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JIABOPATOPHOE MOJAEJIUPOBAHUE JTMHAMUKHU U B%AI/IMOI[EIKCTBI/IH
JAKTOB IINIOTHOCTHU B MATHUTOAKTHUBHOMU IIVIA3BME

Ainakuna H.A., I'ymun MLE., 3yaun WU.YO., Koctpos A.B.
aidakina@appl.sci-nnov.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

MenkomacmTabHble HEOJHOPOAHOCTH HOHOC(HEPHOH Mia3Mbl, (popMupYyIOIIHEcs MpH
IPOBEICHUN AaKTUBHBIX HArpeBHBIX OSKCIEPUMEHTOB, MOTYT OOecHeuuBaTh PEKUMBI
BOJIHOBOJHOTO PACIPOCTPAHEHHUs HM3KOYACTOTHBIX BOJH, BO30YKIa€MbIX Ha3eMHBIMU
neperaTYNKaMHy, ¥ CIOCOOCTBOBATH BBIBOLY M3Iy4EHUS U3 BOJIHOBOJA «3eMII-HOHOC(hEpa» B
marauTocgepy. Bonpochkl reHepaninu HCKyCCTBEHHBIX HEOJHOPOJHOCTEH IUIOTHOCTH, KaK B
OKOJIO3EMHOM, TaK U B JIAOOpaTOpHOM Tu1a3Me [ 1] mpencTaBisioT 3HaUNTEIbHBIA HHTEPEC.

Ha xpymnomacmtabnom mnazmenHom crenae "Kpor" (MII® PAH, r. H. Hosropon)
NPOBEICHBI  OKCHEPUMEHTAIBHBIC  HCCIEJOBAaHUS  TPOLECCOB  (HOPMUPOBAHHA U
B3aUMO/JICHICTBUSHEOJTHOPOJHOCTEH IJIOTHOCTH  IUIa3MBLBBITSHYTBIX ~ BJOJIb  BHELIHETO
MarHUTHOTO TONA (AaKkTOB). TeryioBble MaKThl IUIOTHOCTH (YOPMHUPOBAIUCH B pe3yJbTaTe
JIOKaJIbHOT'0 HarpeBa IJ1a3Mbl AJIEKTPOMArHUTHBIM M3JTy4Y€HHEM BbICOKOW MHTEHCUBHOCTH.

B pabGore nerampHO wuCciIenoBaHa IPOCTPAHCTBEHHAs CTPYKTypa W JIUHAMHUKA
MEeJIKOMACIITa0OHBIX HEOJHOPOAHOCTEH, KaK MpH 00pa30BaHUM OJMHOYHON HEOJHOPOJHOCTH,
TaK ¥ IIPU OJJHOBPEMEHHOM (hOPMHUPOBAHMHM JABYX IJIa3MEHHBIX HeonHopoaHocTeil.[logpodbHo
UCCIIEIOBaHbI cay4yau OOIbLIOro (MOpsAKa MIUPUHBI OJMHOYHOTO JaKTa) U MaJoro (Mopsaka
NOJYUIMPUHB OJUHOYHOTO JaKTa) PACCTOSHUS MEXIy nakramMu.B xome mabopaTopHBIX
SKCHEPUMEHTOB  YCTAaHOBJEHbl  HEKOTOpblE  OCOOEHHOCTH  Ipoliecca  IeHepaluu
HEOJHOPOJAHOCTEH NPU OJHOBPEMEHHOM (DOPMHUPOBAHHMH JBYX IUIA3MEHHBIX JakTOB.JddekT
B3aMMHOTO BIIMSTHUS JaKTOB MPOSIBIISIETCS B MepepacipeeseHUH MIIOTHOCTH TaKUM 00pa3zoMm,
YTO BEJIMYMHBI BO3MYIIEHUN B 1aKTaX BBIPABHUBAIOTCS HE3aBUCHMO OT HAYaJIbHBIX BEJIUYHH
BO3MYILIEHUH IUJIOTHOCTH I1a3Mbl. JlMHaMuKa mepeHoca IUIa3Mbl BJIOJb  BHELIHETO
MarHUTHOTO TMOJI NPU OJHOBPEMEHHOM pa3BUTUU HECKOJIBKMX HEOAHOPOJHOCTEH HMeEeT
OoJiee CIOXKHBIN XapakTep, 4eM B CiIy4ae OJMHOYHOM Iu1a3MeHHOW HeoaHopoaHocTu. Kpome
TOTO, B TaOOPATOPHBIX IKCIIEPUMEHTAX MPOJEMOHCTPUPOBAHA BO3ZMOKHOCTh HCITOJIB30BAHHS
HOJYYEHHOM CTPYKTYpbl IJIa3MEHHBIX HEOJHOPOJIHOCTEH anso0ecrneyeHnus BOJIHOBOJHOTO
pacnpoCcTpaHeHus: HU3KOYaCTOTHBIX BOJIH CBUCTOBOI'O AMaNa30Ha 4acToT.

PaGota BbmmonHeHa mnpu mnoanepxkke Poccuiickoro ¢oHma QyHAaMEHTaIbHBIX
uccinenoBanuii (mpoext Nel3-02-12241 odu_M,) u Poccuiickoro HayuyHoro ¢osnaa (IpoexT
Ne14-12-00556).

1. B.JI. ®ponos, u ap. // ITucema B XKOTD. 2015. T.101, Ne5, c.342-346.
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I'EHEPAIIUA TEPAT'EPIIOBOI'O U3JIYYEHUSA ITPU OITUYECKOM ITPOBOE
I'A30B JIBYXIBETHBIM JIASEPHBIM ITOJIEM: PE3OHAHCHBIE,
MHOJIAAPU3ALIMOHHBIE I MAKPOCKOIIMYECKHUE 32PPEKTBI

Anekcanapos JI.H., Emenun M.1O., Pa6ukun M.1O.
alekvlis@gmail.com
WNucturyT npuxnannoi ¢usuku PAH, Hwkanit HoBropos

HMoHM3aIIMOHHO-UHAYIIUPYEMOE  IpeoOpa3oBaHUE  ONTHUYECKOTO  M3Iy4YeHHS B
TEparepioBoe SBISCTCS OJHUM W3 AKTyalbHBIX HAMpaBICHUA B (DU3UKE B3aUMOICHCTBUS
MHTEHCUBHOI'O JIa3€pHOr0 M3JIy4eHUs C BelecTBOM. OCyIECTBICHUE ONTHKO-TEParepoBoil
KOHBEpPCHHM B Ta3aX, O0Jy4aeMbIX ()EMTOCEKYHIHBIMH JIa3€PHBIMH HMITYJIbCAMU, TECHO
CBA3aHO C CO3JaHMEM MAaKPOCKOMHWYECKUX KBAa3UMOCTOSHHBIX TOKOB, 3((HEKTUBHOCTh
BO30YKJICHHSI KOTOPHIX B 3HAYUTENBHOW CTEMEeHU ompeaenser 3()(eKTUBHOCTh reHepanuu
TEpareploBOro U3IyYeHHUs.

B nanHo#i paboTe Ha OCHOBE YMCICHHOTO PEIIEHUs KaK OTJAEIbHOTO HECTAIMOHAPHOTO
ypaBHeHus lllpenunrepa, Tak u cBsi3aHHOUW cucTeMbl ypaBHeHuil [lIpenunrepa u Makcseinna
UCCIIEI0BAJIOCH BIMSHUE (POPMBI JBYXIIBETHOTO JIA3EPHOTO UMITYJIbCA HA MPOIECC FeHepauu
OCTAaTOYHOTO TOKa MPHU ONTHYECKOM MpobOoe B razax. s aHanu3a BIUSHUS BO3MOMXHBIX
pe30oHaHCHBIX J(PPEKTOB, a TakKe JUIsi HCCIEAOBAHHUS 3aBUCUMOCTH J(PPEKTUBHOCTH
BO30Y>KJI€HHUSI OCTATOYHOTO TOKa OT 3JUIMIITUYHOCTH JIA3€PHOTO M3IYUYEHHS MCIOIb30BANIOCH
OJIHOYAaCTUYHOE PACCMOTPEHHME B paMKax JBYMEPHOH MoJEIH aToMa Bopopoza. Jns aHanusza
MaKpOCKOMUYECKUX 3PGEKTOB MPH YHCIECHHOM pELIEHUH CBA3aHHON CHCTEMBbl YpaBHEHUIl
UCIIOJIb30Bajach CHELUAIBHO MOCTPOEHHAs OJHOMEpHas MOJENb aToMa Bojopona. Kpome
HOMYJISIPHOM CXEeMbl T'€HEepalud C HCIOJIb30BAHMEM H3JIy4YeHHs Ha OCHOBHOM 4YacToTe M
BTOpPOW TrapMOHMKE Oblla HCCIIEIOBaHa CXeMa C J00aBJIEHHEM YETBEPTOW TapMOHHMKH K
OCHOBHOMY JIa3€PHOMY HU3ITy4EHHIO.

B pabote ObUI0 MPOJEMOHCTPUPOBAHO, YTO B 3aJa4€ O IeHepallMi OCTaTOYHBIX TOKOB
KYJIOHOBCKUH TOTEHIMAl POAUTEIHCKOTO HOHA HUIPaeT poJib JIMIIbL B MPOLECCE OTpbIBA
3JIEKTPOHA OT aTOMa M Ha HAYaJbHOM 3Talle €ro JBM)KEHUS B CBOOOJHOM IPOCTPAHCTBE, a
nepepacessHie JJIGKTPOHA Ha POJUTENIILCKOM HMOHE HE WrpaeT CYLIECTBEHHOHW pOJIH.
[Tomydyennble  pe3ynbTaThl  TMO3BOJWJIM  TAaKKE€ CHJIBHO CHU3UTH TpeOOBaHHS K
BBIUHCIUTENBHBIM pecypcaM, HEOOXOTUMBIM Ui PELICHUS MaKpPOCKOMUYECKOW 3amauu, U
IPOMOJIETUPOBATh MPOIECC TeHEepallii OCTATOYHBIX TOKOB B MAaKPOCKOIHMYECKOM OOBeMe
Cpellbl Ha OCHOBE PEIICHUSI CBA3aHHOW cUcTeMbl ypaBHeHH MakcBemia u llpeaunrepa. B
paboTe MpOBEACHO CpaBHEHHE TIOJTYYECHHBIX UHWCIEHHBIX pE3yJbTaTOB C pe3yJbTaTaMu
MPOBEJCHHBIX paHee dKCIepuMeHTOB. Kpome aToro B pabote mokasaHo, 4To B cxeme o+4w
3P PEKTUBHOCTh BO30YKACHUS HANPABIEHHOI'O TOKA SBISETCS CIOXKHON (YHKIHEH 4acTOTHI
Ja3epHOr0 M3MydeHUs. MakCUMyMbl U MUHUMYMBbI MOJyYE€HHOM 3aBUCUMOCTH MOTYT OBITh
WHTEPIIPETHPOBAHBl KaK MPOSBIECHUE MHOTO(OTOHHBIX PE30HAHCHBIX BHYTPHATOMHBIX
NEPEX0/I0B, MHUIIMUPYEMbIX JIa3€pPHBIM IOJIEM U PE3KO M3MEHSIOLIUX YCIOBUS HOHHU3ALUU
aToma.
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BJIMAHUE UTHEPIIMOHHOCTHU HA IMUHAMUKY HEIIOYKH
OJHOHAITPABJIEHHO CBA3AHHbBIX CUCTEM CHHXPOHU3 AU

Anemmn K.H., Marpocos B.B.
kirill_al@bk.ru
Hwmxeropoackuii rocynapctBeHHblii yausepcureT uM. H.W. JloGaueBckoro

Bonpimoe BHuUMaHuMe (yHIZAMEHTAaIbHOM HAYKM COCPEAOTOYEHO Ha  METO/Aax
UCCIICIOBAaHUSL U OINUCAHMS CIOXKHBIX KOJIEOAaTeIbHBIX CUCTEM CO MHOTHUMH CTEHEHAMHU
cBoOOobl. Cpeau MpHUKIAIHBIX MPoOIeM, KOTOpbIE MOJy4YaroT TOYHOE ONHCaHHE METOAaMHU
CBS3aHHBIX CHCTEM CHHXPOHH3ALMH, CIEAYeT OTMETUTh aHCaMOJIM aTOMHBIX CTaHIapTOB
4acTOTbl M BPEMEHM, aHCAMOJM CHMHOBBIX HAHOI'€HEPAaTOpPOB, (ha3upOBAaHHBIC AHTEHHBIE
PEETKY U MHOTHUE IpYyTHE.

B noknmame paccmartpuBaroTcs  KoseOaTelnbHbIE  pPEXKHMMbl  MOJAEIM  aHcamOus
OJTHOHATIPABJICHHO CBS3aHHBIX cuUCTeM (a3oBoil aBromoactporiku dYactoTel (DAII) ¢
¢uibTpaMu MepBOro MOpsiAKe B Lemsx ympasieHus. Ilpu 3ToM OCHOBHOE BHUMaHME
yAENsSeTcs BIUSHUIO [apaMeTpa MHEPUUOHHOCTH. MccnenoBanus 0OasupyroTcss Ha
pesyibTaTax M3y4deHUs KoyieOaTelabHbIX pPEKUMOB Mojaenu aHcam6Ons cucreM DAIL ¢
unean3upoBanHbiMU pumbTpamu [1]. [TokazaHo, 4T0 BBEACHNE WHEPIIMOHHOCTH IPUBOJIUT K
Xa0TH3alMK KoJeOaHUil, K MepeceyeHnIo obaacTel CyIlecTBOBaHUS KoleOaHMH pa3iaHMyHBIX
TUIIOB, M KaK CJIEJICTBUE, MOSBICHUIO 30H MYJbTUCTAOMIBHOCTU. PaccMOTpeHbl cueHapuu
9BOJIIOLIUH KOJIeOaHUH pY BapUalUsIX apaMeTpoB.

Pabora nmoanepsxkana rpantom mexay MOH P® u HHI'Y (cornamenue ot 27 aBrycra
2013r. Ne 02.B.49.21.0003).

1. Anemun K.H., Martpocos B.B., Hlandees B.JI. / W3zsectuss BY3oB. Pamnodusuka
(mpuHSTA B I€YaTh).
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CJIOXKHASA ITMHAMUKA U T'MIIEPXAOC B HEITOYKE PUABEPI'OBCKHUX
ATOMOB

Angpees A.B., Mockanenko O.U., bananos A.I'., Koponosckuii A.A., Xpamos A.E.
andreevandv@gmail.com
CaparoBckuii rocyaapctBeHHbll yHUBepcuTeT UM H.I'. YepHbleBckoro
CapaToBCKHil TOCYITapCTBEHHBIN TEXHUYECKUN YHUBEpCUTET UMeHHM [ arapuna FO.A.
Yuusepcurer Jlapoopo

B pabore mnpoBeneHo uccienoBaHME HEIMHEWHOW JWHAMKHM M Xaoca B IIEMOYKe
CBSI3aHHBIX PHUAOEPTOBCKHX aTOMOB, MOCTPOCHA KapTa PEXHWMOB, HA KOTOPYIO HAHECEHBI
KOJIEOaHUsl pa3IMYHBIX NEPUOJOB, OOHAPYKEHO HAJIMYME XAOTHUYECKONM TUHAMHMKHM B 3TOU
cucreme. [IpeanoxkeH MeTo MOIaBICHUS Xaoca B MOJOOHON CHCTEME C TTOMOIIBI0 BHEITHETO
[apaMeTPUIECKOro BO3AEHCTBUS.

B HacTosiue AHM 3HAUNTENbHBIN UHTEPEC BBI3BIBAIOT 3a/1a4U YIIPaBJICHNUS KBAHTOBBIMU
cUCTeMaMH ¢ PHUJIOEPrOBCKUMH aTOMaMU B CBSI3U C TE€M, YTO MOJOOHBIE 33Jayd HMMEIOT
TECHYIO CBSI3b C MPOOJIEMOI Co3aHusI KBAHTOBBIX KOMITbIOTEPOB [ 1]. PunOeproBckue aTomsI -
3TO BOJOPOJONOAOOHBIE AaTOMbI, BHEIIHUH SJIEKTPOH B KOTOPBIX HAXOJUTCA B
BBICOKOBO30YKJIEHHOM COCTOSIHMM, BIUIOTh 10 ypoBHed mnopsiika 1000. 3HaunTeNnbHBIN
MHTEPEC BBI3BIBACT 337ja4a BO3HUKHOBEHHUS XAOTHYECKON NUHAMHMKM B KBAHTOBOM CHCTEME.
Orta 3aJayd TaKKe€ HMEET NPUKIAJHOE 3HAUEHUE /JIs PELIeHUs NpoOJieMbl KBAaHTOBBIX
BBIUMCJICHUM B MacCHUBE aTOMOB, BKJIIOYEHHBIX B TBEPAOE TEIO, NPUHUMAIOIINAX
puadeprosckoe cocrostHue [2].

Taxke cucrteMbl ¢ puAOEProOBCKMMHU aTOMaMU SIBISIOTCS TE€PCIEKTUBHBIMU  JUIS
XpaHeHHs M Tiepefadd MHPopManuu. B CBsI3UM ¢ 3TUM SBISIETCS TEPCIIEKTUBHOW 3aaadyeit
aHaJIM3 METOJAUK IOJABJICHUS XAaOTHYECKOM AMHAMHUKU B TaKUX CHUCTEMax, T.K. Xaoc Oyzer
pa3pymaTs Bce XpaHUMYIO WK TIepeIaBaeMyIo 4epe3 CHCTeMY HH(POPMAIIHUIO.

B nanHo#t pabore Hamu OBbLIO NMPOBEACHO HCCIIEAOBAHHE CHCTEMBI JBYX CBSI3aHHBIX
puAOEpProBCKUX aTOMOB M 3aMKHYTBIX IEMOYEK CBSI3aHHBIX pPHUIOEProBCKUX aToMOB. B
cUCTEME U3 IBYX aTOMOB OBbLIM IOBTOPEHBI PE3yJbTaThl, IOJyUYeHHbIE B [3], U BepBbIe OblLIa
oOHapy»eHa XxaoTW4ecKas IMHaMuKa. B kadecTBe MeTona /s MOJABJICHUS Xa0ca B CUCTEME
U3 JIByX aTOMOB OBIJIO UCIIOJIb30BAaHO BBEJCHHUE BHEIIHETO MapaMeTpUYECKOro BO3JEHCTBHUA.
B pesynbrare 3TOT0 OBLTH OOHAPYKEHBI 00JIACTH YIPABIAIONINX ApaMETPOB, IPHU KOTOPHIX B
cucTeMe HalIII01anoCh M0IaBJICHHE Xaoca.

Jns  3aMKHYTBIX IIETMOYEK W3 pa3HOro 4Yucia puiOEeproBCKUX AaToOMOB ObLIU
oOHapy>keHbl 00JIACTH T'MIIEpXaoca, XapaKTepPU3YIOLIErocs Pa3HbIM YUCIOM MOJOXKHUTEIbHbIX
JSNYHOBCKMX Moka3zareneid. [Ipu yBennueHuM yucia aTOMOB B LIEMIOYKE ObLI OOHApYIKEH
JIMHEWHBIM POCT 4YMCla IOJOXKUTEIbHbIM TNoKasarenen JlamyHosa. Taxxke mis rumepxaoca
OBLIM pacCUMTaHbl CIEKTPbl MOIIHOCTH, KOTOpbIE, HAuMHasg C HEKOTOPOr0 4HcCIa aToMa,
IepecTaloT MEHAThCS, MPU YBEIMUYEHMHM YuCla aroMoB. B paHHON paboTe mpeioskeHo
00BsICHEHHE 3TOTO SIBICHUA. B KauecTBe MoJaBleHNUs XaOTUYECKOW JTUHAMHUKHU B 3aMKHYTBIX
peleTkax pHIOEProBCKUX aToOMax TaK ke, KaK W i1 JBYX aTOMOB, OBLIO NPUMEHEHO
BBEJICHUE BHEIIIHETO TapaMETPUIECKOI0 BO3ACHCTBUS.

Pa6ora nonnepxana PODU (rpant 15-32-20299).

1. M.D. Lukin et al. // Rev. Lett. 2000. V. 85. P. 2208.

2. M. Saffman and T. G. Walker // Reviews of Modern Physics. 2010. V. 82. P. 2313.
3. T. E. Lee, H. Haffner and M. C. Cross // Phys. Rev. A. 2011. V. 84. P. 031402(R).
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UCCJEIOBAHUE TPOCTPAHCTBEHHO-BPEMEHHOM ITUHAMUKH
BEPTUKAJIBHO-U3JIYYAIOIIUX JIASEPOB B 3BABUCUMOCTHU
OT TEMIIEPATYPBI

AHYHNKOB I[.A.l, Kpenn A.A.l’z, [axomos A.B."?
swadimaz@mail.ru
: Camapckuil Tocy1apCTBEHHBIN a9POKOCMHYECKA YHUBEPCUTET UM. aKaJIeMHUKa
C.I1. Koponéna (HauunoHanbHbIM uccienoBarensckuil yuusepeurer) (CI'AY), Camapa,
Poccus
2 Camapckuit punuan @usnueckoro nHcrutyta umenu I1.H. Jlebenea PAH, Camapa, Poccus

BepTukanbHo u3inydaromye noaynpoBogHUKoBbIE Jiazepsl (BUJI) mupoko npuMeHstoTcs B
6CCHpOBO)1HI)IX 1 OIITOBOJIOKOHHBIX ONITHYCCKUX CUCTEMAX CBA3H, B OIITHYCCKUX 3alIOMHHAIOIINX
yCTpOﬁCTBaX, OIITUYCCKUX CCHCOPaAX. Z[J'DI IMPUMCHCHH A IOJYIIPOBOJHHUKOBLIX BEPTUKAJIBHO
M3ITyYaIoNIHX JIa3epOB B TAKMX 00J1aCTAX, Kak 00paboTKa MaTepraioB, B MEIUITMHCKIX
NPUIOKEHUIX U B KAYECTBE NICTOUHMKOB ONITHYECKON HAaKaYKH HEOOXOIMMO yBETHUCHHE
BBIXO/IHOM MOIIHOCTH YCTpOicTBa. BaxkHOW KOHCTpYKTHBHOM 0coOeHHOCTRIO BUJI siBiisieTcst
HEeOOJIBILION MPOJOJIBHBINA pa3Mep aKTUBHOM cpejibl Jlazepa — MOopsiiKa ONTHYECKOH JTMHBI BOJIHBI,
B CBSI3U C 9THM HanOoJjee d3(pPEeKTHBHBIM METOAOM yBenudeHus mornoctu BUJI siisercs
YBEJIMYEHHUE €r0 MOMEePEUHbIX pa3MepoB. Jpyrum crnocoOoM MmosyuyeHus: BBICOKOM BBIXOIHON
MOIIHOCTH SIBJISIETCS UCIIOJIb30BAHNE BBICOKUX MHKEKIIMOHHBIX TOKOB, KOTOPBIE MPUBOIAT K
3HAYUTENILHOMY Pa30rpeBy aKTUBHOM cpeibl Jazepa. OqHAKO SKCIIEPUMEHTAIbHO YCTaHOBIICHO,
YTO B 000MX CIIy4yasX IOMHUMO ke1aeMoro 3QQeKTa yBeaTnueHHsI MOITHOCTH MPOUCXOUT
CYIIECTBEHHOE U3MEHEHHE IPOCTPAHCTBEHHO-BPEMEHHON JUHAMUKH JIa3epa U yXy/IIIeHUe
KOTE€PEHTHBIX CBOWCTB €ro U3Iy4eHus. B OnmmkHeM mose HaOmoqaroTess aCHMMETPUYIHbIE
pacmpeneneHus 1moisi, KOTOpble He MOTYT OBITh OMUCAHBI KaK CYTEPIIO3UIM KOHEYHOTO YHCIIa
MO/ ITyCTOT'0 pe30HaTopa. Bo3MOXKHO NOSABIIEHNE HECTALIMOHAPHBIX ONTHYECKUX CTPYKTYP
(COMUTOHBI, ONITUYECKUE BUXPH, CIUPATILHBIE BOJIHBI) U IPOCTPAHCTBEHHO-BPEMEHHOM Xaoc.

B pabote yncneHHo uccne0BaH BOIPOC O BIUSHUM TEMIIEPATyphl aKTHBHOM CpeJIbI
HIMPOKOANIEPTYPHOT 0 MOJTYNPOBOJHUKOBOIO JIa3epa Ha TMHAMUKY U IPOCTPAHCTBEHHBIE
XapaKTePUCTUKH BBIXOJHOTO U3Ty4YeHHs. B kauecTBe MoJenu MpUHATa OJHAs
CcaMOCOTJIaCOBaHHAsl CUCTeMa ypaBHEeHUN MakcBeia-bioxa B 4aCTHBIX IPOU3BOAHBIX IS
JIBYMEPHOTO MTPOCTPAHCTBEHHOTO MPUOIIKeHHsI. Mosieb ONMKMChIBAET IMHAMUKY JIazepa,
paboTaromiero Ha 0{HON IPOIOJIBHON MOJIE, C IUNIOCKOIIAPaJIeIbHBIM PE30HATOPOMHU YIETOM
mudpakin. PaccMOTpeHbI OTIENBHO clTydad KBaJApaTHOW U KPYTIIOH OpPM aKTHBHBIX 00JIacTe
YCTpOMCTB. YUNCIEHHOE pelIeHne 3ajaul IPOBOANIOCH C UCIIOJIb30BAHUEM IICEBAOCIEKTPAILHOTO
metona Dypee ¢ pacmierienueM mo puzndeckum axropam. st MogenupoBanus Oblia BEIOpaHa
o0acTh mapaMeTpoB OM3Kast K mapaMeTpam MoJyIpOBOIHUKOBEIX J1a3epoB. B kauecTse
YHPaBIAIOUIMX TapaMeTPOB ObLIM BHIOPAHBI TapaMETPhl HAKAYKU U OTCTPOMKH YacCTOThI, KOTOpast
aBisieTcst GyHKIMel TemnepaTypsl. OcTanbHble MapaMeTpsl ObuH (prukcupoBanbl. [TapameTp
HaKa4yKyl HOPMHUPOBAH HA MOPOTOBOE 3HAYEHHE U BapbHpoBalics B peaenax ot 1 go 4. [Tapamerp
OTCTPOWKH, HOPMUPOBAHHBIN Ha MONYIIMPUHY JUHUU YCUIICHHS, BAPEUPOBAJICS B JUANa30HE OT -
5 10 5, 4TO COrNIacCHO KCIEPUMEHTATBHBIM paboTaM, IPUMEPHO COOTBETCTBYET TEMIIEpaTypaM OT
240 no 330 K.

[TporeMOHCTPUPOBAHO, YTO C MMOMOIIBIO TPUHATON MOJIETH MOXET OBITh KAYe€CTBEHHO
BOCTIPOM3BEICHA SKCTIEPUMEHTAIILHO HAa0II0JaeMasi CMEHa PeXXMMOB T€HEeparyu OT IPHOCEBON K
CYIIECTBEHHO BHEOCEBOW NP U3MEHEHUH TEMITEPATYPHI JTazepHOU cpeasl B BUI. [IpuBenena
3aBUCHUMOCTb IONEPEYHON COCTABIISAIONIEH BOJIHOBOIO YUCIA OT YACTOTHOM OTCTPONKHU U
napaMeTpa HaKayKu.
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JANHAMMUKA ABYXMOJOBOI'O TEHEPATOPA B 3ABUCUMOCTHU
OT CITIOCOBA BKIIOYEHUA JOITOJHUTEJBHOI'O KOHTYPA

AcraxoB O.B.l, AcraxoB C.B.z, Acraxos B.B.2
AstakhovOV @gmail.com
lcapaTOBCKI/Iﬁ I'ocynapcrBennslii Yuausepcuret um. H.I'. YepHsimesckoro
2CapaTOB(:KI/H71 I'ocynapcrBennbiii Texuuueckuid Y HuBepcurtet um. ['arapuna 1O A.

ABTOKOJIE0ATENIbHEIE CUCTEMBI C OOJBIIMM KOJHYECTBOM CTEIIEHEH CBOOOIBI, TakK
Ha3bIBa€Mble MHOTIOMOJIOBBIE CHUCTEMbI, UMEIOT LIMPOKOE PACHpPOCTPaHEHUE B IMPUPOJE U
texuuke. K wux wuymciny otHOocsaTcs reHepatopel CBY, mnasepbl, UM MOAETUPYIOTCS
napuyagbHble CHUCTEMbl B aHCAaMONSAX HEWPOHOB, MOJCHUCTEMBI B CEPJACYHO COCYAMCTOU
cUCTeME uesoBeka. [3BecTHO, YTO A TAaKUX CUCTEM XapaKTEpHbl TaKWUE SIBJICHUS, KaK
CHUHXPOHM3ALMS MOJI, MyJIbTUCTA0OMIIBHOCTh U 3aTATMBAHUE.

B nanHoil paGoTe paccMaTpuBaeTCsl OJUH U3 INPOCTEHIINX MPUMEPOB MHOTOMOJOBBIX
cucTeM — Kilaccuueckuii renepatop Ban-nep-Ilons ¢ nononuutensHsiM KoHTYpoM [1,2]. s
JTAHHOM CHCTEMBI XOpOIIO HM3BECTEH W TOAPOOHO M3y4deH 3(P(EKT 3aTATUBAHUS YaCTOTHI
kosiebanuil. OpHaKo, BIMSHHUIO Croco0a MOJKIIOYEHUS JOMOJHUTEIBHOIO KOHTypa K
reHepaTopy (OJMKHHM K YCHJIUTENI0O KOHTYp — I€HepaTtop C Harpy3kod [3]; manbHuUN OT
YCUJIUTENS] KOHTYp — T'€HEpaTop C MEepeKpecTHOH cBs3bio [3]) Ha ITUHAMMKY KOJIeOaHUU U
On(ypKaLMOHHbBIE IEPEX0/Ibl B JAHHON CUCTEME HE YJENSUIOCh IOCTATOYHOE BHUMAHHUE.

[Toka3aHo, 4TO B reHepaTope ¢ Harpy3koi 3(QQeKT 3aTSIruBaHMs YacCTOTHI CBSI3aH HE C
CEeJI0-y3JI0BBIMU OM(ypKaUsIMH IIPEIEIbHBIX [IUKIIOB, YTO ABJISETCS TUIIUYHBIM CLIECHAPUEM
(GopMHpOBaHUS MYJIbTUCTAOMIBHOCTH, a SIBISETCA CIEACTBUEM JIByX CYNEPKPUTHUYECKUX
oudypkauuit  AHgpoHoBa-Xomga IS COCTOSHUS PpPAaBHOBECUS U CYOKpPUTHYECKOMN
oudypxaunn Heiimapka - Cakepa JUIsl CE€JIOBOIO HPEAEIbHOrO IMKJIA. YCTAHOBJIEHO, UTO
npu HWHOM crnoco0e BKIIOUeHHs OOpaTHOW CBSI3M B JAaHHOW cucTeMe (TeHepaTrop ¢
IepeKpecTHOW CBA3bIO), xapakrep Oudypkauun Heilimapka—Cakepa MEHsIeTCs  C
CYOKpPHTHYECKOTO Ha CYNEPKPUTUICCKHIA, YTO MCKItoYaeT 3(pQeKT 3aTAruBaHusl 4acTOThI, HO
OpPUBOAUT K  YCIOXKHEHHMIO  JIMHAMMKM  KojeOaHMl B  cucTeMe:  IOSBJICHHUIO
KBa3UIEPUOANYECKUX KOJIEOaHU, a 3aTEM XaOTUUECKHUX, MEXaHU3M BO3HUKHOBEHUS! KOTOPBIX
00yCJIOBJIEH pa3pyIllEHHUEM TOpa.

Pabota nonnepsxana rpantom PH® Ne 14-12-00291

1. Van der Pol B. // Philos. Mag., ser. 6, 1922, vol. 43, No. 256, pp. 700 — 719.
2. Ckubapko A.IL., Ctpenkos C.IL. // KT, 1934, 1. 4, Bem. 1, c. 158.
3. Teonopuuk K.®d. ABrokonebarenbubie cucteMbl. M.: ['octexuzaar, 1952.
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PE3YJIbTATBHI HATYPHBIX HABJIIOJJEHUIA U MOJIEJIMPOBAHUSA
JEKTPUUECTBA HUKHEN ATMOC®EPHI

Adunorenos K.B., Auucumon C.B., I'anuuenko C.B.
aphin@borok.yar.ru
I'eodusnueckas obceparopust «bopox» - punuan ®I'BYH Mucturyra dpusuku 3emin um. O.10.
Imuara Poccuiickoii akageMu HayK

B rteuenme netHmx ce3oHoB 2014-2015 rTomoB Ha monuroHe [eodusmueckoit
obceparopun  «bopok» [58°04° N; 38°14” E] B yCIOBHSIX OTCYTCTBHS IPOMBIIUICHHBIX
3arps3HEHUI U AIIEKTPOMATrHUTHBIX TIOMEX MPOBOIMINCH HATYPHBIE MOJIEBbIC HAOIIONEHUS psijia
BEJIMYHH, XapaKTEPU3YIOIINX IIEKTPHUECKOE, TEPMOAMHAMUYECKOE U TypOYJIEHTHOE COCTOSHUE
MPU3EMHOTO M MOTPAaHUYHOTO CcloeB atMocdepsl. Llenp paboThl 3aKiroyanach B MCCIEIOBAHUU
MIPOCTPAHCTBEHHO-BPEMEHHOMN BapualOeIbHOCTH U CTaTHUCTUYECKUX CBOICTB
ANEKTPOIMHAMUYECKMX TMEPEeMEHHbIX HIKHEH arMmocgepbl, HCCIEIOBAHUN TYpOYJIEHTHBIX
a’PODIIEKTPUUECKUX CTPYKTYp, (opMupoBaHMM OaHKa JaHHBIX BXOJHBIX MapaMeTpoB IS
MOJICJIMPOBAHMS 3JIEKTPUUECKUX TPOILECCOB B aTMoc(hepHOM MmorpaHudHoMm cioe. [lonmeBoit
WU3MEPUTENbHBI KOMILJIEKC BKIIIOYAT DJIEKTPOCTaTHUECKHuEe (DIIOKCMETPHI, YIbTPa3ByKOBBIC
UQPOBBIC METEOCTAaHIIWHU, IATYUKU MOJSPHBIX OSJIEKTPHUECKUX MPOBOJUMOCTEH, KOJIBIIEBOM
TOKOBBIN KOJJIEKTOP, TPEXKOMIIOHEHTHBI aKyCTHYECKUN JOIUICPOBCKUN JIOKATOp, TUPAHOMETD,
pamonomep AlphaGuard PQ2000, matumk oO0beMHOW akTHMBHOCTH pagoHa U TopoHa CPC-05.
YacroTra nucKpeTusaluu cucreMsl coopa uadpopmarmu - 10 I'm.

B xone moneBbIX HATypHBIX HAOJIOJEHUI MOJy4eHbl JaHHbIE, XapaKTEepPHU3YHOIINe
CYTOYHYIO BapuabeNbHOCTh OOBEMHOM aKTHBHOCTH paJioHa, YICJIbHOM 3JIEKTpUYECKON
MPOBOJAUMOCTH M IUIOTHOCTH OOBEMHOro 3apsaa. Ilo pe3ynpTaTam H3MEpeHUN yaeabHOU
AIEKTPUIECKONW TMPOBOJAUMOCTH W HAIMPSIKEHHOCTH JJIEKTPUYECKOTO TOJISI PACCUYUTAH CYTOUHBIN
XOJI TUIOTHOCTH aTMOC(EPHOr0 BEPTUKAIBHOIO MIEKTPUYECKOr0 TOKa MPOBOAMMOCTH. Paccuntan
KOA()(GUIIMEHT KOPPENSAIUN TUIOTHOCTEH TOKa TPOBOJAMMOCTH U TIOJHOTO BEPTUKAJIHHOTO
aTMOC(EpHOTO DIEKTPUYECKOTO TOKAa. BHIMONHEHBI OIEHKH KO3()(UIIMEHTOB KOppensauuu
HamNpsOHKEHHOCTH  aTMOC(EPHOTO  BJEKTPUYECKOTO  IMOJS,  IUIOTHOCTH  BEPTHKAIBHOTO
aTMOC(EpPHOTo AIEKTPUIECKOTO TOKA, INIOTHOCTH 0OBEMHOT0 3apsijia U YASIbHON AIIEKTPUIECKOM
IPOBOJMMOCTH. Y CTAQHOBJIEHO HAJM4YME CBSI3U MeEXAy OOBEMHOW aKTHMBHOCTBIO pajioHa B
NPU3EMHOM CJIO€ aTMOC(epsl, YICIbHOW AJIEKTPUYECKOH MPOBOJUMOCTBIO M IIOTHOCTBHIO
00BEMHOI0 3JIEKTPUUYECKOTO 3apsijfa IO pe3yJbTaTaM aHallu3a CyTOYHOIO XOJa YKa3aHHBIX
BennuuH. MccnaenoBanoch BIMSHUE THUIA 3€MHOW MOBEPXHOCTH HAa DJIEKTPHUUECKUE BEIUYUHBI
npuzeMHoro cios armoctepsl. Ilpeamocbulkoif K NpOBENEHHIO TaKUX HAONIOJEHUN CTallo
oOHapyXeHHE BIUSHHUS HAINPaBJICHUS BeTpa HaJ (PU3MYECKH HEOIHOPOIHON MOBEPXHOCTHIO Ha
MOBEIEHNE TPHU3EMHBIX DJIEKTPHUECKUX MapaMeTpoB. B dacTHOCTH, OBLIO YCTaHOBJIEHO, YTO
CPEIHECYTOYHOE 3HAUEHHWE VYAENBHOM JIIEKTPUYECKOW MPOBOAUMOCTH JUIsl YCIOBHM C
npeoOIagaromuM HalpaBIeHHEM BETpa CO CTOPOHBI PBIOMHCKOTO BOMOXpaHWJIMIIA paBHO 6.9
¢CMm/M. DTOT BETPOBOI pEXHUM OINpeneNnseT TMEepeHOC aTMOoc(epHbIX Macc ¢ MeEHbIIeH
KOHLEHTpauueil pamoHa. s NPOTHBOIOJOKHBIX HANpaBICHUH BETpa CO CTOPOHBI CYUIH,
OTIPENIeNIAIONINX TEpPeHoC aTMoc(epHBIX Macc ¢ Oonblleld  KOHIEHTpauueidl pajoHa,
CpPEIHECYTOUHOE 3HAYEHUE YIEIbHOW 3JIEKTPUUYECKOW IMPOBOJUMOCTH OKa3ajloch paBHbIM 12
HhCwm/m.

PazpaGorana  HecTalMOHapHas  JJIEKTPOJMHAMHUYECKAas  MOJeNIb,  YUHUTHIBAIOLIAs
TypOYJICHTHBII TPaHCIOPT PAaIMOAKTUBHBIX, adPO30JIBHBIX U JJIEKTPUYECKH 3apsSKEHHBIX
cyOCTaHIMi B HEOAHOPOIHO CTPATH(PUIIMPOBAHHOM aTMOc(epe, pacCUUTaHbl BEICOTHBIE IPOQIITI
ANIEKTPUYECKON MPOBOJUMOCTH, HANPSHKEHHOCTH aTMOC(HEPHOTO 3JIEKTPHUYECKOrO TMONs U
IUIOTHOCTH BEPTUKAJIIBHOIO TOKA IPOBOJMMOCTH B PA3JINYHBIX YCIOBUSAX.

Pabora Bemonnena npu ¢unancoBorr moanepkke PODU (rpant Ne 15-05-04960), a
takke rpanrta [IpasurensctBa Poccuiickoit @enepanuu (norosop Nel4.B25.31.0023).
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O®OPMUPOBAHMUE NMOIIYJALNOHHOI'O PUTMA B PEKYPPEHTHBIX CETAX
CITAMKOBBIX HEHPOHOB C INIACTUYHBIMH CBA3SIMU

baxxanosa M.B., Ecup I1.M., Cumonos A IO.
arksinus-bmw(@yandex.ru

HammonaneHbli nccnenoBarenbckuil Huskeropoickuii rocy 1apCTBEHHbIA YHUBEPCUTET UM.
H.N. Jlo6ayeBckoro

[Tocneqnue ronbl B HENWHEHHOW OUHAMHKE HAOMIOJAeTCsl paAcTYLIUil HHTEpeC K
UCCJIEIOBAaHUIO IPOLECCOB TIE€HEpAllMH MAaTTEPHOB KOJUIEKTMBHOM JTUHAMHKUA B MOJEIAX
HEHpOHHBIX ceTel Mo3ra. OgHMM U3 Haubojee pacHpOCTPaHEHHBIX CUTHAJIOB SIBISETCS
KoJyiebaTenbHas aKTUBHOCTH ¢ 4acToTol 9-12 ', koTopast Ha3pIBaeTCs anb(ha-puT™, WIH MIO-
pUTM, B 3aBUCUMOCTH OT obOnactu Mosra. JlaHHas paboTa MOCBAIIEHA HCCIEIOBAaHUIO
MEXaHU3MOB (DOPMHUPOBAHHS TMOIMYJIAIMOHHOW KOIe0aTeIbHOH AaKTHUBHOCTH B YaCTOTHOM
nuarna3oHe anb(a-puTMa B MOJENH PEKyPPEHTHOW CETH CHAaWKOBBIX HEHPOHOB C
IUTACTUYHBIMU CBSI3AIMU. Pa3zpaboTaHHasi MOJENIb COCTOUT M3 CeTU HeWpoHOB lxukeBuua,
COCIMHEHHBIX CHHANTHUYECKUMHU CBS3SIMH, HWMHUTHUPYIOIIMMHU SIBJICHUE KPATKOBPEMEHHOM
CHHAINITUYECKON TUIACTUYHOCTH, TO €CTh CIOCOOHOCTH M3MEHATh d((EKTUBHOCTH IMEpenadn
CUTHaJa B 3aBUCHUMOCTH OT YacCTOThl T€HEPALMH CIIAMKOB Ha MPECHUHANTHYECKOM HEUpOHE.
Cesi3u Mexay HelWpoHaMu (HOPMHPOBAINCH CIYyYaWHO C BEPOSTHOCTHIO, 3aBUCUMOW OT
paccrosiHusa. CUrHan MeKIy HEHpOHaMHU pacIpOCTPaHSJICS ¢ KOHEYHOH CKOPOCTBIO, TaKUM
0o0pa3oM, 3aJEepKKH paCIpOCTPAHEHUs] CHTHAJAa OBUIM MPOMOPIMOHAIBHBI PACCTOSTHUIO
Mexay kieTkamu. CaMu HEHpOHBI HAXOAMWINCh B BO30YAUMOM PEXUME, TO €CTh B OTCYTCTBHE
BHEIITHETO CUTHAJIa OHU HE TEHEPUPOBAM UMIYJIBCHI. J{J1s1 BO30YK/I€HUSI aKTUBHOCTH B CETH
OBLJT IPEICTaBJICH BHEIIHUN CUTHAII B BUJE HEKOPPEIUPOBAHHOTO IMyaCCOHOBCKOTO IMpoliecca
C Pa3IMYHBIMU CPETHUMH YacTOTaMU. {1 U3ydeHus: KOJJIEKTUBHON TMHAMUKU B YaCTOTHO-
BPEMEHHOM JIOMEHE NMPHUMEHSINCh BeWBIeT-peoOpa3oBanue u npeobdpaszoBanue Pypne. C
MOMOIIbI0 YHCJIEHHOIO MOJEIUPOBaHMS OBLIM HCCIEN0BaHbl O00JAcTH CYIECTBOBAHUS
PUTMUYECKON aKTUBHOCTH B 3aBUCMMOCTH OT MapaMeTPOB MOJENIH, a TAKKE B MPUCYTCTBUU
Pa3IMYHbBIX BHEITHUX CUTHAJIOB.

Pabota nonnepxana Poccuiickum Hayunsivm @ongom, npoekt Ne 14-11-00693
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BJIMAHUE U3JITYYEHUSA ®OTOHOB HA PEJIATUBUCTCKOE ABUKEHUE
JEKTPOHOB B I1OJIE CTOSYEA JTUHEHHO-ITIOJIAPU30BAHHOM BOJIHBI

bammnoB A.B., Kum A.B., Ceprees A.M.
abvk@jinbox.ru

WuctutyT npuknagnoi ¢usuku PAH, Huwxuuit HoBropon

JIBr>KeHMe 2JIEKTpOHA B 33JJaHHOM 3JIEKTPOMAarHUTHOM I10JI€ onpenensercs cunoi JIopeHna
U paJMallMOHHBIMU moTepsAMU. I ydera BIMAHHA OTAAYU OT WU3JIYYEHUS HCIOJB3YIOTCS
pas3iauyHbIe MOAXOIBl. B pamkax KJIaCCMYECKOro NOAXOJAa B YPABHEHHS IBW)KEHHS BBOIUTCS
JUCCUMATUBHAs CHJIA, 3aBHCSIIAs OT IMOJIEH M MMIyJbCa YaCTULBL. YYeT JTOH CHJIBI
HNPUHLKIIMAIBHO HE0OX0UM, KOrJja 10 BEJIMYMHE OHA CTAHOBUTCS CpaBHUMOM ¢ cuioi JlopeHma.
OpHako NMpH HaJIWMYUHM JaK€ MAaJbIX JUCCHIIATUBHBIX MOTEPb MPOUCXOTUT CxaTue (ha3zoBOTrO
o0beMa, CIIe0BaTENbHO, yUeT CJ1a00ro pajualliOHHOTO TPEHMS MOXKET KaueCTBEHHO M3MEHUTb
JBIDKEHHE 3JIEKTpoHa Ha Oosbiiux BpemeHax [1]. Ha mpumepe nBuxeHHMU 37I€KTpOHA B IOJIE
IUTOCKOM BOJIHBI IIOKA3aHO, YTO CHJIA PaJIMAllMOHHOTO TPEHHs BeleT K 0Opa30BaHUIO PETYIISIPHBIX
U XaOTHYECKHUX aTTpakTopoB [2-4]. OnHako cuiia, elCTBYIOas HENPEePhIBHO, HE YUUTHIBAET TOT
(akT, 4To (QOTOHBI M3Iy4yarOTCs B CilydaiiHble MOMEHTHI BpeMeHHM. Kak Obuto mokasaHo[5],
CTOXaCTHYHOCTh M3JIyYCHHs MOXKET NMPHBOAMWTH K yBeJW4eHHIo (asoBoro odwrema. Kpome Toro
0Py KIACCHYECKOM TOAXOJE€ YaCTHIBI MOTYT TEpsSTh SHEPrHi0 Ha H3Iy4deHHe Oosblie HX
coOctBeHHOW.  Jlpyroili  TMOAXON, HWCHPABIAIONIMA  BBIIIEYKa3aHHbIE  HEIOCTATKH,
KBa3uKJIaccuyeckuid. B paMkax 3Toro moaxoda BEpOSATHOCTb, a TaKKE CIEKTP H3IIy4EHUs
(hOTOHOB OIpENENSIOTCS COrJIaCHO KBAHTOBOM TEOpWH, a JBUKEHHE YJIbTPapeasTUBUCTCKON
YaCTHUILIBI CUUTAETCSI KIIACCUYECKUM [6].

B nacrosmeil pabote uccnenyercsl BIUSHUE U3Iy4EHUS Ha ABMKEHHE 3JIEKTPOHA B II0JIE
IUIOCKOM  JIMHEWHO-TIOJIAPU30BAaHHOW  CTOSYEH BOJHBI C  IIOMOINBIO  KJIACCHYECKOTO U
KBa3MKJIACCUYECKOTO TOAXOJOB C IIENBI0 BBIABICHHA BaXXHOCTH KBAHTOBBIX 3(PQEKTOB.
PaccmaTpuBaroTCs pasnMuHbBIE PEXUMBI JBHKEHUS: PEISTHUBUCTCKMM Xa0C, HOPMAaJbHBIA H
AHOMaJIbHBIA paavalMoOHHbIE 3axBaThl [7]. Iloka3zaHO, YTO pEryJsipHbIE aTTPAKTOPHI, KOTOPBIE
BO3MOXHBI TPU KJIACCUYECKOM TMOAXOJI€ 3a CUET HEMPEPHIBHO IEHUCTBYIOMIEH pPaTAALMOHHON
CWJIbI, HE 00pa3yIOTCs, €CIM yYeCTh JUCKPETHOCTh M3IYUYEHHs, YTO BEAET K CTOXaCTHUYECKOMY
HarpeBy JaXke B CIy4yae MalbIX paJAUALMOHHBIX MOTEpb. [IpM 3TOM JIOKaIM30BaHHOE WU
npeiidoBoe aBIWKEeHUE TpaHchopmupyeTcs B Auddy3noHHOE, KOTOPOE MOXKHO NPEACTABUTH B
Bujge MapkoBckoil menu. B pexuMe paavallMOHHBIX 3aXBaTOB KJIACCHUYECKOE OIUCAaHUE B
OCHOBHOM IIPEYBEIMYMBAET pPaJUallMOHHbIEC IIOTEPH U YMEHBIIAET IOPOTr 110 AMILIUTYIE PEKUMA
aHoMajbHOro 3axBaTa. OJHAaKO OTHOLICHHWE DSHEPIuM, W3IYYEHHOW 3a IEpHOJ BOJIHBL, K
aMIUTUTY/lI€ BOJIHBl OTpaHHWYMBaeTcss ~3 B 00OMX TMOAXOJAaX, YTO CBUIETENBCTBYET O
KAuECTBEHHOM CXOJCTBE TPAEKTOPUI B pEXKHMME AaHOMAJIBHOI'O 3aXBaTa IIPU Pa3IMYHOM OIUCAHUH
n3nydenus. [loka3aHo, 4TO CTOXAaCTUYHOCTh M3JIyYEHHUS BEAET K CYLIECTBEHHOMY YIIUPEHHUIO
YIJIOBOTO paclpeiesieHnss W3MydeHus (GOTOHOB B 3ToM pexume. Kpome Toro, ompenenex
MHTEpPBAJ aMIUIUTYJ, COOTBETCTBYIOIIMX HOPMAaJIbHOMY 3axBaTy, B KOTOPOM pajvallMOHHbIE
NOTEpPU MOTYT OBITH OONBIIE TPU KBAa3HKIACCHYECKOM TMOJXO/E, BBUAY TpaHCHOPMALUU
JBYDKEHUS 32 CYET CTOXaCTHYHOCTH UCITYCKaHHsI (POTOHOB.

[1] M. Tamburini et al. Nucl. Instrum. Methods Phys. Res., A 653, 181 (2011).

[2] A.B. bammnoB u ap. KBant. Dnexrpon. 43, 291 (2013).

[3] G. Lehmann and K.H. Spatschek, Phys. Rev. E. 85, 056412 (2012).

[3] A.V. Bashinov, A.V. Kim, A.M. Sergeev Phys. Rev.E 92, 043105 (2015).

[4] N. Neitz and A. Di Piazza, Phys. Rev. Lett. 111, 054802 (2013).

[6] B.H. baiiep, B.M. Katkog, B.C. ®anun, Uznydenne peasiTHBUCTCKUX JIEKTPOHOB
(Atommuznat, Mockga, 1973).

[7] A. Gonoskov et al. Phys. Rev. Lett. 113, 014801 (2014).
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HEKOPPEKTHASI OBPATHAA 3A/IAYA BOCCTAHOBJIEHUA
BEPTUKAJIbBHBIX ATMOC®EPHBIX ITPOPUJIEN 11O JAHHBIM
CKAHUPYIOHIETI'O CIIEKTPOPAIMOMETPA HABEMHOI'O BABUPOBAHUA

benukosuu M.B., Myxun JI.H., Kynukos M.IO., ®eiirun A.M.
belikovich@appl.sci-nnov.ru
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropos

ClOoXHO TEepeoLEeHUTh 3HAueHHEe aTMOC(EpHbIX MPOLECCOB I 4YEJIOBEKa:
MeTeopoJiorusi (moroga) U Qoroxumus (TOTIIOMICHUE YIbTpaduonera 030HOBBIM CJIOEM)
OKa3bIBAaeT BIUSHUE HA HAIUM JKU3HU €XKETHEBHO. Yel0BEYECTBO pPa3BUBAET MHOXKECTBO
METOAOB JJIi HCCIElIOBaHMS W MOHUTOPHMHTa B TOM YHCIE€ U JAUCTaHIMOHHBIE.
JlucTaHIIMOHHBIE METOJIbl B OCHOBHOM OCHOBaHbI Ha HCIIOJIb30BAHUU 3JIEKTPOMArHUTHBIX
BOJIH (MCKJIIOUEHHE COCTaBJIAIOT COHAphbl HCIOJB3YIOLIME 3BYKOBBIE BOJIHBI) Pa3IMYHOTO
nuana3oHa. OJiHa pa3HOBUAHOCTH MOJI0OHBIX METOJAMK OCHOBAaHA Ha 00paboTKe MH(popManuu
O IPUHATOM COOCTBEHHOM M3JIyYeHMH aTMOc(epbl B MUKPOBOJIHOBOM Juana3oHe. JlaHHBIN
Croco0 XOpOIIO 3apeKOMEHAOBaJ ce0sd B CHUCTEMa KaK CIyTHUKOTO, TaK ¥ HA3eMHOTO
6a3upoBaHus. CHEKTp COOCTBEHHOTO H3Iy4YeHHs aTMOcC(epbl Ha OIpPEIeIEHHOW BBICOTE
MMEET HETPUBHUAIBHYIO (opMy (B HEM COJEPKATCS JIMHUM, CKJIOHBI), KOTOpas 3aBUCUT OT
BBICOTBI, COCTOSIHMSI M cocTaBa aTtmocdepbl. AHanmu3upys (opMmy chekTpa CcuUrHaia,
MOPOXIEHHOTO HEKOW O00JIacThi0 aTMoc(hepbl, MOXXHO TOJXY4YHTh HH(pOpMAmuio o ee
XapaKTepUCTHKaX Ha Pa3IMYHbIX YYaCTKaX IyTH PaclpOCTPaHEHUs CUTHAA.

JlaHHBIN JOKJIaJ TOCBSILEH alrOpUTMaM BOCCTAHOBJIEHHS BEPTUKAJIBHOTO HpOoQuis
XapaKTepUCTUK aTMOc(epbl MO pajHMOMETPHUUYECKUM JAHHBIM CKaHMPYIOLIETO0 paguoMeTpa.
PaccmarpuBaroTcss  HEKOppeKTHBIE  OOpaTHbIE  3aJauyd  BOCCTAHOBICHHS  Tpoduieit
TeMIIepaTypbl MPU3EMHOI0O CII0SI U Tpomocdepsl, a Takke cTpaTocepHoro o3oHa. B ocHoBe
KaXI0W 3amaun crouT paspabareiBaemblii B UII® PAH paguomerpuueckuii KoMILIeKc.
3amaun Temreparypbl IPU3EMHOIO CJI0S COOTBETCTBYET PaJMOMETp € IMOJI0COi aHanmm3a 55-
58I'T, remmeparypsl Tportocdepsr — 50-55I'T, crpatocheproro ozona — 110,3-111,31T.
JUis KaxaoW M3 HUX ONKMCAaH ajJrOpUTM pELIEHHs, B OCHOBE KOTOPOTO JIEXKHUT OaiiecoB
(BeposiTHOCTHBIN) monxon. He cmoTpst Ha cxoxyro (GopMylIHpoBKYy, Kaxaas 3ajada UMEET
CBOIO cIelU(pUKy, OOYyCIOBICHHYI0 Kak (M3MKOH sBJIEHUS (JMHEHHOCTh HETUHEHHOCThH
«TpSAMOM»  3a7auu), TaKk M OCOOEGHHOCTAMH TmpuOopa (IIMPHHBI W  PACIOJIOKCHHUS
CHEKTpaJIbHBIX KaHayoB). OlleHeHa TOYHOCTh M pa3pelleHne BOCCTAHOBJICHUS aJITOPUTMOB C
Y4ETOM peallbHbIX 3HAUYCHUM IlIymMa B pa3pabaTeiBaeMbix npubopax. IlokazaHbel pe3ynapTaTsl
paboThI aJITOPUTMOB Ha CT€HEPUPOBAHHBIX JTAHHBIX.

PabGora BoimonHena npu nomaepxkke @OUII «MccnenoBanuss u  pa3paboTku 10
NPUOPUTETHBIM HANPABICHUAM Pa3BUTHUS HAyYHO-TEXHOJOTHMUECKOro KoMIulekca Ha 2014—
2020 roas» (cormamenue o mpenocrasienue cyocunauu 14.607.21.0107 ot 28 HosiOps 2014
roga Mexay MuHuctepcTBoM oOpa3oBanus U Hayku PO u UIID® PAH, yHukanbHbIi
unentudukarop npoekra RFMEFI60714X0107).
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O BO3MO’KHOCTHU NIOBBINEHUA HHO®OPMATUBHOCTHU METOJIHUK
OIIPEJAEJIEHUSA TAPAMETPA CUT'HAJI/INYM HA ITPUMEPE
PACITPOCTPAHEHUSA PAINOCUT'HAJIA
KOPOTKOBOJIHOBOI'O JTUAITA3OHA PAIUOBOJIH

benos C.IO.I, Benosa U.H.'*
Belov_Sergej@Mail.Ru, Belova_lja@Mail.Ru
'DenepanbHOE TOCYIAPCTBEHHOE 00PA30BATENHHOE YUPEHKICHHE BBICIIETO
npodeccunoHaIbHOTO 00pa3oBaHusa « MOCKOBCKHI rOCY1apCTBEHHBIN YHUBEPCUTET)
nMmenu M.B. Jlomonocosa,
'2MenepanbHoe rocyapcTBEHHOE GIOKETHOE YUPEKICHHC HAYKH
WuctutyT Qpusuku armochepsl uM. A.M. ObyxoBa Poccuiickoil akaiemMun Hayk

B pabore mpemiokeH HOBBIM HEKOTEPEHTHBIH METOJ OIICHKH TapaMeTpa CHTHA/IIYM .
BrimonHeH cpaBHUTETBHBIN aHANN3 U MMOKA3aHO, YTO MO aHAIIUTUYECKON (OTHOCHTENHHOM) TOYHOCTH
ompeneNeHus TapameTpa [x HOBBIA METOA Ha MOPSAOK TPEBOCXOIWUT UIMPOKO MCIIONB3YEMBIH
CTaHAAPTHBIN U OJHOTO MOPSAKA C U3BECTHON KOTePEHTHOU METOAUKOM.

B pabote paccmarpuBaeTcst 3ajaya JUCTAHIIMOHHOW JHArHOCTUKU “‘IIEPOXOBATOM” 3eMHOU
TTOBEPXHOCTH M JHUIJICKTPHUYECKUX ITOATIOBEPXHOCTHEIX CTpykTyp B KB mamamazone. Bwidop KB
JUANa30Ha TI03BOJISIET YYHUTHIBATH IOATMOBEPXHOCTHEIN CIION (TONIIMHBI TOPSAKA JUITMHBI BOJIHEI
Majaromero usinydeHus). HHTepmperanusi MOJNy4YaeMbIX JaHHBIX [POU3BOAMUTCS HAa OCHOBE
CTaTHCTUYECKOH MYJIBTUILTUKATUBHOW MOJENH CUTHajla. TecTHpOBaHME MeETOJa TOJIy4YeHHS
“mapameTpa paccesHUs B YKa3aHHON MOJENH NPOM3BEACHO Ha MpHUMEpE IBYKPATHOTO OTPAXKEHHS
sopaupymomero KB curnana ot noHocgepsl mpu BEpTUKATHLHOM 30HIUPOBAHUH.

I[Ipu »sTOM B KauecTBe TMapaMeTpa, XapaKTEePH3YIOIIETO pPACCEHBAIOIIYI CIOCOOHOCTH
panvoOBONH 3€MHOW MOBEPXHOCTH, HWCIONB3yeTCS COOTHOIIEHHEe cuTHal/myM. Wpes wmertona
ompesiesicHusT TOrO MapaMmeTpa 3aKJIIoYaeTcss B TOM, YTO pacrojaras CUHXPOHHOH uH(popMaIiuei
0 BOJIHE, OTpPaXEHHOM OT woHOchepsl W O BOJHE, OTPAXEHHOH OT 3eMJIIH W HOHOCQEpHI
(nnm mpomeamedt noHOChEpy ABaXABI NMPH 30HAMPOBAHWK CO CITyTHHKA), BO3MOXXHO H3BJIEKATh
nHpOpMAIMIO O TMapaMmerpe paccesHus. OmnepaTwBHAas W HaAEKHAs OLEHKAa mMapaMerpa [3, UMeer
obmedmndecknii wHTEpec (pammodusnka, TeodH3MKa, ONTHKA ©W T. Md.), KOHKPETHU3AIHI
OCYIIECTBJICHA JJI1 HOHOC(EPHOTO CIydast.

HccnenoBan Bompoc 00 ONTUMH3ALMU METOJIWK H3MEPEHHUs mapamerpa [3, C TOYKU 3PEHHUs
JOIYCKaeMbIX aHAIUTHYECKUX (OTHOCUTENbHBIX) morpemHocteil. Mugeke K=E,R2,R4 — oznauaer
pEeTUCTpUPYEMBIH TIEPBUYHBIA TapameTp: KBaapaTypy E wmu ormbaromyiro R u coorBercTByromumit
metof (E — korepentHslif; R2, R4 — HekorepeHTHbIE).

[Inpoxo ucnons3ytores: 1) cranmaptHeiil R2-meTom, korma Bro= fro (0lro); 2) KOorepeHTHBIN E-
MmeToJ, Be=fg(ag). B pabore pazBur HOBBIIT R4-meTon (HEKOTepeHTHBIN), Pra= fra(Olrs), TOE O —
HU3MepsieMbIe BETHMYNHE; fy - m3BecTHBIC PyHKIHM [1].

B paGore mpencraBneHbl rpaduKM  TOBEACHHS  AHATUTHYSCKUX  (OTHOCUTEIHHBIX)
norpemHocteit € = (1/By) dfi/doy s ykazaHHBIX MeTOOMK (0€3 yuéra CTaTUCTHYECKUX OMIMOOK) B
JMana3oHe SKCIIEPUMEHTAIILHO HaOMoqaeMbIx 3HaueHni PBy. [okazano, uTo £'; M € rg OTHOTO MOPSIKA
(e'r4=3/2 €'E) M CyNIECTBEHHO NPEBOCXOAAT MO TOYHOCTH H3MEpPEHHs Py IO cTaHgapTHOH R2-
METOUKE € Ry .

B utore, ycTaHOBIEHO, UTO JOCTATOYHAS aHAUTHYECKAs TOYHOCTh U3MEPEHUS [3x MOXKET OBITh
JOCTUTHYTA U TIPH UCTIOJIH30BAHUY HEKOTEPEHTHOW anmapaTypsl ¢ TIOMOIIBI0 HOBOM MeToanku R4.

Benos C. 0., benosa 1. H. O mapamerpe ‘“BO3MYyHIEHHOCTH HEOIHOPOIHOTO (BIYyKTYHUPYIOLIETO

TUpakIMOHHOTO dKpaHa. // MexayHapoanblii CummosuyMm "AtMmochepras Pagunanus n JlnHamuka"
(MCAP/1-2015), Caukr—Ilerepbypr, 2015, c. 103.
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OCOBEHHOCTHU JTMHAMMKMU KAJIBIIUA B MOJAEJIM ACTPOLIUTA

bonaeipera H.B.
BO-209@yandex.ru
Hwxeropoackuii rocynapctBeHHbIN yHUBepcuteT uM. H.M.JloGaueBckoro

Hapsiny ¢ yXe TpaIMIHMOHHO H3y4aeMbIMH B HEIMHCHHON AMHAMHUKE MOZCIISIMU
HEHUPOHOB U HEHWPOHHBIX CETEH, BAXXKHYIO POJIb B COBPEMEHHBIX HEHMPOHAyYHBIX 3aJadax
HAYMHAIOT UrPaTh INIMAJIbHBIE KJIETKH (B YaCTHOCTH, aCTPOLIUTHI), TAKXKe 00pa3yrolue CeTH U
B3aMMOJEHCTBYIOIINE C OCHOBHBIMU CUTHAJIbHBIMU KJIETKAMU — HEHPOHAMU.

B nannoit pabote paccmaTrpuBaeTcsi TPEXKOMIIOHEHTHas Mojenb Maypuimo ne Ilura.
YpaBHEeHHs 3TOH MOJAENHU MPEICTaBISAIOT cOO0M aHaNor ypaBHEHUI XOKKHUHA-XaKCIH AJs
MeMOpaHbl HHAOIUIA3MATHUYECKOIO PETUKYJIyMa acTpOLIUTA, OIpPENEICHHBIX B TEPMHMHAX
WU3MEHEHUs1 KOHILICHTpAalUM HMOHOB KaJbLUsi BO BHYTPHUKJIETOYHOM IpocTpaHCTBEe. Monenb
npeCTaBisieT co00i cucTeMy HENWHEHHBIX TU(GEpEeHINATbHBIX YPAaBHEHUH ISl OMTUCAHUS
JUHAMHUKU BHYTPUKJICTOYHON KOHILIEHTPALMM KaJIbLUSA U U3MEHEHUS JOIM AaKTUBUPOBAaHHBIX
KaJbIIMEBhIX KAHAJOB, a TaK JX€ W3MEHEHMs KOHIEHTpanuu WHU30ToI-1,4,5-Tpudocdara
(UTD), peryaupyromeil BBIIYCK KaJlbLUs M3 HHIOMIA3MAaTHYECKOIO PETHUKYJIyMa BO
BHYTPHUKJIETOYHOE IPOCTPAaHCTBO. BHyTpukinerounas konueHtpauus WUT® omnpenensercs
CJIEIYIOIIMMH NTapaMeTpaMu: MaKCUMaJIbHOU cKopocThio nerpagauuu MTO 3a cuet 3-kuHasbl,
MaKCHMaJIbHOU cKopocThio nerpafanuu UTD 3a cuer medochopunmpoBanus U CKOPOCTHIO
npoayuuposanus UT® npu akruBauuu ¢ocdonunassl C §. ITu napaMeTpsl ObUIH BHIOPaHBI
B Ka4€CTBE KOHTPOJIbHBIX [TAPaMETPOB IPU aHATIU3€ TUHAMUKHU CUCTEMBI.

B pesynbrate mnpoBeneHHOro Ou(ypKaMOHHOIO aHaldu3a MOJU(PHUIMPOBAHHON
TPEXKOMITIOHEHTHOI MOJIENIM aCTPOLIMTA MOIy4YeHbl pa30ueHusl MpOCTPaHCTBA MapaMeTPOB Ha
0o01acTH C pa3aMyHbIM JUHAMUYECKUM MoBeJaeHHeM. [IpoaHamu3upoBaHbl W3MEHEHUs
KOHLeHTpauuu Kanbiuss 1 UT® npu Bapuanusx napameTpoB MOJEIU. Y CTAaHOBJIEHO, YTO
CYILLECTBYIOT IMaNa30Hbl IapaMETPOB, II€ CUCTEMA IEMOHCTPUPYET THCTEPE3UCHBIE SIBICHMUS:
(uHaAIBHBIN pe3ysIbTaT YCTAHOBJICHUS BHICOKOW WJIM HU3KOM KOHUEHTpauuu Kanplusg u UTO
ONpeNeNsieTCsl HaudalbHbIM  COCTOSHMEM (HadaJbHBIMM  ycioBusMH). VccriemoBaHbl
OM(ypKalMOHHbIE MEXaHW3Mbl BO3HUKHOBEHHS aBTOKojeOaHui. BrigBieHbl o001acTu
CYILIECTBOBaHMS CIIOKHBIX MEPUOJUYECKUX MU XaoTHueckux kojeOanuil. IlokazaHo, uTO
Hepexo]l K Xaocy OCYIIECTBIsSIETC depe3 Kackaj Oudypkauuil yaBoeHus nepuoaa. Hanuuue
CIIO)KHBIX M XAOTHYECKUX KoyieOaHMH Ja)ke B aBTOHOMHOM KaJIbLIMEBOM T€HepaTrope
CBUJIETEIBCTBYET O TOM, YTO JUHAMHKAa MOJEIN CYILIECTBEHHO CJIOXHEE M pa3HooOpa3Hee
JUHAMHUKU IPEIIIECTBYIOIUX aHAJIOTMYHBIX MOJEIEH.
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MAPTUHAJIBHOE XUMEPHOE COCTOSIHUE B CHHXPOHHBIX
UMITYJIbCHO-CBA3AHHBIX HEMPOHOITIOJJOBHbIX CETAX

Bbomortos M.I/I.l, Ocumos F.B.l, [Tukosckuii A.C."
bolotov_maxim_ilich@mail.ru
'MucTHTYT MEQOPMALMOHHBIX TEXHOIOTHH, MATEMATHKH M MEXaHUKH,
Hwxeropoackuii ['ocynapcreennsiii Y auBepcurtet uMm. H.U. JloGaueBckoro
2I/IHCTI/ITyT ¢u3uku u actpoHomud, [lorcgamMmckuil yHuBEpCUTET

W3ydenue qUHAMUKHU TI100aTbHO-CBSI3aHHBIX MOMYJISIHMA OCHWIISTOPOB B HACTOSIIIEE
BpeMsl TPUBJICKAET HWHTEPEC UCCIENOBAaTeNeH W3-32 MHOTOYHCICHHBIX TMPHIOKCHUNH B
pa3IMYHBIX 00JACTAX €CTECTBO3HAHUS OT (U3UKU 10 HEHPOHAyKH, B MOJECISAX KOTOPBIX
MOTYT HAOJIOAeTCsI CHHXPOHM3AINSI, KOJUICKTUBHBIM Xa0C, a TaKKe XUMEPHBIC COCTOSHUSI.
[Tocnemuue NpeACTaBISIIOT COOOW PEXHUMBI, KOTJIa YacTh OCHWIISTOPOB CHHXPOHHA U
dbopMupyeT KiIacTep, Moka APyTrue 0CTAITCS ACHHXPOHHBIMHU.

B nanHO# paboTe paccMaTpuBaeTCsl JBE CBS3aHHBIC TOMYJISIIMH HEHPOHOMOIOOHBIX
areMeHTOB. CBSI3b BHYTPH KaXKIIOW MOMYJISIIKAN 3a7aeTcs depe3 olree moie, GpopMupyemoe
UMITYJIbCaMH, MOCTYMAOMUMH OT 3JIEMEHTOB IMOMYJISIIUU. B 3aBHCUMOCTH OT CHIIBI CBSI3H,
TIOJISL ATUX IMOMYJISIUH UMEIOT HECOM3MEPUMBIC YaCTOTHI WJIM CTAaHOBSITCS CHHXPOHHBIMH. B
cinydae 2:1 CHHXpOHUW3AIMM TOJNICH WHAMBHIYaJbHbIC HEHPOHBI B OJHOW W3 TOMYJISIHNA
ACUHXPOHHEI C IMOJIEM, TTOKA YaCTOTHl HEHPOHOB JIPYTOM MOMYJISIIUN COBIATAIOT C YaCTOTON
noJsi. HelipoHbl CHHXPOHHO#M MOMYJISIIIMYA HAXOATCS B XHMEPHOM COCTOSIHUH, KOT/Ia YacTh U3
HUX (OPMHPYET TIOJHOCTBIO CHHXPOHHBIM KIAcTep, MpPU 3TOM Jpyrue oOpa3yroT
ACHHXPOHHYIO TPyMIly. DTO HOBBIH BUJ XUMEPHOTO COCTOSIHHS, HAOII0JaeMOro B OJIHOM
MOMYJISIIIAKA, BXOJSIICH B CHUCTEMY CBS3aHHBIX TOMYJISIIMA, TIE BTOpas OCTaeTCs
ACMHXPOHHOH. JlaHHBI pexuM paHee HE HAOMIOJANCS B OIHOM aHcaMOie TJI00albHO
CBSI3aHHBIX JJICMECHTOB, 33J1aBa€MOT0 YPAaBHCHUSIMHU TIEPBOTO MTOPSIIKA.
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CONIOCTABJIEHUE METOJOB JJUATHOCTUKHA ®A30BOI
CUHXPOHMU30BAHHOCTH 11O HECTAIIMOHAPHBIM PEAJIU3ALIUAM
BUOJOTUYECKOM ITPUPOIbI

boposkosa E.U., Kapasaes A.C., [Tonomapenko B.U., [Ipoxopos M./I.
rubanei@mail.ru
CaparoBckuii punman MHCTUTYTa paIMOTEXHUKH U SJICKTPOHUKHU
uM. B.A. KorensuukoBa PAH

ITpoBoUTCS cCOMOCTaBIEHNE METOAOB TUArHOCTUKHU (ha30BOM CHHXPOHHU30BAaHHOCTH 10
BpEMEHHBIM peanu3anusM. CoNocTaBIeHHE OCYILECTBJIAETCS Ha MpHUMEpe aHaln3a
CHeluanbHbIM 00pa3oM MPUTrOTOBIEHHBIX TECTOBBIX [JaHHbIX. [lokazaHo, 4YTO MeTOA,
OCHOBaHHBIM Ha KYCOYHO-JIMHEHHOM anmpoKCHMallMd MTHOBEHHOW pa3HocTH Qa3 B
CKOJIB3SIIEM  OKHE, JEMOHCTPUPYET JIyYIlyl0 CpE€Ou  COIOCTaBISIEMBIX  METOJIOB
YyBCTBUTEIIBHOCT.

[TpoBenen cratucTHyYecKkuid aHaimmu3 (Ha30BOW JNWHAMUKH B3aUMOJCHCTBUS CHCTEM
aBTOHOMHOM peryysiuu JesSTeIbHOCTH cepaedHo-cocyauctoi cucrembl (CCC) yenoBeka,
UMEIOLINX COOCTBEHHBIE YacTOThl KoieOanuii okono 0.1 ['n. AHanu3 cUrHaJIoOB 3TUX CUCTEM
OCJIOJKHSETCS CJI0KHOCTBIO U3yYaeMbIX CUCTEM, HAIMYMEM IUHAMUYECKUX U U3MEPUTEIbHBIX
IIYMOB, HECTAI[MOHAPHOCTBIO BPEMEHHBIX peanu3auuil. CI0XHOCTh H3Y4YaeMbIX CHUCTEM
TpedyeT BbiOOpa M pa3paboTKH Haubojee MOAXOIAIIMX METOIOB aHalu3a, YUUTHIBAIOIIUX
WHAMBHIyaJIbHbIE 0OCOOEHHOCTH 0OBEKTOB UCCIIEJOBAHMSL.

3aperucTpupoBaHbl U IpoaHaIu3UpoBaHbl Oosiee 50 3amuceil 310pOBBIX UCTIBITYEMBIX U
NAIMeHTOB, TNepeHecmnX WHQpapKT MUOKapaa. B xome o0paOOTKM 3THUX JaHHBIX OBUIH
OlLleHEeHb! (PYHKIMU paclipe/ieleHus JJIUTebHOCTEH CHHXPOHHBIX U HECUHXPOHHBIX yYacTKOB,
paccTpoeKk MTHOBEHHBIX YacTOT KoJieOaHuUil, ypOBEHb ()a30BBIX ITYMOB.

[To pe3synbrataM NPOBEJEHHOTO CTAaTHCTUYECKOTO aHalIM3a pa3pabdoTaHa MeETOIHMKa
IPUTOTOBJICHUS HCKYCCTBEHHBIX JaHHBIX, BOCIIPOM3BOJISIINX CTaTUCTUKY
JKCIIEPUMEHTAIIBHBIX pasHoCTEH ¢as. Metonuka YUHUTBIBAET 0COOEHHOCTH
HKCIEPUMEHTAIbHBIX JIAHHBIX: HECTAllMOHAPHOCTh, HAIWYUE U YPOBEHb H3MEPUTEIbHBIX
IIyMOB, MCKaXEHHs, BHOCHMBIE HW3MEPUTEIBHBIMU IpeoOpazoBaTeisiMH, apTedaKkThl
IPUMEHEHUS METOJIOB, MpEAHA3HAUYEHHBIX U1 BBIACICHUS CHUTHAJIOB HCCIENYyEMBIX
HOJCHCTEM U3 3KCIEPUMEHTAIBHBIX pean3aluii, MpeACTaBIAIomuUX co00il cMech CUTHAJIOB
HECKOJIBKUX MOJICUCTEM.

IIpoBeneHO comocTaBlIeHHE PE3yJIbTAaTOB NPHUMEHEHUS H3BECTHBIX WM IPEIIOKEHHBIX
HaMHU MOJXOJO0B JAMATHOCTUKM CHHXPOHU30BAaHHOCTU IpPU aHAIMU3€ IOJCUCTEM HEPBHOM
perymsiuun  gestenbHocTh CCC  cucTeMbl AU BBIABICHHMS BO3MOYKHOCTEW M TI'PaHHLL
OPUMEHUMOCTH JUIsl aHallu3a CJOXHBIX CHUTHAJIOB JKUBBIX cHUCTeM. B wuactHOCTH,
COIOCTABJSUINCE: Pa3BUBAEMBIM IOJXOJ, OCHOBAaHHBIM Ha aNNpPOKCUMAalMM MIHOBEHHOHN
pazHOCTH (a3 B CKOJB3AIEM OKHE, METOJl, OCHOBAHHBIM HA aHAIM3€ pacHpeleICHUS
pasHocTH (a3 — pacuere kod(p¢uireHta Gpa3oBoil KOrepeHTHOCTH, METOJ, OCHOBAHHBIA Ha
OLIEHKE JINCTIEPCUN MTHOBEHHOHW pa3HOCTH (a3.

ComnocraBneHre NpoOBEIEHO Ha aHCAMOJSIX MCKYCCTBEHHBIX BPEMEHHBIX peaau3alui
MTHOBEHHBIX paszHocTedl (a3. B xome anHanmm3a aHcaMOyieli TakWX 3amuceil BBISIBICHBI
NpEeuMylIecTBa, HEAOCTAaTKM M TpaHULbl NPUMEHMMOCTH TIOJAXOJ0B aHaiu3a (a3oBoH
CUHXPOHM30BAHHOCTH MOJACUCTEM HEpBHOU peryisiuuu aesreasHoctu CCC.

Pab6ota BeImonHeHa npu noaaepxke rpanta PH® Nel4-12-00291.
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HU/KEI'OPOACKASA PETHOHAJIBHASA I'PO3OIIEJIEHI' AIMOHHASA
CUCTEMA

bynaro A.A., Kyrepun @.A., [llmtoraes 10.B.
AlexeyABulatov(@yandex.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B konme XX - mnHauame XXI Bexka, B CBA3M C HHTCHCUBHBIM pa3BUTHEM
TEJICKOMMYHUKAIIMOHHBIX W HABUTALMOHHBIX CETEH, MOSBWINCH BO3MOYKHOCTH  JUIS
pa3paboTKu U peanu3alii CUCTEM OINpEeAeNICHUS TOYHOTO MECTOIOJNIOKEHHS] MOIHHUEBBIX
BCIIBIIIIEK  TMACCUBHOM rpo3omenieHranuu. Kak mpaBuiio, mogoOHBIM CETSM CTaBUTCS 3ajaya
MOJIyYEHUS ONEPATUBHBIX JTAHHBIX O KOOPJAMHATAX M BPEMEHH BCIBIIIKH, MOITHOCTH, TUIIE U
MOJIIPHOCTH pa3psiioB [1].

Wudopmanys Tpo30MeNeHrallMOHHBIX CceTeld 4Ype3BbhlYaiiHO BakHA JUIsl  3a/a4
OTIEPAaTUBHOTO MOHHUTOPUHTA MOJHHUEBOW AKTHBHOCTH, KpPAaTKOCPOYHOTO MPOTHO3a
OBICTPOPA3BUBAIOIINXCS KOHBEKTUBHBIX SIBICHUW M Jp. OYeHb 4YacTO TPO3BI SIBISIFOTCS
MPEIBECTHUKAMH Pa3BUTHS OIACHBIX COOBITHH, TaKWX, KaK KBTI W KaTacTpoUICCKUE
JUBHEBBIE OcCaAku, cMmepuu, rpax [2]. C papyroil CTOpOHBI, OIEPATHBHBIE JIaHHBIE
MECTOITOJIOKCHHUST MOJIHUH  TMO3BOJISIIOT  BEpU(UIIMPOBATH TPOTHO3HBIC AJITOPUTMBI U
pea30BbIBATh CHCTEMBbI KOPPEKTHPOBKU («nudging») perieHus YHUCIEHHBIX MOJENel K
HAOJI0JaeMBIM SIBJIEHUSIM. ['pO30IENIEHrallMOHHBIE CETH, COBMECTHO a’POAJIEKTPUUECKUMU
HaAOII0ICHUSIMU, SIBJISIOTCS OCHOBOM ISl 337]a4i YCBOCHHSI T€0AJIEKTPUIECKIX METEOJaHHBIX,
MCCIIeA0BaHUH TI100abHOM JIEKTPUUECKOM LIETIH U KIIMMATOJIOTUH MOJTHUH [3].

B nanHOlf paboTe omucaHa MHOTOMYHKTOBas TPO3OMENEHTAallMOHHAs CHUCTEMa,
pasBepHyTas B Hikeropozackoit o6sactu B TeueHHE KOHBEKTUBHOTO ce30Ha 2014 1. [4-5]. Ha
OCHOBE €€ MOKa3aHWil 3a MepuoJ]l ¢ KOHIA Mo Mo KoHen ceHTsOps 2014 r. mpoBeneHa
BalMJAIMsl JAHHBIX M HCCIEJOBAaHA TOYHOCTh CETU. B KadecTBE OMOPHBIX JTaHHBIX
WCIIOJIb30BAJIMCh TOKAa3aHUs MEXAyHApOJHOW rpo3oresieHraiioHHon cucremel WWLLN u
MIOKa3aHUs JOIIEPOBCKOIO METEOPOJIOTUYECKOI0 PAAUOIOKATOPA.

B pabore omucaHbl NPUHIUIBL, aNTOPUTMBI PabOTBl, a TaKKe OpraHU3aAIMs
pa3pabOTaHHOM TPO3OMEJCHTAIIMOHHOW CeTH U €€ TEXHUYECKHE XapaKTEePUCTHKHU.
[TpencraBieHbl HEKOTOPBIE pe3ynbTaThl €€ padoThl 32 2014-2015 KOHBEKTHBHBIE CE30HHI. B
JaTbHEHIIIEM TUTAaHUPYETCS PACIIUPEHHE 00JACTH MOKPBITUSI CUCTEMBI, MIOBBIIIICHUE TOYHOCTH
TPO30MENIEHTallil U pa3paboTKa alrOpUTMOB OMPECICHUS XapaKTEPUCTHK MOIJHHUEBOTO
paspsia, BKJIIOYasi TUI, MOJISIPHOCTh U MAKCUMAJIbHBIHN TOK.

1. Rakov V.A. Electromagnetic Methods of Lightning Detection / V.A. Rakov // Surveys in
Geophysics. —2013. — T. 34. — Ne 6. — C. 731-753.

2. Matgees JI.T. Kypc o6mieit mereoposiorun. @usuka armochepst / JI.T. MarBees. —
Jlenunrpan: 'mapomerusnar, 1984. — 751 c.

3. Williams E. Recent progress on the global electrical circuit / E. Williams, E.A. Mareev //
Atmospheric Research. —2014. — Tt. 135-136. — Ne 1. — C. 208-227.

4. Kuterin F.A. The Development of the Lightning Detection Network based on Boltek
StormTracker hardware / F.A. Kuterin, A.A. Bulatov, Y. V. Shlugaev // International
Conference on Atmospheric Electricity. — Norman, OK, U.S.A., 2014. — C. P-12-17.

5. bynaroB A.A. PernonanpHas rpo3ornesieHraiuontas cets B Hikeropoackoi obmactu /
A.A. Bynaros, 10.B. Illmtoraes // XX Humxeropoackasi ceccusi MOJIOABIX YUCHBIX.
EcrecTBeHHble, MaTeMaTudyeckue Hayku. — Kuarununo, 2015. — C. 8-9.
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IKCHHEPUMEHTHBI 110 YCKOPEHUIO NIPOTOHOB HA CYBIIETABATTHOM
JIABEPHOM KOMIIJIEKCE PEARL

Bypnonos K.®., ConosseB A.A., Crapoay6ues M.B.
kfb.iap@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B Hacrosiiee BpeMsi OTHUM U3 aKTyaJbHBIX M BOCTPEOOBAHHBIX MPHUIOKEHUN (HU3UKU
Ja3epoB AKCTPEMATBHBIX MHKOBBIX MOIIHOCTEH, SBISETCS HCCIEIOBAaHUE B3aUMOJEHCTBUS
PENATUBUCTCKU-CUIIBHOTO ONTHYECKOTO W3MyueHusi C BemecTBoM. OcoOeHHBI WHTepec
MPEICTABISIET BO3MOKHOCTh CO3/1aHUsI Ha 0a3e JIa3epHBIX KOMIUJIEKCOB MYJIbTUTEPABATTHOTO
Y TIETaBaTTHOTO YPOBHEH MOIIIHOCTH KOMITAKTHBIX YCKOPUTENEH 3apsSKEHHBIX YACTHII.

Ha cyOneraBattHOM komiuiekce PEARL Obuta mpoBeneHa cepusi SKCIIEPUMEHTOB I10
YCKOpPEeHHI0 NMpoTOHOB B pexkume TNSA (target normal sheath acceleration). JlazepHsrii
UMITYJIbC Ha BBIXOJIE M3 BAKyyMHOTO OINTHYECKOTO KOMIIPECCOpa Ha IHEHTPAIbHOU JUIHHE
BOJIHBI A¢ =910 HM, mmurensHOCThIO T ~60 e, sHeprueit no 10 Ixu auamerpom ~100 mm
HANPaBIISJICS. B MUIICHHYIO Kamepy, Tlie (OKyCHPOBAJCS BHEOCEBBIM MapaOOINYeCKUM
3epkaioM ¢ f/4.2 Ha TOBEpXHOCTh MeTayuindeckord (onsru. B kadecTBe MmuIeHei
UCIIONB30BAINCh amtoMuHUeBbIe ¢onbru TonumHamu 10, 5, 3 u 0.8 MkM, TUTaHOBBIE (HOJIBTU
TOJILIMHOMN 5 MKM, a Takke antomMuHueBble Gonbru 0.17 u 0.5 MKM ¢ HanbUIEHUEM U3 HUTPHUA
kpeMHHsT ToamuHOM 30 u 50 HM. Donbru pacnoyiaraiuch noja yriom 45° k magarouiemy
M3TydeHHIO. B MHIICHHOM Kamepe moiepxuBanock gapnenne 10~ Top.

[Ipumensiiuchk 1Ba crnoco0a JETEKTUPOBAHUSA YCKOPEHHBIX MPOTOHHBIX ITYYKOB.
Huarnoctuka paaunoxpoMubiMu TuieHKaMu (RCF), coOpaHHBIMH B CTEK, IMO3BOJIMJIA IIO
paAMallMOHHOMY 3aT€MHEHUIO IUIEHOK BOCCTAHOBHUTH SHEPreTUYECKHE M YIJIOBBIE CIEKTPHI
npoToHOB. CHIEKTPOMETP TOMCOHOBCKAasl Mapadojia, B KOTOPOM YCKOPEHHBIC YaCTHUIIbI MO
NEHCTBHEM COHANPABIEHHBIX MAarHUTHOTO M 3JIEKTPHUUECKOIO IMOJIEH OTKJIOHSIOTCSA OT CBOEH
M3HAYAJIbHON TPACKTOPUM B 3aBUCUMOCTH OT CKOPOCTH M 3aps-MacCOBOTO COOTHOIICHUS,
MO3BOJIMJ TaKXe ONPEIENIUTh COpTa U DHEPreTUYECKUE CIEKTPhl YCKOPSIEMBIX BMECTE C
MPOTOHAMHU JIETKUX TOJOXKHUTEIbHBIX MOHOB. [[1s1 OTHOBPEMEHHOTO HUCHIOJIB30BaHUS 00eUx
nuarHoctuk B RCF-cTeke mpoaenbiBaioch OTBEPCTHE.

Jlist yCcTaHOBKM MUIIEHEHW B TOYKY (DOKYCHPOBKH MOIIHOTO JIa3€PHOTO HMMITYJIbCa C
MUKPOHHOH  TOYHOCTBIO  HCIIOJIb30BaJlaCh  CIHEIMAIbHO  HM3TOTOBJIEHHAs  BaKyyMHas
MOTOpPU30BaHHAasi MHOTOKOOpAMHATHAsE CHUCTeMa [MO3ULHUOHUPOBAHUS, Ha  KOTOPOM
3aKperUsuiach MaTpuila U3 Habopa OTHeNbHbIX MuIIeHeidl. Hamuune MaTpuibl MO3BOJIUIO
3aMEHSTh TMOJIHOCTHIO pa3pyllIaBIIMECs B MOMEHT BhICTpena (OJIbIM Ha HOBBIE 0e€3
NEeBAKyyMH3allM MUIIEHHONW KaMepbl, YTO TO3BOJWJIO CYIIECTBEHHO COKPaTUTh BpeMs
MEXIy BbICTpenamMu. MTepallMOHHBI METOJ HAaBEICHMS MHIICHH IMPU MOMOIIUA JAaHHOMN
CUCTEMbI TTO3UIIMOHUPOBAHHUS MO3BOJINJ YCTAaHABIUBATH MUIICHb B IUIOCKOCTh (POKYCHPOBKHU
JIA3€PHOTO U3ITYUYEHHS C TOYHOCTBIO HE XYXKE 5 MKM.

MaxkcuMaibHble 3HAYEHHUS DHEPrHil YCKOPEHHBIX MPOTOHOB, H3MEpPEHHBIE CTEKOM
paauOXpOMHBIX IUICHOK, HaxoAasTcss B nuamna3zoHe oT 43.3 o 44.1 M»sB, uro npu
UCIIOJB3YEMBIX —TapamMeTpax Ja3epHOro M3Iy4YeHHs] SBISETCS MHPOBBIM PEKOPAOM.
CHekTpoMeTpoM TOMCOHOBCKOW Tapa0omoif ObUIM TakKe 3aperUCTPUPOBAHBI  CJIEHBI
YCKOPEHHBIX BMeCTe ¢ IpoToHamu noHoB yriaepoga C' - C® i nonos xuciopona O u O°F
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OIEHKHU CITUPAJIBHOCTHU B ATMOC®EPHOM IIOT'PAHUYHOM CJIOE

Bazaesa H.B. 1’2, YUxernanu O.I'. 1’3, MaKkcHMEHKOB H.O.l, Kyprauckuii M.B.!
ifanataly@gmail.com
'MucturyT dusuku armocheps! um. A.M.OGyxosa PAH
*MI'TY nm. H.D. Baymana
3 NucTuTyT KocMuueckux ucciaenopannii PAH

CrnupanbHOCTh XapaKTepHa KakK JJIs CPeJHUX JBUKEHUH, TaK U AJs TypOyJIEHTHOCTH B
atMochepHoMm norpaHudHoM cioe (AIIC). Ona sBnseTcsl MOJE3HOW AMArHOCTHYECKOU
XapaKTePUCTUKOW IIEJIOT0 CIEKTpa TeoU3NUECKUX M acTpodu3mdecknx TedeHud. OcoObIi
UHTEPEC BbHI3BIBAET BO3MOXKHBI HPOTHOCTUYECKUH CMBICI CIUPAJIBHOCTH U €€ pPOoJib B
TeHe3UCe U JUHAMUKE UHTECHCUBHBIX BUXPEBBIX MPOIIECCOB B aTMOC(epe U OKeaHe.

B HacTosiieM ucciieoBaHMM TPOBOAUTCS BBIYMCICHHE CHUPAIBHOCTH Ha OCHOBE
HKCIEPUMEHTAIbHBIX JaHHBIX, CPABHEHHE C TEOPETHUYECKHMMHM OLIEHKaMH, U HCCIEI0BaHUE
BO3MOXHOCTH UCIOJIb30BAHUS CIIUPATILHOCTH KaK TUarHOCTUYECKOT0 (pakTopa.

B ycnoBusX OTCYTCTBUSI CWJIBHOM KOHBEKIIMHM OOHAapy>K€Ha Xopollas KOppemsius
BPEMEHHOI'0 XO0Jla MHTETpajJlbHOM M0 CJOK CIHUPATbHOCTH, PACCUUTAHHOM IO JaHHBIM
IKCIEPUMEHTOB 10 akyctuueckoMmy 3oHaAupoBaHuio AIIC (Kammbikus (2007 r.), umisHck
(2012 r.), Hnmudepren (2009 r.)), ¢ X0mA0M KBaJpara CKOPOCTH BETpa Ha BEPXHUX YPOBHIX
3ouaupoBanus (400-800 M). DTO MO3BOJIAET HANEATHCS HUCIOJIL30BaTh JIaHHBIE O BETpPE B
cBOOOJIHON aTMocdepe Il MOCTPOSHHS OLIEHOYHOI'O PErMOHAIBHOIO M INI00AIbHOTO IMOJIS
CIUPAJIBLHOCTH.

JUIs TUIOTHOCTH CNUPAJIBHOCTH KPYMHOMACIUTAOHBIX JBHXEHUH MOJIYYEHBI 3HAUYEHUS
0.3-0.4 m/c’ . CrMpambHOCTH 3aMETHO BO3DACTAET B HOYHBIX HH3KOYPOBHEBBIX CTPYIMHBIX
TeueHusax — go 0.8 m/c?. Cpennss mo cioto cnupaiabHocTh B AIIC Onm3ka K oleHKaM st
TypOyreHTHOM crmpansHocTH B 0.02-0.12 M/c”.

[To nannbiM pe-ananmuza (ECMWF) g BHETpONMYECKHX IIMPOT CEBEPHOTO
nostymapust 3a 2010 rog aHaTM3UPYIOTCS TI00aTbHBIE TOJISI CHUPAIBHOCTHA B MOTPAHUYHOM
cIoe.

Hccnenosanus BeinonHensl npu noaaepxkke PH® (mpoextsr Ne 14-17-00124, Ne 14-17-
00806).
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HEJIMHEWHBIE PEXXUMBI INIASMEHHOI'O ITUKJIOTPOHHOI'O MA3EPA B
HEPABHOBECHOM ILLTA3BME

Bukrtopos M.E., I'ony6eB C.B., l'ocnogunkos E.Jl., Mancdensn JI.A., llamamos A.T.
mikhail.viktorov@appl.sci-nnov.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B pabGore mpencraBieHbl pe3ydbTaThl HCCIEIOBAHUS MPOLECCOB TI'E€HEpaIUH
JJIEKTPOMAarHUTHBIX BOJH IPH LHUKJIOTPOHHOW HEYCTOMYMBOCTH B IUIA3ME, CO3aBAEMOM U
NOJJEPKUBAEMOM MOIIIHBIM MWJIJIMMETPOBBIM U3IyYE€HHUEM I'MPOTPOHA B MPSAMOM aKCHAJIbHO-
CUMMETPUYHOW MarHUTHOH JIOBYILIKE B YCJIOBHSAX 3JIEKTPOHHOTO IUKJIOTPOHHOTO PE30HAHCa
(OUP paspsx). Ilpu mnomomu COBPEMEHHBIX CpPEACTB JHUArHOCTUKM OBUTM HU3y4YeHbI
JUHAMHYECKHE CHEKTPbl AJIEKTPOMArHUTHOTO M3JIY4YEHUs] HEPaBHOBECHON ILIa3Mbl B
IIMPOKOM JAMana3zoHe 4acToT. OOHAPYKEHO MATh PA3IMUHBIX PEXUMOB (YHKIIMOHHUPOBAHUS
IUIA3MEHHOTO IMKJIOTPOHHOTO Masepa, peaju3ylollMecs Ha pasHbIX CTaausx paspsaa. B
paboTe MpOBEAEH aHAIW3 KBa3WIMHEHHON CTaguM pa3BUTHS HEYCTOHYMBOCTU Ui Pa3HbIX
¢u3nyecKux yCIOBUH, pealu3yeMblXx B JKcrnepuMmeHTe. [lokazaHo, 4YTO pEXUMBI,
peanu3yeMble Ha Pa3HbIX CTaausAX pa3pssia, MOIyT ObITh OMMCaHbl C €AMHBIX MO3MLUN Ha
OCHOBE ypaBHEHHUH IBYXypOBHEro masepa. B noknaze Taxke o0cCyXkIaercss B3aMMOCBA3b
HaOJr0/1aeMbIX B J1a0OpAaTOPUM JTMHAMHUYECKUX PEKUMOB IUKIOTPOHHOM HEYCTOHYMBOCTHU C
AQHAJIOTUYHBIMU SBJICHUSIMH, TPOTEKAIOIIMMHI BO BHYTPEHHEH MarHuTocdepe 3emiu.
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PACYET U UBSMEPEHUE UCKAKEHHUI JIASEPHOI'O U3JIYUYEHUA B
JAUCKOBBIX JIABEPAX

Boakos M.P.
bearuck@mail.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

[Ipu reHepanuy W YCHJICHHH MOIIHOTO JIA3€PHOTO W3IY4YEHHS B TBEPAOTEIHHBIX
Ja3epax BO3HUKaeT MpoljemMa OTBEACHMS TeIUla U3 aKTUBHOM cpeabl. DTy mpobdieMy MOXKHO
pemiate MyTEM YBEJIMUYEHHUs OTHOIIEHHUS IUIOmAA K O0O0BEMY aKTUBHOTO »3JeMeHTa. B
JIMCKOBOM JIa3epe MCIOJIb30BaHa UMEHHO Takas koHmenius [1], [2]. On paboraet mo cxeme
«aKTHUBHOE 3€pKayoy, anepTypa KOTOPOTo 3HAYUTENbHO OOJIbIlle ero TOMUHEL. HecmoTps Ha
3QQEeKTUBHBI OTBOX TEIUIa, TMPH BBICOKMX MOIMHOCTSX HaKayKd W  CHUTHaiIa
tepMoHaBenEHHbIe d(dexTsl ((a3oBbie abeppallii) CTAHOBATCS CYIIECTBEHHBIMH, B
YAaCTHOCTH, H3-3a M3ru0a 3epKajJbHON TMOBEPXHOCTH AKTHBHOTO 3jeMmeHTa [3]. B manHou
pabote uccnenyrorcs Takue d3PPEKTh 1 BOZMOKHOCTH UX KOMIICHCAIIHUH.

B pabote ObutH M3MepeHsl (Ga3oBbie MPodUIM MPOOHOTO MydKa, MPOLIECIIIETO Yepe3
aKTUBHBIM d2IEMEHT, MNpu mnomMomu uHTepdepomerpa Maiikenbcona. TemmeparypHbie
pacmpeneseHnsi Hapy»XKHOTO TOpIla aKTUBHOTO DJIEMEHTa OBLIM 3allMCaHbl C TIOMOUIBIO
TEIUIOBOM KaMephl. Takxke ObUTM U3MEPEHBI MOITHOCTH HAKAYKHU U TEHEPUPYEMOTO Ja3epHOTO
u3nydeHus. Pacuér temmeparypbl U (a30BBIX MCKaKEHUH MPOBOMIICS HA OCHOBE YpaBHEHUS
TEIUIONPOBOAHOCTH W YpaBHEHHH TEOpUH YHPYyrocTH. B KadyecTBe HCTOYHHKOB TEIUIa B
MOJIENIA YYUTHIBAIUCH TOJBKO Je(eKT KBaHTa Npu Hakauke. [Ipu pacuére nedopmanuii Opum
YYTEHBbl YOpPyTrHe B3aUMOJCHCTBUS C METaJUIMYECKUM PaguaTopoM, K KOTOPOMY MpHUIIAsH
aKTUBHBIN 37eMeHT. Da30Bble MCKaXEHHS NMPOOHOTO IMydYKa BBIYMCICHBI B MPHOIMKCHUN
TOHKOW JnuH3bl. PaccuuTanHHas TemmepaTypa TOBEPXHOCTH U (a30Bblii  Npoduib
CPaBHUBAIOTCS C U3MEPEHHBIMU BEJTMINHAMH.

AHanu3 MONyYeHHBIX JAHHBIX MOKAa3bIBAET, UTO (PAKTHYECKOE TEMIEepaTypHOE IOJe
MOBEPXHOCTH OTJIMYAeTCss OT pacuétHoro. HeomHOpomHOe pacrpeneneHue TeMIepaTypsl
OPUBOJUT K TEIJIOBOMY pACIIMPEHHUIO, HW3TUOY AaKTHUBHOTO JJIEMEHTa U TOSBICHHUIO
HEOJHOPOJHOCTH TOKa3aTels MpesoMiieHus. B skcriepuMenTe TemmnepaTypa Ha Kparo JHUCKa
OKa3bIBaeTCs BbINIE, YeM B pacuére. Buammoe oTianune MOXET OBITh BBI3BAHO HArpeBOM
cpezbl 3a CYET TIOMHUHECHeHIMY. [manupyercs mpaBUiIbHO yYECTh 3TOT UCTOYHUK TEIUIA, T.C.
U3MEPUTH KO3 PHUIIMEHTHI MOTTIOMIEHUS, PACCYUTATh HHTCHCUBHOCTD JIIOMUHECIICHIIUH.

[1] - A. Giesen and J. Speiser, “Fifteen years of work on thin-disk lasers: results and scaling
laws”, IEEE J. Sel. Top. Quantum Electron. 13 (3), 598 (2007)

[2] - Tadashi Kasamatsu and Hitoshi Sekita, "Laser-diode-pumped Nd:YAG active-mirror
laser," Appl. Opt. 36, 1879-1881 (1997)

[3] - L. I. Kuznetsov, I. B. Mukhin, D. E. Silin, A. G. Vyatkin, O. L. Vadimova, and O. V.
Palashov, “Thermal effects in end-pumped Yb:YAG thin-disk and Yb:YAG/YAG composite
active element,” IEEE J. Quantum Electron. 50(3), 133-140 (2014).
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INOCTPOEHUE MHOI'OMEPHBIX HEJIMHEWHBIX IUHAMMUYECKHUX MO/
IMPOCTPAHCTBEHHO-PACIIPEJAEJIEHHBIX CUCTEM

I'aBpunos A.C., Myxus /[.H., Jlockytos E.M., ®@elirua A.M.
gavrilov@ipfran.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B Hacrosiee BpeMst pu MCCIIEIOBAHUU CIIOXKHBIX POCTPAHCTBEHHO-PACTIPEICICHHBIX
CHUCTEM, TaKHWX KakK KIMMaTH4ecKas CUCTEMa 3€MJIM WIM HEUPOCUCTEMBI, SBIISIETCS
AKTyaJIbHBIM IMIIMPUYECKOE MOJECIUPOBAHKUE, KOTOPOE, B CBOIO OYepelb, TPEOyeT pa3BUTHUS
3 PEKTHUBHBIX CHOCOOOB MOCTPOSHUS (DA30BBIX MEPEMEHHBIX IO HAOIIOJAeMBIM JTaHHBIM,
YUYUTHIBAIOIIUX JMHAMUYECKHUE CBOWCTBA cuUCTeMbl. OZHO M3 MOCHEAHMX HCCIEIOBAaHUN
MOKa3aJio, YTO paslioKeHUE Ha HelMuHeitHble quHamudeckue moasl (HJIM) ciocoOHO pemiath
9Ty 3a/lady U MPeJOCTaBIATh a/IeKBaTHbIE ()a30BbIC IEPEMEHHBIE PU aHalu3e kauMmarta [1].

HAM mnpexacraBiasier coboi joruueckoe o000IeHne JTUHEHHON MPOCTPAHCTBEHHO-
BPEMEHHON CTPYKTYpbl: OHa CTpPOUTCS B (opMe HETUHEHHOro (BMECTO IHHEIHHOr0)
OTOOpaXXEHUsI CKPBITOTO CKAJIIPHOTO CUTHAJIa B IPOCTPAHCTBO HAOJII01a€MbIX IEPEMEHHBIX, T.
€. SIBJISIETCS MPOEKLIMEN 3aBUCAILEITO0 OT BPEMEHM MHOTOMEpPHOTO BEKTOpa JaHHBIX Ha
HEJIMHEHHYI0 KpUBYIO (BMeCTO ImpsiMoil). BpeMeHHOW psii CKpbITOW HEepeMEeHHOM U
napaMeTpbl HEIMHEHHOTO OTOOpa)KEHHUS HIYTCS OJHOBPEMEHHO ¢ momolnbio baitecoBoro
M0JX0/1a, B KOTOPBIM 3aJI0KEHO IUHAMHYECKOE AalpHOPHOE OrpaHWYeHHe, (HaKTUIECKU
perynupymoinee XapakTepHbIi BpeMeHHON MaciuTad, MpeACcTaBIEHHBI B CKPHITOM CHUTHAJIE.
OnTuMalibHasl CTEIIeHb HEJTMHCHHOCTH OTOOpPaXXCHHSI M ONTHMAJBHBIA BPEMEHHON MaciiTad
OTpeeNsAoTCs ¢ moMoInbio baiiecoBoit 000CHOBaHHOCTH.

B nanHO# paboTe chenaH CIeAyIOMUi mar B pa3BUTHH ONMMMCAHHOTO METOJIa: HCKOMBII
CKPBITBII BPEMEHHOW CHUTHAll CYMTAETCA HE CKASIPHBIM, a BEKTOPHBIM (MHOTOMEPHBIM).
l'eomerpuueckn 3TO MO3BOJSET ONUCHIBATH HAOJIOJaeMble JaHHBIE C HCIOJb30BaHUEM
MHOTOMEPHBIX MHOTOO00pa3uil BMECTO pa3ioXKEHUS UX B CYMMYy OJHOMEPHBIX KPHUBBIX.
OnTtumanbHas pa3MEpHOCTh MHOroo0pa3usi HaXOIUTCS Takxke c mnomouiplo baitecoBoit
000CHOBaHHOCTH. J[eMOHCTpUPYIOTCS U 00Cyk)Aat0Tcs Y3PPEKTUBHOCTh METOJAa HA MPOCTHIX
MOJICJIBHBIX MPUMEPAX U Pe3yJIbTaThl MPUMEHEHHS K KIMMATHUYECKUM JaHHBIM.

PabGora BbIMONHAETCS TNpU TMOAJNEPKKE TMpaBUTENbCTBA Poccuiickoit ®Dexpepanun
(cornmamenne #14.250.31.0033 ¢ unCTHTYTOM NpHKIagHO# Qu3uku PAH).

