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HOACHUTEJ/IBHASA 3AIIMCKA

Henn u 3apaun y4e0HOH TUCUUILTHHBI

Heab yueOHON MUCHMIUIAHBI — TOATOTOBUTE 00Yy4aEMOro K CaMOCTOSATEIbHON
padote B o0nactu HEHPOOMONOTHH, CPOPMUPOBATE Y HEFO CUCTEMY COBPEMEHHBIX
NPEICTABICHAN O PU3NOJIOTUN HEPBHON CHCTEMBI.

3axaum y4eOHOi AMCHUIUIHHBI:

1) MO3HAKOMUTE CTYJIEHTOB C COBPEMEHHBIMHU MPEACTABICHUSMHU O CTPYKTYP-
HO-()yHKIIMOHAJIBHOW OpraHu3alii HEPBHOW CHCTEMbl HA AHATOMHYECKOM, THMCTO-
JIOTUYECKOM, KIIETOYHOM YPOBHSIX;

2) nate NPEACTABICHUE O KJIETOYHBIX W MOJICKYJISIPHBIX MEXaHW3Max, 00ec-
NEYABAKOIINX Nepeaady HHPOpMaMeid MeXay KIETKaMU,

3) MO3HAKOMHUTH CTYJAEHTOB C OCHOBHBIMW MHTEIPATUBHBIMU MEXAHU3MaMU B
LIEHTPAJILHON HEPBHOM CUCTEME,

4) MO3HAKOMUTH OOY4YacMBIX C METOJMYECCKUMH MPUEMAMHU M MOAXO0JaMHU,
NPUMEHSEMBIMHU MPU UCCIICIOBAHUHA (PYHKIMH HEPBHOH CUCTEMBI B OPraHU3ME I0-
3BOHOYHBIX U OECITIO3BOHOYHBIX KUBOTHBIX.

MecTto y4eOHOii JTMCHUIIHHBI B CHCTEME NMOAT0TOBKU MArucTpa

VY4yeOHast TUCHUIUIMHA OTHOCUTCS K KOMIIOHEHTY YUYPEKACHHS BBICIIETO 00-
pasoBaHus yU4eOHOIO MJIaHA U BXOAMUT YUYeOHbI Moayib «HelipoOuonorus u nummy-
HOTECHETHKAY.

CBsi31 ¢ ApyruMHU y4eOHBIMM AUCUMIUIMHAMH, BKJIKOYAs YYEOHbIC AUCLIUATIIU-
Hbl KOMIIOHEHTA YUPEKICHUS BBICIIErO 00pa30BaHUs, MCUUILUIMHBI CTICHUATU3ALH
" JIp.

VY4eOHas mporpaMma COCTaBJICHA C YYETOM MEKIIPEAMETHBIX CBSI3CH € y4el-
HOW nucumninHoi «Knerounas Ouonorusy, «I[pakTHKyM Mo KJIETOYHON U MOJIEKY-
JSIPHOM OMOJIOTHIY.

TpeOoBaHus K KOMIIETCHIUAM
OcBocHue yueOHOH aucuumuiaHbl «HeilpoOnonorusy COBMECTHO ¢ y4eOHOMA
JUCLUTIIIMHONW « UMMYHOT€HETHKA» JOJKHO 00€CIEUnTh (POPMUPOBAHUE CIICLIUAIIH-
3upoBaHHON kKomneTeHMH (CK-2) «BbpiTh criocoOHBIM pa3pabaTsiBaTh COBPEMEH-
HbIC MPOOJIEMBI BBICIICH HEPBHOW NEATEIBHOCTH, MPUMEHATh HA MPAKTUKE 3HAHUS
WHTETPATUBHBIX (PYHKIMI NEHTPAIbHOW HEPBHOW CHCTEMBI JUIsl QaHATIM3A MOBEACHYE-
CKOW aKTMBHOCTH KMBOTHBIX W YEJIOBEKA, XAPAKTEPU30BATh MOJIEKYJIIPHBIE OCHOBBI
UMMYHOT€HETHKH W JICUCHUSI UMMYHHBIX 3a00JICBAHUI YETTOBEKAY.
B pesynbrare ocBoeHHs y4eOHOH TMCHUILTUHBI CTYACHT JTOJDKEH:
3HATD:
- CTPYKTYPHO-()YHKIMOHAJIBHYIO OPraHU3alll0 HEPBHOM CHUCTEMBI TO3BO-
HOYHBIX (YEJIOBEKA) U MOJIENIBHBIX OECIO3BOHOYHBIX;
- HOHHBIE MEXAHWU3MBI, OMOCPEAYIOMIME HICKTPUUYECKUE CUTHAIIBI KIETOK W
CUHANTUYECKYIO Mepeaavy CUTHANA,



- JIOKQJIM3alMI0, META00IN3M, OPraHU3ALMI0 PEUENTOPHOIO annapara u Ouo-
Jorudeckre 3PQPEeKThl OCHOBHBIX HEHPOMEIUMATOPHBIX (HEHPOMOAYJSITOPHBIX) CH-
CTEM OPraHu3Ma >KMBOTHBIX;

- KIETOYHBIE MEXAHU3MbI, OMOCPEAYIOIINE PEATH3ALMI0 HHTErPATHBHBIX
(GyHKIMI Mo3ra (00padoTKa 3pUTEIBHBIX, CITYXOBBIX, COMAaTOCEHCOPHBIX CUTHAJIOB)

yMeThb:

- JIaTh OMUCAHUE CTPOCHUS CHHANTUYECKUX KOHTAKTOB,

- ONPEHENsTh JIEKTPUUYCCKHE CUTHAIBI HEPBHBIX KIETOK W OLECHHUBATH CTE-
NEHb U3MEHEHUS 3(PPEKTUBHOCTHA CHHANTUYECKOH MepeayH,

- WCHOJIB30BaTh 3HAHWE WHTETPATUBHBIX (DYHKLIMH LEHTPAIBHOW HEPBHOW CH-
CTEMBI I aHAJIM3A TIOBEICHUYECKOM AKTUBHOCTHU KUBOTHBIX M YEJIOBEKA.

BJIAJCTh:

- HaBbIKaMU PabOTHl ¢ MUKPOCKOMUYECKONH TEXHUKON JJIsi OLIEHKH MOPQOII0-
TMYECKHUX XAPAKTEPUCTUK HEPBHBIX KJIETOK;

- OCHOBAaMH MHKPOJJIEKTPOJIHBIX METOJOB MCCIEAOBAHUS JICKTPUUCCKON aK-
TUBHOCTH HEPBHBIX KIJIETOK,

- METOJMKaMM aHan3a 3JEKTPUYECKOW AKTUBHOCTH HEMPOHOB W U3YUYECHHMSI 10~
BECHUS KUBOTHBIX.

