1 O6bmasg xapakTepucTuka paboThl

AKTyaJIbHOCTb T€MBbI

Bo mHorux obnactsax dnsnku BO3HMKALOT 3aja41, B KOTOPbIX 4MHAMUYECKNE Me-
pemMeHHble MOXHO pa3aennTb Ha "obicTpble" n "megnerHsie". [Ana ux nccneno-
BaHUS 4aCTO MpUMEHSETCS MeToA ycpeaHeHus. MeTon ycpenHenns — 3To obuiee
Ha3BaHWE 411 METOAO0B TEOPUU BO3MYLLEHUI, OCHOBAaHHbIX HA WAee pa3aeneHus
OBVXEHWUI Ha niaBHblli apeid u bbictpble ocunmnnaunn. OAHUM N3 KAOYEBbIX
NOHATUN, NCMNONBb3YEMbIX MPU UCCNEA0BAHNA CUCTEM C BbICTPLIMU N MEANEHHbI-
MW MEPEMEHHBIMU, SIBASIETCS NOHATME 00 agnabatuyeckom nxsapuante (AU) —
BE/INYNHE, MPUDIVNIKEHHO COXPaHSAIOLLEACS B MPOLECCE ABUXKEHNS.

Cpeayn MHOrOYNCNEHHBLIX MPUTIOXKEHNA Teopun aanabaTnyeckux WHBapuaH-
TOB MOXHO BbIZIEINTb, HaNpUMep, ONNCAHNE OBUXKEHUS 3aPSHKEHHbBIX YacTuL, B
MarHWTHbIX JIOBYLLKAX, ABUXKEHWUS KBAa3W4aCTUL, B 3NEKTPOMATrHUTHLIX MOSX B
TBEPAbLIX TENaX, PAaCnpOCTPaHeHe BOH B BOJHOBOAAX B NPUDIMKEHNN FEOMET-
puyeckoli onTuku. B nocnegHne aga gecatTuneTus 3HaYUTENbHO BO3POC UHTE-
pec K NCCNefOBaHNIO C MOMOLLIO TEOPUN afnabaTnyeckux MHBapUaHTOB 3aaad
aTOMHOM 1 MONEKYASAPHONR pr3nKi (KBA3UKIACCUHECKI aTOM BOGOPOAA B S/1EK-
TPOMArHUTHbIX MONAX PA3AUYHbIX KOHDUrypaLuii, aTOM rennst u AByXaTOMHbIE
MOJIEKYJIbI NOL AEACTBMEM BO3MYLLEHUT 1 T.p,.).

B Teopun agnabaTtuyeckux nHBapnaHTOB B NOCAeAHUE rofbl 6onbLIoe BHUMA-
HUE YOEeNAeTCs Kak Moucky ycnosuii "seqHoro" coxpanernunsa All, Tak n ycnosnii,
npu koTopbix coxpaHenune AW napywaetca [1, 2, 3]. BaxHocTts Takoro poga nc-
CNefloBaHuii CBsAI3aHa C TeM, YTO ecnu B npouecce asmxeHns AUl coxpatsietcs, To
ABUXXEHNE DAN3KO K PerysipHOMY, B TO BPEMS KaK paspyLueHne aanabaTnyeckoil
WHBapWaHTHOCTM NPUBOAUT K XaOTUYECKOR AUHAMUKE.

Cpeau npuyuH, NpUBOAALLNX K CTOXaCTU3aLMN ABUXKEHNS B CUCTeMax, baus-
KX K MHTErPUPYEMbBIM, MOXHO BbIAENTb PacCLIEneHne CenapaTpuc 1, Kak cieg-
cTBNe, 0OpasoBaHne B NX OKPECTHOCTM CTOXacTuyeckoro cnosi [4, 5] (a B mHO-
rOMepHOM CiyHae - BO3HnKHOBeHne auddy3snn Apronbaa [6]), nepekpbiTue pe-
30HaHCOB 1 0bpa30BaHMe CTOXaCTMHECKON nayTuHbl [2, 7], a Takxe paspylueHue
aanabaTny4ecKoi NHBAPUAHTHOCTN MPU NPOXOXKAEHUN YEPe3 PE30HAHCHI 1 3aXBa-
Tax B pe3oHaHc [8, 9, 10] n npn npoxoxaernm vepes cenapatpucy [11, 12, 13, 14].
[Mpu 3TOM BaxKHbIM SBNSAETCA TOT haKT, YTO paspyLueHne aanabaTnyeckomn nH-
BapUaHTHOCTA BefeT K obpa3oBaHuUto 0biacTn xaoca, pasMep KOTOPOIi Benuk
NPy CKOJb YFOLHO MajioM BO3MylueHun (B TO BPEMS KakK OCTafibHble MPUYMHbI



NPUBOAAT K BOSHUKHOBEHWIO 0DNACTM XaOTUHECKON AUHAMUKYA, Pa3Mep KOTOPOI
CTPEMUTCS K HYJIIO NPU CTPEMIIEHIN K HYJIO BENUHNHbBI BO3MYLLEHNS ).

B HacTosiwelt auccepTauum nccnenyetcst paspylleHne aanabaTnyeckon nHea-
PUAHTHOCTMN MPW NMPOXOXKIAEHUMN HYepe3 Pe30HAHChI 11 3aXBaTaxX B PE30OHAHC U Mpu
nepexofax 4epes cenapaTpucy B raMuibTOHOBbLIX cucTemax. PaccmaTpusatoTcs
YeTblpe KJlaCCa 3a4a4: HENNHENHAA AUHAMUNKA PENATUBUNCTCKON 3aPSA>KEHHON Ya-
CTULbI NOL AEACTBMEM MOCTOSAHHOrO OLHOPOAHOrO MArHUTHOMO NOMSt U MAOCKON
3/1eKTPOCTATUYHECKON NN 3NEKTPOMArHUTHOW BOJIHbI, AMHAMUKA NINHWI TOKa B
MOZENN NJABHO-HECTALMOHAPHOIO KOHBEKTUBHOIO TeYeHNs; ANHAMMNKA YaCTuLbl
B NPSAMOYFO/IbHOM W SANUNTUYHECKOM bunamnapaax ¢ MeaneHHo N3MEHS LM -
CA rpaHnLLAaMIW; OUHAMUNKA NJIOCKOA KYOHOBCKOW 334341 Tpex Te, ABAstoLeics
KJ1ACCMYECKON MOLENBIO MOJIEKYNISIPHBIX CUCTEM TUMA MOJEKYISIPHOTO UOHA BO-
aopogaa.

