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HOBBIN MOJIXOJ1 K CO3JAHUIO YCTPONCTB
C DHEPTOHE3ABUCUMOU ITAMSTBIO
HA OCHOBE Si-MOII-TPAH3MICTOPOB

IIpodemoncmpuposana 603MOHCHOCMb pe-
Anu3ayuU Ha NOJE8bIX MPAH3UCIOPAX C
UB0TUPOBAHHBIM 3AMBOPOM INEKMPOHHO-
UOHHOU Namsamu, Komopas Modxicem npeo-
cmasnams unmepec 0 paspabomru
Flash-namamu nosoco noxonenus.

XO0poIIo U3BECTHO, YTO B COBPEMEHHON MUKPODJICK-
TPOHHKE UCIIOIB3YETCsI HECKOIBKO THIIOB ITOIYIIPOBOI-
HUKOBBIX YCTPOUCTB MaMSITH, PA3JIMYAIOIIUXCS IO OBIC-
TPOACUCTBHUIO, 00bEMY, HEOOXOTUMOCTH MTUTaHHMS, rada-
pHUTaM U IPYTUM XapaKTepHUCTHKaM. MHOTOYHCICHHBIC
BUABI 3TUX MUKPOCXEM C pa3/IMYHbIMU NapaMCTpaMu
MOYKHO Pa3JIC/IUTh HA JIBE TPYIIITBI [0 OTHOIICHHEO TaMsi-
THU K HATHYIHIO IUTAHMUS, T. €. COXPAHSIOTCS JIN 3aIHCaH-
HBIC TAaHHBIE TIPH BBIKJIFOYCHHOM ITUTAHUHY WITH HE COXpa-
Hs1t0TCsL. J[pyroil JocTaToYHO Ba)KHOW XapaKTePUCTHKON
SBIISICTCSI BO3MOXKHOCTD JIOCTYTIA T10 JIIOOOMY ajipecy
(T. e. K MPOU3BOJIBLHOM stueiike). Cpeau SHEProHe3aBu-
CUMBIX TUIIOB [IAMSTHU C IIPOU3BOJIBHBIM JOCTYIIOM CEli-
qac muaupyet kpemuauenas Flash-mamsats (NAND Flash-
TIaMSTh ), I7Ie B Ka4eCTBE AJIEMEHTOB Hcnonb3ytoTes MOI-
TPAH3UCTOPHI C «IUIABAIOIIMM» 3aTBOpoM. OJHAKO 3a-
MEHHTH BCE CYNIECTBYIONINE ONTUICCKUE U MATHUTHBIC
HAKOITUTEII ITHM TUIIOM HOCHUTEIS HEBO3MOXKHO, I10-
CKOJIBKY B CHUTY CBOETO mpuHImIA nericTBus Flash-ma-
MSTB JIOITyCKAET JINIIb OTPAHHICHHOE KOJIIMIECTBO IIHK-
JIOB CTUpPAHUA U 3allMCH.

Pentenue nanHO# poOIEMBI 3aKITIOYAETCS B TIOUCKE
JPYTUX MIPUHIIMIIOB XPAHCHNUS U 3aITUCH HH(POPMAIIHH B
cymectBytomux MOII-Tpan3ucTropax, KOTOpEIEC TO3BO-
JSUTH OBI OCYTIIECTBILITH HEOTPAHNIEHHOE YHCIIO IINKIIOB
3anucu/mniepe3anucu uHpopmanuu. [lepcrneKkTHBHBIM
3]1eCh MOXKET OBITh UCTIONIB30BaHUE 2P PEKTOB MepeHoca
HOHOB B TI013aTBOPHOM TUIJICKTPHUKE U UX B3aUMOJICH-
ctBus ¢ kaHainoM MOII-tpan3ucropa [1, 2].

B Hacrosimeit paboTe paccMaTpUBarOTCs BO3MOXKHO-
cTH peanm3anyu npuHImmoB Flash-nmamsTi Ha ocHOBE A¢-
(EKTOB DIIEKTPOHHO-HOHHOTO B3aUMO/ICHCTBHSI B KPEM-
HHUEBBIX MOJIEBBIX TPAH3UCTOPAX C U30JIMPOBAHHBIM 3aT-
BOPOM.

