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NpPEeTepreBaloT M3MEHEHHs BCIEICTBUE W3MEHEHHH (U3MUECKMX XapaKTEepUCTUK MeMOpaHBbI.
[Iporao3upoBaHHe OCTATOYHOTO SKCILTYyaTAallMOHHOTO pecypca MeMOpaHBI BBIIOIHSETCS C ITOMOILIBIO
ajlanTanuyd MOAENH HW3MEHEHHs CBOWCTB MEMOpaHBI K IIONYYCHHBIM B PEXHME pPEabHOIO BPEMEHH
pabounM XapaKkTepUCTUKaM, 3aperMCTPUPOBAHHBIM Ui MEMOpaHbI, U C ITOMOLIBIO CpaBHEHHs Ooiee
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W3MEHEHHSI CBOMCTB BO BpeMs (DYHKIMOHMPOBaHWS MeMOpaHBl YIydllaeT OIEHKH OCTaTOYHOTO
9KCILIyaTallMOHHOTO pecypca MeMOpaHbl M TMO3BOJSET MOJYYUTh TOYHBIE OLEHKU IPEAIOIaraeMoro

OKOHYaHHS CPOKa 3KCIUTyaTal[ii MEMOPAHBI.
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OIIMCAHUE U30BPETEHUA
2420-567021EA/042
CITIOCOBb OINPEJAEJEHUA OCTATOYHOI'O OKCIVIYATAIIMOHHOTI' O
PECYPCA MEMBPAHBI JJISA NPOUECCA PA3AEJEHUSA

ITEPEKPECTHAA CCBIJIKA HA POACTBEHHBIE 3ASBKHU

[0001] Hacrosimuasi 3asiBka WCIpaIINBaeT MPHOPUTET MO TPEABAPUTEIHHON 3asBKE Ha
nareHt CIITA Ne 62/711134, nogannoit 27 utonsa 2018 r., comep:kaHHe KOTOPOW MOJHOCTBIO
BKJIFOUEHO B HACTOSIIIUHN JTOKYMEHT ITOCPEICTBOM CChUIKH.

YPOBEHb TEXHUKHU

[0002] MemOpaHHasi TEXHOJIOTHsS TMpeAcTaBisieT coOod 3(P(PEeKTUBHBI HHCTPYMEHT
pasnenenusi razoB. Co BpeMeHEM BCIEINCTBHE TakuX (PaKTOpOB, Kak (PH3HUECKOE CTapeHHe,
iacTu(UKALKMS ¥ MEXaHUYECKOe CTapeHUe, U3MEHSIOTCS DKCIUTYyaTAllMOHHBIE XaPaKTEPUCTUKH
MeMOpaH JUId pasfesieHus] ra30B, KOTOPbIE BKIIOYAOT B CceOs CEJIEKTHBHOCTh M OOIIYIO
MIPOMYCKHYIO COCOOHOCTh MeMOpaHbl. MeMOpaHbl UCTIOIB3YIOT BO MHOTHX OOJIACTSIX TEXHUKHY,
TaKUX Kak Ao0brMda HedTH, pasnaeseHne ra3oB, OOpaTHBIH OCMOC, OYHCTKAa CTOYHBIX BOJI,
TOTUJIMBHBIE 3JIEMEHTBHI, a TAKKE B MEIUIIUHCKHUX LENSIX.

[0003] MemOpanbl SIBISIOTCS PACXOAHBIMH KOMIIOHEHTAMH CHCTEM OYHCTKH M|
pas3zeneHus, KOTOpbIe MOUIeXKAT 3aMEHE B TOM Cilydae, KOrAa IMPOWU3BOAUTENBHOCTh W/HIIN
NPOMYCKHAsi CHOCOOHOCTh OIYCKAIOTCA HIDKE 3aJaHHOTO IOPOrOBOrO 3HAUEHUs. 3aMeHa
MeMOpaH depe3  peryJisipHble MPOMEXKYTKH BPEMEHU TMPUBOOUT K  YPE3MEPHBIM
SKCIUTyaTaLMOHHBIM PAacXoJaM, IMOCKOJIbKY B HEKOTOPBIX CJy4asx MeMOpaHbl 3aMEHSIOT A0
TOro, kak Tpedyercs 3ameHa. CymiecTByeT MOTPeOHOCTh B CHOCOOAaX TOYHOrO OMpenesieHuUs
ONTHUMAJILHOTO BPEMEHH IS 3aMEHbI MEMOpaH.

KPATKOE OITUCAHUE T’ PAOUYECKHNX MATEPHUAJIOB

[0004] AcmexkTbl HacTOALIEro H300pEeTeHHs CTAHYT IOHATHBIMH NPH IPOYTEHUH
HIDKECJIEAYIOIEero MoApoOHOro OMUCaHHsI CO CChUIKOH Ha mpuaraemble ¢urypsl. Crenyer
OTMETHUTh, YTO B COOTBETCTBHH CO CTAHIAPTHOH MPAKTHKON B JAHHOW OTPACIH, Pa3JIMYHBIC
3JIEMEHTHI TIOKa3aHbl He B MacinTabe. DakTHUECKH, JJIs SICHOCTH OMMCAHUST Pa3MEPbI PA3IMIHBIX
3JIEMEHTOB MOTYT OBITh TIPOU3BOJIBHO YBEJIMYESHBI WJIH YMEHBIIEHBI.

[0005] Ha ®wur. 1 moka3aHO CXeMaTHYECKOe H300pakeHUE CHUCTEMbI MEMOPAHHOTO
pasneneHus: B COOTBETCTBHH C HEKOTOPBIMU BAPUAHTAMH OCYIIECTBICHUS H300PETEHHS.

[0006] Ha ®ur. 2 mnoka3zaHa OJIOK-cXxemMa crmoco0a OIEHKH OCTATOYHOTO
SKCIUTYaTallMOHHOTO pecypca MeMOpaHbl B COOTBETCTBUM C HEKOTOPbIMU BapUaHTAMHU
OCYIECTBIIEHHS N300pETEHUSI.

[0007] Ha @ur. 3 noka3aHa AuarpaMMa XapakTepUCTUKU NPOU3BOJUTENBHOCTU CUCTEMBI
MEMOPaHHOTO Pa3/eIeHUs] COTJIACHO OAHOMY BapUAHTY OCYIIECTBIIECHHS H300PETEHNUS.

HOJAPOBHOE OIIUCAHHUE

[0008] B cnenymoomiemM pacKpbITUU H3JIOKEHO MHOXKECTBO PA3JIMYHBIX BAapUAHTOB
OCYIIECTBJIEHUS] WJIM NPUMEPOB Ul pealu3allid Pa3IMYHBbIX IPU3HAKOB IPEAJIOKEHHOTO

npeamera n3zoOpereHus. KoHKpeTHbIe NMpUMepbl KOMIIOHEHTOB, 3HAYEHUH, onepauuil U T. 1.



ONMHUCaHbl HW)KE Ui YIPOINEHUS HACTOSINErO PACKPBITHS, HO ST NPUMEPbl HE HOCHT
OrpaHUYUTENLHOTO XapakTepa. IIpeanonararoTest Apyrue 3HaUSHHsI, ONEPaLUi, KOMIIOHOBKH H T.
1. B HacTosIeM packpbITHU B PA3JIMYHBIX MIPUMEPAX MOTYT MOBTOPSITHCS CCHIIIOYHbIE YHCIOBbIE
u/unu OyKBEHHBIE TMO3UIMH. DTO MOBTOPEHUE NPUBOANUTCS B LIEJISIX YIPOLIEHHUS U SICHOCTH U He
o0ycCaBIuBaeT B3aUMOCBS3b MEXAY pPAa3IMYHbIMH BapUMaHTAMM OCYIIECTBJICHUS W/ UIH
o0cy’xaaeMbIMU KOH(PHUTYpaLIHsIMH.

