H.A. BepeteHos, b.H. lleuHckuin, J1.A. Hectepos, H.H. PosaHos, b.[1. ®annbepr, C.B. ®énopos

OB30OPHAA CTATbA
REVIEW ARTICLE

VIIK 535.2
YUYET MHOTOYACTHUYHBIX B3AUMOJIEVICTBAN B MOJIEKYJISIPHBIX
J-ATPETATAX U HEJIMHEMHBIE OIITUYECKUE D®PEKTHI

B OTHUX CUCTEMAX
H.A. Beperenos™®, B.H. JIeunckuii‘, JI.A. Hecrepos™, H.H. Pozanos™™", B.JI. ®aiinGepr-*,
C.B. ®énopos™”

* TocymapcTBennslii ontudeckuit uacTuTyT uMm. C.1. BaBunosa, 199034, Canxr-TIletep6ypr, Poccus, torrek@gmail.com
Hammonansheiii ucenenoBarensckuii yausepcurer UTMO, 197101, Cankr-IletepOypr, Poccust

¢ Holon Institute of Technology, 58102, Holon, Israel

 Dusuxo-TexnmuecKuil uHCTUTYT M. A.D. Nodde, 194021, Canxr-IlerepOypr, Poccus

¢ School of chemistry, Tel Aviv University, 69978, Tel Aviv, Israel

AHHoTanus. B pabote 0600maoTcs MaTeprabl NCCIIEI0OBAaHNH, IPOBEICHHBIX aBTOPAMH 3a ITOCIEIHUE TOMbI, M aHAIU3H-
PYIOTCSI MOJNy4YEeHHBIE Pe3ynbTarhl. [IpeMeToM CTaTbu SIBISETCS y9eT MHOTOYaCTHYHBIX B3aUMOJCHCTBUH B PE30HAHCHO-
B030y’KTaeMBIX JTa3epHBIM H3ITydeHUeM J-arperarax. [Ipy TakoM paccCMOTPEHHH IIPUHUMAIOTCSI BO BHIMAaHUE HE TOJIBKO Tap-
HBIC B3aHMMOJEHCTBHS, HO ¥ B3aMMOJCHCTBHS JaHHOW YAaCTHIIBI C TPeMs U OOJBIIMM YHCIIOM YacTHIl OJHOBpeMeHHO. Cpenu
NPOBEJICHHBIX MCCIIEJOBAHMI MOXHO BBICIUTH TPH OCHOBHBIX HAIIPABIICHUSL.

B paMkax mepBoro HampaBJIeHHs pellagach 3a/ia4a BIBOAA U3 IEPBBIX IPUHIUIIOB CHUCTEMBI yPaBHEHUH NBHKEHHUS JJIS MO-
JIeKyJ J-arperaroB ¢ y4eTOM MHOTOYAaCTHUYHBIX B3aUMOJEHCTBUMH, a TAKKE IMAPHBIX KOPPEISLUN MEXIy 4yacTulamu. Beiog
yYpaBHEHUH U3 MEPBBIX MPUHLHUIOB MPUBOAUT B OOIIEM CIydae K CHCTEME B3aUMO3aLEIIISIOINXCA YpaBHEHUH I CpeAHUX
OT TPOM3BEACHHS 71 OTIEPATOPOB, OTHOCSIINXCS K 71 PA3HBIM MOJIEKyJIaM CHCTeMBI. [I0CKONIbKy OT ypaBHEHHS K YPaBHEHHIO 71
BO3pACTaeT, TO BO3HUKAIOT NMPOOIEMBI, CBSI3aHHBIC C PACIEIUICHHEM 3TOH CHCTEMBI, a Taioke (haKTopu3anuel CpemHux Ham-
BEICIIETO Hopsika. OTaenbpHyI0 U Hanbolee CI0XKHYIO 3aady IPH STOM IPeJCTaBsIeT KOPPEKTHOE BHIYUCICHHE PellaKcary-
OHHBIX WIEHOB, BO3HUKAIOMINX IIPY YUIeTe MEXaHH3Ma SKCHUTOH-IKCUTOHHOH aHHUTHInuN. [IepBoe HampapieHHe KOHKPETHO
CBSI3aHO C PACCMOTPEHHUEM M PELICHHEM BCEX BBILICHIEPEUNCICHHbIX 3a1au.

B pamkax BTOporo HampaBieHHs Ha OCHOBE BBIBEICHHBIX ypaBHEHWI HPOBOAWIOCH HCCIENOBaHNE OMCTAOMIBHOCTH B pac-
CMaTPHBAEMBIX CHCTEMAaxX IPU KOHKPETHOM y4deTe TPEX4aCTUUHBIX B3auMoieHcTBuil. IIpu 3TOM OCHOBHOE BHUMaHHE OBIIO
yAENEeHO aHallu3y OJHOPOAHBIX PEXKUMOB B J-arperarax. B uacTHoCcTH, MOKa3aHO, YTO y4ET MHOIOYACTUYHBIX BKJIAJ0B CIBH-
raeT rPaHuIly CyIIECTBOBAHUS OMCTaOUIBHOCTU B 00JACTh MEHBIINX KOHCTAHT SKCUTOH-IKCUTOHHON aHHUTHIISILIUH.
Haxonen, TpeThe HampaBIeHHE HCCICIOBAHUK CBS3aHO C aHAIM30M MOIYISIIMOHHOM HEYCTOIYMBOCTH JUIS CTAIIMOHAPHBIX
COCTOSIHHH J-arperaroB, pacCMOTPEHHBIX W M3yYCHHBIX IPH HCCIIEIOBAHUU OMCTAOMIBHOCTH B paMKaX BTOPOTO HAaIpaBie-
nust. [IpoBeneHo u3ydenue rpanun obactel ycTOIYMBOCTH M HEYCTOHYMBOCTU M MX COIIOCTABJIICHHUE C IPAHUIAMH CYIIECT-
BoBaHMs OnctabmisHOCTH. [loiTydeHHEIe pe3yIbTaThl ITO3BOJISIOT O0JIee Hale)KHO BBIICIUTE 00IaCTh ITapaMeTpoB, TIE MOTYT
HaOJIFOIATECsI CYIIECTBEHHO HeJMHEWHbIe 3P (EKThI, KOTOpble MOXKHO OBUIO OBl MCIIOJIB30BaTh IJISI CO3IAHHS CXEM MOJIEKY-
JSIPHOM TaMsITH U, B OoJIee MNUPOKOM KOHTEKCTE, JUIS CO3JaHHs YCTPOHCTB ONTHYECKOI JIOTHKH.
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Abstract. The paper deals with generalization of investigation materials done by the authors in recent years and analysis of
obtained results. The subject of the paper is accounting of many-particle interactions in molecular J-aggregates at their
resonance excitation by laser radiation. In this case, not only twin interactions are taken into considerations, but also the
interactions of a given particle with three and more particles simultaneously. Three basic directions can be denoted among
carried out investigations. The first direction is connected with derivation (from the first principles) of motion equations for
molecular of J-aggregates in view of many-particle interactions, and also twin correlations between particles. The derivation
of equations from the first principles leads in general to the system of coupled equations for the means of products of n
operators relating to n different molecules. Since n increases in every following equation, the problems arise, connected with
uncoupling of this system and also factorization of the means with the highest n. The most difficult and complicated problem
in this process is correct calculation of relaxed terms, arising due to exciton-exciton annihilation. The first direction is
connected concretely with solution of all above mentioned problems. Within the second direction the study of bistability has
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been carried out on the basis of obtained equations, in view of three-particle interactions. Meanwhile primary attention has
been concentrated on analysis of homogeneous regimes in J-aggregates. It has been shown, in particular, that accounting of
many-particle contributions leads to the shift of bistability boundary into region of smaller constants of exciton-exciton
annihilation. And, at last, the third direction of investigations is connected with analysis of modulational instability for
stationary states of J-aggregates considered earlier at bistability study. The study of stability region boundaries and their
correlation with boundaries of bistability regions has been carried out. Obtained results give the possibility to determine more
rigorously the parameters region, where nonlinear effects can be observed. They can be used for development of optical logic
devices and, in particular, molecular memory circuits.

Keywords: J-aggregates, exciton-exciton annihilation, dipole-dipole interaction, many-particle interactions, bistability,
dissipative solitons, modulational instability.
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BBenenue

OpHeHTHPOBaHHBIE J-arperaTbl IHAHMHOBBIX KpacuTeled 00IagaloT KOJIEKTHBHBIM (3KCHTOHHBIM) MeXa-
HU3MOM HX PE30HAHCHOTO BO30Y)KIEHMS, YTO MPOSBISIETCS B KpaliHe HEOPAWHAPHOM IOBEACHUH MX (DOTOOTKIMKA
(cMm. [1-6], a Taxxe 0630psI [7, 8]). Onna u3 Hanbosee BaKHBIX 0COOCHHOCTEH ITHX CHCTEM — 3TO TUTAaHTCKUE 3Ha-
YEeHHs HEJMHEWHBIX BOCHPHUMYHMBOCTEH, YTO, B CBOK OUYEpElb, MPH CYONMKOCEKYHIHBIX BPEMEHAX pPENaKcalluu
JIeTIaeT 3TH HaHOCTPYKTYPHl BECbMa MEPCIEKTUBHBIME JUIS Pa3HOOOPa3HBIX mpriiokeHui [9, 10]. 3HaunTeTbHBIHA
MHTEpEeC NMPEJCTaBIsIeT MEPCIIeKTHBA UCIIOIb30BaHuUs J-arperaTtoB B CXeMax MOJIEKYJSIpHOW namsitu. HeoOxomumast
JUTS 3aIIOMUHAHUS MHGOPMAIMU OMCTa0MIBHOCTh B OJIMHOYHBIX J-arperarax Obula Mpecka3aHa u u3ydeHa B pabo-
tax [11, 12], a B ancambite arperaroB (B ToHkoi ruienke) — B [13—15]. B [16] ans J-arperaroB ObUTH MpeacKa3aHbl
«HAHOCOJMTOHBD» — JUCCHIATHBHBIC MOJEKYJISIPHBIC COJIMTOHBI HAaHOMETPOBBIX pasMepoB. [lanpHeWmii aHamms
9THX CTPYKTYp coiepxHurcs B padotax [17-19], pe3ynbrarsl cymmupoBansl B MoHOTpaduu [20]. Bee nepeurnciien-
HBIE PabOTH! OBUTH BHITIOJIHEHB! B IPHOMKEHUN OJJHOYACTUYHOM MaTPHIIBI INIOTHOCTH 0€3 y4eTa TPEX4acTHYHBIX U
Gosee BBICOKOTO TMOPSAKA B3aMMOJCHCTBHM, a TaKXKe KOppeNsnuil Mexy Mosiekyaamu. Cleayromui TpHHINAIH-
AJIBHBIN IIar — y4eT MHOTOYACTUYHBIX B3aNMOACHCTBHI MOJIEKYIT B [IETIOUKE U IByXYACTUYHBIX KOPPEIISIIINHA MEXIY
HUMH — BBITIOJHEH B paboTe [21], B KOTOpoi OCTpOEHa MOCIeNOBaTeNbHAS TEOPHUSI PE30HAHCHOTO BO3OYKICHHS
MOJIEKYJISIPHBIX [IEII0YEK KOTePEHTHBIM HNOICPKUBAIOIIMM U3ITy4eHHEM IIPU yYeTe yKa3aHHBIX (akTopoB. B pado-
Te [22] ObUIO MpoaHaIM3UpPOBaHO BiMsSHUE d(PdeKkTa TPeXHaCTUUHBIX B3aMMOJCHCTBUI Ha XapaKTEPUCTHKU CTa-
LHOHAPHBIX OJHOPOIHBIX PEKMUMOB HICAIbHON OECKOHEUHOM IIENOYKH U yCJIOBUS OMCTaOMIBHOCTH AJISI 3THX pe-
xuMoB. Hakower, B pabote [23] npoBeaeHO AeTaibHOE UCCIIENOBAHUE MOAYIISIIMOHHON HEYCTOWYMBOCTH CTaIO-
HapHBIX COCTOSIHUI OMHOPOIHBIX PEKUMOB, PACCMOTPEHHBIX B [22] MpH yueTe MHOTOUAaCTHYHBIX B3aUMOJICHCTBHIH.
370 HccIe0BaHue TO3BOJIMIIO ONPEIETUTh TPaHUIIBl o0acTel YCTOWIMBOCTH M HEYCTOMYMBOCTH U COOTHECTH MX
C TpaHULIaMH CYIIECTBOBAHHUS OMCTaOMIEHOCTH.

