
BpeMs MNpoaHaM3NpoBaHbl KakK MPOCTble, TCK W HE C/UWKOM C/OXHble
CneKTpbl. HalieHHble Npu 3TOM 3aKOHbl HOCAT Ha3BaHWe CepuasbHblIX
3aKOHOB JIMHEWHbIX CMNeKTPOB. XapaKTepHas OCO6EHHOCTb 3TUX
3aKOHOB CBOAMTCA K TOMY, YTO YPOBHM 3HEPrMu aToOMOB, MeXJy KOTOPbIMU
NPONCXOAAT KBAHTOBble CKau-
KW, MOryT 6bITb PacrosioXeHbl i
B OTfeNbHble psdbl, KOTOPble
Mbl HA30BEM 3HEPreTUYECKUMM
nectHuyamun. OfHaKo paccTos-
HUA MeXAy CTYMeHAMU Kax-
[0l TaKol NecTHULbl He paB- 3r
Hbl ApYyr ApYyry, Kak B 00blK-
HOBEHHOW JleCTHULE, a BCe
6onbwe wn 605blle ybObiBaOT
no mepe nogbema BBepX, Kak
3TO CXemaTu4yeCcKmn n306paxKeHo
Ha puc. 1. Tlpu nepeckokax
atoma pasfiMYHbIX CTyMeHei
KaKol - HUbyab 3HepretTuye-
CKOW NecTHWUbI, Hanpumep
NECTHULblI K— 2, Ha OAHY K
Ty Xe CTyneHb KakOW-HWOYAb pyc 1 CxemaTu yeckoe M3o6pakeHue

JPYroil NecTHWUUbI, Hanpumep CTyneHel 3Heprum atoma C NPOCThbIMU

CNeKTpasbHbIMU NUHUAMMK. Huswasa cTy-
Ha TIepBYI0 CTYyNneHb NECTHW-  pey, 1< cooTBETCTBYeT HOpPMasbHOMY —COCTOSHIAIO
Ubl K— 1, T.-e. npu nepecko- aroma. CTyneHW C OAMHAKOBbIMM a3VIMyTa/IbHbIMM

KBaHTOBbIMM uuCiamMi K 06pasyloT psifbl, CTpems-
Kax — BHELIHEro  3M1EKTPOHA ) uecq K ogHOMy ¥ TOMy >Ke Npeaeny. SToT npegen,
atoMa C psja KBaHTOBbIX OpP-  OTMEYEHHbIM LLTPVXOBOM, IMHMEN, COOTBETCTBYET CO-

CTOAHUIO OTAENEeHNA  3NIEKTPOHa, T.-€. COCTOAHWUIO
6UT Ha KaKyl-HUbyab Apy- A MOHM%U‘MB.

rylo OMNpeAeneHHyl KBaHTO-
Byl0 opbuTy, MosiydyaeTcss psif CMeKTpalbHbIX NWHWIA, 06pasyloWnx Tak
Ha3bIBaeMyl0 CMEKTPa/IbHYI0 ceputo. YacToTbl 3TUX CMEKTPaNbHbIX SIMHWIA
NpPONopLUUNOHabHbl [/IMHE BEPTUKa/IbHbIX OTPE3KOB MeXAy CTYMeHsMu 2.

* UTtobbl 06MerunTb MOHUMAaHWE [anbHelLLIero™ HaroMHUM, YTO Kedkioe KBaHTOBOE
03CTOSIHVE aTOMa OMNpefenseTcs MpeXae BCEro ABYMs KBAHTOBbIMW yucnamym n 1 K. nas-
HOe KBAaHTOBOE 4YWC/AO0 N BO3pacTaeT MpW Mogbeme BAOb KaKAOM M3 IHEPreTUHeCKNX
NIECTHML, Torja Kak ,,000aBOYHOE™ WM a3MyTa/lbHOE KBaHTOBOE YWC/I0 K> OAMHAKOBa
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Bo Bcex Tex CMeKTpax, KOTopble yAanocb NpoaHanvM3npoBaTb BM/IOTb

[0 camMoro nocfefHero BpeMeHMW, 6blIM HaifeHbl NOJOGHbIE CepuU; cepualb-
Hble 3aKOHOMEPHOCTM SABASOTCA OCHCBHOW XapaKTePUCTUKON 3TUX CMEKTPOB.
Ypanocb pacnpefennTb MO CepUsIM  CMEKTpasibHble JIMHUW  3/1EMEHTOB
1-ii, 2-"1 1 3-li N YacTU4YHO 4-i rpynnbl NepPUOANYECKON CUCTEMbI, & TaKXe
6naropofHbIX rasoB renvMs M HeoHa. OfHaKO B:e 3TV pasrafaHHble 3aragku
npuHagnexar nnbo K NerkuM 3agavam, 160 K 3agavam cpefHeid TPyAHOCTHU.
MpUGAN3NTENBLHON Mepoi CNOXHOCTM CMeKTpa SIBASETCA 4YMCN0 NpuHage-
Xawux emy NnHWA. CnekTpbl MepeyucrieHHbIX 3/1eMEHTOB XOTA W He Mpu-
HagnexaT K CnekTpaMm C Ma/IOUYUC/NIEHHBIMUA JIMHUSIMW, HO BMECTE C TeM,
3a UCKYeHMe! cnekTpa HeoHa, He MOryT ObITb OTHECEHbl TaKXe U K Tem
06MNbHBIM SIMHUSIMU CNIEKTPAM,

k-Z k=1 B KOTOPbIX /IMHWW, durypasnb-

-7r  HO BblpakasiCb, fiexaT BMOT-

5* nylo g yr k gpyry. Takue

COBCEM YXXE CNOXHble CMeK-

Tpbl NpUHaANeXaT NpevuMyLLe-

CTBEHHO 3M1EMEHTaM, CTOSLLUM

B MePBbIX NOOBUHAX A/INHHbIX

NnepuofoB CUCTEMbl  3/1EMEH-

TOB, T.-e. TeM 3/IeMeHTaM,

B KOTOPbIX, C TOUKM 3peHus

aTOMHOli  (hM3NKK, MPOUCXO-

anT, no bopy, 3anonHeHue

BHYTPEHHUX TpPynn 3/1eKTpo-

HOB; TaKOBbl, Hanpumep, ane-

MEHTbI OT CKaHAMSA [0 HUKeNs.

Ewe HefaBHO Mbl bblIM coBep-

Puc. 2 CxemaTuueckoe u3oGpaxenne LWEHHO —GecromoliHbl nepes

CTyneHein sHeprum atoma c Ay6/neTHbF 3afayeil aHanmsa 3TUX CHeK-

MW cnekTpamu. Kaxgas CTyreHb NeCTHUL, C
2 pacnajaeTtcA Ha [ABe OnMsKux gpyr gpyry 'POB, HO B Camoe noc/efHee

CTYMeHMN. BpeMss 6bln  HalgeH KoY

K pasragke 3TUX CNOXHbIX

CNeKTpoB. 3afjaya 3TOW CTaTbW— pacckasaTb O [JOCTUTHYTbIX B 3TOW
obnactn ycnexax.

Torga Kak xapakKTepHOW 0COGeHHOCTbIO paHee MpoaHaIM3NpPOBaHHbIX

CNEeKTPOB SBNS/IOCH Ha/IM4Me CEpPUiA, B C/IOXKHbIX CMEeKTpax cepuanbHble

-3aKOHOMEPHOCTU OTXOAAT Ha BTOPOI MnaH, XOTS 3TO, KOHEYHO, He 3HauwuT,

NS BCeX CTyMeHeid Kadkaol necTHUUbl. Ha puc. 1y Kaxdoi CTyneHU NecTHWL, CTouT
BOpOBCKMIA CMBOM Nb  XapaKTePU3YHOLLMIA COOTBETCTBYHOLLEE COCTOSIHME aTtoma. CoracHo
NPUHLMNY 0TO0pa B HOPMa/IbHBLIX YC/IOBUSX MOMYT VMETb MECTO TO/IbKO Takue KBaHTOBble
CKayKu, KOTOpPble COOTBETCTBYHOT WM3MeHeHMO uucna ft Ha = 1. JpyrMun crioBamK, CKauoK
NPOVCXOANUT He MeXay CTYMeHsSIMW OfHOM M TOW XKe NeCTHWUbI, a BCerja Co CTYMeBW OfHOW
KaKon-HWOYAb NECTHULbI Ha CTyreHb CocefHeli NecTHUUbI. Pep.
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4YTO B 3TUX CMEKTpax Cepum BOOOLLE OTCYTCTBYHT. B CM0OXHbIX CMAeKTpax
Ha MNepBbIii NiaH BbICTyNaeT Apyras xapakTepHas O0CO6EHHOCTb, B MeHee
ob6LLeil hopme BCTpevaloLascs U B paHee MpoaHa/M3NPOBaHHbIX CHEKTPax.
OHa cOoCTOUT B TOM, YTO CMEKTPasibHble NMHMM OblBalOT ANBO MPOCTbIMU,
nnoéo obpasyrT Ay6neTbl U TPUNMETbI, T.-€. TPYMNbl, COCTOSLLIME W3 ABYX
nMbo Tpex JSMHWIA, NpU 4YeM PasHOCTb 4acToT, BXOASLMX B TaKyl rpynny
NUHWIA| NOBTOPSIETCA U B ApYrMxX rpynnax. B nocnegHee Bpemsi BbISICHWU/IOCH,
4yTo, NMOMUMO AYy6/ETOB M TPUMJIETOB, MOFYT BCTPeYaTbCA TaKXe U KBapPTEThI,
KBUHTETbI, CeKCTeTbl U T. 4., T.-e. 60/siee C/0XKHble TPynnAbl AWHWIA, MOMy-
umBlLMe obLlee Ha3BaHMe MYyNbTUNNEeTOB. 3TO 0606WeHNe OKas3anocb
ype3BblyaliHO MNI04OTBOPHBLIM U, OYAYYM MPUIOKEHO K aHanu3y C/I0XKHbIX
CNEeKTPOB, B KOPOTKOe BpeMS MNPuUBENo B LEMOM psfe Cay4vyaeB K 3ameva-
TeNbHbIM yCMexam.

