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AHHOTAIIAS

[IporpaMMa COMEpXKHUT I[epedeHb IUCLMIUIMH TPOGECCHOHANBHOIO LUKIA
y4eOHOro IUlaHa [OArOTOBKM  OaxanaBpoB,  BKIIOYEHHBIX B MPOrpammy
MEXIUCIUIIMHAPHOTO SK3aMeHa, a Takke TeM (BOIPOCOB) JUisl HallpaBIeHU 12.04.04
«BHOTeXHMUYeCKHe CHCTEMbI H TEXHOJOMHW», B yacTHOCTH mporpammsl 12.04.04 _01
MoJieKyasipHble H KJI€TOYHble GHOMEIHIMHCKHE TEXHOJOrHH (Ha HHOCTPAHHOM
si3bIKe).

Taxxke @porpamMma COAEPKHUT IPHUMEPHl BOMPOCOB Ha BCTYNHTEIHHOM
HCIBITaHUK (DK3aMEHAIMOHHBIN JIMCT) B Clly4yae IIPOBEIEHHs, KaK B OYHOM, TaK U B
JUCTaHIIMOHHOM (hopmare.

BeTynuTensHoe UcnbiTanue, oneHruBaercs mo 100-0a/uibHOM IIKane ¥ COCTOUT
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rOCyIapcTBEHHBIMK 00pa3oBaTeNbHBIMKA CTaHJapTaMd BhICHIEr0 00pa3oBaHus K
YPOBHIO TIOATOTOBKY OaxajiaBpa 110 HalpaBlIEHHUIO, COOTBETCTBYIOIIEMY HalPaBJICHHIO
MAarucTpaTypbl. MUHHMaIbHOE KOJIWYECTBO OallloB, IOATBEPIXKAAIOIee YCIEHNIHOE
TIPOXOXKIEHUE MEXKAUCIUILTHHAPHOTO dk3aMeHa — 50 6asios (50%).
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MCIIONB30BaHWEeM [IUCTAHI[MOHHBIX TEXHOJOTWM (IpU YCIOBUH WIECHTU(QUKALUH
HOCTYMAIOIIUX TPH CAade UMY BCTYIHUTENbHBIX HCIIBITAHUH).
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1. JUCHMILJIAHBI, BKIIOYEHHBIE B IPOI'PAMMY
BCTYINUTEJBbHBIX UCITBITAHU B MATUCTPATYPY

1.1. ®Dusuka
1.2. JKCIepUMEHTAJbHbIE METOAbI UCCJIEI0OBAHNH

1.3. MoJekyJsipHas O0HOJIOTUS U T€HETHKA

2. COAEP) KAHUE YYEBHBIX JUCIHUIIJIMH

21. «®uznka»
Tembl (BOIIPOCHI)

1. Qusuueckue ocrosvl Mmexanuxu

CKOpOCTB N YCKOPCHHUC MaTepHaHBHOﬁ TOYKH. 3aKOH COXPAaHCHHUA SHCPIrUu
HMIIYJIbCa B MCXAHHKEC. 3aKkoH COXpaHCHUA MOMCHTA HMITYJIbCA. I[BH)K@HI/IC B
LHCHTPAJIBbHOM IIOJIC.

2.Monexkynapuas ¢huzuxa, mepmoouHamuxa
[lepemeHHBIC TEPMOIWHAMHKH. YPAaBHEHHS COCTOSIHHS HJICATBLHOTO W

