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HAHOTEXHOJOrIYHI MPUHLUMUNK PEANI3AUII ONTOENEKTPOHHOIO
MoAavyna and 3AnUCy, 3abEPEXEHHA TA BIAOBPAXEHHA
IHOOPMALLI

B.MN. Koxem’siko, A.A. AApoBun, P.M. HoBuubkun

BinHuIBKHI HAlliOHANBHUH TEXHIYHUNA YHIBEPCUTET
95, XMenbHUIbKE 110ce, Binauis, Ykpaina

Pe3tome: B Oaniti cmammi npononyemvcs GUKOPUCMAHHSL PO3POOIEHUX asmopamu nioxooie npu npoeKmy6anHi
OKpeMux CMmpYKmyp OOUUCTIOBANIbHUX CUCMeM, AKi 0a3YI0MmbCs HA ONMOENeKMPOHHOMY NPUHYUNT OKO-NPOYecopHOl
00pobru ingpopmayii Ha OcHOGI OuHAMIUHOI 6acamo@yHKYIOHANILHOCMI, 3 Memoi 3a0e3neyeHHs po3poOKu ma
BNPOBAOICEHH HAHOMEXHONOSIUHUX ONMUKO-EIEeKMPOHHUX BUCOKOEQEKMUGHUX eNeMeHmIe ma npucmpois o0ns ix
nooanvbuioi inmezpayii 8 3a2anbHy CIMPYKMypy OOUUCTIO8ANbHUX, IA3EPHUX MA ONMOENeKMPOHHUX CUCHEM, d MAKOHC

cucmem umy4yHo2o iHmeﬂeKmy.

KuarouoBi ciioBa: nano-onmuxa, onmoenekmpoHHUti MoOylb, ONMPOH, KEAHMPOH, OOUHUYHUL NOUYIUHUL KOO,

OOUHUYHUL HOPMATLHUL KOO.

1. MOCTAHOBKA NPOBJIEMU

[IpoexTyBaHHs BOY/IOBaHHUX ONITHYHUX
KOMITOHEHTIB 1 MOAYJIIB JOCATJIH BHCOKOTO CTYIICHS
CKIaJHOCTI  MpH  KOMOIHYyBaHHI  JUCKPETHHX

ONTHYHUX €JIEMEHTIB.

JluckpeTHI KOHCTPYKTUBHI OJIOKM MTOBHHHI MaTH
JIOCTATHI ONTUYHI BJIACTUBOCTI 1 B TO K€ 4ac JIErKO
MTOETHYBATHUCS 3 IHIIMMU ONITUYHUMU MaTepiaiaMu B
pi3HHUX KOH(DIryparisx. Kpim TOTO, i
KOHCTPYKTHBHI OJIOKM MOBHHHI MaTH 3JaTHICTh JIO
CaMOIHTETPYBaHHs, MO0 TO3BOJUTH 3a JOTIOMOTOIO
KOMOiHamii onTHYHUX (PyHKIIH 3MEHIIUTH KITbKICTh
CKJIAJOBUX 1 30UIBIIMTH HAJIMHICTh, a TaKOX
3a0e3MeYnTH 3POCTal04y THYYKICTh B ONTHUYHOMY
KOMITOHCHTHOMY KOHCTPYIOBaHHI.

Ilo3uTBHI  TO3WINI  ONTHUYHOI  peamizarii
OOYHCITIOBABHUX KOMIIOHEHTIB — MOXIIUBICTD
MOBHICTIO  MapajieiabHOl 0OpOOKM  aHaJOrOBUX

JMBOBUMIpDHUX 1 0araTOBUMIpHHX MAacCHBIB JaHHX
BEJIMKOI PO3MIPHOCTI 31 INBHUIKICTIO OJU3BKOIO JI0
IIBUAKOCTI CBITJIAa, a pa3oM 3 THUM 1 HEIOJIKU
ONTHUYHOI peanmizalii oOYUCIIIOBadYiB — CKJIAIHICTh

MIPEACTABIICHHS JaHUX 1 BHCOKI BHMOTH JIO
HaJliiHOCTI apxiTeKTypH, 10 YCKJIaIHIOE
MepenporpaMyBaHHsl  00YKCIIOBaYa, BCE 1€

BH3HAYA€ YMOBH JICKBATHOCTI aTOPUTMY CIIOCOOY
po3mi3HaBaHHS 300pakeHb Ha 0a3l BiJOKPEMIICHHS
BHU3HAYHUKIB ONTHYHUM IPOLIECOPAM.

Hus o0y IoBU Oarato(hyHKITIOHATPHUX
OTITOCTIEKTPOHHUX CXEM 3aCTOCOBYBAIHNCH Oa3HCHI

€JIeMEHTH — ONTPOHH, IO MpaIiolTh, y
pereneparuBHoMmy pexumi [1]. PereneparuBHuit
ONTPOH — II€ MIKPOMOIYJb, IO CKIAJA€ThCSI 3
MiHIMaJIbEHO JIOCTATHLOL KIJIBKOCTI

HaIBIPOBITHUKOBUX CBITIO- Ta (POTOECIEKTPUUHUX
€JIeMEHTIB, II0 PO3TAIllOBaHI B TBEPIOMY Tl Ta
B33a€MOIIOB’ s13aHi 3BOPOTHUMHU ONTHYHUMU
3B’si3kaMu. KpiM poOOTH ONTPOHIB Y TPUTEPHOMY
pPEeXUMI BOHM MOXYTh OYTH BHKOPHCTaHI TakoX B
SIKOCTI €JIEMEHTIB iHAauKamii ©0e3 3acTocyBaHHS
JIOMaTKOBUX  ,,KOMIIOHEHTHUX~  3arpar. Takum
YMHOM, 32 CBO€IO (Pi3UYHOIO0 PUPOIOI0, HA BiAMIHY
BiJl ENEKTPOHHUX (YHKIIOHAIGHUX EJIEMEHTIB,
ONTOCJIEKTPOHHI €JIEMEHTH Ta CXEMHU BOJIOIIIOThH TaK
3BaHOI0 ,,IPUPOAHOI0 OaraToyHKUIOHANBHICTIO”
[2].