[NepBbili knacc 3afay4 NpPOAOXKAET MPUBEKaTb BHUMAHWE UCCNefoBaTeNeN
B CBA3M C U3YYEHUEM YCKOPEHUS 3aPSXKEHHbBIX H4aCTUL, B KOCMUYECKMX Ny4ax W
NCCNefOBAHNEM HENHERHON ANHAMIUKIN 3apsi)KEHHbBIX HaCTUL, B J1a3epHbIX YCKO-
putensix [15, 16, 17].

3afava O AMHAMUKE JIMHUIA TOKa B MOAENN MJaBHO-HECTALMOHAPHOIO KOH-
BEKTUBHOIO TEYeHUsi, pacCMaTpnBaemasi B paboTe, cxoxa C 3afadveil, koTtopas
M3y4anacb TEOPETUHECKN 1 SKCeprMeHTanbHO B pabotax T.Conomona [18]. Mo-
Aenb NpefncTaBnseT coboii psi KOHBEKTUBHbIX BasoB, KOTOPbIA Nof AeACTBU-
eM BO3MYLLEHUS MeAJIEHHO OCUUANNPYET B HaMpPaBAEHUUN, NEPNEHANKYIAPHOM K
ocsiMm BasioB. PaHee Takoe TeyeHme nccneaoBanock Anb As Cydas BbICOKOYa-
CTOTHbIX OCUUNNALNE CneynanbHOro BMAA, @ BONPOC O AWHAMUKE CUCTEMbI MOA
BINSIHNEM MEANIEHHOMO BO3MYLLEHNS ODLLEro BnAa OCTaBaNCs OTKPbITHIM.

Tpetnii knacc 3aga4y — ANHAMWKA HacTULbl B NPSIMOYTOJIbHOM W SJIUNTUYE-
CKOM bunnmapgax ¢ MeASIEHHO W3MEHSIIOWMMMICS TPaHNLAMK — SIBNSIETCS aKTy-
aNbHbIM B CBSI31 C BO3MOXHOCTbIO NMPUMEHEHNSI Pe3yNbTaTOB A/st TeopeTuye-
CKOTO NCCNEefOBaHNS [BUXKEHWUSI aTOMOB B 3/1EKTPOMArHUTHBIX oBywWwKax [19)],
pacnpoCTpaHeHusl BOJIH B BOJHOBOAAX B MPUOAVKEHUN FEOMETPUYECKO ONTu-
k. Kpome TOro, ocTaBancst OTKpbITbIM BOMPOC O NPUMEHUMOCTI 0DLLER Teopun,
pa3BuTon gnst rnagkux cuctem [20, 21], k aTum bunnnapgam.

"3apaua Tpex Ten" [22] sBnsietcs ofHON 13 CaMbix 3HAMEHUTBLIX 33434 Kac-
CMYECKON MeXaHUKM 1 NCCNERYETCs Ha NPOTskeHun yxxe bonee vem 240 nert [23)].
OHa BO3HMKAET Npu paccMoTpeHun npobnem HebecHol mexanukn [24], ogHo-
3JIEKTPOHHBIX MONEKYASAPHBIX UOHOB [25, 26], BbICOKOBO3DYKAEHHBIX COCTOSIHNIA



B aToMax [27], ak3oTnueckmnx monekyasipHbix cuctemax [28]. B sagaqax tpex ten
MacCbl B3aMMOAEACTBYIOLNX HaCTWL, 4aCTO Pa3nnNyatoTcs Ha nopsigkn (To ecTb
Macca HEKOTOPOIi 4acTuLbl ropasgo bosblue ocTasbHbIX, UM HaobopoT). B rpa-
BuTaumoHHol 3agave tpex Ten (F3TT) cunsl nputs>keHns Mexay Hactuuamu
3aBNCSAT OT MX Macc, B TO BPEMsl KaK B Ky/lOHOBCKO# 3agade Tpex ten (K3TT)
CUJ/Ibl B3aUMOZENCTBUS 3aBUCAT OT 3apsiloB 4acTULl, KOTOpPble ODbIYHO SBAAIOT-
cs BeN4MHaMu oaHoro nopsinka. B pesynbtate uccnegosanue K3TT ¢ Touky
3pEeHNsl TEOPUMN BO3MYLLEHWI CYLLIECTBEHHO OT/MYaeTcs oT uccnegosanus [3TT
B HebecHoii MexaHuke. [lonHoe onucaHne AvHaMuKy B 3aZadve TPex Ten Aarke
B C/ly4ae ynpoLlaroLnx npegnonoxequii (bonblioe pasnuyme mMacc) sBAsSeTcs
OTKPbITOW NpobieMoii.