[0009] MemOpaHHBIE TEXHOJOTMH JOKa3adu CBOK 3((eKTHBHOCTh B pa3ae’eHuu
ra3oo0pasHbIX MaTepuanoB. MeMOpaHbl UCTIONB3YIOT IS Pa3IEIeHUs XKUAKUX U ra3000pa3HbIX
MaTepHaJioB, KOTOPbIE TPYAHO WJIM HEBO3MOXHO pPa3lenTh HMHbIM oOpa3oMm. MemOpaHHbIe
TEXHOJIOTUU HCIOJB3YIOT B HE(PTSHONH MPOMBILUIEHHOCTH, MEIMLIMHCKOW MPOMBIIIJIEHHOCTH,
i puneTpanyy BoAsl U T. A. B Xoxme skcmiyaTauuu MeMOpaHbl MPOUCXOAUT UX CTApPEHUE U
U3MEHEHHE TPOHM3BOAUTEIBHOCTH. 3MEHEHUS NPOM3BOMUTEIBHOCTH MeMOpaHBI CBSI3aHBI C
TakuMHU (aKkTopamu, Kak (PU3MIECKOe CTapeHHe, MEXaHWYEeCKOe CTapeHHe W IUIacTH(UKALIUS
MeMOpaH. B HEKOTOpBIX Clydasx HM3MEHEHHUS YXYALIAIT MPOU3BOAMTEIBHOCTh MeMOpaHbl. B
XOJIe IKCIUTyaTallud MEMOPAHHOTO Pa3[eNUTeNs, PU OTCYTCTBUH COOBITHS C KPUTHYECKUMHU
Pa3pyIIUTENbHBIMU TOCIEACTBISIMU, PEIIeHHE O 3aMeHe MeMOpaHbl OObIMHO NMPHUHHUMAKOT Ha
OCHOBE CpaBHEHMs KIIOUeBBbIX Mokazareneil mpomsBomutenbHocTH (KPI, key performance
indicator) ¥ COOTBETCTBYIOINMX 3aJaHHBIX KPUTEPHEB 3aMeHbl MeMmOpanbl. Korma
NPOM3BOIUTENBPHOCTE MeMOpaHbl JMOO TpeBbIIAeT, JUOO OMyCKAeTcs HIDKE 3aTaHHOTO
3HaueHuss MeMOpaHy 3aMeHsIOT. OIHAKO CKOPOCTh HM3MEHEHHs XapaKTePHCTUK MeMOpaHbl
HEOAMHAKOB Ul MEMOpaH, KOTOpble BBINOJHSIT OIWH W TOT JK€ THIl pa3ieleHHUs.
WnpuBunyanbHble pasauuus Mexay MeMOpaHaMu TIPUBOAAT K TOMY, YTO 3HAYEHUS
SKCIUTyaTALMOHHOTO PeCypca HaXOAATCS B JUANa30He OT HECKOJbKUX MECSIEB A0 MHOTHUX JIET,
npexae YeM Ha OCHOBE 3apaHee 3aJaHHbIX KPHUTEpUEB 3aMeHbl MeMOpaHbl OyIeT yKa3aHo O
HEOOXOANMOCTH TaKOH 3aMeHBI.

[0010] B HacrosieM pacKpbITHH TpPEAJaraercss Crocod OLEHKH OCTaTOYHOTO
skcmtyataiuonHoro  pecypca (RUL; remaining useful lifetime) rasopasmenuTtenbHOro
MEMOPAaHHOTO arperara AJisl BBIMOJIHEHHS 3aMEHbl MEMOpPAHbI HA OCHOBE MPOTHOCTHYECKOTO HITH
NPEANKTUBHOTO TMOAXO/A, a HE OMNEepaTUBHbIM 00pa3oM, C HCIOJIb30BAHHEM KPHUTEPHEB
MIPOU3BOAUTENBHOCTH, NPEBBIIIAKIINX 3aJaHHBIN KPUTEPUI 3aMeHbl. PaCKpBITBIN B HACTOSIIEM
IOKYMEHTE CIoco0 MPUMEHMM K OIEHKE IOKaszaTesiel SKCIUTyaTallMOHHOTO pPecypca MHOTHX
Pa3NUYHBIX THIIOB MEMOpaH, 4TO COBCEM HE OrPaHWYMBAETCS JIMIIb MEeMOpaHaMH, KOTOPbIE
UCTIONB3YIOT NPH pasneieHu ra3oB. OCOOEHHOCTBIO CHUCTEMbl MEMOPAHHOIO pa3JesieHHUs, B
KOTOPOI BO3MOYKHO HCIOJB30BAHUE OMMCAHHOTO B HACTOSIIEM IOKYMEHTE Crocoda, sSBISETCS
TO, YTO JaHHbIE B OTHOLIEHUH NPOU3BOIUTENBHOCTH MEMOpaHbI, IOJYYEHHbIE B PEKUME
peaTbHOrO BPEMEHH, MOTYT OBITh 3apPETHCTPHPOBAHBI BO BPEMsl SKCIUTyaTalli MEMOpPaHBbI Kak
IUIA TIOTOKA ChIPbs, TMOTOKA IepMeara, Tak U AN MOTOKAa HermepMmeara, NMPU 3TOM IOTOKH
SBJIIIOTCSI CBSI3aHHBIMU C CHCTEMOW MeMOpaHHOro paszenenus. OmnpeneneHHe OCTaTOYHOIO
SKCIUTyaTAllMOHHOTO pecypca BBINOJHIETCS C HCIONBb30BaHUEM (PU3NYECKOH MOJEINH,

00y4eHHOH NaHHBIMH, KOTOpbIE MOJNy4eHbl B XOJ€ Hepa3pylIarollero KOHTPOJIs MeMOpaHsl IO



MECTY OKCIITyaTalHH.

