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BBEOEHUE

OnTryeckasi CHEKTPOCKOMIHSA SBJISIETCS OHAM W3 OCHOBHBIX (pH3MUe-
CKHX METOJIOB HCCIIENOBaHUS MOJIeKyJd. KadecTBEHHBI U KOJIMYECTBEH-
HBI aHANTU3 W WCCIICTOBaHHUE CTPYKTYPHI MOJCKYJ, KHHETHKH OBICTPBIX
XUMHYCCKUX PEAKIM U PENaKCAIMOHHBIX MPOIECCOB, UCCIICAOBaHME (H-
3MKO-XUMHUYCCKUX MPOIECCOB HAa MOBEPXHOCTH pasnena (a3, H3ydeHUE
MEXMOJIEKYJIIPHOTO B3aUMOACHCTBUS — ATH MPUIOKEHHUS MOJEKYJISIPHOMN
CIICKTPOCKOIIUN HAaXOJAT IMHUPOKOC NPUMCHCHHUEC B HOBCC}IHGBHOﬁ IIpaKTHu-
Ke (hU3UUCCKUX, XUMHUCCKUX U OHojormdeckux nadoparopuii. Kiaccuue-
CKMM IPHUMEHEHUEM ONTHYECKOH CIEKTPOCKOIIUU SIBISETCS ONpEAeSICHUE
SHEPreTUUECKUX YPOBHEH MOJIEKYJ M CBS3aHHBIX C HUMM MOJIEKYJISPHBIX
MOCTOSIHHBIX, TAKUX KaK MEXBSICPHOE PACCTOSHUE, YaCTOTHI KONeOaHuUH,
SHEPruu JEKTPOHHBIX NEPEXOJ0B, SJHEPTUN JUCCOLMALUY U T.A4. DTH JaH-
HBIC HCIIONB3YIOTCS IJIS pacdeTa TePMOAWHAMHYICCKUX (PYHKIUI BEIICCTB
1 KOHCTAaHT PaBHOBECHS XUMHUYCCKUX peaknuidl. OCOOCHHO aKTyalbHBIMHI
CTaJu 3TU HCCIEOBAaHUSA C Pa3BUTHEM Ja3epHON TEeXHUKH. JlaHHBIE O
CTPYKTYPE DHEPreTHYCCKHX YPOBHEH MOJICKYJ HEOOXOIMMBI Ui TOUCKA
HOBBIX AKTHUBHBIX CPEJ] MOJICKYJISIPHBIX JIa3€pOB, I[&HBHCFIH]GFO pa3sBUTHUA
TaKUX COBPEMCECHHBLIX HAYYHBIX HaHpaBHEHHﬁ KaK, HalpuMmep, JasepHas
XUMUS, JIa3€PHOE PA3AEICHUE U30TOIIOB.



|. OCHOBblI TEOPUN MOJIEKYJIAPHbBIX CMEKTPOB

[Ipy coenyHeHNH aTOMOB B MOJIEKYJIBI MX JJIEKTPOHHBIE O00OJOYKU
00BEANHSIOTCSl. DIEKTPOMAarHUTHBIE IMOJs, BO3HUKAIOIIUE B IIpoIecce
00pa3zoBaHKs MOJIEKYJIBI IIPU CONMKEHHH DIICKTPOHHBIX 000JI0UEK aTOMOB,
yIKe He SBIISIIOTCS ChepruIeckl CHMMETPUYHBIMH, Kak B aTome. [losiBieHue
HOBBIX CTENEHEH CBOOOBI JBIKEHUS YAaCTHIl MOJICKYJbI OTpa)kaeTcs Ha
CTPYKType €€ 3HepreTUYecKUX YPOBHEH M, ClleIoBaTEeNbHO, Ha CTPYKTYype
MOJIEKYJISIPHOTO cHekTpa. Hanndame B MoJekyne AByX M Ooliee MOJIOXKH-
TENBHO 3apsDKEHHBIX SJIEp CYILIECTBEHHO YCIOXHSET aHANIW3 NOBEICHUS
CHCTEMBI 3apsDKEHHBIX YacTull. [Ipy omricaHum aTomMa METOAaMU KBaHTO-
BOM MEXaHMKH PacCMaTpPHBAETCS paclpelelleHHe BEPOSTHOCTH HaXOXK[e-
HHS 3JIEKTPOHOB B I10JIE TOJIBKO OJHOTO SIpa, a B CIy4ae MOJIEKYJIbl He0O0-
XOJUMO PAacCMaTpHBaTh KaK paclpeleieHUE BEPOATHOCTH HAXOXKICHHS
3JIEKTPOHOB B IOJIE IBYX U Oonee saep, Tak U BEPOSTHOCTb HAXOXKICHUS
sJiep B IPOCTPAHCTBE OTHOCUTENBHO 33JaHHOM CHCTEMBI KOOPAMHAT.

W3 Bcex CBOMCTB aTOMOB M MOJIEKYJ HauOosiee Ba)KHO 3HAHUE HX
BHYTpEHHEH »Hepruu E . OyHnaMeHTaNbHBIM YPaBHEHHEM, CBSI3BIBAIOIINM
SHEPTHUI0 CUCTEMBI C €€ BOIHOBON (PyHKIMEH y , ABIAETCSA CTAllMOHAPHOE
ypaBHenue llpeaunrepa:

Hy =Ey, 1)
rie H — omepaTtop TONHON 3Hepruu (raMuibToHMaH). Jjist TOro 4ToObI
TEOPETUYECKH ONPEAEIUTh BO3MOMKHBIE CTAllMOHAPHBIE YHEPIETUUYECKUE
COCTOSIHMSI HEKOTOPOH CHCTEMBI YacTHI (ATOMa, MOJIEKYJIbI, HOHA) U 3aTeM
M0 HUM paccUMTaTh CHEKTPHl WIN TepMOAWHaMHUUYecKne (GyHKunu, HeoO-
XOIMMO COCTAaBHTh IS TOH cHCTeMbl omepatop I'ammisToHa H u pe-
mmTh ypaBHeHue (1). OQHAKO TOYHO B aHAIMTHYECKOM BHJE YpaBHEHHE
Ipenunarepa pemaercs TOMBKO M MPOCTEHIINX MOJENBHBIX CHCTEM,
HalpuMep, TAPMOHHUYECKOTO OCHIIIIATOPA, KECTKOTO POTAaTOPa M HEKOTO-
pBIX Apyrux. [ns monexyinsl ypaBHeHue lllpenuHrepa HaCTOJIBKO yCIOX-
HSETCA, YTO €T0 TOYHOE aHAINUTHYECKOE PEUICHHE BO3MOXHO TOJBKO IS

IPOCTEHIIEN NBYXaTOMHOM MOJEKYIbI — MOHA Hj TIpU (PUKCHUPOBAHHOM

IMOJIOKEHUU ANECP. B HaﬂbHCﬁIHGM H3JI0KCHUU MBI 6y,£[€M OTpaHHUYMUBATHCA
B OCHOBHOM HauOoJiiee MIPOCTBIM CllydaeM ,HByxaTOMHOﬁ MOJICKYJIbI, IJIA
KOTOpOﬁ TCOPU MOJICKYJIAPHBIX CIICKTPOB HanboJIeE MMOTHO pa3pa60TaHa.



[t GoNBIIMHCTBA MPAKTUYECKUX 3324 MOJICKYIAPHOM CIIEKTPOCKO-
UM JIOCTATOYHO TOYHBIM SBISAETCS NMPHOIDKEHHOE NMPEACTABICHHUE I10JI-
HOHM BOJIHOBOH (DYHKIIMU MOJICKYJIBI B BU/IE IPOU3BEICHNUS

V=YW, @)
re uHAaekcaMu €, U, I' 0003Ha4YeHBI (PYHKIIUHN OIMCHIBAIOIINE IBUKCHUE

JJIEKTPOHOB, KOJIeOaTeIbHOE JABMKEHHE sIJIep U BpalllaTeIbHOE JBIKCHUIO
MOJIEKYJIBI KaK Iesoro. Takoe mpeacTaBieHue MO3BOJISET PellaTh ypaBHe-
Hue lllpenunrepa (1) oTaensHO JUIst 3IEKTPOHHOH, KojiebaTenbHON U Bpa-
IaTeIbHOW BOMHOBBIX (yHKumMil. B mpubmmkenuu (2) monHyo BHYTpPEH-
HIOIO SHEPTHIO MOJIEKYJIBI MOXKHO IPEICTABUTH B BHJIC CYMMBI

E=E +E +E, 3)

rae E, — sHeprus snekTpoHHO# 060710ukK MOJIeKysl, E, — komebatens-

e

Hasl SHCPTUA AACP MOJICKYIJIbI, E - OHEPrus BpalllcHU MOJICKYJIbI. Pa3/:[e-

r
JICHHE TTOJTHOW BOJHOBOW (PYHKITMH C ydeToM mpuOmmkeHus (2), a, ciuemno-
BaTeNIbHO, U pa3lielICcHHe DHEPTUH MOJICKYJBI Ha CYMMY SHEPrHH OTHeib-
HBIX BHJIOB JBM)KCHUS BO3MOXKHO IIPH BBITOJHECHUH YCIOBHUS

E,>E, >E,. )

I[J'If{ OOJIBIIMHCTBA JABYXAaTOMHBIX MOJICKYJ 3TO COOTHOIICHUEC BbIIIOJHACT-
Ci. I[J'IH BHGPI‘I/Iﬁ COOTBETCTBYIOIIUX BUAOB ABUKCHUSA BBIITOJIHACTCA COOT-

HOIIICHUC
E,:E,:E, ~1: /%%

rge M, — Macca 3JIEeKTpoHa, M — BEJIMYMHA TOpsaKa Macchl aaep. Takum

00pa3oM, eciu pa3sHOCTh YHEPTHH JIEKTPOHHBIX COCTOSHHM, BBIpaKEHHAs
-1 -1

B BOJIHOBBIX YHUCJIAX v = A [CM ], JUTA p€alIbHBIX MOJICKYJI UMECT BEJINYH-

"y nopsika 10 000 cm™ 1 Bble, TO Pa3sHOCTH SHEPTHl coceaHUX Kojeha-
TeNbHBIX ypoBHei coctaiser 100 + 4000 cm™, a BpaaTenbHbIX — HIKE
100 cmL. DreKTpOHHBIE EPEXOIBI B MOJIEKYJIE JAAIOT CIEKTPHI, JIeXkKallue B
BUANMON M ynbTpaduoneToBoit obmactax (A = 0,1 + 1,0 mkm), koneba-
TENIbHBIE CIIEKTPBI PACIIOJIOKEHBI B OrkHEl HHppakpacHO# obnactu (A =
1 + 100 MKM), @ UMCTO BpamaTesbHbIe CHEKTPHI 3aHnMaroT Aainékyio UK u
cyOMmIIIMMeTpoByto obaacts (A > 100 MKMm).

