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B cOopHHK BOIIIM pabOTHI MOJIOJBIX YUYEHBIX, aCIHPAHTOB U CTYICHTOB,
MIPEACTaBICHHBIC HA KOH(GEPEHIIIO MOJIOJIBIX YUEHBIX, OPTaHU30BaHHYIO B paM-
kax XVIII nayunoii mkonsr «Hemuneiinsie Bomausl — 2018» (Hwkuuit Hosropog,
26 ¢eppans — 4 mapra 2018 r.). LlensiMu MIKOIBI SIBISETCA OOCYKACHHE MHPO-
BBIX JOCTHIKCHHH IMOCICAHUX JIET B 00JAacCTH (pyHAAMEHTAIHHONH HEITUHEHHOM
(GU3KMKY 1 ee MPUIIOKEHNH, KOOPIUHAIMS YCUIINE POCCUHCKUX YYEHBIX B Han0O-
Jiee aKTyaJbHBIX HaNpaBJICHUSX (DU3MKU HEJMHEHHBIX BOJHOBBIX IPOIECCOB M
OpUEHTALUsl HayYHON MOJIOAEKH Ha aKTUBHOE Y4acTHE B UCCIEIOBaHMAX, Be-
JyIIUXCSl B HAYYHBIX LIEHTPaxX Halleil CTpaHBl.

TemaTHKa WKOJIBI M KOH(DEPEHIIMH MOJIOJIBIX YIEHBIX BKIIFOUAET CIIEYIOINE
HaIpaBJICHUS HCCIEI0BAHUN!

— COBPEMEHHBIE TIPOOJIEMBI TEOPUH HETMHEHHBIX KOIEOaHUH 1 BOJH,

— HeJIMHEHHBIE MTPOIIECCHI B Teodn3uke;

— HEIMHEWHBIC SBJICHUS B aCTPOPHU3UKE U KOCMOJIOTHH;

— (pU3UKa SKCTPEMANbHBIX CBETOBBIX MOJICH U MOIIIHBIX JIa3€POB,;

— HEJIMHEHHBIE [IPOLIECCHl B HEUPOCUCTEMAX;

— HETIMHEHHAs! TUHAMUKA KBAHTOBBIX CHCTEM.

B pabore 1mkossl MpuHUMAIOT y4acTre okosio 150 MononbIx y4eHbIX, npej-
cTaBistronux okoJio 40 ycTHbIX NoKIan0B U 6osee 90 cTeH0BBIX BBICTYIUICHHH.
B sToM rogy oxxumaercs mpuess MOJIOABIX uccnenosareneid n3 Hwkuero Hosro-
poxa, Mockssl, CapatoBa, Ilepmu, Camapsi, Cankr-IlerepOypra, HoBocuGup-
cka, Ekarepunbypra, BnanuBocroka, Boponexa, Kazanu, SIpociasis.

ITporpaMma mIKOJBI BKIIOYAET JIEKIUH M3BECTHBIX POCCHHCKHX YUYEHBIX, a
TaKkKe TPUTTAMICHHBIX 3apyOeKHBIX y4eHeX. Cpemun HHX A.Q.-M.H., Tpod.
B.C. Anumienko (CI'Y), wren-kopp. PAH K.B. Anoxun (HULL «KypuatoBckuii
uacTHTY T, MI'Y), mpod. N.C. Aponcon (Yuusepcurer mrata [leHCHIbBaHMYS,
CHIA), mpod. B.C. Adpaiimosuy (Yuusepcuter Can-Jlyuc ITotocu, Mekcuka),
a.¢.-m.H. C.U. Bagynun (MO PAH), n.¢.-m.H. C.I1. Batuanun (MI'Y), n.¢.-M.H.
A.B. I'mazynos (MBM PAH), a.¢.-m.H., npod. B.B. XKmyp (MO PAH), mpod.
A.B. Kapokun (CayTreMOTOHCKHH yHUBEpCUTET, BemukoOputanus), mpod.
Kan-Knon Kuddep (HaumoHansHbI HaydHO-HCCIIEAOBATENBCKUA HHCTUTYT,
Kanana), unen-kopp. PAH 10.10. Kopane (DUAH), akan. PAH E.A. Ky3nenos
(®UAH), unen-kopp. PAH I'.A. Jleonos (CIIOI'Y), mpod. PAH A.A. JIyToBHHOB
(MK PAH), npod. M.A. Mankos (Kamudopuwuiickuii yuusepcurer, CIIIA),
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uynen-kopp. PAH E.A. Mapees (UI1® PAH), a.¢.-m.H., npod. B.U. Hekopkux
(UIT® PAH), akan. PAH P.1. Hurmatynus (MO PAH), k.¢.-m.H. O.B. INanamos
(UI1® PAH), mpod. A.C. [Tukosckuit ([ToTcaamckuit yausepcutet, ['epmanust),
uneH-kopp. PAH B.M. Ilynanos (PUAH), mpod. A.M. Ilyxos (droccensmopd-
ckuid yuuBepcuteT uM. ['enpuxa ['eitne, [epmanus), n.¢.-m.H. M.IO. Peruernsk
(U®D3), akan. PAH B.A. Py6akos (MU PAH), akan. PAH O.B. Pynenko
(MI'Y), n.¢.-m.H. A.B. CamoxsanoB (MOM PAH), akan. PAH A.M. Ceprees
(PAH), n.¢.-m.H. A.B. Crronsiecs (UII® PAH), n.¢.-m.H. M.B. Crapony0ues
(U1r® PAH), a.¢.-m.u. FO.U. Tpowmmkas (UII® PAH), wren-xopp. PAH
IO.N. Tpy6emkos (CT'Y), umen-kopp. PAH A.B. Typmanos (WUII® PAH),
1.¢.-m.H., mpod. A.B. Ycrunos (Texuomormdeckuii nuctutyt Kapicpys, Tep-
manuss, MUCuC, Poccuiickuii KBaHTOBBIH IEeHTP), K.p.-M.H. A.M. ®emoton
(MHUDN), n.¢.-m.H. M.B. ®posnos (BI'Y), k.¢.-m.H. A.B. FOmun (YHuBepcurer
WUTMO).

Jlexuun, npountanubie Ha XVl HayuHo# mkone «HenuHelHbIe BOJIHBI —
2018», mo Tpamuiuu OyayT W3aHBI OTACIBHOW KHHUroW. JlOMOJSHUTENbHAS WH-
dopmarust 0 mKojJe pasMerieHa Ha caiite http://www.nonlinearwaves.sci-
nnov.ru/.



UCCJIEJOBAHUE B3AUMHOMN CUHXPOHU3AIIUA CBSA3AHHBIX
I'MPOTPOHOB B PEXKUME ) KECTKOI'O BO3BYKIEHUSA

A.b. Aduﬂoeal, CA. T epacumoeal, H.M. Poickun™?

1CapaTOBCKH171 rocyzaapcTBeHHbli yHuBepceuteT uM. H.I'. UepHbleBckoro
2CapaTOBc1<m71 ¢umman MHCTUTYTA paJUOTEXHUKU U 3T€KTPOHUKH
uM. B.A. KorenbnukoBa PAH
AdilovaAB@info.sgu.ru

DJIeKTPOHHO-IIMKJIOTPOHHBII HAarpeB IUIa3Mbl B YCTAHOBKAX TEPMOSIEPHOTO
CHHTE3a — OIHO U3 OCHOBHBIX HAlPaBJICHUI ITPUMEHEHHS THPOTPOHOB. [[iist aTHX
Lesnei pa3padbaThIBAIOTCsl KOMIUIEKCHI M3 HECKOJIBKUX THPOTPOHOB. Hampumep, B
npoekte | TER mmanupyercs ucnosib3oBanue 26 rupoTpoHOB MOIIHOCTRIO 1 MBT
Ha vactore 170 I'T'u [1]. BaxkHO 0OecrednTs KOrepeHTHY paboTy BCeX THpO-
TPOHOB, MOITOMY HCCIICIOBAHHE MPOILECCOB CHHXPOHM3AINH SIBIISIETCS ceifuac
aKTyaJpHbIM [2]. B maHHO# paboTe mMpoBOIUTCS MOICIHPOBAHHE CHHXPOHH3A-
UM ABYX CBS3aHHBIX TMPOTPOHOB. IIpn 3TOM NPHHIMITHATIBHYIO POJIb MIPAET
3ama3/iplBaHie, KOTOPOE OOYCIOBIEHO KOHEYHBIM BPEMEHEM pPacIpOCTPAHCHHUS
CHUTHaja OT OZHOTO TUPOTPOHA K IPYTOMY.

MopenupoBaHue MPOBOJMTCSI HA OCHOBE M3BECTHBIX YPAaBHEHUH HecTallno-
HAPHOW TEOPUH TUPOTPOHA ¢ (PUKCHPOBAaHHOU CTPYKTYpoii moist [3]. B pamkax
3TO TEOpUH ypaBHEHHE IBUIKEHHS JICKTPOHOB HMEET BH/T

dp12 . 2 .

dC‘ +I(AH +|pl,2| _1) pl,zzlpi,zfs(g)- (1)
3nech Py, — O6e3pasMepHbIe MoTepedHble UMITYJIECHI JIEKTPOHOB, A, — Oe3pas-
MEpHbIE KOMIUICKCHBIC aMIUTUTY/AbI MOJs paboueit Momapl (MHACKCH «1» n «2»

OTHOCATCS K T[EPBOMY W BTOPOMY THPOTPOHAM COOTBETCTBEHHO), ( =

:(Bi /ZB”)(OO z/C — GespasMepHast MPOIOJBHAS KOOPAMHATA, O, — OTOPHAs
4acToTa, KOTOpas BBIOpaHa paBHOW COOCTBEHHOH dYacTroTe paboueil MOIHI,
By =Vio/Cs BL =Vio/C, Ay =2(0,~0, )/(Biwo) — LMKJIOTPOHHAs PACCTPOM-
ka. Pynkums f (L) onmuceiBaer pacripenencnue nons B pesonarope. Jlanee pac-

CMaTPHBAETCS TayCCOBO PaCIpeeIeHHe MOJIs.
AMIUTHTY B! A , TOTYUHAIOTCS yPABHEHUAM BO30YKIECHHUSA [4]

dA,
dt

HEAL =i [ILE0 Qe A (), @

rre tz(o)ot’) / (ZQ) — Oe3pasmeproe Bpems, Q — mOOpPOTHOCTH pe3oHaTopa,
A — paccTpoiika COOCTBEHHBIX YacToT, | — OGe3pa3MepHBIl mapameTp TOKa,

n= (Bi / 2[3”)030L /c — Ge3pa3MepHas JIHHA pe30HATOpa, P — Oe3pa3MepHBIH
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KOO UIMEHT CBSI3H, T = Moty / (2Q) — HOpMHpOBaHHOE BpeMS 3aJCpPKKH tg,
Y = 0ly. 3a UCKITFOUEHHEM MaJoOd pacCTpPOWKH COOCTBEHHBIX YacTOT, BCE OC-
TaJbHBIEC TApaMETPHI TI0JaraeM OIMHAKOBBIMH.

B paGote [4] Gbuto mposeneno uccienoBanue cucteMsl (1)—(2) B ciayuae
«vsirkoro» Bo30yxaeHus (Ay = 0,4). B nanHoi paboTe Hccaeayercs THHAMUKa
BBIIICYKA3aHHOW CHCTEMBI B CIy4ae KECTKOro» BO30YKAeHUsA. BriOpaHsb! cire-
Iyrolue 3HaueHus napameTpos: i = 15; Is = 0,06; Ay = 0,53, uTo cooTBeTCTBYET
pexxumy MakcumanbHoro KITT (oxoso 70 %).

Bbut 0OHapyKeH psi OTIAMYUI OT XOPOIIO M3YYCHHOW KaPTHHBI CUHXPOHH-
3alliU TeHepaTopa ¢ MATKUM Bo30yxaerneM. Ha puc. 1 npuBeneH npumep 3aBu-
cumocreit KII/l ot BpeMeHH NpH 1OCTaTOYHO OONBIIOM KO3((HUINCHTE CBSI3H.
O0a THPOTPOHA CTAPTYIOT C OJUHAKOBEIX HAYANBHBIX aMIUTUTYH. Kak BuaHO M3
pUCYHKa, BHaYaJle IPOUCXOANUT BO30YKIeHHNE KoeOaHnii B 00enX MOACHCTEMAX,
KITJI mocturaer MakcumalibHOTO 3HadeHus. OnHako npu t > 1T curHai u3 oaHo-
r'o THPOTPOHA HAYMHAET TIOCTYIATh B APYrod. B pe3ynpTare MPOUCXOANUT MOITHOE
MOJIaBJICHUE KoyeOaHWit 000MX THUPOTPOHOB. [IpM HECKONBKO PA3TUYHBIX Ha-
YabHBIX YCIOBUSAX MPOUCXOTUT MOJABIICHIE KOJICOAHUH TOJIBKO OIHOTO U3 TH-
POTPOHOB.

s
0.8 2
0.6

0.4

0.2

0 2 4 6 8 10 12 t

Puc. 1. 3aBucumocts KIIJ] mepBoro u BTOpOro rupoTpoHa 0T BpeMEHH TIPH
Ay =0,53;1s=0,06; p=0,5;, y =0,15m; 1= 5

AHaNnoruyHble pacyeThl AJS MOJENU CBS3aHHBIX MHOTOMOJIOBBIX THPOTPO-
HOB IOKa3aJiid, YTO B 3TOM CJIyuyae BMECTO CPbIBa eHEepalud MPOUCXOIUT BO3-
OyXIeHHUe Mapa3suTHOW MOJIBL.

Pab6oTa BeinonHeHa npu nojiepxke rpanta POOU Ne 16-32-00124.

Jlutepatypa

1. Sakamoto K. Progress of high-power-gyrotron development for fusion research //
Fusion Sci. & Tech. 2007. Vol. 52. P. 145-153.

2. Rozental RM., Ginzburg N.S, Glyavin M.Yu., Sergeev A.S, Zotova |.V. Mutua syn-
chronization of weakly coupled gyrotrons// Phys. Plasmas. 2015. Val. 22. Art. 093118.

3. Nusinovich G.S Introduction to the Physics of Gyrotrons. Baltimore ; London :
The Johns Hopkins University Press, 2004.

4. Adilova A.B., Gerasimova SA., Ryskin N.M. Synchronization of delay-coupled
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doi: 10.1051/epjconf/201714904029.
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UCCJIEJOBAHUE JJUHAMUKHU BO3MYIIEHUAM
3AMATHUYEHHOM IJIA3MBI
B ITOJIE MOIIIHOI'O PAIMONMITYJIBCA
HA KPYITHOMACHITABHOM CTEHJAE «<KPOT>»

H.A. Avoaxuna, M.E. I'vuun, U.FO. 3youn, C.B. Kopobkos, A.B. Cmpukoeckuil

WucruryT npukiaguoii ¢pusuku PAH, Hukunit Horopon
aidakina@appl.sci-nnov.ru

BosneiictBue Ha F-cimoil moHOC(Epbl MOIIHOTO M3IIyYEHHS HAarpeBHBIX
cTeHa0B, Takux kak «Cypa» min HAARP, npuBomuT K pa3sBUTHIO NCKYCCTBEH-
HOM noHocdepHoit TypOyenTHocTH [1, 2]. B mocemtee BpeMst pu TIOCTAHOBKE
1 MHTEPIPETALMN AKTUBHBIX HOHOC(EPHBIX SKCIEPHMEHTOB OONBIIOE BHUMAHHE
yaemnseTcs BTOPUYHON TypOyJneHTHOCTH. | eHepanms BTOPHYHON TypOYJIEHTHO-
CTH MOYET OTBEYaTh 3a MOSBICHHE HEOAHOPOIHOCTEH TUIOTHOCTH U TeMIepaTy-
pBI C pa3UYHBIMKM MacliTabaMu Jajeko BHe o0JiacTeil pe30HAaHCHOI'O B3aUMO-
JICUCTBHSI HATPEBHOTO M3JIyYEHHs C MATHUTOAKTHBHOM T1a3Moii [2].

B nacrosmeil pabore ucciaenoBaHbl OCOOCHHOCTH I'€HEepaluu U IepeHoca
BO3MYIIEHUN MJIOTHOCTH IUIa3Mbl MU MarHUTHOTO MOJIA MPH PaJUOUMITYIbCHOM
BO3/IeHiCTBUH. DKCIIEPUMEHTHI MPOBOAMINCH HAa KPYINHOMAacIITAOHOM ILIa3MeH-
HoM crerae «Kpor» (MII® PAH, r. H. Hosropox). B npoBoanmbIx akcrepu-
MEHTaX JJIMTENFHOCTh UMITyJIbca HAKa4KH BHIOMpaach TAKUM 00pa3oM, YTOOBI
TerIoBbIe 3((EKTHl HE YCHEBAIN Pa3BUTHCS; OCHOBHBIM MEXaHM3MOM, OTBETCT-
BEHHBIM 3a ()OPMHPOBAHNE HEOIAHOPOAHOCTEH, OBUIO TIEpepacnpeeeHue mia3-
MBI 32 CYET YCPEIHEHHOM MOHAEPOMOTOPHOM CUiibl. B skcnepuMeHTax aeraibHO
HCCIIeIOBaHa MPOCTPAHCTBEHHAs CTPYKTypa M JAWHAMMKA MJIa3MEHHBIX HEOIHO-
poaHOCTEH, (POPMUPYEMBIX HPU BO3ACHCTBUH HMITYJILCOB 3JEKTPOMArHUTHOTO
M3TYYEeHUS MIMPOKOTO IHara3oHa JUIMTeNbHOCTeH M MomHocTH. [loka3aHo, 9To
IIPU BBICOKOM YpPOBHE MOIIHOCTH HaKauyKH BpeMs Pa3BUTHS U peslaKcalluy I11a3-
MEHHON HEOAHOPOJHOCTH MOXKET CYLIECTBEHHO MPEBBILATh AIUTEIBHOCTh UM-
MyJbca HAaKayKH. YCTAHOBJIEHO, YTO IPOILECCHl IEPEeHOCa HEOAHOPOAHOCTEH
IUIOTHOCTH BJIOJIb BHEUIHEIO MarHUTHOTO IOJIS MMEIOT JIOCTaTOYHO CIIOXHBIN
Xapakrep. AHaIU3 BO3MYIIEHUI MAarHUTHOTO IOJISL B COBOKYITHOCTHU C IPOCTPAH-
CTBEHHO-BPEMEHHBIMH KapTaMy BO3MYIIIEHUH IJIOTHOCTH YKa3bIBAaeT HA HAJMUHE
HECKOJIBKMX XapaKTEPHBIX CKOPOCTEH MepeHoca BJI0JIb MArHUTHOTO Touis. B pa-
60Te 00cy’KaaeTcsi HECKOIbKO MEXaHM3MOB IIEPEHOCA BO3MYIIEHHUI IIa3MBl.

Paborta BbInONHEHa npu moxaepkke Poccuiickoro ¢onna ¢yHmamMeHTanb-
HbIX HccaeaoBanuii (mpoekt Ne 16-02-01156a).
Jlutepatypa

1. @ponos, B.JI. ToHKas CTPYKTypa JAKTOB IUIOTHOCTH, (POPMUPYIOIIUXCS MPU aK-
THBHOM PaJMOYaCTOTHOM BO3JCUCTBHM Ha JTabDOPATOPHYIO M KOCMHYECKYHO ILIa3Mbl /
B.JI. ®ponos, B.O. Panonopr, E.A. Ilopoxoa, H.A. Ainakuna, M.E. T'ymus,
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N.IO. 3Byaun, C.B. Kopo6kos, A.B. Kocrpos, M. ITappo, XK.-JI. Pour // TTiucema B XKOT®.
2015. T. 101, Ne 5. C. 342-346.

2. ®@ponos, B.JI. ViccnenoBanue MPoIieccoB nepeHoca B BePxHel noHochepe 3emu ¢
MTOMOIIBI0 MICKYCCTBEHHOM MOHOC(EPHOH TyPOyJIEHTHOCTH, CO31aBAEMOM ITyYKOM MOII-
ubix KB-paawosons / B.JI. ®ponos, E.H. Ceprees, I1. llIty66e // U3B. By30B. Paguodpu-
3uka. 2002. T. 45, Ne 2. C. 121-143.

BJIMSAHHUE DJIEKTPOOIITUYECKOI'O D®®EKTA ITIOKKEJbCA
HA CIHEKTP CIIOHTAHHOI'O TAPAMETPHYECKOI'O
PACCESAHHUSA CBETA

11.0. Axamves, A.A. Kanaues

Kazanckuit puzuko-trexandeckuit nactutyt GUL KazHI]
akatevdmitrijj @gmail.com

OnHO(MOTOHHBIE COCTOSHHMS, IMOJYYEHHbIE Ha OCHOBE CIIOHTAHHOTO Tapa-
merpuyeckoro paccesiuus (CITP) cBeTa, MIMPOKO HUCIIONIB3YIOTCS B COBPEMEHHOM
KBAHTOBOM ONTHKE JUIsl MPOBEICHUS IKCIIEPUMEHTOB 0 pa3IMYHBIM Halpasiie-
HUSIM, TaKUM KaK pealn3alusi ONTUYECKUX KBAHTOBBIX KOMIIBIOTEPOB, B yCTPO-
CTBaX KBAaHTOBOW KpUNTOrpaduu U KBaHTOBOW MeTponoruu [1]. B ycrpoiicTBax
KBAaHTOBOHM IaMSTH OIHO(MOTOHHBIE COCTOSHHUS TOJDKHBI B3aMMOJAEHCTBOBATH C
PC30HAHCHBIMH CHCTEMaMH aTOMOB, JIMHUS IIOTIIOMICHUS KOTOPBIX COCTABIIICT
mopsiAKa HeCKONbKHUX aecaTkoB merarepu. Ecmu cnextp CIIP cyxaercs mo He-
CKOJIBKHX JIECSTKOB MeETarepil, TO CYIIECTBEHHBIMHU CTAHOBSATCS BIUSHUS HA Te-
HEpaIuo 0THO(MOTOHHBIX COCTOSHUN BHEIIHUX YCIOBHI: TeMIIEpaTypHEIE KoJie-
6aHus, cTaOUIBHOCTD JIa3epa HAKAa4KH U T.I. B CBA3M C 3THM CTaHOBHTCS aKTy-
AJIBHBIM BOIIPOC O METOAAaX CTa6I/IHI/ISaHI/II/I O)]HO(bOTOHHI)IX HCTOYHUKOB Ha OC-
nose CIIP.

B nannoili pabote pa3pabaTbIBaeTCsl METOJ] YIPABICHHS CIIEKTPOM CIIOHTaH-
HOTO MapaMeTPUUYECKOr0 paccesHUsl CBETa C MOMOILBIO BHEUTHETO OJHOPOIHOTO
JNEKTPUUYECKOTO MOJIsI, IEHCTBYIONIETO HA HETMHEHHBIA KPUCTAILI.

CroHTaHHOE MapaMeTPUUYECKOE PACCesTHUE CBETa MPEJICTABIAETCS KaK Mpo-
lecC YHUYTOXEHUs (POTOHA HAKAUKK B KBaJ[PaTHYHO HEIMHEHHOW cpele W poxk-
JIeHUs IBYX (DOTOHOB: CHUTHAJILHOTO M XOJOCTOro. Bekrop cocrosiHus mapamer-
PUYECKOTO pacCesHus:

|‘P>:|O>+”dcosdo)iF(ms,wi)|ms>|mi>, (1)
rae F(ws, o)) — criekTpansHas ammnTyna 6udpoTona. B cirydae KoutHHEaApHOTO
peXrMa reHeparuy aMInTyaa oudoToHa

F(o,,0,) =| A -sinc(AKL/ 2), )
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rre |AF — xosddumment B3anmoneiictauit, Ak = k,— ki — ks— 21/A — pacctpoiika
BOJIHOBBIX BEKTOPOB, A — IEPHO MOIYJISIIIAKA HETMHEHHOCTH, Ky = @mN(om)/C —
BOJIHOBOU BeKTOp. B citydae, Koryia Mbl IPHKIIAIbIBAEM OJHOPOIHOE DIIEKTpHUEe-
CKOE IoJIe K HeJIMHEeHHOM cpefie, motyyaem [2]
k,=o,No,, E)/c 3)
B paborte [2] Hamu ObUTO TMOKa3aHO, HA MPUMEPE KpHCTAIA THTaHWI-(pocdaTa
KaJTHisl, YTO BO3MOKHO MPOU3BOUTH MEPECTPOIKY [UTHH BOJH 0€3 BIUSHMS HA 110-
JISIPU3ALAIO COCTOSTHUSI, €CIIH MPUKIIIBIBATh IICKTPHIECKOE MOJIE BAOJIb OCH Z.
Paccmotpum kpuctamn KDP (auruapooprodocdar kamus). st kpucramia
quruapooprodocdaTa Kajaus HEHYJIEBBIE 41 = I'sy U I'e3. ECITH IPHIOXKUTE dIIEK-
TPUYECKOE TI0JIE BAOJb ONTHYECKOIl OCH, TO IPOUCXOIUT CICAYIOIas MOJU(H-
Kallys JJUIAIICONIA TTOKa3aTeNIeH PeIoMIIeHHS:
(xIn, ) +(yIn,) +(z/n,) +2r Exy =1. 4
Kpucrann KDP cranoButrcss crmabGoaByOCTHBIM, W IPOUCXOAUT TIOBOPOT
NPUHIUIHATEHBIX OCeH JUIMICOMAA TOKa3aTels NPEeNOMIICHHS OTHOCHTEIHEHO
ocu Z Ha 45°. Ecnu Obl B KpHCTAJLIE CYIIECTBOBAI KOJUTMHEAPHBIN PEXKUM I'eHe-
pauu (Hapumep, O-THIa CHHXPOHHU3MAa), @ MOJSPU3ALHS CUTHAIBHOTO M XOJIO-
croro (oToHa OblIa HampapiieHa Ba0JIb ocu X win Y, natencuBHocts CIIP cBe-
Ta ynana Obl B 2 pa3a, npou3omies Obl CABHUT MO YaCTOTE FEHEpPaIMU U TTOBOPOT
noJsipu3auuy 6u(OTOHHOTO MOJIS.

KDP KDP
z z
«-» “«+Fn  «-» “+n

Puc. 1. Cxema renepaiuu meperyTaHHBIX COCTOSAHMA Ha ocHOBe 3¢ddexra [Tokkenbca:
Z — ontuueckas ock kpucramia, MITH — HCTOYHUK MOCTOSHHOTO HAMPSDKEHHS, «+» U «—» —
3apsiJl EKTPOIOB

[MpuKiaapBas JIEKTPUUECKOE TI0JI€ B IEPBOM U BO BTOPOM KpUCTaJLIaX CO-
HANpaBJIEHHO U MPOTHBOHAIPABJIEHHO ONTHUYECKON OCH COOTBETCTBEHHO, BO3-
MOKHO JOOUTBCS T€HEPAIMH IOJSPU3ALMOHHO MEPEyTaHHbIX Tap (HOTOHOB B
cxeme, IpHBeICHHOH B pabore [3].

Pabora BeImonHeHa npu moanepxkke PoHAa COACHCTBHS Pa3BUTHIO MajbIX
(hopM mpeAnpuUsTHIA B HaydHO-TexHUUecKoi chepe (Ne 112631'Y/2017).

Jlutepatypa

1. Takeuchi, S Recent progress in single-photon and entangled-photon generation
and applications / S. Takeuchi // Japanese Journal of App. Phys. 2014. V. 53, Iss. 3.
P. 030101.
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2. Akamwves, /1.0. YactoTHas cTabuiu3amus 0JHOPOTOHHOTO UCTOYHUKA HA OCHOBE
CIIOHTAHHOTO MAPAMETPUYECKOTO PACCESHUS CBETA C MOMOLIBIO BHEIITHETO AJIEKTPHIECKO-
ro monst / JI.0. AkareeB, A.A. KanaueB // Kommeioreprast onruka. 2016. T. 40, Ne 1.
C. 26-30.

3. Seinlechner, F. A high-brightness source of polarization-entangled photons opti-
mized for applications in free space / F. Steinlechner, P. Trojek, M. Jofre, H. Weler,
D. Perez, T. Jennewein, H. Weinfurter // Optics Express. 2012. V. 20, Iss. 9. P. 9640-9649.

YIPABJIEHUE HEJIUHEMHBIMHU JIOKAJIU30BAHHBIMHU
BOJTHAMHU B MEXAHNYECKHUX CUCTEMAX

U J]. Anmonos, A.B. Ilopybos

WucruryT npobiem mammuosenenus PAH, Cankr-IlerepOypr
antoidco@gmail.com

HCCHGI{OB&HI/IH B O6J'IaCTI/I HEJIMHEHHBIX JMHAMHUYCCKUX TMPOLECCOB B CJIOK-
HBIX MEXaHHYECKUX CHCTeMax IPUBJIEKAIOT cepbe3Hoe BHUMaHue. OnHO U3 nep-
CIICKTHBHBIX HaHpaBJ’IeHHﬁ CBA3aHO C KOHTHHYAJIbHBIMU NPECACTIaMU UCXOIHBIX
JIUCKPETHBIX MOJIEJICH, T.€. C MCCIIEIOBAaHUAMH DPEIICHUH HEeNMHEHHbIX nudde-
PEHLMATBHBIX YPaBHEHHH B YaCTHBIX NMPOU3BOJHBIX. Takue ypaBHEHHS MOTYT
o0yafaTh penieHUsIMA B BHJE YEJMHEHHBIX BOJIH Je(OpMalyd C MOCTOSHHOW
(hopmMoOil U CKOPOCTHIO, OJHAKO CYIIECTBOBAHHE IOCIEIHUX OOYCIOBICHO pa3-
JMYHBIMHA OTPaHWYEHHUSMH KaK Ha BHJ YPaBHEHUs, TaK W Ha Ha4daJbHBIEC U Ipa-
HUYHBIEe ycioBus. CaMu 10 ceOe penIeHus] HHTEPECHBI C TOUKU 3pEHUsI HCCIIe0-
BaHMS MEPEHOCA YHEPTUH AeopManny 1 NCCISI0BaHMS NepeHoca HHPOpMaIN
0 CBOMCTBax cpefibl, B KOTOPOM BOJIHBI paCIPOCTPAHSIOTCS.

B mocnennee Bpemsi oOHapy*)eHa BO3MOKHOCTb JJOOMBATHCSA pacipoCcTpaHe-
HUS BOJIH ITOCTOSIHHOM ¢)0pr1, OIMUCBIBACMBIX aHAJIUTUYCCKUMU PCIICHUAMMU, 3a
CYeT METOJIOB YIPaBJICHUS C 00OpaTHOW CBs3bI0. Peanmsanus anropurma ympas-
JICHHsI ¢ 00paTHOM CBsI3bI0 0COOCHHO 3(()eKTHBHA MPU IMMOMOIIM METOAa CKOPO-
ctHOro rpaguenra. [Ipenpinyiune uccnenoBanus [1, 2] mokasaian BO3MOXHOCTh
peanu3alyy aNropuTMa yrnpaBieHUs! ¢ 0OpaTHOW CBSA3BI0 METOIOM CKOPOCTHOTO
rpajiueHTa Iyisl yrnpasieHust GOpMOH M CKOPOCTHIO HEJIMHEHHOM BOJHBI ypaBHe-
HUs cuHyc-I'opIoHa, a Takke HOZOOHBIX AITOPUTMOB ISl APYTUX YpaBHEHUH,
BCTPEYAIONIMXCSI TIPH MOAEIMPOBAHNH ANHAMHUKH CIIOXKHBIX PELIETOK. YTpaBiie-
HHE II03BOJISIET O0ECHEYNBAaTh PACHPOCTPAHEHHE AOCTATOYHO MPOM3BOIBHOM
BOJTHBI C TIOCTOSTHHOHM (POPMO¥ M CKOPOCTBIO.

OpHaKO PacCMOTPEHHBIC YPAaBHEHUS M IPUMEHSEMBIC alITOPUTMbI HE TIPHUBSI-
3aHBI K KaKOW-TM00 KOHKPETHOM MexaHndyeckoit 3amaue [3]. B mokmane mpesa-
raercss K pPacCMOTPEHMIO CHUJIbHO HEJIMHEHHBIM YNPYyTUHd HM30TPOIHBIN CIIOH,
HIDKHSAS TPaHHUIIa KOTOPOTO KOHTAKTHUPYET C MOPO3HBIM IPYHTOM, a Ha BEPXHIOIO
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IpaHuLly JEHCTBYIOT HOPMAJIbHBIE W KacaTelbHBIE HANMpPKEHHS. YPaBHEHHS
JBYKEHMSI, OIMKMCBHIBAIOLIME NAHHBIA CIIOH, aCUMITOTUYECKU DPEAYLUPYIOTCA K
00e3pa3sMepeHHOMY MOJICIbHOMY OJJHOMEPHOMY ypaBHEHHUIO cuHyc-I'opioHa, B
KOTOPOM HOpMaJlbHasi Harpy3Ka UrpaeT pPoJib YIIPaBICHUS
W — Wi + SinW = fy — (W + ap W).

3necs W(X, t) — cmemmennst, fy — HopManmbHast Harpyska, @; U @, — mapaMmeTpsI
cucteMbl. [Ipemmaraetcst METOM, COTMIACHO KOTOPOMY B CHCTEME pEan3yeTcst
MEXaHM3M PAaCIpeIesIEHHOr0 yIpaBieHus B ciydae, ecnu fy mpuHumaer cie-
JYHOLIMM BUJL

fn = (@aWF + 2, Wry).

3necs W (X, t) o3HauaeT 1ieN1b yIpaBIIeHUs, WK IeIeByI0 QyHKIMI. B kaue-
CTBE LEJEBBIX (DYHKIUMA BHIOUPAIOTCS JOKAIN30BAHHBIE BOJIHBI Pa3HBIX TUIIOB IS
anpobaIuy MOJEH yIIPaBiIeHUs. PacyeTsl IPOU3BOAATCSA B IPOrPAMMHOM ITaKETEe
Wolfram Mathematica. B kauecTBe nmpumepa HpHBEAEHBI PE3YJILTAThI PACYETOB,
WILTIOCTPUPYIOIINX BOCCTAHOBJIEHUE (DOPMBI COJTMTOHA CPEACTBAMHY YIIPABJICHHS:

[TynkTtupHO#l nuHMEH oOO3Ha4YeHa eneBas (QYHKIUS B pa3HbIE MOMEHTHI
BPEMEHH, CIUIOIIHOM — Pe3yJIbTaThl pacyeTa. YIPaBICHNE BKIIOYACTCS B MOMEHT
Bpemenu t = 5. Bunno, kak gopma commToHa BoccTaHaBIMBaeTcs mpu t = 7 u
t = 15. Ot u ApyrHe OCHOBHBIC PE3YNbTaThl WCCICHOBAHUHA OyAyT MOApOOHO
MPOJEMOHCTPUPOBAHEI B TOKJIAE.

Pa6ora monnepskana rpantom PH® Ne 14-29-00142.

JIntepatypa

1. Fradkov A.L., Andrievskiy B.R., Porubov, 4.V., Antonov |.D. Control of localized
non-linear strain waves in complex crystalline lattices // International Journal of Non-
Linear Mechanics. 2016. Vol. 86. P. 174-184.
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3. Ilopy6os, A.B., Aumonos U J]., Hnoeiiyes J1.A.,Ppaokos J.A. Mechanical system
dlowing distributive control with feedback // Mechanics Research Communications.
2017. [in press].

CHUHXPOTPOH-YEPEHKOBCKOE U3JTYYEHHUE B BAKYYME
HU.U. Apmemenxo, E.H. Hepyw, U.FO. Kocmiokos

WucruryT npuxiaguoi ¢usnku PAH, Huwkanit Hosropon
vanek-4991@mail.ru

Wznyuenne BaBuioBa — YepeHKoBa XOpoIIO HccienoBaHHBIN dddekT, Ko-
TOPBIIl MO’KHO HAOJIIOAATh B cpejie. XOpOIIO U3BECTHO, YTO 3JIEKTPOH B BaKyyMe
HE M3JIy4aeT MPHU JABMKEHHUH C ITOCTOSHHOM M0 BEJIMYMHE U HAPABJICHUIO CKOPO-
cTbt0. OJTHaKO BCE MOXKET U3MEHHUTHCS B CUIIBHOM I10JI€, IOCKOJIBKY B 3TOM CIIy-
Jae y BaKyyMa TaKKe IIOSIBIIETCS MOKa3aTens npeaomieHust [1].

Puc. 1. CpaBHEHHE CIICKTPOB CHHXPOTPOHHOT'O M3JTy4YCHHs B BakyyMe (HIKHSISI KPHBast)
1 [IPY HATMYHUU OTJIHYHOTO OT €IMHHIIBI [I0Ka3aTells peIoMIIeHHUs (BEpXHsIsl KpUBasi)

B nannO# paboTe BEMHCIAETCS MOIIHOCTH CHHXPOTPOH-YEPEHKOBCKOTO H3-
Jy4eHHs B MOJSIPU30BAHHOM BaKyyMe U OOCYXIaeTcsi BO3SMOXKHOCTh KCIIEpH-
MEHTAJIHOI perucTpanny JaHHoTo 3 deKTa.

JlutepaTypa
1. Narozhny N.B. // Zh. Eksp. Teor. Fiz. 1968. Vol. 55. P. 714-721.
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YIIPABJIEHUE ®OPMUPOBAHUEM CBS3EN B HEHPOHHOM CETH
C STDP-IINTACTUYHOCTBIO

M.B. anfcaHoeal, CA. ./]06061, K.U. Eaﬂawoeal, B.A. Makapoel’?',
B.b. Kaaam;eel

1H1/1>1<er0p0,;:(c1<1/n‘/’1 rocynapcTBeHHsbIi yHuBepcuteT uM. H.J. JlobaueBckoro
2Universidad Complutence de Madrid
arksinus-bmw@yandex.ru

OyHKIMOHNPOBAHUE MO3Ta JOCTATOYHO JJOJITO OCTABAIOCH ISl YEJIOBEKA 3a-
TaJKOH, M JJayKe B HAIIIE BPEMs €IlIe He BCE MEXAHU3MBI SIBIISIOTCS 10 KOHIIA U3Y-
yeHHbIMH. Ceifuac HEHPOHHBIE CETH MPEACTABISIOT 0COOBIN MHTEpEC LIS Uccie-
nosateisiel. IlocTpoeHHble 110 NPUHIUIY U OpraHU3alui HACTOSIIMX HEHPOHHBIX
ceTel, MOJICNBHBIE CETH MOTYT OBITh HCIIOJIB30BaHBI B PA3IMYHBIX OOJIACTSX,
HampuMep npu 00paboTKe Pa3IMYHBIX CUTHANOB, IUIS KJIACCH(PHUKAINU TpHU3HA-
kOB [1], B ynpaBieHHH MEXaHM3UPOBAHHBIMH YCTPOWCTBaMU U poGoTamu [2—4],
JUTSL TOCTPOCHUSI CHCTEM yrpaBiienust [5]. B To sxxe Bpemst mpobiiema, CBsI3aHHas ¢
KOHTPOJIEM CETEBOM aKTUBHOCTH, BOZHUKAIOIIEH MOJ NEHCTBUEM IIEKTPUUECKOMN
CTHUMYJISIIMU OT Pa3IMYHOTO YMCIIA AJIEKTPOJIOB, JI0 CHX IMOP OCTAeTCs B 3HAUYM-
TEJILHOM Mepe HepelleHHoi. B nanHo# pabore Mbl MccieayeM M3MEHEHUs Xa-
pakTepa cBsi3ell B HEHMPOHHBIX CETAX, BO3HHKAIOLIME I0J] ACHCTBUEM BHEIIHEH
CTHMYJISIINY, ¥ BO3MOXXHOCTh HAaIPaBJIEHHOTO (JOPMUPOBAHHUS CBSI3EH.

ITo npapmry STDP-mracTHYHOCTH CTUMYJISALHS MOCTCHHANTHYECKOTO Heil-
pOHA MOCJIE MPECHHANTHYSCKOTO NPHBOAUT K yCHJICHHIO CBsi3u [6, 7]. Takum
00pa3oM, CTHMYJIMPYS OTHACIbHBIC HEHPOHBI B HYXHOH IMOCICIOBATEIBHOCTH,
MOXHO IIOGI/ITBCH pactpoCTpaHCHUA UMITYJIbCOB B 3a/IaHHOM HaIIpaBJICHUU. O}IHa-
KO npu o0y4eHHH B MaciuTabe HeHpoHHBIX cereil mpoTtokosn STDP paboraer He-
OJTHO3HAYHO M TPeOyeT NOMOIHUTEIBHOIO paccMOTpeHHs. J{is npeogonenus 3To-
T'O OrpaHUYEHHs MBI MIPEAJIaraeM UCIIOIb30BaTh CTPYKTYPHPOBAHHYIO HEHPOHHYIO
CeTh M MOKa3bIBaEM, YTO OHA XOPOULIO MOJyIaeTcss OOYUSHUIO M MO3BOJISIET MOIY-
YUTh aKTUBHOCTb, INPKYJINPYIOLIYIO B CETH ITOCIIC OTKITIOUYEHUS CTUMYJISILIAH.

UToOB! M3y4NTh BO3MOXKHOCTH YNPABJICHUS aKTHBHOCTBIO M, COOTBETCTBEH-
HO, 00y4YeHHEM B IOJHOMAacIITaOHOM ceTH, OblIa MCCIeNOBaHAa CBSI3b MEXKIY
OTHOCHUTENBHBIM TIOJIOKEHUEM JJIEKTPOJOB CTUMYIALUHM U XapaKTCpHBIMH Ha-
MpaBJIeHUsIMU COPMHUPOBAHHBIX CBsi3eit mon AedcTBueM STDP-rutacTuaHOCTH.
W3BecTHO, 4TO MpU BO3JACHCTBUU €IUHUYHOTO JIEKTPOJa Beca CBs3EH M3MEHS-
I0TCSI TAKUM 00pa3oM, 4TO BEKTOPHOE II0JIe BECOB CTAHOBUTCS HANpPaBICHHBIM
panuagbHO OT CTUMYJISATOPA, B CBSI3U C Y€M MOYKHO HAOJIOJATh BOJHY BO30YXK-
JICHUS, UCXOIIYI0 OT Hero [8]. Bpiio BBIICHEHO, YTO MPU MOAKIIOYCHUH ABYX
padOTaIOIMX CHHXPOHHO 3JIEKTPOAOB HA JOCTATOYHO OOJIBILIOM PACCTOSIHUU APYT
OT JIpyra Juisi CBSI3eH, HAXOMASIIMXCS MEXIy HUMH, BEKTOpPa BeCOB (popMHUPYIOTCS
ciry4qaiiHeIM 00pa3oM. IIpenrmonokuTebHO, 3TO CBSA3aHO C TEM, YTO BIIMSHHE KOH-
KPETHOI'O CTHMYJIATOpA IIOCTENIEHHO OCHa0sieTcss C YBEIMYEHHWEM paccTos-
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HUS B pe3yJbTaTe BO3ACHUCTBUS BHEIIHMX LIYMOB, M3-3a CIY4ailHOCTH B paclo-
JIOKEHHUH CBSA3EH, a Taxoke Oiaronaps IeiCTBHIO TOPMO3HBIX HEHPOHOB. JlaHHBIE
YCJIOBHSL B COBOKYIIHOCTH IIPUBOJAT K HEYIPAaBIAEMOMY IEPEPACIPEIEICHUIO
BECOB CHayajla BJald OT CTHMYJISITOPOB, IOCIE YEro yCUJICHHBIE CllydailHble
CBSI3U NIOCTENIEHHO HAYMHAIOT YIPABISATh TUHAMHUKON BOJIM3H 3JI€KTPOIOB. DTOT
(haKTOp CTOWT yUMTHIBATH NMPHU OOYUEHHH CETEeH, KOTIa B pe3ysbTare Tpedyercs
MOJTyYUTh ONPECIICHHYIO PEAKIMIO Ha CTUMYJI. Y MEHBIIEHUE PACCTOSHUS MEX-
Iy DJIEKTPOJaMH TI03BOJISIET M30aBUTHCS OT «30HBI HEONPEAEICHHOCTI» U NPH-
BOJUT K CHUTYaIllH, KOTJa BO3HUKAET YETKOE pa3rpaHHMUCHUE 00IacTell BIMSHNA
JBYX CTUMYJISTOPOB. CTOUT OTMETHTH, YTO B OTIMUYHNE OT CHHXPOHHOM CTHMYJIs-
LUH BBEACHUE 3aJEPKKU MEXKIY dIEKTPOJAMH BEAET K pa3pyLICHUIO 3TOrO paB-
HOBECHS U HEOJHO3HAaYHOMY HAIIPaBJIECHUIO PacCIpPOCTPAHEHUsI aKTUBHOCTH. Ilo-
BEJICHHE CETH 3aBHCHUT TaKXKe OT KOJMYECTBa 3JIeKTpoaoB. Eciiu Ha cBsi3u Oyner
JIEHCTBOBATh Y>K€ CYINEPIIO3ULIMS HECKOJIBKUX CUTHAJIOB, TO B IIPUCYTCTBUU IIIy-
Ma TOIIOJIOTUS CBSI3EH B PE3YJIbTaTE MOXKET IIPHOOPETaTh CIOKHBIA XapakTep.

OpHako CTPYKTypH3alus MO3BOJSAET AOCTHYb XOPOILIUX Pe3yJIbTaTOB HpHU
0o0y4YeHuH, Tak Kak, BO-TIEPBBIX, MCKIIOYAECT MOMEXH CO CTOPOHBI OCTAIBHBIX
3JIEKTPOJIOB, BO-BTOPBIX, YMEHBIIAET KOIMYECTBO CBA3EH, 0 KOTOPBIM PACIpPO-
CTPaHSAIOTCS IIYMOBBIE CUTHAJIBI, B-TPETHHX, YUNTHIBAET O0JIACTH BIMSHUS 3JICK-
TPOJOB CTUMYJISLIUH.

Pabora nonnepsxana rpantom PH® Ne 15-12-10018.
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TOKOBASI HEYCTOMUYMBOCTH JIEKTPOH-TIO3UTPOHHOM
IIVIA3MBI B CBEPXCUJIBHBIX JIABEPHBIX ITOJIAX:
JAUHAMMUKA YI'JIOBOI'O PACTIPEJEJIEHUA U3 TYUYEHUA

A.B. bawunos, E.C. E¢pumenxo, A.B. Kum

WuctutyT npuknanuoi ¢usuku PAH, Huwknuit Hosropoa
abvk@inbox.ru

Pa3Butune ma3epHBIX KOMIUIEKCOB MO3BOJHMT B CKOPOM BPEMEHHU MPEO0JIETh
py6ex momiaoctr u3nydeHus B 10 [IBt. Takoe cBepXMoOIIHOE H3IydYeHHE II0-
3BOJIUT AOCTUYL YJIbTPAPCIATUBUCTCKUX MHTCHCUBHOCTEH noneﬁ, B KOTOPBIX
YaCcTHLBI Oy/IyT UCHBITHIBATh CHIIbHBIE paJUallMOHHbIE MOTEPH M M3IydaTh (o-
TOHBI C SHEPTUSIMH MHOT'O OOJIBIIMMH SHEPrHH HOKos 3iekTpoHa. Ilpu onrtu-
MaJbHOM (HOKYCHPOBKE MOl JOCTATOYHO MOIIHOCTH u3nydyenus /-8 1Bt [1, 2],
4TOOBI (POTOHBI MOTTHM OBICTPO pacanaTbcsi Ha JIEKTPOH-TIO3UTPOHHBIE TAPHI,
KOTOpBIE BIIOCIEICTBHM CHOBAa MOTJIM OBl T€HEPHPOBATh BHICOKO3HEPTHYHBIE
¢otonsl. COBOKYITHOCTH IEMHBIX ITPOLECCOB M3ITyueHHsI (POTOHOB M MX pacrania
Ha3bIBAETCS] JNIEKTPOJMHAMHYECKUM KacKaZoM. Eciy TeMIm poXIeHHS HOBBIX
9qacTHIl OyJeT BBIIIE, YEM TEMIT UX yXOZa M3 00JacTH CHIIBHOTO IOJIs, TO MpO-
n3oiineT «mpoboit», B pe3ynpTare KOTOPOTO IUIOTHOCTH IUIA3Mbl HAYHET 3KCIIO-
HEHIUaJIbHO OBICTPO BO3pacTaTh. Takum 00pa3oM, B JJa3epHOM I10JI€ IEKTPOIH-
HaMHWYECKHI KackaJa MOXCT SABJIATBCA HCTOYHUKOM IUIOTHOH QJICKTPOH-
MO3UTPOHHON TIIa3MBl, KOTOpasi, B CBOIO OYEpe]b, MOXKET OKa3bIBaTh CYIECT-
BEHHOE BJIMSHUE HA PACIPOCTPAHEHHUE JTa3ePHBIX UMITYJILCOB B cpene [3, 4].

B3aumMoneiicTBre J1a3epHOTO U3IYYEHUS C 3JIEKTPOH-MO3UTPOHHON MiIa3Moin
o0agaeT psIoM OTIMYUTENBHBIX CBOMCTB, OOYCIJIOBIEHHBIX PaBEHCTBOM Mace
MPOTHBONOJOXKHO 3apsDKEHHBIX dYacTull. Hampumep, 31€KTpOH-TO3UTPOHHAS
iasMa xapaktepusyercs oTcyTcTBueM 3 dekra Dapaznes [5], ycuneHueMm crTu-
MYJIHMPOBAaHHOTO OPHIUTIO3HOBCKOTO M MOJABICHHUEM PaMaHOBCKOTO PacCesHUH
[6]. Cpenn sTHX XapakTepHBIX OCOOCHHOCTEH W HOBBIM BHI TOKOBOH HEYCTOM-
YMBOCTH, HHUIIMUPYEMOH PEIATHBUCTCKH CHJIBHBIMHU J1a3epHbIMH monsivu. OHa
MIPUBOAUT K HEYCTONYMBOCTH IIJIa3MBbl, H3HAYAJIEHO OJTHOPOIHO pacIpeaeIeHHON
BJOJIb MAarHUTHOI'O I10JIA CTOSTYCH BOJIHBI. SHCKTpOHBI " MMO3UTPOHBI, YCKOPSAACH
noJa }IeﬁCTBHeM QJICKTPUYCCKOTO II0JId B MPOTHUBOIIOJJIOXHBIX HAIPABJICHUAX B
JIa3€pHOM TMI0JIe, CO3Jal0T TOK, BO3MYIIEHUS KOTOPOTO BBI3BIBAIOT T'€HEPAIUI0
MarHuTHOTO MOJsl, OPTOTOHAIBHOIO MAarHUTHOMY TIONIO BOJHEL. ['eHepupyemoe
MarHuTHOE IOJIE€ YCUIMBAaeT MOAYJALUIO TOKAa, BCICACTBUE YEro BO3PAacTaeT
IUIOTHOCTh TOKAa M CaMO MarHUTHOE IoJie. B pe3ynbTraTte pa3sBUTHSA HEYCTONYHBO-
CTH 00pa3yroTCsl TOKOBBIE CIIOH. VI3HAaUYaIbHO OHM BO3HUKAIOT B OOJIBIIIOM KOJIH-
YEeCTBE, OJHAKO 3aTE€M MPUTITHBAIOTCS M CIMBAIOTCS 332 CYET B3aMMOJICHUCTBHS
OJIMHAKOBO HAIIPABIEHHBIX TOKOB. B uTore MoxxeT ObITh c(hopMHUpOBaHA KBA3UII-
JIOCKasl IUTa3MEHHas CTPYKTypa, COCTOSIIAs M3 OIHOTO-ABYX TOKOBBIX CJIOEB,
JIeKAIMX B OHOM IUTOCKOCTH. [IpoBeieHHOE YHCIEHHOE MOAEIHPOBAHNE TTOKa-
3aJI0, YTO 3Ta HEYCTOWYMBOCTH Pa3BHBAETCS B Pa3IMYHBIX KOHPHUTYPALHSIX I10-
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neit (BCTpeUHBIE JTa3epHBIC UMITYJIbCHI, TUITOJIbHAS W MATHHAPHICCKAS BOJHEL).
I'maponuHamMuyeckuii MoAXon K aHaiu3y NaHHOW HEyCTOMYMBOCTH IIO3BOJIMII
OIICHUTh TEMII €€ Pa3BUTHS, U 3Ta OLICHKA COTJIaCyeTCs C pe3yJbTaTaMH YHUCIICH-
HOT'O MOJICJ'[I/IpOBaHI/IH. Ta1<>1<e IIOKa3aHoO, 4YTO B peHSITI/IBI/ICTCKI/I HHOTHOﬁ I1a3mMe
BpCMH paSBI/ITI/IH HeyCTOI‘/’I‘-II/IBOCTI/I MOXECT 6I>ITB MCHBIIIC nepnona I10JI4.

CTOUT OTMETUTH, YTO JaHHAsl HEYCTOHYMBOCTh MOET CYIIECTBEHHO H3Me-
HUTH YIJIOBOE paclpejiesieHne U3aydyeHus mia3mbel. Hampumep, B pesysbTare
pa3BUTHs Kackaja B JIUIOJIBHOIN BOJIHE M3HAYAIBHO (POPMHUPYETCS aKCHAIBHO-
CUMMETPUYHOE PacHpeleIeHue TIa3Mbl, IPUUEM TPACKTOPHS KaxJI0H 4aCTULBI
JIS)KUT B IIOCKOCTH, MPOXOJAIIEH uepe3 ocb cuMMeTpuu. st oTAenbHOM yac-
TUIBI YIIIOBOU pa30Opoc m3mydeHus coctaisieT okono 100 Mpan oTHOCHTETBHO
ocu. Ilpn 3TOM BBHIy aKCHAIBHOW CHMMETPHH IIMPHHA YTIOBOTO pacIpeselie-
HUS W3JIyYCHUS, TEHEePHPYEMOTo IDIa3MOH, OIpenenseTcs OOpaTHBIM TaMMa-
(akTopoM gacTHIl U cocTaBisieT mpuMepHo 1 mpaz [7]. B pesynbrare pasBuTHs
HEYCTOWYMBOCTH aKCHalbHasi CUMMETPHS HapyIlIaeTcs, pacipeielieHue Mia3Mbl
CTAHOBUTCA IINIOCKUM H I_[II/IpI/IHa JII/IanaMMBI HaHpaBHeHHOCTI/I BO3paCTaeT a0
100 mpan. Takas B3aMMOCBSI3b MEXKIY paclpeseieHHeM IUIa3Mbl U M3Iy4eHHs
MOJXKET TPEJIOCTaBUTh CIIOCO0 OMpECICHHS CTPYKTYPBl U JUHAMHKY TUIA3MbI B
OYIyIIMX IKCIICPUMEHTAX Ha MYJIBTUIICTABATTHBIX JTa3¢PHBIX YCTAHOBKAX.

PaGora BeITIONTHEHA TIpH TToiepkke Gormna PH® (rpant Ne 16-12-10486).
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IPUMEHEHHUE BA3OBbIX JUHAMUAYECKHX MOJIEJIEM
JIJISI BAJTMJAIIAU CITY THUKOBBIX U3MEPEHUI

M.B. benuxosuu, M.FO. Kynukos, A.A. Heuaes, T.C. Epmakosa, A.M. Deticun

WuctutyT npuknanHoit ¢usuku PAH, Huwxauit Horopoa
belikovich@ipfran.ru

B noxmazie mpencraBieH METOJ CTaTUCTHYECKON (DHIIBTPAIMK OTHOBPEMEH-
HBIX CITyTHUKOBBIX W3MEPEHHIH HECKOIBKHX XMMHYECKHX KOMIIOHEHT aTMoche-
pBI, a TaKKe HEKOTOphIE MaTeMaTHYecKue OCOOSHHOCTH €ro NPHMEHEHHS Ha
npuMepe o0paboTK! 0a3bl JaHHBIX OJHOBPEMEHHBIX CITyTHUKOBBIX M3MEpPEHHH
nHesHbIx pactpenenennit OH, HO, u Oz Ha BbicoTax Me3ocheps! (B AnamnasomHe
50-80 km), momy4eHHbIX iprOopom ML S Ha ciytHEKe Aura,

Jauueiii Metox [1] sBIsieTcss yNPOUICHHBIM BapHAHTOM CTATHCTHYIECKOTO
MojIxo/1a, paspuBaemMoro B pabote [2]. OH OCHOBaH Ha TOM, YTO JOKaIbHAsl 9BO-
JFOLUST KOHKPETHBIX xuMuueckux kommnoneHT (OH, HO, u O3) B qHEBHOW Me30-
cepe MoxkeT OBITh ONHMCaHa NMPOCTHIMU aNreOpanvyecKUMU COOTHOILEHUSMH,
MOJy4aeMbIMU B PE3yJIbTaTe ONHCAHMS IBOIIOLUH Me30c(hepHOol (oToXxuMuye-
CKOHM cHCTeMBI ¢ TIoMOLIbl0 0a30Boi nuHamMuueckoi monenu [3]. [locpencTBom
aHaJIM3a W YNPOIIECHHS JTAaHHBIX COOTHOIICHHUH BBIBEACHO alreOpandecKoe ypas-
HEHHUE, CBS3BIBAIONIEE M3MepsieMble KOMIIOHEHTHI MEXIy coO0OH M 3aBHcsIIee
TOJIBKO OT KOHCTaHT (POTOXMMHYECKHX PEaKIMil, KOHIEHTPALMU 1 TEMIIEePaTypPhl
Bo3ayXa. HeoOXoomMo OTMETHTB, YTO METOJ IIOCTPOSHHS Oa30BBIX JHHAMHIYE-
CKMX MOJIeNiell HE MO3BOJISIET YETKO OIPENEssITh KOJMYECTBEHHbIC T'PaHMIIbI
MPUMEHUMOCTH M COOTBETCTBYIOIYIO TOYHOCTH MOJYYEHHOH YIPOIIEHHOI MO-
nenu. [To 3Toit npuunHe ObLI MPOBEJCH pacyeT roJJOBOrO LUKIIA IBOJIOIUU Me-
3ocepHoii POTOXMMHUH C TIOMOIIBIO TPEXMEPHOH XMMHKO-TPAHCIIOPTHON MOJie-
a1 Me3ocdepbl B HIKHEH TepMocdepsl, paspadorannoil B Leibniz-Institute of
Atmospheric Physics at the University Rostock, Kiihlungsborn, I'epmanus. Jlan-
Hasi MOJIeNTb XOPOLIO W3BECTHA H MHOTOKPATHO BepH(UIMPOBATIack B psiae padoT
[4]. TIpoBeneHHOE MOIETUPOBAHKE 1TOKA3as0, YTO JAHEBHbIe 3HaueHust OH, HO,
u O3 XOpOIIO COOTBETCTBYIOT alreOpanvyecKoMy COOTHOIICHHIO B IHAala3OHE
BeIcoT OT 50 1o 100 kM ¢ oTkI0HEeHHeM He Oonee 3—4 % B 3aBUCHMOCTH OT Ce-
30HA U reorpagu4ecKoro MoJI0KEHHS.

B paspabotaHHOM MeTOje NMPUHUMAESTCS BO BHUMAaHHE, YTO CIIyTHHUKOBBIC
M3MEpEeHHUsI COJIEPIKAT CIYy4YalHYIO IOTPELIHOCTh, KOTOpasl MPEJIIoNIaraeTcsi ra-
YCCOBO#, TO €CTh PE3yJbTaT Kaxkaoro oxHokpatHoro uamepenus OH, HO, u Os
Ha HEKOil BBICOTE IOJYHMHSIETCS] TPEXMEPHOMY HOPMAaJIbHOMY pacIipeieieHHo, a
BO3MOXXHBIE UCTUHHBIE 3HAUEHMSI M3MEPSEMbIX KOMIIOHEHT HaXOJATCS C TOYKH
3peHHsl TEOPHH BEPOATHOCTEH. MeTo/1 3akirouaeTcs B cieayromieM: 1) moctpoe-
HHE Ha KaXXJOH BBICOTE COBMECTHOH IUIOTHOCTH BEPOSTHOCTH 3HAYCHUH KOH-
nenrpamuii OH, HO, n O3 npn ycloBUM KOHKPETHBIX JTaHHBIX U3MEPEHUH 3THX
KOMIIOHEHT ¥ CIIPAaBEIUIMBOCTH MOJYYSHHOTO ajire0pandecKoro COOTHOLICHHS,
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2) BBIYHCIICHHE MTEPBBIX MOMEHTOB 3TOTO pacipeneicHus (pekie Bcero, Mare-
MaTHYECKOTO OXKHIAHHUS W JUCIICPCHUU JUIS KaXIOH KOMITOHEHTHI); 3) ycpeaHe-
HHE MOMEHTOB 110 BPEMEHH U MPOCTPAHCTBY M CPAaBHEHHE TOIYUYCHHBIX pacipe-
JICTICHUH C MCXOJHBIMH KCIIEPUMEHTATbHBIME JaHHBIMUA. OTMETHM, 4TO anred-
panvyecKkoe COOTHOILICHHWE CYHUTAETCS alpHOPHBIM OTPaHHYCHHEM, MOITOMY pe-
synerupytomee pacupeneicane OH, HO, u Os, B oTIiune 0T HCXOAHBIX JaHHBIX
W3MEPEHHH, SBIISICTCS HErayCCOBBIM.

B moxnaze mpencraBiieHbl pe3yNbTaThl 00pabOTKH OJHOTO roja IaHHBIX
MLS Aura B cpaBHEHHUH C HCXOJHBIMHU JaHHbIMHU. [lokazaHO, 4TO OJHOBpE-
MeHHO nu3Mmepennbie npodunu OH, HO, u O3 B cpeiHeM MII0X0 COOTBETCTBYIOT
anreOpandeckoMy COOTHOUICHUIO BciencTBue ommbok m3mepennin HO,. B
yactHOCTH, pactpeneneHus HO, CylecTBEHHO M PEryisipHO 3aHIKAIOT IOJIO-
KeHHe Me30ChepHOro MHUHHMyMa M MaKCHMyMa JaHHOH KOMITOHEHTHI. JlaH-
HBIE BBIBOJBI MOATBEPXKIArOTCS pesynbraramu peanammsza (offline retrieval)
nepBUuHbIX AaHHBIX MLS [5], B kotopom BoccraHoBieHue mpoduieir HO,
MPOM3BOAMIIOCH HE MO OJHOKPATHBIM H3MEPEHHSM CIEKTPOB COOCTBEHHOIO
u3nyueHus mosiekyiaamMd HO, B MUIJTUMETPOBOM JHANa30HE JUIMH BOJH, & T10
pesynbraraM ux (CIIEKTPOB) yCPEIHEHHS 10 BPEMEHH M 30HAIBHOI KOOpAWHA-
T€ B HEKOTOPBIX JUana3oHax.

B noknane Taxke ormMcaHbl MaTeMaTHYeCKUE OCOOCHHOCTH BBEJCHUS alpH-
OPHOI'0 OTPaHMYCHUS, CIEIYIOIEro W3 anreOpandeckoro COOTHOIICHHUS, o0y-
CJIOBJICHHBIC W3BECTHBIM MapanokcoM bopens — Konmoroposa.

Pa6ora BbImosHeHa mpu moaaepxke rpanta PHO (cormamenne Ne 15-17-
10024).
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YCWJIEHHUE AJIb@BEHOBCKHUX BOJIH B PE3YJILTATE
HEJUHEWHOI'O OPTOIOHAJIBHOI'O B3AMMO/JIEMCTBUSA
C BBICTPO MATHUTOAKYCTHUYECKOM BOJIHOMN
B TEILTOBBIJIEJISIIOIIEN DJIEKTPUYECKH ITPOBOJISIIEN CPEJE

C.A. benos, H.E. Monesuu, /. 1. 3asepuuncruii

CamapcKkuii HaIMOHAIBHBINA HCCIIeI0BATEILCKUI YHUBEPCUTET
Camapckuii ¢pumman @usudeckoro nucruryra uM. [1.H. Jle6enesa PAH
mr_beloff @mail.ru

Anr(pBEHOBCKHE BOJHBI C YHEPTHUEH TOCTaTOYHOH IS pa3orpeBa CIIOKOMHOM
COJIHEYHOW KOPOHBI M YCKOPEHHs COJHEYHOTOo BeTpa ObLIM 3a(UKCHpPOBaHbBI
cpaBHHUTEeNbHO HemaBHO [1]. Ilpupoaa BO3HMKHOBEHHS MOJOOHBIX aib(BEHOB-
CKHX BOJIH B HH’)KHUX CJIOAX aTMOC(bCpBI A0 CHX ITIOP HE BBIACHEHA IMOJHOCTBIO.
OpHUM 13 BO3MOKHBIX MEXaHM3MOB BO3HHKHOBEHHUS aJIb()BEHOBCKHX BOJIH C
OOJIBIION aMIUINTY/OH SBISIETCS IapaMeTpuyecKkas IepeKayka JHEpruu OT
CHJIBHBIX MarHUTOAaKyCTHYECKHX BOJIH CJaObIM ajb(pBEHOBCKMM BojHaM. Ilpu-
Mep TaKoro B3aMMOJCHCTBHUS ObUI pacCMOTpeH B padortax [2, 3], rue mokasaHo,
YTO B M303HTPOITMUECKH HEYCTOHYMBON TEIIOBBIACISIONICH IIa3Me B 00JacTsIX
C JOMHMHHUPYIOUIMM Ta30[MHAMHUYECKHM [aBJICHHEM BO3MOXHO 3((dexTHBHOE
ycuiIeHHe anb(BEHOBCKHX BOJH B PE3YJIbTATE MapaMETPUUECKOTO pachajga mar-
HHUTO-aKyCTHYECKNX BOJIH, PACIPOCTPAHSIOMIMXCS BAOJIb MarHUTHOTO IIOJIS.
JpyruM mpuMepoM MOJ00HOTO MapaMEeTPUYECKOro B3aMMOJCHCTBHS SBISETCS
B3aUMO/ICHCTBUE MEXK/Y OBICTPHIMUA MarHUTOAKYCTUYECKUMH BOJIHAMH, OPTOTO-
HaJIbHO HAIIPpaBJICHHBIMH K HAIIPpaBJICHUIO MArHUTHOTO I1OJIA, U aJ'[L(t)BeHOBCKOﬁ
BOJIHOH, pacipoCTPaHSIOMIENCs B0 MAarHUTHOrO 1ouis [4, 5]. Mexanusm gaH-
HOTO B3aHMO/ICHCTBHS, HA3BAHHOTO B [4] CBHUHI-BOJIHOBBIM B3aUMOJICHCTBHEM
(swing wave-wave interaction), 3akyio4aeTcsi B TOM, 4TO MarHUTOAKyCTHYECKAs
BOJIHA BJMSIET HA KOMIIOHEHTY MarHMTHOTO IIOJIS, BJOJNb KOTOPOH pacmpocTpa-
HseTcs anb(BEHOBCKas BOJHA, TEM CAMBIM IEPHOIMYECKH BO3JEHCTBYS Ha CKO-
POCTH pacpocTpaHeHHs alIb(h)BEHOBCKOIT BOJTHBI.

B nacrosimeit paboTe paccMOTPEHO BIMSHHE TEIUIOBBIAEIICHUS U KOHEUHOH
IEKTPUUECKOI TPOBOAMMOCTH Ha Pa3BUTHE CBUHT-BOJHOBOT'O B3aMMOJICHCTBHS.
B cmabo menmHEHHOM NPUOMIDKEHHH OBUIO MOJMYYEHO ypaBHEHHE, ONMHCHIBAIO-
mee OPTOTOHANBFHOE B3aMMOJCHCTBHE alb()BEHOBCKON BOJHBI C OBICTPOH Mar-
HHTO-aKyCTquCKOﬁ BOHHOﬁ, KOTOPOE€ B OTCYTCTBUEC TCIIJIOBBIJACIICHUA U IIPOBO-
JIMMOCTH sIBIsieTcsl ypaBHeHHeM Martb€. Takum o0pa3oM, Ipu OTCYTCTBHHU Tel-
JIOBBIACIICHUA W MTPOBOAMMOCTU MPOUCXOIUT 3KCHOH€HHH3HLHBIﬁ POCT aMIlIn-
TyJIbl QJIL()BEHOBCKOM BOJIHBI B pe3yJIbTaTe B3aUMO/ICHCTBUS ¢ OBICTPOIl BOJIHOH.
VY4er KOHEUYHOW NMPOBOAMMOCTH MPUBOAUT K MOPOrOBOMY YCIOBHMIO BO3HHMKHO-
BEHMS MapaMeTPUIECKOro YCHIEHHs ajlb(BEHOBCKMX BOJIH M OIPAaHUYEHHIO Ha
BpEMSI CYIIECTBOBAHMS PEXKUMA yCHIICHHUSI.

Y4eT TenIoBBIIETICHUS B Cpeie MPUBOIUT JINOO K JOIOJIHHUTEILHOMY 3aTy-
XaHUI0 OBICTPBIX MA-BOJIH ¥ YMECHBIICHHIO BPEMEHHN CYIIECTBOBAHMS ITapaMeT-
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PHUYECKOTO YCHIIEHHS, MO0 B YCIOBUSX H309HTPOINMYECKOW HEYCTOMIMBOCTH,
HA00O0pOT, K WX OECIOPOTOBOMY YCHIJIEHHIO, COMPOBOXKIAIOIIEMYCS OMIKCIO-
HEHIUaJbHBIM POCTOM aMILTUTY]IbI alib()BEHOBCKOW BOJIHBI U3-3a MIapaMeTpHue-
CKOTO B3aMMOJICHCTBHUSI C HEYCTOMYHMBOW OBICTPON MarHUTOAKyCTHYECKOM BOJI-
HOH. OrpaHMYeHHeM 3TOro pocTa OyAeT He yuuThiBaeMas B HACTOSILIEM C1abo
HEJIMHEHHOM pPacCMOTpPEHHM MOoTepsi 3Heprud MA-BOJIHBI B pe3yibTaTe Hapa-
METPHYECKOH MepeKauky SJHEPTHU B alIb()BEHOBCKYIO BOJIHY. [lo00HBIE pe3yib-
TaThl AJS KOJUIMHEAPHOM IeOMEeTpUU B3aHMMOAEHCTBHSI MarHUTOra3oJMHaMu4e-
CKHMX BOJIH ObLIH HONyueHbI panee B [3, 4].

Pabora wactumuno mopmepkaHa MuHoOpHayku P® B pamkax [Iporpammsr
MOBbIIIeHUS KOHKypeHTocnocobHoct CI'AY na 2013-2020 rr. u rocymapcr-
BEHHOTO 33/IaHMS By3aM W HAyYHBIM OPraHH3aIMsAM B chepe HAydHOU MesTelb-
HocTH (mpoekt Ne 3.1158.2017/TT4) u rpantom POOU 17-42-630224p_a

JIntepatypa

1. Mclntosh, SW. Alfvenic waves with sufficient energy to power the quiet solar co-
rona and fast solar wind / S.W. Mclntosh, B. de Pontieu, M. Carlsson, V. Hansteen,
P. Boerner, M. Goossens // Nature. 2011. V. 475, Iss. 7359. P. 477-480.

2. Zavershinsky, D.I. Alfvén wave amplification as a result of nonlinear interaction
with a magnetoacoustic wave in an acoustically active conducting medium / D.I. Za-
vershinsky, N.E. Molevich // Tech. Phys. Lett. 2014. V. 40. P. 701.

3. Zavershinsky, D.I. Parametrical amplification of Alfvén waves in heat-releasing
ionized media with magnetoacoustic instability / D.I. Zavershinsky, N.E. Molevich //
Astrophysics and Space Science. 2015. V. 358, Iss.1.

4. Zagarashvili, T.V. Swing wave-wave interaction: coupling between fast
magnetosonic and Alfvén waves / T.V. Zagarashvili, B. Roberts // Physical Review E.
2002. V. 66. Art. 026401.

5. Shergelashvili, B.M. “Swing absorption” of fast magnetosonic waves in inhomo-
geneous media/ B.M. Shergelashvilil, T.V. Zagarashvili, S. Poedtsl, B. Roberts // A&A.
2005. V. 429. P. 767-777.

BPU3EPHBIE XUMEPBI B CUCTEME ®A30BbIX OCIHHUJIJIATOPOB
M.U. szomoel, JILA. Cmupyoez’l, I'B. Ocunoel, A.C. IMuxosckuii™*
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Ha ceropnsimHuii A€Hb OJHUM W3 TPHUBIEKATENBHBIX U MHTPUTYIOMMX 3(-
(exToB siBIsieTCsl 00pa3oBaHUe B aHCAMOJIAX UACHTHYHBIX AJIEMEHTOB XUMEPHBIX
COCTOSIHHH, KOTOpbIE XapaKTEepPHU3YIOTCSl COCYIIECTBOBAaHMEM CHHXPOHHBIX H
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ACHHXPOHHBIX TPYII OCIMLTATOPOB (cM. puc. 1). Bo3amMokHOCTh popMUPOBAHHS
TaKUX JOJTOXKUBYIIUX HETPUBHAIBHBIX COCTOSHHUH BIIEpBbIe OblIa OOHApYyKeHa
B . Kypamorto u [I. Barrorrokom [1]. XumMepHbie pexKuMbl ObUTH HAHICHBI YHC-
JIEHHO B 0OJIBIIOM HAaOOpe MPOCTPAHCTBEHHO paclpe/ieNieHHbIX Mojenel. Kpome
TOTO, HAIMYHE TAHHBIX PEIKHUMOB TTOITBEPKICHO IKCIIEPUMEHTAITBHO [2].

1 2 3 4 5L
X

Puc. 1. ®a3sl octmuisaTopos (X, t), COOTBETCTBYOIIHE XUMEPHOMY PEKUMY

B mpexcrapieHHO# paboTe pacCMaTpUBASTCSI CHCTEMa U3 GONBIIOTO YHCIA
N HeIOKaIbHO CBSI3aHHBIX WACHTHYHBIX (DA30BBIX OCIMIUIATOPOB, OOIATAONINX
COOCTBEHHOW YacTOTOH ® M PaBHOMEPHO pacmhpeneieHHbIx B uHTepBaie [0, L),
Ha KOHIIAX KOTOPOTO BBIMOJHEHBI TIEPUONICCKHE TPAHUYHBIC YCIOBHUs. Takas
KOH(GUTypalusi SKBUBAICHTHA CUTYaIlMH, KOTa JIEMEHTHI OTHOMEPHO# OCIIMII-
JISITOPHOM Cpebl PacroioKeHbl Ha Koublle uinHou L. [laHHyto cuctemy Oymem
OITUCHIBATH C MOMOIIBI0 TUHAMUYECKUX MEPEeMEHHBIX ((Xn, t), 3aIaHHBIX B TOY-
Kax Xp€ [0, L) 1 moqIuHSIONMXCS ypaBHEHHUSM TIEPBOTO mopsiaka [ 3]

do, . .
d—(i:w+lm[exp(—|cp(xn,t)—|a(H(xn,t)))H(xn,t)] €))
rae H(X,, t) — aeiicTByromiee Ha OCIMILISTOPBI MAKPOCKOTIHYECKOE TIOJIE:
H (%0.t) 22 G (%, = %) xP (i (X ). @
m

OMpeeIIeTCsI Yepe3 OIepaTop AUCKpeTHO# cBepTki. Ero siapo G(X) xapakrepusyer
B3aMMOJICHCTBIE BHYTpPH cpebl. B kadectBe G(X) BeiOepeM GyHKIIHIO

1
G(x) :mch(M—L/Z), ()

KOTOpasi 0CTATOYHO aJeKBAaTHO OMUCHIBAaeT 3PdeKThl cIaboil HENOKAIBHOCTH U
2
MOJXXeT OBITh UCTIONIb30BaHa Kak MojenbHas [3]. Bennunna a(| H |) =0+ oc1|H |

B (1) onpenensieT HeMMHEHHBIN (a30BbINA CABUT ACHCTBYIOIICH HA OCIHLIATOPHI
cuisl [4].

OCHOBHOM II€TIbI0 MIPOBEICHHBIX HCCIEAOBAHUI SABIACTCA M3y4YeHHE BO3MOXK-
HBIX COCTOSIHMMA paccMarpuBaeMOW OJHOMEPHOW OCLUWUIATOPHOW Cpenbl B 3aBU-
CHUMOCTH OT ee JMHEI L. IIpu aHamm3e 3Toil crucTeMbl HCIOIB30BAHBI MIEPEX0] K
KOHTUHYaJIbHOMY IIpeJieNly, OCHOBAaHHBII Ha BO3MO>KHOCTU BBEJICHUS IIJIOTHOCTH
¢byukuun pacnpenencHust ¢asel O(X, t) B Kaxao#i Touke X mHTepBaia [0, L)
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Puc. 2. TTone H(X, t), cooTBeTCTBYOLIIEE PEKUMAM CTAIIMOHAPHON XUMEPHI ()
1 GpusepHO XUMeEpHI ()

npu N — oo, 1 penykums Otrra — AHToHCeHa [3-5]. C MOMOIIBI0 JaHHOTO MOA-
X0lla U METOJIOB, Pa3BUTHIX HaMH B padote [3], MOCTPOCHBI «CTalMOHAPHBIC»
XHMEphl 1 PacCMOTPEHA UX JIMHCIHAas YCTOWYMBOCTh, & 3aTEM HA OCHOBE YHC-
JIGHHOTO MOJICIUPOBAHMS B PaMKax HCXOIHOH MOJEIH IOKa3aHO, YTO TaKHe
CTPYKTYPHI IIPH ONPENIETICHHOM BEIOOpE MapaMeTpoB MOTYT TPAHC(HOPMHUPOBATH-
Cs B NEPHONMYECKH H3MEHSIOIIMECS BO BPEMEHM [OJTOXKUBYIIHE XHMEPHBIE
coctosiHus (CM. pHC. 2, 6) WK TIEPEXOIUTH B OOJIee CIIOKHBIE PEKUMBI C Hepe-
TYISIPHBIM TTOBEACHUEM MaKPOCKOIHYECKUX MmoJIeH [6].

OOHapyXeHHbIH 3 (GEeKT BO3HUKHOBEHHs OpPH3EpPHBIX XUMEp NpPU H3MEHe-
HHUU apaMETPOB HEOKATbHOIO B3aMMOJICHCTBHS B aHCAMOJe HICHTHYHBIX dJe-
MCHTOB SIBJISICTCSI HOBBIM U paHee He HaOmogancs. [1o cBoeit cyTu maHHbIH 3¢-
(ekr npencrasiseT codoit Gudypranuo Anaporosa — Xomnda [6].

Pa6oTa Beinonuena npu nojuepxke PH®, mpoekt Ne 17-12-01534.

Jlutepatypa

1. KuramotoY., Battogtokh D. Coexistence of Coherence and Incoherence in
Nonlocally Coupled Phase Oscillators // Nonlinear Phenom. Complex Syst. 2002. V. 5. P.
380.

2. Panaggio M.J., Abrams D.M. Chimera states: coexistence of coherence and inco-
herence in networks of coupled oscillators // Nonlinearity. 2015. V. 28. P. R67.

3. Smirnov L.A.,, Osipov G.V., Pikovsky A. Chimera patterns in the Kuramoto-
Battogtokh model // J. Phys. A: Math. Theor. 2017. V. 50. P. 08LTO1.

4. Bordyugov G., Pikovsky A., Rosenblum M. Self-Emerging and Turbulent Chimeras
in Oscillator Chains// Phys. Rev. E. 2010. V. 82. P. 035205.

5. Ott E., Antonsen T.M. Low dimensional behavior of large systems of globally cou-
pled oscillators // Chaos. 2008. V. 18. P. 037113.

6. Bolotov M.I., Smirnov L.A., Osipov G.V., Pikovsky A. Breather chimerasin the sys-
tem of phase oscillators // JETP Lett. 2017. V. 106, Iss. 6.

22



HEMPOHOIIOJOBHBIN TEHEPATOP C UMITYJIbCHOMN
U MTAYEYHOM JUHAMMKOM

J.U. borvwakos, M.A. Muwenxo, B.B. Mampocos

Hwmxeroponckuii rocyaapctBennsid yausepeureT uM. H.J. Jlo6aueBckoro
denis.bolhakov@gmail.com

3ajaya anmapaTHON peaiM3alii HEHPOHOB M MX CETel BO3HHKIIA B KOHILIE
XX Beka. bputo pa3zpaboTaHo MHOXECTBO Pa3iIMYHBIX CXEMOTEXHHUECKUX peau-
3aIMii HEHpPOHOB, OTIMYAIOIIUXCS I10 CTENEHH JAeTalIn3aliud U OMOJIOTMYECKOH
MPaBJIONO0I00HOCTH, MO KOJIMYECTBY BOCIPOU3BOANMBIX JMHAMHYECKUX PEKUMOB.

B nmanHO# paboTe paccmaTpuBaeTcs MOJENb HEHPOHOMOJOOHOTO 3IIEMEHTa
Ha OCHOBE CHCTEMBI (ha30BOH CHHXPOHH3ALUH C TIOJIOCOBBIM GUIbTpoM. Panee B
pabore [1] GBUTO MPOBENCHO TEOPETHYECKOE HCCIICIOBAHHE TAKOW MOICITH W
[IOKa3aHO, YTO B 3TOH CHCTEME IPH BCEX 3HAYCHHAX MapaMeTpOB peatnu3yercs
peKUM OHWEHUi, NMPU ITOM CHIHAN, T'€HEPUPYEMbI Ha BBIXOJE I10JIOCOBOTO
(GuIbTpa, KAYECTBCHHO MOX0X HA TUHAMHUKY MEMOpPAHHOIO MOTEHI[Hala HEeHpo-
Ha. Kpome Toro, B pabote [2] ObLIO MOJTyYeHO TEOpPETHYECKOE pa3OHeHUe mpo-
CTpaHCTBa IapaMeTPOB Ha 00JacTU CYIIECTBOBAHUs pa3IM4HBIX aBTOKOJIeOa-
TEJILHBIX PEXKUMOB.

PaspaboTaH aeiicTByrOLIMI IPOTOTHUIT JaHHOH cucTeMsl [3]. 3a OCHOBY mpo-
ToTMNa ObUTa B3sTa crenuann3upoBaHHas Mukpocxema DAIl ¢upmbr Texas
Instruments. B coctaB 3101 MUKpOCXeMbI BXOIAT (a30BbIi KOMITapaTop, peaiu-
sytommit GyHkimio «Mcxmouaromee UJIM» u reHepaTop, ynpaBiseMbIid Harpsi-
keaneM. Kpome Toro, Obu1 pa3paboTaH MOIOCOH (IIBTP € BO3MOXKHOCTHIO
yIpaBiieHus ero napamerpamu. Ha pa3paOoTaHHOM MPOTOTHUIE ObLIH MOJTYYEHBI
aBTOKOJIeOAaTeNbHBIC PEXKUMBI, AaHAJOTMYHbIE W3BECTHBIM U3 TEOPETUYECKOIO
aHAJIN3a, U TOIYYEHO 3KCIEepPUMEHTAIbHOE pa30MeHHe NPOCTPAHCTBA Mapamer-
POB Ha 00JIaCTH CYIIECTBOBAHUS PA3IMYHBIX AUHAMUYECKHX pexxumoB. Crexyer
OTMETUTH, YTO MOJYYEHHBIC JaHHBIE XOPOLIO COTJIACYIOTCS C pe3yJibTaTaMu
YHCJIEHHOTO KCIIEPUMEHTA.

Kpome aBTOKOIEOATENBHBIX PEXMMOB HEHPOHOMOJOOHBIX TEHEpPaTopoB
OosbIIoe 3HaYCHNE UMEET Tpoliece BO30YKAeHHs KojeOaHuii B OTBET Ha BHEII-
HIOI cTUMyIsinuio. B pabote [4] mpoBeneHO TeopeTHYECKOe HCCIeOBaHUE 10
OTKJIMKY MpPEAJIaraéMoro HEHPOHOMOZOOHOTO TeHepaTopa B HEBO30YXKICHHOM
peKHUME B OTBET HA INEPUOJMUYECKYIO BHEIIHIOI HMITYJIBCHYIO CTHMYJIALHIO.
ITokazaHa BO3MOXXKHOCTh CHHXPOHHM3AIMM OTKJIMKOB T'€HEPATOpa CTUMYJHUPYIO-
UM CUT'HAJIOM C PA3JIMYHBIMH COOTHOMICHUAMU YaCTOT B 3aBUCUMOCTH OT aM-
IJIATY bl CTUMYJIAIIUN.

st pa3paboTaHHOTO MPOTOTHUINA HEHPOHONOZOOHOTO TeHepaTopa IMoKa3aHa
BO3MOXKHOCTb BO30YXJICHHsI KOJIEOAHUH B OTBET Ha BHEIIHIOI NEPHOINYECKYIO
CTUMYJISILIMIO UMITYJIbCHBIMU CUTHanamu. OOHapy)keHa CHHXPOHHM3AIMS OTKIIH-
KOB HEHPONOJ0OHOr0 I'eHepaTopa CO CTUMYJIMPYIOLIEH MMITYJIBCHOM mocieno-
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BaTCJILHOCTHIO C pa3jIMdYHbIMU COOTHOIONCHUAMH YaCTOT B 3aBUCUMOCTU OT aM-
IJIATY bl CTUMYJISALINUU.

Pa6ora BoimosHeHa TIpH (hHHAHCOBOH Tomnepxkke PODU (mpoekt Ne 16-31-
60080 mom_a_nk), a Takke TpH mommepxke Tpanra Ilpesumenta MK-
2726.2017.2.

Jlutepatypa

1. Muwenxo M.A., Ulangees B./]., Mampocoeg B.B. Il 3sectust By30B. [IpukiaaHas
menuneinnas quaamuka. 2012, T. 20, Ne 4. C. 122-130.

2. Matrosov V.V., Mishchenko M.A., Shalfeev V.D. // Eur. Phys. J. Spec. Top. 2013.
Vol. 222, Ne 10. P. 2399-2405.

3. Mishchenko M.A., Bolshakov D.l., Matrosov V.V. // Tech. Phys. Lett. 2017. Val. 43,

Ne 7. P. 596-599.

4. )XKyrosa H.C., Muwenxo M.A. [/ HanosnexTpoHuka, HaHOOTOHUKA U HEMHEHHAs!
¢wusuka : te3. goxi. X1 Beepoc. kond. monoasix yuensix. Caparos : Texuo-/exop, 2017.

C. 63-64.

TPAHCIIOPTHASA CAMOOPIAHU3YIOIIASICA MOJEJIb
HHUINATIUA MOJIHUA

A.A. Bynamos, J{.1. Hyoun

WuctutyT npuknansoit ¢pusuku PAH, Huwknuit Hosropoa
AlexeyABulatov@yandex.ru

Wunnmanus v pa3BUTHE MOJIHUM — CIOXHBIN (PU3WIECKHU TPOIIece, MpoTe-
Karoluii B IIKPOKOM JUana3zoHe MPOCTPAHCTBEHHBIX, BDEMEHHBIX U dHEpreTuye-

xm
0

Y.m

l‘\ﬁr'n

254 4
, P

Node charge. C

» E
E3.9144e-7

k')

Zero

Zm

113106

Ty

-3.4776e-7
E-1.087e0

-1. 826606

Temperature, K

7.450e+04

ckux macmTaboB. HeoOxoauMocTs BoCIpou3Be-
JICHUSL CIIO)KHOM T€OMETPHH HCKIIOYaeT aHalu-
THUYECKOE MOJCIMPOBAHUE MPOLIECCa M HAKIIAIBI-
BacT ONpEJCICHHBIC YCIOBUS HAa YHCIICHHBIC
MO/ICIIH.

Co3/aHHasi YHCIICHHAsT MOJENb  SIBISIETCS
pasBuTHeM paboTsl [1]. B ocHOBe MomenH IeXKUAT
NPEICTABICHUE IIPOBOLAIINX CTPYKTYpP paspszia
B BHIC JUHAMHYECKOrO rpada, BIOXKEHHOTO B
TpeXMEpHOE MPOCTPaHCTBO. BepiiuHam u ped-
paM Tpada COOTBETCTBYIOT OINpEIEICHHBIC [H-
HAMHYECKHE TIEPEMEHHbIC U TTapaMeTpsl. Moernb
OIMMUCHIBACT KaK HEMPEPhIBHYIO 3BOJIOLMIO M-
HAMHYECKUX TEPEMEHHBIX, TaK W OH(ypKalmy,
CBsI3aHHBIC C BO3SHMKHOBEHHEM WM HCYC3HOBE-
HHEeM ayieMeHTOB rpada. [Ipumep mopenuposa-
HUSI MHULUALUK MOJIHUY [TPUBE/ICH HA PUCYHKE.
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KimroueBbIME 0COOEHHOCTSIMH MOJEINH SIBISTIOTCS OTCYTCTBHE CETKH, BEPOST-
HOCTHOE BETBJICHHE pa3psiia B HENPEPHIBHBIN IHUAMA30H YIJIOB, YUET aCHMMETPHU
Pa3BUTHS TIOJIOKUTEIBHBIX U OTPUIATENIFHBIX CTPUMEPOB, MOJICITUPOBAHIE Pa3BH-
THSI CTPUMEPHO-TUICPHOTO Mepexoia 3a cueT MapaMeTpH3aliy MeperpeBHOi He-
ycroiunBocTH. PazpaboTaHHast MOZIENIb MOXKET PacCMaTPUBATHCS KaK yCOBEPIICH-
CTBOBaHHUE JUCKPETHBIX MOZENIEH, OCHOBAaHHBIX Ha KJICTOUHBIX aBTOMATaXx.

Jlutepatypa
1. ludin D.l. Advanced numerical model of lightning development: Application to
studying the role of LPCR in determining lightning type / D.I. ludin, V.A. Rakov,

E.A. Mareev, SS. Davydenko, F.D. ludin, A.A. Syssoev // J. Geophys Res.
2016JD026261R.

HUCIIOJIB30BAHUE CAMOOPTAHU3YIOIINXCA KAPT
KOXOHEHA JIJIsA AHAJIN3A PE3YJIBTATOB MOAEJINPOBAHUSA
JIABEPHO-IIVTASMEHHOTI'O YCKOPEHUA 3JIEKTPOHOB

T.M. BO]ZK06a1, E.H. Hepyml’z, H.IO. Kocmiokoe™?

1H1/1>1<er0p0,;:(c1<1/1171 rocynapcTBeHHsblil yauBepcureT uM. H.J. JlobaueBckoro
2I/IHCTI/ITyT npuxnagaoi usnku PAH, Hiwxanit HoBropon
tmk93@yandex.ru

HccnenoBaHa BO3MOXKHOCTh IPUMEHEHUSI HEMPOHHBIX CeTeil Ha OCHOBE ca-
Moopranmyonmxcs kapT Koxonena [1] mis aHanuza pe3ynbTaTOB MOJEIHAPO-
BaHUS JIa3epHO-IIJIA3MEHHOI0 B3aMMOAEHCTBUs. Bbul mporpaMMHO peanu3oBaH
ITOPUTM, HCIIOIB3YIOIMI camoopranusyommecs kaptel Koxonena. [Ipemo-
JKeHBI Pa3JIMYHbIC CIIOCOOBI MOJATrOTOBKH JAAaHHBIX Tepe] oOpadoTKON B HEHpOH-
HON ceTn. Pa3zpaboTaHHas BBIYMCIWTENBHAs MPOTrpaMMa Ha OCHOBE JIAHHOTO
MeToza Oblla IPUMEHEHA Ul aHaln3a Pe3yIbTaTOB MOJEIMPOBAHUS Ja3epHO-
IUTA3MEHHOTO B3aUMOAEHCTBUS U AT BBIIBJICHHS PA3INYHBIX PEKHMOB B3aHMO-
neiictBus. Takoi aHanmM3 BakeH Uil BBIOOpA ONTHMAJIBHBIX MApaMETPOB IPH
IMPOCKTUPOBAHUH JIa3€PHO-TIJIa3MEHHBIX yCKOpHTeﬂeﬁ 3apsHKCHHBIX YaCTHII.

Pe3ynpTaThl MPOBEAGHHOTO UCCIIEIOBAHHS MTO3BOJISIOT CKa3aTh, YTO IPHUMEHe-
HUE aJiIropuT™Ma A€aacT y]106HBIM AHAJIN3 TOJYUYCHHBIX PE3YJIbTATOB YHWCJIICHHOI'O
MOJICIIMPOBAHUS pa3iIM4HBIX TporeccoB. OTnagaer HEOOXOJUMOCTH BpPYYHYIO
MpOCMaTpUBaTh PE3yJbTAaThl UCCIEOBAHUN U aHAJIM3UPOBATh OrPOMHBIE MHOTO-
napamMeTpU4ecKre MacCUBBI IOJyYEHHBIX JAaHHBIX. lIpe/uioskeHHas aBTOMaTu3a-
LU TIPECTABISIET Pe3yabTaThl MOJCIMPOBAHNS B HAIVIAHOM M yIOOHOM BHIE:
HarJsIHO  OTOOPa)KaeTcsi COOTBETCTBHE MEXIy IapaMeTpamMH Jia3epHO-TUIa3-
MEHHOTO B3aMMOJICHCTBHS U BBIIEICHHBIMU KaPTOH peKUMaMU B3aUMOJICHCTBHSL.

JlutepaTypa
1. Kohonen T. Self-Organizing Maps. Third Extended Edition. New Y ork, 2001.
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TEHEPAIIUS BTOPOA TAPMOHUKHA MHU-PE3OHAHCHBIMHA
HAHOYACTUUAMH C OFbEMHOU KBAIPATUYHOU
HEJIMHEMHOCTBIO

UU. Borkosckas, [{.A. Cmuprosa

WucruryT npukianuoii dusuku PAH, Hukunit Horopon
volkovskaya.ira@mail.ru

C uCroyIb30BaHNEM aHAJTUTHYECKUX M YHCIICHHBIX METOJIOB B paboTe U3yya-
eTCsl Pe30HAaHCHO YCHIICHHAs reHepanus BTopoil rapmonuku (I'BIY) muanexrpu-
YECKUMH HAHOYACTHUI[AMU M3 MaTepUalioB C BHICOKMM 3HAUSHHEM I10Ka3aTels
MPEIOMJICHUSI U TEH30PHO# 00beMHO# KBaipaTu4HO# HenuHeHOCThI0 (AlGaAS u
BaTiOs). Bo30yx/eHre MH-PE30HAHCOB B TaKHX HAHOYACTHIAX TO3BOJISACT JOC-
THYb PEKOPJHO BBICOKOH 3()(eKTHBHOCTH HeNMHEItHOTo npeoOpa3oBanms [1].

Mer onmceiBaeM I'BIC ot cdepuuecknx nanodactui; AlIGaAs u BaTiOs, on-
THYECKH BO30Y)XKTAaeMBIX JIMHEHHO TOJNSAPU30BAHHOW IUIOCKOW — BOJHOM

E(r)=%€%* Y 6nusu mumonsmbix pesonancos. YacTuia xapaktepusyercs

YaCTOTHO-3aBUCHMOU JTUAJIEKTPUIECKON TMPOHHUIIAEMOCTRIO €(®) U OKpYyKeHa
BaKyyMOM. 3a/iadya O JMHEHHOM paccessHUH CBeTa Ha cepe pernraercs C UCIoIb-
30BaHUEM MYJBTUIIOJIBHOTO Pa3jOXKEHUsI B COOTBETCTBUU ¢ Teopued Mu. Oco-
00e BHMMaHHE MBI YIeNseM AMAIEKTPHYSCKIM HAHOYACTHIIAM, pa3Mephl KOTO-
PBIX COOTBETCTBYIOT PE30HAHCHOMY BO30YXKICHHIO BEIYyNICH MArHUTHOW JH-
MOJTFHON MOJBI Ha (yHAaMEHTAJIBHOHN [IMHE BOJHEI Ja3epa, U aHaJIH3HpPyeM ee
BJIMSHHUE HA XapaKTEPUCTUKU TE€HEPUPYEMOro H3ydeHus [2].

B cdepudeckoii cricreme KOOPAWHAT, CBSI3aHHOM C OCHIO Z, COBIAJAIONIEH C
HaIpaBJICHUEM DPaCIpPOCTPAHEHUs] BOJIHBI, JJEKTPUUYECKOE TOJE€ Ha OCHOBHOM
9acTOTE BHYTPH YaCTHUIIBI XOPOIIO alMPOKCHMHPYETCSI OJHOMOIOBBIM MarHUTO-
JTUTIONBHBIM MPUOJIMKCHUEM U MOXKET OBITh MIPEJICTABICHO B BHJIC

E(r)~ EyAy (11) jl(k(w)r)[co&pé—cosesinqxf)}, (6]

rie k((n) =Kky/e(®), J1 — dpyrKmms Beccenst mepBoro mopsaka, kodddumuent

Am(1,1) usecten u3 teopuu Mu [3]. KoMITOHEHTBI BEKTOpa HETHHEHHOMN DITCK-
TPUYECKOM MONAPU3ALUM CBS3aHBI C DJIEKTPUUYECKUM II0JIEM BHYTPH YACTHIIBI

dopmymoii R :Xﬁi) Ej(“’) Eﬁ“’). Henuneitnas nomspusauus it AlGaAs n

BaTiO; CylecTBEHHO 3aBUCHUT OT OPUEHTAIMH 3JIEKTPUUECKOTO MOJIS MMaIaroIei
BOJIHBI 10 OTHOIIIECHHIO K TJIABHBIM KPUCTAIDTHYECKIM OCSIM.

Jlns onpeneneHust My IbTHIIOIBHOTO COCTaBa T€HEPUPYEMOTO HA yIBOCHHOM
4acTOTe M3IIyYeHHS Mbl aHAM3UPYEM WHIYIHPOBAHHBIC B HAHOYACTHIIC HEIHU-
HEWHBIE VCTOYHUKH. O6H_II/IG BBIPAXKCHUA I DJICKTPUUYCCKUX M MArHUTHBIX

MyJIbTUTIONBHBIX K03(durmentos 8g y (I,M) Ha jiiHe BOMHBI BTOPOi rapMo-

HUKU  ONPCACTAIOTCA  HUHTCrpajlaMyd  TEPEKPBITHA  OJICKTPUYECKOI'0  TOKa

(20)

j= 2ioP?) y sapsima p=V-P co chepHIecKMMH TapMOHHKaMH Y| m [3]:
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6 [rh (k (2w)r)]+

aE(I’m 4n(—k I bm| dar,
( )(" )i (K(20)r) )
2 (1,m) = % o [”’}Jl(k(m)r)dr

PacueTsl MOKA3BIBAIOT, YTO B PAMKaX OJHOMOJIOBOTO MarHHTOIUIIOIBHOTO
npubmikenns (1) MyJIbTHIONBHBIN COCTAB XapaKTepU3yeTcsl MATHUTHBIM KBajI-
pynonem (MQ) u snekrpuuecknm oktymonem (EO) mms AlGaAs; u snmektpuye-
ckum aunosiem (ED), MQ u EO mnst BaTiOs. Ecitit yroir MekIy 3JIeKTPHIESCKIM
MOJIEM Ha OCHOBHOMW yacToTe M Kpuctautnueckoir ocbio [001] pasen /2, mar-
HUTHBIE MYJIBTUIIONbHBIE KOI()(MUIMEHTBI PaBHBI HYJIO, MBI TI0JIy4aeM TOJbKO
ED u EO. IlpoBe/ieHHbIi aHAIN3 NOATBEPIKAAETCS YUCIEHHBIM MOJIEIUPOBAHM-
€M U MOXET OBITh IIPUMEHEH JUIS IIPOEKTUPOBAHKS BBICOKOI(Q(MEKTUBHBIX HEIH-
HEHHBIX HAHOAHTEHH.

HccnenoBanmne BRIOIHEHO NpH (PpuHAHCOBOW monaepkke POOU B pamkax
Hay4Horo npoekTa Ne 18-02-00381.

Jlutepatypa
1. Kruk S et al. Nonlinear optical magnetism revealed by second-harmonic genera-
tion in nanoantennas // Nano Lett. 17 (6), 3914-3918 (2017).

2. Smirnova D., Smirnov A.l., KivsharY.S Multipolar second-harmonic generation by
Mie-resonant dielectric nanoparticles // Phys. Rev. A 97, 013807 (2018).
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HOBBIE NEPEMEHHBIE JIJISI SMITMPUUYECKON
MPOTHOCTHYECKOMN MOJIEJH 3JIb-HUHBO

A.C. I'agpunos, A.®. Cenesnes, J{.H. Myxun, E.M. Jlockymos, A.M. Deticun

WuctutyT npuknanuoi ¢pusuku PAH, Huwknuit Hosropoa
gavrilov@ipfran.ru

3agava SMIUPUYECKON PEKOHCTPYKIMU CIIOKHBIX MPOCTPAHCTBEHHO-PACIIpE-
JIETIEHHBIX CHCTEM B HACTOAIIEE BPEMs CTAHOBUTCS Bce Ooiee aKTyaJbHOM B Ta-
KHX CHCTEMaXx, KaKk HEHPOCHUCTEMBI, KIIMMAaTHYECKasi CHCTEMa 3EMJIN, BBHIY POC-
Ta KOJIMYECTBA JAaHHBIX BBICOKOTO pa3pemieHus 00 3THX CHCTeMax, a TaKkXke He-
UCaTHHOCTH CYUIECTBYIOIIMX MOJIENIEH W3 MEPBBIX MPHUHIUIOB IPH pEIICHUH
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psizna 3aaad B 3TUX obnactsx. B maHHol paboTe mpessiaraetcsi HOBBIH METO[ O-
CTPOCHHUS IMITUPHUIECKON MTPOrHOCTUYECKOI MOJIeNn onepaTopa IBOIIOIHUU CHC-
TEMBI, KOTOPBII 3aTeM NpPHUMEHSETCS K JaHHBIM ITOBEPXHOCTHOW TEMIIEPaTyphI
OK€aHa B TPONUYECKOM IOsiCe.

Metoa BKIIIOYAET /IBa OCHOBHBIX 3Tama!

1) mouck TIaBHOTO HH3KOPa3MEPHOTO MHOI000pa3usi, OMHCBHIBAIOLIETO CY-
IIECTBEHHYIO YacTh HAO01aeMOM AMHAMUKH, U TTOJTydeHHE HOBBIX TEPEMEHHBIX
MIOCPEACTBOM IPOEKIINH NCXOJHBIX IPOCTPAaHCTBEHHO-PACTIPECTICHHBIX JaHHBIX
Ha 3T0 MHOT000pasue;

2) IOMCK HEMHEHHOTO CTOXACTHYECKOTrO OMEepaTopa SBOIIOLHUH B HHU3KO-
pa3sMEpHOM IPOCTPAHCTBE MOTYUEHHBIX IIEPEMEHHBIX.

Kiaccuyeckum 1 HanboJjiee M3BECTHBIM METOJIOM pEIIeHHUs TepBOil 3a1auu

SIBJISIETCS  Pa3jioKEHHE JAHHBIX 10 0a3MuCy SMIHUPHYECKUX OPTOTOHAIBHBIX
oyukuuit (30D), B pe3ynbraTe KOTOPOrO CTPOUTCS JHHEHHOE MHOroobpasue,
OIMCHIBAIOIEE MAKCHMaIbHO JIOMYCTHMYIO YacTh Bapualud HaOJII0aeMbIX
JIaHHBIX. B Hacrosmed pabore Iuis pelieHns TaHHOW 3a/1auu MpeIaraeTcsi Me-
TOJ JMHEHHBIX AUHaMUueckux Moz (JIJIM), SBIAIOIIUICA YaCTHBIM CIydaeMm
paHee pa3pabOTaHHOTO aBTOPAMH METOJa HENMHEHHBIX JUHAMHYECKHX MOJ
(HAM)
[1-3]. B To BpeMs Kak BBICOKasi PeCypcoeMKOCTb 3aqa4yn noucka HJAM Ha naH-
HBIII MOMEHT HE MO3BOJIIET UX TOYHO BBIYUCIIITH IIPU Pa3MEPHOCTH MHOTO00pa-
sust d > 2, JIIM B 3TOM cilydae MOTYT OBITH pacCuMTaHbl TOYHO. Takum oOpa-
30M, B pe3ynbTare JIJIM-pa3noxeHusi CTpOUTCsI IMHEHHOe MHOT000pasue, KOTo-
pO€ ONMKCHIBAET MEHBINYIO YacTh BapHAaIlM UCXOAHBIX AaHHBIX, yeM mpu DO0D-
Pa3JI0XKEeHUH, HO YUUTHIBAET MPOCTYIO AMHAMHUYECKYIO CBSI3b MEXKIy MOCIIEI0Ba-
TEJIbHBIMH BPEMEHHBIMH OTCUETAMH.

Ha BTopom aTamne B JaHHOH paboOTe CTPOMTCS AMITMPHUYECKAs CTOXacTHYe-
CKasi MOJIENb OIlepaTopa HBOJIOLUM, OCHOBaHHAs Ha paHee pa3padOTaHHOM aB-
TOpaMH TOIXO0JIE C MCHONB30BAaHUEM HCKYCCTBeHHBIX HelpoHHbIX ceteil (MHC)
IUTSL TApaMeTPU3aLiK e HEMHEHHON 1eTepMUHUPOBAHHON KOMIIOHEHTHI [4, 5].
Mogenp TakKe yYUTHIBAET BO3MOXKHYIO MEUICHHYIO HECTallMOHApHOCTh Olepa-
TOpa 3BOJIIOIMN U €r0 BO3MOXHYIO 3aBHCHMOCTH OT SIBHO 3a/IaHHBIX BHELIHHX
BO37CHCTBUI. Ba)XHBIM 3TamoM TOCTPOCHHS MOJENH SBISETCS BBHIOOP ONTH-
MallbHBIX CTPYKTypHbIX mapamerpoB MHC n ontumanbHONW TTyOMHBI mamsTH
MOJIEJIH C IOMOIIBIO 0aliecoBa KPUTEPHS ONTUMAIBLHOCTH [4].

Pa3paboTaHHbIil MOAXO0[ NPHUMEHSETCS K aHalu3y IPOCTPaHCTBEHHO-pac-
MIPEIENIEHHOT 0 MOJISl TOBEPXHOCTHON TeMIIepaTypbl OKeaHa B TPOITMYECKOM MOs-
ce ¢ 1960 no 2007 rox. [Ipu pa3nnyHbIX 3HAUEHHUSX Pa3MEPHOCTH MHOT000pa3us
MOKa3bIBAETCsI, YTO ONTHMAJbHAs SMIMPHUECKast MOAETIb ONEepaTopa IBOJIOLUU
Ha ocHoBe JI/IM-repeMeHHBIX UMEET JIyUIIyI0 IPOrHOCTHYECKYIO CIIOCOOHOCTD,
YeM Takas ke Mozeib Ha ocHoBe DOd-nepemennsix. [Ipu aTom Hanbonee mpen-
CKa3yeMBbIMH PETHOHAMH SIBISIOTCS] IEHTPAIBHBII W BOCTOYHBII PETMOHBI IKBa-
TopHaabHOro THXoro okeaHa, B KOTOPBIX HaOmMrogaeTcs siBineHne Jnb-HuHbo.
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BoJee meranbHbIi aHATH3 CBOMCTB MOJICITH B TAHHOM PETHOHE Ha 00ydaroiieM
unTepBajie Bpemenn (1960-2007) u 3a ero npeneramu (2008-2017) mokasbiBaert,
YTO OHA HE YCTYIAET BEAYIIMM MHPOBBIM MOJICISIM (Kak SMIUPHUUYECKUM, TaK W
MOJIEJISIM U3 [IEPBBIX MPUHIIMIIOB), JAOIIKM MPOTHO3 HHeKca Dib-HuHbO.

Pabota BrimonHena npu nozepxke [IpaButenscrBa Poccuiickoit ®denepa-
u (cormarrenne Ne 14.750.31.0033 ¢ MuctuTyTOM npukiaaHoi ¢pusnka PAH)
u rpanTa Poccuiickoro Hay4yHoro ¢onma Ne 16-12-10198.
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HEJIMHEWHBIE NTPOJIOJIbHBIE BOJIHBI JIE@OPMAILIMA
B TOHKHUX CJIOUCTBIX BOJITHOBOJAX

®@.E. Fap6ys06™?, .M. Benomiokos®, A.M. Camconos®

1CaHKT-HeTep6yprCKI/II71 nojaurexHudeckuil ynusepcurert Ilerpa Bennkoro
2D y3HKO-TeXHIHECKHIT nHetutyT M. A.®. Nodde PAH, Canxr-IlerepOypr
fedor.garbuzov@gmail.com

PacnipocTpaHeHne JNIMHHBIX HETMHEWHBIX MIPOIOIBHBIX BOJIH AeOpMaIvy B
TOHKHX OJHOPOAHBIX BOJHOBOAaX (CTEp)KHE, MIIACTHHE M O0OJIOYKE) ONHCHIBA-
€TCsl HEJIMHEMHBIM YPAaBHEHUEM B YaCTHBIX [IPOU3BOJHBIX — YPABHEHUEM C IBY-
mst quctiepcusmu (Y1) a7st mpogoapHON KOMITOHEHTHI AeopMartiy U:

U =[p(x)(a(x)u+d(x)u2 + f (X)uy +(b(x)ux)x)xl(, D

rae ¢yukmumu p, &, d, f u b npencrasnstror co6oit koMOuHAIHK MOIYIIEH yIIpyTO-
CTH ¥ TEOMETPHUYECKUX XapaKTepPUCTHK BOHOBOAA [1, 2].
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B pabote mocTpoeHa MOJeIb PacIpOCTPAHEHUST HEIMHEHHBIX MPOMIOIBHBIX
BOJIH B TOHKHX Cjloucmuslx IJaCTUHAX U CTep)KH?[X U BBIBCJICHA CUCTEMA U3 Tpex
YpPaBHEHMI JBWKEHWsS Ha OCHOBAHWM IPHMHIIMIIA HAMMEHBINETO aeHcTBUs. Mc-
MOJIB3ysl YIPOLIAIOIIKE NPEIIONOKEHHUS M Pa3I0KEHUS MEPEMEINECHUS B CTe-
MIEHHOM psAJI TI0 TONEPEYHOM KOOPAMHATE, CHCTEMY M3 TPEX YPAaBHEHHH YIaloch
CBECTH K oxHOMY, uMeromiemMy Bua (1). C MOMOIIBI0 YHCIEHHOTO PEIIeHHs He-
JMHEWHBIX YpaBHEHHH TEOPHH YIPYTOCTH CHEKTPAIBHBIM METOIOM Oblia TOJI-
TBEPIKIEHA KOPPEKTHOCTH UCIIONB30BAHHBIX TIPEIOIOKEHUM U PA3IIOKEHHH.

Awanutrueckoe perierne (1) M3BECTHO TOJMBKO MPHU TTOCTOSHHBIX KO3(dHH-
mueHTax p, a, d, f u b. Dro pemenne mpu onpeneIeHHBIX YCIOBUSX UMEET BHIT
JIBYX YEIWHEHHBIX BOJH — COAUMOHO8 Oedopmayuu, PacTpOCTPAHSIONINXCS B
MPOTHUBOIIOJIOKHBIX HAITPABICHHUSIX

3(V2/ p—a)
2d

u(x,t)= ch ()

Oouee perienne (1) HEM3BECTHO, BCICACTBUE YETO MOJCITHPOBAHHE pac-
MIPOCTPaHEHUsI HEIMHEWHBIX BOJH OCYIIECTBUMO TOJbKO HA OCHOBAaHUM YHMCIIEH-
Horo pemenust YJ[. C moMonipio KOHCEPBATUBHON KOHEYHOPA3HOCTHOM cxe-
MBI, TPEUIOKEHHON B [3], MPOBEICHO MOJCTHPOBAHKUE IBOJIOIMUA O0OBEMHOTO
CONMTOHA JePOpPMAlMU TIPH CKAYKOOOPa3HOM HM3MEHEHHWH YIPYTHX MOIYJeH
BJIONTb HAIIPABIICHHUS PACIPOCTPAHECHUS COJHTOHA B CIOMCTOM BOJHOBOgAE. M3y-
YeHO BIMSHUE M3MEHEHUS MOAYJEH yNPYrOCTH Ha MapaMeTphl COJIMTOHA — €ro
aMIUTUTYAY U JJTHHY. Y CTAHOBJICHO, YTO U3MEHEHHE MOIyJIeH TPEThero mopsaKa
(mMomaymeit MypHarana) ciabee BIHsSET Ha COTMTOH, HEXKEITH H3MEHEHHE MOTyJIeit
BTOPOTO TMOPsAJKA, B YaCTHOCTH MoayJis FOnra. HaiineHsl 3aBUCUMOCTH aMILIH-
TYZAbl ¥ IAPUHBI COTUTOHA OT U3MEHEHUS YIPYTUX MOJYJIEH.

PesynbraThl paboThl MOTYT OBITH IPUMCHEHBI B TEXHOJIOTHH HEPA3PyIIAFOIIE-
r'o KOHTPOJIS, IOCKOJIBKY SKCIIEPHMEHTAJIBHO JI0Ka3aHO, YTO COJIMTOHBI Jedopma-
UM PACTIIPOCTPAHSIOTCS Ha OOJIBIINE PACCTOSHUS MPAKTUICCKH 0€3 3aTyXaHHUS.

AsTops OmaromapsT Poccuiickuii Hayurblii Gorm (mpoekt Ne 17-72-20201)
3a (PMHAHCOBYIO MOJIEPIKKY.
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COJIMTOHHASA U BPU3EPHASA TYPBYJIEHTHOCTD B HY1II
A.A. Tenaw™, J1.C. Aead)om/;eel’a

1HOBOCI/I6HpCKHﬁ rOCyAapCTBEHHBIN YHUBEPCUTET
2I/IHCTI/ITyT temtoduzuku uM. C.C. Kyrarenamze, CO PAH, HoBocubupck
WuctutyT okeanonoruu uM. ILIT. [Hupmosa, PAH, Mocksa
agelash@gmail.com

Cratuctuuyeckoe noBefieHne aHcaMmOuneil conutoHoB u OpuzepoB HVYIII sB-
JSIETCSl BaYKHBIM PA3JIeNIoM 00IIeH MpoOsIeMbl MO Ha3BaHUEM «HHTErpHpyeMast
TypOyeHTHOCTE» [1, 2].

TouHbIE MHOTOCOJIUTOHHBIE PEIICHHs HEIWHEHHBIX WHTETPUPYEMBIX ypaBHe-
HUU SIBJISIFOTCSI OJJHUM M3 CaMbIX M3BECTHBIX PE3yJIbTaTOB METOJa OOpaTHOM 3ajia-
4yn paccesHuss. OHM MOTYT OBITh MOJyY€HBI, HAIIPUMED, KaK pe3ysbTar GpakTopu-
3alliM MHTETPaibHBIX ypaBHeHui ['enbdanna — Jlesurana — Mapuenko (I'JIM) k
CHCTEME JIMHEHWHBIX anreOpanyeckux ypaBHeHwil [3]. OkasbiBaeTcs, YTO NpU
OonbiioM yncie conutoHOB NS naHHas cucrteMa ypaBHEHHH, a BMECTE C HeW M
MOCTPOEHHE MHOTOCOJIMTOHHBIX PEIICHNH, SBISETCS III0X0 00YCIIOBICHHOHN 3a/1a-
yeil. To ecTh MONBITKA MMOCTPOUTH BOJHOBOE TIOJIE JJISI M3BECTHBIX ITapaMeTpOB
COJINTOHOB TIPUBEJET K YMCICHHBIM OIIMOKaM Ha 3Talle MCIIOIb30BAHUS TOYHBIX
dopmyn (yxe ipu Ns ~ 10). D1a HEyCTOWYMBOCTH HOCHT HCKITFOUMTEIBHO HHC-
JICHHBIH XapakTep, ¥ 0 PU3NUECKOM HEYCTOWYMBOCTH PELICHHUIT pedb HE UJIET.

B aToii paboTe MBI paccMaTpuBaeM OJJHY M3 CaMbIX H3BECTHBIX M (DyHIaMeH-
TAIBHBIX MHTETPUPYEMBIX MoJeNield (M3UKH HEIWHEWHBIX BOJHOBBIX MpoIecc-
coB — HenmuHeliHoe ypaBHenue Ulpeaunrepa (HYIL). [dns Toro 4to0sl mpeomo-
JIETh POOJIEMY TJIOXO¥ 00YCIOBIEHHOCTH 3a]a4k, MbI TpejiaraeM: 1) ucrosib-
30BaTh PEKYPPEHTHYIO CXeMy MeToza ojieBanus 3axaposa — [1labaTa (B BapuaH-
Te 3axapoBa — MuxailoBa) Ui HOCTPOCHHS MHOTOCOJIHUTOHHBIX PEILICHHUI
HVYII; 2) ucronp3oBath apu()METUKY MPOM3BOIBHON TOYHOCTH. [lepBbiil Iar
MO3BOJIAET NPOABUHYTHCS B 0Omacte NS ~ 30, a JonosiHeHHe MeTola OJCBaHUS
apu(METHUKON TPONU3BOJIBHON TOYHOCTH IMO3BOJISIET BBIYUCISITH MHOTOCOJIUTOH-
Hble pemenus st NS ~ 200.

