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CHCTEMbl MEMOPAaHHOTO pa3/ielieHHs Ha OCHOBAaHMM HCTOPHUUYECKMX DPa0OYMX NaHHBIX MeMOpaHHOI
cucTeMbl. balileCOBCKOe OLICHHWBAHNE YYMTHIBACT MCTOPHYECKHE JAHHBIE 32 NPEABIAYLIHE BPEMEHHbIC
WHTEpBaJIbI, YTOOBI CIIPOrHO3MPOBATH OyAyNIYIO0 TPOM3BOAWTEIHHOCTE MEMOPAaHHOTO pa3/esiCHHS,
4TOOBI U30€XKaTh HEOKUAAHHBIX MPOCTOEB U HENPEIBHICHHOTO TEXHUUYECKOro obciyxuBaHus. Habop
NIEPEMEHHBIX COCTOSHHUI, HCIOJIB3YEMBIX IJISI MOJACIUPOBAHUS POU3BOMUTEIBHOCTH, HCIOJIB3YETCS
C MOJCTBIO YXYAUICHUS XapaKTEePUCTHK JUIS IMPOTHO3MPOBAHMS HM3MEHEHHH HPON3BOAWTEIBLHOCTH M
TEXHHMYECKOTO OOCITY)KUBaHUs Ha OCHOBAaHWM M3MEPEHHBIX CBOIMCTB IOTOKOB IepMmeara, HermepMeara H
CBIPBSL.
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OIIMCAHUE U30BPETEHUA
2420-567010EA/011
KOHTPOJIb PABOYEI'O COCTOAHUA CUCTEM MEMBPAHHOI'O
PA3JAEJEHHUA 'A30B

ITEPEKPECTHAX CCBIJIKA HA POACTBEHHBIE 3AABKU

[0001] Hacrosimuass 3asiBka WCIpaIINBaeT MPHOPUTET MO NPEABAPUTEIBbHON 3asBKEe Ha
nareHt CIIIA Ne 62/711187, nogannoit 27 utonst 2018 r., comepskaHue KOTOPOW MOJHOCTHIO
BKJIFOUEHO B HACTOSIIIUHN JTOKYMEHT ITOCPEICTBOM CChUIKH.

YPOBEHb TEXHUKU

[0002] Cucrembl MeMOpaHHOTO  pas[eNieHus Ta30B  coiepkar  MeMOpaHbI,
NPOM3BOIUTEIPHOCTh ~ KOTOPBIX ~ MEHSIETCS  CO  BpEMEHeM  ClIyXObl ~ MeMOpaHsbl.
[Tpou3BoaUTENbHOCTE MEMOPAHBI MEHSIETCS M3-32 (PM3MUYECKUX W3MEHEHWH B MeMOpaHe, B TOM
YHCIie TUIACTHYECKOH aedopmaruy, (PU3NIECKUX HW3MEHEHHH M MEeXaHWYEeCKHUX HAIPSDKEHHH,
NPUJIOKEHHBIX K MEMOpaHe.

[0003] KoHTpOJb MPOU3BOANUTENBHOCTH MEMOpPAHBI B CHCTEMAaX MEMOPAHHOTO pa3aeNIeHHsI
ra3oB BKJIIOYAET aHAJIN3 TEKylled NpPOM3BOAUTEIBHOCTH MeMOpaHbl Uil OLEHKH Oyayuien
MPOU3BOJUTENBHOCTY U JKCIUIYaTALMOHHBIX PacXol0B, a TakkKe MJsg MpeJOTBpaLIeHUs
O’KH/IaEMOTO TPOCTOSI CHCTEMBI M3-32 OTKa3a MEeMOpaHHOro pasnenutens ra3os. CymmecTByeT
HEOOXOIMMOCTh B TOYHBIX CHOCOOAX OMpeneseHUs COCTOSHUS MeMOpaHbl, 4TOObI HM30ekaTh
He3aIJIAHNPOBAHHBIX OCTAHOBOK PabOThI U3-32 OTKa3a MEMOPAHHBI.

KPATKOE OITMCAHUE YEPTEXEN

[0004] AcnekTbl HACTOALIEr0 H300pETeHMs CTAHYT IOHATHBIMH TPU IPOYTEHUH
HIDKECIIeYIOIero moApoOHOro OMMCaHMs CO CCbUIKOW Ha mpuiaraemble ¢urypel. Cremyer
OTMETUTb, YTO B COOTBETCTBUU CO CTAHAAPTHOM NPAaKTUKOW B NAHHOW OTPACIH, Pa3IH4HbIE
3JIEMEHTBI NIOKa3aHbl He B MaciTabe. DakTHUeCKH, 1JIsl SICHOCTHU OIMCAHMS Pa3Mepbl Pa3JINUHBIX
3JIEMEHTOB MOTYT OBITh IPOM3BOJILHO YBEJIHMUYEHBI HJIH YMEHBIIEHBI.

[0005] Ha ¢ur. 1 moka3aHo cxeMaTH4YecKoe H300pa’keHHe CHCTEMbl MEMOpPaHHOTO
pas3zeneHus ra30B B COOTBETCTBUU C HEKOTOPBIMU BapUAHTAMU OCYLIECTBIICHUS.

[0006] Ha ¢ur. 2 mokazaHo cxeMaTH4ecKoe n300paskeHHe CUCTEMbI KOHTPOJISI MEMOpPaHBI
B COOTBETCTBUH C HEKOTOPBIMU BapHaHTAMH OCYIIECTBJICHMUSI.

[0007] Ha ¢ur. 3 mokazaHO cxeMaTudeckoe U300paskeHne KPUBOU MPOU3BOIUTEIBHOCTH
MeMOpaHbl B CHCTEME MEMOpPaHHOTO pas3feNieHHs] ra30B B COOTBETCTBHH C HEKOTOPBIMH
BapUaHTAMHU OCYIIECTBIEHUS.

OIIMCAHME TIIPEMNIIOYTUTEJIBHBIX BAPHMAHTOB  OCVYIIECTBJIEHUA
N30BPETEHUA

[0008] B cnenymoomiemM pacKpbiTUM H3JIOKEHO MHOMXECTBO PAa3JIMYHBIX BAapUAHTOB
OCYIIECTBJIEHUS] WJIM NPUMEPOB Ul pealn3allid Pa3jIMYHBbIX MPU3HAKOB IPEAJIOKEHHOTO
npeamera u3o0pereHusi. KoHKpeTHble mpuUMepbl KOMIIOHEHTOB, 3HA4YEHWH, OIEpalu,
MaTepUajoB, KOMIOHOBOK U T.Jl. OIMCAHbl HUKE JUJIS YIPOLIEHHs] HACTOSIILErO PACKPBITHS U HE

HOCAT OIPAaHUYHUTECIIBHOIO XapakTepa. Hpe):[nonara}oTcsl APYru€ KOMIIOHCHTBI, 3HA4YCHMUsI,



OTepaLyy, MaTepHUajbl, KOMIIOHOBKU U T.1. KpoMe TOro, B HaCTOSIIEM PACKPBITHH B PA3THUHBIX
IpUMepax MOTYT TIOBTOPSTBCSl CCBUIOYHBIE YHCIOBBIE W/HWIN OyKBEHHbIE IO3ULUH. JTO
NOBTOPEHHE TMPHUBOAUTCSA B LEJSIX YIPOIIEHUS U SICHOCTH M HE OOyCIIaBJIMBAET B3aUMOCBS3b
MEXAY Pa3JUYHbIMUA BAPUAHTAMU OCYLIECTBIEHHS W/ 0OCYKIaeMbIMU KOHQUTYPALIUSMH.