[0011] Ha ¢ur. 1 mokazaHo cxemaTHueckoe n3odpaxkeHue cucrembl 100 MmemOpaHHOTO
pasznenenusi. IIoTok mocTymaroiero Marepuaia Wi MOTOK ChIPbs MPOXOAMUT Yepe3 BIYyCKHYIO
muam0 102 B memOpanHbiii arperatr 104, B HEKOTOpBIX cCly4asix MOTOK IOCTYIAIOIIETO
Marepuana TpencTaBisieT Co0OW ra3o00pasHbli NOTOK. B HEKOTOpBIX Clydasix ITOTOK
MOCTYMAKOIIEro MaTepHralia MPencTaBisieT coOol KUAKUI MOTOK. B HEKOTOPBIX Clydasx MOTOK
Marepuana NpencTaBisieT Cco0OH MOTOK MaTephaja B CBEPXKPHUTHYECKOM COCTOSHHH.
MemOpannblii arperat 104 comep:KUT MO MEHbIIEH Mepe OAHy MeMOpaHy Uil BBITIOJHEHUS
mpolecca pasfeseHuss KOMIIOHEHTOB IIOTOKA MOCTYIMAKINEro MaTrepuaja M COAEPKUT IO
MEHbIIEH Mepe OaHy MeMOpaHy, CPEeICTBO KpeluieHHs MeMOpaHbl M MHOMKECTBO IaTYUKOB,
BBINOJIHEHHBIX C BO3MOKHOCTBIO OIPENENIEHUs] COCTOSIHUS MEMOpaHbI, MOTOKA MOCTYMAOLIETO
Marepuajia WIH TMOTOKa MaTepuasa IOCie MPOXOKACHUs MeMOpaHbl (IOTOKH MepMeara u
Heniepmeata). [1OTOK MOCTymaromero marepuaja, BXOOAUN B MemOpaHHbIA arperat 104,
pasnensieTcss Ha MOTOK NepMeaTa, KOTOPbIN MPOXOAMUT Yepe3 BBhIMYCKHY JHHUKO 106, 1 mOTOK
HerepMmeaTa, KOTOpBI MPOXOAMUT 4epe3 BhINyCKHYr JuHHIO 108. IloTok mepmeara, KOTOpBIN
MPOXOAUT HYepe3 BBIMYCKHYI JuHHIO 106, mpencrasiser coOOW MOTOK MaTepualia, KOTOPBIHA
npoIneN WM TPOHUK uepe3 MeMmOpaHy B MmemOpaHHoMm arperare 104. Ilotok Hemepmeara
npencraBisier cobol MaTepual, KOTOPBIH, MOcie BXojga B MeMOpaHHbii arperat 104, Obur
BbIBEICH W3 MeMOpaHHOro arperata 104 0e3 mnpoxoskneHust 4depes memOpany. JlaBneHue
NOCTYMAIOIIEro MaTepuajga CrocoOCTByeT (OPMHUPOBAHMIO IMOTOKA IE€pMeaTra B BBITYCKHOM
auan 106 3a cyer mpuokKeHUs (PU3UYECKOW CHIIBI K MeMOpaHe, MOANep KuBasi Mopady
CMELIAHHOTO BXOASLIEr0 MaTepuajja B KOHTAKTe ¢ MeMOPaHOI U CIOCOOCTBYS OCYILECTBIICHUIO,
Hanpumep, MpoLecca XMMUYECKOTO CBsI3bIBaHUS, poLecca GU3NUECKON aAre3nu, KanuusipHOTO
npoLecca WM APYroro GU3HYecKoro Wiu XUMHYECKOTO MPOLecca, CBSI3aHHOTO C pa3/ieleHueM
MaTepuasioB Ha OTAEIbHbIE IOTOKH C UCIIOIb30BAHUEM MEMOPaHbI.

[0012] B HexkOoTOphIX BapuUaHTaxX OCYIIECTBJIEHHS TIOTOK CBIPbS HIH IOTOK
MOCTYMAIOIIEr0o MaTepuaja TMPEACTaBIseT Co0OW CMech ra3000pa3HbIX KOMIIOHEHTOB. B
HEKOTOPBIX BAPUAHTAX OCYLIECTBJIEHUS MOTOK ChIPbsl HAXOAUTCA IPU MOBBIIIEHHOM [aBJICHUU
W/WJTN TIOBBIIIEHHOHN TeMImeparype, 4ToObl COCOOCTBOBATD PA3EIEHUI0 KOMIIOHEHTOB T'a30BOM
cMecH MeMOpaHOW B CHCTeME MEMOpPAaHHOrO pas3felieHHs. B HEKOTOpBIX BapUaHTax
OCYIIECTBIIEHHsI Ta3000pa3Hble KOMIIOHEHTBI BKJIFOYAIOT OAWH MJIM Oojiee KOMIIOHEHTOB W3
IUOKCUZA yIJIepoAa, METaHa, 3TaHa, MpornaHa, OyTaHa, M300yTaHAa MM OPYTUX HACBHIIIEHHBIX
YIJIEBOJOPOAOB, HANpUMEpP, MOTOK NPUPOAHOIO ra3a Ha YCTbe CKBaXUHbl. B HEKOTOpBIX
BApPUAHTAaX  OCYILIECTBICHHUS Tra3000pa3Hble KOMIIOHEHTHI  BKJFOUAIOT  HEHACHILIICHHBIC
yIJIEBOAOPOABI, TAKUE KaK 3TEH, MPOMNEH, OAWH Win Ooee N30MepoB OyTeHa, OAMH WiH Oojee
M30MEpPOB TIEHTEHa U T. 1. B HEKOTOpBIX BapHaHTax OCYILIECTBICHHUS OIWH WJIN Oolee
ra3o00pa3HbIX KOMIIOHEHTOB BKJIFOUAIOT CMECH HEOPTaHUYECKHUX MOJIEKYJI, TAKHX KaK aMMHaK,
CEpPOBOAOPOA, CUHWIbHASL KMCJIOTA, MOHOOKCH YIIIEPOAA, AUOKCU YIIEpOaa, CEpOBOIOPOA U T.
. B HEKOTOpBIX BapHUaHTax OCYIIECTBJIECHUS IOTOK ChIpbs WM TOTOK IOCTYMNAOLIEro

MarepHaa, BKIIOYaeT B ceOs JKUIKHE KOMIIOHEHTBI, PACTBOPBI, a3€0TPOITHbIE CMECH WJIH APyTHUEe



TEKy4He CpeAbl, NPUTOAHBIE ISl pa3[eNeHUs] C HCIOJb30BAHHEM CHCTEM MeMOpPaHHOIO
pas3zneneHus sl U3BJICUEHUS] OHOM (paKIMU MOTOKA CBHIPbsS B IIOTOK NEpMearta, ¢ MOJyYeHUEM
OCTaBLIECHCS] 4aCTH, WIM NOTOKA HEHIepMmeaTa, KOTOpas HMMEeT MOHWKEHHYIO KOHLIEHTPALUIO
KOMIIOHEHTa, BBIZICJICHHOIO B IOTOK Iepmeata. B HEKOTOPBIX BapUaHTAaxX OCYLUECTBJICHHUS
M300pEeTEeHNs] TIOTOKU CBIPbSI TEKy4eil Cpenbl, KOTOPbIE HCIONB3YIOT B CHCTEMaX MEeMOPaHHOIO

pasneneHus, BKIIIOYAOT B ce0s1 OMOornyeckre TeKy4rne cpeibl, TAKue KaK KpOBb W/HIIH MOYa.
[0013] MuouBuayanpHOE MOAENUpPOBAHHME MeMOpaHbl BKIIOYAET B ceOs HM3MepeHue