B03MOXXHOCTb BBIUHCIISTE BOJHOBOE I0JIE MHOTOCONMTOHHBIX PpEIICHUI
HVII mo3Bonmio HaM UCCIEN0BaTh 33a4y O TypOYJICHTHOCTH IUIOTHOTO COJIHU-
TOHHOTO Tra3a. MBI UCIIONb30BAIN CTAaTUCTHYECKUe aHcambnu 64 m 128 comnu-
TOHHBIX PEIICHUH B KaueCTBE HAYAIBLHBIX YCIOBUH ISl YUCIEHHOTO MOAEIHPO-
BaHMS B SIIIMKE C MEPUOANIECKUMH TPAaHUYHBIMH yCIOBUSMH. [lapameTpsl conu-
TOHOB BBIOMPAINCH TAKMM 00pa3oM, YTOOBI B HAYaJIbHBIH MOMEHT BPEMEHH OHH
OBUTH XOPOIIIO JIOKAJIM30BaHbI B YMCICHHOM SIIIUKE. 3aTe€M B PE3yJIbTaTe B3aHM-
HBIX CTOJIKHOBEHHH COJMTOHHBINA ra3 OBICTPO CTOXACTU3UPOBAJICS W CTAHOBHIICS
MIPOCTPAaHCTBEHHO OAHOPOAHBIM. B maHHO# paboTe MBI PEACTaBUM PE3YJIbTaThI
uccnenoBanus noseaeHus PDF BOJHOBBIX aMIITUTY T B 3a8BUCUMOCTH OT IJIOTHO-
CTH COJIMTOHHOTO T'a3a M PACIpe/ICICHNs TapaMETPOB COTUTOHOB.
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bpuzepamun HVYIIl Ha3bpiBatoT CONUTOHBI, KOTOPHIE PACIPOCTPAHSIOTCS HA
HEKOTOPOM HEHYJIEBOM (DOHE W MO TOH NPUYUHE MOTYT OCIHUIMPOBAThH U MPO-
SIBIISITH APYTe MHTEpecHble (GopMbl B3amMoJelcTBus ¢ (oHOM. MaTtemarnye-
CKasl TIpolelypa MOCTPOEHUsI MHOTOOPH3EPHBIX PElIeHUH aHaJIOTHYHA TPOLEeTy-
pe MOCTPOECHUSI MHOTOCOJIMTOHHBIX PEIIEHHH M TaK)Ke MPUBOJHUT K IUIOXO 00Yy-
CIOBIICHHOM 3amaue npu Oosbimom uucie 6pusepoB Nb. B pa6ore [4] mbr pac-
CMaTpHUBaeM pa3iNyHble CLEeHApUU (HOPMUPOBAHUS BOJH OONBIION aMIUTHTYIBI
(BOMH-yOMIAl)) U3 MaJBIX BO3MYLICHHI IUIOCKOW BOJHBI, KOTOpas WIPaeT IJist
Opu3epoB poib ¢oHa. [ BEIYMCIEHUS BOJTHOBOTO TMOJSI MHOTOOPH3EPHBIX pe-
mIeHnH MBI 0000IIaeM MPOLEAypy METOAa OAEBaHUS C apU()METHKOW IMPOU3-
BOJIGHOW TOYHOCTH, YTO MO3BOJSIET HAM HCCIIENOBaTh 3agaqn ¢ Oospmum ND.
Msl u3ydaeMm ciydaiiHple aHcamOiIM MHOTOOPHM3EpHBIX pelleHHil (Opu3epHyIo
TypOyJIEHTHOCTD) M JIEMOHCTPUPYEM, MPU KaKUX MapamMeTpax OHH MOTYT OTHCHI-
BaTh ()OPMHUPOBaHKE BOJIH OOJBIIOW aMILIMTYbl U3 MaJbIX BO3MYIICHHH ILIO-
CKOI1 BOJIHBI.

PaGota BeInonHeHa npu nozzepxkke rpanra PODU Ne 18-02-00042.
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MPOTHO3UPOBAHUE BEPTUKAJBHOI'O TEMIIEPATYPHOT'O
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U3MEPEHUM
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O)lHOﬁ U3 BaKHEHIIHX XapaKTCPUCTUK BHYTPCHHHUX BOJOCMOB SBJIACTCA
pacnpeaciicHue TEMIICPATYPLI 110 FJ'Iy6I/IH€. OHO OKa3BIBaeT CYHICCTBECHHOC BJIUA-
HUC Ha SKOJIOTHMYCCKOC COCTOAHHC O3€p W BOHOXPAHWIIMIL U SABJIICTCA O,I[HOﬁ
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U3 TIPUYXH SBTPOGUKAIINH (3arpsA3HEHHS BOIbI OHOTeHHBIMU Maccamu). B [1, 2]
YCTaHOBIIEHA 3aBHCUMOCTh PacIpOCTpaHEeHUs! (PUTOILIAHKTOHA OT TEMIIepaTyp-
HOTO pacrpezeeHus.

Jlist pacdyera TEPMUYECKUX PEKMMOB BOJHBIX OOBEKTOB MBI BOCIOJIB30Ba-
JIMCh MOJENBI0, OCHOBAaHHOW Ha OJHOMEPHOM YypaBHEHHMHU TEIUIONPOBOJHOCTH,
KOTOpasi peanu3oBaHa B nporpammHoMm komiuiekce LAKE [3], paspaboTaHHOM
B.M. Crenanenko. J{ist mapamerpusanuu TypOyJICHTHOTO TEIIOOOMEHA HCIIONb-
syercsi E-g-mapamerpusaiust [4], OCHOBaHHAs Ha ypaBHEHHSX KHHETHYCCKOM
SHepruu TypOyJIEHTHOCTH M CKOPOCTH ee Auccumnanui. Hamu Obuia npemioxkeHa
Mo (UKAIMS TPOrPAMMHOTO KOMILIEKCAa U €ro BallUAalMs Ui yCJIOBHM paB-
HUHHOT'O BOJIOXPaHMJIMIIA CPEIAHETr0 pa3Mepa Ha MpuMepe 03epHoi yactu ['opb-
KOBCKoOro Bogoxpanwmmia (56,7° c.r., 43,3° B.1.). Pe3ynbTaThl YMCIICHHBIX pac-
YETOB C MCIOJIb30BaHUEM MOAU(UIIMPOBAHHON BEPCHU ObLIH UCTIONB30BAHBI JUIS
NPOTHO3UPOBaHKS LBETEHHUsI B BOJAOEME O3EPHOrO THIA, OOraToM OHOTEHHBIMHU
BEILIECTBAMH.

Momudukanus nporpamMmmaoro komiuiekca LAKE 3atponynma mporemypy
3a7laHusl Ha4aJbHOTO TEMIIEPAaTYpHOTO Mpoduisl ¥ odecneymiia BO3MOXKHOCTB
WCTIONIb30BaHMs JaHHBIX HATYPHBIX W3MEPEHUH B Hadale CEe30Ha B KauyecTBE
cTapToBbIX npoduneil. Tarwke ObUIO CHOENAHO YTOYHEHHE MapaMeTpU3alMd Ha-
NpsDKEHHS] TPEHKS Ha TpaHulle Boja — atMochepa. Moaudukanus no3poimia 0o-
Jiee TOYHO BOCIIPOU3BOAUTH OCHOBHBIC (DOPMBI TEMIIEPaTyPHOH CTpaTH()UKALUH.

Jlist Banuaanuyu MoJeNid ObUTM MCTIONBb30BaHbI JaHHBIE HATYPHBIX H3Mepe-
HUI TeMIIepaTypHOTO paclpeneieHus ¢ oMOMIbo cBoOoHO magaromero CTD-
30H/1a, MOJYYEHHBIC B XOJI€ IKCIEeIUIMOHHBIX paboT B neproa 2014—2017 ronos
Ha MoJIMroHe ['OphKOBCKOTO BOJOXpaHmINIIA. Takke HUCIONIb30BAINCH JIaHHbIC
apXMBOB METEOCTaHLMK T. ['opoel 1 JaHHbIe r100AbLHOTO METEOPOJIOTHIECKO-
ro peananuza NCEP/NCAR.

Jis aHanu3a pe3yibTaToOB OBLIM PACCMOTPEHBI 3HAYEHHS TEMIIEpaTyphl B
KOHTPOJBHBIX TOYKaX (MOBEpXHOCThb, 1 M, 3 M U 8 M), IPOBECHO CpaBHEHHE
¢dopmM npodueit A XapaKTepHBIX CIydaeB M Hal/IEHO CpeJHEKBaIpaTHIecKoe
OTKJIOHCHHE M0 BCEMY aHCaMOI0 peann3aluii. Pe3ynbTaThl YUCIEHHBIX pacye-
TOB C HCIOJIb30BaHUEM MOAM(PHUIMPOBAHHON BEPCHH B TOCTAaTOYHOI Mepe omu-
CBIBAIOT CE30HHBIC M3MEHEHHS TEMIIEpaTypHOTO pekrMa B [ OpPbKOBCKOM BOJIO-
XpaHWJIMIIE, OHAKO HAMIYYIIEro COBMAJCHUS YIAIOCh IOCTHYb JUIS PEKUMOB
CUIILHOTO TIEPEMEIINBAHUS C MPAKTHYECKH HYJEBOM CTpaTu(uKalel — Takue
npoduim Habmonamuchk B 2017 rogy. PaccunTaHHOe cpenHEeKBaIpaTHYHOE OT-
knoHeHue He npesbicuiio 1,5 °C mst 2014 rosa, xoria ObUTH TOTy4YeHbI TPOQU-
JIM, OTJIMYAIOIINECS CHUIIBHOW cTpaTh(UKaIlUeH, a I OTHOPOIHBIX MpoduiIeiH
2017 rona — 0,8 °C, 4T0 sABNISIETCS OYCHD HEIUIOXUM PE3yJIHTATOM 110 CPABHCHHIO
C UCTIONIb30BAHHEM MIEPBOHAYANBHOM Bepcui [3].

[TporHo3 3BTpodHKaIK OCHOBAH Ha MCCIEAYEMOH aBTOpaMu 3aBHCUMOCTH
KOHIIEHTPAILUK BOJOPOCICH OT TEMIEPaTypbl, COJHEYHON pagualii U WHTCH-
CHUBHOCTH MPOIIECCOB MEPEMEIIMBaHUA. 3aja4a TaKOro IPOTHO3UPOBAHUS YC-

33



JIO)KHEHa KaK HeoOXOIMMOCTBIO ydyeTa (haKTOpOB, BIMSIONIMX Ha BETPOBOE Iie-
peMelIMBaHue, Tak U TPeOOBAaHUSIMH y4yeTa ITapaMeTpOB, BIUSIONIMX Ha BUIOBOI
cocTaB IIaHKTOHAa. Ha ocHOBe aHanmn3a HaTYpHBIX UCCIEIOBAHUN U YHCIEHHBIX
pacyeToB ISl IPOrHO3MPOBAHUS pe3yiIbTaTa ABTPOGHUKANK BEIOpaHa Moaudu-
nupoBaHHasi Moziesib bpendopna — Maiiepo, yuuThiBaromias TeMIepaTypy Bepx-
Hero nepememanHoro cios (BIIC), Tonmuny BIIC u npo3payHocTh, U3MEpEH-
HyI0 ¢ momomipio aucka CeKkkH, a Takke NMPHCYTCTBHE B BOjAE aOHMOTHUYECKOH
B3BecH [5]. Pe3ynbTaToM TaKOTO MOJACIMPOBAHUS SIBISCTCS KOHICHTPALS KITe-
TOK IIJIAHKTOHA B €IWHHUIE O0BEMa, SIBIAIOMIASACS BAXKHEHIINM ITOKa3aTeleM
OLICHKH I[BETEHHUS.

Pa6ora BeImonHeHa B pamkax mpoekra PH® 15-17-20009 (uncrieHHOe MOIeH-
poBanue) u poektoB PODU 17-05-41117, 15-45-02580 (HaTypHBIC H3MEPEHHS).
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AHAJIMTUHYECKAS MOJEJIb IJI51 SJIEKTPOMATHATHOI'O
OJIsA B CHJIbBHO HEJTMHEUMHOU KHJIBBATEPHOU BOJIHE
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I'epmanus
agolovanov@appl .sci-nnov.ru

OmHMM W3 TEPCIIEKTUBHBIX HAIPABICHUH HCCIENOBAaHMA B COBPEMEHHOU
(I)I/I3I/IKC ABJIAAIOTCA ITUIa3MEHHBIE METO/IbI YCKOPEHUA 3apsAKCHHBIX YaCTHUIL, OCHO-
BAaHHBIC HAa MCIIOJIB30BAHUHN JJICKTPUYCCKOT'O MOJISA KI/IJ'[I)BaTepHOI‘/II BOJIHBI B I1JIa3-
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Me [1]. OHM TO3BOIAIOT TOOUTHCSA HA HECKOJIBKO MOPSAKOB OOJNIBIIMX TPaHEH-
TOB YCKOpPEHHs, YeM B KJIACCHYECKHX YCKOPHUTEINSIX, OCHOBAHHBIX HA MCIIOJIH30-
BaHWU PaMOYaCTOTHBIX PE30HATOPOB. J[yisi BO30YKIEHUsI KNILBATEPHOH BOJIHBI
B KauecTBe «JIpaiiBepa» MOXKET UCIOJIb30BaThCS MOIIHBIA YIBTPAKOPOTKHUI Ja-
3€pHBIM UMIYJIbC UM CTYCTOK 3apsKEHHBIX yacTull. [Ipu 1ocTaToyHo BHICOKOM
MHTEHCUBHOCTH JIa3€PHOT0 MMITYJbCa WIN IUNIOTHOCTU TOKA B CTYCTKE peanusy-
€TCSl CUJIbHO HEJMHEMHBIN PEeKUM KHIIbBATEPHOW BOJHBI, IPU KOTOPOM MO3aAH
«pariBepa» HopMUPYeETCs MOIOCTh cheprudeckoil HOPMBI, MPAKTHYESCKH TOITHO-
CTBIO CBOOOJHASI OT AJIEKTPOHOB IIa3Mbl, a HA € TpaHUIle 00pa3yeTcsl TOHKHUMA
JNEKTPOHHBIA CJIOH, SKpaHUPYIOLIUN IJIa3MEHHYIO MOJOCTh OT OKpYyXarouiei
m1a3Mbl. CHIIBHO HENWHEHHBINH peXuM 0CO00 MpHUMedaTelieH TeM, YTO B HEM
HAOITIOAAeTCS CAMOWHIKEKIIHSA AIIEKTPOHOB TUIA3MBI BHYTPB IIa3MEHHOM MOJIOCTH
C TIOCJIEAYIONIIM HX 3aXBAaTOM M YCKOPEHHEM. JTO MO3BOJIIET MOMYYaTh CIyCTKH
YCKOPEHHBIX 3JIEKTPOHOB, HCIOJB3YS JIHIIh Ja3epHBIA UMITYJIEC U HE UMes TIPH
OTOM BHCHIHETO0 HMCTOYHHKA JJICKTPOHOB, IMO3TOMY )laHHLIﬁ PEXKUM CUHUTACTCA
OCO6CHHO TIEPCICKTUBHBIM JJIA CO3JaHUs IJIa3MCHHBIX yCKOpHTeJ’Ieﬁ.

Jnga uccrnenoBaHMS CHWJIBHO HENMHEHHOTO peXMMa 4YacTO HCIONb3yeTcs
TPEXMEPHOE YHCIEHHOE MOJETUPOBAHUE METOJIOM YacTHUll B fuyeiKax, OJHAKO
0OJIBIIION MHTEPEC MPEICTABIACT U TeopeTHdeckuid anamn3. OJTHAM W3 TJIaBHBIX
JIOCTHXKEHUH B TEOPETUUECKOM OIMCAHUH ATOTO PEXHUMa OBIJIO CO3/aHHE MOjie-
JM TUIA3MEHHOM TMOJOCTH B Cydae Kak OJHOPOIHOW [2], Tak M momepedHo-
HEOHOPOAHOM TuTa3Msl [3]. JlaHHAs MOJENE TIO3BOJIET ONMMCATh TPAHHUIY TIIa3-
MEHHOM MOJIOCTH € YYETOM BO3JCHCTBUS «IpaiBepa» U YCKOPSEMBIX AJIEKTPOH-
HBIX CTYCTKOB IPH MOMOIIX OOBIKHOBEHHOTO IH((GEpEHINATIBLHOIO YPaBHEHHS
BTOPOTO MOPSKA.

w20 ()

=== Model

—20

20 30 40 50 30 40 50 —20 0 20
. N e
Puc. 1. (a) Pacrtpeienienne poaoIbHOTO 3IEKTPHIECKOT0 Toist E, B miasMennoit monoc-
TH, BO30Y)KIEHHOH PESTHBUCTCKAM JIEKTPOHHOM CTYCTKOM B YHCJIEHHOM MOJIEIHPOBa-
uuu (66epxy) u Hamel moaenu (6nusy). Pacnpenenenus mojs B MOJAECIMPOBAHUM U B MO-
nesu Baob npsmbix X =0 (b) u z=42 (c)

B nanHO# paboTe, OCHOBBIBAasCh HAa MOJEINH JUISl TPaHUIIBI TIA3MEHHOM 10~
JIOCTH, MBI CO37aeM MOJENb AJsl OMUCAHUS PACHpPEAENCHUN KOMIIOHEHT JJIeK-
TPOMArHUTHOTO MOJIsI BHYTPH M CHAPYXKH IUa3MeHHO# mosnoctH [4]. st sToro
MBI IPEAINOIAraéM MaJOCTh TOIIIMHBI JIEKTPOHHOIO CIIOS IO CPaBHEHUIO C pas-
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MEpPOM IIIa3MEHHON MOJIOCTH. JTO MO3BOJISET HCIOIb30BaTh OTHOLICHUE MEXKILY
TOJILIMHOW CJOS1 U Pa3MEPOM IIOJIOCTH KaK Malblil MapaMeTp U MOCTPOUTH TEO-
pHUIO BO3MYIICHHUH MO 3TOMY MapaMeTpy B HaMMEHBIIIEM Nopsake. B pesyibrare
MOTYT OBITh HaliZICHBI SIBHBIE BBIPAXKECHUS IS BCEX KOMIIOHEHT 3JIEeKTPOMAarHUT-
HOTO TOJsI (MPOJOIBHOTO U TIOTMEPEYHOTO SIICKTPUUIECKOTO M a3UMYTATbHOTO
MAarHUTHOTO MOJIs) KaK BHYTPH MIa3MEHHOM MOJOCTH, TaK U CHAPYKH OT Hee.

Jlnst IpoBepKu MoJenH ObLIO IPOBEAECHO YHCIEHHOE MOJEIHPOBAHHUE TPEX-
MEpHBIM KOZOM Smilel, ocHOBaHHOM Ha MeTOIe JacTHIl B sueiikax. Ha puc. 1
MOKAa3aHO CPaBHEHUE PE3YJIbTATOB JAaHHOTO MOJENHUPOBAHMS C NPENCKA3aHUSIMHU
pa3paboOTaHHOW HAaMM MOJENU JUI TPOIOJIBHOTO 3JIeKTpudeckoro mons E,.
CpaBHeHHE MOKa3bIBACT, YTO Hallla MOJEIb XOPOIIO ONHKCHIBAET KaK paclpese-
JICHHE TIOJI BHYTPH TIOJIOCTH, TaK U 3aKOH €ro CNaJaHus NMpH yJaJeHHH OT Ipa-
HHUIIBI TTIOJIOCTH (Ha puc. 1, C). AHANIOTHYHBIE PE3YIbTATHI OBLTH MOJTYUYCHBI U IS
JIByX OCTaBIIUXCS KOMIIOHEHT JIEKTPOMAarHUTHOTO TOJIS.
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JBYMOJOBbBI TEHEPATOP BAH-JIEP-TIOJIS
KAK BA3OBbI JIEMEHT MOJIEJIN
HEHTPAJIBHOI'O TEHEPATOPA PUTMA
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LleHTpasbHBIil TeHEPaTOp PUTMA — CHCTEMa, T'CHEPUPYIOIIAs PUTMUYCCKH
YIOpPsIIOYEHHBIE MOTOPHBIC CHTHAIBI 0e3 00paTHOit cBsi3u. Co3aHne LEHTPATb-
HBIX T€HEPaTOPOB PUTMA, MPHUMEHSAEMBIX B POOOTOTEXHHMKE, OCHOBAHO Ha He-
CKOJIBKHX ITOJXOJaX, CPEOH KOTOPBIX MOYKHO BBIICIHTH BEKTOPHBIE OTOOpaxe-
HUS, KOHHEKIIHOHHBIC MOJICH, HEHPOHHBIE CETH W CHCTEMBI CBS3aHHBIX HEIH-
HEWHBIX OCHIILIATOPOB [1].
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B GonpliMHCTBE ITPOBEICHHBIX HCCIEIOBAaHMN LEHTPAJIbHBIE TE€HEPATOPHI
pHUTMa IPENCTABIAIOTCS B BHE AOCTATOYHO CIOXKHBIX Mojelel, m1bo cocTos-
IIKMX U3 OOJIBIIOTO KOJIWYECTBA DJIEMEHTOB, JIN00 UMEIOIIHX CI0XKHYIO CHCTEMY B
KadyecTBe 0a30BOTO 3JIEMEHTa, JHOO0 SBISIFOLNIMXCS MaTeMaTHYeCKUMH aOCTpak-
musimu [1]. B To sxe Bpemst tipu mpoektupoBanun [{I'P BaxkHBI Takie CBOWCTBa
CHCTEMBI, KaK MPOCTOTa, Ha/Ie)KHOCTh, BO3MOXKHOCTh (PM3NYECKON peati3alli.

C apyroii CTOpOHBI, UCIONB3YEMBIE B HACTOSILEE BPEMsI MOJIENIN LIEHTPaNb-
HBIX TEHEPaTOPOB pUTMa 00J1aJaf0T OJJHUM CYIECTBEHHBIM HenocTatkoM. CoBo-
KyITHOCTh OCHMJUIATOPOB, CBSI3aHHBIX OTPEIeNICHHBIM 00pa3oM, criocoOHa TeHe-
pHpOBaTh TOJBKO OJMH MEPHOANYECKHA PEXHMM, COOTBETCTBYIOIIUH OIXHOMY
MOBEACHUIO poO0Ta. BO3MOXKHOCTE pa3zHO0Opa3HOTO MOBENEHHST poOOTa TOCTH-
raercs IMyTeM W3MEHEHHS TOMOIIOTUH CBSI3H MEX/Y OCLILIATOpamMH [2].

OnHUM U3 BO3MOKHBIX CIIOCOOOB yCTPaHEHHsI JAHHOTO HEAOCTATKa SIBIISCT-
Csl MICIIOJIb30BAaHUE MHOTOMOJOBOM aBTOKOJIEOATENBHON CHCTEMBI (CM., HAIPH-
Mep, [3]), crocoOHo# BBICTYNATh B Ka4eCcTBE 0A30BOT0 3JIEMEHTA EHTPAIBHOTO
reHeparopa puTMma. Takas cuUCTeMa I03BOJISET MOJTydaTh MEPUOTUIECKUE PEXU-
MBI C PA3JIMYHBIM CABUTOM (1)3.3 pU HECU3MCHHBIX YIIPaBJIAIOMINX IapaMeTpax.
UYem OoJpliiee YMCIIO PA3IMYHBIX PEKHMOB MOXKET OBITh PEaTN30BaHO B CHCTEME,
TeM OOJIBIINM YHCIOM PAa3IHMYHBIX «IIOXOJI0K» MOXKET 00J1a1aTh poOoT.

B kadecTBe 0a30BOro 3jeMeHTa LEHTPAJbHOTO I'eHEepaTopa PUTMa Ipeisa-
raeTcs MCHOJIb30BaTh JOCTATOYHO IPOCTYIO0 MOJETh MHOTOMOJOBOW aBTOKOJIE-
OaTenbHON cHcTeMbl. B OCHOBe JaHHOW cHCTEMBI JISKHUT TeHepartop Ban-nmep-
[Tonst, cBSI3aHHBIA C JOMOJHUTEIBHBIM TTACCHBHBIM KOJICOATEIBHBIM KOHTYPOM
[3]. Beibop mamHO#W cHCTEMbI OOYCIOBJIEH CIEAYIOMIMMU TpHIWHaMu. Bo-
NEPBBIX, B TAKOW CUCTEME IPU MaJON OTCTPOMKE 4aCTOTBHI KOHTYpa OT YacCTOThI
TeHepaTopa, U ke B €e OTCYTCTBHE, PEATN3yeTCsl peKUM OncTabuiapHOCTH. B
CBA3aHHBIX CUCTEMAX CICAYET OXKHIAATh pC€ain3alvin pa3BPITOI>i MyJ'IbTI/ICTa6I/IJ'H)-
HOCTH. DTO IO3BOJIUT MEPEKITIOYATHECA MEXKAY PA3JIMYHBIMU NMATTCpHAMU aKTUB-
HOCTH BHCUIHHUM BOSﬂeﬁCTBHeM oe3 HeO6XOJlI/IMOCTI/I HU3MCHCHUSA YIIPABIAIOIINX
MapaMeTpPoOB, CONPOBOKIAIOMIETOCs JUINTEIBHBIMU MEPEXOJHBIMU MPOLECCAMHU.
Bo-BTOpbIX, TpemiaraemMasi MOZIETb JIOMYCKAeT BeChbMa MPOCTYIO (DPU3UUECKYIO
peaM3anuio B BHJE JIEKTPOHHOW CXEMBbl Ha JIOCTYIHOM 3JIeMEeHTHOH 0ase pa-
JIO3JIEKTPOHHKH.

Maremarndeckass Monenb reHeparopa Bar-pep-Ilosns ¢ nONONHUTENBHBIM
KosiebaTeIbHBIM KOHTYPOM 3aIMCHIBACTCSl B BHIE CIEAYIOMIEH CHCTEMBI OOBIK-
HOBEHHBIX IH(PepeHINaTbHBIX yPaBHEHU!

%= (2= ) —ofx +7(% = %),

%o ==2B,%, _(O)lpZ)z %0 +Y(X1‘X2)-
JIisl OLIEHKH BO3MOKHOCTH MOCTPOEHMS LIEHTPaJbHOTO Ie€HEepaTopa pUTMa
Ha OCHOBE JIByMOJIOBBIX TeHepaTopoB Ban-nep-Tlons HEOOXOAUMO MMETh HCYEp-
MBIBAOINEE MPEACTABICHUE O JMHAMUKE MaplHaIbHOW CHCTEMBbI, YCTpOiicTBe (ha-
30BOT0 IIPOCTPAHCTBA U CTPYKTYpPE IIPOCTPAHCTBA APAMETPOB CBA3AHHBIX CUCTEM.
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ITpn 5TOM HEMANOBaXXKHYIO POJIb UTPAET CIOCOO CBS3U MAapIMAIBHBIX 3JIEMEHTOB
B aHcamb6uie. Takum 00pa3oM, 1eNbl0 HACTOSIIIEH padoThl ABJsieTcst OndypKaiu-
OHHBIIl aHAIIM3 CTPYKTYPHI MPOCTPAHCTBA MAPAMETPOB CHCTEMBI, COCTOSILICH U3
JBYX JIByMOJIOBHIX T'€HEpaTOpOB, MEXaHM3MOB ()OPMHUPOBAHUS COCYIIECTBYIO-
IIUX aBTOKOJIEOATENBHBIX peXHMOB. Oco0oe BHUMAaHHE YJENAeTCS BIUSHUIO
TUIIA CBS3M MEXAY HapIUAIBHBIMM CHCTEMaMu Ha ()OpMHpOBaHHE MYJBTHUCTA-
OMIBHOCTH B (h)a30BOM IPOCTPAHCTBE.

B pesynbraTe mpoBENEHHBIX HCCIIEAOBaHWI OBLIN BBIABICHBI OMQypKarm-
OHHBIE CLIeHapuu (OPMHUPOBAHUS B ()a30BOM MPOCTPAHCTBE CBA3AHHBIX CHCTEM
COCYIIECTBYIOIIMX MPENENBHBIX IMKIOB, COOTBETCTBYIOIIMX KOJEOAHUSIM OC-
MUUIATOPOB C PA3IMYHBIM B3aUMHBIM CIIBUTOM (ha3. DTO, B CBOIO OUEpe/b, COOT-
BETCTBYET pa3lIMuHbIM MaTTEPHAM JIOKOMOTOPHOI aKTHBHOCTH IIATaOIIEro po-
oora.

Pa6ora BeinonHeHa npu noaaepxke Poccuiickoro Hayunoro ¢oHma (mpoekt
Ne 17-72-30003).
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B pabore uccienyroTcs HeMMHEHHbBIE MPOLECCH Ha MOPCKOI MOBEPXHOCTU
[0 MPOCTPAHCTBEHHO-BPEMEHHBIM H300paXEHUSIM, TOIyYEHHBIM C OKEaHOIpa-
¢uaeckoit mnardopmer B m. Kamusenu, Pecrry6nuka Kpemv. [IpocTpancTBeHHO-
BpemeHHble, Wi JIBU (1aipHOCT — BpeMsi — HHTEHCHBHOCTD), M300paKeHUsI
MOPCKOM MOBEPXHOCTH PETHCTPUPOBANHCH C MIOMOLIBIO ONTHYECKOTO KOMILIEK-
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ca, COCTOSIIIETO U3 HECKOJIBKUX MPUOOPOB ¢ 3apsmnoBoii cesi3bio ([13C-nuHeek) ¢
pasHBIMHU HampaBieHusMH BusupoBanus. [lo JIBU-u300paxeHnsM MOKHO peru-
CTPHUPOBATH IMHHBIC MOBEPXHOCTHBIC BOJIHBI (IHEPrOHECYIIHE BETPOBBIC BOJ-
HbI, BOJHBI 3BI0HM), OMPENETIATh UX CIIEKTPaTbHO-KMHEMATHUYCCKUE XapaKTepH-
CTHKH, BBISIBIIITH BOJIHBI C aHOMAJIbHO OOJBIION aMIUIUTYAOH, a TaKXkKe MICHTH-
¢urmpoBats mposiBIcHUs BHYTpeHHnX BoimH (BB) Ha MOpPCKO# HMOBEPXHOCTH.
CunxponHo ¢ perucrpanueii JJBHU-n300paxxeHuii mpoBouIachk 3auch CleKTPOB
KOPOTKOMACIITA0HBIX IMOBEPXHOCTHBIX BOJH JJIMHOW OT HECKONBKHUX CAaHTHMET-
POB 110 METpa, MOJyYCHHBIX IyTEM CIIEKTPAIBHOTO aHAJIN3a M300paKCHUs MO-
BEPXHOCTHU MOPA.

B paboTte npeacTaBieHbl pe3yabTaThl SKCIIEPUMEHTAIBHBIX padoT, a UMEHHO
HCCIICIOBAaHNE TOJs AIMHHBIX ITOBEPXHOCTHBIX BOJIH M CIIEKTPOB KOPOTKOMAC-
mTaOHBIX MMOBEPXHOCTHBIX BOJIH NPH PAa3IMYHBIX BeTpax. Taxke oOCyxmaroTcs
MEXaHU3Mbl BUIUMOCTH MposiBjieHu BB Ha MOpckoil moBepXHOCTHU MpU pas-
JIMYHBIX YCIIOBHSX OCBEIICHHUS, 0OCYKIAIOTCSI MPUMEPHI PETHCTPAIMN TIPOSIBIIE-
Huii BB Ha Mopckoill MOBEpXHOCTH, pa3padaThIBAIOTCS METOMABI ONpENEIICHHS
napametpoB BB (ckopocTh, mepruoa U apyrue), a Takke METObl BOCCTAHOBIIE-
HUS CTAaTUCTUYECKUX XapaKTEPUCTHK TOBEPXHOCTHOIO BOJIHEHHS B noje BB.

Pabora BrimosiHeHa npu noayepkke rpanta POOI Ne 16-05-00858 a.

O POJIX TYPBYJIEHTHOCTHU IIPU DJIEKTPU3ALIUN
B JUCIIEPCHBIX MHOI'O®A3HBIX CPEJJAX

C.0. lemenmvesa, E.A. Mapees

WuctutyT npuknansoi ¢pusuku PAH, Huwknuit Hosropoa
svetadem9l@mail.ru

B mpupone BcTpedaeTcss MHOKECTBO SBICHHUH, COMPOBOXKIAIOIINXCS POCTOM
3JIEKTPUUYECKOTO TMOJISL U DJIEKTPUUECKUMH pasdpsaamMu. HekoTopsle U3 3TUX SB-
JeHnit (B 4aCTHOCTH, TPO3bI, MbIIEBbIE OYPH U CHIBHBIE METEIH) MOTYT Ipe.-
CTaBJISITh OMACHOCTh JJISl JIFOIE U TEXHUKHU BCJIEICTBHE BO3HUKHOBEHHUS BBICO-
KHUX HaNpsOKEHUHM U TOKOB, a TAKXKE YXYIIISHHUS] BUIUMOCTH.

Poct kpynHOMacITabHOTO 3JEKTPUYECKOTO TM0JIsi KaK B TPO30BBIX O0JIaKax,
Tak ¥ B IBUIEBBIX OypsAX MPOMCXOTUT 3a CUET Pa3JeiCHHUs 3apsaa Ha CTalKu-
BAaIOIIMXCS yacTuiax. Kak mokas3anu HaTypHBIC U3MEPEHHSI, B TPO30BBIX 00JIaKax
HAOJI0aeTCs BRICOKUH YPOBEHb TypOyneHTHOCTH. OHAKO B COBPEMEHHBIX HC-
CJIEJOBaHUSX TPO30BBIX OOJIAKOB M MOJEINSAX, BKIIOYAIONINX TYpOYJICHTHYIO
muddy3Hro 3apsaa, MPUHATO MoJaraTh, YTo TypOyJISHTHOCTh MIPUBOAUT K 0cia-
JICHUIO JJIEKTPUYECKOTO 1oJisl. B OCHOBY JlaHHOW pa®OThI MOJIOKEHO MPEAIoo-
KEHHE O TOM, YTO (DIYKTyalld OTHOCHTENILHON CKOPOCTH YaCTHI| B IPO30BBIX

39



o0Jakax, BO3HUKAIOIIUE MPHU UX TypOyJCHTHOM IEepEeMEIINBAHUH, MOTYT IIPHBO-
IHUTHh K POCTY KPYIMHOMACIITAOHOTO JIEKTPUUECKOro moJjs. [IepBHYHbIe OLEeHKH
posu TypOyJIEHTHOCTH B DJICKTPU3ALUH CIA0OMPOBOAAIINX MHOTOKOMITOHEHT-
HBIX cpejl OBUTH TPOBEICHBI B cTaThe [1], rme mokasaHa BO3MOKHOCTH 3HAUH-
TENBHOI'0 YCHIJICHHS POCTA SJIEKTPHUYECKOTO MOJIS 32 CYeT TYpOYJISHTHOCTH IIPH
paslesieHHH 3apsia Ha YacTHIax C pa3invHbIMUA Maccamu. CleyeT OTMETHTb,
YTO JIAHHBIH MOJXOJ| IOCTATOYHO YHUBEPCAICH M IOIXOMAUT, B YaCTHOCTH, LIS
OITHCAHMUS IEKTPHU3AINHI TPO30BBIX 00JAKOB U MBUIEBBIX OYPb.

B naHHOI paboTe M3y4eHbl OCOOCHHOCTH MHAYKIHOHHOTO M OE3bIHIYKIIH-
OHHOT'O MEXaHM3MOB pa3/ieJICHHs 3apsA0B IPH AIIEKTPU3ALNH I'PO30BBIX 00JIAKOB
¢ yaeroM 3(h(peKTOB, BOSHUKAOIINX 3a CUeT TypOyleHTHOCTH. BEIsIBIIEHO, 9TO B
psiae ciTydaeB TOK 3apsiIKH, MOSBISIONIMICS 32 CYET TYpOYJICHTHOTO ITepeMelIn-
BaHUsI, MOXKET OBITh CPABHHM C TOKOM 3apsIIKH, MPUCYTCTBYIOLIAM B IPO30BBIX
oOsakax 0e3 yuera TypOyIeHTHbBIX 3((EKTOB, YTO CYNIECTBEHHO CKa3bIBACTCS Ha
nporeccax rpo30BO ICKTPH3AINH.

['po3bl SABISIOTCS OMACHBIMU MPUPOIHBIMH SIBICHUSIMH, KOTOPBIE TPEOYIOT
TOYHBIX METOAOB IPOrHO3a € IMOMOIIBIO CYMIECTBYIOIUX YHUCIICHHBIX MO}IeHeﬁ.
Jnst perienns 3amad MporHO3UPOBAHUS I'PO3OBBIX COOBITHH pa3paboTaHHas pa-
Hee st Mozenn WRF mapamerpusaiiis 3MeKTpHYecKUx npoueccos [2, 3] Obiia
YCOBEPIICHCTBOBAHA C YYETOM TMPOBEIACHHBIX HCCICIOBAHUN TYpOYJICHTHBIX
3¢ ($eKTOB B TPO30OBHIX 00JaKaX; MPOBEACHO YHCICHHOE MOJCTUPOBAHHE TPO30-
BBIX COOBITHIT Ha TeppuTopuH Hinkeropoackoi 00IacT ¢ UCIIOIB30BaHHEM MO-
JuUIMpPOBaHHON Mapamerpusanuu. Yuer TypOysieHTHbIX 3 (deKToB mpu Moje-
JMPOBAHHUH IIEKTPUUECKUX MAPaMETPOB BBISIBUII HEKOTOPBIC OTIIMYMS B paciipe-
JIETICHUH Pa3HOCTH TOTCHLUANOB M JJICKTPUYECKOTO IMOJIS B TPO30BOM OOJIaKe.
[MonyyeHHble pe3yabTaThl B LEIOM COOTBETCTBYIOT DKCICPHMCHTATBHBIM JaH-
HBIM, JI€MOHCTPHUPYIOIIUM YCHJIEHHE ITPOLECCOB 3JIEKTPH3ALMU B TPO3OBBIX 00-
JlaKaX ¢ BBICOKHM YPOBHEM TypOYJIEHTHOCTH, OJHAKO Ui Oojiee JeTalbHOro
ONMcaHusl poiu TYpOYJEHTHOCTH B TPO30BOH 3JIEKTpU3AlMU TpeOyeTcs naiib-
Helillee COBEPIICHCTBOBAHNE KaK TEOPETHUYECKMX MOJEICH, TaK U METOINK dKC-
NIEPUMEHTAIBHBIX HCCIICIOBAHHH.

PaGora BeImonHeHa pu oanepkke PH® (mpoext Ne 16-17-00132).

Jlutepatypa

1. Mareev E.A. The role of turbulence in thunderstorm, snowstorm, and dust storm
electrification / E.A. Mareev, S.O. Dementyeva // J. Geophys. Res. 2017. V. 122. P.
6976-6988.

2. lemenmvesa C.O. Pacuer 31eKTpHIECKOTO OIS M HHIEKCa MOJTHUEBOH aKTHBHO-
ctu B Mojiesisix niporuosa morojst / C.0. JlemenrseBa, H.B. Minbun, E.A. Mapees // Us3s.
PAH. ®AO. 2015. T. 51, Ne 2. C. 210-217.

3. llamanuna M.B. MOHATOPUHT ¥ MOJIETMPOBAHUE IPO30BBIX cOObITHH B Hikero-
POJICKOM perroHe: nHTeHcuBHast rpo3a 1-2 utonst 2015 roga / M.B. llaranuna, C.O. [le-
MmeHTheBa, E.A. Mapees // Mereoposnorus u rugposnorust. 2016. Ne 11, C. 81-87.
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PE3OHAHCHBIE CTPYKTYPbI U UX BU®YPKAIIUU B ABC-TIOTOKE
A.A. ﬂudogl‘z, M.IO. Vaetickuii®

! lanpHeBoCcTOUHBII (enepanbHbIi yHHBEpCUTET, BagnBocTok
*TuxookeaHcKuit OKEAHOIOTHIECKHUiT uHctutyT uM. B.W. Nienuesa IBO PAH,
BiagusocTok

Kedr_ad@mail.ru

B 1965 r. B.1. ApHompaom [1] Obina mpesiokeHa aBTOHOMHAs CHCTEMa
nmudbepeHIHaIbHBIX YPABHEHHUH, OMUCHIBAIONIMX AIBEKIMIO TMACCHBHOW YaCTHUIIbI
MOTOKOM skuKocTH. CHCTeMa ypaBHEHuUit st cTaiuoHapHoro 4BC-MoToka uMeer
cnemyronit Bux: V = (A sn(x) + C cos(y), B sin(x) + A cos(2), C sin(y) + B cos(x)),
rae A, B, C —nmapameTpbl crcTeMbl.

ABC-1ioTOK — oiMH U3 HeMHOrux 3D-MOTOKOB, MPEICTABISIOIINX WHTEPEC
Kak MOJIENb JJIsi U3y4YeHUsl MPOLIECCOB, MPOUCXOSIIUX B PA3IMYHBIX cpenax. B
cratbe [2] Ha npumepe ABC-1oTOKa M3y4arOTCs BIMSHHE BHYTPEHHUX CBOMCTB
CHCTEMBI Ha BO3HUKHOBEHHE HOBBIX CTPYKTYp NPU U3MEHEHUU YNPABIIAIOLIUX
mapaMeTpoB U METOJIbI UX OITUCAHUA. CHCTeMa HUMECT TOJIBKO TPU YHPABJIAIOIINX
napamerpa. 3aHyJeHHe OJHOTO U3 JAHHBIX MapaMeTpOB MPUBOIMUT K pasjelie-
HHUIO CUCTEMBI Ha J[BE€ MHTETPUPYEMBIE MTOJACUCTEMBI (IUTIOCKOE U BEPTHKAIBHOE
JBIKeHne). Eciu oquH W3 mapaMeTpoB ONM30K K HYJO, TO MEPUOJHYECKOE
JIBIDKEHUE TI0 BEPTHKAIM MOXHO pPacCMAaTpPUBATh KaK BHEIIHEE BO3MYILCHUE JIIsI
JIBIDKEHUS B TICPIICHAUKYJISIPHOMN TIOCKOCTH, B PE3YJIbTATE YEr0 B HEBBIPOXKICH-
HOW CHCTEME 4acTOTa BHEIIHEro BO3MYIICHHS 3aBUCHUT OT FAMUIIbTOHHAHA, YTO
MO3BOJISIET HAOIONATH SIBJICHUE, OOBIYHO CBOMCTBEHHOE BBIPOXKICHHBIM CHCTE-
MaM: CYIIECTBOBAHHE HECKOJIBKUX IETOYEK PE30HAHCOB OJIHOTO MOPSIIKA U Tie-
peCcoeIMHEHHE UX CEMapaTpUC MPU ONPEISIICHHBIX YCIOBHUSIX.

OCHOBHBIM PE3YIbTATOM HCCIICAOBAHHA ABJCTCA TO, YTO B IapaMETpuUyc-
CKOM IIPOCTPAHCTBE OblIa HaljieHa JOMOJHHUTEIbHAs 00JacTh (IBYX pEILIEHHIA),
HecyIast HHPOPMAIIHIO O LENTON Tpyre pe3oHancoB (puc. 1), yIyleHHbIX B paH-
Hux paborax. Ha puc. 2 npencraBiieHsl pe3yibTaThl YUCIEHHOTO HCCIIEIOBAHHUS.

24 T T T T
m/n
15 A - -
no solutions
ok S &
2 solutions
05k
P e S . ;
B.: 1 solution
a0 ey I i L
n.o 0.2 0.4 0.6 3 B ! ]

Puc. 1. OGnacTs pelieHuii, onpeeNsionias CyecTBOBaH!E U ITOPSI0K PE30HaHCa
B ABC-notoxe. Kpynusie pesonancs! 1.1, 2:1 u 3:1 nmoka3aHsl INITPUXOBOI JINHUEH
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Puc. 2. Ceuenue [lyankape B mepeMeHHBIX «yroil — 3Heprusi». lLtpuxoBas nuHuUsS — TEOpe-
THUYECKOE 3HAYEHHE DHEPIHU COOTBETCTBYIONIMX Pe30HaHCOB: d) pesonanc 2:1, B = 0,3605,
C=0,05, b) 2.1, B=0,3602, C = 0,05, ¢) 2:1, B =0,3602, C = 0,005, d) 2:1, B = 0,36005,
C=0,005, ) 3:1, B= 0,15, C=0,05, f) 3:1, B= 0,15, C= 0,005
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Cunraercsi, 4TO PACTSDKCHNE MaTepUAIbHbBIX JIUHUH B TIOTOKE 3a CUET AWHA-
MHYECKOr0 Xaoca IPUBOAUT K Tak HaszsiBaeMoMmy «fast dynamo» pexumy, B Ko-
TOPOM MarHUTHOE MOJIE PACTET SKCIOHEHIMAIBHO OBICTPO. Pe30HaHCH OKa3bl-
BAaIOT JIOBOJIBHO CEPhE3HOE BIIMSHHE HA CTOXACTUYECKMH CIIOM, KaK pacIIHps
€ro 3a cyeT 00pa3oBaHMs JOMOIHHUTEIFHOTO CTOXAaCTHYECKOTO CJIOsl Ha cenapar-
pHce pe30HaHca, TaK U OCJadiIsis ero BIMSHUE 3a CUET NPUINNAaHKs. 3Has, TAE B
(ha30BOM NPOCTPAHCTBE HAXOJATCS PE30HAHCHI, MOXKHO YIPABIISITh MU C ITOMO-
LIbIO JJOMOJHUTEIBHOTO MaJIOr0 BO3MYIIEHHUS, 3aBUCAIIETO OT BPEMEHH, Halpu-
Mep pa3pymarh UX, yBeIHINBas 00N 00BEM CTOXaCTHUECKOTO CIIOSL.

JlutepaTypa

1. Arnold V. Sur latopologie des ecoulements statioaires des fluides parfaits/ V. Ar-
nold // Comptes Rendus Hebdomadaires des Seances de I'Acad'emie des Sciences. 1965.
V. 261. P. 17-20.

2. Didov A.A. Nonlinear resonances in the ABC-flow / A.A. Didov, M.Yu. Uleysky
/I Chaos: An Interdisciplinary Journal of Nonlinear Science. 2017. P. 1-9 [npunsiTa B
eyars).
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T'OPU30OHTAJIBHBIE BUBPAIIUU X DODPEKTUBHASA HHBEPCHUA
CIIBI TAXKECTH B I[BYXCJIOFIHOI:/I CUCTEME
HEBA3KHUX ’KHJIKOCTEHN

A.B. JJonmamosa®, J1.C. T'ondo6un™?, T.I1. Jlio6umosa™>

1I/IHCTI/ITyT MeXaHHKH cruomHbX cpen YpO PAH, Ilepmb
2HepMCKI/Iﬁ rocy/1apCTBEHHBIN HAIIMOHAJIBHBIA UCCIIE0BATENbCKUIA YHUBEPCUTET
anastasiya.v.dolmatova@gmail .com

B nanHol paboTe uccienyeTcs IBYyXCIIOMHAs cUCTeMa HEBA3KUX HECMeIlu-
BarOUXCAa )KI/I)]KOCTCﬁ B IIOJIC TOPU3OHTAJIBHBIX BBICOKOYACTOTHBIX BH6paHHI71.
Panee ObUIM WCClEIOBaHbI JBYXMEPHBIE TEUEHHS, BO3HUKAIONIME B MOAOOHOMN
cucteme [1-5] B ciyuae cnoeB paBHOW TONIIMHEL. JIMHAMUKA TPaHHUIBI pa3zena
JKUIKOCTEH B 3TOM CIy4ae OMUCHIBACTCA YPAaBHEHUSMH, UICHTUYHBIMU <ILTIOC»
ypaBHeHuto Byccunecka [3, 4]. B pabore [2] ObUIO MOKa3aHO, YTO TOPU30HTAIb-
Hble BUOpAlNH, B OTIMYHE OT BEPTUKAIBHBIX, HE MOTYT HOJHOCTBIO TIO/ABUTH
HeycroiunBocts Penest — Teitiopa, HO MOTYT NPHUBOIUTHE K BO3HUKHOBEHHIO
KBa3MPAaBHOBECHBIX COCTOSIHWN Ha TpaHHIE pasnena >kuakocteil. Taroke Obu1o
[IOKa3aHO, YTO B JOCTATOYHO TOHKHX CJIOSIX HEBSI3KMX JKHIKOCTEH HEYCTOHUH-
BOCTb SIBIISIETCSI TOJKPUTHIECKON M HOCUT AJIMHHOBOJIHOBBIHM XapakTep.

B Hacrosie#t paboTe UCCACAYIOTCS TPEXMEPHBIC TCYCHUS B CHCTEME C TIPO-
W3BOJIbHBIM OTHOIICHHEM TOJIIMH cioeB. [ maHHOHM 3agaud MOXeT ObITh
chopmyrpoBaH aHasor Teopembl CKBalipa, COTJIaCHO KOTOPO#H MOPOT JINHEHHOM
HEYCTOMYMBOCTH CTaHOBUTCS TEM BBIIIE, YeM OOJIbIIE yroJ MEXIy BOJHOBBIM
BEKTOPOM W HalpaBlICHHEM BUOpaLnii:

B, (0)

By(B)=—>%~.

cos” B
rae B — yroyx Mexay BOJHOBBIM BEKTOPOM M HalpaBieHHeM BuOpauuii. Cremo-
BaTEIbHO, HanboIee OMacHbIC MOl BO3MYILEHUH MapajliebHbl HAIPaBICHUIO
BUOpaIuii (4TO COOTBETCTBYET JABYXMEPHOMY CIIy4ar0, pacCMOTpeHHOMY B [3]).
JIns BO3MYIIICHUH, UMEIOIIMX OJAMHAKOBBIA MacIITad 1Mo 00OMM TOPH3OHTAJIb-
HbBIM HaIIpaBJICHUAM, IOPOT JIMHEWHON HeyCTOﬁ‘IHBOCTH 3HAYUTECIIBHO MTPEBbINIA-
€T TOpOTr JTUHEHHOW HEeYyCTOWYMBOCTH JUISl IBYMEPHBIX BOJIH, IIO3TOMY HUHTEpEC
MPEJACTABISIOT TONBKO T€ BO3MYILEHHUS, CKOPOCTh M3MEHEHHUS KOTOPHIX B Ha-
MIpaBJIeHNH BUOpanuii ropasio 0oJbIIe CKOPOCTH X U3MEHEHUS B IEPIEHANKY-
JISIPHOM HarpaBJIeHUH. Y PaBHEHUS 3BOJIIOIMH TPAHMIIBI pa3/iesia B TAKOH CHCTe-
M€ OIIMCHIBAETCS CIEAYIOMUM ypaBHEHHEM:

HF N —M,, +((3/An*+7n, ] =0

(HrDKe ¥ BBIIIE IOPOTA JINHEHHON HEYCTONYHBOCTH COOTBETCTBEHHO).
OcoO0blif UHTEpEC K W3YyUYCHUIO BHOPAIIMOHHOTO BO3JCUCTBHS Ha CTpaTU(H-
LIUPOBAHHbBIE CUCTEMBI HECMEIINBAIONINXCS KUIKOCTEH OOBSICHAETCS TEM, UTO B
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HCKOTOPLIX ClIydasax 2TO BO3JICHCTBUEC MOXKET MpUBOJAUTH K yCTOfIqHBOCTH «HUH-
BEPCHOT'0» COCTOAHUA CUCTEMBI, ITPU KOTOPOM OoJiee TshKEIas KHUJIKOCTh Haxo-
JUTCA IMMOBEPX 0oJiee JIETKOM. HOJ'Iy‘IeHHI)Ie YpaBHCHHA IWMHAMHWKHU I'PaAHULBI pa3-
J€j1a MO3BOJIAOT OUCATh DBOJIOLIAI0 HHBEPCHOI'O COCTOSHUS !

it n, +n, —((3/2n*+n, ] =0

(BBIIIIE M HIDKE TOPOTa JIMHEWHON HEYCTONUYMUBOCTH COOTBETCTBEHHO).

Ha nepBbiii B3rIIs111, ypaBHEHHUE, ONUCHIBAIOIIEE TMHAMUKY WHBEPCHOTO CO-
CTOSIHUS BBIIIE IMOpOTa JIMHEHHOW HEYCTOWYMBOCTH, MOTHOCTHIO COOTBETCTBYET
ypaBHeHHIO byccruHecka s TPaBUTAIMOHHBIX BOJH Ha MeNKod Bojae. OmHAKO
3TO COBEPIIEHHO HE O3HAYAET, YTO CUCTEMA XapaKTEPU3YETCs] TEMHU K€ CBOMCT-
BAMM YCTOMUYMBOCTH, YTO U TOHKHUH CJION KUAKOCTH MOJ AEHCTBUEM I'paBUTALU-
OHHOTO MOJIs. JIeno B TOM, YTO OIKCHIBaeMas CHCTEMa JICHCTBUTEILHO o0JagacT
KOPOTKOBOJIHOBOH HEYCTOWYHBOCTBIO, TOTJa KaK IPU ONMHMCAHHH TPAaBHTAIFOH-
HBIX BOJIH Ha MCJ’IKOﬁ BOJIC OTa HCyCTOﬁ‘IHBOCTB BO3HHUKACT BCJICACTBHUEC HpHHI/I-
MaCMBbIX yl'[pOH_leHI/Iﬁ u JICXKUT 3a npenenaMI/I 06_]'[8.CTI/I l'lpI/IMeHI/IMOCTI/I ypaBHe—
HUA ByCCI/IHeCKa JJIsL peam)m)lx CUCTCM. TeM HEC MCHECC CXOICTBO 3TUX )IByX
YpaBHEHHI yKa3bIBae€T Ha TO, YTO JJMHHOBOJIHOBAas JIMHAMUKAa UHBEPCHOTO CO-
CTOSIHUS TIOJ] ICHCTBHEM CHIIBHBIX BHOpAIUi UMEET T¢ JKe CBOWCTBA YCTOWYHBO-
CTH, YTO U TPAaBUTAIMOHHEIE BOJHBI HA MEJIKON BOJIE.

Bce pesynmbTaThl ONMYydYeHBI B paMKax JTMHHOBOJIHOBOTO HPHONKEHUS, KO-
TOpoe 0OOCHOBAHO TEM, UTO JIMHEHHBIN aHAJI3 HEYCTOHYUBOCTH B CHCTEME BBISIB-
JSIET €€ JUTMHHOBOJIHOBBIN XapakTep IJIs CTydast TOCTaTOYHO TOHKHX CJI0€eB [2].

PaGora BbInoyHeHa TIpH (PUHAHCOBOW MoJNEepkKe PocCHiiCKOro Hay4HOTo
¢donma (rpant Ne 14-21-00090).

Jlutepatypa

1. Jlobumos J1.B., Jlwbumosa T.11., Yepenanos A.A. JlnHamuka oBEpXHOCTEN pasiena
B BHOpaMOHHKIX NOJsiX. M. | ®msmatiut, 2003. 216 c.

2. Jliobumos /1.B., Yepenanoe A.A. O BOZHUKHOBEHNH CTALIMOHAPHOTO pelbedha Ha Io-
BEPXHOCTH pasjeia Xuakocreil B BuOpaumonnom noje // Vss. AH CCCP. MXKT. 1986.
Ne 6. C. 8-13.

3. Goldobin D.S, Pimenova A.V., Kovalevskaya K.V., Lyubimov D.V., Lyubimova T.P.
Running interfacial waves in a two-layer fluid system subject to longitudinal vibrations //
Physical Review E. 2015. Val. 91. Art. 053010.

4. Goldobin D.S, Kovalevskaya K.V., Lyubimov D.V. Elastic and inelagtic collisions of
interfacial solitons and integrability of a two-layer fluid system subject to horizontal vibra-
tions// Europhysics Letters. 2014. Vol. 108. Art. 54001.

5. Pimenova A.V., Goldobin D.S, Lyubimova T.P. Comparison of the effect of hori-
zontal vibrations on interfacial wavesin atwo-layer system of inviscid liquids to effective
gravity inversion // Microgravity Science and Technology. 2017. P. 1-10.



IHNEPEMATHUTYUBAHUE MATHUTHBIX YACTHUIY
B YIJIEPOJJHOM HAHOTPYBKE
o JEMCTBHUEM NOJISIPU30BAHHOI'O CBETA

P.C. Escmuenees™?, JI.B. ‘Iypukoez, A.P. Caqbuﬂs, O.B. Kpaeueﬁxol'z,
C.C. Xapﬂa/vzoeal'z, M.D. 15')/Jzam062

"Mockosckmit rOCyIapCTBEHHBII TeXHHYecKuid yHuBepcuteT uM. H.D. baymana
2Haqu0-TeXH0n0queCKI/H7I LEHTp yHHUKaIbHOTO pubopocTpoeHus PAH, Mocksa
3HauH0HanI>HLH71 HCCIIEIOBATENILCKUH yHUBepcUTeT «MDU», MockBa
evstigneev24031997@icloud.com

B nocnegnue ronasl HaOmMonaeTCa 3aMETHBIM MHTEPEC K UCCIEOBAHUSIM YyT-
nepoaubix HaHOTPYOOK (YHT) B cBETe HAHORIEKTPOHUKH M MAaTE€PUAIOBEIECHHS
[1]. Onnoctennbie YHT mipencTaBisitoT cO00M MObIe MPOTSHKCHHbBIE IATHHAPDI
paanycoM B JIOJIM HAHOMETPOB M JUIMHOW B COTHH MHUKPOMETpOB. M3ydeHue
cpoiicte YHT B coueTaHMH ¢ MarHUTHBIMU MaTepuaiamMu (HampuMep, BKparuie-
HUAMH (DEpPPOMArHUTHBIX HAHOYACTHI) SIBISCTCS OJHHM M3 TMEPCIEKTHBHBIX
HAaIpaBJICHUH WCCIIeNOBaHui [2] B CBA3M ¢ MOTCHIHAIBHBIMH MPUIOKECHUIMA
JUIE MarHUTOONTHYECKOH mamstu. [Ipyu pacnonoskeHnu OgHOJOMEHHBIX (eppo-
MarHuTHbIX HaHo4acTHl B YHT yMeHbIaeTcss MarHUTHOE B3aMMOAEHCTBHE Me-
KTy HUIMU 1 TIPH 9TOM yYMEHbBIIIAeTCsl BEWIMHA 3()H(HEKTUBHOTO MarHUTHOTO TOJIS,
HEOOXOIMMOTO IS IEPEOPHUEHTAIINH UX MarHUTHOTO MOMeHTa. Oco0bIil MHTEpeC
BBI3BIBACT MPOXOJKACHNE MOJSIPU30BAHHOTO CBETA CKBO3b TAKHUE MaTEpUalbl, KO-
TOPOE MOTJIO GBI H3MEHUTH HATIPABICHHE MATHUTHOTO MOMEHTa HaHOYaCTHII [3].

B naHHOU pabote uccieayeTcs MaTeMaTnieckas MOJeNb MPOLECCOB Tepe-
MarHu4MBaHus peppoMarHuTHeIX yactull B YHT nop pefictBueM nosnsipu3oBaH-
HOrO cBeTa. DPPEeKTUBHOE MarHUTHOE T10JIe, NEHCTBYIOIIEEe Ha €ANHIYHYIO Jac-
THUIy, CKJIAABIBAE€TCSA W3 BHEUIHETO0 MArHUTHOTO MOJIS, MOJEeH aHMW30TPONUU U
pasmaranunBanus. CBs3b MeXIy (peppOoMarHUTHBIMM YacTHUIIAMH — MarHUTO/U-
IOJIbHAS, a pacnpeneneHue (peppoMarHNTHBIX YACTHUI] 10 HAHOTPyOKe — cirydaii-
HOE, C PaBHOMEPHBIM pacnpeneneHneM. [locTpoeHHass MOJENb MMO3BOJISIET pac-
CYNTATh BPEMsI NEPEKITIOUECHHUS] U3 OJHOTO COCTOSIHUS B JIPyroe, a TakKe BElu-
YUHY IOJIsI, HEOOXOAMMYIO ISl TIEpEMarHMYMBAHUS YacTHIl U3 OJHOTO COCTOS-
HUS B APYroe (U3 COCTOSIHHS JIOTHYECKOrO HYJIS B JIOTHYECKYIO eAUHUILY). HaH-
Hasa MECTOAMKA MOXKCET Bd)d)eKTI/IBHO HCIIOJIB30BAThCA JId CO3JaHHUs HOBOI'O THUIIA
MaMsTH Ha OCHOBE YTJIEPOJHBIX HAHOTPYOOK M CIIMHTPOHHKH.
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METO/J BBIAEJIEHUA XAPAKTEPHBIX ®A3 ITIOBEAEHUA
B CBA3AHHBIX CUCTEMAX, HAXOJAINXCS B PEXXKUME
MNEPEMEXKAIOINENCSA OBOBIIEHHOU CUHXPOHU3ALINHN

E.B. Escmugpees, O.HU. Mockanenko

CapaToBCKHi HAIIMOHAIBHBIA HCCIIEJOBAaTEILCKHI FOCYAapCTBEHHBIN YHUBEPCUTET
nmenu H.I'. YepHsbieBckoro
evstifeevev@mail.ru

XaoTH4eckasi CHHXPOHM3aIMs CBSI3aHHBIX HEJIMHEWHBIX CHCTEM MpE/ICTaB-
JISIeTCsl B HACTOsIIee BpeMsi OJHUM U3 (DyHIaMEHTAIbHBIX SBJICHUH COBpEMEH-
HO# paguodusuku [1]. V3BecTHBI pa3iuyHbIC THITBI XA0THYECKOW CHHXPOHH3A-
mun: (azoBasi CHHXPOHU3AINS, JIar-CHHXPOHM3AIMS, TIOJIHAsI CHHXPOHH3AIHS 1
00001IeHHass CUHXPOHM3ANNS, MOCIEHSS W3 KOTOPBIX TPEACTaBISET HaHOOIb-
umii mHTepec [2]. SBieHne 0OOOLICHHOH XaOTHYECKOW CHHXPOHH3ALWH OBLIO
MOAPOOHO M3YUCHO Ha IIPUMEPE IOTOKOBBIX CHCTEM U CHCTEM C JAMCKPETHBIM Bpe-
MEHEM, CBS3aHHBIX KaK OJHOHAIPABICHHO, TAK U B3aUMHO (CM., Harpumep, [2-4]).

JIyist MOHNMaHUs! TIPUPOJIBI XAOTHUECKOM CHHXPOHU3AINH HEOOXOIUMO pac-
CMOTPETH NPOIIECCH YCTAaHOBJICHNUSI CHHXPOHHOTO PEXMMa MPU YBEITHYCHUH T1a-
pameTpa cBsizu. M3BeCTHO, YTO Mepexo]i OT ACHHXPOHHOTO PEXHMa K CHHXPOH-
HOMY COIPOBOXJIAETCS MEePEeMeKaeMOCThIO, KOT/Ia BO BPEMEHHBIX Peann3alusix
CHCTEeM IIpH (PUKCHPOBAHHOM 3HAYCHUM IIapaMeTpa CBS3U CYLIECTBYIOT JaMH-
HapHBIC YYaCTKH, TpephiBaeMble TypOyJIeHTHBIMH Bemieckamu [5]. M3BecTHo,
YTO B Cllydae IBYX OJHOHAINpPABJIECHHO CBSI3aHHBIX XAOTHYECKHUX OCHWIIISITOPOB
Ha rpaHuIie 00OOUICHHON CHHXPOHM3AIMU HaOII0aeTcsl mepeMekaeMocTh «ON-
off» Tuna [6].

Jnst onpeneneHus XapakTEPUCTHK IEPEMEKAaeMOCTH, UMEIOIe MeCcTo Ha
rpanuie 0000IIeHHON CHHXPOHN3AIMHY, BaYKHYIO POJIb UTPAIOT METOBI BBIJEIIC-
HUSI XapaKkTepHBIX (a3 MOBEeIEHMs 10 BPEMEHHBIM psiaM. JlJIs cucTeM ¢ OfHO-
HaIpaBJIeHHOHN CBA3bIO, KaK NPABMIIO, UCTIONB3YETCS «aMIIUTYJHBIH» METOJ, a B
Ka4eCcTBE aHAIM3UPYEMOT0 CHTHAJIa pacCMaTpPUBACTCsl Pa3HOCTh CHTHAJIOB BEIO-
MOM M BCIIOMOTATeNIBHOM cucteM [6, 7]. [IpuMeHeHre Takoro moaxoaa Jjis CHc-
TEM C B3aUMHBIM THIIOM CBSI3U HE TPEJICTABISIETCS] BOSMOXHBIM B CBSI3H C HEpa-
60TOCIIOCOOHOCTHIO METO/Ia BCIIOMOTATENILHOW CHCTEMBI B JaHHOM ciydae [8].
[TosTOoMy BakHOH 3anmaueil sBisieTcsl pa3paboTKa METoJ/la aHAIM3a IepPeMerKaro-
Ierocst OBeIeHNsI Ha IpaHuIle 0000IIEHHOH CHHXPOHHU3ALUH, KOTOPBIA OBl J1a-
BaJI KOPPEKTHBIE PE3YJIBTATHI B Cllydae Kak OJTHOHAIIPABIEHHOH, TaK 1 B3aUMHOM
CBSI3M MEX/y CHCTEMaMH.

B HacTosmielt paboTe mpetoskeH MOAUGUIIMPOBAHHBIA METO OIrDKaHIImx
coceneit [2] mis BbLICNCHUsT XapaKTepHBIX (CHHXPOHHBIX M aCHHXPOHHBIX) (a3
MIOBEACHHS B HEIMHEHHBIX CHCTEMAaX, HAXOSIIUXCS B PEKUME IIepeMeKaroIeii-
cs1 0000IICHHON CHHXPOHM3AIMK. B KadecTBe 00BEKTOB MCCIECNOBAHUS PACCMOT-
PEHBI OAHOHAIIPABIEHHO W B3aMMHO CBsI3aHHbIE cHCTeMbl Peccrepa, Haxonsuue-
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csl B PeXKHMME JICHTOUHOTO Xaoca. B (a3oBoM mpocTpaHCTBe cUCTEM ObLIH BbI-
OpaHbl OTIOPHBIC TOYKH M COOTBETCTBYIOIIIME MM ONmkaiiiiie cocenud. B coort-
BETCTBUH C KJIACCHYECKUM METOJOM ONMKaHIINX cocenell ObUIO clieNlaHo Mmpea-
MOJIO)KEHHE O TOM, 4YTO (ha30BbIE TPAEKTOPHU TOYEK, OJKAWIINX K ONOPHOH, B
(ha30BOM NPOCTPaHCTBE APYroil CHCTEMbI BO Bpems (a3 CHHXPOHHOTO (1amu-
HAPHOT'0) TOBEACHNUs OYAyT OCTaBaThCs ONM3KUMHU APYr K OPYTY, @ BO BpeMs
ACHHXPOHHBIX (TypOyJICHTHBIX) BCIUICCKOB OYAyT IOCTATOYHO CHIBHO OTKJIO-
HATBCS APYT OT Apyra. Ha ocHOBaHMM 3TOT0 OBLIM BBIENEHBI (ha3bl, COOTBETCT-
BYIOII[IE€ CHHXPOHHOMY M AaCHHXPOHHOMY ITOBEICHHUIO CHUCTEM. Pe3ynbTars
MIPEATI0KEHHOTO METO/]a COTIOCTaBJICHBI C PE3yJIbTaTaMH METO/a BCIIOMOTaTelb-
HOM CUCTEMBI JUIsl Cilydasl OIHOHANPABIECHHON CBsI3U. B CBS3U ¢ XOpOLIMM COOT-
BETCTBHEM DE3YJIbTaTOB, IOJYYEHHBIX 00OMMH crioco0amu, MOAM(UIMPOBAH-
HBIA METO OJIMKANIIINX COCECH OBbLT MPUMEHEH IS BBIACICHISI JAMUHAPHBIX
TypOyJeHTHBIX (a3 B cilyyae B3aMMHOM CBSI3M HEJMHEHHBIX cucteM. Onpenene-
HBI CTATUCTHUYECKUE XapaKTEPUCTUKH MEPEMEXKAOIerocs MOBEACHNUS B JAHHOM
ciydae.

PaboTa BeimonHeHa npu nojyiepxke Poccuiickoro nayunoro ¢oumga (mpoext
Ne 14-12-00224).
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O YNCJIEHHOM MOJAEJIUPOBAHUU JTHEBHOI'O
U HOYHOI'O CITPAWTA
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[MpennokeHa pagMaNbHO-CHMMETPUYHAsE —CaMOCOITIACOBAHHAS  MOJIEINb
crpaiita Ha BbicoTax oT 60 no 90 kM B obmacTu pammycoM 60 kM. XUMHYECKHHA
0110k Mozenu cocTout u3 267 peakuuit st 61 xumudeckoi KoMImoHeHTHI. [1po-
BEJCH aHAJIN3 BO3MYIIECHHUsS KOHIEHTPALMH HMOHOB, 3JEKTPOHOB, HEWTpPAIbHBIX
KOMITOHEHT ¥ MHTEHCHUBHOCTH SMHCCHH (DOTOHOB Ha BBICOTax Me30c(epsl Ui
crpaiiTa B HOYHBIX YCJIOBHAX. BeriencTBue OBICTPOrO BBITECHEHHS IEKTpHUE-
CKOTO TMoJisi B BepxHei uactu anddy3Hol obnacTu crpaiita Ha BbICOTaxX
78-81 kM u3NlydeHUE Ha OCH pa3psijia 3aKaHYMBAETCS paHee, YeM BO BHELIHEH
001acTH, YTO MPUBOIUT K (POPMUPOBAHHIO TOPOHIJAIBHOW CTPYKTYPBI DIIEKTPH-
YECKOT0 I0JIS1 U U3JIy4YEeHMs CIpaiiTa B IIEPBOM U BTOPOH IMOJIOKUTEIbHBIX I10JIO-
cax MoJeKyysipHoro azora. Ha BeicoTax 83-87 kM mnpu pazBuTHH paspsna Ha-
OJro1aeTcsl yMEHBIIEHHE KOHIIGHTPAIUH AJIEKTPOHOB, CBSI3aHHOE C BO3pAaCTaHU-
€M pOJIM TUCCOLMATUBHOTO IMPWINNAHUS K MOJEKYJSIPHOMY KHCIOPOAY, YTO
CYIIECTBEHHO YMEHBIIIAET MPOBOIMMOCTD Ha 3THX BbICOTaX [1].

Bompoc reHepanuy THEBHBIX CIIPAHTOB OCTAETCS OTKPBITHIM, TaK Kak Ips-
Masi MX pPEeTHCTpalys HEBO3MOXKHA M3-32 HEJJOCTATOYHOW MHTEHCHBHOCTH H3ITy-
4yeHusl. JIHeBHBIE CIPaWTBl PETUCTPUPYIOTCS MO XapaKTEPHbIM N3MEHEHHSM Mar-
HHUTHOTO MOJISI. AHAJIN3 3JICKTPOMAarHUTHBIX 3allMCEH MTOKA3bIBAET, UYTO VIS WHH-
[Mali JHEBHOTO CIpaiiTa HeoOXOIUMBI IUIIOJIbHBIE MOMEHTHI B 3-5 ThICSIY
Kn'kM 1 oyeHb MoOIIHBIE Me30oMacTa0Hble KOHBEKTHBHBIE CHCTEMBI. J{J1s MoJie-
JIUPOBaHMS THEBHBIX YCIOBHII B CHCTEMY XMMHYECKHX peakiud aodamieH ¢o-
TOXMMUYECKUH OJIOK M HCIIOJIb30BAaHBI JaHHBIE 3JIEKTPOMArHUTHBIX HaOItojie-
Huii. [lokazaHo, 4TO BBICOTAa JTHEBHOIO crpaira cHukaercs Ha 20 KM OTHOCH-
TEJIFHO HOYHOTO CIIpaiTa M BO3MYILCHHE KOHLEHTPALUH 3JICKTPOHOB MOXKET
nocturath 20—-30 % B 3aBUCUMOCTH OT BBICOTHI.

Pa6oTa BeImonHeHa npu nojiepxkke rpanta POOU 17-05-01182.
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IF'EHEPAIIA BBICOKUX TAPMOHUK
OT JIABEPHBIX HCTOYHUKOB CPEJHEI'O UK-JUAITA30OHA:
3AKOH CHHAJAHUA DOPEKTUBHOCTHU TPEOBPA30OBAHUA
C JIJIMHOM BOJIHBI JIABEPA

A.C. Emenuna, M.IO. Emenun, M.IO. Pabouxun

WuctutyT npuknanuoi ¢usuku PAH, Huwknuit Hosropoa
HuctutyT obmmeit pusuku um. A.M. [IpoxopoBa PAH, Mocksa
ana_b@rambler.ru

B mnocnenHee BpeMs IDOCTHTHYT 3HAYMTENBHBIA IpOrpecc B pa3paboTke
MOIIHBIX (PEMTOCEKYH/IHBIX MapaMETPHUYECKUX JIa3ePHBIX MCTOYHUKOB C ICH-
TpaJbHBIMHU JUIMHAMH BOJIH B quama3oHe ot 1,5 1o 4 Mkm u 6onee. DT 10CTH-
YKEHUsI OTKPBIBAIOT HOBBIE MEPCIEKTUBBI B U3YYCHUH B3aUMOICHCTBHUS CHIBHOTO
JIa3epHOTO M3ITy4YEeHUs C BEHIECTBOM. B 4acTHOCTH, M3-32a MPOIOPIIMOHATBHOCTH
MIOH/IEPOMOTOPHOM SHEPTUH JIEKTPOHA KBA/IPATY IJTMHBI BOJHBI JIA3€PHOTO H3-
JIy4eHHs IUIaTO B CIEKTPE BHICOKMX TapMOHHMK MOJKET ITPOCTUPATHCS 0 CYIIECT-
BeHHO Oosiee BbICOKHX dHepruit ¢ororoB [1]. C mpyroii cropomsl, 3¢dexTus-
HOCTb T¢Hepallii TApMOHHK, U3ITy4aeMbIX OTICIbHBIMH aTOMaMH, MAJIAeT C yBe-
JMYEHUEM JJIMHBI BOJIHBI Ja3epHOro u3nydeHus (o0brunHO Kak A, roe p = 5-6
st 0,8 MM < A < 4 MM [2-4]). Oxnako 310 cHmkeHne 3QHEKTHBHOCTH OTHO-
aTOMHOTO HEJIMHEHHOr0 OTKJIMKAa MOXKET OBITh B 3HAYMTEIBHOU CTENICHH CKOM-
MIEHCHPOBAHO C MOMOILBIO ()a30BOr0 CHHXPOHHU3Ma NPH 'eHEepaLii TapMOHUK Ha
6onbminx Tpaccax [5]. [TosToMy HcciiemoBaHne 3aKOHa CHagaHust d(PPEeKTHBHO-
CTH TIpeoOpa3oBaHusl C JUIMHOM BOJIHBI Jla3epa sIBISIETCS aKTyalIbHOHM 3aiavel, B
TOM 4HCHe U1 A > 4 MKM.

['eHepanusi rapMOHUK BBICOKOTO TOPsAKA B JUITMHHOBOJIHOBOM PEXUME HMe-
€T psAA BaXHBIX OCOOEHHOCTEH, MPHUBOAAIINX K CYIIECTBEHHOMY H3MEHEHHUIO
CIIEKTPAILHBIX CBOWCTB T€HEPHPYEMOT0 M3Iy4eHHs IO CPAaBHEHHIO CO CIIydaeM
WCIIONIb30BaHUs KOPOTKOBOJIHOBBIX HCTOYHHMKOB. BoO-TepBBIX, C yBeIMYeHUEM
JUTMHBI BOJHBI JIa3epa MOIIHOCTh BHICOKMX TAPMOHHK CTAHOBHTCS Bce OoJee Jo-
KaJIM30BaHHON BOKPYT ITOJIOXKEHHS OTCEUKH, a He OoJiee Wi MeHee paBHOMEPHO
pacrupeneseHHOW MeXIy TapMOHHKaMH Ha BCeM IUIaTo. Bo-BTOpbIX, addexrt
3NIEKTPOHHOTO MAarHUTHOTO Jpelida cTaHOBUTCS 0oJiee BayKHBIM IPH IPOJIBIIKE-
HHUHU B JJIMHHOBOJHOBYIO 00JIACTh, YTO NPUBOAUT KaK K OOIIEMY CHIDKEHHIO BBI-
X0lla TapMOHHK, TaK M K IEPECTPOHKe CIIEKTpa W3IIy4eHHs, KOTOPBIH Tepsier
MPUBBIYHYIO CTPYKTYPY M CTAHOBHUTCSl JyrooOpa3HbIM, a HE IUIATOOOpa3HbIM
[6, 7]. TloaTOoMy 3aKOH CraJaHWs IS BBIXOJA TAPMOHHK B JTHHHOBOJHOBOM
npeziene MOXKET 3HAYMTENILHO OTIIMYAThCS OT CIIydasl MCHOJIBb30BaHUS KOPOTKO-
BOJTHOBBIX UCTOYHHKOB.

B Hacrosmieii paboTe 3akoH criafanus 3QPEeKTUBHOCTH TeHEePaluK BHICOKHX
rapMOHUK OymeT usydueH st cpexnero MK-muamasona (2 MM < A < 20 MkM).
HccnenoBanne OyfeT OCHOBAHO HAa KBAHTOBO-MEXaHHMYECKOM IMOAXOJE B TPH-
ONMKCHUH CHIIBHOTO TI0Js [8], MOmMMHUIMPOBaHHOM TakuM 0O6pasoM, 4TOGBI
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YYECTh OIyCTOIICHHE OCHOBHOTO COCTOSIHHS ATOMA U BIMSHAE MATHUTHOTO OIS
JIa3epHOTO UMITYJIbCA Ha TUHAMHUKY 3JIeKTpoHa [6, 7].
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BO3BYJIUMOCTH HEHPOHOIIOJIOBHOI'O TEHEPATOPA
HA BA3E CUCTEMBI ®A30BOM ABTOIIOJICTPOMKHA YACTOTBI
B OTBET HA IEPUOJUYECKYIO UMITYJIbCHYIO
CTUMYJISIIUIO

H.C. XKykosa, M.A. Muwenxo

Hwxeroponackuii rocynapctBennslit yuusepcuret uM. H.J. JlobaueBckoro
NataZh29@yandex.ru

OnHUM U3 BaXKHEUIINX CBOWCTB HEHPOHOB SBISIETCS UX DJEKTPUUECKAst BO3-
OyauMocTh. [10CKOJBKY HEpBHBIC KIIETKHA B3aUMOCHCTBYIOT MOCPEICTBOM Iie-
penadu UMIyJIbCOB, AKTYaJIbHBIM SIBIISIETCS] HCCIIEOBAHNUE UX TTOBEJCHUS B OTBET
Ha UMITYJIbCHYIO CTUMYJIALH0. B pabote [1] paccMoTpeHa Mojesb HeilpoHOMmo-
JOOHOTO TEHepaTopa Ha OCHOBE CHCTEMBI ()a30BOM aBTOIMOJCTPOWKH YaCTOTHI
TIPH TIOCTOSIHHOM BO3IeHCTBUU. PeXMMBI Tako MOAENHN KadecTBEHHO OTOOpa-
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KAIOT HEKOTOPBIE PEXHMMBI M3MEHEHHS MEMOpaHHOTO IOTeHIMaia HeHpoHa,
HaIpuMep PeryJspHyI0 UMITYJIECHYIO aKTHBHOCTh M NaYeUHBIE paspsilbl C pas-
JMYHBIM YHCJIOM MMITYJIBCOB B TIaUKe, a TAKXKe XaoTHueckue Kosebanus [2]. B
JIAaHHOU paboTe Mccieayercsl AMHAMUKA TaKOW CUCTEMBI B OTBET Ha TIEpHOIUYe-
CKYI0 UMIYJIbCHYIO CTUMYJIILHIO. TaKKe MOJIy4eHbl pe3yJbTaThl IPH UCIIOJIB30-
BaHWM B KaueCTBE CTUMYJIOB CHUTHAJIOB OT aHAJIOTMYHON MOJENH, ITOCPEICTBOM
OJTHOHAITPABJIEHHOH CBSI3H.

PaccMoTpeHO BiMsiHYE TapaMeTpoB IIEPHOINYECKOTO CTUMYJIa Ha TUHAMUKY
HEeWpPOHONOZOOHOrO TeHepaTopa, KOria OH MOXKET HMETh PEKHM KBa3HTaApMOHH-
YeCKON aKTHBHOCTH M MAYESYHBIN PEXKHM C OTHAM HMITYyJIbCOM B mauke. [lomyde-
Ha 3aBHCHUMOCTH COOTHOIIECHHWH IEPHOIOB HA BXOJE M BBIXOE HEWpOHA OT am-
IUIATYBl cTEMyna. OTMEYeHO, YTO NMPU M3MEHEHHH aMIUTUTYIbl CTHMYIISILHU
CYIIECTBYIOT AWANa30HbI aMIUIUTY ], B KOTOPBIX BOBMOXKHO MTOJYYSHUE OTKIMKOB
C HEKOTOPHIM OrPaHMYECHHBIM COOTHOLIEHHEM 4YacToT. IIpH 3TOM IpH MaibIX
HepHro/iaXx BHEIIHETO BO3JACHCTBHUS MPOUCXOIUT OoJiee IUIaBHbII Mepexoi K CHH-
XPOHU3AIUHU C JPYTHMM COOTHOIIEHHEM YacTOT C POCTOM aMIUIUTY/Abl CTHMYJIS-
1K, TIPH OOJTBIIUX — O0JIee pe3Kuil.

PesynbraTel MccienoBaHus BO30YIMMOCTH MOJEIH TPU CTHUMYJISIIUN MM-
MyJIbCaMH JIPYTOTO HEWpOHOMOJ00HOrO TeHepaTopa Yepe3 CHHANTHYECKYIO
CBSI3b CX0XKHU C TIOBE/ICHHEM B OTBET Ha ITPSIMOYTOJIbHBIE HMITYJIbCHI.

Pa6ota BeimonHena mpu ¢uHaHCOBOW moanepxke POOU (mpoekt Ne 16-31-
60080 mon_a_jik), a Takke rpu nojepskke rpanta [Ipesunenta MK-2726.2017.2.
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ITAPAMETPHYECKOE KBASUPE3OHAHCHOE YCUWIEHHUE
AJIb®BEHOBCKHX BOJIH B TEIIVIOBbIIEJIAIOINEN
MN303HTPOIMMYECKN HEYCTOUYNBOMU IIVIAZME

J.U. 3aeepuwunckuii, H.E. Monesuu, C.A. benos

Camapckuil HalMOHAJILHBIN HCCIIeI0BATEILCKUN YHUBEPCUTET
Camapckuit punmnan ®usnueckoro nuctutyta uM. [1.H. Jlebenesa PAH
dimanzav@mail.ru

HenuneliHbI aHaanu3 BOJH B IOJMHOCTHIO MOHH30BAHHOM IIa3Me ITOKasal,
YTO MOIIHBIE alb()BEHOBCKHE BOJIHBI MOTYT PaclafaThCsi HA MarHUTOAKyCTHYE-
CKHE W amb()BEHOBCKHE BOJHBI ¢ MEHBINMMH yactoTamu. Cormacuo [1] moce-
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Jylouiee 3aTyxaHue ObICTphIX MA-BOJIH MOXKET NMPHBOAUTH K HArPEBY COJIHEY-
HOW KopoHbL. Bonee Toro, anbpBEeHOBCKHE BOJHBI C SJHEPTHEH AOCTATOYHOU ISt
YCKOpEHHMS COJTHEUHOTO BETpa U HarpeBa KOPOHBI JI0 €€ CBEPXBBICOKUX TEMIIEpa-
TYp HEIaBHO OBLIM 3aperdcTpHpoBaHsbl [2]. OmHAKO MEXaHW3M BO3HUKHOBEHHS
ab()BEHOBCKHUX BOJIH C HA0JI01a€MBIMU SHEPTUSMH OCTA€TCSI MaJIO U3Y4YEHHBIM.

C apyroif CTOpPOHBI, aHAIUTHYECKUMH W YUCICHHBIMH METO/aMH OBUIO IT0-
Ka3aHo, YTO M309HTPOIHYECKas HEYCTONYMBOCTD cpeasl [ 3], BBI3BaHHASI IPOIIEC-
CaMH HarpeBa M OXJIAXKJIEHHS CPEAbl, MOXKET MPUBOJUTH K YCUICHUIO aKyCTHYe-
CKHMX M MarHHTOAKyCTHYeCKUX BOJH [4—7]. Bomee Toro, B cpese BO3MOXKHA TeHe-
panms yAapHOBOJHOBBIX aBTOCOJIUTOHHBIX UMITYIIbCOB [4—7]. [Tapamerprdeckoe
B3aMMOJECHCTBHE MEXKIY HEYCTOMYMBBIMA MAarHUTOAKyCTUYECKUMHU BOJIHAMHU H
YCTOMYUBBIMU aJb()BEHOBCKUMHU B HCYCTOMYMBBIX OOJIACTSX COJIHEYHOH aTMO-
cepbl MOXKET ObITh BO3MOXKHBIM MEXaHU3MOM BO3HHUKHOBEHHUSI MOILIHBIX allb(]-
BEHOBCKHX BOJH. PaHee aBTOpamu ObIJIO MOKa3aHO, YTO B M303HTPONUYECKH He-
YCTOMYHMBOM Cpelle MOXET peaM30BBIBATHCS OMIKCIOHEHIMAIBHOE YCHIICHHUE
Tb(BEHOBCKHUX BOJIH KaK CIIEJICTBHE PE30HAHCHOTO TPEXBOJIHOBOTO B3aHMO/IEH-
CTBUSI C aKyCTHYECKHMHE BoHaMHu [8, 9].

Ilens manHO#M paboThl — M3yueHHE KBa3MPE30HAHCHOTO MapaMeTPUYEcKOro
B3aUMOJCHCTBUS MEXKAY aKyCTHUECKOM BOJHON M NBYMS JIb()BEHOBCKHMH BOJI-
HaMH B TEIIOBBIICIIONIEH M303HTPONMYECKH HeycToWunBoi cpene. C momo-
LIbI0 NOJTHOU cucteMbl MI'/[-ypaBHEHMI, ONUCHIBAIOLIEN NPOLECCH B TEIIOBbI-
JEISIONIeN TOIHOCTRI0 MOHM30BAaHHOH IDIa3Me, B ClIab0 HEIMHEHHOM HpUOIH-
KCHHUHU 6])1.]'[8. IoJiyu€Ha CUCTEMa YKOPOUYCHHBIX ypaBHeHHﬁ, OITUChIBAKOIIAA I1a-
paMeTpuyYecKuil pacmnaj aKkyCTHYeCKOW BOJHBI. JJi1 MOJy4eHHOW CHUCTEMBI B
l'IpI/I6J'lI/I)KeHI/II/I JJIMHHBIX BOJIH M 3aJIaHHOT'O ITIO0JIA 6BIJ'II/I HaﬁlleHBI AaHAJIUTHYC-
CKHE pEIIeHHs, ONKCHIBAIOIINE B3aMMOJICHCTBHE AIL(BEHOBCKHX BOJIH C HEyC-
TOMUUBON aKyCTUYECKOI BOJIHOM.

ITosmyueHHble pelleHUs CUIBHO 3aBHCAT OT OTCTpOoMKHM mo uactoTe. Korma
OTCTpOHKA paBHA HYJIIO, TO yCUJICHHE ATb(BEHOBCKHUX BOJIH SIBJISIETCS PE30HAHC-
HBIM, OECIIOPOTOBHIM M OMIKCIOHEHITNATBHEIM. C POCTOM OTCTPOHKH IO YacTOTE
rapaMeTpUIecKoe yCHIICHNE alb()BEHOBCKMX BOJIH CTAHOBUTCS MeuleHHee. [Ipn
JanbHEHIIEM YBEIMUCHUHN Iepel OMIKCIOHEHIINAIbHBIM YCHIEHHEM HaOirona-
ercst Monyyisiuus. Y npu JanpHEHeM pocTe OTCTPOMKU CTAaHOBUTCSI BO3MOKHA
TOJIBKO MOAYJIALS alb(BEHOBCKUX BOJIH.

[Tpuunna Moaymsiiiu, HaOIIOIAEMOM 10 YCUIIEHHUS, — CYIIIECTBOBaHUE TTOPO-
ra 1y aMIUIMTY JIbI. Ha nayanpHOM 5Tare BSaHMOﬂeﬁCTBHﬂ AKyCTHYCCKasd BOJIHA
HE MMeEET JOCTATOYHOW aMILTUTY (bl A1l 3 heKTHBHOW nepekauku sHeprun. On-
HAKO MO3/Hee, KOT/la aMIITY1a aKyCTUYECKOM BOJIHBI M3-3a H309HTPONNYECKOM
HEYCTOWYMBOCTH IPEBOCXOAUT IOPOTOBOE 3HAUEHHE, MOSIBIAETCS YCUJICHHUE
Ib(BEHOBCKHX BOJIH.

Criydaii Momynsauuy anb(BEHOBCKHX BOJIH YKa3bIBaeT Ha CYIIECTBOBaHHE
MIOPOTOBOH OTCTpOiiKH 1Mo gacrore. Kornma oTcrpoiika mo gacrore 6osble mopo-
TOBOW OTCTPOWKH, IEPEHOC S3HEPTUU U3 aKyCTUUECKOW BOJIHBI IPEKPAIIAETCS.
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Jannass paboTa 9acTHYHO MOAAepkaHa MUHHCTEPCTBOM OOpa30BaHUS H
Hayku P®, npoekr 3.1158.2017, u rpantom PODU 16-41-630591 p_a, 17-42-
630224 p_a.
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MOJEJNPOBAHUE PACITIPOCTPAHEHUSI CBUCTOBBIX BOJIH
B/10/1b MEJIKOMACIITABHBIX HEOJTHOPOJHOCTEH
B YCJIOBUSAX BHEIHHEU NOHOC®EPBI

U .FO. 3youn, H.A. Atioakuna, M.E. I'vuyun, T.M. 3a6oponkosa, C.B. Kopobkog

WucruryT npuxiaguoi ¢usnku PAH, Hiwkanit Hosropon
zudiniy @appl .sci-nnov.ru

AKTHUBHBIEC SKCIIEPUMEHTBI 110 BO3/ICHCTBUIO Ha HOHOC(hEpPY M3Iy4EeHHEM KO-
POTKOBOJHOBBIX mepenaTunkoB «Cypa» u HAARP mokaszanu, 4yTo B pe3ysbTare
BBICOKOYAaCTOTHOTO HarpeBa MOAN(HIMPYETCs] BECh CTOJI0 MOHOC(HEpHOH IJa3-
MbI. VI3Mepenus1, BEIOHEHHbBIE ¢ moMonipio ciiytHuka DEMETER, no3Bonmnm
YCT@HOBUTB, YTO MOJU(HKAIMS TIa3Mbl CIOCOOCTBYET MPOHUKHOBEHHIO M3Iy-
YEeHUs] CBUCTOBOTO JIMAIla30Ha YacTOT CKBO3b MOHOC(]EpPY, a TaKKe MPHUBOIHUT K
3HAYUTENBHOMY YIIUPEHHIO €ro IPOCTPAHCTBEHHOTO criektpa [1-3].

HenocpencrTBeHHbIe H3MepeHHs MapaMeTpoB IUTa3Mbl Ha BBICOTAX BEpXHEH
noHOC(epHl TTOKa3alu, YTO BHYTPH BO3MYIIEHHOH OOJNACTH CYIIECTBYIOT KPYII-
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HOMacITabHbIe (xapakTepHbii pasmep 100 kM) u cpenHemMacinTabHbIe (OpsIKa
10 kM) Bo3mymieHus. KOCBEHHBIC M3MEPEHHsI ASMOHCTPHPYIOT BO30yXKIEHHE
MmenkomacimTabubix Bo3myinenuit (10-1000 M), KOTOpbIe, MO MHEHHIO aBTOPOB
paboTel [3], OTBETCTBEHHBI 3a YIIUPEHHE MPOCTPAHCTBEHHOTO CIEKTpa BOJH
CBHCTOBOTO JIMAla30HA W CIIOCOOCTBYIOT MX PACHPOCTPAHEHHWIO CKBO3b HOHO-
chepHyo MmIasmy.

B 4HCIIeHHOM 3KCTepUMEHTE, OMUCAaHHOM B paboTe [4], ObUT MPOJEMOHCT-
pupoBaH 3 (HeKT BOITHOBOTHOTO PACIPOCTPAHEHHSI CBHCTOBBIX BOJH BJIOJb CHC-
TeM MEJIKOMACIITaOHBIX HEOJHOPOIHOCTEH. Y CIOBUS, MPH KOTOPBIX BBIIOJHS-
J0Ch MojenupoBanue [4], COOTBETCTBYIOT 1abOpaTOPHOMY 3KCIIEpHUMEHTY. B
OCHOBE HACTOsIIICH PabOThHI JIEKAT BBIYUCICHUS, CIOCTAHHBIC IS ITapaMeTPOB
HEBO3MYIICHHON IUIAa3MBl M MENKOMACIITAOHBIX HEOZHOPOAHOCTEH, Xapakrep-
HBIX JUTSl PEabHBIX HATYPHBIX SKCIIEPUMEHTOB. B IOKIIa1e POU3BOAUTCS COMOC-
TaBJICHHE PE3YIbTATOB IKCIICPUMEHTOB C PE3YJIBTATAMHU PACUETOB, & TAKKE JAACTCSI
HMHTEpIpEeTalys NOJYYCHHBIX PE3yJIbTATOB HA OCHOBAHUY TOYHBIX PEILICHUM.
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KOMIPECCOP CYBIIETABATTHBIX JIABEPHBIX UMITYJIBCOB
B KOMIIVIEKCE PEARL

A.C. 3ye6", A.A. IHaiixun*, U.B. Axosnes™

lI/IHCTI/ITyT npukitagaoit ¢pusuku PAH, Hwxamit HoBropon
ZHPI)KEFOPOJICKI/Iﬁ rocyaapcTBeHHbIH yHuBepcuteT uM. H.M. Jlo6aueBckoro

B UII® PAH (MuctutyT npukiaaHoit hpusuku Poccuiickoit akaqeMun HayK)
co3maH yasepHbiii komruieke PEARL, paboratomuii Ha ocHoBe meTtoma OPCPA
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(Optical Parametric Chirped Pulse Amplification) [1]. OcoGenHocThi0 Halmei
CXeMBI 10 HEeNaBHEro BPeMEHH ObUIa MHXKEKLHUsS B IEPBBHIH MapaMeTpHYECKH
KacKaJl X0JIOCTOTO M3JIy4EeHUsI C IEHTPaNbHON JUIMHON BOJIHBI 1,25 MKM, TeHepH-
pyemoro demrocekyHaHbpM Jazepom Ha Cr:Forsterite. B mporecce Tpex-
BOJIHOBOTO B3aUMOJICHCTBUS B TIEPBOM KacKaje MapaMeTpUYecKOro yCHUIICHHS
POXITAJICSI HOBBIM MMITYJIBC C HEHTPaJbHOW JUTMHOW BOJHBI 911 HM, KOTOpBIH
YCHUJIMBAJICS B CIECIYIOMIMX MapaMETPUYECKHX KacKaJax M COKUMAJICS B YEThIPEX-
peureTouHoM Komrpeccope [2].

Bsit mpemioskeH U npoBezieH anrpeiin [3] cTapToBO# 4acTH 1a3epHOTO KOM-
wrekca PEARL. B pamkax amrpeiima reneparop na Cr:Forsterite 6sur 3amenen
reHeparopoM Ha Ti:Sapphire, u3myyaromemM MupOKOIOIOCHBIH UMITYIIBC C [ICH-
TpaibHOW anuHoW BosHBI 910 HM. Tenepb B nepBblil mapamMeTpudecKuil Kackaj
WHXKEKTHPYETCSl CUTHAJIBHOE M3JIyueHHe, KOTOpOe YCHJIMBAeTCs BO BCEX mMapa-
METPUYECKUX KacKalax M IOoce CKUMAeTcst B KoMmmpeccope. [ BbINOIHEHUS
ycnoBusi (a3oBOrO COTJIACOBAaHMS NPU CXKATUM M PACTSDKEHWH HMMITYJbca ObLT
CO3J1aH HOBBIH CTpETYEp B3aMEH CTaporo MPU3MEHHO-PEIIETOYHOTO CTpeTIepa.

Jlist cxxaTHs M3ITyYEeHUs! UCTIONB30BAJICS KOMIIPECCOP C YETHIPhMSI PelIeTKa-
MH ¢ TIOTHOCTBIO TprxoB 1200 mrp/mM mpousBoacTBa ¢upmer Horiba, Pas-
Mep pEIIETOK IO3BOJISIET MPOITyCKaTh 4Yepe3 KOMIpeccop ITyYKH JUaMeTpOM
18 cm. Beuta mpoBeneHa mpoleaypa HacTpoiku Kommpeccopa [4] ¢ co3naHHbIM
ctperaepoM ¢ tpumieroM OddHepa, KoTopas BKIoyana B ceds HACTPOIKyY pac-
NPOCTPaHEHUs U3IIy4eHHs depe3 KOMIPEcCop, HaCTPOHKY yIjla HAaKJIOHA U Bep-
THUKAJIBHOCTH IITPUXOB MU(PAKIMOHHBIX PEIIETOK, HACTPONKY MapayuleIbHOCTH
IIJIOCKOCTEN PELIETOK B IIEPBOM U BTOPOM mapax peweTok. IIpu HacTpolike kom-
npeccopa 0coboe BHUMaHHUE yJIeISUIOCh KOHTPOJIIO CIIEKTpa U3JIy4eHHsI Ha BXOZEe
U Ha BBIXOJIE, KOMIICHCAIIMH TOPH30HTAIBEHOTO M BEPTHKAIBHOTO YIJIOBBIX YHp-
OB MIMITYJIbCOB Ha BBIXOJ/I€ CUCTEMBl U MUHMMH3ALUH JUTUTEIbHOCTH JIa3epHBIX
numirynscoB. [Tomumo atoro ¢ momomsio cucremsl FROG 0bita u3mepena ocra-
TOYHAs CTIEKTpaJIbHas (asa.

Ha BbIXOZE reHepaTropa M3MEpeHHas C IOMOIIBIO aBTOKOPpENSITOpa MIiH-
TEJBHOCTH CKaToro JiazepHoro mmmyisca paBHsiiack 30 ¢e. B crperuepe nm-
nyibe Obu1 pactsinyT B 10000 pas, ero mmrensHocts coctaBmwia 0,6 ue. [ocie
CTpeTdepa H3JIyYeHHE HANpaBUIM 10 BCEH Tpacce Ja3epHOro KOMILIEKca
PEARL B xommpeccop, ummyisc 10 43 dc yaanoch cxaTb. YUHUTBIBas CTOM-
KOCTh TUDPAKIMOHHEIX pemeTok 0,2 JIk/cM®, JaHHEIA KOMIIPEccop CocobeH
cxkaTh (PeMTOCEKYHIHBIH UMITYJIbC A0 MoIHocTH Oonee 1 TIBT.

ATnrpeiis cTapToBOM YacTU KOMILIEKCa M HACTPOMKa KOMITpeccopa Mo3BOJH-
JIM YBEJIMYHUTH CTAaOWIIBHOCTH M HA/IE)KHOCTH CUCTEMBI, a Onarosiapsi BO3MOKHO-
CTH C)KaTHs UMITYJIbCOB ¢ dacToToi ciexoBanus 80 MI'y Obia obieryena Ha-
CTPOHKA CHCTEMBI «CTPETYEP — KOMIIPECCOP>» U DJIEMEHTOB JAUArHOCTHKH Xapak-
TEPUCTUK JIa3epHOr0 uMITysbca. Kpome 3TOro, mmpokxasi Iojioca TeHEepanuu
dbemrocekyHmHoro naszepa ua Ti:Sapphire mo3BosieT monyYnTh MEHBIIYIO K-
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TEIbHOCTh M3JIyYEHHUs Ha BBIXOJAE KOMIIPECCOpAa, YTO YBEJIWYMWIIO MOTEHUHAJb-
HYI0 TUKOBYIO MOILITHOCTh uMnyJibca 10 1 [1BT u Beime.
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YACTOTHASI CUHXPOHU3ALIUA KOHTYPOB PEI'YJISIIANA
KPOBOOBPAIIEHUA B MATEMATUYECKOU MO/JEJIN
CEPJIEYHO-COCYAUCTON CUCTEMBI

FO.M. Hwbynamos, A.C. Kapasaeg

CapaTtoBckuit ¢punman MHCTUTYTa paJMOTEXHUKH U SJIEKTPOHUKU
umenn B.A. Korensankosa PAH
ishbulatov95@mail.ru

DKCIEePUMEHTATBHOE HCCICIOBAaHUE JKUBBIX OOBEKTOB CBSI3aHO C PSAAOM
OPHHIUNHATBEHO HEpaspelnMbiX mpodieM. Ju3aiiH 5KCIepUMEHTOB OrpaHUYCH
PHCKOM IS 3A0POBBS HCIBITYEMOT0; H3MEPEHHUS YaCTO HEBO3MOXKHBI U3-3a TEX-
HUYECKUX OTPAaHWYCHHUIl; MOTyYeHHbIE SKCIEPUMEHTAIbHbIC CHTHAIBI, KaK 1pa-
BIJIO, CHJIBHO 3aIllyMJICHHBIC M HECTalHoHapHble. Bee 310 3arpyanser obpaboT-
Ky OIKCICPUMEHTAIBHBIX AAHHBIX M OCIOKHSICT HHTEPIPETALUIO PE3yIbTaTOB.
MaremaTndeckoe MOICTUPOBAHME JIMIICHO HAHHBIX HPOOIEM U MOXKET OBITh
HCIIONIb30BAaHO /TSl (PyHIAMEHTAIBHOTO HCCICIOBAHUS OMOJIOTMYECKHX OOBEK-
TOB, a TaKXKe ampoOHPOBAHUS METOJOB MEAMIIMHCKON JUATHOCTHKH U METOJIOB
aHaM3a YKCIICPUMEHTAIBHBIX TaHHBIX [1].

BaxHBIM OHOJIOTHYECKUM OOBEKTOM SIBJISCTCS] CUCTEMa BETETaTUBHOM pery-
TSI ApTEPHAIIBHOTO JABJICHUSI W YaCTOThI CEPACYHBIX COKpaiieHuid. JlaHHas
CHCTEMa PEryJSIUU TI03BOJISET OPraHU3MYy MOJCTPAUBATHCS MO/ U3MCHEHHS OK-
pyKarolen cpenpl U pu3NYecKre Harpy3ku. B psge paOoT pe3ysbTaThl HCCIeNo-
BAHMS TOBOPSAT B MOJB3Yy TOTO, YTO CHCTEMbI PETYILILMH SIBISIFOTCS aBTOKoIeOa-
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TEJIbHBIMH, HEJMHEWHBIMH KOHTYPaMH C 3ama3/iblBalolieii 0OpaTHOW CBS3bIO M
CHUTMOUAANTBHBIMH HEJTMHEHHOCTSIMU [2]. ABTOKOJIICOAHUSIMH OOBSICHSFOT HAITH-
yue BelpakeHHbIX 0,1 '] puTMOB B CIIeKTpax KapIHOHMHTEPBAIOIPAMMBI U apTe-
puansHoro naenenus (AJl). B momb3y 3Toi TeOpUH TOBOPST TaKKe Pe3yJIbTaThl
HAIIUX HCccheaoBanuii [3], B KOTOPBIX HAOMIOAANACh YACTOTHAS CHHXPOHH3AINSI
mexny ganHbiMu 0,1 'l puTMamH H, CIeA0BaTEIbHO, CAMUMH KOHTYPAaMHU Pery-
TSI 9acToThl cepaeunsix cokpamenuii (UCC) u AL

Ha naHHBI MOMEHT He MpPEATIOKEHO MaTeMaTHYECKOH MOJIENIN BEereTaThB-
HOW peryJsuu KpoBoOOpamieHHs, KOTopas BOCIPOW3BOAMIA OBl MaHHBIX (-
(eKT, HecMOTPS Ha €ro BaKHOCTh AJIsI TOA00pa TUIA M TO3UPOBKHU IIPENapaToB
npu Tepamuu 3aboneBanuii cepaedno-cocyauctoit cuctembl (CCC). Iostomy B
JaHHOU paboTe Mbl nipeiaraem moaens CCC, ocHOBaHHYO Ha padorax [2, 4, 5]
U OPUEHTHUPOBAHHYI0 HAa MOJEIMPOBAHUE WHIWBUAYaJbHOH W KOJIJIEKTMBHOM
JUHAMHUKHU HeJ'[HHeﬁHBIX, aBTOKOJ’[e6aTeJ'IBHI)IX KOHTYpPOB BEreTaTUBHOM peryii-
MM KpoBooOpaleHus1, GopMUpoBaHHE apTepUaAILHOTO JaBJICHUS U BapHaOesb-
HOCTH CEpICYHOr0 puTMa. MoJenb peanan3yeT cepAle B BHIE CHHYCHOTO y3ia,
npezcraBiaenHoro integrate-and-fire momensio, a TakXke YYUTHIBAET BIUSHHE
JBIXaHUSI Ha TPOLIECCHI PEryJISLHH.

Ha pucynke 1 mpezcraBiieH mpuMep AWarHOCTHKU y4acTKOB (ha30BOM CHH-
XPOHH3AIMH 110 Pa3HOCTSIM MTHOBEHHBIX (ha3 HCCICAYEMBIX KOHTYPOB PEryJisi-
LM, PACCYUTAHHBIX IO KCIIEPHMEHTAJIBHBIM CUTHAJIaM M CHTHAJaM MOJEIIH.
BunHO, 4TO MOJENb MO3BOJSET BOCHPOM3BOAUTH KAYECTBEHHBIH XapakTep IH-
HaAMHUKU pa3HOCTeﬁ MI'HOBCHHBIX (1)33 CO CIIOHTAHHO YCPECAYIOIIUMUCSA UHTCPBA-
JJaMU 4aCTOTHOM CUHXPOHHU3AIIUN U HCCUHXPOHHOTO IMOBEACHUA. HOJ’Iy‘-IeHHI)Ie
PE3YJIbTAThl MMO3BOJIAIOT HAACATHECA Ha aICKBATHOCTb CTPYKTYPBI MOJIC/IN, a4 TaK-
JK€ Ha BO3MOXKHOCTBH HCIIOJIb30BAHUSI €€ JUIS Pa3BUTHSI METO/IOB MEIUIIMHCKOM
JIMarHOCTUKY M aHallM3a 3KCIIEPUMEHTAIBHBIX JIaHHBIX, a TaKke (QyHAaMeHTallb-
Horo nuzyudenus CCC.
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Puc. 1. PasHocTs MrHOBEHHBIX (pa3 cocrapsstromux LF-uacrorsoro auanasona (0,05-0,15 I'iy)
CHIHAJIOB BapUa0EeIbHOCTH CEPACYHOr0 PUTMa U JaBieHUs ((POTOILICTH3MOIPAMMEI).
V4acTKi CHHXPOHM3AIMK [TOKa3aHbl CEPBIM [[BETOM. @ — Pa3sHOCTh (a3, MoJydeHHas o
MOJIENIBHBIM JIAHHBIM; 6 — pa3sHOCTh (a3, MOJIydeHHas 110 IKCIEPUMEHTATBHBIM JAHHBIM

PaGota BeITIOJIHEHA TIPH TOIEpkKe Poccuiickoro HayuHoro ¢ouma (rpast
Ne 14-12-00291).
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1. Bespyuxo b.I1. MareMaTn4eckoe MOJCIMPOBAHNE U XaOTHYCCKUAE BPEMEHHBIC Psi-
1ot / B.IT. Bespyuko, JI.A. CmupHoB. — Caparos. : Komnemx, 2005. — 320 c.

2. Ringwood J. Dynamic relationship between sympathetic nerve activity and rena
blood flow: a frequency domain approach / J. Ringwood, S. Malpas // Am. J. Physial.
Regul. Integr. Comp. Physiol. 2001. V. 280, Ne 4. P. R1105-R1115.

3. Kucenee A.P. Buytpennss cuaxponu3anus ocHoBHbIX 0,11 -4aCcTOTHBIX pUTMOB B
CHCTEME BETeTaTMBHOTO YIPABICHHSI CepleYHO-cocymucToi cuctemoii /| A.P. Kucenes,
A.b. BecrisitoB, O.M. Kommwkupuna, B.1. 'punnes, B.U. [lonomapenko, M.J. IIpoxopos,
I1.41. Oosranesckuii /| ®uznonorus uenoseka. 2007. T. 33, Beim. 2. C. 69-75.

4. Karavaev A.S Model of human cardiovascular system with a loop of autonomic
regulation of the mean arterial pressure / A.S. Karavaev, JM. Ishbulatov, V.l. Pono-
marenko, M.D. Prokhorov, V.I. Gridnev, B.P. Bezruchko, A.R. Kisdev // J. Am. Soc.
Hypertens. 2016. V. 10, Ne 3. P. 235-243.

5. Seidel H. Bifurcations in a nonlinear model of the baroreceptor-cardiac reflex /
H. Seidel, H. Herzel // PhysicaD. 1998. V. 115. P. 145-160.

CMEIIAHHAS ITUHAMUMKA B OBPATUMBIX CUCTEMAX
A.0. Kaszaxos

HIY Beicuas mkona sxonomuky, Huxuauit Hosropon
Hwmxeroponckuii rocyaapctBeHHbiid yHuBepeuteT uM. H.M. Jlo6aueBckoro
kazakovdz@yandex.ru

B HacTOAIIMIl MOMEHT CYMTACTCSI, YTO HAPSLy C KOHCEPBATUBHBIM (raMiIIb-
TOHOBBIM) Xa0COM, XapaKTEPHBIM sl KOHCEPBATHBHBIX HEUHTETPUPYEMBIX CHC-
TeM, ¥ CTPaHHBIMH aTTPaKTOPaMH, PUCYIIUMH AUCCUIIATUBHBIM CHCTEMaM, Cy-
LIECTBYET TPETHUH TUI Xaoca — CMelIaHHas AuHaMuKka. Eciau A KoHcepBaTHB-
HOTO Xaoca aTTpakTop coBmanaer ¢ penesiepoM (A = ), 11 ANCCHIIATHBHOTO
xaoca aTTpakTop He mepecekaercs ¢ penemwiepom (A NB =), to mis cme-
IIaHHON IMHAMUKU aTTPAKTOP MEPECceKaeTcs C PENeuIepoM, HO HE COBIAacT ¢

mm (ANR=D,A#=R).

B noxnazme Oyner oOBSICHEHO, KaK aTTPaKTOPBI MOTYT MEPECceKaThCs C pere-
Jepamu, OyIyT OIMMCAaHBI BO3MOYKHEIEC CIICHAPHH BOSHUKHOBCHHUS TaKOTO SIBIICHUS B
o0paTiMBIX cucTeMax. B kadecTBe MpUMepoB 3a/1a4, B KOTOPBIX CMEIIaHHAs JIH-
HaMUKa SIBIISIETCS TUIWYHBIM SIBJICHHEM, OYIOyT paccMaTpUBATHCS TaKUe 3aadd
HETOJIOHOMHOM MeXaHUKH (PE3HHOBBIHM BOMUOK UarlibIriHa Ha IUIOCKOCTH, KEJIbT-
CKMii KameHb M Bodok CycliioBa), a Takke 3a1a4a O JBHKCHHH JBYX TOUCYHBIX
BUXPEH, HAXOISIIUXCS TTOJT BO3/IEHCTBHEM BOJTHOBOTO BO3MYIIICHHUS.

Pabora BemonHeHa npu noagepxxke PH®, npoexr Ne 17-11-01041.
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JABYXTOYEYHBIE KOPPEJIATOPHBI 3APSIZKEHHBIX ®PEPMHUOHOB
B IOCTOAHHOM OJHOPOJHOM MATHUTHOM II0JIE

HU.B. Kapabanos, AA. Ilapxomenxo

SpocnaBckuii rocynapctBeHHbi yuuepeureT uM. I1.I7. Jlemunosa
karabanovilya@rambler.ru

Koppensatopsl — BakyyMHBIE CPETHHE OT yNOPSIAOUYCHHOTO IO BPEMEHHU IPO-
U3BENICHUS IBYX WM Ooliee (hepMHOHHBIX TOKOB — €CTECTBEHHBIM 00pa3oM Io-
SIBJISIFOTCSL B KBAHTOBOW TEOPWH TOJISI NMPH BBIYKCICHUH METJIEBBIX JUArpaMM.
INonspuzanmonsslii onepatop GoToHa B BakyyMe MpEeACTaBiIsieT co00H TEH30p
BTOPOTO PaHra, U B 00LIEM Cllyyae TeH30pHas CTPYKTYpa 3aJaeTcs MeTPUIECKUM
TEH30pPOM M MPOM3BEJCHUEM JBYX YETBIPEXMEPHBIX BEKTOPOB MMITYJbca (OTO-
Ha. O/iHaKo, ecJii BUPTYaJbHBIN 3apsHKEHHBIH ()epMHOH HaXOAWUTCS B (POHOBOM
9JIEKTPOMArHUTHOM TI0JIe, HA0Op BO3MOXKHBIX TE€H30PHBIX CTPYKTYp, MO KOTO-
PBIM pacKiIaJ(bIBaeTCsl TEH30p BTOPOTO PaHTa, YBEJIMINBACTCS B CHITY SIBHOH aHU-
30TPOIMH BHEITHEH aKTHMBHOW CPEAbl M HAIMYMS JOTOJHHUTEIBHBIX TEH30PHBIX
CTPYKTyp. M3ydeHne cBOMCTB 6030HOB C APYTMMH 3HAYCHUSMH CIIMHA M YETHO-
CTH TpeOyeT aHAJIOTMYHOTO PACCMOTPEHUS KOPPEIATOPOB, MOCTPOCHHBIX W3
(epMHOHHBIX TOKOB C KBAaHTOBBIMH YHCJIaMH M3y4aeMbIX 4acTHil. JluaroHaib-
HBIE U HEMaroHaJbHbIE KOPPEIATOPHI ABYX (PEPMHUOHHBIX TOKOB C KBAHTOBBIMHU
YHCIIaMH CKaJlsipa, MCEBA0CKAIIPa, BEKTOPA H aKCHAIBHOTO BEKTOpa B MOCTOSH-
HOM OJIHOPOJHOM MAarHUTHOM MoJie ObUTH paccMOTpEeHbI paHee [1], omHako TeH-
30pHBIN (EPMHOHHBIN TOK, KOTOPBIM peke BCTpedaeTcs B (PM3NYECKUX MPUIIO-
KEHUSIX, TaM HE pacCcMaTpHBaJICS.

B nmoxmaze mpencraBiieHbl NpeABapUTENbHBIE PE3YJIbTaThbl BBIYHCICHUN
JIBYXTOUEUHBIX KOPPEISATOPOB TEH30PHOTO (PEPMHUOHHOTO TOKa KaK ¢ yKa3aHHBI-
MH BBIIIE TOKaMH, TaK U ¢ caMUM co0OH. J[11 BHEIIHETo 31eKTPOMarHUTHOTO
T0JIsI, KOTOPOE CUUTAETCSI TIOCTOSHHBIM M OAHOPOAHBIM, BBIOPAHBI J[BE JTOITYCTH-
MbIe KOH(UTypanuu — CKPEIIEHHOE I10JI€ ¥ YHCTO MarHutHoe mnoje. IIpaBuib-
HOCTH BBIYMCIICHHUH MPOBEPSIETCSI MPEENBHBIM IIEPEX0I0M OT MarHUTHOTO TOJIS
K CKPEIIEHHOMY, TaK KaK B CIy4ae CKPEUIEHHOT'O JIEKTPOMArHUTHOTO TIOJISl YUC-
TO TOJIEBOI1 MHBapHAHT OOpaliaeTcs B HOMb. Brruncienus npoBoasiTes B popma-
nu3Me codctBeHHoro Bpemenu ®doka — IlIBuHTrEpa, KOTOPBIH MO3BOJSIET CBECTH
MIPOCTPaHCTBEHHO-BPEMEHHBIE WHTETpalibl, BO3HMKAIOIIME NPU IOCTPOCHUH
KOpPPENATOPOB, K 0000IIEHHBIM IrayCCOBBIM, KOTOPBIE JIETKO OepyTcsl.

JlutepaTypa

1. Boposros M.FO. Onmonernesas ammutya nepexoga j — f f — | Bo Buem-

HeM snekrpomarautHom noje / M.YO. Boposkos, A.B. Kysuenos, H.B. Muxees // Snep.
¢msuka. 1999. T. 62, oim. 9. C. 1714-1722.

59



B3AWMMOCBSI3b YCKOPEHUI CENCMHUYECKUX JIBUKEHUAN JTHA
W BAPHAIIMI TIPUJIOHHOI'O JABJIEHMS,
3APEI'MCTPUPOBAHHBIX I''TYBOKOBO/JIHBIMH CTAHIIUSIMHU
DONET BO BPEMJI 3BEMUIETPACEHUS TOXOKY 2011 I'OJA

B.A. Kapnoel, MA. Hocoel, X. MamcyMomoz, U. Kaneoa®

"Mockockuii rocyJapcTBeHHbIH yHuBepcureT uM. M.B. JlomonocoBa
2ImOHCKOe areHTCTBO MO MOPCKHM H HA3EMHBIM HCCIIECIOBAHMAM
u texnonorusm (JAMSTEC), Hatcycuma, SInonust
*UucTuTyT 06pa30BAHYS, HCCIENOBAHMIL, K KOOMEPALIHH PETHOHOB
JUTSL KpH3UCHOTO MeHeKMeHTa, YHuBepcuTeT Karasa, Takamatcy, Snonus
vakarpov@physics.msu.ru

B XXI| Beke IOHHBIE NaTUYMKH AaBJICHHS MPHOOPEIH M3BECTHOCTh KaK Ha-
JISKHOE CPEICTBO perucTpandu BOiH IyHamu. Cephe3HBIM HEIO0CTATKOM 3TOM
TEXHOJIOTUH SBIIACTCSI 3aIIyMIICHHOCTh CUTHANA MPOSIBICHUAME CEHCMUYECKUX H
THAPOAKYCTHYECKUX BOJH. BAanu oT MCTOYHMKA I[yHAMHUTEHHOTO 3eMieTpsice-
HUSL CHTHAN [[yHaAMH W [IyMOBOW CHTHAIl — MPOSIBJICHUS CEHCMHUYECKUX U THIPO-
aKyCTUYECKUX BOJIH — pa3ZeieHbl BO BpeMeHn. Ho B OnmxHel 30HE CHIHAI Ly-
HAMHU NPAKTHYECKHA HEpasuuuM Ha (oHe mryma. [ Hage)KHOTO BBIACICHUS
CHTHAJIa [lyHAMH HEOOXOJMMO HMETh YETKHE MPEICTAaBICHHS O IPHPOIC U Me-
XaHH3Max (POPMHUPOBAHUS CHTHAJIOB, PETUCTPUPYEMBIX JOHHBIM JaTYHKOM JaB-
nernd. Llenp HacTosmei paboOTHl COCTOWT B Pa3BUTHH 3THX IMPEICTABICHUN Ha
OCHOBE OJIHOBPEMEHHOW PErucTpaliy ABW)KCHUH JHAa W NMPUIOHHOTO JIaBJICHUS,
KOTOpPbIC OBUTH BBIIOIHEHBI BO BpeMsi 3emierpsicenus: Toxoky 2011 roga cetbro
rimy6okoBoanbix cranimii DONET. Kaxkpas cranuust o0opysoBaHa TPEXKOMIIO-
HEHTHBIMH CeHiCMOMeTpaMH (aKcenepoMeTpaMu) U JaTYMKaMH JaBJIeHHUs, KOTO-
pBIE pacIoIoKeHbI Ha paccTosiHuU He Oosee 10 M.

