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1. BBEAEHUE

UcciemoBanne HeJMHERHBIX BOJH PAa3IMIHON u-
3UYECKON MPUPOIBI — ITO B MEPBYIO OUYEPEb IIOUCK
BO3MOXKHBIX B JIAHHOI CHCTEMe KOI€PEeHTHBIX CTPYK-
Typ. Iloxasyit, HanboJiee U3BECTHBI TAKUE JOJITOKUABY-
e 00beKThI, KAK COJIMTOHBL U BUXPU (CM., HAIIPUMED,
[1-7]). BosbImoit nHTEpEC IIPEJICTABISAIOT TAKIKE CTPYK-
TypbI, 00pa3yIomuecs: B Pe3yJIbTaTe Pa3BUTHS Pa3HO-
ro pPofia HEyCTOWYMBOCTEH. FPKUM IPUMEPOM SIBJISIET-
ca meycroiuusocth Kesppuna —Lenbvrosbua (HKT),
MMEOIas MEeCTO B XKHMJKHUX CHCTeMaX IIPU HaJIUIUU
TaHTEeHIIUAJBLHOTO pa3pbiBa B moje ckopoctu. OTHO-
CHTEJIbHO HEIABHO ObLI ODHApY?>KeH KBAHTOBBLIN aHa-
JIOT TOH HEYCTOIYMBOCTH B CBEpXTeKydeM >He [8-11].
HKT rak>ke nu3BecTHa 1J1d 1By XKOMIIOHEHTHBIX YJIBTPa~
XOJIONHBIX Ta30B (603e-KOHJICHCATOB) B PEXKUME IIPO-
CTPaHCTBEHHOTO paszesnenus a3 [12-14], rae oHa Teo-
pPeTHYECKN M3ydaJiach HAPSIy C APYTAMHA aHAJIOTaMU
KJIACCUYECKUX TUJIPOJIMHAMUIECKUX HEYCTONINBOCTENH
[15-20]. ITpumep 603e-KOHIEHCATOB OCOGEHHO HHTEpE-
CeH, TOCKOJBbKY B IIpeJiesie HYJIEBOII TeMIepaTyphl Ta-
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Kr€ Pa3peKeHHbIE CHCTEMBI XOPOIIO OIUCHIBAIOTCH 0~
BOJIBHO IIPOCTOIl M YHHUBEPCAJbHON MaTeMaTUdecKOn
MOJIEJIBIO — CBSI3aHHBIMU HEJIMHEHBIMU YPABHEHUSIMU
Ipegunrepa [21-27] (B dbusnke xoa01HBIX 603¢-Ta30B
OHU Ha3BIBAIOTCH ypasHeHusiMu ['pocca-Iluraesckoro).
B 6unaproM 603e-KOHIeHCATE, IOMUMO TEMHBIX COJIHU-
TOHOB M KBAHTOBAHHBIX BUXPEll B KaXKI0U U3 IBYX KOM-
[TOHEHT, BO3MOXKHBI €eIlle JIOMEHHbIE CTE€HKHU, OOYCJIOB-
JIEHHBbIE JIOMUHUPOBAHHMEM IIEPEKPECTHOIO HEJIMHENHO-
ro B3amMmozeticrBus. Jlomennas crenka obJagaer 3gd-
eKTUBHBIM OBEPXHOCTHBIM HaTszkenueM [24, 28, 29,
KOTOPOE CYIIECTBEHHO yYaCTBYET B JUHAMUKE TPAHUIIBI
pa3zesia Ha BCEX CTAIAAX PA3BUTHHA HEYCTONIUBOCTH.

Kaxk uzBecTHO, CBsI3aHHBIC HEJTUHEHHDIE YPABHEHUS
IIpeaunrepa (HYII) BO3HUKAIOT [pH UCCIIEIOBAHUN
MHOIMX (DU3HIECKUX CHCTEM. B 4acTHOCTH, OHU NIpH-
OJIMZKEHHO OIUCBHIBAIOT PACIPOCTPAHEHNE KBa3MMOHO-
XPOMATUYIECKON CBETOBOI BOJIHBI C JIBYMsI KPYTOBBI-
MU THOJISIPH3AIMsAMUA B ONTHYECKOH cpene ¢ Keppos-
cKoii HenmueiinocTsIo [30]. Boamoxkuas pasuuna ¢ 603e-
KOHJIEHCATAMHU 3aKJII0YAeTCS B TUIEPOOJUICCKOM TH-
e TPEXMEPHOTO UCIEPCHOHHOTO OIlepaTropa B CIIy-
4Jae HOPMAaJIbHOM orrrryeckoit puctepceun. Ho st aro-
MaJbHON jaucrepcuu u AedOKYyCUPYIOmEel HeJnHel-
HOCTH yPaBHEHUS MAPAKCUAJIBHON ONTHUKA MAaTeMaTU-
YECKHM JKBUBAJIEHTHBI JBYM CBS3aHHBIM yPABHEHUSIM
I'pocca—IlurtaeBckoro, B Koropbix paszsuBaercsa HKI.
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Bonee Toro, mpu paccmoTpenun mpocTPaHCTBEHHO JIBY-
MEpHBIX pellleHnii, Kak B paborax [12—14], Tun qucuep-
cuu (popMasIbHO HE BazKeH, IMOCKOJILKY OTCYTCTBYET 3a-
BHUCUMOCTBH OT COOTBETCTBYIOIIEN TpeTheil KOOPAUHATHI
(ecsin TOJIBKO He UHTEPECOBATHCH JIMHAMUKONW MAJIbIX
TPEXMEPHBIX BO3MYIIECHUIA).