CyKyITHICTh pereHepaTUBHUX OINTPOHIB YTBOPIOE
HAITIBIIPOBITHUKOBY MIKPOCXEMY, Ha SIKY MTOKJIJICHO
OaraTo (yHKIiH, OpiEHTOBaHWX Ha BUKOPUCTAHHS Y
By3Jax iH(OPMaIMiitHO-00YNCTIOBATEHOT TEXHIKH.
BkazaHi oNTpoHH JamOTh 3MOTY pETryJIoBaTd ixX
napamMeTpu 30BHIIIHIMH IMIyJIbCaMH, HaIpPHKIAT
CBITJIOBUMH Ta €NCKTPUUYHUMH.

TakyM YWHOM, ONTOENEKTPOHHI E€JIEMEHTH, a
TaKOX MIPUCTPOI, no0yaoBaHi Ha 0asi
OINITOEJIEKTPOHHOI CXEMOTEXHIKH, MalOTh YCi 03HAKH
OararodyHKImioHANbHOCTI. [le BaXJIMBO, OCKUTBKH
O3HAKHU MIPUPOTHOT i MPUMYCOBOT
OaraTo(pyHKIIIOHATFHOCTI  0OOOB’SI3KOBO ~ TIOBHHHI
MaTH B IIepITy 4epry 0a30Bi €IEMEHTH OIepaIiiiHux
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cTpykTyp. OCcoOIMBiCTIO, IO iX BiPi3HSAE € Te, IO
BEJIMKA KIUIBKICTh (QYHKLIA BHUKOHYETBCS IPH
MOPIBHSIHO HEBENHKiM KIIBKOCTI  YIpPaBISIOUMX
BxoJiB. CKOpOUEHHS KUTBKOCTI BXOJIB JOCATAETHCS
3a paxyHOK BUKOPHUCTaHHs CIIOCOOY MpEACTaBICHHS
iHpoOpMaIii y BUTISIII MiHIMaIBHOTO JUCKpETa 4acy,
0 BU3HAYAETHCS YacOM CHPAIIOBAHHS AKTHBHOTO
eleMeHTa mam Ati [2].

ToMy, e(peKTHUBHOIO € po3poOKa OIepamiiHuX
CTPYKTYP iH(OopMaIliiTHO-BUMIPIOBATEHUX i
004N CITIOBATBHUX CHCTEM Ha
OaraTo()yHKI[IOHATBHUX OTITOCTIEKTPOHHUX
Monyisx. st moOyJoBU TakKMX MOIYJIB sIK Oa3uCHI

CIIEMEHTH  JIOUIJBHO  BHUKOPUCTATH  OMNTPOHH.
OCKUTBKH ONTPOHU B OITOCIEKTPOHHUX JIOTIKO-
4acOBUX 00YHCITIOBATBHUX CepeIOBHIIAX

peanizyloTh TPHHIWI TIepEeTBOPEHHS iH(OpMaIii
IUIXOM KBaHTYBAHHS dYacy, TaKi OINTOCIECKTPOHHI
€JIEMEHTH OTPUMAJIA Ha3BY KBaHTPOHIB [1,2]. Takum
YHHOM, KBaHTPOH € CTPYKTYPHHUM €JIEMEHTOM
OJTHOPITHOTO OOYMCITIOBAILHOTO CEPEIOBHUINA, B
SIKOMY aHajoroBa i IudpoBa 00poOka iH(opmarii
CYIIPOBOIKY€ThCS 3armamM’ ITOBYBaHHIM Ta
iHAMKAaIi€ro pe3ynpTatiB. [IpucyTHICTE ONTHYHUX Ta
EJIEKTPUIHUX BXOJIB 1 BUXOIB, a TAKOXK ONTUYHOTO
BHYTPILIHBOTO TO3UTUBHOTO 3BOPOTHOTO 3B’SI3KY, —

BHU3HAYa€ KBAaHTPOH fAK €JNEMEHT naMm sATi Ta
IHIUKaIi.

OTxe, KBaHTPOH — 1€ MIKPOMOIYJb, IO
CKJIaIa€ThCS 3 BHU3HAYEHOI KiJIBKOCTI

HaIBIIPOBITHIUKOBHUX CBITIIO- Ta (POTOETEKTPUIHHUX
CJIEMEHTIB, fIKi pO3TallOBaHi B TBEpAOMY Tili Ta

MOB’s3aHI  3BOPOTHUMM  ONTUYHUMHU 3B’ SI3KaMU
(puc. 1).
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Puc. 1 — Cxema ejleMeHTapHOr0 KBAaHTPOHA,
ae 1 — ¢poTonpuiiMay 3 ABOMA CBIiTJI0YY TJIHBUMU
NMOBEPXHSIMHU; 2 — CBITJIOBUNIPOMIHIOBAY 3 TPHOMA

PO31iJIEeHUMHU CBITJIOYYTJIUBUMHU MOBEPXHIMU;
3 — xkomyTaTOp (MiACHIIOBAY CTPYMY),
VD — HaniBnpoBiTHUKOBHI AioA.

[lpyHIMI  KBaHTyBaHHA dacy IIOJTae B
NEepeTBOPEHI  YacoBOTO  IHTEpBally  IEBHOIO
KUTBKICTIO Oe3nepepBHO CIIPAIFOBABIINX
MIOCHIIOBHO OJUH 32 OJHHUM (3 OIHAKOBHUM YacoM

Inep eMI/IKaHHSI) JUCKPETHUX OIITOCJIICKTPOHHUX

CJIEMEHTIB — KBaHTPOHIB TMpPH TMOAadi Ha HUX
CUTHAIly TMPO TMOYAaTOK NepeTBOpeHHs iHQopMarii.
TakuMm YMHOM, TPUBATICTh YaCOBOTO IHTEPBAIY, IO
¢dikcyerbcss  9acoM il BXiJHOTO  CHTHAIY,
MEPETBOPIOETHCST B MUGPOBUN KO, IO BIAMOBIIaE
KUTBKOCTI 30y/DKEHMX 3a IIed 4Yac eJIEMEHTIB
ONTOENIEKTPOHHOTO KBAaHTPOHHOTO TMEPEeTBOpIOBaYa
[1-4].