B pa6otax [1-4] ObUI0 BBICKA3aHO MPEANONIOKEHHE, YTO XapPaKTeP OTKIIHKA
C)KUMaeMOro BOJHOTO CIIOsi Ha KoyiebaHUs IHa ¢ vactotoi f ompenensiercs ee
COOTHOIIICHHEM C Iapoil KpurHaeckux vactot fq = 0,3sart(g/H) u foc = ¢/4H, rae
H — rnyOuHa okeaHa, § — YCKOPEHHE CHIIBI TSDKECTH, C — CKOPOCTB 3ByKa B BOJIE.
Ilpu f < fy Bo3OyxaatoTcst rpaBUTALMOHHBIE BOJHBI, pu T > f,c — ruapoakycrn-
yeckue BOJHbI, a npH fy < f < f,c HUKaKkue BONHBI HE BO3HUKAIOT, B 3TOM Cllydae
BOJHBIA CJIOH COBEpIIAeT BHIHY)KIEHHBIE KojeOaHus. B nuamasoHe BBIHYKICH-
HBIX KoJleOaHM BapHallMU IaBJIC€HHUS M BEpTUKANbHAs KOMIIOHEHTa YCKOPEHHS
JABHXXCHHUA [HA MOOJIXKHBI 6I)ITI) CBA3aHbI B COOTBETCTBUM CO BTOPBIM 3aKOHOM
HeroTona gopmynoii p = pHa,, rue p — mioTHOCTh BOBI. BEINONHEHHBIN HamMK
Kpocc-criekTpanbHblii ananmu3 maHHbix DONET moarsepkmaeT Hamwyue Takoi
CBSI3H, TEM CaMbIM J0Ka3biBasi (aKT CYIICCTBOBAHHS AUANA30HA BBIHYKICHHBIX
koneOanuid. OHAKO [T HEKOTOPBIX CTAHIIMH KBaJpaT KOTePEHTHOCTH HE3HAYH-
TENBHO OTIMYAJICS OT 1, KpOMe TOrO HAONIONANICS HEe3HAUYUTENBHBIA CIBHUT (a3
MEXIy CHUTHaJaMH BEPTUKAJIBHOTO YCKOPECHHS M JABICHUsS. Mbl BBIIBHHYIN
THIIOTE3Y, YTO 3TH OTKJIOHCHHMS CBSA3aHBI C BKJIAJIOM B BapHAllMU JABJICHUS FOPU-

60



30HTAJIbHBIX [[BPI)KCHI/IFI 6n1/13ne)1<au11/1x IIOABOJHBIX CKIJIOHOB. BrinosaHeHHbBIE
HAMH TEOPETHYECKHE OICHKH MOKA3BIBAIOT, YTO MPH YIAICHUH OT CKIIOHA Ba-
pHAIMU JaBJICHHUs JTOJDKHBI 3aTyXaTh SKCIOHCHIMANGHO U Ha PAcCTOSHHU 2—3
rIyOWH OKeaHa 3TOT BKIIA]] JJOJKEH ObITh (DaKTHUECKU HEPa3THIHMbIM.

YcranosieHo, uro oopaborka 3anuceiit DONET ¢ y4eToM ropu3oHTalIbHBIX
KOMIIOHEHT YCKOPEHHH MO3BOJISET JIMOO ONHOCTBIO YCTPAHUTh, TMOO CYLIECT-
BEHHO YMEHBLIUTH Ne(EKThl UICaIbHOCTH KPOCC-CIEKTPa B TUANa30He BBIHYXK-
JEHHBIX KOJICOAHMUt, YTO IOATBEPKAACT BHIABUHYTYIO TUIIOTE3Y.

JlutepaTypa

1. Bolshakova, A.V. Hydroacoustic effects in the 2003 Tokachi-oki tsunami source /
A.V. Bolshakova, S. Inoue, S.V. Kolesov, H. Matsumoto, M.A. Nosov, T. Ohmachi //
Russian Journal of Earth Sciences. 2011. V. 12, Ne 2. P. 1-14.

2. Hiroyuki, M. Analysis of pressure and acceleration signals from the 2011 Tohoku
earthquake observed by the DONET seafloor network / M. Hiroyuki, M.A. Nosov,
SV. Kolesov, K. Yoshiyuki // Journal of Disaster Research. 2017. V. 12, Ne 1. P. 163-175.

3. Levin, B. Physics of tsunamis/ B. Levin, M. Nosov. — London : Springer, 2016. —
388 p.

4. Nosov, M.A. Optimal Initial Conditions for Smulation of Seismotectonic Tsunamis /
M.A. Nosov, SV. Kolesov // Pure and Applied Geophysics. 2011. V. 168, Ne 6. P 1223-1237.

KPOCC-YACTOTHASI CHHXPOHU3AIIUS B HEUPOMOP®HbIX
AHCAMBJIAAX BUXPEBBIX CHHMHTPOHHBIX OCIIMJUJIATOPOB

O.C. Kamxosa, A.P. Cagpun

HammonanbsHeiit nccnenoBarenbekuil yausepeutet «MOM», Mocksa
arnellemorte@gmail.com

OJHUM M3 IIUPOKO BCTPEYAIOLIUXCS CIIOCOOOB MOCTPOCHHS NCKYCCTBEHHBIX
HEWPOHHBIX CeTel ABJICTCS OCHMLIATOPHBIH [1]. Takue ceTn sBisAtOTCS Haubo-
Jiee TpUONIMKEHHBIMUA K MO3TOBBIM, TIPH 3TOM OCHOBHBIMH CTPYKTYPHBIMH €711~
HUIAMH WX SBISIOTCS OCHHMIUIATOPHL. [lepCneKTHBHBIME SBISIOTCS UCKYCCTBEH-
Hble HellpOMOp(HBIE OCIMIIIATOPEI, BHIIOJHEHHBIC HA OCHOBE CIIMHTPOHHKY [2],
TaK Ha3bIBAEMbIC BHXPEBBIEC CIIMHTPOHHBIC ocimuIaTopsl (BCO). O6benuHene
B HEWPOMOP(HYIO CETh IPH ITOM MOXKET OCYLIECTBIIATHCS 3@ CUET Pa3HBIX Me-
XaHU3MOB CBsI3M. ba30BbIM MEXaHM3MOM CBSI3M Ha JAaHHBIH MOMEHT SIBJISETCA
MarHeTo-AMMONbHAs ¥ CIIMH-BOJIHOBAsSI THIIBI CBSI3U, IIPH KOTOPHIX B3aMMOJIEHCT-
Bue Mexxary BCO ocymiecTBisieTcs 3a cUeT JOKaNbHBIX CHJI, T.€. 3aBUCSIIUX OT
paccTosSTHHUS MEXAY OCHHIUIATOpaMH. BakHBIM ycoBHEM pabOThI OCIMILISATOP-
HOW HEHPOHHOM CETH SIBIISIETCS! CIIOCOOHOCTh K CHHXPOHU3AIMU aHcaMOiei Heil-
poHoB [3] kak Ha OHOIl YacTOTe, TAK M HAa Pa3MYHBIX IPOOHO-KPATHBIX YacTo-
Tax (Kpocc-yactorax). [103TOMy 4pe3BbIYaiiHO BOKHOW M aKTyalbHOH SBISETCS
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3aava KCCIICAOBAHMS KPOCC-4aCTOTHOW CHHXpOHHM3aluu aHcamoOneii BCO ¢
pa3IMYHOM TOOJOTHUEN.

B nanHoii pabore mccienoBaIMCh MEpapXUUECKHe aHCaMOJIM B3aMMOCBS-
3aHHbIX BCO Ha mpesMeT Kpocc-4acTOTHON CHHXPOHHW3AIMK HECKOJNBKUX 0a30-
BbIX pUTMOB. IIpou3BoauiICs Mepexo OT UCXOAHBIX YPaBHEHUN JUIsl MATHUTHOU
JMHAMHUKA HaMarHUYE€HHOCTEH K HOPMAaJbHBIM KOOpPAWHATAM, W JlaJiee 3alicChl-
BaJINCh YKOPOUYCHHBIE YPABHEHHUS VISl Pa3IMUHBIX HOPMAJBHBIX 4acToT. B kaue-
CTBE MEPapXUUECKHX ceTel ObIIM BHIOpAHBI APEBOBUIHBIE CETH C KOJHMYECTBOM
BeTBeil 2 u 3. [IpoBeneHHbIE HCCIIEOBAaHHS AAIOT BOSMOXHOCTH OIPENESNIUTH
mapamerpsl BCO (BeMuMHY MarHHTHOTO TIOJIS,, pab0YHMX TOKOB), IPU KOTOPBIX
JIOCTHTAETCs PeXXNM (Pa3oBOI CHHXPOHM3AIMU HEHPOHOB HAa KPOCC-9acTOTaX.

Pa6ota BeITIONHEHA NTPY (PUHAHCOBOW MOJIEPIKKE 0A30BOM YaCTH rOC3aJaHUs
PO Ne 8.8109.2017/BY.
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MOJIEJUPOBAHUE BCTPEUHBIX BOJIH HA TIOBEPXHOCTH
I'JTYBOKOM BO/JIbI

J.U. Kaqyﬂuul, AM. ﬂbﬂqeiﬂcol'z, B.E. 3axap061'2’3'4

1Hoxaocn61z1pc1<m71 roCy1apCTBEHHBIH YHUBEPCUTET
2I/IHCTI/ITyT teopernueckort pusuku um. JI.J{. Jlangay PAH, Yepnoromnoska
Ommueckuit mHCTHTYT UM. [1.H. JleGenesa, Mocksa
4Ap1/130HCKI/H7I yHuBepcuteT, TycoH, ApusoHa, CLLIA
d.kachulin@gmail.com

PaccMaTpuBaeTcs TUHAMHKA CIaOOHETHHEHHBIX TPABUTAIMOHHBIX MOBEPX-
HOCTHBIX BOJIH Ha ri1y0oKko# Bome. Mcmonb3ys pa3noxeHne raMUIIbTOHHAHA JI0
YETBEPTOrO MOPSKA MO CTEMEHSM €r0 eCTECTBEHHBIX MEPEMEHHBIX — MPO(uIIs
cBOOOIHOM ToBepxHOCTH T)(X, t) M moTeHIMana Ha Heil y(X, ), Mbl mpuUMeHsieM
KaHOHHMYECKOE MPeoOpazoBaHie K HOBBIM MepeMeHHbIM C (X, t), C(X, t), mo3Bo-
JSTFOIEE YAAIUTH BCE HEPE30HAHCHBIE ClIaracMble U3 TaMUJIBTOHUAHA U CYIIECT-
BEHHO YIIPOCTUThH WICHBI YETBEPTOrO MOPsAKA. ITO mpeobpa3oBaHue SBHO HC-
MONB3yeT (PAKT HCUe3HOBEHUS K03(p(PHIIEHTa YETHIPEXBOITHOBBIX B3aNMOICHCT-
BHUIl B YCJIOBMSIX PE30HAHCA [UIsl TPABUTALMOHHBIX BOJH UL IBYMEPHOW MMOTEH-
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[HAJILHON KNOKOCTH. B HOBBIX TICPEMEHHBIX TUHAMHUKA XKUJKOCTH OMMCBIBACTCA

CHUCTEMOM JBYX YpaBHEHUHU:
oct . ) 2 | 2 . 2 2
+iec" =0} |( —‘c ‘ jc;+c*k( —‘c ‘ j—
ot
)

—ic'cc, —c’*lz(c*c’)],
3nech @, K — OTIEPATOPBI yMHOXKEHHS Ha /K n |k| B (ypbe-mpocTpan-

c* c*

%Hﬁoc‘ =0, [i Uc“z —Ic* zjc; —c‘IZUc“Z —|c*

—icc'c) + c”l?(c”c‘)].

CTBe, * 03HAaYaeT KOMIUICKCHOE COMPSDKEHUE, HIKHUN MHACKC X — MPOU3BOAHYIO
10 TiepeMeHHol x, omepatopsl mubdepennuposanus O, u O, ectb ikO(K) u
iko(—K), re 0(K) — bynkms Xesucaiina, a C' u C — GyHKIHH, aHATUTHYECKUE B
BEpPXHEH U HIDKHEH MOIYIUIOCKOCTH COOTBETCTBEHHO. [IpoGdmib moBepXHOCTH
n(x, t) u morentman y(X, t) MOTyT GBITH BOCCTAHOBIICHBI C TIOMOIIBIO KAHOHHYE-

CKOTO MpeoOpa3oBaHusl.

W3 jaHHOM CUCTEMbl YpaBHEHMH BBeJCHHEM Orubaromux C =
=C* (X,t)e_im"”ikox uc =C (X,t)e_i‘”"té’ikoX JUTS BOJIH C BOJHOBBIM YHCJIOM
Hecyeit Ky 1 4acToToi ®g B MPUOIMKECHUH CIa0bIX MOIYJSILMA MOXET ObITh
ToJTydeHa ciielylomas cucTema ypapHeHuit Ha orubarone C' u C

+ 2 2
oc +vgc++i&c;x+ik§(c+ ~2|c| )c+=o,
ot 8kg

- 2 2
£—vgc—+i"’—Ozc:;x+i|<§(‘c-\ —2lc* )c—=o.
ot 8k

3nech Vg =g/ (2Ky) — rpynmosas ckopocts. Kpome Toro, ucxomnuas cuc-

TEMA ypaBHeHI/Iﬁ HUMECT MPOCTOC AHATTUTUICCKOC pCH.IGHI/IG:
¢t = Agkxiont

¢ = aferiost

rac
©p = O, +k/2«(|AlZ—|B|2)‘kAkB|B|2+kA|kA‘kB||B|2'
g =0y, +Kkg (|B|2‘|A|2)‘kAkB|A42+kB|kA‘kB||AlZ-

IIpn |Al2 = |B|2 , Ka = Kg 910 pemrenue — crosiqast BonHa.
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C nomompio pa3pabOoTaHHOTO YMCICHHOTO alrOPUTMa PEIICHUS CHUCTEMBI
ypaBHEHHUH MPOBEACHO MOAEIHPOBAHHE AMHAMHUKH OJHOMEPHBIX T'PaBUTAI[OH-
HBIX BOJIH Ha IIyOOKOH BOJIE.

PaGora BeImonHeHa Tpu noanepxkke rpanta PH® («BomHoBas TypOyieHT-
HOCTh. TEOpHs, MAaTeMaTHYECKOe MOJICITUPOBaHKE, JKCrepuMmeHT») Ne 14-22-
00174.

BJINAHUE HEOJHOPOJHOCTH NOBEPXHOCTH INMOAJIOKKHN
HA KOJIEBAHUSA KAIIVIM B HEOAHOPOJHOM 2JIEKTPHYECKOM
ITOJIE

M.A. Kawuna 1, A.A. Aﬂa6yofceel‘2

1HepMCKI/Iﬁ roCy/1apCTBEHHBIH HAIIMOHAJIbHBINA UCCIIE0BATEIbCKUI YHUBEPCUTET
WuctutyT Mexanuku crtomHsix cpen YpO PAH, ITepmb
alabuzhev@mail.ru, ya.kashina-marina@yandex.ru

W3yueHui0 OBIKCHUS  YCTOWYMBOCTH KAIUIH JKUAKOCTU B DJICKTPUUECKOM
nosie yaessiercst MHoro BHuManust [1-3]. OxHuM U3 BaKHBIX (D)aKTOPOB, BIIHSIO-
[IMX Ha TIOBEICHHE KaIUIA U CHOCOOBI YIPABICHUS, SBISIETCS JIICKTPOCMAaYHBa-
uue (electrowetting, EW) — BiusiHre 371€KTPUIECKOrO MOJIS HAa CMAYMBAHUE Karl-
neii TBepaoit nomiokku [3]. Yemosue FOura — JIunMana, KOTOpOe UCTIOIB3yeTCs
B OOJIBIIMHCTBE PAbOT, IUIOXO OMMCHIBAET OTKIIOHEHHE KPAEBOI'O yIiia B CpaBHe-
HHH C 9KCIIEPUMEHTAIBHBIME JAHHBIMU. ABTOpaMH JaHHON paboThl ObLIO Hpe-
JIOKEHO JIPYroe TpaHuyYHOE ycioBue [4], HCmoib30BaHie KOTOPOro MOKa3bIBAET
XOpOIIIee COTJIACUE C IKCIIEPUMEHTOM.

B nanHO# paboTe HCCIEAyIOTCS BBIHYKICHHBIC KOJNEOAaHMs KAIUTH HEC)KH-

*
MaeMOMU JKUAKOCTH C INIOTHOCTBIO P; , OKPYKECHHOU APYT'OH KXKHUAKOCTHIO C IIJIOT-
*
HOCTBIO Pg- Bcesa cucrema OrpaHnv€Ha ABYMs MNapaJlICJIbHBIMH TBEPABIMHU I10-

*
BEPXHOCTSIMH, PACCTOSHUE MEXIy KOoTopbiMu paBHo h . Cocya 3aMKHYT Ha Oec-
KOHEeYHOCTH. B paBHOBecuH Karuist uMeeT (opMy Kpyriioro MWIMHIPA PaJAnyCcoOM

*
R, ; paBHOBECHBIH KpaeBoil yrom Mex Iy O0KOBOIf MOBEPXHOCTBIO KaILIH U TBEP-
JI0M MOBEPXHOCTBIO IpsiMod. Ha cucremy AelcTByeT NEpEeMEHHOE 3JIEKTpHue-

*
CKOE TIOJIE C aMIUTUTY/I0H A M 4acToToi ® . DTO MOJE MTPAET POJIb BHELIHEH
CHUJIbl, KOTOpas 3aCTaBJIACT ABUI'aTbCAd KOHTAKTHYIO JIMHUIO. B I_IHHHH}IpI/IlIeCKOﬁ
CUCTEME KOOPJIMHAT OOKOBYIO MOBEPXHOCTh KallsIi MOXKHO ONHKCaTh (PyHKIUEH

rt = Ra + C* (z*,oc,t* ), rae (;* (Z*,oc,t*) — (yHKIMS, ONMUCHIBAIOIIAs OTKJIOHE-

HHEe OOKOBOM TIOBEPXHOCTH KaIlIM OT PABHOBECHOT'O ITOJIOKEHUA.
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JIBmKeHHe JTMHUM KOHTAKTa OMHCHIBACTCS TPaHUYHBIM ycioBueM [5] (B
[JIABHOM TOPSIKE PA3I0KEHHUS [0 MAIOW aMILIUTY e BUOpaIumii)

z=731/2,r=1: ¢ =+A(a)(C, + Acos2nt) €N
e z=Z /0", r=r"/R,, = /A, A=A"D (p*e+pi*)R3/c* L b=R/n",

* *
A —mnapamerp XokuHra, 6 — KO3()(UINECHT ITOBEPXHOCTHOTO HATSHKEHHMS.
OnHOpOaHBIC [UIACTHHBL OBLIN paccMOTpeHsI B padore [4]. B kauectBe npu-
Mepa BIHMSHHS HEOJHOPOJHOCTH IMOBEPXHOCTHU IUIACTHH BBIOpaHBI JBe (QyHKIMU

B yciosuu (1): A(oc) = ?\,|COSOL| u A(a) = 7»|COS(COS(x)| . Penrenue 3amauu npen-

CTaBILUIOCH B BUJIE Psijia IO COOCTBEHHBIM (YHKIMAM oneparopa Jlamnaca.

JlanHble GYHKIMN BO30YKAAIOT TOJIBKO YETHBIC a3UMyTalbHbIC MoAbl. Ta-
KUM 00pa3oM, M3-3a HEOJHOPOJHOCTH ITOBEPXHOCTEH 3HEPIus M3 OCECHMMET-
PHUYHOM a3UMyTaJIbHOM MOABI NIepeaeTcs B APYTHe MOJIbI KoJeOaHuii.

[Tapamerp XoKHMHTa A ONHCBHIBACT B3aMMOJCHCTBHE JHMHUHM KOHTAKTa C
TBEPJOH MMOBEPXHOCTHIO — UeM OouibIIe A, TeM OOJble CHila B3aMMOACHCTBUS.
A =0 COOTBETCTBYeT 3aKpCIUICHHOW JIMHUKM KOHTaKTa (KpacBOW yroia MOXKET
MEHSATBCS), A —> © — CBOOOJHOM JTMHUU KOHTAKTa (KPaeBOil yroy MOCTOSHHBIH).
Jns OOHOPOAHBIX IUIACTHH CYIIECTBYIOT «AaHTHPE30HAHCHBIE» YaCTOTHI, IpU
KOTOPBIX JMHHUS KOHTAaKTa HEMOABMKHA, a M3MEHSAETCS TOJIIBKO KPaeBOH yTOIL.
OpHako JyIs HEOAHOPOAHBIX IUIACTHH TaKHE YacTOTHI OTCYTCTBYIOT. IIpn MambIx
3HAUEHMAX MapaMeTpa A pe3oHaHCHBIE AP(EKTH OTCYTCTBYIOT, YTO OOBSCHSET-
Csl CHJIbHBIM B3aWMOJEHCTBUEM JIMHUM KOHTAKTa ¢ MOAN0XKo#. [Tpn Gonprimx
3HAQUEHUAX A JIMHHUA KOHTAKTa CBOOOJHO CKOJNB3WUT MO TBEPIOI HMOBEPXHOCTH,
YTO MPUBOJMT K XOPOLIO BHIPAKEHHBIM PE30HAHCHBIM 3((deKTaM Juis BceX dac-
TOT COOCTBEHHBIX KoyiebaHui. KpoMe TOro, st MaJibIX M KOHEYHBIX 3HAYCHHI
A PpE30HAHCHOHN SIBISETCS TOJIBKO OCECHMMETPUYHAs MOAA, TOrja Kak Juls
OOJIPIINX 3HAYEHWH A IOSBISIIOTCS PE30HAHCHI M Ha YacTOTax APYIHX a3uMy-
TaJIbHBIX MOJ.
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BBISABJIEHUE MATTEPHOB BOOBPAJKAEMBIX JIBUKEHUI
HA 3AIIMCH 33T’ METOJAMUA MAIIMHHOI'O OBYYEHUA

J.B. Kupcanos, E.H. ITluyux

CapaToBCKHI roCyIapCTBEHHBIN TeXHUUECKHH YHUBepcUTeT uM. ["arapuna 10.A.
dankirsdot@gmail.com

Hawnbonee pacripocTpaHeHHBIM CIIOCOOOM HCCIICIOBAHUS AJIEKTPUYECKOMN
AKTHBHOCTH TOJIOBHOT'O MO3Ta, CHOCOOHBIM JIaTh HCYEPIBIBAIOIIYI0 MHpOpMa-
MO0 O TICHXOJIOTHYECKOM M (DU3HOJOTUYECKOM COCTOSHHHM YEJIOBEKa, SBISACTCS
snekrposHuedanorpadus [1]. Beuseiaerue Ha 3ammcu DO XapakTepHBIX IaT-
TEPHOB, OTPAKAIOIINX KOHKPETHBIE (PM3MOJIOTHUYECKUE SBICHUS, SIBISETCS BaXK-
HOW 3amadeil HeHpOAWHAMHMKH U HEHPO(U3UOIOTHH, MMEIOIMIeH, KpOME TOro,
NPUHIHUNHATEHYI0 3HAYUMOCTh KakK JUIl M3YYSHHUS IOBCEIHEBHBIX IIPOILIECCOB,
TaKWX Kak COH [2], TaK W JJI UCCIIEAOBAaHUS MEXaHH3MOB Pa3INYHBIX 3a00JeBa-
Hu#, HanpuMmep snunencuu [3]. B manHo# paboTe mpeagararoTcs METOIbI Kiac-
cuuramun I -MaTTepHOB, COOTBETCTBYIOIIMX PAa3IHYHBIM THIIAM BOOOpa-
’KaeMbIX [BIDKCHHH, HA OCHOBE TEXHOJOTHH MAalIMHHOTO OOYYCHHs, a TaKke
paccMaTpuBaeTcsl MepCreKTHBa MPUMEHEHHUsI 3THX METOJOB B pa3padOTKe CHC-
TEMBI YIPABICHHS 3K30CKEIETOM.

PacnozHaBanne BooOpakaeMbIX IBW)XKEHHUH Mo JaHHBIM DI — akTyanbHas
3aj1a4a, HaXOAAIIAsCs Ha CThIKe MEIUIUHBI U HelpoHaykH. Pennenne 3toit 3aa-
Y1 MOKET HATH NPUMEHEHUE, HaPUMeEp, JUTsl peaOWiUTaluy JF0IeH ¢ OrpaHu-
YEHHBIMH BO3MOKHOCTSIMU C TIOMOIIBIO OPTE30B U IPOTE30B, IS IPOCKTHPOBA-
HUSA pOOOTOB, CHCTEM yHNpapieHHs MMM M T.I. [Ipu 3ToM omHHMM U3 Hamboiee
MIePCIEKTHBHBIX METOJIOB PAClO3HABAHMUS TPEICTABISIETCS KIacCH(pUKAIIUS TaH-
HBIX C MOMOIIIBIO HCKYCCTBEHHBIX HEHPOHHBIX CETEH, KOTOPBIC MOMYUHITH [IAPO-
KO€ PaclpoCTpaHeHHe B 00JaCTH NPOEKTUPOBaHHS UHTEP(PEHCOB «MO3T — KOM-
nbroTep» [4-6]. B 1aHHOM HMcclieOBaHUH MPENCTaBICHBI CPABHEHHS Pe3ybTa-
TOB Pa0OOTHI METO/1a ONIOPHBIX BEKTOPOB M MHOTOCIIOMHOT'O TIEPCENTPOHA.

Merton omopabix BekTopoB (SVM — support vector machine) — na6op anro-
PUTMOB MaIIMHHOTO OOYYeHHs, CIOCOOHBIA OCYIIECTBIATh JOCTATOYHO 3P dek-
TUBHYIO Kiaccu(UKanuio naHHbIX. CyTh JaHHOTO METOJa 3aKJII0YaeTCs B mepe-
BOJI€ KIACCHPUIUPYEMbIX 00BEKTOB (BEKTOPOB) B MPOCTPAHCTBO BBICOKOM pa3-
MEpHOCTH, a 3aTeM IIOMCK THMIIEPIIOCKOCTH, pa3lelsIomeil Kiacchl 0OBEKTOB.
MuHEMM3aMs OMMOKH OCYLIECTBISIETCS 33 CUET IOCTPOSHHUS ABYX Mapajlieib-
HBIX THIIEPITIOCKOCTEH 10 00€ CTOPOHBI OT Pa3lesIIoIel THIEPINIOCKOCTH U
YBEJUYCHHUSI PACCTOSIHUSI MEXIY HHUMH. 4eM OOIbIlIe 3TO PACCTOSHHE, TeM
MeHbIIe ommnbka kiaccupukaiuu. TakuM 00pa3oM, TOYHOCTh aJIrOpUTMa Ha-
MPSMYIO 3aBHCUT OT BBIOOpA pa3/ielIsiolIeii THIIEPINIOCKOCTH.

Bropoii paccMaTprBacMOil MOJIENBIO SBIISICTCS MHOTOCIIOHHBIN MEPCENTPOH
(MLP — multilayer perceptron) — HeiipoHHas ceTh MPSAMOrO PAaCIPOCTPAHCHHUS.
B o0miem ciryuae MHOTOCIOWHBIN HEPCENTPOH COCTOUT M3 OIHOTO BXOIHOTO
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CJI0sI, COCTOSIILIETO U3 BXOJHBIX HEHPOHOB, OTHOTO BBIXOJHOT'O CJIOSI, BHIBOISIIE-
ro pe3ysbTaT padoThl CETH, U OJHOTO WIIM HECKOJIBKHUX CKPBITHIX CJIOEB C BBIUKC-
JIUTENFHBIMA HelipoHamu. OOydeHre HEHpOCeTH NMPOU3BOJUTCS MO alTrOPHUTMY
00paTHOro pacnpocTpaHEeHUs OIIHOKU: OTBET HEHMPOCETH CPABHUBAETCS C OXKH-
JITaMBIM pPe3yJIbTaTOM, MOCJIE Yero ajlropuT™M oOydeHUs] M3MEHSET BECOBBIE KO-
3 QUIMEHTHI CeTH TaKUM 00pa3oM, 4TOOBI MHHMMH3HPOBATh OIIMOKY Ha clie-
JIYIOIIEM dTare 00ydeHusI.

B nanHOI paboTe MCHONB30BAJICS MEPCENTPOH C ABYMS CKPBITBIMH CIIOSIMH,
C THNEepOOTMYECKON U JIOTUCTUUECKON (YHKIMAMHI aKTHBAIIMU COOTBETCTBEHHO.
OOyueHne NPOM3BOAMIOCH HA JAaHHBIX 32-KaHanubHOW 3ammcu DOI. JlaHHbIC
3aIMChIBAIMCH C YacToTOM muckpernsaimu 250 ' B TeueHne 3 cekyH[, BO Bpe-
MsI KOTOPBIX OIepaTop MpeiCTaBiisul ceOe NBIDKEHUS MPaBOM W JIEBOH PYKOM.
Pe3ynbrarhl KilaccuduKalyy npeacTaBieHsl B Tabnuie. MeTo; ONOPHBIX BEKTO-
poB mocturaeT TouHoctd 88,5 % B kinaccudpHUKaiMu BOOOPAKAEMBIX JBUKCHUN
nipaBoii pyko# u 84,5 % 1uist 1eBoi pyKH, B TO BpeMs Kak HAWITy4IINil pe3ynbTar
nepcenTtpoHa cocrasisieT 85,4 % s npasoit pyku u 78,8 % s neBoi.

Jlns neBoit pyku Jlis mpaBoii pyku
Mopems TouHOCTB Omrbka TouHOCTB Ommbka
SVM 83,3% 0,36 88,5% 0,31
MLP 78,8% 0,47 85,4% 0,36

B pesynbraTe uccienoBaHusi ObLIM MONYYEHBI PE3YJIbTaThl KilacCH(UKAIUN
O0I-narTepHOB, COOTBETCTBYIOIIMX BOOOpa’kacMbIM JBIDKCHUSAM. [laxke Ha
«CBIPBIX» JaHHBIX, HE MOABEPraBIIUXCS Npe-o0paboTke M (UIbTpanuu, ObLI
MOTy4€H HEIUTOXOH MOKa3aTelbh TOYHOCTH Kinaccupukanuu. OJHAKO It TpUMe-
HEHUs 3TUX aJTOPHTMOB B Pa3pabOTKE CUCTEMBI YNPABICHUS IBMKCHUAMHU K-
30CKeJIeTa He0OX0ANMO TMOBBIIIATE TOYHOCTH IIPOTHO34, MTOJYYEHHOTO B PE3yJiIb-
Tare paboThl anroputMa. J{oCTIKEHHE TAKOTO pe3yJbTaTa IUIaHUPYeTCs 3a CUeT
npe-00paboTku ganHBIX D3I ¢ ncnonap3oBaHneM 3()(HEKTUBHBIX METOIOB aHAIHU-
3a CUTHaJIa, HaIIpUMep Ha OCHOBE BEHBIET-IIPe0Opa3oBaHMsI.

Pabora BeImonHeHa npu noaepxkke MUHHCTEPCTBA 00pa30BaHUS U HAyKH
PD (3amanus 3.861.2017/114).
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BJIUSHUE OCAKJIEHUS IPUMECHU B PAMKAX ®PAKTAJIBHOM
MOJEJIN HA TIPOKAYKY CMECH YEPE3 ITIOPUCTYIO CPEY

JI.C. K/zumeHKol, b.C. Mapblmegl‘2

1I/IHCTI/ITyT MeXaHHKH cruomHbX cpen YpO PAH, Ilepmb
2HepMCKI/Iﬁ rocy/1apCTBEHHBIH HAIIMOHAJIBHBINA UCCIIE0BATEIbCKUI YHUBEPCUTET
lyudmilaklimenko@gmail.com, bmaryshev@mail.ru

Hacrosimas paborta mocBsiiieHa U3y4€HHI0 BO3HHKHOBEHUS KOHBEKTHBHOTO
TEUCHHUsI CMECH B TOPU3OHTAIBLHOM CJIO€ MOPUCTON CPEIbl MPH 3alaHHOM BEPTH-
KaJIbHOM TPaJIMEHTe KOHIICHTPAIIMK, B HABA3aHHOM BHEIIHEM TOPH30HTAILHOM
(GUIBTPAIIMOHHOM CTAIIMOHAPHOM TMOTOKE MPH YYeTe OCAXKICHHUS IPUMECH.
Cucrema HaxoAuTcs MOJ JeiicTBUeM cuibl TsbkecTH. Ha BepxHeill M HibKHEH
TPaHULAX CIIOSl KOHICHTPAIMS CUUTACTCS 3aJJaHHOM. 3a/1aua B aHAIOTUYHOI 1Mo-
CTAHOBKe, HO 0e3 ydeTa OCaXACHHS YaCTHIl M B OTCYTCTBHE BHEIIHETO MOTOKa
BrepBbie Obuta pemrera B [1]. Bputo mokasaHo, 4TO BO3HHUKAIOIINN KOHBEKTHB-
HBIl peXXHM TpeacTaBisieT co00i HaOOp KOHBEKTUBHBIX S4YECK, IIMPUHA KOTO-
PBIX paBHA TOJILMHE CJ0s. BiusHME BHENIHETO0 TOPH30HTAJIBHOTO IOTOKA Ha
KOHBEKTHBHBIC PEXHMBI ObLIO HccienoBaHo B [2]. Beuto mokaszaHo, 9TO XOTh
HaJIM4Me BHEIIHEH MPOKaYKH NPHBOIUT K KOJIe0aTeIbHOMY XapaKkTepy HeyCToi-
YUBOCTH, HO CKOPOCTh BHEIIIHETO MOTOKA BIMSET TOJIBKO HA YaCTOTY KOJICOaHHIA.
JlnvHa BOJTHBI KPUTHYECKUX BO3MYILICHHIH W KPUTHUECKOE 3HAauYeHHe uncia Pe-
nest — Jlapcu 0CTalOTCS HEM3MEHHBIMHU. YUET OCaXICHUS IPUMECH B PACCMATPH-
BaeMo# 3agave ObuT mpousBeseH B pabote [3]. bpuin momyueHsl KapThl HAOIHO-
JAIOIIUXCS PEKUMOB KOHBEKIMH. BBUTO OOHApyXEHO, YTO YYET OCaKACHHS
MPUMECH MPUBOAUT K TOMY, YTO KPUTHUCCKUE 3HAUCHHUS APAMETPOB CTAHOBSAT-
sl 3aBUCAIIMMHI OT WHTCHCHBHOCTH BHELIHETO MMOTOKA. YUeT BIUSHUS NPHUMECH
o611 IpousBesieH B pamkax MIM (maobile-immobile medum) monenu ¢ nuHei-
HOI KuHeTHKOU copbumu [4]. OqHako, kak mokasaHo B pabore [5], MoxenupoBa-
HHeE TIpoliecca OCaXICHHs IpuMecH OyaeT 0oliee peaauCTHYHBIM, €CIIH HCII0JIb30-
Barh (PaKTAIBHYIO JHHEHHYIO MOJENs MOOHIbHO-HEMOOHIBHOM cpempl (FMIM)
[6]. Takomy MoOIEMTMPOBAHKIO M MOCBsIIEHA HAcTOsAIIAs pabota. OCHOBHOM HMHTE-
pec npezacrapisier hopmMa HauOOJIEE OMACHBIX BO3MYIICHHNA W 3aBHCUMOCTb KpH-
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THUUYECKUX MapaMeTPOB OT IapaMeTpoB 3aauu. PaccMOTpeHo Ba ciyyas BHEIIHE-
ro (QUIBTPAIIMOHHOTO TOTOKA: CTALMOHAPHBII M 3aBUCSIIMI OT BPEMEHH MO rap-
MOHHUYECKOMY 3aKOHY.

B cimyuae cranmoHapHOro HOTOKAa TOMYyYEHBI YPAaBHEHUs, OIpEeIsIoye
YacTOTY HEHTpaJIbHBIX KOJEeOaHMH M KpPUTHYECKOe 3HadeHue uncia Pemes —
Hapcu. HccnenoBaHbl 3aBUCUMOCTH KPUTHYECKHX MapaMeTPOB OT MapaMETPOB
ocaxeHus. [lomydeHHbIE HENTpaIbHBIE KPUBBIE UIMEIOT HEMMHEWHBII XapakTep, 1
¢ yBenmueHreM uucia [lekne pacTyT kak KpUTHYECKOE 3HaYeHUeE yucna Pemes —
Japcu, Tak u BoiaHOBOE uncio. [TokazaHo, 4TO y4eT MIMMOOMIM3AMN TPUBOIUT
K YBEJIMUEHHIO KPUTUYECKOTO 3HAUYCHHUH yNPABISIOLINX MapaMeTPOB C yBEIIHUeE-
HHEM MHTEHCHBHOCTH BHEIIHETO MOTOKA. BBUIM TakXke MCClenoBaHbl aCHMITO-
TUKA OOJIBIIKUX M MaJIbIX HHTEHCHBHOCTEH MMOTOKA; MOKA3aHO, YTO MPH OOJIBIION
HWHTCHCUBHOCTH IMOTOKaA BJIUAHUEC OCAXKICHUA NIPUMECU CBOAUTCA JIMIIb K IMOBBI-
ICHUIO yCTOﬁ’-IPIBOCTM 3a CUCT MCKIIIOUCHHA 4YaCTU IMPUMECH U3 IMOTOKA. HpI/I
MaJIbIX WHTEHCHBHOCTSX IOTOKa HaOMIoJaeTcs N3MEHEHHE KPUTHYECKUX 3Haue-
HUH JUIMHBI BOJHBI M uucia Penes — Jlapcn HanOosee OMacHBIX BO3MYIICHHUH.
UucneHHO NOMy4YeHbl KapThl yCTOMUMBOCTH B IIMPOKOM AMANa30HEe NMapaMeTpoB
CHCTEMBI.

IIpy HecTanmMOHapHOM MOTOKE PAacCMOTPEHBI 1Ba cirydass. Ui IOTOKa,
HMEIOIIET0 MAIyl0 UHTEHCUBHOCTD, AHAIIMTHYECKU NOIy4YEHA MOINpaBKa K KpU-
Trdeckomy uucity Penest — Jlapcu. OHa moKa3pIBaeT, 4yTo I MAJIBIX CKOPOCTEH
(GUIBTPALMOHHOTO TIOTOKA MOAYJISILHUS IPUBOAUT K TIOSIBIICHHIO MOJIOKHUTEIBHO-
ro BKJIaga B KpUTUYCCKOC YHCIIO. B PEIYIbTATE 3TO BBIPAKCHUEC IJIA ITOIPAaBKU
COACPKUT [Ba IOJOXKUTCIbHBIX cJlara€MbIX. IEpBOC — 663 BHCHIHECIO ITOTOKAQ,
BTOPOE CBSI3aHO C MOJIYJIMPOBAHHBIM MOTOKOM. TakuMm 00pazoM, MOy IMPOBaH-
HBIH MMOTOK MTPUBOJUT K CTaOMIIM3aNU CUCTEMBI.

Jlng ymepeHHOro moToka 3ajayda peleHa YUCIEHHO METOJOM CETOK, KPUTH-
yeckue mnapamerpsl ompeneneHsl MeronoM @Diokxe. IlomdydeHsl 3aBUCHMOCTH
KpUTHYECKHX mapametpoB (uucia Penes — Jlapcy u BOJHOBOTO YHCIIA) UISI pas-
JMYHOM YacTOTHI BHEUIHETO (IIBTPALMOHHOTO MOTOKa. Iloka3aHo, 4TO, KOTAa
4acTOTa MOTOKa HEOOJbIIast, Pe3yIbTaThl HE3HAUYUTEIBHO OTIMYAIOTCS OT TIOJTY-
YEHHBIX IPU CTalMOHApHOM ciydae. C pOoCTOM 4YacTOThlI BHEIIHETO MOTOKA KO-
ne0aHnsl KPUTUYECKUX NMapaMeTpPOB CTAHOBATCS 3HAYUTENBbHBIMH, TaKUM oOpa-
30M, HaOJIIOAaeTCsl MapaMeTPUIECKOE BOSHUKHOBEHNE KOHBEKIINH.

PabGora BbIMONHEHA NpU (QHUHAHCOBOH mojyepxKe Poccuiickoro Hay4HOTO
¢onma (kox npoekra 14-21-00090).
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PA3PABOTKA N ATTIPOBALIS METOA PACYETA CIIEKTPA
INOKA3ATEJIEU JIAITYHOBA JIUISA CUCTEM C 3AIIA3/IbIBAHUEM

AJ. Konockosa, O.1. Mockanenko, A.A. Koporosckuti
CapaToBCKUIl HAITMOHATBHBIN HCCIIEI0BATEIbCKUI TOCY IapCTBEHHBIN YHHBEPCUTET
nmenu H.I'. UepHsbleBckoro

adkol oskova@gmail.com

B HacTosimee BpemMst ypaBHEHHUS € 3aMa3bIBAHUEM IIHPOKO HCIIOIB3YIOTCS
IPU ONUCAaHHU JMHAMUYECKUX IPOLECCOB B MEXaHHKE Ae(POPMHUPYEMOro TBEp-
JIOTO Tella, TEPMOAWHAMUKE, AIIEKTPOAMHAMUKE, SKOJIOTHH, MEUIIMHE U TEXHU-
ke. OHUM U3 CrIOCOOOB M3Y4eHHS IUHAMUKH CHCTEM SIBIISIETCS] PacdeT CIIeKTpa
nokasateseii JIamyHOBa CUCTEMBI, T/Ie HArJISAHO TPENCTABISIETCS XaoC U Mepro-
JITYECKUE PEKUMBL.

B nanHoit paboTe ObUT pacCMOTpPEH M anpoOUpOBaH METO/] paciera CIeKTpa
nokasarener JIsmyHoBa IS cHCTEM C 3ama3ablBaHuEeM. B kauecTBe ucciemye-
MOH Mozienu ObUIO BEIOpaHO ypaBHEHHE T'eHepaTopa ¢ 3ara3JbIBaHueM

dx(t)
——==-X(t)+ kF (x(t-1)), (@]
W =)k (x(t- )
rae X — mepeMeHHast, XapaKTepu3yoliast TIOBEACHHE CHCTEMbI, T — BpeMs 3amas-
meiBanmst, F(X) = a— X4, a, K— ynpasisioniye mapaMeTpsl, a TAKKe paccMOTpeHa
Mojienb KpoBeTBopeHus Makkes — ['macca [1]

dx(t) B x(t—1) (),

d " 14x"(t-1)

@

rae X(t) — gmcio KIeToK (IpUTPOLMUTOB) B MOMEHT BPEeMEHH {, T — BpeMs 3amas-
IbiBanus, N, B, y — ynpasistionue napameTps (N — HeIoe YUCo).

Wpest MeTona 3aKii04aeTcst B CJAEAYIONIEM. 38 OCHOBHBIC BENHYUHBI TIPH-
HHUMAETCSl COCTOSIHHE CHCTEMbI M OPTOTOHAJM30BAHHBIA HA0Op BO3MYILECHHUIA
3TOro cocTosiHus. Kaxkoe BO3MyILEHHEe COOTBETCTBYET OJHOMY U3 MOKa3aresei
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B crieKTpe nokasareneit Jisimynosa. B naHHOW paboTe nmpu M3y4eHHH OJZHOMEp-
HOM CHCTEMBI 3TO CKaJIIpHbIC IIEPEMEHHBIE, ONPEACICHHbIE HA UHTEPBAJE Bpe-
MEHH C JUIMTEJIBHOCTBIO, PaBHOW BPEMEHHU 3ama3fbIBaHMs, MPU ITOM BEPXHSS
TpaHHIla UHTEpPBala COBMAJAeT C TEKYIMM MOMEHTOM BpeMeHH. B HauambHbIN
MOMEHT BPEMEHH HEOOXOIMMO BHIOpaTh BO3MYIICHUSI TaKMM 00pa3oM, 4TOOBI
OHH OBUTH OPTOTOHAJIBHBIMHU:
o~ ~ 11 I = j!

(x| (C‘)’ XJ (C’)> O, i = j, (3)

U C €MHUYHON HOPMOM:

1% (¢)] =1 @

Herpyano nonyuuth Takoit HaOop (QyHKUMI BO3MYIIEHHH OMOPHOTO CO-
CTOSTHHMSL NpU TOMOIIM oproroHanm3auuu ['pama — [lImmuara u mocienyromumx
nepeHOpPMHUPOBOK [2]. [laee oTCiIeKnuBaeTCs DBOIIOLHUS BCEX PACCMATPUBAEMBIX
BenuuuH. Yepes paBHbIC MPOMEKYTKU BPEMEHU BHOBb OCYILECTBIISIETCSI OPTOrO-
Hanmzanus ['pama — [ImunTa BO3MYIEHNI OMIOPHOTO COCTOSIHUS 1 ISl KAXKIOTO
BO3MYIIEHHS BBIUHUCIISIETCA CJIaraeMoe JISIITyHOBCKOW CYMMBI

S(MF):éln"X((;)", ¢ e (K —1, kD), (5)

rae I' — unTepBan BpeMeHH MeX 1y IPUMEHEHUEM IIPOLEAYDP OPTOrOHAIM3ALMU U
HOpMHUpOBKH, I > 1. HakoHen, 1 noixy4eHus: €MMHUYHON HOPMBI BCEX BO3MY-
IIEHUH OCYIIECTBISETCS TEPEHOPMHUPOBKA. JaHHAs ITOCIENOBATENBHOCT MPO-
Leyp MOBTOPSAETCSI MHOTOKpaTtHO (M pas3), 1 Ha KaXAOM IIare CYUTAIOTCS CyM-
MBI II0 BEKTOpaM BO3MYIIECHHS 10 TIEPEHOPMUPOBKH H IIOCIIE OPTOTOHAIM3ALUH.
Onenku nokasareneit JIsmyHoBa Mpou3BOAATCS M0 HopMyIaM

A, (M) = % ®)
Ai = l\jliinoo Ai (MF) . (7)

B xo/ie MpOBEACHHBIX HCCICIOBaHUH OBIIIO YCTAHOBICHO, YTO MOKA3ATEIH
JlsamyHOBa IOJHOCTBIO COOTHOCATCS C JHHAMHYECKUMH PEKUMAaMH, TOJydac-
MBIMH TP MOCTPOCHUH OH(YpPKAILMOHHOM qUarpaMMel. B kauecTBe mpumMepa Ha
pucyHke 1 mpencTaBlieHBI pacyeThl Ul TeHepaTopa ¢ 3amasasiBanneM (1). He-
TPYIHO 3aMETHTh, YTO TIPH 3HAYEHWH ympasistoriero mapamerpa K ~ 0,96 na
pucyHke 1, a crapmuii mokasarenb JIAMyHOBa MEPEXOJUT B MOJOXKHTEIBHYIO
obacTh, 03HaYas MEPEXO/ K Xa0THISCKOMY MOBEICHUIO. AHAJIOTHYHBIN CIleHA-
puii HaOmroaercst v Ha pucyHke 1, 6. CXoxue pe3ynbTaThl MOJYYeHbI s ypaB-
Henust Maxkkest — imacca (2).
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Puc. 1. 3aBucumoctu 9 crapiux rokasaresneii Jismynosa ot napamerpa K (a)
u 6udypkaunonnas quarpamma (6) cucremsr (1) mpu a=1,5, t = 20

PaboTa BeINONTHEHA MPH OIepkke Poccuiickoro HaywaHoro ¢onaa (mpoekt
Ne 14-12-00224).

Jlutepatypa
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HETATUBHOE BJIMSIHUE CAMOTI'EHEPUPYEMBIX
KBA3UCTAIIMOHAPHBIX MATHUTHBIX IMOJIEM HA ITPOIIECC
YCKOPEHMUS HOHOB JIASEPHBIMU UMITYJIbCAMU
CBEPXBBICOKOW HHTEHCUBHOCTH

A.B. Kopotcumarnos

WuctutyT npuknanHoi ¢usuku PAH, Huwxnuit Hosropox
korzhimanov.artem@gmail.com

[Monyyenure My4KOB BHLICOKOIHEPIMYHBIX YACTHI], B YaCTHOCTH MPOTOHOB,
SIBJISETCS OJHUM W3 TJIaBHBIX HANPABICHUH B COBPEMEHHON (HM3HKE B3aMMOJIEH-
CTBHUS CBEPXMOIIIHOTO JIA3€PHOTO U3JIyUYeHHs C BelecTBOM. Ha maHHBIN MOMeHT
OKCIIEPUMEHTAIILHO TONYYEHBI TPOTOHBI ¢ DHEPTHEH B JECATKA METadIEKTPOH-
BOJIBT C MCIIOJIb30BAHMEM JIA3EPHBIX UMITYJIbCOB HHTEHCUBHOCTBIO 10 10%° Br/em?.
OsumaeTcs, 9To AANBHEHIINHA POCT 3HEPTHH TIPOTOHOB, B YACTHOCTH JOCTIIKE-
HME HEOOXOIMUMBIX I UX IIPUMEHEHHUS B JIy4E€BOM TEpalii PaKOBBIX OIyXOJeh
COTEH METadIEKTPOHBOJILT, BO3MOKEH C OCBOEHHMEM OOJIACTH WHTEHCHUBHOCTEH
10% Br/cm®? u Bbime.
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B nannoii paboTe MpoBEAEHO TEOPETHYECKOE HCCIEeNOBaHUE Ipouecca yc-
KOPEHUsI IPOTOHOB € 3aHEH MOBEPXHOCTH TOHKOM (TONMIHHON 1—2 MKM) MeTai-
JIMYEeCcKoi (onbryu, o0IydaeMol Ja3epHbIM HMMITYJIBCOM CyOIHMKOCEKYHIHOM
amarensHOCTHI0 (0T 30 10 700 (e) 1 mHTeHCHBHOCTHIO Bhime 107 Br/cv®. Panee
9KCIIEPUMEHTANIBHO OBLIO MPOJAEMOHCTPUPOBAHO, YTO JJISI UMITYJILCOB JUTUTEIb-
Hocthio 700-800 e ¢ pocToM MHTEHCUBHOCTH | HAOMIOAAETCS OTKIOHCHHE OT
IIPEACKa3bIBAEMOI0 TEOPUEH pocTa MaKCHMalbHOM PHEPIHH YCKOPEHHBIX IPO-
TOHOB & 10 3aKOHY &, ~ 12 g cropony ymenburenns sneprun [1]. Llensio 1anHO-
T'O UCCIICAOBaHMS SIBISIOCH BBUICHEHHE IPUYMH HAOJFOJaBIIEI0Cs OTKIOHCHHS.

YckopeHue MPOTOHOB IIPH YKA3aHHBIX IapaMeTpax IPOHCXOIHT B PEKHUME
TNSA (Target Norma Sheath Acceleration). B sTom pexunme J1azepHoOe H3Iyde-
HHE TIPpH B3aUMOJCHCTBUH € TIOBEPXHOCTHIO A(P(HEKTUBHO HArpeBaeT CyLIeCTBEH-
HYIO 4acThb DJICKTPOHOB JI0 PENSATUBUCTCKUX TEMIIEpaTyp. DTH 3JIEKTPOHBI 00pa-
3yIOT 00J1aK0, IPOCTUpAroLIeecss Ha OTHOCUTENBHO OOJIBIIOE PACCTOSHUE 32 TIpe-
JIeTbl MULICHH, B TOM YHCiIe ¢ 00paTHOH €€ cTopoHbl. B pesynbrare ¢popmupyer-
csl KBa3UCTATHYECKOE T10JIe, YCKOpstolllee HaHECEHHBIE Ha 3aJHIOI0 TIOBEPXHOCTh
MHIIICHA TPOTOHBI. [IPOTOHBI B pe3ynbTaTe YCKOPeHHs] GOPMUPYIOT KBa3HUTEIl-
JIOBOM CHEKTpP C HEKOTOPOH YHEpriell OTCEUKH, ONpeessieMoli B OCHOBHOM TEM-
HepaTypoi 3JIEKTPOHOB.

HccnenoBanne npoBOIMIIOCH ITYTEM YHCICHHOTO CaMOCOTJIACOBAaHHOTO MO-
JEeTMPOBaHHsl OSCCTONKHOBHTEIBHOMN IUIa3MEHHO-TIONICBOW THHAMUKH METOIOM
Particle-In-Céll ¢ yuérom penstuBrucTckux 3¢ Qexton. st MOIETUPOBAHUS OB
npuMeHEH mporpammMHbid komimiekc PICADOR, paspaboTaHHBII B Hamiei
rpynmne pasee. bruta ycnosns3oBana AByMepHas TeOMETpHs, a apaMeTphl Jasep-
HOTO MMITYJbCa ([UTUTEIBHOCTD, SHEPTHS, AUaMeTp (HOKYCHOrO IISITHA) U MHUILE-
HH (IUIOTHOCTB, CTENCHb MOHHM3ALMM, TONIIMHA) OBUIH BBIOpAHBI ONM3KHMH K
9KCTICPUMEHTATIBHBIM.

B xone MonenupoBaHusi ObUIM BBISIBIICHBI CICOYIOIIME XapaKTEPHBIE 0CO-
OEHHOCTH HCCIIEIOBABLICTOCH PeKHMa. Bo-IepBhIX, NPOUCXOIUT 3HAUUTEIBHOE
pacIIMpeHue IasMbl ¢ 33JHEH TPaHHIBl MHUIICHH. B MOMEHT MPUXO0Ja MaKCH-
MyMa JIa3epHOTO UMIyJbca (PPOHT IIa3Mbl PACIIONOKEH Ha PACCTOSIHUM TOPSI-
ka 20 MxM. Bo-BTopBIX, B 3TOI1 1a3Me BO3HUKAET CHIIBHOE KBAa3UCTAIIMOHAPHOE
NONEePEeYHOe MAarHUTHOE TOJIC BEMYMHOMN MOpsAKa COTEH Meraraycc. OTH JBa
(akTopa NPUBOIAT K TOMY, YTO Y HarpeBaeMbIX JIa3EPHBIM HMITYJIbCOM 3JIEKTPO-
HOB THUPOPaIHMyC CTAHOBHTCS MEHBIIE TOJIIMHBI IUIA3MEHHOTO CJIOs, TO €CTh
SNIEKTPOHBI OKa3bIBAIOTCS 3aMarHMYEHHBIMH, Yero He HabirogaeTrcs s Ooiee
HU3KHX MHTCHCUBHOCTEH 1 00Jiee KOPOTKHUX Ja3ePHBIX HMITYJIbCOB, UL KOTOPBIX
MarHuTHBIE MO ci1abee, a pa3Mep PacIIMPUBILEHCS IU1a3Mbl MEHbLIE.

TakuM 00pa3oM 3JIEKTPOHBI, KOTOPbIE OBUIN YCKOPEHBI JIA3EPHBIM HMITYJIb-
COM B MOMEHT NIPHUXO0JIa €r0 MAaKCHMyMa, TP BBICOKUX WHTEHCHBHOCTSX Jla3ep-
HOTO TOJIS HAUMHAIOT Apeii(oBaTh B CreHEPUPOBAHHOM MarHUTHOM moJse. DTO
NOPUBOAUT K 3(D(HEKTUBHOMY TOPMOXKCHHIO ITHX 3JIEKTPOHOB. B TO ke Bpems
HMMEHHO OHHM 00J1afaloT HanOOJIBIIEH TEIUIOBOM dHEpTrHel, KOTopast U ONpeaes-
eT B TPAAULUOHHBIX Mozensx TNSA MaKkCHMalbHYIO JHEPTUI0 YCKOPESHHBIX
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poTOHOB. [IpOTOHEI e ¢ MaKCHMaIbHOW PHEpruei HaxonsaTcs Ha (GpoHTE pac-
HIUPSAIOMEHCS Ta3Mbl M K MOMEHTY NPHXO0Ja MaKCUMyMa JIa3epHOTO MMITyJIbCca
HUMEIOT CKOPOCTh mopsifka ~ C/4—/3 (3T0 COOTBETCTBYET SHEPIUAM MPOTOHOB
30-50 MaB). Takum 06pa3oM, CKOPOCTh Apeiida 3JIEKTPOHOB OKa3bIBACTCS HUKE
CKOPOCTH JBM)KEHHUS (PPOHTA U HE TPOMCXOJUT PABHOMEPHOTO TIPOTPEBa PACIIH-
pstronieiicss mIa3Mbl, YTO B MTOTE W MPUBOAUT K 3aHMKCHHBIM 3HAYCHUSIM Ha-
OJIFO/IAIOIIEHCS B pe3yNIbTaTe MAKCHMAIIbHON SHEPIHHU MPOTOHOB.

JlutepaTypa
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PEKOHCTPYKIMS APXUTEKTYPBI CBSI3EN B IIEIIOYKE
OJHOHANPABJIEHHO CBSI3AHHBIX CUCTEM METOIOM
INPUYUHHOCTHU 110 TPEUHVKEPY

M.B. Kopnunos, .B. Cvicoes

CapatoBckuii ¢pumman MHCTUTYTa paJHOTEXHUKU U SIEKTPOHUKA
umenu B.A. KorenbaukoBa PAH
CapaToBcKUi HaIlMOHAJIBHBIN HCCIIeJ0BAaTeNbCKUNA ITOCY 1apCTBEHHBIN YHUBEPCUTET
nmenu H.I'. YepHpleBckoro
kornilovmv@gmail.com

B HacTosimee Bpemst CyIIECTBYIOT pa3jIM4HbIC MOJXO/bI K AETEKTHPOBAHUIO
HalpaBJICHHON CBSI3aHHOCTH MEXIY 3JIEMEHTaMH CJIOXKHBIX CHCTEM IO MX JKC-
MIEPUMEHTAIBHBIM cUrHajiaM. OMH U3 CaMBbIX MOITYJISIPHBIX — METOJI IPUYNHHO-
cru no I'peitnmxepy [1]. Eciu moacuctem Gomblie qBYX, AOMOIHATENBHO K MPO-
OJeMe JACTEKTHPOBAHMS HAIMYMS M HAalpaBJCHHs CBsA3CH BCcTaeT mpodiema pas-
JMMYEeHHUs TPSMOTO M ONOCPENOBAHHOTO B3aMMOJCHCTBHUS. B uacTHOocTH, OHa
MPEACTaBIAET co00M OONBIION MPAaKTUUECKUI MHTEpEC I 3a/1a4 PagluOTEXHH-
K{, HeHpO(U3HOIOTUH U KIMMATOJIOTHH.

B nmanHO#l paboTe paccMaTpHUBAarOTCS LENOYKH M3 TPEX OJHOHAINPABICHHO
cBsi3aHHbIX mojicucTeM (0603Ha4uMM ux X, Y, Z), B KaueCTBE KOTOPBIX BBICTYIIAIH
aBTOTI€HEPaTOphI C TOJIyTOpa CTEIEHSIMH CBOOOIbI M cHCTeMBbI VKkebl, TeMOHCT-
pUpylolIye KonebaHus ¢ OAHUM WM HECKOJIbKUMU OCHOBHBIMU BPEMEHHBIMH
Mmacmtabamu. [Ipu 3TOM cHCTEMBI MOIJIM HaXOAWTHCS B OJHOM M3 BOCBMH BO3-
MOXKHBIX CITy4aeB B3auMojencTBus: Z—Y— X — onocpeioBaHHas cBsi3b; Z—Y—X
n Z—X — ciyyail psIMOM M OINOCPEIOBAHHOM CBs3el OqHOBpeMeHHO; Z—Y H
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Z—X; Z—Xu Y—X; orcyrctBue cBs3u Mexay Zu X, Ho Y—X; Z—-Xu Y, Z-Y
1 X; OTCYTCTBUE KaKNX-TTHOO CBS3EH.

HOCHC yero sl TSCTOBBIX CUCTEM HpI/I oMo METoaa l'[pI/I‘{I/IHHOCTI/I 110
I'peitHmKepy ¢ MCIOIBL30BAHUEM MOJICIICH B BUIC OTOOPasKCHHIA TIOCIICIOBAHUS C
MOJMHOMHUAJIBHBIMU HEJTMHEHHOCTAMH, Ciieays [2], periaercs 3a1a4a 0 PeKOHCT-
PYKIIMH apXUTEKTYpHI CBsi3eil. Llenbio CTaBUIOCH OMPEIeIUTh, HACKOIBKO BEPHO
METOJI CITIOCOOCH Paclo3HATh APXUTEKTYPY CBS3CH, a TaAKKe pa3IHIUTh MPSIMOE U
orocpeoBaHHOe B3aumojeiictue. J[ist 3Toro ObUIa MPEIUIOKEHA METOJHUKA,
OCHOBaHHAsl Ha TIPOBEACHUH TPEX TECTOB, B KOTOPHIX HCIOJIb30BAIUCH YCIOBHBIC
MPUYUHHOCTH 110 [ peitHpKepy, AJsi KOTOPBIX YIIyUIlIEHUE MPOrHO3a PACcCUUThI-
BaJIOCH IO pOpMyIaM

Xln+r|Y = fxy(xn!yn)' X'n+r|Z = fﬂ(xn'_zn)' XIn+r|Y,Z = 1:xyz()a(n’yni_zn)’

q . D
y‘n+1:: fy(yn): yn+-c|2: fyz(ynrzn)y
2 2 2
€ € €
Pl ,=1-—X,Pl, ,=1-—X P, =1-—X )
€y €y €y,

Pa3MepHOCTh BEKTOpa COCTOSIHUSI M CTEIEHb MOJMHOMa B MOZENAX MOJI0H-
panuch no kputepuio 1IBapna. 3naunmocTts nokaszareneil Pl onenuBanace npu
romouty 95 % ypoBHs 3HAYMMOCTH, NOIYYSHHOTO Ha OCHOBE CyppOTaTHBIX Bpe-
MEHHBIX pAJ0B. sl KaXJ0H CHCTEeMbI BRIOMpAIHNCh 3 3HaUeHUsT KoddduieHTa
CBSI3W, U HHUX IpoBoawioch ycpenneHue no 100 peammzamusiM. Pesynbrars
TecTa IJIsl aBTOTCHEPaTOpa ¢ MOIyTOpa CTENEHSIMH CBOOOIBI TMPENCTABICHBI Ha
puc. 1, rie MeTo MO3BOJISET TOYHO ONPEACIUTh BOBMOXKHYIO apXUTEKTYpY CBSI-
3eif, KOTla OTHOIICHHE BEPHBIX BBIBOJOB O HaMW4uu (OTCYTCTBUH) CBSI3U K 00-
IIEMY YMCITy TECTOB JUIA BCEX TPeX Mozeiel crpeMurcs K 1.

k=0.15 k=0.4 k=0.7

Z—-Y—- X099 10 10 10 1.0 079 1.0 10 m

Z—-YZ—-Y—X| 089 072 095 10 094 10 10 10 10

Puc 1 HpOI.IeHTbI BeprIX BBIBO- Z—YZ—> X} 097 096 10 1.0 QEFR 1.0 1.0 sy 1.0

OB O Hamudud (OTCYTCTBUH)
CBSI3M MEX]y CHCTEMaMH IO BHI-
OpaHHbIM 8 THIAM CBsI3CH IS ZY-X[10 10 097{ |10 10 10 ||072 10 091
ABTOTCHEPAaTOPOB € MOJyTOpa
creneHsMu cBoOonsl. Ha rpaduke

Z— XY X084 085 089 089 10 10 095 10 1.0

Z—=XY}092 10 10 074 10 10 094 086 1.0

AU KaKAO0ro THIAa MPOrHOCTHYE- Z-YX{10 092 10{|10 10 10|10 09 096

CKOW MOJIeNn rpagaiussMu Ceporo

(66J11>II71 — 100 %, l{epﬂbu‘;l -0 %) ZY X099 095 096{ | 096 098 0098| | 095 089 0.97

M 3HAYCHUSIMH OTMEYEHBI OTHO- N NN N

7 § & 7 & § 7 & &

[ICHUE BEPHBIX BEIBOJOB K 00- » A Pt “ roor
P A *1\ FORCI EN Q PN

eMy KOJIMYECTBY TECTOB NN RUN R
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B pesynbraTe YHCICHHOTO 3KCIEPUMEHTa OBLIO MOKA3aHO, YTO C UCMOJIB30-
BaHHEM IIPEATOKEHHOI METOAUKH M0 CKAJSIPHBIM BPEMEHHBIM PSIIaM CIOMKHBIX
KOJICOaHMH TPEX CUCTEM C BBIPAXKCHHBIM XapaKTEPHBIM BPEMEHHBIM MacIITaboM
MOJKHO HaICKHO Pa3IMIUTh IIPSIMOE U OMOCPEIOBAHHOE BO3ACHCTBIE Ooiiee yeM
B 80 % ciyuaes.

PabGora BbIMONHEHA NpU (QHUHAHCOBOH mojyepxKe Poccuiickoro Hay4HOTO
¢donpa, rpant Ne 14-12-00291.

Jlutepatypa
1. Granger C.W.J. Investigating Causal Relations by Econometric Models and Cross-
Spectral // Econometrica. 1969. V. 37, Ne 3. P. 424-438.
2. Chen Y. Analyzing Multiple Nonlinear Time Series with Extended Granger Cau-
sality / Chen Y., Rangargjan G., Feng J., Ding M. // Phys. Lett. A. 2004. V. 324, Ne 1.
P. 26-35.

MOIEJIUPOBAHMUME INTPOLIECCA I'EHEPAIIMU UMITYJIbBCOB
B MHOI'OMOJIOBOM T'EHEPATOPE C MOJIYJISIIIUEN
JOBPOTHOCTH C YYETOM BEI'YYECTH ITPU PEAJIBHBIX
IMAPAMETPAX PE3OHATOPA

A.Il. Kopobeiinuxosa, U.A. [lauxun, U.B. Koproxun, E.A. Xazanos

WucruryT npuxiaguoi ¢pusnku PAH, Huwkanit Hosropon
nastya.k2594@gmail.com

B pabote mccnenyercst mporecc reHepaldyd UMITYJIbCOB B MHOTOMOJOBOM
reHepaTope ¢ MoayJsinuel JoopoTHocTH. Panee HaMu Obla MOCTPOEHA MOAEIB
[1], onuchiBaromIas TeHEPALMIO UMITYJILCOB B MOJOOHBIX TeHEpATOpax U H3MEHe-
HHE MHBEPCHU HACENICHHOCTH B aKTUBHOM DJIEMEHTE BO BpeMeHH. Monenuposa-
HHE IPOH3BOAMIIOCH B cpene nporpammupoBannss MATLAB u ocHoBbIBasIOCH Ha
CUCTEME YpaBHEHUM

75+

d .
d—r? =6m| g [ n¥2(2)dz—1-Pyy (x)-ABi |,
N )
dn m 2
—=A-n[1+YgmV, ,
i n[ +§g.m | (Z)]
rae i — cobcTBEHHBIE MOJIBI OTKPBITOTO Pe30HATOPA:
‘Pi(z):x/isinlqz:x/isjn(%(qoﬂ—l)z], )

76



i=1, 2, ... Ny — HOMep NpOJIOIBHON MOJIBI, (o — HOMEP LEHTPAILHON MOJIBI,
N — KOIHYeCTBO MO, M — HHTEHCHBHOCTD TOJIS i-# MOJIBI pe30HATOpa, HOPMH-
pOBaHHAs Ha WHTCHCHBHOCTh HACBHIIICHUs, K — BOJHOBOH BEKTOp i-il MOJBI,
N — MHBEPCHUsI HACEIECHHOCTEH B akTUBHOM aneMente (AD), T = t/ty — Bpems,
HOPMHPOBAHHOE Ha BpeMsl peJlaKCallii pa3HOCTH HACEJIEHHOCTEH Ty, Zy — KOOp-
muHata Haganma AD, | — mmuaa AD, Wi(2) — cobGcTBeHHAas QYHKIHS i-H TIPOIOITE-
HOM MOJBI pe30HATOpa, §; — OTHOIICHHE KO3((PUINCHTA YCUICHHS i-d MOJIBI K
KOG (UIMEHTY YCHIICHHsT MOIBI, Ommkaiimie## x tenrpy suaunn (g < 1),
Ban — moTepH, CBsI3aHHBIE ¢ MOAYISTOpOM moOpoTHocTH sueiikoit [lokkenmbca
(SITT), AP; — momoNHUTENBHBIE TIOTEPU JUTS i-d MOJBI OTHOCHTEIBHO TIOTEPh ISt
HEHTpabHON, 4 — TTapaMeTp HaKadKu, COOTBETCTBYIOIINI MHBEPCHUN HACBIILIEHHS.
G2ty = ©
Tph -INRR,
T1E Tpn — BpeMs xu3HN (OTOHA B pe30HATOpE, Tc — BpeMsl 00Xo/a pe3oHaTopa, Ry
u R; — addextrBHBIE KOAPPUIMEHTHI OTpaXKEHHUS 3epKall pe30HaTopa, KOTOpbIe
YUHUTHIBAIOT BCE ITOTEPU B PE30HATOPE 32 00XOI.

Pe3ynbTaThl MOAEIMPOBAHUS XOPOLIO OOBSACHSIOT d(GPEKT reHepauyd BTO-
pOro THUTAHTCKOTO HMIIyJibca, OOHApyKEHHBIH paHee 3KCIEePUMEHTANbHO [2].
[TpuumHO# TeHepalyy BTOPOro THTaHTCKOTO MMITYJIbCa, TaK HA3BIBAEMOTO MOCT-
UMITYJIbCa, SABISETCS TOT (AaKT, YTO Ul PasHBIX MPOIONBHBIX MOJ pe30HaTopa
MaKCHMYMBI X BOJHOBBIX (PYHKIWI pa3zHeceHsl o mmuHe AD. Takum oOpas3om,
CYIIECTBYIOT 001aCTH B AD, B KOTOPBIX OZHA IPOAOJbHAS MOJa HE YCHUIIMBACT-
Csl, U OCTAeTCsl MHBEPCHS HACEIEHHOCTH, JOCTATOYHAs UL PasBHTHS APYron
Mol anHblid 23 dekT u3BecTeH Kak 3PGEeKT BBLKUTAHUS JBIP.

Pacuetn! MMPOU3BOANINCE B HpI/I6J'[I/I)KeHI/II/I CTOAYUX BOJIH, OTHAKO B p€alib-
HOCTH HEOOXOIUMO MPEICTABSTh BOJHBI B PE30HATOPE KaK CYIEPIIO3UIIMIO
cTostueil M OeryIeil BoJIH, MOCKOJBbKY M3-3a BBIBOJA M3JIyYEHUs] U3 pe30HaTOpa
WHTEHCHBHOCTH BOJIH, OETYIIMX B NPOTHBOIIOJIOXKHBIX HANPABICHUSX, Pa3iny-
HbI. TakuM 00pa3oM, BOJTHOBas (DYHKIIUSI TPUMET BHIT

Tz(z):;—\/icos 2(%(q0+i—1)jz +1. (4)

Taxoke ObUIH pacCYMTaHBI BCE BXOSIINE B ypaBHEHHs KO3 (UIIMEHTHI B CO-
OTBETCTBUH C peajbHBIMU 3HAYCHUSIMH IapaMeTpoB pe3oHaropa. [lapamerpom,
BJIMSIONIMM Ha BpeMs MEX[y I'eHepalyeil IByX T'MIaHTCKUX MMITYJIbCOB M Ha UX
aMIUIATYBI, TP (UKCUPOBAHHBIX MPOYUX MapameTpax SBISIETCS pa3HHLA MO-
Tepb JJIsI TPOIOIIBLHBIX MOJ pe30oHaTopa. AP 3aBUCHUT OT 3HaYeHnH KoddduIreH-
Ta mpomyckanus 3tagoHoB @abpu — [lepo (DII) mpu pazimuaHOM IOJIOKEHUH
MOJI OTHOCHTEJBHO CIIEKTpa MPOIMyCKaHWA. J[aHHBIA CrieKkTp OBLT MONy4eH NpH
pearsHOM TIPOIOIBHOM U MTOTIEPEYHOM paclpeIeIeHIH M0 BHYTPU PE30HATOpA.

BbIT mocTaBIeH SKCIIEPUMEHT C MCHOIBb30BaHUEM TBEPAOTEIBHOTO Ja3epHO-
ro renepatopa Ha NA:YLF ¢ ontuveckoil Hakaukoii, pabOTAOMIET0 B PEXKUME
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Moxymsu qoopotHOocTH. OTHO M3 3epKaj OBUIO HAKICCHO Ha IBE303JEMEHT
TaKuM 00pa3oM, YTO Mojada HaNpsDKEHNS HAa HETO M3MEHSET ONITHYECKYIO UTHHY
pe3oHaTopa. ITO B CBOIO Ouepe]b NMPUBOAUT K CMELICHHIO MOJ OTHOCHTEIHHO
criekTpa npornyckanus DPII, MeHseTcs pa3HOCTh MOTEPh AJIS MO, ¥ MBI HAOJIIO-
Ja€M pas3jiMdyHbI€ BPEMCHA BO3HHMKHOBCHUA IMOCTUMIIYJIbCA U €0 PaA3JINYHYIO
aMIUTUTYTy. 3aBHCUMOCTH JIaHHBIX N1apaMETPOB IMOCTHUMITYJIbCA OT ITOJJAHHOTO Ha
MTE303JIEMEHT HANPSDKEHHS, TOTyUYeHHBIE YKCIIEPUMEHTAIBHO M TEOPETUUECKH,
COBIIA/IAIOT C XOPOIIEH TOYHOCTBIO, YTO TOBOPUT O KOPPEKTHOM IOCTPOCHHHU
MOJIEIH.

JIntepatypa

1. Korobeynikova A.P., Shaykin A.A., Koryukin 1.V., Khazanov E.A. Mathematical
model of an additional laser pulse generating process in a Q-switched generator //
Internetional symposium “Topical problems of nonlinear wave physics’, 22-28 July
2017, Moscow — St.-Peterburg. P. 76.

2. Korobeynikova A.P., Burdonov K.F., Shaykin A.A., Khazanov E.A. New method of
single-mode generation control in the Q-switch lasers // Conf. Nonlinear waves — 2016,
Bor. 2016. P. 78.

JIABEPHOE YCKOPEHUE DJIEKTPOHOB 13 TA30BOM AYENKH
HA IIETABATTHOM KOMIUIEKCE PEARL

A.B. Komog, K.®. Bypoonos, U.FO. Kocmrworxos, C.E. [lepesanos,
J1.C. Pomanosckuii, A.A. Conosves, M.B. Cmapodyodyes

WucruryT npuxianuoii pusuku PAH, Hukunit Horopon
kotovsanyru@gmail.com

B Hacrosimiee Bpems MccieIoBaHNE B3aHMMOJCHCTBHS PEISTHBHCTCKH CHIIb-
HOTO ONTHYECKOTO M3IIyYCHHS C BEILIECTBOM SIBIAETCS BOCTPEOOBAHHBIM M aK-
TUBHO Pa3BUBAIOIIMMCS HampaBlieHHeM Ja3epHoW ¢u3uku. OcoOblii mHTEpec
MIPEACTABISIET BO3MOXKHOCTh YCKOPEHUS HJIEKTPOHOB, BO3ZHUKAIOIIAS TIPH B3aH-
MOJEHWCTBHN MOIITHOTO JIa3€PHOT0 M3IYYEHHs yIbTPAKOPOTKOW JUTMTEIBHOCTH C
I1a3MOM, co3IaBacMoi 3a cueT (POKYCHPOBKHM TAaKOT'O HM3JIyUCHHsS B Ta30BYIO
MHUIIIEHb [1].

Jlnst co3manus mua3mbl KCTONb3yeTcst JazepHblii kommeke PEARL, cmo-
COOHBIN TeHepUPOBaTh MMITYJIbCHOE M3JIy4eHHEe CyOneTaBaTTHOIO YpOBHS MOII-
HocTH Ha jutrHe BoHBI 910 HM npu umuTensHOCTH uMiTyibca 5070 de u suep-
run o 30 Ix. Cxema skcriepuMeHTa mpejncrasieHa Ha puc 1. JlazepHslii um-
myJse ¢ aneprypor 180 Mm moctymaer u3 onTtHyeckoro kommpeccopa 1 B mpo-
ME)XYTOUYHBIH BaKyyMHBIH MOJIYNb 2, T/i€ TMPOUCXOJUT KOPPEKIHsI BOJHOBOTO
¢ponTa mpu nomoinu 6GuMopduoro aehopmupyeMoro 3epkana 3, nanee chepu-
YeCKUM 3epKajiioM 4 ¢ (OKyCHBIM paccTosiHueM 8 M uainyueHne (HoKycupyercs B
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ra3oByio siueiiky 6. OOpaTHas CBsI3b B aalTUBHON CHCTEME KOPPEKIIMH BOJHO-
BOTo (ppOHTA OCYIIECTBIISIETCs Py momortnu aaruuka [llaka —aprmana 5.

Puc. 1. Cxema skciepiMeHTa

Hcnonp3yeMas B 9KCIIEPUMEHTE Ta30Bas s4elika MpEACTaBICHA Ha PHC. 2.
Sldetika cOCTOUT U3 BYX 0OBEMOB, pa3JCICHHBIX MEPETOPOIKON C OTBEPCTHEM.
B kaxmoM 00beMe MOXKET HaXOMUThCS Pa3lIUUHBINA ra3. B mepBom oObeme mpo-
HCXOJUT UHXKEKIIHS 3JIEKTPOHOB B IJIA3MEHHYIO BOJHY, CO37aBaeMyIO JIa3epHBIM
AMITYJIBCOM, BO BTOPOM O0BEMe MPOUCXOANUT UX yCKOpeHHe. BO3MOXKHOCTh H3-
MEHEHHSI YCKOPHUTEIFHOTO 00heMa MO3BOIISET MOAOHPATh ONTHUMANBHYIO JIHHY
yckopeHus. s u3MepeHUs dHEePTruil YCKOPEHHBIX SJICKTPOHOB HCIONB3YeTCS
MarHUTHBIN CIIEKTPOMETP, COCTOSIIMN M3 ABYX CHUHTHUIATOPHBIX SKPAHOB H
IBYX MarHutoB [2]. JImsi TMArHOCTHKHM COCTOSIHHS IUIa3MBI B Ta30BOM sueiike
ucrons3yercs uareppepomerp Maxa — 3anzapa.

Puc. 2. 'a3oBas sueiika

Pa3paboTanHas cxema SKCIIEPHMEHTa ITO3BOJISIET HCCIEAOBATH IapaMeTphl
YCKOPEHHBIX JIEKTPOHOB B 3aBUCHMOCTH OT IUTMHBI STYEHKH, HHTCHCUBHOCTH H
TIOJISIPU3ALIMH JIA3€PHOTO M3ITyYeHHUs, KOHIIEHTPAIIM M COCTaBa HCIIOJIB3yEMBIX
ra3oB, COOTHOIIEHHs AMaMeTpa KaHalla U MATHA (POKYCHPOBKH JIa3€PHOTO U3ITy-
4yeHus! U T.1. [[MI0THBIE SKCTIEPUMEHTHI ITOKa3alll MPEBOCXOACTBO JaHHOW CXe-
MBI HaJ MCIIOJIb30BAaHHOM B NPEIBIAYLICH CEpUH IKCIIEPUMEHTOB [ 3].
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CAMODUJIBTPALIUA CBEPXMOIIIHBIX JIASEPHBIX ITYYKOB
P PACIHIPOCTPAHEHHNHU B CBOBOJAHOM ITPOCTPAHCTBE

A.A. Kouemxkos, B.H. I'un36ype, E.A. Xazanos

WuctutyT npuknanuoi ¢usuku PAH, Huwknuit Hosropoa
antkoch2012@gmail.com

B nmocnenane ronsl nasepsl Tepa- U METaBaTTHON MOIIHOCTH TTONYYHIIH IITH-
poKoe pacnpocTpaHeHue. [Ipu THITMYHON U TaKWX Ja3epoB MHTEHCHUBHOCTH B
HecOKyCHpOBaHHOM Myuke mopsika 1 TBT/cM? B ONTHUECKHX 37EMEHTax TOI-
mmHOM 1 MM m Oonee BO3HHMKAaeT MeJKOMacImTabHas caMO(OKYCHPOBKa
(MMC®) [1], npuBoasimas k HeOOpaTHUMBIM pa3pyIICHUSIM dJIeMeHTa. B TO ke
BpeMsi IJIs YIPaBJICHUS TapaMeTpaMH Ja3epHOr0 N3ITydeHHs TPeOyroTCs Kak pa3
OIITHYCCKUEC IJICMCHTHI, pa60Ta}0H11/Ie Ha HpOCBeT: YABOUTEIN YaCTOThI, (ba3OBLIC
IJIAaCTUHKH, CBECTOACIIUTCIIN, IMOJAPHU3ATOPBI, PACIHIUPAIONINE CIICKTP HMITYJIbCa
HEJIMHEHHO-ONTHYECKHEe 31eMeHThl. Mcronp30BaHue BCEX ITHUX DJIEMEHTOB OI-
pannueHo umeHHo MMCO.

Brusane MMC® MokeT ObITh YMEHBIIIEHO CBEICHHEM K MHHUMYMY HAKO-
TUICHHO# HenuHelHo# ¢a3bl (B-uHTerpana), a Takxe yMEHBIICHHEM POCTPAH-
CTBEHHOTO myMa. B pabote [3] ObUT IpeyioxkeH OpUTHHATIBHBII METOJ OYUCTKA
my4yka s nofasieHnss MMC® meTaBaTTHOTO M3IyYeHHs: caMO(uiIbTparys
Iy4YKa MPH PAacCHpOCTPAaHEHUH B CBOOOZHOM mpocTpaHcTBe. COTacHO TEOpHH
MMC® [1, 2], noniepeurblit BOIHOBOH BEKTOp IIyMa, IIPH KOTOPOM KO3 hHItH-
€HT yCWJICHHWS MaKCHMAaJICH, MPOMOPIMOHANIEH KBaJPAaTHOMY KOPHIO MHTEHCHB-
HOCTH W3JIyY€HHMs, TOTAA €CIIM ONTHUYECKHH 3JIEMEHT pacIojoXeH Ha OOJIBIIOM
PacCTOSAHUN OT UCTOYHHKA HIyMa, TO CaMbI€ «OIMACHBIC>» MTYMOBBIC KOMIIOHCHTBI
BBIXOJISAT W3 anepTypsl Iydka. B 3ToM ciiydae camMo cBOOOJHOE IPOCTPAHCTBO
SIBJISIETCS] ITPOCTPAHCTBEHHBIM (DHIILTPOM.

B Hacrosimei paboTe 3KCIIEpUMEHTAIBHO TTOATBEPIKICHO, YTO CAMOOYHUCTKA
JIa3epHOT0 IyYKa OT HPOCTPAHCTBEHHBIX LIYMOB IPH PaclpoOCTPaHEHUH B CBO-
00HOM TIPOCTpaHCTBE MO3BOJISIET 3(P(PEKTHBHO MOAABIATH caMOpOKYCHPOBOY-
HYIO0 HEYCTOHYMBOCTH 0€3 MPUMEHEHHs TPOCTPAHCTBEHHBIX (HriIbTpoB. M3mepe-
HUSI THKPEMEHTa HEyCTOWIMBOCTH ABYMsI HE3aBHCUMBIMH METOJIaMH TIPOJIEMOH-
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CTPUPOBAIN KOJMYECTBEHHOE COIJIACHE C TEOPUEH U BBICOKYIO A((PEKTHBHOCTD
MOJABJICHUS] MEIIKOMACIITa0HOH caMO(OKYCHPOBKH B ITyYyKaX C MHTEHCHBHO-
CTBIO TMIOPSAJIKA TePaBaTT HAa KBAPATHBIN CAHTUMETD.
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HEJWHEMNHBIE CBSI3BAHHBIE COCTOAHUA B KOHTUHY YME
N MYJbTUCTABWJIBHBIN OTKJIMK B O/THOMEPHOM
®OTOHHO-KPUCTAJJIMYECKOM BOJIHOBO/IE

C./J[. Kpacuxos, A.A. Foeoanos, U.B. Hopwi

Yuusepcurer UTMO, Cankr-IletepOypr
s.krasikov@metalab.ifmo.ru

Casi3annsie cocrosuust B koutuayyMme (CCK) mpencraBisiot co6oii tokanm-
30BaHHBIC PEIICHNSI BOJTHOBOTO YPABHEHUS, SHEPTUSI KOTOPBIX HAXOIAUTCS B KOH-
THHYyME JIEIOKATN30BaHHBIX cocTostHUi [1]. OHM MOTYT GBITH PacCMOTPEHBI
KaK PE30HAHCHBIE COCTOSHHS C OECKOHEYHOH NOOpPOTHOCTBIO, BO3HHUKAOIIHE
Onaronapsi 1eCTpyKTHBHOW MHTep(epeHINH paJuallMOHHBIX KaHaJOB CHCTEMBI,
U MOTYT OBITh WCIIOJIb30BaHBI JJIsl YCHJICHUsI HEIMHEWHBIX ONTHYECKHUX A dek-
toB. B wactHocti, CCK MOTryT OBITH HCIIONIB30BaHBI ISl CHHXKEHHS ITOpora BO3-
HUKHOBEHHUS] MYJIbTUCTaOMIIBHOTO OTKJIMKA ONTHYECKOH CUCTEMBI, KOTOPBIN 3aBH-
CHT OT HEIMHEHHOW BOCIIPUMMYMBOCTH MaTepuaia u J0OpOTHOCTH pe30oHaTopa.

B nmannO# pabore Mbl m3ydaem BiusiHne CCK Ha MynbTHCTaOMIBHBIA OT-
KJIMK OZHOMEPHOTO (POTOHHO-KPHCTAJUIMIECKOTO BOJHOBOAA C KEPPOBCKOW He-
nuHEHOCThI0. Takas cucTeMa MOKET OBITh OIMcaHa B paMKax TEOPHU CBS3aH-
HBIX MOJ] B IByXMOZOBOM mpubmmwkeHud [2]. B Takom ciydae, ¢ yaerom Hakad-
KU ¥ 3aTyXaHHs, BOJHOBOE YPABHEHNE MOKET OBbITh MPUBEACHO K BUIY
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., = inE, ~y(E. +E)+iE, (B + 2E ")« T, 5

rae E, — aMnmuryzasl Mon, pacIpoCTpPaHSIOIIUXCSA B IPSIMOM M OOpaTHOM Ha-

MpaBJICHUH, ON — aMIUTUTyAa MOJIYJISAIUM TOKa3aressl mpeinomieHus, |, — uH-

p
. 252
TEHCHBHOCTh HaKaukd, 8@ — pacctpoiika u Y ~ kjon“. Eciu mpeacraButs pe-

o : iho—idot
IICHHUA TaHHBIX YPAaBHCHHUU B BUJC Ei = —|ate¢0 @ , MOXXHO ITIOKa3aThb, YTO CUC-

TEMa UMECT TPHU KJlacca pemeHI/Iﬁ: CUMMETPHUYHBIC a+ = a_, aHTUCUMMETpHUY-

HBIE @, # @_, M aHTUCUMMETPHUYHEIC BUJA &, = aoe'd’i , TIe

- |
3 = %(SH—&D), Y 0 N A (Nl I NS

- )
2 on 2 2ay+/y? +on?

B nocnenHem ciydae MHTEHCHMBHOCTh HAKa4KM ONpPEAEISIET pa3HOCTH (a3 Mof,
OJHAKO HE BJIMACT HA MX aMIUIUTYJy, YTO MOXHO PacCMaTpHBATh KaK aHAJIOT
sddekra J[xozedpcona [3]. Kpome TOro, MOXKHO TMOKa3aTh, 4TO MPU YaCTOTaxX
MEHBIINX, YeM dYactota aHTucummerprynoro juHeinoro CCK (to ecth mpu
® < dN), Bceraa CyIeCTBYIOT HOJNHOCTHIO aHTHCUMMETPUYHBIC HEU3ITyYaroIie

coctostHAsL. COOTBETCTBEHHO, IIPH OCTAaTOYHBIX IUIOTHOCTSX SHEPTUH HAKAUKH
pe30HaHCHAs 4acTOTa HacTpamBaeTcsl TakuM obpazom, uro CCK coBmamaer c
4acTOTOM HaKadKH, TO ecTh mpoucxoaut camoHactpoiika CCK. Taxxe 310 MOXK-
HO paccMmaTpuBaTh Kak crmocob Bo3Oyxnaenus CCK: mpu Hakauke Hepe3OHaHC-
HBIM BO30Y)XIECHHEM IIPOMCXOANT CAaMOHACTPOWKA CHUCTEMBI, MPUBOIAMIAS K
¢dbopmupopanuio CCK 3a cyet HETUHEHHOCTH.

0.03 B S A D SO P

2 . (a) (6) .Y
0.012 0.025 T232 \¢3 | ot an

0.02 + ) 5332

» (Br/v=)

= 0.008

+ 2|ag

0.015 avc
; = . : 1111
20004 = 0.01 F=; \

0.005 - 3211

0 —

- 0 PP | . . H el s
0.001 0.1 10 18 15 12 9 6 3 0 3

I, (Briw®) S (M3B)

Ha rpaduke (a) mokasaHa 3aBUCHMOCTb HHTCHCHBHOCTH IOJISI OT HHTCHCHB-
HocTH Hakauku. Ha nuarpamwme (6) uncnamu Buma abed komupyetces KonnuecTBo
pelICHHI CHCTEMBI. & — TIOJHOE KOJHMYECTBO pelleHui, b — xommuectBo cra-
OWIIBHBIX pellieHnH, C — KOMMYIECTBO CHMMETPHYHBIX PEICHH U 0 — KOTMIECTBO
CTaOWJIBHBIX CHMMETPHYHBIX pelICHHH. BhIUMCIeHHsT MPOU3BEICHBI ISl KPEM-
HHEBOTO BOJHOBOJA B BO3MIyX€ MpPHU [UTHHE BOJIHBI 1 MKM ¢ y4eToM MaTephaib-
HBIX MOTEPb.
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Taxske MBI paccMaTpuBacM MOAYJISLMOHHYIO HEYCTOMYMBOCTb U IIOKa3bIBa-
€M, YTO KOHEYHBIE pa3Mephl CHCTEMBI MOTYT CTaOMJIM3MPOBATH PEIICHUS, SB-
JISFOIIMECS] HECTaOMIIbHBIMH B OECKOHEUHOI cHcTeMe.

Takum 0O6pa3oM, MBI IOKA3bIBAEM, 4TO CTPYKTYpbI, nopaepxusaroniie CCK,
MOTYT UCIOJIb30BAThCS AJIS CO3/IaHMs MOJIHOCTBIO ONTUYECKUX MepeKIouaTesnei
C IpUEMIIEMON HHTEHCUBHOCTBIO HAKAYKH.
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HOCTOAHCTBO IMONMEPEYHOI'O CEYEHUSA KOPOHAJIBHBIX
MATI'HUTHBIX IETEJIb

I1.B. Kponuimaomos, B.B. 3aiiyes

WuctutyT npuknanuoit ¢usuku PAH, Huwknuit Horopoa
KronshtadtovPavel @ya.ru

HaOmionennst KOpOHaJIbHBIX MAarHUTHBIX meTenb CONHIa CBUAETEIHCTBYIOT
0 TIOCTOSTHCTBE MOTIEPEYHOT0 CEYCHUS BIIOJb BCel UTMHBL J[aHHBIN (akT oueHb
HHTEPECeH, TaK KaK JUTHHA KOPOHAIBHBIX MarHUTHBIX IETEIb MOXET JOCTUraTh
HECKOJIBKHX MAacIiTa0oB BBICOT HEOJHOPOAHOCTH aTMoc(depsl, H, CIeI0BaTelb-
HO, JaBJIEHHE MOXET Pa3IM4aThCsl Ha MOPAIOK Ha Pa3HBIX BHICOTAX B MAarHUTHON
metiie. B pabote paccMoTpeH OamaHC CHII B CTallMOHAPHOW MAarHUTHOU TPYyOKe C
TOKOM. PemeHo rugpocraTuieckoe ypaBHeHHE OanaHca CHI B YCIOBHAX MOCTO-
SIHCTBa TIPOZIOJIFHOTO JJIEKTPUYECKOTO TOKA U COXPAaHEHHs! MOTOKA MPOJOIbHON
KOMIIOHCHTBI MarHuTHOTO IIOJIA. HOJ’Iy‘-ICHI)I 3aBUCUMOCTHU paguyca MarHuTHOM
METIN OT BBICOTHI NPH PA3IMYHBIX 3HAYCHHUSX IUIA3MEHHOI'O MapaMeTpa B Mar-
HUTHOH meTie. [loka3aHo, 4TO €clii ra30KMHETHYECKOe JaBJlIeHHe BHYTPH TPYO-
KM MaJlo 110 CPaBHEHHMIO C JaBJICHWEM MPOJOIBHOI0 MarHUTHOTO MOJIS, TO TOJI-
IIMHA TPYOKH HE MEHSAETCS C BBICOTOH B KOPOHE, YTO XapaKTEPHO ISl OOJIBIINH-
CTBa HAOIOZaeMBIX B KODOHE MarHUTHBIX T1ETEb.
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O TOMOJOT TYECKOM KJTACCUPUKAIINNA Q-YCTONUYNUBBIX
IIOTOKOB HA MIOBEPXHOCTAX

B.E. Kpyanos

HWY Beicuas mkona sxonomuku, Huxuauit Hosropon
Hwmxeroponckuii rocyaapctBernsid yausepeuret uM. H.M. Jlo6aueBckoro
kruglovslava2l@mail.ru

TpaanuMOHHBIN NOAX0J K KAYeCTBEHHOMY M3yYEHHUIO JTMHAMHKU ITOTOKOB C
KOHEYHBIM YHCJIOM OCOOBIX TPaeKTOPWH Ha MOBEPXHOCTSIX 3aKII0YaeTcs B pas-
OMeHMH HEeCyIIero MHOrooOpasus Ha 00JIaCTH C TpeNCKa3yeMbIM MOBEJICHHEM
TpaeKTOpHil — sueex. Takoi B3I HA HENPEPHIBHBIE TUHAMHYECKAE CHCTEMBI
BOCXOIHT K KiaccHieckoil padore A.A. AugponoBa u JI.C. Ilontpsaruna [1],
omy6uiukoBanHo# B 1937 rony. B 3T0ii craThe OHM paccMOTpenu cuctemy Aud-
(epeHIMaTBHBIX YPaBHEHUH

X = V(X),
rae V(X) —sto C! BexTopHOE mosie Ha 2-IuCKe, OrPaHMYEHHOM KPHBOi 63 KOH-
TaKTa Ha IUIOCKOCTH, U HALIUTK KPUTEPUil rpyOOCTH TaKOH CHUCTEMBI.

Bonee o6muii kitacc moTokoB Ha 2-cepe paccMoTpeH B padbotax E.A. Jle-
ontoBud u A.I'. Maiiepa [2, 3], rae Tomosorinyeckas KnaccuHUKAIMS TaKUX 10-
TOKOB TOX€ ObllJa OCHOBaHAa Ha pa30MEHMH Ha SYEHKH, TOCKOJIBKY OMHMCAaHHUE UX
TUIIOB M B3aUMHOTO pacrojioxenust (cxema Jleonmosuu — Matiepa) NONTHOCTHIO
oTpefiersieT KaueCTBEHHOe pa30ueHue (pa3z0BOT0 NMpOCTPAHCTBA HA TPACKTOPHH.
OCHOBHOM TPyAHOCTHIO B 00OOIIEHNH 3TOTO Pe3yibTara Ha CIydaid IPOU3BOJIb-
HBIX OPHEHTHPYEMBIX ITOBEPXHOCTEH MOJIOKHUTEIBHOTO POJA SBISETCS BO3MOXK-
HOCTh HE3aMKHYTOH PEKyppeHTHOH TpaeKTopuu. OTCYTCTBHE TaKUX TPACKTOPHiIl
JUIsl TpYOBIX TIOTOKOB 0e3 ocoOeHHOcTel Ha 2-Tope Obuia noka3ana A.I'. Maitepom
[4] B 1939 roay u mozxe M. IeiimoTo [5, 6] 471 CTPYKTYPHO YCTOHYMBBIX TIOTO-
KOB Ha MOBEpXHOCTAX Jiroboro poxa. B 1971 roay B paGore [7] M. Ileiimoro
00061 cxemy JleontoBnu — Maiiepa 11 CTPYKTYPHO YCTOMUHMBEBIX TOTOKOB Ha
IIPOM3BOJIBHBIX MOBEPXHOCTAX U MOJTYUHUIT TOIIOJOTMICCKYIO KJ'[aCCI/I(bI/IKaHI/HO Ta-
KHX TIOTOKOB, OTISITB-TAKH U3y4YHB BCE JAOIYCTHMBIE STYEHKH JUIsl HUX M BBENISI KOM-
OMHATOPHBIN MHBAPUAHT — OPUEHMUPOBAHHbI epagh, oboOmIatonmii cxemy Jle-
onroBu4 — Maiiepa. B 1976 roay /1. Heitmarom u T. O'Bbpaiienom [8] Ha mpowus-
BOJIBHBIX MOBEPXHOCTSIX OBUIM PAacCMOTPEHBI TakK HA3bIBAEMBIC pezy/iapHble No-
MoK, T.e. TIOTOKH 0e3 HeTPHBHAIBHBIX MEPHOANIECKUX TPACKTOPHil, KOTOpPhIE
BKJIFOUAIOT B ce0s1 OMMCAHHBIC BBIIIE IMOTOKH KaK YaCTHBIA ciaydail. OHU BBENH
MIOJTHBIA TOTIOJIOTHYECKUI MHBAPUAHT JUTA PETYIISIPHBIX TOTOKOB — OpOUMAbHbLU
KOMNJiekc, KOTOPbIA TMPEACTaBIsieT cOOOH MPOCTPaHCTBO OPOHT IOTOKA, OCHA-
LIIEHHOE HEKOTOpOoii nomnonHuTenbHoi nHdopmarumeir. B 1998 rogy A.A. Ouiem-
koB u B.B. Illapko [9] BBemu HOBBIN HHBapHAHT TS IOTOKOB Mopca, WITH, 94TO TO
e caMoe, I'paJUeHTHO-TIOA00HBIX ITOTOKOB HAa IOBEPXHOCTAX — Mpexygemmublil
epag. B ToOii xe paboTe OHHM TONYYMIM MOJHYIO TOMOJOIMYECKYIO KJIAacCH-
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¢ukanuio notokoB Mopca — CMmeiina Ha TOBEPXHOCTSIX B TEPMHHAX aTOMOB U
MOJIEKYT, BBeIEHHBIX B pabote A.T. ®omenko [10].

I'pyOble M, 9TO SKBUBAJICHTHO, CTPYKTYPHO YCTOHYMBBIE TIOTOKH HA IO-
BEPXHOCTSAX UMEIOT HEOIyXaromee MHOKECTBO, COCTOSIIEE TOIBKO M3 KOHEY-
HOTO 4YHMCJIa OCOOBIX TOYEK M KOHEYHOT'O YHCIIa 3aMKHYTHIX TPAEKTOPHH, WIH
MIPEAENTbHBIX IIMKIOB, K&KAas N3 KOTOPBIX SIBIISETCS TMIEPOOINYECKOM; KpoMme
TOTO, TaKWe MOTOKH HE MMEIOT TPACKTOPHH, COCTUHSIOUINX CEIIOBBIE TOUYKH.
Hapymenune nocnenHero ycinoBus NpUBOANT K {2-YCTOHYMBBIM MOTOKaM Ha I10-
BEPXHOCTSIX, KOTOPBIE yXKe He SBIIOTCS TpyOsiMu. OtHaKO B HamIe paboTe Mbl
JIOKa3bIBaEM, YTO TOIMOJIOTHYECKas KIACCU(HKALMS TAKMX TTOTOKOB TaKKe pela-
eTcss KOMOMHATOPHBIMH METOAaMH. [IOJHBIM TOMOJOTMYECKUM HHBAapHAHTOM
SIBJISIETCSI JIBY/IOJIbHBIA OPHEHTHPOBAHHBIN Tpad, OCHAIEHHBINH YeTHIPEXIBET-
HBIMH MYJIbTUTpadaMH ¥ HEKOTOPO#t Apyroit nHpopMmanuei.

Bokpyr kaxzmoro mpeaenbHOro IMKJIAa MOTOKa MBI CTPOMM OKPECTHOCTH C
TpaHMLEH, TPAaHCBEPCAIBHO M €IMHCTBEHHBIH pa3 MepeceKaroiel TpaeKTOpuU U
HE coJiep)Kallieil HeMOABWKHBIE TOUKU M JPYyTHe NpeNesbHble UKIBL. Y qajseM
13 TIOBEPXHOCTH IPAaHMIBI KaXKIOH TaKOH OKPECTHOCTH M TaKMM 00pa3zoM pazou-
BaeM HECYIIYI0 IOBEpXHOCTh Ha TaK HA3bIBAEMBIC JeMeHmapHule 00aacmu.
KoMroHeHTy CBS3HOCTH IOJIYYMBIIErOCS MHOXKECTBA MBI HA3bIBAEM 2/1eMeH-
mapuoil obnacmero. O6IACTH MOAPA3AEIAIOTCS Ha YETHIPE THIIA B 3aBUCHMOCTH
OT HAJMYMSI WIN OTCYTCTBHUSI B HUX NPEICIbHBIX IIUKIIOB, Y3JIOBBIX TOYEK, CEl-
JIOBBIX TOUYEK W JIEMEHTOB HEOIyK/IAIOIIEr0 MHOXECTBA B LIENIOM. 3aT€M Kax-
JIOM 00JIaCTH CTABUTCSl B COOTBETCTBHE BeplinHa rpada, a FpaHUuYHON OKPYIKHO-
CTH — WJIN pa3pe3arolieil OKpy>KHOCTH — pedpo, HANPaBIEHHOE B COOTBETCTBUH C
HaIpaBJICHUEM JIBH)KEHUS TPACKTOPHUI uepe3 pa3pe3arolyo OKpYKHOCTb.

3areM BepILINHY, COOTBETCTBYIOLIYIO 00IacTH, COAepIKallel CeIoBbIe TOY-
KH, MBI OCHAIIIAEM YembIpEXYSemMHbIM MYIbmuepagom, SBISIOMIMCS 00001Ie-
HueM TpéxuseTHoro rpada OrremkoBa — [lapko [9]; uTo6bI 3TO caenaTh, Mbl
OCTaBIIsIEM TOJIBKO caMy 00J1acTb, TOCTpanBaeM €€ 0 3aMKHYTOW ITOBEPXHOCTH
M Ha MECTO MpEAETbHBIX IUKJIOB IIOMEIIAEM Y3IJIOBbIE TOYKH TAaKOTO K€ THUIIA
YCTOWYMBOCTH. 3aTeéM CEUIOBBIMU CeTapaTpUCcaMH JENUM IOBEpXHOCTh Ha
Aueliky, a KOKAYI0 SUCHKy OOBIYHON TPAGKTOPHEH AENUM Ha MHO20Y20lbHble
obaacmu, KaXJOW TaKOW OOJIACTH CTaBUM B COOTBETCTBHE BEPIIMHY YETHIPEX-
LBETHOTO rpada, a cTopoHe 3Toil 0b0macT — pebpo, COCTUHSIONIEE BEPIIUHEI,
COOTBETCTBYIOIIHNE O0JACTSIM, U KOTOPBIX 3Ta CTOPOHA SIBIISIETCS] YacThIO Ipa-
nunpl. [locme dero Hymepyem péOpa, COOTBETCTBYIOLIME CelapaTphcam-
CBs3KaM, B IMOPAOKE o6xo;1a TpaHUIIbI MHOFOyFOHbHOfI O6J'IaCTH B HaIlpaBJICHUH,
00paTHOM HaNpaBJIeHUIO ABWKEHHS TI0 CerapaTprcaM, IPUCBanBasi TAKUM o0pa-
30M Ka)XJIOMy peOpy /1Ba HOMepa.

BepumHy, cooTBeTCTBYIOIIYIO 00JIaCTH, HE COMEpIKAIIel HI HETOBIIKHBIX
TOYEK, HU MPEACIBHBIX HUKIOB (Takue OOJIACTH JIeKAT MEXIy IBYMs oOlacts-
MH, COJICPIKAIIIMH MPEACIBHBIC LIHKIIBL), OCHALIAEM 8€COM «+» HUITH «—>» B 3aBH-
CHMOCTH OT B3aMMHOM OpPHEHTALMH MpPEAEIbHBIX IHUKIOB B OOJIACTSX, IpHIIE-
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ralonmx K paccMarpuaeMoil obsacTtu (IUTIOC, €CIIM OPUEHTANNsI COIIacoBaHa, U
MHHYC B 0OpaTHOM CIydae).

[Hanee, pé0pa, MHIUAEHTHbIE BEPIIMHE, COOTBETCTBYIOIIEH 00IacTH ¢ cel-
JIOBBIMH TOYKaMH, MBI OCHAI[a€M CIICIHAIGHBIMHA ABYXI[BETHBIMH OpPHEHTHPO-
BaHHBIMU IIMKJIAMH YETHIPEXIIBETHOTO MyJbTUTpada, ¢ MOMOIIBI0 KOTOPBIX
CMOJKEeM MOTOM PACIIO3HATh OPHEHTALUH MPEACIBHBIX IIHKIOB IIOTOKA: 3TH Ipa-
(OBBIE LIMKIIBI MOXKHO BJIOXKUTH B TIOBEPXHOCTH BMECTE CO BCeM Ipad)oM U OpH-
SHTHPOBATH COTTIACOBAHHO C MPEACTBHBIM IIUKIOM, YTO MBI U JICJTaeM.

B kauecTBe OCHOBHOTrO pe3yibTaTa Halled pabOTBl MBI yTBEPXKIaeM, 4TO
MU30MOP(GH3M TaKOTrO0 OCHAIEHHOrO rpada sBIAETCS IOJHBIM TONOJIOTHYECKHM
MHBapUaHTOM UIs Kiacca (-yCTOWYMBBIX MOTOKOB, M MPUBOAUM UL KaXKAOTO
KJlacca M30MOP(HOCTH CTaHIAPTHBIA MOTOK, a Takxke (Gopmyiy siepoBoil xa-
PAKTEPUCTHKY €T0 HECYILIEH TOBEPXHOCTU U KPUTEPUI €€ OPUEHTUPYEMOCTH.

PesynbraTs! ObTH MoNydeHs! pamkax mnpoekra LIOU B 2017 roxy, npu nox-
nepxke PH® (mpoexr Ne 17-11-01041). Pe3ynbraTel ObUIH MOIYYCHBI B COaB-
topctBe ¢ J[.C. MansimessiM u O.B. [Tounnkoil. ABTOpEI Os1arogjapHe! y4acTHH-
KaM ceMuHapa «TormoJorndeckue METoAbl B TUHAMHKE» 3a IUIOZOTBOPHBIE 00-
CYXJICHUS.
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TUIEPBOJIMUYECKHUI XAOC B CBS3AHHBIX OCITUJLIIATOPAX
BOHXO®®EPA — BAH-JEP-IIOJISA, ®YHKIHHOHUPYIOIIUX
C BO3BYKJEHUEM PEJJAKCAIIMOHHBIX ABTOKOJIEBAHUU

B.II. prezzoez, B.M. JJopowenko®, B.IT. Ky3Heu062

1CapaTOBc1<1/1171 HallMOHAJIbHBIH UCCIIeI0BATENILCKUNA I'OCYAaPCTBEHHBIH YHUBEPCUTET
nmenu H.I'. YepHsbleBckoro
2CapaTOBc1<H171 ¢umman MHCTUTYTA paJUOTEXHUKU U 3T€KTPOHUKH
umenu B.A. KorenpaukoBa PAH
kruglovyaches av@gmail.com

Ms! npesaraeM HOBYIO MOJIeNb C aTTpakTopoM Tumna Cmeitna — Bunbsamca.
CucremMa COCTOHMT M3 JIByX OJMHAKOBBIX CNa00 CBA3aHHBIX OCIMILIATOPOB BoH-
xo¢depa — Ban-nep-Ilomnst, y KOTOPBIX yNpaBisIOLIMN MTapaMeTp MEAJIeHHO H3-
MEHSETCS BO BPEMEHH.

X—(f (t/T+1/4)—x2)X+x= K+e(y—-x),
- (F(t/T-1/4)-y*)y+y=K+e(x-y),

a, O<t<1y,

@

(a—c)t+cy —ar,

T, <T<1T
f(x)= T -1 L z

(c-a)t+ar,-c

Ty <T<]

T, -1

f ('c +1) = f (1:)

C yBenWyeHHEM YMPaBISIONIETo TapaMmerpa ocmmuritopa borxoddepa —
Ban-nep-Ilons ocHOBHast wacTtoTra aBTOKOJEOaHWH yMeHbIIaeTcs. Momynupys
YIPABJSIIONIMKA MapaMeTp, MOXKHO TOJNYYUTh IMEPUOJHUYECKOE MEPEKIIIOUYCHHE
YaCTOTHI MOJACKCTEM € ® = 1 1yt MamsIX Kosebanuii 10 ® = /M (M — nenoe) ms
KoJieOaHH! ¢ OOJIBIION aMILTUTYHOMH.

PaccMoTpuM (QyHKIIMOHMpPOBAaHHE CHUCTEMBI B PEXKUME C TUIEPOOIMYECKUM
arTpaktopoM. Haunem c cutyarum, Korja ofMH OCLMJUISITOP COBEPILIAET aBTOKO-
nebaHus, a BTOpOil 3aTopMokeH. OCHOBHAsI 4acToTa aBTOKoJeOaHus Onaromapst
YIOMHHABIIIEMYCsI BEIIIE TOI00pY mapaMeTpoB B M = 2, 3, 4, ... pa3 MeHbIIe, YeM
YyacToTa Majblx Konebanuii. Korga BTOpoil oCIMILIATOP B CHIIY YBENHUYCHHUS Ma-
pamMeTrpa npubIIKaeTcs K mopory Bo30yKIeHHs U HepeXOquT ero, OH HaYnHaeT
packauMBaThCS PE30OHAHCHBIM 00pa3oM Oi1arofapsi BO3AEHCTBHIO COCTABILIOIIECH ¢
9acToToif ® = 1 CO CTOPOHBI MEPBOr0 OCHMWLIATOpPA (IPUCYTCTBHE HYETHBIX

TapMOHHK aBTOKOJIEOaHHMH 00ecrieunBaeTCsl HATMYUEM YICHOB X°X u K B ypas-
Henusix). [lostomy dasza 3Tux KonebaHH OTBedaeT yMHOXeHHOU Ha M dase
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OCHOBHOHM COCTaBJISIONIEH KoJIeOaHW TepBOrO ocHwuisATopa. B pesynbrate,
KOTJ]a BO3HHKILIHNE KOJEeOaHUsi BTOPOTO OCHWILISITOpA MPHONU3SATCS K YCTaHO-
BUBIIEMYCSI PEXHMY pPEIaKCAIlMOHHBIX aBTOKojeOaHWi ¢ wactorod B M pas
MEHBIIEH, YeM 4acToTa MaJbIX KojiebaHui, gasza ero Oyzer B M pa3 Gomnblueii B
CpaBHEHMH C Ha4yaJbHOW (ha3o¥ mepBoro ocuuusiTopa. [lanee, mporecc moBTo-
psieTcsi co CMEHOH poJieif OIHOTO U APYroro ocuwiuisATopa. [1omHbI nuk, oTBe-
YaOUIMK TEepHOLy MOIYISALNH MapamMeTpoB |, CONPOBOXKAAETCS yMHOXXEHHEM
HCXOMHOM (ha3bl KoIeOaTeTHHOTO IMpoliecca Ha PaKTop M2 = 4,9, 16, ..., .. mis
Hee peann3yeTcs pacTATHBAIOIIee OTOOpakeHHe OKPYXHOCTH. [Ipm cxarnm 1o
OCTaJIbHBIM HAIIPaBIICHHUSM 3TO COOTBETCTBYET IOCTPOCHHUIO coeHonaa Cmeiina —
Buiesimca. B oToOpaxeHun, OCTPOEHHOM 3a MOJIIEPHoIa MOYJIsiin 1/2, haza
yMHOXaeTcs Ha M.

In3
Ind

In3

In2

R

- | I | | | |
1 5 0 a 15 20 25
Puc. 1. 3aBHCHMOCTE CTapIero mokasarels JIAMyHOBa CTPOOOCKOMMYECKOrO OTOOpakKe-
Hus 3a nojnepuoa Monyssinmu ipu K = 0,5; ¢ = 0,01; T =400; 1, = 0,4; 1, =0,5; c = -2

i
el LT

0 P, 1 0 P 1
Puc. 2. Jlnarpammsbl [uisi (asbl IEPBOr0 OCLMJUIATOpA, MOJIYyYCHHBIC WUTEPHPOBAHHEM
CcTpOoOOCKOIMMIECKOT0 OTOOPaKEHHMS 3a MOJIIEepHoAa MOy suu: a — rpu a = 5; K = 0,5;
€ =0,01; T =400; 1, = 04; 1, = 0,5, ¢ = —2 peanusyercs peKUM C yIBOCHHEM (a3bl
(crapummii nokaszareins Jlsimynosa A = 0,687 ~ In 2), 6 —npu a = 17,5; K= 0,5; ¢ = 0,01;
T =400; t; = 0,4; 1, = 0,5; ¢ = -2 peanusyeTcs peKUM ¢ pacTshkeHHeM (asel B 5 pas
(crapumii mokasarens JIsmynosa A = 1,59 = In 5)
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KOJIMYECTBEHHBIN AHAJIU3 Y®OEKTA JIOKHBIX CBSI3EN
N3-3A UBMEPUTEJIBHOI'O IIYMA
N KOPOTKOI'O BPEMEHHOI'O PAJA

C.H. Kpvinos*, J1.A. Cuupnoé®, B.I1. Bespyuro™?

. CapartoBckuil rocyqapcTBeHHbIH yHuBepcuteT uM. H.I'. UepHbimeBckoro
2 Caparosckuii pumman PO um. B.A. Korensunkosa PAH
krylov.sn@nxt.ru

Wzydenne B3aMMOAEHCTBHI MeEXITy KOJIeOATETBHBIMH CHCTEMaMU Npea-
CTaBJsieT cOOOHM Ba)KHYIO 3a7auy B CaMbIX Pa3HBIX OOJACTAX HAYKH M TEXHUKH,
BKJIFOUast reou3uKy U Hehpodusnonoruto. OnHOI U3 Hanbosee BOCTpeOOBaH-
HBIX SIBJIICTCS 3a7a4a OOHAPYKCHUS BO3ACHCTBHS OJTHOW CHCTEMBI Ha IPYTYIO MO
X BPEMCHHBIM psAdaM. 21_]'[5{ €€ pCIICHUA YaCTO HCIOJB3YIOT UJACIO KIIPUYUHHO-
ctu no ['peitHmxepy», 4To paccMaTpHBaeTCsl, HapuMep, B padorax [1, 2]. Jlan-
Has paboTa MOCBSIICHA TIOMCKY YCIOBHN MPOSBICHUS 3P dEKTa JTOXKHBIX CBsI3eH
B 3aBUCHMOCTH OT MHTCHCHBHOCTH U3MEPUTEIFHOTO IIyMa, JJIMHBI BPEMEHHOT'O
psna v GU3HYECKHX MapaMeTpOB OCHMILIATOPOB B HamboJjiee MPOCTOW MareMa-
THUYECKOW CHUCTeMe, SIBIISFOLICHCS MOJEIBI0 IMHPOKOTro Kiacca KojeGaTenbHBIX
cHCTEM. A MMEHHO. MCIOJIB30BAINCH JIUHEHHBIE CTOXaCTHYECKHE IHCCHUIIATHB-
HBle OCLMJUIATOPHI C OJHOHAIPABICHHOW CBS3bIO, 3aJaHHBIE CTOXACTHYECKUMHU
Pa3HOCTHBIMH ypaBHEHUAMH [ 3]

Xy = 8%y 1+ 8X 5 +Ex
Yn = blyn—l + bzyn—z + kxn—l + Z}y,n'
rae N — QUCKpETHOE Bpemst, Koddouumentsl 8 = 200S(2n /Tx)exp(—ll ‘EX),

@

a, = —lexp(-2/1,), by u b, BemCHsIOTCS Epes Ty 1 Ty M0 aHANOTHH C 81 U &
COOTBETCTBEHHO, & — rayCCOBCKHE B3aUMHO HEKOPPEIUPOBaHHBIE Oejble IIyMbI ¢
mucrniepcueii papuoit 1, T — mepuon kojebaHuil, T — BpeMst penakcainuu (Bpems
craiaHus orubdaromnieil aBTOKOppersIMOHHON (yHKIMHU 10 1/€), KoTophle BhIpa-
XKAIOTCA B €IMHULAX YHCNIA [1ar0B JUCKPETHOIO BPEMEHH.
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Ouenku cBsizu 1o ['peliHmKepy MpeacTaBisIOT co00H ylydlIeHne MporHo3a
(YII) mpu ydyere B aBTOPErPECCHOHHOMW MOJENIM OJHOTO IMPOIeCcca AaHHBIX OT
Broporo. YII mpu HaluYUKM U3MEPUTENBHOTO IIyMa BBIYHCISIOTCS TOYHO Yepe3
OTpeNeNTUTeNI MaTPHI] KOBapHalid JByMepHOro mporecca (1), KoTopbie OTHI-
CKHMBAIOTCSl MyTEM pEIICHUS JTHHEWHBIX Iu(depeHInanbHBIX YpaBHEHHH st
MOMEHTOB BTOpOro mopsiaka [4] 0e3 cTaTUCTHYECKOW OLICHKH IO BPEMEHHBIM
psinamM, KOTopasi HCIob3yeTcs i pacyera YII B 3aBHCHMOCTH OT JUTHHBI Bpe-
MeHHOTO psna. Ha mpakTrke HanOoJiee «omacHa» ¢ TOUYKH 3peHus dpdeKTa JIoxK-
HOM cBs3H (T.e. 6ombiIoi Bemmuuubl YII B JTOKHYIO CTOPOHY, 31€Ch TS OTpe/e-
JICHHOCTH TPHHHMAJIOCh ee moporosoe 3HadeHne 0,01) curyarmmst ymepeHHBIX
B3aMMHBIX KOPpEJIALHi, KOTAa UCCIIeNOBaTeNlb He 0XKHUAAeT TakuX mpobduem. [lo-
3TOMY B paboTe pacCUMTHIBAIOCH MaKCUMaIbHOE 3HaY€HHE B3aMMHOW KOppeJIs-
HHOHHOﬁ (byHKHI/II/I 1 BBIACTATIUCH JIMIIL TC CUTYalluH, KOrJlla OHO HE ITPEBBIIIAIO
0,5. M3mepuTenbHbli IIyM 100aBISUICS TOJNBKO K BPEMEHHOMY DSy BEIYLIErO
OCIMJUIATOPA, TaK KaK 3TO NMPHUBOIUT K HanOosee CHIIbHOMY yBenndeHuto YII B
JIOXKHYIO CTOPOHY.

