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Imanyun Kanep c namu ¢ namamu cepoua
Ilpo¢. Upuna DyroJanb

B amom 200y ucnonusiemcs 85 nem co OHs poscoenus Imanyuna Kaunepa.
Ho, k coorcanenuro, éom yace 30 nem smom oenw, 19 Hosa0ps, ommeuaemcs be3
He20 camoeo, Kak ceemiunvli Oenb navsamu 3. Kanepa. On ywén om nac 6 epo3o-
soul uronb 1986 2. nocne 20 oueti omuasHHoU akmMuHoU 60PbOLL 3a €20 HCU3HD, 8
KOMOPOU CHIOMUNUCL €20 ONIU3KUe, YYeHUKU, OpY3bs, Kone2U U3 MHO2UX 20PO-
006 ovisueco Coroza. He cmoena e2o cnacmu xapvbko8ckas MeOuyuna, He cmoz-
JIU NOMOUb 8edyuue meOuyuHckue cneyuanucmol uz Mockevl u Kuesa, komopoie
npuiemanu cneyuaibHuiMu peticamu. He ycmosn u ezo, kax 6ceeda Kasaiocs,
Kpenkuil opeanusm. Monoovim, mMo2yuum, KpacugviM, 6 yseme MmeEopHecKux u
OVUWEBHBIX CUNL YWEN OH U3 HCUSHU U MAKUM OCMAJIC HABCe20d 6 Haulell namsamu
cepoya u pazyma.

Cmupumscs ¢ e2o omcymemasuem 6wi10 ouenb mpyoro. J. Kanep eceeoa
ObLI HANOJIHEH 02POMHOU 3Hepauell. DHepeus 4y8Cmeosanlach 8 e20 MAaHepax,
O0BUIICEHUSX, PA3208OPaAX, 8 1000l pabome u 3anamusax. Emy oviiu ¢ pacocmo u
obwenue ¢ Opy3vaMu U Koleeamu, u msicénas Quzuieckas paboma, u cnop-
muenvie cocmazanus. OH ¢ yeleueHuem uepai 68 waxmamsl U 800Ul MAWUHY,
00U NOX00bL 8 20pbl U danékue nymeutecmsusi. Ho enaenoe — on oOvin npu-
POIHCOEHHBIM  DUBUKOM-MEOPEMUKOM CAMO20 BbICOKO20 KAACCd, U UMEHHO 8
Mo obnacmu HaAy4Ho20 AOCMPAKMHO20 MbIUUIEHUS KOHYEHMPUPOBAIACh €20
OCHOBHASL IHEPUSL.

Omanyun Kanep npunaonesican Kk nOKoJIeHuio «0emeil OUHbLY U 6X00UT 8
JHCU3Hb 8 NEePU0O HeObIBANBIX KOHMPACMO8 NOCIEeB0EHH020 NOOEOH020 8PeMEHU
— MpPYOHOCMEl BbINCUBAHUS U OWYUJeHUS ONMUMUBMA C80€20 U 00we20 Oy0y-
weeo. Tpyonocmu pazeunu 8 HEM PAHHIOW CAMOCHOAMENbHOCIb U AKMUBHYIO
orcuznennyro nosuyuto. OH poc 68 cembe CKPOMHBIX XAPbKOBCKUX CNLYHCAUJUX, HO
cam nocmasun nepeo coootl yeau oopazo8anus, cam sblpabomai 8 cebe xapax-
mep Oelcmeus U peuumMoCcmu, cam KOHCMpPYuposa ceou npoekm xcusnu. Ewé 6
WiKOJle NPosIBUN OH Oiecmawjue CNOCOOHOCIU U OCODEHHbI uHmepec K mame-
Mamuke U usuxke, NOIMOMY OH OCO3HAHHO BbIOPAT MEOPEeMU4ecKyio PUIUKY
ceoeti npogeccuen. Kax obcycoanu mvl 6nocie0cmsuu, HeCKOIbKO NPUYUH U,
KAXCemcesi, MUCMUYECKUX COBNAOeHUl NPUBENU e20 U MeHsl 0OHOBPEMEHHO 8 Pu-
3UKY: 80-nepavlx, usuKka 6viia Mmo20a CUMBONIOM 8peMeHU U Ka3anacs (u Oviia)



ogudcywel Cunou YUSUIU3AYUU U YeHmpoM UHMELLEeKMYANbHOU KYIbmypbl, 60-
8MOPBIX, Mbl 06a CMO2NIU NOYYBCMBOBAMb BHYMPEHHIOW KPACOmMY u3uKu u Obvi-
JIU Y8lleYeHbl ero, 6-mpemvux, Oblla Y8epeHHOCHb, YO UMEHHO 8 IMOotl obiacmu
Mbl MOXHCEM 8bIPA3UMb CE0U CNOCOOHOCMU U UHOUBUOYATIbHOCMYb. Ipu 3ayucie-
HUU HAac, AOUMYPUEHMO8 C 30JI0MbIMU MeOAAMU, HA PUIUKO-MameMamuiecKull
Gaxynemem Xapvrosckozo yHusepcumema 6 urone 1949 2. s enepsvie ysudena
Imanyuna Kanepa u mmne «umo-mo monsuno — eom OHy, 35mom 6blCOKUL,
CMPOUHDII C NPUBTEKAMENbHOU YIbLOKOU, 2071y0021a3blll U, KAK NO3J4Ce 80 8PeMs
Yuébbl 51 Mo2na yo6eoumuvcs, 0ueHb MalaHmiugbvlll wHowd. Mbi ObLiu 3HAKOMYL
37 nem, u uz Hux 30 npoocunu 6 cuacmiusom opaxe.

E20 nepsvie wiazu 6 Hayke Ovliu cmpemumenvpHo ycneuwnviMu. Yoice yepes
08a 2o0a nocie oxonuanus Yuueepcumema Imanyun Kanep 6 coemecmuulx pa-
oomax ¢ Mapxom A3benem omkpwvlieaem 603MOMCHOCHb CYUWECMBOBAHUSL 8bLCO-
KOYaCMOmMHO20 PEe30HAHCA 8 MEeMAllax 8 MasHUMHOM noje 61a200apsa Yukiude-
CKOMY 8038DAUEHUIO IIEKMPOHO8 8 NPUNOBEPXHOCHHBIU CKUH-CNIOU. dmy pabo-
my JI. Jlanoay oyerun kak 00OHY U3 CamulX J1yYUUX meopemuyeckux pabom & 0o-
aacmu Ou3uUKU meeépooco meja 3a NOCie80eHHoe 8pems, a cam dpgexm Yyuxio-
MPOHHO20 PE30HAHCA 8 MemaJllax nouy4uil Hazeauue sgpgpexkma Azoens-Kanepa
U HAWéN WUpoKoe NpusHanue 8 Muposo Hayunou rumepamype. Heckonvko Oe-
camunemuil dma paboma umena camvle GblCOKUE MeHCOYHAPOOHble UHOEKCbl
yumupyemocmu cpeou Hayuuvlx cmameti no gusuxe. Paboma eowna maxoce 8
peecmp 20cy0apcmeeHublX omKpwvimuu. Pannuti ycnex u useecmnocms umerom
C80U NIIOCHL U MUHYCbL. Bbi0 MHO20 00bpOodICenamenetl, HO 6O3HUKIU U HAYUHbLE
3aeucmuuxu. 3. Kanep cam cuumarn, ymo nepewiil ycnex mpebyem HO8bIX APKUX
Hayynvix pesynomamos. Ilocne 3awumot 6 1958 2. kanouoamckou ouccepmayuu
«Teopusi yuxnomMpoHHO20 pe3oHaHca 8 Memaniaxy (Hay4Hwli pyKo8oOUmenb —
U M. Jlupuwuy) on pacuwiupsiem noje ceoeli HAyuHOU OesmelbHOCHU.

Bcro acusnv 3. Kanep mnozo u co cmpacmoio paboman. Eeo conosa nocmo-
SAHHO ObLIA 3aHAMA HOBLIMU DUSULECKUMU UOESIMU U UX MATNEMAMUYECKUMU MOoOe-
qasimu. Ho nepuoo 1958 - 1964 2.2., om posicoenust 1tobumotl douepu u KaHouoam-
CKOU 3aWumul 00 3aujumsl OOKMOPCKOU OUCCEPMAYUU, A8NAeMcs N0 3HAYUMETb-
HOCMU C8EPUIEHHO20 HeOObIKHOBEHHO DozambiM. B smo epems nosasensiemcs yuxi
@dyHOamMeHmanbHbIX pabom no pacnpoCmpaHeHur paouosoIH Hao 3eMHOU NOBEPX-
Hocmoto. B amo epemsa O. Kamnep paspabamwvisaem meoputo macHumoaxycmuye-
CKUX SIGNEHUL 8 MEMALAX, KOMOPAsl OMKPbIEAem UUPOKUE 803MONCHOCMU OISl HO-
8bIX PU3UUECKUX IKCNEPUMEHMO8 (PAbOmMbl O MACHUMOAKYCMUKE 8NOCIe0CmEUU



ovlu ommeuenvl 1 ocyoapcmeennou npemueti Yxpaurol). B navane 60-x e.e. ua-
CMBIM HCENAHHBIM 20CMeM 8 HauleM 0OMe CMAHOBUMCS 3aMeYyamenbHbulil meope-
mux u3 Jlenunepada B. Ckobos. B meopueckom oyame co Cko608bim 3a HECKONbKO
HANPAXCEHHBIX lem pabomvl cO30Aémcs Upe3sbliaHo Kpacueas, KiacCuieckas u
K6AHMOBAS, KAPMUHA 6030VHCOEHUSI U PACHPOCMPAHEHUs INeKMPOMASHUMHBIX
60/IH 8 Memanax 6 macHumuom none. Bonnwt Kanepa-Croboea umenu wiupoxuii
MENHCOYHAPOOHBIL PE3OHAHC, U MOHOSPAGhUUecKUli 0030p 2M020 YUKIA padbom 6bi-
deparcan 08a OononHumenvbHole usoanus 6 Aunenuu. K amomy dce nepuody omHo-
CUMCA U HAYano na000mME8OpHO20 83aumooelicmeusi Kanepa u npekpachnoz2o skcne-
pumernmamopa uz Mockevl — B. I'aummaxepa. Teopemuuecku npeockazanuvie Ka-
HEepoOM U DKCNEpUMEHMAaNbHO 0OHapyiceHnvle | anmmaxepom 3¢hgpexmuvl 00HOUa-
CMUYHO20 OANTUCIMUYECKO20 NPOHUKHOBEHUSL PAOUOBOTIH 8 MEeMAJlbl U3BECHbL 8
MUPOBOT HAYuHOU Tumepamype Kak s¢hpghexm I anmmaxepa-Kanepa. Yacmo u3z pe-
3YIMAmMO8 3Mo2o nepuooa oulia 8 OOKMopckyto ouccepmayuio 3. Kanepa «bo-
3e6cKue 8030YHcOeHUs. U PE3OHAHCHbIE SIGNeHUsl 6 MeMALIaxy, 3auuma KOmopou
cocmosnacy 6 1964 2. na 3aceoanuu Yuénoeo Coeema Uncmumyma Dusuueckux
npoobnem noo npeoceoamenvcmeom I1J1. Kanuyvl. Onnonenmamu e2o ouccepma-
yuu evicmynuau B.JI. 'unzdype u A.A. Abpuxocos, oba cmasuiue 6 21-m exe nay-
peamamu Hobenesckoii npemuu no gpusuxe.

bBrecmawue nayunvie uoeu u nogvle konyenyuu, sedennvie J. Kanepom 6
HAYKy 0 Memasnax, cnocobcmeosanu CMaHo8NeHU0 HOB0U 001acmu HAYKU —
paouoguzuxu memannos. llapanieibHo npoucxoouio 0yxoeHoe CMaHosleHue U
camozo aémopa. brazooaps paszeumomy axmueHoMy MulULIEHUIO U NPEBOCX00-
Hotl namamu 3. Kanep Obln omKpvlm 015 camM0yco8epueHCmE808aHUsl, a HCUHD
nooapuia emy 603MONCHOCHb 00WeHUsl ¢ cambiMu ApKumu ymamu. Eco nayunvie
pe3yrvbmamyl obecneuunyu emy CKauoK 8 8blCoKue cghepvl meopemuyeckou gusu-
Ku. Imo 0bll cKa4yoKk HAO nponacmvto 6yOHUYHOCcmu u cepocmu. Kusns Ovina
HAanoiHeHa (anmacmuyecku UHMEPECHOU MeopemuiecKol UpmyaibHOCmMbIO.
Ho peanvrocmu 6cé sce uacmo oasana o cebe 3uamn. Ilepsoe cmonxknogenue ¢
Hell NPOU30ULIO Cpasy no OKOHYaHUuu Yuueepcumema 6 C85A3U C YCMPOUCHEOM
Ha pabomy. Ezo, nyuwezo svinycknuxa uzmama 1954 2., nanpasnsiom Ha pa-
oomy 6 omoanénuyto wkoay Tadxcuxucmana. OH Hauan coagamv KAHOUOAmM-
ckutl munumym J1. Jlanoay, umobvl nocmynumos K HeMy 8 ACHUPAHMYPY, HO €20
PAa3bICKUBAiom u 3anpewarom coasams oaibHeliuue 3Kk3amensl. B nociedyrowue
06a 200a 3. Kanep pabomaem yuumenem guzuku 6 eeuepnetl wikone 2. Xapoko-
6a. Ho ¢usuka ovina eocmpebosana epemenem. B konye 1955 2. 6 Xapvrose co-



30aémcs Hosvlll Uncmumym paouoguzuku u 31eKmpoHuKu 6 cucmeme Axaoe-
muu Hayx Ykpaunvl, komopomy HysicHul ¢usuxu-meopemuxu. B smo epems @
cmpane Cosemog nosAeAomcs npodIecKu ommenenu 8 20Cyo0apCmeeHHol nap-
mutnou noaumuke u 3. Kanepa, necmomps ma e2o espeuckyio HAyuoOHAb-
HOCMb, NPUHUMAIOM HA pabomy & meopemuiecKkuti omoejl H08020 UHCMUMYMA.
B smom Uncmumyme on pabomaem 0o xkonya ceoeil sxusnu. Ilepsoe decamu-
Jlemue pabomsl 8 aKa0emuieckom UHCMumyme Obllo OMHOCUMENbHO CNOKOU-
HBIM U, KK 8bluie ONUCAHO, OIA2ONPUAMHBIM OJisl HAYYHOU 0esimealbHOCU.