CTpykrypa y4eOHOI AUCHMIVINHBI

JuciunivHa uzyvaercs B 1-m cemectpe. Beero Ha uzyueHue yueOHOH nuc-
muIiHbL «Neurobiology» oTBEAEHO:

— 711 O4HOM (POPMBI MOMYUYEHHS BBICIIET0 00pazoBaHus — 198 4acoB, B TOM
yncie 54 ayauTOPHBIX 4aca, U3 HUX: JICKIUHA — 24 Jaca, MPAKTUYECKHUE 3aHIThs — 18
4acoB, ynpasisiemasi camocTostesibHas padora (J1O) — 12 yacos.

TpynoeMKocTh y4eOHON AUCHUIUIMHBI COCTABISET 6 3aUETHBIX CAMHMUII

dopMma TEKyLIEH aTTeCTalKi — YK3aMEH.



CONTENT OF EDUCATIONAL MATERIAL

Part 1. INTRODUCTION

The development of Neurobiology and Neuroscience: a brief historical over-
view. Neuron doctrine and its revision. The main principles underlying cell-to-cell
communication: signaling with and without receptors. Types of interactions based
on the humoral regulation: endocrine, paracrine and neural signaling. Interactions
based on direct contact between cells. Evolution of intercellular communication.
Polygenesis of the nerve tissue. Evolution of the nervous system: diffuse, diffuse-
nodular, nodular (ladder circuit and chain type, spread-ganglion type) and tubular

types.

Part 2. NEUROMORPHOLOGY

Topic 2.1 Ultrastructure of neurons

Neuronal body and its specific organelles: nucleil polyploidization (magnitude
differences in the neuronal sizes), Nissl bodies structure, neurofilaments and their
proteins, pigment granules. Axon structure: axon hillock and its molecular organiza-
tion, axonal transport (microtubules, microfilaments, motor proteins, fast and slow
transport). Arborization pattern, specialization and fine structure of dendritic spines.
Structural dendritic plasticity. Problems of neuronal classification: neuronal passport
system or “periodic system of neurons”? How many neurons and how different they
are? Neuronal cell types. Functional specification and molecular diversity. Reflex
arc and central pattern generator paradigm. Origin of the nervous system.

Topic 2.2. Structure and functions of glial cells

Classification of glial cell types. Astrocytes: heterogeneity, structure and func-
tion. Brain microarchitecture and blood-brain barrier structure. Ependymocytes
morphology. Oligodendrocytes and Schwann Cells: the myelin sheaths, its structure
and development, salutatory nerve conduction (invertebrates vs vertebrates). Nerve
fibers: types and classification.

Topic 2.3. Cell contacts and Electrical synapses

Types of cell contacts and their molecular architecture: tight and adherens
Junctions, desmosomes. Gap junctions as electrical synapses. Connexons membrane
topology and molecular organization. Gap junction proteins: connexins, innexins
and pannexins. Regulation of gating properties: homo- and hererotypic channels.
Functions of gap junctions channels (hemichannels).

Topic 2.4. Chemical synapses

Presynaptic elements: active zone and synaptic vesicles. Postsynaptic density
and 1ts molecular organization. Synaptic cleft and its structure: difference between
excitatory and inhibitory synapses. Classification of central synapses: structural
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(symmetrical vs asymmetrical) and functional (excitatory vs inhibitory). Unique
types of synapses: neuromuscular junctions, ribbon synapses, axonal varicosities
(boutons en passant). Homotypic, heterotypic and perforated synapses — who 1s most
authentic? Mixed synapses — interaction between chemical and electrical synapses,
artefact of cell contact or self-maintained structure?

Part 3. NEUROPHYSIOLOGY

Topic 3.1. Neuronal membrane

Pumps and transporters. Passive and active transport. Uniport, simport, anti-
port. Plasma membrane exchangers (Na'/H", Cl /HCO; , Na'/Ca™). Na/K"
ATPase, its molecular organization and working cycle. Voltage-gated 1ons channels.
Molecular structure of Na*, K™ and Ca™ channels, their diversity and gating proper-
ties (voltage sensor and transition between states). lonic composition of extracellular
and mtracellular fluids.

Topic 3.2. Electrical signals of the neurons

Electrical properties of neuronal membrane (membrane resistance and capaci-
ty). Microelectrode technique. Time and length constants of a cell. Spatial and tem-
poral summations and synaptic integration. Nernst equation, Goldman-Hodgkin-
Katz equation and resting membrane potential. Transmembrane ionic currents and
action potential. Patch-clamp technique. Excitatory and inhibitory postsynaptic po-
tentials and two types of membrane permeability (increase vs decrease).

Topic 3.3. Pre-synaptic mechanisms of neurotransmission

Depolarization of nerve endings. Role of Ca™ ions. Synaptic delay. Quantal
and non-quantal neurotransmitter release. Synaptic vesicle (SV) exocytosis and ac-
tive zone proteins: SNARE and synaptic membrane protein cycle. SV recycling,
“kiss-and-stay”, “kiss-and-run” pathways.

Topic 3.4. Synaptic efficiency

Heterosynaptic plasticity: presynaptic inhibition and excitation. Presynaptic in-
hibition and excitation. Homosynaptic plasticity: increase/decrease in synaptic
strength. Shot-term plasticity: depression, facilitation, posttetanic potentiation, aug-
mentation. Residual calcium hypothesis. Long-term plasticity: long-term potentia-
tion (LTP) and long-term depression (LTD). Their molecular mechanisms.

Part 4. NEUROPHARMACOLOGY

Topic 4.1. Receptors and intracellular signaling

Receptor theory. Signal transmembrane pathways. Intracellular receptors and
their ligands. Tyrosine kinase receptors, cascade phosphorylation of protein kinases.
Ionotropic and metabotropic receptors. G-proteins coupled receptors, their molecu-
lar organization and diversity. Second messengers: adenylate cyclase, phospholipase
C and 1nositol phosphate, calcium binding proteins (calmodulin). Receptors (general
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overview): “dose-effect” curve, agonists (full and partial) and antagonists (competi-
tive and irreversible), chemical and physical antagonism. Receptors desensitization.

Topic 4.2. Neuromediators

Identification criteria. Physiological and pharmacological identity. Classifica-
tion of neuromediators and neuromodulators.