UTo6bl pacckazaTb 0 Xa-
paKTepHbIX O0COBEHHOCTSAX 3TUX
KpaTHbIX WAN  MYAbTUMNIETHbIX
crnekTpax, Mbl AO/HKHA HayaTb
C npocTeiwero cnyyas gy6nert-
HOro cnekTpa. J[BYyXKpaTHOCTb
NNHWIA | By6neTHbIX  CNeKTpoB
06bsACHAETCA TeM, YUTO BCe ypoB-
HW 3HEprun atoma, Anst KOTOporo U
T 2, oKasbIBalTCA pacLyensieH-

HbIMW Ha-ABoe (CcM. puc. 2). I Puc. 3. _ Puc 4 o
_ marpamMmmMa CTyneHem aHeEpPruu na-
Ka)K'D'aH CTyneHb JIeCTHUL, 13 6epFOBCKOr0 nonHOro paynnetra. Ton-

o6pa)keHHbIX Ha puc. 1 (3a UC- LWWHA BEPTUKAbHBLIX NIMHWK SBMISETCS NPUGINST-
o Te/IbHOW  MepOoii MHTEHCUBHOCTW COOTBETCTBYHOLLEHA
K/IIOHEHMEM  TOW NECTHWLBL, ANA  chekrpanbHoi /M. CriekTpanbHas /mHuS,

KoTopoii t— 1), pacnajgaeTc Ha COOTBETCTBYIOLASH LUTPUXOBON BEPTUKA/IbHON /-
HUM, NPV HOPMA/bHBLIX YC/IOBUAX BO3BYXAEHMS
ABe ONU3KWX ApYyr K Apyry cTy- He BO3HMKAET.

neHW. PacCTOAHMS MeXay AByMmS
TaKNMW  COCEAHUMM CTYMeHAMU Y6blBalOT MO Mepe Bo3pacTaHWsA M, T.-e.
no Mepe MOAHATWMS BBepX MO J/ecTHUUe. [lepexogam aTtoma, Harnpumep,
C OAHOI M3 ABYX HWKHWUX CTYMeHeid NecTHMUbl I—2 Ha MNepBYyH CTYMeHb
NecTHUUblI T— 1 COOTBETCTBYIOT [Be /IMHUM, YacToTa KOTOPbIX MpOnopumo-
Ha/lbHa pPacCTOSHUIO MeXay CTyneHsaMu, T.-e. MNPONopunoHasbHa A/InHe
NPOBEAEHHbLIX Ha PUCYHKe BepPTUKa/bHbIX CTPenoK. [Be TaKuX JIMHWK
06pasytoT ay6neT, Hanpumep, A4BOVHYH NUHUWO D HaTpus. .
HecKonbKo C/I0XHee cry4vail nepexofoB aTtoMa C KaKUX-Nnbo aByx
CTyrneHen ne:THUUbI b= b Ha ABe CTYMeHM NECTHULbLI X— 2. 3TOT cnayd i
n3obpaxkeH 0TAeNbHO Ha puc. 3. MNpu 3TOM OKa3bIBaeTCH, UTO M3 YeTbIpex
BO3MOXHbIX MepexoAoB (aKTUYECKM OCYLLECTBAAOTCA TOMNbKO Tpu. 3Tn
TPU NMHUM 06pasyloT TaK HasbiBaeMblii MOMHbIA Ay6neT Pupabepra, xotd
nydwe 6blN0 6bl HasbiBaTb MX HEMNOAHbIM Ay6netom. OTCYyTCTBME OAHOW
M3 YeTbIPeX BO3MOXHbIX JIMHWIA WUMeeT MNPUHLMNNANbHOE 3HadeHue. OHo

Ic
n:
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3acTaBnAeT rnpegnofararb, 4YTO Mbl MMEEM [eflo C 3arnpeToM, HanaraeMbiM
npuauunoMm oTbopa, aHasorMyHbiM W3BECTHOMY 3amnpeTy TeX KBaHTOBbIX
CKa4yKOB, MpU KOTOPbIX T MeHseTcsa He Ha +1. W pgeiAcTBuTeNnbHO, 30M-
Mepdhenbj nokasan, 4TO OTCYTCTBME B MOMHOM Ay6neTe 4eTBepTOW
NINHUN  MOXHO OOBSICHWUTb, ecnn BBEeCTU (CHayana 4YMUCTO (opMasibHbIM
06pa3oM) TpeTbe KBAHTOBOE YWUCAO j, Ha3BaHHOE' VMM BHYTPEHHUM
KBAHTOBbLIM 4YuKUCAOM T). Befb HECOMHEHHO, 4TO VMelOLWAA MeCTO
nNpu pacLLensieHNn 3HePreTUYECKMX YPOBHeN KPaTHOCTb COCTOSHWUI aTtoma
He MOXEeT ObITb OMMcaHa C MOMOLLbI ABYX TO/IbKO KB HTOBbIX YMCEN N U K.
Pa3nyHbIM CTyneHAM, MPOWCLUEALINM * NyTEM PAaCLUeneHns CTyneHei
3HepreTMYeCcKnxX NeCcTHUL pUCyHKa 1, npunucbIiBaloTCA pasnuyHbie 3Ha4YeHus
BHYTPEHHErO keenTosoro YUCAA j, TaK 4YTO Kaxkjasd CTyreHb OAHO3HAYHO
onpejensieTca TpeMs KBaHTOBbIMW 4yucnamu n, K U j wnam cumsosioMm nh.

Ha puc. 2 y Kaxpaol CTyneHW nNpocTaBfeHO COOTBETCTBYHOLLEE el
3HayeHWe 3Toro cumeosia. B cnydvae nonHoro fy6nerta oTAe/IbHbIM CTYMNEHAM
COOTBETCTBYIOT 3l adeHua 4ucna Y, ykasaHHble Ha puc. 3. OTcyTCcTBME
YeTBEPTOM JIMHUM CTaHET MOHATHbIM, €eCAuM AONYCTUTb CNpaBefMBOCTb
npaswna oTbéopa: MNPV HOPMabHbIX YC/NO0BUAX BO30BYXXKEHWUS  CM3KTPOB
MMeT MeCTO /MWb TakKue KBAaHTOBbIe TMEPexofbl, MPu KOTOPbIX YUCO j
NNM60 0CTaeTCA HeM3MeHHbIM, NM60 MeHsieTcAa Ha + 1, T.-e.

/3-\- 1
i

M [eiicTBMTENbHO, C MOMOLUbI BHYTPEHHUX KBAHTOBbIX 4MCen yaa-
IOCb B CUCTEMATUYECKOM TMOPAAKE TakK MNPOHYMepoBaTb YPOBHW 3Hepruu
Kak B [y6/eTHbIX, TakK W B TPUMNMETHbIX CMeKTPax, 4YTO KaK CYLLecTBO-
BaHMe (aKTUYeCKM HabnwgaemblX JIMHWIA, TakK WM OTCYTCTBUE HEKOTOPbIX
N3 BO3MOXHbIX JIMHWIA MOXeT 6bITb C NMOpPasMTe/IbHOW TOYHOCTbIO MpeacKa-
3aHO Ha OCHOBaHWM AByX npaBwua oT6opa (ans K u ans j). Puc. $ oTHocuTCA
K Ccfyyalo TPUMN/IETOB, B KOTOPOM CTYMeHW BCeX JIeCTHULU, AN KOTo-
pbiXx &332, pacwennarnTcad Ha TpU OAU3KUX APYr K APYrY CTYMNeHbKW;
Ha PUCYHKe M300paXkeHbl Mepexofbl MeXay Tpems CTYNneHbKamu JIeCTHULbI
N= 3 n Tpema CTyneHAMU necTHUUbl K= 2. 3 9 BO3MOXHbIX MEPexosos
NOCYLLECTBAAITCA NUWb 6 (3anpeLleHHble MNepexodbl M3006paxeHbl MYHKTU-
poM) X NPUTOM KakK pa3 Te, KOTOPbIX W HYXHO OXWiaTb COracHo
npasuly 0T60pa, PYKOBOACTBYACH MPUBELEHHBIMU Ha PUCYHKE 3HAYEHUSAMWU
KBAHTOBOr0 4ucna j. 3TU LWECTb NMHUIA 06pa3yroT €000 TaK HasbIBaeMbli
nonHblii Tpunnetr Pupbepra.

¥ ®u3NUeckoe 3HAaUYeHUe BHYTPEHHEro KBaHTOBOrO 4MCMa BHadyasle OCTaBasioCh
HEBbISICHEHHbIM. BroC/MefCTBUM TEOPETUYECKME PACCYXIEHUS MPUBE/IM K 3aKJTHOUEHWIO, YTO
umncno j onpefensieT coGoid 06LLyl0 BeNMUMHY MOMEHTA BpalleHusl atoMa. ¢ $
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MOXHO MnonbITaTbCs 0000WMUTL 3TW HalgeHHble Ans Ay6/eToB U TpU-
NnJeToB 3aKOHOMEPHOCTU Ha Cny4vali KBapTeTOB, KBMHTETOB U B0OOOLLE
MybTUNAETOB. ECTecTBEHHO MpPeANoAOKUTb, UTO, Hampumep, B Cayvae
KBUHTETOB Kaxgjad CTyneHb pwuc. 1 pacwenutcd Ha nNATb CTYMEHeK.
OfHaKo 3aKOHbl KpaTHbIX CMEKTPOB HE TaK Y MpoCTbl, YTO ABCTBYET
X0TS 6bl M3 TOrO, YTO CTYMEHW JECTHULbI K= 1 OCTAKTCA HepacLlensieH-
HbIMM KaK B aybnetax, Tak U B Tpunnetax. Ho npexpae 4yeM o06paTuTbCA
K 3TUM BOMpocam Mbl BKpaTLe paccCMOTPUM Te MeTofbl, C MOMOLLbI KOTO-
pbIX O0Ka3anoCb BO3MOXHbIM pasbiCKaTb B Xaoce 6AM3KMX MexXay €060t
JINHWIA  CNOXHBLIX CMEKTPOB TFPYNMbl JIMHWUIA, MpUHAgAeXalmnx K 0gHOMYy
N TOMY XK€ MyNbTUMAETY, T.-€. TPYNNbl IMHWIA, aHaN0rMYHble M306PaXKEHHbIM
Ha puc. 3 U 4 NoNHbIM ay6netam W TpunaeTam.

MepBoe BcMoMorate/lbHOe CPeEACTBO, OKa3aBLUEe LeHHble YCiyru
Npn pasbIiCKaHUN POACTBEHHbLIX MEXAY CO00H JIMHWUIA, HOCUT 3KCMEepUMEH-
TanbHbIA XapakTep. B TeuyeHue psija neT aMepuKaHCKuiA puank A. KuHT
(A. King) wuccnefoBan yYC/A0BUMA  UYUCTO TeMMepaTypHOro BO30OYXAeHUSA
CMeKTPOB 60NbLIOI0 YMCNA 3/IEMEH-
TOB, [NaBHbIM 06pasoM MapoB Me-
Tannos. Mccnegyemblii 37IEMEHT Mo-

j L ZN o E 221, A
MeLLanca B 3NeKTPUYECKYHO Meuyb, -
CYLHOCTb YCTPOMCTBA KOTOPOI SicHa B bt
Ha pwuc. 5. TllepemMeHHbIN TOK HU3- . cL
KOr0o HanpsiXeHUs”™ cunol B He- . ~bK M
CKO/IbKO COT WX  ThICAY  amrep c < NN A A 1

NOABOAMTCA Hepes ABE TONCTbIE,  p. 5 CxéMasneKTpPUYeCKOl neyn
oxnagaemble BOAOK MefHble Tpy- no KuHry. Z, v Z2—megHble Tpy6bl fs
6bI Zr M Z, W uepe3 ase rpaduTo- NPOTOYHOM BOAbl (OxnaxaeHue); G—rpadmTo-