nepeMeHHbIX pacxoma @, temmnepatypbl 1, naenenus P u coctaBoB C; (HOMep HHIEKCa
{0003HaYaeT pa3IMYHbIE KOMIIOHEHTHI B MTOTOKE, BBIXOISIIEM M3 MEMOPAHHOTO Pa3IeNuTelis) B
KaXJIOM TIOTOKE, YTOObI 00ECTIeYNTh HePa3pyLIAOIIU MOHUTOPHUHT COCTOSTHUS MEMOpaHbl. DTH
NepeMEeHHbIE MOXKHO Pa3eNuTh Ha JBe Kareropuu. [lepBast kaTeropusi MmpenacraBiisieT cOOOH
TMIEPEMEHHBIE CBIPbS M KOHTPONbHBIE NMEpeMeHHble X. DTH MapaMeTpbl ONPENENsoT MNepen
MEMOpPaHHBIM pPa3/eJIeHHEM ra3a M OHU OOBIYHO BKJIKOYAOT B ce0sl pacxop, TeMIeparypy,
JaBlieHHE B JIMHUU (HAIpUMep, JaBJeHHE Ha BXOAE), MapLHajJbHOE AAaBIEHHE Ta3000pa3HbIX
KOMITOHEHTOB B JINHUH, XUMHUYECKUI COCTaB BXOSIIETO MMOTOKA MIIM MOTOKA CBIPhS U T. A. DTH
nmapameTpel Takke BKIIOUAIOT Apyrue paboume mapaMeTpbl, HE ONPEAETICHHbIE IMPOLECCOM,
TaKhe Kak rpaduk TEXHUYECKOTO OOCITYKHBAHUS WIH 3aMEHbl MEMOPaHBI, PO ONEepaToOpPOB
WIN TEXHUYECKUX CHENMAINCTOB, HAOMIONEHUE 32 ONepalMsMH, a TaKKe HUCTOPUIO IMPOIIJIBIX
COCTOSIHUH M UCTOPUIO KOHKPETHOro MeMOpaHHOro arperata. Bropast kareropus mpencrasisieT
COo0OM BBIXOIHBIE MepeMeHHble Y. DTH mapameTpbl MPEACTABISIIOT Pe3yJbTaThl MEMOPAHHOTO
pa3zeneHus ra3oB, TaKue Kak AABJICHHE B BBIMYCKHBIX JIMHUAX (HaNpuMep, NaBJE€HUE B JIMHUU
nepMeaTa U JaBJIEHHE B JIMHUM HElepMeara), pacxoasl (ppakLuil mepMeara U HermepMmeara depes
BBIITYCKHBIE JINHUM, XMUMHYECKHH COCTaB (ppakiuil repMeara M HelepMeara B BbIITYCKHBIX
JVMHUSX U T. 1.

[0014] Kpome Toro, MmeMOpaHHBIE arperarbl XapakTePU3YIOTCS XapaKTEPUCTHUECKUMHU
mapaMeTpaMM  MeMOpaHbl, M BKIIOUAOIMMM  3HAYeHHWs IUIOmand MeMOpaHel S wu
HOPMAaJIM30BaHHBIE IO AABJIEHHIO MIOTOKU KKIOTO KOMIIOHEHTa P, U T. 1.

[0015] Ans MomenupoBaHUS YXYAIIEHHUS MPOU3BOIUTEIBHOCTH KOHKPETHON MeMOpPaHBbI,
npu 3amaHHBX X M M nmomydaroT Y mocpencTBoM Modenud MeMOpaHHOro  paspenenusk,
MIPUBEAEHHON HUKE B ypaBHEHUU |:

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

@yukius F Moxer mpenctaBisite coOol GPU3NUECKYI0O MONETb MEMOPAHHOH CHUCTEMB,
CTaTUCTHYECKYI0 MOJENb, 3BPUCTHUYECKYID MOJENb WIM JIO00H THUN MOJAENH, KOTOPBIH
NPEAOCTABISET TMOJE3Hble pe3yibTaTel. M HAaoOOpOT, MOXKHO TOJYYHUTh XapaKTEPUCTHKH

Mwmembpanbl 3 Xu Y'¢ MOMOLIBIO COOTHOIIEHHS], OMMMCAHHOTO B yPABHEHHH 2

M = F~'(X,Y) (Ypasuenue 2)



VYpaBHeHne 2 mpencrtaBisier coOOM MaTeMaTH4eCKyH) OCHOBY [UISI MOHHMTOPHHTA

COCTOsIHUA MeM6paHbI 3a CHCT USMEPCHU IMOTOKOB ChIPbA, IIE€PpMEaTa U HEIIEpMEarTa.
[0016] WM3meHeHuMe TPOU3BOAUTEIBHOCTH MEMOpPAHHOTO arperata MPEACTABIICHO

v3MeHeHreM M, B YaCTHOCTH, CKOPOCTEM MOTOKa P; KaXHOro KOMIIOHEHTAa CO BpPEMEHEM.
MopenupoBaHue U NPOrHO3 3TUX u3MeHeHuil npuseneT k oueHke RUL. IlocnenoBaTenbHOCTD
nevictBuii nnsi oueHku RUL memOpanHoro arperara oboOuieHa ¢ momornsio criocoba 200,
npeacrasienHoro Ha @ur. 2. B xome onepammu 202 cucTemMa ympaBiieHHST MeMOpaHHBIM
pas3zesneHneM WM TMOJb30BaTeNlb B PEKUME PEalbHOIO BPEMEHH IOJIydaeT JAaHHBIE O ChIpbe U
YIPABJISAIOMUX MEPEMEHHBIX, Xa TaKKe BBIXOMHBIX MEPEMEHHBbIX, Y KaK OMMCAaHO Bbime. B
HEKOTOPBIX BAPHAHTAX OCYIIECTBJICHHsS MH(POPMALHS O ChIPhE M YIPABJISIOLICH MEPEMEHHOM, a
TaKKe BBIXOJHOW MEPEMEHHOW MOXKET TaK)K€ BKIJIOYATh B Ce0sl MCTOPHIO TEKYIIEro arperara,
COOBITHSI, CBSI3aHHBIE C TEXOOCYKHBAHNEM, 3aMEHOM, I3MEHEHHEM padoUunX yCIOBUH H T. 1.

[0017] B HeKOTOPBIX BapHAHTAX OCYINECTBICHHS U300PETEHUs MOJb30BATENb B PEKUME
peaTbHOr0 BPEMEHH IMOJY4YaeT XapaKTEePUCTHUECKHE MapaMeTpbl MeMOpPaHHOTO pa3/eleHus,
Mucronb3ysi COOTHOIIEHHE, OMMCAHHOE BBILIE B yPABHEHHWH 2, HA OCHOBE MOKA3aHMil 1aTUYMKOB,
MOJKJIFOUEHHBIX K BBIMYCKHBIM JUHUAM 106 u 108 cucrembr 100 MmeMOpaHHOrO pasneneHus,
npencraBieHHoll Ha @ur. 1. B HEKOTOPBIX BapwaHTaX OCyIIeCTBIeHUs paboune
XapaKTEePUCTUKU MEMOpaHbI, ONpeAesieHHbIE B BBIMTYCKHBIX JUHIIX 106 1 108, BKIFO4aroT B ce0st
COCTaB rasa, TeMIIEpaTypy rasa, pacxon rasza, TepMOJMHAMUYECKOE COCTOSHUE XHMHYECKOIO
BEILIECTBA B INOTOKE IepMeaTa WJIM HermepMeaTa WM COOTHOLIEHMs] OJHOM MM HECKOJIbKUX
pabouux XapakTepUCTUK MEMOpPAHBI.

[0018] Anst pacrio3HaBaHMsI/ PETUCTPALIMH PA3IUYHBIX COOBITHH U OLIEHKH UX BIIUSIHUS Ha
pecypc MeMOpaHbl, HaIpUMep, CHIDKEHHE TEMIIepaTypbl MOJKET BbI3BATh BPEMEHHOE CHUKEHHUE
NPOM3BOIUTEILHOCTH BCIIEICTBUE KOHACHCALIUH, MOXKET ObITh MCIIOJIb30BAHA OTAENbHAS MOJEb
oOHapy»KeHHsI COOBITHIA. DTa MOIEIb MOXKET ObITh OCHOBAaHA HA CHCTEME MPAaBWJI WA Ha
MAalIMHHOM OOy4deHuu. Mozenb W3MEeHEeHHsT CBOHCTB MeMOpaHbl 0O0y4aeTrcss Ha OCHOBE

HCTOPUUICCKUX OAHHBIX, COOTBETCTBYIOIIUX HU3MEHEHUIO M, a taxkixe MOXET BKJIHOYATh B CeOst

2
UCTOPUIO COOBITUI M omepanui, B TOM YHCJIE€ JaHHbIE B OTHOLIEHUU TEXOOCITYKHUBAHHS H
3aMeHbl. Mozienb U3MEHEHHsI CBOHCTB MEMOpPaHbI MOJKET OBITh CO3/IaHa C TIOMOIIBIO PA3JINYHBIX
MOJXO/I0B MAIIMHHOTO OOYYEHUs, TAKUX KaK JINHEHHAs/HeMUHEHAs: perpeccusi, NCKYyCCTBEHHAs

HeliponHas cetb (ANN; artificial neural network) u T. 1.

