YyeHble Monutexa paspadbaTbiBaloT 3/1eMEeHTbl ANA 1IeKTPOHUKHU
byaywero

YyeHble MonnTexa pa3pabaTbiBalOT 3EMEHTHI 415 3EKTPOHMKM By ayLero

CoBpeMeHHas 3NeKTPOHUKa NpmbanKaeTCa K npefesly CBOMX BO3MOXXHOCTEN, KOTOpble
obycnoBneHbl hyHAAMEHTaNbHbIMU 3aKOHaMK Gr3nKK. No3ToMy NCNOSIb30BaHNE
KJTaCCMYECKMX MaTepnasioB, HanpuMmep KpeMHKUs, y>ke He cnocobHo yaoBAETBOPUTb
TpeboBaHUA K 3HEPro3hHEKTUBHOCTM NPMOOPOB, N HEOOXOANMO Ha4YMHATb MOUCK HOBbIX
MaTepuanoB, HOBbIX MPUHUMNMOB (DYHKLNOHNPOBAHUS 3NIEKTPOHHbIX YCTPOUCTB. Ons
peweHns 3Ton Nnpobnembl yyeHble CaHKT-IeTepbyprckoro NOANTEXHNYECKOro YHUBEPCUTETA
MeTpa Benukoro (CMN6IMY) pa3pabaTbiBaloT TOHKNE NAEHKN — 371EMEHTLI 41
BroMONEKYNAPHON INEKTPOHUKMN.



NccneposaTenun CHMUTAKOT, YTO nepcnekTnBHbIM MaTeEPKaIOM OJiA COBpeMeHHOI7I

3/1EKTPOHUKIN MOTYT CTaTb BUONOrMYEecKne MakKpoMOeKy bl — HYKNENHOBbLIE KUCIOTHI,
6enkun, aMMHoKNCNoTbl. OHK 06NaaatoT PSLOM YHUKAbHBLIX CBOWCTB, HanpuMep
CNoCOBHOCTLI0 K CaMOOpPraHn3aLmm, B CBS3M C YeM MOJIEKYJIbI MOFYT caMu cobnpaTbCs
B onpeneneHHble CTPYKTYpbI, HanpuMep B 6MOMoNeKyNSpHbIE MIEHKN.

«Hala Hay4YHas rpyrnna nccnegyeT pas/inyHble CBOVCTBA TOHKUX MJ1EHOK, CO34aHHbIX

Ha ocHoBe besika asibbyMuHa. B xo4e 3KCrnepuMeHTOB Mbl pa3BoanmM b6esiok B pa3/inyHbIX
KOHLIEHTPaLUMNAX N METOLOM N30TEPMUYECKOro 00e3BOXXUBAHNS — NCIapeHUs BOAbI NPy
onpeaesieHHoVi TemrepaType v AaBiaeHun, popMupyem n3 Hero boMoaeKyasipHbIE MJIEHKM.
B 3aBMCUMMOCTM OT COCTaBa NCX0AHbIX 06pa3LoB v NnapameTpPoB BbICYyLUNBAHWSA Mbl M0JyYaeM
pas/in4yHble CTPYKTYpPbl BHYTPU MJIeHOK», — 0TMe4aeT Makcum BAPAHOB, accucteHT
BbiCcLwen WKobl IPUKAALHON (PU3NKN N KOCMUYECKMX TexHonoruin CMNorMYy.

C nomMoLbio ONTUYECKOTO MUKPOCKONa Y4YeHble YUKCMPOBaIM CTPYKTYpPbl BHYTPY
BbICYLLEHHbIX 6enKoB anbbyMuHa, a Tak)xe pa3paboTanm nporpaMMHoe obecneyeHne

Ha a3blke Python, koTopoe 6narogaps cneunanbHOMY MaTeMaTUYECKOMY anmnapaTy MOXeT
BbIAENATb U aHANN3MPOBaTb N306parkeHnsa bromenekynspHbix NaeHoK. MonekynspHoe
MOLeNIMPOoBaHNE ANSA peLleHnsa 3TON 3a4a4m BeAeTcs Ha MowHOCTAX CynepKOMMNbOTEPHOr0
ueHTpa «onmTexHn4ecknin». PesynbTaThl UCCNeQ0BaHNSA O0NyDOANKOBaHbI B XXypHane
nepeoro KeapTuaa Symmetry nsgatenscrea MDPI.


https://www.mdpi.com/2073-8994/13/1/123
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Makcum BAPAHOB nobasnsieT: «[101yrpoBoAHNKOBbLIE MHTErPasibHbIE MUKPOCXEMbI, KOTOPbIE

ceuniyac nCrosb3yrTCA B 3J1EKTPOHHbLIX YCTPOUCTBAX, UMEIOT HEU3MEHHYIO CTaluMOHapHYo
KOHuUrypauuto. B cBow ovyepeab (hyHKLMOHNPOBaHNE besIKoB OCHOBAHO Ha ANHaMUKE,

TO eCTb brosiornyeckas cmcteMa MoXeT TPaHCHOPMUPOBaTLCS MNPV B3anMO[eNCTBNN

C Apyrumuy obbekTamu. Yl Mo3ToMy MosIeKYJibl COCOBHbI naeasibHO NOBTOPSATL HEOOX0AMMYIO
CTPYKTYPY, KaK B UHTErpasibHblX MUKpOCXeMax. Ho npu 3ToM fepeKToB B 6MOMOIEKYIAPHON
TOHKOW J1eHKe byeT 3Ha4YnTeIbHO MeHbLUE. Mbl HE roBOpuM, 4TO bBMoOMOEKYApHas
naaTghopmMa MOXKeT CTaTb MOJIHOV 3aMEHON K/1aCCUYeCKOro rnoJsyrnpoBoAHNKOBOIO
ycTpovicTBa. CKopee Mbl FOBOPUM PO Ux cumbuno3s. Halua Hay4YHas rpynna CYuTaeT, 4To
nepcrneKkTnBa NCrosib30BaHNe TOHKUX MJIEHOK JIEXKUT HE B MaCCOBOM BHeAPEHUN

WX B 3JIEKTPOHUKY, @ B € ANHNYHbIX PUIIOXKEHNAX>.

INns panbHenLWmMxX nccnenoBaHnini MoryT BbITb MCNOIb30BaHbl Pa3inyHble TuMbl 6€nKoB,

B TOM YUCAE N pacTUTeNbHble. BO3MOXHO, B ByayLieM 3To ynpoCcTUT Co3AaHune
BruomonekynapHbIX TOHKMX NaeHok. Cenyac HeobxoamMmo co3gaThb HEKUIN Habop
MaTeMaTUYeCKNX NapamMeTpoB Asia 6onee TOYHOro ONMCaHMA TOHKNUX MIEHOK U UX CBOMCTB.
ByneT npoBeneHo elle 60M1bLLIOE KONNYECTBO IKCMEPUMEHTOB U OMbITOB, MPEXAE HYEM
NoJly4YnTCS CO3aaTh MPOTOTMM 3/IEMEHTA, KOTOPLIN MOXHO ByaeT BCTpouTh B byayliee
YCTPOMNCTBO.