B naHOMYy KOHTEKCTI MOYKHA BHIUIMTH  JBa
pi3HOBUIN OJIMHUYHOI'O KOy 110
BHKOPHUCTOBYIOTHCSI B OOYHCITIOBAIBHIA TEXHIIMI:
OJMHWYHUN HOPMAJIBHUMN, SKUI BU3HAYEHUH SIK
HOPMAJIBHUN KOJXl 4Yacy, 1 OAMHUYHHMNA TO3UIIHHUN
KOJ — MTO3UIIIHHAH Koz [2,5].

Buxoasunm 3 OCHOBHHX KpHTEpiiB IPHHIIHII
3alUCy 3 BUKOPUCTAHHSM HOPMAIILHOTO KOIy €
HAWOUTBII TIBUAKOIIIOYMM, a 3 BHKOPHUCTAHHSIM
MTO3UIIIHHOTO KOy — HAWMEHIII €HEPTOEMHUM. IcCHY€E
KOMOIHOBaHUH MigXii J0 KOIyBaHHS, TOOTO
3aMpoIOHOBaHU I KOm s MPEICTaBICHHS
iHpopMarIlii B OJHOPITHOMY CEPEIOBUII, HA3BAHMI
JIOTIKO-4YaCOBUM  KOJOM, SKHH  BHUKOPHCTOBYE
HOpPMaJbHUH KOA TpW 3amucy iHdopmanii, a
MO3UIHAN KO — AJ1s1 30epekeHHs iHdopMartii, 1o
3ammcyeThes [1,2].

Jns  mpencTtaBiIeHHS JECATKOBOI LUdpu  3a
JIOTIOMOTOI0  JIOTiKO-4acOBOTO KOOy HeoOXimHa
HAasIBHICTh JIIHIAKH 3 JCCATH MOCIIJIOBHO 3’ €IHAHUX
€JIEMEHTIB — KBaHTPOHIB, Ky MOXXHA PO3TIISIATH SIK
eleMeHTapHuN MOIyJb (pHc. 2).

IHIUKATHUBHA

O3HAKA KBAHTPOHU

POBOTHU
MOZYJISI

Puc. 2 — CtpykTypa ejileMeHTapHOIo
KBAHTPOHHOI'0 MOy I

[lin Momymem B naHOMY BHIIAAKy pPO3yMi€EMO
KOHCTPYKTHBHO, (YHKIIOHAIBHO Ta amapaTrHo
3aBEpIICHUN  OOYUCIIOBAILHUN  NPUCTPiH, IO
JTO3BOJISIE CAMOCTIHHO a00 B CYKYIHOCTI 3 iHIIMMU
MOAYJISIMH PO3B’SA3yBaTH 3adadi OOYHMCICHHS abo
VIpaBIIiHHSL.

2. PIBEHb ONTUYHOI KOMI'IOHE_!-ITHO'I'
PO3POBKW HAHOIMPUCTPOIB

HoBuii kimac ONTHYHHUX €JIEMEHTIB ,,HaHO-
ONTUKA” — OCTaHHIM YacOM KOMEPIIIIHO TOCTYIHI i
MIPEACTaBIAIOTh peaizaiiiro HaHOTEXHOJIOT11
3aCTOCOBAHOI JI0 ONTUYHUX eleMeHTiB. DopMmyroun
ONTHYHI MaTepiayid 3 Pi3HUMH HaHO-MAaCIITaOHIMH
CTPYKTypaMH, JOCSATHyTa BEJIMKa PO3MaiTiCTh
ONTUYHHX ePeKTiB [6].
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Komm cBiTH0 mpoxoauTh depe3 aToMHY IPaTKy
ab0 CTPYKTYpy 3 po3mMipaMu, Habarato MEHIIMMH
JIOB)KUHU XBWJII CBiTJa, (i3WYHI B3a€MOJIi 3HAYHO
BIIPI3HSIOTBCS BiA THX, IO BinIOYBalOTBCA B
3BHYaiHiA onTuii. Taki TpaTku abo CTPYKTypH
Ha3BaHI HAHO-OINTHUKOIO, KOJMBamuuch Bix 10 10
100 M y posmipax, dacTto mnepenbaveHi s
touHocTi 10 HM 1 MeHTIIe.

Posrisaemo CTPYKTYPY HAHO-ONTUYHOTO
mpuinagay ans TeidexoMyHikamiit (puc. 3). Takwmid
TIPUITaNl CKIIAMAETHCS 3 IOKCUIKPEMHIEBOTO MIapy
TOBIIMHOK MEHIE 1 MKM, MiJKIaJUHKA 3 ONTHYHO
siKicHOro ckJia ToBIIuHOK Bix 0,2 MM 1o 1,0 MM 1
pemrit4acToi CTpyKTypH 3 nepionom Bix 1 go 300 HM
[7].

Buacmigok Toro, 10 MPOAYKTHBHICTH 1
(hyHKITIOHANBHICTh TAKUX TIPUJIAJIIB 3AJICKHUTH SIK BiJl
dbopMu  pemriTyacToi  CTPYKTypH, TaK 1 Bifg
BUKOPHCTAHMX MaTepialliB, TO I TEXHOJIOTIiIO
MOXKHa 3aCTOCOBYBAaTH JO0 PI3HUX Jiara3oHiB
MOBXWH XBWJIb — BiI yiIbTpadioneToBoi 110
iH(ppaYepBOHOI CIIEKTPATBHUX 00IaCTEH.

HaHo-onTHyHi  BIACTHBOCTI  MOXYTh  OYyTH
OIHCaHi 3a JIOTIOMOTOF0 3araibHOT ONTHYHOI (Di3HKH
i, B KpailHbOMY BHWIIQAKy, KBAHTOBUMH YU
OJTHOETIEKTPOHHUMH e(eKTaMHu.