Hamo ckazarh, 9TO B HEJIMHEHHON OINTHUKE TaKXKe
U3BECTHBI JIOMEHHBbIE CTEHKH, PA3JEeJIsionue 00JacTu
C IIpaBOU M JIEBOIl KPYTOBBIMH IIOJIAPA3AIAAMU CBE-
ra [31-40], ograko HKT' Takux nosepxHOCTEN pasie-
Jia OpU HAJUYIUU OTHOCUTEJIHHOI'O CIBUT'OBOTO TE€UEHUS
«CBETOBBIX JKHUJKOCTEe» JI0 CHUX IOp He paccMaTpuBa-
sack. IloaepkHaeM, UTO pedb 3/1eCh UJIET HE O TOH mep-
BUYHOU MOIYJISIIMOHHON HEYCTOMYMBOCTH IIPOCTPAH-
CTBEHHO OJJTHOPOJIHBIX JABYXKOMIIOHEHTHBIX CICTEM C J10-
MUHHUDYIOIIMM [E€PEKPECTHBIM OTTaJKuBaHueM [41-43],
KOTOpast, COOCTBEHHO, ¥ TPUBOJIUT K pa3jeseHuio das
qepe3 POPMUPOBAHNE JTOMEHHBIX CTEHOK, & PEUb HJIET
O BO3MOXKHOU HEYCTOMYMBOCTHU CTAIIMOHAPHON IeOMeT-
pudecKoit KOHUTYpAIUU yKe UMEIOIIENcs JTOMEHHOM’
cTeHKH (aHAJIOT — HEYCTONYUBOCTD TEMHBIX COJIMTOHOB
B opuokommonenTaoM HVYIIT [44, 45]). B stom cmbic-
se HKI' B cucreme cazanabix HYII mMoxkHO HA3BATH
propuuanoii. [lespro HacTosIEell pabOTHI ABJISIETCS TUC-
JIEHHas NEeMOHCTPAIud PA3BUTHUA TaKOU HEYyCTOMYMBO-
CTHU B paMKaX MOJIEJIM, MPUOJUZKEHHO COOTBETCTBYIO-
el apakCuaJbHOMY PacIpPOCTPAHCHUIO HEJIUHEHHOM
OIITUYIECKON BOJIHBI B JIOCTATOYHO IAPOKOM BOJHOBOJIE
KOJIBIIEBOT'O CEUCHUH.

2. OIIMCAHUVE MOJAEJIN

SamMernM cpasy Ke, 9TO IBOJIIOIUOHHON IIepeMeH-
HOl BMECTO BpeMeHHM ¢ B OITHUKE CJIYXKUT JUCTaH-
nusi ( BIOJIb OCH BOJIHOBOJIA, & POJIb TPEThbeil «IIpo-
CTPAHCTBEHHON» KOODIMHATHI UIPAET <«3aIa3/IbIBAIO-
mee» BpeMst

T=1- C/ Ugr,
IJie Vgy — IPYTIIOBasd CKOPOCTH CBETa B Cpejie Ha 3a-
JIAHHON HecyIei Jactore wy. Ilpu cpaBHenun ¢ 603e-
KOHJICHCATAMH CJIeIyeT BMeCTO ( UMEThb B BUY t, & BMe-
CTO T TO/Pa3yMeBaTh 2. B 6e3pa3sMepHbIX TEPEMEHHBIX
HeJinHeliHble ypapHenus [Ipeuarepa Jijisi MeJIEHHBIX
KOMIUTEKCHBIX orubatonux Aj o(z,y, 7, () 1eBoii u npa-
BOI KPYTOBBIX HOJAPU3AIUNA CBETOBOU BOJIHBI NUMEIOT