1. Mukhin, D., Gavrilov, A., Feigin, A., Loskutov, E., & Kurths, J. (2015). Principal

nonlinear dynamical modes of climate variability. Scientific Reports, 5, 15510.
http://doi.org/10.1038/srep15510
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OCOBEHHOCTHU I'EHEPAIIMN MATHUTHOT O ITOJISAA B .
BECCTOJIKHOBHUTEJIBHBIX YJAPHBIX BOJIHAX B ACTPO®PU3UYECKOU
IIVIABME

I'apacés M.A., Jlepuies E.B.
garasyov(@gmail.com

Wuctutyt [puxknagnoit ®uzuku PAH, Huxuaunit Horopon

[IpencraBneHsl pe3yabTaThl YHCICHHOTO MOJEIMPOBAHUS Pa3BUTHUS BeHOeneBCKOM
HEYCTOWYMBOCTH B O0JIACTH Tepe (PPOHTOM yIAapHOH BOJIHBI METOJOM YaCTHUI] B SUCHKaX.
BhrsicHeHa 3aBUCHMMOCTb BEJIMUYMHBI M MPOCTPAHCTBEHHOIO MacIITaba IMOJIsl HACBHILECHHUS OT
TOJIIIMHBI YJapHOM BOJIHBL. lcciiemoBaHa 3aBUCMMOCTb CKOPOCTH 3aTyXaHUs MarHUTHOTO
HoJIsl OT HapaMeTpoB yAapHOM BoJHBL. OOCy)KHaeTcss CBSI3b IMOJYYEHHBIX DPE3YJbTAaTOB C
PEIATUBUCTCKUMHU YIApPHBIMH BOJIHAMH, BO3HUKAIOLUIMMHU Ha JTalle MOCIECBEYCHUs raMMa-
BCIUIECKOB.
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HEJII/IHEIZIHAH JTUHAMHKA CBOBOJHOM MOBEPXHOCTH
HEITPOBOJALIEHN ’KUJKOCTHU B HAKJIOHHOM 2JIEKTPUYECKOM I10JIE

INamkos M.A., 3y6apes H.M., Kouypun H.M.
gashkov(@iep.uran.ru
Wuctutyt snexrpodpusuku YpO PAH, ExarepunOypr, Poccus

N3BecTHO [1], 4TO AOCTATOYHO CHJIBHOE BHEILIHEE 3JIEKTPUUECKOE I10JIE, HAlIPaBIEHHOE
[0 HOPMAJIM K HEBO3MYLIEHHOW I'paHUIE HENPOBOIAIIEH KUIKOCTH, IPUBOIUT K Pa3BUTHUIO
HEYCTOWYMBOCTH  TOBEPXHOCTH. HampoTuB, TaHTreHIMAIbHOE 3JIEKTPUUECKOE  I0JIe
CTAOWIM3UPYET MOBEPXHOCTh XKUAKOCTU [2]. BHemrHee mose, HampaBJIeHHOE MOJ YIJIOM K
MOBEPXHOCTH, MOXKET KaK CTaOWJIN3UPOBaTh, TaK U JE€CTAOMIN3UPOBATH TPAHUILY KUIKOCTH.
XapakTep BIMSHMS HAKJIOHHOTO IIOJI 3aBUCUT OT YIVIa HAaKIOHA W  BEJIMYUHBI
JTURJIEKTPUUECKOl npoHHuLaeMocTd kuakoctu [3]. MHTepec K HCCIEIOBAHUIO TUHAMMKH
MOBEPXHOCTU KHUJKOCTU B HAKIOHHOM 3JIEKTPUYECKOM WJIM MAarHUTHOM I0JI€ OOYCIIOBJIEH
BO3MOXKHOCTBIO YIIPABJICHHUS €€ TOBEICHUEM.

B nacrosimieli paboTe mokazaHo, YTO HEMMHEWHAs! IUHAMHKA CBOOOIHOHN IMMOBEPXHOCTH
HENPOBOSAMIEH XUIKOCTH B HAKIOHHOM 3JIEKTPUUYECKOM II0J€ MOXKET ObITh 3((EeKTUBHO
ONMCaHa AHAJIUTHUYECKH B CHUTyallud, KOIJa 3JIEKTPOCTATUYECKHE CUJIbI JTOMHUHHUPYIOT HaJ
KallWUISIPHBIMU U TPaBUTALMOHHBIMU. JIJI1 BOJIH MaJjioi, HO KOHEYHOW aMIUIMTYIbl B paMKax
raMHJIBTOHOBCKOTO (opmanu3Ma [4] mosyueHsl HMHTErpo-TudQepeHIraIbHble YpaBHEHUS,
OTMCBIBAIOIIME PACHPOCTPAHEHUE BOJIH B HANpaBICHUU TOPU30HTAJIBHOW COCTABISIOIIECH
1oJisl. DTU YpaBHEHUS MOTYT OBbITh PEIIEHbl AHATUTUYECKH B YACTHOM CIy4ae >KUJIKOCTH CO
3HAYUTEIbHON JAMANEKTPUUECKOM mNpoHuIaeMocTbio. CorylacHO HalJCHHBIM pEIIeHUsIM,
HEJIMHEHHbIE BOJHBI MPOU3BOIBLHON T€OMETPUH CIIOCOOHBI PaCIIPOCTPAHATHCS 0€3 HCKAKEHHUI
[5], 4TO, B LI€TIOM, AHAJIOTMYHO BOJIHAM B TOPU30HTAIBHOM MoJe [6].

PabGota BeimonHeHa npu guHaHcoBoi mopaepxkke [pesnamyma YpO PAH (mpoekr 15-
8-2-8) u PODU (nmpoektsr 16-08-00228 u 16-38-00180). Pabora onnoro u3 aBropos (E.A.K.)
noanepxkana POOU (npoekrt 16-38-60002 mon_a_niK).

1. J.R. Melcher // Phys. Fluids. 1961. Vol.4. P. 1348.

2. J.R. Melcher, W.J. Schwarz Jr. // Phys. Fluids. 1968. Vol.11. P. 260.

3. B.I'. Bamrrosoit // IIMT®, 1978. B. 1. C. 81.

4. B.E. 3axapos // [IMT®, 1968. B. 2. C. 86.

5. M.A. T'amkoB, H.M. 3y6apes, E.A. Koaypun // XKOT®. 2015. T. 148. C. 630.
6. H.M. 3yGapes // Ilucema B XKOT®, 2009. T. 89. C. 317.
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POJIb CYIIEPPEI'YJISIPHBIX BPU3EPOB B PA3BUTHHN MOYJIAIIMOHHON
HEYCTOMYHUBOCTHU

I'enam AA.
agelash@gmail.com
HoBocubupckwuii rocynapcTBeHHbIH yHIUBepcuTeT, HoBocubupck, Poccust.

3ajaya O HEIMHEMHONM CTaauM MOJYJSLMOHHONM HEYCTOMYMBOCTM B paMKax
uHTerpupyemMoro HenuHeHoro ypaBHeHus Ilpegunrepa (HYI)sBrnsercs mnpeamerom
UCCJIEIOBAaHUM B TEYEHHMM JOJITOTO BPEMEHM. B pamkax MaHHOM 3aJauM CyLIECCTBEHHBIN
IpOrpecc HEAABHO ObLI JOCTUTHYT B MCCIEAOBAHUAX (OPMUPOBAHUS HHTErPUPYEMOI
TypOyneHTHOCTH [1], ponu HempephIBHOTO criekTpa [2] u aHanora Bo3Bpara ®epmu-Ilacra-
Vmama [3].

B 2013 romy Mbl NpeIyIOXKWIA COJIUTOHHBIA CLIEHAPUN Pa3BUTUS MOZAYJISLMOHHON
HEYCTOWYHMBOCTH [4], KOTOPBIi, BMECTE C PAllMOHAIFHBIMHU PEIICHUSIMH (TaKMMHU Kak Opu3ep
[leperpuna) u pemeHusIMH ONM3KUMM K palMoHanbHBIM (cosnToH Ky3HernoBa ¢ OonbIIMM
nepuoaoM) (OpMHUPYIOT MOJIHBINA KJIacC COJMTOHHBIX PEIIEHUM, OMMCBIBAIOIINX SBOJIIOIUIO
MaJlblX  JIOKQJIW30BaHHBIX  BO3MYIIEHUH  KOHJeHcaTa.CynepperyjsipHble  pELICHUS
NPECTaBISIOT co00W Tapel OPU3EPOB KOTOPHIE BO3HUKAIOT M3 BO3MYIIEHHN KOHJEHCATa U
y0eraroT B pa3Hble CTOPOHBI.

B nokmane mpeactaBieHsl pe3ynbTaThl padOTHI [2], B KOTOPOU MOJOOHBIN ClieHapuit
BIIEPBBIC MOATBEPAKACH IKCIEPUMEHTAIBHO. DKCIEPUMEHTHI IIPOBOANUINCH OJHOBPEMEHHO B
ONTUKE W THUJIPOJUHAMHUKE M TPOJEMOHCTPUPOBAIM IPEKPACHOE COIJIacue C TEOopHueH.
OO6cyxaaercss posb CyNepperyyspHbIX PElICHUH B 3BOJIOLUM MPOU3BOJIBHOTO HAaYaJlbHOI'O
BO3MyIleHus . Kpome Toro nmpeacraBieHbl HOBBIE  PE3yJIbTaThl  MOJEIMPOBAHUS
MHOTOCOJIUTOHHOM JMHAMUKA M HOBBIM cleHapudl (OpMUpOBaHMsS BOJH-yOMHI[ U3
CyHEPPETYJISIPHBIX PEILICHUM.

Pabota BeImosiHeHa npu noajepxke rpanta PH® (BoiaHOBas TypOyJIeHTHOCTh: T€OpHs,
MaTeMaTHU4eCcKoe MOJIeIUpOBaHue, skcrepuMent) Ne 14-22-00174.

[1] D S Agafontsev and V E Zakharov. Integrable turbulence and formation of rogue waves,
Nonlinearity. 28(8), 2791, 2015

[2] G. Biondini and D. Mantzavinos. Universal nature of the nonlinear stage of modulational
instability, arXiv:1511.00951, 2015.

[3] E. A. Kuznetsov. Fermi-Pasta-Ulam Recurrence and Modulation Instability, PMNP 2015,
book of abstracts, p. 39, 2015.

[4] V.E. Zakharov and A.A. Gelash. Nonlinear stage of modulation instability, Physical
review letters, 111(5), 054101, 2013.

[5] B. Kibler, A. Chabchoub, A. Gelash, N. Akhmediev and V.E. Zakharov. Superregular
Breathers in Optics and Hydrodynamics: Omnipresent Modulation Instability beyond Simple
Periodicity, Physical Review X, 5(4), 041026, 2015.
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HATI'PY3KA INIASMEHHOM MMOJIOCTH 3JEKTPOHHBIM CIT'YCTKOM B
I''1YBOKOM IINIASMEHHOM KAHAJIE

I'omoBaHoB A.A.l’z, Koctiokos U. IO.1’2, Tomac ﬁ.3, IIyxoB AM.>
agolovanov(@appl.sci-nnov.ru
lI/IHcTI/ITyT npuknaanoit ¢puzuku PAH, Huxunit HoBropoa, Poccust
HHT'Y um. H. U. Jlo6aueBckoro, Hmwxnauit Hosropona, Poccus
’Heinrich-Heine Universitit Diisseldorf, Diisseldorf, Deutschland

B nocnengnee BpeMsi 10CTaTOYHO MHOTO BHUMAHUS YZAENSETCS IUIa3MEHHBIM METOJaM
YCKOPEHUSI 3apsSKEHHBIX YACTHUL], KOTOPHIE MO3BOJSAIOT JOCTHYb Ha HECKOJBKO MOPSIKOB
0oJiee BBICOKMX TEMIIOB YCKOPEHUs MO CPAaBHEHMIO CO CTaHAApTHbIMH MeTtoaamu [1]. Cmbich
THUX METOJOB 3aKJIIOYaeTcs B TOM, YTO MpPH MPOXOXKIACHUM dYepe3 IUIa3My MOIIHOTO
Ja3epHOT0 UMIYJIbCA WIM CTYCTKa 3apsHKEHHBIX YacTHUIl B HEH BO30y)KIaeTcs KUIbBaTepHas
BOJIHA C OOJBIIMM MPOJOJIBHBIM  3JIEKTpUueckuM mnojieMmM. OnpHuM U3  Haubosee
HNEPCHEKTUBHBIX PEKUMOB IUIA3MEHHOI'O YCKOPEHHMsI SIBJISETCS CHIIBHO-HEIMHEHHBIN pexuM,
Ipyd KOTOPOM 00pa3yercsi CTPYKTypa BOJHBI B BHJIE IOJOCTH, B KOTOPOH MPaKTHYECKU
HOJHOCTBIO OTCYTCTBYIOT AJIEKTPOHBI Ia3Mbl. OIHAKO Uil 3TOTO0 pPEXUMa CYLIECTBYET
CJIO)KHOCTD B TIOJIy9€HUH CTYCTKOB C MAJIBIM Pa30opOCOM I10 SHEPTHH U MaJIbIM SMUTTAHCOM.

B kauecTBe 0OAHOr0 M3 BO3MOXKHBIX BAapHAHTOB YIIYYIIEHHMS KauecTBa YCKOPSEMBIX
CTYCTKOB TIpEIJIaraeTcs HCIOJIb30BaTh TIIyOOKHMH KaHal B IuiazMe [2]. B cBsa3u ¢ atum
NpPEJCTaBIseT MHTEPEC U TEOPETUYECKOEe OIMCaHHWE IUIa3MEHHOM IOJIOCTH B IJIa3Me ¢
r1y0oKUM KaHasoM. HecMOTps Ha NpUHLMIIUANBHYIO HEITMHEHHOCTh Mpolecca, ¢ MOMOUIbIO
JIOCTAaTOYHO MPOCTONW MOJENM YAAeTcss OmUcaTh OTMOAIOUIyI0 IUIa3MEHHOW IOJOCTH B
onHopoHoM TazMme [3]. Tem He MeHee, OHa He TOUTCA IS CITydasi TUTa3Mbl C KAaHAJIOM.

B nannoii pabote 3Ta Moaesb 0000111€Ha HA CiTydail TONepeYHO-HEOJHOPOTHOMN TIIa3MBbI
[4]. C ucnonbp30BaHUEM HOJTYUYEHHOW MOJENIM PAaCCMOTPEHO, KaKMM 00pa3oM HaJM4Ke KaHala
B IUIa3Me BJIMseT Ha (OpMy IUIa3MEHHOW IMOJIOCTU 0e3 3JIEKTPOHHOIo Crycrka. B oOmem
ciydae HaijeHa 3((EeKTUBHOCTh IEpeJadyd SHEPTHH OT IOJICH IIa3MEHHOW TOJOCTH K
YCKOPSIEMBIM 3JIEKTPOHAM M PACCMOTPEHO BIIMSHUE 3JIEKTPOHHOTO CI'yCTKa ¢ IPSIMOYTOJIbHBIM
npoduieM Ha GopMy TUTa3MEHHOW MONIOCTH. TakkKe MOKa3aHo, YTO MOYKHO 1TOA00paTh TaKOH
npoduIIb YCKOPSIEMOT'0 CIYCTKa, YTO €r0 YCKOpeHHue OyieT MPOUCXOAUTh B OJTHOPOJHOM TOJE,
YTO JOJDKHO TIOJIOKUTEJIBHO CKa3aTbCsd Ha KadyecTBE YCKOpseMoro cryctka. llomyueHHble
pe3yabTaThl MPUMEHEHBbl K YaCTHBIM CIIydasM CTEMEHHOro Mpo(uis IUIa3Mbl M IUIAa3MBbl C
BaKyyMHBIM KaHaJIOM, a Takxe npoBepeHsl npu nomouu 3D PIC monenupoBanusi, KoTopoe
IIOKa3bIBa€T XOpOIIEe COrjlacMe MEXIy HpeAcKa3aHUsIMHU MOJETU U YHUCIEHHBIM
AKCIIEPUMEHTOM.

Pabota mopnepxana IlpaBurensctBom P® (mpoext Ne 14.B25.31.0008) u POOU
(rpanTtbr NeNe 13-02-00886, 15-02-06079).

N.I10. KocTtiokos, A.M. IlyxoB, Ycnexu ¢puzndeckux Hayk 185, 89-96 (2015)
A. Pukhov et al., Phys. Rev. Lett. 113, 245003 (2014)

W. Lu et al., Phys. Rev. Lett. 96, 165002 (2006)

J. Thomas et al., arXiv:1510.09012 (2015)

Sl A e

47


mailto:agolovanov@appl.sci-nnov.ru

©®OPMHUPOBAHUE BUXPEBOI'O COJIMTOHA B 3AKPYYEHHOM HHOTOKE
NOoA BO3AEMCTBUEM AKYCTHUYECKOI'O IT1OJIA

I'opbynosa A.O., 3aBepmmnckuii W.I1.
anastasiia.gorbunova@s-5.ru
Camapckuii rocy1apCTBEHHbIN a3pOKOCMUUYECKUN YHUBEPCUTET

[ensto paboThl  sABIsAETCA UCCIIEI0BAHUE MEXAHU3MOB o0pa3oBaHUs
COJIMTOHONOJOOHBIX CTPYKTYP UMIIYJIbCHO-NIEPHOANYECKOIO BBICOKOYACTOTHOTO €MKOCTHOTO
paspszia B 3aKpy4eHHOM razoBoM notoke. @opma paspsga B ra30BOM IOTOKE 3aBUCHUT KaK OT
AJIEKTPOMAarHUTHOTO TMOJS, TaK M OT IapaMeTpoB TedyeHus raza. B skcnepumente [1]
[IOKA3aHO, YTO MpPH YacTOTax MOIYJSALUM pa3psala, OJU3KUX K COOCTBEHHOM dYacroTre
3aKPBITOTO PE30HATOPA, MPOUCXOIUT BO3OYKIECHUE aKyCTUUECKOU cTosiue BOJHEL. [Ipu aTom
paspsaa npuHUMaeT GopMy IUIa3MEHHOTO LIHYpPa, HA KOTOPOM BO3HHUKAET IMEeTJIeBasi CTPYKTYpa,
JBHKYIIASICS 110 HAIPABIICHUIO TIOTOKA.

IletneBass ¢opma mIa3MEHHOrO INHYypa CBsi3aHA C Pa3BUTHEM BTOPUYHOTO
CHHMPAIBHOTO TEYCHHS, KOTOPOE OMPEAEsieT TEIUIOBBIE MOTOKA U 00pa3oBaHUE Pa3psIHOTO
kaHana. CrnupainpHOE TEYEHHE, BO3MYIIAIOIIEE OCHOBHOM MOTOK HAa OCH, MMPOUCXOIUT IPHU
YCHJICHMHM W3THOHBIX MOJ| C a3WMYTaJbHBIMH BOJHOBBIMH 4HciamMu m = +1 m m = -1.
Habmogaemslii nepexoa K paspsaay netieBoi (opMbl Ipu BO30YKIEHUH aKyCTUYECKOTO OIS
YKa3bIBa€T HAa PE30HAHCHOE B3aUMOJICHCTBHE OCHOBHON aKyCTHYECKOW MObI C M3THOHBIMU
MOJIaM{ BO3MYIIIEHHOTO TIOTOKA U MEPEKAUKY DHEPIHH U3 aKyCTUYECKOTO MOJIS B CIIMPAJIbHbIE
Mozbl. [loka3aHo, 4TO TUCIIEPCHOHHOE COOTHOUIEHHME JUIsl M3TMOHBIX BOJH BUXpS PeHkuHa
JIOIIyCKaeT CYLIECTBOBAHUE PE3OHAHCHBIX TPHAJ IJIsl B3aUMOAECUCTBUN TaKOTO pPOJa.

[lomyueHbl ypaBHEHWs U1 BO3MYILUEHUMM TMOJSA CKOPOCTEH, OIHCHIBAIOIINE
TPEXBOJHOBOE B3aUMOJIEMCTBUE aKyCTUYECKOH MOJbl ¢ OBYyMs HM3ruOHbIMH. [losmyueHHas
CUCTEMa YpaBHEHHMI MMEET KBa3HCTALlMOHAPHOE pELIeHHE B BUJE Oeryiied yeauHEHHOMN
BOJIHBI. AHaJlN3 BEKTOpa OTKJIOHEHUS BHMXPEBOW JIMHUM B TaKOM II0JI€ BO3MYILEHUNI
CKOpOCTEH TOKasaj, 4YTO BUXpEBas JHHHUA MPUHUMAEeT (HOpMy CIUpPAIH, OTPAaHUICHHOU
orubatomeil. Ilpu onpenenéHHbIX MapaMeTpax, ONpeleseMbIX aMIUIMTYA0H aKyCTHYeCKOH
MOJbl M JJIMTENBbHOCTbIO YEOUHEHHOW BOJIHBI BO3MYILEHHUM, IIHMpUHA orudaromeit
COKpAILAETCsl, @ BEJIMYMHA €€ MaKCUMyMa pacTeT, U BUXpEBasl JIMHUS NPUHUMAET BUJ NETIIN,
KOTOpasi IEpeMENIaeTCss M BpallaeTcsl II0 HAINPaBICHHUIO OCHOBHOro TteuyeHus. dopma
BUXPEBOU CTPYKTYPHI U €€ 3aBUCUMOCTb OT IapaMeTPOB MOI00HBI COJTUTOHY XacuMoTo [2].

3aBUCUMOCTb (POPMBI BUXPEBOTO COJIUTOHA OT aMIUIUTYJbl aKyCTHYECKOIro MO U
IPOBEAEHHBIE OLIEHKM XapaKTEpPHBIX pa3MEpPOB COJIMTOHA YKa3bIBAalOT HAa COOTBETCTBUE
HKCTIEPUMEHTAIIbHBIM JaHHBIM [ 1].

PaGora nognepxana Munobpuayku PO B pamkax B pamkax I[Iporpammsbl moOBbIIEHUS
koHKypeHrocnnocooHoct CI'AY na 2013-2020 rr. u 'ocymapcTBeHHOro 3aiaHusi By3aM U
Hay4YHBIM OpraHM3alusaM B cpepe HayuyHOU AeaTenbHOCTH, MpoeKThl Ne 102, 608.

[1] Klimov A.L et. al. // ISTC Project No. 3794P. 2010. Quarterly Techn. Rep. Part 10. P. 1-
29.

[2] Anekceenko C.B., Kyiioun I1.A., Oxynos B.JI. BBenenue B Teopuio KOHIIEHTPUPOBAHHBIX
Buxpei. Mockpa-MeBck: MHCTUTYT KOMIIBIOTEpHBIX HccaenoBanui, 2005. 504 c.
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B mocnennee Bpemsi GosbLION MHTEpEC MPEACTABISET HCCIEIOBAHUE BOJIHOBEAYIIHUX
CJIOUCTBIX CTPYKTYp THMa hepput-ceruerodnekTpuk (PC), AeMOHCTPUPYIOMIUX 3JIEKTPOHHYIO
nepecTpoiky [1,2] BchneacTBUE HaNMuYMsg OJHOBPEMEHHO MAarHMTORJEKTPUYECKOTO U
anekTpoauHaMuieckoro 3¢ddexkroB. Ha ocHoBe cBs3aHHBIX DC-CTPYyKTYp BO3MOXKHO
CO3/IaHME TIepecTpanBaeMbIX dekTpuueckuM nonem CBY ¢aszoBpamareneit u oTBeTBUTENEH
[1]. DkcrmepuMEHTaNbHO TIOKa3aHO, YTO CBS3b MEXKIY DJIEKTPUYECKOW M MarHUTHOU
MOJCUCTEMAaMHU JA€T BO3MOXXHOCTb H3MEHATh JUAIEKTPUUECKHUE CBOMCTBA C IOMOIIBIO
MarHuTHoro nojs ans ciaouctelx @C cTpykryp [2], onHako cBa3aHHble DC CTPYyKTyphbl B
HACTOALINI MOMEHT HCCIIeOBaHbI HETOCTATOYHO MOAPOOHO.

B nanHoil paboTe paccMOTpPEHO paclpoCTPaHEHHUE SJEKTPOMArHUTHBIX CIIMHOBBIX BOJH
(OMCB) B naTepajibHO CBSI3aHHBIX MYJIbTU(GEPPOUAHBIX CTPYKTYypaxX KOHEUHOM mUpUHBI [3],
00pa30BaHHBIX W3 TOHKOIUIEHOYHBIX MAarHUTHBIX BOJHOBOJOB C CETHETO3JIEKTPUYECKOMN
Harpy3Koil M pacCuuTaHbl XapaKTEPUCTUKH OTBETBUTENISI MOILIHOCTH Ha OCHOBE JaHHOM
CBSI3aHHOM CTPYKTYphl. PacCMOTpeHbI MarHUTHBIE BOJTHOBOIBI TOJMIIMHOM 10 MKM M HIMPUHOMN
200 MKM, 3a30p MeXIQy BOJIHOBOAaMHu cocTaBisieT 40 MKM M pacrojiaraloiiuiics Ha
BOJIHOBOJIax cerHetodnekrpudeckuit (CIJ) cmoit, TommmuHoi 200 MmkM U mmpuHor 840 MKM.
PaccmatpuBaeTcst pacnipocTpaHeHHe TOBEPXHOCTHOM BOJIHBI B IIJIEHKE B HAIlPaBJICHUU OCH Z.
Buemnee mMarnutHoe nose H) HampaBieHO BAOJb IMOJIOKUTEIBHOTO HANpaBJICHUS OCH X, U
BenuuuHa ero cocrasisger 1200 3. YucneHHoe MOAENIMPOBAHWE MPOBOJIUIIOCH METOJO0M
KoHeuHbIX 31emMeHTOoB (MKD). Pacuernas oGmacTe [Uisl 4MCIEHHOTO MOJEIHUPOBAHMS U
pacnpezieNieHue MoJeil mepBbIX COOCTBEHHBIX MO AJIsl JAHHOM CTPYKTYpPHI MTOKa3aHa Ha puc.l.

symmetric mode

Puc. 1. Pacuetnas o0Gnacth (cieBa) U pacmpeeieHie KOMIIOHEHTHI MoJs K, (crpaBa) s
COOCTBEHHBIX CHMMETPHUYHBIX U aHTUCHMMETPUIHBIX MOJI TAHHOU CTPYKTYPbI

Pabota BemonHeHna npu nopaepxke rpanta POOU (16-37-60093 mon a nk, 14-02-
00577, 14-02-00976) u ctunennuu IIpe3unenta PO (CI1-313.2015.5).

1. Nan Ce-Wen et. al./// J. Appl. Phys. 103 (2008) 031101.

2. Semenov A.A., et al. / APL 88 (2006) 033503.
3. Beginin E.N., et al. // Solid State Phenomena 215 (2014) 389.

49


mailto:stig133@gmail.com

MOJAEJIb QJIEKTPUYECKOI'O IUHAMO B TYPBYJIEHTHOM
IHOT'’PAHUYHOM CJIOE

HementreBa C.O.
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WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B mHacTosmiee Bpemsi, HECMOTpsS Ha CYIIECTBOBAHHE XOPOIIO pPAa3BUTOM TEOPUU
MarHUTHOTO JHHAMO, TpoOJieMa JJIEKTPHYECKOTO IWHAMO MMOYTH He wu3ydeHa. OJHaKo
MHOXECTBO SIBJICHHU (HANpUMeEp, AJICKTPUUCCKUE Pa3pslbl B TPo3ax, MbUICBBIX U CHEXHBIX
6ypﬂX, BO3HHUKHOBCHHEC CHUJIBHBIX J3JICKTPHUYCCKUX HoJIEd Ha TEXHOJOTMYECKHUX YCTaHOBKaX)
MOYKHO PacCMaTpPUBATh KaK MPOSBICHUS JIEKTPUYECKOTO JUHAMO.

B nmanHHO# paboTe paccMaTpuBacTcs TEOPHsl KPYIMHOMACIITAOHOTO TYpOYJICHTHOTO
AJIEKTPUYECKOTO JIMHAMO, OMHUCHIBAIONIAs TPeoOpa3oBaHUEC KUHETHUYECKOW DJHEPTrUM B
DHEPTHUIO IEKTPUIECKOTO TOJISI B CIIA0OMIPOBOIAIICH cpelie, COAepIKaIe 1Ba TUTIA YaCTHII C
pa3IMYHBIMM  XapaKTepUCTHKaMH. KpymHomacmTabHoe JMHAMO BO3HUKAeT 3a CUeT
paszaeneHus 3apsaa Ha COyAapsIIOIIUXCs YacTUIaX, YTO 3aMETHO YCHIIUBACTCS TypOYJICHTHBIM
NepEeMEIIMBAaHUEM YaCTHUI] C PA3IMYHBIMKU MaccaMmH. J[JIsl MOCTPOEHUsST MOJCITH TypOYJICHTHOTO
SJICKTPUYCCKOTO JUHAMO BBIACJICHBI BAa OCHOBHLIX THIIA MCXAHW3MOB PAa3ACJICHUA 3apdaaa —

I/IH,Z[YKI_[I/IOHHHﬁ u 663HHIIYKI_[I/IOHHBII‘/JI — B COOTBCTCTBHMHU C 3aBUCHUMOCTBIO HJIHN
HE3aBUCHUMOCTBIO QJICKTPHUICCKOTr' O 3apsaa, NEPEHOCUMOT0 3a coyaapcHue, oT
SJICKTPUICCKOTO IIOJIA. Z[eTaJ'IBHO HCCIICA0BAHbI YCJIOBHUA BO3HHMKHOBCHUA

KPYITHOMACIITAOHOTO 3JEKTPUYECKOTO TUHAMO TPU MHIYKIIMOHHOM MEXaHHM3ME Pa3/IeiICHUs
3apsaaa. BeIABIEHO, YTO, €CIM MPOBOAUMOCTH CPEXbl TOCTATOYHO HU3KA, a4 IJIEKTPUUYECKUE
IIPOLIECCHI, OMPEEIIeMble MHTEHCUBHOCTBHIO TypOYJIEHTHOI'O MEPEMEIINBAHUS U pa3MepaMu
YaCTHL, JOCTaTOYHBI CHJIBHBI, JJIEKTPUYECKOE II0JIE PACTET HSKCIOHEHUUANbHO. Jlis
0€3bIHIyKIIMOHHOTO MEXaHU3Ma Hall/IeHbl yCIIOBUS, MPU KOTOPBIX HAOIIOJaeTCsl JTMHEUHbIN
pPOCT DJIEKTPUYECKOTO IMOJs, YTO O3HA4aeT Mepexoa OT MeJIKOMaclITabHOro K
KPYITHOMACIITAOHOMY JIEKTPUYECKOMY JTHHAMO.

OpHOMl W3 TNMaBHBIX MLeJed JaHHOTO HCCleloBaHUA ObUIO PACCMOTPEHHE TEOPHH
KPYITHOMACIITAOHOTO ~ TypOYJICHTHOTO  3JIEKTPUYECKOTO JIWHAMO NPUMEHHTEIBHO K
TypOyJIEHTHOMY HOIpaHUYHOMY cJOI0. Pe3ynbraToM paboThl CTano pa3BUTHE YNPOLICHHOM
MOJIETHN, KOTOpast IEMOHCTPUPYET YCIOBUS FeHEpalluy KPYITHOMACIITaAOHOTO 3JEKTPUYECKOTO
HOJISl U €r0 OCOOCHHOCTH IPHU Pa3IUYHBIX MEXaHU3MaxX pa3/iesieHus 3apsaaa.
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IMPOLHECC MACCOHNIEPEHOCA 2JIEKTPUYECKHUM ITOJIEM B CJIYYAE
KBA3SWJIMHEWHBIX YPABHEHUH SJIVIMIITUYECKOT' O TUIIA

Honrux T.®., Kykos M.1O., [llupsesa E.B.
dolgikh@sfedu.ru
HOxHbI# QenepanbHbIl yHUBEPCUTET

IIpounecc mepeHoca BemecTBa IOJ — JEHCTBUEM  JJIEKTPUYECKOTO IO B
6e3mudPpy3noHHOM TPHUOTUKEHUHU, KaK MPABUIIO, OMHMCHIBACTCS CHCTEMON KBa3HIIMHEHHBIX
runepOoIMYeCKUX YpPaBHEHUI B YaCTHBIX MPOM3BOJHBIX IMEPBOro mopsjaka. B yactHocTw,
TaKWEe ypPaBHEHHS OIMUCHIBAIOT 30HAJIBHBIA AJMEKTPO(Opes — METOJ pa3/eleHUsT CMECH Ha
UH/IMBUAYaJIbHbIE KOMIIOHEHTHI, KOTOPBII IIMPOKO UCIOIb3YETCsl B MEAULIMHE U OHOIOTHH.

Oxkasajioch, YTO IpPHU HEKOTOPBIX 3HAUYECHUSX MapaMeTpOB INEpeHoca TUIl YpaBHEHUN
CTaHOBMTCS IJUIMNTHYECKUM. PaccMarpuBaeTcs NpOCTEHIIMM Clydall CUCTEMBI, COCTOSAILIEN
u3 ByX ypaBHeHMH. Takas cucrema Bcerna NpuBOAUTCS K MHBapuaHTam Pumana. B cirydae
JJUIMNTUYECKUX YPAaBHEHUM, HHBApUAHThI PUMaHa SBJISAIOTCS KOMIUIEKCHO CONPSIKEHHBIMHU.

OmuH w3 BapuaHTOB MeToja rojaorpada, OazupyroUmuiics Ha HaTUYUU 3aKOHOB
COXPAaHEHHs, IO3BOJSET IOCTPOUTH AHAIUTHYECKOE pelleHrne 3anauun Komu B HEsABHOU
¢dopme B BHIe anreOpandeckux cOOTHOMmEHU. OOBIMHO MeTO I roxorpada UCroab3yeTcs s
runepOonn4eckux ypaBHeHui. OHaKo, Kak 0Ka3ajock, (hOPMaIbHO TaKOH METOJ] MPUMEHUM
U B Clly4ae ypaBHEHUHN IUTMNTHYECKOTO THMA. J{JiT BOCCTAaHOBJICHUS SIBHOM (DOPMBI peIIeHHs
[0 €ro HesBHOH (opMe MNPEATIOKEH YHUCICHHO-aHAIUTUYECKMH METOJ], TO3BOJISIOLINNA
npeoOpa3oBaTh HCXOJHYIO 3ajady JJii CHUCTEMbl YpPaBHEHHMHM B YaCTHBIX IPOU3BOIHBIX
IIEPBOr0 NOpSAAKAa C HaYaJIbHBIMU [AHHBIMH B HEKOTOpYI0 3amady Komm ams cuctemsl
OOBIKHOBEHHBIX AH(QepeHInanbHbIX YpaBHEHUH, KOTOpas pemaeTcs yucieHHo. OCHOBHas
U7esl METOJa 3aKJII0YaeTCsl B COOTBETCTBYIOUIEH MapaMeTpU3alluy JIMHUN YPOBHS HESBHOTO
pelIeHus, TOYHee, JIMHUN YPOBHS, OTBEYAIOIIMX 3aJaHHBIM MOMEHTAM BpPEMEHU. Y Ka3HbIH
METOJ[ MO3BOJIIET CTPOUTh MHOTO3HAYHBIE PEILEHUS, €CJIM TAaKOBBIE MMEIOTCH, U SBISAETCS
O6onee HS(PQPEKTHBHBIM, YEeM METOJA pEIIeHHs anreOpandecKuX YpaBHEHUH C IENbI0
IIOCTPOEHUS SIBHOTO PELICHUS 3a4a4u.

B kagectBe mpumepa s 3amadd AneKTpodope3a pacCMOTPEHBI MPOCTPAHCTBEHHO-
NEepUOIUYECKHEe HauyalbHble TaHHbIE, COOTBETCTBYIOIIME BO3MYILIEHHIO (HE 00s3aTeNbHO
MajoMy) HOCTOSIHHOTO pelieHusl. Pe3yiabTaTbl BHIYMCIEHHUI IMOKA3bIBAIOT, YTO C TEUYEHUEM
BPEMEHM NPOCTPAHCTBEHHO IIEPUOJAMYECKOE BO3MYIICHHE HCUYE€3aeT, IPEeBpallasCh
B COJIUTOHONOJIOOHBIT W KHHKOOOpa3Hble NPOQHIN COOTBETCTBEHHO JJIsI MHUMOH U
BEILICCTBEHHOW 4YacTed uWHBapuaHTOB Pumana. [l 1epeMEHHBIX HCXOAHOM 3aj1ayu
(BeILleCTBEHHBIX KOHLEHTPALM) C TEUCHUEM BPEMEHH BO3HMKAET CTPYKTYypa, COCTOSILAs U3
KHOUJAJIBHBIX HETOABM)KHBIX BOJIH C pacTylllell BO BpEMEHHU aMIUIUTYyAou. Takoe noseneHue
pelIeHNH TUIIMYHO /711 HEYCTOMYMBBIX KBa3UTa30BbIX cpesl (Tuma raza Yamibiruya).

IIpennaraeMelii METOZ BO3MOYKHO MCIOJIb30BaTh M AJI PEIICHUs aHAJIOTMYHBIX 3a/ad,
B YaCTHOCTH, JUI YyPaBHEHUH OINPOKMHYTOM MEJIKOH BOJbI, YPAaBHEHUH IUIOTHOIO
COJIMTOHHOTO Ta3a, ypaBHeHu bopua-—udenpaa.

PaGora BrImonHeHa mnpu (UHAHCOBOW MOIAEpKKE Oa30BOH YaCTH TEXHHUYECKOTO
3aganus 213.01-11/2014-1 MunucrepctBa oOpa3oBanus 1 Hayku P®, FOxHbIi penepanbHblii
YHUBEPCUTET, U B paMKax IPOEKTHON 4acTH TOCYIapCTBEHHOIO 3aJaHUs B cepe HaydHOU
JESATEIIBHOCTH.
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I'EHEPAIIMA U JETEKTUPOBAHUE CBY UMITYJIBCOB CBEPXCBETOBOI'O
I'EHEPATOPA

JHonmatos T.B., I'apaos C.B., bpennens B.M., bykun B.B.
timohodik@gmail.com
®enepanbrHoe ['ocynapcTBennoe bromkernoe Yupexnenne Hayku UucturyT oOmieit pusuku
uMm. A.M. IIpoxopoBa Poccuiickoii Akanemun Hayk

PeanuzoBan cBepxcBeToBoil renepatop CBY mMIryibcOB Ha OCHOBE MapabOIUYECKOTO
BaKyyMHOro (oToamosa, BBINOJHEHHOro B Buae (ortokatoma u3 woauna menu Cul u
ceTyaroro aHoja. Poroaunos 3apsoKalics UMITYyJIbCaMH HampskeHUs aMIuutyaoi 1o 80 kB,
II0CJIE YEro paspsiKajcs yIbTPaKOpOoTKUM (MeHee 20 IC) ONTHYECKUM MMITYJIBCOM C JUIMHOU
BOJIHBI 193 HM, paBHOMEPHO pacipeIesIFoIMMCs 10 TOBEPXHOCTH (POTOKATO1a IIOCPEICTBOM
3epkana-paccenBareis. Cloil 37I€KTPOHOB, SMUTHPOBAHHBIX C (DOTOKATOJA, YCKOPSJICS
CEeTOYHBIM TOTEHIMAJIOM, M B MOMEHT Iepexoja dYepe3 CeTKy oOpa3oBasl HUIIOJb,
JIBUTAIOLIMNCS IO CETKE CO CKOPOCTbhIO, OOMIBIIEH CKOPOCTH CBETa, TAKUM 00pa3oM reHepHupys
uMnyiasc  cBepxummpokonojocHoro  CBY-uznyuenuss.  Ilomyuennsii  CBY-ummysbsc
PETUCTPUPOBAJICS TOJIOCKOBOM aHTEHHOW ocumorpagpuyeckuMu Metoaamu. [lukoBoe
3HAUEHUE HAIPSHKEHHOCTH 3JIEKTPUYECKOro mojs nosydeHHbiXx CBU-uMiynbcoB cocTaBuiio
50 kB/m Ha paccrosHuum 3 Merpa oT uznyvarens. lllupuHa cnekTpa MOJNyYeHHBIX B
MaKCHUMyMe AuarpamMmbl HallpaBJI€HHOCTH UMITYJIbCOB O YpoBHIO 90% sHepruu coctaBumia 5
[T (ot 2 ngo 7 ITu) ¢ uenrpanbHOi uyactoToi B paitone 5 I[Tu. Taxke B pabote
IPEJICTaBICHO IPOCTPAHCTBEHHOE CIEKTPAJILHOE pacnpenenexnme U3ITyYEHUs
pEaIn30BaHHOIO I€HEPATOPA.
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NCTOYHUK AKTUBHOI'O ATOMAPHOI'O A30TA HA OCHOBE 211P
PA3PAJA, HOAAEPKUBAEMOI'O U3JIYYEHUEM I'HPOTPOHOB

HyO6unos 1. /1.
Goshadub@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

Haubonee unTepecHsIM coeauHeHueM rpynmbl A3BS5 sBnsercs nutpua unausa. OH
UMEEeT Y3Kyl0 IIMPHUHY 3alpPEIeHHOM 30HBI U BBICOKYIO OXUIACMYIO IOJBUKHOCTH
3JIEKTPOHOB, MOXET OBITh MCHOJB30BAH AJS CO3JaHMs COJHEUYHBIX Oaraped u nazepoB MK
nuanazoHa. EJQMHCTBEHHBIM crmocoOoM TOdMyduTh InN SBISETCS AMHUTAKCHAIBHBIA POCT.
Xopolye reTepo3NuTaKCHaIbHble CJI0M HUTPUAA UHIUS MOTYT OBbITh HOJYYEHBI C TOMOILBIO
METOJIa MOJIEKYJISIPHO-TyueBOl »nuTakcuu. [l peanus3anuu 3TOro MeToja HeoOXOIuM
UCTOYHUK AaTOMapHOro asora. l3mepeHue napaMeTpoB HCTOYHHMKA aTOMAapHOIO a3oTa
HEOOXOUMO ISl TIOJyYEHHUsl HaWIy4lIMX YCJIOBUH AJis SMUTaKCUalIbHOIO pocta. B manHoi
pabote, s MPUBOXKY pE3yJIbTaThl U3MEPEHUs MapaMEeTpOB MCTOYHHMKA aTOMAapHOro a30Ta Ha
OCHOBE TUIa3Mbl BJEKTPOHHOTO IUKIOTPOHHOTO pe3onanca (DLP) paspsnma, xotopoe
NOJJIEPKUBAETCS C MTOMOLIBI0 MHUKPOBOJIHOBOTO M3iy4deHMs Ha dactore 24 I'T'm mia pocra
InN u InGaN.
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O BJIMSIHAUM TOJIIUHBI TEPMOKJ/IMHA HA TMHAMUKY TXPBYHEHTHOﬁ
OCECUMMETPUYHOU CTPYU B CTPATU®HUITUPOBAHHOMU KUJIKOCTH

ExoBa E.B.
eezhova@mech.kth.se
Linné FLOW Centre and SeRC (Swedish e-Science Research Centre),
KTH Mechanics, Stockholm, Sweden

BrinmosiHEHO ~ YHMCIEHHOE  MOACNMPOBAHUME  BEPTUKAJIBHOM  OCECHMMMETPUYHOMN
TypOyJIEHTHOM CTpYyH KpPYTOBOTO CEUEHHMsI B CTPATU(UIMPOBAHHOM >KUAKOCTH METOJIOM
KPYNHBIX BHUXpeil ¢ BbicokuM paspemienueM (LES). MopenupoBanne npoBeneHO Ha
CYNIEpPKOMIIbIOTEpPE C MCIOJIb30BaHHEM napasuienbHoro kojxa Nek5000, pazpaGoranHoro s
pelIeHNs YpaBHEHMM THIPOJMHAMHKU HECKHUMAeMOW >XKUAKOCTH METOAOM CIIEKTPAJIbHBIX
JJIEMEHTOB, IPEMMYLIECTBAMM KOTOPOTO SIBJISIIOTCS BBICOKAsh TOYHOCTh pEIIEHUS U
BO3MO>KHOCTbh MOJIEJINPOBAHUS CJIOKHBIX T€OMETPUUECKUX KOH(DUTYpaLHil.

MonenvpoBaHue NpOBEACHO NPU IBYX Pa3IMYHbIX 3HAYEHUSAX TOJILMHBI TEPMOKIINHA,
OJIHO U3 KOTOPBIX CYIIECTBEHHO MEHBIIE JUaMeTpa CTPyU Ha BXOJE B TEPMOKIIUH, a APyTroe
— npubIM3KUTeNbHO paBHO emy. Yucno @Ppynaa cTpyu Ha BXOJE B TEPMOKIUH MEHSETCS OT
0.6 no 1.9, 94TO COOTBETCTBYET pEeKUMY «ciIaldbix» (oHTaHOB. B pabore wmcciemyrorcs
cpenHsist BbicoTa (pOHTaHA B CTPATU(UIMPOBAHHOM JKUAKOCTH, TypOYJEHTHOE BOBJIEUCHHE
KHUJIKOCTH CTpyedl B OOJIaCTH TEPMOKJIMHA, KOJeOaHUs CTpyH B 00JACTH TEPMOKIMHA H
reHepanus BHyTPEHHUX BOJIH.

Mogens LES B Nek5000 BepudummpoBaHa Ha MOAETHHONH KOHQUTYpAIUH
BEPTUKAJIbHON TypOyJIEHTHOH CTpyH B OJHOPOAHOM >KHUIKOCTH: PACCUMTAHBI 3aBHCHMOCTH
CpeIHel BepTHUKAIbHOW CKOPOCTH Ha OCH CTPYH OT KOOPIMHATHI, a TakKe mpoduin cpeanen
BEPTUKAJIbHONH CKOPOCTH CTPYM M TypOYJIEHTHBIX HamNpsHKeHUH B aBTOMOJEIbHBIX
KOOpAMHATaX U MOKA3aHO, YTO OHU COTJIACYIOTCSI C pe3yIbTaTaMU SKCIIEPUMEHTOB U MPSIMOT0
yucieHHoro moaenuposanus (DNS).

[Tokazano, dro cpemHss BbicoTa (OHTAHA MOXKET OBITh ONHCaHa MPOCTOH
TEOPETUYECKOH MOJIENbI0, OCHOBAHHOM HA 3aKOHE COXPAHEHHs HHEPrUM MCTOYHUKA U
YUUTBIBAIOIICH 0COOCHHOCTH «CIIa0bIX» (POHTAHOB.

TypOyneHTHOe BOBJIEUEHUE JKUJAKOCTM B 00JacTH TEPMOKJIMHA XapaKTepU3yeTcs
K02(pPHUIIMEHTOM BOBJICUEHHSI, KOTOPBIM BBIPAXKAET COOTHOLICHHE MEXAY KOJIUYECTBOM
BOBJICKAEMOM JKUAKOCTH U PACXOJOM JKMIKOCTM B CTPye Ha BXOAE€ B TEPMOKIIUH.
Paccuntannbie mo gamHeiM  LES  koadduumentsr cormacyrorcs ¢ pesysibTaTaMH
TEOPETUYECKOM MOJENU sl JIBYXCIOHMHON cTpaTuduKaluy ¢ pe3Koil rpaHuliei pasjaena B
Cllydae TOHKOIO TEpMOKJIMHA, W MPEBBILIAIOT MX Npu Maiublix uuciaax Ppyna B ciayuae
MIMPOKOTO TEpPMOKJIMHA. /[[ng cTpaTUguUKanmMM C LIMPOKHUM TEPMOKJIMHOM OOHApY>KEHO
TOPU30HTAIILHOE TEUEHHE B BEPXHEH €ro 4acTH, MPOTUBOIIOJI0KHO HAPaBICHHOE C TEUEHUEM,
BO3HUKAIOIIMM B pE3yJIbTaTe UHTPY3UHU CTPYU HA TOPU3OHTE HEUTpanbHOU IuiaBydectu. [Ipu
3TOM CTPYs BOBJIEKAET JKUIKOCTh M3 TEPMOKIIMHA, & HE U3 BEPXHEro CJ0s CTpaTU(UKALUH,
KaK B CJlydae TOHKOTO TEPMOKJIMHA, Jaske KOrAa (POHTAH MPOHUKAET Yepe3 TEPMOKIIKH.

CrniekTpsl KoJeOaHUl CTPyH B TEPMOKIMHE UMEIOT 2 MUKA, HA OJTHUX U TEX K€ YacTOTax
npu pukcupoBaHHOM umcie Ppyna U pa3nuIHON TodmuHe TepMokiauHa. [Ipu 3Tom B citydae
HIMPOKOr0 TEPMOKJIMHA BHYTPEHHUE BOJIHBI PAaCIpPOCTPAHAIOTCA JIMIIL HA HUXKHEH YacToTe, a
BEPXHss MPEBBIIIACT MAKCUMAJIbHYIO YacTOTHI IUIABYUYECTH. B cilydae TOHKOro T€pMOKIMHA
00€e JacTOThI KOJICOaHUH CTPYH HAXOAATCS B AMAINIA30HE PACIIPOCTPAHEHHS BHYTPEHHHUX BOJIH,
HO npu Haubonbmux uyuciaax @Ppyna, paccCMOTPEHHBIX B JaHHOM paboTe, B CHEKTpe
BHYTPEHHUX BOJIH HAOIFOIaeTCsI O/IWH THK, OJIM3KHIA K HIDKHEH 4acToTe KOJIeOaHu CTPYH.
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I'EHEPAIISA BBICOKUX 'TAPMOHHUK B I'A3AX JIASEPHBIMH
NCTOYHUKAMMU CPEJHEI'O UK TUAITA30HA: BJIMSAHUE MAT'HUTHOI'O
HOJIAA UMITYJIBCA HA ®OPMY CIIEKTPA TAPMOHHUK

Emenuna A.C., EMenun M.1O., Paoukun M.1O.
emelin@ufp.appl.sci-nnov.ru
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropon

JlOCTUTHYTBI B IOCIEIHEE BpeMs 3HAUUTENbHBIA INPOrpecc B CO3JAHMU MOIIHBIX
(eMTOCEeKYHIHBIX MapaMEeTPUUYECKUX JIA3€PHBIX HCTOYHMKOB M3IIyuyeHHUs OJMKHEro u
cpennero UK nuanazoHoB (¢ 1iirMHaMu BOJH A B Auana3oHe ot 1.3 10 4 MKM) CTUMYJIMpPOBa
aKTUBHBIE MCCIIEI0OBaHUS B 00JIaCTH B3aMMOAECHUCTBHS TAKOI'O U3TyUYEHUS C BEIIECTBOM, B TOM
qHucie B 00JacTH réHepanri BBICOKHUX TapMOHHK. HpOHOpHI/IOHaJ'II)HOCTI) OCIIHJIJIHTOpHOfI
SHEpPIruu 3JIEKTPOHA KBAApaTy JUIMHBI BOJHBI JA3€pPHOTO M3JIy4YEHUS MO3BOJISET, B YACTHOCTH,
3HAa4YUTCIBHO pacliupuTh I1aTo B CIICKTPC rapMOHHK BBICOKOI'O nopsiaka B
BBICOKOYACTOTHYIO 00J1aCTh NMPHU UCMOIb30BaHUU UCTOYHUKOB cpenHero MK nuanaszona. Ilpu
3TOM SHEprus dPPEeKTHBHO TeHEPUPYEMBIX (POTOHOB MOXKET JOCTUTATh HECKONBKHX K3B n
Jla)Ke JIeCATKOB K3B, 4YTO mMpakTMYecKHM HEAOCTHKUMO IIPU HCIIOJIB30BaHUU JIa3epPHBIX
HUCTOYHHUKOB C JJIWMHaAMH BOJIH MCHEC 1 MKM. KpOMe 9TOIro, MHTCHCHBHOCTb HU3JIYUYCHUA
BBICOKMX TapMOHHK, T€HEPHPYEMBbIX C IMOMOINbI0 HCTOYHHMKOB cpenHero MK nuamazona,
pE3KO HapacTaeT Ha CaMOM Kpaw IUIaTo. JTa OCOOEHHOCTb CIIEKTPOB TI'€HEPHPYEMOTO
U3JTy4YEeHUsI MOXKET OBITh MCIIOJIb30BaHa A (POPMUPOBAHMS ATTOCEKYHIHBIX OMEHUWI mpu
HOHU3alUU ra3a nNpeacJIbHO KOPOTKUM JIa3€PHBIM UMITYJIbCOM.

OpnHako ¢ poCTOM JUIMHBI BOJIHBI JIA3EPHOTO U3JIyUYEHHUS BO3PACTAET POJIb HEAUIIOIBHBIX
3¢ dexToB. MarauTHas cocTapisiomas cuibl JIopeHa MPUBOANT K MCKAKEHUIO TPACKTOPHUU
9JIEKTPOHA IPU €ro JBI)KEHUM B CBOOOJHOM MpPOCTpaHCTBE. B pesynbTare CHMXKAIOTCA
BCPOATHOCTH peKOM6I/IHaHI/II/I OJICKTpOHA C POAUTCIBCKMM HOHOM H, COOTBCTCTBCHHO,
3¢ (eKTUBHOCTh NMpeoOpa3oBaHMs Ja3epHOTO M3IY4YEHHUs B PEHTTeHOBCKMH auama3zoH. C
POCTOM Ay, M3-32 BO3pAcTaHUsI CKOPOCTU JBMKEHUS IEKTPOHA B CBOOOTHOM NPOCTPAHCTBE,
BJIIMSIHUE MarHMTHOW cocTaBisitouiei cuibl JlopeHma Bo3pactaer. [loaTromy mpu renepaunuu
BBICOKMX TapMOHHK MCTOYHWKaMu cpenHero MK nuanmazoHa poiib HEITUTONBHBIX 3P QPEKTOB
00OBIYHO BechbMa cyliecTBeHHa. [Ipu 3TOM MarHMTHBIA Jpeid 3JIeKTpoHa MOXKET MPUBOIUTH
HE TOJILKO K 00IIeMy CHIDKEHHIO 3()()EKTUBHOCTH TeHEePaIH BEICOKUX TAPMOHUK.

B pabore mnoka3aHo, yTO MarHuTHOE TIOJ€ Ja3epHOro ummyiabca cpeaHero MK
IMamnasoHa  BiIMAeT Ha  (QopMy  CHEKTpa  TeHEPHpPYEMOro  HW3JIy4eHus.  Taxxke
IPOIEMOHCTPUPOBAHO, YTO MAarHUTHBIN Jpeii( 3JIeKTpoHa HE BCErja UrpaeT OTpULATEIbHYIO
pOJIb, a B PAJE CIIyYaeB JaeT IMOJIOKHUTENbHBIN (D (DEKT.
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B nocnenHue HECKONBKO JIET JOCTUTHYT 3HAYUTENBHBIN IPOTPECC B CO3JaHUM MOLIHBIX
(eMTOCEKYHHBIX MapaMETPUUYECKUX JIa3€pHbIX MCTOYHHUKOB U3IyuY€HUs OJIMKHEro U
cpennero MK nuanasonos. KBagpaTtuuHas 3aBUCHMOCTb OCHMIUISITOPHOM SHEPIUU dJIEKTPOHA
OT JUIMHBI BOJHBI JIA3EPHOTO W3JIyYEHUS MO3BOJISET JOOUTHCA 3HAYUTEIBLHOTO PaCIIUPEHUS
IUIATO B CIHEKTPE BBICOKMX TapMOHHUK, TE€HEPUPYEMBIX IIpU HOHM3ALUMM Ta30B C
HCIIOJIb30BAHUEM TAaKMX HCTOYHHMKOB, YTO IIO3BOJIUT CO3/1aBaThb KOMIIAKTHBIE HCTOYHHKH
KOT€pEHTHOIO0 M3JIy4YeHHMsl C DHEprueil KBAaHTOB MOpsAKa HecKolbkux Ki3B. OpnHako
CyIIeCTBYeT DI  (aKTOpOB, KOTOpPBIE TPHUBOIAT K CYIIECTBEHHOMY CHHKCHHUIO
3¢ (GEeKTUBHOCTH Ipollecca T'eHepaluuu rapMoHuMK Bbicokoro mnopsaka (I'TBII) ¢ pocrom
JUIMHBI BOJIHBI JIa3€pHOTO u3nydeHus. OgHUM M3 TakuX (PAKTOPOB SBISETCS YyBEIUYEHUE
BPEMEHH, KOTOpOE 3JIEKTPOH IPOBOJUT B CBOOOJHOM IPOCTPAHCTBE MEXIY MOMEHTOM
OTpbIBa OT aTOMa M BO3BPaTOM K POJIUTEIBCKOMY HOHY. M3-3a KBaHTOBOMEXaHHUYECKOTO
pacIyIbIBaHUs NaKeTa JaHHBbIA (PaKTOp MPUBOAMT K CHIKEHHIO 3(PPEKTUBHOCTH Ipolecca
reHepaluy BBICOKOYACTOTHOTO H3JIyYEHHUs Ha OTIEIbHO B3ATOM aTOME HWIIM MOJIEKYJIe
HPONOPLUOHATIBHO MATOW CTENEHM JUIMHBI BOJHBIL. JIpyrUM CyIIECTBEHHBIM (DaKTOpoM,
KOTOPBI MOKET CHJIBHO OrpaHMYUBATh YPPEKTUBHOCTH KOHBEPCHUU JIA3EPHOTO M3ITyUCHHS B
BBICOKOYACTOTHBIN JIMAIIa30H IIpH Nepexone K ucrounukam cpensero MK, seusercs BnusHue
MarHUTHOTO TIOJISl JIa3€pHOTO M3Iy4YeHHs. OTO BIMSHHE BBIPAXKAETCSd B OTKIOHEHUU
(«MarHUTHOM Jpeilide») TpaeKTOpUil SJIEKTPOHOB, ABMKYLIMXCS C CyOpEISTUBUCTCKMMU
CKOpPOCTSIMH, OT TpPSIMOJMHEHHBIX MW, KaK CIEACTBUE, B yMEHbIICHWU 3(deKTuBHOCTH
mexanu3ma ['TBII, B oCHOBE KOTOPOroO JIeKaT CTOIKHOBEHMS 2JIEKTPOHOB C POJUTEIBCKUMU
noHamu. Takum oOpaszom, moBeimeHue 3¢ dextuBHOCTH mpouecca ['TBII mpu mepexone k
uctouHukam cpeanero MK nuana3ona siBisieTcst O4eHb OCTPOM U aKTyaJIbHOM MPOOIEMO.

B pabote moka3aHO, YTO HCIIOJIb30BAaHHE JABYIBETHBIX JIA3EPHBIX TOJEH CKPEUICHHOM
KOH(UTypali TO3BOJISIET CYIIECTBEHHO MOBBICUTH 3(dexTuBHOCT, Tporecca [TBIL. B
clly4ae CKpEIIEHHBIX MOJeil BTopoe mose (BTopas rapMOHHMKAa OCHOBHOTO I0JIS) MO3BOJISET
CABUHYTb MAaKCHUMyM CKOpPOCTH HOHHU3allMM BO BPEMEHM TakUM 00pa3oM, 4YTOOBl 3TOT
MAaKCUMyM COOTBETCTBOBAJl OIPEACICHHOW JJIEKTPOHHOM TpaeKTopuu. JlMHaMmuka xe
3JIEKTPOHA B CBOOOJHOM INPOCTPAHCTBE ONpEAENseTcs, INIaBHBIM 00pa3oM, MEPBbIM MOJEM;
BTOpOE TI0JIe MaJio €ro yckopsieT. Ilpu sToM, uist onTuManbHOTO (ha30BOTO CIBUTA MEXKIY
KOMIIOHEHTaMH JIa3€pHOTO TOJS MONEPEYHOE CMELIEHUE JJIEKTPOHA 3a CYET BTOPOTO MO
OKa3bIBACTCSl HEBEIMKO /I 3aMETHOM YacTH KOPOTKHX TpaekTtopuil. Takum oOpazom,
NOJIaBJICHUE TEHEpallMy 3a CYeT IIONEPEYHOr0 CMELIEHUS DJEKTPOHAa B TIOJE IPHU
ONTUMAJIBLHOM (PA30BOM CIBUTE€ HE3HAUUTENIBHO I OOJIbIIEH YacTH KOPOTKUX TPAEGKTOPUH, a
yCHUJICHHE TeHepaliy 3a c4eT OOJIbILEro Beca 3TUX KOPOTKUX TPACKTOPHH (B CHITy OOJIBLIETO
3HAa4YCeHUS NOJIS B "HY)KHBIE" MOMEHTBI BPEMEHH ) MOKET ObITh OUYEHb BEITMKO MPH TyHHEIBHOM
uoHu3aui. COBOKYIHOCTh BBILIEYHOMSHYTHIX (DAKTOPOB MO3BOJSET 3HAUUTENIBHO YCHUIUThH
BBIXOJl BBICOKMX TapMOHMK IIpM HCIIOJIb30BAHMM JBYXLBETHBIX JIa3€pHBIX MOJEH CO
CKPEILECHHBIMU NOJISIPU3ALASIMHA KOMIIOHEHT.
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MOJIEJUPOBAHUE AHCAMBJIEA KYPAMOTO C IIOMOIBIO AKTUBHBIX
BECITPOBOJHbBIX CETEU
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WHCTUTYT paguoTeXHUKHU U 31eKTpoHUKH uM. B. A. Korensaukoa PAH,
MockoBckuit GU3MKO-TEXHUUECKUI HHCTUTYT

becripoBoHast ceHCOpHast CETh B KJIACCHUYECKOM HCIIOJIHEHUH COCTOUT U3 Habopa y3J0B
C JaTyukamH, OObEJMHEHHBIMH B aHCcaMOlb TOCPEICTBOM paJuoOKaHaloB. B nokmane
OINMCHIBAIOTCS OECHPOBOAHBIE CEHCOPHBIE CETH, Y3JIbI B KOTOPOM CHOCOOHBI HE TOJIBKO
BBINOJIHATH COOp M Iepeady JaHHBIX C CEHCOPOB, HO U COBEpINATh «AaKTHUBHBIC» NEHCTBUS:
ympaBieHue, o0paboTKy u BH3yalbHOE OTOOpakeHne wuH(popmarmu. HazoBém Takue
0000111€eHHbIE CEHCOPHBIE CETH AKTUBHBIMHU O€CIPOBOIHBIMU CETSMHU.

Kaxxapiii y3enm B akKTUBHON OSCIPOBONIHONM CeTH (AKTUBHBIN y3e€l) pealli30BaH B BUIE
napel OecrnpoBOHONW mHpuéMoIepeaTdMK — aKTyaTop. AKTyaToppl — CII€LUaJIbHbIC
YIPABISAIONINE yCTPONUCTBA, CIIOCOOHBIE BIMUATH KAKHUM-ITHOO 00pa3oM Ha OKPYKAIOIIYIO
cpenry. B maHHOM ciaywae 3TO IUIaThl, OCHAILEHHBIE MHKPOKOHTPOJUIEpAMH, Kak
BBIUMCIUTEIbHBIM  CPEACTBOM, W MHOIOLIBETHBIMH CBETOJUOAAMH, KaK CpEACTBOM
BU3yaJIu3allMd. AKTyaTropsl CIOCOOHBI B3aMMOJEHCTBOBAaTH € MNpuUEMoOINEpesaTIMKaMu
MIOCPENICTBOM CIIEIHAILHOTO HHTEpdeiica.

CBsi3p MEXIY AMHAMHUYECKUMHU CHUCTEMAaMHU Ha Pa3HbIX y3JlaX aKTMBHOM OecrpoBOIHON
CETH OCYIIECTBISETCS MOCPEACTBOM pajuokaHana. [lepenaya naHHBIX MakeTHas, IPU ATOM
JAHHBIM TOAXOJ IMO3BOJISET O00ECHEeYUTh MPOMU3BOJIBHYIO 3aJlaHHYIO TOMOJIOTHUIO aHCaMOJs.
OTO Ba)KHOE CBOMCTBO JOCTUTAETCsl 3a CUET COOTBETCTBYIOLIECH ajapecaluu NepenaBacMbIX
naketoB. B kadecTBe  mpuEMONEPENAaTUMKOB B DKCIIEPUMEHTE  HCIOJB3YHOTCS
CBEPXUIMPOKOIIOIOCHBIE OecrpoBOAHbBIE npuéMonepeIaTunKu Ha Xa0THYECKHUX
pagnoumnynbcax B CBY nuanasone.

Hanuuue  cBeTonmMomoB  Ha — akTyaropax MO3BOJSIET  BHU3yaJbHO  HAOIIONATh
JUHAMUYECKYl0 KapTuHy aHcamOnsa. Jlias SToro 3HayeHWe OJHOM M3 IEePEeMEHHBIX,
MOAETUPYEMOH Ha aKTyaTope, JTUHAMHUYECKOW CHCTEMBI OTOOpa)KaeTcs Ha IBETOBYIO KAy
(HampuMep Ha TOH LBeTa NMpH (UKCUPOBAHHOW SIPKOCTH M HACBIIIEHHOCTH) U CBETOAMON
3a)KUTAeTCsl COMIACHO MPOEKIUHU 3TOTO 3HAYECHMS.

B kauectBe wuccinenyeMoil AMHAMUYECKOM CHCTEMBbl BbIOpaHa MOJEIb aHcamOIs
CBS3aHHBIX (ha30BbIX ocuuuiATopoB Kypamoro. Mozaens KypamoTo mo3Bosisier HaOmonaTh
HIMPOKUI CHEKTP JUHAMHYECKUX SBJICHUH, TAKUX KaK CHHXPOHU3ALHNIO, JECUHXPOHU3ALUIO,
JUHAMHYECKHI XaoC — 3TU SBJIEHHUA OBUIM pealn30BaHbl U MPOJEMOHCTPUPOBAHBI C
MIOMOIIbIO AKTUBHOM O€CIIPOBOTHOMN CETH.

B noxmane paccmarpuBaeTcs METOAMKA MOJAEIUPOBAHUS MPU IIOMOIIM AKTUBHOMN
0ecrpoBOJHON CETH AMHAMUYECKMX CHUCTEM M CBS3€M MeXIy HHUMH, SKCIIEPUMEHTaJIbHbIE
pe3yabTaThl U UX aHAJIM3.
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AAHAMMKA IEPEXO10OB MEXY METACTABMJIbHBIMHU COCTOSTHUSI B
AHCAMBJIAAX BUCTABHJIBHBIX HEMPOHOB 11O BIMAHUEM LITYMA
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Hogropon

Bo mMHOTHX MOIEnsx HEMPOHOB HAWIEH PEXXHM OHMCTAOMIBHOCTH, B KOTOPOM HEHpPOH
o0namaer ABYMsI YCTOWYUBBIMH COCTOSSHUSMH W B 3aBHCHMOCTH OT HAYallbHBIX YCIOBHUI
MOJKET JINOO TEeHEPUPOBAThH CIIAWKH C MIOCTOSTHHON YacTOTOM, JTMOO HAXOJUTHCS B COCTOSTHUU
paBHOBecHs. CeTH TaKMX HEWPOHOB MOT'YT UMETh MHOKECTBO yCTOWYMBBIX aTTPAaKTOPOB, a
COOTBETCTBYIOIIME UM MATTEPHbl CETEBOM AaKTUBHOCTU SIBISIOTCSA  OCHOBOM  JUIs
dbopmupoBanus pabodas mamsaTH B Mo3re. B maHHOIl paboTe MBI HUCCleqyeM CeTh W3
HelipoHOB XOJKKUHA-XAKCIIM, PACIONIOKEHHBIX B €IMHUYHOM OOBEME U COEIUHEHHBIX
CUHANTHYECKUMHU CBS3IMU. B KauecTBe BXOJHOrO CHrHaia ObLT BBHIOpAaH IMyacCOHOBCKHUIT
IPOLIECC, HE3aBUCHUMBbIE PeaIn3allii KOTOPOro MOoJaBaUCh Ha BCE HEUPOHBI CETU. 3a/IEPIKKU
pacipocTpaHeHHs] CUTHaja ObUIM MPOMOPLUUOHAIBHBI (U3NYECKOMY PACCTOSHUIO MEXIY
HEHPOHAMM.

Pe3ynbrarhl 4MCIEHHBIX pacYETOB MOKA3aJld, YTO CETEBasl AMHAMHUKA XapaKTepU3yeTcs
TpeMsl pexxumaMu. B 0olHOM pekume MOUYTH BCE HEHPOHBI CETH HAXOJATCS B COCTOSIHUU
TeHepaluu CIaiKoB (BEpXHEE COCTOSIHHE), MPU ITOM HEKOTOpbIe M3 HHUX MEPEeXOolsiT B
COCTOSHUE IIOKOSI, BO3BpalllasiCh B aKTUBHOE COCTOsHUME. B japyrom pexuMe modtu Bce
HEHPOHBI HAXOIATCS B COCTOSIHUU PaBHOBECHS (HUKHEE COCTOSIHHE), TIPU STOM HEKOTOphIE U3
HUX MOJ] BIUSHUEM IIyMa BpeMsl OT BPEMEHHU MEPEXOIAT B BEPXHEE COCTOSIHUE, BO3BpaLIasCh
CHOBa B HWkHee. HakoHell, MpoMeKyTOUHBIA PEKUM XapaKTepU3yeTcs pe3KUMHU MepexoaamMu
BCEHl CETH U3 OJHOTO COCTOSIHUA B Apyroe. IIpu 3TOM AIUTENhHOCTH MPEObIBAaHHUS B KaXKIOM
U3 COCTOSIHUN 3HAUUTENBHO MPEBOCXOIAT JUIMTEIHHOCTH caMuX mepexofoB. OOHapyxeHO,
YTO BpeMeHa NpeOBIBaHUS B BEPXHEM W HIDKHEM COCTOSIHHSAX, HA4YWHAs C HEKOTOPOTO
3HAQUYEHUS] JIJIUTENBHOCTH 1-2 C, MMEIT OTUYETIMBOE 3KCIHOHEHIMAIbHOE paclpenesieHue,
XapakTepHoe i TenerpadHoro mporecca. DPQPEKT MOBTOPSIICS W TpU BO30YKICHUU
HEHPOHOB OENBIM M PO30BBIM IIIyMOM BMECTO IyaCCOHOBCKOTO, YTO TOBOPHUT O €rO CBSI3U C
BHYTPEHHEHN CTPYKTYPOU HEMPOHA U apXUTEKTYPOU CETH, a HE C IPUPOAOH LIyMa.

Takxe HamMu ObLIO OOHaApykeHO 4TO Ha 3PdeKT OONbIIOEe BO3ACHCTBHE OKAa3bIBAIOT
3aIep>)KKM  MEXJAy HEHpOoHaMu, MpH ONPEAENEHHBIX 3aJepKKax JAaXe IpU CUIbHOM
BO3JICUCTBUM IIyMa HE MPOUCXOJUJIO MEPEKIIOYEHUN U3 OJHOTO COCTOSHMS B apyroe. Ha
MaJbIX K€ BpEMEHaX CTATUCTUKA MNEPEKJIIOUEHUI XOpOILIO anmpOKCHUMUPYETCS CTENEHHOMN
dbynkimeil. B mpomexxyTke MExXIy dTUMH MpeneiaamMu GyHKIUS pacrpeneieHusi MOKeT ObITh
anNnpoKCHMHPOBAHA  B3BELIEHHOW  CYMMOH  CTENEHHOIO U JKCIIOHEHIMAJIbHOTO
pacmpezeneHus, ¢ moporopoii GpyHkuuen B kauecTBe Beca. Hanmuuue 2-x pacmpeneneHuii Ha
pasHBIX MacmTabaX MOXXET OBITh BBI3BAHO HAJIWYHEM IPOIECCOB YCTAHOBICHHS TPH
nepexo/ie M3 OAHOTO CTaOWIBHOTO COCTOSIHHSL B JAPYTo€, OJHAaKO 3TOT BOMpPOC Tpedyer
JanbHEWIIero ucciaenaoBanusa. MHTepecHbIM SBISETCSA, TO YTO NPU BBIKIIOYEHUH IIyMa B
pa3IMyHble MOMEHTBI HaXOXKJECHUS CETH B BEPXHEM COCTOSIHUU MPOUCXOJIUT MEPEXO] B OJTHO
U3 CTAaOWJIBHBIX KOJEOATENBHBIX COCTOSHMM B KOTOPOM HAOJIOJAeTCs YacTUYHAs
CHUHXPOHHU3AIUS HJIIEMEHTOB CETH.

Pabora nmognepxxana Poccuiickum Hayunbim @ongom (cornamenue Ne 14-11-00693).
Boruncnenuss nmpousBoaunuck ¢ ucnonszoBanueM CK «JlobaueBckuity HHI'Y um. H.U.
JloGaueBckoro.
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QED KACKA/Ibl I TMHAMMKA ¢ ¢” IIJIA3MbI B CXOAAIIEMCS
JIATIOJIbHOM BOJIHE MYJbTUIIETABATTHOI'O YPOBHSI

Edumenko E.C., bamaoB A.B., 'oHockoB A.A., MypaBbeB A.A., Kum A.B., Ceprees A.M.
evgeny.efimenko@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

Jnsg nmomydeHuss 3KCTpeMaibHbIX CBETOBBIX mnoned, npoekt XCELS mpennaraer
UCIONB30BaTh 12 CcPOKYyCHUPOBAHHBIX MYJIBTUIIETABATTHBIX JIA3€PHBIX ITyYKOB, KOTOpPbHIE
MOTYT OBITH CMOJAETUPOBAHBI C MOMOIIBIO CXOMSAIICIHCS ANEKTPUIESCKON AUMONBHON BOJHBI.
N3BectHo, uro QED Kackajbl, HHULIMUPOBAHHbBIE B 00JACTH CUIBHOTO MOJSI, MOTYT CHUJIBHO
MOBJIMATh HA CTPYKTYPY 3JIEKTPOMArHUTHOTO TOJsS,, TEM CAMbIM OTPaHUYMBAsl TOCTUKUMBIE
MHTEHCUBHOCTH JIa3€pHOTO HM3iydeHHUs. B sTom nmokmage obcyxkmarorcs aBa pexxuma QED
KACKaJI0B ¥ IMHAMUKH 3JIEKTPOH-IIO3UTPOHHOM IJIa3Mbl B CXOSIIEHUCS TUTIOIBHOM BOJIHE.

Bo-niepBbiX, aHamusupyeTcss JMHEHHas crtagus, Ha koTopoit QED  kackambl
pa3BUBAIOTCS B TMOJIE 3aJaHHOM CTPYKTYphl. OTa CTaius peanusyercs, Korga oOpaTHOU
peakuueii co31aBaeMoi EKTPOH-TIO3UTPOHHON TUTa3MbI MOKHO MpeHeOpeds. Ha aToM aTare,
YUCIIO Map W ramma (OTOHOB pacTeT 3KCHMOHeHUuanbHO. Ompenensercs mopor mpodos
BaKyyMa, 00yCJIOBJICHHOTO 0aJaHCOM JIByX IPOLIECCOB: CO3aHHUEM AIIEKTPOH-TIO3UTPOHHBIX
map, C OJHOW CTOPOHbI, W KOHBEKTUBHBIX IIOTE€Pb YAaCTHULl B HEOAHOPOIHBIX
AJIEKTPOMArHUTHBIX IMOJIAX, C Jpyrol cTopoHbl. IlpoBomurcs neranbHOE HCCIEIOBaHUE
ceMeiCTBa TPAeKTOPHI YacTHUI[ U CIIEKTpa U3Ty4YaeMBbIX *KEeCTKuX (oToHOB. Hampumep, mis
motrHocty Jtazepa 100 TIBt u nnunbl BoaHsl 0,9 MKM, B KOHYC C TIOJIOBUHOM yIJia pacKphiBa
0,1 pan uznydaercs 1o 10 (OTOHOB B CEKYHIy C MaKCUMaJIbHOU 3Hepruen 1o 6 [3B. Otot
pe3yJIbTaT MO3BOJISIET MPEIOKUTh YHUKAILHBIA HCTOYHUK TaMMa ()OTOHOB.

Bo-BTOpBIX, C MOMONIBIO CYNEPKOMITBIOTEPHOIO MOJAECIUPOBAHUS JIETATIBHO H3Yy4arOTCs
TUTa3MEHHO-TIOJIEBBIE CTPYKTYPBI, (POPMHUPYIOTCSI B MPOIECCE B3aWMOJEHCTBHS CXOMSIICHCS
JTUTIONBHOM BOJHBI, (POKYCHPYSICh, B UACTHOCTH, Ha MX HBOJIIOIIMU HAa MEPEXOJHOM CTaauu K
KBa3HCTAIlMOHApHOMY pexumy. Cienyer OTMETHTh, YTO Ha JaHHOM dTare 3(pQeKTHBHOCTD
npeoOpa3oBaHus SHEPTrUU B TaMma (poToHbI MoxkeT aocturath 50%. JleMoHCTpUpyeTcs, 4To
CYLIECTBYIOT [IBa Pa3JINYHBIX KBA3UCTALMOHAPHBIX pexuma. [lepBblii CBA3aH C JTOCTaTOYHO
HU3KOW MHTEHCHUBHOCTH TOJIA, KOTJa CTPYKTypa TOJS B LIEHTPAIbHOM 00JacTH MeEHSETCS
HE3HAYUTEJIbHO. DTOT PEXUM XapaKTEpU3yeTCsl JOKPUTUUYECKUMH IUIOTHOCTSAMHU IIa3Mbl B
HEeHTpaabHOU 00macTH. BTopoi pekuM BO3HMKAeT, KOT/a co3faBaeMasi B MpoIecce Kackaaa
JJIEKTPOH-TMIO3UTPOHHAS IJ]a3Ma CTAHOBUTCS CIUIIKOM IUIOTHOM, IPU 3TOM 3JIEKTPHUYECKOE
MoJie BBITAJIKMBACTCS M3 ILIEHTpa OO0JacTH B3auMOJEUCTBUSA. B 3TOM pexume MIOTHOCTh
MIa3Mbl MOXeT gocTurath 10°7 cM-3. Tlepexon MesKLy ABYMS STHMH PEKHMAMH MPOHCXOIHAT
BOm3u moraHoctu 20 I[1BT.
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WCCJEJOBAHME BOJIIOIAYN HEJIMHEMHBIX MATHUTOAKYCTUYECKHX
BOJIH B IVTASMEHHBIX TEIIJIOBBIAEJIAIOIINX CPEJAX

3aepmmnckuit J1.1. 12 Monesuu H.E. 1’2, PsiukoB I[.C.l’2
dimanzav(@mail.ru
1CaMapCKI/H71 roCy/1apCTBEHHBIN a3POKOCMUUYECKUN yHUBEpCUTET UMEeHH akanemuka C.I1.
KoposeBa (HamoHaIbHBIN UCCIIEIOBATEIBCKHI YHUBEPCUTET)
2CaMapCKI/Iﬁ ¢wman Yupexaenus Poccuiickoii akagemMnn HayK @U3MYECKOro HHCTUTYTA HM.
I1.H. Jlebenesa PAH

B nmanHOit paboTe wucciegoBajiach HEJNIMHEWHAasT JWHAMUKA BOJIH B aKTUBHOMU
IUTa3MEHHOU cpefie, B KOTOPOIl NMpOTEKaloT HeaguadaTHYeCKUe IMPOLECChl OXJIXKICHHUS U
Harpesa, 3aBHUCAIIUE OT TEMIIEpaTypbl U IUI0THOCTU. Hanbonee HarsIAHBIM IPUMEPOM CPEJIbI
NoJOOHOTO TUMA SABISETCS COJIHEYHass aTMocdepa, B KOTOPOH OXJaXJAeHUE MPOUCXOIUT 32
CYET U3IIyYEHHUs], A HAarPEB MPOUCXOIUT B PE3yJIbTaTe Pa3IMYHbIX IK30TEPMHUECKUX PEAKIUH.
Hanuune 3aBucumMocty HeaguaOaTHUECKUX MPOLECCOB OT TEPMOIUHAMUYECKUX MapaMeTpOB
MOJKET CIOCOOCTBOBATh BBIBOJY CpEAbl U3 PABHOBECHS U IMOSBICHUIO TaK Ha3bIBAEMbIX
TEIUIOBBIX HEYCTOMYMBOCTEH. B Xxone Hamiero uccienoBaHMs Mbl HCCIIENOBAIU BIIUSHUE
M30PHTPONUYECKON (aKyCTHUECKOMN) TEIUIOBO HEyCTOMYMBOCTH HAa AMHAMUKY aKyCTHUYECKUX
U MarHuTOaKyCTHYECKMX MOJ. B yclIoBHMSX [aHHOM HEYCTOMYMBOCTH pEalnu3yeTcs
MOJIOKUTENNbHAsT OOpaTHasl CBSI3b MEXAY BO3MYIIEHHEM M aKTHBHOW Cpelod B pe3ylbTare
aKyCTHMYECKHE MOJbl YCUIUBAIOTCS, U NPOUCXOAMUT CYILIECTBEHHAsI EPECTPOUKA CTPYKTYpbI
PpacpOCTPaHAIOIINXCSI BOJIH.

HccnenoBanne OJHOMEPHOM IMHAMUKHM BOJIH IPOBOAWIOCH B JEKApTOBOM CUCTEME
KOOPIMHAT C IIOMOIIBIO TIOJHOM CHUCTEMBl YPaBHEHHH MAarHUTHOM TI'HIPOJMHAMHUKH,
MOIU(GUIMPOBAHHON ISl yueTa BIMSHUS HeaquabaTHYecKuX mpoueccoB. CUuTanoch, 4ToO
BOJIHBI PACIPOCTPAHSIOTCA BIOJb OCH Z, @ BEKTOP MAarHUTHOTO IIOJISI HAIPaBJIEH IO
IPOM3BOJILHBIM YIJIOM B IUIOCKOCTH X-z. Kpome Toro, 6buta yyTeHa AMCCUNALUs BbI3BaHHAs
TEIJIONPOBOAHOCTHIO M KOHEYHOU IMPOBOANMOCTBIO CPEJIBI.

C mnomoupl0 TEOPUH BO3MYIIEHUM OBUIO IOJIy4€HO HEJIMHEHHOEe 3BOJIOIMOHHOE
ypaBHEHHE 151 OBICTPHIX U MEUICHHBIX MAarHUTOAKYCTHYECKHX BOJIH, C TOYHOCTBIO BEIIMYHH
BILJIOTH IO BTOPOrO Nopsaka ManocTh. CyIeCTBEHHBIM OTIMYUEM IOJIyYEHHOTO YPaBHEHUS
OT CYIIECTBYIOIIMX AHAJIOTOB SIBJISIETCS BO3MOKHOCTH OIMCATh BECH CIIEKTP BO3MYILCHMS, a
HE OTJENIbHYIO CHEKTpalibHylo obsacTh. [lomydeHHoe HenMHEHHOe ypaBHEHHE CIOCOOHO
ONMCaTh PsJi CTAMOHAPHBIX HEJIMHEMHBIX CTPYKTYp, CYIIECTBOBAHHE KOTOPBIX HEBO3MOXKHO
B paBHOBECHBIX cpenax. Dopma, mapaMeTpsl U yCJIOBUS pealu3aliii BO3MOXKHBIX CTPYKTYpP
onMcaHbl aHanuTH4YecKu. Hanbosnee HHTEPECHBIM SIBIISIETCS PELIEHHE B BHJI€ AaBTOBOJIHOBOTO
yaapHoro umiyibsca. CnaOble ynapHble BOJIH HMXKE IMOPOTOBOIO 3HAYEHHUS B Ipolecce
pactpoCTpaHEHUsT PACIAAIOTCS Ha IOCIICOBATEILHOCTD IMOJOOHBIX WMITYJIBCOB. JlaHHBIHA
pe3yabTar ObLI MOKa3aH, Kak Ha OCHOBE YHCJIEHHOTO PEIICHUS HEJIMHEHHOro ypaBHEHHUs], TaK
U Ha OCHOBE PEIICHUS MCXOJHOW CHCTEMBlI ypaBHEHHMH. TakKe YHCIEHHO IOKA3aHO, YTO
N0JJOOHBIE aBTOBOJIHOBBIE MMITYJIbChI 00Ja/al0T CBOWCTBOM BOCCTAaHOBJIEHHE (DOPMBI Iosie
B3aUMOJICHCTBUS.

Pabora wactnuno monnepkaHa MunoOpHayku P®D B pamkax B pamkax [Iporpammsbr
noBbllIeHUsT KoHKypeHtocnocoOHoct CI'AY mna 2013-2020 rr. u I'ocymapcTBeHHOTo
3aJaHMs By3aM U Hay4YHbBIM OpraHu3alnusM B chepe HayuyHOU JesTeabHOCTH, TpoekThl Ne 102,
608 u 1451, I'P 114091840046, rpantamu POOU 13-01-97001, 14-02-97030
p_noBoikbe a, W ctuneHauen Ilpesupenra P® mig Monoaplx y4YeHBIX M aCIHUPaHTOB,
OCYUIECTBIISIONINX NTEPCIEKTUBHBIE HAYUHbIE UCCIIEI0BAaHUS U pa3pabOTKU MO0 MPUOPUTETHBIM
HaIpaBJIEHUsM MOAEpHHU3aunu poccuiickoil s3xkoHomuku 2013-2015 roxa, CI1-3664.2013.2.
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YUCJTEHHOE MOJAEJINPOBAHUE PACIIPOCTPAHEHUSI CBUCTOBBIX
BOJIH B IIVTABME, COAEP KAINEN MEJIKOMACIHITABHBIE
HEOJHOPOJHOCTHU KOHIHEHTPAIIUN

3ynun N.1O., Alinakuna H.A., I'ymun M.E., Kopo6kos C.B.
zudiniy@appl.sci-nnov.ru
WNucturyT npuknanaon ¢pusuku PAH, Hmwxauit HoBropon

W3BecTHO, 4YTO paguo4acTOTHBIH HarpeB HOHOc(Eepsl MOIIHBIMH Ha3eMHBIMU
panuornepeaTYuKaMi  COIPOBOXKAAETCS BO3HUKHOBEHHEM BBITSHYTBIX BJOJIb BHELIHETO
MarHUTHOTO TIOJII BO3MYUICHUH KOHIIEHTPAIMH, KOTOpHIC, TMPH ONPEACICHHBIX YCIOBHUSX,
MOTYT MpoAOJKaTbcs B IuazMocdepy. Pe3ynbraTsl HaTypHBIX OSKCIEPUMEHTOB U
7a00paTOPHOTO  MOJICTIMPOBAHUSI  CBHJIETENLCTBYIOT, YTO JAaHHBIE HEOJHOPOIHOCTH
OKa3bIBAIOT 3HAYMTEIbHOE BIIMSHUE HA paclpOCTPaHEHHE CBUCTOBBIX BOJH. Bo-mepBbiX, B
BO3MYIICHHBIX  OOJIACTSAX  PETUCTPUPYETCS  YCHJICHHWE  €CTECTBEHHBIX  AMIUIMTY]
HU3KOYACTOTHBIX  BOJIH, BO30Y)XJaeMbIX MOJHHUEBBIMH pa3psjiaMd M  Ha3eMHBIMU
HU3KOYACTOTHBIMU TIepeaTUMKaMHi. BoO-BTOpPBIX, pEerucTpupyroTcs 3S(G(GEKThl yIIUPEHUs
CIIEKTPOB KOTE€PEHTHBIX CUTHAJIOB [1].

Llenpto nmaHHOW paOOTHI SBIAETCS YHCICHHOE MOICITUPOBAHUE PACIPOCTPAHEHHUS
CBUCTOBBIX BOJH B 00JacTH IUIa3Mbl, 3aHATOM MEJIKOMACIITaOHBIMM BO3MYLICHUSIMHU
IUIOTHOCTH, BBITSHYTBIMH BJIOJIb BHEIIHETO MAarHUTHOro mojs. Vcxoms W3 pe3ynbTaToB
pacyeToB, OBLJIO YCTaHOBJIEHO, 4YTO CBUCTOBBIE BOJHBI MOIYT paclpOCTPaHATHCS B
BOJTHOBOJIHOM PEXHME BJIOJIb BO3MYIIEHHOH oOsacT. CyIIecTBEHHO, YTO B JTOM Ciydae
U3JTy4YEeHUE HE JIOKAIM30BaHO B KaX/10H HEOJHOPOIHOCTH MO OTJACIBHOCTHU: BOJHOBEIYIIYIO
CTPYKTYpY 00pa3yeT BO3MyIIeHHas 00JIaCTb B IIETIOM.

BonHoBoaHbBIE CBOMCTBAa BO3MYILEHHBIX 0O0NacTel OKa3bIBAIOTCA CXOXKUMH  CO
CBOWMCTBAMH KPYITHOMACIITAOHBIX KaHAJIOB C M3MEHEHHOW IUIOTHOCTHIO: HEOJHOPOIAHOCTH C
MOBBIIIEHHON KOHIIEHTpalKel IIa3Mbl 3aXBaThIBAIOT KBAa3HUIIPOAOJIbHbIE CBUCTOBBIE BOJIHBI,
IIPY YCJIOBHH, YTO YaCTOTA U3IYUYCHHUS HE TIPEBOCXOHUT MOJIOBHHBI THPOYACTOTHI JIEKTPOHOB.
Bo3mymieHHble 0051acTH, cojeprKaliue HEOAHOPOJHOCTH C TOHM)KEHHOW KOHIIEHTpauuei,
00eCTeYynBatOT BO3MOXXKHOCTh  BOJHOBOJHOTO  pACIPOCTPAHEHHUs BOJMH  KOHHYECKOU
pedpakium.

Pabora BemonHena npu noguepxke GornoB PODU (rpant Nel3-02-12241 odpu M) u
PH® (rpant Ne 14-12-00556)

1. BJI. ®ponos, u np. ToHkasg CTpyKTypa IakTOB IUIOTHOCTH, (OPMHPYIOIUXCA HpU

AKTUBHOM paJMOYacTOTHOM BO3JCHCTBHHM Ha JIA0OPATOPHYID W KOCMHYECKYIO TUIa3MBIL.
[Tucema B XKOTD, T.101, Ne5, ¢.342-346 (2015).
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FEHEPAIINSA CBEPXMOIIHBIX JIASEPHBIX UMITYJ/JIbCOB
C HEHTPAJIbBHOMU JJIMHOMU BOJIHBI 1.25 MKM

3yeB A.C., Skosnes 1.B., CrenanoB A.H, Hlaiikun A.A.
Alan.zuev(@yandex.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B WII® PAH co3nan nazepubiii kommuiekc PEARL, wucnons3yromuii MeTon
napaMeTPUIEeCKOr0 YCUJICHUsT YUPIIMPOBAHHBIX UMITYJILCOB (optical parametric chirped pulse
amplification, OPCPA) ¢ npeoGpa3oBaHreM yacTOThl. JIa3epHbIil KOMIUIEKC BKIIOYAET B ceOs
(eMTOCeKYHIHBIN 3aJafolIuii TeHEepaTop Ha KpPHUCTaLUIE XpOoM-(opcTepuTa C HEHTPATbHOU
JUIMHON BOJIHBI TeHepaluuu Ag=1.25 MKM, IpU3MEHHO-PEUICTOYHBIA CTpeTdep, TpU Kackajaa
napameTrpudeckoro ycwienus Ha kpuctamie DKDP co crenenvsio neitrepupoBanusi 96% u
KIIACCMYECKHIM  YeTBhIPEXPEIICTOUHBI  KOMIIpeccop. YCIOBUS CBEPXUIMPOKOMNOIOCHOTO
CHHXPOHHM3Ma TpPeOYIOT, YTOObI WH)KEKTHPYEMOE B HEIMHEWHBIH KPHCTALT H3Iy4YeHHE C
A=1.25 MKM, uMeno pazOpoc BOJHOBBIX BEKTOPOB - yrioBoi uupm. [ns cosznanus
HE0OXOJUMOT0 YIIOBOI0 YMpIa B CXEME MCHOJIb3YETCs CTEKIISTHHAs IPU3Ma, Yepe3 KOTOPYIo
MPOXOJAT PACTSHYTHIE B CTpPETUEpPE HMMITYJIbCHI 3aJAlOIIET0 T'e€HepaTopa, HWHXKEKTUPYEMbIE
3aTeM B INEpBbIM KacKaja IapaMEeTpUYecKoro ycuiurens. B mpoiecce TpexBOIHOBOTO
B3aMMOJICHCTBHSI B TOJ€ W3MydeHUs Hakauku ¢ A=0.527 MKM pOXAaeTcs CHTHAIbHOE
KOJUIMMUpPOBaHHOE u3inydeHue ¢ A¢p=0.91 MKM, KOTOpoe M YCHUJIMBAETCS B CIEIYIOIINUX
Kackanax. B mocienHeM mapaMeTpUYecKOM Kackaje Hapsay C YCHICHHEM CHUTHAJIBHOTO
m3nydeHus (0.91 MKM) MPOUCXOAUT TEHEPaALUsI COMPSHKEHHOTO IO JUIMHE BOJIHBI U3ITyYCHHS
(1.25 MkM), KOTOpOE YMpPIUPOBaHO 1O yrity. [locne KoMIeHcauu yriioBOro YUpIa U CKATHS
B KOMIIPECCOPE 3TOT JIA3€PHBINA UMITYJIC MOKET OBITh UCIIOJIB30BAH ISl TEHEPALIUH MOIIHOTO
U3TyYeHUs] TepareploBOro guana3oHa, WMEIOUIEro OOoNbIIoe KOJUYEeCTBO MPUMEHEHUI:
CHEKTPaAJIbHOE HCCJIEI0OBAaHUE COCTaBa BEIIECTBA, YCKOPEHHUE 3JIEKTPOHOB, HCCIEIOBAHUE
B3aMMOJICHCTBHS MOIITHOTO U3ITyUEHUS C BEIIECTBOM H T.J.

C 1enpio Moyly4eHHs MOUTHOTO KOJUIMMUPOBAHHOIO U3JIy4YEHHUS C LIEHTPAJIbHOM JJTMHOM
BOJIHBI 1.25 MKM mpensiaraercs ABa BapuaHTa moaudukanuu cxeMbl PEARL.

1) Cxema OPCPA c¢ 3agatouum renepatopom Ha Cr:forsterite ¢ meHTpaabHON AJIUHON
BOJIHBI 1.25 MKM. PaccMaTpuBaeTcst BO3MOKHOCTh KOMIIEHCAIIUU YTTIOBOTO YHUPIa U3TyUYEHUS
C TIOMOIIBIO TPU3MBI WM JTUQPAKIHOHHBIX pemeToK. KomMMUpOBaHHBINH  ITy4OK
HEOOXOUMO CXaTh B KomIpeccope A0 (eMTOCeKyHIHOUW miautensHocTd. [lpu sTom st
BBITIOJIHEHHST  YCJIOBUSL  (Da30BOrO0  COTJIacOBaHUS HEOOXOAWMO 3aMEHHTh IPH3MEHHO-
pEeIIeTOUHBIN cTpeTuep Ha cTperyep ¢ TpuruietoM OddHepa.

2) Cxema OPCPA c 3amaromum reneparopom Ha Ti:Sa ¢ Ap=0.91 MKM U TIpU3MEHHO-
pEIIETOYHBIM CTpeTuepoM. Takke Kak M B TpEIbIAylIed cxeMmMe 34ech HEeoO0XOAMMO
KOMIIEHCHUPOBAaTh YIJIOBOW YUpH HU3Iy4YeHUs ¢ Ap=1.25 MKM Mocie NOCJeIHEro Kackaja
YCUJICHUS.

OcHoBHOM mpoOIEMOIl B peanu3alluy paccMaTpUBAEMbIX MoOIU(DUKALMNA SBISETCS
HEOOXOUMOCTh KOMIIEHCALIUU YTJIOBOTO YHpIA IIUPOKOANEPTYpHOTO u3nydeHus. [loatomy
paccmotpena cxema OPCPA ¢ ycuieHHMeM HIMPOKOMOJOCHOTO KOJUIMMHPOBAHHOTO
U3TYUYEHUS C LIEHTPaIbHON MHHON BoNHBI 1.25 MkM. [IpoBeneHO cpaBHEHHUE CHEKTPaIbHBIX
HIMPUH T0JIOC YCUIIEHUSI UMITYJIbCOB B HelIMHEHHbIX KpucTtauiax KDP, DKDP, BBO u LBO.
[Tokxazano, uto 11t 3¢ (HEKTUBHOTO YCUJICHHS KOJUIMMUPOBAHHOTO U3ITy4eHUs ¢ Ag=1.25 MKkM
B nosie Hakauku ¢ A=0.527 MKM onTHUMalibHO McHojib30BaTh Kpuctaiia DKDP co crenensto
nerrepuposanus 70%.
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MOJEJTUPOBAHUE TMHAMUKHN ®POHTA BBITECHEHUS
B IIOPUCTOMU CPEJE MOJA AEMUCTBUEM BUBPALIMUN B PAMKAX MO/JEJIN
BAKJVIEA-JIEBEPETTA

Hsannos A.O., JTrooumona T.I1.
alvantsov(@icmm.ru
NuctuTyT Mexanuku cromHeix cpen YpO PAH

[TpoBeneHO uMCIEHHOE MOAEIMPOBAHME AMHAMHUKU (DPOHTA BBITECHEHHS B MOPHCTOM
cpene moj nedcTBMEM BHOpamuii B pamkax Mojaenu bakies-Jleeperra. [lns omucanus
MHOTO(}a3HOW cpeabl BBOAATCS (DYHKIIMHM HACHIIICHHOCTH M B KaXIO0H TOYKE MPOCTPAHCTBA
00BbEeMHBIE 10H (a3 ONpeaessatoTcs 3HaueHueM 3Tux GyHkuui. J[Brkenue a3 onucbiBaeTcs
B COOTBETCTBMM C 3akOHOM Jlapcu M 3aKkoHaMu COXpaHeHMs Macchl. Ilpu sTom
IPEIIIOJIAaraeTcs, YTO CKOPOCTh T€YEHUs JKUIKOCTH B MOpaxX JUHEHHO 3aBUCUT OT 3HAYCHUS
(YHKIMM HACBIILIEHHOCTU JaHHOW (a3bl. Pa3paOoTaHHBIN YMCIIEHHBIM aJITOPUTM IO3BOJISIET
IIPOBOAMTH NApajuICIbHbIE BBIUUCICHHUS C MCIONb30BAaHMEM aJalTHBHOM CeTkU. B xone
pacdeTra HMCXOJHas CeTKa JENUTCA Ha OJIOKM OJMHAKOBOIO pa3Mepa. 3aTeM IMpPOBOAUTCS
npolenypa ajganTalud CEeTKU IOJ pelleHue: B 00JacTsaX, e HeoOXOIUMO MpPOBOIHUTH
BBIUMCIIEHUSI C OOJee MEJKOW CEeTKOH, CO3/1aloTcs HOBble OJIOKM ceTku. KoMMmyHHKanuu
MEXJY pacueTHbIMHM Y3JaMH OCYLIECTBISUIUCh C Tmomousto Oubmuoreku MPICH2.
VYpaBHEHHME Ul JABJICHHs PEIIAIOCh HESBHO METOJOM COIPSIKEHHBIX I'PAJUECHTOB C
UCIIOJIb30BaHUEM MpoLeaAypbl mpenoOycinoBnuBanus. [IpocTpaHCTBEHHass AMCKpETH3aLUs
ypaBHEHUH IPOBOAMIACH METOJOM KOHEYHBIX 0OBEMOB.

MonenupoBaHue AWHAMHUKH ()POHTA BBITECHEHHS B IOPUCTOH cpele MOITBEPIHIIO
HaJm4re aOCONIOTHOW HEYCTOMYMBOCTH (DPOHTA BHITECHEHHS B CIy4ae, €CIIM BHITECHSIOIIAS
KUJKOCTb MEHEe Bs3Kas. B Xxone mMonenupoBaHUs OCAKIACHHS M30JIMPOBAHHOTO BKIIIOUEHUS
(Karmy qpyToi *KHUIKOCTH) B TPABUTAIIMOHHOM ITOJIE ITOKA3aHO, YTO TOPU3OHTAIBHBIN (PPOHT
BBITECHEHUSI YCTOMUYUB MpH JIFOOOM COOTHOIIEHUH BSI3KOCTEH B Cllyuyae, €CJIM BBITECHSIOIIAs
KHUJIKOCTh MEHee IUIOTHAas. EcCIM IJIOTHOCTh BBHITECHSIOMICH JKUAKOCTH OOJbIIe, YeM
BBITECHSIEMOM, TO TOPU30OHTAIbHBIM (DPOHT BHITECHEHMS HEYCTOWYMB, MPH 3TOM JUHAMUKA
CHUCTEMBI 3aBUCUT OT COOTHOLICHUS BSI3KOCTEW KMIKOCTEW. B ciydae, Korga BBITECHAIOIIAS
XKHUJIKOCTh Oosiee Bsi3Kas, pa3BUBACTCS HEYCTOMYMBOCTb, aHAJIOIMYHasl HaOJromaeMol paHee
IIPY MOJICITMPOBAHHH JBMKEHHSI TOHKOTO ()POHTA BBITECHEHHS. ECITN BSI3KOCTH BHITECHSIOMICH
XKHUJIKOCTH MEHbIIE, YeM BBITECHAEMOM, TO HEYCTOMYMBOCTh CBfA3aHA C OBICTPHIM POCTOM
TomuuHa (GpoHTa BeITecHeHHA. OTHaKO, IPH 3TOM (pOpMHUPYETCSI BTOPUYHBIA TOHKHH (POHT
BBITECHEHUsI C MEHBIIMM CKayKOM HACBIIEHHOCTU cpel. BennunHa ckauka HacCBILICHHOCTH
3aBUCUT OT COOTHOILIEHHUS BsI3KOCTe. JlMHaMuka BTOPHUYHOTO (pPOHTA aHAJIOrMYHA
Ha0Jr0/1aeMoi B cllyyae, KOrJia BBITECHSIOLIAs KUAKOCTh OoJiee BSI3Kasl.

Kak moxa3zanm pacuersl, BHOpanuu, TEPHEHIUKYISPHbIE (POHTY BBITCCHEHMUS,
OKa3bIBAalOT Ha HEro crabuiusupyromee aeWctsue. B pesynbrare, Ha mnepenHeM (¢GpoHTe
JBHKYIICHCS B IPABUTALMOHHOM IOJI€ KAIUIM, T.€. HA T€X y4acTKax €€ MOBEPXHOCTH, IIe
BUOpaIMK NEPIIEHANKYISAPHBI K GPOHTY BBITECHEHUS, BOSMYILEHUS IMOJHOCTBIO MOABIISIOTCS.
Ha Ttex ydJacTkax NOBEpPXHOCTH KallUTd, TZi¢ BHOpamuy AEHCTBYIOT TOA yTJIOM K (PpOHTY
BBITECHEHNS1, HEYCTOMYNBOCTD IOJTHOCTBIO HE TIOJABIISIETCS.

Pab6ota BemonaeHa npu ¢punancoBoit moxnepxke PH® (mpoext Ne 14-21-00090).
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O METOJAX TUCTAHIIUOHHOTI'O OBHAPYKEHMS TUCKPETHBIX
HEOJHOPOJHOCTEHN HA THE OKEAHA

Npamenko E.H.
en.ivashchenko@gmail.com
Hwmxeropozckuii rocynapctBeHssliil yausepcutet um H.U. JlobaueBckoro

N3zydenue > QPeKToB, BOZHUKAIOUIMX MPU OOPAaTHOM pacCesHUM aKyCTUYECKHX BOJIH
Ha AMCKPETHBIX HEOJHOPOJHOCTSX, NMEET OOJIBIIOE MPAKTHIECKOE 3HAYCHUE, TOCKOJIBbKY 110
U3MEPEHUSAM HMHTCHCUBHOCTH pAcCCESIHHOM Ha HHUX BOJHBI MOTYT OBITh  CJICJIAHBI
OTIpENIeICHHBIE BBIBOJBI O XapaKTEPHUCTHKAX O3BYYHBAEMBIX OOBEKTOB. BakHyro ponb B
NOBEICHNH (DYHKIIMM WHTEHCUBHOCTH 3TOW BOJHBI MOTYT UTpaTh 3((EKTh, BO3HUKAIOIINE
IpU HAJIMYUHM HEKOTOPOTO pacIpeneeHus] HeOAHOPOAHOCTeH mo pasmepam. Kpome Toro, B
3aja4ax JAUCTAHIIMOHHOTO OOHApYXEHUS OKEAaHHMYECKHUX JOHHBIX HEOTHOPOJHOCTEH Ba)KHO
BIIMSIHAE CTATHUCTUKU PACIOJIOXKEHHUS JUCKPETHBIX pacCerBaTeNIel Ha TUNIOCKOCTH, MTOCKOJIBKY
UX pacIOJIOKCHUE Ha JTHE MOXKHO CUMTATh PABHOMEPHBIM M CTaTUCTUYECKH HE3aBUCHMBIM
JWIIb B TIEpBOM mnpuOmmKkeHnd. Llenpio maHHON paboThl ABISUIOCH W3YYEHHUE W3MEHEHHM
NOBE/ICHUSI CpeIHE WHTEHCHBHOCTH TIOJII OOPaTHOTO paccesHHs, K KOTOPbIM MOTYT
IPUBECTH HAJIMYME HEKOTOPOrO paclpeleNieHus HEOJHOPOAHOCTEH IO pa3sMepaMm U
KOppeaLusl WX B3aMMHOTO pacrojiokeHus. PaccMaTpuBanachk 3amada TUCTAHIIMOHHOTO
aKyCTUYECKOTO 30HIMPOBAHMS TUCKPETHBIX HEOIHOPOAHOCTEH, PACTIOIO0KECHHBIX CITy9aifHbIM
o0pa3oM Ha cnabo OTpakarolleM IUIOCKOM jaHe. [lomydYeHbl 3aBHUCMMOCTH JJISi KOMIOHEHT
CpeIHel WHTEHCHUBHOCTH OOpaTHOTO paccesHUs aKyCTHUYECKMX BOJH Ha JIHCKPETHBIX
CIly4ailHBIX JIOHHBIX HEOJHOpOJHOCTAX. [loKa3aHO, YTO HamMuYWe pacceuBaTelell PasHBIX
pa3MepoB MPHUBOIUT K YBEIWYCHUIO CPEAHEH WHTEHCHUBHOCTH OOpATHOTO paccesHUsl MpHu
«3ByKOINpo3payHoM» jHe. [loka3aHo, dYTO BKJIag HMHTEPPEPESHIMOHHOTO CIIaraeMoro,
BO3HHUKAIOIIET0 MpU y4éTe BIMSHUS MOJCTUIAONIEH PACCEMBATENN MOMJIOKKH, B CPEIHIOI0
MHTEHCUBHOCTh NPU OOpPaTHOM pacCessHWM Ha HEOJHOPOJHOCTAX pAa3HBIX pa3MepoB
CTAaHOBUTCS HE3HAYMTENBHBIM C YBEIMYCHHEM CpPEOHEro pasMepa paccenBaTeleH.
KauecTBeHHO 3TOT 3(ppeKT MOXKeT ObITh OOBSICHEH TEM, YTO HAJIMYME HEOAHOPOTHOCTEH
pasHBIX Pa3MepOB, PACIIONIATAIONIUXCS HA OJHOW IUIOCKOCTH, NMPHBOAHUT K «Pa3MBIBAHUIO
(a30BBIX COOTHOIICHHH PACCESIHHBIX CHTHAJIOB, B Pe3yJIbTaTe HE MPOUCXOAUT 3P PEeKTUBHOTO
CIIO)KEHHUSI C OTPAaXCHHBIM OT MOJUIOKKH CHTHAJOM. lIpeayioskeHO ommcaHWe BO3MOXKHOU
KOPpEJSALUK B3aUMHOTO PACHOJIOKEHHsS paccerBaTeNiel M IMOKa3aHO, YTO HalMYhe TaKoh
KOPPEISIUH TPUBOIUT K CYIIECTBEHHOMY M3MEHEHHIO CpeJHEH WHTCHCHBHOCTH OOpaTHOTO
paccestausi. [IpoBenieHO cpaBHEHHE pacCMaTPUBAEMBIX d(PPEKTOB.
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HEJWHEWHDBIN PEKUM PABOTBI KOHIIEHTPATOPA MOIITHOCTH HA
OCHOBE HEPETVJISIPHOI'O ®EPPUTOBOI'O CYKAIOILETOCS
BOJIHOBO/JIA

Uranranues A.H., CanosaukoB A.B., berunun E.H., [llapaesckuii FO.I1., Hukuros C.A.
igangaliev(@mail.ru
CapaToBcKku# Tocy1apcTBeHHbIN yHUBEpCcUTET MMeHH H.I'. UepHbIeBcKoro

UccnenoBanue HEperyIsipHBIX IUIAHAPHBIX (EPPUTOBLIX BOJHOBOAOB MPEICTABISET
OOMNBIIONM MHTEpEC B HACTOAIIEE BpPEMs, MOCKOJIBKY Takas TOMOJOTHS BOJHOBEIYIIUX
CTPYKTYp OOecCIieunBaeT Kak yrmpaBiieHHe (Da30BBIMH XapaKTEPUCTHKAMH CIIMHOBBIX BOJIH,
TaKk M JIOKAJIM3ALMUI0 SHEPruM BOJHBI MO Mepe ee pacnpoctpaHenus. Ilocnensss
OCOOCHHOCTh MPEJACTABISACT MHTEpPEC JId HEJIWHEWHBIX TPHIOKEHUM Ha OCHOBE
HEPETYJISIPHBIX CTPYKTYP, U3TOTOBJIEHHBIX M3 TOHKUX IUIEHOK EJI€30-UTTPUEBOr0 I'paHaTa
(OKUI'). Takue CTPyKTypsl MOTYT OBITh HCIIOJIB30BAHBI Kak 0a30BBIE 3JIEMEHTHI IS
CO3JIaHUs PA3IUYHBIX (PYHKIIMOHAIBHBIX YCTPONCTB JIJIi MATHOHHBIX CETEH: BOJIHOBEIYIIHNX
cucreM, (ha3zoBpamaTesieii, MyJIbTUILICKCOPOB, PHIIBTPOB U oTBeTBUTENCH [1,2].

