CTPOEHUE MOIJIEKYJl. MONEKYNAPHbBLIE CMNEKTPbI.

Mornekyna — HauMeHbIash YacTHIla JaHHOTO BEIIeCTBa, 00Jaaronas ero OCHOBHBIMU
XUMUYECKUMHU CBOMCTBaMH. MoJieKyja COCTOUT K3 aTOMOB, COCAMHEHHBIX MEXKIy COO0Oi
XUMHUUYCCKUMHU CBA3sIMU, O6YCHOBJI€HHI)IMI/I B3aHMOI[CI>iCTBHeM BHCIITHUX BHCKTpOHHI)IX
000JI0YEK.

st Toro 4toOBl pa3beAMHUTH MOJIEKYJBl Ha aTOMBI, HY)XHO COBEpIIUTH padoty. Ilpu
00pa30BaHUM MOJICKYJIbI BhIACIsACTCs SHeprust. OHa HAa3bIBACTCS SHEPIHel JUCCOIMAIINH HIIH JKe
3HepFHCfI CBsA3U. BHCpFI/IFI aucconuanu OTpI/IIIaTCJH)Ha. HaJII/I'-II/IC 3H€pFI/II/I CBA3N YKa3I)IBaeT Ha
TO, 4TO CyHIeCTBYIOT MCXKATOMHBIC CHUJIBI.

Monekyna eodopoda

BaxxapIM ycriexoM KBaHTOBOW MEXaHMKU ObUT YCTEIIHBIA pacyeT MOJIEKYJbI BOJIOPOJA,
npoBeAeHHbIN [ alitnepoM u JIongonoM. [IpencrtaBum MosieKkyiny BOJIOPOJIa, COCTOSAINYIO U3 ABYX
aTOMOB, KaK CUCTEMY, COCTOSIIYIO U3 ABYX sifiep A U B 1 AByX 371eKTpoHOB [ u 2, PucyHok 1.

2

Pucynok 1
O003HaYUM:
s = R — paccrosiHue Mexy spamu,
I, — PACCTOSIHME MEXK/Y IEKTPOHAMH,
I, — PACCTOSIHHE MEXY SIIPOM A U JIEKTPOHOM 1,
I,z — PACCTOSIHUE MEXIY ApOM B U 3JIEKTPOHOM 2,
I,, — PACCTOSIHUE MEXIY ApOM A U 3JIEKTPOHOM 2,
Iz — PACCTOSIHME MEXY SIAPOM B U 3JIEKTPOHOM 1,

Hpe,[[CTaBI/IM MNOTCHIUAJIIbHYIO SJHCPIrUr0 MOJICKYJIBI KaK CYMMY SHCPFI/Iﬁ I[IoIIapHoro
B3aMMOJICHCTBHUS QJICKTPOHOB H AACP

1 e2 e2 e2 e2 e2 e2

dreg\ Rap 2 A B hB A
Mornekyna BOJOpOAa CONCPKHUT JBa JJEKTpoHA ((epMHOHA). AHTUCHMMETpPHYHAS
BOJIHOBas (byHKI_[I/IH TaKOI>’I CHUCTCMBbI OHpeﬂeHHeTCH HEC TOJIBKO HpOCTpaHCTBeHHBIMI/I
KOOpI[I/IHaTaMI/I, HO U CIIMHaAMHM BHCKTpOHOB.
AHTUCHUMMETPHYHYIO BOJHOBYIO (PYHKIIMIO MOYKHO TIOJIy9HTh, YMHOXassi CHMMETPHYHYIO
KOODIMHATHYIO  (YHKIMM HAa  AHTUCUMMETPHYHYIO  CIIMHOBYI  (QYHKIHIO,  JHOO
aHTI/ICI/IMMeTpI/I‘{HYIO KOOpI[I/IHaTHYIO Q)YHKHI/II/I Ha CI/IMMeTpI/IqHYIO CHI/IHOByIO (I)YHKL[I/IIO
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Ecnu cnuHBl  2JIEKTPOHOB  OpPUEHTHPOBAHBI OJUMHAKOBO (11), TO IepecTaHOBKA
AJIEKTPOHOB HE MEHSIET CIIMHOBYIO BOJIHOBYIO (DYHKIIHIO, OHa cuMMeTpuuHa. CyMMapHBIN CITUH,
PaBHBIN B 3TOM cilyyae 1, MOKET OpPUEHTUPOBATHCS B IPOCTPAHCTBE TPEMSI CIIOCOOAMHU, IOATOMY
COCTOSIHME HA3bIBAETCS TPUILICTHBIM.

Ecnu cniuHBI 3EKTPOHOB aHTUNApALIENbHBI (1)), TO CHUHOBAas BOJHOBAs (YHKIUS
anTucuMMeTpuyHa. CyMMapHBIi CIIMH PaBEeH HYJIIO, & COCTOSIHUE Ha3bIBACTCSl CUHIJIETHBIM.

Ecnu aTombl pa3BesieHbl Ha 3HAUUTEIBHOE paccTosHue, R — oo, TO BONHOBBIE GYHKINU
NIEKTPOHOB [ W 2 TOYTH HE IMIEPECEKAIOTCsl M AaTOMbl HE B3auMoJeHcTBYIOT. Toraa
MPOCTPAHCTBEHHBIEC BOJHOBHIE (DYHKIIMH CUCTEMBI MOKHO 3aIHCaTh:

B CHHIJICTHOM COCTOSIHUU CUMMETPUYHOM (yHKIHEH v, = C, (e (2)+ v, (2w (1)),

B TPUIUIETHOM COCTOSIHUM aHTHCUMMETpU4HOU GyHKImel i, =C, (l//A(l)(//B (2)—1// A(Z)I,VB (1)),
rne C,, C, — mocrossHHBIE HOPMUPOBKH. BaxHO, 4TO XapakTep CUMMETPHH BOJHOBBIX (DYHKITHIA
HE MEHSETCS OT PACCTOSHUS MEKIY sSJIPaMHU.

