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ABSTRACT

Bachelor’s degree in 06.03.01

Study profile Biology

Course title: Biophysics basic

Variable part of Block, 3 credits

Instructor: Tsybulsky A.V.

At the beginning of the course a student should be able to: Readiness to
perform standard basic procedures for providing individual and group
organization. Readiness to apply the basic knowledge of biological sciences,
obtained in the previous level of education.

Learning outcomes:

GPC-5 ability to apply knowledge of the principles of cellular organization of
biological objects, biophysical and biochemical bases, membrane processes and
molecular mechanisms of vital activity.

GPC-6 the ability to apply modern experimental methods of working with
biological objects in the field and laboratory conditions, skills to work with
modern equipment.

GPC-14 ability and willingness to lead a discussion on socially important
problems of biology and ecology.

PC-4 the ability to master the skills and knowledge of the fundamentals of
nanobiotechnology for entering the professional field of developing innovative
technologies.

Course description: Discipline forms a systematic view of molecular and
cellular biophysics.

The content of the discipline covers the following range of issues:

Physical laws of the organs and systems functioning, the physical properties
of biological tissues and methods of their study, the features of the action of
physical factors on the cell and subcellular formations;

Structure and functions of biological membranes. Permeability of cell
membranes. Transport of substances through membranes.

Bioenergetics. Emission and absorption of energy by atoms and molecules.
Luminescence of biological systems. Biophysical mechanisms of photosynthesis
and cellular respiration. Thermodynamics of biological systems.

Biological electrodynamics. Physicochemical basis of bioelectrogenesis.
Potential of rest, action potential, its distribution. Electrical and magnetic
properties of tissues. Effect of EMF on biological tissues.

Biomechanics. Mechanical properties of biological tissues. Biomechanics of
the musculoskeletal system. Circulatory system.

Biophysics of the sense organs. Biophysical organisms of information
transformation in receptors. Biophysics of hearing. Biophysics of vision.

The effect of ionizing radiation on the cell. Types of ionizing radiation.
Biophysical basis of the action of ionizing radiation. Dosimetry.



The teaching materials on the course "Biophysics basic" are designed for 4st
year students of the Bachelor’s Program in «Biology». Full-time program.
Language of the program — Russian. The teaching materials are written in Russian.

These teaching materials on the course are developed in accordance with the
curriculum of the educational program under the Federal State Educational
Standard of Higher Professional Education (FSES HPE) 00400.62 "Biology"
(Bachelor's degree), approved by the Ministry of Education and Science of the
Russian Federation. The discipline " Biophysics basic " is a block of elective
courses students the variable part of the professional cycle. The total labor
discipline development is 1.5 credit units, 54 hours. Curriculum provided lectures
(18 hours), laboratory work (18 hours), practical work (18 hours), independent
work (18 hours to prepare for the offset). Discipline is implemented on 4 course in
the 8th semester.

Main course literature:

1. Jackson M. Molecular and cellular biophysics. M., World. 2018. 552

There are 1 copies. and the electronic version of the department.

2. Remizov A.N., Maxina A.G., Potapenko A.Ya. Medical and
biological physics. Moscow. Bustard. 2010. There is a copy in the department.

3.  Remizov A.N., Maxina A.G. Guide to laboratory work on medical and
biological physics. Bustard. 2008. There is a copy in the department.

4. Rubin A.B. Biophysics (3 tons). 2013. ISBN 978-5-4344-0101-2

5. Rubin A.B. Lectures on biophysics.
http://studentam.net/content/view/842/113/

6. William Bialek "Biophysics Searching for Principles". Hardcover, 2012.
640 pp. (eng).

http://assets.press.princeton.edu/chapters/i9911.pdf (Introduction).

7. Thomas E. Creighton “Visualizing Biological Structures and Molecules”.
2011. 172 pp. (eng).

8. Thomas E. Creighton “The Biophysical Chemistry of Nucleic Acids &
Proteins”. Helvetian Press, 2010. 774 pp. (eng).

9. Peter I Belobrov “Physical Biology of the Cell”. 2014. (eng)

https://molpit.org/files/371_

10. Encyclopedia of Biophysics. Editors: Roberts, Gordon C.K. (Ed.) 2013.
2807pp. (eng). Instance in the department

11. Rubin A.B. Modern methods of biophysical research. a workshop on
biophysics (rus). http://studentam.net/content/view/841/113/

12. Rubin A.B. Lectures on Biophysics (rus).
http://studentam.net/content/view/842/113/

13. William Bialek «Biophysics Searching for Principles». Hardcover, 2012.
640 pp. (eng).
http://assets.press.princeton.edu/chapters/i19911.pdf (Introduction).

14. Thomas E. Creighton “Visualizing Biological Structures and
Molecules”. 2011. 172 pp. (eng).




15. Thomas E. Creighton “The Biophysical Chemistry of Nucleic Acids &
Proteins”. Helvetian Press, 2010. 774 pp. (eng).
16. Peter I Belobrov “Physical Biology of the Cell”. 2014. (eng)
https://molpit.org/files/371
17. Encyclopedia of Biophysics. Editors: Roberts, Gordon C.K. (Ed.). 2013.
2807pp. (eng). Copy in electronic format at the chair.

Form of final control: pass-fail test.



AHHOTaUMs K pado4eil mporpaMMe JUCIHUTINHBI
«OcHOBBI OHOPU3NKI»

PaGouas mnporpamma y4eOHONW muCcHUILIUHBI «OCHOBBI OHMO(DUZHKNY
paspaboTaHa i CTyJIeHTOB 4 Kypca, oOydaromuxcs mo HampasieHuto 06.03.01
«OHoIOTHUSY.

OO6masi TpyJAOEMKOCTh OCBOCHHSI TUCHMUIUIMHBI COCTABJISIET 2 3a4eTHBIC
eAUHUIBI, 72 Yaca. YUeOHBIM TUIAHOM MPEAYCMOTPEHBI B 8 CEMECTPE JICKIIMOHHbBIE
3ansaTusa (18 4ac), nmadopatopusie padoTel (18 "acor), ceMunapckue 3ansaTus (18
yac), caMocTosTeIbHas padoTa (18 gacon).

Juctumnuaa «OCHOBBI OMO(DU3UKNY» SBISETCS BapUATHBHOW €CTECTBEHHO-
HAay4YHOU JUCUUIUIMHOW MPU MOATOTOBKE CTYJEHTOB HaIpaBiICHUS MOATOTOBKHU
«MoOneKynsIpHO-KJIETOYHbIE ~ CUCTEMbI M OHWOTEXHOJOTHMH»,  PACKpPbIBAET
cienyomue GyHIaMeHTalbHbIE BOIIPOCHI:

¢uznyeckue  3aKOHOMEPHOCTH, JIeXKAallue B  OCHOBE  IPOILIECCOB,
IPOTEKAKOLIIUX B OPIaHU3ME;

¢duznyeckue cBoMCcTBa OMOJOTUYECKUX TKaHEH;

MEXaHU3MBbI AEUCTBUS (PU3NUECKUX (PAKTOPOB HA OPTraHU3M;

OcHoBbl OMo(u3uKH Ki1eTku. O0mias yapTpacTpykrypa kieTku. CTpoeHue u
¢yHkuun Ouosornueckux wmemoOpaH. [IpoHHIIaeMOCTh KJIETOYHBIX MeMOpaH.
Tpancnopt BeriecTB yepe3 MeMOpPaHBI.

buosnepretuka. HcmyckaHue W IOTJIOUIEHWE DSHEPrUM aToOMaMHu U
MoJieKynaMd. JIIOMUHHCLEHLIUS OHOJOTMYECKMX CHUCTeM. buodusnueckue
MEXaHU3Mbl  (DOTOCHHTE3a U  KJIETOYHOTO  JbIXaHUS. TepMOJIMHAMHKA
OMOJIOTUYECKUX CUCTEM.

buonornyeckas anekTpoguHamMuka. @OU3UKO - XUMHUYECKHE OCHOBBI
OuonsiekTporene3a.  lloTeHnman  MOKosl,  MOTEHIMAT  JCHCTBUS,  €T0
pacnpoCTpaHEHHUE. DNEKTPUYECKUME M MarHWTHBIE CBOMCTBA TKaHeW. JleiicTBue
OMII Ha GuoslorHYecKre TKaHU.

buomexanuka. MexaHudeckrue  CBOWCTBA  OMOJIOTUYECKMX  TKaHEH.
buomexannka onopHo-aBUraTenpHoro anmnapara. CucreMa KpoBooOpaIieHusl.

OcHOBbl OMO(U3MKM OpPraHoB 4YYBCTB. buodusnueckue oOpraHu3Msl
npeobOpazoBanuss uH(popmarnuu B penentopax. OCHOBbI OHMOGU3UKH ClyXa.
OcHOBBI OMO(DU3HUKHU 3pEHUS.

JleficTBMEe MOHM3UPYIOIIETO M3TYYEHUs Ha KIETKY. BHUIIbI HOHU3HPYIOLIIUX
u3nyyeHuil. buodusmueckre OCHOBBI AEWCTBUS HOHU3UPYIOUIETO H3ITYUYCHHUS.
[TpyHIMIBI U TEXHUKA JTOZUMETPUHU.



Jucuunnuaa «OcHOBBI OMO(DU3UKUY) JTOTUYECKH U COJIEPIKATENbHO CBSA3aHA
C JpyTMMH JUCUMIUIMHAMU JaHHOW o0Opa3oBareibHOM mporpammbl. s
(opMUpPOBaHUS LEIOCTHOIO MPEJCTABICHUS O (U3MOJIOTMU PACTEHUM CTYAEHTY
HEOOXOAMMBI 3HAHUS CIEIYIOIIMUX MPEAIIECTBYIOMUX AUCHMILIMH OakaiaBpuara:
«Pus3uka», «Bpicmas warematmkay, «OOmas Ouomorus», «lluromorus wu
reHeTHKa», «bnoxumus u MonekyJsipHas Ouonorus», «OCHOBbI HMMYHOXUMUW,
«Mukpobuonorus», «BeaeHne B OMOTEXHOJIOTHIO.

HocronHcTBoM yueOHOM mporpamMmbl «OCHOBBI OMO(MU3HUKNY SIBISETCA
aKkeT MaTepuaoB, KOMIUIEMEHTAPHO COYETAIOIINN TEOPETUUECKUE MaTepUasbl U
IPAaKTHYECKUE 33JJaHUs C LIEJIbI0 00JIee rTyOOKOro OCMBICIEHUS JaHHOTO Kypca.

Heab ocBoeHuss yueOHON aAuCHMIUIMHBI «OCHOBBI OHODU3UKHY -
(dbopMupOBaHUE Y CTYICHTOB CUCTEMHBIX 3HAHUN 00 YHUBEPCATIbHBIX (HU3HMUECKUX
3aKOHOMEPHOCTSIX  (PYHKIIMOHMPOBAHWM OPTraHOB U CHCTEM, (PU3UUECKHUX
CBOMCTBaxX OWOJOTMYECKUX TKAHEW W METOAAaX HMX H3y4eHUs, OCOOCHHOCTSX
nercTBus (u3nueckux (HaKTOPOB Ha KIETKY, CYOKJIETOYHbIE 0Opa3oBaHUS U
OMOMOJIEKYJbl. DTH 3HAHUS HEOOXOAWMBI Ul U3YYEHUs JIPYTruX AUCLUIUIMH U
HauOoyiee TMOJHO IOCJIENOBATENbHO TMPUBHUBAIOT OYAYUIMM CHEIUAINCTaM
MPUHIIAIIE HAYYHON METOHO0JIOTHH.

3agayamMu JaHHOW AMCIMILINHBI SIBISIOTCS:

- (hopMHpOBaHHE y CTYICHTOB HAYYHOTO MBIIUICHUS B KaTETOPHIX TOYHBIX
HAayK, 9YTO TIO3BOJUT TJIyOXXKe TIOHATH 3aKOHOMEPHOCTH CTPOEHHUS U
(YHKIIMOHUPOBAHUSA OpraHU3Ma JKMBOTHBIX M 4YeJlOBEKa Ha KBAaHTOBO-
XUMHUYECKOM, MOJIEKYJIIPHOM M KJIETOYHOM YpPOBHSAX, a Takke — (u3nueckue
OPUHLHUIBI PYHKIIMOHUPOBAHUS CIIOKHBIX OMOJIOTUYECKUX CUCTEM.

- MOHMMaHue  OWOPU3MYECKUX  3aKOHOMEPHOCTEW  CTPOCHUSI
(YHKIIMOHUPOBAHUS OPTaHU3Ma KUBOTHBIX M YEJIOBEKAa B HOPME 1 MATOJIOTHH;

- (opmupoBaHMEe y CTYACHTOB NPEJICTaBICHHNA 00 OCHOBHBIX TMYTAX
MOJIydeHUsT W TpeoOpa3oBaHUs HHEPrMUM B OHOJOTHMYECKHUX CHCTEMax U
MPUMEHUMOCTH 3aKOHOB TEPMOJIMHAMMKH K )KMBBIM OpraHU3MaMm;

- 3HaHHE OCOOCHHOCTEW KWUHETUKH  OWOJOTUYECKUX  IPOIIECCOB,
TEPMOJANHAMHMKHN U KUHETUKH (DEpMEHTATUBHBIX PEaKLU;

- 3HAaHHE CTPYKTYpHO-(QPYHKIIMOHAJIBHBIX OCOOCHHOCTEH U  (PU3HKO-
XUMHYECKUX CBOMCTB OCHOBHBIX KJIACCOB OMOMOJIMMEPHBIX MOJIEKYIT;

- hopMUpOBaHUE MPEACTABIECHUI O CTPOCHUH OMOJIOTUYECKUX MEMOpaH U 0
OMoPU3NYECKUX MEXaHU3MaX MEMOPAHHBIX MPOIECCOB,;

- 3HAaHHE OCHOBHBIX BUJOB (POTOOMOIIOTUYECKUX SIBICHUH;

- 3HaHME MPHUHIIUIIOB ACHCTBUS Pa3TUYHBIX HOHU3UPYIOUINX HU3TyuYeHUN Ha
OMOJOTHMYECKHE CHUCTEMBI M  MEXaHH3MOB  PagUOYyBCTBUTEIBHOCTH (U



PaIVOPE3NUCTECHTHOCTH) KJIETOK W TKaHeW. [lpencraBienwe o paawiariiOHHOM
ropmesuce.

- NpUOOpEeTeHHWE HAaBBIKOB OHMO(PH3UYECKOTO W MaTEeMAaTHYECKOTO
MOJICTTUPOBAHUS TIPH U3yUYEHUH OMOIOTHUECKUX OOBEKTOB U MPOIECCOB;

- oOydeHue CTYACHTOB MeToJaM OMO(PHU3NYECKHX IKCHEPUMEHTANbHBIX U
JTUATHOCTUYECKHUX MCCIICTOBAHNM;

- O3HAKOMJICHHE CTY/ICHTOB C MPUHITUITAATLHBIMU CXeMaMHi U (PU3UICCKUMU
OCHOBaMHM padOThl HCCIEHOBATENbCKOM, JUArHOCTUYECKOW M TEpareBTHYECKOU
Oonodr3rueckoil anmmapaTypsl U TEXHUKOH 0€30MacHOCTH Ipu paboTe ¢ HEMl.

- O3HAKOMJICHHE CTYJCHTOB C CAMBIMH MEPEIOBBIMUA OMOTEXHOIOTHICCKUMHU
pa3paboTkamu,  OasupyrOIIUXCSd Ha  OMOPU3UYECKHX  3aKOHOMEPHOCTSX
(TEXHONOTUM HANPABJICHHOW JOCTaBKH JICKAPCTBEHHBIX CPEACTB, YIIPaBICHUE
¢dazoBeIMH  TIepexoJaMHd  MaTepHaJOB  HAHOPA3MEPHBIX  KOHTCHHEPOB
JIEKapCTBEHHBIX  CPEACTB, TEXHOJIOTHMHM YIPABISIEMBIX HAHOPA3MEPHBIX M
OJICKYJISIPHBIX MAIllMH — HAHOPOOOTOB, TEXHOJIOTHUH YIIPABJICHUSI OMOJIOTHYCCKIMHU
byHKIUSIMH, OCHOBaHHbIC Ha pPUMEHEHUU MOJyJTUPOBAHHBIX -
npepOpMUPOBAHHBIX (HUUIECKUX (PAKTOPOB).