peanbHOro ra3oB. OHTponus. Hawana tepmonnnamuku. TepmoanHamuyeckue
noteHuuanbl. CBoOOMHAsE »HEpPrus. XUMHUYECKUM TMOTEHIMAl, KOHCTAHTHI
paBHOBecus. bapbep akTuBalMM, ypaBHEHUE OWpuHra-AppeHuyca. YpaBHEHHUE
muhy3un.
3. Konebanus u 601mvl
BomHoBble mponiecchl.  OCHOBHBIE 3aKOHBI. YPaBHEHHME YIPYIOW BOJIHBL.
BonHoBeie ypaBHeHHs. OTHOMEPHOE 1 MHOI'OMEPHOE BOIHOBOE ypaBHEeHHE. CKOPOCTH
pacnpocTpaHeHust ynpyroit BosHbl. Dddext Jomnepa. Pacnpoctpanenue konedanuii ¢
3atyxanueMm. Ilorok osHeprum BosH. I[loHATHe wuHTEHCHBHOCTH. ['apMOHHUYecKue
(MexaHuyeckue) W 3aryxaromue KoseOaHus. BbIHYXIeHHBbIE (MEXaHUYECKUE)
KosneOanusi, pe3oHanc. [lomspuzanusa mnpu OTpaKEHUHM U TPEIIOMIICHUU CBETa.
CroHTaHHOE U BBIHYXKJeHHOe u3iydeHue. Popmyna [lnanka (MUIOTHOCTH U3IMy4YeHUS

IIpH yCJIOBUHU TCPMOJINHAMUYICCKOT'O paBHOBeCI/IH).
4, Qﬂekmpuqecmeo u macHemusm

DJIEKTPUYECKOE W MArHUTHOE TMOJIA. DJIEKTPUUECKOE€ M MArHUTHOE IOJie
CHUCTEMBI 3apsloB. JIBM>KeHUE 3apsia B JJIEKTPOMAarHUTHOM TIOJE. DHEprud
AJEKTPOMArHuTHOro mosisi. CTalMoOHApHBIN 3JIEKTPUUYECKUN TOK, 3aKOHBI OMa H
Jlxoyns-JleHna. DJIEKTPOMArHUTHBIE BOJIHBI B BaKyyM€ M BEUIECTBE, 3aKOH
nucnepcun. llonsgpuszanust 3JIEKTPOMAarHUTHOM  BOJIHBI, MOJSPU3ALMS  [PU
OTPaX€HUU U IIPEJIOMIICHUU CBETA.



5. l'uopoounamuka
Bs3zkocTh. [IBMKEHHE BA3KOM KUIKOCTH, MOJIE CKOPOCTEU. HBIOTOHOBCKHE KUIKOCTH.

CrammoHapHoe JABMIXKEHHE BSI3KOM KMAKOCTH MEXAY 2-Ms MapaiebHBIMU
IJIOCKOCTSIMU: JIBHXKYIIUMUCS. OTHOCUTEIBHO JPYT JIpyra C MOCTOSSHHON CKOPOCTBIO,
IpU HAJIMYUU NPOAOIBHOTO TpajueHTa naBiieHHud. CTallMOHapHOE JBUYKEHHUE BS3KOU
KUJKOCTU B TpyOe MpHU HAJIMYUMU MPOJOJBHOTO T'PaJIMEHTa JABJICHHS MOCTOSHHOTO
JMaMETpa C KOJBbLEBBIM IMOCTOSIHHBIM cedeHueM. CTallMOHapHOE ABUKEHHE BSI3KOUN
KUJKOCTH: MEXKIY 2-Ms KOAKCHAJIbHBIMU LWJIMHAPAMHU C MOCTOSHHBIMH PaJlyCcamMu
(BHYTpEHHUN UWIMHAP ABMXKETCS C MOCTOSHHOM CKOPOCTBHIO BIIOJIb 0Opa3yroliei); ¢
MOCTOSTHHOW TOJIIIMHOW CBOOOJHOW TIOBEPXHOCTH HAJ HAKIOHHOW IUIOCKOCTHIO,
oOpa3syromeil ¢ TOPU30HTAIBHONW TOBEPXHOCTHIO TOCTOSHHBIA YTOJI B TIOJIC CHIIBI
TSKECTH.
6. Keanmoeas mexanuxka u MONeKyIAPHASL CHEKMPOCKONUSL.
KBanToBOMEeXaHnueckoe onucanue cucrteM. BonHoBas ¢pynkuusa. OnepaTop
l'amunerona. VYpaBHenue Ilpenunrepa. COOTHOLIEHHE HEONPEIEICHHOCTEN
['eitzenOepra. KBaHTOBBIE CBOMCTBA AJIEKTPOMArHUTHOTO U3IyYEHHUS, (POTOHBI.
CrnoHTaHHOE M BBIHY)KJICHHOE U3NydeHHe. PaBHOBecHOe u3llydyeHue, (opmyina
[Tnanka. Ilornomenue. 3akon byrepa-JlamOepra-bepa. Ycunenue cBera B cpeje,
MHBEPCHBIE Cpenbl, Ja3epbl. Mojelb TrapMOHHMYECKOTO W aHrapMOHHUYECKOIO
OCHIIIISATOpa TMpu Kojebanuu wmoJekyd. CHeKTp MHOTOaTOMHOM MOJIEKYJIbI
(2JIEKTPOHHBIH, KoJieOaTeNbHbIN, BpalaTeIbHbIN). Jlnana3zoHbl
AIEKTPOMArHUTHOTO U3TyYEHHUS.