Hacrosimas pabora cymiecTBEHHO MCIIONB3YET pe3ynbTarsl paboT [21-23], B KOTOPBIX MPOBOAMICS Y4ET
BKJIQJIOB OT MHOTOYACTHYHBIX B3aMMOJICHCTBHH, N COCTOUT M3 TpeX paszaenos. Ilepsrlii pasaen o630pa nmocssmieH
BBIBOJLy M3 TIEPBBIX MPUHIWIOB YPAaBHEHWH IBWXXEHHS IJISI MOJEKYJ IETOYeK HPH IOCIEIOBaTeIBHOM y4eTe
MHOTOYAaCTHYHBIX BKJIAJI0B, CBSI3aHHBIX C HKCUTOH-IKCUTOHHOW aHHUTWIALMECH W IHIIONb-AWUIOIBHBIM B3aHMO-
neiictBueM. B criemyromeM paszzgerne MpoaHAIM3UPOBAHO BIHMSHHUE TPEXYACTHYHBIX B3aMMOJCHCTBUI Ha OncTa-
OMIBHOCTH CTallMOHAPHBIX COCTOSHUM OZHOPOAHBIX PEXXHUMOB B J-arperarax. B 3akmiounTenbHOM pasjene pac-
CMAaTpUBAETCs] MOIYJSIIMOHHAs HEYCTOWYMBOCTh CTAIllMOHAPHBIX COCTOSIHMI, MCCIEJOBAaHHBIX B IIPEABIAYIIEM
pasnerne.

BbiBoa ypaBHeHUI ABUKeHUS VIS Pe30HAHCHO B030y:K1aeMbIX J-arperaTos ¢ y4eToOM MHOI0YaCTHYHbIX
B3aMMO/eiiCTBHIl M MAPHBIX KOPPeIALUii Me:XKIy MOJeKyIaMH

Mogens J-arperata M anmnapar Ajs ONHCAHUSI CHCTeMbl MOJIeKyJ. OTAenbHbIN J-arperar MOAenupy-
€Tcsl B BUJIE LIETMOYKH, COCTOSILEH U3 TPEXyPOBHEBBIX MOJIEKYI, NEPBBI U BTOPOH YPOBHU KOTOPBIX CBA3AHBI C
AHAJIOTUYHBIMU YPOBHAMH APYTHX MOJIEKYN IOCPEACTBOM IHIIONb-IUIIONBHOIO B3aUMOAEHCTBHS, a B3aUMOICH-
CTBUE C TPETBUM YPOBHEM OCYHIECTBISIETCS C MOMOIIBIO MEXaHU3Ma SKCUTOH-I)KCUTOHHOW aHHUrwsanuu. ITpu
9TOM BHEIIHEE MOHOXPOMAaTHYECKOE MOAAEPAKHUBAIOLIEE N3TYYCHUE MOXKET HAIIPAMYIO B3aUMOJAEHCTBOBATD JIMIIb
¢ mepexogoM 1 — 2. CunTaercst Takxe, 4YTO yacToTa repexoja 2 — 3 Onm3ka K yactore mepexoga 1— 2. B
OTCYTCTBUE PaJAHMAllMOHHBIX IIEPEXOIOB C MEPBOr0 U BTOPOr0 YpPOBHEH HA TPETHUI HaKauka 3TOr0 YpPOBHS OCYILE-
CTBIISIETCS 3a CUET MEXaHM3Ma HEMOCPEICTBEHHON Iepenadn BO30yXICHNS OT OJHOM MOJEKYNbI JpYyroi, Haxo-
JSIIIEHCST B COCEAHEM y3JIe IIENOYKU. B 3ToM mporecce ogHa M3 MOJIEKYII, HaXOIAIIascs Ha BTOPOM BO30YKICH-
HOM YPOBHE, B3aUMOJEHUCTBYS C APYroil MOIEKYIOHW B aHAJIOTMYHOM COCTOSHUH, OTAAET € CBOIO 3HEPIrUlo, Ie-
pexons B OCHOBHOE COCTOSIHHME, B TO BpeMs KaK BTOpas MOJEKylla EPEXOANT Ha TPETHil ypoBeHb. [Ipennonara-
eTcs, YTO TPETUH yPOBEHb M0 CBOEH MPUPOJE ABIAETCS MIEKTPOHHO-KOIEOATEIbHBIM M KpaliHe OBICTPO pacmajia-
€TCsl C MOCIEeAYIOUIEH nepenadyell SJHEPruu Ha BTOPOU U NIEPBBIN YPOBHH.

Bce omucanHble BbIE MPOIECCHI MOXHO PacCMOTPETh TaKKe B paMKax TEOPHHM IKCHTOHOB. DTO pac-
CMOTpEHHE TOKa3bIBAET, YTO B LEMOYKE MOJIEKYJI CYIIECTBYIOT OJIHOOKCHUTOHHBIE COCTOSHHS C SHEPTHsIMH, OJIn3-
KAMH KO BTOPOMY BO30Y>K/ICHHOMY YPOBHIO, @ TaK)Ke JIByXOKCUTOHHBIE COCTOSIHHSI C DHEPIHSMH, ONM3KHUMHU K

2 Hay4HO-TexHN4YeCcKknii BECTHUK MHCPOPMALMOHHBIX TEXHOMOTUIA, MEXaHUKM U OMTUKM
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne 5 (93)



H.A. BepeteHos, b.H. lleuHckuin, J1.A. Hectepos, H.H. PosaHos, b.[1. ®annbepr, C.B. ®énopos

SHEPTHH TPEThETO YPOBHA. B pesynbrare MexaHu3M Iepenadn BO3OYKICHHS MEXKIY COCETHHMH MOJICKYIaMH
MPHUBOIUT K BO30OYXIEHHUIO JABYXIKCHTOHHOTO COCTOSIHHUS, KOTOPOE, B3aMMOICHCTBYs C OJH3KHMM IO SHEPIHU
3IIEKTPOHHO-KOJIeOaTeIFHBIM YPOBHEM MOJIEKYIIBI, O4€Hb OBICTPO aHHUTHINpYET. Beuto 06HApYXeHO, UTO C poc-
TOM HMHTCHCHBHOCTH HaKauKH POJb SKCHUTOH-IKCUTOHHOW aHHUTWIALIMK BO3pAcTaeT, 1 OHAa HAUMHAET CYyIIECT-
BCHHO BIMATh HAa ONTHYECKHHA OTKJIMK JKCHTOHHOW cucrembl [11,24-34]. Haumbomee wacto mis aHamu3a
J-arperatoB HCIOJB3yeTCs MOAXOJ, IPU KOTOPOM LIEMOYKAa MOJIEKYN OMMCHIBAECTCS YPaBHEHUSMH THUIIA ypaBHE-
HUM broxa a1 oAHOYaCTUYHBIX MaTpuIl IIoTHOCTHU. [Ipu 3TOM B3auMopaelCcTBIE MEXIy MOJIEKyJaMH BBIBOIAUT-
Csl HA OCHOBE KJIACCMUYECKOTO BBIPAXKEHMsI ISl 3aIla3/bIBAIOIIETO B3aUMOJEHCTBUS MEXIY CUCTEMOH NUIONEH,
KOTOPBIMH MOJIETIMPYIOTCSl MOJIeKy/bl. KpoMe aToro, B cucteMy OOBIYHO (DEHOMEHOJIOTHYECKH BBOAMTCS TaK)Ke
YHOMSIHYTO€ BBIIIE€ B3aMMOJCICTBHE, MPUBOISAINEE K 3KCUTOH-IKCUTOHHOM aHHMTWIALUM. B momywaromeiics
TakuM 00pa3oM CHCTEeME YpaBHEHHH, KaK IPaBHIO, YIUTHIBAIOTCS TOJIBKO IBYXYACTHYHBIC B3aUMOACHUCTBHS,
KOTOpPBIC TIPE/ICTABIICHBI B (PAaKTOPHU30BAHHOM (hopMe, T.e. 6e3 yueTa KOppessiuii MeKAY MOJICKYIaMU.

OpHaxko, Kak OyzeT moKa3aHo Janee, CHCTEMY YpaBHEHHUH IS J-arperatoB MOXKHO BBIBECTH TaKXKe M3 Iep-
BBIX TIPHHIUIIOB. B 3TOM ciTyyae BOSHMKAeT MepapXusl B3aNMO3ACTUIIONINXCS YPaBHEHNH T CPEIHUX OT MPOM3-
BE/ICHHUI OTIEPaTOpPOB, OTHOCSIIMXCS K Pa3HBIM MOJIEKYJIaM IETIOYKH. TaKas CHCTEMa COINCP)KUT CPEeIHUE, HauuHas
OT OTHOYACTUYHBIX U KOHYAasi N-4aCTHYHBIMU CpeJHUMH (N — 4HCII0 MOJIEKY B IIeNoUKe), mpruueM N>>1.

BaxHBIM acrieKTOM JaHHOM 3aja4d SBJSICTCS TO, YTO TPETUI YPOBEHb MOJICKYJ MPEACTABISACT OO0 cuc-
TeMy OOJIBLIOTO YHCIIa KOJeOaTeNIbHBIX T0ypOBHEH, B3aUMO/ICHICTBUE C KOTOPOI MPUBOAUT K TUCCUIIALIMH DHEP-
TMA ¥ HEOOpaTHMMOCTH IIpoliecca SKCHUTOH-OKCUTOHHON aHHUTWIALMH. Ecim, ncxons W3 NEpBBIX NMPUHIMUIIOB,
MPOM3BECTH KOPPEKTHBIN yUeT TaKoro B3aMMOAEHCTBHUS, TO B yPaBHEHMSX JBW)KEHHS JOOABUTCS psii MHOTOYAC-
TUYHBIX BKJIA/I0B, OMUCBIBAIOIINX PENAKCALIUI0 CUCTEMBI, CBA3aHHYIO C SKCUTOH-IKCUTOHHOM aHHUTHUIISILIMEN, HO
OTCYTCTBYIOIIHNX B PAMKaxX YUCTO (PEHOMEHOJIOTHYECKOTO MOIXOAA.