Jns  ycrmemHoro u3ydeHus JAUCHMIUIMHBI  «OCHOBBI  OMOPU3HUKNY) Y
oOydaronuxcsi AOJKHBI OBITh CHPOPMUPOBAHBI CIEIYIOUIUE MPEABAPUTEIIbHbBIE
KOMITETEHIINH:

OIIK-5 cnocoOHOCTh MPUMEHSATH 3HAHWE MPUHUMUIIOB  KIETOYHOU
OpraHu3alui OHOJOTUYECKUX OOBEKTOB, OMOPU3UYECKUX U OHOXUMUYECKUX
OCHOB, MEMOpaHHBIX ~ TIPOLECCOB M MOJEKYJISPHBIX  MEXaHU3MOB
KU3ZHEIEATEIIbHOCTH

OIIK-6 cmocoOHOCTh TPHUMEHSTH COBPEMEHHBIE DJKCIEPUMEHTAIbHBIC
METO/bl PabOThl C OMOJIOTMYECKUMU OOBEKTAaMU B TIOJIEBBIX M J1AaOOPATOPHBIX
YCIIOBHSIX, HABBIKH Pa0OTHI C COBPEMEHHOM anmnapaTypoi

OIIK-14 ciocoOHOCT, U TOTOBHOCTHIO BECTH JUCKYCCHUIO IO COITMAJIBHO-
3HaYUMBIM MIPOOIeMaM OMOJIOTUH U SKOJIOTHH

IIK-4 cnocoOHOCT,  OBJaAeTh  HaBbIKAMU M 3HAHUSAMU  OCHOB
HAHOOMOTEXHOJIOTUU  JUIsl BXOXKJEHHUS B NMPOQEecCHOHANbHOE MOoje pa3paboTKu
MHHOBALMOHHBIX TEXHOJOTUI

VYyebnsiii kypc «OCHOBBI OHMOPU3UKU» TPEANOJIAraeT HCHOJIb30BaHKE
CTYyJICHTaMHU 3HAHWS (PU3MKHM, BbICIIEH MaTeMaTUKW, OWOJOTUH, XUMHUU U
BBIITOJIHSIET byHKIIH UHTErPUPYIOLIEH JVCLUTUIAHBIL, 3aKperuIsieT
MAaTEpUAINCTUYECKAE  IPUHLHUIBI  MUPOBO33PEHMS  CTYIEHTOB,  CO3JAaeT
mpencTaBieHre 00 OpraHMYecKOM EIWHCTBE OKpyXxatouiero mupa. Mccmemys



¢usudeckne U (PU3NKO- XUMHUYECKHE MPOIECCHl B OpPraHU3ME Ha KBAaHTOBOM,
MOJICKYJISIPHOM YPOBHE M KJIETOYHOM YPOBHAX, OCHOBBI OMO(HU3UKU MO3BOJISET
BCKPBITh YHUBEPCAIBHBIE MEXaHU3MbI (PU3NOJIOTHYECKUX MPOIIECCOB U OOBSICHUTD
HNPUYHMHBI HA0II0JaeMbIX SIBJICHUN B MHUPE 5KHUBOTO.

[nanupyemble pe3yibTaThl OOYYCHHUsS IO JAHHOW IUCIMIUIMHE (3HAHUS,
YMEHUs, BIIQJICHUS), COOTHECEHHBIE C TUIAHUPYEMBIMH DPE3yJIbTaTaMH OCBOCHHUS
o0pa3oBaTeNbHOM  IPOrpaMMBI,  XapakTEepU3yIOT  JTambl  (POPMHUPOBAHUS
CIEIYIOIUX  KOMIETeHUUH  (0OIIeKyIbTypHBIE/  oOuienpodeccruoHaibHbIe/
npodecCuOHaNIbHBIC KOMIIETEHIIUM (3JIEMEHTHI KOMIIETEHIINUMN )):

Konx n popmympoBka Jransl popMUPOBaAHUSA KOMIIETEHIIUH
KOMIIeTeHIHH
OIIK-5 cniocoGHOCTB COBpPEMEHHBIE ITPOOIIEMbI OUOJIOTHH U
HIPUMEHSATh 3HaHUE 3naer (byHIaMeHTallbHbIe OMOJIOTHYECKHE IPECTABICHUS B
INPUHIUIIOB KJIETOYHOU cdepe nmpodeccuoHaANbHOMN NeSTETLHOCTH IS
OpraHu3aIluu MIOCTAHOBKH U PEIICHUs HOBBIX 3a/1a4.
OmomoTIIecKIX UCIIONB30BaTh (YHIaMEHTAIbHbIE OHOJOTHYECKHE
00BEKTOB, HpeaCcTaBlIeHus B chepe mpodhecCHOHANTLHOM
Ouodusnieckux 1 Ymeer JEATENHLHOCTH JUIsA MOCTAHOBKH M PELIEHHS HOBBIX
OMOXMMHUYECKUX OCHOB, 3a1au.
MeMOpaHHBIX
[POLIECCOB 1 HaBBIKAMU UCIIOJIb30BaHUS (PyHIaMEHTAIbHBIX
MOJIEKYIISIPHBIX Braseer OHMOJIOTUYIECKHUX Mpe/CTABICHHUIT B chepe
MEXAHU3MOB po¢eCCUOHATILHOMN 1€ATEIbHOCTH JUIS TOCTAaHOBKH U
JKHU3HEIEATEILHOCTH PCIICHUA HOBBIX 3a/la4
OIIK-6 crioco6HOCTH 0COOEHHOCTH MPOBEACHUS HAyYHOT'O UCCIIEI0BaHuU,
OPUMEHSTh 3HaeT BBINOJIHEHUS BCEX HEOOXOMMBIX €r0 3TaIoB,
COBpPEMEHHBIEC pOCCUICKHI 1 3apyOeKHBIN OIBIT B TJaHHOW 00J1aCTH
HKCIIEpUMEHTAIbHbIE
METO/IbI PabOTHI C
OMOIOTNYECKUMHU
0O BEKTAMI B HOCBBIX BBISIBIISIT H 06OCI-‘IJOBI)IBaTI> aKTyaJbHbIE TIPOOIEMBI
i TAGOPATOPHBIX Vieer U1l UCCIIEIOBaHUM, CAMOCTOSITENIbHO UX IPOBOJUTb,
YCTOBHSX, HABBIKH pa3pabarbIBaTh METO/I0JIOTHIO, AHAJTU3UPOBATh U
paGOTHI ¢ COBPEMEHHOIT MIPE3EHTOBATh PE3YJIbTAThI
anmapaTrypou
TEXHOJIOTUSIMH BBISIBICHUS aKTyaJIbHBIX MPOOJIEM /IS
Braseer WCCIIEIOBAaHHH, CAMOCTOSITEIILHOTO UX TTPOBE/ICHUS,
pa3pabOTKK METOAMKH, aHaJIH3a U PE3eHTalluN
Pe3yNbTaToB
OIIK-14
CIIOCOOHOCTh u | 3Haer (hopMbI npeicTaBIeHUS HAYYHBIX PE3yJIbTaTOB
TOTOBHOCTBIO BECTH




JIICKYCCHIO o
COLIMANILHO- 3HAYUMBIM
npobjaeMaM  OHOJIOTHH
U DKOJIOTUH

BBITIONTHSATH MCCIIEA0BATEIBCKYIO pa0OTy, OMMUPAsCh HA
Ymeer MMEIOIINICS POCCUNUCKUI U 3apyOeKHBIN OIBIT B
TAaHHOU 00J1acTH

HaBbIKaMU CaAMOCTOATCIILHOTO ITPOBCACHN A HAYYHOI'O
HCCICO0OBaHUsA, BBIITOJIHCHNA BCCX HCO6XOI[I/IMBIX €ro

Bnaneer 9 N
9TaNoB, ONMPAsCh HA UMEIOILUNCSA POCCUICKUI 1
3apyOe’KHBIN OIBIT B JaHHOW 00JIacTH
CoBpeMeHHbIE TPEH bl Pa3BUTUS OHOPHU3NUECKOM

raer Hayku. OpueHTHpyeTcs B HauOoJjee NepCreKTUBHBIX

TEHJICHIIUSAX BHEJIPEHUS JOCTKEHUN OMOPU3HMIEeCKON
HayKu

IIK-4 - 3nanus
OCHOB OHOJIOTHHU U
OHMOTEXHOJIOTUH IS
BXOXKJIEHHUS B
pohecCuoHaIBbHOE
1oJie pa3padoTKu
MHHOBAI[MOHHBIX
TEXHOJOTrui

[Tosib30BaThCs Pa3HOOOPA3HBIMU HH(POPMAITHOHHBIMH
pecypcamu OMOPU3NISCKOTO MPOPHIIS IS

VYmeer OpHEHTAIIMH B ITEPCIICKTUBAX BHEIPCHHMS B
OMOMEIUITMHCKYIO MPAKTUKY HHHOBAIIMOHHBIX
JOCTHXKEHUH OMOPU3NIECKON HAYKH

Bnaneer 3HaHHEM OCHOB OMOJIOTHH U OMOTEXHOJIOTHH.

B pesynbrare ocBoeHust TUCHUIUTMHBI «OCHOBBI OMOGU3UKIY 00YyUaOIIHIiCs
JOJIKEH:

3HaTk:

- (usnyeckre 3aKOHOMEPHOCTH JIeKallMe€ B OCHOBE IPOLIECCOB,
MPOTEKAIOUIUX B OPTaHU3ME;

- (pu3MYEeCKHEe CBOMCTBA OMOIOTUYECKUX TKAHEH;

- MEXaHU3MBI JIeUCTBUS PU3NUECKUX (DAKTOPOB HA OPTaHU3M;

- OCHOBBI YCTPOMCTBa HCCIIEIOBATEIBCKON, (HU3HMOTEPANIEBTUYECKON U
JMarHOCTUYECKOW anmnapaTyphbl;

- MpaBUJIa TEXHUKW O€30MaCHOCTH MpHU pabOTe C anmapaTypou.

YMers:

- aHaJTU3UPOBATh TPOIECCHl KUZHENCATCTLHOCTH OWOCUCTEM, HCIIONB3YS
3aKOHBI (PU3UKH;

- 00BsCHATH  (U3MYECKHE  CBOWCTBA  OWOJOTUYECKUX  TKaHEH,
(GYyHKIIMOHUPOBAHWE  CHUCTEM,  MpPHUMEHsAS  METOoAbl  (U3UYECKOTO U
MaTeMaTH4ECKOr0 MOJICTUPOBAHUSI;

- oueHuBaThb 3(PPEKTUBHOCTH MNpUMEHEHUs (usndyeckoro ¢akropa s
U3MEHEHUS COCTOSIHUSI CUCTEMBI.

Bnanern:

- HaBBIKAMU MIPOBEJCHUS SKCIIEPUMEHTAIBHBIX UCCIIEIOBAHMIA;

- HaBBIKAMHU COCTABJICHUSI OMO(PU3MUECKUX W MATEMAaTHYCCKUX MOJIEICH IS
M3Y4YEHUST OMOCHUCTEM;

- HaBBIKAMU TIOJTy49CeHHS] HTHPOPMAIIMHA U3 Pa3HBIX UCTOYHUKOB



s hopMupoBaHUs BBIIICYKA3aHHBIX KOMIICTCHIIMN B paMKax JUCIUTLIIAHBI
«OcHoBbI ~ Onodusukw»  MPUMEHSIOTCS  CIEAYIOIIUE  METOAbl  aKTUBHOTO/
WHTEPAKTUBHOIO OOYYeHMs: Ha JICKIMSIX — TPE3CHTAMU C BHU3yajau3aluen
y3JIOBBIX MOMEHTOB HM3y4aeMOIo MaTepuaja H MOMEHTaMHu Oecelbl; Ha
Ja00PATOPHBIX 3aHATHUAX — TUCKYCCUH IO MPOOJIEMHBIM BOIIPOCAM.

I. CTPYKTYPA U COAEP)KAHUE TEOPETUYECKOM YACTH KYPCA
«OCHOBBI BUOPU3UKN»

Cemectp 8: nekunonnbiii kypce (18 yacos).
Pasznea L.
Tema 1. BBenenue (2 yaca)

[lpeamer wu 3agaun  u3yyeHuss Kypca «OcHOBblI Ouodusukm». Hctopus
BO3HUKHOBEHUSI M  pa3Butus Ouodusuku. CoBpeMeHHas mpodieMaTHKa
Onou3znIecKux UCCJIEI0BAHMI. Benymue Hay4YHbIE OpraHu3alHH

ouodusnyeckoro nmpoduiis B Poccun u 3a pydexom.

Tema 2. I'enepauus 1 00MeH dHepruei B KUBBIX CHCTEMAaX. JJIEMEHTbI
TepMoauHaAMuKH (4 yaca).
AOcopOIMsT U SMHCCUSI DHEPTUM aTOMaMHM W MOJIEKYJIamu. JIroMUHeCHeHIUs
Oouosiorndyeckux cucteM. buodusnyeckre Mexanu3Mbl POTOCUHTE3a U KJIETOYHOTO

AbIXaHHA. TepMOI[I/IHaMI/IKa OMOJIOTUYECKUX CUCTEM.

Tema 3. buosoruveckas 3J1eKTpoAMHAMUKA. MeXaHU3MbI 3JIeKTPOreHe3a
B JKMBBIX cucTeMax (2 yaca).
®u3MKo - XHUMHYECKHE OCHOBBI OHMODJIEKTpOreHe3a. JIEKTPONPOBOIHOCTH
OMOJIOTUYECKUX TKAHEH NJIsi MOCTOSHHOTO, UMITYJIbCHOTO U TIEPEMEHHOTO TOKOB.
[Torenuuan nokos, NOTEHIUA ACHCTBUA, €r0 PACHPOCTPAHEHHUE. DIICKTPUUECKUE
M MarHuTHble cBoicTBa TKaHeH. JleiictBme OMII Ha OMojornueckue TKaHHU.
®opmyna Hepcra, T'ompnmana - XomkkuHa- Karma. Dnexkrpuueckoe modie

opraHoB. duzuyeckre 0CHOBBI ANEKTPOKapAUOTpaduu.



Tema 4. buomexanuka (2 yaca).
MexaHnueckrue CBOMCTBa OMOJIOTMYECKUX TKaHed. buomexaHuka OmopHO-

ABUI'aTCJIbHOT'O aIllrapara. bromMexannka cucTeMsbl KpOBOO6paHICHI/IH.

Tema 5. OcHoBbI 0M0(U3UKH KJIETKH. (2 yaca).
O6miast ynbrpacTpykrypa kietku. CTpoeHue u (yHKIMH OHOJOTUYECKHUX
MeMOpaH. [IpoHHMITaeMOCTh KJIETOYHBIX MeMOpaH. TpaHCIOPT BEIMIECTB Yepe3

MeMOpaHnbl. Tunsl 11 Y3MOHHBIX MPOIECCOB.

Tema 6. OcHoBbI 0MOQU3UKH OPraHOB YYBCTB (2 4aca).
buoduznueckue opranu3mel npeoOpa3zoBaHusi HHPOPMAUU B PELIEITOPAX.
OcHoBbl Onou3uku ciyxa. OcHoBbl Ono(u3uKH 3peHus. buoMexaHuka OpraHoB

YYyBCTB.

Tema 7. Tepmorenes B :KUBBIX cucTeMax (2 yaca).

Mexanu3mMbl TeHepauuu Terma. MeToapl TEIUIOBU30PHOM  PErucTpanuu
MPOLIECCOB B JKMBBIX CHCTEMaxX OT KIJIETKM 10 MakpoopranuszMa. OcoOeHHOCTH
TepMoreHesa B Oenol u Oypoi >kupoBoi TKaHH. OCHOBHBIE 3aKOHBI TEILJIOBOT'O
U3JIy4CHUS:
3akon Credana — bonbimana, 3akoH msnydeHus: Kupxroga, 3akoH cMelieHus

Buna.

Tema 8. OcHoBBI paguanuoHHoi Ouopu3uku (2 yaca).
JleyicTBME MOHM3MPYIOLIEr0 M3JIYyYEHMs Ha KIETKY. BHUIBI MOHM3HPYIOIIHX
u3nydeHuid. buodusndeckre OCHOBBI AEUCTBUS HOHU3UPYIOIIETO H3IYYCHUS.

HpI/IHHI/IHI)I N TCXHHUKA JO3UMCTPHUH.