AHTHBIIONBaJIbHE IOKPUTTH

PemiTuacTuii map

MMap migkaaguaku 1

lap nigkaaguHKy 2

AHTHBIIOUBAJILHE IOKPUTTS

Puc. 3 — Hano-ontu4yHa MikpocxemMa CKJIAJa€TbCA
i3 MHO’KMHY ONITHYHMX LIAPIB, 0 0TOYYIOTh
peliTyacTy CTPYKTYpy HapuiajabHoI J0BKUHH
XBHJII

Hampuxian, npudpakmis a1 HaHO-ONTUYHOI
PEUIiTKH Bipi3HAETHCA Bif Audpakilii B KIaCHIHUX
pemIiTIacTuX CTPYKTypax, TOMY IO HAHO-TIEPiof
KOPOTIINH BiJI JOBXWHH XBHJII ITaJaf0uoro CBITIA.

3BepHEMO yBary Ha 0COOJIMBOCTI, 1[0 BUHUKAIOTh
B Tporieci 00poOku iHdopMarllii B o0UncIrOBa4ax Ha
0a3i HaHoTexHOoJoTiH. [Ipy poOOTI i3 TBOBUMIpHUMH
iHpOpMaLiTHUMHU MOTOKaMH ICHYIOTB IBi
MOJKJIMBOCTI PO3MapaJielfoBaHHs MPoIecy 00poOKu:
[IEPEeTBOPEHHSI  300pakeHb Yy  MapajleibHUX

N WYNN

MPOCTOPOBHUX KaHAJaX 1 TapalenbHiii 00pooii
ONITUYHUX CHTHAJIB 3 PI3HUMH JOBXUHAMH XBHJIb. B
000X BHUMAAKaX MOKJIHBA 00pOOKa K MOOITOBOT, TaK
1 ananoroBoi iHdopmarii. [Ipu mudposiii 0O6poOITi
Ha  BXig  (QYHKIIOHAIBHOI  MIKPOCTPYKTYpH
IIO/IA€THCA CBITIIOBE moe, wo Mictuts 10° — 10* 6it
(cropinka muckperHoi iHpopmaii). [Ipu aHamorosiit
00pobOImi  Ha  BXig  HAgXOIATh  MPOCTOPOBI
300pakeHHs1 (00pa3u), siKi IOLUILHO 00pOOJATH Ha
OCHOBI  acOIiaTUBHUX TMPHUHIMIIB  aHAJIOTOBOI
JIBOBUMIpHOT JIiHIAHOT OOpOOKH KOTepeHTHHX abo
HEKOT'epEHTHUX CUTHAIIB.

[MpunnumoBoto  mepeBaror0  (yHKLIOHATBHOL
00poOKHM B mapax 3 TMepeMiHHOK 3a00pOHEHOI0
30HOI0 € MOJKJIHMBICTH TICPETBOPCHHS CHTHANIB ¥
peanbHOMY MacmTabi dYacy, TOOTO TNPAaKTUYHO
MHTTEBO 3a yac ~ 107 — 107 c.

Psn 3amay posmizHaBaHHsS 00pa3iB, KepyBaHHS
CKJIAJHUMH CHUCTEMaMH, 3aBJaHHS METEOPOJIOrii,
MaTeMaTH4HOl ()i3WKH MOXKHA BHPIIIUTH TLTBKH
JBOBUMIpDHOIO H  TPUBUMIpHOIO  OOpOOKOIO
iHdopManii B peampbHOMy MacmTadbi uacy. llpwm
1bOMY TOTPiGHa mBHAKOMis 6inbme 10° omepariii y
CEKyHJly, 110 HEMOXUIMBO peanizyBatd B EOM Ha
TPAH3UCTOPHUX eJeMeHTax. Jlumie JBOBHUMIpHI i

TPUBHUMIpHI cHCTeMH O0OpoOku iHdopmMmariii B
peanbHOMYy ~ MacmTabi  yacy — 3a0e3NedyloTh
NPakTUYHO  MHUTTEBE  IEPETBOPEHHS  BEJIUKUX
MacuBiB iHpopMaIii y BUTISAI MPOCTOPOBHUX
300pa’KeHb.

[ponec 00poOku iHdopMarii B HaHOIpOIECOPl
3pYY4HO  MPOCTSKHUTH 32  CTPYKTYpOI, IO
3amnpornoHoBana B [7]. SIk i y BHITagKy IOCIiTOBHOT
0o0poOkm, Ui aHamizy mnapajienbHoi 00poOKH
iHpopMaLii CTpyKTypa pO30MBAa€ThCSI Ha psA
MOAYJIB, y KOXKHOMY 3 SIKUX BiOyBaeThcs (izuaHa
B3aeMOAiss  aHcamOmro  HoOciiB  iHpopmamii  —
EJIEKTPOHIB 1 (JOTOHIB — 3i CIIEIiaIbHO BUPOIICHUMHU
HEOJHOPIZHOCTSMHU ~ CKIIQJAy TBEPAOTO PO3YHHY.
KpiMm Takoi 3amporpaMoBaHOi 3MiHH BIIACTHBOCTEH
CEpEe/IOBHINA, y PI3HUX MOMIYIISIX MOXIMBUH BIUIHB
Ha XapaKTePUCTUKH CUTHATIB 30BHIIIHIX (haKTOpiB,
3a JIOMIOMOTOI0 SIKMX MOJKHa BIUIMBAaTH Ha BXIiJTHY
(GYHKIIIO pi3HUMH OIIEpaTOpPaMH MEPETBOPEHHS, 10
30epiraloTeCsi B OKPEMHX €JIEeMEHTax mam sTi,
mo0OyIOBaHUX HAa MacWBi KBAaHTOBUX SIM a00O TOYOK.
Criony4yeHHsT ~ KBaHTOBHX  HAHONPOLIECOPIB 3
nam’sITTI0 Juis  30epiraHHsi OmepaTropiB JI03BOJISIE
peanmizyBaTH  (YHKIIOHAJIBHI  ONTOEIEKTPOHHI
obunciroBaui, fAKi 32  NPOAYKTHUBHICTIO  #
TEXHOJIOT1YHICTIO ICTOTHO MepeBepIIyIOTh
TPaH3UCTOPHI MIKPONPOLIECOPH.