[Ipu pewieHun psiga BONPOCOB MOJICKYJISIPHOM CIIEKTPOCKOIMH HEO00-
XOAMMO IPUHMMAaTh BO BHMMAaHHME B3aUMOJICHCTBHE pa3JIMUHBIX BHIOB
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JBIDKCHUSI B MOJIEKyJie. B kauecTBe OZHOTO M3 NMPOSIBICHUIN TaKOTO B3aH-
MOJICHCTBHUS MEXIy IBIKCHUEM JJIEKTPOHOB U SIAEP MOXKHO YKa3aTh 3aBHU-
CHMOCTh JJICKTPOHHOM 3HEPIHH OT B3aMMHOTO IOJIOKECHHUS SAEpP, NPHBO-
Jmas K TMOHATHIO O KPHUBBIX U NOBEPXHOCTSAX HMOTCHIMAIBHOW SHEPTUHU
Mosekynsl. Ilpu cOmmkeHnn ABYyX aTOMOB M3 OSCKOHEYHOCTH JO MalbIX
paccTOAHUN MX NOTeHIUalbHas 3Heprus U (r) NpoXOAWT Yepe3 MUHUMYM

00 HENpepbIBHO Bo3pacTaeT (OTTAJIKMBATeIbHAs MOTCHIMAJIbHAS KpH-
Bas) — puc. 1. B mepBom cirygae oOpasyeTcs yCcToH4nBas MOJIEKyJa C paB-

HOBCECHBIM MCKBAACPHBIM PACCTOSIHUCM I , KOTOpPOC COOTBECTCTBYCT MH-

HUMYyMy NOTCHIMAIbHON 3Heprun. Bo BTopoMm ciydae ycroiumBas Moe-
KyJsipHast cucteMa He oOpasyercst. Kaxkqoii MosieKyse COOTBETCTBYET ce-
MEWCTBO KPHBBIX NMOTEHIMAIBHON SHEPTuH (BKIIOYAas W OTTAIKHBATEIb-
HBIC KPHBBIC), B3ANMHOE PACIIOJIOKEHNE W KOHKPETHBIH BU KOTOPHIX SIB-
JISIFOTCS XapaKTEPHBIMU AJIST CUCTEMBI SiAep U 3JIEKTPOHOB, COCTABIIAIONINX
MOJIEKYITy.

Ulr)
%1071
oMt
34
24 Lyt D, |D.
g
1+ 3 DOynkuns
FAPMOHHYECKOI0
2 OCIHILIATOpA
1 o, : : .
0 .1 2 3 A

Puc. 1. ,HBC MOTCHUUAJIIbHBIC KPUBLIC JI1 MOJICKYJIbI BOJOPOJAa
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Ha puc. 1 m300paxkeHsI 1Be MOTEHIMAJIbHBIE KPHUBBIC IS Hamboiee
IIPOCTOM M3 JBYXaTOMHBIX MOJIEKYJ — MOJIEKYJIbI BOAOPOJA.

C KITacCMYecKOW TOYKHM 3PEHUS IMOTCHIHANBHYIO KPHUBYIO MOXKHO
TPaKTOBaTh KaK I'€OMETPUYECKOE MECTO AMIUIUTYIHBIX IMOJOXKEHUM aH-
rapMOHHYECKOI0 OCLUWJUIATOPa B 3aBUCHUMOCTH OT ero 3Heprun. dopmy
pEeanbHBIX MOTEHUUAJbHBIX KPUBBIX MOYKHO BOCCTAHOBUTH IO CIIEKTPO-
CKOIHMYECKUM HKCIEPUMEHTAIBHBIM JaHHbIM. JlJIsI MX aHaJuTUYECKOIO
OTUCAHMS UCIONB3YIOTCS pa3IuyHble TPUOMIKEHHBIC BhIpaxeHus. OnHa-
KO B ClIy4yae yCTOMYMBOM MOTEHIMAJIBHOW KPUBOM HE3aBHUCHMO OT BHJA

Gbynkuun U(r) e€ MOKHO Pa3loKUTh B PAJ B OKPECTHOCTH ToukH [
du 1(dU
U(r):U(re)+ - (r_re)+_ 2

ar /iy, 2\ dr

Jns ManbIX OTKJIOHEHHMM Si7ep OT IOJIOKEHHUS PAaBHOBECHUS OCTallb-
HBIMH YJIEHAMH PA3J0XKEHUs MOXXHO TMpeHeOpeuyb, a B MHUHUMYyME

du
dr r=r,

(r-=r) +...(5

r=r,

=0 3nauenne U (r,) IPUHMUMAIOT 32 Ha4yajo OoTcuéra, yao0HO
npuHITh U(r,)=0.

B pesynbrare (peHeOperas dwieHaMu 0oJiee BEICOKOTO TOPSAIKA Ma-
JIOCTH)

1(dU , 1 2
U(r)=— “(r-r.) =—K(r-r.) ,rne
="1— r_re( ) =oK(r-n) o
2 (6)
du
K:
dr?

r=r,

Bripaxenne (6) nmeeT TakoW e BHJ, KaK BBIPaXCHHE JJISI SHEPTHH
TapMOHHYECKOTO ocuuiuisitopa ¢ ynpyroi nocrosuHo K . IMoxacrasss
BBIpAXKEHHUs Ul KonebatenbHoi sueprun E, (6) B ypasnenue Ilpenun-

repa (1), moaydum KoneOaTeTbHYI0 SHEPTHI0O TAPMOHHYECKOTO OCIIMILIS-
TOpa B BUJE
1
E, =|v+— |®, -hc, @
2



rne v=0,1,2,3,... — KonebareiIpbHOE KBAaHTOBOEC YHUCIO, (), — 9acTOTa

konebanmit cvl, h— nocrosunas IlnaHka, ¢ — CKOpOCTb cBeTa. Bhipa-
sxenue (7) MOXKeT OBITh HMCHOJB30BAaHO AJISI NMPUOIIKEHHOTO OIHCAHUS
KoJyie0aTeNbHON PHEPrHU MOJIEKYJ TPH MalbIX OTKJIOHEHHSX siep OT IO-

JIOKCHUA paBHOBECHH. rapMOHI/I‘IeCKaH yacToTa KojeOaHui coe SABJIIACTCA

OJIHOH U3 OCHOBHBIX MOJIEKYJISIPHBIX KOHCTAHT.
Jlist mpuONIMKEHHOTO OMUCAHUS PEANBbHBIX MOTCHIIMATBHBIX KPUBBIX
JIByXaTOMHBIX MOJICKYJI HauOoJIee 4acTo UCIob3yercs GpyHkiws Mop3e:

U(r-r,) =D, {1-exp[- A(r-r)I}’, ®)

rae De — OHEPIrud Juccouanu MOJIEKYJIbl, OTCUUTbIBaCMasd OT MUHUMYMa

2
NOTEHIMANBHOH KpuBoii (puc.1), g = N 27[—':(: , M — IpHUBEAEHHAs Macca
DE

Mosekynsl. OyHKmus Mop3se i1 MoseKynsl H, mpencraBieHa Ha puc.l

nyHkTupoM. IloTeHnuansHOI kpuBoi (8) COOTBETCTBYIOT KBAHTOBaHHBIC
3HaueHHs KoJieOaTeIbHON SHEPTUH aHTAPMOHUYIECKOTO OCILUIISATOPA.

E, =hc-{m,0+1) - ax,(0+1)} )
rae X, — kod(hQUIMEHT aHrapMOHMYHOCTH. Bripakenue (9) mocrarouno

TOYHO OITMCHIBAET CUCTEMY YpPOBHEH KOJeOaTeIbHOW SHEPTUH JIBYXaTOM-
HBIX MOJIEKYJI C MaJIOW aHrapMOHUYHOCTBIO, TAKUX, HAIPUMED, KaK MoJie-
KyJIbl TaloreHoB. [l onucaHus MOJIEKYJ C CHIBHO BBIPaKEHHOW aHrap-
MOHHUYHOCTBIO (HampumMep, H,) He0OXOANMO HCIIOIB30BaTh O0JIee TOUHOE
pa3noKeHue, BBOAS B PaCCMOTPEHUE BTOPEIE ( Y, ), TPEThH H T.J. KO3pdu-
IIMEHTHI aHTAPMOHUYHOCTH.

Tak kak cooTHomeHHe @, > @,X, > 0 BBIIOIHAETCS BCErAa, I03TO-
MY C YBEJIMYEHHEM U PACCTOSIHUE MEXKAY JUCKPETHBIMH KOJIeOaTeIbHBIMH
YPOBHSIMH YMEHBIIAIOTCS, T.€. OHH CXOJISTCS M MEPEXOIST B CIUIOIIHON
cnektp npu E_— D, (puc.1). Cnemyer oTMETHTb, YTO MEXIY MUHHMY-
MOM TOTEHIMAIBHON YHEPTUH U TUCCOLMAIMOHHBIM TMPEJIeoM pa3Meria-

eTcsl KOHEYHOe 4YHCIo ypoBHed. Hampumep, cucrema KojeOaTeIbHBIX
YpOBHEH MOJEKy/Isl H, B OCHOBHOM 3JIEKTPOHHOM COCTOSIHHM HACHYHTHI-

BaeT Bcero 15 yposHeil. BooOie, umcino koneOaTenbHBIX YpOBHEH s
JTAHHOT'O DJIEKTPOHHOT'O COCTOSIHHS OTIPEIEISIETCSl B TOM YHCIIe BEJINYNHOMN

9



Kod(puIneHTa aHTapMOHHYHOCTH. UMCI0 KoneOaTelnbHBIX YpPOBHEH Yy
MOJICKYJI ¢ HU3KHM KO3()(UIHMEHTOM aHTapMOHUYHOCTH MOXKET JOCTUTaTh
HECKOJIBKUX JECATKOB.

