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Anoranist. [loxasano, mo nepeBara Bixm Bukopuctanus [IOEIl Ha ocHoBi inTerpamsrux MHOH-n-p
CTPYKTYp JUIS ONpPALIOBAaHHSA ONTHYHHX 300paXKCHb IIOJATAE Y MOMIMBOCTI NPOBOAMTH OIPALFOBAHHS
300paKeHHsI Y MOMEHT #oro crnpuiuaTTs y camoMy ITOEIL Y iockoHaneHo TEOpPETUYHI OCHOB MOOYIOBH
OEIII Ha ocHoBi inTerpansunx MHOH-n-p cTpyKTyp, JIOTiYHiI Ta alrOpUTMI4HI OCHOBU OpraHi3alii 3B'sI3KiB
iX (yHKIiOHAIBHUX OJOKIB JUIsl MiABUIICHHS iHpopManiiiHoi edextuBHocTi OEIIT Ha OCHOBI MOKANBIIOrO
PO3BHTKY TEOPETHYHHX PO3poO0K HOBUX mHpuHuuMB nodyxosu ITOEIl 3 meroro 3abe3medeHHs OLTbII
parnioHansHOro BHOOPY cTpykTypHOi cxemu OEIIT i ix cepiiiHoro BHpOOHMITBA METOAAMH Cy4YacHOI
TeXHoJorii iHTerpaabHux MikpocxeM. IIpuBeneHo pesynmbraT ekcriepuMeHTanbHuX gociijpkers TTOEIL,
SKi 3a0e3MeYyloTh MOXIMBICTH 3aMIHM HaJAIITyBaHHS HA BUKOHAHHA (YHKUIH HO ONpALOBaHHIO
300paXeHb, OJJHOYACHO 3 TX MEPETBOPEHHSM, I1iJl KOHKPETHE 3aBAaHHs y peanbHoMy 4aci y camomy ITOEII,
JUISL TABUILECHHS €()eKTUBHOCTI IIEPETBOPEHHS 1 IONIEPEIHBOTO ONpaloBaHHs 300paxens B OEII.
KmrouoBi cioBa: Onroenektponni iHdopmaniitni npuctpoi (OEII), mnepBHHHI ONTOETEKTPOHHI
neperBoproBaui (IIOEIT), iHTerpanpHi CTpyKTYpH MeTall-HiTPUA-OKCHI-HAIIBIIPOBIAHUKOBA MiAKIAAKa, 110
Mmictuthb n-p-niepexin (MHOH-n-p ctpykTypn), indopmariiina eheKTHBHICTb.

