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1. BBEAEHUE

DKCIepuMeHTAJIbHAST peaJn3alius aTOMHON 6o3e-
SMHIITETHOBCKON KOHJIEHCAIIUU IIPU CBEPXHU3KUX TEM-
reparypax IpuBesia K ObICTPOMY IIPOTPECCY B UCCIIET0-
BaHUU CBOMCTB yJIBTPAXOJIOIHBIX MOJIEKYIL. DTO CIIOCOD-
CTBOBAJIO POKJEHUIO HOBOM 00JIACTH HAy IHBIX UCCIIET0-
BaHUN — KOI'epEeHTHOHN MaTepuabHO-BOJIHOBOM CyIiep-
XUMUH, KOTOPasi MOYXKeT 00eCIeInTh KBAHTOBBIN KOHT-
pPOJIb MaTePHAIbLHO-BOJTHOBBIX PEAKIHil IPH CBEPXHU3-
KHUX TeMIepaTypax. B mocienue gBa JiecsaTKa JeT 9KC-
[IEPUMEHTBHI ObLIN CBSI3aHBI C POXKICHUEM U UCCJIEI0BA~
HUEM CBOMCTB XOJIOJHBIX JIBYXATOMHBIX TOMO- U T€TePO-
siiepHbIX MoJiekya [1,2]. TTosroMy K HauaabHOMY 9Ta-
Iy UCCJIEIOBAHUI MOYKHO OTHECTHU MU3YydYeHHe KOIePeHT-
HOIl aTOMHO-MOJIEKYJISPHON (aTOMHO-MMEPHOI) KOH-
Bepcun A+ A - Ao u A+ B — AB, rie A u B —
arombl, Ay u AB — mostekyutsr (mumepsr). HanGostee mo-
PA3UTEJBHBIM CBOWCTBOM ATOMHO-MOJIEKYJISIPHON JTH-
HAMUKU SIBJISIETCSL OECIpere/leHTHasl POJIb HeJMHEH-
HBIX, KOJUIEKTUBHBIX 3(hDEKTOB, B 9aCTHOCTH, 3D dDEK-
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TOB 603e-CTUMYIAIUN. BeposTHOCTD OTIeILHOr0 6030~
Ha UCIILITATD TIEPEXO0JT CYIIECTBEHHO YCUIUBAETCS UJIEH-
TUYHBIMU JACTUIIAMU KAK B HAYAJBHOM, TAK U B KO-
HEYHOM COCTOsHWH. Pojib 6o03e-cTumynsnuu B obpa-
30BaHWU M DPACIAJE MOJEKYJISPHOTO KOHJIEHCATA WC-
creoBasiack B psizie pabor [1, 3, 4]. Beuto mokaszano,
YTO ATOMHO-MOJIEKYJISIPHBIH 603€-KOHIEHCAT MCIIBIThI-
BaeT KOT€PEHTHBbIE OCIMJIIAIUNE GOJIBIION aMILIUTYIBI
MEXKJTy aTOMaMU U MOJIEKYJIAMH, TPAYIEM JaCTOTA ITUX
OCIUJLIISITIAN CYIIECTBEHHO 3aBUCUT OT IIJIOTHOCTHU ATO-
MOB, MoJiekys u (oroHoB [5-8]. Bmecre ¢ Tem 3KcIe-
PUMEHTAJIbHO HABJIIONANCH HEe TOJBKO JIBYXATOMHBIE
MOJIEKYJIBI, HO TaKyKe TPEX- U YETHIPEXATOMHBIE, Ta-
ke xak %Liz, 4°K3, 8STRb°KOLi [9] u ap. Hemaso B
[10] HabIHOAAIOCH PE3OHAHCHOE CBSI3BIBAHKE JUMEPOB
Cs2 B MoJtekysisipable Terpamepbl Csy, a Takzke obpa-
soBanne tpumepos Csz [11,12]. B pa6ore [10] noxa-
3aHa BO3MOYKHOCTH ITPOTEKAHMS] KOTEPEHTHON aTOMHO-
MOJIEKYJITPHOM KOHBEPCHU ¢ 0Opa30BaHUEM KaK TOMO-
SIIEPHBIX A4, TaK M reTeposiiepHbIX TerpaMepoB AsB
n AsBo, a TakKe MyJILTHMOJIEKYJIIPHBIX PEaKIUil THIIA
2AB—>A2+B2, 2A2 —)Ag—FA, 3A—)A2+A B pa-
Gore [13] mokazaHo, YTO M30TONHO-OOMEHHBIE PEAKIIUN
Buga "A™A +"A™A — "As + ™Ay MeXy OCHOBHBI-
MU COCTOSTHUSIMA MIEJIOIHO-TAJOUHBIX T€TE€POSIEPHBIX
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JIUMEPOB, COCTOSIIIUX U3 JBYX U30TOIOB OJIHOTO U TOTO
JK€ aTOMa, ABJISIOTCS IK30TEPMUICCKIMUI C M3MEHEHU-
eMm sHeprun B objactu 1-8000 MTI'n. IlosTomy rerepo-
SITIEPHBIE JIIMEPDI SBJISTIOTCS XUMUIECKH HECTAOMIIHHBI-
MM TIpY yJIBTPAHU3KUX Temueparypax. Hanpumep, e
retepomostexymnsl Li"Li pacmamarorcs Ha Ba JEMepa
6Liy u "Lis ¢ BbLIeJeHneM Hepruy, pasHoit 8104 MI 1,

B pabore [l14] wuccaegoBasuch MHOIOYACTHIHBIE
MIPOIIECCHI B YILTPAXOJOIHON cMecu 603e-aToMoB Na u
Rb u cnabocazanubix dembax-mumepo NaRb. Hao-
JIFOJIAJINCH TeTpaMepHble cocTosiiust NasRbg. ATomHO-
JIUMEpHAasi CUCTeMa MPUBOJIMIIA K 00PA30BAHUIO TPUME-
pos NaRbs u NasRb. Tak:ke npu cBA3bIBAHUU JBYX
mumepoB NaRb obpaszosbiBancs Terpamepbl NasRbo,
a takxke Tpumepbl NaRby u NasRb u cBobonubie aro-
™Mbl Na u Rb coorsercTBentHo.