Iomyuens! cnenyromye pe3ynsraTsl. MakcuMansHoe YII B 10%HYIO cTOpO-
HY U3-3a IIyMa HaOJIIOJCHUS TOCTUTAETCs, KaK MPaBHJIO, KOTa JUCIICPCUS H3-
MEpHTENBHOTO [IyMa MPUMEPHO B JIBa Pa3a MPEBOCXOAUT IHUCIIEPCHIO «IUCTOrO»
CHTHAJIa OT BEAYLIEr0 OCHMILIATOPA, XOTS 3aBUCHMOCTh OT YPOBHS IIyMa ciaba
B IIIMPOKOM JHanasoHe 3Hadenuii aucrepcnu mryma (ot 60 % mo 400 % mucriep-
CHH YHCTOTO cHrHana). [Ipy yMEepeHHO CBSI3U U 3HAYCHUSIX TIEPHOJIOB U BpeMe-
HH peJaKcalyy BEAyIIero ocuuuiaTopa okono 20 HHTEpBAIOB BEIOOPKU MaKCH-
mansHoe YII B toxHyto cropony coctasiser 0,02, npuuem 3Ta Belnu4KHaA CyIIe-
CTBEHHO 3aBUCHUT OT BPEMEHU PEJIAKCAIIUU BECAYIICTO OCHUILIATOPA U MPAKTHUYC-
CKM HE 3aBHCHT OT JPYI'MX XapaKTepHBIX BpeMeH. C pOCTOM CBSI3M MaKCHMallb-
Hoe YII pacrer m nmocruraer HachllleHHs. BeawdynHa HACHILIEHHS 3aBHCUT OT
MepUoIOB KoJicOanmii U gocturaet 6onpimux 3Hadenuit ot 0,1 mo 0,15 mus xa-
paKTepHBIX IEPUOAOB M BpeMeH penakcauuu nopsaka 10-40. 3nayeHus ypoBHs
IIyMa W CHIIBI CBSA3H, IIPH KOTOPBIX UMeEET MeCTO 3P (EKT JI0KHOMN CBSA3M, 3aBUCST
OT Ieproja KoebaHuil ocuuIATOpoB. [ paHMYHBIN YPOBEHB IIyMa YMEHbLIACT-
Csl ¢ POCTOM 3HAYEHHH IIePHOTOB M MOXKET OBITh BeCbMa HEOOJBIINM — IOPSIKa
10-30 % ot gucniepcuy YUCTOTO cUrHana npu nepuogax 20-25 maros nHTEpBa-
70B BEIOOpKU. B cimydae KOpoTKOro BpeMeHHOTO psina d()(EeKT JIOKHOU CBSI3U
O3HayaJ erie ¥ 00JIbIIee YUCIO OMIMOOYHBIX BHIBOJOB, YEM 33/1a€TCsl B aHAINTH-
yeckoM F-Tecte Duiepa Ha CTaTUCTUUECKYIO 3HAUUMOCTh. [IpOBOIMITICE OLIEH-
KM CBSI3eH 10 aHCaMOJISIM M3 THICSYM BPEMEHHBIX PSIOB (PUKCUPOBAHHOM JTHHBI
(6e3 MOMONHHUTETBHBIX OCIOKHSIONMX (AKTOPOB) OT SAWHHMI[ IO COTCH Xapak-
TepHBIX BpeMeH (BpEMEH pellakcallid MepeneMI(pUupOBaHHBIX OCHHIUISITOPOB).
BbIIO yCTAaHOBJIEHO, YTO MPU THIMYHBIX MPAKTHYECKU YacToTax BhIOOpKHU (Tmo-
psnka 10 oTcueToB Ha BpeMeHH penakcain) 3Q(EKT JT0KHBIX CBsI3eil Ha0o1a-
eTcsl, Korja JUIMHa psina craHoBuTCcS MeHblIe 20 BpeMeH pellakCalidy OCLUILIA-
TOPOB.
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YNCJIEHHOE MOAEJINPOBAHUE ITOBEPXHOCTHbBIX BOJIH
HA MAJIBIX PABI'OHAX BHYTPEHHUX BOJOEMOB

A.M. Kysneyosa, I'.A. baiioakos, A.C. Jlocaes, A.A. Kanoaypoe, M.H. Boosuw,
B.B. Ilanko, [].A. Cepeees, FO.U. Tpouykas

WucruryT npuxiaguoi ¢pusnku PAH, Huwkanit Hosropon
Hmxeroponckuii rocynapcrenHslil yausepcuret uM. H.J. JlobaueBckoro
alexandra@appl .sci-nnov.ru

B nacrosimieii paboTe mpemyiokeHa ajganTanus ri100aJbHON BOJTHOBOH MO-
nemn WAVEWATCH 111 (WW3) [1], mepBoHaYaIsHO HACTPOCHHOM Ha YCIIO-
BUS MOpEW M OKEaHOB, K yCJIOBHSM MaJbIX Pa3TOHOB BHYTPEHHETO BOJOEMa
cpelnHero pasMepa Ha npumMepe I'opbKOBCKOTO BojioXpaHuIuiia. KomiekTusom
COTPYIHHUKOB OT/ENa HEIMHEHHBIX reodusndeckux npoueccoB UI1D PAH Ha-
KOIIJICH 60HLHIOI>1 MAaCCHB OKCIICPUMCHTAJIbHBIX NAaHHBIX, IMOJYYCHHBIX B XOJ€
HATYPHBIX 3KCIIEPUMEHTOB, TIPOBEICHHBIX B FOXHON YacTH ['OpbKOBCKOTO BO-
Jnoxpanunuina [2], yaoOHbIi I HACTPONKH MOJEIH U €€ MOCeAyIOoIeil Be-
pudurkamy.

Monens WW3 ocHOBaHa Ha YHCICHHOM PEIICHUH YpaBHEHHS XaccelbMa-
Ha JJIs CIEKTPAIBHOW IJIOTHOCTH BOJHOBOTO AeicTBUS N M HaXomwuTcs B OT-
KPBITOM JIOCTYTIC.

ON 0 0

: 1
—+V,XN+—06N+—6N =— +Sh + Syis)- 1
VN -GN +—-ON == (S, + S, + i) &y

B mpaByro uacTb ypaBHEHHS BXOIAT JMHAMUYECKHE CllaraeMble. S, ONHUCHIBAeT
4-BOJHOBOE B3aUMOJEHCTBHE, §, — HapacTaHWE BOJH IIOJ JEHCTBHEM BeTpa U
S — AMccUNaIMI0, 00yCIOBIEHHYIO [NIaBHBIM 00pa3zoM oOpyieHueM BoiaH. K
OCOOEHHOCTSIM BOJIH Ha MajIbIX pPa3rOHaX BOJOXPAHWIWIL CPEJHHX pPa3MepOB
OTHOCHUTCS OoJlee MHTEHCHBHAS BETPOBAsi HAKAUKa, [TPOIOPIIOHATIbHAS OTHOIIIE-
HHIO CKOPOCTH TPEHHsI BeTpa K (a3oBoit ckopoctu Bonubl [1]. Eme ommo#t oco-
OEHHOCTBIO SABIAETCS OoJiee CHIIbHAS HETMHEHHOCTh, BRI3BaHHAS OOJBIION KpPY-
TU3HOU BOJH. TakuM 00pa3zoM, MOICTPOIKa OKEaHCKOM BOJIHOBOM MOJENHU K yC-
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JIOBUSIM BHYTPEHHHUX BOJOEMOB CPEIHUX Pa3MepOB JOKHA ObITh OCYILIECTBIICHA
B JBa JTama. IOJACTPOMKAa BETPOBOM HAKauKM M HHTErpana CTOJIKHOBEHWM
Bonmprivana. Jluccnnanust u3-3a ONMPOKHBIBAHUS BOJH HOCHT YHUBEPCAJbHBIN
xapakrep. [lepBblii atan moactpoiiku Moxenu WW3 6but peannsoBan B [3] ¢
ucrionp3oBanueM napamerpusanyn Cp ot Ujg, monmydeHHOW B pe3ynbTare cepuu
HATYPHBIX SKCTIEPUMEHTOB [2].

Bropoil 3Tanm moxcTpolku CcBSi3aH C ajanTanyedl cxeMmbl HPHONMKECHHOTO
BhIUKCIICHUsT UHTerpana bonsimana Discrete Interaction Approximation (DIA)
[4]. Pe3onaHcHBIe HENMMHEHHBIE B3aHMOICHCTBHS MMPOUCXOIAT MEKITY YCTHIPHMSI
BOJIHOBBIMH KOMITOHEHTaMH C BOJHOBBIMHU 4uciIamu OT Ky 10 Ks. B cxeme mpen-
nonaraercst, 4to K; = K. Torma pe3oHaHCHbIE YCIOBHS IPUHUMAIOT BH

ki +k, =Kg+ Ky,
('01 = (Dz,

2
g = L+ Ay )oy, @
o4 = (1=Ay)oy.

Cxema DIA ynpasnsercst AByMsI mapaMeTpaMu, MEPBBIA — Anj, BTOPOH — KOHCTaH-
Ta mponopuuoHansHocT C, oTBevaromas 3a BKIaJ WieHa HEIMHEHHOTO HCTOY-
HHKa B CIieKTp. HennHeiHbIe B3aMMONEHCTBUSL OOBIYHO BBIYUCIISIOTCS C HCIIOJb-
30BaHHMEM TOJBKO OIHOM KoMOuHaIwu (Ay, C). 3Hauenwus, ucmonap3yembie B WW3
no ymomuanmo, (0,25, 3 - 10"). Ml paccMoTpenn Apyrie KOMOMHAIMM
((0,1; 3- 10%, (0,4; 3 - 10), (0,25; 3 - 10°, (0,25; 3 - 10°)). Ha puc. 1 nokasaxo
BJIMSIHIE M3MEHEHHUS] KOMOMHALIMI Ha 3HAYSHUE MIEPUO/Ia BOJTHBI.
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Puc. 1. UyBCTBUTENBEHOCTD pacyeTa CpeJHUX ITapaMeTpoB BosHeHus B Moxenu WW3
IpU U3MEHEHUH apameTpoB cxeMsl DIA

Ha ocnoBanun ,HaHHOﬁ OLCHKU YYBCTBUTCIIbBHOCTU MOACIN ObLI MOACTPOCH
HUHTErpajl CTOHKHOBGHHﬁ, HOZ[O6paHI)I «OHNTUMAJIBHBIC TMapaMETPhbI», OTBEYAIOIINC
HanjtydmieMy COOTBCTCTBUIO paciu€Ta U JaHHbIX YHUCJICHHOT'O SKCIICPUMEHTA.

Pa6oTa BeIMONTHEHA TPH M0 Iepskke TpanToB PODU (mpoektsr 17-05-41117
u 15-45-02580). HarypHsie m3MepeHus poBeaeHb! npu momiepkke PH® (mpo-
ekt 15-17-20009).
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MOJIEJIJMPOBAHUE BEPXHEI ATMOC®EPbI 1 HOHOC®EPBI
B PAMKAX PA3BUTHSA MOJIEJIA 3EMHOM CUCTEMbBI UBM PAH

J.B. Kynamun

WHctutyT BluncauTensHoi Matematuky um. I'.1. Mapuyka PAH, Mocksa
kulyamind@mail.ru

[IpencraBneHHbIA JOKIIA]] MOCBSMICH MPOOIEMe MOICIHPOBAHHS TI00alb-
HOTO COCTOSIHHS M M3MEHUYHMBOCTH CpelHEH U BepXHel aTMocdepbl, a TakKe HO-
Hoceps! 3emmu. Ha ocHOBe HOBOW Mozeny oOmiel IMPKYISIIUA aTMocheps! 1
HIDKHEH nonocdeps! (st Beicor 0130 kM), CO3MaHHOM B paMKax pa3sBUTHS aT-
MocdepHoro 6yioka momenu 3emuoit cucremsl INMCM, paccmarpuBaroTest mpo-
OneMbl MICHTH(UKAIIMKM U YUCICHHOTO ONMCAHUS MEXaHU3MOB (DOPMHPOBAHUS
r100aIbHOM MUPKYJLIIUY B cTpaTocdepe, Mezocdepe u Tepmocdepe, TMHaMHUUe-
CKOTO B3aMMOJICHCTBHSI HIDKHMX W BEPXHHUX CIIOEB aTrMoc(epbl, COJHEYHO-
3eMHBIX CBsI3el. B kauecTBe caMOCTOSTENILHOM 3aJa4l B paMKax JaHHOW MOJIEIH
penraercs mpobJieMa OIMUCaHUs TIPOLECCOB (POPMUPOBAHUS HIDKHUX CJIOEB HOHO-
cdepsl (D (60-95 km) u E (95-130 kM) cios) U CBA3aHHBIX C HUMH MPUKIIATHBIX
pagrodu3MyecKkux xapakTepucTuk. [IpobiemMa MomenupoBaHUs TNIOOATEHOTO
COCTOSTHHSI B3aMMOJICHCTBYIOIIEH CHCTEeMBI «HOHOC(hepa — Tepmocthepa» (06-
nactb atMocdepsl Ha Bbicotax 90-500 kM) paccMaTpuBaeTCs Ha OCHOBE MO-
JIENbHBIX OJOKOB 00mIel HUPKYJSIHUUA TepMochepbl W HOBOM ITWHAMHYIECKOMN
Mojenu F-cios nonocdepsl, ¢ uX 00bEMHEHNEM B COBMECTHYIO MOJIEINb, a TaK-
K€ NEPCHEKTUBHBIM COCIAMHCHUEM 3TOM MOACIN C MOACIILIMH HHXKHHUX CJIOCB
atMocdephl B paMKax eIuHoi Moaenu 3eMHol cructemsl IBM PAH.

Pa6otsr BemosHeHsl 8 UBM PAH mpu momnepsxkke PH® (mpoekr 14-27-
00126).
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JUHAMUKA JUCKPETHbBIX BPU3EPOB B MHTEI'PUPYEMBIX
MOJEJAX KPUCTAJVIMYECKHUX U DJIEKTPUYECKHUX CUCTEM

J.B. Jlanmeg

OU3UKO-TEXHUYECKUI HHCTUTYT HU3KUX Temneparyp uM. b.1. Bepkuna HAH Yxkpaunsi,
XappkoB
laptev.denis@mail.ru

Pabota mocasieHa TEOPETHUECKOMY HCCIIEIOBAHUIO TUHAMHUKH M B3aHMO-
JIEMCTBHS JUCKPETHBIX OPH3EpPOB B paMKax IMOJHOCTHIO HHTEIPHPYEMOTO ypaB-
HEHMs HeIMHEWHOU pemeTku XUpoThl, MOJAETUPYIOIEH OMHOMEPHBIN aHrapMo-
HUYECKUU KPUCTAILI, U SKBUBAJICHTHON €l HEeNMHEWHOHN NuHuU nepeaayu. Iloka-
3aHO, YTO 3TH BBICOKOYACTOTHBIE JIOKAJIM30BAaHHBIE B IIPOCTPAHCTBE HEJIMHEHHBIC
BO30y’KACHHS PEIIETOYHBIX CUCTEM YIPYTO B3aNMOJCHCTBYIOT MEKIY COOOH 1 ¢
JIPYTUMH BO30YXKICHUSIMH — yJapHBIMU ¥ TMHEHHBIMHU BOTHAMU. JIJ1s1 ypaBHEHUS
pemeTkn XHUpOTH Moiy4deHa (hopMyiia HEIMHEHHON CyNepIIO3UINH, CBSI3BIBAIO-
1ast YeThlpe pasindHble COMUTOHHBIE perleHus. C ee MOMOIIBIO HAWICHBI B SIB-
HOM BHJE PpEIICHHUS, KOJIWYECTBEHHO OMHCHIBAIOIIME TApHbIE CTOJKHOBEHHS
JIMCKPETHBIX COJIMTOHOB MEXIY CO0OM, a Takke ¢ JIMHEWHBIMH BOJHamH. B pe-
3yJIbTaTe TOYHO OIMHCaHbI ITapHBIE POLECCH B3aUMO/ICHCTBUSI TUCKPETHBIX OpH-
3€pOB M yJapHbIX BOJIH «OpH3ep — Opusep» U «KUHK — Opr3ep» 1 HallIeHbI CIIBH-
I'M MX LEHTPOB Macc u (a3 ociuusinuid Opusepos. IlomyyeHsl npenenbHble BU-
paKeHHs, ONMCHIBAIONINE TPOIECCH 1 JTaHHBIE PACCEesIHUS JMHEHHBIX BOJH Ha
TaKMX IUCKPETHBIX COJMTOHAX W HAl/IeH SIBHBIM BHJ CBSI3aHHOTO COCTOSHHS
Opu3epa 1 yapHOH BOJHBI — OCIMJIIMPYIOIIETO KHHKA.

BeiBenieHB! ypaBHEHUs | aMHIbTOHA AJIS1 AUCKPETHBIX KWHKOB U OpU3EpOB,
KOTOpBIE PACCMATPUBAIOTCS KAaK YaCTHIIENIOJOOHBIE BO30YKACHHS HEIMHEHHON
pemetkn XupoTsl. HaiiieHbl B SIBHOM BHJIE€ BBIPAXKEHMSI ISl aHAJIOra MOJEBOTO
AMIyJIbca M anquabaTHUEeCKOr0 MHBapHAHTA TUCKPETHOrO Opu3epa B Tako# pe-
mietke. [Toy4yeHsl KBa3UKIaCCUYECKUH CIIEKTP SHEPTHUHU JUIS JBIDKYILETroCs Auc-
KpeTHOro Opu3epa U SJHePreTUYECKH CIEKTP AUCKPETHBIX YAApHBIX BOJIH.

PaccMoTpeHB! JUTMHHOBOJTHOBBIH M KOPOTKOBOJIHOBBIH Tpe/iesbl KojeOaHni
B HeNMHEIHOH pemieTke Xupotsl. [Toka3aHo, 4TO B JUIMHHOBOJIHOBOM M MajoaM-
IUINTYZIHOM TIpeJieyie KOJeOaHWsI ONMCHIBAIOTCS TMOJIHOCTHIO HHTETPUPYEMBIM
MoaudupoBaHHEIM ypaBHeHHeM KopreBera — me @pwusa, ANl COTUTOHOB H
OpH3epoB KOTOPOTO IMOTyYeHH! ypaBHEHUs ['aMHIBTOHA M KBAa3HMKIACCHUYECKHE
CHEKTPHI SHEPruu. B mpezene cuabHON JIOKaTM3alMKM IUHAMHUKA JUCKPETHOTO
Opuzepa mogoOHA KOIEOaHNUIO OAHOTO OCHIIIIATOpa XHUPOTHI B IOJIE HETOABIIK-
HBIX cocenel. HaliieH sHepreTMuecKkuil CEKTp TaKOW MOJAENIU U yCTaHOBJIEHA
ee (DYHKIMOHAJIBbHAS CBs3b C ociiusiTopoM roddunra.

BriepBbie mosryyeHb! TOUHBIE HEIMHEHHBIE MEPUOIUYECKHE PEIIeHHUs, KOTO-
pBI€ OMMCHIBAIOT OpHU3EpHBIE M COJIMTOHHBIE CBEPXPEUIETKH B JJIEKTPUUYECKOI
JIUHUU TIepelaud U pelieTke XHUpOThl, U YHUCIEHHO YCTaHOBJIEHBI IpeAessl UX
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cTabmibHOCTH. B TepMuHax smuuntudeckux (QyHKIMA SkoOu HaiineH aHajor
JIUCKPETHOTO OpH3epa Jisi CHCTEMBI KOHEYHBIX Pa3MEpOB M MOKa3aHo, YTO TaKoe
KosiebaHne OMQypKaMOHHBIM 00pa3oM OTLIEIUIIETCS OT BETBU HENWHEWHBIX
OJTHOPOJHBIX NMpOTHBO(]A3HBIX KojeOaHui. [IpeayokeHo HCMONIB30BaHUE JUC-
KPETHBIX OpU3epOB B MHUKPOIEKTPOHHBIX MPUOOpax AJIsl KOMITAKTU3aluU U Xpa-
HEHUS SHepTuH U MHPOPMAIHH.

JIntepatypa
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BJUSHUE DJEKTPUYECKNX CBS3EN HA IMHAMUKY
AHCAMBJISI HEUPOHOIIOOBHBIX JIEMEHTOB

T.A. ﬂeeaﬂoeal, A.0. Ka3aicoel’2, AT, Kopomkoel, I'.B. Ocunoé*

1H1/1>1<er0p0)1c1<1/n71 rocyaapcTBeHHbIH yHuBepcuteT uM. H.M. Jlo6aueBckoro
Bricmiast nikona sxonomuku, Huxuuit Hosropon
tatiana.levanova@itmm.unn.ru

B nocneaHue HECKOJIBKO JIET aKTHUBHO Pa3BHBAETCsl HOBasi 00JIaCTh MEIUIIN-
HBI — OHMOBJIEKTpHYECKasi MEUIIMHA, KOTOpast ONMPAETCsl HA JIEKTPUIECKOEe BO3-
JleficTBHe Ha OpraHU3M BMECTO YacTO HCIOJIB3yEeMOro B HACTOSIIEE BPEeMS XH-
MHYECKOr0 BO3JAeUCTBUs [1]. MHUIICHBIO TAKOTO BO3ACHCTBHS SBISIOTCS TJIaB-
HBIM 00pa30M HEPBHBIE BOJIOKHA, IPH 3TOM CUTHAIIBI JJOCTABJISIOTCS C IOMOIIIBIO
UMITJIAaHTOB WJIM HOCHMBIX YCTPOHCTB. {1 pa3pabOTKM HOBBIX MEIMIIMHCKUX
TEXHOJIOTHII W BHEIPEHHsS MX B peanbHOe JieueHne TpeOyercs ropasno Ooinee
rry0OKOe MOHUMAaHKE TOTO, KaK nepugeprudeckas HepBHas CHCTEMa yJacTBYeT B
peryJsinuy MpoLecCcOB B OpraHU3Me.

Ilens naHHOM pabOTHI — M3yUEHNE BIMSHUSA BHEIIHETO IEKTPUUECKOTO BO3-
JeHCTBHS Ha PEKUMBI HEUPOHHON aKTHMBHOCTH B MOZETSX HEMPOHHBIX aHCamO-
nel ¢ XUMUYIECKUME (CHHANTHYECKAMU) U JEKTPHUCCKUMHU CBA3SIMU C TIPHMe-
HEHHEM METOJIOB HEJNWHEHHOM AuHaMuKu. J1jis 3Toro ObUla paccMOTpeHa (eHo-
MCHOJIOrH4YeCKasa MoA€CJIb MUHUMAJIBHOT'O aHC&M6J’I5[ 3 HCUJACHTHYHBIX HeﬁpOHOB
C yKa3aHHbIMM TUNAMU cBsi3eil. OuUH HEHPOH MOJENUpPYEeTCs OAHUM OCLIUIIIS-
topom Ban-aep-Tlonst. B npeapinyei pabote aBTopoB [2] ObLT MOAPOOHO H3Y-
YeH aHcaMOlb WJIEHTUYHBIX OCHMIUIATOpoB Ban-zmep-llons ucKimoYMTENBHO C
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XMMHUYECKHUMH TOPMO3SIIUMHU CBS3SMHU. BbIIO ommcaHo 3 OCHOBHBIX pEXUMA
HEHPOHONOAOOHONH AaKTUBHOCTH, HAONIOJAIOUIMXCS B ONMCAHHOM aHcaMOie B
3aBUCHMOCTH OT COOTHOIICHHUS CHJI XMMHYECKHX CBSI3€H: MOCIIeloBaTelbHAs
nayeyHasl aKTHBHOCTD (CIydail CHIIBHOH aCHMMETPUH CBsi3eil), KOHKYPEHIHS C
nobeauTeneM (Cnydail CHIIBHBIX CHMMETPHYHBIX CBSI3eH CO 3HAYCHHSMH BBIIIC
HEKOTOpPOTO0 MOPOTOBOT0), a TaKXKe IEePUOANYSCKHE aBTOKOJICOaHUs CclaboCBs-
3aHHBIX OCLMIUTATOPOB (Ciiy4ail crnabbIx cBs3eii). B nanHoii paboTte paccmaTpu-
BAETCs ABOJIIOLNS YKa3aHHBIX PEKUMOB TIPH JOOABICHUH B CUCTEMY BJIEKTpHUe-
CKHX CBSI3€M M YaCTOTHOM pAacCTPOMKH MEXAY 3JIEMEHTaMHU.

Hamu Obmm mOCTpOEHBI KapThl CTapIlero JISITyHOBCKOTO IOKa3aTelsl Ha
IUIOCKOCTH TIapaMeTPOB, OTBEYAIOLINX CHIIC DIEKTPUYESCKOH CBsi3u d U 4acToT-
HOW paccrtpoiike A mexny snemeHTaMd. C UX MOMOIIBIO ObUIH BBIJENEHBI pa3-
JIMYHBIC OOJIACTH TUHAMUYECKHX PEKHUMOB U OIpeaesieHbl On(ypKalMOHHBIC
CIICHapHUHU Iepexoda MeXIy HUMH. BpUIo mokas3aHo, YTO BO BCEX TpeX CiIydasx
CYIIECTBYET MOPOTOBOE COOTHOIICHHE mapameTpoB d ¥ A, mpH NpeBbINICHHN
KOTOPOT'O TPAaeKTOPHU CHCTEMBI HAYMHAIOT YXOAWUTh B OECKOHEYHOCTH. JTOT
(bakT XOpoLIO CcOraacyercsi ¢ NaHHBIMH OHOJOTMYECKUX IJKCIepuMeHToB [3],
KOTOpBIE ITOKA3bIBAIOT, YTO B PEATHHBIX OHMOIOTHUECKUX CHCTEMaX HEBO3MOXKHO
OECKOHEYHO YBEIMYMBATh CHIY CBS3HM. B paMKax yKa3aHHOTO OTpPaHHUYCHHS B
cHCTEME TPH Pa3INYHBIX COOTHOIICHUIX d M A HAOMIONAFOTCS IEPHOIHICCKHE, a
TaKKe KBa3UIIEPHOIMYECKHE M XAOTHUYECKHUE PEXUMBI, KOTOPBIX HE Habmoma-
JIOCH IIPU OTCYTCTBHH 3JEKTPUIECKON CBSI3H.

PabGorta BbIMONHEHa NpU (QHUHAHCOBOH mojanepx ke rpanros PODU 16-32-
00835 u PH® 17-12-01534.
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ONTUMM3AIIUASA ITIAPAMETPOB PAMAHOBCKOI KOMITPECCHUH
JIABEPHBIX UMITYJIbBCOB B IIVTAZME JIJIs1 YCTAHOBKH PEARL

J1.C. ﬂeeuﬂl’z, AA. Eaﬂakqu’Z, C.A. Cxobenes*

1I/IHCTI/ITyT npuknagaoi pusnku PAH, Hiwkxunit Hosropon
ZHmKeropoacxnﬁ rocynapctBeHHbli yHuBepcutet uM. H.1. JlobaueBckoro
levdmit@gmail.com

B macrosmee BpEMsA OCHOBHBIM CIIocoooM JJIsL TOJTYYCHHUA MOIIHBIX JIa3€p-
HbIX UMIIYJIBCOB SABJIACTCA HCIOJb30BAHHUC METOAA YCWJICHHUSA YaCTOTHO-MOAY-
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nupoBaHHBIX UMITY6COB (CPA). V3KHM MECTOM 3TOTO METO/IA SIBJISETCS 3aKITFO-
YUTENbHBIA JTall KOMIIPECCUMN JIa3€PHBIX HMITYJLCOB, HA KOTOPOM BO3MOXKHO
TEPMHUUYECKOE TOBPEXKICHUE ITUPPAKIMOHHBIX pemeTok. [Ipeononers maHHOE
OrpaHMYEeHNE MOXKHO TIPH HMCIOJIb30BAHUM IIIa3Mbl, KOTOpasi CIOCOOHa BBIIEP-
XKaTh KyJa OOoJbIINe TNIOTHOCTH TIOTOKA 3Hepruu. B wactHOCTH, m1a3My npesyia-
raeTcsl MCIOJIBb30BaTh B CXeMe 00paTHOrO PaMaHOBCKOTO YCHIICHUS, B KOTOPOW
KOMIIPECCHS JIA3epHOr0 MMITYJIbCa OCHOBaHA Ha PE3OHAHCHOW IepeKauke dHep-
THU MEXIY JBYMS BCTPEYHO PACIPOCTPAHSIIOLIMMHUCS JIa3epHBIMU UMITYJIbCAMH,
B3aMMOJICHCTBYIOIIMMH MOCPEICTBOM UIa3MEHHON BOJIHEL.

Jnst maHHO#M CXeMBI, OIHAKO, XapaKTePHO HAJIMYME MHOXKECTBA Mapa3UTHBIX
3 deKToB, TaKNX KaK YCWJICHHWE LIyMOB IUIa3Mbl, HApyIICHHE TPEXBOJIHOBOIO
CHHXPOHU3MA W3-3a PEISTHBUCTCKONW HETMHEWHOCTH W/MIM OIPOKHIBIBAHMS
IUTa3MEHHOW BOJIHBI U JAp. BoJjbiias 4acTh 3THX 3PQPEKTOB MOXKET OBITh 0CIa0-
JIeHa BBIOOPOM OINTHMAJBHBIX MAapaMeTPOB JIa3ePHBIX MMITYJIBCOB U IUIa3Mbl. B
JAHHOM JIOKJIaJie OyAyT OIpeZesieHbl ONTHMANIbHBIE TapaMeTphl JJIsl TOTOBSILE-
rocst 9kcriepuMenTa Ha ycranoBke PEARL B UTT® PAH.

AHanu3 3aJaul paMaHOBCKOH KOMIIPECCHH B JIaHHOW padoTe MpOBEICH B
paMKax THAPOANHAMHYECKOTO OIHCAHUS IUIa3MBl, @ TAKXKE C YUETOM PENSATHBU-
CTCKOTO CaMOBO3JICHCTBHS JIa3ePHBIX UMITYJIbCOB. J{JIsl OMUCaHUs JTa3epHBIX MM-
MyJIBCOB ¥ IUIa3MEHHBIX KOJNCOAHWI HCIIONb3YeTCsl KBa3UMOHOXPOMATHYECKOE
npuOIKeHHe. Y paBHEHHS Ha OTHOAFONINe IBYX BCTPEUHBIX JIEKTPOMArHUTHBIX
BOJH &, b u ormbaromnyro mmasmMeHHoON BoiHBI f, KoTOpas MoxeT GBITH BOIM3H
mmopora ONpOKUAbIBAHWA, IPUHUMAIOT BUJ TPEXBOJIHOBBIX ypaBHeHI/Iﬁ C IOOII0JI-
HUTEJIBLHBIMU ClIara€MbIMU.

oa+ 0,a=-bf +iKa—io/2 6,4,
db—06,b=—af +iKb—iglb|’b—ia/2 8, b,
o f=ab +ixb +iylf|*f—vf.
3mech t 1 Z HOpMHPOBAHBI Ha OOPATHBIM HHKPEMEHT PaMaHOBCKOro ycueHus Ly
u cly (y = VagBw), a u b HopMupoBaHb! Ha aMIUIHTYy HAKAuKH &g, P = Wy o> —
OTHOIIIEHNE IUIOTHOCTH IUIa3Mbl K KPUTHYECKOW; O = aOB‘r’M, e = Yaap, y =
= 8a0/B5’4 — Oe3pa3mepHBIe KO GUIUEHTH Ia3MEHHON AUCIIEPCHH, PEIISITHBH-
CTCKOW W THUIPOJMHAMHYECKON HeJIWHEeHHOCTel, v = v [y — Ge3pasMepHbIil KO-
sddurment 3aryxanus Jlanmay; K = B/2y3n u x = p*/ydn onuceIBaroT BIusHHE
KBa3HCTAaTHYCCKHUX HeOI[HOpOI[HOCTCﬁ IJIa3MBI.

[TpoBeneHO aHAIMTHUYECKOE M YMCIICHHOE WCCIIENOBAaHMWN AaHHBIX ypaBHe-
HHUU TIPU Pa3NUYHBIX 3HAYCHUSX MapameTpoB. [loka3aHo, 4TO OCHOBHBIMHU Orpa-
HUYHMBAIONIMMH (aKTOpaMu OyIyT H3IHIIHE BBICOKAs YaCTOTHAS MOIYJISIUSL
MMITYJIbCa HAKAYKU W CIIMIIKOM pelKas IUIa3Ma, B KOTOPOH BO3MOXKHO ONPOKH-
IbIBaHHE TUIA3MEHHOW BOJHBI. M3 pHCyHKa 1 BHIHO, YTO KOPOTKHE MMITYJIBCHI
MO3BOJISIOT YMEHBIIUTh OTPAHHYCHHE HA MAKCUMAIIBHO JOMYCTHMYIO BETHYHHY
YACTOTHON MOJYJIALMA Q MMITy/Ihca HAKAYKH @ ~ 8o exp(ioy’t), oMHaKo MpeBsI-
LICHHE €if 3HaYeHHs IOpsIKa eIUHHULBI BCe PAaBHO JIeNlaeT PaMaHOBCKOE yCHIIe-
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HHE 3aTPYyAHUTECIIBHBIM. KpOMe TOT'0, MBI ITpe€jiara€M CMECTUTH Ha4YaJlio obmacTu
B3aMMOJICHCTBHS Ha Kpaﬁ IIa3Mbl TSI KOMITEHCAI[MH M3ITHAIIHE OOJBIION Yac-
TOTHOH MOIYJIALNNA HAKAQYKH.
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Puc. 1. [Ipodunm ycuneHHOro curHaiga U Puc. 2. [Ipodun ycuneHnoro curunana u
3aBHCUMOCTh €T0 MAaKCHMAaJbHOW aMILIH- 3aBHCHUMOCTbH €70 MaKCHMAIbHON aMILTH-
TyIsl OT HadaJdbHOU JUIMTENBHOCTH Tjy U TyIBl OT IapaMeTpoB ) M Q IS Pa3HBIX
BEJIMYHMHBI Q S pPa3HBIX 3HAYCHUI Ha- 3HAUCHUH HaYalbHOH aMIUTUTYbI 3aTpa-
YaNbHOW aMIUTUTYABl 3aTPaBOYHOTO HM- BouHoro ummyJsca: 0,18, (a) u ay (b)

mynbca: 0,18, (a) u ag (b)

B To e BpeMst yacToTHas MoxyJsinus Hakadku @ ~ 0,5, cinabo Biwmsis Ha JH-
HEHHYIO CTaIMI0 YCHJICHNS HHTCHCHBHOTO KOPOTKOT'O 3aTPaBOYHOTO MMITYJIbCA,
CcrocoOHa KOMIIEHCHPOBATh PAacCTPONMKY TPEXBOJIHOBOTO CHHXPOHHM3Ma H3-3a
OJIM30CTH K TOPOTY ONPOKUIBIBAHHS IUIA3MCHHOM BOJHBI BIUIOTH IO 3HAYCHUIMA
x < 500 (puc. 2). Ilpu mianupyemoit ammutyae Hakauku ag ~ 0,01 ot pensrtu-
BHCTCKOT'O 3HAYEHHUS 3TO MO3BOJISIET 3(h(HEKTUBHO UCIIONH30BATh B 3KCIIEPUMEHTE
JTake JOBOJIFHO HU3KHE KOHIICHTPAITUH IIa3Mbl — IO JOJIEH MPOICHTa OT KPUTHU-
geckoii wiotaoctH (§ > 0,002).

Pa6ora BemonHeHa npu noanepxkke PHO (rpant Ne 17-72-20111).
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PATMAIIMOHHASI CUJIA, JEMCTBYIOIIAS HA TBEP/IBIE
MHUKPOYACTUIBI B COOKYCUPOBAHHOM VJIBbTPA3BYKOBOM
ITYYKE

M.B. Jlecuk, B.I'. Anopees

MockoBckuii rocyiapcTBeHHbIN yHIBepcuTeT M. M.B. JlomoHocoBa
marusya_12-95@mail.ru

Pemiena 3aiaua 3axBara ¥ nepeMeIleHns: MUKPOYACTHUI] OJHUM C(POKYCHUPO-
BaHHBIM MpeoOpa3oBatTesieM. TeOpeTHYECKH PACCUYUTAHO IPOCTPAHCTBCHHOE
pacrpeneneHne paauaoHHON CHIBI, NEHCTBYIOIIEH Ha TBEpIbIe CheprUuecKre
YacTHUIBl B T0JIE€ CPOKYCHPOBAHHOTO HM3TydaTesns. [loka3aHo, 4TO UMEETCs He-
Oonbiiast 001acTh HA PACCTOSIHUU 64 MM OT TOBEPXHOCTH H3JIydaTells, T/Ie Yac-
TUIBl ¢ auaMeTpoM 150 MKM MOTYT OBITH 3aXBaueHBI MPU aMILTUTYIE Kojeba-
TENLHON CKOPOCTH Ha MOBEPXHOCTH HM3Jydarels, npesbimiatorieid 6 cm/c. Ipo-
BEJICHBI M3MEPEHHS CMEIICHHS YACTHI[ MECKa B TOPU3OHTAIBHBIX IIOCKOCTSX,
pacronokeHHbIXx Ha paccrostunu 60—70 MM oT m3nyuatens. [TokazaHo, 4To pa-
JIMAlOHHAs. CUJIA TIPUBOAUT K 0OPa30BaHUIO OOJACTEN YUCTOW TOBEPXHOCTH,
pasMepbl U MOJ0KEHHE KOTOPBIX 3aBUCSAT OT PAcCTOSHHS 10 M3Jydarels U WH-
TEHCUBHOCTH YJIbTPa3ByKa.

_TEHEPALVSI CHAMKOBBIX KOJIEBAHUI B CHCTEME
HEIPOHOB ®UTI-XbIO — HATYMO C PA3JIUYHbIM YPOBHEM
JNENOJISIPU3ALIAU

A.A. Maxeesa

Hmxeroponckuii rocynapcrennslit yausepcuret uM. H.J. JlobaueBckoro
WucruryT npuxianuoit dusuku PAH, Huwxunit Horopox
mackeeva.an@yandex.ru

[IpuBonsTcs pe3ynbTaThl HCCASAOBAHUS TMHAMUKA MaJlo HEMPOHHOM CeTH,
cocrosieil u3 Tpex HelipoHoB dutn-Xpio — Harymo, obianaronmx pa3andHbIM
YPOBHEM IEMOJIAPU3AINH, KOTOPBIE B3aUMOJCHCTBYIOT MEXIY CO0OH mocieno-
BaTEJIbHO Y€pe3 XMMHUUYECKHUE CHUHAICHI, TO €CTh OJHOHAIPABIECHHO. MareMaTu-
YyecKasi MOJIeNb CETH MPEICTaBIseT OO0 HEMMHEHHYI0 CHCTEMY BOCBMOTO TIO-
pAaKa pesakcallMOHHOTO BUAA. byneM mpeanonaraTe, 4To ypoBEHb AENOJSpHU3a-
LIMM TIEPBOTrO HEMpOHA TAKOHM, YTO B OTCYTCTBHE BHELIHETO BO3JEHCTBUS OH Ha-
XOJHUTCSA B COCTOSHUM ITOKOS, TO €CTh €r0 MEMOpAHHBIA MOTEHIMAT SBIACTCS
MOCTOSIHHBIM. MeToiaMy HeIMHEMHOW NWHAMHKUA W YUCJIEHHOTO MOJENIMpOBa-
HUSI YCTAHOBJICHBI CIIEYIOIINE pe3yabTaThl. HaunHasi ¢ HEKOTOPOTO YPOBHS CH-
HAIITHYCCKON CBSI3M MEXKIY IMEPBBIM U BTOPBIM HEHPOHOM MPOHMCXOIHUT BO30YK-
JIeHHuEe BTOPOTO HEMpOHa, U OH CTAHOBUTCS AKTUBHBIM. YCTaHOBJIEHO, YTO MpO-
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LIECC aKTUBAllMU BTOPOTO HEWPOHA MPOUCXOAUT 3a CUET CYNEPKPUTUIECKON OH-
¢dypkammu ArapoHoBa — Xonda. JlanpHeiimee ypemmaeHne Ko UIeHTa cBsi-
31 MPHUBOIUT K TOCTENEHHOW aedopmanuu GpopMbl yCTOWYHUBOTO MPEAEIHHOTO
LUKJIA, KOTOpas NPUHUMAET BUJ TaK Ha3blBaeMOW yTKU. Takue npenenbHble
LUKJIBI SIBJISIFOTCSI PEJIaKCAIIMOHHBIMH M ()OPMHUPYIOTCSI OBICTPHIMU U MEJICHHBI-
MU JBHXEHUSIMH, KOTOpPBIE MPOXOAAT B OKPECTHOCTH KaK YCTOWYHMBOTO, TaK U
HEYCTOMYMBOTO MHOTrooOpasuii. O0OMM NpeneNbHBIM IMKIaM COOTBETCTBYIOT
MEpUOANYECKUE CHAWKOBBIE KOJIEOaHUsI BTOPOTO HEHpPOHA pa3Nu4HON (DOPMEL.
M5! oKa3aiy, 9To MOBeICHNE TPETHET0 HeHPOHA CYIIECTBEHHO 3aBUCHT OT BHAA
CHalKOBBIX KoJIeOaHWH, TeHepHpyeMbIX BTOPHIM HelpoHoM. B dasoBom mpo-
CTPaHCTBE AWHAMHUYECKON CHCTEMBI, OIMCHIBAIOIIEH TPETHH HEHpOH, yCTaHOB-
JICHO CYIECTBOBAHHUE PA3IMYHBIX, B 3aBUCHMOCTH OT ITapaMeTPOB, AaTTPAKTOPOB.
WHBAPUAHTHOTO TOpA, MHBAPHAHTHOTO TOPA-yTKH, KOTOPbIE MPH M3MEHEHUH Ta-
paMeTpoB pa3pymIagich, U CUCTEMA MEPEXOANNIA B PEXXKUM JUHAMUIECKOTO Xao-
ca. [locTpoena OudypkannoHHas 1uarpaMma, WUTIOCTPUPYIOIIAst 3TOT TpoLecce.
Ha ocHoBaHMU quiarpaMMbl MPOBEACHA KiIaCCU(DUKAIIUSA BO3MOXKHBIX CITAHKOBBIX
PEXUMOB HEHPOHHOU CETH.
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OOPMUPOBAHMUE 3AITYTAHHBIX CQCTO’IHHI@ B PEHIETKE
CBETOBOJ0OB C KBAAPATUYHOU HEJIMHEUMHOCTbBIO

B.O. Mapmuinog

WuctutyT npuknansoit ¢pusuku PAH, Huwknuit Hosropoa
martvo@appl .sci-nnov.ru

B Hacrosimiee BpeMsi MacCHBEI CBSI3aHHBIX CBETOBOJIOB aKTUBHO M3Y4alOTCs B
KOHTEKCTe (OPMHPOBaHHS W YIPABICHHS KBAaHTOBHIMH COCTOSHHSMH CBETa
[1-3]. B nauno# paGote paccMaTpHBaeTCsi OAHOMEPHAS PELIETKA OJHOMOIOBBIX
CBETOBOJIOB, 00JIaAONINX KBAIPATHYHON HENMHEHHOCTHIO. B ouH 13 cBeTOBO-
TOB, KOTOPKIH OyJeM CUMTATh HEHTPATBHBIM, 3aBOJUTCS HAKAa9Ka HAa YACTOTE (.
W3-3a mporiecca CIIOHTaHHOTO ITapaMeTPHYECKOro pacnaja B CHCTEMe TeHepupy-
eTcsl H3IydeHHe Ha 9acToTe mg = 0p/2. D EKTUBHOCTH JaHHOTO Hpolecca IpH
pacIpocTpaHeHUH CBETA BAOJIb PEIIETKH ONPEAEISIeTCs MapaMeTpoM g, KOTOPbIit
3aBUCHUT OT aMIUJIUTYAbl HAKAYKH. Pemretka YCTpOC€HA TaKUM O6p2130M, YTO MOJBI
Ha YacTOTE MsCOCETHUX BOJIHOBOJIOB IIEPECEKAIOTCS, YTO MPUBOJMT K JIMHEHHO-
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My B3aUMOJICHCTBUIO uX moJiel. 31ech u qanee 3a C nmpumeM Ko3GGUIMEHT, OIl-
PEENAONINIA JAHHOE B3aUMOICHCTBHE.

[lenbio naHHOM pabOTHI ABISIETCS W3YYCHHE KBAHTOBBIX CBOMCTB OITHYE-
CKHX TIOJICH Ha 9acTOTe ®s, GOPMUPYIOMHUXCS B pemerke. J[jist 3Toro Ha ocHOBE
dopmanmsma [eiizenbepra pacCUNTHIBACTCS 3aIlyTAHHOCTh MEXKJLY ITapaMH CBe-
TOBOZOB. B KadecTBe Mepbl 3amyTaHHOCTH ObUia BBIOpaHa JOraprudMuuecKas
orpunarenbHocts Ey [4]. B otmwume ot pabor [2, 3], MCMOMB3yeMBIil OIXOT
MO3BOJBIET M3YYUTh 3()(HEKTHBHOCTD (HOPMUPOBAHHS 3aIlyTAHHBIX COCTOSHHUN B
3aBHCHMOCTH OT aMIUIMTYIbI Hakauku §. [l ciaydas MOHOXPOMATHYECKOU Ha-
KauKH Pe3yJIbTaThl BHIYMCICHHUIN HpeacTaBieHsl Ha puc. 1. B mpouecce pacmpo-
CTPaHCHHUs CBETA BAOJb PELICTKH 3HAYCHHE JIOTapU(PMHUIECKON OTPHUIATEIBHO-
CTH JUIsl OTJAEIbHBIX AP CBETOBOJOB BHIXOJUT HA CTAllMOHAPHOE 3HavyeHue. bo-
jiee TOTO, TOJBKO CBETOBObI, PACIONIOKEHHBIE CHUMMETPHYHO OTHOCHTEIBHO
LEHTPAIBHOTO, OKa3bIBAIOTCS 3ammyTaHHbiMK (cM. puc. 1, a). Crout takxke oTMe-
THTb, YTO CYIIECTBYET ONTHMAJbHOE 3HAYEHHE aMIUIUTYIbI HAKaYKu §, PH KO-
TOPOM CTallMOHApHOE 3HAYCHHE JIOrapu()MUUECKON OTPHIATEILHOCTH CTaHO-
BUTCSI MAKCUMAITBHBIM.

(b)

1.0 g/C

Puc. 1. CrauuonapHoe pacrpezelieHre JIOrapu(MUIEcKoil OTPHIATEILHOCTH BBIYKC-
JICHHOM JUTsl ap CBETOBOZOB ¢ HOMepaMu M u N (a). 3aBucumocTs Ey, BEIMHCICHHOM [ist
CBETOBOJIOB ¢ HOMepamu 1 u —1, oT aMmuTy bl Hakadky g (6). PUCYHKH MOCTPOCHBI [UIst
Clly4asi MOHOXPOMaTHYECKOH HaKayKu

Ex

g "~ =
06 | S o
i
0.4
0.2
0
0 25 5 75 :-C

Puc. 2. DBomorus torapu)MUIECKON OTpHULIATEILHOCTH Ey, BBIYUCICHHO# ISl CBETOBO-
JI0B ¢ HoMepamu 1 u —1, mpu pacnpocTpaHeHUH CBETa BAOJb PELIETKH B CIIy4ae MPUCYT-
cTBUs (PA30BBIX IIyMOB B Hakayke. TpH KPHBBIX COOTBETCTBYIOT Pa3HbIM 3HAYCHUSM aM-
WMty el Hakauku @ crutomHas — 0,5C, mrpuxosas — 1,0C, nynkrupras — 1,5C. Jlns
BCEX CIlydaeB CIEKTpalbHAs IIHPHHA Hakauku pasHa D / o = 107 - vgr - C, rae vgr —
IPYIIIOBAasi CKOPOCTh HA YaCTOTE HAaKauKU
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®da3oBble LIyMbI, KOTOpbIE HEM30€XKHO MPHUCYTCTBYIOT B JIOOOI peanbHON
HakKayke, MOTYT OKa3aTh CYLIECTBEHHOE BIIMSHHME Ha Ipolecc (GpopMHpOBaHHS
3allyTaHHBIX COCTOSHUII B mapameTpuyeckux cuctemax [4]. B manHO# pabote
HCCIIEI0BAIOCH BIMSIHHE JTAHHOTO (haKTopa MPUMEHNTETHHO K PacCMaTpUBacMOn
CHCTEME CBSI3aHHBIX CBETOBOJIOB. Pe3ynbTarhl mpeacraBieHsl Ha puc. 2. Hamu-
yre (a3oBoro nryma MpuBOAUT K TOMY, YTO C HEKOTOPOTO PACCTOSHUS CTENECHb
3aIyTAHHOCTH HAYMHAET YMEHBIIATHCS U B KOHEYHOM CUETe IPOMagaeT MOIHO-
cThi0. [Ipr 3TOM KpHTHYECKOE PACCTOSIHUE, TIOC]IE KOTOPOTO KBAaHTOBBIE KOppe-
JSIIMU B CHCTEME MPOMNAAAIOT MOJHOCTBIO, YMEHBIIAETCS C POCTOM HE TOJIBKO
CHEKTPATBHON IUPUHBI HAKAYKH, HO ¥ €€ aMITUTYIbI.
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ed Quantum Walks on a Nonlinear Chip // Phys. Rev. X. 2014. Vol. 4, Ne 3. P. 031007.

3. Yang Y. Manipulation of a two-photon state in a y®-modulated nonlinear wave-
guide array / Y. Yang, P. Xu, L.L. Lu, SIN. Zhu // Phys. Rev. A. 2014. Vol. 90, Ne 4.
P. 043842.
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MOJIEJIUPOBAHMUE ITUK-BOJIHOBBIX PA3PAJ10B C IOMOLIBIO
CJIO)KHOM CETH HEMPOHHBIX OCIIMJLIISITOPOB

T.M. Mef)eede@al‘z, M.B. Cbzcoeeas, U.B. Coicoes*

'CaparoBckuii rocyIapCTBEHHDIN YHHBEPCHTET
2I/IHCTMTyT BEICIICH HEPBHOI eATeNIHOCTH U Helpodusnonorun PAH, Mocksa
3CapaTOBCKI/H71 rOCY/JJapCTBEHHBIA TEXHUYECKUN YHUBEPCUTET
golovatanya@rambler.ru

AbcaHCHas smMIenicUsl SBJISIETCS TeHepalu30BaHHOW (DOpPMOIl smuierncu,
KOTOpasi XapaKTepu3yeTcs KPaTKOBPEMEHHBIMH HOTEPSIMU CO3HaHHs 0e3 Cyno-
POKHBIX MPOSIBICHUI. DTa GopMa SMUICTICHH OOBIUHO HAOJIIOMACTCS Y AeTel U
MOAPOCTKOB [1], Mo Mepe B3pOCIEHUS MOXKET MEPEXOAUTh B APYrHe, CYI0POK-
HbIe hopmbl [2].

Jlyist moHNMaHus MEXaHU3MOB BO3HHKHOBEHHS a0CaHCHOM SIHJIETICHH Ba)KHO
MIOCTPOUTH MOJIENH, KOTOPBIE BOCIPON3BOIIMIN OBl OCHOBHBIE €€ OCOOCHHOCTH.
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Takue MOACIN H3BECTHLI Ha PA3JIMYHBIX YPOBHAX OpFaHI/BaHHI/I: oT Moz[eneﬁ
BO30YXICHHUS MHIUBHIYaJIbHOIO HEHPOHA BCIIEACTBHE MATOJIOIMYCCKOTO H3Me-
HEHUsI KOHIICHTPAIMU HelipoMeanatopos [4] 10 6obiioil heHOMEHOIOTHYECKON
MOJIeNH B BHJE aHcaMOJIs (a3oBbix ocuiuisitopoB Kypamoto [5].

OTKpBITBIM OCTaE€TCsl BOMPOC O TOM, KAKOBO 3HAYEHHE CTPYKTYpBl HEHPOH-
HOW CeTH ISl BOSHUKHOBEHHUS MHK-BOJHOBBIX pas3psAmoB. MoJenupoBaHue CBs-
3eil MeXIy CTPYKTypaMH Mo3ra Kak COCPEelOTOYCHHBIMH 3JIEMEHTaMH SIBIIAETCS
3aMETHBIM yHpolneHneM. Baknas mpoOiema CyIIeCTBYIOIIMX MOJENEH B TOM,
YTO B HUX HEHPOHBI KaXKI0W U3 PacCMATPUBAEMBIX CTPYKTYP (hOpMHPYIOT HHTE-
IpaJIbHBIA CUTHAJ, KOTOPBIN NepeaéTcs MOTOM B APYTHUE CTPYKTYPHI.

Lens nanHOM pabOTHI — CO3MaHUE TAKOW MOJENHN, KOTopasi OyIeT YIUTHIBAaTh
HepapXxyI0 OpraHu3aliy (pyHKIMOHAIBHBIX €AWHHIl HEHPOHHBIX CBSI3EH, MPUHH-
Maromux y4aCcTu€ B BOSHMKHOBCHUHM W NOAACPKAHUN a6caHCHLIX pa3psaaoB, U
BOCIIPOMU3BOAUTE HEKOTOPHLIC IKCIICPUMEHTAJIBHO Ha6J’[}O}IaeMBIC WHAWBUYAJIb-
HBIE XapaKTePUCTHKN aOCaHCHBIX CUTHAJIOB M XapaKTEPUCTHKU CBSI3aHHOCTH.

Mopenp opranu3oBaHa B /Ba ypoBHs. [lepBbIii — 3TO MOAeNb cOMaToCeH-
COPHO#M 00JacTH KOpPBI MO3ra, KoTopasi cuutaercs GokycoM smmnencuu [3], Mo-
JIeTIb BETPOIIOCTEPHATIBHOTO s/pa TajlaMyca W MOJeNb BHEIIHETO0 BXOAa — Hekl-
poHoB nepudepun. /it MOAETMPOBAHHS IPYII HEHPOHOB OBIIM MCIONB30BAHBI
ypaBHeHust Ounx-Xsto — Harymo. BTopoil ypoBeHb — 3T0 MOJIeNb CBSI3EH MEXAY
BHEITHUM BXOJIOM, TaJaMycOM M HEOKopTekcoM. OHa CHocoOHa BOCHPOU3BO-
JIUTH XOPOIIO W3yYEHHBIE XapaKTEPHCTHKH MUK-BOJIHOBBIX Pa3psiOB. OCHOBHYIO
4acToTy U (hopMy KoJieOaHHH, UX aMIUIMTYIY U CPEAHIOI0 MPOJIOIKUTENBHOCTD.
Kpome Toro, OpIIM BOCIIPOM3BEAECHBI HEKOTOPHIE XapaKTEPHUCTUKU B JTHHAMHKE
CBsI3aHHOCTH [4], mOoNyYeHHbIEe TP OLICHKE CBS3aHHOCTU peaau3aluii COOTBET-
cTByroumx oteeaeHuit I3 [6].

TakuMm 00pazoM, HacTOAIIAs MOJIENb HE TIPETEHIyeT 3aMEHUTDH CYIECTBYIO-
e MOAEIH a0CaHCHOH JITUIIETICHH, HE OTPHULIAET Pe3yJIbTaToB, MOJTYYEHHbBIX Ha
KJIETOYHOM YPOBHE W IPU PACCMOTPEHUH KPYIHBIX CTPYKTYp (B3aumMozeiicTBre
«TajaMyc <> COMaTOCEHCOpHas Kopa»). OHa MOKa3bIBaeT, YTO MEPEXo] K maro-
JIOTHYECKOMY TIOBEJICHHUIO BO3MOXKCH B pe3yJbTaTe CHEUU(HKNA CBOWUCTB CETH
0O0JIBIIOrO YMCIIa MHINBUIYAIFHO B3aMMOIEHCTBYIOIINX HEHPOHOB.

PaGora BemonHeHa npu moxanepxkke PODU, rpanter Ne 17-02-00307 u
Ne 18-01500418 .
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MOJIAPU3AIIAOHHBIA KOHTPOJIb TEHEPAITAA
BBICOKHUX T'APMOHHUK
B UMITYJIbCHOM BUIIUPKYJIAPHOM JIASEPHOM I10JIE

A.A. Mununa 1’2, M.B. chOﬂogl’z, H.JI. Manaxos 1, A.A. Cunaes 2,
H.B. Bseoenckuii 2, A.®@. Cmapac 8

1B0p0He)KCKPIﬁ roCyJJapCTBEHHBI yHUBEPCUTET
2I/IHCTI/ITyT npuknagaoi pusnku PAH, Hixuuit HoBropon
3Yl—[maepcmeT He6packu, Jlunkonss, Hebpacka, CLIA
voroninal801@gmail.com

[Mosnsipr3anioOHHbIE CBOWCTBA TApMOHUK (TaKue KaK CTENeHb LUPKYISIPHON
MOJISIPH3ALAA U YTOJI CMEIICHHs HJUIHNICA TIOSAPU3ALHHU) OLPEIEIIOTCS HHAY-
[UPOBAHHBIM JIA3€POM C IUOONBHBIM MoMeHTOM D(Q). Hampumep, cremens
IUPKYISIPHON TOJSAPU3AIMNA TAPMOHHIKH C YaCTOTOH {2 paBHA

im(0,(2)0;(@)
|2

(@) +|p, (@)

CoBceM HeNaBHO TeHepalusl aTTOCEKYHAHBIX HMIIYJIBCOB C KOHTPOJUpYe-
MO# IUTUNTUYHOCTRIO (GIIM3KON K MUPKYJISPHO#T) BBI3Baia OOJIBIION MpaKTHYe-
ckuil umHTepec. A TeHepanuHM TAaKOTO HWMITyJbca HAIOKEHHBIE TapMOHHKH
JOJDKHBI IMETh OJMHAKOBYIO SJUIMITUYHOCTh ¥ CPAaBHUMYIO HHTEHCUBHOCTB, T.€.

D, (Q)= +iD () mns mmpokoro auanasona . ITo MOXKHO Peann30BaTh AL
OULUPKYISIPHOTO JIA3EPHOTO TOJIS C HECYLIMMH YacTOTaMH O U 20, HMCIOIIUMH

OJMHAKOBBIE MHTEHCHBHOCTH WM HPOTUBOIMOIOKHYIO crupansHocTs [1]. C omo-
poii Ha IpaBUiIa AUMOIBHOTO OTOOpa OBIIO MTOKA3aHO, YTO TAPMOHUKH C MOPSI-

KaMH (3n+1)oo u (3n—1)c0 UPKYJSIPHO MOJISIPU30BaHbI B TPOTHBOIIOIOKHBIX

HampaBieHusx [2—4]. Takum 06pa3oM, MOTCHIHMAIBHO aTTOCEKYHIHBIH HMITYJIbC
(nmu mOCNE0BATEILHOCTD UMITYJIBCOB) MOYKET OBITh MOJNYYEH IMyTEM CYyMMHPO-
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BaHUS TAPMOHHK U3 OMHOM rpymmel. CiieayeT OTMETUTb, YTO MOJISIPU3AIHOHHBIC
CBOMCTBA U BBIXOJl TADMOHHUK HE 3aBUCAT OT OTHOCUTENBHOM (ha3bl MEKIY ABYyMS
KOMIIOHEHTAMH, €CIIH OHH SBIISIFOTCS MOHOXPOMATHYCCKUMH TMOJSIMH WIIH UM-
MyJIbCaMH C TpaleleHAATBHON OopMOoil. DTO CBOICTBO OrpaHUYMBACT BO3SMOXK-
HOCTb YIPABJIATH UTHITHYHOCTHIO TEHEPHUPYEMOTO aTTOCEKYHIHOTO UMITYJIbCa.

B aTo#t paboTe mpeanoxeH anbTEPHATHBHBIA CIIOCOO YIPABICHUS SILIAII-
TUYHOCTHIO aTTOCEKYHIHOTO MMITYJIbCA, KOTOPBIH OCHOBAaH Ha HCIIOJIb30BaHUH
IBYX KOPOTKHX IUPKYJISPHO MOJSIPU30BAHHBIX JIA3E€PHBIX UMITYIIBCOB C BPEMCH-
HOH 3aIep)KKOM M HECYIIMMH YacTOTaMH ® M 20 C OJMHAKOBBIMH ITHKOBBIMHU
HHTCHCHUBHOCTSIMH M MPOTHBOIIOJIOKHON CHHPATbHOCTBIO. Teopermdeckas co-
CTaBIISIIOIIAS TIPE/IAraeMoi CXeMbl OCHOBAaHA Ha HEJABHO pa3pabOTaHHOM Teo-
pHH TeHepaliy BRICOKMX TAPMOHHK B aanabaTuueckoM npubimkeHnd. Ecnu nsa
[UPKYJSIPHO TOJIAPHU30BAHHBIX UMITYJIBCA SBISIOTCS JOCTATOYHO KOPOTKHMH, TO
B paMKax passuroro mpubmmkenust (M. [5]) D(Q) mMoxHO mpenctaBuTh B Cle-
IyroleM Buje (BIUIOTH A0 OOIIel KOMIUICKCHOI KOHCTAaHThI, KOTOpast He BIHSCT
Ha pe3yJbTaThl):

D(€2) = Ky () + Ky ()€

rae Ky n K, —BelecTBeHHBIE BEKTOPHI, [UTHHBI KOTOPBIX HE3HAYNUTEIHHO 3aBHCST
ot Bpemenu 3aaepikku (K; = Ky); yrom Mexay sTUME JByMsI BEKTOPaMH COCTABIIS-
er npubmmsutenbHo 120°. Knaccuueckas pasHOCTh neiictBuii AS = § — §
HAXOAUTCS MEXKIY ABYMS COCETHMMH COOBITHSMH MOHM3AllMHd U PEKOMOHHA-
muu. Tak kak AS 4yBCTBUTENILHO K BPEMEHHOW 3a€pP)KKe, M3MEHSS BPEMEH-
HYIO 33JIepXKKY MEXIy IBYMs HUMITYJIbCAMH, MOXHO HACTPOWTH KOMITOHEHTHI
D(Q2) Ha Te 3HaUEHHMs, KOTOPHIE 00ECIIEUNBAIOT KETAEMYIO CTENEHD IIUPKYIISP-
HOM TOJIPU3AIINH;

SINAS
YR K '
21422 [3c0sAS
KZ Kl

B aT0if paboTe MBI TOKa3bIBacM, 4TO HHTEP(EPEHIIMOHHBIE SIBJICHUS B TeHE-
pamyy BBICOKMX TaPMOHHK C IIOMOIIBI0 OHIUPKYISIPHOTO TOJIS MOTYT OBITH HC-
MTOJTE30BAHbI B KadecTBe d(PPEKTHBHOTO WHCTPYMEHTA JJIS YIIPABICHUS MOJSAPHU-
3allMOHHBIMHA CBOWCTBAMH TapMOHHK BBICOKOTO IMOpsAKa. Taxke MpUBOIATCS
pe3yabTaThl YHCIEHHBIX peUleHni BpeMeHHoro ypasHeHus lllpeamHrepa, KoTo-
phle, KaKk YCTAHOBJICHO, COTJIACYIOTCSI ¢ pe3yJibTaTaMH MPeAJIOKEHHON TeopeTr-
YECKOW MOJEIIH.
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JUHAMMKA JIA3BEPA C KOFEPEHTHOFI WHXXEKIUEN
N MOAYJISINUEN HAKAYKHN

B.C. MumuHal, AA. eruul’z, H.E. Moneeuu?

'Camapckuii HALMOHATBHBINA HCCIIEI0BATEILCKIN yHHBEPCHTET
um. akanemuka C.I1. Koponesa
2CaMapc1<1/1171 ¢umman Gusnveckoro nacruryta uM. [1.H. Jlebenesa PAH
MilL erik-2@yandex.ru

XopoIo U3BECTHO, YTO JIa3epaM CBOWCTBEHHA CIIOXKHAs, B TOM YHCIE Xao-
THUYECKasl, TMHAMHKA M3ITydeHns. B maHHOM paboTe McciemoBaHO BIMSHUE WH-
JKEKIMH BHEIIHErO KOT€PEHTHOTrO U3Iy4eHUs Ha TUHAMUKY Jlaepa ¢ MepUOIu-
YecKOW MOAYIALMeH mapamerpa Hakauku. [Ipu yacroTe Momyssiuuu, OIM3KOH K
JacTOTE PENaKCAIMOHHBIX KOJIeOaHuH, 1a3epaM CBONCTBEHHA CIIOXKHAS XaOTHUE-
CKas JWHAMHUKA U3JIydeHHs. /11 MHOTMX IPHIIOKEHHN XaOTHYecKas TUHAMUKA
BBIXOJIHOTO M3JIyUCHHs SBJISETCS HeXenaTeNnbHbIM 3 dekrom. B nanHoii padote
HCCcleI0BaHa BO3MOXKHOCTh CTAOMIIN3AIMU U3ITYyUYEeHHUS Jia3epa ¢ TIOMOIIBIO Kore-
PEHTHOM BHEIIHEW ONTUYECKOW MHKEKITUH.

OCHOBOI1 IPOBECHHOT0 aHaJIM3a SIBJIAETCS CTaHAAPTHAs MOJIENb Jla3epa Au-
HaMHUYECKOro Kiacca B, pacmmpeHHas ¢ y4eToM KOTepeHTHOM ONTHYECKOi WH-
HKEKIIH:

? = ~S(1+mcospr— D~ Ry ).,

"D (2)
& Ly (D-A+D),
dt y( i )

rae S—oato Oe3pazmepHas HHTEHCHBHOCTh TeHEPUPYeMOro n3inydeHus, D — 6e3-
pasMepHasi HHBEpCHs HaceIEeHHOCTH, A — MmapameTp HaKadKH, Y — CKOPOCTh HO-
Tepb JUIS MHBEPCHH HACEIEHHOCTH, [3 — YacToTa MOIYJISIIUH, M — aMIUINTYAA
MOIYJIALNH, Piyj — MHTEHCMBHOCTD MHKEKTHPYEMOTO U3ITy4EeHHS.
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IIJ'IH TMOJIYUCHUA YHUCIICHHOI'O PEIICHUA 6LIJ'I HCIIOJIb30BaH CTaHI[apTHI)Iﬁ ME-
tox Pynre — KyrTel. MonenupoBanue MpoBOIWIOCH IIPU YaCTOTE MOAYIALIUU
PaBHOM YacTOTe peaKkcallMOHHBIX KojeOaHuit nasepa . Ha pucynke 1, a npen-
CTaBliecHHa OW(YpKAIMOHHAS JHarpaMMa B CJIydYae OTCYTCTBHUS HWHKEKIMH
Pirj = O, nnmrocTpupyrommas nepexoj K AMHAMHYECKOMY XaoCy 4Yepe3 MocieioBa-
TeNBHOCTh OU(ypKaLmil yABOSHUS TIeproa. XOpOLIO BHIHO, YTO MPH JOCTATOYHO
OOJIBIION aMIUTHTYe MOIYJISIIUK M JHHAMHKA JIa3epa CTAHOBUTCS XaOTHYECKOH.
MonenupoBaHue TOKa3ajo, YTO Jake HeOOMbIIAs 0 MHTEHCHBHOCTH KOTEPEHT-
Hasl MEDKeKIMs cTaOMIIM3upyeT AMHAMUKY J1azepa. Ha pucynke 1, 6 mokazaHa Ou-
¢bypxarmonnas guarpamma mpu Py = 0,05. Xopomnto BuaHO, 4To Ja3ep reHepupy-
€T peryJIpHbIe HMITYJIBChI JaKe TIPY OOJBIINX aMIUTHTYAaX MOIYJIALAH M.

20,07
175
o 15| e ———————
12,5

10,0
75

5.0

Maxs

5E

0,0

600 0635 065 0675 0,700 0,601 065 0650 067 0,700
m m

Puc. 1. Budypkaunonnsie auarpaMMsl, H300pakarone MaKCUMyMbl HHTCHCHBHOCTH S
KaK (YHKIMH aMIUIUTYJbl MOIyJsiud M. ITapamMeTphl, UCIOIb3yeMble NPH YUCICHHOM
unterpuposarnn: A = 1,30, f = 0,09441 u y = 0,027; Piy; =0 (a), Py =0,05(6)

Pe3ynpTaThl MOETMPOBAHMS, IOTyYSHHBIE B IAHHOW paboTe, MOKa3aiu, 4To
WHKEKIHS BHEIIHETO KOTEPEHTHOTO M3ITyYeHHs CTaOWIM3UPYeT TUHAMHKY CHC-
TEMBI, I03BOJISIET M30aBUTHCS OT Xa0ca, BOSHUKAIOMIETO B PE3yJIbTaTe MOCIEO0-
BaTeIbHOCTH OuMypKanmii ynBoeHuss nepuona. IlpencTaBieHHBIE Pe3yNbTaThl
MOTYT OBITh UCTIOJIB30BaHBI B BBICOKOCKOPOCTHBIX ONTHYECKUX KaHAaX CBSI3H.

PaGora BeImonmHeHa pu moaepxkke rpanta POOU 16-32-60151 mon_a 1k,

rOCYIapCTBEHHOTO 3aJ[aHUs By3aM M HAyYHBIM OPTaHU3alusIM B cepe HaydHOU
nestenpHoCcTH (3.1158.2017).
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®A30BBIE TYMbI CHUHXPOHU3NPOBAHHBIX
HEN30XPOHHBIX ABTOI'EHEPATOPOB

AA. MumpogbaHo@l'Z, A.P. Caqbuﬂl, H.H. Yoanoe*

1HauH0HanI>HLH71 HCCIIEIOBATENILCKUH yHUBepcuTeT «MDU», MockBa
2000 «Pangnoxomm», Mocksa
mitrofanov_alexander@mail.ru

OpHOM M3 TIAaBHBIX XapaKTEPHCTHK JIF000T0 aBTOreHeparopa sBIseTcs ypo-
BeHb (a30oBBIX HIyMOB. Huskuii ypoBeHb ()a30BBIX IIyMOB aBTOT€HEpaTopa —
HeoOXouMoe TpeOOBaHHE TPH pa3pabOTKE MHOMKECTBA PaTUOJIOKAIMOHHBIX H
panuomnepearoIINX yCTPOUCcTB. HeM30XpOHHOCTh aBTOTCHEPATOPOB, SIBISSACH Me-
XaHN3MOM HM3MEHEHUS YacTOTHI BBIXOMHBIX KOJICOAHMH, MPUBOUT K YXYAIICHHIO
ypOBHS (Da30BBIX IIyMOB W3-3a BJIMSHUS AMIUTMTYIHBIX ITyMOB Ha (a3zossie [1].
OpuH U3 cI0cO00B UX YMEHBIIEHHUS — UCIIOIb30BaHIE CHHXPOHHU3AINN BHEITHEH
cunoil. B xauecTBe BHEIIHEH CHIIBI OOBIYHO MCIIONB3YETCS TaPMOHUYECKOE BO3-
JIEWCTBHE WM cHCTeMa ()a30BOM aBTOIOJICTPOMKH YaCTOTHI.

B nmanHoOl paboTe METOIOM MEJICHHO MEHSFOIIMXCSI aMILUTUTY]l MOJTy4eHbI
JIMHEapH30BaHHbIE YKOPOUEHHBIC YPaBHEHUs JJIsl pacueTa ypoBHs (ha30BbIX IIy-
MOB HEHM30XPOHHOT'O aBTOTE€HEPATOPa, CHHXPOHU3UPOBAHHOTO BHEUIHUM TapMo-
HUYECKHUM Bo3neiicTBreM wiH nenbio GAITY:

@: I'éu+ E&p-ﬁ-\/Bfn(t);

D
dde _ N|6u+@ f (),

rae I' — koapdunmenT 3aryxanns, E — koddpdumment cuaxponnsanuu, N, — mu-
Heapu3oBaHHBIA KO3 dumueHT HemzoxpouHoctd, f,(t) — ¢QyHKOEs, omuce-

BaloIIasi BIUAHHE OEoro TayCCOBCKOTO IIyMa, OU U 0@ — Mayble OTKIOHEHHS
aMIUTUTY Bl ¥ Pa3HOCTH (a3 KoneOaHUid aBTOreHepaTopa OT CTalOHAPHBIX 3Ha-
YeHH COOTBETCTBEHHO, D — nmcmepcus myma, Up — cTaMOHapHOE 3HAYEHHE
AMIUIUTYy ABl.
C HCIOJIBb30BaHUEM CIIEKTPAIFHOIO METOla JJISi YKOPOUSHHBIX YPaBHEHUI
(1) moyueHs! BBIpaKEHHUS IS CIIEKTPATBHBIX IIOTHOCTEH aMIUIUTYAHBIX U (a-
30BBIX IIIyMOB:
o’ + =y 2
Su=D— 2 22 o
(o -EN))  +oT
s, - D o +(Ny +T)?
* | U? ) (~0® -EN,)? + 0’T?
3aBUCHUMOCTH CIEKTPAITBHBIX IUIOTHOCTEH (Pa3oBBIX (IIYKTyalWid NMpH pas-
HBIX BHIAX CHHXPOHH3AIMHU [TOKa3aHbl Ha puc. 1.
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Puc. 1. ®a3oBble LIyMbl aBTOI€HEPATOpPa aBTOHOMHOI'O HEM30XpPOHHOTrO (1); CHHXpOHH-
3upoBaHHOTO 1enbo GAITY (2); CHHXPOHU3MPOBAHHOTO BHEIIHUM FAPMOHHYECKUM BO3-

neiicteueM (3)

CornacHO IMOMYyYEHHBIM pe3ylbTaTaM CHHXPOHM3AlWs BHEUIHUM TapMOHM-
YECKUM BO3JIEHCTBHEM oOecrieunBaeT Jydlliee 3HaueHne (a3oBbIX HIyMoB. [Ipu-
YHHOI 3TOr0 yIydYIIEeHHs SBSIETCS MEXaHM3M CHUHXPOHHM3AallMU BHELIHUM Iap-
MOHHYECKHM BO3JICHCTBAEM, KOTOPHIH BO3JICHCTBYET HEMTOCPEICTBCHHO Ha (a3y
Koe0aHuii HEM30XPOHHOTO aBTOTEHeparopa, B omimyne oT cucteMbl DAIIY, B
KOTOPOM aBTOMOJCTPOMKA YaCTOTHI IPOUCXOIUT 33 CUET U3MEHEHUS aMILIUTY AbI
KOJIeOaHHH.

Taxum 00pa3zoM, IpoBeAeH aHaMn3 (Pa30BBIX IIyMOB CHHXPOHU3UPOBAHHOTO
uenpio GAIY 1 BHEIIHUM TapMOHMYECKHUM BO3JEHCTBUEM HEM3OXPOHHOI'O aB-
TOTEHEPATOpa U cpaBHEHHE (a30BBIX LIYMOB C XapaKTEPUCTUKAMH aBTOHOMHOTO
HEM30XPOHHOT'0 aBTOreHepaTopa. Takke B JIaHHOW paboTe MPUBOIUTCS CpaBHE-
HHE YpOBHs (Da30BBIX LIYMOB Pa3JIMYHBIX THIIOB aBTOT€HEPATOPOB, B TOM YHCIIE
Ha COCPEAOTOYCHHBIX JJIEMEHTAaX C BapuKalloOM, Ha CIIMH-BOJIHOBBIX JIMHUAX 3a-
JIEP’KKH, ¥ HOBOTO MEPCIEKTUBHOTO KJIacca aBTOT€HEPaTOPOB — CIMH-TpaHChep-
HBIX HaHOOCHMIUIATOPOB [2]. Ha 0CHOBE MONyYEeHHBIX PE3yJIbTaTOB AAKOTCS pe-
KOMEHJIAIMH 110 MTOCTPOEHHUIO CHUCTEM BHEIIHEH CHHXPOHU3AlMH HEU30XPOHHBIX
aBTOT€HEPaTOPOB.

Jlntepatypa

1. Caguenxo M.I1., Cmaposotimosa O.B. Crioco6 cumkeHus (pa3oBbIX UIyMOB B aB-
Toreneparope ¢ Bapukarnamu // Bectauk Banruiickoro demepaabHOr0 yHUBEPCUTETA HM.
. KanTta. 2016. Ne 1. C. 71-75.

2. Savin A, Tiberkevich V. Nonlinear Auto-Oscillator Theory of Microwave Genera-
tion by Spin-Polarized Current // |EEE Trans. Magnetics. 2009. V. 45, Ne 4.

109



BJIUSAHUE KOHE‘IHO? MACCBI HOHOB .
HA 3P®EKT PEJATUBUCTCKOU CAMOUHAYHUPOBAHHOU
IMPO3PAYHOCTHU B HEOJHOPOJHOMU IIVTASME

H.A. Muxeiiyes

Hmxeroponckuii rocynapcrennslit yausepcuret uM. H.J. JlobaueBckoro
mikheytsev.nikita@gmail .com

CoBpeMeHHbIE TEXHOJIOTHUH CO3JaHusI (EeMTOCEKYHIHBIX JIa3€POB CO CBEPX-
BBICOKOI IMHMKOBON MOIIHOCTBIO MO3BOJIMIIN IIPOBOJUTH SKCIEPHMEHTHI 110 B3au-
MOJIEHCTBHIO C BENIECTBOM H3JIy4eHHs MHTEHCHBHOCTBIO 10 107" Br/cM? 1 Bbi-
we. XapakTep B3auMOAEHCTBUS IPU 3TOM HOCUT CUJILHO HEJIMHENHBIN XapakTep,
BBI3BaHHBIN YIABTPAPEIATUBUIMOM OCHUJUIMPYIOUMINX B IIOJIC MU3IYUCHUA DJICK-
TPOHOB. O}:[HI/IM U3 BAXXHBIX Sq)q)eKTOB, BO3HHUKAOIIUX B TAKUX CUCTEMaX, ABJISA-
C€TCA PCIATUBUCTCKAsA CaMOUWHAYUUPOBAHHAsA IPO3PAYHOCTH — IPOXOXKICHUE
W3ITyYeHHs Yepe3 M3HAYAIbHO HEeNPO3pavyHbIi CIIONW 3aKPUTHUYECKOH IJIa3Mbl ITPH
JIOCTIIKEHUH M3JIy4YeHNEM HEKOW KPUTHYECKOW MHTEHCHUBHOCTH. JlaHHas paboTa
TIOCBSIIIIEHA TEOPETUIECKOMY HCCIIEI0OBAaHUIO 3TOTO 3 eKTa.

HccnenoBanock HOpManbHOE HaJeHUE PEJIITUBHCTCKH WHTEHCHBHOM IUIO-
CKOM 3JIEKTPOMAarHUTHON BOJIHBI Ha CJIOM 3aKpUTHUECKOH mia3Mel. [lepBoe Teo-
peTHYECKOE HCCIIEA0BaHUE STOTO BOmpoca Obuto omybnukosano B [1]. Cucrema
YpaBHEHUH, OIMCHIBAIOIIAs JAaHHYIO 3aJady B KBa3HCTallMOHApHOM CIydae,
BIIEpBbIE OblIa MMOJTyYeHA U perieHa B padbote [2] ¢ psamoM IpHOITMKEHHUIA: OTHO-
MEpHOCTh 3aJlaud, LHUPKYJSpHAs MOJsSpU3alMs MaJarouied BOJHBI, THAPOANHA-
MHYECKOE OIMCaHHE IIIa3Mbl, OJIHOPOJHOCTH CJIOSI, HYJIeBasi TEMIIepaTypa dJIeK-
TPOHOB, HETIOJABMKHOCTb NOHOB.

B nannoii pabore nponsBezeHo 0000IIeHNEe HA CiTydail HEOTHOPOIHOTO Ha-
YaJIbHOTO pacIipeAeieH st IIasMbl. DTO T03BOJIMIIO, B YACTHOCTH, YUECTh CyIlle-
CTBOBAHUE IMPEAIIIa3MBbI, CO3/1aBAEMOM JIA3E€PHBIM ITPEABECTHUKOM.

Pa3paboTaHHBIA aJTOPUTM ITOCTPOCHUS PEIICHUH TO3BOIMI YUECTh TaKKe
JBIDKEHNE MOHOB, KOTOPOE MOXKET UTPaTh poJb Ha BPEMEHaX CPaBHUMBIX C 00-
paTHOH IUIa3MEHHON 9acTOTOH HOHOB. PacnpeneneHne OBIDKYIINXCS HOHOB IIPH
3TOM OBUIO MOJTYYEHO M3 PELICHUS] MPOMEXYTOUYHON 3a/lauil O PENATHBUCTCKOM
JBIDKEHUH MOJI0KUTEIBHO 3apSKEHHON KOMITOHEHTHI I1a3MBl.

Bbina nccnenoBaHa 3a7a4ya 0 JBMKEHUH OJHOTO 3JIEKTPOHA BOJIM3H IPaHUIIBI
CJ1041. HOKaSaHO, YTO [JIsI BCEX MOJYYCHHBIX peI_HCHI/Iﬁ COCTOSAHHE DJJICKTpOHA
yCTOI‘/’I'-H/IBO OTHOCHUTEJILHO MaJbIX OTKJIOHCHUH OT PpaBHOBECHA.

Takke mocTpoeH (Ha3oBbIil TOPTPET OTAEIBHOTO dneKkTpoHa (puc. 1), u3 Ko-
TOPOTO BUJHO, YTO €CIIM DJIEKTPOH, HAXOJIIUICSA Ha TpaHHLE CJIos, 00JafaeT
MIPOIOJILHEIM HMMITYJIBCOM OOJIBIIIMM, YeM HEKOTOPBIH KPUTHYECKHH HMITYJIbC
(Per Ha pHCYHKE), TO OH MOKUHET cioi. OJHUM M3 MEXaHHU3MOB COOOIICHUSI
JIEKTPOHY TaKOTO MMITYJIbCa MOXKET OBITh TEMIIepaTypa, KOTopas TakKuM oOpa-
30M MOXET CHIDKaTh mopor mpospaudoctu [3]. B paGore Gbuia ucciemoBana
3aBUCHMOCTh KPUTHYECKOTO MMITYJIbCa OT aMIUIUTYBI JIa3epPHOTO M3IYYEHHUS U
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KOHLIEHTPALMK 3JIEKTPOHOB B IIJIa3M€ B Cilydae OE3rpaHHYHOTO OZHOPOIHOTO
CJIOSI TIPU Pa3HbIX JUIMTEIBHOCTSIX UMITYJIbCA.

Puc. 1. ®a3oBas IIIOCKOCTh ABIKEHUSI OJHOTO 3JCKTpOoHA. V3mydeHne majaeT BAOIb OCH
abcmuce. Hagano xoopauHar mo abcnucce — JieBas TpaHHIA HOHHOTO CJOsI, TOUKa Zy —
JIeBasi TPaHUIIA IEKTPOHHOTO CJI0sl, Z; — IepBasi CeAIoBasi Touka BHe ciiosi. [lyHKTHpoM
0003HaYEHBI CenapaTpPUCHI

AHanu3 1mokasaj, 4To pojib IABMKEHHSI MOHOB, KaK U OXXUAAJIOCH, PACTET C
YBEJIMYEHUEM BPEMEHHU B3aMMOJAEHCTBUS. BBIIO MOKa3aHO, YTO YeM JUIMHHEe
HMITYJIC, TEM BBIIIE KPUTHUYECKas TeMIlepaTrypa, Ipu KOTOPOH HACTYyIaeT Ipo-
3pavyHOCTD IIa3MBbl.

JIntepatypa
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2. Marburger, J.H. Nonlinear optical standing waves in overdense plasma /
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3. Sminos, E. Effect of electron heating on self-induced transparency in relativistic-
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HAPAMETPUYECKMI PE3OHAHC HA PASHOCTHOM YACTOTE
B CUCTEME /IBYX CBSI3AHHBIX OCHHUJIUIATOPOB

A.B. Muwun*, Bn.B. Kouaposckuii*, B.B. Kottapoecxuﬁz

1I/IHCTI/ITyT npuknagsoi pusuku PAH, Hixuuit HoBropoa
Texas A&M University, Texas, USA
mishin.nn@mail.ru

B kBaHTOBOI1 2JIeKTpOHUKE U (DU3UKE KOHIEHCUPOBAHHBIX CPEJ 4acTO BO3-
HUKaeT 33j1a4a O IapaMeTpUIecKOM BO30YKAECHHH KOJIeOaHWH B CHCTEME JBYX
CBSI3aHHBIX OCHWJIISTOPOB, OOJIAAIOIINX PA3IMYHBIMU YacCTOTaMH; MPUMEPOM
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MOXKET CIIY>KUTh BO30OY)KAEHHE KOJeOaHHH B KBAHTOBBIX TPEXYPOBHEBBIX CHCTE-
Max (MOJIeKyJIax, IPUMECHBIX IEHTPax, KBAHTOBBIX TOYKAX) MM KIACCHIECKUX
pe30HaTOopax C ABYMs BbIACICHHBIMU MOJaMU (SHCKTpOMaFHI/ITHBIMPI, aAKyCTH4C-
CKHMMH, TOJSIPUTOHHBIMHE) [1-3].

B nanHOM paboTe 3Ta 3amaya pacCMOTPEHa A1 MaJI0 MCCIEAOBAHHOTO CITy-
Yasi CUCTEMBI JIByX CBSI3aHHBIX OCHWJIISITOPOB CO CIA0BIM 3aTyXaHWUEeM U OJu3-
KAMH TapIualbHBIMU YaCTOTaMH, KPaTHBIMU UX Pa3HOCTH: ®; = ®y + g = Ny,
e 1enoe yucio N >> 1 xapakrepusyeT MOpsIoK <«JIBOHHOT0» pe3oHaHca. M3y-
YeHbl 0COOCHHOCTH ITapaMeTPHIECKOTro BO30YKICHHS CHCTEMBI B YCIOBHAX yKa-
3aHHOTO IBOMHOTO pe30HaHCa IIPH MOIYJIALIN BOIN3H PAa3HOCTHOM YacTOTHI KaK
KO3 HIEEHTa CBA3M MEXIY OCHWLIATOPAMH, TaK M MX MApPIHATBHBIX YacTOT.
IpoBeneH YnCICHHBINH pacdeT MaTpHunanTa [4] ¥ oCTpOeHBI qrHarpaMMbl yCTO-
YUBOCTH [5] IS THITHYHBIX TAPAMETPOB OCIIMILIATOPOB (CcM. puc. 1).
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Puc. 1. /luarpamMma yCcTOMYMBOCTH [UIsL IBYX CBSI3aHHBIX OCLMJULITOPOB C YaCTOTaMU (D1 =
= Bwg ¥ 0y = 5m¢. UepHbiMu ToukaMu u300paskeHa 06IacTh NapaMeTPUUECKON Heyc-
TOH4MBOCTH. [10 rOpU30HTANILHOM OCH OTJIOKEHA YyacToTa Q = ® / (g, a IO BEPTUKAIILHOM
OCH — aMIDTHTY 12 IEPUOJMYECKOTO BO30YKICHUS KOd(PHUIIEHTA CBA3H €

BeIsicHEHO, 4TO MOPOr MapaMEeTpUYECKO HEyCTOMYMBOCTU CBS3aHHBIX OC-
MUJUIATOPOB MOHMKACTCS C YMCHBIICHUEM ACKPEMEHTA UX 3aTyXaHHs, Pa3HOCTb
(a3 Bo30yxkaeHust Ko duIeHTa CBsi3u 1-r0 ¥ 2-ro OCIHUIATOPOB ¢1ad0 BIIUS-
€T Ha T'PaHUIly YCTOWYHMBOCTH CHUCTEMBI, 00JIACTh HEYCTOWYMBOCTH CY)KAETCS C
pocToM mopsiaka pezoHanca N. M3ydeHo Takke BIMSIHHE PACCTPONKU ABOMHOTO
pe3oHaHca Ha pa3BUTHE NapaMETPUYECKON HEYCTOMYMBOCTH B HIMPOKOW obiac-
TH 3HAYEHUH MapaMeTpOB CUCTEMBI. Y CTaHOBJIEHO, YTO HAJIMYUE ABOWHOIO pe-
30HAaHCA CIIOCOOCTBYET Pa3BUTHIO MAPaMETPHUSCKON HEYCTOHINBOCTH.

Jlutepatypa
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INPOEKTUPOBAHME LEJOYUCJIEHHBIX IU®POBBIX ®UJIHTPOB
C IPOU3BOJILHOMN ®OPMOM XAPAKTEPUCTHUK

H.C. Mopo3sos, B.H. Byzpos, H.A. Opios

Hwxeroponackuii rocynapctennslit yuusepcuret uM. H.J. JlobaueBckoro
nsmorozov@rf.unn.ru

OmauM u3 Hanbosee BOCTPEOOBAHHBIX ANTOPHUTMOB HU(GPOBOH 00pabOTKU
CUTHAJIOB SIBJISIETCS, KAK U3BECTHO, HU(poBast GpuibTpanys. SBIssICh yCTPOUCT-
BaMH YaCTOTHOW CEJIEKIIMM BXOJHOTO CUTHala, HU(PPOBBIE (QHUIBTPHI OOBIYHO
pa3pabaThIBAIOTCSI HA OCHOBE TPEOOBAaHMH K MX YAaCTOTHBIM XapaKTEPHUCTHKaM,
TakuM Kak Tpedyembie AUX, ®UX, tpeObyemble xapaktepuctuku [ B3 wmmu vac-
TOTHOMW JTUCIIEPCHU CHUTHANA. B HacTosIee BpeMsl MOSBISIETCSI MHOXKECTBO MPH-
KJIaHBIX 3a/1a4 C BECbMa CIO)KHBIMH TPEOOBAHUSIMU K aMIUTUTYHON CEJIEKINN
moje3Horo curHasna. OJHAKO KIACCHMYECKHE METOIBI MPOCKTUPOBAHUS PEKyp-
CUBHBIX IU(POBBIX (HUILTPOB MO aHAJIOTOBOMY IPOTOTHITY C IPUMEHEHHEM Me-
To/a OWIMHEHHOTo MpeoOpa3oBaHMs JIMO0 PazIMYHBIX MMOIXOM0B, HA HEM 0a3u-
pYIOIIMXCs, HE TO3BOJIIOT, Kak 3TO MmokasaHo B [1, 2], cuHTesupoBath BUX-
GUIBTPBI C TPOM3BOJIBHON (HOPMOH XapaKTEPUCTHK, HE HAIOT BO3MOMKHOCTH
Y/IOBIIETBOPHUTH MOCTOSIHHO BO3pAaCTalollue CEJIeKTUBHbIE TpeOoBaHMs. OQHAKO
uneonorus [THII [1-5] mo3Bomnsier 3¢ GeKTUBHO IPOSKTHPOBATH LEIOUHCICHHbIE
PeKypcUBHBIE (PUIIBTPHI C 3aaHHOM Pa3pSAJHOCTBIO IPE/ICTABICHUS TaHHBIX TIPH
MaKCHMaJIbHOM BBINOJHEHUH TPeOOBaHUI K COBOKYIMHOCTH IMPOTHBOPEYUBBIX
JACTOTHBIX XapAaKTEPUCTUK (PUIbTpa IMpU MPOU3BOJIBHON (hOpME HMX 3aJaHMA.
BaXHBIM JTOCTOMHCTBOM TaKHX IETOYHCICHHBIX IUPPOBBIX GuibTpoB (LILD)
SIBJISIETCS. OTCYTCTBHE NPOLEAYPHbl KBAHTOBaHUS Kak KoddduimeHToB Gpunbrpa,
TaK ¥ PE3yIbTaTOB IPOMEKYTOUHBIX BBIUHCIEHHH B XOJAE pacdeTa OTKIMKA
¢uIbTpa B peabHOM BPEMEHH, a CIIEAOBATENFHO, M OTCYTCTBHE HETaTHBHBIX
MOCJIEACTBII KBAHTOBAHUSI JAHHBIX, IEPEYNCIICHHBIX BBIIIE.

B nmaHHOH cTaThe MPHUBOIATCS HECKOJIBKO XapaKTEPHBIX IPHUMEPOB PEIICHUS
3a7a4 CHHTE3a PEKYPCHBHBIX IIEIOYMCICHHBIX (PHIBTPOB CO CIOXHBIMHU CEJIEK-
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THUBHBIMH Tp€GOBaHI/ISIMI/I YUCJIICHHBIMU METOJaMU JUCKPETHOI'O MpOrpaMMUpo-
BaHWs, TIPUMEPOB, NIUTIOCTPUPYIOIINX ITPUHIUIIHAIBHBIE BO3SMOXXHOCTH JaHHOTO
noaxoaa K MHOFO(I)yHKHI/IOHaJ'H)HOMy IMPOCKTUPOBAHUTIO III/I(l)pOBI)IX CHCTEM.

IIpumepvwr:
V3kononocHslii rayccoB GpribTp (puc. la, 10).

JIBYXIOJIOCHBIM rayccoB (QMIBTP ¢ KPAaTHBIMH LEHTPAIbHBIMHM YaCTOTAMU
(puc. 2a, 26).
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Puc. 1a. U3mepenne AUX ¢uibrpa B o- Puc. 16. U3mepenne AUX dunbrpa
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Puc. 2a. AUX ¢unsTpa Ha UHTEpBaJe Puc. 26. AUX ¢ussrpa (1b)
HaiixBucra
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CXEMA OTHOCHUTEJBHOM NEPEJAYN HTHO®OPMAIIAA
HA OCHOBE XAOTHYECKHUX PAINOUMITYJBCOB

T.1. Moxcenu*, A.C. Jmumpues*, K. Cbeppa2

"MHCTHTYT pagHOTEXHHKH 1 51eKTpoHHKH HM. B.A. Kotensankosa PAH, Mocksa
MockoBckuii (hU3UKO-TEXHUYECKUH HHCTUTYT, Jlonronpy IHbIi
chaos@cplire.ru

B nmoknazie mpeasaraeTcst ¥ UCCIEAyeTCsl HOBasi cxeMa nepenadd uHdopma-
UM C UCIIOJIL30BAHHEM B KAaueCTBE HECYIEro CHUTHajla JUHAMHYECKOTO Xaoca.
Ipeanaraemasi cxemMa OTHOCHTCSI K KJI4CCy CXEM C OTHOCHUTEIbHBIM METOIOM
nepenaun [1].

West mpuMeHeHHs OTHOCHTENBHBIX METOOB TIEPENaud ¢ MCIONb30BAHNEM
Xa0TUYECKUX CHTHANOB BO3HHKIA B cepeanHe 1990-x rofoB, KOTAa BhISCHUIOCH,
YTO MPUMEHEHHE XaOTHYECKONW CHHXPOHHU3AIMK B CHCTEMax mepenavyn HHPOp-
MaIliK BBIJIBUTAET OUCHB JKECTKUE TPEOOBAHMS K KAUeCTBY KaHAJIOB M TOYHOCTH
HCIIOJITHCHUSA Hepe[[aT‘-II/IKOB u HpI/IeMHI/IKOB. EBIJ'[I/I HpeI[HO)KeHI)I KakK MI/IHI/IMyM
nse takue cxempl: DCSK [2] u CDSK [3]. IlepBast u3 HUX CTaia JOCTATOYHO
MOMYJISIPHOM U TMOAPOOHO HCCIIEA0BAaCh KaKk CAMUMM AaBTOPAMHM, TaK U HMX I10-
crenoBarensamu. OHAKO OHA HE MOJYyYMIIa MPAKTUYECKOrO Pa3BUTHS U MPUME-
HEHUS U3-3a MPUCYTCTBUS B HEH 7IEMEHTOB ¢ OOJIBIIMMHU BPEMEHHBIMHE 3a1EPiK-
KaMH, KOTOpPbIE B aHAJIOrOBOM BHJIE JI0 CHX IIOp HE peajM3yeMbl B JECIICBOM H
KOMITAKTHOM BapHaHTe.

IMosTOMY €MHCTBEHHBIM PEATH30BAHHBIM CITOCOOOM CO3MaHMs GECTIPOBOI-
HBIX CPEICTB OECIIPOBOMHOM CBA3H Ha CETOMHSAIIHKNA IEHE ABIACTCS TPIMOXa0-
THYECKAsT CXeMa CBSI3H, TJe B KaueCTBE HOCHTENST HH(POPMAIUH HUCIIOIB3YHOTCS
Xa0THUYECKUE PaTHOMMITYIIBCHI [4, 5]. BMecTe ¢ TeM 110 Mepe pa3BUTHS CPEICTB U
SIIEMEHTOB JJIsl XA0THUECKUX CHCTEM CBSI3M BO3PACTACT UHTEPEC K PACIIMPEHHIO
MPAKTHYECKH PEATTH3YEMBIX CXEM.

Aeon4Haa nHpopMaUuHoHHanA
nocnefoBaTenbHOCTE

OTOK
XAOTHHYECKHX S{U
HMNYNeCOB

3afepXKa Ha BpeMA
ABTOKOPPEnAUHn T

Puc. 1. Cxema nepepatdnka

B noxnazne npemnaraeTcss OTHOCUTENbHAS CXEMa CBSI3H, KOTOpasl yAOBIETBO-
psieT TpeOOBaHMIO pealM3yeMOCTH U UMEET 3HAYUTENbHbIH IIOTEHIHAN /I CBO-
ero pa3ButHst. CTpyKTypa IepenaTinka U IMPHEMHHUKA TPEIaracMoro peeHus
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nokasansl Ha puc. 1, 2. B xauectBe HocuTenst MHpOpMALIMK B CXeMe, TaK XKe Kak
B HCXOJHOHM IPSIMOXAaOTHYECKOH CHCTeMe CBS3M, HUCHOIB3YIOTCS XaOTHYECKHE
PaAuOUMITYJIBCHI.

Z(t
( ) BeixoaHan

,D‘ X CpaBHeHWe ¢ | »| WHGOpPMaUMOHHAA
Y(f) HyneéBbIM NOPpoOrom ABOWYHaA

2 NOPAAKA Bnok NPHHATHA p nocneAoBaTensHoOCT

3agepka Ha BpeMA
ABTOKOPPEenAuun T
Puc. 2. Cxema npueMHHKa

TeopeTnuecknii aHANW3 MPEUIOKEHHON CXEMBI ITOKAa3bIBaCT, 4TO IPH
OonbinX 0a3ax CHUTHAlIA OHA 00JaJaeT BBHICOKOW YCTOMYMBOCTBIO K IIyMaM U
JPYTMM BO3MYIICHUSM B KaHalie. Ee TeXHHuYecKas peanu3anus BO3MOXKHA U HE
JIOJDKHA BBI3BIBATH OONBIINX TEXHUYECKUX MpoOieM. [TockonbKy TpebyeMbie st
Hee 3aJiepiKKU TpH noJioce curHana 1 [T u 6onblie He npeBocxonsaT 1-2 He, TO
OHA JIETKO pPealn3yercsi, HallpuMep Ha OTpe3Kax COBPEMEHHbBIX Kabelnei IIMHON
10 50 cm.
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2000. V. 47, Ne 12. P. 1684-1691.

4. Dmitriev, A.S. Experiments on direct chaotic communications in microwave band /
A.S. Dmitriev, B.Ye. Kyarginsky, A.l. Panas, S.O. Starkov // International Journal of
Bifurcation and Chaos. 2003. V. 13, Ne 6. P. 1495-1507.

5. Amumpues, A.C. AKTUBHBIE OCCIIPOBOJHBIC CBEPXIIMPOKOIONIOCHBIE CETH HA OC-
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Ne 4. C. 354-363.

116



BET'YIIIME CIIUPAJILHBIE BOJIHBI B TYPBYJEHTHOM CTPYE

P.U. Myﬂﬂﬂdofcaﬁoel’z, PJI. Cam)6ep23, C.C. A60ypal<un061’2,
B.K. ,Z]a;copdwc“, K. Xanvanus®

YMucruryr rermodmsuxu CO PAH, HoBocuGupcexk
2HoBocHBUPCKHIA FOCYJAPCTBEHHBIHA YHIBEPCHTET
3VHHBepcheT Mens0ypHa, ABCTpaus
4I/IMHepPIaJ'I-K0J'IJ'Ie,Z[>K, Amnrnus
STexumueckuii yuusepcutet [dendra, Hunepnangst
rustammul @gmail.com

KpynHomaciiTaOHBIe OpraHM30BaHHbIE KOTEPEHTHBIE CTPYKTYpPBI HIPAIOT
0COOCHHO Ba)KHYIO POJIb B CBOOOIHBIX CABUTOBBIX TEUCHHUSX, TAKUX KaK CIEJH,
CIIoM cMemeHust u CTpyH [1]. DTH CTpyKTYpBI ONPEACSISIIOT MPOLECCHI IepeMe-
IIMBAaHUS, BOBIEUECHHS OKPY’KarOLIeH )KUIKOCTH B IIOTOK U T€HEpaIy adpoaKy-
CTHYECKOTO IIyMa.

B nanHON paboTe MCHONB3YIOTCSA PE3YNbTAaThl IPSIMOTO YUCIEHHOTO MOje-
nupoBanus ypaBHeHuit HaBre — CTokca TypOyJIeHTHON Kpyrio cTpyH [2], BBI-
TEKarollel U3 JUIMHHOW TpyOs! pu uncie PeitHonbaca Re = 5940, noctpoeHHo-
ro 1o cpenHepacxoaHol ckopoctu Uy, Teuenus B Tpyoe u ee nuametpy D. Typ-
OyJeHTHOE TeUeHHE W3 TPYOBI BHITEKACT B JJAMHHAPHBIN CITyTHBIH MTOTOK CKOPO-
CTH U = 0,27Uy,. [ToMHMO OCTaTOYHOTO MPOCTPAHCTBEHHOTO pa3pelICHUs JIaH-
HBI pacueT NPOU3BEICH JUIS CYIIECTBEHHOTO IPOMEXKYTKA BPEMEHH IIPOIOIIKH-
teapHOCThI0 400D/Up, 9TO MO3BOJIMIIO HMCCIIEAOBATh CTATHCTHYCCKUE XapakTe-
PHUCTHKH NOTOKa Aaxke B HanbHeil obmactu. Ha puc. 1 mokazaHo MrHOBEHHOE
T0JIE 3aBUXPEHHOCTH B paccMaTpUBaeMOM 00acTy, Ilie IPoAoIbHAs KOOpAUHA-
Ta X orpannueHa paccrostuuem 40D.

Puc. 1. MraoBeHHOE 110JI€ 3aBUXPEHHOCTH B PacCMaTpUBaeMOil 00JIaCTH TeISHHS

Jl1s1 ISITH BBIAENEHHBIX LUIMHAPUYECKUX obnacrei MPOBENEH CTaTUCTHYE-
ckmii ananu3 metomoM Proper Orthogonal Decomposition (POD) [3], koTopsrii
TIO3BOJIACT PA3JIOKUTH MOCIICAOBATEIBHBIE p€aIN3allii MITHOBEHHOI'O IIOJIA CKO-
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POCTH B CYNEPIIO3ULMIO CIIATAEMBIX THIIA 3q " Aq Vg, T€ & — K03 OULHEHTHI,
3aBUCAIIME OT BPEMEHM, A — COOCTBEHHBIE 3HAYEHHs, KOTOPBIE YKA3bIBAIOT Ha
BEJIMYMHY KUHETHYECKOM SHEPTMH TypOyJIEHTHOCTH, COOTBETCTBYIOLIME COOCT-
BEHHBIM (DYHKIMAM ¢ MHIEKCaMH M, J, a V — MPOCTPaHCTBEHHAst COOCTBEHHAs
(QyHKIHS, TIPY 5TOM M — 3TO a3UMYTaIbHOE BOJHOBOE YHUCIIO, & ] — 3TO MHIEKC
POD-Mo/1, KOTOpBIE OTCOPTHPOBAHBI TI0 YOBIBAHHMIO COOTBETCTBYIONIEH TypOy-
JIEHTHOH KWHETHYECKOW 3Hepruu. [Ipy TMOMOIIM 3TOTO METOAA MOKA3aHO, YTO
TypOyJIEHTHAS MHAMHKA MOXET OBITh NPEICTABIEHA B BUJE CYNEPIO3UINM
Oeryimmx BHHU3 MO TEYEHWIO CIUPATbHBIX BOJH (puc. 2). [lomydeno nuHeiiHOE
(SMIIMPHYECKOE) AMCTIEPCHOHHOE COOTHOIIEHHE, KOTOPOE YKA3BIBAET HA TO, YTO
KPYITHOMACIITaGHbBIE CTPYKTYPhI PACTIPOCTPAHSIOTCA ¢ (pa3oBOM CKOPOCTHIO B
nuanasone 0,6 < Ugy/uy < 1,0.
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Puc. 2. Cresa: npoctpancrBenHas popma cobcrBerHbIx POD-QyHKIMiA V 11 o0macTu
1V, cooTBeTcTBYOIINX HaubOIee SJHEPrOHECYIIUM KOTEPEHTHBIM CTPYyKTypaMm ¢ M= 1 u
g = 1, 2. Cnpasa: nuarpamma, AeMOHCTpHpYIomas Hanbonee 3HaunMble POD-MozbI B
npoctpancTBe K — f (mpomonpHOE BOMHOBOE YHCIO M YacTOTa, HOPMHUPOBAHHbBIC Ha JIO-
KaJbHYO MOJNYIIHPUHY CTPYH H [POIOJIBHYI0 CKOPOCTH B CJI0€ cMelieHust). Tpu mrpuxo-
BbIC JINHUH COOTBETCTBYIOT 3HaYeHUAM (hazoBoii ckopoctu 0,6; 0,8 u 1,0

Pabora Obu1a nopnepskana PH® rpanrom Ne 14-19-01685.
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3. Srovich, L. Turbulence and the dynamics of coherent structures. |. Coherent
structures // Quart. Appl. Math. 1987. V. 45, Ne 3. P. 561-571.

118



JABMKEHUE YACTHI B I'NTAHTCKHUX KBASUCTATHYECKHUX
MAT'HUTHBIX HOJIAX, TEHEPHPYEMbBIX BCTPEYHBIMUA
JIABEPHBIMU ITYYKAMUM CBEPXBBICOKOHU HHTEHCUBHOCTH

A.A. Mypasves, A.M. Cepeees

WucruryT npukianuoii pusuku PAH, Hukxunit Horopon
sashamur@gmail.com

B 6mmkaiiirem OyaymieM OXHIAeTCs JOCTIKEHHE YPOBHEW HHTEHCHUBHOCTU
nasepos nopsiaka 10°-10%° Br/cM?, 9TO CIy’KHT TIPHYHHOM BCILIECKA HCCIEI0-
BaHUIl B3aMMOJIEHICTBUS CBEPXCUIIBHBIX JIa3€PHBIX MoJiell ¢ BemecTBoM. Kiroue-
BbIM MOMEHTOM B TaKHX HCCIIEIOBAaHHAX SIBISIETCS HEOOXOAUMOCTD yu€Ta MpuH-
LUIMHAATFHO HOBBIX ((EKTOB. AUCKPETHOW paJMallMOHHON OTAa4YM OT U3Iyde-
HUSI )KECTKHX (DOTOHOB, a 3aT€M MX paclaj] Ha JJIEKTPOH-TIO3UTPOHHBIE Taphl.
BBuy Cro)XHOCTH TEOPETUUECKOTO aHan3a 33/1a4, B KOTOPBIX TpeOyeTcst camo-
COTJIaCOBAHHBIN y4ET 0OpaTHOTO BIMSHMS IUIa3MBI Ha 110JI€, OCHOBHBIM HHCTPY-
MEHTOM HCCIIEIOBaHUS TaKHMX 3a]1a4 sIBISIETCS YHCIEHHOE MOJIETTMPOBAHHE.

B nenaBueit paGote [1] B oqHOMEpPHO# reoMeTpHun OBLT MpeacKasat 3GdexT
TeHepallMy THIaHTCKUX KBa3UCTATHMYECKUX MArHUTHBIX MOJEH, pa3faernéHHBIX
TOHKHMH TOKOBBIMHU CJIOSIMH, BO BCTPEUHBIX JIMHEHHO-TOIAPH30BaHHBIX BOJTHAX
CBEPXBBICOKOH MHTEHCHBHOCTH. B Tekymieil paboTe MpoBOIUTCS HCCIEIOBAaHHE
JBIDKEHUS YaCTHUI] B MOTYYEHHBIX TOKOBBIX CTPYKTypax. CriepBa Oblia mocTpoe-
Ha mpoctast 0a30Basi MOJIeNb, MOJIpa3yMeBaloIas 0e3paaralioHHOe JBHKEHHE
YacTHIl B MOHOTOHHO MEHSIOIIEMCS BJIOJb HAIlPaBJICHHS, MEPIeHIUKYISPHOTO
CHJIOBBIM JIMHSIM, MarHUTHOM TOJI€, ¥ TIOJIPOOHO M3Yy4YEHO JBM)KEHHE YaCTHIl B
Heil. Jlajee 3agava Mo3TarHo yCIOXKHAETCS: B MOJIENb JO0ABIISETCS paHalllioH-
HOE TPEHHE, JIEKTPUIECKOE TI0JIe U APYTUe P PEKTHI.

Taxoke Oynmer obcykmaTbcs 000OIIEHHWE 3agaul Ha TPEXMEPHBIN CiTydai.
KiroueBbIM OTIIMYMEM OT OZJHOMEPHOTO SIBIISIETCSI BOSMOXKHOE pa3zieeHue 3apsi-
Jia, TIEpEHOCHMOT0 TOKOBBIM clloeM. Takoe paszesnieHue 3apsiia JOJDKHO TIPEeTIsT-
CTBOBATh MPOSIBICHUIO 3()(heKTa N 3HAUYUTENBHO yBEIWIHBATh CKOPOCTH peEllaK-
canun (opmupytomeiics cTpykTypbl. OZHAKO OHO MOXET OTCYTCTBOBaTh, Ha-
IIpUMEp B CIIydae 3aMbIKaHUS TOKOBBIX CIOEB APYT Ha Jpyra, 4To, B CBOIO Oue-
pelb, 3HAUYNTEIBHO BIMSET HA CTPYKTYPY TOJIEH.

Jlutepatypa

1. Mypasves, A.A. T'eHepans TOKOBBIX CIIOEB U THTAHTCKHUX KBa3WCTATHYECKHUX Mar-
HHUTHBIX TMOJICH MPU MOHU3ALMH BaKyyMa B DKCTPEMAalbHO CHIIBHBIX CBETOBBIX MOJSIX /
A.A. MypasbeB, C.1. Bactpakos, A.B. bammnos, A.A. I'onockos, E.C. Edumenko,
A.B. Kum, .. Meepos, A.M. Ceprees / Ilucema B XKXIT®. 2015. T. 102, Beim. 3.
C. 173-178.
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NPENU3UOHHAA UHTEP®EPOMETPUSA JTA3SEPHOM ITJIA3MBI
CYHEPOUJIIAMEHTA

A.A. Mypsanes*, C.5. Boopos", J.B. Kapmauio6®, )K.A. Camconosa?,
M. Hempapka3

1I/IHCTI/ITyT npuknanHoi ¢usuku PAH, Hwxauit HoBropox
2| nstitut fir Optik und Quantenelektronik Friedrich-Schiller-Universitét Jena,
Jena, Germany
3La Sapienza University, SBAI Department, Rome, Italy
alex_murz@mail.ru

DKCIIEpUMEHTHI 0 HMCCIEIOBAHMIO PACIPOCTPAaHEHHUS MOIIHOTO (emMToCce-
KYHJ/IHOTO JTa3epHOTO M3JIyYCHHUs B BO3MyXe B pekuMe cyrnephumamentamun [1]
OBLTH MPOBEACHBI HA MYJIbTUTEPABATTHOM JazepHoM Komiuiekce JET140 Uucrtu-
TyTa ONTHKM M KBAaHTOBOM 3JIEKTPOHHUKM YHHBepcuTeTa umeHu Ppunpuxa
Ilunnepa (ropox Mena, Tepmannus). B 1aHHOM IHKIIE SKCIEPHMEHTOB HCIIONb-
30BaIOCh U3MydeHue c¢ 3Heprucit B mmmyibce 800 m/[k, meHTpanbHas TUHA
BoutHBI n3nydeHus 800 HM.

[Ty4oxk nazepHOro M3MydeHust GOKYCHpOBAIICS B BO3AYX, JUIS YEro MCIOJb-
30BAIMCh PA3IMYHBIC CHCTEMEBI JIMH3 W 3epkai, 3¢ddekTuBHOE PoKycHOE pac-
CTOSIHHE KOTOPBIX COCTaBIsUIO 3 M 7,5M COOTBETCTBEHHO. METOIOM TpeIn3u-
oHHOU HMHTEepdepoMeTpun [2] mpu MOMOIIH MOIAPU3AIMOHHOTO HHTEphEpOMET-
pa Hamapckoro ¢ mpu3moit Bomractona mccnemoBaiicss mpomiib IIa3Mbl, CO3-
JaBacMOM HM3ITydeHHEM B BO3IyXe B MpoOIecce pacmpocTpaHeHus. V3mepeHus
MPOU3BOAMINCE B OTHOMMITYJIbCHOM PEXHME, C HCIOJIB30BAaHHEM METOIMKH
pump-probe (nakauka — 30HAMPOBAHHUE), B KAUECTBE 30HIUPYIOIIEH HCIOIB30-
BaJIaCh 4aCTb DHEPTUX UMITYJIbCA JTa3€PHOI0 M3JIYy4YCHHA, OTBEACHHAA OT OCHOB-
HOIr'o my4dka, KoTopas ImpocCBCUMBajia 00J1aCTh IIJIa3MbI B HalpaBJICHUU TECPIICH-
JUKYJISIPHOM pacIlipOCTPaHEHUIO OCHOBHOW YacTH HM3JydeHHUs. 3aiepiKa mpoo-
HOT'O MMITYJIbCa OTHOCUTENIBHO UMITyJIbca Hakauky He npesblimana 100 mc.

ITpu Gonee octpoii poxycuposke (f-number ~ 50) mabmoganocs 06pazoBa-
HUE MHOXKECTBA KaHAJIOB, MOJIO)KEHHE KOTOPBIX MEHSUIOCH OT BBICTpENa K BbI-
cTpeiny Ha pacctostHud ~15 cm o Toukn ¢okyca. B okpecTHOCTH (oKyca nzme-
psieMoe pacripenenieHne (a3bl CTAaHOBHIIOCH CIUIOLIHBIM, YTO MOKET CBHICTEIb-
CTBOBaTh 0 OoJiee ONM3KOM PACIONOKCHHUU TUTa3MEHHBIX (rmameHToB. OIeHKa
IUTIOTHOCTH TUTA3MBI, TIPOBENICHHAS TI0 TaHHOMY pacIpeneseHuo (asbl, TOKa3bl-
BaeT, YTO NAHHOE pacCHpeAeTICHHE COOTBETCTBYET NOBOJIFHO IMTMPOKOMY ILIa3-
MEHHOMY KaHaiy (muamerp ~ 1 M), IIOTHOCTH TIa3Mbl B KOTOPOM CPaBHHMA C
AIIEKTPOHHOH IIOTHOCTHIO OTAEIBHOTO (PMIIAMEHTa, COCTABIISIONICH ~ 5-10% cm3,
IIpu uccnenoBanuu pacnpeneieHus ¢asbl B MOJOKEHHIX 32 (HOKYycOM OOHapy-
KWJIOCh YMEHBIICHUEC ITUPUHBI Ha6n}oz[aeMoro pactpeacicHd U BEJIUMYUHBI HA-
Oera ¢azpl. Ha paccrosiaun ~ 10 cMm 3a nuHeliHbIM (hoKycoM pactipesenienue (ha3bl
COOTBETCTBYET PacCIpeeNIeHNI0, HaOII0aeMOMy OT YEIMHEHHOro (uiiaMeHTa,
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OJTHAKO €ro IMOJIOKEHHE B MPOCTPAHCTBE OCTABAIOCH HEM3MEHHBIM OT BBICTpENa
K BBICTPEIy.

WNuas kaptuHa HaOmromainach npu Ooinee cimaboii okycuposke (f-number ~
125). Ipu Takux mapaMerpax M3IyueHHE JOKHO PACIPOCTPAHATHCS B PEKUME
cynepduaamenTtayu [1]. Bo3HHKHOBEHHE OTAENBHBIX IUIA3MEHHBIX (HITaMEH-
TOB HAOJIOIAJIOCH HAa pacCTOSTHUM 25 cM oT nosiokeHus (okyca. VX monoxeHne
CJIly4alHO, a pacCTOSTHUE MEXITy HUMH yMEHbBIIAeTCs NMpU NPUOIMKEHNH K JIH-
HeitHoMy dokycy. HabOmromaemoe pacnpenenceHue (a3bl BIIOJHE MOXKET OBITH
HHTEPIPETHPOBAHO KAaK COBOKYITHOCTHh OJIM3KO PACIIONIOKEHHBIX IUIa3MEHHBIX
KaHAJIOB C AJIEKTPOHHOH IIOTHOCTBIO, OTBEYAOIIEH OJAMHOYHOMY (DHITAMEHTY,
KOTOpPBIE OT BBICTpENTa K BBICTPENY HAKJIAIBIBAIOTCS APYT Ha APYTra MU MPOCHH-
poBaHHMHK Ha Kamepy, GUKCHPYIOIIYI0 HHTep(eporpaMmy, TO €CTh «CIHSIHUS» Ka-
HAJIOB B €AWHBIN CyneppuIaMeHT He MPOUCXOINT. PaciipeneneHust JIOMUHECIICH-
LM BO3/IyXa B 00JacTH (hriIaMeHTaliH, KOTOpBIE (PHKCHPOBAJIMCEH MAPAUIETBHO C
MHTEPPEPEHIIMOHHBIMI U300paKEHUSIMH, HE O0JaJaloT CTOJb BBICOKHM IIPO-
CTPAHCTBEHHBIM Da3pellieHueM, KaK pe3yJbTaThl 00paboTKu HHTEepdeporpamm.
HpI/I‘-II/IHa COCTOUT B TOM, YTO BpPEMs JIIOMUHCCHECHIIMU BO3yXa 3HAYUTECIILHO I10
CPaBHEHHIO C BPEMEHHBIM pa3pelieHHeM HHTephepOMETPHH, KOTOPOE OIpeieNs-
€TCsl JUTNTEIBHOCTHIO 30HAMPYIOIIET0 UMITYJIbCa, M 32 3TO BPeMs IPOCTPAHCTBEH-
HOE paclpeieneHre Bo30yKISHHBIX MOJIEKYJT BO3/IyXa yCIeBaeT U3MEHHUTHCS.

