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O PACYETE BIUAHUA JOOEKTUBHOIO TOJISA ]
CBETOBOMl BOJIHbI HA CHEKTPHI KOMBHHAIHOHHOTO <
PACCEIHMA KOHJTEHCUPOBAHHBIX CPEJ Y

B. A. Xodosoii

1. B pa6ore [1] mpefosken MeTOx pacuera IMOMPABOYHOTO Mﬂomm‘eni@ (¥') % cnexTpy
xoMmbmHanmonnHOro paccesnnsa (KHP) komzencupoBaHHBIX cpef, BOSHEKAWOIIETO BCJEJICTBHO
ornmads 3¢PeKTHBHOrO M cpefHero mmojeir ma wactore HP v/, 70
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3nece U,y (V') m U,y (V') — oObeMHBIe CHeKIpajbHEe INIOTHOCTH 3HEDLHE CPeJHEro
E,,. (V') mapdexrusroro £, (v') moxeit cBeTOBOR BOIHEL B cpefie, n, ¥ n (v/) — IOKasa-

TeJIX IPeJOMJIEHNUS CPe/(bl Ha YacToTaX NaTaiomiero v | paccesH-
HOro V' majgyuenwsi. Haamume 3aBHCAIETO OT v IMOIPABOYHOTO
MHORHTeJIA OTInYaer cueKTpil HP MOJeKya B rasoBoil M KOH-
NeHCUPOBaHHOH cpefie: mmoJoskenne # Gopwmy amamii KP, ux
MHTEeHCUBHOCTE. 3aBmcuMmocTh O (V') BeaeacTsHe caIaboil 3aBUCH-
mocri 7 (v') BOmusn anaun KP ompezesnsercs riaBHEIM 00pasoMm
= BaBUCHMOCTBIO OT v/ MHOKHTEXS o (V'). ,
= ITpm pacuere Beamumnbl o (v') aBTOPH PabOTH MCXONAT W3
— ——+ —-#, “Nipeacrapienns, uro B mponecce KP paccemsanoman cpeja
M@:ieT OblTh TpejcTaBlieHa ABYMd copTaMm Moidexkyit N u Ny,
OHHM M3 KOTOPHIX N [OCTOBePHO (C BEPOATHOCTHIO, PaBHOML
elUHAIE) HAXOMATCA TOJHKO B HAYAILHOM HCXOIHOM, a Apyrue
N), — TOIBKO B BO30Y;KIEHHOM BHPTYaJbHOM COCTOSHHY, HIPH
3TOM 3(PPeKTuBHOE IOJIe E, 4. (¥') CcUNTAETCA pPasIMIHBIM IS
R KayK/[0TO COPTa MOJIEKYJI (CM. PHCYHOK). IIpoMesxyTodnoe BHp-
TyajlbHOE COCTOAHHME paccMaTPHUBAETCA KAk pealbHOe CTAIHO-
——N  Hapmoe cocrosmme, B KOTOPOM MOJIeKYJIe NPHIHCHBAIOTCSI Ompe-
, JleJieHHble, He 3aBUCAIIUME OT BPEMEHN 3HAYeHHA KOMIIEKCHOH
IOTHAPABYEMOCTH @, (V') I BePOATHOCTH WCIYyCKAHUA KBaHTa hv’'. 3Ta BEPOATHOCTH (HA30-
Bem'eg A (v')) cumraeTcs Takoi, uTOGH ee NpOM3BeJeHNe HA DHEPTHI0 KBaHTA M 9GHCIO
MoJIeryx N, paBHsIOCH MomuOocTH KP
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(3mecwr J, (v') — mHTeHCHBHOCTH KP).
Ilpmasras asropavu moftenrs KP daxrudeckn ectb MOJedb PACTBOPA, B KOTOPOM PACTBO-
uTelleM ABJIAITCA MOJEKYJH /N, a pPacTBOPEHHHIMI — BO30Y/KIeHHBIE MOJEKYIH INV.
OCHOBY pacdeTa IOOPABOYHOTO MHOMKUTENSA O (V') MOJIOJKEHBI Clelylomue ypaBHeHH,
HOCTYyNIWPOBAHHEIE ABTOPAMH Ha OCHOBe mpmHATON Mojeam HP,

sl Zq N;aE iyapp. (V) - Nyag (V') Egpp, (vV)s : (5)
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Eopp. V) = gy, (V') + fa g Eogp. (); (6)
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rae P (v') — Bexrop momspmsammm Ccpemst, f;=3n2,/(2n%, +-1) m f=2 (n2,—1/(2n2,+1) —
nmapaMerpsl MOJielM, r — PaJlyC OH3arepPOBCKOI IONOCTH.