Wi YIG W,
= microwave
“ current

Puc. 1: Cxema uccienyemoit CTpyKTyphbl

B nanHoii paboTe nccnenoBaHa AMHAMMKA pacpoCTpaHeHus: cnuHOBBIX BOJH (CB) B
HeperynsapHoM —cyxkatomemcs JKUI  BomHOBOAe MHMKpPOHHBIX —pasmepoB  (puc. 1).
PaccmoTpeHo BiusiHME aHU30TpomnuM (OPMbI Ha HampaBieHHe pacrpocTpaHeHus CB mpu
pa3NUYHBIX HANpaBICHHUAX BHEIIHEro MarHuTHoro moins. [IpoBexeHo dcmieHHOE
MOJENUPOBAaHME METOJAOM KOHEYHBIX pa3HOCTEH BO BpeMeHHOH oOmactu  [3].
[TpogemMoHCTpUpOBaHa  BO3MOXKHOCTh  TpaHcdopMauuu MoaoBoro cocraBa MCB,
pacrpoCTpaHsIOMEHCsS B BOJHOBOJE. [IpOBEJEHO OSKCIEPHUMEHTAIIFHOE WCCIIEAOBAHKE
pacnpoctpanenuss MCB B HeperymspHom cyxaromemcs JKUIT BoiaHOBoAe MeToI0M
Manpensmram-bpunmosHoBekoit  ciektpockonmu  [4]. Pe3ynpTarhl  YMCIEHHOTO
MOJICIIUPOBAHMS HAaXOISATCS B XOPOIIEM COOTBETCTBUHU C JAHHBIMH JKCIIEPHMEHTAIHHOTO
UCCIICIOBAHMS.

Pa6oTta BeimonHeHa npu noaaepxke rpantoB POOU (14-02-00976, 13-07-12409).

[1] Lenk B., Ulrichs H., Garbs F., Munzenberg M. Phys. Rep. 507 (2011) 107.

[2] Kruglyak V.V., Demokritov S.O., Grundler D. J. Phys. D: Appl. Phys. (2010)

43 264001.

[3] Vansteenkiste A., Leliaert J., Dvornik M., Helsen M., Garcia-Sanchez F., Van
Waeyenberge B. AIP Advances (2014) 4 107133.

[4] Demokritov S.O., Hillebrands B., Slavin A.N. Phys. Rep. 348 (2001) 441.
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KOI'EPEHTHOE 3JIEKTPOOIITUYECKOE JETEKTUPOBAHUE
TEPAT'EPHOBOI'O U3JIYYEHMUA ITPHU ITOMOIIIN ®PEMTOCEKYH/IHbIX
JIABEPHBIX UMITYJIbCOB C HE'AYCCOBBIM CIIEKTPOM

Unsaxos I/I.E.l, Kuraena F.X.z, IInmxuH B.B.l, Axmemkanos P.A.!
igor_ilyakov(@mail.ru
1I/IHCTI/ITyT npukiagHon ¢usuku PAH, Huxauit HoBropon
*MocCKOBCKHii rocyapcTBeHHsli yHuBepcurer uM. M.B. JlomoHocoBa, dusnyeckuii
(dakynbTeT, MockBa

WHuTepec K Uccae10BaHUIO B3aUMOIEUCTBUS (PEMTOCEKYHIHBIX JIa3€PHBIX UMITYJIbCOB U
teparepuoBoro uznyudeHusi (TH), cOBMECTHO pacmpOCTPaHSIOUIUXCA B 3JIEKTPOONTHUYECKHX
KpUCTaJljax, 00yCJIOBJIEH pa3IMYHbIMU MPAaKTUYECKUMU IpuiiokeHussMu. Hanbonee mmpokoe
pacmpocTpaHeHHE TMONYYUJIO HAmpaBJCHHE, CBS3aHHOE C PErHCTpalueil BPEeMEHHBIX (opM
HanpsikeHHOCTH Ttosist TU [1] nmst mpoBeneHus: CIEKTPOCKOMUYECKUX UCCIEOBAaHUN B LIETISAX
MEIUIMHBI, 0e30MacHOCTH, TEXHHUYECKOro KOHTpods u ap. Hampsokennocts mons TU
TPAAUIIMOHHO H3MEPSETCS MO HABEIECHHOMY MM ABYJIYYEHPEIOMJICHHIO B KpucTawie [2].
OTHOCUTENBHO HEAABHO, OBLJIO MOKA3aHO, YTO B T€X K€ YCIOBHSIX MOJIHAS YHEPTHS JIa3epPHOTO
UMITyJIbCa TaKkKe Hu3MeHsieTcss [3], U 3T U3MEHEHUS MOTYT OBITb HCIOJIB30BAHBI IS
U3MEpEeHUs] BpeMEHHOW (OpMBI HANpPSDKEHHOCTH TMOJSI TeparepioBoro wu3mydenus. K
JIOCTOMHCTBAaM 3TOr'0 HOBOT'O crioco0a U3MepeHus: HanpskeHHOCTH nosid T MokHO oTHecTH
€ro TMpOCTOTy (MEHbIIee KOIUYECTBO ONTHYECKUX SJIEMEHTOB), Ooliee IIMPOKHUIl BBIOOP
KpUCTAJIIIOB-AETEKTOpoB. O/IHAKO B OJAHOM U TOM JK€ KPUCTAJJIE €r0 4yBCTBUTEIBHOCTh
YCTYMaeT YyBCTBUTEILHOCTH CTAaHAAPTHOTO criocoda [4].

B noxiane mokaspiBaeTCs, YTO W3MEHEHHS JHEPruM W (a3bl ONTHYCCKUX BOJIH,
COCTaBIAONMUX (HEMTOCEKYHIHBIN JIa3epHBII UMITYIIbC, MO JSHCTBHEM TEpPareproBOro mois
B KPUCTAJJIC OTIMYAIOTCS HA PA3IMYHBIX ONTHYSCKUX YaCTOTAX U 3aBHCAT OT (POPMBI CIIEKTpa
UCXOIHOTO Jla3epHOro uMMyibca. lcmonp3oBaHue (HEMTOCEKYHIIHBIX HMITYJIbCOB CO
CHEeNHATbHON (OPMOW CIIEKTpa TO3BOJISIET CYIIECTBEHHO YBEIHYUTh OTHOCHUTEIIBHBIC
U3MEHEHUs1 dHepruM [5] u (a3pl HA ONpeAeNCHHBIX ONTHYECKMX YacTOTaX, 4YTO MO3BOJISET
NPUMEHHTH 3TH d()(HEKTHI IS TOBBIMICHHS YYBCTBUTEIHLHOCTH KOTEPEHTHBIX m3Mepenuit TH.
B noknage mpencTtaBieHbl pe3ysbTaTbl TEOPETUYECKOIO aHAIM3a, YHUCIEHHBIX PacyeToB U
HKCIIEPUMEHTANILHON ampolanuu crnocoboB m3mepeHut T, OCHOBaHHBIX HAa U3MEHEHUSX
9HEpruu U (a3bl CHEKTPATBHBIX KOMIOHEHT (PEMTOCEKYHIIHBIX HMMITYJIbCOB C HErayCccoBOM
dopmoil criekrpa. TeopeTH4ecKH M IKCHEPUMEHTANIbHO IOKAa3aHO, YTO YyBCTBUTEIHLHOCTb
HOBBIX CXEM JETEKTUPOBAHUS MOXKET CYILIECTBEHHO IPEBOCXOJUTh YYBCTBUTEIBHOCTD
CTaHJapTHOU cXeMbl. [Ipu 3TOM B HOBBIX CXE€Max MMEETCS BO3MOKHOCTb 0OJee IIUPOKOTO
BbIOOPA KPUCTAILTIOB-IETEKTOPOB B CPABHEHUU CO CTAaHAAPTHON CXEMOM.

Pabora BeinonHeHa npu noajepxxkke PODU, rpanter Ne 15-32-21049, 14-22-02034, 14-
22-02091.

[1] Kiyomi Sakai (Ed.), Terahertz Optoelectronics, Topics in Applied Physics, 97, (Springer-
Verlag, Berlin Heidelberg, 2005)

[2] G. Gallot and D. Grischkowsky, J. Opt. Soc. Am. B, 16, 1204 (1999)

[3] G. Kh. Kitaeva, S. P. Kovalev, I.I. Naumova, R. A. Akhmedzhanov, I. E. Ilyakov, B. V.
Shishkin, and E. V. Suvorov, Appl. Phys. Lett., 96, 071106 (2010)

[4] 1. E. Ilyakov, G. Kh. Kitaeva, B. V. Shishkin, and R. A. Akhmedzhanov, Applied Physics
Letters, 104, 151107 (2014)

[5] L E. Ilyakov, G. Kh. Kitaeva, B. V. Shishkin, and R. A. Akhmedzhanov, Appl. Phys. Lett.,
106, 121101 (2015).
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XAOTUYECKAS JMHAMHUKA U PEBEPC B HETOJIOHOMHOM MOJIEJIA
BOJIYKA CYCJIOBA B IIOJIE TSAKECTH

Kazakos A.O.
kazakovdz@yandex.ru
HanmonaneHbI HcCiie10BATENBCKUI YHUBEPCUTET BhICIas MIKOJIa 3KOHOMUKH,
Hwxnuit HoBropon

PaccmaTtpuBaercs 3ama4a o 1BHyKeHUH Boadka CyciioBa B IOJIE TSDKECTH, SIBJISIOLIASICS
00o011eHneM Kinaccuueckoil HeroioHoMHoM Mozenu CycnoBa. C MOMOIIbIO aHalU3a KapT
nokasareiiel JIAmyHoBa NpUBOIATCS UCCIIEI0BAHNs Xa0TUYECKON TMHAMUKU. B 3aBucUMOCTH
OT IIapaMeTpPOB IMHAMUYECKOW aCUMMETPHUH, M HA4YaJIbHOM SHEPIUM «3aKPYTKH» BOJIUKA,
XaoTH4YECKass JUHAMHUKa B MOJEIHM MOXET CYIIECTBEHHO pasnuyarbes. B ciaydae
JUHAMHYECKH CHMMETPUYHOIO BOJIYKA, IMHAMUKA B CUCTEME SIBIIIETCSI KOHCEPBATUBHOM, NIpU
APKO BBIPA)KCHHOW IWHAMHYECKOW aCHMMETPHUHM JWHAMHKA B CHUCTEME acCOLUUPYETCS CO
CTpPAaHHBIMH aTTpAaKTOpaMH. 31eChb YyIaloCh OOHApYXUThb CTpPaHHBIMATTpakop THIIA
Qeiirenbayma. OTHENBHBI WHTEpEC MPEACTABISET MPOMEKYTOUHBIA Clydail ciaboi
aCUMMETpPUHU, B KOTOPOM YAaJOCh OOHApY>KUTh NMPOMEXKYTOUYHBII THUI Xaoca, Ha3blBaeMbIH
CMEIIAHHON TMHAMHUKOM.

ITomumo wuccnenoBaHUsA XaOTHYECKOMAMHAMMKHM, NPHUBOJATCS pE3yJIbTAaThl aHAJIN3a
peryJIIpHON IMHAMMKH, CBA3aHHOW C CYIIECTBOBAHMEM B CUCTEME COCTOSHUN PABHOBECHSI.
Cucrema, onuceiBaroniasi JBuxkeHue Boiuka CycioBa sBIseTcss OOpaTUMOM, a 3HAYMT JUIs
KaXXJ0ro aTTPaKTOpa €CTh CUMMETPUYHBIH «JIBOMHUK» - peneiuiep. Takum oOpas3oMm, B
nuHaMuke Bosuka CycnoBa yaanock oOHapy>KUTh SIBJIEHUE peBepca, paHee HaOIrogaeMoe B
MOJEIIAX KEIbTCKUX KaMHeW M Boidka YarubirmHa. [loMuMoO siBieHMs peBepca, BOIYOK
CycnoBa (Ipu HEKOTOPBIX MapaMeTpax) MOXKET MPHU 3aKPyTKE COBEpIIATh NEPEBOPOT, paHee
Ha0JII0JTaeMBbIi U UCCIIEIOBAHHBIN /17151 BOJTUKa TOMIICOHA U CYNIEPKEIBTCKOr0 KaMHsI.
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OCECUMMETPHUYHBIE KOJIEBAHUA HUWJINHAPUYECKOI'O IT1Y3bIPBKA
C YYETOM JUMHAMMUKHU JIMHUHN KOHTAKTA

Anabyxes A.A."%, Kaiicuaa M1
alabuzhev@icmm.ru
'MucTuTyT Mexanuku crtomnsix cpen YpO PAH (ITepmb)
2HepMCKI/II71 rOoCyJIapCTBEHHBIN HAIIMOHABHBIN UccienoBarenbckuii yauBepcutet ([lepmb)

[Tpu uccnenoBaHuyM MOBENCHMs AMHAMHUYECKOW JIMHUM KOHTAaKTa TpeX cpei Haubolee
4acTo ucnosb3yercss 3(@eKTHBHOE TpaHUYHOE YCIOBHE, MNpEeUIoKeHHoe B pabdote [1]:
CKOPOCTh JBM)KEHHSI KOHTAaKTHOM JIMHUM NpPSIMO MPONOPLUOHAIbHA YTy OTKIOHEHUS.
KoadduuueHt nponopruoHanbHOCTH, TaK Ha3bIBa€Mblil MapaMeTp CMauuBaHUs (MapaMeTp
XOKHHTIa), XapaKTepU3yeT CBOMCTBA KUAKOCTH U MaTepuaia MoAM0XKKH.

B mpencraBneHHolt  paboTe  MCClEQylOTCS  COOCTBEHHBIE U BBIHY)KJICHHBIE
0CECHMMETPHUYHBIE KOJIeOaHUsI Ta30BOT0 Iy3bIpbKa, OKPYKEHHOTO HEC)KUMAEMOM KUIKOCTBIO
KOHEYHOro oObema. B OTCyTCTBMM BHEIIHUX CHJ, My3bIpeK HMeeT (opMy LWIMHApA U
OTpaHMYEH B OCEBOM HAIPaBICHUHU JBYMs MapajuIeIbHBIMU TBEPABIMU IJIOCKOCTSAMHU.
BHemHAs  MOBEpXHOCTh  KUAKOCTH  cBoOoaHas u  jaedopmupyemas. Caoyuyam ¢
HenehopMupyeMoil CBOOOJHONH W TBEpAOH MOBEPXHOCTHIO OBLIM PAacCMOTpeHBI B [2, 3].
PaBHOBecHBIE KpaeBble yribl NpsMbIE. JIBM)KEHME KOHTAKTHBIX JIMHUM YYMTBIBACTCS C
nomMotsio 3¢dexrunBHOr0 TpaHmyHOro yciosus [1]. Ha cucremy neiictByeT omHOpomHOE
IyJIbCALMOHHOE T10JI€ JABJICHMSL.

[ToxazaHo, yTo yacToTa OOBEMHONW MOJBI MOXET OOpalaThCsi B HyJb Ha HEKOTOPOM
MHTEpBAJIE 3HAYCHUN MapameTpa XOoKuHra. /inHa 3Toro MHTEpBaia pacdyeT ¢ yBEIMYEHUEM
OTHOCUTENBHO paJuyca my3blppKa. HacToTa MepBOl MOBEPXHOCTHOM MOJABI MOYKET TAKKE
oOpamiarbes B HyJIb Ha HEKOTOPOM MHTEpBaJie 3HaueHUl napamerpa XOKHUHIa, OTHAKO JJIMHA
ATOr0 MHTEpBaja YMEHBIIAETCS C YBEJIUYEHHEM OTHOCHUTEIBHOIO paauyca Iy3bIpbKa.
CymecTByeT [OBOJIBHO MHTEPECHOE SBJIEHUE IIEPECEYEHMs] YacTOT COCEIHUX MO
COOCTBEHHBIX KOJIEOAHMI: BETKa 4YacTOThl paJUuaJbHONM MOJbI MEPECEKAET BETBb YACTOTHI
IOBEPXHOCTHOW MOJBI.

[Ipu uccienoBaHUM BBIHYXAECHHBIX KoJieOaHMH ObUIO OOHAPYKEHO CYIECTBOBaHHUE
AQHTUPE30HAHCHBIX YacTOT, T.€. TAKMX 3HAYEHU YacTOT BHEIIHETO BO3ACHCTBHS, IPHU
KOTOPBIX MIOBEPXHOCTH ITy3bIPbKa HE OTKJIOHSAETCS OT PAaBHOBECHOI'O 3HAUECHMS.

Pabota BbimonHeHa npu (uHaHcoBoW monaepxke rpanta PODU Ne 14-01-96017-p-
ypai-a.

1. Hocking L.M. // J. Fluid Mech. — 1987. — V. 179. — P. 253-266.

2. AnabyxeB A.A. // BeluncnurenbHas MexaHMKa CIUIOIIHBIX cpen. 2014. T.7, Ne 2. C.
151-161.

3. AnabyxeB A.A., Kaiicuna M.U. // Bectnuk Ilepmckoro ynusepcutera. Cepus:
®uzuka. 2015. Beim. 2(30). C. 56-68.
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HEJIMHEWHAS DBOJIONNUA CUHXPOHHBIX BO3MYIIIEHA
B 9JIEKTPOKOHBEKTHUBHBIX CUCTEMAX

Kapraseix H.H.
kartavykh@psu.ru
IIepMcKuil rOCy 1apCTBEHHBIN HALIMOHAIBHBIA UCCIIEN0BATEILCKUN YHUBEPCUTET

Ha ocHoBe 06001menH0# ManmomooBoi Mmojaenu Jlopenna [ 1] uccnenoBana HenmuHeHasS
JUHAMUKa CJIa0OMpOBOMAIICH MKHUIKOCTH, HaXOJALIeWcs B TapMOHUYECKOM IEPEMEHHOM
NEKTPUUYECKOM noJje TOPU30HTAILHOTO KOH/IEHCATOPA. PaccmarpuBaercs
DIIEKTPOKOHIYKTHBHBI ~ MEXaHW3M HEYCTOMYMBOCTH, CBSI3aHHBIH C  3aBHCHMOCTBIO
3JIEKTPOIIPOBOJIHOCTH cpelibl OT Temmeparypbl. Ilpn 3TOM yduTBIBaeTCS KOHEYHOE BpeMs
penakcaruu  3apsaga.  YWCIeHHOE MOJETUpPOBAaHHME MPOBOAMIOCH Ui MApaMETpPOB,
CBOWCTBEHHBIX TakUM  CJIa0ONMPOBOASALIMM  JKUIKOCTAM  KaK  KOHJEHCATOpHbIE U
TpaHcpopMaTOpHbIE Maca.

OTKIIMK 3JIEKTPOKOHBEKTHUBHON CUCTEMbI HA BHELIHEE TapPMOHHUYECKOE BO3/ICHCTBHE Ha
rpaHuIe OOJIACTH HEYCTOWYMBOCTH MOXET NPUHAAJIECKATh K JABYM pa3IMYHBIM KJlaccam
CHUHXPOHHBIX BO3MYLICHUH, OTIMYAIOIIMXCS MO OTHOLIEHHIO K TPAHCIALMU HA IOJOBUHY
nepro/ia BHEIIHETro Bo3eicTBus [2]. B ciyuae cimaGornpoBosmieii sKUAKOCTH BO3MYIICHUSIM
IIEpBOro Kjacca COOTBETCTBYIOT HyJIE€Bas CpelHsSs CKOPOCTb, HYJEBOW CpPEeIHUM JIOKaJIbHBIN
TETUIOTIOTOK W HEHYJIEBOW CpeIHWH 3apsin (CpeaHHe 3HAYCHHs BBIYMCISUIACH 33 TIEPHOJ
BHEIIHEro MoJist). Bo3MmylleHnss BTOpPOro Kiacca XapaKTepU3yHTCs HEHYJIEBOM cperaHen
CKOPOCTBIO, HEHYJIEBBIM CPEIHUM JIOKATBHBIM TEIUIOTIOTOKOM H HYJIEBBIM CPEIHHUM 3aPSIOM.

B pabore wu3yueHa HenMHEHHas SBOJIOLUS CHHXPOHHBIX BO3MYLICHHUH CIOS
ciabomnpoBosmerd  KUIKOCTH. Iloka3zaHo, dYTO €  yBENMYEHHEM  HAJIKPUTUYHOCTH
XapaKTepUCTUKH KoseOaHui MeHstoTca. CHeKTpaibHbIM COCTaB OTKIMKA JUHAMHYECKHM
CHUCTEMBbl HaXOAWICS TPU HCIOJIb30BAaHUU OBICTporo mpeoOpazoBanusi Pypee. CBoiicTBa
PEKUMOB IIPOAHATM3UPOBAHBI C IOMOILBIO BPEMEHHBIX 3aBHCHUMOCTEH (YHKLUUHU TOKa,
Temreparypel, 3apsima.  [locTpoeHa  KapTa — peXHMOB — SJCKTPOKOHBEKIUH  JUIS
CJ1a0ONpoBOJAIIEH KHUJIKOCTM B TIEPEMEHHOM TrapMoHMuYeckoM rmoine. Ilokazano, uTo
CyOrapMOHMYECKHH OTKIIMK CUCTEMBI Ha TPAHUIIE 00JIACTH HEYCTOWYHMBOCTH OTCYTCTBYET.

Pa6ota BeImonHeHa npu ¢punancoBoil noanepxke POOU (mpoext Ne 16-01-00700-a).

. Uneur B. A., Cmopomun b. JI. HenuneilHple pexuMbl KOHBEKIUHU
cimabomnpoBosimieid xuakoctu // IMucema B XKypHan texamdeckoit ¢uzuku. 2007.
T. 33, Bemm. 8. C. 81-87.

2. Smorodin B. L., Velarde M. G. Electrothermoconvective instability of an ohmic
liquid layer in an unsteady electric field // Journal of Electrostatics. — 2000. — Vol. 48,
N. 3-4. - P. 261-277.
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HOBOE KOMITAKTHOE YPABHEHME 111 MOAEJINPOBAHUA
I'PABUTAIIMOHHBIX ITOBEPXHOCTHbBIX BOJIH
B OKCIIEPUMEHTAJIBHBIX YCJIIOBUAX

Kauynun JI.1.
d.kachulin@gmail.com
OI'AOYBO «HoBocubupckuii HalMOHAIBHBINA UCCIIEI0BATEIHCKUIA TOCYIapCTBEHHBII
YHUBEPCUTET

PaccmarpuBasi TpaBUTallMOHHBIE TIOBEPXHOCTHBIE BOJHBI, PACIPOCTPAHSIOUIMECS B
OJJTHOM HaIIPaBJIEHUH, C ITIOMOILBIO KAaHOHWYECKOTO IpPeoOpa3oBaHUs OT €CTECTBEHHBIX
raMUJIBTOHOBBIX TMEPEMEHHbIX (MPO(UIL MOBEPXHOCTH U TMOTEHIUA CKOPOCTH) K HOBBIM
HOpPMAaJIbHBIM TE€PEMEHHBIM OBLIM CYLIECTBEHHO YIPOLIEHbI TaMWJIBTOHUAH JUIs BOJH Ha
[TyOOKOH BOJIE M COOTBETCTBYIOIIEE ypaBHEHME JBMKeHUs. [lodydyeHHOe HOBOE ypaBHEHHE
IPUMEHUMO KaK JUIsl aHAJIMTUYECKUX UCCIIEIOBaHUM, TaK U AJI1 YUCICHHOTO MOJEIUPOBAHUS
JUHAMUKHA ~TPABUTALMOHHBIX TOBEPXHOCTHBIX BOJIH, TI€HEPUPYEMBIX C  IOMOILBIO
BOJIHOMIPOJIYKTOPA B SKCIIEPUMEHTAJIbHBIX YCIOBUAX. Pazpaboran 3¢ (eKTUBHBIN YMCIEHHbII
QITOPUTM pEIIEHUs] HOBOIO ypaBHEHMsA. [IpoBeAeHBI 4YMCIEHHBIE OSKCIIEPUMEHTBI C
00pa3oBaHKEM Ha MOBEPXHOCTH BOJIH-YOUIAIL.
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BBIHYKJIEHHBIE KOJIEBAHUSA CXKATOM KAILIM B HEOJJHOPOJHOM
HHEPEMEHHOM 2JIEKTPUYECKOM ITOJIE

Anabyxes A.A."% Kammaa M.A
ya.kashina-marina@yandex.ru
'MucTuTyT Mexanuku crtomnsix cpen YpO PAH (ITepmb)
2HepMCKI/II71 rOoCyJIapCTBEHHBIN HAIIMOHABHBIN UccienoBarenbckuii yauBepcutet ([lepmb)

B nmanHOl paboTe wucciemyloTcs BBIHYXKICHHBIE KOJIEOAHUS CXKATOW Karuid B
IIEPEMEHHOM HEOIHOPOJHOM 3JIEKTPUUYECKOM I10JIe. B paBHOBECHOM COCTOSTHUM KaIljisi UMEET
dbopMy KpYyroBOro UWJIMHIpa, OIPAaHUYEHHOIO B OCEBOM HAIPaBICHUU MapayljieIbHBIMU
TBEPABIMU IIJIOCKOCTSIMU. PaBHOBeCHBI KpaeBoWl yrom MexIay OOKOBOM u TBepAon
IIOBEPXHOCTBIO IpsiMOM. Karuisl OKkpykeHa HECKMMaeMOM JKUIKOCTBIO APYrO IUIOTHOCTH.
Bremnee anekTpryeckoe Moje UrpaeT posib BHEIIHEN CHIIbI, KOTOPAsl 3aCTABIIAET JABUIaThCS
KOHTAKTHYIO JTUHHS. DJIEKTPUUECKOE M0JI€ MEPUOJUYHO 110 BPEMEHU C HEKOTOPOW 4acTOTOM.
Jlns onucaHus JBM)KEHUS] KOHTaKTHOM JIMHUM HCHOJNb3YETCS MOAM(DUIIMPOBAHHOE YCIIOBHUE
XoxkuHra [1]: ckopocTh JBMKEHHSI KOHTAKTHOM JIMHUU ITPONOPLUOHAIbHA CYMME OTKJIOHEHUS
KpaeBoOro yria M CKOpPOCTH OBICTPBIX pEJaKCallMOHHBIX IPOLIECCOB, YacTOThl KOTOPBIX
IIPONOPLUOHANIBHAS YIBOEHHOMN 4aCTOTE JIEKTPUYECKOTO MOJIS.

[TomyuyeHns! gaHHble 00 OTKJIOHEHHM MOBEPXHOCTH M YAaCTOTHBIX XAapPaKTEPUCTUKAX B
3aBUCHUMOCTH OT MOCTOSSHHOM XOKHHIa, YaCTOThl U aMIUIMTY/bl BHEIIHErO 3JEKTPHUYECKOIr0
TI0JI1 ¥ TEOMETPUYECKUX [TAPAMETPOB CUCTEMBI.

[TokxazaHo, 4TO B ciiyyae HEOAHOPOJHOTO AIEKTPUUYECKOTO IMOJIsI, MOXKET BO30YKIAThCs
BECh CIIEKTP a3UMYTAJIbHBIX MOJ, TOTJa Kak B Cllydae OJHOPOIHOIO MOJs BO30Y>KAArOTCA
TOJILKO OCECUMMETpUYHBbIE MOJbl. B 3ToM ciywas cpeansas ¢opma Kamid MOXKET JuOo
C)KMMAThCsl BJIOJIb HANpaBJICHUS HEOAHOPOAHOCTH, JIMOO BBHITATMBATHCA B 3aBHCUMOCTH OT
COOTHOILIEHUS TJIOTHOCTEH KaIluli U OKPY>KaroIlen )KHUIKOCTH.

Haiineno, 4ro paccmaTpuBaemasi cnabas HEOIHOPOJHOCTh OIS HPUBOAUT K
BO30Y’KJICHUIO TPAHCISIIMOHHBIX KosieOaHuil kamiu. OOHapy)KeHO, UYTO B Clydae CHJIBHO
HEOJHOPOAHOT0 3JIEKTPUYECKOTO IMOJIsi M0 OOKOBON MOBEPXHOCTU KaIlsIM PAaCHpOCTpaHsIeTCs
OeryIiast BOJIHA.

ITokxazaHo, YTO ¢ yBEJIMYEHUEM MOCTOSHHON XOKHHIa, BIMSIHHUE JIEKTPUUYECKOTO MO
CTaHOBHUTCA OoJiee CYIIECTBEHHBIM, YeM JHWCCUIATUBHBICE MeXaHW4deckue 3(QexTs mpu
JBYDKEHUM KOHTAKTHON JMHMM. DTO NPUBOIUT K YBEIMYEHHIO aMIUIUTYIbl KOJIEOaHUS U
BO3HUKHOBEHHUIO PE30HAHCA. B OTCYTCTBUM 3/IEKTpUYECKOr0 1ouisl, 3 (HEKTUBHOE TPAaHUYHOE
yCIIOBUE IPHUBOIUT K IUCCUIALMM M aMIUIMTyJa Bcerga orpaHuueHa. lIpm nmepemeHHOM
AIIEKTPUYECKOM I10JI€ TAKXKE CYLIECTBYIOT «aHTUPE30HAHCHBIE» YACTOTHI, KaK U NMPU OOBIYHBIX
MEXaHUUECKUX KOJIeOaHUsIX Karlju.

PabGora BbImonHeHa mnpu QuHaHCOBOM mnoxanepxkke rpanta PH® Ne 14-21-00090
(necxxumaemasi karuis) 1 PODU Ne 14-01-96017 (c:xumaemas Karisi — Ta30BbId My3bIPEK).

1. Hocking L.M. // J. Fluid Mech. — 1987. — V. 179. — P. 253-266.
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MNEPEXOJHASI JMUHAMHKA B HEABTOHOMHOM MOJIEJIM HEUPOHHOHN
BO3BYJIUMOCTH

Kupunnos C.1O.
skirillov@neuron.appl.sci-nnov.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

MogaenupoBaHue NEPEXOIHON AUHAMHUKNA B MOJEIAX HEUPOHHOM aKTUBHOCTH SIBJISIETCS
aKTyaJbHOM  mpoOJieMOW  COBpeMEHHOW  HenuHeWHouW — usuku.  DopmupoBaHHe
pPa3sHOOOPA3HBIX MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp M HEPEKIIOUEHHUS MEXIy HUMH
COCTaBJISIIOT OCHOBY IPOLIECCOB BOCHPUATHSA, aHAIM3a U Iepenadyd MHPOpMaluu B MO3TE.
N3yuenue sBieHUM, 0OHapyKEHHBIX B IpOIECCe MOJEIUPOBAHUS MEPEXOJHOM TUHAMMKH,
UMeEeT BaXXHOE 3HaUEHUE KaK JJi1 OObSICHEHHUS CYIIECTBYIOLINX SKCIIEPUMEHTAIbHBIX JAHHBIX
00 aKTUBHOCTH HEPBHBIX KJIETOK, TaK U JJIS NpeAcKa3aHHUs X HOBBIX INHAMHUYECKUX CBOMCTB.

Hacrosimas paboTa mocBsiieHa BBISBICHUIO THHAMHUYECKUX MEXaHU3MOB T'€HEpAluu H
NOJIaBJICHUS] CHANKOBBIX IIOCIENOBATEIBHOCTEH B MOJEIM HEHPOHHOW AaKTMBHOCTU IIpU
aarabaTUYeCKOM HM3MEHEHUM TOKa WMHXKEKLMH M JIeKallMX B HMX OCHOBE JMHAMMYECKHUX
Ooudypkauuit ¥ CIOXKHBIX IMHAMHUYECKHUX IOPOroB Bo30yauMmocTH. B kauecTBe Monenu
HelipoHa paccmoTpeHa Moaenb DurtuXepro-Harymo ¢ HEIMHEWHBIM — NOBEICHHEM
BOCCTAHABJIMBAIOLIEH MEPEMEHHONW. YCTaHOBIEHO, YTO B OCHOBE MEXaHU3Ma T€HEpaluu
CHAKOBBIX IMOCJIEOBATEIBLHOCTEN JIEKUT JUHAMHUYECKas CyOKpuTHueckas Oudypxanus
AnzpoHoBa-Xomnda U HeloKalbHble KoJieOaTelbHbIE CBOWCTBA MOJAEIH, B (POPMUPOBAHUU
KOTOPBIX BaXHYI0 pOJIb MrpaeT IoBeAeHUE B (Ha30BOM IPOCTPAHCTBE YCTOMUYMBBIX
CernapaTpUCHbBIX IOBEPXHOCTEH CEIIOBOr0 MHOrooopasus. M3ydeHo sBIEHHE 3alep>KKU
BO3HHKHOBEHUS CIIAKOBBIX KOJeOaHW M CBs3aHHBIN ¢ HUM 3¢ dekr mamsatu. OOHapyKeHO,
YTO JAMHAMUYECKas CeAyo-y3ioBass Oudypkanus NpeAeiabHbIX LUKIOB JIEKUT B OCHOBE
SBJICHUS 3a/I€PKKU TIOJABJICHUS CMAaWKOBbIX KosieOaHuil. [TokazaHo, 4To BpeMsl 3aJepiKKU
MCUE3HOBEHHUS KOoJIeOaHUH B 3aBUCUMOCTH OT CKOPOCTH MU3MEHEHHS] KOHTPOJILHOTO MapaMeTpa
MOKET OBITh OYEHb OOJBIIMM U NpPEeHEOperaTb UM HeENb3s. Y CTAHOBJIEHO, YTO HEHpPOH
o0nagaer CHocOOHOCThIO K  (DOPMUPOBAHMIO  CIOXKHOIO  JUHAMHUYECKOIO  IOpOra
BO30YJIMMOCTH NOJT A€MCTBHUEM MEUIEHHOTO CUHANITUYECKOT0 TOKa. M3yueH HOBBIN MeXaHU3M
npeoOpa3oBaHusl MH(POPMALMOHHBIX CUTHAJIOB B HEHPOHAX CO CIOXKHBIM JHHAMHUYECKUM
noporom Bo30ysxaeHus. [lokazaHo, 4TO HEHPOH JEMOHCTPUPYET pa3InYHbIE TUIIBI OTKIIMKA B
OTBET Ha MMITYyJbCHOE BO3JCHCTBHE OAHOM M TOW k€ MHTEHCHMBHOCTH M OOECIeyMBaeT
HETPUBUAJIbHBIE PEKUMbI BPEMEHHOT'O KOJIUPOBAHUS.

PaGora BemonHena mnpu  ¢uHAHCOBOM  moadepxkke  Poccuiickoro  donma
(dyHIaMeHTalIbHbIX uccienoBaHuil (rpanT 15-42-02353, 15-02-04245).

72


mailto:skirillov@neuron.appl.sci-nnov.ru

ITMJIOOBPA3HBIE AKYCTHYECKHUE BOJIHBI B CPEJJAX
C HACBIINEHUEM I'NCTEPE3UCHBIX IIOTEPb

Kusimiko C.b., Hazapos B.E.
sergei-kiyashko@mail.ru
Wucturyt npuknaanoit puzuxku PAH, Huxuanit Horopon, Poccus

Ha ocHoBe aHamm3a pe3yJabTaTOB 3KCIEPUMEHTAIBHBIX HcclenoBaHui 3(QexToB
aMIUIMTYIHO- 3aBUCHUMOI'O0 BHYTPEHHEIO TPEHUA B NOJIUKPUCTALUIMYECKUX TBEPABIX Tejlax
MPEJIOKEHO TUCTEPe3UCHOE (HEympyroro BHa) ypaBHEHHE COCTOSHUS C HACHIIIEHUEM
HEJIMHENHBIX 1OTepb. [IpoBEeAeHO TEOpPEeTHYECKOE HCCIENOBAaHUE  PACIPOCTPAHECHUS
NEPUOANYECKUX MHIOOOPAa3HBIX aKyCTHUECKMX BOJIH B Takux cpeaax. llomyueHo TodHOe
AHAJIMTHYECKOE  PEIIEHWE  HEJIWHEHMHOTO  BOJHOBOIO  YPaBHEHHs,  OIHCHIBAIOIIETO
pacipocTpaHEeHHE W JBOJIONUI0 MHIO00pa3HBIX BOJH. OmpeneneHbl 3aKOHOMEPHOCTU st
XapaKTEPUCTUK HEIMHEHHOW BOJHBL: aMIUIUTYJHO-3aBUCUMBIX TIOTEPh W HM3MEHEHUSA
CKOpPOCTH paclpOCTPAHEHUS BOJIHBI, a TAKXKE IS aMIUIMTY/ €€ BBICIIUX rapMOHUK. [IpoBeneH
rpaduueckuii aHAIA3 SBOTFOIH (POPMBI BOJIHEI M €€ CIICKTPAITBHBIX COCTABIISIONIHX.

Pabota nognepxana PODU rpant Nel6-32-00546 mon_a.
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MOJEJUPOBAHUE NPOUHECCA HMMOBWIA3AIUYU TPUMECH C
moMouibIO METOJA COIYHYAUHBIX BJOYKIAHUU

Knumerko JI.C.!, Mapsimes B.C.'
lyudmilaklimenko@gmail.com, bmaryshev(@mail.ru
'MucTuTyT Mexanuku crutomHeix cpen YpO PAH, Tlepmb
2HepMCKI/H71 rOCYIapCTBEHHBIN HAIIMOHAIBHBIN UCCIE0BATEIbCKUN YHUBEPCUTET, [lepmb

PaboTa mocssieHa pa3padoTke MaKpOCKOTMTUYECKON MOJIEIIH, OMMUCHIBAIOIICH MTPOIIECCHI
OCKICHHUS MPUMECH M 3aKyHNOpKy TOp M TPOU3BOJIBHBIX 3HAUEHUN KOHIICHTPAIUU
npumecn. Mccnemyercs 3amada o Jpede TBEpIAbIX B3aMMOACHCTBYIOIIUX YacTHUI] B
Kanuuispe. Mexay BXOJIOM U BBIXOJIOM W3 KamuUIsIpa 3aJiaH TMOCTOSIHHBIN Tiepenas 1aBIeHus.
B HavanpHbIi MOMEHT BpeMEHM BHYTpU KaHaia Bo3HUKaeT TeueHue [lyazeins [1].
Pacnionoskenne yacTHil Ha BXOJ€ B KaWUISAP 3a7aeTcs CIydyallHbIM 00pa3oM MO BPEMEHU U
IPOCTPAHCTBY. 3a/aya pellieHa B IUIOCKOM Cllydae, B MPEANOI0KEHUH, YTO KaWLIsp UMEET
NPSIMOYTOJIBHYIO (DOpMY € XapaKTepHbIMU pa3MepamH s IHUPUHBI mopsaaka 10 MkM u
nuHbl 50 MxM. Yactuibl umerot pasmep nopsiaka 100 am.

Jlnst onucaHusi B3aMMOJICHCTBHS YaCTHUI[ CO CTEHKaMHU PacCMOTpUM MexaHu3M Ban-nep-
Baanbca. OueHku st CHUJI MEXKYaCTUYHOTO B3aMMOJICUCTBUS, CHeNaHHbIE B paborte [2],
MOKA3bIBAIOT, YTO 3TH CHUJIIBI MOTYT OBITH CPaBHUMBI C cuiioil CTOKca TOJIBKO HAa PACcCCTOSHUU
10-5 paguyca 4dacTuipl. JTO MO3BOJIIET CUMTATh, YTO B HM3Yy4aeMOM KalWJUIPE YacCTHUIIbI
MEPEHOCATCS] BMECTE C IOTOKOM, HE B3aUMOJICHCTBYSI APYT C APYroM. YUeT B3auMOICHCTBHS
YacTHIl C OTOKOM IpOou3BOAUTCS B mpuOmmkenun Ctokca. Kpome 3Toro, B MOJeNn yYTEHBI
CIy4ailHble = CTOJIKHOBEHHMS, BbI3BaHHbIe nuddysueir. VYuer nuddysun sBuaseTcs
HEOOXOJUMBIM, TaK KakK /Ul paccMaTpuBaeMoro pasmepa vactull uucio [lekie wnmeer
MOPSATOK €TUHUIIBL.

3ajaya pelieHa B paMKaxX MOJENU CIydyalWHbIX OJly’KIaHUM, COTJacHO KOTOpPOM
MOJIO)KEHNWE YaCTUIBI B KaXKIbli MOMEHT BpPEMEHHM HE 3aBUCUT OT €€ TIOJIOKEHUS B
npeaplaymuid MoMeHT. Eciau yacTunbl npuOamKaroTCsl K CTEHKE Ha PacCTOSHUU MEHbIIE
CBOETO pa3Mepa, TO MPU CTOJKHOBEHUHU CO CTEHKOW MPOUCXOIUT CIUIAHUE TOJ JEHCTBUEM
cun Ban-nep-Baanbca (oLieHKM OKa3bIBaIOT, YTO NP COMMXKEHUU YaCTHIl Ha paccTosHue 10-
6 OT MX pa3Mepa CUJIbI IPUTSDKEHUST HA TPU MOPSAJIKA MPEeBOCXoAaT kak cuiny CTokca, Tak U
cuty oTTankuBanus). CIMnanue 4acTUI] CO CTEHKOW MPUBOJUT K U3MEHEHHIO ()OPMBI CTECHOK
KaluJuisapa, 4TO B CBOIO OUYepelb MPUBEAET K U3MEHEHHIO TeueHus B Kamwuispe. s pacuera
TEYEHMs] Ha Ka)KJJOM I1are peaercsi cucrema ypasHeHuid HaBbe-CTokca 11 HecKUMaeMon
KUJKOCTH.

B pesynbrare, moiayueHa SBOJIIOLMSI TE€UYEHHS >KUJKOCTH B IIOpE IMPH €€ 3aKyMHOpKe.
[Tpoananu3upoBaHa 3aBUCHMOCTHh KOHIIGHTPAIIMM OCEBIIMX YaCTUI[ OT BPEMEHH, a TaKKe
3aBUCHMOCTB pacxojia 4yepe3 MONepeyHOe CEUEHUE MOPhl OT KOHLEHTPALUK OCEBIIUX YAaCTHUIL
JUISE  pa3iMyYHBIX HayaJbHBIX KOHILEHTPALMAX. OTO TIO3BOJWIO OLEHUTh TPaHHIIbI
MPUMEHUMOCTH JIMTHEWHOTO0 3aKoHa ancopOuuu u popmyisl Kozenu-Kapmana.

Pabora BeimonHeHa B pamkax rpanrta [Ipesunenta PO (MK-6851.2015.1).

M. Macker TeueHne ogHOPOIHBIX >KHMIKOCTEH B mopuctoit cpene // HULL Perymspuas u
xaoTuueckasg guHamuka, Mxesck, 2004, 628 c.

M. Elimelech, J. Gregory, X. Jia, R. A. Williams, em Particle Deposition and Aggregation.
Measurement, Modelling and Simulation // Butterworth-Heinemann, Woburn, 1995. 434 p.
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MYJIbTUCTABWIBHOE «IPO)KAHUE» B ABTOITEHEPATOPAX
C UMITYJIbCHOMU 3ANITA3ABIBAIOIIEN OBPATHOU CBA3bIO

Knunbmios B.B.
vladimir.klinshov@ipfran.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

HccnenoBana [uHAMUKa aBTOTEHEpATOpa C IMETJICH 3ama3abIBaloIeli 0OpaTHOW CBS3U
MMITYJIbCHOTO TuIMa. [Ipyu MpeBbIIEHNH BBIXOIHBIM CUTHAJIOM T'€HEpaTropa OMpeIesIeHHOTO
mopora Ha JIMHUIO 3aJCPKKU IOJAETCS HWMIYJbC, KOTOPBIM uepe3 HEKOTOPOE Bpems
MOCTYIAaeT Ha BXOJl FeHepaTtopa. ba3oBbIM pEKHMOM CHCTEMBI SABISETCS MEPUOAUYECKAs
reHeparusl UMIYJIbCOB C MEPUOAOM, OJIM3KUM K COOCTBEHHOMY IIEPHOJY aBTOKOJICOAHHUH.
OOHapy>XeH HOBBIII MeXaHM3M  JecTaOWIM3alUud  TaKOro  PEryJsIpHOTO  PEXHUMA,
COTIPOBOXIAIOIICHCS BO3HUKHOBEHHEM CIIOKHBIX HEPETYJIIPHBIX KoJieOaHui. Bo3Hukaromme
PEKUMBI  XapaKTEPU3YIOTCS] HEPABHBIMH MEKHMITYJIbCHBIMUA WHTEPBAJIaMH, 4TO 00YCIOBHIIO
IIPUMEHEHHE TI0 OTHOIICHWI0 K HUM TEPMHHA «ApokaHue». Halmromanuch ycToOHYUBBIC
JIPOKAIIUE PEXKUMBI, COCTOSIIIUX M3 JJIMHHBIX M KOPOTKMX HHTEPBAJIOB, YEPEIOBAHUE
KOTOPBIX (hOPMHUPYET TMEPHOJAMYCCKYI0 OMHAPHYIO IOCIIEIOBATEILHOCTh. TEOpeTHYECKH M
HKCIIEPUMEHTAIILHO MMOKa3aHO, YTO ISl 000 TaKoW MOCIeI0BATEIHHOCTH MPOU3BOJIHLHOTO
Mepuojia CyIIeCTBYeT 00JIaCTh IapaMeTpPOB, B KOTOPOH YCTOWYMB COOTBETCTBYIOITUI
apokanuii pexxuM. [locTpoeHHass TEOpHs IO3BOJSET HAXOAUTh 00JIACTh YCTOWYHMBOCTH
J000TO TAaKOro PEeXHUMa, a AKCIIEPUMEHTAJIbHBIC PE3yJIbTaThl Ha AJICKTPOHHBIX aHAJIOTOBO-
U(GPOBBIX CXEMax TOJTBEPKIAIOT aJCKBATHOCTH Teopud. [IpoieMOHCTpUpOBaHA BBICOKAS
MYJIbTHCTAOMIIBHOCTD JIPOJKAIINUX PEKUMOB, YUCIO KOTOPHIX BO3PACTAET SKCIIOHCHIIMAIBHO C
POCTOM BEJIMYMHBI 3ara3/ibiBaHusl. Takue CBOMCTBA MO3BOJIMIIN Ha3BaTh OTKPHITHIA CILICHAPUI
«Oudypkareit  MynbTHApPOXKaHHSA».  [lodydeHHBIEe — pe3ydbTaThl  NMPUMEHHMBI K
aBTOTEHEPATOPAM JIFOOOW MPUPOJIBI M TAIOT MPOCTON KPUTSPU BOSHUKHOBEHHUS M PA3BUTHS B
HUX HEYCTOMYMBOCTH THIA MYJbTUIPOKAHUS.

1. Klishov, V. et al // Physical Review Letters. 2015. 114(17). P. 178103.
2. Klishov, V. et al // Physical Review E. 2015. 92(4). P. 042914.
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JIABEPHOE YCKOPEHHUE MOHHBIX ITYYKOB KAK YHPI!(AJII)HI)IFI
HUHCTPYMEHT AJIAA ®U3UKHU BBICOKUX IIVMIOTHOCTEHU DQHEPT'UHN

Kopxumanos A.B.
kav(@ufp.appl.sci-nnov.ru
WuctutyTt npuknannoi ¢pusnku Poccuiickoit akageMun HayK

@usuka BBICOKMX IUIOTHOCTEH SHEPruM, AKTUBHO pPAa3BUBAIOLIASCA B IOCIEIHHE
HECKOJIBKO JECATWICTHH, HM3y4aeT IOBEACHUE BEIECTBA B HEOOBIUHBIX COCTOSHMAX, HE
JOCTYTIHBIX JJIsl U3Y4YEHHUS B €CTECTBEHHBIX YCIOBMSX, OJHAKO peaju3yeMbIX BO MHOTHUX
BaXHBIX 00BeKkTax BceneHHON, B yacTHOCTH, B Helapax muaHeT U 3BE3aA. Ilox BbicokMMU
IUTOTHOCTSIME SHEPTHH OOBIYHO MOHUMAETCS IIOTHOCTH Ha ypoBHe Bbimre 10" Jhx/cm?, uTo
COOTBETCTBYET JaBieHUsM Bbime 1 MoOap. CymiecTByeT HECKOJIBKO METOJOB JOCTHXKEHHS
TAaKUX JABICHUH B Pa3lMYHbIX 00JACTAX JUArpaMMbl TeMIIEpaTypa-IuIOTHOCTb. OAHUM U3
HUX SBJISIETCS HarpeB OOpa3loB TBEPAOTEIbHOM IJIOTHOCTM HOHHBIMU IIyYKaMHU.
[Ipeumy1iecTBOM 3TOrO METOJA SBISETCS BBICOKasl OHOPOJHOCTh HAarpeBa M €ro ObICTPOTA,
TIO3BOJIAIONIAS TIPOBOIUTH U3MEPEHHUST 00Pa3yIOIIErocs BEIIECTBA C BBICOKOH TOYHOCTBIO.

OnHako TpaJMLMOHHBIE YCKOPUTEIH HOHOB OI'PAaHUYEHBI MO JOCTUXHMOH IIOTHOCTH
My4YKa U TIO3TOMY HE MOTYT 00€CHEeYUTh TEMIIEpaTypbl HarpeBa BbIIIE HECKOJIbKUX JIECSITKOB
5B. B 10 xe Bpemst B mocnenHue 15 et akTUBHO pa3BUBAeTCS TEXHOJOTHUS YCKOPEHHsI HOHOB
CBEPXMOIIHBIMHU Ja3€pHBIMU HUMITyJbCaMU. BbUIM IPOAEMOHCTPUPOBAHBI MYyYKH HOHOB C
SHEpPrusMHU Ha YpOBHE B JiecATKH M3B/HYKJIOH 1 cyMMapHOi 3Heprueil B HeCKOIbKO JKOyJeH.
Nx mnpeumyniecTBOM 1O CpaBHEHHIO C TPAAMLIMOHHBIMU YCKOPUTEISIMH SIBISIETCS Ha
HECKOJIBKO MOPSIIKOB MEHbININE pa3Mepbl TEHEPUPYEMOro MyyKa, YTO MO3BOJISET JOCTUTaTh B
MMITyJThCE MIOTHOCTEH TOKOB BemmurHoit Boimre 10'° A/em’.

B pamkax naHHON paboOTBl MOKa3aHO, YTO YK€ CYIIECTBYIOUIUH YpOBEHb pa3BUTHS
Ja3epHbIX CUCTEM IIO3BOJSIET TEOPETUUYECKU T'€HEPUPOBAaTb HOHHBIE ITyYKH, CIOCOOHbBIE
HarpeTb MeTaJUIMYecKue o0paslbl 10 Temmeparyp B COTHM 3B, HemocTynHyro s
CYLIECTBYIOIIUX M MPOEKTUPYEMBIX TpPAJULUOHHBIX YCKOpPHUTENEH HOHOB. OJTa 00JacTh
napaMeTpoB (TBEpJOTeNbHAs IUIOTHOCTh, U TeMmepaTrypa or 100 3B 1o 1 k3B) HenoctynHa
TaKKe W JJI1 JPYTMX METOAOB CO3[AaHMS BEIECTBA C BBICOKOHM IUIOTHOCTBIO SHEPTUH, B
YaCTHOCTH, JUJIsl HarpeBa Ja3epHbIM H3Iy4YEHHEM, KOTOpBI TeHepupyeT Oosiee BBICOKHE
TEeMIEpaTrypsl Mpu Oojiee HU3KOM IJIOTHOCTH, a TaKXKe /JIs YCTaHOBOK HHEPLUATIBHOIO
TEPMOSICPHOTO CUHTE3A.

W3ydeHue mporecca SHEProBbIACICHUS YCKOPEHHBIX JIa3€PHBIM H3IYyYEHHEM HOHHBIX
IIYYKOB IIPU UX TOPMOXKEHUH B 00pa3Lax sBIseTCs Takxke (yHJaMEHTalIbHO BaKHOU 3a/1aueid,
MOCKOJIBKY HPEICTaBISIET COO0M CHUIbHO-HEJIMHENHBIM MpoLecc, B KOTOPOM HOHHBIA Iy4YOK
OpyU B3aUMOJCHCTBUM C aroMaMH MOHM3MpPYeT HMX W HayMHAeT B3aUMOJAEWCTBOBAThH C
00pa30oBaBIICHCS TUIA3MOM, WCIBITHIBAsE JIOTIOJHUTENBHBIC MOTEPH Ha HAarpeB CBOOOIHBIX
3JIEKTPOHOB, BO30Y)XJICHHME 3JIEKTPOHHOW TypOYyJIEHTHOCTH, a TakXe Ha HeJIMHeHHoe
caMOBO3/ICHCTBIE, HAGTIOAAEMOE MPH IIOTHOCTSIX HOHHOTO TOKa mydka Boime 10" A/em’.

Jns  omucaHus 3TOro nmpouecca Oblla  CO374aHa CaMOCOIVIaCOBaHHAas MOJEIb,
YUUTHIBAIOIIAsl KaK 3JIEMEHTApHbIE aKThl B3aUMOJICHCTBUS MOHOB C aTOMaMU U 3JIEKTPOHAMU
BEIIECTBAa, TaK M MX KOJUIEKTUBHYIO JAMHAMHUKY, BBI3BAaHHYIO TeHepalued moneil B
oOpasytoiencs miazme.
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PABOTOCIIOCOBHOCTb METOJA IPUYUHHOCTH IO T'PEMHIKEPY IIPU
UCIIOJIb30BAHUU B KAYECTBE MOJIEJIH OTOBPAKEHHUI
MOCJEIOBAHUS B BUJAE IOJTUHOMUAJIBHBIX 1 KYCOUYHO-JIUHENHBIX
OYHKIUI

Kopnaunos M.B., Csicoes 11.B.
kornilovmv(@gmail.com
CapatoBckuii rocygapcTBeHHbIH yHUBepcuTeT uMeHu H.I'. YUepHsleBckoro
CaparoBckuii punman MHCTUTYTa paAMOTEXHUKH U SJICKTPOHUKHU HM.
B.A. KorenbaukoBa PAH

AHnHoTanus. B paboTe Ha TECTOBBIX TUHAMUYECKHX CHCTEMaX MPOBOJIUTCS CPaBHEHHE
3 PEKTUBHOCTH METOAAa MPUYMHHOCTU O ['pelHIKepy sl BBISBICHUS OJHOHAMPABICHHON
CBSI3M MIPH HCIIOIH30BAHUH B MOJEIISAX MOTMHOMHUANBHBIX U KYCOUHO-TUHEHHBIX (DYHKIIUHA.

[lonck Hanuuusg W HampaBiICHUS CBA3M MEXAy CHCTEMaMH Ha OCHOBE aHalu3a
BPEMEHHBIX PAJIOB UX IMOACUCTEM SIBIISETCA AKTYyaJIbHOW 3aJaueil BO MHOTHX IPEIMETHBIX
00JacTsAX: JIKOHOMETPUKE, KJIMMATOJOTMHM, HeWpoHayke. OnpHuMm U3  Haubosee
BOCTPEOOBAHHBIX MOAXOA0B K €€ PEIICHUIO SBISETCS METOJA MPUYMHHOCTH o ['pelHmxepy
[1], uHTEepecHbII B TOM 4HCIE€ TEM, 4YTO JUIsl BBISIBJICHHS HANpaBICHHOM CBS3H, OT
MPOTHOCTUYECKOW MOAENU He TpeOyeTcs KadeCTBEHHO BOCIPOHM3BOAUTH TUHAMUKY
uccieyemMoro oorekra [2].

B pabore cpaBHUBaeTCs pabOTOCIOCOOHOCTH METOIa MPUYUHHOCTH 10 ['peiiHIKepy B
3aBHCHMOCTH OT BHIOOpa anmpOKCUMHPYIOMUX (YHKIWH: MOJIMHOMHUAIBHBIX WIH KyCOYHO-
JUHEWHBIX MOJENHU [JJIsl OJHOHAMNPABIECHHO CBS3aHHBIX CHUCTEM, OOJANaIOIUX SIPKO
BBIPOXCHHBIMU ~ XapaKTEpHbBIMM BpeMEHHbIMH MacmTabamu. B kauectBe Mopenei
paccMaTpuBaINCh OTOOpakeHHi mocienoBaHus. [l oleHKH paboTOCIMOCOOHOCTH MeEToja
UCTIONIB30BAIMCh pa3pa0OTaHHbIE HAa OCHOBE OIECHKA YYBCTBUTEIBHOCTH (CITOCOOHOCTH
BBISIBJISITH HAIPABJICHHYIO CBA3b MPU MUHUMAIBHBIX 3HAYeHUSX Kod(dduimeHta cBs3M) U
cnenu(UIHOCTH (CTIOCOOHOCTH M30€TaTh JIOKHOIOIOKHUTEIBHBIX PE3yJIbTaTOB) KpUTEpUH. B
YUCJIEHHOM JKCIEPUMEHTE pacCMaTpPUBAJIUCh CBS3aHHBIE OJHOHAIPABIECHHON CBS3bIO
ATAJIOHHBIE CHUCTEMbl HEJIWHEWHON JWHAMUKH U paaunodusuku: cucrteMbl Péccrnepa,
ypaBHEHHUS reHepaTopoB AHMIIEHKO-AcTaxoBa, Kusiko-ITukoBckoro-Pabunosuya.

B xome paborel ObUIO TMOKa3aHO, YTO TNOJIMHOMHUAJbHAs MOJENb B LEJIOM
JEMOHCTPUPYET JYUIIyI0 CHEHU(PUYHOCTh U UYyBCTBUTEIBHOCTH UYEM KyCOYHO-JTHHEHHAaS.
beutn chopmMynrpoBaHbl peKOMEHIAIUH IO BBIOOPY IMapaMeTpoB MOJEIH (Jlara U TalbHOCTH
MPOTHO3a) JJIsl HAWITY4IIel ¢ TOYKU 3pEHUS MPEATIOKEHHBIX KPUTepUEeB pabOTOCIIOCOOHOCTH
METOJa MPUYMHHOCTH 1O [ pelHKepy.

Pabora BeImonHeHa npu nojaepkke Poccuiickoro Hayuynoro ¢onna (rpant Ne 14-12-
00291).

[1] Granger CWJ. Investigating causal relations by econometric models and cross-spectral
methods // Econometrica 1969. V. 37(3). P. 424-38.

[2] M.B. Kopuumos, W.B. CsicoeB. Bnusaue BbpIOOpa CTPYKTyphl MOJACIHU Ha
paboToCmoCcOOHOCTh METO/Ia HEeMMHEWHON nmpuynHHOCTH o ['pelinmkepy // M3BecTus By30B
"TIHA". 2013. T. 21. Ne2. C.74-88.
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HOBBII1 CITOCOB MOJIYYEHMS OJJHOMO/IOBOM TEHEPAIIMA B
JA3EPAX C MOAYJISILUMEN JOBPOTHOCTH

Kopob6eitnukosa A.Il., bBypaonos K.®., [Ilaiikua A.A., Xa3anos E.A.
nastya.k2594@gmail.com
NuctutyTt npuknagnoi ¢puzuku PAH, Huxuauit Hosropon

B nmanHoii paboTe wmcchemyercs TBEPIOTEIbHBIM  MMITYJIbCHO-TIEPUOANIECCKUN
JA3epHBI TEHEepaTop C MOIYJSIIUEH AOOPOTHOCTH, SIBISIOMIMICS OJHUM W3 KIIFOUYEBBIX
3JIEMEHTOB CyOmneTaBaTTHOTO JjazepHoro komiuiekca PEARL, ocHOBaHHOTO Ha HpUHIMIE
apaMeTpUUecKoro ycwieHus uupnupoBaHHbIX uUMIyiabcoB (OPCPA). Iloxpo6Ho omucan
OPUHIUI  TOCTPOEHUS M HACTPOMKM TreHepaTopa ¢ MOXYyJsALUUeH  TOOPOTHOCTH.
[IpogeMoHCTPHPOBAaH CHOCOO CENEKIUH MPOAOIBHBIX M IONEPEYHBIX MOJ PE30HATOpa IS
IIOJIyYEHUs OTHOMOJIOBOM T€HEpaLHH.

Hccenenyemslii reHepaTop CIIy’KUT UCTOYHUKOM HAHOCEKYHIHOI'O UMITYJIbCaA, KOTOPBIH,
PO Yepe3 KacKalbl JazepHoro ycwieHus komiuiekca PEARL, ncnonb3yercs B kauecTBe
HaKkaykd TnapaMmerpuuyeckoro ycuwiurens. [Ipm 3ToM 0OBIYHO CTaparoTcs MOIYYUTh
MaKCHUMaJIbHO BO3MOXHYIO MOIIHOCTb, CJIE€JJOBATEIbHO, HA BBIXO/E€ T'€HEepaTopa HEOOX0oauMa
OJIHOMOJIOBasl reHepanus. Tak Kak MHa4e IMPU OJHOBPEMEHHOW I'€HEpaluH JBYX JIa3€PHBIX
UMITYJIbCOB Ha OJIM3KMX YacTOTaX BO3HMKAET MHTEp(epeHlNs, IPUBOIAIIAS K MOTYJISAUHA U
BO3pPAaCTaHUIO INMHKOBOW WMHTEHCHBHOCTH W3JIy4EHHMS B HECKOJBKO pPa3, YTO MOXET CTaTh
IPUYMHOW DPa3pyLICHHMs] ONTHYECKHUX 3JEMEHTOB jasepa. (ClenoBaTeNbHO, aKTyalbHOUW H
BaXHOW 3ajaueil SBISETCS IOAABJICHUS JBYXYaCTOTHOM reHepauuu. [ns obecrieueHus
OJTHOMOJIOBOT'O PEXUMa TIeHepalMy CYLIECTBYET MHOIO CIIOCOOOB, KaXKIbli CO CBOMMH
IpeuMyIlecTBaMU U HexocTarkamu. CylIeCTBYIOT CXEMBI C JBMKYIIUMCS 3€pKajioM, HHOT A
JUISL CENEKUUH MOJ, HCIOJB3YIOT JOIOJHUTENBHBIN KOJBLEBOM pe3oHartop. CyliecTBYIOT
CXEMBI, B KOTOPBIX B PE30HATOP MHKEKTUPYETCS BCIIOMOIaTeIbHOE HENIPEPBIBHOE U3ITyUECHUE.
Tem He MeHee, W3-3a HECTaOWJIBHOCTHM BHEUIHMX MapaMeTpOB, HANPUMEp TEMIIEepaTyphbl,
NPUBOJAIIMX K U3MEHEHUIO ONTHYECKOM JUTMHBI, MOJBl pE30HATOpa CMELIA0TCS, TEM CaMbIM
MOTYT BO3HUKHYTb OJIMHAKOBBIE YCIIOBHUS Ui FEHEPALMU UMITYyJIbCOB HA COCEJHUX 4acTOTaXx.

OObIYHO B Jlazepax ¢ MOAYJSILMEN AOOPOTHOCTH HAOMIOAAETCA TEeHepalusl OJHOIO
TMTAaHTCKOTO UMIyJbca. Mbl OOHAapYX UM T'€HEpalUI0 UMITyJIbCa Ha APYrod 4acToTe uepes
HEKOTOPOE BpEMsI TOCJIE TEHEPAlMHd OCHOBHOTO HMMITYJIbCA M TPEAIIONONKIIN, 9T0 d(hdeKT
reHepaluu TOCT-UMIyJibca BO3MOKeH 3a cueT BbDKMranusa Aslp B Nd:YLF. Cocennue
IIPOJIOJIBHBIE MOJBI UMEIOT IIyYHOCTH CTOSIYE€H BOJIHBI B PA3HBIX MECTax, M3-3a 4Ero I0Cie
reHepanuu rurantckoro ummyiasca B Nd:YLF koadduiueHT ycuiaeHHss OCHOBHOM MOJIbI
3HAQYMTEJIBHO HWXKE IIOpora TIeHepauuu, a Il COCEOHEHM MOJBI BCE €LIE IPEBBIMIACT
IIOPOrOBOE 3HAUECHHUE.

MBI  3KCHEPUMEHTAIbHO  IMPOJEMOHCTPUPOBAIM  BO3MOXXHOCTH  OOHApY’KEHUs
Napa3suTHOM I'€HEpalluy Ha paHHEH CTaJuH, KOTJa MOCT-UMITYJIbC CYIIECTBEHHO OTCTAET I10
BPEMEHH T'€HEpali OT OCHOBHOI'O MMITyJIbCca U €I HE MOKET HEraTUBHO BIIUATH HAa paboTy
TeHEepaTopa, HO SIBJISETCS CUTHAJIOM HEONTHUMAJIBHOCTH €ro HAacTpoMku. MBI uccienoBain
yCIIOBHSI BOSHUKHOBEHUS TAHHOTO MOCT-UMITYJIbCA, ITOKA3aJId, YTO JaHHBIN 3 dekT cBsizan ¢
reHepanuei UMITyJbca Ha COCEAHEN MPOJOJIBHOM MOJE I'eéHepaTopa, COBMECTUB I'MTaHTCKUI
UMIYJbC C TOCT-UMITYJIbCOM C TOMOILIBIO JIONOJHUTENbHON JIMHUK 3aJ€pKKU. A Takke
NPEUIOKUINA CIIOCO0 MOJICTPOMKHM pe3oHaTopa AJs MOJAaBJICHUs JABYXYacTOTHOM reHeparuH,
IIyTEM W3MEHEHMs JUIMHBI ONTHYECKOrO0 PE30HAaTOpa ¢ MOMOINBIO MOJIBHKHOIO JJIEMEHTA,
YIPAaBIIAEMOr0 B aBTOMaTHYECKOM PEXKHUME.
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alexander.koronovskiy(@gmail.com
CaparoBckuii rocyaapctBeHHbll yHUBepcuTeT UM H.I'. YepHbleBckoro
CapaToBCKHil TOCYITapCTBEHHBIN TEXHUYECKUN YHUBEpCUTET UMeHHM [ arapuna 10.A.

W3BecTHO, YTO MHTEHCHUBHBIE PESITUBUCTCKUE 31eKTpoHHbIe moToku (POII) wacro
JEMOHCTPUPYIOT CJIOXKHBIE peXHUMBbI IMHAMUKK [1]. B wacTHOCTH, UIsI HUX XapaKTEpHO
pa3BUTHE pA3JIMYHBIX HEYCTOWYMBOCTEW, HampuMep, NHUPCOBCKOH, OypCHaHOBCKOM,
TOKOKOHBEKTUBHOM, IMOKOTPOHHOM, CIIMIHHI-HEYCTOWYMBOCTH M Jp. C OIHOW CTOPOHBI,
pa3BUTHE [AaHHBIX HEYCTOMYMBOCTEH MOXKET HUIPATh IOJIOKUTEIBHYIO POJIb, HAaIpHUMeED,
IUPCOBCKast U OypCHaHOBCKAasi HEYCTOMUMBOCTH MPUBOJAT K 00pa30BaHHUIO HECTAILIMOHAPHOTO
BUpTyasibHOro karonaa (BK), Ha ucnonb3oBanuu konebaHUN KOTOPOTO OCHOBAH LENbIN Kilacc
mouHbix CBY mpubGopoB — reHepaTopbl (YCHWJINTENM) Ha BUPTYaIbHOM KaToJe WIH
Bupkatopel [2,3]. C npyroil CTOpPOHBI, JJaHHBIE HEYCTOMYMBOCTHM MOTYT OKa3bIBaTh U
HEeraTUBHOE BIIMsAHUE Ha (yHKIMOHMpoBaHME MOIIHBIX CBY ycTpoHCTB M HakiIaJIbIBaloOT
OIpe/IeNICHHbIE OTpaHMUYEHUS] Ha PEXHUMbI UX paboTel. Tak, Hampumep, pa3BUTHE TEX XKe
MUPCOBCKOH M OYpPCHAHOBCKOW HEYCTOMYMBOCTEW OrPaHUYMBAET MAaKCHUMAIbHBIA TOK
AIIEKTPOHHOTO TIOTOKA, KOTOPBIA MOXET OBITh TPAHCIOPTHPOBAH 0O€3 OTpakeHWI wyepes
9KBUIIOTEHIMAIbHOE BaKyyMHOe Jpeil(oBoe mpocTpaHcTBO. BaXHBIM sBIsSE€TCS BONPOC O
B3aUMOJICCTBUM M  COCYIIECTBOBAaHMUU PA3JIMYHBIX HEYCTOMYHMBOCTEH HWHTEHCHBHOTO
3JIEKTPOHHOIO MTOTOKA, T.K. IIPH ONPEIEICHHBIX TapaMeTpax CUCTEMBI BBIIIOJIHAIOTCS yCIOBUS
JUIsL OAHOBPEMEHHOI'O pa3BUTUS HECKOJbKMX HeycroiunBocteil [1]. Taxum oOpaszom,
ucciaeoBaHue HenuHeHoW nuHamukd POIl M BO3HMKaOMIMX B HUX HEYCTOMYMBOCTEH
npecTaBisieT co00i BaXKHYIO 3a7jady MOITHOW BaKyyMHOMW U TTa3MEHHOH JICKTPOHHUKH KaK C
(byHIaMEHTaJIbHOW, TaK U C MPUKIAJHON TOUEK 3pEHHUSL.

B Hactosmedi pabGore ObUIO HCCIEIOBAHO B3aWMOJEWUCTBHE OYpPCHAHOBCKOH U
JAOKOTPOHHOM HEYCTOMYMBOCTEW. B3auMoaencTBUE NaHHBIX HEYCTOMYUMBOCTEUW IPUBOIUT K
oOpa3oBaHuio BUpTyanpHOro katona (BK) cioxHOW CTPYKTYpBI ¢ HECKOJIBKAMHU OOJIACTIMU
OTpakeHHsI (3JIEKTPOHHBIMHM CI'YCTKaMM) B a3MMYTaJbHOM HAIPaBICHHUHU, BPAIIAIOLIMMUCS
BOKPYT OCH TIPOCTPAaHCTBa Jpeiida u (OpMHUPYIONMX BUXPEBYIO CTPYKTYPY B IMPOJETHOM
OPOMEXYTKE. YIPAaBIAIOIIME MapaMeTpbl CUCTEMbl (TOK IydKa, MHIYKLIHS BHELIHETO
MarHMTHOTO MOJIs1) ONMPEAEIAIOT KOJUYECTBO BPAILAIOIIUXCS B a3UMYyTaJIbHOM HalpaBlICHUU
3JEKTPOHHBIX crycTKOB B POII, npudem ¢ pocTOM TOKa MX KOJIMYECTBO BO3PACTACT.

Pabora BrImonHeHa npu nojaepxke rpanra Poccuiickoro HayyHoro ¢oHzaa (mpoekt Ne
14-12-00222).

1. Kysenes, M. B., “Ilnazmennas penstusucrckas CBU-anexkrponuka” / M. B. Ky3senes, A.
A. Pyxangze, I1. C. CtpenkoB // M.: MI'TY um. H. D. Baymana. 2002.

2. Dubinov, A. E., Selemir, V. D. Electronic Devices with Virtual Cathodes (Review). Journal
of Communications Technology and Electronics, 2002, No. 6, p. 575.

3. Benford J., High Power Microwaves. / J. Benford, J.A. Swegle, E. Schamiloglu.//CRC
Press, Taylor and Francis, 2007.
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B wnameit pabore mpemnokeHa HOBas MOJENb aHCAMOIsI HEUPOHOMOIOOHBIX
9JIEMEHTOB, ISl MOJEIMPOBAaHUS KOTOPOW HCHOJIb3yeTcss 0000ménHas mojaenb JloTku-
BonbTeppa ¢ Bo30ykaaromumu cBs3siMu. PaboTa MOTHBHpOBaHA T€M, YTO BO30YXKAaroIIne
CBSI3M COCTaBJIAIOT MpPEOOJIaJalouIil TUI B3aUMOJAEWUCTBUSA MEXIy HEWpPOHAMU TOJOBHOTO
Mo3ra. B pabore mokazaHo, 4YTO B TakOM aHcaMOlie B 3aBHUCHMOCTH OT CBS3€H MexXIy
9JIEMEHTAaMH CYIIECTBYIOT 2 peXHMa MOCIEA0BATESILHON aKTUBHOCTH: PEKUM C YCTOMUNBBIM
TeTePOKIMHUYECKUM ITUKJIOM U PEXHM C YCTONYMBBIM MpEeNbHBIM HUKIOM. Takxke Obuia
oOHapy»XeHa XaoTU4YeCKas TUHAMHUKA.
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AHAJIN3 YCTOMYUBOCTHU BOTATBIX BOJOPO/I-BO31YIITHBIX
JAMUHAPHBIX INIAMEH B MOJIEJIM C JIETAJIbHBIM KWHETHUYECKHUM
MEXAHHU3MOM

Kopcakosa A.I1.'*, T'y6epros B.B.'
korsakova@lpi.ru

| ®usnueckmuit unctutyT uM. [1.H.JIebeneBaPoccuiickoii akageMuu Hayk,
2HaI_II/IOHaJ'IBHI>II71 MCCIIEIOBATENbCKUM sSAepHbIi yHUBEepcUTeT « MDD

Uccnenyercs mud@y3mOHHO-TEIIIOBAasT YCTOMYMBOCTh BOJH TOpEHHUS B OOraThIx
BOJIOPOJ-BO3AYIIHBIX CMECAX B MOJEIM C J€TAIbHBIM KHHETUYECKHMM MEXaHU3MOM U
JNETAbHBIM TPAaHCTIOPTOM B U300apUYecKOM MPUOMMKeHHH. MaTremaThudeckd 3ajada
dbopMynupyercss Kak CHUCTEMa HEITUHEHHBIX MU epeHINaTbHbIX YpPaBHEHUN B YaCTHBIX
NPOM3BOIHBIX JUISI TEMIIEPATyphl Ta3a M MAcCCOBBIX JIOJICH peareHTOB, KOTOpas peraeTcs
YHCIICHHO C TIOMOIIbI0 KOHEYHO-PA3HOCTHBIX alropuTMOB. [loKa3zaHO, 4TO MpH yBETHUCHUH
JABJIEHUs B JTOW CHUCTeMe BO3HWKaeT Oudypkamums AuapoHoBa-Xomda. B mpoctpancTBe
napaMeTpoB HaijeHa dactoTa Xomda U KPUTHUECKOE 3HAUYEHUE JaBleHUS  JUIS
BO3HUKHOBEHUS NU((PYy3MOHHO-TEIUIOBBIX HEYCTOWYMBOCTEH. MCMonb3yroTcs pa3nudHble
U3BECTHbIE KHHETHYECKHE MEXAaHM3MBbl OKHCIEHHS BOJOPOJA, IOKa3aHO, 4YTO TpaHUIa
YCTOWYMBOCTA M YACTOTA MYyJIbCAIMA 3HAYUTEIHHO OTJIMYAIOTCS B 3aBUCUMOCTH OT
BBIOPAHHOTO KMHETUYECKOT0 MeXaHn3Ma. UyBCTBUTEILHOCTh JAHHBIX NTAPaMETPOB K BBIOOPY
KWHETHYECKOW CXEMBI O3HA4YaeT, YTO MX IKCHEPUMEHTAIbHOE M3MEPEHHE MOXKET CIYXKHTh
QIBTEPHATHBHBIM METOJOM BepU(UKAIMU KHHETHYECKHMX MEXaHW3MOB. I[lokazaHo, d4TO
oudypkanus AHIpoHOBa-Xormda SBISIETCS HAAKPUTHUYECKOMW, B pe3yibTaTe HEE BO3SHUKAIOT
MyJIbCUPYIOLUE BOJHBI ropeHusi. MccnenoBanbsl CBOMCTBA JaHHBIX PELIEHUM, YCTaHOBJIEHO,
YTO MyJbCUPYIOIIHE BOJHBI TOPEHUS B CPEJAHEM PACHPOCTPAHSAIOTCS C TOCTOSIHHON
CKOPOCTBIO, OJHAKO MPO(UINM MACCOBBIX JOJIEW pPEarecHTOB W TEMIIEPAaTyphl SIBISIFOTCS
NePUOANYECKUMH (QYHKIUSIMU BPEeMEHH. AMIUIUTY/Ia OCHMJUISIIIAA TEMIEPATypPhl 3aBUCUT OT
napaMerpa 3aKpHUTHYHOCTH KOPHEBBIM o00pa3oM. [IuMkoBble 3HAYeHHs] TEeMIIEpPaTyphl B
NyJbCUPYIONIEH BOJHE TOPEHHS MOTYT CYIIECTBEHHO NPEBHIIATh aJaHa0daTHIECKYIO
Temreparypy IuiameHu. lccnemoBaHo BiusiHHE Kpocc-TU(Qy3uH Ha BO3HUKHOBEHHE
TP PY3HOHHO-TEIUIOBOM  HEYCTOMYMBOCTH. OOCYXMAlOTCS TEePCHEKTHBHI  JajbHEHUIICH
paboTHI.
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KOMIIPECCHUA MOIIHBIX ®PEMTOCEKYHIHBIX JIASEPHbIX
UMITYJbCOB ITOCJIE SPM B IINTACTUKE (IIOJIUDTUJIEHTEPAD®TAJIATE)

KouetkoB A.A., I'uua30ypr B.H., 3yeB A.C.
antkoch2012@gmail.com
Wucturyt npuknaanoit ¢puzuku PAH, Huxuuit Hosropoz.

B HacTosiiee BpeMsi OJHUM M3 NEPEAOBBIX HAlpaBICHUH J1a3epHON (DU3UKU SBISETCS
CO3aHHE CBEPXMOUIHBIX JIa3epoB. OCHOBHBIM ITAPAMETPOM TaKUX JIA3€POB SBISCTCS MMUKOBAst
MOILHOCTb, KOTOpas Ha JaHHBIE MOMEHT COCTaBJIA€T €IWHULBI IE€TaBaTT. OHEPrUs
OTPaHWYEHHA CTOMKOCTHIO ONTHYECKHX OJEMEHTOB W JU(PPAKIMOHHBIX PEIICTOK, a
JUINTEJIBHOCTD ~ UMIIYJIbCA-  CIEKTPAaJbHOM  IOJIOCOM  IPOIyCKAaHUs  KOMIIpeccopa.
[IponBuxenue B 00nacTb 0ojiee BHICOKMX MOIIHOCTEW BO3MOXHO C IMOMOLIBIO YMEHbBIIECHUS
JUINTENIbHOCTH BBIXOJHOIO U3Iy4eHus. J[oOMThCS 3TOr0 MOXKHO C TOMOLIbI0 3(deKTa,
U3BECTHOTO Kak (hazoBas camomonyssiius (SPM): mpoxonas depe3 ONTHYECKYIO Cpeay ¢
KyOH4ecKoi HeTMHEHHOCTH, MOLIHOE JIa3epHOEe U3Iy4YEeHHUE YUIMPSET CBOM CHEKTp, HaOupas
cneKkTpanbHyio (asy. B mocnencTBum KommeHcarus 3ToW (a3bl NPUBOIUT K YMEHBIICHUIO
JUINTEIBbHOCTH JIa36pHOIO0 MMITyJibca. PaHee NaHHas MeTOAMKa HE NMPUMEHSUIACh K JazepaMm
NETaBaTTHOIO  yPOBHS  MOIIHOCTH  M3-32  CJOXKHOCTEH  H3TOTOBJIEHUS  DJIEMEHTOB
MUJUJIMMETPOBOM TOJIIMHBI C allEpTypOil MOpsiiKa JECATKOB CAHTUMETPOB.

HenaBHo  Oblna  mpeasio)keHa  MA€d  UCIHOJB30BaTh  IUIACTUHBI  IUIACTHKA
(ITonmaTUnentepedranar) B kKauecTBE HEIMHEHHOTO 31eMeHTa. VccnenoBaHHbIe HEJTMHEHHbIE
CBOMCTBAa M OJHOPOJHOCTb ONTHYECKOM TOJIIMHBI CBHUJETEIbCTBOBAIU O MPUTOAHOCTH
JAHHOTO  TPOMBILUICHHO-NIPOU3BOAMMOro Marepuana 11 SPM. [lnga  nposeneHus
IKCIIEPUMEHTA [0 YKOPOUEHUIO Ja3€PHOTI0 UMITYJIbCca ObLIIM U3MEPEHBI JUCTIEPCUsl MaTepHana
HoJMATUIIeHTepadTanaT W OTpULATeNbHast JUCIEpPCHUs YHUPNUPYIOLMX 3epkai. VM3mepenus
NPOBOJWINCH C HWCIOJB30BAHUEM H3IMYYeHHS (HDEMTOCEKYHIHOTO 3aJafoIIero TreHepaTopa
Ti:sapfire ¢ nentpanbHOil anuHON BoiHBI 910 HM. /laHHas BenuumHa ObUTa M3MEpEHa MO
3aBHCUMOCTH JUTHTEIBHOCTH aBTOKOPPEISIMOHHONW (YHKIUM OT KOJHMYECTBA IUIACTHH
IUTACTHKA U OTPAKEHUH OT YMPNMPYIOLUIMX 3€pKajl, TaK *e ObUl MpOBEIEH CPABHUTEIIbHBIN
aHAJIN3 C 3HAYEHUEM JIMCIIEPCHUHU JUIS U3BECTHOIO MaTepuaia ontuueckoro crekia K8.

Ha ocHoBe Bcex cOOpaHHBIX SKCIIEPUMEHTAIbHBIX JaHHBIX ObLIa ONpeeeHa BeIuunHa
onTUMaJIbHOU (pa3oBoii Koppekuuu. [IpoBesieH FIKCIIEPUMEHT 110 YMEHBLIECHUIO AJIUTEIbHOCTH
Ja3€pHOr0 MMITYJIbCA Ha BBIXOZE IE€TaBATTHOM JIa3epHOM cucTeMbl. B xozxe uccnenoBaHus
OBLJIO JIOCTMTHYTO IIOYTH JIBYKPaTHOE YMEHBIICHHWE JUIMTEIBHOCTH MMITyJbCca IIOCTIE
IIPOXOXACHHUS IIJIACTUHBI IUTACTUKA U HECKOJIBKUX OTPAKEHUIN OT YMPIUPYIOLIUX 3EpKaJl.
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CHHOHTAHHOE ®OPMHUPOBAHHUE KBAJIPATHOH PEIIETKHA ONITUYECKHUX
BUXPEHU B MOJEJIX HIMPOKOAIIEPTYPHOI'O JIABEPA

Kpenn A.A.l’z, AHuuKoB I[.A.1 , ITaxoMoB A.B.'?
krenz86mailu.ru
1CaMapCKI/Iﬁ I'ocynapctBennblii Aspokocmudeckuil Y HuBepcutet, Camapa, Poccust
2CaMapCKI/Iﬁ ¢uman Ousnueckoro uncturyra PAH, Camapa, Poccust

B pabore mnpoBeneHO TEOpPETUYECKOE HCCIEIOBAaHUE CIIOHTAHHOTO (HOPMHUPOBAHHS
KBaJpaTHON pemeTku ontudeckux Buxped (KPB) B Mozenu mmpokoamepTypHOTO jasepa.
Nzyuanoces popmupoBanue KPB B mmpokoanepTypHOM JABYXYpPOBHEBOM JIa3epe C OJHOPOIHO
VIIUPEHHOW JWHWEH, paboTallieM Ha €eIMHCTBEHHOW NPOJ0JIbHOW Moje. Takoi jasep
OMMCHIBaeTCS cuUcTeMoM ypaBHeHuM MakcBemna-binoxa (MB), B KOTOpyio BKIIOYEH
JBYMEPHBII JIarjacuaH, ONUCHIBAIOIIMNA AU(paKLIKI0 U3TYyUYEHHs B MOMEPEUYHON IUIOCKOCTH,
YTO TMIO3BOJISIET OIUCHIBaTh (HOPMUPOBAHHE JBYMEPHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
ONTHUYECKUX CTPYKTYp. B cilyyae UCKIIFOUEHHs MPOCTPAHCTBEHHBIX ITPOU3BOAHBIX Mozesb Mb
U30MOp(pHA XOPOIIO M3BECTHOM B rMApOIUHAMUKE Mojenu JlopeHia, mo3ToMy Takou jaszep
4acTO Ha3bIBAIOT JiazepoM JlopeHia- X akeHa.

[TpocreiimuM pemeHneM ypaBHeHu MDb siBisiercst pemieHue Buga Oeryiieil BOJHBI.
@uU3HYECKN TaKOE PEIICHUE COOTBETCTBYET T'€HEPALUH HU3IIyYEHUS MO HEKOTOPBIM YIJIOM K
ocu pe3oHatopa. Kpome Toro takas Oerymasi BOJHa IO CBOEMY BHIYy H MEXaHH3MY
dbopmupoBaHus OJIM3Ka K BajlaM, SBJISTFOIITUMCS pernieHueM ypaBHeHuss Cudra-XoxeHnoepra B
TUIPOJIMHAMUKE.

[Tonepeynasi MIOCKOCTh HIMPOKOANEPTYPHOTO Jiazepa M3omMopdHa, MOITOMY Oeryuue
BOJIHBI MOTYT PaclpOCTpPaHATHCS B IPOM3BOJIBHOM HANpaBICHUHM. XOPOIIO H3BECTHO, YTO
KPB ¢opmupyetcst B pesyibTaTe HEIMHEHHOTO B3aMMOJCUCTBHUS YETHIpEX OETyIIMX BOJIH,
BOJIHOBBIE BEKTOpPA KOTOPBIX HAIPABJICHbI B3aMMHO NEPIECHANUKYISAPHO H 00pa3yIoT KBajpar.
B cnyuae ecnu mapamerp ja3epHOM Hakaykd OJNM30K K MOPOTOBOMY 3HAUYEHHIO, MOXKHO
CUMTaTh aMIUIMTYJbl B3aUMOJEHCTBYIOIIMX MOJ MajblM mapameTpoMm. Torma mnpu
PacCMOTPEHUH B3aUMOJIEUCTBUS YETHIPEX BOJIH MOXHO OTPAaHUUYUTHCS C€1a00 HETWHEHHBIM
npuOIMKeHneM, U OTOPOCUTH cjaraembple BBICHIMX TOPSIKOB MaylocTH. Takoi moaxon
MO3BOJIMJI TIOKa3aTh, 4TO B Moaenun MB mpu Hakauke OJM3KON K MOPOTOBOMY 3HAUYCHHIO
CYIIECTBYET pelieHue Bujaa craruoHapHod KPB, ycroiiunBoe mO OTHONIEHHIO K MajbiM
BO3MYILIEHUSAM. YJal0Ch ONPENEIUTh PACCTOSHUE MEKIY COCEIHUMHU BUXPSIMH, TAKKE
MOKa3aHo, YTO 00Pa3yIOTCs ONTUYECKHE BUXPH IIEPBOTO OPSIIKA.

IIpn Hakaukax JajeKkux OT NOPOrOBOrO 3HAYEHUS, OINHMCAHHBIA BBIIIE METOJ
OKa3bIBaeTCsl HempuMeHUM. B paboTe ynanoch MONYy4YHUTh aHATUTUYECKOE DPELICHHE BUAA
crauonapHoii KPB B caydae cunbHOM HenuHeHOCTH. C  MOMOIIBIO YHCICHHOTO
MOJECIIMPOBAHUsS IIOJHOM pacIpelelleHHON CHUCTeMbl ypaBHeHMM MDb, mokaszaHo xopomiee
COOTBETCTBUE aHATUTHUYECKOTO PEIICHUS U YUCIEHHBIX PE3YJIBTATOB.

VYkazana o01acTh Ja3epHBIX MapaMeTpoB, B KOTOpoil craumonHapHas KPB Ttepser
YCTOMYMBOCTb. B TakoMm ciydae ONTHYECKHME BHUXPH HAUYMHAKOT JABUIAThCS BOKPYT CBOMX
MOJIOKEHUH PAaBHOBECHUS IO TPAEKTOPHUSAM, OMU3KUM K OKpYXHOCTAM. OrmpeneneHa 4actora
TaKUX KOJIeOaHMII.

Pabota wactmuno mnonaepkana MuHoOpHayku P® mo IIporpamme mOBBIIICHHS
koHKypeHnTocrocooHoctr CI'AY na 2013-2020 rr. u ['ocymapcTBEeHHOMY 3aJIaHUIO By3aM U

Hay4YHBIM OpraHu3alnusM B cdepe HayuyHOU jaeaTenbHOCTH, mpoekT 1451, HUP Ne['P
114091840046, rpantom PODU 16-32-60151 mon_a_ax.
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PEHTI'EHOBCKHUE IIETJIX B KOPOHE KPACHOI'O KAPJIUKA AD LEO

Kponmranros I1.B.
KronshtadtovPavel@yandex.ru
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropos

Hccnenyercss BO3MOXKHOE  NPOUCXOKICHHUE JUIMTENBHBIX  BCHBILIEK  MSTKOTO
PEHTTeHOBCKOTO u3MyueHUs Ha 3Be3ne AD Leo, HaOmromaBmmxcst cryTHHKOM Extreme
Ultraviolet Explorer (EUVE) B mepuox 1993-2000 rr. [Mullan et al., 2006]. Bcmbimku
XapaKTepU30BATNCh OTHOCUTENILHO OOJBIINM BPEMEHEM HApaCTaHHs U BPEMEHEM 3aTyXaHUs
MHTEHCUBHOCTU (M , COOTBETCTBEHHO), a TAK’K€ OTHOCHUTEIBHO OOJBIION BEIWYMHONH MEPHI
SMUCCHM , KOTOpas Ha 1-3 mopsaka NpeBbIIAET MEPY SMHUCCHM I BCHBIIIEK MSATKOTO
peHTreHoBckoro usnydenus Ha Connue. B pabore paccmarpuBaercss HarpeB IIa3Mbl B
KOPOHAJIBHBIX MarHUTHBIX METJISIX 3BE3/Ibl B PE3YJIbTATE TUCCUIALMM 3JIEKTPUUYECKUX TOKOB,
reHepupyeMbix  (otocepHOit KOHBeKIHeH. boiblmas WHIYKTHBHOCTh TIETENb  Kak
SKBUBAJICHTHBIX 3JIEKTPUUECKUX KOHTYpPOB OIPEAENSIeT 3HAUYUTEIbHOE BpEMsl HapacTaHUs
TOKa B UCTOYHHMKE M 0OBACHAET HaOII0aeMO€e BpeMsl HarpeBa IJla3Mbl U BpeMsl HapacTaHUs
MHTEHCUBHOCTU PEHTTEHOBCKOro u3iayueHus. [lokazaHo, 4yTo mapaMeTpbl PEHTTE€HOBCKUX
UCTOYHUKOB B atMochepe AD Leo MOXXHO OOBSICHHTH B INPEINOJIOKEHUN OJHOBPEMEHHOU
«paboTeD» OOJBIIOrO KOJIMYECTBA METeNb () C AIEKTPUYECKUMHU TOKaMH , KOTopble Ha 1-3
NOpsJIKa MPEBBIIIAIOT JIEKTPUUECKUE TOKH B KOPOHAJIbHBIX MarHUTHBIX nemisx Ha CosHIe.
Takoe TmpeBBIIEHUE MOXKET OBITH CBS3aHO C TIOBBIIICHHBIMH 3HAYEHUSAMHU CKOPOCTH
dorocepHOit KOHBEKIIMH Ha 3BE3IAX TMO3AHHUX CHEKTPATBHBIX KJIACCOB MO CPAaBHEHHIO C
ConHuem.

Pabora nonnepxana rpantom POOU Ne14-02-00133.
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MOJEJIA PACIIPEJAEJEHHBIX CUCTEM C ATTPAKTOPOM THUIIA CMEIJIA-
BUJIBAMCA

Kpyrnos B.II.
kruglovyacheslav@gmail.com
CapaToBCKHil roCyJapCTBEHHBI YHUBEPCUTET,
Caparosckuii ¢punman MHCTUTYTa pafMOTEXHUKH U IeKTpoHrKd PAH

Mopenu ¢GuU3MYECKH peaqu3yeMbIX CHUCTEM ¢ aTTpakTopoM CMmeina-Bumbsmca Obutn
npeuiokeHsl HenaBHO B pabotax C.II. KysnenoBa u coaBtopos [1,2]. I'eneparopsl xaoca,
OCHOBAaHHBIE Ha ATHX CHCTEMaX, MOTYT HAlTH NMpHUMEHEHHE B 00JacTh WH(POPMAIMOHHBIX
TEXHOJIOTH, TaK KaKk B CHUJIy CTPYKTYPHOM YCTOMYMBOCTH aTTPAKTOpa HE UYBCTBUTEIbHBI K
napameTpaM, TEXHHYECKMM (IyKTyanusM ¥ I[IyMaM. BOJBIIMHCTBO TPEITIOKEHHBIX K
HACTOAIIEMY BpEMEHH MoOJeleld C TUMepOONMYECKUM XaoCOM OMNHCHIBAIOTCA CHUCTEMaMU
OOBIKHOBEHHBIX UG (GEPEeHIIMATBHBIX  YPaBHEHUH, TI03TOMY TEOPETHUECKUH HMHTEpecC
MPEACTABIISIIOT PacHpele]IEHHbIE CUCTEMBI ¢ aTTpakTopoM Cwmeitna-Bunbsamca.

UToOBl CKOHCTPYHPOBATH MOJIENb PACIPEAEICHHON CUCTEMBI ¢ arTpakTopoM CMmeiina-
BunbsamMca, Hy>)kHO TOOUTHCA, YTOOBI B Cpeie BOSHUKAIM U 3aTyXalld BOJHOBBIE CTPYKTYPBHI,
IPOCTPaHCTBEHHBIE (Da3bl KOTOPBIX IIOABEPTalOTCS  PACTATHBAIOIIEMY OTOOPaXKCHUIO
OKPY>KHOCTH.

B noxnane npeainoxkeHsl TpU MOJETHU paclpeielIeHHbIX CUCTEM ¢ aTTpakTopoM Cwmeiina-
Bunbsimca. Mopenu  ONUCHIBAIOTCA ~ YpPaBHEHHUSIMH B YacTHBIX  MPOU3BOAHBIX  C
NePUOANYECKUMH T'PaHUYHBIMU YyciaoBUsIMH. IlepBas M3 HMX aBTOHOMHAas M OCHOBAaHa Ha
monupunrpoBanHoM ypaBHeHUH CBugta-XoxeHbepra. Bropas cuctema HeaBTOHOMHas U
npencTaBisier coboil MoaudUIMPOBaHHYIO MOjaeNs bproccemsarop. TpeTss cucrema — 3TO
MOJIeTIb CTPYHBI, B KOTOPOW MapamMeTpuuecku BO30YXKAArOTCs CTos4Yue BOJHBIL. Ha ocHoBe
pacmpeseleHHbIX CHUCTeM OBUIM TIONyYEeHBl KOHEYHOMEPHBIE MOJENH, OIHCHIBAIOIINE
TUHAMHUKY HECKOJNbKUX Hauboyee Ba)KHBIX MPOCTPAHCTBEHHBIX TAapMOHHK BOJIHOBBIX
CTpykTyp. I pacnpeneneHHbIX CHUCTEM M HX KOHEUYHOMEPHBIX MPHUOIMKEHUH ObLIN
YUCJIEHHO IOCTPOEHBI IMOPTPETHl aTTPAKTOPOB B ceueHuH [lyaHkape W UTEpallMOHHBIE
auarpaMMel sl (a3, BBIYMCICHBI TOKazarenu JlsmyHoBa. {7 KOHEUHOMEPHBIX MOZEIeH
OBUTM TIOCTPOCHBI paclpeieNieHUus] yIIOB MEXKAYy YCTOWYMBBIMU M HEYCTONYHMBBHIMU
MHOTO00pa3usiMu aTTpakTopoB [3].

[TonmyueHHbIe pe3ynbTaThl MO3BOJIAIOT MPEANOIOKUTH CYIIECTBOBAHUE aTTPAKTOPA THUIIA
Cwmelina-BunbsiMmca B IpeyIOKEHHBIX cUCTeMax. MTepalMoHHbIE Juarpammsbl — JUIs
MPOCTPAHCTBEHHBIX (a3 TOMOJOTUYECKH COBIMAMAIOT C JUArpaMMOMN sl PAacTATHUBAIOIIETO
oToOpakeHHs: OKpy>kHOCTH. Crapmmii  mokaszatenb JISmyHOBa arTpakTopa KaxkIoi
MPEJIOKEHHON CUCTEMBI OM30K K IMOKa3zarento JIsSmyHoBa pacTATHUBAIOLIETO OTOOpaXEHHS
OKpyX’HOCTU. Pacnpenenenus yrioB MeEXAy  YCTOWYMBBIMU W HEYCTOMYHMBBIMU
MHOT000pPa3UsIMU aTTPAKTOPOB ISl BCEX MPEUIOKEHHBIX CUCTEM TUCTAHIIMPOBAHBI OT HYIIA,
HYJIEBBIE YTJBI OTCYTCTBYIOT. OTCYTCTBHE KacaHHWH MEXIy MHOT000pasusMH TO3BOJISIET
MpenoiaraTh, YT0 aTTPAKTOPhI CUCTEM OJTHOPOIHO TUTIEPOOINYECKUE.

1. KysnenoB C.II. Jlunamuueckuii xaoc ¥ runepOoJInveckue aTTpakTopbl: OT MaTEMATUKU K
¢uzuke. MockBa — MxeBck: IHCTUTYT KOMIIBIOTEPHBIX HccaeaoBaHui. - 2013.

2. Kysnenos C.II. // Ycnexu ¢pusznyeckux Hayk. —2011. - T. 181. - Ne 2. - C. 121.

3. Kpyrnos B.I1. / W3zBectus By3oB. [IH/. —2014. - T. 22. - Ne 6. — C. 79.
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BJIMSAHHUE CKPBITOI'O TPETBEI'O IPOHECCA HA KOJTMYECTBEHHBIE
OIIEHKH HAITPABJIEHHBIX CBA3ENU MEXIY OCHUJIVIATOPAMMN

Kpsbuios C.H.'?, CmupHOB JLAZ, Bespyuko B.IT.'?
krylov.sn@nxt.ru
lcapaTOBCKI/Iﬁ rocyaapcrBeHHblil yHusepcuret uM. H.I'. UepHbimeBckoro
anpaTOBCKI/Iﬁ ¢dumuan UPD um. B. A. KorensaukoBa PAH

KonnyecTBeHHas: OIleHKa HANpaBIICHHBIX CBsI3ei (BO3JCHCTBUIT) MEXIy KoyedaTelbHbIMU
CHUCTeMaMH MO BPEMEHHBIM pslaM BaKHa Ha IPAaKTHKE, HAapHMep B 3agadax reoU3uKd |
Heiipodmsuonornn. Hambomee dYacTo Ui 3TOrO UCHONB3YyeTCS WAES IPUYUHHOCTH TI0
I'peitnmxepy» [1]: cuctema X Bausier Ha cucteMy Y (mo I'peitHmxepy), eciau Iporuo3 0yayIero
noBe/ieHUss Y € y4yeToM JaHHbIX X TOYHEE, YeM IMPOTHO3, OCHOBAHHBIN TOJBKO HA JAHHBIX O
cucreme Y. HopmupoBannoe ymyumenue nporHoza (YII) paccMaTpuBaroT Kak OLEHKY CHIIBI
BO3/ICUCTBUSI, NpuyeM 3HaueHus YII B HECKOJBbKO NMPOIEHTOB MOTYT O3HayaTh 3HAYUTEIHHOE
JOJITOCPOYHOE BIUSHUE CBA3HM Ha quHaMuKy [2]. Henynessie YII B 06€ CTOPOHBI 4acTO CUHTAIOT
MIPU3HAKOM JIBYHAIIPABJICHHOMN CBSI3M, XOTS BO3MOXHBI U JIOKHBIE BBIBOJIbI, HAIIPUMED, B CIyYae,
KOT/Ia Ha Ha0JIf0IaeMblie TIPOIECCH BIMSIET CKPBITHIA TpeThuid mporecc. YToOsl m30erats Takou
CUTyallud, Ba)XHO YYUTHIBATH AlpPHUOPHYI0O HWH(GOPMALMI0O O HAIWYMM U JWHAMHKE TPEThei
CHCTEMBI, YTO PEAKO BO3MOXKHO. B paboTe MbI mpejaraeM B KauecTBE MPAKTUYECKU TOJIE3HOTO
MO/IX0/J1a BBIACHUTH 3aBUCUMOCTb YMCIIEHHBIX 3HaueHUM YII B JOXKHYIO CTOpPOHY OT MapaMmeTpoB
CUCTeM (BpeMEH peJlakcallid, NEepUuoJ0B KojeOaHuM, CHIIbI OJHOHAINPABJICHHOM CBS3M) U
CKPBITOTO Ipolecca Uil JOCTaTOYHO HPOCTOTO M IIMPOKOTO Kjacca KoleOaTelbHbIX CUCTEM.
3Has o0JacTH B MPOCTPAHCTBaX MapaMeTpoB st Oonbliux 3HadeHuid YII B JOXKHYIO CTOpOHY
(3h¢exT JNOXHBIX CBs3e) M MMesd XOTs Obl MPHUONMKEHHYIO alpUOPHYIO HH(GOpPMALHIO O
napameTpax CHCTEM, MOXHO CYIMTh B KaXKJIOM Cllydyae Ha NpPAKTHKE, JOCTaTOYHO JIH
WCTIONB30BaTh TPAIUIMOHHBIE OIEHKH YII mnm HyXHBI crenuanbHble moaxoasl. B pabote
MPOBEJICH TTOMCK YCIIOBHH TPOSBICHHUS 3TOTO 3 (deKkTa Ha MpuMepe 3TaJOHHON KoyeOaTeTbHOMI
CUCTEMBI — JIMHEHHBIX CTOXAaCTHYECKUX IUCCHUIIATUBHBIX OCLHWLIATOPOB C OJHOHAIPABIECHHON
CBA3BIO TMOJ JIEHCTBHUEM CKPBITOIO TPEThEro Mpolecca, 3aJaHHbIX CTOXAaCTHYECKUMU
Pa3HOCTHBIMH YPABHEHUSAMU:

‘xn = a]'xnfl +a2xn72 +5x,n +CIZVI*1
yn = blynfl + b2y1172 + kxnfl + éy,n + CZanl , (1)
Zn = a3zn71 + éy,n

riae Kodppuuuentsl a;,b1=2 cos(2n/Ty,) exp(-1/ty)) , a»,b> = -exp(-2/z.,), T — nepuoj xonedaHui,
T — BpeMs peJakcanuy, ¢ — rayCCOBCKUE B3aUMHO HEKOPPEIMPOBAaHHBIE OeJIble IIyMbI C HYJIEBBIM
CpPeIHUM M €IMHUYHON nucnepcued. 3HadeHus YII BbMHCISUINCE 4Yepe3 ONpeAcIuTeNn
MaTpUYHOW KOBapHAIIMOHHOW (YHKIIMM MHOTOMEpHOTo mporecca (1) perieHneM JIHHEWHBIX
muddepeHInaIbHBIX YPaBHEHUN 1T MOMEHTOB BToporo mopsinka [3]. [lokazano, aTo sddekr
JOXKHBIX CBsi3eil MokeT ObITh nocratouHo cwieH (YII Gomee 1% u 5%) m mpu ymepeHHOH
B3aUMHON Koppemsiuuu HaOmogaembix curHainoB (menee 0.5). CooTBercTByrOIIHEe 001acTH B
NPOCTPAHCTBE IMApPaMETPOB OKAa3aJHCh AOCTATOYHO MIMPOKU. DPQPEKT JOKHBIX CBA3EH HMEeT
MECTO B HEKOTOPOM JHMara30He 3HAYEHUH CHUJIBI BO3ACUCTBHSI TPETheH CHUCTEMBI, IIMPHHA
KOTOPOT'O PacTeT ¢ pOCTOM BPEMEHH PEeIaKCallui CKPHITOro mporiecca. [lomydeHHble pe3yabTaThl
MOJIE3HBl KaK KpPUTEpPUH HEOOXOJMMOCTH ydyeTa CKPBITOIO TPEThEro Ipolecca MpU OIEHKE
HAIpaBJICHHBIX CBs3eH Ha PaKTHKE.
Pa6ota Beimonuena npu nogaepxxkke PH® (rpant Ne 14-12-00291).