[0009] MemOpaHHasi TEXHOJOTHS IIUPOKO HCIONb3YETCS B PA3JIMYHBIX OTPACIX
NPOMBILUIEHHOCTH Ul JOCTIDKeHHs 5((EKTHBHOro, 3SHeprocOeperaroIero pasjaeseHus
KOMITOHEHTOB B IOTOKE CBIPbsl, MOJaBA€MOM Ha MeMOpaHy. MemOpaHHasi TEXHOJOTHs Oblia
ananTHPOBaHA JJIsl pa3feleHus Tra3oB B oOjacth n00blMM HEYTH H  YIJIEBOIOPOIOB.
[Tpon3BOAMTENBHOCTD CHCTEM MEMOPAHHOTO pa3fesieHHsl MOJBEPKeHa BHE3AMHOMY OTKa3y MpHU
NPEBBILIEHNH MEMOPaHAMH OCTaBIIErOCs CPOKa CITyKObI. TexXHOIOr st MEMOPAHHOTO pa3eeHus
NpOIIJIa JUIUTEIbHOE PAa3BUTHE M3-32 XAPAKTEPUCTHK CTAPEHUsT MEMOpaH IOCie BO3IEHCTBHS
NOBBIIIEHHBIX TEMIIEPATYP, JABJICHHUS MK APYTUX (PAKTOPOB, BHI3BIBAIOIINX HATIPSKEHHUE.

[0010] BHesamHOe mnoBpexkaeHHEe MeMOpaH OOBIYHO CBSI3aHO C HENPEABHICHHBIMH
COOBITHSIMH B JIEHCTBYIOIUX CUCTEMaX MEMOPAHHOTO Pa3[eNIEHUs], XOTS JITUTEIIbHOE H3MEHEHUE
MEMOpaHbl TaK)Ke CIIOCOOCTBYET HENPEeNBUACHHBIM OTKa3aM. JlnuTenbHOE yXyZAIIEeHHE
XapaKTEPUCTUK MEMOPaH CBSI3aHO C KAY€CTBOM M3TOTOBJICHUS OT/ACIBHBIX MEMOPaH U yCIOBUSIMHU
SKCIUTyaTauuu 00OpYAOBaHHUS, B KOTOPOM HCHOJB3YIOTCS CUCTEMbl MEMOPAHHOTO pa3feieHHUs.
KauectBo MeMOpaH, HCIONB3YeMBbIX B CHCTEMax MEMOpPAHHOTO pa3[eNeHus, MOXKET CHIIbHO
BapbUPOBATHCS B 3aBUCUMOCTH OT XapPaKTEPUCTHUK MPOLIECCOB U3TOTOBJIEHUS] MEMOpPaH, KOTOpPbIE
TPYAHO KOHTPOJHPOBaTh. TakuM 00pa3oM, TOUHOE MPOrHO3UPOBAHUE CPOKA CITYKOBI MEMOpaHbI
B CHUCTEME pa3fieNieHHsl SIBJSIETCS 3HaUYMMOH 3amaueil. B HacTosleM pacKpbITHH NpeaiaraeTcs
croco0 aHanM3a NPOM3BOAUTEIBHOCTH MeMOpaHbl B KOHTEKCTE CHCTEMbl MOHUTOPHHIA
COCTOSIHMSI MeMOpPaHbI, 4TOOBI CHOCOOCTBOBATH CBOEBPEMEHHOMY TEXHHUECKOMY OOCITY KHBAHHIO
Y BMEILIATEeJIbCTBY B CHCTEMbI MEMOPAHHOTO pa3AeIeHuUs ISl IPEAOTBPALLEHUS HEeNPeIBUACHHBIX
OTKa30B U CBSI3aHHBIX C HUMHM 3aTpPaT HAa NMPOU3BOACTBEHHBIN MPOLIECC, KOTOPBIH 3aBUCUT OT
YKa3aHHBIX CUCTEM MEMOPAHHOTO pa3/ieIeHHUS.

[0011] B HacrosimeM pacKpbITUM OINMCBIBAETCSI CHUCTEMa MOHUTOPUHIA COCTOSIHMS
MeMOpaHbl U KOHTPOJISi MeMOpaHbl, KOTOpas coOupaer u oObenuHsieT padodue JaHHbIE B
peaJbHOM BpPEMEHH U3 CHCTEM MEMOpPAHHOTO pas[eNieHHus] Ha YCTAaHOBKAX pa3deleHHUS.
CobpanHble 0ObeIMHEHHBIE JAHHBIE WCIOJB3YIOTCS Il OOHOBJIEHHSI MOJEJEH, CBSI3aHHBIX C
NPOM3BOIUTEILHOCTEIO MEMOpPaHbI B TEKYIIEM HHTEpBAJiE, a TaKXKe MPOH3BOAUTEIBHOCTHIO
MeMOpaHbl B OyaymemM. Moaenu UCHOIb3YIOTCS ISl OLEHKU COCTOSTHUSI MEMOpPaHbI, KOTOPOE, B
CBOIO OYepe/ib, UCTIOIB3YETCs ISl KOHTPOJIS MpoLiecca MeMOPAHHOTO pasniesieHusl. Moienu MoryT
UCTIONB30BAThCSl HA BCEH YCTAHOBKE IO IMOATOTOBKE ras3a JJisl MOBBIMEHHS 3(PPEKTHUBHOCTH
pabotel. Mozenu Takke MOTyT ObITh MCITOJIB30BAHbI IS YIIYUIIEHUsST KOHCTPYKIMHA YCTAaHOBOK
pas3zneneHusl Ta30B M 3aracoB MPOYHOCTH NMPHU MPOESKTUPOBAHMH YCTAHOBOK B COOTBETCTBHH C
pabouNMH XapaKTEPUCTHKAMH YCTAHOBKH.

[0012] Ha ¢ur. 1 mokazaHo cxemaTuueckoe n3oOpaxenue cucrembol 100 MmemOpaHHOTO
paznenenus. IIoTOK mocTymaromero Marepuaga Wik MOTOK ChIPbsl IMPOXOJUT Yepe3 BIYCKHYIO

muauio 102 B MemOpanHbIii arperat 104. B HEKOTOPBIX CiTyydasix MOTOK MOCTYMAIOIIEro MaTepuasa



