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HOBBIN OJIXOJ1 K CO3JAHUIO YCTPONCTB
C DHEPTOHE3ABUCUMOU ITAMSTHIO
HA OCHOBE Si-MOII-TPAH3UCTOPOB

IIpooemoncmpuposana 803MOACHOCMb pe-
AnuU3ayUU Ha NOJEBbIX MPAHZUCMOPAX C
UBOTUPOBAHHBIM 3AMEOPOM INLEKMPOHHO-
UOHHOU namsamu, Komopas Modxicem npeo-
cmasaams unmepec 011 pazpabomixu
Flash-namamu nosoco noxonenus.

XOpoIIO U3BECTHO, YTO B COBPEMEHHOIN MUKPOAIIEK-
TPOHUKE UCIIONB3YETCsl HECKOJIBKO THUIIOB MOJIYIIPOBOI-
HUKOBBIX YCTPOICTB MaMSTH, pa3IU4atoLUIUXCs 110 ObIC-
TponeicTBII0, 00beMy, HEOOXOANMOCTH MUTAHUS, Taba-
pUTaM U IpYI'MM XapakTepucTukaM. MHOro4HnciIeHHbIe
BHJIBI 3TUX MHKPOCXEM C Pa3JIMYHBIMU MapaMeTpamu
MOJKHO Pa3JIeNUTh Ha JIBE TPYIIIIBI IO OTHOIICHHIO MaMsi-
TH K HAIMYHIO TUTAHUS, T. €. COXPAHSIIOTCS JIM 3aIiCaH-
HbI€ JaHHBIE TIPU BHIKJIIOUEHHOM IMUTAHUHU WK HE COXpa-
HAIOTCSA. [Ipyroi 10CTaToOYHO BaXKHOM XapaKTePUCTUKON
SBIISICTCSI BO3MOXKHOCTD JTOCTYTIA TI0 JIIOOOMY anpecy
(T. e. K MPOU3BOIBHON stueiike). Cpenu SHEProHE3aBH-
CHUMBIX TUIIOB MTAMATH C TIPOU3BOJIBHBIM JIOCTYTIOM CEH-
yac quaupyet kpemuueBas Flash-mamsts (NAND Flash-
MIaMSATh), [JIe B Ka4eCTBE IeMEHTOB ucnoub3ytoTes MOII-
TPaH3UCTOPHI C «IUIABAIOIIMM» 3aTBOpoM. OJHaKo 3a-
MEHUTH BCE CYILIECTBYIOIUE ONTUYECKUE U MATHUTHbIE
HAKOITUTEI STUM TUIIOM HOCHTENS HEBO3MOXKHO, I10-
CKOJIBKY B CHIIy CBOEro mpuHmumna jeiicrsus Flash-ma-
MSATB JIOMyCKAET JIUILb OTrPaHHYEHHOE KOJTUYECTBO UK~
JIOB CTHUPAHUS U 3aIHCH.

Pernrenne nanHO# IPOOIEMBI 3aKITIOYACTCS B TIOUCKE
JIpYTUX MPUHIMIIOB XPAHSHNUS U 3aITUCH HH(POPMAIIIH B
cymectytonmx MOII-Tpan3ucropax, KOTopble MO3BO-
5T OB OCYIIECTBIISTh HEOTPAaHUUEHHOE YHCIIO IIUKIIOB
3anucu/nepesanucu uHpopmanuu. I[lepcnexkTuBHBIM
3[IeCh MOXET OBITh HCIONIB30BaHue 3P (HEeKTOB repeHoca
HOHOB B I10A3aTBOPHOM JIUAJIEKTPUKE U UX B3aUMOJIEH-
ctBus ¢ kanajgom MOII-Tpan3ucropa [1, 2].

B Hacrosieit paboTte paccMaTpuBarOTCsi BO3MOXKHO-
cTu peanm3anuu npunimios Flash-namstu Ha ocHOBE 3¢-
(EeKTOB PJIEKTPOHHO-MOHHOTO B3aUMOJICHCTBHS B KPEM-
HHUEBBIX ITOJIEBBIX TPAH3UCTOPAX C U30JIMPOBAHHBIM 3aT-
BOPOM.