Jlutepatypa

1. Point, G. Superfilamentation in air / G. Point, Y. Brelet, A. Houard, V. Jukna,
C. Milién, J. Carbonnel, A. Couairon, A. Mysyrowicz // Physical Review Letters. 2014.
V. 112(22). Art. 223902.

2. Bodrov, S Plasma filament investigation by transverse optical interferometry and
terahertz scattering / Sergey Bodrov, Vladimir Bukin, Maxim Tsarev, Aleksey Murzanev,
Sergey Garnov, Nikolay Aleksandrov, Andrey Stepanov // Optics Express. 2011. Vol. 19,
Ne 7. P. 6829-6835.

3. Benattar, R. Polarized light interferometer for laser fusion studies / R. Benattar,
C. Popovics, R. Sigel // Rev. Sci. Instrum. 1979. V. 50(12). P. 1583-1585.

BBISIBJIEHUE 3ABUCHUMOCTH YPOBHA KOHIHEHTPALIUHN
OT MOTUBAIIMA U BANTEJBHOCTHU

B.O. Heoaitisozo06

CapaToBCKUi rocyIapCTBEHHBIN TeXHUUECKHH yHUBepcuTeT uM. ['arapuna 10.A.

fdf_het@gmail.com

['oNOBHOM MO3r 4acTO PacCMATPUBACTCS KaK CIIOXKHAs CeTh B3aMMOJEHCT-
Byromux exunul (HelipoHoB) [1], koomepaTuBHAsS THHAMHKA KOTOPBIX MOPOXK-
JaeT pa3IMYHbIC THUIBl KOTHHTHBHON aKTWBHOCTH, Hampumep (pOopMHpOBaHHE
crenoB mamaATH [2], 06paboTky mHpopManun [3], IPOCTPaHCTBEHHYIO OpPHEHTa-
uto [4], uaremtekt [5] u T. 1. O6paboTKa HHGOPMAIIMH B MO3TE TIPOMCXOINUT B

121



HECKOJIBKO 3TAIOB: MOJyYeHHE BHEIIHNX JAHHBIX (CTHMYJIOB), UX aHAIHU3 H pe-
akuysa Mo3ra. Kaxaplil u3 3THX 3TanoB XapaKTepU3yeTCsl OAHOBPEMEHHOM aKTH-
BaIMEH ONpeeeHHbIX 0bacTeil Mo3ra, KOTOphle (YHKIIMOHAIBHO B3aUMOJIEH-
CTBYIOT JIPYT C JIPYTOM.

KoruutrBHas aKTHBHOCTh MO3ra OOBIYHO 3aBHCHT OT UHAUBUAYAIBHBIX (H-
3HOJIOTUYECKHX OCOOCHHOCTEH, TO €CTh OHa MOXET OBITh CBA3aHA C PA3INYHBIMU
CIIEHAPHSMH MO3TOBBIX IIPOIIECCOB B 3aBHCHMOCTH OT MOTHBAIIMHU, OJHUTEIHHO-
CTH, COCTOSIHHS 3II0POBbSI M ycTaJocTH yesoBeka [6]. [loaromy Hapsiay co 3Ha-
HHEM OCHOBHBIX OCOOEHHOCTEH JEATENHHOCTH MO3ra B PEIIEHAH KOHKPETHBIX
32184 M3yYEeHUE BIMSHUS YETOBEYECKUX (DAKTOPOB, TAKUX KAK OTBETCTBEHHOCTH,
MOTHBAIIHS, BHUMAHHE W CTpecc [7], uMeeT GONbIIOe MPAKTHUECKOE 3HAUYEHHE.
Heiipoduzrosorndyeckre UCCIeNOBaHusI BU3YalbHOTO BOCIPHATHS, CHOKYCHpO-
BaHHbIC HA BBIABJIICHHH aKTHBHOCTH MO3ra M B3aUMOJIEHCTBUM MEXIY pa3iHdHbI-
MU ero o0JIacTSMH, [OKa3alIi [OBBINICHHYIO aKTHBHOCTD B 3aThUIOYHOM Kope [8].

B 310l paboTe n3ydyaercs: BIMAHKE MOTHBALMK U OJUTENHLHOCTH HA PEIIEHUE
FOJIOBHBIM MO3IOM BU3YaJIBHBIX 3a]1ad, TPEOYIOIHMX OCYLIECTBUThL BBHIOOP B HEOM-
HO3HAYHBIX YCJIOBHSX, NPUHATHA PEIIEHANH. DTH 3a1ayd MOIXOMAT Ui OLEHKU
CTEIeHH KOHIICHTPAIMH, IIOTOMY KaK YelIOBEKY HEOOXOAUMO OBICTPO 0OpaTuTh
BHUMaHWE Ha M300paKeHWe U NPHHATH peleHue. B kadectBe momoOHOW 3amaun
ucrosbp3oBaics kyd Hekkepa ¢ KOHTpOIMpyeMbiM KOHTpacToM pebep. HcmsiTye-
MOMY HYKHO OBLTIO pelvTh, HarpasiieH Ky0 B nieByio (I = 0) wiu B mpasyio (I = 1)
CTOpOHY.

=0 I=0.15 =05 =0.86 =1

Bo Bpemst 00pabOTKH HEOHO3HAYHOTO CTHMYJia BEHBIIETHBIN aHAIN3 3aIH-
CH MHOTOKaHaJbHBIX DOl HaHHBIX, CHATBHIX C 3aTBUIOYHOM YacTH MO3ra, T03BO-
JWI Pa3IMYMTh ABA pasHbIX creHapus. IlepBbli xapakTepusyercs crenudude-
CKHMM paspyureHneM ajibda-purMa (8-12 ') ¢ OAHOBPEMEHHBIM yBEIHMICHUEM
6era-akruBHocTH (20-30 I'1M), TOT/IA KaK BO BTOPOM OeTa-puTM HEBBIPAKEHHBIH, a
SHeprus ajb(ha-BOJIH OCTACTCSI HEM3MEHHOH. DKCIIEPUMEHTHI ObUIN TPOBEACHHI C
IpyNIol cyObeKTOB, NMEIOIINX (PHHAHCOBYIO MOTHBALMIO, U €IIe OJHOM IPYIIIOi
HEOoIlTaYeHHBIX J0OPOBOJIBLEB. bI0 00HAPYKEHO, YTO MEPBBIH ClIEHAPUIl IPOKC-
XOIUJI B OCHOBHOM B MOTHBHPOBAHHOH Tpymie. IT0O MOKHO OOBSCHUTH TIOBBI-
IIEHHOW CTENEHBIO KOHIIEHTPAIMHU 3THX CyOBEKTOB. PacnpocTpaHeHHOCTh TIEpBO-
TO CIEHapHsl TaKke HaOJII0INIach B TPYIIE UCTIBITYEMBIX, KOTOPBIM OBUTH TIpen-
CTaBJIEHBI M300paXkeHNs ¢ GoJIee BEICOKOM cTereHbio HeoquozHaanoctH (I ~ 0,5).

BrLsiBIEHHBIE CLIEHAPHN MOTYT OCYIIECTBISITHCS HE TOIBKO P BOCTIPUATHN
OHMCTaOMIBHBIX M300paXEeHHUH, HO W B JPYTHX 3a7adax, TPEOYIOINX MPHHATHS
pemenuii. Ilomy4yeHHbIE pe3ynbTaThl MOTYT OBITH MCIIOJIB30BaHBI Ui MOHUTO-
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PHHTa U KOHTPOJIS YEIOBEUECKOM aKTUBHOCTH B CUTYAIUAX, TPEOYIOINX 3HAYH-
TENbHOI KOHLEHTpAaUWu BHMMaHUA. Ha OCHOBE NOJIYYEHHBIX PE3yJIbTATOB MBI
co3JIalT MHTEPQENC «MO3T — KOMITBIOTEP> JJIsl OLEHKH M KOHTPOJIS CTENeHU
KOHIICHTPALIMHU B PEaIbHOM BPEMEHH.

PaGoTa BeIMONHEHA MU TOAAEP)KKe MHUHHCTEPCTBa 00pa30BaHUs U HAYKH
P® (3amanus 3.861.2017/114).

Jlutepatypa

1. Betzel RF. Optimally controlling the human connectome: the role of network to-
pology / R.F. Betzel, S. Gu, J.D. Medaglia, F. Pasqualetti, D.S. Bassett // Scientific Re-
ports. 2016. V. 6. P. 30770.

2. Buzsaki G. Two-stage model of memory trace formation: a role for “noisy” brain
states // Neuroscience. 1989. V. 31, Ne 3. P. 551-570.

3. Cichy RM. Comparison of deep neural networks to spatio-temporal cortical dy-
namics of human visual object recognition reveals hierarchical correspondence /
R.M. Cichy, A. Khosla, D. Pantazis, A. Torralba, A. Oliva // Scientific Reports. 2016.
V. 6. P. 27755.

4. Sargolini F. Conjunctive representation of position, direction, and velocity in
entorhinal cortex / F. Sargolini, M. Fyhn, T. Hafting, B.L. McNaughton, M.P. Witter,
M.B. Moser, E.I. Moser // Science. 2006. V. 312, Ne 5774. P. 758-762.

5. Colom R. Human intelligence and brain networks / R. Colom, S. Karama,
R.E. Jung, R.J. Haier // Dialoguesin Clinical Neuroscience. 2010. V. 12, Ne 4. P. 489.

6. Calcott R.D. Neura correlates of attentional flexibility during approach and avoid-
ance motivation / R.D. Calcott, ET. Berkman // PloS One. 2015. V. 10, Ne 5.
P. e0127203.

7. Greenlee M.W. Visua perception and visual cognition in healthy and pathological
ageing/ M.W. Greenlee, A.B. Sekuler // Frontiersin Psychology. 2014. V. 5. P. 348.

8. Tong F. Neural bases of binocular rivalry / F. Tong, M. Meng, R. Blake // Trends
in Cognitive Sciences. 2006. V. 10, Ne 11. P. 502-511.

HEJIMHEMHASI CTAIUSI BEUBEJIEBCKOM HEYCTOMYNBOCTH
1 COTTACOBAHHAS DBOJIIOLIHS TOKOB JIEKTPOHOB
W MOHOB B IIJTIASME C AHU30OTPOITUEN TEMIIEPATYPbI

AA. Heqaeel, JI.B. Eopoc)auégz, MA. T apacé’el, AA. Ee/zﬂesz,
B.B. Koqapoeckuﬁl, B.IO. Mapmb;.moe3
1I/IHCTI/ITyT npuxnagaoi usnku PAH, Hixanit HoBropon
MockoBckuii rocyJapcTBeHHbli yHuBepcureT uM. M.B. JlomonocoBa, MockBa

3Intel Corp., Chandler, USA
ant.a.nech@gmail.com

[TpoBesieHO YMCIEHHOE MOJEIMPOBAHHE HEMHEWHOH cTamuu BeibeneBCcKoi
HEYCTOWYHBOCTU [1-5] B JBYXKOMIIOHEHTHOH IUIa3Me C CHUIIbHOM aHM30TpOIuen
TEMIIEpaTypbl ¥ CPABHUMBIMH SHEPTHSMH JIEKTPOHHOW W MOHHOW (pakuuii. Bei-
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YHCIIEHUS] TIPOBOMIIINCE ¢ momoIipio koma DARWIN [6, 7], B koTopoM peaitiso-
BaH METOJI YaCTHII B siUeiKax Ha OCHOBe Mojenu Biacosa — Jlapsuna [9, 10].

JIs BBIACHCHUS POJIM MOHOB B JIOJTOBPEMEHHOMN SBOJIIOIMM KBa3HCTAIIHO-
HApHOTO MAarHUTHOTO IOJIsI, CO3aHHOTO AJICKTPOHAMH, BBITIOJIHEHO JIBa pacyueTa
B 5-mepuom (2D3V) daszoBom mpoctpaHcTBe. ITTOCKOCTBIO MOIETHPOBAHHMS
ciyxwmia XOY, ock Z COOTBETCTBOBaIA OOJIBIICH TEMIIEpaType YacTHll, U pa3Bu-
THE HEYCTOWYHMBOCTH MPHBOAWIO K (OPMHUPOBAHHUIO (DHIAMCHTOB TOKa BIOJH
9TOH ocu. B rmepBoM pacdeTe WCIOIb30BaHA MPOCTPAHCTBCHHAS CETKA
100%x100 C/®wpe (tpe — IIA3MEHHAS YACTOTA SIEKTPOHOB, C — CKOPOCTH CBETA) C
MEPHOTUIECKUMH TPAHUYHBIMA YCIOBUSMH M OTHOIIIEHHEM Macc HOHOB (C 3apsi-
oM 1) ¥ 9JIeKTPOHOB, paBHBIM 36; MOIEIUPOBAHUE MTPOBOIMIOCH O MOMEHTA
BpeMerH T = 22000/mpe. Bropoii pacuer mpoBeneH Ha cetke 125x125 Clmpe ©
MIEPUOINIECKUMHU TPAaHNYHBIMHU YCIOBHSAMHU U OTHOIIEHHEM MacC MOHOB H 3JICK-
TpoHOB, paBHBIM 100. Mozenupoanue npoBoauiaoch 10 MomeHTa T = 8000/wpe.
Jletanu 1 aHUMAIIHS PACYETOB PUBEACHBI Ha caiite [7].

[IpoaHanu3upoBaHa IMPOCTPAHCTBEHHO-BPEMCHHAs JWHAMHMKA (DUIAMEHTOB
TOKa XU MAarHUTHOT'O IOJIs, CO3/[aBacMbIX CHAaYaja 3JCKTPOHHOM, a TOTOM COBMeE-
CTHO JJIEKTPOHHOHM M MOHHOW (pakimsMu. OOHApYKEHO, YTO MAaTHUTHOE TIOJIE,
00pa30BaHHOE B pPE3yJIbTATe AJICKTPOHHON HEYCTOWYMBOCTH, MPHUBOJUT K pac-
CeSTHUIO MOHOB, YMCHBIIAs CTENCHb aHW30TPOIMU WX PaclpelesieHUs 0 WUM-
MyJIbcaM W MOJIABJIsIsl pa3BUTHE MOHHOW HeycTolunBocTu. Ha HenmuueitHoU cTa-
JINV HACBIIICHUS U 3aTyXaHHS 3TO MarHUTHOE TOJIe MOXKET WHAYIIMPOBATEH KPYII-
HOMACIITa0HbIC MOHHBIC TOKH, KOTOPBIE CO BPEMEHEM IPEBHIMAIOT JJIEKTPOH-
HBIC W ONPEACIIIIOT JOJITOBPEMEHHYIO 3BOJIOIUIO KPYITHOMACIITAOHOTO KBa3u-
CTaIlMOHAPHOTO MarHUTHOTO TOJIS.

B pesynprare peanmsyercs ITMTEIbHAS CTaaus HEIMHEHHOTO (OIHM3KOTO K
CTENEHHOMY) 3aTyXaHHs MarHUTHOTO MOJIsI TYPOYJIEHTHOTO aHcaMmOist prmaMeH-
TOB ToKa. Co BpeMeHeM (DMITAMEHTHI MMOCTEIICHHO 3BOJIFOLMOHUPYIOT OT MEJKO-
MAacCIITAOHBIX 3JIEKTPOHHBIX K KPYITHOMACIITA0OHBIM HOHHBIM, OCTaBasCh Ha-
MIPaBJICHHBIMH MMPEHMYIIECTBEHHO BJIOJIb OCH HAUOOJBITNX YHEPTUHA aHU30TPOII-
HOTO MAaKCBEJUIOBCKOTO PAaCIpECIICHIsI YacTHUIl, OPHUCHTUPOBAHHON MOIEpEeK
mwiockoctu Mozenupoanus XOy. [Tpu 3TOM 3HaUUTENBHAS Macca SJIEKTPOHOB
(mpakTHYECKH HM30TPONMM30BAHHBIX) 3aMarHW4YeHa B OOJBUIMHCTBE 3TUX (hra-
MEHTOB TOKa, B OCHOBHOM ITOIJICP)KHUBAEMBIX HOHHBIMH TOKAMH, YTO UCKITFOYACT
00 CYIIECTBEHHO 3aJIep)KUBACT Pa3BUTHE MOHHON BEHOEIEBCKON HEYCTOWYH-
BOCTH, KOTOpasi B TPOTHBHOM ciiydae Moria Obl 3((}eKTHBHO TeHEepHpOBaTh
KpynHoMaciitabHOe MarHUTHOE 1oJie B iockoctd XOY 3a cueT coxpansiorieiics
JOJITO€ BpeMs 3HAYUTENBHOW Pa3sHHIBI TEMIIEPATyp MOHOB B ATOH IJIOCKOCTU M
MIOTIEPEK Hee.

OO6cyxIaeTcss BO3MOXKHOCTh PEaM3alliid PACCMOTPEHHOTO CIIEHAPHS BEH-
OCIICBCKOW HEYCTONYMBOCTH B HEPABHOBECHOH JIa3€PHOM TUIa3Me.

Pa6ora JI.B. Bopomauésa u J1.0. Konomuiiiia nomnepxkana PODU (mpoekr
16-01-00690).
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NNPUMEHEHHUE NOJIUKPUCTAJVIMYECKUX AJIMA30B
JJIA MATHUTOMETPUN HA OCHOBE
KPOCC-PEJAKCAIIMOHHOI'O B3AUMOJIEMCTBHU S
rpynm NV-UEHTPOB

B.A. Huzos, P.A. Axmeodacanos, JI.A. I'ywyun, U.B. 3enenckuii, H.A. Hu3os,
I.A. Cobeatioa

WuctutyT npuknanHoi ¢usuku PAH, Huwxauit HoBropoa
nizovvaw@gmail.com

MeTo bl MAarHUTOMETPHH, OCHOBAaHHBIE HA ONTHYECKU JIETEKTHUPYEMOM Mar-
HutHOM pesoHance (OJIMP) azotHo-BakancHOHHBIX (NV) IIEHTPOB OKpacKu B
ayMase, OTIMYAIOTCSI COUETaHNEM BBICOKOH YyBCTBUTENEHOCTH, TPOCTPAHCTBEH-
HOTO pa3pelleHns] 1 BO3MOXXHOCTHIO PadOThl B HOPMAIIBHBIX yCIOBUsIX. OmHAKO
nucnonp3oBanne CBY-m3myuenust, HeoOxomumoe mns HaOmonerus OMP, cy-
KAeT CHEKTP €ro BO3MOXKHBIX ITPUIIOKEHHH .

B pa6ore [1] 6bita npemiokeHa U SKCIEPUMEHTAIBHO IIPOAESMOHCTPUPOBAHA
METOJMKA M3MEPEHNS] MarHUTHOTO 1oy 6e3 npuMmeHeHnss CBY-nu3myuenust, ocHo-
BaHHAs Ha HAOJIOAEHNH KPOCC-pPEIaKCAIlMOHHBIX pe3oHaHcoB B NV-mieHTpax B
MOHOKpHcTa/uax anmasza. CyTs METO/a 3aKiIroyaeTcs B ceayromeM. OnTuuecku
BO30YKIaeMblii 0Opasel] anMasa MOMeENaeTcss B MOCTOSHHOE (M3MepsieMoe) U
CKaHMpyeMOe M0 BeTMYMHE MarHUTHBIEC NoIs. Ecin cymMMapHOe MarHUTHOE NoJie
JIaeT paBHBIE MPOEKIMH HA OCH JIBYX HEAIKBHBAJICHTHO OPUEHTUPOBAHHBIX IPYIII
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NV-11eHTpOB, TO AN 3TUX TPYMI BBIIOIHSAETCA YCIOBHE KPOCC-pellaKCalhoH-
HOTO BS&HMO)IGI‘/‘ICTBI/IH, YTO MNPUBOAUT K PE3OHAHCHOMY YMCHBLUICHUIO CHUTI'HAJIa
¢uryopecuenmu. [Tonoxxenns: HaOMOJaeMBIX PE30HAHCOB MOXKHO HCIIOJIB30BAThH
JUIA OIpeeNeHus MPOEeKIMK U3MEPSAEMOro MarHUTHOTO IOJI1 Ha HalpaBlieHHE
ckaHupyemoro. B Hacrosmeil pabore paccMaTpuBaeTcs BO3MOXKHOCTb pealiusa-
LU CXOXETO MOJAX0JAa C MCHOIb30BAHUEM MOJUKPUCTALIMUECKUX aIMa30B JUIs
TOro, YTOOBI YHNPOCTHUTH TPOLEAYPY HW3MEPEHHH W YACIIEBUTH KOHCTPYKIIHIO
MarHUTOMETpa.

ITpu paboTe ¢ MOMMKPUCTAUINYECKHM ajIMa30M, COCTOSIIUM W3 OOJBIIOTO
YHcia CIydaHO OPHEHTHPOBAHHBIX MOHOKPHCTAIUIOB, KapTHHA PE30HAHCOB
ycpennsiercst. IIoka3zaHo 1 3KCHEPHMEHTANBHO MOATBEP)KICHO, YTO B 3TOM CIIy-
yae HaOJIOJAeTCsl €JMHCTBEHHBIM PE30HAHC, MOJIOKEHHE KOTOPOro IO3BOJISET
HETOCPEJCTBEHHO OINpPENENUTh MPOEKIHI0 MarHUTHOTO TOJsI Ha 3a/laHHOE Ha-
IpaBJICHUC. KommnonenTa N3MEPIACMOT0 MAarHUTHOT'O IIOJIA, MOIICPpEYHaAsA K Ha-
MIPABJICHUIO CKAaHMPOBAHUS, MPUBOIUT K CHIKEHUIO KOHTPACTa M YUIMPEHMIO
pe30HaHCa, KOTOPOE€ MOXKHO CUYMTaTh NPUEMIIEMBIM I MONEPEYHBIX MOoJei
MEHbIIIE WK TOpsIIKa HOJMYIIMPHHBI pe30HaHCa MPU UX OTCYTCTBHHU (KOTOpas B
HalIMX 3KCIepUMeHTax cocrapmia ~ 5 I'c).

PaGota BBINOJHEHA B paMKaxX rOCyJapCTBEHHOTO 33JaHWs Ha [POBEICHHE
Hay4HBIX uccaenoBanuii mo teme Ne 0035-2014-0005.
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1. Akhmedzhanov, R. Microwave-free magnetometry based on cross-relaxation resonances
in diamond nitrogen-vacancy centers / R. Akhmedzhanov, L. Gushchin, N. Nizov, V. Nizov,
D. Sobgayda, |. Zelensky, P. Hemmer // Physical Review A. 2017.V 96, Ne 1. P. 013806.

3®PEKT JIEKTPOMATHUTHO UHIYIIMPOBAHHON
IMPO3PAYHOCTHU B U30TOIMMYECKHU YNCTOM
KPUCTAJIJIE Nd:YLF

HA. Hu3061,P.A. Axmez)ofcaHoel, JI.A. I yu;qu, U.B. 3eﬂeHCKuit1,
A.A. Kaﬂaqegz, B.A. Hu3061,ﬂ.A. Cobzaiida*

1I/IHCTI/ITyT npuknagaoi pusuku PAH, Hiwxuuit Horopon
%Kasanckuii ¢uzuko-Texunyeckuii nactutyT KasHL] PAH
nizovn@gmail.com

Db dekT 3MeKTPOMArHUTHO MHAYLIHPOBaHHO# mpo3paynoctu (JUII) cocto-
UT B TOSIBJICHUM Y3KOTO IpOBaja B Mpo(uIie MOTJIOMIEHHs OJHOTO W3 ONTHYe-
CKUX NEpPeX0J0B A-CXeMBbl ypPOBHEN MPH MPUIIOKEHUN CHIILHOTO YIPAaBJISIOLIETO
OIS HA 9aCTOTE CMEXHOTO Mepexo/ia, YT0 HaXOIUT IPUMEHEHHE B CIIEKTPOCKO-
IINH, a TAKXKe SABIIIETCSI OCHOBOM OHOTO M3 MPOTOKOJIOB ONTHYECKO KBAaHTOBOM
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naMATH. B MarHWTHOM TOJIe, COOTBETCTBYIOIEM 3aHYJICHHIO MEPBOTO MOPSAKA
s¢dekra 3eemana (ZEFOZ), mmpuHa pe3oHaHCA MOXET OBITH CYIIECTBEHHO
YMEHbIIIEHA 32 CUET CHIDKEHUS BIMSHUS HEOAHOPOIHOCTEH MarHUTHOTO TOJIS.

B pabote mpoBeaeHo uccienaoBanue 3hdHexra 3IeKTPOMArHUTHO HHIYIIHPO-
BAaHHOH TPO3PAYHOCTH B M30TOMMYecKH umctoM Kpuctamie ~“Nd:Y'LiF,
(0,005 % Nd) mpu temmeparype 2 K B MArHUTHOM TOJIe, HAIIPABICHHOM BIOJb
C-ocu kpucramna BOmu3n toukun ZEFOZ (63 mTi). MccnenoBana 3aBUCHMOCTb
dopmbr DUII-pe30HAHCOB OT BEIMYMHBI BHEIIHEr0 TOJS W HHTEHCUBHOCTH
VIPABISIOIIETo M3ny4eHus:. OOHapyKeHO, YTO MPU YCTAHOBJICHHH MarHHUTHOTO
monst B Touky ZEFOZ mmuprnaa muka SUIT ymenpmaercs ¢ 12 mo 1 MI'm, a Tak-
e MPOSBISICTCS TOHKAs CTPYKTypa Iepexoa, COCTOAIIAs U3 IEBITH paBHOYIa-
JICHHBIX MTUKOB ¢ UHTepBanoM 2,8 MI 1.

Habmomaemoe pacmennenne SUII-pesonanca MoxeT OBITH BBI3BAHO CyTIEp-
CBEPXTOHKHM B3aUMOJCHCTBHAEM CIMHOB 4f 31eKTPOHOB HEOAMMA C SIIEPHBIM CIIH-
HOM Onu3nexanux atoMoB (ropa. KoimdyecTBo MUKOB M pacCTOSHAE MEXITY HUMH
cornacyercs ¢ pesynpratamu DI IP-uccneoBanuis, moy4eHHoro B padore [1].

Pa6ora BeimonHeHa npu noaaepxkke PH® (rpant Ne 14-12-00806).
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pabiesa, U.H. Kypkun, A.A. Pognonos // ®usuka tBepmoro tema. 2015. T. 57, pem. 12.
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JTUHAMMKA MATHUTHOTI O I1OJISI B KBASUJIBYMEPHOM
CJIYYAMHOM IOTOKE

JIJI. OZOpOdHuKOGl'Z, U.B. K0ﬂ0K0ﬂ061‘3’4, B.B. Jle6edes™*

"Mockoscxkuii (U3UKO-TEeXHHMYECKUIT HHCTUTYT (rOCY 1apCTBEHHbINH YHUBEPCHTET),
MockoBckas 001., T. JlonronpyaHsii
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TypOyneHTHOE ABMKEHHE NPOBOJISIICH KHIKOCTH MOXET IPUBOAUTH K ca-
MOITPOHM3BOJIFHON I'€HEpAIMU TOCTATOYHO OOJBIIMX MAarHUTHBIX IIOJIEH, YTO CO-
CTaBisieT CyTh 3 dekra quHamo [1]. st TpeXMEepHOTO CIy4aifHOTro MOTOKa ObI-

JI0 TTOKa3aHo [2—4], 4T0 KOppEeIAIMOHHBIE MOMEHTBI MATHUTHOTO TIOJIST < B2 >,
n=1 2,... pacTyT 3KCIIOHEHIIUAJIHHO CO BPEMEHEM.
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OBOJIONMS MarHUTHOTO IIOJISI ONPEAEIAeTCS U3MEHEHHEM BO BPEMEHHM JIH-
HUI TOKa B JBIKYIIEHCS MPOBOAAIICH XUAKOCTH W Ou(Qy3neii MarHUTHOTO
TIOJIS 3@ CYET KOHEUHO! IIPOBOAMMOCTH:

0,B=(B,V)V—-(V,V)B+:aAB. (1)

Dddexkr mUHAMO B IBYMEPHBIX TeueHHsAX (MPU 3TOM IOJE€ CUMTAETCS
HUMCIOIUM BCE TPU KOMHOHCHTBI) J0JITO€ BpEMA HE U3y4daJiCAd — C TOTO MOMCHTA,
Kak ObLIO MOKa3aHO [5—7], 4To Ha O4eHb OOJBIIMX BpPEMEHAX POCT MOJISI Mpe-
KpamaeTca U HAYMHACTCA 3KCIIOHCHIIMAJIBHOC y6I)IBaHI/Ie. 910 HaXoauTcCsa B CO-
[JIaCHH C TaK Ha3plBaeMOil TeopeMoil aHTh-auHamMo [5, 6]. YTBepxkaeHue moa-
KPEIUTSeTCsl TOYHBIMUA MATEeMAaTHYECKUMU pe3ynbTaTtamu [8, 9], mokasbiBarony-
MU OTCYTCTBHE HEOTPAaHWYEHHOTO POCTa MarHUTHOTO MOJS B ABYMEPHBIX MOTO-
Kax Ha psae MHOrooopasuil. OmHAKO 3TH pe3yibTaThl HE AAalOT HUKaKoil mH(pOp-
Manuu o (GpakTopax, OrpaHNINBAIOIINX POCT MOJIA.

OBOJIONHS MEIKOMACIITaOHBIX (UIyKTyalllii MarHUTHOTO MOJIs ObLIa ormpe-
JerneHa Ha OONBIIMX BPEMEHAX B YHCTO JIBYMEPHOM ciydaiiHom moToke [10],
KOTZIa TI0JIE CKOPOCTEH MMEIIO TOJIBKO JBE HEHYJIEBbIE KOMIIOHEHTHI U 3aBHCEIIO
TOJIBKO OT KOOPAWHAT B TOPH30OHTAIbHON Mmiockoctd. B [10] Obutn HaiimeHs!
60.]'[66 TOYHBIC ACHUMIITOTUKHU Ha 6OJ'II)H_II/IX BpEMCHAX IO CPpaBHCHUIO C HM3BECT-
HBIMHU panee paboramu [1, 11, 12].

B nmanHO# pabore mM3ydyaeTcsi MOBEAEHHE MAarHUTHOTO IOJST Ha OOJIBIINX
BpEMEHaX B KBa3UABYMEpPHOM ClIydyaliHOM NoToke. PaccmarpuBaercs ciydaid
0ECKOHEYHOTO TMPOCTPAHCTBA, 3aMOJHEHHOTO IMPOBOJSIIEH KUAKOCThIO. [lome
CKOPOCTEH 3/1eCh MpEAIoJaraercsi CIydyalHbIM M KBa3WABYMEPHBIM, T.€. OHO
HUMEET HYJIEBYIO BEPTHKAIBHYIO COCTABIIIONIYIO, HO ABE OCTAIbHBIC KOMIIOHEH-
THI 3aBUCAT OT Z.

B pabote cHawama paccmarpuBaeTcsl TUHEWHas MOJAEh, B PaMKax KOTOPOU
CKOPOCTh MPEANOIaraeTcsi ciaydyailHoW, HO JMHEMHON 10 KOOpIMHATE ¢ KOHEY-
HOW CIBUTOBOWM KOMITOHEHTOH, HE 3aBHcsmIei oT Z OgHaKo 3Ta MOJETh HE Y4H-
ThIBAE€T KOHEYHBII KOPPEJSILMOHHBIA PaJuyC MOJI1 CKOPOCTU B CIy4YaiiHOM IOTO-
ke. TToaTomy GoJiee TOUHBIH pe3ysbTaT maeT Mojens Kpaiiunana — Kasanresa [3,
13], yuwuThIBaroIias KOHEYHBIH KOPPENAIMOHHBIA PaaMyC, HO [OJararorast
(ITyKTyaluu KOPOTKOKUBYIIIUMH:

<V (v (1) > = C (M = T)3(t — ). 2

Jlaxxe B yIpoOIIEHHON JTMHEHHONW MOAEIH OTINYNS KBAa3UIByMEPHOTO CIIydast

OT ABYMEPHOTO CTAHOBSITCS 3aMETHBIMH.
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CTATUCTHKA HHTEHCHUBHOCTH BBIXOJHOI'O U3JIYYEHUSA
CIIYYAMHOI'O BOJIOKOHHOT' O JIA3EPA

JIJI. OZOpO()HuKOG‘l'Z, C.C. Bepeeﬂecl’3’4, B.B. Jle6eoes™*

"MockoBekuit hH3HKO-TEXHUIECKHH HHCTHTYT (TOCY IAPCTBEHHEI yHUBEPCHTET),
MockoBckast 0011., T. JlonronpyJHbIi
CxoKOBCKHI HWHCTHUTYT HayKH ¥ TEXHOJIOTHi, MockoBckast 00i1., 1. CKOJIKOBO
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B nocnennee Bpems OOBIION MHTEPEC BHIBIBAIOT UCCIIEAOBAHNS B aKTHBHO
pa3BHBaroIIeics 001acTi (PU3NKH, CBI3aHHOH CO CITyYalHBIMH BOJIOKOHHBIMH JIa3e-
pamu. Hx CO3JaHuE€ U Pa3BUTUE MMECT 6OJ'IBIHOG SHAUYCHUC IJIA Pa3/IMIHbIX TCJIC-
KOMMYHHKAITHOHHBIX CPEZICTB CBSA3M U PACTIPE/ICTICHHBIX CEHCOPHBIX crcTeM [1-4].

B [5] mocTpoeHa BoHOBass KHHETHYECKAS TEOPHUS [T aKTUBHBIX IIUKIHYE-
CKHUX CJIa0OHETMHEHHBIX BOJIHOBBIX CUCTEM, KOTOPasi MOYKET OBITh HCIOJIb30BaHa
JUIsl OMHCaHusl paboThl CIyYaifHOro BOJOKOHHOTO Ja3epa. B wacTHocTH, ObLIM
YCTaHOBJIEHBI CIIEKTPHI U3IYUYEHHUS MPU Pa3HBIX MOILIHOCTSX IOpora reHepaluy,
3aBUCHMOCTh MHTEHCHBHOCTH H3JIyYCHUS OT YacTOTHl M 3aBUCHMOCTH IIHPHHBI
CIIEKTPa OT BBIXOJHOW MOIHOCTH, KOTOPHIE XOPOIIO ONMCHIBAIOT MMEIOIINECS
9KCIIEPUMEHTANIBHBIE PE3YJIbTATHI.

OfHUM U3 HEHCCIIEIOBAHHBIX BOIPOCOB, CBSI3aHHBIX CO CIIyYalHBIM BOJIO-
KOHHBIM JIa3€pOM, SIBISICTCS CTAaTHCTHKA W3Iy4eHHs IAHHOTO Jasepa. Takwe
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IIPOLIECCH], KAK CIIOHTAaHHOE M3JIy4YE€HHE, a TAKXKE B3aUMOJECHCTBUE Pa3IMYHBIX
TFapMOHHMK MPUBOIAT K (POPMHUPOBAHHIO I'ayCCOBOM CTATUCTUKU aMIUIUTYABI, TO
€CTh PENICeBCKOM CTATHCTHKE MHTEHCUBHOCTH. OTHAKO SKCTIEPUMEHTANBHO [6] B
MOJOOHBIX CHCTEMaX HAOJIONAIOTCSl CHIIbHBIE (PIYKTyallMy BBIXOJAHOTO CHUTHAJIA.
[Tono6HbIe (uryKTyaluu MOTYT BO3HHKATh 32 CUET KEPPOBCKOW HEIMHEHHOCTH,
MO3TOMY (YHKIHS pacTpenesieHns] BBIXOJHON WHTEHCHBHOCTH MOXET HMETb
OTJIMYME OT PEJIEEBCKOr0 BUJIA.

Lenpto naHHOW PabOTHI SBIACTCS HAXOXKICHUE CTATHCTHKU M3MydeHus. [lo-
CTaBJICHHAs 33/1a4a PEIIAETCs] BBIYMCICHUEM KOPPEISALMOHHBIX MOMEHTOB UHTEH-
CHBHOCTH BBICIINX MOPSIAKOB 1 IOCTPOSHUEM 110 HUM (DYHKIIUH PACTIPEACIICHUSI.

B nanHO#M paboTe MPOM3BOAUTCS BBIYHUCICHHE KOPPEIATOPA YETBEPTOTO MO-
psAKa C UCIIOJIB30BAHMEM JUArpaMMHOM TEXHUKH Yailllplla B IEPBOM U BO BTO-
POM IOpsIAKE 110 TEOPUU BO3MYILICHHUH 110 MaJIOMy [TapamMeTpy HEeJIMHEHHOCTH. B
IIEPBOM MOPSAKE IO NapaMeTpy HEJIMHEHHOCTU BBIYMCISIOTCS MOMEHTHI BBIC-
IIMX TIOPSAKOB M CTPOUTCS (DYHKIMSI pacrpeesieHns] MHTEHCUBHOCTH BBIXOIHO-
ro maiaydeHus. KadecTBeHHBIN BUI MOSy4eHHOH (YHKIMH pacrpeieieHus Xo-
POILIO COTNIacyeTCs C IKCIEPUMEHTANBHBIMHU pe3yabTaTamu [6)].
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MEK30HHBIE IIEPEXO/Ibl 1 CIIOHTAHHAS OITHYECKASA
IMUCCUSA TPA®EHA B MOIIIHOM TEPATEPLHOBOM I10JIE

U.B. Onaoviuxun, FO.A. Cepeees, C.5. boopoes, A.1. Kopvimun, M.J]. ToxmaH,
A.H. Cmenanos

WucruryT npuxiaguoi ¢usnku PAH, Huwkanit Hosropon

oladyshkin@gmail.com

B noxnaze mpeacTaBiaeHbl OCIEIHIE PE3YIbTaThl TEOPETUUECKUX U KCIIe-
PUMEHTANBHBIX HCCICIOBAaHUA O HETMHEWHOW SJIeKTpOIMHAMHKE TpadeHa B
mosie  CyONMUKOCEKYHAHBIX Ja3epHsiX U TepareprioBbix (TI'm) mmmymscoB [1].
[TokazaHo, 4to Bo3neiicTBre Ha rpadeH MoiHOro TII-u3nydeHns aMIUTUTyI0H
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6onee 100 kB/cMm cyriecTBeHHO aehOpPMUPYET UCXOAHYIO (DYHKIIHIO pacipese-
JIEHUSI HOCHTENIEH W NMPUBOJIUT K WHTEHCHBHBIM MEX30HHBIM repexonam (posk-
JICHUIO 3JIEKTPOHHO-ABIPOYHBIX Map). Pa3BuTas TeopeTndeckasi MOJENb HEPE30-
HaHCHOHM wWoHm3amuu rpadeHa TII-momeM MO3BOJSET KOMUYESCTBCHHO WHTEP-
MPETUPOBATh JAHHBIC SKCIICPUMEHTOB IO CIOHTAHHOW ONTHYECKOW 3MHCCHH
rpadeHa mon aefictBreM HHTeHCHBHOTO T I-UMITyIibCa.

B sxcnepumenTe ObUTO 00HApPYKEHO, YTO TpadeH Mo NeHCTBHEM MOIITHOTO
ANEKTPOMArHUTHOTO UMITYJIbCA MTUKOCEKYHIHOW JUTUTEIIFHOCTH CTAHOBHUTCS HC-
TOYHUKOM ()OTOHOB BO BCEM BHAWMOM auamna3oHe. CIIOHTaHHOE ONTHYECKOe
M3IydeHrne TpadeHa UMeeT TeIUIOBOH CIEKTp, a TeMIepaTypa W3IyIeHUs Ipak-
TUYECKH HE 3aBUCHUT OT aMIUIATYAbl TT I-MMITyJIbca B TOCTYIIHOM AJISI HCCIEI0-
Banust auamnaszone (200-300 kB/cm). Tlpu aTom obiiee umcio HOTOB SKCIOHEH-
UaIbHO pacTeT ¢ poctoM TI-TOs, YTO TOBOPUT O HEBO3MOXKHOCTH OIHUCATh
JAHHBIA 3G GEKT B paMKax MOETH PABHOBECHOI'O TEIIIOBOTO U3JIyUYCHHUS.

Jns mHTepripeTanuy HabmogaeMoro sddekra ObUIM TEOPETHYECKH HCCIIe-
JIOBaHBI HEPE30HAHCHBIC MEK30HHBIC MEPEXObl B rpadeHe moa NeicTBUEM HH-
TEHCHBHOTO BHEIIHETO II0JIs, aHAJIOTWYHBIC IIBHHI'CPOBCKOMY DPOXKICHHIO Tap.
Bruto Takke MOKa3aHO, YTO TPU AMIUTUTYAAX SJICKTPHUUECKOTO TIONIS MOPsAKa
100 kB/cM wucronb3oBaHUEe CTAaHIAPTHOW TEOPHUH BO3MYIICHUN HEBO3MOXKHO,
MTOCKOJBKY (PYHKIWNS pachpefelieHuss HOCUTEIEH B UMITYJIIbCHOM TIPOCTPAHCTBE
cymiecTBeHHO aedopmupyercs. B wacTHocTH, B Cilydae CHIIBHO JOMHUPOBAHHOTO
rpadeHa MCXOJHOE pacIpelesicHHe 3JIEKTPOHOB BBIHOCHUTCS M3 OKPECTHOCTH
JTUPAKOBCKOW TOYKH 3@ HECKOJBKO ()EMTOCEKYH/I, UTO CO31aéT BaKAaHCUU B ITOM
oOnactu u cHEUMaeT 3anpet [layiu Ha MeX30HHBIC TIEPEXOIbI.

Bru1 TeOopeTnuecky onucaH MpoLecc peakcalud HOCUTENEH Mmocie Bo3/Aei-
ctBUs MoiHoro TI-uMmysnbsca, COMPOBOXKIAIONIMICS CIOHTAHHOM ONTUYECKOM
SMUCCHEH; TOTYYCHO KOJIUYECTBCHHOE COTJIACHE C SKCIICPUMEHTATBHBIMU JIaH-
ueiMu. [Tokazano, uro TT'u-nione ammuryaoi mopsiaka 100-300 kB/cM co3maér
B oOpasue rpadeHa WHBEPCUIO HACENEHHOCTEH, MPHUYEM YHCIO POKIEHHBIX
AJIEKTPOHOB TPOBOJANMOCTH MOXKET CYIISCTBCHHO MPEBBIMIATH UCXOMTHOE YUCIIO
HOCHTEJEH 3apsa.

Jlutepatypa

1. Oladyshkin 1.V., Bodrov SB., Sergeev Yu.A., Korytin A.l., Tokman M.D., Sepa-
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OOPMUPOBAHUE KPYITHOMACIHITABHOT'O KOI'EPEHTHOT'O
BHUXPS B JIBYMEPHOM TYPBYJIEHTHOCTH

A.B. Opnos, M .IO. bpasicnuxos, A.A. Jlesuenxo

WuctutyT ¢usuku tBepaoro tena PAH, UepHoromnoska
HnctutyT Teopernueckoit puzuku um. JI.J[. Jlangay PAH, YepHoromnoska
arturor@issp.ac.ru

CxeMa DIKCIIEPUMEHTAIbHOM YCTaHOBKM MMOKa3aHa Ha puc. 1. ITompobOHOe
ONHCAaHUE YCTAHOBKH M METOIUKH HM3MEPEHHI TpencTaBieHo B crathe [1]. B
pab6ore [1] uccnenosan npouece GOPMUPOBaHHs 0OPATHOTO KacKaja SHEPTHU B
nByMepHO# cucteme (puc. 2). OOHapy»KEHO, YTO KBA3WCTAIMOHAPHBIN CHEKTP

030K K npesckasbiBaeMoMy Teopueit E(K) oc k>3 [2]. Toka3aHo, yTO BCIEn-

CTBHE HETMHEWHOTO B3aMMOJICHCTBHS BUXPH, IEPBOHAYAILHO BO30YKIaeMble Ha
Macmrabe HaKauKH B TOHKOM CII0€ 3ieKTposuTa (puc. 3, a), cnuBaiorcs u obpa-
3YIOT KpyIHOMAcIITabHBIe BUXpeBbie Teuenus (puc. 3, b, 3, ). Tpenue o aHo u
MOIIHOCTh HAaKa4KK OBUTH TAKOBBI, YTO MaKCHMAJIbHBII MacITad BUXpS B CHC-
TEeMe OIpaHMYMBAJICS pa3MepaMu siUeHKH. DHEprus, MOCTYMarIas B 3TOT Mac-
mrad B 0OpaTHOM Kackaje, HaKaljIMBalach B BHXpE, U HAOJIONANIOCH SBICHHE
CHEKTPaJIbHOW KOHAEHCALUH, (OPMHUPOBAICS KOT€PEHTHbIH BUXpb. OIHOBpE-
MEHHO B CHCTEME ITPHUCYTCTBOBAJIM CHJIbHBIE (ITYKTYyaIlH OT MEIKOMAacIITaOHBIX
Buxpeit (puc. 3, b). [Tocie BhIKITIOUCHNUSI HAKAYKKA OHU OBICTPO 3aTyXallH, H Yepe3
13 cexyHI MOKHO OBLTO O€3 CYIIECTBEHHBIX (IyKTyarnii HaOmoaaTh KOTepeHT-
HBII BUXPb, Pa3MepBl KOTOPOTo OJIM3KH K pa3Mepy cHcTeMsl (puc. 3, ¢), U uccie-
JIOBaTh €ro CTPYKTYpy. BriepBrie OBUT yCTaHOBIICH paJHalbHBIA MPOQHIb a3u-
MYTaJBbHOH CKOPOCTH KOTEPEHTHOTO BHXPSI B CHCTEME €ro ApeH(yIomero neH-
Tpa mociie BBIKIIOUeHHs Hakadku (puc. 4). OKa3anoch, 9T0O B CEPALEBHHE BHXPSI
a3UMyTaJbHasg CKOPOCTh BO3pAcTaeT MO JIMHEHHOMY 3aKOHY, a Janee — OJIM3Ka K
IIOCTOSIHHOM. Pe3ynpTaThl JaHHBIX MCCIEA0BAHUN COBIANAIOT C TEOPETUUECKUMHU

npenckazanusamu [3-4].
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Puc. 1. Cxema 9KCIIEpUMEHTAIBHOM ycTaHOBKHU: 1 — stueiika, 2@, 2b — xxuakoctu, 3 — mar-
HUTBI, 4 — BJEKTPOJbI, MOJKIIOYCHHBIC K WCTOYHHKY TOKa, 5 — IMH3a, 6 — nasep,
7 — kamepa
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Puc. 2. CHeKTp OHCPTUH B Pa3JIMYHBIC MOMEHTHI BpPEMEHHU I10CJIE BKIIIOYCHUA HAKaYKN
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Puc. 3. Tpeku MoiMuaMUIHBIX TPEHcepOB Ha MOBEPXHOCTH 3nekTponuTa: (a) —vepe3 3 ¢
nocie BkiaroueHus Hakauku; (b) —yepes 5 mun; (C) — yepes 13 ¢. Diuncom o6o3Haye-
Hbl TIPUMEpHBIE TPAHULBI KPYITHOMACIITAOHOI'O KOIePEHTHOro TeueHus. Paauyc BHel-
Hel OKpY:KHOCTH = 2 cM, BHyTpeHHe# = 0,9 cM (rpaHuua cepIueBHHBI KOT€PEHTHOTO
BHUXPsT). MOMEHTAIIBHBIC TIOJI0KECHHS LIEHTPA KOTEPEHTHOTO BUXPSI 0003HAYEHBI GEeIbIMH
Kpy»KKaMu
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Puc. 4. PajuanbHelii Tpoduiib a3MMyTAIBHON CKOPOCTH BO BHELIHEM Kpyre Ha puc. 3, ¢
yepe3 13 ¢ mocie BBIKIIOYCHHS HAKAuYKu
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KBAHTOBASA TUCCUITATUBHASA TUHAMUKA
JKOZE®COHOBCKOI'O OCIIWJJVIATOPA B YCJIOBUAX
PE3OHAHCHOI'O BO3BYXXJIEHUSA

.C. Hamqu, AM. CamaHqu, Y.C. Kum®

1HI/I)Kel“Op0,IICKI/II71 rocyaapcTBeHHbIH yauBepcureT uM. H. 1. JlobaueBckoro
HarmronansHbiii yausepcuter Yonnam (Chonnam National University),
Pecmy6nika Kopest
pashindmi @gmail.com

B mocnenHee Bpems CBEpXIPOBOIHUKOBBIE KO3€(DCOHOBCKHE IMEPEXOIIBI
paccMaTpuBalOTCs Kak TEPCHEeKTHBHBbIE KaHIWAATHI JJIsl CO3JaHUsl KyOHTOB M
YCTPOMCTB HepaspylIaloIUX KBAaHTOBBIX H3MepeHuit [1]. Jo3ehCOHOBCKHIA
nepexoi, Mo KOTOPOMY TE€4YeT NMEepEeMEHHBIH TOK, M0J00eH HEeJIMHEHHOMY MasiT-
HUKY, BO30y>KI1aeMOMY MOMEHTOM BHelrHel cuiibl. [Ipu BeICOKO# Temneparype,
KOrza mKo3edCOHOBCKas 4acToTa () yAOBIETBOpseT HepaBeHCTBY KT >> fiw;,
JTMHAMHKa Mepexo/ia MOXeT OBbITh OIHCaHa B paMKaxX KJIACCHYECKOH MEXaHHKH, a
IpU BBIIOIHEHUH NPOTHBONONOKHOIO HepaBeHcTBa (KT << /iw)) ocummiiTop
BeJeT ceOs KaK KBAHTOBEIN OOBEKT ¢ AUCKPETHBIM CIICKTPOM.

Kak m3BecTHO, B KIIACCHYECKOM PEKUME TIPH OTPEICICHHBIX YCIOBHUIX HE-
JIMHENHBIA AVCCHUIIATUBHBIN OCLHMILIATOP MOYKET HAXOAWUTHCS B ABYX YCTOMUHU-
BBIX KOJIE0ATEIbHBIX COCTOSHUAX C pasHbIMU amruinTyaamu [2]. Ilpu stom da-
30BO€ MPOCTPAHCTBO OCIHIJUIATOPA COCTOUT M3 ABYX YCTOWYHMBEIX (POKYCOB, CBSI-
3aHHBIX C YCTaHOBHBILUMIECS COCTOSHUSIMH, pa3elIeHHbBIMU cenaparpucoi. [lo-
CKOJIbKY TPOIIECC 3aXBaTa B pe30HaHC (B 001acTh BONMN3U (POKYCOB) MPOHCXOTUT
MOYTH CITy4aliHBIM 00pa3oM, TO ero MOKHO paccMaTpuBaTh cTatuctuuecku. Kak
0Ka3aJ10Ch, TIPU OMUUYECKON TUCCHUIAIMM BEPOSITHOCTh 3aXBaTa B OJJHO W3 IOJO-
JKEHUH paBHOBECHS ONpeAeNsIeTcs IUIOMaapio 00macTu B (ha30BOM IPOCTPAHCT-
B€, 3aMETaeMOM CEeNapaTpUCO.
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B nanHol paboTe mpejacTaBieH aHaIU3 KBAHTOBOM NHMCCUTIATUBHOW JUHA-
MUKH JPK03e(DCOHOBCKOTO ocHuiuIsiTopa. PaccMoTpena cutyanusi, KOraa OCIHII-
JIATOP CBsA3aH ¢ OO30HHBIM TEPMOCTATOM, a €r0 JHHAMHUKA OMHCHIBACTCS MATPH-
nell mwiotHocTd. [Ipy BBHIMIOJHEHWW THUIOTE3bl CIYYalHBIX (a3 3a7ady MOXKHO
CBECTH K OCHOBHOMY KMHETUYECKOMY YpaBHEHHUIO. B 3TOM ciyuae y ocuuiuisto-
pa CYILIECTBYET Ba XOPOLIO JIOKAIU30BAHHBIX COCTOSIHUS, KOTOPBIE COOTBETCT-
BYIOT KJIACCHYECKHAM IIOJIOKCHHUAM paBHOBecHs. HoBas cutyamnus B mporiecce
pelakcani BOSHHUKACT IPH MPOXOXKICHUH OOJIACTH KIIACCHYECKOW cemapaTpH-
CBI, KOTOpAasi MCCIIEeIOBAHA YUCIEHHO MOJEITUPOBAHUEM.
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MOJIEPHU3UPOBAHHBIN CHEKTPOMETP TOMCOHOBCKAS
IAPABOJIA JUISI UCCJIEJOBAHUS BPEMEHHOM JTUHAMUKHA
TNSA-UCTOYHUKA ITPOTOHOB U UOHOB

C.E. Ilepesanos, K.®@. Bypoonos, M.B. Cmapodyoyes, A.A. Conogves

WuctutyT npuknanHoi ¢uszuku PAH, Huwxauit HoBropoa
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Co BpeMeH MOSIBIICHHST CBEPXMOIIHBIX JIa3ePHBIX KOMIUICKCOB [3] BO3HHK OT-
POMHBIN MHTEpEC K Jla3epHOMY crioco0y yckopenus yactuil. Crioco0 npuBiekaTe-
JIeH TeM, YTO B YCKOPSIOIIEH 00JacTH, KOTOpas MMEET pa3Mepbl OT HECKOIBKHX
MHKPOH, 710 HECKOJIbKMX CaHTUMETPOB, CO3JaeTCsl CHIFHOE YCKOpSIoliee ToJie ¢
ammuTy 0t nopsaka 10'° B/w. Takue KOMIIAKTHBIE, [0 CPABHEHHIO C TPAIHITH-
OHHBIMH YCKOPHTEJSIMH, HCTOYHHKA MOTYT HAailTH IIMPOKOEe MPUMEHEHHE B pa3-
JIMYHBIX 00JaCTIX (DH3UKH, MEAUIMHE, 0OOPOHHOMN MPOMBIILIEHHOCTH [1].

Jns uccnenoBaHuid B 00JaCTH JTa3epPHOTO YCKOPEHHS YaCTHIl HCIIOIB3YFOTCS
pa3IMYHBIC THArHOCTHYECKHE METOBI M IPUOOPEI, KOTOPHIE TTO3BOJISIFOT PETUCT-
PHPOBATH M M3MEPSITh DHEPTETUUECKUE, YIIIOBBIE CIIEKTPHI, pa3Mephl HCTOYHH-
KOB, Pa3JinyaTh YaCTHI[BI C PA3HBIMH OTHOIICHUAMH <«3apsia — Macca». OJIHUM U3
TaKUX MPHUOOPOB SABJIAETCSA CIEKTPOMETP TOMCOHOBCKas mapabona (TII), koto-
PBIii TO3BOJISIET OMHOBPEMEHHO C pa3lelICHHEeM YaCTHUIl [0 SHEPTHAM Pa3feisiTh
YACTHUIIBI B 3aBUCHMOCTH OT MX OTHOILICHHS «3apsia — Macca» (puc. 1).

B knaccuueckoil cxeme CIIEKTpOMETpa HCIOJIB3YIOTCS CTaTHYECKHE COHa-
npaeieHHbIe moist. OHAKO B HEKOTOPBIX 3a1adax TpeOyeTcsl UCCIIeIoBaTh Bpe-
MEHHYIO JAUHAMHKY MCTOYHHKA 4acTuil. [1oaToMy Ui pelleHus] TakoW 3amaqyn
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IpeAsaraeTcsl IPUMEHUTh BPEMSINIPONIETHBINA MOAXOM, UCHOIb3Ysl BMECTO CTaTH-
YEeCKOro 3JIEKTPHUUYECKOTO IMOJIsl NMEPEMEHHOE IyTeM IOAadd Ha OTKIIOHSIOLINE
IUTACTHHBI AJIEKTPUYECKOT0 UMITy/IbCa C U3BECTHON Monyssaiuen. Takol moaxoxn
MIO3BOJIUT TIOJTy4YaTh JIOTOJHUTEIbHYI0O MH(OPMALMIO W3 SKCHEPHUMEHTAIBHBIX
JAHHBIX [0 YCKOPEHHUIO MPOTOHOB [2].

Puc. 1. DxkcniepuMeHTalIbHOE H300paskeHue co criekTpomerpa [1]. Dnexrpuueckoe mose
pa3BOpavMBacT 10 BEPTHKAIN, MATHUTHOE — 10 TOpU30HTANH. [lons craTtnueckue

MopenupoBaHue TOKAa3bIBAE€T, YTO IPU OJHOBPEMEHHOM DOXKIEHHM BCEX
YaCTHUI] YCKOPEHHE YaCTHUIl C OJMHAKOBOI CKOPOCTBIO, HO Pa3HBIM OTHOIIEHUEM
«3apsj — Macca» MPOUCXOAUT OJHOBPEMEHHO U B OJHOM U TOM € dJEeKTpHue-
ckoM mosie (puc. 2). Takum 06pa3om, 3Hast BpeMsi IIPOJIeTa YaCTHIBI OT UCTOUHH-
Ka 10 JETEKTOpa, MOXKHO ONPENESATh BPEMs POXKICHHS YaCTHUL], IOCKOIbKY Hau-
Oosblree OTKJIIOHEHWE YacTHI[ Ha JIETEKTOpPE MPOHWCXOIUT BO BpEMs, paBHOE
CyMM€ BpPEMEHH 3a[ep>KKH UMITYIbCa U BPEMEHU POXKICHHS YaCTHIIBI.

50 T T T T

40 - T

30+ e v -

MM

m 40 L #0 1o 120
MM

Puc. 2. MozenbHoe pactpeneneHue Ha JeTeKrtope Wit yactul ¢ sHeprued or 0,5 no
50 M5B u pa3nuuHbIM OTHOILICHHKE <«3apsi — Macca». [lapaMeTphl 3aTyXaroMIero UMITyJIb-
ca: yacrora 63,3 MI'1, anuTensHOCTh 3 He, 3aepkka 25 He, ammnTyaa B muke 3,5 MB/m

MopaepHHU3UpOBaHHbBI TakUM 00pa3oM CIIEKTPOMETP IPEAINOaraeTcsl Uc-
MOJIb30BaTh B 3KCIIEPUMEHTaX Ha jazepHoM Komiutekce PEARL [4] ans uccie-
JIOBaHHS BPEMEHHOW IHHAMHKHM HCTOYHHKA HMOHOB C JIa3epHBIM paiiBepoM.
Takxke paccMOTpeHa BO3MOXKHOCTb HCIOJB30BAHHS OMHCAHHOTO MOAXOMAA VIS
JIETEKTUPOBAHMS MOIIHBIX TEPArepIOBBIX HMITYJILCOB, CHOKYCHPOBAHHBIX Ha
TNSA npoTOHHBIH Ty4YOK.
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NPUEMHHUK PAJJMOCBETA C IIA®POBBIM HAKOIIJIEHUEM
M.M. Hempoc;ml'z, A.C. ﬂmumpueel’z, B.B. Hukoel'z, AMH. Poioicos*

1
MHeTUTYT paguoTeXHuKky U 21ekTpoHuku uM. B. A. Korensnukoa PAH, Mocksa
2 o o
MockoBckHi (U3NKO-TEXHUIECKUI HHCTUTYT

B pabote ommcan mpuéMHHK, KOTOPBIN TPEIHA3HAYCH IS OTOOpaKCHUS B
peXUME peaJbHOr0 BPEMEHH PaJMOOCBEILEHHOCTH OKpyskarowed cpensl. Ilog
paAroOCBeIIeHNEM TIOHUMAETCS JIOKAIFHOE, UICKYCCTBEHHO CO3JJaHHOE IITyMOIIO-
I0OHOE TI0JIe IMHUPOKOIIOIOCHOTO HEKOTEPEHTHOTO B MPOCTPAHCTBE M BO BpeMe-
HU I/IBJ’Iy‘ICHI/IH B pam/Io— 1501040 MI/IKpOBOJ'IHOBOM aUara3oHe IJIUH BOJIH. Pacnpo—
CTPaHsAACh, TAKOE H3JIyUYCHHE HEecEéT B ceOe MH(OPMAIHUIO O Cpefe, ¢ KOTOpPOi
B3aHMO/IeHCTBYeT. VICTOYHHK TakoTO M3IydeHus ObLT MpeiokeH B padore [1].
Jis 3G GEKTUBHOTO WCIOJIE30BAHUS PAJUOOCBEINCHUS] TOMHMO HCTOYHHKOB
paaroCcBeTa HYXHBI YCTPOHCTBA, KOTOPHIE €0 BOCHPUHHMAIOT — MPUEMHHUKH.
[IpuéMHUK paguocBeTa MPEkKAe BCETO JODKCH OICHIBATH MOIIHOCTHYIO Xapak-
TEePHUCTUKY pagrocBeTa. TpeboBaHre K MPUEMHUKY PATHOCBETa — BBICOKAS TyB-
CTBUTEIBHOCTD, OMPEICIIAIONIas MUHIMAIBHOES 3HAYCHHUE MOIIHOCTH TIPHXOJIS-
[IeTO CWTHAala, KOTOPOE MOXHO PETUCTPHPOBATH HA BBIXOJE MPUEMHUKA. Brico-
Kasg 9YyBCTBUTENHHOCTH TO3BOJIUT paboTaTh Ha OONBIIMX paccTOsHUsX. [Ipném-
HHUK TaK)K€ JOUKEH MMETHh OOJBLION ITMHAMHWYECKHM IHAIla30H II0 MOIIHOCTH,
9TOOBI paboTaTh C NCTOYHUKAMHU PAIHOCBETa KaK Ha OJIM3KHX, TaK U HA JaTbHUX
pacCTOSIHUSAX.

B pe3ynbrare TpeOOBaHUS BBITIAIAT TaK:

— TI0JI0Ca YacTOT MpuHUMaeMoro curnana He MeHee 500 MI'1;

— BBICOKAsI YYBCTBUTEIHHOCT;

— IUpoKuil TuHaMudeckuii auana3on ~70-90 nbm.

ITpoTOTHITOM TPHEMHHMKA MOTYT CIYKUTH PaIHOMETPHl [2] W TPUEMHUKH
CIITI-curHaaoB B MPAMOXaOTHYECKUX CHCTeMax cBsi3u [3-5]. [IpuéMHUK pammo-
CBETa COBMEIIACT IOJIE3HBIC CBOMCTBA MPOTOTHUIIOB: OT PAJMOMETPOB — BBICOKAs
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YyBCTBUTEIBHOCTH, OT SHEPTeTHUECKUX TPUEMHHUKOB — OOJIBIINN AUHAMHYECKHUH
nuarna3oH. CTpyKTypa 3JeMeHTapHON sSYeHKH BKIIIOYaeT B ce0sl aHTEHHY, COrJia-
COBaHHYI0 Harpysky, kimou HMC-536, monocopoii ¢punetp HFCN-2700+(2,6—
6,5 I'Tu), manomymsiuit ycuureas VMMK-3803 ¢ ycunennem 20 1B, Bropoit
nonocosot pueTp HFCN-3100+(3,4 = 9,9 I'T'1), morapudMUYECKHid TETEKTOP
AD8317 ¢ nunammueckum nuama3zoHoM 0—60 nbm, akTUBHBIA (GMIBTP HIKHHUX
gactor AD8541 u wmukpokontpourep STM32 co BCTpOeHHBIM aHAIOTO-
mudpoBeiM npeodpazosateneM 12 6ut 10 xI'm. YcTpoiicTBo peann3oBaHO Ha
nedaTHOH 1iate. OHO MpeAHa3HAYeHO Ui pabOThl B YACTOTHOM IHMAaNa3oHE OT
3 mo 5T ¢ quHaMIgeckuM auana3zoHoM a0 —80 nbm U paccynTaHO HAa MaKCH-
MallbHY10 BX0HYyI0 MoIHOCTh —20 nbM. [{npoBoii curnan ¢ MUKPOKOHTPOJLIIE-
pa moctynaet Ha Bxoj USB (Buptyaneubiii COM port) kommbtotepa. Ha xom-
MBIOTEPE, K KOTOPOMY TOJKJIFOYEHO YCTPOICTBO, MOKHO HETIOCPEICTBEHHO Ha-
OJroaTh 3aBUCHMOCTH MOIIHOCTH CHUTHAJIa OT BPEMEHH Yepe3 CIelHaIbHOE
IIpOrpaMMHOE O00ECIeYeHHe, a TaKXKe 3alMChIBaTh PEaH3alli0 M IPOBOJUTH
JanbHeHyto e€ 00paboTKy.

YroObl n3MepsATh 100aBKy OT IOJIE3HOTO CHTHaja Ha BBIXOJE NPUEMHHKA,
MIPUMEHSETCSl palMOMETPHIECKUI CIIOCO0 KOMITEHCAIIMH IIYMOBOW KOMITOHEH-
ToI. KanmbpoBka ycTpoiicTBa U pacd€T MIyMOBOH COCTABISIONMIEH MTPOM3BOIMUTCS
B Haudayje paboThl MPHEMHHUKA PaJHOCBETa HA OCHOBAHHM IIEPBBIX BBIXOIHBIX
Touek. [locie KaaMOpOBKM MOCTOSHHAS COCTABIIAIONIAs HAa BBIXOJE NMPHUEMHHKA
OyZeT 3aBUCETh OT MOJIE3HOTO CUTHAJIA HA BXOJ€ MPUEMHHKA.

YyBCTBUTEIBHOCTh NMPHUEMHHKA MOXKET OBITh MOBBIIIEHA 33 CYET H(PPOBOTO
HakomieHusa curHana ¢ AIlIl Ha BcTpoeHHOM MUKpOKOHTposuiepe. IIpu Hakon-
nennu Ha N Touek curnan A yBennuuBaercs Ha N, GaykTyalmoHHass KOMIIOHEH-

Ta —HaA N . CJ'Ie,I[OBaTeJ'ILHO, IIPpU HAKOIIJICHWHU Ha N Touek OoTHOIIEHHE IOCTO-

SIHHOI KOMITOHEHTHI U (PIIyKTYallMOHHOW COCTaBJISIIOIICH U3MEHUTCS Ha «/ﬁ . To
€CTh M3MEHEHHE JUINTELHOCTH HAKOIUICHHs Ha IMOPSIOK NMPUBENET K M3MEHe-
HHUIO YyBCTBUTEIBHOCTH NMpPUEMHUKA HA 5 1B M, COOTBETCTBEHHO, U3MEHEHHUIO
MaKCHMaJIbHOTO PACCTOSHUSI.

Beutn mpoBeseHB! M3MEpeHHs ¢ NPUMEHEHHEM LU(POBOTO HAKOIIICHUS.
B pesynprare n3MepeHuii ¢ pasHbBIMH 3HAUYCHHUSMH HAKOIICHHUS OBLIO MOJy4YeHO
yBeJIMUYeHNe YyBCTBUTENbHOCTH Ha 15 nb npu Hakomennu N = 10000. YBenu-
4yeHue 4yBcTBUTENbHOCTH Ha 15 nb BMecto 20 nb 00BsCHSETCS MPUCYTCTBUEM
HECTAIlMOHAPHBIX IIYMOB, Y€ro MOXHO OyJeT n30exaTh MpU HCIOIb30BAHUU
MEPUOANIECKON KOMIICHCAIINH.

HccnenoBanre BBIMOJHEHO IPH MOIEPIKKE rpaHTa POCCHICKOro Hay4HOTrO
¢donma (mpoext Ne 16-19-00084).
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O CUHXPOHM3AIIUA B CETAX ®UTL-XbIO - HAT'YMO
C MAJIBIMH 3AJIEP’KKAMHU

CA. I[Tnomnuxos, A.JI. ®padxos
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CHHXpOHHM3AIUS — OJTHA U3 BAXKHEHINNX MPOOIEM HCCIICIOBAHUS TUHAMUKA
CBSI3aHHBIX OCHIJUIATOPOB, KOTOPask BCTPEYAETCS B PA3IMYHBIX 00NACTAX HAYKH
[1]. Omuoit u3 Takux oOIACTEl ABIACTCS MCCIIENOBAHNE IUMHAMHKHA HEHPOHHBIX
cereil. Ha CMHXpOHM3aLNIO BAMSIIOT PAa3IMYHbIE MMapaMETPhbl CETH, B YaCTHOCTH
3allepKKH TIpU Tepeade CUTHaIa MeXIy y3naMmu. Jlaxke HeOobIIHe 3a0epKKI
MOTYT W3MEHHTH MMOBEJCHHUE CHUCTEMBI [2], TO3TOMY W3yUeHHe BIHSHHS 3ajep-
JKEeK Ha CHHXPOHH3AIHIO B CETH — BakHas mpobiema. B pabore mccmemyercs
CUHXPOHM3aLIMs B CETHU U3 OJHMX U3 MPOCTEUIINX MOJENeil HEHPOHOB, a UMEHHO
mozeneit durti-Xpto — Harymo [3, 4].

1. YpaBHeHHUS MOJeJIH

B pabote uccnemyercss CHHXpOHHM3ANUS CETH W3 JTMHEAPU30BAHHBIX CHCTEM
®uti-Xeto — Harymo (OXH) ¢ 3amepkkaMu B CBSI3SIX, KOTOpask OTMCHIBACTCSI
CIeIyIONINMH YPAaBHEHHUSIMH .

a4, (1) = (1-a%)u, (1) -, (t)+i_lqj [y (t=e; ) ~u (t=ehy)].

V(t)=u(t)+a, i=1 ..,n,
rae U u V; — ObICTpas epeMeHHasi akTHBaluH (IIOTeHIMAT MEMOpPaHBI) U Me[-
JICHHAsI TIEPEeMEeHHasi BOCCTAHOBIICHHS i-TO HEHPOHA COOTBETCTBEHHO; € — Mapa-
METp BPEMEHHOI HIKaJIbl, pa3IeIionil TUHAMHUKY CHCTEMBl Ha MEIUICHHYIO H
OBICTPYIO; a — TIOPOTOBBIN MTapaMeTp, BIHSAIONINA Ha TUHAMUKY OTHEIHHBIX HEH-
poHOB: 1ipH |a| > 1 TpaekTopuu HemuHeHHOM cucTembl ®XH cTpemsTes K ycToH-
YUBOM TIpEICTbHOMN TOUKe, TOraa Kak mpH |a| < 1 Takas cucremMa OMUCHIBAET KO-

1)
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nebanusi. To ecTh UMeeT MecTO CylepKpuTHdeckas oupypkauus AHIPOHOBA —
Xormoa.

Ces3u MeXAYy y3nmaMu onpeenstoTes rpadom cesseir G = (V, E), rme V —
MHOXECTBO BeplINH, a E — MHOxecTBO pebep. IIpennonaraercs, uto rpap G
CBSI3HBIM, B3BEIICHHBIH W HEOPHEHTHPOBAHHBIN, T.€. €r0 MaTpHIa CMEXKHOCTH
C = {cj} cummerpuyHas 1 3a1aeTcs CIELYIOLMM 00pa3oM:

Gj >0, ecnmn (i,j)e E,
Gj =0 B mpoTHBHOM Cityyae.

ehyj — moctostmere 3axepxku, rae hy € (0] u by =h; Vi, j=1, ..., n.

2. OcHOBHOI pe3yJIbTAT

Teopema. TTycts napamerpsi cetn (1) yaosmerBopsior yenosuio 1 — a2 — Ay(G) < 0,
rae Ay(G) — anrebpandeckas CBI3HOCTB Tpada G, a TakxkKe CYIIECTBYIOT MATPHIIBI
P, R, P,, P, Takue, 4To crieqyrommas cucteMa JIHHEWHBIX MaTPHYIHBIX HEPABEHCTB
paspemmma:

P >0,
R>0,
PRRK+K'R, P-P +K'R hP A
YRR +RR RPIA <O,
* * _h:)R

rae A — auaroHajibHas Matpuia pasmepom (N — 1) x (n — 1), Ha TUaroHaH Ko-
TOPO¥ HAXOMATCS YIOPSAMOUCHHBIE IO BO3PACTAHUIO COOCTBEHHBIC YHCIIA MATPH-
st Jlartaca rpada G, kpome HyseBoro, a K = (1 —ad)l,_1 — A. Toraa ceTb u3
nuHeapu3oBaHHbIX cucTeM OXH (1) cuHxpoHH3UpYyeTCs ANs JTOOBIX 3a7epiKek

Sh” S (O,ho]

JlokazaTrenbCTBO JaHHON TEOpEMbl OCHOBBIBAETCS HA pe3yJibTaTax CTaTbU
3. Opuaman [5].
JlutepaTypa

1. Osipov, G.V. Synchronization in oscillatory networks / G.V. Osipov, J. Kurths,
C. Zhou. — Berlin : Springer Verlag, 2007. — 370 p.

2. Hale, J. Effects of small delays on stability and control / J. Hale, S. Lunel // Rapport
Ne WS-528. — Amsterdam : Vrije University, 1999. — 27 p.

3. FitzHugh, R. Impulses and physiological states in theoretical models of nerve mem-
brane // Biophys. J. 1961. V. 6, Ne 1. P. 445-466.

4. Nagumo, J. An active pulse transmission line simulating nerve axon / J. Nagumo, S.
Arimoto, S. Yoshizawa// Proc. IRE. 1962. V. 50. P. 2061-2070.

5. Fridman, E. Effects of small delays on stability of singularly perturbed systems //
Automatica. 2002. V. 38, Ne 5. P. 897-902.
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UHTETPAIIMSI HEUPOHHOM AKTUBHOCTH ¥ IIOBEJIEHU S
MBIIIEA: KOJIMYECTBEHHOE OITPEJEJEHME MOJIEM MECTA

B.B. H/liOCHqu, B.I1. C0m0K061'3, K.B. Anoxun®*

"MockoBckuit (U3UKO-TEXHMYIECKUIT HHCTUTYT (rOCY IapCTBEHHbIN YHUBEPCHTET)
2HawyoHalbHbIA HCCIIEI0BATEIbCKHI neHTp «KypuaroBckuid HHCTHTYT», MOCKBa
3MockoBckHmit rocyapcTBeHHbIN yHuBepcuteT uM. M.B. JlomoHocoBa
4I/IHCTI/ITyT HOopMaibHOU ¢pusunonorun uM. [1.K. Anoxuna, Mocksa
viktor.plusnin@phystech.edu

B3anMocBs3p HEHpOHATBLHOW aKTHBHOCTH W MOBEICHUS XHBOTHBIX TPAaJIH-
IIMOHHO HAXOJWTCS B IICHTPE BHUMaHUs HeHpoHayku. C pa3BUTHEM TEXHOJIOTUH
MPUKA3HEHHOTO ONTHYECKOTO KAIBI[MEBOT0 HMH/DKUHIA CTAaa0 BO3MOXHBIM
HETOCPEICTBEHHO HAOIIOMATh aKTHBHOCTH OOJIBIIOTO YKCIIA HEHPOHOB CBOOO/I-
HO aBuraromieiics Mbimu [1]. TToMrMO HemoCpenCTBEHHON 06pabOTKH CHUTHAaa
KaJbLIUEBOTO MMHUJDKUHTA, CTOUT 3a/la4ya CHHXPOHHM3AI[MK HEHPOHHOW aKTHBHO-
CTH ¢ TOBeJeHHEeM MbIn. [1o pe3ynbraraM CHHXPOHHU3AIUK MOXKHO CYIUTH O
creuuani3alul OTJEIbHO B3STOH KieTku, Hanpumep B obsmactu CAL rumrmo-
KaMIla MOKHO OOHApYKHTh CIICIHAIN3MPOBAHHBIC HA MPOCTPAHCTBE HEHPOHHI,
KJIeTKH MecTa [2].

Kaxxmast kjeTka MecTa akTUBUPYETCSI TOJBKO TOT/Ia, KOTa MBIIITh HAXOJUTCS
B ONPEICICHHOM MECTE MPOCTPAHCTBA, B TAK Ha3bIBAEMOM IT0Jie MecTa. B 3kcrre-
PUMEHTaX, CBA3aHHBIX C IMOMCKOM TOBEICHUYCCKUX KOPPEIATOB CHCIHAATH3ANU
HEHpPOHOB, BO3HUKACT 3a/1a4a OMpEeIICHHUs HAIHMIUs Takod nuddepeHIrnaniy,
SIBJISIETCS JIM KJIETKA YiKe KIETKOM MeCTa, 1 3a Kakoe IoJie oHa oTBevaeT (puc. 1).

Firng rae. spikesss Fiingrate, spikesls

108 150 043

Puc. 1. Kapra crniaiikoBaHus OTAEIBHO B3SITOTO HeifpoHa 00IPCTRYIOICH MBIIIK B O-Maze
nabupuHTe, pa3dUTOM Ha IOJIs MECTa: a — KapTa CIaiiKOBaHUs KJIETKU MeCTa; O — Kapra
CIaKOBaHUS HECTICIUATH3UPOBaHHOM KieTku. Jlabupunt pa3dut na 40 paBHBIX CEKTO-
POB, YKCIIa HAPOTHB CEKTOPa MOKa3bIBAIOT, CKOJIBKO Pa3 aKTUBHPOBAJICSA HEHPOH, KOrjaa
MBIIIb HAXOAWIACH B OIpE/elIeHHOM cekrope, firing rate — ckopocth craiikoBaHus Hel-
pOHa B CEKTOpe

JI1st KOTMUYECTBEHHOTO ONPEAETICHUS TOJIEH MecTa ObUIO MPETIOKEHO H3Me-
pATH crenU(UIHOCTD OIS C TOYKH 3pEHHs MH(GOPMAIIMOHHOTO COJEpPKAHHS
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HEeWpPOHATBHOW aKTUBHOCTH Heipona [3]. MHaeke crenuduyHOCTH MoKa3sIBacT
Konmu4yecTBo MHMopManuu (B 6uTax) O MECTOMOJOKCHHH MbIIH (TO ecTh Ha-
CKOJILKO XOpPOIIO HEHpPOHHAsh aKTHBHOCTH IPENICKa3bIBAET MOJ0KEHHE MBIIIN B
npocTpancte). KomnuectBo nHdpopmarmu | paccuntsiBaetes mo hopmyiie
I =X Pi(R/R)I0g(R/R), @

rae | — HoMep sueiiky, P; — BepOSTHOCTh HaXOXICHUS MBIIIH B i-if saeiike, R —
CpeIHssI CKOPOCTh CHAaHKOBaHUsI KJIETKU B I-M cekTope, R — cpemusis ckopocTh
CTaifKOBaHMSI KJIETKH 110 BCEM CEKTOpaM.

Pa3pexeHHOCTh S pacmpeneneHns CaiikoBaHHUs KJIETKH MOXKHO H3MEPHTh
o ¢popmyiie (2), srauenne S = 0,1 Gymer 03HAYATH, YTO KJIETKA aKTHBHPOBAIACH
ToJ6K0 B 10 % CeKTOpOB JTaOUpUHTA.

— 2
s=Y(PR)IR. @)
JlaHHBII MeTO SBJISIETCS HEOOXOIUMBIM, HO HE IOCTATOYHBIM KPUTEPUEM OII-

penenenus noseid Mecra. Hamm ObUIM pa3paOoTaHbl METOXBI, NO3BOJISIOLINE C
JIOCTOBEPHOCTBIO WICHTHU(UIIMPOBATH KIIETKU MeCTa M ONPENIENISTh UX TIOJIsl MECTa.

Jlutepatypa

1. Ghosh K.K., Schnitzer M.J. Miniaturized integration of a fluorescence microscope
/I Nature Methods. 2011. V. 8. P. 871-878.

2. Moser E.I., Moser M.B. Place cells, grid cells, and the brain's spatial representation
system //Annual Rev. Neurosci. 2008. V. 31. P. 69-89.

3. Markus E.J., Skaggs W.E. Spatial Information Content and Reliability of Hippocam-
pal CA1 Neurons: Effects of Visud Input // Hippocampus. 1994. V. 4, Ne 4. P. 410-421.

IMACCUBHASA CUHXPOHUM3ALIUA MO/ B BOJTHOBOJHOM
Nd:YAG-JIA3EPE C YACTOTOM MOBTOPEHMS UMITYJILCOB
10ITu

M.B. Ilonapuna, A.I". Oxpumuyk, M.I". Poibun, A.A. Tapaxarosckuii,
T.B. /lonmamos, B.B. Bykun, I1.A. Obpasyos

UncruryT obeit ¢pusuku um. A.M. IIpoxoposa PAH, Mocksa
ponarinamashka@gmail.com

B Hacrosimee BpeMs 0coOblil HHTEpeC MPEACTABIAIOT Ja3epHbIC HCTOYHUKH,
00ecIeunBalOIie TeHePAlUI0 THKO- WIH CyOIHUKOCEKYHIHBIX HMITYJIBCOB CO
cTabmibHOM "acToToi moBToperus 6omnee 1 I'Tm. Jlazepsr Takoro THIIA HCIIONB-
3YIOT B Ka4eCTBE BHICOKOCTAOWIIBHBIX I'€HEPATOPOB YacCTOTHI, KOTOPbIE HAXOIAT
NPUMEHEHHs B TAKUX HAIpaBIEHHSX, KAK METPOJIOTHS YacTOTHI, TEICKOMMYHH-
Kalluu U CUCTCMBI CBA3U, a4 TAKXKC B (byH}IaMeHTaJ'H)HBIX HCCJIICAOBAHUAX.

[pu pa3paboTKe TaKOrO THIA Ja3epOB OJJHOW U3 KIIFOUEBBIX MPOOJIEM SIBIISET-
Cs MIOBBIIIEHHE CTA0UILHOCTH YaCTOThI CJICA0BaHUs YJIBTPAKOPOTKUX UMITYJIBCOB.
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Jist crabuiu3anyy CHHXPOHHU3AIMU MTPOJIOIBHBIX MOJ HE00X0IuMo obec-
MEYUTh TeHEPAIMIO Ha OCHOBHOM nonepeunoit moae (TEM 00). B nanuHoi pa6o-
T€ TpeJICTaBIeH TBEPAOTENbHEIN J1a3ep, 00eceunBalONINi TeHEepalUio MHKoCce-
KyHAHBIX UMIyJ6coB (1020 mc) ¢ 4acToTol MOBTOPEHHUs B TUTareplioBOM Jaua-
nazone (10 I'Tu) [1]. B manHOM Jla3epe B KauecTBEe aKTHBHOM CPEIbl UCIIONB3Y-
ercsl TpyO4aThlii BosHOBOA ¢ auamerpoM 20 MKM, CO3IaHHBIH B 00BeMe KpH-
craimra Nd:YAG. Kouryp BoNHOBOAa 3ammcaH (PEMTOCEKYHIHBIM Ja3epOM U
NpeNCTaBIseT cOO0W MmapasuiesbHble TPeKH (JIMHUM) YMEHBIICHHOTO MMOKA3aTells
npesoMiIeHns Ha BenuuanHy nopsytka (1-5)-107. Hcnons30Banne BOTHOBOIHOI
CTPYKTYPHI B aKTUBHOH Cpelie O3BOJIIET OCYIIECTBIATh P (PEKTHBHYIO HAKauKy
0 BCel JIMHE KPUCTAIUIA, a MaJIblid IMaMeTp BOJIHOBOAA 00ECIIeUMBAET reHepa-
LU0 TOJIKO OCHOBHOM IMOINEpeyHoi Mombl. Pe3oHaTop s1asepa oOpa3oBaH Tily-
xuM 3epkanoM (100 % oTpaxaromiee MOKPHITHE), HAHECEHHBIM HETIOCPEICTBEHHO
Ha oaud u3 ToprioB Nd:YAG-kpucTamia ¥ BBIXOJHOTO 3epKajia ¢ HACHIIIAK0-
IIMMCSI TIOTJIOTHTENIeM. B kauecTBe HACHINIAIONIEroCsl TIOTIIOTHTENS UCTIONb3YeT-
Csl OTHOATOMHBIN cJ10i1 TpadeHa, ocaXkIeHHBI Ha BBIXOJHOE 3epKano. biarona-
PS UCTIONIB30BaHMIO Trpad)eHa B KaUeCTBE HACHIIIAIOIIETOCS MOTIOTUTENS TIOJTHAS
JUTMHA pe30HaTopa coctaBisieT Bcero 10 MM, 94To 0OecIieurBaeT 4acToTy TOBTO-
perus ummysscoB 10 [T B pesxiMe MacCHBHON CHHXPOHU3ALUH MOJI.

PaspaboTaHHBI OAXOM MO3BOJHT IONYYUTH CTAOMIBHBIA PEXKUM ITACCHB-
HOHM CHHXPOHM3AIMHU MO [UISl CO3aHUsI BEICOKOCTAOMIIBHBIX T€HEPaTOPOB OIITH-
YECKHX UMITYJIECOB C YaCTOTOM IIOBTOPEHHS B TUTAreplioBOM AUAarna3oHe.

Jlutepatypa
1. Obraztsov P.A., Okhrimchuk A.G., Rybin M.G., Obraztsova E.D., Garnov SV.

Multi-gigahertz repetition rate ultrafast waveguide lasers mode-locked with graphene
saturable absorbers // Laser Phys. 2016. V. 26, Ne 8. Art. 084008.

MMPOXOXKIAEHUE CBEPXIIINPOKOITIOJIOCHBIX XAOTHYECKHUX
CUTHAJIOB YEPE3 CPEQY, UIMUTHUPYIOIIYIO
XAPAKTEPUCTHUKH )KUBOTI'O OPTAHU3MA

M.T. Honoel‘z, AMN. PlefCOGl, M.IO. T epacwwoel

1I/IHCTI/ITyT paauoTeXHUKH U ekTpoHuku uM. B.A. Korensuukosa PAH, Mocksa
2MockoBCKHiT (PH3MKO-TEXHHYECKHiT HHCTHTYT (TOCYJaPCTBEHHbIHA YHIBEPCHTET),
r. lonronpy IHbIi
freeze2@inbox.ru

B pabGore paccmarpuBaeTcs paclpOCTPaHEHHE CBEPXIIMPOKOIIOIOCHBIX
(CIIIIT) XxaOTHYECKHX CHTHAJIOB Yepe3 CPeay BHYTPH JKHBBIX OpraHu3moB. JlaH-
HBIA BONIPOC MPHOOpPETaeT aKTyalbHOCTh B CBSI3M C Pa3BUTHEM Pa3IMYHBIX Oec-
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MIPOBOJIHBIX MEAUIIMHCKHX NATUYUKOB, COOUPAIOIIMX HHGOPMAILKO O (HHU3HOIO-
IMYECKUX MapaMeTpax, KOTOpble MOTYT ObITh 3()()eKTHBHO NMPUMEHEHBI ISl pe-
LIEHUs 33/1a4, HallpUMep, TMarHoCTUKU 3a0osneBaHuil. OHAKO MpeaBapUTENbEHO
HEOOXO0IMMO HCCIIEIOBATH BO3MOKHOCTh IIPUMEHUMOCTH TaKUX CUCTEM C TOYKH
3pEHUs paclpoCTPaHEHUS CUTHAJIA.

B pabore m3yuaercs 3aryxanue CILIII-curuanaoB B omHOpPOAHOHN cpexe — ca-
XapHOM PacTBOpe, OJIM3KOM IT0 CBOMM AMAJICKTPHUECKUM CBOMCTBAM K MBIIIEY-
HoM TKanu genoBeka (CoH2011/1,0 M (342 1 wa 1 11 Bosn)) [1].

s mpoBeneHHs SKCIEPHMEHTOB B KauecTBE NMPHEMHHMKA U IepeJaTduka
CIIIT xaotmyeckmx curHagoB wucnonb3oBamucsk CHIIT mpsmoxaoTmyeckue
MIPUEMOTIEPENAOIINE MOIYJIH, pa3pab0TaHHbIE HA OCHOBE YCTPOWCTB, MIPEACTaB-
JIEHHBIX B [2], u uMmeromue pabounii quanasod gactoT 3-5 I'T'u. MoiHocTs me-
penaturka coctarisiia 20 1bM, a 4yBCTBUTEIBLHOCTH preMHuka —60 nb.

K mpuemonepenaTurkaM uepe3 KOaKCHAIbHblE KaOenu MOAKIIOYAINCh aH-
TEHHBI, KOTOPbIe ITOMEIIAINCh BHYTPU IyCTOH KIOBETHI WJIM HAIIOJIHEHHOHW ca-
XapHbIM pacTtBopoM. [Tpu momomy ociputorpada u3Mepsiach aMIUINTYAa CHT-
HaJla Ha BBIXOJIE JIOTapU(MHUIECKOTO AETEKTOpa NMPHUEMHHUKA B 3aBUCHMOCTH OT
paccTOSTHHS MEXly aHTCHHAMH IPUEMHIKA U TTepeiaTIuKa.

3aryxaHue B KaHaJIe MOXKHO OILIEHUTh 10 opMyIIe

PL(d)= 20|g(%)+%, @

rae PL —3aTyxaHue curHaita Ha paccTosHud O, Ay — aMIUTUTY/Ia CHTHAIA Ha BBIXO-
1€ IorapuMHUIECKOro JeTEKTOpa MPUEMHUKA Ha PACCTOSHIU 0 B HEKOTOPOit cpe-
ne, Ay — aMIUTUTY/la CUTHAJIa HA BEIXOJE JIOTapH()MHUIECKOTO IeTEKTOpa NMPUEMHH-
Ka Ha paccTosiHMK 1 M B CBOOOJHOM IPOCTPAHCTBE, S — UyBCTBUTEIBHOCTH JIOTa-
prdMHYIECKOTo AETEKTOPA, A — CpeIHsIs JUTMHA BOJIHBI U3ITyUYeHHs IepelaTarKa.

Takum o0pazoM, n3mepsisi B SKCIIEpUMeHTe 3HaueHus! Ag 1 Ag 1 TIOJCTaBIISIS
ux B ¢popmyny (1), MOXKHO pacCUMTHIBATh BEIMYMHY 3aTyXaHUs CHTrHana. B Ha-
ieM ciyvae nepBoe criaraemoe B (1) cocrasnser 42 nb.

3aTyXaHHe CHTHalIAa MOXKHO PaCCYHTATH IO popmyJie

PL(d) = PL, +10ylg di . @
0

3necs PLy —3atyxaHue curHana Ha pacctosHuu 1 M B HexoTopoi# cpene. Ta-
KuM 00pa3oM, mpu momolinu rpaduka 3asucumocti PL(d) MoxHO ompemenuts
PLo 1 moka3arens 3aTyxaHus Y, IOCTPOUB alIPOKCUMHUPYIOLIYIO MPSIMYIO METO-
JIOM HaMMEHBIINX KBAaPaTOB.

[MpenBapuTenbHO OBUIM MPOBEAEHBI IKCIIEPUMEHTHI 10 OIIEHKE 3aTyXaHWs
CILIT xaoTH4ecKoro CUrHaja Jjsl Ciydas IycTOW KroBeThl. Jlajee ObUIH Mpous3-
BexeHsl m3MepeHus 3atyxanus CIUIT xaoTHUecKWX pajnOWMITYNIBCOB MPH HX
pacIpocTpaHEeHNH B CaXapHOM PacTBOpE /UL JBYX CIy4aeB — IPH pacIojoxe-
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HUU IIPUEMHOM aHTEHHBI C BHYTPEHHEN U C BHELIHEN CTOPOHBI KIOBETHI. JlaHHbIE
CIIy4ad COOTBETCTBYIOT Ilepesiaue JaHHBIX BHYTPH OpPTaHU3Ma, a TaKkKe U3HYTPU
KHBOTO OpraHU3Ma Hapyxy.

Jnst pacdera 3atyxaHus curHana PLo m mokasaTenst 3aTyxaHHs CHIHana y
OBUTH TIOCTPOEHHI rpaMKK 3aTyXaHUsl CHTHajda B 3aBUCUMOCTH OT PacCTOSHHUS
MEXIy IPHEMHBIMA U TICpETAIONINMA aHTCHHAMHE B JIOTapU()MUIECKOM MACIIITa-
0e (ux mUHEHHbIe 00IaCTH) U AMPOKCUMHPYIOIIUE TPSIMbIE JUTS KaXKI0#H cepun
BEIIIICYTTIOMSIHYTHIX IKCTICPIMEHTOB.

U3 rpaduxos cnenyert, uro mrsa CLIIT xaoTHYECKHX CHUTHAJIOB B JHAIla30HE
3-5TTu B cpennem aist Bozayxa Plo = 46 1b u y = 2, a juis caxapHOTo pacTBopa
PLo = 150 nb u y = 8. Ilpu atom 3aTyxaHue curHana Ha paccrossHuu 10 cMm B
caxapHOM pacTBope cocTapisieT mopsaka /0—75 nb.

)1)'[5{ HCIIOJIB30BABIINXCA B OKCIEPUMEHTE NNPUEMOIIEPEAATUYNKOB MaKCUMaJIb-
Has JajJbHOCTH Tiepefadu B pactBope cocrasisier 13 cm. st ciryyas ¢ aHTeHHOH,
PpacroIoKEeHHOW CHapY>K! KIOBEThI, MAaKCUMaIIbHAs TAJIbHOCTD cOCTaBisieT 12 cM.

Boree mosHbIe pe3ynbTaThl HCCICAOBAHUS MOTYT OBITh Hali/IeHBI B cTathe [3)].

HccrenoBanne BBITIONHEHO TIPH MOAAEPKKE TpaHTa POCCHIICKOro HAYYHOTO
¢ouma (mpoext Ne 16-19-00084).

JlutepaTypa

1. Yamamoto H., Zhou J., Kobayashi T. Ultra wideband electromagnetic phantoms
for antennas and propagation studies // |EICE Transactions on Fundamentals of Electron-
ics, Communications and Computer Sciences. 2008. Vol. E91-A, Ne 11. P. 3173-3182.

2. Imumpues A.C., I'epacumos M.IO., Hykoe B.B., Jlazapes B.A., [Tonoé M.I"., Poi-
orco8 A.M. AXxTHBHBIE OECTIPOBOAHBIC CBEPXIIMPOKOIOIOCHBIE CETH Ha OCHOBE XaOTH4e-
CKHUX paguouMITyibcoB // Pagnorexuuka u snekrponunka. 2017. T. 62, Ne 4. C. 354-363.

3. Puiocose A.U., Ilonog M.I". TIpoxoxieHNE MHKPOBOJIHOBBIX CBEPXIIUPIIOIOCHBIX
Xa0THUYECKUX CUTHAJOB Yepe3 pacTBOp, UIMUTUPYIOMINII Cpely BHYTPHU Tel MIIEKOINTAIO-
wux // TlpuknagHas Henunelinas auaamuka. 2017, Ne 4 C. 23-32.

TOYHBIE PEIIEHUSI YPABHEHUI HABBE — CTOKCA
N OBEPBEKA — BYCCHUHECKA, OITUCBIBAIOIIUX YCUJIEHUE
KOJIEBAHUU B BA3KOU HEC)KUMAEMOU )KUAKOCTH

E.IO. Ilpocsupsxos

WuctutyT mamunoBenenus YpO PAH, ExarepunOypr
VYpansckuii penepansHbiil yauBepcuteT, ExarepunOypr
evgen_pros@mail.ru

VpaBuenust HaBbe — CToKca, ONMUCHIBAIOIIUE BA3KYIO HECKHMAEMYIO JKUJ-
KOCTB, JJISI CIIBUTOBBIX TEUCHMH B CTAHAAPTHBIX O0O03HAYEHUSX 3aMHCHIBAIOTCS
CIIEAYIOIIUM 00pa3oM:
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3nech v — K02 PUIMEHT KHHEMAaTUIECKOH BA3KOCTH, Vy 1 Vy HEHyJIEBbIE KOMIIO-
HEHTBI BEKTOpa CKOPOCTH, t — Bpems, X, Y, Z, — IPOCTPaHCTBEHHbBIE KOOPHHATHI.

N306apuueckue kojedanus. Cucrema (1), (2) sBusiercs mepeonpesiencH-
HOM, IIOCKOJIbKY M3 YETBIPEX HEJIMHEHHBIX YPABHEHUM B YAaCTHBIX MPOU3BOJHBIX
HY’KHO HAWTH YeThIpe HeusBecTHbIe QyHKIMU. B crarhsx [1-4] 6puto mokasao,
YTO MHOXECTBO PEIICHUI CUCTEMBI JUTSl H300apHUYECKUX TeUSHUI HETPUBUAIIBHO,
U TIOCTPOEHO CIEAYIOIIEE MOJIE CKOPOCTEIH:

V,=U(zt)+u(zt)y,V, =V(zt), P=const. €))

B [3-5] ObIM paccMOTpEHBI YacTHBIE CITy4an TOYHOTO perrenus (3), o6obimar-
e BTOpyro 3amauy Crokca (konebanus Crokca). Brarogaps STHM perieHHsIM,
B KOTOPBIX MPOCTPAHCTBeHHOE yckopeHwe U = Qz/h, coBmagaromee ¢ BepTH-
KaJbHOW KOMIIOHEHTOW 3aBHXPEHHOCTH, OBUIO ITOKA3aHO, YTO B KHUIKOCTU BO3-
MOJKHO YCHJICHHE KoleOaHHH OTHOCHUTENIFHO 3a/laHHON BUOpaluu Ha HIDKHEH
rpanune. Ycuiaenue BoiaH CTOKca IPOUCXOMT M3-3a HAMYKS B KHUIKOCTH BEp-
TUKAJILHOH 3aKPyTKH, KOTOPasi MOXKET Pa3TOHSTh XKHIKOCTb, & 3aTeM O] JIeicT-
BHEM MOBEPXHOCTHBIX, JUCCUIIATHBHBIX CHJI YMEHBIIATh UMITYJIbC.

B nmanHOit paboTe 00CYXIaroTcs KOJNEOaHUs XKHUIKOCTH, BBI3BAHHBIC HECTA-
LMOHAPHBIMU PELICHUSIMU JJIs1 BEPTHKAIBHOW KOMIIOHEHTHI 3aBUXPEHHOCTH U,
yIIOBJIETBOPSIOLIEH YPABHEHUIO TEILIONPOBOAHOCTH:

2
ou_ ou
ot o7
JemoHCTpupyeTcss BIUSHHE HECTAllMOHAPHOTO BHUXPSA HAa KPyHMHOMACIITaOHBIE
TEYCHUA BEPTUKAIIBHO BaBHXpeHHOﬁ KUOKOCTH.

Kone0annsa npu ydyere AaBjaeHUus H TemmnepaTtypsl. Ilo ananoruu c Tou-
HBIM pernenureM (3) 06CyKIaeTCs TOYHOE PEIIeHHe Mya3eilyIeBOro TUIIa:

V. =U(zt)+u(zt)y,V, =V(zt),
P=R )+ ROXR (). @

146



Pemrennre (4) mo3BossieT pa3peniuTh nepeonpeaeneHnyto cucremy (1), (2), a ad-
ekl ycuaeHus BoysiH CTOKca CTaHOBATCS ele OoJiee HarIAAHBIC. 3aMETHUM,
YTO IOJIyYEHHbIE TOYHBIE PEIICHHs] XOPOIIO COTJIACYIOTCS C 3KCIIEPUMEHTAlb-
HBIMH HaOIIOJeHUusIMU [6] U MOTYT TPUMEHSATHCS IJIsS ONHCAHHS KPYIHOMAC-
mTaOHBIX TeUEHHH OKeaHa U aTMOC(EpBl B paMKaxX KBa3uABYMEPHBIX MaTeMaTH-
yeckux mojerei [3-5].
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COJIMTOHBI B JOMEHHOM CTPYKTYPE JIETKOOCHOI'O
OEPPOMATHETHUKA

A.A. Pacxosanos, B.B. Kucenes

UucruryT dusuku metamioB um. M.H. Muxeesa YpO PAH, Exarepun0ypr
raskovalov@imp.uran.ru

OCHOBHOE COCTOSIHAE MAarHUTHBIX MaTe€pUaioB OOBIYHO TPENICTABIAET COO0H
MIPOCTPAaHCTBEHHO-TIEPHOANIECKYIO CTPYKTYpY. IIpocTeiimast U3 HUX — IUIOCKO-
napajuleNnbHasl CTpyKTypa — KBa3HOAHOMEpHAs pelleTKa M3 JOMEHHBIX CTEHOK,
pa3ieNsomuX JOMEHbI C TIPOTHBOTIOJIOKHBIMU HAMpPaBICHUSIMA HaMarHUIeHHO-
cti. Jlaxke mpocTeiimas JOMEHHas CTPYKTypa cama 1o cebe CHIIBbHO HelTMHeWHa.
[TosTOMY TeopeTHuecKoe ONMCaHWe KOJUIEKTUBHBIX BO30YXKICHUI Ha ee (oHe
BO3MOXXHO TOJIBKO B paMKax YIPOIICHHBIX MO}IGHCﬁ C IMPUBJICUCHUEM CIIC€IUAJIb-
HBIX METOZOB UHTErpupoBanus. OqHOI 13 0a30BBIX MOJIETIEH TEOPUU MAarHETH3-
Ma cIyXHuT ypaBHeHue Jlannay — Jludmmna aust ¢peppoMarHeTnka ¢ aHU30TpPO-
mUel THIa «ierkas ocb». st KBa3MOIHOMEPHBIX BO30YXKIEHUH Takash MOJENb
uHTerpupyema. brnaromapst 3ToMy moapoOHO W3y4eHB! HETHHEHHbBIE BOJIHBI H
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COJIUTOHBI Ha ()OHE OJHOPOJHOTO OCHOBHOTO COCTOSIHHSI JIETKOOCHOTO (heppo-
MmaraeTtuka [1, 2]. B To ke BpemsI aHaiInU3 CONUTOHOB B MOJOCOBBIX JOMECHHBIX
CTPYKTYpax CTaJIKHUBAeTCsl C OOJBIIMMHU TPYIHOCTSIMH H3-32 3HAYMTENHEHON He-
JIMHEHHOCTH Y HEOTHOPOIHOCTH ()OHOBOT'O COCTOSIHUSI CPEbI.

B manHOi1 paboTe 115 MCCieoBaHus COJIMTOHOB B JISTKOOCHOM (heppomar-
HETHKE C TI0JIOCOBOI JOMEHHOHM CTPYKTypO# B pamkax monenu Jlanmay — JInudg-
[IMIa UCTIONB3YEeTCs MOTU(HKAIS MEeToa 00paTHON 3aga4un paccesHus. B ero
OCHOBE JIOXKHT 3a1a4a Pumana Teopnn (GyHKLIMIH KOMIUICKCHOH mepeMeHHoH [3].
Hanmare monocoBo#t CTpyKTypHI MPOSIBIIETCS B TOM, 4TO 3amava Pumana ¢op-
MYJIHpYETCsl He B KOMIUIEKCHOM IUTOCKOCTH CIIEKTPAIBHOTO MapamMerpa, Kak 3To
ObUIO B CIydae OZHOPOIAHOTO OCHOBHOTO COCTOSIHHS CpPEAbl, a Ha PHUMaHOBOH
MTOBEPXHOCTH, TOTIOJIOTUYECKH YKBUBAICHTHOH TOpy. D dekTuBHOCTL MOA00HO
MpOLIEAYPHI paHee ObliIa MPOAEMOHCTPUPOBAHA HA MPUMEPE U3yUYCHUS HEJIMHEH-
HOW JAMHAMUKHU CIUPAIBHBIX MarHUTHBIX CTPYKTYp B paMKaxX MOJEIH CHHYC-
T'opnona [4-6].

OO0pa3oBaHne COJIMTOHOB B JIOMEHHOW CTPYKType IPUBOJHUT K CMELICHHUIO
JIOMEHHBIX CTEHOK CTpYKTyphl. Hamu moka3zaHo, Kak MakpOCKOITMYECKUE CIABHUTH
JOMEHHON CTPYKTYpPBI CBSI3aHBI C MapaMeTpaMH, OTNPENENSIOINMH CTPOCHUE H
CKOPOCTH COJINTOHOB. VIHTEPECHO M Ba)KHO, YTO HalJICHHBIE COJIMTOHBI HEOTIE-
JUMBI OT TIOJIOCOBOI JOMEHHOM CTPYKTYpHl (peppomarHeTnka. [IBmKeHHE H
MyJbCAIMH SIAPA KaXOTO COJIMTOHA BBI3BIBAIOT AedopManuy U KojeOaHus co-
CEHUX JIOMEHHBIX CTEHOK CTPYKTYpbl. CTONKHOBEHHS COJIMTOHOB COIPOBOX-
JTAr0TCs JIOKAJbHBIMU CABUTaMH TOMEHHOW CTPYKTYpHI. AHAU3 CTPOCHUS COJIU-
TOHOB U OCOOCHHOCTEH MX B3aMMOJEHCTBHSA APYr C APYIOM U C TOMEHHBIMHU
TpaHUIIaMH TO3BOJISIET yKa3aTh IYTH BO30Y)XIEHHS COJUTOHOB B JOMEHHOM

CTPYKTYpE.

Pabota BrImonHEeHa B pamkax rocyngapcrBeHHoro 3azanusi ®AHO Poccnn
(tema «KBanuT», Ne 1. p. 01201463332).
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KBAHTOBO-MEXAHUYECKOE MOJEJIMPOBAHUE
NOHUM3AIINU MHOTI'OJIEKTPOHHBIX ATOMOB
N TEHEPAIIMU 3JIEKTPOHHBIX TOKOB
HNHTEHCUBHBIMMU JIASEPHBIMU UMITYJIbCAMU

A.A. Pozvzanoel’?', H.B. Bee()eHCKuﬁl‘z, A.A. Cunaes*

1I/IHCTI/ITyT npuknagsoi usnku PAH, Hiwxuuit Horopon
2H1/1>1<er0p0)1c1<1/1171 rocyJapcTBeHHbIH yHuBepcuteT uM. H.M. JloGaueBckoro
romanov.alexander.al @gmail.com

Bounb1moii nmporpecc B KOMIIBIOTEPHOI TEXHUKE OTKPHIBAET BO3MOXKHOCTD IS
YHUCJICHHOI'O HUCCJIICAOBAHWA M3 MCPBBIX MPUHIUIIOB pa3IMYHbIX MOHU3AIMOHHO-
CTHMYJIMPOBAHHBIX SBJICHUH, BO3HUKAIOIMX INPH B3aUMOJCHCTBHUH aTOMOB H
MOJIEKYJI C MHTCHCHBHBIMH JIa3epHBIMH uMITyJIbcaMi. K uX 4nciy oTHOCHTCS
BO36y)K}IeHI/IC BBICOKHX T'apMOHUK BBIHYXXJIAIOMIETO JIA3€PHOT'O II0JIA B I'CHEPU-
pPYeMOM 3JEKTPOHHOM TOKE, IPUBOAAIIECE K IEHEPAllMi KOTEPEHTHOTO BAKyyM-
HOTO yJIbTPa(UOIIETOBOTrO M MATKOTO PEHTTCHOBCKOTO m3nydenus [1-3], a Takxe
BO30Yy)KI€HHE HH3KOYaCTOTHOTO TOKAa B CO3[aBa€MOM JIa3e€PHBIM HMITYJICOM
IU1a3Me, KOTOPOE MOXET HNPUBOANTH, B YACTHOCTH, K T€HEPALUH KOT'€PEHTHOTO
TeparepuoBoro u cpeaaero UK-msnydenns [4, 5).

HecMoTps Ha TO 4TO OOJBIIMHCTBO aTOMOB M MOJIEKYJI SIBIISTIOTCS CYIIECT-
BEHHO MHOTO3JIEKTPOHHBIMH KBAaHTOBBIMH CHCTEMaMH, UHCJIECHHBIE HCCIIEI0Ba-
HUSI MOHW3AIIMOHHO-CTUMYJIMPOBAHHBIX SIBICHUH TPAJWIMOHHO OCHOBaHBI Ha
OJTHORJIEKTPOHHOM HpHONMKEeHHH. B pamMkax 3TOro mpuOJIMKEHHs dJIEKTPOHBI,
3a UCKJIFOYEHHUEM OJIHOTO, SIBIISIOTCS «3aMOPO’KEHHBIMU» B UX OpOUTANAX, a MO-
JIe POAMTENBCKOTO MOHA OIMCHIBAETCS CTATHUECKOH MOTeHnnanbHOM sMoi. Ta-
KH€ MOJIEIA MOTYT UMETh BBICOKYIO TOYHOCTb NIPU OIPE/CIEHHBIX YCIOBHAX, HO
BO MHOI'UX 3ajiadax OJJHOJJICKTPOHHOC l'IpI/I6J'II/I)KeHI/Ie HEIPUMCHUMO, ITOCKOJIbKY
OHO HE OIHCHIBAET PsiJi CYIIECTBEHHO MHOTOIEKTPOHHBIX 3 deKToB. Yuer aTux
3¢ PEeKTOB MOXKET OBITH CHEJIaH Ha OCHOBE HECTAI[IOHAPHOW TEOpHH (YHKIHO-
HaJla IUIOTHOCTH, KOTOpasi B MOCJIEAHEE BPEMsI BCE Yallle HCIOIb3YeTCs B aTOM-
HOW (m3nke M HennHeitHo# ontuke. OCHOBOW 3TOTO MOIXOAA SBISIOTCS HECTa-
nuoHapHbele ypaBHeHHs Kona — IlIama, yduThIBaromue B3aNMOJEHCTBHE dIIEK-
TPOHOB C ATOMHBLIM SAJPOM, BHCIIHUM OJICKTPUYECKUM II0JIEM JIa3€PHOI'0 HM-
TMyJIbCa, a TAK)KE DIICKTPOH-IEKTPOHHOE B3auMOoIeicTBHe [6].

JlarHast paboTa MocBsIIeHa YUCICHHBIM pacyeTaM, OCHOBAaHHBIM Ha METOZE
(YHKIMOHANA IJIOTHOCTH, BO30YKIEHUSI 3JIEKTPOHHBIX TOKOB B Pa3HBIX 4acTOT-
HBIX AWana3oHax IpPH B3aUMOJEHCTBHHM MHTCHCHUBHBIX JIA3€PHBIX HMMITYJIBCOB C
Pa3MYIHBIMH MHOTORJIEKTPOHHBIMH aTOMaMH WHEPTHBIX T'a30B U IIEIOYHBIX Me-
TayuioB. s MOJEIMPOBaHMS MCHONB3yeTcsl pa3paboTaHHas aBTOpaMH BBIYHC-
JUTETbHAS porpaMMa PeIIeHUs TPEXMEPHBIX HeCTallMOHAPHBIX ypaBHeHHH Ko-
Ha — [lIsma, anropuT™M KOTOpOW OCHOBaH Ha Pa3JIOKEHUH BOJHOBBIX (YHKIMH
opOuTaneil ¥ MOTEHIIMAIBFHON 3HEPTHH 10 cheprueckuM rapMoHuKam. Jist ornu-
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CaHuA O6MeHHOFO u KOppeHHHI/IOHHOFO BSaHMOﬂeﬁCTBHH paCCManI/IBaIOTCH I10-
TEHITHABI B 0600IIEHHOM IpaqueHTHOM Tpubmkennn [6]. Haxomstes oTminams
B 3aKOHOMEPHOCTSX BO30YXICHUS HU3KOYACTOTHBIX M BHICOKOYACTOTHBIX 3JICK-
TpOHHI)IX TOKOB JIs1 aTOMOB paSJ’II/I‘IHI:-IX COpTOB. ﬂﬂﬂ aTOMOB I/IHepTHI)IX ra30B
MIPOBOAMTCS CPaBHEHHE TMOJNYYCHHBIX PE3YJIbTATOB C YHCICHHBIM PACUETOM Ha
OCHOBE OJTHOAJIEKTPOHHOTO MPHOIMKECHUS U OMPEACISIFOTCS MPENENbl ero Mpu-
MEHHUMOCTH IPHU PacyeTe aTOMHOIO OTKJIHMKa. [IpOBOTUTCS COMOCTaBICHUE C
pe3yJbTaTaMi dKCIIEPUMEHTOB 0 TeHEepaluy BBICOKMX FAPMOHUK M Tepareprio-
BOTO U3TyUYCHUs MPH POOOE Pa3TUUHBIX aTOMApHBIX Ta30B [ 7—9].
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JABOPATOPHOE UCCJIEJJOBAHUE PACIIINPEHHUA JASEPHOU
IIVIA3MBbI BO BHEIIHEM NONNEPEYHOM MATHUTHOM I10OJIE:
MOJAEJIUPOBAHUE ABJEHUA AKKPELIUN

. Pomaﬂoeckuﬁl, A. C0J106b6‘6‘1, K. Eyp()OHOGl, C.H. ’Jeﬂl'z, A. Epe/vzeeel,
T. Peeez, C. HuKy33, C. P}BaHue@s, A. Cﬂadkoel, A. KOpOfCLlMaHO@l,
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A. anﬁKqu, . }Ikoeﬂesl, M. Cmap00y6ueel, K. @ykcl‘z
1I/IHCTI/ITyT npuxnagaoi pusnku PAH, Hixanit HoBropon
2LLULI, CNRS UMLR7605, Ecole Polytechnique, Palaiseau, France

3O6LenMHeHHb1ﬁ MHCTUTYT BbICOKUX TexHosioruii PAH, MockBa
romanovsky.iap@gmail.com

IMporecchl mameHnst (aKKpEIMM) BEIIECTBA Ha acTpO(U3MUECKHEe OOBEKTHI
aKTUBHO HCCIIEAYIOTCS B TEUCHUE TOCIETHIUX JACCATIICTHH. AKTYalTbHOCTD 3TUX
WCCIICIOBAHUIA CBS3aHA C TEM, YTO aKKPEUHs SBISACTCA OTHUM W3 JTOMHHUPYIO-
IIIX MEXaHU3MOB DHEPTOBBIACICHUS B aCTPO(H3NKe, MPUBOAIIINM K popMupo-
BaHUIO HaHOOJee IPKIX HCTOYHIKOB KOCMHYECKOTO M3ITydeHHsI. AKKPEIIMOHHBIH
MIOTOK, Pa3orpeBasiCh, MPEBPAIIAETCSI B BHICOKOIPOBOASIIYIO IUIa3My, KOTOpas
MOXET BSaHMOHeﬁCTBOBaTB KaKk ¢ COOCTBEHHBIM MATrHUTHBIM IIOJIEM 061,e1<Ta,
TaK U C MEKTaJJaKTUYECKUM MAarHuTHBIM IOJIEM, CYIIECTBEHHBIM 06pa30M MCHSA
KOH(UTypaluio U JUHAMHUKY aKKPEUHOHHBIX TeYeHWi. BaxHeimM pesynbra-
TOM B3aHMOJICHCTBHS aKKPEIIMOHHBIX MOTOKOB ¢ COOCTBEHHBIM MarHUTHBIM MO-
JIeM 3Be3JbI-aKKpeTopa sIBISeTcs (OpPMHpPOBAaHHE 3BE3THOH MarHUTOCQEpHI,
KOHTaKTHPYIOIIEH ¢ BHYyTPEHHUM KpaeM aKKpeIHOHHOTO aucka [1].

B nmoknane mpencTaBieHsl pe3ysbTaThl Ja00paTOPHOTO HCCIIEIOBAHMS TIIa3-
MEHHBIX TIPOLIECCOB, Pa3BHBAIOIIMXCSA B TEUYEHHE INPOHUKHOBEHHS IIOTOKOB
IUTa3MBI TIOTIEPEK BHEUTHETO MAarHUTHOTO TIOJIS, TOAOOHAs MOCTaHOBKA 3a/1a4H
aHAJIOTUYHA BTOPXKCHHIO AKKPEIMOHHBIX IOTOKOB BEIIECTBA B COOCTBEHHOE
MarHUTHOE TI0JIE 3B€3/IbI B OKPECTHOCTH INIOCKOCTH MarHUTHOTO SKBaTOpA.

B omyOmMKOBaHHBIX HKCIEPUMEHTANBHBIX paboTax mo (HOPMUPOBAHHUIO
JMAMarHUTHOW IIJIA3MEHHOM TOJIOCTH MPaKTUYECKH HE paccMaTpHUBAIUCh IPO-
L[ECCHI TOJITOBPEMEHHOH 3BOJIIOLINH, YTO, MO-BUIUMOMY, OBUTO CBA3AaHO C TPYI-
HOCTSIMHU TIPH AMATHOCTHKE IIa3MEHHOTo o0iaka Ha OOJBIIMX BpeMeHax Iocie
ero cosmanus. B Hactosimel paboTe mpetoskeH HOBBIM MOAXOJ K JIaboparop-
HOMY HUCCIIEIOBAaHMIO M TpEACTaBlIEHA JeTanbHas JUHAMUKA B3alMMOJAEHCTBUS
oOaka Ja3epHON TIa3MBI C MAarHUTHBIM TIOJEM, B OCOOCHHOCTH Ha OOJBIITUX
BpEMEHaX Pa3BUTHSA MpOIlecca, He UCCIEeJOBAHHBIX IO HACTOSIIETO BPEMCHH.

OKcnepruMeHTHI OBIIH MPOBECHBI Ha Ja00paTOPHOM CTEHZE Ul HCCIIeNo-
BaHUI J1a3epHO-TNIA3MEHHOTO B3aMMOJICHCTBHSA, CO3TaHHOM Ha 0aze Ja3epHOTro
kommutekca PEARL. BrICOKOCKOPOCTHOH IOTOK IUTOTHOM IUTa3MbI, MOJEINH-
pYIOUM Ma3My aKKpeIOHHOTO AWCKA, (POPMHUPOBAJICS IyTEM TEPMHUYECKOM
a0JSILMY BellecTBa C MOBEPXHOCTU TBEPAOTEIbHON MHUILIEHU NPH €€ 00Iy4eHHN
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MONIHBIM JIa3€PHBIM H3JIYYCHUEM. MakcumajbHasg WHTEHCHBHOCTH H3JIYyYCHUA
nocrurana 2-10" Br/cm?. Mumens u3 tenona CF, pacromaranuch BHYTPH CO-
JIHOM[a, CO3/]aBaBIIEro KBa3MOJHOPOIHOE BHEIIHEE MAarHWTHOE I0Jie Hamps-
skeHHOCThIO 10 15 Tn. Bmecte ¢ 3TuM, XapakTepHble KOHLIEHTPALUH JIa3epHOI
TIa3Mbl B MOJTyHAIOIIEMCst 0671aKe OKa3bIBarOTCs Gotbine wm mopsiaka 10% e,
YTO TO3BOJIIET MCIOJIB30BATh ONTHYECKYI0 HHTEP(HEPOMETPHIO IJIsl AUATHOCTH-
KH 11a3Mbl. Ha puc. 1 n300paskeHsbl 1Ba SKCIIEPUMEHTA: CJIeBa MMOKA3aHO PACILH-
pCHUE IUTa3MBl 10 UCTeYeHHIO 18 He 1ocie Bo3AeiicTBHS Ta3epHOTO UMITYJIbCa,

crnpasa — nocuie 48 He.

