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1. HEJIX OCBOEHUA

1.1 | O3HakoMIICHHE CIICTIMAIIUCTOB C COBPEMEHHBIMHU SKCIIEPUMEHTAIIbHBIMU U TCOPETUICCKUMU JOCTUKCHUAMU B (1)1/131/11«3
00BEMHBIX KUAKUX KPUCTAJIIIOB U JTMIMUAHBIX KUAKOKPUCTAITUNYCCKUX MeM6paH 1 UX MOATOTOBKA K PEHICHUTIO CIIOKHBIX
3ajiady B obnactu CO3/IaHUA U UCCJIEAOBAaHUSI CBOMCTB HOBBIX OGHOCOBMECTHMBIX MaTCpraJIoB.

2. MECTO B CTPYKTYPE OBPA3OBATEJILHOM ITPOI'PAMMBI

bnok OII: b1.B.IB.03

2.1 TpeboBanus k l]pe)lBa]Pl/lTeJI])HOi/i NOAr0TOBKE 00y4aro1erocs:

2.1.1 |Electron Theory of Metals / DnekTpoHHas TEOPHsI METAJUIOB

2.1.2 | Electronic Properties of Quantum Confined Semiconductor Heterostructures / DieKTpoHHBIE CBOHCTBa KBAHTOBO-
OrpaHUYEHHBIX HOJIYIPOBOJHUKOBBIX T€TEPOCTPYKTYD

2.1.3 |Foreign Language (English / Russian) / MHocTpaHHBIH 361K (AHTAHICKHI / Pycckuit)

2.1.4 | Scientific research / Hayuno-nccienoBaTenbckast MpakTHka

2.1.5 |Project Management / YrpasieHue mpoeKraMu

2.2 JAucuuninubl (MOIy/IH) U MPAKTHKHU, VI KOTOPBIX 0CBOEHHE JAHHON AUCUMIIJIMHBI (MOAY/15) HE00X0UMO KaK
npeauecTByloniee:

2.2.1 [Master's Thesis / I[IpenaumaoMHast paKkTHKA

2.2.2 |IloaroroBka K mpoIexype 3alIuThl M 3aIUTa BEITYCKHOW KBATN(HKAIIMOHHOH PadoTHI

3. PE3YJIbTATBI OBYUYEHUS IO JUCIUITIJIMHE, COOTHECEHHBIE C ®OPMUPYEMBIMHA
KOMIIETEHIIUSAMHA

OIIK-1: CnocoGen npuMeHATh (PyHIaMeHTAJbHbIE 3HAHUA B 00/1acTH (PUHKH, 3HAHUSI B MEKIHCIUIUIMHAPHBIX 00/1aCTSIX
AJIS1 pelleH!s] HAYYHO-HCCJIe 0BATeIbCKHX 3212, 2 TAK/Ke BJIaJeTh OCHOBAMH MeIarornKu, Heo0XoAMMbIMH ISt
ocylecTBJIEHHs MPeNoJaBaTe/IbCKOIl e TeTbHOCTH

3HaTh:

OIIK-1-31 TeopeTrrueckne OCHOBBI (GHU3UKH 0OOBEMHBIX HKHIKHX KPUCTALIOB

OIIK-1-32 Teoperuueckiie OCHOBBI (PU3MKH JKUIKOKPHCTAJUTHIECKIX MeMOpaH

IK-3: Cnocoden MPOBOJAUTDL IKCIICPUMEHTAJbHbIC H TEOPETUYECCKUE UCCTIECA0OBAHUS (l)PBH‘lQCKHX nmpoueccoB, B TOM 1uCJjI€, B
PaMKax HAYy1YHO-UCC/I€A0BATEC/IbCKUX, ONIBITHO-TEXHOJTOTHIE€CKUX WJIH ONIBITHO-KOHCTPYKTOPCKHUX pa60T BbINNOJIHAECMBIX B
pPaMKax TeMaTUK opra}msaunﬁ

YMmerb:

ITK-3-VY1 IIpuMeHATh TEOPHUIO PErYJSPHBIX PACTBOPOB IS TOCTPOCHHMS (Pa30BBIX TUArpaMM MHOTOKOMIIOHEHTHBIX MEMOpaH

[1K-3-¥2 IIpruMeHATs METOIBI TEOPHHU YIIPYTOCTH MeMOpaH

OIIK-1: Cnoco0eH npuMeHATh (yH1aMeHTANbHbIC 3HAHUSA B 00J1aCTH (PM3HKH, 3HAHUA B MEKIUCHUIUIHHAPHBIX 00J1aCTAX
AJ151 pellIeHUs] HAYYHO-HCCIe0BaTeIbCKHX 32/124, 2 TAK:Ke BJIaJeTh 0OCHOBAMH IearOTHKH, He00X0UMBIMH JIJIs
OCYIIeCTBJICHHS PENoJaBaTeIbCKOM JesiTeJTbHOCTH

YMmerb:

OIIK-1-V1 Ipumensts meron ['un3bypra-Jlanaay pa3noxeHus CBOOOTHOI SHEPIHHU 110 OPHEHTAHIOHHOMY H TPAHCIALIHOHHOMY
mapaMeTpaM Iopsiaka

IIK-3: Cnioco6eH npoBOAUTH IKCIEPUMEHTAIBHBIE U TEOPETHYECKHUE HCCIe0BaHUs (PU3MYECKUX MPOIECCOB, B TOM YHCJIE, B
pPaMKax HAYYHO-UCCJIECA0BATEIbCKHUX, ONNBITHO-TEXHOJOIMYE€CKUX WJIH ONBITHO-KOHCTPYKTOPCKUX paﬁoT BbBIIIOJIHAAEMBIX B
paMKax TeMaTHK OpPraHU3anMii