Cepbésnvle 0CN0MHCHEHUS 8 HAWeU HCUSHU BO3ZHUKIU NOCILEe NPeCcio8ymoco
«npoyecca Cunasckoeo u Janusiay, MOCKOBCKUX nucameretl, KOmopblx 008UHUIU
8 Kilegeme HA COBeMCKULl 00paz xcuzuu. B Oelicmeumenvrocmu, 3mo cyoedHoe
npeciedosanue 0O03HAYUUIO KOHeY 8ceM WIO3UAM HA ommeneib 8 cmpane. [
Hac amu codblmust 060CMPAIUCL ewé mem, Ymo coasmop 3HaMeHumsix pabom O.
Kanepa no yuxnomponunomy pezonancy ¢ memannax — M. Azbenv ¢uzypuposan 6
npoyecce Kaxk eOUHOMbIULIEHHUK NOOCYOUMbIX. FIMeHHO 6 9mo dice 8peMsl, 3uMoti
1966 2., ooHoBpemenHo ¢ npoyeccom NPoxoouna HOMUHAYUSL HAYYHBIX pabom Ha
Jlenunckyro npemuto, cpeou komopuix paboma M. Asdens u 3. Kanepa c 6orvuum
npeuMyuecmsom 20J10C08 ObLIA PeKOMEHO08aHA HA nepeoe mecmo. Buezanno ne-
Dpeo npucysicoenuem camotl npemuu paboma Oviia CHAMA ¢ 00CYHCOeHUsL NO peule-
HUIO HOMEHKIIamypHulx opzanos. Hexomopoe épems 6 OanvHeuuiem 6viia oadxice
cmpozas yen3ypa Ha yumuposauue pabom c yuacmuem M. Azbens. Yepes me-
ckonvko nem M. Azbenv smuepupyem 6 Mspauns, Ho J. Kanep ocmaémces doneoe
8pems ewé noo NPUCMANbHBIM HAOTIO0eHUeM «KOMNEMEHMHbIX» OP2AHO8 GNACTI.
Emy ne paspewén 6vie30 nu Ha kaxue 3apybexchvle KOHGhepeHyuu 1 ceMuHapbl, e2o
pabomul He umerom wancos Ha I ocyoapcmeenHnvle npemuu, OI10KUPYIOMCS 8ce e20
evlosudicenuss 6 Axademuro Hayk. Dma cumyayus npooondicanace 6nioms 00
Hauana 80-x 2.e., Ko20a noaBUIUCL nepavle 8esiHusl nepecmpotiky. Hecmomps na
amu conymcmsylowue oepanudenus, 3. Kanep ocmaémcs neceubaemvim u myxice-
cmeeHnbIM yenogekom. OOHUM U3 cedCmsuti NPOUCXOOUBUUE20 ABNAEMCSL €20 UH-
mepec K 1opuoudeckou u npasosoul aumepamype. Tenepb oH KOJLIEKYUOHUPYEM U 8
€c80000HO€e 8pems uumaem He MoabKO KHU2U N0 Meopuu Waxmam, HO U UCTNOPUIO
CYOeOHbIX KOOEKCO8, peul 3HameHuUmulx adgokamos om Lluyepona 0o @. Konu. On
cuumaem cebsi 00SA3AHHLIM 3AHUMAMb AKMUBHYIO U IOPUOUYECKU SPAMOMHYIO NO-
3UYUIO NO PASHBIM 80NPOCAM 2PANCOAHCKO20 00WeCm8d, HUKO20A He 3aMbIKAenCsl
«8 OauiHe HayKu» U c80UMU HOCMYNKAMU U MBICTIAMU CO30Aém 80KpYe cebsi ammo-
cghepy 0yX06HOU HE3a8UCUMOCTILL.



Yepes 200 nocine 3awumsi 0okmopckou ouccepmayuu, 8 1965 2., 3. Kanep
CMAHOBUMCSL pYKogooumeniem meopemudecko2o omoena Mucmumyma, ¢ 1966 e.
Hayunaem npenooasams u ¢ 1970 2. aeraemca npogeccopom kagheopvl meopemu-
yeckou ¢usuxku Xapvkoeckozo I'ocydapcmeennoco Ynusepcumema. Tenepv ezo
HOCMOSAHHO OKpYJcaem CnocoOHas MON00EMXHCh, 0DyueHue, 80CNUMAHUe U COG-
MecmHas paboma ¢ KOmopou 0ocmasisem emy noonuHHyo paoocms. OH OblL1 MO-
JIOObIM A3aPMHBIM NPODECCOPOM, KOMOPDIIL Y8NeKal CMYOeHMO8 CBOUMU MBOpYe-
cKuMuU 803modchocmamu. K nemy cmpemunuce 6 acnupanmsi, Cmpemuiucy yuumeo-
¢y He2o u pabomams ¢ HUM. Muocux cnocobnvix eévinyckuukog X'V emy yoanoce
NPUHAMb HA padoomy 8 Ce0l Mmeopomoei, MHOUM NOMO2 YCMPOUMbC 8 OpYeUx
NepCcneKmueHbiX HayyHolx yeumpax. K cyovbe monoovix @usuxos oH HuKoz20a He
ObLL PABHOOYUIHBIM, NPOOUBATL YACMO CMEHbl HEBO3MONCHO20, XOMS 8 HEKOMOPbIX
cayyasx mepnen neyoauy (70-e 200vl ObLiu M.H. nepuodom 3acmos). B nayunvix
pabomax Kanepa menepb nocmosiHHo NOAGIAIOMCA COABMOPAMU €20 VUEeHUKU.
Mmnozcue u3 Hux npooondxicarom paseueamsv HAyyHvle HaAnpaeneHus QU3UKU U pa-
ououzuxu meépoo2o mena, Hayamvle Kanepom, MHo2ue 60cnpuHsiu u e2o mpe-
bosanusi nepghekyuoHUIMa U e20 800XHO8eHue U 110006b Kk mpyoy. Tax 603HuUKIA
HAYYHasi NPeemMCmeeHHOCMb U Oblld CO30aHA OOHA U3 YCNEUIHO DPaOOMAaruux
HAYYHbIX WKON meopemuyeckou gusuxku Ha Yxpaune. Eco yuenuxu, menepo yoice
3acnysxcennvie npogeccopa 6 Xapvkoge, [oneyke, a maxaice 8 psioe 3apy6erHCHbIX
VHUBEPCUMEMO8, HeUIMEHHO YMYm NAMAMb O CBOEM yuumerne.

B 70-20061 nayunvii asmopumem JO. Kanepa Ovin yace oueHb 8biCOKUM.
Boxkpye neco ne moavko mananmausas monooéxco. OH umeem wupoxkoe npu-
3HaHUe U MHO20 Opy3eli cpedu Kojle2 c8oe20 U Oonee cmapuie2o NOKOJIeHUs.
Ilocne nepeeszoa UM. Jlugpuwuya 6 Mockey on cmanosumcs 0OHUM U3 pyKoGo-
oumerneti 20p00CKO20 ceMuHapa no meopemudeckou gusuxe. B konye 60-x 2.2.
OH npuenawiaemcsi 8 peOaKyuoHHbIL KOMUMEm MeHCOYHAPOOHO20 HCYPHANA NO
@usuke — «Solid State Communicationsy, a weckoavbko nozonee exooum 6 pe-
0aKyuu JYHWUX YKPAUHCKUX JHCYpHAN08 — « Dusuka HU3KUX memnepamyp» u
«Ykpaunckuu gusuueckuii osrcypuany. B Xapwkoe uacmo npuesdscarom meope-
MUKU U IKCNEePUMEHmamopbul, Ymoobvl pacckasams Ha cemunapax Kanepa u 06-
cyoums ¢ HUM ceou Hogvle pabomul. Ilpueszoicarom eedyujue u Mo100ble YuéHble
He MoJbKo U3 pazuuvlx 20po0og Corosa, Ho u u3z-3a pyoesxca. OOHaKo npuém uHo-
CMPAHHBIX 20CMell Yacmo Oblll CONPANCEH ¢ OONbUUMU CTIoOHCHOCMAMU. HHo20a
B03HUKANU 2PYCMHbIE KYPbE3bl, K020a NOOOOHble 86CMpeyU He CaHKYUOHUPOBA-



JUCDH, U npuesdcasuux 8 Xapovkos ¢ Hamepenuem ecmpeuu ¢ 3. Kanepom cocmei
CONPOBOAHCOANU NO OPYUM AOPECaAM.

Kaoicoomy uenosexy ceoticmeenna ceosi (pynkyusa pazsumus. Y 3. Kanepa
9mo Ovlia QYHKYUs HEeNnpepbl8HO20 POcma, NpoGecCUOHANBHO2O U JTUYHOCIHO20
cosepuiercmeosanus. E2o ecee0a unmepecosanu pasiuunvie HaAyuHvle «napaoue-
MbLY PUUKO-MAMeMaAmu4eckol Kapmunvl MUpa, OH YIeKalcs MamemMamuidecKu-
MU RAPAOOKCAMU MEeOPUU MHOIHCECTNE, MEOPUAMU 0OUECMBEHHbIX USD, PA3MbLUL-
JISL O KoHyenyuu Heonpeoenrénnocmu u oonycmumocmu « Cayuasy. B konye 60-x
20008 OH 0elal HeOOHOKPAMHO NyOIUYHbLE 00KIA0bL « Ymo makoe Hcu3Hb ¢ mouKu
3penus uU3UKU?», 8 KOMOPLIX AHATUZUPOBAT U PA3BUBATL NPeOCMABIeHUs HA MY
memy 3. lllpeduncepa. Ho 6 nocneonue 10 nem owcusnu e2o eonHoganu opyeue
HayuHvle acnekmul. B amu 2006l 6 e20 peyu wacmo 38y4am GbIpAN’CEHUS «CUNA
cmuxuu u 6ecnopsokay», «CMpaHHvle ammpaxmopsl (hazo08020 NPOCMPAHCMEA,
«Heycmoudusvle mpaekmopuu OuHamudeckux cucmemy» u m.n. On mobum Hab.1o-
0amov WMopMosbie 80JIHbL U DYpasAujUe 8000NAObL, BOZHUKHOBEHUE 2po3bl U Oypu. B
€20 pabomax npesanupyem memamura CUIbHOU HeIUHEHOCMU, OUHAMUKA PA3HO-
20 muna Heycmouuusocmetl, 3¢pghekmvl HeOOHOPOOHOCMEU U ULePOX08AMOCMEL,
aghghekmul 6 08yMEPHBIX U OOHOMEPHBIX NPOBOOHUKAX. Bcé smo Ovliu acnexmol
ROABTAIOWEUCS] 8 IMU 200bl HOBOU HAYKU O XA0ce U NOps0Ke, HOBOU HAYKU O HAHO-
cucmemax. On pabomaem ¢ HO8bIM NOOBEMOM U CIPACMBIO, OYeHb MHO20 U 8 K-
MUBHOM 83AUMOOEUCMBUU CO CBOUMU YYeHUKamu. Hacmo um npuxooumcs npe-
00071€6amb CIOJCHbIE MameMamuyeckue npoonemsvl U pa3eueams HO8ble Memoobl
pacuéma. K cooicanenuro, 8pems He NO360IUN0 OOUMU eMy 00 KOHYA MBOPUECKUX
so3modicHocmel. Ewé mnoeo nem nocie e2o cmepmu 8bixo0sam omoeinvhbie pabo-
mbl U cepusi MOHozpaghuueckux ob63opos 3. Kanepa c coasmopamu, komopule 20-
moesam 0/ nevamu e20 y4eHUuKu.

B nocneounue ceou 200b1 0H cMompum Ha HAC CO C8OUX NOPMPEMOS C MO
Jce SIPKOU OMKPbLIMOU YIblOKOU, KAaK U 8 MOJI000CMU, KOMOPAs, KANCemcs,
00JIXHCHA NOKOPUMb MUP U 8HeCU SICHOCMb 6 duaoe ¢ dcuznvio. Ho, ecé-maxu,
8 €20 832/150€ yce ecmb U Heumo Opy20e, NOKA3blearouee, 4mo napmus ¢ Hcu3-
HbIO OKA3bIBACMICS CYUJeCTNBEHHO COJICHEE, YeM 8Ce MbICIUMbLE KOMOUHAYUOH-
Hble Waxmammusle NOCMPOeHUsl U 8Ce HEMbICIUMO KPACUgble U ClOJCHble u3u-
Ko-Mamemamuyeckue napaouemsi... I[Iposooicaro e2o Ha knaobuwe Ooavuioe
Koauvecmeo atodeu. Ilocneonum ¢ dIMOYUOHATLHBIMU U BOIHYIOWUMU CTIOBAMU
svicmynan nepsulil oupexmop Hncmumyma Paouoguszuxku u Inexmpornuxu AH
Yrpaunwl, uenosex baazopoonou oywu — A.A. Ycuros, komopwiii ewyé npuruman



. Kanepa na pabomy u omHocuics K Hemy, KaK K CblHy. Bhe3zanno cpeou sicHo-
20 Heba pazoancs 2pom U NPOIUNUCL KPYHHble Kanau 00xcos. I[lomom cmano
Muxo u Hebo 3amAHYI0CL MYUAMU...