[0019] Cnocob 200 Bxirodaer B cedst omepaunto 204, B KOTOPOU XapaKTEPUCTUIESCKUE
napameTpel MEMOpPaHbI OLIEHMBAIOTCS C MCIOJb30BAHMEM METOAd, O0OOINEHHOrO C IOMOIIBIO
ypaBHEHUs 2.

[0020] Croco6 200 BximrouaeT B ceOst onepanuio 206, B KOTOPO HA OCHOBE 3aITUCAHHBIX

B pPeXHUME PEaIbHOTO BPEMEHH XapaKTePHCTUYECKHX I[MapaMeTpoB MeMOpaHbI, COOPaHHBIX BO



Bpemsi onepaunu 202, paspabaThiBaeTCsi MOIENIb U3MEHEHHUsI CBOMCTB MeMOpaHbl. B HEKOTOPBIX
BApPUAHTAaX OCYIIECTBJICHUS MOJAENb W3MEHEHHs CBOWCTB MeMOpaHbl ONPEAEISIOT IOCHe
PEerUCTpaliU XapaKTePUCTHUECKHUX NTapaMeTpOB MEMOpPaHbl B HAYaJIbHBIN BPEMEHHOIN WHTEPBaJ,
U OAHYy WIM HECKOJbKO 3aJaHHBIX MOJAENeH W3MEHEHUs CBOMCTB aJanTUPYHOT K
3apEruCTPUPOBAHHBIM XapAKTEPUCTUUYECKUM TapamMeTpaM MeMOpaHbI JJisi OLIEHKH U BbiOOpa. B
HEKOTOPBIX BapUAHTAX OCYIIECTBJICHUS HM300pETEHHsI MOIEIb U3MEHEHHsI CBOWCTB MEMOpPaHbI
pa3pabaThIBAOT «C HYAA», YTO OOYCJIOBJIEHO OTCYTCTBHEM 3aJaHHBIX MOJENeH, KOTOpbIe
COOTBETCTBYIOT JaHHBIM, COOpaHHBIM B TEUE€HHWE HAYAJIBLHOTO BPEMEHHOrO0 WHTepBaja. B
HEKOTOPBIX BapUAHTAX OCYLIECTBJIIEHUS BBIOOp MOAENH MJii MeMOpaHbl HM3MEHSIOT TOCIe
onepauuu 218 Ha OCHOBaHUU OTKJIOHEHUSI KOHTPOJUPYEMBbIX XapaKTEPUCTUYECKUX MapaMeTPOB

MeMOpaHbI OT UCXOIHOM MOJENH, BRIOpAaHHOH B xoze oneparuu 206.
[0021] Cmocob 200 Bkmouaer B ceOs omeparmto 208, mpu 3ToM HaOOp MPOTHO3HBIX

XapaKTEPUCTUYECKUX TAaPAMETPOB MeMOpaHbl M reHEpUPYIOT Ha OCHOBE MOJENM HU3MEHEHUs
CBOMCTB MeMOpaHbl, pa3paboTanHol B xome omepaiuu 206. HMcnonb3ys npornosubie Mu X,
MPOrHO3HBIE BHIXOJHBIE MEPEMEHHBIE MEMOPaHBI ¥ MOKHO OLIEHUTD C MOMOIIbIO ypaBHeHus (1),
MIPUBEIEHHOTO BbILIIE.

[0022] Crnocob 200 Bkirodaer B cebst onepauunto 210, B KOTOPOH mapaMeTpsl ChIPbs U
mapaMeTpbl CUCTEMbI yIPABIEHUS MeMOpaHOW X OLEHMBAIOT JJs MPOTHO3HBIX HMHTEPBANIOB
(YHKIMOHMPOBAHUS MEMOpPaHbI, YTOOBI KOMIIEHCHPOBATH OXXHMIA€Mble H3MEHEHHs] CBOMHCTB
MeMOpPaHbI B COOTBETCTBUH C MOJIENBIO, pa3paboTaHHON B xone oneparun 206.

[0023] Crmoco6 200 Bkmrouaer B cebst omepauuto 212, B KOTOpoii HAbOp MOPOroBBIX
3HAYEHUH WM TOPOrOBble 3HAYEHUS] PabO4YMX XapaKTEPUCTUK MeMOpPaHbI, ONPENEeNsIOT Ha
OCHOBE pabOUYMX XapaKTEePUCTUK MEMOPAHBbI, IOJYYEHHBIX B PEKHME PEaIbHOTO BPEMEHH B XOJIe

onepaunu 202, a Takke MOJIEIH U3MEHEHHs CBOWCTB MeMOpaHbl B xone omneparuu 206 (uiau

MPOTHO3HBIX XaPAKTEPUCTUYECKHX TapaMeTpPOB MeMOpaHbl B Xxozae onepauuu 208).
[0024] Croco6 200 BkirouaeT B cedsi oneparuio 214, B KOTOPOH MOPOroBble 3HAYEHUS,

WIA TIOPOTOBbIE 3HAYEHHUS OSKCIUTYaTALUMOHHO-TEXHHUYECKUX XaPAKTEPUCTUK MeMOpaHbl
UCTIOJIB3YEOTCSI JIJIsI OTIPENENICHUs] OXKHIAeMOTr0 BPEMEHH 3aMeHbl MeMOpaHbI B COOTBETCTBHUH C
pa3HHLIE BO BPEMEHH MEXAY HHTEPBAIOM H3MEpeHHs cOOpa XapaKTepUCTHK MeMOpaHsbl,
MOJIyYEHHBIX B PEXUME pPEAJIbHOIO BPEMEHHM, BBINOJHEHHOrO B Xxone onepauuu 202, wu
pacyeTHBIM BPEMEHEM, B TE€YEHHE KOTOPOIO 3KCILTYyaTAllMOHHO-TEXHUYECKHUE XapaKTEPUCTUKU
MeMOpaHbl OyOyT COOTBETCTBOBATh IIOPOTOBBIM 3HAYEHHUSIM, OCHOBAHHBIM Ha MOJENH
M3MEHEHUsl CBONWCTB MeMOpaHbl. C MPOrHO3HBIMH Y ¥ X, TPOTHO3HBIE KJIFOYEBbIE TMOKA3aTENH
SKCIUTyaTaMOHHO-TEXHUYECKUX XaPAKTEPUCTUK OLEHUBAKOTCS U CPABHUBAKOTCS C KPUTEPHUSIMU
3aMeHbl MeMOpaHbl (HAIpUMep, MOPOTOBBIMH 3HAYEHUSMH, TOJYYE€HHBIMH B XONI€ OINEpaIiH
212) nns ompeneneHUs BPEMEHH, KOTAa AOCTHraercs OKoH4aHue cpoka skcruryatanmu (EOL;

end of life) memOpanel. Takum oOpasom, RUL mnonydaroT myTeM BBIMMTAHHUS TEKYIIEro



BPEMCHHOI'0O HMHTEpBaJia IJIA HU3MEPCHUSA XaPAKTCPUCTUK, IMOJYUYCHHBIX B PCKUME PECATBHOIO

BPEMEHH, U3 MPEIoIaraeMoro OKoHuaHust cpoka sxcruryaraunu (EOL) memOpaHbl.