[Tpu 3TOM, ecnu OrpaHUIUTHCSI PACCMOTPEHHUEM ypaBHEHUH TOJBKO IS OAHOYACTUYHBIX CPEIHUX, a BCE
MHOTOYACTHYHBIC CPEIHUE B STHX YpaBHEHUAX (PaKTOPH30BaTh, TO MBI IPUXOINM K TPATUIIHOHHEIM YPaBHECHHUSIM
[11, 17], B KOTOpPBIX TETIEPh YUTEHBI MTOTIPABKH, CBSI3aHHBIC C TPEXYACTUIHBIMU B3auMoecTBusIMH. Eciu Taxxke
MIPUHATH BO BHUMAaHHUE CUCTEMY YPaBHEHUH M IS IByXYaCTUYHBIX CPEIHUX, TO TEM CaMBIM MOXXHO y4YeCTb Iap-
HBIE KOPPEJIMK MEXIy MOJIeKyrnaMu. B Hacrosmieir paboTe paccMOTpEH BBIBOA KaK YTOYHEHHBIX YPaBHEHHH
brnoxa, Tak U cucTeMBbl YpaBHEHHH, yUNTHIBaIOIIEH MapHble KOPPEISILNUN MEeXAy MosleKyinamu [21, 22].

PaccMoTpuM NHHEHHYIO LIEMOUKY, COCTOALLYI0 M3 N TpeXypoBHEBBIX MoJeKya. Kak ObLIO YHNOMSHYTO
BBILIIE, TaKasl 1IETI0YKa MOXKET OBITh MCIOJIb30BaHa JUIs MOJEIMpOBaHus J-arperaroB. byaem nomnarars, 4To Hau-
HU3IIEEe COCTOSTHUE KaKJOW MOJIEKYIBI OIPENeNIIeTCsI BEKTOPOM COCTOSTHUS | g> Wi |1> , @ DHEPTHs 3TOTO CO-

crosiHus paBHa E| . COOTBETCTBEHHO BTOPOE COCTOSIHUE OYIET ONPEAEIATHCS BEKTOPOM COCTOSHUS |e> WIH |2> c
sHeprueid E,. TpeTbeMy COCTOSHHIO CONOCTaBUM BEKTOD | f > W |3> ¢ sHeprueil E,. OueBuaHo, 4TO
E,>FE,>E . Jlna ypoBHeil 3HEpruu CyIecTBYeT U JAPYroil Habop 0003HAUEHUH, UCIONB3yeMblil B TEKCTE, a

uMeHHo: E\ =E ,E,=E, u E,=E,. Mornekyne, pactoIOKEeHHOH B y3Jie IEMOYKH C HOMEPOM m, OyIyT COOT-

BETCTBOBaTh BEKTOpA COCTOSHHI |mg> S

me> u |mf ) C IOMOILIBIO 3TUX BEKTOPOB MUl KAKAOH MOIEKYJIbI
MOYKHO TIOCTPOMTH CIEIYIONINE ONePaTophl POKICHHS ¥ YHHUTOKEHHS, KOTOPBIE SBJIAIOTCS OIEpaTopaMu Tpo-
eKTHPOBAHNS HA COOTBETCTBYIONIE COCTOSHHSA MOJNEKYJbI: B, =|mg)(me|— omeparop, ONMHCHIBAIONIiA YHIY-
TOXKEHHE BO3OY)ICHUS B MOICKYIIC /71 HA YPOBHE «e» W €¢ TEPeXOl B OCHOBHOE COCTOSHHE |mg), a Takke
B =|me)(mg| — oneparop, OmHCHIBAIONIHii POK/ICHHE BO3OYKICHHSA B MOJICKYIIE /1 HA YPOBHE «e».

Ilo 5TOMy e MPHHIMITY MOXKHO ompexenuth onepatopst C, =|mg)(mf| u C; =|mf)(mg|, a Taxxke
D, =|me><mf| u D, =|mf><me| .

Onpenenmim Takoke oneparopsl uncia monekyn N,., N, u N, . B cocrosnusx |mg), |me) u |mf) co-

mg

OTBETCTBEHHO:
N, =B,B, =|mg)(me|me)(mg|=|mg)(mg|.
N, = B,;Bm = |me><mg|mg><me| = |me><me
N, =C,C, =|mf)(mg|mg)(mf|=|mf)(mf
N, +N, +N,, =1.

B

B

Bce omeparopbl, OTHOCSAIIMECS K Pa3HBIM MOJIEKYJIaM, OYEBUIHO, KOMMYTHUPYIOT MEX1y co0oi (110 MoBo-
Jly OTIpeJIeJICHUI U 0003HaueHMiA cM. Takxe [35, 36]).

lamuiabToHnan cucremMbl. OOIIUI TaMUIBTOHHAH CUCTEMbI CKJIAJIbIBACTCS U3 TaMUJIBTOHHAHA CBOOO/I-
HbIX MOJICKYJI, a TAKXKC IraMUJIBTOHUAHOB B3aHMO}1€ﬁCTBHH MOJICKYJI C BHCUIHUM II0JIEM U MEKIY CO6OI>1. B uacr-
HOCTH, 3TOT TaMIJIBTOHHAH BKITIOYACT B CeOs TaK)Ke B3aMMOJICHCTBUE, MPUBOJIAIICE K SKCUTOH-IKCUTOHHON aH-
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HUTHJIIIMY. ['aMUNIBTOHNAaH B3aMMOACHCTBUSA C BHEIIHMM 3JIEKTPOMAarHUTHBIM IIOJIEM C 4aCTOTOH V,, MOXHO
MIPEACTaBUTh B (hopme

H,(t)= —%Z(plzel)(B;El exp(—ivp,t) +a.c.) . (1)

1 .
3nechk BHENIHEE IMOJIe OIpeaeisieTcss (hopMyIon E=E(e1E1 exp(—iv,,f)+k.c.), a cam ramuisronuad (1)

TPEICTABIISICT B3aHMOJICHCTBHE YKA3aHHOTO OIS ¢ BEKTOpoM nosapusaruu P cucrems monekyn: H, (1) =—-PE.

v 12
910 B3aUMOJECUCTBUEC YIUTBIBACTCA B HpI/I6J'II/I)K6HI/II/I Bpamarmerocs mos. HpI/I OTOM N SABJIACTCA JUITIOJIbHBIM

MOMEHTOM MOJIEKYIIBI [Ist epexona 1 —>2.

Taxum 00pa3oM, raMHJIBTOHMAH CHCTEMbI OKa3bIBAeTCA 3aBHCSLIMM OT BpeMeHH. Ha mpaktuke Gonee
yA00HO UMETh [IeJI0 CO CTAlMOHAPHBIM I'aMWJIBTOHHMAaHOM. HeTpynHO mokas3arh, YTO CyLIECTBYET 3JIEMEHTapHOe
YHUTapHOE Mpeo0pa3oBaHKUEe ONEPaTOpOB CUCTEMbI, IPUMEHEHHE KOTOPOTO MO3BOJISIET YCTPAHUTh 3aBUCHMOCTh
ot BpeMeHu B (1). Oto npeoOpazoBanue [13] NIpUBOAUT K 3aMEHE CcTapbIX onepaTopoB B, u D, HOBBIMHU b, U

d,, 1o npaBuIy
b, = B, exp(iv,,?),
d, =D, exp(iv,,t),

a TaKKe K COBUTY SHEPruil ypoBHEH B raMHIBTOHHAHE CBOOOAHBIX MosieKyn1 H, (cM. Huxke). Oneparop C, , Kak

mo
IMOKa3bIBACT aHaJIM3, HC BXOJAUT HHU B OAWH M3 COCTABJIAIOIIHNX I'aMHJIBTOHHWAHOB BSaHMO)IeﬁCTBHH, " IO3TOMY B
JaHHOM KOHTEKCTE OH HE HUCIOJIB3YCTCA JId ONIMCaHUA CUCTCMBI.

O6IJlI/lﬁ raMuIbTOHHaH H CUCTEMBI MOXHO MNpCACTaBUTh KaK CYMMY COCTAaBJIAIOINUX €ro raMUJIbTOHHUA-
HOB:

H=H+H,+H, +H

int annih >

rIe H0 — TaMIJIBTOHHAH CBOOOIHBIX MOJEKY,
Ho = Z {h(mmIZ — Vi ) br:bm + Z h(mva - 2V12 ) d;wdmv} . (2)

I1pu 3ToM B (2), a TakKe BCIOIY HIDKE MBI TETIEPh YIUTHIBAEM, UTO PEATbHO TPETHH YPOBEHb MOJEKYI SB-
TSETCsI SNEKTPOHHO-KOJIEOATeIbHBIM 1 PACIICILISCTCS Ha CHCTEMY KoleOaTebHBIX ITOXyPOBHEH, KOTOPBIM COOT-
BETCTBYET MHJIEKC V . 3/leCh TaKxe mpeanonaraercd, yro E, =E =0, n Torna Ao, u ho SIBJISIFOTCSI

mg m13v
SHEPTHSIMU BTOPOTO U TPETHETO YPOBHSL.

lamuneronuansl H,, H,,u H,, [OCIEZOBATEIBHO ONKCBHIBAIOT B3aUMOJEHCTBHE C MOJIEM HAaKadKy,
JTUTIONB-IAIIONIbHOE B3auMoieiicTBre (cM. Takke [12, 35-38]), a Takxke B3anMoJeiicTBrEe, 00YCIOBICHHOE SKCH-

TOH-3KCUTOHHOU aHHI/IFI/IHﬂHHCﬁ. OTU raMHJIFTOHHAHBI UMCIOT cne;[y}onmfzi BUO:

1 .
H(’I = _EZ (l‘l’lzel )(mel + 3'0')7

h + +
ant :EZAlk(bl bk +blbk )a

k=l
Hamtih = Z (Vklbkd;v + Vlkdlvb/:) .
k#l

Koncrantsl B3aumoneiicteua A, [12] papHbl

2 .
u cos(kypa |l —k|) sin(kya | [ =k ) 2 s cos(kpa|l—k)
Ay =2 +kya x(1-3cos 0) — (kga)* 021"~ %V
T hd —k[ kP 0 I~ k|

3mech |L — MaTPUYHBI IEMEHT IUMOJBHOTO MOMEHTa ULt tepexoma 1 —2; k, — BOJHOBOM BEeKTOp Ia-

sin?0}.