B nepBoM npuOIMKEHUN SHEPrUI0 B3aUMOJICHCTBUS aTOMOB MOJYKHO IPEICTaBUTh Kak
U=2U,+AU, roe U, — sueprus cBobomHoro aroma, a AU — noGaBka, 3aBucsmias OT
pacCTOSIHUS MEXTy siipaMU U 00yCIIOBICHHAs KyJOHOBCKUM B3aUMOJIEHCTBUEM aTOMOB.

B TpumnierHoM cocTossHUM 3Ta 100aBKa UMEET BUJ

AU, =U_ +U,,
B CHHIJIETHOM
AU, =U,-U,,
rae U, — cpeaHsis sHeprusl KyJIOHOBCKOTO B3aUMOJEHCTBUS aToMOB, U, — 0OMeHHast SHeprus.

OOmeHHas sHeprus — KBAHTOBBIM 3((deKkT, He HMMEIoIUH aHAJIOrOB B KIIACCHYECKOU

MexaHuke. OOMEHHbIE CHIIBI HE UMEIOT 0c000i (hpu3nueckoi Ipupojbl, B OCHOBE 0OMEHHOIO

B3aMMOJICHCTBHS JIEKUT KYJIOHOBCKOE B3aUMOJICUCTBUE AJIEKTPOHOB M siep. OQHAKO, KaKIbli
AJIEKTPOH, KaK TOXKJIECTBEHHO HEpa3InuuMas 4acTUIla, MOXKET OJJTHOBPEMEHHO HAXOJIUThCS KaK B

COCTOSIHUH I/, , TAaK ¥ B COCTOSIHUU Y/ .

Xapaktep 0OMEHHOU CHJIBI MEXIy aTOMaMH BOJIopoa (TPUTSDKEHHUE WIIH OTTaIKWBAHHUE)
3aBHCUT OT 3HaKa OOMEHHOW HSHepruu. JlBa aTtoMa BOJOpOJA, HAXOASAIIUECS B CHHIJICTHOM
COCTOSIHUH, IPUTATHBAIOTCS, & B TPUIUIETHOM COCTOSIHUH - OTTAJIKHBAIOTCSI.

AU(R)

AUa

AUs

Ry/a R/a

Pucynok 2
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Ha PucyHok 2 npuBeneHbl pe3ynbTarhl pacuera 100aBOYHOM dHEpruu Ajs JAByX aTOMOB
BojIopoJa. PaccTosiHue 1o ocu aGcuuce OTI0KEHO B paguycax 00poBckoit opoutsl. Kak BugHO
u3 rpagpuka AU, oOpa3oBaHHE MOJIEKYJIBI HEBO3MOXKHO, €CIIH aTOMbI HAXOAATCS B TPUILIETHOM

COCTOSIHUU.
B cuHIIIETHOM K€ COCTOSIHMM Ha paccrosHuAX R; ~1.5a sHeprus umeer MHHUMYM,

COOTBETCTBYIOIIMI YCTOMYMBOMY TIOJIOKEHHIO aTOMOB. [JyOMHAa TMOTEHIMAIBLHOW SMBI
OTpeIeTIsieT PHEPTUIO TUCCOIIMALIMY MOJIEKYJIbI Bogopoaa D = AUS(R). Pacuersl 3Hauenuii R, u

D, u3BeCTHBIX U3 OIbITA, JAJIH IPEKPACHOE COIJIACHE.

DONeKTpOH B aTOME BOJOpOJia MOYKHO paccMaTpuBaTh Kak BOJHY, a OpOUTanb - Kak
cTostuyto BOJHY. Ilpu cOnmkeHMH aToOMOB OpOWTAlM HAYMHAIOT IMEPEKpPHIBAThCsA. Bo3HHMKaeT
uHTEephEpeHIIL BOJIHOBBIX byHKIni B obnactu IIEPEKPBIBAHUS. VYcnosue
UHTEPPEPEHIIMOHHOTO MakcuMyMa (YCWJIEHUS]) peanu3yeTcsi, B CiIy4ae €clid CIHHBI
aHTUNapayieNbHbl  (CHUHIJIETHOE cocTosiHue). Ecnu  cnuHBl  mapamienbHbl  (TPUILIETHOE
COCTOSIHUE), TO pealln3yeTcs YCI0BHE HHTEP(PEPEHIIMOHHOTO MUHUMYMa.

Ha pucynke mnpuBeneHbl cxeMaTH4Hble H300paK€HUS aromMa BOJOpoJa U JBYX
COJTM3UBILKXCS] ATOMOB, HaXOSIIMXCS B CUHIJIETHOM M TPUIUIETHOM COCTOSIHUSX.

Tl T

Pucynok 3

IInoTHOCTE QJICKTPOHHOT'O o0Ojaka JBYX aTOMOB BOJOpOoJa B CHHIJICTHOM COCTOSHHUH
CYIIECTBECHHO BBINIC MECXKIAY AApaMH. IlomoxuTenpHO 3apsOKCHHBIC sdApa IIPUTATHUBAIOTCA H
YACPKUBAIOTCA 3TUM OTPULATEIIBHO 3apAKCHHBIM 001aKOM. ITO OOBICHSIET 06pa30BaHHe CBA3U
MECXKIY aTOMaMHu.