BCTYII

OrnroenexktpoHHi iH(GopMartiitai mpuctpoi (OEIIT) npu3HaveHi s nepeTBOpeHHS 300pakeHb, MOTaHuX
3a JIONIOMOTOI0 aHAJOTOBHX 200 OiIHAPHUX MBOMIPHHUX ONITHYHUX CUTHAIIB, B IU(POBI NEKTPUIHI CUTHAIH 1 JJIS
iX IMomepeqHpOro OMpAIIOBAHHA Yy KOMIT IOTepHHUX iH(opMaliiHo-BuMiptoBanbHuX cuctemax (KIBC). Ilpwm
HayKoBO-TexHIYHUX gocmimkeHHsx OEIIl posrmsgaroTs, sk OaraToyHKIIOHANBHI MPOTpaMOBaHi CHCTEMHI
TepeTBOproBadi iHhopMallii, sKi 3aJIe’KHO BiJI MPU3HAYSHHS Ta BUKOPUCTAHHS JUIS PO3B'SI3yBaHHS KOXKHOI 3a1a4i
JIO3BOJIAIOTh PO3TOJUIATA €TalH aJITrOPUTMIB TIEPETBOPECHHS 1 OMpAaIOBaHHS 300pakKeHb MK ONTHIHUMH,
OTITOCICKTPOHHUMH, AHAJIOTOBUMHU EJICKTPOHHUMH, aHAJIOTO-IUPPOBUMHU 1 ITUPPOBUMU OOIHCIIOBATLHUMHU
€JeKTPOHHUMH OJokamu. TpamuiiiHo mpoOJeMHu MMABHUIICHHS TOYHOCTI Ta INBHIAKOAII BKa3aHHX
¢dynkmioHansHuX 610KiB OEIIT BupinTyBamucs i 4aCTKOBO BUPINIYIOTHCS TEEP 32 paXyHOK 3aCTOCYBaHHS OiJIbII
JIOCKOHAJO1 eleMeHTHOoi 0a3u. [IpoTe 3a yMOB, KOJHM MOXIHUBOCTI €IEKTPOHHOI TEXHOJIOTii Ha MEBHOMY €Talli
Brdeprani [1], BUHUKae HEOOXIMHICTh YIOCKOHAJICHHS MPUHIIUIIB MO0yM0BH i MeToaiB Bukopuctanus OEIII,
BU3HAYCHHS ONTHMAJbHAX IapaMeTpiB 1 XapaKTepHCTHUK IEPBHHHHUX ONTOCIEKTPOHHHUX IIEPETBOPIOBAUIB
(ITOEIT) Takux mpHCTPOiB I KOKHOTO KOHKPETHOTO 3aBJaHHS (Talxy3i 3aCTOCYBaHHS) 3 METOIO CIIPOIIEHHS
BHUMOT JI0 aHaJIOTO-II(poBuX i 10 mudposux enexrponaux o6mokis OEIII [2]. Bimomo mo, yHiBepcamshi [TOEIT
JUTSL TIEPETBOPEHHS 300pa’keHb Ha OCHOBI MPHUCTPOiB i3 3apsmoBuM 3B’si3koM (I133) i Ha OCHOBI MaTpHIIb:
KOMIUIEMEHTapHI CTPYKTypu — MeTan — okcuj — HamiBmpoBimauk (KMOII) i yHiBepcanbHi KOMI'IOTEpH HE
3a0€3MeuyIoTh MMEPETBOPEHHS 1 TIONIEPETHBOTO OIPAIIOBaHHS 300pakeHb B PEATLHOMY Yaci, a TaK0X MOTPiOHOT
MIPOIYKTUBHOCTI 1 JOCTOBIPHOCTI OMpaIlfoBaHHs iHpopMaIlii B KOMIT IOTEpHUX iHQOPMAIIHHO-BUMipIOBATBHIX
cuctemax (KIBC). Benukuii BHecok y (opmyBaHHs HaykoBHX OCHOB ctBopeHHsI ITOEIl mis ompamroBaHHS
300pakeHb OJHO3HAYHO 3 X BBEIEHHSM/BHBEICHHSM 3pOOMIM JOCTiIKEHHS, TpOBeAcHI y BiHHUIBKOMY
HaI[IOHAJTLHOMY TEXHIYHOMY VHIBEpCHTETI MmiJ kepiBHUIITBOM Tpodecopa B.IT.Koxem’ sxo [3]. Ormspn i anam3
pEe3yNbTATIiB MPOBEICHUX y IBOMY HaMpsIMKY IOCHIIKEHb IOKa3aB, MO YCIIXHA JOCTIIKEHb HEPO3PUBHO
TOB'sI3aHi 3 BUPIMIEHHSAM 3aaadi migBumieHHs mpomyckHoi 3matHocti [TOEIT. Tomy Benmuke 3HaYeHHS Mae
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amapaTtHa peajizaimis OCHOBHUX (YHKIIH TMOTEpeHHOTO OMNpAIIOBaHHSI 300pakKeHb OJHOYACHO 3 iX
neperBopeHHsiM B [IOEIT HOBUX TUTIIB, SKi MOKYTh BUKOHYBATH OKPiM 34UTYBaHHS IIPOCTOPOBOTO 200 4aCOBOTO
pO3MOIiTy iHTEHCHBHOCTI a00 ()a3um ONTHYHOTO BHUIIPOMIHIOBAHHS IMe 1 (YHKII, IO 3aCTOCOBYIOTHCS TIPH
TOTIepeAHHOMY OIpaIfoBaHHI oNTHIHUX 300paxensb [4]. Komm Ha Bxoni OEIII € BXimHUN ONTHYHWM CHTHAI, B
SIKOMY TiJIbKH YacTHHA €JIEMEHTIB 300pa)KeHHS MICTHTh KOPHCHY iH(pOpMAIlito, TOJiI BUHHKAE HEOOXiTHICTH
TIOTIEPEAHHOTO  OINPAIIOBAHHS TaKOTO CHTHAJIY 3 METOI0 BHWIUICHHS KOPUCHOI iHQOpMAIli i Yy3roKeHHS
iHpopmariitaoi edekruBHOCTI O;10KiB OEIII. Tomy B maHiii poOOTi MoKa3aHa MOXKIIUBICTh BUKOHAHHS OTIEpPAIlii,
KOTpP1 BUKOPHUCTOBYIOTHCS B alTOPUTMAX OTIPAITIOBAHHS 300pakeHb, 38 JOMOMOTOI0 PO3POOJICHUX 1 TOCIIIKEHIX
IIOEII Ha ocHoBi inTerpamsanx MHOH-n-p ctpyktyp i 37aiiicHeHa ormiHKa X iHpOpMamifHUX mapamerpiB -
MIPOITYCKHOT 31aTHOCTI 1 €eKTHBHOI TPOYKTHBHOCTI.