1. Granger C.W.J.// Econometrica, v. 37 (1969) 424.

2. Smirnov D.A.// Phys. Rev. E, v. 87 (2013) 042917.
3. Smirnov D.A., Mokhov LI. // Phys. Rev. E, v. 92 (2015) 042138.
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HCCJIEJOBAHUE MEXAHU3MOB ®OPMUPOBAHMS JIOKAJIM30OBAHHBIX,
CTAIIMOHAPHBIX 1 OCHUWIVINPYIOHIUX, CTPYKTYP B HEJIMHEUHBIX
JUCCHITATUBHbBIX CUCTEMAX

Ky3uenoB M.b., [Tonexaes A.A.
kuznetsovmb@mail.ru
denepanbHOE TOCYAAPCTBEHHOE OI0/KETHOE YUPEKICHNE HAYKH
Ousnueckuii uactutyT uM. [1.H.JIebenena
Poccuiickoii akanemMun Hayk

[TpocTpaHCTBEHHO-BPEMEHHBIE CTPYKTYpHI, 00pa3ylomuecss B CHUCTEMaX, NAICKHX OT
COCTOSIHUSL TEPMOJMHAMMYECKOI'O PABHOBECHsI, LIMPOKO pPACIpPOCTPAaHEHbI B MPUPOJE.
BonbIIMHCTBO BCTpEYArOIIMXCS CTPYKTYp PacHpOCTPAaHAIOTCS Ha BECh OOBEM CHUCTEMBI,
UCKJIIOUEHHE COCTABIIAIOT JIOKAJIW30BaHHbIE CTPYKTYPBl, CPEId KOTOPBIX BCTPEUAIOTCA
CTallMOHApHbIE, KOJICONIOIINECS — OCLUIUIOHBI, a TaKXKe YEIUHEHHbIE BOJIHBI — COJIUTOHBI.
Jlokanu30BaHHbIE CTPYKTYphl BCTPEUAIOTCS BO MHOXKECTBE (PU3MUYECKHUX CUCTEM, a TAKXKE B
XxuMHueckoi peakuuu benoycoa-)XXaboTuHckoro, mporekaroiieii B 00palieHHON MacistHOU
MUKpO3MyJbcuu asposois OT [1].

MBI mOKa3pIBaeM, 4TO B PEAKIUOHHO-TU(PGY3HOHHON CHCTEME, KOTOpas HaXOIUTCS
65u3Kko K cyOkpuTHueckoi Oudypkanun TeropuHra, noj AeHCTBUEM >KECTKOTO JIOKAJIbHOTO
BO30Y’KJI€HUSI BO3MOYKHO 00Opa30BaHUE YEIMHEHHBIX CTAllMOHAPHBIX CTPYKTYpP, HECMOTpS Ha
TO, YTO Maylble BO3MYIIEHMS TaKOW CHCTEMBbl 3aTyxaroT co BpemeHeM. Ilpu stom mpu
NpUOIMHKEHUU TapaMeTpOB K OM(PYPKAIMOHHBIM 3HAYCHHSIM BO3HHKAIOIINE CTPYKTYPHI
HEepecTaloT ObITh YEeAUHEHHBIMH, JJOCTPAUBAsICh CO BPEMEHEM 10 JHCCUIATUBHBIX CTPYKTYD,
3aHMMAIOIIKX BCIO 001acTh MojenupoBaHus. [Ipu BapbrpoBaHUM TapaMeTPOB HAOJIOJAIOTCS
pasinyHble THUIMBI CTPYKTYp — KaK TOYEUHbIE arperatbl, TaK U KBa3HOJHOMEpHBIE
JTaOUPUHTHBIE CTPYKTYPHI, @ TAKXKE Pa3IUUHbIE IEPEXOAHBIE PEKUMBI.

Msl npeasaraeM HOBoe (hopManbHOE MOJEIbHOE ONMCAHUE BO3HUKHOBEHMS
OCLIMJUIOHOB 4Y€pe3 MapaMEeTPUUYECKOE BIIMSAHHUE YEAMHEHHBIX CTAallMOHAPHBIX CTPYKTYD,
BO3HHMKAIOIIMX B MEPBOIl CHUCTEMEe, Ha BTOPYIO CHUCTEMY, HAaXOJSIIYyIOCS B IMOTEHIUAIBHO
KOJIeOATEITFHOM COCTOSIHUU.

1. Vanag V.K., Epstein I.R. Phys. Rev. Lett. 2004. Vol. 92 (12). 128301.
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PEKOHCTPYKLUSA IAPAMETPOB 3JIEMEHTOB ¥l APXUTEKTYPbI CBSI3Ei
B AHCAMB.JISIX CUCTEM C 3AJIEPJKKOM MO DKCINEPUMEHTAJIbHBIM
JAHHBIM

KynbmuHckuii JI.JL."%, Chicoes I.B.2, KapaBaen A.C. [Tonomapenko B.I."2
[Ipoxopos M.
kulminskydd@gmail.com
'Caparosckuii pumman MHCTHTYTa pagioTeXHHKH U 3eKTpoHHKH M. B.A. KoTenbaukoBa
PAH
2CatpaTOBCKI/H71 rocy1apCcTBeHHbIN yHUBepcuTeT nMeHu H.I'. YepHbimesckoro

[TpemioskeH HOBBIM (G (GEKTUBHBIA METOJ|, MO3BOJISIIOIIUN ONPEeNeNuTh 3HAYCHHS
apaMeTpoB DJJIEMEHTOB W apXUTEKTYpy CBs3ed B aHCAMOJIIX CHCTEM C 3alIePiKKOM,
ONHUCHIBaEMBIX UG GEpEeHIMATbHBIMU YPAaBHEHUSIMH C 3ala3/blBaHUEM, [0 BPEMEHHBIM
psanam ux kosnebaHuil. MeTon OCHOBaH Ha MUHUMH3AllUM METOJOM HaWMEHBIIMX KBaJpaToB
1eneBo (YHKIMH, XapaKTEepU3YIOLIeH PpacCTOSHUE MEXIY TOYKaMH PEKOHCTPYHpYyeMOn
HENMHEHHOHN (PyHKIIUHM, OTCOPTUPOBAHHBIMH IO BEITMYMHE aOCIHCCH. B oTnuume ot apyrux
METO/OB, pa3pabaThiBaéMbli HaMH IOAXOJ MO3BOJIIET OJHOBPEMEHHO, a HE IIOATAaIHO,
BOCCTAHABJIMBAaTh BpEMEHA 3ala3/bIBaHUS, IapaMeTpbl WHEPLHOHHOCTH, HEIMHEHHbIE
GyHKIMU U KO3((UIIMEHTH CBSI3U BCEX 3JIeMEHTOB aHcamOis. OTKa3 OT MCIOJIb30BAaHHOTO
HaMHU paHEe MTEPALMIOHHOTO alIropuTMa Ui PEKOHCTPYKLHU apXUTEKTypbl cBsa3eil [1]
NO3BOJMJ Ha TOPSNOK YBEIMYUTh CKOPOCTh paboTel Meroxa. J[lnsg pasnpenenus
BOCCTAaHOBJICHHBIX KO3()(UIIMEHTOB CBsI3M Ha JBa KiacTepa (3HAYMMBIX M HE3HAYMMBIX
K03(ppULIMEHTOB) HAMU UCHOIB30BaH MeTOJ K-cpenHux. Tak Kak B 00IIeM Cllyyae 3HauuMble
K03(pPHUIIMEHTH TI0 a0CONIOTHOW BEITMYMHE MHOTO OOJbIIe HE3HAYMMBIX, KJIacTepH3amus
BOCCTAQHOBJICHHBIX KO3()(QUIMEHTOB CBsA3M IpOBEACHA B JIOrapupMHUECKOM MaciiTade.
[Tokazano, 4To MeTOJ MOXXHO MPHUMEHSTh K aHCAMOJIAM, COCTOSLIMM U3 HEUJEHTHYHBIX
CUCTEM C 3aIla3[bIBAHUEM C IPOM3BOJIBHBIM YHCJIOM OJHOHAIIPABJICHHBIX U B3AaUMHBIX CBA3CH
MEX/y HUMH.

CoznaHa OKCIEpUMEHTAbHAs YCTaHOBKA, B KOTOPOM MOXXHO wuccienosars 10
PaAMOTEXHUYECKUX T€HEpaTOpPOB C 3ala3/bIBaloliel OoOpaTHON CBA3BIO IMPHU PA3IUYHOU
apXUTEKType CBs3eil MeXay HUMH. ['eHepaTopbl peaqnu3oBaHbl Ha 0a3ze MPOrpaMMHUPYEMbIX
MUKpOKOHTpouiepoB ¢ ARM sgpom. PazpaGoTaHHbIi METOJ YCHEIIHO TNPUMEHEH K
9KCIIEPUMEHTAILHBIM BPEMEHHBIM PSIIaM 3TOM yCTAHOBKH.

Pabota BemonaeHa npu punancoBoit nmoxnepxke PODU, rpant Ne 16-02-00091.

1. I.V. Sysoev et al. // Physical Review. E 2014. V. 89. 062911.
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NCCIEJOBAHUME XAPAKTEPUCTHUK IIEPEMEXAIOIEI'OCA ITIOBEJIEHUSA
CETH CBA3AHHBIX OCHUIIATOPOB KYPAMOTO ITPU PAZPYIIEHUU
CHUHXPOHHOI'O PEXKUMA

KoponoBckuit AA Kyposckas M.K.", XpamoB AE!?
mariakurovskava@gmail.com
1CapaTOBCKI/n?I rocyaapctBeHHbI yHuBepcutTeT uM. H. I'. YepHblilieBckoro
*CapaToBCKHil TOCYIapCTBEHHbIH TexHIuecKuii yruepcuteT um. FO.A. Tarapuna

B Hacrosiielt paboTe MpoBeIeHO YUCICHHOE HCCIEI0BaHNE TIOBEIEHUS CETH (Pa30BBIX
ocnuwuIITOpoB  KypamMoTo €O CIIOKHOW TOIOJOTHEH CBs3ed, OOCSCIeUnBaOIICH HaTHIUE
CUHXPOHHBIX KJIacTepoB B ATOM aHcaMOie. COOCTBEHHBbIE YaCTOTHI OCHUIUIATOPOB OBLIN
PaBHOMEPHO pachpe/esieHbl Ccily4yailHbIM o0pa3soM B nauamnazoHe ot 0.5 mo 1.5. beuia
pa3paboTaHa mpolieypa BbIIEICHUS] CHHXPOHHBIX KJIacTepPOB, MO3BOJISIONIAs TOYHO yKa3aTh
HOMEpa OCLWUIATOPOB, HAXOAAIIUXCS B CHUHXPOHHU3ME JPYT C JIPYIOM, a TAKKE BBLACIUTH
OCHMJUISITOPBI, KOTOPHIE JEMOHCTPUPYIOT ACHHXPOHHYIO AMHAMHKY. C MOMOUIbIO JaHHOMN
npoueaypsl ObUIM IMOJIyYEHbl 3aBHCHUMOCTH, WUIIOCTPUPYIOIIME W3MEHEHHE pa3Mepa
HauOOJIBIIIEr0 CHHXPOHHOTO KIJIACTEPa C YMEHbBIIICHUEM 3HAYCHHsI MapaMeTpa, OTBEUAIOIIETro
3a UHTEHCHBHOCTb CBSI3M MEXIY B3aUMOAEHUCTBYIOIMMH ociuuisitopamu  Kypamoto.
HeobxonmuMo OTMETHUTBH, YTO YKa3aHHBIE 3aBUCUMOCTH OBbUIM TMOMYYEHBI IS Pa3iHuHBIX
TUTIOB TOTIOJIOTHH CETH (CITydaiiHasi CeTh, MAJIbIii MUP M CBOOOJHO MacmTabupyemas CeTh), a
TaKKe AJIS Pa3IMYHBIX 110 pa3Mepy aHcaMmOiIe OCIHIIISTOPOB.

Kpowme Toro, 6b110 U3yueHO BIMSHUE XapaKTepa U MHTEHCUBHOCTU (DIyKTyauui cBsi3eit
MEXIy OJJIEMEHTaMH aHcaMOJlsl Ha pa3Mep M CTPYKTYPHYIO YCTOMYMBOCTH CHHXPOHHBIX
kjacTepoB. Ha kaxzom miare mo BpeMEHH K HEKOTOPOMY OIOPHOMY 3HA4EHMIO Mapamerpa
CBSI3M MPUOABISAIOCH 3HAUCHUE CIIyYaliHON BENWYMHBI, paclpele]IeHHONW MO CTaHAApTHOMY
HOpMaJIbHOMY 3aKOHY, YMHO)KEHHOE€ Ha (PMKCHPOBAHHYIO BEJIWYHHY D, MpEACTaBISIOLIYIO
co00i1 MHTEHCUBHOCTH (mykTyauuid. HeoOxomqumo OTMETHTH, 4TO 4eM OOJbllle BIUSHUE
¢uykTyanuii Ha JWHAMHKY aHCaMOllsd, TOYHEe, HAa WHTEHCHBHOCTb CBSI3U MEXIY
OCHMJUISITOPAMH, TEM paHBIIIE HAYMHAET Pa3pyIIaTbCcs CUHXPOHHBIN PeXUM ¢ 00pa3oBaHUEM
KJIACTEPOB, pa3Mep KOTOPBIX TIIOCTENEHHO YMEHBIIAETCd C YMEHBIIEHUEM OIOPHOTO
napaMmeTpa CBsI3H.

Bo BpeMeHHBIX peanu3alusix, ONMCHIBAIOIIUX JUHAMHUKY B3aUMOJCHCTBYIOIINX
9JIEMEHTOB pPacCMaTpPUBAEMON CETH M COOTBETCTBYIOUIMX PAa3HOCTAM a3 Mexay IByMs
BbIOpaHHBIMU OCIIWJIISITOPaMH, ObUIM BBIJENIEHBl YYacTKH, COOTBETCTBYIOLME CUHXPOHHOMN
TUHAMHKe (Tak Ha3bIBaeMble JIaMUHApHbIE (a3bl). bpina momydyeHa 3aBUCHMOCTH CpenHen
JUINTEIBHOCTU JIAMUHApHBIX (a3 OT MapamMeTpa HAIKPUTHUYHOCTH, TIJI€ B KauecTBe
KPUTHUYECKOTO 3HAYCHHUs MapamMeTpa CBsI3U OBLIO MPUHATO TaKOoe 3HA4YeHHE, MPU KOTOPOM
BBIXOJIUT U3 CUHXPOHMU3MA OAMH OCLMJUISITOP, @ BCE OCTAJIbHBIE OCIMIIISATOPHI B aHcamoOie
OCTalOTCS CHHXPOHHBIMH. JlaHHAas 3aBHCHUMOCTh OblIa TOTyYyeHa KaK B OTCYTCTBUU
¢uykTyanuii, Tak U npu WX HaaumuuH. [loydeHHBIE 3aBUCHMOCTH IPEICTABISIOT COOOU
CTETNICHHOW 3aKOH C TMoKa3aTeneM cTeneHd —1,5 B oTcyTcTBUM (prnykTyauuid u —3,5 mpu ux
HaauuuK ¢ MHTEHCUBHOCTHIO D=0.01. CyiecTBoBaHNe TaKOW 3aBUCUMOCTH, HE XapaKTEPHOM
HU [ OJHOTO W3 W3BECTHBIX THUIIOB TEPEMEKAIOMIETOCS TOBEACHHS, MOXET ObITh
IPEIOI0KUTEIBHO CBA3aHO C B3AUMHBIM BIIMSHUEM OCIHIUIATOPOB aHCAMOJIS.

PaGora BeimonHeHa mpu (uHaHCOBOW moanepkke Poccuiickoro HayuHoro ¢oHaa B
YacTH W3Y4YCHHs BIMAHUS (QIYKTyalliii Ha XapaKTEPUCTHKH TOBEICHHS aHCamOJIs
ocuuuisITopoB  (mpoekt 14-12-00224), a taxke Poccuiickoro ¢onma (yHaamMeHTaIbHBIX
MCCJICIOBAHUM B YaCTH U3YUCHHUS BIMSIHUS THIIA TOMOJIOTUU CBsA3el (mpoekt 15-52-45003).
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OBb DOPEKTUBHOCTHU BEPTUKAJIBHBIX AHTEHHBIX PEHIETOK B
IHOABOJHBIX 3BYKOBBIX KAHAJIAX

JlaGytuna M.C.
labutya@mail.ru

Hwmxeroponckwuii rocynusepcutet uM. H.M.JIo6aueBckoro

HccnenoBano MOBEJICHUE byHKITUU MPOCTPAHCTBEHHOW  KOTE€PEHTHOCTH
MHOTOMOJIOBOTO ~ aKyCTHUECKOTO CHTHala B BEPTUKAIBHOM IUIOCKOCTH  CIy4ailHO-
HEOJTHOPOJHOTO TIOJIBOJHOTO 3BYKOBOTO KaHaia B MOJOBOM MPHOIMKEHWU W TIOKa3aHa ee
3aBHCHUMOCTh OT YHCJa HHEPrOHECYIIMX MOJ M XapaKTEpHbIX IJs 3aJlaHHOM AMCTaHIUU
BEJIMYUH B3aUMHBIX KOPPEIALMA MOJOBBIX aMILJTUTY 1.

[TokazaHo, 4TO BBIMTPHIII AHTEHHBI 3aBUCUT KaK OT BXOJHBIX MapaMeTpoB — IIyMa U
CUTHAJIA, TaK U OT XapaKTEPUCTUK CAaMOU PEIIETKHU.

JUis  AeMOHCTpallid  OTHOCHTEIBHOTO  YCHJIEHUS  MHOTOMOJOBOTO  CHUTHala
BEPTUKAJILHOM AHTEHHOW PELIECTKU B CIIy4allHO-HEOJHOPOJAHOM KaHAJle C Y4E€TOM MOJOBOIO
nrymMa, OOYCJIOBJIEHHOTO HAJIMYUEM IIYMOBBIX HCTOYHUKOB B IPHUIIOBEPXHOCTHOM CIIO€
KaHajma, OBUIM  HCIOJNB30BAaHBI HM3BECTHBIE MOJAETH  (PYHKIHH IPOCTPAHCTBEHHOM
KOTEPEHTHOCTH IITyMa, MmojTydeHHbie B pabotax Kpona-lllepmana u Kynepmana-Marenuro.

JlokazaHo, 4TO MO Mepe YBEJIWYEHUSI KOT€PEHTHOCTH MHOIOMOJOBOTO CHUTHala, a
TaK)Ke TpU pa3fesieHud CHUTHajla W IIyMa B MPOCTPAHCTBE BOJHOBBIX YHCEN, BO3pPAcTaeT
KOX(PPUITUEHT YCUIICHHUS TPUEMHON BEPTUKAILHON aHTEHHBI.

MonenupoBaHue Mokaszajio, yTo (PyHKLHS KOI€pEeHTHOCTH CHTHajla B BEPTHUKaIbHOU
IJIOCKOCTH MOJBOJHOIO 3BYKOBOI'O KaHaja YW OTBEUAIOUIMK € OTKIMK AHTEHHOW PELIETKU
CYIIECTBEHHBIM 00pa30M 3aBHCAT OT KIIOUEBBIX (M3UYECKUX (PAaKTOPOB PACIPOCTPAHCHHUS:
XapakTepa CHEKTpa IMONEPEUYHbIX BOJHOBBIX YHCEI, CIIEKTPAa MHTEHCUBHOCTEH CHUTHAIBHBIX
MOJ W XapaKTepHOTO (IJIs MaHHOW NHUCTAHIMHM) MacimTaba MEXKMOJOBBIX KOPPEISITUH.
CrnenoBaTenbHO, AalPUOPHBIE OLIEHKU COOTBETCTBYIOIIUX MapaMeTPOB SBIISIIOTCS OCHOBOM ISt
OLICHKH J(P(EKTUBHOCTH AaHTEHHBIX pEHIETOK B  peajbHBIX YCIOBUSX JaJbHETO
pacrpocTpaHeHUs CUTHAJa B OKEaHe.

PaGora BbIMOIHEHa B pamMkax ©a30BOM YacTH TOCYNApCTBEHHOIO 3aJaHUs Ha
BBINOJIHEHHE TOCYAAPCTBEHHBIX paboT B chepe HayuHoi aesrenbHocTH (Ne2014/134, mpoekt
1822).
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PAMAHOBCKASA CAMOKOMIIPECCHUAA JIABEPHBIX UMITYJIBCOB B IIVIABME

Jlesun JI.C.”
levdmit@gmail.com
Hwxeropoackuii rocynapctBeHnsiil yauepeuteT uM. H.W. JIo6aueBckoro (HHI'Y)

TpaaMLIMOHHO KOMIIpeCCHsl JIa3epHBIX HMIIYJbCOB IIPU OOpaTHOM paMaHOBCKOM
paccessHUM ONMCHIBAE€TCS TPEXBOJHOBBIMU YPaBHEHMSMHM JUIsl  aMIUIMTYJ ~ Ja3€pHBIX
UMITYJIbCOB M IJIa3MEHHBIX KojeOaHui. [Ipy 3ToM He yuuThIBatoTCs A3PPEKTHI, MPUBOIAIINE K
OTNIPOKU/IBIBAHUIO TJIA3MEHHOMN BOJIHBI.

Mexny TeM, ONpPOKHIBIBAHWE IIJIa3MEHHOM BOJHBI HPHU KOMIIPECCHM JIA3€PHBIX
UMITYJIbCOB MOKET IPUBOAUTH K 3(PPEKTUBHOMY YKOPOUEHHIO BBIXOJHOI'O UMITyJIbCa 3a CUET
HEJIMHEHHOT0 «BBIKJIIIOUEHHUS» PaMaHOBCKOIO pacraja B 3aJHEHl 4acTH HUMIIyJbca, 4TO
HO3BOJISIET YBEITUYUTh €70 MOLTHOCTb.

B nanHO#l paboTe paccMaTpHBaeTCsl paMaHOBCKAs KOMIIPECCHUs C y4E€TOM IJIa3MEHHOM
JUCTIEPCUHM U ONPOKHUJABIBAHMSA IJIa3MEHHOH BOJHBI B paMKax TI'MIPOJAWHAMHYECKOTO
onucanusa. Kak M B KIIaCCMUYECKOM OINMCAHUU, MCIONB3YETCS KBa3UMOHOXPOMAaTHUYECKOE
npuOIMKeHUWe A BOJH JIA3epHBIX HMIIYJIbCOB M IUIA3MEHHBIX KOJeOaHWH, a Tarxke
HEPEJSITUBUCTCKUM Mpeaes.

[Tna3mMeHHble KOJIEOAHUS B JaHHOW pPabOTE OMHUCHIBAIOTCS C MOMOINBIO JBYX BOJH:
IUIOTHOCTH W CKOpPOCTH. B BN pemeHus ObUIM BBEIEHBI TaK)KE€ AHAJIOTUYHBIC BOJHBI C
yABOCHHOH uyacToTOM. bmarogapss 3TomMy ObUIM MOJY4YEHBl YPaBHEHUS Ha AaMIUIMTYJIbI
IUIa3MEHHBIX KOJeOaHUN ¢ KyOMYHOM HEIMHEHHOCThIO, KOTOpask MOXKET MPUBOJUTH K HAaOery
(a3pl, IPUBOJAIIEMY K OIPOKHUABIBAHUIO IIA3MEHHOM BOJIHBI.

B nanHoll paboTe NpeanonoXeHuss 0 HEIMHEWHOM OTKJIMKE Cpeibl, MPUBOJALIEM K
3¢ (EeKTUBHOMY HapyIICHUIO YCJIOBUH TPEXBOJHOBOIO CHHXPOHM3Ma M  YKOPOUYCHMIO
BBIXOJHOTO  JIa3€pHOTO WMIYJbCa, OBUIM TPOBEPEHBI C IOMOMIBIO  YUCIEHHOTO
MOJIEIIUPOBAHMSL.

B pesynbrare Obul MOIy4YeH BUJ MMITYJICOB NPHU Pa3IMYHBIX 3HAUYEHUSAX MAapaMeTpPOB
3agaun. Taxke ObUIa U3yyeHa 3aBUCUMOCTh MaKCUMaJIbHOW MOILTHOCTH BBIXOHOTO UMITYJIbCa
1 3¢ (peKTUBHOCTH €ro reHepanry OT IIa3MEHHOMN YacTOTHI.

JlanHas pa®oTta MOXXeT OBITh IOJE3HA AJS ONpENeeHUs] ONTUMANbHBIX MapaMeTpoB
IU1a3MBbl [IPU FEHEPALIMU MOIIHBIX U KOPOTKHX JIA3€PHBIX UMITYJIbCOB.
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3ABUCUMOCTDb KOPPUINUEHTA PETPECCUUN MEXIY
MEXIIVIAHETHBIM U MATHUTOC®EPHBIM ITOJIEM BY OT KPUTEPUEB
BbIBOPA BA3bl JAHHbIX

JIykun A.C., IletpykoBuy A.A.
apetruko@iki.rssi.ru
NKU PAH, Mocksa

A3uMyTanbHasT KOMIIOHEHTAa MAarHUTHOTO TOJs B XBocTe MarHuTochepsl By (B
HANpaBJICHUU 3amaj-BOCTOK) OINpPEAENseTCs, B OCHOBHOM, aHAJIOTHYHOM KOMITOHEHTOM
MEXIIJIAHETHOTO MAarHUTHOTO TIOJISL U IMHAMHUKON MarHuTocdepsl. [1o HabmoaeHUSIM TpoeKTa
Geotail 1995-2005 rr copmupoBaHa 0a3a JaHHBIX, TO3BOJIAIOINIAS aHAIM3UPOBATH BIUSHUE
pa3TUYHBIX (AaKTOPOB HA 3aBUCUMOCTH MarHuTocqepHoro moyisi Bym u mexmianeTHoro Byi.
[Tokazano, yto kK03 duIMeHT perpeccun Mexay Bym u Byi 3aBucur ot ycrnoBuii BeiOOpa
Habopa JaHHBIX Uil aHanu3a. HaGop, COCTaBICHHBINA TOJBKO IO MEPECEUCHHUSIM CITyTHUKOM
9KBATOPHUAIBFHOM TJIOCKOCTH 1O MarHUTHBIM HAOJIOJICHUSM, BKIIIOYAET OOJbIIEe M3MEPECHHIA,
CIACIAHHBIX B MAarHUTOAKTUBHBIN Tepuoja (MpU IOKHOM MEXKIUIAHETHOM TIOJIe), Koraa
KOHUTypalusi XBOCTa MOCTOSHHO MeHsieTcs. HaOop, cOCTaBleHHBIM W3 IMTEIBHBIX
MEPECEUCHUI CITyTHUKOM TUIa3MEHHOTO CJI0s (TPHIKBATOPHAILHOM 30HBI), BKIIOYAET OOJIbIIE
U3MEPEHM, CAEeNaHHBIX B MarHUTOCIOKOWHBIA TepuoA. B pesynbraTe paccmaTpuBaeMblit
KOA(P(UITUEHT PErPecCHr 3HAYUMO OTIUYACTCS JUIS JIBYX HAOOPOB JaHHBIX, YTO CBSI3aHO C
HAJIMYUEM HEKOTOPOro ycuaeHHs: Bym B MarHUTOaKTUBHOE BpeMs.
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NCCIEJOBAHUE KHHETHUYECKUX D®PEKTOB B IMHAMUKE NOHOB B
SAMKHYTBIX MAT'HUTOIIJIASMEHHBIX KOHOUT'YPAIIUAX C IIUPOM
MATHUTHOI'O IIOJIA

Mausixus A.10.', ['puropenko E.E.!, Manosa X.B."?
anmaurdreg@gmail.com
HUKU PAH, r. MockBa
MOTHU (I'Y) r. Honronpyansiii, MO
HUUAD (MI'Y) um. CrkobenblibiHa T. MOCKBa

MHOrO4HCICHHBIE CITyTHUKOBBIC HAOIIOIEHUS MTOKA3aJld, YTO B XBOCTE MarHUTOC(EPHI
3eMii JOBOJIBHO 4acTO HAOIIOAAIOTCS 3aMKHYThIe MAarHUTOILUIa3MEHHbIE KOHPUTYpALIUK TUTIA
IJIa3MOMJI0OB M MATHUTHBIX OCTPOBOB C HEHYJIEBOM KOMIIOHEHTOH By. Ilenbto qanHoil paGoTs
SBIISIETCS M3yUYEHHE KUHETHUYECKUX OCOOEHHOCTEW AMHAMUKH HeaqnabaTUYecKMX HOHOB B
tokoBoM cioe (TC) BHyTpu mazmonaa(oB) u 3¢(HEKTOB MPOCTPAHCTBEHHOTO PaCIpeIeTICHHS
YacTHIl B TakuX KoHpurypamusx. g sToro ObUIM HCCIENOBaHBI TPACKTOPUU TECTOBBIX
HoHOB pasmuubbix Macc (H u O) B 3a71aHHON MAarHUTHOH KOH(UIYPALMH C €IHHAYHEIM
CTAIIOHAPHBIM TUIa3MOUIOM, HAXOSIIUMCS C XBOCTOBOW CTOPOHBI OT ONMKHEH MarHUTHOMN
X-muann. B pabore wmcmonmp3oBasiach MOJENbh OOpamI€HHOTO MAarHUTHOTO TIOJs, Ha
HEBO3MYLIEHHYI0 KOHpUrypauuto koroporo (B«(z), By=0, B,~const) HaknagsiBanace B,(x)-
Bapuanus, OO0eCIeUnBamas HaM IUIa3MOUI0-TIOO0OHYI0 KOH(MUTYpaIiio, B KOTOpPOH
By=const. Takxe Be3ge B CUCTeME MPUCYTCTBOBAIO IIOCTOSIHHOE M OJHOPOIHOE
anexTpudeckoe nojue yrpo-sedep (Ey=0.1 MB/m). Cunranocs, yro nons! npuxoaar B TC us3
BBICOKOIIMPOTHBIX JOJEi XBocTa ¢ HadainbHbIMU Heprusmu 2003B. bbuio mokazano yto B
IUIa3MOMIe, pa3Mep KOTOPOTO MPEBBIMIACT JIAPMOPOBCKUI pamamyc moHoB B TC, xapakrep
JBUKCHHSI HOHOB 3aBUCUT OT HadallbHBIX MapaMeTpoB (Macca, SHEeprus, MuT4-yroi, dasa) u
oT X-kKoopauHatel TOYkH Bi€éta B TC. B 3aBUCHMOCTH OT NIEpEYHCICHHBIX TApaMETPOB HOHBI
MOTYT IMOO 3aTSArMBaThCsi B IUIA3MOUA, OO orubaTth ero. MoHbI, momaBiive BHYTPh
TUTa3MOM/Ia, 3aXBATHIBAIOTCA B HEM, U B pe3yJIbTaTe HEAAHadaTHIECKOro B3aWMOJEHCTBHSA C
TC, mBWXyTCS BIOJIb ANEKTPUUYECKOTO MO yTpO-Beuep, Habupas sHepruro. OrpaHuyeHue
IUTa3MOMIa B HAINPABICHUH YTPO-BEUYEep HAKIIAABIBACT OTPAHWYCHHE HA BEIUYMHY SHEPIHU
Habupaemoii noHamu. OJHAKO, HAIl aHATTU3 MTOKA3aJl YTO CYHIECTBYET IPYIINa HOHOB, KOTOpas
BBIXOJISl Yepe3 BeUepHUil (UIaHT TUIa3MOMJIA, MOXKET BHOBb 3aTSAHYThCS B Hero. Beenenue B
MOJIeJIb MATHUTHOW KOH(UTYpalUU TUIa3MOUJA CIBUTOBOW KOMIOHEHTHI MAarHMUTHOTO TMOJIS
(By) mpUBOIUT K 3HAUUTEILHOMY U3MEHEHUIO JUHAMUKU MOHOB, U MOSBICHUIO aCUMMETPUH
“ceBep-10r”’ B paclpeieNeHUH YacTUIl B3aUMOJICHCTBYIOMIMX C TOKOBBIM CJIOEM IJIa3MOHJA,
KOTOpash 3aBUCHT OT aMIuuTyasl By. IlodydeHbl HpOCTpaHCTBEHHBIE pacHpeeseHUs
IUIOTHOCTH YaCTHLL A7l Pa3IMUHBIX aMILIUTY ] By.
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BJIUSHUE KPUBU3HBI BOTHOBOT'O ®POHTA HA ITPOIECC
®UJIAMEHTAIIAN CO®OKYCHPOBAHHOTO ®EMTOCEKYHJIHOT'O
AMITYJILCA BJIMKHETO UK TUAITA3ZOHA B KOHJIEHCHPOBAHHOM
CPEJIE

Mapees E.U., [Toremxun @.B., ['opauenko B.M.
mareev.evgeniy@physics.msu.ru
MJIL u pusnueckuit paxynsrer MI'Y um. M.B. Jlomonocosa

dunamMeHTanus yIbTPaKOPOTKHUX JIa3€PHBIX MMITYJIBCOB — OHO W3 Hambosee OypHO
Pa3BUBAIOIIMXCS HAMPABICHUM B HEIMHEHHOM onTrke. Ho M3-3a MHOrooOpasus 1 CIOXKHOCTU
MHOTOUHUCIIEHHBIX IPOLECCOB, 3aJal0IlUX paclpocTpaHeHue (¢uiIaMeHTa B cpele MHOIMe
aCIeKThl 3TOTO SIBJICHUS JO CHUX TOp OCTaloTcs HEsCHBIMH [1]. OcCOOEHHO SBHO 3TO
BBIP@)KAETCS] TPU BBICOKMX MOIIHOCTAX JIA3€PHOTO MMITyldbca U (UIAMEHTallud B
KOHJICHCUPOBaHHBIX cpefax, korma P>>Pcr. B 3THX ycCloOBUSX MOTYT peaau30BbIBATHCS
cneuuduyeckre pexxuMbl (UIAMEHTalUM, Takue Kak cynepduiaamentanus [2]. B nanHoi
paboTe MBI pPAacCMOTPUM BIIMSHUE PACXOAUMOCTH JIA3€PHOIO M3IY4YEHHs] Ha IPOLECCHI
pacripocTpaHeHus: (puramMeHTa B KOHJCHCHPOBAaHHOHM cpene. M3MmeHss monoxeHus Qokyca
JIMH3bI, Ml MEHSUIM KPUBHU3HY BOJIHOBOIO ()pOHTAa U MHTEHCHUBHOCTb Ha BXOZE B CPELy, TEM
cCaMbIM MEHSS COOTHOLICHHE MEXIY KEppOBCKOH caMO(pOKYCHPOBKOHM, IIa3MEHHOU
nedokycupoBkoii W audpaknmeid. ITO 3HAYMTEITBHBIM 00pa3oM BIUSET HA CICKTP
KoHH4Yeckoi smuccun. Kpome Toro, xorna Oomnplias 4acTh MEPETSIKKU JIA3€PHOTO U3ITYUCHUS
HAXOJUTCS B BO3/1yX€, a HE B 00pa3lie (Tak Ha3bIBaEMbI PEXKUM JBYXKOMIIOHEHTHOH Cpelibl),
3¢ GEKTUBHOCTh TeHEepallMd CYyNEpKOHTHHyyMa Bo3pacTaeT. duiaMmeHTanus B pexuMe
«IIByXKOMITOHGHTHOW  CpeAb» NPUBOTUT K  YBEIWYCHUIO D(PPEKTUBHOW  UIMHBI
B3aUMOJICMCTBUS M, KakK CIEACTBUE, YBEIMYEHUIO 3((EeKTUBHOCTH IpeodOpa3oBaHus
OCHOBHOTI'O M3JIy4YEHHS B U3IyUYEHUS CyNepKOHTHHYyMa. OCOOEHHO SIPKO 3TO BBIpaXkaeTcs MpU
ManbiX (<5SMk/[k) u oueHb 6onbmux (>50Mk/Ix) sHEprusix gazepHoOro ummynbsca. [Ipu Mambix
JHEpPrusiX B cilyyae, Koraa (OKyc JIMH3bl HAXOAMUTCS B Cpele I'eHepalu CyNepKOHTHHYyMa
(CK) eie He MpOUCXOINT, a IpU OOJBIIMX YHEPTUAX HAYMHAET MOBpEXkaaThes cpeaa. Kpome
TOTO, B PEXHUME JBYXKOMIIOHEHTHOH Cpenbl CIEKTpP CYNEpPKOHTHHYyMa CYLIECTBEHHBIM
00pa3oM OTIMYAETCSl OT CIEKTPOB CYNEPKOHTHHYyMa, MOJYYEHHBIX, Korga (OKyC JIMH3BI
pacnojokeH B cpele. A MMEHHO: OH UMeeT 0oJjiee BBICOKOIHEPTUTUYHOE «CHHEE KPbLIO,
oxHako B obmactu 700-900 HM ero crieKTpalibHas SPKOCTh MEHBIIIE.

[1] Lim K, Durand M, Baudelet M and Richardson M 2014 Transition from linear- to
nonlinear-focusing regime in filamentation Sci. Rep. 4 7217

[2]  Potemkin F V, Mareev E I, Podshivalov A A and Gordienko V M 2015 Highly
extended high density filaments in tight focusing geometry in water: from
femtoseconds to microseconds New J. Phys. 17 053010

94


mailto:mareev.evgeniy@physics.msu.ru

BJIMAHUE TYMOB HAKAYKH HA ITPOIECC ®OPMUPOBAHUA
SAITYTAHHBIX COCTOSSHUI APAMETPUYECKH CBSI3AHHBIX
KBAHTOBBIX OCIHHUJIVIATOPOB

MapteiHoB B.O.
votolm@gmail.com
WNucturyT npuxnannoi ¢usuku PAH, Hwkanit HoBropos

B mocnennee Bpemsi aKTUBHO OOCY’KIAeTCsl HMCIOJNb30BAHHE AKTHUBHBIX CUCTEM [
dbopMupOBaHUsA JOJTOXKMBYILIUX 3alMlyTaHHBIX cocTosHU [1-4]. B nmanHoit pabote
paccmaTpuBaercs  mporecc  (GOPMHUPOBAHMS  3allyTaHHBIX  COCTOSIHUML B CHUCTEME
napaMeTpUUecKH CBSI3aHHBIX KBAaHTOBBIX OCHWJUISATOPOB, TOMEIICHHBIX B TEIUIOBOM
pe3epByap ¢ KOHEUHOHM Temmeparypoir 7. DTa cucTeMa yXe pacCMaTpuBajiach B KOHTEKCTE
reHepaluy 3alyTaHHBIX COCTOSHMM B pabotax [2-4]. OminyueM NpesioKeHHOH paboThl
ABJISIETCS McTIoJIb3oBaHue hopmanu3ma [ eitzenOepra-Jlamxesena [S], a Takke y4eT KOHCUHOU
CHEKTPAIbHOM IIUPHHEI IIIyMa B TapaMeTpUUECKOil Hakauke. B kauecTBe Mephl 3allyTAHHOCTH
MCII0JIH30BAJIACh JIOTapu(PMUUYECKast OTPUIATEIBHOCTD Ey [6].

[Ipy wuccneqoBaHWM YAaCTHOTO Cly4yasi HYJIEBOW CIEKTpajdbHOW IIHUPHUHBI IIyma
(abconOTHO KOTEpEeHTHAasi HaKauka) pe3ysbTaThl COBMAIAIOT C MPEICTABICHHBIMU B paboTe
[2]. B yacTHOCTM AEMOHCTPUPYETCS HAIMYUE CTAIIMOHAPHOTO 3allyTaHHOTO COCTOSHUS B
cucrteMe, ¢ OECKOHEYHBIM BPEMEHEM JKU3HU. DTO COCTOSIHUE (DOPMUPYETCS, €CITH aMILTUTYAa
napaMeTprUuecKoi HaKayKu & MPEBBIIIAET HEKOTOPOE KPUTHUECKOE 3HAUCHHE, OTIPEeNIieMOe

TEeMIIepaTypoii pesepByapa &,, =4 kT / ha] , @, - vactora ocuuwsTopos. [Ipu HanMuMK UryMa

B HaKayke, BpeMs JKU3HMU ONMCAHHBIX BBILIE COCTOSHUN CTAaHOBUTCS KOHEUYHBIM. [Ipu 3TOM
CYILIECTBYET HEKOTOPOE NOPOrOBOE 3HAYEHHUE CIEKTPAJIBHOM IIMPHUHBI IIyMa, P KOTOPOH
BpeMs KH3HH oOpamaercs B HOJb, TO €CTh 3allyTaHHOCTh B CHCTEME HE TMOsBiseTcs. TyT
HaJ0 OTMETUTb, YTO II0 MEPE YMEHBIIECHHS AaMIUINTYAbl HAaKauyku [O KPUTHUYECKOH,
IMPOUCXOAUT YMEHBUIEHHE OPOrOBOM CIIEKTPAIIbHON MIMPUHBI irymMa. OTHOBPEMEHHO C 3TUM
npu (UKCHpPOBaHHOW TeMmIepaType M IIMPUHE JMHUU W3IY4YeHHs HAKauyKd MaKCHUMallbHOE
BpeMs J)KU3HHU 3aIllyTaHHOTO COCTOSIHMA OyAeT NMpH & BOIM3M KPUTUYECKOTO 3HAYEHMS, a IpU
YBEJIMYEHUHU 3TOr0 MapaMeTpa BpeMs KU3HU Oyzaer yOblBaTh, B Ipezene 10 Hyss. Taxxke
3/1eCh HAJI0 YYUTHIBATh, YTO C TOYKU 3PEHUS MPUIIOKEHUN BaXKEH HE TOJIBKO (DAKT HAIUUMSA
3allyTAaHHOCTH B CHCTEME, HO U €€ KadeCTBO, ompezeisieMoe 3HadyeHueM En. OTtmerum, 4to
IIPU YBEJIWYEHUM CWJIBI HAaKauKM OT KPUTHUYECKOIO 3HA4€HUs, EN HENpPEPBIBHO PACTET OT
HYJICBOT'O 3HAYEHUS, COOTBETCTBYIOIIETO &p.

1. V. Vedral // Nature, 2010, Vol. 468, 769.

2. F. Galve, L. A. Pachon and D. Zueco // Phys. Rev. Lett., 2010, Vol. 105(18), 180501.
3. R. Schmidt, J. T. Stockburger, J. Ankerhold // Phys. Rev. A, 88, 052321, 2013
4.T.F.Roque, J. A. Roversi / Phys. Rev. A, 88, 032114, 2013

5. Ckammu M. O., 3y6atipu M. C. KBanrtoBas ontuka // M.: ®usmarmut, 2003.

6. Vidal G., Werner R. F. // Phys. Rev. A 65, 032314 (2002).
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Ob YCTOMYHUBOCTH HAHQPHOI7I BEPTUKAJIbHOW ®NJIBTPAIIMY CMECH
B IOPUCTOM CPEJIE C YYETOM 3AKYIIOPKH

Mapsiues b.C.
bmaryshev@mail.ru
IIepMcKu# TOCY1apCTBEHHBIM YHUBEPCUTET,
NuctutyT Mexanuku criomHsix cpen YpO PAH, [lepmb

[MIpy MemIeHHOW (UIBTPAIMA CMECH COCTOAINICH W3 HECYIIeH XHIKOCTH M TKEION
IpUMeCH B BEpTHKAIbHOM (uibTpe Osarogaps an¢p(Qy3HOHHOMY IE€PEHOCY BO3HMKAET
HEPEXOHBIN CIION MEXy YUCTON >KUAKOCTBIO U cMechbio. COo BpeMEHEM TOJIIIHMHA [1EPEXOJHOIO
cinos pacrer. llpm mpomecTBHM KPUTHYECKOIO BPEMEHM B 3TOM  CIIO€  pa3BHBAETCS
HeycToiunBocTh Penes-Teinopa [1] B pe3ynbraTe 4ero KOHIIEHTPAIIMOHHOE TOJe MpuoOpeTaer
xapaktepHbii By "manbie". IlepeHoc mo0o0i HepacTBOpUMOW TpUMECH B TIOPHCTON cpere
COITPOBO’KAAETCSI MIPOLIECCOM €€ OCAXIEHUS Ha CTEHKHU Mop - nMMoOmm3anueil. iMmoOunn3anus
3aMeIIIsieT TEepPeHoC, TeM CaMbIM yBEIUYMBas KPUTUYECKOE BpeMs HEoOXOauMoe s
(dhopmupoBaHus HeycTOUMBOW cTpaTrdukanuu. OcaxaeHHas MPUMECh 3aHUMAeT 4acTh 00beMa
1Op, TeM CaMbIM YMEHbIIasi MIOPUCTOCTh M MPOHHUIIAEMOCTh cpeabl. [locnennee 00CTOATETHCTBO
JIOTIOJIHUTENBHO YBEITUUHUBAET YCTOMUNBOCTh CUCTEMBI.

B macrosimieit pabore paccMOTpeHa yCTOWYMBOCTh HamopHoi ¢unbTpanmu. Ha rpanuie
3aMKHYTOM IIOPUCTOM IIOJIOCTH 3aJaeTCsi BEPTUKAIBHBIA Ilepemaj JnaBieHus. I3-3a dero,
BO3HMKAET HAIlOPHOE T€UYEHHUe. 3a/lauya peraeTcs B JByMEPHOM ocTaHoBKe, (hopMa MOJIOCTH, A
IPOCTOTHI, BBIOpaHa NpsMOYToyibHON. OcakaeHne MPUMECH YUUTHIBAECTCS B paMKaX HEJIMHEHHON
MIM mozenu ¢ KWHETHKOM UMMOOMIIN3AI[MKM BTOPOTrO HOopsiika [2]. 3aBUCUMOCTH TPOHUIIAEMOCTH
oT mopucTocTu B pamkax mozenu Kozenu-Kapmana [3].

[TosrydeHO OCHOBHOE pelIeHHE IS paclpeAeieHUs] IPUMECH, COOTBETCTBYIOIIEE PEXKUMY
BEPTUKAIBHOTO MpocaynBanus. Korma ckopocTs (puiIbTpannu 3aBUCHUT TOJIBKO OT BEPTHKAIBHOMN
KOOPAMHATHI U BPEMEHHU, HO MO MPUYHMHE 3aKyNOPKU KOOPAWHATHAs 3aBUCHUMOCTb HEJIUHEHHA.
Konnentpamun cBoOOMHOW W OCEBIIEH NPUMECH TOXKE CIOXHBIM 00pa3oM 3aBUCAT OT
BEPTUKAIbHOM KOOPAMHATBI M BpeMEeHH. Takoe pelleHHe ONMCBIBAET IIPOHUKHOBECHHE
nuddy3noHHoro GppoHTa BriryOb GUIBTPA, C TCUEHUEM BPEMEHU OHO CTAHOBUTCS HEYCTONUUBBIM.
3ajaua pemraercss B KBAa3UCTaTUYECKOM NPUOIIKEHHM, TO €CThb IIPEANOJaraercs, 4YTo
XapakTepHOe BpeMeHs (opMupOBaHMA HEYCTOMUMBOW CTpaTH(HUKAIUKU MHOrO  OOJbIle
XapakTepHOro BpPEMEHM pa3BUTUs HeycroluuBocTH Penes-Telnopa. D10 mpeamnonoxeHue
MO3BOJISIET OTJCIUTH 3329y O (POPMHUPOBAHUH PEKUMA BEPTUKAIBLHOTO MPOCAYUBAHUS, OT 3a]1a41
00 YyCTOHYHMBOCTHU TaKOTO PEIICHHUS.

[lpr TakoMm moxaxozae, MeAJEHHOE BpeMs (OPMHUPOBAHUS HEYCTOWYMBOTO COCTOSHHS —
KPUTHYECKOE BpEeMs, CTAHOBUTCA OAHOM W3 IapaMeTpoB cucTeMbl. [lomydeHbl 3aBHCHUMOCTH
KPUTUYECKOTO BpeMeHH | (opMbl Hambojee OMacHBIX BO3MYLICHHH OT IapaMeTpoB
ummobOunm3auun U uucna Penes-Jlapcu. IlomydeHbl KapTbl YCTOHYHMBOCTH B IPOCTPAHCTBE
[apaMeTpoB CUCTeMbI. M3ydyeHa cuTyanus pu KOTOPOM KPUTHYECKOE BPEMs HACTOJIBKO BEJIHKO,
4YTO KPUTHUYECKas TOJIIHMHA MEPEeXOAHOro cjios Ooiblle yeM AJIMHA (UIbTpa, B 3TOM Cllydae
HEYCTONYNBOCTb HE yCIIEBAECT BO3SHUKHYTh.

PaGorta BbImonHeHa npu ¢uHaHcoBoM mojuepxkke ['pantra Ilpesunentra Poccuiickoit
®enepannn (ko npoekta MK-6851.2015.1).

1. Riaz A., Hesse M., Tchelepi H. A., Orr F. M. Onset of convection in a gravitationally unstable
diffusive boundary layer in porous media, J. Fluid Mech. 2006. V. 548.

2. Selim, H. M. and M. C. Amacher. 1997. Reactivity and Transport of Heavy Metals in Soils.
CRC/lewis, Boca Raton, FL (240 p).

3. Kozeny J. Ueber kapillare Leitung des Wassers im Boden, Sitzungsber Akad. Wiss. 1927. V.
136. Ne 2a.
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CHUHXPOHWM3AIIUS CETEN «MAJIBIA MUP» BbICTPO-ME/IJIEHHbBIX
XAOTHYECKHUX OCLHIUWJLISITOPOB B TEPMUHAX BACCEMHOBOMN
YCTOMYUBOCTHU

Macnennukos O.B.
olmaov@ipfran.com
WNucturyT npuxnannoi ¢usuku PAH, Hwkanit HoBropos

KosekTuBHbIE SIBIEHUS B HEHPOHHBIX CETSIX, JEMOHCTPUPYIOIIUX OBICTPO-MEAJICHHbIE
XA0THUYECKUE — TaK Ha3bIBaeMble OEPCTOBbIE — KoyieOaHUs, UMEIOT OOJIbIIOE 3HAYECHUE IS
MOHMMAaHHUS PsAJla KIFOUEBBIX IPOLECCOB B MO3re U KIETOUYHBIX KyabTypax. OJUH U3 BaXKHBIX
KOJUIGKTUBHBIX 3((EKTOB B HEHPOHHBIX aHCaMOJIsAX C YKa3aHHOM JIMHAMMKOH — 3TO
O0€pcToBasi CHHXpOHHU3alUs. Y CTAHOBJIEHO, YTO TAKUE CBOMCTBA CETH, KaK TOIOJIOTHS U CHUJIa
CBsi3el OKa3bIBAIOT CYILECTBEHHOE BIMSIHME Ha OEPCTOBYIO CUHXPOHHU3AIMIO, B YACTHOCTH, B
TaKOM KJIACCE CJIOKHBIX CHCTEM, KaK CETH «Majblii Mup». Llenblii psa CTpyKTypHBIX U
(YHKLIMOHAJBHBIX CETeH pa3IUYHBIX OT/AEJIOB TOJIOBHOIO Mo3ra o0051aJal0T CBOWCTBOM
«MaJIOro MHUpa», OJHAKO INpPUYMHA PACIPOCTPAHEHHUs ITOrO CBOMCTBA B PEAIBHBIX CETAX
ocTaBajach JoOJroe BpeMs HescHoW. HemaBHO ObLIO yCTAHOBIEHO, YTO HMEHHO CETH,
3aHUMAIOIINE NPOMEXKXYTOYHOE IIOJOKEHHE MEXKJY CIyYalHbIMU U DPETYJSIPHBIMH — CETH
«Malblii MUp» — 0071a1at0T HauOOJbIIeH BO3MOXKHON 0acCeifHOBON YCTOMUMBOCTBIO peKuMa
CUHXpOHM3alMK. bacceliHOBasi yCTOMYMBOCTb XapaKTEpPU3yeT OTHOCHUTEIbHBIH 00BEM
(a30BOro MPOCTPAHCTBA, COAEPIKAIIMNA HaualbHbIE YCIOBHS, CTAPTYS C KOTOPBIX, TPACKTOPUU
INPUTATUBAIOTCS K aTTPaKTOpPy, OTBEUYANOIIEMY pEKHMY CHUHXpOHM3alMH. B HacTosmem
JIOKJIalE€  pacCMaTPUBAIOTCSI CETU «MaJbli MHP», B KOTOPBIX  Y3JIBI-OCHMIUISITOPHI
JEMOHCTPUPYIOT XAOTUYECKHE CHalK-OEpCTOBbIE KojeOaHus, T.€. SIBISIOTCS OBICTPO-
MEIJICHHBIMM CHUCTEMaMU C XaocoM. HM3ydyeHa OacceifHOBas yCTOMUMBOCTb pPEKUMOB
O0E€pcTOBOM CUMHXPOHU3ALMU B 3aBUCUMOCTH OT TONOJIOTHUYECKUX CBOMCTB CETH, CHJIbI CBSI3EH
Y TMHaMUKH OCLIWJIISITOPOB.

1. O.V. Maslennikov, V.I. Nekorkin,J. Kurths //Phys. Rev. E. 2015. Vol. 92, Issue 4, 042803.
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HEJINMHEWHBIE AACHEPCUOHHBIE XAPAKTEPUCTUKH I'MBPUTHBIX
BOJIH B IBYXCJIOUHBIX MYJbTUDPEPPOUKAX

Matsees O.B., Mopozosa M.A.
olvmatveev(@gmail.com
CapatoBckuil rocyjapctBeHHbli yHuBepcureT uMm. H.I'. YepHsleBckoro

[lepBbie paboOTBl 1O U3YUYEHHIO CIIOMCTBIX MYJIbTH()EPPOHKOB  (MaTepUaloB,
OJTHOBPEMEHHO 00JIafaoMuUX (PEeppPOMATHUTHBIMU U CErHETOIJIEKTPUYECKUMHU CBOMCTBAMMU)
ObUIM TOCBALIEHbI TEOPETHUYECKOMY M HKCIEPUMEHTATBHOMY HCCIEI0BAaHHUIO JBYXCIIOMHBIX
CTPYKTYp (eppoMarHuTHas mieHka — cerHeTodyiekTpuk (DII-CD) [1]. DnekTpoMarHuTHBIC
BOJIHBI, pacrpocTtpasstomuecsa B CO, OKa3pIBalOTCS CWIIBHO 3aMEJICHHBIMU, B 3TOM CJIy4ae B
ctpykrype ®II-C3O Ha yactoTax, OJM3KUX K 4acToTe pa30BOro CHHXpOoHU3Ma Mexay OMB u
MCB, BO3HUKAIOT TMOpUIHBIE 3JIEKTPOMAarHUTHO-cIiMHOBbIE BOJHBI ('OMCB). MHTepec k
TaKUM CTPYKTypaMm ObUT BO30OHOBIIEH B TIOCJIEIHHE TOJBI B CBS3H C TIOSBJICHUEM HOBBIX
CETHETORIEKTPUYECKUX MaTepuanoB (KepaMUYecKHe IJIaCTUHBI TUTaHaTa OapHsi U CTPOHLUSA
(Ba,Sr)Ti03) ¢ mupokuM uana3oHOM MEPECTPauBAEMOMN TUAIEKTPUUYECKONW MPOHUIIAEMOCTH
[2].

[Tpu ucnoab30BaHUM NEPUOAUUECKHUX CTPYKTYP Ha OCHOBE (DEpPOMArHUTHBIX IJIEHOK —
marHoHHBIX kpuctauiax (MK) - B cnektpe marmurocratuueckux BoiaH (MCB) Bo3Hukaror
3aMpelieHHbIE 30Hbl, XapaKTEPUCTUKU KOTOPBIX (LIIMPHHA, MTOJI0KEHNE B CIEKTPE) 3aBUCST OT
BHEIIHETO MArHUTHOTO MoJisd. Mcronp30BaHuE CIIOSi CETHETORIEKTPUKA COBMECTHO CO CIIOEM
MK (MK-CD) mno3BoisieT OCYUIECTBJIATH 3JIEKTPUYECKOE YIIPAaBICHUE TIOJOXKEHUEM U
IMIMPUHOM 3allpelIeHHbIX 30H. B mocienHne HeCKOIbKO JIET OMyOJIMKOBAaHO HECKOJIBKO padoT
00 ’KCIEPUMEHTAIbHOM U TEOPETUUECKOM HCCIIEA0OBAHUN TaKUX CTPYKTYP [3,4].

B mHacrosmeil pabore mocTpoeHa MoOJeNnb IS HMCCIEIOBaHUS JIUCIIEPCHOHHBIX
xapakrepuctuk 'OMCB B ctpyktypax ®II-CO u MK-C3, B KOTOpOH yuTE€HbI HEMHEIHbIE
3aBUCUMOCTH JUCHEPCUOHHBIX cBoWcTB [OMBC 0T ammimTyznbl BXOJHOTO CHTHaa.
VYuuTeiBanach MarHWTHas HEIMHEHHOCTb B BHJIE HEJIMHEWHOW 3aBUCUMOCTH MAarHUTHOTO
MOMEHTA OT BEJIMYMHBI HAMarHUYEHHOCTH, JIEKTPUYECKAsl HEIMHEHHOCTh NPEACTAaBIIsLIach B
BHJIC HEJIMHEWHOW 3aBUCUMOCTH JUAIEKTPUYECKOM IPOHUIAEMOCTH OT HAIPSKEHHOCTH
anekTpuyeckoro noss. IloxazaHo, 4YTO npM ydyeTe HEIMHEMHOCTH JUCIEPCHOHHBIE
xapaktepuctTuku ['OMCB cyliecTBeHHO HW3MEHSIIOTCS: 3alpellleHHblE 30HBI B CIIEKTpE
I'OMCB cauratorcs, ux nosoxenue mensercsa. Mccnenyemole ctpykrypel MK-CO u OII-
CD MOryT mpeAcTaBisATh MHTEpec Npu pa3paborke mepecrpanBaeMbix CBU-¢dunprpoB c
JIBOWHBIM 3JICKTPUYECKMM M MAarHUTHBIM YIPAaBICHUEM, a y4eT HEIMHEHHBIX 3(PQPEeKTOB
MO3BOJIUT YTOUHUTH XapaKTEPUCTHUKU TaKUX YCTPOMCTB B CIy4yae pacHpOCTPAHEHHUS B HUX
CUTHAJIOB C OOJIBIIUMH aMIUIUTY IaMH.

Pab6ota BemmonHeHa npu noanepxke Poccuiickoro Gpouaa pyHIaMeHTaTbHBIX
uccinenoanuii (rpant Ne 15-07-05901 - a).

1. Audunorenos B.b. u np. // Ilucema B dKTD. 1986.T. 12. Ne8. C. 454.

2. Hemunos B.E., Kamuaukoc B.A., Dnenxodep I1. // KTD. 2002. T. 72. Ne 61.

3. Mopo3oBa M.A. u np. // Pannorexnuka u snextponuka. 2014. T. 59, Ne 5. C. 510
4. Ycruno A.b., Kanunnkoc B.A. ITucema B JKT®. 2014.T. 40, Nel13. C. 58.
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OLEHKA CTAPHIEI'O JIIIITYHOBCKOI'O ITOKA3ATEJIA 110 331" KPBIC —
MOJAEJIEU ABCAHCHOMU 3IIUJIEIICUA
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golovatanya@rambler.ru
1CapaTOBCKI/Iﬁ rocy1apcTBeHHbIN yHUBepcuTeT nMenu H.I'. YepHsbimesckoro
2BeCT(baJILCKI/H71 YHHUBEpPCUTET UMeHU Bunbrensma, Mroucrep, ['epmanus
3YHHBepCI/ITeT Heiimerena umenu csitoro Panoona Yrpexckoro, Heitmeren, Hunepnansr

PaccmarpuBaeTcst pacd€r cTapiuiero JISIMyHOBCKOTO IMOKAa3aTeNsl 0 BPEMEHHBIM psijiaM
annekrposnnedanorpamm  kpbic JmHUA WAG/Rij — TeHeTWYecKuX Mojelieli abcaHCHON
SMUJIETICUU. AHaNM3UpPyIOTCs ydacTku DI, COOTBETCTByIOIIME Kak (OHOBOHM, Tak U
a0CaHCHOW aKTUBHOCTH.

AOlcaHCcHBIE pa3psibl U3BECTHBI KaK HEIMHEWHbIE KolieOaHMs OONBIION aMIUIUTYIbI C
XOPOIIIO BBHIPAXXEHHBIM BPEMEHHBIM MaciiTa0oM. [10CKOIbKY MOsIBICHHE OCHOBHOW 4YaCTOTHI
OOBIYHO paccMaTpUBaAETCs Kak Tepexol OT cinoxHoil auHamuku D3I B ¢doHe k Oomee
peryisipHo  aOCaHCHOW  aKTUBHOCTH,  JIWHAMHUYECKHE  CBOMCTBA  J3TOrO  THIIA
SnuIenTU(OPMHOI aKTUBHOCTH B HAcToOsIlee BpeMs Mayo M3ydeHbl. B maHHO#l pabote B
Ka4eCTBE MEPhI CIOKHOCTH M PETYISIPHOCTH IKCMEPUMEHTATBHBIX CUTHAJIOB MCITOJIb30BAJICS
CTapIIMii JIAMYHOBCKHM MOKa3aTenb A.

DKCIIepUMEHTAIBHBIC BPEMEHHBIC PSJIbI MPEACTABISUIH cO00W BHyTpHuepemabie DO
necatu kpeic muHud WAG/Ri) — reHernueckux wmojeneid abcaHcHOW smunencuu [1].
Crapuuii ISMTyHOBCKUM TOKa3aTeNlb OICHUBAJICS IO YETBIPEXCEKYHIHBIM yYacTKaM IISITH
otBezieHuil DOI" (TpEX OTBEAEHMI KOPHI U JABYX OTBEJIEHHH Tasamyca) Kak B (hOHE, TaK U BO
BpeMs SIUJIENITHYECKOTO paspsina. PacueT A oCyIlIecTBISIICSA MO CKaJspHOMY BPEMEHHOMY
pAoy METOIOM, aJanTUPOBAHHBIA JUIsI KOPOTKMX BPEMEHHBIX PSAOB [2], i 4ero
MPEIBAPUTEILHO  MPOBOAMJIACH  PEKOHCTPYKIHS — (Pa30BOro  MPOCTPAHCTBA  METOIOM
BPEMEHHBIX 3aepKeK [3].

CrarucTrueckuil aHan3 pe3yJIbTaTOB IMOKa3all, YTO OLIEHKA CTAapIIEro JISMTyHOBCKOTO
nokazatens B (OHe 3HaYUMO OOJIbIlle, YeM BO BpeMsl aOCaHCHBIX Pa3psiioB, MPUYEM B 000UX
CITyJasiX 3HaYCHHS OKa3aJIMCh TOJOKUTEIBHBIMU. TakuM 00pa3oM MOKa3aHo, 4TO abcaHCHAs
AaKTUBHOCTh — ATO MEHEE XAOTHMYECKUW IO CpaBHEHUIO C (OHOM IMPOLECC C XOPOIIO
BBIPAKCHHBIM BPEMEHHBIM MaCIITA0OM.

PabGora BemmonmHeHa mnpu moxanepxkke Poccuiickoro ¢donma (QyHIaMEHTaTBHBIX
uccaenoBanuii, rpanT Ne 14-02-00492 u Crunenmuu Ilpesmpenta PO ans moaaep:kku
Monoaeix yuénbix CII-1510.2015.4.

1. van Luijtelaar, E. L. J. M. and Coenen, A. M. L. // Behavior Genetics 2003. Vol. 33. 2003
P. 635-655.

2. Rosenstein M. T., Collins J. J., De Luce C. J., // Phys. D 65. 1993. Vol. 65. P. 117

3. Packard N, Crutchfield J, Farmer J and Shaw R. // Phys. Rev. Lett. 1980. Vol. 45. P. 712
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yauBepcuteT uM. H.W. JIobaueBckoroy,
* MucturyT npuknagnoit dusukn PAH, Himkanii Hosropon

OmHMM W3 aKTyaJbHBIX HAIpPaBICHUN HCCIEAOBAaHUA B (DEMTOCEKYyHIHOW ONTHKE
SBIISIETCS. CUHTE3 YJIbTPAKOPOTKUX ONTHUECKHUX BOJHOBBIX (OPM C ILIENBI0 (OPMUPOBAHUS
UMIYJIbCOB C IPOU3BOJILHOM 3aBUCHMOCTBIO JIEKTPUUYECKOT0 MoJisi OT BpeMeHu [1, 2]. Takue
TEXHOJIOTMM OTKPBIBAIOT BO3MOKHOCTH JJI IOJHOTO KOHTPOJIA HaJ MHUKPOCKOIMHUYECKOU
JAHAMUKOWN 3JIEKTPOHOB M JIPYTHX 3apsSKEHHBIX YACTHUI[ B MPOIECCE MOHM3ALMHU aTOMOB U
MOJIEKYJI JIa3€pHBIMH  HUMITyJbCaMU. B 4YacTHOCTH, yCHENIHO TPOBEIEHBI MEPBBIC
AKCIEPUMEHTBI, JIEMOHCTPUPYIOIIME NPUMEHEHUS TaKUX MMIIYJIbCOB JUISl YIIPABICHUS
MPOIIECCOM HOHHM3AIMU aTOMOB C cyOdemTocekyHAHOUW TouHOcThio [3]. WccnemoBanus B
ATOM HAampaBjICHUM IMPHUBJIEKAIOT 0cO00€ BHUMAHUE B CBSI3U C BO3MOXHOCTBIO YNPaBICHUS
reHepalueil aTTOCeKyHIHbIX UMITYJIbCOB, UMEIOUIUX IIUPOKUE MEPCIIEKTUBBI UCIOIb30BAHUS
B PA3JIMYHBIX MPUIIOKEHUAX, B TOM YHCIIE JIJIS CIIEKTPOCKOIHMH CO CBEPXBBICOKMM BPEMEHHBIM
pa3penieHueM.

B nanHo#l pabote, Mcnonb3ysi KBAHTOMEXaHUYECKOE OIMCAHUE Ipoliecca IeHepaluu
rapMoHUK Bbicokoro mopsaka ([TBII) B mnpubnmwxenun cunbHOro mons  [4],
MOJIU(PHUIIMPOBAHHOTO TAaKUM 00pa3oM, YTOOBI y4ecThb OIYCTOIICHHE OCHOBHOTO aTOMHOTO
COCTOSIHMSI, MBI MCCJIEIOBAJIM BO3MOXXHOCTh yBenuueHus Boixona I'TBII npu ucnons3oBanumn
YIBTPAKOPOTKUX OMTHUYECKUX BOJHOBBIX (POPM, MTOTYYEHHBIX CI0KEHHUEM JIBYX 3aJIepKaHHBIX
OTHOCHUTEIIBHO JIPYT APYTa yJIbTPAKOPOTKUX UMIYJbCOB C Pa3IMYAIOIIUMHUCS LIEHTPATIbHBIMHU
JUTMHAMU BOJIH.

B pesynpTaTe mpoOBENEHHBIX BBIYHCICHUN YAAalOCh HAWTH BOJHOBBIE (DOPMBI, MpHU
KOTOPBIX JIOCTUTAETCS 3HAYUTEIbHOE yBeNn4eHHe d(P(GEKTUBHOCTH TpaHChOpMAIUU
JBYXI[BETHOTO ONTHYECKOTO M3JIy4eHUs] B PEHTIC€HOBCKOE. B  yacTHOCTH, Hamu
MIPOJEMOHCTPUPOBAHA BO3MOXKHOCTh YBEIIMUYCHUS BBIXOJa TAPMOHUK C PHEPrUSMHU (HOTOHOB
okoio 3 k3B Oosiee yeM Ha MOPSIOK BEIWYMHBI 10 CPABHEHHUIO CO CIy4YaeM OJHOLIBETHOTO
na3epHoro moiist. Beicokas agdexruBHOCTh nporecca ['TBII mpu ucnons30BaHUN HAMICHHBIX
BOJIHOBBIX  (OpM  OOBSCHSETCA  OCOOCHHOCTSMU  JUHAMHUKHA  (POTODIEKTPOHOB,
XapaKkTEepU3yeMOH B JAaHHOM CJIy4ae COYETAHMEM BBICOKOM BEPOSITHOCTH OTPBIBA JJIEKTPOHOB,
JAIONIMX OCHOBHOM BKIIAJ B BBICOKOYACTOTHYIO oOiacth cmekTtpa [TBII, ¢ oTHOCcHTenbHO
MaJIOM BEPOSITHOCTHIO OMYCTOIIEHUS aTOMApHBIX YPOBHEM B MHTEPBAJIE BPEMEHH MEKIY
OTPBIBOM 3JIEKTPOHA U €r0 CTOJIKHOBEHUEM C POJIUTEIBLCKUM HOHOM [5].

1. Goulielmakis E. et al. // Science. 2007. V. 317. P. 769.

2. Chan H.-S. et al. // Science. 2011. V. 331. P. 1165.

3. Wirth A. et al. // Science. 2011. V. 334. P. 195.

4. Lewenstein M. et al. // Phys. Rev. A. 1994. V. 49. P. 2117.
5. Silaev A.A. et al. // Quantum Electron. 2015. V. 45. P. 393.

100


mailto:meshkov-oleg@rambler.ru

HNPEUMYIIECTBA MACCHUBOB JTU3JIEKTPHYECKAX MUKPOJIMH3
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JIUTOI'PA®UN
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WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropon

B noknane ocBemaercst Takas akTyajlbHas B IOCJIEIHUE TOJbl NMPHUKIATHAs 3ajqada
B3aMMOJICHCTBUS JIa3€PHOTO M3JIyYEHUs C BEIIECTBOM KaK Ja3epHO-4aCTUYHAs JUTOrpadus.
JlmsnekTpuueckre MUKpO- W HAHOYACTHMIBI HAHOCSATCS Ha IOBEPXHOCTh TBEPAOIO TeEia,
HEKOTOpOH TMOJUIOKKM. Ilpum majgeHun Ia3epHOro H3IY4YeHHs Ha Takyl CTPYKTYpy
(GOKyCHUpOBKa M3JIy4YEeHUS YaCTHIIAMH, KOTOpPhIE MOTYT HUMETh (OopMy IIApPUKOB WIH
cheponioB, MPUBOIUT K TOIJIOLICHUIO H3JIy4YE€HUS B BEILECTBE, UYTO BEAET K CHIIBHO
JIOKaJIM30BaHHOW MOJU(HUKAIINN BEIIECTBA.

[TnoTHOYNaKOBaHHbBIM MOHOCJION CPEepUUYecKUX MHUKPOJIUH3 MOXKET ObITh HaHECEH Ha
MOBEPXHOCTh, HAaIpPUMEp, MPU BHICBIXaHUHM KOJIJIOWJHOrO pactBopa. OpHaxo, cepuueckas
(dopma He SABIIETCS ONTUMAIBHOM A (POKYCHPOBKHU JIyya B CUILY CHJIbHBIX abeppauuil. s
JUOKCHIa KPEMHHUS WM MOJMMEPHBIX MHUKpochep ¢ mokazareneM MHpeaoMieHus okojo 1,5,
MaKCUMyM HHTEHCUBHOCTH JIa3€pHOI0 H3JIy4YEHHUS DACIOJNOKEH OJM3KO K MOBEPXHOCTH
chepsl, UTO O3BOJISIET MOMYYaTh HAHOCTPYKTYPHI C HEOOJIBIIUM COOTHOIIIEHUEM CTOPOH. J1ist
qacTull ¢ 0osee BBICOKMM IOKa3aTeseM IMPEeNOMIICHHs, MAaKCUMYM IO/ HaXOJUTCS BHYTpPHU
cdepsl, UTO TaKuM 00pa3oM JIE€JaeT TaKUe YaCTUIbl HEIPUMEHUMBIMU I TOBEPXHOCTHOTO
HaHOCTPYKTypHUpoBaHus. bbina pemeHa 3amgada o (QOKYyCHpPOBKE Ja3epHOTO W3Iy4YEeHHUs
IUIOTHOYTIAKOBAaHHBIM ~ MAacCHUBOM  C(EpOUJalbHBIX MUKpPOJIMH3. YUHMCIEHHBI pacuer,
IPOM3BEIEHHBIN C MOMOILBIO CO3AaHHOTO HAMHU MIPOIPAMMHOTO KOJ1a, UCIIONIB3YIOIIEro METO
KOHEYHBIX pa3HocTed BO BpeMeHHOM obmactu (metoma FDTD), mnokaszan, 4rto mnpu
UCIIOJIb30BaHUM C(EpOMJANbHBIX MHUKPOJIMH3 U3 Marepuana C BBICOKMM IOKa3aTeleM
npenoMiieHusl (HampuMmep, JHOKCHJAa THUTaHa) MOXKHO YBEJIMYUTh HMHTEHCHUBHOCTH
NIEKTPUYECKOTO TOJIsi B MAKCUMYyME, BBIBECTH MAaKCUMYM U3 YaCTHIIBI B MOJJIOXKKY, a TaKXKe
NOJy4yaTb HAHOCTPYKTYpPBHl C OOJBIIMM COOTHOLIEHHUEM CTOPOH, YE€M IpPU HCIHOJIb30BAaHUHU
MaccuBa cdepudeckux uacTuill. llomydyeHHble B paboTre pe3yiabTaTbl MOTYT OBITh
MCTIOJIB30BaHbI JIJIsl PEIICHUS ITUPOKOTO CIEKTPa 33134 Ja3epHO-9aCTUIHOM TuTOrpaduu.
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CPABHEHME ITYMOBBIX XAPAKTEPUCTUK CUCTEM CUHXPOHU3AIIUUN
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B noknane paccMaTpuBarOTCS JIBE CHUCTEMbl CHHXPOHHU3ALUM CHUH-TPAHC(HEPHOro
HAaHOOCLWJIJIITOPA — CHUHXPOHM3alMsi CcUCTeMOH (ha30BOM aBTOMOJCTPOMKHM YACTOThl U
BHEITHUM TapMOHHYECKUM HCTOYHUKOM. [IpoBeneHO cpaBHEHHE ITyMOBBIX XapaKTEPHCTUK
CUCTEM — aMIUTUTYAHbIX, ()a30BbIX IIYMOB U AUCHEPCHUH.

CoBpeMEeHHOI TEHACHIMEH 3JIEKTPOHUKHU SIBISICTCS YMEHBIICHHE Pa3MEpOB KIFOUEBBIX
JJIEMEHTOB U YCTPOWCTB. B TO ke Bpems NpeabsBISAIOTCS MOBBIIMIEHHBIE TPeOOBAaHUS K
OCHOBHBIM XapaKTEPUCTUKAM 3THX yCTPOUCTB. [103TOMY MHOXECTBO Hay4YHBIX TPYII 3aHU-
MaloTCsl WM3Y4YE€HUEM, TaK Ha3bIBaeMbIX CHHUH-TpaHC(epHbIX HaHoocuuiaTopoB (CTHO),
KOTOpbIe N03BOJAIOT noayunTs CBY kosebaHus B NIMPOKOM JHaNa30OHe 4acTOT U 00JafaroT
pasmMepamMH MOpsiAKa JECSITKOB M COTeH HaHOMeETpoB [1]. OpHako HepeleHHOH sBiseTCs
npo0iemMa HU3KOM BBIXOJHOW MOITHOCTH €AHHUYHOTO OCIIJUIATOPA M HU3Kas CTaOMIBHOCTH
BBIXOJHBIX KosneOaHui. OHUM U3 METOAOB YJIyUIIEHHs ITYMOBBIX XapaKTEPUCTUK SBISAETCS
UCIIOJIb30BaHUE CUCTEM CUHXPOHM3ALUH.

JlMHaMuKa U IIyMOBBIE XapaKTEPUCTHKH CUCTEMbI ()a30BOM CUHXPOHM3ALIMHU OIUCAHbI B
[2,3]. B kadecTBe MOAENM CHHXPOHHU3ALMU BHEIIHUM TapMOHUYECKUM HMCTOUYHUKOM
UCIONb3yeTCsl  MOJENb  HEIMHEHHOro, HEM30XpPOHHOro aBToreHeparopa (CriaBuHa-
TubepkeBuua [4] ¢ ydeToM BIMSHUS TEIUIOBOIO IIyMa M CHHXpoHU3auuu. [lomydeHsr
YKOPOUYCHHbIE JIMHEAPU30BAHHBIE YPABHEHUS OTHOCUTENIBHO AMIUIMTYIHBIX U (ha30BbIX
OTKJIOHEHUH OT CTalMOHapHbIX 3HaueHW. CHeKTpanbHbIE XapaKTEPUCTUKH TaKHX
OTKJIOHEHUI MOKa3bIBalOT, COOTBETCTBEHHO, aMIUIUTYJIHbIE U (a3oBble MmIymMbl. OTauuus B
MOJIENIIX CHUCTEM CHHXPOHM3ALWHU ONPEACISAIOT Pa3ndus B IIYMOBBIX XapaKTEPUCTHKAX
CTHO. Tak, Omaromapsi NmpsiMOMY BJIMSHHUIO BHEIIHEr0 TapMOHHUYECKOIO HMCTOYHUKA Ha
gacToTy (a He depe3 aMIUIMTYAy, Kak s (a30BOM CHHXPOHM3ALMH) YMEHBIIACTCS
MHEPIUOHHOCTh CHHXPOHU3ALMH U YIYYIIAIOTCS IIyMOBBIE XapaKTEPUCTUKH.

1. W. H. Rippard et al. / Phys. Rev. B. 2004 Vol. 70, P. 100406.

2. A.A. Murpocdanos u ap. // [Tucema B XKT®. 2014. T. 40 Boim.13. c.66-72.

3. A.A. MuTtpocdanos u np. // [lucema B XKT®. 2015. T. 41 BbIm.16. ¢.29-35.

4. Slavin A., Tiberkevich V. // IEEE Trans. on Magnetics. 2009. V. 45. Ne.4. pp. 1875-1918.
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YCTPOMCTBO JJISI TEHEPAIIIY HEMPOITIOJJOBHBIX KOJJEBAHUM

bonsmakos J[.H., Mumenko M.A.
mischenko(@neuro.nnov.ru
®denepabHOE TOCYJAPCTBEHHOE aBTOHOMHOE 00pa30BaTeNbHOE YUPEKICHUE BBICILIETO
obpasoBanus «HannonansHbIN HccnenoBaTenbckuii Hukeropoackuii rocy1apCcTBEHHBIH
yauBepcuteT uM. H.W. JIo6aueBckoro»

3ajaya anmapaTtHoOW pean3alii HEUPOHOB U MX CETeH BO3HHUKIA B KOHIE 80-X rogoB
XX Beka. K atoMy BpeMeHM ObLIO M3BECTHO JOCTATOYHO MHOTO MaTeMaTHYeCKHX MOjenei,
ONMCHIBAIOLIUX JTMHAMUKY HEHPOHOB C pa3IM4HOM CTeNeHblo Aeranu3auuu. OnHako ciaboe
pa3BUTUE  BBIUMCIUTEIBHBIX TEXHOJOTMH HE MO3BOJLSUIO  INPOBOAUTH  YHCICHHBIE
OKCIEPUMEHTHl JlaXe C HeOOJbIIMMU aHCAMOJSIMU MOJIEIbHBIX KJIETOK. OTrpOMHBIM
NpEeuMyILIeCTBOM Ha 3ToM (oHe obsafanu amnmapaTHble WM «KPEMHHUEBBIE» HEMPOHBI,
MOCKOJIBKY CKOPOCTh MX pa0OThl OMNpEENAach TOJIBKO KOHKPETHON CXEMOTEXHHUYECKON
pealM3aleldl U HE OTrPaHUYMBAIACh KOJUYECTBOM DIIEMEHTOB, BKJIIOYEHHBIX B CE€Thb. bbulo
pa3paboTaHO  MHOXKECTBO  PA3NIMUHBIX  CXEMOTEXHHYECKUX  peaju3aluii  HEHPOHOB,
OTJIMYAIOIIMXCS 10 CTENEeHM JeTalu3aluu U Ouosiorndyeckoil mpasaonogobHoctH [1,2], mo
KOJIMYECTBY BOCIIPOU3BOJUMBIX JUHAMUYECKUX PEXKUMOB [3,4].

B nanHolf paboTe paccmaTpuBaeTcs MOAEIb HEHpPOMOAOOHOTO JIEMEHTa Ha OCHOBE
cucTeMbl (Ha30BOM CHHXPOHH3AIMHU C TOJIOCOBBIM (prinbTpoM. TeopeTnyeckoe Mccie10BaHue
Takol Mozenu Obulo mpoBeaeHo B pabore [5]. Bbuto moka3aHo, 4TO B TakoW cuUCTeMe
OTCYTCTBYET PEXHM CHUHXPOHH3AIMH, SBISIONMICS OCHOBHBIM JUIsI CUCTeM (ha30BOU
aBTOIOJICTPOMKH YacTOTHI, HO MIPH BCEX 3HAYCHUSX MApaMETPOB PeaTn3yeTcsl peKuM OUEHU.
[Tpu 5TOM M3MEHEHNE HATIPSKEHUS Ha BBIXO/IE TTOJIOCOBOTO (PUIIBTpa KAUECTBEHHO ITOX0KE Ha
JUHAMUKY MEMOpaHHOI0 OTEHIIMaIa HelpoHa.

3amaueil maHHOM PabOTHI ObLIa pa3paboTKa ammapaTHOM pean3alliy YCTPOMCTBA ISt
reHepanuu HelpomnooOHbIX KojeOaHui. 3a OCHOBY Oblia B3siTa MUKpocxeMa (upMbl Texas
Instruments. B ee cocraB BXomaT (a3oBBI KOMIIApaTop, pPEATH3YIOMMA (YHKINIO
«Hckmouaromee WJIM» u reHepatop, ymnpaBiseMblid HampsbkeHHeM. bbil  paszpabortan
MI0JIOCOBOM (DMITBTP, TTO3BOJISIIONINMA TIONYYHUTh KOJIEOAHHS, ONMHMCAHHBIE B TEOPETHYECKOM
uccnenoBanuu [5]. Ha  pa3paboraHHOM ycTpoiicTBe Oblla  NPOJEMOHCTPUPOBAHA
BO3MOYKHOCTh T€HEpaIluu HEUPOMOI00HBIX KOJIEOAHUN pPa3IMYHON CIIOKHOCTH: PETYJISPHBIC
OJIMHOYHBIE HUMIIYJIbCBl, IIaYEYHBIE HMIIYJBbCHl Pa3JINYHOM [UIMTEIBHOCTH, XaOTHYeCKas
UMITYJIbCHAs IUHAMUKA.

Pabora Bwimonnena mnpu mnoanepxkke @OUII "HccnenoBanus u pa3paboTku 1o
IPUOPUTETHBIM HaNpaBICHUSAM Pa3BUTHUS HAyUHO-TEXHOJOTHYECKOro KomIuiekca Poccuum Ha
2014—2020 roas" Munoobpnayku Poccun (Cormamenne Nel4.578.21.0074, yHUKaJIbHBIN
unentudukarop cornamenns RFMEFI57814X0074).

1. Simoni M.F. et al. // IEEE Trans. Biomed. Eng. 2004. Vol. 51, Ne 2. P. 342-354.
2. Torikai H., Nishigami T. // Neural Netw. 2009. Vol. 22, No 5-6. P. 664-673.

3. Wijekoon J.H.B., Dudek P. // Neural networks. 2008. Vol. 21. P. 524-534.

4. Savino G.V, Formigli C.M. // Biosystems. 2009. Vol. 97, Ne 1. P. 9—-14.

5. Mumenko M.A., lllandees B./l., Marpocos B.B. // 3BecTtus By30B. [Ipuknagnas
HenuHerHasa nuHamuka. 2012, Vol. 20, Ne 4. C. 122-130.
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TEHEPAIIMS TUTAHTCKHUX KBASUCTATUYECKHUX MATHUTHBIX MOJIEN
ITP1 HOHU3 AN BAKYYMA B CBEPXCUWIBHBIX I1OJIAX: TEHEPUPYEMOE
N3JIYYEHUE U PEJJAKCALIUA

MypasseB A.A., bamunos A.B., Ebumenko E.C., Kum A.B., Ceprees A.M.
sashamur@gmail.com
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropos

OxumaeTcs, 4TO TMPOCKTHPYEMbIE Ja3ePHbIE KOMILICKCHI CICIYIOMIEr0 MOKOICHHSI
MO3BOJAT JOCTHYb HHTEHCHBHOCTEH mopska 107-10%° Br/cM?, B BHoy 4ero B MOCICIHHE
rofpl OOpenu TOMYyJSPHOCTh HCCIACIOBAHHS B3aUMOJCHCTBUS CBEPXCHIBHBIX JIa3ePHBIX
nosieil ¢ BemecTBOM. IIpu JaHHOM YpPOBHE WHTEHCHBHOCTEH BaKHYIO POJIb B JHHAMHKE
B3aI/IMO)IeI\/JICTBI/I$[ JIa3CPHOIro Imojig € IJTa3MOM HAYHWHAIOT UIrpatb MNPUHOUIIMAIBHO HOBBLIC
3¢ QEKThI: TUCKPETHAS paadaldoOHHAs OTJada OT H3JIYYEHHs JKECTKHX TraMMa-KBaHTOB, a
3aTCM pacraJ TaKux raMmMa-KBaHTOB Ha 3JICKTPOH-IIO3UTPOHHBIC IAapPHbI. OCHOBHBIM MCTOAOM
UCCIIeIOBAHMS TAKKMX 33]a4 B JAaHHBI MOMEHT SIBJISICTCSl YUCICHHOE MOJICTHPOBAHHE.

B HenmaBHeil pabore [1] ¢ MOMOIIBIO YHCICHHOTO MOJCIMPOBAaHMS ObLI TpeICcCKa3aH
3¢ EeKT reHepaluy TOHKMX TOKOBBIX CJIOCB M THTAHTCKUX KBA3UCTATHYCCKUX MAarHUTHBIX
MOJIEH BO BCTPCYHBIX HHHeﬁHO-HOHﬂpHSOBaHHLIX BOJIHax CBerBBICOKOﬁ HNHTCHCUBHOCTHU B
OJTHOMEPHO# reoMeTpuu. [IpHHIMMUAIBHBIM SIBISCTCA CaMOCOTIACOBAHHOE OIKMCAHHE U
CYIIIECTBEHHOE 00paTHOE BIHMSHHE IUIa3Mbl Ha IMOJIC. BbIJIO yCTaHOBIEHO, YTO BPEMS JKU3HU
c(OPMHUPOBABIICHCS CTPYKTYPhl MarHUTHBIX MOJIEH MOCIIE OKOHYAHHS Ja3ePHOT0 MMITYJIbCa
MHOTO OOJIBIIIE TIEPUOIA TTOJIS.

B nmanHOW paboTe MPOBOAMTCS HCCIICAOBAHHE H3JIYYEHHs, TCHEPUPYEMOTO TaKOi
CTPYKTypOﬁ TOKOB W MAr"HvuTHOI'O IIOJII Ha pPa3HBIX J3TallaX, a TaKKC MCEXAaHHU3MOB HX
MEUIEHHOM peaKCaIlum.

1. A.A.Mypasses u ap.// [lucema B dKOT®. 2015. T.102, Boin. 3. C. 173 — 178.
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HEJIMHEWHBIE OITUYECKHAE CBOMCTBA HOBBIX XAJBKOTEHHUTHBIX
CTEKOJI COCTABA Ge-S-1

Myp3anes A.A.l, Kopeitun A.I/I.l’z, SAmyHun I[.A.l’z, ManbkoB IO.A.I, MouainoB H.A.l’z,
Crenanos A.H."?
alex_murz@mail.ru
1I/IHCTI/ITyT npukiagHon ¢usuku PAH, Huxauit HoBropon
2HH>1<eroponc1<m71 roCy/1apCTBEHHBIN TEXHUYECKUI YHHUBEpcUTET UM. P.E. Anekceesa

XanbKOreHUHbIE CTEKJIa IMPEICTABISIOTCS HOBBIM MHOIOOOCIIAIONIMM MaTepHaioM
JUISL CO3JIaHUsI DJIEMEHTOB HEJIMHEWHOW ()OTOHWKM M BOJOKOHHOH ONTHKU B MH(pPAKPaCHOM
nuanasoHe JUIMH BonH. OpHuM U3 HauOosiee TEpPCHEKTHBHBIX METOJOB CHHTE3a
XaJIbKOTEHU/IHBIX ~ CTEKOJI  SBJIAIOTCS IJIa3MOXMMHUYECKHE METOJbl, OCHOBaHHbIE Ha
OPUMEHEHUH  HU3KOTEMIIEpaTypHOW  HEpaBHOBECHOM  Miia3Mbl,  HOJAEP)KUBaeMOU
BBICOKOYACTOTHBIM pazpsimoMm [1]. TlomydeHnple Takum wmeTomoM oOpas3mpl  00JIaAaroT
npeJeNbHOR XUMHUECKOM YUCTOTOM M KOHTPOJUPYEMBIM CTEXMOMETPUYECKHM COCTaBOM, a
3HAYUT U HETMHEWHBIMU ONTHYECKUMHU CBOMCTBaMH. B HacTosimieir paboTe Mbl UCCIIEI0BaIN
KO3 GUIUEHT ABYX(HOTOHHOTO MOTJIOMICHHS [ ¥ HEIUHEWHBIH KOd(PPUIIMEHT MpeIoMICHUS
Ny XaJIbKOTEHUIHBIX CTEKON cucTeMbl GexSgoxlip, CHHTE3MPOBAaHHBIX IIA3MOXUMUYECKUM
METOAOM, C HCIOJb30BaHMEM M3IIyueHHs (HEMTOCEKyHIHOro Jiazepa (IIMTENbHOCTD
ummynbea =70 ¢c, mmHa BoiaHbl A<800 HM).

Jis  uccnenoBaHus HEIMHEHWHBIX  KO3(QQUUUEHTOB 7y, S MBI HCHOIb30BAIU
KJIACCUYECKYI0 M MOJU(DHUIIMPOBAHHBIE METOMUKH “Z-scan” [2], 30HIUPYS XaIbKOTCHUIHBIC
CTEKJIa C Pa3INYHbIM XUMHUYECKUM COCTAaBOM (PEMTOCEKYHAHBIMH JIA3€PHBIMU MMITYJIbCAMH.
Taxke HemuHEHHbIE KOXPQHUIMEHTH HM3MEPSUINCh C IOMOIIBI0 METOJa HEJTMHEHHOTO
(azoBoro KoHTpacra [3] myTeM cCpaBHEHHs JaHHBIX XaJbKOTE€HHIHOTo oOpa3ia u o0pasua c
M3BECTHBIMH MapaMeTpaMu (TIJIaBICHBIA KBaPIL).

N3mepenHble K03 PULIMEHTHI 1BYX(OTOHHOTO MOTJIOUICHUS A Pa3IMyHbIX 00pa3IoB
XaIBKOTCHUIHBIX CTEKON cucTeMbl (GexSooxljp mekar B amamnazone (1-6) 10" cm/Br. Boina
oOHapy»eHa CHJIbHAs 3aBHCHUMOCTh Kod(duimeHta AByX(OTOHHOro moriomeHuss [ oT
COOTHOILIEHUS yucia atoMoB Ge U S B XMMHUYECKOM COCTaBE CTEKOJ. MakCUMallbHbII
K03(pPULIMEHT ABYX(POTOHHOTO MOTJIOIIEHUS HAOII0JANCs MPH COOTBETCTBUU XUMHUYECKOTO
cocTaBa CTEKJa CTEXMOMETPUYECKOM BaJCHTHOCTH. VI3MepeHHBIE  KOA(UIHEHTHI
HEJIMHEMHOCTH 1, JUIsl 00pa3loB XaJbKOTEHHJHBIX CTEKOJ Ha JBa IMOpAAKA MPEBOCXOAST
HEJMHEHHBI KOA(QPHUIIUEHT IS KBapIIEBOTO CTEKIIA.

Pabota BbimonHena npu nozuaepxkke Poccuiickoro Hayunoro ®@onaa (rpant Ne 15-19-
00147).

1. L.A. Mochalov, R.A. Kornev, M.F. Churbanov, P.G. Sennikov. Investigation of the process
of hydrogen reduction of **S from **SF¢ via RF capacitive plasma discharge. J. of Fluorine
Chemistry. 2014. Vol. 160. pp. 48-51.

2. R.L. Sutherland. Handbook of nonlinear optics. CRC press, 2003.

3. J. Gliickstad, D. Palima. Generalized phase contrast. Springer Netherlands, 2009.
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NCCJEIOBAHUE HEJIMHEWHBIX CBOVICTB CPEJbBI C KEPPOBCKOH
HEJMHENHOCTBIO IO UCKAKEHHUIO MOMEPEYHOM CTPYKTYPBI
JIABEPHOI'O IYUYKA U KOHTPACTY U30BPAKEHUS
AMILIMTYJTHOI'O OBBEKTA

Myp3aneB A.A., MaptsiHoB B.O.
alex_murz@mail.ru
WuctutyTt npuknannoi ¢uszuku PAH, Huwknuit Hosropoa

PacnpocTpanenue na3epHOro HM3Iy4yeHHMs B cpeax, oOOJaJalolMX HeJIMHEHHbIM
[IOKa3aTeJIeM NPEJIOMJICHUS, IMPUBOAUT K MCKAKEHUIO IIONEPEYHOM CTPYKTYpbl ITydKa,
NpPENsATCTBYeT KayeCTBEHHOU mepenadye u3o00pakeHHs. B To e Bpemsi HeJlMHEHHbIE Cpelbl
MOTYT OBITh HCITOJIb30BAaHbI, HAIPUMED, B KAYECTBE HEIMHEHHOTO (a30BOro GUIETpa B CXeMe
BU3yaJIM3alluK NIPO3padyHoro (a3oBoro oobekra MeTo1oM (a3oBoro kontpacta Llepauke[1,2].
Hcnonp3oBanne HEIMHEHHOW cpeabl B KadecTBE (a3oBOr0 (pHiIbTpa yHpOIIAET FOCTHPOBKY
ONTUYECKOI CHUCTEMBI, TIOCKOJIbKY HE TpeOyeT Mpel3UOHHON YCTaHOBKU (QHIbTpa B (hOKyce
CUCTEMBI NepeHoca N300paxkeHus. [ KOJIM4eCcTBEHHON HHTeprnpeTanu (a30KOHTPACTHOTO
BOCCTAaHOBJICHUS H300pakeHHsI 00beKTa HEOOXOAMMO 3HATh XapaKTEPUCTUKU HETMHEHHOTO
bunbpTpa.

B cBoeii pabore MbI mpejyaraeM METOJ HCCIEIOBAHUS HEIMHEHHOIo IOKa3aTels
MPEJIOMIICHUST CPEMbl, BBITIOIHSIONICH PO HEJIWHEHHOTro (UIbTpA, OCHOBAHHBIM Ha
ONpPECIICHUN M3MEHEHUs CTPYKTYpBbI ITydKa, MPOXOASIIEr0o CKBO3b HEIMHEHWHYIO Cpeny, U
3aBHCUMOCTH KOHTpacTa H300paXCHUS AaMIUTUTYAHOTO OOBEKTa OT HMHTEHCHBHOCTH
Ja3€pPHOT0 U3ITYUYEHUS.

IIpyu 4KMCIIEHHOM MOJENMPOBAHUH PACCMATPUBAIIACH CXEMA, B KOTOPOM JIa3€pHBIM IIy4OK
IEPEeCUUTHIBAJICS C UCIOJIb30BaHUEM TU(PaKIMOHHOTO mHTerpaiga Ppenens — Kupxroda B
(oKaTbHYIO0 MJIOCKOCTh JIMH3BI CHCTEMBI NepeHOca M300paKeHHsI, B KOTOPOHW PaCIOI0XKEH
HeNMUHEWHbIH Qa3oBeiii  QuusTp llepuuke. [lanee, mnomaras, uyto ¢uibTp o0nanaeT
HEJIMHENHOCTBI0 KEPPOBCKOI'O THIIA C MIHOBEHHBIM M JIOKAJIbHBIM OTKJIMKOM, HEJIVMHEHHBIE
3¢ ¢eKxThl B HEM HE BIIMAIOT HA paclpelieieHue MHTEHCUBHOCTHU, a JIMIIb BHOCAT (pa3oBble
HCKa)XEHUS, B padOTE BBHIYMCISIIACH BETMYMHA (Pa30BOTO MCKAKEHHS, BHOCUMOTO (DHIIBTPOM.
3areM mone ¢ BbIXoga ¢uiubTpa ¢ mnomoublo HHTerpana @Ppenens — Kupxroda
NEPECUYUTHIBAJIOCh B IJIOCKOCTh H300pa)xxeHHsl. BbluMClieHUs NPOBOAMIUCH Kak JUIs
UMIyJBCHOTO, TaK M Ul HempepelBHOro u3nydeHus. [loka3aHo cyliecTBEeHHOE
KOJIMYECTBEHHOE OTINYME ITUX JABYX CIIy4YacB.

Pa6ota BemonHena npu noanaepxke POOU (rpant Ne 15-02-08212).

1. J. Gliickstad, D. Palima. Generalized phase contrast // Springer Netherlands, 2009.
2. E.JI. bybuc, A.3. MarBeeB. AHaiu3 nporecca BU3yaanu3aluy Ipo3padyHbiX 00bEKTOB IpU

UCTIOJIb30BaHUM (Pa30KOHTPACTHOrO MeToa ¢ oToTepMHuuecKoi ssuelikoit [lepauke//
Keanm. snekmponuka, 2012, 42 (4), 361-366.
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JIACKOBBIH JIASEP C KOMIIO3UTHBIM AKTUBHBIM 3JJEMEHTOM

Myxun U.Bb.
mib_1982(@mail.ru
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropos

Ha ceronssiiiHuii 1eHb 3a1a4a CO3JaHUs J1a3€pOB C OJJTHOBPEMEHHO BBICOKOM CpeHEN 1
NUKOBOM MOIIHOCTBIO SIBIISIETCSI OJHOW M3 Hamboyiee aKTyalbHBIX Ui HAayKd U
BBICOKOTEXHOJIOTMYHOTO MPOU3BOJICTBA. Takhe MCTOYHUKU MOTYT OBITh HCIIOJIb30BAHBI IS
00paboOTKM  MaTepwanoB, TEHEpallMd PEHTICHOBCKOTO  H3IyYeHHWs, HaKauyku IS
(EeMTOCEKYHIHBIX  JIa3epOB M MHOTMX  Jpyrux  npuiokeHuid.  Mcmonb3zoBanue
MHOTOMPOXOJHBIX YCUJIUTENEH HAa OCHOBE JMCKOBOM I€OMETPHH aKTUBHOTO dyeMeHTa (AD)
ABJIIETCS OJHUM W3 NEPCIEKTUBHBIX HANpaBlIe€HUIl B pa3pabOTKe Ja3epoB C BBICOKOM
SHEprueil B UMIylIbce W 4YacTOoTOM wux moBTopeHus. JluckoBeie AD sddekTuBHO
OXJIaXMaloTcsi Onaromapss OONBIIONW TUIOMIAAM OXJIAXIEHUS OTHOCHTEIBHO o00beMa, a
MacIITaOUPOBaHUE BBIXOJHOM MOIIHOCTH OCYIIECTBISICTCS Onaromaps yBEIUYCHHUIO
nuameTpa Hakauku. OHAKO BEIMUYMHA YCUJICHHS M KaueCTBO BBIXOJAHOIO Iy4YKa B IMCKOBBIX
AD orpaHuyeHsl CUIBHBIM 3(@eKToM ycuiaeHHOro crnoHTaHHoro wusnydeHus (YCU) u
TEIUIOBBIMU UCKa)KEHUSMHU U3TyUEHUS.

B pabote mpeactaBneHsl pe3yabTaThl UCCIECIOBAHUM YCUIICHUSI U TEIJIOBBIX 3()PeKToB
B JIUCKOBBIX aKTUBHBIX 3J€MEHTax. PelleHa coBMecTHas 3ajauya HEJIUHEHHOrO ypaBHEHHS
TEIUIOMPOBOAHOCTH M OATaHCHBIX YPAaBHEHUHN C YUYETOM TEMIEPATyPHON 3aBUCUMOCTH JPYTHX
MaTepuaIbHBIX KOHCTaHT OT TeMmmeparypbl [l]. BblmomHeHbl u3MepeHUs YCUIEHMS U
TEIUIOBBIX MCKA)KEHUW M3IIy4eHHs, B TOM YHUCJIE B PEKUME C reHepanued uimyudeHus [2].
[Tokazano, 4ro 3¢ ¢EeKTUBHOE OXJKICHUE JHCKOBOIO AD BO3MOXHO TPH TEIJIOBOM
KOHTAKTe C METAITHYECKHM TeIIOOTBOIOM He xyxe 20 Br/(K*cm?), a addeKT ycuneHHOro
crioHTanHoro u3nydeHus (Y CH) MoxeT ObITh YACTUYHO MOJABJICH B KOMIIO3UTHOM aKTHBHOM
9JIEMEHTE, COCTOSIIIEM W3 TOHKOTO JIETUPOBAHHOTO AHWCKA M TOJICTOTO HEJIErHpOBaHHOTO,
COCIMHEHHBIX C TIOMOWIBI0  TepMoauddy3noHHOH cBapku. OOHapyxkeH d¢dekT
JOTIOTHUTEIHLHOTO HETMHEHHOTO TETIOBBICIICHNUS, CBSI3aHHBIN ¢ BEIMYUHONW MHBEpCUU B AD
[2], u moKa3aHo, 4TO 3TOT A3P(PEKT MOKET OBITh YMEHBIIICH B KOMITO3UTHBIX AD.

Ha ocHoBe monyueHHBIX pe3ylbTaTOB Pa3paOOTaH IMCKOBBIM J1a3epHBI KBAaHTPOH C
KOMIIO3UTHBIM aKTUBHBIM 3J€MEHTOM. [IpoeMOHCTpUPOBAHO [BYXKPAaTHOE YBEIMUYEHUE
YCWJIEHUSI TO cIabOMy CHUTHaly B KOMIO3UTHOM AD MO CpaBHEHUIO C AWCKOBBIM TpHU
CpaBHUMOM BenW4YMHE (Pa30BbIX MCKaXEHUH wu3nydeHus. Ha ocHOBe KBaHTpoHa C
KOMIO3UTHBIM AD cO3[aH JUCKOBBIM Ja3ep C BBIXOJHOW MomHOcThI0 10 450 Bt u
omrrueckuM  KIIJ] Gomee 40% [3], pa3pabarbiBacTCsi MHOTONPOXOJIHBIM YCHIUTENIh C
BBIXO/IHOM cpeqHeit MomHocThio 6oee 100 Br.

1. OJI. Bagumosa, 1.b. Myxun, U.1. Ky3uenos, O.B. Ilanamos, E.A. [lepesesenues, E.A.
XazaHos, "Pacuet ko3 dunrenTa ycuieHus B KPHOTCHHO oXJTakaaeMbIX Yb : YAG-nuckax B
YCIIOBUSX CUIILHOTO TeruioBbAeneHus", KBanr. anekrponunka, 2013, 43 (3), 201-206.

2. Ivan I. Kuznetsov, Ivan B. Mukhin, Dmitriy E. Silin, Anton G. Vyatkin, Olga L. Vadimova,
Oleg V. Palashov, “Thermal effects in end-pumped Yb:YAG thin-disk and Yb:YAG/YAG
composite active element”, IEEE Journal of Quantum Electronics, Volume:50, Issue 3, 133-
140, 2014

3. N.U. Kyszueuos, U.b. Myxun, O.JI. Bagumosa, O.B. Ilanamos, "JluckoBsiii na3zep Ha
OCHOBE KOMITO3UTHOTO akTHBHOTO 31emMeHTa u3 Yb:YAG / YAG", KBanrt. anexktponuka, 2015,
45 (3), 207-210.
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BO3HMKHOBEHUE ¥ DBOJIIOINS BOJIHBI IIJTOTHOCTH ITPA
PACIIUPEHWH I'OPSIUEN MJIA3MBI B PA3PEKEHHYIO HOHU30BAHHYIO
CPEZLY

HeuaeB A.A., I'apaceB M.A., Kouaposckuii Bii.B.
ant.a.nech@gmail.com
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropon

PaccmoTpena opgHoMepHas 3ajgadya O  OECCTOJIKHOBUTEIBHOM  pasjieTe  CIIOs
HEPABHOBECHOH (ABYXTEMIEpaTypHOU) TOpsiued MiIa3sMbl B MOJYINPOCTPAHCTBO, 3aHITOE
XOJIOJTHOWM Pa3pEKEHHOM IUIa3MOM. Y CTAaHOBJIEHO, YTO HAJW4WE€ IMOCIEAHEW, B IMIUPOKOU
objmacTu ee mMapaMeTpoB, MNPUBOAUT K BO3HUKHOBEHHUIO BOJHBI IUIOTHOCTH YAaCTHII,
JMBUKYIIEHCS CO CKOPOCTBIO OJIM3KOW K MOHHO-3BYKOBOHW. [lomoOHOE sIBICHHE C HETaBHHX
nop HabmogaeTCs B TaOOPATOPHBIX SKCIIEPUMEHTAX C JIA3ePHOM MIa3MOi.