OHeprust TUCCOMANN De , BXO/AIIas B ypaBHEHHE (8) U COOTBET-

CTBYIOI[asl PACCTOSHUIO OT MHHAMYMa HOTEHIMAIbHONH KPHBOH 10 AMCCO-
UOHHOTO Tipenena (puc.l), sBISETCS TEOPEeTHYECKOW BEIMYMWHOH, T.K.
MOJIEKyJIa HE MOXET HaXOANUThCS B COCTOSHUU C KOJe0aTeIbHOM SHeprue
HIDKE, YeM JHEprHs OCHOBHOTO cocTosiHMsl ¢ U = (0, 3HaueHue KOTOpOH,
COTJIaCHO ypaBHEHHIO (9), paBHO

— 1,1
Eo - hC~[2 @, 4wexe]'
OKCHepuMEeHTANbHO M3MepsaeTcs ToIbKo BenmumunHa Dy (puc. 1). Kak
BUJTHO U3 pHC. 1,
— — i i
D,=D,+E, =D, +hc-[2e, -2 a.x ]. (10)
Jl1st BpalaTeNnbHbIX YPOBHEW 3HEPIUM JBYXaTOMHOM MOJIEKYJBI pe-

meHue ypaBHeHus lllpenunrepa na€r cienyroiee NpuONMKEHHOE BbIpa-
JKEHUE:!

E, =hc[B,J(J +1)]. (11)
rae B, — BpamarensHas nocTosHHAs [eM™] mst jaHHOTO KONEOATENLHOTO

COCTOSIHMSA U ; J — BpalllaTEIbHOE KBAHTOBOE YuCio, J =012,...

IIpu nepexone MOJEKYJbl ¢ OAHOIO YPOBHS BpalllaTeJIbHON YHEPTUU
Ha JAPYTOW W MPHU HEU3MEHHBIX JEKTPOHHOM U KOJIeOaTeIThbHOM COCTOSHU-
SIX HaOJIIOIal0TCS YHCTO BpAIlATENIbHBIE CIEKTPHI, KOTOPHIE, KaK YXkKe OT-
MeYalloch, Jiexar B Aan€koi umH(ppakpacHoi obmacTu. PacmonoxeHue u
WHTEHCHUBHOCTh JIMHUU B CIIEKTpax IOTJIOMICHNUA W HCITYCKaHHUA OIIpCac-
JISTIOTCSL TIPaBUJIAMK 0TOOPa, BEPOSITHOCTIIMH TIEPEXOJI0B U 3aCETIEHHOCTHIO

BEPXHET0 (U’, J ') W HIDKHETO (u", J ") COCTOsTHHI MoJeKyIsl. Heo6xoau-

MO OTMETHTh, YTO YHCTO BpallaTeNbHBIE U KOJeOaTeIbHO-BpamaTeIbHbIe
HEepexoAbl BO3MOKHBI TOJIBKO MPH HAJIWYHMU Y MOJEKYJbI 3IeKTPUUECKOrO
JIIIOJIBHOTO MOMEHTA. {1 IByXaTOMHBIX CHMMETPUYHBIX TOMOSJIEPHBIX
Mojekyn tuna H,,0,,Cl, ¥ T.J1., y KOTOPBIX 3JIEKTPUYECKUH JUIOJIBHBIHA

MOMEHT B JIJAHHOM 3JIEKTPOHHOM COCTOSIHUHM OCTAETCSl PaBHBIM HYIIIO (M HE
TOSIBISIETCST TIPH KOJICOAHMSIX aTOMOB), PaIHMAMOHHBIC BpallaTelbHBIC U
KosrebaTenbHO-BpamaTeIbHbIe TIePeX0bl 3alpemieHbl, H COOTBETCTBYIO-
IIMe CIIEKTPHI He HaOIroMatoTCs.
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CHexTpsl MOTJIOMEHNS M UCITyCKAaHHs, BOSHUKAOIINE IIPH MEPEX0e
MOJIEKYJIBl W3 OJHOTO JJICKTPOHHOTO COCTOSIHUSI B JAPYTo€, IIONyHHIN
Ha3BaHHUE JIEKTPOHHBIX. DJICKTPOHHBIMH IIPHHATO HA3BIBATH JIIOOBIEC CIICK-
TpPBI, HaOIIOaeMble TPH MEpexoax, B KOTOPBIX MEHSETCS 3JIEKTPOHHOE
COCTOSIHAE MOJIEKYJBI, XOTS B TAaKMX IEPEXOAaX OJHOBPEMEHHO C JIICK-
TPOHHBIM MOJKET M3MEHSATHCS KOJIeOaTeNbHOE U BpallaTeIbHOE COCTOSHUS
MoJekynbl. Mcnonesyst Beipakenus (3), (9), (11), cuctemy Bcex BO3MOX-
HBIX JHEPreTHYECKUX COCTOSHUN IBYXaTOMHOI MOJEKYJIbl MOXKHO NpH-
OKEHHO NPeACTaBUTh ypaBHEHHEM

1 1y2
E=E, +E, +E =E, +hc{o,(0+1) - ox (0+1)} +hc{B I +1)}
WA, NOJIb3YACHh MNPHUHATBIM B CIICKTPOCKOIIMM IMOHATHEM TEPMOB (T.e.
SHEPIUH, BRIPAKCHHOM B €MHHIIAX CM 1),

T =Te+G(u)+F(J):Te+{a)e(u+§)—a)exe(u+%)z}+

, (12)
+{B,J(J +1)}

F)leG(U), F (.J) — TPUHATBIC 0003HAYCHUS AJIS KOJeOaTeIbHBIX U Bpa-
IATEJbHBIX TEPMOB, T,— TEPM YHCTO BIIEKTPOHHOT'O BO30YK/IAEHHS, KOTO-

prI7[ JJIs1 OCHOBHOI'O DJICKTPOHHOI'O COCTOAHUA NMPUHHUMACTCA pPaBHBIM HY-
JIXO.

Boanoseie quciia BO3MOXXHBIX 3HCKTpOHHO-KOJ’I66aT€J'IBHO'
BpAIATCIIbHBIX MEPEXO0A0B BbIPAKAKOTCA YPABHCHUCM

' " ! ' ro! ' 2
v=T'-T'=v +[a)e(u +2)—ox, (V' +3) ]—
~[ @l + ) - x "+ 1) ]+ (13)
+[B)3'('+1]-[B/I"(I"+1)].
3H€CB BC€ CHMBOJIbI ¢ OAHUM IITPUXOM OTHOCATCA K IapaMeTpam,

OIMMCHIBAIOLIMM COCTOSIHHE C OOJIbILEH dHeprueil (BepXHee COCTOSHHUE),

CHMBOJIBI C JAByMSI ITPUXAMHU — HMXKHEE COCTOSHHME; V, =Te'—Te"f BOJI-

HOBOE 4HCIIO 3EKTPOHHOTO nepexoma. Tak kak B # B B BblpaxeHnn

(13) HeobxomuMO yuecTh TOT (aKT, YTO BpaliaTeabHas MOCTOSIHHAS H3Me-
HACTCA P UBMECHCHNUU MEXKDBAACPHOTO PaCCTOSIHUA.

COBOKYITHOCTh CHEKTPAIBHBIX JIMHUH, HAOMIOIAeMBIX TIPH AJIEKTPOH-
HO-KO0JIeOaTeIbHO-BPaIaTeIbHOM TIePEeX0/e, MPEACTaBIsIeT cOOOH CHCcTe-
My TI0JIOC, IPUYEM TIOJIOCOM HA3BIBAETCS YacCTh JIMHHUM, COOTBETCTBYIOIIAS
OnpeIeNIEHHON  Pa3HOCTH  KOJeOaTeNbHBIX KBAHTOBBIX wuhcen o —v”.
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BHyTpH KaXI0H MOIOCHE MOXKHO (TIPH OCTaTOYHO XOPOIIEM CIEKTPaJIb-
HOM paspelIeHHH Npuodopa) pasiuduTh BPAIATEIbHYIO CTPYKTYpPY, SIBIA-
fornytocst cyneprnosunueit Tpéx P, Q u R BeTBelf, coOTBeTCTBYIOMUX Ipa-
BWJIaM OTOOpa UIA BpAIaTeIbHOTO KBaHTOBOTO umcia: AJ= —1;0;+1.
YyacTok CHeKkTpa, /e JHHUM BpallaTelbHOW CTPYKTYPHI CryIIAroTCs,
Ha3bIBaeTCsl KaHTOM mosockl. O0pa3oBaHHE KaHTOB OOYCIIOBJIEHO pa3iu-

YHEeM BEJMYUH BPAIIATEIBbHBIX MOCTOSHHBIX B; u B: (cMm. ypaBHeHUE

JJIA OOJILIIMHCTBA

(13)). A6comotnas BemmumHa pasHoctH |B) — B!

JIEKTPOHHBIX MEPEXO0J0B 3HAUUTEIHHO OOJIBIIE, YeM IS KoJeOaTelbHBIX
(mpoucxomsmmx 0e3 H3MEHEHHs BIICKTPOHHOTO cocTosHus). Iloatomy
HaJlMYhe KaHTOB TOJIOC — XapakTepHas OCOOEHHOCTh 3JIEKTPOHHO-
KoJeOaTeNbHO-BPAIATENbHBIX ~ CIIEKTPOB, a B KoJeOaTelbHO-
BpammaTtenbHbIX MK-criekTpax KaHTBI IPaKTHYECKH HE HaOIIO1ar0TCs.

KonebaTenpHas cTpyKTypa ypOBHEH 3HEPTHH MOJICKYJ IIPOSBISCTCS
B DJIEKTPOHHO-KOJIeOATEIbHO-BpaIlaTeIbHBIX IIOJIOCAThIX CIIEKTpax, B TO
BpEMsI KaK CUCTEMY BpalllaTeIbHBIX YPOBHEH yJOOHEe 3y4aTh 110 JaHHBIM
WK u MUKPOBOJIHOBBIX KOJIeOaTeIbHO-BPALIATENIbHBIX M YKCTO Bpalla-
TENbHBIX CHEeKTpoB. IIpm wuccienoBaHuAX KoIeOATENIPHOW CTPYKTYPHI
MOJKHO TNIpeHeOpeub B ypaBHeHHH (12) BpamaTeslbHBIM TEPMOM IO CpaB-
HEHUIO C AJIEKTPOHHBIM U KoJiebaTelbHbIM (cM. cooTHOleHue (4)). B aTom
Cily4ae TIOJIOKEHHUE TT0JI0C OTPEEISIETCs BEIpaKCHHEM

_ ’ [ S NN r,1 2 _
v=v_ +|:a)e(u +3) X (V' +3) :I
nen 1 nnyon 172
—[a)e(u +3) =X (V" +3) ]
3Ha4YeHHS BOJHOBEIX YHCET V , OIIPCACIIACMbIX YPAaBHCHUCM (14), OoT-
HOCATCA K TakK Ha3bIBACMOMY Havay ITOJIOCHI - epexo-

(14)

ay0",J"=0-0',1" =0. Pacctosnue MexIy KaHTOM M HauajoM (HyJle-
BOI1 JIMHUeE) TTOOCHI 1AETCA COOTHONIEHHEM
(B! + BN)Z
=_oT ) (15)
4(B, -B,)

Ouubkoii B OIPCACIICHNU BpalllaTCJIbHbIX NOCTOSIHHBIX B COOTHOIIC-

iy v
KaHT oc

HuH 15 MOXKHO npeneOpeus, ecnu B! 3amerno ormuaercs or B, a camu
3HAUCHMSl BPAILATEIbHBIX ITOCTOSHHBIX HEBEJIMKH, KaK, Harpumep, Ui
MoJiekyn rajgorenoB. Ilpu manoil pasHoctu (B; —Bl')')no CpPaBHEHHIO C

12



CYMMOH BpaIaTENbHBIX MTOCTOSHHBIX ONIMOKA MOXKET CTaTh HEIPHUEMIIEMO
60JIBIIION.