TEOPETUYHI OCHOBH IS MIIBUIEHHA TH®OPMANINHOI EGEKTUBHOCTI OEIII

Bitun3nsauanii Ta 3apyOikHUNA 10CBix po3pobok Ta excruryatanii OEII, mokasye, mo st eheKTHBHOTO
omparfoBanHsl ontuuHUX 300paxkeHb B KIBC € akTyanbHUM pO3B’S30K 3alad, MOB’S3aHUX 3 PO3POOKOIO i
JOCJTIJPKEHHSIM HOBHX HAYKOBUX (Di3MKO-TEXHOJIOTIYHHX Ta aJITOPUTMIYHHX OCHOB IOOYIOBH i HOBUX HAYKOBHX
MiIXO/iB 10 MPOEKTYBaHHS amapaTHUX 3aco0iB 1 mporpamuoro 3abesnedyenHs OEIIl B HanpsMmKy moeqHaHHS
JOCSITHEHb  TEXHOJIOTIi IHTETpaJbHUX MIKPOCXEM 3 I[epeBaraMyd ONTHYHHX METOMAIB IIEPETBOPEHHS 1
olpaIfoBaHHs 300pakeHb. OJHAK BIACYTHICTh TEOPETHYHHX OCHOB MOOYZOBH, METOIB aHAi3y 1 CHHTE3y
amaparaux 3aco6iB OEIII, cnenianizoBaHuXx Ui BUKOHAHHS (YHKIIIH MOTEpEeJHHOTO ONpAIfoBaHHS 300pakeHb
OJTHOYACHO 3 X IEpETBOPEHHSAM, HE JI03BOJISIE CYTTEBO IABHIIMTH iH(opmauiliny edextuBHicts OEII. Y
3B’SI3Ky 3 LUM, JUIS BIOCKOHAJECHHS TEOPETHYHHMX OCHOB HOOYIOBM Ta METOIIB MiABHINEHHS iH(opMmamiiHOl
edexruBHocti OEII, € akTyanpHUM po3B’sI30K 3a1ad, OB’ sI3aHUX 3 po3poOKkorto i nocmimkensamu [1OEI, B sxux
3a0e3neuyeThCss MOXKIIMBICTD 3aMIHM HaJIAIITYBaHHS Ha BUKOHAHHS (DYHKLIH MO ONpAIfOBAHHIO i OTHOYaCHOMY
MEepEeTBOPEHHIO 300pakeHb IiJI KOHKPETHE 3aBJaHHsA B peanbHoMy daci B camomy IIOEII. Ile Bukimkae
HeoOXigHicTh po3pobok 1 mocmipkeHHs QoTtouymmBux enementiB IIOEIl, sxi cyminmyloTs ¢QyHKIIT
MEPETBOPEHHS 1 TONEPEIHBOTO OIpaIfoBaHHs 300paxenb. st po3B’s3Ky 3a1ad, MOB’S3aHUX 3 PO3POOKOIO i
nociimkennsamu [TOEI] 3 po3mmpernMy yHKIIIOHATBHUMH MOXKIMBOCTSIMH JUIS TIOIIEPEIHBOTO OIPAIFOBAHHS
300paKeHb IIPOBEJICHO aHali3 BiIOMHX METOAiB BuKopucTaHHS MJIH-cTpykTyp i po3poOieHO NpHHIMITN
noOy/OBH 1 METOAM BHKOPHCTAHHS ONTOENEKTPOHHHMX iH(QOpMaliHHUX MPHUCTPOIB, SIKIi MOXYTh BUKOHYBaTH
OKpIM IIEPETBOPEHHSI ONTHYHOTO BUIPOMIHIOBaHHS B IIM(POBI €JIEKTPUYHI CHTHAIN IIE 1 omepamii JojaBaHH,
BiJIHIMaHHS, IEPEMHOXXEHHS Ta IOPOTOBOTO CIIPUHHATTS 300pakeHb.