Jumepamypa 013 no02omoeKu:

1) JA.B. CuyxuHn. Kypc o6meit ¢pusuku (B nsita Tomax). M.: @usmariur, 2012.

2) M.A. EnpsiiieBrd. ATOMHAsi ¥ MOJICKYJISIpHAsI CIIEKTPOCKOIUsA. M.:Dauropuan
YPCC, 2001. 896 c.

3) JI.A. JJangay, E.M. JIndumn. Teopetnueckas pusuka, 1.6, 'uapoarnHaMuka,
2001. 732 c.

2.2 «IKcnepuMeHTAJIbLHbIE METOAbI OMO(PU3NYECKUX M CCIIeTOBAHUIN
TeMsbl (Bompochl)

1. Pacmeopwi
PacTBOpHI, NX KOIMYECTBCHHBIE XapaKTEPUCTUKHU: KOHIIEHTpAIKs, MOHHAs cuia, pH,
KOJUIMTaTUBHbIE cBoMcTBAa. ['mapodobHOCTh U rugpoduibHOCTh.  KucnortHo-
OCHOBHOE paBHOBecue, pKa, 6ydepnsie pactBopsl. OcMoc.

2. Dnexmpoghopemuueckue memoonl
Asnenue snekrpodopesa. Inexrpodopes B rene. MeTonbl 3meKTpodhopeTUIecKoro
paszzenieHus: 0eJKOB U HYKJIEMHOBBIX KUCIOT. M30(okycupoBanue 6enKoB.

3. Xpomamoepagus



Xpomatorpadusi: TNPUHIUIN  pa3lelieHUus BEmIeCTB. [wmbl  XpoMarorpadum.
Xpomatorpad. Baxueimme xpomatorpaduyeckue METOIbl aHAIW3a U BBIIEICHUS
OMOMOJIEKY!I.

4. Ceoumenmayus
VpaBuenue Caendepra, KodQPUIIMEHT ceAUMEHTAlUU. YJbTpalueHTpudyra.
JubdepennmansHoe, 30HATLHO-CKOPOCTHOE W PABHOBECHOE IEHTPU(DYTHPOBAHUE
KJIETOYHBIX KOMIIOHEHTOB.

5. Bwidenenue knemounvix KOMNOHEHMO8
Crpaterusi BBIIETCHUS KICTOYHBIX KOMIIOHEHTOB, IIeM H 3amaud. Kiacchel
OMOMOJIEKYJI, X (PU3HKO-XHUMHUYECKHE CBOMCTBA. JleTepreHThl. MeToIbl OCcaxaeHus
0enkoB. OuncTka O0EJIKOB U HYKJIEHMHOBBIX KUCIIOT

6. Cnexmpanbhvie Memoobl aHaiusa
OOmasi cxemMa CHEKTpaldbHOTO dSKcmepuMeHTa. CHeKTpaibHBIE TOJOCH U

CHEKTpaJbHblE JIMHUW. JlManma3oHbl 3JIEKTPOMarHUTHOrO u3nydeHusd. CBA3b
CHEKTPAIbHBIX CBOMCTB PA3JIMYHbBIX IUANA30HOB C XapaKTEPUCTUKAMU OMOOOBEKTOB.