Buz (cm. [30-38])
0A 1
Z% = —§A+U(x,y)+|A1,2|2+g12|A2,1|2 A 2,

(1)
rJe
A=0;+09;+ 02
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— TpexMmepHblil onepaTop Jlamiaca B «<KOOpAMHATHOM»
upocrpancrse (x,y,7). B ciaydae HOpMasbHON muc-
nepcun 3HaK Tiepesi 02 MeHseTCs Ha MPOTUBOIOJIO¥K-
ubiit. [lorennman U(x,y) onpeessiercs npoduiaeM jiu-
3JIEKTPUIECKON TPOHUIAEMOCTH B TONEPETHOM Cede-
Huu BosiHOBOA. [lapamerp nepekpectroit pa3oBoit Mo-
JyJSIIUAA 1o B THIUYHOM CJIydae IIPUMEpPHO paBeH 2,
9TO COOTBETCTBYET PEKUMY paszeseHns has.
HamoMmunM, Ha KaKHX MPEIITOJIOKEHUSX OCHOBAHA
Mozieaib (1). DTa cucremMa BBIBOAUTCS s CITABOHEO, THO-
POJHOI cpebl, B KOTOPOii (poHOBasT AU3IEKTpUIecKast
[IPOHUIIAEMOCTh sBJIsiercsd byHKIMel dacTorsl &(w),
TaK 4YTO COOTBETCTBYIONIMI 3aKOH JIMCIIEPCHU HMeeT

BUL
k(w) = Ve(w)w/ec.

WnuTepecyomuii HaC AUANa30H aHOMAJILHON AUCIePCHN
rpymnmooii ckopocru (rue k' (w) < 0) HaxoauTCst 06bIY-
HO BOJIM3H HU3KOYACTOTHOTO Kpasd OKHA IPO3PaYHOCTH
(B peasIbHBIX BeIeCTBAX 9TO 9acTO HHGpaKpacHas 06-
JIACTB CIIEKTPA; CM., HapuMep, [46-48]). I3 ypasHenuii
MakcBesuIa clieflyeT, 9To B ONITHIECKOM BOJIHE 3JICKTPH-
yeckoe noste E um 1moJie snekTpuyeckoi umHIyKnun D
CBsI3aHBI ypaBHEHUEM

102D
2 o’ (2)

Mennennnie KoMminieKcHble orubaromue E u D BBogsT-
csl 3aMEHAMU

rotrot E = —

E = Re[E exp(iko( — iwot)],
D = Re[D exp(iko¢ — iwot)],

rue ko = k(wp) — Hecymee BosioBoe uuciio. IIpeamnoda-
raeTcsl cJabOHeIMHeiHas MaTepuasbHas 3aBUCHMOCTD
Kepposckoro Tuma

D =~ g(wo + i0y)E + E(z, y)E

+ a(wo)[EI”E + S(wo) (E - E)E”, (3)

¢ onepaTopoM £(wp + i0;), € IPOCTPAHCTBEHHON HEOI-
HODPOJIHOCTBIO £(Z,y) M C OTPHIATESHHBIMA (DYHKIU-
aMu « u § B nedokycupyromeM ciydae. Jlajee mpo-
U3BOIUTCS IIOJICTAHOBKA B (2), IpUYeM MaJiasi JuBep-
TEHIHS JEKTPUIECKOTO MMOJIsT He YIUThIBaeTCsI. Bo3Hu-
Kaloluil B Xo/ie mpeodpa30BaHuil JIMHEHHBII omepaTop
[ko —i0¢])* — [k(wo +i0;)]* npencrasisgercs B BUE Ipo-
U3BEJECHNST CyMMBI U pPA3HOCTH, TIOCJIE IE€T0 PA3IOXKEHIE
10 CTEIEHSIM OIlepaTopa O IPUBOJIUT K yPABHEHUIO BU-
Ja

2ko[—i0; — ikyOy + k{07 /2]E = s{E}, (4)

C TPaBOil YaCThI0, KOTOPasl BKJIOYAET B ceOs mMoIepet-
HBIA JIAIIACUAH, HEJIMHEHHOCTh U MPOCTPAHCTBEHHYIO
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HEOTHOPO/IHOCTh. B KOHIIE BBIBOJIA JIJIsI TIepexoia K CKa-
JISpHBIM QyHKIUIM Ap o ZeIaeTcss 3aMeHa

E~ [(e, +iey)Ar + (e, — iey)Ag}/\/ﬁ. (5)

Macmrrabom JjIs TOIMEPEIHBIX KOOPINHAT BBHIOMPA-
eTcsl HEKOTOPLIH GouibIoit napamerp Ry. Ilycts on Oy-
JIeT TOPsIIKa HECKOJBKHUX JECSITKOB JIJIMH BOJIH, T.€. JI0
OJTHOIl COTHM MUKPOMETPOB. 10r1a Ha MUPUHY TOMEH-
HOHM CTEHKH C HOPMAJIBIO IIOIEPEK IIyYKa IPU HHTEpe-
CYIOIIUX HAC MHTEHCHBHOCTAX BOJHEL [1 9 S 10 Gymer
[IPUXOIUTHCA HE MEHee JIeCATKA IJINH BOJH. FcTecTBen-
HBIM MAaCIITa0OM JIJIs TIEPDEMEHHON T SBJISIeTCS KOMOU-
Hanust koRod/wo, Te Ge3pa3MepHBIit TapaMeTp