Bce HabmromaeMble B CIIEKTPE IOJOCHI, ONMUCHIBAEMBIC YPaBHEHHUEM
(14) mMoxHO pa3buTh HA JBE TPYMIBI CEPHi, WK Tporpeccuii. Haummas ¢
HEKOTOPOTO HIDKHETO (MM BEPXHEro) KoJeOaTeNnbHOrO YPOBHA U, BO3-
MOXHBI CEpHH MEPEXOJ0B HA BCE KOJICOATEIbHBIE YPOBHH BEPXHETO (MIH
HIDKHETO) 3JIEKTPOHHOTO COCTOSTHHUS (CM. pHC. 2). DTH CepHH HAa3bIBAIOTCS
COOTBETCTBEHHO U’ M 0" - MPOrPECCHSAMU MM TIONIEPEIHBIMH U PO b-
HeIMH cepusiMu [lemannpa. IlocnenHee Ha3BaHWE CBSI3aHO C TEM, 4TO
OOBIYHO JUTA TPOBEICHMS aHAIM3a KOJIeOATeNbHOM CTPYKTYPHI BOJHOBBIC
YrciIa HabJI0aeMbIX MIEPEeX010B MPEICTABISIIOTCS B BU/IE TaK Ha3bIBaeMO
Tabmuipl Jlenanapa, B cToi0max KOTOPOH pacrojiararoTcsi HOCHIeNoBa-
TenbHBIE L' -TPOTPECCHH, a B CTPOKax — v” -nporpeccun. JluaroHanbHbie
CTpOKHU TaOmuIb! Jlenanapa cOOTBETCTBYIOT IPYIIIaM NEPEXOJI0B C (PUKCH-
pOBaHHBIM 3HaueHHMeM Av =0 —0", KOTOpble 00pa3ylOT B CHEKTpax
TpyNb! OIM3KO PACHONI0KEHHBIX MTOJIOC, WIIM CEKBEHIINH.

PacnipeneneHne MHTEHCUBHOCTH B MPOTPECCUSX TOJIOC AIIEKTPOHHO-
KOJIe0ATEIBHOTO CIEKTPa MOXET OBITh PA3IMYHBIM B 3aBUCUMOCTH OT B3a-
HNMHOTO pacroJIOKCHUA U BUAAa MMOTCHIIUAJIbHBIX KPUBbIX HUXKHETO U BEPX-
HETO 3JICKTPOHHBIX COCTOHHI/If/'I; OOBSICHUTDL €r0 MOXKHO C MOMOIIBIO ITPUH-
nuna dpanka-KonmoHa, KoTophiii GopMyaupyeTcs ClaenyronmM o0pa3oM.
[Tpu mepexozie MOJIEKYJIbl U3 OJTHOTO 3JIEKTPOHHOTO COCTOSIHHSI B APYroe
nepepacmpesiefieHue 3JeKTPOHHOW IUIOTHOCTH IMPOUCXOIUT Tak OBICTPO,
YTO paccTOsSHUE MEXAY SIIpaMH HE yclieBaeT M3MeHHUThes. OTcrona cieny-
€T, YTO Ha JuarpamMme KpUBBIX MOTEHIHAIbHON 3Hepruu (puc. 3) KBaHTO-
BBIE NEPEXO0J(bl MEXK/Y Pa3IMUHBIMH 3JIEKTPOHHBIMH COCTOSHUSIMH JIBYX-
ATOMHOW MOJIEKYJIBl JOJKHBI N300paKaThbCsl BEPTHKAIBHBIMHU CTPEJIKAMH,
KOTOpBIE OTBEYAIOT YCIIOBHIO HEM3MEHHOCTH MEXBbSIEPHOTO PACCTOSIHUS B
npolecce nepexoja.

13



YU (r) x 1074, em™?

W R

~
L
T

1+ 3
Puc. 2. KpuBble NOTEHIMAIBHOH SHEPTHU JUIS COCTOSHUI Zg , 11 U ou

+ 3 +

11

mozekysl |,

OTHOCHTENbHAS BEPOSITHOCTH 3JIEKTPOHHO-KOJIEOATEIbHBIX IEpexo-
JIOB OTIpeIeIIIeTCsl KBaJIPaTOM TaK HAa3bIBAEMOT'0 MHTETpajia epeKpbIBAHUS

* 2
[[wy-war] =R, (16)
;
rac !//U- — KOMHHGKCHO'COHPH}KéHHaﬂ KoJsiebaTeabpHast BOJHOBAs q)yHKIII/IH

BO36y)KHéHHOI‘O SJICKTPOHHOI'O COCTOsIHHA, W/ .« — BOJHOBa:d Q)yHKHI/Iﬂ oC-

HOBHOT'O 3JICKTPOHHOT'O COCTOSIHHS. BepOﬂTHOCTL HaXO0XJACHUA AP Ha
OHpe,HGJ'IéHHOM pacCTtosiHuM JApyr OT J[pyra mnponopuroHajlbHa BCJINU-

2
T pa3siIMIHbIX KoJiebaTeb-

2
‘II/IHC|I//U| . Pacnpenenenne BenmmunH |l//u

HBIX YpPOBHEW OCHOBHOTO W BO30YXIEHHOTO SJEKTPOHHBIX COCTOSHHMA

14



CXeMaTHYHO MOKa3aHo Ha puc. 3. BugHo, 4To ¢ yBenmn4eHHeM KojaeOaTemb-
HOTO KBaHTOBOTO YHCJIa U YBEJIMYMUBAETCS BEPOATHOCTD HAXOXKICHHUS SAEP
Ha PAacCTOSIHUAX [, ONpEAENsieMbIX NOTEHUHAIbHOW KpuBod U(r), T.e.
COOTBETCTBYIOUINX KPAaHHUM TOJOKEHUSAM KOJICOaHNH aHTapMOHIYECKOTO
ocummaTopa. [Ipn v = 0 Hambonee BEpOATHBIM PACcCTOSTHUEM MEXIY SiI-
pamu sBIsgeTcs paBHOBeCHOE 3HaueHue [, . Cornacno npunuuny ®Opanka-

Konmona, s ciaydas, n3o0paxEHHoro Ha puc. 3, (TOTJIOMICHUE U3 COCTO-
auus 0" =0) Haubosee BepoATHBIM OyjeT nepexon 0—>4, KOTOPhIHA OT-
BCUACT HaI/I6OJ'II)HIeMy 3HAaUYCHUIO HMHTETpaia NEPCKPbIBAHUA. B cootBert-
CTBYIONIEM CHEKTpe Toriomenus (v’ -nporpeccus npu v” =0) monoca,
OTBEYaloIasi dTOMY MEepexoay, OyJeT MMeTh MaKCUMaJbHYI0 HHTEHCHB-
HOCTb, @ HHTEHCUBHOCTb APYTHX IOJIOC MPOTPECCHU OYyJeT ONMpPEAesThCs
3HAYeHHEM HHTErpaja MEepeKphIBaHMA ISl KaKAOTOo  Iepexona

v"=0-0".

U(r)t

~
Il

Nel?

o= b R Bt

=

Puc. 3. Wimroctpanus npuHnuna @panka — KorgoHa.
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[I. CMEKTP NMOrMOWEHNA MOJIEKYIIbI I2.
ONPEAENEHUE MOJIEKYNAPHbBIX MOCTOAHHbLIX

B nmanHOW pabore wmcciexyercs — 3JEKTPOHHO-KOJIEOATEIbHO-
BpalaTelIbHbI CHEKTp MOIJIOLEHUs NapoB Hoxa. Mccnemyemslit criekTp

MOTJIOIEHHUS COOTBETCTBYET 3JIEKTPOHHOMY MEPEXOay 125 —3113, u 1e-

XKUT B 061acTy ;e BonH 490 < A <650 am (15400 < v < 20400 cm ). O

Ki1accu(uKauy MOJIEKYJIAPHBIX COCTOSIHUH cM. [1]
IIpu Temneparypax, OMM3KHX K KOMHATHOH, O0JIbIIAs 9acTh MOJICKYI

(~65%) HAXOAUTCS B HIKHEM KonebaTenbHOM cocTossHuM L = 0 OCHOB-

!
HOT'O 3JIEKTPOHHOI'O COCTOSHHS 125. MexbanepHoe paccrosuue I, Ha

0,4 A Gombire, uem re” , IO3TOMY HaO0JIF0TaeMbIC MTEPEXO bl IPUXOIATCS Ha
neByto ("KpyTyro') BEeTBb MOTEHIMAJIbHON KpHBOW. B crmexTpe mormome-
HHUs HabII0aeTcs MHTEHCUBHAS JIHHHAs v’ — mporpeccus ¢ 0" =0 . He-
CMOTpS Ha TO, YTO COCTOSIHMA ¢ U" =1,2,... B COOTBETCTBHH C pacrpeje-

nenueM bBospiiMaHa MeHee 3aceleHbl, BEPOSTHOCTh MEPEXOJO0B M3 3THX
COCTOSIHMH TaKKe J0CTaTOYHO BEIHMKa, M HAOMIOIAIOTCS MPOTPECCHU C

0" =1,2. MakcuManbHbIi 10 HEPIUU MEPEXOJ B KakKIOH Iporpeccuu —
Hepexoll K YPOBHIO SHEPIHH, COOTBETCTBYIOIIEMY TUCCOLMATUBHOMY IIpe-

aeny v, (puc. 2).
[pu qrccouHanny U3 OCHOBHOTO 3JIEKTPOHHOTO COCTOSIHHS lZE 00-

2
pa3yroTcs HeBO36y>K,HCHHBIe aTOMBbI B COCTOSHHUAX Pg. HI/ICCOHI/IHHI/ISI us3
2

BO36YKIEHHOTO 3JIEKTPOHHOTO COCTOSHHS Il IPHBOAMT K TOMY, UTO

2
OJIUH U3 aTOMOB 00pa3yeTcst B BO30YXKIEHHOM COCTOSHUM P, . DHeprus
2
v v 2 2
BO3OYKIeHHs aTomMa Homa MoxkeT Obith  Haiimena (P, —°P,)
2 2

E, = 7603 cm " (puc. 3).