Acetylcholine. Localization in the CNS, metabolism, receptors and signal
transduction, biological effects. Histamine. Localization in the CNS, metabolism,
receptors and signal transduction, biological effects. Serotonin. Localization in the
CNS, metabolism, receptors and signal transduction, biological effects. Catechola-
mines: dopamine, norepinephrine, epinephrine. Localization in the CNS, metabo-
lism, receptors and signal transduction, biological effects. Aminoacids as neuro-
transmitters: excitatory (glutamate, aspartate) and inhibitory (GABA, glycine). Lo-
calization in the CNS, metabolism, receptors and signal transduction, biological ef-
fects.

Topic 4.3. Neuromodulators

Neuropeptides. General overview and peculiarities of metabolism. Main
groups of neuropetides: tachykinins and substance P, opioid peptides, galanin, neu-
rotenzine, neuro-peptide Y. Their localization in the CNS, receptors and signal
transduction, biological effects. Fatty acid derivatives. Eicosanoids and anan-
damide. Their metabolism, receptors and signal transduction, biological effects. Pu-
rines and pyrimidines. Extracellular ATP and adenosine in cell-to-cell communi-
cation. Receptors to purines and pyrimidines, signal transduction, biological effects.
Gaseous neuromodulators: nitric (NO) and carbon (CO) monoxides, hydrogen sul-
fide (H,S). Peculiarities of their pharmacology. Localization of nitrergic neurons in
the CNS, metabolism of nitric monoxide, signal transduction, biological effects.

Part 5. DEVELOPMENT OF THE NERVOUS SYSTEM

Embryonic development of the brain and spinal cord. Germ layers and their
derivatives. Neural tube formation (cellular and molecular mechanisms). Differen-
tiation of the neural tube at anatomical (cerebral vesicles and bends), histological
and cytological levels. Synaptogenesis. Neural crest and its derivatives, pathways of
neural crest cell migration. Development of the sense organs. Neurogenesis in the
mature brain (adult neurogenesis). Aging of the nerve cells.

Pazaen 6. BRAIN INTEGRATIVE PROPERTIES

Topic 6.1. Volume transmission

Volume and wiring transmission concepts. Paracrine signaling. Types of sig-
nals. Acid-base balance (pH), temperature, reactive oxygen and reactive nitrogen
species (ROS and RNS) in volume transmission.



Topic 6.2. Neuronal networks

Different types of neuronal connection: convergence and divergence. The prin-
ciple of the “final common path” by Ch. Sherrington. Interrelation of divergence
and convergence. Integrative function of the neuron. Cellular organization of the
brain: hierarchical and diffuse systems. Inhibition in the nervous system. Central
pattern generators, their neuronal organization and operation principles. Evolution
of the reflex arc and the evolution of ideas about the reflex arc. Motor and sensory
systems in human brain: cortex areas (sensory, motor and associative) and their
functions, interhemispheric asymmetry.

Part 7. NEUROPHYSIOLOGICAL BASIS OF BEHAVIOUR

Reflexes and instincts. Imprinting. Associative (classical and operant condition-
ing) and non-associative (habituation and sensitization) learning. Cellular mecha-
nisms of memory formation and forgetting. Brain and behavior plasticity.



YUYEBHO-METOJJUYECKASI KAPTA YUEBHON JUCOUTLJIAHBI

JlHeBHas popma nojydeHust 0Opa3oBaHusl C TPUMEHEHUEM AUCTAHIIMOHHBIX 00PA30BATENBHBIX TEXHOIOTHI
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1 | INTRODUCTION 2
2 | NEUROMORPHOLOGY 4 Pemenue 3aga4 1 T€CTOB
(10) | Ha obpazoBaTenbHO MOp-
tane LMS Moodle
2.1 | Ultrastructure of neurons 2
2.2 | Structure and functions of glial cells 2 2
2.3 | Cell contacts and Electrical synapses 2 2
2.4 | Chemical synapses 2 2
3 | NEUROPHYSIOLOGY 4 TecToBble 3a1aHusA, pelue-
(J10) | Hue cUTyalMOHHBIX 3a1a4
Ha 00pa3oBaTeNbHON TOp-
tane LMS Moodle
3.1 | Neuronal membrane 2
3.2 | Electrical signals of the neurons 2
3.3 | Pre-synaptic mechanisms of neurotransmission 2
3.4 | Synaptic efficiency 2 2
4 | NEUROPHARMACOLOGY 2 2 TecToBble 3ananus, peue-
(J10) | Hue cUTyalMOHHBIX 33134
Ha oOpa3oBaTeIbHOH 1MOp-
tage LMS Moodle




4.1 | Receptors and intracellular signaling 2
4.2 | Neuromediators 2
4.3 | Neuromodulators 2
5 | DEVELOPMENT OF THE NERVOUS SYSTEM 2 2 TecToBble 3aaaHUs, pele-
(10) | Hue cuTyaunoOHHBIX 33134
Ha oOpa3oBaTeIbHOHN MOp-
taie LMS Moodle
6 | BRAIN INTEGRATIVE PROPERTIES
6.1 | Volume transmission 2
6.2 | Neuronal networks 2
7 | NEUROPHYSIOLOGICAL BASIS OF BEHAVIOUR 2
Total 24 18 12
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NH®OPMAUNOHHO-METOANYECKAA HACTb

MepeyeHb OCHOBHOI NUTEpaTypbl

1 From Neuron to Brain (5th Ed). By J.G. Nicholls, A.R. Martin, D.A.

Brown, M.E. Diamond, D.A. Weisblat, P.A. Fuchs // Sinauer Associates
Is an imprint of Oxford University Press, 2011. - 621 p.

. Neuroscience in the 21st Century: From Basic to Clinical. 2nd ed. / Edi-

tion by Donald W. Pfaff (Editor), Nora D. Volkow (Editor) Springer
New York, 2016. -4155 p. (selected chapters only)

. Kandel E R Principles of neural science / E. R. Kandel, J. H. Schwartz,

T. M. Jessel, S.A. Siegelbaum, A.J. Hudspeth. New York: McGraw-Hill
Education / Medical, 2012. - 1760 p.

. Hammond C. Cellular and Molecular Neurobiology / C. Hammond. Ac-

ademic Press, 2001. - 493 p.

. von Bohlen und Halbach O. Neurotransmitters and Neuromodulators /

O. von Bohlen und Halbach, R. Dermietzel. Darmstadt: Wiley-VCH
Verlag GmbH Weinheim, 2002. - 285 p.

NepeyeHb AONOMHUTENLHOW NUTepaTypbl
Alberts B Essential cell biology / B. Alberts, D. Bray, A. Johnson, J.
Lewis, M. Raff, K. Roberts, P. Walter. New York and London: Garland
Publishing Inc., 1998.-740 p.