6 = woy/ kg /Ko

XapaKTepu3yeT OTHOCUTEJbHYIO BEJIUIUHY IUCIIEPCUN
rpynnoBoit ckopoctu. C 3T0if KOMOWHAIMEH CBA3aHO
ycioBue koRod > 2w, obecrieymBaroriee KBA3UMOHO-
XPOMATUIHOCTH BOJIHBI TI0 iepeMenuoit 7. /lanmoe Tpe-
OoBaHME OKa3BLIBAETCS JOCTATOYHO OOPEMEHUTETHHBIM
[IpU MaJIBIX §, HO MBI OyJeM IpeJIojararb, 4To, IO
Kpaiiteit Mepe, § 2 0.3, U TOrJa HA MUPUHY JTOMEHHON
CTEHKH C HOPMAJbIO BJOJIb IIy9YKa MPUIETCS HE MEHEe
Tpex nepuooB BosH. [IpoobHast KoopauHaTa ( n3Me-
psercs B eqununax koRZ (HECKOJILKO CAHTUMETDOB), a
JIEKTPUIECKOE TI0JI€ — B eIIMHUIIAX

V' 2e(wo)/le(wo)|

koRo

Brernuuit moTeHIuag Toraa eCcTh

k3R2E

U=- 2e(wo)

B pesysbrare mosydarorcs 06e3pasMepeHHbIe ypaBHe-
uus (1), upuaem

B(wo)
a(wo)”

gi2=1+2

JIjis 9UCJIEHHOIO MOJIE/IUPOBAHUS 3€Ch MCIIOIb30-
BaJICS XOPOIIO cebs 3apeKoMenjoBaBmuii MeTos Dypbe
C PACHIEIUIEHHBIM IIAroM 110 nepementoii ¢ (split-step
Fourier method) Broporo mnopsijika AamIpOKCUMAIUH.
Ha npensapuresibHOM 3Tale HexKeaTebHbIE KECTKUE
creneHun CBOOOJBI ObLIN «IIOTANIEHBI» JUCCUIATHBHON
LPOLIEYPOii «PACIIPOCTPAHEHUST B MHUMOM BPEMEHU»
(imaginary time propagation). IlogpoGHOCTH TaKoro
HOJXO/a ONUCAHbL B paborax [38—40]. Boruuciurensuas
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statlls

Istar(r4)
Istar(r2)

U"Stat
oOFr N W AU N ®
T

Puc. 1. VaobHblii gnsi 4NCIEHHOro MOAENVNPOBaHUS Fnag-
knii notenuman U(r), NpUMepHO COOTBETCTBYIOLLNIA BOJHOBO-
LY KOJIbLLEBOTO CEYEHUSI C MIOCKUM LHOM N PE3KMMU CTEHKA-
MU, Takxe NokasaHbl paBHOBECHbIE NMPOOUAN NHTEHCUBHOCTA
BOJIHbI J151 3HAYEHUIN «XMMUYECKOro noTeHumanay u = 2,4, 8

obusiacTb umesa pasmepsl (67) X (67) x T, ¢ nepuoau-
YeCKUMU TPAHUIHBIMHU yCIOBUSAMHE, IpUIeM mepuon 1,
10 TIepeMeHHOi 7 OpaJjica paBHBIM 247 jubo 487 st
PA3HBIX YHCICHHBIX IKCIIEPUMEHTOB.

3. TEOMETPUA 3AJAYN

O6parumcs Tenepb K IeOMEeTPUIECKAM XapaKTepH-
CTHKaM MOJien. B oTiimune oT HejaBHel paborsl [38],
TJIe PACCMATPUBAJINCH TAPAOOTNIECKIE TOTEHITNAJIBI

U = (2% + r2y?)/2,

3716Ch MBI COCPEJIOTOYMMCS Ha BOJHOBOJAX KOJIBIEBO-
ro CeYEeHHs C «IJIOCKHM» JHOM M PE3KHME CTEHKAMH.
Takue BOJHOBOJBI Jierde M3roTOBUTh Ha, MIPAKTHUKE, I10-
CKOJIbKY CpeJla B HUX OJHOpPOAHA. HO Jjisi 9uc/jeHHO-
IO MOJIEJMPOBAHUS BHIOPAHHBIM METOJOM (IIPU pasyM-
HOM IIPOCTPAHCTBEHHOM IIare PENIeTKH) TOJATCS TOJIb-
KO JIOCTATOYHO IVIaJKHe TOTeHIUAJIbL; II03TOMY MBI Oy-
JIEM ANTPOKCHMUPOBATH COOTBETCTBYIONIYIO IIyOOKYTO
NPSAMOYTOJIBHYIO sIMy JIMITb B KAIECTBEHHOM CMBICJIE,
UCIIOJIB3YS CJIEAYIONIee BhIPAsKeHHe (CM. COOTBETCTBY-
omwuii rpaduk Ha puc. 1):