Xumuyeckue cesi3u

Honnasn ceéazp. BaneHTHOCTh XMMHYECKOTO 3JIEMEHTA OIpPEICSIETCS  YHCIOM
ANIEKTPOHOB, KOTOpPBHIE HY)KHO NMPHUOABUTH K €ro AJIEKTPOHHOW 000JI0YKEe (MM OTHATH OT €ro
3NIEKTPOHHON 000JI0YKH), YTOObI MOJYYHUTh MOH, C 3JIEKTPOHHOM 000JIOUKOM OrrkaiIiiero k
HEMY UHEPTHOTO rasa.

Tax, non Hatpust Na* u won xopa Cl™ MOXHO paccMaTpuBaTh Kak 3apspKEHHbIE aTOMBI
nHepTHBIX Ta30B Ne u Ar cooTBeTcTBEHHO. VX 37€KTpOHHbIE 00O0JOYKH MPU 3TOM MOJTHOCTBIO
JOCTPOCHBI. Pa3HOMMEHHO 3apsUKEHHBIC MOHBI, MPUTITHBAsCh, 0Opasyror monekynry Na'Cl™.
OO6pa3oBaHue Pa3HOMMEHHO 3apsKEHHBIX HOHOB OOBSICHAETCS IEPEX0I0M AIIEKTPOHA OT HATPHUs
K XJIOpY.
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DNEKTPOHBI B MOJIEKYJIaX C MOHHOW CBSI3bIO PA3/€IEHBl HA TPYIIbI, KaXaas U3 KOTOPBIX
BCE BpeMs HaxoAuTcsa y cBoero saapa. KyloHOBCkoe NPUTSKEHHE PAa3HOMMEHHO 3apsKEHHBIX
MOHOB WIPAeT PEHIAIONIYI0 POJIb B MEXaHM3ME MOHHOH CBS3HM, HO ISl TOTO, YTOOBI MOJEKYIa
Obula YCTOWYMBOH, HEOOXOAWMO JOOABUTH CHJIBI OTTAJKHBAHUS, JEHCTBYIOIIME HA MaJbIX
pPacCTOSTHUSAX.

Kosanenmmnas ceasze. llpu cOnvkeHun aTOMOB Ha JOCTATOYHOE PACCTOSTHUE MPOUCXOIUT
0000IIeCTBIIGHNE  BaJCHTHBIX  AJIEKTpOHOB.  KBaHTOBBIA  3Pdekr  HepazImuuMocTH
TOKJECTBEHHBIX  YacTUI] TNPUBOAUT K cremudpuueckomy dpdexkry — oOMeHHOMY
B3aUMO/JICHCTBUIO. DJIEKTPOH Ka)KJ0TO U3 aTOMOB MOJIEKYJIbI HEKOTOPOE BPEMsI IIPOBOJIUT OKOJIO
JpYyroro aroma, OCYILIECTBIJISIS, TaKUM 00pa3oM, CBsI3b MexJ1y HUMU. KoBaseHTHass CBA3b
00J1a1aeT CBOWCTBOM HACHIIIECHHUSL.

Ceéa3v Ban-oep-Baanvca. llonspuzanus aToMOB HNPUBOJUT K IOSIBICHHUIO y HHX
JUIOJBHOTO MOMEHTA. DTH JUNOJbHbIE MOMEHTHI HpuTsAruBatorcs. Cs3b Ban-nep-Baanbca —
3TO CBSI3b MEXJAYy aroMaMu WM MOJIEKyJdaMHu, OOYyCIOBIE€HHAas B3aUMOJEHCTBUEM HX
ANEKTPUYECKUX JUMOJIbHBIX MOMEHTOB. CleICTBUEM AENUCTBUS ATHX CHJI SBJISETCS arperanus
BEIllECTBA TMpPH OXJXIeHUU. OHeprus Ban-nep-BaanbcoBckoro B3auMOJCHCTBUS Ha JBa
MOPSIKAa MEHBIIE YHEPTUN KOBAJIEHTHONW HOHHOM CBSI3H.

CrnekmpbI Monekyn

CrexTpsl MOJIEKYJ COCTOST M3 Habopa IMoJoc, B CBOIO O4Yepenb 00pa30BaHHBIX OJHM3KO
PaCIIOJIOKCHHBIMU  CIICKTPAJIbHBIMH  JIMHHUAMU. Tummunoe PaCIICIICHUE TII0JIOCBI CIICKTpa
MOJIEKYJIBI a30Ta Ha CHEKTpalbHbIC JUHUU NpHUBENCHO Ha PucyHok 4. IToaTroMy MosekymnspHbIe
CTIEKTPBI HA3bIBAIOT MOJIOCATHIMHU.

N SRR

3805.0 A 375544

Pucynok 4

Monekyna, Kak ¥ aToM, U3MEHSS COCTOSHUE >JIEKTPOHHOM 000JI0YKH, M3Iy4aeT (POTOH.
OnHako SHEPrus MOJIEKYJbl HE ONPENENACTCA JHMLIb 3JIEKTPOHHOM KoHpurypaumei. Snpa
aTOMOB MOTYT KOJICOAaTbCSl OTHOCHTEIIBHO LIEHTPA MHEPLUK MOJIEKYIIBI, @ CaMa MOJIEKYJIa MOKET
BPAIIAThCA KaK LIEN0€e. DTH JBMKEHUS BHOCAT CBOM BKJIaJl B OOIIMH OalaHC SHEPTUH.

B nepsom npuOIMKEHHU SHEPIUS MOJIEKYIIBI IPEICTaBUMa B BUJIE

E=E, +E_,+E

KOl 6p 2

— JHeprus kosneOaHuil Monekynbl, E_ —

rne E, — sHeprus snexTpoHHON oOosouku, E -

Koa
OHEPTUA BpalllCHUA MOJICKYJIbI.