Pa6ora BeinonseHa npu nopieprkke Poccuiickoro doxaa GhyHmameHTab-
HBIX uccnenoBanuid (rpant Ne08-07-00360-a, rpant Ne09-07-13594-
o _11), ¥ IPU YaCTHIHOM (PHHAHCUPOBAHUH TI0 MPorpamMmme GpyHIaMeH-
TanbHbIX uccnenoBanuii [Ipesuauyma PAH Ne21 «OcHoBbl dhyHIameH-
TaJIbHBIX UCCIICIOBAHNI HAHOTEXHOJIOTHIT 1 HAHOMATEPHAIOBY.

JKCNepUMeHTAJIbHbIE Pe3yJIbTAThI
U UX o0cy:KaeHmne

Js sxcrieprMenTa ObUTH BEIOPAHBI TPAH3UCTOPHI €
TOJNIIUHON TEPMUUYECKOTO MOA3aTBOPHOTO OKCHAA
h=1000 A, ITUPUHOH JIEKTPOJIOB UCTOK/CTOK W=1 MM,
paccrosinueM Mexay HuUMH L=10 Mxm. B [2] Obuio mo-
Ka3aHO, 9YTO U3MCHEHHS JICKTPOPUINUSCKIX XapaKTe-
PHCTHK TPAH3UCTOPOB B PE3yJIBTaTe HOHHON TOJsIpH3a-
IIUH JUJICKTPUKA B PSKUME JDKOYIICBA pa3orpesa mpu-
60pa TOKOM CTOKA COXPAHSIIOTCS PU KOMHATHOM TemIie-
patype B TeUeHUE JUIUTEIBHOIO BpeMeHHU. IIponeMon-
CTPUPYEM BO3MOKHOCTD 3aIlTUCH/TIepe3arucH HHPOpMa-
MY Ha n-KaHabHBIX Si-MOII-TpaH3ucTopax npu cTaH-
JApPTHBIX YCIOBHUIX PaOOTHI COBPEMEHHBIX 3aTIOMHIHATIO-
LIUX YCTPOUCTB.

W3mepenus npoBoauiIu IpY KOMHATHOM TeMIIepaType
Ha KOMIIbIOTepPU3UPOBaHHOM ycTanoBke [3]. o nomisipu-
3aI[IOHHON 00pabOTKM OKCHIA PETHCTPHPOBAIACH 3aBHU-
CHMOCTh TOKa CTOKa / OT moTeHUurasna 3arBopa V_npu
HarnpsokeHun Ha ctoke V =0,1 B (puc. 1, xpusas 7). 3a-
TeM IIpU 3alaHHOM IT0TeHIuaie 3arsopa ¥ =20 B nona-
BAJIOCh HANPSDKEHUE HA CTOK V=12 B B Tevenue 1 Mun.
IMocne Taxoit 00pabOTKU PErUCTPUPOBATIACE 3ABUCUMOCTb
TOKa CTOKa / OT HANpsKeHUA 3aTBOpa V, (puc. 1, xpu-
Bast 2). COnoCTaBICHUE TOTyYCHHBIX IKCIIEPUMECHTAITb-

0 2 4 6 8 10
Vg, B
Puc. 1. 3aBucumocTts Toka cToka / OT moTeHImana 3aTBopa V.
npu Hanpsokennu Ha ctoke V =0,1 B u Temneparype 7=293 K:
1 — 1o nonsipuzanuu; 2 — rociie noJsipru3aliy oKcua (3amnuck nHhop-

Manun); 3 — 1ocie CTUpaHust nHPOpMauu; 4 — MPOMEXYTOUHOE
COCTOsIHHUE
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Puc. 2. 3asucumocts npoussonnoii d//dV, ot morenumana
3aTBOpA V, IS KPUBBIX, TIPEJICTABICHHBIX Ha PUC. 1
(Hy™Meparmus Ta xe)

HBIX KPHUBBIX MOKA3bIBACT, YTO MOJISIPU3AINS OKCHIA CO-
MIPOBOXKACTCS CYIIECTBEHHBIM YBEINIEHIEM TOKA CTO-
Ka M KPyTHU3HBI XapaKTEePUCTUKH U IPUBOIUT K HEOOIIb-
IIOMY CABHTY IOPOTOBOTO HAMPSHKCHUS TPAH3UCTOPA.