C nenpro u3yudeHus 3Toro siejieHus mpu nomoiru PIC-monenupoBaHust uccieqoBaHa
MUHAMHUKA KOHIIEHTPAllMM YacTHUI[ IJ1a3Mbl OOOMX THIIOB, MPOCIEKEHA O3BOJIOLUS HX
(da3zo0BOro pacmnpeneneHusl U FreHepUPYEMbIX B XOJI€ IIPOLEcca AIEKTPUUYECKOT0 U MarHUTHOTO
nosiel. B kadecTBe TUNUYHOrO B JOKJIAaA€ NPEICTaBICH MpUMEp pacuéra, B KOTOPOM B
HaYaJIbHBII MOMEHT BPEMEHHU B MOJYNPOCTPAHCTBE, 3aMOTHEHHOM «(OHOBOW» IJIa3MOU C
KOHLIEHTpanuen 10% em™ u TeMIiepaTypoi 4dactuil 3 3B, OKOJI0 OTpakaromieill rpaHUIlbl
HaXOAUTCA TOPAYMM IIJIA3MEHHBIM CJIOM C KOHILIEHTpauueu 10* em™ u TeMnepaTypou
3JIEKTPOHOB U UOHOB, paBHOU 3 K3B u 3 3B cooTBeTCTBEHHO.

[TokazaHo, 94ToO B XOAE€ CBOOOJHOTO pasjieTa IUTA3Mbl B HEHW MOSBISETCS CIIOH C
JIOKaJbHBIM MaKCUMYMOM KOHIICHTPAllUM, 3aHUMAIOIIUA HECKOJIBKO JICHTMIOPOBCKUX JJIMH
BOJIH M JBIDKYIIMICS CO CKOPOCTBIO, OJIM3KOW WM HEMHOTO MPEBBIMIAONIEH CKOPOCTh
MOHHOrO 3ByKa. HampaBieHHOe JABMKEHUE HMOHOB U 3JEKTPOHOB MOJAECPKUBACTCS
MPOJIOJIBHBIM DJIEKTPUUECKUM TOJIEM pasliefieHust 3apsaoB. [Ipu 3ToM BO3HHMKAeT CHIIbHAS
aHU30TpoNusl (PYHKIMU paclpeaeseHUs] SJCKTPOHOB IO CKOPOCTAM, OOyCIaBIHBAIOIIAs
BEHOEIIEBCKYI0 HEYCTOWYMBOCTh U TE€HEpPALMIO M033JAM YKa3aHHOIO CJIOS MONEpPEYHOro
MarHuTHOTO MOJs, MJIOTHOCTh 3HEPruu KOToporo gocturaer 10% oT MIOTHOCTH 3HEPruu
Y4acTHUI] B 00JIaCTH MOJIEIIMPOBAHMUSL.
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OCOBEHHOCTH OIITHYECKHU AETEKTHPYEMOI'O MATHUTHOI'O
PE3OHAHCA NV-IEHTPOB B AJIMA3E IIPH PE3OHAHCHOM
BO3BY/KJIEHUU U KPUOT'EHHOU TEMIIEPATYPE

Axwmemxkanos P.A., I'ymun JI.A., 3enenckuii 1.B., Huzos B.A., Huzos H.A., Cobraiina JI.A.
nizovva.w@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwknuit Hosropoa

AncamOau NV-1IIeHTpOB B aiMase sBJISIOTCS MEePCHEKTUBHOM cpefoil 1 peanusanuu
MarHUTOMETPUU W KBAaHTOBBIX CTaHAAPTOB YAaCTOTHL. biaromapss 0oco0oil  CTpPYKType
ONTUYECKUX MEPEeXOJI0B A 3TUX IieJiel B OCHOBHOM MCIIOJIB3YEeTCS METOJ ONTHYECKU
NeTeKTupyemMoro MaruutHoro pesonHanca (OAMP). Cytp wmertona 3akimodaercsd B
HaOJIOIGHUM  U3MEHEHHs  CHUTHaja  (IyOpeCLUEHLMH,  BBI3BIBAEMON  ONTHYECKUM
BO30Y KIeHHEM, ITpu npuioxkeHnn CBY u3inyuyeHus Ha 4yacTOTe MUKPOBOJIHOBOTO IIEPEX0/a.

Llenbto paboTel sBHsieTcst ucciuenoBanue crnekrpoB OJIMP npu pe3oHaHCHOM
ONTUYECKOM BO30ykIeHnH. Hamu ObUIM TPOBENEHBI M3MEPEHHUS B YCIOBUSAX KPHOTEHHOU
TEMIIepaTypbl, TaK KaK B 3TOM CJIydae B CIIeKTpe (piyopecreHInn HabaoaaeTcsl XapakTepHast
O0cecononnass muHUsS NV-mieHTpoB. OOHAPYKEHO CYIIECTBEHHOE OTJIMYHE OT OOBIYHOTO
OZIMP: mepeBopoT pe3oHaHca (Termepb HAOMIOAAETCS POCT CUrHayia (UIyOpecLEHINH, a He
YMEHBIICHNE), a TaKKe CYIIECTBEHHOE yBENUYeHHEe KOHTpacTa. Jddekr yBenmueHHs
KOHTpacTa MpeJCTaBIseT OOJIbIION UHTEpEC A Pa3BUTHS METOJ0B MarHUTOMETPUH, TaK KaK
MI03BOJISIET TIOBBICHTH YyBCTBUTEIBHOCTh N3MEPEHUH.

Ob6patuenue nposaia B crnekrpe OAMP npu pe3oHaHCHOM ONTHYECKOM BO30YXIEHUH
O0OBSCHSIETCS B IaHHOW paboTe CAeAyIomMM 00pa3oM. B HEOAHOPOAHO YIIUPEHHOM KOHTYpE
OPOMCXOJUT  BBIJECNICHHE HECKOJNBKMX TIpYyNI YacTULl € 4YacTOTaMHU  IE€pPEeXOJI0B,
COOTBETCTBYIOIIMM YacToTe Jjasepa. [l Kaxaol W3 Tpynm H3-3a CHOUH 3aBUCHMOIO
XapakTepa ONTHYECKUX MEPeXOJ0B MPOMCXOJUT NepeKadyka HaCeJEHHOCTH ¢ paboyero
NOJYPOBHS Ha TOIYPOBEHb C APYroW MPOEKIMEH CIHWHA, YTO MPHUBOAWUT K IIOABJICHUIO
curHana ¢uyopecueHiuy. lpu npunoxeHHoM pe3oHaHcHOM CBUY m3mydyeHMH mpoMCXOAMT
oOpaTHOe 3acelieHHMe, M YpOBEHb (IyOpeCICHIIMH yBeIWYHMBaeTcs. B ciydae ke
HEPE30HAHCHOW ONTHYECKOW HaKayKu MPOUCXOIUT Nojspu3anus BcexX NV-IEeHTpoB Ha
OCHOBHOI CIIMHOBBIN MOJYPOBEHb, [I03TOMY IpU BO30YXIEHUU MHUKPOBOJHOBOTO IEpEexoa
HAaceJIEHHOCTb ATOT0 MOAYPOBHS, a CIIEOBATENILHO, M CUTHAM (DIIyOpECLeHIIMN YMEHbILIACTCH.

beimn nmpoBenensl u3mepenus 3aBucumoctd OJIMP or temmeparypsl, oOHapykeHa
Touka nepeBopora ~ 35K. YcraHOBIEHO, YTO TemIeparypa MEepeBOpPOTa COOTBETCTBYET
nepexoay K CEJIeKTHBHOMY pPEXHUMY BO30OYXKACHHWS, TaK Kak IPH JaHHOW TemIeparype
aMIUIUTYZa CKAayKOB YacTOThl ONTHYECKOro mepexona Kaxzaoro NV-IeHTpa u3-3a
CHEKTpaNbHOW MU(Yy3UH CTAaHOBUTCS PAaBHOW YacTOTe MHUKPOBOJHOBOTO mepexoxaa. Ilpwm
Ooisee BBICOKOW TeMIlepaType BO3JEHCTBUE PE30HAHCHOI'O ONTHYECKOro W3Iy4YEeHHUs
AQHAJIOTMYHO HEPE30HAHCHOMY.

Pabota Bemonnena npu noagepxke POOU (mpoekt Nel4-29-07152).
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ABUKEHWA BOAHOTI'O CJ1051 B BOTHAX IYHAMU 11O JAHHBIM r'yCTOU
CETHU I''1YBOKOBO/JHBIX U3BMEPHUTEJIEHU YPOBHS MOPS

Hypucnamosa I'.H., HocoB M.A.
nurislamova@physics.msu.ru
Ousnueckuii paxynsrer MI'Y umenn M.B.JlomonocoBa

[TporHo3 1yHamMu OOBIYHO ONHMpAECTCS HA MarHUTyAHO-reorpaduueckuil kpurepuii. Ho
CBSI3b I[yHaMHU C 3€MJICTPSACCHMEM CJIO)KHA M HeoJHo3HauHa. CienoBaTelbHO, MPOTHO3,
OTMPAOLIUIICS INIaBHBIM 00pa30M Ha MAarHUTYJly 3eMJIETPSICEHUs B IPUHIIUIIE HE MOXKET OBIThH
HaJC)KHBIM. B 3TOM CBSI3M 1 yTOYHEHHS] MIPOrHO3a BCErJla UCIOJIB3YIOT JIOMOJHUTEIbHYIO
(ruppoduznyeckyro) HHGopMaIuio o pakTe BOSHUKHOBEHHUS U NTapaMeTpax BOJIHBI LlyHAMHU.

[Ipu BBISIBIEHUU IIyHAMU B OTKPBITOM OK€aHE OOBIYHO PETUCTPUPYIOTCS] BEPTUKAIbHbIE
JBIDKEHUSI BOJHOIO CJIOSl, TOYHEE, BapuallMd ypOBHS MOps. ['OpH30HTaIbHBIE ABHXKEHMS
BOJIHOT'O CJIOSI OTHOCUTENIBHO PEIKO CTAHOBSTCS MIPEIMETOM BHUMAHUS, HECMOTPS Ha TO, YTO
UX aMIUTUTYZa B JUIMHHBIX BOJHAX BCErJla 3aMETHO MPEBOCXOJIUT aMIUIUTYy BEPTUKAIbHBIX
nBwkeHui. MH(popManys O TOPHU3OHTAIBHBIX JBUKECHHS MOXET OBITh HCIOJh30BaHA B
Ka4yecTBE JIOMOJIHUTENbHBIX JaHHBIX JUIs BbISABIEHUS LlyHaMu. Kpome TOro, ropu3oHTalIbHbIE
JBUKEHMSI, HApSAYy C BEPTHUKAIbHBIMU, MOTYT MPEACTABIATh LIEHHOCTh B Kaue€CTBE BXOJHBIX
JAHHBIX YMCIIEHHBIX MPOrHOCTUYECKUX Mojenel. [1o JaHHBIM IycTol ceTH IiyOOKOBOJHBIX
CTaHIIMM, PacIONOKEHHBIX ONpPEIEICHHBIM 00pa3oM, BO3MOXKEH MPSIMOM MPOTHOCTUYECKUI
pacueT BOJH LlyHaMH O€3 Omopbl Ha celicMuuecKyr HH(popmauuio. B ynpomeHHOM Buze
3a/laya MpPOTHO3a MO JaHHBIM HM3MEPEHUs YPOBHS MOpPSI CBOJUTCS K PELIEHUIO BOJIHOBOI'O
YpaBHEHHsI OTHOCUTEIBHO CMELICHHsS CBOOOJHOM MOBEpPXHOCTH. T.e. HUKAKOW Ipyroi
UHPOpPMALIMU, KPOME TaHHBIX 00 YpOBHE MOpS Takas YIpOIIEHHas MOJAETh HE TpeOyerT.
OpHako, Oosiee TOYHBIM pacueT TpeOyeT HCIOJIb30BaHMs HEIMHEWHBIX YpaBHEHUH Teopuu
JUIMHHBIX BOJIH, 3aIIUCAaHHBIX C YYETOM JIOHHOT'O TPeHUs. B 3TUX ypaBHEHUSIX QUIypUpYET HE
TOJILKO CMEIIEHNE CBOOOHOM MOBEPXHOCTH, HO U MOJI€ CKOPOCTH FOPU30HTAIBHOI'O TEUEHHUS.
CrnenoBarenbHO, B KAYECTBE BXOIHBIX JaHHBIX HEOOXO0MMO UMETH €IIe U JaHHbIE O CKOPOCTH
TedyeHus. [1o oAMHOYHON CTaHIMKM YPOBHS MOpsl CKOPOCTh TE€UEHHs HE ONpeaessercs, Ul
3TOr0 HEOOXOIUMO HECKOJIBKO (He MeHee 3) OJIM3KO PacTo0KEHHBIX CTaHITUH.

Heckonbko ner Hazag areHtctBo JAMSTEC peanusoBasio ycTaHOBKY '"TycToil" ceTu
riryookoBoaHbIX craHimii DONET. Cers DONET Bkitowaer B ceOst 20 MOHHBIX CTAHIIHMH,
COEJIMHEHHBIX KaOeNbHBIMU JIMHUSAMHU C OEperoBbIM IIEHTPOM 00pabOTKH naHHBIX. Kaxnas
CTaHIIMsI OCHAILlEHA BBICOKOTOYHBIM JAaTYMKOM JaBiieHus. YacToTa IUCKpETH3alUu JaHHBIX
coctapnser 10 I'm. Cranuum yctaHoBieHbl Ha rinyOomHax ot 1900 mo 4400 m. BaxHnoit
ocobenHocthio cetu DONET sBnsiercss TO, 4TO paccTOSHUE MEXAY CTaHLMSIMH BapbUpPYyeETCs
oT 15 1o 20 kM, 4TO CyIIECTBEHHO MEHBIIIE, YEM JJIMHA BOJIHBI liyHamu. CiiegoBaTeiabHoO, 110
JAHHBIM TaKOH CETH MOXKET OBITh OJHO3HAYHO BOCCTAHOBIICHO BOJIHOBOE TIOJI€ I[yHAaMH H, B
YaCTHOCTH, 10JI€ CKOPOCTH FTOPU30HTAIIBHOTO TEYEHUSI.

L{enpro HacTosIIIEH paOOTHI SBISETCS BHIPAOOTKA METOJIUKH BOCCTAHOBJICHHSI CKOPOCTH
TE4YEeHUs] Mo Habopy ONM3KO PpAaCHONOKEHHBIX INTyOOKOBOAHBIX CTaHUMH YpPOBHS MOpS.
MeTtouka npuMeHeHa K BOCCTAHOBJIEHUIO ABM)KEHUN BOJIHOTO CJIOSl BO BPEMsS MPOXO0KICHUS
BOJIH I[yHaMH, BBI3BaHHBIX KaTacTpoduueckum 3emuerpsicenuem 11 mapra 2011 1. y
nodepexps SAnoHun.
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SJIEMEHT ME)KCOE{[I/IHEHI/II?'I I[JIHuH.JIAHAPHOFI TOIOJIOT UM
MAT'HOHHBIX CETEN: IBYMEPHBIA MATHOHHBINA KPUCTAJLI
KOHEYHOM IIIUPUHBI

OpnunioB C.A., CanoBaukoB A.B., bernaun E.H., I'pumnn C.B., Hlemykosa C.E.,
[Tapaesckuii FO.I1.
Odinoff@gmail.com
CapatoBckuii rocygapcTBeHHbIH yHUBepcuTeT uMeHu H.I'. YUepHsleBckoro

MarHoHHBIE BOJIHOBOJIbI, C)OPMHUPOBAHHBIE U3 TOHKUX MAarHUTHBIX IJICHOK C HU3KHM
K03 PHUIIMEHTOM JHMHEHHOTO 3aTyXaHUs, SBISIOTCS (YHKIHOHAIBHBIM OJIOKOM OO0
KOMIUIEKCHOW MHTETPaJIbHON MarHoHHOW ceTH [1,2], IOCKOJIbKY Ha MX OCHOBE OKa3bIBAETCS
BO3MOXXHBIM CO37aBaThb MEXCOEAUHEHHUS M JIMHUU Tepeaad MexAy (yHKIHMOHAIbHBIMU
y31amMu 00paboTku nH(OpMaIMOHHOTO curHana [3].

B HacTtosmedt  paboTe  mpeACTaBIE€Hbl  PE3yJbTaThl  TEOPETHYECKOIO U
JKCIIEPUMEHTAIBHOTO MCCIEAOBAHNSA JIMHEMHBIX M HEJIWHEHHBIX CBOWMCTB JIBYMEPHOIO
MarHoHHoro kpuctamia (2D MK), o6pa3zoBaHHOTO MyTeM CO3/IaHUS MEPUOTUIECKON B JIBYX
HaIPAaBJIECHUAX CTPYKTYPbl KAHABOK Ha TIOBEPXHOCTH IIEHKHU KEJI€30-UTTPUEBOrO IPAHATA.

C nomouipto Merona MannenbiraM-bpuiT093HOBCKOM CHEKTPOCKONUU MarHUTHBIX
MaTepuanaoB [2] MOKa3aHa BO3MOXKHOCTb YaCTOTHO-NIPOCTPAHCTBEHHOW CEJIEKTMBHOCTH U
o0Opa3oBaHus BOJHOBOAHBIX KaHanoB B 2D MK koneuHol mupuHbl. OOpa3zoBaHHE CMEXHBIX
BOJIHOBOJHBIX KAaHAJOB Il CIMHOBBIX BOJH OKa3blBacTCs BO3MOXHBIM, KOIZa 4acToTa
BXOJHOTO CHTHaJa TOMAJaeT B YaCTOTHBIA Uamna3oH Op3ITOBCKOW 3amperieHHoW 30HbI 2D
MK. Pe3ynpTaThl 4YMCIEHHOIO MOJEIMPOBAHHUS METOJOM KOHEYHBIX 3JIEMEHTOB HMEIOT
XOpollee COBMAJCHHE C pe3ysbTaTaMu 3KCIEPUMEHTa U CBUACTEIBCTBYIOT O BO3MOXHOCTHU
aBTO-KOJUIMMAalLlUU CIIMHOBOM BOJIHBI B paccMarpuBaemom 2D MK.

Takum oOpa3zom, usrotoBieHHbli 2D MK MoxeT ObITh HCIONB30BaH B KAa4YECTBE
(YHKIMOHAJIBHOTO 3JIEMEHTa MPOCTPAHCTBEHHO-YACTOTHOW (MIIBTpALMU WH(GOPMAIIMOHHBIX
CUTHAJIOB.

Pabora BeimonHeHa npu noaaepxke rpanta POOU (16-37-60093 mon_a_ak, 14-02-
00577) u crunenguu [pesunenta PO (CI1-313.2015.5).

1. V. V. Kruglyak, S. O. Demokritov, and D. Grundler, J. Phys.D: Appl. Phys. 43,
264001 (2010).

2. HuxkuroB C.A. um gap. MarHoHuMKa - HOBO€ HAINpaBiI€HHE CHUHTPOHUKH U
CIUHBOIIHOBOM AnekTpoHuku // YOH, T. 185, Ne 10, c. 1099-1128 (2015)

3. A. V. Sadovnikov, S. Davies, S. Grishin, V. Kruglyak, D. Romanenko, Y. Sharaevskii,
and S. Nikitov, Appl. Phys. Lett. 106, 192406 (2015).
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HCCJIEJOBAHUE PACCESAHUA 3JIEKTPOHOB B METAJLTAX IO OIITHKO-
TEPATEPHHOBOU KOHBEPCHUHU HA ITOBEPXHOCTH

Onaapiikun U.B.
oladyshkin@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

[TpoBeneno 000O0IIEHNE TEIUIOBOW MOJENN TeHepaly TeparepuoBoro u3iaydeHus [1]
Ha cllydyadl 3aBUCSIIEH OT TEMIEpAaTypbl 4YacTOThl  CTOJKHOBEHHMH  3JIEKTPOHOB.
OKCHepUMEHTaJIbHAsl 3aBUCHUMOCTb DJHEPIUU TeparepuoBoro curHaga Wyy, OT DHEPruu
nasepHoro wummnyinbca W, [2,3] HHTepnpeTHMpoBaHa Kak CIEICTBHE TEMIIEpaTypPHOU
3aBUCUMOCTM  4acTOTBI ~ CTOJKHOBEHUN  9JIeKTpoHOB. [lomydeHo  BbIpaxkeHue A
MHTEHCHBHOCTH ONTHYECKOro IO, mpu KoTopoi ¢GyHKims Wrp(W,,) Nepexoaut ot
KBaJpaTUYHOIO BHJA K DKCIOHEHIMaIbHOMY. Ha OCHOBE pa3BHTOM MOIENM MpPENIOKEH
METO]l U3BMEPEHUS] KOHCTAHTHI d, XapaKTePU3YyIOIIe HHTEHCUBHOCTbD 3JIEKTPOH-3JIEKTPOHHOTO
paccesiHMsI UM 3aBUCALICH TOJBKO OT 30HHOM CTpyKTypel Mmetamna [4,5]. IlokazaHo, 4to
IIOCPEACTBOM  DKCIIEPUMEHTAIIbHOTO  ompeneneHus  3aBUCUMOCTH  Wrp(W,,)  MOXKHO
BOCCTAHOBUTb HEU3BECTHYIO 3aBHCUMOCTh 3(P(PEKTHBHOM 4YacTOTHI CTOJKHOBEHHH OT
temneparypsl V(1) B AMana3oHe A0 eAUHHUL 3B.

[Toka3aHo, yTO BpeMeHHas (popMa M3IydaeMOro HU3KOYacCTOTHOIO CUTHaja MO3BOJISET
BOCCTAaHOBUTh JIMHAMUKY TEMIIEpPaTypbl 3JIEKTPOHOB BOJIM3U IMOBEPXHOCTH BO BpeMs U IOCIIE
BO3/ICUCTBUS  ONTUYECKOIO M3JIydeHus. Takum o0pa3oM, CQOpPMYIHPOBaH METOX
HKCIEPUMEHTAIBHOIO HAOJIOJEHUS IMPOLIECCOB IEpepactpe/ieieHus TEIUIOBOW 3HEPIUU B
9JIEKTPOHHOM ra3e Ha BPEMEHax OT JECATKOB (PeMTOCEKYH]I A0 1-2 MUKOCEKYH[, B TOM 4HCIe
U B YCJIOBHSIX aHOMAaJIbHOW TEIUIONPOBOJIHOCTH.

[To umeromMMes S3KCIEPUMEHTAIBHBIM JaHHBIM OBLIM BBIIIOJIHEHBI OLCHKH IapaMeTpOB
AIIEKTPOH-3JIEKTPOHHOIO pPacCesHusl B 30J0T€ U B MEIU; IOJIyYEHHbIE 3HAYEHUS B IIEJIOM
COIIaCYIOTCA € OXuAaeMbIMH. Bo MHOrux paborax Mo JaHHOW TeMaTHKE OTMevaeTcs
HEJ0CTaTOYHasi U3YyYEHHOCTh IMPOIIECCOB PACCESIHUS TOPSIUMX JJIEKTPOHOB B MeETallax, a
UCIIOJIb3yEMBIE aBTOPAaMHU KOHCTaHTBI MOTYT 3HAUUTEIBHO OTIIMYaThCs [5-7]. B TO e Bpewms,
IPOLIECCHI PACCESIHUS 3JIEKTPOHOB IPHU BBICOKUX TEMIIEpaTypax SIBISIFOTCS ONpPEAEISIONUMU
BO MHOTHUX NPUKIATHBIX 3a/la4ax, TAKUX Kak Ja3epHas aOJsaius, HelIHHEHHOe OTpakeHHe U
NOTJIONIEHHE, AaHOMallbHas JUQQy3us, TeHepanyss TapMOHUK TIOISI TIPH  BBICOKHX
MHTEHCUBHOCTSX U T.1. [I0o3TOMY 3KCIIepUMeHTaIbHbIE METO/Ibl, OCHOBAHHBIE Ha HAOIIOJCHUN
TEpParepluoBOro OTKIMKA METalIOB Ha (PEMTOCEKYyH/IHbIE Ja3epHbIE HMITYJbChl, MOTYT
OKa3aThCsl BECbMa aKTyaJIbHBIMH.

1. .V. Oladyshkin, D.A. Fadeev and V.A. Mironov, Journal of Optics 17, 075502 (2015)

2. F. Kadlec, P. Kuzel, J.-L. Coutaz, Opt. Lett. 29 (2004), 2674.

3. R.A.Akhmedzhanov, LE. Ilyakov, V.A.Mironov, [.V. Oladyshkin, E.V.Suvorov, D.A.
Fadeev, B.V. Shishkin, Radiophysics and Quantum Electronics 57, 807 (2015).

4. OcHOBBI Teopuu MeTalIoB, A.A. AGpukocos, M., Hayka (1987), u. I, ro. I'V.

5. S.G. Bezhanov, A.P. Kanavin, S.A. Uryupin, Quantum Electronics 44, 859 (2014).

6. N.A. Inogamov, Y.V. Petrov, JETP 110, 446, (2010).

7. Gamaly E. G., Rode A. V., Luther-Davies B. and Tikhonchuk V. T., Phys. Plasmas 9, 949
(2002).
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UCCJEIOBAHHUE IBYMEPHOM TYPBYJEHTHOCTH HA IIOBEPXHOCTH
BOJBI. IOJIYYEHUE OBPATHOI'O KACKAJA DQHEPI'NH

OpioB A.B.
arturor(@jissp.ac.ru
DenepanbHOE rocynapcTBEHHOE OI0KETHOE yupexaeHue Hayku MHCTUTYT pu3uku
TBepaoro Tena Poccuiickoit akagemuun Hayk (MDOTT PAH)

B skcnepuMenTe ucciemyeTcs 3BOJONKS 00paTHOTO Kackaaa (Kackaaa dHEpruu) Mpu
TypOyJIE€HTHOM JBMXEHHH TOHKOTO CJOS J>KUIAKOCTH B KBaJgpaTHON sdeiike (00bemMoM
405+40510 mnr).

Ha pne sueiiku pacmomaratorcs 1588 marnutoB (amamerpom 1 mm kaxnabri). B
KauecTBE MKHUAKOCTU HCIONb3yeTcs 37eKTpoiaur — 8-10 % pacTtBop conbl, B KOTOPBIi
OITyCKAaIOTCSI TUIATUHOBBIE 3JEKTPObL. [10 HUM mycKaeTcs SIEKTPUUECKUN TOK. 3a CYET CHUIIBI
JlopeHna o0acTH JIEKTPOIUTa BOKPYT MarHUTOB 3aKPyYMBAIOTCS M B BOJIE BO30YKIAIOTCS
BUXpU. 32 CYET HEMUHEITHOTO B3aMMOJICHCTBUS APYT C APYTOM, OHU KAaCKaJHO CITUBAIOTCS, U B
uTore oOpa3yeTcsi Majoe KOJIMYECTBO OONbIIMX (AMaMETPOM TMOpsIKa IIUPUHBI SUEHKH)
BUXpel (popMuUpyeTCcss KOTEePEHTHOE IBIKEHHUE). DTO U €CTh OOpaTHBIN KacKa.

B pabore uccnenyercs 3BONIONUS ATOrO IpOLIECCa U paclpeiesieHue CKOpOCTed B
Oonpmux BuUXpsX. [Qns 3TOoro B pacTBOp AOOABISIOTCS MaJjeHbKME IIAPUKH HUOMM/IA,
KOTOpBIE OYEHb XOPOIIO OTPAYKAIOT CBET U SBISIOTCS MHIMKATOPAMU ABIMKEHUs BUXpeid. [1pu
JIBUKCHUM OMpPENEJICHHBI CJION JKHIKOCTH ToOYepeaHo (C Maloll 3aJepKKOoi Apyr
OTHOCHUTENIHO JpyTa) IOJACBEYMBAETCS KPACHBIM U 3€JIEHBIM Ja3epaMH, U B 3TO BpeMs
ckopocTHas ¢oTokaMepa naenaeT CHUMOK. Ha kommpioTepe W3 moiyueHHOUW Qororpaduu
BbIAEseTCS 2 ciosl (KpacHBIM M 3€JIEHBIM) U MO KOPPENSALUsAM MEXIY PaclojOKEHUSIMU
YacTHIl HAa HHUX BBIUMCISIETCS pachpeseneHue (Mo YIriIy M IO PACCTOSHUIO OT LEHTpa)
CKOpOCTEH BUXpEN.
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CIIOHTAHHOE OBPA30BAHWE HEJIMHEWHBIX ABTOBOJIHOBBIX
CTPYKTYP B IIONEPEYHOM INPO®UJIE U3JTYUEHUSA
N POKOAIIEPTYPHBIX JIASEPOB

ITaxomoB A.B. 1’2, Kpenn A.A.l’z, AHYMKOB I[.A.1
pahomov_91@mail.ru
1CaMapCKI/Iﬁ rocyaapCTBEHHbIN a’pokocmudeckuil yausepcureT um. C.I1. Koposiea
(HaIMOHAJIbHBIN UCCIIEI0BATENIbCKUN YHUBEPCUTET)
*Camapckuii prnan dusngeckoro urcruryta um. IL.H. Jle6enesa PAH

SIBneHust caMoopraHu3alMd, WM  CIOHTAHHOIO  00pa30BaHUSl  HEJIMHEHWHBIX
IPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYpP LIMPOKO HAOIIONAIOTCS BO MHOTHUX HEPABHOBECHBIX
cUCTeMax, M3y4aeMbIX B paMKax pa3IMYHBIX 00JIAaCTeil €CTeCTBO3HAHUS — OMOJIOTHH, XUMUH,
TUAPOIUHAMUKUA U Jp. VIHTEHCHMBHOE M3y4€HHE TAKUX IPOLECCOB B HEIMHEWHON ONTHKE
HAYaJIOCh JIMIIb C MOSBICHUEM JIA3€POB U MOCIIE TOT0, KaK B PAJE SKCIEPUMEHTAIbHBIX padboT
B pa3IMUHBIX THUIMAX LIMPOKOANEPTYPHBIX JiazepoB C OonbuM uuciaoM DpeHens Obuin
OoOHapy»XeHbl HETPUBUAJIbHBIE IONEPEUHbIE ONTHUYECKHUE CTPYKTYpbl: ONTHUECKHE BUXPH,
aBTOBOJIHBI, TYypOyJI€HTHOCTb. Llenbio faHHON paboThl ABISUIOCH N3yUYE€HUE OCHOBHBIX THIIOB
HEYCTONYMBOCTEH, MPOSBIAIOUIMXCA B LIMPOKOANEPTYPHBIX Jla3epax, U COOTBETCTBYIOIUX
UM OU(YpKALMOHHBIX MEXaHU3MOB CIIOHTAHHOIO OOpa30BaHUS MOMEPEYHBIX ONTHUYECKUX
CTPYKTYP.

C ucnonp3oBaHueM ypaBHeHMH MakcBesia-bnoxa OblI0 MOKa3aHO, YTO JUHAMUKA
ONTUYECKOTO NOJIsi 00YCIIaBIMBAETCS PA3IMUHBIMU TUIIAMU HEYCTONYMBOCTEN B 3aBUCUMOCTH
0T JMHAMHMYECKOro Kjacca Jiazepa. B ciywae nasepoB kiacca B HaOmogaercs BoJHOBas
HEYCTONYHUBOCTh, IPUBOASAIIAS K CII0KHOW aBTOBOJHOBOW MOJYJISILIMK MOTNIEPEYHOT0 PO
HOJIsl, XapaKTepHble MHPOCTPAHCTBEHHO-BPEMEHHbIE MacIITaObl KOTOPOH COIJacyroTcst ¢
pesynpTataMu aHanu3a ycroiumBocTH. [[ms masepoB kimacca C BcneacTBue Oudypkanuu
Xomnda mpu OpPeBHILIEHMH BTOPOro JA3epHOrO IOpora pean3yercs aBTOKoseOaTeIbHast
IvHamuka. Jlnsg ompeneneHus yCIOBUM BO3HMKHOBEHUS HEOJHOPOJHOM IONEPEYHOU
CTPYKTYpBI IIOJII B 3TOM Cily4ae OblUla pa3BUTa METOAUKa Ha ocHoBe Teopuu Puoke. B
pe3ynbrare ObUIO MOKAa3aHO, YTO BO3MOXKHBIE PEKUMBbI JUHAMHKHU BKJIIOYAIOT TE€HEPALUIO
IPOCTPAHCTBEHHO-OJHOPOAHBIX  aBTOKoieOaHui MO0  (OpMUpOBaAHME  HEJIMHEHHBIX
ABTOBOJIHOBBIX MPOCTPAHCTBEHHO-BPEMEHHBIX ONTHUYECKUX CTPYKTYp: JOMEHOB CHHUPATIbHBIX
BOJIH WIM MOAYJIMPOBAaHHBIX CTOSYMX BOJH. B mociegHem ciydae XapakTepHbIE
IPOCTPAHCTBEHHBIE pa3Mephbl MOIYYaEMbIX CTPYKTYpP YAOBJIETBOPUTENIBHO COIJIACYIOTCS C
pesysbraTamu a"Hanuza Doke.

Pabora wactnuno noanep:xana Munoo6puayku P® B pamkax IIporpammsl mOBBIIIEHUS
KoHKypeHTocnocooHoct CI'AY na 2013-2020 rr. u I'ocyaapcTBeHHOro 3aJjaHus By3aM U
Hay4yHbIM oOpraHu3auusM B cdepe HaydHOM aesrenbHocTd, HpoekT 1451, HUP NeI'P
114091840046, rpantom PODU 14-02-31419 mon_a.
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N3YYEHHUE ITPOOECCA YCTAHOBJIEHUS PEZKUMA OBOBIIEHHOHA
CUHXPOHM3ALMU B AHCAMBJIE HEJIMHEUHBIX OCIUJIJIATOPOB

Koponosckuii A.A."?, Mockanenko O.1. ', [uBoBapos A.A. '
vostochny@list.ru
'®I'BOY BIIO «CapaToBckuii rocyrapcTBeHHbli yruBepcuteT nvern H.T.
UepneimeBckoroy», Capatos
*®I'BOY BITIO «CapaToBCKHii roCy1apCTBEHHbIH TeXHUUECKHiT YHUBEPCHTET HMEHH
lNarapuna FO.A.», CapaToB

W3ydeHnue pa3nuyHBIX THUIIOB XAOTHYECKOW CHHXPOHHU3AIMH, TaKMX Kak (QaszoBas
CHUHXPOHM3allMs, CHHXpOHM3alus C 3amna3apiBaHueM  (lag-cuHXpoHu3anus), MOJHas
CUHXPOHM3AIMsI, B HACTOsALIEE BpeMsl MpUBJIEKaeT OOJbIIOe BHUMaHue uccienonarenei [1].
Bricokuii MHTEpecC BBI3BIBAET MCCIEIOBAHNE TAKOTO SBJICHMSA, KaK 0000IICHHAs XaoTHYecKast
CUHXpoHM3amus [2-3], KoTopoe NOAPOOHO H3YYEHO JMJIs JIOCTATOYHO IITHUPOKOro Kjacca
B3aMMO/JICHCTBYIOIIMX CHCTEM. BbUIM MccneoBaHbl Kak CUCTEMBI C JUCKPETHBIM BPEMEHEM,
CBSI3aHHbBIE OJJHOHAIPABJIEHO U B3aUMHO, TaK U MOTOKOBBIE CUCTEMBI C OJHOHAIIPABICHHON U
B3aMMHON CBS3bI0 (BKJIIOYAs MPOCTPAHCTBEHHO-paclpeeseHHble cuctembl). Creayromum
9TAlOM HCCJIEIOBaHMs, HANpPABICHHOIO HA BBISBICHHE 3aKOHOMEPHOCTEH, CBSI3aHHBIX C
HEepexooM K pexuMy 0OOOIIEHHOW CHHXPOHU3ALMHM OT ACHHXPOHHOW TUHAMUKH, SBISETCS
paccMOTpEeHHE CeTeil B3aMMOIEHCTBYIOMIUX OCIHIIISTOPOB [4].

Ilenpto  maHHOW  pabOTBl  SABJISUIOCH  NPOBEIEHHE  HUCCIEAOBaHUS  Ipolecca
YCTaHOBJICHUS pexuMa 000OLIEHHON XaOTUYECKOW CHHXPOHHU3AIMU B CETH OCLUIUIATOPOB C
IIOTOKOBBIM BpeMeHeM. B kauecTBe MOJENbHON CHCTEMBI, IEMOHCTPUPYIOIIEH Xa0TUYECKYIO
TMHAMUKY, Obula BBIOpaHa ceTh U3 MATH OCHMIUITOPOB Pecciiepa, CBA3aHHBIX JIPYT € JPYroM
B3aMMHO, TUI CBSI3M MEXJAy JIEMEHTaMU CETH IpU pacCMOTpeHHM Oblila BbIOpaH B BUJE
«KOKIBIN ¢ KaXIbIM». B Xoxe mccienoBanus ObUTH BBISIBJICHO, YTO B MpoOIlecce Iepexonaa K
pexuMy OOOOIEHHON CHHXPOHHM3AIMM, KOIJla OJUH U3 Mokasartenel JIsmyHoBa NMpUHUMAET
OTpULIATENIbHOE 3HAYEHHE, B CETU JUHAMHUYECKUX CUCTEM OTCYTCTBYET YETKOE pa3/ielieHue Ha
CHUCTEMBI, YyXe Mepeleliie K CHHXPOHHOMY pPEXKHUMY U CHCTEMBI, JI€MOHCTPUPYIOIIHNE
ACMHXPOHHYIO JHMHaMUKY. B NaHHOM ciyyae MMEET MECTO IUIaBHBIM MEpexoa K pexKuMy
0000I1IeHHONW CHHXPOHHU3AIMK, KOIJla BCE AJIEMEHTHI CETH IOCTENEHHO, MO0 MEepe CMEHbI
CTapIIMMH TOKa3aTensiMu JldamyHoBa 3HAaKa, HAaYMHAIOT JIEMOHCTPUPOBATH CHHXPOHHYIO
JTUHAMUKY .

Pabora BhimosnHeHa npu nopanepxkke Poccuiickoro HayuyHoro ¢onzaa (mpoext 14-12-
00224).

1. Pikovsky A.S., Rosenblum M.G., and Kurths J. Synchronization: A Universal
Concept in Nonlinear Sciences (Cambridge University Press, Cambridge, England, 2001)

2. Rulkov N.F., Sushchik M.M., Tsimring L.S., and Abarbanel H.D.I. // Phys. Rev. E.
1995. V. 51, 980

3. Dmitriev B.S., Hramov A.E. et al. // Phys. Rev. Lett. 2009. V. 102. P. 074101.

4. Moskalenko O.I., Koronovskii A.A., Hramov A.E., Boccaletti S. // Physical Review
E. 2012.V. 86, 036216
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KOI'EPEHTHOCTb OCHWI/IITOPOB C IIYMOM IIPH HAJIMYHAH
OBPATHOMU CBA3U, BBI3bIBAIOINEU MYJIbTUCTABHJIBHOCTbD

ITumenoBa A.B.l, Tonnooun I[.C.l’2
Anastasiyva.Pimenova@gmail.com, Denis.Goldobin@gmail.com
'MucTuTyT Mexanuku crutomHeix cpen YpO PAH, Tlepmb
2HepMCKI/H71 rOCYIapCTBEHHBIN HAIIMOHAIBHBIN UCCIE0BATEIbCKUN YHUBEPCUTET, [lepmb

3anazasiBaroliasi oOpaTHas CBA3b sBIAETCS 3(P(OEKTUBHBIM CPEICTBOM JAJISI KOHTPOJIS
KOT€PEHTHOCTH OCHILIATOPOB ¢ I1ymMoM. Jlaxe crnabas 3amazabiBaroiast oOpaTHast CBsI3b pU
JIOCTAaTOYHO OOJBIIOM BPEMEHHU 3ala3[bIBaHUS MOXXET YMEHBIIATh WA YBEIHYUBATH
kodpurueHT quddy3un Gazbl — KOIMYECTBEHHYIO MEpYy KOT€PEHTHOCTH — Ha MOPSI0K U
o6onee. Teopus ympaBneHus koddpdunumentom  auddysum  daser  mocpencTBoM
3arma3/bIBaroleil 00paTHOi cBsi3u ObLTa pa3BuTa B padorax [1-3].

OpHako, mpu OOJTBIIOM BPEMEHH 3aIla3/IbIBAHUs U HCUYE3aIO0IIe CI1a00M IIIyMe B CHCTEME
MOXET  BO3HUKaThb  MYJIbTUCTAaOMJIBHOCTH  CpedHed  vacTtoTel  kojeOanuil.  Ilpum
MYJIBTHCTAOUIBHOCTH IIYM MPHUBOAMT K TEPEKITIOUCHISIM MEXIY COCTOSHUSIMH C Pa3IHIHON
CpelnHel 4acToToi, u, TakuM oOpa3om, B auddysuto ¢a3el KoneOaHUN HAYUHAIOT BHOCUTH
BKJIQ/T HE TOJIKO (DITyKTYaIllil OTHOCHTEIBHO CPETHETO JIMHEHHOTO pocTa (pa3sl CO BpeMeHeM,
HO M MEPEeKIIOYEeHUs «JIOKaJbHON» cpeaHel ckopocTH pocta ¢aspl. s cimaboro mryma,
Cilydail KOTOpPOTO SIBISIETCS (PM3UYECKH PEIeBAHTHBIM, OKA3bIBACTCS BO3MOXKHBIM HANTH
€CTECTBEHHbIC IIE€PEMEHHBIE, B TEPMUHAX KOTOPHIX MEPEKIIOUYEHUS MEXIYy ABYMs
COCTOSIHUSIMH 11 CKOPOCTH pocTa (ha3bl MOTYT OBITh NpEICTaBICHBI KaK HICaIbHBINA
CiIy4aifHbIN TenerpadHblii npoiecc. UncneHHbIH cueT oOHapykuBaeT, 4To nuddysus dazbr
CTAaHOBUTCA TWUTAHTCKOM TPU TEX 3HAYCHUAX YINPABISIONINX IapaMETPOB CHUCTEMBI, NpPHU
KOTOPBIX CpeZiHee BpeMsl NPeObIBaHUS B IBYX COCTOSHUSIX COIOCTAaBUMBI.

B pabote cTpoutcst ananuTHueckas Teopus dp¢deKra 3anazapBaonieil 00paTHON CBI3H
Ha Kodpdunuent nuddysun daspl Npu HATUYUK MyIbTHCTaOMIbHOCTH [4]. B cormacum c
pe3ysbTaTaMu YHCIECHHOTO CYeTa, YAAeTCsl aHAIMTHYECKH IOJNyYuTh, YTO KOI(PPHUIHEHT
muddy3un $a3pl UMeeT THraHTCKWE MUKU BOJMU3UM TOYEK, rIe Bpems NpeObIBaHHS B ABYX
COCTOSIHUSX paBHBL. [IpuMedarenbHO, YTO IMMPUHA TUKOB JMHEWHO YMEHBIIAETCS C
YMEHBLIEHHEM aMIUINTY/bl IIyMa TOTJa, KaK UX BbICOTA 3KCIIOHEHLUAIBHO YBEJIUYMUBACTCS
— TaKuM 00pa3oM, MHTErpaIbHAsT «MOIIHOCTBY MUKOB PACTET B3PBHIBHBIM 00Pa30M IO Mepe
YMEHBUIEHNs] THTEHCUBHOCTH LITyMa.

Pabota nonnepxana Poccuiickum HayuabiM pormom (rpant Ne 14-21-00090).

1. D. Goldobin, M. Rosenblum, and A. Pikovsky, Coherence of noisy oscillators with
delayed feedback, Physica A 327, 124-128 (2003).

2. D. Goldobin, M. Rosenblum, and A. Pikovsky, Controlling oscillator coherence by
delayed feedback, Phys. Rev. E 67(6), 061119 (2003).

3.  D.S. Goldobin, Uncertainty Principle for Control of Ensembles of Oscillators Driven by
Common Noise, Eur. Phys. J. ST 223(4), 677-685 (2014).

4. A.V.Pimenova, D.S. Goldobin, Coherence of Noisy Oscillators with Delayed Feedback
Inducing Multistability, Journal of Physics: Conference Series, in press (2015); E-print:
arXiv:1509.08350.
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ANHAMUMWYECKUE PEXXKUMBI IBYX UMITYJIbBCHO CBA3AHHBIX
PASHOYACTOTHBIX BK-OCHUJIJIATOPOB ITPHU CJIEAYIOIUX BUJAX
CBA3U: THTUBUTOPHAS, AKTUBATOPHASA U OBPATHASA NHI'MBUTOPHASA

ITpockypkun U.C.
megavolt007@mail.ru
Lentp Henuneiinoit Xumun, bOY um. Mmmanynina Kanra

Beimonnena pa®oTta mo McCIeIOBaHUIO JUHAMUYECKHX PEXKHUMOB JBYX XUMHUYECKUX
penaKcalMOHHbIX OCLMJIISTOPOB, KOTOpbIE NPEACTaBISIIOT coloil peakuuio benoycosa-
Kaborunckoro (bX) B nporounsix peaktopax. OCHWIIATOPBI CBA3aHbI UMIYJIbCHO (IIyTeM
OBICTPOrO BIPBICKUBAHUS PACTBOPOB AKTUBATOPa MM MHIMOUTOPA B OAMH PEAKTOP B OTBET
Ha CHalk B JPYrOM pEaKTOpE) C HCIHOJIb30BAaHUEM BPEMEHHOW 3aJCpKKU.  3aJepikka
YCTAHABJIMBAETCSI MEXIAY MOMEHTOM cCIlaiika B OJHOM OCLIJUIITOPE U MOMEHTOM
BIIPBICKUBAHUS MHTHOMTOpA WM aKTHBATOpa B JPyroi ocmwuisrop. Jns mHruOburopHOU
CBSI3U TEOPETHUYECKH U HKCIIEPUMEHTAIBHO ObUIN HallIeHbl pEeXXUMBI pabOThl OCLUIIIATOPOB C
pesonancamu: 1:1, 2:3, 1:2, 2:5, 1:3. Tlpu paccmorpenuu pexxkuma 1:2 ¢ 3aBUCUMOCTBIO OT
BPEMEHHOW 3aJlepKKU ObUT HalJeH pe3KUi Mepexoj] OT OJHOr0 peXUMa CHHXPOHU3AIMH,
HazBanHoro Hamu “0/0.5”, x gpyromy, “0.2/0.7”. Hus pesonanca 1:1 HaligeHa
3aKOHOMEPHOCTh TEPEKIIIOUEHUsT MeXAy MpoTuBodazHbeIM pexxuMoMm (AP, anti-phase) u
cuadazupM (IP, in-phase), m oOHapykeHa o0macTb OMPUTMHUYHOCTH. {71 aKTHBAaTOPHON
CBs3M OBUIM TaKXke HaWIeHbl pe3oHaHCHble pexumbl: 1:1, 2:3, 1:2, 2:5) 1:3 u 1:4.
bupurmMudHOCTh Takke ObTa HaljeHa s pexkuma 1:2 mpu Oonbmioit cwite cBsizu. s
OOBSICHEHUS! BO3HUKHOBEHHUS Pa3IMYHBIX PE30HAHCHBIX PEKUMOB Mbl IMOJYYMIIN KpPUBBIE
nepeyctanoBku ¢a3el, PRC (Phase Response Curve) mist Kak10ro THIIA CBS3H.

Msbl Takke pa3paboTaqu HOBBIM THUI AaKTUBATOPHOM CBSI3U, MCIIOJB3YS MOMIYJISLIUIO
KOHIIGHTpauu  uHruOuTopa. KoHIEHTpamuss MHruOWTOpa B XHMHUYECKOM OCIULISATOpPE
JIOJDKHA HCKYCCTBEHHO IMOJICP)KUBAThCSI HAa HEKOTOPOM YpPOBHE, YTOOBI COXPAHSIMCH
nepuoanyeckue kojaedanus. MmynbcHOM akTUBaIMe ocHMILIATOpa B JaHHOM MeTozie OyieT
SBIISITbCS YMEHbBIICHHE KOHIEHTPALlMM HHTUOMTOpa Ha KOPOTKUH IPOMEKYTOK BPEMEHHU.
Jng ciayyas IByX OCHWUISTOPOB Takas CBA3b OblLIa OCYIIECTBIIEHA IyTEM OTKJIIOYEHHS Ha
KOPOTKHH MPOMEXYTOK BPEMEHHU MOCTOSHHON MOJauu MHTMOUTOpa B MPOTOYHBIN peakTop ¢
bXK-peaknueil. [1o pe3yiabTaraMm ncciaen0BaHUs AMHAMUKHY pe30HAHCHBIX pexuMoB U PRC Mbl
YIOCTOBEPUIINCH, YTO MPUPOAA TAKOW CBA3U - aKTUBATOPHAS.
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N3MEPEHUE XAPAKTEPUCTUK ITAKETOB IIOBEPXHOCTHBIX BOJIH HA
BOJAE OIITHYECKUMMU CPEJCTBAMHA

Pazymos /I./1., Canmun M.b., CtynenkoB A.B.
ddrazumov(@gmail.com, mikesalin@hydro.appl.sci-nnov.ru, andrey_stulenkov8@mail.ru
Wuctutyt [puxknagnoit ®uzuku PAH, Huxuaunit Horopon

B pabore mpeacraBieHbl pe3yJbTaThl UCCIEAOBAHUS XapaKTEPUCTHK MOBEPXHOCTHBIX
I'PaBUTALIMOHHBIX BOJIH, MPOBEJCHHBIX B HATYPHBIX YCIOBUSX B 3aiuBe JIagoxkckoro osepe B
2015 roxy. B skcnepuMeHTax MpUCYTCTBOBAIM BOJIHBI PA3IMYHOM MPUPOIBI: KUIbBATEPHBIN
clell OT MaJOMEpPHOro cyjaHa (BOJIHA OT JETEPMHUHHUPOBAHHOTO HCTOYHUKA) U BETPOBOE
BOJIHEHHE (KOTOpOE XapaKTepHU3yeTcsl IIMPOKOW JuarpaMMON HaNpaBiIEHHOCTBIO U Ci1abon
IPOCTPAHCTBEHHON KOrepeHTHOCThI0). Ilo crnekTpy BOJHEHHS OT JAETEPMUHHUPOBAHHOIO
UCTOYHUKA XOpOILIO BHUJIHBI MPOSIBICHUS IUCIIEPCUU TOBEPXHOCTHBIX BOJH, HAaIpUMED,
pacTArMBaHME TMaKeTa NpPH MNPOXOXKACHUM OonblIoW aucTtaHuuu. Tak ke HaOmomaercs
3aBHCUMOCTb HAIPaBJICHUS PACHPOCTPAHEHUS BOJIHBI OT €€ YacTOThI, KOTOpas BO3HMUKAET B
pe3ynbTaTte CHHXPOHHU3MAa CO CKOPOCThIO UCTOUYHHKA U COTJIaCy€eTCsl C TEOpUEH.

M3BecTHO, 4TO TEOpUS HAKJIaJbIBaeT KHHEMATHUYECKHUE YCIOBHS HA MapaMeTphbl BOJIHBI
OT JIBUKYIIETOCS HMCTOYHHMKA, HO HEMOCPEICTBEHHO 3HAUYECHUE aMIUTUTYIBI BO30YXKICHHOU
BOJHBl 3aBUCUT OT IlapaMEeTpOB HCTOYHMKA M  JOJDKHO  SIBIISIETCS  NPEIMETOM
AKCIIEPUMEHTAIBHOTO HccienoBanus. HatypHoe rccienoBanne KopaOenbHBIX BOJTH U APYTHX
KOPPETUPOBAHHBIX MAKETOB BOJH TPeOyeT OTJENIEHUsI UX OT BETPOBOH KOMIOHEHTHI, KaK OT
¢oHOBOTO mIymMa. ITO BO3MOXHO IPH TPOBEICHHH CHHXPOHHBIX M3MEPEHHUH B HECKOIBKHX
Toukax. B "acTHoCTH, onmTHYecKHe METOJbl U3MEPEHUs] MOTYT OJAHOBPEMEHHO OXBaThIBATh
OOJIBIITYTO TIIOIIATb.

Hcnonb3oBaHHas KOMOMHHMPOBAHHAS ONTHYECKas CXEMa HM3MEPEHHs 3aKJIoyaeTcs B
IPOBEJCHUE CHUHXPOHHBIX BHJAEO3aNUCEN HM300pakeHHs MOBEPXHOCTU. Bo-nepBhIX,
pPETUCTPUPYETCs N300pakeHUE Yy4YacTKa B3BOJIHOBAHHOW MOBEPXHOCTH C pa3MepoM Mopsiaka
wi Oonee 10x10 mauH 3HEproHecymux BOJH — 0030pHas BUAEOChEMKa. Bo-BTOpBIX,
IPOBOJUTCS BUAEO3ANHUCh C OOJIBIIMM YBEIMUEHHEM TaK Ha3bIBA€MOMN «ONTHYECKOI» BEIIKU
(aHasiora CTPYHHOTO BOJIHOTpada C pErucTpareil BBICOTHI BOJIHBI OINTHYECKH, a HE
INEKTPUYECKH).

O0630pHas BUICOCheMKa 00padaThiBaeTCs 1Mo cieayromieii cxeme. CHavana mpoBOIUTCS
reoMeTpUYecKoe Mpeodpa3zoBaHue: OCYIIECTBIIAETCS MacIlITabUpoBaHue (IEPEBO/T TUKCENIOB B
METPBI) ¥ KOPPEKIUS TE€OMETPUIECKOTO NCKaKEHUS (MIEPCIIEKTHBH). Pe3ynbTaToM yKa3aHHBIX
orepauui sBISETCS BBIPAKEHHOE B OTHOCHUTENBHBIX €IMHULAX I0JI€ SPKOCTU MOBEPXHOCTU
BoAbI U(x,y,t), NpUBA3aHHOE K KOOpAUHATaM aKBAaTOPHUHU X,) U BpeMeHHU f. Jlanee npumeHseTcs
OpUTMHAJIbHAS Ipolelypa KaJTuOpOBKH, OCHOBaHHAs Ha (uibTpanmu U(x,),f) U CpaBHEHUU
€ro XapakTepUCTUK 3TON (PyHKUMEH C JaHHBIMU «ONTUYECKOI» BEIIKM KaK C 3TaJOHHON
3aBUCUMOCTBIO. [Ipy 3TOM yYMTBIBAaIOTCS CTAaHAAPTHBIE MOJIENH 3aBUCHUMOCTH SIPKOCTH
MOPCKOM TOBEPXHOCTH OT €€ HakjioHa. [Ipomenypa KaJiuOpOBKM IO3BOJISIET MEPECUUTATh
6e3pazMepHble gaHHble RGB HemocpecTBEeHHO B paclpelelieHue BBICOT BOJHEHHs (B
MeTpax), 9YTO KOMIIEHCHPYET OOJBIIMHCTBO HEIOCTAaTKOB, TPAJAULIUOHHO MPUCYIIUX
ONTUYECKHUM METO/1aM U3MEpPEeHHUs.
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YIPABJIEHUE CIIMHOBOM BOJTHOHM B HEPETYJIIPHOM MATHUTHOM
BOJIHOBO/JIE

Pomanenko I[.B.l, CaJIoOBHUKOB A.B.l, Davies C.S.l, I'pummn C.B.l, [TapaeBckuii IO.H.I,
Huxuros C.A.', Kruglyak V.V.!
dmitrii.romanenk@mail.ru
1CapaTOBCKI/n?I roCyIapCTBEHHBIM YHUBEPCUTET UMEeHU YepHbilieBckoro, Capatos
*MHCTHTYT PaIHOTEXHUKH U YICKTPOHUKN MeHH KoTenpHukoBa, MockBa
3 School of Physics, University of Exeter, Exeter, United Kingdom

SIBieHME CIMH-BOJIHOBOIO TPAHCIOPTa B MarHOHHBIX BOJHOBOJAX C HapyLICHHOU
TPAHCIIALIMOHHOM CHUMMETpUEll MrpaeT KIIOUeBYIO pOJIb Ui CO3/aHUs (YHKIMOHAIBHBIX
MarHOHHBIX OJIOKOB IS iepenadn u o0paboTku uHpopmanuu [1]. OgHOM U3 MPHOPUTETHBIX
3aJad B OITOM HalpaBJICHUM SIBJISETCS 3aJada O PacHpOCTPAHEHUHM CIIMH-BOJIHOBOTO
BO30Y’KJICHUS B HEPETYJISIPHBIX MarHOHHBIX U3rH0ax pa3IuyHON KOHPUTypaluu.

B cBoeii pabore Mbl mpeansaraeM TpH BO3MOXKHBIE KOH(UIypauuu MpocTEeHIInX
MarHOOHHBIX H30THYTBIX BOJIHOBOJOB:)npsiMoyronpHblii ['-00pasnbiii BomHOBOO; 2) I'-
00pa3Hblii BOJHOBOJ CO CKOIICHHBIMU TIOJ 45° yriaamu; 3) CKpyrieHHbI [-00pa3Hbiii
BOJIHOBOJI. Bce BOJIHOBOIBI ObUIM HM3rOTOBJIEHBI U3 IUIEHOK KEJI€30-UTTPUEBOTO IpaHaTa
(YsFesOp, JKUI') ¢ HamarHuyeHHOCTBIO HacwimieHus My=1750/(4n) 'c u TOMIMMHON
d=12mkmM. BonnoBoael mmpuHoi w=470MkM Obuin Bblpe3anbl u3 mieHok KUIT meronom
Ja3epHOro ckpaitoupoBanus [2]. Il Bo30ykIeHHs ¥ IpUeMa CIIMHOBBIX BOJH B MarHOHHBIX
BOJIHOBOJIaX HCHOJIB3YIOTCS MHKpPOIIOJIOCKOBBIE —TMpeoOpa3zoBaTesnd IMUPUHON  30MKM.
MarHuTHbIE BOJHOBO/IbI ObUIM TMOMEILEHB! B KacaTeJIbHOE BHELIHEE OJHOPOJHOE MAarHUTHOE
nosie H=1160 3 Ttakum o00pa3om, 4TO BO BXOJHOM IUIe4e BOJHOBOJA BO30YXKIanach
MOBEPXHOCTHAsl MarHuTocrarndyeckas Bonxa (IIMCB).

B0O3MOXHOCTh pacnpoCTpaHEHUs] CHUHOBBIX BOJIH B IPEUIaraéMbIX CTPYKTypax
o0ycoBJIeHa TeM OOCTOSTENLCTBOM, YTO CIEKTPbl BO30YXKIAEHHs MOBepxXHOCTHbIX MCB
(BXOAHOE TIUJIEYO BOJIHOBOJA) JUISi OrPAaHMYEHHOIO IO IIMPUHE BOJHOBOAA OyayT
HEePEeKPBIBAThCS CO CHEKTPOM BO30YXkAeHUs 00paTHbIX 00beMHbIX MCB (BbIXOIHOE IIEHO
BOJIHOBOJIA), B OTJIMYME OT Oe3rpaHuyHbIX cpen [3]. M Ha cThike ABYX TUIEY MPOUCXOIUT
npeoOpa3oBanue oxHoro Tuna MCB B jgpyroil. DOddexktuBHOCT H  crneuuduka
npeoOpa3oBaHusl 3aBUCUT OT T€OMETPHUYECKOW (HOPMBI BOJIHOBOIA M, KaK CIEICTBHE, OT
BHYTPEHHEI0 MarHUTHOTO MOJIS.

OKCHEpUMEHTAIIbHOE HUCCJIEIOBAaHUE MPEUIOKEHHBIX CTPYKTYpP HPOBOAMIIOCH C
IOMOIII0 YCTAaHOBKM bpuiumosHoBckoro paccestHus cBeta. IlokasaHo, 4to BO Bcex
MPEIOKEHHBIX CTPYKTypax mpoucxonut Tpanchopmarus Bxonnoit [IMCB B OOMCB na
BbIxoJe [-00pa3HOW CTPYKTypbl. OKCIIEpUMEHTAIbHOE MCCIel0OBaHUE TMOATBEPXKIAeTCS
pe3ynbTaTaMyu MUKPOMarHUTHOTO CUMYJIUPOBAHUS.

Pabora BbImonHeHa mpu yacTU4YHOM (uHaHCOBOM mopnepxke PODU (rpant Ne 16-37-
60093) u crunenauu npesuaenta (CI1-313.2015.5)

1. V. V. Kruglyak, S. O. Demokritov, and D. Grundler, J. Phys. D: Appl.Phys.43, 264001
(2010)

2. S. Sheshukova, E. Beginin, A. Sadovnikov, Y. Sharaevsky, and S. Nikitov, IEEE Magn.
Lett. 5, 1-4 (2014).

3. T. Bracher, P. Pirro, J. Westermann, T. Sebastian, B. Lagel, B. Van de Wiele, A.
Vansteenkiste, and B. Hillebrands, Appl. Phys. Lett.102,132411 (2013)
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KBAHTOBOMEXAHUYECKHE PACHETbI OCTATOYHOM IJIOTHOCTH TOKA,
BO3BY/KJAEMOMU ITPU HOHU3AIIUU I'A3A YIBTPAKOPOTKUMH
JIABEPHBIMHU UMITYJIBCAMUA

BBenenckuii H.B.!? Pomanos A.A.l’z, Cunaes A.A."?

vved@appl.sci-nnov.ru, romanov.alexander.al@gmail.com, silaev@appl.sci-nnov.ru
"WucruryT npuknaguoit gpusukn PAH, Hmxwuit Hosropox
zHumeroponcmﬁ rocynapcTBeHHbI yHuBepcureT uM. H. 1. JlobaueBckoro

SIBnenne BO30YXAEHUS OCTAaTOYHOW IUIOTHOCTM TOKAa B IUIa3Me, CO3JaHHOH IpH
MOHM3AIMM ra3a UHTEHCUBHBIMU YJIBTPAKOPOTKUMHU JIA3€PHBIMU UMITYJIbCAMU, NPEACTABISAET
00JBIIONH MHTEpEC U3-3a BO3MOXHOCTHM MCIIOJIB30BaHUA €ro Ul MpeoOpa3oBaHMs JIa3ePHBIX
umnyiabcoB B TI'm wmsnmydenue [1-4]. OcraTouHas IUIOTHOCTh TOKA CIYXKUT HayaJbHBIM
TOJTUKOM K TOJIIPU3ALMU TUIa3Mbl U BO30Y’KACHUIO M3JIyYaIOUIMX IJIa3MEHHBIX KoJieOaHuil,
umeronmx T 9yacToTy B HIMPOKOM JMara3oHe 3HAYEHWH JaBJlI€HMs ra3a U MHTEHCHUBHOCTH
Ja3epHOTO HMIyJbca. TOYHBIE pacdyeThl OCTATOYHOW IUIOTHOCTH TOKAa, OCHOBAaHHBIE Ha
YHCJIEHHOM pEIIEHUH TPEXMEPHOro HecTanuoHapHoro ypaBHeHus llpenunrepa, tpedyror
3HAYUTEIBHOTO KOMIIBIOTEpHOro BpeMeHH. I[loaTomy mpexacraBiser OoOJbIION HHTEpecC
pa3paboTKa aHAIUTUYECKUX MTOAX0/I0B K pacueTy OCTaTOYHOM IUIOTHOCTH ToKa. [Ipenpiaymiue
aHAJTUTUYECKUE MCCIIEOBAHUS ObUIM OCHOBaHbI NMPEUMYIIECTBEHHO HAa MOJIYKJIACCHYECKOM
nonaxoje. [IpumMeHeHre AaHHOTO MOAXO0/a OrPaHUYEHO MapaMeTpaMM JIa3€pHOT0 HMMITYJIbCa,
COOTBETCTBYIOIIMMH TYHHEJIBHOMY pEXHMY HOHHM3alMM, Koraa mnapameTrp Kemneima [5]
MHOT'0 MEHbIlIEe eAUHMIIBI. JJaHHas padoTa MocBAlLIEHa pacdeTaM OCTaTOYHOM IUIOTHOCTU TOKa
JUIs IPOU3BOJILHOTO 3HaYeHus napametpa Kennpima. PaccmarpuBaercs cimydail Bo30yKIeHHS
OCTAaTOYHOH MIIOTHOCTH TOKA MPH MOHU3ALMHU ra3a OMXpOMaTHYECKUM JIa3€pHBIM UMITYJIbCOM,
NPECTaBIAIOIIMM CYNEPIO3UIUI0 MO Ha OCHOBHOM 4YacToTe M J00aBOYHOrO MOJIS Ha
YJABOECHHOM 4acToTe.

Ha ocHoBe pemienus HectanuoHapHoro ypasHeHus lllpeaunrepa B npuOnmxeHUH
CHJIBHOTO IO, B KOTOpPOM IIOCIE€ OTpbIBa 3JIEKTpOHAa OT aToMa IpeHeOperaercs
B3aUMOJICHICTBUEM 3JIEKTPOHA C POAMTEIBCKMM HOHOM [5], ObUla aHATUTUYECKH paccuuTaHa
OCTaTOYHas MJIOTHOCTh TOKA. [lomydeHbl BbIpa)K€HUsS JJi1 OCTATOYHON IJIOTHOCTHU TOKa NPHU
3HAYEHUAX MapaMeTpoB JIa3epHOIO HMITYJbCa, COOTBETCTBYIOUIMX TYHHEIbHOMY H
MHOTO()OTOHHOMY peXKuMaM MoHu3aruu. C UCTIOIh30BaHUEM METOJ]a MHUMOTO BpeMEHH [6]
ObUIO TaKXKE YYTEHO BIIMSHUE B3aUMOACUCTBUS (POTOINEKTPOHA C POAMUTEIHCKUM HOHOM.
[IpoBeneH pacyeT 3aBUCUMOCTH OCTAaTOYHON IUIOTHOCTH TOKAa OT MHTEHCUBHOCTE rapMOHUK
Ja3epHOrO0 UMIyJbca M OT cABura ¢aspl Mexay HUMH. Iloka3aHo, 4TO pe3yJnbTaTsl,
IIOJly4YE€HHBIE HA OCHOBE METO0/1a MHUMOI'O BPEMEHH, HaXOAATCSI B XOPOILIEM KOJINYECTBEHHOM

COBITAAICHUHA C TOYHBIMH PE3YJIbTaTaMH YHUCJIICHHBIX PaC4YC€TOB.
Pabora BemonHeHa nmpu nojyepskke Poccutickoro Hayunoro gonpga (rpant Ne 15-12-10033).

[1] V. B. Gildenburg, N. V. Vvedenskii, Phys. Rev. Lett., 2007, v. 98, p. 245002.

[2] A. A. Silaev and N. V. Vvedenskii, Phys. Rev. Lett. 2009, v. 102, p. 055004.

[3] K. Y. Kim, Phys. Plasmas, 2009, v. 16, p. 056706.

[4] N. V. Vvedenskii, A. I. Korytin, V. A. Kostin, A. A. Murzanev, A. A. Silaev, A. N.
Stepanov, Phys. Rev. Lett., 2014, v. 112, p. 055004.

[5]JI. B. Kennpim, XKOT®, 1964, 1. 47, c. 1945.

[6] S. V. Popruzhenko, G. G. Paulus, D. Bauer, Phys. Rev. Lett., 2008, v. 77, p. 053409
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TPEXBOJIHOBOE B3AMMOJENCTBUE AJTb®BEHOBCKHUX 1
AKYCTHYECKHUX BOJIH B IIVIASMEHHBIX TEIIVIOBBIAEJIAIOIINUX CPEJAX

3aBepmmHckuid [1.1. 1’2, MoineBuu H.E.l’z, Pamukos I[.C.l’z, Benos C.A.!
dimanzav(@mail.ru
1CaMapCKI/H71 roCy/1apCTBEHHBIN a3POKOCMUUYECKUN yHUBEpCUTET UMEeHH akanemuka C.I1.
KoposeBa (HamoHaIbHBIN UCCIIEIOBATEIBCKHI YHUBEPCUTET)
2CaMapCKI/Iﬁ ¢wman Yupexaenus Poccuiickoii akagemMnn HayK @U3MYECKOro HHCTUTYTA HM.
I1.H. Jlebenesa PAH

Jannast paboTa TMOCBSIIEHAa WCCICOBAHHUIO MPOIECCa HETMHEHHOTO B3aWMOJICHCTBUS
MEXIYy alb()BEHOBCKUMH M aKyCTHYECKHMMH BOJIHAMH B IUIA3MEHHOH cCpeie ¢ TEeIUIOBOM
HeycToMunBOoCThIO.  HeycrolumBOCTH  cpeibpl  SIBISETCS  CIEACTBUEM  3aBUCHUMOCTH
HeaanadaTUYeCKUX IPOLIECCOB OXJAKICHUS W HarpeBa OT TeMIleparypbl M IUIOTHOCTH. B
YCIIOBUSIX TOJOOHOM HEYCTOMUMBOCTH peau3yeTcs MOJOKUTENIbHAas OOpaTHas CBS3b MEKIY
AKyCTHMYECKMMHU BO3MYLICHHSMHM M aKTUBHOM Iia3MeHHOU cpefoi. CTOMT OTMETUTh, YTO B
JUHEWHOM NPHOIMKEHUN Ha adb(BEHOBCKUE BOJIHBI HAJIM4YHE HeaguadaTHYECKHX IPOIECCOB B
cpelie HMKAaK He CKa3bIBAeTCsl, 1 OHU OCTAIOTCS yCTOMUYMBBIMHU. TeM He MeHee, aab(BEHOBCKUE
BOJIHBI MOTYT TIOTEPSATh YCTOMYMBOCTH M OBITh YCHJICHBI B pe3yJbTaTe B3aHMMOJCHCTBHS C
HEYCTONYMBBIMH aKyCTUYECKH BOJTHAMH.

AHanu3 mpoiiecca B3auMOJICHCTBHSI TTPOBOIUIICS MIOMOIIIBIO C TIOJTHOM CHCTEMBI YpaBHEHUHN
MarHMTHOM THAPOJUHAMHUKHU. bBBUIO YYTEHO BIIMSHHE [UCCUMNAIMM, BBI3BAHHOW KOHEYHOU
MIPOBOJUMOCTBIO CpEeIbl M TEIUIONMPOBOAHOCTHIO. B  JHHEHHOM NpPUOMMKEHUH TIOTyYeHBI
JUCTIEPCUOHHBIE YPABHEHHUS U1 alb(PBEHOBCKUX, MAarHUTOAKYCTUYECKUX U TETJIOBBIX MOJI.

B pabore paccMaTpuBajics TPOLECC B3aUMOACUCTBUS MEXKAY JABYMSA JHUHEHHO
MOJIAPU30BAaHHBIMU aTTb()BEHOBCKUMHU BOJHAMHM M MOIIHOM aKyCTHYECKOH BOJHBI, JJI KOTOPBIX
MOTYT OBbITh BBINOJIHEHB! YCJIOBUS (a30BOro cuHxpoHusMma. [Iporecc B3auMoneicTBUSL CHIBHO
3aBUCHT OT OTHOIICHHUS CKOPOCTEW aKyCTHUECKUX U alb(PBEHOBCKHX MOJ. Tak B Cilydae paBHBIX
CKOPOCTEH MOKET IIPOTEKaTh B3aUMOAECHCTBHE TOJIBKO Y TPEX OJIMHAKOBO HAIIPABJIIEHHBIX BOJIH. B
OCTAJIbHBIX CIy4asX OJHAa W3 aJb(BEHOBCKUX BOJH JOJDKHA PACIPOCTPAHATHCS B OOpAaTHOM
HanpasieHud. C MOMOLIbI0 TEOPUU BO3MYILEHUN U METOJA MEIJIEHHO MEHSIOIINXCS aMIUIATY T
ObUTM TIONMYYEeHbl YKOPOYEHHBIE CHUCTEMBI YPaBHEHHi, OMHCHIBAIONINE BO3MOXKHBIE IPOLECCHI
B3auMoJieiicTBus. HecrammonapHas JMHaMHUKa BOJIH MCCIIEIOBANIACH C MOMOIIBIO MPHOIMKESHHUS
JUTMHHBIX BOJIH M 33JaHHOTO T10JIs1 aKyCTUUYECKOM BOJIHBI Hakauku. [lokazaHo, 4yTo B cilyuae, Korjga
CKOPOCTbh aKyCTHYECKHX BOJH OoJiblle JHO0 paBHA CKOPOCTH alb()BEHOBCKUX BOJH BO3MOXKHO
yCHJIeHUE ajb(BEHOBCKUX BOJIH. Takke OBLIO MCCIEIOBAHO CTAallMOHAPHOE B3auUMOCHCTBHE
BOJIH. YcuieHue anb(BEHOBCKUX BOJH IPOUCXOAUT IPU aHAJIOTHYHBIX ycioBusx. Kpome Toro,
ObUIN OIIPEIeNICHBI YCIIOBHSI TapaMEeTPUUECKON IreHepaluy anb(BEHOBCKUX BOJIH.

Tak:xe, HA OCHOBE COBPEMEHHBIX MOJEIEN OXJIAKICHUS W HArpeBa COJHEYHOM KOPOHBI
ObuUIM OmpeeNeHbl 00acTH TEIUIOBBIX HEYCTOWYMBOCTEW M IMOCYUTAHBI MOPSIAKH 3HAYECHUS
MHKPEMEHTOB yCHJICHHSI OBICTPBIX MAarHUTOAKYyCTUYECKHX BOJIH PACIPOCTPAHSIONIUXCS BIOIb U
NONEpPEK BEKTOPY MAarHUTHOIO MOJIS.

Pabora wactmuHo momumepkaHa MwuHOOpHayku P® B pamkax B pamkax [Iporpammbr
noBbilIeHns: KoHKypeHTtocnocoonoctu CI'AY na 2013-2020 rr. u ['ocynapcTBeHHOro 3a1aHust
By3aM M Hay4YHBIM OpraHH3alHsaM B cepe HaydHOH AesTenbHocTH, MpoeKThl Ne 102, 608 u 1451
I'P 114091840046, rpantamu PODU 13-01-97001, 14-02-97030 p _moBoKbE a, U CTUMICHAUEH
[Ipesunenra P® pais MOJOIBIX YYEHBIX W acClHUPAHTOB, OCYLIECTBISIOLIMX IEPCIIEKTUBHbIE
Hay4yHBI€ HCCIEAOBAaHUS M pPa3pabOTKHM IO TPHOPUTETHHIM HAMPABICHUSIM MOJIEPHHU3AINH
poccwuiickoi a3xkoHoMuKH 2013-2015 rox, CI1-3664.2013.2.
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ILTAHAPHAS TOIIOJIOTI'HsI MATHOHHBIX CETEM
HA OCHOBE JUCKPETHOMU CUCTEMBbI JIATEPAJIBHO CBA3AHHBIX
MATHUTHbBIX MUKPOBOJIHOBO1OB

CanoBuukoB A.B., berunun E. H., ['paueB A.A., [llapaesckuii FO.I1.
sadovnikovav(@gmail.com
CapartoBckuii Tocy1apcTBeHHBIN yHUBEepcuTeT uMeHH H.I'. UepHbllieBCKoro

CucreMbl naTepanbHO CBSI3aHHBIX BOJIHOBEAYLIMX CTPYKTYp Ha OCHOBE TOHKHX
IUIEHOK >Kene30-uTTpueBoro rpanHara (OKUI) moryT ObITh HCIOJIB30BaHBl Kak 0a30Bble
DIIEMEHTHI U CO3/IaHUSl PA3JIMYHBIX YCTPOWCTB (PYHKIMOHAIHHON MAarHUTOIJICKTPOHUKH:
BOJIHOBOJIOB, HMHTEP(EpPOMETPOB, MYJIbTUIUIEKCOPOB, (uiabTpoB u oTBerBUTENed [1].
[lepectpoiika pabOYMX YaCTOT TAKMX YCTPOWCTB BHEITHHM MAarHUTHBIM IIOJIEM M ITyTeM
U3MEeHEeHUs K03 (UIMEeHTa CBA3M MEXAY (peppUTOBBIMHM BOJIHOBOJAMH, Pa3HOOOpa3ue TUIIOB
TUCTIEPCUU U XapaKTepa CBSI3U PaCIpPOCTPAHSIONIMXCS CIUHOBBIX BoJIH (CB), mposiBieHue
pas3INYHbIX HETMHEHHBIX 3(PPEKTOB (COTUTOHHOE PACHPOCTPAHEHUE BOJIH, aBTOMOJLYJISALH)
MO3BOJIAIOT U3MEHSTh UX XapaKTEPUCTUKU U PEKUMBI pabOTHI B MIMPOKUX IMIpEeax.

B nanHOli paGoTe mpoBeAEHO HCCIEIOBaHHE IPOLECCOB TUCKPETHOW IU(paKLUU
noBepxHOCTHEIX CB B cucreMe naTepanbHO CBSI3aHHBIX ()EPPUTOBBIX BOJHOBOJIOB METOJIOM
Mangensmram-bpumtosnosckoi cnekrpockonuu [2]. ITokazaHo, 4TO 3KCHIEPUMEHTANIbHO
NOJTy4YeHHBIE AU(PaKIOHHBIE KAPTHHBI CYIIECTBEHHBIM 00pa3oM 3aBHCAT OT MOIIHOCTH U
BosnHOBoro uucna CB, Bo3Oyxnaembix B BomHoBoge ¢ n = 0. Hampumep, s
(UKCUPOBAHHOTO 3HAYEHHS BOJHOBOTO 4YHMclia k Tpu MajbIX 3HAYCHUSX BXOJHONW MOIIHOCTH
(P < 10 dBm) Habmtonanoch BOJTHOBOAHOE pacnpocTpaHenue CB B LieHTpanbHOM BOJIHOBOJIE
¢ n = 0. C yBenTu4eHHEM MOIIHOCTU PEXKUM BOJHOBOJHOIO PACIIPOCTPAHEHMSI CMEHSJICS
pexxuMoM JuckpeTHoM audpakiun CB ¢ mepekaukoil sHepruu B OOKOBBIE BOJHOBOABI (C
HoMepamu n > 0). MeTo1oM KOHEUYHBIX 3JEMEHTOB M KOHEYHBIX PAa3HOCTEH BO BPEMEHHOM
00J1acTH TPOBEAEH pacueT 3JIEKTPOAMHAMUYECKUX XapaKTEPUCTUK, ONpEIeNIeH CHEeKTp U
IIOCTPOEHBI PACHPEECICHUS MOJIEN U JUCHEPCUOHHBIE XapPAKTEPUCTHUKHA BOJHOBOIHBIX MOJ
TaKOW CTPYKTYpbl Ipu BO30yXJeHMH B Hell moBepxHocTHOW CB. Pe3ynbraTbl 4nCIEHHOTO
MOJICJINPOBAHUS HAXOAATCA B XOPOIIEM COOTBETCTBHUHM C JaHHBIMU 3KCIEPUMEHTAIBHOTO
UCCIJIEIOBaHMS.

PaGora BeinmosniHeHa npu nogaepxke rpanra POOU (16-37-60093 mon_a ak, 14-02-
00577) u ctunennuu [pesunenra PO (CI1-313.2015.5).

[1] Lenk B., Ulrichs H., Garbs F., Munzenberg M.// Phys. Rep. 2011. V. 507. P. 107-136.

[2] Demokritov S.O., Hillebrands B., Slavin A.N. // Phys. Rep. 2001. V. 348. P. 441-489.

[3] Beginin E.N., Sadovnikov A.V., Sharaevsky Yu.P., Nikitov S.A. // Solid State
Phenomena. 2014. V. 215. P. 389.
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JJIMHHOBOJIHOBASI KOHBEKIIUA MAPAHI'OHU B CUCTEME
GKUIAKOCTDB-T'A3» C AE@OPMHUPYEMOMU I'PAHUIIEU PA3JIEJIA CPEJL
IIPHU IMIOJAOI'PEBE CHU3Y

Camorinosa A.E.
annsomeoil@gmail.com
OI'bOY BIIO «llepMckuii rocy 1apCTBEHHbBIA HAIMOHATBHBIN UCCIIET0BATEIIbCKHUI
yHuBepcureT», [lepmb

W3yyaeTcst TepMOKAaNWUIsIpHAash KOHBEKLMs, BO3HMKAIONIIAs B IUICHKE >KHUIKOCTH,
MOMEIEHHOW Ha TEIUIOM30JIMPOBAaHHYIO TBEpAYIO0 TNOUIOKKY. B Takoil cucreme mnpu
OTIpeIeIEHHBIX yCIOBUAX (crabas TernooTaaya co CBOOOJHOM MOBEPXHOCTH U BO3MOXKHOCTb
CylecTBeHHOU aedopMariy cBOOOIHOW MOBEPXHOCTH) B JJIMHHOBOJIHOBOM IPHOIMKCHUN
ObuTa OOHapy’KeHa HOBasl KosebaTenbHas MoJla KOHBEKIIMM MapaHronu B pabotax [1,2].

C uenbio MOATBEPKIACHUS CYLIECTBOBAHHS HOBOW MOJBI M OIPENEICHMS peabHbIX
(GU3MUeCKUX YCIOBHM, TNpPU KOTOPBIX MOXXHO HAOMOJaTh 3Ty HEYCTOHYMBOCTH B
HKCIIEPUMEHTE, B JIaHHOW paboTe MPOBOAUTCS HCCIEAOBAaHHWE KOHBEKUMHM MapaHroHu B
BBILLICONTMCAHHOM CcHCTEME B paMKaxX JBYXCJIOHMHOro nojaxoja. B paccMorpenue noOaBieH
CIOW ra3a HajJ TOHKOW IUIEHKOW, IIPM 3TOM TpPAaHHLA pa3Jeia CUUTACTCA CYLIECTBEHHO
nepopmMupyeMoil, a raz — ciabo MNpPOBOAALUIMM Temio. B pamkax JIMHHOBOJIHOBOTO
NpUOJIMHKESHUS TTOTTyYeHBI HETMHEWHBIC aMIUTUTYTHbIC YPAaBHEHHUS, OTIMCHIBAIOIIIE SBOIOINIO
TOJIIMHBI MJICHKH >KUIKOCTU M CpeqHel TemmepaTypbl B Hed. B nuHelHOM mopsiake 3TH
YpaBHEHHS  COBHAJAIOT B  TOYHOCTBIO 7O  IepeoOo3HaueHus (mapamerp  buo,
XapaKTepU3yIOIUN TemIo0Taayy cO CBOOOJHON MOBEPXHOCTH B OJHOCIONHON Mozemn,
3aMeHsIeTCs Ha KOMOHWHAIIMIO OTHOILEHUH TOJIIMH U TEIIONPOBOIHOCTEN KUKOCTH U Ta3a B
JIBYXCJIOMHOM MO/IEIIH) C TEMH, YTO OBLIM MOJyYeHbl paHee B paMKax OJHOCIOWHOrO MOAX0a
[3]. OnHako ABYXCIIOMHBIN MOAXOJ BBISIBUJI CYLIECTBEHHOE OTpaHMYEHHUE Ha TOJIIMHY CIOs
rasa HaJ IUIEHKOM >KMJKOCTH: HOBasi MOJia CYIIECTBYET IpH YCJIOBHH, KOTJa CJIOH rasa Io
TOJILIMHE HE HAMHOTO IPEBOCXOIUT CIIOM KUAKOCTU. [IprBeIeHbI OLIEHKH peasIbHbIX YCIOBUH,
IPU KOTOPBIX B 3KCIIEPUMEHTE MOXKET HaOJII0JaThCs 3Ta MOJIa HEYCTOHUMBOCTH MapaHIOHU.

[TpoBeneH aHanM3 BTOPUYHBIX PEKUMOB BOJIM3HM MOPOTa BOSHUKHOBEHHS KOHBEKIHH B
paMKax IOJYyYEHHbIX aMIUIMTYJIHBIX YpaBHeHUH. B Xxoze crnaboHenuHeWHOro aHaiausa
MOJly4YeHbl aMIUIUTYJHble ypaBHeHus ['uH30ypra-Jlangay, oONMCHIBAIOLIEE 3SBOIOLUIO
MOHOTOHHBIX M KOJIEOATEIbHBIX BTOPUYHBIX BO3MYILIEHUHN Ha KBaJpaTHON U reKcaroHaJbHOU
pemerke. [locTpoeHa kapra oTOOpa BTOPUYHBIX CTPYKTYp; IIOKa3aHO, YTO B IIHPOKOM
JMana3oHe MapaMeTpoB YCTOMYMBBIMM OKa3bIBAIOTCS BO3MYILEHHUS B BHJE KBaapaToB. J[ns
KOJICOATEIBHON MOJIBI TIOYYEHBI AMIUTUTYIHBIC YPAaBHEHHS [T BOMYIIECHUH Ha KBapaTHON
pewerke. [loka3zaHo, 4TO B y3KOM JHana3oHe, B KOTOPOM KoJjebaTelbHas MOJAA OIacHa,
YCTOMUYMBBIMU SIBJISIFOTCS BO3MYIICHHUS B BU/IE OCTYIINX BaJIOB.

Pa6ota BeimonHeHa npu noaaepxke rpanta POOU Ne 14-01-00148.

1. Shklyaev S., Khenner M., and Alabuzhev A.A. Oscillatory and monotonic modes of long-
wave Marangoni convection in a thin film // Phys. Rev. E. 2010. Vol. 82. P. 025302.

2. Shklyaev S., Khenner M., and Alabuzhev A.A. Long-wave Marangoni convection in a thin
film heated from below // Phys. Rev. E. 2012. Vol. 85. P. 016328.

3. Samoilova A.E. and Shklyaev S. Oscillatory Marangoni convection in a liquid-gas system
heated from below // Eur. Phys. J. Special Topics. 2015. Vol. 224, N 2. P. 241-248.
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JAUHAMMKA CETH U3 YETBIPEX XUMHUYECKUX OCUUJLIISITOPOB,
O/THOHATIPABJIEHHO CBSI3AHHBIX 11O AKTUBATOPY UMITYJIbCHOM
CBSI3bIO C BPEMEHHOM 3AIEPKKOM

Cadonos [[.A.
dem.safonov(@gmail.com
LenTtp Henuneiinoit Xumun, bOY nm. Mmmanynina Kanra

W3yyena nuHaMuUKa MaTeMaTH4YeCKOW MOJAENU CEeTH U3 YeTHIPEX XHUMHUYECKUX
OCHMJUISITOPOB C OJHOHAMPABIECHHOW HMITYyJIbCHOM aKTHUBAaTOPHOW CBSA3BIO C 3aJEP>KKOM.
Kasxap1ii n301MpOBaHHBINA OCIAIUIATOP 3aMaETCsi cUcTeMOol TuddepeHITnanbHbIX YPABHCHHUN C
YEeTHIPbMSI TIEPEMEHHBIMH, KOTOpas OIHUChIBaeT peakuuio benoycoBa-KaboTuHCKOTO.
OTaenpHBIMU YpaBHEHUSIMU BBOAUTCS MMITYJIbCHAs CBSI3b, KOTOpAsl XapaKTEpU3YETCsl CHIION
cB3u C U 3aNepKKOH 7 MEXKAYy CHAallkoM B OJHOM OCHWUISATOPE M HMITYJIbCHBIM
BO30YKJEHHUEM COCEIHEro ociuuistTopa. /i oJHOHampaBIeHHONW KpyroBOH CBSI3U
(omHOHAINpaBlIEHHOE KOJIBLIO) MMOKa3aHO cyliecTBoBaHHe TpéXx pexkumon: OS (oscillation-
suppression — 4acThb OCHWJIIATOPOB KOJIEOJIIOTCS, @ OCTalbHBIE «MOIYaT»), splay (Kaxablil
OCHMJUISITOP OBET MO CIENYIONIEMY C TAaKOM CHUJION, YTO BBI3BIBACT CIIaliK B TOT MOMEHT, KOTJa
Ha HETO MPUXOIUT MMITYJIBC), bursting (4 oCHMIUIATOpA BBLIAIOT CITAWKH TOAPSI, a 3aTeM
clenyeT JUIMTENbHas BpeMeHHas 3aaepkka). [Ipum mnaBHoM wu3MeHeHuu mnapamerpa C
obHapyxwuBatorcst aBa tuna OS: 3 ocuwsTopa KOJEOMIOTCSA, OAMH «MEPTB» W JBa
TUArOHAIbHBIX KOJEOIIOTCS, N1Ba «MepTBb». [l paccMaTpuBaeMoil CeTH XapaKTepHO
OTCYTCTBHE MYJIbTHUCTAOMIbHOCTH.
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UCCJEIOBAHUE YCTOMUYUBOCTHU COBCTBEHHBIX ®YHKIIUM
HECTAIIMUOHAPHBIX TEIIVIOBBIX CTPYKTYP, BOBHUKAIOIIUX B
PAIJNAIIMOHHO OCTBIBAIOIIUX JUCIIEPCHBIX CUCTEMAX
MMPOU3BOJIBHOM ONITUYECKOM TOJIIUHBI

CagponoB A.A.
safrandrey@gmail.com
MockoBckHi (PU3UKO-TEXHUUYECKUH MHCTUTYT (TOCYJapCTBEHHBIH YHUBEPCUTET)

PaboTa BBINIOHEHA NMPUMEHUTENBHO K HCCIEAOBAaHHUIO IPOLIECCOB, NMPOUCXOASIIUX B
JUCIIEPCHBIX TMOTOKAaX KamleJbHBbIX XOJOAWIbHUKOB — wu3iydarened (KXM) xocmuueckux
anmnaparos.

HccnenoBanue mpoueccoB 00pa30BaHUsl HECTALIMOHAPHBIX JUCCUIMIATUBHBIX TETJIOBBIX
cTpykTyp Obuto Hauato . b. 3enpmoBuuem u A. C. Kommnaneiinom [1]. Janbuelmme
MCCJIE0BAHMS M0KA3aJId, YTO B CPElie C HEIMHEWHON TEIUIONPOBOJHOCTBIO MOTYT BO3HUKATH
JUCCUIIATUBHBIE TEIUIOBBIE CTPYKTYphl [2,3].0mHaKo, HNaHHBIE WCCIENOBaHUS HOCWIN
MAaTE€MaTHYECKUM XapaKTep: HCCICAOBAINCh PEIICHHs MOJEIBHBIX YPaBHEHUH, UX
COOCTBEHHBIE (DYHKIMM, CHEKTpbl pelleHuil, acuMOToTHKM pemenuil. Kpome Toro,
WCCJIEA0BAHUS IIPOBOJWINCH U1 KOHTHHYAJIbHBIX MOJEIIEH.

B nanHoil paboTe npoBeneHO UccenoBaHKUE Ipolecca 00pa3oBaHUs HECTAMOHAPHOM
JUCCUTIATUBHOW TEIJIOBOW CTPYKTYpHI NPU PAJTHALNMOHHOM OCTBIBAHMM KaleJIbHOI'O ITOTOKA
KXU. HMccnenoBanus NpoBOOUTCS KaK aHAIUTUYECKH, TaK M C MOMOLIBIO PEAJIN30BAHHOMN
aBTOPOM CHCTEMbI KOMIIBIOTEPHOTO MOJeNupoBaHus. M3ydeHbl coOCTBEHHbIE (YHKIUU
HECTAllMOHAPHBIX  TEIUIOBBIX  CTPYKTYp, BO3HHMKAKOIIMX B  JMCIEPCHBIX  IOTOKax
IIPOU3BOJIBHOM ~ ONTMYECKOW  TOJIIUHBI. Paccuntansl  coOCTBEHHbBIE byHKIUN
HECTAIlMOHAPHBIX TEIJIOBBIX CTPYKTYp. McciienoBaHa yCTOMYHMBOCTh COOCTBEHHBIX (YHKIMH
IIPM U3MEHEHUHN YIIPABIIOIIETO MapaMeTpa — OTHOLICHMs IJIOTHOCTU TEIUIOBOM 3HEPIUU B
YaCTHULIAX JUCIIEPCHOM cpeabl K IUIOTHOCTH 3HEPIMM M3JIydeHHs. BuIABieHa ompenensomas
pOJIb aNbHUX PaJMALHAOHHBIX B3aUMOACHCTBUN 4YacTHL] AHMCIEPCHOM Cpenbl B SIBIICHUH
HEYCTOWYMBOCTH MpodwmiIs TeMmIreparypbl JucrnepcHoil cuctemsl. IlokazaHo, uyTo mpu
HEKOTOPBIX  YCJIOBUSIX MpOQWIb TEMIEpaTypbl KarledbHOro TIOTOKa MOXET OBITh
MYJIbTUCTaOUIbHBIM.

1. 3enboBuu S.b., Paiizep F0.I1. // M.: Hayka, 1966. — 688 c.

2. I'T. Enennn, C.II. Kypaiomos, A.A. Camapckui, // JK. Berauci. MateM. U mMarem. Qus.,
1983. T. 23, Ne 2, 380-390.

3. C.II. Kypmromos, E.C. Kypkuna // )K. Beraucin. mareM. u MateMm. us.. 2004. T. 44, Ne 9.
1619-1637.
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3KCHEPUMEHTAJIBHBIN CTEH/ IJI51 JABOPATOPHOM ACTPO®U3UKHA HA
BA3E JIABEPHOI'O KOMIIVIEKCA PEARL

Cadponosa M.U.
mary-saf(@yandex.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

B pabote omuchiBaeTCs SKCIEPUMEHTAIBHBINA CTEH/I, CO3aHHBIA Ha 0a3e MeTaBaTTHOTO
nazepHoro komruiekca PEARL, miist uiccinenoBanusi cpeibl ¢ BHICOKOW TUIOTHOCTBHIO SHEPTHUU.
Kommiiekc cocTouT 13 BaKyyMHOH MUIIEHHON KaMmephl, B KOTOPYIO MOTYT ObITh JOCTaBIICHBI
pa3HbIE THUIBI JIA3EPHOTO M3JIyYEHHS C HACTPAaMBAEMOM 3aJCP/KKOW, a TaKKe HMITYyJIbCHOU
CHUCTEMON CO3JaHusl BHEIIHEro MarHutHoro mnosda ¢ ammurygod ao 20T. Cucrema
MO3BOJIAET, C Y4YE€TOM MAacHITaOMpOBaHHUS, BOCCO3[aBaTh HAa CAHTUMETPOBOM MacIiTade
YCIIOBHSI, TOJOOHBIE TAKMM aCTPOPHU3MUECKUM SIBICHUSIM Kak 00pa3oBaHHE acTPOPHU3NUECKUX
JOKETOB, aKpelMs BELIeCTBa Ha 3BE3/HBIE OOBEKTHI, IEPECOCIUHEHNE MAarHUTHBIX JUHUM U
npouee. Kommiekc sBiseTcs yHMKaIbHBIM, B HEM MOTYT OBbITb CO3[aHbl J1abOpaTOpHbIE
YCIIOBHSI TOCTHKMMBIE JIMIIb B JIBYX JTAOOpaTOpHsX Mo BceMy MHUpy. B pabore m3mararorcs
NWIOTHBIE AKCIEPUMEHTHl M0 JIa3€PHO-IUIA3MEHHOMY B3aUMOJEHCTBUIO B IPHUCYTCTBUU
CHUJIBHOTO BHEIIHEr0 MarHUTHOIO IOJIS, ONMCBHIBAIOIIME pPa3jW4Hble HAYYHBIE 3a0a4d U
IIPUIIOKEHUS.
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SMIIMPUYECKOE MOJIEJIMPOBAHUE JUHAMWKH 3JIb-HUHBO C
NUCIHOJIB30BAHUEM KOMILIEKCHO3HAUYHBIX NCKYCCTBEHHBIX
HEWPOHHBIX CETEA

Cene3neB A.O.
aseleznev(@appl.sci-nnov.ru
Hwmwxeropoackuii rocynapctBeHHbIi yauBepcuteT uM. H.U. Jlo6aueBckoro, Bricmas mkona
obmieit u mpukinannoi Gpusuku, Hkanii HoBropos

OCHOBHAsI CIIO)KHOCTh NMPUJIOKEHUSI METOJOJIOTMH 3MIUPUUECKOTO MOJEIUPOBAHUS K
PEKOHCTPYKIIUU PACTIPENEICHHBIX JHWHAMHUYECKUX CHUCTEM (HampuMep, pPErHOHaIbHBIX
KIIUMaTHYECKUX CHUCTEM, TaKuX Kak Onb-HUHBO) COCTOHWT, Kak 3TO HU MapaJoKcalbHO, B
OOMJIMKM  JIOCTYIHBIX AKCIEPUMEHTAIBHBIX JaHHBIX. JlaHHbIe HaOMIOAEHU OOBIYHO
NPEJCTaBISIIOT COOOM MPOCTPAHCTBEHHBIE TMOJISI MHOTHUX TIEPEMEHHBIX (MPU aHaIHu3e
KJIMMAaTUYECKUX JIaHHBIX JTHUMH TEPEMEHHBIMH MOTYT OBITH TEMIIepaTypa MOBEPXHOCTH
OKeaHa, JaBJIeHHEe, CKOPOCTh BETpa U Tp., U3SMEPEHHbIE B TEUYEHHE OONBIIOTO MPOMEXKYTKA
BPEMEHU B Pa3HBIX TOYKax MpoCTpaHcTBa). DakTHUECKH, B pyKaxX y HcclenoBaTessi Habop
BPEMEHHBIX PSJOB, YHCIO KOTOPBIX pPABHO YHUCIY Y3JI0B HPOCTPAHCTBEHHOW CETKH,
YMHOXCHHOMY Ha YHCJIO TIEPEMEHHBIX, NMPUHUMAEMbIX BO BHHUMAaHHE. TaKue OTPOMHBIC
HAaOOpBl JAHHBIX YPE3BBIYAWHO CJIOXHBI JUIS aHajiu3a M 3a4acTyl0 HW30BITOYHBI IS
ONPEAEIICHUS KIFOUEBbIX CBOWCTB MOPOAMBIICH UX AUHAMUYECKOW CUCTEMBbI. B 3TOM CBA3M,
BAXHOW 3a/adeil SBISETCS CHU)KCHHE DPa3MEPHOCTH HAOIIOAAeMbIX [aHHBIX, C LEJIbI0
BbIJICTICHUST HawnOoyiee WH()OPMATHUBHBIX, «0a3WCHBIX» KOMIIOHCHT BPEMEHHOTO psga |
MOCTPOEHUsI  ONEpaTopa H3BOJIOLMH  HHU3KOPAa3MEPHOM TMOJCHUCTEMBI, OINpEeAeIIonIei
KJTFOYEBbIE CBOMCTBA HAOIIOIaeMON TUHAMUKH.

B nannoit padore s 3¢(HEeKTUBHOTO CHUKEHHS Pa3MEPHOCTH HAOIIOAAeMbIX JTaHHBIX
UCIIOJTb30BaIaCh METOJNKA KOMITICKCHBIX (['MIIBOSPTOBBIX) SMITMPUYESCKHX OPTOTOHATBHBIX
¢ynkuuit  (O0®P), crnocoOHBIX Oojiee KOPPEKTHO 110 CPaBHEHUIO C TPAJAULMOHHBIMU
nerctBuTebHBIMA DO®, ONMUCHIBaTh PACIPOCTPAHSIOMIMECS (BOJHOBBIC) CTPYKTYpbl.  Jlms
anmpOKCHUMAIIMU ONEepaTopa SBONIOIUH MpeIIokKeHa MoJiedb B popMe KOMILJICKCHO3HAYHOMN
UCKYCCTBEHHOH  HeHpoHHOH  cetH. OddekTuBHOCTH  TpemyaraeModl  METOIUKH
MPOJEMOHCTPUPOBAaHA HA TMPUMEPE MPOrHO3a KPUTHUECKHX TIEpPeXOofoB B arMmochepHo-
okeannueckor w™ozaenu JxuHa-Hununa-IT'mna [1], onuceBaromein  sBienue FOxHOM
ocuwusiin  (Onb-Hunabo). Kpome Toro, ciemaH mporHo3 peanbHOM HW3MEHYHUBOCTH Ilb-
Hunbo 110 1aHHBIM W3MEPEHUI TOBEPXHOCTHOM TeMIIepaTyphl okeaHa [2].

PaGora BbIMONHEHa mpu TOJAEpPKKE TNpaBUTENbCTBAa Poccuiickoit dDenepanuu
(cornamenue #14.250.31.0033 ¢ Uucturyrom [Ipuknannoit ®usuxu PAH)

1. Jin, F.-F., J. D. Neelin, and M. Ghil, 1996: El Ni"no/Southern Oscillation and the

annual cycle: subharmonic frequency locking and aperiodicity. Physica D, 98, 442-465.
2. http://iridl.ldeo.columbia.edu/SOURCES/.KAPLAN/.EXTENDED/.v2/.ssta/
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I'PABUTAIIMOHHBIE BOJIHBI B OKEAHE, BO3BYK/IAEMBIE
BOJIHAMM POJIESA U JISIBA

CemennoB K.A., HocoB M.A., Koiecos C.B.
sebbest@yandex.ru
MI'Y umenu M.B. JlomoHocoBa, @usnueckuit GpaxkyiabTeT, MockBa

JleTanpHblii aHaNM3 CHUTHAJNOB, MPEIIIECTBYIONIMX BCTYIUICHUIO I[yHaMH, CTaj
BO3MOJXKEH, ONarofapsi yHUKaJIbHBIM TEXHHYECKUM BO3MOKHOCTSIM cucteMbl DONET (Dense
Oceanfloor Network System for Earthquakes and Tsunamis), koTopas Obuta ycTaHOBJIEHA B
2006-2011 rr smonckum arenrctBoM JAMSTEC (Japan Agency for Marine-Earth Science
and Technology) BOmu3u momyoctpoBa Kum [1]. Cuctema DONET Bxitouaer B cedst 20
JIOHHBIX CTAHLUH, COCAMHEHHBIX KaOETbHBIMHU JMHUSAMHU C OCPEroBbIM IIEHTPOM 00pabOTKH
naHHbIX. Kaxknas craHiust ocHalleHa ceiicMOMETPOM U JaTYUKOM JaBJICHHUSI, pa3MEICHHBIMU
NpPaKTUYeCKH B OJHOM Touke — Ha yaaineHun He Oonee 10m npyr ot npyra. CraHuuu
ycTaHoBJIeHBI Ha TIyonHax oT 1900 mo 4400 M, paccTossHEE MEXAY HUMH BapbUpyeTcs oT 15
1o 20 kM. YacTtora nuckperuzanuu qanHbix coctasisier 10 ' pist Bapuanuit gasinenus u 200
I’ gy1st yckopeHuid IBH>KEHUS JTHA.

K momenty karactpoduueckoro zemnerpsicenust 11 mapra 2011 r., pyHKIMOHMpOBAIH
10 cranmuit DONET. Bce oHmM ycnemniHo 3ammcaiy Kak caMO CEHCMUYECKOe COOBITHE, TaK U
NIOCJIEZI0OBABILINE 33 HUM BOJIHBI IlyHaMH. B CHily 3HaUMTENBHOrO pacCTOSIHMS OT AIMUIEHTpa
3eMJICTPSICEHUS [0 paiioHa pacmoyiokeHus: cTaHiui (~800 km) ceHCMUYECKHE BOJHBI M
I[yHaMH OBLJIM CYIIECTBEHHO pa3/ieJIeHbl BO BPEMEHH.

MosxHO mokasath [2], yTo JuIs TIyOWH, Ha KOTOpbhIX ycTaHoBieHbl ctanmmu DONET,
CBOOOJHBIC TPABUTAIIMOHHBIE BOJIHBI T€HEPUPYIOTCSA MPH KOIeOaHMAX THA C YacTOTaMHU
MenbuMHu (.03 [y. B ykazaHHOM Jrana3oHe MPOSBIISIIOTCS MOBEPXHOCTHBIE CEMCMUYECKUE
BoJIHEI Panest u JIsBa. Ha cekTporpamMme BepTUKANbHBIX YCKOPEHHUH NBUKEHUS JHA BUIHO,
YTO TIOCJI€ BCTYIUICHUSI BOJIH Pajnes (Kak OT OCHOBHOTO COOBITHS, TaK M OT adTrepinoka)
cnabblie KoJebaHus THA B 3TOM YAaCTOTHOM JMara3oHe MpojonkatoTes He 6onee 30 mun. B T0o
e BpeMs BapHaluM JaBieHus ¢ yactotramu ~0.0] [y cymecTByloT Oojiee yaca, CIUBasCh
3aTeM C TPOSIBICHUSAMHM BOJH I[yHaMH. OTH KoJeOaHHUS SIBHO BBIACNIAIOTCS B
CaMOCTOSITENIbHYIO «BETBb)» Ha CIIEKTPOrpaMMe JIaBJIEHUS, aHAJIOra KOTOPOMl HE CyIIEeCTBYET
Ha CIIeKTporpamme yckopeHuil. Habmiomaemple HU3KOYaCTOTHBIE KONEOAHUS MPEICTABISIIOT
co00i1 mposiBJIeHHE CBOOOJHBIX MOBEPXHOCTHBIX I'PAaBUTAI[MOHHBIX BOJH, BO30Y>KJIEHHBIX B
OKeaHe MPOX0XKICHUEM IO JHY MOBEPXHOCTHBIX CEUCMUYECKUX BOJH. AHAIOTUYHBIN D PeKT
HaoOmonaetcs Ha Beex 10 cranuusax DONET.

B nmokmame oOCyKOaroTcs BO3MOXKHBIE MEXaHH3MBl TEHEpalMu  YKa3aHHBIX
IPaBUTALMOHHBIX BOJH [3] a Takke NMPUBOJATCS PE3ybTAaThl YHUCIECHHOIO MOJAEIUPOBAHUS
naHHoro 3¢ dekra.

PaGora BeimosiHeHa mnpu (uHAHCOBOW momnepkke PODU (rpant 13-05-00337).
Astops! npusHarenbHsl JAMSTEC 3a npenocTaBieHHbIE JaHHBIE.

1. Kaneda Y. // Proc. OCEANS Conf., doi: 10.1109/OCEANS.2010.5664309, 2010.

2. Levin B.W., Nosov M. A. Physics of Tsunamis. Second Edition. Springer International
Publishing AG Switzerland, 2016, ISBN 978-3-319-24035-0, 388 P.