Bce BumieckazaHe 4eproBUN pa3 MiATBEPIKYE
TOM (paKT, 110 3 MHOKHHU TPOTIO3UIIIH 31 CTBOPEHHS
KBaHTOBUX KOMII'IOTEPiB HAHOINBII >KUTTEBUMH
MPECTABISAIOTLCS  ONTOCNICKTPOHHI  KBaHTOBO-
pO3MipHI CTPYKTypH Ha 0araTOKOMIIOHCHTHHX
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HaITiBIPOBITHUKAX, SKi MOXYTH IIPAITIOBATH IIPH
,»KIMHaTHUX” TeMIeparypax i JocsraTy MBUAKOCTEH
y miamazoni 10 — 100 I'T'm.

OTxke, 3Baxkaloul Ha BCe BHUIICBKa3aHe,
BOJIOJIIIOYM HA Cy4YaCHOMY e€Tami MOKIHBOCTSIMH
HAaHOTEXHOJIOTI  Jns  peamizamii  riOpuaHUX
OITOENIEKTPOHHUX KOMII IOTEPiB, PO3TIISIHEMO TaKy
MOJKJIBICTh IS CTBOPEHHS KOHKPETHOTO MOIYJIS
JUIS  3amucy, 30epeXeHHs Ta  BiJIOOpakeHHs
inpopmarii [8-11].

3. BATATO®YHKLUIOHAI bHUN
OMTOEJNIEKTPOHHUU MOAYJ1b

B ocHOBI gaHMX JOCTIKEHb OYJIO MOCTaBJICHO
3aBJaHHS [MiABHLICHHS MIBUAKOMII 3a pPaxyHOK
3a0e3MeUYeHHs IEPEeX0ay IO OAWHUYHO-TO3ULIIHOTO
KOJy IIiCIIs 3aKiHUCHHS PEKUMY 3aIUCy HA TIOYaTKy
pexuMy 30epekeHHs, a TakoX 3abe3redeHHs
KOHTPOJIE3IATHOCTI 5K Y PEKUMi 3amucy, Tak i B
pexumi 30epexeHns inopmartii. [IpucTpiit MicTUTh
pO3psAHY  JiHIWKY, Y KOXHOMY po3psiai  —
peredepatuBHuii onTpoH [9]. [locTaBneHe 3aBHaHHs
JOCSTAETBCSA THM, IO y TPUCTPI  BBeAeHi
dboTompuiimMadi, JPKEpeNno  CBITNA, PaXyHKOBHIA
tpurep, RS-tpurep, cxema kontpomro. Ha puc. 4
IpeacTaBiIeHa MIPUHIHUIIOBA cxema
onroenekTpoHHoro wmoxyns [9,11]. Bci onTuusi
3B’SI3KH MO’KHA pealli3yBaTd Ha OCHOBi BOJIOKOHHO-
ontuyHKUX JiHIN 3B’s3Ky (BOJI3). dotompuiimaui
22,49,50,58,63,71,74,75,78, 110 BUKOHYIOTh
¢yskuito L,I7, MoxyTh OyTH peamizoBaHi abo
BUOOPOM TPaHWYHOI YYTIMBOCTI QoTompuiimMaua,
a00 IUIIXOM BKJIIOYEHHs MOCIiZOBHO OBOX, TPHOX
(poronpuitmaya 59) ¢dorompuiiMaviB 3  OJHHM
ONTUYHUM BXOJIOM KOxHUH. Dotompuiimaui 33.3,
79 i 80, mo peanmizytoTh ,,ABO” QyHKIiFO, MOXYTh
OyTm peami3oBaHi Ha OCHOBI  OJHOBXIiTHOTO
¢doronpuiiMada NUIIXOM BBEICHHS JOJATKOBOTO
ONITUYHOTO BXOZY, TOOTO Yy TJIUBICTb
¢doTronpuiiMada 3aJIMIIA€THCA KOJIMUIIHBOIO, @ YUCIIO
iHpopMaliiHUX ~ BXOHNIB  30UIBLIYETBCA 1  BiH
30y IXKY€ETHCS BiJl KOXKHOTO 31 CBITJIOBUX MOTOKIB, IO
mpuidnuin ~ Ha  ¢orTompuitMad  ab0  IUIAXOM
IIPUENHAHHA JOAATKOBO (oTompuiiMada 3 OIHHM
BXOZOM TapajiebHO 0a3oBoMy QoTompuitmMauy
(Turry oTonpuiiMaya 16 3 oTHUM BXOJ0M).

Ilpuctpiii mnpamroe B Takuit crmocid. s
TOTOBHOCTI ONTOEIEKTPOHHOTO MOXYJISl O 3alHCy
iHpopmanii Ha mmHU 11 1 12 mogaeThess NO3UTUBHA 1
HEeTaTHBHA Hampyra >KUBJICHHS, HA BXiJHY ONTHYHY
mrHy 19 momaeTbest CBITIIOBUI TOTIK TPUBANICTIO T,
JNOCTaTHIM A7 MOpYLIEHHS BXiIHOTO po3psiay. TyT
MH DPO3MJSHEMO JIMIIE TPU PEKUMH POOOTH
OTITOCTIEKTPOHHOTO MOy [9].

VY pexumi "lomaBaHHA" mepminii mepemMukay 8§
NIEPEeBOIUTHCA B IPaBE IIOJIOKCHHS, MPH LbOMY

3aMHKaloThcsl KoHTaktd 81 1 84, a nmpyruit
nepeMuKkad 9 mepeBOAUTHCS B JIIBE MOJIOKCHHS, TTPH
IBOMY 3aMHKalOThCsl KOHTakTd 82 i 83. Ha Bximny
MIMHY 5 TOAalThCS  IMIOYJIbCH  TO3UTHUBHOI
MOJISIPHOCTI, MO HAAXOAATH 4epe3 pesuctop 37 i
nepmuii mepemMukad 8 Ha mmHy 6. Ilpm momaui
CBITJIOBOTO TIOTOKY Ha BXiJl Ipyroro ¢oronpuiiMada
17 (i-])-ro po3psimy # IMIyJabCy TO3UTHBHOI
NOJSIPHOCTI Ha IMHY 6 y 30y/MKeHHH cTaH
nepexouTh (i-1)-i po3ps.

