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1. BBEAEHUE

[Iporpamma BCTYNHTENBHBIX HWCHBITAHWM MpeJHAa3HAYeHa JUIsl  JIMII,
xenaromux noctynute B maructparypy PI'BOY BO «PXTY wum. .M.
MenpaeneeBa» no HampasiaeHur0 noArotoBku 18.04.01 Xumuueckass TEXHOIOTHS
(Marucrepckasi mporpamma: «XHMHS U TEXHOJOTUST OMOJIOTMYECKH AKTHUBHBIX
BeliecTBy). [IporpamMma paspaborana B coorBeTcTBUM ¢ [lopsiikoMm opranu3anuu u
OCYLIECTBIEHUS  00pa30BaTE€NbHON  NIEATEILHOCTH MO  00pa3oBaTEbHBIM
porpamMmam BBICILIEr0 00pa3oBaHUs — MporpaMmam OakanaBpuara, mporpammam
CIICMAINTETa, MpOrpaMMaM  MarucTpaTypbl, YTBEPKIEHHBIM  IPUKA30M
MunucrepctBa oOpa3zoBanus W Hayku PD ot 6 ampenst 2021 roma No 245.
[Iporpamma pekOoMeHAYETCs JUIsl MOATOTOBKM K BCTYHUTEIBHBIM HCHBITAHUSIM
BBIITYCKHUKOB OakajaBpuaTa W CIEIHAINTETa KJIACCHUYECKUX YHHBEPCHTETOB,
TEXHUYECKUX U TEXHOJIOTMYECKUX BY30B. CoJepkaHue MporpaMmmel 0a3upyeTcs Ha
crenyromux y4eOHbIX aucuuiimHax: «lIpomecchl u ammapaTtbl XUMHUYECKOU
TexHonorum», «OOmas  xuMuyeckas  TexHojiorus», «bapoMemOpaHHbIE
npoueccb», «/Anddy3snonnsie MeMmOpaHHbIE MPOIECCHI», «IIEKTPOMEMOPAHHbBIE
npoueccb», «ColnpsKeHHble MEMOpaHHBIE MPOLECChDY U JIPYTUX CHEUUaTbHBIX
y4eOHBIX JUCIUIUIMHAX, npenogaBaeMbix B PXTY um. J[.1. MenaeneeBa B pamkax
HanpasjaeHus noarotoBku 18.03.01 Xumuueckasi TEXHOJIOTHUSI.

2. COAEP XAHUE ITPOI'PAMMBI
1. «bapomeMOpaHHbIe IPOLIECCH»

BBenenue

Knaccudukanus  6apoMeMOpaHHBIX  TPOIECCOB M WX  KpaTkas
XapaKTepuCTHKa, ceprl mpumeHenns CorocTaBiieHne MEMOpPaHHBIX MPOIIECCOB C
JPYTUMH METOJIaMH pa3JeleHusl KUIKUX cMeced. JBmxkymas cuna. O6nactu
PUMEHECHHUS.
TeopeTnueckne 0CHOBBI 0apoMeMOpPaHHBIX NPOILECCOB

Mexanusm pazzieneHusl. Poinb KOHBEKTHUBHO-(UIBTPALIMOHHOM,
NEKTPOCTATUYECKON W TU(DPY3UOHHOW KOMIIOHEHTHI B OOIIEM MEXaHU3Me
NepeHoca BEIECTB Yepe3 MeMOpaHy I KaKJI0ro 0apoMeMOpaHHOro Mpoiiecca.
Cesi3aHHasi BOJla Ha MOBEPXHOCTH M B TIOpax MeMOpaHbI, SIBICHUS TUIpaTaIlid B
pacTBOpax 3JIEKTPOIUTOB.
ConporuBJjieHHE MacconepeHocy

KoHueHTpanmoHHas nojsipu3alys CO CTOPOHbBI pa3AesiieMOro pacTBOpa Kak
OCHOBHOE BHemiHee nuddy3noHHoe compoTuBieHue. Ee BiusHue Ha
XapaKTEPUCTUKHU Pa3esieHUs] B 0apOMEMOpPaHHbBIX MPOLECCaX.
Anmnaparypa 1 6apoMeMOPAHHBIX MPOLECCOB

OcHOBHBIE THUIBl KOHCTPYKIMM amnmaparoB C IUIOCKUMH, TpyOudaThIMH,
PYJIOHHBIMU U BOJOKOHHBIMU (DUIBTPYIOIIMMH 3JeMeHTaMu. VX ycTpoicTBO H
paboTa, TOCTOMHCTBA W HENOCTaTKU. BBIOOp ONTUMANBHOrO THUIMA KOHCTPYKIIMH
MEeMOpaHHOTO amnmnapara B COOTBETCTBUU C 3a7auei pa3/ieieHHUs.



