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I/ICCJIG,ZLOBB,HBI MEXaHU3MbI YCUJICHU A MAarHUTOOIITUICCKUX Sd)(beKTOB B IIOJIHOCTBIO JJUDJICKTPUYICCKUX MeTa~

IIOBEPXHOCTAX, O6yCJIOB.H€HHbI€ BO36y)K,H€HI/I€M pe30HaHCa CBA3aHHOI'O COCTOAHUS KOHTHUHYYMA. B KBa,HpaTHOfI

peneTke HaHOAUCKOB U3 MaroHuTHOI'O JJU3JIEKTPUKa C BO3AyIIHBIM OTBEPCTUEM, CMEIIEHHBIM OTHOCUTEJIbBHO OCHU

JINCKA, TOJIIPU3AIMOHHDIA 1 MHTEHCUBHOCTHBIN 3bdexTnt qocruraor 0.7° u 22 % cooTBeTcTBEHHO.

DOI: 10.31857/S0370274X20010087

PesoHaHCHBIE — JU9JIEKTPUYECKAE  HAHOCTPYKTY-
PBl  IPEJCTABISIOT  3HAYUTEIBbHBI  HMHTEpeC IS
coBpemennoii umanodoronuku [1]. Pacceanue cBe-

Ta Ha JUIJICKTPUICCKHX HaHOYaCTHUIlaX C BBICOKHM

[IOKA3aTeJIeM IIPEJIOMJIEHUS W MAaJbIMH  [OTEPIMHU
[TO3BOJISIET BOCIIPOU3BOJIUTEH ONTHIECKHE IPDGEKTHI,
[IPOJIEMOHCTPUPOBAHHBIE HA, ILIA3MOHHBIX YACTHUIAX,
6e3 muccunamuu sHepruu B Tewio [2]. CocrasieHHble
U3 TaKUX HAHOOOBHEKTOB METAIOBEPXHOCTHU IIO3BOJIS-
0T yOpaBiasaTh Ga3oil W AMILUIATYIAOW TPOXOISIIEro
wi orpaxenuoro csera [3]. O6prano nobporHOCTH ()
PE30HAHCOB yKa3aHHBIX 00pa3mnoB mopsaaka 10, 9To saB-
JISIETCSL HEJIOCTATOYHON BEJIMYMHON JIJIsI IPAKTHIECKUX
NPUIIOXKEHNH, Hanpumep, cseToduabrpos [4], cenco-
pos [5]. Takue 3Ha4YeHUS JOOPOTHOCTH OOBACHSIIOTCS

BLICOKMMH M3JIy4YaTECJIbHBIMH IIOTEPAMN

CHJIBHON
CBSI3bI0 PE30HAHCHOW HAHOYACTHIBI C BHEIIHUM II0-
JIeM — CIIOCOOHOCTBIO IT€PEN3IYydaTh CBETOBYIO SHEPTHIO.
B cBasm ¢ stuMm mpeagararoTcs pas3HIHBIE CIIOCOOBI
yBeJIMUeH sl O6POTHOCTH, BILIOTH 10 102...103 [6-10].
KiioueBbIM MOMEHTOM B JOCTUKEHUU BBICOKOH J106-
POTHOCTHU SIBJISIE€TCsI CIIEKTPAJBHOE MEPEKPBITHE [IBYX
PE30HaHCOB, Kak, Hampumep, it DPaHO-pEe30HAHCOB.
CuJjIbHBIIl PE30HAHCHBI OTKJIMK BO3HUKAET IIPU BO3-
OyKIeHNN ‘3axXBadeHHBIX MO/I,
Kak “remupie” Mmoupl [11], upwm
“ceTsibiMu’ Mogsiamu. IlepeBecTu