7.  Onmuyeckas cnekmpocKonus pacmeopos
CrexkTp TOIJIONICHUS, OINTUYeCKas TIUIOTHOCTh, 3akoH bepa. Xpomodopsl.

Cnextpodoromerp. CHeKTpoPOTOMETPUUECKOE  OMNPENCICHUE  KOHIEHTpAlUU
ounomorekyn. OnTuueckas akTUBHOCTb.

8. Dunyopecyenyus
SABnenue QoromomuHecueHIMH. KoONMYECTBEHHbIE XapaKTEPUCTUKU M UX
u3Mmepenre. KBantoBas Moxens ¢uyopecueHimu. diayopecueHuss OHOMOJIEKYII.
®nyopecueHTHbIe METKU U 30HABL. FRET. diyopeciieHTHass MUKPOCKOTIHS.

9. Memoowl uccreoosarnus hepmenmamuHol AKMUEBHOCMU
Karanu3. ®epMmeHTbl. YpaBHeHne Muxasnuca-MeHTeH. OKCIEepUMEHTATbLHOE
orpejiesieHre nmapaMmerpoB. IHruOupoBanue pepMeHTATUBHBIX PEAKIIUN.

10. Ammynonoeuueckue memoovl
AHTHUTENAa YW aHTUTEHBI, cTpoeHue Mojekyn IgG, cnenuduyHOCTH aHTHUTEI.

[Tony4yeHue ¥ MCMOIL30BAHUE AHTUTEN B MPAKTHUYECKOW MOJICKYJISPHOM OHOJIOTHU.
NMMyHOOJIOTTHHT.

11.  Memoosi uccnedoanus Ha oCHO8e UOHUSUPYIOULE20 U3TYUEHUS.
PeHTreHoCcTpyKkTypHBI aHanu3. MeTonq MEYEHHBIX aTOMOB. PalnoMMMyHHBIN
aHaJIN3.

12. Memoowsl paduocnekmpockonuu.

ONEeKTPOHHBIA TMapaMarHUTHBIA pEe30HaHC. SAepHBII MArHUTHBIA PE30HAHC.
[IpakTHUeCcKO€ MPUMEHEHHWE B MEAUIIMHCKOW AUATHOCTUKE M HKCIEPHUMEHTAIbHBIX
MCCIIETIOBAHUSIX

13. Buomeouyunckue memoovl aHaiuzd.



OX0-UMITyJIbCHBIE METOABl BU3yanuzaumu. A, M, B — ynbpTpa3ByKOBbIE CKaHEpHI.
JlabopaTopHass JAMAarHOCTMKAa C UCIOJIb30BAaHUEM YIbTpa3ByKa (MOJEKYJSIpHAsS
aKyCTHKAQ).
Tomorpaduueckue metoasl uccnenoBanus. MPT, KT, OOSKT, I1OT KT.
buodusunueckue metonbl uccnenoranuii. IKI', OMI', 90T,

14.  HUccreoosanue uonnvix kananos, patch clamp

15.  HUzmepenus u cmamucmuyeckuil anaius
HeonpeneneHHocTh B  HW3MEpeHUU (PU3MKO-XUMUYECKUX BenuuyuH. CiydaiiHbie
BEeJIWYMHBI, cBoiicTBa. [lapamerprl. Baxunelimme pacnpeneneHus (HOpMajabHOE, XH-
kBaapar, Ilyaccona). Beibopku. ToueuHoe U UHTEpBaIbHOE OILICHHUBAHUE
napaMeTpoB. CTaTUCTUUYECKUE TECTHI.

Jumepamypa 013 no02omoeku:
1) ®usnueckas xumus / A.I'. CtpomoOepr, I.II. Cemuenko — Mocksa: Bsiciias

mkona, 2003.

2) Menununckas onodusuka: yueonuk s By30s/ B.O. CamoiinioB. — 3-¢ usa.ucip. u
nomn. — CII0.:CnenJInt.2013 — 591c.

3) Menuiuackas u Ouwonornyeckas (usuka: yueO.mist By30B/A.H. Pemusos, A.T.
Makcuna, A 4. [Totanenko. — M.: [Ipoda.2008. — 558 c.