3. HocoB M.A., CemennoB K.A., Konecos C.B., MatcymoTo X., 4I€H-KOPPECTIOHIEHT
PAH JleBun b.B. Perucrtpanus rpaBUTallMOHHBIX BOJH, 00Opa30BaHHBIX B OKEaHE
MOBEPXHOCTHBIMU CEHCMUYECKUMH BOJTHAMU TIpu 3emiieTpsicenun 11 mapta 2011 .y
nobepesxbs SAnonuu // JJoknaasr Axkagemun Hayxk, 2015, Tom 461, Ne5, ¢.593-598.
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IHOBBIWEHUE D®PEKTUBHOCTU 'EHEPALIUN CUHXPOTPOHHOI'O
v-U3JIYUEHUSA TP HAKJIOHHOM MTAJEHUU UHTEHCUBHOI'O
JIABEPHOI'O UMITYJIBCA HA IIVIOCKYIO MUIIIEHb

CepebpsixoB I.A., Hepym E.H.
dmserebr@gmail.com
WuctutyTt npuknannoii ¢pusuku PAH, Huwkauit Hosropoa

B pabote paccMmarpuBaeTcsi HAKIOHHOE TaJ€HHE pP-TIOJIIPU30BAHHBIX JIa3€PHBIX
MMITYJIbCOB C HHTEHCHBHOCTBIO Topsagka 1Q%% — 19% Br/cm® Ha IUIOCKYI0 MMUIICHb,

UMEIOIYI0 MJIOTHOCTh MOPSAJKA PENATUBUCTCKON KpuTthdyeckol. B xone manHoro mporuecca
Ja3€pHbI UMITYJIBC OTPaXXaeTCsl OT NOBEPXHOCTH IUICHKH, a 3JIEKTPOHBI B MOHM30BAHHOM
BEIIECTBE YCKOPSIIOTCA [0 pENATUBUCTCKUX cKkopocted (¢ Jlopenu-¢pakrtopom ¥

COIOCTaBUMBIM IO BEJWYMHE C Oe3pa3MepHON aMIUIMTYA0H Ja3epHOro HUMILyJbca
@y = eEy/mew ). VYCKOPEHHBIE JJIEKTPOHBI A(PQPEKTUBHO M3IY4alOT B  IKECTKOM

PEHTTEHOBCKOM U TaMMa-/IMana3oHe B COOTBETCTBUU C CHHXPOTPOHHBIM MEXaHU3MOM.

bbu10 poBeieHO TpexXMEpHOE YMCICHHOE MOJICIMPOBAaHUE Ipoliecca B3aUMOACHCTBYS,
B X0/ie KOTOporo HaOmojanack 3pQeKTuBHas KOHBEPCHUsS SHEPTHH JA3epHOTO0 UMITYJIbCa B
sHepruto ¥ -¢poroHoB ¢ KIIJ 10 necaTkoB mnpoueHTOB. YHUCIEHHBIE 3KCIEPUMEHTHI

BBITIOJIHEHBI METOJIOM «YacTHI] B siueiikax». JKecTkue pEeHTTeHOBCKHE U ramma-(hOTOHBI
MOJICTIMPYIOTCS KaK KBAa3WYAaCTHIBI, YTO ONpaBJaHO I IMOJEeH paccMaTpuBaeMOM
UHTEHCUHOCTH.

[lpoBeneHHass ONTHMHU3AIMA 1O YTy MAACHUS M IUIOTHOCTH IUIa3MBl ITO3BOJIHIIA
onpenenuts Hanbosnee >PQPEKTUBHBIM PEKUM TIeHEepaluu, KOTOPBIH COOTBETCTBYET YTy
okoio F°. Makcumanbubiii KI1/[ mpeobpa3oBanus 1a3epHOil SHEprue B KECTKHE (OTOHBI,

NOJYYCHHBIH B YMCIEHHBIX SKCHEPUMEHTaX MpH Oe3pasMepHON aMIUIUTYE Ja3e€pHOTrO IMOJIs
ay = 220, cocraBman 29%. Ilpu aHanu3e HanpaBIEHHOCTU IaMMa-U3JIyuyeHHs TaKxke Obul

BBISIBJICH PEKUM, pEaM3YIOMIMACS Tpu Oonbmmx yriax naaeHus # = 70°, npu xoropom
DJICKTPOHBI TIPHOOPETAIOT OOJNBIION UMITYJIbC p,., M U3IYYCHHES XOPOIIO CHOKYCHPOBAHO
BJOJIb OCH ¥, HO KHI[ TCHCpAllU raMMa-u3JIyudCHUs HC TaK BCIIUK. Ecnn nmocraBnena ciab

MOJYYUTh OJHOBPEMEHHO MOIIHBI W HANpaBJICHHBIM WUCTOYHUK HW3IYYCHHUS, TO ONTUMYM
JocTUTaeTcs B 00oux pexknmax & # F0° y @~70°. B paboTe TakKe aHATM3UPYIOTCS TPUIHHEI

KauyeCTBEHHOI'0 M3MEHEHHUs BUAA JUarpaMMbl HalpaBJICHHOCTU (JIOKAJIM3allMM U3Ty4YEHUs B
HAIpPaBJIEHUU OCHU V) MPpHU OOJIBIINX yIJIaX.
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YUCJEHHOE HCCIENJOBAHUE CTATUCTHYECKHX OCOBEHHOUCTEﬁ
IMPAMOI'O KACKAJA IBYMEPHOU TNAPOAUHAMUNYECKOHU
TYPBYJEHTHOCTH

Cepemenxko E.B.
s_evgeniy@yahoo.com
OI'AOY BIIO «HoBocubupckuii HallmoOHAIBHBIA UCCIEI0BATEIBCKUN TOCYIaPCTBEHHBIM
YHUBEPCUTET

YucneHHO UcceoBaHbl CTaTUCTUYECKUE OCOOCHHOCTH IMPSIMOTO Kackaja JBYMEpPHOMH
THIPOAMHAMHUYECKON TypOyJIIEHTHOCTH B YCIOBHAX HAKAa4KM W BS3KOTO 3aTyXaHUS C
MIPOCTPAHCTBEHHbIM pa3pemieHueM 8192x8192. MccnenoBana 3BONIIOIMUS 3aBUXPEHHOCTH M
CTPYKTYPHOH (YHKIMU CKOPOCTH TpeThero mopsnaka. [lokasaHo, 4To pe3kue TIpaHeHTHI
3aBUXpEHHOCTH U UX Dypbe 00pa3bl B BUJE JHKETOB OKA3bIBAIOT CYILECTBEHHOE BIMSIHHUE Ha
noBefeHue  TypOyJIEHTHOCTH, TPUBOASAIIEE K  CHIbHOW  YIVIOBOM  3aBHCHUMOCTH
KOppeNsUOHHBIX (pyHKIuil. [lomyueHo, 4To noBeeHUe 3HEePruu Kak (GyHKIHS OT BOJIHOBOI'O
yhcia k AJi1 KaXIOTro HaIlpaBJIEHHWs B WHEPIMOHHOM HHTEpBaJie MMEET paclpelesieHue
Kpeiiunana ~k ) M OJIHOBPEMEHHO CHIIBHYIO YIJIOBYIO 3aBHCHMOCTH. OJHAKO, MHOCIHE
OCPEIHEHMsI IO YTy, CHEKTp TYpPOYJIEHTHOCTH C BBICOKOH TOYHOCTHIO COOTBETCTBYET
cnektpy Kpeiunana E; = CK172/3k73, rae 7 3To motok »3HcTpopuu, a Cx~ 1.3 KOHCTaHTa
Kpeitunana, 4ro Xopomo corjacyercs C pe3ysbTaTaMd MpEeAbIAYLIIMX HCCIIECJOBAHUM.
[Toxoxast cutyanus HabIIOAAETCS U AJI CTPYKTYPHOH (YHKIIMU CKOPOCTU TPETHETO MOpPsIIKa
Ss5*, KoTopas, KaKk u B cnyqae W30TPOITHOMN TypGyHeHTHocm HUMEET TaKyl € CTEIEHHYIO
3aBUCHUMOCTb OT R H 7, S3 C377R3 HO KOHCTaHTa C3 MOCJIE OCPEIHEHMS MO yriaM Hu
BPEMEHH OTJINYAETCS OT U30TPOITHOTO 3HAYECHMSL.
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AHAJIN3 B3AUMOJENACTBUS KOJEBATEJBHBIX CUCTEM 11O
BPEMEHHBIM PAJAM ®A3 B CJIYHAE CKPBITOI'O BO3JEUCTBUA

Cumax E.B.!, CmuproB JLAZ, Bespyuko B.IT."?
sidakev@gmail.com
1CapaT01scI<1/1171 rocyapcrBeHHslii yHusepcurer uM. H.I'. YepHsbImeBckoro

anpaTOBCKI/Iﬁ ¢dunmuan MHCTUTYTA paguoTeXHUKH U 3JeKTpoHUKH M. B.A. KotenbHukoBa
PAH

3anada 0OHAPYKEHUS CBSI3U MEXKTy KOJeOaTeIbHBIMH CUCTEMAaMH 10 BPEMEHHBIM PsiJlaM UX
Kosie0aHuil paccmaTpuBaercs B panguodusuke [1], buomenunune [2], kiumartonoruu [3] u Ipyrux
obnactax. B pabore [4] npemiokeH METO/ BBISBICHUS CBS3EH B MaJIbIX aHCAMOJISX CBSI3aHHBIX
OCLMJIISITOPOB TI0 BPEMEHHBIM psijiaM, Ha OCHOBE MOJICIIMPOBAHUS HX (a30BOil TMHAMUKU. MeTos
okas3piBaeTcs 3((PEeKTUBHBIM TNPUMEHUTETHHO K BBIABICHUIO CBA3€H B CHCTEME M3 JBYX
OCLMIISITOPOB € XOPOUIO ompezeneHHo ¢a3oil. OqHaKo HAa MPaKTHKE MPU aHAIHM3€ PEATbHBIX
JAHHBIX Takas MOCTAaHOBKA HE BCET/Ia BBHIMOJIHACTCS, B YACTHOCTH aKTYaJbHOW SIBIISICTCS 3a/1a4a
aHaJM3a MOJICUCTEM CO CIIOKHBIM CIIEKTPAJIbHBIM COCTAaBOM HAOJIO1aeMBIX CUTHAIIOB.

B nanHoif paboTe ucCleayloTcs YCIOBUS NMPUMEHHMMOCTH YMOMSHYTOTO BBIIIE METOJa
BBISIBJICHUS CBSA3€M B cClyyasiX, KOrJa MMEeTCS HECKOJBbKO MUKOB B CHEKTPE MOIIHOCTH U
3HAYUTENIbHA NIMpUHA 3TUX MHUKOB. B KauecTBe TECTOBOI CHCTEMBI B YMCIEHHOM 3KCIIEPUMEHTE
OBLI paccMOTpEH aHcaMOJIb UX U3 TpeX CBA3aHHBIX ocuwuisiTopoB Ban-gep-llons, oaun u3
KOTOPBIX (OH CUMTAJICS HEHAOIIOaeMbIM HJIU CKPBITHIM) BIHUSET Ha J[Ba APYTUX (OHU CUUTAIIUCH
HaO0JII0TAEMBIMI) C OJHON M TOH YK€ CHIJION BO3JIEHCTBHS.

[Ipr pa3nUUHBIX COOTHOIICHMSAX YAacTOT W YPOBHAX IIyMa BCEX TPEX OCHMIIISTOPOB
MOKa3aHo, YTO MPH MPUMEHEHWH paHee M3BECTHOTO METOJa, OCHOBAHHOTO HAa MOJCIUPOBAHHUU
¢da3oBOil TMHAMUKH, B CIy4ae AOCTATOYHO OOJBIION CHJIBI BO3JEHCTBHS CKPBITOTO Mpolecca Ha
JIBa HAOIIOAAEMBIX OCHMJIISATOPA MMEIOT MECTO JIOKHBIE BBIBOABI O HAIWYHK HAINPaBICHHBIX
CBs3ei Mexay HaOmomaeMbMH ocuusuiaTopaMu. [loka3aHo, YTO AMArHOCTUYECKUM KpUTEpUEM
TAKOW MPOOJIEMBI MOXKET CIY)KUTh aBTOKOPPEISLMOHHAS (QYHKIUS OCTATOYHBIX OIIUOOK
MOCTPOCHHON Mozenu (a3zoBod AMHAMUKH. Tarke MOKa3aHO, YTO B CIy4yae JOCTATOYHO YETKO
pa3elieHHBIX IHUKOB B CIEKTPaX MOIMHOCTH HAOIIOaeMbIX CHTHAJIOB MOXHO TIOBBICHTH
3¢ ()EeKTUBHOCT, METO/Ja OILIGHKH CBS3€H, eclii ompeneisaTh (aspl Tocie MPUMEHEHUs K
HAOJTIONAeMBIM  CHUTHAaM PEXEKTOPHOrO (QHIBTPA, KOTOPHIM yJalseT IMoJOoCy YacTorT,
COOTBETCTBYIOIIYIO CIEKTPAJbHOMY IHKY CKpBITOrO ocuwuistopa. [Ipum sTOoM pacmmupsercs
o0nacte 3Ha4YeHWH KOA(M(GUIIMEHTOB CBSI3W, NPH KOTOPBIX METOJ] MOJEIUpOBaHUs (Pa3oBoOi
JMHAMUKY HE JaeT JIOKHBIX BBHIBOJIOB O HAJTMYHMH CBS3EH M MPH ITOM COXPAaHSET 3HAUYUTEIBHYIO
YYBCTBUTEIHHOCTb K CYIIECTBYIOIIUM CBSI35IM.

Pe3ynbTaThl HOCAT OCTaTOYHO OOLIMI XapakTep, T.K. MOJY4YEHBI JJi CUCTEMBI, KOTOpas
SIBIISICTCS. MaJIOMEPHBIM TPOTOTHUIIOM HaMOOJIee XapaKTEPHOW MPAKTHYECKOW CHUTYaIlUH, KOT/a
€CTh HaOJIO/ICHHUS OT ABYX CHCTEM U CKPBITOE BO3/CHCTBHE.

Pabota BeInonHeHa npu nozazepxke Poccuiickoro HayuHoro gonaa (rpant Ne 14-12-
00291).

1. IMTuxosckuit A.C., Pozen6mrom M.I"., Kyptc 1O. // Cuaxponu3zanus. @yHaaMeHTaIbHOE
HenmHelHoe sBieHue. M.: Texunocdepa, 2003.

2. Pavlov A.N., Sosnovtseva O.V., Pavlova O.N., Mosekilde E., HolsteinRathlou N.-H. //
Physiological Measurement. 2008. V. 29. P. 945.

3. MoxoB U.U., Cmupnuos JI.A. // 3B. PAH. ®usnka atmocdeps! u okeana. 2006. T. 42. C.
650

4. Smirnov D. A., Bezruchko B. P. Detection of coupling in ensembles of stochastic
oscillators // Phys. Rev. E. 2009. Vol. 79. P. 046204.
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NCCJEJOBAHUE CIIOCOBOB ILTASMEHHOM AKTUBALIMU A30TA JUISI
OCYIECTBJIEHUSI POCTA HUTPUJIA UHIUS METOJI0OM
METAJUIOPTAHUYECKOM 'A30®A3HON DIINTAKCHUHA

Cunnos C.B.
sintcovs(@mail.ru
WNucturyT npuxnannoi ¢usuku PAH, Hwkanit HoBropos

B mocnennue romaer InN mpuBiekaer OOJbINON WHTEpEC HCceAoBaTeNel Omaromaps
CBOMM YHUKAJIbHBIM CBOWCTBaM. HuTpua MHAMS MMEET y3KYI0 IIMPUHY 3alpeleHHON 30HbI
(0,6-0,7 5B) © BBICOKYIO OXHAAEMYIO TOJBM)XHOCTb D3JIGKTPOHOB TIIPH KOMHATHOU
temneparype (mo 14000 CM2/B'C), YTO JENAaeT 3TOT Marepuan HUJEaJbHBbIM ISl CO3JaHUS
BBICOKOO()(DEKTUBHBIX  COJIHEYHBIX OaTapeil, WHQpPAKpacHbIX JIA3€PHBIX JHUONOB U
2NeKTpoHHBbIX ycTporicTB CBY nuanasona.

KittoueBoit mpoOsemMoli BhIpanIMBaHUS KAa4eCTBEHHBIX JSIMUTAKCHANBHBIX IDICHOK InN
ABJISIETCSI TEXHOJIOTMYECKasi CIIOKHOCTh JUCCOLMAIMU a30Ta. M3-3a CpaBHUTENBHO HU3KOH
temriepatypsl paznoxenus InN (600°C) npuMeHseTcsi METOJ] aKTUBAIIMK a30Ta TUIA3MEHHBIM
paspsgoMm. JlanHas paboTa TIOCBSIIIEHA MCCIEJOBAHMIO W CPAaBHEHHUIO CIOCOOOB
OCYIIECTBIICHHS TAKOW aKTUBALWH.

IlepBbIil HccnenyemMblii METO OCHOBAaH Ha MHAYKIMOHHOM HarpeBe IMOTOKa a30Ta B
CTEKJITHHOM KoJiOe Ha yactoTe 13,56 MI'1. MakcumanbHas mogaBaeMasi MOIIHOCTh IIPU 3TOM
nocturaet 3HaueHuss 600 Bt. Bropoii meton aktuBanuu azota nposogutcs B DLP pazpsze,
CO371aBa€MOM C IIOMOIIBIO TUPOTPOHA — TEHEpaTOpa KOT€PEHTHOrO 3JIEKTPOMAarHUTHOIO
u3iydeHus. Mcnonb3yeTcs CepuiHbIM TEXHOJIOTUYECKUN THPOTPOH MOIIHOCTBIO 10 5 KBT n
yactoto 24 I'T.

XapakTepuCcTUKOH, C TOMOIIBI0 KOTOPOIl MOKHO CPaBHHUTH YPPEKTUBHOCTH aKTUBAIIUU
azota o0ouMH crocobamu sBisieTcs KojebarenbHas TemmepaTypa. EE€ u3Mmepenue
MPOBOJIUJIIOCH METOJIOM, OCHOBAaHHBIM Ha PETUCTPALMU HU3JIy4YEHHs, COOTBETCTBYIOIIETO
AIIEKTPOHHO-KOJIE0ATEIIEHBIM TIEPEX0/IaM BTOPO TTOJIOKUTEIBHOW CHCTEMBI MOJIEKYJIBI a30Ta
(mepexoa MEXIy COCTOSHHUSIMH C’11,—B’ [1y). IIpu sTomM mpenmonaraercs, 4To (yHKIUS
pacopeneneHus MOJIEKyJl 10 KoyeOaTeNbHbIM YpPOBHSM B IIa3M€ CYLIECTBEHHO HE
OTNUYaeTCs OT OONBIIMAHOBCKOW W OMHCHIBATHCSA EIMHBIM 3HAUYECHUEM KOJeOaTeNbHOM
temneparypbl. EE 3HaueHHe MOXHO ONpEIENIUTh IO PErUCTpalud OTHOCHUTEIbHOU
MHTEHCUBHOCTH COOTBETCTBYIOLIUX JIAHHBIM NI€peXoaaM JIMHHM.

bbu10 moka3aHo, 4TO MpU OJMHAKOBBIX NMOTOKAaX rasa, JaBJI€HUU B KaMEpe U MOIIHOCTH,
BBOAMMOW B TIa3My, KoleOaTenpHas TemIepaTypa a3oTa MpU HWHAYKIHOHHOM HarpeBe B
cpenneM Ha 10-20 % Bbime, yem npu aktuBauu B OLIP paspsne. XapakTepHble 3HaUCHUS
nostyyaembix Temrepatyp nopsaka 6000-10000 K. Takxke, ananu3upysi HOJy4YEHHbIE CIIEKTPbI
U3JTYYCHHUS JICKTPOHHO-KOJIe0aTEIBHBIX MEPEX0J0B a30Ta, MOKHO CAETAaTh BHIBOM, YTO, IPU
aKkTUBaluu Tuia3mel azota DLIP paspsamom OGonee 3pdekTUBHO BO30YX AAIOTCS MEPEXOAbl B
KpacHOU 1 MHQpaKpacHO 007IaCTAX CIIEKTPA, a MPH WHAYKIIMOHHOM HarpeBe- B (PHOIETOBOM.

Hcxons W3 MOMYYEHHBIX PE3yibTaTOB, MOXHO CIedaTh BBIBOJ, YTO HWHAYKIIMOHHBIN
METO/] aKTUBAILIUU a30Ta sABJIsIETCS OoJiee NePCIEeKTUBHBIM i anuTakcuu InN no cpaBHEHHUIO
¢ OLP paspsom.
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YIPABJIEHUE TIAPAMETPAMM JIA3EPHOM IVIA3MBI ITPHA
B3AMMOJIEMCTBUHU C BBICOKOHEPTETUYHBIM UMITYJILCOM
HAHOCEKYHJIHOM JJUTEJbHOCTH IIPU ITOMOIIA HAJIOXKEHUS
BHEINIHEI'O MATHUTHOTI'O I10OJIAA

CnanxoB A.Jl., bypaynos K.®@., EpemeeB A.A., Kopxumanos A.B., Capponosa M.1.,
ConosneB A.A., Ctapony6rieB M.B.
andrey.sladkov1992(@gmail.com
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropos

CoBpeMEHHBIM TpPEHJOM B (PM3HMKE BBICOKUX SHEPIUN SIBISETCS CO3JIaHUE COCTOSIHMM
BEUIECTBA C JKCTPEMAJIBHBIMM 3HAYEHUSMHU IUIOTHOCTU U 3HEPIMHM C IOMOIIBIO MOIIHBIX
Ja3epHBIX HMITYyJIbCOB. MccimenoBaHusi, YacThl0 KOTOPBIX SIBISIETCS JaHHAs padora,
NPOBOJATCS Ha S3KCIEPUMEHTaJbHOW 0a3e meraBaTTHOro jasepHoro komrmiekca PEARL
(UI1d PAH, Huwxuuit Hosropon).

[lenbto MPOBOAUMBIX SKCIEPUMEHTOB SIBISECTCA HMCCIEAOBAHUE BIIMSAHHUS MarHUTHOTO
NoJjii Ha JasepHyl IU1a3My. OTa 3ajaya HMMEET HEMOCPEICTBEHHOE OTHOILEHUE K
MOJIEJIMPOBAHUIO YCIOBUM PEAIM3yEMBIX B HHEPLMAIBLHOM TEPMOSAACPHOM cuHTe3e. OnHa U3
peamu3yeMbIX CXEM — 3TO CXeMa C HeMpsSIMbIM HarpeBoMm|[ 1], B KOTOPOIl Jla3epHOE U3TyUYECHHE
HarpeBaeT CTEHKHM LWIMHIPUYECKON KaMepbl, BTOPUYHOE M3IyUYE€HUE KOTOPBIX IMPHUBOIUT K
HarpeBy M CXKATHUIO KaIICyJbl C TEPMOSIEPHBIM TOIUIMBOM. BayKHOM 3aiadel py peanusanuu
NOJOOHON CXeMbl SBISETCS MOBBIIEHHE 3(PPEKTUBHOCTH B3aWMOJICHCTBUS J1a3epHOIO
U3JIy4eHHUS] CO CTEHKOM KaMephl M YIy4YUICHHE CUMMETPUM IOJYyYAIOUICHCS IUIa3Mbl, 4TO
MOXET OBITb CHENaHO TMpH TIOMOIIM HAJIOKEHHs] BHEIIHEr0 MAarHUTHOro moJs[2].
MarHuTHOMY YHIPABJICHHUIO MAapaMEeTPaMH IUIa3MBbl, ITOJIyYarOLIEHCs B pe3yJIbTaTe TAKOTO
HarpeBa U MOCBSIIEHA HACTOSIIAs TeopeTHYecKas padboTa.

B pamkax nmpoBoaumsbix B UII® PAH skcriepuMeHTOB CTEHKY KaMepbl MOJEIUPYET
IUIOCKasl TUIACTMACCOBAsi MUILEHb, HA KOTOPYIO nmox yriiom 20° maznaer jga3epHbId UMITYJIBC.
Buemnee MarHuUTHOrO mnosie ¢ MakcuMaiabHbIM 3HaueHueM 20T HampaBieHO mapanienbHO
IUIOCKOCTH MuIleHu. [y mpoBepku paboTOCHOCOOHOCTH MOJOOHOIO MOAXO0Ja Ha CTEHJE
PEARL npoBonsTCs TECTOBBIE 3KCIIEPUMEHTHI B KOTOPBIX HHEPrHsl Ja3€pHOr0 HMITyJIbCa
NOpSJKA AECATKOB JUKOYJIEH U IIIUTEIIBHOCTD MOPSIKa HAHOCEKYH/IBI.

B nanHOli paGoTe mnpeAcTaBlieHbl pe3yJbTaThl YHUCIEHHOTO MOJIEIMPOBAHUS C
napaMeTpamMM M3 OKCIEpUMEHTa. MopaenupoBaHue  NPOBOJWIOCH € IOMOUIBIO
komnbioTepHoro koga FLASH, ucnonp3yroiero ypaBHEHHSI MarHUTHOW T'HMIPOJUHAMHUKU.
JlaHHBIH KOJ| COCTOMT MOAYJIEH, HAMMCAHHBIX HA s3bIKe ()OPTPaH, B YACTHOCTH, OH MO3BOJISET
pemaTth 3agady O pasieTe IUIa3MEHHOTO O0Jiaka, TOJYYHMBIIETOCS B PE3yJbTaTe
B3aMMOJEHCTBHYSI JIA3EPHOTO U3JIyUYEHHUs C TBEPIOTEIBbHON MUILIEHBIO BO BHEIIIHEM MarHUTHOM
nosie. Tak xe B paboTe IPOBEJEHO COIOCTABJIEHWE PACUYETHBIX 3HAYEHMHM KOHIIEHTpALUU
IUIa3Mbl  C  pe3ysibTaTaMHd  MHTEPOPEPOMETPHUUECKUX HM3MEPEHHUHl, TOIy4eHHBIX Ha
JKCIIEPUMEHTAIIBHOM CTEH/IE.

1. John D. Lindl et al // Phys. Plasmas 11, 339 (2004)
2. D. S. Montgomery et al // Phys. Plasmas 22, 010703 (2015)
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JTUHAMMYECKHUE PEXUMBI UETBIPEX ITOYTH OJUHAKOBBIX
XUMHUYECKHUX OCHUJIJIATOPOB, CBA3AHHBIX KAK/IbIN C KAYK/bIM
UMITYJIbCHBIMY UTHT MUBUTOPHBIMHU CBA3SMU C 3AJEPKKOMN

Cwmenos I1.C.
sipanes@rambler.ru
HenTtp Henunelrinoit Xumun, bOY nm. Ummanyuna Kanra.

MBI n3yyaemM TMHAMUYECKHE PEKUMBI CETH U3 YETHIPEX MOUYTH OJAMHAKOBBIX CIIAHKOBBIX
OCLMJIIITOPOB C UMITYJIbCHOM MHIMOUTOPHOM CBSI3bIO C BBEJCHHEM BPEMEHHOW 3aJCPKKHU T
MEXIy CIAaHKOM B OJHOM OCIHUIATOPE W BBI3BAHHOM JTHM CITAHKOM HWHTHOMTOPHOM
BO3MYLIEHHHM B JpyromM ocuuuiitope. B kauectBe ocnuuisTopa Mbl  HCHOJIb3YEM
XUMHUYECKyIo peakiuio benoycosa-Kabortunckoro. [{is Tuna cBA3M OCHMIISTOPOB «BCE-CO-
BCEMI» OBLIM MOJIY4YeHbI 5 OCHOBHBIX pexuMoB: W (=4Cl, 4 knacrepa, KaIbli U3 KOTOPBIX
COCTOHUT U3 OJIHOTO OCIIIUIATOPA, (ha3bl OCIHIUIATOPOB CMEIICHBI Ha YeTBepTh nepuona), 3Cl
(=2+1+1, 3 knactepa, B OTHOM KJacTepe /iBa OCIILIATOpa B (aze), NpoTUBOGA3HbIH pEXUM
AP (= 2+2, 2 xkmacrepa), «3+1» (=2Cl, nBa xmacrepa, 3 ocmwuisitopa B (ase B OgHOM
kiactepe), cuHpasnpiii pexxum IP (=1Cl, onun knacrep). YBeauueHHe CHUIIbI CBS3U W/WIN
3aJIepKKU BEAET K yMEHbIIeHUIo gucia kinactepos: 4Cl (=W) -> 3Cl1 -> 2Cl1 (=AP/«3+1») ->
1Cl1 (=IP). Kpome OCHOBHBIX PEXHMOB HAOIIOAAIOTCS KOMIUIEKCHBIE — PEXKHUMbI C pa3HBIMU
KOMOWHAIMSAMY KOJMYECTBA CHAMKOB (Hampumep, pexum «3+1/2», mpu KOoTopoMm Tpu
OCLMJIIATOPA Beer/ia B (pase, a yeTBEPTHIN UMEET yIBOCHHBIN MepHoA U AT craifku ¢ TpeMs
JPYTUMH OCIMIISATOPaAMH KaXkKJIblii BTOPOH cHaiK).

Jlis pacCMOTpEHHOM ceTH XapakTepHa TPpU- U OU-CTaOMIBHOCTh — PA3JIMYHbIE PEKUMBI
MOTYT OBITh HalICHBI IPU OJIMHAKOBBIX ITAPAMETPAX, B KAYECTBE KOTOPHIX MBI HCIIOJIb30BAIN
CHITY CBS3M U 33JICPXKKY.
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TEILIOBBIE D®®EKTBI B ®PAPAJJEEBCKHUX YCTPOMCTBAX M HOBBIE
MATHUTOAKTHUBHBIE MATEPHUAJIbBI

CuetxoB 1.JI.
snetkov(@appl.sci-nnov.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

MarHuToakTUBHBIE MaTepHaIbl MCIIONIB3YIOTCS ISl CO3AaHUSI ONTUYECKHX YCTPOUCTB,
pabora kotopeix ocHoBaHa Ha J3ddekre Dapanes. Jlanapiii 3¢pdeKkT 3akmodaeTcs B
BO3HHKHOBEHUM IMPKYJSPHOTO JABYJIyYEHpPEIOMJICHUS MpU IOMELIEHUH MaTepuajia B
MarHUTHOE TIOJ€, YTO NPHUBOAUT K HEB3aHMMHOMY BPAIICHHUIO IUIOCKOCTH IOJIIPH3AINN
JUHEHHO TMOJISIPU30BAHHOTO U3IY4YEHUs MPOXOAALIEr0 ONTHYECKUH 3JEMEHT BJAOJb
MarHMTHOTO MOJIs U B 00paTHOM HanpasieHud. PoBHo 130 et Hazan nopn Peneit npeanoxun
UCNONB30BaTh 3TOT 3(deKkT and co3gaHus ONTHYECKOTO YCTPOMCTBA, IO3BOJISAIOLIETO
NPOITYCKaTh M3JTyuYeHHE B OJTHOM HANPABJICHUU M HE TPOITYCKATh €ro B 00OpaTHOM, KOTOPBIN
ObL1 Ha3BaH u3onsTopom Dapanes [1].

Ha ceropnsmHuii eHh ONTHYECKHE YCTPOUCTBA HA OCHOBE dddekrta Papaaes MUPOKO
UCTIONIB3YIOTCS JUIS U30JSILMK U3ITy4eHHMs, YIPABICHUs €ro MONsspU3alei, JUis opraHu3anun
MHOTOITPOXO/IHBIX CXEM KBAHTOBBIX YCHJIMTEICH C TMOJIIPH3AIMOHHON pa3BA3KOW W IS
KOMIIEHCAI[MY TEPMOHABEIEHHON JIENOISIpU3allii B aKTUBHBIX JIEMEHTax Ja3epoB. OCHOBOH
BCEX ATHX YCTPOWCTB, KaK H MPEXKAE, SABISIOTCS ONTUIECKHUE JIEMEHTHI U3 MarHUTOAKTUBHOTO
MmaTepuana (MarHUTOONTHYECKHEe 3ieMeHThl). Ilpu pabore C na3epHbBIM H3IYyYEHHEM C
BBICOKOM CpeIHEH MOUIHOCThIO B MAarHUTOONTHYECKHX JJIEMEHTAaX BO3HHKAIOT TEILIOBBIC
3¢ ¢eKThl, KOTOpbIE CYLIECTBEHHBIM 00pa3oM YyXyIIAlT padoTy (apageeBCKUX yCTPOUCTB.
[Mostomy st cozmanmst Oosiee COBEPUICHHBIX (PapalieeBCKUX YCTPONCTB MPOBOISAT MOUCK
HOBBIX MAarHUTOAKTUBHBIX MAaTE€pHajoOB, HCCIEAYIOTCS HMX CBOWCTBA M pa3pabaThIBaIOT
pa3IM4YHbIE CXEMBI YCTPOHCTB MEHEE IOABEP)KEHHBIX TEIUIOBBIM 3¢ dextam. B noxmane Oyner
JaH 0030p paboT MO MCCIEJOBAHUIO TaKWX MaTepHajoB, HUX OCOOCHHOCTEH IpH
UCTIOJIB30BaHUM B JIA3€PHOM H3JIyYEHUH C BBHICOKOW CpEIHEH MOIIHOCTBHIO W IPEICTABIICHBI
pEe3yJbTATHI 110 UCCIEIOBAHUIO JBYX HOBBIX INEPCHEKTHUBHBIX MAarHUTOAKTUBHBIX MaT€pPHAJIOB:
TepOuii ckanauil amoMuHeBOTo TpaHara TSAG u nmoinytopHoro okcuaa Tepoust Tb,0s.

1. L. Rayleigh // Philosophical Transactions of the Royal Society of London, 176, 343-366
(1885).
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BU®YPKAIIMA KBASUIIEPHOJUYECKHNX KOJESAHUI
B CUCTEME CBA3AHHbBIX ABTOI'EHEPATOPOB

Cenesnen E.H.l’z, CraHkeBUY H.B.3, Ky3snenon AIL'?
evgenii_seleznev@mail.ru
Caparosckuii punmnan UPD um. B.A Kotensaukosa PAH
CapaToBckuil rocynapcTBeHHbIN yHUBEpcUTeT M. H.I'. UepHblieBckoro
CapaToBCKHi rocyJapCTBEHHBIA TEXHUUECKUN YHUBEpCUTET UMeHH ['arapuna 0.A.

B pabote mpencTaBieHO YHUCICHHOE HWCCIENOBaHHE IUHAMHUKH IIATH CBSI3aHHBIX B
KoJbL10 ocuniuiATopoB Ban aep [osns. BeisiBiens! yciaoBus nepexoaa oT YeTbIpeX4acTOTHOTO
K MSATUYaCTOTHOMY KBA3UIIEPHOIMYECKOMY PEXKHUMY B pe3ysbTaTe KBa3HIEPUOIUYECKON
cemno-y3noBod Oudypkanmii u Oudypkamumu Xomda. I[IpoBeneHO SKCIEPUMEHTAIBLHOES
UCCIIEIOBAaHNE CBSI3aHHBIX aBTOreHepaTopoB Tuma Ban gep Ilons ¢ wucnonb3oBaHueM
KpatHoro ceuenus [lyankape.

KBazunepuoaunueckue konedaHusl MPeACTABISAIOT COOON MIUPOKO pacpoCTpaHEHHBIN B
HAyKe W TexXHUKe Kkiacc komeOammii [1-3]. MccrnemoBaHwMe  MHOTOYACTOTHBIX
KBa3UMEPUOANUECKUX KOJIeOaHMil sIBIIsIeTCS BechbMa akTyalbHOU 3a1ayeil. B HenaBHeii pabote
[2] ObLna npeIoxKeHa MOJIENb U3 TISATH TI100aJbHO CBSI3aHHBIX ocHIILIATOpoB Ban nep Iloms,
B KOTOpOH MOXHO HabmomaTh cueHapuil Jlanmay-Xomda: mocinegoBaTteabHOE pPOXKICHUE
TOpPOB 00Jie€ BHICOKON Pa3MEPHOCTH.

B nacrosmieit pabote 3KCHEpUMEHTANbHO U YMCICHHO HCCIEAyeTCsl AMHAMHKA TSATH
CBSA3aHHBIX B KOJbIO ocnwuiATopoB Ban nep Ilomsa. UYMCIEHHO MOCTPOEHBI KapThl
nokazateneil JIsmyHoBa Ha pa3NUYHBIX IIOCKOCTAX MapaMeTpoB cBs3u. OOHApykKeHO, 4TO B
JAHHOTO pOJa CHCTEME BO3MOXEH IpU YBEJIMYEHUHM CBA3M MEXIYy IOACHCTEMaMu
OPOUCXOAUT  TEepexoJ] OT TMATHYACTOTHBIX  KBA3WUIEPHOAMYECKHX  KoJeOaHud K
YEeThIPEXYaCTOTHBIM, MIPUUYEM BBISBIECHO, YTO MPHU OMPECICHHON TOIMOJIOTUH CBSI3U JaHHBIN
nepexol MOXKET TMPOUCXOIUTh B  pesynbrare Oudypkanuili  pa3aIU4HOTO  THUIMA:
KBa3UTICPUOAMUYECKAs CEUIO-Y3JIoBas OWQypKanus W KBasuUIMEepHoAUdeckas Oudyprarus
Xomnda.

JUia uaeHTUPUKAUMM MHOTOYAacTOTHBIX KoJieOaHMM B (DU3MUECKOM 3KCIEPUMEHTE
npeiaraeTcs METOAMKA BU3yalHM3allil WHBAPHAHTHON KpPUBOM B KpPaTHOM CEUYEHUU
[Tyankape [3]. A Takke MpeACTaBICHBI PE3YyJbTaThl IKCIIEPUMEHTATBLHOTO HCCIEAOBaHUS
CUCTEMBI ISITH CBSI3aHHBIX aBToreHepaTtopoB Tuma Bau nep Ilons ¢ momoripio mocTpoeHus
WHBAPUAHTHOM B KpaTHOM cedeHHH Ilyankape. bwlmm peann3oBaHbl 4YETBIPEXKPATHOE,
TpeXKpaTHOe U JByKpaTHoe cedeHue Ilyankape. V3ydeHbl mepexoibl  MEXAY
YEeTHIPEXYaCTOTHBIMA ¥ TISTHYAaCTOTHBIMH TopaMu. OOHapyXeHO COCYIIECTBOBAaHHE JBYX
YEeTHIPEXYACTOTHBIX TOPOB.

PaGora BeimonHeHa npu puHaHcoBol nojaepxke rpanta POOU Ne 14-02-00085.

Jluteparypa

1. KysneuoB A.Il, Caraee W.P., Crankesnu H.B., Toprokuna JIL.B. ®usuka
KBasunepuoanyeckux konedanuil. Caparos: U3narensckuit nentp «Hayka». 2013. 252 c.

2. Kysnenos A.II., Ky3ueuoB C.II., Troprokuna JI.B., Catraes W.P. // Henunelinas nuHamuka.
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PACITPOCTPAHEHMUS CIIMHOBBIX BOJIH B MATTHUTHOM
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stetsur@yandex.ru
CapatoBckuii rocygapcTBeHHbIH yHUBepcuTeT uMeHu H.I'. YUepHsleBckoro

B pabore mnpuBeneHBbl pe3yNbTaThl pacyeTa XapaKTEPUCTUK CIMHOBBIX BOJIH,
pacTpoCTpaHSIONIMXCS B KacaTeNbHO HAaMarHU4eHHOM (DeppOMarHUTHOM  BOJIHOBOJIE
mmpuHOd 500 MKkM M TommumHOM 10 MkM. UncineHHOe MOIENMpPOBaHUE IPOBENCHO IyTEM
pelIeHNs ypaBHEHMs JIB)KEHUS HAMarHWYEHHOCTM METOJOM KOHEYHBIX pa3HOCTEH BO
BPEMEHHOMU obnacTH. Paccmotpen ciay4dan BO30YKICHUS ITIOBEPXHOCTHOM
MarHUTOCTaTUYeCKOil BOJHBI [1] B (peppUTOBOM TOHKOIUIEHOYHOM BOJIHOBOJIE€ KOHEYHOM
mpuHsbl. [IpoBeneH yueT ann3oTponHoro B3aumoaencTeus J3sommackoro — Mopus (M)
[2,3].

Orta 3aJaya BakHAa HE TOJBKO C (PyHJaMEHTAJIbHON CTOPOHBI (M3yueHHE MEXaHHU3MOB
nepeMarHu4rMBaHus, MPUPOIBI CIUHOBBIX 3¢ ¢ekToB - Xomra, 3eebeka, Pamba), HO u ¢
NPUKIAJHOW, Tak Kak Hcroyib3oBaHHe 3¢¢exra B3aumozencTsus M B HaHOCTpyKTypax
MO3BOJIUT B OnmKaiilliee BpeMsi cO3[1aTh HOBBIE THUIIBI MarHUTOPE3HCTUBHOM ONEPAaTUBHOMN
namsaTH (magnetoresistive random-access memory, MRAM) pa3nu4HBIX TOMOJOTHIL:
MarHUTHBIN TyHHENbHBINA iepexon — «MTJ-Heavy metal» (anexTpudeckuii TOK, mpoTeKast 1o
MeTaJuly, NEepeKIYaeT HaMarHU4eHHOCTh CBOOOAHOTO (eppomarHutHoro cios), «MTJ-
Domain wall» (3a cuer adpdexra IM mpoucxomur oOpa3zoBaHHE TOMEHHBIX CTEHOK U TIO
JecTBUEM  3JIEKTPUYECKOr0 TOKa JIOMEHHas CTeHKa mpoberaer Mmoj CBOOOJHBIM
(eppOMarHUTHBIM CJIOEM M MEPeKII0YaeT ero HamarHudeHHocTh), «MTJ- Skyrmions»
(ynpaBieHHe CKMPMHOHAMH IO3BOJISET MEPeKIYaTh HAMAarHWYEHHOCTb (eppOMarHUTHOIO
CJI0ST).

m, (G}
-10mms w10

Puc. 1. Pacnpenenenue aMmiutyasl m,
KOMITOHEHTRI HaMaramueHHocTtu B XXUT
BOJIHOBO/IE, TIOJIyYEHHOE, PACCUUTAHHOE
c TIOMOIITBIO MHKPOMAarHuTHOTO
MOJEJIIUPOBAHUE JJIS PA3IMYHBIX YaCTOT
BXOJHOTO cHrHajga (MpUBEACHBI Ha
PHUCYHKE). Bennunna BHEIITHETO
MarauTHoro nomas 1150 3.

Pabora BemmonHeHa npu nogaep:xke rpanra POOU (16-37-60093 mon_a ak, 14-02-00577) u
ctunennuu [pesunenta PO (CI1-313.2015.5).

[1] R. W. Damon and J. R. Eshbach, J. Phys. Chem. Solids 19, 308 (1961).

[2] Dzyaloshinsky, I. A thermodynamic theory of ‘weak’ ferromagnetism of antiferromagnetics.
J. Phys. Chem. Solids 4, 241-255 (1958).

[3] Moriya, T. New mechanism of anisotropic superexchange interaction. Phys. Rev. Lett. 4,
228-230 (1960).
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OBTEKAHUE IWJINHIPA C DJEKTPUUYECKOM JYTI'OH, BPAIAIOIIEVICSI B
MATHUTHOM IOJIE

Hopdupses [I.I1."% Cyrak C.C.> 3aBepumucknit M.IT. >
samasss(@mail.ru
| ®usnueckuit unctutyT uMm. [1.H. Jle6eneBa PAH
2 Camapckuil rocy1apcTBeHHbIN aspokocMuueckuid yaupepcuteT uM. C.I1. Koponesa

B Hacrosiiiee BpeMsi BO BCeM MUpe HHTEHCUBHO Pa3BUBAIOTCS UCCIIEIOBAaHUS B 00JaCTH
TUTA3MEHHOU a’pOAMHAMUKH. AKIEHT B 3THX padoTax cAelaH Ha W3yYeHUE YyMpaBICHUS
0o0TeKaHWEM a’pOAMHAMHUYECKUX TEJ C IOMOILIBIO JIOKAIbHBIX IJIA3MEHHBIX 00pa3oBaHUIl
BOMM3M MX moBepxHOocTed. OmHAKo, YucIo paboT, MOCBAIIEHHBIX HCCIEAOBAHUIO OOTEKaHUS
TEJ C UHTETPAJIbHBIM IJIA3MEHHBIM IMOKPBITHEM BCEH TOBEPXHOCTH, HEBEIUKO.

B npencrasnenHoit paboTe mpoBeaeHO Hccle0BaHNEe O0TeKaHUSI KPyTOBOTO UWIHHIpA
B BO3/yXe NpU aTMOC(HEpHOM JTaBICHHUH C JICKTPUICCKON AYTOM, BPAMIAIONICIHCS BO BHEIITHEM
paauaIbHOM MAarHUTHOM TMOJe. XapaKTepHBIM paauaibHBIA MaciiTad paspsaHod olnactu
coctaBisul 1-3 mMm. Bpamienuwe nyru oCymiecTBISUIOCH Onarofapsi HAJIUYUIO pPaguaibHOTO
MarHUTHOTO TIOJsI, HAMpaBIEHHOTO OT LWJIMHApa, co3fatomiero cuiy JlopeHia,
HalpaBJIEHHYI0 110 KacaTebHOM K MOBEPXHOCTU a3poauHamuueckoid (AJl) mopenu.
Bpamenne ayru, B CBOIO ouepelb, HHIYIHPYET BpalleHWE HArpeToro rasa BOIU3M
MOBEPXHOCTU MOJIENIH U CO3/1a€T UHTETPAJIbHOE IJIA3MEHHOE MTOKPBITHUE.

3amaya pemianack B JIBYMEPHOH HECTAllMOHAPHON MOCTAHOBKE C HCIOJIb30BAaHUEM
nakera ANSYS FLUENT 14.0, B koTopoM peann30BaH METO/I KOHEYHBIX 00bEMOB.

[To pe3ynbpTaTam pacdyeToB ObLIN MOJYYEHBI 3aBUCUMOCTH OT BpeMeHHU KO3((HUIIMEHTOB
MOABEMHON CHJIBI, TAHTCHIIMAIBHOW M PaJuaIbHOM CKOpPOCTEM (OTHOCHUTENIBHO Hauaja
KOOpJMHAT, COBMAJAIONIETO C MEHTPOM Kpyra), a TakkKe MUPKYJSIHUH CKOPOCTH IO
KOHILICHTPUYECKUM OKPYXKHOCTSIM panuycoB 1.25+2.75 cm. IlomyueHHble 3Ha4YeHHS
YCpEIHEHBI IO BpEMEHHU.

B pesynbpraTe OBLIO MOKA3aHO, YTO HAIWYHE IBMKYIICHCS OONACTH TEIUIOBBIICICHUS
OPUBOJUT K HAPYUICHUIO CHUMMETPUU CHUCTEMbl W TOSIBICHHUIO MOABEMHON CHIIBI U
HUpKyJIsiquu. B cBOlo ouepenp, HM3MEHEHUE MUPKYJALMH TPUBOAUT K YBEIHMUYECHUIO
kod(ddurmenta moabeMHON cwibl IWauHApa. Hawmbonee 3ameTHO 3(dext reHeparum
HEHYJICBOW HUPKYISALINN TPOSBISICTCS JUISI TEYCHUU C OONBIION CKOPOCTBIO: IHPKYJIISIUSI
CKOPOCTH 3aMETHO MEHSIETCS B CPAaBHHUTEIHLHO TOHKOM CJIO€, IPUJIETAIONIEM K MOBEPXHOCTH
00TeKaeMoro Teja 1 y’e Ha pacCTOSHUH ~ D¢ BBIXOJUT HA CTallMOHAPHOE 3HAUCHHE.
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MOJAEJIMPOBAHME PA3ZBUTHUA OTPULHATEJIBHOI'O CTYIIEHYATOI'O
JIMAEPA MOJIHUHN

CricoeB A.A.
zaratustrann(@yandex.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

VYK€ NOYTH COTHIO JIET HU3BECTHO, 4YTO OTPUUATENbHBIM JHMAEpP, B OTJIMYUE OT
HOJIOKUTEIBHOTO, DPAa3BUBAETCA CTYNEHYAThIM 00pa3oM, HCHONb3ys MEXaHW3M Tak
Ha3bIBaEMBIX OO0BEMHBIX JHAepoB. OjHAaKoO, u3-3a OOJBIIOTO KOJIMYECTBA IPOLIECCOB,
COIIPOBOKIAIOIIUX MPOOOH, M YPE3BBIYAWHO CJIOXKHOIO CTOXaCTHYECKOro XapakTepa
pa3BUTHS paspsia A0 CHX IOp HE JOCTUTHYTO MCYEPIBIBAIOLIEE INOHMMAHHUE IPUYMH,
NPUBOIANINX K TaHHOW acuMMeTpuu. J[o KOHIIa He siCHA Takke (pru3mKa mporecca MOsSBICHUS
HOBOH CTymeHM oTpuuarenabHoro mujaepa. OcCoOEHHO MHOTO BOIIPOCOB  BBI3BIBAET
NPOMCXOJAIlEee B OTHOCHTEIBHO cIaboM Imojie (HOpsifAKa HECKOJbKUX KHUJIOBOJIBT Ha
CaHTUMeETp) oO0pa30BaHME TAaK HA3bIBAEMBIX CTEMOB, MOTEHIMAJIbHBIX 3a4aTKOB OOBEMHBIX
JUEPOB.

B nanHoil paboTe Ha 0a3e BEpOSATHOCTHOIO MOAXO0Ja OblIa MOCTPOEHA (HU3UYECKH
000CHOBaHHas (EHOMEHOJIOTUYECKAsh MOJEIb C OIPaHMYEHHBIM YHCIOM IapaMeTpOB,
MO3BOJIMBIIAS BIIEPBBIE IPOBECTH YHUCIECHHOE MOJAEIMPOBAHUE HBOJIIOLMM CTYIEHYATOTO
OTPHIIATENILHOTO Jujepa. B pacdyerax ObUTM yd4TEHBI aCHMMETPHUS Pa3BUTHS TOJIOKHUTEITHHBIX
U OTpULATEIbHBIX HCKPOBBIX pa3psoB M BIUSHME NOTEHIMajda OOBEMHOIo 3apsna,
BBIHOCUMOTO B  pa3psAOHbIA  MPOMEXYTOK CTPUMEPHOH KOPOHOM. OTO MO3BOJMIO
BOCIIPOM3BECTH B XOJ€ CUMYJSILIMN TakMe MalloM3y4deHHbIE IUIa3MEHHbIE 00pa3oBaHUs, Kak
CTEMBI, C BO3MOXKHOCTBIO MX TIOCIIEIYIOMIETO MMPE0Opa3oBaHus B 00bEMHBIE JIACPHI, KOTOPHIE,
B CBOIO OUYEPE/Ib, IPUBOAAT K MOSBICHUIO HOBBIX CTYIIEHEW OTPULATENIBHOTO JINEPA.
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MOJIEJMPOBAHHUE DJEKTPOIHIIE®AJIOIPAMM KPBIC TP ABCAHCHOM
SIMWIEIICUH B ITIPUJIOKEHHUU K 3AJTAYE OHEHKH CBA3AHHOCTH
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ivssci(@gmail.com
1CapaT01scI<1/1171 rocygapcrBeHHbl yHuBepcureT uMenu H.I'. Uepusimesckoro,
Caparos, yJ1. AcTpaxaHckas, 83
2CapaTOBCKHfI roCy/1apCTBEHHBIN TEXHUYECKUI YHUBepcuTeT nMenu 0. A. T'arapuna,
Caparos, yi. [lonutexuuueckas, 77
3I/IHCTI/ITyT BBICIIICH HEPBHOU eATeIbHOCTH U Helipodusuonoruu PAH,
Mockga, yi. bytaeposa, Sa

AOcaHcHas SHWIeNcHUs — IIHPOKO PaclpoCcTpaHEHHAsl Cpeau JAETed U MOJIPOCTKOB
dopma: 56 ciayuaeB Ha 100 000 Hacenenus, 1o 50% OT Bcex CilyyaeB SMWIEHICHUM B BO3pacTe
10 14 ner [1]. E€ uzyuenue TpaJuimOHHO IPOBOJIUTCS HA TEHETUYECKUX MOJEINIAX TaKUX, KaK
kpbichl TMHUE WAG/R]j [2]. DnexrposnuedanorpaMMbl Ipu a0CAaHCHOM SMUIIETICMH BO BpeMs
NUK-BOJIHOBOTO pazpsiaa (IIBP) neMoHCTpupyIOT BHICOKOAMILIUTYIHBIE CUJILHO HEJMHENHbIE
KosneOaHus. BbIgBIEHHE CBSI3aHHOCTH MEXAY OTAEIaMM MO3ra SIBISETCS KIIOYEBBIM NpHU
U3yYEHUH, IMOCKOJIbKY WHAMBHIYyallbHas JAMHAMUKA OTACJbHBIX OTBEACHHUH HE MO3BOJSET
BBISIBUTH MEXaHU3MbI MHUIMALINY, TOAepkaHus 1 3aBepiueHus [IBP [3].

Jns  pemeHuss STOM 3adaddl  UCHOJB3YIOTCSI COBPEMEHHBIE MOJAXOAbl — METOJ
HepeMEeHHOI BO BpeMeHHU NnpuuuHHOCTU N0 ['peltnmxkepy [4]. Yenex ero npuMeHeHHs! 3aBUCUT
OT Tombopa TMapaMeTpoB, TOCKOJIbKY HEOAHOKPATHO OBUIO TIOKa3aHO, 4YTO HEBEpHas
napameTpu3anys MNPUBOAMT K OIIMOKaM MepBoro uiau Broporo poxaa [5]. Ilonbupats
mapamMeTpel M TECTHpPOBaTh  METOJ  HEOOXOAMMO, ONHUpasich Ha  CHEHU(UKY
9KCIIEPUMEHTAIbHBIX JAHHBIX.

B xonme manHOW paOOTHl HA OCHOBE STAJOHHBIX CHCTEM HEJIMHEHHOW JUHAMUKH OBLIN
pa3paboTaHbl  JB€  MOJAEIHM,  BOCHPOM3BOJAIIME  PSI  BaXHBIX  OCOOCHHOCTEH
OKCHEPUMEHTAIbHBIX CUTHAJIOB: MEPEKIIOUEHUE MEXKAY PpPEXKUMOM HHU3KOAMIUIMTYIHBIX
IIyMOINOAOOHBIX KoleOaHUH U peXKMMOM BBICOKOAMILTUTY/IHBIX Oosiee peryispHbIX KoneOaHun
(B TOM 4HcClie CBOICTBA CHEKTPOB MOIIHOCTH), a TAK)XKE 3aTATMBaHUE MOTEPU YCTOWYUBOCTH
IpU MEpexofie OT OJHOrO pexuma K apyromy. [lepexompl Mexay peKUMaMHU MOTYT OBITh
peanu3oBaHbl KakK 3a CUET MU3MEHEHMs WHIAUBHUAYaIbHBIX MAapaMeTpPOB IMOJICUCTEM, TaK U 3a
CuéT M3MEHEHHUs CHJIbl CBA3M MeXIy HHMMHU. Ha ocHOBe aHaim3a CBS3aHHOCTH MEXIY
NPEITIOKESHHBIMIA MOZEIISIMU OBLITH BBISIBIICHBI HEKOTOPBIE apTe(akThl MeToaa. B To ke Bpems,
ObUIO TOKa3aHO, YTO B IIEJIOM METOJA XOPOUIO MOAXOAMT JUIsl HMCCIEeJOBaHUS aOCaHCHOU
AIUJIETICU Y.

Pabora BemmonHena npu mnopaepxkke PODU (rpant Ne 14-02-00492) u cruneHaumn
[Ipesunenra PO nns nonnepxku Monoabix yuénbix CII-1510.2015.4.

1. BonbaoBa A.b., Jlenkos JI.H. / Menunuackuit akagemudeckuii xkypHair, 2012, 12(1): 7-19.
2. van Luijtelaar E.L.J.M., Coenen A.M.L. // Behavior Genetics, 2003. 33. 2003: 635-655.

3. M.V. Sysoeva, A. Liittjohann, G. van Luijtelaar, 1.V. Sysoev // Neuroscience, 2016. 314:
75-89.

4. Hesse W., Molle E., Arnold M., Schack B. // Journal of Neuroscience Methods, 2003. 124:
2744,

5. M.B. Kopuunos, 1.B. CsicoeB, B.I1. be3pyuko / Henuneitnas nunamuka, 2014. 10(3):
279-295.
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AOcaHCHasi  »muiencuss —  HEKOHBYJIbCUBHAs ~ TI€HEPAJTM30BAHHAS  SIWJIEICHS
HEU3BECTHOM ITHOJIOTUH, KOTOpas NMPOSIBIAETCA B BUE KPATKOBPEMEHHBIX 3INM3070B IOTEPU
co3HaHUs (COCTOSIHUE «a0caHCa»), COMPOBOXKIAIOIIMXCA TEeHepaau3oBaHHbIMU 3 Il muk-
BotHOBBIMH paspsnamu (IIBP) wa anextposnuiedamorpamme (O3I7). Bo Bcem mupe 56
yenosek u3 100 000 ctpagatoT abCaHCHOM AMHIIETICUEH.

I'enepanuzoBannsie [IBP dopmupyrorcs BeiaeactBue HapymieHus (DYHKIUH Taiamo-
KOPTUKAIBHOM CHCTEMBI M SIBISIIOTCS 3JIEKTPO3HLE(hANIOrpa@uuecKuM MPU3HAKOM a0CaHCHOU
snwinencun. Hactosmas pabora HanelneHa Ha BbBIIBIEHHE MEXaHU3MOB HWHHIIMALUHY,
nogaepxkanus u npekpamenus [IBP. MccnenoBansl [uHaMuka U HampaBJIe€HHOCTh B3aUMHBIX
BiussHuid Mexay teMenHon (PC), nmoonoit (FC), 3areimounoit (OC) monsiMu KOPBI M siApaMHu
TajaMmyca: pPOCTpPaJbHOM M KayaainbHOW yacTsamMu peTtukyispHoro sapa (rRTN um cRTN),
BeHTponocTepomeanabHbIM siipoM (VPM), antepuanbasiM simpom (ATN), moctepuaibHbIM
aapoM (Po) — Ha OCHOBaHMH pacyeToOB aJaNTHUPOBAHHOW HEIWHEHMHONW NPUYMHHOCTH IO
I'pevinxepy.

IIpouecc MHMIMALMKA paHbIIE BCErO IPOSBIAETCS BO B3aUMOJEHCTBUU 4-6 CIOEB
NEPBUYHON COMAaTOCEHCOPHON KOpPBI (007acTH MO3ra, pacrooKeHHOW MEXAy TEMEHHOH U
JOOHOH OJIIMU M MPEAIOIOKUTENBHO ABJISIOIEHCS (POKYCOM aOCaHCHOM 3MUJIETICUH). DTO
MPOUCXOAUT O0Jee YeM 3a 2 CeKyHJIbI 0 Haudajia paspsja, pa3MeueHHOTo (pu3uosioramu 1o
nepBoMy cmaiiky. Jlamee 3a 1.5 cexyHabl 1o pasmeueHHoro Hadana [IBP wabmiomaercs
YCWJIEHUE BIIMSHUSA MPAKTUUYECKH BCEX CTPYKTYp MoO3ra Jpyr Ha JApyra. MHorue mnapsl
CTPYKTYp JHEMOHCTPHUPYIOT PE3KOE€ YMEHBUICHHE CBSI3aHHOCTH HENOCPEACTBEHHO IIOCIE
Havana paspsana. [lponecc nogaepxanus paspsia cTapToBall C YBEJIWYEHHS CBSI3AHHOCTH CO
croposl kKopel Ha CRTN, nanee cRTN nelicrBoBan, Kak TpaHCMUTTED, IiepenaBast
Bo3aeiicteue Ha Po m ATN. Jlanee mpouecc noiaepKaHUs COINPOBOXKAAICS BBICOKHUM
YPOBHEM B3aHMOJAEUCTBUI BHYTpHU TajlaMyca, yCUICHUEM BIMSHUSA TajlaMyca U JOOHOH KOpBI
Ha 3aTbulo4HY0. [Ipu 3TOM BIMsSHUS Ha JTOOHYIO KOpPY (CO CTOPOHBI TajlaMyca U 3aThUIOYHOMN
KOpbI) OblIM HUXKE (OHA, a BiausHUA Ha VPM He omnmnuanuck ot poHoBoro yposHs. IIponece
npekpamierus [IBP moxxHo ObUTO HaOMIOAATH B apax comaroceHcopHas kopa u rRTN.
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YEPEHKOBCKOE U3JIYYEHHUE TEPAT'EPIIOBbBIX BOJIH
OCTPOCO®OKYCHUHPOBAHHBIMU YJIBbTPAKOPOTKUMMU JIASEPHBIMU
NMITYJIbCAMU

Coiuyrun C.A., bakynos M.U.
ssychugin@gmail.com
Hwxeropoackuii rocynapctBeHHbI yHuBepcuteT uM. H.H. Jlo6aueBckoro

Hcnons3oBanne (PeMTOCEKYHAHBIX JIA3EPHBIX HMITYJIBCOB, PACIPOCTPAHSIONINXCS B
JNEKTPOONTUYECKOM KpHCTalule (KpUCTalie C KBAAPATUYHONH HEIMHEWHOCTHIO), s
TeHEepaluy TEepareproBOro M3JIYyYEHUS C TOMOMIbI0O YEPEHKOBCKOTO MeEXaHW3Ma ObLIOo
npemioxeHo emie 30 et Hazan. B mocnenHue roapl JaHHAs METOIMKA MPHOOpeNa MUPOKOe
npuMeHeHne. Bo MHOTMX Hay4HBIX MyOJUKAIMIX, MPEACTABISIIONIUX TEOPETHIECKOE
ONHMCAHUE SBJICHUS UYEPEHKOBCKOTO H3JIYyYEHUS TEpareploBbIX BOJH YJIbTPAKOPOTKUM
JA3€pPHBIM HMITYJIbCOM, IOMEPEYHBIA pa3Mep JIa3epHOTO MydKa HAKAYKU IPEINOIaracTcs
nocTOSSHHBIM. OJTHAKO, B TUITUYHOM SKCIIEPUMEHTE MMy4YOK HAKa4Ku OCTPO (HOKyCcHpYyeTCs s
oOecreucHHs BBICOKOM ONTHYECKOM WMHTCHCHUBHOCTH, HEOOXOAUMOM I HEJIHMHCHHOIO
ONTHUYECKOTO BBIIpsMIICHUA. B 3TOM cilydae, NONEpeyYHbIl pa3Mep JIa3epHOro Iydka
3HAYUTEIbHO HW3MEHSETCSd B  HANpaBJIC€HHE pACOPOCTPAHEHUS, YTO MPUBOAUT K
COOTBETCTBYIOIIEMY HM3MEHEHHIO ONTHYECKON HWHTEHCUBHOCTU. B pesynbrare, nazepHbIi
UMITYJIBC H3JIy4aeT TepareplioBble BOJHBI, TJIaBHBIM 00pa3oMm, W3 OOJACTH B OKPECTHOCTH
MEPETSKKM IMy4YKa. YMEHBIICHUE pa3Mepa IMEPETSHKKH, C OJHOM CTOPOHBI, YBEINYMBAECT
ONTHUYECKYI0 HMHTEHCUBHOCTH B (OKycCe, HO, C IPYrol CTOPOHBI, YMEHBIIAET JIUHY
u3Iyvaromiei o01acTu. 9To CTaBUT BOIPOC 00 OMTUMAIBLHOM pa3Mepe MEePEeTsHKKH JTa3epHOTO
My4Ka, KOTOPBIM 00ECeYUT MaKCUMaJIbHOE ONITHKO-TEparepiioBoe mpeoOpa3oBaHue.

B nmanHoii paboTe Mbl 000011aEM TEOPHIO TEPArepPIIOBOIO YEPEHKOBCKOTO M3ITyUEHUS
Ha Oojee pEaNUMCTUYHBIM Cily4aif, Korja YJbTPaKOPOTKHM JIa3€pHbI  UMITYJIbC
pacnpocTpaHsieTcd Kak ['ayccoB mydok. DTO MO3BOJSET HaM MCCIENOBAaTh 3aBUCUMOCTh
M3JIyYCHHOW TepareploBOr SJHEPTUU OT pa3Mepa NEPETIKKH JIa3€PHOro MyUKa.

Hnst cmyuas Hakauku kpuctamia LiNbO3 ummynbcamu TUTaH-canduUpoBOro ja3epa
ObLTM YHCJIICHHO pPACCUMTAHBbl KApTHHA OJJICKTPUYECKOTO TIOJSI M TOJHAS U3ITyYeHHAs
TeparepuoBas »Heprus. AHaliu3 KapTHUHBI MOJIA MOKAa3all, YTO AJEKTPUYECKOE I0JIE UMEET
HEOJHOPOJHBIA XapaKTEP BJOJb YEPEHKOBCKOTIO KJIWMHA M3-32 3HAYUTEIBHOIO W3MEHEHUS
ONTUYECKON WMHTEHCHUBHOCTU BJAOJb IMydYKa HaKauyku W cuipHOro morjomieHus B LiNbO3.
HccnenoBanne 3aBUCMMOCTH M3JIYYEHHOW TEparepuoBOM SHEPrUU OT pa3Mepa MEPETSHKKU
JIA3€pHOTO MyYKa BBIBWIO CYIIECTBOBAHME ONTUMAJIBHOTO pa3Mepa MEePEeTsSHKU ISl KaKI0u
JUTUTEbHOCTA UMITYJIbCA HAKAYKH.
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HE3KBUBAJIEHTHOCTb KAHOHUYECKOI'O 1 BOJIBIIOI'O
KAHOHUYECKOI'O AHCAMBJIEI HA TIPUMEPE CTATUCTUKHA U
TEPMOJMHAMMUWKHA BO3E-DVMHIITEMHOBCKOI'O KOHJIEHCATA B
KPUTUYECKOM OBJIACTH TIAPAMETPOB

Tapacos C.B., Kouaposckuii Bin.B., Kouaposckuii B.B.
serge.tar@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkauit Hosropoa

B craructuyeckoil (Qu3MKe TpH ONUCAHUW PA3IMYHBIX CUCTEM B  COCTOSHHHU
TEepPMOANHAMUYECKOTO PAaBHOBECHS IIUPOKO PAcIpoOCTpaHEHa MOJIENb OOJIBIIOT0 KAHOHUYECKOTO
aHcamOns, TpeArnoJyiararolias, 4YTO paccMaTpuBaeMmasi cHcTeMa CBOOOJHO OOMEHMBAETCS
YacTUIIAMU C OKPY’KAIOLINM pe3epByapoM. HecMoOTps Ha TO 4TO MpEAINONoKEHHE STOW MOJENN
JWIIb B PEAKHX CIIydasX COOTBETCTBYET peanbHOW (DM3WYECKOH CHUTyalluH, ee HCIIOJIb30BaHHE
MOTHUBHUPYETCS CIEIYIONUMH 00CTOsTeIbcTBaMU. [lepBoe U3 HUX — 3TO TEXHHUYECKash MPOCTOTa
noxona (Yucia 3armoHeHHs Pa3InYHbIX COCTOSHUI HE3aBUCHMBI, YTO CYIIECTBEHHO 0OJerdyaer
NOCTPOCHNE AHAINTHYECKOTO OMHUCAaHUs). BTOpBIM SIBIsETCS yTBEp)KISHHE O TOM, YTO TIPHU
OTIpENICICHHBIX YCIIOBHSIX B TEPMOJMHAMUYECKOM TIpeieie OMUCAHUS B PaMKax OOJIBIIOrO
KaHOHWYECKOTO aHCaMOJis, KaHOHMYECKOro aHcamOisi ((UKCHPYIOUIET0 YHCIO 4YacTUI) |
MHUKPOKaHOHHUYECKOTO aHcaMOisl ((UKCHPYIOLMIETO M YHUCIO YaCTHIl, W TIOJHYI JHEPTHUI0
CHCTEMBI) MPHUBOJAT K OJMHAKOBBIM pe3yJIbTaTaM i CTaTHCTUYECKUX U TEPMOJWHAMHYCCKHX
napaMeTpoB.

B nokmame paccMoTpeH BOMpoc 00 OSKBHUBAJIEHTHOCTH OOJIBIIOIO KAaHOHHYECKOTO U
KaHOHWUYECKOTO aHcamOnedl mpu ommcaHuu (Ga3oBOro rmepexoma 003e-dHHIITEHHOBCKOM
KOHJICHCAIIUU HMJICAIbHOTO T'a3a aTOMOB, y/AEpKUBAaeMOro B JoBymike. CpaBHEHHE MPOBEICHO Ha
OCHOBE TIOJIyYEHHBIX aBTOPAaMHU TOYHBIX AHAIUTHYECKUX PEIICHUH, MPHUMEHUMBIX JJIS JIOBYIIEK
MIPOM3BOJIBHON (OPMBI M pa3Mepa U MO3BOJISIIONIUX HEMPEPHIBHO ONMUCATH MEPEXOJ CHCTEMBI U3
OJTHOH (ha3bl B IPYTYIO B HETIOCPEICTBEHHON OKPECTHOCTH KPUTUYECKOM TOUKH.

[TocTpoeHne 3TUX pENICHUI B YIMOMSHYTOW KPHUTUYECKOH 007acTH MapaMeTpOB CHUCTEMBI
SIBIISICTCS.  CYIIECTBEHHO HEJMMHEWHOW 3ajayeil: i OOJIBIIOr0 KaHOHMYECKOTO aHCaMOuIs
HEJIMHEIHO ypaBHEHHE, ONPEeeIIsIoNniee XUMUIeCKUH TTOTSHIHA; TSI KAHOHHYECKOTO aHCcaMOIIs
(MKCHPOBAaHHOCTH YHCJIA YACTHUI] 03HAYAET HEAHATUTHIHOCTh FTaMUJIBTOHHAHA.

Jns  obomx paccMaTpuBaeMbIX aHCaMOJeH MpPOJEMOHCTPUPOBAHO, UYTO CTPYKTYpa
KPUTHYECKOM  obmacth  003e-CHCTEMBI  SIBISIETCS  aBTOMOJENBHOW  —  3aBHCHMOCTH
TEPMOJIMHAMUYECKMX M  CTATHCTUYECKHX  XapaKTEPUCTHK OT MapaMeTpoB  CHCTEMBI,
OTMacIITaOMPOBAHHBIE ONPEACICHHBIM 00pa3oM, OJNM3KM K HEKHM IUIABHBIM NpeAeIbHBIM
CaMONOJOOHBIM KpPUBBIM, OIPEIENIIEMbIM JIMIIb TE€OMETPHUECKOW (HOPMON yIIEPIKUBAIOIIETO
NOTEHIIMANA, K CTPEMSTCS K HUM TIPH YBEITUYEHUH Pa3MEPOB CUCTEMBI.

AHAIMTHYECKUI pacyeT JaHHBIX TJAJKUX aBTOMOJEIBHBIX KPHBBIX MPOBEACH aisi 003e-
CHCTEM C TPOU3BOJIBHBIM yIEPKUBAIOIIUM MOTeHIMAIOM. OKa3anoch, YTO JAaHHBIC NPEACIbHbIC
KPHUBBIE OTJIIMYHBI JJIS Pa3HbIX aHCaMOJIeH, a COBNANAIOT JIMIIb WX ACUMOTOTHKH BJIAIH OT
KpUTHYEeCKON TOoukH. Takum obOpaszom, misi 06o3e-raza ¢ (UKCHPOBAHHBIM YHCIOM aTOMOB,
peanu3yeMoro B OSKCIIEPUMEHTaX, NPUMEHEHHE OOJBIIOr0 KAHOHHYECKOTo aHcaMOns Ui
BBIUUCIICHHUSI CTATUCTHUYECKUX M TEPMOJAMHAMHYECKHX IapamMeTpoB MPUBOIUT B KPUTHUECKOH
001acTH K OIMOKaM, HENCYE3aIONINM JJa’kKe B Mpesieie OONIBIINX CUCTEM.

Tarasov S.V., Kocharovsky VILV., Kocharovsky V.V. Grand Canonical Versus Canonical
Ensemble: Universal Structure of Statistics and Thermodynamics in a Critical Region of Bose—
Einstein Condensation of an Ideal Gas in Arbitrary Trap // Journal of Statistical Physics, v.161,
n.4, pp.942-964 (2015).
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CAMOJIOKAJIM3AIINS 1 BPU3EPBI B PEIHETKAX KJIEAHA-TOPJOHA
N OPEJIMXA-CIIEHCEPA-BEMHA C BECITIOPAAKOM

TuxomupoB A.A., JlanteBa T.B., IBanuenko M.B., Kanakos O.1.
andreynn2006(@yandex.ru
Hwxeropoackuii rocynapctBeHHbIi yHuBepcutet uM. H.M. Jlo6aueBckoro

HccnenoBaHue  JIOKaNIM30BaHHBIX  PELIEHMH B HEIMHEWHBIX  IPOCTPAHCTBEHHO-
CTPYKTYPUPOBAHHBIX CPEAax SBJSIETCS OJHON M3 aKTyalbHBIX MpoOIeM coBpeMeHHOH (u3uku
konebaHuit U BoaH. M3BecTHO, uTO Oerymue BOJHBI B OJHO- U JIBYMEPHBIX JIMHEHHBIX
peleTkax ¢ MPOCTPAaHCTBEHHBIM OECIOpPSAIKOM B OOILIEM CIydae OTCYTCTBYIOT, IOCKOJIBKY BCE
COOCTBEHHBIE  KojeOaTelabHblEe  PEIICHUS  SKCHOHEHIMAIbHO  JIOKAIM30BaHBl (3P dexT
aHJIEPCOHOBCKON Jlokanu3anuu). Hammune crnaOblx HenMHEHHOCTEH NPUBOAMT K pa3pylIEeHHIO
JIOKAJIM3alluy, TMPU CUIBHOM e HeTMHEHHOCTH 3(GQEeKT MEHseTCs Ha IMPOTHUBOIOJIOXKHBIM,
Ha3bIBAEMBbIH camosioKanu3aneil koiaeGaHuil (Jlokanu3aus BOCCTAHABIMBACTCA U YCHIMBACTCH).
Or1oT 3ddekT, Oymnydn OTMEYEH B YHUCICHHBIX M AKCIEPUMEHTANBHBIX padoTax, J0 CHX TIOp,
OJIHAKO, HE UCCIIEI0BAH JOCTATOYHO MOJIHO.

B nanHONM paboTe MeXaHU3MBl CaMOJIOKINM3AalUM HUCCIEAYIOTCS IyTeM aHajln3a
CYLIECTBOBAHUS U YCTOMUMBOCTH PELICHUH, NEPHOAUYECKHX BO BPEMEHHU U JOKAIM30BaHHBIX B
IIPOCTPAHCTBE — JUCKPETHBIX Opu3epoB. Hanmuuue takux Tpaekropuil B (pa30BOM MPOCTPaHCTBE
CHCTEMBl OKa3blBA€T BIMSHUE HA €r0 CTPYKTYPY B MX OKPECTHOCTU. AJIFOPUTM UX UHUCICHHOTO
OTBICKAHUSI OCHOBBIBACTCS HAa MJ€€ AHTHUKOHTUHYAIBHOIO IIpe/ea: B KadecTBE HYJIEBOTO
OpUONMDKEHUsT paccMaTpuBaeTcss peméTka 0e3 B3auMMOJAEHCTBHS, MMEIOIIas TpPUBHAIBHOE
NEPUOANYECKOE PEIICHUE; 3aTE€M JAHHOE PEIICHHE NPOAOJIKAETCS HENPEPHIBHO HAa HEHYJIEBBIE
3HA4YEHUS M1apaMeTpa CBS3H.

Llenpto maHHON pPabOTHI SBISETCA HCCIECIOBAHHE COOTHOLICHUS MEXKAY YCIOBHIMU
CaMOJIOKaJIN3aIuK KoJIeOaHUH — C OHON CTOPOHBI, U CYLIECTBOBAHUS JUCKPETHBIX OpU3EpOB — C
Jpyroi CTOPOHBI, B IBYX MOJENX Lenouek ocumuiaTopoB: Openuxa-Crnencepa-Belina (PCB) u
Kuneitaa-I'opnona (KT).

[Ipy momomM MeToAa NPOAOJDKEHUS pEIIeHUs W3 aHTUKOHTHHYaJIbHOrO Ipejena
(HayanpHOE NMPHUOIMKEHHE JIOKAIM30BAHO HA LIEHTPAIbHOM JIEMEHTE LIETIOYKU) B ITUX MOJEIIX
HalaeHbl qUCKpeTHbIe Opu3epsl st S00 peanmusanmii 6ecriopsiaka. [Ipu stom B Mmogenu OCB mbr
YBEJIUYMBAINA CUIIy HETMHEWHOW CBsA3M NpHU (PUKCHpPOBAaHHOM >Heprum Opusepa, a B mopenu KI'
YMEHBIIATIN SHEPTHIO NMPH (PUKCUPOBAHHOM cuiie TUHEHHON cBs3U. IIpu 1oCcTHKEHNH TOPOrOBOr0O
3HaueHus (rmo cwie cBs3u B Moxenn OCB u mo »Heprum B momenu KI') Opmsep mepectaer
CyLIECTBOBATb.

JluHaMuKa BOJIHOBBIX IAKE€TOB HCCIEAOBANACh IyTEM YHCIEHHOIO MOJEINPOBAHMS
HBOJIOLMU CUCTEM JUIS TEX K€ peanu3aluii Oecropsaka u3 HadyajabHbIX YCIOBHH, IJle OTJIMYHA OT
HyJs JUIIb CKOPOCTh LEHTPAJbHOTO Yy371a («ToYeyHoe BO30YXKIEHHE»), a TaKkKe U3 TOYEK,
NOJIY4YaeMbIX JIMHEWHOW uHTeprnomAauueil B (a30BOM MPOCTPAHCTBE MEXKAY «TOYEUHBIM
BO30yXJIeHUEM» U OpuzepoM. [ «TouedHbIX BO30YKACHUIH», IPU YBEIMYEHUH CUJIbI CBSI3U IIPU
(UKCUPOBAaHHOW S3HEPruM HayalbHOro BO30YyXkaeHus B Mozenun PCB (aubo yMmeHbIIeHHH
SHEpruu Inpu (UKCUPOBaHHOU cuiie cBsi3M B Mozenu KI'), mpoucxoauT yMeHbIIEHHE H0JId
peanu3anuii, B KOTOPBIX HAOIIOAETCsl CaMOJIOKAIM3AIlHsl, OT 3HAYeHUI Topsiaka | 10 3HaYeHHId,
6mu3kux K 0.

[IpoBeneHHbIE HUCCIENOBaHMA Ul O0EMX MOAENeH MOKa3aad, YTO CaMOJIOKaIH3aLus
peleHuss BOJIM3M HEKOTOPOro y3ja HMMEeT MeCTO IpH YCJIOBHU CYIIECTBOBaHUS Opu3epa,
JIOKAJIM30BAaHHOIO HAa TOM K€ Yy31€. MHOXKECTBO HadalbHBIX YCJIOBUH, INPUBOAAIIMX K
CaMOJIOKAJIM3allu1, PAaclOIOKEHO B HEKOTOPOHl OKpecTHOCTH Opusepa. Ecim KOHKpeTHbIE
HauyaJlbHbIE YCJIOBUS, U3 KOTOPBIX 3BOJIIOLMOHUPYET IMAKET, MONAJalT B 3Ty OKPECTHOCTh, TO
HUMEET MECTO CaMOJIOKaIU3allHs TAKOTO MaKeTa.
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BOJIHOBASA SKCIIPECCHA BEJIKOB C-FOS U ARC B HEI‘/'I‘JPOHHI)IX
nonyJjanusaXx ruiinoKAMIIA B OTBET HA OJMHOYHBIHN 31IINU30/
HOBOT'O OIIBITA

Toponosa K.A., MBamkuna O.U., Pomnna M.A., Anoxun K.B.
xen.alexander@gmail.com
HUI] «KypuaToBckuii UHCTUTYT», MOCKBa

Pe3ynbrathl COBpeMEHHOM HEHUPOOMOJIOTHHM CBHACTEIBCTBYIOT O TOM, TOJOBHOM MO3T
IpeJCTaBIseT COO0M KOMIUIEKC U3 paclpe/ielIeHHbIX HEHPOHHBIX ceTell, Kax/aas U3 KOTOPbIX
oOpa3oBaHa COBMECTHOW AaKTUBHOCTbIO MMWJUIMOHOB HEpBHBIX KiIeTOK. OnauH U3
SKCHEPUMEHTAJbHBIX ~ MHOJAXOMOB K  BHM3yalIM3allUd  TakKUX  KpyHHOMAacIITaOHBIX
(YHKIIMOHAJIBHBIX CETE€H COCTOUT B MCIIOJIB30BAHUM MOJIEKYJISIPHBIX MapKEpOB BOBIICUCHUS
HEHPOHOB B KOTHUTHBHBIE mpouecchl [Guzowski et al.,, 2005; Amenbuenko u ap., 2013;
Osten, Margrie, 2013; Kim et al., 2015]. Takumu MapkepaMud B YaCTHOCTH SIBJISTFOTCS
TPaHCKPUMLMOHHBIA (akTop c-Fos u cunantuueckuii 6emok Arc, ob6a mpogyuupyemsie B
HEpPBHBIX KIIETKax BO Bpems oOyuyenus [AHoxuH, 2003; Bramham et al., 2008; Kawashima et
al., 2014]. JIns kapTUpoBaHUsI HEUPOHHBIX CETEH C MOMOIIBI0 3TUX MApPKEPOB HEOOXOIUMO
3HATh TMHAMUKY UX KJIETOYHOI'O HAKOIUIEHHUS B OTBET HAa KOTHUTHUBHOE Bo3jaeiicTBre. OIHAKO
JUHAMUKa WHAYLIUPOBAHHOTO HAKOIUIEHUS JaHHBIX OEKOB B HEHpPOHAX PErHOHOB MO3ra ee
BO3MOXKHBIE BOJIHOBBIE KOJIEOAHUSI OTBET Ha KOTHUTHBHBIE CTHUMYJIbl CUCTEMATHYECKU HE
uccienoBanack. B Hactosmeld pabore MMMYHOIMCTOXMMHUYECKH OIPEIENsIM HaKOIJICHHUE
oenkoB c-Fos m Arc B HelpoHax pa3HBIX OTIEJIOB THUIIOKAaMIIa MOCJIe OOYyYECHHS MBIIICH
00CTaHOBOYHOMY YCJIOBHOMY pe(iekcy 3amMupaHMs. YCTaHOBJIEHO, 4YTO JTUHAMHUKA
skcrpeccun c-Fos 1 Arc mmeeT nByxQasHbI xapakTep, ¢ MakcuMyMoMm uepe3 15-30 mun
nociae oOy4yeHHs M BTOPHIM MEHee BBIPaKEHHbIM NMUKOM uepe3 1-3 uvaca. Mumyknus Arc
IpOUCXOAWIa paHblle, yeM c-Fos, a o0Ias nuHaMuKa 3KCIpPEecCHu OTiIuyYajiach B 3yO4aToit
¢acuun, CAl u CA3 mnomax runnokammna. [lomydeHHble JaHHBIE YKa3blBalOT Ha
CYILIECTBOBAaHHE CKPBITBIX OTCTABJIEHHBIX BOJH AaKTHUBHOCTU THIIIIOKaMIla B TEPHUOL,
CJEIYIOUIMH 3a HEMOCPEACTBEHHBIM NPUOOPETEHHEM HOBOIO OINbITa. OJTO IPUBJIEKAeT
BHHMaHHE K BOJIHOBBIM IpoOIleCCaM B KOHCOJUAALMU ClieAa MaMsITH IOCJE€ OJHOKPATHOTO
3MM30/a 00y4eHusl.
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JTAATHOCTHKA JIASEPHOM IVIA3MbBI ITPY ®UJTAMEHTAIIAUA
P®EMTOCEKYHJIHOI'O U3JTYYEHMA IIPH IIOBBILIEHHOM JIABJIEHUH
METOAOM 30HAUPYIOIIEN UHTEP®EPOMETPUUN

Ymxos [LA.', Vmakos A.A.'2, Bykun B.B.. l'apuosn C.B.
ushakov.aleksandr@physics.msu.ru
1I/IHCTI/ITyT O6meit ®uzukn um. A.M. [IpoxopoBa PAH
*MoCKOBCKHit I'ocynapcrBennslii Yuusepcuretr um. M.B.JIomoHOCOBa

C mnomouplo MeToJa 30HAMpYIOUIEH HHTEppEepOMETpUN HCCIIeOBaHa TUHAMUKA
KOHIICHTPALMU 3JIEKTPOHOB B IUIA3MEHHOM KaHaje (PEMTOCEKYHJIHOTO (puaMeHTa B BO3IyXe
U a30Te MpHU Pa3IUyYHBIX JABJICHUSAX HAa BPEeMEHaX JI0 COTEH NMHUKOCEKYH]I C MOMEHTa Hauania
noHu3zauu. OOHapyKEHHETUHEHHBIH POCT HAYaJIbHOMKOHIIEHTPALIMUAJIEKTPOHOB B ILIa3Me
a30Ta ¥ BO3yXa IPH JaBlIeHUsX oT 310 4 atmocdep.

Metox mnpocBeunBaromeld HHTEPGEPOMETPUN MOXKET OBITh TPUMEHEH IS OICHKH
JUHAMUKH 3JIEKTPOHHON MJIOTHOCTH HA MPOTSKEHUU COTEH MUKOCEKYHJ MOC]ie MOHU3ALUU.
Tak Kak CyIIecTBYeT MHOXKECTBO IIPOLECCOB, BEAYIIMX K PEKOMOMHAIMM 3JIEKTPOHOB,
UCCIIeIOBaHKME pacrajia MIa3MEeHHOr0 KaHajla B pa3jMYHBIX YCIOBHUSX MOXET OBITh MOJIE3HO
JUISL BBISIBJIEHUSI POJIM ATUX IPOLIECCOB.

JU1s SKCIEpUMEHTOB MCII0JIb30BAIOCh M3JTyUYeHHE TUTaH-calpupoBOi (eMTOCEKYHTHON
Ja3epHON cHCTeMbl (PHEeprus B umiysbce 2,6 M/, amurensHOCTh mmmyibca 150 dc,
LEHTpaJbHasl JJIMHA BOJIHBI 774 HM, yacToTa ciefoBaHus ummynbcoB 10 I'm, auamerp
rayccoBOro Imydka 16 MM 10 ypoBHIO 1/e®), KOTOpOe pa3ieisuioch Ha [Ba IydKa KIHHOM.
[lepBblif my4oK, copepkamiuii OOJBIIYI0 YacTh W3IYYEHMS, UCHOJIB30BAJICS Ui CO3IAHUA
¢unamenTa myteM (HOKYyCHpOBKH UTMHHO(OKYCHOM JIMH30# ¢ QOKyCHBIM paccTosiHuem 500
MM B KaMmepy BBICOKOTo JaBiieHus. IlepemernieHreM JuH3bI ObLJIO BO3MOXKHO HCCIIEIOBaHHE
Pa3IMYHbIX YacTel MJIa3MEHHOIo KaHaya. BTopoil (30HaMpYyIouii) My4oK IPOXOAMII JINHUIO
3aJepKKH M TPOCBEUMBAJ O0JIACTh IJIA3MEHHOTO KaHaja. 3aTeM 30HIMPYIOIIMHA Iy4YOK
OPOXOJWJI Yepe3 Teleckon U uHTepdepomerp MaiikenbcoHa Tak, 4TOOBI MOJIydajach
uHTepdepeHonHas kapruia Ha CMOP kamepe. Teneckon pa3zmerancs Tak, 4To 0ToOpaka
IUTOCKOCTh TUIa3MEHHOTO KaHaja Ha MaTpuily Kamepsl. s m3mepeHus m3MeHeHus (asbl,
BBI3BAHHOTO MPOXOXKJICHHEM uepe3 IUIa3My, CHUMAJUCh IBE Cepuu HUHTepdeporpaMm (B
MPUCYTCTBUM U1a3Mbl 1 6e3 Hee 1o 100 uzobpakennit kaxnas). [locie o0paboTku METOI0M
¢unbTpanun B (yphe-MpOCTPAHCTBE CTPOMIIUCH paclipeliesieHus cpeaHei (a3oBoil 1o0aBKU
NyTeM BBIUUTAHUS W3 CUTHAJIBHBIX JIAHHBIX OIOpPHBIX, a MPUMEHEHHE OOpaTHOIo
npeoOpa3oBaHust AGens MO3BOJISIIO BOCCTAHOBUTh paclpe/ieieHne MoKa3aTels MpeJoMIIeHUs
Y COOTBETCTBYIOLLYIO 3JIEKTPOHHYIO KOHIIEHTPALHIO.

B xone skcnepuMeHTa ObUIM M3MEpPEHBl 3aBUCHMOCTH 3JIEKTPOHHON KOHIIEHTPALUHU B
a3oTe U Bo3ayxe. B aTux razax HaOmoaeTcs CyIlIeCTBEHHBIN pOCT HaYaIbHON KOHIIEHTpAu!
3JIEKTPOHOB B JlMania3oHe AaBleHHi oT 3 10 4 atMocdep. XapaKkTepHble BpeMeHa peslakCaliu
JAHHOW IUIa3Mbl COCTABJIAIOT JIECATKU MNUKOCeKyHA. [Ipu MOBbIIEHWM JaBieHUS BpeMms
pacrajia yMEeHbIIaeTCsl.
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IEPEXOJITHOM XAOC B CUCTEME C ITIAYTHHOM APHOJIBJIA
B ®A30BOM ITPOCTPAHCTBE

denpk E.B.l, Ky3nenosn A.H.l’z, Casun A.B.
FelkEkaterina@yandex.ru
lcapaTOBCKI/Iﬁ rocyaapcrBeHHbli yHuBepcureT uM. H.I'. UepHbimeBckoro
*UuctutyT pagrodusuky u siexkTpornku (Caparosckuii Gruan UPD PAH)

B raMuibTOHOBBIX cHcTEeMax C JIByMsl CTENEHSMHU CBOOOJbI PE30HAHCHBIE CIIOM C
XaoTHYecKoW nuHamMukol paszaeneHsl KAM topamu, Tak uyto nud¢ys3us B paaualbHOM
HaIpaBJICHUM HEBO3MOXKHA JI0 TeX nop, noka KAM-topsl He pa3pylieHsl. B ciyudae cucrem ¢
Oosiee yeM JIByMsl CTETIEHSIMH CBOOO/IbI, CTOXaCTHUECKUE CIIOH MEPECEKAI0TCS APYT C APYToM,
o0pa3ysl TUIOTHYIO ceTh. B atom ciyuae auddysus Bo3MOKHA TPU CKOJIb YTOJHO MajiOM
BO3MYIIICHUH, U 3TO Ha3bIBaeTcs auddysueit ApHonpaa [1].

PaccMoTpuM cuctemy JBYyX CBSI3aHHBIX OTOOpakeHMil moBopoTa ¢ auccunauuedt (a<l)
(KOHCepBaTUBHBIN CiTy4ail HaOmroaancs B [2]):

pL=e1th vz = +h
. dfr . g
£1=“£1+3EE'¥11+£13-% +L) |k =al +5EE@1 +h. + L)

i 1
Ine r(g;l’%j - CoS Py Broarg Fh

otobpaxenue Ilyankape ¢ cekylieil MIOCKOCTbIO (P3=COnSt Ui CUCTEMbI C TAMUJIbTOHUAHOM:

I[JISI MaJIbIX £ CHCTEMa MOXET OBITH MMpeacCTaBJICHA Kak

h 3
It i v

H, =s4+a+| +af(@,.e;) , KOTOpas HUMEET TpU CTENCHH CBOOOIBL. Pe3oHaHCHOE
- &

cooTHoleHue umeeT Bun kili+k[r+2mks=0, tne ki, ko, ks uensie uncna, u orobpaxaercs B
($a30BOM MPOCTPAHCTBE MHOKECTBOM TIPSIMBIX JIMHUH.

0.06
A
-0.04

/

0 3787 N 2-10*

Puc.1. Jnst 0=0.999, £=0.6 3aBUCIMOCTB JISAIIYHOBCKOTO ITOKAa3aTelsl HA KOHEYHOM BPEMEHH OT JITHHEI
peanuzanuu N.

B cucreme Obuta oOHapyXeHa 3aBUCHUMOCTH JISIITYHOBCKOTO TIOKa3aresis Ha KOHEYHOM
BPEMEHH OT JJIMHBI pealn3auud. MoXHO BHIETh JBE YaCTU 3TOM 3aBUCHUMOCTH: IepBas C
MOJIOKHUTEIBHBIM JISIITYHOBCKUM IIOKA3aTeIeM M BTOpas, I7Ie OH paBHOMEPHO YyOBIBaeT 10
HyJs (puc.1). To ecTh nmepBasi 4acTh COOTBETCTBYIOT XaOTUYECKOMY IEPEXOAHOMY IpPOIECCY,
a BTOopas 0OOBIYHOMY IepexoaHOMY Iporeccy. Takke ObLIIO MOCTPOEHO XAOTHYECKOE CEeIJIo
METOJIOM TIOIIATrOBBIX BO3MYILEHH, KOTOPOE pacrojaraercsi BAO0JIb Pe30HAHCHBIX JIUHUM.
PabGora Opma moapnepxkana rpantoM PODOU (No. 15-02-02893) u mnpe3uaeHTCKOM
porpamMMoi BeAymux HaydHbIX mkoja NSh-1726.2014.2.

I. Apnonen B.M., HeycTOMYMBOCTh NUHAMHUYECKUX CHUCTEM C HECKOJIBKUMHU CTENEHSMH
cBoboxsl -JJAH CCCP, 1964

2. K.Froeschle , E.Lega. Celestial, M.Guzzo. «Analysis of the chaotic behavior of orbits
diffusing along the Arnold web» / /Mechanics and Dynamical Astronomy (2006) 95:141-153
3. Sweet D., Nusse H.E., Yorke J.A. // Phys. Rev. Lett. 2001. V. 86 (11). P. 2261-2264.
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®OPMHUPOBAHUE BUXPEBOI'O TEYHEHUA BOJTHAMHU HA IOBEPXHOCTH
KNJIKOCTH

®unartos C.B.
fillsv@issp.ac.ru
Wucturyt ¢pusuku tBepaoro tena PAH, Hwkunit Hosropon

OKCIepUMEHTAIbHO HCCIEI0BAaHO (OPMHPOBAHUE BHUXPEBOIO TEUYEHHS B COCYJIE C
AKHMJIKOCTBbIO, COBEPIIAIOIIEM TapMOHMUYECKHE KOleOaHHs B BEPTHUKAJIBHOM HalpaBJICHUHU.
YCcTaHOBIIEHO, YTO B LMJIMHAPUYECKOM COCY/I€ BUXPEBOE TeUeHHE He HalJrogaeTrcs 10 TeX
nop, TOKa aMIUITy/Aa KoJeOaHWi He NpEeBBIIIAeT TOPOTOBOTO 3HAUEHHS, TMPU KOTOPOM
pa3BHUBaeTCs NapaMeTpUyecKas HEeycTON4YMBOCTh Papajes M Ha MOBEPXHOCTU IOSBISAIOTCS
a3uMyTallbHble MOJbl. B KBagpaTHOM cocyle W B LMJIMHAPUYECKOM COCYJI€ C HapyILIEHHOMN
CUMMETpHEH BHXpU HAOMIOAAIOTCA MpPH aMIUIMTyJaX HIWKE IOopora mnapamMeTpuyecKon
HeycTolynBocTH. [Ipenmonaraercs, 4To (OpMHpPOBaHUE BUXPEBOTO TEUYECHHUS OOYCIIOBIICHO
B3aMMOJEHCTBUEM PAaCIPOCTPAHSIOIIUXCS IO YTIIOM APYT K IPYry MOBEPXHOCTHBIX BOJIH.
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HUCCJEJOBAHUE ®A30BOM CHHXPOHM3ALIMA B MHOTOCJIOMHOM
AJIATITUBHOM CETH OCHUJJISITOPOB KYPAMOTO

Xap4yeHkKo AA Makapos B.B.>'
ainadil@mail.ru
1CapaTOBCKI/Iﬁ rocy1apcTBeHHbIN yHUBepcuTeT nMenu H.I'. YepHsbimesckoro
anpaTOBCKI/Iﬁ roCyIapCTBEHHbBINM TeXHUUECKU yHUBepcuTeT nMeHu FO.A. ["arapuna

[IpoBeneHO 4YMCIIEHHOE MCCIEAOBAHME aAalNTUBHOM MHOTOCIOMHOW CETH CBS3aHHBIX
ocuuuITOpoB  (reHepatopoB  KypamoTo). PaccmoTpen Bompoc IuarHocTHKU —(ha3oBoit
CI/IHXPOHI/ISaHI/II/I B CCTHU HpI/I IIOMOIIIN I/I3y‘I€HI/IH BGﬁBHGT-CHGKTpOB I/IHTCFpaJ'IBHOFO CUIrHaJia.
[Tpoananu3upoBaH MPOIECC BO3HUKHOBEHHS (PA30BBIX KIIACCTEPOB C HCHOIH30BAHUEM
MHTErPAIIBHBIX XapaKTEPUCTUK UCCIIENYEMOU CETH.

B HacTosmeM wHccnenoBaHWM HCMONB3yeTcs Mojeidb (Pa3oBOro ocCHUILIATOpA
Kypamoto [1], sBnsiromasicss oqHOW U3 HamOoJiee pacrpoCTPaHEHHBIX 0Aa30BBIX MOJEICH B
TEOpUU CeTe KOTopas BBICTyMaeT B KayecTBE MaTEeMaTHUYEeCKOW WHTEpIpeTalun
KOJUICKTUBHOM JTMHAMUKH XUMHUYECKHX U OMOJIOTHYECKUX OCIIUILIATOPOB [2].

oy i : i i : j !
@ ()=0, + 4 Za)y 0] Sm(¢j —)+ ﬂzZSIH((pl/ -9;) (1)
J#i J#l
rje, Kaxaenid reaeparop i=[1,N] B ceTn uMeeT 3alaHHyI0 CIIy4ailHBIM 00pa3oM COOCTBEHHYIO
4acTtoty O, , @, — BEC CBA3M MEKIy j U i- y3lamu, ¢, (f) - (asbl OCHMLISTOPOB

g
U3MEHSIOIIMECS BO BpEMEHH Ha KaxaoMm cioe /=[1,M], A, u A,- BHyTpu- U MeXypOBHEBbIC
CHIIBI CBSI3H, COOTBETCTBEHHO.

B pabotax [3,4] Oputa moka3zaHa BO3MOXHOCTh OOHAPYKEHHS KJIACTEPOB B ATl TUBHBIX
CeTSX, OCHOBaHHAs Ha BEUBJCT-aHAIU3E MAaKPOCKONMUYECKOW auHamMuKu. [l aHanmza
CHHXPOHHM3AIMU ITyTeM HHTETPAIBHBIX XapaKTEPUCTHK MBI PAaCCMaTPUBAIHM HHTETPATbHBINA
CUTHAJ, MIPEICTaBIAIONINI co00il ycpeaqHeHus KojaebaHui Mo HEKOTOPOMY MOJAMHOXKECTBY N
DIIEMEHTOB CETH

X =3 X cos(o! (1) @)

rne A — aMIUIUTYla CHTHAJIOB, KOTOPAasi B MOJICJIbHOM cHcTeMe ObLia IMOJIOKEHa paBHOH 1.
[TpakTHdeckas 3HAYMMOCTH TIPEJCTABICHHBIX PE3yJTATOB CBs3aHA C TPUMEHECHUEM
pa3pabOTaHHOTO MOJIX0/a K aHAJIM3Y PEajbHBIX OOBEKTOB, COCTOSAIIMX W3 OOJBIIOrO YHCia
CETEBBIX DJIEMEHTOB, TJIe¢ OKCIICPHUMCHTAJIbHBIC HaHHBIC OTPAHWYCHBI HCIOJIH30BAHUEM
UHTETPAIBHBIX ~ XapaKTePHCTUK:  HANpUMEp, CHUTHAIBI  JJIeKTpodHIedasorpam
MarHuTO3HIIe(aorpaMM B HEHPOHAYKe.
Pa6ora nonnepxxana PODU (rpantsl 15-02-00624 u 15-52-45003).

1. Kuramoto Y. Chemical oscillations, waves, and turbulence. N. Y. SpringerVerlag. 1984.
156 p.

2. Maxkapos B.B., u ap. [Tucema B XKT®. 41, 2 (2015) 34-40

3. Hramov, A. E., Koronovskii, A. A., Makarov, V. A., et al Wavelets in Neuroscience.
Springer. Berlin. Heidelberg. 2015.

4. Xapuenko A.A., Makapos B.B., XpamoB A.E. 13B. PAH. Cep. ¢pusnueckas. 80, 2 (2016)
233-237
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®A30BBIE XAPAKTEPUCTUKU TAPMOHUK
BBICOKOYACTOTHOM YACTH ILJIATO

XoxyioBa M.A.
MargaritkaKhokhlova@gmail.com
Wucturyt obmmeit pusuku um. A.M. IIpoxoposa Poccuiickoii Akagemun Hayk
MoCKOBCKUH TOCYIapCTBEHHBIN yHUBEpcUTET UMeHU M.B. JlIoMoHOCOBa

XapakTepHoil 0COOEHHOCTBIO Tpoliecca TeHepalui rapMOHKUK BhIcokoro mnopsaka (I'TBIT)
aTOMaMH, MOJIEKYJIaMH M MOHAMHU B JIA3€PHOM I10JIE SIBJIIETCS HAJUYME IUIATO B CHEKTPE, TO €CTh
CHEKTpAJIbHOW 00JIaCTH, B KOTOPOH MHTEHCHMBHOCTh TAPMOHHMK MPAKTHYECKH HE 3aBUCUT OT HX
nopsiaka. [lmatro  3akaHuMBaeTcs  pe3KUM  CHAJOM  HMHTEHCUBHOCTEW  TapMOHUK —
BBICOKOYACTOTHOM Tpanuiiei miato (cut-off). Urcno rapMoOHUK M1aTo BO3pacTaeT ¢ yBEIUYCHUEM
MHTEHCUBHOCTH JazepHoro mojs. CHayaina, 0Opu HHU3KOM WHTEHCUBHOCTH, TapMOHHUKa
TEHEepPUPYETCsl B PEXKUME BBICOKOYACTOTHOM TIpaHMIIBl IUJIATO, a 3aTeM, MPU YBEIUYEHUH
WHTEHCUBHOCTU HAaYMHAET T€HEpPUPOBATbCs B pexuMe 1miato. Ha mepBblil B3risg, 3TO MOXKHO
paccMaTpuBaTh KaK «BKJIKOYEHHE» IIPOLECCa TeHEPalMH, BKJIA KOTOPOro B IOJHBINA CUTHAT Mall.
Hcnonp3yst KBAaHTOBO-MEXaHUYECKHE pacyeThl, Mbl IIOKA3aJIMd, YTO 3TO HE Tak. PexxuM renepanun
BBICOKOYACTOTHOM OOJIACTH IIATO COOTBETCTBYET AMANAa30HY MHTEHCHUBHOCTH Ja3€pHOTO MOJS U
BHOCHUT 3HAYUTENbHBIA BKJIAJ B T€HEPALMIO NPU XapaKTEPHBIX SKCIIEPUMEHTAIbHBIX YCIOBUSX.
3aBUCUMOCTH (ha3bl TAPMOHUKH OT MHTEHCHMBHOCTU HM3JTyYSHHS Jla3epa CYIIECTBEHHO OINpeeNsieT
(a30BbIil CHHXPOHU3M, CIIEKTPAIbHBIN CABUT, YIIUPEHHE JIUHUNA TapPMOHUK U MPOCTPAHCTBEHHbBIE
CBOIicTBa my4ka rapMoHHMK. Takum oOpa3om, moBeaeHHE (Pa3bl rapMOHUK BBICOKOYACTOTHOM
YacTU IJIATO CHJIBHO BIMSET Ha BCE ATH CBoicTBa. Kpome TOro, mzmyueHue BBHICOKOYACTOTHOM
00J1aCTH IUIATO UCHOJIB3YEeTCs Ui TeHepalii OJJMHOYHOTO aTTOCEKYHHOTO MMITYJIbCa METOAOM
aMILTUTYAHOTO 3aTBopa. MccienoBanue (ha30BbIX CBOMCTB FApMOHHUK BBICOKOYACTOTHOM 001acTH
IUIATO TTO3BOJISIET MPEAJIOKHUTD CIIEKTPATIBHYIO 007acTh, KOTOPasi MOXKET OBITh MCIIOIb30BaHA IS
reHepaluyl MaKCHUMaJIbHO KOPOTKOTO AaTTOCEKYHJHOIO HWMIYyJbCa METOJOM AMILIUTYIHOIO
3aTBOpA MPH 3alaHHBIX THTEHCUBHOCTH U YaCTOTE JIA3EPHOrO MOJISL.

Mpsl ompenenseM peXHM TEHEpalul BBHICOKOYACTOTHOM YacTH IUIaTO Kak o001acTh, B
KOTOpO# (ha3bl TapMOHHMK 3aBHCAT JHUHEWHO OT HMHTEHCHUBHOCTH Ja3epHOro mousst. Pa3oBblit
koapdunment (o=-deo/dl, rae ¢ — pasza rapmonuk, | — UHTEHCUBHOCTB JIa3€pHOTO TOJISI) B PEKUME
reHepaly BbICOKOYACTOTHOM YacTH IJIATO pacTeT Kak KyO JUTMHBI BOJIHBI JIA3€PHOTO U3ITYUYCHHUS,
MO3TOMY JaHHAasl 3aBUCHUMOCTh CTaHOBUTCS ocoOeHHO BaxxHoW g ['TBII B nazepHom mose ¢
4yacToToH, Jiexaieid B cpeaneM MK aguamasone. Ilokasano, yto I'T'BII mpoucxonut B pexume
BBICOKOYACTOTHOM TrpaHUIBl IUJIATO JJs Juana3oHa MHTEHCHMBHOCTEH, M aMIUIUTyAa
MHUKPOCKOIIMYECKOTO OTKJIMKA JOCTUTaeT BBICOKMX 3HAYEHMH (4 B HEKOTOPBIX Cllydasx —
MakcuMyMa) B 3Toi oOnactu. boiee Toro, ams AOCTaTOYHO BBICOKMX TapMOHUK T'€HEpalus
MIPOMCXO/INT, TJIABHBIM 00pa3oM, B TaHHOM 00JIACTH MHTEHCUBHOCTEH, TaK KaK MOHHU3ALUS CPE.IbI
OTPaHUYMBAET HHTEHCUBHOCTH JIA3€PHOTO MOJIs, Tpu KoTopoi npoucxoaut [ TBIL

H3meHenne nedasMpoBKH TapMOHHUK IPH TEPEXoJle U3 pPeXHMa TeHEepalud TapMOHUK
BBICOKOYACTOTHOW YacTH IJIATO B PEXKHUM T'€HEpallMd TapMOHUK IJIaTO ONpeAessieT ONTUMATbHYIO
CHEKTPAJbHYI0 00JacTh, KOTOPYIO CJEIyeT HCIOJb30BaTh ISl TMOJIYYEHUS AaTTOCEKYHIHBIX
HMMITYJIbCOB METOJOM aMIUIUTYIHOTO 3aTBopa. UHMCIEHHO pelas HECTallMOHApHOE YpaBHEHHE
[peaunrepa, Mbl MOKa3aJiM, YTO B aproHe MHUHHUMAJIbHAs JJIMTEIBHOCTh T'€HEPUPYEMOTO
aTTOCEKYH/JHOTO HMITYJIbCa, MOJYy4aeMOro 3THUM METOJIOM 0€3 HCIOJIb30BaHUs JUCIIEPCHOHHBIX
aremMeHToB, mpumepHo coctaBisier 0.08 — 0.1 mepwonma jazepHOro TONA JJSl PA3TUYHBIX
MHTCHCUBHOCTEH U 4acCTOT JIA3€PHOI0 U3ITYUYECHHUS.