U(r) = 27[2 + th(1.5(r*/9 — 5.0)) —

—th(2.4(r?/9 — 1.2))]. (6)
Boubmoit obmuii MHOXKUTEIb 34€Ch B3AT JIOCTATOY-
HO TPOU3BOJIbHO, JIUIIL OBl TOJBKO OH HE TpeboBaJI
CJIMIIIKOM MeJIKOTO Iara 1o mnepementuoit (. B pesyiib-
TaTe YKa3aHHOIO BbIOOpa CpeIHUil pajuyc BOJHOBOIA
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(@ =30 (b) = 80
30 F 1.4
1.2
25
1
20 08
9_ | .
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1.2 1.2
25 L
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T

Puc. 2. MNpumep passutus Heyctoitumsoctn KenberHa—lenbmronbua npu Q@ = 2 1 HeDOMBLWIOM YpPOBHE HENMHERHOCTU L = 2.
lNoka3aHa MHTEHCUBHOCTbL NepBOii KOMMNOHEHTLI I Ha LUAWHAPE paguyca r = 5 ANsi HECKONbKNX 3HAYEHU nepeMeHHol ¢

npumMepHO coorBercTByeT r = 5.0. 910 3HaUEeHME Oy-
JeT B JAJIbHENIIIeM UCIIOIb30BATHCS JJIs BU3YaIu3aIIN
BOJTHOBO KaPTUHBI HA «CEPETUHHON» ITUINHIPIIECKON
[OBEPXHOCTH B IIPOCTPAHCTBE (X, Y, T) IPH PA3INIHBIX
3HAYEHUSIX JIUCTAHINN PACIPOCTPAHEHU (.

HauajbHble yc/ioBUSI B HAIMUX YHCJEHHBIX JKCITE-
pUMEHTAX 33J[aBAJU PACIIOJIOKEHNE JOMEHHON CTEeHKH
[IPUMEPHO MOMEPEK OCU BOJHOBOIA (€€ HOpMaJIh — IIPH-
MepHO BZoJIb ock). IIpu aroM «redenusi» obeux 1oJisi-
puU3aluii MMeJd a3uMyTaJbHbI Xapakrep (¢ Koopau-
HATHBIMU MHOXKHUTENISIME exXpP(1Q1,2¢), Tae ¢ — asumy-
TaJIbHBIN yroJ, Q1 1 Q2 # Q1 — 1ejible <KBAHTOBBIE»
qucia). Takum 06pa3oM, cuCcTEeMa TPEXMEPHA, U IIOTO-
My aHOMaJIbHOCTB JUCIEPCUM IIPUHIMIIMAJIBLHO BarKHA.
Ho pasuwuiia BHerHero r + a/2 u BHyTpeHHEro r — a/2
PaJyCcoB BOJHOBOJA OTHOCUTENHLHO Majia (3ddexkTus-
HO a/r ~ 0.2-0.4 B 3aBHCUMOCTH OT «XHMUYIECKOTO IO~
TEHIIMAJIa» BOJIHBI, KaK 9TO BUJIHO U3 IpOdUIeH WH-
TeHCcUBHOCTU Ha puc.l). B Takoit reomerpun cucre-
Ma BejieT cebsi MPUMEPHO KAaK MPOCTPAHCTBEHHO JIBY-
MepHasi (Ha IUIMHADE). DTO CHOCOOCTBYET NPOsIBIIE-
HUIO HEYCTOWYIMUBOCTH PACCMATPUBAEMOrO THUIIA, a TaK-
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JK€ HEMAJIOBAXKHO ISl BU3YAJIM3AI[MN IUCJIEHHBIX De-
3yabTaTOB (CM. puc. 2-6).

Hano ckazarp, uro y cucremsr (1) cymecTByor Tak-
2Ke peIeHus, He 3aBUCHIINE OT T, U TaM TeIeHHEe ITPOUC-
XOJIUT B II0cKOCTH (2, y). HOpMasb K 10MeHHOH cTeHKe
TaKyKe JIEKUAT B yKa3aHHO# rtockocTu. C ogHOM cTOPO-
HBI, 9T PEIIEeHNs IPUBJIEKATEIHHBI T€M, ITO JIJIsI TAKIX
CTAIMOHAPHBIX B (DPU3UTECKOM ITPOCTPAHCTBE KOHDUTY-
paruii cHnMaeTca TpebOBaHNE aHOMAJILHOCTH JIHUCIIED-
cun. V1 BroJsiHe BO3MOYXKHO, ITO TPEXMEPHBIE BO3MYIIE-
HUsI HEe TPOsIBUIN ObI cebs Ha JOCTATOYHO JIJIMHHON
JucTaHIun pacupocrpanenus. Ho, ¢ 1pyroit cTopoHsl,
[P KOHEYHBIX IMTOTIIEPEYHBIX pa3Mepax o0pa3ia BO3HU-
KaeT HeoOXOMMOCTh KaK-TO 3aIUKJIUTh 00a cTarmHap-
HBIX TeYEeHUs, U TOTJIa MOXKET BCTaTh IPOOJEeMa Io-
SIBJIEHUS TOMOJTHATEIbHBIX MOIIEPETHBIX HEYCTONINBO-
cTeit, 00yCIOBICHHBIX B3AUMOJIEHCTBUAEM C ITOIIEPEIHbI-
vu rpaHunamu. CyInecTByer U TPeTHil BAPUAHT CTAIM-
OHAPHBIX TE€UYEHUI CO CIIBUTOM BJOJIb T'PAHUIBI COIPHU-
KOCHOBEHUSI CBETOBBIX <«XKHJIKOCTEH» — KOIJa JIBUKe-
HUE C PA3JIMIHBIMU CKOPOCTSIMU ITPOUCXOUT BJIOJIb OCH
BOJIHOBO/IA. DTOT BAPUAHT OIMCHIBAETCSI MHOXKHUTEJISIMU
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Puc. 3. ®asa ©; nepBoii KOMMNOHEHTbI HA LUANHAPE paguyca r = 5, COOTBETCTBYOWAs pucyHky 2. Ha kaxkgoii naHenn nokasaHa
TONbKO Ta 4acTb pasBepTKu LuanHgpa, rae [ > 0.4