U3BECTHBIX TaK Ke,
UX IEePEKPBITUU CO
UX B U3JIydaTesbHOe
COCTOSTHHE MOZKHO 3a CUeT BHECEHHsI aCUMMETPHIHOCTU
B cTpyKTypy. CTremneHb acHMMETPUIHOCTH OIIPEIEIISIET,
HACKOJIBKO 3(M@EKTHUBHO OKA3bIBAIOTCH CBI3aHBI ITU
JIBa, PE30HAHCA. 3AIPENeHHOe [0 CHMMETPUHU COCTOSTHIE
HA3BIBAIOT CBA3aHHBIM COCTOSHHEM KOHTHUHYyMa [12].
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OHo obJiagaer OGECKOHEYHOI JOOPOTHOCTBIO, SIBJIS-
fCh JIMINIb MATEMATHIECKON MOjespio. B peasmbHOCTH
IpA HE3HAYUTEJIbHOM HAPYIIEHHA CHMMETPUA OHO
[IEPEXOJIUT B KBa3WCBSI3aHHOE COCTOsIHUE, IPUBOIS K
BBICOKOZIOOPOTHOMY pe3oHaHcy B crekrpe [13]. Ilpwu-
MEHEHHE TAKUX PE30HAHCOB K OINTHYECKUM CHCTEMAaM
OTKPBIBAET BO3MOYKHOCTH JIJIsi HOBBIX KOMIIAKTHBIX
YCTPOHCTB HAHODOTOHUKH.

Ijist TOro 9T00BI YCTPONCTBO OBLIO AKTUBHBIM, OHO
JIOJIZKHO pearnpoBaTh Ha BHemTHee BozjehcTBue. O THIM
U3 TAKUX BO3JEHCTBUII MOXKeT ObITh MArHUTHOE IIOJIE,
obJiafatoree MPenMyIIeCTBOM HEMHBA3UBHOCTU U CKO-
poctu pearupoBaHus. JusekTpudeckue HAHOCTPYKTY-
DBI, IIOJJIEPKUBAIOIIE BO30YXK/IeHIe pe30HaHCOB Mu,
[TOMEINEHHbIE B MATHUTHOE II0JIe, MPUBOLAT K YCHUJIE-
Huto MaranToonrTudeckux (MO) sdbdekros [14]. B mar-
HUTO(OTOHHBIX M MArHATOILIA3MOHHBIX METAIIOBEDX-
HOCTSIX OJIMYKHEIIOJIbHAsI CBSI3b MEXKJly HAHOYACTUIA-
MU TIPU CHEKTPAJIHLHOM IEPEKPHITUU PE30HAHCOB IIPH-
BOJUT K JOIOJHUTEIbHOMY YCUJIEHUIO MArHUTOOIITHYE-
ckux 3ddexros [15-17]. OHako B IpUBEIEHHBIX pado-
Tax J0OPOTHOCTH pe3oHAHCOB ObLia mopsiika 10. Ecan
ObI OHA OBLITA BBIIIE, TO MOXKHO OBLIIO OXKHUIATH OGJIBIIIIX
BeJINYIUH ycusenus. [1jist TeparepioBoro nuamasoHa pac-
CYUTAHO, ITO IIPU BO30YKIEHUN CBA3AHHBIX COCTOSHUN
KOHTHUHYYMa, MOXKHO JOOUTHCS CTOIPOIEHTHBIX 3HAUE-
HUIl MATHUTHOTO KPYroBoro juxpomsma [18]. B cessu
C 3TUM IIPEJICTABJISIETCS IEPCIIEKTUBHBIM HCIIOJIb30Ba~
HI€ BBICOKOJOOPOTHBIX ACHMMETPUIHBIX HAHOCTPYKTYD
(puc.1) nost ypermuenuns MO addexTos Ha onTmye-
CKHX JacToTax. B maHHO paboTe MIPOBeIeHO YHCIEHHOe
MOJIEJIMPOBAHUE MTOJTHOCTHIO IMIJIEKTPUIECKAX MATHUAT-
HBIX METAIlOBEPXHOCTE M3 HAHOJMCKOB C HAPYIIEHHONI
CUMMeTPHell U IIPOJIEMOHCTPUPOBAHO YCUJIEHUE WHTEH-
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Puc. 1. (Ilsernoit onmaiin) Cxema nien u obpasna

CUBHOCTHBIX U MOJIAPU3AIMOHHBIX MATHATOOITHIECKIX
9 PEKTOB IpH BO3OY K IEHAN PE30HAHCA CBI3AHHOTO CO-
CTOSIHUSI KOHTHHYYMA.

