B opueHTHPOBaHHON CHCTEME YCIOBHsA CHMMETPHH ocobbie — BO3-
MOMKHA OHTHYECKAs AKTHBHOCTH M Y MOJEKYJ, MMEIONINX MIOCKOCTH
CHMMETDHH, HO JIMIIEHHBIX IEHTPA CHMMETPHUH. ITa (CEPLITAR» ORTU-
yecKas GKTUGHOCTb, TMPOABIAINANCA JAIls UPH OpHEHTanuy, Obuia
oTKpsiTa mpu maydennu Komrurexcos JJTHK m PHIK (Maxapor. u Ilo-
JeTaeB). YCTraHOBIEHO, YTO MOJEKYJIbl KPACUTENA B KOMILIEKCAX mep-
NeHUKYAAPHBI K OCH JBOIHOI COUPadn HYKJICNHOBOH KHCIOTHI. -

§ 5.8. MarunTtnas onTHYeCKas aKTHBHOCTb

B 1845 1. Mapajieit 3anncal B cBoeM JHEBHHKE (...B KOHIE KOM-
OB MHe y[ajloch HAMATHHTHTH M HADIeKTPU30BaTh Jryd CBeTa
OCBETHTh MArHHTHYIO CIJIOBYIO JnHuo». Peup 1mmma o6 oOTKpsITHU
MArHNTHOrO BPAIeHNs ILIOCKOCTH HOMIPU3AINH CBETa, pacmpocTpa-
HAIOMErocs BAONL HAIPABICHAA MATHUTHOTO HOIA. JTo sBIEHIe
noayunso Hazpanmue sgpfenra Papades. HpuseneHnunie cioOBa UMEIOT
JUIL  GUTYPAJbHBIR CMBICJH — MArHMTHOE Ioge HelcTByeTr He Ha
CBET, a Ha BeIleCTBO, KOTOpoe obpeTaer B mojie Kpyrosoe TBYJIyue-
apesomieniie, Cpapuurenbro mefasro adpdext Dapanes — maznur-
noe onruueckoe eépaupetue (MOB) u maznurTHell EpYz0800 Juxpo-
usm (MKJl) — manuin BamHble TPHMEHEHMS B MOJERYIApHOIl Guo-
Pnzuxe. ' |

Yron Bpamenusa ¢, Boipamenunil gopmyaoit (5.14), nponmopuno-
HAJIEH HanpsieRHocTH MarmmTHoro mods H (fopmysa BGerrepeas):

@ = _7”_ (np —np) L= 7IH, _ (5.45)

7’ — woWcTaHTA MaTHMTHOrO Bpamenna (rocroannas  Bepdé).
B rmaccudeckoit ssertponHoit teopum addert Dapaies cBounTeH
K ofpferty Seemana. OnekTpoH, paccMaTPHBAEMBIl Kak rapMoHuwve-
CKUIl oCIuanATop, Koxedaercs B OTCYTCTBHE MATHATHOrO IOJA C KpY-
roBoil 4acrorToil w,. B marunmtHoM moje, HAIPABIEHHOM BIOIL Iy4Ya
. CBE€TA, CHEKTPaJbHAd JHHUA C YacroToll ®, pacllenisgercs Ha IBe,
f10AAPH30OBAHNBIE 1O KPYTYy BJeBo W BiipaBo. Bejawumiia pacmieric-
uus pasua 2lwyl, rIe og — Kpyrosas dUacToTa AapMOpo€ol npe-
yeccuu .
oy = — ell/(2m.c) {5.40)

(e, m,— 3apsaj 1 Macca dIEKTPOHA, ¢ — CKOPOCTH CBeTa).
Kpyrosoe nByayuenpesoMieHue BBIPAKACTCA BeTMUMHOI

o . __(6n . el fon\. -
An=ng—np - (_00))H:0 2| og| 4@-(%)#0 (5.47)
Wi
an eH
An = }\«2 (—- . ——— 5
O Ja—y 2mum,*’ (5.45)
e A — JuuHA BOJHBI cBeta. (CiIeoBaTEbHO,
eH an
o) 549
Zmecz 9 JH—y ( )
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y -L( On )H=o. (5.50)

o 2me¢:2 a

Msut nonymmim gopmyny Berxepeas (5.45). Oma rpyGo corzacyercs
< ombiToM B 00NacTH, Aadexkofl OT MOAOC HOrJOIEHHs, IS JAaMar-
HATHHIX BEilecTs.