Ha puc. 2 npesncraBiieHbl 3aBUCUMOCTH ITPOU3BOTHBIX
d//dV ot moTenmmana 3aTBOpa V> XapakTepusyromme
3(h(HeKTUBHYO MOJABHKHOCTH 3JICKTPOHOB WU* B n-KaHa-
71e (CITOABIKHOCTD 3 PEeKTa MO ). DTH KPUBEIE MOTY-
YEHBI YUCICHHBIM TU(PEPEHIINPOBAHNEM KPHUBBIX [ 1 2
puc. | ¢ mpuUMEHEHNEM TPOUEAYPH! CIIMAXUBAHUS 110
aZanTuBHOMY anropurmy TuxoHosa [4].

ComitacHo [5], 3¢ dexTrBHas TOABIKHOCTB JIEKTPO-
HOB OTIpeieNsieTcs KaKk

. 1do (V)
C dr,

b
e C,= g,e/h=3,448-10"% d/cM*> — ynenbHas «eMKOCTb OK-
cumay;
80, € — OUBJICKTPUYCCKaA IIPOHUIIACMOCTh BaKyyMa U OK-
CHJla, COOTBETCTBEHHO;
O, — yIenbHas MOBEPXHOCTHAS TPOBOAMMOCTh HHBEPCHU-
OHHOTO Kanana, 6 =IL/(WV ).

D¢ deKTHBHAS TIOIBIKHOCTB IEKTPOHOB L * 71 TOUEK
MaKCMMyMa KpHBbIX / U 2 Ha puc. 2 — u* wu p* - co-
cTaBiseT cooTBeTcTBeHHO 1130 u 2667 cm?/(B-c)
(Vd:0,1 B), 1. e. mocne monsipu3anuu OKCHUA MaKCH-
MaJIbHOE 3HaYCHUE W¥ BOo3pacTaeT MpuMepHO B 2,3 pasa.
[Toporosoe HanpspkeHue Tpansucropa V,, (Kpusbie 2 Ha
puc. 1 u 2) caBuraercs B CTOPOHY OTPHUIIATENLHBIX 3HA-
YeHUHN Vg Ha Bennunny AV, =0,2 B. 3nayenue V,, onpe-
JETSUTOCH TMHEHHOM SKCTPAITOISIIUEH 0 TIEpeCeUeHNS C
OCbI0 V KpUBBIX 3aBUCUMOCTH /(V), U3MEpEHHOU TpH
MaJIbIX i’g [5] (puc. 3). OT™meTHM, uTo KpuBas 2 Ha puc. 1
COOTBETCTBYET PEXKUMY «3aITUCh HHPOPMAITHI.

ITocne MPOBEACHHBIX ONBITOB YaCTh TPAH3UCTOPOB C
«3anvcanHol nH(OpMAaIHe» OCTaBIISUIN Ha JUTUTEITHHOE
BpeMs B JabopaTopHBIX ycinoBusax. Kak okaszanocs, 3a-
nucaHHas WHPOPMANUI MOKET XPaHUTHCS TOJAMH.
Jpyras gacte mpuOOPOB MOJBEPTaIach UCCIEIOBAHU-
SIM, HaIlPaBJICHHBIM Ha MOUCK ONTHMAJIFHOTO PEXHMa
cTUpaHus HHPopManuu. s 3Toro 3HaueHUsI HaIpsiKe-
HISI HA 3aTBOPE, CTOKE U BPEMsI BEIICPKKH BAPbUPOBAIIH
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Puc. 3. Nnnroctpanuust npoueaypsl OnpeaeaeHus mnoporo-
BOTO HalpspKeHus Tpansucropa V, (puc. 1, kpusbie /, 2)
Vy=-0,3B; V,,=-0,5B)

t

B LIMPOKOM JHana3oHe. DKCIIEPUMEHTbI IPOBOIMUIIH Clie-
IOYIOIKAM 00pa3oM: BHaYaje HA 3aTBOP M CTOK IIPHKIIA-
JBIBAJIOCH HAIPSKEHUE, COOTBETCTBYIOILEE YCIOBHUIM
«3alKCchy, 3aTeM Ha 3aTBOP CKaYKOM I10JaBajld OTpULa-
TeJbHOE HAIIPSKEHUE U MTOIISPKUBAIU €T0 OIpeIeIeH-
HOE BpeMsl IIpU HEM3MEHHOM 3HaueHuu V. but HalineH
ONTUMAJIbHBIN PEKUM, PE3YIBTAT KOTOPOTO JIEMOHCTPH-
pyeT kpuBasi 3 Ha puc. 1, coBmagaiomias ¢ KpuBou /
(Vg=720 B, Bpemst BeIiepKKH | MUH).