YucjienHble pacdeThl BBIMOIHEHB METOJOM KOHEY-
HBIX pa3HOCTEl BO BPEMEHHON O0JIACTH B KOMMED-
geckoM nporpammuoMm obecnedennn FDTD Solutions,
Lumerical Inc. 3amaga pemraercs mjisi TpexMepHOl MO-
Jiesid, B KOTOPO# 1o ocsiM X u Y 3a1aHbI IEPUOTUIECKIE
IPAHUYHBIE YCJIOBUsI, & II0 HAIIPABJIEHUIO 7 YCTaHOB-
JIEHBI TIOJIHOCTBHIO morviomniaomniue cjiou. CIeKTpsl mpo-
IyCKAHUS PACCIUTHIBAIOTCS JJIi HOPMAJIBHOTO A IeHIS
IJIOCKO# 3JIEKTPOMArHUTHON BOJIHBI BJOJIb ocu Z. Ha-
MpaBJIeHNE TTOJISPU3AIuu COBIamaeT ¢ ockio X. Bremr-
Hee MarHUTHOE I0JI€ TPUKJIAIBIBACTCS 10 HAIIPABJICHIIO
Y st reomerpun sdderra Poxra, Ipu ITOM OTHOCH-
TeJIbHOEe M3MeHeHrne KO3 UIMeHTa MIPOILyCKAHUsT Pac-
CUYNTBIBAETCS IO CJeytorei hopmyiie:

AT T(H)-T(0)

ST T 10

rge T(H) u T(0) — cuekTpbl OPOIYCKAHUS IIPU [IPUIIO-
2KE€HUU BHEITHEr0 MAarHuTHOrO 1ojisi H u 6e3 Hero coor-
BeTCTBeHHO. cciemyeMblii MHTEHCUBHOCTHBIN 3¢ dekT
COCTOUT B U3MEHEHNH KO3 (DUIUEHTA IIPOITyCKaHHUST 00-
pa3ia IpHu IPUIOKEHNN MATHUTHOTO [TOJIs TEPIIEHINKY -
JISIDHO BEKTOPY IOJISIPU3aIlUU U BOJTHOBOMY BEKTOPY IIa-
naroreit Bosinbl. JIjist onpeesienust BeJimauHb 3 dek-
ta Papajies — nongpudanuonnoro MO sddekra, mpo-
SABJISIIOIIET0CsT BO BPAIEHNN IIJIOCKOCTH MOJIApu3anuu 6
[IpY HaMarHU4YuBaHUU 00pasiia, HaIpaBJIEHHe BHEIHE-
r0 MArHUTHOTO TIOJI MEHSeTCA ¢ Y Ha Z U CIUTAETCS
orHomenue K /E, B naibueil qudpakinoHHOl 30He.

B kauecTBe ucciemgyemMoit MOJEIN PacCMaTPUBAETCS
JBYMEPHBIN  KBAJPATHBI MACCHUB ACHMMETDPUIHBIX
HAHOJUCKOB M3 MArHUTHOI'O JIU3JIEKTPUKA — JKeJIe30-
UTTPUEBOIO  IpaHara, JIEFHPOBAHHOTO  BHCMYTOM
(Bi: YIG, n = 2.09, g = —0.001) BeicoTOl h = 227 HM,
pammycom R = 248 HM, pacIOJIO2KEHHBIX HA KBapIEBOI
nomioxke SiOz (n = 1.45). B rpamarosoM aucke
IMucema B 2K9TD  Tom 111 2020
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Puc. 2. (Ipernoit onnaiin) CuexTpsl: (a) — IPOIyCKaHUs,
(b) — dapazneesckoro Bpaenusi, (¢) — pa3HOCTHOIO IIPO-
nyckanust AT, (d) —addexra Poxra u (g) — 10O6POTHOCTH
B 3aBUCHMOCTH OT CTEIIEHU aCUMMETPUYIHOCTH <. Pacmpe-
JIeJIeHUs] JIOKAJIBHBIX 3JIEKTPUYECKOro () M MarHUTHOIO
(f) mosteit Ha MOJIOBUHE BBICOTHI JMCKA BHYTPH OJJHON 3JIe-
MEHTapHOH sf4eiiku npu o = 0

CIIeJTAaHO BO3IYITHOE OTBEpCTHE pajnycoM 1 = 62 HM,
KOTOpPOE CMEIAeTCsi OT IEHTPA MUCKA BIOJB Ochu Y B
[IOJIOXKUTEJIbHOM HarpasjieHuu. CTeneHb acUMMeTPHY-
HOCTHU OIIPEJIeJIsieTCsl OTHOIIEHUEM CMeIEHUs I[EHTPa
orBepcTusd Yo K paguycy aucka: o = yo/R. Ilepuomapt mo
obonM HampasierusaM d = 679 am. Takume mapameTpbl
BBIOpaHbI, YTOOBI PE30HAHC KBA3UCBSI3AHHOT'O COCTO-
AHAsT KOHTHHYYMa OKA3aJICsi BOJM3W JJINHBI BOJIHBI
1 MM, a mudpaknrnoOHHbIE OCOOEHHOCTH HE MOMAAIN B
JAHHBIA CIIEKTPAJIbHBIN JUAIIA30H.