. Hill, M UNSW Embryology / M. Hill // UNSW Embryology [Electron-

ic resource]. 2011. Mode of access:
http://php.med.unsw.edu.au/embryology Date of access: 15.09.2011.

. Hille B lonic channels of excitable membranes / B. Hille. Sunderland,

Mass.: Sinauer Assoc., 1992.-607 p.

. Neurotransmitters, Drugs and Brain Function / Ed. R.A. Webster.

Chichester: J. Wiley and Sons Ltd., 2001.- 520 p.

. Noback C R The Human Nervous System: Structure and Function /

Noback C. R., Ruggiero D. A., Demarest R. J., Strominger N. L. Hu-
mana Press, 2005.

. Sanes D. H Development of the Nervous System / D. H. Sanes, T. A.

Reh, W. A. Harris. Academic Press, 2005.

. Spacek, J. Atlas of Ultrastructural Neurocytology / J. Spacek // Atlas of

Ultrastructural Neurocytology [Electronic resource]. 2018. Mode of ac-
cess: http//synapseweb.clm.utexas.edu/atlas Date of access: 15.11.2018.

. Van De Graaff, K M Human Anatomy / K. M. Van De Graaff.

McGraw-Hill Companies, 2002.

Pecypcbl UHTEPHET

1 Federations of European Neuroscience Societies https://www.fens.org
2. Neuroscience Online https://nba.uth.tmc.edu/neuroscience
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International Brain Research Organization https://ibro.org
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Ilepeyennb peKOMEHAYEMbIX CPEICTB THATHOCTUKH U METOANKA
(popMupOBaHUSI HTOTOBOIi OLICHKH

B kauecTBe CpeACcTB TMArHOCTHKHM MPOBOJIMTCS KOHTPOJb YIPABIIEMOHR ca-
MOCTOSITEIBHON PaOOTHI B BUJIE PEIICHUS 3a/1a4 OTKPBITOIO U 3aKPBITOTO THIIA, CO-
OTBETCTBYIOLIMX BBIOPAHHOMY pa3ieiy Kypca. Takke mpeayCMOTPEHO MPOMEXKY-
TOYHOE TECTUPOBAHUE MO OTACIBHBIM TEMaM Y4€OHOM TUCIUTUINHBL.

Hrorosas oneHka (GOPpMUPYETCS HA OCHOBE OLICHKHM TEKYLIEH YCIIEBAEMOCTH
(c BecoBbIM KO3 PuumenTom 0,3) U S3K3aMEHALMOHHON OLEHKHU (C BECOBBIM KO3 (-
¢ummentom 0,7). OueHka TEKylIel yCneBaeMOCTH CKJIABIBACTCS W3 CIIEIYFOIIAX
COCTaBJISFOLIUX:

- oT™MeTKa 1o 3aaanuto YCP (pazaenst 2-5) — 20 %,

- OLICHKA pa00Thl HA MPAKTHYECKUX 3aHATHAX — 40 %o,

- MPOMEXKYTOYHOE TeCTUpOoBaHue (cpeanuit 6amr) — 40 %.

CTyneHT nonycKaeTes K SK3aMEHY MPH YCIIOBUHU TIOJIOKUTENBHOH (HE MeHee 4
OaJIJIOB) OLEHKM TEKYIIEH YCIEBACMOCTH.

IIpuMepHBIii nepevyeHs 3aJaHuil A1 YIPaBJIsgeMoii CaMOCTOATEIbLHOM
padoThI 00Yy4AKIIHNXCH

Pazpnen 2. CTtpykTrypHasi opranusanusi HepBHOW TKaHH (4 4.)

Pemmmthk npeiosKeHHbIH MEpevYeHb MPAKTUKO-OPHEHTUPOBAHHBIX CHUTYALlMOH-
HBIX 337a4. OTBETUTH HA BOMPOCHI B TECTOBOH (opME.

dopma KOHTPOJIS — PEIIEHUS 3aJaHui, TPEICTABICHHBIE HA 00Pa30BaTEIBHOM
nopraiie LMS Moodle.

Pazpnen 3. ®u3n0/10rusi HEPBHBIX KJIETOK H CHHANCOB (4 4.)

Pewmmth npemioKeHHbIA NMEPEYEHb NMPAKTUKO-OPUEHTUPOBAHHBIX CUTYal[MOH-
HBIX 3a7a4. OTBETUTh HA BOMPOCHI B TECTOBOH (OopME.

dopma KOHTPOJIS — PEIIEHUS 3alaHui, TPEACTABICHHBIE HA 00pa30BaTEIbHOM
nopraiie LMS Moodle.

Paznen 4. CurnajibHble MEXaHHU3MbI JCHCTBHS BELECTB (2 4.)

Pemmmth npeiosKeHHbIH MEpeUYeHb MPAKTUKO-OPHEHTUPOBAHHBIX CUTYALMOH-
HBIX 3a7a4. OTBETUTH HA BOMPOCHI B TECTOBOH (OopME.

dopma KOHTPOJIS — PEIIEHUS 3alaHui, TPEACTABICHHBIE HA 00pa30BaTEIbHOM
nopraiie LMS Moodle.

Paspnen S. PazBuTHe HepBHOI cucTeMbl (2 4.)

Pewmmth npemioKeHHbIA MEPEYEHb NMPAKTUKO-OPUEHTUPOBAHHBIX CUTYal[MOH-
HBIX 3a7a4. OTBETUTH HA BOMPOCHI B TECTOBOH (OopME.

dopma KOHTPOJIS — PEIIEHUS 3alaHui, TPEACTABICHHBIE HA 00Pa30BaTEIbHOM
nopraiie LMS Moodle.
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IIpumepHas TeMATHKA NPAKTUYECKHX 3aHATHIH
(2 yaca kaxnoe)

[TpaxkTrueckoe 3ansatre Ne 1. BO3HUKHOBEHUE U SBOJIOLMS HEPBHOW CUCTEMBI.
[TpaxkTrueckoe 3ansatue Ne 2. [Ipenaparsl HEPBHOM TKaHH.
[TpakTrueckoe 3ansatue Ne 3. [lepenaya CUTHAIIOB B BNEKTPUYECKUX CHHAICAX.
[TpakTryeckoe 3anarue Ne 4. Mop¢onorusi XaMUUYECKUX CHHAIICOB.
[Tpaktrueckoe 3ansaTue Ne 5. dopmupoBaHre MEMOPaHHOTO MOTECHIINAIA.
[TpakTrueckoe 3ansaTre Ne 6. DIEKTPUUECKUE CUTHAIBI HEPBHBIX KJIETOK.
IIpakTiyeckoe 3ansaTue Ne 7. @apMakoIOrus CHHAIITHYECKON TIEPEaayH.
[TpaxkTrueckoe 3ansatre Ne 8. Moy iauus CHHANTHYECKON MEPEIAYH.
[TpaxkTrueckoe 3ansatre Ne 9. LleHTpanbHble r€eHEPATOPBl pUTMA.