Bble My(Tbl, JR—rpaduToBas Tpyba; K—
BbIX My(hTbl G K rpamToBOA Tpy6e  oxnakageMbi®  BOJOW  KesesHbliA MWIMHAP;
B, KoTOpas HarpesaeTcs TOKamu B\ b\ —CTeKNsiHHbIE WIN KBapLEBble OKHA.
npumepHo go 3000°. BHyTpb Tpyb6bl
BBOAATCA Te MeTa//bl, Mapbl KOTOpPbIX MNpejnonaraeTca wuccnegosatb. Bcs
neyb MoOMeLLaeTCs B XXeMe3HOM uunmHgpe XK, B KOTOPOM MOXET ObiTb CO-
3naH nMbo BaKyym, MO0 MOBbILLEHHOE [JaBfieHUE, CMOTPS MO TOMy, Npwu
KaKUX MMEHHO YCNOBUAX HYXHO MCCNefoBaTb MCMycKaHwe cneKTpoB. M3ny-
YeHMe HaxoAAWMXcAa BHYTPU rpadmnToBO TPYy6bl rasoB M MapoB Habko-
JaeTcsa B NPOAO/IbHOM Hanpas/ieHUN CKBO3b [iBa CTEKMSAHHbLIX WN KBap-
ueBbix okowka .Fj w F2 BAenaHHbIX B 0OOKOBble CTEHKW >KeNe3HOro
umnumHgpa. Ha pwuc. 6 npvBegeH CHUMOK € meuyn KMHra Hoelillel KOH-
CTPYKUMK, CheunanbHO npegHasHa4YeHHOW ans HabngeHniA B BaKyyMe.
KpbiwkKa, wn30bpaXeHHass NpPUMNOAHATONW, BO BpemMsA (YHKUWOHUPOBaHUSA
neym OMnycKaeTCs M repMeTMYeCKM MNPUeraeT K HWDKHeN nauTe.
CucrtemMaTnyeckoe Wm3yyeHMe 3aBUCMMOCTU WHTEHCUBHOCTENA JINHWUIA
Kakoro-Hubyab Cnektpa OT TemnepaTypbl BefeT K MOAPa3feneHuno 3Tux
NMHWIA No TemnepaTypHbIM Knaccam. K knaccy | OTHOCATCS Te JIMHUMMK,
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KOTOpble TMOABMAIOTCA YXe ppu HUIKUX TemnepaTtypax, K knaccam W, Il
n IV npuHagnexar /AVHUKW, NOABAAKLWMECH NPU  CPEAHMUX, BbICOKUX
M HamBbICLLMX Temrnepatypax. Ha puc. 7 npusefeHbl CHVMKW ManeHbKOro
yyacTKa CnekTpa >efnesa, Npu 4em a eCTb CMNeKTP Ayrn, a b ¢ n d — CnekTpbl,
CHATble B Medyn npu '2603°, 2000° m 1600°C. Ha 3TuUX CHMMKax SCHO-
BMAHO, KakK M3 4pe3BblY4aiHO MHOFOYUC/EHHbLIX JIMHWA AYyroBOro cnekrpa
Npv MOHWXEHUW TemnepaTypbl wucye3aeT BCe 0onbluee M 6onbllee Konu-
YeCcTBO J/IMHUW. B KOHUE KOHL,0B
0CTaeTCA CPaBHUTENbHO MaJsio
NWUHWIA, MpPpU  4YeM He BCe Ha
OCTatOLLNXCA NINHUI 0TINYAKOTCA
0CO6eHHO 60NbLUON WMHTEHCUB-
HOCTbIO B [yroBOM CreKTpe.
OfJHOBpeMeHHOE WCYe3HOBEHUE
psga NMHUIA yKasblBaeT Ha Npu-
HagNeXHOCTb UMX K OfHOM wn
TOM e rpynne MynblUMNEKB.
[eiAcTBuUTENbHO, NMpW Temnepa-
TYPHOM ro30y>XAeHUU CMeKTPOB
yac b aToMoB Mccnefyemoro sse-
MeHTa MNepexoauT B COCTOSAHMUE
60NbLLENA 3HEPTrUK, APYTUMN CI10-
BaKW, onpefeneHHaa [ofs ato-
MOB Haxo4uUTCA B COCTOSIHMSAX,
COOTBETCTBYIOLLMX BbICLLIMM CTY-
MeHsAM HallMX 3HepreTUYecKux
NeCTHUY, NpU Yem MpWU NOBbI-
WeHnn  Temnepatypbl  LOCTU-
ralotca Bce 6onee u 6osnee Bbl-
COKMe cTyneHu. Mpu obpaTHOM
CKayKe BHW3 aToMbl M3Nny4aroT
CNeKTpasibHble  JIMHUM, COOT-
BETCTBYHOLLME  3TOW

Pmc. G. EI‘IEKTpa’ﬂbH-a-ﬂ'"H-e'H-b ”61 I@fw-
ry HOBOW KOHCTPYKUMW Ans Habnw-

aeHll i B Bakyyme. [MpoBoAKa, TOKa U Bofbl
OCyLLleCTB/leHa 4Yepe3 noactaBKy. Kpbiwka npu
OnbITe OMyCKaeTcs VI I'epMETVI‘-IECKVI npuneraeT

HVDKHEN l/ITe QVI Ha_ HWKHCH NanTo
J'IE)KI/IT ona 0 pasuya rpa nToBaa Tpyoka, ee ANTMHa

30 cm, npocreTt 13 .«.K.

N TOM >Ke TemmnepaType W ByayT,

TOMY e TemnepaTtypHoMy Kiaccy.
Crtasio 6bITb, MpU PpasbICKMBaAHUK

cnieaoBaTesibHO, OTHECEHbI

My/NbTUNNETOB BCErfa

CTXI’IGHI/I.

Tak Kak vHuu, NPUHAONIEXT .-

TTp K ottromv  un tomv Xe
wne K ogHomy wmn TOMy xe
MyNbTUNNETY, NCXOOAT U3 OLIEHI:

ONAYKTTT rmvr T Uuiiv v B g—
onnakmx Apyr K Lpy 1y n

Heli, TO NWMHUKM 3TW ,CI,Oﬂ)KHbI
BMepBble NOSABASTLCSA NPU OfHO
K OfHOMY W

cnepyet

NCKaTb 3aKOHOMEPHO CBSA3EM MeXAy /MHUSMM OAHOr0 M TOro Hee Temmnepa-

TYpHOro Ksacca. 3TO YyKasaHue,

KOHe4YHO,

elie He ABNAETCA pelleHUnem
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3afja4yn, HO BCe XK€ CYLLeCTBEHHO o06neryaeT TOMbKO elle HauyMHatoLLyCcs
N BCE eLle AO0BO/IbHO KPOMOT/MBYK paboTy. 3aKoHOMepHble CBA3W pacno-
3HAIOTCA N0 HaIMUMIO MeXay pasMUHbIMU JIMHUSMW  OAMHAaKOBbIX pac-
CToAHMI (B WKane 4acTtoT). lNomHOoXmMB 3T fasHocTM 4yacToT Ha [lnaH-
KOBCKYK) MOCTOAHHYI h, Mbl M0OAy4YMM He 4UTO MHOE KakK pasHOCTb 3Hepruii
MeXJy COCefHUMW CTYMEHSMWU 3HEepPreTUYecKol fecTHULbI. YTo6bl MOACHUTS,
Kak/iM WMEHHO MyTemM pacno3HaeTcs MPUHALIEXHOCTb JIMHWI K OLHOMY
N TOMY >X€ MYIbTUMAETY M KaKOBO CTPOEHME MYAbTUM/IETOB, Jlydlle BCEro
byneT 06paTMTbCA K KOHKPETHOMY MpuMepy.

Ho npexpae gagMm KpaTKyl MCTOPUYECKYKO CNpaBKy O X04e pasBuUTuUsA
N3NlydeHnss MynbTUNNeToB. [epBble My/bTUNAETHI OblIM HalfeHbl A KaTa-
naHom (Catalan) B cnekTpe MapraHua M MoyYTW OLHOBPEMEHHO C HUM,
HO He3aBMCMMO OT Hero, Xnnbpoih Fusenep (H. Giesoler) B cnekTpe

Puc. 7. YacTb CreKTpoB kesesa no cHuvkam I KnHra, a—ayrosoi crektp, h ¢ v d —

CMEKTP, MOJMyYeHHbIM npu mnomoww neykn KuHra npu Temnepatypax B 2600, 2000 un

1600° C. BugHo, 4TO C MOHWKEHVMEM TemrepaTypbl OT AyroBOro criekKTpa, 60ratoro JIMHUAMU,
OCTaeTCA HEMHOr0 XapaKTepHbIX JIHWIA.

xpoma (B 1922 rogy). HasBaHue ,MynbTunneT* 6bi10 BBegeHo KaTa-
naHom. 3ommepdenbs pfan KaTanaHoBCKMM My/nbTuMeTaMm TeOpPeTu-
yeckoe WucToNKoBaHMe. QOueHb BaXHble paboTbl 06 06wWel CTPYKType
KpaTHbIX CMeKTPOB M 0CO6EHHO 0 3eeMaHOBCKOM 3()(pekTe B HUX Mpu-
HagnexaT JlaHgs wn bakKy, K 3TuMm paboTaM Mbl eulie BMOC/Ae4CTBUN
BepHeMmcA. B nomckax MyNbTUMJIETOB B C/IOXHbIX CNEKTPax, NOMUMO Ha3BaH-
HbIX, MPUHANN TaKXe ydyacTue B OCOOEHHOCTUM aMepuKaHCKue (U3nKH,
B 4acTHOCTM cOTpyaHMKKM Bureau of Standards B BawuHrToHe, [o6us-
LiMecs psga pPeKopAHbIX pe3ynbTaToB. 34ecb HYXHO HasBatb MepgxXxepca
(W F. Meggers), YonTtepca (F. M Walters), Knccos (C. C. n H. K. Kiess).
Oco6eHHO Nogpo6HO yAanocb MpoaHanu3MpoBaThb CHeKTp >kesnesa. CnekTp

Ycnexu ¢msndeckux Hayk. T. V. Bbin. B, 1925 r. 13
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Kenesa SABASETCA O4HUMM M3 Hawmbosiee MHTEPECHbIX W30 BCEX CMEKTPOB,
6narogaps 06MM0 B HEM SIPKUX, XapaKTepHbIX NUHWIA. Kpome Toro, naMHuu
3TOro cnekTpa W3MepeHbl Hambonee TOYHO. MHOrMe W3 AUHWUIA Xenesa
ABNAKTCA TaK HasbIBaeMbIMW HOpPMa/siMW BTOPOro Mopsigka, A/1MHAa BOJHbI
KOTOpPbIX M3MepeHa MWHTep(PepPeHUNOHHLIMU METOAaMMU C TOYHOCTbIO A0 He-
MHOIUX TbICAYHbIX fonein AHrctpema. Ewe HegaBHO Mbl 6blan 6ecno-
MOLLHbI Mnepef 3TUM XaoCOM JIMHWIA; 3aKOHOMEPHOCTEl B CMEeKTpe >Xesesa,
KoTopble 06nagann 6Obl MpU3HaKaMy peasibHOCTWU, BOBCE He Oblf0 M3BECTHO,
noka, HakoHel, ®. M. YonTepcy He yAanocb HalTuU B 3TOM CNEKTpe
20 mynbTmMnnetoB. Kansep u KoHeH B 7-om Tome cBoero ,,Handbuch
der Spektroskopie® oTmMeTMNAM STOT YychAex chegywowumm cnosamu: ,,Ho
BCe e YonTepcy yAanocb, HaKOHeL, MPUMNOAHATb YronoK 3aBechl,
nexkaulein Ha cnekTpe fcenesa“. W pgeictBuTenbHo, 3Tv 20 MynbTUn-
NeTOB SABWINCbL Haya/loM U OCHOBOW [anbHeilero pacnyTbiBaHUA CrnekTpa
)Kenesa, KOTOPOE K HacToslemMy BpPeMEHM HAaCTO/IbKO MNPOABUHY/IOCH
BMepes, 4YTO MOXHO TFOBOPUTb YXe He 00 Yroske, a 0 3HAYUTENbLHOW
YyacTu 3aBecbl, 60 0Kono 600 NMHWIA XXenesa yXKe PacnosioXKeHo No Mysib-
TUnaeTam.