JTAIOIIETO M3NMYYCHUS; a — MOCTOSHHAS PEIICTKH; § — yroj MeX.y HalpaBJICHHEM JTUIOIBHOTO MOMEHTa W H
ocero nenouky; k(I #k):1,2.... N; N —ducio MOJIEKyI B LETIOYKE.

B])lBO)J ypaBHeHnﬁ ABHIKCHUA. 3Has raMuIbTOHUAH CUCTEMBI, MOXXHO ITOJTYUYHUTH YPaBHCHUEC NBHKCHUS

JUTS TIPOM3BOJIBHOTO oreparopa 4 cucTeMsl. Takoe ypaBHEHHE UMEET BUJL
dA i
M iy ). 3)
. h

Crnemyer OTMETHTbD, YTO MOIYYEHHOE TAKMM 00pa3oM ypaBHEHHE IBHKEHHUS HE CONEP)KUT B3aWMOICUCT-

BUS Yepe3 IOMEPeyHoe M0JIe U3ITyUYeHHs, KOTOPHIM OOMEHHBAIOTCS MOJIEKYNBL. B ¢ty Toro, 4to Takoe B3auMo-
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JeHCTBHUE CONEPIKHUT 3aTyXaHUe, CBA3aHHOE C U3IyYEHHEM, OHO OOBIYHO YYHUTHIBACTCS HEIIOCPEICTBEHHO B ypaB-
HEHHAX OBIDKEHHS IyTeM J00aBJeHHS B MpaByro 4acTh (3) omeparopa ompeneneHHoro tuma [39]. B pesynsrare
ypaBHeHHE (3) IepexoJuT B ypaBHEHHE BHIA
dA i 1
7=%[H,A]+2Z’Ylk[bl+Abk _E(b;bkA-'_Ab;bk)]' )
t I

3necs vy,, 3anaerca Gpopmynoi (cm. [12])

p? ia cos(koa |1 —k|) sin(koa|l—k|) s sin(kya | l-k) .

2 2
Y = x(1-3cos” 0)+ (kya)" —————sin" 0 ;.
“hd |-k P -k 0 =k
B xauecTBe mpuMepa IpHBeaeM HOIyYSHHOE Ha OCHOBE (4) ypaBHEHHE IS OIeparopa 4ucia MOJISKyN Ha
BTOpOM ypoBHE N, . (m — HOMEp MOJIEKYIbI):

me

dN,, .| 1 o] AN AN i
dt =1 _E(uuel)El(bm_bm)+gz|:(Amn+lYmn)bnb);1_(Amn_lyrizn)bnlbn):'}+%|:Hannih’Nme:|' (5)

Cko0Oxwu Ilyaccona ¢ H MBI [I0Ka HE PAacKpbIBAaeM, IIOCKOJIBKY 3TOT WieH TpeOyeT ocoboro aHanusa.

annih

HeprL[HO BHUJACTH, YTO B IIOJIYUYCHHBIC YPABHECHUS, KPOME OJHOYACTUIHBIX OIIEPATOPOB bm , BXOISAT TAaKXKE AByX-

YacTHYHbIE ¢ UHJeKcaMu m U 1. O4eBUAHO, HEOOXOIUMO TOJIYYUTh YPABHEHUS U JUIsl 3TUX ONeparopoB. B cBoro
o4epellb, B BBIBEJCHHBIX YPAaBHEHHSX IOSIBISIFOTCS HOBBIE OIIEPATOPbI, B TOM YHCIIE TPEXUACTUYHBIE, KOTOPbIC
MIPE/ICTABISIFOT [TPOM3BEICHUS OJHOYACTUYHBIX ONEPATOPOB, OTHOCSAIIMXCS K TPEM Pa3HbIM MoJjeKyjiaMm. B ko-
HCYHOM CUYCTE MBI ITPUXOIUM K OCCKOHCUHOU HEepapXHUM 3alCIUISIONUXCS YPABHEHHM, COACPKAIIMX MHOIro4Yac-
THUYHBIE OIIEPaTOPBI BCE 00JIEe BBICOKOTO MOPSIIKA.

®du3uuecKkuil HHTEPEC MPEICTABISIOT HE CaMH OIEPaToOPhl, a CPEIAHUE, TOIyIaeMbIC UX YCPSTHCHUEM 10
MaTpHIle TUIOTHOCTH CUCTEMBL. B pesynprare OCCKOHEYHAS CHCTEMa YpaBHEHHH JUIS OMEPaTOPOB MEPEXOIMT B
HEPAPXUUCCKYIO CHCTEMY JJIS CPETHUX OT 3THUX OmepaTopoB. [Ipy 5TOM BO3HUKAIOT CIICAYIOIIME BOMPOCKHL: KaK
c/lenaTh TaKyl) CHCTEMY KOHEYHOW M MPUTOAHOW Ui PEHICHUS, KAKMM MUHHMAJIbHBIM HaOOpPOM CPEIHHX OT
OIEPaTOPOB MOXKHO OTPAHHYMTHCS JJIsl aJIEKBATHOIO OMHCAHHS PAacCMaTpUBAaeMOM CHCTeMBbl. ECI MBI XOTHUM
OTPAaHUYHTHCS OMMCAHUEM CHCTEMBI C TIOMOIIBIO CPETHUX JIMIIb OT OJHOYACTHYHBIX OTEPATOPOB, TO LIS 3aMbI-
KaHHs CUCTEMbl YPaBHEHHMH HY)KHO IMPEACTABUTh BCE MHOTOYACTHYHBIE CPEIHUE, BXOSIIUE B YPaBHEHHUS JJIs
OJJHOYACTHYHBIX CPEIHUX, B BHJE NPOU3BeACHUN OT mocnenHux. OueBHIHO, TIPU TAKOM OIMCAaHWU MBI MPEHEO-
peraeM KoppessiusMHu MeXy Mosekynamu. JlJisi ydera mapHbIX KOPPEesluid B ONHCaHHE CUCTEMBI CIeoyeT 0~
0aBHTh, KPOME OJJHOUACTHYHBIX, TAKKE U JBYXYaCTUYHBIC CpEAHUC. B pe3ynbrare BOSHHUKACT M00ABOYHAS CHC-
TeMa YpPaBHECHUH U I STHX CPeAHHMX. A 4TOOBI 3aMKHYTh TaKyH CHCTEMY, MHOTOYACTHYHBIC (YUCIIO YACTHII
OoJbIIe JIBYX) CPEIHUEC HECOOXOMMMO MPEACTABUTH B BUIC MPOU3BEACHUIN OTHOYACTHYHBIX M JBYXYaCTUYHBIX
cpenaux. [Ipu ydeTe TpeX4acTHUHBIX KOPPEIALUI BeCh OMMCAHHBIN BBIIIC MPOLECC MOBTOPseTCs. Takum o0Opa-
30M, MUHUMAJTbHBIH HA0Op OMEepaTopoOB U CPEAHUX OT HUX, HEOOXOMUMBIN Il OTIMCAHUS CHCTEMBI, OIPEICIsACT-
Csl TOW TOYHOCTBIO, C KAKOH MBI XOTHM OITHCATh B3aUMOJICHCTBUS MEXKy MOJICKyiIaMu renodku. Ciienyer oTMme-
TUTb, YTO 37ICCh MPEJICTAaBICHA 00IIast KOHIICTIIHs BRIOOpa 0a3uCHOro0 Habopa CPEeAHUX OT ONEPATOPOB CHCTEMBI.
PeasbHO Ha TPaKTHKE BO3MOXKHBI ONPE/CICHHBIC OTKJIOHEHUSI OT TOW CXeMbl (HE MPHUHIMITHATIBHOTO XapaKTe-
pa), CBsI3aHHBIC C KOHKPETHBIMH CBOHCTBaMU CHCTEMEHI (cM. [21]).

Llenbio HacToOsiIEH pabOTHI SABJISIICS YUET HapHBIX KOPPEISIIUNA MEXIY MOJIEKYJIaMH, a TaK)Ke MHOro4ac-
THUYHBIX BKIIQJIOB B YPaBHEHHUSX, KOTOPbIE BOSHUKAIOT MPHU aHAIN3€ CUCTEMbI 3 MIEPBBIX MPUHIIUIOB U OTCYTCT-
BYIOT ITpY ()EHOMEHOJIOTMIECKOM PACCMOTPEHHUH.

C y4eToM CKa3aHHOTO BBIIIE B JAHHOW paboTe B KauecTBe 0a3uCHOro Habopa OnepaTopoB, a CJIe0BaTENILHO
U CPEIIHMX OT HHX, BBEIOpaHBI cefyromue oneparopst: b, , N, ., N, ., N, N, , N b u b, b, (m#n). Ciona

mf 2 me” " ne?

CIIeyeT BKIIIOYHUTH TaKKe HA0Op SPMUTOBCKH-CONPSKEHHBIX OepaTopoB. OH3NYECKHI CMBICT CPEIHHX OT ITHX
orepaTopoB OyaeT NOSICHEH HIKE.

[TocnenoBarenbHO MOACTABIAA YKa3aHHBIC ONEPATOpPhl B KauecTBe A B ypaBHEHHE (4), a 3aTeM yCpeaHss
€ro, MOJIy4aeM IIOJHYIO0 CHCTEMY YPaBHEHHUH JUIs OIIMCAHUs MOJIEKYIT LIEIOYKH BUa

a4)_ ([, 4D +2X v, [(b,*Abk>—l(<b,+bkA> +(Ab}b, ))} .

dt h = 2

Crenyromuii 3Tan paboThl 3aKII0YAETCS B BEIYUCICHUN PEIAKCAlMOHHBIX YJIEHOB, CBSI3aHHBIX C SKCHTOH-
9KCUTOHHOH aHHUTHIIILMEH, M 3aMBIKaHUH TIOJyYCHHON CHCTEMbl ypaBHEHHUH IyTeM (aKTOpH3allMd MHOroyac-
THYHBIX CPEJHUX, NPEICTABILIA UX B BHIC MPOM3BEICHUI CPEIHUX OT OIEPATOPOB, BXOISIIIMX B Oa3UCHBIN Ha-
60p. Mbl He OyZieM OCTaHAaBINBATHCS Ha MpaBUIIax (haKTOPU3ALMH, IIOCKOIBKY OHH JOCTaTOYHO HOIPOOHO U3JIO-
JKeHbI B paboTax [21], a Taroke [35, 38, 40]. YkaxeM JIUIIb Ha HHTEPIPETAUIO CPETHUX OT OIEPaTOpOB Oa3mc-
HOro Habopa, (PU3MUYECKHH CMBICT KOTOPBIX JIOCTaTOYHO siceH. Tak, BeIM4yrHa <bm> U3 3TOr0 Habopa mpornop-

me
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LMOHAJbHA JUIIOJIBHOMY MOMEHTY MOJIEKYNbI m MpU nepexone 1— 2. <Nm€> u <Nmf> OIIPENEISAIOT HACEIIEH-

HOCTH BTOPOTO U TPETHETO YPOBHEN MOJEKYJIbl COOTBETCTBEHHO, a <NmeNm_,> (m #n) MOXHO CBs3aTh C Hace-

JICHHOCTBIO ABYXOKCUTOHHBIX COCTOSIHUI.
Pacuer PeIJaKCANHOHHBIX YJI€HOB, CBA3AHHBIX ¢ MEXaHU3MOM IKCHTOH-IKCHTOHHOM AHHUT' WIS H.
Brruucienue B YpaBHCHUAX ABUKCHUA YJICHOB, CBA3aHHBIX C KOMMYTATOPOM, B KOTOpLIﬁ BXOOUT H . Tp€6yeT

annih
ocoboro anamu3a. Kak ynoMHHanoce paHee, Mbl pacCMaTpUBacM TPETHH YPOBEHb MOJCKYI f , COCTOSINUIN U3
psina KojeOaTenbHBIX NOAYPOBHEH, OTMEYAaeMbIX HHACKCOM Vv . DTH MOAYPOBHH MOXKHO OXapaKTepH30BaTh IJIOT-
HOCTBIO cocTostHui p(E) = ZB(E —E,) , HeOOXOMMMOM Isl BBIYUCIICHHUS BEPOATHOCTEH Tepexona. dakTuuecku

v
cHCTEMa 3JIEKTPOHHO-KOJIEOATENbHBIX MOAYPOBHEH MpeAcTaBisieT coOoi pe3epByap, B3aMMOIEHCTBYS C KOTO-
PBIM, BO30YKAECHHAsI MOJIEKYJIa HEOOpPATUMO peTakCUpyeT B 00Jiee HU3KOE 3HEPTeTHUECKOE COCTOSIHUE.
PaccMoTpruM OCHOBHYIO M0 pacdyeTa TakoW pellakCalMy Ul HACEIEHHOCTU BTOPOrO ypPOBHS (Nme>.