IHopnannas teopus spdexra Momer OHITh TONBKO KBAaHTOBOMEXa-
‘Hateckoit. Tloji BAMAHMEM MArHMTHOrO NHOJA HPOMCXOTAT HECKOABKO
Asnenni. Bo-NepBrIX, pacIneluisieTcss OCHOBHON 3HEPreTHIECKHE ypo-
BeHb JIEKTPOHHOI CHCTEMBl — BMECTO o HMeeM =0 — Yol 1
®p = o+ Yo, rme Yo = wa/H. Bo-Brophix, y npaBoil u IeBoil BOXH
BO3HAKAIOT PAa3MIufBle BEPOATHOCTH Hepexona, T. e. KoaddmmuenTs
norsomenns €. =¢(1+bH) w ep=e(1— bH). B-rperenx, pac-
AMenagioTes M BoabyK[enHEEe YPOBRA: @p == 0o — Yell, @p =ws T
~+ Y.H. Ecim Monexynsi mapaMarsmTHB, To moide H maMemser mace-
JIeAHOCTH TOJYPOBHeil OCHOBHOI'C YDOBHA — pasjHide B HaceleHHO-
crax maer muomnrenn 1 m 41— 2Y H/kT. Honysaem (flz} — dpynx-
nus oT )

ee=¢e¢(1+bH)f{o— (Y + 1.)H},
ep=e(1—bH)flo+ (Yo + v.) H} (1 — 2y, H/kT)

(5.51)

‘W, pasinarag Ae B psag no H @ orpanmumBasch THHEAHBLIMA TieHAMH,
HaXoquM

4 ’ Ay A N

A =2eH | — (1, + 1)L+ (b + oF)f @)= 4 + Ao + B + CIsT.
(5.52)

‘Boaanknosenme MOB n MK mumocrpmpyercss puc. 5.21. B orcyr-
CTBME MArguTHoOTo mois (pmc. 5.21, 4) HMeIOTCH J(Ba 3IeKTPOHHBIX
flepexofla ¢ HeBBIPOMKIEHHOIo OCHOBHOTO ypoBHsA E, Ha JBayKIbi BHI-
porcieBHbE Bo30ymIennplii yposens F.. Uacrorel mepexopos, orse-
“30IAe MpaBoil W Jepoil BOJIHAM, H COOTBETCTBYOINHE IMOKAa3aTerH
‘fipefoMenus A OOTIOIEHHA COBOAMANT U N (®)=np(0) u &,(0)=
=¢gp(w). (Hpueele np(w) # £p(w) Ana ymobcerBa pokasamel ¢ 06«
paTHbiM 3HakoM.) Puc. 5.21, 6 obwacuder Boammknosenne sddexra
-Tuna A., ABAAIOMErocd peaylbTATOM pacIiemsienus BoabymIenmoro
‘yposua E.. Kpusue n.(0) m np(o) (m, coorBercrsemmo, g,(w) u
£p(®)) CHMMETPAUHO CMEMIAOTCH, BOSHHKAET CHMMETPHIHAH KpHBas
An(w) B MOB n acnmmerpnunas kpusas Ae(o) 8 MRKJ]. Haxonen,
s@dexr tana C (puc. 5.21, 6) nosBAsieTCH B pesynbraTe BRIPOMe-
HHS OCHOBHOTO COCTOAHHA E,, CHATAA BHIPOMKIEHHS MACAATHHEIM TO-
JieM A OOARJICHASA DPA3HOCTH HACENCHHOCTH NHOAYpPOBHEHl B cooTBer-
crBuA ¢ sakonom Boaemmana. 9¢dertsr tuna C acmMMerpwunsl B
MOB u cammerpnuns 8 MKJI.
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Crporas KBaHTOBOMeXaHHYecKad Te0pdsa faeT B 00iacTH COGCTBEHHOrG MmO~
TAOMICHAA YREJILHOE BPAINEHHE