npencTaBisier coboil ra3000pasHbii MOTOK. B HEKOTOPBIX Cilydasix TOTOK MOCTYMAIOIIEro
MaTepuajga TpPEeACTaBysieT COOON JKUAKUH MOTOK. B HEKOTOPBIX Ciydasix MOTOK MaTepuaia
IpeAcTaBysieT cOOO0M MOTOK MaTepuaia B CBEPXKPUTHUECKOM COCTOSIHMM. MeMOpaHHbIN arperat
104 conmep:xuT MO MeHbIIEH Mepe OIHYy MeMOpaHy Uil BBITIOJHEHUS MPOLecca pa3ieIeHHs
KOMITOHEHTOB ITOTOKA MOCTYTMAIOIIEro MaTepralia U COIEPIKUT MO MEHbLIeH Mepe OHY MeMOpaHy,
CPEICTBO KPeIJIeHUs] MeMOpaHbl 1 MHOYKECTBO AATYNKOB, PACTIONIOKEHHBIX BHYTPU MEMOPaHHOTO
arperara JUIst perucTpariy COCTOSHUSI MeMOpPaHbI, TOTOKA MOCTYMAIOLIEro MaTepHaa Wil NOTOKa
Marepuajia TMocCje MPOXOXKICHHs MeMOpaHbl (MOTOKM TiepMeara u Hemepmeara). lloTok
MOCTYMAKOIIEr0 MaTepHaja, BXOASIINI B MeMOpaHHbIH arperat 104, pasmensieTcs Ha TOTOK
nepmeara, KOTOPbI MPOXOAUT Yepe3 BBIMYCKHYIO JUHUIO 106, 1 MOTOK HemepMeara, KOTOPBIH
NPOXOANUT uepe3 BbIMyckHyr0 JmHMIO 108. IloTok mnepmeara, KOTOPBIM NPOXOAUT dYepes
BBITyCKHYIO JHHUIO 106, mpencrapisier co00i MOTOK MaTepraa, KOTOPBIH MPOLIEN W MPOHHK
yepe3 MmMeMmMOpany B MeMmOpanHoMm arperate 104. Ilotok HemepmeaTta mnpencraBisieT coOOH
MarTepHal, KOTOPbIH, mocie Bxona B MeMOpaHHbIit arperat 104, Obu1 BbIBEIEH U3 MEMOPAHHOTO
arperata 104 0e3 mnpoxoskaeHUst udepe3 MeMOpany. JlaBjeHue NOCTYMHArOIIEro MaTepuaia
criocobcTByeT (HOPMHPOBAHHMIO IIOTOKA TiepMeaTa B BBIMYCKHOW JmHUM 106 mOCpencTBoM
NPUJIOKEHUST (PU3MUECKON CHIIBI K MeMOpaHe, MOANEPKUBasi MOa4y CMEIIAHHOTO BXOMSIIETO
Marepuaja B KOHTAKTE€ C MEMOpPaHOW M CIOCOOCTBYsI OCYIIECTBICHHIO, HANpPUMEp, Mporecca
XUMHYECKOTO CBS3BIBAHMS, TMpouecca (PU3MUecKod anre3ws, KamWwULIPHOTO Ipouecca MU
APyroro (pU3NUECKOro MM XMMUYECKOTO MPOLIeCcca, CBI3aHHOIO C pa3AesieHHeM MaTepuaoB Ha
OTZENIbHBIE TIOTOKU C HCIIOJIb30BAHUEM MEMOPAHBL

[0013] B HEKOTOPBIX BApUAHTAX OCYLIECTBJICHHS MOTOK ChIPbsI UJIM MMOTOK MOCTYTAOLIETO
Marepuana npeacTaBisieT co0oi cMech ra3000pa3HbIX KOMIIOHEHTOB. B HEKOTOPBIX BapHaHTax
peanu3anu TOTOK ChIPbS HAXOAWUTCS NPU IOBBILEHHOM MAABJICHUU W/WIN TOBBIIEHHOH
TeMIeparype, 4ToObl ClIOCOOCTBOBATh Pa3/IEIeHHUI0 KOMIIOHEHTOB ra30BOi CMeCH MeMOpaHOU B
cucTeMe MEeMOpPaHHOTO paslesieHus. B HEKOTOpBIX BapHaHTaX OCYIIECTBJICHHUsS ra3000pasHbIe
KOMITOHEHTBI BKJIFOYAIOT OMH WK 00Jiee KOMIOHEHTOB M3 AMOKCUA YIJIepOoa, METaHa, 3TaHa,
npornaHa, OyTaHa, M300yTaHa WM JOPYTUX HACBHIMIEHHBIX YTJIEBOAOPONIOB, HANPUMEp, MOTOK
NPUPOAHOTO T'a3a Ha YCThe CKBAKUHBL. B HEKOTOPBIX BApUAHTAX OCYIIECTBJIEHUS ra3000pa3HbIe
KOMITOHEHTB! BKJIFOYAIOT HEHACBHILIEHHBIE YIIIE€BOAOPOABI, TaKMe KaK 3TEH, MPOINEH, OJUH WU
Oosnee nzomepos OyTeHa, OAWH WM OoJiee U30MEPOB TMEHTeHAa W T.J. B HEKOTOpBIX BapHaHTax
OCYIIECTBIIEHHsI OAWH wWid Oonee Ta3000pa3HbIX KOMIIOHEHTOB  BKIJIFOYAIOT  CMECH
HEOPTraHWYECKUX MOJIEKYJ, TAKMX KaK aMMHAaK, CEPOBOAOPOA, CUHWIIbHAsI KUCIOTA, MOHOOKCHUJ
yIiIeposia, AUOKCUA YIJIepOna, CEpOBOAOPOA U T.A. B HacrosmeM NOKyMEHTE OMHMCBIBAOTCS
CHCTEMBbl  pa3feNieHHs] Ta30B, HCIOJb3YIOINHE MEMOPAHHYI)  TEXHOJIOTHIO,  OIIHAKO
NPEATIONIAraeTcsi, YT0 00BEM HACTOSLIETO PACKPBITHS, OTHOCSIIUNACS K CHCTEME /ISl MOHUTOPHHTA
pabouero COCTOSIHUS YCTAHOBOK MEMOpPAaHHOTO Pa3lesIeHHs, OXBATHIBAET IPyrue NMPUMEHEHUs
MOMHUMO Pa3JeNIeHus] Ia30B, BKIJIKOYAsl CUCTEMbI PA3[eNIeHUs] KUAKOCTEH, OUYHUCTKY BOZIBI WM/MIIH
NPUMEHEHUs1 sl OOBIMH TIOJIE3HBIX HMCKOMAEMbIX U PECYPCOB, B KOTOPBIX HCHOJB3YETCS

TCXHOJIOIHsA MeM6paHHOFO pa3aciiCHus.



[0014] Ha ¢ur. 2 mokazaHo cxemarudeckoe nzobpaxenne cucrembl 200 MOHUTOPHUHTA
pabouero cocTosiHUS MEMOpaHbI COTIIACHO HEKOTOPBIM BapuaHTaM ocyinectsieHus. Cucrema 200
MOHUTOPHHIa pabodero cocTosiHUs MeMOpaHbl cofep:kuT ycraHoBkH 202 u 212 memMOpaHHOTO
pasnenenusi. Kaxxnas ycraHOBKa MeMOPaHHOTO pa3zesieHus] COAEPKUT MHOXKECTBO cuctem 204,
206, 208 u 214, 216 u 218 memOpannoro pasapenenusi. CucreMbl MEMOPAHHOTO pa3iesIeHus],
PACKpBITBIE B HACTOSIIIEM JOKYMEHTE, IPUHUMAIOT BXOASIIUN IOTOK WIH CBIPBE, KAK OMUCAHO CO
ccbulkoii Ha ¢ur. 1, B arperate MeMOpaHHOTrO pas3feieHus, aHAJIOTMYHOM arperaty 104
MEMOPaHHOTO pa3eNIeHHs], KOTOPBIH MPOU3BOIAUT 2 BBIXOIHBIX MPOAYKTA: TEUEHUE TIepMeaTa Uil
MOTOK TepMeara U TeueHue HelepMmeara WM MOTokK HermepMmeara. I1oTok mepmeara u3 arperara
MEMOPAaHHOTO pa3feNieHHsI COAEPKUT OHY WK OoJiee PpakLnii BXOISINEro MOTOKA WU ChIPbS,
KOTOpbIE CEJIEKTHBHO MPOXOAAT 4yepe3 MemOpaHy B arperare 104 mMeMOpaHHOrO pa3fefieHHs B
BBIIIYCKHYIO JIMHHUIO AJIsl NepMeaTra, Takylo Kak BbllyckHas JuHusa 106. OcraBliascs 4acThb
BXOJISILIEr0 MOTOKA UITH ChIPbs HAIIPABIIAETCS K IIOTOKY HellepMeaTa, IPOXOAsIEMY B BBITYCKHYIO
JIMHUIO JJIs1 HENepMeaTa, TaKyro KakK BbIITyCKHast JTuHUs 108.