VY pe3syibpTari MpOBEJECHOTO aHaii3y po3po0OK i JOCIHIIKEHb BCTAHOBJICHO, IO OCHOBHA IiepeBara Bix
Bukopuctanus [1OEII Ha ocHoBi inTerpansanx MHOH-n-p cTpykTyp Au1s onpalfoBaHHs. ONTHYHHUX 300pakeHb
nopieusiHo i3 TTOEII Ha ocHoBi I133 i M/III-doronioni mojsirae y MOKJIMBOCTI NPOBOJUTH OIPAIFOBAHHS
300payKeHHSI B MOMEHT Horo cnpuiHATTS B camoMy [IOEIl. A 3a paxyHOK €JNeKTPHYHOTO YMpaBIiHHSA HpPU
HarpoMajpKeHHI 3apsiny B gienektpuky inTerpanbHi MHOH-n-p CcTpyKTypH, [ONOBHEHI €JIEKTPHYHO
KEPOBaHUMHM KIIIOYaMH, JO3BOJIIIOTH PO3B’S3yBaTH JAEsAKi 3ajadi, IOB'S3aHi 3 ONpPALIOBaHHSIM aHAJOTOBHX
CHTHAJIB NpH AWHaMi4HOMY aiana3oHi 40 1b ONTHYHUX 1 €NEKTPUYHNX CUTHAIIIB, IO ONpanboByIOThes [S]. Lle
JIO3BOJISIE ICTOTHO CKOPOTHTH €MHICTH OINEPAaTHBHUX 3alaM'sSTOBYIOUMX IIPHCTPOIB i PO3BAHTAXKHUTH KaHAIIU
BBeZicHHsT 300paxenHs B KIBC, i oTxe, ICTOTHO 3MEHIIATH BUMOTH JO IIBUAKOMIl yCiX OCHOBHHX OJIOKIB
cnosrydeHHs1 KIBC 3 o0'ekTamMn ynpaBiliHHS, a TakOXX peaji3oByBaTH HOBI arapaTHO-IPOTPaMHI METOAM IS
MONEpEeTHHOTO ONpAIfoBaHHs 300pakeHb. HaykoBa HOBH3HA O/IEpXKAaHUX PE3YNBTATIB 1 ITOJIOXKEHB, TOJISATAE Y
BIOCKOHAJICHHI TeopeTHyHnX ocHOB noOyxou OEIII Ta J0riYHMX 1 alrOPUTMIYHUX OCHOB OpraHi3allii 3B'A3KiB
ix ¢yHKUiOHANBHUX OJOKIB Uil migBUmIeHHS iHpopManiinoi edekrusHocti OEIIl Ha oCHOBI MOAaIBLOIOTO
PO3BHUTKY TEOPETHYHHX pPO3pPOOOK HOBHMX IPHHIMINB ITOOYIOBH, aHaN3y 1 CHTE3y amapaTHUX 3acoliB i
onTuMizamii cTpykTypu nporpamuoro 3adesnedensss OEIIN, ski mapanensHO i 0JHOYACHO 3 HMEPETBOPEHHIM
ONTHYHOTO BUIIPOMIHIOBAHHS BHKOHYIOTH IIIe¢ 1 omepanii NMONepeIHbOTo ONpalioBaHHs 300paXkeHb, 3 METOO
3a0e3nedeHHs OUTbII parioHasbHOTO BUOOPY cTpykTypHOI cxemu OEIIT i iX cepiiiHOro BUpoOHUIITBA METOAAMHU
Cy4acHOT TEXHOJIOT1i iIHTerpaJIbHUX MiKpocxeM. Briepie o0rpyHTOBaHO, 3alpONOHOBAHO Ta PO3pOOIEHO MOJIETb
¢ynkuionysanns OEIIT na ocnosi ITOEII, siki 3a0e31euyioTh MOXKIIMBICTE 3aMiHN HAJAIITyBaHHs HA BUKOHAHHS
(yHKIIH 1O OIpaIfoBaHHIO 1 0JTHOYAaCHOMY IEPETBOPEHHIO 300pa)KeHb MiJi KOHKPETHE 3aBJIaHHS B PEaJbHOMY