Baanernb:

ITK-3-B2 VmeTs ombIT pacyera SHEPTHH AehopManuy pa3IHIHbIX MEMOPAHHBIX CTPYKTYP

TIK-3-B1 MmeTb ombIT pacyera paBHOBECHBIX COCTaBOB (a3 MHOTOKOMIIOHEHTHBIX MEMOpaH

YK-3: Crioco0eH HCnoib30BaTh Pa3IMYHbIe METOABI SICHOTO H HEABYCMBICJICHHOTO (JopMy/IMpPOBAHUS CBOUX BHIBO/IOB,
3HAHUI U 000CHOBAHUIM JUIS CHIEHUATU3MPOBAHHON M HeclleUATU3MPOBAHHOM AyIUTOPUIl B HALIMOHAJbLHOM H
MEKYHAPOJHOM KOHTEKCTaX, OPraHU30BbIBATh U PYKOBOAUTH Pa00T0ii KOMaH/bl, BbIPA0aThIBasi KOMAH/IHYIO CTPATEIHIO
AJIs1 JOCTHKEHHUS TIOCTABJICHHOI 1eau

Baanernb:

YK-3-B1 Nmets onbIT aHanmm3a (pa30BEIX IEPEXOA0B HEMATHK - H30TPOIHAS JKHIKOCTh, HEMAaTHK - CMEKTHK A




4. CTPYKTYPA U COJAEPKAHMUE

Kon HaunmenoBanue pasnesioB u | Cemectp | YacoB | ®opmupyemsie | Jluteparypa | Ilpumeuanue KM Bpinoan
3aHATHSA TeM /BUJ 3aHATUS/ / Kypce HHIUKATOPBI H JJI. sieMble
KOMIeTeHI Ui pecypcsl padoTsl
Pa3gen 1. O6bemHbIe
JKMIKHE KPUCTAJLIbI:
KiIaccuukanms,
npuMeHeHue, (pazoBble
nepexoan! /Bulk liquid
crystals: classification,
application, phase
transitions

1.1 OOBEMHBIC KUIKUC 3 3 OIIK-1-31 JI1.1
KPUCTAJUIBI: KI1acCU(pHUKAIIHS, JI1.2J12.1
ONKCaHUE, IPUMEHEHHE, JI2.2J13.1
(hazosrle mepexomant / Bulk
liquid crystals: classification,
application, phase
transitions /JIex/

1.2 CamocrosiTenbHas paboTa 1o 3 12 OIIK-1-31 J.1
TeMme "OObeMHBIE KUIKIE JI1.2J12.1
kpuctaiuiel” /Self-study on J12.2J13.1
the topic "Volumetric liquid
crystals". /Cp/

1.3 CemuHap. OOBbeMHBIE 3 6 OIIK-1-31 VK- J1.1
SKUJIKHE KPUCTAJIIBL: 3-B1 JI1.2J12.1
K1acCU(UKAIKsI, OTTHCAHNUE, JI2.2J13.1
puUMeHeHHe, (pa3oBbIe
nepexonsl / Seminar. Bulk
liquid crystals: classification,
description, application,
phase transitions. /IIp/

Pa3nen 2. Teopus
YIIPYTrocTH 00 beMHBIX
KUAKUX KPUCTAJLIOB /
Theory of elasticity of bulk
liquid crystals

2.1 Teopus ynpyroctu 3 2 OIIK-1-31 J.1
00BEMHBIX JKHJIKIX JI1.2J12.1
kpuctamioB / Theory of J12.2J13.1
elasticity of bulk liquid
crystals /JIex/

2.2 Teopus ynpyroctu 3 4 OIIK-1-31 TIK- J.1
00BEMHBIX JKUIKHX 3-B2 JI1.2J12.1
kpuctannos /Theory of J12.2J13.1
elasticity of bulk liquid
crystals /TIp/

2.3 Teopus ynpyroctu 3 8 OIIK-1-31 ITIK- JI1.1
00BEMHBIX JKUJIKUX 3-B2 JI1.2J12.1
kpuctaiwioB /Theory of J12.2J13.1
elasticity of bulk liquid
crystals /Cp/

Pasnea 3. JInorponusbie
JKHIKHE

kpucrapisl /Lyotropic
liquid crystals

3.1 JImotpomnnsle xuakue 3 2 OIIK-1-31 JI1.1
kpuctaiuibl /Lyotropic liquid JI1.2J12.1
crystals /JIex/ J12.2J13.1

32 JInorpomnHsle xunkue 3 4 OIIK-1-31 J.1
kpuctauibl /Lyotropic liquid JI1.2712.1
crystals /ITp/ JI2.2713.1




33 JInotponHsle xunkue OIIK-1-31 VK- J1.1
kpucrtaiwibl /Lyotropic liquid 3-Bl JI1.2J12.1
crystals /Cp/ JI2.2713.1
Paznea 4. Teopus
YIPYrocTH
JKHAKOKPHCTAIIHIECKHX
memOpaH /Theory of
elasticity of liquid crystal
membranes

4.1 Teopus ynpyroctu [K-3-Y2 J1.1
KU JIKOKPUCTAIITHYECKIX JI1.2J12.1
MmeMOpas /Theory of elasticity J12.2J13.1
of liquid crystal
membranes /JIex/