[0015] HUndopmarus, nepenaBaemass Mexxay ycranoBkamu 202 u 212 memOpaHHOTO
pa3zneneHuss U BBIYUCIHUTENBHBIM pecypcoM 220, BKIIIOYAET Pe3yJbTaTbl U3MEPEHUs] pabovmx
XapaKTEPUCTUK YCTAHOBOK Pa3/ieNIeHHs] B PEAJIbHOM BPEMEHH, COCTOSIHHE pabOvHNX MapameTpoB
YCTAaHOBKH H T.J. B HEKOTOPBIX CIy4asiX BBIYHCIUTENBbHBIN pecypc 220 mpencraBisier coOoi
CepBep WU KJacTep CEPBEPOB, PACIOJOKEHHbBIH B OJHOW YCTAHOBKE, KOTOPBIA aHAIU3UPYET U
KOOPAWHHUPYET MPOU3BOAUTEIBHOCTD arperaroB MEMOPAHHOTO pa3feNieH!s B OJHON YCTaHOBKE.
B HexoTOpBIX CiTydasx BIUHUCIUTENbHBIN pecypc 220 mpencrasisier coOOH cepBep WM KJIacTep
CepBEPOB WM APYTOH BBIMUCIUTENBHBIA PECYPC, KOTOPBIN OTAENEH OT YCTAHOBKU MEMOPAHHOTO
pasneneHus U MPUHUMAET AaHHbIE OT, M KOOPAMHUPYET pabouue mapameTrpbl, OAHOW win Ooee
YCTaHOBOK MEMOPAHHOTO Pa3iesIeHNs], COeUHEHHBIX C BO3MOKHOCTBIO CBSI3H C BEIYHCIUTENBHBIM
pecypcoM. BpIUMCIUTENBHBIN pecypc COAEPKUT 3alOMUHAKOLIME YCTPOMCTBA, IMPOLIECCOPEI,
omnepaTUBHOe 3amomuHaromee ycrpoiictBo (O3VY), cereBoe oOopyaoBaHue W T.JO., JUIS
BBIMTOJIHEHHSI BBIYMCJICHUH, CBA3aHHBIX C MOHUTOPHHIOM, 3aIHCBI0O U H3MEHEHHeM paboumx
NapamMeTpoB YCTAHOBOK MEMOpPAHHOTO pPa3leCHHs M OTHENIbHBIX arperaroB MeMOPaHHOTO
pasneneHus, paclojOKEHHBIX B HUX. B HEKOTOpBIX Cilydasx BBIYMCIMUTENBHBIA pecypc 220
SIBJIIETCST PECYPCOM OOJIAYHOTO XPAHWIHIA C KOMMEPUYECKH AOCTYMHBIM BBIUYHCIUTEIbHBIM
amnmapaTHbIM O0ECIeYeHUEM, XPAHALIUM U PEaJH3YIOLINM HHCTPYKIUH, XPAaHSALINECS Ha €ro
3aIMIOMHUHAKOIINX YCTPONCTBAX, UM MEPEeNaHHbIe B pecypc 00JayHOro XPaHMIUINA C TIOMOIIBO
BBIUUCIUTENIPHOTO pecypca B YCTAaHOBKE MeMOpaHHOro pasgeneHus. Hrioke mnpuseneHo
JajpHeNee ONMUCAHNE BBIMUCIUTENIBHOIO pecypcea.

[0016] Kaxknmas cucrema MeMmMOpaHHOTO pa3AeNieHHs] WM arperar MeMOpPaHHOTO
pa3zneneHuss B YCTAaHOBKE MEMOpPAaHHOTO pa3leeHUs NPEAOCTABISET NaHHbBIE, KaCAFOIIHECs
nepeMeHHbIX pacxona Q, remneparypsl T, naBnenus P u cocraBos Cij(HoMep nnzaekca i o0o3HavaeT

pPa3jiniHbI€ KOMIIOHCHTBI B IIOTOKE, BbIXOAAIIEM U3 MeM6paHHOFO pasnenHTenﬂ) B KaXXaoM

MOTOKe, 4YTOOBl O0eCHeunTh Hepa3pyIlaIuii MOHHTOPUHI COCTOSIHHSI MeMOpaHbl. OTH



TIEpEMEHHBIE MOKHO PAa3JIeNUTh HA IBE KAaTeropuu. llepBas KaTeropusi MPEACTABISIET COOOM
TIEPEMEHHBIE ChIPbsi U KOHTPOJIbHBIE MEPEMEHHBIE X. DTH MapamMeTpbl ONPENENAITCSA Mepen
MeMOPaHHBIM Pa3eIeHUEM ra30B U OOBIYHO BKJIFOUAIOT PACXOJ, TEMIEPATYPY, JaBJIECHUE B IUHUN
(HampuMep, NaBJIeHKE HA BXOJIE), MaplHaIbHOE JAABIEHHUE ra3000pa3HbIX KOMIIOHEHTOB B JIMHUH,
XMMUYECKMI COCTaB BXOISIIETO MOTOKA WM MOTOKA ChIPbs M T.J. DTH MapaMeTpPbl TAKKE
BKJIFOYAIOT Apyrue pabovue mapameTpbl, HE OMpPENENIeHHbIE MPOLECCOM, Takue Kak rpaduk
TEXHUYECKOTO OOCITyKUBAHMS MJIM 3aMEHbI MEMOPAHBI, MPOQUIIL ONEPATOPOB MJIU TEXHUYECKUX
CIIELMANMCTOB, HAOMIOEHHE 32 ONEPALUAMHE, & TAK)KE UCTOPHIO TPOLLIBIX COCTOSIHUMN, HCTOPHIO
KOHKPETHOTO MEMOPAaHHOTO arperara u T.1. BTopas KaTeropus npencTaBisieT cO00M BbIXOIHBIE
nepeMenHble Y. DTU MapamMeTphbl NPEACTABISIOT PE3yJIbTaThl MEMOPAHHOTO Pa3/IeNIeHHs Ta30B,
TaKue KaK JaBJIEHUE B BBITYCKHBIX JIMHUSX (HAPUMED, NaBIEHHUE B IMHUM [IEPMEATA U JIABJIEHUE
B JIMHMU HETEpPMeaTa), pacxoibl (ppakumii mepMeaTa ¥ HerepMeara Yepe3 BBINYCKHbIE JIMHUM,
XMMUYECKHH COCTaB ()paKLuii mepMeaTa U HEMEPMEATa B BbITyCKHBIX JIMHUSX W T.I.