Onucanue HHHOBALMOHHBIX MOJX00B K MPEN0AaBaHUI0
Y4eOHOW TUCUMILTHHBI

[Tpn opranuzanuu 00pa30BATENBHOIO IMPOLIECCA MCMOJIB3YETCS MPAKTHKO-
OPUEHTHPOBAHHBIN MOIXO, KOTOPbII MPEAONIAracT:

- OCBOCHHE COJACpKaHUE 00pa30BaHMs Yepe3 PEIIEHUS MPAKTHYECKUX 3a/1aY,;

- MMPUOOPETEHUE HABBIKOB 3(PPEKTUBHOTO BBIMTOJHEHUS PA3HBIX BUAOB MPO-
(heCcCUOHAIBHOMN JEATENBHOCTH,

- OPUCHTALIMIO HA TEHEPUPOBAHKE HJICH, PEATU3aliIO IPYNIOBBIX CTyACHYE-
CKMX MPOEKTOB, PA3BUTHE NMPEANPUHUMATEILCKON KYJIBTYPHI,

- ACTOJIb30BAHUIO MPOIIEAYP, CTOCOO0OB OLICHUBAHUS, PUKCUPYIOINX cop-
MUPOBAHHOCTH MPO(PECCHOHAIBHBIX KOMIETEHIIHIA.

[Tpu opranuzanmm 0O0pPa30BATEIBHOTO MPOLECCA TAKKE MCHOJB3YIOTCS Me-
TOJbI U TPUEMBI PA3BUTUSI KPUTUUYECKOTO MBILUICHHUS, KOTOPBIE TPEACTABISIOT CO-
0ol cucTteMy, (OPMUPYIONIYIO HaBLIKKM PadOThl ¢ HH(POPMAILUECH B MPOIIECCE UTE-
HUS ¥ IUCbMA;, MOHUMaHUKM HHPOPMALMK KaK OTIPABHOTO, & HE KOHEYHOrO MyHKTa
KPUTHYECKOTO MBILIJICHHMSI.

MeTtoanyeckue peKOMEHIALUH 110 OPraHU3aluu
CAMOCTOSITE/ILHOI PadoThl 00yYAKOIIUXCH

[Tpn n3yueHn y4eOHOM TUCLMIUIMHBI PEKOMEHIYETCS KCHOJB30BaTh Clie-
ayromue GopMbl CaMOCTOSATENBHON PAOOTHI:

— moucK (moadop) v 0030p JIUTEPATYPHI U FJCKTPOHHBIX UCTOYHUKOB MO MH-
JUBUAYAIBHO 3aJaHHON TpoOaemMe yueOHON JUCHUTIIINHBL,

— MOJATrOTOBKA K TPAKTHYECKAM 3aHSTHSIM;

— MOJrOTOBKA M HAMMCAaHUE PedepaToB, TOKIAI0B, 3CCE M MPE3CHTALNI HA
3a/IaHHBIC TEMBI,

— MOJTrOTOBKA K K3aMEHY.

ITpn cocraBnennn 3amanuiit YCP 1o y4eOHOW OUCHMIUIMHE HEOOXOAMMO
NPEIyCMOTPETh BO3PACTAHUE WX CIIOKHOCTH: OT 3aJaHHid, (POPMUPYIOIMX T0CTa-
TOYHBIC 3HAHWS MO W3YYCHHOMY y4e€OHOMY MAare€pually Ha YPOBHE Y3HABAHWS, K
3amaHusM, (POPMUPYIOIIMM KOMIIETEHIMK HA YPOBHE BOCIPOM3BEACHMS, U AAJIEe K
3a1aHusaM, (POPMUPYIOIIMM KOMIIETEHIMH HA YPOBHE NMPUMEHEHUS IOJIY4YCHHBIX
3HAHUH.
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Tembl pepepaTuBHBIX paboT U Npe3eHTANM I

1. Posib akCOHHOIO TpaHCHOPTA B peann3anuu QyHKIUA HeWpoHa.

2. JleHApWTHBIC MIKWKK U UX TPWKU3HEHHAS TUHAMUKA.

3. CpaBHHTEIbHAS XAPAKTEPUCTUKA IIETEBBIX COCIMHEHWI MO3BOHOYHBIX W
0€CrO3BOHOYHBIX.

4. MonekynspHas OpraHu3anust aKTUBHOM 30HbI CHHAICA.

5. TpéxmepHas opraHuzalys IPOCTPAHCTBA CHHAIITHYECKOI IIEIIH.

6. IlocTcuHanTryeckas MIIOTHOCTh U OCOOCHHOCTH €€ OpraHu3alliyd B CHHAI-
cax Pa3HbIX THIOB.

7. IloTeHIMATYyBCTBUTEIBHBIC KAHATIBI MEMOPAHBI HEPBHBIX KJIETOK.

8. Meronnka JOKabHOM QUKCAlMKM MOTEHIMANIA U €€ TPUMEHEHUE B HEMPO-
(PU3NOTOTUYECKUX UCCIIETOBAHUSX.

9. HexBaHTOBas CEKpeLUsl HEHPOMEUATOPA.

10. VYapTpacTpyKTypHas OpraHu3anus NOCTCHHANTHYECKON 00IacTy.

11. DnexTpuyeckue CHHAIIChl U UX POJIb B HEHPOHHOM MHTErPaLysl.

12. KiieTouHble ¥ MOJIEKYJISIPHBIE OCHOBBI JOJTOBPEMEHHBIX W3MCHEHUH CH-
HaIITHYCHCKOM ITepeIavn.

13. buonoruueckue 3(PpPeKThl aleTHIXOINHA.

14. Buonoruueckue 3(pPeKThl CEPOTOHMHA.

15. buonoruueckue 3¢gpdexTsr odpamMuHa.

16. buonornueckue 3¢gpdexter 'TAMK.

17. buonornveckue 3PpPeKThl NIMLIUHA.

18. buonorunveckue 3pPekTrl riTyTamara.