OcHoBHBIE 11eJT1 PAaOOTHI:

[Mpun nccnepoBaHm NoBeAeHNs PENATUBNCTCKON 3apS>XKEHHON YacTuLbl nof aeii-
CTBMEM MOCTOSSHHOrO OAHOPOAHOIrO MArHUTHOrO MOAS U NJOCKON 31eKTPOCTaTu-
YeCKOW MW 3NeKTPOMArHUTHOW BOHbI OCHOBHbIMU LIEASMUN SABASIOTCS:

® onucaHne CTPyKTypbl (Da30BOr0 NPOCTPAHCTBA CUCTEMbI U BO3SMOXHbIX TW-
NOB ABV>XEHUS YacTuULbl;

® BbIBOJ YC/IOBUIi BO3MOXXHOCTM 3axBaTa B PE30HAHC M HEOrpaHWYEHHOro
YCKOPEHUS HYaCTuubl;

e uccneposatune andpdysnn aanabaTnyeckoro NHBapuaHTa BCIeACTBUE MHO-

FOKPaTHbIX NEPEXOLOB Yepe3 pe30HaHC.

Mpu nccnegoBannu noseseHnst AnHUN Toka (TpaekTopuii NpobHbIX YacTuy) B
MOZENN MIaBHO-HECTALNOHAPHOIO KOHBEKTUBHOIO TEYEHUS OCHOBHbIMU LIENSMU
ABNSAIOTCA:

® BbIBOJ YCNOBUI BO3MOXKHOCTU KBa3WPErynsipHOro noBeAeHus AUHWUA TOKa
n TpaHcnopTa (gpelica) 4acTuy npumecn BCAeACTBUE STOTO;

e uccneposatune anddysnn aanabaTnyeckoro nHBapuaHTa BCIeACTBME MHO-
FOKpPaTHbIX MEPEXOOB Yepes cenapaTpucy;

® onpejeneHne XapakTePHOro BPEMEHN Pa3BUTUA XaOTUYECKOW afBeKuunn.



anI nccnenoBaHnn ABMXXEHNA H4aCTulbl B MPAMOYTOJIbHOM U SNJINNTUHECKOM
6|/|J1J1|/|app,ax C MEONEHHO N3MEHAKWNMNCA TPaHNUAMWN OCHOBHbIMW LUENAMU AB-
NAKTCA:

® VCCNefoBaHNE MOBEAEHUS aanmabaTn4ecknx UHBAPWAHTOB MpPU MPOXOXKae-
HUW Yepe3 Pe30HAHC; OLEHKA W3MeHeHNs afnabaTuyeCcKnx NHBAPUAHTOB B
Pe30HaHCHON obnacTu;

e uccneposatune andpdysnn aanabaTnyeckoro NHBapuaHTa BCIeACTBME MHO-
FOKPaTHbIX NEPEXONOB YepPe3 PE30HAHCHI;

® 1CCNefoBaHne BO3MOXKHOCTU npumenerns obuwein Teopun [20], passuToii
ANS TNagKux CUCTEM, K CUCTeEMAM C yaapaMmu.

I'Ipm nccnenoBaHnn pe€30HAHCHbIX ABNEHUNA B KyﬂOHOBCKOI7I 3aja4e Tpex Ten
OCHOBHbIMW UENAMN ABIAAKOTCA:

® MpUBeLEHNE FaMUIbTOHNAHA CUCTEMbI MYTEM KaHOHUYECKUX Npeobpa3osa-
HWTi K BUAY, AOMYCKAOLLEMY BOSMOXXHOCTb NpuMeHeHns obuyel Teopun [20];

® VCCleoBaHne NOBeAeHUs aanabaTU4eckux WHBAPWAHTOB MPU MPOXOXKIe-
HUW Yepe3 Pe30HAHC; OLEHKA W3MEHEHNS aanabaTny4ecKux NHBAPNAHTOB B
Pe30HaHCHO obnacTu;

® NCcegoBaHme BONpoCa O BOSMOXHOCTN 3aXBaTd B pE€30OHAHC B 3TOW CUCTe-
ME.

Hay4ynas HOBU3HA

PaspabotaHHble B nocnegrue rogsl Metoabl [20, 21] no3sonstor nposectu non-
HOE OnMMcaHne AMHAMUKIN B psife 3a4aY, A5 KOTOPbIX paHee NMEOoCh onucaHme
JLLb CNeuunanbHbIX pexxnMoB. B paboTe nposeaeHo nonHoe onucaHne AuHaMuKm
PENATUBNCTCKONA 3apsSXKEHHON Y4acCTULbl NO4 BANSHUEM OAHOPOAHOIO MarHUTHO-
O NOJsi U NOJSt BLICOKOYACTOTHOMN 31EKTPOMArHUTHOR 1 /nnm anekTpocTaTnye-
ckoit BonHbl. VlccneposaHa cTpykTypa ¢pa3oBOro nMpocTpaHCTBA CUCTEMBbI; MO-
ny4deHa dopmyna Aas CKavyka aanabaTnyeckoro MHBapraHTa Mpu MepeceqeHnm
PE30HAHCHOW MOBEPXHOCTW; YCAOBWE [ HEOTPaHWYEHHOTO YCKOPEHUs 4acTu-
Libl, 3aXBa4Y€HHON B PE30HAHC, B C/IyHae HAKJOHHOIrO PacnpOCTPaHEHNS BOJIHbI.
[TokaszaHO, 4TO HaKOMMEHWE CKAYKOB aamabaTu4eckoro MHBapuaHTa npu MHO-
FOKPaTHbIX Mepeceverunsix pesoHaHca npueoanT K anddysnn aanabatnyeckoro
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WHBapWaHTa; NPOBEfEH aHaNN3 CTATUCTUYECKNX CBOWCTB MOC/EN0BaTENBHOCTN
CKa4yKoB aanabaTnyeckoro nHBapuaHTa npu nepecedennn pesoHatca. ccnepo-
BaHa AWHAMWUKA JUHWIA TOKA B MOAEAN MIABHO-HECTALMOHAPHOrO KOHBEKTUBHO-
ro teyenns. Mogens npeacraBasieT coboil psifi KOHBEKTUBHbLIX BalOB, KOTOPbIiA
nof AeACTBMEM BO3MYLLEHWNS MEANEHHO OCLWAIUPYET B HanpaBieHUN, NeprneH-
ONKYNSAPHOM K OCSIM BasiOB. Takoe TeYeHue paHee WUCCAefoBaNoCh AUllb AN
C/ly4ast BbICOKOYACTOTHbIX OCLUMANsALmMiA cneymanbHioro suga. C nomolbio dop-
MYJbl A1t CKaYKa afinabaTMyeckoro WHBapuaHTa Mpu nepecedeHnmn cenapaTpu-
Cbl laHa OL|EHKA BPEMEHMN Pa3BUTNS XaoTU4eCKOi agsekuun. Haiaerbl ycnosus,
NpU KOTOPbIX B CUCTEME BO3MOXKEH MOYTU perynsipHblii TpaHcnopT. Vccnenosa-
Ha HeNnHeliHas AWHAMWKA 4acTuLbl B MPSIMOYrOJIbHOM W 3JIMNTUYECKOM Oui-
Anapaax ¢ MejleHHO U3MeHsioLLMMICs rpaHuamiu. [pogeMoHcTprpoBaHa BO3-
MOXHOCTb MpUMEHeHUs obLLel Teopun, pa3BUTOl ANS FNAAKUX AUHAMUYECKNX
cuctem, K aTum bunnuapaam. VlccnegosaHa HenuHelHas AMHaMnWKa 4acTul, B
MJIOCKON KYJIOHOBCKOW 3aja4qe TPex Ten, SABJSAIOLWENCA KNACCMYECKOW MOAENbIO
MOJIEKYISIPHBIX CUCTEM THMNA MOJIEKYISIPHOro noHa Bogopoaa. HaligeHs! yncnen-
HO U ODBACHEHbI aHAMMTUYECKN XapaKTepHble OCODEHHOCTU SIBlEHUS 3axBaTa
B PE30HAHC W paccesHus Ha pe3oHaHce. [TokazaHo, YTO HaKOMJEHNE CKAYKOB
aanabaTnyecknx NHBAPUAHTOB MPU MHOFOKPATHLIX NMEPECEYEHNSAX PE3OHAHCHbIX
NOBEPXHOCTEN NpUBOANT K Anddy3un aanabaTnyecknx NHBAPUAHTOB.