[0017] MonenupoBaHue MPOU3BOAUTEIBHOCTH OTHEIBHONW MEMOpaHbl BKJIFOYAaeT cOOp,
XpaHEHHe, Tepefady M aHajiu3 NAHHBIX, KACAKOIMXCS XapPAKTEPUCTHMYECKUX IapaMeTPOB
MmMeMOpaHbl, BKIFOYAKOMUX TUIOMAAH SMEMOPaHbI, HOPMAJIN30BaHHbIE TIO TABJIEHUIO CKOPOCTH
MOTOKA KaKIOro KOMIOHeHTa P u T.1. YKa3aHHbIE JaHHbIE MEPENAIOTCA MEKIY YCTAHOBKAMU
MeMOPaHHOTO Pa3IesieHust U BbIUMCIUTENbHBIM pecypcoM 220, uTo0bl CrIoCOOCTBOBATH TOUHOMY
MOZIEMPOBAHMIO U KOHTPOJIO OTAEIbHBIX MEMOPaH B arperatax MeMOpaHHOTO pasnenenus. [Ipu
MOZIEMPOBAHUH TIPOU3BOIUTENLHOCTH OTHEJIbHOW MeMOpaHbl W 3amaHHbIX X ¥ M MOXKHO
noJTyuuTh Y NOCPEACTBOM Monenu F MeMOpaHHOTO passieileHusi, IPUBEIEHHON HIKE B yPABHEHUH
I:

Y = F(X,M) (Ypasnenue 1)

N HaoOOpOT, MOKHO TMOJYYUTh XapakTepucTMKu M MeMOpanbl M3 X U Y C IOMOIIBIO
COOTHOLIEHHS], OIUCAHHOTO B yPABHEHUH 2

M =F (X, Y) (Ypasuerue 2)

VYpaBHeHne 2 mpencrtaBisier coOOM MaTeMAaTUYECKYI0 OCHOBY JUISI MOHHTOPWHTA

COCTOsIHUA MeM6paHbI NOCPEACTBOM U3MEPCHUS ITOTOKOB ChIPbs, IEPpMEATA U HETIEPMEATA.
[0018] W3meHeHHMe TIPOU3BOAUTENHLHOCTH MEMOpPAHHOTO arperata MPEACTABIECHO

U3MeHeHHeM M, B 4YaCTHOCTH, CKOpPOCTell MOTOKa P; KaskIoro KOMIOHEHTa CO BPEMEHEM.
MopenupoBaHue W TPOTHO3 3TUX HW3MEHEHUH MPUBEAET K OLEHKe OyayIero COCTOSHUS
MeMOpaHbl, HaBas BO3MOXKHOCTb KOHTPOJIMPOBATb MEMOpPAaHHBI MpPOLECC HAa OCHOBE
nporHosupyemMoro Oynymmero cocrosiHusi. OObeqUHEHHBbIC JaHHbIe, BKJIOYas HaHHBIE OO
oTHeIbHBIX MeMOpaHax, monenu u oneHk EOL u RUL, nepenatotcst B BBIMUCIUTENBHBIN pecype

220 nnst OObeOUHEHHBIX WMUTALMOHHBIX MOJEejIel MeMOpaHbl, MUCTOJB3YIOMHNX 0aiieCOBCKOe



PEKYPCUBHOE OLIEHUBAHHUE.

[0019] baitecoBckoe peKypCHBHOE OLICHMBAHME B MMUTALMOHHBIX MOJEJSX MOCTOSIHHO
OOHOBJISIETCSA, KOrza mpexnmnoaraercs: mpouecc Mapkosa. B mporiecce MapkoBa HOBbIE TaHHBIE
BKJIFOYAIOTCS B MOJIENIM TIOCiE MPUOBITHUSA, U OOHOBJIEHUs MOJeNieil He 3aBHCAT OT IOBTOPHOM
00pabOTKM HCTOPUYECKUX MaHHBIX O padodveil MPOU3BOAMTEIBHOCTH, YTO CHIIKAET OOIIYIO
BBIYMCIIUTENIPHYIO HAarpy3Ky Ha BBbIYHCIHTENbHBIH pecypc 220 Bo Bpems paboThl, U
MOJICJIUPOBAHUE XAPAKTEPUCTUK MPOU3BOAUTENBHOCTU YyCTaHOBKU. Ilepuogudeckue wnu
HeperyJsipHble KOMaH[bI MePeNatoTCs OT BBIUUCIUTENBHOrO pecypca 220 K ONMOJHUTENbHBIM
BBIYUCIUTEIbHBIM PECYpCaM M/WUJIM CUCTEMaM KOHTPOJISI OTHEJIbHBIX YCTAHOBOK MEMOPAHHOTO
pazneneHus: (MJIM OTAENIbHBIX CUCTEM MEMOPAHHOTO Pa3fesieHHs ) JIsl PeryJIHMpPOBAHUS TEKYIINUX
WM  TOPONOJDKAIOIIUXCA — OMepaluil  yCTaHOBKM.  Mopenu — omepauuii  yCTaHOBKH,
NPOM3BOIUTEIPHOCTH MEMOpaHbl W MPOTHO3UPYEMBIX CKOPOCTeH W3MEHEHHsT MeMOpaHbl
NepeNaroTCss MeXy BBIYMCIUTENbHBIM pecypcoM 220 U cucTeMamMu KOHTPOIIS MU pecypcamu
nercTByromux yctanoBok 202, 212 memOpaHHOro pasneneHusi. Kpome toro, Mmopenu onepauuit
YCTAHOBKH, MPOM3BOAUTEIBHOCTH MeMOpaHbl M TPOTHO3HPYEMBIX CKOPOCTEH HW3MEHEHUs
MeMOpPaHbI NEPENAIOTCS MEXKIY BBIUUCIUTENBHBIM pecypcoM 220 U CHCTEMaMH KOHTPOJIS HUIIH
BBIUNCJIUTEIbHBIMU PECYypCaMM Ha HOBBIX, ABTOHOMHBIX HJIM HE CMOJENUPOBAHHBIX paHee
YCTAHOBKAX pAasfeNieHHs, YTOObl CIPOTHO3MPOBATh PEKUMBI  pabOTBl  YCTAHOBKH U
MPON3BOIUTENBHOCTh H/MIIN BBIXOJ NMPOAYKTA, MUl CHU)KEHUS 3KCIUTYyaTAllMOHHBIX PacXOlOB H
NPOTHO3UPOBAHHUS YCTABOK TEXHUYECKOTO OOCIYKUBAHUSA U IIPOU3BOAUTEIBHOCTH YCTAHOBKH.

[0020] O630p OalieCOBCKOro PEeKypCHUBHOIO Moaxoaa K oOpaboTKe NaHHBIX CHCTEMBI
MEMOPaHHOTO pas3zesieHus ra3os onucaH Hwke. C 0alleCOBCKUM MOAXOIOM HCHOJB3YIOTCS 1Ba
COOTHOUICHUSI: YPaBHEHHs COCTOSIHUSI U HaONIOAEHMs. YpaBHEHHE COCTOSHUS IPEACTAaBJIEHO
HU)XE B YPABHEHUH 3:

X(t + At) = f(X(t), v) (Ypasuenue 3)

[0021] B ypaBHeHuu 3 X(#) - BEKTOp CIHy4ailHBIX NMEPEMEHHBIX COCTOSHHS B MOMEHT
BpeMeHH /. DyHKIMS f - 3TO PYHKLHUS epexoia COCTOSHUS, OMUCHIBAOLIAs, KaK X(7) U3MEHsIeTCs
C 7, aVv - UIEHTHYHO HE3aBUCHUMO pacIipelle]IeHHbIe IIyMbI IPOLecca, aHAJIOTHYHbIE TapaMeTpam
UMUTAIMOHHBIX MOJeJieli MeMOpaHbl. B HEKOTOpBIX BapuUaHTaxX OCYIIECTBIIEHHUS Crocoda
NEPEMEHHbIE COCTOSIHUS HMEIOT (U3NYECKUH CMbICH. B HEKOTOpPBIX Cly4asx NepeMEHHbIC
COCTOSIHUSI HE UMEIOT (PU3NIECKOro cMbIcia. [lepeMeHHble COCTOSHUSA ¢ (PU3NIECKIM CMBICIIOM
MOTYT BKJIFOYAaTh PaCTBOPUMOCTD U TU(P(PY3HOHHYIO CIIOCOOHOCTh MOJIEKYJIBI Ta3a B MEMOpaHe,
XOTsl JApyrue (u3N4YecKue MapaMeTpbl TakKe HAXOMATCS B Ipeneiax oObeMa HAaCTOSIIEro

packpbiTusi. Y paBrenue (3) maer BeposiTHOCTHOE pacripenenenue P s X(t + At) Ha ocHOBaHUH

X(t),aumenHo P(X(t + At)|X(1)).