Hommiexcras momapmsyemocTs o, (V') PACCUMTHIBAETCH, WMCHOJIBIYS JMCIIePCHOHHO
coornomerne Hpamepca—Kponnra m cBA3b MHHMO 9aCTH NOJNAPA3YEMOCTH ¢ BEPOAT-
HOCTbIO HCIyCKAHMA KBAHTOB A (v'). 3acelleHHOCTD V), PaCCIMTHIBAETCS HA OCHOBE YIPOIIEH-
Hoit Mofiesm KP (cM. pECYHOK), B KOTOPOii BCe BO3GY/KIEHHEE COCTOSHUS MOJIEKYJIH 3aMe-
HAIOTCA OJfHAM aKTYaJbHBIM COCTOSHAEM C YACTOTOM IePeXofia vy M MATPHIHKIM DIEMEHTOM P,
OIpefieIieMEIM M3 CHJIBI OCIHJLIATOPa 5TOr0 mepexopa. [lis pacuera N, menoasayercs Gop-
Mylia

[p[? MAY
Ny= Nugy, (v) m(\‘_) : o

2. OcHOBHBIE WCXOMHBIE MOJOMKEHMA IIPEJIOKEHHOTO Merofia pacuera — 1) maxm-
9me I0CTOBEPHO BO30Y KIeHHBIX MOTIEKYJ N, i 2) PacCMOTPEHIE IIPOMeKYTOTHOTO BHPTY A b-
HOTO COCTOSIHHS KaK DeajbHOr0 CTAlOHAPHOTO COCTOSHHS — IPOTHBOPEUAT OCHOBHEIM
TOJIOEHUAM KBAHTOBOW MexaHMKH. COIilacHO KBAHTOBOIl MeXaHWKe, BOJHOBAS (YHKIHS
OJIHOM OT/IeNbHOIT MOJNEKYIEl, KOTOPas /0 BO3/HCTBUS BO3OYKIEHHOIO CBETA HAXOIMIACEH
B COCTOSHMH i, SIBIISIETCs CYIepPIO3HIueil BOMHOBHX (yHRIuWi cocrosumit i, b m f [2 3]

Y=1d; +ap, + asdy. (8)

3HavyeHHs BeJIWunH |a,)2 u |a +|* OTpe/eIAI0T BEPOATHOCTL HANTH MOJEKYIY B COCTOA-

HU# b U f cooTBeTcTBeHHO. IIPH MaJIBIX HellasePHBIX MHTeHCHBHOCTAX BO30Y:KIal0Omero chera,
KOTOPEIe TOJNBKO M paccMaTpmBaioTCsl B HUTHPYyeMoii pabore [!], arm BeposTHOCTH MHOTO,
MeHBIIe e[IMHUIEL. ITO O3HAYAET, UTO [OCTOBEPHO BO3OYKIEHHOI KasKAas MOJEKYJA He Ohi-
Baer. PesyibTaT OYeHh Maioro (IepeMemUBAHNs) COCTOAHMIT MONEKYJH MO HeilGTEieM
BO30YK/IAI0MIEer0 MBIYIOHN s TPOSBIAETCS B TOM, UTO TOJISAPAIYEMOCTh ¢ OHOMK.OTAEIBHO
MOJIEKYJIbl H3MEHAETCS 09eHb HeBHAUNTEeNbHO HA BEIUYNHY, MPONOPIHOHANBHYIO | a, |2 [2: 4],

a=ay+ Oy == g+ 81 (v), d 9)