B paBorax [1, 11] 6puio mokazaHo, WTO METO-
abl (pembax-pe3onanca n POTOACCOIUAINH, KOTOPDLIE
YCIIENTHO TTPUMEHSIINCH [IJIsi TTOJIyIeHUs JIBYXATOMHBIX
MOJIEKYJI, MOT'YT OBITh HCIIOJIB30BAHBI JJI 00pa3oBa-
HUSI MOJIEKYJISIDHBIX TpuMepoB. OCHOBHAS HJiest COCTO-
UT B TOM, YTOOBI CO3/IaTh BO3OYKIEHHBIE IMMEDDI C TI0-
MOIIbIO (bermbax-pe3oHanca, a 3aTeM MOCPEICTBOM Po-
TOACCOIMAIIAN CBA3aTh JUMEDPHI U ATOMBI B TPUMEPHI.
WccnenoBanne 3T0ro mporecca MpuBesio K BIBOJLY, UTO
KOMOuHUpOBaHHBIE 3D HEKTHI 603e-CTUMYJISIIIAN U KOH-
KYPEHIMH KAHAJOB PACIaa /I KOHEYHOIO YHCJIa MO-
JIEKYJI IPUBOJIAT K YCUJIEHUIO CEJIEKTUBHOCTH PEaKITIH
MexkIy obommu Kanasamu. OTHOCHTENBHO cirabasi KOH-
TPOJIUPYEMOCTH OHOYACTUYIHOTO IIPOIfecca TpaHcdop-
MUPYETCS B MPAKTUYECKHU HOJHYIO KOHTPOJIUPYEMOCTH
603e-CTUMYIUPOBAHHOTO N-4aCTHIHOTO mporecca. B
pabote [11] mosyueHbI perennst CuCTEMbl HEJTMHEHHBIX
VpaBHEHUI B MPUOJIUKEHUHN 33, TaHHON JIOTHOCTH TPEX-
aTOMHBIX MOJIEKYJI N 6e3 yueTa POJIH HAMAJIbHBIX [IJI0T-
HOCTEll JBYXaTOMHBIX MOJIEKYJ U aToMoB. [lokaszamo,
9TO IBOJIIOIUS CHCTEMbI SIBJISETCH AIIEPUOINIECKON U
COCTOHT B Pacua/ie TPEXaTOMHBIX MOJIEKYJI 110 JIBYM Ka-
nasiaM. OJTHAKO IIPH ydeTe HAYaIbHOIO MaKPO3aIIoTHe-
HUsI ATOMOB M MOJIEKYJI MOTYT BO3HUKHYTDH U II€PUOJIN-
YeCKHe PEXKMMBI 9BOJIIONUU cucTeMbl. OTMETUM TaKKe,
9TO JIeTaJIbHOE MCCIIEI0OBAHNE IBOJIOIUN CUCTEMBI IO
JefCTBAEM YJIBTPAKOPOTKUX HUMITYJIHCOB PE30OHAHCHOTO
JIA3EPHOTO M3JIyYIEHUS TPOU3BOJIHLHOM (POPMBI HE IIPO-
BOMIIOCH. BMecTe ¢ TeM nMITysibCHOE BO30Y XK I€HUE CHU-
CTEMBI C JJINTETbHOCTSMHI HUMITYJIbCOB, HAMHOTO MEHb-
[IIAMU BPEMEH PeJIAKCAIINN ATOMOB U MOJIEKYJI, SIBJISIET-
cs1 HanboJree MHTEPECHBIM, TAK KaK OHO JIOIIYCKAET BO3-
MOXKHOCTH THOKOTO yIIPABJIEHHS [IPOIECCAME PACIIAJIA.
Tlosromy nmasbHeiiee ucciieI0BaHNe PEAKIIAN, TIPEIIO0-
JKeHHOM B [11], mMO-TIpeXKHEMY SIBJISIETCSI AKTYAJbHBIM.
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B crarbe mokasaHo, 94T0 OOJIBIIYIO POJIb B JUHAMU-
K€ aTOMHO-MOJIEKYJISIDHOIl KOHBEPCHUU WI'DAIOT 33 aH-
Hble pazHocTHu Ga3. s co3manms onpereieHHol pas-
HoCcTH (ha3 MCIIOIB3YETCs METO/I BICYATHIBAHUSA (DA
(phase imprinting method). B paGore [15] rosopwur-
csl O METOJle BIleJaThIBaHUsI da3bl Kak 00 3 deKTuB-
HOM MeTOJIe JIJIsl TIOJIyYeHUsl HaTepe| 3aJaHHONl JuHa-
MUKH B 603e-3HINTEHHOBCKOM KOHIeHcaTe. BhLmo mpo-
JIEMOHCTPUPOBAHO [[Ba IOJAXOA K IOCTPOEHUIO (Da3bl
BOJTHOBO# (DYHKITMH C 38JaHHOI TPOCTPAHCTBEHHOMN 3a-
BUCUMOCTBIO. B aToM ciaydae daza MOXKeT OBITH Iie-
pe/laHa ¢ MOMOIIBIO ABYX(MOTOHHOTO TPOIECCa KOMOU-
HAIMOHHOTO paccesiHusi, npudeM (a3a WId yraoBOH
MOMEHT, TIePEHOCUMBIl (POTOHOM, 3aTeM BIIEYATHIBA-
eTcss B BOJIHOBYIO (DYHKIMIO aToMma. B 3IKcIepuMeH-
TaJbHON pabore [15] aBTOPBI NPUAEPKUBAIOTCS HOJI-
X0/1a K BIEYATHIBAHUIO IIPOU3BOJIBLHON (a3bl cauTasi,
9TO TPOCTPAHCTBEHHO-3aBUCUMBI TOTEHIIHAJT TYIHCH-
pyeT B TedeHWe KOPOTKOI'O BPEMEHU II0 CPABHEHUIO C
BPEMEHEM JIBUKEHUS aToMa (HAIpUMEp, IEPUOJIOM 3a-
XBaTa), TAKUM O6Pa30M IIOTEHIMAJ BIIEYATHIBAETCS B
aToMHyI0 hazy. DTOT MOTEHIUAT MOXKET OBITH MOJTy YeH
C TIOMOIIBIO JIA3€PHOT0 UMIIYJIbCA C JIAJHHIM PE30HAH-
COM, KaK, HAIPHUMEp, JJIs TPUTOTOBJIEHUS COJUTOHA.
OrmMedanoch TakzKe, IYTO IyTeM OINTUMUBAINN BEJTUIH-
HBI BIIeYaTaHHOU a3kl MOSBJISIETCS] BO3MOYKHOCTH KOH-
TPOJINPOBATH KOHEYHBIN CKAUOK (pas3bl U, CJIeI0BATE b=
HO, CBOMCTBA COJINTOHA. BBII MPEJJIOKEH MeTOJ, MO/
TOTOBKY COCTOSTHUI 33 IaHHOW KBAHTOBAHHON ITUPKYJIsi-
MU B KOJIBIIEBBIX H603e-3MHIITEHOBCKUX KOHIEHCATAX,
COJIEPIKAIUXCS B KOJIBIIEBOM JIOBYIIIKE, ¢ UCIOJb30Ba-
HUEM METO/Ia BIEeYAThIBAHUS (ha3bl 6e3 UCIOIHL30BAHNUS
JBYX(DOTOHHON Ilepeadn yrjioBoro MoMeHTa. 1 pebye-
MBIl (Ha30BBIil MPOGUIIH OTIIEYATHIBAICA HA ATOMHON
BOJTHOBO# (DYHKIINHU ¢ UCTIOJIHL30BAHUEM KOPOTKOTO CBe-
TOBOI'O UMIIYJIbCA C WHJIUBUJIYAJIBHON JUarpaMMOil UH-
TEHCUBHOCTH.

[Ipu sKCHIEpUMEHTAIBLHOM HCCJIEIOBAHUA TEMHBIX
COJINTOHOB B 003€-3WHINTEHHOBCKIX KOHIEHCATAX aTO-
MoB Rb 0Obura obHapy:keHa KOrepeHTHasl U JIMCCHUIIa-
TUBHAs JUHAMUKA COJIUTOHOB, B 9TOM CJIydae COJIMTO-
HBI TaK>Ke CO3/IABAJUCH METOJOM BIeYAThIBAHUS (ha-
381 [16].