150


mailto:MargaritkaKhokhlova@gmail.com

HEJINHEWHBIE PEXXHUMbI BbIMbIBAHUSI IPUMECH U3 HACI)I“HIEHHOI‘/'I
IHOPUCTOMU CPEJAbBI HIOTOKOM KUJIKOCTH HA/I HEU

[Mu6epxun K.b.
kbtsiberkin@psu.ru
IIepMcKuil rOCy 1apCTBEHHBIN HALIMOHAIBHBIA UCCIIEN0BATEILCKUN YHUBEPCUTET

IToTOK BSI3KOM KMAKOCTH, ABUXKYIIUNCA HaJ HACBIILEHHON IIOPUCTOU CPEIOH, YBIEKAET
3a cO00M KUIKOCTh, COIEPKAIIYIOCS B TTocyienHel. Cria CONPOTUBIICHUS MOPUCTOM MAaTPHUIIBI
BBI3bIBACT PE3KOE MaJCHHE CKOPOCTH TEUEHUS BOJIM3M TPAaHUIBI pasliena, YTO MPHUBOIUT K
BO3MOXHOCTM BO3HMKHOBEHHSI aHajora HeycrtonumBoctd KenbBuHa—I ensmroinbia ¢
oOpa3oBaHMEM BUXpeH, OXBaThIBAIOIIMX 00a CcI0s JKUIKOCTH. BuxpeBoe TeueHue
3G (EKTHBHO TIEPEMENINBACT JKUIKOCTh B CHUCTEME, W TPH HAIUYHH B IOPHCTOM CIIOE
IIPUMECH OHAa MOJKET 3aXBaTbIBATHCSI BHEUIHUM MOTOKOM. Ba)HO, 4TO HEYyCTONYHMBOCTH
pa3BUBAETCS MOPOTOBBIM 00pa30M, M MOATOMY B HECTAI[MOHAPHBIX YCIOBUSIX YBEIHMUYCHUE
CKOPOCTH T€UEHHS MPUBOAUT K PE3KOMY BBIOPOCY MPUMECH BO BHEIIHUN MOTOK.

PaccmarpuBaeMasi 3amada akTyaidbHa B CBA3U C PA3IMYHBIMU TEXHOJIOTHMYECKUMH M
9KOJIOTHUECKUMHU MPUIOKESHUSIMH, B YaCTHOCTU — MIPU MCCIIEIOBAHUU BEIOPOCOB 3arpsi3HEHUIN
W3 HA3eMHOM WM BOJHOW pACTUTENBHOCTH, JWHAMHUKHA TPAHUIBI KPUCTAJUIU3ALUU
pacmiaBIeHHOT0 METala, a Tak)Ke Mpollecca TerI000MeHa MEX Iy CpeamH.

B Hacrosimelt paboTe paccMarpuBaeTcs 3aJadya O CTEKaHWU CJIOS HECKUMaeMOM
KHUAKOCTU ¢ HeAePOpMUPYEMOii BEpXHEH IpaHULIeH 1O CIIO0 HACKHIIIEHHOW TOPUCTON Cpeibl
KOHEYHOM TOJIIVHBI, HAKJIOHEHHON NOJ yIJIOM K ropu3oHry. Ilopucras cpena onucsiBaeTcs
Mozenelo bpuHkmana. MccienoBaHue JHMHEHHOM 3a1auyd yCTOMYMBOCTH B OINKUCAHHOM
MOCTAaHOBKE MPOBOMIOCH PaHEE, U B XOJE €ro ObUI BHISIBIIEH MOPOTOBBIN XapakTep pa3BUTH
HEYCTOMYMBOCTH, OMMOJANBHOCTh HEWUTPANbHBIX KpPUBBIX. Takke MPOJEMOHCTPHUpPOBAHA
3HAYUTEbHAS POJIb YCIOBUM, 3aJaHHBIX HA TPAHULIE Pa3JIeiia CIOEB.

HccnenoBanue pa3BUTHS HEIMHEWHBIX PEXKUMOB TEUYEHUS MPU  MPEBBILICHUU
KPUTHUYECKOr0 4uciia PeilHonbAca NOATBEPKIAAET pPE3yiabTaThbl HMCCICAOBAHHS JIMHEHHOW
3a/1a4l ¥ OOHAPYKUBAET Psi/l XapaKTEPHBIX PEKUMOB TeUEHHUs. XapaKTepHOE BpeMs Pa3BUTHUS
HEYCTOMYMBOCTH MpPONOpPLUUOHANBHO 4yHciay PeliHompaca. B teuenun  oOpasyrorcs
KpYyMHOMACIITa0Hble BUXPH, OXBATHIBAIOIIME BCIO TOJIIMHY MOPUCTOTO CJIOS. OITO
obecrieunBaeT MPaKTUYECKH TIOJIHOE BHIMBIBAHME TIPUMECH U TIEpepacIpeiesieHe e€ 1mo Bcei
TOJIIMHE cUCTeMbl. HaljeHo, 4To Ipu ONpeneNnEéHHbIX 3HAayeHUsX 4ducia PenHonbaca u
MapaMeTpOB MOPHUCTOM Cpe/ibl BHIMBIBAHUS MPUMECH HE MPOUCXOIUT — MOCIE OTHOCUTEIBHO
c1aboro BCIJIECKA HMHTEHCHUBHOCTU TEUEHUS II0JI€ KOHIIGHTpAIlMM NPUMECH CTaHOBUTCS
KBa3UCTAlMOHAPHBIM, W Ha MPOTSKEHUM BPEMEHH MOIECIUPOBAHUS HW3MEHSETCS TOJIBKO
Onarogapst MOJEKyIsIpHON audy3um.
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BO3BYXJIEHUE IIJTASMEHHBIX BOJIH 1 YCKOPEHUME DJIEKTPOHOB ITPH
B3AUMOJEVNCTBUU ®PEMTOCEKYH/JIHOTI' O JIASEPHOI'O U3JIYUEHUSI
PEJIITUBUCTCKOM HHTEHCUBHOCTM C IIA3BMOHM NOAKPUTUYECKOHN
IUIOTHOCTH

LpiMOanos I/I.H.l, [lynamnos C.A.l, HBaHoB K.A.l, KpecroBckux I[.A.l,
CaBenbeB A.B.l, Kcenodonros H.A.z, bpanToB A.B.Z, Boiuenkos B.1O.?
ivankrupenin2@gmail.com
'MI'V umern M.B.JIomoHOCOB, busmaeckuii pakyiasrer 1 MJILL, Mocksa
2Ousnueckuii unctutyT uMm. [1.H. Jle6eneBa PAH, Mockaa.

[Ina3ma, co3nanHas (HEMTOCEKYHIHBIM Ja3€pPHBIM HUMITYJIbCOM BBICOKOM HHTEHCHUBHOCTH,
MOYXET CIYXKMTh MCTOYHHUKOM BBICOKO’HEPIe€THYHBIX 3JIEKTPOHOB, IIPOTOHOB U PEHTI'€HOBCKHUX
kBaHTOB[1] Onaromapst pa3iIMYHBIM MEXaHM3MaM YCKOpEHMs, TakuM Kak jxB Harpes,
PE30HaHCHOE TMOIVIOIIEHUE, YCKOPEHHE B KHJIbBAaTEPHOM BOJHE, CTOXAaCTHMYECKHUH Harpes,
reHepanus IJIa3MEHHBIX BOJH H3-3a IAapaMETPUUYECKHX HEyCcTOMuMBOCTEH. MeHss mapameTpsl
9KCIIEPUMEHTA, TAKHE KaK MHTEHCUBHOCTb M UINTENBHOCTH JA3€PHOTO MMITYJIbCA, IUIOTHOCTh H
HOPOTSKEHHOCTh TMPEIUIa3MEHHOTO CJIOSl, MOXHO MEHATh BBIXOJ TOPSYMX YACTHUI[ 32 CUET
U3MEHEHHUS IMPOLECCOB IOMIOMICHUs JIAa3epHOrOo HMIyJdbca Iula3Mod. B nmanHOM pabote
MPEJCTaBICHbl pPE3yJbTaThl HJKCIEPUMEHTAa U  YHCIEHHOIO MOJEIUPOBAHUS  YCKOPEHHUS
9JIEKTPOHOB B TUIA3MEHHBIX BOJIHAX, BO30YKJICHHBIX B MOJAKPUTHUYECKON TUIa3Me.

B kayectBe HCTOYHHMKA OCHOBHOTO JIA3€pHOIO HMMIIYyJIbCa B HAIIUX JKCHEPUMEHTaX
ucnonp3oBanack Ti:Sa masepHas cucrema (anuHa BoiHBI — 800 HM, yYacTOTa INOBTOPEHUS
umnyiscoB — 10 I'ny, makcumansHas 3Heprus umnyiasca — 40 M/, MUHUMAalIbHAS JUIMTEIBHOCTD
umiynbsca 45 ¢c, MUHUMAaJIbHBIA AuaMeTp (OKYCHPOBKH — 3 MKM, MaKCHMaJbHast
MHTEHCHBHOCTh Ha MumeHH — 5-10'°Br/cM’, ypoBeHb M KOHTpacTa Ha NHKOCEKYHJIHON
BpeMerHO# mKane - 10*). M3nyderne (poKycHpOBAIOCh BHEOCEBBIM MApaGOIHIECKIM 3ePKaNoM
(F~5cM) Ha TBepHOTENbHYIO MULIEHb MUIIECHb. {15 cO34aHMs Ha MOBEPXHOCTU MMILIEHH CIOS
nperuia3Mbl uenonb3oBasicss Nd:YAG mazep (mmna BonmHbl — 532 M wim 1064 HM, vactoTta
noBTOpeHHst uMIyabcoB — 10 I', MakcumanbeHas sHeprusa uMmiynbsca — 200 MK, AJIUTETBHOCTD
MMITyJIbCa - 6 HC M MaKCHMalbHas HHTEHCHBHOCT Ha Mumenn — 10'? Br/cm?). Menss 3a1epxkKy
MEXJy UMIIyJIbCaMH NEPBOrO M BTOPOro ja3epoB B MHTepBane oT -50 Hc po +10 HC, MOXHO
MEHSTh IUIOTHOCTH MPEMJIa3MEHHOT'0 CJIOs B IIMPOKOM JHana3oHe 3HadeHui. [t 1uarHocTuku
IUTa3Mbl UCHOJIb30BATNCh CUUHTHUIALIMOHHBIE JETEKTOPHI JUIsl M3MEPEHUs BBIXO/A M CHEKTPOB
raMMa H3JIyYeHHs, BO3HHMKAIONIIETO IPH TOPMOXXEHHH YCKOPEHHBIX 3JEKTPOHOB B 00OBEMe
MULIEHH U ONTHYECKHE CHEKTPOMETPHI IS MOJYYEHHUS] XapaKTEPUCTUK PACCESIHHOTO Ha IUIa3Me
ONTHYECKOTO U3JTy4EHUSI.

Jns  oObsiICHEHHMsI AKCIEPUMEHTANbHBIX  PE3YyJbTATOB  MCIIOJNB30BAJIOCH  YHCICHHOE
MOJIETUPOBaHKE Ja3epHO-Tua3MeHHoro B3aumoeicteus (3D3V PIC-kon Mandor). JlazepHblit
umIyse (p-nomsipusanus, 1 — 10" Br/em?, L — Imxm, T — 50dc) poKycupoBascs B pa3iHuHbIC
IUIa3MEHHbIE MMIIEHHM C HaydajJbHBIMU MapaMeTpaMHu, COOTBETCTBYIOIIMMH  Pa3IUYHBIM
SKCIIEPUMEHTAIbHBIM CIy4asM (JIMHEHHBIA TpaJueHT IUIOTHOCTH Iuia3mbl oT 2L/A mo 100L/A,
nazenne o yriaoM 45%). CoBMecTHBII aHATH3 SKCIEPUMEHTATBHBIX M UMCIEHHEIX PE3yIbTaToB
IIOKa3ajJl, YTO OCHOBHBIMH MEXaHM3MaMU BO30YXICHMS IUIa3MEHHBIX BOJH  SIBJISIOTCS
JIBYXIIJIA3MOHHAs! HEYCTOMUMBOCTh Ha rpaauenTtax 10 10L/A. Ha Gonpmmx JuimHaxX mperuia3Mel 3a
CO3/IaHME IUTa3MEHHBIX BOJH OTBEYAIOT CaMO(OKYCHpPOBKA, BeAyIIas K 3HAYUTEIHHOMY
YBEIMYEHUIO MTHTEHCUBHOCTH JIA3€PHOT0 UMITyJIbca, U nocneayomee BKP Bnepen. Jlansueinmit
pacnaza Mmiaa3MEHHOW BOJHBI U YCKOPEHHE €€ MPOJOJBbHBIM 3JEKTPUUYECKUM IOJIEM MO3BOJISIOT
MOJIyYUTh 3JIEKTPOHBI ¢ 3Heprusimu 1o 10 MaB.

1. D. Umstadter// J. Phys. D. 2003. Vol.36. P. 151-165
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OBPA3OBAHHUE ATTPAKTOPOB B CUCTEME ®A30BBIX YPABHEHMI C
CUMMETPHUEN IIPU EE HAPYILIEHUH

Yekmapea AKX, Caun A.B., Ky3nenon AIL"
Chekmareva.aliva@mail.ru
'CapaToBckuit rocy1apCTBEHHBIN YHUBEPCUTET,
2CapaTOBCK1/1ﬁ (buTHaT MHCTUTYTA pagarodaekTpouuku PAH

W3ectHo [1,2], dYro ecnmd ypaBHEHHs, 3aJalollHe IOTOKOBYIO CHCTeMy, 0OJamgaroT
OTIpEeeTICHHON CHMMETpHEH, T.e. WHBAapUaHTHBl OTHOCHTEIHHO HEKOTOPOro Mpeodpa3zoBaHUS
KOOPJIMHAT, a caMa cucTeMa o0paTHMa, TO B Hel BO3MOXKHA pean3aliis KOHCEPBATHBHOW TUHAMUKH.
OmauM W3 TPUMEPOB TaKUX CHUCTEM SBISIETCS pacCMOTpeHHas B pabore [3] cucrema (ha30BBIX
ypaBHeHHﬁ, OIMUCBHIBAOINX JUHAMUKY LCTIIOYKH CBA3AHHBIX OCHUIIIATOPOB!

l/)k :Ak +{;f(l//k—l)+‘§f(l//k+l)_2‘sjr(l//k): k=15"'5n5 (1)
rae Y, — pa3HOCThb (1)33 COCCIHUX OCHHUJLIATOPOB, Ak -pasHOCTb 4aCTOT COCEAHUX OCHUJLIATOPOB, € —

napameTp cBs3H, a f{y) — QyHKIMs cBA3U. B 4acTHOCTH, B Cilyyae YeThIpeX CBS3aHHBIX OCHMIISTOPOB
cUcTeMa HHBapHaHTHA OTHOCUTENIFHO NPeo0pa3oBaHusl:

V=T Yk » (2)
ecni (pyHKIHS CBSI3U COIEPIKHUT TOIBKO HEYETHBIE TAPMOHUKH.

Llenpio HacToALIEeH pabOTHI SBJISETCA UCCIENIOBAHUE U3MEHEHUH, MMPOUCXOISIIINX B CTPYKType
(ha30BOT0 MPOCTPAHCTBA TAKUX CUCTEM IIPU HapyLIeHUH cuMMeTpu. it aToro ¢yHKuus cBsI3u Oblia
BEIOpaHa B BUJIE:

Sy)=sin y+(A—d)sin3y+dsin2y, 3)
rzie napaMmeTp d ynpasisieT CTENCHbIO HapyIICHUsI CHMMETPHH.

Ins cuctemsl (1) ¢ dyskiuen cBs3u (3) Obuto mocTpoeHo ceuenue [lyaHkape IUIOCKOCTBIO
wo=n/2. Ha {a3oBoil IIIOCKOCTH TEepeMEHHBIX (i}, 3) ObUIM HaWICHBI HETOABW)KHBIE TOYKU IS
Pa3IMYHBIX 3HAYCHWH MapaMeTpa CBSI3W € U aMIUIMTYAbl YETHOW TapMOHHMKH d. ATTpakTOpaMu B
TaKOW CHCTEME SBIISIFOTCS LUKIIbI Pa3JINYHBIX IIEPHOAOB, IPUYEM MOPSIIOK IIEPHOA0OB YBEINIUBACTCS C
yBeNWYeHHEM 3HadeHus mapamMerpa €. Ha y3koM uHTepBane mapameTpa d Tpu 3HAYEHUH IapameTpa
€=0,35 cocymecTBYOT 5- n 6-1ukibl. [locTpoeHne yCTONYMBBIX W HEYCTOWYHBBIX MHOTOOOpPA3Hid
CEIUIOBBIX LIMKJIOB BBISIBUJIO CYIIECTBOBAHHE I€TEPOKIMHUYECKUX CTPYKTYp Ha (a30BOH IIIOCKOCTH.
Taxxe 0OHapy»XeHO CyIeCTBOBaHNE NHBAPHAHTHOM KPUBOIl U CTPAHHOTO aTTPAKTOpPa IIPU Pa3INIHBIX
3HAYCHUSIX apamMeTpoB € U d.

[IpoBeneH aHann3 AMHAMHUKH UCCIIELYyEMOH CUCTEMBI IIPH MTOMOILH JIIIIYHOBCKUX ITOKa3aTeleH.
[TokazaHo, 4TO B CHMMETPHUYHOM CJIydae CyMMa JIAITyHOBCKHX IOKa3aTesiel 0CTaeTCsl paBHON HYJIIO B
IIMPOKOM JIMala3oHE 3HAueHWM mapameTpa CBA3M €, 4YTO CBHUJCTEIBCTBYET O HAJINYUH
KOHCEPBATUBHOI'O ITOBEICHHUS.

Take wncciemoBaHa  3aBHCHMOCTh  JUAMMYHOBCKUX — IIOKa3aTeled oOT mapamerpa d,
XapaKTEepU3YIOLIEro CTENeHb HapylleHus cuMMmeTpun. OOHapyKeHO, YTO CyMMa JIAITyHOBCKHUX
NOKa3aTresiell MOHOTOHHO YOBIBAaeT C yBEIMUYEHHEM 3TOTO Mapamerpa. B To ke BpeMs 3aBHCHMOCTb
CTapILETro JIAIYHOBCKOIO [IOKA3aTeNsd UMEET BECbMa CIOXKHBIA XapaKTep, AEMOHCTPUPYs 00JIaCTH Kak
MOJIOKUTENBHBIX, TAK U OTPULIATENIbHBIX 3HaueHUH. Takoe moBeieHUs CBHIETENBCTBYET O TOM, YTO
IIpU HapyLIEHUH CHUMMETPUH HPOHUCXOAUT JOBOJBHO CJIOXKHASI MEPECTporKa CTPYKTYpHl (ha3oBOTO
NPOCTPAHCTBA CHCTEMBI, CONPOBOXKAaeMasi Kak OudypKauusMH CYLIECTBYIOUIMX aTTPaKTOPOB
(HampuMep, pOXKAEHUS PE30HAHCHBIX LIUKJIOB HA MHBAPHAHTHOMN KPUBOM), TAK U UX KPU3UCAMH.

PaGorta BomonHeHa mnpu QuHaHcoBod mnonaepxkke PODU (mpoext Ne 14-02-31064) u
MPE3UICHTCKON NporpaMMbl NOJACPKKH Beaymux HayuHbix mkon HII-1726.2014.2.

1. Lamb, J.S. W. and Stenkin, O.V. //Nonlinearity, 2004, vol.17, no.4, p. 1217.
2. Delshams, A. et al. //Nonlinearity, 2013, vol.26, no.1, p. 1
3. D. T opaj, A. Pikovsky. /Physica D, 170 (2002), p.118
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NCCIEJOBAHME INOJIAPU3AIIUU TEPAT'EPIIOBOT'O U3JIYYEHUS,
I'EHEPUPYEMOI'O B TOIIOJIOTHYECKHUX U30JIAATOPAX Bi,Te; U Bi,Se;

YmxoB H.A.l, O6pasmos H.A.l, Kanpna H.2, Konumm K.z, I'onoxamu M.z, l'apnos C.B.l,
Tepemenko O.E?
pvch@inbox.ru
"UucrutyT 06meit dusuku um. A.M. [Ipoxoposa PAH,
: Yuusepcurer Tokuo,
3 WNuctutyT dusuku noxynpoBoaHukoB uMm. A.B. Pxanosa CO PAH

B mnacrosimiee Bpemsi OOJbIION HHTEPEC BBI3BIBAET MOUCK HOBBIX MaTEpUANOB JUIS
TeHepaluy TepareproBoro usnydeHus. K Takum MarepuanaM OTHOCATCS TOIOJIOIMUYECKHE
U30JISITOPBI, 00JIaJatolIie BBICOKOM MOBEPXHOCTHOM MPOBOJMMOCTBIO, NMPU 3TOM B 00BEME
ABIISIIOIIMECS AuAIeKTprkamMu. CyIlecTByeT psal paboT Kacarolmuxcs reHepaunu GoTOTOKOB U
TEpareproBOr0 HM3IyYeHHs TpH BO30YXKIECHUH TaKWX MaTepHAOB (PEMTOCEKYHIHBIM
Ja3epHBIM M3JIy4eHHEM, TEM HE MEHee A BBIACHEHHs BKJAJa Pa3jM4YHBIX IMPOLECCOB,
OPUBOJAIIMX K TEHEpallud TepareploBOro  H3JIy4eHUs, HEOOXOAUMBl JI€TalbHbIE
UCCJIEIOBaHMSI TOJISIPU3ALIMOHHBIX U SHEPIeTUYECKUX 3aBUCUMOCTE.

B pabore mnpencraBieHbl pe3yJbTaThl MO MCCIEAOBAHUIO CBOMCTB TEparepLoBOro
U3JTy4EHUs, TEHEPUPYEMOT0 B KPUCTANIMYECKUX TONOJIOrMUeCKUX n3onstopax BirSes, BixTes,
IpY UX ONTUYECKOM BO30YKIeHHH (DEMTOCEKYHIHBIMU JIa3epHBIMU HMITyJIbcamu. JlazepHoe
u3IydeHue (peMTOCEKyHIHOW IIMTENbHOCTH MaJajlo Ha MOBEPXHOCTh OOPA3LOB MOJ YIJIOM
omm3kuM Kk 45°. Peructpanms SJEKTPUYECKOTO TIOJII  TEPareploBbIX  HMITYJIHCOB
OCYILECTBIIAJIaCh B CXEMe, Ha OCHOBE HJIEKTpoonTHueckoro 3ddexra B kpucramie GaP.
[Tomy4ueHsl CHEKTPBI TEParepIOBBIX UMITYJIBCOB OT 00BEeMHBIX KpucTauioB BirTes, BirSe; u
snMuTakcuanbHOM mieHkn Bi,Tes. 3yueHbl 3aBUCUMOCTH COCTOSHUS — TOJISIpU3ALUH
TEpPareploBOro M3JIy4YeHUs OT COCTOSIHMS MOJSpU3alMM BO30YXKJAIOIIEr0 ONTHYECKOIO
U3IY4YEHUs: OT yria IMOBOPOTa JIMHEHHOW MOJIApU3alUd W OT CTENEHHW DJUIMITUYHOCTH
noJisipu3aluu. BhIABIEHO CyIIECTBOBaHHE BKJIAJOB B PE3YJNbTUPYIOIIMNA HUMIYJbC KaK OT
MOBEPXHOCTHBIX COCTOSIHMM, TaK U OT 00beMa KpHUcTalja.

Pa6ora Beinmonnena npu noajaepxxke PODU rpant Nel5-52-50047.
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HHOBBIINEHUE SHEPI'MU JIASEPA HA HEOJIUMOBOM CTEKIJIE 3A CHET
NHXEKIHHUU JOINOJIHUTEJIBHOI'O UMITYJIBCA

laiixun U.A., Kysemun A A., Bypnonos K.®@., Ilaiikun A A., Xa3anos E.A.
ilya.shaikin@gmail.com
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

ITpu ycuiieHuu n1a3epHOro MMIYJIbCA JUIMTEIBHOCTBIO | HC B CTEP)KHEBBIX AKTHBHBIX
JJIEMEHTax Ha HEOJUMMOBOM CTEKJIE NapaMeTpaMH, OTPAHMYMBAIOIIMMYU YHEPTUI0 MMITYJIbCA,
SBJISIIOTCSI ONTHUYECKUI MpoOoil U MenkoMaciuTabHas camMo(oKycupoBka. B nasepe Hakauku
JUIs MapameTpudeckoro ycunurens B cucteMe PEARL ncnonib3yroTcst CTEpKHEBBIE aKTUBHBIE
aJIeMeHThl U3 (pocdaTHOro crekna, JOMMPOBAHHOrO HeoaumoM. Ha cerogHsmHuil neHb
MaKCHMaJbHBI TUAMETP MCIIOJIb3YEMbIX CTep)KHEW coctaBisier 10 cMm, 4TO OrpaHUYMBaEeT
BBIXOJIHYIO DJHEPIMI0 OJHOro wuMIyibca Ha ypoBHe okoino 300 JDk. Ilpm stom
HEHUCIOJIb30BaHHOW OCTAaeTCs CYIIECTBEHHAs 4acTh 3allaCEHHOM B YCHUJIMTENSAX dHEpPruu. JTa
SHEpPrus MOXeT OBITh CHATA elle OJHUM JIa3epHBIM HMILYJIbCOM, PaCHPOCTPAHSIOLIUMCS
1ocJie MepBOro ¢ HEOOJIBILION 3a/IePKKON IO BpEMEHHU.

Bo3MO>KHBI /1Ba IPUHLIMIIHAIBHO Pa3HBIX CIIOCO0A JEIECHUS UMITYJIbCa — aMILTUTY AHBIH
(momympo3payHbIMM  3€pKajlaMM) M HOJSApU3aUUOHHBIM  (momsipuzaropamu). K
IpeuMylIecTBaM IE€PBOr0 CJIEAyeT OTHECTH BO3MOXHOCTb MAacIITaOUPOBaHHUS CXEMbI
NIEJIEHNs Ha TPU PEIJIMKM U Oojee, U TO, YTO aMIUIMTYAHOE [EJICHHE AAE€T HMITYJIbChI
OJIMHAKOBOM NOJIIPU3alM{, 4YTO YIPOINAET KOHCTPYKLMIO HAJIBHEHIIETO YCHINTEIBHOTO
TpakTa. B TO %e BpeMs 3TO HE MO3BOJISIET IPOCTPAHCTBEHHO PA3/IE€IUTh UMITYJIbChl HA BBIXOJIE.
Tak kak B HalleM Cily4ae /1Ba MMILyJIbCA MPEANONAraeTcsi UCIOIb30BaTh Ul HAKauyKHU JIBYX
HE3aBUCHMBIX  TapaMETPHUUECKUX  YCHJIMTENEW, YAOOHO HMETh BO3MOXXHOCTH  HX
HIpPOCTPaHCTBEHHOTO pa3zeneHus. [TosToMy ObuT BEIOpaH MONIAPU3ALMOHHBIN CIIOCO0 AETICHMUS.
JIOTIONHUTENbHBIMU €70 MPEUMYIIECTBAMHU  SBJISAIOTCA MEHbIINE [OTEpU DHEPruu U
BO3MO>KHOCTb TUIABHOM MOJCTPONKN OTHOLIEHHS SHEPTUil JBYX PEIUIMK HA BXOJE C IOMOIIbIO
TIOJTYBOJIHOBOH TIJIACTUHKH (TIEPBBIH MMITYJIEC HA BXOJIE TOJDKECH OBITh 3HAYMTEIHHO MEHBIIE
BTOPOI'0, TaK KaK YCHJIUTENU paboTal0T B PEKUME CHIIBHOTO HACBIIICHUS).

B nmanHoii paboTe ommcaHa MOIECpHH3AIMA Jia3epa HAKayK{ METAaBATTHOTO JIA3ePHOTO
komruiekca PEARL (MII® PAH). Hamu Oblna mpeanokeHa W peann3oBaHa CHUCTEMa
MOJIIPU3ALMOHHOTO JIEJIEHUSI BXOJHOTO HUMIIYJbCA, YTO IO3BOJWJIO HHXKEKTHPOBATH IBa
NIOCJIEI0BATEIbHBIX HMMITYJIbCA B CYLIECTBYIOIIMN MHOTIOKACKaJHBIN JIA3€PHBIA YCHIIUTEIb.
HoBast cxema na3zepa Haka4kyd MOXET OBITh YCJIOBHO pasjelieHa Ha J[BE YaCTH: YCTPOICTBO,
CO3/JAI0IIEE [BE PEIUIMKM HMILyJbCa, NPUXOJAIIEr0 C TE€Heparopa, U MHOIOKACKaJHbBIN
Ja3epHbI yCUIIUTEINb, KOTOPBIM ocTancs 0e3 u3MeHeHuil. Kackanpl ycwinrens: pas3nencHbl
IPOCTPAHCTBEHHBIMU (PUIIBTPAMHU, YTO HAKJIAJbIBAET YCJIOBHE HA COBIAJICHUE HAINpPaBICHUN
BOJIHOBBIX BEKTOPOB JIBYX HHXKEKTUPYEMBIX HMIIYJbCOB C TOYHOCTBIO MHOIO MEHBIIE
TU(PPaKIUOHHONW PACXOAUMOCTH.

3anepkka Mexay HMMITyJIbCaMM cocTaBisiia 7 HC. Takoe BpeMms, ¢ OJHOW CTOPOHBI,
MHOT0 OOJIbIIE€ JJUTEIBHOCTH OJHOTO HMITYJIbCA, YTO TO3BOJIET pacCMaTpUBaTh MX Kak
OTJIE/IbHBIE UMITYJIbChI B acHeKTe ONTHYecKoro mnpobosi. C apyroil CTOPOHBI, 3TO MEHbILIE
BpeMEHHU 00pa30BaHus IU1a3Mbl B Auadparmax MNpoCTPaHCTBEHHBIX (PUIBTPOB, YTO MO3BOJISET
BTOPOMY UMITYJIbCY MPOXOJUTH YEPE3 HUX.

B pesynbraTe cymmapHas BbIXoAHasi SHeprusi Obuta yBenmuuyeHa ¢ 300 mo 500 JIx.
[TomyueHHBI AONMOTHUTENBbHBI HMITyJIbe ¢ 3Hepruei 200 Jx Oyner WCHONb30BaH JUIS
HAKa4yK{ JOIOJHUTEIBHOIO IapaMEeTPUUECKOT0 YCUIIUTENS IETABATTHOT'O JIa3epa.
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MEPEXO/I K XAOCY B OJHOMEPHOI1 MOJEJIN
IIMPOKOANEPTYPHOI'O JIABEPA

Ilakupos A.P.', Yeprosckux P.A.', Kpenr A.A."?, Amuanxos JILA.
shakirovar@ssau.ru
'Camapckuit TocyaapcTBenHbIi AspokocMudeckuii Yuupepeuter, Camapa, Poccust
2CaMapc1<1/H71 ¢dbunmuan Gusnyeckoro nncruryta PAH, Camapa, Poccus

B  paGore  YHCIEHHO  HUCCIEAOBAaHBl  PEKUMBI  BBIXOJHOTO  H3Iy4YCHHS
IIMPOKOANIEPTYPHOTO Jla3zepa, OMUChIBAEMOTo Mojenbio MakcBemia-bimoxa (MB). Mogaens
Mb onmuchiBaeT NPOCTPAaHCTBEHHO-BPEMEHHYIO JIMHAMHUKY Jiaepa, paboTamomero Ha
€IMHCTBEHHOW MpOJOJBbHOM MOJI€ B cliydae IUIOCKOMapauiebHbIX 3epkai. Omneparop
Jlanmaca, Bxomsammii B mojaenb MbB, ommchiBaeT MUGPAKIUIO HM3IYYCHUS M TO3BOJISET
YUUTHIBaTh B3aUMOJIEHCTBUE OONBILIOT0 YKCa MONEPEYHBIX MO/,

XOpowo HU3BECTHO, YTO PEXKUM CTAUUOHAPHOM IPOCTPAHCTBEHHO-OJHOPOIHOU
reHEepalud MOXET TEepSATh YCTOMYMBOCTh NIPHU BapbHUPOBAHUM IapaMeTpoB mojenu. Jlus
MOJENUpOBaHusl ObUTa BbBIOpaHa 00JacTb MapamMeTpoB, B KOTOPOM peanusyercs
KOPOTKOBOJIHOBAas HEYCTOWYMBOCTb. B KadecTBe ympapisiomiero ObUT BhIOpaH Mapamerp
HaKauyky (HOPMHUPOBAHHBIM Ha IOPOTOBOE 3HAYEHHUE), OCTaJbHbIE IMapaMeTpbl MOJENU
¢dbukcupoBanbl. [ 3HaUYeHMI MMapaMeTpa Hakayku B WHTepBajie oT 1 10 230, BBIYMCIICHBI
aTTPAKTOPHI JUHAMUYECKON CUCTEMBI — YPaBHEHUN OZHOMEpPHOM Mozenn Makcsesuia-bioxa
C YCIIOBHSIMU NIEPHOJUYHOCTH IO MPOCTPAHCTBY VISl DJIEKTPUUYECKOTO MOJIs, NOJIApU3aUU U
MHBEPCUM HACEJIEHHOCTU. MeToI0M NpOAOKEHUS 10 INapaMmeTpy OIpPEAETeHbl TPaHMIIBI
YCTOWYMBOCTH aTTPAKTOPOB U HACHTHQHUIMPOBaHBI WX Oudypkanuu. YncieHHoe pelieHue
3a/1a4i IPOBOAMIIOCH C UCIIOJIb30BaHUEM IICEBIOCIEKTPAIBLHOrO MeToaa Pyphe ¢ yaaleHneM
OIIMOKK JIO)KHOTO TMPEJCTaBICHUs UM METOJa SKCIOHEHIUAIBbHOTO uddepeHInpoBaHUsS
Pynre-KyTThI TpeTbero nopsaxka.

HaiineHo, 4to mpu yBeIMYEHUH NapaMeTpa HaKayKy BbILIE IEPBOTO MOPOra reHepalny,
€MHCTBEHHBIM aTTPAKTOPOM CHUCTEMBI SIBJISIETCSl CTAllMOHAPHOE PELIEHUE, HE 3aBUCSIIECE OT
MPOCTPAHCTBEHHON KOOpJAuHATHL. CTalMOHApHBIE PEHICHUS TEPSAIOT YCTOMYUBOCTH MPHU
NPEBBILIEHMM  BTOPOTO  IOpOra TEeHEepaluud, AaTTPaKTOPOM  CHCTEMBlI  CTAHOBUTCS
HECTAllMOHAPHBI PEXUM C JBYMsI HECOM3MEPUMBIMH BpPEMEHHBIMM YacToTaMu (T. €.
JIBYMEPHBII TOp B ()a30BOM MPOCTPAHCTBE) — MEPUOANYECKOE BO3MYIIEHHE OEryIiel BOIHBI.
B crenyromeit Oudypkanuu, yCTONYMBBIMUA CTAaHOBATCS PEIIEHUS C TPEeMs HE3aBHUCHUMBIMU
yacToTaMu 1Mo BpeMeHH. llpu nanpHeiieM yBeIMYEHUH HAKAYKH, OOHAPYKEHBI PEKUMBI C
YEeTBIPbMS HE3aBUCUMBIMH BPEMEHHBIMH YaCTOTAMHU U XaOTHUECKHE aTTpakTopbl. OOHApYKeH
MHTEPBAJl 3HAUYE€HUH MapaMeTpa, 1€ COCYIIECTBYIOT YCTOMUUBBIE ABYMEPHBIE U TPEXMEPHBIE
TOPBI, @ TAKXE HHTEpBAJ, IJI€ COCYLIECTBYIOT TPU aTTPAKTOpa C TPEMsl HE3aBUCHUMBIMU
BPEMEHHBIMU 4aCTOTAMHU, HO C pa3HOU NPOCTPAHCTBEHHOU CTPYKTYPOHU.

PaGora wactuuno mnoanepkana MwunHoOpHayku P® mo IIporpamMme mMmoOBBIIICHUS
KoHKypeHTocnocooHocT CI'AY na 2013-2020 rr. u ['ocymapcTBeHHOMY 3aJaHHIO By3aM U
HAay4YHBIM OpraHuM3alusM B cdepe HaydyHOU paesTenbHOCTH, TpoekT 1451, HUP Nel'P
01201156352, rpantom PODU 16-32-60151 mon_a ak.
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MOJABJIEHUE XAOTU3AIIMU KOJIEBAHU B HAPAJIJIEJII)HOﬁ HEIIOYKE
JKOZEP@PCOHOBCKUX KOHTAKTOB C HAI'PY3KOHU

Ilammopos B.A.!, TTankparos AL, IMankpatosa E.B.', IlIutos CB.*’
bacek94(@mail.ru
'®T'AOY BO Hukeropoackuii rocyaapcTBeHHsIi yausepenrer uM. H.U. JloGaueBckoro
*OI'BYH WNuctutyT duszuku Mmukpoctpyktyp PAH
3I_IeHTp KpuoreHHoi HaHO3neKTpoHukH ipu HI'TY umMm. P. E. AnekceeBa
4I/IHCTI/ITYT palIuOTEXHUKH U 3eKTpoHUKU M. B.A. KotenbnukoBa PAH
>JlaGopaTopus CBEpXIpoBOAAIMX MeTamaTepuanos HUTY "MUCuC"

B nanHoif pabore wu3ywaroTcs SQQEKThl, BO3HUKAIOLIME MpPU OJHOBPEMEHHOM
Bo3aeiicTBuM oO0meil RC-Harpy3ku M TEmIoBOro IIymMa Ha NapajulebHbIE LIETIOYKH
UHYKTUBHO CBSI3aHHBIX JPKO3€()COHOBCKMX KOHTAaKTOB. [loka3piBaercsi, YTO JOCTATOYHO
XOpOILIO COIVIaCOBaHHAs HAarpy3ka MOXET MOJaBJISITh XaOTHUECKHE MPOLIECCHl B TUHAMHUKE
Takux Lenouek. M3nydenue, neperaBaeMoe Ha Harpy3Ky, 00J1aaeT Ipyu ’TOM MaKCUMyMOM B
JMarna3oHe 4acTOT, COOTBETCTBYIOLIEM MEPEXOAy LENOYKH U3 PeKUMa MPOJIeTa OJUHOYHOTO
COJIMTOHA B PEXHUM CTOS4YeM BOJIHBL. B 1NaHHOM JAMana3oHe 4YacTOT IUUPHUHA JIMHUU
JUKO3€()COHOBCKOM  TeHepalMy B LIEMOYKE C XOpOolIed TOYHOCTHIO  OMNMCHIBAETCS
TEOPETUYECKON 3aBUCUMOCTBIO JJIs1 OJHOCOJIMTOHHBIX OCLMJUIATOPOB, YMHOKEHHOW Ha 1Ba U
MOJIEJIEHHOM Ha YMCJI0O KOHTAaKTOB B ILIeTIOYKe. B ciydae, korja quHaMuKa CUCTEMBI TaKOBa,
YTO HaOJIOAaeTCsl CHUJIbHAs AaMIUIMTyJIHAs MOJYJSAIMs KojeOaHWH, TO OHa YCHIIMBAeT
dazoByro muddy3uo B cHucTeMe, W HAONIOMACTCS 3HAYUTEIHHOC YBEIMYCHUE ITUPHHBI
CHEKTPAJIbHOM JIMHUM, NPUOIU3UTENBHO B IATh pa3 IO CPAaBHEHHIO C TEOPETHUYECKOU
dbopmyoii.
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YIPABJIEHUE 3ANPEIIEHHBIMY 30HAMM B IEPUOJJUYECKOM
CTPYKTYPE HA OCHOBE MAT'HOHHbIX KPUCTAJIJIOB

MopozoBa M. A., [llapaesckas A.1O., berunun E.H.
maluginama@yandex.ru, upark@inbox.ru
CapaToBckuil rocyjapcTBeHHbl yHUBEpcuTeT, Poccus, 410012, Caparos,
AcTtpaxaHckas, 83

B Hacrosimee Bpemsi OoibLION HMHTEPEC BBI3BIBAIOT MMEPUOANYECKHE CTPYKTYPBI
MHUKPOHHBIX WJIM CyOMHUKPOHHBIX pa3MepoB, c(OpMUPOBaHHBIE Ha IOBEPXHOCTU
(dbeppoMarHuTHBIX IJIEHOK — MarHoHHele Kpuctamwiel (MK) [1,2]. B Takux kpucramiax
pacIpOCTPaHSIOTCS] CHMHOBBIE BOJIHBI (MarHoHsl). B otnnune ot poToHHBIX KpHcTamios [3],
KOTOpBIE HCIIOJIb3YIOTCS B ONTHYeckoM nuana3zoHe, MK wuccinemyrorcs, B OCHOBHOM, B
MHUKPOBOJHOBOM JAMAIa30HE JAJIUH BOJIH.

B Hactosmeii pabore paccMaTpuBaeTCsl CBs3aHHas IEpUOJUYECKas CTPYKTYpa,
COCTOSIIIAsl U3 JBYX MarHOHHBIX KPHUCTaJUIOB, NMEPUOIBI KOTOPBIX CABHUHYTHI OTHOCHUTEIBHO
JpyT Ipyra B HaIllpaBJICHUU paclpocTpaHeHus BoJaHbL. [locTpoeHa TeopeTrueckas MOAEb s
pacuera AMCIIEPCUOHHBIX XapaKTEPUCTUK MarHUTOCTATUYECKUX BOJIH B TAKOW CTPYKTYpE U Ha
€e OCHOBE TPOBOAMTCS AaHaIM3 BIUSHUS (Pa3oBOro caBura B Kod((UIMEHTE CBI3U Ha
ocobeHHOoCcTH  (QopmupoBaHus 3ampenieHHbIXx 30H B MK-MK. bein  paspaboran
DKCIIEPUMEHTAIIBHBI MAKET pacCMAaTPUBAEMOW CBSI3aHHOW CTPYKTYpPbl Ha OCHOBE IUICHKH
xene3zo-utppuenoro rpasata (JKWUI') u momydeHHble 3KCIIEpUMEHTAbHbIE JaHHBIE UMEIOT
XOpollee COBMAJEHUE C PE3YJIbTaTaMHU YUCIEHHOIO MOJIETMPOBAHUSL.

AHanusupyeMmasi CTpyKTypa COCTOUT U3 ABYX MArHOHHBIX KPUCTAJUIOB C OJMHAKOBBIMHU
napaMeTpamu, pa3JeNeHHbIX TUAJIEKTPUUYECKUM CJI0eM TONUHON. [TocTossHHOE MarHUTHOE
10JIe TIPHIIOKEHO NEPIEHANKYISIPHO K MOBEPXHOCTHU IUIEHKU U €0 BeJIMYMHA BhIOpaHa TaKUM
oOpa3oMm, YTOOBI B  KaXJOH IUICHKE  paclpocTpaHsiach mpsMas  oObeMHas
marauToctatudeckass BosHa (IIOMCB) [4]. TlokazaHo, 4TO B TakoW CTPYKType MOXKET
(dopMupOBaTHCA 10 TPEX 3aMPELIEHHBIX 30H B MIOJIOCE MEPBOI0 OPIITOBCKOIO PE30HAHCA U UX
LIMPUHON U NIOJIOKEHUEM MOYKHO YIPABJIATh, MEHSIS IAPAMETPHI CBSI3U B CTPYKTYPE.

[TommyyeHHbIE TEOPETHMUECKHE M  AKCIEPUMEHTAJbHbIE PpE3ydbTaThbl MO3BOJISIOT
paccMaTpuBaTh UCCIENYEMYIO CTPYKTYpy B BUIE ABYX CBSI3aHHBIX MarHOHHBIX KPHUCTaJUIOB
KaK CHCTEMY, B KOTOPOH 3a CUeT JBOWHOTO YIpaBlieHHs K03 PHUImeHTOM CBs3H (BETUINHON
U (a3oit) CyIeCTBEHHO pacIIUpsETCsl BO3MOXKHOCTD JJISl YIIPABICHUS 3allPELICHHBIMU 30HAMH.
[Mocnennee mpexacTaBiseT MHTEpPEC Ui Pa3pabOTKH YCTPOMCTB 0OpaOOTKH CHUTHAJIOB B
MHUKPOBOJIHOBOM JMAIa30HE AJIUH BOJIH.

Pabota BemonHeHa npu GuHaHCOBOH momaepxke rpanToB PODU Ne 14-07-31142, Ne
15-07-05901.
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BJIMAHUE [IUPA MATHATHOTI'O MOJISA HA PA3BUTHUE HEYCTOMUYMUBOCTH
KEJIbBUHA-T'EJIbMI'OJIBIIA B IIVIASME JIJIA ITPOU3BOJIBHOI'O
HAITPABJIEHUSA PACITIPOCTPAHEHUSA BOSMYIIIEHUA

IIleBenés M. M.
mposimba@gmail.com
HNucTuTyT KOcMudeckux uccienopanuii PAH

B pamkax OgHOXKUIKOCTHOW MarHUTHOM THAPOJWHAMHUKH IPOBEIACHO HCCIEIOBAHHE
pazBuTus HeycTolunBocTH KenbBuHa-I'enpMronbuna ¢ y4éTOM KOHEYHOM IIMPHHBI
MIEPEXO0THOM 00JIACTH, TIPH STOM HE HAKJIAJIBIBACTCS HUKAKMX OTPAHHMUYCHUI Ha HANpaBIICHUE
pacmpocTpaHEeHHs] BO3MYIIEHUH U OTHOIIEHHE MAacIiTabOB M3MEHEHHUS CKOPOCTH U
HaINpaBJICHUsT MArHUTHOrO TOJS. AHaIW3 JIMHEMHOW CTaAuu Pa3BUTUS HEYCTOMYHMBOCTH
MOKa3aJl, YTO MPHU HAJIUMYMUH IMPAa MATHUTHOTO MOJIS BO3MYLIEHUS, PACHPOCTPAHSIOLINECS MO
HEOOJBIIMM yTJIOM K HANpPaBICHUIO CKOPOCTH TIOTOKA, MOTYT 00JafgaTh OOJBITUMU
MHKPEMEHTAMH, YEM BO3MYILUEHUS, PACHPOCTPAHSIOIUECS CTPOrO BAOJL CKOPOCTH IMOTOKA.
[TomyueHHbIe pe3yNbTaThl TAKKE YKAa3bIBAIOT HA TO, YTO JAUANA30H HAIPABJICHUH, B KOTOPBIX
KoeOaHusi OKa3bIBAIOTCA HEYCTOMYUBHIMH, 3aBUCUT OT OTHOIIEHHUS IJIOTHOCTH B
JBIDKYILIEHCS Cpee K IUNIOTHOCTHU MOKOSIIIENCS CPEIbI.
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_ MBMEHEHHE XAPAKTEPHUCTHUK BETPOBOI'O IIOTOKA IIOJX
JAEUCTBUEM MOAYJIAIIUU HHIEPOXOBATOCTH INOACTHUJIAIOIIEHN
IHHOBEPXHOCTH KNUJKOCTHU

[ITomuna O.B., Epmakos C.A., Kanyctun U.A., Jlazapesa T. H.
stas.ermakov(@hydro.appl.sci-nnov.ru
WNucturyT npuknagnon ¢usuku PAH, Hwkanit HoBropon

B3aumonencTBue BETPOBBIX IIOTOKOB C  IIOBEPXHOCTBIO  JKUJKOCTH  SIBIISIETCS
KJaccuyeckod mnpoOiemMoil B ¢u3uke aTMocdepbl M OKeaHa, UMEIOIIeH P BaKHBIX
reoU3NIECKUX TMPUIOKEHUH, TaKUX KaK BBIUYMCIIEHHUE BEPTUKAJIBHBIX M TOPH30HTAIBHBIX
IOTOKOB HMIYJbCa M HHEPIUH, IMEpeHoca Ta3oBBIX IpHUMeEceH, pa3BUTHE TIJI00ATbHBIX
KJIMMAaTHYECKUX MOJENIE U COCTaBJIEHUE NMPOTHO30B MOrojabl. CTpyKTypa BOJIHOBOI'O MOTOKA
HaJl HETIOABM)KHBIMU MOJCTHIAIOIIMMY IOBEPXHOCTAMH, TAKUMU KaK Jieca, CTPOCHHUs, TOPHbIE
CTPYKTYpbI, XOpOILIO H3y4€Ha, B TO BPEMsI KaK B3aUMOJICHCTBUE MEX]y B3BOJIHOBAHHOM
BOJIHOW TOBEPXHOCTb M TYpOYJIEHTHBIM BETPOBBIM IOTOKOM 3HAUMTENBHO CIIOXKHEE IJis
ONMCAaHUS U3-32 HAJIWYMS B MMOBEPXHOCTHOM BOJHEHMM T'APMOHMK C PA3IMYHBIMU JJIMHAMU
BOJIH, aMIUINTYIaMU U PaCIPOCTPAHAIOIIUMHUCS C Pa3HBIMU CKOPOCTSIMHU U HAIIPABJICHUSIMHU.

Ilenbto 3TOro HCCiENOBaHUE SIBISETCS SKCIEPUMEHTAIIbHOE H3Y4YEHHE H3MEHEHUI
CTPYKTYpbl BETPOBOIO IIOTOKa M3-3a MOAYJSLUHM IIEPOXOBATOCTH  MOJCTHJIAIOLIEN
MOBEPXHOCTU JKUAKOCTU.  JlabopaTopHbIE S3KCHEPUMEHTHI MPOBOJMINCH B KOJBLEBOM
BeTpoBOTHOBOM Oacceitne MII® PAH, momepeyHoe ceueHHe BETPOBOTO KaHalla KOTOPOTO
coctaisieT 30*30 cM. AMIUIMTYZa M CHEKTP BOJIHEHUS U3MEPSIUCH IIPU IOMOIIU CTPYHHOTO
BOJIHOTpaga, CKOPOCTH BeTpa - TepMoaHemMomerpa u TpyOku [Iuto. IllepoxoBarocTs BogHON
MOBEPXHOCTU HM3MEHAJACh IOCPEICTBOM: a) HAHECEHUs Ha HEE IOBEPXHOCTHO-aKTUBHOTO
BemiectBa (IIAB), ©) co3manust mexaHuyecku reHepupyeMbix BoiaH (MI'B) na ¢one
BETPOBOI0 BOJHEHMs. [lepBblil cilydail aHalOTWYEH Cily4aro pas3iuBa IUIEHOK (B YaCTHOCTH,
HE(TSIHBIX) HA MOPCKOW MOBEPXHOCTH, BTOPOI — MPUCYTCTBUIO MOPCKOMN 3bI0M, MPUXOAIIEH
B 001acTh HAONIOJNEHUS W3 OTAAJICHHBIX O0O0JIaCTeH MOps, TIe HAOIIOJAIUCh BBICOKHE
ckopocTH Betpa. B akcniepumente ¢ ITAB Moxynsius mepoxoBaTocTH MPOBOAWIACE B ABYX
pexumoB HaHeceHus: [IAB: npu HM3KOI KOHIIEHTpalUH IUIEHKH YIIPYTrocTh €€ cocTaBisuia 19
MH/M, mpu toncroii mnenke — 34 wmH/mM. B oakcnmepumentax ¢ MI'B  wusyuanuce
XapaKTepUCTUKHU BETpa MpPH CO3/aHUHU BOJH ¢ aMIuuTygamu 3,4 u 4,4 MM u yacrotamu 3,3 u
3,7 T'm.

bb110 ycTaHOBIEHO, YTO:

1) mpodunb cpegHHX cKopocTel BETpOBBIX MOTOKOB B mpucyTctBuu [IAB u MI'B
ONMCHIBAETCS JIorapupMuieckon GyHKIMEH;

2) npuCyTCTBHE IJICHKH MPUBOAUT K YBEJIMYEHHUIO CKOPOCTHU BETpa, IPU 3TOM YBEIMUYCHHE
KOHIICHTPAIIUH YCHIIUBAET dPPEKT;

3) nanuure MI'B mpuBOAMT K yMEHBLIEHHIO CKOPOCTH MOTOKA; YE€M BBIIIE YAaCTOTa BOJHBI
W/WITM aMIUTATY 13, TeM OONbIIHNA 3 (GEKT yMEHBIICHHSI CKOPOCTH BeTpa HaOIr01aeTCs;

4) mnomyuyeHHbIE SKCIEPHUMEHTAIbHBIE 3aBHUCUMOCTH XapaKTEPUCTUK JIOrapu(pMUUYECKUX
npoduiieii BeTpa OT BENUYMHBI cpenHekBaapaTuyHoro oTkioHeHus (CKO) moBepxnHocTH
JIEMOHCTPUPYIOT YBEJIMYEHUE CKOPOCTH TPEHUS M KO3 PUIMEHTa EPOXOBATOCTU C POCTOM
CKO.

Pa6ora BemonHena npu nogaepxke PODU (mpoektsr 14-05-31535, 14-05-00876, 15-
35-20992).
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MOJIEJTJMPOBAHUE PACITPOCTPAHEHUS IIUPOKOIIOCOJTHOT'O
YUPIIMPOBAHOI'O UMITYJIbCA B IMKOCEKYH/HOM KAHAJIE
CBEPXMOIITHOM JIASBEPHOM YCTAHOBKH

[Iyrypos AN, AHJIpUSTHOB AB."2 Cepreen AM."?
shugurov1991@gmail.com
lHnmeroponcxnﬁ rocynapctBeHHbIN yHuBepcutet uM. H.W. JloGaueBckoro
2I/IHCTI/ITyT npuknaanoit pusuku PAH, Huwxuanit HoBropos

Co3naHne NUKOCEKYHIHOTO KaHajlla MOIIHOM JIa3epHON YCTAaHOBKM C BBIXOJHOM
sHeprueit Ha ypoBHe | x/[kx u 3amaHHON (popmoil mmIrynbca TpeOyeT MOJIHOTO TTOHUMAaHUS
0COOEHHOCTEH pacrnpoCTpaHeHHs! JIa3ePHOTO M3IIyUeHHs yepe3 KaKIbId 3JIEMEHT CUCTEMBI.
KonnuectBo M pa3sHOPOJHOCTH 3JIEMEHTOB IMUKOCEKYHJHOIO KaHana TpeOdyeT co3laHus
YHUBEPCAJIBHOTO YHCICHHOIO KOJA JUIsl TPEXMEPHOTO MOJAEIUPOBAHUS B3aUMOIEHCTBUS
HIMPOKOIOJIOCHOTO JIa3€pPHOr0 HMITyjbCa C ONTHYECKHMMM CpelaMUu C Pa3sHOOOpa3HbIMU
HEJIMHEWHBIMU, JUCTIEPCUOHHBIMU U IPOCTPAHCTBEHHBIMU XapaKTEPUCTUKAMM.

PazpaGoranHass HaMuM MaTreMaTHuYecKass MOJelb OCHOBaHAa Ha TNPUOIIKEHUH
OJIHOHAINPABJICHHOIO PACIpOCTPAHEHUS IIy4yKa BJOJIb BBIJEICHHOIO HampasieHus z. s
ONMCAaHUS PACIPOCTPAHEHHs] U JIA3€PHOTO YCUJIEHMSI ILIUPOKONOJOCHOIO CHTHajda MbI
UCIIOJB3yEM  OJHOHANpPABICHHOE  BOJHOBOE  ypaBHeHue. Jlng  monenupoBaHUS
apaMeTPUUECKOr0 YCWJIEHUS B MAaTEMaTUYECKOM MOJENN KpPOME OCHOBHOIO ITy4Ka TaKkKe
paccMaTpUBaIOTCS IMyYKH HAKAUYKH U XOJIOCTOM BOJIHBI, B3aUMOJEHCTBYIOIIME IOCPEACTBOM
KBaJPaTUYHON HEJIMHEWHOCTH B KPUCTAJLIE.

Opnako mpsMoe MOJENMPOBAHME AHHOM CXEMBI SBIIAETCS HENpOCTOW 3amauei. Jlins
MOJIETIMPOBAHUS PEAIbHBIX NMUKOCEKYHIHBIX KaHAJIOB CBEPXMOIIHBIX JA3€pPHBIX YCTAaHOBOK
pasmMep BpEeMEHHON CeTKH JOJDKEH ObITh mopsika 3 He, a mar nopsaka 100 d¢c, uto nemaer
BO3MOXHBIM TIPSIMOE€ MOJICJIMPOBAHUE TOJBKO TMPH JIOCTATOYHOM OOBEME NaMITH U
npueMyIeMol CKOpOCTH BbluuciieHui. Hamu >xe ObL1 pa3paboTaH MeTOH, MO3BOJISIOLIMNA
MOJIEJIMPOBaTh YCUJIEHHE HMITYJIbCOB, PACTAHYTHIX 10 KAaKUX YTOJHO JJIUTEIbHOCTEH, Ha
IepCOHAIbHOM KOMIIbIOTEpe. B oOCHOBe Takoro Merojga JEKUT MOJIUGUIMPOBAHHOE
npeoOpazoBanne Dypre, B3ATOC IS «pacTSHyTOro» BpemeHH T/a, rme o — KodhdUIrueHT
pacTsKEHUS B CTpITYEpE.

C nomoib1o 3TOM IporpaMMbl MbI IPOBEJIM MOJIETTUPOBAHUE CXEMBI, COOTBETCTBYIOIIEH
KOH(QUrypalMy MUKOCEKYHIHOIO KaHajla C y4YeTOM peajbHbIX MapaMeTpoOB HU3Iy4YEeHUS U
ocobeHHocTell kaHasa. Hamu ObUH MOJSTy4deHBl CIIEKTPBI, BpEMEHHbIE (POPMBI U MOTIEPEUHbIE
pacnpezelIieHus] MHTEHCUBHOCTEN Ha BBIXOJE OTIENbHBIX 2JIEMEHTOB M BCEH TpAacChl KaHaa.
Tak jxe ObUIO MPOBEIEHO UCCIIEJOBAHME MapaMeTPOB MMIIyJIbCa MpPH BapHallMM Pa3IUYHBIX
apaMeTPOB 3JIEMEHTOB CXEMbl, & UMEHHO, ObIITH PACCMOTPEHBI BIUSHUS U3MEHEHUS TOJIINH
NapaMeTPUUECKUX M JIA3€pPHBIX YCWIMTEIEH, M3MEHEHHUS 3aJepKKU MEXAYy HUMILYJIbcaMu
HAKa4yK{ ¥ CUTHAJIA, a TAKXKE NU3MEHEHHUs YIJIOB MEXy B3aUMOJEHCTBYIOIIMMH UMILYJIbCAaMHU
¥ OCBhIO KpUCTaJlJIa IpY NapaMeTPUUECKOM B3aUMOACHCTBUU.
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JTAHAMHMKA COJJUTOHHBIX MOJIEA B PAMKAX MOJU®UIIMPOBAHHOI'O
YPABHEHUA KOPTEBET'A — IE BPU3A

Ilypramuua E.T'.
eshurgalina@mail.ru
WuctutyT npuknannoi ¢uszuku PAH, Huwkuuit Hosropoa

JlanHast paboTa OTHOCHUTCS K HCCIEJIOBAaHUIO, TaK Ha3bIBaeMOH, COJIUTOHHOMN
TypOyJIEHTHOCTH (COJIMTOHHOTO Ta3a), 0 KOTOPOH 3aroBOPHIIA HECKOJBKO JECATUIICTHI Ha3a/l.
BrnepBbie TeopeTndeckoe ONMMCaHHE COJMTOHHOTO Tra3a Obuto BeimonHeHO B.E. 3axapoBbiM B
1971 r. B nepByto ouepens McCCieNOBaHUS ObUTA HANPABJICHBI HA M3YYCHHE KMHETHUYECKUX
YpPaBHEHUH, TMO3BOJSIOMIMX  ONUCAaTh  MPOCTPAHCTBEHHO-BPEMEHHOE  paclpeliesieHue
XapaKTEePUCTUK COJIMTOHHOTO Ta3za [3axapos, 1971; I'ypesuu u ap., 2000; El et al., 2011].
ConuToHBI, KaK U3BECTHO, COXPAHSIIOTCS B MIPOLIECCE B3aUMOACUCTBUS, U UX XapaKTEPUCTUKHU
He u3MeHstoTca. OfHaKo Ui MPaKTUKKA BaXXHO 3HATH PacHpeiesieHuss U MOMEHTBhI CaMOro
CIIy4allHOTO BOJIHOBOI'O TOJISI, @ HE TOJIBKO MAapaMeTphbl CYHIECTBYIOUIUX B HEM COJINTOHOB.
[ToaToMy HcciienoBaHue MOBEACHUS CIIyYalHBIX COJIMTOHHBIX MMOJIEH MPEICTABISAETCS BaXKHOU
3aJ1auei.

B nanHolt paboTe TMHAMUKa CIly4allHbIX COJMTOHHBIX aHcaMOJiel u3ydaercss B paMKax
monupunupoBanHoro ypasHeHus: KoprteBera — ge Bpuza. D10 ypaBHeHue BcTpedaercs B
TEOpUU HEJIMHEMHBIX JMCIIEPCHOHHBIX BOJH B M30TPONHBIX cpenax. OHO ONUCHIBAET
3JIEKTPOMAarHUTHBIE TIOBEPXHOCTHBIE BOJIHBI B JIEKTPUUECKOM I10JI€, HOHHO-3BYKOBBIE BOJIHBI
B JIByX-KOMIIOHEHTHOM Ijla3Me, BHYTPEHHUE OKEAHWYECKHWE BOJIHBI M HEKOTOpbIE IpYyTue
cuTyanuu. PaccMOTpeHbl Ba THIIa COJIUTOHHBIX MOJIEH: COCTOSIIIME W3 OJHOIOJISIPHBIX U
Pa3HOMOJISIPHBIX COJMTOHOB. B ciyyae OZHOMOJISAPHBIX MMOJIEH pe3ysbTaThl CPAaBHUBAIOTCS C
Mozenbto ypaBHeHuss KopreBera — ne Bpwusa. JlemoHcTpupyercs MOXO0KECTb JUHAMUKH
COJIMTOHOB B paMKax 3THUX JABYX CUCTEM: TPETHUI M YETBEPTHIH CTATUCTUYECKUE MOMEHTHI
YMEHBIIIAIOTCA CO BPEMEHEM, XBOCTHI (DYHKIIMI pacrlpefeieHus] YMEHBIIAITCS B PE3yIbTaTe
HEJIMHEHHOT0 COJIMTOHHOTO B3auMoJieHCcTBUS. [IpOTHBONOJIOXKHBIE PE3YbTaThl IOJIY4YEHbI
JUIsl  3HAKONEPEMEHHBIX COJIMTOHHBIX IMoyie. B3aumonelcTBHe COJUTOHOB — pa3HBIX
HOJIIPHOCTEHN BEJET K YBEJIIMUEHHUIO aMIUIUTYAbl PE3YJIbTUPYIOLIEro uMnyJisca [IlennHoBckui,
[ypramuna, 2014]. Takum 00pa3oM, aHOMaJbHBIC BOJHBI MOTYT BO3HUKATh B PE3yJbTaTe
B3aUMOJICCTBUSL  PA3HOINOJSPHBIX  COJMMTOHOB. XBOCTHI  (YHKUUNA  pacrpeneieHuit
YBEIMYUBAIOTCA CO BpPEMEHEM, IEMOHCTPHUPYS BO3MOXKHOCTH TMOSIBICHHS BOJH-yOHIlI B
noJoOHbIX cucTemax. YacTMYHO BONPOCHl, 3aTparuBaeMble B JAaHHOM  JIOKJaje,
omy6nukoBanbl B kaure [[ypranuna, [lenunosckuit, 2015].

HccnenoBanue BBINOIHEHO Npu (puHaHCOBOM nonnepxkke PODU B pamkax HaydyHOro
npoekta 16-35-00175 mon_a.

3axapos B. E. Kunetnueckoe ypaBaenue 11t conutoHos. XKOT®, 1971, 60, 993-1000.
I'ypeBuu A.B., Mazyp T.I'., 3pibun H.I'. Cratucruueckuil mnpenen B IOJHOCTbIO
UHTETPUPYEMON CUCTEME C IETEPMHHUCTCKMMM HadaiabHbIMU ycaoBusamu. XKOT®, 2000, 90,
797-817.

El G.A., Kamchatnov A.M., Pavlov M.V, Zykov S.A. Kinetic equation for a soliton gas and
its hydrodynamic reductions, J Nonlinear Sci, 2011, 21, 151-191.

IlemuuoBckuit  E.H., Ilypraimna E.I'. JIByXCOJUTOHHOE B3aMMOJEWCTBHE B paMKax
mMoudurpoBanHoro ypaBHeHusi Kopresera — ne Bpusa. M3Bectuss BY3o0B. Pannodmusuka,
2014, 57 (10), 825-833.

[ypranmuna E.I'., IlenunoBckuit E.H. [Ilunamuka aHcamOiis HEpETyJSIPHBIX BOJH B
npudpesxHoii 3oue, H.H.: HI'TY, 2015, 179c.
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HEJIMHEWHBINA Y®PEKT PACCESIHUA YACTHUI] C BOJBIINM
MAT'HUTHBIM MOMEHTOM B HEOJHOPOJAHOM MATI'HUTHOM I10JIE

ycros IT.11.”
p.shustov@gmail.com
Ousnueckuii paxkynasrer MI'Y nm. Jlomonocosa

PaccmarpuBaercsi paccesitHHe 3apsDKEHHBIX YacTHUIl B MAarHUTHOM TIOJI€ C CHJIBHOU
KPUBH3HOM CHUJIOBBIX JIMHUW, KOTOPOE MOJCIUPYET TOKOBBIA CJIOW B OJMKHEH MarHuTochepe
3emin. UnCIEHHBIMU METOJJAMU UCCIIEOBAJICS PEXKUM PacCesHUs B MOJIE C IPOMEKYTOUHBIM
3HaYCHWEM TPaJMeHTa, JOCTATOUYHBIM JUIsI HApyIMICHWS aanabaTUYHOCTH JIBUKEHHUS, HO
CITUILIKOM CJTa0BbIM IS BOSHUKHOBEHHUSI ITOJTHOCTBIO XaOTUYHOTO ABIKEHUs. B pabore HaiineH
JIMara3oH MapaMeTpoB MarHUTHOTO TOJIS, TP KOTOPOM BO3HHMKAET CYIIECTBEHHOE paccesHue
qacTHIl ¢ OONBIIMM aaMabaTUUECKHMM WHBAPHAHTOM (MarHUTHBIM MOMEHTOM). AHaiIH3 U
anMpOKCHMAIsl BEIMYMH CKadka aauabaTHYecKoro WHBAapHAHTA MO3BOJMIA MOJYYHTH
BbIpakeHHe s Ko dummenta auddy3un Mo MarHUTHOMY MOMEHTY.
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TUIIUYHBIE TPOPUJIN BOJIH-YBUHIL B BBIYUCJIUTEJIBHBIX
IKCIIEPUMEHTAX

Omuu A.B.
yudinorel@gmail.com
Poccuiickuii yHUBEpCUTET APYKOBI HAPOJOB

B noknane mpeactaBieHbl reOMETPUYECKUE pe3ySIbTaThl U3ydeHHs] BOMH-youin[1] c
IIOMOIBIO  BBIYMCIMTENBHBIX 3KCIIEPUMEHTOB, OCHOBAaHHBIX Ha IOJHBIX HEJIMHEHHBIX
YPaBHEHMSIX THAPOJMHAMUKU MJICAIbHOW JKUAKOCTH €O CBOOOJHOW MOBepXHOCThIO. Hamm
OBLIM MOJIyYEHbI Pa3IMYHbIC TUIIBI BOJH-YOUIII.

Hamu Obuto mpoOBEIEHO HECKOIBKO ThICAY BBIUMCIUTENBHBIX HSKCIEPUMEHTOB, B
KOTOPBIX OBLIM TOJy4eHBI BOJNHBI-yOUHIBL. OKomo 95% moydeHHBIX BOJH-yOWHI] MMEIOT
dopMy KpyTOoro rpeOHs, Ha3bIBaeMylO0 «CTeHa BOJbl». OcCTajbHbIE BOJIHBI-yOUHIIBI MMeENH
dopMy ri1yOOKOI BraguHbl («AbIpa B MOPE») WIM TpeX APYT 3a JPYroM HUIYIIUX OOIBIINX
BOJIH («TPH CECTPBI»).

Urak, Haubosiee pacpoCTpaHEHHBIM THUIIOM BOJIHBI-YOUMUIIBI SIBISIETCSI «CTE€HA BOJBDY.
[Toka3aHo, uro 00e MOJOBUHBI 3TOW BOJIHBI (CJ€Ba M ClpaBa OT JOKAJIbHOIO MHUHHMYyMa)
XOpOLLIO aNMpOKCUMHUPYIOTCS TIOJTMHOMOM TpeTheil cTeneHu. B cTarbe nmpuBeaeHb! NpuMephbl
TakoM anmpokcumanuu. OTHOCUTENbHAs! TOTPELIHOCTh IIPH 3TOM COCTaBIsieT He 6onee 4%.
Ha ocnoBe ammpokcumanuii MOJIMHOMaMHU TPETbEM CTEMEHM MOKHO CHENaTh BBIBOABI O
KPYTU3HE TIOJIyY€HHBIX B BBIUMCIIUTENBHBIX 3KCIEPUMEHTax BOJH-yOuin. Oxono 95%
npoduieit BOH-yOUHI] UMEIOT MAaKCUMAITbHYI0 KpyTH3HY U3 quana3ona [0.25, 0.6]. Cpennee
3HaYeHHe KpyTU3Hbl NpHu 3ToM coctaBiser 0.38. Takum oOpa3oM, BOJIHBI-yOUHIIBI MOTYT
MMETh IIUPOKUH IHANa30H MaKCUMAJIBHOW KPYTU3HBI OT YMEPEHHOM 10 CUIIBHO HEJIMHEHHOM.

[1] Kharif, C., Pelinovsky, E., Slunyaev, A.: RogueWaves in the Ocean, Springer, 2009.
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IKCHEPUMEHTAJIBHOE HCCJIEJOBAHHUE 3ABUCUMOCTH TAPAMETPA
OIITUYECKOU AHHU3O0TPOIINU KPUCTAJJIOB CaF,, BaF, U SrF, OT IJINHbI
BOJIHbI U TEMIIEPATYPbI

Axosnes A.U.
yvaknnalex@gmail.com
WNuctutyT npuknannoi ¢usuku PAH, Hwkanit HoBropon

Pactynias MOITHOCTB JIa3€pHBIX CUCTEM NPHUBOJAWUT K YBEIUYEHHUIO TEIUIOBBIACICHUS B
ONTHYECKUX D3JIEMEHTAaX W3-3a MOIVIOUIEHUS MPOXOMSIIEr0 H3IyYeHUs. OTO MPUBOAUT K
MOSIBJICHUIO ~ TPAJMCHTOB  TEMIepaTyp W, BCleAcTBHE  Qoroynpyroro  3ddexra,
BO3HMKHOBEHHUIO TEPMOHABEACHHOIO ABYJydelpesloMieHUs. Pe3yslbTaroM 3TOro sBISETCS
TEPMOHABEJCHHAs! JIEMOJIIpU3alusl U3TYyUEHUs], IPOLIEAIIErO Yepe3 ONTUYECKUN AIIEMEHT, U,
KaK CJIEICTBHE, YMEHBILICHHE MOITHOCTH U3JIyYEHUS B MOJISIPU30BAHHON KOMIIOHEHTE MOJIS.

B MOHOKpHCTAJUIMYECKHUX ONTHUYECKUX 3JIEMEHTaX TEPMOHABEJEHHAs NETOJSpU3aIMs
3aBUCUT OT OpHEHTAalUU KpucTtamiorpaguueckux oceir [1]. MwuHHManpHOEe 3HAYEHUE
JeNoJspU3aLuu U3ITy4eHUs JOCTUTAETCS B ornpezeIeHHON OpHUEHTAINH
KpUCTAIIOrpaueckux  Oceil, KoTopas  OmpeleiseTcs MapaMeTpoM  ONTHYECKOM
aHuzoTponuu & [2], mpuyemM B MaTepuanax ¢ OTPULATENbHBIM 3HAY€HHEM &, CYIIECTBYET
opueHTanms Kpuctawtorpadpuueckux oceid [C], B KOTOpoW AemoNApU3aIvsd W3TyYCHHS
orcyrctByer [3,4]. Takum o0pazom, UIsi MOAETHPOBAHUS TEIUIOBBIX 3(PdexkToB u
MUHUMHU3ALUN TEPMOHABEIECHHOW NEMONIApU3aluU B ONTUYECKUX DJIEMEHTaX, HEOOXOAUMO
3HATh 3HaueHUe & B 3aBUCUMOCTH OT Pa3IMYHBIX BHEIIHUX MAapaMETPOB.

Ucnonb3yst opuruHaibHbI MeTOJ [2], ObUTH U3MEpEeHBI 3HAUYCHHS & B 3aBUCUMOCTH OT
JUTMHBI BOJHBI W3Jy4YeHHS W OT Temmeparypsl B amamna3zoHe (90-300)°K nmns mmpoko
ucnoab3zyemsix kpucramioB CaF,, BaF, u SrF,, koTopble NpuMeEHSIOTCS 11 U3TOTOBICHUS
KAK ITACCUBHBIX, TAK U AKTUBHBIX JIA3EPHBIX JIEMEHTOB.

1. Koechner, W. and D.K. Rice // J. Opt. Soc. Am. 1971. 61(6). P. 758-766.

2. Snetkov, L., et al. // Optics express, 2012. 20(12) P. 13357-67.

3. Joiner, R.E., J. Marburger, and W.H. Steier / Appl. Phys. Let. 1977. 30(9). P. 485-485.
4. Vyatkin, A.G. and E.a. Khazanov, // J. Opt. Soc. Am. B. 2011. 28(4): p. 805-805.
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LABORATORY MODELING OF DUCTS DYNAMICS IN MAGNETIZED PLASMA

Aidakina N.A., Gushchin M.E., Zudin 1.Y., Kostrov A.V.
aidakina@appl.sci-nnov.ru
Institute of Applied Physics RAS, Nizhny Novgorod

One of the popular directions of geophysical research is concerned with the performing
the active experiments on radio-frequency action on the ionosphere and the magnetosphere of
the Earth using the radiation of powerful radio transmitters of ground-based and satellite-
borne transmitters. The actual task is the formation of artificial disturbances of near-Earth
plasma, and, particularly, the generation of plasma density disturbances. This problem is of
considerable fundamental interest, andit is important for many applications.At the unique
large-size experimental plasma setup "Krot" it has been carried out in experiments aimed to
study of spatial structure and dynamics both lonely irregularity and groups of irregularities
induced in magnetized plasma by powerful electromagnetic radiation. It has been investigated
features of longitudinal plasma transportation, when a few irregularities are developed
simultaneously, and found that this process is more complicated in comparison with the case
of a lonely irregularity. The laboratory experiments performed for the propagation of low
frequency waves in plasma in the presence of plasma density irregularities showed that the
effect of trapping low frequency radiation takes place.

TERAHERTZ RADIATION GENERATION IN THE OPTICAL BREAKDOWN OF
GASES WITH TWO-COLOR LASER FIELD: RESONANCE, POLARIZATION AND
MACROSCOPIC EFFECTS

Alexandrov L.N., Emelin M.Yu., Ryabikin M.Yu.
alekvlis@gmail.com
Institute of Applied Physics RAS, Nizhny Novgorod

The ionization of Hydrogen atom by intense two-color laser pulses has been
investigated. The analysis was based on the numerical solution of two-dimensional
Schrodinger equation as well as on numerical solution of coupled system of Schrédinger and
Maxwell equations.

It is shown that for residual current generation the Coulomb potential of the parent ion
plays role only in the process of electron detachment from an atom and its initial motion in
free space, the rescattering process does not play a significant role. It is also shown that in the
o+t4o scheme the efficiency of residual current generation is a complex function of the
frequency of laser radiation. This is presumably connected with resonance phenomena in the
process of hydrogen atom ionization.

INFLUENCE OF INERTIA ON DYNAMICS OF UNIDIRECTIONALLY COUPLED
PHASE SYNCHRONIZATION SYSTEMS

Aleshin K.N., Matrosov V.V.
kirill_al@bk.ru
Lobachevski State University of Nizhny Novgorod

Current work is on the impact of inertia induced into control circuit of the unidirectionally
coupled phase synchronization systems. It is shown, that finite inertia forces dynamical
regimes of the ensemble to become multistable due to intersection of corresponding subareas
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of parameter space. In special cases such intersections lead to dynamical chaos via
Feigenbaum scenario.

COMPLEX DYNAMICS OF RYDBERG ATOM CHAIN

Andreev AV., Moskalenko O.1., Balanov A.G., Hramov A.E.
andreevandv@gmail.com
Saratov State University
Yuri Gagarin State Technical University of Saratov
Loughborough University

The nonlinear dynamic and chaos in the system of Rydberg atom chain is studied.
Chaotic dynamics is revealed, mode map was created, oscillations of different periods were
plotted on it. The method for suppression of chaos by external parametric impact in the
system is offered.

INVESTIGATION SPATIOTEMPORAL DYNAMICS DEPENDENCE
ON TEMPERATURE IN WIDE APERTURE VCSEL

Anchikov D.A.l, Krents A.A.l’z, Pakhomov A.V."?
swadimaz(@mail.ru
'Samara State Aerospace University
Samara branch of the Lebedev Physical Institute, Russian Academy of Sciences

Basing on the 2D - system of Maxwell-Bloch equations, we obtain and consider the
numerical model of wide-aperture VCSELs with circle and square apertures. This model
demonstrates that it is able to reproduce rather well the experimentally observed lasing mode
switching from paraxial generation to substantially off-axis one due to the laser medium
cooling. The dependences of the transverse wave numbers on the frequency detuning and the
pump parameter are numerically investigated and compared with experimental data.

According to results of numerical simulation, in a wide range of the pump parameters
above the threshold, the off-axis radiation takes place at the positive frequency detuning
corresponding to temperature below 270 K. In the near field, spatio-temporal optical patterns
are observed. In the far field, the radiation has the shape of a ring or four bright points on this
ring. The radius of this ring increases with frequency detuning (in the experiment, this
corresponds to a further medium cooling) proportionally to the square root of the detuning.
On the contrary, at the negative detuning (temperature above 270 K) and pumping near the
threshold, there is a quasi-homogeneous paraxial light emission mode. For greater pumping,
unsteady large-scale spatio-temporal optical structures arise.

THE DYNAMICS OF A TWO-MODE OSCILLATOR DEPENDING
ON THE METHOD OF THE ADDITIONAL CIRCUIT CONNECTION

Astakhov O.V.l, Astakhov S.V.z, Astakhov V.V .2
AstakhovOV @gmail.com
'Saratov State University, Saratov, Russia
2Yuri Gagarin State Technical University of Saratov, Saratov, Russia

The self-oscillating systems with a large number of degrees of freedom, the multimode
systems are widely represented in nature as well as in technology. In this work we consider

167


https://e.mail.ru/compose?To=andreevandv@gmail.com
https://e.mail.ru/compose?To=swadimaz@mail.ru
mailto:AstakhovOV@gmail.com

one of the most simple examples of the multimode systems — the classical van der Pol
oscillator with an additional circuit. We show that if the additional circuit is connected to the
oscillator as a load then the frequency entrainment phenomenon is observed. In case the
additional circuit is included into the feedback loop, the system possesses more complex
dynamics i.e., quasiperiodic and chaotic oscillations.

LOWER ATMOSPHERE ELECTRICITY OBSERVATIONS AND MODELLING
RESULTS

Aphinogenov K. V., Anisimov S.V., Galichenko S.V.
aphin@borok.yar.ru
BGO IPE RAS

Summer field ground-based campaign of aeroelectrical remote sensing observations
was realized in 2014-2015 years on the observation ground of Geophysical observatory
“Borok” [58°04" N and 38°14" E]. Observations were carried out in clean conditions with a
low level of human-made electromagnetic disturbances and absense of industrial pollutions.
Variations of electric field intensity, vertical electric current, polar atmospheric electric
conductivities (formed by positive and negative atmospheric light ions), radon and thoron
emanations were measured using our experimental setup. Aeroelectric observations were
couplied with precission meteorological measurements in the lowest part of atmospheric layer
over flat ground. The main goals of provided observations were investigations of lower
atmosphere electrodynamical variables of spatio-temporal variability and statistical properties,
turbulent aeroelectrical structures research and data bank of input parameters for electrical
processes modelling in lower atmosphere. During observations diurnal variations of radon
volume activity, atmospheric electrical conductivity and space charge density data were
obtained. The influence of underlying surface type on surface layer of the atmosphere
electrical characteristics was investigated. The unsteady electrodynamic model was developed.
This model takes into account the turbulent transport of radioactive, aerosol and charged
substances in heterogeneously stratified atmosphere.

FORMING A POPULATION-BASED RHYTHM IN RECURRENT NETWORKS OF
SPIKING NEURONS WITH PLASTIC CONNECTIONS

Bazhanova M.V., Esir P.M., Simonov A.Y.
arksinus-bmw(@yandex.ru
National Research Nizhny Novgorod State University

In recent years, a growing interest in the study of neural network models with
collective dynamics has been observed. One of the most general signal is an oscillatory
activity in the range of 9-12 Hz, which is called the alpha rhythm or the mu —rhythm wave,
and depending on the brain region. This work was devoted to research mechanisms
underlying in formation of population oscillatory activity in the alpha rhythm band in the
model of recurrent network with plastic connections between neurons. We used an Izhikevich
neurons connected by synapses implementing which demonstrated the effect of short-term
synaptic plasticity, the ability to change the signal transmission efficiency depending on the
spike frequency of presynaptic neuron. Connections between the neurons were formed with a
probability depending on the distance. The signals between the neurons spread with a finite
rate velocity, thus the delays were proportional to the distance between the cells. All the
neurons were in the excitable mode, i.e. they did not generate spikes in the absence of an
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external signal. As an external signal the Poisson uncorrelated process with different average
frequencies rate was used. The collective dynamics in a collective time-frequency domains
was studied with wavelet transform and the Fourier transform. The regions of rhythmic
activity existence were studied using the computation modeling simulations.

The work was supported by the Russian Science Foundation (proj. Ne 14-11-00693)

INFLUENCE OF PHOTON EMISSION ON RELATIVISTIC ELECTRON MOTION
IN THE FIELD OF PLANE LINEARLY POLARIZED STANDING WAVE

Bashinov A.V., Kim A.V., Sergeev A.M.
abvk@inbox.ru
Institute of Applied Physics RAS, Nizhny Novgorod

These days, much attention is being paid to the interaction of relativistically strong laser
fields with matter, where radiation losses play an important role. The role cannot be reduced
only to dissipation which leads to phase space contraction. It necessary to take into account
that emission occurs randomly in the form of discrete photons that may randomize motion. As
a consequence, the phase space volume may remain uncompressed and even increases in spite
of dissipation.

In the present work, we investigate how quantum nature of photon emission can change
electron motion and how it modifies radiation losses in plane linearly polarized standing wave
for a wide amplitude range, paying particular attention to ART and NRT regimes. These
investigations are important for the creation of compact gamma photon sources based on laser
interaction with transparent plasma. Comparison of classic and quantum description of photon
emission allows to understand deeper the reasons of difference in particle motion and radiated
energy.

ILL-POSED INVERSE PROBLEM OF THE RETRIEVAL OF ATMOSPHERE
VERTICAL PROFILES FROM THE DATA OF GROUND-BASED SCANNING
SPECTRORADIOMETER

Belikovich M.V., Mukhin D.N., Kulikov M.Yu., Feigin A.M.
belikovich@appl.sci-nnov.ru
Institute of Applied Physics of the Russian Academy of Sciences

This work is about the algorithms that treat ill-posed inverse problem of the retrieval of
the atmospheric vertical profile from the data of ground-based microwave spectroradiometer.
Several retrieval cases are considered: temperature profile at surface layer, temperature profile
at the troposphere and ozone quantity at stratosphere. Every case corresponds to radiometry
device developed by IAP RAS. Every problem has it peculiarities due to physics of the
forward model or the properties of the device. Every algorithm is explained. Error analysis of
the algorithms is conducted using real-device noise level values. The results of the algorithm
is show on simulated data.
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ON THE POSSIBILITY OF MORE INFORMATIVE METHODS OF DETERMINING
THE PARAMETERS OF THE SIGNAL / NOISE RATIO AT THE EXAMPLE
OF PROPAGATION OF RADIO SHORT-WAVE RADIO WAVES

Belov S.Yu.', Belova LN."?
Belov_Sergej@Mail.Ru, Belova_lja@Mail.Ru
'Physics Department, M. V. Lomonosov Moscow State University,
'2A.M. Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences

The ionospheric echo (IE) signal/noise ratio P is of interest as the ionospheric plasma
concentration measure of disturbance, as well as the communication (or diagnostic) channel
characteristic. The paper presents the results of comparison of the measurement method from
the point of view of their admissible relative analytical errors. The new method is suggested.
The subscript k=E,R2,R4 indicates the primary parameter recorded (E-quadrature, R-envelope
of the IE), and the method used (E-coherent; R2,R4 - noncoherent). Usually in use: 1) the
standard R2-method, where Br>= fr2 (ar2); 2) the coherent E-method, Bg= fr (ag). The paper
presents the new R4-method, where Pra = fra (0tr4). Above oy are the values measured and fi
are the known functions. The comparative analysis of the normalized relative analytical errors
&'« = (1/By) dfi/doy of the known methods and the new one was performed. It was shown that
errors £ and €'rs have the same order (¢°rq4= 3/2 €'g) and both errors significantly exceed the
error €'ry in comparison with standard R2-method by measurement accuracy of By. As a
result, it was found that sufficient Bk analytical measurement accuracy can be achieved when
using an noncoherent apparatus using a new R4-method.

THE CALCIUM DYNAMICS FEATEARS IN ASTROCYTE MODEL
Boldyreva N.

BO-209@yandex.ru
Nizhny Novgorod State University

The astrocytes represent a type of glial cells regulating oscillations of major signaling
cells, e.g. neurons. Subserved by complex molecular mechanisms the astrocytes generate
calcium auto-oscillations which, in turn, are associated with the release of neuroactive
chemicals into extracellular space. At variance with classical astrocyte models the three-
component model considered takes into account a regulation of calcium release due to
nonlinear dynamics of inositol-1,4,5 trisphosphate (IP3). Stability of steady states, generation
of regular and chaotic oscillations were studied using bifurcation analysis. In particular, it was
found that nonlinear IP3 relaxation dynamics can lead to appearance of complex model in
astrocyte dynamics including multistability and pulse oscillations of complex shape.

MARGINAL CHIMERA STATE AT CROSS-FREQUENCY LOCKING
OF PULSE-COUPLED NEURAL NETWORKS

Bolotov M.L.', Osipov G.V.!, Pikovsky A."
BO-209@yandex.ru
'Institute for Information Technology, Mathematics and Mechanics, Nizhny Novgorod
State University
*Institute for Physics and Astronomy, University of Potsdam
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We consider two coupled populations of leaky integrate-and-fire neurons. Depending
on the coupling strength, mean fields generated by these populations can have
incommensurate frequencies, or become frequency locked. In the observed 2:1 locked state
neurons in one population are asynchronous with the mean fields, while in another
populations they have the same frequency as the mean field. These synchronous neurons form
a chimera state, where part of them build a fully synchronized cluster, while other remain
scattered.

We explain this regime as a self-sustained marginal dynamics of the driven neurons:
the corresponding stroboscopic one-dimensional map has a domain where this map is
practically an identity. This marginality is possibly the only way to achieve a bistability in a
one-dimensional map, as the period here must be independent of initial conditions.

COMPARISON OF METHODS FOR PHASE SYNCHRONIZATION
DIAGNOSTICS FROM TEST DATA MODELING NONSTATIONARY SIGNALS OF
BIOLOGICAL NATURE

Borovkova E.I., Karavaev A.S., Ponomarenko V.I., Prokhorov M.D.
rubanei@mail.ru
Saratov Branch of Kotel’nikov Institute of Radio Engineering and Electronics of Russian
Academy of Sciences

Three methods of phase synchronization diagnostics from time series are compared by
the analysis of test data. These data reproduce the statistics of experimental temporal
realizations recorded from the system of human cardiovascular system autonomic control. It
is shown that the method based on piecewise linear approximation shows the best sensitivity
among the compared methods.

NIZHNY NOVGOROD REGIONAL LIGHTNING DETECTION SYSTEM
Bulatov A.A., Kuterin F.A., Shlyugaev Yu.V.

AlexeyABulatov(@yandex.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

This paper describes a passive lightning detection network deployed in Nizhny
Novgorod region during the convective season of 2014. The data collected during the season
of 2014 was validated and the accuracy was analysed. The system was successfully put into
operation and continuously monitors lightning activity in Nizhny Novgorod region and its
vicinity. Further plans include expanding the coverage area, improving the accuracy of
lightning positioning and developing algorithms for the determination of lightning discharge
characteristics such as type, polarity and maximum current.

PROTON ACCELERATION EXPERIMENTS AT PETAWATT-LEVEL PEARL
FACILITY

Burdonov K.F., Soloviev A.A., Starodubtsev M. V.
kfb.iap@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

In this article we present the results of proton acceleration experiments in TNSA regime
at femtosecond sub-petawatt level laser facility PEARL.
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Laser pulse with 49 = 910 nm, T ~60 fs, E<10 J and D = 100 mm was focused to the
surface of thin metallic foil target with help of f/4.2 parabolic mirror in the vacuum chamber.
Target arranged at an angle of 45° to the incident radiation.

We used two different methods of energetic proton beams detection. First were the
radiochromic films (RCF) assembled in a stack. Darkening of films by proton radiation allows
restoring the energy and angular spectra of accelerated proton beams. Thomson parabola
spectrometer in which accelerated particles deviate from its original path under the influence
of collinear magnetic and electric fields, depending on speed and charge-mass ratio, also
allowed to identify the variety and energy spectra of accelerated light positive ions.

Maximum energies of accelerated protons measured by the RCF-stack are in the range
of 43.3 to 44.1 MeV. This is a world record for these laser parameters. Thomson parabola
spectrometer registered the signs of accelerated with protons carbon ions C'" - C®" and
oxygen ions O'" and 0",

HELICITY ESTIMATIONS IN THE ATMOSPHERIC BOUNDARY LAYER

Vazaeva N.V. 1’2, Chkhetiani O0.G."? , Maksimenkov L.O.l, Kurgansky M.V.!
ifanataly@gmail.com
' A.M.Obukhov Institute of Atmospheric Physics, Russian Academy of Science, Moscow,
Russia
’Moscow State Technical University named after N.E. Bauman, Moscow, Russia
3Space Research Institute, Russian Academy of Science, Moscow, Russia

In this work the calculating of the helicity based on experiment data, the comparison
with theoretic estimates, and research of the helicity applicability as diagnostic factor were
carried out.

There is a good correlation between the integral helicity, obtained on ABL acoustic
sounding experiment data (Kalmykia (2007), the Rostov region(2012) and Svalbard (2009)),
with the square of the wind velocity on the higher sounding levels (400-800 m) in slightly
unstable or neutral stratification conditions.

The mean value for the large-scale motions helicity density were obtained (0.3-
0.4 m/sec’). The helicity is appreciably higher during the nocturnal low-level jet events - up to
0.8 m/sec’. The layer average helicity in the ABL is closed to estimates of turbulent helicity
(0.02-0.12 m/sec?).

According to re-analysis data (ECMWF) for extratropical latitude of the Northern
hemisphere in 2010 the global helicity fields in the ABL were investigated.

This study was supported by the Russian Science Foundation (projects Nel14-17-00124,
Ne14-17-00806).

NONLINEAR REGIMES OF PLASMA CYCLOTRON MASER IN
NONEQUILIBRIUM PLASMA

Viktorov M.E., Golubev S.V., Gospodchikov E.D., Mansfeld D.A., Shalashov A.G.
mikhail.viktorov(@appl.sci-nnov.ru
Institute of Applied Physics RAS, Nizhny Novgorod

The results of a study of electromagnetic waves generation as result of the cyclotron
instability development in the plasma, created and sustained by powerful gyrotron radiation in
an open axially symmetric magnetic trap under electron cyclotron resonance condition (ECR
discharge) are presented. The dynamic spectrum of electromagnetic radiation of
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nonequilibrium plasma was studied in a wide range of frequencies with the use of modern
experimental technics. Five different regimes of plasma cyclotron maser operation have been
found at various stages of a discharge. We analyzed the quasi-linear stage of cyclotron
instability development for different physical conditions implemented in the experiment. It is
shown that instability regimes at various stages of a discharge can be described on the basis of
the two-level maser equations. The report also discusses the relationship between dynamic
regimes of the cyclotron instability observed in the laboratory plasma with similar events
taking place in the inner magnetosphere of the Earth.

CONSTRUCTION OF MULTIDIMENSIONAL NONLINEAR DYNAMICAL MODES
OF SPACE-DISTRIBUTED SYSTEMS

Gavrilov A., Mukhin D., Loskutov E., Feigin A.
gavrilov@ipfran.ru
Institute of Applied Physics RAS, Nizhny Novgorod

Empirical modeling approaches to investigation of complex systems require efficient
methods of phase variables construction taking into account dynamical properties of the
system. Recent study shows that nonlinear dynamical mode (NDM) expansion is able to solve
this problem in climate data analysis [1].

A single NDM is logical extension of linear spatio-temporal structure: it is constructed
as nonlinear transformation of hidden scalar signal to the space of observed variables. Both
the hidden time series and the parameters of the transformation are learned simultaneously
using Bayesian approach with dynamical prior requirement.

In this work the next step is made: hidden signal is assumed to be vector instead of
scalar. Dimension of the hidden signal is optimized. The efficiency of the method is
demonstrated on simple model examples and results of application to climate data are
discussed.

The study is supported by Government of Russian Federation (agreement
#14.7250.31.0033 with the Institute of Applied Physics of RAS).

1. Mukhin, D., Gavrilov, A., Feigin, A., Loskutov, E., & Kurths, J. (2015). Principal
nonlinear dynamical modes of climate variability. Scientific Reports, 5, 15510.
http://doi.org/10.1038/srep15510

PECULIARITIES OF MAGNETIC FIELD GENERATION IN COLLISIONLESS
SHOCK WAVES IN ASTROPHYSICAL PLASMA

Garasev M. A., Derishev E.V.
garasyov(@gmail.com
Institute of Applied Physics RAS, Nizhny Novgorod

We present the results of numerical modeling of Weibel instability in the region
upstream of the shock wave obtained with the use of PIC-code. We find out the dependence
of the magnitudes and the spatial scales of the magnetic field in saturation on the thickness of
the shock wave. Also, we have investigated how the rate of decay of the magnetic field
depends on the parameters of shock wave. The application of obtained results to the
relativistic shock waves arising during the afterglow of gamma-ray bursts is discussed.
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NONLINEAR DYNAMICS OF THE FREE SURFACE OF DIELECTRIC LIQUID
IN AN OBLIQUE ELECTRIC FIELD

Gashkov M.A., Zubarev N.M., Kochurin E.A.
gashkov(@iep.uran.ru
Institute of Electrophysics, UB RAS, Yekaterinburg, Russia

The nonlinear dynamics of the free surface of an ideal dielectric liquid that is exposed to
an external oblique electric field has been studied theoretically. In the framework of the
Hamiltonian formalism, a system of nonlinear integro-differential equations has been derived
that describes the dynamics of nonlinear waves in the small-angle approximation. It is
established that for a liquid with high dielectric permittivity, these equations have a solution
in the form of plane waves of arbitrary shape that propagate without distortion in the direction
of the horizontal component of the external field.

THE ROLE OF SUPERREGULAR BREATHERS IN THE DEVELOPMENT
OF MODULATION INSTABILITY

Gelash A.A.
agelash@gmail.com
Novosibirsk State University, Novosibirsk, Russia

We discuss the recent progress in the theory of modulation instability in the frame of
integrable nonlinear Schrodinger equation. We present our recent results of experimental
observation of superregular breathers in hydrodynamics and optics experiments [1]. Also we
discuss the role of superregular breathers in general scenario of modulation instability and
present new results of many-soliton dynamics and new scenario of rogue waves formation
from superregular breathers.

This work was supported by the Russian Science Foundation (Grant "Wave turbulence:
theory, numerical simulation, experiment" No 14-22-00174).

[1] B. Kibler, A. Chabchoub, A. Gelash, N. Akhmediev and V.E. Zakharov. Superregular
Breathers in Optics and Hydrodynamics: Omnipresent Modulation Instability beyond Simple
Periodicity, Physical Review X, 5(4), 041026, 2015.

BEAM LOADING OF A BUBBLE IN A DEEP PLASMA CHANNEL

Golovanov A.A.l’z, Kostyukov I.Yu.l’z, Thomas J .3, Pukhov A.M.>*
agolovanov@appl.sci-nnov.ru
'Institute of Applied Physics RAS, Nizhny Novgorod, Russia
*Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia
*Heinrich-Heine Universitit Diisseldorf, Diisseldorf, Deutschland

We develop an analytical model for beam loading in a bubble generated by a short laser
pulse or a relativistic electron bunch in radially inhomogeneous plasma. The influence of a
flat-top accelerated electron bunch on the bubble shape is described. The conversion
efficiency from the fields of the bubble to the electrons is calculated and the optimal values of
bunch charge and its position relative to the bubble that result in the efficiency of nearly
100% are derived. The bunch profile needed to produce a homogeneous accelerating field is
also calculated. Our results are applied to deep plasma channels with various radial density
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profiles, namely a profile with the power-law dependence on the radial coordinate and a step-
like profile for a hollow channel. The model predictions are verified by 3D particle-in-cell
simulations and are in good correspondence with them.

VORTEX-SOLITON FORMATION IN SWIRLING FLOW UNDER THE
INFLUENCE OF AN ACOUSTIC FIELD

Gorbunova A.O., Zavershinskii I.P.
anastasiia.gorbunova@s-5.ru
Samara State Aerospace University

This work presents a mechanism of soliton structure formation of discharge in swirling
flow. The experiment showed, that discharge at pulse modulation frequency close to the
eigenfrequency of acoustic resonator led to the excitation of standing acoustic wave. In this
case the discharge took the form of a plasma filament with a large single loop traveling in the
main flow direction. Such formation of spiral structures is caused by a parametric
amplification of bending modes with azimuthal wavenumbers m=+1, m=-1 due to the
resonant three-wave interaction between the main acoustic mode and these two bending
modes. By means of perturbation analysis it was shown, that in disturbed flow with such kind
of resonance the deformed vortex line can turn into a helix, bounded by an envelope. The
change in helix parameters, determined by the amplitude of acoustic field and the width of
disturbance wave, lead to the transition of the helix to the filament with a single loop. The
loop form of vortex-soliton and the way of its variation with parameters can be related to the
Hashimoto soliton. The dependency of the soliton form and its estimated size are in good
coincidence with experimental data.

FREQUENCY SELECTIVE MULTIMODE COUPLER BASED ON LATERALLY
COUPLED MULTIFERROIC WAVEGUIDES

Grachev A.A., Sadovnikov A.V., Beginin E.N., Sheshukova S.E., Sharaevskii Yu.P.
stigl 33@gmail.com
Saratov State University

Modern progress in the investigation of the multilayered structures composed of ferrite
and ferroelectric materials (multiferroics) lead to miniaturize passive microwave components .
A number of linear and nonlinear devices (microwave phase shifters, filters, delay lines and
resonators) can be fabricated using the multiferroic structures. The characteristics of such
devices can be tuned using both the static magnetic and electric fields over a wide frequency
range.

In this work we report the experimental and numerical investigations of spin-
electromagnetic waves propagating in finite-width multiferroic waveguide. Numerical
simulation was provided by the developped finite-element method (FEM) of electromagnetic
eigenspectrum calculation. Experimental study of eigenmodes of laterally confined
multiferroic was performed by using space-resolved Brillouin light scattering (BLS)
spectroscopy. We show that the spatial distribution of magnetization of the width-modes in
laterally confined multiferroic structure changes due to the electrodynamic coupling between
the spin waves (SW) localized mainly in the finite-width ferrite layer and the electromagnetic
waves propagating in the ferroelectric layer. The transformation of eigenmodes spatial
distribution was demonstrated with the modes decomposition analysis. In particular,
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transformation of spatial distribution of third width-mode leads to the localization of SW
intensity in the center of finite-width waveguide.

MODEL OF ELECTRIC DYNAMO IN BOUNDARY LAYER
Dementyeva S.O.

svetadem91@mail.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

The theory of large-scale turbulent electric dynamo describing the conversion of kinetic
energy into electric energy in a weakly conducting turbulent medium containing different
types of particles is considered. We have found that in the case of the inductive mechanism
the large-scale dynamo occurs with exponential growth of the electric field strength if the
medium conductivity is low, while the electrification processes determined by the turbulence
intensity and particle sizes are sufficiently strong. For the non-inductive mechanism we have
found the conditions for the linear growth of electric field strength, this growth being caused
by the additional term in the charging current equation, which is due to the intense charge
fluctuations. One of the main ideas of this research is considering of the large-scale turbulent
electric dynamo theory in a turbulent boundary layer. The result is development of the model,
which demonstrates the conditions of the large-scale electric field generation and its
peculiarities with different charge separation mechanisms.

THE PROCESS OF MASS TRANSFER BY AN ELECTRIC FIELD
IN THE CASE OF QUASILINEAR EQUATIONS OF ELLIPTIC TYPE

Dolgikh T.F., Zhukov M.Yu., Shiryeva E.V.
dolgikh@sfedu.ru
Sothern Federal University

For systems of two quasilinear equations of elliptic type the numerically-analytical
method is proposed. This method allows to transform the problem for equations in PDE’s to
the the Cauchy problem for ODE’s. We use a variant of the hodograph method which allows
to obtain the analytical solution in implicit form. To transform the solution to an explicit form
by we use integration of the Cauchy problem for ODE’s for level lines of implicit solution.
The method allows us to construct a multivalued solution. For example we solve the zonal
electrophoresis equations with spatially periodic initial data. It is shown that the solution of
the problem corresponds to the stationary cnoidal waves. The amplitude of these waves grows
in time.

SUPERLUMINAL GENERATOR MICROWAVE PULSES GENERATION
AND DETECTION

Dolmatov T.V., Garnov S.V., Brendel V.M., Bukin V.V.
timohodik@gmail.com

A M. Prokhorov General Physics Institute of the Russian Academy of Sciences
A FTL microwave pulse generator based on a parabolic vacuum photodiode configured

as a photocathode of Cul copper iodide and a mesh anode was realized. Photodiode was
charged by voltage pulses of amplitude up to 80 kV, and then discharged by ultrashort (less
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than 20 ps) optical pulse with a wavelength of 193 nm, uniformly distributed over the surface
of the photocathode by the mirror-diffuser. A layer of electrons emitted from the
photocathode was accelerated by anode potential and at the time of passage through the mesh
formed a dipole moving along the mesh with a velocity greater than the speed of light, thus
generating an ultra-wideband pulse of microwave radiation. The resulting microwave pulse
was registered via stripline antenna by an oscilloscope. The peak value of the electric field of
generated microwave pulses was 50 kV / m at a distance of 3 meters from the transmitter. The
width of the spectrum obtained in maximum of pulses at a level of 90% of the energy was 5
GHz (2 to 7 GHz) with a center frequency around 5 GHz. Also the spatial spectral distribution
of the generator radiation is shown.

REACTIVE NITROGEN SOURCE BASED ON ECR DISCHARGE SUSTAINED
BY GYROTRON RADIATION

Dubinov L.D.
Goshadub@gmail.com
Institute of Applied Physics of the Russian Academy of Sciences

A3B5 compounds have become very popular owing to their unique and promising
properties. The most challenging among these compounds is indium nitride. The only way to
grow InN is layer-by-layer deposition. This method needs a reactive nitrogen source. |
describe features of reactive nitrogen source based on ECR discharge plasma, sustained by
technological gyrotron radiation. Measurements of atomic nitrogen flux were conducted by
mass-spectrometric analysis of the products of the reaction with nitrogen monoxide. Electron
temperature and density was measured by Langmuir probe.

NUMERICAL MODELLING OF A VERTICAL TURBULENT JET
IMPINGING ON A THERMOCLINE

Ezhova E.V.
eezhova@mech.kth.se
Linné FLOW Centre and SeRC (Swedish e-Science Research Centre),
KTH Mechanics, Stockholm, Sweden

We study the behaviour of an axisymmetric vertical turbulent jet in an unconfined
stratified environment by means of well-resolved large eddy simulations. The stratification is
two uniform layers separated by a thermocline. We consider two cases: when the thermocline
thickness is small and of the order of the jet diameter at the thermocline entrance.

The Froude number of the jet at the thermocline varies from 0.6 to 1.9 corresponding to the
class of weak fountains. We quantify mean jet penetration, stratified turbulent entrainment, jet
oscillations and the generation of internal waves. The mean jet penetration is predicted well
by a simple model based on the conservation of the source energy in the thermocline. The
entrainment flux for the thin thermocline is consistent with the theoretical model for a two-
layer stratification with a sharp interface, while for the thick thermocline entrainment is larger
at low Froude numbers. We report the presence of a secondary horizontal flow in the upper
part of the thick thermocline, resulting in the entrainment of fluid from the thermocline rather
than from the upper stratification layer.