PaGora BeimonseHa npu nozieprkke Poccuiickoro oxma GhyHrameHTab-
HbIX uccnenosanuit (rpant Ne08-07-00360-a, rpant Ne09-07-13594-
obu_11), ¥ PU YaCTHIHOM (PHAHCUPOBAHUH TI0 MPOrpamMmme (GpyHIaMeH-
TanbHbIX ucenenoBanuit [Ipesuanyma PAH No21 «OcHoBbl (hyHIaMeH-
TAJIBHBIX UCCIICIOBAHUI HAHOTEXHOJIOT il X HAHOMATEPUAIIOBY.

3KC1’lepI/lMeHTaJII>HI>Ie pe3yibTarbl
U UX 00CyiK/IeHHe

Jliis akcriepuMenTa ObUTH BBIOPAHBI TPAH3UCTOPHI €
TOJIIUHON TEPMUUYECKOTO MOA3aTBOPHOTO OKCHAA
h=1000 A, MIMPUHOHN JEKTPOJIOB UCTOK/CTOK W=1 MM,
paccrosinueM Mexny HuMu L=10 mxm. B [2] Obuto mo-
Ka3aHO, 9YTO U3MCHEHHS JICKTPOPUINUSCKIX XapaKTe-
PHCTHK TPAH3UCTOPOB B PE3yIBTaTe HOHHOU TOJSIpH3a-
IIUH JUJICKTPUKA B PSKUME JDKOYIIEBa pa3orpena mpu-
00pa TOKOM CTOKa COXPaHSIOTCS P KOMHATHOM TeMIIe-
paType B TeueHHE JJIMTEeNbHOro BpeMeHu. [IpoaemMoH-
CTPUPYEM BO3MOKHOCTB 3aIHCH/TIepe3anuc nHPopMa-
IIUH Ha n-KaHaIbHBIX Si-MOII-TpaH3ucTopax Mnpu cTaH-
JApTHBIX YCIOBUIX PaOOTHI COBPEMEHHBIX 3aTIOMIHAIO-
LIUX YCTPOUCTB.

M3mepeHus mpoBOIUIIN PH KOMHATHOH TeMmIeparype
Ha KOMIIbIOTepU3HpoBaHHON ycTanoBke [3]. o nonspu-
3aIMOHHON 00pabOTKH OKCHUJIAa PETHCTPUPOBAIACh 3aBH-
CUMOCTh TOKa CTOKa / OT IOTeHLMaa 3arsopa V_mpu
Hanpsokenuu Ha ctoke V =0,1 B (puc. 1, xpusas 7). 3a-
TeM IIpU 3alaHHOM NoTeHuuaie 3arsopa ¥ =20 B nona-
BAJIOCh HAMPSDKEHUE HA CTOK V=12 B B Teuenue 1 MuH.
IMocne Taxoit 00pabOTKU pEruCTPHUPOBATIACH 3aBUCUMOCTD
TOKa CTOKa / OT HANpsKEHHUs 3aTBOpa V, (puc. 1, xpu-
Bast 2). ComocTaBiieHUE MTOTyISHHBIX YKCIIEPUMEHTAITb-
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Puc. 1. 3aBucumocTts ToKa cToka / OT moTeHImana 3aTsopa V.

npy Hanpskennu Ha croke V =0,1 B u Temneparype 7=293 K:

1 — 1o nonsipuzanmm; 2 — rociie HoJsipru3aliiy OKcua (3arnmck nHpop-

Manun); 3 — Iocie CTHpaHHs MHpOpManuy; 4 — IPOMEXKYTOIHOES
COCTOSAAHHE
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Puc. 2. 3asucumocts npoussonnoii d//dV, ot morenumana
3aTBOpa V, NIl KPHBBIX, PECTABJICHHEIX Ha PHC. 1
(Hym™meparust Ta xe)

HBIX KPUBBIX MOKA3bIBACT, UTO MOJISIPU3ALNS OKCHIA CO-
MIPOBOXKJACTCS CYIIECTBEHHBIM YBEINUIEHIEM TOKA CTO-
Ka U KPYTHU3HBI XapaKTEPUCTHKU U PUBOIUT K HEOOIIb-
IIIOMY CABHTY IIOPOTOBOTO HAMPSHKCHUS TPAH3UCTOPA.