4) Bbuodwusuka / Bonpkenmreiitn M.B. — M. ; Kpacuoxap : Jlans, 2008

5) buodwusuueckas xumus: B 3-x T. :mep. ¢ anri./ U. Kanrop, I1. lummen. T. 1 — M:
Mup, 1984

6) MeToabl HCClIeOBaHMsS OCJIKOB M HYKJICHMHOBBIX KHCIIOT: OiekTpodope3 u
ylnbTpaneHTpudyrupoBanue (mpaktudeckoe mnocodue). / Octepman JI. A. M.:
Hayka, 1981

7) Teopus BeposATHOCTEH U ee HHKEHEpHbIC npriokeHus. Bentiens E.C., OBuapos
JLA.

2.3 «MoJiekyJIsspHasi 0M0JI0TUS U T€HETHKA»

TeMsbl (Bompochl)

1. MonexynapHuvle 0ocHO8b1 HACAIE0CMEEHHOCTU
Teopuss HacIeACTBEHHOCTH. 3aKOHbBI HACJIEAOBaHUA HMX MOJEKYJSpHAas OCHOBA.
OcHoBubie ctpykrypHblie snemeHTtel JIHK u PHK. IlepBuunas cTpykTypa
HYKJIEMHOBBIX KucaoT. Mogens Yorcona-Kpuka, dopmsr JJHK, Tononzomepsr JJHK.
Cynepcnupanu3anus 1 ee 3HaueHHeE.

2. Opeanuzayus 2eHo8 u 2eHOMO8
[TonsiTust reHa u reHoma. I'eHbl B momyJsiuusx. Jkcrpeccus rera. OcoOeHHOCTH
CTPOEHHUSI M DKCIPECCHMU TE€HOB MPOKAPUOT U BYKapuOT. MojeiabHble OOBEKTHI

MOJIEKYJIIPHON T€HETUKH.



3. I'opuzonmanvuulii nepeHoc eeHemuyeckou uHpopmayuu
[Tnazmuner u G6aktepuodaru. [lonm m konwtoranus y Oaktepuit. CTaaum mporiecca
KoHbloranuu. Tpanchopmarnusi. MonekynsgpHble MEXaHU3Mbl  TPAHCHYKIIHH.
Tparcnymupyromue daru. KaptupoBanue xpomMocom OakTepuil ¢ HUCIIOIH30BAHUEM
KOHBIOTAIlMK, TpPaHCAYKIMU U TpaHchopmanuu. ['eHermdeckass kapra E. coli.
Moo6unbHble reHeTndeckue 35eMeHThl. [Tl y sykapuor.

4, Tpanckpunyus
O0o01eHHas CTpyKTypa npokapuotudeckoro rera. Cragun tpanckpunuuu, PHK-

noauMmepasza, ee cTpoeHue u (pyHkuumu. MHHIMANMS TPaHCKPUIIUHU, MTPOMOTOP,
MeXaHu3Mbl  y3HaBaHusi npomoropa PHK-momumepazoit. Tepmunaimusa wu
anTuTepMuHanus Tpanckpuniuu. [Iponeccuar mPHK sykapuor.

S. Tpaucnayuu, cenemuueckuii KOO
PuGocomsbl, coctaB u dynkuuu. Muunumanus tpancnsauuu y npokapuor. TPHK u

pPHK, xomupyromme wux reHbl. [eHernueckui kox. HMHumuupyroomme u
TEPMUHUPYIOIIUE KOJOHBI, PAMKH CUMTBIBAHUSA, OTKPBITBIE W 3aKpPBITHIC PAMKH.
AmunoanunupoBanue TPHK, TouHOCTB U 3aTpaThl SHEPTUH NPU CUHTE3€E OEmKa.
6. Pennuxayus

Mexannsm permmukaiuu - JIHK, wmatpuunbiii  cunte3. lloHsiTMe peruiMKoHa,
peIUIMKAlMOHHAas BUJIKAa. MeXaHU3MBbl peIIMKalUd XpOMOCOM IPOKAPUOT, IUIA3MHUL.
@depMeHThl, YYaCTBYIOIIME B peIyiMKaluh. ToyHOCTh pemmkanuu. [Ipobrema
Heaoperrkanuu JuHernbix JJHK.