B paGore [17] mokasaHo, 4TO ypaBHeHus 1'poc-
ca—IIuTaeBCKOro 4acTo MCIOJIB3YIOTCH JJIs OIHCAHUS
CIIMHOBOM AWHAMUKH 003€-KOHIEHCATOB, T/e ¢das3a Jaeii-
CTByeT KaK pelraronuii (pakTop, MOCKOJIbKY OTpayka-
eT KBAaHTOBbIE XapaKTePUCTUKYU KOH teHcaTa. Jljist ciry-
qast, Korja (paza MoxKeT OBITh TPOCTPAHCTBEHHO MOIY-
JINPOBaHA, MOKA3aHO, YTO CIIMHOBAS JUHAMUKA MOYKET
OBITH BBI3BAHA COOTBETCTBYIONMME (ha30BBIMU CJIBUTA-
mu. Pesynbrarst [17] mokasbisaior, aro dbazoBas HHKe-
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HEPUsl PEIIaeT BOIIPOC O KOHTPOJIE PA3HOCTH (ha3 U MO-
2KeT UI'PaTh BaXKHYIO POJIb B U3MEHEHNHN KBAHTOBBIX Xa-
PaKTEPUCTUK CIMHOPHBIX 003€-KOHIEHCATOB.

2. IIOCTAHOBKA 3AJAYY. OCHOBHBIE
PE3VYJIBTATHI

B jaHHOI cTaThe IPUBOJISITCS PE3YJIbTATHI TEOPETH-
YECKOTO MCCJIEOBAHAS JUHAMUKH TIPONECCa (POTOIMC-
cormarmy (i (hbOTOACCOIMUAIINN) TPEXATOMHBIX 603e-
KOHJIEHCHUPOBaHHBIX YJIbTPaxo oaabix Mosekya ABC ¢
obpazoBaHueM aTOMHO-MOJIEKYIIpHBIX ap AB 4 C -
60 A + BC oz nefictBrem IByX paMaHOBCKUX UMITYJTb-
COB PE30HAHCHOTO JIA36PHOIO M3JIyYEeHUsl. JIECH CUM-
Boabl A u C orHocsares k aromam, AB u BC — k
JIByXaTOMHBIM MoJieKyaMm (gumepst), a ABC — k re-
TepoMoieKyJie (Tpumep), cocrosmieii u3 aromos A, B
u C. Ilpesmoaraercsi, 9T0 COCTOSTHUST ATOMOB W MOJIE-
KyJI 9BJISIOTCS MakposanoJHedabivu. [locse aguabaru-
YECKOT'0 MCKJIIOYEHNUsT IPOMEXKYTOUHBIX COCTOSTHUN BO3-
Oy KIEHHOI TPEXaTOMHOM MOJIEKYJIBI MHOTOYACTUIHBIH
raMUJILTOHUAH B3aUMOJECHCTBUS B IIPEJICTABICHAN BTO-
PUYHOTO KBAHTOBAHWSA W B IPUOJIMKEHUY BPAIIAIOIICi-
Cs1 BOJIHBI MOKHO 3amucars B Buje [18]

Hine = hd(r) | QU] 5 (r) U (r) +

+ QU ()T, (r)| +cc (1)

31ech fi), \i/AB, \iJBC, \iJA, U — 6o30HHDBIE OIIepaTOPLI
yHIaTO)KeHusi Mojiekysl ABC, JByXaTOMHBIX MOJIEKYIT
AB u BC, a makxke aromoB A m C COOTBETCTBEHHO,
€.C. — KOMILIEKCHO-COTIPSIZKEHHBIE cytaraembre. IlepBoe
ciaraemoe B TpaBoii wactu (1) OMMCHIBAET CTUMYIH-
POBAHHBI JIBYMsI PAMAHOBCKAMU MMITYJILCAME PACIIa]T
TPEXaTOMHOM MOJIEKYJIbI ¢ 0Opa30BAHUEM ATOMHO-MO-
sekyJisipaoit maper C+ AB, a Bropoe — coOTBETCTBEHHO
A + BC. KomiuiekcHO-conpsizkeHHble ciaraemple B (1)
OIUCHIBAIOT CBSI3BIBAHWE ATOMHO-MOJIEKYJISPHBIX TAap
B Tpumep ABC. Koucranrsr cBsasu 2y u Qo ompe-
JIGJISIIOTCS. aMIUTATYIAMI ToJIefl 000MX WMITYJILCOB U
ATOMHO-MOJIEKYJISIPHOTO B3aUMOJICHCTBHUS 110 IEPBOMY
7 BTOPOMY KaHAJIy DEAKIINN.

Ucnonbsys (1), J€rko MOIyYnTH CUCTEMY Tefi3eH-
GeproBCKNX ypasHenHil juist onepatopos @, U4z, U,
U4, Ue. Yepeass 9Ty CHCTEMY U HCIOJIL3Ys IIPHOIH-
JKeHne cpenHero nosisi (mean field approximation [19]),
MOXKHO TOJIyIUTh CUCTEMY HEJIMHEHHBIX auddepeniiu-
AJBHBIX YPABHEHMI Jisi aMIumTyz, (IIapaMeTpoB IIo-
psiika) MaTepuanbuex noseit O, Wap, Upeo, W, Ve,
KOTOPBIE B YCJIOBUSIX TOYHOTO PE30HAHCA MPUHUMAIOT
BUJL
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Wap = OV, Ve =000,
Wpe = WOV, 1Ty = 0005,
i® = QVap¥o + QWpely,

(2)

rJie TOYKa HaJ, CUMBOJIAMH O3HadaeT IIPOU3BOMHYIO IIO
BpeMenu. Pemnienns sTux ypaBHeHHiT Oy/ieM HCKaTb B
BUJIE

& =N exp(ip), Uap=+/Nap exp(ipap),
Ve = /No explipe),
Upo = v/Npc explivse),
Wy = /N4 expliga),

rae N; moj 3nakaMy KBaJpPaTHBIX KOPHEl U ¢; B 9KC-

(3)

[TOHEHTAX SIBJIAIOTCS JIEHCTBUTELHBIMU (DYHKIIUSIMU 1
TIPEICTABIIAIOT COOOit UmcIa JacTUIl U uX (pa3bl COOT-
BercrBenHo. Ilojcrasnss (3) B (2), npuxomuM K cie-
JIyIOIIeit cucTeMe HeJIMHEHHBIX 9BOJIIOIMOHHBIX YDaBHe-
HUN:

NAB = NC = 291\/NN0NAB sin91,

NBC = NA = 2QQ\/NNANBC sin02,

N = -201\/NNcN4p sint; —

— 292\/ NNANBC sin 92,

. NNyg NN¢
01 = —
N¢ Nag
(4)
| NcN. [NAN
— CTAB cosbt; — Qo %cosﬁg,
. NNgc NNy
0y = Q —
? ? Ny Npc

[NaAN | NaN,
— % cosfy — %00591,

rne 01 = o — oo — pap, 02 = ¢ — ps — ppc. llepBoie
0sTh ypaHeHuil B (4) IPUBOAAT K TPeM HE3aBUCHMBIM
HHTeraHaNI JBU>KCHUA:
Nap — N¢ = Napo — Nco,
Npc — Na = Npco — Nao,
N+ Ny + N = Ng + Nyo + Nco,