yaci B camomy [1OEIl. Monenbs 103BOJIsIE ONTHUMI3YBaTh MPOLEC MEPETBOPEHHS 1 OIpaIfoBaHHS 300pakeHb 1
TEOPETHYHO OOIPYHTYBAaTH CTPYKTYPY BiJIOBIIHUX aJdroputMiB. BukoHaHO TeopeTHyHe OOIPYHTYBaHHS Ta
3anpornioHoBaHo npuHIMIU crtBopeHHss OEIIl HoBux THmiB Ha ocHOBI aHamizy i1 cunredy IIOEIL, sxi
3a0e3MevyroTh MOXIIMBICTh 3aMiHM HaJalITyBaHHS Ha BUKOHAHHSA (YHKLIM IO ONpAIfOBaHHIO OJHOYAcHO 3
MIEpETBOPEHHSAM 300pakeHb il KOHKpPETHE 3aBlaHHs B peanbHoMy 4daci B camomy I[IOEI, mis mixBuimeHs
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e(heKTHBHOCTI TIEPETBOPEHHS 1 TIOMEpenHLOTo ompamoBaHds 300paxkens B OEIIl. Bmepme po3pobieHo
imitaniiai momem ITOEIT 3a momoMororo SKHX OJep)KaHO aHANITHYHI BUpa3H A BpaxyBaHHS cremudiku
moOyI0BH OCHOBHHMX TEXHIUHMX TapametrpiB i xapaktepuctuk [IOEIT Ha OCHOBiI OIIiHIOBaHHS 1 BHU3HAYEHHS
MOTOYHUX 3HA4YeHb iX iH(GOpPMAMIHHOT €PEeKTUBHOCTI, MO 103BoJsse€ po3muputd MoxmBocTi [TOEIT mms
BUKOHAHHS (YHKIIii MOMEpeHbOr0 OIpalOBaHHA 300paKeHb OJHOYACHO 3 iX MEpeTBOPEHHSIM.
3anpomnoHoBaHO, OOTPYHTOBAHO 1 po3poOieHO MeToa cuHTe3y ¢oTtouyTnuBux enementiB IIOEIL, sxi
320€3MeuyI0Th MOXKIIUBICTh 3aMiHM HAJIAIITYBaHHS Ha BUKOHAHHs (YHKIH MO OMPAITIOBAHHIO 1 OJTHOYACHOMY
TIEPETBOPEHHIO 300pakeHb ITiJ] KOHKPETHE 3aBIaHHs B peasbHOMY daci B camomy [TOEII, 3a paxyHOK KepyBaHHS
peKMMaMH 3aluCy, BUTHPAHHS, 3YATYBaHHS 1 MOpiBHAHHSA 300paxkeHh B I[IOEIl, sk oONTHYHMMH Tak i
eJIeKTPUYHUMH CHTHAJIAaMH JUISI CTBOPEHHsI METOAOJOrii iX peamsarmii 3acobamMu cydacHOi TEXHOJOTii
IHTETpaNbHUX CXeM. BTaHOBJICHO, 1110 HAMOIIBIITY KiJbKiCTh €HEPTii BUITPOMIHIOBAaHHS, MPY BUKOHAHHI BKa3aHHUX
oTiepariiii monepeaHpOro OMPAIFOBAHHS 300pakKeHb HEOOXIHO TS 3MiHCHEHHS (QYHKIIT ONTUYHOTO YIPaBIiHHS
3anmcoM iHdopmarii B iHTerpansHiit MHOH-n-p cTpykTypi, Ipu IbOMY pO3paxyHKOBHU IOPIT YyTIUBOCTI MIPH
BHKOHAHHI BKa3aHOi GyHKIii cTaHOBHTH BemmunHy ~ 107 Jk/cM?, a 3a eKCIICPUMEHTAIBHO T ATBEPIUKSHHIT ~10°
5210 Jox/em? [6].