The spectra of the jet oscillations in the thermocline display two peaks, at the same
frequencies for both stratifications at fixed Froude number. For the thick thermocline, internal
waves are generated only at the lower frequency, since the higher peak exceeds the maximal
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buoyancy frequency. For the thin thermocline, conversely, the spectra of the internal waves
show the two peaks at low Froude numbers, whereas only one peak at the lower frequency is
observed at higher Froude numbers.

HIGH-ORDER HARMONIC GENERETION IN GASES DRIVEN BY MID-IR LASER
SOURCES: THE EFFECT OF MAGNETIC FIELD OF THE PULSE ON THE SHAPE
OF HARMONIC SPECTRUM

Emelina A.S., Emelin M.Yu., Ryabikin M.Yu.
emelin@ufp.appl.sci-nnov.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

Recently created mid-IR laser sources open up new possibilities for high harmonics
generation. With increasing laser wavelength, it is possible to expand the plateau in the
spectrum of generated harmonics to keV region and to construct X-ray waveforms with the
duration of 1 as and even shorter.

However, with increasing laser wavelength, the role of nondipole effects grows. The
magnetic component of the Lorentz force is known to lead to the deflection of the electron
trajectory from the straight path. As a result, it reduces the probability of electron
recombination with the parent ion, thereby reducing the efficiency of optical frequency
conversion into the X-ray range. With increasing laser wavelength, the above-mentioned
effect increases due to the increase of both the electron velocity and the time interval of its
free motion. That is why the nondipole effects are typically crucial for high harmonic
generation driven by mid-IR laser sources.

In this contribution it is shown that the magnetic field of mid-IR laser pulse affects the
shape of the spectrum of generated radiation. It is also demonstrated that the electron
magnetic drift does not play a negative role only; in some cases it has a positive effect.

HIGH HARMONICS GENERATION IN GASES WITH TWO-COLOR CROSSED
LASER FIELDS

Emelina A.S.l, Emelin M.Yu.l, Strelkov V.V.?
ana_b(@rambler.ru
'Institute of Applied Physics of RAS, Nizhny Novgorod
*Federal State Budgetary Institution of Science A. M. Prokhorov General Physics Institute of
the Russian Academy of Sciences

Laser sources of mid-IR radiation open up new perspectives for the creation of compact
sources of coherent X-ray radiation with photon energies of the order of several keV through
the high harmonics generation (HHG) in gases. However, there are several factors that lead to
a significant decrease in the efficiency of HHG with increasing laser wavelength. Thus,
increasing the efficiency of the HHG with the mid-IR sources is an actual problem.

In this contribution it is shown that the efficiency of HHG can be significantly increased
in case of two-color laser fields with crossed configuration. Our theoretical studies clarify the
origin of the HHG enhancement in this configuration. In the two-color case the total field
maximum is shifted so that all electrons detached near the field maximum return with high
energies. Moreover, hence deflected in the orthogonal direction by the second field, the
returning electronic wave-packets are large enough to recombine almost as efficient, as in the
single-color case.
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MODELLING OF KURAMOTO ENSEMBLE WITH ACTIVE WIRELESS
NETWORKS

Dmitriev A.S., Yemelyanov R.Yu., Chibisov V.V.
chaos@cplire.ru
Kotel’nikov Institute of Radio-engineering and Electronics of RAS
Moscow Institute of Physics and Technology

The paper deals with a new multi-element processor platform for modelling the
behaviour of interacting dynamical systems, i.e., active wireless network. Each dynamical
system in the modelling process is associated with a node of an active network. Interaction
between the dynamical systems is achieved by transmitting the state of the modelled
dynamical system via radio channels between network nodes. Kuramoto model of coupled
phase oscellators was chosen to demonstrate the capabilities of an active network by
implementing various dynamical regimes of the model.

TRANSITIONS BETWEEN METASTABLE STATES IN ENSEMBLES OF
BISTABLE NEURONS IN THE PRESENCE OF NOISE

Esir P.M., Simonov A. Yu., Gordleeva S.Yu.
esirpavel@gmail.com
Lobachevsky State University of Nizhny Novgorod

In this work dynamics of ensembles of coupled bistable Hodgkin-Huxley neurons was
studied in the presence of noise and coupling delay. The neurons were distributed in a volume
and had delays proportional to distance between them. We found, that durations of staying in
the different stable states for big time scales have exponential statistics, while for small times
scales the statistics obey power law function. When the noise was switched off the system
switched to a stable state in which partially synchronization between set of neurons can be
observed.

QED CASCADES AND ¢ ¢" PLASMA DYNAMICS IN A MULTYPETAWATT
CONVERGING E-DIPOLE LASER WAVE

Efimenko E.S., Bashinov A.V., Gonoskov A.A., Muraviev A.A., Kim A.V., Sergeev A.M.
evgeny.efimenko@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

To obtain extreme laser fields, the XCELS project proposes focusing 12 multipetawatt
beams that can be modeled by a converging E-dipole wave. It is known that QED cascades
initiated in the high field region may strongly influence electromagnetic field structures, thus
limiting attainable laser intensities. In this work we discuss two regimes of QED cascades and
pair plasma dynamics in the converging E-dipole wave. Firstly, we analyse the linear stage,
when QED cascades develop in the given field structure, which is realised when the back
reaction of the produced pair plasmas can be neglected. Secondly, by using supercomputer
modeling we study in details plasma-field structures generated during the interaction of a
converging E-dipole wave with a target, particularly their evolution at the transient stage
towards the quasistationary regime.
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INVESTIGATION OF NONLINEAR MAGNETOACOUSTIC WAVE EVOLUTION
IN HEAT-RELEASING PLASMA

Zavershinskiy D.I.'%, Molevich N.E."?, Ryashchikov D.S.'?
dimanzav(@mail.ru
'Samara State Aerospace University
*Lebedev Physical Institute

The nonlinear wave dynamics in the active plasma with temperature and density
dependent non-adiabatic processes is under investigation. Analysis is conducted by the use of
modified full system of magnetohydrodynamic equations in the Cartesian coordinate system
in order to take into account non-adiabatic process. It is considered that waves propagate
along z-axis and magnetic field lies in x-z-plane at an arbitrary angle to z-axis. The dissipation
caused by the thermal conduction and finite electrical conduction is taken into account.

We obtain the nonlinear equation using the perturbation theory up to the second order of
smallness values. The main feature of the obtained equation is the opportunity to describe the
full spectrum of perturbations. Moreover, this equation can describe some stationary
nonlinear structures which cannot exist in the equilibrium medium. The form, parameters and
realization conditions of these structures are derived analytically. The most interesting
solution has the form of shock autowave (self-sustained) pulse. Weak shock waves with
amplitude below the threshold value disintegrate on the sequence of magnetoacoustic
autowave pulses. The wave dynamics is investigated by the numerical modelling of obtained
nonlinear equation and full system of magnetohydrodynamic equations. The form restoration
of autowave pulse after interaction is shown numerically.

NUMERICAL SIMULATION OF WHISTLER WAVES' PROPOGATION
THROUGH PLASMA AREA WITH SMALL-SCALE DENSITY INHOMOGENITIES

Zudin 1.Y., Aidakina N.A., Gushchin M.E., Korobkov S.V.
zudiniy@appl.sci-nnov.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

This report devoted to investigation of whistler waves’ propagation through area of
magnetized plasma with small-scale density irregularities extending along external magnetic
field. Numerical study shows that area with irregularities is a waveguide for whistler waves.
Like large-scale density ducts area with small scale density depletions can carry cone
refraction waves. Inhomogenities with increased density can carry longitudinal whistlers.

GENERATION OF HIGH PEAK POWER LASER PULSES
WITH 1.25 pm CENTRAL WAVELENGTH

Zuev A.S., Yakovlev I.V., Stepanov A.N., Shaykin A.A.
Alan.zuev@yandex.ru
Institute of Applied Physics RAS, Nizhny Novgorod.

In the course of amplification of signal radiation, idle pulses with central wavelength of
1.25 um are generated in the last parametric stage of the laser system PEARL. Possible
modifications of the system that allow compensating angular chirps of these pulses and
compressing them to femtosecond duration are considered. The obtained short pulses may be
used to generate high peak power terahertz radiation that has a number of promising
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applications, such as spectroscopy of substances, study of the interaction of terahertz radiation
with matter, and others.

MODELING OF THE DYNAMICS OF A DISPLACEMENT FRONT IN A POROUS
MEDIUM UNDER VIBRATIONS USING BUCKLEY-LEVERETT MODEL

Ivantsov A.O., Lyubimova T.P.
alvantsov(@icmm.ru
Institute of continuous media mechanics UB RAS

The modeling of the dynamics of displacement front and isolated liquid inclusion in a
porous medium saturated with another liquid, under the influence of vibrations is carried out
using Buckley-Leverett model. The functions of phase saturation are introduced for
description of the multi-phase medium dynamics. The filtration process is described
according to Darcy's law and the laws of mass conservation for each phase. It is assumed that
the value of flow velocity in a pore for certain phase is linearly dependent on the saturation
function of this phase. We obtained the data on front evolution in gravity for different ratios
of fluids viscosity and density and found the parameters of vibrations that suppressed the
instability at the forefront of the isolated inclusion in porous medium.

The work was supported by RSF (project Ne 14-21-00090).

ABOUT METHODS OF REMOTE DETECTION OF DISCRETE
INHOMOGENITIES ON THE OCEAN FLOOR

Ivashchenko E.N.
en.ivashchenko@gmail.com
N. L. Lobachevsky State University of Nizhny Novgorod

The article studies the dependence of the average backscatter acoustic intensity on the
discrete scatterer average size and the variance of the scatterer size distribution. Author also
consider the influence of correlation in the mutual arrangement of particles and the
inhomogeneity size distribution on the interference component of the average backscatter
intensity which arises when taking into account the reflection from the bottom surface where
the scatterers are located.

NONLINEAR REGIME OF OPERATION ON POWER CONCENTRATOR BASED
ON IRREGULAR FERRITE WAVEGUIDE WITH LINEARLY CHANGED WIDTH

Igangaliev A.N., Sadovnikov A.V., Beginin E.N., Sharaevskii Yu.P., Nikitov S.A.
igangaliev@mail.ru
Saratov State University

Using the space-resolved Brillouin light scattering spectroscopy we study the linear and
nonlinear regime of operation on power concentrator based on irregular ferrite waveguide
with linearly changed width. We demonstrate the focusing of spin-wave in the tapered
magnonic waveguide, formed from the yittrium iron garnet film. We show the control over
spin-wave propagation characteristics by the variation of the value of bias magnetic field.
Fabricated tapered magnonic waveguide can be used as a magnonic concentrator for signal
processing applications.
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COHERENT ELECTRO-OPTIC SAMPLING OF TERAHERTZ WAVES BY
FEMTOSECOND LASER PULSES WITH NON-GAUSSIAN SPECTRUM

[lyakov E.!, Kitaeva G.Kh.%, Shishkin B.V.!, Akhmedzhanov R.A."
igor_ilyakov@mail.ru
'Institute of Applied Physics RAS, Nizhny Novgorod
*M.V. Lomonosov Moscow State University, Faculty of Physics, Moscow

Electro-optic (EO) crystals are widely used for terahertz time-domain spectroscopy
(THz-TDS) based on Pockels effect. Under this effect terahertz wave radiation (TWR)
influence a polarization of femtosecond laser pulses that is used for terahertz waveform
measurements. However, TWR in EO crystal can also influence energy and spectrum of the
laser pulses. In the report, we present our recent theoretical and experimental study of new
THz-TDS schemes based on the changes of the laser pulse spectrum. It is shown that under
TWR impact in EO crystal energy and phase changes of the spectral components of the laser
pulse differ at different frequencies and depend from the spectrum shape of the initial laser
pulse. The use of the femtosecond pulse with special spectrum shape gives an ability to
increase significantly their relative changes at certain optical frequencies and to improve the
sensitivity of the coherent measurements of TWR.

CHAOTIC DYNAMICS AND REVERSE IN NONHOLONOMIC SUSLOV TOP
MODEL IN A GRAVITATIONAL FIELD

Kazakov A.O.
kazakovdz@yandex.ru
National Research University Higher School of Economics, Nizhny Novgorod

In this talk, we present some results on chaotic dynamics in the Suslov problem which
describe the motion of a heavy rigid body with a fixed point, subject to a nonholonomic
constraint, which is expressed by the condition that the projection of angular velocity onto the
body-fixed axis is equal to zero. Depending on the system parameters, we find cases of
regular (in particular, integrable) behavior and detect various attracting sets (including strange
attractors) that are typical of dissipative systems. We construct a chart of regimes with regions
characterizing chaotic and regular regimes depending on the degree of conservativeness. We
examine in detail the effect of reversal, which was observed previously in the motion of
rattlebacks.

THE AXISYMMENTRIC OSCILLATIONS OF A CYLINDRICAL BUBBLE WITH DYNAMICS OF A
CONCTACT LINE

Alabuzhev A.A."?, Kaysina M.1.2

alabuzhev@icmm.ru
'Institute of Continuous Media Mechanics UB RAS (Perm, Russia)
Perm State University (Perm, Russia)

We consider the eigen and forced axisymmetric oscillations of a cylindrical gas bubble
surrounded by an incompressible fluid with free deformable interface. The bubble has a
cylindrical shape in equilibrium and is bounded axially by two parallel solid surfaces.
Dynamics of contact line is taken into account by an effective boundary condition: velocity of
the contact line is assumed to be proportional to deviation of the contact angle from the
equilibrium value. The equilibrium contact angle is right. Depending on the eigen frequency
and damping rates of the parameters of the problem are investigated. It has been found that
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for the main even mode of eigen oscillations (which describes the radial compression of the
bubble) the frequency of eigen oscillations can vanish in some interval of Hocking parameter.
The length of this interval increases with increasing ratio of the equilibrium bubble radius to
the height. The existence of «anti-resonance» frequencies is demonstrated, i.e. there are the
values of external frequencies when the bubble interface does not deviate from the
equilibrium value.

NONLINEAR EVOLUTION OF SYNCHRONOUS PERTURBATIONS
IN ELECTROCONVECTIVE SYSTEMS

Kartavykh N.N.
kartavykh@psu.ru
Perm State University

The nonlinear dynamics of a poorly conducting fluid in a horizontal capacitor under
harmonic external electric field is investigated using the generalized Lorentz low mode model.
The electroconductive mechanism of instability associated with the dependence of the
electrical conductivity on temperature is considered. The finite relaxation time of the charge is
taken into account. Numerical simulation is carried out for the parameters of such poorly
conducting fluids as the capacitor and transformer oils.

The nonlinear evolution of synchronous perturbations is studied. The spectral
composition of the response of the dynamic system is found using a fast Fourier transform.
Mode properties is analyzed using obtained data on evolution of flow function, temperature
and charge fields. The map of modes of electroconvection in the poorly conducting fluid
under an alternating harmonic electric field is built. It is shown that subharmonic response is
absent at the boundary of the instability region.

NEW COMPACT EQUATION FOR SIMULATION OF SURFACE GRAVITY WAVES
IN EXPERIMENTAL CONDITIONS

Kachulin D.I.
d.kachulin@gmail.com
Novosibirsk State University

Considering surface gravity waves which propagate in same direction we applied
canonical transformation to a water wave equation and drastically simplify the Hamiltonian.
After this transformation, corresponding equation of motion is written in x-space in a compact
form. This new equation is suitable for analytical studies and numerical simulations. We
observed the freak wave formation in numerical simulations of sea surface waving in the
framework of new equation.

THE FORCED OSCILLATIONS OF “SANDWICH” DROP UNDER
THE INFLUENCE OF A NONUNIFORM ALTERNATING ELECTRIC FIELD

Alabuzhev A.A."?, Kashina M.A.?
ya.kashina-marina@yandex.ru
nstitute of Continuous Media Mechanics UB RAS (Perm, Russia)
*Perm State University (Perm, Russia)
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The forced oscillations of “sandwich” fluid drop under the alternating non-uniform
electric field are considered. In equilibrium, the drop has the form of a circle cylinder
bounded axially parallel solid planes. The equilibrium contact angle between the lateral
surface of drop and the solid plane is right. The drop is surrounded by an incompressible fluid
with another density. The external electric field acts as an external force that causes motion of
the contact line. The dynamics of contact line describes by the modified Hocking boundary
condition: the contact line velocity is proportional to the speed of the fast relaxation processes
and the deviation of the contact angle, which frequency is proportional to twice the frequency
of the electric field. It is shown that under weak nonuniform electric field the translational
mode is excited. In the case of strong nonuniform electric field the some azimuthal modes are
excited.

SAW-TOOTH ACOUSTIC WAYVES IN MEDIA
WITH A SATURATION OF HYSTERETIC LOSSES

Kiyashko S.B., Nazarov V.E.
sergei-kiyashko@mail.ru
Institute of Applied Physics RAS, Nizhny Novgorod

On the basis of experimental data of the study of amplitude-dependent internal friction
phenomena in polycrystalline solids the inelastic hysteretic state equation with a saturation of
nonlinear losses is proposed. Theoretical analysis of the periodical saw-tooth acoustic waves
propagation in such media is carried out. Analytical exact solution for nonlinear equation
describing the evolution and propagation of these waves has been obtained. The regularities
(amplitude dependent losses and changes in the propagation velocity) are determined for the
characteristics of nonlinear wave and its higher harmonic amplitudes. The graphical analysis
of form of the wave and evolution of its spectral components is carried out.

MODELING OF THE IMMOBILIZATION PROCESS
BY THE RANDOM WALKS METHOD

Klimenko L.S., Maryshev B.S.
lyudmilaklimenko@gmail.com, bmaryshev(@mail.ru
Institute of continuous media mechanics UB RAS, Perm state university

The work is dedicated to the development of a macroscopic model describing the
blockage dynamics and aggregate structure in microchannel for arbitrary values of the initial
impurity concentration. The main and most common cause of clogged filters is the sorption of
impurity particles by microchannel walls or adsorption. We investigated the drift of solid
particles in the microchannel filled by viscous liquid. The fluid motion inside the
microchannel is generated by the constant pressure drop between the inlet and the outlet. At
the beginning inside the channel the Poiseuille flow occurred. The initial particles location at
the channel inlet was specified randomly in time and space. The modeling of particles
interaction with the liquid flow was made using the Stokes approximation. In addition, the
model takes into account the random collisions induced by diffusion. The problem is solved
numerically using the random walk model. As a result the evolution of the liquid flow during
blockage dynamics was obtained. The estimation of the time for channel blockage was made.

MULTISTABLE JITTERING IN OSCILLATORS
WITH PULSE DELAYED FEEDBACK
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Klinshov V.V.
vladimir.klinshov@jipfran.ru
Institute of Applied Physics RAS, Nizhny Novgorod

The dynamics of an oscillator with pulse delayed feedback are studied. When the output
of the oscillator exceeds the threshold a pulse is sent to the delay line which arrives to the
input of the oscillator after some delay. The base regime of the system is periodic emission of
pulses with a period close to the native one of the oscillator. A new mechanism of
destabilization of this regular regime is discovered accompanied with the emergence of
complex irregular oscillations. The emergent regimes are characterized by non-equal inter-
spike intervals, which led us to call them “jittering” regimes. Stable jittering regimes were
observed consisting of short and long inter-spike intervals which constitute a periodical binary
sequence. Theoretically and experimentally is shown that for each periodical binary sequence
there exists a parameter domain where the corresponding jittering regime is stable. The
developed theory allows to find these areas, and the experimental results for electronic
analog-digital circuits corroborate the theoretical predictions. High multistability of the
jittering regimes is demonstrated, the number of the coexisting regimes grows exponentially
with the delay. This feature led us to adopt the name “multi-jitter bifurcation” for the
discovered scenario. The obtained results are applicable for oscillators of an arbitrary nature
and provide an easy criterion to predict the emergence of the multi-jitter instability.

1. Klishov, V. et al // Physical Review Letters. 2015. 114(17). P. 178103.
2. Klishov, V. et al // Physical Review E. 2015. 92(4). P. 042914.

LASER ION ACCELERATION AS A UNIQUE TOOL FOR HIGH ENERGY
DENSITY PHYSICS

Korzhimanov A.V.
kav(@ufp.appl.sci-nnov.ru
Institute of Applied Physics RAS, Nizhny Novgorod

It is shown that current high power lasers are able to generate ion bunches capable to
rapidly heat solid matter to the temperatures as high as hundreds electron-volts. These
temperatures are unattainable by convenient ion sources neither existed nor planned to be
built in near future. A self-consistent model of ion stopping in matter in case of ultra-high
bunch current densities is proposed. The model accounts for elementary acts of ionization and
ion-electron scattering as well as for collective dynamics due to interaction with plasma
produced by the bunch itself.
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EFFICIENCY OF GRANGER CAUSALITY METHOD WHEN USING
POLYNOMIAL AND LOCAL LINEAR APPROXIMATING FUNCTIONS

Kornilov M.V., Sysoev L.V.
kornilovmv(@gmail.com
Saratov State University, 83 Astrakhanskaya str., Saratov
Saratov Branch of Kotel’nikov Institute of Radioengineering and Electronics of Russian
Academy of Sciences, 38, Zelyonaya street

In this paper the efficiency of Granger causality method, applied for task of
identification of unidirectional coupling, is investigated on etalon dynamical models using
two different types of approximating functions: polynomials and local linear functions.

NEW METHOD OF SINGLE-MODE GENERATION CONTROL IN THE
Q-SWITCH LASERS

Korobeynikova A., Burdonov K., Shaykin A., Khazanov E.
nastya.k2594@gmail.com
Institute of Applied Physics RAS, Nizhny Novgorod

Frequency pulsed solid-state laser generator with a Q-switch is one of the elements of
the subpetawatt laser complex PEARL, which is based on the parametrical chirped-pulse
amplification (OPCPA).The generator is used for parametrical amplifier pumping.

One of the requirements is a single-mode generation. The instability of the cavity
optical length leads to parasitic generation of the nearby longitudinal mode. In the case of
simultaneous generation of two laser pulses at similar frequencies interference occurs, leading
to the pulse time profile modulation and increasing of the peak intensity several times. This
regime of generation may become the cause of destruction of the optical elements of the laser.
Consequently, an important task is to suppress the two-frequency generation. In this work, we
propose a new method for diagnostic and suppression of two-mode generation.

NUMERICAL SIMULATION OF DEVELOPMENT OF BURSIAN INSTABUILLITY
IN RELATIVISTIC ELECTRON FLOW IN EXTERNAL MAGNETIC FIELD WITH
THE HELP OF CST PARTICLE STUDIO

Koronovskii A.A., Badarin A.A., Kurkin S.A., Hramov A.E.
alexander.koronovskiy@gmail.com
Saratov State University
Saratov State Technical University

In this paper we investigate the interaction of bursian and diokotron instabilities. The
interaction of these instabilities leads to an appearance of virtual cathode with complex
structure and several areas of reflection (electron clusters) in azimuthal direction, which rotate
around the drift space axis and form a vortex structure in the span space. The control
parameters of system (current beam, induction of external magnetic field) determine the
number of electron clusters, which rotate in azimuthal direction of electron clusters in
relativistic electron beam, with the number of electron clusters increasing with the growth of
the value of current beam.

This work has been supported by the Russian Science Foundation (Grant No. 14-12-
00222).
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SEQUENTIAL AND CHAOTIC DYNAMICS IN THE MOTIF OF EXCITATORY
COUPLED ELEMENTS

Korotkov A.G.
koral81@bk.ru
Lobachevsky State University of Nizhni Novgorod

In this work a new model of motif (small ensemble) of neuron-like elements is
proposed. It is built with the use of the generalized Lotka—Volterra model with excitatory
couplings. The main motivation for this work comes from the problems of neuroscience
where excitatory couplings are proved to be the predominant type of interaction between
neurons of the brain. In this paper it is shown that there are two modes depending on the type
of coupling between the elements: the mode with a stable heteroclinic cycle and the mode
with a stable limit cycle. Our second goal is to examine the chaotic dynamics of the
generalized three-dimensional Lotka—Volterra model.

STABILITY ANALYSIS OF RICH HYDROGEN-AIR LAMINAR FLAMES IN A
MODEL WITH DETAILED KINETIC MECHANISM

Korsakova A.I.l’z, Gubernov V.V.!
korsakova@lpi.ru
'P.N. Lebedev Physical Institute of Russian Academy of Sciences,
*National Research Nuclear University MEPhI

The diffusive-thermal stability of combustion waves in rich hydrogen-air mixtures is
investigated in a model with detailed kinetic mechanism and detailed transport in an isobaric
approach. The mathematical problem is a system of nonlinear partial differential equations for
temperature and mass species that is solved numerically with finite-difference method. While
pressure is increased the Andronov-Hopf bifurcation occurs. In a parameter space Hopf
frequency and critical pressure is found. Different kinetic mechanisms of hydrogen oxidation
are used, it is demonstrated that stability boundary differs significantly depending on
mechanism choice.

The sensitivity of that parameters on mechanism choice shows that finding of these
parameters experimentally offers a new way for the verification of kinetic mechanisms. It is
demonstrated that Andronov-Hopf bifurcation is supercritical and as a result of that
bifurcation pulsating combustion waves occur. The properties of given solutions are
investigated, it is shown that pulsating combustion waves are propagating averagely with a
constant velocity but reagents mass species profiles is a periodic function of the time.
Temperature oscillations amplitude depends on supercritical parameter as a root law. As well
the cross-diffusion influence on the onset of diffusional-thermal instability is investigated.

COMPRESSION OF HIGH-POWER FEMTOSECOND LASER PULSES
AFTER SPM IN PLASTIC (POLYETHELYNE TERAPHTHALATE)

Kochetkov A.A., Ginzburg V.N., Zuev A.S.
antkoch2012@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

High-power femtosecond laser pulses can be compressed after SPM. Industrially-
produced materialplastic (polyethylene terephthalate) can be use as non-linear medium for
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this method. It has shown good linear and non-linear qualities. We have measured dispersion
coefficient and found optimal phase correction for the system PEARL-10. Laser pulse
compression up to two times with one plate of plastic and six chirp mirror reflections has been
demonstrated.

SPONTANEOUS FORMATION OF SQUARE OPTICAL VORTEX LATTICE
IN THE BROAD-AREA LASER MODEL

Krents A.A.l’z, Anchikov D.A." , Pakhomov AV.12
krenz86mailu.ru
'Samara State Aerospace University
*Lebedev Physical Intitute, Russian Academy of Sciences

In this paper, we study the square optical vortex lattice (SVL) formation in a broad-area
single-mode homogeneously broadened two-level ring laser. The transversely extended two-
level laser system used for investigation is described by the Maxwell-Bloch equations, in
which transverse coupling through diffraction of the electric field in the cavity is included.
This model when spatially constrained is isomorphic to the Lorenz system, so it is referred to
as the Lorenz—Haken laser. We study the formation of SVL both analytically and numerically.
The nonlinear SVL solution is obtained analytically for arbitrary values of the pump
parameter. The split step Fourier method is used for numerical simulation of the Maxwell-
Bloch equations. The correctness of the analytically obtained SVL solution is demonstrated.
The SVL is stationary for the near threshold pump parameter. The SVL becomes unstable if
the pump parameter is increased. In this case, the motion of vortices around equilibrium
points is observed. The frequency of vortex vibrations is calculated. Also, we obtain the
necessary condition for the existence of SVL vibrations.

X-RAY LOOPS IN THE CORONA OF THE RED DWARF AD LEO
Kronshtadtov P.V.

KronshtadtovPavel@yandex.ru
Institute of Applied Physics RAS, Nizhny Novgorod

Possible origin of the long lasting soft X-ray flares on the AD Leo, observed by the
Extreme Ultraviolet Explorer (EUVE) spacecraft for the period of 1993-2000 [Mullan et al.,
2006], is investigated. These flares have the relatively large time of the intensity growth and
decay ( and , respectively), as well as the relatively big value of emission measure , which
exceeds in 1-3 orders of magnitude the emission measure of soft X-ray flares on the Sun.
This report is devoted to plasma heating due to the electric current dissipation in the coronal
magnetic loops of the star, induced by the photospheric convection. The large inductance of
the loop as an equivalent electric circuit determines the great time of the current increase in
the source and explains the observed time of plasma heating as well as the time of the X-ray
intensity growth. It is shown that the properties of the X-ray sources in the AD Leo
atmosphere can be understood under the assumption about simultaneous “work™ of a great
number of loops () with electric current , which exceeds the electric currents in the solar
coronal magnetic loops in 1-3 orders of magnitude. Such an excess can be associated with the
greater values of the photospheric convection velocity on the late-type stars compared with
the Sun.

This research was supported by RFBR grant Ne 14-02-00133.
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MODELS OF DISTRIBUTED SYSTEMS WITH ATTRACTOR OF SMALE-
WILLIAMS TYPE

Kruglov V.P.
kruglovyacheslav@gmail.com
Saratov State University,
The Institute of Radioengineering and Electronics of RAS, Saratov Branch

Three models of distributed systems with Smale-Williams attractor are introduced.
Models are described by partial differential equations with periodic boundary conditions. The
first system is autonomous and based on a modified Swift-Hohenberg equation. The second
system is modified non-autonomous Brusselator model. The third system is a string with
parametrically pumped standing waves. Finite-dimensional models were derived from
distributed systems that describe the most important spatial harmonics. The distributed and
reduced systems were studied numerically. Portraits of attractors in Poincaré cross-section
and iterational diagrams for phases were obtained. Lyapunov exponents were calculated.
Distributions of angles between stable and unstable manifolds of attractors for finite-
dimensional models were evaluated. Obtained results suggest the existence of attractor of
Smale-Williams type in the proposed systems.

INFLUENCE OF HIDDEN THIRD PROCESS ON QUANTITATIVE ESTIMATES OF
DIRECTIONAL COUPLINGS BETWEEN OSCILLATORS

Krylov S.N.l’z, Smirnov D.A.z, Bezruchko B.P.!”
krylov.sn@nxt.ru
'Saratov State University
*Saratov Branch of V.A. Kotelnikov Institute of Radio Engineering and Electronics RAS

Quantification of directional couplings between oscillating systems from time series is
important in a variety of applications including problems of geophysics and neurophysiology.
The normalized improved prognosis (PI) from “Granger causality” is often used and
considered as an estimation of the impact force. Nonzero PI in both directions is often
considered a sign of bidirectional link, although some false conclusions are possible, e.g. in
the case of a hidden third process. In such cases it's important to take into account a priori
information on the availability and the dynamics of such system.

We propose a practically useful approach to find out how the numerical values of PI in
wrong direction depends on the physical parameters of the systems observed and the hidden
one using fairly simple and broad class of oscillatory systems.

The effect of false couplings may be strong enough even with moderate cross-
correlation of the observed signals. The effect takes place in a certain range of values of the
third process impact force. It's width increases with the relaxation time of a hidden process.

Our results are useful as an indicator of the need to consider the influence of a hidden
third process in practical cases.

INVESTIGATION OF MECHANISMS OF LOCALIZED STATIONARY AND
OSCILLATING STRUCTURES FORMATION IN NONLINEAR DISSIPATIVE
SYSTEMS

Kuznetsov M.B., Polezhaev A.A.
kuznetsovmb@mail.ru
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P.N. Lebedev Physical Institute of the Russian Academy of Sciences

Spatio-temporal structures arising in systems, which are far from thermodynamic
equilibrium, are widely-spread in nature. The majority of the observed patterns occupy the
entire space of the system, while localized patters, stationary structures, oscillating ones — the
oscillons, and localized waves, are rather an exception. Localized structures are found in a
variety of physical systems as well as in the BZ-reaction taking place in the reversed water-in-
oil microemulsion of Aerosol OT [1].

We demonstrate that in the reaction-diffusion system close to the subcritical Turing
bifurcation the formation of localized stationary structures can take place due to strong rigid
local excitation. When the parameters approach bifurcation values the arising patterns are no
longer localized and in the course of time occupy the entire modelling region. Under the
variation of parameters different types of structures are observed — dotted aggregates, quasi-
one-dimensional labyrinthine structures, and various transitional regimes as well.

We suggest a new formal model description of oscillons formation through the
parametric influence of localized stationary structures arising in the first system on the second
system being in potentially oscillating state.

1. Vanag V. K., Epstein L. R. Phys. Rev. Lett. 2004. Vol. 92 (12). 128301.

COUPLINGS IN ENSEMBLES OF TIME-DELAY SYSTEMS FROM
EXPERIMENTAL DATA

Kulminskiy D.D.l’z, Sysoev I.V.z, Karavaev A.S.l’z, Ponomarenko V.I.l’z, Prokhorov M.D.!
kulminskydd@gmail.com
'Saratov Branch of Kotel’nikov Institute of Radio Engineering and Electronics of Russian
Academy of Sciences
*Saratov State University

We have proposed a method to recover the parameters of elements and architecture of
couplings in ensembles of coupled time-delay systems from their time series. The method is
based on the minimization of the objective function characterizing the distance between the
points of the recovered nonlinear function ordered with respect to abscissa. The proposed
method can be applied to ensembles composed of nonidentical elements with an arbitrary
number of unidirectional and bidirectional couplings. We test our method by applying it to
time series produced by model equations of ensembles of coupled time-delay systems in the
presence of noise and experimental time series of ensembles of electronic delayed feedback
oscillators with different types of coupling.

INVESTIGATION OF INTERMITTENT BEHAVIOR CHARACTERISTICS OF
KURAMOTO OSCILLATORS’ NETWORK IN SYNCHRONOUS REGIME
DESTRUCTION

Koronovskii A.A.l’z, Kurovskaya M.K.l, Hramov A.E.!*
mariakurovskaya@gmail.com
'Saratov State University,
*Saratov State Technical University

In the present work the peculiarities of the dynamics of Kuramoto oscillators’ ensemble
in synchronous regime destruction have been studied numerically. The procedure of
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synchronous clusters extraction allowing the detection of numbers of oscillators synchronized
with each other has been developed. Using this procedure the dependence of the size of
maximal cluster on coupling parameter value has been obtained for different types of network
topology (random graph, small-world, scale-free) and different numbers of oscillators in
ensemble.

An influence of character and intensity of coupling fluctuation between the elements of
an ensemble on the size and structural stability of synchronous clusters has been investigated.
The dependence of the average laminar phase length on the criticality parameter has been
obtained with the presence of noise and without it, which allows finding out peculiarities of
the coupling parameter fluctuation influence on intermittent behavior appearing in
synchronous regime destruction in the ensemble of Kuramoto oscillators with a complex
topology of relations.

ABOUT EFFICIENCY OF VERTICAL ANTENNA ARRAYS IN THE
UNDERWATER SOUND CHANNEL

Labutina M.S.
labutya@mail.ru
Lobachevsky State University of Nizhni Novgorod

In this paper the spatial coherence functionof acoustical signal is simulated in the vertical
plane of the inhomogeneous underwater sound channel using the mode approximation. It is
showed its dependence on basic physical factors of signal propogation in inhomogeneous
oceanic waveguides, such as the amount of energy carriers modes and values of mode amplitude
correlation for a specific distance.

RAMAN SELF-COMPRESSION OF LASER PULSES IN PLASMA

Levin D.S.
levdmit@gmail.com
Nizhny Novgorod State University by name of N.I. Lobachevsky (UNN)

In this work Raman compression with plasma wave-breaking is considered in terms of
hydrodynamic description. Like in the classical description, monochromatic approximation
for laser pulses and plasma oscillations, as well as non-relativistic limit are used.

Plasma oscillations in this work are described by two waves: of density and velocity.
Similar waves with double frequency were introduced to the form of a solution. Equations for
the amplitude of plasma oscillations with cubic nonlinearity, which can lead to a phase shift,
have been obtained.

In this paper, the assumption of a non-linear media response, leading to an effective
breaking of the three-wave synchronism and shortening of the output laser pulse, has been
checked with the help of numerical simulation.

As a result, the forms of pulses at different values of parameters were obtained, as well
as the dependence of the maximum output pulse intensity and efficiency of its generation on
the plasma frequency.

This work may be useful for determining the optimal parameters of the plasma in the
generation of powerful and short laser pulses.

DEPENDENCE OF THE REGRESSION COEFFICIENT BETWEEN
INTERPLANETARY AND MAGNETOSPHERIC FIELD BY SELECTION
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CRITERIA OF DATABASE

Lukin A.S., Petrukovich A.A.
apetruko@iki.rssi.ru
Space Research Institute, Moscow

The azimuthal component By of the magnetic field in the magnetotail (in the direction
of east-west) is mainly determined by a similar component of the interplanetary magnetic
field and the dynamics of the magnetosphere. According to the observations of the project
Geotail 1995-2005 formed the database, which allows to analyze the impact of various factors
on the field dependence of the magnetospheric Bym and interplanetary Byi. The coefficient of
regression between Byi Bym is shown to be depended on the conditions for selecting a set of
data for analysis. Set composed only intersections satellite equatorial plane of the magnetic
observations, comprises more measurements made in a magnetized period (at the southern
interplanetary field) when the configuration of the tail is constantly changing. Set consisting
of long crossings satellite plasma layer (equatorial zone) includes more measurements made
in the period of magnetic activity. As a result, reporting the regression coefficient is
significantly different for the two sets of data, which is associated with the presence of some
gain to the magnetically Bym time.

NFUENCE OF THE WAVEFRONT SAG ON THE FILAMENTATION OF
FOCUSED NEAR-IR FEMTOSECOND LASER PULSE IN CONDENSED
MATTER

Mareev E.I., Potemkin F.V., Gordienko V.M.
mareev.evgeniy@physics.msu.ru
Faculty of Physics and International Laser Center M.V. Lomonosov Moscow State
University

We report the influence of the wavefront sag on the filamentation of powerful near-IR
femtosecond laser pulse focused in condensed matter. When the laser beam waist is located in
air the efficiency of incoming energy transformation to supercontinuum radiation overcomes
one, when laser beam waist is located inside the sample. The effect becomes stronger in the
case of small energies and tight focusing of the laser beam.

PUMP NOISE INFLUENCE ON THE ENTANGLEMENT GENERATION PROCESS
IN THE SYSTEM OF PARAMETRICALLY COUPLED QUANTUM OSCILLATORS

Martynov V.O.
votolm@gmail.com
Institute of Applied Physics of the Russian Academy of Sciences

A system of two parametrically coupled oscillators with a partially coherent pumping is
considered. This system is an example of open systems discussed in the recent literature as a
source of long-living entangled states. Existence of entangled states with an infinite lifetime is
demonstrated in the case of coherent pumping and certain parameters. We obtained that noise
in the pump results in the finite lifetime of entanglement. The dependence of the lifetime of
entanglement on the amplitude of the parametric pump, the ambient temperature and the
spectral width of the pump noise is discussed.
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THE STABILITY OF VERTICAL MIXTURE PRESSURE FLOW INTO POROUS
MEDIA WITH PORE BLOCKAGE

Maryshev B.S.
bmaryshev@mail.ru
Department of Theoretical Physics, Perm State University, ICMM, Institute of Continuous
Media Mechanics, Russian Academy of Science, Ural Branch

The considered problem is the stability of slow vertical pressure flow of mixture into
the vertical porous filter with taking into account the pore blockage effect. This filtration
generates the transition layer between pure fluid and mixture because of the diffusion
phenomena. The depth of this layer increases with time. When this depth reaches the critical
value, the flow becomes unstable and the Rayleigh-Taylor fingering instability is observed.
The solute transport in porous media is complicated by the immobilization of solute. The
immobilization slows down the diffusion process and the porosity of media decreases because
of clogging of media by the immobilized solute particles. These two effects lead to increase in
the critical time which is needed to form unstable transition layer.

The work is devoted to obtaining the solution which is described the slow vertical
seepage of mixture and to solving the stability problem of such solution. The instability
conditions are investigated. The neutral curves, critical times and stability maps are obtained.

NONLINEAR DISPERSION CHARACTERISTICS OF HYBRID SPIN-
ELECTROMAGNETIC WAVES IN BILAYERED MULTIFERROICS

Matveev O.V., Morozova M.A.
olvmatveev(@gmail.com
Saratov State University

This report presents the mathematical model for investigating of  dispersion
characteristics of hybrid spin-electromagnetic waves (HSEW) in two types of structures:
ferromagnetic film — ferroelectric slab (FF-FE) and magnonic crystal — ferroelectric slab (MC
- FE). This model accounts nonlinear dependence of the dispersion from input power.
Magnetic nonlinearity was considered as nonlinear dependence of magnetic moments from
magnetization of ferromagnetic film. Electric nonlinearity was represented on nonlinear
dependence of permittivity from external electric field. Nonlinear properties of FF and FE
significantly effect on dispersion of HSEW: band gaps shift, its position changes.
Investigated structures MC-FE and FF-FE can be interested for development of tunable
microwave filters with double electric and magnetic control. Taking into account nonlinear
phenomena allows specify characteristics such devices if they operate with high power signals.

ESTIMATION OF LARGEST LYAPUNOV EXPONENT FROM EEG OF RATS -
GENETIC MODELS OF ABSENCE EPILEPSY

Medvedeva T.M.', Luttjohann A%, Luijtelaar G.%, Sysoev L.V.'
golovatanya@rambler.ru
'Saratov State University, Saratov, Russia.
*University of Miinster, Germany
3 . . ..
Radboud University Nijmegen, Netherlands
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Absence seizures are known to be highly non-linear large amplitude oscillations with a
well pronounced main time scale. Whilst the appearance of the main frequency is usually
considered as a transition from noisy complex dynamics of baseline EEG to more regular
absence activity, the dynamical properties of this type of epileptiformic activity in genetic
absence models was not studied precisely.

The estimation of the largest Lyapunov exponent from intracranial EEGs of 10
WAG/Rjj rats (genetic model of absence epilepsy) was performed. Fragments of 10 seizures
and 10 episodes of on-going EEG each of 4s length were used for each animal, 3 cortical and
2 thalamic channels were analysed. The positive values of the largest Lyapunov exponent
were found both for baseline and spike wave discharges (SWDs), with values for SWDs being
significantly less than for on-going activity.

CONTROL OF THE PHOTOELECTRON DYNAMICS FOR THE EFFICIENT
CONVERSION OF SHORT-PULSE, TWO-COLOR OPTICAL RADIATION
INTO X-RAYS

Meshkov O.V."?, Emelin M.Yu.?, Ryabikin M.Yu.?
meshkov-oleg@rambler.ru
! Federal State Autonomous Educational Institution of Higher Education “N.I. Lobachevsky
State University of Nizhny Novgorod — National Research University”,
* Institute of Applied Physics RAS, Nizhny Novgorod

Synthesis of few-cycle optical waveforms with an arbitrary time dependence of the
electric field offers new opportunities for the control of the laser-driven microscopic
dynamics of electrons in atoms and molecules. This, in particular, is of great interest as a
means to control the process of attosecond pulse generation.

In this contribution, using the quantum-mechanical treatment of high-order harmonic
generation (HHG) within the strong-field approximation modified properly to adequately take
into account the depletion of atomic ground state, we studied the possibility to enhance the
efficiency of HHG using tailored few-cycle two-color optical waveforms.

We demonstrate that the use of an optimized two-color field offers an opportunity to
increase by up to order of magnitude the efficiency of optical frequency conversion into any
prescribed frequency interval within the x-ray range up to the harmonic photon energies
exceeding 3 keV. High efficiency of HHG process in optimal conditions is explained by the
peculiarities of the photoelectron dynamics, which are in this case characterized by a
combination of high-probability detachment of the electron responsible for highest-order
harmonic production and its subsequent strong acceleration accompanied by a relatively low
probability of the medium depletion during the time interval between ionization and
recollision.

ADVANTAGES OF THE NONSPHERICAL-PARTICLE ARRAYS FOR LASER-
PARTICLE LITHOGRAPHY

Mitin N.N., Pikulin A.V.
mitiayS@mail.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

Laser particle lithography is a recently developed method of producing surface
nanostructures by means of arrays of microparticles deposited on various substrates. Here, the
dielectric microspheres are typically employed. However, the sphere proves to be not the
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optimal shape for the beam focusing due to strong aberrations. For silica or polymeric
microspheres with refractive index of about 1.5, the maximum of laser intensity is close to the
surface of the sphere, which allows obtaining only shallow nanostructures. In case of particles
with a higher refractive index, the electric field maximum is located inside the sphere, thus
making such particles inapplicable for the surface nanostructuring. We showed that problem
of the laser radiation focusing can be solved using close-packed arrays of spheroidal
microlenses. The numerical finite-difference time-domain (FDTD) simulation was made. It
was shown that by using the spheroidal microlenses of a material with a high refractive index
(e.g., titanium dioxide) the field maximum within the substrate can be obtained and the
intensity of the electric field at the maximum can be increased. Using spheroidal particles
instead of spherical ones allows to obtain nanostructures with improved aspect ratio.

THE DIFFERENCE IN THE NOISE CHARACTERISTICS OF THE SYSTEMS OF A
SYNCHRONIZATION OF A SPIN-TRANSFER NANOOSCILLATOR

Mitrofanov A.A.l, Safin A.R.l’z, Udalov N.N.!
mitrofanov_alexander(@mail.ru
'National Research University MPEI, Moscow, Russia
’Bauman Moscow State Technical University, Moscow, Russia

We have studied two kind of a synchronization systems of a spin-transfer nanooscillator
(STNO) - a phase synchronization system (phase-lock loop, PLL) and phase-locking to an
external periodic signal. Spectral characteristics of the amplitude and phase noises of the
isochronous and nonisochronous STNO are obtained and compared to the analogous
characteristics of an autonomous (nonsynchronized) oscillator.

GENERATOR OF NEURON-LIKE OSCILLATIONS
Bolshakov D.I., Mishchenko M.A.

mischenko(@neuro.nnov.ru
National Research Lobachevsky State University of Nizhni Novgorod

We observe the neuron-like generator model based on phase-locked loop with band-
pass filter and its hardware implementation. Different oscillating regimes are demonstrated:
regular spiking, regular bursting and chaotic spike-bursting behavior.

GENERATION OF CURRENT SHEETS AND GIANT QUASISTATIC MAGNETIC
FIELDS DURING IONIZATION OF VACUUM IN ULTRAINTENSE LASER
FIELDS: EMISSION AND RELAXATION

Muraviev A.A., Bashinov A.V., Efimenko E.S., Kim A.V., Sergeev A.M.
sashamur@gmail.com
Institute of Applied Physics RAS, Nizhny Novgorod

Recent progress in ultra intense laser technologies stimulated research of high intensity
laser-plasma interaction, for which cascade generation of electron-positron pairs becomes
crucial. Such research is conducted mostly by numerical modeling.

In a recent work [1] an effect of generation of current sheets and giant quasistatic
magnetic fields was predicted in colliding linearly-polarized laser pulses in 1D geometry. It
was determined that the life span of this structure may exceed pulse duration and wave period.
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In this work properties of emission and relaxation of this structure are studied.
1. Muraviev A.A. et al // JETP Letters. August 2015. Vol. 102. Issue 3, P. 148-153

NONLINEAR OPTICAL PROPERTIES OF NOVEL CHALCOGENIDE GLASSES
OF Ge-S-1 COMPOSITION

Murzanev A.A.', Korytin A.L'?, Yashunin D.A."%, Malkov Yu.A.', Mochalov L.A.l’z,
Stepanov AN.'?
alex_murz@mail.ru
'Institute of Applied Physics of RAS, Nizhny Novgorod
*Nizhny Novgorod State Technical University n.a. R.E. Alekseev

The chalcogenide glasses are one of perspective material class for elements of nonlinear
photonics and fiber optics in the infrared region. We studied the nonlinear refractive index 7n;
and two-photon absorption coefficient f for GexSooxl10 composition. We examined samples
with different stoichiometric composition using Z-scan based methods and nonlinear phase
contrast method. The nonlinear properties of glasses depends on their stoichiometric
coefficients, leading to an opportunity of creation defined nonlinear properties of
chalcogenide glasses.

INVESTIGATION OF NONLINEAR PROPERTIES OF MEDIA WITH KERR
NONLINEARITY BY EXAMINATION OF TRANSVERSE LASER BEAM
STRUCTURE DISTORTION AND THE CONTRAST
OF AMPLITUDE OBJECT IMAGE

Murzanev A.A., Martynov V.O.
alex_murz@mail.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

We have studied the relationship between nonlinear phase shift in Kerr media and
distortion of transverse laser beam structure in case of continuous and pulsed radiation. Also
we investigated the contrast image of amplitude object in the optical scheme with nonlinear
Kerr media as Zernike filter. These calculations lead to opportunity of nonlinear properties
characterization of the nonlinear medium with local in space and time Kerr nonlinearity.

DISK LASER WITH COMPOSITE ACTIVE ELEMENT
Mukhin [.B.

mib_1982@mail.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

Using of the composite Yb:YAG/YAG active element (Yb:YAG thin disk with anti-
ASE cap) is a promising way to overcome challenges with thermal effects and amplified
spontaneous emission in high average and peak power thin-disk lasers. We investigated
thermal induced phase distortions and small signal gain in the composite Yb:YAG/YAG
active element theoretically and experimentally under lasing and non-lasing conditions. Effect
of phase aberrations induced by anti-ASE cap is analyzed. High small signal gain is achieved
that makes it attractive for using in amplifiers. Thin-disk laser with 440 W average power is
developed.
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THE RISE AND EVOLUTION OF A DENSITY WAVE DURING THE
EXPANSION OF A HOT PLASMA THROUGH A TENUOUS IONIZED MEDIUM

Nechaev A.A., Garasyov M.A., Kocharovsky VI.V.
ant.a.nech@gmail.com
Institute of Applied Physics RAS, Nizhniy Novgorod

We study the one-dimensional collisionless expansion of a dual-temperature plasma
layer through the half-space occupied with a cold tenuous plasma. It is found out that the
presence of the latter may lead to the formation of a supersonic particles density wave.
Similar effects has been observed in recent laser-plasma experiments.

With the help of PIC-simulation we analyze the dynamics of the concentration and the
temperature of particles of both fractions and trace the development of electric and magnetic
fields generated meanwhile. In this report results of a typical simulation are presented. The
simulation is initiated with the configuration of a background plasma of a density of 10" cm™
and a temperature of 3 eV occupying the half-space and a hot plasma layer with a density of
10! cm™, placed near the reflecting boundary. Electron and ion temperatures in the layer are
3 Kev and 3 eV respectively.

It is shown that during the expansion of the layer local maxima and minima in spatial
dependencies of concentrations and temperatures arise, spanning several Langmuir
wavelengths and moving at speed higher than the ion-acoustic one. The directional speed of
these particles groups is sustained with the longitudinal electrostatic field of charge separation.
Strong anisotropy in electron distribution function behind them leads to the Weibel instability
and the generation of magnetic field, which energy density reaches 10% of the energy density
of particles.

PECULIARITIES OF OPTICALLY DETECTED MAGNETIC RESONANCE OF
NV-CENTERS IN DIAMOND UNDER RESONANT EXCITATION
AT CRYOGENIC TEMPERATURE

Akhmedzhanov R.A., Gushchin L.A., Zelensky 1.V., Nizov V.A., Nizov N.A., Sobgayda D.A.
nizovva.w(@gmail.com
Institute of Applied Physics, Russian Academy of Sciences, Nizhni Novgorod

Ensembles of NV color centers in diamond are promising materials for magnetometry
and quantum frequency standards. Owing to the specific structure of optical transitions the
most commonly used technique for that purpose is the optically detected magnetic resonance
(ODMR). This method is based on observation of change in fluorescence, caused by
continuous optical excitation, under resonant microwave radiation.

The aim of our work was to investigate ODMR spectra under resonant optical excitation.
We performed measurements at cryogenic temperature and discovered essential difference
from the conventional ODMR: inversion of the effect (a rise in fluorescence, instead of a
decrease), and a significant increase in contrast. Increasing the contrast is of great interest for
magnetometry, as it allows to perform more precise measurements.

We propose a theoretical model describing this feature.

We also measured ODMR temperature dependence, and found the inversion point
at ~ 35K. At this temperature each of NV-center's optical resonant frequency jumps (due to
spectral diffusion) are comparable to the microwave resonant frequency. So at higher
temperatures resonant optical excitation operates as non-resonant.
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This work was supported by the Russian Foundation for Basic Research, project 14-29-
07152.

MOTIONS OF WATER LAYER IN TSUNAMI WAVES BY RECORDS OF DENSE
NETWORK OF DEEPWATER SEA-LEVEL STATIONS

Nurislamova G.N., Nosov M.A.
nurislamova@physics.msu.ru
Faculty of Physics M.V.Lomonosov Moscow State University

Several years ago, the agency JAMSTEC implemented the "dense" network of
deepwater station DONET. The DONET system includes 20 bottom stations connected by
cable lines with a data-processing center on the shore. Each station is equipped with a
pressure sensor — tsunami-meter. An important feature of the DONET system is that the
distance between stations is 15 to 20 km, which is considerably less than the tsunami
wavelength. Therefore, according to the network data, a tsunami wave field and, in particular,
horizontal flow velocity field can be uniquely reconstructed.

The main purpose of the present work is to develop methods for reconstruction the flow
velocity making use of a set of closely spaced deepwater sea-level stations. The method is
used for reconstruction of water layer motions during the passage of tsunami waves, caused
by the 2011 Tohoku-oki earthquake.

INTERCIRCUIT CONNECTION IN PLANAR MAGNONIC NETWORKS:
2D MAGNONIC CRYSTAL OF FINITE WIDTH

Odincov S.A., Sadovnikov A.V., Beginin E.N., Grishin S.V., Sheshukova S.E.,
Sharaevskii Yu.P.
Odinoffi@gmail.com
Saratov State University

Using the space-resolved Brillouin light scattering spectroscopy we study the frequency
and wavenumber selective spin-wave channeling. We demonstrate the self-collimation of
spin-wave in an array of magnonic waveguides, formed between the adjacent magnonic
crystals on the surface of yttrium iron garnet film. We show the control over spin-wave
propagation length by the variation of the angle of an in-plane bias magnetic field. Fabricated
array of magnonic crystal can be used as a magnonic platform for multidirectional frequency
selective signal processing applications.

OPTICALLY INDUCED TERAHERTZ GENERATION FROM METALS AS A
METHOD OF ELECTRON SCATTERING INVESTIGATION

Oladyshkin I.V.
oladyshkin@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

A new experimental method of studying electron scattering process in metals based on
the phenomenon of optical-to-terahertz conversion is proposed. It is shown that a low-
frequency metal response on the action of a femtosecond laser pulse can be used for
determination of the electron scattering temperature dependence up to 1-2 eV. Moreover the
dynamics of electron temperature near the surface can be obtained from the terahertz pulse
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waveform. Available experimental data on the optical-to-terahertz conversion were analyzed
in terms of scattering diagnostics. Weakly defined scattering parameters were estimated and
compared to data from previous studies.

THE 2D TURBULENCE ON THE WATER SURFACE.
OBTAINING OF THE INVERSE ENERGY CASCADE

Orlov A.V.
arturor(@jissp.ac.ru
The Federal State Budgetary Institution of Science Institute of Solid State Physics of the
Russian Academy of Science (ISSP RAS)

An experiment is studying an evolution of an inverse energy cascade at a turbulent
motion of a thin fluid layer in a square cell.

There are 1588 magnets at the cell’s bottom. The fluid is an electrolyte — an 8-10 %
soda solution in which platinum electrodes is lowered. The electrical current is started up
within them. Due to the Lorentz force fluid areas around the magnets is spinning and vortices
are appearing. Due to the nonlinear interaction with each other, they are merging and
eventually a small number of large vortices are appearing. There is the inverse cascade.

The experiment is studying the evolution of this process and a speed distribution in
large vortices. For this, small balls of niomide are added in the solution; they have a very
good light reflectivity and may be detectors of the vortices’ motion. The definite fluid layer is
highlighted by red and green lasers in the definite turn, and at this moment a high-speed
camera is making a photo. Two layers (red and green) are picked up from this photo via a
computer and from the correlation between the positions of the particles on them, the angle
and distance distribution of the vortices’ speed is computed.

SPONTANEOUS FORMATION OF NONLINEAR AUTOWAVE PATTERNS IN
TRANSVERSE SECTION OF BROAD-AREA LASERS EMISSION

Pakhomov A.V."%, Krents A.A. ', Anchikov D.A.'
pahomov_91@mail.ru
'S.P. Korolyov Samara State Aerospace University (National Research University)
*Lebedev Physical Institute of RAS, Samara branch

Presented article is devoted to analytical and numerical investigation of spontaneous
formation of nonlinear spatio-temporal patterns in broad-area lasers resulting from the
stability loss of the steady lasing. It is shown that depending on the type of spatio-temporal
instability different autowave patterns may be observed in the system together with self-
oscillating processes. Main principles and formation scenarios of these optical patterns in the
transverse section of the broad-area laser emission are considered.

THE ESTABLISHMENT OF GENERALIZED SYNCHRONIZATION IN A
NETWORK OF NONLINEAR OCSCILLATORS

Koronovskii A.A.l’z, Moskalenko O.1. 1’2, Pivovarov A.A. '
vostochny@list.ru
'Saratov State University
*Yuri Gagarin State Technical University of Saratov
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The paper studies the process of establishment of generalized synchronization
phenomena in the network of mutually coupled continuous-time systems, the nature of
interaction of the network elements in the transition from synchronous to asynchronous
dynamics while increasing the communication parameter.

COHERENCE OF NOISE-DRIVEN OSCILLATORS SUBJECT TO DELAY
FEEDBACK CONTROL INDUCING MULTISTABILITY

Pimenova A.V.l, Goldobin D.S.'?
Anastasiya.Pimenova@gmail.com, Denis.Goldobin@gmail.com
"nstitute of Continuous Media Mechanics, UB RAS, Perm 614013, Russia
*Department of Theoretical Physics, Perm State University, Perm 614990, Russia

For self-sustained oscillators subject to noise the coherence, understood as a constancy
of the instantaneous oscillation frequency, is one of the primary characteristics. The delay
feedback has been previously revealed to be an efficient tool for controlling coherence of
noise-driven self-sustained oscillator. The effect of the delay feedback control on coherence is
stronger for a longer delay time. Meanwhile, the instantaneous frequency of a noise-free
oscillator can exhibit multistability for long delay time. In this work, we construct the
analytical theory of the effect of delay feedback on the phase diffusion in the presence of
multistability. In agreement with the results of numerical simulation we analytically derive
that the phase diffusion constant has giant peaks close to the point where the residence time in
two states are equal. Remarkably, while the width of the peaks linearly decreases with the
noise strength, their height growth exponentially as noise strength decreases; thus, the integral
peak strength explosively grows as noise intensity tends to zero.

The authors acknowledge support by the Russian Science Foundation (grant no. 14-21-
00090).

DYNAMIC REGIMES OF TWO FREQUENCY DIFFERENT CHEMICAL
BZ-SCILLATORS COUPLED VIA PULSE COUPLING BY USING THE
FOLLOWING TYPES OF LINK: INHIBITORY, ACTIVATOR
AND "NEGATIVE" INHIBITORY

Proskurkin L.S.
megavolt007@mail.ru
Center of Nonlinear Chemistry, Immanuel Kant BFU

The work is done on research of dynamic regimes of two chemical relaxation oscillators
which represent a Belousov-Zhabotinsky reaction in a flow reactor. Oscillators coupled via
pulse (by fast injection solutions of activator and inhibitor in single reactor in response to a
spike in the reactor) with a time delay. The delay set between the time spike in one oscillator
and the moment of injection of the inhibitor or activator in other oscillator. For inhibitory
coupling theoretically and experimentally been found modes oscillators with resonances: 1:1,
2:3, 1:2, 2:5, 1:3. When considering the resonance of 1:2 depending on the time delay was
found a sharp transition from one synchronized regime, which we call the "0 / 0.5" to another,
"0.2 / 0.7". For the 1:1 resonance found pattern of switches between anti-phase regime (AP)
to the in-phase (IP), and found the area of birhythmicity. For activator coupling were also
found resonant regimes: 1: 1, 2: 3, 1: 2, 2: 5, 1: 3 and 1: 4. Birhythmicity was also found for
the regime 1:2 using a high strength bond. To explain the emergence of different resonant
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regimes we got curves reinstallation phase, PRC (Phase Response Curve) for each type of
connection.

We have also developed a new type of activator coupling by using modulation of
concentration of inhibitor. The concentration of inhibitor in the chemical oscillator must be
constantly maintained at a certain level, to keep periodic oscillations. Pulse activating the
oscillator in this method will be a decrease in the concentration of the inhibitor for short
period of time. For the case of two oscillators close such a connection was made through the
off for a short time constant flow inhibitor in the flow reactor with the BZ reaction. The study
of the dynamics of the resonant modes PRC and we made sure that the nature of such a link is
activator.

MEASUREMENT OF CHARACTERISTICS OF WAVE PACKETS ON WARTER
SURFACE BY OPTICAL METHODS

Razumov D., Salin M., Stulenkov A.
ddrazumov(@gmail.com, mikesalin@hydro.appl.sci-nnov.ru, andrey_stulenkov8@mail.ru
Institute of Applied Physics RAS, Nizhny Novgorod

We present the results of research of characteristics of the surface gravity waves, carried
out in the Bay of Lake Ladoga in the year 2015. There were waves of different nature at a
full-scale experiments: a swirl from a small boat (wave from the determinate source) and
wind waves (which is characterized by wide directional diagram and weak spatial coherence).
The dispersion of the surface waves is clearly observed in spectrum of waves from the
determinate source, for example, spread of the packets passing a large distance. The
dependence of the direction of wave propagation on its frequency that occurs as a result of the
synchronism with the speed of the source was also observed, which correlates with the theory.
Theory imposes restrictions on the kinematical parameters of the waves from a moving source,
but the amplitude of the excited wave depends on the settings of the source and should be a
subject of a pilot study. Full-scale study of the ship waves and other correlated wave packets
requires separating them from the wind waves as a background noise. This becomes possible
when simultaneous measurements at multiple points are conducted. In particular, optical
measurement methods can cover a large area.

We use combined optical measurement scheme including synchronous video recording
of the surface. At first, the image of the area with the size of the rough surface of about 10x10
lengths of the energy-waves is recorded - a video review. Secondly, the video recording is
carried out with a high zoom of an optical spar buoy (analog of a string wave recorder
registering wave height optically rather than electrically).

SPIN WAVES CONTROL IN AN IRREGULAR MAGNETIC WAVEGUIDE

Romanenko D.V.l, Sadovnikov A.V.l, Davies C.S.l, Grishin S.V.l,
Sharaevskii Yu.P.!, Nikitov S.A.", Kruglyak V.V.'
dmitrii.romanenk@mail.ru
'Saratov State University, Saratov
? Kotel'nikov Institute of Radioengineering and Electronics, Moscow
3 School of Physics, University of Exeter, Exeter, United Kingdom

We study the propagation and transformation of spin-wave in translational symmetry
broken magnonic bend. We propose three planar topologies of the bend yttrium-iron garnet
waveguide that supports the spin-wave steering over the curvature: square corner, rounded
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http://www.lingvo-online.ru/ru/Search/Translate/GlossaryItemExtraInfo?text=%d1%81%d0%be%d0%b3%d0%bb%d0%b0%d1%81%d0%be%d0%b2%d1%8b%d0%b2%d0%b0%d1%82%d1%8c&translation=correlate&srcLang=ru&destLang=en

and diagonal bend. The turning and transformation of spin-wave in the magnonics bends are
studied in detail by the means of Brillouin light scattering technique. Experimental results are
verified using micromagnetic simulation. We show that improvement of the spin-wave
transmission is achieved by the control over the internal field profile in the bend area. This
control can be realized both through the geometry of the bend and the direction of applied
bias magnetic field. Integration of bend magnonic waveguides opens the possibilities of
molding the flow of spin waves in magnonic networks.

QUANTUM-MECHANICAL CALCULATIONS OF THE RESIDUAL CURRENT
DENSITY EXCITED BY GAS IONIZATION WITH
AN ULTRASHORT LASER PULSE

Vvedenskii N.V."2, Romanov A.A.'?, A.A. Silaev'?
vved@appl.sci-nnov.ru, romanov.alexander.al@gmail.com, silaev@appl.sci-nnov.ru
'Institute of Applied Physics RAS, Nizhny Novgorod

? Lobachevsky State University of Nizhny Novgorod

Excitation of the residual current density by gas ionization with two-color laser pulse
was investigated on the basis of analytical and numerical solution of three-dimensional
Schrodinger equation using the strong-field approximation and the imaginary time method.
Dependences of the residual current density on the phase shift between the components of the
field and on the intensity of the fundamental wave were found. The quantitative agreement
between the results based on the strong-field approximation taking into account the
interaction of photoelectrons with the parent ion and the results of direct numerical
calculation was shown.

THREE-WAVE INTERATIONS BETWEEN ALFVEN AND ACOUSTIC WAVES
IN HEAT-RELEASING PLASMA

Zavershinskiy D.I.l’z, Molevich N.E.l’z, Ryashchikov D.S.l’z, Belov S.A.!
dimanzav(@mail.ru
' Samara State Aerospace University
? Lebedev Physical Institute

The nonlinear interaction process between Alfven and acoustic waves in heat-releasing
plasma is under investigation. Wave interaction analysis is conducted by the use of modified
full system of magnetohydrodynamic equations in the Cartesian coordinate system in order to
take into account non-adiabatic process. We take into account dissipation caused by the
thermal conduction and finite electrical conduction. Using linear analysis we have obtained
dispersion relation for Alfven, fast and slow magnetoacoustic, and thermal waves.

Here we investigate interaction process between two linearly polarized Alfven waves
and powerful acoustic waves which satisfy the exact resonant condition. It is shown that
interaction processes depend on the ratio of the acoustic wave speed to Alfven wave speed. In
the case of equal speeds, the interaction can be only between three waves propagating in one
direction. On other occasions, Alfven waves must propagate in opposite directions.

In course of our investigation, we derive the reduced system of differential equations for
describing interaction processes using the perturbation theory and method of slowly varying
amplitudes. The analysis of stationary and nonstationary wave dynamics predicts possibility
of Alfven wave amplification in high-beta plasma. Some astrophysical applications are
described as well.
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PLANAR TOPOLOGY OF MAGNONIC NETWORK BASED ON DISCRETE
SYSTEM OF SIDE-COUPLED MAGNETIC MICROWAVEGUIDES

Sadovnikov A.V., Beginin E.N., Grachev A.A., Sharaevskii Yu.P.
sadovnikovav@gmail.com
Saratov State University

Discrete diffraction was studied in optics both theoretically and experimentally by
scanning tunneling optical microscopy in arrays of equally spaced identical waveguide
elements. Coupled Yttrium iron garnet (YIG) structures are of great interest at the modern
time due to extremely small spin-wave loss in this material and the possibility of spin wave
(SW) propagation control. Coupled YIG waveguides can be used as components in the
tunable signal processing devices (nonlinear couplers, nonlinear switches, phase shifters).

This report shows the results of investigation of the spatio-temporal dynamics of
magnetization in the laterally coupled planar YIG waveguide array by Brillouin light
scattering (BLS) spectroscopy. It was shown that the degree of system discreteness could be
regulated by changing the external bias magnetic field angle. The dependence of coupling
between the waveguide channels on the parameters of spin wave (wavenumber, frequency,
power) makes the continuous regulation of spin wave path possible.

Nonlinear propagation, interactions between waves and generation of discrete solitons
are interesting field for further studies

THE LONGWAVE MARANGONI CONVECTION IN THE “LIQUID-GAS” SYSTEM
HEATED FROM BELOW WITH A DEFORMABLE INTERFACE

Samoilova A.E.
annsomeoil@gmail.com
Perm State University

We investigate a longwave Marangoni convection in a two-layer system which consists
of a liquid layer and a poorly conductive gas layer. The system is heated from below and
confined between two rigid walls: the upper wall is ideally conductive, the lower one is
thermally insulated. We aim at finding the analogue of the novel oscillatory mode that was
detected analytically within the one-layer approach previously. To properly account for the
influence of processes in gas on deformation of the interface we apply the two-layer approach.
Considering only the heat transfer in gas phase we derive nonlinear amplitude equations that
describe the coupled evolution of the layer thickness and temperature perturbation. Linear
stability analysis of these equations yields the results similar to those obtained for a single
layer whereas nonlinear equations reveal certain differences. The new oscillatory mode is
found to be critical in a certain range of parameters, which allows us to provide the
recommendations for a possible experiment. The weakly-nonlinear analysis was provided
within the amplitude equations. Pattern selection on square and hexagonal lattices shows that
supercritical branching is possible.

DYNAMICAL REGIMES OF A NETWORK OF FOUR CHEMICAL OSCILLATORS
UNIDIRECTIONALLY COUPLED VIA PULSE EXCITATORY COUPLING WITH
TIME DELAY

Safonov D.A.
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dem.safonov(@gmail.com
Center of Nonlinear Chemistry, Immanuel Kant BFU

Dynamical regimes of a mathematical model of four unidirectionally coupled via pulse
excitatory coupling chemical oscillators with time delay was investigated. Each isolated
oscillator sets by a system of four differential equations, which describe the Belousov-
Zhabotinsky reaction. Pulse coupling is introduced by separate equations and characterized
by two parameters: C, the coupling strength and 7z, time delay between a spike in one
oscillator and the spike-induced perturbation of another oscillator. For this type of coupling
(unidirectional ring), there exist three regimes: OS (oscillation-suppression — only part of the
oscillators fires), splay (each oscillator immediately excites after receiving the pulse from the
neighboring oscillator) and bursting (all oscillators fire almost simultaneously, in a narrow
time interval, which is followed by a long pause). If we change parameter C smoothly, two
types of OS can be found: (i) all oscillators except one fires and (ii) only two diagonal
oscillators fire and another two are silent. Considered here excitatory type of connectivity
does not demonstrate multistability.

INVESTIGATION OF THE STABILITY OF OWN FUNCTIONS TRANSIENT
THERMAL STRUCTURES ARISING IN THE RADIATION COOLING OF
DISPERSE SYSTEMS OF ARBITRARY OPTICAL THICKNESS

Safronov A.A.
safrandrey@gmail.com
Moscow Institute of Physics and Technology
Keldysh Research Center - Federal State Unitary Enterprise- engineer

The formation of non-stationary heat dissipation structure in radiation cooling of drip
flow was studied. Investigations were carried out analytical and with the help of constructed
by the author of the computer simulation. Eigen function transient thermal structures. The
stability of Eigen functions of transient thermal structures was studied by changing the control
parameter. The decisive role of distant radiative interaction of particles dispersed medium in
the phenomenon of instability was revealed. It is shown that under certain conditions the
temperature profile of drip flow can be multistability.

PREDICTING ENSO VARIABILITY WITH COMPLEX-VALUED ARTIFICIAL
NEURAL NETWORKS

Seleznev A.
aseleznev(@appl.sci-nnov.ru
Lobachevsky University, Advanced school of general and applied physics, Nizhny Novgorod

This work is devoted to empirical modeling dynamics of the EIl-Nino-Southern
Oscillation (ENSO). As an evolution operator, the universal model in the form of complex-
valued artificial neural network is suggested. The effectiveness of this model is demonstrated
by predicting both critical transitions in the Jin-Neelin-Ghil ENSO model [1] and real ENSO
variability from sea surface temperature anomalies data [2].

The study is supported by Government of Russian Federation (agreement
#14.7250.31.0033 with the Institute of Applied Physics of RAS).
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1. Jin, F.-F., J. D. Neelin, and M. Ghil, 1996: El Ni"no/Southern Oscillation and the
annual cycle: subharmonic frequency locking and aperiodicity. Physica D, 98, 442—465.
2. http://iridl.Ideo.columbia.edu/SOURCES/ KAPLAN/.EXTENDED/.v2/.ssta/

OCEAN GRAVITY WAVES EXCITED BY RAYLEIGH AND LOVE WAVES
Sementsov K.A., Nosov M.A., Kolesov S.V.

sebbest@yandex.ru
Moscow State University, Faculty of Physics, Moscow, Russia

Weak gravity waves that preceded the arrival of tsunami were registered by the DONET
(JAMSTEQC) stations during the 2011 Tohoku earthquake. The amplitude and period of these
gravity waves amounted to 3 cm and 150 s, respectively. These gravitational waves are
clearly manifested in ocean-bottom pressure variations recorded by DONET stations that
were in operation during the 2011 event.

We assume physical mechanism of generation of these gravity waves is related to low-
frequency seismic surface waves. Theoretical estimates of parameters of these gravity waves
carried out on the base of this assumption are in a good agreement with the observed values.
Results of 3D numerical simulation of tsunami these gravity waves carried out in the
framework of linear potential theory are presented and analyzed.

The study was supported by Russian Foundation for Basic Research (project 13-05-
00337).

INCREASE IN SYNCHROTRON GAMMA-RAY GENERATION EFFICIENCY IN
OBLIQUE INCIDENCE OF INTENSE LASER PULSE ON A FLAT TARGET

Serebryakov D.A., Nerush E.N.
dmserebr@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

We consider oblique incidence of relativistically intense laser pulse on a flat target. In
this process the electrons in the ionized target are accelerated up to relativistic speeds having
Lorentz factor y on the order of dimensionless laser field amplitude ay = 8 Ey/mces. During

laser-plasma interaction, energetic electrons emit X-rays and gamma-rays with synchrotron-
like spectrum. This process was studied numerically with particle-in-cell code that takes into
account electron synchrotron emission. We have observed efficient conversion of laser pulse
energy into gamma-rays. An efficiency optimization by incidence angle and plasma density
was performed, maximum conversion efficiency was 29% for 2@* incidence angle. It was also
observed that for high incidence angles (= 707, electrons gain very high p, momentum, and
gamma-ray radiation becomes focused along y—axis which may be important for many

applications. Possible reasons for that are analyzed.

NUMERICAL STUDY OF THE STATISTICAL CHARACTERISTICS OF THE
DIRECT CASCADE IN TWO-DIMENSIONAL HYDRODYNAMIC TURBULENCE

Sereshchenko E.
s_evgeniy@yahoo.com
National Research University Novosibirsk State University
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Numerical method for the study of two-dimensional hydrodynamic turbulence in the
presence of pumping and viscous-like damping is developed.Simulations were performedwith
the use of the NVIDIA CUDA technology at theComputer Center of the Novosibirsk State
University.It is shown that quasi-shocks of vorticity and their Fourier partnerships in the form
of jets introducean essential influence in turbulence leading to strong angular dependencies
for correlation functions.Theenergy distribution as a function of modulus k for each angle in
the inertial interval has the Kraichnanbehavior, ~k *, and simultaneously a strong dependence
on angles. However, angle average provides witha high accuracy the Kraichnan turbulence
spectrum Ej; = 1.3772/3153 . Familiar situation takes placefor third-order velocity structure
function S;* which, as for the isotropic turbulence, gives the same scalingwith respect to
separation length R and #, S5* = CsR’, but the mean over angles and time Cj differs fromits
isotropic value.

MODELING OF THE DYNAMICS OF A DISPLACEMENT FRONT IN A POROUS
MEDIUM UNDER VIBRATIONS USING BUCKLEY-LEVERETT MODEL

Sidak E.V.!, Smirnov D.A.% Bezruchko B.P.'
sidakev@gmail.com
'Saratov State University, Saratov, Russia
*Institute of Radio-engineering and Electronics RAS, Saratov branch

Possibilities to detect directional couplings between two oscillators from their time
series (exhibiting multiple spectral peaks) in the case of a hidden third oscillator influencing
both observed ones, are investigated on an exemplary mathematical system. Application of
the previously known method of phase dynamics modeling to such a situation is shown to
lead to false coupling detections. A threshold intensity of the third oscillator influence above
which false detections occur, is determined versus the basic frequencies and spectral peak
widths of the observed oscillators. A diagnostic criterion of the possible false conclusions is
suggested based on the autocorrelation function of the residual errors of the phase dynamics
model. In order to detect directional couplings between observed oscillators in such cases, the
method is modified in such a way that the phases of the oscillators are calculated after a
rejection filter eliminates spectral components in the frequency band containing the basic
spectral peak of the hidden oscillator. This modification is shown to be effective to detect
couplings in a wide range of the hidden oscillator influence intensity and of the coupling
strength between the observed.

INVESTIGATION OF THE PLASMA ACTIVATION OF NITROGEN FOR THE
GROWTH OF INDIUM NITRIDE BY ORGANOMETALLIC
VAPOR PHASE EPITAXY

Sintsov S.V.
sintcovs(@mail.ru
Institute of Applied Physics of RAS, Nizhny Novgorod

Since a few years, indium nitride (InN) has attracted great interest of researches. InN
has the narrowest band gap energy (0.6-0.8 eV) and highest electron mobility among the III —
nitride semiconductors, which make it ideal for high efficiently solar cells, infrared light-
emitting diodes and electrical devices for THz emission. The main problem of growth InN
concerned with its thermal decomposition, which becomes excessive above 600°C. So
plasma-assisted molecular beam epitaxy (MBE) is a suitable method for producting InN,
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because low growth temperatures are possible. The aim of this work is investigate and
compare methods of nitrogen activation by electron cyclotron resonance (ECR) discharge at a
frequency of 24 GHz and induction heating at a frequency of 13.56 MHz. Methods efficiency
was evaluated by measuring the vibrational temperature of nitrogen. Based on these results, it
was shown that the activation method using nitrogen induction heating is more effective
excited vibrational temperature of nitrogen and vibronic transitions in the ultraviolet region.

MAGNETIC CONTROL OF PLASMAS INDUCED BY HIGH-ENERGY
NANOSECOND LASER PULSE

Sladkov A.D., Burdunov K.F., Yeremeyev A.A., Korzhimanov A.V., Safronova M.I.,
Solov'yev A.A., Starodubtsev M. V.
andrey.sladkov1992(@gmail.com
Institute of Applied Physics RAS, Nizhny Novgorod

Modern trend in high-energy physics is to create states of matter with the extreme
values of energy and density using high-power laser pulses. The research is conducted on an
experimental basis of petawatt laser complex PEARL (IAP RAS, Nizhny Novgorod). The
purpose of the experiments is to study the influence of external magnetic field(maximum
value is 20T) on the laser plasma. This problem is directly related to the modeling of the
conditions in inertial confinement fusion. In experiments plastic target is irradiated by laser
pulse with energy of the order of ten Joules and with duration of the order of one ns.
Comparison of the results obtained by numerical simulation and on an experimental stand was

carried out. The basis of the work uses available publicly high-performance computing code
FLASH.

DYNAMICAL REGIMES OF FOUR ALMOST IDENTICAL CHEMICAL
OSCILLATORS COUPLED “ALL-TO-ALL” VIA PULSE INHIBITORY COUPLING
WITH TIME DELAY

Smelov P.S.
sipanes(@rambler.ru
Center of Nonlinear Chemistry, Immanuel Kant BFU.

We study dynamical regimes in networks of four almost identical spike oscillators with
pulsatile coupling via inhibitor with introducing a time delay t between a spike in one
oscillator and spike-induced inhibitory perturbation of another oscillator. As an oscillator, we
use chemical reaction of Belousov-Zhabotinsky. For the “ALL-TO-ALL” coupling type, five
main regular rhythms were found: W (=4 clusters), 3 Clusters (=2+1+1, 2 oscillators are in-
phase), AP (=2+2, 2 clusters, anti-phase), «3+1» (=2 clusters, 3 oscillators are in-phase), IP
(=1 cluster). Increasing of coupling strength and/or time delay leads to a decrease of clusters
quantity: 4C1 (=W) -> 3Cl -> 2Cl1 (=AP/«3+1») -> 1ClI (=IP). Except main regimes, complex
were found — regimes with different combinations of number of spikes. For example,
“3+1/2”-mode. At which three oscillators are always in-phase, while the 4-th oscillator has
doubled period and give in-phase spikes with the other three oscillators each second spike.

Tri- or bi-stability is a common feature for regarded type of connectivity — different
regimes can be found with the same parameters (coupling strength and time delay).

THERMALLY INDUCED EFFECTS IN FARADAY DEVICES AND NEW
MAGNETOACTIVE MATERIALS
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Snetkov I.L.
snetkov(@appl.sci-nnov.ru
Institute of Applied Physics RAS

An overview of studies of magnetically active materials, specific of their using in a high
average power laser radiation and the last our results of the study of two new promising
magnetically active materials: terbium scandium aluminum garnet TSAG and terbium
sesquioxide Tb,O3 were done.

MICROMAGNETIC SIMULATION OF INFLUENCE OF DZYALOSHINSKII-
MORIYA INTERACTION ON SPIN WAVE EXCITATION AND PROPAGATION IN
THIN FILM MAGNETIC WAVEGUIDE

Stetsur-Mova G.I., Sadovnikov A.V., Beginin E.N., Sharaevskii Yu.P.
stetsur@yandex.ru
Saratov State University

Using the FDTD micromagnetic simulation we study the spatial dynamics of spin-wave
propagation in the presence of Dzyaloshinskii-Moriya interaction (DMI). We study the
influence of DMI on the dispersion characteristics of the transverse modes of the confined
magnetic stripe. We show the control over spin-wave propagation length by the variation of
the value of the bias magnetic field.

MODELING OF NEGATIVE STEPPED LIGHTENING LEADER’S
DEVELOPMENT

Syssoev A.A.
zaratustrann(@yandex.ru
Institute of Applied Physics RAS, Nizhny Novgorod

For almost a century it is known that the negative leader, in contrast to positive one,
develops in a stepwise manner using a mechanism of the so-called space leaders. However, a
comprehensive understanding of the reasons responsible for this asymmetry is still not
achieved. The physics of the emergence of a new negative leader’s step as well as the
mechanism of the so-called space stems’ formation in a relatively weak electrical fields
causes lots of questions too.

In this paper a probabilistic approach was used to develop the phenomenological model
which for the first time allowed carrying out the numerical simulation of the negative stepped
leader’s evolution. The calculations took into consideration the asymmetry of positive and
negative spark discharges and the potential influence of the space charge injected into the
discharge gap by the streamer corona. This allowed reproducing in simulations such plasma
formations as stems with the possibility of their subsequent transformation into the space
leaders which, in turn, lead to appearance of new negative leader’s steps.

MODELLING RAT ELECTROENCEPHALOGRAMS AT ABSENCE EPILEPSY IN
APPLICATION TO TASK OF COUPLING DETECTION

Sysoev I.V., Sysoeva M.V., Kuznetsova G.D.
ivssci@gmail.com
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Saratov State University, 83 Astrakhanskaya str., Saratov
Yuri Gagarin Sate Technical University of Saratov

Simple models were proposed, which reproduce a number of features of intracranial
electroencephalograms of WAG/Rij rats at absence epilepsy. The applicability of nonlinear
Granger causality method to the task of analysis of coupling between different brain
structures from experimental signals was investigated.

COUPLING ANALYSIS BETWEEN BRAIN STRUCTURES BY ADAPTED
GRANGER CAUSALITY METHOD IN ABSENCE EPILEPSY

Sysoeva M.V.
bobrichek@mail.ru
Yuri Gagarin State Technical University of Saratov

Spike and wave discharges (SWDs), generated within cortico-thalamo-cortical networks,
are the electroencephalographic biomarker of absence epilepsy. The current work aims to
identify mechanisms of SWD initiation, maintenance and termination by the analyses of
dynamics and directionality of mutual interactions between neocortex and various
functionally different thalamic nuclei. the SWD initiation process was characterised by an
early pre-ictal increase in coupling within the intracortical layers of somatosensory cortex.
Many channel pairs showed a temporary drop immediately after the SWD onset (decoupling
stage). The SWD maintenance process started from cortical (ctx5, ctx6) influence to cRTN
less than 1 s after the onset. So, cRTN worked as a transmitter, immediately starting to drive
PO and ATN (also < 1 s after onset). A little bit later cRTN became coupled with thalamic
nuclei: PO, VPM, ATN (all bidirectional). Also intracortical communications appeared and
all cortical layers began to drive ATN. Note, that there was no driving from thalamus to
cortex during the first 3 s of seizure. The SWD termination process can be seen in all rRTN
«> cortex pairs. During the second half of seizure the cortex drove rRTN. When the rRTN
responded to this coupling, the seizure terminated, most likely via a negative feedback loop.

CHERENKOYV RADIATION OF TERAHERTZ WAVES BY TIGHTLY FOCUSED
ULTRASHORT LASER PULSES

Sychugin S.A., Bakunov M.I.
ssychugin@gmail.com
N.I. Lobachevsky State University of Nizhny Novgorod

Cherenkov radiation of terahertz waves by an ultrashort laser pulse propagating as a
Gaussian beam in an electro-optic crystal is theoretically studied. By applying the developed
theory to a Ti:sapphire laser pulse in an lithium niobate crystal we demonstrate the existence
of an optimal size of the laser beam waist which maximizes the terahertz yield. The optimal
size depends on the time duration of the laser pulse.

INEQUIVALENCE OF THE CANONICAL AND GRAND CANONICAL
ENSEMBLES: STATISTICS AND THERMODYNAMICS OF A BOSE-EINSTEIN
CONDENSATE IN THE CRITICAL REGION

Tarasov S.V., Kocharovsky V1.V., Kocharovsky V.V.
serge.tar@gmail.com
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Institute of Applied Physics of RAS, Nizhny Novgorod

We analytically find a universal, self-similar structure of the statistical and
thermodynamic quantities of any mesoscopic ideal-gas system in the critical region of Bose-
Einstein condensation (BEC) within the grand canonical and canonical ensembles. The
properly scaled critical functions of all statistical and thermodynamic quantities quickly
converge to those universal functions with increasing system’s size and number of trapped
particles N, starting already from N ~ 100.

Moreover, those critical functions remain the smooth and well-defined universal
functions in the BEC critical region even in the thermodynamic limit. We calculate the
aforementioned self-similar structure analytically for an arbitrary trapping potential and find
that all traps fall into two universality classes with essentially different self-similar structures.

The remarkable conclusion is that the grand-canonical-ensemble result differs from the
exact canonical-ensemble result typically by a factor on the order of unity even in the
thermodynamic limit. Thus, the grand-canonical approach is not valid in the critical region of
BEC for the systems with a fixed number of trapped particles.

SELF-TRAPPING AND BREATHERS IN KLEIN-GORDON
AND FROHLICH-SPENCER-WAYNE DISORDERED LATTICES

Tikhomirov A.A., Lapteva T.V., Savchenko M.V., Kononov O.I.
andreynn2006(@yandex.ru
Lobachevsky State University of Nizhni Novgorod

Conditions of wave packets self-trapping on the one hand, and of discrete breather
existence on the other, are comparatively studied in two nonlinear disordered oscillatory
lattice models: Frohlich-Spencer-Wayne and Klein-Gordon lattices. It is shown that wave
packet self-trapping near the certain lattice site takes place if a discrete breather (time-periodic,
spatially localized solution) centered on this site exists. The set of initial conditions leading to
self-trapping is located in some neighborhood of the breather.

WAVES OF C-FOS AND ARC PROTEINS EXPRESSION IN NEURONAL
POPULATIONS OF MOUSE HIPPOCAMPUS IN RESPONSE TO A SINGLE
EPISODE OF NEW EXPERIENCE

Toropova K.A., Ivashkina O.I., Roshchina M.A., Anokhin K. V.
xen.alexander@gmail.com
NRC “Kurchatov Institute”, Moscow

Mapping the neuronal expression of activity-induced transcriptional genes c-Fos and Arc is
one of the major approaches to cellular brain imaging. However, no systematic comparison
was performed between dynamics of expression of these proteins in different brain regions in
response to cognitive stimuli. Here we used immunohistochemical staining to study
accumulation of c-Fos and Arc proteins in neurons of different regions of the mouse
hippocampus following a single trial of contextual fear conditioning. Our data showed two
waves of c-Fos and Arc expression, with a maximal peak at 15-30 min and a second less
pronounced peak at 1-3 hours after learning. Induction of Arc occurred earlier than c-Fos and
the overall dynamics of two waves slightly varied in the dentate gyrus, CA1 and CA3 fields
of hippocampus. These results open a possibility for immunohistochemical mapping of brain
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neuronal activity with much higher temporal precision and draw attention to wave fluctuation
of hippocampal activity after a single episode of new experience.

DIAGNOSTICS OF THE LASER PLASMA UNDER THE FEMTOSECOND
RADIATION FILAMENTATION UNDER THE HIGH PRESSURES BY THE PROBE
INTERFEROMETRIC METHOD

Chizhov P.A.", Ushakov A.A."?, Bukin V.V.", Garnov S.V.'
ushakov.aleksandr@physics.msu.ru
'A. M. Prokhorov General Physics Institute RAS
*Physics Department, M. V. Lomonosov Moscow State University

The dynamics of the electron concentration in the femtosecond optical breakdown
plasma channel in the air and nitrogen under the different pressures on the times up to the
some tensof picoseconds from the start of the ionization has been studied by the
interferometric probe technique. The nonlinear increase of the initial electron density in the
air and nitrogen under the pressures from 3 to 4 atm.has been observed.

TRANSIENT CHAOS IN A SYSTEM WITH ARNOLD WEB
IN THE PHASE SPACE

Felk E.V.l, Kuznetsov A.P.l’z, Savin A.V.!
FelkEkaterina@yandex.ru
'N.G. Chernyshevsky Saratov State University
*Institute of Radio Physics and Electronics

We investigate the effect of weak dissipation on the hamiltonian system with more than two
degrees of freedom. It is well known that in such systems the resonance stochastic layers
cross each other forming some web in the phase space. This makes the unlimited diffusion
possible for any small values of non-integrable perturbation unlike the systems with 2 degrees
of freedom. This diffusion was revealed by V.I. Arnold and is known as Arnold’s diffusion.
We consider two coupled twist maps with periodic function.

The aim of this work is to investigate the effect of weak dissipation on the system’s dynamics.
The finite time Lyapunov exponents are used to analyze the dynamics.

We observe the phenomenon of transient chaos and the changes in the phase space
structure including the disappearance of some resonances. Also the dependence of the
duration of the transition process from the initial position was investigated. Structure of the
phase space takes the form of a square lattice and the diffusion along the diagonal directions
disappears.

FORMATION OF VORTEX FLOW WAVES ON THE LIQUID SURFACE
Filatov S.V.

fillsv(@jissp.ac.ru
Institute of Solid State Physics RAS, Nizhny Novgorod

The formation of a vortex flow in a vessel with a liquid executing harmonic oscillations
in a vertical direction has been studied experimentally. It has been found that the vortex f low
does not occur in a cylindrical vessel until the amplitude of the oscillations exceeds a
threshold value, at which the Faraday parametric instability develops and azimuthal modes
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emerge on the surface. The vortices appear in a square vessel and in a cylindrical vessel with
broken symmetry at amplitudes below the parametric instability threshold. The formation of a
vortex f low is presumably caused by the interaction of surface waves propagating at an angle
with respect to each other

ANALYSIS OF PHASE SYNCHRONIZATION IN MULTILAYER
ADAPTIVE NETWORKS OF KURAMOTO OSCILLATORS

Kharchenko A.A.l’z, Makarov V.V.*!
ainadil@mail.com

1 : . .
Saratov State University, Russia
2 . . . .
Saratov State Technical University, Russia

The paper is devoted to numerical research of a complex multilayer adaptive network of
coupled oscillators (Kuramoto oscillators). The problem of diagnostics of phase
synchronization in a network by means the wavelet spectra of integral signal distribution of
the phase difference in the clusters multilayer adaptive network. Analyzed the process of the
emergence of clusters of integral characteristics.

PHASE PROPERTIES OF THE CUT-OFF HIGH HARMONICS

Khokhlova M.A.
MargaritkaKhokhlova@gmail.com
A .M. Prokhorov General Physics Institute of Russian Academy of Sciences
M.V. Lomonosov Moscow State University

The cut-off regime of high harmonic generation (HHG) by atoms in an intense laser
field is studied numerically and analytically. We find that the cut-off regime is characterized
by equal dephasing between the successive harmonics. The change of the harmonic phase-
locking when HHG evolves from the cut-off to the plateau regime determines the optimal
bandwidth of the spectral region which should be used for attosecond pulse generation via
amplitude gating technique. The cut-off regime is also characterized by a linear dependence
of the harmonic phase on the fundamental intensity. The proportionality coefficient grows as
the cube of the fundamental wavelength, thus, this dependence becomes very important for
the HHG by mid-infrared fields. Moreover, for every high harmonic there is a range of laser
intensities providing the generation in the cut-off regime and the atomic response magnitude
in this regime can be greater than that in the plateau regime. Thus, the cut-off regime
substantially contributes to the harmonic energy emitted under typical experimental
conditions where the laser intensity varies in time and space.

NONLINEAR REGIMES OF ADMIXTURE CAPTURING FROM THE SATURATED
POROUS MEDIUM BY THE OVERLYING FLUID FLOW

Tsiberkin K.B.
kbtsiberkin@psu.ru
Perm State University

The viscous flow over the porous medium enthralls the fluid inside it. Because of the
large drag of the porous medium, the velocity changes rapidly near the “porous layer — fluid”
interface, and the analogue of Kelvin—Helmholtz instability may develop. It mixes the fluid in
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the system. If some admixture saturates the porous medium, it will be carried-over into the
outer flow.

The current study considers the viscous fluid flow over the Brinkman porous layer of
finite thickness. The linear stability analysis shows the instability threshold exists, and the
interface boundary conditions play an important role in flow modeling.

The numerical simulation of the nonlinear regimes proves the linear stability analysis
results. The characteristic time of instability is proportional to the Reynolds number. The
large-scale vortices cover both the porous layer and overlying fluid, therefore the admixture
distributes throughout full volume of the system. Nevertheless, there is no effective fluid
mixing at some Reynolds number and porous medium parameters. The relatively weak flow
intensification makes slight changes of concentration field, and the admixture distribution
becomes almost stationary.

PLASMA WAVE EXCITATION AND ELECTRON ACCELERATION AT
RELATIVISTIC LASER-PLASMA INTERACTION IN UNDER-CRITICAL
PLASMA

Tsymbalov I.N.l, Shulyapov S.A.l, Ivanov K.A.l, Krestovskikh D.A.l,
Savel'yev A.B.l, Ksenofontov P.A.z, Brantov A.V.Z, Bychenkov V.Yu.?2
ivankrupenin2@gmail.com
'Faculty of Physics and International Laser Center of Lomonosov Moscow State University,
Moscow, Russia
2P.N. Lebedev Physical Institute, Russian Academy of Sciences, Moscow, Russia

We present the results of experimental research of laser-plasma interaction at an
intensity around 10" W/cm® in an undercritical pre-plasma, formed by additional nanosecond
laser pulse with controlled parameters, onto the surface of solid targets. Dependence of the
gamma-ray and the scattered optical radiation yield on delay between pulses is obtained. The
measured electron energy was around 10 MeV when optimal conditions were archived in
experiments. Numerical simulation and experimental results show that relativistic self-
focusing leads to electric field increasing, then laser pulse energy transferred into the plasma
waves due to forward Raman scattering or two plasmon decay instability. Longitudinal
plasma wave field captures and accelerates electrons created in plasma wave breaking. As a
result electrons acquire an energy of several MeV.

FORMATION OF ATTRACTORS IN THE SYSTEM OF PHASE EQUATIONS
WITH SYMMETRY VIOLATION

Chekmareva A.Zh., Kuznetsov A.P., Savin A.V.
chekmareva.aliya@mail.ru
Saratov State University, Saratov, Russia

It is known that invertible systems with involutions can demonstrate the conservative
dynamics of some manifold in the phase space. We consider the system of phase equations of
4 coupled oscillators and the effect of symmetry breaking on it dynamics.

We revealed that both regular (cycles and invariant curves) and strange attractors occur
in the Poincare map plane when the symmetry violated. Also we calculated the dependencies
of Lyapunov exponents of the parameter of the system and revealed that the largest Lyapunov
exponent demonstrates often and sharp changes with the change of parameters which means
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that both bifurcations (such as the birth of resonant cycle on the invariant curve) and crises
occur in this system.

INVESTIGATION OF POLARIZATION OF TERAHERTZ RADIATION
GENERATED IN TOPOLOGICAL INSULATORS Bi;Te; AND Bi,Se;

Chizhov P.A.l, Obraztsov P.A.l, Kanda N.2, Konishi K.Z, Gonokami M.Z, Garnov S.V.l,
Tereshchenko O.E.?
pvch@inbox.ru
'A.M. Prochorov General Physics Institute of Russian Academy of Sciences,
? University of Tokyo,
3 Rzhanov Institute of Semiconductor Physics Siberian Branch of Russian Academy of
Sciences

The results of characterization of terahertz radiation generated in topological insulator
crystals Bi,Se;, BiyTe; under femtosecond laser excitation are presented. Laser illuminated
crystal surface at an angle around 45°. Terahertz pulse is detected by electro-optical sampling
method in GaP crystal. Terahertz spectra of pulses generated in Bi,Ses, Bi,Tes crystals and in
Bi,Te; epitaxial film are obtained. The dependencies of terahertz polarization on laser
polarization are given. Contributions to result terahertz pulse both due to surface states and to
bulk states are revealed.

ND:GLASS LASER AMPLIFIER ENERGY INCREASING BY ADDITIONAL
PULSE INJECTION

Shaikin I., Kuzmin A., Burdonov K., Shaykin A., Khazanov E.
ilya.shaikin@gmail.com
Institute of Applied Physics of RAS, Nizhny Novgorod

This work is about petawatt laser complex PEARL pumping laser modernization.

At laser pulse amplification with duration Ins (pumping pulse for parametrical
amplifier) with rod Nd:glass amplifiers the main energy limiting parameters are optical
breakdown and small-scale self-focusing. Nowadays, the maximum diameter of commercially
available rod active elements is 10 cm. So maximum pulse energy is limited at about 300 J.

We have realized the scheme of income pulse polarizing separation. It makes possible
the injection of two consecutive pulses in the multistage amplification system. As a result we
increased the total output energy from 300 J to 500 J.

TRANSITION TO CHAOS IN THE ONE-DIMENSIONAL MODEL
OF A WIDE-APERTURE LASER

Shakirov A.R.l, Chertovskikh R.A.' , Krents A.A.l’z, Anchikov D.A.
shakirovar@ssau.ru
'Samara State Aerospace University
Samara branch of the Lebedev Physical Intitute, Russian Academy of Sciences

Emission regimes of a wide-aperture laser, described by the Maxwell-Bloch model
(MB) are studied numerically. The MB model describes spatiotemporal dynamics of a laser
with plane mirrors and operating on a single longitudinal mode. The Laplace operator,
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involved in the MB model, represents diffraction of radiation and allows to take into
consideration interaction of a large number of the transverse modes.

To study transition to chaotic regimes of laser emission, the range of the parameter
values corresponding to the short-wave instability was considered; the pump parameter
normalized to its threshold value was chosen as a control parameter, other parameters of the
system were fixed. For values of the pump parameter from 1 to 230, attractors of the
dynamical system (governed by the one-dimensional MB equations for periodic in space
electric field, medium polarization and inversion of population) were found numerically and
their bifurcations were identified. The governing equations were solved using the
pseudospectral and the exponential time differencing Runge-Kutta methods. Increasing the
control parameter, we have found steady states, quasiperiodic regimes with two, three and
four incommensurate time-frequencies followed by chaotic states. We have also observed
coexistence intervals (for the control parameter) of two and three branches of attractors.

COMMON LOAD SUPPRESSED STOCHASTIZATION MEDIATED BY NOISE

Shamporov V.A.l, Pankratov A.L."*? , Pankratova E.V.], Shitov S.V.*?
bacek94(@mail.ru
'N.I. Lobachevsky State University of Nizhni Novgorod, Nizhny Novgorod, Russia
*Institute for Physics of Microstructures of RAS, Nizhny Novgorod, Russia
3Cryogenic Nanoelectronics Center, R.E. Alexeyev Nizhny Novgorod State Technical
University, Nizhny Novgorod, Russia
*Institute of Radio-engineering and Electronics of RAS, Moscow, Russia

*Laboratory of Superconducting Metamaterials, National University of Science and

Technology "MISIS", Moscow, Russia

The joint action of the matching to a common RC-load and thermal noise on the spectral
properties of parallel Josephson junction array is studied. It is demonstrated that proper
matching suppresses the chaotic dynamics of the system. The efficiency of radiation is found
to be highest within a limited frequency band, which corresponds to transformation of the
shuttle soliton oscillating regime into the linear wave resonance synchronization mode. In this
frequency band the spectral linewidth agrees well with a double of the linewidth for a shuttle
fluxon oscillator, divided by a number of the oscillators in the array. When the oscillations
demonstrate strong amplitude modulation, the linewidth increases roughly by a factor of five
compared to this theoretical linewidth formula.

MANIPULATING OF BAND GAPS IN THE PERIODIC STRUCTURE OF THE TWO
MAGNONIC CRYSTALS

Morozova M.A., Sharaevskaya A.Yu., Sadovnikov A.V.
maluginama@yandex.ru, upark@inbox.ru
Saratov State University, 83 Astrakhanskaya Street, Saratov

The model was developed for calculation of the dispersion characteristics of
magnetostatic waves in the periodic structure, that consist of two one-dimensional magnonic
crystals, periods of them are shifted with relation to each other in direction of wave
propagation. Experimentally to show on the characteristics, up to three band gaps may be
formed in band of first Bragg resonance by depending on shift between magnonic crystals in
such structure.
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THE RELEVANCE OF THE MAGNETIC FIELD SHEAR IN THE PLASMA
KELVIN-HELMHOLTZ INSTABILITY DEVELOPMENT WITH THE ARBITRARY
OSCILLATION PROPAGATION ANGLE

Shevelev M.M.
mposimba@gmail.com
Space Research Institute of RAS

The development of the Kelvin-Helmholtz instability (KHI) on the magnetopause has
been investigated in the frame of the ideal MHD taking into account the finite scales of the
magnetic field shear and the velocity shear, with no restrictions imposed on the oscillations
propagation angle. The linear analysis has shown that the disturbances tilted at small angles
with respect to the bulk velocity may grow faster than the waves propagating strictly along
the velocity. The results also suggest for the density variation between the moving and the rest
fluids to affect the unstable oscillations angle span significantly.

VARIATION OF WIND FLOW CHARACTERISTICS DUE TO MODULATION
OF SURFACE ROUGHNESS

Shomina O.V., Ermakov S.A., Kapustin [.A., Lazareva T.N.
stas.ermakov(@hydro.appl.sci-nnov.ru
Institute of Applied Physics RAS, Nizhny Novgorod

Air-ocean interaction is a classical problem in atmosphere and ocean physics, which has
important geophysical applications related to calculation of vertical and horizontal humidity,
aerosol and gas fluxes, development of global climate models and weather forecasts. The aim
of this study was to investigate experimentally the variability of the wind profile structure due
to variations of wave characteristics. The surface roughness variations were produced using a)
surfactant films (oleic acid) spread on the water surface and b) mechanically generated waves
superimposed on wind waves. It was shown, that the presence of a surfactant film leads to an
increase of wind speed; presence of MGW results in deceleration of wind flow, the larger
MGW amplitude the stronger wind flow reduction is; the wind deceleration effect is more
pronounced for MGW with higher frequency; experimentally obtained characteristics of wind
flow claimed the growth of the wind friction velocity and the roughness coefficient with RMS.

The work has been supported by the Russian Foundation of Basic Research (Projects
14-05-31535, 14-05-00876, 15-35-20992).

MODELING OF PROPAGATION BROADBAND CHIRPED PULSE IN
PICOSECOND BEAMLINE OF HIGH-ENERGY LASER

Shugurov A.L', Andrianov A.V."? Sergeev A.M. '
shugurov1991@gmail.com
'Lobachevsky State University of Nizhni Novgorod
*Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod

We developed a universal numeric code for three-dimensional modeling interaction of
broadband laser pulse with different nonlinear, dispersion and spatial characteristic. This code
is based on a unidirectional wave propagation equation, and makes it possible to model
amplification of chirped pulses on personal computer. Using this numerical code we have
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modeled scheme, which is correspond to the scheme of a real picosecond beamline of high-
energy laser.

DYNAMICS OF SOLITONIC FIELDS IN THE FRAMEWORK OF MODIFIED
KORTEWEG - DE VRIES EQUATION

Shurgalina E.G.
eshurgalina@mail.ru
Institute of Applied Physics RAS, Nizhny Novgorod

Dynamics of solitonic gaz is studied in the framework of modified Korteweg — de Vries
equation. Two types of solitonic fields are considered: consisting of unipolar and heteropolar
solitons. For unipolar fields the results are compared with the model of Korteweg — de Vries
equation. The similarity of soliton dynamics for these two cases is demonstrated: the third and
fourth statistical moments are decreased in time, the tails of distribution functions are reduced
during nonlinear solitonic interactions. The opposite results are obtained for heteropolar
solitonic fields. The interaction of solitons with different polarities leads to increasing of
amplitude of resulting impulse. Thus the abnormal waves are appeared during the interaction
of solitons with different polarities. The tails of distribution functions are increased showing
the possibility of freak wave appearance.

The reported study was funded by RFBR according to the research project No. 16-35-
00175 mol_a.

TYPICAL GEOMETRY OF ROGUE WAVES
Yudin A.V.

yudinorel@gmail.com
Pejples’ Friandship University of Russia, Moscow

The report presents geometry results of numerical modeling of rogue waves [1] based on
the full nonlinear equations of hydrodynamics. We describe the widespread types of rogue
waves in computational experiments.

We received a lot of rogue waves in our computing experiments. About 95% of this
waves have the typical form of steep ridge. Other rogue waves have the form of deepest
depression ("hole in the sea”) or represent severalwaves of very big height (“’three sisters”).

Rogue waves from our experiments are one of such individual waves. The most
widespread rogue waves have the form of wall of water. Both parts of this wave from the left
minimum to the maximum and from the maximum to the right minimum are well-
approximated by three-degree polynomials

Fex)=ax®?+bxZ+cx+1

It gets the follow type after linear transformation when the ordinate of maximum point
is transferred to the point with coordinates.

[1] Kharif, C., Pelinovsky, E., Slunyaev, A.: RogueWaves in the Ocean, Springer, 2009.
EXPERIMENTAL STUDY OF THE DEPENDENCE OPTICAL ANISOTROPY

PARAMETERS OF THE CaF,, BaF, AND SrF, CRYSTALS ON WAVELENGTH
AND TEMPERATURE
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Yakovlev A.L
yaknnalex@gmail.com
Institute of the Applied Physics, Nizhny Novgorod

Optical anisotropy parameter — the material constant which defines the orientation of
the crystallographic axes, corresponding to minimum value of the depolarization of
transmitted radiation. Optical anisotropy parameters of CaF,, BaF, and SrF, crystals were
measured at three wavelengths and in the temperature range (90-300) °K at 1070 nm.
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