(5)

riae No, Napo, Npco, Nag, Nocg — HadaJIbHBIE ILIOT-
Hoctn gactull. CoorHomenus (5) NpeCTaBAsAI0T coboit
3aKOHBI COXPAHEHHs YaCcTUIl B cucreMe. JIerko Bujernb
TaKxKe, YTO PelleHus Jyist pasHocTeit das

01=:|:7T/2, 92=:|:7T/2, (6)

YZIOBJIETBODAIOT cucreme ypasHenuit (4). Pemenus c
61 = 02 /2 (61 02 —7/2) COOTBETCTBYIOT
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peakiuu oroaucconuanuu (hoToacconuanum) Tpex-
ATOMHBIX MOJIEKYJ. VX MOXKHO Ha3BaTh CUH(MDAZHBIMU
PeIlleHUsSIMI, TaK KaK OHU COOTBETCTBYIOT CHUH(MDA3HOM
JUHAMUKE JaCTHUIl T0 060MM KaHaJiaM peakiuu. Perre-
HUus ke ¢ 01 = w/2 u 0 = 7/2 nm 6y —m/2 n
02 = m/2 moxkHO HazBaTh anTUdAa3HLIMUA. B aTOM City-
vae, Kak BUJHO U3 (4), IMHAMMKA TACTHI[ IO OJHOMY
13 KaHAJIOB HAXOIUTCd B IpoTuBodaze ¢ IUHAMHUKOI
JaCTHUIL TI0 APYTOMY KaHAJY.

W3 ypasuenwmii st Ny u N B (4) MOXKHO [IOJIy IUTh
€Ile OJIMH WHTErpaJs JBUKEHHsI, CBA3BIBAIOIINN IrCIa
JaCTHUI| B 000MX KaHAJIAX PEAKIN:

2
Ny = (\/NAO chz + v/ Naco sh:zc) (7a)
st cuH@A3HOTO CIydas u
2
Ny= (\/NAO chz — v/Npco sh:z:) (7h)

It aHTU(AZHOTO CJIydast, TIe

N (\/NABO —Nco—I—Nc—i—\/N_c) C®)
VNago + vV Nco

Hnsg 3HavYeHuil HAYAJIBHBIX IIJIOTHOCTEH YACTHUIL

Napo = Nco, Ngco = N o u ipu paBeHCTBE KOHCTAHT

csazu o = {2/ = 1 BeIpazkenus (7a), (7b) cBogsTCst

K IIPOCTBIM COOTHOIIECHUAM:

Nao
Ny=—"*= 9a
2 Ne (92)
It cuH@Aa3HOTO CIydas U
N
Ny = % Neo (9b)
c

Jist anTudasHoro ciydas. B mepBoM ciydae Komde-
c¢TBO aToMOB N4 B OIHOM KaHAaJe MPOIOPIMOHAILHO
KOJImIecTBY aTroMOB N B IPyroM KaHaJie B JII0OOi MO-
MeHT BpeMeHu. llnoTHOCTH aTOMOB B 000MX KaHajax
Jinbo pacTyT, OO0 yOBIBAIOT OJTHOBPEMEHHO, B TO Bpe-
Ml KaK B aHTH(A3HOM CJIyUae INIOTHOCTHA ATOMOB H3Me-
HSIIOTCST 00PATHO IPOIOPIMOHAIBLHO JpYT ApyTy. CBsi3n
(7a) u (7b) mubo (9a) u (9b) oupenensor JBe pajy-
KAJIbHO PA3JIMIAIONIIECcs JTUHAMUKA CUCTEMbI YaCTHIIL,
Ha puc. 1 npencrasiensr rpadukn 3apucumocteir N4
or N¢ npu pasjiudHbIX COOTHONIECHUSIX MEXKJy mapa-
METPAMU CHUCTEMBI.

Ucroib3yst moJsiyYeHHbIEe MHTErPAJIBI JIBUYKEHUS, CU-
creMy ypaBHeHHi (4) MOXKHO UPUBECTH K OJJHOMY JU(-
depeHImaILHOMY ypaBHEeHUIO, HanpumMep st N, Ko-
TOPOE UMEET BUJ

dNc¢c

— =420
dt L

x v/Nc(Napo—Nco+Nc)(No+Nao+Nco—Nc—Na),
(10)

Na/Ny

20

0.8
Ne/Ny

2 0
Ne/ Ny

Puc. 1. 3asucumoctu N4 ot N¢ npu Nag/No 2 (1),

1(2), 0.5 (3); Nco/No = 1; Napo/No = 2; Npco/No = 4;

Q2/N 2 (cnnowHble nunun), 1 (NyHKTUPHblE NuHUNK);
a) cuHdasHbIi cnyyait, 6) aHTudasHbIli cnyyaii

rime N4 BbIpaxkaercs depe3 No ¢ TOMOIIBIO (hOpMYIT

(7a), (7b), (8). IlomyueHHOE ypaBHEHHE SIBISETCS Cy-

IIIECTBEHHO HeJIMHEHHBIM. Ero aHaInTuIecKoe perieHme

MOZKHO TPEJICTABUTH B KBAJIPaTypax.

Hanee miasg ymoOGCTBa BBEIEM HOPMUPOBAHHBIE HA
N¢o TLUIOTHOCTH:

2

N¢ = Neone = Neoy”™, Na = Ncona,

No = Neono,

Napo = Nconago,

(11)

Nao = Nconao,

NBco = Ncongco.

Torma ypasuenue (10) jyist onpeyesnenust No IpUHEMA-
eT BUJ,

dy
— =40
dt L
X \/(nABO —14+9y?)(no+na0+1—9y>—na), (12)
rje
nag = («/nAochx:tw/nBcoshx)Q (13)

st cruH(MA3HOrO M aHTU(MA3ZHOTO CJIyIaeB COOTBETCT-
BEHHO, a

Vnapo —1+y2 +y
vnapo+1

Vpasuenue (12) MOXKHO 3amucaTh B BHIE ypaBHe-

x=aln (14)

HUs KOJIeOaH HETMHEHHOTO OCIIMJLIATOPA

% 2 +W(y) =0
dt ¥y =5
e
W(y) = _Q%(nABO_1+y2)(n0+nA0+1_y2_nA)

urpaerT posib IOTEHIUATIBHON 3SHEPIHH HEKOTOPOro
HeJIMHEHHOro  ocruniATopa. ccienosanne mosejie-
Hust W(y) Moxer JaTh KadeCTBEHHOE OObsICHEHHE
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= |
0 ne

o n

1% A
N4 no 0 no

Puc. 2. Npaduku noteHymansHolt sHeprum W(nc) v dyHk-
uun na(nc) Npu nao = npco = 3, Nco = napo = 2, no = |;
Q2/Q1 — yeTHoe (a), HeveTHOE (6)

HOBeJIeHNs caMoro pereHus: y(t) B 3aBUCHMOCTH OT
BpeMeHn { U HadaJbHBIX I1apAMETPOB CHUCTEMBI. B
3aBACUMOCTH OT 3HAaUYEHUl HA4YaJIbHBIX [JIOTHOCTEH
YaCTHUIL SBOJIIOIUS ILJIOTHOCTU aToMOB copTa C MOXKeT
OBITH KaK MEPUOTUICCKON, TAK W All€PUOTUICCKOMN.
PaccvoTpum  psim mpocTEHIuX YacTHBIX —CJIyda-
€B, JOIIyCKAIOIMMUX TOYHBbIE AHAJUTHYECKUE DeIIeHUd.
IIycts Nag = Npco u Noo = Napo, T.e. ducia aTo-
MOB U JIBYXaTOMHBIX MOJIEKYJ B KaKJOM KaHaJle peak-
IUU OJIMHAKOBBI. Kpome Toro, T1oj1araeM, 9To BpeMeH-
Hasl 9BOJIIONUS CUCTEMBI siBJsieTcsi cuHdasznoit. Torma
IJIOTHOCTL &TOMOB OIIpEJIeIAeTCA KaK Ny = NAgNg, a
noreHImaibaas sueprus W(ng) umeer Bu

W(nc) = —nc(no +nao +1 —ne — naone).