4.2 Teopus ynpyroctu [IK-3-Y2 TIK-3 J1.1
KU IKOKPUCTATUIMIECKUX -B2 JI1.2J12.1
memOpaH /Theory of elasticity JI2.2713.1
of liquid crystal
membranes /TTp/

43 Teopus ynpyroctu IIK-3-Y2 TIK-3 JI1.1
JKAJTKOKPACTAIIITNYECKAX -B2 JI1.2J12.1
membOpan /Theory of elasticity J12.2J13.1
of liquid crystal
membranes /Cp/

Pa3gen 5. AnbTepHaTHBHBIE
TeOpHH YIPYrocTH
JIMITATHBIX

MeMOpaH /Alternative
theories of lipid membrane
elasticity

5.1 AnbTepHAaTUBHBIC TEOPUU OIIK-1-32 TIK- J.1
YIIPYTOCTH JIUIHUIHBIX 3-y2 JI1.2J12.1
MeMmOpaH /Alternative JI2.2J13.1
theories of lipid membrane
elasticity /Jlex/

5.2 AnbTepHaTUBHbIE TEOPUU OIIK-1-32 IIK- J1.1
YIIPYrOCTH JIMITUAHBIX 3-y2 JI1.2J12.1
MeMmOpan/Alternative theories JI2.2J13.1
of lipid membrane
elasticity /ITp/

5.3 AnpTepHaTUBHBIE TEOPUU TIK-3-Y2 T1K-3 JI1.1
YIPYrOCTH JIMIUAHBIX -B2 OIIK-1-32 JI1.2J12.1
MeMOpaH /Alternative J12.2J13.1
theories of lipid membrane
elasticity /Cp/

Pasnen 6. ®a3zoBbie
paBHOBecHS B
MHOTOKOMIIOHEHTHBIX
MemOpanax /Phase
equilibria in
multicomponent
membranes

6.1 ®da3oBbIC paBHOBECHS B OIIK-1-Y1 IIK JI1.1
MHOTOKOMITOHEHTHBIX -3-¥1 OIIK-1- JI1.2J12.1
MeMmOpanax /Phase equilibria 32 J12.2J13.1
in multicomponent
membranes /JIex/

6.2 ®a30BbIe paBHOBECHS B OIIK-1-Y1 IIK J1.1
MHOTOKOMITOHEHTHBIX -3-V1 IIK-3-B1 JI1.2J12.1
MeMOpanax /Phase equilibria J12.2J13.1

in multicomponent
membranes /ITp/




6.3

®Da30Bble PABHOBECHS B
MHOTOKOMITOHEHTHBIX
MeMOpaHax

/ Phase equilibria in
multicomponent
membranes /Cp/

OIIK-1-Y1 IIK
-3-V11IK-3-Bl1

J1.1
JI1.2J12.1
J12.2]13.1

Pa3gen 7. Kuneruka
MeMOpaHHBIX IPOLIECCOB U
¢a3oBbIX nepexonoB B
MHOTOKOMIIOHEHTHBIX
mem0Opanax /Kinetics of
membrane processes and
phase transitions in
multicomponent
membranes

7.1

Kunernka MeMOpaHHBIX
nporeccoB U (ha3oBbIX
HepexooB B
MHOTOKOMITOHEHTHBIX
MeM6panax /Kinetics of
membrane processes and
phase transitions in
multicomponent
membranes /JIex/

OIIK-1-32

J1.1
JI1.2J12.1
J12.2J13.1

7.2

Kunernka meMOpaHHBIX
mporeccoB M (a3oBBIX
MIepPEeX0/I0B B
MHOTOKOMITOHEHTHBIX
MemOpanax /Kinetics of
membrane processes and
phase transitions in
multicomponent
membranes /TTp/

OIIK-1-31

J1.1
JI1.2J12.1
JI2.2713.1

7.3

Kunernka MeMOpaHHBIX
IponeccoB U (ha30BBIX
HEepEeXooB B
MHOTOKOMITOHEHTHBIX
MeMOpanax /Kinetics of
membrane processes and
phase transitions in
multicomponent
membranes /Cp/

OIIK-1-31

J1.1
JI1.2J12.1
J12.2J13.1

Pasnen 8. KomnonenTsl
TPAHMYHOI0 MOTEHIHAJIA
MeMOpaH B pacTBope
anexTpoanta /Components
of the boundary potential of
membranes in an electrolyte
solution

8.1

KoMITOHEHTBI TPaHHYHOTO
MoTeHIKana MeMOpaH B
pacTtBope

anekrposurta /Components of
the boundary potential of
membranes in an electrolyte
solution /JIex/

OIIK-1-32 IIK-
3-V1

J1.1
JI1.2J12.1
J12.2J13.1

8.2

KoMITOHEHTBI TPaHUYHOTO
MOTEHIHaTa MeMOpaH B
pactBope

anekrposaurta /Components of
the boundary potential of
membranes in an electrolyte
solution /TIp/

OIIK-1-32 K-
3-V1

J1.1
JI1.2J12.1
J12.2J13.1




83 KoMnoHeHTb! TpaHUYHOTO 3 5 OIIK-1-31 IIK- J1.1
MOTEHIIMATa MEMOpaH B 3-V1 JI1.2J12.1
pacTBope JI2.2J13.1
anexrponuta /Components of
the boundary potential of
membranes in an electrolyte
solution /Cp/
Pasznen 9. Beinosinenne
KYPCOBOii
pa6otsl /Completion of
course work