exp(iv1,27T) #, TAKEM 00Pa30M, COOTBETCTBYET HEKOTO-
PO pa3Hulle B CpeJiHel JacToTe JeBOH U IPAaBO M0JIsI-
pusanuii. {jist 970t KOH(MUIYpAIME CeYeHUe BOJHOBO-
Ja He 00s3aTeTbHO JOIXKHO OBITH KOJIbIEBLIM. lepBoIit
U TPETUHl BAPUAHTHI IIPEJICTABJISIOTCS PABHO II€PCIIEK-
TUBHBIMU. B j1aHHO#I paboTe MBI COCPEIOTOYUMCS HAa
A3UMyTAJbHBIX TEICHUSIX.

Kiaccuueckast popmysia riacuT, 9TO MHKDPEMEHT
meycroianBoctu KenbBuna — esibMrosibiia pasex

rme k — BOJIHOBOE YHCJIO, 0 — KOPUIMEHT II0-
BEPXHOCTHOT'O HATS’)KEHHUHA, ) — IUIOTHOCTH IKUJIKO-
CTH, OIMHAKOBasi IO 00E CTOPOHBI OT I'PAHUIIBI Pas-
Jejla, v — pa3HHIA CKOPOCTEH JjIsi HEBO3MYIIEHHO-
ro tedenusi. I3 s1oit hOpMysIBI MOXKHO HU3BJIEYb IIO-
Jle3Hyt0 nHMOPMAIUIO W JJjid Hamero ciaydas. [leii-
CTBUTEJIBHO, IIPH JOCTATOYHO OOJIBIINX SHAYEHUSIX «XU-
MHUYECKOTO IOTEHIINATIa» (i IUIOTHOCTH <«XKUIKOCTE»
p I =~ p, sbdexkruubiii K03 bUIMEHT TOBEPX-
HOCTHOT'O HATSI?)KEHUsI JIOMEHHOI CTEHKU MOYKHO OIle-
HUTH Kak o o (1°/2 [28], CKOPOCTh OTHOCUTETLHOTO JIBU-
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xkenus v & (Q1 — Q2)/r, & OCHOBHOE BOJIHOBOE HYUCJIO
k =1/r. B pesynbrare IMeeM OLEHOUHYIO (OPMYILY

¢

rne C'— koaddunment mopsaka eauHuibl. 1lpuvenn-
MOCTB 3TOi (popMysbl TpebyeT TakKe MajOCTH OTHO-

1

I~ (Q1 —Q2)?

4r2

cVE

r

; (7)

r

CUTEJILHONW CKOPOCTH ¥ 10 CPABHEHUIO CO «CKOPOCTHIO
3ByKa» s ~ /p. Ilpn cobmozmenun mamHOTO YyCII0-
BUsI Pa3BUTHE HEYCTOWIMBOCTHU JIOJIZKHO MPOUCXOJUTH
10 CIIEHAPHIO, OMPEJIEISIeMOMY OTHOIIEHUEM JIBYX CJla-
raeMbIX [0 3HAKOM KOpH# ([I0Jpa3yMeBaeTcs JIOCTa-
TOYHO GOJIBINOI NpPOAOIbHBIH uHTEpBad T, /2 MexIy
COCeHUME JIOMEHHBbIME cTeHKamu). 113 dopmymsi(7),
B YACTHOCTHU, CJIEJYET, 9TO Tpu (PUKCUPOBAHHBIX T U
(Q1 — Q2) cylIeCTBEHHOE yBEIUYEHUE MHTEHCHBHOCTH
BOJIHBI JIOJZKHO TIPUBOJIUTH K TIOJIHOMY TIOJIABJIEHUIO
meycroiauBocTu. Takoil 3ddekT meicTBUTESbHO HAa-
6JII0AJICS B YUCJIEHHBIX dKcIepuMenTax. Hampumep, ¢
Q1 =—-Q2=2upu p =8 u g = 10 HEyCTONIMBOCTD
PA3BUBAJIACH, TOLJIA KAK [P [i
CTBOBaJIA.