Ecnu npoBectn aHanmu3 KosedaTeNbHOM CTPYKTYphl HaOJII0aeMoro
3JEKTPOHHOIO Nepexoa, T.6. U3MEPUTh 3HAUEHUs] BOJHOBBIX YHCEN IOJI0C
W TIPOM3BECTH MX OTHECEHHE HEONPE/ICIICHHBIM 3HAUCHUSIM KojebaTelb-

HBIX KBAHTOBBIX 4Hcel 0’ M 0’ HIDKHETO M BEPXHETO JEKTPOHHEIX CO-
16



CTOSIHUH, TO MOKHO ONpPENeNUTh Kod(punueHTs! ypaBHenus (14), u Ta-

KAM 00pa3oM OICHUTh BEIMYMHBI MOJEKYJSIPHBIX  IOCTOSHHBIX
U r.,! " n.n v
Te,a)e,a)exe,a)e,a)exe. CraTHCTHYECKU aHAN3 JKCIIEPHUMEHTAIBHBIX

JAHHBIX, TTOMYMHSIONINXCS 3aBHCUMOCTH Buaa (14), cmoxen u Tpebyer
00pabotkn Ha DBM. Ha mpaxTike Aisi OmpeneieHns: OCHOBHON KoieOa-

TENBHOH YacTOTBl @, M IIOCTOSHHOH aHTAPMOHMYHOCTH X, MPHMEHSIIOT

6osiee TpocTOil croco0. BEMUCIAIOT Tak Ha3bIBaEMBbIC MEPBBIE PA3HOCTH

AGU#, T.€. Pa3HOCTH COCEIHHUX KOJICOATEIBHBIX TEPMOB TAHHOTO 3JEK-
2

TPOHHOI'O COCTOSHUA, KOTOPBIC paBHbI Pa3HOCTAM BOJIHOBBIX YHCCII COCC-
HHX I10JI0C Z[aHHOI>'I MNporpecCuu U aHAJIU3UPYIOT UX 3aBUCUMOCTD OT U . U3

ypasHenus (14) npu pukcupoBanHOM 0" (T.€. WISt U’ — MPOTPECCHH) HUME-
eM

v(v'+1)-v (V') =AG], , = o, - 2a0,x, (V' +1). 17)
2

HOCKOJ’ILKy AGU+1 3aBUCHUT JIMHEHHO OT U MOJICKYJIAPHBIC KOHCTAaH-

TBl Wy U @yX, MOXHO ompenenuth rpaduuecku. s goctrxenust 60i1b-
el TOYHOCTH HPOBOJST PETPEeCcCHOHHBIN aHanmu3 3aBucuMmoctd (17) u
ornpeaensiorT KodQOUIUHUEHTbl w, U —2w,X, . ECIIM B CIIEKTpe MOXKHO BbIJie-

JUTH MPOrPECCHH MO 0", TO MOKHO ONPENETHTh M MOJEKYNISPHbIE KOH-
CTaHTBI JJISl HIDKHETO 3JIEKTPOHHOTO cocTossHUsL. OJTHAKO MpH TeMIepaTy-
pax, OJIM3KMX K KOMHATHOM, B CIIEKTpE MOTJIONICHUH MapoB Hoxa Haburo-
JIAfOTCSl TIEPEXO/bl C KOoJeOaTeJbHBIX YPOBHEH HH3IIETO 3JIEKTPOHHOTO

coctosHus 0" <2, IpUYEM MHTEHCHBHOCTb TOJIOC ¢ " =2 HeBeJHKa.
[TosTOMy B yCcnOBUSIX JaHHOH pabOTHI, UCIIONB3YS VISl AaHAJIM3a HHTEHCHB-
Hele 0’ - TIPOTPECCHH C HIKHHX KOJNeOAaTeNbHBIX YPOBHEH OCHOBHOTO
3J1eKTpOHHOTO coctosuus (ypoBunv” =0, v" =1), ¢ K0cTaTOYHON TOUHO-
CTBIO MOXHO OIIPEIENIUTh TOJBKO MOJEKYJISIpHBIE MOCTOSTHHBIE |2 B 3Jek-

TPOHHOM COCTOSHHH °T1§), .

W3 ypasuenus (17), npupaBHAB AG;,+l K Hymo (puc. 4), MOXHO TI0-
2

JIYYUTb BCIUYUHY Urp , T.C. KoJie0aTeIbHOE KBAHTOBOE YHUCJIIO «II0CJIEAHEC-

Tro» OJUCKPETHOI'O YPOBHA KoJiebaTeapHO OHEprumv, rpaHuvyamiero co
CIUVIOIIHBIM CIICKTPOM. MoneKyna, KOTOpOﬁ COO6III€Ha OHCPIrvs BbIIIC
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YPOBHSI, ONPE/IEISIEMOr0 BETHIMHON U, , AUCCOLMUPYeT. OUEeBHIHO, YTO
CyMMa pa3HOCTEH COCeHUX KoyieOaTeIbHBIX TepMOB, HauuHas ¢ v =0 10
U, , PaBHA SHEPTHH JAUCCOLMALNH [Isl JaHHOTO ICKTPOHHOIO COCTOSHMUS

U=U1-p

D> AG =D, (18)
B npuGmmwkennu (9), paromeM nuHeiiHyio 3aBucumocts AG , or
2
(u + 1) , SHEPTHS ANCCOIMAIINY PaBHA
2
o,

D, =——. (19)
4w, X,

AGU+%1

We
MNAG = we — 2wexe(v + 1)

Puc. 4. Jluneiinas skCTpanosus

®opmyna (19) HazpiBaeTcs GOpMyYIIOH JTMHEHHON SKCTPANOISALUKN U
MOXeET OBITh TI0JIE3Ha /ISl OLCHKH SHEPTHH JMCCOIMALNK JBYXaTOMHBIX

MOJIEKYJI, B CHEKTpPe KOTOPHIX HabIIOaloTCs TOJBKO KOPOTKHE ' WM
v" — mporpeccun, COOTBETCTBYIOIIME MEPEXONAM MEKIY HUKHUMHU KOJIe-
OarenbHBIMU YpPOBHSIMU. TOYHOCTH OLEHKHM BenuuuHbl Dy 1o ¢dopmyiie
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(19) o6praHO cocTaBmsieT okoo 20%, U 3TO CBSI3aHO C TEM, UTO JIMHEHHAsS
3aBUCHMOCTH (17) He yYUTHIBaeT aHTapMOHHYHOCTH OOJiee BBEICOKOTO II0-
psaOKa, uYeM  @gX,. OTKIOHEHHWe OT JMHEHHOW  3aBHCHMOCTH

AG | (v+1) Bo3pacTraeT npu NPUOIIKEHUH K TIPEETy AUCCOIUAIIH.

"2

Ecnu B criekTpe MOTOIeHUs WM MCIyCKaHHUsl HAaOMIOA0TCs AIHH-
HBIE CEPUH MEPEXOJI0B, CBA3AHHBIC C BHICOKMMH 3HAYEHHMAMH ' Wik 0"
(kKaK y MOJIEKYJI TaJIOTEHOB), TO 00Jiee TOUHO MOYKHO OMPEHCITUTh SHEPTHIO
JHCCOLMALMHE METOOM rpaduueckoil skcrpamoisinun bepmxa-1lnonep
(cm. [4]). Crpourcs rpaduk 3aBUCUMOCTH HaOIIOAaeMBIX KOJeOaTeIbHBIX

naTepBasioB AG | oT U+l, KOTOPBIA 3KCTPANOIUPYyETCs A0 Iepecede-
1 2
V=
2

HUs ¢ ochio abcruce (puc. 5). Cornmachno ypaBHenuto (18) mmomans mos
3TON KPHUBOHl COOTBETCTBYET SHEPrHM Juccouuauud. s mnoBbllLIEHUA
TOYHOCTH TrpauyecKkoro onpenesieHus BenuduHbel Dy mo ¢dopmyne (18)

BCIINYMHBI pa3HOCTeI>i AG 1 HCO6XOZ[I/IMO OTHECTHU K CCpCANHAM KoJeba-

v+
TeNBHBIX MHTEpBAIOB U+1—> U, T.e. K u+%. N3 cnekrpa noriomnieHus

MOJIEKYJIbI |2 METOJIOM JIMHEHHOM SKCTPANOJISILIMY U METOJOM 3KCTparo-
nsiuu bepmpka-1nonep onpenensieTcss JHEPTHsl AUCCOIUAITNH U3 BO30Y K-
JICHHOTO 3JICKTPOHHOT'O COCTOSIHUS SHE;U - DYy.

3 CIICKTpa MOTJIOIIECHUS MOJICKYJIbI |2 MOXHO OIpPEACIIUTh KakK

BOJIHOBOC YHMCJIO Ha4ajia CHCTECMBI ITI0JIOC V, COOTBETCTBYIOMIEC IEPEXOTY

00 2
v"=0—0"=0, TaK u TpaHHIly CIJIOMHOTO CUeKTpa V,_ . 3Has BeHdH-
Hbl VU Vrp MOKHO JICTKO OIPEACIUTh SHECPTUI0 JUCCOLMAIUNA B BO3-
Oy>KIeHHOM cocTosiHUH (puc.3):

Dy =V, —Vy (20)
a, 3Has YHEPTHIO aTOMOB HOJIA NPH JUCCOLHMALMA U3 COCTOSHHS “T1g, —
Ea, BBIUHCIHTE SHEPTUIO JMCCONHAIIMN U3 OCHOBHOTO 3JIEKTPOHHOTO CO-
CTOSIHUS 12; (puc.3):

Dy =v,, —E,. (21)
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AGU+lA

2
DO | BK;"paIlOJlﬂlﬂIﬂ
0 /l&/ A -
1
v+ =

2

Puc. 5. Dkcrpanonsinus bepmpka — Llnonep

OnHako 3TOT MPOCTOH CIOCOO OMpeeNieHUs] SHEPTUU TUCCOIHAIIAN
HE BCErja MPUMEHHM, T.K. TPAHHUIIA HEMPEPHIBHOTO CIIEKTPa OIMpPEAeIsIeTCsI
JIAJIeKO HE JUTS BCEX MOJICKYIL