Hay4anoe n nmpakTu4ieckoe 3Ha4YeHUE PAOOTHI

PesynbTaThbl paboTbl n3n0XKeHblI B 4eTbipex rnagax ancceptauun. NonyyenHbie B
nepBoii rnase ANCCEpPTALMN PE3YIbTAaTbl MOTYT ObITb UCMOAB30BaHbLI MpK NCCie-
[OBAHUUN HENNHERHON ANHAMUKIN 3aPSAXKEHHbBIX HYaCTUL, B 1a3€PHbIX YCKOPUTENAX
N YCKOPEHMNS 3apsSXKEHHbIX YaCTWUL, B KOCMUYECKUX Jy4ax; pe3yfnbTaTbl BTOPOI
rNaBbl OUCCEPTALMM MOTYT OblTb MCMNONBb30BaHbI MPU WCCNEA0BAHNN XaoTu4e-
CKOrO pa3MeLlnBaAHNSA NPUMECE U TPAHCNOPTA B MMAPOANHAMMNYECKNX TEHEHNSAX;
pe3ynbTaTbl TpeTbeli rNaBbl — NpU UCCNEA0BAHNE ABUXKEHNS aTOMOB B 3N1€KTPO-
MarHUTHbIX JOByWKax [19], pacnpocTpaHeHus BonH B BOJAHOBOAAX B npubimxe-
HUW TEOMETPUYECKOW ONTUKN W T.4; pe3y/ibTaTbl YETBEPTOW rnaBbl — Npu Uccne-
AOBaHNN aTOMHbIX U MONEKYASPHbIX CUCTEM B KBa3MKaCCU4YeCKoli obnactu.



O6beM U CTPYKTypa JUCCEPTAINN

[nccepTauns cOCTOUT U3 YeTbIpex r1aB, BBEAEHUS U 3aKTHOUYEHNS, U3JIOXKEHA HA
163 cTpaHMLax MaLIMHONWCHOIO TeKCTa U copepnT 58 pucyHkos n 95 Haume-
HOBAHWIA B CMUCKE LUTUPYEMON NUTEPATYPHbI.

Anpobarus pe3yiabTaToB

OcHoBHble pe3ynbTaThl paboTbl ONybMKOBaHbI, OHU AOKIA4bIBaNANCh U 0DCYKaa-
JINCb Ha MEXAyHapoAHbIx KoHdepeHuusx Equadiff -99 (Bepaun, 1999), "Cospe-
MeHHasl TEOPUSt AUHAMUYECKNX CUCTEM 1 €€ NPUNOXKeHNs B HeDeCcHOR MexaHuke"
(Mocksa, 2002), Hayunbix cemunapax 8 PHL, "Kypuatosckuii uncrutyt", 8
MTV, B nctnTyte M.Tnanka dusnkmn cnoxtsix cuctem (Fepmannst), UK PAH.

Mo Teme gucceptauun onybnukoeaHo 6 paboT, CMUCOK KOTOPbIX MPUBEAEH B
KOHLie aBTopedepaTa.