Hertpynno mokasars, 4T0 KOMMyTaTop oneparopos N, u H, . MOXHO IIPUBECTH K BUIY

me

i i N "
E[Hmmih’NmeJ :EZ [(mebpdmv _h'c‘)+(Vmpbmdpv hc)] N (6)

pEmM
Jlanee HEOOXOIMMO HCCIIEIOBATh 3BOJIIONNIO BO BPEMEHH OIIEPaTOpOB, BXOAAIIMX B BEIpaxkeHue (6). Mol
OyzneM mojararb, 4TO MX SBOJIOLMIO, CBS3aHHYIO C MEXaHW3MOM JKCHTOH-3KCUTOHHOW aHHUTWIISIIMH, MOXHO
OMHCaTh HE3aBUCHMO OT BIMSIHHUS BCEX APYTUX B3auMojeicTBuil B cucteMe [41]. B pesynbsrare s omeparopa
+
b,d,, 1nony4aeM ypaBHeHHE BUJIA
db

;l‘ mV) B _|:(Ho +Hmmi/1) bpd’;"] (7)

VYepenuss (7) Mo MaTpuIle IUIOTHOCTH CHCTEMBI M UCTIONB3YsI IPUOIIDKEHHE MapKOBCKOTO IpoIecca, 3To
ypaBHEHHE MOXHO (pOpMajbHO pemuTh [21], a pe3ynbTar MOACTaBUTh B yCpenHEHHOE ypaBHeHHE (6). B urore
MoJy4yaeM BBIpaXKEHHE ISl BKJIaJa B PEJIaKCallMI0 CHUCTEMBI, CBA3aHHOTO C MEXAHU3MOM IKCUTOH-DKCUTOHHOM
AHHUTWJISILUU:

d(N,.) . . .
dt = _z {me <NmeNpe>+RekZ[(rpmmk _‘_ZZApmmk)<]Vnan:r p>+ (rmppk +12Amppk)<Npebk bm >]}9 (8)
p#EmM #p
k#m
B KOTOPOM KOHCTaHTBI A, [' . ¥ w, = HMCIOT CICAYIOMNI BUL:

V.V
A — —P pm’ mk ,
ey ZV: o, —20,

pmmk Z pm mkS((’O _20‘))

w =2

mp mppm *

Koncranra w, ~COBNAIaeT ¢ TakoH ke KOHCTAHTOH, (PUTypUPYIOLLEH, B 4aCTHOCTH, B [33].

annih >

VYepenuss ypaBHeHHE (5) ¥ TIOACTABISAS B HET0 BMECTO WicHA 5 [H N, ] MPaByl0 4acTh YpaBHEHU

(8), momyyaem ypaBHEHHE JJIsI SBOIIOIIH (N . Jnst 3aMBbIKaHUA CHUCTEMBI YpaBHEHUH, B KOTOPYIO BXOAMUT

me
(N me) , B 9TUX YpaBHEHMSAX HEOOXOAMMO, Kak 00 3TOM YIIOMHHAJIOCH BBIIIE, IIPOBECTH (aKTOPHU3ALUIO MHOTO-
YaCTUYHBIX 4JIeHOB [21]. B pesynbrare qis (N

d(N,.) _

> OKOHYATCJIbHO NOJIYYaeM CJICAYIOUICC YPABHCHUC!

me

me

dt

O (LW ORI 5 01| B AR

n;:m l#m (9)

+ReY [(r,mmk 128, (5 Y(N,0) + (B) (N, )= (B VB YN, ) )+

k=l
k#m

(T 28,0 () (N, )+ (B, ) (N8 ) =(8) (b, )N [+ T (V).

V)] BB )+
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AHaNOTHYHBIA MTOIX0]] K BRIYMCICHUIO PETAKCAIIMOHHBIX WICHOB, CBSI3aHHBIX ¢ 9KCHTOH-IKCHTOHHOM aH-
HUTHJBILMEH, IPUMEHsIETCs IIPU BBIBOJC YPaBHEHMH JBIKEHUS M Ul BCEX OCTAJIbHBIX CPEAHUX, BXOAAIIUX B
Oa3ucHbI HabOp. B pe3ynpraTte BO3HUKAET 3aMKHYTasi CHCTEMa YPaBHEHUH, B KOTOPOH YUTEHBI JBYX4aCTHYHBIC
KOppEeJSIUU MEXIy MOJeKyaamu. BBumy kpaiiHeil TpOMO3IKOCTH 3THX ypaBHEHHH MBI MX HE NPHBOAUM (CM.

[21]). Otmetum Taxke, 4To B (9) (DeHOMEHONOIrHYECKH Y4TeHBI Biax I, <Nmf>, CBSI3aHHBIN C TIEPEXOIOM C

TPETHETO YPOBHS HA BTOPOH, a TAKXKe CKOPOCTB TIONIEPETHON peakcalny v, .

Yder BKJIaA0B OT TPEXYACTHYHBIX B3aMMOAEHCTBHII B TPAAUIMOHHBIX YPABHEHUSX [JIA OAHOYACTHY-
HBIX MaTPHUI INIOTHOCTH. [Ipn 0OBIYHOM (hEHOMEHOIOTNIECKOM MOIXO/E CHCTEMA MOJIEKYJl B IETIOYKAX OT/Eib-
HBIX J-arperaroB ONUCHIBAETCSl YpaBHEHUSAMHU THIIA YpaBHEHMH broxa a1 oqHOYaCTHYHBIX MaTpUIl INIOTHOCTH. B
9TUX YPaBHEHHAX YYUTBHIBAIOTCS JIMIIbL JBYyXYaCTHYHbBIC B3aUMOACHCTBHS, KOTOPBIE IPEACTaBICHbI B (haKTOPH30-
BaHHOHU (hopme. B paMkax momxona, W3NOKEHHOTO BBINIE, STUM YPAaBHEHUSM COOTBETCTBYET CHCTEMa ypaBHEHHMI
JUISL OTHOYACTHYHBIX cpenHuX. OJJHAKO aHaJM3 TaKOW CHCTEMBI M3 MEPBBIX NPHHIMIIOB NIOKa3al, 4To B HEH, KpoMme
JIByX4aCTUYHBIX BKJIAJ0B, BO3HUKAIOT TaKXKe BKJIAJbI, YUUTHIBAIOLINE TPEXYaCTUUHbIC B3auMoaecTBus. Ecim mo-
JIydeHHbIE ypaBHEHUS (haKTOpU30BaTh, TO MBI NPUXOINM K TpaJHIHOHHBIM ypaBHeHMsM [11, 17, 22], B KOTOpBIX,
OJIHAaKO, YUTECHBI TIOTPABKH, CBSI3aHHBIE C TPEXUYAaCTHYHBIMH B3aNMOACHCTBHSAMH. DTH TIONIPABKH BO3HUKAIOT B paM-
KaxX M3JI0)KEHHOTO BBIIIE TTOJX0Ja K PACUYETy PENaKCAIMOHHBIX YJIEHOB, OOYCIIOBICHHBIX SKCUTOH-OKCUTOHHOH aH-
Hurmirei. Himke nprBeneHa nomydeHHast TakuM o0pazoM cuctema ypaBHeHu# (10)—(13), B KoTOpoii monpaBKu
MTOAYEPKHYTHI IPSIMBIMHU JTHHUSIMH. HeTpymHo mokasats (cM. Taroke [11]), ato

1
<Nkf>=pgk3)’ (Nk€>=p(2’;), <ng>=Pﬁ), (bk>=5Rk, w=20,.

OtH HOPMYIIBI CBI3BIBAIOT CPEIHUE OT OJHOYACTUYHBIX OIEPATOPOB C AMEMEHTAMU OJHOYACTUYHBIX MaTPHUI]

wiotHoctH. [Ipu atom pt, p'Y) u p¥) npencrasnsior MMaroHanbHBIE MMEMEHTBI, COOTBETCTBYIOIIUE YPOBHAM 1, 2

U 3 MOJIEKyJIbl C HOMEPOM k; R, — HeAMAroHaJbHBINA AIIEMEHT, COOTBETCTBYIoMmuif tepexony 1 — 2. Torxa:

. 1 N _ R _
Pg];) = _ERG Z (Y + 1A )RR, —TQR, +F32p§1§) _lepgg) —Zaspg;) [P(zg K +P(2]§+1)]_
1=1,l#k

(10)
1 * k_l * k 1 1 k * *
—Zocs Re[Rk (Rk—zp(zz ) -I-R/(up(zz+ ))J—Zasp(zz) (Rk—le+1 +Rk+1Rk_1) >
1 * *
L (k k (k-1 K+l k
pSy = (T3 +T50) P55’ + 05y [p5 ™ +p%s" )]+Z°‘sp(22) (kaleH +Rk+1Rk—1)’ (11)
; o (k) (k) (k) (k) (k1) (k+1)
= = = - +
R =—(' +TAR, + Z (Y + 18R [Py —piy 1= 1Py —piy -0 Re[py 7 +py " 1—
1=1,l#k
12
L (R (D g oED(122p® o) Lo p (R R LRR (12
5 %s | -2P22 k+2P22 P22 ~P33 )7 s k( =111 ¥ By k—l)a
pit) =1-p%) —pf) . (13)

3nech o, — CKOPOCTh SKCHTOH-3KCHTOHHOM aHHMrmwimuy; ) — gacrora Pabu; I',,, — CKOPOCTb pellak-

Calliy C YPOBHA /1 HA YPOBEHb 71; I'| — CKOPOCTB IONIEPEYHON PENaKCalui MOJIEKYIB; A, = A — OTCTpOMKa OT

pe3oHaHca s H30JIMPOBAHHOMN MOJIEKYIIEI.
B cnenytomeii rimaBe 3Ta crcteMa ypaBHEHHI OyleT MCIIONh30BaHA IS aHAIM3a OMCTaOWIBPHOCTH B Of-
HOPOJHBIX IIETIOYKaX.