Ha pwuc. 2 upeacrasiensbl rpadukun MTOTEHIIUAILHOMN
SHEPIrUM HEJMHEHHOTO OCHUIsITOpa. VI3Menenue mioT-
HOCTH aTOMOB copra C' cO BpeMeHeM BO3MOXKHO JIHIIb
B TOl obnacru 3uavenuii ne, rae Wing) < 0. Ocoben-
HOCTHU 3BOJIIOIIMH CUCTEMBI OIPEIEISIOTCS HE TOJIBKO
3HAYEHUSIMU HAYAJIBHBIX IJIOTHOCTEH YaCTHUIl, HO TaK-
K€ W COOTHOIIEHUSIMA MEXKJy HUMHU. JIerko MOHSTH,
9TO IJIOTHOCTD JIOTIOJIHUTEJILHO IeHEPUPYEMBIX MOJIe-
KyJ paBHa HaWMEHbBIIEH U3 IJIOTHOCTEH aTOMOB U JIU-
MepoB. Tak Kak Kaxk/1ast HOBasi 00pa3yomasicsi MOJIEKY-
Jia COZIEP2KUT II0 OJHOMY U3 aTOMOB IIEPBOIO U BTOPOI'O
COpTa, TO IPOIECC 0OPA30BAHUS IOMOJHUTEIBHBIX MO-
JIEKYJT 3aKAHIMBAETCs, KAK TOJIBKO 0DOpaTsTCs B HYJIb
ILUIOTHOCTU aTOMOB OJIHOT'O M3 COPTOB.

Orciona Buguao, uro Wng) < 0 B obaacru 0 <
< nc < ncum, TAe Ny — MaKCUMaJIbHas HOPMUPOBaH-
Hasl IUIOTHOCTH aToMoB Tuita, C' B IpoIiecce SBOJIIONUH,

847

ne

2
t/t,

Puc. 3. BpemeHHble 3aBUCUMOCTU HOPMUPOBAHHOW MAOTHO-
ctu ng npu No/Nco = 1, Napo/Nco = 2, Npco/Nco = 4,
Q2/Q1 = 1 (nynkTupHas aunus — No/Neo = 0)

KOTOpAasI OIPeJIesieTCs KaK OMMKANIINiT K e TMHUTIE 110~
JIOZKUTEJbHBII KOPEHb YPABHEHUS

no +na0+1—ncy —naongy = 0.

C pocToM m g U (v INIOTHOCTH N )y YOBIBAET, ACUMIITO-
TUYECKU CTPEMUTCS K €JUHUIE CIIPaBa MPH OOJIBINUX
NAQ ¥ @ ¥ MOHOTOHHO BO3DACTAET C POCTOM M. Hasin-
que JABYKpaTHoro Kopuga nge = 0 ypasaenus Wng) =
= 0 CBUJETEIBCTBYET O TOM, UTO 3BOJIONUS CACTEMBI
B cuH(da3HOM CJIydae ABJIIeTCs anepuoantieckoii. B ca-
MOM Jiejie, mojiarast « = 1, JIErKO TOJIyYUTh PEIleHue
ypasaerus (12), koTopoe 1yt ng = y? BHIpaXkKaeTcsa B

BUIIE
ne = nepy sch? (£vVno +nao + 1t + ), (15)
rie
14 10 arch\/noa
n = _ = n .
CcM naot+ 1 ¥ M

N3 (15) u puc. 3 BUJHO, YTO IBOJIONUS ILIOTHOC-
TN aTOMOB N (t) JAeHCTBUTEIBHO SIBIISETCS ALlEPUOII-
geckoit. IIpu 9TOM peleHue JjId Ne CO 3HAKOM <«+»
B apryMeHTe CEKaHCa TUIepOOIMIeCKOro MOKa3bIBAET,
YTO [IJIOTHOCTh ATOMOB N¢' MOHOTOHHO yOBIBAET CO Bpe-
MEHEeM, ACUMIITOTHIECKH CTPEMSCH K HYJIIO Ha GOJIBIINX
BpeMeHax. PellleHue CO 3HAKOM «—» CHaYaJa PACTET,
JIOCTHTaeT MAKCUMAJbHON BEJIMYUHBI Ne)pf B MOMEHT
BpEMEHU

1
arch v/noa,
Q1v/ng +nap+1 oM

I1ocJie 94ero MOHOTOHHO y6bIBaeT " TaK>Ke aCUMIITOTHUYe-

t=ty =

CKUM CTPEMUTCHA K HYJIIO. B sTror momenT BpeMeHHU IHCJIO
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TPEXaTOMHBIX MOJIEKYJI obparaercs B Hy/Ib. CireoBa-
TesibHO, Ha dTarne 0 < t <t MJIOTHOCTh ATOMOB THIIA
C pacrer 3a cUYeT pacrajia TPEXaTOMHBIX MOJIEKYJI. deM
60JIbIlle HAYAJIbHAS NIOTHOCTD 79 TPEXATOMHBIX MOJIE-
KyJI, TeM I032Ke BO3HUKAeT MakcuMyM byHKuu ne(t)
JIJIsl PEIeHns CO 3HAKOM «—» U TE€M BBIIIIE ITOT MaK-
cumyM. Takoe nosenenne byaknun ne(t) obycmosie-
HO 3HAKOM IPOU3BO/IHON fbc|t:o B HAQYAJIbHBIA MOMEHT
BPEMEHH U 0COOEHHOCTSMU 003e-CTUMYJIMPOBAHUS TPO-
necca. B ciydyae onHAKOBBIX HaYaJbHBIX YHCEJ ATO-
MOB U JIBYXaTOMHBIX MOJIEKYJ B KazKJIOM H3 KaHAaJIOB
BEPOATHOCTDH CBA3BIBAHUA UX B TPEXaTOMHBIC MOJIEKY-
JIBI OOpalliaeTcsd B HYJIb BMECTE CO CTPEMJIEHHEM HH-
CeJI ITUX YACTHI] K HYJIIO B IIPOIECCE IBOJIONNN. TaKIM
00pa30M, 9BOJIIOIUST ATOMHO-MOJIEKYJISIDHOM CUCTEMBI B
9TOM CJIy4ae sBJIA€TCs HeOOpaTHMOH U 3aBepIIaeTcs
TEM, 9TO BCE aTOMBI U JBYXaTOMHBIC MOJICKYJbI NCYe-
3aI0T, IIpeBpallasAch B TPEeXaTOMHBIE MOJICKYJIbI.