7. Mymaczenes u penapayus
Myrauuu, knaccupukanust mytauuid. ClIOHTaHHBIN U UHIYLIMPOBAHHBIA MYyTareHes.

Mexanusmbl  neiictBus  MytareHoB (Y®, paauanus, aHajJord OCHOBaHWUIA,
ankunvpyrone areutol). Cucrema penapaiuu, €€ BeTBHU (MpsMasi, SKCIIM3UOHHAs,
MOCTPEIUIMKATUBHAS; KOPPEKIMS HECIAPEHHBIX OCHOBaHUM). SOS—OTBET.

8. Pezynayua sxcnpeccuu cenoe
YpoBuu skcnpecun reHa. Kiaccuueckas cxema omepona mo KakoOy u Moso.

Nunykuusa u pernpeccusi cMHTe3a (pepMEHTOB (JIaKTO3HBIN onepoH). Penpeccopsl u
aktuBatopsl. KarabonuTtHas penpeccus.

Q. Pexombunayus
SIBneHuEe TreHEeTUYECKONM pEeKOMOWHAlUU, €€ TUllbl. MOJIEKYJISpHBIM MeXaHUu3M
pekomOuHanuu. OOmias  (romMoJIOTHYHasi) peKoMOWHaIus. | eTepoayTIeKCHI.
Crpykrypsl Xommuzes. ['ennass konBepcus. Cailt-cienuduaeckas peKOMOUHAIHUS.
Ponb pekoMOMHALNK B 3BOJTIOLIUH.

10. Memoo pexombunanmuvix J[HK
['eHeTnueckue BeKTOpbl. PEPMEHTHI T'€HETUYECKOM WHXKEHEpUH. MOJeKyIsipHOe
KioHupoBanue. llomumepasnas nennas peakuus, I[P B pexume peanbHOrO
BpemeHu. CekBenunpoBanne JIHK. Bekrtopbl nmma ximonupoBanus. [lomydenue

PEKOMOMHAHTHBIX OCITKOB.



11.  Opeanuzayus u ¢pynxyuonuposanue saopa
Xpomocomsl. [lenenne knerok. Knerounsld nmuki. llepuonsl KIIETOYHOrO LMKIIA.
3aKOHOMEPHOCTH permkanui. Muto3. Melo3 kak 0CHOBa IOJI0BOT0 MpoLecca.

Jumepamypa 013 no02omoeku:
1) Amsbeptc b. u np. Monekynspaas Ouonorust kinetku. Brop. w3, T.T. 1-3.

M.:Mup, 1994.

2) Knetku. ITox pen. b.JIstonna u n1p. M.: 3n-Bo bunowm, 2011.

3) KopsixoB JI.E., XKumynés WN.®. Xpomocombl. CTpykTypa U (DYHKIHH.
Hosocubupck: U3a-so CO PAH, 2009.

4) ®damnep Jx.M. unac . MonekyisipHas OHOJOTUSA KICTKH. M.:U31n-BO
bunom, 2003.

5) Yennos FO.C. O6mas kinetounas ouonorus. M.: UKL «Akagemkauray», 2004

6) Aitana @., Kaiirep /. CoBpemenHas renetuka. Tom 3. M.: Mup. 1988.



English version

The program contains a list of topics (questions) based on the professional discipline
cycle for training bachelors in the fields of biomedical systems and molecular biology.

The entrance exam is interdisciplinary test, performed in distant online format. The test
Is assessed on a 100-point scale and consists of 18 short questions for choosing right
answer and one “assay question” for writing down a detailed answer. The minimum
number of points confirming the successful completion of the interdisciplinary exam is
50 points (50%0).

1. DISCIPLINES INCLUDED IN THE PROGRAM FOR ENTRY TESTS FOR
THE MASTER'S DEGREE

1.1. Physics
1.2. Research experimental methods

1.3. Molecular biology and genetics

2. DISCIPLINES and TOPICs
2.1. ""Physics""
1. Physical foundations of mechanics

Speed and acceleration of a material object. The law of conservation of momentum
energy in mechanics. The law of conservation of angular momentum. Driving in the
center field.