9.1 Beinonnenue KypcoBoi 3 2 OIIK-1-31 J3.1
pabotsl /Completion of OIIK-1-32
course work /Cp/ OIIK-1-Y1 IIK

-3-B1 IIK-3-B2
YK-3-Bl

Paznen 10. KoutponbHas
pa6ora / Control paper

10.1 | KoHuTponbsHas padota / 3 2 OIIK-1-31 JI3.1
Control paper /TIp/ OIIK-1-32 VK-

3-B1 IIK-3-Bl
[IK-3-B2
5. ®OHJ OHEHOYHBIX MATEPHUAJIOB
5.1. KonTpoJibHble MeponpusaTHs (KOHTPOJIbHAsA padoTa, TeCT, KOJJIOKBUYM, 3K3aMEH U T.IT), BONPOCHI IS
CaMOCTOSITEJIbHO MOATOTOBKH
Kon KonTponsHoe TIposepsembie
KM P HHJIKATOPBL Bomnpocs! 1 ToATOTOBKH
KOMITETEHINI
KM1 Ox3amen /Exam OIIK-1-31;0I0K-1- | 1) Knaccuduxamms o6beMHBIX )XUAKIX KPUCTAIIIOB. BeipaxeHue
32 ®panka a7 sHepruu aedpopManui.

2) Teopus cpeanero noiisi Maiiepa-3aymne. ®a3oBblii Iepexo]] HEMaTHK
— M30TPOITHAS )KUIKOCTb.

3) TepMOTpOIIHBIE ¥ TUOTPOIIHBIE XKUAKUE KpUCTAILIEL. Da3oBbIe
JMarpaMMsl JIMIUA-BOJA.

4) CtpoeHne OMCITOMHBIX JTHOUIHBIX MeMOpaH. OyHKIuH 1
0COOCHHOCTH CTPOEHHS OHOJIOTHIECKUX MeMOpaH.

5) Metozs! popMupoBaHHs OUCIOHHBIX MEMOpPaH B MOJIEIIbHBIX
cucremax. CBONCTBA JIMITUAHBIX MOHOCJIOEB,

c(OPMHUPOBAHHBIX Ha TPAHUIIEC BOIA-BO3IYX.

6) CrioHTaHHas1 KpUBU3HA MOHOCTIOS. MeTOAbI H3MEPEHUs! CIIOHTAaHHOM
KPUBU3HBIL.

7) OcHoBHBIE edopMaIiy: ONIEPEYHbIA U3TH0, HAKIIOH,
pactsoxenue/cxxartre. OOmee BeIpaxkeHne X>Mma-Kosmosa s
SHepruu aepopmanui.

8) MeTozb! U3MepeHust MOAYJIEeH YIPYrOCTH.

9) JlokanpHas 0ObeMHAsT HEC)KIMAEMOCTh MeMOpaH. [3MeHeHne
TOJIIIHBI MOHOCIIOS TIPH Ae(OpMaIHsX.

10) PaBHoBecue memOpanbl Mrosiepa-PynuHa ¢ iunuiHbeiM
pesepByapoM.

11) Dueprus gedopmanuii B IPOCTEHIINX CITydasx: IHIHHAP, cdhepa,
HaAKIOHHAs MJIOCKOCTh, TOPOUAATbHAS TTOBEPXHOCTb.

12) DHeprus KOHTAaKTa IBYX TUIOCKAX OMCIIOEB pa3HOM TOJIIIMHBL,
3aBUCHMOCTH OT JIATEPATEHOTO HATSHKEHHUS MEMOpPaHHI.

13) ®enomenonorumyueckast Moaenb OIopH: YriIeBOJOPOIHbIE SN
JIMITUIOB, KaK JUTHHHBIE THAPO()OOHBIC TIOTUMEPHL.

14) B3anmosericTBre MeMOpaHHBIX BKIIOUSHHUI, OMTOCPEIOBaHHOE
nedopmarsiMu MeMOpaHbl. BiusiHIe rpaHUIHBIX

YCIIOBHH.

15) Tlopa B munuaHoM Oucioe. MeToJ il MPUMEHEHUST TPUOITHIKEHH S
MaJbIX AeOpMannii U OIUCaHNSA

CHIIbHOIE()OPMHUPOBAHHBIX MEMOPAHHBIX CTPYKTYP.

16) Tononoruveckue nepecTporkd MeMOpaH: MPOLECCHI CIAUSHHS U
JieTICHUsL. POJb 3THX MPOIIECCOB B )KU3HEACATCITEHOCTH

KIICTOK H BUPYCOB.




17) 3aBHCUMOCTB SHEPTUH ABYX IUIOCKUX IHAPO(OOHBIX YUaCTKOB,
pa3leNeHHBIX TOHKUM CJIOEM BOJIBI, OT TOJIIINHBI CIIOSL.

18) IIpomexxyTOoUHbIEe CTPYKTYPHI, (POPMHUPYIOIIHECs B TpOIecce
CIIMSTHAS MeMOpaH.

19) XKuznennslii 1K1 0060104eUHBIX BUpYycoB. COOpKa U cTabunu3anus
PO3ETKH OCIIKOB CIIUSHUS 3a cUeT AedopManuit

MeMOpaHBI.

20) KareHonnansHas MUKpOTpyOKa. @opMHUpOBaHUE IIHHAPHUIECKOI
JIUITUIHON HAHOTPYOKH.

21) PaBHOBeCHBIH pasnyc HAHOTPYOKN M KPUTHUCCKUH PaanyC ee
JICTICHUSL.