KBaHTOBO-TEOPETUYECKOE WCTO/IKOBAHWE YONTEPCOBCKUX MY bTUMeE-
TOB OblNO AaHO He3aBMCUMMO Apyr oT gpyra KatanaHom, X ['usenep
N aBTOPOM 3TOW CTaTbW W, HaKOHel, 0CO6eHHO nogpobHo O. J/lan opToM,
KOTOpbIi Hawen 11 HOBbIX My/bTUMIETOB WM MpULLEN K PSAdY WHTEPECHbIX
BbIBOAOB 00 06LUeM crekTpe »enesa. B nocnegHee Bpemss YonTtepc
m JlTanopT BHOBb HalAW pPsj HOBbIX MyNbTUMNIETOB. Bo BCcex Tex cry4vasix,
KOrfja yKasaHHble WuccnegoBaTesin TPaKTywOT 00 OAMHAKOBbIX BoOMpocax,
OHM MPUXOAAT K COBEPLUEHHO TOXAECTBEHHbIM BbiBogaM. Kak pacnpe-
JeneHne JIMHUIA N0 My/SbTUNAeTam, Tak U KBaHTOBO-TEOPETUYECKOE UCTOJIKO-
BaHMe WX MOYTWU JINLLEHO BCAKOro MpPOU3BO/MA, TaK YTO He MOXeT ObiTb
HMKAKOro COMHEHMS B TOM, 4YTO HalifleHHble 3aKOHOMEPHOCTU HOCAT feli-
CTBUTENIbHO peanbHbIi xapakTep. [MpaBga, npu 60/7bWOM 0O6MAUKN ANHWIA
B C/IOXKHbIX CMeKTpax MOXHO 6bl10 6bl onacatbcA TOro, 4YTO YUCIOBble
coBMageHns cny4yaiiibl. HO Kak pa3 B Cny4dae cnekTpa >Xenesa [/UHbI
BO/IH W3BECTHbl C TaKOl Heo6bIYaWHON TOYHOCTbK, UYTO BO3MOXHOCTb
Nofo6HOM OWNBKN UCK/YeHa. YwncnoBble 3aKOHOMEPHbIE COOTHOLLEHUS
MeXJYy NMHUSAMW BbINOSHAKTCA C TOYHOCTbIO, BMOJSIHE COOTBETCTBYHOLLLEN
TOYHOCTM U3MepeHUA. B Buay 3TOro, a Takxe B BUAY TOro, 4YTo CMeKTp
)Kenesa Boo6LWEe MpeAcTaB/sieT 0COObIA MHTepec, Mbl BblbepeM M3 CreKTpa
Kenesa OAUH M3 MYbTUMIETOB UM Ha €ro npumepe MOACHUM CYLLHOCTb
BHOBb HalAeHHbIX CMEeKTpasibHbIX 3aKOHOB. *

B Tabnuue | npuBefeHa 4ucnoBas cXema OfHOrM0 W3 My/NbTUMNNETOB
)Kenesa, M3 KOTOPON JIErKO YCMOTPETb UMUC/IOBble COOTHOLUEHUA MeXAY
yacToTamu OTAeNbHbIX AWHWMA. (Cm. Tabn. crp. 195))

Cob6cTBEHHO roBopsi, B Tabnuue nMpuBeLeHbl He 4acToTbl JIMHWNA,
a TaK HasbiBaemble ,,BOMIHOBbIE 4ucna', T.-e. ob6paTHble 3HAYEHUS [/IMH
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TAB/TMNLUAL
K= 3
80 B 80 20 A
3745,900 ..
26-88,31 - 89,91-26778,22 ..184,11-26962,43
106,77 106,76
125 A 100 B 20r
3748,246 3722,565 3783,056
26671,4 >—184,2 26855,57 . m288,09- 27143,66 -
164,88 164,90 .
150 B 150 B 2r
3745,563 3705,567 3649,30B
26690,69 -'288,07—26978,76 -415,91--26394,67
227,88 227,85
200 B \00B
- 3; 37,135 3679,915
26760,88--415,94-27166,82
292,29
300 .A
3719,938
26874,53

BOJIH, W3MEPEHHbIX B caHTUMeTpaxl). [ONsS Kax4oh NUHUM NpUBELEHO:
B MepBOi CTPOUKE €€ WHTEHCUBHOCTb (Hanpumep, 80 B), BO BTOpOi —
A/IMHA BOJIHbl B efMHMLUAX AHTCTP eMa, a B TPeTbel — BOJTHOBOE YMC/IO.
CvmBon B o03HauvaeT, KakK O06bIY4HO, 4YTO JIMHUSA B 3HAYMTENbHON Mepe
obpaTuma B [yroBoM CMeKTpe, CMMBO/I —4TO OHa cnabo obpaTmma 2.
Mexay BOMHOBbIMW YMCNaMU CMEXHbIX NWHWIA NpuBefdeHbl (OTrne4vyaTaHHble
KypCUBOM) PasHOCTU 3TUX umcen. M3 Tabnuubl ABCTBYET, YTO OAHA U Ta Xe
pPasHOCTb BOJIHOBbIX 4YWCEST BCTpeyaeTcs ABaXAbl, MEXAY ABYMSA pasNYHbIMU
napamMmm NuHWA (Hanpumep, pasHocTb 415,95, un 415,97). 3TM noBTOpSIO-
LLMECS 3HAYEHMS pas3HOCTEl M C034al0T CBA3b MEXAY OTAENbHbIMW INHUSAMU
Bcen rpynnbl. TonbKo ABe AnHMmn 3745,900 n 3719,938 BUCAT, TaK CKa3aTb,

4) Kak 13BecTHO, BO/IHOBOE YMC/O Y- CBA3aHO C YacTOTOH V, T.-€. C YMC/IOM Kosie6aHuin

T CeKyHfy, CNeflylolyiM COOTHOLLEHWEM V—cC- Y , TAe C eCTb CKOPOCTb CBeTa.

2 JIvHnsA HasbiBaeTCA 06pPATMMONA, €cM OHa 3aMeTHO MOr/IoL@eTcss B TOM CamoMm
rase wim nape, KOTOpblii MCMYCKaeT ee MNpu cBeyeHUW. [py 6OMbLUOK MAIOTHOCTU MapoB
WHTEHCMBHOCTb LEHTPa/IbHOM 4acTy 06paTvMbIX JIMHUIA Gnarogaps MOr/IOLEHNKO  3aMEeTHO
nagaet (aHasiorna payHroepoEbIM NHUAM). MpYM. NepeBofYnKa.

13-
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B BO34yx”, M60 pasHocTM 292,29 n 89,91 BCcTpedvarwTCA NUWb MO OAHOMY
pasy. OgHaKo NPUHAANEXHOCTb 3TUX JIMHWIA K paccMaTpuBaemoi rpynne
HenocpeCTBEHHO CreayeT U3 pe3y/bTaTOB OMNbITOB B 3/IeKTPUYECKOW Meyn
(BCe NUHWMKM 3TOW rpynnbl ApuHagnexar K 1-my TemnepaTypHOMy Knaccy
KunHra), a Takxe M U3 CyLeCTBOBAHUS HEKOTOPbIX APYrMX 3aKOHOMEPHbIX
COOTHOLLEHWU, K PacCMOTPEHUIO KOTOPbIX Mbl BCKOpE Mnepelrijem.

KakoBo KBaHTOBO-TEOPeTUYECKOEe  WCTO/IKOBaHWE  PacCMOTPEHHOW
rpynnbl  AMHWA? Jlerko ycMoTpeTb, UTO 3Ta rpynna /fWHWI BO3HUKAET
nyteMm KombuHauum [ABYX MATUKPATHbIX YPOBHEN 3Heprum wn 4to no-
3TOMY Mbl MMeeM [ef0 C CMCTEMOW KBUHTETOB. [lanee, Mbl 3amedaem, 4To-
B KBafgpaTHoi Tabnuue | psajg OTMEYeHHbIX LITPUXaMu MeCcT OCTaeTcs.

TABVNULA 1.
V *
\ 0 1 2 3 4 5 6 1 2 3 4 5 6 7
i
CuvHrynetbl [y6netbl r—2
1 ™o a*1
2 *21 * «21 «22
3 «32 «32 « 33
4 «13 «34
5 «b4 «54 «55
Tpunnetel = 3 KBapTeTbl re= 4
1 *11 «1l2
2 n 2o *21 n 3 «21 « 22 «23
3 *31 «32 «33 «31 «32 «33 «34
4 «4 2 «43 * 44 * 42 « 48 « 4 4 « 45
5 «53 «54 < * 53 «54 «55 «56
KBUHTETbI 7¢= 5 CekcTeTbl + - 6

«13

*21 *22 * 23 % «22 23 «24

«30 *31 «32 «33 K34 «31 «32 «33 «34 «35

AW N R

«41 «42 «43 «44 «45 ((ll «42 «43 «44 «45 «46

«52 «53 «54 «55 ((56 «52 «53 «54 «55 «56 «57

o
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He3aMeLLleHHbIM, T.-e. YTO COOTBETCTBYWOLLME JSIMHWM OTCYTCTBYHOT. [lonbl-
TaemMcs O00BbACHWUTbL CyLleCTBOBaHME HabGMOAEHHbIX SIMHUA W OTCYTCTBUE
HeHabMo4eHHbIX C MOMOLbID NpuHUMNa oT60pa, MPUMMEHEHHOrO0 KO BHY-
TPEHHUM KBAHTOBbLIM 4uc/iaM. 3TO OKasblBaellps BO3MOXHbIM, €Ciu npu*
nucaTtb BEPTUK&IbHbIM W TOPU30HTa/IbHLIM psfaM Te 3HAYeHWUS BHYTPEH-
Hero KBaHTOBOrO 4uCAi j, KOTOpble MpuUBedeHbl Yy KpaeB Tabnuubl |.
Torga Kaxgas W3 CYyLeCTBYIOLWMX NUHWIA OyaeT, COOTBETCTBOBATb OAHONA
M3 Tpex BO3MOXHbIX KOMOWMHauuii: j—>j-f-1, j~*j, j—=*j— 1, Hanp.,
4 <5443 >3

UTobbl pas3obpaTbCsi B CMbIC/IE  YUC/IOBOM CXEMbl, MPUBEAEHHON
B Tab wue I, NOCTPOMM COOTBETCTBYIOLLYK CXeMY YPOBHEl aHeprum (puc. 8),
aHaNorM4yHyto un306paxeHHbIM Ha puc. 3 1M 4 cxemam Aans gybneTtos
N TpunaetoB. [1OBTOPSAIOWMMCA 3HAYEHUSAM PAa3HOCTM  BOJIHOBbIX 4WCEN
Tabnmubl | 6yayT Tenmepb COOTBETCTBOBATb pPa3HOCTU MeEXAY YPOBHEM
aHepruun. OTAeNbHbIE JIMHAW COOTBETCTBYIOT  Pa3/INYHbIM  pa3peLleHHbIM
NpuHUMNOM 0T6opa KOMOGMHaUMAM [ABYX MSATUKPATHbIX FPynn YPOBHeN,
Npu 4eM 3HAYEHUS XapaKTepusyrL X 3TW YPOBHU BHYTPEHHMX KBaHTOBbIX
ynucen yxe ukcuposaHbl B Tabnuue .