[0022] YpaBHEHHE U3MEPEHUH TIPEICTABIICHO YPABHEHUEM 4 HIUKE
Z(t) = HX(t), w) (YpaBHenue 4)

rae Z(1) - BEKTOp U3MEPEHUH Cly4alHbIX MepEeMEeHHbIX, MPEICTABIAIOLINX HAOMOeHMNS,



COOTBETCTBYIOLIHNE BEKTOPY COCTOSIHHUS B MOMEHT BpeMeHH /. PyHk1mst HaOmoneHust / CBsi3pIBaeT
BEKTOP COCTOSIHMSI C BEKTOPOM H3MepeHHs. B HeorpaHuumuBarolieM Nmpumepe Ajsi TUIUYHOH
MeMOpaHHOW CUCTeMbl Z(7) BKIJIIOYAET, MO MEHbIIEH Mepe, pacxoll, XUMHUYECKHE COCTaBbl W
TEMIepaTypbl ChIpbs, NOTOKA IepMeaTa M IOTOKA HemepMeara, a W IIPEACTaBIseT COOOH
UAECHTUYHO HE3aBUCUMO PACIIPEEICHHBII LIyM U3MEPEHUs, CBA3aHHBINA C U3MEPEHUMU Pacxoaa,
XUMUYECKUX COCTABOB M TeMIIEpaTyp. YpaBHEHUE 4 1aeT BEPOSITHOCTHOE pacrpeneneHue Z(1),
3aBHcsLIee ot X(7), a umenno P(X(Z(1)|X(1)).

[0023] Ilpu BbINOSHEHWHM MpoLEAyp OalEeCOBCKOH pEKypCHM B OTHOIIEHHUH IOTOKA
JAHHBIX, OTHOCSIIErocss K padodyeMy COCTOSIHUEO MeMOpaH M YCTaHOBKM MEMOPaHHOTO
pasfeneHusi, PpeKypCcHsl VYIPOLIaeTcs 3a CUeT UCIHOJb30BAaHUS JAHCKPETHBIX BPEMEHHBIX
MHTEpPBAJIOB JUIsl JaHHBIX. M3MepeHMs] Ha3Ha4yarOTCS BPEMEHHBIM HMHTEpBajlaM H3MEpeHUs, a
NPOTHO3bI HA3HAYAKOTCS OyIyIIUM BPEMEHHBIM HHTEPBaJIaM, KOTJIa IMEET MeCTO pekypcust. s
Habopa BpeMeHHbIX MHTEpBAIOB 1, 2, 3, ... k, Xi u Z; - 3HaUEHUSI COCTOSIHUSI M U3MEpEHUs,
CBsI3aHHBIE C HHTEpBaJIOM k. Clenyromue onepanny CBsi3aHbl CO CIOCOOOM OOHOBIICHHST MO
NPOM3BOIUTEIBLHOCTH U COCTABIICHHS TPOrHO30B HA OCHOBAHUHM OOHOBJIEHHBIX MOJIEJIEH.

[0024] Ha ¢wur. 3 mnokazana Onok-cxema crocoba 300 oOHOBIeHUs Mopenei
NPOM3BOIUTEIBLHOCTH M COCTABIIEHHSI IPOTHO30B HA OCHOBAHNH OOHOBJIEHHBIX MOZIENIEl COTTIAaCHO
OIHOMY BapHWaHTy ocyliecTeiaeHus. B mepsoil omnepauuu 302 HadaabHOE BEPOSTHOCTHOE
cocrosinue P(Xo) = P(Xo|Zy) onpenensiroT HA OCHOBAHUH INPENLIECTBYOMEN HHYOPMALIUN HITH
JaHHBIX O COCTOSIHMM, HampuMep, OAHOM win Oojiee cHUCTeM MeMOpPaHHOIO pas3fieNieHHs! B
yCTAaHOBKE MEMOPAHHOTO pa3neneHus. JlaHHble W/UiH NpeAIecTBYoIas HHPOpMaLUs BKIIOYAaeT
B HEKOTOPBIX BapHaHTaX OCYLIECTBJIEHUS [aHHbIE B pEaJbHOM BpPEMEHH, IepelaBacMble B
IIOTOKOBOM PE&XHUME U3 CUCTEMbI MEMOPAHHOTO Pa3[esieHHsl U 3aIHChIBAEMbIe BHIYNCIUTEIbHBIM
pecypcoM, TaKUM KakK BBIYMCIUTENBbHBIN pecypc 220, WU CUCTEMOW KOHTPOJIS, XpaHsLIelcs B
yCTaHOBKE MEMOpPAHHOIO pasieNieHus. B HEKOTOPBIX BapHaHTaX OCYIIECTBIICHUS NAHHBIE W/HIIH
NpeAIecTBYrOIas MHGOPMAIHs B3SAThI M3 TOW K€ CHCTEMBI, KOTOpas aHATU3UPYETCS U IS
KOTOPOH COCTaBJISIFOTCSI MPOTHO3bl. B HEKOTOPBIX BapHaHTaX OCYIUECTBJICHUS IaHHbIC H/WIIH
NpEeAIEeCTBYIOIAs HHYOPMALIHS TIOJTyYEHbI U3 aHAJOTMYHON paboyeil CUCTEMBI U TPUMEHSFOTCSI
IUTsE MOZICTUPOBAHUSL HOBOM, He padoTaBIIel CHCTEMBI 10 Havasla SKCIUTyaTauud. B HEKOTOpbIX
clydasix JaHHbIE TPENCTaBISIOT COOOM  XapaKTepPUCTUYECKHWE JaHHbIe MeMOpaHbl OT
MPOU3BOIUTEINST MEMOPAHBL

[0025] B onmepaumu 304 MOTOK NaHHBIX B PEAJbHOM BPEMEHH COOHMPAIOT U3 CHUCTEMBI
MeMOpaHHOTO pazneneHusi. B onepamnu 306 X; onpenessiroT COrjlacHO aHHBIM, COOPaHHBIM BO
BPEMEHHOM MHTEpBaJe MEXKAY K M HadaJbHbIM BPEMEHHBIM HHTepBaJIOM (. X; OmpenenstoT
COTJIACHO TPEIUIECTBYIOIIUM IaHHBIM, COOpaHHBIM B onepauuu 304, U BEPOATHOCTHOMY
pacnpeneneHuro

P(Xi|Zk-1) = | P (Xi|Xk1)P(X—11Zo:k—1)dX k-1 YpasHenue (5).

[0026] Ha ocHOBaHMHM 3HaUY€HHs BEPOSTHOCTHOIO PACIIPENENIEHHs] B MOMEHT BPEMEHU k

NPOTHO3UPYEMOe 3HaUeHUE Z; Takske monydaercst us P(Z|X), kak B ypaBHeHuu (4). Oneparpu

304 u 306 BBIMOJHSIOT C UCTIONIBb30BaHUEM HH(YOPMAITUH U3 Mpeblayuux 3TarnoB P(Xy_1|Zg.x-1)



B KauecTBe MpEIIIECTBYIOLIeH uHpopManmu, rne Zgj—1 NPENCTaBiseT HHPOPMALMIO 00

U3MEPEHHSIX, BBIMOJHEHHBIX OT /=0 1o 1=k-1.