Kamz{aﬂ U3 3THUX BHCPFHﬁ MOKCT IIPUHUMATDL JIUIIb I[I/ICerTHBII\/’I paa 3Ha‘leHHI>'I,
OoNpeACIIICMbIX LEJIOYUCIICHHBIM KBAHTOBBIM YHUCIIOM. KBanToBbIit l"apMOHI/I‘{eCKI/Iﬁ OCHUJLIATOP

oOmamaer sHeprueii E_ =(v+1/2)hw,, rme v — komebaTeabHOE KBAHTOBOE YHCIIO, @), —
Koz 0 H 0

COOCTBEHHAs 4aCTOTa OCLMIUIATOPA.
3 2
OHeprust BpalleHus B Kiaccuueckod pusuke E =L /21 . Jns KBaHTOBOrO poTaTopa ¢

Y4€TOM KBAHTOBAHHA OHCPTHUU BpallaTCiibHAasd OJSHCPrusd MOJICKYJIbI IMMPUHUMACT 3HAYCHUA
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E,=J(J+1)7n’° /I, roe J — BpamarenbHOe KBAaHTOBOE 4KCIO, a | — MOMEHT HHepLHMH

MOJIEKYJIBI OTHOCHTENBHO LIEHTpa nHepuuu, i =h/2r.

OHBITHBIG JTAHHBIC FOBOpHTI
E,>E_ >E, .

9710 IIPUBOJUT K TOMY, UTO KOJIcOaTeIbHBIC ABWIKCHUA AACP PACIICIUIAIOT 3JICKTPOHHBIC YPOBHU,
a BpalmaTCJIbHbIC ABUKCHUA, B CBOIO O4YCPEAb, PACHICIIIIAIOT KOJIeOaTeIbHBIC YPOBHH.

E a1 E KOl E ep

n+1 0

v J
7
3 5
2 0

Pucynok 5

Ha Pucynok 5 noctpoeHna cxema ypoBHEW SHEPTUU IByXaTOMHOM MoJieKyJibl. Kaxxapiii u3
MIPUBEACHHBIX 2JIEKTPOHHBIX YPOBHEH, 0003HAYeHHBIX N U N+1, pacuieruisercs Ha YeTbipe
KoJie0aTeNbHBIX YPOBHS ¢ KBaHTOBBbIMH unciamu U =0,1,2,3. B cBoro ouepens, koebarenbHbIe

YPOBHH PACHICIUIAIOTCS HA BOCEMb BpalllaTeIbHBIX YPOBHEH ¢ KBAHTOBBIMH YHCIIAMHU
J =012,345,6,7. YpoBHH pa3INYHBIX BUJIOB SHECPIrUU PA3HECCHBI MO KOJOHKAM JUIS JIYUIICH

JIeTalU3aluN CXEMBI.

®doToHBI, 00nagaronme HeOOIbIION SHEpruel, He MeHss JEKTPOHHYIO KOH(UTYpaLUIo U
K0JIe0aTeNbHYI0 SHEPrui0, NEPeBOAAT MOJIEKYIy U3 OJHOTO BpALIATEIbHOTO COCTOSHHUS B
npyroe. HabGop cHekTpanbHbIX JHMHUH, COOTBETCTBYIOIIMX TakUM IepexojaMm, oOpasyer
BpalaTeabHble M0JI0CHl. Takue MoJI0Ck JIeXkar B Jalnekoi HH(ppakpacHOM 001acTu CrIeKTpa.

Ilepexoapl Mexay KojeOaTeIbHBIMU YPOBHSAMH, TpeOyromue 0oibllie SHEpruu, MOTYT
COINPOBOKJATbCA M U3MEHEHHMEM BparaTenbHoi sHepruu. OHu (GopMupyrOT KojeOaTeabHO —
BpallaTeabHbIe OJIOCHI CIIEKTPA, JIeXkKalue B HHPpakpacHOi 06aacTu.

B ob6nactu BUAMMOTO M YIbTpadUOJETOBOTO CIEKTPa IMOJIOCHI (POPMUPYIOTCS 3a CUET
MIEPEXOJI0B MEXKY 2JIEKTPOHHBIMH YPOBHSMH, a MEPEXOJbl ¢ U3MEHEHUEM U DIIEKTPOHHOTO, U
K0J1e0aTeNbHOr0 YpOBHEH (POPMUPYIOT NIEKTPOHHO-KOJIe0aTeIbHbIE MTOJIOCHI.

He Bce mnepexonpl Mexay ypOBHSMH JOIYCTHMBI, JOJDKHBI BBINOJIHATHCS IPaBHIIa
orbopa. V3MeHeHMs BpallaTelbHBIX M KoJjeOaTeldbHBIX KBAHTOBBIX YHCEN INpPU Iepexojax
JOJKHO OBITH paBHO *1.

CrieKTpel MOJIEKYJT OCTaTOYHO CJIOKHBI, BMECTE C TEM OHHM COJEP)KAT BCHO IOJIHOTY
MH(pOpPMAIIUU O CTPOCHUHN MOJIEKYJIBI.
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Komounayuonnoe pacceanue céema. Ecny Ha BeleCTBO M1aJaeT MOHOXPOMAaTUYECKUH CBET, TO
B CIIEKTPE PACCESHHOIO CBETA, IOMUMO OCHOBHON HECMEIEHHOM JMHUU, NOABIAIOTCS JIMHUU
CMELIEHHON  4YacTOTbl, Ha3blBA€MbIe  CIIyTHUKaMU. YacTOTbl CIIyTHUKOB  SIBJIIOTCS
KOMOMHALMSIMA 4YacTOThl MAJAlOIIEr0 CBETa M YacTOT KojeOaTeJbHBIX U BpalaTEIbHBIX
[IEPEX0J0B PACCEHBAIOIIUX MOJIEKYNl. SIBlIeHHE Ha3bIBaeTCs KOMOMHALIMOHHBIM pacCesHUEM
csera. [IpuBeneM OCHOBHBIE KCIIEPUMEHTAILHO YCTAHOBIICHHBIE 3aKOHOMEPHOCTH :