TOYHOCTH U3MEPEHHUS IHEPTUHU TUCCOLUALIUH 10 TPAHUIIE CILIOIIHOTO

CIICKTpa 3aBUCUT OT TOYHOCTHU HAXOXKACHHS BCINIHNHDBI Vl_p . Kak IpaBuiio,
JaXKe MMPU HAJIMYMHU Ha CIICKTPOTpaMME ydacTKa Nepexonga CUCTEMbI 1OJIOC
B CIUIOIIHOMH CIICKTP MJId HAXOKICHUS BCIINYUHbBI Vrp Tpe6yeTca OKCTpa-
MOJIAHA. HpI/I OKCTPANOJIAIUN UCHOJIB3YETCS TOT (I)aKT, 4TO IpHU HpI/I6J'H/I-
JKCHUU K I'PaHULIC CIJIONIHOI'O CIICKTpa pa3HOCTb 3Hepr1/11‘/'1 COCCJHUX KOJIC-
OaTeNbHBIX ypOBHCﬁ, a 3HAYUT U PA3HOCTH BOJIHOBBIX YHUCEI COCCIAHUX

MOJIOC B TIPOTpeccur Av CTpeMuTcs K Hyito. Eciin npenebpeus anrapmo-
HUYHOCTBIO O0Jiee BBHICOKOTO IMOPSAAKA YeM @,X., TO W3 ypaBHEeHHUS (14)

MOJXHO INOJYYUTb, YTO 3aBUCUMOCTL Vv OT Av gBigeTcs napa60n0171 BuIa

v=a+bAv+c(Av)2. (22)
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Ilpu Av=0 v=a=v, mia mepexonos v =0—0". Iposos
CTaTUCTUYECKUI aHalIu3 HKCIEPUMEHTAIIBHOW 3aBUCUMOCTU v(Av) 1uist
v —nporpeccun ¢ v" =0 u onpenenuB KOXPPUIMEHT & B ypaBHEHHM
perpeccuu Buza (22), MOXXHO HailTH V., - MOXHO HCIIONb30BaTh rpadude-
CKYIO DOKCTPamlOJSILUI0 SKCIEPUMEHTAIBHOM 3aBUCUMOCTH V(Av) K
Av =0, HO B 3TOM Clly4ae TOYHOCTh ONMPE/ICICHHs BEIMYMHEL V, = HEBEIH-
Ka.

Ilo naHHBIM U3MEpPEHUS MONEKYIAPHBIX MOCTOSHHBIX Dy U @, MOXK-

HO TOCTPOUTHh NOTCHIHMANBHYIO KPUBYIO JUIS HCCIIEyEMOTro 3JIEKTPOHHOTO
COCTOSIHUS, UCTIONB3Ys GyHKIMI0 Mop3e (8). [Ipu aToM HeoOX0MMMO 3HATH
PaBHOBECHOE MEKbBAJCPHOE PACCTOSHHUE [, . MeXbslepHOE pacCTOSHUE
MOXHO ONPENEINTh aHAIU3UPYS CTPYKTYypy BpallaTeNbHBIX WIH Koseba-
TENIBHO-BPAIIATENFHBIX CIIEKTPOB. OIHAKO AJISI TOMOSIEPHBIX ABYXaTOM-
HBIX MOJICKYJ Takas BO3MOXXHOCTb HCKIIIOUEHA. AHAlM3 BpallaTeabHOH
CTPYKTYpPBI 3JIEKTPOHHO-KOJe0aTeIbHO-BpaIaTeIbHON IIOJIOCHI, COCTOS-
mei U3 HaJoXKEHHBIX Jpyr Ha apyra P,Q,R -BeTBei, BecbMa CIOXEH, a

MIPY UCTIOJIb30BAaHUM CIIEKTPAJIBHBIX MTPUOOPOB MAJION U cpenHell aucnep-
CUU — HEBO3MOJKEH.
OLEHNUTh Pa3HOCTh PABHOBECHBIX MEXBSAAECPHBIX PACCTOSHUM OCHOB-

o ' "
HOTO H B036y)KI[CHHOl"O JJICKTPOHHBIX COCTOSIHUU (re —re ) MOXXHO, HC-

MOJIB3YsI pachpe/ieieHie HHTCHCUBHOCTH MOJIOC B CIIEKTpE.
Cornacuo mnpuniuny ®panka-Konmona, Hanboiee HHTEHCHBHBIM
”n ’ ’ ’
nepexoaoM B cepud moioc v =0—> v :0,1,2,...1)m,ﬁx...z)rp Oymer mepe-

’

"
xon v =0->v_,,

COOTBCTCTByK)IIII/Iﬁ BCpTHKaJ’IBHOﬁ JIMHUH, TPOBCJCH-

o " o o
HOU H3 TOYKH I’e (pI/IC. 3) A0 mepeceucHuss ¢ BEPXHEU MOTCHLIUAIbHOU
KpHBOﬁ. BonHOBOE 4YHCIIO IOJOCHI ¢ MAaKCUMAaJIbHBIM HOTJIOICHHUEM 000-

3HA4YUM Vmax; TOraa MOTCeHUHAJIbHAAg SHEPrus, OTCUUTbIBa€Masi OT MUHU-

MyMa MOTEHIMATLHOW KpUBO# (puc. 3), paBHa

[y " CD‘;
ui(r =re);vmax—v00+? (23)

o,
(— — xonebarenbHas sHeprus yposus v =0).
2
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C npyroif cTOpoHBI, HCIONB3Ys (GopMyiy (8) MOXKHO 3amucars IS
BO30Y>KAECHHOTO JICKTPOHHOTO COCTOSIHHSA

u'(r'=r)=D; [1—e_ﬂ'(re”_ré)}2, (24)

, 1/2

' ’ a)e ’ ’ 272’2/,[C ’ H '
rne D, =D +—, p =0 — ~ 0,12177 w, —,eCl @, 1
2 D’h D,

e

e

D, BBIPakeHbI B €M, 4 — B a.€.M.
U3 (24) cnenyer, uto
' B , 1/2
u'(r=r)
D’ '

e

’

" l
r-r,=—Inl1+
!

e

(25)

! ’ ’ "
Bemuunner D), g, U'(r' = re') BBIYUCIISIOTCS 110 KCTIEPHUMEHTAIHHO
! ! n
IOJTy9IEHHBIM 3Ha9e¢HUAM D, @,, Viay »Voo. 3Had BequuuHy I, 10 dop-

myze (25), onpenenstor I’e' U CTPOAT NMOTEHIMAIBHYIO KPUBYIO BEPXHETO

QJICKTPOHHOT'O COCTOSAHHA, UCTIOJIb3Ys Haﬁ}leHHLIe 3HAYCHUSA MOJICKYJIAP-
HBbIX KOHCTAHT.

OnucaHHBIE B 3TOM pasfene MeToAbl 00paboTKH 3IEKTPOHHO-
KoJIe0aTeIbHBIX CIICKTPOB MOT'YyT OBITh NMPUMEHCHBI TAKXE JId aHaJIn3a
CIEKTPOB HCITyCKaHUSI WM PE30HAHCHOM (DIyopecleHIMH JBYXaTOMHBIX
MOJIEKYL.

1. TIPOBEAEHUE SKCNMEPUMEHTA

B nannoii paborte perucrpanusi CIeKTpOB IOTJIOMIEHHS MapoB Hozxa
MPOU3BOJUTCS C TOMOIBIO aBTOMATHYECKOro crekTpodoromerpa s
BUIMMON U ynbTpaduonetoBoii obmacteit «Specord M400y». Omrrueckas
cxema npubopa npuBeeHa Ha puc. 6.

Jnst HaOmroeHus MU3MEHEHHs XapakTepa CIeKTpa NpU HW3MEHEHHH
TEMIIEPATypbl NWINHAPUYECKAsl CTEKIISIHHAS KIOBETa C KpUCTaulaMu HoJa
YCTaHABIIMBAETCSA B KEOBETHOM OTCEKe IIPHOOpa ¢ MOMOIIBIO CIIELHAIbHOTO
JiepkaTesst, KOTOpBIi HarpeBaeTcst 10 He0OXOANMOI TeMIepaTypsl BOJIOH,
M0IaBaeMOM 110 COETMHUTEIBHBIM IIUIAHraM OT TEPMOCTATa.

CHexTp HOIJIOIIEHHsT MOJIEKYJIBI |, PacrojioXKeH B JUana3oHe BOJI-

HOBBIX umcen v =15500+ 20100 cm (A =650+490 HM).
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3epKaio

3epKaJIO 3epKaJo

A

Jlemurens-
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E JlndpaKipoHHast
= Jlammer

I peuierka

Puc. 6.

OnTuyeckas cxema npudopa
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IMopsinok BbINOJIHEHMS] Pa0OTHI PH PErHCTPALIMH CIIEKTPOB

OsHakombTech ¢ omucanueM crektpodoromerpa «Specord M400y,
mporpaMMoii ympaBieHus crektpodoromerpom «M400 Manager» u
TepMocTtara. IIpH BKIIOYEHHH CHIEKTPOGOTOMETpa ¥ pPErUcTpanuy
CIIEKTPOB HEOOXOJUMO PYKOBOICTBOBATHCS KPAaTKOW HWHCTPYKLIHUEH,
KOTOpasi HaXOJIUTCs Ha padovYeM MecTe.

[TomecTuTe KIOBETY C KpUCTaIaMH #Hozxa B 00OTrpeBacMblii KIOBETO-
JiepKaTesb, YCTAaHOBJICHHBIH B U3MEPHUTEIILHOM KaHaie CHEKTpo(OTO-
MeTpa. B kaHan cpaBHEHHUsI TOMECTUTE MYCTYIO KIoBeTy (puc.7).
BkJIrOUHTE TEpMOCTAT, YCTAHOBHTE KOHTAKTHBIH TEPMOMETpP HA TEMIIe-

parypy 40 °C ¥ 1O JOCTHXKEHWH yCTAHOBJICHHOM TEMIIEPATyphI MPO-

IPEUTE KIOBETY B TCUECHUE 5 MUH.
BxitounTe cnexTpo)OoTOMETp M OCBETUTENb (IaMIly HAaKaJIMBAHUS).