II. CTPYKTYPA U COJEP)KAHUE MMPAKTUYECKOMN
YACTHU KYPCA
1.
JlabopaTopHblie padoThl (18 yacoB)

JlaGopaTopHasi padora Nel. M3ydeHne MexaHWYECKUX CBOMCTB Pa3IMYHBIX
TKaHEHW )KUBOTHBIX U PACTEHUM. XapaKTEPUCTHUKA MOAYJIEN YIIPYTOCTH
OMOJIOTUYECKHUX CTPYKTYD. (4 daca).

JladoparopHnasi pa6ora Ne2. [IpsimMble 1 HENIPSIMBIE METO/IbI ONPEECICHHUS
CBOOO/IHBIX PaJIUKAJIOB B OMOJIOIMUECKUX crcTeMax. (6 4yaco).
Omnpenenenue conepxkaHusl aKTUBHBIX (POPM KUCIOPOJ1a METOIAMHU
XEMUIIOMUHECLEHIIMA U KOJTMYECTBEHHOT'O ONPEEICHUS TUalbIeT U a.

Jlaboparopnasi pa6ora Ne3. XapakTepuCTHKa BIUSHUS CBETa Pa3IMYHBIX
CHEKTPaJIbHBIX XapaKTEPUCTUK HAa META00OIMUECKYIO AaKTUBHOCTD KYJIBTYpP KIETOK
U TKaHel KUBOTHBIX. OCOOCHHOCTH OMOJIOTUYECKOTO JIEHCTBUS CBETa
MOCTOSIHHBIX M UMITYJIbCHBIX XapaKTEPUCTHK (4 yaca).

JlaGopaTopHasi padora Ned4. M3yueHne BIUSHUS JICKTPUICCKOTO TOKA
Pa3IMYHBIX AMIUIUTY/IHBIX U YaCTOTHBIX XapPAKTEPUCTUK HA MUTOTHYECKYIO
AKTUBHOCTb KJIETOK (B YCJIOBHSX in Vitro U €X vivo). (4 yaca).

IpakTnueckue 3ansatus (18 yacon)

TEMA CEMHWHAPA Nel. Metoibl cciieToBaHUs OMOJIOTHUECKUX CTPYKTYP,
ocHoBaHHbIe Ha sBieHusx DIIP, AMP, IIIIP. (2 gaca)

TEMA CEMMHAPA Ne2. IToreHiuman nokos, moTeHIHal aeicTBus. Ou3ndeckue
ocHOBBI AekTporpaduu. Perucrpanus IKI' u mocTpoeHne 3IeKTpUIECKOM ocr
cepana. (2 gaca)

TEMA CEMUWHAPA Ne3. ®usnyeckue METOILI aHAJIN3a B OMOJIOTHH U
MeauiuHe. (2 yaca)

TEMA CEMHWHAPA Ne4. Moaynu ynpyrocTd B XapaKTepUCTUKE OMOJIOTMYECKUX
CTPYKTYp (TKaHel u opraHoB). (2 yaca)

TEMA CEMUHAPA Ne5. DuepreTuka pa3indHbIX BUIAOB PU3NUECKON
aKTUBHOCTHU 4eJIoBeKa. MeTo sl uccneaoBanus. Onpenenenne Gru3nIecKou
paboTOCTIOCOOHOCTH MPH TTOMOIIY BeJlodpromeTpa. (2 yaca)

TEMA CEMHNHAPA Ne6. buoakyctuka. OnpeneneHue OCTpOThI cityXa Ipu
MIOMOILY ayIuoMeTpa. [lelicTBHE MOCTOSTHHOTO M UMITYJIbCHOI'O TOKOB Ha



ouotkanu. OmpexneneHue peodas3bl 1 XPOHAKCUU MO KPUBOH
AIEKTPOBO30YIUMOCTH. (2 Yaca)

TEMA CEMUNHAPA Ne7. DnieKTpudecKkne XapaKTEPUCTUKH KUBOM TKaHH.
WccnenoBanue nucrnepcuy uMIlejaHca )KUBOM TKaHu. (2 yaca).

TEMA CEMUMWHAPA Ne8. Jleticteue OMII YBY nuana3ona Ha OHOJIOTHYECKHE
CTPYKTYpPBI U OPTaHU3M Y€JIOBEKa B LIeJOM. (2 yaca)

TEMA CEMUWHAPA Ne9. Panuanmonnast OcHoBbl Onodusuku. JleiicTue
MOHU3UPYIOIIETO U3TydeHUs Ha OMOTKaHU. J[03UMETpHsI HOHU3UPYIOIINX
m3nydeHuid. Paauanmonuslii ropmesuc. (2 yaca)

III. YHEBHO-METOANYECKOE OBECIIEYEHHUE
CAMOCTOSATEJBHOMN PABOTBI OBYUAIOIIIUXCS

VY4eOHO-MeTOIMYECKOe oOecrieueHue CaMOCTOSTEIIbHON paboThI
oOyyaromuxcst 1o auciuIuimHe «OcCHOBbI OMO(DU3UKK» TPENCTABICHO B
[Ipunoxenun 1 u BKItOYaeT B ceOst:

1aH-TpadyK BBITOJHEHUS CAMOCTOSATEILHON PabOThI IO TUCIHUIUINHE, B TOM
YHUCIIe MPUMEPHBIC HOPMBI BPEMEHH Ha BBITIOJIHEHHE 110 KXKIOMY 3aJIaHHIO;

XapaKTepUCTUKA 3aJaHUM JIJISI CAaMOCTOSITEIbHON padOThl OOydaroUIuxcs W
METOAMYECKUE PEKOMEH/IAIAH 10 MX BBITTOJIHCHHIO;

TpeOOBaHMSI K  TPEACTaBICHUIO W O(QOPMIICHHIO  pPE3yJIbTaTOB
CaMOCTOSITEIIbHON padOThI;

KPUTEPHUH OLIEHKH BBIMOJHEHUSI CAMOCTOATEILHON paOOTHI.

TpynoeMkocTh KOHTaKTHOM paboThl 54 yaca.



IV. KOHTPOJIb JOCTUXKEHUSI LEJIEH KYPCA

Ne | Konrponupyem Konp! u aTans! hopMupoBanust OneHoYHbIE CpEeACTBA
/1 bIC pa3/eIbl / KOMITETCHIIHI TeKyILHil IPOMEKYTOU
TEMBL KOHTPOJITb Hast
8 cemecTp
1 | Pa3gen I.| OIIK-5 3HaeT YO Bompocsr k
Mouaekyasipua | OIIK-6 Vmeer JIP 3auery
| OcHoBnl | OIIK-14 siageer | JIP
ounodpuszuxu (30 P14
Jac.) ymeer -
Bnageer | JIP-1-4
8 cemectp
Pazpen II. 3HaAeT YO Bomnpocsl k
OcHoBBI OIIK-5 yMeer 3aueTy
ouopu3NKu OIIK-6
azee [P
2 KJIeTKHU OIIK-14 praaet
(24 4ac.). ymeer
Brnageer | JIP-1-4
TumnoBele KOHTPOJIbHEBIE 3aJlaHus, METOJINYECKUE MaTepuasbl,

OTIpENICIISIONIME MPOLEAYPhl OICHUBAHUS 3HAHWUW, YMEHUW W HABBIKOB U (WJIN)

OIlbITa ACATCIBbHOCTH, a TaKXC KPHUTCPHUU M I10KaA3aTCIIu, H€O6XOI[I/IMBI€ JJIA

OIICHKW 3HAHWM, YMEHUN, HABBIKOB M XapaKTEPHU3YIOUIue ATambl (PopMUpOBaHUS

KOMIETEHIINHN

B

IIpoHecce OCBOCHU

npeacrasiieHsl B [Ipunoxenun 2.

oOpa3oBaTeIbHON

IIPOTPAMMEBI,




V. CHUCOK YYEBHOM JIUTEPATYPbI U UH®OPMAIIMOHHO-
METOJUYECKOE OBECIIEYEHUE JUCHUIIJINHBI

aflelGMPOHHble U neyammble u30aHusA

1. JIxxakcon M. Monekymspraas u kimerounas OcHOBbI Omodusuku. M.,
Mup. 2018. 552 C. UmeeTtcsil 3K3. 1 35IeKTpOHHAS Bepcus Ha Kadeape.

2. Pemm3oB A.H., Makcuna A. I'., Iloramenko A.fl. MemumuHckas u
ouosiormyeckas ¢usuka. Mocksa. [Ipoda. 2010. Nmeetcs sk3eMILIsip
Ha Kadenpe.

3. PemuzoB A.H., Makcuna A.I'. PykoBoJcTBO K J1abopaTopHbIM paboTam
0 MEIUIMHCKOW U Ouojornueckoit ¢usuke. Jpoda. 2008. Mmeercs
AK3eMILISIp Ha Kadenape.

4. Pyoun A.b. OcHoBbl Ouogusuku (B 3 1). 2013.

ISBN 978-5-4344-0101-2

5. William Bialek «Biophysics Searching for Principles». Hardcover, 2012.
640 pp. (eng).

http://assets.press.princeton.edu/chapters/i9911.pdf (Introduction).

6. Thomas E. Creighton “Visualizing Biological Structures and Molecules”.
2011. 172 pp. (eng).

7. Thomas E. Creighton “The Biophysical Chemistry of Nucleic Acids &
Proteins”. Helvetian Press, 2010. 774 pp. (eng).

8. Peter I Belobrov “Physical Biology of the Cell”. 2014. (eng)
https://molpit.org/files/371_

9. Encyclopedia of Biophysics. Editors: Roberts, Gordon C.K. (Ed.). 2013.
2807pp. (eng). Dx3emIuIsip Ha Kadeape.

Ilpozpammnoe obecneuenue u Hnmepnuem pecypcoi
http://www.maik.ru/ru/journal/biofiz/ XKypnan «OcHOBbI OMOPUIUKI.

http://iwww.lipid.wabash.edu/

http://www.ucalgary.ca/tieleman/ Biocomputing Group

Using computer simulations to study biological problems



http.//split.pmfst.hr/split/4/  Membrane Protein Secondary Structure Prediction

Server

https://www.rcsb.org/ A Structural View of Biology

http..//www.biophysics.org/Education/SelectedTopicsInBiophysics/BiophysicalTech

niques/tabid/2313/Default.aspx Biophysical Techniques

http://www.cell.com/biophysj/home Biophysical Journa

Ilepeyenb HHPOPMALMOHHBIX TEXHOJIOTHH
¥ POrPAMMHOI0 o0ecreYeHnst

Pubmed, Scopus (nadopmarinonnsie 06a3bl 1aHHbIX), Genbank (6a3a qaHHBIX
reHOMHOro cekBeHupoBanus), KEGG (BeOG-pecypc, OOBEAUHSIOMUNA Pl
Ouosiornyeckux 0a3  JaHHBIX, TJ€ coOpaHa TE€HOMHas, XUMUYEcKas,
dbyHKIIMOHANBHASA U TIp. UHGOPMAIKs, U MPEIHAa3HAYECHHBIN, TIPEXIe BCEro, s

HHTCPIPCTAIMKU HNAaHHBIX TI'CHOMHOI'O CCKBCHHPOBAHUAI. Pecypc npcacTaBJrICT

co0O0H MOMBITKY KOMIBIOTEPU3UPOBATH BCE JAaHHBIE MOJIEKYJISIPHOU M KJIETOYHON

ouomnorun).

VI. METOANYECKHUE YKA3ZAHUA 110 OCBOEHHUIO JUCHUITJINHBI
«OcHoBBI OHOGU3NKN»

PexomeHaaluu 0 CAaMOCTOATEIHLHOM padoTe CTYACHTOB

MeTtoaudeckre yka3zaHusi 1Mo paboTe ¢ nuTeparypoil. Ompenenutech co
CIMCKOM JIMTEpaTyphl, JIOCTynmHOM BaM. OCHOBOM MOXKET CTaThb CIHUCOK
JTUTEPATYphl, PEKOMEHJOBAaHHBIN B paboueil mporpamme Kypca. s ymoOcrta
paboThl MOXHO COCTaBUTh COOCTBEHHYIO KapTOTEKy OTOOPaHHBIX HMCTOYHHUKOB
(bamunmst aBTOpPOB, 3ariiaBUe, XapaKTEPUCTUKHU U37aHMs) B BUJie padodero (aiina
B KoMmbiOoTepe. Takas KapToTeka WMEeT MPEUMYIIECTBO, T.K. OHAa MO3BOJIAET
100aBJIATh UCTOYHUKHU, 3aMEHATh M0 HEOOXOIMMOCTH OJIHU HA ApYyrue, youpaTh

T€, KOTOpPbIE OKAa3aJIMCh HE COOTBETCTBYIOIIHME TeMaTuke. llepBoHaudanbHbIN



(O8]

CIHMCOK JIUTEpaTypbl MOXXHO JIOTOJHHUTb, HUCHOJB3YS SJIEKTPOHHBIM KaTajor
oubnnoreku JBO®Y, mpu sTOoM He cTecHsHTeCh 00Opamiarbcs 3a MOMOIIBI0 K
COTpYJIHHUKAM OUOIMOTEKH.

PaGotas ¢ mmrepaTypoil Mo TOW WM JOPYyrod TeMme, HAJAO HE TOJIBKO
OpOYUTaTh, HO M YCBOUTb METOJ €€ H3y4YeHUs: CJAeNaThb KPAaTKUM KOHCIIEKT,
QJITOPUTM, CXEMY MPOYUTAHHOI'O MaTEpHiIa, YTO MO3BOJSIET ObICTPEE €ro MOHSATH,
3anoMHUTh. He pexoMeHyeTcs JOCIOBHO NEPENUChIBATh TEKCT.

[Tpu u3yueHum matepuanoB Mo OMO(dU3MKE CTapalTech MOJIB30BATHCA U
AJIEKTPOHHBIMHU PECypCaMi B TOM YHCIIC M Ha aHTJIMHCKOM SI3bIKE.

MeTtonuueckue yKazaHus 1O TOJTOTOBKE K JIaDOpaTOpHBIM paboTam
[lockonpky  maOoparopHas  paGoTa  sBIsIETCS  KOJUIGKTUBHOM  (opmoit
pPacCMOTPEHHSI U 3aKpeIUieHUs] yaeOHOro MaTepuasa, K HeMy JTOJDKHBI TOTOBHTHCS
Bce cTyAeHTbl. Ha kaxxnom nabopatopHoil pabore OyAeT MPOBOIAUTCS YCTHBIN
OIIPOC MO TEOPETUUYECKOMY MaTepHaly JIEKIIUH, COOTBETCTBYIOILEH TeME JaHHOTO
3anatusa. [locne Oeceapl MPOBOIUTCS KpaTKoe OOCYXKIEHHE C TOTOTHEHHUSIMH,
HOMpaBKaMU B BHJIE€ BOIPOCOB — OTBETOB WJIM JOMOJHUTENbHBIX BBICTYIUICHUM.

OHCHI/IBaCTCH KaK Ka4€CTBO OTBE€TA, TaK U AKTUBHOCTb YHaCTHHKOB JHUCKYCCHHU.

33I[21Hl/lﬂ AJIA CAaMOCTOATECJIBbHOI'0O BBINIOJITHCHUSA

TeopeTuKo-TUMOJIOrMYECKUI aHaIU3 MOAO0OPKU MEPUOJUYECKON JIUTEpPaTyphl
10 M3y4aeMOW TUCIUILINHE.

CocraBiieHue TII0CCapusi TEPMUHOB M0 U3Y4a€MOU NUCIUTIINHE.

[TogroToBka pedepata TO TeMe, MNPEUIOKEHHON TpernoaBaTeIeM WIH
CaMOCTOSITEIIbHO BBIOPAHHOM CTY/ICHTOM M COTJIACOBAHHOW C MpErojaBaTeIeM.
IIpencraBienne pedepata B BHUAE MNPE3CHTANMH C  HCIOJIb30BAaHHUEM
MYJIBTUMEUHHOTO 000PY10BaHUS.