MHne xomenoco 6bl nobrazooapums 6cex mex, KMo COXPaHsAem C8emuyio
namams o 3. Kanepe, u 3a6epuiums moé npeouciosue cmuxomeoperuem H.-B.
I'éme

(J.-W. Goethe *“ Seelige Sehnsucht”) :

Hemnozcue mocym maxoe nonsime,
Toana dice ¢ HacmewKou npumem,
Xouy 5 dcu3ib moeo npociasisim,
Kmo cnocoben 6 ocrne nocubnymeo.

bvisaem 6opye 6 nopviee cmpacmu
Hnu enesanno 6 xonooe novu

Hoes sacnas mebs ocensiem,
Komopyio svipazume moei 3axoueuts.

U mo1 pazpuisaeus mozoa 06vamosi,
Toponuwnscs k pyuke ckopee,
UYmobwi cebss meopyom a8umo

B nauevicweti oyxosnoui cgepe.

Tebe ne sedomul crabocmu cmpaxu,
Tol 6uOUULb Yerb, HeBO3MOICHO20 Hem,
C1o6HO naamenem mol OX8a4eH

U mombinbkom noavixaeutv 6 ocHe.

Ho ecnu cmpemnenve. ceepuiums ceopas, -
Tebe ne oano owyymums coscem, -
byoewv mvr monvko cocmem cepvim
Ha smotui nnaneme, uyoicowiii 6cem.
(nepesoo moti — Upuna @yeonv,
2. Opnaneen)
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MHorokpaTHblie aHApeeBCKHE U HOPMAJIbHbIEC OTPAKEHUS
B IBYMEPHOM TOIOJOTHYECKOM H30JIATOpPE
C.C. AHOCTOJIOBl, A.A. JleB4eHKO’
1HHcmumym paouoghuzuxu u snekmporuxu um. A. A. Ycuxosa HAH Yrkpaunol
"Xapvrosckuii nayuonansnwil yuusepcumem um. B. H. Kapasuna
University of Wisconsin-Madison, Madison, USA

KitroueBoit 0cOOEHHOCTHIO KBAHTOBOT'O CIIMHOBOTO 3(pdexTa Xoa saBiis-
€TCsl MOSIBICHHE OECIIENIEBBIX KPAEBBIX COCTOSHHM, CYIIECTBYIOIIUX OJIHOBpE-
MEHHO CO IIEJIEBBIMH OOBEMHBIMU COCTOSIHUSIMHA. JTH KPaeBbIe COCTOSHUS pac-
MPOCTPAHSIOTCS BO B3aUMHO MPOTUBOMOJIOKHBIX HAIPABJICHUAX U HECYT MPOTH-
BOIIOJIOJKHBIE CIIMHBIL, YTO CTAJIO NMPUYMHON BO3HUKHOBEHUIO TEPMHHA «CIIH-
panbHas AIEKTPOHHAS KUIKOCThY [1]. 3a cueT cumMeTpun oOpallieHusi BpeMeH!
CIUPAJIbHBIE COCTOSIHUSI UMEIOT TOIOJIOTHYECKYIO 3alllUTy OT yHpyroro oopar-
HOTO paccesiHusl JICKTPOHA Ha HEMArHUTHOW MPUMECH, TEM CaMbIM OOECIequ-
Bas BO3MOKHOCTbH JJi O€3IMCCUIIATUBHOTO TPAHCIOPTAa. DTO SIBICHUE OBLIO
MOATBEPKICHO HSKCIepuMeHTanbHO B rerepoctpykrypax HgTe/HgCdTe wu
InAs/GaSb. OnHako B sKCniepruMeHTe ObLI0 0OHAPYKEHO M OTKJIOHEHHE OT 3Ha-
YEHUSI YHUBEPCAJIbHOW, HE 3aBUCSIICH OT TeMmepaTypbl, MPOBOAUMOCTH, UYTO
MPUBJICKJIO BHUMAHHWE M BBI3BAJIO MHOXKECTBO MPEIJIOKEHUM NJI1 BO3MOMKHBIX
MEXaHU3MOB PAcCEesSHUs, BIUSAIOMINX HA UI€ATbHO OAJITMCTUYECKUI TPAHCIIOPT.

B noknane mpencraBieHa MOJENb 3JEKTPOHHOIO TPAHCIOPTa Ha Kparo
JBYMEPHOTO TOIOJOTHYECKOTO M30JISATOpa MEXKIY ABYMSI CBEPXIPOBOASIIMMHU
KOHTaKTaMH C Y4€TOM 3JIEKTPOH-IPUMECHOro paccesHud. Ha ocHoBanum 3¢-
(eKTUBHOTO TaMIJIbTOHUAHA TSI TIpoliecca 0OpaTHOTO paccesiHUs AJEKTPOHA Ha
MIPUMECH, KOTOPBI COMPOBOXKAACTCS BO30YXKICHUEM JJICKTPOH-IBIPOYHOMN Ta-
pBI, @ TAKXKE CIUH-OPOUTATHHOTO B3aUMOJICUCTBUS B CIIUPATHHOM AJIEKTPOHHOMN
KUJKOCTH, BBIUYUCISAIOTCAS (DYHKIIMM paclpeiesieHus W ONPEeNeNsioTCs Xapak-
TEepHbIE OCOOEHHOCTH, BOSHUKAIOIINE KaK 32 CYET MHOTOKPATHBIX aHJIPEEBCKUX
¥ HOPMAJIbHBIX OTPaXEHUW HA KOHTAKTax, TaK M 3a CUET paccesHus (cMm. pado-
ThI [2,3]). Ha ocHOBaHMM TOJYYEHHBIX PE3YJIbTATOB MOXKHO B 3KCIIEPUMEHTE
i pepeHInpoBaTh BKJIAAbl HOPMAIBHOTO OTPAXKEHUS OT CBEPXMPOBOMISIIETO
KOHTaKTa M OT 3JIEKTPOH-TIPUMECHOTO PACCESIHUS Ha Kparo, BIUSIOIINE HA KBaH-
TOBBIN AJIEKTPOHHBIN TPAHCIIOPT B IBYMEPHOM TOMOJOTHYECKOM H30JIATOPE.

[1] Wu C., Bernevig B. A., Zhang S.-C. Helical Liquid and the Edge of Quan-
tum Spin Hall Systems // Physical Review Letters. — 2006. — V.96. —
P. 106401 [4 p.]

[2] S.S. Apostolov, A.A Levchenko. Nonequilibrium spectroscopy of topologi-
cal edge liquids // Physical Review B. —2014. — V. 89. — P. 201303(R) [5p.].

[3] C. C. AnocTosioB. MHOTOKpaTHOE aHIPEEBCKOE OTPAKEHHUE B JABYMEPHOM

tonosiorudeckom uzonsarope // Jomosimi HAH VYkpaiau. — 2015. — Ne 1. — C.
65-71.
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Photonics of dielectric-metal superlattices
D.A. lakushev?, N.M. Makarovl'z, F. Pérez—Rodriguez2
'A.Ya. Usikov Institute for Radiophysics and Electronics,
Ukrainian Academy of Sciences,
12 Proskura street, 61085 Kharkov, Ukraine
Benemerita Universidad Autonoma de Puebla
Calle 4 Sur No. 104, Col. Centro, Puebla, Pue. 72000, Mexico

Periodic photonic nanostructures composed of dielectric and metallic compo-
nents are known as metamaterials with unusual electromagnetic characteristics
[1 - 5], which has been earlier observed only in double negative metamaterials,
whose effective permittivity and permeability are simultaneously negative. The
phenomenon of negative refraction can also be observed in inherently aniso-
tropic dielectric-metal superlattices without negative effective permeability.

We present an analysis of photonic band structures as well as the photonic
transport for one-dimensional periodic superlattices with alternating dielectric
and metal layers [6 - 8]. The Boltzmann kinetic equation for the distribution
function of the conduction electrons is employed to calculate the general materi-
al equation: the integral relationship between the electrical current density and
the electric field inside the metallic layers. The nonlocality of the material equa-
tion relating the electric current density and the electric field inside metal results
in the emergence of the fundamental collisionless Landau damping. It is im-
portant that it cannot be disregarded, not only when prevailing over ordinary
collision damping, but even when these two kinds of electromagnetic absorption
are of the same order. Landau damping always exists and drastically alters the
photonics of the dielectric-metal arrays within the THz and near-infrared fre-
quency range.

With the use of the transfer matrix technique, the photonic dispersion relation
for the dielectric-metal array is obtained in terms of the surface impedances of
the metal and dielectric layers. In a dielectric-metal superlattice, there exists a
large contrast between the impedances of the dielectric and the metal within the
THz and near-infrared frequency range. Because of this, the dispersion relation
for the photonic modes has solutions for the Bloch wave number only in very
narrow pass bands, which are associated to Fabry-Perot resonances arising in the
single dielectric layer. We have found that due to the metal nonlocality, both the
magnitude and the sign of the real part of the Bloch wave number disagree with
the corresponding predictions of the Drude-Lorentz model, which, being local
by definition, cannot describe the metal nonlocality.

Inside each photonic pass band, there is another sequence of the Fabry—Perot os-
cillations of the transmittance associated with the total length of the bilayer su-
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perlattice. The total number of such Fabry—Perot resonances in each pass band
equals N-1, where N is the total number of the unit cells in the superlattice. We
have found that the collisionless Landau damping can be paramount in pure
metal slabs, dominating over the ordinary collisional damping. As a result, even
relatively weak Landau damping gives rise to a remarkable decrease of the Fab-
ry—Perot resonant peaks and to their broadening, as compared to the predictions
made on the basis of the Drude-Lorentz model, which completely ignores Lan-
dau damping induced by the nonlocality of metal conductivity.

We acknowledge partial support from the CONACYT (Mexico).

References
[1] R.A. Shelby, D.R. Smith, S. Schultz, “Experimental verification of a nega-
tive index of refraction”, Science, Vol. 292, No 5514, 2001.
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Spin Gating of Mesoscopic Devices
Robert Shekhter
Department of Physics, University of Gothenburg,
SE-412 96 Gothenburg, Sweden
shekhter@physics.gu.se

Inefficient screening of electric fields in nanoconductors makes electric manipu-
lation of electronic transport in nanodevices possible. Accordingly, electrostatic
(charge) gating is routinely used to affect and control the Coulomb electrostatics
and quantum interference in modern nanodevices. Besides their charge, another
(quantum mechanical) property of electrons — their spin — is at the heart of
modern spintronics, a term implying that a number of magnetic and electrical
properties of small systems are simultaneously harvested for device applications.

In this presentation the possibility to achieve “spin gating” of mesoscopic devic-
es [1], i.e. the possibility of an external spin control of the electronic properties
of nanodevices is discussed. Rather than the Coulomb interaction, which is re-
sponsible for electric-charge gating, we consider two other mechanisms for spin
gating. These are on the one hand the magnetic exchange interaction in magnetic
devices and on the other hand the spin-orbit coupling (“Rashba effect”), which
IS prominent in low dimensional conductors. A number of different phenomena
demonstrating the spin gating phenomenon will be discussed, including spin-flip
assisted electro- and photo-mechanics [2], ”Rashba spin splitting” of single elec-
trons [3] and Cooper pairs [4], and spin-gating of normal and superconducting
weak links .

1. R. I. Shekhter and M. Jonson, Spin gating of mesoscopic devices, arXiv:
1507.05822; Synth. Met. (in press) (2016).

2. S. I. Kulinich, L. Y. Gorelik, A. N. Kalinenko, I. V. Krive, R. I. Shekhter, Y.
W. Park, and M. Jonson, Single-electron shuttle based on electron spin, Phys.
Rev. Lett. 112, 117206 (2014).

3. R.1.Shekhter, O.Entin-Wohlman, A.Aharony, Suspended nanowires as a me-
chanically controlled Rashba spin splitters, Phys. Rev. Lett. 111, 176602 (2013);
4. R. |. Shekhter, O. Entin-Wohlman, M. Jonson, and A. Aharony, Rashba split-
ting of Cooper pairs, Phys. Rev. Lett. 116, 217001 (2016).

Keywords : spintronics, mesoscopic superconductivity, spin-orbit interaction,
magnetic exchange interaction
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Spin dynamics of antiferromagnets: a way to terahertz spintronics
B.A lvanov
Institute of Magnetism, National Academy of Science of Ukraine

Antiferromagnets (AFMs) are interesting from the viewpoint fundamental phys-
ics and promising for applications. It is sufficient to note so-called “exchange
enhancement” of all their dynamic parameters [1], e.g., soliton critical speed or
magnetic resonance frequencies, which are in the range of terahertz. Sigma-
model equation is a natural and quite convenient theoretical tool for description
of spin dynamics of different AFMs; it is determined by the variation of the La-
grangian for Neel vector only,

h 1,0l 1 h = o, .~
L=——[5 () =5 (V)] H- (1) -W (1),
7’Hex 2 ot 2¢ Hex ot
with the magnetization of AFM being the slave variable,
M _ 1 g H-TAH)
MS 7/Hex at HEX

Here M. is the magnetization of one sublattice, H,, is exchange field of AFM,

the effective field H =H + Hp +... is the sum of external magnetic field H,

Dzyaloshinskii field H, and some other contribution, e.g., originating from In-
verse Faraday Effect. Without external field and for the Dzyaloshinskii — Moriya
interaction of the simplest form wgy, = (d -[Mx1]) the sigma-model equation

have formal Lorentz-invariance (LI) and the spin dynamics of AFMs can be re-
ferred as inertial (Newton) dynamics rather than precessional (gyroscopic) dy-
namics, typical for ferromagnets.