22) OnpezneneHue MEXaHMUECKUX MapaMeTpOB MEMOPaHBI C TOMOIIBIO
JIMITUTHON HAaHOTPYOKH.

23) [lenenne KIETOYHBIX MEMOpPaH, OTIOCPEIOBAHHOE OEITKOM
JuHaMUHOM. OCHOBHBIE MOZETH PabOTHI OenKa.

24) 3aBHCHMOCTh SHEPTUH TOHKOTO M'MIPOGOOHOTO MUIHH/IPA,
3aITOJTHEHHOTO BOJIOM, OT €ro paamyca.

25) Uepapxus TUIHUI-0EIKOBEIX CTPYKTYP B OHOJIOTHIECKHX
MeMmOpanax. Ponb padToB B mpolieccax Ku3HenesITeIbHOCTH

KIICTOK.

26) CpoiicTBa TUITUIHBIX padTOB B MOAEIBHBIX MeMOpaHax. MeTomsl
uccIenoBaHus padToB.

27) IlpumeHeHne GIyopeceHTHONH MUKPOCKOIIUH JJIsl HCCIICIOBAHUS
padToB.

28) AroMHast CHIIOBas U CKAaHUPYIOIIAS 30H0BAsi MUKPOCKOIINH.

29) Onpeznenenue MeXaHMUECKUX MapaMeTpoB paToB.

30) dazoBbie TMarpaMMEI ABYX-, TPEX- 1 MHOTOKOMITOHEHTHBIX
MeMOpaH.

31) CBoboaHast sHEprus y4acTKa AByXKOMIOHEHTHOH MeMOpaHbI B
paMKax TEOpUH PETrYJSIPHBIX PACTBOPOB.

32) [Ipobnema cTaOMIBHOCTH MAJIBIX TOMEHOB. Bo3MOKHBIC
MEXaHU3MBI CTAOMIH3aH MaJIBIX JOMEHOB.

33) OcHoBHBIE cTaanu $a3zoBOro nepexoia B MHOTOKOMIIOHEHTHOM
MeMOpaHe.

34) MeTonb! U3MepeHUs JINHEHHOTO HATSHKEHNS TPAaHUITB! padToB.

35) CBsi3b BeTMYMHBI TUHEHHOTO HATSHKEHHS C aMIUTUTYAOM TETIOBBIX
¢urykryarmii popMbI rPaHUIBI TOMCHOB

36) MexaHn4eckasl MOJIeNTb, OCHOBaHHAs Ha THAPO(HOOHOM
HECOOTBETCTBHHU.

37) Mopaens ['yrenreiiMa XuMHU€CKOM KOMIIOHEHTBI TMHEHHOTO
HATsDKCHHS TPaHHULBI padTa.

38) SIBneHne cMauMBaHMA B TPEXMEPHBIX cucTeMax. Karamor JIngmuma
CMa4YMBAIOIUX IIJICHOK.

39) CmaurBaHHEe OEITKOB JIMIHUIAMU. DHTPOIUKMHAS MOJIENb IPAHUYHON
SHEPTHH.

40) CmauuBanue OenkoB umuaaMu. MexaHndeckast MOJIeNb TPAaHUIHOM
SHEPTHH.

41) bucnoiinas ctpykrypa padToB. Fi3MepeHre SHEPTriuH CONPSKESHHS
MOHOCJIOEB B AKCIIEPHMEHTAX C 3apSHKCHHBIM

JIUITUIOM.

42) da3zoBas nuarpamMmma MeMOpaHbl, COAepIKaIlei HeOUCITIOMHbBIE
JIMITUBI CO CIIOHTAHHOM KPUBH3HOW IIPOTHBOITOII0KHOTO

3Haka. Pudenne memOpaHsI.

43) CtpykTypa JBOWHOTO DJIEKTPUYECKOTO CIIOSL.

44) Metozpl n3MEepeHUsI KOMIIOHEHTOB MEMOPAHHOTO ITOTEHIIHATIA.

45) Dnexrpodopes. YpaBHerrne CMOITYXOBCKOTO.

46) Metoa KOMIIEHCAITMH BHYTPUMEMOPAHHOTO MOJIS.

47) Dnexrporopaius. INeKTpUIeCKuid mpoOoi MeMOpaHsbl.

48) MeTombl H3MepeHUs TOBEPXHOCTHOTO HATSDKEHUSI MEMOpaHbI 1
JIMHEHHOTO HATSKEHHS KPOMKH TIOPHI B OHICIIOE.

49) Nonnble kananbel. Pabora Nat+,K+-AT®da3bt

/
1) Classification of bulk liquid crystals. Frank's expression for the strain
energy.

2) Meyer-Saupe mean field theory. Phase transition nematic - isotropic
liquid.

3) Thermotropic and lyotropic liquid crystals. Phase diagrams of lipid-
water.




4) The structure of bilayer lipid membranes. Functions and features of
the structure of biological membranes.

5) Methods for the formation of bilayer membranes in model systems.
Properties of lipid monolayers,

formed at the water-air interface.

6) Spontaneous curvature of the monolayer. Methods for measuring
spontaneous curvature.

7) Basic deformations: transverse bending, tilt, tension/compression.
General Hamm-Kozlov expression for

strain energy.

8) Methods for measuring the moduli of elasticity.

9) Local volumetric incompressibility of membranes. Change in the
thickness of the monolayer under deformations.

10) Equilibrium of the Miiller-Rudin membrane with a lipid reservoir.
11) Strain energy in the simplest cases: cylinder, sphere, inclined plane,
toroidal surface.