Mocne Toro, Kak Mbl TakMM 00pasoM npunucann Kaxaomy YPOBHIO
onpefeneHHOe 3Ha4yeHMe BHYTPEHHEro KBAHTOBOrO 4ucna j, BO3HMKaeT
BOMPOC, KaKne 3Ha4YeHNs asMyTaslbHOro KBaHTOBOMO Ymcna k CooTBETCTBYOT
KaJoW rpynne YpoBHel. 3TOT BONPOC MOXET ObITb pasp LUeH TOMbKO
B CBSI3W C 0OWMM BOMPOCOM O CTPYKType MynbTUNAeToB. 3Ta npobnema
6blna smnupuyeckn peweHa JlaHAs. Mol BUAEnn, 4TO YPOBHSA 3Heprum
*0NpefensanTca TpemMs KBaHTOBbIMW uuciamu n, k w j, uau, vHade rosops,
cuMBOJiIoM MNky OAHAKO CMMBOJT 3TOT OKasbiBaeTe ! HeJOCTATOYHbLIM, M6O UM
He onpefensieTcs KpPaTHOCTb COOTBETCTBYHOLLEFO0 YPOBHS SHEPrUM, TO-eCTb
OCTaeTCsA OTKPbITbIM BOMPOC O TOM, MNPUHALNEXMUT NN AaHHbIA YPOBEHb
cucTtemMe Ay67eToB UAW TPUNMIETOB WU KaKUX-HUOYAb MynbTunaeToB. Hawm,
MC/e40BaTENIbHO, HE0O6XOAMMO elle OAHO, 4YeTBEpPTOe, YMCA0, KOTOpble WMbl,
cornacHo JlaHpgs, o6o3Hauum dYepes r; gna fy6bnetos r— 2, nnsa Tpunne-
T0B r=3 u T. 4.1). Torga Kaxgbli ypoBeHb 3HEpPrum 06yaeT OAHO3HAYHO
onpejesneH cumBONIOM NKT Bonpoc 06 ob6wieli CTPyKType My/bTUMNIETOB
CBOAMTCA K TOMY, 4TOObl YCTAaHOBUTb, CKOJIbKO Pa3INYHbIX 3HAYeHW
N KakKMe WMEHHO 3Ha4yeHWs 4ucsa j COOTBETCTBYHT 3afaHHbIM 3Ha-
YeHUAM uyuncen X u r. MOXeT KasaTbCs, 4TO, Hanpumep, A8 KBUHTETOB,
T.-e. gnA r—5, Kaxiblii YpoBeHb [O/MKEH ObITb MNATUKPATHbIM, COOTBET-
CTBEHHO MATU Pa3NMYHbIM 3HAYEHUSAM 4ucna j. ITo, 0fHAKO, He TaK, 4To
MOXXHO YCMOTPETb XOTA Obl M3 TOro, 4To M Ans fy6netoB n gna Tpunne-
TOB CTYMEeHW 3HEPreTMYeCKOW NecTHULbl K— 1 Bcerja CTporo ogHOKpaTHbI.

{ Yucno r Toxe SABMSETCA KBAHTOBLIM YMC/IOM, MPW YeM, MO BCeli BEPOATHOCTMW, OHO
onpefensieT cobOK BeNMUMHY OOLLIEr0 MOMEHTa BpalleHWs OcToBa aToma, T.-e. TOW ero
BHYTPEHHe YacTW, KOTopas Mo YAaleHWI0 BHELUHEro 3/1eKTpoHa o6pasyeT coboli cooTBeT-
CTBYHOLUMIA HOH.
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VICTVHHas KpaTHOCTb Pas3INYHbIX CTYMNEeHEW 3HEeprumn s BceX 3Ha4vYeHui
I U K yKasaHa B Tabnuue 2, B3ATOW Hamum M3 paboTbl JlaHpga. B aToi
Tabnuue npuBeLeHbl CMMBOJbI NKT BCEX IMHUIA, PaKTUYECKUN CYLLLECTBYHOLLNX
B Pas/INYHbIX cucTemax My/bTUnNeToB. pu 3TOM BCe CUMBOMbI OLHOrO
W TOrO >X€ TOPWU30HTA/IbHOro psja COOTBETCTBYHOT OAHOMY M TOMY XXe
3HAYeHMI0 4YmMcna K, a BCE CMMBO/bI KaX[Or0 BepTMKAaNIbHOr0 psaja — o4n-
HaKOBOMY 3HaudeHWtO uyucna j. W3 Tabnuubl SABCTBYET, 4YTO MO Mepe
BO3pacTaHMA K BO3pacTaeT TaK >Xe M YUCN0 CUMBOMOB B FOPU30OHTAsIbHbIX
psjax, T.-e. 4MCNO NoApas3fesieHWiA YpPOBHEW 3Hepruu, MoKa YWUCAo 3TUX
CTyrneHein He CcTaHeT paBHbIM 4ucny r. Tak, Hanpumep, Y KBUHTETOB
ymcno cTyneHein pacteT oT 1 npm k=1 go 3 npu K— 2, nmoTom fjo 5
npu K— 3 KN 3aTeM Y)XXe 0CTaeTCs MOCTOAHHbIM W paBHbIM 5 Npu K= 4y
5 6, n T. 4. Takum 06pasoM YUCNO T ONpefenserT cobow MepMaHeHTHYIO
KpaTHOCTb YPOBHeN, KOTopas [OCTMraeTcs Mpv OMpegesieHHOM 3Ha4YeHUU K

Ecnn Mbl Tenepb cnpocuMMm cebsl, Kakume 3HaYeHUs asuMyTasibHOro
KBaHTOBOro uncna K Hy)XHO npunucaTb B PacCMOTPEHHOM HaMu MNpumepe
MynbTUMAeETa 060MM MATUKPATHbIM FpynnamMm CTyrMeHeid, TO C MOMOLbIO
Tabnmubl 1l mMbl ybegumcs, UTo B cucTeMe KBUHTETOB BHYTPEHHUM KBaHTOBbIM
ymcnom j=0, 1, 2, 3, 4 cooTBeTcTBYeT K— 3 M uucna j=1, 2, 3, 4, 5
COOTBETCTBYeT K= 4.

TakuMm 06pa3oM Mbl MPULLM . K WUCYEPMbIBAIOLWEMY WCTO/TKOBAHMWIO
Hawero mysnbTunaeta. K coXaneHuto, HY)XHO OTMeTUTb, YTO WMCTO/IKOBaHMeE
3TO He ABNAeTCA e4MHCTBEHHO BO3MOXHbIM. [eno B TOM, 4YTO CYLLECTBYeT
n3BecTHas cBoboda B Bbloope abCOMOTHOrO 3HAYeHUsI BHYTPEHHUX KBaH-
TOBbIX 4YMCEN, COOTBETCTBYIOLLMX Pa3INUHbIM CTYMNEeHAM 3Hepruu. -Ecnmn 6bi
Mbl YBENNYWUAN BCE 3HAYEHUA ] Ha 1 nam Ha 2, TO C NOMOLLbI MpuHUMNa
oTbopa Mbl MOAyYMAM Obl Ty >Xe COBOKYMHOCTb NuHUMA. HekoTopble yka-
3aHMS 0 MNpPaBW/IbHOM BbIGOpPe abCOMOTHBIX 3HAYEHUI YUcna j MOXKHO
nu3Bneyo un3 ,npaswia WHTepBasioB" JlaHA3, KOTOPOE rnacuT, 4To
pasHoOCTM 4acToT MNpPUBAU3UTENIBHO MPONOPLUNOHAbHLI COOTBETCTBYHOLLUM
BHYTPEHHUM KBaHTOBbIM 4ucnam. Tak, Hanpumep, B Hawem npumepe
OTHOLUEHMS MeXJy PasHOCTAMW 4acTOT paBHbI

415,9:288,1:184,1:89,9 — 4:2,7:1,8:0,9
(Torga Kak TeopeTMYecKW LO/MKHO 6bl ObITb 4:3:2:1);
7 292,3:227,9:164,9:106,7 — 5:3,9:2,8:1,8;
TOrfa Kak TeOpeTMYEecKM OTHOLUEHWS 3TW JOMKHblI 6Obl 6blIM pPaBHATbLCA
5:4:3:2.

NTaK, npaBWA0 WHTEpPBa/ioOB HOCUT  MNPUBAMKEHHbI  XapakTep,
HO BCE XX€ M3 HEro MOXHO M3BMleYb BaXHble YyKasaHWA 0 MNpPaBU/IbHOM
Bbl6ope abCoOMOTHLIX 3HA4YeHW umcna j. C MOMOWbLI 3TOro npaBuNa,
MOXHO C W3BECTHOM YBEPEHHOCTbK YCTAHOBWUTb, MPaBUNbHO /A Obln
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BK/IKOYEHbI B PAacCMOTPEHHbI Hamu B Buie Mpumepa My/IbTUMIET NVNHWNIA
X= 3745,900 wn i= 3719 938, cBsA3aHHble C OCTa/IbHbIMX JINHUAMWU NULLb
OAHON eAWHCTBEHHOWN pPa3HOCTbHK 4acToT.