2 Conaepxanne padboThI

B mepBoii ri1aBe B paMkax TeOpumn BO3MYLLEHWIE pacCMaTpuBatoTCs 3a4adm O
ONHAMUKE 3aPSAXKEHHON HaCTULbl NOL AEACTBMEM NOCTOAHHOIO MAarHUTHOIO MO
W NAOCKOM 3NEKTPOCTAaTUYECKON BOJIHbI, NN KOMOMHALMMN N3 NAOCKONA 31eKTPO-
CTaTUYECKOl 1N 3NeKTPOMarHUTHOW BONHbI. BonHbl npegnonaratoTcs BbICOKOYa-
CTOTHbIMU. [IBUXKEHNE ONNCHIBAETCSA FaMUILTOHNAHOM C 2 CTEMEHSAMU CBODOAbI
(B Ge3pasmepHbIx NepPEMEHHbIX):

H=—vl 4+ [14+1*+p*+ ¢*+ 2Igsina — 2(qry cos a cos ko + pry sin ke) +
+O(52)]1/2 + epcosko,

roe (p,e 1q) n (¢, I) — napbl KaHOHMYECKN COMPSYKEHHbIX MepeMeHHbIX, Qv -
Yroa MeX[y HanpaBAeHWeM MarHUTHOMO MOASA 1 BOJHOBLIM BEKTOPOM MJIOCKOIA
BOJIHbI, € — MaNblii napameTp.

[aMUNBTOHNAH CUCTEMbBI MOXHO Pa3feNnuTb Ha HEBO3MYLLEHHYIO 4acCTb

Hoz—v]—|—\/1—|—12—|—p2—|—q2—|—21qsina (1)
n Bo3myllerne eH; = H — Hp, KOTOpoOe MOXHO NpeAcTaBUTb B BUaE

qro cos acos ko + pky sin k¢
—€
V1I+ 1?4+ ¢+ p? +2[gsina

eHy = +epcoskd +O(e?).  (2)
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B npoctpatctee (I,p,q) ypasHenue Hy = const onpeaensieT n3oaHepre-
TUYECKYIO MOBEPXHOCTb (MpW ABUXKEHUN 4acCTMLA BCE BPEMSI HAXOAMUTCS B E-
OKPECTHOCTU 3TON noBepxHOCTH ). B 3aBncumoctun ot cooTHowewnnii mexay Hy,
U, N (v 3Ta NOBEPXHOCTb BTOPOro NOpsiika MPUHUMAET pasfinyHblii BUS.

Jlerko 3ameTnTb, 4TO CMCTEMA MMEET [Ba BPeMeHHbIX macwTaba: nepemeH-
Has @ ABNSeTCS DbICTPOIA, OCTasbHble NepeMeHHble — MeaneHHble. CnefoBaTenb-
HO, ecn ¢ # 0, AMHAMUKY CUCTEMbI MOXKHO M3y4aTb C NOMOLLbIO METOAA YCPEA-
HEHWS.

YcpeaHsist ypasHeHus ABmxeHus cuctembl (1) no bbicTpoli nepemerHoi ¢, no-
nydaem I =const. CnefoBaTesibHO, B 3TOM NPUOAVIKEHNN TPAEKTOPUS HaCTULbI
B koopauHaTax (I,p,q) ABAsieTCA nepeceyeHMeM W303HEPreTUHecKol NoBepx-
HocTu Hy =const u nnockoctu I =const. Hazosem 3Ty Tpaektoputo agunaba-
TUYeCKOn (OHa ABNAETCA JTAPMOPOBCKOIA Opr)KHOCbeO). B pelicTtBuTensHocTu
3HayeHne [ COXpaHsIeTCst BAOIb TPAEKTOPUM BAANN OT Pe30HAHCA C TOHHOCTbLIO
MOpsiika € Ha BPEMEHHbIX MHTepBanax nopsgka 1/e.

MeTog ycpeaHeHust HEMpUMEHUM B OKPECTHOCTU pe3oHaHca, rae OHy /01 =
0. Boonb TpaekTopuu, KoTopas nepecekaeT pe30HaHC, 3HadeHne [ MOXeT n3me-
HUTbCS 3HAYUTENBHO BCIEACTBUE SIBJEHUIA 3aXBaTa B Pe30HAHC 1 pacCesHns Ha
pe3soHaHce. [lpn 3axBaTe B pe3oHaHC pa30Basi TOYKAa MOKMAAET OKPECTHOCTb
aanabaTnyeckoil TPaeKToOpWUN U ABUXKETCS BLONb PE30HAHCHON MOBEPXHOCTH.
[Mpy 5TOM B 3aBMCUMOCTU OT NapaMeTPOB CUCTEMbI pa30Bas TOHKA MOXKET OO
OCTaTbCsl 3aXBa4YEHHON B PE30HAHC BEYHO (H4TO MPUBOAUT K HEOTPAaHUYEHHOMY
YCKOPEHMto), MbO NOKMHET PE30HAHC MO MPOLIECTBAN HEKOTOPOrO BPEMEHM U
NPOLOKNT CBOE JBVXKEHWE BAOb APYroi afnabaTu4eckoli TpaeKToOpuu.

HauanbHble ycnoBna ans TpaekTOpUiA C 3aXBaTOM B PE3OHAHC 1 TPAEKTOPWA,
nepecekatoLLnx pe3oHaHCHY0 obnacTb be3 3axBaTa B pPe30HAHC, NMepemellaHbl B
(ha30BOM MpPOCTPaHCTBE CUCTEMbI, ecnu € Mano. Manoe, nopsiaka €, U3MeHe-
HUE HaYasbHbIX YCNOBU TPAaeKTOPUU MOXKET CYLLECTBEHHO M3MEHUTH XapaKTep
auxerusi. CnefoBaTenbHO, UMEET CMbIC/A pacCMaTpUBaTb 3axBaT Kak Cly4alii-
Hoe CODbITVE U NCCNenoBaTb €ro BEPOSTHOCTb. DTOT MOAXOA NS CUCTEM C ne-
pexofamu 4Yepes cenapaTpucy 6bin npegnoxer B ctaTbe [29]. B gucceprayuu
NOKa3aHO, 4TO MpU BbINOJAHEHUN OMPEAENEHHOrO YCNOBUS 3aXBaYeHHast B pe3o-
HaHC (pa30Basi TOYKA OCTAETCS 3aXBAaYEHHON BEYHO (PEXKUM HEOTPaHUHEHHOTO
yCKOpeHUst).