Banmumure criektp npu t =40 °C . [lapaMeTphl CKAaHUPOBAHUS: JHUAla-

30H: 480655 HM, % =0,5, mens = 0,1aM.

dt
[ToBTOpHTE perucTpanuio CreKTpa MpHu pa3HbIX TeMIieparypax B JHa-
na3oHe ot 40°C go 70°C (KoHkpeTHbIe 3HAUEHUS TeMIEpaTyp yKa3bl-
BAIOTCSI TIPETIOIaBaTeNIeM).
ITpu temneparype 70 °C u3MmephTe CIEKTp MOTJIOIICHHUS B AMANa30HE
330-700 HM u nATH cHEKTpoB B auanazoHe 480—655 HM mpu pa3Hoii
mupuHe mwenau ot 0,05 um 1o 1 Hm.
ITocne oxoHuaHWs pabOTHI BBIKIIIOYHTE CIIEKTPO(POTOMETP M TEPMO-
CTar.
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Puc. 7. Cxema ycTaHOBKHU: 1 — KOpIyC CIIEKTpOMETpa, 2 — KIOBETA C MapaMu HoJa,
3 — KroBeTa cpaBHEHHs, 4 — TEPMOCTAT

V. YKASAHUA MO TEXHUKE BE3OMNACHOCTU

1. Ilepen BkitoueHHEM MPUOOPOB HEOOXOAUMO YOETUTHCS B MPABHILHO-
CTH COEJUHEHUH 3JeKTpuueckoil nenu. Bee nmpubopsl, KOTOpbie MUTa-
IOTCSI OT CETH NepeMeHHoro HampspkeHus 220B, nomkHBI OBITH 3a3eM-
JICHBI.

2. Tlepen BKiIIOYEHHEM TEPMOCTATa MPOBEPHTE FEPMETHYHOCTH MarmucTpa-
JIM, TIO/IBOJISIIIIEH TOPSYYIO BOIY OT TEPMOCTaTa K KIOBETOJEPKATEIIIO.
B cimydae paspbiBa COCIMHHUTENBHBIX IIIAHTOB BO3MOXKHBI OXKOTH H
nop4a npudopos!

3. Peructpamust criekTpa NMpOM3BOIUTCS B JUANa30HE BUANMOIO CBETA.
JleiiTepueByro JaMIly OCBETHTEINS CIIEKTpodoTOMETpa He BKIIoUaiiTe!

4. Tlpu oOHapykeHHH JIIOOBIX HENOJaJ0K oOpamaiTecs K mpernojgaBare-
110

V. OBPABOTKA 3KCIMNEPUMEHTAJIbHbIX AAHHbLIX

[TomyyeHHbIE B OIBITaX CIEKTPHI MPEICTABIAIOT cOOOH Cymepro3u-
IIMI0 HECKONBKUX U’ - TIPOTPeCCHii, COOTBETCTBYIONIMX TIEPEXO/AM C Pas3-

JINYHBIX KOJIEOATENbHBIX ypOBHCfI l)” HWXHETO 3JICKTPOHHOI'O COCTOSAHUA
1Z+ o,
g Ha MHOXKECTBO KOJe0aTeIbHBIX YPOBHEN U BEPXHETO COCTOSAHUA

37+
Hou . UTo0BI paccyMTaTh MOJIEKYJISIPHBIC IOCTOSHHBIC, KAK OMHMCAHO B

paszaene |l, cnenyer mpou3BeCTH OTHECCHHE IMOJIOC, T. €. KaXIIOW 3aperu-
CTPUPOBAHHOM I0JIOCE MOCTaBUTh B COOTBETCTBUE OMNpEJEICHHbIE 3Haye-
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HUS KBAaHTOBBIX uncel 0" u v’ .

B o0mem cirydae oTHeCeHHE IIOJIOC ¥ TOCTpOoeHKe Tabmums! Jeman-
pa s NPOM3BOJLHOTO CHEKTpa — CIOXKHAs MpoLeaypa, Tpedyromas
Oonpmoro ombITa paboTH crekTpockonucta. [Ipu crekrpodoTomerprde-
CKOIl perucTpanuu BblIENEHHUE IIPOrPecCcHil U OTHECEHHEe Monoc obserda-
eTcsl BO3MOYKHOCTBIO TIPHBIIEUb IS AHAJIN3a 3aKOHOMEPHOCTH M3MEHEHHUs
MHTEHCHBHOCTH MOJIOC B criekTpe. Kak yke 0TMeyanoch, B yCIOBUSX JaH-
HOM paGoTHl B CIIEKTpax MpOSABJIAKTCA ABe O - mporpeccuu: ¢ 0" =0 u
v" =1, TaK KaKk Ipu ucmonb3yembix Temmepatypax (T =310+350 K)

HACEJICHHOCTh YPOBHEH ¢ v > 2 coctaniseT MeHee 10% OT HaceIeHHOCTH
yposrs 0" =0 (puc.8). [Tpu yBeNMUeHHH TeMNepaTypbl OTHOIICHHE Hace-
JICHHOCTEH Ny ypoBHeli 0" =1 n 0" =0 B cooTBeTCTBUHM ¢ pacmpeee-
No

HueM bompimana yBennuamuBaeTcs. COOTBETCTBEHHO YBEIHMUMBACTCS OTHO-
IIEHUE MHTEHCHBHOCTEMN T0J10C nporpeccuii ¢ 0" =1 u v" = 0. Ananusu-
pys M3MEHEHHE OTHOCHTENILHBIX MHTCHCHBHOCTEH 3aperHCTPHPOBAHHBIX
CHCTEM IIOJIOC TIPHM HM3MEHEHHHM TEeMIIepaTypbl, MOXXHO BBIACIUTH U '-
IPOTPECCHH, COOTBETCTBYIONIUE MEpexoiam ¢ ypoBHel v” =0 n 0" =1.

1.0 No
i\
[N
1\
081y '\
I\ N
ud AN
0.67 v | N, 1000K
LV - \(\
04_1@ v ~
: 1 \@ "m So
\ \\ = T <~ E en !
0.2+ 30Kl "N 300K |= T~
\/ \,< D I \ﬁ>
! -4 = 9
0 = 1 1 . ]

200 400 600 800 1000 1200

Puc. 8. OTHOCcHUTeNbHAS HACENEHHOCTh KOJIEOATENbHBIX YPOBHEH MOJICKYJISPHOTO
fiofa B OCHOBHOM DJIEKTPOHHOM COCTOSIHHH TIPH Pa3JIMIHBIX TEMIEpaTypax

26



IIpu BBIOENEHNU TPOTPECCHI, @ 3aTEM MPU OTHECEHHUH IOJIOC IMOJIE3-
HO YYHTBIBATh TAKXKE CIEIYIOIINE OCOOCHHOCTH JICKTPOHHBIX CIIEKTPOB
rajgoreHoB. Tak Kak NOTEHIMATIbHAs! KPHUBasi BO30YXKICHHOTO 3JIEKTPOHHO-
TO COCTOSHHSA Y TaJlOTEHOB CIABHHYTAa B CTOPOHY OONBIIMX 3HAYCHUH
MEXBAICPHOTO PACCTOSIHMSA, TO, MCHONb3yst npuHiun Ppanka-KoxmoHa,
MOJKHO CJIeNIaTh BBIBOJ, YTO MaKCUMyM MHTEHCUBHOCTH IIOJOC B Iporpec-

cum ¢ v" =0 6yner nexarb B o6nacTu Golee BRICOKUX 9aCTOT, YEM COOT-
BETCTBYIONIMIA MAaKCUMyM JUIs iporpeccuu ¢ v” =1: Ve > Vimx (PHC.3).
CpaBHMM Tereph BOJIHOBBIE YMCJIA MEPEXO/0B ¢ ypoBHS 0" =0 Ha

’ " !
YPOBEHb U (VO‘U,) U C YpOBHS U =1 Ha ypoBEHb (U +1) (Vl,U'+1)' us
ypaBHeHus (14), npeHeOperast MajJbIMH BTOPOTO TOpsmKa ((wyXe <<, ),

[OJIy4UM

V

00 V.

" ’
Lo~ O — W (26)

PaccTosiHEEe MEXTy COCETHUMH TMOJOCAMH JUIs TIepexooB ¢ v” =1
paBHO

v w, —20,x, (V' +1) (27)

Lo+2 Y

LU+ T
1 YMEHBIIAETCA ¢ yBeJIudeHHeM o . B Hauane cumcTeMsl monoc (BOIH3H

V.

!
Lo ® @ 1lpenBapurenbHas OLEHKA Pa3HOCTH BOJIHO-

v'=0) Vipso =

-1

BBIX YHCEJ 110 MOJIy4eHHOMY CIIEKTpY, AaeT @, ~120 M~ i Manbix 0.
" -1

3nauenne @, ans |, pasno: @, =214 cm . Torma u3 ypasHenus (26)

V,

-1
00— Vi ¥ 99CM . DTa pasHOCTb OCTAaeTCs MPUOIM3UTENLHO MOCTO-

SIHHOM U1 Beex nepexonos. Takum o6pasom, st monekyisl |, npn ma-
JBIX v, Korzma (0] - @) < &, — 200, % (V' +1), nMeeM

<V, Ipu yBemmuennn 0’

L0'+2

V.

Voo —V LU+

v Lo T. €. Vo,u' <V,

Lo'+2

CHa4vaJia 1OCTUTACTCA paBEHCTBO VO o V,

10'4+2 » T. €. IIOJIOCHI CTIMBAIOTCA, a

3aTeM Vo,u‘ > VLU.+2 .

C y4eTOoM BBINICH3IIOKEHHOTO MOYHO MPeIIaraeTcs

CIIe YOIV MOPSIOK 00PabOTKH CIIEKTPOB.

1. TIpoaHanu3upyuTe CIEKTPHI, MOJyUYEHHBbIC MMPHU TPEX PA3IUYHBIX TEM-
neparypax, CpaBHHTE XapakTep HW3MEHEHHsS WHTEHCHBHOCTH 3aperu-
CTPHPOBAHHBIX CHCTEM MOJIOC MPHU W3MEHEHHH TEMIIepaTypbl U pac-
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npejieNieHre HHTEHCUBHOCTH I0JI0C B CHCTeMe. BblienuTe monocsl, ot-
Hocsmuecs K mporpeccamc 0" =0 u 0" =1.

2. TlponymepyiiTe MNOAPSA BCE MOJOCHI CIEKTpPa, MOJYYEHHOTO MpHU
t =40 °C . Ilo0o)kKeHHe KaHTa COBIANAET C MOIOKEHHEM MaKCUMyMa B

nosnoce. [Ipou3BenuTe OTHECEHHWE KAHTOB TI0JIOC, COCTaBbTE TAOIHILY
Hemannpa (tabm.1).