st cpaBHEHHS paccMOTPHUM IpHHIHI padoTs Flash-
namsitu [6]. B mpocreiimem cirydae kaxas siaeiika xpa-
HUT OWH OUT HH(POPMAIIUU U COCTOUT U3 OJJHOTO TI0JIe-
BOTO TPAH3HCTOPA CO CIIELUATIBHON dJIEKTPUUYECKH U30-
JIMPOBAHHOM 00J1aCTHIO («IUIABAIOILMMY 3aTBOPOM), CIIO-
cOoOHOM XpaHUTh 3apsi MHOTHE rojiel. Hamuuue nnm ot-
CYTCTBHE 3apsiia KOAUPYETCS OMHUM OMTOM HH(pOpMa-
1. [Ipu 3amucu 3aps1 nepeMeraeTcs Ha «IUIaBarOLHi)
3aTBOP OAHMM U3 JIBYX CIOCOOOB, KOTOPBIH 3aBUCUT OT
THTIA TYCHKU: METOJIOM HHKEKITHH «TOPSIUX» IIEKTPO-
HOB WJIM TYHHEJTUPOBaHUEM 3JIeKTPOHOB. CTUpaHue co-
JIEPKUMOTO SYCUKH (CHATHE 3apsijia C «IJIaBarOIIero
3aTBOpA) CBS3aHO C TyHeJmupoBaHueM. Kak mpasuiio,
HaJIMYHeE 3apsia Ha TPAH3UCTOPE TOHUMAETCS KaK JIOTH-
yeckuil «0», a ero oTcyTcTBUE — KakK Jlorudeckas «1».
IToBenenue TpaH3uCTOpa 3aBUCUT OT KOJUYECTBA dJIEK-
TPOHOB Ha «IJIaBaroliemM» 3arBope. «IlmaBaromuiiy 3a-
TBOD UI'PAET TY K€ POJIb, YTO U KOHAEHCATOP B yCTPOU-
CTBaX JIMHAMUYECKOW MaMSITH C TIPOU3BOJIBHBIM JOCTY-
oM (DRAM), T. e. XpaHUT 3ariporpaMMHUpPOBAaHHOE 3HA-
yenue. Bo Flash-namstu 9Tu 1Ba COCTOSIHUS pa3IyaroT-
s TIO BEJIMUMHE 3apsi/ia, IEPEMEIICHHOTO Ha «IJIaBaro-
LIMA» 3aTBOP TpaH3ucTOopa. MHOTHE KOMIIAHUH Hadyalu
BhIMycK MHKpocxeM Flash-mamsTu, B KOTOpBIX ofHA
sYeiiKa XpaHuT 1Ba 6uta. TeXHOIOTHS XpaHESHHUS IBYX I
0oJs1ee OMTOB B OJJHOM Aueiike moay4uia HazBaHue MLC
(multilevel cell — MHOTOYpOBHEBas siueiika). B TexHo-
norur MLC ucnonb3yeTcst aHanoroBast IpupoJia seku
namstu. B otimaue ot «o0brunoi» Flash-mamsti, MLC
crocoOHa pa3nuyarhb 0oJiee IBYX BeJIMUMH 3aps10B, Ie-
PEMEILIEHHBIX Ha «IIIaBaIOLLID) 3aTBOP, U, COOTBETCTBEH-
HO, OojpmIee YnCiIo cocTosHUM. [Ipu 3TOM Kakmomy
COCTOSIHUIO B COOTBETCTBHE CTAaBUTCS OIPE/IEIICHHAS KOM-
OuHanus 3HaueHUi OutoB. Bo Bpems 3amucu Ha Flash-
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MaMSTH OMEIIAeTCs KOIUIECTBO 3apsiia, COOTBETCTBY-
I011Iee He00X0ANMOMY COCTOSTHHIO. OT BEITMUMHBI 3apsia
Ha «IUTaBaIOIIEM» 3aTBOPE 3aBUCHT ITOPOTOBOE HATIPSI-
JKEHHE TPAaH3HCTOpa, KOTOPOE MOYKHO H3MEPHUTH IIPH UTe-
HUH U ONPEACITHUTH [0 HEMY 3aIMCAaHHOE COCTOSHUE, a
3HAUUT U 3aIMCaHHYIO MTOCIEI0BATEILHOCTE OUTOB.