Ha puc. 2 npescraBiieHbl 3aBUCUMOCTH ITPOU3BOTHBIX
d//dV ot moTeHImana 3aTBOpa V> XapakTepusyromnme
3(h(heKTUBHYO MOABIKHOCTE dJIEKTPOHOB ¥ B n-KaHa-
71e (CITOABIKHOCTD 3 PEKTa MO ). DTH KPHUBBIC MOTTY-
YeHbI YHCIICHHBIM TU(depeHInpOBaHNEM KPHUBBIX / 1 2
puc. | ¢ mpuUMEHEHNEM TPOUEAYPHI CIIAXHUBAHUS IO
aJlanTUBHOMY anroputMmy TuxoHoBa [4].

ComitacHo [5], 3 pexTrBHAS TOABMKHOCTD JIEKTPO-
HOB OIIpeieNsieTcs Kak

«_ 1.doy(Vy)
,
G dy,
rie C,=g,g/h=3,448-10"% ®/cm> — ynenpHas «eMKOCTh OK-
cumay;
80, € — JUBJICKTpHUYECCKasd MPOHHUIAaEMOCTb BaKyyMa U OK-
CHia, COOTBETCTBEHHO;
O, — ylenbHas MOBEPXHOCTHASI MPOBOJUMOCTDH HHBEPCH-
OHHOTO Kanana, 0 =IL/(WV ).

D dekTrBHAS TIOIBIKHOCTB 3JICKTPOHOB | * 1715 TOUEK
MaKkcMMyMa KpuBbIX / U 2 Ha puc. 2 — U* u P* - co-
cTaBiseT cooTBeTcTBeHHO 1130 m 2667 cm?/(B-c)
(Vd:0,1 B), T. e. mocie monsipu3anuu OKCUIa MaKCH-
MaJIbHOE 3HaYCHUE L* Bo3pacTaeT mpuMepHO B 2,3 pasa.
[loporosoe Hanpsbkenne Tpansucropa V, (Kpusbie 2 Ha
puc. 1 u 2) caBuraercs B CTOPOHY OTPHUIIATENbHBIX 3HA-
uenuii V, na emmuuny AV, =0,2 B. 3nauenue V,, onpe-
JETSUTOCH IMHEHHOM SKCTPAIOIIIINEH 10 TIePECeUSHNS C
OCBIO V KPUBBIX 3aBUCUMOCTH /( Vg), W3MEPEHHOH TIpn
MaJTbIX %g [5] (puc. 3). OT™meTHM, uTo KpuBas 2 Ha puc. 1
COOTBETCTBYET PEXKUMY «3aITUCh HHPOPMAITHI.

[Tocie MPOBEICHHBIX OMBITOB YaCTh TPAH3HCTOPOB C
«3anvcanHor nH(opMaIHei» OCTaBIIsUIN Ha JUTUTEITHHOE
BpeMs B 1a0opaTopHBIX yciaoBusax. Kak okaszanocs, 3a-
nucanHas WHPOPMaNnnus MOKET XPaHUTHCS TOTaMH.
Hpyras yacts mprOOpPOB MOIBEPTaNach HCCICIOBAHNU-
SIM, HaIlPaBJICHHBIM HA MOUCK ONTHMAIBHOTO PEXHMa
ctupanus uHGopmManuu. s 9Toro 3HAYCHUS HANIpsKe-
HISI HA 3aTBOPE, CTOKE U BPEMsI BEIICPKKH BAPbUPOBAIIH
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Puc. 3. MimtocTpanust Ipouesypsl OMpeAeieH s 10poro-
BOTO HampspKeHus Tpansucropa V, (puc. 1, kpusblie /, 2)

(V=03 B; V,,,= 0,5 B)

1 1

B IIINPOKOM JIHAIA30He. DKCIIEPUMEHTHI TIPOBOIVIIA ClIe-
IYIOIAM 00pa3oM: BHaJaje HA 3aTBOP U CTOK IPHUKIIA-
IBIBAIOCH HATIPSDKEHUE, COOTBETCTBYIOIIEE YCIOBHSIM
«3aIUCHy», 3aTE€M Ha 3aTBOP CKAYKOM TO/IaBAJIH OTPHIIA-
TENFHOE HAIPSHKCHUE U ITOIICPIKIBAIIH €T0 OIIpeeIICH-
HOE BpeMsI IPU HEM3MEHHOM 3HaueHuH V. bt Halinex
ONITUMANTEHBIN PEXKUM, PE3YIBTaT KOTOPOTO IEMOHCTPH-
pyeT kpuBasi 3 Ha puc. 1, coBmagaromas ¢ KpuBoi /
(Vg=—20 B, Bpemst Beiiepkku | MuH).