12) Contact energy of two planar bilayers of different thicknesses;
dependence on the lateral tension of the membrane.

13) Flory's phenomenological model: hydrocarbon chains of lipids as
long hydrophobic polymers.

14) Interaction of membrane inclusions mediated by membrane
deformations. Influence of boundary

conditions.

15) Pore in the lipid bilayer. Methods for applying the small strain
approximation to describe

highly deformed membrane structures.

16) Topological rearrangements of membranes: processes of fusion and
fission. The role of these processes in life

cells and viruses.

17) Dependence of the energy of two flat hydrophobic regions separated
by a thin layer of water on the thickness of the layer.

18) Intermediate structures formed during membrane fusion.

19) Life cycle of enveloped viruses. Assembly and stabilization of the
fusion protein rosette through deformations

membranes.

20) Catenoidal microtube. Formation of a cylindrical lipid nanotube.
21) The equilibrium radius of the nanotube and the critical radius of its
fission.

22) Determination of the mechanical parameters of the membrane using
a lipid nanotube.

23) Division of cell membranes mediated by the protein dynamin. Basic
models of how proteins work.

24) Dependence of the energy of a thin hydrophobic cylinder filled with
water on its radius.

25) Hierarchy of lipid-protein structures in biological membranes. The
role of rafts in life processes

cells.

26) Properties of lipid rafts in model membranes. Raft research
methods.

27) The use of fluorescence microscopy for the study of rafts.

28) Atomic force and scanning probe microscopy.

29) Determination of mechanical parameters of rafts.

30) Phase diagrams of two-, three- and multicomponent membranes.
31) Free energy of a section of a two-component membrane in the
framework of the theory of regular solutions.

32) The problem of stability of small domains. Possible mechanisms for
stabilization of small domains.

33) The main stages of the phase transition in a multicomponent
membrane.

34) Methods for measuring the linear tension of the raft boundary.

35) Relationship between the magnitude of linear tension and the
amplitude of thermal fluctuations in the shape of the domain boundary
36) Mechanical model based on hydrophobic mismatch.

37) Guggenheim model of the chemical component of the linear tension
of the raft boundary.

38) The phenomenon of wetting in three-dimensional systems. Lifshitz's
catalog of wetting films.

39) Wetting of proteins with lipids. Entropy model of boundary energy.




40) Wetting of proteins with lipids. Mechanical model of boundary
energy.

41) Bilayer structure of rafts. Measurement of the conjugation energy of
monolayers in experiments with charged

lipid.

42) Phase diagram of a membrane containing non-bilayer lipids with a
spontaneous curvature of the opposite

sign. Membrane corrugation.

43) The structure of the double electric layer.

44) Methods for measuring the components of the membrane potential.
45) Electrophoresis. Smoluchowski's equation.

46) Method of intramembrane field compensation.

47) Electroporation. Electrical breakdown of the membrane.

48) Methods for measuring the surface tension of the membrane and the
linear tension of the pore edge in the bilayer.

49) Tonic channels. The work of Na +, K + -ATPase

5.2. Ilepeuens paGoT, BHINOJIHAEMBIX 110 JUCHUIIHNHE (MOayTio, pakTuke, HUP) - 3cce, pedepaThl, npakTHyecKue u
pacueTHO-rpaduUYecKue padoThl, KYPCOBbI€ PA0OTHI, MPOEKThI U JIP.

ITpumeps! 3agay KOHTpOIBHOMN paboTs! (komnerenimu YK-7.3-V1, [IK-1.1-V1, YK-7.1-V1, YK-7.3-B1, [1IK-1.1-B1, YK-7.1-B1)

1. A sample of bulk liquid crystal is situated between to plates of tight coupling inducing parallel orientation of director. The
distance between the plates is d. One of the plates is rotated by the angle a. Determine the distribution of the director between the
plates.

2. Two flat bilayer lipid membranes, initially located at a distance of D = 3 nm, merged to form a toroidal fusion pore. Assuming the
thickness of the monolayer to be h = 2 nm, the thickness of the zone of the polar heads of the lipid equal to th = 0.5 nm, and the
splay modulus of the membrane monolayer equal to B = 10 kBT, calculate the bending energy of the toroidal pore of fusion, the
radius of which at the narrowest point is R = 1 nm.

IIpumepsl TeM KypcoBbIX padoT (kommereniuu YK-7.3-V1, I1IK-1.1-V1, YK-7.1-V1, YK-7.3-B1, [IK-1.1-B1, YK-7.1-B1):

1. Fluctuations in liquid crystals.

2. Hydration forces in processes of membrane interaction.

5.3. OueHouHble MaTepuaIbl, HCIOJIb3yeMble IS IK3aMeHa (onucaHue OUJIeToB, TECTOB U T.IL.)

DK3aMEHAMOHHOE 3aJaHue 1.

1. Metos! hopMHupOBaHUs OUCITIOWHBIX MEMOPaH B MOJICTBHBIX cucTeMaxX. CBOWCTBA JIUITAIHBIX MOHOCIIOEB, 00Pa3yIOIIMXCS Ha
TpaHUIle BOJA-BO3/IYX.

2. 3aBUCUMOCTH DHEPTHUH TOHKOTO THAPOPOOHOTO HMIMHAPA, HATIOJHEHHOTO BOJIOH, OT €ro paauyca.