Puc. 1. ®opMmbl THaMarHATHBIX TTOJIOCTEH

B pamkax gokiana paccMaTpUBaeTCs BONPOC 3aBUCUMOCTH CKOPOCTH pac-
MIPOCTPaHEeHUs INTA3MEHHOTO TIOTOKA ITOTIEPEK MAarHUTHOTO TIOJIS.

Hcxons u3 mHTEPHEPOMETPUIECKON AMATHOCTHKH ObLIAa M3MEpEeHa 3aBHUCH-
MOCTb TIOJIOKEHUS Kpasi TUIA3MEHHOTO TTOTOKA OT BPEMEHH PACIINPEHHS IIa3MBbI
(puc. 2). Bompoc ucciaenoBancs I pa3iniHbIX HHTEHCHBHOCTEH JIA3ePHOTO UM-
mynbca. Ha ocHOBaHMM MOMyYeHHBIX JAHHBIX ObIIa paccYMTaHa HWHTErpalbHAas
CKOPOCTB pacmpocTpaneHnsi kpas miasmbl (puc. 3). Ha HauanpHbIX 3Tamax CKo-
POCTh pacIIpeHns Ia3Mbl cocTanisiia 0komo 600 km/c 1 co BpeMeHeM criaiana.

20 TTomo:xeHne kpad [1 He, 1054@2wm., 13.5 T]

TlomoxeHHe kpad [MM]
-
o

0 10 20 30 40 50 60
Bpews [BC]

Puc. 2. 3aBHCHMOCTD ITOJIOXKCHHUS Kpas 1j1a3Mbl OT BDEMEHU paCIIUPEHUA
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HHTerpaneHas ckopocTs [1 He, 1054@2wm. 13.5 T]
700

600 E
}

500
~ 400 {
300 ¢ [
200
100

[rv/c]

CropocT

0 10 20 30 40 50 60
Bpewms [He]

Puc. 3. UnrerpanbHasi CKOPOCTh

[IpoBeneHHBIN aHANH3 WHTETPAIBHON CKOPOCTH Kak (YHKINH HHTEHCHBHO-
CTHU U DHEPTHU JIA3€PHOI'0 UMITYJIbCa IMOKa3aJl OTCYTCTBUEC IBHOT'O BJIHUAHUA SHEP-
TeTHUKHU JIa3epHOI0 UMITyJIbca Ha CKOPOCTh PACUIMPEHMS Kpas IIa3MEHHOTO I10-
TOKa B YCJIOBUAX IMOTIEPEYHOTO MATrHUTHOT'O I1OJIA.

[ToxydeHHbIe pe3ybTaThl MOT'YT CBHUJIETEIBCTBOBATH O HAJIWYHMU JBYX pe-
HMOB PACIpPOCTPaHEHUS IUIA3MEHHOI'O MOTOKAa B MOMNEPEYHOM HAIPABICHUU K
BHEITHEMY MarHUTHOMY NOJ0. B mepBoMm pexxume oOpasyromiascsi AuaMarHuT-
Hasl ITOJIOCTh BBITAJIKMBAET CHJIOBBIC JIMHUM M3 TUIA3MEHHOTO O0JakKa, MpH 3TOM
KMHETHYECKOe JAaBJICHHUE IIIa3Mbl IIPEBOCXOINT BHENIHEE MAarHUTHOE JaBICHHE
(B> 1). B aToMm pexxuMe paciiupsroniascs IiasmMa CoOBepUIaeT padoTy Mo KOM-
MIPECCUN CHJIOBBIX JMHHUH, YTO IMPUBOAUT K AaKTUBHOMY OCTBIBAHMIO IIIa3Mbl H
3aMETHOMY MMaJICHUIO CKOPOCTH B IONIEPEYHOM HANPABICHUHM MAarHUTHOTO TOJA
(c 600 km/c mo 300 km/c Ha puc. 3). B onpeneneHHbIi MOMEHT KHHETHYECKOE
JIaBJICHUE CTAHOBUTCS MEHbIIIE MArHUTHOTO aaBieHus (B < 1), mpu 3ToM Imia3ma
HE OCTAHABJIHMBAETCS ITOJIHOCTBIO, a MEPEXOIUT K BTOPOMY PEXKUMY, KOTOPHIH,
BEPOATHO, CBsA3aH C JJICKTPUUYCCKHUM II0JIEM, HHAYHHWPOBAHHBIM JIBHXCHUEM
TUIa3MBl ToTlepeK MarHuTHoro noss. [lon neficTBueM IBYX NMepHeHANKYISPHBIX,
MarHUTHOTO U 3JIEKTPUYECKOT0, MOJel Mmiaa3Ma OKa3bIBaeTcs IO BO3ACHCTBHEM
E x B npeiida, B X071e KOTOPOTO CKOPOCTH IABMKECHUSI TJIa3Mbl MIONIEPEK MarHwT-
HOTO TOJIS MAJaeT CyNIECTBEHHO MeHbIIe. J|aHHBI MEXaHW3M MPOHWKHOBEHHMS
TUTa3MEHHBIX TIOTOKOB TONEPEK MarHUTHOTO MOJIS MOXKET MMETh KITF0UeBOE 3Ha-
YeHHUE ISl TOHUMAHUSI aKKPELIMOHHON JMHAMUKHU acTPO(U3NIECKUX O0BEKTOB.

Jlutepatypa
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153



®EMTOCEKYHHAS CTPYKTYPHASI MOIA®UKAIIAA TOHKON
IVIEHKH XAJBKOT'EHUJHOTI'O CTEKJIA COCTABA As50Ss

A.B. Pomauucunl, AA. Myp3aueel, AM. Kuce/leel, AN. Kopbzmuul,
MA. Kyapﬂmoez, A.B. HeofcaaHoez, AN. MamuHZ, A.H. Cmenanoé*

1I/IHCTI/ITyT npuknagaoi pusnku PAH, Hixuuit HoBropoa
ZHHmeropoz(cmﬁ rocyaapcTBeHHbIH yHuBepcureT uM. H.M. JloGaueBckoro
romashkin@ipmras.ru

BriepBrie  BO3MOXXHOCTHP TPUMEHEHHS CIIOEB XalbKOTEHHIIOB M CHCTEM
«XaJIBKOTEHUJI — METAJUD» B Ka4eCTBE PErHCTPUPYIOMINX cpen Oblia MmoKa3aHa B
cepeMHe MIECTHAECATHIX TOJ0B mpouutoro cronetus [1]. Upe3BsrdaiiHO BBICO-
Kasl pa3peliarolas CriocoOOHOCTh TAKUX CJIOEB SIBJIACTCS XapaKTePHOH IpH 3aru-
cu uH(pOpPMAIMU C UX UCHOIb30BaHUEeM. KOMITO3UIIMK Ha OCHOBE XaJIbKOTCHH/I-
HBIX CTEKOJI U CHCTEM «XaJbKOTCHH]] — METAU[» YYBCTBUTCIHHBI B IIHPOKOM
nmuanasone vactor (Y@, Bumumas 00yacTh, OMMKHSS WH(paKpacHas, MOTOKH
SIIEKTPOHOB M HOHOB, CHHXPOTPOHHOE M3IyueHHe). BakHBIM CBOWCTBOM TakkKe
SIBIIICTCSI BO3MOYKHOCTH ITOJTyYSHHS TTOBEPXHOCTHBIX PEIBE(OB.

B pabGote uccnemoBaincs o0paszen XalbKOTEHHAHOTO CTeKIa ASspSsp, MMOITY-
YEHHBIA METOJIOM TUIA3MOXMMHYECKOTO OCaXIeHHUst U3 ra3oBoit ¢assr (PECVD)
Ha CTEKIITHHYIO TOJUIOKKY. ToJmuHa mieHkn coctaBisuia 4 mxM. bruta paspa-
0oTaHa W co3/1aHa SKCIIEPUMEHTAIbHAsl YCTAHOBKA MO (PEMTOCEKyHIHOU Ja3ep-
HOW MHKPOMOAM(DUKAIIMN XaJIbKOTCHUIHBIX CTEKOJI. B KauecTBe MCTOYHHKA H3-
Jy4eHHs BBICTYIAl TeHepaTtop (eMTOCEKYHAHBIX JIa3epHbIX HUMITYJIbCOB (-
TeNnbHOCTh uMIyJIbcoB 50 de, mmuHa BosHb! u3nydenus 800 HM, yacToTa MOBTO-
penust ummyabcoB 78 MI'n, sHeprus B ummyinbce 10 2 k). JlasepHoe usmyde-
Hue (QoKycHpoBaNoCh Ha 00Opasell acepruuecKoi KOPOTKO(DOKYCHON JTUH30U C
(hOKYCHBIMU paccTOsTHEEM 6,24 MM.

Momdukarms o0pa3sa oCymIecTBIUIACH CeayomuM obpazom. [Ipu 3amgan-
HOW MOITHOCTH JIa3ePHOTO M3IyYeHHs 00pa3ell TpaHCIUPOBAJICS TEePIICHANKYIISP-
HO JIydy Ja3epHOTO M3ITyYCHHUS C 3aJaHHON CKOPOCThIO Ha paccTossHue 440 MKM.
Iportemypa mosTopsiiack npu 31,2; 62,5; 125,0 u 250,0 mxm/c. Jlamee obpaserr
CcMeIaics M0 TOPU3OHTANH Ha (PUKCHPOBAHHOE PACCTOSHUE, C TIOMOIIBIO TOJIS-
PHU3aIOHHOTO aTTEHI0ATOPa BBICTABISUIOCh MHOE 3HAYCHUE MOIITHOCTH J1a3epHO-
IO U3JIYYCHHUs, U TPOIIeaypa MOBTOPSIIACh. DHEPTUs B UMITYJIbCE BaphHPOBAIaCh
B auana3one ot 0,06 mo 0,58 u/lx.

Busyanuzaius moyiydeHHBIX TaKHM CIHOCOOOM KaHAJIOB MPOHM3BOIUIIACH B
ontuueckoM mukpockore Leica DMLS. Cocrasnsiiacs kapta ¢ yka3aHHEM Ha-
JIUYUS WM OTCYTCTBUS MOJIU(DUKAIIMYA B 3aBHCUMOCTH OT TIAPAMETPOB 3KCIICPHU-
MeHTa (CpemHsiss MOIIHOCTD JIA3€PHOTO M3JTyYEHHsI, CKOPOCTh MEpeMeENEH s 00-
pasia), Ipu KOTOPBIX OCYIIECTBISIIOCH BO3IEHCTBHE Ha 00pasell, OIpeaelIsics
mopor MoAu(pUKAITIH.
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B skcnepuMeHTax MoKa3aHo, 4TO C ITOMOUIBbI0 (PeMTOCEKYHTHOH JiazepHOM
MoIuGUKAIIMK B TUICHKE XaJIbKOTCHHUIHOTO CTEKiIa CHCTeMBbl AS-S BO3MOXKHO
(hopMHpOBaHHUE JIOKAJTM30BaHHBIX B MIPOCTPAHCTBE CTPYKTYP C U3MEHEHHBIM I10-
KazaTeJieM MPEJIOMIICHHS C IOBOJILHO MaJIbIMH XapaKTepHbIMU pa3MepaMH B He-
CKOJIBKO MUKPOH.

C momonrpio uHTEpdepomerpa MaiikerbcoHa OBLIO MCCIEAOBAHO paclipe-
neieHue (aspl nornepek kaHaita. O6paboTka HHTEpdeporpaMM OCyIIECTBIIIACh
B nporpamMHoM makere |DEA. Ilonmy4eHHass IpOCTpaHCTBEHHAs KapTHHA pac-
npeneneHus (azbl B 00IacTH MOTU(PHUKAINN TTO3BOJISIET CyIUTh O BEIHYHHE H3-
MEHEeHHs TMoKa3artelns mpesomiieHus. [loka3aHo, 4To B 3aBUCHMOCTH OT BO3JEH-
CTBUSI KaHAIBI 00JIAIAIOT KAaK ITOJIOKUTENBHBIM, TaK M OTPULATEIbHBIM H3MEHe-
HHeM (asbl.

HccnenoBaicst criekTp komMbuHannoHHOro paccesiusi ceera (KPC) mozu-
¢bunmpoBaHHBIX 00NacTell MpH BO30YXXIEHUH Ha JinHe BoHBI He-Ne-mazepa
632,8 um. [Ipu cpaBHeHnn 3THX criekTpoB co crektpoM KPC ucxomHoro mate-
puana oOpasiia, He MoJBEpraBIerocs MoAn(pHKaLuK, OOHApYKEHO, YTO B obIac-
TH, TIOZABEPTHYTOM BO3JIEHCTBHIO ()EMTOCEKYHIHOTO JIa3€PHOTO M3JIy4eHHs, 3Ha-
YUTENHHO BO3PACTACT AMIUTUTY/IA [HKA, OTCTPOCHHOTO Ha ~ 275 cM .

Jlutepatypa
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BJIMSIHUE TMHAMWYECKOW PEIIETKA MHBEPCUU
HACEJIEHHOCTEW AKTUBHOM CPEJIbI HA TOPSIYME MO/IbI
CBEPXU3JIYUYAIOILIEIO JIABEPA C PACHPEIEJEHHOM
OBPATHOI CBSI3bI0 BCTPEYHbBIX BOJTH

u.c. Pﬂ6uHqu, E.P. Koqapoecmﬂz, Ba.B. Koqapoecmﬁz

1H1/1>1<er0p0)1c1<1/n71 rocyaapcTBeHHbIH yHuBepcuteT uM. H.M. Jlo6aueBckoro
2I/IHCTI/ITyT npuxnagaoi usnku PAH, Hixanit HoBropon
ivanryabinin96@gmail.com

OnHO- WM MHOTOMOZIOBAsl KBAa3WCTAIMOHAPHAS TEHEpALUsl CBEPXH3IIYydaro-
LIMX JIa3epoB, 00JIaIa0IIUX HU3KOA0OPOTHEIMA KOMOMHUPOBAHHBIMH PE30HATO-
pamu ®adpu — [lepo ¢ pacnpeneneHHOi 00paTHOM CBA3BIO BOJH, IPH HEOOIb-
IIOM TIPEBBIIIEHUHN HENPEPhIBHON HAaKauKH HaJa MOPOTOM Ja3epHON reHepanuu
NPUBOAUT K CYLICCTBEHHO HECTAIMOHAPHOMY pEXUMY (2-i Ja3epHbIA mopor) u
(hOpMHUPOBaHUIO KBa3MPETyJSIPHOW MIIM KBa3MXaOTHUYECKOW MOCIIE0BATEILHOCTH
UMITYJIbCOB KOT€PEHTHOI'O AJIEKTPOMArHUTHOTO M3IY4eHHs], UMEIOIUX JIUTENb-
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HOCTh MEHBbIIIE BpEeMEH pellaKcallid MHBEPCHH HACeJIEHHOCTEH padounX sHepre-
THYECKHX YPOBHEH aKTHBHBIX IICHTPOB U UX moisipusaiuu [1-4]. Ycmosus Tako-
ro KaueCTBEHHOI'0 M3MEHEHUs peXUMa IeHepalli U COCTaB YYaCTBYIOIUX B HEM
MOJI J1a3epa 3aBUCST OT Psijia HEMHEHHBIX 3((EKTOB, B YACTHOCTH OT MPOCTPaH-
CTBEHHOW pPEIIETKH (MOIYJAIMKM) MHBEPCHH HACEIEHHOCTEH pabovmX ypoBHEH
AKTUBHBIX [IEHTPOB, KOTOpasi cO34a&TCsl BCTPEUHBIMU BOJIHAMH KBa3HCTalMOHAP-
HBIX JIA3EPHBIX MOJ] ¥ MOXKET OKa3bIBaTh HA HUX 3HAYMTEIbHOE BIMSHKE, TIepepac-
cenBasi BCTPEUHBIE BOJHBI, MEHSSI MHKPEMEHTBI M YaCTOTHI «TOPSYMX>» MOJ, BBOAA
B TEHEPANWIO HOBBIE MOJIbI, I3MCHSSI NX HENMHEHHOE B3aMMOJICHCTBUE U MOPOXK-
Jlast IOTIOTHUTEbHBIE TAPMOHHKH TIOJISI ¥ HOJISIPU3ALIIH aKTUBHOMN CPEJibL.

Jlnist m3ydeHus yKa3aHHBIX SBJICHUN MPOBECHA JIMHEApHU3aIis OJHOMEPHBIX
uHTErpo-nuddepeHanbHbIX ypaBHeHUs: MakcBeiuia — broxa st cBepxusiy-
YalolUIero ja3epa ¢ HeOOJIBIUIMM HEOJHOPOHBIM YIIUPEHHEM CIEKTPAIbHOU JIH-
HHUH 2-yPOBHEBOW aKTHBHOM CpeJibl B MPEIIIONOKEHUH PUKCHPOBAHHBIX (ITOCTO-
SIHHBIX BJIOJIb PE30HATOPA) YPOBHS MHBEPCHUH N M KOMIUIEKCHOW aMIUTUTY/IBI TU-
HaMHYECKON PEeIIETKN MHBEPCUH N, ¥ IPOAHAIN3UPOBAaHBl BHOCUMBIE MU U3Me-
HEHUSI B CIIEKTPBI U HHKPEMEHTBI «TOPSTYUX» MOJI, OTIIMYHBIX OT UCXOJHBIX «XO-
JIOZHBIX» MOJA KOMOMHMpPOBaHHOTO pe3oHaropa ®Pabpu — Ilepo ¢ pacnpenenén-
HOW 00paTHOW CBS3BI0 BOIH, 33JaHHON KOMIUIEKCHOW aMIUTUTYIOH [3 TapMOHU-
YEeCKOW MOIYIIALUH JUAIEKTPUIECKONH POHUIIAEMOCTH MaTPHIIBl aKTHBHOH cpe-
J6I C BOJTHOBBIM YHCIIOM, PaBHBIM BOJHOBOMY UHCITy 3JIEKTPOMAarHUTHOM BOJHBI
Ha yacToTe pabodero nepexoa jga3epa MpHu HyJIeBOH HHBEPCHH.

HccnenoBanuce Kak XapaKTepUCTHYECKOE YpaBHEHMs, CIeayrollee U3 rpa-
HUYHBIX YCJIOBUIl Ha Toprax (MOJYNpO3pavHbIX 3epKaiax) aKTHBHOTO oOpasiia,
Tak ¥ JUCIIEPCHOHHOE ypaBHEHHE HENPEPHIBHOI'O CIIEKTpa BOJH B aKTHUBHOMN
cpezne ¢ y4éToM OpATTOBCKOM pemETKU B M peméTKH HHBEPCHH Ny, 00J1a1a0InX
pa3nuuHBIME (a3aMu:

2 _ = i

Voo +k7 - Q+n—? =0, v, =Beﬂ% iL
Q+ily - 21(Q+ily)

3aeck Ny, — ypOBEHb UHBEPCHH, 3aJaBAEMbIii HEKOTEPEHTHON Hakaukoi, I', — Be-
JIMYMHA OJJHOPOJHOTO YIIUPEHHsI CIEKTPAIIbHON JIMHUU, HOPMUPOBAHHAs Ha Tak
Ha3bIBAEMYI0 KOOIEPATUBHYIO YaCTOTY aKTHUBHBIX LEHTPOB [1, 2], k u Q — Tak
K€ HOPMHUPOBAHHBIE OTCTPOUKH BOJHOBOTO YHCJIA M YACTOTHI «TOPSUEii» MOJIBI
OT OPATTOBCKOTO BOJHOBOTO YHCIIa KOMOMHMPOBAHHOTO PE30HATOPA M HECYyHIeH
JacTOTHI 1TOJIs1, PaBHOH paboyel yacToTe 1a3epHOro Mepexoa.

B pesynbrare uccieqoBaHus peLICHUH YKa3aHHBIX YPaBHEHUM OIPEIEIICHbI
YCIIOBUSI, TPH KOTOPBIX JUHAMHUYECKAasl PEIIETKa MHBEPCHUHM AKTHBHOW CpEJIbI
CYILECTBEHHO BIMACT Ha 2-i Ta3epHBII MOPOT M CHEKTPaIbHBIC XapaKTePUCTHKU
HEYCTOWYMBBIX «TOPSYUX» MOJI, @ TaK)KE HAWJCHbI BBI3BAHHBIC ATOM PEIIETKOM
M3MEHEHMS 4acTOT U MHKPEMEHTOB TaKMX MOJ U XapaKTepHas MPOCTPaHCTBEH-
Has CTPYKTypa MX IOJIA U pAja TUNWYHBIX MapaMeTPOB CBEPXU3ITYYAOLIEro
naszepa. [Tokas3aHo, 4TO «XOIOAHBIE» IEKTPOMATHUTHBIE MOJBI JIA3€PHOTO Pe30-
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HaTOpa, CYLIECTBYIOIIME NMPU HYJIEBOW MHBEPCHHM aKTUBHOH cpenbl, Oiaronaps
UHBEPCUH U AMHAMUYECKON PEIIETKE MPEBPAIIAIOTCA B «TOPSYHE» MOJSIPUTOH-
HBIE€ MOJIbI, KOTOPBIE MO NUCIEPCUOHHBIM CBOWCTBAM CYIIECTBEHHO OTIMYAOTCA
OT TPAJULIMOHHBIX MOISIPUTOHOB B HEMHBEPTUPOBAHHOH cperie.

JlutepaTtypa

1. Kocharovsky, VI.V. Superradiant Lasing and Collective Dynamics of Active Cen-
ters with Polarization Lifetime Exceeding Photon Lifetime / VI.V. Kocharovsky,
A.A. Belyanin, E.R Kocharovskaya V.V. Kocharovsky // Advanced Lasers: Laser Physics
and Technology for Applied and Fundamental Science Series: Springer Series in Optical
Sciences. 2015. V. 193. P. 49-69.

2. Kouaposckuii, Ba.B. CBepxu3iIydeHue: IPUHIUIIEI TeHEPALVK U pealn3anus B Jia-
3epax / Bi.B. Kouaposckuii, B.B. XKenesnsikos, E.P. Kouaposckas, B.B. Kouaposckwuii //
V®H. 2017. T. 187, Bein. 4. C. 367—410.

3. Vukovic, N. Analytical expression for Risken-Nummedal-Graham-Haken instability
threshold in quantum cascade lasers / N. Vukovic, J. Radovanovic, V. Milanovic,
D.L. Boiko // Opt. Express. 2016. V. 24. P. 26911-26929.

4. Kogelnik, H. Coupled-Wave Theory of Distributed Feedback Lasers/ H. Kogelnik,
C.V. Shank // J. Appl. Phys. 1972. V. 43. P. 2327-2335.

ONPEJEJIEHUE CTATUCTUYECKUX NIAPAMETPOB BETPOBOI'O
BOJIHEHUA TO UBMEPEHUAM JOIIVIEPOBCKOI'O CIIEKTPA
OTPA’KEHHOI'O PAINOJIOKAIIMOHHOI'O CUT'HAJIA C YYETOM
JAUATPAMMBI HAITPABJIEHHOCTU AHTEHHBI JIOKATOPA

M.C. Psbrosa, B.FO. Kapaes, M.A. [langunosa, FO.A. Tumuenxo, E.M. Mewkos

WuctutyT npuknansoit ¢pusuku PAH, Huwknuit Horopoa
m.rjabkova@gmail.com

B paboTe mpeacTaBiieHbl pe3ysbTaThl H3MEPEHHUH JOIICPOBCKOrO CIEKTpa
MO MaJbIMU YIJIaMH NaJCHUS JOKATOPaMH C Pa3sHbIMH JHArpaMMaM{ HalpaB-
JICHHOCTH, @ TAK)KE AJITOPHTM OIPE/ICIICHUS CTATHCTUYECKHUX MapaMeTpOB BETPO-
BOT'O BOJIHEHUSI 110 JIOTUICPOBCKOMY CIIEKTPY OTPa)KCHHOTO PaJHOJIOKALMOHHOTO
CHT'HAJIa ¢ YU9eTOM JIarpaMMbl HallPpaBJICHHOCTH aHTEHHBI JTIOKaTOPa.

B HacTosiiee Bpemsl CyLIECTBYET MHOTO TEOPETHYECKHX paboT, MOCBSAIICH-
HBIX MOJEIHPOBAHHIO J0IUIepoBCcKoro crekrpa [1, 2]. OxHako sKcneprMeHTab-
HBIX U3MEPEHUI JTOTUICPOBCKOTO CIIEKTPa MOPCKOTO BOJIHEHHMS TIOUTH Het [3, 4], a
T€ KCIIEPUMEHTBI, YTO €CTh, IPOU3BOIMWINCH MPH yIiax HaacHus 0oJbiie 23°. B
okta0pe 2016 rona Ha okeaHorpaduueckoil mrarpopme BOIM3M nocenka Karwm-
BeNM OBUTH TPOBEICHBI SKCIIEPUMEHTHI C JABYMsS IOIUICPOBCKUMH JIOKATOPaMHU
Ka-nuamnazoHa. Y 0JJHOTO U3 JIOKATOPOB CUMMETPUYHASL JHATpaMMa HallpaBJicH-
HocTH (6°X6°) u pabouas yacrora 36,1 I'Trx (8,3 MM), y BTOpOTo — HOKEBast THa-
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rpamma HanpasienHocts (30°%1°) u pabouas yactora 33,8 I'T'1; (8,9 Mm). Dkc-
MEPUMEHTBI IMTPOBOANIIMCH MPHU Pa3JIMYHBIX CKOPOCTAX BETPA M pas3roHax BOJIH,
YIJIBI TIaJICHHS B 9KCIepuMeHTax He mpesbimanu 20°. B pabote mpencraBieHsl
pe3ynbTaTtel 00paboTKH dKCIepuMeHTOoB. [1oka3zaHo, YTO NMpH yBEIMYECHUH yIJia
NaJIeHNsl MIMPpUHAa W CMELICHUE JIOTUIEPOBCKOTO CIIEKTpa YK€ HE MOTYT OBITh
paccunTassl 0 HopMyJIaM, MOJTYYSHHBIM B puOmmkennn Kupxroga, nockols-
Ky BIMSIHUE OPITTOBCKOTO MEXaHU3Ma PacCesTHUsI CTAHOBUTCS CYIICCTBCHHBIM.

[Tpy ManpIx yriax IajeHMs, KOrja paccesHue MOXKHO CUHMTATh KBa3u3ep-
KaJIbHBIM, IIMPHUHA U CMELICHHE AOIIEPOBCKOTO CIIEKTPA 3aBHUCST OT AUCTICPCHU
HAKJIOHOB, IUCHEPCHUH OPOUTANBHBIX CKOpOCTeH, KOI(pQUIMEHTa KOppesiuuu
MEXy HaKJIOHAMH BJOJb JIBYX B3aUMHO INEPIEHIUKYJIAPHBIX HANPaBICHUH, a
TaKke koodduimeHTa Koppersaun MeX, Iy HaKIIOHaMH M BEPTUKAJILHOM COCTaB-
nstroniieit opburtanbHON ckopoctH [5, 6]. Bece T craTHcTHUECKHE XapaKTepH-
CTHKH BBIP@XKAIOTCSI KAK MHTETPaJIbl CIEKTPa MOBEPXHOCTHOTO BOJIHEHUS, 3aBU-
CSIILIETO B CJIydae YHCTO BETPOBOTO BOJHEHHS OT TPEX MapaMeTpoB. CKOPOCTH
BETpa, JUIMHBI BETPOBOTO pa3roHa W HallpaBieHHs BeTpa. B pabore mcnonp3oBa-
Jach MOJENb CIIEKTpa [7], 3HEproHecyiuas 4acth KOTOPOrO OMUpAeTCs Ha MO-
nenb JONSWAP. Tokasano, 9to, uMes 1Ba ypaBHEHUs (I IUPUHBI M CMeEIIle-
HHS TOIUIEPOBCKOTO CIIEKTPa) OT ABYX HEM3BECTHBIX (CKOPOCTH BETpa M BEJINYH-
HBI BETPOBOT'O Pa3roHa), MOKHO OIPEACIUTh CKOPOCTh BETPA M PAa3rOH IMPH yC-
JIOBHH, YTO HalpaBJICHHE BETPa U3BECTHO. BOcCTaHOBHB CKOPOCTh BETpa U [UIH-
HY BETPOBOTO pa3roHa, MOYKHO BBIYUCIHUThH CTATUCTUYECKHE MapaMeTPbl MOPCKO-
ro BOJHEHHUs! (BBICOTY 3HAYMTEIBHOTO BOJHEHHSI, THCIEPCHIO OPOMUTATBHBIX
CKOPOCTEeH, CPEAHUIA TIEPHO]] BOJHEHHS) 10 MOJICIBHOMY CIIEKTPY BOsHEHHs. Te
)KEe MapameTpbl ObUIM BHIYUCIICHBI 110 IBYMEPHOMY CIIEKTPY BOJIHEHUS, U3MEPEH-
HOMY CTPYHHBIM BOJHOrpad)oM, yCTaHOBJICHHbIM Ha mardopme. CpaBHeHHE
pe3ynbTaToB paboThl aNrOpUTMa C JAHHBIMU CTPYHHOTO BOJIHOTpada mokasayo
XOpollee COBIaJICHHE. YUeT IuarpaMMbl HalpaBJICHHOCTH aHTEHHBI ITOBBIIIACT
TOYHOCTH pabOTHI AITOPUTMA.

ABTOpPBI BBIPAXAIOT OJIAr0JJapHOCTH COTPYAHUKaM YepHOMOPCKOrO THIpO-
¢msmueckoro monurona, 3AO HII® «Mwukpan», COTpYAHUKAM JIabOpaTOpuu
npuKiIagHoi ¢usnkum Mops Mopckoro runpodusndeckoro mHceruryra PAH u
COTPYIHHUKaM J1a00paTOpuy B3aMMOJECHCTBHS aTMoc(epsl U okeaHa MHcTUTyTa
¢usukn armocdepsl nm. A.M. O6yxoBa PAH 3a nomoins B mpoBeieHUN JKCIIE-
PUMEHTOB U TIPEIOCTABICHUE JAHHBIX.

Pabota BbinosiHeHA MpH TojAepkke rpaHToB PODU 16-35-00548 mon_a,
17-05-00-939 a.

JIntepatypa

1. Toporkov, J.V. Numerical Study of the Extended Kirchhoff Approach and the
Lowest Order Small Slope Approximation for Scattering from Ocean-Like Surfaces:
Doppler Analysis / J.V. Toporkkov, G.S. Brawn // IEEE Trans. Antennas and Propaga-
tion. 2002. V. 50, Ne 4. P. 417-425.

158



2. Fois, F. An analytical model for the description of the full-polarimetric sea surface
Doppler signature / F. Fois, P. Hoogeboom, F.L. Chevalier, A. Stoffelen // J. Geophys.
Res. Oceans. 2015. V. 120, Ne 2. P. 988-1015.

3. Plant, W.J. The dependence of microwave backscatter from the sea on illuminated
area: correlation times and lengths / W.J. Plant, E.A. Terray, RA. Petitt, W.C. Kédller //
J. Geophys. Res. 1994. V. 49, Ne C5. P. 9705-9723.

4. Mouche, A.A. Predicted Doppler shiftsinduced by ocean surface wave displacements
using asymptotic electromagnetic wave scattering theories / A.A. Mouche, B. Chapron, N.
Reul, F. Collard // Waves Random Complex Media. 2008. V. 18, Ne 1. P. 185-196.

5. Bacc, ®.I. PaccesHue BOJH Ha CTaTUCTHYECKH HEPOBHOM IMOBEPXHOCTH [
@.I'. bacc, 1. M. ®dyke. —M. : Hayka, 1972. — 424 c.

6. Kapaes, B.FO. YnpouieHHOE ONMUCaHHUE MOPCKOTO BOJHEHMS AJI 3a1ad paauoiio-
KAIIMOHHOTO JMCTaHIMOHHOro 3oHauposanus / B.FO. Kapae, M.B. Kanesckuii, E.M.
Metukos // Uccnenosanue 3emn u3 kocmoca. 2011. Bein 2. C. 26-39.

7. Kapaeg, B.FO. MonmupuuupoBaHHBINA CIIEKTP BOJHCHUS W AUCTAHIIMOHHOE 30HIIH-
poBanue okeana / B.YO. Kapaes, I'.H. Banauguna // VccnenoBanue 3emin U3 KOCMOCA.
2000. Bpim. 5. C. 45-56.

AHM3O0TPOITHBIE ABTOBOJIHOBBIE CTPYKTYPhI
B TEILTOBBIJEJISIIOIIEN ITJIASMEHHOM CPEJIE

J.C. Pawuxos, H.E. Monesuu, /[.1. 3asepuunckuii

Camapckuil HalMOHAJILHBIN HCCIIeI0BATEIbCKUN YHUBEPCUTET
Camapckuii ¢pumman @usudeckoro nncruryrta uM. [1.H. Jle6enesa PAH

ryashchikovd@gmail.com

TerutoBast HEYCTOWYMBOCT UIPaeT BaXHYIO POJIb B (JOPMUPOBAHUY pa3iIHy-
HBIX MPOCTPAaHCTBCHHO-BPEMEHHBIX CTPYKTYP B TaKHMX Cpelax, Kak MEX3BE3[-
HBIN ra3, colHedHast aTMoc(epa, IUlaHeTapHble TYMaHHOCTH U Ap. OQuH U3 TH-
MOB TEIUIOBOW HEYCTOWYMBOCTH, M309HTPOMUUYECKasl (aKyCTHUYECKas)) HEyCTOi-
YHUBOCTh, BEIET K YCUIICHHUIO aKyCcTHYeCKUX MoJ|. COrliacHO TuroTese, BIEpBbIe
BrickazaHHOW KpacHoOaeBbiM [1], oHAa TPUBOAWT K BO3HHKHOBEHHIO B Cpele
CEepHH yJapHbIX BOJIH.

JlaHHast runoTte3a ObUIa BIIOCIEACTBHM IOATBEPXKICHA KaK aHAJMTHYECKH,
TaK ¥ YUCIEHHO. B npubnmkennn caadbIX yiapHBIX BOJIH (hopMa 00pa3yrommx-
Csl CTPYKTYp, UX aMIUIUTYa U CKOPOCTb B Ia30BBIX M IUIA3MEHHBIX CpeAax ObLIn
HalIeHbl aHATMTHYECKH B pabotax [2-5]. b0 mokasaHo, 4To mapamerpsl 00-
Pa3yIoMuXcsl CTPYKTYP ONPENEIISIOTCS TOJIBKO CBOMCTBAMH CPEJIbl, UTO XapaKTep-
HO JUI aBTOBOJIH, a CAMH CTPYKTYPBI COXPaHSIOT CBOIO (popMy HOCHIe B3aUMOJICHCT-
BUSI IPYT C JIPYTOM, UTO SBJISIETCS OTIMYUTENBHON OCOOEHHOCTBIO CONMTOHOB. Tak-
K€ YMCIICHHBIE UCCIIETIOBAHNS IEMOHCTPHPYIOT paciiaj] Ha4aJIbHOIO BO3MYIIIECHHUS Ha
CEpHIO yAapHBIX BOJIH C TEOPETHYECKH MPEICKA3aHHBIMH MTapaMeTPaMH.
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CTOI/IT OTMETUTH, UTO HpOBelléHHbIe paHeC uccCiiCcaA0BaHuA 6BIJ'II/I BBIIIOJIHCHBI
B OJHOMEpHOM reomeTpuu. OmHAKO 00JIee MOJIHOE PACCMOTPEHHE CBOMCTB (op-
MUPYIOIIAXCS CTPYKTYP B IIa3ME BO BHEITHEM MAarHUTHOM TIOJIE JOJDKHO IPO-
W3BOJMTHLCS B IBYMEPHOH MM TPEXMEPHOIN TeOMETPHHU, YTOOBI YIECTh CHIIEHYIO
AQHW30TPOIIHIO BOJIH B 3TOH cpee.

B pamxax manHO# paboTHI ObLIa IPOBEICHA CEPHsI YUCICHHBIX SKCIICPUMEH-
TOB TI0 M3YYCHUIO CBOWCTB CTPYKTYP, POPMHUPYIOLINXCS B PE3yIbTATE IBOIFOIUN
JIOKAJTM30BAHHOTO BO3MYIICHUS IABIICHUS B HM30XHTPOIUYECKH HEYCTOWIMBOMN
IU1a3Me B IByMEPHOI reomeTpuu. PaccmaTpuBaemas cpefa OMUCHIBAIACH C II0-
MOILIbIO CHUCTEMbI YPABHEHMM WIECAIIbHON MAarHUTHOW T'MIPOJMHAMMKH, OMOJI-
HEHHOU (YHKIMEH TEIUIOBBIIENICHNUS, 3aBUCSILEH OT TeMIePaTyphl U IUIOTHOCTH.
YuciieHHOE pellieHre POBOWIOCH C MCIOIb30BaHneM mporpammer Athena [6].

Puc. 1. /IBymepHbIe MarHUTOAKYCTHUYECKHE aBTOBOJIIHOBEIE CTPYKTYPBI B H309HTPOIHIECKU
HEYCTOIYMBOM [Ia3MEHHOM cpejie B ciiaboM (@) i CuibHOM (6) MarHUTHOM I10JIe

Bruto mokazaHo, 4YTO B IBYMEPHOI reOMeTpuu HayaJlbHOE BO3MYILEHHUE pac-
[141aeTCsl Ha CEPUI0 YIApHBIX BOJIH, CBOMCTBAa KOTOPHIX HE 3aBUCST OT Hayallb-
HBIX IIapaMEeTPOB, a 3aBUCST TOJIBKO OT IapaMeTpoB cpelipl. B wactHoCTH, B UnC-
JICHHOM JKCIIEpUMEHTE HalJro1anach CHIIbHAsE 3aBUCUMOCTD (POPMBI M aMILTUTY-
JIbl YIAPHBIX BOJH OT BEJMYMHBI BHENIHEr0 MarHUTHOro mous (puc. 1). B cna-
ObIX MarHUTHBIX MOJISAX (mapamerp Gera mwiasmel 3> 2/vy, rme y — mokasarelnb
annabathl) aMIUIATYIA CTPYKTYP, COOTBETCTBYIOIINX OBICTPHIM MArHUTOAKYCTH-
gyeckuM (MA) BosiHaM, GOITbIIIe AMILTUTYABI CTPYKTYP, COOTBETCTBYIOLIAX M-
neHHBIM MA-BoJHaM. B CHIIBHBIX MarHMTHBIX mojsax (< 2/vy) curyamus me-

HSETCSd Ha IMPOTHBOIOJOXHYIO. Takke orimuaercs WM (Gopma HaOIIOIAeMbIX
ctpykryp. Ilpu B> 2/y dopmupyroriuecss aBTOBOIHBI B CEYEHUH 10 (HopMe H
aMIUIMTYZIE COBIAJAIOT C TOJYYCHHBIMH paHee pe3yJIbTaTaMH B OIHOMEPHOU
reomerpun. Omnako npu B < 2/y (opma 06pasyromMXcsi CTPYKTYP 3HAYUTEIb-
HO YCIIOKHSIETCSI, @ KApTUHA CTAHOBUTCS CHIIEHO aHH30TPOITHOM.

PabGora yactuyno noanepkana MunoOpHayku PO, mpoexr 3.1158.2017, u
rpaatamu POOU 16-41-630591 p_a, 17-42-630224 p_a.
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YCKOPEHHUE MOHOB B PEXXUME CBETOBOT'O TAPYCA
C YYETOM KBAHTOBO-2JIEKTPOJJMHAMUYECKNX D®P®EKTOB

A.C. Camconos, E.H. Hepywi, U.FO. Kocmiokog

WncruryT npukiansoii pusuku PAH, Huwkunit Horopon
blendersamsonov@yandex.ru

B mocnenHue roapl ycKopeHre 4acTHIL SIBJSIETCSl OHUM M3 Hamboiiee 00cy-
KIACMBIX MPHIOKEHUI MOIIHBIX JIa3epoB. YCKOpeHHe TsOKENBIX yacTun (Ha-
OpUMEp, HOHOB) CHJIOW PaJHallMOHHOTO JABICHHS B PEXKUME «CBETOBOTO IMapy-
ca» JOCTATOYHO IMOJAPOOHO aHAIM3MPOBAIOCH BO MHOTHX MyOJiMKanusx (cMm.,
Hampumep, 063op [1]).

CyIHOCTh MEXaHN3Ma YCKOPEHHsSI palialliOHHbIM JaBJICHUEM 3aKIIFOUaeTCs
B CJIEAYIOLIEM. Ha CJIOM 3aKpUTHUYECKOW IUIa3Mbl IaJaeT UHTEHCUBHBIN Ja3ep-
HBIA MMITYJIbC; JIETKHE AJIEKTPOHBI OBICTPO YCKOPSIIOTCS A0 YJIbTPapeiIsaTHBHCT-
CKHX 3HEPTuil JIEKTPUYECKUM T10JIeM U 3a cYET MarHUTHOU yacTu cuibl Jlopen-
[1a HAYMHAIOT JABUraThCs BIOJb HAIPABICHUS PACHPOCTPAHEHUS JIa3€PHOTO UM-
myJibca. BHyTpu Mumenn GopMupyeTcst poIoibHOE TI0JIE Pas3eIeHUs 3apsiIoB
C aMIUIUTYAOH HOpPsKAa aMIUIUTY/bl Ja3epHOTro noiisi. Takoe KBa3HIIOCTOSIHHOE
II0JIE YCKOPSIET HOHBI MUIIIEHHU.
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Puc. 1. TIIOTHOCTD YACTHUII B Pa3HbIe MOMEHTHI BPEMEHH NIPH YCKOPEHUH HOHOB B PEXKH-
Me «CBETOBOro mapyca» mpu cuiabHoM BiussHuM KDJI-3¢dextoB. Beepxy — IIIOTHOCTH
9HEPIUH IEKTPOMArHUTHOTO 1oJs (Genblif), INIOTHOCTh HOHOB (UE€PHbIN); 6HU3Y — ILUIOT-
HOCTb MO3UTPOHOB (OEJIblil), IIOTHOCTD 3EKTPOHOB (4€pHBIi). HIKHSSI 4acTh PUCYHKOB!
pacrmpeneneHne KOHIICHTPAMK JacTHIl Ha ock X (HOPMHUPOBaHHAs Ha HavaabHOE 3Haue-
Hue). YpHast KpuBas CHH3Y COOTBETCTBYET JJICKTPOHAM, Oeliast — IMO3UTPOHAM, YEpHAsI
CBEpXY — HOHAM

Hanbonee o4eBUIHBIM CHOCOOOM YBEJIMYEHHS MAKCHMAaJbHOH 3HEPruu
WOHOB TIPH OJIMHAKOBOM BPEMEHH B3aMMOJICHCTBHS SIBIISICTCS YBEJIMUYCHUE WH-
TEHCUBHOCTH JIa3epHOT0 M3iydeHus. OMHAaKO Npu OOJNBHIINX MHTEHCHUBHOCTSIX
HEOOXOMMMO YYHTHIBATh KBaHTOBO-3J1eKTpoautHamudeckue (KOM) addexrsl, Ko-
TOpbIE MOTYT 3HAYNUTENHFHO MEHSTh TUHAMHKY YCKOpEeHHs HOHOB. OCHOBHO¥H Iie-
JI6I0 PabOTHI ABISIETCS U3YYECHHE NPOIIecca YCKOPEHHS HOHOB B TAKOM PEKHME.

[pomecc ycKopeHUsT HOHOB B PEXUME «CBETOBOTO MAapyca» ¢ pa3IMYHBIMH
napaMeTpamy JIa3epHOro MMITyJIbca M MHIIECHH OBbLI MCCIIEIOBAaH C ITIOMOIIBIO
YHCICHHOrO MogneiupoBanus (cM. puc. 1). B monenupoBannn HaGIH0AaI0CH
ociablieHre yCKOpeHHsi HOHOB B pesyubrare aerictBust KO /I-nipoueccos. Ha oc-
HOBe 0ajaHca MOTOKOB PHEPTUM — MMIIYJIbCa JIA3€PHOTO MOJIS, YaCTHUIl IUIa3MBl,
raMMa-u3JIy4eHUs IIOCTPOEHAa AaHAJIUTHUYEeCKash MOJENb, KAaueCTBEHHO OIUCHI-
BaroIas Habo1aeMble B MoJeupoBaHuu 3(pdektsl (cM. puc. 2).
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Puc. 2. 3aBHCUMOCTb HOJIHOW SHEPIUM MOHOB (CBETNAs IyHKTUPHAS JUHUS — PE3yJIbTar
MOJICTMPOBaHUsL, YEpHAs CILUIOIIHAS JIMHUS — IpeAcKa3aHue Mozaenu) 1 GoToHoB (TEMHas
IIYHKTHpPHAsL JINHASL — Pe3yJIbTaT MOAEINPOBAHMS, cepast CIUIONIHAS JIMHHS — IpeJcKa3a-
HHE MOJICIIH) OT BPEMEHHU

JlutepaTypa
1. Macchi A., Borghesi M., Passoni M. // Rev. Mod. Phys. 85, 751 (2013).

HEJWUHENHAS TMHAMMKA AHTU®EPPOMATHATHOI'O
CIIMHTPOHHOTI'O OCIMJIJIATOPA

A.P. Cagun

HanmonanbHelil uccnenoBarenbckuil yausepcuter «MOU», Mocksa
arsafin@gmail.com

B nocnenHee BpeMs BO3pOC aKTUBHBIN MHTEPEC K T'€HEpalud U JIeTEKTHPO-
BaHHUIO JJIEKTPOMArHUTHBIX BOJH TepareploBoro auamasona 4actot [1]. Ilep-
CIIEKTUBHBIM SIBJISICTCSI MCIIOJIBb30BAHHE CIIMHOBOTO TpaHcmopra B (eppo- (OM)
U aHTU(eppoMaruuTHbIX (ADM) HaHOMEpeX0aaX A TEHEPAIMH TeParepIIOBbIX
BoJiH [2]. B ero ocHoBe JekHUT S-0-00MEHHOE B3aUMOJCHUCTBHE S-3JIEKTPOHOB
MPOBOJIUMOCTH, IEPEHOCSIIMX CIIMH M3 OJHOTO MATHUTHOTO CJIOSI B JIPYroH, ¢ d-
JIEKTPOHAMH pENIeTKH paboyero cios. [ NEeTeKTHPOBaHMS TepareploBBIX
BOJIH MOXET HCIONB30BaThesl 3h(heKT crnrHoBOro S-d-0OMEHHOrO pe3oHaHca B
OM- u AOM-nepexonax, a A TeHEpalMy — UHTyLIUPOBAaHHBII TOKOM Teparep-
0B pezonanc B A®M [3]. Ha maHHBIN MOMEHT BasKHBIM SIBJISIETCS TIOAPOOHOE
HCCJEI0BAaHUE MPOLIECCOB I'EHEPALMU T€ParepLoBbIX BOJIH U MarHoHOB B ADOM
IIPY CIIHHOBOM TOKOIIEPEHOCE.
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B nanHoii pabote nccrnenoBanacs HeTMHEHHAs AMHAMUKA CIIMHTPOHHOTO Te-
pareprioBOro OCHHULIATOPA, BBIIOJIHEHHOTO Ha ocHOBe DPM/ADM-1iepexoaoB.
3ajgaya pemaercsi Kak ¢ IOMOIIBI0 HHTEIPUPOBAHMS CBS3aHHBIX YPaBHEHUH JUIs
HaAMarHu4eHHOCTeH mnojperierok ADM, Tak W ¢ MOMOIIBIO MPHOIHKCHHOTO
OIMCaHUs Ha OCHOBE CITMH-BOJHOBBIX KOMIUICKCHBIX aMIUIMTYJ MarHoHOB. [lo-
Ka3aHO, YTO KPUTHUYECKHE TOKH BO30Y)KICHHUS TEParepLoBbIX MarHOHOB IO II0-
psinky pasusl 108-10° A/cm?, 5TO COOTBETCTBYET IyCKOBBIM TOKaM TIPH MHKPO-
BOJIHOBOH TeHeparu MarHoHoB B @M. Bmecte ¢ Tem kapTuHa Oudyypramumii mist
AD®M-niepexomoB ropasno doraue, yem g @M. B gwactHocTH, MOTYT OBITH pea-
JIM30BaHbI YCIOBHSA JUI1 BOZHUKHOBEHUS AETEPMUHUPOBAHHOTO Xa0ca U COJINTO-
HOB. /{7151 TOBBIIEHHUS] MOIITHOCTH TeparepuoBoro reHeparopa Ha ocHose ADM-
CTPYKTYpP MOTYT HCIIONB30BaThCsA CETH OCHMIUIATOPOB. Ilpu 3TOM crnokeHue
MOIIIHOCTH OyA€T OCYIIECTBISITCS B IMPOCTPAHCTBE U3NIyYCHUS], & CHHXPOHH3A-
oy JOCTUTacTC CBA3BIO UCPE3 CIIMHOBLIC BOJIHBI.

Paborta BbInoNIHEHA 1IpH HPUHAHCOBOH MMOJIEPkKKE Oa30BOM YacTH roc3aa-
Hust PO Ne 8.8109.2017/B4.
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MOJIEJIMPOBAHUE PA3PSJIA C PEJSITUBUCTCKOM OBPATHOM
CBA3BIO 1 ET'O IPUMEHEHME JJI51 OHEHKHN
3JEKTPUYECKOM CTPYKTYPBI TPO30BOI'O OBJAKA

E K. Ceeunuxosa, E.A. Mapees

WucruryT npukianuoii pusuku PAH, Hukuanit Horopon
kttts@mail.ru

AKTyanmpHOCTh TIPOOJIEMBI OIICHKH ITIapaMeTpPOB CTPYKTYpPHI oOiaka o0y-
CJIOBJICHA CIIOKHOCTBIO M HU3KOH WH(OPMATUBHOCTHIO TIPSIMBIX H3MEpeHuil. B
paMKax NMPUMEHEHMsI MOJAENHU pa3psAfa C PEIITHBHUCTCKOM OOpaTHOMN CBSI3bIO JO-
TIOJTHUTEIIbHBIE CBEJICHUS 1JIs1 BOCCTAHOBIICHUSI DJIEKTPUUECKON CTPYKTYpbI 001aKa
MOTYT OBITh MOIYYCHBI 3 JaHHBIX HA3EMHBIX U3MEPEHHUI HOTOKOB dacTuil [1].
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TpeboBanus Kk 000 Moaenn paspsiia — OOBSICHCHHE BEIMYHHBI MAaKCH-
MaJIBHOTO 3HA4YEHUS HANPSDKEHHOCTH AJIEKTPHUECKOTO MOJIsI, U3MEPEHHOH B 00-
JIaKe, W OIMUCAHWUC MEXAHHW3MOB TCHEpPAIlUM SHEPTHYHBIX YACTHI[, COOTBETCT-
BYIOIIEE pe3ysibTaTaM M3MepeHuil. Bee paccMaTpuBaeMble ceiidac MOJIEIIH BO3-
HUKJIM 0] BIUSHUEM KOHIICTIUK YOEraroIuX 3J1eKTpoHOB (MexaHu3M Buibco-
Ha, 1925). SIBnenue yOeraHusi COCTOMT B CIIEAYIOIIEM: 3JEKTPOH C JOCTATOYHO
OONBIION 2HEpPrue OyIeT CHIIbHEE YCKOPSATHCS AICKTPHUYSCKUM IIOJIEM, 4YeM
3aMeUIATHCS TIPH B3aMMOJEHCTBHH C BO3IYyXOM (OCHOBHBIE TIOTEPH DHEPTHH —
HOHM3AIMA U TOPMO3HOE mM3imydeHue). TakuM o6pa3oM, BIEKTPOH, Ha3bIBACMBIi
yOeraroimm, yCKopsieTcs! py JIBWKEHUU B BO3yXe.

OpmHako Mozenh yOeraromx 3JIeKTPOHOB HE OOBSICHSET MPOUCXOXKICHHE
HAOJTI0aeMBbIX MIOTOKOB SHEPTHYHBIX YaCTHUI[ OT FPO30BBIX 00JIAKOB.

EMHCTBEHHBI MEXaHHU3M, C IIOMOIIBIO KOTOPOTO MPEICTABIIICTCS BO3MOXK-
HBIM OOBSCHHUTH TCHEPALINIO SHEPTUYHBIX YACTHI] B 00JIaKaX, — TOPMO3HOE U3JIy-
yenre. Ha 3ToM cooOpakeHHH OCHOBaHA MOJICNh JIABHH PEIATUBUCTCKHX yOe-
raronmx 31ekTpoHoB ('ypeBud, 1992), yuuThIBaroIias BO3MOKHOCTh POU3BO/I-
CTBA HOBBIX PHEPTUYHBIX JICKTPOHOB KAXKIBIM M3 UCXOJHBIX YOCTAIOIIUX 3JICK-
TPOHOB B PE3YJIbTAaTe B3aUMOJICHCTBHUS C BO3AYXOM, BEAYIIETO K HOHU3AIUHU €T0
Monekyn. Takum 00pa3oMm, KaKIbli yOerarommuid 3IIEKTPOH CIIOCOOEH CO3IaTh
MHOTO BTOPHYHBIX YOETAIOIINX 3JIEKTPOHOB, COBOKYITHOCTh KOTOPBIX HA3BIBACT-
s JIaBUHOW yOeTraromux IeKTPOHOB.

Mopenb paspsiia ¢ PeIsiTUBUCTCKONW OOpaTHOW CBS3bI0, HAWIIYYIIUM 00pa-
30M OOBACHSFOIIAS SKCIICPUMCHTAIBHBIC JaHHBIC O FaMMa-BCIBIIIKAX 36MHOTO
MIPOUCXOXKICHHUSA, CONCPKUT B Ka4eCTBE COCTABHOM YacTH MOJEh JIaBUH yOe-
TaloIIUuX AJICKTPOHOB M COCTOUT B ciemyromeMm. OOpa3yronmecs Mpyu pacipo-
CTpaHCHUH WCXOJHOH JIABUHBI MO3UTPOHBI M PACCESHHBIC B OOpAaTHOM Halpag-
JICHUA TaMMa-KBaHTBI CIIOCOOHBI MEPEMEIIAThCSl B HAYANO OOJIACTH CHIBHOTO
ITOJISL ¥ CO3/1aBaTh HOBHIC JIABUHBI. B 3aBUCHMOCTH OT THIIA YaCTHUIIBI, BRLIOUBAIO-
el MCXOIHBIN 3JIEKTPOH JJIs HOBOH JIABUHBI, Pa3lNYalOT JBA THIIA 0OpaTHOM
CBSI3M: TIO3UTPOHHYIO U PEHTTEHOBCKYIO (Ha BEICOKODHEPTUYHBIX KBAHTAX).

B pamkax mozmenn paspsiia ¢ pelsSTHBHCTCKOW OOpaTHOW CBSA3BIO MONyUYCHA
CHCTEMa YpaBHEHHH, O3BOJIIIONIAS OMUCATh POJIb 0OPAaTHOW CBSI3M B Pa3BUTHH
JIaBUH, 00YCIIaBIMBAIOIINX TOJITOBPEMEHHBIC MAIOMHTEHCUBHBIE IIOTOKU JHEP-
riuunbix gactul (thunderstorm ground enhancements). Yureno BimsiHHe Bcex
MPOILIECCOB, CYIIECTBEHHBIX JUIS pa3psiia ¢ PEISTHBUCTCKOW OOpPaTHOM CBSI3bIO,
BKJIFOYasl TOPMO3HOC H3JIy4YCHHE, OOpa3oBaHHE 3JICKTPOH-TIO3UTPOHHBIX Iap,
KOMITOHOBCKOE paccesHKe, JICKTPOH-TIO3UTPOHHOE paccesHue. AHAIHM3 Mpe-
JIO)KEHHOHM CHCTEMBI YPaBHEHUH MO3BOJIAET MCCIICOBATEH BIUSHUE TPOIECCOB C
Y9acTHEM MMO3UTPOHOB U SHEPTUYHBIX KBAHTOB Ha PE3YJIBTUPYIONIYIO CTPYKTYPY
AJIEKTPUYECKOTO TIOJSI M HAa BEIMYMHY HANPSHKEHHOCTU SJICKTPUYECKOTO ITOJIS,
HEOOXOAUMYTO [T HHUIMALWH pa3psna. CeqcTBUA aHAIN3a CUCTEMBI HAXO/IAT-
Csl B COTJIACMH C pe3yjIbTaTaMH MOJETUPOBaHUsS [4] W TPHBOIAT K TPOCTOMH
OIIEHKE YaCTOTHI JIEKTPOH-TIO3UTPOHHOTO PACCESTHUS.
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OHO U3 BO3MOXHBIX HPUIIOKEHUI MOJIENIN pa3psiia ¢ PESITUBUCTCKON 00-
paTHOH CBSI3bI0 — BOCCTAHOBJICHUE PACHpEAETICHUs IEKTPUYECKOro MO U 3a-
psina B o0ylake, B YaCTHOCTH OILIGHKA XapaKTEPHUCTHK HIDKHETO IOJ0XXKUTEIHHO
3apsKEHHOTO CIIOSL.

[Mpoduip 3MEKTPUYIECKOTO IOJIS,, CO3aBaeMOro 00JIAKOM, OYEHb YYBCTBH-
TeJIEH K HAJIMYMIO W MapaMeTpaM HIDKHETO ITOJIOKHUTEIBHO 3apsKEHHOTO CIOS.
[TosTOoMy mpormecchl MHULIMAIUN W Pa3sBUTHS Pa3psioB C PEISTUBHUCTCKONW 00-
paTHOW CBS3BIO TAaKXKE CWJIBHO 3aBUCAT OT XapaKTEPUCTHK HIICKTPHUYECKOM
CTPYKTYpHI 00J1aKa, BKJIIOYas apaMeTpbl HIKHEro ciios. B paMkax monenu pas-
psiAa ¢ peISITUBUCTCKON OOpaTHOM CBS3BIO YAAETCS OLIEHUTH BBICOTHI M 3apsAbI
TpEX OCHOBHBIX CJIOEB O0JaKa HA OCHOBE aHAJIN3a JAaHHBIX Ha3€MHBIX M3Mepe-
HUH HAMPSHKEHHOCTH 3JIEKTPUUESCKOTO MOJIS M TIOTOKA SHEPTHUYHBIX JacTuil [5].
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MOJEJIUPOBAHUE CJIOKHBIX CUCTEM I10 HABJIIOJAEMbIM
JAHHBIM HA OCHOBE IUHAMHNYECKHUX HCKYCCTBEHHBIX
HEWPOHHbBIX CETEHN

A.D. Cenesnes, A.C. I'aspunos, [{.H. Myxun, E.M. Jlockymog, A.M. Deticun

WucruryT npuxianuoii pusuku PAH, Huwkunit Horopon
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PeKOHCTPYKIMS JAHAMHIECCKHX CHCTEM II0 HAGJIFOMAEMBIM JaHHBIM (IMITH-
pudecKass PEKOHCTPYKITHS) SBIISICTCS OJHAM W3 BKHEHIIMX HAINPABICHUH CO-
BPEMEHHOW HEJNMHENWHON NUHAMMKHU. [[aHHBIM TOAXOJ aKTyaleH B CUTyaluH,
KOTJla CHCTeMa HE JOIYCKaeT MCUEPIIBIBAIOIIETO HCCIEOBAHUS CBOCH CTPYKTY-
PHI JUIS TIOCTPOCHHUS JOCTATOYHO aJeKBAaTHBIX YpaBHEHUN M3 MEPBBIX MPUHITU-
OB, HO MCCIIEIOBATEITIO JIOCTYIICH MPOM3BOIUMBI 3TOM cucTemoii curnan [1]. B
MEIMIUHCKUX MCCIIEOBAHUSIX 3TO MOTYT OBITh JHIC(AIOrpaMMbl T'OJIOBHOTO
MO3Tra, B TCOPH3NUCCKUX MPUIOKCHISIX — BPDEMECHHBIC PSIIBI PA3IMYHBIX KJINMa-
TUYCCKUX XaPAKTCPUCTUK, B aCTPO(U3UKE — 3alUCH ONTUYCCKON SPKOCTH WU
WHTCHCUBHOCTH PaJIMOU3ITYYCHHS OT JAJICKOT'0 OOBEKTA.
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Kak nmpaBmio, smnupuueckas peKOHCTPYKLHUS MOJpa3yMeBaeT Ba OCHOB-
HBIX IIara: NOCTPOSHHE ONTUMAaIBbHOIO Habopa (ha30BbIX MEPEMEHHBIX CUCTEMbI
(BOKEeHUST) MO HAOJIOMACMbIM BPEMEHHBIM psilaM M MOCTPOCHHUE OrepaTropa
9BOJIIOLINH, JEUCTBYIOIIETO B 3TOM (ha30BOM IpoctpaHcTBe. [lepBas 3agava oco-
OEHHO HETPUBHAJBbHA B CIydac HaOJIONAEMbIX JAHHBIX BBHICOKOW Pa3MEpHOCTH.
Tak, HanpuMep, B Cilydae KIMMAaTHIECKUX JaHHBIX 3Ta pa3MEPHOCTh paBHA MPO-
M3BE/ICHUIO YHCIIA Y3JI0B IPOCTPAHCTBEHHON CETKM HAa 36MHOM IIape, B KOTOPBIX
MIPOM3BOANTCA HM3MEPEHHE, U YHCIa M3MEPSIEMBIX XapaKTepHCTHK. SICHO, 9TO
[IOCTPOEHHUE 3MIIMPUYECKON MOJEIU B MPOCTPAHCTBE TAKOM OMPOMHOW pa3mep-
HOCTH HEBO3MOXKHO, 1 HE0OX0AUMO ee 3((GEKTHBHOE YMEHBLICHHE C LIEJIbIO BbI-
JIENICHNsT HEOOJIBIIIOrO YHCIIa TNIABHBIX KOMIIOHEHT, COJEpKallluX HH(POPMALIHIO O
KJIIOUEBBIX CBOMCTBax HaOmogaeMol nuHaMukH. OCHOBHBIE CIIOXKHOCTH IIpU
peHICHUN BTOpOﬁ 3aa4u CBA3aHBI C TCM, UTO B O6U_leM cjydac KOHerTHbIﬁ BUJ
orepaTopa 3BOJIOIUU HCCIEAyeMON CUCTEeMBl HEU3BECTEH, U €ro MPUXOIUTCS
UCKaTh B HEKOTOPOM HIMPOKOM KJilacce (YHKIMH, 00JIafaiomuX CBOMCTBaMU
YHHUBEPCAJILHOTO allpOKCUMAaTOPA.

B npenpinymmx pabotax aBTopoB [2, 3] ObUIH MpesioxkeHbl 3G eKTHBHbIC
METOMBI ONpENIENCHNs TJIaBHBIX HEIMHEWHBIX MHOT00Opa3Wii B NPOCTPAHCTBE
HaOIIOJaeMBIX JTAHHBIX, JAIOIIMX OCHOBHOW BKJIQJ B HaOMIONaeMyI0 M3MEHYH-
BOCTh. A B pabotax [4, 5] Ha ocHOBe GaifecoBa MOAX0/a aBTOPaMK OBLTH pa3pa-
00TaHBI METOIBI MOCTPOCHUS HU3KOPA3MEPHBIX HENMHEHHBIX ONEepaToOpOB 3BO-
JIIOIIMH, CIIOCOOHBIX JeNaTh aAeKBaTHBIM NMPOTHO3 KPUTHYECKUX IEPEXOJI0B B
BBICOKOPA3MEPHBIX U CTOXaCTHYECKUX cucreMax. CTOUT, OJJHAKO, OTMETHUTh, YTO
B TOM Clydae, KOTJia YMEHbIICHHE Pa3MEPHOCTH JAHHBIX (PEAYKIIHS) IPOUCXO-
IAT He3a68UCUMO, PE3YIIBTAT TAKOW PEAYKIMH MOXKET He ObITh ONTUMAaJIbHBIM JIJIsI
MIOCTPOEHHS OIlepaTopa dBOJIONMHU. VIHBIMK CIIOBaMHM, JUIS TOTO, 4TOOBI HaXo-
JUTH HanbOoJiee ONTHMAIIBHBIE ISl IPOTHO3a (ha30BbIE IIEPEMEHHbIE, HEO0OX0IU-
MO 00bEAMHEHHE JIBYX BAKHEHILHX IIArOB SMIIUPHYECCKON PEKOHCTPYKLUH (He-
JMHEHHON PeqyKUMH JaHHBIX M MOCTPOCHHsI OIEPaTopa IBOJIOLHH) B PaMKax
€IMHOTO aNrOpUTMA.

B nacrosmeit paboTe MBI IIpeiaraeéM HOBBIN MOJXO0/, MTO3BOJISAIOMNN 00he-
JUHUTH 3TH [Ba ILlIara INOCPEACTBOM IIOCTPOEHHUS MCKYCCTBEHHOM HEHPOHHOM
ceru (MHC) co crermansHoi Tormonorueit. JlanHas Moiens, BO-MEPBBIX, MPOCK-
TUPYET MCXOJIHBIC BHICOKOPAa3MEpPHBIC JaHHBIC HA MHOTO0Opa3usi MEHbIIEH pas-
MEpPHOCTH U, BO-BTOPBIX, OIPEJIEIISIET ONePaTop 3BOJIIOIMK HA 3TOM MHOTroo0pa-
3un. BaxkHBIM MOMEHTOM npeﬂnaraeMoifl METOAOJIOTUHN ABJIACTCA OINTHUMHU3ALUA
ctpyktypsl THC, mozBomnsitomast u3bexarb ee mepeoOydeHus. s 3Toro uc-
MoJb3yeTcsi 0allecoB KPUTEPUH ONTUMH3ALUM, C MOMOIIBI0O KOTOPOTO MOXKHO
OILICHUTh KaK ONTHMAJIbHYIO CTEIEHb HEJIMHEHHOCTH OIepaTopa ABOIIOLMHU, TaK
U ONITHMAJIBHYIO CJIOXHOCTh HEJIMHEHHOTO MHOT000pa3usi, Ha KOTOpOE MPOEKTH-
pyIOTCsSl JaHHBIC. JIeMOHCTPHPYIOTCSA IEpBBIC PE3yIbTaThl MPUMEHEHHUS HOBOM
METOMOJIOTHH. B KauecTBe MaHHBIX HCIHOIB3YIOTCS BPEMEHHBIE PAIbBI, CTEHEpPH-
POBaHHBIE pacHpeiCIeHHbBIMUA CUCTEMaMH, JIEMOHCTPUPYIOIIMMHU CIOXKHYIO AHU-
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HAMUKY, — CHCTEMa III00ANBHO CBSI3aHHBIX ocHHULIATOpoB Crioapta — JlaHmay u
cuctema Jlopenia-96.

Pabora BeITONTHEHA TIpW TOAIEpKKe TpaHTa Poccuiickoro HaywHOTO (poHMIA
Ne 16-12-10198.
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YIIPABJISAEMAS CHHXPOHUM3ALUA IBYX CBA3AHHBIX
HEMPOHHBIX MOJIEJIEA XHHIAMAPHI — POY3 IIPH HAJIMYUH
BO3MYIEHNHU

.M. Cemenos

Cankr-TleTepOyprekuii rocy 1apcTBEHHbBIH YHUBEPCHTET
WucturyT npobnem mammaoBenenns PAH, Cankr-IlerepOypr
semenovdm90@gmail.com

3a mocieqHue MECATHICTHSA ObLIO OOHAPY)KEHO M HCCICIOBAHO OOJIBIIOE
KOJIMYECTBO OMOJOTMYCCKUX CHUCTEM, KIIFOUCBYIO POJIb B MOBEICHHU KOTOPBIX
WUrpaeT sBJIEHUE CUHXPOHM3ALMU. B 4acTHOCTH, K TAKUM CHUCTEMaM MOXHO OT-
HECTH POH CBETJISTYKOB, CHHXPOHHO BCIBIXHABAIONINX B HEOE, WM KIICTKU CEP/IIa,
JIEMOHCTPUPYIOLINE CHHXPOHHYIO aKTUBHOCTb, KOTOpasi, B CBOIO OY€pe/lb, O3B0~
JISIET CepIIly COKpamaThes. Tarke K TAKAM CHCTEMaM OTHOCHTCS MO3T YellOBEKa
WM XUBOTHOTO. BBIIO YCTAaHOBIIEHO, YTO TOSIBIICHHE aHOMAJbHOW CHHXPOHU3A-
IUH B OTACTBHBIX HEHPOHHBIX TOMYJBIMAX MO3Ta MOXKET MPUBECTH K TaKUM 3a-
0oyeBaHUAM, KaK SMIIETICHSA, SCCEHLUHANBHBIN Tpemop, Oone3nn I[lapkmacona
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n Anbrreiimepa. Ha cerogusimnuii 1eHb aKTUBHO BeAETCS pa3pad0TKa METOOB
JICUCHUS JaHHBIX 3a0o0yeBaHuid. [IpruéM 0coObIi HHTEpEC MPEACTABISAIOT HEHH-
Ba3HWBHBIC METOJIbI, OCHOBAHHBIC HA HCWPOHHOW 0OpaTHOW cBs3u. Pa3paboTka
TaKUX METOJOB TPeOyeT KaueCTBEHHOIO MAaTEeMAaTUICCKOTO OIHMCAHMS KaK MOJe-
JIel HEWPOHOB, TaK W YCJIOBUI MX CHHXPOHU3AIMHA MEXIY COOOMU, UTO U SBIISICT-
s TIETBI0 TaHHOU paboTHI.

UccnenoBanusi CUMHXpPOHU3ALMM MaTEMaTHYECKUX MOJEIEH HEUPOHOB Be-
IyTCsl YK€ JOBOJBHO NABHO. BOIbIas 9acTh TaKWX HMCCIEIOBAaHUI TOCBAIICHA
CHHXPOHU3AINH OJHOPOJHBIX MOJEIEH MPH yCIOBHH, YTO MaTeMaTHIecKas Mo-
Jleb HeHpoHa JnmieHa HeToyHocTed. OmHako Takue TpeOOoBaHHS Ha MPAKTHKE
MTOYTH HEIOCTHKUMEBI, TIOCKOJIBKY MOIYJISAIINN OHOJIOTHYECKHX HEWPOHOB IIpe-
CTaBJISAIOT OO0 HEOMHOPOIHBIC CTPYKTYPBI, @ KKl OTICIbHBIA HEHPOH MO-
JKET OTJINYATHCS OT JAPYTHX B CHIY €ro (PH3HONIOrHYecKux ocodeHHocTeH. OqHu
U3 TEPBBIX MOIBITOK MPEOI0JICTh 0003HAUYCHHBIC BBIIIC TPYIHOCTH OBLIH IIPEI-
CTaBJICHBI B Pa0OTaX, MOCBAIICHHBIX CHHXPOHU3AIUN HEOIHOPOIHON HEWPOH-
HOW ceTH, onuckiBaeMoii Monenbio @uti-Xpro — Harymo. Hactosimiast paGora
SIBJISIETCS. IPOAOJKEHUEM JIAHHBIX HUCCIEIOBAaHUM M paccMaTpUBAET CHUHXPOHU-
3alMI0 JBYX CBSI3aHHBIX HEOJHOPOIHBIX Mojene Xunamapil — Poy3 npu Hanu-
YU MOJEIBHBIX BO3MYIICHUH, KOTOPBIE OMHCHIBAIOTCS HEMIPEPHIBHBIMHU, PABHO-
MEpPHO OTPAHUICHHBIMU (PYHKIIUSIMHU.

PaccmatpuBaercss HenuHeitHash cucteMa JU(QepeHIHaIbHBIX YPaBHEHHIH,
KOTOpas MpPEACTaBIsIeT COOO /1Be HEOJHOPOITHBIC, CBSA3aHHBIE MEXAY COOOM
JIMHAMUYeCKUe cucTeMbl XuHamapii — Poys:

X,(t) = RO, (0) + & ) + B[ o (% (t) - (1) +u(t) ],

. )
X (1) = Fo (X (1) + &, () + Bo (X (t) — X, (1)),

rac
y(t) —ax(t) + bx3(t) - z(t)
F(x(t) = c-d’(M)-yt) | (i=12).
e[ s(x(t)-r)-z(1)]
3mech X; (t) = col (% (t), ¥ (t), 7z (t)),i =1, 2 — BexTopbI CocTosHMii cuctem; @, b, C,
d, & S 11— m3BecTHbIC Mapametpsl cuctem; B = col (1, 0, 0) ; u(t) — ynpasmsio-
miee BO3ACHCTBHE;, © — CWIAa CBM3UM Mexay Hediponamu; & (t) =

= col (‘:x,i (), &y (1.8, (t)), i =1, 2 —dyukumu Bo3mymienuii cucrem (1), npuuém

£, (0] < 2 |<zy.()|_ ezt )|<—Z (i=12 vt>0).
B xoze pabotsr 651)10 JTOKa3aHo, YTo, 3a/1aB 3aKOH yTpaBleHIs B (hopme
u(t) = (v +be(®)) (% (1) - % (1)) + do(t) (Y1 (1) - Y (1)) - @
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U BBIOpaB Y TaKKUM, 4TO

Y+20-1>0, (3
MBI TapaHTHPYEM TOCTIDKEHHE MPUOMIDKEHHON CHHXPOHH3ALUU MEXIY HEHpO-
Hamu. [Ipudém CKOpOCTh CHHXPOHHW3AIMU TOJYUHICTCS SKCIOHEHIIMAIBHOMY
3akoHy. JlOKa3aTenbCTBO JAHHOTO (haKTa OCHOBBIBACTCA HA HCIIOJIB30BAHHU
¢yukmy JIsmyHoBa B kBagpaTHuHO# (opme.
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IMJIOCKUE COJIUTOHBI B IBYMEPHOM PEIIETKE
AKTHUBHbBIX YACTHI
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CapaToBCKUI HAIlMOHATIBHBIN HCCIIE0BATEIbCKUI IOCY JapCTBEHHbBIN YHUBEPCUTET
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MerogamMn 4HCIICHHOTO MOJICIMPOBAHMS HCCIEAYeTCsl AMHAMUKA JBYyMEp-
HOW PEHIETKH aKTHBHBIX YACTHI] C HEIMHEHHBIM TpeHHEeM Pames, CBsI3aHHBIX
cuiaMn moteHnuana Mopse. HauanmpHOe pacnpenesneHHe 4YacTHIl U pa3Mepsl
SYEHKH MOJEITMPOBAHMS BHIOMPAIOTCS TAKUM 00pa3oM, 4To (opMupyercs mioT-
HOYIIAaKOBAHHAsl PELLETKA C TPEYTroOJIbHOM CUMMETPUE.

Kak u3BecTHO, B pemIeTkax KOHCEPBATUBHBIX YACTHUI], CBSI3aHHBIX MOTEHIIH-
AIBHBIMHA CHJIAMH, OOHApY>KEHO OOJIBIIOE KOJIMYECTBO PA3IMUHBIX CTAI[MOHAp-
HBIX MO/, TAKMX KaK IJIOCKHE COJIMTOHHBIC BOJHBI, KBA3UOAHOMEPHBIE COJIUTO-
Hbl, MOOMIIbHBIE W HEMOOWJIbHBIE OpH3epbl pa3HbIX KoH¢urypauwid. OnHako
CTallMOHAPHBIE MOJBI U METAaCTAOMIIbHBIC PEKUMBI PELIETOK UMEHHO aKTHBHBIX
YaCTHIl M3y4YEHBl B MCHBIICH CTCIICHH.

CranyoHapHBIE COCTOSHHUS HCCIIEyeMON PENIeTKH aKTHBHBIX YacTHUI] Mpea-
CTaBISIIOT 000 HAOOP CIOKHBIX aTTPAKTOPOB, M, TAKAUM 00pa3oM, cama CHCTe-
Ma SBJISIETCS MyJIbTHCTAa0MIbHOH. [loMydnTh aHATMTHYECKHUE PEIIeHNUS IS CUC-
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TEMBI ypaBHeHHﬁ, OIMUCBIBAIOMINX JUHAMUKY PCHICTKM AKTUBHBIX 4YacCTUIl, HC
MpEACTaBJIACTCA BO3MOXHBIM, HO MOKHO IIPOBECTH MMOUCK CTAITMOHAPHBLIX MOI 1
JIOKaJIM30BaHHBIX METACTaOWIBHBIX BO3MYIIEHHH TPEYTrOJBHOH PELIETKH, B3sIB
3a OCHOBY IIPOBEJCHHBIC PaHEE MCCIICIOBAHMS OJHOMEPHBIX IIEMOYEK aKTHBHBIX
yactul, Mop3e — Panesi [1] v U3BeCTHBIE MOJIBI PEIICTOK KOHCEPBATUBHBIX Yac-
turl (cM., Harpumep, [2, 3]).

[TpoBeneHHBIE AKCIIEPUMEHTHI MOKA3aJIM, YTO OCHOBHOE CTallHOHAPHOE CO-
CTOSTHAE aHCaMOJIsl aKTHBHBIX YaCTHI] — PEXKUM TPAHCILSIINH, TO €CTh JIBI)KCHHS
BCEro aHcaMOJIA Kak LIeNoro. DTO COCTOSHHE SBIIIETCS aTTPAKTOPOM CHCTEME,
OHO COXpaHAET KMHETUYECKYIO M MOTCHIHUAIbHYIO SHEPTHIO IIPU BHEIIHEM BO3-
JEUCTBUU, W OOJIBIIMHCTBO METACTA0MJIBHBIX PEKHUMOB B KOHEYHOM HTOIe
TPaHCPOPMHUPYIOTCSI UMEHHO B TPAHCILSIIMOHHYIO MOJLY.

Kpome Toro, B TpeyroibHO# pelieTke CyIIeCTBYIOT CTAal[HOHAPHBIE MOJIBI B
BUJIE OJJHOW WIIM HECKOJBKHX IJIOCKHX COJIMTOHOIOAOOHBIX BOJIH, PaclpocTpa-
HSIIOIIUXCS BAOJIb JI00OW M3 Tpex KpucTauiorpaduyeckux oceid. OnHako cra-
LIUOHAPHBIM SIBJISICTCS JIMIIL COCTOSHUE C PABHOMEPHBIM PACHpEEIICHUEM ILIO-
CKMX COJINTOHOB 1O pemieTke. [lepexomy oT HepaBHOMEPHOI'O HA4YaJbHOTO pac-
MIPEAEICHHUS COIMTOHOB K PABHOMEPHOMY COOTBETCTBYET IEPEXOIHBIN MPOIIECC,
JUTUTEINBHOCTh KOTOPOTO 3aBHCHUT OT YIPABIISIOIINX ITAPAMETPOB.

Jlokann3oBaHHBIE METacTAOMIBHBIC PEKUMBI PEIICTKH MTPEACTABICHBI COJH-
TOHAMH C IUIOCKUM ()POHTOM KOHEYHOH IIMPHHBIL. B mpouecce pacnpocTpaneHus
uxX (QPOHT cyxkaercs U neopMUpyTecs, MPUHUMAs MOJKOBOOOPa3Hy0 (Gopmy,
MOKa TIOJIHOCTBIO HE HMCUE3HET; PelleTKa NPU 3TOM MEPEXOIUT B PEKUM TPaHC-
nsiumu. [IpenenbHblil ciaydail ¢ GpoHTOM B OJHY YacTHILy — KBa3HOIHOMEPHBIH
COJIUTOH TOXE SIBJISIETCSI METaCTaOMIIBHBIM COCTOSIHHEM, 110 3aBEpIICHHU KOTO-
pOTO YCTaHABIIMBAETCSI PEXXKUM TPAaHCIIIMU. BpemeHa *KM3HU MeTacTaOMIIBHBIX
COCTOSTHHH 3aBHCST OT HAYaJIbHBIX YCJIOBUH U MapaMeTpOB ITOTCHIIMATIA.

B pabore npoaHaaM3upoBaHbl pa3IuiHbIE XapaKTEPUCTUKH TTEPEUHCICHHBIX
pekuUMOB. Iyl CTAaIlMOHAPHBIX MOJ HCCIIEI0BaHA YCTOMYMBOCTH K BHEIITHEMY
CTOXAaCTHYECKOMY BO3ACUCTBHUIO. [ MeTacTaOMIBHBIX COCTOSIHAH OIICHEHBI
BpEMEHA )KU3HH U JUITMHBI TPEKOB B IIMPOKOM JHAINa30He TapaMeTPOB.

Pabora monnepskana rpantom PH® 16-12-10175.

Jlutepatypa

1. Cepeees K.C., Yemeepuxos A.Il1. MetactabuibHbIe BO30YyKIeHUS B Iienouke Mop-
3e — Ponest // Henunreitnas nuaamuka. Mokesck, 2016. T. 12, Ne 3. C. 341-353.

2. Chetverikov A.P., Ebeling W., Velarde M.G. Nonlinear soliton-like excitations in
two-dimensional lattices and charge transport // The European Physical Journal Special
Topics. 2013. Vol. 222, Iss. 10. P. 2531-2546.

3. Kucmanoe A.A. TuckpeTHsiii Opu3ep B IBYMEPHOM MOHOATOMHOM KpPHCTAallIE C
4acToTOi BbhIlIe (HOHOHHOTO crektpa // DyHmamMeHTanbHbIe MPOOIEMbl COBPEMEHHOTO
MatepuanoBenenus. 2011. T. 11, Ne 1. C. 9-12.
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TEHEPAIIUSI BTOPO TAPMOHHUKHA ONITHYECKOI'O
MN3JIYYEHUA N3 KPEMHUSA ITPU COBMECTHOM BO3I!JEI‘/'ICTBI/II/I
OIITHYECKOI'O U TEPATEPLHOBOI'O ITIOJIEA

I0.A. Cepeees, C.b. Foopos, A.1. Kopvimun, A.A. Mypszanes, A.H. Cmenanog

WucruryT npukianuoii pusuku PAH, Hukxunit Horopon
yas@ufp.appl.sci-nnov.ru

C pasBuTHeM TeXHUKH reHepanun TeparepuoBoro (TI'i) u3imydeHus pacum-
psieTcst 0671acTh HAyYHOTO MPUMEHEHUs JaHHOTO JAnana3oHa 4actoT. OqHuM u3
HallpaBJICHUW SIBJISIETCSl HEJMHEMHOE Bo3AelcTBUE MHTeHCHBHOro Tl L-u3myuye-
HUSI Ha BEIIECTBO, B YACTHOCTH C IIEJbIO TUATHOCTUKHU TTOBEPXHOCTHBIX CBOMCTB
00pa3ioB. B HacTosmeil paboTe MpencTaBiIeHbl SKCIEPUMEHTAIBHBIC PE3YIIbTa-
THI 110 TE€HEpaIMu BTOpoi rapMoHukH (BI') onNTHYECKOTO M3IyYeHHUS C MOBEPX-
Hoctu kpemuus (111) npu oHOBpEMEHHOM BO3AE€HCTBUU HA 00pa3ell HHTEHCHB-
HOT'0 KOPOTKOUMITYJIbcHOTO TI I-1oss.

Juist uccienoBanust Obula UCIIONBb30BaHA TUTaH-caripupoBas Jla3epHasi CUC-
TeMa, TeHepHpylomas (peMTOCeKyHIHbIe UMITYNbehl ¢ aHeprueit 0,7 m/Ix, nen-
TpasbHOU JITUHOHN BONHEI 795 HM M uuTensHOCTRI0 70 e, ¢ 9acTOTOMH MOBTO-
pernst 700 T'n. /st reneparmu T O-UMITyJIBCOB HCIIONIB30BATAach TEXHHKA Ha-
KJIOHHOTO (PpOHTa WHTEHCHMBHOCTH B HenmHeiHOoM Kpuctamwie LINDO; [1]. Tene-
pHUpyeMoe M3IydeHHe COOMpPAIOCh W TIEPEHOCHIIOCH TIPU TIOMOIIH TEJIECKOIa, 3a-
TeM (HOKYCHPOBAJIOCH Ha 00pa3ell M0 HOPMAaIH IPH ITOMOIIH MapaboIMIecKOro
3epkana. J{msa ocnabnenus T -mosst ucrons3oBanucs asa T m-nomsspuzatopa.
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Puc. 1. YrioBas 3aBucumocts nHTeHCHBHOCTH BIT (P-monsipusanust): onTuka,
Tl'u-mone, BI'

B xopme skcmepumMenTa Oputa mccinenoBaHa rerepanus BIT mpu pasmndHbIX
coueTaHusAxX nojspuzauuii ontuueckoro u TI'u-uznmyuenuil. Ilpu Bo3neicTBUM
Tl'u-n3myuenus curHan BI' Tex nosspuzanuii, BEKTOp 3JIEKTPUUYECKOIO IOJIS
KOTOpBIX ObLT mapasuiesieH Bekropy TII-1osis, 3HaYNTEIbHO YCHIMBAINCH. Tak,
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JUISL cydas, KOTJa BEKTOpHl aekTpuueckoro noist BI', ontuyeckoil Hakauku u
Tlu-ummynbca ObLIM TEPIEHANKYIISIPHBI TUIOCKOCTH TMaJICHHsT 3JIEKTPOMAarHUT-
Horo m3nmydenusi, curtai BI' Bospacran B 30 pa3. beim uccnenoBanbl 3aBUCHMO-
ctu curHana BI' ot sHeprun ontuueckoro u TI'-UMITyJIBCOB, OT BPEMEHH 3a-
JIEp)KKH MEXIYy HHMH, 3aBUCHMOCTh OT asuMyTanbHoOro yria. Ha puc. 1 mpen-
CTaBJICH IIPUMEp YIJIOBOH 3aBHCUMOCTH. JlIsi OMHMCaHWSA SKCHEPUMEHTAIBHBIX
pe3yIbTaToOB pa3BUTa (HEHOMEHOJIOTMYECKasi TEOPHs I'eHEpaIluu BTOPOH rapmo-
HUKHU OT KPUCTAIUTMIECKOTO 00pasiia KpeMHHUs ¢ yueToM Bozaeiictus T m-moms.

JlutepaTypa

1. Fulop, J.A. Design of high-energy terahertz sources based on optical rectification /
JA. Fulop, L. Pafavi, G. Almasi, J. Hebling // Opt. Express. 2010. V. 18, Ne 12.
P. 12311-12327.

IMPUITIOBEPXHOCTHOE YCKOPEHUE 2JIEKTPOHOB
ITPU CKOJIB3AIIEM INAJEHUU PEJIATUBUCTCKOI'O
JIABEPHOI'O UMITYJIBCA HA TBEPJOTEJIBHYIO MUIIEHb

I.A. Cepebpsixos, E.H. Hepyw, H.FO. Kocmiokog

WuctutyT npuknanHoit ¢usuku PAH, Huwkauit HoBropoa
dms@appl .sci-nnov.ru

B Hacrosmieill paboTe aHAIMTHYECKH U YUCICHHO U3y4YaeTCsl KOH(PUTYpaIys,
B KOTOpOﬁ peJ‘ISITI/IBI/ICTCKI/Iﬁ p—HOJ‘ISIpI/BOBaHHLIf;I J'IaBepHLIfI HUMITYJIBC TTaAacT Ha
IIJIOCKYIO TBEPAOTCIIbHYO MUIIICHD 110/ He60J‘ILHII/IM YIJIOM K HOBEPXHOCTH. I/I3-3a
CYTICPIIO3UIINHN TTAAA0IICH U OTPAKCHHOW BOJIH Y MTOBEPXHOCTH MHILICHH 00pa3y-
eTCsl CTPYKTYpa IIOJIs, pacIIpOCTPAHSIOMAsCS BIOJIh IIOBEPXHOCTH ¢ (ha30BOi CKO-
POCTBIO OOJIBIIIE CKOPOCTH CBETA. PEIITHBHUCTCKOE MEKTPUIECKOE TIOJIE B JAHHON
CTPYKTYPC MOXKCT M3BJICKATh DJICKTPOHBI M3 MHUIIICHH, a TAK)XKE YCKOPATHh X BIOJIb
noBepxHocTd. Eciu yron 6 Mexay HarpaBlieHUEM PaclpoCTpaHEHUs] UMITYJIbCa U
MOBEPXHOCTBIO M (PEKUM «CKOJB3SIIETO MAICHUA»), TO (ha30Bast CKOPOCTE BOJ-
Hbl HE3HAUUTCIIBHO OTIUYACTCA OT CKOPOCTHU CBETA U yJ'IBTpapeJ‘ISITI/IBI/ICTCKI/Iﬁ
OJICKTPOH MOKET HaXOIUTHCA B yCKOpSHOH_[eﬁ q)ase IoJIs1 B TCUCHHUE BPEMCHU, BO
MHOTO pa3 MPEBBIMAIOIIETO MEPHOJ JIA3ePHOI BOJHBI. B pe3ysbTrare 3IeKTpOHbI
MOTYT JOCTUTaTh MAKCHUMAIBHBIX 3HAUCHHH JopeHu-(akropa [1]:
4a,sino
Yimax (0) ® 1+ ——— .
1-cosH
TeOpeTI/I‘IeCKI/I IIOKAa3aHO, 4TO ,I[aHHLII\/'I HpOLIeCC BO3MOXCH IJIA IIHUPOKOro
JAvarra3oHa HAYaJIbHBIX OJIOKEHUI C-)JIGKTpOHOB, B pezynLTaTe Yero 3axsar HpO-
UCXOOUT AJid 3HAYUTEIHLHON 4acTU Z-)JIeKTpOHOB, HU3BJICYCHHBIX U3 HOBerHOCTI/I.
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[TocTpoeHa uucieHHass MOAENb JIBMXKEHUSI YacTHIl MOJI JEHCTBHEM paccMaTpH-
BacMOM CTPYKTYpbI mojis. Pe3ymbraThl, monydeHnsie U3 monenu (puc. 1), moa-
TBEPXKJIAIOT BO3MOKHOCTH JIOCTIDKEHUSI OJHEPTUHM DJIEKTPOHOB, OJNM3KOH K
MC*Yimax, AT IIMPOKOrO JMANA30HA HAYATHHBIX YCIOBHIA. DTO MO3BOISET OXKH-
JaTh 00pa30BaHKE AIEKTPOHHBIX CI'yCTKOB, MMEIOUIMX OOJBLION 3apsin U Hep-
ruto 1o 9B [u1s cymiecTBYIOMNX JIa3epHBIX WHTEHCHBHOCTEH (Ut Gespasmep-
HOM aMIUTUTYIBI JIA3€PHOTO MO 8y = €E / (MCw) mopsiika 1ecsITKOB).

C moMOWIBI0 TPEXMEPHOTO MOJCIUPOBAHUS METOJOM YACTHIl B sSYSHKax
MOATBEPKAACTCS BO3MOXKHOCTD PEANI3alli PAcCMaTPUBAaEMOTO IPOIecca yCKO-
peHHsT B YCIOBWSIX, OJM3KHX K yCIOBHsIM 3Kkcrepumenta [1]. MakcumanbHast
SHEPIUs DIEKTPOHOB JIMHEHHO 3aBHCHUT OT HAIPSHKEHHOCTH MOJS Ja3epa Aaxe
IpH YIBTPAPETATHBUCTCKUX MHTEHCUBHOCTSX (89 mopsiaka 30-50), xors B3au-
MOJICHCTBHE CTAHOBHUTCS CHJILHO HEJIMHEHHBIM, (popMa MOBEPXHOCTH MCKaXKaeT-
Csl M IPUIIOBEPXHOCTHAS! CTPYKTYpa IOJISI CWIIBHO OTJIMYAETCS OT MOJEIBHOM.
Hamnuune manHoro HenmHeitHOro s¢ddekra Takke OTIMYAET paccMaTpUBAEMYIO
3a7a4y OT OJM3KOH 3a7ayd BaKyyMHOTO YCKOPEHHMS 3JIEKTPOHOB B CKPEIICHHBIX
na3epHbIX mMmyabcax [2]. HecMoTpss Ha TO 4TO abCONIOTHOE 3HAYCHUE Ymax
B YHCIICHHBIX DKCHEPHMEHTAX OTIIMYACTCS OT MOZIEIBHOIO MPUMEPHO B 2 pasa
(B ocHOBHOM m3-32 1eOKYCHPOBKHU Ja3€PHOIO UMITYJIbCA U MCKAKCHUS CTPYK-
TYpBI [IOJIS1 IPH HEHUACATbHOM OTPAKCHHH OT HMOBEPXHOCTH), B YHCICHHBIX IKC-
HEePUMEHTaX IOMy4eHbI II0X0XKHE Ha MOJEIbHBIE 3aBUCHMOCTH Ymax OT yIJIa Ia-
JICHUS JIa3epHOr0 UMITyJIbca. B MonmenupoBaHuy HaOMIOZAaeTCs TeHepaLys dJIeK-
TPOHHBIX CTYCTKOB ¢ 3Heprueil 10 1 3B u Gospimm monHbIM 3apsaoM (10
17,5 uKn npu a9 = 55, 4To npuOIM3UTEIBHO Ha 2 MOPSIKA BBIIIE, YeM Xapak-
TEPHBIN 3apsi]l YCKOPEHHOTO CTyCTKa B JIa3€PHO-IUIa3MEHHBIX YCKOPHTEISX Ha
OCHOBE KUJIbBATCPHOW BOJTHBI).

Ymazx (ﬂTn, d), @="7"
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Puc. 1. MakcumainbHBIi TOpeHL-(haKTOp JIEKTPOHOB B MOZEIH B 3aBUCHMOCTH OT UX Hadajb-
HOTO MOJIOXKEHUSI B TIEPHOANYECKOM CTPYKTYPE YCKOPSIFOIIEro mmosts ipu 0 = 7° u 8 = 16
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Panee ¢ mOMOIIBIO YHCIIEHHOTO MOZEINPOBaHUs OBUIO MOKa3aHO, YTO HAarpeB
OJICKTPOHOB IIPU HAKJIOHHOM IMaACHWH JIA3CPHOT'0 UMITYJIbCa MO yIJIaMU IOpsJaKa
30° mpowncxoaut Oosee 3(GHEKTUBHO, €CIIM BOJIM3U TTOBEPXHOCTH NPHUCYTCTBYET
cnoit npeariasmsl [3]. B naHHOW paboTe OATBEPIKICHO MOJOKUTEIBHOE BIUSHIC
MpeIIa3Mbl Ha MaKCHMAJIbHYIO SHEPTHIO 3JIEKTPOHOB M 3apsil T€HEPHPYEMBIX
SJIEKTPOHHBIX CTYCTKOB B PEKHME «CKOJIB3SILIETO MaaeHusD (OpH yriax MaieHus
nopsimka 80°) ¥ TMOKa3bIBAaETCS CYIIECTBOBAHHWE ONTHMAIBLHOM IIOTHOCTH TIPE-
IUIa3Mbl, YTO MOXKET OBITh B)KHO IS SKCTIPHMEHTOB B 3TOH 00JIACTH.

Jlutepatypa

1. Serebryakov, D.A. Near-surface electron acceleration during intense laser-solid in-
teraction in the grazing incidence regime / D.A. Serebryakov, E.N. Nerush, l.Yu.
Kostyukov // Phys. Plasmas. 2017. V. 24. [npunsTo k my6nukauuu B Ne 12].

2. Haaland, C.M. Laser electron acceleration in vacuum // Opt. Commun. 1995.
V. 114. P. 280.

3. Cepebpsixos, /].A. Bnusuue npeapimiryisca Ha 3¢ (GeKTHBHOCTh T€HEpaIly raM-
Ma-U3JIy4eHHs IIPU HAKJIOHHOM MaJICHHH PEISATHBUCTCKOrO MMILYJIbCa Ha INIOCKYIO MH-
wers / JI.A. Cepebpsikos, E.H. Hepyw // Kpant. anexkrponuka. 2017. T. 47, Boim. 3.
C. 206-211.

AHAJIN3 B3AUMOJIEMCTBHUS PUTMOB BETETATUBHOM
PETYJIAAIIMA CEPJIEYHO-COCYJIUCTON CUCTEMBI
Y HAIIMEHTOB BO BPEMS KOMBbI ITPU OCTPOM HAPYIHIEHUU
MO3I'OBOI'O KPOBOOBPAIIIEHUA

E.B. Cuoax®, J.A. Caouuxoé®, P.C. Xambekoe®, E.E. 3eynuna®, b.I1. Bespyuxo®

YCaparosckuit Gumuan MHCTHTYTa pagHOTEXHIKH H YIEKTPOHHKH
umenu B.A. KorenpaukoBa PAH
2CapaTOBCI<I/II71 rocyJapCTBEHHbIH MeIUIIMHCKUN yHUBepcuteT uM. B.W. PazymoBckoro
sidakev@gmail.com

Panee B pabotax [1, 2] Ha OCHOBE aHaIM3a CUTHAJIOB SIICKTPOKAPIHOTPAMMBI
(OKT') u doromnernzmorpammsel (PIIIY) ¢ mOMOIIBI0 METOMOB OIEHKH (Ha30BOit
CHHXPOHU3ALNH KO0Je0aTeJIbHBIX MPOLECCOB MOKA3aHO, YTO MEJUICHHbBIE PUTMBI
BEreTaTUBHOM perymsinuu cepaeuHo-cocyaucron cuctembl (CCC) denoBeka B
HOpME Y JIIOJIeH JUTUTENbHOE BPEeMsl CHHXPOHM30BaHbl Mexay coOoil. B ciyuae
TaKHX MATOJOTHH, KaK ceplieyHas HeIOCTaTOYHOCTh U MH(ApKT MHOKapaa, cTe-
NEHb CHHXPOHHOCTH 9THX IPOLIECCOB CHUXKACTCA, a TIPH YCIICIIHOW peadminTa-
MK BHOBB Bospacrtaer [3, 4]. ABTopaMu 3THX paboT OBUT MPEUTOXRKEH CIIOCO0
OIIGHKH CTENICHH CHHXPOHMW30BAHHOCTH MeIeHHBIX puTMOB CCC, KOTOpBIA MO-
JKET CIY)KUTh MPOCTBIM U JOCTYIHBIM METOAOM JHArHOCTHKH Psiia pa3BHUBAIO-
nmmxcs natojgoruit CCC Ha paHHHUX CTaIHAX.

175



Onnako HanOoJiee CIIOKHBIC NMATOJIOTHH YaCTO MOTYT CONPOBOXKAATHCS TOM
W WHOM CTETICHBIO HAPYIICHHS CO3HaHWs (Hampumep, KOMOH, BBI3BAHHOHN Ye-
PEIHO-MO3rOBOM TPAaBMOW HIIM OCTPHIM HApPYIICHHEM MO3TOBOTO KpOBOOOpaIrie-
Hus). Bo BpeMs KOMAaTO3HOTO COCTOSIHHSI XapakTep B3aHMOJICHCTBHS PHUTMOB
PETYIALUHN CepJCYHO-COCYJUCTON CHCTEMBI WM3MEHSETCS, M Ha CETOAHSIIHHUNA
JIeHb MaJIOM3Y4€H, YTO 3aTPYAHSET MPOTHO3 W MPEBEHTHBHOE JICYEHHE BO3MOXK-
HBIX TEMOJMHAMUYECKUX OCJIOKHEHHH.

JlanHast paboTa MOCBSIIEHa U3YUYCHHIO B3aUMOICHCTBHS MTOJICHCTEM Berera-
TUBHOH pETyJISIIUU YacTOTHI CEPACYHBIX COKPAIIEHHHA M TOHYCa COCYJOB y Ia-
LIMECHTOB BO BPEMS KOMBI, BBI3BAHHOW OCTPBIM HAPYIICHHEM MO3TOBOTO KpPOBO-
oOpareHus.

HccnenoBanue nNpoBOAWIOCH ITyTEM aHAIN3a OAHOBPEMEHHBIX 3aIMCEH CUT-
HanoB OKI' Bo |l crammaptHOoM oTBepeHuu u AByx kaHanoB DI — ¢ mouku
IPaBoOTo yxa W Oe3BIMSHHOTO Majblia MPaBOH PYKH, MOTYYEHHBIX OT MMAIUEHTOB
BO BpeMsi KoMbl. CurHaiibl OblTH MosyueHsl Ha 6ase [lepBoii ropojickoit GonbHU-
sl 7. CaparoBa u BTopoii ropo/ickoii G0NbHUIIEL T. DHrelbCa.

JI1st oueHKM CBSI3aHHOCTH HccienyeMbix mpoiieccoB peryisimuun CCC mo
curHaiaM OKI' u OIII" ucnonp30BaIich METOBI, OCHOBAHHBIC Ha aHaim3e (a3
kosiebannid. [y aroro curnan OKIT mpeaBapuTenbHO MEPECUUTHIBAICA B Pt
RR-unrepBanop — kapaunounteppaiorpammy (KWUI'), 3atem psaer KU u OIIT
(UIBTPOBAINCH B IIOJIOCE YACTOT, COOTBETCTBYIOMIEH pPHUTMaM BETETATHBHOMN
perymsmmn CCC (0,05-0,15 T'n). TTo puisTpoBaHHBIM CHTHAIAM BBOIMIIACH (ha-
3a ¢ MOMOIIbI0 peoOpa3oBanus [ miapbepTa. s OLEHKH HAIPaBIEHHOCTH BO3-
JEUCTBHS UCTIONB30BAIICS METO]I, OCHOBAHHBIN Ha IKCIIEPUMEHTAIBHOM MOJICIIH-
poBauuu (a3oBoil uHAMHKH [5]. [t OLEHKH CHHXPOHHOCTH (ha3 HCIIOIb30BaI-
cs1 koadduieHT (HazoBoit KOTEPEHTHOCTH.

B pesynbrate ananuza curnainoB RR-untepraios u ®OIII" ¢ MoukH yxa ObUIO
II0Ka3aHO, YTO BO BPEMsI KOMAaTO3HOTO COCTOSIHUSI MOXKET COXPAHSTHCS B3aHMO-
JISHCTBHE MEXJIy HCCIEyEMbIMH MOJCUCTEMAaMU PEryJIsiliMK KPOBOOOpaIeHHs,
OJIHAKO HalpaBjeHUE CBSA3M C TEUCHHEM BPEMEHH MOXKET M3MeHsAThes. [Ipu ana-
m3e curHanoB RR-unTepBanoB n ®III" ¢ 6e3bIMIHHOTO Manbla pyKH CBS3H Me-
XKy HMCCIEAyeMbIMH CHUCTEMaMH He OOHapY)KEHO. AHAJIOTHYHBIC PE3YJIbTAThI
OBUTH TIOJYYEHBI AJIS TATH JIPYTUX HMAallMeHTOB, HAXOAAIINXCS B KOME, BBI3BaH-
HOM OCTPBIM HApYLICHHEM MO3TOBOrO KpOBOOOpameHus (MIIEMUYECKHI HH-
CYJIBT).

Pabora BbIMONHEHA P (DUHAHCOBOU MOANEPKKE POCCHHCKOro Hay4HOTrO
¢donma (rpant Ne 14-12-00291).

Jlutepatypa

1. Karavaev A.S. Synchronization of low-frequency oscillations in the human car-
diovascular system / A.S. Karavaev, M.D. Prokhorov, V.l. Ponomarenko, A.R. Kiselev,
V.l. Gridnev, E.I. Ruban, and B.P. Bezruchko // Chaos. 2009. V. 19. P. 033112.

2. Ponomarenko V.I. Synchronization of low-frequency oscillations in the cardiovas-
cular system: Application to medical diagnostics and trestment / Ponomarenko V1., Pro-
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khorov M.D., Karavaev A.S., Kiselev A.R., Gridnev V.l., Bezruchko B.P. // Eur. Phys. J.
Specia Topics. 2013. V. 222, Ne 10. P. 2687-2696.

3. Kucenes A.P. llepcoHanu3anusi oXo/ia K Ha3HAYCHHUIO THIIOTCH3UBHOW TEparuu y
OOJIBHBIX apTepHATIBbHOM THIIEPTEH3MEH HA OCHOBE HHAWBHIYAIBHBIX OCOOCHHOCTEH BereTa-
TUBHOM JUCHYHKIMU cepliedHo-cocyaucToii cucremsl / Kucenes A.P., T'punues B.I., Ka-
pasaeB A.C., ITocuenkosa O.M., [Tpoxopos M.]I., [Tonomapenko B.W., Bespyuko B.IT. //
AprepuansHas runeprensust. 2011. T. 17, Ne 4. C.354-360.

4. Kuceneg A.P. OueHka Ha OCHOBE ONPEENICHUsI CHHXPOHH3ALUN HU3KOYaCTOTHBIX
PUTMOB JIMHAMUKH BET€TATUBHON PETYJISAIUH CEPJCYHO-COCYAUCTON CHCTEMBI NPH MPH-
MeHeHuM Mertonpojona y GonbHbix MBC, mnepenecmnx uudapkr muokapaa / Kucenes
A.P., T'punues B.U., IlocuenkoBa O.M., becrisitoB A.B., dosranesckuii I1.5., [ToroMma-
penko B.U., TIpoxopos M.J., KorenbuukoBa E.B. // Tepanepruueckuii apxus. 2007.
T. 79, Ne 4. C. 23-31.

5. Smirnov D. Estimation of interaction strength and direction from short and noisy
time series/ D. Smirnov, B. Bezruchko // Phys. Rev. E. 2003. V. 68. P. 046209.

MPUJIOXEHUE METOJA ONPEJEJEHUSA KAY3AJBHBIX CBA3EM
MEX/J1Y BPEMEHHBIMU PAJAMM K TEOPUH KJIMMATA:
MOJIEJIb U ITIPUPOJJA

A.A. Craxyn™?, MA. Bepbuykuii*, J{.M. Bono6yes*

! I'nauas (ITynkosckas) oGeepsaropust PAH, Cankr-TlerepGypr
2ApKaneCKm?1 U AHTapKTHYECKUI HayYHO-UCCIICAOBATEIbCKUI HHCTUTYT,
Cankr-IletepOypr
a_skakun@mail.ru

B Tedenue nonroro BpeMeHH MUPOBOM MapagurMon sIBISIETCS MPEIIooxKe-
HHE, YTO TII00aIbHEIC M3MEHEHHS KiMMaTa (OJeCHEHU U MEKIICIHUKOBBS) —
pe3yIbTaT BO3ICHCTBHAS aCTPOHOMHUYECKOTO (DOPCHHTA B KOMIDIEKCE C 3eMHBIMHU
00paTHBIMHU CBS3AIMHU. Tak KaKk MEXaHH3MBI KIIMMAaTHYCCKONH CHCTEMBI 3eMIId HE
OYEBUAHBI, Ha JAHHBI MOMEHT HE IMPEACTABIACTCS BO3MOXXHBIM OIHO3HAYHO
OTBETHTH Ha BOMPOC, B KAKOW Mepe aCTPOHOMHYECKUHN (HOPCUHT SBIISETCS ITyC-
KOBBIM MCXAHU3MOM>» JII 3€MHBIX FJ'IO63J'[I)H])IX l'lpOLleCCOB. PaSJ'[I/l‘lH])Ie KiInuMa-
TUYECKHE MOJIENIM B TOW WJIM UHOM Mepe YCIENTHO BOCCTAaHABIMBAIOT MajJeOKIIH-
MaTHYECKYI0 KapTuHy (CM., Hapumep, 063opsl Saltzman, 2002; Crucifix, 2012),
HO OOIICTIPUHATOTO KPUTEPHs KauecTBa MOJICITH IO CHUX IMOp HE CYIIEeCTByeT. B
JAHHO# paboTe MBI MpeiaracM BBECTH B Ka4eCTBE OJHOTO U3 KPUTEPHEB CHITY
TPUYUHHO-CIIECTBEHHON CBSI3M MEXIY MOJEIbHBIMU KIMMATUYECKUMU BpPEMEH-
HBIMH PSIIaAMHA ¥ WHCOJLIIIMOHHON KprBoi. CHila Takod CBS3M MOXKET OBITh M3Me-
peHa ¢ TIOMOIIBIO TaK HA3BIBAEMOTO METOIa YCIOBHBIX mucrepcuii (Cenys et al.,
1991), KOTOpEIM TMpeIoIaraeT, YTo KaXKIblii BPEMEHHOM DS SBISETCS OIHOM
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U3 KOOPJAMHAT JTMHAMUYECKOW CHCTEMBI, ONHCHIBAEMOW CHCTEMOM HEIMHEWHBIX
YPaBHEHUN, W COAEPXKUT COCTABJSAIONIYIO JETEPMHUHUPOBAHHOTO Xaoca. EcTb
OCHOBAHHMS TIPEJITIONIATaTh, YTO JAHHOE YCIOBHE BBITIOIHICTCS IS MMAICOKIHMA-
TUYCCKUX SMIMPUYCCKUX PSIIOB, ATO MMO3BOJISET UCIOIB30BaTh BEIHUUHY CBSI3U
MEX]Ty HIMU ¥ MHCOJIAIUCH KaK OPUCHTHUD LIS pacueTa CBSI3ei MEXIIy COOTBET-
CTBYIOIIUMH MOJICNBHBIMU PSIaMu W WHcoisnueil. B manno#t pabote MBI HC-
MOJIb30BAM  KIMMATHYECKYI0 MOJICb JICAHUKOBBIX IEPUOJOB IUICHCTOIEHA
(Verbitsky, Volobuev, 2018) Bmecte ¢ 1aHHBIMA O COEPKAHUH W30TOMA KHUCIIO-
pona 18 B popamunndepax (Lisiecki, Raymo, 2005) u comepkanuu aeitepus B
AHTapKTHIECCKOM JIeJsTHOM KepHe cranimu Dnuka (Jouzel et a., 2007). Meron
YCIIOBHBIX JIUCIIEPCUI TOKa3all, 4TO MOJIENIbHbIC KPUBBbIE 00JIaNaloT Ooliee BbI-
PaKEHHON 3aBUCHMOCTBIO OT MHCOJIIIMOHHBIX KPUBBIX, YeM MPHPOIHBIC PSIHL.
B T0 ke BpeMs HICKYCCTBEHHOE JT00aBJICHUE IIIyMa B MOJICIbHBIC PSIbI IIPHUBEIIO
K YMEHBIICHHIO CBA3U MY 3THMH PAAaMu U UHCosime# (puc. 1).

DTOT (PaKT TOBOPUT O TOM, YTO CBSI3b MEKIY SMIIMPHUUCCKUMU TAHHBIMHU U
WHCOJISIIIUEH MOXKET OCHaONAThCSA 3a CUCT HAIMYHS KIMMATHYECKOTO IIyMa.
Kpome Toro, maxe B FOxxHOM monymiapuu Kay3aibHas CBS3b KIUMATHYCCKUX
MepeMeHHbIX ¢ uHcosiuei CeBepHOTo Mmojylnapusi 0ojee CHiIbHAs, YeM C WH-
comsiuert HOkHOTO, KaK B MOJIENBHBIX, TAK U B MPUPOIHBIX KIMMATHYECKUX
pAnax. OTOT GaKT MOKHO OOBSCHUTH 00Jiee aKTUBHBIMHU KOJICOAHUSIMHE OJICICHE-
Hust CeBepHOTO MOJyIIApHsi 3a CUeT reorpa)uueckoil aCMMMETPUH MaTEepHKOB B
MIPUNIOJISPHBIX IIHPOTAX.

07 — 0.7

! 9—8—@ S noise depends on F;
@ - - @S noise depends on F;, K @—@—@ LR04 depends on F,
- 1) NOISE depends on Fy ® @ @LlR04dependsonF,,
0,6 + + +wnoise dependson F,, 06 ==t EPICA depends an F,
+ + +EPICAdependsonF,,
0.5 : 0 \ 05 | I
-5 -4 -3 -2 -1 0 1 -5 -4 -3 -2 -1 0 1
log,(r) log,(z}

Puc. 1. YcnoBHas aucnepcus, OKa3bIBAOIIAs Kay3adbHYIO CBS3b MEXIY HPUPOIHBIMU
(cnpasa) v 3amyMIEHHBIMH MOJENbHBIMU (Ceéa) KIMMATHYECKMMH II€PEMEHHBIMU C
cesepHoil (FS) u toxuoii (FSA) rHCONALMAME
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YUCJEHHOE NCCIIEJOBAHUE BJIMAHUSA DOPPEKTOB
HEI'MPOTPOITHOI'O TEH30PA 2JIEKTPOHHOI'O IABJIEHUSA
HA MATHUTHOE NIEPECOE/IMHEHUE
B JIASBEPHO-IIJIASMEHHOM 3KCIIEPUMEHTE

A Cﬂadkoe‘l‘z, P. CMemz, A Kopofcwwauosl

1I/IHCTI/ITyT npuknagaoi pusnku PAH, Hiwxuuit HoBropon
2JlaGopatopus pusmky masmbl, [lonurexHudeckas wkona, [laneso, Gpanuus

andrey.sladkov1992@gmail.com

SIBIeHME MarHUTHOTO TIEPECOSIMHEHMS MPEICTaBIAeT (DyHIaMEHTATbHBIN
MHTEPEC ISl NCCIIEIOBAaHMs B J1aOOpaTOpHH, MTOCKOJIBKY (pU3MYECKHE MEXaHH3-
MBI, JISKAIE B €TO OCHOBE, /10 CHX ITOP OCTAIOTCS HE A0 KOHIA SCHBI. B Henas-
HHUX JIa3epHO-IUIA3MEHHBIX 3KCHEPHMEHTaX HAOIIOJCHHE MarHUTHOTO IIEpPeco-
€MHEHUs B TIPOCTPAHCTBE MEXIY ABYMsI IUIa3MEHHBIMHU ITy3bIPbKAMH, CO3JIaH-
HBIMH JIa3€pHBIMH UMITyJIbCaMH, 110Ka3ajJ0, YTO CKOPOCTh IEPECOCIUHECHUS Ha-
MHOTO BBIIIIE, YeM JIACT OIICHKA U3 KIIACCHUeCcKOU TeopuH [1].

JanHast paboTa sIBISIeTCSl TEOPETHYECKOH YacThIO SKCIEPHUMEHTAIBHOTO UC-
CJICIOBAHUA MAarHuTHOT'O NEPECOCANHCHUA B na3epH0171 ma3zMme. Kak 61)1.]'[0 IIoKa-
3aHO BO MHOTHX INPEIBbIIYIIHX ITyOJIMKAIMsAX, HETHPOTPONHbIe 3 (eKTs! naBie-
HUS DJIEKTPOHOB UTPAIOT JOMHHUPYIOIIYIO POJIb B MOAJEPKAHUU IIIEKTPUIECKO-
TO TOJ TEPEeCOCTUHEHUS B HEMOCPEICTBCHHOW ONM30CTH OT HEHUTpaTbHOU
X-touku [2]. B o10# paboTe MpeaCTaBICHO JETaJbHOE CPAaBHEHHE PE3YIIBTATOB
YHUCIEHHOTO MOJEJIUPOBAHMS OCCCTOIKHOBHTEIBHOTO MAarHUTHOTO IIEPECOEIH-
HEHUS C Pa3INYHBIMH MOJICIISIMH 3aMBIKaHUS [UISl AaBJICHHS JIEKTPOHOB, B 4acT-
HOCTHU U30TE€PMHUUYECKOM, MOJIUTPOIIHONM U HETUPOTPOIIHOM, OCHOBAHHOI Ha pac-
YeTe HBOJIOIMH TEH30pa JIEKTPOHHOIO AaBJICHHUA 0e3 ydera TEeIIOBBIX d(dek-
TOB (TEIIOBOI MOTOK CYMTAETCS PABHBIM HYII0). MOIEIUPOBaHHE BBIMOIHEHO C
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HCII0JIb30BAHUEM FI/l6pl/I)1HOFO Kozaa, Bepl/l(bl/ILII/lpOBaHHOFO TaKX€ ITIOJIHOCTBIO
KHHETUYECKUM PAaCcuCTOM.

H3oTepMuueckas MOJETb YCTAHABIMBACT TMPSIMYK 3aBHCHMOCTH MEXKIY
CKaJSIPHBIM JIABJICHUEM U KOHILICHTpPALMEW DJICKTPOHOB B 3aJIaHHON Touke P =
NTo. B mosnmrponHoit Monenu penraercst ypaBHeHue rnepeHoca 0:S + Vg0iS = 0 s
SHTPOITHH TIa3MBI, onpeaesieHHoi kak S = IN(PeN™) ¢y = 5/3. B HerupoTporHoii
Mozenu pemaercss ypaBHeHue Buma 0P, = -D — C i mecTd He3aBHCHMBIX
KOMITOHEHT TEH30pa 3JIEKTPOHHOTO JaBIICHHs 0€3 ydeTa TeIUIOBOTO MOTOKA, TIe
tenszop D (driver) omnmceiBaeT 3¢ PeKTh CKUMACMOCTH, KOHBEKIIMH U TPAJIHCHTA
CKOPOCTH DJIEKTPOHHOM kuaAKocTH, Ter3op C (Cyclotron) ommchIBacT AWHAMUKY
LUKJIOTPOHHOTO JBIKCHIUSI SJIEKTPOHOB. Hanudue BHEIHMaroHaIbHbIX KOMIIOHCHT
P obecrieunBaeT moaiepKKy 1mojist epecoeantenus Boausu X-touku (B = 0), rae
E ~ VPJNe, 1 uHEpIHEH 3IEKTPOHOB ~IMe, PE3UCTUBHOCTHIO ~J M BSI3KOCTHIO ~AJ
MOXXHO nipeHeOpedb. To ecTh yueT HErMPOTPOIHOCTH SIBJISIETCSI OAHUM U3 KIFOYe-
BbIX MOMCHTOB JJIs1 OITMCaHUsL 6eCCTOHKHOBHTeJ'H)HOFO MEPEeCOCANHEHUA.