VII. MATEPHAJILHO-TEXHUYECKOE OBECIIEYEHHUE
JUCHUILIAHBI

VYyeOHast JIEKIMOHHAs ayJUTOpPUsl C MYJBTUMEIUNHBIM IPOEKTOPOM MU
9KpaHOM JUIsl Ipe3eHTauuid JgoknanoB. OOmenaboparopHas mnocyna U
00opy/IOBaHME: MUKPOCKOIBI, LIEHTPU(PYTH C YIIIOBBIM U OaKeT pOTOpamu, BECHI
TEXHUYECKUE, BECHI aHAJIUTUYECKUE, CIIEKTPOPOTOMETp, MJIAHIIETHBIH (HOTOMETP
M BCIOMOTaTeJIbHOE O0OpyIOBaHUE [UIsi HWMMYHO(EPMEHTHOrO aHallu3a,
IUIAaHIIETHBIA  (piIyopockaH, OOKCHPOBAaHHOE CTEPWJIBHOE IIOMEIIEHUE U
JaMUHApHBIA  mKad I cTepuiIbHOM  paboOThl, TMPOTOYHBIA  JIA3EPHBIM
uuropayopumetp, amnpukarop PCR Real Time.

HeoO0xogumo  npuoOpereHue  000pyaOBaHMSI  JJIA  OCHAIICHUS
Onodusuyeckoi y4yeOHO-MCCJIeI0BATEILCKON JIA00PATOPUM: AaBTOMATHYECKUE
ayJIMOMETPBI, BEJIOIPTOMETP, ANEKTpoKapauorpadsl, ocuuuiorpadsl, 3BYKOBbIE
TEHEPATOPBI, Ja3epHbIE TIeHepaTtopsl, pH-MeTp, TEpMOMETPHI, MOJSIPUMETPHI,
pedpakToMeTpbl, MHKPOMAHMMYJSATOP, anmaparypa Mg MHUKPOJHUCCEKIUU C

JIa3€pHOM JIOBYLIKOM, aTOMHO-CHJIOBOM MUKPOCKOIIL, 3JIEKTPOHHBIA MUKPOCKOII.



[Ipunoxenue 1

MMHUCTEPCTBO HAYKU U BBICHIEI'O OBPA30BAHIS POCCHUIMCKON
OEJIEPALINN
CDez[epanLHoe TOCyJapCTBEHHOC aBTOHOMHOC 06p330BaTeJIBHOC YUPEKACHUEC
BBICIIET0 00pa30BaHUs
«/{aabHEeBOCTOUYHBIN (eepabHbI YHUBEPCUTET»

JIBOY

IIKOJIA ECTECTBEHHbBIX HAYK

YYEBHO-METOJUYECKOE OBECHEYEHUE CAMOCTOSTEJIBHON
PABOTbBI OBYYAIOIIUXCA

no aucuunauHe «OcHoBbI 0MOPU3NKID)
Hanpasienue noarorosku 06.03.01 buosorus
®opma NOATOTOBKH OYHAS

BragmsocTok
2019



CamocrosiTenbHas paboTa CTyIeHTa BKJIIOYAET:

1) GubIMOTEUHYIO WU TOMAITHIO padoTy ¢ YU4eOHON U HAYYHOU JTUTEPaTypOi;
2) odopmiieHre 1ab0paTOpHBIX padoT;

3) noKIazabl U y4acTHe B TUCKYCCUU HA CEMUHAPCKUX 3aHATHSAX.

[Tops0K BBIMOJIHEHUS] CAMOCTOATEIHHON pabOThI TOJKEH COOTBETCTBOBATh

KaJICHAAPHO-TCMATHYCCKOMY INNIaHy JUCHUIIIIMHEBI, B KOTOPOM YCTAaHOBJICHA
MMOCICAOBATCIbHOCTD IPOBCACHH A ITPAKTUICCKUX (CeMI/IHapCKI/IX) 3aHSATHUM.

HJIaH-I‘pa(l)I/IK BBINOJIHEHUSI CAMOCTOATEJILHOH paﬁoTbl o IMCIMIIJIMHE

Ne Jara/cpoxku Bup IIpumepHbie dopmMa KOHTPOJIA
n/n BbITNIOJTHEHH S CaMOCTOSITEJIbHOM HOPMBI

padoThI BpeMeHHU Ha

BBINOJIHEHHE
1 Ha npotsxkennn Beero PaGora Hajg 18 gac. Tekyiiue BOnpocsl B
Kypca peKOMeH,HOBaHHOﬁ IponHecce BbINTOJTHCHUA
THTEPATYPOi. 71abopaToOpHBIX padoT.
3auer (8 cemectp).

3aiaHusa il CAMOCTOSITEILHOTO BbITIOJIHEHUS

B muctunnune «OcHOBBI OMODU3UKKY» PEANTU3YIOTCS CIEAYIOIIUE BUJIbI
CaMOCTOSITENIbHOM paboThI CTYJICHTOB: CaMOCTOSITEIILHOE U3y4YCHHE
TEOPETUYECKOT0 MaTepuaa.

CaMoCTOSITENBHOE W3YYEHHUE TEOPETHUUECKOTO MaTepHalia MNpearnoaraet
paboTy ¢ ydeOHOU JUTEepaTypod; UTOrOM pPabOThl SBISIOTCS KOHCIIEKT, CXeMa,
TabuIa.

Ha camocrosTensHOe M3ydeHUE B COOTBETCTBUM C TEMATUKOW JIEKIIUH
BBIHOCSTCSI CJICTYIOIINE BOTIPOCHI.

1. OcHoBbl Ouodpuzmku memOpaH. buomemOpana kak yHUBEpCATbHBIN
KOMIIOHCHT OHMOJIOTHYECKHX CHCTeM. MeToasl HCClenoBaHuss OnomMeMOpaH.
Pa3zButne  mpencraBieHMt O CTPYKTYpHOM — OpraHu3alvd  MeMOpaH.
bruodusnyeckas xapakTepuCcTHKa MOJIEKYJIIPHBIX KOMITOHEHTOB MEMOpaH.

2. CgoiicTBa CBSI3aHHOW BOJbI, METO/BI €€ ompejcneHusi. Poib OenkoB B




CBSI3BIBAHUU BOJIBI OMOCTPYKTYpPaMHU.

3. NMMyHOXMMHYECKHUE METOJbl C NPUMEHEHHEM PpA3JIMYHOIO THUIIA
METOK K aHTHI€HaM M MUMMYHOTJIOOyiIuHaMm ((peppoMarHuTHbIE, TapaMarHUTHbIE,
M30TOIHBIE, (PITyopeclieHTHbIE, (DEPMEHTHBIE).

4. OcHOBbl OHMOPU3UKK TMPOIECCOB TpaHCHOpPTa BEIIECTB 4Yepe3
ouomemOpanbl. MeToabpl — WccienoBaHus — HpoHuiaemMoctd.  OOnerdyeHHas
mubdy3us, ee OCHOBHBIC CBOWCTBA M OTIWYUS OT TpocTor auddysum.
DJIEKTPOTE€HHBIN U HEUTPAIIbHBINA TPAHCIIOPT.

5. ®oToXMMHUYECKHE IIpOLECChl B pacTeHUsX, (oTtocuHTe3. OCHOBHas
XapaKTEpUCTHKA HadaJbHBIX cTagud ¢orocuHTe3a. OOmias cxema MEepBUYHBIX
npoueccoB (QoToCHHTE3a. Murpanus 3HEPTUU B CBETOCOOMpAroIleld aHTEHHE.
Oddext OMmepcona. M3meHeHue 3apsiia CBETOCOOMPAIONIETO KOMILIEKCa U
nepepaclpeesieHe SHEPTUH.

6. buosnektpuueckue sBiueHus. Kiaccudukanus OHOMOTEHIIMATOB.
XapakTepucTUKa HOHHBIX U DJIEKTPOAHBIX OuonoTeHuanoB. OcMoTHYeCKas
Bilara. l3mepeHune mnoTeHUMasa JACUCTBUS B HEHWPOHE M JPYyIUX KIETKAX:
Metoauueckue mnoaxoiwl. Patch Clamp Texnuka uccnemoBanus. OOpa3oBaHue
JIBOMHOIO 3JeKTpuueckoro cios. OOmas XapakTepucTHKa NpeoOpa3oBaHus
SHEpPruu B OnomMeMOpaHax.

7. OcHOBbl OHMO(DHU3UKH COKPATUTENBbHBIX CUCTEM. (CHOBHBIE THIIBI
COKpAaTHTENIbHBIX W TOJBIKHBIX CHUCTeM. buodusnueckas xapakTepHCTHKA
MBIIIIEYHBIX W HE MBIIICYHBIX COKpAaTUTEIbHBIX OelkoB. OCHOBHBIE CBOMCTBA
MOMEPEYHO-TOJI0CATON MBIIIIBI KaKk MEXaHOXMMHUYECKOro IpeoOpa3oBaTess
SHepruu. MONEeKyISIpHBI MEXaHU3M MBIIIEYHOrO CcoKpaieHus. OCHOBHbIE
OCOOEHHOCTH CTPOEHHSI HE MBIIIEYHBIX COKPATUTENIbHBIX CUCTEM, MOJEKYJISPHbIN

MCXaHH3M HUX ITOABHXXHOCTH.



[Ipunoxenue 2

MMHUCTEPCTBO HAYKU U BBICHIEI'O OBPA30BAHIS POCCHUIMCKON
OEJIEPALINN
denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHUE
BBICIIET0 00pa30BaHUs
«/{aabHEeBOCTOUYHBIN (eepabHbI YHUBEPCUTET»

JIBOY

IIKOJIA ECTECTBEHHbBIX HAYK

®OH/J OHNEHOYHBIX CPEJCTB
no aucuumnauie «OcHoBbI OMOPU3NKI)
Hanpasienue noarorosku 06.03.01 buosorus
®opma NOATOTOBKH OYHAS

BnagusocTok
2019



Hacnopt ®OC

Kox u ¢popmysimpoBka
KOMIIeTEeHIIUH

dranbl GOPMUPOBAHUS KOMIIETEHIIUN

OIIK-5 criocobHOCTH
IPUMEHATH 3HAHUE

COBpPEMEHHBIE MPOOJIEMbI OMOJIOTHUH U
(dyH1aMeHTalIbHbIE OMOJIOTUYECKUE TIPE/ICTaBIICHUS B

IPUHLIUIIOB KJIETOYHOU 3uaet cdepe npodeccuoHanbHOMN AeSTETLHOCTH IS
OpraHu3aluu MIOCTAHOBKH U PELICHUS HOBBIX 3a/1a4.
OuoTOTIIeCKHX UCIIONB30BaTh (YHIaMEHTAIbHbIE OHOJOTHYECKHE
00BEKTOB, HpeICTaBlIeHus B chepe mpohecCHOHAIBLHOM
Ouodusnyeckux u Ymeer JEATENLHOCTH JUISA MOCTAHOBKH M PELIEHHS HOBBIX
OMOXMMHUYECKUX OCHOB, 3a1au.
MeMOpaHHBIX
[POLIECCOB 1 HaBBbIKAMU UCIIOJIb30BaHUS (PyHIaMEHTAIbHBIX
MOJIEKYJISPHBIX Brazeer OMOJIOTrMYECKUX Hpe/CTaBIIeHHUi B chepe
MEXAHH3MOB po¢eCCHOHATILHOMN 1€ATEILHOCTH JUIsl IOCTAaHOBKH U
JKHU3HEIEATEIbHOCTH PCIICHNUA HOBBIX 3a/la4
OIIK-6 crioco6HOCTD 0COOEHHOCTH MPOBEACHUS HAyYHOT'0 UCCIIEI0BaHuU,
IIPUMEHSTD 3Haer BBINOJIHEHUS BCEX HEOOXOAMMBIX €r0 3TaIoB,
COBpPEMEHHBIC pOCCUICKHI 1 3apyOeKHbBIN OIBIT B JAaHHOW 00J1aCTH
9KCHEPUMEHTAIbHbIE
METO/IbI PabOTHI €
OMOJIOTNYECKUMU
OO BEKTAMI B IIOICBEIX BBISIBJISITH U 06OCI-‘IJOBI)IBaTI> aKTyaJbHbIE TPOOIIEMBI
U TAGOPATOPHBIX Veer JUISL NCCIIEI0OBAaHUM, CAaMOCTOSITENIBHO UX TPOBOJUTD,
YCTOBHSX, HABBIKH paspabarbIBaTh METOI0JIOTHIO, AHAJTU3UPOBATh U
paGOTHI ¢ COBPEMEHHOI IIPE3EHTOBATH PE3YJIbTAThI
anmapaTrypou
TEXHOJIOTUSIMH BBISIBICHUS aKTyaJIbHBIX MPOOJIEM /IS
Brazeer HCCIIEIOBaHMM, CAMOCTOSTEIBHOTO UX ITPOBECHMUS,
pa3pabOTKK METOAMKH, aHaJIM3a U PE3eHTalluN
pe3yJIbTaToB
3Haer (hopMbI NpeicTaBIeHUS] HAYYHBIX PE3yJIbTaTOB
OIIK-14
CIIOCOOHOCTh u
TOTOBHOCTLIO BecTH BBITIOJTHATH MCCIIE0BATENbCKYIO paboTy, OMHUpPasch Ha
JICKYCCHIO 01 ymeer UMEIOIINICS POCCUICKUM 1 3apyOeKHbII ONBIT B
COLIMAIIBHO- 3HAYHUMBIM aHHOf 061acTH
npobiaeMaM  OUOJIOTHH
HA 5KOJIOTHH HaBBIKAMH CaMOCTOSITCIIBHOIO IPOBECACHMSI HAYYHOTO
Brazeer UCCIIE/I0BAHNA, BBINOTHEHHS BOEX He06xczzu/1M1:1x ero
3TaroB, ONMMUPAsCh HA UMEIOIUNCS POCCUIICKUI 1
3apyOeKHBIN OIBIT B JaHHOW 00JIacTH
CoBpeMeHHbIE TPEH/Ibl Pa3BUTUSL OMOPHU3NIECKOM
IIK-4 - 3Hanus 3naer Hayku. OpueHTUpyeTCs B HanboJsee MepCreKTUBHBIX

OCHOB OMOJIOTMH U
OMOTEXHOJIOTUH IUIS

TEHJCHIUSX BHEAPEHUS JOCTIKCHUN OMO(DU3HIecKoit
HayK{




BXOXJICHUS B
npodeccuoHaIbHOe
moJie pa3padoTKu
WHHOBAIIHOHHBIX
TEXHOJIOTHI

VYwmeer

[Tonw30BaTbCst pa3HOOOPAa3HBEIMU HHGOPMAITMOHHBIMU
pecypcamu OMOPU3NIECKOTO MPOPUIIS IS
OpPHCHTAIMH B TIEPCIICKTHBAX BHEIPCHUS B
OMOMEIUITMHCKYIO MPAKTUKY HHHOBAIIMOHHBIX
JTOCTHXKCHHH OMO(DU3NIECKON HAYKH

Bnaneer

3HaHHEM OCHOB OMOJIOTHH U OMOTEXHOJIOTHH.