19. buonorunueckue 3pPeKThl OMMOUAHBIX ENTUAOB.

20. buomornyeckue 3QPEeKTh IypPUHOB.

21. buomornyeckue 3gdexTel MOHOOKCH A a30Ta (NO).

22. buonoruyeckue 3¢pPexTrl razoo0pazHbix Heiipomoayasitopos (CO u H,S).

23. DBONIOLHMS CUHANTHYCCKON NEPEaaun.

24. CrapeHue HERPOHOB U CUHAIICOB.

25. MoaenbHble 00BEKTHI HEUPOOUOJIOTHH.

IIpumepHBbIii nepeYeHb BONPOCOB K IK3aMEHY

1. TloHsATHE O MEKKIETOYHOH KOMMYHWKALIMWA. OCHOBHBIC IPUHLUIIBL U THUIIBI
B3aUMOJCHCTBUN MEXAY KIIETKAMHU.

2. KBaHTOBBI XapakTep BHICBOOOXKACHHAS MEIUATOPA.

3. OcoOEHHOCTH MapaKPUHHOTO NCHCTBUSI CUTHAJIBHBIX MOJIEKYH. THITBI MEXK-
KJIETOYHBIX CUTHAJIOB.

4. DOBOMIOLMS MEKKIETOUYHOW KOMMYHUKAUMU. ['MIOTE3a MOJUIEeHE3a HEPB-
HOM TKaHH.

5. Pacuer KBaHTOBOI'O BbIX0Ja M COCOOBI €10 OUEHKU. D(PPEKTUBHOCTD CH-
Harica.

6. Kierounas opraHu3anyisi MO3ra M €ro OCHOBHBIE CHCTEMBbI. HepapXuvecKas

u quddy3Hasl.
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7. KoHTakThl, 00€CHEUYHMBAIOMIME TEPMETH3ALMIO OTCEKOB MEXKKIETOYHOTO
IIPOCTPAHCTBA U MEXAHMYECKOE €IMHCTBO TKaHEH. X cTpoeHne u pacnpocTpane-
HUE B OPraHU3Me.

8.  Mopdonornuecknue KOppenasiThl KBAHTOBOTO BbIXOAA W BE3UKYJIIPHAS THIIO-
TE€3a BBICBOOOXKIICHUSI MEAUATOPA.

9. KucnotrHo-ocHOBHOE paBHOBecue (pH) u Temneparypa kak (pakTopbl 00b-
EMHOM Mepeaun CUTHAIA.

10. Crpoenue u PyHKIMOHAIbHBIE OCOOEHHOCTH IIETIEBBIX KOHTAKTHI.

11. benku meneBbIX KOHTAKTOB: MEMOPaHHAs TOIMOJIOTHS M CTPYKTYpa T'eHa.

12. MonekynspHble OCHOBBI BbIIICNIeHAs Meanaropa: SNARE rumnoresa.

13. AUeTMIXOJIMHEPruYecKas CUCTEMA: JIOKAIM3alus B OpraHu3mMe U metabo-
JIU3M.

14. CtpykTypHO-QyHKIHOHAIbHAS OPraHA3alMs CHHAINCOB 1-T0 (accuMeTpHy-
HBIC) U 2-TO (CHMMETPHYHBIC ) THIIOB.

15. [IunukoBslii annapat, MOPQOIOTUS ACHAPUTHBIX LIMITHKOB.

16. CuHanTHYECKHE NMOTEHLIMAIIBI, CBSI3aHHBIE C YBEIIMUYEHUEM MPOBOAMMOCTH
MeMOpaHbl. MOHHBIE MEXAHNU3MBI MX OMOCPEYIOLINE.

17. AueTuixonMHEepruyecKas CUCTEMA: PELUENTOPbI, IEPEAYa CUTHAIA BHYTPb
KJIETKH, OMOJIOTUYECKUE SPPEKTHI.

18. CuHarCHl ¢ 3JIEKTPO-XUMUUECKUM MEXAHU3MOM NIEPENAYM CUTHAJIA.

19. CuHanTU4YECKHE MOTEHIMAIBL, CBI3AHHBIE C YMEHBLICHUEM ITPOBOAMMOCTH
MEMOpaHBHI.

20. I'mcraMuHEpruyecKkas CUCTEMA: JIOKATU3ALU B OPraHu3Me U METAO0JIH3M.

21. V30uparenbHblii MEPEHOC BEIIECTB 4Yepe3 iazMosieMMmy. benku nepeHoc-
YUKH U KaHAJIbHBIEC OEITKH.

22. Pa3BUTHE HEPBHOM CUCTEMBI HA QHATOMUYECKON YPOBHE.

23. I'ucrtaMHHEPruYecKass CUCTEMA: PELENTOPBI, MepeJaya CUTHAJa BHYTPb
KJIETKH, OMOJIOTUYECKUE SPPEKTHI.

24. OyHKUMOHIIbHAS KIACCU(PUKALMS HEPBHBIX KIIETOK.

25. CTpykTypHas Knaccu(puKaus HEPBHBIX KIIETOK.

26. IlepeHoc MOCPEACTBOM TPAHCHOPTHBIX OETKOB: YHUIOPT, CUMIIOPT, aHTH-
MOPT.

27. KieTku mmu: acTpouuThl U MX (PyHKIMOHATIBHAS POJIb.

28. CepOTOHMHEPIUYECKass CUCTEMA. JIOKAIM3alKs B OPraHM3Me W MeTado-
JIU3M.

29. Pa3BuTHE HEPBHOM CUCTEMBI YETIOBEKA HA TUCTOJIOTHYECKOM YPOBHE.

30. Baxwueiiiiie MemOpaHHBIE TpaHCmopTepsl kietku: Na*/Ca**, Na'/H',
Na'/Cl ~ 0OMEHHUKH U JPYTHE.

31. DnekTpoxuMudecKue (CMEIIaHHbIC) CUHANCHL. B0o30y»maromme u TopMo3-
HBIE SJIEKTPOXUMHUYECKUE CUHATICHI.

32. T'emaroaniiedanyeckuii Oapbep U €ro (PU3NOJOTHUECKOE 3HAUCHUE.

33. CepOTOHMHEPIAYECKAs CHCTEMA: PELENTOPBI, MEpeJaya CUrHajga BHYTPb
KJIETKH, OMOJIOTHYECKUE SPPEKTHI.

34. Pabounii UK 1 BeIMONTHsIEMbIE yHKIMH Na-K ' -AT®da3kl.
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35. KparkoBpeMEHHBIE M3MEHEHUS B CHHAICAX: CHHANITUYECKOE O0JIETUEHHE,
JENPECCHS] U YCUIIEHUE, TIOCTTETAHUYECKAs MOTEHIMALM. MEXaHU3Mbl UX pealiu-
3aLuu.