Jlis cpaBHEHUS pacCMOTPUM MPHHIUI paboTsl Flash-
namsTy [6]. B mpocteiiimem cirydae Kaxmas siaeiika xpa-
HUT OJTUH OUT HH(OPMAITUH  COCTOUT U3 OJTHOTO IT0JIe-
BOT'O TPAH3HUCTOPA CO CIICIHATBHON dJICKTPHYCCKH H30-
JUPOBAHHOH 00JIACTHIO («TUIABAIOIIAMY 3aTBOPOM ), CIIO-
COOHOI XpaHUTH 3apsi1 MHOTHE ToI61. Hammaue wimu ot-
CYTCTBHE 3apsiaa KOAUPYETCs OJHUM OUTOM HH(OpMa-
. [Ipu 3anwcy 3apsiz mepeMeracTest Ha «TUIaBatOIIIIiD)
3aTBOP OIHHUM U3 JBYX CIIOCOOOB, KOTOPHIH 3aBHCUT OT
THUIA TYCHKU: METOIOM UHXKEKIIUH «TOPSIUX)» IIEKTPO-
HOB HJIM TYHHEIHPOBAHHEM MIIEKTPOHOB. CTHpaHUE CO-
JEPKUMOrO SIUEHKH (CHATHE 3apsijia C «IUIABAIOIICTO)
3aTBOpa) CBSA3aHO C TyHEUIHMpoBaHHEeM. Kak mpaswmio,
HAITMYHUE 3apsi/ia Ha TPAH3UCTOPE TIOHUMACTCs KaK JIOTHU-
yeckuid «0», a ero OTCyTCTBHE — Kak JIorudeckas «1».
[ToBeneHwe TpaH3UCTOPA 3aBUCUT OT KOJIMIECTBA AIICK-
TPOHOB Ha «IUIaBaroneM» 3aTBope. «IlnaBaromuin» 3a-
TBOP UTPAET TY K€ POIIb, YTO U KOHACHCATOP B yCTPOIA-
CTBaX JMHAMUYECKOM MaMSTHU C IPOU3BOJIbHBIM IOCTY-
oM (DRAM), T. e. XpaHUT 3apoOrpaMMHUPOBAHHOE 3HA-
yenue. Bo Flash-mamsty 9Tu 1Ba COCTOSIHUS pa3inyaroT-
sl TIO BEJIMUMHE 3apsi/a, IEPEeMENICHHOTO Ha «IIaBaro-
MM 3aTBOP TPaH3UCTOPa. MHOTHE KOMITAHIH HaYajIH
BhIMycK MHKpocxeM Flash-mamstu, B KOTOphIX ofHA
sYeiKa XpaHuT 1Ba 6uta. TeXHOIOTHS XpaHESHUS IBYX U
Gonee 6UTOB B OIHOM Avelike nmomyunia HazBaHue MLC
(multilevel cell — MHOTOYypOBHEBas sT4ciika). B TexHO-
noruu MLC ucnons3yeTcs aHaJIoroBast IpUpo/Ia TIeHKI
namstu. B otinane ot «o0bruHON» Flash-mamsitir, MLC
CIOCOOHA pa3nuyaTh 00Jiee IBYX BEIHYHH 3apsIIOB, I1e-
PEMEIIIEHHBIX Ha «TUIaBAIOIINIDY 3aTBOP, U, COOTBETCTBCH-
HO, OoJbIliee YKUCIIO cocTosTHUE. [Ipn 3TOM Kaxmaomy
COCTOSTHHIO B COOTBETCTBHE CTABUTCS OTIPEICIICHHAS KOM-
OuHanus 3HaueHuit outoB. Bo Bpems 3amucu Ha Flash-
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MaMSATH TOMEIIAeTCs KOMIECTBO 3apsiia, COOTBETCTBY-
1011Iee He00X0ANMOMY COCTOSTHHIO. OT BETIMUMHBI 3apsiaa
Ha «IDTaBaIOIIEM» 3aTBOPE 3aBUCHT ITOPOTOBOE HAIIPSI-
JKEHHE TPAaH3HCTOpa, KOTOPOE MOYKHO H3MEPHUTH TIPH UTe-
HUH U ONPEACTHUTH [0 HEMY 3aIlCaHHOE COCTOSIHUE, &
3HAUUT 1 3aIMCaHHYIO MOCIEA0BATEIHLHOCTH OUTOB.