e ChexTpajbHble JMHUM  CIYTHUKOB  CHMMETPUYHBl  OTHOCUTEIBHO  YacTOTbI
HECMEIICHHOIO U3IY4YE€HHs C 4acTOTOM Vv,. Kaxxmomy CIyTHUKY ¢ 4acToTOH Vv, —Av;,
CMEILEHHOMY B KPAaCHYIO CTOPOHY CHEKTpa (MX Ha3bIBAOT CTOKCOBBIMHU) COOTBETCTBYET
CIIyTHUK, CMCIICHHBIH B (PUOJIETOBYIO CTOPOHY CIEKTpa V,+AvV, (UX Ha3bIBAIOT
AHTHCTOKCOBBIMH).

e (MelieHUE CIYTHUKOB AV, OTHOCHUTEIBHO HECMELIEHHOW YacTOThl V, OIpPEIeNeTCs
JIMILb PACCEUBAIOIIUM BEIIECTBOM M HE 3aBUCHUT OT YaCTOThI IA/IAI0IIEr0 U3ITy4YEHUsI.

e Ypcno CHyTHUKOB M UX HUHTEHCUBHOCTh TAKXKE ONPEIENSAeTCA JIMIIb PAaCCEUBAIOLINM
BEIIECTBOM.

e C(CwMmemeHune Avy, CcOBHAJaeT C COOCTBEHHBIMH 4YacTOTAMU KoJeOaHMH M BpallleHUH
MOJIEKYJI PaCCEUBAIOIIETO BELIECTBA.

e IHTEHCHUBHOCTb CTOKCOBBIX CIIyTHHUKOB HE 3aBUCHT OT TE€MIIEPATypbl, @ HHTEHCUBHOCTh
aHMCTOKCOBBIX PAcTET C MOBBILICHUEM TEMIIEPATYPBHI.

[Tycth MosleKkyna, obnasaromas AMCKPETHBIM PSIOM COCTOSIHU, HAXOAUTCSI B OJJTHOM M3
HHX C 9Heprueil &,. PaccenBasich Ha MoJiekysie, POTOH mepenacT eif YacTh SHEpruw, nepeBesis B
cocTosiHHE &, . Eciu ¢poToH 06aman snepruei hv,, T0 3aKOH COXpaHCHHUsI SJHEPIUH TIPUMET BUJL
hv,+¢g,=hv, +¢,.
Toraa yacToTa paccesiHHOTO CBETa
—-£
h

Ecou nepexoq TakKoB, 4To &, <&, TO A\/i <0 u mosBISETCS CTOKCOBBIH CIIYTHHUK, €CJIH

gn m

v, =V, +Av,, toe Av, =

&, > &y, T0 Av, >0 u nosBIAETCA AHTUCTOKCOBBIH CITyTHHK.

WHTEeHCUBHOCTD CITYyTHUKOB MPONOPIIMOHANIbHA 3aCEJICHHOCTH YHEPIeTUYECKUX YPOBHEH
&, U &, . BepxHue sHepreTuyeckre ypoBHM 3acelIeHBbl cllabee, OJJHAKO C POCTOM TEMIIEPaTypbl

HUX 34aCCIICHHOCTb BO3pacCTacT, 4YTO M IIPUBOJAUT K POCTY HHTCHCHUBHOCTH AHTHCTOKCOBBLIX
CIIYTHUKOB.

PenmaeHo8CKOe u3riy4yeHue

YCKOpeHHLIﬁ CHJIbHBIM  3JICKTPUYCCKUM IIOJICM IIYYOK 3SJICKTPOHOB, 60M6apz[1/1py;1
MOBEPXHOCTh MCETaJlJla, HUCIYCKACT KOPOTKOBOJHOBOC 3J3JICKTPOMAIHUTHOC H3JIIYYCHUC. Takoe
H3JIYUYCHHUC, JICKAIICC B AUAIIA30HE JJIMH BOJIH OT 10-14 0 10-7 M, Ha3bIBACTCA PCHTI'CHOBCKUM.
HccnegoBanue CIICKTPAJILHOTO COCTaBa PCHTICHOBCKOTO U3JIYYCHHA IMO3BOJIMJIO BBIACIINTL ABa
PAa3JIMIHBIX MEXaHU3MA U3JTYUCHUA.

TOp.M03H0€ usjlyuenue. HOpO)K,Z[aeTCH HCIIBITBIBAIONIMMU PE3KOC TOPMOXKCHHUEC HaA
MOBEPXHOCTU MCETAJlJIa 3JICKTPOHAMMU. CHCKTp H3JTYUCHUSA CHJIOIHHOﬁ, PI/ICYHOK 6. COBepH_IeHHO
HC 3aBUCUT OT XAPAKTCPUCTUK MCETAJlJla MHUILICHH. Takoit PE3YJIbTaT HAXOAUTCA B COIJIACHUU C

KJIaCCHYECKOM BHCKTpOHHHaMHKOﬁ. OI[HaKO HaJIn4ue KOpOTKOBOJIHOBOﬁ r'paHUIbL ﬂ’min’ Ha
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KOTOpPO# OOpBIBAETCSI TOPMO3HOU CIEKTpP, B paMKaxX KIACCHYECKOW (DM3WKU OOBSICHCHHS HE
HAaIIo.