36. CTpyKTypHas OpraHu3anus MHETUHOBOH 0OOJIOUKH.

37. Knaccu(ukanusi HEPBHBIX BOJIOKOH.

38. JlodpamuHepruueckas CUCTEMA: JIOKAIN3ausl B OPraHu3Me U META00IHU3M.

39. Knaccu(ukanuysi FOHHBIX KAHAJIOB TIA3MOJIEMMBIL.

40. JIoNrOBpEMEHHBIE U3MEHEHUS B CMHANCAX: JOJITOBPEMEHHAS MMOTEHLIMALAS
u aenpeccus. MONeKyJISpHbIE MEXAHU3MBI, OTIOCPEAYIOIIUE UX TPOTEKAHUE.

41. JlodpamuHepruueckas CHCTEMA. PEUENTOPBI, NEPelada CHrHaJla BHYTPb
KJIETKH, OMOJIOTUYECKUE IPPEKTHI.

42. He#porenes B 3pejioM MO3TE.

43. YnbTpacTpyKTypHas OpPraHu3aiysi CHHANTUYECKOHN LICIIH.

44. HarpueBble KaHAJIbI BO30YAMMBIX MEMOPAH: WX MOIATHIIBI, MOJIEKYJIIPHAS,
OpraHu3alys, peryysanus padboTsl.

45. Tlytn nepegaun cUrHasia yepe3 MeMOpaHy KIETKH.

46. HopagpeHaIMH U aJpEHAIMHEPIMYECKUE CUCTEMBL. JIOKAJIM3ALMs B B Opra-
HU3ME U METAOOITU3M.

47. KanueBble KaHalbl BO30YIMMBIX MEMOpaH: WX MOATHIIBL, MOJECKYJSpHas
OpraHu3alys, peryysnus padoThl.

48. TuposuH-kuHa3HbIE penenTopel. KackamHoe ¢ochopunupoBaHue mpoTe-
WHKWHA3.

49. HopagpeHaIMH ¥ aJpEHAIMHEPIMYECKUE CHCTEMBI. PELIETITOPHI, Mepeaada
CUTHaJIa BHYTPb KJIETKHA, OMONOrHYecKre 3(P(PEKTHI.

50. Kanpuuesbie KaHaabl BO30YIUMBIX MEMOpaH: WX MOATHIIBI, MOJICKYJISTPHAS
OpraHu3alMs, peryysanus padboTsl.

51. Penentopsl, cBsa3annbie ¢ G Oenkamu. Mx monekymspHas cTpyktypa. [1o-
HATHE O METAOOTPOMHBIX PEUENTOPAX.

52. Bo3Oyxparomue aMHHOKWCIIOTHL JIOKAJIM3alys B OpraHu3Me u metalbo-
JIU3M.

53. Cucrema G 0€aKOB, UX CYOBEIMHUYHOE CTPOCHUE U MEXAHU3M aKTHUBALIVH.
Knaccudukanus G 0enkos.

54. CunanToreHes3 u 00pa3oBaHUE CBA3EH MEX Ty HEHPOHAMH B OHTOTCHE3E.

55. Bo3Oykparompie aMUHOKHCIIOTHL: PELETITOPBI, Mepeaya CUTHAIA BHYTPb
KJIETKH, OMOJIOTUYECKUE SPPEKTHI.

56. MeMOpaHHBIM MOTEHIMAN U CIIOCOOBI €r0 U3MEPEHUE. MUKPORJICKTPO THAS
TEXHUKA.

57. AneHMNATUMKIIA3HAs CUCTEMA BTOPUYHBIX BHYTPUKIIETOYHBIX MTOCPEIHHU-
KOB.

58. 'AMKeprudeckas cuctema: JJOKaau3anus B OpraHu3Me U METaO00IU3M.

59. Dnexrpudueckue cBoiicTBa MeMOpaHbl. COMPOTHUBIIEHUE H EMKOCTb.

60. ®ocdonunaza C u nHO3MTON(DOCHATHAS CHCTEMA BTOPUYHBIX BHYTPHUKIIC-
TOYHBIX MOCPEAHUKOB.

61. '’AMKepruueckas CHCTEMA. PEUENTOPHI, MEPeAaYa CUTHAIA BHYTPb KIICT-
Kd, Ononorndeckue 3(PHeKThI.
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62. BonpT-aMrepHas XapakTepUCTHKAa MEMOPAHBL 3aJ€P’KAHHOC M aHOMaJlb-
HOE BBINIPSMIICHUE.

63. CBOOOAHBII KanbLMii KaK BTOPAYHBINA MOCPEAHUK. Kabluii cBA3bIBAOIIME
Oenxu.

64. 'muumHepruyeckas CUCTeMa: JOKATM3ALKs B OPraHu3Me U METa00TU3M.

65. IlocTossHHAs BpEMEHU U JUIMHBI MEMOPaHBI.

66. OO1as xapakTepucThKa perentopoB. Kpupas «mo3a-3gpQpext».

67. I'miuuHepruyeckas CuCTeMa: PELENTOPLL, Nepeaaya CUrHajia BHYTPb KIET-
KH, OMOJIOTHYECKUE YP(DEKTHI.

68. IlacCMBHOE M AKTUBHOE PACIIPOCTPAHEHHUE TOKA IO HEPBHOMY BOJIOKHY.

69. IIpernmyliecTBa aKTUBHOTO PACIIPOCTPAHEHHSI.

70. ATOHHCTHI (TOJHBIE U HEMOJIHBIE) U AHTATOHKUCTHI (KOHKYPEHTHBIE U HEOO-
pPaTUMBIE).

71. KOHTpONb ABUTATENBHON AKTUBHOCTH Y YEIOBEKA.

72. XAMHAYECKUH U (PU3NOJIOTUYECKUI AaHTArOHU3M.

73. OO1mas xapakTepUCTUKA U OCOOEHHOCTH MeTa00IM3Ma HERPOTICTITHIOB.

74. BpemeHHas ¥ TPOCTPAHCTBEHHASI CYMMALIHS.

75. DKCHEPUMEHTAIBHBIE METOJIBI, UCIOIB3YEMBIE MTPU HUCCIEAOBAHUN (YHK-
Uil CUTHAJBHBIX MOJICKYJ. METOJAbl OMOaHANIM3a, U3YUYCHHUS MOBEICHUS >KUBOT-
HBIX.