Inertial spin dynamics, including dynamical spin reorientation between two met-
astable states, can be effectively excited with use of femtosecond laser pulses
[2,3]. Similar to ferromagnetic materials, AFMs are affected by spin-torque ef-
fects, see for review [4], and can conduct spin current [5]. Dynamics of a biaxial
AFM driving by spin-Hall effect is similar to the dynamics of a resistively and
capacitively shunted Josephson junction under a current bias. It can be used as a
THz nanooscillator working at room temperatures [6]. Spin torque applied to a
thin film of uniaxial AFM can create and support stationary dynamics of differ-
ent AFM solitons such as precessional domain walls, vortices, non-topological
antiferromagnetic magnon droplets and topological skyrmions. The presence of
LI extremely simplify the analysis of the motion of AFM solitons.

1. V.G. Bar'yakhtar, B.A. Ivanov, M.V. Chetkin, Uspekhi Fizicheskikh Nauk
146, 417 (1985)
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2. A.V. Kimel, B.A. Ivanov, R.V. Pisarev, P.A. Usachev, A. Kirilyuk, and Th.
Rasing, Nat. Phys. 5, 727 (2009)

3. D. Afanasiev, B.A. Ivanov, A. Kirilyuk, Th. Rasing, R.V. Pisarev, and A. V.
Kimel, Phys. Rev. Lett. 116, 097401 (2016).

4. E.V. Gomonay, V.M. Loktev, Low Temp. Phys. 40, 17 (2014).

5. H. Wang, C. Du, P. C. Hammel, F. Yang, Phys. Rev. Lett. 113, 097202
(2014).

6. R. Khymyn, I. Lisenkov, V. Tyberkevych, B.A. lvanov and A. Slavin, Anti-
ferromagnetic THz-frequency Josephson-like Oscillator Driven by Spin Cur-
rent, cond-mat arXiv:1609.09866.
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Optimal Performance
of Magnetically Controlled Spintronical Thermoelectrics
Zubov Yu.D.
V.N. Karazin Kharkov National University, Kharkov, Ukraine
Ilinskaya O.A., Krive L.V.
B. Verkin Institute for Low Temperature Physics and Engineering,
Kharkov, Ukraine

Thermoelectric efficiency of quantum dot-based thermoelectric with spin-
polarized leads is calculated. It is shown that optimal performance of magneti-
cally controlled thermoelectric device is reached in the external magnetic fields
uH, of the order of tunnel coupling I' of the dot to the leads. We exactly evalu-

ated the figure of merit in our model for symmetric couplings and non-
interacting electrons. The influence of dot asymmetry and electron-electron in-
teractions on thermoelectric efficiency is considered. We demonstrated that effi-
ciency at maximal power of our spintronical device can be much better than the
corresponding property of thermoelectrics based on tunnel diodes.
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Spin-current resonances
in a magnetically inhomogeneous 2D conducting system
O.V. Charkina, A.N. Kalinenko, A.l. Kopeliovich,
P.V. Pyshkin, A.V. Yanovsky
B. Verkin Institute for Low Temperature Physics and Engineering,
National Academy of Sciences of Ukraine,
Prospekt Nauky 47, Kharkiv 61103, Ukraine

The high-frequency transport in a two-dimensional conducting ring hav-
ing an inhomogeneous collinear magnetic structure has been considered in the
hydrodynamic approximation. It is shown that the frequency dependence of the
radial electric conductivity of the ring exhibits resonances corresponding to new
hybrid oscillations in such systems. The oscillation frequencies are essentially
dependent on the applied electric and magnetic fields and the spin condition of
the system.

Spin accumulation in conducting nanosystems remains a problem of con-
tinuous keen interest [1]. Its dynamic aspect was investigated for the first time in
[2]. In a conductor with inhomogeneous magnetic properties a nonequilibrium
spin concentration generates forces acting on the spin components of the carriers
and exciting coupled spin-current oscillations (we call them a “spin pendulum”).
In this study we consider the possibility of spin-current resonances in a two-
dimensional conducting ring in a nonquantizing magnetic field. As an example,
the above effects are examined in a nondegenerate electron system over the lig-
uid helium surface (ESLH) and in two-dimensional semiconducting heterostruc-
tures. Magnetic inhomogeneity of these systems can be induced in various ways,
for example, by introducing nonequilibrium concentrations of magnetic impuri-
ties, applying spatially inhomogeneous magnetic fields or inhomogeneous elec-
trostatic gate fields commonly used in experiments on heterostructures.

This study is concerned with the transport properties of the mentioned in-
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Resonances have been predicted that are related to new hybrid oscillations in the
system, namely, the “spin pendulum” type oscillations interacting with cyclotron
type and magnetoplasma oscillations.

For example, we show that the frequency dependence of the electrical re-
sistance of nano-thickness 2D conducting ring of inhomogeneous magnetic
properties contains peculiarities that are shown on the picture. “Splashes” of
function (black line) correspond to exiting combined “spin-pendulum” and
plasma oscillations, its zeroes - combined “spin-pendulum” and cyclotron oscil-
lations. Red line describes the resistance of homogeneous ring, its zero corre-
sponds to cyclotron resonance.

1. Insight: Spintronics Nature Mater. 11, 367-416 (2012); 1. Zuti¢, J. Fabian,
and S.D. Sarma, Rev. Mod. Phys. 76, 323(2004).

2. R.N. Gurzhi, A.N. Kalinenko, A.l. Kopeliovich, P.V. Pyshkin, and A.V.
Yanovsky, Phys. Rev. B 73, 153204 (2006).
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Quantum acousto-optic transducer for superconducting qubits
Vitaly Shumeiko
Chalmers University of Technology, SE-412 96 Goteborg, Sweden

In the talk, theoretical principles will be outlined for a reversible quantum trans-
ducer connecting superconducting qubits and optical photons using surface
acoustic wave (SAW) phonons in piezoelectrics. The proposed device consists
of an integrated acousto-optic resonator that utilizes nonlinear effect of coherent
Stimulated Brillouin Scattering (SBS) for phonon-photon conversion, and pie-
zoelectric effect for coupling phonons and qubits. It is shown that efficient and
faithful quantum conversion is possible between the telecom optical photons and
GHz acoustic phonons. The device parameters are compatible with the circuit-
QED environment and feasible for implementation with the state of the art inte-
grated acousto-optics.

PRA 93, 023838 (2016)]
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Nanoelectromechanical heat engine based on electron-electron interaction
L. Y. Gorelik
Department of Physics, Chalmers University of Technology,
SE-412 96 Goteborg, Sweden

We theoretically show that a nanoelectromechanical system can be mechanically
actuated by a heat flow through it via electron-electron interaction. In contrast to
most known actuation mechanisms in similar systems, this new mechanism does
not involve electronic current nor external AC-fields. Instead, the mechanism
relies on deflection dependent tunneling rates and a heat flow, which is mediated
by electron-electron interaction while electronic current through the device is
prohibited by, for instance, a spin-valve effect. Therefore, the system resembles
a nanoelectromechanical heat engine. We derive a criterion for the mechanical
instability and estimate the amplitude of the resulting self-sustained oscillations.
It is also shown that suggested heat engine at certain regime can cool down the
mechanical subsystem. Estimations show that the suggested phenomenon can be
studied using available experimental techniques.
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Plasmon on the surface of the nanotubes with a longitudinal superlattice
A.M. Ermolaev, G.I. Rashba
Physics Department, V.N. Karazin Kharkov National University
alexander.m.ermolaev@univer.kharkov.ua,
georgiy.i.rashba@gmail.com

Collective excitations in metals, semiconductors and plasma in a magnetic
field have always been the focus of attention of E. A. Kaner [1]. After classical
works in the theory of high-frequency phenomena in metals, he has turned to
surface effects in solid-state systems [2-4]. Surface electromagnetic waves in
metals in a magnetic field are considered in Ref. [2]. A resonance and cyclotron
waves on surface electrons have been studied in Ref. [3]. A collisionless damp-
ing of surface plasma waves in a magnetic field has been considered in Ref. [4].
In these works Emanuil Aizikovich and his disciples have provided the basic
framework of studying collective excitations in electron systems on curved sur-
faces. Among them, there are carbon and semiconductor nanotubes.

Modern production methods allow to create not only nanotubes, but also
the nanotubes with a superlattice. There exists a radial and longitudinal superlat-
tice with a cylindrical symmetry. Radial superlattice is a set of coaxial cylinders
and the longitudinal like a stack of uniaxial concentric rings. Usually it is creat-
ed by an embedded of the fullerenes inside nanotube. As a result, there arise a
narrow minibands of energy spectrum of the longitudinal motion of the electrons
on the tube, which are separated, by energy gaps. The investigation of collective
excitations in such systems is important problem of nanophysics.

In current time the physical properties of carbon and semiconductor nano-
tubes are intensively studied. The energy spectrum of electrons on the carbon
nanotube is conical, and in the semiconductor (on the base of a gallium arsenide
and its derivatives) — parabolic. This report contains the results of the calculation
of plasma waves spectrum on the surface of semiconductor nanotubes with a
longitudinal superlattice.

In the plasma waves propagation theory on a nanotube the hydrodynamic
method [5] and the random phase approximation [6, 7] are usually used. Within
the framework of the hydrodynamic approach — Poisson equation for the poten-
tial of the plasma wave, the continuity equation, the material equation relating
the current density to the electric field are considered by self-consistent manner.
Using this system of equations and simple expression for the conductivity, the
authors of Ref. [5] the spectrum of intraband and interband plasmons on a tube
without a superlattice have obtained. The narrowness of the energy gaps be-
tween the minibands means that under the presence of the superlattice is neces-
sary to take into account the interband current due to quantum electron transfer
between minibands in the field of an electromagnetic wave. The real and imagi-
nary parts of the electron gas on the semiconductor nanotube surface conductivi-
ty due to these transitions were calculated in Ref. [8]. The real part of the con-
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ductivity of degenerate electrons determines the boundaries of plasma waves
Landau damping [8]. The imaginary part of the conductivity in the dispersion
equation for the wave spectrum is included [9]. It has resonance peculiarities
near the transition frequency of electrons between minibands [8, 9]. Usually
there exists the new branches of the collective excitations spectrum near these
frequencies [10]. Taking into account the interband current, we have shown that
there exist in the spectrum of plasmons one branch or two branches [9]. In the
latter case, one branch describes the optical plasmons due to antiphase oscilla-
tions of the electron density in the minibands involved in the transitions. The
second branch had the acoustical nature. It is caused by in-phase oscillations of
the electrons in the minibands. The relevant branches of the spectrum lie outside
the electron-hole continuum, so the plasma waves do not undergoes Landau
damping.
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Kpurnueckue fiBJIeHUSI B TEOPUSIX € BHICIIUMH NPOU3BOIHBIMHA
B.®. Knenukon
Hnemumym snexmpogusuxu u paouayuornnvlx mexnono2utt HAHY,
yn. Yepnviwesckoeo,28, a/a 8812, 61002, Xapvros, Ykpauna
Xapvkosckuti Hayuonanbhsii ynueepcumem umenu B.H. Kapazuna,
ni. Ceoboovwl, 4, 61000, Xapvkos, Ykpauna

B nocnennee Bpems TEOpPHUM IMOJISI ¢ BBICIIMMH IPOU3BOJHBIMU HEPEIKO
paccMaTpUBaIOTCS B pa3NUYHbIX 007acTsaX ¢u3uku. Yarne BCero 3To UMEET Me-
CTO B HETOYEUHBIX TEOPUSX, ISl JIEMEHTAPHBIX OOBEKTOB HEHYJIEBOM pa3mep-
HOCTH (CTpyHBI, p-Opansbl u T.1.). [lo-BUarMOMy, BBEAEHHE BBICIIUX MPOU3BOI-
HBIX HEOOXOAMMO B JIarpaH)KMAaHAX, OMHMCHIBAIONINX YCKOPEHHOE pacHIMpEeHUE
(cxxatue) BeenenHnol, kak U BOOOIIE MTPU UCCIEIOBAHUN €€ TEMHOTO CEKTOPa,
a TaKkke B TeOopuM COJUTOHOB. Kpome Toro, coorercTByroumii opmanusm
NIO3BOJISIET YJIYYIIUTH CBOMCTBAa CXOAMMOCTH auarpamm DelHMaHa, CIIyKHUT
3 (EKTUBHBIM CIIOCOOOM PETyJspU3alMU U MPUBOJUT TaKXKE K BBICILIUM CHM-
MetpusM tuna Jlu-bexiyna.