4nN, ijmz [(0}— 0%)? — 0)21‘?] A
k¢ & [((D? . w2)2 + m‘zr?]z J
o® (m? — 0)2)

(= @+ o]

(B;+ CysT)} H,  (5.53)

e ©; = wo;, N —9HCH0 MOJEKyJl B efuHHENe o6beMa ® (A1A H3IOTPOHHOF
cpefn)
=1 —_— D
‘Aj =15 (mjj moo) Im (pozpm)’

B v 1 [ Do e T (5.54)
j=13Im z Tt Po;Pjr + nmh]..l’ojl’ho ’ :
k0 k)
=1
C; = Ygmyg Im (Py;Pj0)-

@opmyna (5.53) mepexonAT B BHpaKeHHE i BKIATa Mepexoma O — j BO Bpa-

meHHEe Braj@ OT O6JNACTH NOIIOMEHHs, €CHH NOQJIOMKATL B Hed I'j — 0. MK
ONHCHIBAETCA  YAENLHOH  BIIHOTHAYT-

50 HOCTLIO
. 00 - )=
M
4 » .
o o s
I —=<32 === . , A
YW\ e | [(wi— )4 ©*r?] it
o —(B. +C./sT\{H.
-50F (&t~ o) +a0? (B; ),

(5.55)

dddert Dapanes nmearx He
CBA3aH € eCcTEeCTBEHHOU onTaAde-
CKOIl aKTEBHOCTHIO — OH Habaio-
ZaeTcA B BEUECTBAX, HOCTPOEH-
HBIX KaK H3 XHApaabHBIX, TaK H
HexXHpaabHbIX  Monexyia. Ilpm
BTOPATHOM [POXOMASHUR Iy4a
CBETa, OTPa)KEHHOro 0T 3epKaia,
Yepe3 ONTHMECKA AKTUBHOE Be-
IMecTBO BpPAINEHUE KOMIOEHCHDY-
erca u mcuesaer, a sPpderxr Pa-
Prc. 5.22. Coexrps moriomensA  Pajed ynBampaercs. -
OKHCJIEHHOr0 (MITPHXOBHIE KPHBHIE) JKcnepamenranbuoe  HaOmO-
n Kpmssie AIMB BocCTafOBIEHHO-  QloHMe AHOMANLHON JHACOEDPCAH
ro (CILIOMIHHE) MHTOXpPOMA ¢ marsataoro spamenus (AJIMB)
. r MK]| ¢ ycuexoM mposopmres
Ha cHCTeMax ¢ CHJIBHEIM MATHETHHIM BpalleEneM Npd OTHOCHTENLHO
MajdoM noriomenan. TaxkoBRl, B 4aCTHOCTA, NOPPUPUHOBHE coelmHe-
BHA — FeMcojep:Kamue OeixH, xiopodpuna m 1. 1. dpdexr npomop-
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nunonaited H, nosroMy o ocoGeHHO BENMK R MAarHMTHHIX TOIAX, CO3-
JaBaeMux csepxnporogHukamu u jgocruraomux 50000 I'c u Gonee.
B o6sunbix ycaosusax ygaercs nonyuars nons po 20—30 teic. I,
Craocurtenbusie 3nagenna MKRJ] pasnugssix opramuveckux coe-
JUHEeHUI XapaKTePU3YWTCsa CIeAYIOIMMHA Beawmdnsamu: ans gopdm-
pusos - ~100, anmnmynenor ~3, wnypunoB ~0,2, nurnorexcanona
~0,00002. Ipderr Dapames mna remcogepmRamux OEJIKOB CUIALHO
BaBECHT ‘OT 3JIEKTPOHHBIX COCTOAHUN rema n koudopmayuit Genka. Ha
puc. 5.22 nokasans!l kKpussie AJIMB u cnexTpsl nornomeHus HATHB-
Horo okncaenHoro (deppu-) u BoccraHoBineHHOTO (deppo-) muroxpo-
Ma ¢. Xopomo Bufna toukasa crpykrypa MOB deppunuroxpoma c.
B comexrpe mormomtenus ee Her. Beicokas dyscremTeinnnocts AJlMB
u MRl mosBomsier usy4aTh pasnudaHble UTOXPOMBI BO B3BeCHXx Cy0-
Muroxongpuanbuex dacran {cm. § -13.2). CoexTpn Doriomesus Ta-
Ko# BosMoOMHocTu He xaloT. llpw o¥eHb HHE3KMX TeMmepaTypax yja-
erca nabniogaTh HepaBHOBecHBIe BO30Y:KieHnHble KoHPOpMANlUM TAKAX
6earor (laponos). Cm. Tawke § 6.7. -