Hccnenopanne 0McTa0MILHOCTH B MOJICKYJISIPHBIX J-arperarax npu pe30HAHCHOM ONTHYEeCKOM
BO30Y:KAEHHH € Y4eTOM TPeXYacTHYHbIX B3anmoeicTBuii

AHanu3 1MoKa3bIBaeT, YTO (haKTOPU30BAHHBIE TPEXUACTHUHBIC BKJIAIbl MOTYT BKJIIOYATh B Ka4eCTBE MHO-
KUTENA CPeAHee OT OllepaTopa YKCila MOJEKYI Ha HIDKHEM YpoBHE. OCOOCHHOCTBIO PacCMaTpUBAaeMbIX CHUCTEM
(cm. [11, 17]) siBnsieTcs TO, YTO B paBHOBECHOM COCTOSIHUM TAaKO€ CpeiHee ONM3Ko K 1, BBUAY MaJiol BEpOSTHO-
CTH 3aCeNICHHs BEPXHHUX YPOBHEH MOJIEKYI. DTO HAMPAMYIO CIEAYET U3 yCIOBHS HOPMHUPOBKH, IPHHATOIO B Ha-
crosiueii pabore (em. [21]): N, +N,, +N, =1,18¢ N, , N, u N, SBISIOTCS ONEPaTOpaMyu 4rCiIa MOJe-

m
KyJ B y3JIe m Ha IIEpBOM, BTOPOM U TPETHEM YPOBHSIX COOTBETCTBEHHO. B CBA3M € 3TUM yKa3aHHBIE TpeXyacTH-
HBI€ BKJIAJIBI SBIISIIOTCS (DAKTUUECKH JIBYXUAaCTUYHBIMHU M COBIIQAAIOT 0 MOPSIKY BEJIMYHMH C JBYXYaCTUUHBIMH
BKJIaJJaMH, TMPUCYTCTBYIOUIMMH B TPAIUIIMOHHON CHCTeMe ypaBHeHHH. TakuM 00pa3oM, YK€ TOJIBKO OIHO 3TO
00CTOSITENILCTBO MOXKET KaK KOJIMUECTBEHHO, TaK M KAYECTBEHHO ITOBJIMSATH HA CBOMCTBA UCCIEAYEMBIX OOBEKTOB.
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Hwmxe ¢ yueToMm HOBBIX BKJIAZIOB B ypaBHEHHUS IBIKCHHUS MPOBOIUTCS aHAIH3 OMCTaOMIBLHOCTH B J-arperarax B
CHEeNMATbHOM CIIy4yae, COOTBETCTBYIOLIEM OIHOPOIHOM IeTouke MOJEKyd. B Takoil 1ienouke cunTaercs, 4To UH-
JTUBHUIyaJIbHBIC XapaKTePUCTUKU BCEX MOJIEKYINl HE 3aBUCST OT UX PACIOJIOKEHHs, a caMa IerovYKa Ipeamnoara-
eTcsi OECKOHEUHOH.

Takum 00pa3oM, eciu B cucteMe ypaBaenuid (10)—(13) monararek, 9to Bce 37€MEHTHI MATPHUIIBI TUIOTHOCTH
HE 3aBHUCAT OT HOMEPA MOJIEKYJIbI, TO MbI MOJYYUM OJHOPOAHYIO Lienouky. Eciu Teneps, B CBOIO o4epenb, B MOMIy-
YEeHHOH CUCTeMe YpaBHEHUH IMOJIOKUTh PAaBHBIMU HYJIIO IPOU3BOJHBIE IO BPEMEHH, TO BO3HUKAET CUCTEMA ypaB-
HEHUH JUIsl CTalliOHApHBIX COCTOSHMI OJHOPOIHBIX Hermodek. Kak mokasan aHanm3, BBINOJHEHHBIM B paboTax
[11, 17] 6e3 y4eTa MHOTOYACTHYIHBIX WICHOB, B TAKHX COCTOSHHSIX BO3HHKACT OMCTaOMIBHOCTH. MIcX0ms U3 3TorO,
TIPEJICTABIISIET HHTEPEC BBISICHUTD, KAKOBO BIMSHHE MHOTOYaCTHYHBIX A()(EKTOB Ha MpOsIBIICHHE OMCTaOMIBHOCTH B
9THX COCTOSHUSX. Takue mccienoBaHus ymoOHO MPOBOAWTH UL YpaBHEHHH B Oe3pasMepHOi ¢opme. B Hamem
citydae 11 3Toro B ucxonHoi cucreme (10)—(13) npousBonurcs HOPMUPOBKA BPEMEHH HA BEIMUUHY Yp

t—>vYpt,

i (]
o0
Yr =2 Z Yik -
I—k=1
B coorBeTcTBHM C 3TUM mapaMmeTphl ABHEHUN TAKXE HOPMHU TCA Ha . 3TI/I HOPMHUPOBAHHBIC I1a-
R

paMeTpsl OymyT 0003HAYAThCS CIICAYIOIIMM 00pa3oM: ¢, — HOPMHPOBAHHAS CKOPOCTh SKCHTOH-IKCHTOHHOW aH-
HHUTHIIALINN A — OTCTpOﬁKa OT YaCTOThbI IEpexonaa 1—> 2, YUUTBIBAIOIAsA BJIHUAHHUE OKPYXKAIOIUX MOJICKYII;

Q —ygacrora Paou.
Amnanu3 ypaBHeHH# 63 yueTa MHOTOYaCTHUYHBIX 3((EKTOB MoKa3a, 4To OMCTaOUIILHOCTh CYIIECTBYET B
JIOCTaTOYHO HIMPOKOH 007acTH 3HaueHuil o > 0. bosee geranbHble pacyeThl MOKA3BIBAIOT, YTO 00IACThH CYIIECT-

BOBaHU THCTEpE3nca Mo ATOMY IapameTpy U mpu A =—10 mocruraer 3HadeHus o ~ 40 . Ha puc. 1 nzo0paxe-

“ 2 _
Hbl KPHBBIE THCTEPE3MCHON 3aBUCHMOCTH HACEJIEHHOCTH BTOPOro ypoBHs pj, or Q' mpu A=-10 nu
a=0,1,5,10, 15 u 25. Uanekc «0» o3Ha9aeT CTAIMOHAPHOE COCTOSHHE.

0 0,5 1,0 1,5 2,0 2,5 3,0

Puc. 1. BuctabunbHOCTb HaceneHHOCT BTOPOro BO36YAEeHHOro YpOBHS Npu n3MeHeHnn YactoTel Pabu
6e3 yyeTta MHOro4acTuyHbIX NonpaBok. KoadULMEHT SKCUTOH-3KCUTOHHOW aHHUTMASLUM NPUHUMAET MO NopsAaKy

3Havenmns: o =0,1,5,10,15u1n25; A=-10

OnHako, KaK CIemyeT U3 JAIbHEHIIEro aHalli3a, yuyeT MHOTOYaCTHYHBIX BKJIaJ0B IPHBOINT K YMEHBIIIE-

HUIO 00JTacTH CyIIecTBOBaHMUS OmcTaOmiIsHOCTH. Ha puc. 2 m300pakeHsl OMCTa0MIIbHBIC 3aBUCHMOCTH HaCeIeH-
— _

HOCTH BTOPOTO yPOBHS pj, OT £° NpH ydeTe TPeX4acTHYHBIX BKIALOB B ciiyyae A =—10 W pasin4HbIX 3HAYeE-
HUSX NapameTrpa o . M3 pacyeToB ciefyer, 4To ¢ yBEJIMYEHUEM o 00JIacTH OMCTaOMIIBHOCTH CYXaloTCsl, U OHa
HCYe3aeT MPU KOHEYHOM 3HaueHun O = 22,7 . Takum 06pa3oM, y4eT MHOTOYACTHYHBIX BKJIAJO0B B LIEIOM IPHBO-
IHT K 3aMETHOMY OTPaHMYCHHIO OOJIaCTH CYNIECTBOBAaHMS OMCTaOWIIBHOCTH B 3aBHCHMOCTH OT IIOCTOSTHHOHM 3K-
CHTOH-KCUTOHHOW aHHUTHJISILIUH.

Ha puc. 3 n306pakeHa 3aBUCHMOCTb IMPHHBI 00IACTH OHCTAGMIBHOCTH 3p), (Pa3sHOCTH 3HAYEHHIl Tpa-
BOM M JIeBOM TpaHMIl OMCTaOMILHOCTH HA pHC. 2) Ui HACEICHHOCTH BTOPOTO YPOBHS OT BEJTHMYUH PACCTPOUKH U
HOCTOSIHHOW 3KCHTOH-3KCUTOHHOM aHHUTHIALMH. [lomydeHHast HOBEpXHOCTh MO3BOJSAET ONPEAEIUTE HE TOJIBKO
00JaCTh CyLIECTBOBAaHMA CaMOi OMCTAOMIBLHOCTH, HO B NIPUHLUIIE TAKKe U HaHOOJiee BEPOSATHYIO 00JacTh Ia-
pameTpoB, B KOTOPOH MOXKET OBITh COPMHUPOBAH TUCCUTIATHBHBIN CONUTOH. [lepeceueHne 3Tol MOBEPXHOCTH ¢

IUIOCKOCTBIO 8p), =0, OYEBHIHO, ONPEENAET MPAHKILY CYIIECTBOBAHUs OMCTaOMIBLHOCTH. JTa rpaHuIa u3o0pa-

JKEeHa Ha pHC. 4 B INIOCKOCTH MapameTpoB o U A. IIpu 3ToMm KpHBasi | orpaHnumBaeT cBepxy oliacth OHCTaOHIIb-

8 Hay4HO-TexHN4YeCcKknii BECTHUK MHCPOPMALMOHHBIX TEXHOMOTUIA, MEXaHUKM U OMTUKM
Scientific and Technical Journal of Information Technologies, Mechanics and Optics
2014, Ne 5 (93)



H.A. BepeteHos, b.H. lleuHckuin, J1.A. Hectepos, H.H. PosaHos, b.[1. ®annbepr, C.B. ®énopos

HOCTH, TIOJTy9€HHYIO 0e3 y4eTa MHOTOYaCTHIHBIX BKJIAJO0B, a KpHBas 2 — MOJIYIEHHYIO IIPU y4YeTe TaKUX BKIIA/IOB.

dA
BepTrkanbHbIE IyHKTHPHBIE IMHIN COOTBETCTBYIOT 3HAYEHHUAM 0. , IPH KOTOPBIX o — oo . CoracHo pacueram,
o