Pacuer HaumHaercss ¢ CUMMETPHUYHONU CTPYKTYPBI
(o = 0), B KOTOPOIi BO3/YIIHOE OTBEPCTUE HAXOJIUTCS
B IIEHTPE I'paHaToBOro mucka. [Ipm obisyueHun miroc-
KO# 3JICKTPOMATrHUTHON BOJIHOM BO3HUKAET JIOKAJIU3a-
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Puc. 3. (IlperHoii onuaitn) Cuekrpsr: (a) — npomyckanus, (b) — nossipusanuonsoro sddekra, (¢) — pasHOCTHOIO IPOIYCKAHUS
AT =T(H)—T(0), (d) — uarercuBHOCTHOrO 3pdeKTa 115t MojesIeli ¢ mapamerpoM acuMmerpun o = 0 (cunsis auaus ), 0.05
(uepnast sunus), 0.175 (3enenas aunns), 0.225 (kpacHas JIMHU)

usl [0JI BHYTPH jucka (cM. puc. 2e,f), coorBercTBy-
I0M[asT PE30HAHCY, OJHAKO IIPOBaJl B CIIEKTPE IIPOITyC-
KaHug He Habsogaercd (CM. puc.2a W CHHIOK JIMHUIO
Ha puc. 3a). B 910M ciiyyae BO3HUKAET UCTHHHO CBsI3aH-
HOE COCTOSIHME KOHTHHYYMa, & KaK OBLIO OTMEYEHO BO
BBEJICHUH, OHO 00J1a/1aeT OECKOHEYHOH JOOPOTHOCTHIO,
[IO9TOMY TIPOBAJI OTCYTCTBYeT. Ilpm cMmermeHun oTBep-
CTUs PE30HAHC CTAHOBUTCS KBA3UCBSI3AHHBIM, W ITOSIB-
JISIETCSL TIPOBAJI B CIIEKTPe IIPOIyCKaHusl (CM. puC.2a).
C yBeqndeHNEM aCHUMMETPUYHOCTH IPOUCXOJUT CIIEK-
TpaJIbHOE CMEIEHNEe PE30HAHCA B CTOPOHY KOPOTKOBOJI-
HOBOIi 00JIACTH CIIEKTPa, €ro yIIMPEHUe W yMeHbIIIeHne
nobporroctu (eMm. puc. 2g). Ilocse snauennss o ~ 0.75
BOBJIYIITHOE OTBEPCTHE PA3MBIKAET JINCK HA BEPXHE rpa-
aurne (y = R = 248Hm), yro Hapymaer KoHbUrypa-
I[UIO JIOKAJILHOTO 3JIEKTPOMATrHUTHOTO 10Jst. JlaapHeii-
[IU CJABUT OTBEPCTHUs MPUBOJUT K CMEIIEHUIO POBa-
Jla B CITIEKTPE MPOIYCKAHUsI B JJIMHHOBOJHOBYIO 00JIACTD
CIIEKTPA, MOCKOJIbKY M€OMETPHsI JMCKA CTAHOBUTCS BCe
boJtee CUMMETPUYHOM, T.€. HeBO3MyIneHHo#. Ha pucyn-
ke 2b mpescTaBiIeHBI CIIEKTPHI (hapaIeeBCKOTO BpaIle-
HUS B 3aBUCHMOCTHU OT mapamerpa «. Ilpu ero usmene-
HUM HAOJIIOIAETCsI CMeITeHne YCUJIEHHOIO MarHUTOOII TH-
YECKOT0 CUTHAJIA, CJIEJIYIONIee 3a MOJIOXKEHNEM TPOBaJIa
B CIIEKTPE MPOITyCKaHUsl. SHAYEeHUe yriia § MaKCUMAJIbHO