@a30Bas TOYKa, Nepecekatollasi pe30HaHCHYIO MOBEPXHOCTL Oe3 3axBaTa B
PE30HAHC, UCMBITLIBAET CKAYOK agnabaTnyeckoro nHBapuanTa nopsiaka /€. Mo-



nydeHa opmMyaa 4ns 3TOro CKavka, KoTopasi NpoBepeHa YncieHHo (ans ciyyas
HICTO SNEKTPOCTATUHECKON BOSHbI). MHOrOKpaTHblE NEPEXOAbI HEpPe3 PE3OHAHC
NpueoaaT K auddysun agnabatnyeckoro nueapuanTa. Viccnenosatsl ctatucTu-
YecKme CBOICTBA 3TOro MpoLecca, NoayyYeHbl OUeHkn ans koadpduunerTa and-
dy3uu.

Bo BTOpOIi ritaBe Teopus afgnabaTnyeckux NHBAPUAHTOB MPUMEHSIETCS MPW
NCCeNOBaHNN ABYMEPHOTO HECTALMOHAPHOTO TEYEHUS, ABASIOLLErOCS MOAENbIO
TedeHus B skcnepumenTax T.Conomona [18] no pasmewwmsatuo npumeceii. Pac-
CMaTPUBAETCA TeYeHNe, NpeacTaBnatoulee Cobol psf, KOHBEKTUBHbLIX BasOB, KO-
TOPbI/i MEANEHHO OCLIMINPYET B HAMNpPaBAEHUU, NEPrEHINKYNSAPHOM K OCSIM Ba-
JI0B.

[Mocne nepexoaa K ABUXKYLLEACS CUCTEME KOOPAWHAT raMuUIbTOHNAH CUCTEMbI
NPUHUMAET BUZ,

H(y,x,7) =sinzsiny + eyG(7), 7 =¢t, (3)

rae G(T) — HekoTopas Bo3MyLatowas yHKLNS.

B cnydae manbix € 3aga4a MOXET ObITb PacCMOTPEHA B TEPMUHAX COXpa-
HeHMsa agmabaTuyeckoro nHeapuaHta. Koraa Bo3myleHHast ¢pa3oBast TPaeKkTo-
pusi (MMHWS TOKa) nepecekaeT CenapaTpucy HEBO3MYLLEHHOW CUCTEMbI, 3Haue-
HUe aanabaTNyeckoro MHBApUaHTa UCMbLITHIBAET CKadyok. [TokasaHo, 4To Takue
CKayky aamnabaTnyeckoro MHBapuaHTa npu NOCAEA0BaTENbHbBIX MEPEXOAaX Yepes
cenapaTpucy KOppenmpoBaHbI.

DTa KOppensiumst pa3pyLluaeTcs TONbKO TOrga, Korga 3HadeHue asbl, onu-
CbIBAIOLLEN Mepexo[ Yepes cenapaTpucy, NONafaeT B HEKOTOPLIA OnpefesieHHbIiA
Masiblii MHTepBan. Takas koppensauus sameanser auddysunto agmabaTnyeckoro
nHBapuaHTa. Ecin Obl agnabaTudecknii MHBApUaHT COXPaAHSACS BEYHO BAOJb
has0BbIX TPAEKTOPUI CUCTEMBI, TPAHCMOPT B CUCTEME Dbl Obl perynsipHbiM
(TO ecTb TpaekTOPUM NPOBHbBIX HaCTUL, B paclUMpeHHOM (ha30BOM MpPOCTPaHCTBE
nexxanu Obl Ha MHBaprMaHTHLIX Topax). Xopolee (XOTs He BEYHOE) COXpaHe-
HUe aanabaTMyecKoro NMHBapuaHTa B CUCTEME MPUBOANT K MOYTW PEryasipHOMY
TpaHcnopTy Ha Bonblimx Bpemenax (nopsagka e °lne). B cnyyae BosmyleHus ob-
Liero Buga Kanssi nacCuBHONA npumecn (Hanpumep, Kpacki), MOMELLEHHON nep-
BOHa4aJIbHO B HEKOTOPYH KOHBEKTWBHYIO si4eliky, pacnjibiBaeTCs Ha PacCTOsiHME
nopsigka € °. DTO pacnibliBaHUE CUABHO OTAMYaeTCs OT obblyHol Andbdy3sny.
B wacTtHoCTW, AnameTp obnactu, OKpPALLUEHHOWN KPaCKOW, pacTeT NMOYTU JNHERHO
co BpemerneM. B paccmatpuaemoii 3amade ¢ nomousto OpMynbl AN CKay-



Ka afnabaTMyeckoro WHBapuaHTa Mpu nepeceyeHnn cenapaTpuchbl faHa OLeHKa
BPEMEHU Pa3BUTNSA XaOTUYeCcKoi aasekunn. HaligeHbl ycnoBusi, npu KOTOpbIX B
CUCTEME BO3MOXKEH NMOYTU PerynspHblii TPAHCMOPT.

B TpeTbeil rjiaBe paccMaTpuBalOTCsS ABe 3afayqn O AMHAMUKE HacTUlbl
B NPSIMOYrOJIbHOM UM 3JINNTUYECKOM Ouinmapaax ¢ MeaseHHO ABUXKYLIMMUNCS
CTEHKaMWU.