= 12 oHa yxke oTCyT-
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Puc. 4. ®opmupoBaHne ANNHHBIX «NajbLEB» Ha MPOMEXY-
TOYHOI cTagun HeycTolidmsocTu npu Q = 3, = 4.

4. YN CJIEHHBIE ITPUMEPBI

Hamo ckazaTh, 4T0 KaK/1as CTalMoHapHasl 110 Iepe-
MEHHOM ( KOH(PUTYPAIUsT XaPAKTEPUIYETCsI JIBYMsI «XH-
MHUYECKUMU MTOTEHITUAIAMIY, (11 U fo. [Ipu sTOM

Arp = [172(513,%7') eXP(i@lﬂ(%yaT) - iM1,2C)-
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Puc. 5. bonbwnii HakKNOH «MNanbLEB» MPU MEHbLUER, YeM Ha
pucyHke 4, CKOpPOCTW OTHOCUTENBHOIrO ABuxeHus (Q = 2,

p=4)

B mamem ciaygae dasel O Q1,2¢. Heckomb-
KO MPUMEPOB PABHOBECHBIX MPOMUICH HHTEHCUBHOCTU
Istar (7, ) TIPM HAJIMYIWM TOJIBKO OJHON HEMOBUKHOMN
KOMIIOHEHTBI IIPEeICTABJIEHBI HA PHC. 1.

Bce uncsennbre sKCepuMEHTHI [IJTs1 TTPOCTOTHI IIPO-
BOJIMJIUCH C CUMMETPUIHBIMU HAYAJIHHBIMUA YCIOBUSIMH,
TaK 9T0 (J1 Q2 = Q, a p1 = po = p. losTomy Ha
Ka2KJION ITaHeJIn U3 pHc. 2-6 mpejicTaBjieHa TOJBKO I10-

JIOBUHA DAa3BEPTKU IWIMHAPA. B gacTHOCTH, HA PHC. 2
[MOKa3aHO, Kak npu () = 2, u = 2 HeDOJIBIIOE CHUHY-
COUJTAJIbHOE BO3MYIIIEHUE I'DAHUIILI Pa3/iesia B Pe3yJ/ib-
TaTe HEYyCTONIMBOCTH TPAHCHOPMUPYETCS B CTPYKTY-
py, mo dopMe HAIOMHUHAIOIILYIO CHIYIT UEJIOBEIECKO-
ro maJjpia. 3aTeM OT KOHYHUKA <IIAJIbIa» OTIeJISeTCs
KallIg, BHYTPU KOTOPOIl «CHUJHUT» BUXPb IIPOTUBOIIO-
JIOYKHOII KOMIIOHEHTBI, KaK 3TO CJeJyeT U3 puc.3, Ha
KOTOPOM IIOKa3aHbl COOTBETCTBYIOIINE PACIIPE/IEIEHUS
dasbl. Eme naiee B KaxKI0i KOMIOHEHTE OTJIE/ISIETCS



B. I1. Py6an

MIT®D, Tom 165, BoII. 2, 2024

(@) =20
9
8
7
6
5
4
3
2
1
0

0O 5 10 15 20 25 30 35

T

(c) =50
9
8
7
6
5
4
3
2
1
0

0

5 10 15 20 25 30 35
T

(=30

ORFRP NWAMAOUUON WO

5 10 15 20 25 30 35
T

=70

OFRP NWAMAOUION®O

0 5 10 15 20 25 30 35

T

Puc. 6. Mpumep paseuTtus HeycroiuneocTu KenbBuHa —lensmronbua ¢ obpasoBaHnem cnupanbHOl CTPYKTYPbl HA MPOMEXYTO-
HoOW cTagum npu Q =5, =8

u BTOpasi mojo0Has Kauisd. PucyHOK 4 IeMOHCTpHUDY-
€T, 9TO «IAJIeI»> MOXKET BBITATUBATHCS JOBOJIBHO CUJITh-
HO, [IPEXKJIe YeM IIPOU30UJIET ero pa3pbiB U OTJEJICHUE
KA. YTOJI HAKJIOHA TAKAX «IAJbIEB» HA IUIHHIDE
10 OTHOIIEHHUIO K a3WMYTAJLHOMY HAIPABJICHUIO TEM
60JIbIlE, YeM MEHBIIIe OTHOCUTEJbHAsI CKOPOCTD (T1apa-
MeTp (), KaK 9TO BUJHO U3 CpaBHEHUs puc.5 ¢ puc. 4.
Hakomner, puc. 6 moka3siBaer, 9To mpu OOJBIION OTHO-
cuTesibHOM ckopoctu (@) = 5) U UHTEHCHMBHOCTU BOJIHBI
(1 = 8) B HAUAJIC HEJIMHEHHON CTa N HEYCTONINBOCTH
CPAHUIA KaK Obl CTPEMUTCSH 3aKPYTUTHCS B CIIAPAJIb-
HYIO CTPYKTYDY, TO €CTh HEYCTONUINBOCTD PA3BUBAETCS
110 TIOYTH KJiaccumieckoMy crieHaputo. Ho mpu mocrmxke-
HAW TPOCTPAHCTBEHHOI'O MACIITa0a MOPSIIKA TOJIIAHDI
JIOMEHHO}i CTeHKH w ~ 1/\/[i JMHAMIKA IIE€PEXOJUT B
«KBAHTOBBIN» PEYKUM C OTJEJICHUEM KalleJlh U KBAHTO-
BAHHbBIX BUXPEIi.