AITPOBALIA PE3YJIBTATIB JOCJIKEHb

Js  mpaktuyHOT  ampoOamii  pe3ysbTaTiB  TEOPETHYHOrO aHanmizy iH(OpMamidHHMX TMpOIEciB
3allpOIIOHOBAHO BHKOPUCTATH OaraTo(yHKIIOHaJbHI (OTOUYTIMBI eleMeHTH 1o0yJoBaHi Ha OCHOBI
IHTErpaJbHUX CTPYKTYp: MeTal-HiAPHI-OKCHI-HAMIIBIIPOBIIHIKOBA IJKJIAAKA, SKa MICTHTh N-p Mepexin
(MHOH-n-p ctpyktyp) [5]. s eKCriepuMEHTaIBHOTO JOCIIHKEHHS TPOIECIB, 110 NPOTIKAIOTh B IHTEIPAIBHUX
MHOH-n-p cTpykTypax miJ Mi€l0 ONTHYHHUX 1 EJNEeKTPUYHHUX BIUIMBIB, IEPEBIPKM Ipare3aTHOCTI
¢ynkioHansaux enemeHTiB I1IOEIl po3pobieHo, mociikeHo i pealli3oBaHO METOMOJIOTIYHI, aJITOPUTMIYHI Ta
IporpaMHO-anapaTHi 3aco0M Uil NOOYZOBH CHUCTEMH EKCIEPHMMEHTAIBHHX JOCTIDKeHb. Po3polbieHo
ABTOMATH30BaHy €KCIIEPUMEHTAJIbHY YCTAHOBKY JUIS JAOCIIKCHHS IHTETpaJbHUX (POTOUYTIMBHX CTPYKTYp [7,
8], sika 103BOJISIE HA MEPIIOMY €TaIli OTPUMATH iH(POPMAILI0 PO MapaMeTpHu (YHKIIOHAIBHHUX EIEMEHTIB, SKi
XapaKkTepu3yoTh 1X (YHKIIOHANBHI BJIACTHBOCTI 1 BM3HAYalOTh iX Mpale3JaTHICTh; a Ha JPyroMy erami -
NPOBECTH TNepeBipKy BHyTpimHiX mapamerpiB B [IOEIl 3 ypaxyBaHHSAM KOHCTPYKTMBHHX OCOOJIHMBOCTEH
KOHKPETHHX BapiaHTIB X BHKOHAaHHS 1 JaHUX NpO MapameTpu OaraToQyHKIIOHAJbHUX (OTOUYTIMBHX
€JIEMEHTIB, OTPUMaHUX Ha IIEPIIOMY €Tali JOCIiIKCHb.

TuroBi pe3ynbTaTH EKCIEPUMEHTAIBHUX JOCIHIKeHb (YHKIIOHAJIbHUX €JIEMEHTIB Ha OCHOBI 6-TH
inrerpanbinx  MHOH-n-p cTpykTyp B pexumax (QYHKIIOHYBaHHS IIEPBHHHOTO  ONTOCICKTPOHHOTO
nepeTBoproBaya nokasano Ha Puc. 1. 3ammc indopmarnii 3xificHIoBaiM mopauero immyssciB Hanpyru —30 B
TpuBayicTio 50 MKC Ha CHUIBHMH HamiBIPO30pHH MeTamiyHMH Kepyrouui enektpox (Ni) i oxHOYacHO
ocBiTmoBanu  BuOpany ~ MHOH-n-p  crpykTypy  iMmyiabcamMd — BUIPOMIHIOBAHHS  BiATIOBITHOTO
HaIiBIPOBigHUKOBOTO Jazepa 32JI[I-101B (A=0,85 MkM, cepemHs MOTYKHIiCTh P=(10+15)><10'3 BT1)
copmoBanumu y "mayku” TpuBanicTio t, =30 Mkc (Puc. 1 B)-x)).

[Tpn BuTMpanHi iHQopMamii Ha CIUIBHUH HAMiBOPO30PHUH METATIUYHHH EJICKTPO]| MOJaBallil IMITYJIbC
Harpyru +30 B tpuBamictio 50 Mkc i onHowacHo Bifmosinny MHOH-n-p cTpykTypy OCBIT/IIOBaNH (TPUBATICTD
"mauky" iMITyJIbCiB BUNPOMiHIOBaHHSA t, =30 Mkc). [lnd 3uuTyBaHHA 3anucaHoi iHdopmalii Ha HamiBIpo3opuii
esrekTpoy cTpykrypu (Ni) momaBamy iMIynbcH Hanpyru BenumduHoro —10 B 1 mociioBHO B 4aci CTPYKTypH
ocBiTmoBamu (Puc. 1 a). dakr nepekirouennss MHOH-n-p cTpyKkTypu peecTpyBaiu 3a 3MIiHOIO CTPyMy
Mi3apsSaKy JieNeKTpUKa TYHEeNbHO-TOHKHH okcua (SiO,) - HiTpun kpemHito (Si3N,) 30BHINIHIM JDKEpeEnoM
Harpyru (Puc. 1 6), 1), e). Ilicns cHHXpOHI30BaHOI TMOAaYi IMITYJIbCIB HAllpyrd HETaTHBHOI IIOJIIPHOCTI 3
iMITysiscaMu BunpoMiHtoBaHHs (Puc. 1 B) Ha 1B1 cepeaHi CTPYKTYpH, POTOCTPYM BiJl HUX CYTTEBO 3MEHIIYEThCS
(Puc. 1 1). OnHOUacHe OCBITIIEHHS 1 MoJaya iMITysabey Harnpyrd +30 B HO3WTHBHOT MOJSIPHOCTI NIPU3BOAUTH JI0
BiJTHOBJICHHS [TOTIEPEIHBOT0 3HaYeHHs (POTOCTPYMY Ha OJTHIH 13 mepekiroueHnx cTpykryp (Puc. 1 e).