9TH 3Ha4eHusl paBHbl O = 63,4 u o =101,5. Takum oOpa3oM, rpadvKky HAIIAAHO TOKA3BIBAIOT, YTO HPH y4eTe

MHOTOYaCTHYHBIX BKJIaJJOB 00JIACTh CYIIECTBOBAHMS OUCTAOMIBHOCTH I10 TTApaMeTpPy oL B LEJIOM CYXKaeTCsL.
0,07 sz
0,06
0,05
0,04
0,03
0,02
0,01

0 0,5 1,0 1,5 2,0

Puc. 2. BuctabunbHas 3aBUCUMOCTb HACENEHHOCTH BTOPOro ypoBHA sz OT YacToTbl Pabu gns CTauMOHapHbIX
COCTOSIHWIA. BuctabunnbHOCTb ucyesaeT NP 3HAYEHUAX CKOPOCTU IKCUTOH-IKCUTOHHOM aHHUIMASALMK O = 22,7

3Py, -
0,2 % .
011 o
00" 20
20 L 40 A

o 40 _
60 —50

Puc. 3. 3aBMCMMOCTb WMPUHBI 0GNACTM BUCTABUNLHOCTY HACENEHHOCTI BTOPOTO YPOBHS 3pY, = pJ, wp P

0 0 . y
TA€ P22ups P22,dn — 3HAYEHUS ANS NIEBOIA U NPABOI rPaHML, GUCTaBUNBHOCTY Ha puC. 2, OT ko3t dULMEHTa

3KCUTOH-3KCUTOHHOM @HHUTUNALMK o U paccTpoiikn A
20 40 60 80 100

o

Puc. 4. TpaHuubl obnacTel cyLlecTBOBaHMs GUCTabMnbHOCTU B NMOCKOCTY napameTpoB o U A. Kpuas 1
(wTpuxoBasi NIUHWSA) orpaHMYMBaET cBepXy obnactb buctabuneHocTy 6e3 yyeta nonpasok. Kpyeas 2 (cnnowHas
FIMHWA) COOTBETCTBYET CIy4ato y4eTa MHOro4acTUYHbIX MOMPaBOK. ATOMY Cryyalo COOTBETCTBYeT Takke Habop

KpUWBBbIX (CreBa Hanpago) p(3)3 /p22 =0,1;0,2 u 0,3 nog Homepom 3 (pg3 — HaCeNeHHOCTb TPETLETO YPOBHS).

dA
BepTukanbHble NyHKTUPHbIE ANHUM — 3TO rpaHuULbl Mo NapaMeTpy o, MpU CTPEMIIEHUN K KOTOPbIM d_ —> 0
(04
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DaKTHYECKH TIPU yUETe TPEXUACTUYHBIX B3aUMOJICHCTBHIN TPAHMUIIA CYIIECTBOBAHMS OUCTAaOMITBHOCTH ITPO-
SIBISIET TEHJCHIMIO K CMEIICHHI0O B CTOPOHY MEHBIIMX KOHCTAHT B3aMMOICHCTBUS B MEXaHH3ME OSKCHTOH-
OKCUTOHHOM aHHUTUISIIUK. JTOT 3P (EKT MOXKHO TPAKTOBAaTh Kak yBelaudeHHe 3(Pp(HEeKTUBHOCTH TAHHOTO MEXaHH3-
Ma MPH y4eTe TPEXIACTHIHBIX BKJIAIOB, YTO YMEHBINACT TPEOOBAHHUE K BEIIMYHHE KOHCTAHTHI B3aUMOJICHCTBHSI.

MoayasiiMioHHAs1 HEYCTOIYHBOCTH O/JHOPOIHBIX PE;KUMOB PE30HAHCHOI0 BO30Y:KAEHHSI MOJIEKYJISAPHBIX
J-arperaros

B nanHOM, 3aKITIOUNTENBHOM pazziesie paboThl aHATIM3UPYETCS] MOAYISALMOHHAS HEYyCTOWYNBOCTD CTAIHO-
HapHBIX COCTOSIHUH OJHOPOIHBIX LIETOYEK, UCCIEeIOBAHHBIX B IPEBIAYIEM pasJielie P YUeTe TPEXUaCTHIHBIX
BKJIaJ0B. Llenbio Takoro aHanmsa sBISIETCS ONpe/esieHne TPaHull 00nacTell yCTOHYMBOCTH U HEYyCTOWYNBOCTH U
COOTHECEHHE MX C IPAaHMIIAMU CYIIECTBOBAaHMS OMCTaOMIBHOCTH.

HccnenoBanne MOAyIALMOHHONW HEYCTOMUMBOCTH NPOBOJUTCS B paMKax IOJTYYEHHOM paHEe CHCTEMBI
ypaBuenuit (10)—(13). [Inga omHOPOIHBIX LEMOYEK, KaK YIIOMHHAIOCH B MPEABIIYIIeM pasfelie, BCE AIIEMEHTHI
OJIHOYACTHYHBIX MAaTpPHUI] IUIOTHOCTH HE 3aBUCAT OT HoMepa MouieKynbl. ClenoBaTelIbHO, MOXHO IOJIOKHUTh:

p®) =p (n=1,2,3) u R, =R. Jlnsa cTalMOHAPHBIX COCTOSHMIA, KaK 3TO JIENANOCh U paHee, HCToMb3yeM 060-

3HAYCHUS pgz U R, npuyeM Ry = R(f +1i ROJ , Tme R(f u ROJ — BEILECTBEHHAs U MHUMas 4acTu R .

Hanuure OMCTaOMIBHOCTH CBHICTEIBCTBYET O CHIIHOW HETMHEHHOCTH CHCTEMBI 110 OTHOIICHHIO K TTOJI-
JICPKUBAIONIEMY M3JTyYCHHUIO M CIIY>KUT MPU3HAKOM BO3MOXHOCTH (DOPMHPOBAHUS B HEW TUCCHIIATHBHBIX COJIU-
TOHOB [16—20]. VIMcHHO B CBSI3U ¢ 3TUM HEOOXOAMMO MPOBEICHUE aHAN3a YCTOHUYMBOCTU M DBOJIOIIMU MAJIBIX
BO3MYIIICHUH CTallMOHAPHBIX COCTOSIHUN OJHOPOMHBIX IICTIOYCK. DTOT aHAJIH3 MPOBOAUTCS B JIHMHCHHOM TPUOIH-
JKCHHH.

B obmem Buze pemenne, OMM3Kkoe K CTAIIHOHAPHOMY OZHOPOTHOMY COCTOSIHHIO, MOXKHO TIPEICTAaBUTH B
crenytomiei popme:

pss (k)= pis +%(xleh+”“’ + K.C.),
P (k) =p3» +%(x2e“+"kq +K.C.),

| (14)
ReR, = RY +E(x3em+ik" + K.C.),

1 .
ImR, =R} +5(x4e”+”“f +1<.c.).

31ech X, SABIAIOTCS MalbIMU BO3MYLIEHHAMH CTAaLMOHAPHBIX OJHOPOIHBIX COCTOSHMI, KOTOPBIE OIMCHI-
BaIOT MOAYJISIMOHHYIO HEYCTOMYMBOCTE CHCTEMBI B cirydae Re A > 0. IIpu sToM mapamerp g MOXHO paccMaTpH-
BaTh KaK HOPMHUPOBAHHOE BOJIHOBOE YHUCIIO BO3MYIIEHUS. M3 CBOMCTB CHMMETPHH CIIEIyeT, YTO, ECIIH ITOJIOKHUTh
¢ = TS , TO N3MEHEHHE MapaMeTpa § JJOCTaTOYHO pacCMaTpUBATh JMIIb B MHTEepBaie 0 < s <1.
IToncranoska (14) B cuctemy (10)—(13) u ee nuHeapu3aLyst Mo X; MPHUBOIAT K CUCTEME JTMHEHHBIX ypaB-
HEHUH BUIa
(a” —X)xl +ay5%y + ay3%3 +apx, =0,
ay Xy +( Ay — M) Xy + ayyx3 +ayx, =0,

(15)
a3\ X+ apx, +(az; — L) x3 +azx, =0,
Ay X + A Xy + g3 Xy +(a44 —X)x4 =0.

KoaddunueHts! a,, sSBIA0TCA QyHKIMAMU IapaMETPOB CUCTEMBI, B TOM YHCIIE TApaMeTpoB o, £, Awu
s. TpeOoBaHue oOpaleHuns B HyJIb ONPENEIUTENSI CHCTEMBI ypaBHeHHH (15) mo3BossieT HaiiTh coOCTBEHHbIE 3Ha-
YEeHUs] A, BEIIECTBEHHBIC YaCTH KOTOPBIX ONpPENEISIFOT HapacTaHHE MM yObIBaHHE BO3MYILEHHH, a ClIeaoBa-
TENIBHO, ¥ YCTOWYMBOCTb COCTOSIHMH. YKa3zaHHOE TpeOOBaHME NMPUBOAUT K ayreOpandeckoMy ypaBHEHHIO 4-ro
TOpsIZIKa IO A C BEIIECTBEHHBIMU KO3 (HIIMEHTaMH, TaK 9TO UMEETCs YeThIpe BeTBH KopHEH. [Ipu sTom, eciu
IIPY 3alaHHBIX (PUKCHPOBAHHBIX 3HAYCHUSIX IAPAMETPOB CTALMOHAPHBIX COCTOSHUN BEIECTBEHHAs YaCTh XOTS
OBl OJHOTO M3 3HAYEHUH A TPH KaKOM-JINOO0 s B mHTepBaje 0 < s <1 SBISIETCS MOJOXKHUTEIBHOM, TO TaKoOH pe-
KUM SBJISETCS HEyCTOMYMBBIM. BBuay rpomosaxocTd BuAa Ko3(GUIMEHTOB «,, pealeH TOIbKO YUCICHHBIN
anamms (15).

HpOBeZ[eHHI)Iﬁ YKCIICHHEIN aHaIu3 YCTOﬁQHBOCTH HaCCJICHHOCTU BTOPOI'0 YPOBHA p202 B 3aBUCHUMOCTH OT
N3MCHCHUA MMapaMETpOB o H Q u (bPIKCI/IpOBaHHLIX SHAYCHUAX APYTIUX MapaMETpOB IMOKa3aJl, YTO CTallMOHap-

HBIC COCTOAHHA, OTBCHAIOIIHUC BerHefI BETBU OMCTAOMIILHOM 3aBUCHUMOCTH, BCEraa YCTOfIQHBLI. B T0 xe BpEMs
COCTOSIHHN A, COOTBECTCTBYIOIIHNEC cpezLHeﬁ BCTBH, KaK 06I)IqHO, HGYCTOP'I‘IPIBLI, u 00J1aCTh HGYCTOIZQHBOCTH CymiecT-
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ByeT TaKKe Ha HIKHEH BeTBH OmcTaOWiIbHOH 3aBucUMOCTH. [lpy 3TOM HalimeHHas 001acTh HEYCTOHYHBOCTH
BBIXOJIUT 3a Mpeesl 001acTh OMCTaOUIBPHOCTH.