MarHuTHOe MepecOCIUHCHNE H3ydYaeTCs B KOHGUIypalu ¢ HEHTpalbHOU
X-TOYKOW C HAJOKCHHBIM MAaJbIM BO3MYIICHHEM MarHUTHOTO MOJsl. B wcmomnb-
3yeMOM THOPUIHOM KOJIe HOHBI PACCMATPUBAIOTCS KaK HaOOp JAUCKPETHBIX Yac-
THII, a DJICKTPOHBI — B BUJIe OE3MACCOBOW JKHIKOCTH C PA3IUYHBIMU MOJICISIMH
Ui naBieHus. [Ipu 3TOM IUia3Ma CUYMTAeTCsl KBa3HHEHTpambHOU (Ne = N) U B
ypaBHEeHUsIXx MakcBeslia peHeOperaeTcss TOKOM CMEIICHHSI.
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BJIMSHUE ITYMA HA XUMEPHBIE COCTOSIHUA B AHCAMBJIE
HEJIOKAJIBHO CBA3AHHBIX XAOTHUYECKUX JUCKPETHBIX
OCIIMJUIATOPOB

A.B. Cnennes, A.B. byx, B.C. Anuwenxo, T.E. Baousacosa
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Ha ceromnsamHuii 1eHb O XUMEPHBIX COCTOSHMAX H3BECTHO JOCTaTOYHO
MHOT'0, OJJHAKO OCTAaeTCsl OJUH Majo M3ydeHHBINH Bompoc. OH KacaeTcs BIMSHUA
IIyMa Ha BO3HUKHOBEHHE M YCTOMYMBOCTh XUMEPHBIX CTPYKTYp. MOXKHO yKa3aTb

180



JMIb HeOOJBIIOE KOJIMYECTBO PaboT, B KOTOPBIX 3aTparuBaeTcs 3Ta mpodiema.
Tak, B [1, 2] moka3aHO, YTO NIYM YMEHBIIAET BPEMs JKHU3HH METACTAOMIHHON
aMIUTMTYZHOW XUMeEpbl B aHcam0ie rapMOHMYECKHX aBTOreHepaTopoB. Hampo-
THB, KPaTKOBPEMEHHOE IIIyMOBOE BO3J/EHCTBUE OIpEAEIeHHON WHTEHCHBHOCTH
MIO3BOJISICT YBEJINYUTH BPEMsl )KU3HU aMIUIUTYAHOW XUMEpbI, KOTOpasi HabJro1a-
ercss B aHcaMOJIe JIOTHCTHYECKHX OTOOPaKEHHWH M TaKXKe SBISETCS MeTacTa-
6usHoi [3]. B [4] mokaszano, 4To 1IyM CTaGHIM3HPYET BUPTYAIbHYIO XUMEPY B
CHCTEME C 3ala3IbIBaroneli 00paTHoi CBs3bi0. B [5] ommcan ocoOwIil THIT XuMe-
PBI, KOTOpasi BO3HUKAET B aHCaMOJ1e BO30YIMMBIX OCIMILIITOPOB UMEHHO O1aro-
Japs BO3ACHCTBUIO IIyMa ONpENeICHHOW MHTEHCHBHOCTH. TakuM oOpa3oM, pe-
3ynbTaT BIMSHUA LIyMa HA XUMEPHOE COCTOSHHE MOXKET OBITh CYIIECTBEHHO pa3-
JIMYEH B 3aBUCHMOCTH OT OCOOEHHOCTEH aHCaMOJIsl M TUTIA XUMEPHOM CTPYKTYPBI.
Ienbto maHHOW pabOTHI SBJISACTCS MCCIICAOBAHKME BIMSHUS IIYMOBOI'O BO3-
JIEMCTBUS HAa XMMEPHBIE COCTOSIHHS, BO3HMKAIOIIME B aHCaMOJie XaOTHYECKHX
OCLMJUIATOPOB C HEJOKAJIBHBIM B3auMoJielicTBHeM. Kak M3BECTHO, B TaKUX aH-
caMOJISIX C POCTOM CHJIbI CBSI3U HAOJIIONAETCS MEPEXO0Jl OT COCTOSHHS HEKOre-
PEHTHOTO Xaoca K TOJIHOH XaOTHYECKOW CHHXPOHHU3ALNH, CONPOBOXKAAIOIINICS
(bopMUpOBaHHEM XUMEPHBIX CTPYKTYD JBYX THIIOB, Ha3BaHHBIX B [6] da3zoBbiMu
1 aMIUIMTYAHBIMU XUMepaMu. B paMkax aHHOH pabOTHI MPOBEIECHO HCCIIEn0Ba-
HHUE BIMAHUS IIyMOBOTO BO3JIEHCTBHSI Ha 00a yKa3aHHBIX THIIAa XHMEP B OIHO-
MEpHOM aHcaMOJIe HeNOKAJIBHO CBSI3aHHBIX AUCKPETHBIX OCLMILIATOPOB Pukepa.

Pabora BeInosiHeHa ipu noyiep kke rpanta PH® Ne 16-12-10175.
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3AXBAT U IIEPEMEINEHUE MUKPOYACTHII B XUIKOCTHU
C UCITOJIb3OBAHUEM 3AKPYYEHHOTI'O YJIBTPA3ZBYKOBOI'O
ITYYKA

C.U. Conosves, B.I". Anopees

MockoBckuii rocyiapcTBeHHbIN yHIBepcuTeT M. M.B. JlomoHocoBa
adress 2009@mail.ru

Pa3BuTHe OMOTEXHONOTHMHA M MEIULMHBI CTUMYJIHPYET HCCICIOBAHUS IO
pa3paboTKe U CO3AHUIO HOBBIX METOJOB MAaHUITYJHPOBAHHS OHOJOIMYECKUMHU
MHKpoOOBekTaMu (KiI1eTKamu) 6e3 MEXaHHYeCKOro KOHTaKTa ¢ HuMu. Ilepcmek-
TUBHBIMH HAaIIPABJICHUSMHU B 3TOW OOJACTH SIBISIOTCS ONTHYECKHE M aKyCTHYe-
CKH€ THMHLETHI, KOTOPBIC MMO3BOJLIIOT 3aXBaThIBaTh U YICP)KUBATh MHUKPOOOBEK-
ThI 6€3 MPSAMOTO MEXaHHYIECKOTO BO3AeHCTBHUsI. ONTHYECKHE MUHIETHI CITIOCOOHBI
pa3BUBaTh CHIIBI MOPSIIKA JI0JICH HAHOHBIOTOHA M 3aXBATHIBATH MPO3pPAYHbIe 00b-
€KThl pa3sMepoM IOpsAAKa MUKPOHA. AKyCTHYECKHE MUHLETH [0 NMPUHLMUIY pa-
0OTBI CXOJHBI C ONTHYCCKMMH, HO UMEIOT Psii OCOOCHHOCTEH. AKYCTHYCCKHE
MHUHIETHl MOTYT OBITh HCIOJB30BaHbBI JJIS MAHUIYJIHPOBAHUS HEIPO3PaYHbIMU
00BEKTaMH B ONTHYECKH HEMPO3payHbIX cpeaax. [10CKOJBbKY paaualiioHHas
CHJIa CO CTOPOHBI BOJIHBI NPSIMO IPOINOPIHMOHATFHA WHTEHCHBHOCTU BOJIHBI U
0o0paTHO MPOMOPLHOHANBHA CKOPOCTH €€ PACIpOCTPaHeHUs B Cpele, TO IpU
OJMHAKOBOI MHTEHCHBHOCTH CHJIA, pa3BHBacMas aKyCTHYECKUM IMHLETOM Ha 5
MOPSAKOB PEBOCXOIUT CUITY, CO3JaBaeMYI0 OITHYECKUM IIMHLIETOM.

Jns 3axBaTa M HepeMeleHHs] MUKPOYAaCTHL] B IIPOCTPAHCTBE CO3MACTCs 3a-
KPYUYCHHBIH aKyCTHYECKHUI My40K, HA OCH KOTOPOro 00pasyeTcsi MUHIMYM aKy-
CTHYECKOTO JaBieHHs. [ CO3[aHus TaKOro Iy4YKa H3IydYaroliue dIEMEHTHI
pacrosararotcss Ha KOHHYECKOH MOBEPXHOCTU MO KPYry CHMMETPHYHO OTHOCH-
TENbHO LEHTPA, M aKyCTHYECCKUE BOJHbBI, U3IIyYaeMbIC COCCIHUMH DIICMEHTAMH,
cABUHYTHI MO (a3e Ha (GUKCHPOBAHHBIA yroj. Paauyc ocHOBaHHUS KOHyca, Ha
KOTOPOM PacHoIokeHbI npeodpaszoparenu 40 MM, BBICOTa KOHYca 23 MM, THAMETP
Kaaoro npeodpasosarens 14 mm, tommuHa 2 mm. Yactora usnydenus 1,07 MI'n
BEIOMpaachk BOJM3H Pe30HAHCOB OTIETBHBIX ITBE30peoOpa3oBaTeiei.

VYAIpTpa3ByKOBO# 3aKpYUCHHBIH IMy9YOK C TOIMOJOTHYECKUM 3apsmomM M = 1
co371aBaJICs MpHU cABHUre (a3 BOJIH, W3Ty4aeMbIX OT COCEAHHX Iap mpeodpa3oBa-
teneit, pauoM 90°. [Ipu cnBure ¢as, paBHom 45°, nosjHoe uzmMeHeHue Gasbl Npu
obxone Bcex mnpeobOpaszosareneii cocrapiser (20°, 4TO COOTBETCTBYET TOIOJIO-
THYECKOMY 3apsiy M = 2. 3HaK TOMOJIOTHYECKOTO 3apsia MEHSETCS Ha MPOTHBO-
TMIOJIOKHBIN ITPY M3MEHEHUH HaIPaBJIeHUs 00X0/1a B JIEBYIO CTOPOHY.

Meroznom uHTerpana Pames Obu10 paccuMTaHo pacrpezeneHne aKyCTHIeCKo-
rO JaBJICHHS JAQHHOTO M3Iy4YaTells B MPEIOKEHHON KoH(burypauuu. Pacmpene-
JIeHHE KOeOaTeIbHONH CKOPOCTH Ha TIOBEPXHOCTH KaXOTO M3 U3INIyYaTeNei Cuu-
TaoCh PABHOMEPHBIM. B 001acTh Ha OCH M3ITydaTeNs OMEIIAIHUCH ChepruuecKue
qacTuIbl ¢ motHOCTEI0 1080 Kr/M® i pasmepamu 170 Mk 1 90 mMxm. Hauboree
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riyOoKasi MOTEHIHAIbHAS Ma (POPMUPYETCS BONM3M ocu mydka. J[as OIeHKH
BO3MOYKHOCTH yJIepyKaHHsI YaCTHIl B IIOTEHIMAIBHON sMe Oblla pacCYMTaHa MaK-
CUMaJIbHAsl CHJIa, He Jarollas 4acTHUIlEe MOKUHYTh 30HY JIOKAILHOIO MHHHUMYyMa
MOTeHIIMAIbHOM Hepruu. Ha puc. 1 mokasaHo pacrpeieneHust MOLy/Isl pajna-
IUOHHOM CHJIBI, ACHCTBYIOMICH Ha YacTuIly paguycoM 170 MKM B IUIOCKOCTH,
MEPHCHANKYIJISIPHOW OCH MyYKa M PACHONIOKEHHOW Ha paccrossHuu 50 MM ot
BEpPIIMHBI KOHyCa. DTy IUIOCKOCTh Oy/eM Ha3bIBaTh IIEHTPAIbHOM, TaK KaK Ha
YKa3aHHOM PACCTOSIHUM OCH BCEX M3Iydarelieil mepecekarorcs. PaaunanmonHast
CHIIa Ha MOPSIIOK [TPEBOCXOAUT CHITY TSXKECTH JAHHOM YacTHIIbI, TAKUM 00pa3oM,
yactuna paauycom 170 mxm u mnotHocteio 1,08 rlem®, Haxonsmasics B Bone,
MOXeT ObITh y/IepKaHa B MOJIe U3IydaTels.
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Puc. 1. OnnomepHoe (a) u gBymepHoe (6) pacrpeneieHre MOLyJs paJualiOHHOM CHITbI
(B HBIOTOHAX), ACHCTBYIONIEH Ha YacTHIy paanycoM 170 MKM B IIEHTpabHO# IJIOCKOCTH.
PaccrosiHne Ha rpaduKax NpUBEIEHO B MIJUTIMETPAX

BenmuuHa pagnanoHHON CHJIBI 3aBHCHT OT aMIUIMTYABI IABJICHHS HA OT-
JeTBHBIX TIpeodpa3oBatelsix. B ciydae, korana Bce nmpeoOpa3oBaTeld U3Iy4aroT
BOJIHBI OJIMHAKOBOM aMIUTUTY[bI, B 00JIaCTH HA OCH IydYKa C IOIEPEUHBIM U IIPO-
JOJNBHBIM pa3Mepamu nopsaka 1 u 10 MM COOTBETCTBEHHO, BO3MOXEH 3aXBaT U
ylep)KaHue MOJUCTHPEHOBBIX YACTHIl C pa3MepaMH B J0iu MM. s aToro am-
IUITY/a KoneOaTeIbHOH CKOPOCTH Ha IIOBEPXHOCTH IIpeoOpa3oBaTeseil 10KHa
obiTh mopsiaka 0,1 m/c. Tloka3aHo, YTO Takue YCIOBHS H3IydYECHHS MOTYT OBITh
CO3JIaHbl B PACCMOTPEHHOW KOHCTPYKIIMHU H3IIydarelis yTeM 11o0opa aMILTUTY-
JIbI BO30Y KJAFOIIETO HAIPSKEHHS.
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ABTOMATHYECKHWI1 AHAJIN3 TAHHBIX KAJIBIIUEBOT O
UMUKUHTA ¥ ET'O IPUMEHEHHME /U151 IOMCKA HEfiPOHHBIX
CHEIAATA3ALIAN

B.I1. Comcxoel'z,ﬂ.B. KOHcmaHmuHoel, B.B. Hmocmml, O.A. H@Jze@az,
K.B. Anoxun®®*

! Mockosckuii (HU3UKO-TEeXHMYECKUIT HHCTUTYT (rOCYIapCTBEHHbINH YHUBEPCHTET)
2MockoBckuit rocyaapcTBeHHbI yHUBepcuTeT uM. M. B. Jlomonocosa
®HawyoHalbHbIHA HCCIIEI0BATEILCKHH neHTp «KypuaroBckuid HHCTHTYT», MOCKBa
4I/IHCTI/ITyT HOopMaibHOU ¢pusunonorun uM. [1.K. Anoxuna, Mocksa
vsotskov@list.ru

OI[HOﬁ M3 CaMbIX BAXHBIX 3a/la4 HAYKH O MO3I'C ABJIACTCA IMOUCK B3aMMOCBSI-
3el MeXAy HEHUpOHHOW aKTHBHOCTBIO M MOBEACHHEM >XUBOTHBIX. ONTHUECKUI
KaJIbLUEBbIH UMH/DKUHT TTO3BOJISIET OJHOBPEMEHHO PETHCTPUPOBATH B MOJBHK-
HOM >KMBOTHOM aKTHUBHOCTH OOJBIINX IOMYJISAIUA HEeWpoHOB. J[ns 3TOTO HC-
MOJB3YeTCsl MPHUHIMITHAIBHO HOBBIM ITOAXOA — MHHHATIOPHBIH MHKPOCKOII
NVista HD maccoii 2 T, MOHTHPYEMBIi HEMIOCPEACTBEHHO HA TOJIOBY MBIIH [1].
OnHaKko perucTpUpPYeMBIii TaKUM 00pa3oM CHTHAJI COIEP)KHT MHOXKECTBO IIy-
MOB, U BBIJICJICHUE OTAEIbHBIX HEHPOHOB U UX JUHAMHKH SIBISIETCS] JOCTATOYHO
Tpynoémkoii 3anaueii. B Hacrosmeit pabote aBTOpaMu mpeayiaraeTcs KOMILICKC
IPOTPAMMHBIX PEIICHHUH, MO3BOJISAIONIMX AHAJU3UPOBATh MOJOOHBIA CHTHAl B
ABTOMATUYCCKOM PEIKUME, a TAKIKE CUMHXPOHU3HUPOBATH €0 C JaHHBIMU BUACO-
TpekuHra. B yacTHocTH, pa3paboTaHHbIC PEIICHHS T03BOJISIOT:

— KOPPEKTUPOBaTh apTe(akThl ABWKEHUS M BBIPAaBHUBATH PA3IMYHBIC CEC-
CUM ChEMKH 110 pe)epeHTHOMY Kalpy;

— B IOJIHOCTBIO aBTOMATHYECKOM PEXMME M3BJIEKATh T'€OMETPHUECKHE Me-
CTONOJIOJKCHHUSI aKTUBHBIX HEHPOHOB, a TAK)X€ 3aBUCUMOCTH MX aKTUBHOCTEH OT
BpeMeHH («CIIempl»);

— aBTOMATHYECKH NPOW3BOIUTH COPTHUPOBKY H3BICUEHHBIX CJIEIOB, OT-
(GuUIBTPOBBIBATH apTE(aKTHI;

— JIETEKTHPOBAaTh 3HAYMMBIE COOBITHS HEHPOHAIBHOM aKTUBHOCTH (KasbIue-
BbI€ CIIAHKH);

— CHHXPOHU3UPOBATH JIaHHbIE HEHPOHHON aKTHMBHOCTH C JaHHBIMH BHJIEO-
TPEKUHTa,;

— CErMEHTHPOBATh ITOBEJCHHE >KUBOTHOTO HA OTAEIBHBIC MOBEICHUECKHE
aKTBHI,

— COOTHOCHUTH HEHpPOHAIbHBIE CITAKH M MOBEACHYECKHE aKTbl, ITOJICUUTHI-
BaThb CTaTUCTHKY HEHPOHAIbHON aKTUBHOCTH;

— BH3YaJIM3UPOBATh MOJTyYeHHBIC JaHHBIE HA rpadiKax U JuarpamMmax.

BermenepedncienHbIe TOAXOABI Oy IyT UCTIONB30BAHBI IS BBISIBICHUS KOP-
PENSATUBHBIX CBA3EH MEXy NTOBEJCHUEM MBIIIN U aKTUBHOCTBIO KJIETOK MECTa B
XoJle 00CIeI0BaHMs MBIIIBI0 HOBOW JUI HEE 0OCTAHOBKH. DTO MO3BOJIUT BBISC-
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HHUTH, KAK UMCHHO OTIACJIBHBIC aKTbl HUCCJICAOBATCIILCKOI'O IMMOBCACHUSA o6ycnaB-
JIMBAIOT NPOCTPAHCTBCHHYIO CIICHUAIN3AlINIO KIIETOK MECTA, YTO ABJIACTCS BaXK-
HBIM (I)yHI[aMeHTaJ'H)HBIM BOIIPOCOM, PCIICHUE KOTOPOTro CITIOCOOHO MPOJINTH CBCT
1 Ha YHUBCPCAJIIbHBIC MCXAaHU3MbI KOTHUTUBHOM CliICmuajInM3alnun HeﬁpOHOB.

JlutepaTtypa

1. Ghosh K.K., Schnitzer M. J. Miniaturized integration of a fluorescence microscope
// Nature Methods. 2011. V. 8. P. 871-878.

KOJUVIEKTUBHASA JUHAMUKA CETH HEOJHOPOJHBIX
HEN30XPOHHBIX OCHHUJIJIATOPOB

C.A. Cybbomun

Hwmxeroponckuii rocyaapctBeHHbIid yHuBepeuteT uM. H.M. JIo6aueBckoro
WucruryT npuxitaguoi ¢pusuku PAH, Huwkxanit Hosropox

Sergey_subbotind5@mail.ru

IIpencraBneHsl pe3yabTaThl UCCIECAOBAHMS KOJUIEKTUBHOW AUHAMMKHU CETH
HCOAHOPOAHBIX HCU3OXPOHHBIX OCHUILIATOPOB. BSaHMOHeﬁCTBMe MCXKIY OCHUII-
JIATOpaMU MPOUCXOAUT IMOCPECACTBOM JIOKAJIbHBIX CBﬂ3eﬁ, 3aBUCAIINX OT pasHO-
CTH OIHON M3 NEPEMEHHBIX OCHWILIATOPOB. IIpH OTCYTCTBHM CBSA3€H KaXabIi
OCHMJUIATOP B 3aBHCHMOCTH OT YIPABILIOIIETO IapaMeTpa MO0 HaXOJUTCS B
IIOKOe, KOTOpOoMY Ha (pa30BOIl IIOCKOCTH COOTBETCTBYET COCTOSHHE PaBHOBE-
cusi, MO0 COBEPIIACT HEM30XPOHHBIE MEPHOAMYECKHE KOJIeOaHHs, COOTBETCT-
BYIOIIHE YCTOHYNBOMY TIPEACIHHOMY IHKIY, BOSHHKAIOIIEMY B pe3yibTare Ou-
(dypKaIuu MeTNIN CemapaTpuchl cero-y3na. HeogHoponHoCcTs aHcaMOIst ¢op-
MHUpyeTcs Omarofapsi CIydaifHOMY BBIOOpY KOHTPOJIBHOTO Tapamerpa, yIpas-
JISIOILEro AMHAMUKOW MHAUBUIYAJIIBHOTO OCLUIIIATOPA.

st rayccoBa pacnpenesieHrss KOHTPOJIBHBIX MapaMeTPOB OCLUIUIATOPOB B
3aBUCHMOCTH OT Ko duirenTa cBsI3u MeXy HUIMH BO3MOXXHA NPUHIUITHAIEHO
pa3nnyHasi KOJUIEKTUBHAs TUHaMKKa. HanOonpnmii MHTEpeC MpeacTaBiseT pe-
MM TIPOCTPAHCTBEHHO-BPEMEHHOro Oecropsinka. B aToM pexume JuHamMHKa
KaK OTJEJFHOTO OCLIUUIATOPA, TaK W JUHAMHMKA CPEJHMX IO aHCaMOJIo mepe-
MEHHBIX SBISIETCA HEPErylspHOH. OTOT pEeXHUM CYLIECTBYET B JOCTaTOYHO
OOJIBIIOM JIMANa30HEe MapaMeTPOB CBS3U, U €My COOTBETCTBYET KOJUICKTHBHAS
CIallKoBasi aKTUBHOCTh CETH.

JlutepaTypa

1. Nekorkin, V.I., Velarde, M.G. Synergetic phenomena in active lattice : Springer-
Verlag, 2002. 357 p.

2. Shdll, E. Synchronization patterns and chimera states in complex networks: Inter-
play of topology and dynamics// Europ. Phys. J. Specia Topics. 2016. V. 225. P. 891-919.
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MOJEJIUPOBAHUE ITUHAMUKU PA3ZBUTUA
OTPUHATEJIBHOI'O CTYHEHYATOI'O JIMAEPA MOJIHUU

A.A. Coicoed”, 1. Hydqu‘z, C.C. ﬂaebzdeﬂkol’z, B.A. Paxoe™

1I/IHCTI/ITyT npuknanHoi ¢usuku PAH, Hwxauit HoBropox
2HI/I)KeF0pO,Z[CKI/II7[ rocynapcTBeHHsbli yHuBepcuteT uM. H.J. JlobaueBckoro
Yuusepcutetr @nopunsl, ['eitnesuut, CLIA
zaratustrann@yandex.ru

YK€ OKOJIO COTHHM JIET U3BECTHO, YTO OTPHLATENbHBIN JUIEP, B OTIUYHE OT
MOJI0KUTETBHOTO, PACTET HE HENPEPBIBHO, a CTYNIEHYAThIM 00pa3oM, yIIHHSICh
MOCPEenCTBOM 00beMHBIX JnaepoB [1]. [IpuunHbl JaHHOW aCHMMETPHH, KaK U
¢u3KKa mporecca BOSHUKHOBEHHS TPOCTPAHCTBEHHBIX CTEMOB, IMOTEHIIUAIBHBIX
3a4aTKOB IIPOCTPAHCTBEHHBIX JIUIEPOB, 10 CUX MOP HesAcHBI. HenocTaTouno usy-
YEHBI TaKKe MPOIECCHI, MPOMCXOAAIINE BO BpeMsl (OPMUPOBAHHS CTYIIEHH OT-
PHULIATENBHOrO JUEPA.

B nanHoit paboTe BriepBble, HACKOJIBKO U3BECTHO aBTOPaM, ObLIO MPOBEICHO
MOJIETTMPOBAHUE PA3BUTHS CTYIICHYATOTO OTPUIATENFHOTO JHJEpa MOJIHUHU C
YYETOM BO3HHWKHOBEHHS PACTYIIMX C IPOCTPAHCTBEHHBIX CTEMOB CTPHMEPOB
00enx MONAPHOCTEH M WX MOCIEAYIOMETO MPEBPALICHUSI B MIPOCTPAHCTBEHHBIE
nuaepsl. B OCHOBY MOJIENH MOJI0KEHbI BEPOSATHOCTHBIN MOJXOJ U yYEeT acuM-
METPUU Pa3BUTUS MOJOKUTEIBHBIX M OTPULATENBHBIX CTPUMEPHBIX Pa3psiIOB.
Mopenp BHEpBBIE YUUTHIBAET BPEMEHHYIO HBOJIIOLUIO MPOBOAMMOCTH U 3JIEK-
TPUUECKOTO TOJIA pa3psIHBIX KaHaoB. [Ioka3zaHO, YTO CTyNEHUYaTHI XapakTep
pacnpocTpaHeHHs OTpHULIATENbHBIX JIHACPOB CBA3aH C aCUMMETpHEH XapakTep-
HBIX TIOJICH Pa3BUTHSL MOJIOKUTEIBHBIX U OTPHLATEIBHBIX CTPHMEPOB U odecIe-
YHMBAETCS TTOJIEM 3apsi/ia, BBIHOCHMOTO BIUIyOb MPOMEKYTKA CTPIMEPHON KOPOHOM
OTpHUIIATENBEHOTO JIjiepa U (opmupyroliero gexoin ero 3apsina. [Ipoanannsuposa-
Ha BPEMEHHAs! HBOIIOLUS MNIEKTPHUUECKOTO MO U MPOBOAUMOCTHU pa3psAAHBIX Ka-
HAaJIOB, OTBEYaromast (JOPMHPOBAHHIO CTYIIEHH OTPHUIATEIHHOTO JIHAEPA.

HanbGonee coneprxaTenbHble HA HACTOSIIMNA MOMEHT JAaHHBIE BBICOKOCKOPO-
CTHO# ChEMKH OTPHLATEIBHOTO Jiuaepa MonHuu [2, 3], ZeMOHCTpupyomme Ka-
HaJlbl HE TOJBKO OCHOBHOTO, HO M MPOCTPAaHCTBEHHBIX JHUAEPOB, MO3BOJISAIOT T0-
BOPHTH O BBICOKOH CTENEHH MOPQOIOTHIECKOTO CXOACTBA MEXIY MOJETEHBIMU
U HaTYPHBIMH MOJIHUEBBIMH Pa3psiIaMH.

Jlutepatypa

1. Schonland, B.F. J. The Lightning discharge // Handbuch der Physik. 1956. V. 22.
P. 576-628.

2. Petersen, D.A. High-speed video observations of a natural negative stepped |eader
and subsequent dart-stepped leader / D.A. Petersen, W.H. Beadey // JGR: Atmospheres.
2013.V.118. P. 12,110-12,119.

3. Qi, Q. High-speed video observations of fine structure of a natural negative
stepped leader at close distance/ Q. Qi, W. Lu, Y. Ma, L. Chen, Y. Zhang, V.A. Rakov //
Atmos. Res. 2016. V. 178/179. P. 260-267.
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KBA3BUCTATHYECKUE IMTPEABECTHHUKMU JIABEPHBIX
NMITYJbCOB B 3JIEKTPOOIITUYECKHUX KPUCTAJLTAX:
MOJAEJb-UT'PYIHIKA

C.A. Couyeun, M.U. Baxynos

Hwmxeroponckuii rocyaapctBennsiid yausepeuret uM. H.1. JIo6aueBckoro
ssychugin@gmail.com

K omunM u3 Hambonee «ropsunx» MPUKIATHBIX HCCIEAOBAHHNA B 00JacTu
TeparepuoBoil (OTOHUKH B TMOCICIHHE TOJbl MOKHO OTHECTH «HACTOJIBHOE»
YCKOPEHHE YacTull, CBEpXObICTPOE YIIpaBIeHHEe MarHUTHBIM MOPSIKOM B Bellle-
CTBE M HEJMHEWHYIO TepareploByl0 CHEKTPOCKOMUIO. J[JIs Takux MPUIIOKEHUIA
HCO6XOI[I/IM])I SKCTPEMAJIBHO CUJIBHBIC TEPArc¢puOBbLIC MOJIA C HANPAKCHHOCTBIO
6ompmie 1 MB/cMm. Hanbosee 3¢ ¢ekTHBHbIC «HACTONBHBIE» HCTOYHHUKH Tepa-
TepIOBOTO M3IyYeHUs] OCHOBAHBI Ha SIBICHUH ONTHYECKOTO BBINPSIMIICHHUS MOIL-
HBIX (DEMTOCEKYHIHBIX JIa3€PHBIX MMITYJIBCOB B 3JIEKTPOONTHYECKUX KPHCTAJ-
nax, Takux kak ZnTe, GaP wiu LiNbO;. I[Ipu HeoO6X0auMoi B TaKKX MpPOLEccax
BBICOKON MHTEHCHUBHOCTH ONTHUYECKON HAKAYKH, OJJHAKO, HAUMHAET UTPATh Hera-
TUBHYIO POJb MHOTO(OTOHHOE MOTJIOIICHHE, KOTOPOE HPUBOIUT HE TOJIBKO K
HCTOICHUIO HAKAYKH, HO U K T€HEePAIUi CBOOOIHBIX HOCUTEIEH, MOTJIOMIAIOIINX
TeparepuoBbie BoiHbBI. [ToaTOMy (oTOreHepanusi HOCHTENEH paccMaTpUBACTCS
0OBIYHO KaK HeraTUBHBIH 3 deKT it TepareplioBoii reHepaIyu.

B HemaBHO omy0smkoBaHHON padote [1], omHako, GBUTO TOKAa3aHO, YTO T'eHe-
panus CB06OI[HI)IX HOCHUTEJEH B YCJIOBUAX MHOFO(l)OTOHHOFO IIOIJIOIICHUS HaKay-
KA MOXET NPHBOAWTH K MO3UTHBHOMY 3((EKTy — IeHepalii KBa3UCTaTHYECKUX
AJIEKTPHYECKOTO M MAarHUTHOTO IOJIEH, PACIIPOCTPAHSIONMXCS BIEPEIH Ja3epHOTO
UMITyIIbca. VICTOUHMKOM KBa3HCTaTUYECKOTO MPEIBECTHHKA SBISIETCS BCIUIECK TOKA
POXXIEHHBIX HA (GpoHTE (HOTONOHM3ALNN HOCUTENEH MPH NX YCKOPEHHUH SJIEKTpHYe-
CKHM TOJIEM, COTTPOBOXKIAIOIIMM HETMHEHHYTO TOJSIPU3ALIMIO B KPHCTAILIE.

HccenoBanne 3¢ dexta reHepalun MpeaBecTHUKOB B padote [1] 66110 mpo-
BemeHo Merogom FDTD B pamkax (omHOMEpHO#) MOIeIH HEOTPAHHYEHHO IITH-
pOKoOro nazepHoro mny4ka. JlaHHoe mpuONMKEHHE HE TO3BOJSET HCCIESI0BAThH
BJIMSIHUE TOTEPEYHOr0 pa3Mepa Mmyyka Ha (OPMUPOBAHUE MPEBECTHHUKA, a pa3-
paborka 2D-FDTD-kopa siBIsieTcs CJI0KHOM, PeCypcOeMKOi 3a1auei.

MsI npeuiaraeM 37€ch IPOCTYIO IBYMEPHYIO MOJIENb-UIPYIIKY, B KOTOpOU
JBIDKEHUE (POHTA POXKICHUS M YCKOPEHHS HOCUTENIEH 3aMEHSIETCSl AUCKPETHBIM
MMpOCTPaHCTBEHHO-BPEMECHHBIM PaCpPCACIICHUEM 3a/laHHbIX TOKOB.

CyTtb Mozenu nosicaseT puc. 1. Bnosb ocu Z ¢ marom Az pacroioKeHsl mo-
JIOCHI MIMPUHON d, Ha KOTOPBIX MOCIEA0BATENbHO, Yepe3 Bpems At = AzZ/V (V —
IPYIIOBasi CKOPOCTh JIA3EPHOT0 HUMITYJIbCA) BKIFOUAIOTCS TOKH, HAMPABJICHHBIC
BIOJIb ocH Y. Co3aBaeMble TOKAMH HOJISL paclpoCTpaHsIoTes ¢ (Pa3o0BOi CKOpo-
CTBIO HU3KOYACTOTHBIX BOJIH B KpHcTajlle. TOK Ha KaXJIOH 10JIOCE BBIKIIIOYACTCS
4yepe3 BpeMsi T, paBHOE JUTUTEILHOCTH JIA3EPHOTO UMITYJIbCa.
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Puc. 2. MOMEHTaIbHBIE CHUMKH 3JIEKTPHYECKOTO MOl B MOMEHTHI Bpemenu 6 1ic (a),
18 ric (6), 30 e (8) mpu d = 1 mm u T = 500 e
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1. Bakunov, M.1. Optically generated terahertz pulses with strong quasistatic precur-
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HEI'AYCCOBA CTATUCTUKA UYNCJIA YACTHILL
B BJIN3KOM K OJHOPOJHOMY KOHJIAEHCATE BO3E-T'A3A

C.B. Tapacos

WucturyT npuknanHoit pusuku PAH, Hmwxauit HoBropox
serge.tar@gmail.com

Jlokian MOCBAIIEH MCCIIEIOBAHUIO CTATUCTUYECKOTO PAaCIpEAEICHUs Jrcia
4JacTHLl B 003e-KOHJEHCATE B TEPMOJIMHAMHUUYECKOM paBHOBecuu. IlokazaHo, 4To
JUISL JIOBYIIEK C OBICTPOPACTYIIMMM 3HAYEHHSIMU OJJHOYACTUYHBIX 3HEPIUil 3Ta
CTAaTUCTHKA MOXET XapaKTEPHU30BAThCSI AHOMAIBHO OOJIBIION JUCTIEPCUEH U SIB-
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JISeTCS CYIECTBEHHO HErayCCOBOM Kak JJIi ME30CKOIHMYECKHX CHUCTEM, TaK U
IpH Iepexojie K TepMoanHaMuyeckoMy mpeaeny. Ilpu atom usydaemoe pacmpe-
JIeJIEHUE BEPOSITHOCTH OKA3bIBAETCS UYBCTBUTEIBHBIM K TOHKHUM H3MEHEHUSIM
CIIEKTpa, KOTOPHIE HE MEHSIOT BBICOKODHEPreTHMUYECKYI0 aCHUMIITOTUKY ILIOTHO-
CTH COCTOSIHUH, HallpUMep, K N3MEHEHHSIM IPaHUYHBIX ycioBuid. O0CyxKnatoTces
T€OMETPUYECKHE CBOWCTBA M BO3MOXKHOCTH CO3/IaHMS JOBYIIEK, TPEOyEeMBIX JUIA
MIPOBEJCHUS HKCIIEPUMEHTOB 110 M3YYEHWIO BIISHUS TPAHUYHBIX YCIOBHI Ha
CTaTHUCTHKY YacTHI] B 003e-KOHICHCaTE.

WNpeanbublii ra3. [{ns1 uaeanbHOro rasa, yIep:KHUBaIOIIErocs B ME30CKOIIU-
YEeCKOM JIOBYIIKE, (QYHKIIMSI pACIPEeIICHHE YKCIa YaCTHI[ B KOH/ICHCATE U BHE
€ro BBIYHCIICHA CTPOTO BO BCEH 00IaCTH MapaMeTpoB (BKITIOYAs U KPUTHIECKYIO
oGacth (ha3oBOro mepexojia) B paMKax KaHOHHYECKOro ancamOist (MOJHOe Yuc-
JIO YAaCTHIL 331aH0) C MPUMEHEHHEM METOJIa «00PE3aroLIei» CBSI3H U peodpazo-
Bauusa Oypbe — Memuna [1]. TTokazaHo, 4To MpU TEMIIEpaTypax 3aMETHO HHKE
KPUTHYCCKOW XapakTepUCTUIecKas (DYHKIMS W BCe KYMYJISIHTBI IPEICTaBHMEI
KaK CYMMBI BKJIAJIOB OT OTJCIBHBIX OJHOYACTHYHBIX YHEPTETHUCCKUX YPOBHEU.
Eciu ¢ pocTOM KBAaHTOBOTO YHKCIIA 3HEPIMH PACTYT MEAJICHHO (Harmpumep, Jiu-
HEWHO), TO MHOTO YPOBHEH OKa3BIBAOTCS 3aCEICHHBIMH U ITOTOMY BHOCSIT CYIIE-
CTBCHHBII BKJANl B CTaTUCTUKY — B PE3yJbTAaTe BBHIMONHSAIOTCS yCIOBHS IICH-
TPaTbHON TPENeNbHOW TEOpPEeMbl W TOIHOE YHCIO YACTHIl HaJ KOHICHCATOM
OMHCHIBAETCS TAYCCOBBIM paciipeie/iecHueM. B mpoTHBOIIOIOKHOM ciydae OBICT-
popacTymiero crekTpa, HampuMep s KBaJApPaTHYHO PACTYIIETO CIEeKTpa B
TpeXMEpHOMN 3a/1a4e, yCIOBHUs NPUMEHUMOCTH LIEHTPAIbHON MpeAeabHOM Teope-
MBI HE BBIITOJHEHBI, TAK YTO CTATHCTHKA CYNICCTBEHHO HErayCcCOBa U OMpPEICs-
€TCs B TICPBYIO OYEPElb HU3KOIHEPTCTUUCCKAMH YPOBHIMH.

Cuia6o B3aumopeiicTByromuii ra3. McciaenoBanue CTaTUCTUKUA B KOHJIEHCA-
Te cllabo B3aUMOCUCTBYIONIMX YACTHI[ IPOBEICHO IS CIydasl pa3BUTOrO KOH-
JeHcara (To ecTh Ul TEMIIEPaTyp MOpPsIKa MOJOBUHBI KPHUTHYECKON U Ooiiee
HU3KHX) B paMKax H3BECTHOTO moaxoma boromoGosa. IIpu 3TOM B raMuibTO-
HUAHE CHCTEMBI, KBaJpPaTHYHOM II0 ONEpaTopaM pPOXICHUS M YHHUYTOXKCHHS,
oTepaTop 9YMClIa YaCTHIl B KOHJCHCATE 3aMCHSACTCS Ha €r0 CcpelHee 3HA4YCHHE.
[TockonbKy MOJIHOE YKCIIO YacTUI] B ccTeMe (DMKCHPOBAHO U 3aJIaHO, 3TO CPe-
Hee B JaJbHEHIIeM HeOOXOIIMO COTIIacOBaTh CO CIIEKTPOM KBAa3MUYACTHUIl, KOTO-
PpBIif OMUCHIBacTCst ypaBHEHMSIMH Boromo6osa — jie JKena (a moToMy 3aBHCHT OT
CpeHe# MIOTHOCTH KOHIEHCATa) M B TO JK€ BPEMsI 3aJ1aeT paclpeeeHue Yrucia
YaCTHII KaK BHE, TaK U B caMoM KoHJieHcaTe. CyIleCTBEHHBIM OTJIMYUEM OT CITy-
Yasi UACATBHOTO Ta3a, O0YCIaBIMBAIOIIUM CJIOKHOCTh 3aadyd, 3/1€Ch SBIACTCS
TO OOCTOSTENHCTBO, YTO MATpPHUIlA IUIOTHOCTH CHCTEMBI SBHO 3allACHIBACTCS B
TepMUHAX OMEPaTOPOB KBA3UYACTHII, @ HE UCXOAHBIX YAaCTHULl, CTATUCTUKA KOTO-
PBIX UCCIIeTy€eTCS.

Yka3zaHHYIO PoOIeMy yIaeTcsl pa3pemunTh B puOmmkeHnn Tomaca — Dep-
MU JUIS CITydasi IPaKTUIeCKHA OJHOPOTHOTO KOHACHCATa, 3aKII0UYCHHOTO B 00be-
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M€ MPOU3BOJIBHOM (GOPMBI (JOBYIIKH caMOi pa3HOM (OPMbI CTAaHOBSATCS BCe 6O-
Jiee TOMYJSIPHBI MTPU TIPOBEICHUH dKCIiepuMeHTOB [2]). B Takom ciyuae cBsi3b
OIepaToOPOB YKCJIA YACTHI] M KBA3UYACTHI] CTAHOBUTCS BIIOJIHE 0003puMOii (mpe-
obpaszoBanue boromoOoBa 3aTparuBacT COBMECTHO JIMIIb ONHY HJIM JBE OJHO-
YAaCTHUYHBIC HEOJEThIE MOJBI), YTO MO3BOJISET MOJYYUTh XaPaKTCPUCTHUCCKYIO
(bYHKIHIO TS TIOJHOTO YKCIIa YaCTHI[ BHE U B KOHAeHCaTe [3] U BBIMUCIHUTD Ca-
MH PaCIIpe/ICNICHUs U BCE UX MOMEHTHBIC XapaKTEPUCTUKH.

[Tpu 3TOM B pexKUME YMEPESHHBIX TeMmreparyp (Opu KOTOphIX (pakuus He-
CKOH/ICHCHPOBAHHBIX YAaCTHI] ONPEACISACTCS B OCHOBHOM TEMIIEPaTypHBIMH (-
(exTamu, a HE KBAHTOBBIM HCTOIICHHEM KOHJCHCATa) yOAeTCs SBHO MOKAa3aTh,
YTO WCKOMAs CTaTUCTHKA YAaCTHUII ONPEACIACTCS KBaAPATHYHO PACTYIIMMH SHEp-
TeTHYCCKUMH YPOBHSAMH OJHOYACTHYHBIX COCTOSHHH JIOBYILIKH, a HE JHHEHHO
pactyuMi (B HH3KOIHEPTeTHYECKOM MpE/eNie) SHEPrusMH KBa3HYACTHII.
B urore pacmpeje/ieHHe MOJHOTO YKCIIA YaCTHI[ B KOHACHCATE B MPUCYTCTBUH
c1aboro B3aUMOJCHUCTBHUSI MKy aTOMaMH OKa3bIBaeTCsl HErayCcCOBBIM (110100~
HO CITy4aro MCATbHOIO Ta3a U 110 TeM ke NPUYMHAM) U YyBCTBUTEIBHBIM K BO3-
MYIICHHUSIM CIIEKTPa M M3MCHEHUSAM TPAHUYHBIX YCIOBH.

Jlutepatypa

1. Tarasov, SV. Universa scaling in the statistics and thermodynamics of a Bose-
Einstein condensation of an ideal gas in an arbitrary trap / S.V. Tarasov, V.V. Kocha
rovsky, VI.V. Kocharovsky // Physical Review A. 2014. V. 90, Ne 3. P. 033605.

2. Gaunt, AL. Bose-Einstein Condensation of Atoms in a Uniform Potential /
A.L. Gaunt, F.T. Schmidutz, I. Gotlibovych, R.P. Smith, Z. Hadzibabic // Physical Re-
view A. 2013. V. 110, Ne 20. P. 200406.

3. Kocharovsky, V.V. Condensation of N bosons. 111 / V.V. Kocharovsky, VI.V. Kocha-
rovsky, M.O. Scully // Physical Review A. 2000. V. 61, Ne 5. P. 053606.

BJIMAHUE BHYTPEHHEI'O ITYMA HA COCTOSHUSA «XUMEPBI»
B CBSI3AHHBIX AHCAMBJISAX KYPAMOTO

U.B. TIOJZbKuHal, 1.C. szc)o6unl‘2, A. IMuxosckuit®

1I/IHCTI/ITyT MexaHuku cruomHbix cpen YpO PAH, Ilepmb
2HepMCKH171 roCy/1apCTBEHHBIM HAIIMOHAJIBHBIA UCCIIEI0BATENbCKUIA YHUBEPCUTET
SUniversitét Potsdam, Germany
irinatiulkina95@gmail.com

Jlis ancaMOieit (ha30BBIX OCIUILIATOPOB, TIOAYHHSIONINXCS YPAaBHCHUSM BUJIa
(i)k = Qk + |m(2h(t) eﬁllpk) y (1)
rae @k 1 O — daza u cobcTBeHHAs YacToTa K-To OCIIILIATOPa COOTBETCTBEHHO,

h(t) — mpousBonsHast pyHKIMs BpeMeHH, pazButa Teopust Otra — AHToHCeHa [1].
Oka3bIBaeTCsl, AMHAMUKA TUIOTHOCTH PACHIPEICICHUs COCTOSIHII W((y,t) 0bmama-
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€T OECKOHEYHBIM YHCJIOM WHTETPAJOB JBIKCHHS M OINPEAEISIETCS CIUHCTBECH-
HBIM AuGdepeHINaTbHBIM YPaBHEHHEM IIEPBOTO HOpSAAKA Ul KOMIUICKCHON
MIepeMEHHOM.

[Toctpoenue Teopuu Bo3mymieHuil it Teopun Otra — AHTOHCeHa (U ee
00061eHne, Teopusi Batanadbe — Ctporariia) ajst ¢1aboro HapyIIeHus CBONCTB
CUMMETPHH IIPEACTaBISET OTPOMHBIN MHTEpEC, HO OKa3bIBAeTCs MpoOIeMaTHd-
HBIM B 001IeM ciy4ae [2].

Teopusi Bo3MyLleHU# AJIsl cIy4asi BHyTPeHHero umyma. Bmecre ¢ tem
MPENCTABISIOT HHTEPEC YaCTHBIC ciydan HapymeHus Buaa (1). TakoBbIM sIBIIs-
eTcsl Ciry4ail aHcaMOJIsl OCHMIIISITOPOB C BHYTPEHHHUM IIyMOM. BHyTpeHHHH mym
MIPUBOAUT K MEIJICHHOMY CIHSIHHIO KJIACTEPOB — OJHOKJIACTEPHBIE PEKUMBI JTU-
HaMHKH, OJIU3KHE K TaKOBBIM B Teopuu OTTa — AHTOHCEHA, OKa3bIBAIOTCS IPH-
TSATUBAIOIINMH, U BMECTE C TE€M JUISI HUX MOXXET CTPOUTHCS TEOPHST BOSMYIIICHHUMH.
B pabote ynaercs pa3BUTh TEOPUIO BO3MYIIECHHUH JUIs aHCAMOIISI OCIMIUISITOPOB

P =y +Im(2N(t) €7%) + £, (1), 2
rJie € — aMIUIITYia BHYTpeHHETo InyMa, Cy(t) — HOpMUPOBAHHBIA WHINBUYaIlb-
HbII BHYTPEHHHUI IIyM C MaJIBIM BPEMEH aBTOKOPPEIAIIUH;

+o0
(GG E+1)) =8 (Cu (DL (t+1)), I_w (GO, (t+t))dt =2. ©)
Omnucanre AMHAMHUKA Tlapamerpa mopsimka Z = <eXp(igy)> tpebyer mis 3a-
MBIKAHHS ydeTa JHHAMHUKH mapamerpa Q = <exp(i2¢)> — Z2, koTopsiit o6paria-
eTCsl B HOJIb JUIsl OJIHOKJIACTEPHBIX COCTOsIHMI B Teopuu OTTa — AHTOHCEHA W
OIHCBIBAET CTENCHb €€ HAPYIICHHS. B HTOre MOXXHO MOTYYHTh Pe/lyIAPOBAHHBIE
yPaBHEHUSI IUHAMUKH CHCTEMBI

2=([iQ-y+e>)Z+h-h*(Z2%+Q), Q=(i2Q0-2y—4h'Z-4¢*)Q—-2¢2Z%, (4)
rae  — cpeHsiss 4acToTa M Y — HIMPHHA PacrpeiesieHne 4acToT (Ui 4acToT

npennonaraercs pacmpexaenenue Jlopenia). CynecTBeHHO, YTO THHAMHKA CTa-
HOBUTCSI IUCCUITATHBHOIA.

Cocrosnus «xumepb» B ancamoaax Kypamoro. Bocnons3yemcs ypasHe-
HusiMd (4) A7 MCCIIeMOBaHUS BIHMSHUS BHYTPEHHETO IIyMa Ha BO3HHKHOBCHHE
COCTOSIHMH «XHMEPBI» B IBYX CBA3aHHBIX aHCaMOJISX OCHMILIATOPOB

bk =0+ 2 Kg N sin(g, ; —0qy — 1) (5)
(3mecy s=1,2 u Ng — yncno ocumuiATopoB B ancambie S). s cucremst (5)
paHee ObLIa IOKa3aHa BO3MOXKHOCTb COCTOSIHMH, KOT/Ia OZMH aHcaMOJIb IOJIHO-
CTBIO CHHXPOHH30BaH, a aTTPaKTOpaMH JUIsl JMHAMHUKU [TapameTpa HopsiKa BTO-
poro ancam0Jst SBISIFOTCS (B 3aBHCHMOCTH OT [IAPaMETPOB CBs3eit) 11b0 KoJte-
0aHWs, CHHXPOHU30BAHHBIC C TIEPBBIM aHCAMOJIEM, MO0 KBA3UIIEPHOIMUCCKIC
kosebanus [3]. [Toxxe st ATOH ke CUCTEMBI OBLIO MOKA3aHO, YTO €CIIH Havallb-
HOE COCTOSHHS BTOPOTO aHCaMOJIsl He SIBJISETCS] OAHOKIACTEPHBIM, TO B CUCTEME
peaNTn3yIOTCs IPYTHE PEXKUMBI THITA «xumepa» [4].
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B nacrosieit pabote B cuctemy (5) BBoauTcs BHyTpeHHHH myMm. Kak moka-
3aJ1 aHAJTU3, BBEICHUE IIyMa MPUBOIUT K TOMY, YTO OJHOKIACTEPHBIC COCTOSHHUS
BTOPOr0 aHCaMOJIsi OKA3bIBAIOTCSI PUTATUBAIOIIUMH: CHCTEMa MPUXOIUT K HUM
JlaXKe MPU MHOTOKJIACTEPHBIX HAYallbHBIX COCTOsIHUSIX. Ha ocHoBe peaykuun (4)
JIMHAMHUKA CHUCTEMBI C OJJHOKJIACTEPHBIMH COCTOSHUSIMH MOXKET OBITh OITHCAHa
CHUCTEMON ypaBHEHUI

Z,=(io-2)Z,+h -h (Z2+Q), Q=(i20-4e®-4h'Z,)Q —2:°Z7Q,
Zy=(i0-£3)Zy+h,— B3 (Z2+ Q). Q=(120-4® - 40Z,)Q, - 2:°22Q,, (©)

rae hS = O,S(Kslzl + KQZz)e_ia, K“ = K22 > O, K12 = K21 > (. YucneHHbI cyeT
JUTSL TIOJTHOM CHCTEMBI YpaBHCHHUI M CHCTEMBI (6) MOKa3bIBaET XOPOIIYIO TOY-
HOCTB 3TOTO MPHOIKECHUS.

Xots BBeneHne ciadoro myma € < 0,01 cymecTBeHHO M3MEHSET THHAMUKY
CHCTEMBI, TOCKOJIBbKY IPUBOJIUT K «BBIMAPAHUIO» MHOTOKJIACTEPHBIX COCTOSIHHH,
OJIHOKJIACTEPHBIE COCTOSHUS OCTAIOTCS MPAKTUUYECKH HEM3MEHHBIMH. Y Belnde-
HHUC ]_HyMa BCICT K yMeHbU_leHI/IIO npenenbﬂmx OUKJIOB U HOCHe[lleLHeMy npe-
Ban_leHI/llO HUX B CTaLII/IOHapHI)IC TOYKH.

Pabora BrmonmHeHa pu moanep:kke rpanta [pesunenta Poccuiickoit dene-
paumu Ne MK-1447.2017.5.

JlutepaTypa

1. Ott, E., Antonsen, T.M. Low dimensional behavior of large systems of globally
coupled oscillators // Chaos. 2008. Val. 18. Art. 037113.

2. Vlasov, V., Rosenblum, M., Pikovsky, A. Dynamics of weakly inhomogeneous os-
cillator populations: perturbation theory on top of Watanabe-Strogatz integrability //
J. Phys. A: Math. Theor. 2016. Val. 49. Art. 31LT02.
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1I/IHCTI/ITyT obmelt puzuxu um. A.M IIpoxoposa PAH, Mocksa
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doToHHbII HayuHbIH HeHTp Tokuickoro yHusepcutera, Snonus
7I/IHCTI/ITyT (OTOHHOI HAYKH U TeXHUKH TOKHHACKOTO YHHBEpcHTETa, SImoHus
alOHAJbHBIN UccaeJ0BaTeIbCKUM sepHbli yHUBepcuTeT MU DU, Mocksa

ushakov.a eksandr@physics.msu.ru

OmHMM U3 KIIOYEBBIX HAIlPaBICHUH HCCIENOBAHMH J1a3epHO-TUIA3MEHHBIX
uctouHrKOB TeparepiioBoro (TII) u3mydeHus SIBISIETCS M3y4YEHHE BBIXOIHOTO
npocTpaHcTBeHHOro pacnpeneieHus Tli-msnydenus [1]. OcoGblit mHTEpecC
npejacTapisier uccaenoanue TIL-u3mydeHus:, pacpoCTPAHSIOIIErocs Mo yr-
nom 6m3kuM K 90° U Goliee OTHOCHTENBHO ONTHYECKOW ocH [2]. B manHOit pa-
60Te MBI cOO0IIaeM O MEPBOM SKCHEPHUMEHTAIFHOM HAOIIOIEHUH TepareprioBo-
IO  W3JIyYCHHS, PACIPOCTPAHSIOMIETOCS W3  ABYXYACTOTHOW  Ja3epHO-
WHIYLHMPOBAaHHOW IUIa3MBI B HAIPABJICHUH OOpPaTHOM PaCIPOCTPAHCHHUIO IBYX-
YaCTOTHOTO M3JY4CHHUS HAKaYKH.

[t reHepaly ONTUYECKOTO M3JIyYeHHUs HCIIOb30Balach Ja3epHas CHCTe-
ma Adtrella (Coherent Inc., USA) ¢ wacroroit cnenoBanus umimyiascoB 1 kI,
ueHTpanbHoi unHO# BosHbl 800 HM, sHeprusi ummyisca 2,7 MK, UTeh-
HOCTH MMIyITbca 35 e, mmamerp mydka 10 MM o ypoBHIO € . J1st HanGobIIeit
spdexktuBHOCTH TeHepauuu TIU-u3iydeHHs] BBIXOJHOE J1a3epHOE H3JIyueHHE
npormyckanock uepe3 kpuctamut BBO (7x5%0,4 mm, | tun cunxponusma, 10 %
3¢ deKTUBHOCTh TPeoOpa3oBaHus), IIACTHHKY-KOMIEHCATOp U (a30BylO ILIa-
CTUHKY (SBILSIFOLIYFOCS TIOTYBOJHOBOM JUTSl MEPBOI TAPMOHHUKU U BOJHOBOM st
BTOpOM) ¢ mocneayrouieil GokycupoBKol MapaboIMYeCKHM 3epKajioM ¢ (oKyc-
HBIM paccTOsHUEM 2 JoUMa U quameTpom 2 moima. [Ipu takoit pokycupoBke
HMITYJIECHI TIEPBOM M BTOPOM FAPMOHUK OBUTH COBMEIICHBI [0 BPEMEHH U PO-
CTPaHCTBY, a MOJSPH3ALIMU TAPMOHHK JIMHEHHBIMH M KOJUTHHEAPHBIMH.

I'enepupyemoe B npsiMmoM HampasiieHud TIL-u3nydeHHe KOIMMUPOBAIOCH
1 (POKYCHPOBAIOCH C MOMOIIIBIO ABYX JHH3 TSUrupica c auamerpamu 5 cm u do-
KycHbIMH pacctostausiMA 10 cm B aneptypy aerextopa omest (Tydex GC-1P).
MexaHUYECKUI MOAYJATOP C 4acToTod momyysauuu 15 ' coBMecTHO ¢ CHH-
XPOHHBIM JIETEKTOPOM HMCIOJIB30BAJICS JUIsi CHHXPOHHOTO JieTeKTHpoBaHus. [1na-
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ctuaka | TO (okcu 00Ba JTOMUPOBAHHBIA HHIMEM) BCTaBISUIACH B MYYOK IO
yriom 45° k majaronieMy Imydky 10 mapaboIMuecKoro 3epKaiia sl peruCTPaIiu
TT -u3myuenHust, pacrpocTpaHsIOMEerocss B 00paTHOM Ma/laloIeMy OITHIECKOMY
W3TyYeHHIO0 HampaieHuH. [laHHas tulacTuHKa oTpaxaia Tl m-usmydenne u
IIPOITyCKaja ONTHYECKOe M3lydeHne. BHocHMast 3a1epiKa MexX 1y TapMOHUKAMH
U 9UpH B IIPOIyCKaEMOE M3IydEHHE KOMIICHCHPOBAJINCH C TOMOIIBIO TUIACTHH-
KH-KOMIIEHCATOpa U KoMrpeccopa Jtazepa. [locne otpaxenus ot mwractuaku | TO
Tl u-usnyuenne (HOKyCHpPOBAIOCH C MOMOIINBIO JIMH3BI TSUrUpica ¢ (OKYCHBIM
paccrostaneM 5 cMm B getekrop lormes. s mpomyckanust B metexTop lomes
Tonbko TIHI-u3iydeHus, pacHpoOCTPaHSIOUIEroCsl B NMPSIMOM M OOpaTHOM Ha-
MIPaBJICHUSX, IIepe]] TMH3aMH CTaBUJIach Te()IOHOBAs IUIACTHHKA, OTCEUBAOLIAs
onTuueckoe U mpomyckaromas TIi-mnydenue. C 1eibio IpeaoTBpaIleHus: Bo3-
MOKXHOI'0 OTPaXCHUA TFLI-I/ISJ'ly‘leHI/IH OT OINTHYCCKHUX DJDJICMCHTOB H3MCPCHUA
Tl u-u3nyueHuns, pacnpoCTPaHSIIONIErocsi B MPSIMOM U OOpaTHOM HaIpaBJICHUSX,
MIPOBOMIINCH HE3aBUCHMO JIPYT OT JIpyTa C U3BJICYCHHEM ONTHYECKHX HJIEMEHTOB.

B xozme aKcriepuMEHTOB OBUIM IOJYYEHb! 3HAYCHUS CPEJHEH MOIIHOCTH
TT -n3mydeHns, pacpOCTPaHSIONIErocs B IPSIMOM U 00OpAaTHOM HalpaBIICHHSX.
Oru BermuuHbl coctaBmi 1,2 u 0,04 uBT cootBeTcTBeHHO. C ydeToM BKJIaaa OT
MOTJIOLICHUSI Ha PA3IMYHBIX ONTHYECKHX 3JIEMEHTaX IPH PaCHpPOCTPaHECHUH
Tl'u-u3mydeHus: COOTHOLIEHHWE MO MOIMHOCTH Tl 'L-u3nmydyeHus, pacmpocrtpa-
HSFOIIIETOCS B TIPSIMOM M OOPAaTHOM HAIPAaBJICHHsX, COCTaBIIO ~25/1.

st onMcaHust yriioBol auarpaMmbl HanpasiieHHocTd TIn-usiydenus w3
JIByXYaCTOTHOH JIa3epHOM TIa3Mbl MBI HCITOJIb30BAIM MTPOCTYI0 UHTEp(hEepeHII-
oHHyI0O Mojens [3]. B Hamem ciydae MOXHO TPEJCTABUTH JBYXYaCTOTHYIO
IUIa3My Kak JIMHEHHBIH HaOOp MOHOXPOMAaTHYECKUX HIIOJIbHBIX HCTOYHUKOB.
Pesynbrar MHTEpdEpEeHIMH HU3IIydeHUS OT TAaKMX HCTOYHHKOB M (HOPMHpPYET
JUarpamMMy HamnpaslieHHOCTH TII-u3iydeHus. B mpenmnosiokeHWd O TOM, 4TO
LEHTpaJbHas JUIMHA BOJHBI H3yudeHust coctapisier 300 mxm (wacrora 1 TT'n) u
JutnHa riazMenHoro kanana 200-260 MM, 4TO coriacyercs ¢ HabIr1aeMbIMU B
9KCTIEPUMEHTE BEIMYMHAMH, COOTHOIICHNE 10 MomHOCTH T1 I-m3mydenns, pac-
MIPOCTPAHSIOMIETOCS, B IPSMOM M OOpAaTHOM HANpaBJICHHSX, TAKKE OKa3aloch
CXOKHM C TTOJTy4aeMbIM B 3KCIICPUMEHTE.

Jlutepatypa
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RV., Makarov V.A., Shkurinov A.P. Angular distribution of the terahertz radiation inten-
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T'EHEPAIIA BUXPEBOI'O ABKEHUA BOJTHAMHA
HA MIOBEPXHOCTH BOJbI

C.B. Qunamos, [{.A. Xpamos, M .FO. bpaxcuuxos, A.A. Jlesuenxo

WuctutyT ¢usuku tBepaoro tena PAH, UepHoromnoska
fillsv@issp.ac.ru

JlaBHO W3BECTHO, YTO NPH MHTEHCUBHOM BOJIHOBOM BO30Y)KJICHMH Ha I10-
BEPXHOCTH JKUIKOCTH TaKXKe 00pa3yrOTCs BUXPEBbIC TCUCHUS. BUXpeBble TeUCHUS
IIBITAIMCH ONMCATh KaK CPEIHIO0 BeNMMUuHY Jpeiiha CToKca, BO3HUKAIOLIETO MPH
BOMHOBOM ABIkeHHU [1]. OnHAKO M3MEPEHHs MOKA3BIBAIM, YTO BUXPH MMEIOT
CKOPOCTH B HECKOJIBKO pa3 OoJIblIle, 4eM BO3MOXKHO H3-3a apeiida Crokca.

B pa6ote [2] 6bLIO MOKA3aHO, YTO BHXPEBOE IBHKEHHE BO3HHKACT TPH
B3aMMOJICHCTBHY JIBYX BOJIH, PACIPOCTPAHSIONIUXCS IMOJ YIIIOM APYT K APYTY.
B pa6orte [3] Obl1a mocTpoeHa TEOPETHUECKAs MOJENb, OOBSICHSIONAs BO3HHUK-
HOBEHHE 3TOH 3aBUXpeHHOCTH. COrjIacHO 3TON MOJAETH, IPU OTHOCUTENBHO Ma-
JBIX aMIUINTyJaX BOJH €CTh JBa MEXaHH3Ma, OTBETCTBEHHBIX 3a TE€HEpaIUIo
BUXPEBOM CTPYKTYpHI: MepBbIi — npeiid CTokca U BTOPOH — HENMHEHOE B3au-
MOJICHICTBHE BOJH B BSI3KOM Mojcnoe. (s ABYX NEpHEeHAUKYJISIPHBIX CTOSYUX
BOJIH MOJIEJNIb JJAET CIEAYIOIIEE paclpeielieHue 3aBUXPEHHOCTH Ha IOBEPXHOCTH
BOJEI:

Q=(2++2)A, 0
A = HHyoksin(p)sin(kd) sin(ky), ©
rie Hy u Hy — ammiutynel BOdH B MEpHEHINKYIAPHBIX HANpaBICHHSX,

® — YTJI0Bas 4acTOTa BOJIHBI, K — BOJHOBOM BEKTOp BOJIHBI Ha MOBEPXHOCTH, a
( —pa3HOCTb (a3 MeXIy KoIeOaHUSIMH CTOSYHUX BOJIH B Pa3HbIX HAIIPABICHUIX.

DKcnepruMEeHTaNbHOE HAOIIOJCHUS ATOH BUXPEBOM CTPYKTYpPbI Ha rpaBHUTa-
LIMOHHO-KAIIMJUIIPHBIX TTOBEPXHOCTHBIX BOJIHAX Mpou3Boawiiock B BanHe 70 Ha
70 cM ¢ yacToTOM BO30YKICHHBIX BOJH ¢ auanazone 2—10 [

Takum 00pazoM, UMEIOTCS JIBa ClIaraeMbIX, TeHEPUPYIONINX PEIIETKY BHX-
peii. [Ipuaem ecnm 3aBUXpeHHOCTH M3-3a Jpeiida CTOKca BO3ZHHKAET MTHOBEHHO
IpU BO30YXKICHUH BOJIH, TO T€HEPALMsl BUXPEBOIO IBM)KCHHUS B BA3KOM IOJICIIOE
TpeOyeT BpeMeHu. OHAKO Jake HaXOXKAECHHE 3TOr0 MEXaHW3Ma He Jajio KO-
YEeCTBEHHOT'O COOTBETCTBHS MEXIy TeOpHel U 3KkcrepuMeHToM. J{is Gonee To4-
HOTO COOTBETCTBHUS HEOOXOIMMO €llle YUUTHIBATh IJIEHKY, KOTOpas MOXXET o0pa-
30BBIBAaTBhCS HAa IIOBEPXHOCTH BOABL Tak Kak BOAa JOBOJBGHO WHTEHCHBHO IIO-
TJIOLIAeT BEIeCTBa, HaXOIIUECs B BO3yXe, TO Yepe3 HEKOTOPOe BpeMsl Iociie
TOTrO, KaK BOJa OblIa HAJIUTA B OKCIIEPUMEHTAJIBbHYIO BaHHY WM SYEHKY, Ha ee
HOBEPXHOCTH 00pa3yeTcsi TOHKas IUIeHKa, KOTopasi 00J1a/laeT yIpyrocThio U Me-
HSIET pacrpe/esieHne CKOpOCTel B BOJIHE.

OTnenbHbIA MHTEpEC MPEICTABISET BOIIPOC paclpeeieHus o IIyOrHe 3a-
BHUXPEHHOCTH BUXPEBOH CTPYKTYpHI, CTCHEPUPOBAHHON B3aUMO/ICHCTBIEM BOJIH.
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CornacHo TeOpEeTHUECKO MOJIETH B YCTOSIBIIEMCS] COCTOSIHUM 3aBHCUMOCTD 3a-
BUXPEHHOCTH PELICTKH BUXPEi, BO30YXK/ICHHOW MEPIeH/IUKYJIIPHBIMHI BOJHAMH,

OIUCHIBAETCSI CYMMOM JBYX DKCIIOHEHT Q:A(exp(—Zkh)+f *exp(—x/ikh)).

[epBast SKCTIIOHEHTa COOTBETCTBYET BKIaay M3-3a apeiida Crokca, Bropas xe —
3aBUXPEHHOCTH, IPOHUKIIEH B TIIyOMHY M3 BSI3KOTO Mojcios. [ skcnepruMeH-
TAJILHOT'O M3MEPEHUS 3aBUXPEHHOCTH B TITyOHHE JKHIKOCTH HCIOJIB3YETCS METO-
JIMKA JIA3ePHOTO JINCTA: JIa3epHBIA Iy pa3BOPAauMBAaETCs B INIOCKOCTh, KOTOPOU
MIOICBEYMBAIOTCS IEKOPUPYIOIIME YACTHYKK HEWTpPaNbHON ILIaBYy4eCTH, MOMe-
LIEHHBIE B 00BEM JKUAKOCTH. MEHssI BEICOTY JIa3epHOTO JIMCTA, MOXKHO H3MEPSTh
3aBUXPEHHOCTh HA pa3HOW IiyOuHe. Takum o0pa3oM M3MEpeHO M3MEHEHHE 3a-
BUXPEHHOCTH PELISTKH BUXpeH 1o ITyOuHe.
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®OPMUPOBAHUE ATTOCEKYH/IHBIX UMITYJIBCOB
B AKTUBHOM CPEJIE INIASMEHHOI'O PEHTTEHOBCKOI'O
JIABEPA, MOJYJIUPOBAHHOM JIASEPHBIM ITOJIEM
OIITUYECKOI'O TUAITAZOHA

uprp. Xadpyﬂuul’z, B.A. Anmonoe®®, O.A. Kouaposckas®

leKeropoacxnﬁ rocynapctBeHHbli ynusepcuret uM. H. U. Jlo6aueBckoro
2I/IHCTI/ITyT npukitagaoit ¢pusuku PAH, Hwxauit HoBropon
SI/IHCTI/ITyT oOmeit puzuku um. A.M. IIpoxoposa PAH, Mocksa
*Texaccknit A&M yrnusepeurer, Komnemx Creiims, CLIA
lias 1 5@mail.ru

KorepeHTHbIe MHTEHCHBHBIE ATTOCEKYHAHBIE HMITYJIbChl PEHTI€HOBCKOIO
U3JTyYeHUS! OTKPBHIBAIOT IIMPOKUE BO3MOXKHOCTH JUIS M3Y4YEHUs] CBEPXOBICTPO
BPEMEHHOW TMHAMUKH U MPOCTPAHCTBEHHOH CTPYKTYPbl MUKPO- U HAHOOOBEKTOB
B XMMHHM, OMOJOTHH, MEIMIMHE M MAaTepHAIOBEICHUM Onarojaps YHUKaJIbHOH
KOMOHMHAIIMK BBICOKOTO MPOCTPAHCTBEHHOTO U BPEMEHHOTO pa3pereHus [1].

B nmanHO# 065acTy CIieKTpa MOKHO BBIZIETUTH TPH OCHOBHBIX KJIacca MCTOY-
HUKOB KOTE€PEHTHOTO HM3Iy4deHus. IlepBbIi Kimacc o0pa3yloT MCTOYHHKH, OCHO-
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BanHbie Ha [ TBII B mporecce noHM3alMu aTOMOB Tra3a U MOCIEAYIONIeH peKoM-
OMHALMK OTOPBAaHHOTO M YCKOPEHHOT'O JIA3e€PHBIM IIOJIEM DJIEKTPOHA C POJIH-
TEJILCKUM HOHOM. JIaHHBIA MOAXOA SIBJISETCS OCHOBHBIM METOJOM T'C€HEpALUH
JIEKTPOMArHUTHBIX HMITYJIbCOB AaTTOCEKYHJHOM JUTMTENBHOCTH M TO3BOJISET
MOJYYUTh M3JIydeHHE C HanOOJIbIIEH NMPOCTPAHCTBEHHON M BPEMEHHOH Kore-
peHTHOCThIO. B TO ke Bpems yKa3aHHBIH METOJ XapaKTepHU3YeTCs HEBBICOKOM
3¢ GEKTUBHOCTRIO MPEOOPA30BAHUS DHEPTUH H3IIYUCHHUS B BBICOKOYACTOTHYIO
06macte. Cnemyromuii Kilacc HICTOYHIKOB TPEACTABIAIOT cO00it 1a3ephl Ha CBO-
6o1HBIX IeKTpoHaXx. Ha ceronsImHuii eHp 3T0 HanboJee MOIIHbIE HICTOYHUKU
BBICOKOYACTOTHOTO M3JIy4eHHsl ¢ SHeprueir ¢potoHoB Oojee 10 k3B. OnHako, 3a
PEIKUM HUCKIIOYEHHEM, MX H3IyuYeHHE OTIMYAeTCsl HU3KOM BPEMEHHOW Kore-
peHTHOCTBI0. Kpome Toro, 310 odeHb OOJNbIINE U JIOPOTHUE YCTAaHOBKH, YTO Orpa-
HAYMBAECT UX PACHPOCTPAaHEHHE M BO3MOXKHOCTH IPAKTHYECKOIO NPHUMEHEHHS.
Emé onHuM kiaccoM UCTOYHMKOB BY® M MATKOro peHTreHOBCKOrO Juarna3oHa
SIBJIIOTCSL TUIA3MEHHBIE PEHTI'€HOBCKHE JIa3ephl, MpelcTaBisomue co0oi KoM-
MAaKTHBIE YCTAaHOBKH, TeHEPUPYIOILIE N3TyYEHHE C BBICOKOH CTENEHBIO KOTepeHT-
HOCTH ¥l MOIITHOCTBIO, TIPEBBIIAIONIEH MOITHOCTh M3TyUSHHUS BBICOKHX T'APMOHHK.
OpHaKo reHepHupyeMble NMITYJIEChI UIMEIOT JUTNTENFHOCTD MOPSAAKA IMMKOCEKYHIbI.

B mocnenuue rozpt [2, 3] 6bUT IPEAIOKEH METO YIIPABICHHS CIIEKTPAIBHO-
BPEMEHHBIMU XapaKTEPUCTHKAMHU PE30HAHCHOTO BBHICOKOYACTOTHOTO M3ITyYCHHMS
IIPU €r0 PaclpOCTPaHEHUH B CPEJIE, AOTOJHUTENBHO 00Iy4aeMOil CHIIbHBIM JIa-
3epHBIM MOJIEM ONTHYECKOTO AMAama3oHa. B wacTHOCTH, TeopeTndeckd Oblia
BIIEpBBIC TTOKa3aHa BO3MOYKHOCTh ()OPMHUPOBaHHS MOCIIEI0BATEILHOCTH aTTOCE-
KyHJHBIX UMITYJIbCOB IIJIa3MEHHBIM PEHTTEHOBCKHM JIa3€pOM, B KOTOPOM B Kaue-
CTBE aKTHBHOM Cpe/Ibl BHICTYIIAET [1a3Ma U3 BOJOPOIONOI00HBIX HoHOB Li%",

B Hacrosmielr paboTe paccMarpuBaeTCsi BO3MOXKHOCTh AaJbHEHIIEr0 yiIyd-
LIEHUs] XapaKTEPUCTUK (OPMUPYEMBIX aTTOCEKYHIHBIX MMITYJIbCOB, & UMEHHO
X KOHTPAcTa, MyTEM MOAOOpa ONTHMAIBHBIX 3HAUYECHWH HHJIEKCAa MOMYJISLUN
(HOpMHPOBAHHON AMIUTHTYABI Ja3€PHOTO MOJS) W TONIIMHBI cpenbl. VHIEKC
MOJYJIALUH OTBEYACT 33 aMIUIUTYAy KOMOWHAIMOHHBIX 9acTOT, ()OPMHUPYIOIIHX-
Csl TIPM B3aMMOJICHCTBHU PE30HAHCHOTO IOJIS C TIOJISIPHU3AIMEi Cpelbl, HaBOIH-
MOit cutbHBIM (HHTEHCHBHOCTEIO ~10™—10" Br/cM?) 316K TPOMArHUTHBIM MOJEM
Buaumoro nin MK-nuanasona. Tonmunaa cpenbl OTBEYAeT 3a yCHUICHHE TEHEPH-
pyeMbIX KOMOMHALMOHHBIX 4acTOT. HamMu OBUIO MONY4eHO aHAIUTUYECKOE pelle-
HHE B JIMHEHHOM l'lpI/l6J'll/I)KeHI/lI/l, OIIMCBhIBAKOIIICE OTKIIMK aKTHUBHOM Cp€abl 11a3-
MEHHOTO PEHTTEHOBCKOT'O JIa3epa Ha PE30HAHCHOE MMosie (COOTBETCTBYIOIIEE OTHON
U3 BBICOKHX TAPMOHHUK JIa3€PHOTO M3JTy4YEHHs) B TPEXYPOBHEBOM MPHOIIIKECHHUH.
3aBHUCUMOCTh KOHTPACTa OT MHJEKCA MOJYJISILIMU U TOJIIIHBI CPEIb, CIEIyIomast
W3 aHAJMTHYECKOTo pelleHus], npuBeaeHa Ha puc. 1. Ha puc. 2 usobpaxena Bpe-
MEHHasl 3aBHCUMOCTh HOPMHUPOBaHHOI MHTEHCUBHOCTH YCHJICHHOT'O PE30HAHCHO-
rO MOJs, MOJyYEHHAs B PE3ylbTaTe YHCICHHOTO PEIICHHS CTPOTOH CHCTEMBI
ypaBHEHHH, IPU ONTHMAIBHBIX 3HAYCHUSIX U3 puC. 1 (IIMHA BOJIHBL JIa3EPHOTO
nonst 935 uM, uaTeHcHBHOCTH 4-10™ Br/em?), a Takke npn mapamerpax u3 [3].
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BunHo, 4ro Onaromapsi mpoBelEHHOW ONTUMH3ALUH YAAIOCh MOBBICHTH KOH-
TPACT U YJIYUIIUTh (POPMY UMITYIILCOB, & TAK)KE YMEHBIINUTh UX IbEJeCTAal.

20
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e Moayamunm Puc. 2. BpemeHHas 3aBHCHUMOCTB OT-
Puc. 1. 3aBHCHMOCTh BETMYMHBI KOHTpACTA ~ HOIICHMS HMHTEHCHBHOCTH OJICKTpHUE-
OT TOJIIYMHBI CPEIbl K MHIEKCA MOAYIAME.  CKOTO IOJIs Ha BBIXOIE M3 IUIa3MEHHOM
AKTHBHas cpeja OOIydyaeTcsl Ja3epHbLIM  CPeIbl K HHTCHCHBHOCTH IIOJISI HA BXO-
noneM ¢ unTeHCHBHOCTBIO 4-10™ Br/cm?, a  me. CIUIOIHAS KpHBAs COOTBETCTBYET
TaKKe 3aTPABOUHBIM PE3OHAHCHBIM IOJeM. IapameTpaM, HaWICHHBIM 1O pucC. 1,
KoHIeHTpalms. WHBEPTHPOBAHHBIX HOHOB ITyHKTHPHAs KpHMBas — HapaMeTpaMm M3
Li?" cocrasuser 1,5-10% cm™> crarbu [3]
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OBOBIIEHHASA CUHXPOHM3AIIUS B XAOTHYECKHX
CUCTEMAX, XAPAKTEPU3YIOINUXCA IBYMSA
HOJIOKUTEJBHBIMU INOKA3ATEJIAAMU JIAITYHOBA
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Hccnenosanue 0000IEHHOW Xa0THYECKOW CHHXPOHU3AIMU B HETMHEHHBIX
CHCTEMAx B HACTOSIIEE BPEMs ABISETCS aKTyalbHBIM HAIpaBiI€HUEM Paanopu-
3uku [1]. B naHHbIl MOMEHT yKe pa3paboTaHbl METOBI THATHOCTHKH M J€Tajlb-
HO M3YYEH BOIPOC O MEXaHW3MaX BO3HHUKHOBEHHUS 000OIIEHHOM CHHXPOHH3AIIHN
B OJIHOHAIPABICHHO CBA3aHHBIX cucTeMax [2, 3]. [To3mHee MOSBHINCH PaboOTH,
HAIMpaBJICHHBIC Ha TUArHOCTHKY TOTO PEKMMa B CHCTEMax C B3aMMHBIM THIIOM
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cesizu [4, 5]. B 10 e camoe BpeMst GoJbIas 4acth paboT, U3BECTHBIX B 3TOM
HaIlpaBJIeHUH, ObLIa HATIPaBJIeHa Ha KOHCTATAlMIO (pakTa BOSMOXKHOCTHU CYILIECT-
BOBAHHMS 3TOTO PEKUMA, B TO BPEMs KaK CaMoO HOHATHE 000OIICHHOW CHHXPOHU-
3aIMi OBLJIO BBENCHO B PACCMOTpEHHE 3HauuTeNnbHO mo3mHee [5]. st Takoro
THUIIA CBS3M TakXke ObLIO IMPOBEJCHO BCECTOPOHHEE MCCIIEOBAaHNE U YCTaHOBIIE-
Ha BO3MOXKHOCTb NIPUMEHEHHS TE€X K€ METOJIOB TMarHOCTUKH CHHXPOHHOTO pe-
KHMMa, 4TO M B CJlydae OJHOHAIPABICHHOW CBS3M, 32 HMCKIIOYEHHEM METOJa
BCIIOMOTaTeNIBHON CUCTEMBI [6)].

PaGoTs1, mOCBSIIEHHBIE MCCICIOBAHNIO O0OOMIEHHOH CHHXPOHHM3ALNH, OT-
HOCSITCSI, KaK IPAaBUJIO, K M3YYCHHIO 3TOTO PEXMMa B OIPaHMYCHHBIX Kiaccax
JMHAMUYECKUX CHCTEM. DTO IIOTOKOBBIE CUCTEMBI U JHCKPETHBIE OTOOPAKEeHUS,
JIEMOHCTPUPYIOIIUE CIOKHONEPHOANYECKYIO HIIH XaOTHYECKYI0 JUHAMUKY, HIH
MOZENH MPOCTPAHCTBEHHO-PACTIPEIEICHHBIX CPEll, XapaKTepU3YIOLIUXCA B aBTO-
HOMHOM DPEXMME OFHHMM HOJIOKUTEBHBIM rokasateneM JlsamyHosa. [Ipencrasis-
€TCsl MHTEPECHBIM BOIIPOC O BO3MOXKHOCTH HAOJIOJICHUS 3TOTO PEXHMa B CHUCTE-
Max, 00JIaIal0IINX HECKOJIBKUMH TI0JIOKUTEIBHBIMU MToKa3arensimMu JIsimyHoBa.

B Hacrosmiedt pabore ucciemayercss BOZMOXHOCTh BO3HHUKHOBEHHSI 0000-
IIEHHON CMHXPOHW3AIMU B XaOTHYECKOW CHCTEME, XapaKTepPHU3YIOIEeHcs IByMs
MOJIOXKUTEIBHBIMU TIOKa3aTesiMu JlsamyHosa. [t aToro Obuta IOCTpOEHA CHC-
TeMa JBYX B3aUMHO CBSI3aHHBIX MOJU(UIMPOBAHHBIX cucTeM JlopeHia [7]

X5 = a( Y12 %2 ) 122,
V1o =CXp — 0% 225+ Yy o + Ui o,
45 =%,%,-bz,,

Up =—KoY1o+e(X1— X 2)

CO 3HAYCHUAMHM yIpaBystronux mapamerpos a =35,b=4,9,¢c=25,d=5,e=35,
k; = 140, k; = 200 u ucciaeqoBaHo ee MOBEAECHHUE NMPH U3MEHEHUH CHJIBI CBSI3H €.
HccnenoBanue npoBOAMIIOCH MPU MOMOIIM pacyeTa CHeKTpa mMokasarenen JIs-
nyHoBa it cuctemsl (1) u pu moMomm Merona Gmmkaimux coceneit [1]. Y-
TaHOBJICHO, YTO TP BEIOPAHHBIX 3HAYCHUSAX YIPABILIIONINX IMapaMETPOB U yBe-
JIUYECHUY CHJIBI CBSI3M MEXIY CHCTEMaMH IPOUCXOIUT MOCIEIOBATEIEHBIN ITepe-
XOJI IBYX TIOJOKHUTEIBHBIX TOKa3arenel JISmyHoBa B 00JNACTh OTPHIIATEIHHBIX
3HadeHnil. Korma oba mokasartens JIAmmyHOBa CTaHOBSITCS OTPHULIATCIFHBIMU, B
CHCTEME TUATHOCTUPYETCS PEXUM 00OOIMICHHONH CHHXPOHW3AINH, YTO MOITBEp-
JKTaeTcsl TPH MOMOINM MeToja Ommkaimmx cocemeil. [letadpbHO paccMOTpeH
BOIIPOC O TIOBEACHUH B3aUMOJCHCTBYIOIIUX CUCTEM B TOM CIIydae, KOT/Ia TOJIBKO
OJIMH WM3HAYabHO TOJOXXWUTENbHBIA TOKa3aTenb JIAmyHOBa cTan OTpHLATENhb-
HBIM. Y CTaHOBJIEHO, YTO B JAHHOM CJIy4ae MMEeT MECTO IepeMerKalrolieecs Io-
BeJICHUE.

D

Pabora Bemonnena mpu nogaepkke Cosera mo rpantam llpesuaenta PO
JUISl TOCYIapCTBEHHOM MOJIEPKKU MOJIOJIBIX POCCUICKUX YUEHBIX — KaHAWIATOB
Hayk (mpoekt Ne MK-531.2018.2).
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CHUHXPOHHBIE U ACUHXPOHHBIE PEKMUMBI B YHEPTOCETH
C XAB-TOIOJIOTUEN

B.A. Xpamenxos
Hwxeropoackuii rocynapctennslit yuusepcuret uM. H.J. JlobaueBckoro

WucruryT npukianuoit dpusuku PAH, Huwxunit Horopox
vlad.hramenkov@mail.ru

PaboTa moCBsIEHa MCCIIEIOBAHMIO JHHAMUKYI HEPrOCETH, UMEIoIei (hop-
My xab-kiacrepa (cMm., Hampumep, [1, 2]). Xab-kimacTepoM TPHHATO HA3BIBAThH
SIIEMEHTHI OOJIBLINX YHEPTOCETEH, YNCIO CBSA3CH KOTOPBIX 3HAYMTEIHHO MPEBBI-
[IAeT CPEIHEe YMCIO CBS3eH OPYrMX JJIeMEHTOB cerTH. Hampumep, KpymHbie
9JIEKTPOCTAHINH U MX OOBCANHEHHUS OTHOCATCS K KJIacTepaM ¢ Xab-TOIMOJIOTHEH.
JlnHaMuKa Xab-K1acTepoB OKA3bIBAET BAXKHOE BIMSHHE HA KOHTPOJIb U YIIPaBJIe-
HUE BCEH SHEPTOCETHIO.

[TpuBoasiTCS pe3ybTaThl UCCIACAOBAHNS JUHAMHUKUA YHEPrOCeTH C Xab-ToIo-
JIOTHEH, COCTOSIIIEH U3 OJHOrO MOTPEOHTEN M HECKOIBKUX IeHepartopoB. Mo-
JieJib CeTH TIOCTpOeHa Ha 0a3e Tak Ha3plBaeMOM HepaBHOMepHO# monenu Kypa-
moto (non-uniform Kuramoto model [1, 3]). VcraHOBICHBI TapaMeTpsl CETH,
OpH KOTOPBIX HPH JTFOOBIX HAYAIBHBIX YCIOBHSAX BO BCEHl CETH yCTaHABIMBACTCS
CHHXPOHHBIH (pabounit) peXXuM U apaMeTpbI, IPH KOTOPBIX BCE AIIEMEHTBI CETH
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NIepPeXO/SIT B ACHHXPOHHBIH (Hepabouwuii) pexxum. Kpome Toro, BbiaeaeHb! mapa-
METpbI, COOTBETCTBYIOIUE PA3JCICHUIO BCEH CETU Ha JJIEMEHTHI C ACHUHXPOH-
HBIM U KBa3UCHUHXPOHHBIM peXuMamu. B 3ToM cityuae yacTb reHepaTopoB Hepe-
XO/IUT B HEPAOOUMl PEXXUM, a OCTAIBHBIE T€HEPATOPHI IEMOHCTPUPYIOT PEXUM,
rapameTpbl KOTOPOTo OJIM3KH K ITapameTpam padodero.

Pesynbrarhl MOTydYEeHBI YMCICHHBIME M aHATUTHYCCKUMH (METOA (YHKIIHI
JIAmyHOBA, CHCTEM CPaBHEHHS, JINHCAPHU3ALUH H JIP.) METOIaMU.
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CIIMHOBBIE BOJIHBI B TAPAMATHUTHOM KPUCTAJIJIE
C JIMITOJIbHBIM B3AUMOJIECTBUEM
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Ha 6a3e popmanusma Xoncreitna — [Ipumakosa [1] pa3sBUTO CLIMH-BOJIHOBOE
OIMCaHWE JUHAMHMKH ITapaMarHUTHOTO KPUCTAJlIA C JUIOJbHBIM HapHBIM B3au-
MoJeiicTBIeM MarHUTHBIX MOMeHTOB [2]. [loaxox pazpabotaH aBTOpaMu Hes3a-
BHCHMO OT TIPEIIECTBYIONINX paboT, T1e Obl1a pa3BUTa TEOPHs AICPHOTO Mar-
HHUTHOTO PE30HAHCA JUTS JUIOJIBHO-CBSI3aHHOTO ITapaMarneTuka [3].

PaccmarpuBaeTcsl mapaMarHUTHBIM KPUCTAILI, IOMEIUEHHBIA B CUIIBHOE I1O-
CTOSIHHOE U OJHOPOJHOE MAarHUTHOE I10JIE, OPUEHTHPOBAHHOE BJOJb OJHON U3
KpUCTaTorpaduIeckux oceil; KpucTaynl mpedpIBaeT BOIM3K HACHIIICHUS HaMar-
HU4YeHHOCTH. CIIMHOBBIC BOJIHEI BBOJATCA KaK KOJUJICKTUBHBIC OTKJIOHCHUS Mar-
HUTHBIX MOMCHTOB B KPUCTAJIJIC OT HAIIPaBJICHHWA BHCHIHETO I10JIA. Ha npumepe
NPOCTON KyOWYECKON PEelIETKH C OJIMHAKOBBIMU CITMHAMH IIPOBEACHO OIHMCaHUE
PaBHOBECHBIX M TMHAMHUYECKHX CBOMCTB CHCTEMBI NP OPHUEHTALUH TIOJS BJIOJb
ocu [100] B paMKkax TUCKPETHOW MOJICIIH H B MpeJielie CILIOIIHOM CPEIbL.

JIyst IMCKpETHOTO KpUCTaljla pacCYUTaH JIMHEHHBIH OTKIIMK HAa CKa4oOK IpPO-
JOJBHOTO MarHUTHOTO Nois. C yuaé€ToMm u 6e3 yuéTa HeCeKyISAPHBIX CIaraéMbIX B
raMHAJIbTOHHAHE HalEHBI INIOTHOCTh COCTOSIHUM, CUTHAJI ITOIIEPEYHON HaMarHu-
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YEHHOCTHU M €Tr0 CIEKTp, a TaKkKe KpHUBasg yCTAHOBJICHHUS IPOJIOJIBHON HaMarHu-
yennoctu (puc. 1). lupuHa u CTPYKTYpa CHEKTPATbHON JTMHUH COTIACYIOTCS C
JIAHHBIMH JKCIICPHUMEHTA U OOLIeH TEOpUH MarHUTHOTO pe3oHaHca [4—6].

(=]

Aw) |p,

/ 0
0 5 10 15 -10 -5 0 5 10
ty (w-13,)/p,
Puc. 1. OTkink napaMarHUTHOW PEILETKH Ha CKadOK HPOIOJIBHOTO MO cleéd — OTH-
Garolasi CHrHaJjia MONepeYHO HaMarHMYEeHHOCTH (CIUIOIIHAS JIMHKS) U POJAOJIbHAS Ha-
MAarHM4eHHOCTH (IlyHKTHp), 0 TOPH30HTAIbHON OCH — XapaKTepHBIE BPEMEHa, OTBEYAI0-
ye JUMONbHOMY B3aUMOJEHCTBHIO; Cpa6a — HOPMUPOBAHHBIN CIEKTp CUTHAIIA

KpuBas ciaga cBOOOAHON MHIYKIMH B NPEHEOPESKEHUN B3aMMOJICHCTBHEM
CIMHOBBIX BOJIH MOJKET OBITh Hali/ieHa aHAINTHIECKH. B AIMHHOBOIHOBOM mipe-
Jienie aMIUTATY/a KoJIeOaHui TONepevYHO HAMarHMIeHHOCTH YOBIBAeT 1o KyOu-
YECKOMY 3aKOHY.

BeInosHeH nepexosa OoT ONMUCcaHWusA AWMHAMUKHA MAarHUTHBIX MOMEHTOB Ha Y3-
JlaX KpUCTAJTIMYECKON pEelETKH K Npeaeny CIUIOIIHOM cpeapl. [lonydyens! ypas-
HEeHUs] JAVHAMUKUA KOMIIOHEHT HAMarHWYeHHOCTH, JOIYCKAIOIIUE pEIeHUs B
By/ie OErymyx BOJH B JIMHEWHOM MPHOIVbKeHNH. [IMCIIEpCHOHHOE COOTHOIIIEHHE
BOJIH HAMarHM4€HHOCTHU COOTBCTCTBYCT AJIMHHOBOJIHOBOMY ITPEACTY JId CIIMHO-
BBIX BOJIH Ha peniétke. C npuMeHeHreM aHanora meroaa JInamrenra — [lyanka-
pe [7] nonydeHa monpaBka MepBOro MOpsaKa K AWHAMHUKE CHCTEMbBI HEB3aUMO-
JICHCTBYIOIINX MarHUTHBIX MOMEHTOB. PaccunTaH cmaj rornepevyHoi HaMmarHu-
YEHHOCTH M €TO0 CIIEKTp, YIIMPEHNE U TOHKasl CTPYKTypa KOTOPOTO TaKkKe OTBe-
Yar0T CBOMCTBAM JMUIIOJIBLHOTO B3aUMOIEHCTBHUS.

PaboTa BeinonHeHa B pamkax rpanta POOU 17-42-590271.
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JETEKTOP TEPATEPIIOBOI'O I1OJISA HA OCHOBE 'PA®EHA

11.A. 'Juofcoel, B.B. EyKqu, T. Kanﬂacz, H. HeM0m03, K. KOHUWMS,
M. Kysama-I'onoxamu®, I1.A. Obpazyos*

YucrutyT obmeit dmsuxu PAH, Mocksa
2YHI/IBepCI/ITeT BocTouHOM PursHann, Mosucyy
*Toxuiickuit yHUBepcuTeT, SInonus
pvch@inbox.ru

B mnocnennee Bpems rpadeH NpuBIEKaeT BHUMAHHE KaK MEPCIIEKTHBHBIA
Marepuai Juisl IPUMEHEHH B TepareploBoM quamnaszone. [IponemMoHcTpupoBana
BO3MOXKHOCTh BO30YXICHHS (EMTOCEKYHIHBIMH JIa3¢PHBIMH  HMITYJIbCAMH
CBEpPXOBICTPBIX (POTOTOKOB B rpadeHe, MPUBOISIINX K SIMUCCUH TEPareprioBOro
m3nyueHus [1, 2]. CymiecTByeT BO3MOKHOCTh PETHCTPAIIMK MOIIHOCTH Teparep-
LOBOTO U3JTy4YCHHS 110 BO30YKICHHOMY MM (GOTOTOKY B rpadene [3].

B nanHo# paboTe npeacTaBaeHbl SKCIEPUMEHTAIIBHBIC PE3YIIbTATHI 10 PEru-
CTpallMU 3JEKTPUYCCKOTO MOJS TePareploBbIX HMITYJIbCOB MO OTKIHKY (oTo-
MPOBOJSIIIETO IETEKTOPa Ha OCHOBE rpad)eHa.

JletekTopbl OBUTH BBIIOJHEHBI HA AUDICKTPHUECKUX MOMIOKKAX U3 IUIaBIIe-
HOTO KBapla MyTeM XHMHYECKOrO OCXAEHHS M3 MapoBoil (a3sl rpaguTHOrO
MaTepHaia ¢ IOoCIeAyIOINM HAaHECCHUEM 30JI0THIX KOHTAKTOB.

B nccienoBaHMM MCHONB30BANIOCH TPH MCTOYHHKA TEPAreproBOrO H3Iyde-
HUS TIPH MCTIONb30BaHMH (HEMTOCEKYHIHBIX JIA3EPHBIX UMITYJIbCOB. Mcmonb3oBa-
70ch JiBe (EeMTOCEKYHIHBIX JIA3CPHBIX CHCTEMBI. Ha OCHOBE THTaH-camnpupa
(775 M, 2,5 Mk, 150 ¢c, 12 mm, 1 k') u Ha ocHoBe KpHctamia Yb:KGW
(1030 um, 1 m/Tx, 200 dc, 10 mm, 5 k['m). dias moaydeHuss Hanboiee MOUIHBIX
TT'U-UMIIyIbCOB HMCIONB30BATIACH CXEMa C ONTHYCCKUM BBIIPSIMIICHHEM Jla3ep-
HOT'0 U3JTyYCHHS C HAKIIOHHBIM ()POHTOM MHTEHCUBHOCTH B KpUCTaIax HHOOATa
mutust (LiINDOs) [4] mnst o6enx aszepHBIX cucTeM. B KadecTBe MOTOIHUTENBHO-
ro, MEHee MOIIHOro, HCTOYHHKA MPUMEHIACh (EMTOCEKYHIHAs Ja3epHas
Ia3ma, cosJaBacMasi Ipu (POKYCHPOBKE JIBYXYACTOTHBIX JIA3EPHBIX UMITYJIHCOB
(mepBast u BTOpasi TApMOHUKH THTaH-carupoBoro jasepa) [5].
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SKCHepI/IMeHTbI BBIMNOJHAJIIMCH IO CXEME€ HaKadykKa — 30HAWPOBAHUC. MOU.I'
HBII MyYO0K HAKAYKH MCIIOJIB30BAJICS ISl TCHEPAIIUH TEParepIioBoro U3IydeHuUs,
a cra0blid 30HIUPYIOLIMI MyYOK — [UIsl PETUCTPALIMK MOJIsS Ha IeTeKTope. Bpems
NPUXO0Ja 30HAUPYIOIIEr0 UMIYJIbCa OTHOCUTEIIBHO TEPareploBOro U3MEHsIOCh
NPU TPOXOXKACHUHM YHPABISIEMOI JIMHUM ONTUYECKOW 3ajepikku. JleTekTtop Ha
OCHOBe rpadeHa yCTaHABIHMBAJICS TAKMM 00pa3oM, YTO MaJarolIve Ha MOBEpX-
HOCTB JICTEKTOpa TeparepLOBBIA M ONTHYECKUI MYYKH NPOCTPAHCTBEHHO Mepe-
cekanuch. Jns perucrpanuu GOTOTOKA JETEKTOP KOAKCHAIBHBIM KaOeeM IMOoA-
KITrogascs K Osictpomy 1udposomy ocmmmiorpady (momoca > 300 MI'm). Am-
IUIITYJ]a CUT'HAJIa C JeTEeKTOpa U3Mepsulach st Habopa 3a/lepikeK C HIaroM Io
BpPEMEHHU MPHUXO0/ia 30HIUPYIOIero ja3epHoro umMmyibca 100 dc.

Jlist moJTydeHus OTMOPHBIX JAHHBIX O MOJIe TeParepIiOBhIX HMIYJIBCOB MPHU-
MEHSUTUCH CXEMBI JIEKTPOONTHYECKOTO JICTCKTHPOBAHHUSI Ha OCHOBE KPHUCTAJLIOB
Teuypuaa nuHKa (ZnTe, ais TuTaH-candupoBoil cucteMbl) u Gocdara rayutus
(GaP, nst Y b:KGW-cucremsr).

3apeructpupoBaHHbie TPadeHOBBIM JIETEKTOPOM BPEMEHHBIC (POPMBI MOJIS
TepareploBbIX HMITYJIbCOB XOPOILIO COrNACYIOTCS C JaHHBIMH, MOJYYCHHBIMH
SIIEKTPOONTHYECKUM cTpoOupoBanueM (puc. 1). Takum 00pasoM, IUIEHKH Ha
OCHOBe rpad)eHa MOIXOIST UL CO3JAHMS IETEKTOPOB TIOJISI TEPareploBBIX UM-
MYJIBCOB, YTO OTKPBIBACT IMEPCIEKTUBBI IS CO3IAHWS IPOCTBIX, JCIICBBIX U
MacIITaOUPyeMbIX IHPOKOIIOIOCHBIX AETEKTOPOB.

| (a) plasma THz source | | (D) ——ZnTe EQ

—0— GRAPHENE |
] —ﬁ

R =

1h(e) LiNbO3 THz source

Normalized Amplitude (a.u.)

Normalized Electric Field (a.u.)

II! : ; ; ; I! ; ; ; ;I‘ﬂ III IIZ 1‘! Ill IIB L1 h;! u.‘sn ﬂ.l?! I.iﬁ l;! I.IM 178 200
Time (ps) Frequency (THz)
Puc. 1. Bpemenubie (OpMBI MOJSI TEPArepLOBBIX MUMITYJIbCOB M COOTBETCTBYIOIIUE UM

CIEKTPBI, IOTyYSHHBIE C AETEKTOpa HAa OCHOBE Tpad)eHa M IPH IEKTPOONTHUECKOM Je-
TEeKTUPOBAHUU
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XUMEPHBI 1 IEPEMEXKAEMOCTDb B AHCAMBJIE CBAA3AHHBIX
OCIIMJJIATOPOB JIOPEHIIA

H.A. lllenenes, B.C. Anuwenxo

CapaToBCKU HAIIMOHAJILHBIN UCCIIE0BATENIbCKUN TOCYJapCTBEHHBIN YHUBEPCUTET
igor_sar@li.ru

MBpI moKa3bIBaeM, 9TO CIBUT 3(P(PEKTUBHBIX MapaMeTPOB MapIUATBLHOTO OC-
muuistopa JIopeHia mpu Onpeie/ieHHbIX 3HAYCHHUSIX [1apaMETPOB CBS3U MPHBO-
JIUT K PEKUMaM HETHIEPOOINYECKOro arTpakropa. JeidCcTBUTENbHO, THHAMHKA
AJIEMEHTa MOXET Ja)Ke CTAaHOBUTHCS OMCTaOWiIbHON. B Takmx pexmmax HabIrO-
JIAIOTCSl PEKMMBI XMMEPHBIX COCTOSIHHE, 10 CBOMM CBOMCTBaAM OJIU3KUM K
JBYXBSIMHBIM XHMeEpaM, HaiJCHHbIM B aHcamOle CBSI3aHHBIX OHCTAOMIIBHBIX
smeMeHToB [1].

Hccrnenayercs aHcaMOJIb HEJOKAIBHO-CBA3aHHBIX OCHIILIATOPOB JlopeHiia,
OIIMCBIBAEMBIN YPABHEHUSIMU

i+P

% =E(¥%—%)+ 2Pk.zp(xk %),

. G P

Vi=%(p-2)-V ZPkZ,P(yk—yi). o
4 =xY, —Pz,

X, n@O=%x(t), yi.n@®)=¥(),

z O =z), i=1.,N,

rae & p, B — ynpapisonye napamerpbl HHAMBUAYalbHOM cuctembl JlopeHia,
P — umncio coceneit, CBSI3aHHBIX C I-M DJIEMEHTOM C KaKa0# cTOpoHbI (MBI pac-
cMmarpuBaeM ancam0iib, coctosmuii u3 N = 300 351eMeHTOB), 6 — CHJIa CBSA3HU 110
COOTBETCTBYIOIIMM KOOPJHHATaM. MBI MpeioiaraeM, 4YTo OCHMILISTOPHI CBsI3a-
HbI TOJIBKO MO MEPBBIM ABYM. YTIPABISIONIME MAPAaMETPhI MapLUATbHON CHCTEMBI
BbIOpaHbl Kak & = 8/3, p = 28 u f = 10, 4TO COOTBETCTBYET XaOTHYECKOMY I'H-
nepbosinueckomy arrtpaktopy JlopeHua.
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WHtepecHbIM mpencraBisieTcss TOT (akT, YTO CHJIA CBS3M BBI3BIBACT CABUT
3¢ PEKTUBHBIX 3HAYCHUI YNPABISIONMX MapaMETPOB MapLHUaIbHOTO 3JIeMEHTa
ancam6ust [2]. Tlpu yBenuueHUH CUIThI CBSI3H MPOUCXOUT MepecTpoiika (a3zoBo-
ro npocrpancTBa aHcamOus (1). DT M3MEHEHHS BBIMJIAIAT CICAYIOIMM 00pa-
30M. ATTPaKkTOp MHIUBHUAYaJIbHOM cuctemsbl JIopeHa nepecraer ObITh THIEpOO-
JUYECKUAM U TIPHOOpETaeT XapaKTEePHBIC YePThl OMCTAOMIBHBIX CHCTEM, a UIMEH-
HO: PEalN3yIOTCs ABAa COCYIIECTBYIOIINX XaOTHUECKHX aTTPaKTOpa, COOTBETCT-
BYIOIIME 00JIACTSAM IOJIOKUTEIBHBIX U OTPULATEIBHBIX 3HAUEHUH TIEPEMEHHBIX X
n Y. XapakTepHble IPOeKINH (ha30BOro MOPTPETa Ul ITOTO CiIydasi IPEACTaB-
neHsl Ha puc. 1, a. [IpoctpaHcTBEHHAs CTPYKTypa B JaHHOM PEXXHUME XapaKTepu-
3yeTCsl COCYIIECTBOBAaHMEM KIIACTEPOB KOTEPEHTHOCTH M HEKOTE€PEHTHOCTH.
[Tpumep Tako# NMPOCTPaHCTBEHHOH CTPYKTYPHI IMOKa3aH Ha puc. 1, 6.

32 11

. ‘/'—0—__/\4 b,
i=275 “ "
20.6 6.6 }‘ { I]
Zi T
\l ‘ ‘
22.4 6.6 \__/H 1.
2 11 :
ST T o6 11 1 6 i 240 300
a o

Puc. 1. [IByxbsimuas xumepa B cucreme (1) mpu R = 63 u o = 0,72: a — npoekuuu ¢aso-
BOT'O IOPTpeTa JUISl ABYX COCEAHHX OCLIMIUIATOPOB; 6 — MTHOBEHHBIH MPOCTPAHCTBEHHbIN
npodmie

ITo cBOMM CBOWCTBaM IBYSIXbMHBIE XUMephl B ancambie (1) Gmusku k pe-
xumy Solitary states [3]. OxHako B ciiydae IBYyXBSIMHBIX XMMEpP OCLHIUIITOPBI C
HeperyIPHBIM MTPOCTPAHCTBEHHBIM pactipeneienueM (Solitary states) o6pasyror
KJIACTEPhI HEKOTEPEHTHOCTH.

Jlutepatypa

1. Shepelev, |.A. Chimera states in ensembles of bistable elements with regular and
chaotic dynamics/ |.A. Shepelev, A.V. Bukh, G.I. Strelkova, T.E. Vadivasova, V.S. An-
ishchenko // Nonlinear Dyn. 2017. V. 90. P. 2317-2330.

2. Omelchenko, |. Loss of coherence in dynamical networks. Spatial chaos and chimera
states/ I. Omelchenko, Y. Maistrenko, P. Hovel, E. Schdll // Phys. Rev. Lett. 2011. V. 106.
P. 234102.
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COJINTOHHBIN I'A3 B PAMKAX YPABHEHW S TAPJTHEPA,
ONMCBIBAIOIIET O CJIABOHEJIMHEWHBIE BOJTHBI
B JUCIHHEPTUPYIOIUX CPEJAX

E.I'. llypeanuna

WucruryT npuxiaguoii ¢usuku PAH, Hukunit Horopon
Huxeroponckuii rocy1apcTBEHHbIN TEXHUUECKUH YHUBepcuteT uM. P.E. Anekceea

eshurgalina@mail.ru

Jannass pabora mpejacTaBiseT COOOH HCCICIOBAHUE COJIUTOHHOW TypOy-
JICHTHOCTH B JUIMHHOBOJIHOBBIX CHCTEMax, OIHCBHIBAEMBIX ypaBHeHHeM [ apaHe-
pa, mpeacTaBIsomuM coboit 06o0mennoe ypaBHeHne Koptesera — ne Bpusa ¢
JIBYMS HEIIMHEHHOCTAMU: KBaIpaTHYHONH M KyOMYECKOW. YpaBHCHHE OTHOCHUTCS
K KJIaCCy MHTErPHPYEMBIX YPaBHEHUI HENWHEWHON MaTeMaTH4ecKoi (GU3uKH ¢
CYLIECTBEHHO pa3HOW JMHAMUKOM, 3aBHCAIICH OT 3HaKa KyOW4ecKoil HeTHmHel-
HocTH. OHO BBIBOAMTCS C MOMOILBIO aCUMIITOTHYECKUX METO/OB B CIIydae, Ko-
r7ia KBaJpaTH4YHas HEIMHCHHOCTh MMEET TOT K€ MOPSIOK, YTO U KyOudeckas.
OHO ONMCHIBAET HMOHHO-3BYKOBLIC BOJIHBI B IIa3M€, BHYTPECHHUE BOJIHbBI B CTpa-
TU(GHULMPOBAHHOM OKEaHe, BOJIHBI B pa3MEpPHO-KBaHTOBaHHBIX IUIeHKax. Conu-
TOHHBIC PELIeHHs] ypaBHEHUs ['apiHepa XOpoIIo N3BECTHBI, B YACTHOCTH IIPH OT-
pHLIaTEILHOM 3HAaKe KyOMUecKOW HETMHEHHOCTH BO3MOKHBI TaK Ha3bIBAEMbIE TOJI-
CThIe CONMUTOHEI [1]. B cryyae monokuTenbHOro 3Haka KyOU4ecKoi HeTMHEHHOCTH
BO3MOXKHa MOJIYJIILIMOHHAS] HEYCTOHYIMBOCT B PAMKAX 3TOr0 ypaBHeHust [2—4].

PaccmaTpuBaeTcs iuHaMHUKa ABYX THIIOB COJIMTOHHOTO T'a3a B 3aBUCHMOCTH
OT 3HaKa KyOHuecKoi HemHeHocTH (puc. 1).

i o 200 J00 400 S i [ 50 100 150 200 250 300

a x 7] x

Puc. 1. HayanbHbie COMUTOHHBIC TIOJIS: @ — B paMKax ypaBHeHus ['ap/Hepa ¢ oTpUIaTesib-
HOI KyOH4YeCKO# HEeTMHEHHOCTBIO, O — C TIOJIOKUTEIBHOM KyOUUeCKOil HETMHEHHOCTHIO

B nepBom ciyvae (puc. 1, a) COnMMTOH MpeIenbHON aMIUIUTYIbl MOYKET 3Ha-
YUTEIBHO BIMATH HA CTATUCTUYECKUE XapPAKTEPUCTUKU BOJIHOBBIX noeil. Ilomy-
YeH KPUTEPUI ONpeAeIeHUs BKJIA[A TOJICTOTO COJIMTOHA B BBICHIME CTaTHCTHYE-
CKHE MOMEHTBI COJMTOHHOTO ra3a, 3aBUCALIMI OT OTHOLICHHUS «Macch» (epBo-
r0 MHTErpaja) TOJCTOrO COJMTOHA M «MAacChD» OCTAaJbHBIX COJIUTOHOB B IOJIC.
Tak, ecyti TONCTBIN CONUTOH cocTaBisieT MeHee 25 % Macchl BCEro COJIMTOHHOTO
rasa, TO €ro BKJIaJ| B CTATUCTHYECKHE MOMEHTHI HE3HAYUTEIbHbIN, 1 OCHOBHYIO
POJIb OyyT UrPaTh COJIUTOHBI YMEPEHHOMN aMILTUTY IbI.
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B ciyuae ypaBuenus ["apaHepa ¢ MOIOKUTEIbHON KyOU4IeCKOH HETMHEHHO-
CThIO BO3MOXKHO CYIIIECTBOBAHHE KaK MOJIOKUTEIBHBIX, TaK M OTPULATEIILHBIX
conuToHoB (puc. 1, 6), npuyeM OTPULIATEIBHBIC COMUTOHBI OTPAHUYCHBI 10 aM-
[UIUTY/I€ TaK Ha3bIBAEMBIM aJireOpandecKuM CONMTOHOM. B paborax [5, 6] Obu10
II0Ka3aHo, 4TO B paMKax MoauunupoBanHoro ypasHenus: Kopresera — ne Bpu-
3a B pe3yNIbTaTe B3aWMOJCHCTBUS PA3HOIOISIPHBIX COJIHTOHOB BO3MOXKHO BO3-
HUKHOBEHHE aHOMAJBHO OOJBINON BONHBI (BOJHBI-YOMMIEI), a e€e aMIUIMTYaa
3aBHCUT OT KOJHUYECTBA B3aMMOJACHUCTBYIONINX COJIHTOHOB M WX AMIDIHTYI.
B nmannoit paboTe IeMOHCTPHPYETCs, YTO 3TO TAKXKE CIIPABEUIMBO H UI ypaB-
HeHHA [apaHepa ¢ MOJOXHUTENbHON KyOmdeckoil HemmHenHOCThIO. [lokasano,
YTO HEJMHEHHOE B3aMMOJACWCTBHE BeIeT K YBEIHUCHHIO CTaTHCTUYECKUX MO-
MEHTOB COJIUTOHHOTO ra3a (a UMEHHO aCHMMETPHUH U JKCIlecca), a TaKXKe K yBe-
JMYESHUIO «XBOCTOB» (DYHKIMI pacrpeiesIeHUs] aMILTUTY ] BOJIH.

HccnenoBanus BHIMOMHEHB! NpHU (pUHAHCOBOW monaepikke rpantoB PODU
(16-32-60012 mon_a_jx, 17-05-00067, 16-02-00167, 18-02-00042).
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JTAHAMHAKA PE3OHATOPA C HEJIMHEHHBIM
METAMATEPHAJIOM M OBPATHOM CBSI3bIO C 3AJIEPKKOM

E.A. Apynosa, A.A. Kpeny, H.E. Monesuu

Camapckuii punuan @usnueckoro nacturyta uM. [1.H. Jlebenesa PAH
Camapckuii HallMOHANBHBIN HCCIIEAOBATENbCKUN YHUBEPCUTET
uM. akagemuka C.I1. Koponesa
lizayarunova@mail.ru

I/I3yquI/Ie JICBBIX MCTaMaTEpUajlOB ABJIACTCA NPEAMETOM MHTCHCUBHBIX HC-
clienoBaHuit 3a nocaeanue necathb net [1]. [IpocTpaHCTBEHHO-BpEMEHHAs JHHA-
MHKa KOJIBLIEBOHM TOJIOCTH, COJeprKallleii HelMMHEWHBII MeTaMaTepHall, ON1ChIBa-
ercsi ypaBHeHueM Jlymkuaro — JledeBepa ¢ mudpakuueit [2]. Lenpto maHHO#N
paboThl OBUIO HMCCTENOBATh BIHUSHHUE IOIMONHHUTEIBHON OOpaTHOH CBS3U C 3a-
JEP>KKOM Ha AMHAMUKY ONITHYECKOTO OIS,

MBs1 paccmaTpuBaeM 0OpaTHYIO CBS3b C 33A€PXKKOM 10 BPEMEHH B CTaHIAPT-
HOW MOJENH KOJIBLIEBOTO PE30HATOPA C JOMOIHUTEIBHBIM 3epKajoM. /lnHamMuka
OIIUCBHIBACTCS ypaBHEHUEM

(:j—ltzz—(1+i9)E+Einj+i|E|2E+ke"pE(t—r), (@A)
rae K — J1oms u3iydeHus, OTpa3sMBIIErocs OT 3epkaja; ¢ — Haber ¢asbl, T — 3a-
Aepkka obpaTHoit cBa3M; Ei,j — ammiutyna BXoaHoro iydya; 6 — napamerp oT-
CTPOMKH.

B xozme paboThl MBI ITPOBENH YMCICHHOE HCCIIEIOBAHHE CHUCTEMBI, OIHCHI-
Baemoii ypasuenueM (1). B pesynbrare Obiia moiyueHa HETPUBUATbHAS JUHA-
MHKa, OIpejenseMas Kak HeyCTOWYMBBIE Nepuoiudeckue opOuThl. bbina mo-
CTaBJIeHA LIeTh HAWTH 3aBUCHMOCTH MOJyYE€HHON NWHAMHUKH OT CHIIBI OOpaTHOM
CBSI3U M BPEMEHH 33JICPIKKHU MPH (PUKCHPOBAHUH OCTAIIBHBIX TTAPAMETPOB.

fabs (E)

Puc. 1. Bpemennas 3Bomonus ontudeckoro nois: @ = n/2, T = 500, By = 2;
0=3(a),k=0,1(b),k=0,3(c), k=0,9 (d)
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Puc. 2. Budpypkanponnas auarpaMmma, IpeaCTaBISIONas 3aBUCHMOCTh IHHAMUKH
orku Einj

B pesynbrate nccinenoBaHus ObUIO MOIYYEHO, YTO C YBEJIMUYEHHEM I1apaMeT-
poB K U T qHAMHKA YCIOXHSIETCS, TIOCTETIEHHO MePEeX0 i K HEYCTONYUBBIM I1e-
puoandeckuM opbutam. [IpeacraBneHHbIE 3/1€Ch PE3YJIBTAThl MOTYT OBITH I10-
JIE3HBI [IPU ONTUYECKOM IIEPEKIIOUCHNH WX XPaHEeHUH HHPOpMaIWH.

Pabota BeImoNHEHA MTpU TTOAepKKe TpanTa PODU 16-32-60151 mon_a ik,
rOCYZIapCTBEHHOTO 3aJ[aHus By3aM W Hay4HBIM OpraHu3aiusM B cepe HaydHOU
nesrensHocTH (3.1158.2017).

Jlutepatypa
1. Augustine, M.U. Roadmap on optical metamaterials / M.U. Augustine, J. Zubin,
D.N. Luca// Journal of Optics. 2016. Vol. 18, Ne 9. P. 093005.
2. Lugiato, L.A. Spatiad Dissipative Structures in Passive Optica Systems /
L.A. Lugiato, R. Lefever // Physical Review Letters. 1987. Vol. 58, Ne 21. P. 2209-2211.

CUHXPOHM3AIIAA B MOJEJISIX HEMPOH-TJIMAJIBHBIX CETER
C.IO. Maxoexun, M.B. Hsanuenxo, A.A. 3auxun

HHCcTUTYT HHPOPMAIIMOHHBIX TEXHOJIOTHH, MaTeMaTHKH U MexaHuku, HHI'Y,
Hwxuuit Hosropoa
makovkin@neuro.nnov.ru

B pabote paccMaTpuBaeTCs MOJENb ABYX CBS3aHHBIX CCTCH aKTHBHBIX dJIe-
MEHTOB C Pa3HOW TOMOJIOTHEH U UcCieaytoTcs 3)(HEeKTh CHHXPOHU3ALINH.

Bo3bMeM ceThb M3 OCHHMIUISITOPOB, COCTOSIIYIO U3 JBYX cioeB. OIuH cioi
mpeacTaBisieTcs: co0Ol aHcaMOb TIMAJBHBIX KIJIETOK — acTPOIMTOB, IPYrou
CJIOH COCTOMT M3 HEHPOHAIBHBIX KJIETOK. [IycTh 3TH ceTu OyayT olHOTO pasmepa
N x N u pacronararoTcst OIUH HaJ IPYTHM.
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['MuanbHBIA CIIOH COCTOUT W3 YMOPSIOUCHHBIX 3JIEMEHTOB (HOIOB), CBS3aH-
HBIX MEXIy COOOH pEIIeTKOH, T.e. KaKABIM 3JIEMEHT UMEET CBSA3b C YETBIPbMS
cocensiMu (BHU3Y, CIIpaBa, BBEpXY, cieBa). Kpome TOro, KaxIplil U3 2IEMEHTOB
[JIMAJIBHOTO CJIOSI BMECTE C KaXIbIM U3 CBOMX UETBIPEX COCEIEH CBsI3aH C COOT-
BETCTBYIOLIUM JIEMEHTOM U3 HEMPOHAIBHOU CETH.