Ok3aMeHalMOHHOE 3a/IaHuE 2.
1. Mepapxus TUIUAHO-0ETIKOBBIX CTPYKTYp B OHOIOrnyeckux MmeMOpaHax. Posb pahToB B mpolieccax KU3HEAEATEIbHOCTH KIETOK.
2. OcHOBHBIE 3TaIb (Ha30BOTO IEPEX0oa B MHOTOKOMIIOHEHTHOH MeMOpaHe. /

[Ipumep sx3amenaronHoro 6mera B IpunoxeHun.

Exam task 1.

1. Methods for the formation of bilayer membranes in model systems. Properties of lipid monolayers formed at the water-air
interface.

2. Dependence of the energy of a thin hydrophobic cylinder filled with water on its radius.

Exam task 2.
1. Hierarchy of lipid-protein structures in biological membranes. The role of rafts in the vital processes of cells.
2. The main stages of the phase transition in a multicomponent membrane.




5.4. MeToauka OLIeHKH 0CBOCHHS NUCHMILIMHBI (Moay/1s, npakTuku. HAP)

O1eHKa «OTJIIMYHOY MIIH «XOPOILOY» CTABUTCS, €CIIH CTYJCHT MOTHOCTBIO U3/1araeT N3yueHHBIN MaTepuall, BRIBIACT IOHUMaHUE
Crienu(UKH BOIIPOCa, AaeT MPABHILHOE OPEEICHNE OCHOBHBIX MTOHITHH PEYeBOro OOLIEHMS; PACKphIBAaET IOHUMaHHE MaTepHana,
MOeT 000CHOBBIBATE CBOW CYXICHUS, IPUMEHSTh 3HAHHS Ha MPaKTHKE, IPUBOANTE HEOOXOIMMEIE IIPAMEPHI, CAMOCTOSTEIIHLHO
COCTAaBJICHHBIE; NIPEACTABIISIET MaTepUall MOCIEAOBATENIFHO U MIPABIIIBHO C TOUKH 3PEHHS HOPM JINTEPaTypHOTO SI3BIKA; BIIA/ICET
HaBBIKAMH SI3BIKOBOTO aHanu3a. OTBET HE COACPKHUT (HaKTUIECKHX OMIMOOK.
O1eHKa «y/IOBIETBOPUTEIHHOY» BBICTABILIETCS, €CIN YHAIMHCS JAEeT OTBET, YIOBICTBOPSIOIINH TEeM jke TPeOOBaHHUSM, T. €.
BersBiser noHMMaHue cenuguKI BOIIPoca, HO IIPH OTBETE HE IEMOHCTPHUPYET JOCTATOYHYI0 000CHOBAaHHOCT CYXKICHHH 1 / NN

YaCTUYHO 3aMEHSET PACCY)KACHUE MEPECKa3OM. TEKCTa U / UIIH JOMYCKAeT OJHY (PaKTHUECKYIO OIIHOKY.

Or1eHKa «HEYJOBJIETBOPUTENBLHOY BBICTABIISIETCS, €CJIM YUEHUK OOHApY)KUBAaeT He3HaHUe OOJbLIel YacTH MaTepHala, HEeBEpHO
OTBEYaeT Ha BOIIPOC, JIaeT OTBET, HE COOTBETCTBYIOIINI OCTAaBICHHON 3a/1aue, JOITyCKaeT OMINOKN B ()OPMYITUPOBKE ONIPEACICHHI
Y TIPaBWJI, HCKAKAFOIIUX UX CMBICI, U CITy9allHBIM 00pa3oM MPEeCTaBIsIeT MaTepHall.

The mark "excellent" or "good" is given if the student fully sets out the studied material, reveals an understanding of the specifics of
the question, gives the correct definition of the basic concepts of speech communication; reveals an understanding of the material,
can justify his judgments, apply knowledge in practice, give the necessary examples, independently compiled; presents the material
consistently and correctly from the point of view of the norms of the literary language; possesses the skills of language analysis.

The answer does not contain factual errors.
The mark "satisfactory" is given if the student gives an answer that satisfies the same requirements, i.e. reveals an understanding of
the specifics of the question, but when answering does not demonstrate sufficient validity of judgments, and / or partially replaces
reasoning with a retelling of the text, and / or makes one factual error.
The grade "unsatisfactory" is given if a student discovers ignorance of most of the material, answers the question incorrectly, gives
an answer that does not correspond to the task at hand, makes mistakes in the formulation of definitions and rules that distort their
meaning, and randomly presents the material.