Ecmun TpexaToMHBIE MOJIEKYJIBI B HAYAJIBHBIA MO-
MEHT BPEMEHH OTCYTCTBYIOT B cucreme (ng = 0), 4to
C IPaKTUYECKON TOYKU 3PEHUs SBJIsIeTCS HAnboJiee NH-
TEPECHBIM CJIydaeM, TO Hojydernoe perrenue (15) cy-
IIECTBEHHO YIIPOIaeTCd U IIPUHUMAET BUT

ne = sch® (Vinao + 1 Qit) . (15a)

IIpu sToM mcuesaeT paznauyne, CBSI3aHHOE CO 3HA-
KaMHI «+» U «—», TaK KaK B Ha4YaJbHBII MOMEHT Bpe-
MEHU OCIIAJIIATOP HAXOJUTCA B TOYKE C KOOPIAUHATON
nco = 1 ¢ norennuaabHOM 3Heprueit W, paBHoil HyJTIO,
B CIJIy 4Yero €JUHCTBEHHBIM HallpaBJICHUEM CMeIIeHUd
MOXKeT OBITH JIBUKEHNE B CTOPOHY YMEHBIIIEHUs BeJIU-
quHbl ne(t) 70 HyJd, T.€. BCe aTOMbl U J[BYXaTOMHbIE
MOJIEKYJIBI CBA3BIBAIOTCA B TPEXaTOMHBIE T'eTeposiep-
HBbI€ TPUMEDBI.

IIpu npom3BOIBLHOM 3HAYEHWHM OTHOIIEHUSI KOHC-
TaHT CBA3U (v KAYECTBEHHO JUHAMUKA IJIOTHOCTUA &TO-
MoB copra C' COXpaHSETCs, T.€. MO-TIPEXKHEMY HMeeT
MEeCTO HeOOpaATUMBIN AEPUONNIECKUN PEXKUM IBOJIO-
nuu. IIpu sToM MakcuMaJibHOE 3HAYEHHE IJIOTHOCTHU
aTOMOB N/ B PEIIEHHN CO 3HAKOM <«—» OIIPeJleJIs-
eTcsa ypaBHeHUeM Mg + Nao + 1 = noy + na. Bun-
HO, 9TO MaKCUMaJIbHOE 3HaYeHUEe 1)y MOHOTOHHO BO3-
pacTaeT ¢ pOCTOM Ha9aJIbHOU IIJIOTHOCTH TPEXaTOMHBIX
MOJIEKYJI N IPU (PUKCHPOBAHHOM 3HAYEHUN ILIOTHOCTHU
aATOMOB N 40 ¥ MOHOTOHHO YOBIBAE€T C POCTOM ILJIOTHO-
CTH aTOMOB N 49 IPU (PUKCUPOBAHHON IIJIOTHOCTH TPEX-
ATOMHBIX MOJIEKYJI 1.

JIerkKo moJIydInTh aHAJIMTUIECKOE PEIeHne TaKXKe 1
JJUIA cJIydad, KOrJa KOHCTaHTa CBA3U II0 IEPBOMY KaHa-
JIy PeakKIud B JBa pa3a MeHbIIe KOHCTAHTbI CBA3U IO
BropoMy Kauasuy (o = 1/2):

848

ne

Puc. 4. BpemeHHble 3aBUCMMOCTU NAOTHOCTY aTomoB Tuna C
npu « = 1/2 (nyHkTupHas audus), 2 (cnnowHas nuHus)

~ 4(no+mnao+1)2
(nao +2)% + 4ng

x | ch (£vno +nao + Lt +¢) +

-2

nAo
V/ (nao +2)2 + 4ng

e
2(no + 1) + nao
V/(nao +2)2 +4ng

B srom ciydae Takike mMeeT MECTO AlepUOINIECKHIT
pexkuM 3Bosonu. Hakoner, mosrarast OTHOIIEHTE KOH-

@ = arch

CTaHT CBSA3U (v = 2, MOJIy4aeM

ng = (1+\/1+4TLA0(710+TLA0+1) X
—1
x ch (:|:2\/n0+n,40+1(21t—|—1/1)) . (15¢)
rie

2(no +nao) +1

1 = arch
\/1 +4nao(no +nap + 1)

OTcrofa BUHO, 9TO U B 9TOM CJIy9ae PEIeHUE SBJISIeT-
sl anepuojnIeckuM (puc. 4).

Takum 06pa3oM, MOKHO BBICKA3aTh OOIINIT BHIBOJI,
cOCTOANAN B TOM, YTO HPHU JIIOOOM OTHOIIEHUN KOHC-
TAHT CBSI3U 3BOJIOIMS CHCTEMBI B CHH(DA3HOM PEKUME
SABJISIETCS AIIEPUOINIECKONl U HeoOpaTUMOil BO BpeMme-
HU.

Paccmorpum Termeph perieHne Jiis Cilydasi aHTH-
dasuoit ssomonuu. 13 (9b) momyuaem ny = nag/ne.
CrenoBaresibHO, IPOU3BEIEHUE N AT C COXPAHSIETCH CO
BPEMEHEM: €CJIM OJIHA W3 BEJWYNH BO3PACTAET CO Bpe-
MeHeM, TO JApyras — yObIBaeT. B aToM m 3ak/rovaeT-
CsI CMBICJT TEpMUHA, aHTH(A3HAS SBOJIOINNS. Y DPABHEHUE
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Puc. 5. BpemeHHas sBontounst HOPMUPOBAHHO NAOTHOCTU N
B 3aBUCUMOCTM OT 3HayeHnii napameTpa nao npu Nco/No =
=1,n0=0 Q=1

JUUIsT MHAMEKY [IJIOTHOCTU ATOMOB ¢ (t) B 9TOM CiIydae
nuMeeT BHJT

e = £201y/Neo Vne(ng —ne)(ne —n-),  (16)
rie

X (n0+nAo+1 + \/(no—nAo+1)2+4n0nAo) . (7

31ech ny — MakcuMaJsibHasl (+) ¥ MUHUMAaJbHast (—)
[JIOTHOCTH &TOMOB N¢, KOTOPBIE BO3MOXKHBI B IIPOIIECCE
sposronun. Perenne ypasrenusi (16) nveer Bug

ne (18)

n_
N dIl2 (:|:291 \/ Nco’n+f + F((po, k)) ’

rae F(po, k) — HENOJHBIA 3JIMOTHYECKAH HHTErpast
[EePBOTO POJia € apaMeTpoM g u Moayiem k [20,21],
KOTODBIE OIPEJIETAIOTCS BHIPAKEHSIME

P=1- =

(19)
ny

, o = arcsin

a dn(z) — syumnrnaeckas byukuus dxobu [20,21]. 13
(18) u puc. 5 BUIHO, UTO IIIOTHOCTH ATOMOB N,¢ [IEPHO-
JWYIeCKA U3MEHAeTCA CO BPeMeHEM B Ipefiesiax n_ <
< ng < ng4 c nepuosioM 1'; paBHBIM

2K (k)