2. Molecular physics, thermodynamics

Variables of thermodynamics. Equations of state of ideal and real gases. Entropy. The
beginnings of thermodynamics. Thermodynamic potentials. Free energy. Chemical
potential, equilibrium constants. Activation barrier, Eyring-Arrhenius equation.
Diffusion equation.

3. Oscillations and waves

Wave processes. Basic laws. Elastic wave equation. Wave equations. One-dimensional
and multidimensional wave equation. The speed of propagation of an elastic wave.
Doppler effect. Propagation of damped vibrations. Wave energy flow. Intensity
concept. Harmonic (mechanical) and damped oscillations. Forced (mechanical)
vibrations, resonance. Polarization by reflection and refraction of light. Spontaneous
and stimulated emission. Planck’'s formula (radiation density under the condition of
thermodynamic equilibrium).

4. Electricity and magnetism



Electric and magnetic fields. Electric and magnetic field of the system of charges. The
movement of a charge in an electromagnetic field. The energy of the electromagnetic
field. Stationary electric current, Ohm's and Joule-Lenz's laws. Electromagnetic waves
in vacuum and matter, dispersion law.Polarization of an electromagnetic wave,
polarization during reflection and refraction of light.

5. Hydrodynamics

Viscosity. Viscous fluid motion, velocity field. Newtonian fluids. Stationary motion of
a viscous fluid between 2 parallel planes: moving relative to each other at a constant
speed, in the presence of a longitudinal pressure gradient. Stationary motion of a
viscous fluid in a pipe in the presence of a longitudinal pressure gradient of constant
diameter with an annular constant cross-section. Stationary movement of a viscous
fluid: between 2 coaxial cylinders with constant radii (the inner cylinder moves at a
constant speed along the generatrix); with a constant thickness of the free surface
above an inclined plane, forming a constant angle with the horizontal surface in the
gravity field.

6. Quantum mechanics and molecular spectroscopy

Quantum-mechanical description of systems. Wave function. Hamilton operator.
Schrodinger equation. The Heisenberg uncertainty relation. Quantum properties of
electromagnetic radiation, photons. Spontaneous and stimulated emission. Equilibrium
radiation, Planck's formula. Absorption. Bouguer-Lambert-Beer law. Amplification of
light in a medium, inverse media, lasers. Harmonic and anharmonic oscillator model
for molecular vibrations. The spectrum of a polyatomic molecule (electronic,
vibrational, rotational). Ranges of electromagnetic radiation.

2.2 ""Research experimental methods (biophysical)™
1. Solutions

Solutions, their quantitative characteristics: concentration, ionic strength, pH,
colligative properties. Hydrophobic and hydrophilic. Acid-base equilibrium, pKa,
buffer solutions. Osmosis.

2. Electrophoretic methods

The phenomenon of electrophoresis. Gel electrophoresis. Methods for the
electrophoretic separation of proteins and nucleic acids. Isofocusing proteins.

3. Chromatography

Chromatography: the principle of separation of substances. Types of chromatography.
Chromatograph. The most important chromatographic methods of analysis and
isolation of biomolecules.

4. Sedimentation



Svedberg equation, sedimentation coefficient. Ultracentrifuge. Differential, zonal-
speed and equilibrium centrifugation of cellular components.

5. Isolation of cellular components

Strategy for isolation of cellular components, goals and objectives. Classes of
biomolecules, their physical and chemical properties. Detergents. Protein precipitation
methods. Purification of proteins and nucleic acids

6. Spectral analysis methods

General scheme of the spectral experiment. Spectral bands and spectral lines. Ranges
of electromagnetic radiation. Relationship of spectral properties of various ranges with
the characteristics of biological objects.

7. Optical spectroscopy of solutions

Absorption spectrum, optical density, Beer's law. Chromophores. Spectrophotometer.
Spectrophotometric determination of the concentration of biomolecules. Optical
activity.

8. Fluorescence

The phenomenon of photoluminescence. Quantitative characteristics and their
measurement. Quantum model of fluorescence. Fluorescence of biomolecules.
Fluorescent labels and probes. FRET. Fluorescence microscopy.

9. Methods for studying enzymatic activity

Catalysis. Enzymes. Michaelis-Menten equation. Experimental determination of
parameters. Inhibition of enzymatic reactions.