Nen/m | Kontpomupye Konp! u sTamnst OueHoYHbIE CPEACTBA
MBIC paszesl / q)OPMHPOBaHIE’I TEKYIIUNA KOHTPOJIb | IPOMEXYTOY
TEMBI KOMITETEHITH Has
JUCLIATUTHHEI aTTecTamus
Cemectp 8
1 Paznen I| IIK-4 3HAeT YO Bonpoce! k
Moaekyasipu | OIIK-5 VMeeT JIP-1 3ayeTy
ass  Ocnossl | OIIK-6 Brateer TP-1
onodusuku OIIK-14
(18 uac.) Ymeer JIP-1-4
Bnaneer
Ywmeer
Bianeer
YmMmeer
Bnaneer
Cemectp 8
P [K-4 3HAET Bomnpocsr k
azneda II.
OCHOBBI OIIK-5 VMeer 3a4ery
2 onodusuKn 835? 4 Bnaneer
kaerku (18 YwMmeet JIP-11,12
uac.) Briazeer JIP-11,12
IIkana oueHUBaHUA YPOBHS C()OPMHUPOBAHHOCTH KOMIIETEHIUI
Kon u Jransl GOpMUPOBAHUA KpUTEpHUH NoKa3arejJu
(¢opMy1HpOB | KOMIETEHIMHU
Ka
KOMIeTeHIUH
OIIK-5 COBpeMeHHbIe Tpobaems! | [laer AprymeHTHpoBaTh
CIOCOOHOCTh Oouonoruu u apryMEHTHUPOBaH | CBOM OTBET Ha
OPUMEHSTh byHaaMeHTalbHbIE HBIN OTBET YCTHOM OITIpOCe, B
3HaHUE Onomornyeckue BOJIaxX K
IIPUHLIAIIOB 3Haer IpeJCTaBIeHUs B cdepe 1a00paTOPHBIM
KJIICTOYHOU po¢eCCHOHATBHON pabotam u
OpraHu3aIu JeSITebHOCTH JJIs UTOTOBOM
OHMOJIOTHYECKH MOCTAaHOBKH U PEIICHUS aTTeCTalnuu
X 00BEKTOB, HOBBIX 3a7a4.
onodpusnveckn UCTIOTb30BaTh HaBwikamu Brimonaenue
XH byHaaMeHTalbHbIE oOpareHus ¢ 1a00paTOPHBIX
OMOXUMHYECKHU OnosornuecKue obmenabopaTopH | paboT B
X OCHOB, Vieer IpeJCTaBIeHUs B cepe | bIM COOTBETCTBHUH C
MeMOpaHHBIX po¢eCCHOHATBHON 000pyIOBaHUEM U | METOIMYECKUMH
IPOIIECCOB U JeSITebHOCTH IS nocy1ou yKa3aHUsIMU
MOJIEKYJISIPHBI MOCTaHOBKU U PELICHUS
X MEXaHHU3MOB HOBBIX 3a71a4.
KU3HEEITeNb Braneer HaBBIKAMU Obpamiarbes ¢ Beimonuenue
HOCTH MCII0JIb30BaHUs oOmienabopaTopH | 1a00paTOPHBIX




dbyHIaMEHTATBHBIX BIM pabort B
OMOJIOrMYECKUX 000pyIOBaHUEM U | COOTBETCTBUU C
npencTaBieHuii B chepe | mocymoit METOIUYECKUMU
podecCHOHATBLHOM yKa3aHUSIMU
JESITEIIbHOCTH ISt
MOCTAHOBKU U PEIICHUS
HOBBIX 3334
0COOEHHOCTH Crioco6HOCTB Brimonnenue
MIPOBEJICHUSI HAYYHOTO chopMmynupoBath | 1a00paTOPHBIX
UCCJICI0BAHMS, BBIBOJIBI K pabot B
3naet BBITIOJTHEHHSI BCEX MOCTaBJIEHHBIM COOTBETCTBUH C
HEOOXOJUMBIX €ro 3a/1ayaM Ha METOANYECKUMU
ATANoOB, POCCUICKUH U 1a00pPaTOPHBIX yKa3aHUSAMU
3apyOeKHBIN OIBIT B paboTax
IAaHHOU o0JiacTH
JeMoHCcTpupyeT Bnaneer nonxoit
3HAHHE CUCTEMOU 3HAHUH O
COACpKaHUuA 1 COACPpKaHUH,
OIIK-6 BBIABILATE 1 oco0eHHoCTEN 0COOEHHOCTSIX
CIIOCOOHOCTH 060CHOBBIBATH MPOLIECCOB HPOIIECCOB
NPUMEHATD AKTYaIbHBIC Hp06iIeMI’I CaMOOPTaHU3allik | CaMOOPTaHU3alUuK 1
COBpEMEHHbIE AJA ACCIICAOBAaHNM, u camMoo0pa3zoBaHus,
SKCTIEpUMEHTa CaMOCTOATCIIbHO MX caMo00pa3zoBaHUs, | apryMEHTHPOBAaHHO
Ymeer IIPOBOJIUTH, HO J1aeT HEIOJHOE 00OCHOBBIBAET
TILHEIC METOZH paspabaThIBaTh 00ocHOBaHUE NPUHSATHIE PEIICHNUS
padoThI ¢ METO/10JIOTHIO, COOTBETCTBUS IIpH BEIOOpE
i oGuorta amopoTs | e
MPE3EHTOBATH ©
B IIOJICBBIX U peam3anuu YUYC€TOM ILICJICU
pe3ynbTaThI
1a00paTOPHBIX MIPOLIECCOB LENAM rpoeccnoHaIbHOTO
YCIIOBUSIX, MPO(hEeCCHOHAIBHOT | U JIMYHOCTHOTO
HABBIKU 0 pocra. pa3BUTHSL.
paboTHI C JIEMOHCTPUPYET [IpaBunsHOE
COBPEMEHHOMN BIIaJICHHE odopmiieHue
anmaparypoit MaTepuaioM 1a60paTOPHBIX
TEXHOJIOTUSIMU JIEKIIMOHHOT'O pabor,
BBISIBJICHHSI aKTYAIBHBIX | Kypca U CIIOCOOHOCTh
npobsieM Ass OCHOBHOM U aHaim3a
WCCJICIOBAHHM, JIOTIOJTHUTEITFHON | TTOJTYYeHHBIX
Bnageer | camocTosTenbHOTO UX JIUTEpaTypHl, pe3yIabTaTOB C
MIPOBEICHMUS, pa3paOOTKU | 3HAHHE H y4eTOM 3HaHHH O
METOJIMKH, aHAIHU3a U MMOHNMAaHNe MIPUHIIAIIAX
MpEe3eHTalUN TEPMHUHOB OpraHu3aIu
pe3ynbTaTOB 3HAHUS IPUHIIUIIOB
OpraHu3aIu
OMOJIOTUYECKHUX
00BEKTOB.
OIIK-14 Haer AprymeHTupoBaTh
CIOCOOHOCTH U apryMEHTHUPOBAH | CBOM OTBET Ha
FOTOBHOCTBIO | 5 (dbopMBI TIpeicTaBIeHUS HBII OTBET YCTHOM OIpOCE, B
BECTH HAy4YHBIX pPe3yIbTaTOB BOJAX K
JUCKYCCHIO TI0 1a00paTOpPHBIM
COLIMAJILHO- pabotam u




3HAYUMBIM HUTOTOBOU
npooiieMamM aTTecTaluu
ouonorun U BBITIOJIHATh HaBbixkamu Brinonnenue
HKOJIOTHH UCCIIEIOBATEIbCKYIO oOpartieHus ¢ 71a00paTOPHBIX
Vieer pabory, OnMpasch Ha obmenabopaTopH | paboT B
MMEIOLIUICS POCCUNCKUM | BIM COOTBETCTBUH C
U 3apyOEKHBII OMBIT B 000pyZI0BaHUEM U | METOJUYECKUMU
JTaHHOW 00JacTu OCYA01 yYKa3aHUsIMU
HaBbIKaMU Obpamiarbes ¢ Boinonnenue
CaMOCTOSITEIEHOTO obmienabopaTopH | 1a00paTOPHBIX
MIPOBEJICHUSI HAYYHOTO BIM pabot B
UCCJIEJOBAHMUSI, 000pyIOBaHUEM U | COOTBETCTBUU C
BBITIOJTHEHHSI BCEX oCcyAou METOUYECKUMU
Bianeer
HEOOXOUMBIX €T YKa3aHUSIMHU
ATAINoB, OMUPASICh HA
MMEIOIIMICS pOCCUNCKUI
U 3apyOEIKHBII OMBIT B
JTaHHOW 0o0JacTu
CoBpeMeHHbIE TPEH 1B Crnioco6HOCTh Boinonnenue
pa3BUTHUA chopMynnpoBarh | J1a0OpaTOPHBIX
Oounodu3nueckoil HayKu. | BBIBOABI K paboT B
Opuentupyercsi B [IOCTaBJIEHHBIM COOTBETCTBUH C
3HaeT Haubosee 3aJayaM Ha METOUYECKUMU
NEPCIIEKTUBHBIX 1a00PaTOPHBIX yKa3aHUSAMU
TEHACHIMUSX BHEApPEHus: | padorax
NOCTHKEHUU
OnopU3NIECKON HAyKH
JeMoHcTpupyet Bnaneer nonxoit
[Tonb3oBaThCs 3HaHUE CHCTEMOH 3HaHUH O
TTK-4 - 3Has pa3zHo00pa3HBIMU COZIEPIKAHHS 1 COZIePIKAHNH,
MH(OPMaIMOHHBIMU ocobeHHOoCTEH 0COOEHHOCTAX
OCHOB pecypcamu POLIECCOB [POIIECCOB
buomoruu u 6uobH3MIEcKOro CaMOOPTaHU3allik | CaMOOPTaHU3alUK 1
OMOTEXHOJIOTH npodus st u caMmoo0pa3oBaHus,
u JIA OpHEHTAIHH B camMo00pa3oBaHus, | apryMEHTHPOBAHHO
BXOXJIEHUS B Ymeer HO JIaeT HEMOIHOE | 0OOCHOBBIBACT
npodeccuoHa TICpCHICKTHBAX 000CHOBaHUE IPUHATHIC PELICHUS
BHOE TIOJe BHCNPCHIL B COOTBETCTBHS npH BbIOOpE
pa3paboTKH OMOMEIMIIMHCKYIO BLIﬁpaHHBI)E TEXHOJIOTUH UX
MHHOBAIIMOHH [PaKTUKY TEXHOJIOT M peauatum ¢
X HHHOBALMOHHBIX peanm3anin y4eToM Lejieit
TexXHONOMM JOCTUKEHUN HPOLIECCOB LEISAM | TIPO(eCcCHOHATEHOTO
OnopU3NIECKON HAYKH po(heCCHOHATIBHOT | U JIMYHOCTHOTO
0 pocra. pa3BHTHSI.
JIEMOHCTPUPYET [IpaBunsHOE
BIIQJICHUE oopmienue
MaTepuaIoM 1a00paTOPHBIX
3HAaHHUEM OCHOB JEKLIHOHHOTO paoor,
Bnaneer | Ouonoruu u Kypca u CIIOCOOHOCTh
OMOTEXHOJIOTHUH. OCHOBHOM U aHanu3a
JOTIOJTHUTETIBHON | MOJIy4E€HHBIX
JTUTEpaTypHl, PE3YJIbTATOB C
3HAHUE U Y4€TOM 3HAHUU O




IMOHUMaHue MIPUHIIAITAX
TEPMHHOB OpTraHU3aIIN
3HAHUS IPUHIIUIIOB
OpTraHU3aIIN
OMOJIOrHYECKUX
00BEKTOB.

Cnmcok BOIIPOCOB K 3a4eTy:

1. [lepBbIii 3aKOH TEPMOAMHAMHUKU. OHEPrus OHOJOTUYECKUX CHCTEM.

XapakTepucTrka npeoopa3oBaHus YJHEPTUU B OoMeMOpaHax.

2. Cdopmynupyiite nocrynar [Ipuroxuna.
3. OcHoBHBIE PYHKITUU OMOJOTUYECKUX MEMOpPaH.
4. Onumunre MeToAbl PETUCTPAlMM M3MEHEHHWW KIETOYHBIX IIPOLECCOB M

XapaKTEPUCTUKHU BSA3KOCTH,

5. OnummTe METOJbl PErucTpallid W3MEHEHUH MeMOpaHHOTrO MOTEHIIHAla,
BHYTPHUKJIETOYHOTO WJIU CBSI3aHHOTO COJIEPKaHUS HOHOB.

6. OnummTe METOAbl TMOMYYEHUST U H3y4yeHUs OHO(PHU3NYECKUX CBOWCTB

(dbparMeHTOB KJIETOUYHBIX MEMOpaH.

7. 3akoH I'ecca, ucnonp3oBaHUE 3aKOHA MPU HMCCIIEAOBAHUU OHOJOTHYECKUX
CUCTEM.
8. Bropoe HA4aJIo TEPMOIMHAMHUKH. [Tpunuun aanabaTU4eCcKon

HEJIOCTUKUMOCTHA HEKOTOPBIX COCTOSHHUI. DHTPOMUSI.

0. DHTpOIHUS paBHOBECHOT'O U HEPABHOBECHOIO Mpoliecca.

10. DOwneprus ['mb6ca, mosnesnas pabota, coBepiiaemas cucteMoit. Ilone3Has
paborta, coBepiiaeMas OMOJIOTHYECKOM CUCTEMOH.

11.  XuMudeckui MOTEHIMAI.

12.  Yro Ha3pIBaeTCs TMEPEKIOUYEHUEM TpurrepHoro Ttumna? CHIIOBOE W
napaMeTpuIecKoe NEPEKIOUCHUE TPUIrepa.

13, HccnenoBanme  HampaBlIeHMs Ipouecca B cucrteMme. Kpurepun

CaMOIIPpOU3BOJILHOCTH IIponecca.



14.  [laliTe omnpeneneHue IUCCUIATUBHBIX CTPYKTYp. YCIOBHSA pealn3aluu
CTAllMOHAPHOCTH B KUHETUKE (PEpMEHTATUBHBIX MPOIIECCOB.

15. OxapakrepuszyiiTe OTIUYUS (PEPMEHTATUBHBIX W HePEpPMEHTATHUBHBIX
peakiuii. KakoB  Qusnueckuii cMblcn  KOHCTaHThl  Muxasnuca?  Kak
AKCIEPUMEHTAIIBHO ONPENEIIUTh SHEPTUIO AKTUBALUN PEAKIUU?

16. OcmoTtHueckoe JaBiieHue. 3HaYeHUE 0CMOCa B OMOJIOTMYECKUX CHUCTEMaX.
17.  PaBnoBecne Jlonnana. [Ipumepsl ycTaHOBieHUs paBHOBecHs JlOHHaHA B
Oomonorndeckou cucreme. Jluamus.

18. PacTBOpHMMOCTH OHOJIOTMYECKUX MakKpOMOJeKyld. MexaHu3m peakuui
BBICAJIBAHUSL.

19. 3aBHCHMMOCTh KOHCTAHTBI PABHOBECHSI U KOHCTAHTHI CKOPOCTH PEAKLUHU OT
TEMIIEPATYPHI.

20. DnexTpoXUMHYECKHH moTeHuuan. PaboTra MOHOCENEKTUBHBIX MEMOpPaHHBIX
AJIEKTPOOB.

13. DAeKTpOXUMUYECKNA MOTEHIHAI: TMOTEHIIMAI MOKOSI M MOTEHIMAN JCHCTBUA
Ha MeMOpaHe.

14. CtaTucTYeCKUi BEC U SHTPONUS CUCTEMBI.

15. OuTponus u koaudecTBO MHpopManuu B cucteme. I[Ipumepsl paccueroB
KOJIMYECTBAa MH(pOpPMAIUK, COAEpKAILEHCs Ha pa3HbIX YPOBHSX €€ OpraHu3aluu
OMOJIOTUYECKON CUCTEMBI.

16. LlennocTs nHbOpMaIHy, €€ rnepeaaya.

17. I3MeHeHUs: SHTPOIIUU OTKPBITON cucTeMbl. OpraHusm, Kak OTKpbITasi CUCTEMA.
ConpsKEHHBIE U COIPATAOIINE PEAKIIUH.

18. CootHomenne On3arepa AJisi HECKOJIbKHX B3aUMOCBSI3aHHBIX MPOIECCOB.

19. Teopema IIpuroxurna, €€ SJKCIEPUMEHTATIbHBIC 10KA3aTEIbCTBA.

20. ITopsimok peakiuu. Y paBHEHUS Peakiifil IEPBOTO U BTOPOTO MOPSIIKOB.

21. Ananu3 epMeHTHOM peakIuu.

22. YpaBHenue Muxasnuca-MeHTEH.

23. UurubupoBanue (HepMEHTHBIX pEaKlIUid — KOHKYPEHTHOE, HEKOHKYPEHTHOE U

cMemanHoe. buonorndeckue INpUMCPbI  pPa3JIMYHLIX THUIIOB I/IHFI/I6I/Ip0BaHI/I$[.



Jleuenue paka, neiicTBue Ccynb(paHUIaMUIOB.

24. Annoctepus.

25. Perynsauust ckopoctu hepMeHTHOH peakiuu: pH-perynsius, caMmoTopMOKeHHe
cyOcTpaToM, «OMOJIOTHIECKUAEC YaChD».

26. OcHOBbl (PapMaKOKMHETUKU. AHaIU3 JEUCTBUS  (PapMaKOJIOTHMYECKHUX
IpEenapaToB.

27. «[1noxue» u «xopouuey» KoH(GOopMaIu MOJIEKYII.

28. Bomopomubie cBs3M U ruApodoOHBIE  B3aMMOJEHCTBHS —  oOmas
XapaKTEPUCTHKA.

29. ®opmupoBaHHE BOAOPOJHBIX CBSI3€M B MOJEKYJAX HYKJICHMHOBBIX KHUCIOT.
TayromMepusi OCHOBaHUH.