TaG6numal.
Tabauua Jleaanapa
v'\v" 0 1
0 V0,0 | V1,0
1 Voi | Vi1
2 Vo2 | V1.2
3 Vo3 | V13

3. BeruuconTe pasHOCTH COCEOHMX BOIHOBBIX YHMCEN B IIONYYEHHBIX L' -
’ ’ ’

MIPOTpPeCcCUsix v(u +1)—v(u ) =AG, 5. Hcnonbsys Bce nosyuyen-

HBIC 3HAYCHUS AG', MPOBEAWTE JIWMHEHHBIN pEerpecCHBHBIN aHAIU3 3a-

BUCHUMOCTH AG'(U'+1) (ypaBHeHue 17) ¥ BBIYMCIHTE 3HAUYCHHE MO-

JIEKyJISPHBIX MOCTOSHHBIX @, , @, X. . Onpezenute ko3puuueHt Kop-
pesSIun U ypaBHeHus perpeccuu Buja (17), onmmmOKy u3MepeHus Be-
! r.,! 6
nm4uH o,, o X, (cM. [6]).
4. OnpeziennTe 3HAYECHHE MOJIEKYJISPHBIX IOCTOSHHBIX @), @,X., @ TAKKe

BEJIMUMHY JIEKTPOHHOTO TepMa T, (cM. (12)) Bo3OyxIeHHOTO cOCTOS-
Hust STIg, , MCIOMB3ys MOTYYEHHYIO IKCIIEPUMEHTATBHO 3aBHCHMOCT

BOJIHOBBIX YHCECJI ITIOJIOC VU" OT K0JIEOATEIHLHOTO KBAHTOBOI'O YHCIIA

U/
0" (1abn.1) u ypasuenue (14). Jlns onpeesieHus: MOJIEKYJIAPHBIX KOH-
CTaHT NMPHUMEHUTE METOJ I1apaboIMYEeCcKOr0 perpecCHOHHOIO aHaIn3a,

cyuTas, 4YTO B BBIJACJICHHBIX U' - Oporpeccusdax 3aBUCUMOCTb Vl)" v OT

v umeer Bug y=A+Bx+Cx?. Torma, COrIacHo ypaBHeHuo (14),
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X=0'+3, A=v,=T,, B=w,, C=-0.X,

~ 1"
. » €CIIM y= Voo + 5 O, I
" ~ 3 " ”
nporpeccui ¢ v° =0 u Y =v, .+ @, nus nporpeccun ¢ v =1.

3HayeHne TapMOHNYIECKOH KOIeOaTeTbHOW YacTOTHI ISl OCHOB-
HOTO  DJIEKTPOHHOTO  COCTOSIHAS ~ MOXHO  TIPHHATH  PaBHBIM

4 . =)
@, =214,5¢cm " . Benmumuoii @)X, =0,6 cM << @, MOXHO IpeHe-

Opeus.
BolupcnuTe  BOMHOBOE  WMCIO Vo A Tlepexoja

v"=0->0"=0 (puc. 3): v,, =T, +0,50, —0,50, .

[To KCTIepUMEHTATEHBIM 3HAYEHUAM BOJTHOBBIX UHCEN Vi v JUIS TIepe-
xo10B 0" =0 — 0’ (cM. Tabn.1) ompenenure BOJHOBOE YMCJIO TPAHM-
Lbl HETPEPBIBHOTO CIEKTPa MOTMIOMIEHU V, , CUHTAs, 4TO BOJIHOBBIE
ancna monoc v(v') u nx passoctn Ay =v (v +1)—v(v') ceasansr
KBaJ[paTUYHOW 3aBUCUMOCTHIO BHIa (22). Benmunna V, DaBHa KO3(]-
duumenty @ B ypaBHeHMH perpeccun v =a+bAv+c(Av)? . Beraucin-

Te OLINOKY ONPE/CNCHHS BETUIMHBL V) (cm. [6]).

Hcrons3ys MOMyYeHHBIC B M. M. 3-5 3HAYCHHS MOJICKYJISPHBIX TTOCTO-
!
SHHBIX, ONpejenuTe 3Hepruio aucconuarmn Dy s Bo3OyxaeHHOrO
3IEKTPOHHOTO COCTOSHHS “I1g), :
a) 1o dopmye nmuHeiHOM sKcTpanossuun (19);
4 -
b) mo rpanure cuomuoro cnexkrpa D) = Vi, ~ Ve (20);
C) MeroaoMm 3kctpanossinuu bepmka-1lnonep (18).
"
Omnpenenute aHepruto auccoumauuu D ams ocHOBHOTO

3JIEKTPOHHOTO COCTOSHHSA 125 [0 TPaHUIE CIUIOUIHOTO CIEKTpa
"
D, =v, —E, (21).

Jnst porpeccun ¢ »” =0 (tabi.1) onpesenuTe BOJHOBOE YHMCIIO MO-
JIOCBI C MaKCHMAJIbHBIM IOTJIOMIEHUEM Vg, . ONpenennte paBHOBEC-

HOE MEXBALEPHOE PACCTOAHUE [, IS BO3OYkKAEHHOTO SIEKTPOHHOTO
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COCTOSIHUSA 3H5’u , UCIIOTIB3Ysl ypaBHeHUs (23), (25) u nmomydyeHHble U3

OIIBITA 3HAYCHHUS Vi , @,, D.. Bemmumna 1, =2,67 A. Tloctpoiite

o s
MOTEHIMAJIbHYI0 KPHUBYIO BO30YXKIEHHOTO 3JIEKTPOHHOTO COCTOSIHUS
3115, , menons3yst GyHkmIo Mopse (8).

8. Tlomyuennspie B paboTe JAaHHBIC MPEICTaBETE B BHAC TAONHIBI (MakKeT
TaOJUIEI TIPUBEICH B Ta0JI. 2). YKaXUTe TOTPEITHOCTH H3MEPCHHIH.

9. IlpoBenure cpaBHEHHWE CIEKTPOB, 3aPETHCTPUPOBAHHBIX MPU Pa3HBIX
mupuHax menu. Onpenenure 3aBUCHMOCTh TOYHOCTH M3MEPEHHS Oc-
HOBHBIX MOJIEKYJISIPHBIX ITOCTOSIHHBIX, OIPEIENEMbIX 0 CIIEKTPaM, OT
IUPHUHBI HICIIN.

10. IlpoBeanTe OTHECEHHWE IOJIOC ISl CIEKTPa, 3apPEerMCTPHPOBAHHOTO B
muamnazoHe 330 — 700 HM, 0003HAYBTE XapPAKTECPHBIC YYACTKH CIICKTPA.
OO0bsicHUTE BUJI CIIEKTPA.

TaGnuia?2.
Pe3yabTaThl onpeaeseHust MOJIEKYJISPHBIX MOCTOSTHHBIX PA3HBIMHU
METOAaAMH
JKcIlepUMEHTAIbHBIC TaHHEIC
' ot / D' D’
Te @, DX, | T DHeprus ° °
(CM’l) -1 -1 0 JIUCCOIHAIINN (CMila 5B) (CMila aB)
(em )| (eMm7) | A
[o rpanuue
CILTONITHOTO CIIEKTPa
DKCTpanosauus
bepka-1llnonep
Jluneitnas
IKCTPANOJISIIIHS
Ta6nuunsle nandbie [8]
4320 12440
15770,6| 125,3 | 0,702 |3,028 0,536 1,542
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V1. KOHTPOJIbHbIE BOIMPOCHI

1. KakoBa xmaccuukanus 3JeKTPOHHBIX cocTosHUI Monekyn? Chopmy-
JUpYHTE TpaBmiIa 0TOOpa s BPaIlaTeNbHBIX, KOJIeOATEIbHBIX U dJIEK-
TPOHHO-KOJIeOaTeIFHO-BPAIIaTEIbHBIX IIEPEX0/I0B.

2. OnummuTe KoyieOaTeIbHYI0 CTPYKTYPY JJIEKTPOHHBIX CIIEKTPOB MOJIe-
kys1. Chopmynupyiite npuniun @panka-KoHaoHa.

3. OnummuTe BpamaTeabHYI0 CTPYKTYPY 3JEKTPOHHBIX CreKTpoB. Orpe-
JIeIATE BpallaTelbHyI0 MOCTOsHHYI0 P,Q,R — BerBel. [loscHute 00-
pa3oBaHNE KaHTOB ITIOJIOC.

4. KakxoBBl OCHOBHBIC THIIBI CIIEKTPaJIbHBIX HMPUOOPOB M WX XapaKTepH-
CTHKH?

5. Ilpeanoxure crnocoObl SKCHEPUMEHTAIBLHOTO OIPEACTICHHUs Bpalla-
TCIBHBIX TMOCTOAHHBIX ABYXAaTOMHBIX MOJICKYJI, U DOHEPIruu Aucconura-
U JJ19 TOMO- U I'€TOAACPHBIX MOJICKYJI.

6. OT 4ero 3aBUCUT MHTEHCUBHOCTD JIMHUMI IIOIJIOLICHUSA B YUCTO KOﬂe6a-
TEJIBHOM, BpAIATSIbHOW M 3JICKTPOHHO-KOJIe0aTeIbHO-BpaaTeIbHON
CIIEKTPOCKOMUU?

7. UYewm ompenenseTcs IIMPUHA JTHHUHU B CIICKTPE MOTIIOMICHUS?

31



JINTEPATYPA

1. EnpsmeBuy M. A. MomekynsipHas criektpockomnusi. M3nanue Tperse. —
M.: KomKnwura, 2006.

2. Tepubepr I'. CrmekTpsl W CTpOCHHE ABYXaTOMHBIX MOJEKyd1. — M.:
NNII, 1949.

3. CoxonoB H. JI. Teopust cTpoeHMs] MOJIEKYJ, KypC JIEKIHMH. — H31I.
M®TH, 1980.

4. Teiimon A. DHeprus AUCCOIUAIUHU U CIIEKTPOB JIBYXaTOMHBIX MOJIEKYII.
— M.: UWJI, 1949.

5. Manemmes B. 1. Beenenne B SKCIepUMEHTANBHYIO CIIEKTPOCKOIHIO. —
M.: Hayka, 1979.

6. Jlebemera B.B. DxcrepumMenTanpHas onTrka. ONTHIECKHAE MaTePHAIbL.
VcTouHNKH, TPUEMHUKH, QHIBTPALUS ONTHIECKOTO n3mydeHns. Crek-
TpanbHbIe mpudopsl. M.: MI'Y, 2005

7. Csermmunbiii C. . DnekTpoHHO-KOJIeOATENBHBIC CIIEKTPHI MOTIIOIIE-
HUS IByXaTOMHBIX MOJIEKYJI Ha IpUMepe MoJIeKyJIbl |2, 2005.

8. KpacunoB K. C. U ap. «MonekyisipHble TIOCTOSIHHbIE HEOPTaHHYECKHX
coeauHenui» JI., Xumus, 1968.

32