CnnowHon cnekTp TOPMO3HOro U3Ny4YeHuUs

/1 ax
1.2

0.4 \

0.0

\

A

A min

Pucynok 6

Hannune Taxon rpaHvillibl HaxXxOAHUT CBOC 00BsICHEHHE B paMKax KBaHTOBBIX
Hpe)ICTaBJ'IeHI/Iﬁ O MpHUPOAC DJICKTPOMArHUTHOI'O MU3JIYy4YCHHA. FpaHI/IHa CIICKTpa COOTBECTCTBYCT
MpeAeIbHOMY CITy4aro, KOT/Ia BCS KHHETHYECKAsi SHEPTUsl TOPMO3SIIIETO JIEKTPOHA TIEPEXOUT B
sHepruto porona hv,, =E. Orcioma A, =C/v,, =Ch/E.

Xapakmepucmuueckoe u3snyuenue. Eciu yBeIWYUTb HHEPrUIO0 3JEKTPOHOB BBIIIE
OTIPENICTICHHOTO TIpe/ieia, MHANBUIYAIBHOTO JIJIsi MaTepHraia MUIIIEHH, TO Ha CIUIONIHOW CIIEKTP
TOPMO3HOTO  M3Jy4CHHMS HAKJIAJbIBACTCS JIMHEHMYaThlil crnekTp. JIMHenyaTelii  CHEeKTp
OTIpe/iesiIeTCsl MaTepruaIoM MHUIIEHU, TO3TOMY HAa3bIBACTCS XapaKTEPUCTUUECKHUM.

XapakTepUCTUUECKUN PEHTT€HOBCKUN CHEKTP XMUMHUYECKHX COCIMHEHUW MpPEeACTaBIIACT
co00il CyMMy CIEKTPOB XHMHUYECKHUX JJIEMEHTOB, BXOJISIIUX B COCIUHEHHE, YTO SBIISETCS
CBUJETEIHCTBOM TOTO, YTO BHEIIHUE 3JIEKTPOHHBIE 000JI0YKH B (POPMUPOBAHUH PEHTTEHOBCKOTO
W3ITyYeHUs y4acTHsi He IPUHUMAIOT.

BricokosHepreTuyeckue 3JIeKTPOHBI My4Ka, MOMajas Ha aTOMbl MUIIEHH, BO30YXIalOT
WX, BbIOMBAs DJEKTPOHBI C BHYTPEHHUX 3JIEKTPOHHBIX cioeB. OOpa3zoBaBiIasicsi BaKaHCUS B
AJIEKTPOHHOU O0OJIOUKE 3aIOJIHAETCS JIEKTPOHOM CO CJIOEB C OOJIBLIIMM 3HAYEHUEM TJIaBHOTO
KBaHTOBOTO uucia. M3maydeHHbI mnpu TakoMm mepexoje (oTroH oOnamaeT 3HAUYMUTENbHON
SHEprueil, a, cIeoBaTeNbHO, U3TyYEHHUE JICKHUT B KOPOTKOBOJIHOBOI YacCTH CIIEKTpa.

Ilepexon aroma u3 BO30YXKIEHHOTO B  HEBO30YXKJEHHOE COCTOSIHUE MOJXKET
OCYILIECTBIISITHCS IYTEM psiia MOCIEA0BATEIbHBIX NEPEX0I0B 3JIEKTPOHOB ¢ OoJiee yAaJeHHBIX
OT szapa opOUT Ha MeHee YyJaleHHble. B pesynbrare cepud MepexoJ0B BO3HHUKAET
MHO>KECTBEHHBII CHEKTP PEHTIEHOBCKOIO M3MydyeHusa. Ilpu STOM TMOSBICHHE JIMHUU
PEHTT€HOBCKOTO M3JIY4YE€HHUS COMIPOBOXKIAETCS M BCEMU JTUHHUSAMU C OOJIBIIUMU ITTHHAMH BOJIH.

OCHOBBIBasICh Ha CEpUU SKCIIEPUMEHTOB, MO3JIM YCTAHOBUII, YTO CIIEKTPAIbHBIE CEpUU
XapaKTePUCTHUYECKOTO  PEHTTEHOBCKOTO  M3TY4YEHHs]  YIOBIETBOPUTEIHHO  OMHCHIBAIOTCS
COOTHOIIIEHUEM, OJTU3KUM IO cMbIcTy popmyne banbmepa A ONTUYECKOTO U3ITyUEHUs
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rae N,M — ICJIOYHUCICHHBIC HOMEpPA CHECKTPATIbHBIX HHHHP'I, O — TIOCTOSIHHAA 3KpaHHUPOBAHUA,

MIO3BOJISIIOIIAS YYECTh, YTO HA JJIEKTPOH, COBEPLIAIOIINN NIEPEXO] MEXKIY CIOSIMHM, AEHCTBYET HE
BECh 3apdj sapa Z , a 3apsj, 0ciaalOleHHbIH SKPaHUPYIOLIUM JIeHiCTBUEM APYTUX 3JIEKTPOHOB.
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Onmu4yeckue KkBaHMoeble 2eHepamophbl (a3epabl).

Haxonsick B OCHOBHOM COCTOSIHUM, aTOM MOXKET TMOTJIOTUTh (OTOH M TeperTH B
BO30yXx/IeHHOe cocTosiHue. Haxomsch B BO30YKIEHHOM COCTOSIHUM, MOKET CaMOIPOU3BOJIBLHO
u3nyuuTh (GotoH. Takoe H3IydyeHHE Ha3bIBA€TCS CIOHTaHHBIM. CHOHTaHHOE W3Iy4YeHUE
Pa3JIMYHBIX ATOMOB SIBJIIETCS HE3aBUCHMBIM, 4, CJIIEOBATEIbHO, OHO HE KOT€PEHTHO.