[0027] B onepaumu 308 mpOM3BOAUTENBHOCTE MEMOpPAHBI ONPENENAIOT HA OCHOBAHUH
NpOrHo3a, ompexaeneHHoro B omnepauuu 308, u OOHOBIEHHBbIE pabdoyue MOIENU W/UJH
KOHTPOJIbHBIE YCTABKU IEPENAIOT U3 BBIUUCIUTENBHOIO PEeCypca B YCTAHOBKH MEMOPAaHHOIO
pasaeneHusl.

[0028] B onepauuu 310 nOMONHUTENbHBIE JaHHBIE B PEAIbHOM BPEMEHHM COOMPAIOT U3
crucTeM MeMOpPaHHOTO pa3iefieHHs Ha pPas3JIMYHBIX YCTAHOBKaX MeMOpaHHOro pasjaeneHus. B
onepaunu 312 Ha OCHOBAHUU IOIMOJHUTEJbHBIX JAHHBIX B PEaJbHOM BPEMEHHU, COOPAHHBIX B
onepaunu 310, Mozmenh MPOM3BOAUTENLHOCTH MEMOPAaHHOW CHCTEMBbI OOHOBIIIIOT COTJIACHO
BapHaHTaM OCYILIECTBIIEHUS, PACKPBITBIM B HACTOSIIIEM JOKYMEHTE.

[0029] B omHOM BapuaHTe OCYIIECTBJeHHS X; OOHOBISETCS CIEAYIOIIUM OOpa3oM,
IpUYeM:

P(Xi|Zos) = P(Xi|Zk, Xo:-1) YpaBHenue (6)

P(Zyl| Xy Zo.k—1)P(Xgel Zo:ie—1)
P(Zk|Zo:—-1)
P(Zyl| Xy Zo.k—1)P(Xgel Zo:ie—1)
J@r|X1)P Xkl Zo:k—1)

P(Xk|Zox) =

Ypasuenue (7)

P(Xk|Zox) =

Ypasuenue (8)

[0030] B omepauuu 314 ompenenstoT, cleAyeT JU NPOAOJKATH MOJAETUPOBAHHE U
pa3paboTky cucreMbl. Korma mpuHSTO perieHue npoaoJKUTh, BPeMsl YBEJIMIUBACTCS 10 HOBOTO
uHTepBana k+/ B omepaunu 318, u cnocoO mpomomxaercst onepauuneit 306. Korma mpussTo
pelIeHrne OCTaHOBUTH Orepaluy, padora nepexoanut k onepanuu 320, rae JaHHbIE COXPAHSIOT U
ONpPEAENSIIOT HOBOE MHULIMAJIU3UPOBAHHOE COCTOSIHUE, KaK OMMCAHO BbIlIE B onepauuu 302.

[0031] Beimie u3103K€HBI MPU3HAKK HECKOJBKHX BAapUAHTOB OCYIIECTBJICHHUS, YTOOBI
CIEeLMATUCTBl B JAHHOW OOJAaCTH TEXHMKM MOTJIM JIy4llle TOHSATh AaCMEeKThl HACTOSIIEro
u3obperenusi. CriequanucraM B AaHHOW O0JAaCTH TEXHHKH OyJeT MOHSTHO, YTO HACTOSIIEe
u300peTeHrne MOKHO TMPOCTO HCIONBb30BaTh B KAaueCTBE OCHOBBI [JIsi pa3pabOTKU WM
Monu(pUKAIMKA IPYTHX TMPOLECCOB M KOHCTPYKLMU IS OCYLIECTBIIEHUS TeX K€ IeNied W/uiu
JOCTHIKEHMS] T€X K€ MPEUMYILECTB BAaPUAHTOB OCYLIECTBJIEHUs, OIMUCAHHBIX B HACTOSLIEM
nokymente. CrnienuanucraM B JaHHOH O0NAacTH TEXHUKH Takyke OyleT MOHSTHO, YTO TaKHhe
SKBUBAJIEHTHbIE KOHCTPYKIIUH HE OTXOJST OT CYITHOCTU M 00heMa MPABOBOU OXPaHbBI HACTOSIIETO
U300peTeHUs], ¥ YTO OHU MOTYT BBITIOJTHUTD PAa3JIMYHbIE H3MEHEHHUS], 3aMEHbI i UCTIPABJICHHSI B HUX

0e3 OTCTYIIeHHs OT CYLTHOCTH U 00BbEeMa MPABOBOH OXPaHbl HACTOSIIETO U300PETEHUS.



®OPMYVYJIA H30BPETEHUA

1. Cioco6, BKIOYAKOMUN B ce0s1 3Tambl, HA KOTOPBIX OCYUIECTBIISIOT!

noaavyy ra3oBoi cMecHu B MeMOpaHHBIN pa3aenuTesb, COAepKaluil MeMOpany;

paszeneHue ra3oBOM CMECH Ha MEpBbIM ra3 M BTOPOH ra3 ¢ HMCMIOJb30BAHUEM
MeMOpPaHHOTO pa3aeNuTeNs;

U3MEpEeHHe pacxo/a ra3oBoi CMeCH, MePBOTO ra3a u BTOPOro rasa;

U3MEpEeHHe COCTaBa ra30BOM CMeCH, MEPBOrO ra3a u BTOPOTO rasa;

U3MepeHHe TePMOJIUHAMHUYECKOrO IapaMeTpa ra3oBoil cmecu;

ompeneseHue TEepPMOJAMHAMHYECKOrO COCTOSIHUS Ta30BOMl CMeCH, HCXOHs U3
TEPMOJMHAMUUYECKOTr0 MapamMeTpa;

OmpenesieHue TEKYIEero COCTOSIHHS MeMOpaHbl Ha OCHOBAHUHM pAacXOJOB U
COCTaBOB, a TaK)X€ TEPMOJAMHAMHUYECKOTO COCTOSIHHS, C UCIOJb30BAHHEM (PU3MUECKOM
MOJeNH;

NPOTHO3UPOBAHUE OYyIYLIEro COCTOSIHHS MEMOpaHBbl C HCIOJB30BAHUEM MOJETH
BPEMEHHOIO psaa; U

peryjJupoBKy pacxoja U TePMOJMHAMHUUECKOr0 COCTOSHHUs ra30BOH CMeCcH Ha
OCHOBAHMH CIIPOTHO3UPOBAHHOTO OyAYILIEro COCTOSHHUS.

2. Crnoco® mo m. 1, TOMOJHUTENbHO BKJIOYAOIMUNA B ce0s CpaBHEHHE TEKYIIEro
COCTOSHUSI MeMOpaHbl C paHee CIPOTHO3UPOBAHHBIM COCTOSIHHEM MeMOpaHbl W
oOHOBIIEHHE MO/IEIN BPEMEHHOTO psAla HA OCHOBAHUH CPAaBHEHUSA.

3. Cnoco6 mo mn. 1, MAONMONHUTENBHO BKJIKOYAKOMUNA B cedsS CcpaBHEHHE

>
CHPOTHO3UPOBAHHOTO OyAYINEero COCTOSHUS MEMOpaHbl CO CTAHAAPTOM.

4. Cnocob mo n. 1, OTIUYaKIuiics TeM, YTO MOAEIb BPEMEHHOTO psiia OCHOBaHa
Ha JAHHBIX OT MHOKE€CTBAa MEMOpPAHHBIX pPa3IeuTeNei.