[Mony4yeHHBIC pe3yabTaThl SKCIICPUMEHTOB C 71-Ka-
HabHBIME Si-MOII-TpaH3uCcTOpaMH MMOJTHOCTHIO COOT-
BETCTBYIOT cxeme paboThl Flash-mamsrtu. B Hamiem ciy-
4ae poIIb «IUTABAIOIIET0» 3aTBOPA UTPAIOT ITOJIOKHUTEIb-
HBIC MOHBI, HAXOSIIHECs y TPaHUIIBI pa3iena «OKCHI—
KpemMHU». «Pa3menienne» 3IeKTPOHOB Ha MOHax (B
pe3yibTaTe 4ero BOSHUKAIOT HEHTPaJIbHBIC aCCOIUATEI
[7, 8], T. e. mon+anexrpon-+nedopmanus pemerku Si0,),
KakK U UX YXOJI, IIPOUCXOINT 3a CYCT TYHHEIBHBIX Iepe-
XOJOB HOCHUTEJIEH 3apsiia MEXAY Pa3pelIeHHON 30HOU
MOJTYIPOBOJIHUKA U CBS3aHHBIMH C MOHAMH JIOKAJIH30-
BaHHBIMHU COCTOSTHISIMU. [10CKONBEKY HOHHAS TTONIsIpH3a-
IS OKCHJIA COTIPOBOIKIACTCS YBEITMUCHHEM TOKA CTOKA
M KPYTH3HBI XapaKTEPUCTHKH TPaH3UCTOpa B 1Ba U 0O-
nee pasa (puc. 1, 2, a taxxe [1, 2]), 3anuch, YTeHHE U
CTHpaHue HHPOPMAIINU MOKHO OCYIIECTBIISTH KaK C IO~
MOIIBIO CIIBUTA TOPOTOBOT'O HANPSDKEHUS TPAH3UCTOPA,
TaK ¥ I3MEHEHHEM TOKa CTOKa M KpYTH3HBL [1o-Buanmo-
MYy, IPEATIOKEHHAS «STUSHKa ITaMSITI» MOKET HAXOIUTh-
csl HE B IBYX COCTOSHISIX — «0» mmm «1», a eme u B
MIPOME)KYTOYHBIX, T. €. BECTH ceOsl aHAJIOTMIHO MHOTO-
ypoBHeBoi stueiike MLC (puc. 1, kpusas 4). Takum 06-
pa3oM, 3a CYeT BapbUPOBAHIS 3HAYCHUI HAITPSHKECHHS 3a-
TBOpA, TIOTEHIIHANA CTOKA U MTPOIOIDKUTEITBHOCTH TOKO-
BOI Harpy3KH (KOTOpasi ONpenesieTcs pa3MepaMu TpaH-
3HCTOPa) MOYKHO U3MEHATH 3aMMCAHHBIC COCTOSHHS B
STYEHKE MaMsITH, 9TO M CO3AAaET OCHOBEI ISl pa3padOTKH
npubopoB Flash-namst HOBOTO TIOKOJICHUSI.

N3 pabot mo uccnenoBaHuio 3h(HEeKTOB AIEKTPOHHO-
HOHHOTO B3anmMoiericTBus B Si-MOI-ctpykrypax [1,2, 7,
8] cnenyer, uto o cpaBHeHMIO ¢ TpaauimoHHoH Flash- ma-
MSITBIO TTAMSTh, TIOCTPOSHHAS Ha OCHOBE HOHHO MOJISIpH3a-
MU TPaH3UCTOpa, O0JIee JONTrOBEYHA, YTO MOBHIIIACT Ha-
JIEKHOCTP 3aITOMUHAIONINX YCTPOHCTB. 3aITiCh MOJKET Xpa-
HHUTBCS TOPA3I0 JOJBIIE, T. K. JJIEKTPOHY «HEBBITOHOY
MTOKU/IaTh HEUTPATIbHBIN accoluar. B ciyyae ke TUIoBON
Flash-mamsTa 7IeKTpOHBI CO BPEMEHEM MOTYT YXOAUTH C
«TUTABAIOIIETO» 3aTBOpPA TPAH3UCTOPA 32 CUET TYHHEIHHO-
TO Iepexoyia («IpocadmuBaThCs»). BeencTeue MUHHATIO-
pH3aIMHK STUCeK MaMsITH JTaHHBIN dddekT OyaeT mpoucxo-
ITH OBICTPEE, 2 COOTBETCTBEHHO M MOTEPS IAaHHBIX OyIeT
TIPOMCXOIUTE PaHBIIIE. 3aIiCh M CTHpaHHe HH(OPMAIIIH IIPO-
HCXOAWT B pexxuMe TyHHenupoBanus daynepa—Hopareni-
Ma, YTO B HTOTE TIPHBOIUT K ITOJIEBOMY TIOBPEIKICHHIO H30-
mupyromero ciost [9]. B Hamem ciydae mosnst B OKCHIIE
HAaMHOTO MEHBIIIE U TIOBPEKICHIS HE TIPOUCXOMIUT.