Iloznowenue Cnonmannoe usnyuenue Buinyscoennoe usnyuenue
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CymecTByeT enie OJIMH TUN M3JIy4eHHUs aTOMa — BBIHYXKJEHHOE u3iydeHne. Ecnu atom
HaxOJUTCA B BO3OYKJIEHHOM COCTOSIHHMHM C dHeprued E, To (GOTOH, 0OIaNaroImuil dHEpPTrHei
hv =E, —E, u monaBmmii Ha aToM, MOXKET BEIHYAUTH aTOM INEPEUTH B COCTOSIHHE C dHEprHeil

E;. Tllpu sToM aTtoM HCHycTUT (OTOH HE TOJBKO C TOW K€ CaMOW 4YacTOTOW, HO W (ha3oW,
noJisipu3alieil M HampaBiIeHHEeM pacrnpocTpaHeHus. llepBUuHBIE W BTOPUYHBIA (OTOHBI
TOXJECTBEHHBI. BBIHYXIECHHOE U3 Ty4€HUE HA3bIBAIOT MHAYLINPOBAHHBIM.

DWHIITEHH MoKa3al, 4yTo M3JydyeHue, onuceiBaemoe Gopmysoit [lnaHka, paBHOBECHBIM
MOKET OBbITh TOJBKO NPH HAJIUYMU HHIYLMPOBAHHOIO. B paBHOBECHOM COCTOSIHUM CyMMa
BEPOATHOCTEH CIIOHTAaHHOTO M MHIYLHUPOBAaHHOIO HCIYCKaHMs (OTOHA JOJKHA PaBHATHCS
BEPOSITHOCTH IOTJIOLEHUS.

VY nBoenune poTOHOB MHIAYLIMPOBAHHOTO U3JTy4E€HHUS Ha MEPBBINA B3I MOKET IIPUBECTH K
JaBUHOOOPAa3HOMY POCTY TOXJIECTBEHHBIX ()OTOHOB, K YCHJICHHIO CBETa IPU HPOXOXKICHUU
4epes BelecTBO. KOHKypHpyromuM mpouneccom BeICTYNAET NOTJIOMEHHE. PacyeTsl MoKasbIBatoT,
IUIL TOrO, 4TOOBl CBET YCHJIMBAJICA HEOOXOJMMO, YTOOBI 3aCEICHHOCTb YPOBHEH C OoJbleit

SHEPTHeH TpeBBIIaga 3aCeJICHHOCTh YPOBHEHW C MeHbIned sHepruei. OmHako u3 (HOpMYyIbl
E

bompimana n = noe kT CICAYCT, 4YTO B COCTOAHHU TCPMOIAMHAMHYECCKOI'O PpPaBHOBCCHUSA Ha

BEPXHEM HHEPreTHUECKOM YPOBHE HaXOUTCSI MEHbIIIE aTOMOB, Y€M Ha HIYKHEM YpPOBHE.

MOXHO HCKYCCTBEHHO CO3/1aTh TEPMOJUHAMHUYECKYI0 HEpPaBHOBECHYIO Cpeay, ee
HA3bIBAIOT aKTHBHOW, B KOTOPOI HAaceNeHHOCTh ypoBHeH Oyner uHBepcHOl. [lpu mHBepcHOM
3aCeJICHHOCTH Ha BBICOKOIHEPT€TUYECKOM YPOBHE HAXOAUTCS OOJIbIIE MOJIEKYII, YeM Ha YPOBHE
c Oonee HU3KOM »Hepruei. [y moaydeHHus aKTUBHOM cpelbl JOCTaTOUYHO WHBEPCHO 3aCENUTh
BCErO JBa HHEPreTHUECKUX YpoBHA. Takyio cpeay Ha3bIBAIOT JABYXYPOBHEBOM CHUCTEMOU C
WHBEPCHOMU 3aCEICHHOCTBIO.

HcTouHuky W3MydeHUs, UCIONB3YIOUIUE AKTUBHBIE CPEJibl, HA3bIBAIOTCS ONTHYECKUMHU
KBaHTOBBIMU Te€HEpaTopaMH — JiazepamMHu. [pu KOMIIOHEHTHI 00s3aTelbHbl B KOHCTPYKLUU
Ka)KJI0T0 Jla3epa:

®  aKmMugHas cpeoa;
® cucmema HaAKA4Ku;
®  onmuueckul pe3oHamop

Cucrema Hakauku CIYXHUT IS TOTO, YTOOBI CO3JaTh B aKTUBHOHM cpele MHBEPCHYIO
3aCeJIEHHOCTh. JTO JOCTUTaeTCs, HampuMep, MOIIHOM JIaMmoM — BCOBIIIKOM, WU
AIEKTPUYECKUM pa3psaoM. ONTUYECKUH PpPE30HATOp TMO3BOJSET HU3IYYEHHI0 MHOTIOKpPAaTHO
MIPOXOJNUTH YEPe3 aKTUBHYIO CPey, YCHUIINBas €ro U (GOpMUpPYS B IPOCTPAHCTBE.
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Bergenstores cneayomue pasHOBUAHOCTH J1a3€pOB.
Ilo pexxumy resepanuu:
® HenpepulGHblE,
®  UMNYNIbCHbIE
I1o Tuny aKTMBHOM CpEBbI:
® meepoomenvHble,
® 2azosvle;
® JicuoKue;
®  NONYNPOBOOHUKOBYIE.
[IInpokoe pacrHpoCTpaHEHHE IIOJIYYMJIM Ta30BBbIE Ja3epbl HA OCHOBE CMECH Telus U
HEOHa, paboTaroIINe KaK B HENPEPHIBHOM PEXUME, TaK U B UMITYJIbCHOM.