Ife a,,= Bl (v) — M3MeHeHWe II0JAPU3YEMOCTH MOJEKYJH 3a CUeT ee BOBOVIKIEHHS mafaio-
UM U3 yYeHNeM ¢ MHTeHCUBHOCTHIO / (v). Hambosee BaskHEIl pe3yapraT KBAaHTOBOMEXAHM-
9eCcKOT0 paccMoTpenHsi npoiecca KP cocront B ToM, 9T0 M3MeHeHNE II0MAPAZYEMOCTH MOJIe-
KYJIBI, oLpefielisionmee NONpaBKy o(v'), IpM HeslasepPHHIX UHTEHCHWBHOCPAX HA MHOTO MEHBIIe
JIMHEHHOI MONAPH3yeMOCTH @, OIeHKH IOKa3BBAaIOT, UTO Aafe IS CAMBIX WHTEHCHBHEIX
Juanit KP Opnm MHTEHCHBHOCTH Ma/aioIiero MajiydeHus nopsigka 1 Br/em? orHOmMEeHme
a,./ @y mveer mopsor 10~%. Tor sKe MOPANOK BeJMUHHH GyjeT MMeTh U 3aBHucsamas or v’
9acTh MONPABKHU K CIeKTpy KOMOMHAIMOHHOTO paccesmist o (v'). OHa MOKeT cTaTh 3aMer-
HOil JIMIIb IIPH J1a3ePHEIX WHTEHCHBHOCTAX mopsaxa 108 Br/cm?. B murupyemoii paGore [1]
3aBHUCAIIAsA OT v/ YaCTh IMONPABKY  (v') NOIyIeHA.00ABINON (TOTO K1e TOPAJKA, 9TO X He 3aBU-
cAmast or v’ 4acTh mompaskm S (v')). I[IpmamuasToro daKiogaercs s ToM, 910 B [1] Ipou3Be-
TleHHe BePOATHOCTU BO3OYKAEHNUA Ka/KI0H OTJeMbHON MOJEKYJIB HA MX UHCI0 OMIMGOTHO 3a-
MEHSAETCS HA YHMCIO JOCTOBEPHO BO3OYKAGHHHIX Moxexys. Hanmdme JHMumh Malnoit Beposar-
HOCTH BO30ys/lenns J1000il MOJeKyIbL(O3HATAET OYeHb MAJIOe MBMEHEHUe ee 10JIApHu3ye-

MOCTH M COOTBETCTBEHHO OYeHb MalloeJ3MeHeHne 3(1)(1)6KTI/IBHOI‘O 1oJIA OTHOCUTEJbHO Cpef- -

HET0 I0JIsA, JIeUCTBYIOMero Ha MojaeRyays CiIeficTBIeM IPHHATOIT ABTOPAME MOJIeNH HAJMIWs
MOCTOBEPHO BO3OYK/I@HHBIX MOJICKYJ B COCTOAHMI b, 13 KOTOPOTO PE3OHAHCHO MCHYCKAETCH
KBAHT hv’ (CM. PHCYHOK), ABJACTCA HaWIne OrPOMHOIL BCAIE/ICTBIE Pe3OHAHCHOCTH MCIyCKa-
HHSA 9TOr0 KBAHTA IOJAPU3YEMOCTH KaK[0il BO3OY/KIEHHON MOJEKYJB, a CJe0BATEIBHO,
n Hanm;fxe 60JIbIIOro OTIIMYMs HPPEKTUBHOIO M CPEJ[HETO TOJeil, IeHCTBYOMAX HA MOIe-
ryay {°]. Vol )

Taxuym o6pasom, omeuka BIIANAA dPERTUBHOTO OIS CBETOBOM BONHE HA cOeKTp KP
B KOH/[eHCHDOBAHHOUM/CPe/IeNIBIIsAeTCA IPHHIANINAIBHO PA3IMIHON B 3aBHCHAMOCTE OT TOTO,
CYATATH JIH, 9TO Ki MOJIEKYJIa B TOJI6 MBIYYeHNS JUIIL ¢ MaJ0il BEPOATHOCTHIO HAXO-
JuTCSA B BO30YyEAE OCTOSIHWH (TOT/la NPH HeJA3ePHHIX MHTEHCHBHOCTAX cHekTp KP
He maMenseTcs), TaTh, 9T0 HMEIOTCA J0CTOBEPHO HAXOJAIHecs 3a BCe BpeMsA BO3-
JleicTBHSA coe‘mﬁog /KJIeHHEIe MOJIeKYJHl (Torfla cmeKTp KP MOKeT CHABHO M3MEHATHCA).
9Ta QymrmaMenTalibEas MpobIeMa WHTEPIPETAIlHH BOXHOBOIL dyEROEE y)Ke JeTanbHO pac-
CMaTPHBANAEH, AdeKCaHAPOBHM B 0630pe [ ] Ha MpEMepax aToMHOl GayOPeCHeHIHN, T/ie O5LT
cnena?mm 9T0 HMeMIIHecs SKcIepHMEeHTaJbHEe JaHHEe OMHO3HAYHO YKa3sBalT HA TO,
9ITOAJIApacdera coekTpa GaAyopecHeENNE eAHECTBEHHO NPaBHILHEM ABIAETCA BePOATHOCT-
Hali Wnrepuperanus. B To me BpeMs HHTerpajibHAasd WHTEHCHBHOCTH (IyOpeCHeHIHH IOJy-
TaeTCH OIMHAKOBOI BHE 3aBHCHMOCTH OT TOT0, KaK CYNTAaTh, HMEeTCS JH MaJjas 9acTh JOCTO-
BEPHO BO30Y#IeHHENX MOJEKYA HAN Ka/kIad MOJEKyJIa BO30Y:KIeHa JHIIb ¢ MAJOH BEPOAT-
HOETBI0. VMmelommecs Teopermueckme pabots [°] mosBO;AT chenaTh 3aKIOYEHHE, UTO
IIPH Hepe30HAHCHHX paccesEmax THna KP (korja BpeMs HaXOKIeHHS MOJEKYJIH B BO30y-
JKIGHHOM COCTOAHNN OYeHb Majl0 M IPOIeccH peJaKCaluu H3 BO30YKIEHHOTO COCTOSHWUA
€Ile MeHee CYIeCTBeEHE, YeM IPH Pe30HAHCHOIH Qayopecnennun) HeOOXOTUMOCTD HCIOIb30~
BaHHA BEPOATHOCTHOTO WOAXOAA eme 0ojee YCHIMBAETCH.