30. KondopManroHHble BO3MOXHOCTH caxapoB M caxapodoc(haTHOro ocroBa B
COCTABE HYKJIEHHOBBIX KUCIIOT.

31. I[IpeanoceuIKu MOCTPOCHUS ABYXCIUPAIBHOM CTPYKTYpbl Mosiekyisl HK.

32. ®opwmsr JHK.

33. IIpocTtpancTBennsie cTpykTypsl PHK.

34. Tpernunas crpykrypa HK.

35. Metoa nocTpoeHus ynpoiineHHbx moaeneit HK.

36. YpoBHU CTPYKTYpPHOUH OpraHU3aIliiy OSIKOBOW MOJIEKYJIbI.

37. Kaptel Pamauanapana.

38. PerynsipHble CTPYKTYpbI HOJUNEITUAHON LIETIH.

39. B-CcTpyKTypHBIE OEIKH.

40. o/B-cTpyKTYypHBIE OCJIKH.

41. (0+B) — cTpYKTYpHBIEC OCIKH.

42. TlpuHIUIIEI CBOpaYrBaHUs OCJIKOBBIX CTPYKTYD.

43. OCHOBHBIE IOHSTHS BOJIHOBOTO JIBUKEHUS.

44. Tlpenen Paned: onucanue, OCHOBHbIE METOJbI. McciienoBaHne MakpOMOJIEKYJT
MeToJaMu paccestHus cBeta. Iddekt Jlomnmiepa, uCronb30BaHUE B OMOJIOTHH.

45. Tlpenen Tomrmicona: omucanue, MeToAbl. [IpuHIUI PabOThl AIEKTPOHHOTO

MUKPOCKOIIA. MGTOI[LI YBCIIMYCHUA  KOHTPACTHOCTH IIpU  OJICKTPOHHO —



MUKPOCKOITMYECKHUX UCCIIEI0BAHUSAX.

46. Ilpenen Jlopenma: onucanue, MeTojbl. OCHOBBI  aJCOPOLIMOHHON
cnektpockonuu. 3akoH JlambGepra — bopa. HccrnenoBanue OHOIOTHYECKHUX
00BEKTOB METOAAMH aICOPOIIMOHHON CIIEKTPOCKOTIHH.

47. ManoyrioBoe paccesaue. Paanyc unepuuu. JleraapHoe onrcaHue pa3MepoB U
(bopMBbI MAKPOMOJIEKYJIBI.

48. Ipunuuner AMP u OIIP- mertonoB. Ilpumepbl MCHOIB30BaHUSI METOJIOB B
OMOJOTUYECKUX UCCIIEIOBAHUSIX.

49. Juddysusa: onucanue, Metonsl wuccienoBanusa. Omnpenenenue (HOpMbl
MaKpOMOJIEKYJI MeToJiaMu TU(dy3un.

50. UmmyHonuddys3usi — ucrnonb3oBaHue B J1a0OPATOPHOM JUATHOCTUKE, BHJIBI
UMMYHO U (P y3un.

51. MaremaTudeckoe onucanue 3JekTpodopesa.

52. Metonsl anekTpodopesa.

53. JIBukeHue no JelCTBUEM LIEHTPOOEeKHBIX cuil. KOHCTaHTa ceJuMEeHTAaIIH.
54. KoprycKynsipHO-BOJTHOBOM Ayallu3M.

55. [llxana aneKTPOMAarHUuTHOTO U3TyYEHHUS.

56. PaguoBonnsl, K- 1 BuauMoe M3IIydeHUs: XapaKTepUCTHUKA, OMOJIOTHYECKHE
b eKTHI.

57. Y®- uznydyenue: xapakTepucTuka, ouonorudeckue 3hPexTol.

58. v — uznyuenune. buonornueckue s3pdextrl. Jlozumerpusi.

59. IloBenenue cucTeMbl: aHain3 Ha (a30BOM MIIOCKOCTH.

60. Kpurepun ycTOMYMBOCTH CUCTEMBI N0 JIAIMYHOBY.

61. AHanuTHYECKUil METOT ONPEIEIEHUS YCTOMYMBOCTH CUCTEMBI.

62. budypkaunonnas quarpamMmma, Teopust katactpod. bruonornyeckue npumepsi.
63. MogenupoBaHre  CIOXHBIX  IPOLIECCOB  MPU  MOMOIIM  CHCTEM
nudepeHnnanbHbIX ypaBHEHUH.

64. YcToHuuBOCTh cTalmoHapHOTO cocTosiHusA. Haxoxaenue Al u A2.

65. Ocobble TOYKM B 3aBUCUMOCTH OT 3HaueHue Al u A2.

66. AHanu3 MOJACIM aBTOKATAJUTUYECKOM PEaKIMH U IKOJIOTUYECKOM MOJeIu



Jlotku-BonbTeppsl: Haxoxaenue Al u A2.
67. dusznueckre MPUHLUIBI OTOCHHTE3A.
68. MexaHn3Mbl MUTPALIU YHEPTUH NIPU POTOCUHTESE.

69. TyHHENbHBIN MEXaHU3M TEepEeHOCa ATEKTPOHA MPU POTOCUHTES.

I[OHOJ'IHI/ITCJILHBIC BOIIPOCHI K 3249€TY 1O BI/IO(l)I/IfiI/IKe.

1. [Ipenmer u 3agaun Ouodusuku. OCHOBHBIE ATAlbl UCTOPUU Pa3BUTUS OUO(PU3UKH OT
Apucrorenst 10 Hamux IHEH. Beaymue HaydHble opranuszauuud 6uodusmueckoro mnpoduis B

Poccun u 3a pyoesxom.

2. [lepBsiii 3ak0H TepMoAMHAMUKH. DHeprus. CucreMa. OyHKINS COCTOSHUS.
3. 3akoH ['ecca, ucnonp30BaHNE 3aKOHA MTPU UCCIIEA0BAHUH OMOJIOIMYECKHX CUCTEM.
4. Bropoe wHawano TtepmonuHamuku. IlpuHumn —aguaGaTHueckod HEJOCTHXKHMOCTH

HEKOTOPBIX COCTOSIHUNA. DHTPOIUSL.
5. DHTPONUSI PABHOBECHOTO M HEPABHOBECHOTO TpOIIecca.
6. Oueprus ['ub6ca, mone3Has pabora, coBepiiaemas cuctemou. Ilonmesnas paGora,

COBCpIIacMasit OMOJIOrMYECKON CUCTEMOIA.

7. XUMUYECKUH TTOTEHIIHAL.

8. HccnenoBanue HampaBieHusl mpoiecca B cucteMe. Kpurepun caMOnpou3BOJIBHOCTH
mporecca.

0. OcmoTtryeckoe naBieHue. 3HaYeHUE B OMOIIOTUYECKUX CHUCTEMAaX.

10. PaBnoBecue [lonnana. [Ipumeps! ycraHnoBieHust paBHOBecus: JJoHHaHa B OMOJIOTHYECKOM

cucteme. Jlnanus.

11. PactBopuMocTs Makpomonekys. BeicanuBanue.

12. 3aBUCHMOCTb KOHCTAHTBI PABHOBECHUSI U KOHCTAHTBHI CKOPOCTH PEAKLUU OT TEMIEPATYPHI.
13. DNEeKTPOXUMHYECKHI TOoTeHIInal. PaboTa HOHOCEIEKTUBHBIX MEMOPAHHBIX SJIEKTPOIOB.
14. DJIEKTPOXUMUYECKUH TOTEHIUAJ: TMOTEHIHANl TOKOS M TMOTEHIMal JEeUCTBUS Ha
MeMOpaHe.

15. DHTpomnuss M KoludecTBO MH(opmaruu B cucteme. [IpuMepsl paccueToB KOTUYECTBA

UH(pOpMaIINH, COIepIKAILEHCs Ha Pa3HbIX YPOBHAX €€ OPraHU3alKi OHMOJIOTHYeCKON CUCTEMBI.
16. N3meHeHns OSHTPONMHM OTKPBHITOM CUCTEMBl. OpraHusM, KakK OTKpbITas CHCTEMa.
CoIpsiKEHHBIE U COPATAIONIUE PEAKIUN.

17.  Teopema [Ipuroxuna, ee 3KCIEpUMEHTAIbHBIE 10KA3aTEIbCTBA.

18.  Amanu3z ¢epMeHTHOH peakiuu. YpaBHeHHe Muxasnuca-MeHTeH.

19. WurubupoBanue (QepMEHTHBIX peakuuid — KOHKYPEHTHOE, HEKOHKYPEHTHOE H



cMmenianHoe. buonornueckue npuMepbl pa3TUYHbIX TUIIOB UHTUOMPOBAHUS. AJUIOCTEPUSI.

20. Perynsmust  ckopoct  depMeHTHON peakmuu: pH-perynsius, CaMOTOPMOXCHHE
cyOCcTpaToM, «OHOIOTHYECKHUE JachD».

21.  BopopoaHsle CBs3u U TUAPOPOOHBIE B3aUMOJEUCTBUS — OOINas XapaKTEpUCTHUKA.
@®opmMupoBaHuEe BOJOPOJHBIX CBA3€M B MOJIEKYJIaX HYKJIEMHOBBIX KHCIOT. Tayromepus
OCHOBAaHUH.

22.  ®opmsl JHK.

23. [IpoctpancrBennbie cTpyktypsl PHK. Tpetnunas crpykrypa HK.

24. YpOoBHU CTPYKTYPHOH oOpraHu3amuu OETKOBOW MOJEKYJBI. [IpHHIUIIBI CBOpauynBaHM
OENIKOBBIX CTPYKTYP.

25.  OCHOBHBIE TTOHSTHS BOJTHOBOTO JBUKCHHUSI.

26.  HccnegoBanue MakpoOMOJEKyl MeTogaMu paccesHuss cBera. Oddekr [Jommuepa,
UCIIOJIb30BaHNE B OMOJIOTHH.

27.  Ilpunuun pa®oTbl 3JIEKTPOHHOIO MUKPOCKOIA. MeTo/bl yBETUUEHHsI KOHTPACTHOCTH NPU
AJIEKTPOHHO — MUKPOCKOIMYECKUX HCCIIEA0BAHUSAX.

28.  OcHoBbI ajcopOIMOHHON crekTpockonuu. 3akoH JlamGepra — bopa. MccnenoBanue
OHOJOTrHYEeCKNX 00BEKTOB METOIaMHU aJCOPOLIMOHHON CIIEKTPOCKOIUH.

29.  Ilpunuuner SAMP wu  OIIP- wmeromo. Ilpumepsl HCHONB30BaHHA METOJIOB B
OMOJOTrUYECKUX UCCIIEOBAHUSIX.

30. uddys3us: omucanue, meronsl ucciepoBanus. OnpeneneHue (HOpMbl MaKpOMOJEKYI
meropamu auddysuu. MmmyHoauddysus — ucrnonb3oBaHue B J1aOOPATOPHOM AMArHOCTHKE,

BUJIbI UMMYHOTIU (D y3un.

31.  Meroasl anexTpodopesa.

32.  JIBwKeHHe NOJ IeHCTBHEM IIEHTPOOEKHBIX cuil. KoHcTaHTa ceiuMeHTaluu.

33.  KopmyckynsipHO-BOJHOBOW Jyaau3M.

34.  Illxana smekTpoMarHuTHOro wusnydeHud. PammoBonssl, VK- m Buaumoe wu3inydeHus:

XapaKTepUCTHKA, Onosiornyeckue 3PPeKThI.

35.  V®- uznyueHue: xapaKTepucTHKa, OMonorndeckue 3PQPexTsl.

36.  y—wusnyuenue. buonornueckue 3¢pdexrol. lozumerpusi.

37.  MogenupoBaHue CIOXKHBIX MPOIECCOB MpPU TOMOIIM CHCTeM Au(depeHInatbHbIX
YpaBHEHUM.

38.  dusmnueckue NpUHLIHUIBI POTOCUHTE3A.

39.  MexaHu3MBbl MHUTPAllUU SHEPTHUM NpU (oTocuHTe3e. TyHHENbHBIH MEXaHU3M IepeHoca

3JIEKTpOHA MpHU (POTOCUHTESE.

40. Tepmomunamuka Ouosiormueckux TmporeccoB. Kimaccudukamus TepMOIUMHAMHUYECKUX



cucteM./laTb XapaKTEPUCTHUKY OTKPBITBIX, 3aKPBITBIX M HW30JUPOBAHHBIX TEPMOJUHAMHYECKHX
cucteM. [lepBrlii 1 BTOpO 3aKOHBI TEPMOIMHAMUKH U UX IPUMEHEHHUE B OMOJIOTHH.

41. . Jluneiinple u HenuHeiHble mpouecchl. CTalMOHApHBIE COCTOSHUS OWOIOTHYECKUX
cucteM. MHOKECTBEHHOCTh CTallMOHAPHBIX COCTOSIHUM. Y CTOMYMBOCTH  CTAlMOHAPHBIX
COCTOSIHUH.

42.  KoneGatenbHble MpoLEcCcH B OHonoruu. ABTokoiiedaTenbHbie pexxuMsbl. [IpencraBienus
0 MPOCTPAHCTBEHHO HEOJHOPOJHBIX CTAIIMOHAPHBIX COCTOSIHUAX (IMCCUIIATUBHBIX CTPYKTYpax)
U YCIIOBHSIX X 00pa3oBaHus. ['ncTepe3nucHsle sIBICHUS.

43. Kuneruka QepMeHTaTHBHBIX IpoueccoB. OcoOEHHOCTH MEXaHU3MOB (hepMEHTAaTHBHBIX
peaknmii. YpaBHeHue Mmuxasnuca-MenteH. BrnusHue MomupuKaTOpoB Ha  KHHETHUKY
(epMEHTAaTUBHBIX PEAKIIHIA.

44. BiusHue TeMmmepaTypbl Ha CKOPOCTh peakiUil B OMOJIOTMYECKHX cucTeMax. B3aumocBs3b
KUHETHMYECKUX U TEPMOAMHAMHUYECKUX MapaMeTpoB. Ponb KOH(GOpPMAalLMOHHBIX CBOWCTB
OMOMOIUMEPOB.

45. OcHOBHBIE OCOOCHHOCTH KHHETHKH OMOJIOTMYECKHX ITPOIIECCOB.

46. M3meHeHMe SHTPONIMU B OTKPBITHIX cucremax. [loctynar Ilpuroxknna. Tepmoaunamuueckue
YCIIOBUS OCYILECTBICHUS CTALlMOHAPHOTO COCTOSIHUS.

47. TepMoAMHAMHUYECKHE XapPAKTEPUCTUKH MOJIEKYJISIPHO-DHEPI€TUYECKUX TPOIIECCOB B
O6uocucremax. Hennnelinas TepMoiMHaMuKa.

48. CBs3b SHTPOIUU U UHPOPMALIUU B OMOJIOTHYECKUX CUCTEMAX.

49. VYcnoBus CcTaOMIBHOCTH KOHOUIypaluu OHWOJIOTHYECKUX Makpomoiekyil. dazoBsle
MIEPEXO/BI.

50. Bopoponnble cBsi3u: cuibl Ban-mep-Baanbca; snekTpocTaTHUeCKHWE B3aUMOICHCTBUSI.
@dakTopbl CTa0WIN3ALUN OMOJIOTUYECKUX MAaKpOMOJIEKYN, HAJAMOJEKYJSIPHBIX CTPYKTYp H
6romeMOpaH.

51. OcoGeHHOCTH TPOCTPAHCTBEHHON OpraHu3aliyd OCNKOB M HYKJIEMHOBBIX KHCIOT. Mojenun
(GUOPHILTAPHBIX U TIIOOYISPHBIX OCITKOB,

52.  Meroasl  u3ydeHHs ~ KOH()OpPMAIMOHHOW  MOJBMKHOCTHU:  (DIIyOpECIIEHTHBIE U
JIOMUHeCHEHTHbIE MeToAbl, JIIP, raMMa-pe3onancHas cnekrpockonus, AMP, nuzoromnsl.

53. JlroMuHecueHIMsl OMOJIOTUYECKH BaKHBIX MOJIEKYJ. MeXaHU3Mbl MUTPALUUA JIHEPIHH:
PE30HAHCHBI MEXaHU3M, CHUHIJIET-CUHIJIETHBIN U TPUILIET-TPUIUIETHBIN MEePEeHOChl, MUTPALIUs
DKCHUTOHA.