76. LleHTpanbHBIE TEHEPATOPHI PUTMA.

77. Cucrema OBICTPOrO W MEUICHHOTO aKCOHHOTO TPAHCIOPTa, €ro MOJICKY-
JIAPHBIE MEXAHU3MBI.

78. HeillpoHHBIE CETH MO3KEUKA YET0BEKA.

79. PazButue U BpeMEHHAs IMHAMMKA IOTEHIMAIA ACHCTBUSI.

80. KonuuecTBeHHbIE METONBI B HEHpoduanonorun: apuHHass U BHICOKOI (-
(peKTUBHAS KMIKOCTHAs! XpoMarorpadusi.

81. OcHOBHBIEC OMOJIOTMYECKHN 3HAUAMBIE TPYNITBI HEHPOMIENTHAOB. OMUOUIHBIE
MENTUIBL.

82. PednexropHas ayra u €€ 3BOTIOLUOHHBIE H3MEHEHUS.

83. Jlokanu3auus B OpraHu3Me, peLenTopsl, EPEaada CUrHaia BHYTPb KIIETKH,
ounonornueckue 3PHEKThI.

84. AccoumaruBHbIE (POPMBI TOBEACHUS KUBOTHBIX.

85. PacnpocTpanenue noTeHurana ASMCTBUS 110 HEPBHOMY BOJIOKHY .

86. DYHKIMOHUPOBAHUE KIIETOK HA MOJIEKYJIIpHOM ypoBHe: FRET, peHTreno-
CTPYKTYPHBINA aHanu3, OMOMH(POPMALIMOHHBIE METOIBI.

87. OCHOBHBIC OMOJIOTMYECKH 3HAUYMMBIC TPYIIBI HEHPONENTHAOB. TATAHMH,
HEHPOTEH3UH, HerponenTr Y. JIokamm3anus B OpraHu3Me, peLenTopsl, nepeaaya
CUTHaJIa BHYTPb KJIETKHA, OMONOrndecKkue 3QHEKTHI.

88. MoHHBIE TOKM PH MOTEHUMATIE AEHCTBUS, X TUHAMMKA U CIOCOOBI pasje-
JICHUSL.

89. Kpurepun nacHTu(prUKaLnu HEHPOMEINATOPOB.

90. Diiko3aHou bl M aHaHaMu[. Jlokanu3zanus B Opranu3mMe, MeTadoiu3Mm, pe-
LENTOPBL, Epeaya CUTHAJIA BHYTPb KJIETKH, OMOJOTrH4ecKue 3P PEKTHI.

91. DkcnepuMeHTaANIbHAS POBEPKA MOHHOM TMIOTE3bl XOHKKMHA- XAKCIIH.
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92. OTnuuuTEIBHBIE 0COOCHHOCTH HEHPOMOAYJISITOPOB.

93. BHekierounble AT® U aACHO3MH: PELENTOPBl K IMypPHUHAM U NMHPUMHUIU-
HaM, TIEpe/iava CUTHAIa BHYTPb KJIETKU, OMOJOrHYeCKue 3(PQPEKTHI.

94. HeaccoumnaruBHble (POPMBI MOBEACHHS )KUBOTHBIX.

95. MoHHBIE TOKH 4Y€pe€3 OJIMHOYHBIC KaHaibl. MeToJ JOKaJbHOW (puKcanuu
noteHuana (patch clamp) u ero mogudukaiuu.

96. Knaccudukaiiys HEiipoMeIMaTopoB U HEHPOMOYJIITOPOB.

97. T'a3000pa3HbIE HEHPOMOAYJIATOPBI: MOHOOKCHIBI a3oTa (NO): nokanu3a-
nusit HUTpepruueckux HeliponoB B LIHC, mertabomm3m NO, nepenava curHaia
BHYTPb KJIETKH, OUOJIOTHYECKUE IPPEKTHI.

98. BricBOOOXKACHHS HEWpoMenuaTtopa OpH JAcnojisspu3anmu. Poiib MOHOB
KaJIbLHSI.

99. KoHuenuust 0OEMHON M MPOBOIHUKOBOM Mepeaaun CUrHasia.

100.I"a3000pazHbie HEHPOMOIYIATOPBI: MOHOOKCHA yriepoaa (CO), cyabdua
Boaopoaa (H,S). OcobeHHoCTH MX IEHCTBUS.
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MPOTOKO.I COIJIACOBAHHS YYEBHOI ITPOT'PAMMBI YBO

Ha3panue yueOnoli | Hazanue [Ipennoxenus Pemenue, npunsaroe
JVCLIUATITTAHBIL, Kadenpsl 00 U3MEHEHUSIX B kadenpoi, pazpado-
C KOTOpO# CoJEp)KaHuu yueO- | TaBIel yueOHyro mpo-
TpeOyeTcst coranaco- HOM MpOorpaMmsl rpaMMy (C yKa3aHueM
BaHUE VUPEKIACHUS BbIC- JAThl U
1Iero HOMEpA MPOTOKOJIA)
oOpa3oBaHHusl 1O
y4eOHOH AUCIIU-
TUIMHE
Krnerounas 6uono- | Knerounoi H3meHnenus YTBEPAUTH
TUst OMOJIOTHN U HE TPeOyIoTCS COTJIACOBAHUE
OMOWHKEHEPU U 0€e3 BHECEHHS
pacTeHuit W3MEHEHWU,
mpoToKos Ne 22
oT 24 wrons 2019 1.
[Tpaktukym no kne- | Knerounoi HNsmenenus YTBEpaUTH
TOYHON U MOJIEKY- OHONOTHH U HE TPeOYIOTCS COIJIaCOBaHUE
JISIPHOM OMOJIOTHH OMOMH)KCHEPU U 0€3 BHECCHUS
pacTeHuit M3MEHEHWU,
I'enernkun npoTokon Ne 22
Moutekynsip- oT 24 wrons 2019 1.

HOI OMOJIOTHH
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JOIOJIHEHUSA 1 I/BMEUHEHI/ISI K Y‘IEBHOﬁ IMPOI'PAMME I1O
N3YYAEMOU YUYEBHOU JUCHUIIJIMHE
Ha / y4eOHBIH TOJ

No JIOTIOJIHEHUS U U3MEHECHUS OcHOBaHMWE
n/m

VY4eOHasi mporpaMmMa NepecMOTPEHa U 0100peHA Ha 3aceiaHuu KaQeapbl
(mpotokos No oT 201 1)

3aBenyroumii kadeapoi

YTBEPXIAIO
JlekaH ¢axynpTeTra
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