[Tonmy4yeHHbIe pe3yabTaThl SKCIICPUMEHTOB C 71-Ka-
HanbHBIMH Si-MOII-TpaH3uCTOPaMHU ITOJTHOCTHEO COOT-
BETCTBYIOT cxeme paboThl Flash-mamstu. B Hatewm ciry-
9ae PoIIb «IUTABAIOIIET0» 3aTBOPA UTPAIOT TOJIOKHUTEIb-
HBIC MOHBI, HAXOISIIHECS y TPAHHIIBI pa3aeia «OKCHI—
KpeMHui». «Pa3MenieHue» 3JeKTPOHOB Ha MOHAX (B
pe3yibTaTe 4Yero BOSHUKAIOT HEUTPaIbHBIC aCCOIUATHI
[7, 8], T. e. mon+anexrpon-+nedopmanns pemerku Si0,),
KaK ¥ UX yXOII, IPOMCXOINT 32 CUCT TYHHENBHBIX TIepe-
XOZIOB HOCHTEJEH 3apsijia MEXAy pa3perieHHON 30HOH
MOJTYIPOBOJIHUKA U CBS3aHHBIMH C MOHAMH JIOKAJIH30-
BaHHBIMHU COCTOSHISIMU. [10CKONBEKY MOHHAS MTOJISIpU3a-
IS OKCHJIAa COTIPOBOYKIACTCS YBEIIMIECHIEM TOKA CTOKA
Y KPYTH3HBI XapaKTePUCTHKH TPAH3UCTOpa B J1Ba U 0O-
nee pasa (puc. 1, 2, a takxe [1, 2]), 3anuch, uTeHUE U
CTHpaHue HHPOPMAITUH MOKHO OCYIIECTBISTH KaK C TIO-
MOIIBIO CITBUTA TOPOTOBOTO HANPSKEHHS TPAH3UCTOPA,
TaK ¥ I3MEHEHHNEM TOKa CTOKa M KpYTH3HEL [1o-Brammo-
MYy, IPEATIOKEHHAS «STUSHKa TaMATID MOJKET HAXOIHUTh-
csl HE B IBYX COCTOSHIAX — «0» mim «1», a eme u B
MIPOME)KYTOYHBIX, T. €. BECTH CeOsl aHAIIOTUIHO MHOTO-
ypoBHeBoi stueiike MLC (puc. 1, kpusas 4). Takum 00-
pa3om, 3a C4eT BapbUPOBAHIS 3HAYCHUI HAIIPSDKSHUS 3a-
TBOpA, TIOTEHIIHANA CTOKA U ITPOIOKUTEIEHOCTH TOKO-
BOI HArpy3KH (KOTOpast ONIpeIeNsIeTCs pa3MepaMu TpaH-
3UCTOPA) MOXXHO M3MCHATH 3aIMCAHHBIC COCTOSHHS B
sTYeHKe MaMsITH, 9TO ¥ CO3TAaeT OCHOBEI TSI pa3padOTKH
npubopoB Flash-nmamsitu HOBOTrO TIOKOJICHHSI.

N3 paboT o uccnenoBanuro 3G HeKToB AIEKTPOHHO-
HOHHOTO B3aumoJeiictBus B Si-MOII-ctpykrypax [1, 2,
7, 8] ciemyerT, 4To 1o CpaBHEHUIO ¢ TpaauiruonHou Flash-
MaMATHIO TAMSITh, TOCTPOCHHAS Ha OCHOBE HOHHOM OIS~
pH3aIny TpaH3UCTOpa, 00JIee JONTOBEYHA, YTO TIOBEIIIACT
HaJCKHOCTD 3aIIOMUHAIOIINX YCTPOHCTB. 3aITUCh MOXKET
XPaHHUTHCS TOPA3/I0 OB, T. K. HIEKTPOHY «HEBEBITO/I-
HO» MMOKHJIATh HEUTpaIbHBIN acconuar. B ciryuae ke Tu-
oo Flash-nmamsiTi 37€KTpOHBI CO BpeMEHEM MOTYT
YXOZIUTH C «TIIABAIOIIETO) 3aTBOPA TPAH3UCTOPA 38 CUET
TYHHEJIBHOTO TIepexo/ia («IIpocadanBaTbesy» ). Benenctaue
MUHHUATIOPHU3AIINAH SYCCK TaMsATH TaHHBIN 2P PeKT OyaeT
TIPOUCXOIUTH OBICTpEe, 8 COOTBETCTBEHHO H MOTEPSI TaH-
HBIX Oy/IeT IPOMCXOIUTH PaHbIle. 3aicCh H CTUPAHNE HH-
(bopManyu MPOUCXOINT B peKUME TyHHEMHpoBaHus Da-
ynepa—Hopareiima, 4To B UTOTe€ MPUBOIUT K TIOJICBOMY
TTOBPEIKICHUIO U30IHMPYIOIIero cios [9]. B namewm ciy-
9ae MOJIsI B OKCHJIC HAMHOTO MEHBIIIE U IOBPEXKICHNS HE
TIPOVCXOIHT.