[0025] Crioco6 200 Bxirouaer B cebs oneparuio 216, B KOTOpO BO BTOPOM BPEMEHHOM
UHTEpBaJIe IOCJe IEePBOr0 BPEMEHHOrO MHTEpBaia, B KOTOPOM ObUIM 3aperuCTPUPOBAHbI
NOJyYeHHbIE B PEXKUME pEabHOTO BPEMEHU XapaKTePUCTHYECKHE MapaMeTpbl MeMOpaHbI
(Hampumep, UWHTEpBaja BPEMEHH, COOTBETCTByIOIlero onepaunu 202), perucTpupyrT
MOJIyYEHHBIE B PEXKUME PEATIbHOTO BPEMEHU AOMOIHUTEIbHBIE XapaKTEPUCTUUECKUE APAMETPhI
MeMOpaHbI U CPABHUBAIOT C MIOPOTOBBIMU 3HAYEHUSIMH, ONPENEIeHHbIMUA B XOz€e oneparuu 212.
B TOoM cnydae, korma 3aperucCTpUpPOBaHHBIE XapPAKTEPUCTHUECKUE MapamMeTpbl MeMOpaHsbl,
MOJIYYEHHbIE B PEKUME PEaIbHOrO BPEMEHU B Xonae omnepauuu 206, MomagarT B OKUIAEMBbIi
IVana3oH XapaKTEPUCTHUECKUX MapaMeTpoB MeMOpaHbl, COOTBETCTBYIOIIUX HOPMAJIbHOMY
(YHKIIMOHHPOBAHUIO MEMOPAHbI WJIH CHCTEMbl MEMOPAHHOTO pa3AeNieHus], Cocod MepexXoauT K
onepaunu 218. B ToM ciydae, kOrna 3aperucTpUpPOBAHHBIE XAPAKTEPUCTUYECKHUE MapaMeTpPhI
MeMOpaHbI, MOJYYEHHBIE B PEXHME PEaJbHOrO BPEMEHU B Xozae omepaiur 200 MpeBbIIAIOT
MOPOroBO€ 3HAYEHWE, WM BBIXOASAT 3a MpeAenbl OXUAAEMOrO JUANa30HA XapaKTEPHBIX
apaMeTpoB MEMOpaHBbI, COOTBETCTBYIOIIUX HOPMaJbHOMY (DYHKLUMOHUPOBAHHIO MeMOpaHBbI,
CUCTeMbl MEMOPAHHOTO pa3AeNieHus], ClIoco0 MpoaorkaeT padoty no onepamuu 220.

[0026] B xone omepamuu 220 cucteMy MeMOPAHHOTO pa3AesieHUs] OTKIIIOYAIOT, JTHHUIO
NOZIavy CBIPHS, & TAK)KE MOTOKH TepMeaTa 1 HerepMeaTa NepeKphIBatoT, U 3aMEHAI0T MeMOpaHy.
B xonme onepauun 218 onpenensitOT BPEMEHHON MHTEpPBal MEXAY PErucTpauued TEeKYIIUX
XapaKTEePUCTUUECKUX MapaMeTpOB MEMOpPaHbI U OXHIAEMbIM BPEMEHEM 3aMEHbl MEMOpaHBI B
NpenblAyLEM BPEMEHHOM HHTepBasie. B TOM ciywae, korgja BPEMEHHOM HHTEPBajl TEKYLIUX
XapaKTePUCTHUECKUX IMapaMeTPOB MeMOpaHbl MPEBBIIIACT OXHAAEMOE paHee BpPEMsl 3aMEHbI
MeMOpaHbl, XapaKTePHCTHYECKHE MapamMeTpbl MeMOpaHbl PETHCTPUPYIOT M YBEAOMIISIOT
HOJb30BATENsl O TOM, 4YTO MOXKeT moTpedoBaThcs 3amMeHa MeMOpasbl. [locnme monydeHus
BXOJIHBIX JIaHHBIX OT IOJIb30BATENs BBINOJHAETCs onepauus 220, B X0e KOTOPOH MPOUCXOAUT
3aMeHa MeMOpaHbl. B ciy4ae OTCYTCTBHS BXOIHBIX IAHHBIX OT TOJIB30BATENSl BBITIOJHIETCS
onepauusi 206, mpU 3TOM MOAETH W3MEHEHUs CBOHCTB MeMOpaHbl OOHOBJISIFOT Ha OCHOBE
TEKYIUX XaPaKTEPUCTHYECKHX IapaMeTpPOB MeMOpaHbl il OINpPENeNIeHUs] IOCIEAYIOIEero
OCTaTOYHOTO 3KCIUTYyaTAIllHOHHOTO Pecypca, KaK OMHMCAHO BhIe. TakuMm o0pa3oM, OTKIOHEHHS
XapaKTEPUCTHUECKUX MapaMETPOB MEMOPAHBI UCIIOIB3YIOT JIJIsI OOHOBJICHHUS] MOJIENTH U3MEHEHHUS
CBOWCTB MeMOpaHbl WU KO3()(QHLIHEHTOB, CBSI3aHHBIX C ypaBHEHHEM (2), IS MOBBIIEHHS
TOYHOCTH  ONpEAeNieHHWs  OKOHYaHUs  CPOKAa  OJKCIUIyaTaluW, HWIM  OCTATOYHOIO
SKCIUTYyaTAlMOHHOTO PeCypca, B COOTBETCTBHH O criocodom 200.

[0027] Ha dur. 3 mokasana mguarpamma 300, mpencraBisiiolias 3HadeHHe padoueit
XapaKTEPUCTUKU Ha nepBoi ocu 302, BpeMsi U3MEpPEHUs Ha 2™ ocu 304 U KOMIIOHEHT MOZENH
306 u3MeHeHHs CBOHCTB MEMOpaHbl, COOTBETCTBYIOLIUIT 3HAUEHHUSIM padouell XapaKTepUCTUKU B
3aBHCHMOCTH OT BpEMEHH. BBINOIHSIIOT epBoe n3MepeHne padodei XapakTepUCTHKH, U TIEPBOE
nokasanue 308 perucTpupyroT U CpaBHUBAKOT C MOnenbr0 300 yxyaleHue CBOUCTB. B MOMEHT

BpeMeHu 318 nmo ocu 304 peructpupyrotr nokasaHue 308, u oHO umeer 3HaueHue 308V. B



MoMeHT BpeMeHHu 3 10T peructpupyrot nokaszanue 310, u ono umeer 3Hauenue 310V. Ha ®ur. 3
nokazanue 310 otHocurcs k Mozpenu 306 U HAXOAUTCS B MpeAesax MOPOroBbIX 3HA4YeHUH 312
I TIOKAa3aHWH, COOTBETCTBYIOLIUX OXKHAAEMOMY HOPMAJIbHOMY  (PYHKLIMOHUPOBAHHIO
mMeMOpaHbl cornacHo mozenu 306. Ha ®ur. 3 monens 306 n3MeHeHHs CBOHCTB HCIIONB3YIOT IS
OLICHKH OCTaTOYHOIO 3KCIUIyaTallMOHHOro pecypca 314, COOTBETCTBYIOLIETO H3MEPEHHUIO
OKOHYaHMS CpoKa OKciutyatauuu Bo Bpems 316T w/mnm 3Havenmo 316V paboueit
XapaKTEePUCTUKH, OTCIIEKUBaeMOM 1o ocu 302.