5. Cnocob mo m. 1, mOMOJHUTEIbHO BKIOYAIOUUIA B ceOs OOHOBJIEHHUE MOJIEIH
BPEMEHHOTO psila TMOCPEACTBOM OOHOBJIEHUSI BEPOSTHOCTHOTO pacClpenesieHus ¢
UCIIOJIb30BaHNEM 0alieCOBCKOTO PEKYPCHBHOTO METO/A.

6. Cnoco0, BKJIIOYAO MUK B ce0s 3Tambl, HA KOTOPBIX OCYIIECTBIISIOT:

noaavyy ra3oBO CMeCH B MEMOpaHHBIN pa3aeuTelb, COAep AUl MeMOpaHy;

pasnesieHHe ra3oBOil CMeCH Ha MEpBBIH ra3 W BTOPOW Tra3 C HCIOJb30BAHHUEM
MeMOPaHHOTO pa3AeuTeNs,

U3MepeHne pacxoa ra3oBOi CMeCH, IEePBOro ra3a U BTOPOro rasa,

U3MepeHHe COCTaBa ra3oBOil CMeCH, MepBOTO rasa U BTOPOTO rasa;

U3MepeHne TePMOIMHAMHUYECKOr0 apaMeTpa ra3oBoii CMecH;

ompenesieHue TEePMOAMHAMHYECKOTO COCTOSHHUS Ta30BOM CMeECH, HCXOIs W3
TePMOJAMHAMHUYECKOTO MapamMeTpa,;

OmpenesieHue TEeKYyIIero COCTOSIHHST MeMOpaHbl Ha OCHOBAaHHUU pPAcXOAOB H
COCTaBOB, a TaK)K€ TEPMOJUHAMHUYECKOTO COCTOSIHUSA, C UCIOJb30BaHHEM (H3MUECKON
MOJIeJH,

NPOrHO3UPOBaHUE OyIyIIEro COCTOSHUS MeMOpaHbl C HCIOJb30BAHUEM MOJAEIU
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BPEMEHHOTO psfa;

OmnpeneNeHne BEPOSITHOCTHOI'O pacIpefesieHUus CIpOTrHO3MPOBAHHOIO Oy yINero
COCTOSIHUS,

pPeryjiupoBKy pacxoia WJIU TEePMOJMHAMHUYECKOrO COCTOSHHUS ra30BOM CMeCH Ha
OCHOBAHHH CIPOTHO3UPOBAHHOTO OYyAYINEro COCTOSIHUS, U

OOHOBJIEHHE MOJAEINM BPEMEHHOrO psiga Ha OCHOBAHHU BEPOSTHOCTHOTO
pacrnpeneneHus CIpOrHO3MPOBAHHOIO OyyIIEero COCTOSIHUS.

7. Crnocob mo m. 6, JOMOJHHUTENbHO BKJIOYAKIIUNA B ce0s CpaBHEHHE TEKYLIEro
COCTOSIHUSI MeMOpaHbl C paHee CIPOTHO3UPOBAHHBIM COCTOSTHUEM MeMOpaHbl, MpUYeM
OoOHOBJIEHHE MOJEIN BPEMEHHOTO Ps/ia TAK)KEe OCHOBAHO HA CPABHEHUH.

8. Cnocob mo m. 6, OTIUYAKIIHUHACS TeM, YTO MOJEb BPEMEHHOTrO psijla OCHOBAaHA
Ha JTAHHBIX OT MHOXECTBA MEMOPAHHBIX pa3AeNuTesen.

9. Cnoco6 mo mn. ©6, MAONMONHUTENBHO BKJIYAKMUNA B ceOs CpaBHEHHE
CIIPOTHO3UPOBAHHOTI'O OYAYIIEro COCTOSIHUSI MEMOPAHBI CO CTAHAAPTOM.

10. Crioco0, BKIIOYAKOUIUN B Ce0sl 3TAbl, HA KOTOPBIX OCYIIECTBISIIOT!

nogavyy ra3oBOH CMecH B MeMOpaHHBIN pa3aeuTelb, COAepKaAMUl MeMOpaHy;

paszeneHue ra3oBOW CMeCH Ha MEpBBIM ra3 U BTOPOH ra3 ¢ HMCHOJb30BAaHUEM
MEeMOPaHHOTO pa3AeuTeNs,

U3MepeHHe pacxoja ra3oBoil cMecHu, MepBOro ra3a u BTOPOro rasa,

U3MepeHHe COCTaBa ra3oBON CMeCH, IepBOro raza u BTOPOTO rasa,

U3MepeHHe TEPMOJANHAMUYECKOrO IapaMeTpa ra3oBoil cmecu,

onpeneleHne TEePMOAUHAMHYECKOTO COCTOSIHUs Ta30BOMl CMeCH, HCXOns U3
TEPMOJMHAMUYECKOTr0 MapaMeTpa,;

OmpenesieHue TEeKYyIIero COCTOSIHHS MeMOpaHbl Ha OCHOBAaHMHM pAacXOJOB U
COCTaBOB, a TAaK)K€ TEPMOJMHAMUYECKOI'O COCTOSIHUS, C HCIOJb30BaHUEM (HU3MUECKOH
MOJIEJH;

NPOTHO3UPOBaHUE OyIYIIEro COCTOSIHHSI MeMOpaHbl C UCIOJb30BAHUEM MOJETH
BPEMEHHOTO psfa;

CpaBHEHHE CIPOTHO3MPOBAHHOTO  OyAyLIEro COCTOSIHUS ~ MeMOpaHbl  CO
CTaHJapTOM,;

peryJIupoBKy MeMOpaHHOTO IpoLecca Ha OCHOBAHWHM CHPOTHO3HMPOBAHHOTO
Oynymero COCTOSIHHSI W CpPaBHEHHS CHPOTHO3UPOBAHHOrO OyIYILIEro COCTOSHUS
MeMOpaHbI CO CTAaHIAPTOM;

omnpeneNeHne BEPOSITHOCTHOIO PacIpenesieHus CIPOrHO3UPOBAHHOrO OyayLIero
COCTOSIHUS,

peryjJupoBKy pacxoAa WJIU TePMOAMHAMHUUYECKOTO COCTOSIHMS ra3oBONH CMecH Ha
OCHOBAHMH CIPOTHO3UPOBAHHOTO OyAYILIEro COCTOSIHUSA, U

OOHOBIIEHME MOJENN BPEMEHHOTO psAfa Ha OCHOBAHUU BEPOSTHOCTHOTO
pacrnpeneneHuss CIpOrHO3UPOBAHHOIO OyAYIIEro COCTOSIHUS.

11. Crnoco6 mo n. 10, TOMOAHUTENBHO BKJIOYAK NI B ce0s CpaBHEHUE TEKYLIEro
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COCTOSIHUSI MeMOpaHbl C paHee CIPOrHO3UPOBAHHBIM COCTOSHHEM MeMOpaHbl, MpUYeM
OoOHOBJIEHUE MOJEIN BPEMEHHOTO psifla TAK:Ke OCHOBAHO HAa CPABHEHUHU.

12. Cnocob no m. 10, oTnuyaromuiics TeM, 4TO MOJIeJIb BpEMEHHOTO Psiia OCHOBAaHA
Ha JTAaHHBIX OT MHOXECTBAa MEMOpPaHHBIX pa3euTene.

13. Cnoco6 mo n. 10, ZOMOJHHUTENPHO BKJIOYAKOIMUNA B ce0s OCTaHOBKY paboThI
MeMOpPaHHOTO pa3ieNUuTeNs Ha OCHOBAHUU CIPOTHO3MPOBAHHOI'O OYyIyINEro COCTOSHHS

MeMOpaHBbI.

ITo noBepenHoCTH
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