AHanm3 B3aUMO/IEHCTBIS NOABMKHBIX YACTHII B JTH-
anektpudeckom cioe [ 10] mokasza, 9To mpu KOHIIEHTpa-
1mK HoHOB MeHee 5-1013 cm 2 narepanbHOro pacnana cu-
CTE€MbI HEUTPAJIbHBIX aCCOLIMATOB HE TPOUCXOAUT. B Ha-
CTOSIIIIEe BPEMS UMEIOTCS IIMPOKUE BO3SMOKHOCTH BBI-
0opa IUAIEKTPUKA U METOJOB BBEICHUS ITOIBIKHBIX
HMOHOB B OKchJI (00paboTka 00pa3IoB COJMSIMU COOTBET-
CTBYIOIINX AJIEMEHTOB, HOHHASI UMITIaHTAIINS, HAaHEeCe-
HHE TpeOyeMOoro IeMEeHTa METOZOM HCIIapEHHS B BaKy-
yMe U T. 11.). VI3 Bcero cka3aHHOTO CIEAyeT U eIIe OTHO

MPEUMYIIECTBO pacCMaTPUBAEMOTO MOAXOMa K CO3a-
HHIO yCTPONCTB MaMSITH — BO3MOYKHOCTh BOCCTAHOBJIE-
HUSI KOH(QUTYpAIAH CHCTEM ITyTeM ACHOJIIPU3AIINH H TO-
BTOPHON MOHHOM MOJISAPU3AIMH U30JUPYIOIIMX CIOEB.
OTMETHM M BO3MOXXHOCTB IMOBBINICHUS TOJBIKHOCTH
3IIEKTPOHOB B KAHAJIC MHBEPCHUH [IPU HOHHOM MOJISIpH3a-
IIMH TIO/I3aTBOPHOT'0 OKCHIA. DTO SIBJICHHE PEICTABISICT
3HAYUTEIIBHBI UHTEPEC B OTHOLICHHH CYOMUKPOHHBIX
TIOJIEBBIX TPAH3UCTOPOB, OBICTPOICHCTBHE KOTOPBIX B pe-
3yJBTaTe TAKOH MPOCTON 00paOdOTKH JOHKHO BO3PACTATb.

BBoanl

TakuM 00pa3oMm, okasaHa BO3MOKHOCTb peaTH3aluH
YCTPOHCTB IOJITOBPEMEHHOM TIepeCTPanBaEMOit DIIEKTPOH-
HO-MOHHOM TAMSTH C IPOU3BOIBHBIM JOCTYIIOM Ha KPeM-
HHEBBIX IOJICBBIX TPAH3UCTOpPAaX C M30JMPOBAHHBIM 3a-
TBOPOM. 3amuch ¥ CTHpaHHe MH(POPMALUK IPOU3BOAAT
AIEKTPOTEPMHUYECKHM criocoboM. [IpocToTa BapbrpoBa-
HIS PeKUMA 3aITHCH, TIEPE3aIiCH, CTHPAHHS 32 CYET IO/
0opa 3HaYCHII HANPSDKEHUS Ha 3aTBOPE, CTOKE U IPOJIOIT-
YKUTEIFHOCTH TOKOBOH HArpy3KH MO3BOJISIET B CYIIIECTBCH-
HBIX IIpEACIaxX U3MCHATH 0a30BbIE XapPaKTCPUCTHUKU SICCK
namsTH. [lomyyeHHbIe pe3ysIbTaThl 1al0T OCHOBAHHS 110J1a-
raTh, 4TO 110 CPAaBHEHUIO C TPAIUIOHHON KPEeMHHEBOH
Flash-mraMsTBFO TaKoe 3aITOMUHALOIIEE YCTPOUCTBO OyIeT
0oJ1ee HAIEKHO U JOJITOBEYHO.
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