54. BozOyxaeHHBIE COCTOSIHUS W TpaHcopmauus 5Hepruu B OuocTpykrypax. IlepeHoc
3JIEKTpOHA B OMoCTpykTypax. TyHHEIbHBIN 3 deKT.

55. MexaHu3Mbl (hepMeHTaTUBHOTO KaTajiu3a. DIIEeKTPOHHO-KOH()OPMAITMOHHBIE



B3aUMOJICHCTBUS B (PEPMEHT-CYyOCTPaTHOM KOMILJIEKCE.

56. CrpykTypa ¥ NOPUHIUNB (QYHKIMOHUPOBAHHS OHOJIIOTUYECKUX MeMOpaH. Du3uko-
XUMHUYECKHE MEXaHU3MBbI CTaOMIM3alu MeMOpaH.

57. XapakTepucTuka MEMOPaHHBIX OCJIKOB. XapaKTePUCTHKA MEMOpPaHHBIX JIMMUAOB. J[nHaMuKa
CTPYKTYPHBIX 3JIEMEHTOB MeMOpaHbl. benok-nunuaneie B3auMoaeicTeus. Bona kak coctaBHOM
3IIEMEHT OMOMEeMOpaH.

58. MopnenbHble MeMOpaHHBIE CHUCTeMBl. MOHOCION Ha rpaHuine pasaena ¢a3. bucnoiinbie
meMmOpansl. [IpoTeonunocomsl.

59. ®a3oBble nepexoapl B MEMOpaHHBIX CTPYKTypax. BpamarensHas M TpacisLUOHHAs
NOJIBMXHOCTD (hochomumnumos, pmum-diaon nepexonst. [loaBmKkHOCTE MEMOPaHHBIX OEIIKOB.

60. BnusHue BHEUIHMX  (AaKTOPOB HA CTPYKTYpHO-()YHKIIMOHAJIBHBIE XapaKTEPHCTUKU
O6uomemMOpaH.

61. IloBepXHOCTHBIM 3apsag MeMOpaHHBIX CHUCTEM; HPOMCXOXKIACHUE SJIEKTPOKUHETHYECKOIO
noTeHuuana. SIBneHue noaspusanuu B MeMOopanax. Jlucrnepcus 3J1eKTpOonpoBOIHOCTH, EMKOCTH,
JUAIIEKTPUYECKON IPOHUIIAEMOCTH.

62. OCOOEHHOCTH CTPYKTYPBI KUBBIX KJIETOK U TKaHEH, Jiexalyue B OCHOBE UX 3JIEKTPUUYECKUX
CBOWCTB.

63. CobOoanble pamgukansl npu [1OJI B MeMOpaHax M JOpyrux KJIETOYHBIX CTPYKTypax. 26.
OOpa3oBaHue CBOOOJHBIX PAJUKAJIOB B TKAaHSAX B HOPME M IPH MATOJOTMYECKHUX Ipoleccax.
Ponp akTHBHBIX (popM KHCIOpOAa. AHTHOKCHIAHTBI, MEXaHU3M UX OMOJIOTMUYECKOrO JeHCTBUS.
EcrecTBeHHblE aHTMOKCHAAHTHI TKAHEH U MX OMOJIOTHYECKas pOlb.

64. XapakTepucThKa MPOIECCOB TPAHCIOPTa BeIIeCTB depe3 OmomemOpanbl. [laccuBHBIM U
AKTHUBHBIN TPAHCIOPT BEILIECTB yepe3 OmomeMOpanbl. buosnexkTporenes

65. TpaHCHIOPT AJIEKTPOJUTOB. OJIEKTPOXMMHUYECKHM MOTeHUMaN. MoHHOEe paBHOBecuE Ha
rpanuie memOpaHa-pacTBop. Ilpodunu moTeHIMana W KOHIEHTpAllMd HOHOB B JBOWHOM
anekTpuueckom cioe. PaBHoBecume JloHHana. IlaccHBHBIM TpaHCHOPT; JBHIKYIIME CHIIBI
nepeHoca HoHoB. DnekTpoaupdysnonHoe ypasuenue Hepucra-Ilnanka.

66. Tpancnopt HednekTponuToB. IlpoHunaemocts MemOpan ans Boabl. Ilpocras nuddysus.
OrpannyenHas 1ud¢y3us. CBA3b NPOHUIIAEMOCTH MEMOPaAH C PACTBOPUMOCTBIO MPOHUKAIOIINX
BemecTB B Junuuax. Oo6neruenHas muddysus. TpaHcmopT caxapoB M aMHUHOKHCIIOT Yepe3
MeMOpaHBbI ¢ y4acTHEM MepeHOCYUKOB. [InHOINTO3.

67. IloTeHual MoKosi, €ro NPOUCXO0KAEHUE. AKTUBHBIN TPAHCIIOPT. DJIEKTPOT€HHBII TPAHCIIOPT
HOHOB. Yuactue AT®a3 B akTUBHOM TPaHCIIOPTE HOHOB Yepe3 OHoIornyeckrue MeMOpaHsbl.
MoHHble KaHalmbl; TeOopus OAHOPAJHOrO TpaHcropTra. JMoHOMOpPBI: NEepeHOCUHKH U

KaHaJiooOpasyromue areHThl. VOHHas CEeNeKTUBHOCTh MeMOpaH (TepMOIWHAMUYECKHH U



KMHETHUYECKUI 1moaxosl). Moens napamienbHo (pYHKIMOHUPYIOIINUX MACCUBHBIX M aKTHBHBIX
IIyTEH MEPEHOCa HOHOB.

68. Ilorenuman neiictBust. Pons nonos Na u K B renepanyu norexmuana AecTBysl B HEPBHBIX U
MBILIEYHBIX BOJIOKHAX; poib MOHOB Ca m Cl B reHepanuu NOTEHIMana JAEHCTBUS y IPYIHX
00bekTOB. KnHeTHKa n3MeHeHui MOTOKOB HOHOB TP BO30YKAeHUU. MeXaHN3Mbl aKTUBALIMU U
MHAKTHUBALUU KaHAJIOB.

69. Onucanne MOHHBIX TOKOB B MOZIENIN XOJKKHUHA-XaKciIu. BopoTHbIE TOKH.

70. Pacnipoctpanenune Bo30yxaeHus. KaOenbHble CBOMCTBA HEPBHBIX BOJIOKOH. IIpoBencHue
MMITyJIbCa 110 HEMHUEIMHOBBIM M MHEIIMHOBBIM BOJIOKHAM. MaTtemMaTtnyeckue MOJAEIH Ipouecca
pacnpocTpaHeHUs HEPBHOIO UMITyJbca. PU3NKO-XMMHUECKHUE MPOLIECCH B HEPBHBIX BOJIOKHAX
OpU TPOBEIACHUM PSIOB HMIIYJIBCOB (PUTMHUYECKOE BO30YyKJeHue). DHeproodecreueHue
IPOLIECCOB PacIpOCTPaHEHHsI BO30YKICHHS.

71. MonexynspHble MEXaHU3MBI IIPOLIECCOB IHEPrETUUECKOro colpsukeHus. CBA3b TpaHCIopTa
MOHOB M IIpoliecca IIEPeHOCa IEKTPOHA B XJIOPOILIACTAX M MUTOXOHApWsX. Jlokanm3anus
AIIEKTPOHTPAHCIIOPTHBIX IleTeld B MeMOpaHe; CTPYKTYPHBIE acleKThl (yHKIMOHUPOBAHUS
CBSI3aHHBIX ¢ MEMOPAaHOM EPEHOCYMKOB; ACUMMETPHSI MEMOpPaHBI.

72. UcTopysl BOZHUKHOBEHUS U OCHOBHBIE IIOJIOKEHUS Teopuu MuTdena; 3JIEeKTPOXUMUYECKUI
IpaJueHT MPOTOHOB; SHEPIre3UPOBAHHOE COCTOSIHNE MeMOpaH; poib BekTopHO H+-AT®da3b!.
Comnpsraroiue KOMIUIEKCHI, UX JOKaJINW3alus B MeMOpaHe; QYHKIMH OTAENbHbIX CYyObEIUHULL;
KOH(OpPMAaLIMOHHbIE IEPECTPONKH B IIpoIiecce 00pa3oBaHMs MaKpolIpra.

73. bakTepuopoIONCHH Kak MOJIEKYJSpHBIH (oTOReKkTpuyeckuii reHeparop. Pusmueckue
ACIEKThl ¥ MOJIETH SHEPT€TUYECKOTO COMPSKEHUSI.

74. OCHOBHbBIE THUIIBI COKpPATUTENBHBIX W IOABMXKHBIX cHCTeM. MoJekynspHble MeXaHHU3MbI
HOJBMKHOCTH OEIKOBBIX KOMIIOHEHTOB COKPATUTENILHOTO anapaTa MBIIIIL.

75.  Ilpunmunsl  npeoOpa3oBaHMs ~ SHEPrMM B MEXAHOXMMMYECKMX  CHCTEMax.
TepMoaMHaMUYECKUE, HSHEPreTUUEeCKHEe M MOIIHOCTHBIE XapaKTEPUCTHKU COKPATHTEIbHBIX
CUCTEM.

76. @YHKIMOHUPOBAHME IIONEPEYHOIIOIOCATON MBIIINBI [MO3BOHOUYHBIX. Moxenu Xakciu,
Hemepesckoro, Xuia.

77. OcHoBbl OWodu3uku penenuuu. [opMmoHanmpHas penenmus. OOIME 3aKOHOMEPHOCTH
B3aMMOJICHCTBYS JIMTAHJIOB C pElEeNTOpaMH; PaBHOBECHOE CBs3bIBaHHWE TOPMOHOB. Poib
CTPYKTYPBI IJIa3MaTHYeCcKoi MeMOpaHbl B IIpoliecce Mnepeiayd TOPMOHAILHOIO CUTHAIA.

78.  PeunenTop-onocpefoOBaHHBI  BHYTPUKJIETOYHbIM  TpaHcmoptT. llpencraBnenuns o
LUTOIIJIA3MEHHO-IEPHOM TpaHcHopTe. MeTobl HCCIEN0BaHU TOPMOHAIBHBIX PELICITOPOB.

79. Cencopnas penenius. [IpoGiema compspkeHHsT MEXAY TNEPBHYHBIM B3aMMOJICHCTBHEM



BHEIITHETO CTUMYJIA C PEIENTOPHBIM CyOCTpaTOM U reHepaluei perenTopHoro (reHepaTopHOTo)
noreHnuana. OOIye mpeAcTaBIeHUsT O CTPYKType U (DYHKIUU PELENTOPHBIX KIETOK. MecTo
pELenTOPHBIX MPOIECCOB B pab0OTE CEHCOPHBIX CUCTEM.

80. @otopenenuus. CTpoeHue 3pUTEIBHOM  KJIETKU. MoJsekynspHas  OpraHu3aius
(doroperienTopHO MeMOpaHbl;, JUHAMHMKA MOJIEKYJbl 3pUTEIBHOIO IHMIMEHTa B MeMOpaHe.
3pUTenbHBIE MUTMEHTHI:  KJIACCU(HUKAIM, CTPOEHHE, CIEKTPaJbHBIE XapaKTePUCTUKH;
(oToxumMHUECKHE MpeBpamieHusi poAoncHHa. PaHHME M MO3JHUE PELENTOPHBIC MOTEHIHAJIBI.
MexaHu3MBbl TeHEepaliy MO3AHEr0 PEeLEenTOPHOro MOTEHIHANIA.

81. MexaHopeuenius. Penenrropubie OKOHYaHHUS KOXH, MIPOIIPUOPEIIETITOPHI.
MexaHopenenTopsl OpraHOB YYBCTB: OpraHbl OOKOBOH JMHHMH, BECTHOYISIPHBIA ammapar,
KOpPTHEB OpraH BHYTpeHHero yxa. OOmue mnpejacraBieHuss o paboTe opraHa cCiyxa.
CoBpeMeHHbIE MTPEJICTABICHHUS 0 MEXaHU3MAaX MEXaHOPELEeNIUY; TeHEepaTOPHbII MOTEHIUAIL.

82. DieKTpopeLenius.

83. Xemopenenuus. ObonsHEE. Bocnpusarue 3amaxoB: moporu, KiaccuuKaus 3amaxos.

Bxkyc. BkycoBble xauectBa. CTpoeHHME BKYCOBBIX KIIETOK, MPOOJIEMa BKYCOBBIX PELIENTOPHBIX
OenKOoB.

84. Peuenums menuatopoB M TOpMOHOB. IIpoOiema KIETOYHOro y3HaBaHUS. MexaHHU3MbI
B3aUMOJICVCTBUS KJIIETOYHBIX [IOBEPXHOCTEM.

85. MexaHu3mbl TpaHc(hOpMalMK SHEPTUHU B IEPBUYHBIX (POTOOMOIOTMUECKUX MPOIIECCax
B3anmoseiicTBre KBaHTOB ¢ MoJIeKyaaMu.. [IepBuuHble (POTOXUMHUYECKUE PEaKIUH.

OcHoBHBIE cTaguMu (HOTOOMOIOTHYECKOro Imporecca. MexaHu3Mbl (OTOOHOIOTHYECKUX U
doroxumuueckux craguil. Kunetnka gorodnonoruueckux nporeccos.

86. IIpobyiembl pa3jienieHus 3apsioB U MEpeHoca IEKTPOHA B MEPBUUYHOM (HOTOOMOTIOTUYECKOM
npoiiecce. Posb 351eKTpOHHO-KOH()OPMAITMOHHBIX B3aMMOIEHCTBHM.

OcHoBBI 6MO(pU3KKH (HOTOCUHTESA.

87. CrpykTypHas opraHu3anuss H (QYHKIMOHUPOBaHUE (OTOCHHTETHUUYECKUX MeMOpaH.
@doTrocuHTEeTHYECKass elIMHMLA. J[Ba TuUNa NUTMEHTHBIX CHCTEM U JBE CBETOBbIE pEaKIUU.
Opranmzanus 1 QyHKIIMOHUpPOBaHHE (POTOPEAKIIMOHHBIX HEHTPOB. [IpobiemMbl MEpBUYHOTO aKkTa
¢dorocuHTe3a. DIEKTPOHHO-KOH(OPMAIIMOHHBIE B3auMojeHcTBui. DPoToMH(OPMAITMOHHBIN
epexo/l.

88. Kunernka u ¢usnyeckue MeXaHM3Mbl MEpEeHOCa 3JIEKTPOHA B AJIEKTPOH-TPAHCHOPTHBIX
Hermsx Mpu QoTocuHTe3e. MeXaHHU3Mbl CONPSDKEHHS OKHUCIMTEIbHO-BOCCTAHOBUTEIBHBIX
peakuuii ¢ TpaHCcMeMOpaHHBIM MIEPEHOCOM MPOTOHA. MexaHnu3Mbl (POTOMHTHOUPOBAHUSI.
OcoOeHHOCTH ¥ MEXaHW3Mbl  (DOTOPHEPTEeTUYECKUX  pEakuuid OaKTepUOPOIOINCHHA U

3PUTCIBHOI'O TIMTMCHTA POJAOIICHHA.



89. doTtoperynaropHbie U POTOACCTPYKTUBHBIC MTPOIIECCHI.

OcHOBHBIE THUNBI (OTOPETYIATOPHBIX PEAKIMA PACTUTENBHBIX M MHUKPOOHBIX OpPraHU3MOB:
doromopdorenes, pororponusm, pororakcuc, HOTOMHAYITUPOBAHHBIN KAPOTHHOTCHE3.

90. CnexTpbl JeHcTBuUS, MNpupoAa (OTOPEHENTOPHBIX CHUCTEM, MEXaHU3Mbl MEPBHUYHBIX
dboTopeakIuii.

91. @uroxpoMm - yHHBepcaidbHas (OTOpPELENTOpHAs CUCTEMa pPEryJsIud MeTadoau3Ma
pacteHuii. MoJieKyIIsipHbIe CBOWCTBA U CIIEKTPAJIbHBIC XapaKTEPUCTHKN (UTOXpomMa. MexaHu3m
obpatumoii gotokoHBepcun ABYX ¢Gopm putoxpoma. [loHaTre o HOTOXPOMHBIX MOJICKYyJIaxX U
dboToxpoMHOM MexaHu3Me (POTOAKTUBAIIMH (PEPMEHTOB.