TexHoJi0orH4YecKnii pacyeT annapaTroB U YCTAHOBOK
IlocnenoBaTenbHOCTh pacyeTa YCTAHOBOK [UJIi OCHOBHOIO BapUaHTa
IPOBEIECHUSI MUKPO-, YJIbTpa-, HAHO(UIBTPALIMK U OOPATHOIO OCMOCA.
CekumonupoBanue 0OapoMeMOpaHHBIX annaparoB B MPOMBIIUICHHBIX
YCTaHOBKax OOJBIIONW MPOU3BOAUTENILHOCTU. PacyeT NBYXCTYNEHYAThIX CXEM H
ycTaHOBOK. Pacuer OapoMeMOpaHHBIX CX€M W YCTAaHOBOK [UIsl BapHAHTOB
nuaduIbTpaui U GpakmOHUPOBAHKS PACTBOPEHHBIX BEIECTB.

2. «Indppy3nonnbie MeMOpaHHbIE IPOLECCHD)

Beenenue
Knaccudukanusa aud@dy3MoHHBIX MeMOpaHHBIX MPOLECCOB,  cpepsl
pPUMEHEHUS, IBIKYIIAs CUJIa, ypaBHEHUS MTepeHoca
OcHoBHBIE 3aKOHOMEPHOCTH TU(PPY3MOHHBIX MEMOPAHHBIX NPOLIECCOB
Mexanu3m aud@y3un M KOJIWYECTBEHHOE OMNHCAHME, MEXaHU3M U
AJIIEMEHTApHBIE CTaJUuU MaccolepeHoca (MPOHULAHUS) KOMIIOHEHTOB Yepe3
MeMOpaHy.
Oco0eHHOCTH TMepeHoca uepe3 HENMOpUCThIE MEMOpaHbI:  BIIHSHHE
TeMIIepaTyphl U JIaBJICHUS Ha MTPOHUIIAEMOCTh (I y3Hro u copOoIHio).
Huddysnonnoe pazaenenue ra3zoB. OOmas xapakTEpPUCTHKA IIpoIecca.
O6nactu npumeHenus. [Ismwxkymias cuna. [I[pumensembie MeMOpaHBbI.
MacconepeHoc B HOPUCTHIX MEMOpaHax
Knaccupuxkanum memOpaH u Tped0OBaHUSA K MeMOpaHaM
Mertonbl pacueTa MEMOpPaHHBIX alllapaToB U yCTAHOBOK
[lpuHnmmBl  pacdera amnmapatoB Uil OCYHIECTBICHUA UG Yy3HMOHHBIX
MEMOpaHHBIX MPOLECCOB, UX OTJIMUKE OT OapOMEMOpPAHHBIX MPOIIECCOB.
CniocoObl Opranu3anyy NOTOKOB B MOJTYJISIX.
IIpombinieHHOE MpuMeHeHne TP Py3MOHHBIX MEMOPAHHBIX POLECCOB
Bb160p MpOMBINIUIEHHBIX allapaToB, TEXHOJIOTHYECKUE MTapaMeTphl U CXema
npoliecca, TEXHUKO-3KOHOMHUYECKHE MapaMeTphbl YCTAaHOBOK.

3. «ConpsizkeHHbIe MeMOpPaHHbIE MIPOLECCHI»

IlepBanopauus (MucnapeHue 4yepe3 MeMOpPaHy)

Tepmunonorus. Wcropust paszputus. OOmue TpHHIUIB pa3paboTku. 3amauu
pa3zlesieHusi, TUNBI W CHOCOOBI MPOBEACHUS, BapUAHTHl aNNapaTypHOro
odopmiieHusi. XapakTepucTuk 3G PpeKTuBHOCTU pazneneHus. [IpuHuner BeIOOpa
MeMOpaH U MaTepHralioB AJisi MeMOpaH U crocoObl X Moaudukanu. Mexanusm u
daktopel, onpenensome 3PPEKTUBHOCTD pa3leieHus: MNpUpoJa U COCTaB
pazzensieMoil cMecH; TeMneparypa; TOJIIMHAa MeMOpaHbl; BHEITHEAUPDY3UOHHBIE
COMPOTHUBJICHUS U OCTATOYHOE JaBJICHUE 1101 MEMOPaHOM.