B zaransHoMy Bunazaky B pozpodienomy ITOEIT moxHa 3xilicHIOBaTH Taki (QyHKIIT:

- ONITHYHE YNPaBIiHHS PeXUMaMH 3aIMCy YW BUTHpaHHs iHQopManii ontnanumu aismu E(X;, Y, t);

- €JEKTPUYHE YNPaBIiHHA PEeXMMaMM 3alKiCy YM BHTHpaHHS iHQOpMaLil eNeKTPUYHUMH IISIMH Vi,
(leYlm’t);

- rapajenbHe YHM TIOCTIJIOBHE HE pYHHyIOU€ ONTHYHE 34YMTYBAaHHS pE3YJIbTATIB OIpaIfOBAHHS
300paxkenHs ontuaHIMHA HissMu E(X,Y(,t) an E(X 1, Y 1m,t);

- TapajeibHE YM TIOCITIJOBHE HEpYHHyroue eJNeKTPHYHE 3YMTYBAHHS pE3yJbTATIB OIpaIfOBaHHS
300pakeHHS ENCKTPUIHUMU BILTUBAMH V gy (1) 9l Vo (X1, Y im,t);

- IOBroTpuBaie 30epiraHHs 3anucanoi iHopmarii 3a paxyHoK HarpomapkeHHs 3apaiB Qn(X iy, Yim) B
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HITPHUII KpeMHII0 (YHKIIOHATHHUX CIIEMEHTIB.

Yac BHKOHaHHA pi3HOMaHITHHX ¢yHKOIH B iHTerpansHux MHOH-n-p cTpykTypax iCTOTHO
BIJIPi3HAIOTHCS:

- eTICKTPUYHO KEPOBaHi 3aInc i BUTHpaHHs iHpopmMarii
3., 3C _ -7, -6 ;
fe:5=5107510°  [c]
- ONTMYHO KEPOBaHi 3aIlKc i BUTHpaHHS iH(pOpMaIlii;
3C , 3C _ 6 | = [ ];
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- ONITHYHE 1 €JIEKTPUYHE 3UNTYBaHHS iH(pOpMAILlil.
g, o9 -6, -5 [ ] .
te¥t,=510 =510 Cc

OTtxe, exBiBaneHTHa npomyckHa 3gatHicTs [IOEIl Ha ocHoBi inTerpansanx MHOH-n-p ctpykTyp, npu
BUKOHAHHI QyHKITIH:

a) ONTUYHOTO YMPaBJIiHHS MPHU MapaiebHOMY 3aIliCy i BUTHpaHHI iHPOpMaIlii cKianae BETHIUHY:
Fi'=210+210°  [6ir/c]’
0) eJIeKTPUYHOTO YIPABIiHHS P MapajelbHOMY 3alHCy 1 BUTHpaHHi iHpopMaril
F’=210+210"  [6ir/c]’
B) ONITUYHOTO 1 EJEKTPUIHOTO MapayieIbHOT0 3UNTYBaHH iHPOpMaIIii
Fi=210+2:10"  [6it/c]-
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Puc. 1. a) ITonepeunuit nepepi3 IIOEII Ha ocHOBI 6araToQyHKITIOHATFHUX (HOTOUYTIMBUX €IEMEHTIB - JTIHIHKH
inTerpaasanx MHOH-n-p cTpykTyp;
0) iMITyJIbCHA HamIpyTa, 0 TOJIAETHCS HAa CTPYKTYpY Hpu niepeipii mpame3aataocti [TOEIT 3a qomomororo

PO3po0IIeHOT aBTOMATH30BaHOI EKCTIEPUMEHTAILHOT YCTAHOBKH;

B) — K) IMITYJIbCH BUIPOMIHIOBaHHSI, 1110 TMOJAIOTHCS HA MEePIIUi GYHKITIOHAIBHUN €JIEMEHT — B), IPYTHH — T),

TPETiH — 1), YETBEPTHIH — €), I’ ITHH — XK);
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3) iHpopMais, sika 3UuTyeThes 3 inTerpaabaoi MHOH-n-p ctpykTypm.