[Ipy momadi dYeproBHX IMIYJILCIB TO3UTHBHOI
MOJIAPHOCTI Ha IIUHY S5, TMOCTIIOBHO 30YIKYIOTHCS
i-#, (i+1)-# 1 7.1 po3paau.

Y pexumi "Bimxmimanas" micng 3ammcy B
ONTOENEKTPOHHUI MOIyJh 3MEHIIYBAaHOTO dHCIA
nepeMHuKay 8 epeBOAUTHCS B JIiBE TONO0XKEHHSI, IPH
BOMY 3aMHKAIOTBCA, KoHTakTH 27 1 81, a
nepeMukad 9 TMmepeBOAWTHCS B TpaBe ITOJOKEHHS,
Npyd LBOMY 3aMHKAIOThCS KOHTakTH 28 1 82. Ha
MIMHY 5 TOJArOTbCs  IMOYJbCH  MTO3UTHUBHOI
MTOJIIPHOCTI, SKI Uepe3 MepeMHuKad 8 HaIXoIITh Ha
mmmHy 7. Skmo OyB 30ymkenuid (i+1)-it po3psa, To
CBITJIOBUH TIOTIK HAIXOAUTh Ha BXiJ TPETHOTO
¢doronpuitmada 18 i-ro po3psay Ta MpU HASIBHOCTI
IMITYJIbCIB TTIO3UTHUBHOI TTOJIIPHOCTI 30y Ky€eThes 1-i
po3psa. Ilpy momawi  YEproBUX  IMITYJIBCIB
MO3UTHBHOI TOJIIPHOCTI TMOCIIAOBHO 30YIKYIOTHCS
(i-1)-# (i-2)-# 1 T.1. PO3PSIN.

RS-tpurep mnpairoe B Takuii cmocid. Ilpu
BiJICYTHOCTI CBITJIOBOTO TIOTOKY 3 1HBEPCHOTO
BUXOJy 87 JI0JaTKOBOTO PEreHEPaTHBHOTO ONTPOHA
4 na Bxomax 90 i 91 goronpuiimadi 58 1 59 Tpurep
3aJTUIIAETHCS B KOJIMITHLOMY CTaHi (TOOTO SKIIO OyB
30y KeHHH, 3allUIIaeThcsi B 30yMKEHOMY CTaHi,
AKIOo OyB Yy HyJNIbOBOMY — 3alUIIAETHCS B
HYJILOBOMY CTaHi) . 3 MPUXOJ0M CBITIOBOTO IMOTOKY
3  i#BepcHOro  Buxomay 87  JOJATKOBOTO
pereHepatuBHOTO omTpoHa 4  RS-tpurep vy
3QJIEKHOCT]I BiJf TOrO, SIKMH CBITJIOBHHM IIOTIK i3
MPSIMOTO YU IHBEPCHOTO BUXOJIB 92 1 96 HagXoauTh
3 paxyHKoBoro Ttpurepa 31, TmepeBOAWTBCS B
OJIMHUYHWHN 9¥ HYJIHOBHM CTaH BiIlITOBITHO.

[To3naunmo vac 30yKeHHs i yCTaHOBKU B HYJIb
tpurepiB 31 i 32 i JOJaTKOBOTO pereHepaTUBHOTO
onTtpoHa 4 -T, Yac TOPYIICHHS pPEreHepaTHBHOTO
ontpoHa 1 po3psaHoi niHilkH 3 -T.

Yac ycTaHOBKM B HYyJIb pEreHEPaTUBHHUX
ONTPOHIB PO3PIAHOI JIHIAKM 3 3HAXOIWUTHCI B
Mexax Big 1,5t 1o 2t.

TpuBanicTs BXiHUX IMITyJBCIB — Tp, TPUBATICTD

maysu — T, 4Yac TMEPeKIOYEHHS I0JaTKOBOTO
pEereHepaTuBHOIO ONTpoHA 4 Tipodr HAC
MEPEKITIOUCHHST PaXyHKOBOTO TpUTEpa T 31 4ac

nepekroueHHs RS-tpurepa — trs 32 1 Tapos = Ter. 31 =
Trs32 = T.

VY 3aleXHOCTI Bl TPUBAJIOCTI May3d MOKJIMBI
TPH PEXHUMHU poOOTH.
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Pexum A. Ilpu t may3su <t — OJMHHYHO-
HOpPMAaJIBHUH KOJ (IITOPOYHHIN).

Pexxum b. Ilpm t maysu = 1 — nBiliKkoBo-
MO3UIliiiHMIA Kox (yBech 4ac B 30Yy/KEHOMY CTaHi
3HAXOJATHCS 2 TMOPYY pPO3TAIIOBAHUX PO3PSAM MiJT
4ac 3a1ucy).

Pexxum B. Ilpu t maysu >t — OAMHHYHO-
TTO3UIIHHANA KOJT (MapKEpHHUA).

B iHBepcHOMy Momyni dac, mio ¥ime Ha 3amuc
iH(opMaIlii B pereHepaTuBHUAX ONTPOHAX, CKIIAJE:

Tissz(fu+fn) N-TnTo6m.a. p4+Tn.0k+Tmax

J€  Toounps yac  OOHYJIHHS
pPETeHepaTUBHOTO  ONTPOHA 4,  Thok —
MEePEKIIIOUCHHS ONTOEIEKTPOHHOTO KITF0Ya.