Bonpoc 0 npuHagnexXHoCTN TOW WU UHOW JIMHUK K JaHHOMY MYyNbTU-
NAeTy MOXeT ObITb PeLLeH C MOSIHOM onpefeNieHHOCTbIO U BMOJIHE O4HO3HAYHO
nyTeM W3yYEHUS MarHWTHOrO pacLiensieHns 3ToW NuHMKU. Ha ocHoBaHwii
BeCbMa TOUHbIX W3MEepPeHWn aHOMasbHOro 3gdekTa 3 ee mMaHa, Npousse-
JeHHbIX X. T'm3e nep B cnekTpe xpoma u E. BhKOM B CcnekTpe map-
raHua, JlaHas yaanocb 3MMAMPUYECKUM MYTEM HaNTWU 3aKOHbl aHOMasIbHOIO
ahpekTa 3eemaHa. M3noxeHWe 3TUX OYEHb CMOXHbLIX U 3amedaTesibHbIX
npaBu/ 3aBesio Obl Ha3 CAUWIKOM Aaneko. OCHOBHOW pesynbTar, MOMUMO
YMCTO TEOPETMYECKOro WHTepeca, MMEWLWIA TaKXe MepBOCTENeHHOe 3Ha-
YeHWe N8 aHanun3a CNeKTPoB, COCTOMT B TOM, 0
UYTO ec/iM U3BECTHbI 3HAYEeHNA CUMBOJIA MKTANA LLI J
HayasbHOrO W AN1s KOHEYHOro COCTOSAHUSA
aToMa, nepexofy M3XAy KOTOpPbIMW COOTBET-
CTBYET [aHHas CrekTpasbHas JfIMHUA, TO
XapakKTep MarHMTHOrO pacLiennieHns 3Tol nu-
HMWA MOXeT ObITb MpeAckasaH TeopeTUYeCKM.
CT1aio0-6bITb, €C/IN Mbl U3/10XKEHHbIM BblILLE CMO-
CO60M MpULIAN K OMpejesieHHOMY WCTOJ/IKOBa-
HUIO psja JIMHWIA, TO NPaBWIbHOCTb Hallero
TO/IKOBAaHUSA MOXeT ObITb MpPOBEpeHa MyTem
CpaBHEHNA TeOpPeTUYECKU BbIYUC/IEHHOro Hamu
3eeMaHOBCKOr0  pacliensieHns 3TuUxX JIMHWUNIA
€ (haKTM4YeCKN HabMgeHHbIM. MpUHLUMANaNbLHO
METOL 3TOT WufAeaseH W COBEPLUEHHO TOYeH;
3aTpygHeHne CocToMT TONbKO B TOM, 4TO
HYXXHO, BO-MepBbIX, MNMpousBecTn HabnwaeHne
3eeMaHOBCKOro pacLiensieHus W, BOBTOPbIX,
6e3ynpevyHo TOYHO €ero msMepuTb. WI3BecTHO,

Puc. 8. ilmarpamma ctyne-
HEM O3Heprmm KBUHTeTa
nscnekTpaacenesa. Mexay

yTo TOYHOE W3MepeHMe 3eeMaHOBCKOro pac-
LensieHnss npeacTaBnsieT co6ol OYeHb -TPyA-
HYI0 3aZiauy 1 MOXeT ObITb MPOW3BEAEHO NULLIb
C MOMOLLUBI0 HaWUMYULINX CReKTpanbHbIX Mpu-

OTZEeNbHLIMU

rpynn faHbl 3HaYeHWs paccTos-

HW CTyneHeld B CT~*; Mo BepTu-

Ka/lbHbIM JIMHWSIM HaHeceHbl Au-

Hbl BO/IH CMEKTPasIbHbIX JIHIA,

BO3HMKAIOLLMX NpW COOTBETCTBY-
FOLLIMX CKasIKax.

CTYyMEHsMN  06EeuX -

6opoB (60nbLUME BOrHYTble AUPEHPaKLMOHHbIE

peweTkn). CTapble U3MepPeHUS 6O/bLUE 4YacTbl0 HeCOBEPLUEHHbI WM YacTblo
HerogHbl. [eiicTBUTENIbHO XOpOLIME MW3MEPEeHUs paclwiensieHns 6ObliM npo-
n3BegeHbl B THOUHIEHCKOM ®PusnmyeckoM WIHCTUTYTe r/aBHbIM 06pasoMm
®. MaweHoMME. Bak Ko M. B nocnegHee Bpema a6 kokoMB O6cepBa-
Topun Ha MOYHT BWbCOH HayaTbl OOLUMPHbIE M3MepeHUs 3eeMaHOBCKOro
ahhekTa; 0AHAKO M3MEPEHUS 3TU ANLWb YacTUYHO OMNy6/IMKOBaHbI; TaK 4TO
HeMb3s CyAUTb, HAacKoMbKO OHWM Xopowu. Bo Bcsikom criydae uypesBblyaliHo
KenateNbHO fanbHelillee HaKOM/eHWe IKCMepUMEHTa/IbHbIX AaHHbIX 06
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ahpekTe 3eemaHa, 160 OHO ABNAETCA NpeLBapuUTENIbHbIM YCI0BUEM YCreLw-
HOro aHasn3a C/I0XKHbIX CMEKTPOB.

N Bce Taku, ecnn paxe wu3MepeHbl 3eeMaHOBCKMW3 pacLuensieHus
uccrnefyeMblX JSIMHWIA, He BCerfja ewie MOXHO C MOJSIHOM YBEPEeHHOCThbHO
pewnTb BOMPOC O MPOUCXOXKAEHUWU 3TUX NIMHWUIA. [eno B TOM, Y4TO, COrNacHo
Teopumn J1laHA3, pacwensieHne MHOMMX JIMHUIA HOCUT Ype3BbIYaiHO CNOXHbIN
xapaktep (20 n 6osfiblle KOMIMOHEHT, 4acTblo fexalwmx BecbMa 6/11M3KO0
OpYr K gpyry). B Takumx cnydasx fJaxe C MOMOLLbIO Hauydllero cylie-
CTBYIOLLEF0O B HacTosillee BpeMs 3KCMepuMMeHTanbHOro o06opygoBaHus
Henb3a [O0OUTLCA pasfenieHns 3TUX KOMIMOHEHT, W MPUXOAMTCA OrpaHu-
yMBaTbCA CPaBHEHMEM 06LWeli KapTuUHbl HabNwAeHHOro 3eeMaHOBCKOro
pacLiensieHnss ¢ TeopeTMUeCKON, npegnonaras nNpu 3TOM, UYTO HEKOTOPble
KOMMOHEHTbI CANBAIOTCSA BOEAMHO.

X0TS Mbl U O0TKasbiBaeMcs OT MOAPOOHOro M3M0XKeHUs 3aKOHOB 3eeMa-
HOBCKOro afhtheKTa, BCE >Xe Ha MpuMepe ABYX JIMHUIA PacCMOTPEHHOrO
HaMW MynbTUNAeTa Mbl MOKaXeM, C Kakol MopasvuTeslbHOM TOYHOCTbHO
Teopus coBMagaeT C 3KCMNEPUMEHTOM. 3aMeTuMm, 4TO MpocTble (0fHO-
KpaTHble) nMHUK (r= 1) galoT HOpMasibHbIN 3pdekT 3eemMaHa, T.-e. gawoT
npu TpaHCcBepcaibHOM HaO/AEHUN HOPMa/ibHbIA  Tpunaet 3eemMaHa.
PaccTosiHMe BHELIHMWX, MOMASAPM30BaHHbIX MNEepPneHANKYIAPHO HamnpaBieHUo
MarHMTHOrO MoAs, KOMMOHEHT OT CpeAHeii KOMMOHEHTbl, MONSAPU30BAHHONA
napannenibHO Hamnpas/ieHWNO MO0/s, Ha3blBaeTcs HopmasibHbIM pacLyensieHneM.
AHOMasibHOe pacluensieHMe XapaKTepusdyeTcsa Tem, 4TO €cin 3a efuHULY
BbI6paTh BEIMUUHY HOPMasIbHOrO pacLlensieHnsl, TO PacCTOAHUS OTAeNbHbIX
KOMMOHEHT OT MeCcTa, 3aHWUMaBLLUEerocs HepaclienneHHoW NuHueR, oyayT
BblpaXkaTbCA pauMoOHa/IbHLIMU APO6AMMU.

[pobn 3TM MOryT OblITb TEOpPeTUYECKWM BbIYMC/EHbI HA OCHOBaHWUM
thopmyn JlaHpfs.,B Huxecneaytouleii Tabnuue NpuBeaeHbl pe3ybTaTbl U3Me-
peHns [OBYX NUHWIA Halero MynbTuUnaetra, Npou3BefeHHOro B36KOKOM:

TeopeTnyeckue HabnopeHHbIe

paccTosHMS napag- paccTosiHAA Napas-

NenbHbIX MepneHan- NeNbHbIX NepreHan-

X KY/ISIPHbIX KOMTOHEHT. KY/ISIPHBIX KOMIOHEHT.

3748,264 0 ‘a 0 0,498
\5 22 0,53 1,0

— 32 — 1,50

3722,565 V* \b 0,48 0,498
22 22 0,996 1,0

— */| — 1,50
— 42 . — 2,0

MTaK, Teopus MPeBOCXOAHO cOornacyeTcs C ONbITOM. TO XXe MMeeT MecTo
N ANA MHOTUX [PYriiX JIMHUWIA.

C nomoLLbl0 OMNUCaHHbIX Bbile CNOCO60B, KaK YXe YKasbiBanoch,
yfanocb HalTW B CNEKTpe >Xefnesa 60MblLUOe KOMMYECTBO MY/bTUMIETOB U
JaTb UM TEeOpeTMYeCKOe UCTO/IKOBaHMWe, T.-e. 0XapaKTepu3oBaTb UX Onpe-
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LeNeHHbIMN 3HaYeHUAMW KBaHTOBbIX 4ucen. [pu 3TOM BbIACHW/IOCH, YTO Te
pasHOCTM 4acToT, C MOMOLLbID KOTOPbIX B PacCMOTPEHHOM HaMW MyNbTU-
MnneTe BbIPAXAKOTCA PaCCTOAHUA MeXAY OTAe/IbHbIMU YPOBHAMU 3HEPruu,
NOBTOPAIOTCA TakKXe W B Apyrnx MynbTunnetax. OcC06eHHO 4acTo MNOBTO-
pstTca pasHocTm 415,9, 288,1, 184,1 n 89,9 (B 16 M3BECTHbIX K HAacCTOs-
WwemMy BpemeHU MysnbTUNNeTax). C TOUKM 3PEHUS CXeMbl 3HEePreTUYecKux
YPOBHEI 3TO 03HA4aeT, YTO BCE 3TU My/bTUMAETbI COOTBETCTBYIOT nMepe-
X04y aToma C pas3/IMUHbIX HOBbIX TFPYMNM YPOBHEW Ha W3BECTHYK YXKe Ham
N3 M3yYeHUS Hawero MyfnbTUNMeTa rPynny YypoBHEN, paccTOAHUA Mexay
OTAENbHBIMU CTYMNEHSIMW KOTOPOW paBHbl 3TUM pa3HOCTAM. Takum 06pas3om
MOXHO OMpeAennTb PacCTOAHUSA 3TUX HOBbIX TFPYMNM YPOBHeR OT MPEeXHUX.

Puc. 9. padmueckoe wn306paKeHMe W3BECTHLIX B HACTOSILLEe BPeMsi CTYMEHel 3Heprum
B aToOMe >Kenesa.