[Ipocreiimuye narpaHXuaHbl C BBICIIMMU MPOU3BOJHBIMU HEU30€KHBI B
Teopun (Ha30BBIX NpeBpanieHuil HecopasMepHbiX cTpykryp (HC), xak u npu
CHIOHTAHHOM HapylIeHUH KOHCONMUAupoBaHHOUN yeTHocTH (KY) Trma noss — ko-
OpAMHATBHL. DTO TMOATBEPKIAETCI MHOTOYHMCICHHBIMU 3KCIIEPUMEHTaMU B Ce-
THETO3JIEKTPUKAX U MarHeTUkKax. BeKTOpHbIe MOJIsl MapaMeTpoB NMOPsJIKa B 3TUX
CUCTEMaX HEPEAKO BBIPOXKIAIOTCS B CKaJsipHble. biaromaps sToMy a Takxke of-
HOMEPHOCTH TOJIEBBIX TPAJUEHTOB HEPEJIKO YAAETCS PelUTh MpoljaemMy, onpe-
nensgeMyto auddepeHunanbHpIMu ypaBHeHUsAMH (/1Y) BbICIIMX MOPSIAKOB, TOY-
Ho. llermouka ¢a3oBbIX Mepexoa0B, Mpoucxoiamux B xone sBomounn HC, co-
JEpKUT B ceOe AMCKPETHBIM aHajIor CIIOHTAHHOI'O HapyIIEHUsS CylepCUMMET-
puu. Ilone mapameTpa nopsjka B TOUKax TAKOTo Mepexoja NpeACcTaBiseT co00i
CTAllMOHAPHBII O€JT — COJIUTOH.

B cnyuae MHOTOMEpHBIX TpagueHTOB HaOOp cummeTpuii 1Y mo3Bosser
TOYHO BBIYHMCINUTH KPUTUYECKUE PA3MEPHOCTH.

Takum o0pazoM, cynepcuMMETpHsi, OOBIYHO CBSI3bIBa€Masi C CyIIECTBOBA-
HUEM YacTUIl — CYNEpPNapTHEPOB B OOJACTU CBEPXBBICOKUX SHEPIHM, MOXET
MPOSIBIISITHCS U TIPU TPOU3BOJIBHBIX SHEPTUSX BCIIEICTBHE KOHKYPEHIMU Ipaau-
CHTOB IapaMeTpoB mopsiaka [1-6].

Mopaenu Takoro THma Takke He0OXOJIMMBI B CBSI3U C MEPEX0JI0M MaTepH-
aJIOBETYECKUX MCCIEIOBAHUI U TEXHOJIOTHI B MAaNa30H HaHOMacuTaboB, Tpe-
OYIOIIUM MPEOIOJICHUS ABYX OapbhepOB — PU3MUECKOTO U TEXHOJIOTHUUECKOTO.

Pa6ota BeimonHeHa npu nojepskke rpantoB HAH Ykpaunsr: Ne62/16-H,
[leneBoit koMIIeKCHOM Tporpammbl mo Hanodusuke u Ilporpammsr [TEPH-
OUSIN Ne2-17/2016.
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Shubnikov-de Haas oscillations of the anomalous Hall conductivity
V.Yu. Tsaran’, S.G. Sharapov®
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Mainz, Germany
Bogolyubov Institute for Theoretical Physics, National Academy of
Science of Ukraine, 14-b Metrologicheskaya Street, Kiev 03680, Ukraine

Measurements of the Shubnikov-de Haas oscillations of the Hall resistivity
provide an additional information on transport phenomena, but normally they
are much weaker than the oscillations of the diagonal resistivity. Employing a
model of two-dimensional massive Dirac fermions that exhibits anomalous Hall
effect, we analytically demonstrate that the amplitude of the Shubnikov-de Haas
oscillations of the anomalous Hall conductivity is the same as that of the
diagonal conductivity. We argue that the oscillations of the anomalous Hall
conductivity can be observed by studying the valley Hall effect in graphene
superlattices, the anomalous Hall effect in topological insulators, and the spin
Hall effect in the low-buckled Dirac materials.

The text of the presentation is based on our paper [1]. Simultaneous
measurements of the magnetic oscillations in both the longitudinal and Hall
conductivities provide an important information on the transport phenomena.
The diagonal part of the conductivity, o,,, oscillates as a function of the carrier

concentration and/or perpendicular magnetic field (Shubnikov-de Haas effect),
which can be described by the formula [2-6]

o, D
= 1+ vf(ow.7)— |, 1
Gxx 1+ C()CZTZ |: Y ( CT) D0:| ( )

where o, is the conductivity in the absence of magnetic field B, o, =|eB|/m*c
is the cyclotron frequency with m* being the effective carrier mass and —e <0
being the electron charge, 7 is the relaxation time, f(w,z) is a smooth function
of w.r, u is the chemical potential, the numerical factor y =2 for 2D electron
gas [4] and y =1 for the Dirac fermions [6]. Dy(x) is the density of states
(DOS) in the absence of magnetic field and all the oscillations are contained in
the oscillatory component of DOS, D= 5(8,/1) :

It is not as widely known that the magnetic oscillations can also be observed in
the Hall resistivity [5]. The Hall resistivity is not just a monotonic or step-like
function of x and/or B, but also contains the oscillatory part. Using the
Str eda formula [7], one can express the Hall conductivity as [4,5]
H o _Gowcfsgn(SBz)Sgnu{l_ 9(2.7) 3} @
1+ it w;t° D,

Xy
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Here g(aw.r) is a smooth function of w,z. Unfortunately, it is difficult to

measure the Hall resistivity oscillations because at low fields not only they are
experimentally weaker than the diagonal resistivity ones, but also since they
must be separated from the large linear background. On the other hand, at high
fields the long-period oscillations have to be separated from a rapidly varying
amplitude of the monotonic background [5].

However, in solids with broken time-reversal symmetry the Hall conductivity is
nonzero in the absence of an external magnetic field ( anomalous Hall effect). It
IS reasonable to question whether these oscillations would emerge in this
anomalous Hall conductivity. We will show that in the Dirac materials the
oscillations of the anomalous Hall conductivity can be as strong as the SdH
oscillations of the diagonal conductivity and they could be observed in either
valley or spin Hall effects in the existing Dirac materials.

We study the minimal model for anomalous Hall effect with broken time-
reversal symmetry represented by the two-component massive Dirac fermions in
the presence of scalar Gaussian disorder. The corresponding Hamiltonian
density is

. € . e
H :v,{nrl( Dy +EA<j+r2(py +EAVH+AT3 — UT, (3)
where the Pauli matrices T =(ry,7,,73) and the unit matrix, z, act in the

pseudospin space, p; =—i%0; with 1 =x,y is the momentum operator, and Nvé
is the Dirac mass. The index n =+ distinguishes two inequivalent irreducible

2 x 2 representations of the Dirac algebra in 2 +1-dimensions that correspond to
the two independent valleys in the Brillouin zone of the Dirac materials. The
external magnetic field B =V x A =(0,0,B) is applied perpendicular to the plane

along the positive z axis.

o 1 In Figure we show the anomalous Hall
ol s | conductivity, op'(x) in units of
] ——— g5 | | _ _
% 0 e [(4nin) versus chemical potential x
T | . in units of A for temperature T =0,
=204 | | scattering rate I'=0.05A and n=-1.
02 | The solid (blue) line is for B =0.1A?,
ol S . . B 0.4A2 the dashed (red), and
0 ' 2o 4 B =1.5A° -- the dash-dotted (green)
o line. The thick and thin lines are

plotted using exact relation and approximate nonoscillatory kernel, respectively.
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Extracting the quantum magnetic oscillations in the low-temperature limit, we
arrive at

) ~
AH _e" nA 1 D
oA (B, A, 1) = — 14 7= | 4

v 2 47zh|y|1+a)022'2{ yD} )

where | #|>|A|. We find that the structure of Eqg. (4) resembles the diagonal
conductivity (1) rather than the normal Hall term (2). The oscillating term is not
damped by the 1/(a)cr)2 factor and has the same weight as the constant term for
all strengths of the magnetic field. Furthermore, the absence of the w.r

prefactor in Eq. (4) makes possible the observation of the oscillations of the
anomalous Hall conductivity even in the low field regime.

The model (3) represents a building block of the full Hamiltonians of graphene
and other Dirac materials. The corresponding electrical and spin conductivities
can be constructed by making the gap A dependent on the valley and spin
indices n and o, respectively, and summing over these degrees of freedom.

The global A/B sublattice asymmetry gap 2A: 350K can be introduced in

graphene [10-13] when it is placed on top of hexagonal boron nitride (G/hBN)
and crystallographic axes of graphene and hBN are aligned. For B=0 the

normal Hall conductivity, ag =0, because of the time-reversal symmetry. The

AH
Xy

conductivity, UQH , In 7 =+ valley has the opposite sign to that in valley r =—
due to the same symmetry. Although the full Hall conductivity o, =0 in this
case, the nonlocal measurements [10] allowed to observe the charge neutral
valley Hall effect. The corresponding current, j, = j,-, — J,-_ =a)‘{yE, where

conductivity o and already mentioned anomalous part of the diagonal

the valley Hall conductivity oy, =4cy", so that in the studied in [10] regime

| 11|<|A|, the value a)‘{y ~2e%/h. It was also shown in [10] that the nonlocal

signal does not disappear in small magnetic fields. We hope that similar
measurements can be repeated for | «|[1|A| to observe the oscillations of the

valley Hall conductivity. For a finite field the normal Hall term, a)g', =0, but

different symmetry properties of oy (B, 1) and oy (B, ) can be used to
distinguish these contributions.

The spin Hall conductivity of silicene and other low-buckled Dirac materials
[14] can be expressed [8] in terms of the electric Hall conductivity o, (A) for

the two-component Dirac fermions by the relation
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Ol = ~s > ooy (A—>A,,), (5)

n,o=t

with the valley and spin dependent gap A, , =A, —noAsy. Here Agq is the

spin-orbit gap caused by a strong intrinsic spin-orbit interaction in the low-
buckled Dirac materials. It is a large value of Agy, €.0. Ago=4.2meV in

silicene and Agy=11.8meV in germanene, that makes the quantum spin Hall
effect [15,16] experimentally accessible in these materials. The gap A, =E,d,

where 2d is the separation between the two sublattices situated in different
vertical planes, can be tuned by applying the electric field E, perpendicular to

the plane. This results in the on-site potential difference between the two
sublattices resembling the case of graphene on hBN.

Adjusting the value of E, one can choose the case of the zero sublattice

asymmetry gap, A, =0. Then one finds that the contribution of the normal Hall

term, oy, cancels out and only the anomalous Hall conductivity part, oy,
enters the resulting spin Hall conductivity,
s 2h

05t (8, =0) =0 (1A — Aso). (6)

Here for finite B and | 1|>|Agg | the oscillating Hall conductivity is described

by Eq. (4). The large value of the spin-orbit gap in silicene and related materials
makes plausible observation not only the spin Hall effect, but also oscillations of
the spin Hall conductivity.

The obtained results clearly illustrate a principal possibility to observe strong
SdH oscillations of the anomalous Hall conductivity. We also speculate that the
SdH oscillations of the Hall conductivity may also be observed in topological
insulators [17]. Furthermore, the obtained results are applicable for doped
anomalous Hall systems as well. Although Eq. (4) is not valid in the generic
case, one may expect that the oscillations of the anomalous Hall conductivity are

described by the following expression oy @ 1/(1+ 2%)[1+yD(u)/D(w)].
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Multi-photon transitions and amplification in qubit-resonator systems
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One of the most fundamental physical models is a two-level system, qubit.
In order to be probed and controlled this is usually coupled to either classical or
quantum resonator [1]. This can be electric LC circuit or the transmission-line
resonator. Quantum control of the system is realized via driving, which results in
that the qubit can be resonantly excited when the multiple photon energy match-
es its energy levels. Such multi-photon resonances were studied recently both
theoretically and experimentally [2].

The coalesced qubit-resonator system can be described in terms of the
dressed states, which in the solid-state realizations is studied within the so-called
circuit quantum electrodynamics. We consider particular realization, when the
qubit-resonator system is doubly-driven, by a strong pumping signal and a weak
probing signal. This can be realized, for example, as the flux qubit and the
transmission-line resonator [3]. The qubit experiences the resonant excitations
and when the frequency of these transitions matches the weak-signal frequency,
the number of photons in the cavity is increased or decreased [4]. This is exper-
imentally observed as either amplification or attenuation of the resonator fun-
damental-mode signal, which can be referred to as lasing and cooling, respec-
tively [5]. We point out that such systems are useful for amplification and atten-
uation of weak electrical signals.
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KBanroBblie nHTepdepeHunonubie 3G dexTsl BOIAN3U
TOYE€YHOI0 MATHUTHOTIO e()eKTa B IBYMEPHOM JIEKTPOHHOM rase
C CWIbHBIM CIIHH — OPOUTAIBHBIM B3aUMOACHCTBHEM
FO.A. KonecHnueHko
Du3uKo-mexHu4yecKul UHCmumym Hu3Kkux memnepamyp um. b.1. Bepxuna
HAH Yxpaunwt
np. Jlenuna, 47, 2. Xapvkos, 61103, Ykpauna

Teopernueckn U3y4eHbl TPOCTPAHCTBEHHBIC PACIIPEACIICHUS JIOKAIBHOM IIJIOT-
HOCTH DJIEKTPOHHBIX COCTOSIHHI p(r) U JIOKQJbHOM MJIOTHOCTU HaMarHUYEHHO-
CTH M(r) BOKPYT' TOYEYHOTO MAarHUTHOTO JieeKTa B JBYMEPHOM 3JICKTPOHHOM
raze ¢ CUJIbHBIM CIIMH-OpPOUTAIBHBIM B3auMojielicTBueM Pamosl. B 6opHOBCKOM
npUOTMKEHUN (DYHKITHH p(r) n M(r) HAaWJEHBI NPHU MPOU3BOJIBHON OpPUEHTA-
M1 MarHUTHOTO MOMEHTA Je(heKTa U JIJIsi MPOU3BOJILHON BETMYMHBI KOHCTAHTHI
CIIUH-OPOUTAILHOTO B3auMOJEHCTBUS « . Ha OCHOBE HalllMX pacueToB MpeJIo-
JK€Ha METOJMKAa ONpPEAEJIEHUsS KOHCTAHThI ¢ C MOMOIIBIO CIHUH-TOJISIPU30BAH-
HOW CKaHHUPYIOLIEH TYHHEJIbHON MUKPOCKOIIUH.
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BuxpeBasi nprpoaa MAarHUTHBIX COJIUTOHOB
A.C. KoBases
OTUHT HAHY