MemOpanHasi AMCTHILISIIUASA

Tepmunonorus.  Hcropust  pa3Butus.  XapakKTepucTuku  dPPekTuBHOCTU
pasneneHusi. BapuaHThl peann3anuu U UX conocTaBieHue. MemMOpaHbl: MaTepuabl
U CIOCOOBI TONYYEHHS; CTPYKTypa mop. Mexanusm. DakTopbl, OMPEICIISIONINE



TUAPOJMHAMUYECKUM M TEIUIOBOW PEXUM B HANOPHOM M APEHAXKHOM KaHAJIAX,
TEIJI0O — U MAacCONEpPEHOC uepe3 MeMOpaHy: AaBJi€HHE, TeMIlepaTypa, Npupoaa u
KOHLIEHTpalusl pa3aeiasieMoil )XKUAKOCTH (KalWJUIApHbIE SIBIIEHUS); MOBEPXHOCTHO-
aKTHBHBIE BellecTBAa. METOIbI NCCIEIOBAHMS U pacyeTa, IPUMEPHI PAKTUYECKOTO
IIPUMEHEHUS U UX aHAJIU3, TEXHUKO-3KOHOMUYECKHE MOKA3ATENH.

MemOpaHHbIi OHOpEaKTop

Tepmunonorus. CriocoObl peanuzanuu. J[MHaMuUKa pa3BUTHS U CYIIECTBYIOIIEE
nosioxkenue. IlpuHuun paboTel. MemOpaHHblE MaTepHallbl M HMX CBOMCTBA.

TexHoJIOTHYECKHE  aCMEKThl:  CHIDKCHUE  BJIUSHHUS  KOHIIEHTPAIIMOHHOM
NOJIApU3AIlMKM; TMPOMBIBKA/OYMCTKA M XUMHUYECKas pereHepamuss MemOpaH;
PEKUMBI/pErIaMeHThI paboThI; CIIOCOOBI ONTUMU3ALIUH. [Ipumepsi

TEXHOJIOTUYECKHUX CXEM, UX aHAJIU3 U pacyer.

MeMOpaHHbIEe KOHTAKTOPbI

Tepmunonorus. HWcropuss paszButus. OkcureHatopbl KpoBU. MeMOpaHHbIE
OKCUTEHATOPHI: TEKYIlee COCTOSHUE W MEPCIEKTUBBL. MeMOpaHHbIE KOHTaKTOPHI:
ra3->KUJKOCTh;  JKUIKOCTH/KHIKOCTh; ¢  u3MeHeHueM  ¢da3.  [Ipumeps
TEXHOJIOTHYECKHUX CXEM, UX aHAJIU3 U pacyer.

TonauBHbIe 351eMeHTHI (TI)

OCHOBHBIE UCTOUYHUKHU SHEPTHH. XUMUYECKUE UCTOUYHUKH TOKa, TO: 1Ien04YHbIe; ¢
IPSIMBIM OKHCJICHHEM METaHOJa; C JIEKTPOIUTOM U3 paciuiaBa KapOOHATa JTUTUS U
HaTpus; (PochOpHOKHUCTBIE; C MPOTOHOOOMEHHOM MeMOpaHO#; oOpaTumsie; ¢
TBEPABIM DBJEKTpoNUTOM. MeMOpansl U MemOpanHble wmaTepuanbl. Cdepsl
MPUMEHEHUS, TEXHUKO-YKOHOMUYECKHUE ACTICKTHI.

Ilpumepnoe cooeprcanue 60npocos no npozpamme « Muscunupune
MEMOPAHHO20 PA30eIeHUA)

1. Mexanusm nudPy3uoHHBIX MeMOpaHHBIX THporieccoB. CTaTUCTHYECKHIA,
TEPMOJMHAMHYECKMI ¥ (PEHOMEHOJIOTMYECKMH  TOJIXOJIbl K  ONUCAHUIO
muddy3noHHOrO TnepeHoca. BriBecTn ypaBHeHuEe Uil pacueta KO3(p(UIIMEHTOB
b dy3un.