upu « = 0.225 u mocruraer 0.7° (cm. puc. 3b, KpacHas
JIMHYST). YYUTBIBasi, UYTO TaKOe 3HAYEHHE II0JIYIaeTCsI
JIJIST TOJIIMHBI MATHUTHOTO CJI0si 227 HM, TO B CDABHEHUH
¢ HecTPyKTypupoBannoii miienkoit Bi:YIG anamormanoit
Boicornl (6 = 0.02°) ycusenue adpdekra cocrasisier 35
pas. s KaxKjioro 3HavYeHUsI (@ MAKCHUMAJIbHBIA [TOBO-
POT IIOCKOCTH TOJIPU3AIMHA COOTBETCTBYET HANMEHD-
meit Besmmunnae KodddurmenTta mpomyckanus. o sroit
[IPUYUHE JJIsI TOJISIPU3AIMOHHBIX (P MDEKTOB OI00HAS
MEeTaIllOBEPXHOCTD OIITHUMaJIbHee paboTaeT Ha CKJIOHE pe-
30HAHCA, TJIe MOYXKHO JOOUTHCH KAK HAJIMIHS IPOITyCKa-
HUsl, TaK U (HPapaeeBCKOro BPAIleHUs.

Pesynbrare! pacdera "HTEHCHBHOCTHOTO MATHATOOTI-
THIecKoro 3p@eKTa B 3aBUCHUMOCTH OT IMapaMerpa «
IpeJcTaBjieHbl Ha puc. 2d. YcujieHne MarHUTOOITUYE-
CKOT'O CHTHAJIa KOPPEJIUPYeT C BO3OYKICHUEM DE30HAH-
ca. Haubousbiiee namenenne ko3 duimenTa mpomrycka-
Hust gocruraer 22 % upu o = 0.175 (em. puc. 3d, zene-
Hasl JuHUsA). Jjist Toro 9Tobbl n30eKaTh CHHIYJISPHO-
creit mpu pacdere 3ddeKTa, BO3HUKAONUX [IPUA JeJIe-
Hu Ha 6im3kue K Hy o 3Hadenust T'(0), nocTpoeHs! rpa-
duru pazHoctu AT K03 PUIMEHTOB MIPOILYCKAHUS [IPU
HAJIMYUA U OTCYTCTBUU MArHUTHOIO OJIst (CM. puc. 2¢).
C npyroit croponst, AT mpejcrasisier coboii mpousse-
nenue § Ha Koaddunuent nponyckanus 1(0). B sTom
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CJIy9ae BO3MOXKHO OIMPEEUTD ITOJI0YKEHIE OTHOBPEMEH-
HO U 60JIbITIOrO 3 deKTa, U CYNEeCTBEHHON BEJTMINHDI
nporyckanusi. s Besmmunabl AT ObLIO YCTAHOBJIEHO,
aro Hanbosee 3(pHEKTUBHON OKA3BIBAETCH CTPYKTYPA C
napamerpom « = 0.05 (cM. puc. 3¢, YepHas JuHUS ), T.€.
B 0o6pasie ¢ HauboubIel qo6porHocTh0 (Q &= 3100).