§~ 5.9. Konebarensunie cnexTpn

UacToTs!, HHTEHCHBHOCTE W NMONAPH3ANAN TUHWHA H TOIOC B KOMe-
GarensubIx coexTpax galoT madopManuo o crpoenun moiexyia. Home-
GarelbHble CcHEeKTPH HabmopgawTcs nnbe B noraomesu# B undpa-
xpacnoit obmactu (MH), nu6o B~ paccesannn — cnexkTps KoMOmHAUHE-
onnoro pacceauus (KHP). HomOunanuomnnoe paccesHue ObLIO OTKPHI-
1o B 1928 r. (Paman, Mangeabmram u JlamncGepr). Bosmomknocts-
H3yIaTh KOJeO0AHUHA MONEKYI ¢ MOMOUIBI0 COEKTPOCKONUH B BHAHMOH
vbaacTu obemana MHOroe, HO NPUMEHHTENbIO K DoAEMepaM u Ouo-
nonmMmepam crnextpst KP okasanmer Bravane OGecHinogHbiMU BBUIY.
HeBO3MOIKHOCTH TONyYeHHd PACTBOPOB B ONUTHYECKH UACTOM BHAE,
6es napasurnoro paccesnusn. Ha mpormkenun paga ser xomebareib-
HEIEe COEKTPH OnomonmmepoB uaydanuch nunth kak WH-cuekrpsl mo-
TA0mEHUA, U UL B MOCHegHEe BpeMA 6iarogaps pPassBmaTRAIO na3ep-
soit Texnukn UHK-cnexrpockonns Buitecusercs KP. .

Teopusa xoneGarefbHbIX CHEKTPOB MOJEKYN T8IAJILHO paspaGOTa—
ua (Boaskenmreitn, Exbamesnd, Crenamos, I'piador). OHx-ocnoBama
Ha BO3MOKHOCTH Da3gelbHOI0 PACCMOTPEHHA MEAJNEeHHBIX Kosebapmii
ATOMHBIX fAeD U OBICTPHIX DIACKTPOHHHIX MEPeXOJ0B, NOKAa3bIRAeMOIl
reopemoli Bopra u Onnenzelimepa. 3amava o vactorax KomeGammii
Alep ABNAeTcA Knaccumueckoil. Oma perniaercs npm HEIIOCPe/ICTReHHOM
ydYeTe CUMMETPHU MOIEKYJbi. Teopusa HuTeHCUBHOCTOH H monApH3a-
nuia B VK-coexrpax m cnexrpax KP mexoamr us easenrtng-onruue-
CKOU CxeMbl, COTNACHO KOTOPOH KaMmOW HKOBANEHTHOH CBA3H MOKHO
TIPHOACATH CBOW JATONBHBIA MOMEHT W IOnApu3yeMocrs. [ AmonsabIl
MOMEHT. MOJIEKYIBl ABIAETCA BOKTOPHOA CYMMOH# OMIONBHBIX MOMEH-
0B CBfseil, a NOMAPHA3YEMOCTh MOJMEKYJH — TEH30DPHOH CyMMoil mo-
Jaspusyemocteii caseil. Matencasuocts ganuoit monochi B K-cmext-
Pe onpejensercd WIMEHEHHEM AUNONBHOTO MOMEHTA MOJEKYINHI NPH
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