TakMMm nyTeMm CO034aeTcsa cuctema rpynn YpPOBHelW, KoTopas Mo Mepe BO3-
pacTaHus 4ucna M3BECTHbIX MY/bTUMMNETOB CTaHOBMTCS Bce Gosee u 6onee
CNOXHOW. M3BeCTHble K HACTOALEMY BpPEMEHW B CMEKTPE >Xese3a YPOBHM
3HEPrMm cxemaTuyeckm un3o6paxkeHbl Ha puc. 9. UTo6bl He 3anyTbiBaTb
YpEe3MEePHO 3TOM CXeMbl, Kaxpgas rpynna YpoBHelW wn3obpaxeHa Ha He
O[JHO TONbKO TOPW3OHTA/IbHOM uYepToil. Tak, HanpuMmep, camas HWKHSASA
CTyneHb 3TOl gnarpammbl (0603HayYeHHan 4epe3 3d) TOXAECTBEHA C HUWKHEeN
rpynnoii ypoBHeli pacCMOTPEHHOro Hamy MynbTunneta. COOTBETCTBEHHO
3TOMY BCE MHOFOYUC/EHHbIE JIMHUW KaXAOro OTAeNIbHOro MynbTunseta
N3006paXKeHbl O4HOM eAWHCTBEHHOI BEPTMKA/IbHOW CTPENKOW, COeMHSIOLLIEN
[Be COOTBETCTBYIOLLINX FOPU3OHTaNIbHbIX CTYNEHW. Y KaXol TakoW CTpenku
npvMBedeHa AnnHA BOMHbI CaMOl SIPKO NIMHUWM COOTBETCTBYHOLLEFO My/ib-
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TunNneTa, Hanpumep, B Hawem wmynbTuniaete 3720 (OKPYrfieHo BMECTO
3719,938).

Bce cTyneHn pacnajatoTcs nNpexie BCero Ha TPW raBHble TPYMnbl,
COOTBETCTBYIOLLME TPEM HaWfeHHbIM B CMEKTpe Kefesa My/bTUMNIeTam.
MoMMMO KBWHTETOB, /IMHMM KOTOPbIX Mpeo6najaldT KakK Mo KOJMYecTBY,
TaKk M MO SPKOCTW, HalgeH Obin TakXke psaj TPUMNAEToOB, a B Moc/nefHee
Bpemsa JlanmopT Hallen ele HeCKO/bKO cenTeToB. Kpome Toro, BcTpe-
yalTCad N KOMOMHaUMM MeXAy KBapTeTHbIMW W TPUMIETHbIMUA YPOBHSMU,
a TakKXe Mexay KBapTeETHbIMM W CenTeTHbIMW. Ha Hawel guarpamme
OTfe/IbHbIE CTYMEHW PacnosioKeHbl TakK, 4YTO BHYTPU KaX[oW CUCTEMbI
MYNbTUMNETOB APYr Haj APYroMm CTOAT CTYMeHW, COOTBETCTBYHOLLME OAWHA-
KOBOMY 3HaudeHM0 u4ucnia K. CneBa KaXAoi CTyneHW CTOMT ee CMeKTpo-
CKOMMYecknin cumBon no JlanopTy (4MTatento, He 3HAKOMOMY C 3TUMU
0603Ha4YeHNsAMKN, He CTOMT noKa obpawarb Ha HUX BHUMAaHWE), cripaBa
yKasaHa Haubonbllas pasHOCTb YacToT, BCTpevawwasaca B 0603HaYeH-
HOW OAHOK TrOPWU30OHTAsIbHOW 4epToil rpynne ypoBHeW 4159 y Hawe
rpynnsi 3d.

C nomowplo puc. 9 MOXHO pasobpaTbCA B HEKOTOPbIX XapaKTepHbIX
0COOEHHOCTSAX CMeKTpa >Xenesa, BcTpevawwmxcs mutatis mutandis Takxe
N B LPYTUX CAOXHbIX CreKTpax. Mbl yKasbiBasv, 4YTO OfHA M3 CyLLeCTBeH-
HbIX XapaKTepucTUK CepuasibHOro CcnekTpa COCTOUT B TOM, YTO YPOBHMU
3HEpPruKn, COOTBETCTBYHOLLME OLHOMY M TOMY XK€ 3HauyeHU K, obpasyioT
CO00I0 N1IECTHULY, PacCTOAHUS MEXAY CTYMNeHSMWN KOTOPOI yb6biBatOT Nno onpe-
JeneHHOMY 3akoHy. W3 Hawel guarpammbl SABCTBYET, UTO B CMeKTpe
enesa fAenno 06CTOUT COBEPLUEHHO MHade. PaccTosHUA Mexay nexawmmu
OPYr Haj ApYroM CTYMeHAMW, HEeBUAVUMOMY, HUKaKOW 3aKOHOMEPHOCTM He
NoAYMHAKTCA. HyXXHO, 0gHaKo, OTMeTUTb, YTO MYyTEM Hajfnexallero otéopa
CTyneHelk MOXHO BblAe/MTb Te W3 HUX, KOTOPble MNpUHagexaT OfHON
onpegeneHHoM necTHuue. 3TO yjaetcs, Hanpumep, caenatb € Temu cTyne-
HAMW CUCTEMbI KBWHTETOB, [/ KOTOPbIX K— 3. [10 BCeli BEPOSATHOCTM,
Te M3 3TUX CTYNeHei, KoTopble 0603HayeHbl 4epe3 3d, id, 5d, sBnsawTCA
Havya/IbHbIMW CTYNEHAMMW OMpejesieHHON NecTHMUbI. Ecan MbICneHHO npo-
JO/DKUTb 3Ty NECTHULY, BOCMO/Ib30BaBLUMCL AJ/11 3TOr0 M3BECTHLIM 3aKOHOM
Cepuii, TO MOXHO OMpefesinTb BEPXHIOK ee TrpaHuuy, 0603HAYEeHHYH Ha
AnarpaMMe TOpWM3OHTaNbHOM uYepToi a>d. 3Ta rpaHuua COOTBETCTBYET
OTfeneHno 3N1eKTpPOHa OT aTtoMa; Mo ee BbICOTe MOXHO BbIYMCAUTb MOTEH-
uman MoHM3auMn atoma >xefesa, OKasbiBawwmiica pasHbIiM 8,15 BonbTa.
Mexgy CTyneHSIMW 3TOW NecTHMUbI nexaT cTyneHu dl, d2, d3 npuHagne-
aliue, BEPOATHO, K COBCEM ApPYyromy Knaccy W SABASOLMECS, ObITb MOXET,
Haya/lbHbIMW CTYMEHW psga APYrMX SHEPreTUYeCKUX JecTHUL, rpaHuLbl
KOTOPbIX 3HAYUTE/IbHO OT/INYAKTCA OT TOMbKO UYTO BbIYUC/EHHbIX Hamu
rpaHuubl end. UTo 3TW CTyneHW NpuHagnexat K APYyromy Knaccy, ABcTByeT
X0TS 6bl M3 TOr0, YTO M3BECTHbI MEPEXOAbl MeXAy HUMU W CTYNeHsMU
3d, 4d Haweli necTHMUbl. XOTA nepexofbl 3TU W 3anpeLleHbl MPUHLUMNIOM
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oTbopa (W60 B paHHOM crnyyae KK—.0), BCe >Ke COOTBETCTBYWOLMNE UM
NMMHUKN  obnafatoT 3HAUUTENIbHOW WHTEHCUMBHOCTbLIO. Bornpoc 06 WCTONKO-
BaHUM 3TUX MNepexofoB fJasieKo euwie He peweH. CornacHo B3rnsgam bBopa
MW BeHTUe N4, 3TUM TpynnaMm JIMHUX COOTBETCTBYIOT TakKuMe W3MeHeHUs
COCTOSAHUA aTOoMa, MPWU KOTOPbIX M3MEHSEeTCA KBaHTOBas opbwuTa He OA4HOro
TONbKO, a [BYX WAN HECKONbKUX €ero 3/eKTpoHoB. [lyTem o0606LeHnA
npuvHUMna oTt6opa Jlanm opTy yjanocb pasfennuTb BCE YPOBHU 3HEPruu
Ha ABe rpynnbl TaK, YTO BHYTPWU KaXAOW rpynnbl Nepexofbl MeXAy 0TAesb-
HbIMW YpPOBHAMW [logumHsaTca 06bl4HOMY npaBuay oT6opa (A= YUk 1),
Torga Kak W3 4ucna BO3MOXHbIX MEPeX0A0B MeXAy ABYMS YPOBHSMM,
nprvHagnexawymm AByM pasiMYHbIM FpynnamM, OCYLLEeCTBASITCA TO/bKO Te,
ansa kotopbix %= 0. K nepBoii rpynne OTHOCATCA, Hanpumep, YMNOMSHY-
Tble yXXe ypoBHUW 3d, 4c?, 5C?. YpOBHM BTOPOW Fpynnbl OTMEYeHbl YepToid,
NpoOBeAEeHHON Haf WX CNeKTPOCKOMWYECKMM CUMMBOJIOM, CTOALLUM Ha Hallel
juarpamme cfieBa Yy CTyneHeli; TakoB, Hanpumep, ypoBeHb dl. UTo 3Tu
«LTPUXOBaHHbIE» CTYMEHU He MOAYMHSATCA 00bIY4HbIM CepUanbHbIM 3aKo-
Ham, SBCTBYeT XOTA 6bl W3 TOro, 4YTO PacCTOAHUA MeXay OTAe/bHbIMU
CTyneHbKamu, Ha KoTopble pacliennsieTcs KaxXiblii YpOBeHb, He YObIBalOT
Nno Mepe BO3pacTaHUs BbICOTbl YPOBHA. Mbl X0Tenmn 6bl elie OTMETUTb, YTO
JaXe Yy BbICOKMX YPOBHEW 3TW pacCTOSHUA MeXay OTAeNbHbIMUA CTYNeHb-
KaMy HeobbluaiHo Benuku (Hanpumep, y J* Av= 587 cu1). B To Bpems
KaK B HOpPMasibHbIX CepuasibHbIX CMeKTpax Wb B PeAKMX Ciy4vasax ygaeTcs
[O0KasaTb CaMblil (haKT pacliensieHMs YPOBHEN, COOTBETCTBYHOLWMX 4=54,
B paccMaTpuBaemMOM C/lydae pacluensieHne 3TO OYeHb BEUKO.
3ameyaTenbHO TakXe, YTO B KO/MYECTBEHHOM OTHOLUEHMM npeobna-
AT YpPOBHM, COOTBETCTBYHLLME O60MbLUMM 3HAYeHUSAM 4ucaa K. B To
BPEMS KakK B paHee WU3BECTHbIX CMeKTpax Mpeobnagany MNepexodbl Mexay
cTyneHAMn & =1 u k= 2, Haubonee ApPKWe NUHUN B CNEKTPE >Xesesa
COOTBETCTBYIOT nepexogam Mexgy kK— 3 u kK—4. Kpome TOro, 3gecb
BCTPeYalTCsa CTYMeHU C asuMyTa/lbHbIM KBAHTOBbIM 4MCOM K— 5, paHee
ObIBLUME W3BECTHbIMW TO/ILKO MO M3MepeHWsIM [lalwe Ha B WCKPOBbIX
crneKTpax. BbicoTa aTuX CTyreHel, a TakXxe OTHACTW M BbICOTa CTYyMNeHel
K*~=3 n 4= 4, cBMAETeNbCTBYeT O TOM, UYTO BHELIHWI/ 3MEKTPOH, Haxo-
AACb Ha opbuTax C BbICOKMM 3HAYeHMEM asMMyTaslbHOro KBaHTOBOrO 4mMcna,
CBA3aH C aToOMOM ropasfo MpoYyHee, YeM 3TO UMEET MECTO Ha COOTBETCTBY!O-
lwmx' BOAOpoAoNoAc6HbIX OpbuTtax. Tak, Hanpumep, 3M1eKTPOH, HaxoasLWMiics
Ha opbuTe K~3, COOTBETCTBYHLLMA HU3LWIEMY YPOBHK 3Heprum 3d, CBSI-
3aH C aToMOM B 5 wauM 6 pa3s npoyHee, Yem 3/IEKTPOH Ha COOTBETCTBYHOLLLEN
BOAOPOAHON opbuTe. Takme 0COBEHHO MPOYHbIE CBA3U WCTO/IKOBbIBA/INCH
[0 CMX MOp Ha OCHOBEe MPeAnosIoKeHUs, YTO COOTBETCTBYIOLLME VMM OpPOUTHI
MPOHMKaT r1y60KO BHYTPb aTOMa, BHYTPb OKpPY>XalowWux ero opbuT apy-
rMX 3NeKTPOHOB (CMOTPW, HANMPUMEP, XOPOLLUO W3BECTHbIE YEPTEXWU B MOCBS-
leHHOW Bbopy TeTpagn >ypHana ,Naturwissenchaften»). OpHako COMHU-
Te/lbHO, MOXHO NN 06bACHUTb MOACGHBLIM >Xe 00pa3oM OpoWUTbI 3/1EKTPOHa
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B aToMe >Xenesa. Boobuie, HY)XHO MpuW3HaTb, 4YTO PSR OTAENbHbIX 3aMeva-
TeNbHbIX 0COBEHHOCTEN, BbICHUBLUMXCA MNPWY U3YYEHUUN CAOXHbIX CMEKTPOB,
NVWb ¢ TPYAOM MNOAJaeTCA OOBLACHEHMIO Ha OCHOBE COBPEMEHHOl Mogenv
s/[roma. AHanuM3 CMEKTPOB M03BO/MSET C OO/MbLUOK TOYHOCTbIO OMPEeAenvThb
3HEPru 3M1eKTPOHA Ha pas/IMyHbIX ero opbuTax, Ho camasi, hopmMa 3STUX
Op6UT HECOMHEHHO O4YeHb CNOXHAa, TeM 060flee YTO KakK pas B rpynne
3M1EMEHTOB OT CKaHAWS [0 HUKeNs BHOBb YNaB/IMBaeMble 3M1€KTPOHbI
MOMNOJTHAIOT CO60K BHYTPEHHIOK TPpyMMny TPeXKBaHTOBbLIX 3/1EKTPOHOB, Torja
acak YeTbIpPEXKBAHTOBbIE 3/1EKTPOHbI MOSABAAKTCA YXe Ha npeablayLymx
BCTYNeHAX MepuoaUYECKOM CUCTeMbl 3/1eMeHTOB. Bonee TOro, MOXXHO COMHe-
BaTbCA faXe B TOM, UMEIOT NN KBa&TOBble YMCNA B CAOXHbLIX CAEKTpax
TO e (hM3nYeckoe 3HaueHWe, Kak M B MpocThbix. [paBga, ecnvM BOCMOMb-
30BaTbCA 3MMMPUYECKN 0606LLEHHBIMU MNpaBuiaMn, TO aHann3 CreKTpPoB
N03BONAET MOYTU COBEPLUEHHO OAHO3HAYHbLIM 00pa3oM onpefensATb YUCMEH-
Hble 3HaYeHUS KBAHTOBbIX YMUCesN, COOTBETCTBYHOLIUX PasIMYHbIM YPOBHAM
3Hepruu atoma. Ho HyXHO Bcerja MMeTb B BMAY, YTO 3TW NpaBu/a, MMEHHO
NIOTOMY, 4YTO OHM MOMYYeHbl 3MMAMPUYECKMM MyTEM, B 3HA4YUTeNbHOW Mepe
HOCAT (hopManibHbIA ‘XxapakTep. [lepef TeOopeTUYeCKMM MCCNefoBaTe/IeM
3[leCcb OTKpPbIBaeTCsA LUMPOKOe Mosne feAtenbHocTU. K coxaneHuto, [ocTu-
rHyTble B 3TOW 06nacTu pe3y/nbTaTbl MOKa ELLe O4YeHb HE3HAYUTESbHbI.
Jaxe B MpoOCTelLLMX CAy4vasix BbIYWUCAEHUS CTAHOBATCSA O4YeHb COXHbIMU
W He NpUBOAAT (Hanpumep, B Ciay4vae MOAenn aTtoma renvs) K yAOB/eTBO-
puTenbHbIM pesynbTaTam. [loBMAMMOMY, 3fecb MPUAETCA elle MpeojoneTb
psAg4 3aTpyAHEHWI r1yb0KOro NPUHUMANANbLHOIO XapakTepa, — 3aTPYLHEHWIA,
NpMYMHa KOTOPbIX JIEXWUT, ObITb MOXET, B TOM, YTO 3aKOHbl MEXaHWUKMN He
NPMMeHVMbl B TerepellHeil uMX (opMe K pacyeTy 3MeKTPOHHbIX 0OpouT
B Tex Cay4asix, Korga VmeeT MeCTO B3aUMO[ENCTBUE HECKOSIbKMX 3/1eKTPO-
HOB, ABMXYLLMXCA BOKPYr agpa.