B pamkax kiaccuueckor Mojenu [aitzenOepra u ypaBHeHui Jlanmay —
JIndmmia paccMOTpeHa COMUTOHHAs JUHAMUKA IBYMEPHOTO (heppOMarHeTHKa C
AHU30TPONMUEH THUMNA IJIOCKOCTh JIETKOr0O HaMarHW4WBaHus. HempepwsiBHOE BbI-
POXKJIEHHUE OCHOBHOTO COCTOSIHUS (YIJia ¢ HaIpaBJICHHsS] BEKTOpa HaMarHUYEH-

HOCTH M B JIETKON IJIOCKOCTH (Xy)) IPUBOJUT K OOrojit0O0OBCKOMY CIIEKTPY

JHHEHHBIX BOJNH (MarHOHOB) @, =CK+/1+ k2§ u cymecTBoBaHMIO TOMOTOrH-
YeCKUX BO30YKIACHUN — MAarHUTHBIX BUXPEH (V) Y aHTUBUXPEU (AV) ¢ pacnpe-
JIeIeHNeM HAMATHHYEHHOCTH B MOMAPHBIX KoopjuHatax M=+m,(r), p=+y.
YpaBHEHUS TUHAMUKY HAMAarHUYEHHOCTH UMEIOT BH/T

2
Mm=Agp— V(m2V¢), p=m-— Am2 _m(vm)” m(Ve). (1)
(1— m ) ( _ m2)2
B ManoaMminTyaHOM npejiene OHU CBOJSATCS K YIPOIIEHHOMY YPaBHEHHUIO
P—Ap+AAQ+ (Vo Ap+@*Ap+ A4V gV ¢ =0. )
ConuToHsl CTallMOHAPHOTO npoduis (“lamps™) Cc

(oz(p(X/\/CZ—Vz,Y/(CZ —vz)) n X =(x=vt)/\c2 —v?, Y =y/(c?—v?) (mar-

HUTHBIM aHaJIOT JIMOOBCKMX COCTOSIHHI) ITPH 3TOM OIIMCBHIBAIOTCS CTaIlMOHAp-
HBIM MOJIH(HUIIMPOBAaHHBIM ypaBHeHUe Kamomiiesa - [leTBramBuim
2
Oxx T Pry — Pxxxx — 6P @xx =0, (3)
peIIcHUE m(x, y) KOTOPOTO JJIS COJIMTOHA ¢ V/C << C ObLIO HAlACHO YUCIICHHO
u npuBeaeHo Ha Puc.1 mnsg y > 0.

JIns 1mosie HaMarHMYEHHOCTH BBOJUTCSI TOITOJOTHYECKUE XapPaKTEPUCTH-
KH: IJIOTHOCTh 3aBUXPEHHOCTHU ¥ W IOJHBIMA TOMOJOTHYECKUH 3apsa Buxps [':

y=(em/oxfoplay)-(emiey)oplax), T=(/2x)[r(xy)ixdy=pq, (4)

rae Q=11 u p==1 - Tononoruueckuii 3apsa 1 NOJSIPHOCTh BUXPs. Beruucie-

HUE 3aBUXPEHHOCTH JlaMIla MOKa3aJlo, YTO OH UMEET CTPYKTYPY BUXPEBOTO JU-
noJis ( 7/(X >0, y) Ha Puc.2). [Tpu Manbeix ckopoctsx lamp Tpanchopmupyercs B

CTAallMOHAPHO JBWXKYIIYKOCS CO CKOPOCTBIO V Tapy (V o AV) C pasMepoMm
L=1/v.

i
Puc.1 } Puc?2
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Henuneitnbie Bo30yxaeHus 6ojee o01iero uaa (AByxmapameTpuyecKue
COJTUTOHBI OTHOAIONICH UITH OpHU3ephl), PACIPOCTPAHSIONINECS CO CKOPOCTBIO V
U XapaKTepu3yeMmble YaCTOTOM BHYTPEHHEH Mpeleccuu @, B MaloaluIUTYIHOM
npenene @y, — @ << @, OIHUCHIBAIOTCA ypaBHEHHEM (2), KOTOpOE pPEelIaoch

ACHUMIITOTHYCCKHUM MCTOIOM, n HpI/I6J'II/I)KeHHOG pPCUICHUC BUaa

gpz(glkz){—’(g\/yz+(X—Vt)2/k2jsin(kx—a)t) ¢ £=+wd, —®° <<1 GbuIO TO-

JIYYCHO YMCJICHHO M IIPHUBCIACHO Ha Puc.3 JJIA m(X, Yy >O) Breruuciaenue miaot-

HOCTH 3aBUXPEHHOCTH TAKXKE MOKA3aJI0, YTO COJUTOH OruOaronieil uMeeT CTpyK-
Typy BUXPEBOrO JTHUIIOISA (y(x >0, y) Ha Puc.3).
[TosyueHHbIe pe3ysbTaThl (@ TAKXKE PELICHMs IJs Bpalllaloluxcs Iap
(Vo AV) ¢ mporuomonoxuoii monspusamumeii, V=0 u ©#0) ykazano, uto
MarHUTHBIE COJMTOHBI OOIIET0 BUJA C HEHYJEBOM aMILIUTYJIOM JOJDKHBI MTpe -
CTaBJIATh TOOOM MAarHUTHBIE KBAJIPYTOIU (V oV oAVo AV) C CYMMAapHBIM HY-
JI€BBIM TOIOJIOTHYECKUM 3apaaoM. IIpu ckopocTsX V; << C BUXpeH, BXOIAIIUX B
KBapyMoOJib, Il UX KOOPAMHAT, KaK «00OOIEHHBIX KOOPJAUHATY» MOKHO BOC-
M0JIb30BaThCA MPUOIMKEeHHbIMU YpaBHeHUs MU Tuite (Hukudoposa-Connna)
R.Gi|=-dE/dR,, (5)
rae G, =27 T;fi,— rupoBeKTOpbl BUXpeil, R. — KOOPAMHATHI MX LEHTPOB U E —
noJiHasi sHeprus cucreMsl. [lockonbky 11st 4 BUXpel 3Ta TMHAMUYECKasi CUCTE-
Ma ¢ 4 cTeneHsMH cBOOO/BI 00siafaeT 4 MHTErpajlaMu JIBUKEHUs: 3Hepruen E,

—

IBYMsI KOMIIOHEHTaMu uUMITyjibca P U yrioBeiIM MoMeHTOM K,, TO OHAa MHTe-
rpupyetcsi B kBagparypax. COJMTOHHOE pEelIeHUE MPEICTaBIET COOOM Maphbl
(Vy, oV,, ) m (AV3 L oAV, +) (( ) OTBEUAIOT MOJIIPU3ALUU BUXPEN), BpallatonIy-
€Csl B IPOTUBOIIOJIOKHOM HAMPAaBJICHUH C YaCTOTOM U MEPEMEIIAOIINECs, KaK
uenoe, co ckopoctb V (Puc.5). Pacnpenenenue m(x, y) u y(x, y) B (PUKCHPO-
BaHHBIN MOMEHT BpeMEHU NpuBeAeHbl Ha Puc.6,7, a cama nuHamuka — Ha Puc.8.

(Ona cootBetcTByeT “leapfrogging”, BiepBbie MPEAJIOKEHHONW B THAPOAMHAMU-
ke JlaBom (1894)).

L —»v A
ey
4wPI/IC.5

Haubonee nHTepecHa IMHaMUKa MarHUTHOT'O COJINTOHA B MpEZeIe MajbIX
4acTOT BHYTPEHHETO BpalllEHHUs, MpeacTaBieHHas Ha Puc.9. B xopoTkuii Bpe-
menHo# untepsan maps (V; oV, ) u (AV; 0 AV, ) moBopaumBaioTcs B OTHBOTIO-

02 04 X
02 | § 3 ~w

Puc.6 " Puc7™ O

S

Puc.8

JIO)KHOM HANpPAaBJICHUH W «IE€PE3aMBIKAIOTCS», 00pa3ys TMapsbl (Vlo AV3) 151

36



(V2 oAV4), KOTOpbIE KaK JIB€ MOYTH HE3aBUCUMbIE JIMOOBCKHE Mapbl pacipo-

CTpaHAIOTCA Ha OOJBIIONW TUCTAHIMM OOJIBLIYIO YacTh MepHoja KoseOaHus,
OBICTPO MpEBpaIasCh 3aTeM B UCXOIHBIC BUXpeBbie mapsl (Puc.10-12).

t' tz t3

10—o! 2 Y _2g__-02
T >l Ly i
3003, \ ) 4 4 X
o> . T 5
AV,AV, V,AV, V,AV,
Puc.9

Puc.11 Puc.12

Kpome paccMOTpEHHOr0 BbIIIE COTUTOHHOIO BO30YXKIEHHS B JETKOILIOC-
KOCTHOM (DeppOMarHeTHKE BO3MOKHBI U COJMTOHBI IPYTOr0 THIIA, KOTOPBIE 00-
JaJJal0T HE TOJBKO IIOJIHBIM HYJIEBBIM TOIIOJIOTUYECKUM 3apsI0OM, HO U IIOJIHOM
HYJIEBOM HAMarHU4E€HHOCTBIO, U UMEIOT CTPYKTYpY ((Vl Lo AVZ_)o V50 AV,,)).

Hx JUHAMHWKa HAIIOMHUHACT JUHAMHKY COJIMTOHOB IICPBOIO THUIIA, HO IIPHU OJH-
HAaKOBBIX HAaYaJIbHBIX YCIOBHAX UX CKOPOCTh CYHICCTBCHHO MCHBIIIC.
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FeSe — 3aragouHble pe3yjbTaThl AKYCTHYECKHX IKCIIEPUMEHTOB
1 2 1 . 1
B. . ®uns", JI.B. ®unp’, I'.A. 3Bsaruna’, T.H. lNaiinamax”,
1 1 3 3
K.P. Xexos", .B. bunera, /[.A. Hapees~, A.H. Bacunbes®.
1 .
Duszuko-mexrHuveckuu uncmumym Huzkux memnepamyp HAHY, Xapvkos
2
Hncmumym monokpucmannoe HAHY, Xapvkos
3 o
Mockosckuii 2ocynugepcumem, Kag. uuKu HUSKUX memnepamyp u c6epxnpo-
sooumocmu, Mockea

N3ydeHsl aKkyCTUUYECKHE XapaKTEPUCTHUKU BBICOKOKAYECTBEHHBIX MOHO-
kpuctamuioB FeSe. O6 ux BBHICOKOM KadeCTBE CBHJICTEILCTBOBAJIO, HAIPUMED,
YETKOE MPOSIBJICHUE A-aHOMAJIMU MPU CBEPXIIPOBOJSIIEM YIOPSIAOUYECHUH. DKC-
NEePUMEHTHI BKIIIOYANIM B ce0s1 KaK CTaHIapTHbIE JIJISl aKyCTUKU U3MEPEHUS CKO-
pocTeil U 3aTyXaHus YNPYyrux KojieOaHuM, TaK U MCCIEOBAaHUE MPOIIECCOB aKYy-
CTORJIEKTPUYECKOI TpaHchopmaiuu. bbut BBIABIECH psili 0COOEHHOCTEH, CUIIBHO
OTJIMYAIONIUX JAaHHOE COEIMHEHHE OT M3y4yaBIIMUXCS HAMHU paHee (Hampumep,
BTCII unu 6opoxapOuibl).

1) Ilpu 90K kpucramindeckas cTpykTypa FeSe ucnbIThiBaeT TeTpa-opTo
MpeBpalleHue ¢ OOBIYHBIM I MOJOOHBIX MPOIECCOB 3HAYUTEIBHBIM CMATYE-
aueM Cy;-Cy, Moael. HectanmaptHOCTh FESe 3akmrogaeTcs B ToM, 9TO: a) 3HAYH-
TEJbHO cMsAryaercs takxe u Ci; MoJia IIPU CUJIILHOM POCTE €€ 3aTyXaHUsl HUKE
nepexoyia U 0) C MOHMKEHUEM TEMIEPaTyphl KECTKOCTh PEIIETKU HE BOCCTa-
HAaBJIMBAETCS, U OHA OCTAETCS «MSITKOI BIUIOTH /10 TEJIMEBBIX TEMIIEPATYP.

2) B T¢ ckopocTH Bcex MPOJOIBHBIX MOJ CKAaUKOOOPa3HO YMEHBIIIAIOTCS
Ha 3HAYNTEIbHYIO Benmamny (~2-107). MacmTab m3MeHeHHMii cormacyercs ¢
aHOMAaJIbHO CUJIbHOM 3aBUCUMOCTBIO T OT AaBneHus. HeoxxniaHHbIM OKa3aioch
sHaunTenbHOE, BKIII momo6HOe M JMHMHEHHOE 10 YacTOTE€ YMEHBIICHHE IOTJI0-
mieHus Cq; Moael HUKE Te. OHO BBIMVISIACNIO MOXO0KUM Ha CHaj 3JIEKTPOHHOTO
BKJIaJla B 3aTyXaHUE, BO3MOKHOE TOJIBKO MPHU JOCTATOYHOU JUTMHE CBOOOHOTO
mpoOera, 4ero TpPyAHO OBUIO OXWIATh i Hamero oopasma. Kpome Toro,
BILIOTH 70 5 Ti MBI HE OOHAPY UM JaKe CIEIOB KaKUX-TMOO MarHUTOAKyCTH-
YECKUX WM KBAaHTOBO-OCHMJUISIITMOHHBIX 3(()EKTOB, KOTOPHIE B 3TOM Ciydae
JIOJIKHBI ObLTH OBl HAOJIIOIATHCSL.