92. ®oTOXMMHYECKHE pPEAKIMK B OeyKax, JWNMUAaxX M HyKIemHOBBIX kuciorax. JIHK kak
OCHOBHAasl BHYTPUKJIETOYHAs MHIIEHb HpPU JIETAJIBHOM UM  MYTareHHOM  JIEHCTBUU
ynbTpaduoneToBoro cera. MOTOCEHCHOUTU3MPOBAHHBIE M JABYXKBAHTOBBIE PEAKIUH MPU
noBpexxaeann JIHK. Mexanusmel ¢oTonnHamuueckux mporieccoB. 3ammuTa JJHK HekoTopbiMu
XUMHUUYECKUMHU COEIMHEHUSIMU.

93. DddexTrr poropenapanuu U HoTo3amuUTe. DEPMEHTATUBHBIN XapaKTep M MOJICKYISIPHBIMA
MexaHu3M (oTopeakTuBauu. Ponb GOTOMHIyIMPOBAaHHOTO CHHTE3a OMOJOTHYECKH aKTHUBHBIX
coenquHeHU B mporecce (oTo3amuTel. MexaHu3M (OTOCUHEPTEeTHUECKUX PEeaKuud Mpu
KOMOMHHMPOBAaHHOM JI€MCTBUM Pa3HBIX JJIMH BOJIH YIbTPa(rOIETOBOrO CBETA.

94. DnekTpoMarHuTHBIE U3TYUEHUS U TOJISI B IPUPO/IE, TEXHUKE U KU3HU UEIOBEKa

OO6mas puznueckas XapakTepuCTUKA HOHU3UPYIOIIUX U HEMOHU3UPYIOIUX U3Ty4eHUH.

95. M3nydeHns Kak MHCTPYMEHT MCCIENOBAaHUN CTPYKTYpPbl M CBOWCTB MOJIEKYN. ['aMMma- u
PEHTT€HOBCKHE  JIydyd. PeHTreHOCTpYKTpHBIM  aHanmu3, JIydeBas  yIbTPaMHUKPOMETpUS,
paarallMOHHO-XUMHYECKHE METO/Ibl. Y IbTpadroIeTOBOE U BUIUMOE U3ITyUEHUSI.

96. Cnextpockonuss B Y@ u Buaumoil obnactu. JlazepHas CHEKTPOCKOMMS, HCCIEIOBAHUS
3JIEKTPOHHO-BPALIATENbHBIX CIIEKTPOB, (POTOXUMHUUECKUE METO/IbI UCCIIETOBAHMS.

97. UndpaxpacHoe u3nyueHnue, nHppakpacHas crnekrpockonus. Pagunouactorsr: CBY, YBY, BU
HY. MuxkpoBosnHOBass cnekrpockonus, crnekrpockonus OIIP, AMP, nusnexrpudeckas
CHEKTPOCKOMUS, METOBI JIEKTPOIPOBOIHOCTH.

98. Mcnonb3oBaHue pa3aIMyuHbIX BUIOB U3JIyYE€HUIN B MEULIMHE U CEILCKOM XO034HCTBE.
Crnemnuduka nepBUYHBIX ((PU3NIECKUX) MEXaHU3MOB JICHCTBUS PAa3IMUHBIX BUJIOB M3TyYECHUN HA
Mosiekynbl. [Tornomenue u pasmen sHeprun. Koneunsiit Ouonornueckuit 3¢ ekt npu 1eicTBUN
MOHU3HPYIOIIUX U HEMOHU3UPYIOIIUX U3TydeHUN Ha OMOJI0ruyeckre 0ObeKThl U CUCTEMBI.
buonornueckoe neNCTBUE HOHUZUPYIOLIUX U3Ty4YEHUN

99. IlepBuuHbIe U HaYAJIbHBIE OMOJOTUYECKHE MPOIIECCHI MOTIOUICHHS JHEPTUH HOHUZUPYIOIINX

W3IydyeHuil. MexXaHu3Mbl TMOTJIOMIEHUS PEHTICHOBCKUX U TaMMa-H3Jy4YeHUH, HEHUTPOHOB,



3apSOKEHHBIX  YacTHIl. OKCHO3UIIMOHHBIE W TOIJIOUICHHbIE J03bl M3ITydeHuid. EaunHuib
AKTUBHOCTH PAJIMOHYKJIECOTHAOB. EIMHULBI [03 HWOHU3UPYHOUMX u3nydyeHuil. dDakrop
WU3MEHEHUS J103bI O0JIy4eHHS. 3aBUCUMOCTh OTHOCUTEIHHON OMOIOTHYeCcKOl 3(PPEKTUBHOCTH OT
JIMHEWHBIX MOTEPb SHEPTUU U3TYUCHUH.

100. uguBuayallbHbBIe W CTallMOHApHbIE A03uMeTphl. [lonarus "manbie" u "Oonbimme" 10361
panuarmy. CTOXacTUYECKUE U CTaTUCTHUECKUE 3PQPEKTHI.

101. MuaktuBamusi MOJEKYJ B Pe3yJIbTaTe MPSMOrOo M HEMPSIMOTO ACHCTBUS HOHU3ZHPYIOLIUX
uznyyeHuil. [losoBble 3aBucumoctu. Ilpsimoe nelictBue pamuanuu Ha (epMeHTHI, OenKw,
HYKJIGMHOBBIE KHCIIOTHI, JIMIUABL, yriieBoAbl. [lepBuuHble mpolecchl, MNPUBOAAIIUE K
WHAKTUBAIlMA MaKpOMOJIEKYJI TpH MPSAMOM JeHCTBUU paauanuu. [lepBuuHble NPOAYKTHI
pagwonm3a W JanbHEWmas cyapb0a OOJTYyYEHHBIX MaKpPOMOJICKYJ. Paauo4yBCTBHTEIHHOCTH
MOJIEKYII.

102. Paguonu3 BoAbl M JNUNUAOB. B3auMopeicTBHe pacTBOPEHHBIX MOJIEKYJ C MPOIyKTaMH
paauonu3a pactBoputeneid. Dddekr [eitna. Obpa3oBanre BO30YKICHHBIX MOJICKYJ, HOHOB U
pamukanoB. KonnuecTBeHHass XapaKkTEPUCTUKA HEMPSIMOTO JCUCTBUS paauallid B PacTBOpax.
Posb MoaudukaTOpoB B painonn3e MOJICKYII.

103. Papnanuonnas OcHoBbl Onodu3MKU KieTkd. KoiaumdecTBeHHBbIE XapaKTEpUCTUKU THOETH
00JIy4eHHBIX KJIETOK. PemponykTuBHas u uHTepdaszHas rudenb kiaeTok. Amonrtos. [Ipuniumn
nonajaHusl, KOHIEMIUS MUAIIIEHU. DBOJIONMS 3TUX MOHATHH. CTOXaCTUYECKHE MOJICIH.

104. OcHOBBI MUKPOIO3UMETPHH HOHU3UPYIOIUX U3MydeHUui. [lepBuunbie PU3NKO-XUMHUECKHE
MPOILIECCH B 00Ty4EeHHOU KIIeTKe. AHAIN3 MEXaHU3MOB JIy4€BOTO MOPAKEHUS KIIETOK.

105. Ponp MosekynsipHbix MexaHuzMmoB penapauuu JIHK u penapaunoHHbBIX (hepMEHTOB B
JTy4€BOM MOPAKEHUH KIETKHU.

106. Ponp moBpexaeHus OUOIOTHUYECKUX MeMOpaH B paJMallMOHHBIX HAPYIIEHUSX KIIETKH.
OKHUCIHUTENbHBIE TPOLIECCHl B JIMOMAAX M AHTHOKUCIHUTENIbHBIE CHUCTEMBI, YYaCTBYIOIIHME B
MEePBUYHBIX OMOPU3NUECKUX U TTOCIEIYIONTUX JIYICBBIX PEAKIIHSIX.

BoccranoButenbHbBIE IPOIIECCHI PU TyYE€BOM MOPAKCHUH KIIETKH.

Monudukarus 1y4eBoro NopakeHus KIETKH.

107. PaguanmonHasi OcHOBBI OMO(PHU3UKU CIIOKHBIX CHCTeM. BpeMeHHbIe U 1030Bbie 3((HEKThI
paguaruu. CpaBHUTENbHAs PaIUOYYBCTBUTEIBLHOCTh OMOJIOTHUYECKHUX OOBEKTOB W CHCTEM.
JleticTBue ManbIX 103 U XPOHUYECKOTO 00mydeHus. OTnajaeHHBIE TMOCIEACTBUS MajbIX 103
paauanuu Ha opranu3M. OCOOEHHOCTH JIEHCTBUS BHEITHETO U HHKOPIIOPUPOBAHHOTO, OOIIET0 U
JIOKAJIbHOTO, OCTPOTO M XPOHHYECKOTO, OHOKPATHOTO W MHOTOKPAaTHOTO OOJydeHUus
OpPraHU3MOB Pa3HBIMU TUIIAMU PATUAIIH.

108. DTambl OTBETHBIX peaKIUid Ha OCTpoe oOmydeHue: (U3HUYECKUH, OMOoDU3MYECKUU U



obmeounonornuyeckuii. CHHIPOMBI OCTPOTO JIYY€BOTO TOPAKEHHUS: KOCTHO-MO3TOBOM, KUIIICYHBINA
u 1nepeOpanbHblii. KpuTHueckue opranbl M cUCTeMbl. KpuTHyeckwe mporecchl JTyd4eBOro
nopaxenwusi. JlyaeBoil Tokcmueckuid 3pdexr. Ponp Omoduzmueckux ucciaenoBaHUN CIOKHBIX
CUCTEM B aHaJIM3€ MEePBUYHBIX U MOCIEIYIOIIUX JIy4eBbIX mpoueccos. [Ipobdiema pucka.

109.  ®akrtopbl, MomupuIMpYyIOMUE  Jy4eBOE  IOPaXKEHHE:  PAAUONMPOTEKTOPHI U
panTuoCceHCHOMIN3AaTOPBL, UX XUMUYECKask IPUPoaa U OMOJIOTHYECKOe JeCTBHIE.

OuporeHHslii (o panuope3uctenTHocTH. JlydeBrie peakiuu u ctpecc. Kucnopoansiii addexr u
MEXaHU3MBbI €r0 MPOSIBICHUS.

110. OcobeHHOCTH XMMHUYECKON 3alllUThl OpraHu3Ma OT JEHCTBHUS MallbIX 103 U XPOHUYECKOTO
00JydeHus.

111. Apanranus, yCTOMYMBOCTb W HaJEKHOCTb OMOJOTMYECKMX CHCTEM pPa3HOIO YpPOBHS
OpraHM3alyi: KJIETOK, OpraHu3MoB, momyisanuil. Pa3sHooOpasue OTBETHBIX peakuuit
WHAMBUAYYMOB B KJIETOYHBIX aHCaMONsIX W momynsuusx. /luHamuka sHepro-macco oOMeHa.
[Tporno3upoBaHue TMHAMUKN YUCIEHHOCTH HOMYJISLIUN.

112. Kmaccudukamus Bo3aeiictBuii. CraObie (poHOBBIE) BO3aekcTBUA. KocMudeckue u
nepuoAnYecKre Bo3/eHCTBUS. EcTecTBeHHBIN paanaiuoHHbIA (JOH U YPOBEHb pajioHa B Cpelie.
[Tpo6iiemMa 030HOBOIA IBIPHI.

113. DM-u3nyueHuss KOCMMUYECKUX W 3€MHBIX HCTOYHUKOB. MarnutHeie mosisi CoJiHIla, 3BE3],
TaJlakTUK U Jpyrux oO0bekToB BceenenHoi. I{uknel CollHeYHONW AaKTHUBHOCTH, UX BIIMSHHE Ha
3emito. CeT u Onoput™bl. bruonornyeckue yachl.

114. NeiictBue onTtHueckoro usiaydeHus. PortocuHTe3 B Mope. [IpuumMHBI JTUMUTHPOBaHUSA
nepBuuHOil mnponykuuu. @dotomHruOuposanue u ¢oroaectpykuus. dotoperymsauus pocra
pactenus. ONTHYECKHE CBOMCTBA JIMCTHEB BHICIINX PACTEHHH U CIIEKTPalIbHbIE METO/bI OLEHKU
(YHKIMOHAJIBHOTO COCTOSHUS (DOTOCMHTETUUECKOTO armnapara.

115. [eiictBue Y®-uznyuenus. MonekynsapHsle MexaHu3mbl (ortonospexaenus JHK npu
nericteur Y® HM3aydeHUs: dKOJIOTMYEcKoro nauamnaszona. Knerounsle cuctemsl penapanuu JJHK.
116. ®oronoBpexneHre U GpoTopeakTUBaLUsg MUKpOoOpraHu3mMoB. KomOuHupoBaHHOE JielicTBHE
M3IIy4EHUs PAa3HBIX JJIUH BOJH Ha KJIETKy. DepMeHTaTHUBHas peakTHBalMs. MOJEKyIsIpHbIE
MEXaHU3MBI JeUCTBUS (POTOTHA3HI.

117. OxucnaurenbHbld CcTpecC. MONEKyIIpHbIE MEXaHU3Mbl MOBPEXKAAIONIETO JEUCTBUA
kuciopona. IlyTm cBeTOBOM W TEMHOBOM aKTHUBAlMU MOJIEKYJSIPHOTO Kucimopona. 118.
depMeHTAaTHUBHbIE U HEPEepMEHTATUBHBbIE peakuuu. Ponb cBOOOIHO-pajMKaIbHBIX pEaKkIUid U
CUHIJIETHOTO KHCJIOpoAa. MeTonbl M3y4eHHs OKHCIUTENBHBIX NECTPYKTHUBHBIX IPOLECCOB B
ouonornueckux  cucremax. IIpupomubie  poroceHCHOMNMM3aTOPbl  (POTOAECTPYKTUBHBIX

nporeccoB. [ToBpexaeHUsT pacTeHU MpU JEHCTBUM TepOUIMIIOB, 3arpsi3HUTENEH aTMOCHEpHI,



TOKCHYECKUX BEIIECTB, 3a0oneBaHMsX. Daronuro3 M CBEPXUYBCTBUTEIBHOCTh B CBS3U C
MMMYHHUTETOM JKMBOTHBIX M pACTUTEIbHBIX OpraHu3moB. CrapeHue pacTeHHH, IPOAYKTHI
JIErpaialiiy JIUMHUI0B U IUTMEHTOB.

118. MosnekynsipHble MEXaHU3MbI aJalTallMK )KUBBIX OPraHU3MOB K 3KCTpeMasbHbIM (hakTopam
BHEIIHEH cpenpl (TemmeparypaM, OCBEIIEHHUIO, 3aCOJIEHHI0, JEHCTBUIO KCEHOOMOTHKOB,
TUIIOKCUM U TUIIEPOKCHH).

119. H3yueHwe CHEKTPOB M KHHETKH HWHAYKIUHU (QIIyOopecHeHIHH (HOTOCHHTE3UPYIOMIUX
OpPraHu3MOB.

120. 3amemyeHHas (GayopecleHIINs 3eJICHBIX PACTCHUM.

121. ®ortounnyuupoBaHHble u3MeHeHMs pH w©  penokc-moreHnuansa B CYCHEH3UU
($OTOCUHTE3UPYIONINX OOBEKTOB.

122. U3ydeHue 31€KTPUUECKUX CBOMCTB OMCIONHBIX JIUIUIHBIX MEMOpPaH.

123. IloteHuumaa DOKOS U HOTEHIIMAT IEUCTBUS OQUHOYHOMN KIETKH.

124. VccnepoBaHue NAaCCUBHBIX 3JIEKTPUUECKUX CBOMCTB MBIIIEYHON TKAaHU.

125. XeMWIIOMHUHECUEHIHS TKaHEeH pacTeHUH U (aroqUTUPYIOMIUX KJIETOK KUBOTHBIX.

126. MeToz 3MeKTPOHHOTO MapamMarHuTHoro pesonanca (JI1P).

127.  ®iyopoMeTpUYECKH METO U3MEPEHHS BHYTpUKIETOUHOTO pH.

128. Maremarnyeckoe MOETMPOBAHNE JMHAMUKH MAKPOMOJIEKYII.

129. HccnenoBanue CcOCTOSSHUS  (OTOCHHTETUYECKOrO — ammapara pacTeHUHd METOA0M

UMITYJIbCHON (hTyOpecleHIIUH.