Q1y/Ncony

rae K (k) — mOJHBIA 3/UIMITAYECKUI HHTErpaJl epBo-
ro pozxa [20,21]. Buaku «+» B aprymenrte byHKIMN

T = (20)

849

t/t,

Puc. 6. BpemenHasi 3Bositouusi HOPMUPOBAHHOI MAOTHOCTU
aTOMOB ¢ B 3aBUCUMOCTU OT 3HA4YeHWUI napamMeTpa nao npu
ngo=2 a=2

Akobu dn(x) cBUAETESBCTBYIOT O TOM, UTO B HAUAIIb-
HBIl MOMEHT BPEMEHH ILIOTHOCTH aTOMOB nc(t) BO3-
pacTtaeT OO yOBIBAET CO BPEeMEHEM, UTO, B CBOIO Ote-
pellb, OIIpEeisieTCs HAIPABJIEHUEM HAYAJIbHON CKOPO-
CTHU N |t=o. Pelienus co 3HaKaMU «+» U «—» B apry-
menTe dbyHKIUM dn(2) pasiInIarTCs TOCTOSIHHOM BeJn-
aunoit F' (o, k). Jlerko Bugers, uro ¢o = 0 npu ng = 0,
rorma perrenue (18) yrporaercs u IpUBOIUTCS K BULY

ne = dn? (91 Neo t) . K2=1-na (18a)
npu n 40 < 1,
ne =—; L , k*=1—— (18b)
dn® (v Nooma ) 0
mpu n4o > 1 u
ne =1 (18¢)

npu nao = 1. Takum obpazom, ecan HadabHAS III0T-
HOCTh TPEXATOMHBIX MOJIEKYJ paBHa HYJO, ng = 0,
a HavaJbHBIE [JIOTHOCTH ATOMOB M JIMMEPOB DAaBHBI
nA0 = Nco = NABo = NBco = 1, TO BpeMeHHas 3BO-
JIOTASL B CHCTEME aTOMOB U MOJIEKYJI OTCYTCTBYET, T. €.
IJIOTHOCTU ATOMOB M MOJIEKYJI COXPAHSIIOTCs. Kak BuI-
HO u3 (4), 310 0BycmoBieHO crenuduUKol Go3e-CTUMY-
JISITIAH TIPOIECCA.

Eciu paccMaTpuBaTh CJiydail IpOU3BOJIBLHBIX 3HAYE-
HUIl OTHOIIEHWs] KOHCTAHT ¢Bsizn o = ()2/, TO ypas-
HeHUe JJIsl OlIpeJieJIeHus IUIOTHOCTU aTOMOB nc (t) 3a-
MUIIETCA B BAJIE

’flc = :|:291\/ NCO X

X nc\/no +na0+1—nc—nans”. (21)

Bugno, 4YTO BpeMeHHas 3BOJNIONUS  CHCTEMBI
MO-TIPE?KHEMY SIBJISIETCS TEPUOIMYECKON M IIJIOTHOCTE
aroMoB nc(t) NEepHOAUYECKH OCIMILINPYET MEXKIy

JABYM< HaKOOJILIITIMU KOPpHAMU YPABHEHUA
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t/t,

6
T A0

Puc. 7. BpemeHHasi aBontounsi HOPMMPOBaHHOW MJIOTHOCTW aTOMOB N B 3aBUCUMOCTYW OT 3HAYEHWIA mapameTpa nao B CUH(as-
HOM Cly4ae npu ng = 2, @ = 2; a) peLleHne co 3HAKOM «—+», 6) peLueHne CO 3HAKOM «—>», 8) MAKCUMAaJibHOE U MUHUMaJbHOE
3Ha4YeHUsi HOPMUPOBAHHOM MAOTHOCTM aTOMOB N B 3aBUCUMOCTM OT 3HAaYeHUli napameTpa mao B CUH(A3HOM Cay4ae

a+1

neg' - — (no +nao+ 1)ng& + nag =0. (22)

Ecan monouth oTHOIIEHNE KOHCTAHT CBS3U (v = 2,
TO perreHne ypaBHeHus (21) sanumercst B Bujie

ng = agz+
a1 — Qa3

+ 2 /
dn (:l:Ql NC()(OQ — 043) t+ F(QO(), k))

rae o) > Qi > (3 — TPU HEUCTBUTEJIBHBIX KOPHHA Ky-

6uueckoro ypasHenus (22) (puc. 6),

s 1—
©o zaurcsin”M—a2 . (24)
a1 — g 1—043

Takum 06pa3oM, IJIOTHOCTH aTOMOB n¢(t) mepuo-
JAYECKHW OCIWIIAPYET B Ipejelax oz < ng < o ¢

k2 — Q] —Q2
- b)
a1—ag

riepuojioM T';, paBHBIM
2K (k)
Q1v/Neo(ar —as)

W3 puc. 6 BugHO, 9T0 KOI€OAHNUS INIOTHOCTH ATOMOB

(25)

tuna C' IPOUCXO/AT MEXK/Ty MAKCUMAJILHBIM M CPEIHAM
KopHsimMu (22).

850

Ecin paccmarpupaTh cilydail IpOM3BOJILHBIX 3Ha-
YeHMII OTHONICHWS KOHCTAHT cBA3U « > (), TO mccie-
JIOBaHUE IOBEJIEHMs IOTEHIUAIbHOM suepruu W (ne)
HeJINHEeIHOrO OCHUJLIATOPa MOKa3bIBAaeT, UYTO ypaBHe-
une W(nc) = 0 Bcerga mMeer [Ba IOJIOKHUTEIHHBIX
KODHS (r] > (i3, MEXKJY KOTOPBIMH U3MEHSETCS ILIOT-
HOCTh aToMOB nc(t). Ilosromy, xorsa obuiee penienue
ypasHeHust (21) B u3BeCTHBIX (DYHKIUSIX IIPEJCTABATH
HE yJIaeTCs, OJIHAKO B KBaAPATYPax 9TO PerieHne nMeeT
BHT

dx

+1—2—ngoz™®)

ne
1/ \/x(no +nao

= +201/Ncot.  (26)

CiejoBaTeNIbHO, MJIOTHOCTH ATOMOB e (t) Kosrebmercst
B mpefiesiax ae < no <« ¢ nepuogoM 1, KOTODPBIit
OIIPEJIEIISIETCS BBIPAKEHHEM

1

40

T=—————
Nco

X

dx

+1—2—napz—®)

(27)

a
</
\/x(no + nao
a2
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Puc. 8. BpemeHHas 3gontounsi HOPMUPOBAHHON NJIOTHOCTU aTOMOB N B 3aBUCMMOCTMW OT 3Ha4YeHuUli napameTpa nao B aHTUas-
HOM Clydae npu ng = 2, @ = 2; a) pelleHne co 3HAKOM «+», 6) pelueHne CO 3HaKOM «—>», 8) MAKCUMAaJibHOE U MUHUMabHOE
3Ha4YeHUsi HOPMUPOBAHHOIA NIOTHOCTU aTOMOB N B 3aBUCMMOCTM OT 3HadeHWli NnapaMeTpa nao B aHTM(A3HOM Ciydae