Masnocrs paussuns sddextusnoro moas ma cmexTp KP MOKHO MOHATH M U3 IPEJCTaBIIe-
HHUA O [JIATEJbHOCTH HAXOMAIEHHA MOJEKYJIH B B0O30Y)K/[eHHOM BUPTYaJbHOM COCTOSHHHI
OpH CUIbHO HepesoEancEOM Bo30y:xaennu [7]. IIpm HepesorancHom KP jimTenpHOCTH Ha-
XOMIeHAA Ka/KA0H OTAeIBHOH MOJEKYJH B BO30YKIEHHOM COCTOSIHHHA MMeeT IOPAMOK
10~4 ¢ 1 cocT aBAAET EEUTOREYIO TACTH OT BPEMEHI €6 HAXOK/OHMS B HAYATHHOM COCTOSHHHY.
Ecim Mosex yita Iums Maayo gacTh BPeMeHH HaXOIUTCA B 3aMETHO OTJIHYAIIEMCS OT CPex-
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Hero 5(hdeKTHBHOM IOIe, TO CHO, YTO PesyIbTHDPYIOMee BO3[eHCTBHe MO Oyaer GIH3KO
R BOBJeliCTBHIO cpefiHero moxs. Memonsaosannoe B |1] ams pactera cnexrpa HP pacemorpe-
HPe BAPTYAJIbHOTO COCTOAHIA KaK PealbHOrO I0JIT0 KUBYIEro COCTOSHAA C BpeMeHeM sRUSHI
nopsagka A1 (v') ABisercd 2e000cHOBaHHEIM. Taroe pacCMOTPEHNe MOKeT 11aTh, KaK U B CIy-
9ae Pe3OHAHCHOH (IyOpeCHeHIWN, IPABIIBHOE 3HAUYEHWE WHTErPAJbHOI HHTEHCHBHOCTH
KP, HO UpHBOAMT K CHIBHO OTIMYANIEMyCS OT BePOATHOCTHOTO PAaCCMOTPEHHS CHEKTPY
KP. xoHZeHCHPOBAHHOH CpeJHI.

3. Ucnonsayemas B [1] mpm pacuerax 3aceleHHOCTH BO30Y:KAEHHOTO cocTosHEA NV,
dopmyna (7) zamMcTBOBaHA aBTopamm U3 pabork [®], Tl paccMaTpPHBAIOCH TOJBKO Pe30-
HAHCHOE BOSOYIKIGHIe MOJIERYI, I He MPAMEHNMA B ciIydae, KOT/la 9acToTa BO30y KAAIIMEero
H3IydYeHUs vV 3HAYATEIBHO OTJIMYIAETCA OT TACTOTHI v, AKTYATbHOTO MOJEKYJSIPHOrO mepe-
xozia. IIpm BEiBOe opmyus (7) B paGore [8] mcmomp3oBaics OIepaTop BOSMYIIEHH: B BA7E