2. OcHOBHBIE CTaIuM TpaHCMEMOpaHHOro mnepeHoca B AU (Yy3MOHHBIX
MeMOpaHHbIX Tmpoueccax. Koaddumumentsl pactBopumocTtH, auddysuun u
IPOHUIIAEMOCTH, UX PA3MEPHOCTb.

3. MexaHu3M MacconepeHoca W BIIMSHHUE TEMIIepaTypbl M JaBJICHUS Ha
IPOHUI[AEMOCTh U CEJIEKTUBHOCTh pa3fesieHUs] HEMOPUCTHIX Ta30pa3esInTeNbHbIX
MeMOpaH.

4.  MexaHu3M MaccollepeHoca U BIMSHHUE TEeMIlepaTypbl M JaBJICHUS Ha
IPOHUIIAEMOCTh M CEJIEKTUBHOCTh Pa3JEICHUsl MOPHUCTBIX a30pa3feIUTEIbHbIX
MeMOpaH.

5. Mogens “nmBoitHON copOiun” npu  AUQPGY3UOHHOM TIEpPEHOCE uepe3
noauMepHbie MeMOpaHbl. OCHOBHBIE MTOJOXKEHHSI MOJEIIH.
6. Huddy3roHHBI NepeHoC Tra30B uyepe3 MOJIMMEpPHble MeMOpaHbl, TEOpHUs

“cB00OAHOTO 00BEMa’™; MOJIENb “AaKTUBUPOBAHHBIX CKAUYKOB’.



1. Paspaboraiite (mpuBenuTe) ¢ OOOCHOBAHHUEM TEXHOJOTMUYECKYIO CXEMY
pa3feneHusi BO3AyXa Ui MOMyYeHHUs M3 HEro BBICOKOKOHIIEHTPHUPOBAHHOTO TIO
a30Ty ra30BOro MOTOKA.

8. IlepBanopauus. TepmuHonorus. JlonmymeHuss MOJEIU  PACTBOPEHUE-
b dy3us
Q. MeMm0Opannas guctwuisiuus TepMuHonorusi. BapuaHTel peanuzarum,

MeMOpaHHbIE MAaTEPUAJIBI U CITIOCOOBI UX MOIYUYEHUS.

10. MemOpannbsie KoHTakTopsl OmpenenaeHue, TUIBI KOHTAKTOPOB IO
arperaTHOMy COCTOSIHMIO (a3 ¢ mpumepamu. OkcureHaTopsl KpoBu. MeMOpaHHas
abcopO1us/necopOrusi.

11. MemOpannsie OuopeakTopbl (OCHOBHBIE OIpPEICICHUS, CXEMa OYUCTKH
CTOYHBIX BOJl aKTUBHBIM WUJIOM. AKTUBHBIHN HII.

12. TomnuBHble 37eMeHThl TepMmuHoONorUs M Kiaccudukanusa. ToOrIMBHBIM
AJIIEMEHT C MPOTOHOOOMEHHON MEMOpPaHHOM, yCTPONCTBO.

13. IlepBamopamus 3agauu U TUTIBI pa3feieHus nepanopanuu. [ 'uapoduibaas
NepBaNoOpPaLMs: IETUAPATALMS CHUPTOB.

14. TIlepmanopanusa 3agayd ¥ TUMBI pa3jielieHus neppanopaiuu. ['uapododHas
nepBanopalys: NPOU3BOJICTBO «OUOCTTUPTOBY.

15. IlepBamopanus 3agauu v TUIIBI pa3jesieHus neppanopaun. OpraHopuibHas
nepBanopanus: meranoa/MThD

16. Mexanusm pazjaeneHuss B oOpatHOM ocmoce. Pacdyer wucCTUHHOMN
CEJICKTUBHOCTH pa3jiefieHus. BinsiHue OCHOBHBIX TEXHOJIOTHUECKUX MapaMeTPOB Ha
CEJIEKTUBHOCTD Pa3JIeJICHHs U YIEIbHYIO MPOU3BOIUTEILHOCTD MPOIIECcca.

17. Mexanusm paszaenenuss B HaHOGWIbTpanuu. [IOHSATHE TOYKK HYJIEBOTO
3apAla W M30JIEKTPUYECKOW TOYKU. BiMsHME OCHOBHBIX TEXHOJIOIMYECKUX
napamMeTpoB — TeMIIepaTyphl, JaBlieHWs, BeIWYuHBI pH pacTBOpa, MPUPOIBI
pacTBOpa — Ha OCHOBHBIE XapaKTEPUCTUKH Mpoliecca HAHOPUITPALIUH.