10. Immunological methods

Antibodies and antigens, structure of IgG molecules, specificity of antibodies.
Obtaining and using antibodies in practical molecular biology. Immunoblotting.

11. Measurements and statistical analysis

Uncertainty in the measurement of physical and chemical quantities. Random
variables, properties. Parameters. The most important distributions (normal, chi-square,
Poisson). Samples. Point and interval estimation of parameters. Statistical tests. 7.
Optical spectroscopy of solutions

2.3 ""Molecular biology and genetics"*
1. Molecular basis of heredity

The theory of heredity. The laws of inheritance are their molecular basis. The main
structural elements of DNA and RNA. Primary structure of nucleic acids. Watson-
Crick model, DNA forms, DNA topoisomers. Supercoiling and its meaning.

2. Organization of genes and genomes



Gene and genome concepts. Genes in populations. Gene expression. Features of the
structure and expression of genes of prokaryotes and eukaryotes. Model objects of
molecular genetics.

3. Horizontal transfer of genetic information

Plasmids and bacteriophages. Sex and conjugation in bacteria. The stages of the
conjugation process. Transformation. Molecular mechanisms of transduction.
Transducing phages. Mapping of bacterial chromosomes using conjugation,
transduction and transformation. Genetic map of E. coli. Mobile genetic elements.
Horizontal gene transfer in eukaryotes.

4. Transcription

Generalized structure of the prokaryotic gene. Transcription stages, RNA polymerase,
its structure and functions. Initiation of transcription, promoter, mechanisms of
recognition of the promoter by RNA polymerase. Termination and antitermination of
transcription. Eukaryotic mRNA processing.

5. Translation, genetic code

Ribosomes, composition and function. Initiation of translation in prokaryotes. tRNA
and rRNA encoding their genes. Genetic code. Start and stop codons, reading frames,
open and closed frames. Aminoacylation of tRNA, accuracy and energy consumption
in protein synthesis.

6. Replication

DNA replication mechanism, matrix synthesis. Replicon concept, replication fork.
Replication mechanisms of prokaryotic chromosomes, plasmids. Enzymes involved in
replication. Replication accuracy. The problem of underreplication of linear DNA.

7. Mutagenesis and repair

Mutations, classification of mutations. Spontaneous and induced mutagenesis.
Mechanisms of action of mutagens (UV, radiation, base analogs, alkylating agents).
The repair system, its branches (direct, excisional, post-replicative; correction of
unpaired bases). SOS answer.

8. Regulation of gene expression

Gene expression levels. The classical scheme of the operon according to Jacob and
Monod. Induction and repression of enzyme synthesis (lactose operon). Repressors and
activators. Catabolic repression.

9. Recombination

The phenomenon of genetic recombination, its types. Molecular mechanism of
recombination. General (homologous) recombination. Heteroduplexes. Holliday
junction. Gene conversion. Site-specific recombination. The role of recombination in
evolution.



10. Recombinant DNA method

Genetic vectors. Genetic engineering enzymes. Molecular cloning. Polymerase chain
reaction, real-time PCR. DNA sequencing. Vectors for cloning. Production of
recombinant proteins.

11. Organization and functioning of the core

Chromosomes. Cell division. Cell cycle. Periods of the cell cycle. Replication patterns.
Mitosis. Meiosis as the basis of the sexual process.
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Question examples
Physics
A moving particle is elastically scattered by a stationary particle of the same
mass. Which statement is true in the most general case?
a) the velocity vectors of the particles after scattering are
perpendicularto each other
b) the velocity of the first particle after collision is equal to zero
¢) the velocities of the particles after collision are directed in opposite
directions
d) particle velocities after collision are equal in modulus

Molecular biology and genetics
What is maximum size of polypeptide encoded by mRNA consist of 1232
nucleotides?

a) 3696 amino acids

b) 410 amino acids

¢) 411 amino acids

d) 400 amino acids

Experimental methods
Which wave length is usually used to measure photometrical the concentration
of proteins by their own absorption?

a) 280 nm

b) 350 nm

¢) 595 nm

d) 254 nm
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