AHanmu3 B3auMOAEHCTBHS MOBIDKHBIX YaCTHII B [T~
anekrpudeckoM cioe [ 10] mokaszan, 9To mpu KOHIIEHTpa-
1M HoHoB MeHee 5-10'3 M2 natepanbHOro pacnasna cu-
CTEMbI HEUTPAJIBHBIX aCCOLIMATOB HE TPOUCXOAUT. B Ha-
CTOSIIIIEe BPEMST UMCIOTCS IIMPOKUE BO3SMOKHOCTH BBI-
0opa MUAIIEKTPUKA U METOJIOB BBEACHUS ITOBIDKHBIX
HMOHOB B OKcuJ (00paboTka 00pa3IoB COISIMH COOTBET-
CTBYIOIINX AJIEMEHTOB, HOHHASI UMILIAHTAINS, HAaHEeCe-
HHE TpeOyeMOTo IEMEHTa METOJIOM HCIIApCHHS B BaKY-
yMe ¥ T. 11.). VI3 Bcero cka3aHHOTO CIEIYeT U eIIe OHO
MPEUMYIIECTBO pacCMaTPUBAEMOrO IMOAX0/Aa K cO3Ja-

HUIO YCTPOHCTB MaMSITH — BO3MOKHOCTb BOCCTAaHOBJIC-
HUSI KOH(QUTYpAIA CUCTEM ITyTeM ACHOIIPU3AIINH H TTO-
BTOPHOI MOHHOM MOJIIPU3AIMH U3OIHPYIOIIUX CIOCB.
OTMETHUM M BO3MOXXHOCTB IOBBIIICHHS MOBIKHOCTH
HIICKTPOHOB B KaHAJIC MHBEPCHUU IIPU HOHHOH MOJIsIpr3a-
IIIH IO/I3aTBOPHOT'0 OKCHIA. DTO SIBJICHHUE PEICTABISICT
3HAYUTENBHBIA HHTEPEC B OTHOIICHUH CyOMHKPOHHBIX
TIOJIEBBIX TPAH3HCTOPOB, OBICTPOICHUCTBUE KOTOPBIX B pe-
3yJBTaTe TAKOH MPOCTO 00pabOTKH JJOHKHO BO3PACTATb.

BBoabl

Taxum 0Opa3omM, mokazaHa BO3MOKHOCTb peai3alluu
YCTPOWCTB IOJITOBPEMEHHOM EPECTPANBAEMOM HIIEKTPOH-
HO-MIOHHOM MaMSATH C IPOU3BOJILHBIM JIOCTYIIOM Ha KPeM-
HHUEBBIX TOJIEBBIX TPAH3UCTOPAX C M30JIMPOBAHHBIM 3a-
TBOPOM. 3aIUCh U CTUpaHHE UH(OPMAIMU TTPOU3BOJISAT
ANIEKTPOTEPMUIECKUM criocobom. [Tpocrora BapsrpoBa-
HUS1 pEKUMAa 3aIUCH, Iepe3allicy, CTUPAHUs 3a CUeT 01
0opa 3HaYCHIN HATPSDKEHUS Ha 3aTBOPE, CTOKE U IIPOJI0JI-
JKUTENTbHOCTH TOKOBOM Harpy3Ky MO3BOJISIET B CYILLIECTBEH-
HBIX [IPeJIeNiaX U3MEHSTh 0a30BbIe XapaKTEPUCTUKH STYCCK
namsATH. [TomydeHHbIe pe3yasTaThl 1at0T OCHOBAHUS 110J1a-
ratb, 4To 10 CPaBHEHUIO C TPAJULUOHHON KPEMHHEBOM
Flash-nmamsThI0 TaKoe 3aroMUHaOIIee YCTPOUCTBO OyieT
OoJee HaIEXKHO U JJOJITOBEYHO.
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