VY 3anpomnoHOBaHOMY MOAYJl dYac, L0 #iae Ha
3amuc iHgopMaulii B pereHepaTHMBHUX ONTPOHAX,
CKJIaJie:

JO0OJaTKOBOI'O
qgac

Tnpeun.z(ru+rn) N-TyHTimax,

Bpaxaroun, mo T,=T; Tw=0,5T; Topunps=Tmax=2T;
Took=T, T€ BHIpall IO IBHIKOIII TpH 3amuci
iHdopMaIli B 1 poO3psAAiB MOIYyJis B NMOPIBHSHHI 3
BIJIOMUM CKJIaJie

1.5-7-n+45-7

1.5-7-n+1.57

pasy. SIKImo onToeNeKTpOHHUH MOIYJIb, HAIIPUKIIAL,
CKJIQJIA€ThCA 3 ACCATU PEreHepaTHBHUX ONTPOHIB, TO
BHTpAII 10 MBUAKOMII mpyu 3ammci iHpopMmartii B 10
PO3psAiB MOAYJIsl B OPIBHAHHI 3 BiIOMHM CKIIajie

1.5-7-n+4.5-1
1.5-7-n+1.57

=1,19 pasis.

Taxkum unHOM, IpH 3anuci iHGopmaii B MOgyIb
BiH IPAIlfO€ B OJMHUYHO-HOPMAJIbHOMY KOI, a MpH
3aBepIICHHI 3amucy iH(opMarlii IepeTBOPUTHCT Y

BIJMOBIMHUM  OJAMHWUYHO-TIO3UIIIAHUN  Ko# (st
pexumy A).
B zarampHOMYy K  BUNAQAKy  IiJBHIICHHS

MIBUJIKOMAII JIOCATAETbCS THM, IO BiApasy Micis
3aKiHYEHHS Jii OCTaHHHOTO OJIMHUYHOTO IMIYJIBCY
Ha TpeTiil momaTkoBuil gortonpuitMay 33.3 mouynHae
HAaIXOMUTH  CBITIIOBHM  MOTIK 13  JPYroro
JIOJTATKOBOTO JiKepena 23 cBiTia, a 4epe3 4Yac T
[TOYMHAE HAXOIWTH CBITJIOBHU IOTIK 3 iHBEPCHOTO
BUXOZy 87 OJATKOBOTO PEr€HEPATHUBHOIO ONTPOHA
Ha 4.

[TominmeHHss  KOHTPOJI B PO3TISHYTOMY
OITOENEKTPOHHOMY MOJYJIi TOCATAETHCS BBEIEHHIM
paxyHKoBoro Tpurepa i RS-tpurepiB 1 By3ma
KOHTPOJIIO, & TAKOXK JPYTOro IJIeYa BUIPOMIHIOIYOT
CUCTEMH JIOAATKOBOTO PEreHEePaTHBHOTO ONTPOHA i
IBOX ONTHYHUX IIMH, y TOW dYac K y BIIOMHX
aHaJiorax HEMae€  MOXIIMBOCTI  KOHTPOJIIOBATH
poboty moays [9].

BUCHOBKU
Omxke, B pe3yibTaTi JOaHUX  JIOCTIIKCHb
3MIHCHEHO CTPYKTYPHO-(OYHKIIOHANBHUHA  aHali3
ONTOEJIEKTPOHHUX OaratoyHKI[IOHATEHUX

CNIEMEHTIB TIPU TMPOCKTYBaHHI OKPEMHX CTPYKTYD
OOYHMCIIOBAJIBHUX  CHCTEM, B  OCHOBI  SIKHX
MPIOPUTETHUMH HA TyMKY aBTOPIB € MPUHIIAIIN OKO-
MPOIECOPHOi 00poOkM iH(OpMamii HA ONTHYHIN
OCHOBI i3 OJTHOYACHUM BITPOBA/KCHHSAM
HAHOTEXHOJOTII 3  MOMIIMBICTIO  ITOJAJIBIIOT
iHTerpanii Ta miABUIIEHHS e(EeKTUBHOCTI POOOTH
Ja3epHUX Ta ONTOCICKTPOHHHX CHCTEM, a TaKOX
cucTeM mry4dHoro iarenekty [10,11].

B  orpumaHux  pesyiapTatax  JOCIIIKEHBb
MPOCTEXKYETHCS B32€MO3B’ 130K MPUHLIUITY
nuHaMigHOI  OaraTo(yHKIIIOHATBLHOCTI 1  JIOTIKO-

YaCcOBHX MapajelbHUX MEPETBOPEHbD, SIKUH MOKA3YE,
IO 3alpOIOHOBAHI OINTOENEKTPOHHI EJIEeMEHTH —
KBaHTPOHHU, & TaKOX ONTOENEKTPOHHI HPUCTPOi —
OararoyHKIIOHAIGHI ~ ONTOENEKTPOHHI MOy,
aHanoro-uruposi i nuQpo-aHaIOTrOBi
MEepeTBOpIOBadi, a TaKOXK IHIN (QYHKIIOHATBHI
MIPUCTPOI, TIPIOPHUTET SKUX 3aXHUIICHUH OLIbIT K 50
aBTOPCBKMMH  TIOCBIAYEHHSAMH 1  MaTeHTaMHu
HaykoBoi mkonu mpogecopa Koxemsxo B.II.,
MaloTh B OUIbmoMy a00 MEHIIOMY CTyTIeHi
OUHAMIYHy OaraTo(QyHKIIOHANBHICTh Ta 3/aTHi
MO€HYBATH BUCOKY IIBUIKOMAII0 ONTHYHOT 0OpOOKH
iHdopMarmii i3 MeTOoIWKaMu po3MapaieltoBaHHS
obuncroBaIBEHOTO Tporiecy [10].

Takox HEOOXiTHO 3BEpHYTH yBary Ha Te, IO
PpO3po0IeH] MPUCTPOI 3aMiCTh KOHIIEHTpAITlii CHJI Ha
TOYHMX  OOYMCIEHHSX 13  BHCOKOCTaOlIbHOIO
€JIEMEHTHOI0 0a3010, OpIEHTOBaHI Ha BHPIIICHHS
3aJa4y HETOYHUMHM METOAaMH 1 MOXYTh OyTH
KOHKYPEHTHOCIIPOMOKHIUMH LSt peamizamii
MPUCTPOIB 13 "THYUKOW" 00poOKOIO iH(DOopMarii abo
HEKOPCTKOIO JIOTIKOIO.
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Nanotechnology principles of optoelectronic module realization for
recording, preservation and display of the information
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Abstract: In given article use of the approaches, developed by the authors, is offered at designing separate structures
of computing systems, which is based of optoelectronic principle of eye - processor information processing on the basis
of dynamic multifunctionality, with the purpose of maintenance of development and application of nanotechnology
optoelectronic high-performance elements and devices for their further integration in general structure of computing,
laser and optoelectronic systems, and also systems of artificial intelligence.