PaccMoTpuM HacTuuy, ABUXKYLLIYIOCS B ABYMEPHOM MPSIMOYrOfibHOM buinun-
apae, KOTOpblii MefIeHHO BPaLLAeTCs C MOCTOSAHHOW YrioBOl CkopocTbio w > 0.
CuynTaercs, 4TO YaCTMLA B3aVMOAECTBYET CO CTEHKAMU MO 3aKOHY YNPyroro ot-
pakeHns. [aMUNbTOHMAH CUCTEMbI BO BpaLLatOLLEACs CUCTEME KOOPAWHAT NMEET
BUL

1
H = 5(]9% +P§) +w(pige — p2q1) + U, g2), (4)

rAe Pi, ¢; — KAHOHNYECKN CONPSIXKEHHbIE UMNYAbChl 1 KOOPANHATHI COOTBETCTBEH-
Ho, @ U(q1,@2) — noTeHuman, onucbiBatownii BO3AEACTBUE TBEPAbLIX CTEHOK:

00, ecan |q1| > dywan |ga] > da,

U(qlan) - 07 ecsqin |C]1‘ < dl; ‘Q2| < d2’

(5)
roe 2d; — anuHbl cTopoH bunavnapaa. Jnunel cTopoH bunnnapaa SBAsSOTCA Mea-
nentbiMn dyHkumsmn spemenn: d; = d;(et), roe € ~ w <K 1 sBasercs mansiv
napaMeTpomM.

Ons HeBO3MyLeHHON cncTembl (0e3 BpaLLeHNst N ABUXKEHUS CTEHOK) MOXKHO
C NMOMOLLbIO KAaHOHWYECKOrO npeobpa3oBaHns BBECTU NepemeHHble aelicTBue -
yron (I;, ¢;), i =1, 2.

Cucrema HaxoanTCst B pesoHaHce (M:n), eCin BLIMOMHSETCS ClefytoLee pe-

30HaHCHOE yCOoBNE
mh _ LIQ —0
i di

rAe m,n - uenbie 4ucha,

Mpu Hann4um BO3MyLLEHNS NepeMeHHble [; sBNSIOTCS NpubanKeHHbIMN agna-
baTNYECKMMI NHBAPUAHTAMU: OHU XOPOLLO COXPaHSIOTCS BCIOAY, KPOME OKPecT-
HOCTEN pe30HaHCOB Manoro nopsiaka (Nopsigok pesoHaHca k = |m| + |nl).

C u3mMeHeHneM BpeMeHN U3MEHSIOTCS 3HaYeHnst d;, N 4acTnua, nepeoHaYab-
HO fafiekasi OT pe30HaHCca, MOXeT Npuban3nTbes K Hemy. B pesynstate B cucre-

Me HabntogatoTcst abdekThbl paccesiHUst Ha pe3oHaHCax WU 3axBaTa B Pe30HaHC.



[MpoaeMOHCTpUpOBaHO, 4TO obLLas Teopus, pa3BuTas AN FafKUX CUCTEM, XO-
POLLIO ONWCHIBAET ABNEHUSA, NPONCXOAALLME B JAHHOW CUCTEME.

AHanornyHas cuTyauus umeeT MeCTO U 1A SNANATUHECKOro bunnuapga.
[aMUNBLTOHMAH HEBO3MYLLEHHONW CUCTEMBI B SNAMATUYECKUX KOOpAuHaTax & =
i+ 1y, m = 11 — 19 (1,72 — PACCTOSIHUA MexXZy 4YacTuueli n dokycamu
bunnnapga, paccTosiHne mMexxay hokycamu — 2¢) UMeeT Cneaytowmni Bua;:

2 4 2 4 2 2
_ 2&° —dc 2 2C” — 1)
Hy = QPgﬁ +2p,———5 + U(, a), (6)
—1 £ —n
roe a - bonbwas nonyocs, a U(€, a) - noTeHunan Teepaoii ctenkn bunnnapaa:

(7)

HeBO3MyLLI,eHHny CNCTEMY MOXHO PaCCMATPMBATE KaK ABA HECBA3AHHbIX MEXAY

| oo, ecnu § > 2a,
Ulg,a) = 0, ecm & < 2a.

coboit HenuHelHbIx ocumansTopa. Kak n B ciiydae npsimoyroasHoro buannapaa,
BBOAATCS NepeMeHHble aelicTeue - yron. B Bo3amylleHHO cncteme nepemerHble
" neficTBue" xopolwo CoxpaHstoTCS BAAAU OT Pe30HAHCHbLIX MOBEPXHOCTEN, Mpu
NPOXOXAEHWNN Yepe3 Pe30HaHC HabtogatoTcs adpdekThl 3axBaTa B PE30OHAHC 1
paccesiHnsl Ha pe3oHaHce.

B derBepToii riiaBe gucceprtaumm WCCNEAYIOTCS PE30HAHCHbIE SBIEHUS
(3axBaT B pe30HAHC 1 paccesiHne Ha Pe30HAHCE) B KYNOHOBCKON 3ajade Tpex Tes.
B 3agavax Tpex Ten macchl B3aUMOAERCTBYOWMX YacTuL 4acTO Pa3/inyatoTcs
Ha nopsigki (TO eCTb Macca HEKOTOPON HacTMUbl ropa3go bosblue OCTaNbHbIX,
uan HaobopoT). B rpasnTaumonHol 3agade tpex Ten (F3TT) cunbl nputsxe-
HUSE MEXAY 4acTuLaMiy 3aBUCAT OT UX MacC, B TO BPEMSI KaK B KYJIOHOBCKO
3apaye Tpex Ten (K3TT) cunbl B3auMoaeicTens 3aBUCAT OT 3apsijoB HacTul,
KOTOpPble ODbIYHO SBASIOTCA BENMYUHAMUN OAHOrO nopsiaka. B HacTosiwen auc-
cepTauuu paccMaTpuBaeTcs kKnaccudeckast auHamuka nnockoii K3TT, sensto-
Ljelics MoZenbio CUCTEM TUMA MOJEKYNSPHOTO NoHa Bogopoga Hy : ase Tskenble
3apskeHHble YacTuubl (mMaccoii M ) n ogHa nerkas (maccoit m).