6. YHAEBHO-METOAWYECKOE U HTH®OPMAIIMOHHOE OBECIIEYHEHHUE

6.1. Pexomenayemas aurepatypa

6.1.1. OcHoBHas JIMTepaTypa

ABTOpLI, COCTaBUTCIIN

3ariaBue

Bbubnmnorexa

I/I3]IaT€J'IBCTBO, ron

JIT.1 | e XK. I1., Conun A. DuzrKa KUIKUX KPUCTAIIIIOB DJeKTpoHHAs ONOTHOTEKA Mocksa: Mup, 1977
C.
JI1.2 | IlepeBanos B. C. COOpHHK KypCOBBIX 3aJlaHH DnekTpoHHast OnbIMoTeKa Mocksa: MOCKOBCKHIA
0 TEOPETHYECKOI MEXaHUKeE: rOCYJapCTBEHHBIN TOPHBII
yaeOHOe mocooue yHuBepcuter, 2003
6.1.2. Jlono/HUTE/IbLHAS JIUTEPATYpa
ABTOpBI, COCTaBUTENTH 3ariaBue Bubnuorexa W3narensCcTBO, TOI
JI2.1 |Jlanmay JL /1., T. 10: ®usznyeckas KWHETHKA bubmnorexa MUCuC , 1979
Jupumu E. M.,
ITuraesckwuii JI. I1.
JI2.2 | Janpay JL. [1., T.5: Cratuctudeckas pusnka Bbubmnorexka MUCuC , 1964
Jupumum E. M.
6.1.3. Meroauyeckue pa3padoTku
ABTOpBI, COCTaBUTENH 3arinaBue Bubnuorexa W3narenscTBO, TOI
JI3.1 |Jlorumosa H. II., Kypcosblie u nuninomHsie DnekTpoHHasi OndIMoTeKa Enen: Enenxuit
Kinumosa M. B. paboThI: CTPYKTYpa, roCyAapCTBEHHBIN
odopmMIIeHHE, TTOPSIIOK yHHBepcHUTET uM. U. A.
3alIUThL: y4eOHO- Bynuna, 2010
METOUYECKOE IT0codune
6.2. Ilepeyens pecypcoB HH(OPMATHOHHO-TeJIEKOMMYHHKANHOHHOH ceTH « AHTEpHET»
A1 | Kunkue KprcTaIbl | http://kutol.narod.ru/KAFSGUPS/3.pdf
6.3 IlepeueHb MPOrpaMMHOro obecneveHus
IT.1 | Microsoft PowerPoint
6.4. IlepeyeHb MH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM U PO eCCHOHAIBHBIX 023 JaHHBIX
N.1 |— Hayunas snekrponnas oubmmoreka eLIBRARY https://elibrary.ru/
N.2 |— ananuTtryeckas 0asa (nHaekchl nutupoBanusn) Web of Science https://apps.webofknowledge.com
N.3 |— ananuTtHyeckas 0aza (MHAEKCH HIUTUPOBaHUs) Scopus https://www.scopus.com/




N.4 |— Haykomerpuueckas cuctema InCites https://apps.webofknowledge.com

WN.5 |— HaydHBIe )XypHaIbl m3natenbctBa Elsevier https://www.sciencedirect.com/

7. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE

Ayn. Haznauenue OcHauienue

JIro6oit Kopryc | YueOHast ayauTopusi UL TPOBEICHUS | KOMIDICKT ydeOHOH mebenu 1o 36 MecT mis oOydaromuxcs,
MynsTHMeUHHAS 3aHATHH JICKIMOHHOTO THIIA W/WIM JUIA | MyAbTUMEIHUHHOE  O00OpyHOBaHHE, MarHHTHO-MapKepHas
IIPOBEIEHUS IPAKTUYECKUX 3aHITUM: Jocka, pabouee Mmecto mpemopasartens, IIKc moctymom x
UTC «Uurepuer», DUOC yHuBepcuTeTa dYepe3 JUYHBIN
kabuner Ha mmiarpopme LMS Canvas, JIHIICH3MOHHBIE

nporpammsl MS Office, MS Teams, ESET Antivirus
UnransHbIiA 3aI1 KOMIUICKT y4eOHO# MeOenn Ha 55 MecT uis oOydaromuxcs,

3IIEKTPOHHBIX PECYPCOB

50 K c¢ pmocrynom k HTC «HMuteprer», 3SUOC
YHHBEPCUTETa 4epe3 JIMYHBIN kabuHeT Ha miatdopme LMS
Canvas, numeH3noHHble mporpamMmmel MS  Office, MS
Teams, ESET Antivirus.

JTro6oit KOpIIyC
Mynbrumenuitnas

VYduebHuass aymutopus IS TPOBEICHUS
3QHATHNA JIEKIHOHHOTO THIIA W/WINA IS
MIPOBENIEHHS PAKTUYECKUX 3aHITHH:

KOMIUIEKT y4eOHO# Mebenu 10 36 MecT is 00yJaronuxcs,
MyJIbTUMENUITHOE  000pyJIOBaHWE, MAarHUTHO-MapKepHas
nIocka, pabodee mecto mpemonaBarens, I[IKc moctymom k
UTC «Uurepuer», DUOC yHuBepcuTeTa dYepe3 JUYHBIN
kabuner Ha mmiargopme LMS Canvas, JIHIICH3HOHHBIE
nporpammsl MS Office, MS Teams, ESET Antivirus

8. METOANYECKHE YKA3AHUSA 1JIAA OBYYAIOIIUXCA

OOyd4eHne opraHu3yeTcs B COOTBETCTBHH C HacTOsImIeH mporpaMmoit. [Tpu camocTosTensHOM paboTe MOKHO HCIIOJIB30BATh
JJIEKTPOHHYIO BEPCHIO KOHCIIEKTA.
OcBoeHHUE KaXXA0T0 pasjiena Kypca He0OX0IMMO HAUMHATE C M3Y4EHHMs JICKIMOHHOTO MaTepralla: KOHCIIEKTa JICKIHH,
peKoMeHayeMol tuTepaTypsl. KputepreM ycremHoro 0cBOEHuUs JIEKIIMOHHOIO MaTepyaia sl KaXJ0ro CTyJeHTa MOT'YT CIIY>KUTb
pe3yabTaThl CAMOKOHTPOIS. Eciu cTyneHT oka3bIBaeTCsl CIOCOOHBIM CIIPABUTHCS ¢ OOIBIIMHCTBOM IPEIaraeMbIX B KaXKIOM
pasjene IUCIUILIMHBI KOHTPOJIBHBIX BOIPOCOB, TECTOB M 331a4, 3HAYUT, IPOLECC OCBOEHMS MaTepHana HIET YCHELIHO.