3) DKCnepuMEHTHI MO aKyCTO3JEKTpUUYecKor TpaHncpopmauuu. [lonepeu-
Has ynpyras BojiHa ¢ BojHOBBIM BekTopoM (=(0,0,q) m cmemenuem u=(u,0,0)
BO30YXKJIaeT B MPOBOJSIIEH Cpelie JIEKTPOMArHUTHOE MOJIe, U3Iy4aeMoe B CBO-
00JIHOE TIPOCTPAHCTBO M (UKCUPYEMOE MOJIIPU30BAHHOW aHTeHHOU. B oTcyT-
CTBHME BHEIIHEr0 MarHUTHOTO TOJISl 1 MATHUTHOM CTPYKTYpPhI B 00pa3iie BEKTOP
AIEKTPUYECKOTO TOJSI MOKET UMETh TOJIBKO X-KOMIIOHEHTY, aMILUIUTYJa KOTO-
poit ompeaensieTcs aedpopMarioOHHbIM B3aumoaecTBueM n CrroapTa-TonmeHa
abdexrom. Bompekn oxumganusiM, B FeSe HaOmrogaeTcss MHTEHCUBHASI TeHepa-
UsI Y—KOMIIOHEHTBI 3JEKTPUYECKOr0 TOJI, HapacTarouas MOYTH JIMHEHHO ¢
noHmwkenneMm Temneparypsl. [Ipu 9K e€ ammuTyna cpaBHUBaeTCS ¢ MHIYKITU-
OHHBIM OTKJIMKOM B moJie ~ 2T. M3BecTHbI JBa MEXaHW3Ma, MPUBOJIAIINE B OT-
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CYTCTBHE BHEIIHEr0 MAarHUTHOTO MOJIS K TeHepaluu Y — KOMIIOHEHTbl — aHO-
MajbHBIN X0 3¢ ekt u nbezomarieTuzM. Ho o0a mMexaHu3Ma npenonaraior
Haju4ue B oOpaslie MarHUTHOM CTPYKTYphL. [10CKOIBKY TOYHO U3BECTHO, YTO B
FeSe crarnueckuii MarHUTHBIN MOPSIIOK OTCYTCTBYET, MPUXOJUTCS Mpe/Ioia-
ratb JUHAMUYECKYIO MPUPOJY HaOMI0AaeMbIX siBIeHUNA. OUEHKH MOKa3bIBAIOT,
9TO 00JIe€ BEPOSATHBIM CIICHAPUEM SIBIIICTCS THE30MArHETH3M.

Humxe T nbe30MarHUTHBIM OTKJIMK XOTS M IaJaceT, HO OCTa€Tcs KOHEed-
HBIM, T.€. CBEPXITPOBOIUMOCTD U MHE30MarHeTU3M MHPHO COCyIecTByI0T. Crian
OTKJIMKA OOYCIIOBJIEH TEM, YTO B CBEPXIPOBOASILIEH (pa3e posib CKHHOBOW TITy-
OMHBI NIEPEXOJNUT K JIOHJOHOBCKOH. B TakoM NpeAnojoKeHWH OKa3ajloch BO3-
MOXHBIM M3 3KCHEPUMEHTAIBHBIX 3aBUCUMOCTEH OMPEIEIUTh JOHIOHOBCKYIO
IIyOMHY MPOHUKHOBEeHMS (AL ~ 1.8um). Takas omeHka A COOTBETCTBYET ILJIOT-
noctu Hocutexeit N~10"° cm?®, T.e. daxTiueckn FeSe sBiseTcs KOMICHCHPO-
BaHHBIM TOJIYMETAJIIOM.
OcHOBHBIE pe3yJbTaThl OMYOJIMKOBAHbI B pa0OTax:

1. G.A.Zvyagina, at al. EPL, 101, 56005, (2013)
2. V.D.Fil, at al., EPL, 103, 47009, (2013)
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OTtpa:xkenne, NPoXoxKAeHUE U TPAaHCHOPMALUS NOJIAPU3ALNA BOJIH
B CJIOMCTBIX CBEPXIIPOBOAHUKAX
T.H. POXMaHOBal'Z, 3.A. Maﬁ3eﬂﬂcl’2, C.C. AHOCTOJ’IOBl’Z, O. Hepec—PoszI/Irec3,
H.M. MaKapOB1’3, B.A. SImmonbekuii’2?
1HHcmumym paouoguszuxu u snexkmponuxu um. A.A. Ycukosa HAH Ykpaunsi
ZXapbkoecmﬁ Hayuonanvuwll yHueepcumem um. B.H. Kapasuna
3Benemérita Universidad Auténoma de Puebla, Puebla, México

CroucTpie CBEPXMPOBOJHHUKU TIPEJACTABISIOT COOOW TEPHUOIUICCKUE
CTPYKTYPBI, B KOTOPBIX TOHKHE CBEPXIIPOBOIAIINE CION pa3eieHbl Oojee TOJ-
CTBIMH JUDJIEKTPUYCCKAMH CJIOSIMU, SJIEKTPOJIUHAMHYECKH CBS3aHHBIE MEXKIY
co0oit 3a cuet BHyTpeHHero dddekrta J[xozedcona. K HUM OTHOCATCS BBICOKO-
TEeMIIepaTypHbIE CBEPXIPOBOJHUKM Ha OCHOBE MEIU WJIU Keje3a, HampuMep,
Bi,Sr,CaCu,0q.5 mmu La[O;F,]FeAs, a Takke MCKYCCTBEHHBIE CIIOHCTHIC CH-
crembl Tra Nb/AlO,/Nb unu Al/A1O,/Al. VX uccnenoBanne NepCrieKTUBHO KaKk
C TOYKH 3peHust GyHAaAMEHTAIbHOW, TaK U MpUKIAHON Hayku. MHTepec dyH-
JTAMEHTaJIbHOW HAayKU K CJIOUCTBIM CBEPXITPOBOJIHMKAM CBSI3aH C CYIIECTBOBA-
HUEM B HHUX OCOOOr0o THIMa TBEPAOTEIHHOW IJIa3Mbl, TaK Ha3bIBAEMOU KO-
3¢()COHOBCKOUN TIa3Mbl. AHHU30TPOINUS TOKOHECYIIEH CIOCOOHOCTH CIOCO0-
CTBYET (POPMHUPOBAHUIO B CIIOUCTHIX CBEPXIPOBOJHUKAX OCOOOI0 THIA BO30YXK-
JEHUN — JKO3€()COHOBCKUX IJIA3MEHHBIX BOJH. BakHOW OCOOEHHOCTBIO JKO-
3¢()COHOBCKHUX TUTa3MEHHBIX BOJH SIBJIICTCS TO, YTO OHH OTHOCSITCS K Teparep-
IIEBOMY JTMAITa30HY YaCTOT, MIEPCIICKTUBHOMY C TOUKH 3PCHHS Pa3IMYHBIX MPH-
JIOKEHUM.

B nacrosimieli pabote u3ydeHa 3ajavya o0 MPOXOXKJICHUU HEIUHEHHBIX Te-
parepueBblX BOJH CKBO3b OOpasilbl CJIOMCTOTO CBEPXIIPOBOJHUKA KOHEUHOUH
TOJIIIIMHBI, TOMEIICHHBIE B BOJIHOBOJ, /ISl IBYX T€OMETPUIA: CBEPXIPOBOISIIINE
CJIOW TMEPIICHIUKYIISIPHBI WK TapaJliebHbl OCH BOJIHOBOA. [loka3zaHo, 4To KO-
b GUIHEHT TPOXOKIEHNS BEChbMa YyBCTBUTEIICH K aMIUTUTY 1€ TaJaroIieil BoJI-
HbI U3-32 HEJIMHEWHOW CBSI3U JIK03€()COHOBCKOTO TOKA C MEKCJIOMHOW pa3HO-
cThIO (ha3 mapameTpa nopsaka. Jlaxke B ciydae ciaboil HenmuHeHHOCTH K03 du-
IIUEHT TIPOXOKICHUS MOXKET U3MEHATHCS B IIMPOKOM JTHAITa30HE, MPAKTUUECKH
OT HYJS JI0 €IWHHUIIBI. Y CTAHOBJIEHO, YTO JIJII 00CHX PACCMOTPEHHBIX T'€OMET-
puii 3aBUCHUMOCTh KOX(h(HUIMEHTA MPOXOXKICHUS OT aMIUIATYIBl TaJIaroIiei
BOJTHBI IMEET TUCTEPE3UCHBIA XapaKTep.

Kpome toro, B pabote usydena tpaHchopmalius moJisspu3ald HeJIUHE -
HBIX 3JIEKTPOMArHUTHBIX BOJIH IIPH UX OTPAXKCHUHU U MPOXOXKICHUHN CKBO3b CIIO-
WCTBI CBEPXMPOBOJHUK KOHEYHOM TOJIIMHBI, MOMEUICHHBI B BAaKYyMHBIU
MPSIMOYTOJIBHBIN BOJIHOBOJ, JJIs CIIydasi, KOTJa CBEPXITPOBOIAIINE CIION Mapali-
JISbHBI OCH BOJIHOBO/A. [IpenioskeH opuruHaNbHBIA METOJ] PEIICHUS 3a/1a49 OT-
pakeHUs, TPOXOXKJIEHUS U TpaHC(HOpMaAIMK HETWHEHHBIX BOJH C MPOU3BOJIb-
HBIMH TIOJISIPU3AIUSAMHA B CIOUCTBIX CBEPXMPOBOAHUKAX W CHUJIBHO aHU30TPOTI-
HBIX MMPOBOJHHUKAX. ITOT METOJI OCHOBAH Ha CYyIIECTBOBAHUH JBYX B3aUMHO Op-

40



TOTOHAJIBHBIX MOJSPU3ALMNA BOJH, BBISBICHHBIX B paboTe, KOTOPbIE MpaKTHye-
CKU HE B3aMMOJICUCTBYIOT JAPYT C APYroM Jake B HenuHelHoMm ciyyae. C mo-
MOIIIbIO 3TOr0 METOJIa pelieHa 3afada o0 3@ heKTUBHON TpaHChOopMaILIUK TTOTIe-
PEUYHO-3JIEKTPUUECKUX B MOMEPEYHO-MAarHUTHBIE BOJIHBI, U HA00OOPOT.

Hamu Taxke nM3ydeHa BO3MOXKHOCTH YIpaBiieHUs KOdD@UIMeHTaMu OT-
paKEHUs M TPOXOXKICHUSA BOJH IMONEPEYHO-MArHUTHOM MOJIAPU3ALUU CKBO3b
CIIOMCTBIE CBEPXIIPOBOJIHUKH MPHU MOMOIIM BHEIITHETO MOCTOSHHOTO MAarHUTHOTO
noJisi. bpIIo modydeHo aHamMTHYECKOe BBIpakeHue il Kodd¢uimeHTa mpo-
XOXKACHUSI M MPOAHATU3UPOBAHA €0 3aBUCUMOCTb OT TOJIIMHBI 00pasiia, yria
naJieHus U YacTOTHI Majaroniei BoiaHbl. [lokazano, yTo BHELIHEE MOJIe U3MEHSIET
s dexTuBHyIO TOMMMHY oOpasna. Korma sddextrBHas ToMIMHA COBMAIAET C
HEeJIbIM YHUCJIOM TIONYBOJIH, OOpa3ell CTAaHOBUTCS TMOJHOCTBHIO IPO3PAYHBIM.
BHelniHee MarHUTHOE TOJIE CIIBUTAaeT MAKCUMyMbl KO3 (UIIMEHTa MPOXOXKe-
HUS, HO HE MEHSET UX MEPUOJUYHOCTH. YCTAHOBJIEHO, YTO AJI 4YacTOT He
CIIMLIKOM OJIM3KUX K J15K03€()COHOBCKOM IJIa3MEHHOM 4acTOTe BCEr/ia HalyTcs
TaKUe yroJj MaJieHus, 4acToTa U BHEIIHEE MarHUTHOE I0JIe, IPU KOTOPBIX MO-
KET HaONIoAaThCs MOJIHOE MpoxoxkaeHue. [lokazaHo, YTO BHEHMIHUM IMOCTOSIH-
HbIM MarHUTHBIM TIOJIEM MOYKHO YIPABJIATH NMPO3PAYHOCTHIO OOpas3la B LIUPO-
KOM JuaIa3oHe 3HAaUYCHU.