W3 jureparypbl M3BECTHO, 9YTO 3JKCIEPUMEHTAJIb-
HO YJIAJIOCHh 33JI€TEKTUPOBATH MoJisipu3aruonabie MO
sapdekror 10 0.06° B permerkax u3 MarHUTHBIX Ha-
HOYACTHIL, ITOJJIEPKUBAIONINX BO3OYIKIEHUE JIOKAJIb-
HBIX IUIA3MOHHBIX M DENIeTOYHBIX pe3oHaHcos [19, 20].
Hecmorps Ha TO, uTo (hbeppoMarHuTHbIE METAJIIBL (2Ke-
JIe30, HUKEJIb) 0018201 GobImuMu KoabdurmentamMmu
rupanuu, Bejumanaa MO OTK/IMKa OKa3bIBaeTCsl HE3HA-
YUTENIFHON U3-3a OOJIBIIOI MHUMOI 9aCTH [AUJIEKTPH-
9eCKON IPOHUIaeMOCTH MeTaJsioB. 1o 9To#t npudnne
MarHUTHBIE JIN3JIEKTPUKN, PACCMATPUBAEMbIE B JIAHHOMN
paboTre, IpeACTaBIAIOT OB nHTEpec. B omroMep-
HOM MATrHUTOIJIA3MOHHOM KPHCTAJIJIE C BOJIHOBOIHBIM
IPAHATOBBIM CJIOEM aBTOPAM YJIAJIOCH IKCIEPUMEHTAJIb-
HO IIPOJEMOHCTPUPOBATh MHTEHCUBHOCTHBI MarHUTO-
onruueckuii apdext B 0.015 npu ko3ddunuenrte mpo-
nyckanus 0.4 [21]. B cxoxkeii cucreme oxHOMEpPHOI 30-
JIOTOI peleTKr BHYTPH MArHUTHOrO cjost KuS skcre-
PUMEHTAJIBHO ITPOIEMOHCTPUPOBAHO (hapageeBCKOe Bpa-
menne 14°. OgHAaKO Takue 3HAYEHUs] OBLIM ITOJIYYEeHBI
B MaruuTHOM 1osie 5 Tt u npu Temmepatype 20 K, uro
OCJIOXKHSIET HUCIIOJb30BAHUE TAKAX CUCTEM B OOBIYHBIX
ycoBusx [22].

Takum 06pa3oM, IpeJIOKEHHBIE B JTaHHONW pabore
[IOJTHOCTBIO JUJIEKTPUIECKIE MATHUTHBIE METAIIOBEPX-
HOCTHU U3 HAHOYACTHUIL C HAPYIICHHOU CUMMeTpHUell MoKa-
3BIBAIOT 3HAYEHUST MATHUTOONTHIECKUX I(PPEKTOB CXO-
JKWe, a IPU HEKOTOPBIX IapaMeTpax acCUMMETDPUU Jia-
2K€ IPEBBINIAONINE BEJIUIUHBI, IIPOJIEMOHCTPUPOBAHHBIE
B IUIA3MOHHBIX U (DOTOHHOKPHUCTAJLUINIECKUX 00pa3ax.
CBsi3aHHOE COCTOSIHUE KOHTUHYYMA IIPUBOJIUT K Y3KOMY,
BBICOKOJ0OPOTHOMY PE30HAHCY, ITO3BOJIIONIEMY 3HAYU-
TEJIBHO YCUJIUTh MarHUTOOITHIECKUN OTKJINK CACTEMBI.
MaxkcuMasbHas BEIUIUHA IMOJISIPU3ANUOHHOTO dbdeK-
Ta, IOJIydeHHas B pabote, coctamia 0.7°, a UHTEHCUB-
HoctHOTO — 22 %. Yeranosseno, 9to K03 hUIuenT ycn-
JIEHUsI C YBEJMYEHUEM [MapaMeTpa aCUMMETPUU CHIKa-
ercsi, TaK KaK yXy/IIaeTcs J0OPOTHOCTD PE30HAHCA, 110~
9TOMY OITHMAaJIbHbIE 3HAUEHUS] [IapAMEeTPa aCUMMETPUN
He JOJKHBI TPEBLIMAaTh Beanduubl 0.25 mis s dexTus-
HO#1 pabOTHI HEB3aUMHBIX HAHO(OTOHHBIX YCTPOUCTB.

Apropsl Beipaxkator Ojaromapaocts b. C. JIykbsia-
YyKy 3a JIMCKYCCHIO U 00CY2KJIeHUEe Pe3yJibTaToB. Pabo-
Ta BBINOJIHEHA TIPU 1o/ iepkke MuHucrepcTBa HAyKu u
Boiciiero obpasosanus (# 14.W03.008.31, mozxenuposa-
HUE CIIeKTPOB NPOILyCKaHus), rpanTa Poccuiickoro Ha-
IMucbma B 2K9TD
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yuanoro douga (# 19-72-00168, monesupoBanue 0oJisi-
PH3aIMOHHOTO MATHUTOONITUIECKOTO 3dekTa) u rpaH-
ta Poccuiickoro dhonsa GyHIaMEHTAILHBIX UCCIEI0BA~
auil (# 18-32-00225, MojeupoBaHie MHTEHCUBHOCTHO-
ro mMarauroounTudeckoro adpdekra). Hacrs ucciemsona-
HU BBINOJIHEHA IIPU IOJIepKKe [leHTpa KBAHTOBBIX
rexuosoruit MI'V.
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