B ymoBax MacoBOr0 BHKOPMCTaHHS, MiJ 4ac PIlICHHS YiTKO BHU3HAYCHHUX 3aBlIaHb OIMPALOBAHHS
300paxens, KIBC, B sxux BukopucroBytotscsi [IOEII Ha ocHOBI iHTerpanmsaux MHOH-n-p cTpykTyp, MOXYTh
OyTH BIATOBITHUM YWHOM ONTHMIi30BaHi 32 PaxyHOK ITiIBUINCHHS eKcIuTyaraminanx xapakrepuctuk [TOEIT i
PO3pOOKH HOBHX, HETPAIHUIIIHHUX aJrOPUTMIB OTPAIOBAHHS 300paXKeHb. 30KpeMa TaKi NepeTBOPIOBadl MOKHA
3aCTOCOBYBATH JUISI BUKOHAHHS OTEpallii MEePeMHOKECHHS, TOJMaBaHHs i BigHIMaHHS 300pa)KeHb B MOMEHT iX
cupuitasarta. Takum umHoMm, OEIIl Ha ocHoBi iHTerpansaux MHOH-n-p cTpykryp MoXHa e(heKTHBHO
BUKOPHCTOBYBaTH TPH BUPIIICHHI IMUPOKOTO KJIACy 3a1ad MPOMHCIOBOI aBTOMATHKH 1 CHCTEM KepyBaHHS,
OB’ sI3aHUX 13 ONPAIIOBAaHHAM ONTHYHHUX 300pakeHb B PEATBHOMY Yaci.

BUCHOBKHA

YnockonaneHo merozosorito npoekryBanHs [TOEIT i Briepie 3anmponoHOBaHO, OOTPYHTOBAHO i po3poOIeHO
MOJIeNTi OCHOBHHX PEXWMMIB (DYHKITIOHyBaHHSI OaraTo()yHKITIOHAIGHAX (DOTOUYTIMBHUX EIIEMEHTIB YIS ITiIBUIICHHS
iHdopmartiitHoi edextrBHOCTI [TOEIT 32 paxyHOK OHOYACHOTO 1 Mapasie;IbHOr0 BUKOHAHHS 33 OIWH TaKT, OJTHOYACHO 3
TIEPETBOPEHHSAM 300payKeHb, OTEpalliid: JOoJaBaHHs, BiAHIMAHHS, MHOXKCHHS 1 MOPOTOBOTO CIPHHHATTS BOMIPHUX
300pakeHb Oesnocepenuro B ITOEIL. Mopeni 103BOJISIOTh ONTHMI3YBAaTH TMpOLIEC TEPETBOPSHHS 1 OMPAIFOBAHHSI
300pa)keHb 1 TEOPETHIHO OOTPYHTYBATH CTPYKTYPY BiIIOBITHUX aJITOPUTMIB.

Po3pobieHo, CcTBOpeHO 1 EKCIMEpUMEHTaJbHO JOCIHiPKeHO OaraToyHKIiOHANbHI (OTOTYTIIMBI
enementy [1OEIl HOBUX THITIB, sIKi 320€3MEUYIOTh MOYKIIMBICTh 3aMiHU HaJIAIITYBAaHHS HA BUKOHAHHS ()YHKITIH
M0 OMPAIOBAHHIO i OJTHOYACHOMY TEPETBOPEHHIO 300pakKeHb ITiJ] KOHKPETHE 3aBJaHHS B pEabHOMY Yaci B
camomy ITOEII, KOTpi BHKOPHUCTAHO MJIs TIABWINEHHS €(PEKTUBHOCTI BHKOHAHHS OIEpaIliii: MmepeMHOKEHHS
300pakeHb y BUAMMOMY [iara3oHi 1oBKHH XBHIb ~ 10°+10'" onepaiii/c, nonaBans i BixHiMaHHS 306paXeHb

10%:10" omepauiii/c, a Takox MOPOroBe CIPUIHATTS 306paxeHsb ~ 10°+10'" omepariii/c, oxHouacHo 3
TIEPETBOPEHHSIM ONTHYHOTO 300paskeHHs1 Oe3mocepenuro B OEIIl, mpm moporosiii eHeprii ONTHYHOTO
BrmpomintoBanms ~ 10 Jix/em?.

[IpoBeneno cneriayibHe (PI3UKO-TEXHOJIOTIYHE MOJEIIOBAHHS Ta CHEIliaJIbHI  eKCIepUMEHTaIbHI
nocnimkenns [TOEI, pe3ynbTati SKMX BUKOPUCTAHO ISl TOBEACHHS MOKIMBOCTI 32CTOCYBAHHS TEXHOJIOTIUHHX
nporieciB cepiitanx MJIIT inTerpanbHuX cxeM Ipu BUpOOHUITBI po3pobnerux [TOETIL.
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