[0028] Beiiie u3I0KeHBI MPU3HAKK HECKOJBKUX BAPUAHTOB OCYINECTBIIEHUS, YTOObBI
CHEeLUAIUCTBl B JAaHHOW OOJAaCTH TEXHUKH MOIJIM JIy4Ylle MOHSATb ACHEKThl HACTOSIIErO
n3obperenusi. CriequaiucraM B JaHHOW OOJAaCTH TEXHHKH OyAeT IMOHSTHO, YTO HACTOsIIEe
n300peTeHrne MOMKHO TPOCTO HCIIONb30BaThb B KA4eCTBE OCHOBBI Ui pa3pabOTKU MU
MOIU(UKAIMA APYTHX MPOLECCOB M KOHCTPYKUMH IUJIsl OCYIIECTBJICHUS TEX K€ LeNell u/muiu
NOCTHXKEHMsS] TE€X K€ IPEUMYINECTB BAPUAHTOB OCYIIECTBJICHUs, OMUCAHHBIX B HACTOSILIEM
nokymernrte. CrienuanucTaM B JaHHOM OOJACTH TEXHHUKH TakXke OyJeT MOHATHO, YTO TaKue
SKBHUBAJICHTHbIE KOHCTPYKIMHM HE OTXOAST OT CYIIHOCTH W 00BeMa NPaBOBOH OXpaHbI
HACTOSIIEro M300pPETeHHs,, U YTO OHHU MOTYT BBINOJHHUTb PA3MYHbIE W3MEHEHHs, 3aMEHbI U
UCTIPABJICHUs] B HUX O€3 OTCTYIUIEHHUS OT CYLIHOCTH M 00beMa MPaBOBOW OXPaHbI HACTOSIIETO

n300peTeHus.



®OPMYVYJIA H30BPETEHUA

1. Cioco0, BKIIOYAOIHH:

noaavyy ra3oBoi cMecHu B MeMOpaHHBIN pa3aenuTesb, COAepKaluil MeMOpany;

paszeneHue ra3oBOM CMECH Ha MEpBbIM ra3 M BTOPOH ra3 ¢ HMCMIOJb30BAHUEM
MeMOpPaHHOTrO pa3AesuTes;

n3MepeHue pabodell XapakTepUCTHKU OJHOrO MM Oojiee M3 CIEAYIOIEro:
ra3oBasi CMeCb, IEPBBIN ra3 U BTOPOHU ras;

U3MEpeHHe COCTaBa ra3oBoll cMecH, MepBOro ra3a u BTOPOro rasa,

omnpeneseHne TePMOANHAMUYECKOTO COCTOSIHUS ra30BON CMECH;

OompeneNieHue TEeKyIlero COCTOsiHMST MeMOpaHbl Ha  OCHOBe paboumx
XapaKTCPUCTUK u COCTaBOB, a TaKKe TEPMOANHAMHUYICCKOTO COCTOsAHHUA, C
UCIIOJIb30BAaHNEM PU3UUECKON MOJEIH,

BBIYUCIIEHHE MPOTHO3HOT'O COCTOSHUS MeMOpaHbl C HCIOJb30BAHHUEM MOAETH
U3MEHEHHUs] CBOHCTB MEMOpaHBI, U

peryJimpoBKa OJHOTO U3 Cleayoumero: paboyue XapaKTEPUCTUKU  HIIH
TEPMOJMHAMUUYECKOE COCTOSIHUE Ta30BOM CMECH Ha OCHOBE BBIUHMCIEHHOIO NMPOTHO3HOIO
COCTOSIHUSA.

2. Cmoco® mo m. 1, oTiauyamomuics TeM, 4YTO paboyas XapakTepUCTHKA

2
npeacTaBiseT coOOH pacxon OfHOro uiaum Oojee U3 CIENYIOIIEro: ra3oBas CMeECh,
MEePBBIN ra3 U BTOPOU ras.

3. Crnoco6 mo m. 1, JOMOJMHUTENbHO BKJIOUYAKOMUN B ceds perucTpanuilo, B

>
TeUYeHUE HA4YaJbHOT'O BPEMEHHOrO HHTEpBaja, U3MEpPEHHOW paboueill XapaKTEpUCTUKHU
OJTHOTO MJIM OoJjiee U3 CIeNyIOIero: ra3oBas CMeCh, NEPBbIH ra3 U BTOPOH ras; u BeIOOp
B Ka4eCTBE MOJEJIM U3MEHEHUsI CBOHCTB MeMOpaHbl MepBO MOJAENN U3MEHEHHs CBOICTB
MeMOpaHbl, OCHOBAHHOW Ha HU3MepeHHOH paboueill XapakTepUCTHKE HA HAYAIbHOM
BPEMEHHOM HHTEpBaJe.

4. Cnoco6 mo m. 1, HOMOJHUTENBHO BKJKOUAKOMUI B ceOs B ceds u3MepeHue
pabouell XapaKTepHUCTUKH OAHOTO MJU OoJiee M3 CIEAYIOIIEero: ra3oBas CMeChb, MEpPBbIH
ras u BTOPOH ra3 B TeueHHE BTOPOTrO BPEMEHHOI'O HHTEpBalla, U OIpelesieHHue TOro,
NMpeBbIIAET JIM TEKyllee COCTOsSIHUEe MeMOpaHbl TOpPOroBoe 3HadYeHue padodei
XapaKTEePUCTHKH MEMOpPaHBI.

5. Cnoco®6 mo m. 3, NONMOJHHUTENbHO BKJIIOYAKIIUA B ceOs perucTpauuio, B
TEUYeHHWE BTOPOr0 BPEMEHHOTO HWHTEpBaja, HM3MEPEHHOW pabouell XapaKTEPpUCTUKHU
OJHOTO HJIM OOJiee M3 CIENYIOLIEro: ra3oBas CMeCh, MEPBBIA ra3 U BTOPOH ras3; u BbIOOD
B Ka4€CTBE MOJAENIN U3MEHEHHs] CBOMCTB MeMOpaHbl BTOPOI MOJENIN H3MEHEHUsI CBONCTB
MeMOpaHbl, OCHOBAHHOW Ha HU3MEpPEHHOW pabouell XapakTepPUCTHKE HAa BTOPOM
BPEMEHHOM HUHTEpBaJe.

6. Cnocob mo n. 5, OTNHYAKIMHUIICA TeM, YTO 110 MEHbLIeH Mepe OJHAa U3 MEPBOH U
BTOPONl Mopeyiedl U3MEHEHUs] CBOHCTB MeMOpaHbl mMpencTaBiseT Cco0OW Monesb

MaIIUHHOTO O0y4YeHUs.
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7. Cnoco6 mo mn. 1, MAONMONHUTENBHO BKJIKOYAKOIUNA B cedsd CpaBHEHHE
BBIYMCIEHHOIO MPOTHO3HOI'O COCTOSIHUS MeMOpaHbl CO CTAaHAAPTOM H PEryJHPOBKY
OJTHOTO U3 CleAyoLIero: paboyne XxapakTepUCTUKU UIN TEPMOAUHAMUUYECKOE COCTOSIHUE
ra3oBOil CMe€CU Ha OCHOBE CPaBHEHHSI.

8. Cmoco® mo m. 7, OTIMYAIOINUKICA TE€M, 4YTO MOJAE]b H3MEHEHHS CBOMNCTB
MeMOpaHbl oOy4aeTrcss € HMCHOJIB30BAHHEM HCTOPUYECKHX JaHHBIX OT MHOXECTBA
mMeMOpaH.