B 3aknioueHnMe Mbl BKpaTle, He BAaBascb B [eTanu, OCTaHOBUMCSH
Ha Tex 3aKOHOMEPHOCTHAX, KOTOpble OblM HalijeHbl B CreKTpax Apyrux
3feMeHTOB. CnekTpbl BCeX 3/IEMEHTOB, €eC/M TONbKO OHW BOOOLLE HOCAT
.MyNbTUMNETHBLIA XapaKTep, OT/IMHAKTCA TEMMU Xe XapaKTepHbIMU CBOCTBaMM,
C KOTOPbIMW Mbl MO3HAKOMUAUCL Ha npumepe enesa. Oco6eHHO MOAPOOGHO
N3y4yeHbl, NOMVMO >Kefesa, 3/eMeHTbl TWTaH, BaHafguii, XPOM U MapraHeL;
Yy CKaHAusa TOXe HaWlfgeH psag MybTUNAETOB, TaK 4YTO B rpynne 3/1eMeHTOB
0T KaaMa [0 MeAn OCTalTCA HEeu3BeCTHbIMM TOMbKO Ko6anbT U HUKENb.
*OfHaKo, M0 MMEKLMMCA Y HAC CBEAEHUSAM, B HACTOSALLEE BPEMS YXKe BefeTcs
nccnefoBaHne 3TUX 3MeMeHTOB. HaifgeHHble B cneKTpax 3TUX 3/1EMEHTOB
-CMCTEMbI MYNbTUMETOB CBeAeHbl B Tabnuuy 3 (no KaTan aHy).

M3 Tabnuubl ABCTBYeT, YTO NpPW MNEpPexofe OT 3/IeMeHTa K 3/IEMEHTY
NPONCXOAUT YepefoBaHUe YETHbIX CUCTEM MY/bTUMNAETOB C HEYETHbIMWU.
B aTom 3akntovaeTca 0606LieHMe Tak Ha3biBaeMoro PligbeproBckoro 3akoHa
yepepoBaHuii (Wechselsatz), cornacHo KOTOpOMY B NepwOAUYECKOl cucTeme
AybneTbl 4epegyloTca ¢ TpunaeTamu.
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TABNNLUA 111,
K Ca Sc Ti Va Cr
CuHrynewu (CuHrynetbI) (CuHrynetbl)
[Jy6netbl [Oy6netsl (Oy6neTtbI)
Tpynnetbl Tpunnetbl Tpunnetbl
KsapTeTbl KBapTeTbl
KBUHTETHI KBUHTETHI
CekcTeTbl

CenTeTbl

[anee Mbl BMAMM, 4YTO NpU nNepexoje OT NeBOW YacTu Tabnuubl
K MpaBOil HeNpepbIBHO BO3pacTaeT KpPaTHOCTb HauMBbICLLIEA MYNbTUMNNET-
HOM CUCTeMbl, BCTpevalolleiics B CMAeKTpe fJaHHOro 3asemeHTa. B ckobkwu
3aK/loYeHbl Te CUCTEMbl MYy/bTUMNAETOB, KOTOpPble MOKa ewe He 6blu
HabnwgeHbl. Mbl  ocTaBisieM OTKPbITbIM BOMPOC O TOM, NMpaB M Obin
KaTtanaH, BkIO4ad 3TW  rUnNoTeTUYecKMe  cUCTeMbl B Tabnuuy..
Bo BCAKOM Ccryvae 3aKOHOMepHOe BO3pacTaHWe KPaTHOCTU MYSbTUMIETOB
bpocaeTtca B rnasa. [locnegHsasa pa6ota JlaHgs w [eiseHbepra
ABMIAETCA BaXHbIM LUAroM Ha MyTU K MNOHWMaHUI0 3TOW 3aKOHOMEPHOCTW.
dTa paboTa 3acTaBnseT AymMarb, YTO Mbl MOCTEMEHHO HayYuMHaem pasbu-
paTbCsA B 3arafke W TakKuUX C/IOXKHbIX CMAEKTPOB, KOTOpble BOBCe He o06na-
AT  0ObIKHOBEHHbIM MYNbTUM/IETHBIM  XapaKTEePOM, KaKOBbl, Hanpumep,
CNeKTpbl 61aropogHbIX rasoB 1M 3nemeHToB IV 1 V rpynn neprmogvyeckoi
cucTembl. PacliensieHne YpPOBHeR 3HePrun B 3TUX CMAeKTpax He nojyu-
HAETCHA MpaBuny uHTepBanoB J1aHA3; 3eeMaHOBCKOe pacliensieHue IMHUU
3TUX CMEKTPOB TOXE He MOoAJaeTCA WMCTONKOBAHWMIO C MOMOLLBID MPEXHUX
npaBun JNlanpgs. Mo JlaHas mn MeiizeHb6epry, CAeKTPbl 3TU AO/MKHbI
ObITb OTHECEHbl K TaK Ha3blBaeMbIM MY/IbTUMNMETHBIM CMEKTPaM BbICLLMX
NopsLKOB; MosIBAeHUe MOLO6GHbLIX CMEKTPOB MOXeT OblTb MOHATO Ha OCHOBE
TOF0 XXe ,,MpMHUMNAa pasBeTB/EHUA", KOTOPbIA BeAeT K 00BbSACHEHMIO Tex
3aKOHOMEpPHOCTe, OTMeuYeHbIX Hamu npu  paccmoTpeHun Tabnuubl |11
Bblno 6bl nNpexaeBpeMeHHO BXOAUTb B 60n:e MNoApPo6HOe paccMOTpeHue
3TUX BOMPOCOB, HaxOAALMXCA B CTaguu pasBuTusa. HeobblyaliHble ycnexu
B 06s1acT unccnefoBaHMS CNEKTPOB, MOJIyYEHHbIE B TeYeHbe, O4YeHb KO-
pPOTKOr0o BpeMeHW, MO03BONSAT HaAesATbCHA, 4YTO He B CAWULIKOM [AasieKoM
Oyayliem Ham yaacTcs paspelnTb M OcTaBLUMECs noKa HepasrafaHHbIMU
CMNEeKTPasibHble 3arafku, YMCI0 KOTOPbIX €Lie JOCTATOYHO BESINKO.