Keywords: nanooptics, optoelectronic module, optoelectronic couple, quantron, single-positional coding, single-

normal coding.

At the present stage the transition of computing
facilities on  optoelectronic logic-temporal
environments is very perspective since there is an
opportunity of creation of such unified element base,
which would permit to integrate the input, output,
transformation and processing of the information in
the form, convenient for the users.

The functional and logic completeness of
guantronum circuit technology is based on
realization of time quantization, as information
equivalent, which is set by a light beam, containing
the information content; opens  unlimited
opportunities for designing of opto-quantronum
information converters on the basis of logic-
temporal coding.

Quantron is known to be the basic element of
optoelectronic logic-temporal computing
environments.

One of the main functions of quantron is the
realization the time quantization principle or
achievement of minimally possible time operation t

with the maximum accuracy At, which is determined
by the level of technology progress and circuit-
engineering perfection of corresponding generation
of elements.

So, the essence of the given method is: any input
information is set by a time interval through duration
of action of a light beam on a sequence of
regenerative  (bistable)  optoelectronic  pairs
(optoelectronic couples or optrons), in which emiter
except for its own photoreceiver excites the
photoreceiver of the following optron, that permits
them consistently one behind another to raise. Any
of optoelectronic pairs of sequence is switched for
the fixed time t, which enables to determine a time

interval by quantity of exited optoelectronic pairs,
which work during action of a light beam.

In the theory of synthesis and analysis of logic-
temporal environments quantron is convenient to
present as the model of the elementary automatic
device, as shown in Fig. 1.

The incoming signals, optical or electrical, can be
discrete and continuous, depending on purpose of
operational structures.

On the basis of quantron analytical model the
principle of time quantization by a light beam is
realized which carries in its duration the information
through the appropriate organization inter-
quantronum connections into linear  or
multidimensional structures, the variants of these
structures are presented as multifunctional modules
(Fig. 2) with single-positional and single-normal
coding. Such structures are the base of
optoelectronic logic-temporal environments, which
are self-sufficient for the realization of any
information means.

Thus, the basic optoelectronic elements on
guantron base, which by their physical essence are
multifunctional, give a real opportunity of
construction optoelectronic operational structures of
different functional purpose (fig. 4). It opens
prospect for the creation of functional - complete
problem-oriented, so-called operational screens,
which in the nomenclature requirements of modern
instrument making would provide in all areas of
human activity complete information support, as
human society, complete biomedical information
etc. In the latter case operational screen can have the
form of the eye - processor information screen,
which will replace usual watch. Eye-processor is
such information intelligent system that simulates
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pattern imaging of the world on the basis of
perception of visual information of random nature,
selects certain characteristics and features of
environment, processes them and makes appropriate
decisions automatically or with the operator
participation

The realization of eye-processors network with
the application of nanotechnologies is the most
favorable for hardware embedding of the complex
structures of such type. Further scientific research
allows to motivate and reveal the prospects of using
the ion processes in integration of nanostructures in
the functional micro- and optoelectronic structures
and instruments. This approach exceeds the limits of
conventional silicon-based microelectronics and
allows to show a prospect of energy-band
engineering of functional devices, such as high-
speed nanoprocessors on the base of ion
nanotechnology,  creation  of  quantum-size
heterogeneous information environments.

Creation of eye-processor network structures
with application of quantum nanoprocessors, which
are based on new computing technologies, is a new
solution.

While working with two-dimensional
information flows there exists two possibilities of
multisequencing  of  computational  process:
transformation of image in parallel spatial channels
and parallel processing of the optical signals with
different wavelengths. In both cases, processing of
bit wise and analog information is possible. During
digital processing the light field, containing 10° - 10*
bits (page discrete information) is applied to the
entry of functional microstructure. But during analog
processing spatial images (patterns) are applied. It is
reasonable to process them on the base of
associative principles of analog two-dimensional
single-line processing of coherent or incoherent
signals.

Principle advantage of functional processing in
layers with varying forbidden area is a possibility of
signals transformation in the real scale of time, that
is practically instant during 10 - 10°® sec.

A number of problems of artificial perception,
complex system control, problems of meteorology,
mathematical physics can be solved only by two-

dimensional and three-dimensional information
processing in the real scale of time. And the speed of
more than 10° operations per second is required. It is
impossible to achieve such speed in PC using
transistor elements. Only two-dimensional and
three-dimensional information processing systems in
the real scale of time ensure practically instant
transformation of large arrays of information in
spatial image forms.

Just like in case of sequential processing, for the
analysis of parallel information processing the
structure is divided into number of sections, in each
of those physical interaction of ensemble of
information carriers - electrons and photons - with
specially grown heterogeneities of composition of
hard solution occurs.

Besides such programmed change of the
environment characteristics, it is possible to
influence characteristics of external factor signals in
different sections, by means of which it is possible
to affect the input function by different
transformation operators, that are stored in separate
memory elements, built on the quantum dot or spot
array. Interfacing of quantum nanoprocessors with
the memory for storage of operators allows to realize
functional optoelectronic computing machines,
which greatly exceed transistor-based
microprocessors in productivity and producibility.

All aforesaid confirms the fact that among the
great number of suggestions regarding the creation
of quantum computers the most real and necessary
are optoelectronic quantum-size structures using
multi-element semiconductors, which can operate in
room-temperatures and reach processing speed
within the range of 10 - 100 GHz.

It is necessary to note that two approaches to
creation of quantum computer are possible:

- Using quantum-mechanical components in
conventional computer architectures;

- Creation of computer on quantum-mechanical
principles.

In both approaches optics, which is suitable for
making parallel structures in the space is usually
applied for qguantum computer realization.
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