9. Crioco0, BKIIFOYAKO U

nogavyy ra3oBOi CMeCH B MeMOpaHHbBIH pa3AesuTel b, COAepKALUA MeMOpaHy;

paszeneHne ra3oBONW CMeCH Ha MepBbIM ra3 U BTOPOW ra3 ¢ HCMIOJb30BAaHHEM
MeMOPaHHOTO pa3aeuTeNs,

u3MepeHue paboyeldl XapakTEepUCTHKH OJHOTO HMJIM Oojiee M3 CIEAYIOIIEro:
ra3oBasi CMeCbh, IEPBBIN ra3 U BTOPOH ras;

U3MepeHHe COCTaBa ra3oBON cMecH, MePBOro raza u BTOPOTO rasa;

omnpenereHne TEPMOANHAMUYECKOTO COCTOSIHUS ra30BON CMECH,;

OompeneNeHue  TEeKyIlero COCTOsSHHUS ~ MeMOpaHbl Ha  OCHOBe  pabouux
XapaKTepUCTUK U COCTaBOB, a TakKXe TEPMOAMHAMUYECKOTO COCTOSIHHUS, C
UCIIOJIb30BAaHNEM (PU3UUECKON MOJEINH,

BBIYMCIIEHHE NPOTHO3HOTO COCTOSHUS MeMOpaHbl C HCIOJb30BAHHUEM MOAEIH
U3MEHEHUs] CBOWCTB MeMOpaHbl, BBIOPaHHOW Ha OCHOBE HU3MepeHHOW paboueil
XapaKTEepUCTHUKHU,

CpaBHEHHE BBIUMCIEHHOTO MPOTHO3HOTO COCTOSHUS MEMOpPaHbI CO CTAHIAPTOM, H

peryJiupoBKy OAHOrO U3 clenymuero: paboune XapakKTEpUCTUKU  MIIH
TEPMOJMHAMHUYECKOE COCTOSIHUE Ta30BOI CMECU HA OCHOBE CPaBHEHMUS.

10. Cnoco® mo m. 9, OTIMYAIOLIMHCS TeM, YTO IMEPBYK MOIE]b H3MEHEHUs
CBOWMCTB MeMOpaHbl BHIOMPAOT B TEUEHHUE NEPBOT0 MEepHOaAa BPEMEHHU, a BTOPYIO MOJEJb
U3MEHEHHUs] CBOHCTB MeMOpaHbl, OTJIUYHYIO OT MEPBOW MOAEIU H3MEHEHHUsI CBOWCTB,
BBIOHMPAIOT B TEUEHHUE BTOPOrO MEPUOAA BPEMEHHU.

11. Cnocob mo m. 9, OTAMYAIOINUNCS TE€M, YTO BbBIOpaHHAs MOJENIb W3MEHEHHS
CBOMCTB MeMOpaHbI MpeAcTaBisieT OO0 MOAENIb MAITUHHOTO OOyUYeHHS.

12. Cnoco® mo m. 9, OTIMYAKIIHKWCI TE€M, YTO MOJeJb H3MEHEHHUsS CBOWMCTB
MeMOpaHbl 00ydaeTcsi C UCIOJb30BAHHEM HCTOPHUYECKUX MHAaHHBIX OT MHOXKECTBA
MeMOpaH.

13. Coco6 mo m. 9, JONMOJHUTENPHO BKIIOUAOLMINNA B ce0sl CpaBHEHHE TEKYILIETO
COCTOSIHUSI MEMOpPaHbl CO CTAHIAPTOM U PETYJHPOBKY OJHOTO U3 Cleayrouero: pabouune
XapaKTepUCTUKU WJIM TEPMOAMHAMHUYECKOE COCTOSHHE Ta30BOl CMeCH Ha OCHOBE
CpPaBHEHMS TEKYIIETO COCTOSHUS MeMOpPaHbI CO CTAHIAPTOM.

14. Cnocob mo m. 13, oTnuuammuiics TeM, YTO MEPBYIO MOJIENb H3MEHEHUs
CBOMCTB MeMOpaHbl BHIOMPAIOT B TEUEHHE NEPBOTO NEPHOa BPEMEHH, a BTOPYIO MOAEIb

U3MEHEHUs] CBOHCTB MeMOpaHbl, OTJIMYHYIO OT IEPBOH MOJAEINM HU3MEHEHHUs CBOWCTB,
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BBIOMPAIOT B TEUEHHUE BTOPOTrO MEPUOAA BPEMEHHU.

15. Cnoco0, BKIOYAIO IUH:

noaavyy ra3oBoi cMecHu B MeMOpaHHBIN pa3aenuTesb, COAepKaluil MeMOpany;

pa3zeneHne ra3oBONM CMECH Ha MEpBBI ra3 U BTOPOW ra3 ¢ HCHOJb30BaAaHUEM
MeMOpPaHHOTrO pa3AesuTes;

U3MepeHne pacxoia, TeMIepaTyphl, JaBJIeHUs M COCTaBa OJHOro wiu Oosee u3
CIENYIOLIEero: ra3oBasi CMeCh, MEPBBIN a3 U BTOPOM ras;

omnpeneleHne TePMOANHAMUYECKOTO COCTOSIHUS ra30BON CMECH;

ompenesieHue TeKymux pabounx XapakTepUCTHK MeMOpaHbl HA OCHOBE PacXoJ0B,
TeMIeparyp, HaBlIeHUH, COCTaBOB M  TEPMOJMHAMHUYECKOrO  COCTOSHUS C
UCIIOJIb30BaHUEM (PU3UUECKON MOJEIH,

BBIUHCIICHUE NPOTHO3HOW  pabodell  XapaKTEPHUCTUKHU MeMOpaHbI c
UCIIOJIb30BAHHEM MOJAENU H3MEHEHUs CBOHCTB MeMOpaHbl, BBIOPAHHONH Ha OCHOBE
U3MEpPEeHHOH padoueil XapaKTepUCTHKH,

CpaBHEHHE BBIUMCIEHHOTO MPOTHO3HOTO COCTOSTHUSI MEMOpPaHbI CO CTAHIAPTOM, H

peryiupoBKy OJHOTO M3 CJIEAVIOLIero: pacxolo0B, TeMmIepaTyp, HIaBlIeHUM,
COCTaBOB UJIM TEPMOJUHAMUYECKOTI'0 COCTOSIHUS Ta30BONM CMECH Ha OCHOBE CpPaBHEHUs.

16. Cnocob mo m. 15, oTnuyammuicss TeM, YTO MEPBYIO MOIENb H3MEHEHUs
CBOMCTB MeMOpaHbI BBIOMPAOT B TEUEHHUE NEPBOT0 MEPHUOAA BPEMEHHU, & BTOPYIO MOJEINb
U3MEHEHUs] CBOHCTB MeMOpaHbl, OTJIMYHYIO OT IEPBON MOAENH H3MEHEHHsS CBOWCTB,
BBIOMPAIOT B T€UEHHUE BTOPOTrO MEPUOAA BPEMEHHU.

17. Crnoco® nmo m. 16, oTnu4aromuicss TeM, 4TO BbIOpaHHAss MOAENb MU3MEHEHUs
CBOHCTB MeMOpaHbI MPEACTaBIAET COOOH MOAENb MAIIMHHOTO O0y4EeHHUs .

18. Crnoco6 mo m. 17, OTnHMYAKIUICI TeM, YTO MOJIENb H3MEHEHHS CBOWCTB
MeMOpaHbl oOy4aeTrcss € HMCHOJIB30BAHHEM HCTOPUYECKHX MaHHBIX OT MHOXKECTBA
MeMOpaH.

ITo noBepenHocTH
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