V =(—e/mec)AP, Torma xax 6oiee IPaBUIbHOIL B CiIydae ydera OrPaHNIEHHOTO THCIa MOJE-
KyJsAPHBIX YPOBHEW sBiIserca gopma omepaTopa B BHIE V =(—e/ pc) AP+ (e2/2 uc®) A2 manmy
sKpEBajgenTHAs e popma V =—dE [® 1°]. Vuer Bruana e2A%/2pc® B onepaTope BO3MYEHMA
OPUBOJUT K MCU3HOBEHIIO MHORUTEINA (vo/v)* B popmyure 7] /s 3aceqeHHOCTH N,.\B cuy-
9ae De3OHAHCHOTO BO3OYKAEHMs, KOTZa 4acToTa BOo30Y;AAMEero H3IyIeHHA<QTRuIaeTcs
OT Vv, HA BEJMYMHY IOPAAKA ININPUHLL JAHWW, BEIUIAHA (vo/v)=1 m TompaBRA|eT WiIeHA
¢2A2/2 % HecymecTBeHHA. B ciaydasx HepesomancHoro HP, 1A KOTOPHX (TROBeJIeHEl pac-
CUeTH MONpaBKU K cmextpy HP B |1 1], gacrora B30y KIA0MEro H3IyEeHu sy IPAMEPHO
B 2 pa3a MeHBIIe YaCTOTH vy, TaK 4TO (vy/v)?~4. JTO O3HATAET, ITO Upy Hcieb30BaHAN Ipa-
BUJIBHOI (hOPMYJIBI [JI51 InCiIa BO30YKIeHHEIX MOTeRYX IV, paccuBTaHENE CABHTH JaCTOT JA-
mmit KP rasoB u ;KUIKOCTelr OyAyT IPEMEPHO B 4 pasa 6oiblle, 4eM Té, KOTOpPEIe MO yIeHkl
aBropamu [ 11]. ITocTeHee 03HAYAET, UTO BHBOJ, ABTOPOB O COOTBERETBINI PE3YILTATOB Pa-
cuera (make MO MCHOJb30BAHHON HME MOZEJNH) C Pe3yIbTaTaMI, SKCHePHMEeHTa sIBJIATCH
OIMGOYHEIM, NOTYIeHHHIM B pe3yiIbTaTe WMCIOIb30BAHEA \YOPMYIE 11 3aCeleHHOCTH
BO30Y//[EHHOT0 COCTOSHMS, He IPIMEHEMON B cilydae Hepesonamczoro KP.

Taxkmm 06pa3oM, TpeIoiKeHHE B [1] MeTon pacdera BIMAHHSA 30DeRTHBHOTO HOJIA
CBETOBOI BONHHI HA CIHEKTPEl KP KOHIeHCHPOBAHHEIX\CPOH CIe/[yeT NPHSHATH OMHGOIHEIM,
OPOTHBOpPEYAIM OCHOBAM KBAHTOBOI MeXaHWKAM MPHABOIAIIAM K pe3yIsTaraM, He Ccoria-
cylomuMes ¢ sKcmepuMeHTOM. [IpaBMIbHEIE KOPPEKTHBIH METON ydeTa BAMAHINS adexTnB-
HOTO WOJsA B MHOTO(OTOHHEIX mpomeccax (B.TOM)UiCIe M JBYX(OTOHHOrO mpomecca KP)
yKasan B kaure BiomGeprena [4]. AT0T MeTOX'QCHOBAH HA MCIONB30BaEMN MeToza Jlopenna
7 TIpeficKa3kIBaeT JIUNIH M3MeHeHIe NHTerpalbHoil narencusHocrd KP B KOHIEHCHPOBAHHOR
cpefie Ge3 m3MeHeHUs MOIOKeHnsT 1 popMbr mEnid KP, ecian jiasa ero BO30Y/RISHAA UCIOIb-
3YIOTCA HeJIa3epHBIe NHTEHCHBHOCTH W3JAY4YeHHA.
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[0 IOBOAY TMPUMEHEHUA KOHIEINIIVIH
BHYTPEHHEIO I0JIA K CIEKTPAM KOMBUHATIHOHHOI'O
PACCESHIA KOHJIEHCHUPOBAHHBIX CHCTEM

0. M. Toaybes w H. JI. Opaosa

B mocaexame TOE B KypHaIe «ONTAKA A CHEKTPOCKOIMA) IOABMICA KT pabor Bax-
muesa, Jlmoosa, Cmmopenxo [1~%], mocBAMEHHBIIT paspaborTke KoHmenmum 3HHeKTHBHOrO
10JIsT IPAMEHATENbHO K CHeKTPAM KOMOMHAIOHHOTO PACCesHILI (CKP) KOHIeHCHPOBAHHBIX

cpen. I[Ho-BuguMoOMy, ceHdac HeT OCHOBAHUH COMHEBAThCA B PAIfAOHAIBHOCTH 3TON KOHMEeI-
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