5. SAKJIFOYEHUNE

Takum ob6bpa3oMm, B JaHHOI paboTe TEOPETHIECKU
060CHOBaHA TPUHITAIIAAILHAST BO3MOKHOCTE HADJIIIOIE-
Husi HeycroiunBoctu KesibBuna —estbMrosibiia B jie-
doxycupyroteit Kepposckoit onrtudeckoi cpejie ¢ aHo-
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MaJbHOI Jucmepcueil rpymmoBoii ckopoctu. I[Ipose-
JIEHHOEe TPEeXMEPHOE YHCJIEHHOE MOJIEJIMPOBAHUE J1aJI0
KOHMUTypaInK, KAIeCTBEHHO MOXO0XKKE Ha JIByMEpPHbIE
CTPYKTYPBI, HOJIy4YeHHble B paborax [12-14| mus ume-
AJIM3UPOBAHHON MOJen OMHApHOrO 603e-KOHJIEHCATa
B 6e3rpaHnvHOM IpocTpancTBe. OUeBUIHO, YTO HAIIU
TpexMepHbIe Pe3YyJIbTATHl B PABHOI Mepe OTHOCATCS
u K 003e-KOHIEHCATAM, [TOMEIIEHHBIM B IIAJINHIPAYIE-
CKUH YJIePYKUBAIOIIHI TTOTEHIINA C TUIYOOKUM MUHUMY-
MOM Ha KOHEYHOM 3HAYEHUU PAIUAJIBHON KOODINHATHI.
Ho mms xonmomubix ra3oB momo0HBIE MOTEHIIMAJIBI TIO-
Ka YTO OCTAIOTCS MAJOPEAJUCTUIHBIME, TOTJA KaK C
TOYKU 3PEHUS ONTHKHA HET HUIEr0 HEOOBIYHOTO B IIPO-
TS2KEHHOM TI0 BPEMEHU IIyYKe CBETa, PACIPOCTPAHSIO-
IIIEMCSI [T0 BOJIHOBOJLY 3aJIaHHOIO cedenusi. C nmpakTude-
CKO#l TOYKM 3pEHHs MPEUMYIIECTBOM PaCCMOTPEHHBIX
3/IECh ONTUYECKUX CTPYKTYDP SBJISIIOTCS TAaKXKe UX HE
CTOJIb MaJible MMPOCTPAHCTBEHHBIE PA3MEPhI B CPaBHE-
HAU C¢ 0O3e-KOHJEHCAaTaMU, He IOBODA yKe 00 oTCyT-
CTBHUH IKCTPEMATbHBIX TEMIEPATYPHBIX OIPDAHUIEHMTI.

Hamu ObL1a mcnosib30BaHa MIPOCTENITAST MOJIEIb, B
KOTOPOH HE YUYUTHIBAIOTCS JUCIEPCHOHHBIE MOMPABKH
6oJiee BBICOKHUX IIOPSIJIKOB. B peaJsibHOCTH IIapameTrp o



MIT®, Tom 165, BoI. 2, 2024

HeyCTOﬁHMBOCTb KeanVlHa—reJ'lerOJ'lbLl,a B HeNNHeHOW onTunke

MOXKeT OBITh HACTOJIBKO MAJbIM, 9TO (IPU HE CJIAII-
KOM GOJIbIINX 3HAYEHUsX IIpousBeienus koRy) OTKIIO-
HEHUsI OT KBaJPATUYHON JIUCIEPCUM OKAXKYT 3aMeT-
noe BusHue. OIHAKO, KaK IMOKA3ad JOIOJHUTE/Ib-
HbI€ YUCJEHHBIE YKCIIEPUMEHTDI (UX PE3YJIbTATh 31eCh
HE [IPEJICTABJIEHDI ), y9eT OTHOCUTEIbHO MAJION JUCIIeP-
CAHM TPETHEro IMOPsJIKA XOTh W HECKOJbKO MCKAXKaeT
KApPTUHY DPa3BUTHUS HEYCTOWYMBOCTH, HO B KAYECTBEH-
HOM OTHOIIIEHWH He TIOPTUT €€ Ha JOCTATOTHO OOJIBLITOMN
JUCTAHITAN.

PuHaHcupoBaHue. Pabora BBIIIOJIHEHA B paMKaXx
rocz3aganust 0029-2021-0003.
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