[Mocne kaHOHUYEeCKUX Npeobpa30BaHuii, NPUBEAEHHbBIX B YETBEPTOI r1aBe ANC-
cepTaumm, CUCTEMA OMUCHIBAETCS FaMUIBTOHNAHOM C TPEMs CTEMNEeHsIMN CBODO-
Abl C OLICTPBIMMN 11 MEAJIEHHBIMMN MEPEMEHHbBIMI:

1 P2 P24+ P2 2
H = 1 Pé—kf{(g—kg—mE (cosh 2v — cos 2u) + ”]; L — :;coshv
+ R (P sin2u— Pysinh20) 4 £ 0 (P,sinh 20+ Pysin2u)  (8)
€5 (Fusin2u — Py sinh 2v) + e s (Pysinh 2v + By sin 2u

10
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4R?

roe m, M - Mmaccbl Nerkoii n TSXKesbix YaCTul, COOTBETCTBEHHO, [/ - 3HaYeHue ra-

+ (P; 4 P) (2 + cosh 2v + cos 2u) = Fy + eFy + O(e%) = 0,

MWUIbTOHMAHA CUCTEMbI B UCXOLHbBIX EKAPTOBbLIX KOOPAMHATAX, Masblii NapaMeTp
e = /m/M. Tpn 3aMOpPOXKeHHbIX MefieHHbIX nepementbix (Pr, R) n B npe-
Hebpexenun yneHamu O(g) cuctema MHTErpupyema, AOMYCKAeT BO3MOXXHOCTb
BBEAEHUS MepeMeHHbIX aelicTBre - yro. B Bo3aMyLueHHON cucteme nepemerHble
' neficTBue' ' xopolo coxpaHatOTCAa BAAAM OT PE30HAHCHBIX MOBEPXHOCTENR, Mpu
NPOXOXAEHUN Yepe3 pe30HaHC HabogatoTcs adpdekThl 3axBaTa B PE30OHAHC 1
paccestHnst Ha pe3oHaHCe.

OcHoBHBIE pe3yJibTaTbl 1 BbIBO/bI

1. Ha ocHoBe aHanu3a HesMHERHOW 3afa4n UCCAEeN0oBaHbl MPOXOXKAEHUS Ye-
Pe3 PE30HAHChl U 3axXBaTbl B PE30HAHC B AWHAMUKE PENSTUBUCTCKON 3apsi-
XKEHHOW YacTuubl Nog BAUSHUEM OAHOPOAHOrO MArHWTHOIO MOAS W MOAS
371EKTPOMArHNTHOV 1 /Unu 3neKTpocTaTnYeckoii Bontbl. Monyyexa popmy-
Na A15 CKaYka aanabaTnyeckoro nHBapuaHTa npu nepeceyeHnmn pesoHaHc-
HOM MOBEPXHOCTM, YC/IOBME HEOTPAHNYEHHOIO YCKOPEHUS YaCTULbl, 3aXBa-
YEHHON B PE30HAHC, B CJy4ae HaKJIOHHOrO pacnpoCTpaHeHns BoHbl. [Noka-
3aHO, YTO HAKOMJIEHME CKAYKOB afnabaTyeckoro NHBapuaHTa npy MHOro-
KPaTHbIX MEPeceveHnsix pe3oHaHca NpUBOANT K Andpdy3un agmabaTunyecko-
ro uueapuanta. [lpoBepeHbl CTaTUCTUYECKME CBOWCTBA NOC/IEA0BATENbHO-
CTV CKAaYKOB aAnabaTNyeckoro MHBapuaHTa Npu NepeceyeHnit pe3oHaHca.

2. NlccnepoBaHna HenvHeliHas AnHamMuka IMHWIA TOKa B MOLEMN MAABHO - HECTa-
LIMOHAPHOTO KOHBEKTUBHOrO TeveHust. C nomoLblo hopMyibl ANs CKayKa
aanabaTMyecKoro NHBapuaHTa npu NepeceyeHny cenapaTpuchl faHa OLeH-
Ka BPEMEHW Pa3BUTUS XaOTUYECKOW aaBekunn. HaligeHbl ycnosus, npn Ko-
TOPbIX B CUCTEME BO3MOXKEH MOYTU PEryaspHblli TPAHCNOPT.

3. lccnepoBaHa HenuHeliHasa AguHaMuKa H4acTulpbl B NPSIMOYFOIbHOM U 3/1/1UM-
TNYECKOM bunnnapgax ¢ MeAjeHHO n3MeHsaLlWmuMncs rpaHutamu. MNpoge-
MOHCTPUPOBaHa BO3MOXHOCTb MPUMEHeHNs ODLLEeA Teopun, pa3BUTOR AN
FNafKUX OUHAMWYECKUX CUCTEM, K 3TUM bunnuapaam. HaiigeHbl yucnen-
HO 1 ODBSACHEHbI aHANNTUYECKN SABNEHUS 3axBaTa 4acTWUL, B PE3OHAHC W
PacCestHNsl Ha pe30HaHCe.

11



4.

lccnepoBaHa HennHeliHast AMHAMKUKa YaCTHL, B NIOCKOV KY1OHOBCKOI 3a4a-
He Tpex Tes, SABASIOWEACS KNAaCCUYECKOV MOAENbIO MOJEKYNSPHBIX CUCTEM
TUNa MOJEKYNSPHOro MOHa BoAopoda. HaligeHbl 4ncneHHO M OObBbsICHEHbI
aHaNTNYECKUN XapaKTepHble OCODEHHOCTMN SIBNEHUS 3aXBaTa B PE30HAHC W
paccesiHusi Ha pe3oHaHce. [Toka3aHo, HTO HaKoMeHne CKavykoB agmabaTu-
HECKUX UHBAPWAHTOB MpU MHOTOKPATHbIX MEpPEeCceYeHnNsX PE30HAHCHbIX MO-
BEPXHOCTEN NpUBOAUT K Ancbdy3un afnabaTuyecknx MHBapUaHTOB.
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