HelipoHHBII c0i UMEET TaKyl0 k€ CTPYKTYPY U pa3Mephbl, KaK MIHaJbHBINA
CJIOH, HO HEWPOHBI B HEM CBS3aHBI JIPYT C APYroM ciydaitHo. CiydaiiHas cBs3b
AMEET pacIpeeNieHue cydaifHoro rpada mo meroxy Dpacmie — PeHbn.

JMHamMuKa 3BOJIIOLIMM TaKOMl CHCTEMBI ONMCHIBAETCSl KIACCHUUYECKON CHUCTe-
Moii (azoBoro npezcrasnenus: Kypamoro:

do, X :
d—t'zwi + 2 oA sin(0; -6, ).
j=1

Gg — MapaMeTp MEKAIEMEHTHON CBSI3U BHYTPH INIMAIBHOM CETH, Gy — Mapa-
METP MEXDJIEMEHTHOM CBSI3M BHYTPU HEWPOHAJIBHOW CETH, Ggny — CUJIA CBS3H
MEXITy CIOSMHU.

0, 1 o; aBIAIOTCA (a30d M HATYPAIBLHOM YaCTOTOM I-ro ocHmwuIsTopa. B3au-
MOJCHCTBHS BHYTPH HEHPOHAILHOW CETH SBJSMIOTCA Ooyiee OBICTPHIMH, YEM
BHYTPH TJIMAIBHOW CETH, MOITOMY ITyCTh Ha4dalbHBIE pACIpeNelIeHUs 4acTOT
oyayt cnenyromumu: 0,5 < @; < 1,5 mist rauansHo#i cetr 1 9,5 < @ < 10,5 ms
HeWpoHaIbHOU ceTH. A pecTaBisieT co00l MaTpHIly CBsi3eil.

I'no6GanbHbIil ypOBEHb CBSI3M B CETH OyJIeM CUMTATh KaK MapamMerp MOpsaoK
cBsi3u KypaMoTo, 3anucaHHblii B TAKOM BHJIE:

1& e
r==%e"
N

PaccMoTpuM nepBblii ciyyai, KOrJla HEHPOHHBINA U MIMAIbHBIA CJIOU HE CBSI-
3aHbl. OCHOBHBIE PE3yNIBTATHl C(HOPMYITUPOBAHEI CICIYIOIINM 00pa3oM:

— T700aNBHBINA YPOBEHB CBSI3U B CETH HEMPOHOB HE 3aBHCUT OT pa3Mepa CHC-
TEMBbl U UMEET MOBEICHHUE SIBHO CXOXKee C Kiaccuueckor cucremor Kypamoro
(cBsI3b «BCE CO BCEMU®);

— JMHAMUKa B MEPUOAUYECKOMN pelIeTyaTon CTPYKType INIMAIbHOW CETH U
YPOBEHb CUHXPOHU3AINU CUJIIBHO 3aBUCUT OT pasMEpoOB CHUCTEMBI. napameTp rg“aj
majaacT npu yBCINMYCHHUU Pa3MEPOB CUCTEMBI,

— B nipezienie npu N — oo mapamerp fgig — O, 4To coriacyercs ¢ noBeaeHu-
€M OJIHOMEPHBIX IenoyeK (Y HUX CpeHee M0JIe OTCYTCTBYET).

PaccMoTpuM BTOpO# Cityyaii ¢ BKIIOUEHHOHN CBSI3bI0 MEXKIIY CIIOSIMU M 00Cy-
JIUM TIOJTYYCHHBIC PE3YJIBTATh U A3PQEKTHI B cucteMe. Teneps OyJIeM YYUThIBaTh
BIIMSTHHE TIApaMETPa Ogn. Y YATHIBAEM YCIOBHE GG = OGN-

[Mpu moOOBIX 3HAYCHHUSX HEHPOHATIBHON CHIIBI CBS3W SIBHO BHICH 3(]dekt
rameHns CHHXPOHU3AINH B paifoHe 3HaUeHHA 6g = ogn = 0,35 ams oboux cioes,
[NIHAIFHOTO W HelpoHanmsHOro. Ilocie 3Toro 3Ha4eHus: MPOUCXOIUT BO3OOHOB-
nerne 3P QeKTa TOTHONH CHHXPOHU3AIIH.
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MoxHO chopMyITUPOBATH CICAYIOINE BaXKHBIC BHIBOIBI

— cpelHee 1oJie B ancamOJie IIIMK BO3HUKAET U3-3a aHcaMOJIsl HeHPOHOB;

— HAOMIOaeTCsl YaCTUYHAS ACCHHXPOHU3ALMS B aHCaMOJie HEHPOHOB U B aH-
camOJie TINH;

— MPOUCXOUT PE3KHUIA MEPEX0 K CHHXPOHH3AIIHH.

PesynsTaThl paboTs! omy6mukoBansl B cratke Makovkin S et al. Multiplex-
ing topologies and time scales. The gains and losses of synchrony (Physical Re-
view E. 2017. Vol. 96, Ne 5. Art. 052214).

Pa6ora BeImonHeHa ipu oanepkke PH® (cormamenne Ne 16-12-00077).
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ABSTRACTS

MUTUAL PHASE LOCKING OF TWO GYROTRONS COUPLED
WITH DELAY

A.B. Adilova’, SA. Gerasimova’, and N.M. Ryskin?

'Saratov State University, Saratov
2Saratov Branch, Institute of Radio Engineering and Electronics, RAS

Coherent operation of several gyrotrons is important for power combining applica-
tions, especially for electron-cyclotron resonance plasma heating. In this paper, a model
of two coupled gyrotron oscillators is developed and basic regimes of the mutua interac-
tion are studied. Time delay of the coupling signal traveling between two gyrotrons
strongly affects the pattern of phase-locking regimes.

LABORATORY MODELING OF THE DYNAMICSOF DENSITY
IRREGULARITIESAND DISTURBANCES OF THE MAGNETIC FIELD
INA MAGNETOACTIVE PLASMA
AT A LARGE-SCALE PLASMA DEVICE "KROT"

N.A. Aidakina
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The results were obtained on the studying the dynamics of density and magnetic field
disturbances in a magnetized plasma initiated by powerful radio pulse. The experiments
were performed on a large-scale plasma device "KROT" (IAP RAS, Nizhny Novgorod).
The spatial structures and dynamics of plasma irregularities generated under the action of
electromagnetic pulses were studied in detail. The pulse duration and the pump power
were varied in a wide range. Experimental results show that at a high pump power level
the lifetime of the plasma irregularity can exceed substantially the duration of the pump
pulse. The relaxation processes of such density irregularities were studied. Density irregu-
larities transfer processes are rather complicated. Analysis of the maps of the magnetic
field and density disturbances indicates the presence of several characteristic velocities of
the transfer along the magnetic field. Several mechanisms responsible to such dynamics
of the irregularities are discussed.

THE INFLUENCE OF POCKELSELECTRO-OPTIC EFFECT
ON THE SPECTRUM PARAMETRIC DOWN-CONVERSION

D.O. Akatiev, A.A. Kalachev
Kazan E.K. Zavoisky Physical-Technical Institute, Kazan

In this paper we discuss a method controlling the spectrum of spontaneous parametric
down-conversion under the influence external electric field due to the Pockels effect. In
addition, we consider the possibility of stabilizing the carrier frequency of single photon
source based on spontaneous parametric down-conversion. A scheme for generating en-
tangled states was proposed based on the electro optic Pockels effect in a potassium
dihydro orthophosphate crystal.
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CONTROL OF LOCALIZED NON-LINEAR WAVES
INMECHANICAL SYSTEMS

1.D. Antonov, A.V. Porubov
Ingtitute of Problems of Mechanical Engineering, Russian Academy of Sciences, St.Petersburg

The distributed feedback control is developed to support stable propagation of local-
ized non-linear waves for the sine-Gordon equation, the double sine-Gordon eguation and
the dispersive sine-Gordon eguation. The control allows generation and propagation of
desired bell-shaped, kink-shaped and breather waves with permanent velocity, with a
functional form that does not correspond to the known analytical solutions of the equa-
tions. The control algorithm is justified by the presented model of highly nonlinear shear
waves propagation in an elastic layer laying on the visco-elastic foundation subjected to
the upper surface external loading. The last term implements distributive control.

The work was performed in IPME RAS, supported by the Russian Science Founda-
tion (grant 14-29-00142).

CURR ENT INSTABILITY OF ELECTRON-POSITRON PLASMA
IN RELATIVISTICALLY INTENSE LASER FIELDS: DYNAMICS
OF THE ANGULAR DISTRIBUTION OF RADIATION

A.V. Bashinov, E.S. Efimenko, A.V. Kim
Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod

At future high-intensity laser facilities the electron-positron (€-€") plasma can be-
come regularly accessible for experimental studies. In case of the avalanche type of e-€"
pair production, the rapid growth of the particle number can lead to quick formation of
plasma. The created e-€" plasma can determine specific features of interaction with laser
radiation. Such plasma exhibits unusual properties, for example, absence of Faraday rota-
tion, enhancement of stimulated Brillouin and suppression of Raman scattering. In our
work we analyze a new type of current instability that emerges for €-€" plasma in laser
fields of relativistic intensity. Electrons and positrons, being accelerated in opposite direc-
tions by the electric field, generate a current whose perturbations develop into the plasma
stratification along the magnetic field. Due to mass equality of oppositely charged particles,
this instability can quickly appear on the femtosecond timescale. Initialy, the stratified
plasma represents a number of current sheets. However, the created sheets attract to each
other and merge, and as a result, a quasiplanar structure of two sheets can be formed. Such
plasma dynamics imposes an imprint on the angular distribution of generated photons.

CONTROL OF CONNECTIONSFORMING IN THE NEURAL NETWORK
WITH STDP PLASTICITY

M.V. Bazhanova®, SA. Lobov}, K.I. Balashova?, V.A. Makarov*?, V.B. Kazantsev*
*National Research Nizhny Novgorod State University named by N.I. Lobachevsky
2Universidad Complutence de Madrid

In our time neural networks represent a special interest for researchers. Based on the
principle and organization of real neural networks, model networks are widely used, for
example, in the processing of various signals, for data classification, in the management
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of mechanized devices and robots, for building control systems. At the same time, the
problem associated with control of network activity that occurs under the effect of electri-
cal stimulation from a different number of electrodes is still unresolved. In this paper, we
investigate changes in the nature of connections in neural networks that arise under the
external stimulation, and the possibility of directional connections forming.

According to the rule of STDP-plasticity, stimulation of postsynaptic neuron after
presynaptic causes the connection reinforcement. Thus, by stimulating individual neurons
in the desired sequence, it is possible to achieve the propagation of impulses in a given
direction. However, on the full-scale neura networks, the STDP protocol works ambigu-
ously and requires additional consideration. To overcome this limitation, we propose to
use a structured neural network and show that it is easily learned and allows to reach cir-
culating activity in the network after disabling stimulation.

The work was supported by the Russian Science Foundation (proj. Ne 15-12-10018)

THE USE OF BASE DYNAMIC MODELSIN SATELLITE DATA EVALUATION
M.V. Belikovich, M.Yu. Kulikov, A.A. Nechaev, T.S. Ermakova, A.M. Feigin
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

We present the method for statistical evaluation of simultaneous measurements of
several atmospheric components. We consider the application of the method to simultane-
ous measurements of daytime mesospheric OH, HO,, and O3 by ML SAura satellite.

In the core of the method is that the local evolution of the components (OH, HO,, and
O5) could be described by one algebraic equation. The equation is derived using the ap-
proach of base (or essential) dynamic models. The only parameters of the equation are
temperature, neutral density, local zenith angle, and the rates of 9 reactions. The simula-
tion by 3D chemical-transport model shows that the discrepancy between the calculated
evolution of the components and the equilibrium one (given by the equation) does not
exceed 3-4% in full range of atitudes independently of a season or latitude. The method
utilizes Bayesian approach in treatment of the simultaneous measurements of OH, HO,
and Os. It uses the derived equation and takes into account the measurement error. We
present the results of the technique’'s application to MLS/Aura data. Also we describe
some mathematical peculiarities that arise in application of the method as the conditions
of Borel-Kolmogorov paradox arise.

AMPLIFICATION OF ALFVEN WAVESDUE TO NONLINEAR ORTOGONAL
INTERACTION WITH FAST MAGNETOACOUSTIC WAVE
INHEAT-RELEASING ELECTRICALLY CONDUCTIVE MEDIUM

SA. Beov!?, N.E. Molevich'?, D.I. Zavershinskii“?

'Samara National Research University, Samara
?|_ebedev Physical Institute, Samara

Orthogonal (swing wave-wave) interaction between Alfven and fast magnetoacoustic
wave in heat-releasing conductive medium is considered. It is shown that there is expo-
nential growth of Alfven wave amplitude with a linear growth rate when the medium is
not heat-releasing and conductive. Finite conductivity accounting leads to appearance of
the parametric amplification threshold and bounds the parametric amplification time.
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Heat-releasing can lead to additional damping of fast magnetoacoustic waves and decreas-
ing of parametric amplification time or, in the case of isentropic instability, to amplifica-
tion of fast magnetoacoustic waves. The amplification is accompanying by the bi-
exponential growth of Alfven waves amplitude due to parametric energy transfer from
fast magnetoacoustic waves.

BREATHING CHIMERA IN A SYSTEM OF PHASE OSCILLATORS
M.l. Bolotov?, L.A. Smirnov??, G.V. Osipovt, A Pikovsky®!

! Lobachevsky State University of Nizhny Novgorod
2 Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod
3 Ingtitute for Physics and Astronomy, University of Potsdam, Germany

We study formation of chimerasin a one-dimensional medium of identical oscillators
with nonlinear coupling. This coupling crucialy depends on the local order parameter
measuring the level of synchrony: the coupling promotes synchrony for asynchronous
states and breaks synchrony if it is strong. As a result, spatially homogenous state in this
medium is that of partial synchrony. To study the evolution of this state we formulate the
problem in terms of the loca complex order parameter, which describes local level of
synchrony, and formulate the system of partia differential equations for this quantity.
This alows us to formulate the problem of inhomogeneous states as the pattern formation
one. First, we construct stationary chimeras and explore their linear stability properties.
Next, based on numerical modeling, we show that within a certain range of parameters,
such structures can evolve into periodically varying long-lived chimera states (breather-
chimeras), or, for other values of the parameters, turn into more complex regimes with
irregular behaviour of the local order parameter (turbulent chimeras).

NEURON-LIKE GENERATOR WITH SPIKING AND BURSTING DYNAMICS
D.I. Balshakov, M.A. Mishchenko, V.V. Matrosov
National Research Lobachevsky State University of Nizhny Novgorod

The hardware implementation of the neuron-like model based on the phase-locked
loop has been devel oped. Mathematical modelling carried out earlier has shown the pres-
ence of different self-oscillating modes. Oscillations in this modes are qualitatively simi-
lar to some dynamic modes of neurons. The number of spikes in burst could be controlled
by model parameters. Parameter space of the model has been separated into areas of dif-
ferent modes presence by bifurcation analysis of model dynamics.

We developed a hardware electronic prototype of the model. Oscillations in the pro-
totype have been observed. Similar self-oscillating modes have been found in hardware as
in mathematical model. Areas of different dynamic modes have been investigated experi-
mentally.

Moreover, excitability of the model has been observed under external periodic pulse
stimulation both theoretically and experimentally. Synchronization between evoked puls-
es of the prototype and stimulation pulses has been discovered.

This work was supported by RFBR Grant No. 16-31-60080 mol_a _dk and by Presi-
dent Grant No. MK-2726.2017.2.
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SELF-ORGANIZING TRANSPORT LIGHTNING INITIATION MODEL
A.A. Bulatov, D.I. ludin
Institute of Applied Physics of Russian Academy of Sciences, Nizhny Novgorod

An advanced 3D numerical model of lightning initiation and development is present-
ed. The key features of the model include probabilistic branching, streamer-to-leader tran-
sition, bidirectional propagation, non-zero internal electric field, simultaneous growth of
multiple branches, physical timing, and, for the first time, probabilistic propagation field
threshold and channel decay. Also the proposed model takes into account the differences
between initiation and propagation fields of positive and negative streamer discharges.

TERAHERTZ FIELD GRAPHENE BASED DETECTOR
P.A. Chizhov
A.M. Prokhorov General Physics Institute RAS, Moscow

We report time-domain terahertz pulse electric field registration by use of graphene
based photoconductive detector. The device is simple with the sensitivity achieved com-
parable to traditional electro-optical sampling technique.

ON THE ROLE OF TURBULENCE IN ELECTRIFICATION
OF DISPERSED MULTI-PHASE MEDIA

SO. Dementyeva, E.A. Mareev
Ingtitute of Applied Physics RAS, Nizhny Novgorod

Numerous natural phenomena are accompanied with the electric field growth and
electric discharges. The large-scale electric field growth in thunderclouds and dust storms
is usually provoked by the electric charge transfer during particles collisions. It was
showed in field measurements that the turbulent energy dissipation rate in thunderclouds
is quite high. However, modern theoretical studies and models of thunderstorms consider-
ing the turbulent diffusion often shows that turbulence leads to weakening of the electric
field. This work is based on the suggestion that the relative velocity fluctuations caused
by turbulence may produce the electric field growth. In this work, peculiarities of induc-
tive and non-inductive mechanisms of charge generation in thunderclouds were studied. It
was shown, that in some cases the turbulent charging current is of the same order with the
charging current, which is present in thunderclouds in the absence of turbulence.

Thunderstorms are dangerous natural phenomena, which we should try to predict
carefully. We have used the present study for improvement of the electric parameters
parameterization, which was devel oped before, and have simulated some thunderstormsin
Nizhny Novgorod. Consideration of the turbulent effects during modeling of electric
parameters has identified some differencesin electric parameters distributions.
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RESONANCE STRUCTURESAND THEIR BIFURCATION IN THE ABC-FLOW
A.A. Didov*?, M.Yu. Uleysky?
!Far-Eastern Federal University, School of Natural Sciences, Vladivostok

2Pacific Oceanological Institute of the Russian Academy of Sciences, Laboratory of Nonlinear
Dynamical Systems, Vladivostok

The ABC-flow is a 3D simple model for studying different nonlinear dynamical pro-
cesses, e.g., in astrophysics of magnetic fieldsin stars and in hydrodynamical flows.

We study resonances of the ABC-flow in the near integrable case. Thisis an interest-
ing example of a nondegenerate Hamiltonian system with 3/2 degrees of freedom in
which simultaneous existence of two resonances of the same order is possible. Analytical
conditions of the resonance existence are received. It is shown numerically that the largest
n:1(n=1, 2, 3) resonances exist, and their energies are equal to theoretical energiesin the
near integrable case. We provide analytical and numerical evidences for existence of two
branches of the largest n:1 (n = 1, 2) resonances in the region of finite motion.

HORIZONTAL VIBRATIONSAND EFFECTIVE GRAVITY
INVERSION IN A TWO-LAYER SUSTEM OF INVISCID LIQUIDS

AV. Dolmatova’, D.S. Goldobin?, T.P. Lyubimova?

YInstitute of Continuous Media Mechanics UB RAS, Perm
2Perm State University, Perm

We study the waves at the interface between two thin horizontal layers of immiscible
liquids subject to high frequency tangential vibrations. Nonlinear governing equations are
derived for the cases of two- and three-dimensional flows and arbitrary ratio of layer
thicknesses. The derivation is performed within the framework of the long-wavelength
approximation, which is relevant as the linear instability of a thin-layers system is long-
wavelength. The dynamics of equations is integrable and the equations themselves can be
compared to the Boussinesg equation for the gravity waves in shallow water, which al-
lows one to compare the action of the vibrationa field to the action of the gravity and its
possible effective inversion.

HIGH-HARMONIC GENERATION
FROM LASER SOURCES OF MID-IR RANGE:
SCALING LAW OF THE TRANSFORMATION EFFICIENCY
WITH LASER WAVELENGTH

A.S Emelina, M.Yu. Emelin, M.Yu. Ryabikin

Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod
Prokhorov General Physics Institute, Russian Academy of Sciences, Moscow

Recently, significant progress has been achieved in the development of high-power
femtosecond parametric laser sources whose central wavelengths range from 1.5 to 4 um
and beyond. These advances have opened up new perspectives in the research of strong-
field laser-matter interactions. In particular, due to the proportionality of the electron
ponderomotive energy to the square of the laser wavelength, a dramatic extension of the
plateau in the high-harmonic spectrum to higher photon energies is possible when using
mid-IR sources. The other side of the coin is that the efficiency of high-order harmonic
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generation (HHG) by individual atoms turned out to scale unfavorably with the laser
wavelength (typically, as A* with u = 56 for 0,8 um < A< 4 um). This decrease in the
efficiency of single-atom nonlinear response can be, however, substantially compensated
for by implementing phase-matched HHG at high gas pressures and large interaction
lengths using gas-filled waveguides. It is therefore important to explore the scaling laws
for high-harmonic yield for laser wavelengths far exceeding 4 um. In this contribution, we
present the results of our study for wavelengths 2 um <A <4 um.

METHOD FOR DETECTION OF SPECIFIC BEHAVIOUR PHASES
IN COUPLED SYSTEMSBEING IN THE INTERMITTENT
GENERALIZED SYNCHRONIZATION

E.V. Evstifeev, O.l. Moskalenko
Saratov State University

Nowadays synchronization of chaos in coupled oscillators is a fundamental phenom-
enon in nonlinear physics [1]. At that, the generalized chaotic synchronization attracts the
most interest of scientists[2].

Onset of generalized synchronization is preceded by intermittent behavior. A method
for detection of the phases of synchronous and asynchronous behavior is reguired to de-
fine characteristics of intermittency. An amplitude method is based on the auxiliary sys-
tem approach and is applicable only for unidirectionally coupled oscillators [3, 4].

In this work, we proposed modified method of nearest neighbors [2] to detect those
characteristics in coupled chaotic oscillators with the intermittent generalized synchroni-
zation. Two coupled Rossler’s oscillators have been considered. We have chosen fixed
points and related nearest neighbors in the phase space of drive system. It was supposed
that phase trgjectories of states (nearest to the fixed one) would still be close in the phase
space of another system during the synchronous (laminar) phases, and would deviate a lot
during asynchronous (turbulent) phases. Due to this condition, we have determined these
phases and found statistical characteristics of intermittent behavior. Obtained with our
method results are in a good agreement with the results received with the help of auxiliary
system approach.

Thiswork has been supported by Russian Science Foundation (project 14-12-00224).

1. Boccaletti, S. The synchronization of chaotic systems/ S. Boccaletti, J. Kurths, G.V. Osipov,
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MAGNETIZATION SWITCHING OF MAGNETIC PARTICLES
INTHE CARBON NANOTUBE UNDER THE ACTION OF POLARIZED LIGHT

R.S. Evstigneev!, D.V. Churikov?, AR Safin®, O.V. Kravchenko™? SS. Kharlamova®,
M.F. Bulatov?
MGTU nam. N.E. Bauman, Moscow
2 Scientific and technological center of unique instrumentation, Moscow
3National research university “MPEI”, Moscow

The paper investigates the mathematical model of the processes of magnetization
switching of ferromagnetic particles in the carbon nanotube under the action of polarized
light. The effective magnetic field acting on a single particle is the sum of the externa
magnetic field, anisotropy and demagnetizing fields. The coupling between a ferromag-
netic particle is described by magnetodipolar field. The distribution of ferromagnetic par-
ticles for nanotube is assumed to be random with uniform distribution. The developed
model allows one to calculate the magnetization switching time from one state to another,
and the magnitude of the field which is necessary for the magnetization switching of par-
ticles from one state to another. This technique can be effectively used to create a new
type of memory based on carbon nanotubes and spintronics.

ABOUT NUMERICAL MODELING OF DAY AND NIGHT SPRITES
AA. Evtushenko, F.A. Kuterin, N.N. Syunyaev
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

We develop plasma-chemical self-consistent model for numerical modeling of hight-
altitude discharges and apply it to day and night sprites.

GENERATION VORTEX MOTION BY WAVESON THE WATER SURFACE
SV. Filatov, D.A. Khramov, A.A. Levchenko
Institute of Solid State Physics RAS, Chernogolovka

Experimentally studied vortex lattice generated by surface gravity waves. To find
confirmed with theoretical model, consider think film on the surface water. Measure in-
crease rate of vortex lattice on the water surface. Measure amplitude of vortex lattice un-
der water surface and it decrease with depth according exponential low. Measure penetra-
tion rate of vortex lattice in depth.

NONLINEAR LONGITUDINAL STRAIN WAVESIN THIN LAYERED
WAVEGUIDES

F.E. Garbuzov, Y.M. Beltukov, A.M. Samsonov
loffe Institute, M oscow

The mathematical model for the longitudinal bulk strain waves in thin layered plates
and rods was developed. The equation for the linear component of the longitudinal strain
was derived, which, in case of homogeneous layers, has a solitary wave solution. The
conservative finite difference scheme was used to simulate propagation of solitary waves
in the waveguide with variation of elastic moduli along the direction of propagation. The
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dependence of soliton parameters (amplitude and length) on the variation of elastic modu-
li was studied.

NEW VARIABLES FOR EMPIRICAL PROGNOSTIC ENSO MODEL
A.S Gavrilov, AFF. Seleznev, D.N. Mukhin, E.M. Loskutov, A.M. Feigin
Institute of Applied Physics of RAS, Nizhny Novgorod

We propose a new method of empirical prognostic model construction by spatially
distributed observed data. The method involves two steps: construction of principal mani-
fold and construction of evolution operator on the manifold. To construct principa mani-
fold we propose linear dynamical mode (LDM) decomposition as an aternative to widely
used empirical orthogonal function (EOF) decomposition. The evolution operator is rep-
resented as nonlinear stochastic mapping parameterized with artificial neural network
including slow non-stationarity and prescribed external forcing.

We apply this method to the analysis of sea surface temperature in the tropical belt
on 1960-2007 time interval and demonstrate that the LDM-based model has better predic-
tion skill than the EOF-based model. Also we show that the resulting model allows mak-
ing the forecast of El Nino Southern Oscillation (ENSO) whose quality is comparable to
the leading world models for ENSO prediction.

This work is supported by the Government of the Russian Federation (Agreement
No. 14.Z50.31.0033 with Institute of Applied Physics RAS) and by the Russian Science
Foundation (grant Ne 16-12-10198).

SOLITON AND BREATHER TURBULENCE IN THE NLSE
AA. Gelash? and D.S. Agafontsev'?
"Novosibirsk State University, Novosibirsk

2Institute of Thermophysics, SB RAS, Novosibirsk
3p.P. Shirshov Institute of Oceanology, RAS, Moscow

We suggest recursive numerical scheme for the Zakharov-Mikhailov variant of the
dressing method, that allows us to generate multi-soliton solutions of the focusing nonlin-
ear Schrodinger equation (NLSE) with number of solitons up to 128. Then we study nu-
merically the statistical properties of high-density soliton gas (soliton turbulence) with
respect to soliton density and velocity distribution. Specia attention is paid to examina-
tion of rogue waves that appear as a result of multi-soliton collisions. Then we extend the
scheme of the dressing method to the case of NLSE breathers. We study all known by
now scenarios of the presence of breathers in small localized perturbations of the plane
wave background. We show how the development of such perturbations leads to breather
turbulence and formation of rogue waves.
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THE FORECASTING OF VERTICAL TEMPERATURE DISTRIBUTION
AND EUTHROPHICATION OF INLAND WATER OBJECTS
WITH FIELD MEASUREMENT DATA

D.S Gladskikh?, D.A. Sergeev?, G.A. Baydakov?, I.A. Soustova®,
Yu.l. Troitskaya®, A.V. Ivanov®
Ynstitute of Applied Physics RAS, Nizhny Novgorod

2Nizhny Novgorod State Technical University n. a R. E. Alekseev
3Nizhny Novgorod State University of Architecture and Civil Engineering

The problem of computation of vertical temperature distribution and euthrophication
of inland water objects is raised in the research. The modified version of the program
complex LAKE is proposed for the forecasting of thermal regime. The modification
caused changing the procedure of input data assignment, ensured the possibility of using
the results from field measurements as starting profiles and led to the greater considera-
tion of wind influence on mixing. The experimental data in combination with the data of
global reanalysis and the hydrometeorological station were used for validation. Tempera-
ture values in control points, comparison of the forms of the profiles and standard devia-
tion were analyzed to assess the numerical results. Simulation with the modified model
gave results which are in good agreement with the real seasona variations of thermal
regime in lake part of Gorky water reservoir. The forecasting of euthrophication was
based on these results and field measurement data. The modified Bradford-Maiero model
was choosed for the purpose: average temperature of mixed layer, its thickness, and con-
tribution of abiotic particulate mattersin Secchi depth were accounted. Result of the simu-
lation is the concentration of microalgae cells per unit of volume.

ANALYTIC MODEL FOR ELECTROMAGNETIC FIELDS
IN STRONGLY NONLINEAR WAKEFIELD

AA. Golovanov!, I.Yu. Kostyukov', J. Thomas?, A.M. Pukhov?

YInstitute of Applied Physics RAS, Nizhny Novgorod
?Institut fiir Theoretische Physik I, Heinrich-Heine-Universitét Diisseldorf, Diisseldorf

Plasma acceleration methods are one of the prospective areas of research in modern
science. These methods use an intense ultrashort laser pulse or a relativistic bunch of
charged particles to drive a wakefield in plasma, which allows obtaining acceleration
gradients orders of magnitude higher than in conventional radio-frequency accelerators.
Of particular interest is the strongly nonlinear (bubble) regime of plasma wakefield in
which self-injection and consecutive acceleration of plasma electrons is possible. Based
on the theory of the strongly nonlinear (bubble) regime of plasma wakefield in non-
uniform plasma, we develop a model describing electromagnetic field components in this
regime. Using the assumption of small thickness of the electron sheath on the boundary of
abubble, we develop alowest-order perturbation theory allowing us to find simple explic-
it expression for all components of the electromagnetic field both inside and outside the
bubble. The obtained results are verified with 3D particle-in-cell simulations which show
good correspondence to the developed model.
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THE TWO-MODE VAN DER POL GENERATOR ASA BASE ELEMENT
IN A MODEL OF CENTRAL PATTERN GENERATOR

AP. Gulai, SV. Astakhov
Y uri Gagarin State Technical University of Saratov

Central pattern generator is a system generating coordinated patterns of motor activi-
ty without any feedback. CPG are designed as vector maps, connectionist models, neural
networks and systems of coupled nonlinear oscillators. Most of CPG models used today
consist of a big number of partial elements or have a complex system as a partial element.
Moreover, one system generates only one regime.

We consider a simple model of a multi-mode system as a base element in a model of
central pattern generator. It is the van der Pol oscillator with an additiona oscillatory
circuit. This system is a bi-stable system, and so severa coupled systems can demonstrate
abig number of various oscillatory regimes characterized by various phase shifts between
oscillators. Thisisimportant for providing arobot various gaits.

The purpose of this work isto carry out the bifurcation analysis of the system of two
coupled two-mode van der Pol generators and to find out how the type of coupling influ-
ences a formation of multi-stability in a phase space of the system. The result of research
is bifurcation scenarios of formation of co-existing limit cycles characterized by different
mutual phase shifts. These cycles correspond to different patterns of locomotor activity.

SYNCHRONOUSAND ASYNCRONOUSREGIMESIN THE POWER
NETWORK WITH HUB-TOPOLOGY

V.A. Hramenkov

N.I. Lobachevsky State University of Nizhny Novgorod
Institute of Applied Physics RAS, Nizhny Novgorod

We study synchronous, quasisynchronous and asynchronous regimes in hub clusters
of the power networks, which are simulated by ensembles of phase oscillators. Approach-
es allowing one to estimate the regions in the parameter space, which correspond to the
global asymptotic stability of synchronous regime and also existence of quasisynchronous
and asynchronous regimes, are presented. These methods are illustrated by an example of
ahub cluster consisting of one consumer and two generators.

FREQUENCY SYNCHRONIZATION BETWEEN REGULATORY LOOPS
OF CIRCULATION IN MATHEMATICAL MODEL
OF CARDIO-VASCULAR SYSTEM

Yu.M. Ishbulatov!, A.S. Karavaev
Saratov Branch of the Institute of Radioengineering and Electronics of Russian Academy of Sciences

We propose an original mathematical model for autonomous regulation of human
cardiovascular system. The model approximates the heart with integrate-and-fire model,
simulates the autonomous control of heart rate and arterial pressure. Model also simulates
cardiorespiratory interaction. Two nonlinear self-exciting oscillators with delay represent
autonomous regulation of arterial pressure and heart rate. This approach allowed to repro-
duce the experimentally observed effect of frequency synchronization between regulatory
systems.
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Consistency of the proposed model is validated by quantitative and qualitative repro-
duction of spontaneous interchange between intervals of synchronized and non- synchro-
nized behavior, typical for autonomous regulation of rea cardiovascular system. Simula-
tion was performed within physiological values of parameters.

SIMULATION OF WAVESMOVING IN OPPOSITE DIRECTIONS
ON THE SURFACE OF DEEP WATER

D.l. Kachulin®, A.l. Dyachenko®?, V.E. Zakharov"*34
"Novosibirsk State University, Novosibirsk
?|_andau Institute for Theoretical Physics RAS, Chernogolovka
3_ebedev Physical Institute RAS, Moscow
“University of Arizona, Tucson, USA

We apply a canonical transformation to a water wave equation to remove cubic non-
linear terms and to drastically simplify fourth-order terms in the Hamiltonian. This trans-
formation explicitly uses the vanishing exact four-wave interaction for water gravity
waves for a 2D potential fluid. We obtained system of two coupled differential equations
which is very suitable for analytical studies and numerical simulations. We performed
numerical simulation of water waves moving in opposite directions.

TWO-POINT CORRELATORS OF CHARGED FERMIONS
IN CONSTANT HOMOGENEOUSMAGNETIC FIELD

1.V. Karabanov, A.Ya. Parkhomenko
P. G. Demidov Yaroslavl State University, Y aroslavl

We study the two-point correlation functions under an influence of the constant homo-
geneous magnetic field. In addition to the correlators of scalar, pseudoscalar, vector and
axia-vector fermionic currents, we calculate the non-diagonal ones including the tensor and
(pseudo)scalar currents. The tensor current is a fermionic part of the Pauli Lagrangian rele-
vant for the electromagnetic interaction of fermions through the anomalous magnetic mo-
ment. Its contribution to the photon polarization operator is briefly discussed.

THE CORRELATION BETWEEN ACCELERATIONS
OF OCEAN-BOTTOM SEISMIC MOTIONS AND PRESSURE VARIATIONS
REGISTERED BY DEEPWATER DONET OBSERVATORIES
DURING THE TOHOKU 2011 EARTHQUAKE

V.A. Karpov}, M.A. Nosov?, H. Matsumoto?, Y. Kaneda®

Chair of Physics of Seaand Inland Water, Faculty of Physics,
M.V. Lomonosov Moscow State University
2Japan Agency for Marine-Earth Science and Technology (JAMSTEC)
3Institute of Education, Research and Regional Cooperation for Crisis Management, Shikoku,
Kagawa University

According to the data of deepwater DONET observatories, the relationship between
ocean-bottom pressure variations and acceleration of ocean—bottom motions during the
2011 Tohoku earthquake was investigated. The method of cross-spectral analysis con-
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firmed the existence of alinear relationship between the pressure variations and the verti-
cal acceleration component in the “forced oscillation” frequency range. The connection is
manifested as a close to unity value of magnitude-squared coherence at practically zero
phase lags. It is shown that the dight deviations from this rule observed for some stations
are related to the contribution to pressure variations of horizontal seismic motions of
nearby underwater slopes.

INFLUENCE OF HETEROGENEITY OF SUBSTRATE SURFACE
ON DROP OSCILLATIONS UNDER NON-UNIFORM ELECTRIC FIELD

M.A. Kashinal, A.A. Alabuzhev*?

'Perm State University, Perm
2 nstitute of Continuous Media Mechanics UB RAS, Perm

The forced oscillations of the incompressible fluid drop under the action of the alter-
nating electric field are considered. In equilibrium, the drop has the form of a circular
cylinder bounded axially by the parallel solid planes; the contact angle is right. An in-
compressible fluid of different density surrounds the drop. The external electric field acts
as an external force that causes motion of the contact line. In order to describe this contact
line mation, the modified Hocking boundary condition is applied: the velocity of the con-
tact line is proportional to the deviation of the contact angle and the speed of the fast re-
laxation processes, whose frequency is proportional to twice the frequency of the electric
field. The case of heterogeneous plates is investigated. We assume that the Hocking pa-
rameter depends on the polar angle in this case. The function describing the change in the
coefficient of the interaction between the plate and the fluid (the contact line) is expanded
in a series of the Laplace operator eigenfunctions. The data about deviation of frequency
and surface characteristics depending on Hocking parameter, frequency and amplitude of
an external alternating electric field and the geometric parameters of the system are ob-
tained.

CROSS-FREQUENCY SYNCHRONIZATION
IN THE NEUROMORPHIC NETWORKS OF VORTEX SPINTRONIC
OSCILLATORS

0.S Katkova, A.R. Safin
National Research University “MPEI”, Moscow

In this work the method of cross-frequency synchronization in neuromorphic net-
works of vortex-based spintronic oscillators (VSO) is developed. We analyze the linear
normal modes of complex networks of nonlinear self-oscillatory VSO with nonidentity
and nonisochrony. We constructe adjacency matrices of different type of networks and
calculate the normal modes. After normal mode cal culation we shift to the truncated equa-
tions for slowly varying amplitudes and phases in the normal coordinates using general-
ized quasi-Hamiltonian approach. Finaly, we present the phase dynamics and cross-
frequency locking ranges based on the Kuramoto-approach and compare different net-
works to the ability of synchronization.
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MIXED DYNAMICSIN TIME REVERSIBLE SYSTEMS
A.O. Kazakov

National Research University High School of Economics, Nizhny Novgorod
Lobachevsky State University of Nizhny Novgorod

Nowadays it is considered that along with the conservative (Hamiltonian) chaos,
characteristic conservative non-integrable systems and strange attractors which are typical
for dissipative systems, there exists athird type of chaos—mixed dynamics. For conserva-
tive chaos, the attractor coincides with the repeller (A = B), for the dissipative chaos the

attractor does not intersect the repeller (A N B = &), while for the mixed dynamics the

attractor intersects with the repeller, but does not coincide with it (4 N R #J, A = R).

In this talk we will explain how attractors can intersect with repellers, and describe
possible scenarios for the occurrence of such a phenomenon in few reversible systems.

ATTOSECOND PULSE FORMATION IN ACTIVE MEDIUM
OF A PLASMA-BASED SOFT-X-RAY LASER DRESSED
BY AN OPTICAL LASER FIELD
I.R. Khairulin *2, V.A. Antonov 23, O. Kocharovskaya®
! Lobachevsky State University of Nizhny Novgorod
2Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

3Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow
“Department of Physics and Astronomy, Texas A&M University, College Station, USA

In this work we study the possibility for transformation of a quasimonochromatic x-
ray field into a train of attosecond pulses in active medium of a plasma-based soft x-ray
laser dressed by an moderately strong optical laser field, which was recently shown in
[Phys. Rev. A 96, 033825 (2017)]. We derive an analytical solution for the x-ray field,
amplified in a laser-field-dressed active medium of a plasma-based x-ray laser with popu-
lation inversion at the transition n = 1 <> n = 2 of hydrogen-like ions. Using the derived
analytical solution, we show the possibility to considerably increase the contrast of the
produced pulses. We suggest an experimental implementation in active medium of Li?*
ions dressed by the laser field with intensity 4-10™ W/cm? and wavelength 935 nm.

GENERALIZED SYNCHRONIZATION IN CHAOTIC SYSTEMS
WITH TWO POSITIVE LYAPUNOV EXPONENTS

V.A. Khanadeev, A.A. Koronovskii, O.I. Moskalenko
Saratov State University

In this paper we investigate the possibility of the generalized synchronization onset in
chaotic system characterized by two positive Lyapunov exponents. For this purpose a
system of two mutually coupled modified Lorenz systems was constructed and its behav-
ior was studied with the growth of the coupling strengths. The study was carried out by
calculating the spectrum of Lyapunov exponents for the system and using the nearest-
neighbor method. It was found that for the chosen values of the control parameters with
the increase of the coupling strength between the systems a transition of two positive
Lyapunov exponents in the field of the negative values is observed. When both Lyapunov
exponents become negative, the regime of generalized synchronization is detected in the
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system that is confirmed by the method of the nearest neighbors. The problem of the be-
havior of interacting systems in the case when the only one initially positive Lyapunov
exponent became negative was considered in detail. It is found that in this case the inter-
mittent behavior is observed.

CLASSIFICATION OF IMAGINARY MOVEMENT PATTERNS
ON THE EEG BASED ON MACHINE LEARNING METHODS

D.V. Kirsanov, E.N. Pitsik
Y uri Gagarin State Technical University of Saratov

Electroencephal ography is the most common method of studying the electrical activi-
ty of the brain, capable of giving enough information about the psychological person’s
state. Classification of specific patterns on the EEG record is an important task of
neurodynamics and neurophysiology, which is aso fundamentally important for studying
both everyday processes such as sleeping and studies of the various diseases, for example,
epilepsy. In this paper, we propose methods for classifying EEG patterns corresponding to
different types of imaginary motions, based on machine learning technologies, and also
discusses the prospects of using these methods in the development of a control system for
the exoskeleton.

SOLUTE IMMOBILIZATION EFFECT ON SEEPAGE OF MIXTURE
THROUGH POROUSMEDIA WITHIN FRACTAL MIM MODEL

L.S Klimenko', B.S Maryshev'?

YInstitute of Continuous Media Mechanics UB RAS, Perm
2Perm State University, Perm

The linear stability analysis within the infinite horizontal porous layer saturated with
a mixture has been made. Solute immobilization is taken into account within the fractal
model of MIM approach. The solute concentration difference between the layer bounda-
riesis constant. We consider two cases of horizontal externa filtration flux: constant and
time-modulated. For the constant flux the system of equations for the frequency of neutral
oscillations and the critical value of the Rayleigh-Darcy number is derived. It was found
that taking immobilization into account leads to an increase in the critical value of the
Rayleigh-Darcy number with an increase in the intensity of the external filtration flux. For
time-dependent filtration flux the differential equation with fractional derivatives has been
obtained for description of the behavior near the convection instability threshold. This
equation is analyzed numerically; the parametric excitation of convection is observed,
which means the principal possibility to control the system behavior.

SELF-FILTRATION OF HIGH-POWER LASER BEAMS
DURING PROPAGATION IN FREE SPACE
AA. Kochetkov, V.N. Ginzburg, E.A. Khazanov
Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod

It has been experimentally confirmed that self-cleaning of a laser beam from spatial
noises during propagation in free space can effectively suppress self-focusing instability
without the use of spatia filters. Measurements of the instability increment by two inde-
pendent methods have demonstrated a quantitative agreement with theory and a high effi-
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ciency of suppression of small-scale self-focusing. This opens up new possibilities for
using in optical beams with an intensity of the order of TW/cm~ of transparent optical
elements: frequency doublers, phase plates, beam splitters, polarizers, etc.

DEVELOPMENT AND APPROVAL OF THE METHOD
FOR CALCULATION OF LYAPUNOV EXPONENT SPECTRUM
FOR TIME-DELAYED SYSTEMS

A.D. Koloskova, O.l. Moskalenko, A.A. Koronovskii
Saratov State University

A method for calculation of the spectrum of Lyapunov exponents for time-delated sys-
tems has been proposed and tested. With the help of the proposed method, the behavior of the
spectrum of Lyapunov exponents depending on the control parameter has been studied for the
time-delayed generator and the Mackey-Glass equation. The high method accuracy has been
shown. It is assumed that the method will be used for other systems with time delay.

RECONSTRUCTION OF COUPLING ARCHITECTURE IN THE CHAINS
OF THE UNIDIRECTIONALLY COUPLED SYSTEMS
USING GRANGER CAUSALITY

M.V. Kornilov, 1.V. Sysoev

Saratov Branch of Kotel’ nikov Institute of Radio Engineering and Electronics
of Russian Academy of Sciences
Saratov State University

In this work we investigated the possibilities of reconstruction of coupling architec-
ture in the chains of unidirectionally coupled oscillators using Granger causality method
with forecasting models in form of nonlinear maps with polynomial nonlinearity in pres-
ence of both direct and indirect interactions.

To find a coupling architecture, a method based on three simple and conditional
Granger causality was proposed. 3D radioengineering generator models and Ikeda time
delayed laser eguations, coupled unidirectionally were studied in different regimes with
coupling level from very small to high, when individual systems were close to synchroni-
zation. The developed approach was shown to allow to determine the architecture of the
linksin ensemble totally correctly in more than 80 % cases.

MODELING OF THE PULSE GENERATION PROCESS
INAMULTIMODE Q-SWTCHED GENERATOR CONSIDERING
TRAVELLING WAVE COMPONENT
AT THE REAL PARAMETERS OF THE RESONATOR

A.P. Korobeynikova, I.A. Shaikin, 1.V. Koryukin, E.A. Khazanov
Ingtitute of Applied Physics, Russian Academy of Sciences, Nizhniy Novgorod
In this paper, the process of pulse generation in a multimode Q-switched generator is
investigated. The results of the simulation explain the generation of the second giant
pulse, which was previously observed experimentally. The cause of the generation of the

second giant pulse, the so-called post-pulse, is the fact that for different longitudinal
modes of the resonator the maxima of their wave functions are spaced along the length of
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the active element (AE). Thus, there are regions in AE, where one longitudinal mode is
not amplified, and a population inversion remains sufficient for the development of an-
other mode.

New calculations were made considering travelling wave component, since in reality
it is necessary to represent the waves in the resonator as a superposition of standing and
traveling waves, because the emission of radiation from the resonator causes the waves
traveling in opposite directions to be different. Also, all the coefficients into equations
were calculated in accordance with the actual values of the resonator parameters.

DETRIMENTAL EFFECTS OF SELF-GENERATED
QUASI-STATIONARY MAGNETIC FIELDSON ION ACCELERATION
BY SUPER-INTENSE LASER PULSES

A.V. Korzhimanov
Institute of Applied Physics RAS, Nizhny Novgorod

Recently, an experiment on laser proton acceleration at intensity exceeding
10°" W/cm? showed deviation from awidely accepted scaling law g, ~ 12 (g, being cutoff
proton energy and | being laser intensity). Here a theoretical explanation of this observa-
tion is given. It is shown that a gigauss-level magnetic fields are self-generated in the
target leading to non-uniform electron temperature distribution and as a consequence to
lower proton energy compared to what predicted by common theories.

LASER ACCELERATION OF ELECTRONSFROM A GASCELL
ON PETA-WATT COMPLEX PEARL

A.V. Kotov
Institute of Applied Physics, Russian Academy of Sciences, Nizhniy Novgorod

The article is devoted to an experiment on laser-plasma acceleration of electronsin a
wakefield. The experiments were carried out on the basis of the laser complex PEARL
(910 nm, 50-70 fs, 30 J). The radiation is focused into a gaseous cell of an original design
with an adjustable length, the volume of which is divided into two parts, injection and
acceleration. This design allows to adjust parameters such as the concentration and com-
position of the gases used, as well as the length of the acceleration path. Pilot experiments
showed the superiority of this scheme over the one used in the previous series of experi-
ments. To measure the energies of accelerated electron bunches, a magnetic el ectron spec-
trometer consisting of two scintillator screens and two magnets is used. To diagnose the
state of the plasmain a gas cell, the Mach-Zandra interferometer.

NONLINEAR BOUND STATESIN THE CONTINUUM
AND MULTISTABILITY IN ONE-DIMENSIONAL PHOTONIC CRYSTAL
WAVEGUIDES

SD. Krasikov, A.A. Bogdanov, |.V. lorsh
ITMO University, St. Petersburg
We study the nonlinear optical response of one-dimensiona photonic crystal wave-
guide in which bound states in the continuum can exist. We show how the multistability

occurs in the system and discuss different classes of solutions arising due to linear bound
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states. We aso analyze the stability of obtained solutions as well as the influence of the
system size on stability.

CONSTANCY OF THE CORONAL MAGNETIC LOOP CROSS SECTION
P.V. Kronshtadtov, V.V. Zaitsev
Ingtitute of Applied Physics of RAS, Nizhny Novgorod

Coronal magnetic loop observations give evidence that the solar magnetic loop cross
section is constant along all length. This is interesting, because coronal magnetic loop
length can reach severa height scales of the inhomogeneous atmosphere and therefore
pressure may vary over the order of magnitude at different heights in a magnetic loop. A
force balance in the stationary current-carrying magnetic loop is considered. The hydro-
static equation of the force balance is solved under the conditions of constant longitudinal
electric current and the conservation of the longitudinal magnetic field flux. As a result,
dependence of the magnetic loop radius on height in case of different plasma beta values
in the magnetic loop footpoint is obtained. It is shown, that when gas-kinetic pressure
inside the loop is small in comparison with the longitudinal magnetic field pressure, then
the thickness of the loop is constant in the corona that is typica for the majority of the
observed coronal magnetic loops.

ABOUT TOPOLOGICAL CALSSIFICATION OF Q-STABLE FLOWS
ON SURFACES

V.E. Kruglov

National Research University Higher School of Economics, Nizhniy Novgorod
National Research University Lobachevsky State University of Nizhniy Novgorod

In this paper we descript the combinatorial topological invariant for Q-stable flows
on surfaces. Structurally stable (rough) flows on surfaces have only finitely many singu-
larities and finitely many closed orbits (limit cycles), al of which are hyperbolic, and they
have no trajectories joining saddle points. In the set of Q-stable flows on surfaces the last
property violates, this is the reason they are not structurally stable. However, in this work
we prove that atopological classification of such flowsis also reduced to a combinatorial
problem. Our complete topological invariant is a bipartite directed graph, equipped with
four-colour multigraphs and other additional information. We also build a standart flow
for an abstract graph and present a graph criterion for orientability of the ambient mani-
fold and a graph-associated formulafor its Euler characteristic.

HYPERBOLIC CHAOSIN COUPLED BONHOEFFER — VAN DER POL
OSCILLATORS OPERATING WITH RELAXATION SELF-OSCILLATIONS
V.P. Kruglov, V.M. Doroshenko, SP. Kuznetsov
Saratov State University
Saratov Branch Kotelnikov Institute of Radioengineering and Electronics of RAS

We introduce new model with Smale-Williams attractor. The system consists of iden-
tical weakly coupled Bonhoeffer — van der Pol oscillators with control parameter slowly
changing in time. The system operates due to excitation and decay of relaxation self-
oscillations with frequencies that are M times less than frequency of low amplitude oscil-
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lations. The phases of oscillators increase in M times on half period of modulation. It
corresponds to arise of Smale-Williams solenoid with expansion factor M2,

QUANTITATIVE ANALYSISOF THE EFFECTS OF FALSE COUPLINGS
DUE TO MEASUREMMNET NOISE AND SHORT TIME SERIES

SN. Krylov!, D.A. Smirnov?, B.P. Bezruchko™?

! Saratov State University
2 saratov Branch of V.A. Kotel’ nikov Institute of Radio Engineering and Electronics of RAS

The problem is to study the influence of the observational noise and short time series
on the direction and numerical evaluation of the coupling value using linear oscillators as
examples. The influence of these phenomenaistypical for certain values of the individual
parameters of the oscillators. The problem arises in different areas of research for detec-
tion and quantification of directional coupling, e.g. in biomedicine in the analysis of EEG.

The influence of observational noise and the length of the time series on the estimates
of directional couplings between stochastically perturbed linear dissipative oscillators is
investigated. The conditions under which these factors lead to false detection of coupling
are determined. These conditions should be taken into consideration on practice while
evaluating relationships from observational data, for example, in the tasks of neurophysi-
ology and climatology.

NUMERICAL SIMULATION OF SURFACE WAVESAT SHORT
FETCHES OF INLAND WATERS

A.M. Kuznetsova, G.A. Baydakov, A.S. Dosaev, A.A. Kandaurov, M.1. VVdovin,
V.V. Papko, D.A. Sergeev, Yu.l. Troitskaya

Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod
Lobachevsky State University of Nizhny Novgorod

The report is devoted to the simulation of waves in the inland waters using modern
global model WAVEWATCH Il (WW3). In modeling, the features of the internal reser-
voirs are taken into account, therefore the open program codes are changed. The adapta-
tion of the nonlinear model in WW3 is considered. The validation of the results with the
results of field experimentsis performed.

DYNAMICS OF DISCRETE BREATHERSIN INTEGRABLE MODELS
OF CRYSTAL AND ELECTRIC SYSTEMS

D.V. Laptev
B.l. Verkin Institute for Low Temperature Physics and Engineering, NAS of Ukraine, Kharkov

The work is devoted to theoretical research of the dynamics of the discrete breathers
in the integrable model of the Hirota lattice and equivalent system of self-dual network
equations. It is shown that these high-frequency localized nonlinear excitations elastically
interact with each other and with shock and linear waves. Nonlinear superposition formu-
lafor discrete breather and soliton solutions is found. Pair collision processes of the exci-
tations are analytically described and explicit expressions for center-mass shifts of shock
waves (kinks) and breathers, and phase shifts of oscillations of breathers and linear waves
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are obtained. The Hamiltonian equations and quasiclassical spectra for the discrete
breathers and kinks as the particle-like excitations of the Hirota lattice are found. For the
first time exact nonlinear periodic solutions describing the breathers and solitons
superlattices in electric transmission line and the Hirota lattice are found. The analogue of
the discrete breather for the finite-size system is presented in terms of the dliptic Jacobi
functions and it is shown that the excitation is detached from the branch of nonlinear ho-
mogenous antiphase oscillations in the bifurcation manner. Implemenation of discrete
breather in microelectronic devices for the energy and information compaction and storage
are proposed.

RADIATION FORCE ACTING ON SOLID MICROPARTICLES
IN FOCUSED ULTRASONIC BEAM

M.V. Lesik, V.G. Andreev
M.V. Lomonosov Moscow State University

The problem of trapping and moving microparticles in liquids with a single focused
transducer is solved. The spatial distribution of the radiation force acting on solid spheri-
ca particles in the field of a focused transducer is calculated. It is shown that there is
small region at distance of 64 mm from the transducer surface, where the particles with
diameter of 150 pm can be trapped. In this case the amplitude of vibrational velocity on
the transducer surface should exceed 6 cm/s. Measurements of displacement of the sand
particles in horizontal planes, located at distances of 60—70 mm from the transducer, are
performed. It is shown that the radiation force results in formation of the regions of clean
surface, the dimensions and position of which depend on the distance to the transducer
and the ultrasound intensity.

THE INFLUENCE OF ELECTRICAL COUPLINGSON DYNAMICS
OF NEURONAL ENSEMBLE

T.A. Levanoval, A.O. Kazakov'? A.G.Korotov!, G.V.Osipov!

*National research Lobachevsky State University of Nizhny Novgorod
2 National Research University Higher School of Economics, Nizhny Novgorod

In this study we investigate phenomenological model of 3 neurons coupled with
chemica (synaptical) inhibitory couplings and electrical couplings. One neuron are mod-
elled using one Van der Pol oscillator. We study the impact of the strength of electrical
couplings and frequency mismatch between elements on the dynamics of the ensemble
of neuron-like elements coupled with synaptic couplings.

OPTIMIZATION OF RAMAN COMPRESSION PARAMETERS
FOR EXPERIMENT AT PEARL LASER SETUP

D.S Levin, AA. Balakin, SA. Skobelev
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The Raman compression of laser pulsesis considered under the conditions of the ex-
periment planned at the Institute of Applied Physics of the Russian Academy of Sciences
on the laser setup PEARL. The analysis was carried out in the framework of hydrodynam-
ic approach, describing, among other things, the influences of plasma dispersion, relativ-
istic nonlinearity, and field dynamics near the plasma wave-breaking threshold. It is
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shown that the main limiting factors will be the excessively high chirp of the pump pulse
and the excessively rare plasma in which the plasma wave-breaking can occur. To miti-
gate the negative influence of these effects, it is proposed to use the intense and short
(about the plasma period) seed pulse, and shift the interaction origin to the edge of the
plasma so that the density gradient of the plasma will compensates the excessive frequen-
cy modulation of the pump at the linear stage.

GENERATION OF SPIKE OSCILLATIONSIN THE SYSTEM
OF FITZHUGH-NAGUMO NEURONSWITH DIFFERENT
LEVELSOF DEPOLARIZATION

A.A. Makeeva

N.I. Lobachevsky State University of Nizhny Novgorod
Institute of Applied Physics RAS, Nizhny Novgorod

We consider a chain of three FitzZHugh-Nagumo neurons connected sequentially
through a chemical synapse. The first neuron of the chain is at rest. However, under the
influence of the latter, the second neuron can be excited. The behavior of the third neuron
depends on the type of spike oscillations of the second neuron. An invariant torus or torus
canards exist in the phase space of the third neuron, depending on the parameters of the
system.

ENTANGLED STATESFORMATION IN AN ARRAY
OF WAVEGUIDESWITH QUADRATIC NONLINEARITY

V.O. Martynov
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

In this paper, the features of the formation of entangled states in a system of coupled
single-mode waveguides as a result of the parametric down-conversion of the pump, giv-
en at the input, is considered. The efficiency of this process depending on the parameters
of the system, as well as the effect of phase pump noise is investigated. It is demonstrated
that there is a critical length of the lattice, exceeding which leads to disappear of any
guantum correlations at the output. This length depends both on the spectral width of the
pump and on its amplitude.

MODELING SPIKE-WAVE DISCHARGESBY A COMPLEX NETWORK
OF NEURONAL OSCILLATORS

T.M. Medvedeva?, M.V. Sysoeva®, .V. Sysoev'

Saratov State University
?|nstitute of Higher Nervous Activity and Neurophysiology RAS, Moscow
3Y uri Gagarin State Technical University of Saratov

The organization of neural networks and the mechanisms, which generate the highly
stereotypical for absence epilepsy spike-wave discharges (SWDs) is heavily debated.
Here we describe such a model which can both reproduce the characteristics of SWDs and
dynamics of coupling between brain regions, relying mainly on properties of hierarchical-
ly organized networks of alarge number of neuronal oscillators.
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The model reproduces the main features of the transition from normal to
epileptiformic activity and its spontaneous abortion: an increase in the oscillation ampli-
tude, the emergence of the main frequency and its higher harmonics, and the ability to
generate trains of seizures. The model was stable with respect to variations in the structure
of couplings and to scaling. The analyzes of the interactions between model structures
from their time series using Granger causality method showed that the model reproduced
the preictal coupling increase detected previously from experimental data.

THE ROLE OF ION MOTION IN RELATIVISTIC SELF-INDUCED
TRANSPARENCY EFFECT OBSERVED IN NON-UNIFORM PLASMAS

N.A. Mikheytsev
Lobachevsky State University of Nizhny Novgorod

An earlier proposed method to obtain steady-state solutions in relativistic laser-
plasma interaction has been extended on the case of non-uniform plasma distribution. It
has been used to analyze the potential role of ion motion in the effect of relativistic self-
induced plasma transparency. It has been shown that for longer pulses the influence of ion
redistribution during the interaction is stronger and |leads to a decrease of athreshold elec-
tron temperature for the transparency effect.

POLARIZATION CONTROL OF HIGH HARMONIC GENERATION
IN A PULSED BICIRCULAR LASER FIELD

AA. Minina?, M.V. Frolov'?, N.L. Manakov!, A.A. Slaev?, N.V. Wedenskii?,
and A.F. Sarace®

'V oronezh State University
?Institute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod
Department of Physics and Astronomy, The University of Nebraska, Lincoln, Nebraska, USA

Polarizations of harmonics produced by two time-delayed circularly polarized short
laser pulses (with carrier frequencies ® and 2w and equal intensities) are shown to change
monotonically from linear to circular as their time delay increases.

DIFFERENCE-FREQUENCY PARAMETRIC RESONANCE
IN THE SYSTEM OF TWO COUPLED OSCILLATORS

AV. Mishin}, VI.V. Kocharovsky®, V.V. Kocharovsky?

Y nstitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod
“Texas A&M University, Texas, USA

The phenomenon of a difference-frequency parametric resonance is studied numeri-
caly for the system of two coupled oscillators. It occurs when the partial frequencies of
the oscillators are multiples of their difference frequency. The stability diagrams for such
a double resonance system are evaluated for typical parameters of the system. The de-
pendence of the threshold of parametric excitation on the relaxation rates of oscillators is
studied. It is shown that the presence of the double resonance favors the parametrica in-
stability.
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DYNAMICSOF THE LASER WITH COHERENT INJECTION
AND PUMP MODULATION

V.S Mitinat, 4.4. Krents™?, N.E. Molevich'?

'Samara National Research University
P N. Lebedev Physical Institute, Samara Branch, Samara

This paper investigates nonlinear dynamics of the class-B laser with pump modula-
tion and coherent injection numerically. Simulation was performed for parameters corre-
sponding to solid-state lasers. It was shown that coherent optical injection stabilizes laser
output. Chaos suppression is possible for large enough intensity of injected light.

SCHEME OF RELATIVE DATA TRANSMISSION
BASED ON CHAOTIC RADIO PULSES

T.I. Mokhseni®, A.S Dmitriev!, K. Serra?

K otel’ nikov Institute of Radioengineering and Electronics of RAS, Moscow
2Moscow Institute of Physics and Technology, Dolgoprudny

The report proposes and investigates a new scheme of data transmission using dy-
namic chaos as a carrier signal. The proposed scheme refers to a class of schemes with a
relative transmission method.

The idea of using relative transmission methods with chaotic signals arose in the mid
1990s, when it became clear that the use of chaotic synchronization in data transmission
systems posed very rigid requirements for the quality of channels and for the accuracy of
transmitters' and receivers execution. At least two such schemes have been proposed
(DCSK, CDSK). The first of those became quite popular and was studied detailed by the
authors and their successors. However, it has not received practical development and ap-
plication due to the presence of elements with large time delays in it. These elements are
till not engineerable in a cheap and compact version.

Theoretical analysis of the proposed scheme shows that for large signal bases it has
high resistance to noise and other perturbations in the channel. Its technical implementa-
tion is achievable and shouldn’t cause big technical problems. Since the delays required
for it at asignal band of 1 GHz or more do not exceed 1-2 nsit can be easily implemented
for example on segments of modern cables up to 50 cm long.

DESIGNING OF DIGITAL FILTERSWITH AN ARBITRARY
CHARACTERISTICS

N.S Morozov
Lobachevsky State University of Nizhniy Novgorod
Examples of digital recursive filters designs with arbitrary form of required charac-
teristics are given. The possibility of designing by numerical methods of discrete nonline-

ar programming is demonstrated. Examples of solutions for the set of required character-
istics are given, as well as experimentally obtained characteristics are presented.
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TRAVELING HELICAL WAVESIN A TURBULENT JET
R.I. Mullyadzhanov'?, R.D. Sandberg®, SS Abdurakipov'?, W.K. George®, K. Hanjalic®

!nstitute of Thermophysics SB RAS, Novosibirsk
*Novosibirsk State University
3University of Melbourne, Australia
“Imperial College of Science, Technology and Medicine, United Kingdom
Delft University of Technology, The Netherlands

Turbulent jets are known to support large-scale vortical wavepackets traveling down-
stream. We show that a propagating helical wave represents a common form of the ‘ opti-
mal’ eigenfunction tracking these structures from the near to the far field of a round jet
issuing from a pipe. Two first mirror-symmetric modes containing around 5% of the total
turbulent kinetic energy capture all significant large-scale events and accurately replicate
the full shear-layer dynamics of the azimuthal wavenumber m= 1. A family of the most
energy-containing traveling waves represent low wavenumbers and are described in terms
of ‘empirical’ dispersion laws.

MOVEMENT OF PARTICLESIN GIANT QUASISTATIC MAGNETIC
FIELDS GENERATED IN COLLIDING ULTRAINTENSE LASER PULSES

A.A. Muraviev, A M. Sergeev
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

Recent progress in ultraintense laser technologies stimulated research of high intensi-
ty laser-plasma interaction, for which cascade generation of electron-positron pairs be-
comes crucial. Such research is conducted mostly by numerical modeling.

In a recent work [1] the effect of generation of current sheets and giant quasistatic
magnetic fields was predicted in colliding linearly-polarized laser pulsesin 1D geometry.

In this work movement of particles and generalization onto the 3D caseis discussed.

1. Mypaebes, AA. FeHepauI/Is{ TOKOBBIX CJIOEB M THTaHTCKHX KBa3WMCTATHUYCCKHX MArHMTHBIX
noJiell MpY MOHM3AlMK BaKyyMa B SKCTPEMAalIbHO CUIIbHBIX CBETOBBIX noisix / A.A. Mypasbes, C.U.
Bactpakos, A.B. bamnos, A.A. T'onockos, E.C. Edumenko, A.B. Kum, 1.b. Meepos, A.M. Cepre-
eB // TIucema B XKOT®. 2015. T. 102, Beim. 3. C. 173-178.

PRECISION INTERFEROMETRY OF SUPERFILAMENT LASER PLASMA
A. MurzaneV!, S Bodrov!, D. Kartashov?, Zh. Samsonova?, M. Petrarca®
Y nstitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

2Institut fiir Optik und Quantenelektronik Friedrich-Schiller-Universitét Jena, Jena, Germany
3La Sapienza University, SBAI Department, Rome, Italy

The propagation of multi-Terawatt femtosecond laser pulses at 800 nm wavelength in
air under different external focusing the laser plasma was measured by the method of
precision transvers interferometry using Nomarski polarizing interferometer in so-called
superfilamentation regime was observed. The luminescence of air was controlled syn-
chronously to interferometry also in single shot regime.

At rather tight external focusing (f-number ~ 50) the generation of multiple separated
plasma channels with random positions is observed at distance at least ~15 cm before
focus. Near the focus the joint phase without spaces is observed. The estimations show
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that such phase corresponding to the rather homogeneous thick (~1 mm) plasma channel
with electron density comparable to the value of the single plasma filament (~5-10 cm™).
At positions after the focus phase distribution become thinner till the distribution become
similar to single filament at distance ~10 cm after the focus position. The position of this
single thin plasma channel is stable from shot to shot.

Loosing of the external focusing to f-number ~ 125 leads to transition to the regime
that is referred to superfilamentation. Individua filaments are formed before the linear
focus and their presence is evident at distance ~25 cm before the focal spot. The distance
between individual filaments decrease during the forthcoming to the position of focus
without arranging uniform plasma channel.

NONLINEAR STAGE OF THE WEIBEL INSTABILITY
AND CONSISTENT EVOLUTION OF ELECTRON AND ION CURRENTS
INAPLASMA WITH TEMPERATURE ANISOTROPY

A.A. NechaeV?, L.V. Borodachev?, M.A. Garasev?, A.A. BelyaeV?, V.V. Kocharovsky?,
V.Yu. Martyanov®
Ynstitute of Applied Physics of the RAS, Nizhny Novgorod

2M. V. Lomonosov State University, Moscow
%Intel Corp., Chandler, USA

We numerically simulate the nonlinear stage of the Weibel instability of a two-
component plasma with strong temperature anisotropy and comparable energies of the
electron and ion fractions. Calculations were carried out with the PIC-code DARWIN.
Spatio-temporal dynamics of the current filaments and the magnetic field created first by
the electrons, and then by the electron and ion fractions together is analyzed. It is found
that the magnetic field resulting from the electron instability leads to the scattering of
ions, decreasing the degree of their momentum distribution anisotropy and suppressing
the development of the ion instability. It is shown that the long-term maintenance and
evolution of alarge-scale quasi-stationary magnetic field are due to the ion currents which
are induced by the decaying magnetic field and start to dominate the electrons with time.
The possihility of the considered scenario of the Weibel instability in a nonequilibrium
laser-produced plasma s discussed.

THE DEPENDENCE OF THE LEVEL OF CONCENTRATION
ON MOTIVATION AND ALERTNESS

V.O. Nedayvozov
Y uri Gagarin State Technical University of Saratov

The influence of motivation and alertness on brain activity associated with visua
perception was studied experimentally using the Necker cube, which ambiguity was con-
trolled by the contrast of its ribs. The wavelet analysis of recorded multichannel electro-
encephalograms (EEG) allowed us to distinguish two different scenarios while the brain
processed the ambiguous stimulus. The first scenario is characterized by a particular de-
struction of apha rhythm (8-12 Hz) with a simultaneous increase in beta-wave activity
(20-30 Hz), whereas in the second scenario, the beta rhythm is not well pronounced while
the alpha-wave energy remains unchanged. The experiments were carried out with a
group of financially motivated subjects and another group of unpaid volunteers. It was
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found that the first scenario occurred mainly in the motivated group. This can be ex-
plained by the increased aertness of the motivated subjects. The prevalence of the first
scenario was also observed in a group of subjects to whom images with higher ambiguity
were presented. We believe that the revealed scenarios can occur not only during the per-
ception of bistable images, but also in other perceptual tasks requiring decision making.
The obtained results may have important applications for monitoring and controlling hu-
man alertness in situations which need substantial attention. On the base of the obtained
results we built a brain-computer interface to estimate and control the degree of alertness
inreal time.

ELECTROMAGNETICALLY INDUCED TRANSPARENCY
IN AN ISOTOPICALLY PURE Nd:YLF CRYSTAL

N.A. Nizov}, RA. Akhmedzhanov!, L.A. Gushchin?, A.A. KalacheV?, V.A. Nizov?,
D.A. Sohgayda®, 1.V. Zelensky*

Hnstitute of Applied Physics RAS, Nizhny Novgorod
2K azan Physical-Technical Institute of the Kazan Scientific Center RAS

We research an electromagnetically induced transparency (EIT) feature in an
isotopically pure “*Nd:Y’LiF, crystal under cryogenic temperature in an external magnet-
ic field near the zero first order Zeeman (ZEFOZ) point. We study the dependence of the
EIT structure on the value of the external magnetic field and the intensity of the control
optical field. We find that in the magnetic field corresponding to the ZEFOZ point, the
width of the EIT profile significantly decreases, so an internal comb-like structure of the
EIT feature can be resolved. This structure can be caused by the superhyperfine interac-
tion between the Nd electronic spins and nuclear spins of the neighbouring fluorine atoms.

Thiswork was supported by the Russian Science Foundation (grant Ne 14-12-00806).

THE USE OF POLYCRYSTALLINE DIAMONDS
FOR MAGNETOMETRY BASED ON THE CROSS-RELAXATION
INTERACTION BETWEEN GROUPS OF NV CENTERS

V.A. Nizov, N.A. Nizov, RA. Akhmedzhanov, L.A. Gushchin, D.A. Sobgayda, |.V. Zelensky
Institute of Applied Physics of RAS, Nizhny Novgorod

In this work we demonstrate the possibility of using polycrystalline diamonds for
measuring magnetic fields based on the cross-relaxation interaction of nonequivalently
oriented groups of NV centers. The use of polycrystalline samples instead of diamond
single crystals simplifies the measurement procedure. In particular, the precise orientation
of the sampleis not required and only a single cross-rel axation resonance is observed. The
projection of an unknown magnetic field on a given axis is directly determined by the
position of the resonance. The proposed technique can be applied to measure magnetic
fields up to several gauss.

The research was carried out within the state assignment of scientific investigations
(theme Ne 0035-2014-0005).
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DYNAMICSOF THE MAGNETIC FIELD
IN QUASI-TWO-DIMENSIONAL CHAOTIC FLOW

L.L. Ogorodnikov, 1.V. Kolokolov, V.V. Lebedev
Landau Institute for Theoretical Physics, RAS, Moscow region, Chernogolovka

The evolution of magnetic field in quasi-two-dimensional chaotic flow is studied
here. We consider regime when the influence of magnetic field on the flow is negligible.
Temporal behavior of magnetic field's correlators is obtained here. The difference be-
tween correlators’ evolution in case of two-dimensional and quasi-two-dimensional flow
isanalyzed and discussed here.

INTENSITY STATISTICSIN RANDOM FIBER LASER OUTPUT EMISSION
L.L. Ogorodnikov, SS Vergeles, V.V. Lebedev

Landau Institute for Theoretical Physics, RAS, Moscow region, Chernogolovka

Analytic expressions for the correlation moment of the fourth order of the intensity of
the output field of a random fiber laser in the first and the second orders in terms of the
nonlinearity parameter are obtained, and their numerical values are calculated in the limit
of zero amplification. In the first order in the nonlinearity parameter, higher order mo-
ments are calculated and the distribution function of the intensity of the output radiation
of arandom fiber laser is constructed.

INTERBAND TRANSITIONS AND SPONTANEOUS OPTICAL EMISSION
OF GRAPHENE IN STRONG TERAHERTZ FIELD

1.V. Oladyshkin, Yu.A. Sergeev, SB. Bodrov, A.l. Korytin, M.D. Tokman, A.N. Sepanov
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The theoretical and experimental results on the nonlinear electrodynamics of graphene
under the action of both intense optical and terahertz (THz) fields are presented. It was
demonstrated that a subpicosecond THz pulse of more than 100 kV/cm magnitude strongly
modifiestheinitial distribution function of charge carriers and leads to the intense interband
transitions (i.e. to the electron-hole pair generation). The theoreticd model of the
nonresonant graphene ionization by the THz field allowed to interpret quantitetively experi-
mental data on the graphene spontaneous emission under the action of intense THz pulse.

LARGE-SCALE COHERENT VORTEX FORMATION
IN TWO-DIMENSIONAL TURBULENCE

A.V. Orlov, M.Yu. Brazhnikov, A.A. Levchenko

Ingtitute of Solid State Physics Russian Academy of Sciences, Chernogolovka
L.D. Landau Institute for Theoretical Physics Russian Academy of Sciences, Chernogolovka

An evolution of a vortex flow excited by an electromagnetic technique in a thin layer
of a conducting liquid is experimentally studied. Small-scale vortices initially excited at
the pumping scale merge with time due to the nonlinear interaction, and form large-scale
structures. In such away the inverse cascade of energy is formed. The dependence of the
energy spectrum in the developed inverse cascade is well described by the Kraichnan law
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k3. At large scales the inverse cascade is limited by the cell sizes, so alarge-scale coher-
ent vortex flow is formed due to the spectral condensation. The flow occupies almost the
entire area of the experimental cell. The radia profile of the azimutha velocity of the
coherent vortex was first established immediately after the pumping was switched off. At
the vortex core, the azimuthal velocity grows linearly along the radius and reaches a con-
stant value outside the core. It well agrees with the theoretical prediction.

QUANTUM DISSIPATIVE DYNAMICS OF A RESONANT DRIVEN
JOSEPHSON OSCILLATOR

D.S Pashin!, AM. Satanin', C.S Kin?

Y_obachevsky Nizhny Novgorod State University
Chonnam National University, Republic of Korea

The dissipative dynamics of a driven Josephson oscillator both in classical and quan-
tum regimes is considered. It is shown that in the classical regime the process of evolution
depends on the initial conditions and there are trajectories that can passes the separatrix
and may be attracted by two foci separated by a potential barrier. The motion near the
separatrix is very unstable and may be treated as a stochastic process. In the present work
we study the quantum regime of capture to the resonance a driven dissipative Josephson
oscillator. It is considered a situation when the oscillator is coupled with a bosonic bath,
and its dynamics is described by a density matrix. When the hypothesis of random phases
is valid, the problem can be reduced to the master equation (Pauli equation). In this case,
the oscillator has two well-localized states that correspond to the classical equilibrium
positions. An interesting situation arises during the process of relaxation when the system
passages through the energy region near the classical separatrix. This novel regime of the
relaxation has been investigated here by numerical simulation.

MODERNIZED SPECTROMETER THOM SON PARABOL
FOR INVESTIGATION OF TIME DYNAMICS OF TNSA SOURCE
OF PROTONSAND IONS

SE. Perevalov
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The Thomson's parabola (TP) spectrometer is a well-known device used for the diag-
nostics of beams of charged particles, namely, ions, protons and electrons, which makes it
possible to determine their energy spectrum, at the same time, separating particles de-
pending on their charge to mass ratios. TP is usually used as complementary diagnostics
of beams in various experiments on particle acceleration, including laser acceleration, for
example[1].

It is proposed to use the time-varying voltage on the deflecting plates of the TP,
which alows using time-of-flight approaches to study the time dynamics of sources of
charged particles and additionally measure the time of production of different particles
within the resolution range.

This approach made it possible to obtain additional information from the experi-
mental data on the acceleration of protons published in [2].
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In addition, we are considering the possibility of using a modernized TP spectrometer
to study the acceleration of protons in the TNSA regime. The possibility of using the de-
scribed approach for detecting powerful terahertz pulses focused on the TNSA proton
beam is also considered.

1. Soloviev A. [et al.] Experimental evidence for shortpulse laser heating of solid-density target
to high bulk temperatures // Scientific Reports. 2017. V. 7. Art. 12144.

2. Ter-Avetisyan S Time resolved corpuscular diagnostics of plasmas produced with high-
intensity femtosecond laser pulses/ S. Ter-Avetisyan, M. Schniirer, P.V. Nickles // J. Phys. D: Appl.
Phys. 2005. V. 38. P. 863-867.

ON SYNCHRONIZATION IN FITZHUGH-NAGUMO NETWORKS
WITH SMALL DELAYS

SA. Plotnikov, A.L. Fradkov

Institute for Problems of Mechanical Engineering RAS, Saint Petersburg
ITMO University, Saint Petersburg

This article studies the influence of the small delays on the FitzHugh-Nagumo net-
work synchronization. It is well known that high delays in propagation between the nodes
hinder synchronization. The sufficient conditions of the linearized network synchroniza-
tion for the case of the small delay are obtained. This problem is successfully reduced to
the feasability of the LMIs. The simulation results confirm the efficiency of obtained con-
ditions, i.e. they can be applicable even to the nonlinear FitzHugh-Nagumo network.

INTEGRATION OF MOUSE NEURONAL ACTIVITY
AND BEHAVIOUR: QUANTITATIVE DEFINITION OF PLACE FIELDS

V.V. Plusnin®, V.P. Sotskov'3, K.V. Anokhin?3*

Moscow Institute of Physics and Technology (State University)
National Research Center “Kurchatov Institute”, Moscow
®Lomonosov Moscow State University
“P.K. Anokhin Institute of Normal Physiology of RAM S, Moscow

Interconnection between neuronal activity and behavior of living animalsis the thing
which neuroscientists traditionally are focused at. Recently, with the appearance of in vivo
calcium imaging technique, it has become possible to observe the activity of big number
of neurons of a freely moving mouse. In addition to the direct processing of the signal of
calcium imaging, the task is synchronizing neural activity and behavior. According to the
results of synchronization, we can define the specialization of asingle cell, for examplein
the subfields CA1 of hippocampus we can detect space-specific neurons, place cells.

Each place cell is activated only when the mouse located in a definite place of space,
in the place field. The problem is determining a differentiation exists, whether the cell is
already aplace cell and what field it responds.

To quantifying place fields was to measure the specificity of the field in terms of the
information content of cell discharge, such method is necessary but not sufficient criterion
for determining place fields. We have developed methods that allow us to identify with
confidence the place cells and determine their place fields.
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WAVEGUIDE ND:YAG LASER PASSIVE MODE-LOCKED
WITH 10 GHZ REPETITION RATE

M.V. Ponarina
A.M. Prokhorov General Physics Institute RAS, Moscow

We report generation of <20 ps pulses with 10 GHz repetition rate in passive mode-
locked short cavity (10 mm) Nd:YAG waveguide laser. Mode-locking is realized with
graphene saturable absorber mirror. We make use of tubular waveguide structure in-
scribed in the active Nd:YAG crystal by femtosecond laser to provide efficient pumping
of the active media and stabilize the generation of TEM 00 mode (main transverse mode).
The obtained results open a way towards compact, highly stable gigahertz frequency-
comb generators.

PROPAGATION OF ULTRAWIDEBAND CHAOTIC SIGNALS
THROUGH THE MEDUIM EMULATING CHARACHTERISTICS
OF LIVING ORGANISMS

M.G. Popov'?, Al. Ryzhov!, M.Yu. Gerasimov*

K otelnikov Institute of Radioengineering and Electronics of Russian Academy of Sciences, Moscow
2Moscow Ingtitute of Physics and Technology, Dolgoprudniy

The problem of propagation of ultrawideband (UWB) chaotic radio pulsesin medium
within living organisms is considered in the report. This area gains relevance due to the
increase of wireless communications applications in medicine, especially in diagnostics.
But it isimportant to research in advance the circumstances of radio signal propagation in
medium with characteristics of living organism. In this work cuvette filled with an aque-
ous solution of sucrose that emulates el ectromagnetic characteristics of a living organism
was used during the experimental research of a pulse attenuation rate. The first experi-
ments using chaotic UWB radio pulses occupying 3-5 GHz frequency domain were con-
ducted in this area. Signal amplitude on the output of logarithmic detector was measured
in order to estimate path loss of the signal. Dependencies between path loss and the dis-
tance between transceiver antennas were obtained. These results were further used to cal-
culate signal attenuation rate within the medium. Based on the values of transmitter radi-
ated power and receiver sensitivity the maximum transmission distance within the living
organism was estimated.

EXACT SOLUTIONS OF THE NAVIER-STOKES
AND OBERBECK-BOUSSINESQ EQUATIONS FOR DESCRIBING
AMPLIFICATION OF THE OSCILLATIONSIN A VISCOUS
INCOMPRESSIBLE FLUID

E.Yu. Prosviryakov
Institute of Engineering Science, UB RAS, Ekaterinburg
B.N. Yeltsin Ural Federal University, Ekaterinburg

In this paper we consider new exact solutions of the Navier-Stokes equations. One of
the exact solutions describes the amplification of oscillations for isobaric flows of a vis-
cous incompressible fluid. It is shown that the amplification of wavesin aliquid is caused
by a vertical vortex. In this paper, unsteady flows of Poiseuille type for oscillations of a
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vertically swirling fluid are studied. Thus, in this paper we obtain a generalization of the
exact solution for the second Stokes problem. The exact solution of the Navier-Stokes
equationsis generalized for convective flows of a viscous incompressible fluid.

SOLITONSIN THE DOMAIN STRUCTURE
OF AN EASY-AXISFERROMANGET

A.A. Raskovalov, V.V. Kisglev
M.N. Mikheev Ingtitute of Metal Physics UB RUS, Ekaterinburg

We propose the modification of the inverse scattering problem to study the solitons
in stripe domain structure of ferromagnet with an “easy-axis’ type in the framework of the
Landau—Lifshitz model. We find new solitons, which are inseparable from the domain
structure and cannot be studied by the perturbation theory or any other methods. We pre-
sent the detailed analysis of the physical properties of these solitons. The solitons lead to
the deformations and internal oscillations of the neighboring domains and domain walls of
the structure. We propose the possibilities of observing and exciting the soilitons in the
stripe domain structure.

ANISOTROPIC AUTOWAVE STRUCTURES
IN HEAT-RELEASING PLASMA

D.S Riashchikov, N.E. Molevich, D.l. Zavershinskii

Samara National Research University
Lebedev Physical Institute, Samara

Thermal instabilities play an important role in spatio-temporal structures formationin
such media as interstellar gas, solar atmosphere, planetary nebulae, etc. Isentropic insta-
bility, which is the one type of thermal instahilities, causes acoustic modes amplification.
Krasnobaev first suggested that it leads to the appearance of shock waves series in the
medium. This hypothesis was subsequently confirmed and the properties of emerging
structures in gas and plasma were studied both analytically and numerically. Using the
approximation of plane waves, the shape, amplitude, and speed of the structures were
found analytically. Moreover, conducted research revealed the independence of structure
properties from the initia conditions which is characteristic of autowaves.

In the current work, we expand the study to two dimensions to take into account the
strong anisotropy of structuresin plasmain an external magnetic field. The medium under
consideration was described by the set of ideal MHD equations supplemented by the heat-
source dependent on temperature and density. Numerical simulations of initial pressure
perturbation evolution revealed the strong dependence of properties of emerging struc-
tures on the magnetic field magnitude. They are well predicted by one-dimensional model
in weak magnetic fields. However, in strong magnetic fields highly anisotropic patterns
with new properties are formed.
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QUANTUM-MECHANICAL SIMULATION OF IONIZATION
OF MULTI-ELECTRON ATOMSAND GENERATION OF ELECTRON
CURRENTSBY INTENSE LASER PULSES

A.A. Romanov'?, N.V. Wedenskii*?, A.A. Slaev*

HInstitute of Applied Physics, Russian Academy of Sciences, Nizhny Novgorod
2 obachevsky State University of Nizhny Novgorod, Nizhny Novgorod

The work is devoted to numerical simulation of ionization of various multi-electron
atoms by intense laser pulses based on the time-dependent density functiona theory.
Low-frequency and high-frequency spectra of electron currents excited during atoms ioni-
zation by linearly polarized laser pulses of different time forms are calculated and the
ranges of applicability of the single active electron approximation for describing of the
phenomena under consideration are determined.

LABORATORY INVESTIGATION OF LASER PLASMA EXPANSION
ACROSSTHE AMBIENT MAGNETIC FIELD: MODELING OF PLASMA
ACCRETION PHENOMENA

D. Romanovsky?, A. Soloviev?, K. Burdonov', S N. Chen'?, A. Eremeev?, G. Revet?,
S PikuZ’, S. Ryazantcev®, A. Sadkov!, A. Korzhimanov!, V. Ginzburg?,
E. Khazanov', A. Kochetkov', A. Kuzmin®, I. Shaykin®, A. Shaykin®, I. Yakoviev',
M. Sarodubtsev!, and J. Fuchs'?

Ingtitute of Applied Physics, Russian Academy of Science, Nizhny Novgorod
2LLULI, CNRS UMLR7605, Ecole Polytechnique, Palaiseau, France
3 Joint Institute for High Temperatures, Russian Academy of Science, Moscow

In this paper, we present the results of a laboratory study of plasma processes that oc-
cur during the penetration of plasma flows across an external magnetic field; a similar
formulation of the problem is analogous to the penetration of accretion flows of matter
into the star's own magnetic field in the vicinity of the plane of the magnetic equator. The
experiments were carried out on a laboratory stand for laser-plasma interaction studies,
based on the laser complex PEARL. A high-velocity flow of a dense plasma simulating
the plasma of the accretion disk was formed by thermal ablation of the substance with the
surface of a solid target when it was irradiated with powerful laser radiation. The experi-
ments were carried out in a strong transverse homogeneous magnetic field of the order of
1020 T. Measured main characteristic of the interaction of alaser plasma with an exter-
nal transverse magnetic field, such as geometry, speed of expansion and characteristic
dimensions of the appearance plasma structures. The main physical mechanisms deter-
mining the propagation pattern of the investigated plasma flow perpendicular to the exter-
nal magnetic field are reveal ed.
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FEMTOSECOND STRUCTURAL LASER MODIFICATION
OF THIN FILM As5,S50 CHALCOGENIDE GLASS

AV. Romashkin®, A.A. Murzanev', AM. Kisdev!, Al. Korytin', M.A. Kudryashov?,
AV. Nezhdanov?, A.l. Mashin?, A.N. Sepanov*

HInstitute of Applied Physics RAS, Nizhny Novgorod
2 obachevsky State University, Nizhny Novgorod

In this research the sample of 4 um As5,Sso chalcogenide film, prepared using plas-
ma-enhanced chemical vapor deposition-based (PECVD) approach, was modified by
femtosecond laser radiation. The laser oscillator used for micromodification delivers
femtosecond pulses with repetition rate of 78 MHz, about 50 fs pulse duration and 800 nm
wavelength. The pulse energy was up to 0.58 nJ. During laser irradiation the sample was
moved along vertical axis. Each irradiated area represents 4 lines with 440 um length each
with 62.5 um space between them. These lines were written at 4 different sample transla-
tion speed. Then the sample was shifted along horizontal axis. Such modification was
repeated at different pulse energies. The modified areas were studied via optical micros-
copy. Modification threshold was found. Raman spectra were obtained for modified and
nonmodified regions. Phase distributions across the modified lines were obtained using
Michelson interferometer. The refractive index values for each line were estimated.

THE INFLUENCE OF A DYNAMICAL GRATING OF INVERSION
OF AN ACTIVE MEDIUM ON THE HOT MODES OF A SUPERRADIANT
LASER WITH DISTRIBUTED FEEDBACK
OF COUNTER-PROPAGATING WAVES

I.S. Ryabinin, E.R. Kocharovskaya, V.V. Kocharovsky
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The paper is devoted to analysis of the linearized integro-differential Maxwell-Bloch
equations for the superradiant lasers with weak inhomogeneous broadening of an active
two-level medium. It is shown that, in the low-Q combined Fabry—Pérot cavities with
distributed feedback of counter-propagating waves and continuous pumping of an active
medium, the superradiant generation is affected essentially by the appearance of popula-
tion inversion modulation along a cavity, i.e. inversion grating. For typical parameters of
the superradiant lasers, the so-called “hot” lasing modes are found, and their spectra and
growth rates are shown to be quite different from the spectra and growth rates of both the
electromagnetic modes in the case of zero inversion and the standard polariton modes in
the case of negative inversion.

SEA SURFACE WAVE PARAMETERSRETRIEVAL ALGORITHM BASED
ON THE MICROWAVE RADAR DOPPLER SPECTRUM
AND RADAR ANTENNA PATTERN

M.S Ryabkova, V.Yu. Karaev, M.A. Panfiliva, Yu.A. Titchenko, E.M. Meshkov
Ingtitute of Applied Physics RAS, Nizhny Novgorod

Measurements of the sea surface backscatter at low incidence angles were performed
using two Ka-band Doppler radars with different antenna patterns from the offshore plat-
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form in the Black Seain October of 2016. Experiments were performed for different wind
speeds and wind directions, and the dependency of Doppler frequency shift and Doppler
spectrum width on incidence angles were studied. We introduce the algorithm that allows
estimating wind speed and wave fetch using experimental Doppler frequency shift and
Doppler spectrum width. Wind direction is known, sea surface waves are considered to be
wind generated, antenna pattern is included in equations. Using the estimated wind speed
and wave fetch and sea surface spectrum model we calculate significant wave height,
dispersion of vertical velocities and average period. The same parameters are cal culated
using directional spectrum measured by string wave gauge. The results are in good
agreement.

This work is supported by the Russian Foundation of Basic Research (grant 17-05-
00-939 &, 16-35-00548 mol_a).

NONLINEAR DYNAMICS OF ANTIFERROMAGNETIC
THZ-FREQUENCY SPINTRONIC OSCILLATOR

AR. SAfin
National research university “MPEI", Moscow

In this work, the nonlinear dynamics of a ferro- (FM) and antiferromagnetic (AFM)-
based terahertz oscillator is developed. The problem is solved both by integrating the
coupled equations for the magnetizations of the AFM lattices and by using an approxi-
mate description based on the spin-wave complex amplitudes of the magnons. We show
that the critical excitation currents of terahertz magnons are approximately 10%-10° A/cm?,
which correspond to the starting currents in the microwave generation of magnonsin FM.
At the same time, the bifurcation pattern for AFM transitions is much richer than for FM.
In particular, the conditions for the emergence of deterministic chaos and solitons can be
realized. To increase the power of aterahertz generator based on AFM structures, oscilla-
tor networks can be used. In this case, the addition of power will be carried out in the
radiation space, and synchronization is achieved by coupling through spin waves.

QUANTUM-ELECTRODYNAMICAL EFFECTSIN ION ACCELERATION
INTHE LIGHT-SAIL REGIME

A.S. Samsonov, E.N. Nerush, I.Yu. Kostyukov
Ingtitute of Applied Physics, Russian Academy of Science, Nizhny Novgorod

Based on energy and momentum balance a simple 1D analytical model of ion accel-
eration in the light-sail regime with account for quantum-electrodynamical (QED) effects
is developed. Accounting for abundant gamma-photon emission by electrons and posi-
trons is done using explicit quantum expressions. Some phenomenological quantity is
introduced to the model which characteristic time dependence is extracted from results of
number of 3D particle-in-cell (PIC) simulations of the ion acceleration with different pa-
rameters of laser pulse and plasma target. Suggested piecewise-linear approximation of
this dependence with qualitatively clear meaning of its segments is shown to be enough
for model to be in good correspondence with simulations in terms of energetic quantities
of the process.
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DYNAMICAL ANN ASAN INSTRUMENT FOR DATA-DRIVEN MODELING
OF COMPLEX SYSTEMS

AF. SHeznev, A.S Gavrilov, D.N. Mukhin, E.M. Loskutov, A.M. Feigin
Ingtitute of Applyed Physics of RAS, Nizhny Novgorod

We introduce the new methodology for data-driven modeling and prognosis of com-
plex dynamical systems combining two basic steps: (i) determining the set of phase varia-
bles, or embedding, from available time series and (ii) constructing an evolution operator
acting in this space. The method is based on construction of an artificial neural network
(ANN) with special topology. This ANN-based model, on the one hand, projects the data
onto a low-dimensional manifold, and, on the other hand, models a dynamica system on
this manifold. To avoid overfiting we use the Bayesian criterion which gives an oppor-
tunity to optimize the ANN structure and estimate both the degree of evolution operator
nonlinearity and the complexity of nonlinear manifold which the data are projected on.
The suggested technique is applied to the high-dimensiona dynamical systems:. the sys-
tem of globally coupled Stuart-Landau oscillators and the Lorenz’ 96 model of atmospher-
ic turbulence, producing high-dimensional space-time chaos.

The study was supported by the Russian Science Foundation (grant Ne 16-12-10198).

CONTROLLED SYNCHRONIZATION OF TWO COUPLED
HINDMARSH-ROSE NEURONAL MODELSWITH DISTURBANCES

D. Semenov

Saint Petersburg State University
Institute for Problems of Mechanical Engineering of RAS, Saint Petersburg

The problem of controlled synchronization between two coupled non-identical
Hindmarsh-Rose neuronal models was considered in conditions of presence of disturb-
ances. It was shown that using the control law which was suggested in this paper and
satisfying the condition that are imposed on the gain vy, we can achieve synchronized be-
havior of the coupled neurons. This results were mathematically proved and confirmed by
the numerical experiment.

NEAR-SURFACE ELECTRON ACCELERATION DURING GRAZING
INCIDENCE OF A RELATIVISTIC LASER PULSE ONTO A PLANAR TARGET

D.A. Serebryakov, E.N. Nerush, I.Yu. Kostyukov
Ingtitute of Applied Physics RAS, Nizhny Novgorod

A laser-plasma interaction configuration is analyzed analytically and numericaly, in
which arelativistically intense p-polarized laser pulse is incident onto a planar solid target
at asmall angle to the surface. Because of the superposition of the incident and reflected
waves, a field structure is formed near the surface of the target, propagating aong the
surface with a phase velocity dightly greater than the speed of light. Using theoretical
analysis and numerical simulations, we demonstrate the possibility to accelerate a high
number of electrons (tens of nC) to hundreds of MeV's or even GeV's. It becomes possible
in this regime because of combining the accelerating field structure and the presence of
the dense plasma surface, which effectively works as the electron injector. A model of
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electron acceleration in the described configuration is developed which explains key fea-
tures observed in the numerical simulations. It is also shown that the presence of a
preplasma near the target can increase the maximum electron energy and the electron
bunch charge, and the optimal preplasma density is found.

PLANE SOLITONSIN TWO-DIMENSIONAL LATTICE OF ACTIVE
PARTICLES

K.S Sergeev, A.P. Chetverikov
Saratov State University

Main modes and metastable regimes of two-dimensional active particles lattices with
triangular symmetry were found out.

In alattice with triangular symmetry can exists stationary modes in the form of one
or more soliton-like plane waves with uniform distances between their fronts. Directions
of their distributions are corresponds to one of three crystallographic axises.

Metastable states in this kind of lattices are presented by plane soliton-like waves
with arbitrary width of front. Their lifetimes depend on initial conditions and parameters.
After transient processes ends the main stationary state — translational mode established.

GENERATION OF SECOND HARMONIC OPTICAL RADIATION
FROM SILICON UNDER THE COMBINED ACTION OF OPTICAL
AND THZ FIELDS

Yu.A. Sergeev
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

The use of terahertz (THZ) radiation extends the capabilities of nonlinear optical
spectroscopy. In this work, we experimentally investigated second harmonic generation
(SH) of the optical radiation from the surface of silicon when exposed to a sample of
powerful THz field. We studied the dependence of SH signal on the energy of the optical
and THz pulses and the time delay between them, the dependence on the azimuthal angle.

CHIMERA STATESIN AN ENSEMBLE OF THE COUPLED LORENZ
OSCILLATORS

I.A. Shepelev, V.S. Anishchenko
Saratov State University

In this work we have studied transition from the regime of spatial stationary struc-
tures and the regime of solitary states to the complete desynchronization. This work is
clarification of the study for the case of small values of the coupling strength. One of the
found phenomenon is a shift of the effective parameters of individual oscillators under the
influence of the coupling strength. It leads to transition from the hyperbolic attractor (Lo-
renz-type attractor) to the nonhyperbolic attractor of the individual oscillators. This phe-
nomenon is observed in the certain range of values of the coupling parameters. Moreover,
the Lorenz oscillator becomes bistable with two chaotic attractors in the regime of the
nonhyperbolic attractor. As a result, different stable chimera structures are realized for
this regime. Their features are identical to the double-well chimeras, which has been
found in the ensembl es of nonlocally coupled Chua's circuits or cubic maps.
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SOLITON GASWITHIN THE FRAMEWORK OF THE GARDNER EQUATION
DESCRIBING WEAKLY NONLINEAR WAVESIN DISPERSIVE MEDIA

E.G. Shurgalina

Institute of Applied Physics RAS, Nizhny Novgorod
Nizhny Novgorod State Technical University n.a. R.E. Alekseev

This paper is devoted to the study of soliton turbulence in long-wave systems de-
scribed by the fully integrable Gardner equation, which is a generalized Korteweg-de
Vries equation with two nonlinearities: quadratic and cubic. It is demonstrated that soliton
gas dynamics strongly depends on the sign of cubic nonlinearity. Thus, in the case of
negative cubic nonlinearity so-called “thick” or “table-top” solitons may play the essential
role. Analytical estimations of thick soliton contribution in statistical moments (mean,
variance, skewness and kurtosis) are given and confirmed by numerical modeling. The
comparison of the dynamics of soliton gas with the Korteweg-de Vries model (when there
is no cubic nonlinearity) is presented. In the case of the Gardner equation with positive
cubic nonlinearity, the existence of both positive and negative solitons is possible. It is
demonstrated that interaction of bipolar solitons may lead to freak wave (abnormally large
wave) formation.

ANALYSISOF THE INTERACTIONSBETWEEN THE RHYTHMS
OF THE AUTONOMIC REGULATION OF THE CARDIOVASCULAR SYSTEM
DURING COMA IN ACUTE INFRINGEMENT OF CEREBRAL CIRCULATION

E.V. 9dak’, D.A. Sadchikov?, R.S. Khambekov?, E.E. Zeulina?, B.P. Bezruchko!

Saratov Branch of V. A. Kotel’ nikov Institute of Radioengineering and Electronics RAS
2Saratov State Medical University named after V. 1. Razumovsky

The work is devoted to the study of the interaction between subsystems of the heart
rate regulation and regulation of the vascular tone during coma. Using the method of cou-
pling detection, based on the experimental modeling of phase dynamics, an analysis of the
electrocardiogram and photoplethysmogram signals taken from patients during coma was
performed. It is shown that during the coma the interaction between the studied subsys-
tems of regulation remains, but the direction of the coupling can vary in time.

DETERMININATION OF CAUSAL LINKSBETWEEN TIME SERIES
INTHE THEORY OF CLIMATE: MODEL AND NATURE

A.A. Skakun™?, M.Ya. Verbitsky", D.M. Volobuev*
The Central Astronomical Observatory of the Russian Academy of Sciences at Pulkovo,

Saint Petersburg
2Arctic and Antarctic Research Institute, Saint Petersburg

It iswidely accepted that global climate system evolution is affected by astronomical
forcing. Different climatic models are able to reproduce paleoclimate variations using
insolation as a factor, though the role of astronomical forcing (or its causality impact)
varies significantly. We suggest to measure directly the causal link between model time
series and insolation as a possible criteria of model’s plausibility. The causal link between
two time series can be measured by the method of conditional dispersion under the as-
sumption of the deterministic chaos being present in each time series. It is reasonable to
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assume that causal link between empirical time series and insolation curves can serve as a
guide for a climatic model validation: corresponding time series should demonstrate com-
parable results. Here, we used climatic time series produced by the dynamical climate
model (Verbitsky, Volobuev, 2018) together with 18-oxygen benthic foraminifera and the
EPICA ice corerecords. The analysis has shown that the model series are more dependent
on the insolation than the natural time series (climatic noise can be a reason for it). We
also observe that all time series depend more on the northern hemisphere insolation be-
cause of the continental asymmetry between hemispheres.

NUMERICAL STUDY OF NON-GYROTROPIC ELECTRON PRESSURE
EFFECTSIN LASER-DRIVEN MAGNETIC RECONNECTION

A. Qadkov'?, R. Smets?, A. Korzhimanov*

Y nstitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod
2|_ahoratoire de Physique des Plasmas, Ecole Polytechnique, Universite Pierre et Marie Curie, France

Magnetic reconnection is an interesting phenomenon to investigate in the laboratory
as the underlying mechanisms and timescales are still not well understood. Last experi-
ments observed magnetic reconnection in high-energy-density laser-produced plasma
bubbles showed reconnection rates being much higher than estimated from classical theo-
ry [1]. Thiswork is atheoretical part of the experimental investigation of magnetic recon-
nection in laser-produced plasma. As was demonstrated in many previous publications,
the electron non-gyrotropic pressure effects play the dominant role in supporting the re-
connection electric field in the immediate vicinity of the neutral X point [2]. This work
presents a detailed comparison of the ssimulations of collisionless magnetic reconnection
with different electron closure models (isothermal, polytropic, full electron pressure ten-
sor evolution with heat flux equals zero) done with hybrid and fully kinetic codes. Mag-
netic reconnection is studied in configuration with a neutral X point with a superposed
small perturbation of the magnetic field.

1. Fox W., Bhattacharjee A., Germaschewski K. Fast Magnetic Reconnection in Laser-Produced
Plasma Bubbles // Physical Review Letters. 2011. Vol. 106, Ne 21. Art. 215003.

2. Hesse M., Neukirch T., Schindler K., Kuzetsova M., Zenitani S The diffusion region in
collisionless magnetic reconnection // Space Science Reviews. 2011. Vol. 160, Ne 1-4. P. 3-23.

NOISE INFLUENCE ON CHIMERA STATESIN AN ENSEMBLE
OF NONLOCALLY COUPLED CHAOTIC DISCRETE OSCILLATORS

A.V. Sepnev, AV. Bukh, V.S Anishchenko, T.E. Vadivasova
National Research Saratov State University

Chimera states are now studied well enough, but a few questions still remain. One of
these questions concerns with a noise influence on arising and stability of chimera struc-
tures. The main goal of thiswork isto study the impact of noise on chimera states existing
in an ensemble of chaotic oscillators with nonlocal interaction. As is known, a transition
from incoherent chaos to full chaotic synchronization is observed in such ensembles with
increasing the coupling strength. This transition is accompanied by a formation of two
types of chimera states, so called phase and amplitude chimeras. In the context of this
work, the study of a noise influence on both types of chimeras mentioned above is carried
out for one-dimensional ensemble of nonlocally coupled Ricker maps.
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TRAPPING AND MOVING OF MICROPARTICLESIN LIQUID
WITH USE OF VORTEX ULTRASONIC BEAM

Sl. Solowyov, V.G. Andreev
M.V. Lomonosov Moscow State University

The acoustic tweezers consisting of eight flat 14-mm piezoel ectric transducers locat-
ed on a conical surface is studied. The radiation from the adjacent transducers is phase-
shifted by 45 or 90 degrees so the total phase shift of 360 or 720 degrees is obtained. In
this case, a vortex ultrasonic beam is formed in space. The structure of ultrasonic field in
the intersection region of the beams has potential energy minima where a solid particle
can be trapped. The deepest potential well is formed near the beam axisin a central plane
above 50 mm over the cone top. The magnitude of the radiation force depends on the
pressure amplitude of the individua transducers. Submillimeter in size polystyrene
microparticles should be trapped in the vicinity of the central plane if all transducers have
the same vibrational velocity about 0.1 m/s.

AUTOMATIC ANALYSISOF CALCIUM IMAGING DATA
AND ITSAPPLICATION FOR THE SEARCH OF NEURONAL
SPECIALIZATIONS

V.P. Sotskov!, D.V. Konstantinov!, V.V. Plusnint, O.A. Ivieva?, K.V. Anokhin®3*

"Moscow Institute of Physics and Technology (State University)
% omonosov Moscow State University
®National Research Center “Kurchatov Institute”, Moscow
“4P.K. Anokhin Normal Physiology Institute, M oscow

Searching for the connections between neuronal activity and behavior of animalsis
one of the most important problems in neuroscience. Optical in vivo calcium imaging
allows simultaneous registration of large neuronal populations in awake moving animals.
A novel approach is used for this — minature microscope NVista HD which weights 2 g
only can be mounted directly onto mouse's head. However, a signal which can be regis-
tered in such manner usually contains a variety of noise and the isolation of locations and
dynamics of single neurons appears to be a pretty difficult problem. In this study a set of
programming solutions is presented, which makes possible the analysis of such signal in
automatic mode, and also its synchronization with videotracking data. The approaches
listed above are used for detection of correlative connections between mouse behavior and
place cells activity during the exploration of a novel environment. This should clarify,
how in details separate behavior acts of exploration drive the spatial specialization of
place cells, what appears to be an important fundamental result.

COLLECTIVE DYNAMICSOF THE NETWORK OF INHOMOGENEOUS
NON-ISOCHRONOUS OSCILLATORS

S. Subbotin

Lobachevsky State University of Nizhny Novgorod
Institute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

We review the dynamics of a network of inhomogeneous non-isochronous oscilla-
tors. For the Gaussian distribution of the control parameters of the oscillators, fundamen-
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tally different collective dynamics are possible, depending on the coupling coefficient
between them. The most interesting one is the regime of spatio-temporal disorder. In this
mode, the dynamics of an individual oscillator as well as those of the ensemble-averaged
variables are irregular. This mode exists in a relatively large range of coupling coeffi-
cients, and it corresponds to the collective spiking activity of the network.

SIMULATION OF THE RELATIVISTIC FEEDBACK DISCHARGE
AND ITSAPPLICATION TO RECOVERY
OF THE CLOUD ELECTRICAL STRUCTURE

E.K. Svechnikova, E.A. Mareev
Institute of Applied Physics, Russian Academy of Science, Nizhny Novgorod

The problem of electric field structure in thundercloud estimation is still unsolved
due to difficulties of direct measurements. New information on this subject could be de-
rived from the data on particle fluxes from thundercloud analysis, based on the relativistic
feedback discharge model.

Positrons play a major role in creating the feedback effect in a wide range of field
strength values. A system of equations is developed, which allows describing the role of
positrons quantitatively in the avalanche development. The analysis of the system enables
to determine the influence of the processes involving positrons on the resulting structure
of the electric field and on the value of the field strength required to discharge initiation.

Simulation of particle fluxes, being compares with measurement results, provides an
opportunity to estimate an impact of the feedback processin a certain event, and to recov-
er the cloud electric structure, including the charge and height of the lower positive charge
region.

QUASI-STATIC PRECURSORS OF LASER PULSES
IN ELECTRO-OPTIC CRYSTALS: A TOY MODEL

SA. Sychugin, M.l. Bakunov
N.I. Lobachevsky State University of Nizhny Novgorod

A toy model for studying of the effect of the finite transverse laser beam size on the
generation of quasi-static electromagnetic precursor by an intense ultrashort laser pulse in
an electro-optic crystal has been proposed. It is shown that a precursor is formed even for
anarrow laser beam.

MODELING OF DEVELOPMENT DYNAMICS
OF NEGATIVE STEPPED LIGHTNING LEADER

A.A. Syssoev
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

For almost a century it is known that negative leaders, in contrast to positive ones,
develop in a stepwise manner resorting to the help of space |eaders. However, a compre-
hensive understanding of reasons responsible for this asymmetry is still not achieved. The
physics of the negative leader steps formation causes lots of questions too.

In this study probabilistic approach was used to build the phenomenological model,
which for the first time allowed numerical simulation of the negative stepped leader de-
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velopment. The calculations took into account the asymmetry of positive and negative
streamer discharges as well as temporal evolution of discharge channels conductivity and
electric field strength. This allowed reproducing the entire cycle of the stepped formation
process including genesis of positive and negative stem-originating streamers and their
subsequent transformation into space leaders. It was shown that stepped nature of the
negative leader advancement is connected with difference in characteristic fields of posi-
tive and negative streamers development and provided by the influence of the space
charge injected into the discharge gap by the negative streamer corona and forming leader
channel sheath. Morphology of model discharges is in good agreement with the modern
data of high-speed recordings of natural negative lightning leaders.

NONGAUSSIAN STATISTICSOF THE NUMBER OF CONDENCED
PARTICLESFOR AN ALMOST HOMOGENEOUS BOSE-CONDENSATE

SV. Tarasov
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

A talk is devoted to analytical calculations of the statistical distribution of the total
number of condensed particles for a mesoscopic finite-temperature weakly interacting
Bose-system with an almost homogeneous wave function of a condensate. The calcula-
tions are carried out within the mean-field Bogoliubov and Thomas-Fermi approximations
viathe methods of characteristic functions and Wigner integral transformation.

In the considered cases of flat traps and moderate temperatures, the statistics of the
number of condensed particles shows the anomalously large fluctuations and is strongly
non-Gaussian both for the mesoscopic systems and in the thermodynamic limit. The shape
of the statistical distribution is sensitive to the change of boundary conditions (e.g., from
periodic to Dirichlet) and the shape of the trap (e.g., from rectangular to cylindrical).

The ways of straightforward experimental registration of the anomaloudly large
standard deviation and of a non-Gaussian statistical distribution behavior by means of the
developed experimental methods and already existing traps are al so discussed.

SPIN WAVESIN PARAMAGNETIC CRYSTAL WITH DIPOLAR
INTERACTION

K.B. Tsiberkin, V.K. Henner
Perm State University

Dipolar paramagnetic crystal is described in spin-waves framework basing Holstein—
Primakoff transformation. The crystal is under uniform constant magnetic field near satu-
ration state. The spin waves are introduced as the collective spin deviations from field
direction. Linear response theory is applied to calculate the effect of longitudinal magnet-
ic field jJump on the crystal. Free induction decay signal and its' spectrum, longitudinal
magnetization and density of states are caculated. The spin-wave model permits a full
analytical calculation of the transversal magnetization signal. Also, the magnetization
dynamics is considered in continuous medium limits. It is similar to the long-wave limit
of spin-wave formalism. The properties of magnetization signal and spectrum obtained in
the spin-wave model correspond with the general theoretical and experimental data on
dipolar interaction effectsin nuclear magnetic resonance.
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EFFECT OF THE INTRINSIC NOISE ON THE CHIMERA STATES
IN COUPLED KURAMOTO ENSEMBLES
I.V. Tyulkina®, D.S. Goldobin™?, A. Pikovsky®

*Perm State University
?Institute of Continuous Media Mechanics UB RAS, Perm
Universitét Potsdam, Germany

We develop perturbation theory on top of the Ott—Antonsen theory for the case of en-
semble of oscillators with intrinsic noise. In this case, identical oscillators form attracting
one-cluster states, which allows one deriving the reduction equations for order parameters
within the vicinity of these states. The intrinsic noise is found to bring an effective
dissipativness in the dynamics of order parameters. The developed perturbation theory is
employed for studying the effect of intrinsic noise on the Chimera states in connected
Kuramoto ensembles. We reveal significant reduction of the diversity of possible types of
Chimera states; multi-cluster states of subensembles disappear — one-cluster states be-
come attracting. The results of the perturbation theory and numerical simulation of the
original equations are in close agreement with each other.

BACKWARD TERAHERTZ RADIATION
FROM THE TWO-COLOR LASER-INDUCED FILAMENT

A.A. Ushakov

A.M. Prokhorov General Physics Institute RAS, Moscow
M.V. Lomonosov Moscow State University

We report the first experimental observation of backward terahertz emission from the
two-color laser induced plasma filament in air. The ratio of measured forward-to-
backward THz radiation is 25/1. This result agrees with numerical simulations based on
interferometric model assuming 0.3-mm-long plasma source.

SELF-ORGANIZING MAPSFOR SIMULATION RESULTSANALYSIS
OF LASER-PLASMA ACCELERATORS

T.M. Volkova®, E.N. Nerush™?, I.Yu. Kostyukov'?

!_obachevsky State University, Nizhny Novgorod
2| ngtitute of Applied Physics of Russian Academy of Sciences, Nizhny Novgorod

The possibility of using neural networks on the basis of Kohonen self-organizing
maps for analyzing the results of modeling of laser-plasma interaction is analyzed. Vari-
ous methods for preparing data before processing in a neural network are proposed. The
code developed on the basis of this method was used to analyze the results of laser-plasma
interaction simulations and to identify various modes of interaction. Such an analysis is
important for the choice of optimal parameters for design of laser-plasma accelerators.

It is demonstrated that the developed algorithm strongly simplifies the analysis of the
results for numerical modeling of various processes. There is no need to manually review
the simulation results and to analyze the huge multiparameter arrays of data. The pro-
posed automatization presents the results of the simulation in a visual and convenient
way: the correspondence between the parameters of the laser-plasma interaction and the
interaction regimes are visually displayed.
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THE DYNAMICS OF THE RESONATOR
WITH A NONLINEAR METAMATERIAL AND FEEDBACK WITH DELAY

E.A. Yarunova, A.A. Krents, N.E. Molevich

Lebedev National Research University, Samara
Samara National Research University

This paper is about investigation of dynamics of an optical field in a ring resonator
containing an optical metamaterial with a cubical nonlinearity of the Kerr type. The
analysis of the effect of additional radiation on time dynamics, which described by
Lugiato-Lephever equation is carried out. The presence of an additional term complicates
the temporal dynamics, which is the interest of this work. Nontrivial dynamics — unstable
periodic orbits were obtained.

PARAMETRICAL QUASI-RESONANT AMPLIFICATION OF ALFVEN WAVES
IN HEAT-RELEASING ISENTROPICALLY UNSTABLE PLASMA

D.l. Zavershinskii, N.E. Molevich, SA. Belov

Samara National Research University
Lebedev Physical Ingtitute, Samara

Three-wave interactions of the powerful magnetoacoustic wave with the Alfvén
waves in heat-releasing ionized media are considered. The system describing the paramet-
rical decay of the acoustic wave is obtained. The solution of the obtained system is found
analytically for long wave and weak nonlinearity approximations. The obtained solutions
for the Alfvén waves strongly depend on the frequency detuning Aw. When Aw equals
zero, the amplification of Alfvén waves is resonant, non-threshold and bi-exponential.
With frequency detuning increase, the parametrical amplification of Alfvén waves be-
comes slower, further on, modulation is observed before bi-exponential amplification,
and, finally, there is only Alfvén wave modulation. The cause of the modulation, which is
observed before the amplification, is the existence of a threshold for amplitude. Condi-
tions of the Alfvén wave amplification caused by the quasi-resonant parametrical energy
transfer from unstable magnetoacoustic waves are obtained.

EXCITABILITY OF NEURAL GENERATOR BASED
ON THE PHASE-LOCKED LOOP IN RESPONSE TO PERIODIC
PULSE STIMULATION

N.S Zhukova, M.4. Mishchenko
National Research Lobachevsky State University of Nizhny Novgorod

The dynamics of the neural generator based on the phase-locked loop in response to
periodic pulse stimulation was investigated. Also, the stimulation by unidirectionally con-
nected similar neural generator has been observed. This work explored the influence of
stimulus parameters (amplitude, period) on frequency ratio between neural generator and
stimulation. It was noted that stimulation amplitude changing leads to amplitude ranges
with limited response frequency ratio. Small periods of the stimulation results in a
smoother transition to the synchronization with other frequency ratio, in the opposite
case —to a sharper transition.
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The stimulation of neural generator via synaptic pulses of another generator shows
similar results on frequency ratio distribution.

This work was supported by RFBR Grant No. 16-31-60080 mol_a _dk and by Presi-
dent Grant No. MK-2726.2017.2.

NUMERICAL SIMULATION OF WHISTLER-MODE WAVES WAVES
PROPAGATION THROUGH THE MAGNETIZED PLASMA
WITH SMALL-SCALE FIELD-ALIGNED DENSITY IRREGULARITIES

I.Y. Zudin, N.A. Aidakina, M.E. Gushchin, T.M. Zaboronkova, SV. Korobkov
Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod

Previous active experiments show that high frequency ionosphere heating led to the
excitation of plasmairregularitiesin a column rest upon heating area. It was founded out
that the system of plasma density irregularities acts as a specific waveguide for whistler-
mode waves passing through the ionosphere [1]. We performed a numerical simulation of
whistler-mode waves' propagation through the magnetized plasmawith small-scale field-
aligned density irregularities for checking thisidea. We used FDTD method and analytic
approach for two-dimensional model. This report presents the results of numerical simula-
tions with the plasma parameters in upper ionosphere.

1. Rapoport, V.O. VLF electromagnetic field structures in ionosphere disturbed by Sura RF
heating facility / V.O. Rapoport, V.L. Frolov, SV. Polyakov, G.P. Komrakov, N.A. Ryzhov, G.A.
Markov, A.S. Belov, M. Parrot, and J.-L. Rauch // J. Geophys. Res. 2010. V. 115. A10322.

COMPRESSOR OF SUBPETAWATT LASER PULSESIN COMPLEX PEARL
A.S Zuev', AA. Shaykin?, |.V. Yakoviev'?

! Ingtitute of Applied Physics of the Russian Academy of Sciences, Nizhny Novgorod
2National Research Lobachevsky State University of Nizhny Novgorod

The front-end of laser system PEARL was upgraded. The Cr:Forsterite oscillator was
replaced by a Ti:Sapphire oscillator radiating a broadband pulse with central wavelength
of 910 nm. For completing the condition of phase matching at compression a unique
prism-grating stretcher was replaced by single-grating Offner stretcher, a Treacy four-
grating compressor was aligned for pulse duration minimization. We obtained output
pulses after compressor with duration 43 fs, the beam diameter was 18 cm. Considering
that the grating resistance is 0.2 Jcm?, the system after upgrading of the front-end and
aligning of the compressor is able to compress pulses with power exceeding 1 PW.
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