Taxxe W3y4eHO BIMSHHE BHEIIHETO MOCTOSHHOTO MAarHUTHOTO TOJS Ha
TpaHcQOpMAIHIO TOJSPHU3AUN  TOMEPEUYHO-IJICKTPUUECKAX H  TOMEPEYHO-
MarHUTHBIX BOJIH MPH WX OTPAXCHUH OT aHU30TPOIHOMN TPaHHUIIBI MOTyOecKo-
HEYHOTO oO0pas3la CIONCTOrO CBEPXIPOBOAHHKA. [lOTydeHBI aHAIUTHYECKHUE
BBIPKEHHUS ISl KOO(DPPUIUMEHTOB OTPAXKEHUS U TPAHC(POPMALIMH B CIIydasix IO-
JIOKUTEJIbHOM OTCTPOMKHM YacTOThI, KOTJAA BOJHBI MOTYT PAacIpOCTPaHITHCS B
CIIOMCTOM CBEPXIPOBOJHUKE, U OTPULIATEILHOM OTCTPOMKHM YacTOThI, KOra mna-
Jaroniasi BoJHA MOJHOCTBIO OoTpaxaercs. [loka3aHo, 4TO mpu OTpHUIATENIbHBIX
OTCTPOMKAX YacCTOThl MOKHO JOOUTHCS MOJHON TpaHC(OopMalUH MpU Ompese-
JIEHHOM 3HAY€HMHM MarHUTHOTO MOJsl U yIiia MOBOPOTA MJIOCKOCTH MaJeHUs OT-
HOCHUTEJIBHO KpucTauiorpaduueckoil ocu odpasiia.
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AHOMAaJIbHOE MPOXOKICHHE JTCEKTPOMATHUTHBIX BOJIH Yepe3 MepuogudecKu
MOJY/JMPOBAHHYIO IUIACTHHY CJIOMCTOI0 CBEPXIPOBOAHUKA
J1.B. Kaz:mrpo61, H.M. MaKaPOBl'Z, 0. HepeC-PO,Z[pI/IFeCZ,
T.M. CJIPIH‘IGHKOl, O.U. JTio6umos , B.A. SIMmonbekuit- >
1HHcmumym paouoghuzuxu u snekmporuxu um. AA. Ycukosa HAH Ykpaunul
’Benemerita Universidad Autonoma de Puebla, Puebla, Pue. 72000, Mexico

3 . y
Xapvkosckul HayuoHanvHwil yHusepcumem um. B.H. Kapazuna

Bo30yxenne coOOCTBEHHBIX 3JEKTPOMATrHUTHBIX BOJIH B OFPAHUYEHHBIX
IIPOBOJHUKAX COIMPOBOXKIACTCS PAAOM PE30HAHCHUX SBICHHU [1], BaXHBIX C
TOYKM 3PCHMS UX HCMOJIb30BaHUs B YCTPOMCTBAX YIPABIICHUS CBETOM, COJIHEU-
HBIX OaTapesx, mpubopax oOHApYKeHHUSI U (PIIIBTPAIIN U3ITYYCHHSI B BUAMMOM
U JaJbHEM MH(PPAKPACHOM JHara3oHax 4acToT. O4YeHb KeJaTeIbHO PACITUPHTh
JIMaa3oH 4acToT, MPU KOTOPBIX HAOJIOAIOTCS TaKWe SIBIICHUS HA TE€pareleBylo
obsactb. B HacTosielt paboTe Mbl MPEACKA3bIBAEM YCUIICHHOE MPOXOXKICHUE
TEpalepLEeBOro M3JIyYEHUs 4Yepe3 MEPUOJUYECKH MOIYJIUPOBAHHBIE TUIACTUHBI
CJIOUCTBIX CBEPXITPOBOIHUKOB, 00YCIOBICHHOE NU(PpaKIueii magaronmx BOJH U
PE30HAaHCHBIM BO30YXKIEHUEM COOCTBEHHBIX Moj. [Ipenmornaraercs, 4To TOJI-
[IMHA TUIACTUHBI BO MHOTO pa3 MPEBBINIACT TNIYOUHY CKUH-CIIOS, U B OTCYTCTBHE
MOZYJIALUU [IPO3PAYHOCTH IUIACTUHBI PaBHA HYJIO C SKCIIOHEHIIMAIBbHON TOYHO-
CThI0. B MOAyNMpOBaHHOW IJIACTHHE 3JIEKTPOMArHUTHOE IMOJIE IEPEHOCUTCS OT
o0JyyaeMoi ee CTOPOHBI K MPOTHBOIIOJIOXKHON Onarogaps BO30YKJIEHUIO BOJI-
HOBOJIHBIX MOJI, KOTOPbIE HE 3aTyXaloT B TNTyOb MJIACTUHBI, B OTJINYHME OT METaJl-
JIOB, TJI€ YCUJIEHHOE MPOXO0XKJIEHUE CBETa CBSI3aHO C BO30YXKJEHHUEM TMOBEPX-
HOCTHBIX BOJH. [loka3zaHo, 4TO B dKCIiepUMEHTE Ha rpaduke 3aBUCUMOCTH KO-
s uieHTa MPOXoKASCHUS OT yIJIa TaaeHUs BOJHBI TOHKHBI HAOIIOIaThCS Ce-
pUU PE30HAHCHBIX MHUKOB, COOTBETCTBYIOUIMX PABEHCTBY BOJHOBOI'O BEKTOpA
nudparupoBaHHON BOJIHBI BOJHOBOMY BEKTOPY OJHOM M3 MHOXECTBa COO-
CTBEHHBIX BOJIHOBOJHBIX MOJ. M3ydeH Takke MPOTHUBOIOIOKHBIN P HEKT, KO-
r71a TpO3pavyHOCTh MOJYJIMPOBAHHONW TOHKOW IUJIACTHUHBI (C TOJIIHMHONW MHOTO
MEHbIIIEH TIIyOMHBI CKHH-CIJIOS) 3aMETHO YMEHBIIIAETCA 32 CUET PE30HAHCHOTO
BO30YXKJIeHUsI COOCTBEHHBIX MOJI.

[1] T.W. Ebbesen, H.J. Lezec, H.F. Ghaemi, T. Thio, and P.A. Wolff.
Extraordinary optical transmission through sub-wavelength hole arrays // Nature
(London).— 1998. — V. 391. — P. 667-669.
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Dynamics of Ensemble of Globally Coupled Hopf Oscillators
G.M. Pritula, O.V. Usatenko
A.Ya. Usikov Institute for Radiophysics and Electronics of NASU,
12 Proskura str., 61085, Kharkov, Ukraine

The behavior of interacting oscillators has been of interest to researchers since
Huygens discovered the phenomenon of synchronization. Nowadays, the ad-
vances in theory of nonlinear equations and development of computational tech-
niques have led to a surge of scientific activity in the study of complex nonlinear
dynamical systems with global interaction such as the cooperative dynamics of
laser arrays and arrays of Josephson junctions; different forms of collective be-
havior of insects, birds, animals and human communities; adjustment of heart
rate and respiration, synchronization of electrical potentials of brain neurons and
so on. Recently new phenomena such as, for example, the partial synchroniza-
tion, clustering and chimera states have been revealed.

Despite the apparent diversity of the phenomena emerging in ensembles of in-
teracting nonlinear oscillators, many of them can be modeled by a system of
equations based on the Stuart-Landau one, which is closely associated with the
phenomenon of the supercritical Hopf bifurcation. Kuramoto was the first to de-
scribe synchronization transition in oscillatory reaction-diffusion systems [1] re-
ducing the system of globally coupled Stuart-Landau equations to the system of
the coupled phase oscillators known now as the famous Kuramoto model. Later
the amplitude-phase dynamics was reinstated in a series of papers [2-4]. The
mixed amplitude-phase dynamics significantly expanded a range of phenomena
elucidated with the Kuramoto model. Depending on the ratio between the
amount of interaction and the deviation of natural oscillator frequencies, new re-
gimes of collective behavior such as amplitude death, quenched amplitude, os-
cillations with large amplitude, collective chaos and intermediate mixed states
can arise.

The system of equations describing the dynamics of globally coupled Hopf os-
cillators is a nonlinear system, and therefore, in general, is nonintegrable. How-
ever, under certain assumptions the system can be simplified and reduced to a
solvable one. This occurs, for example, when the interaction is strong enough
and the system of equations for globally coupled nonidentical Hopf oscillators is
reduced within the self-consistent field approach to a system of equations for
two macroscopic order parameters, the mean field and the amplitude-frequency
correlator [4]. In our work we integrate this nonlinear system on an invariant
manifold, found the basins of attraction, present the complete classification of
phase portraits and bifurcations, obtain exact expressions for the invariant mani-
folds (a limit cycle among them) and derive analytical solutions for arbitrary ini-
tial data in different regimes.
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The obtained results can give insight into the nature of the described processes
and be useful for further application to more specific computer simulations.

1. Kuramoto Y 1984 Chemical Oscillations, Waves and Turbulence (Berlin:
Springer)

2. Mattews P C, Mirollo R E and Strogatz S H 1991 Dynamics of a large sys-
tem of coupled nonlinear oscillators Physica D 52 293-331

3. Matthews P C and Strogatz S H 1990 Phase diagram for the collective behav-
ior of limit-cycle oscillators Phys. Rev. Lett. 65 1701-04

4. De Monte S, d'Ovidio F 2002 Dynamics of order parameters for globally
coupled oscillators Europhys. Lett. 58 121-127
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High-order symbolic Markov chains and artificial neural networks
S.S. Melnik and O.V. Usatenko
A.Ya. Usikov Institute for Radiophysics and Electronics
Ukrainian Academy of Science,
12 Proskura Street, 61805 Kharkov, Ukraine

We elaborate a decomposition procedure for the conditional probability function
of symbolic random sequences considered as the high-order Markov chains with
long-range memory. We represent the conditional probability function as the
sum of multi-linear memory function monomials of different order (from zero
up to the chain order). This make us possible constructing artificial sequences by
method of successive iterations taking into account at each step of iterations
more and more higher correlations among random elements. At weak correla-
tions, the memory functions are uniquely expressed in terms of high-order sym-
bolic correlation functions, allowing us to construct artificial random sequence
with a given long-range correlations. The obtained results might be used for se-
quential approximation of artificial neural networks training.

The Berry phase and adiabatic Hamiltonian dynamics:
plane pendulum vs damped oscillator
G.M. Pritula and O.V. Usatenko
A.Ya. Usikov Institute for Radiophysics and Electronics,
Ukrainian Academy of Science,
12 Proskura Street, 61085 Kharkov, Ukraine

We give an example of the simple mechanical system described by the general-
ized harmonic oscillator equation, which is a basic model in discussion of the
adiabatic dynamics and geometric phase. This system is a simple linearized pen-
dulum with the slowly varying mass and string length, and with the suspension
point moving at a slowly varying speed. The paradoxical character of the pre-
sented results is that the same Hamiltonian system, the generalized harmonic os-
cillator in this case, is canonically equivalent to the two different systems: the
usual plane mathematical pendulum and the damped harmonic oscillator. This
once again raises the important physical question about a difference, or even the
existence of the difference, between the dissipative and Hamiltonian systems.
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PT-symmetric properties of optical systems with balanced loss/gain
J. Ramirez-Hernandez, F. M. Izrailev, N. M. Makarov
Benemeérita Universidad Autonoma de Puebla, Puebla, México
makarov.n@gmail.com

With the transfer matrix approach, we analytically study the spectral and
transmission properties of the quarter-stack structure made of finite number N
of identical unit cells. Each cell consists of two slabs, one with loss and the other
with balanced gain. With no loss/gain the slabs are perfectly matched and,
therefore, the structure is perfectly transparent.

An inclusion of balanced loss/gain characterized by the strength parameter y,

gives rise to an emergence of gaps in the quarter-stack frequency spectrum
where the Bloch index ug(w,y) is imaginary. The number of spectral path-

bands with real-valued gy turns out to be finite and completely specified by the
loss/gain parameter y. When y exceeds the critical value y, =1, there are no

spectral bands since the Bloch index becomes imaginary for any wave frequency
@ . The structure is non-transparent for y >1.

The analysis shows that a distinctive peculiarity of the transmittance Ty is that
each of spectral bands consists of the central region where Ty[J1 and two lateral
ones with Ty[11. At the borders between these regions the transmission is
perfect, Ty =1, and this happens at specific frequencies o.(y), which are
independent of the stack length N, being exclusively defined by ».

Apart from the specific points @=w,(y), the Fabry-Perot resonances with
Ty =1 occur inside spectral bands. The resonances exist within both regions
with Ty[J1 and with Ty[J1. Their number depends on number N of unit cells
and on the parameter ». For a fixed y the higher spectral band contains the

smaller number of the Fabry-Perot resonances. This result is principally
different from that emerging in a standard quarter-stack, where the 2(N -1)

Fabry-Perot resonances are located in any spectral band.

At specific points o, (y) the effect of unidirectional reflectivity emerges: The
left reflectance vanishes, R{" =0, however, the right reflectance remains finite,

R,&R) #0. This is one of the most important properties of the ITT -symmetric

systems. In general, the ratio between left and right reflectances, being defined
by y and @, is N -independent, whereas at the Fabry-Perot resonances both

reflectances expectedly vanish, R{"” = R{®) = 0.
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For specific points @ = w,(y) with Ty (w,,y)=1, there is a subset of the so-
called exceptional points (o= @y, =y (rsp), 7 = 7sp) for which Ty (@, 75p) =1
with simultaneous vanishing the Bloch index, ug(ewy,,7sp)=0. Here the left

reflectance vanishes, while the right one is extremely large. Remarkably, for
every fixed y =y, the corresponding exceptional point @ = @, is located on

p
the top of the highest pass-band.

It should be noted that the Bloch index g, transmittance Ty, the left and right
reflectances, R{" and R{¥), meet the relations

(=) TWEN =T () ROEN=RP (), 1-Ty|=REPRE.
The latter is inherent for PT-symmetric models, replacing the flux conservation
law Ty + Ry =1 valid for optical systems without loss/gain.

Our study unexpectedly shows that the PT-symmetric transmission can emerge
even when the system itself is not PT-symmetric.

This work was supported by the CONACYT (México).
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