lenuu — HeoHoebIl N1azep

TunuyHass KOHCTPYKLHUS TEJIHH — HEOHOBOTO Jla3epa YCTPOEHA CIEIYIONIUM 00pa3oMm.
lMazopaszpsignas TpyOka amunoro 10 — 100 cm u quamerpom 7 — 10 MM 3amosiHEHA CMECHIO TeIus
u HeoHa mon aasieHueMm o 300 Ila. Konuentpanuu remus — HEOHAa COOTHOCATCA Kak 5 K 1.
Brixognas MomHocth Bapbupyercs 10 100 mBT. Jlazep reHepupyetr KpacHbI CBET C JIMHOKO
BOJIHBI 632.8 HM.
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T — razopa3psiaHas Tpyoka; 4 — aHox; K — Kato;
3, — Henpo3pauHoe chepuieckoe 3epKaio; 3, — NOIympo3padyHoe chepruuecKkoe 3epKaio;
11; , I, — xBap1ieBbIe IUIACTUHBI, YCTAHOBJICHHBIE 110 yrioM bprocrepa;

Mexay aHOIOM M KaToJOM MpHUKIagsiBaeTcs Oosbinoe, no 1000 B, Hanpspkenwe.
Bo3nukaromuii  ra3oBblil  pa3psn  IOPOU3BOAUT  DHEPreTUYECKYI0  HAaKayKy  CMECH.
NuaynupoBaHnHoe U3Iy4YeHHE, OTpaXKasch 3epkajamMu 3; U 3, MHOTOKPAaTHO MPOXOJUT Yepes
aKTUBHOE BelecTBo. Kak cnexctBue ero ycuiaeHue W MOHoOXpomartuzauus. Jlyuu, umyiiue
HAaKJIOHHO K OCH, TNOMagyT Ha OOKOBYIO MOBEPXHOCTb U PACCEIOTCA. Y CHIATCA JIY4YH,
pacipoCTpaHsONIMecs: MPEUMYIIECTBEHHO MapaiuiensHo ocu. KBapuessie mnactunsl [1; u 11
yCcTaHOBJICHHBIE 1O yrioM bproctepa k ocu TpyOKH, UTPAIOT POJIb MOISpU3ATOPOB. M3myuenue
B BBICOKOW CTENEHU JMHEHHO MOJSIPU30BaHO. 3epKano 3, MOoJaympo3padHoe, KodhduiueHt
nponyckanus ~1%. Yepes Hero uziaydeHue nNonajaeT Ha BIXOHOE YCTPOMCTBO.

[IpyHUMn reHepanuu WHIYUUPOBAHHOIO H3Iy4deHUs cieayroomuid. CraakuBasch ¢
AIIEKTPOHAMH TJIa3Mbl TA30BOTO pa3psiia, aTOMbI HEOHa U reius Bo3Oyxkaatorcs. Ha Pucynox 9
YCIIOBHO TMOKa3aHbl SHEPreTHUYECKHE YPOBHM aTOMOB He u Ne, HMeEIOUME 3HAUYCHHE JIs
reHepaluu.

DOuepruu ypoBHelt He(2) u Ne(3) okasbiBatotcs O6muskumu (20.616 5B u 20.661 3B). [pu
CTOJNKHOBEHHH aTOMOB aToM He MepexoaAUT B OCHOBHOE cOCTOsiIHUE (0€3 M3nmydeHus ), a aToM Ne
MEepexXoUT B BO30yxkaeHHOe cocrosiHue (3). CxemaTuyHo, BbIAENSAS BO30YXKICHHBIE ATOMBI

KpaCHbIM, IIPOUECCC NCPEaavun SHEPTHUU MOKHO 3allMCATh KaK
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He + Ne — He + Ne..

Pasnuna »suepruit ypoueir 0.045 5B BocmonHsieTcs W3 KHUHETHYECKOW HHEPruu
nBKkeHus: aroMoB. Ha PucyHok 9 6e3usnydarenbHbIi mepexo/] MoKa3aH 3eJI€HOM CTPEIKOH.

D¢ hexTUBHOCTH TOTO Mpolecca BearKa. Bo3HUKAaeT MHBEpCHAs 3aCEIEHHOCTh YPOBHS
Ne(3) no cpaBueHuto ¢ Ne(2), HaurMHaETCs Jia3epHasi TeHepalus.

[Ipu mepexome u3 cocrosinusa Ne(3) B cocrosinue Ne(2) aToM HeOHa HCITYCKAaeT
U3JIy4yeHue ¢ JUIMHOM BoJIHbI 632.8 HM. Bpems sxus3nu coctosnus Ne(2) Majo, coOcTosiHUE ObICTPO
NeBO30yX/TaeTcst 3a CYET UCIYCKaHUsI (POTOHA, TMOO 3a CYET COYIAapEHUsi CO CTEHKaMHU TPYOKH.

He Ne
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JlazepHoe uznydeHHe OO0JIaJaeT XapaKTepUCTUKAMHU, CYIIECTBEHHO BBIJIEISIIOIIMMU €r0
Ha (OoHE JAPYrUX HMCTOYHHUKOB, OCHOBAHHBIX Ha CIMOHTAaHHOM H3Iy4YeHHH. B KadecTBe Takmx
XapaKTEPUCTHK CIIEAYET BBIACINTD:

¢ MOHOXPOMAaTHYHOCTH BBICOKOU CTEIICHHU;

e QoJibllIasi BpEMEHHAs U MPOCTPAHCTBEHHAs! KOTEPEHTHOCTb;
® 04YeHb MAJIOE YIJIOBOE PACXOXKACHUE MTyUKa;

e (QoJibllIas TNIOTHOCTh MOTOKA SHEPTUU.
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