18. Mexanusm pasneneHuss B MHUKpO- U yabTpaduiabTpanun. OCHOBHBIE
XapaKTEPUCTHUKA MHKPO- M YyJIbTpadUIbTPALMOHHBIX MEMOpaH W METOJbl HX
ornpezeseHusl.

19. BrusHHEe KOHIIGHTpAaIlMM PAaCTBOPEHHOTO BEIIECTBA HA  YICIbHYIO
IPOU3BOAUTENILHOCTD U CEJIEKTUBHOCTD pa3/ieNICHUs alleTaTIeIUTI0I03HbIX MEMOpaH
Ipy 0OPATHOOCMOTHYECKOM Pa3/IeJIEHUU PACTBOPOB AIIEKTPOIUTOB.

20. Buusaue pabGodyeil TemmepaTyphl Ha YHIEIbHYIO TNPOU3BOJUTEIBHOCTh U
CEJIEKTUBHOCTD Pa3JeieHHs] 00paTHOOCMOTHYECKUX MEMOpaH.

21. BuwusHue pabouero JaBiICHUS HA YICIbHYI TNPOU3BOJUTEIBHOCTh U
CEJIEKTUBHOCTD Pa3/IeieHUs] 0OPaTHOOCMOTHYECKUX MEMOpaH.

22. KonmeHTpanuoHHas ToJspu3anus B oOpaTHOM ocmoce. EE BnusHue Ha
CEJIEKTUBHOCTD U YJICJIbHYIO TPOU3BOAUTENbHOCTh. CriocoObl cHrkeHus KII.

23. OcCHOBHBIE THIBI KOHCTPYKIIMI MEMOpaHHBIX MOMAYJIEH Ui pa3esieHus
KUAKkux cmecedl. Mx pocromHcTBa W Hepoctarku. [IpuHIMm BeIOOpa THIIOB
KOHCTPYKLHUU.

24. ComocTaBbT€ OCHOBHBIC THITBI aIlllapaToOB JIi OOpaTHOTO oOcCMOca II0
yACIbHOM TOBEPXHOCTH MEMOpaH M 1O BEIWYMHE THAPABINYECKOTO
CONPOTHUBJICHUS HANOPHOTO M JIpeHaXHoro kaHanoB. OTtBer paiite ¢



HEO0OXOIMMBIMU TIOSICHCHUSIMH.

25. IlpuBenure moapoOHOE ONMUCaHUE KIACCU(DUKAIIUN YCTAHOBOK MEMOPAHHOTO
paszeneHust KUIKAX CMECEeH, TaB HEOOXOIUMbIE TIOSICHEHUSI U CXEMbl YCTAaHOBOK,
1€ 3TO HEOOXOUMO.

26. JlaiiTe moapoOHOE OMHCAHHUE CIIOCOOOB OYMCTKH MEMOpaH OT 3arps3HEHUN.
[TpoBenuTe MX comocTaBieHHE, OMUIINTE JOCTOMHCTBA U HegocTaTku. M300pasure
Y OMHIINTE PAOOTy CXEMbl XUMHUECKOTO METOJIa OUNCTKH.

27. llocnenoBaTeNnbHOCTh pacdeTa OJIHOCTYIEHYAaTOH MeMOpaHHOW YCTaHOBKH.
OCHOBHBIC 3TaITbl ¥ PUHIIATIEL.

28. CekumoHuUpoOBaHHWE OOPAaTHOOCMOTHYECKHX amlapaToB B yCTaHOBKE.
JlocTonHCTBa 1 HEeAOCTaTKH. [locae10BaTeIbHOCTh ONIEpaIii CEKIIMOHUPOBAHUSI.
29. IlpeacraBpTe (C OOOCHOBAaHHMEM) TEXHOJIOTHYECKYIO CXEMY OIPECHEHUS
Mopckoil Boabl. CTaauu W ycJloBHS TMpoBeAeHUs mnporecca. OCHOBHOE U
BCIIOMOraTesIbHOE 000pYyI0BaHKE, €ro BhIOOD.

30. Omnumure TOCTOMHCTBA W HEIOCTAaTKH OOpPaTHOTO OcMoOca KaK MeTojia
pasneneHus pacTBopoB. lloscHuTe, MoOYeMy dYacTO HEOOXOJUMO COUYETaHUE
00paTHOro 0cMOca C BHITAPUBAHUEM U HOHHBIM OOMEHOM.
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