Pe3ynbpraThl JaHHOTO aHaIM3a MPOAEMOHCTPUPOBAHBI HA PUC. 5, HA KOTOPOM IPHBEAECHO U3MEHEHUE Ha-
CEJIEHHOCTH BTOPOTO YPOBHS B 3aBHCHMOCTH OT 4acTOThl Pabu mpu a.=35 (BHYTpH obacTi OMCTaOMIBHOCTH)
o =25 (BHe 310} 00macti). Ha rpadmkax orMedeHsI TpaHUIbl 00/1acTe HEyCTOHINBOCTH.

Puc. 5. ameHeHne HaceneHHOCTM BTOPOro Bo3byXAeHHOro YPOBHS B 3aBMCUMOCTH OT YacToTel Pabu npu asyx
3HavyeHusix napameTpa o ; A =-10. B nepsom cnyyae (o =35 ) HabniogaeTtca 6UcTabunbLHOCTb, KoTopas
ncyesaeT C yBenuyeHnem o (kpueas npy o = 25). CnnowHas NMHMsA CoOTBETCTBYET 06nacTu yCTONYMBOCTHY
CTaUMOHapPHbIX COCTOSHWUIA, MYHKTVPHasA — HEYCTONYMBOIN MPOMEXYTOYHOMW BETBM BucTabunbHocTH,
LUTPUXMYHKTUPHAasA — 06racT HeyCTONYMBOCTUN Ha HUXKHEN BETBU N XXe BHe obnactn 6uctabunbHocTy.
OTu 0bracTn Ha pUCyHKe pasaeneHbl Kpy>Kkamum

1,4

13}
12 ¢

1,1

Ol

0,9 |
0,8 |

0,7 ¢

0’6 i i i i i
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o
Puc. 6. ObrnacTtb HEyCTOMUYMBOCTU (3aLLUTPUXOBAHHASA YacTb rpadmka), COOTBETCTBYHOLLAS HUXKHEN BETBU

BMCTaBUNLHON 3aBUCMMOCTM PyHKLUMK 3, (0L, Q) . 1 — rpaHmLbl 0BNacTy CyLIeCTBOBaHUS BUCTaBUNBLHOCTY

Hawnbosnee obmiee nmpeacraBieHne 0 TPaHUIAX 00JaCTH HEYCTOMUYMBBIX CTAIMOHAPHBIX COCTOSHHUM, COOT-
BETCTBYIOIINX HIKHEH BETBH, MOKHO HOJyYHTh U3 pUC. 6. DTOH 00IaCTH COOTBETCTBYET 3aIUTPUXOBAHHBIN yda-
CTOK, KOTOPBIH pacrojaraeTcsi He TOIBKO BHYTPH I'paHuI] OMCTaOMIBHOCTH, HO U BBIXOZIUT 32 €€ TIPEIEIIbI.

OnucaHHOE BBILIE SABICHUE HEYCTOWYMBOCTH, a TakKe HaOmonaBmiasca OMCTaOMIBHOCTD OBLIM IpoaHa-
JM3UPOBAHEI B 00JIACTH MapaMeTpoB o U () Npu BHIOpaHHOM (UKCHPOBAHHOM 3HAUYCHUH OTCTpoku A. OxmHa-
KO 3TH SIBJIICHHSI MOTYT HaOJIFONaThCS ¥ B 00IACTH APYTHX MTApaMETPOB, B YACTHOCTH, B 00JIACTH TApaMEeTPOB o U
A nipn puKCHpPOBaHHOM 3HAUEHHUH YacTOTHI Padu.

Ha puc. 7 npuBesieHa 3aBUCHMOCTb HACENEHHOCTH BTOPOTO MOJEKYIAPHOTO YPOBHS pj, OT MapameTpa

A, KaK ¥ paHee, JUIi JBYX 3HAUCHMIl o : ;11 OL=35 (BHyTpH oOmacti GucTaGmabHOCTH) H o = 20 (BHE 3TOi
obnmactu). Ha aTux rpadukax rpaHuIbl, CBS3aHHBIE C IPOSBICHUSIMH HEYCTOHYMBOCTH, TIOMEUEHBI KPYXKKaMH.
AHanu3 1okasaji, 4To ¥ B JJAHHOM CIIydae COCTOSIHMS, COOTBETCTBYIOIIME BEPXHEH BETBH OMCTAaOWILHOM 3aBHU-
CHMOCTH, SIBIISIIOTCS YCTOHYMBBIMH, a CpeTHEH — HEYCTOMYMBBIMHU.
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Puc. 7. \ameHeHne HaceneHHOCTU BTOPOro BOS6y)K,D,eHHOF0 YPOBHA B 3aBUCUMOCTU OT OTCTPOMKHK A

NP1 PUKCUPOBAHHbBIX YACTHBIX 3HaYeHUsIX napametpa o ; QQ=1. B nepeom cnyyae (. =5) Habnogaercs
BucTabunbHOCTL, KOTOpas ncyesaeT ¢ yBennyeHnem o (kpyeas npu o = 20 ). CnnoLuHas NnMHUS COOTBETCTBYET
obnactn ycTon4mBoCTU CTALMOHAPHBIX COCTOSHUIA, MYHKTUPHAsA — HEYCTOWYMBOW NMPOMEXKYTOYHOWN BETBU
61cTabnnbHOCTY, WTPUXNYHKTUPHAS NIMHNA — 0BNacT HEYCTONYMBOCTY Ha HUKHEWN BETBU UMW XKe HeyCTOWYMBBLIM
COCTOSHMAM BHe obnacTu buctabunbHocTn. 3T 06nacTu Ha pUCyHKe pasfeneHbl KpyXKamu

-8
-10

-12

Puc. 8. ObnacTtb HeyCTOMYMBOCTU (3aLLUTPUXOBAHHASA YacTb rpadmka), COOTBETCTBYHOLLAS HUXKHEN BETBU
6rucTtabunobHoM 3aBUCMMOCTU DYHKLIMK p22 (o, A). 1 — rpaHuLbl 06NacTu cyLlecTBOBaHMs GUCTaGUNBHOCTY

O0macTp HEYCTOMYMBOCTH CYIIECTBYET TAK)KE ISl COCTOSIHUM, COOTBETCTBYIOUINX HIDKHEH BETBH OHCTa-
OMIIBHOCTH, M OTYACTH JJIsI COCTOSHUM BHE TPAHUI] OMCTAOMIBHOM 3aBUCHMOCTH. DTOH 00JacTh Ha pHC. 8 COOT-
BETCTBYET 3aIITPUXOBAaHHBIN YU9aCTOK TOBEPXHOCTH.

Takum 00pa3oM, B JaHHOM pasjienic ObUTH PacCMOTPEHBI PE3YNIBTAThl JIMHEHHOTO aHaIn3a yCTOWYUBOCTH
CTAIJMOHAPHBIX COCTOSHUN OJHOPOOHBIX PEKUMOB PE30HAHCHO BO30Y)KHAEMBIX MOJEKYISAPHBIX J-arperaros C
Y4eTOM TPEeXYaCTUYHBIX B3aUMOJAEHCTBUH Monekyid. lIpoBeneHo m3ydeHue rpaHuil objacTell YCTONUHMBOCTH H
HEYyCTOWYMBOCTH M UX COINOCTABJICHHE C IPAaHUIAMHU CYLIECTBOBAHMsI OMCTAOMIIBHOCTH. DTH Pe3yNIbTaThl Cyllle-
CTBEHHBI JUISl TTOCJIEYIONIET0 UCCIIEI0BAHMUS MTPOCTPAHCTBEHHO HEOAHOPOAHBIX CTPYKTYP B MOJECKY/ISPHBIX Iie-
MOYKaX KOHEYHBIX JUTMH U HAHOCOJIUTOHOB.

3akjouenne

B 0030pe 00001IeHbI pe3ynbTaThl UCCIEOBaHN, BBHITIOJHEHHBIX aBTOPaMH B paMKaxX TPeX CBSI3aHHBIX
MeXIy coOoi HarmpaBieHH. BriepBrle momyyeHa cucreMa ypaBHEHHH ISl OTIMCAHUSI OTACIBHBIX J-arperaToB C
YYETOM MHOTOYACTHYHBIX B3aMMOJECHCTBHI M MAPHBIX KOPPEIALUHA MEXIy MOJIEKYIaMH LEMOYeK. DTO IMO3BOJIS-
et 0oJee KOPPEKTHO MCCIENOBaTh CBOICTBA J-arperaTtoB M HENMHEWHBIE ONTHIEeCKHE 3(P(EKThI B 3THX CHCTEMax
IIPU UX PE30HAHCHOM BO30yxIeHUH. [IpoaHaIN3upoBaHO BIMSHUE TPEXUACTHUIHBIX B3aUMOJCHCTBUN Ha OucTa-
OMJIBHOCTB CTAIIMOHAPHBIX COCTOSHMI OXHOPOAHBIX Lemodek. I1oka3aHo, YTo y4eT TPeX4aCTHYHBIX B3aUMOJeH-
CTBUIl 3aMETHO CyXaeT 00JacTh CYIIECTBOBaHUS OMCTaOMJIBHOCTH ¥, B YAaCTHOCTH, CABUTAET €€ B CTOPOHY
MEHBIIUX CKOPOCTEN HKCUTOH-IKCUTOHHOW aHHUTWIALuM. [IpoBeseHo uccienoBaHue MOAYIAIMOHHON HEYyCTOM-
YUBOCTH ONpPENENEHHBIX BBIIIE CTAI[MOHAPHBIX COCTOSHUN OTHOCHUTEIBHO NMPOCTPAHCTBEHHBIX BO3MYILEHHH B
J-arperarax. Haiinensl o0nmacti ycTOWYMBOCTH M HEyCTOWYMBOCTH. [IpoBeAE€HO CONOCTaBIEHUE TPaHUI] ITHUX
obnacreil ¢ rpaHUIAaMH O0JIACTH CYIIECTBOBAaHUS OnCTaOMIBbHOCTH. [lomydeHHbIe pe3yinbTaThl BaXKHBI KaK JUIS
orpezesieHus obacTeil mapaMeTpoB, I1e HanOosiee BEPOITHO CyNIECTBOBAHHE YCTOWYMBBIX CTallMOHAPHBIX CO-
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CTOSTHHI OJHOPOIHBIX PEXXHUMOB B J-arperarax, Tak W ISl HCCIESIOBaHHUS BO3MOKHOCTH BO30YKICHHs THCCHITA-
THBHBIX COJTUTOHOB.

IIpoBeneHHbBIe HCCITEMOBAHMUS TO3BOJISIOT GOJiee HAIEHKHO BBIACIUTD 00JaCTh APaMETPOB, TIe MOTYT Ha-
OnrofaThCsl CYNIECTBEHHO HENMMHEHHbIC 3((EeKThI, KOTOPble MOYKHO OBLIO ObI MCIONB30BATh ISl CO3AHUS CXEM
MOJIEKYJISIPHOM IaMATH U, B 00JIee IIMPOKOM KOHTEKCTE, IS CO3MaHHs YCTPOWCTB ONTHYECKOM JIOTHKH.
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