Paccmorpum Tenepb BpeMEHHYIO SBOJIIOIUIO CUCTE-
MbI B IIPUOJIMYKEHUN 33 [aHHBIX [IJIOTHOCTEH JIBYXaTOM-
HbIX MOJIEKYT: Napo = Npco > No, Nco, Naog. B atom
NpubJIMKEHUN [JIOTHOCTHU JIBYXATOMHBIX MOJIEKYJI CO-
xpansitores: Nap(t) = Napo, Npc(t) = Npcoo. UaTer-
paJbl jBuzKenus (7), CBA3BIBAIOIIUE INIOTHOCTH ATOMOB
B Pa3/IMYHBIX KaHAJAX, IPUHUMAIOT BHJL

na = (Viao + a(vio — 1)

st curdasuoro (+) u anrudasHoro (—) caydaes, rie
a=y/7, 11 = 20V Napo, 12 = 2Q2v/Npco. Tor-
na pertenue ypasaenus (12) qyis cundasHoro ciaydas
3AIMCBIBACTCA KaK

(28)

Nco
ne = - Y+ +y— +(yr —y-) x
X sin ilw/ 2442t +
5 Y1 T2
2
14+a/
+ arcsin qviao , (29)

(1+a2)no+ (14—04\/71—%)2

851

e

T 14a2

y (a (o - vita) £/ (1+a2)no+ (l—i—a\/n—Ao)2> .

Y+

Ha puc. 7a,6 npencraBieHbl 3aBUCUMOCTH IIJIOTHOC-
TH aTOMOB N OT BPEMEHU IIPU PA3JIMYHBIX 3HAYEHUAX
rapaMerpoB. BuiHo, 9T0 MMeeT MeCcTO IepuoInIecKuii
PEXKUM TMPEBPAITEeHUs] AaTOMOB U MOJIEKYJT B TPEXaTOM-
HBIE MOJIEKYJIBI M OOPATHO ¢ meprogoM 1', paBHBIM

T 2
VEO2Napo + Q2Npco '

(30)

IIpu GosbINX 3HAYEHUSX 1 A¢ PEIIEHUE CO 3HAKOM «+»
B apryMeHTe CHHyCA B HAYAJIbHBI MOMEHT BPEMEHH
BO3pACTAET, JIOCTATAs 3HAUeHUs Y2 , 3aTeM yObIBaeT Jo
HyJIsl U Jlajlee CHOBA BO3PACTAET [0 3HAUEHHS Y3 ; pe-
[IEHWE CO 3HAKOM «—» B HAYAJIBHBI MOMEHT yObIBa-
er, a npu GOJIbIINX 3HAYCHUAX ¢ IBOJIONUA COBIAIAET
¢ peleHreM co 3HaKoM «+». Kak BugHo u3 (29), stu
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peIleHnsT OTJIMIAKTCs IPYT OT JIPpyTa MOCTOSHHON pas-
HOCTBIO a3, paBHOIT

1+ ay/nao
J+ a2+ (1+ ayims )’

HpI/I OJIM3KUX K HYJIIO 3HAYCHUIAX 1 A0 MaKCUMYMbI KO-

arcsin

JiebaHUi ¢ MEHbBITIEH aMILINTY 10 ONPEeIe/ISI0TCS 3HAE-
HueM y2 , a ¢ GoJbIei — yi, TOr/Ia KaK [IpY 3HAYEHUN
n.A40 > NAoer (NAQer TUCIEHHO PaBHO (), IPH KOTOPOM
y% = yi, MaKCUMYMbI KOJIEOAHUI C MeHbINeil aMInim-
TYJI0H onpelendioTcs 3HaYeHueM y_2,_, a ¢ OoJbIieit —
y? (puc. 76). IIpu n.49 = N Aper AMILTATYIA KOTEOAHMIT
IUIOTHOCTH ATOMOB T¢ MEPUOJUIECKU M3MEHSETCS OT
Hyns 710 Y3

Yro kacaercs anrudasznoii sposonuu (puc. 8), To
OHA CBOJIUTCH 3/1€Ch K 3aMeHe mapaMerpa « Ha —a. [Ipn
9TOM, KaK BUJIHO U3 pUC. 8a,0, aMILIUTYIa KOJIeOaHmit
ILUIOTHOCTH N C TeIEHUEM BPEMEHU, B OTJIUINE OT CHH-
dazHoIT SBOIONNN, HE U3MEHSETCS PU (PUKCHPOBAH-
HOM 3Ha4YeHUU HOPMUPOBAHHOMN INIOTHOCTH ATOMOB 1 4( .
B sTom ciryyae 3HaUEHNS IJIOTHOCTU ATOMOB N IEPHO-
JWTYECKH M3MEHSIIOTCS OT 3HaveHns y2 1o y5 (puc. 86),
IJle 3HAYEHUs Y+ OUPEIENAIOTCA TaK »Ke, KaK U B CJIy-
qae crHMA3HOM IBOJIONNN, HO C 3aMEHOI mapamMeTpa o
HAa —Q.

3. SAKJIFOYEHUE

B sakiouenume ormeruM, 4YTO B JAHHOIN pa-
00Te  IpeJCTaBJIEHbl  pEe3yJIbTaThbl  UCCJIEI0BaHUS
aBpjeHnst poroacconuanuu  0603e-KOHACHCUPOBAHHBIX
VJIBTPAXOJIOAHBIX ATOMOB M TPEXaTOMHBIX
KyJI ¢ 00OpasoBaHHEM JBYyXaTOMHBIX I'€TePOsiIePHBIX
JTIMEPOB aToMoB. IlpeackazaHa BO3MOKHOCTH

MoOJIe-

u
CYIEeCTBOBAHUsT CHUHGA3HOTO U aHTU(A3HOTO pe-
JKAMOB 3BOJIOIMHU cucrembl. Eciin 4ucia aTtoMoB u
JBYXaTOMHBIX MOJIEKYJI B KaXKJIOM KaHAJIE PEeaKIuu
OJIMHAKOBBI, TO SBOJIOIUS CHACTEMbI B CHH(MAZHOM
pexkuMe npu JioboM 3HadeHun napamerpa 2o/ aB-
JISIETCS AMEPUOIUIECKON 1 HEOOPATUMOI BO BPEMEHHU.
Bce arombr m gByxaTOMHBIE MOJIEKYJIBI B IIPOIECCE
SBOJIIOINN CBSA3BIBAIOTCA B TPEXaTOMHBIE MOJIEKYJIBI,
qeM 3BojIonnsa u 3aBepriaercs. g amTudazHoro
cllydasi XapaKTepHa [PEUMYINECTBEHHO I€PUOIAYIe-
CKas 3BOJIIOINS KOHBepcuu 003e-KOHIEHCUPOBAHHBIX
aTOMOB " MOJIEKyJ. Dosiee Toro, ecim nHavasjbHas
IUIOTHOCTBb ~TPEXATOMHBIX MOJIEKYJI TOXKJIECTBEHHO
paBHa HYJII0O W BCE AaTOMbl W JBYXaTOMHBIE MO-
JIEKYJIBI MMEIOT OJ[MHAKOBbIE HAYAJbHbBIE ILIOTHOCTH,

852

TO BpEMEHHAad IBOJIIOIIUA B CUCTEME aTOMOB U MOJIEKYJI
OTCYTCTBYE€T, T. €. INIOTHOCTU aTOMOB 1 MOJICKYJI COXPa-
HAIOTCA ITIOCTOAHHBIMMU.
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