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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
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Micqesnaxo,zm(emm: ByJ1. boromosnbLg, 4, M. Kuis, Kuis, 01024, Ykpaina
dopma BaacHOCTI:
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOHU: Mixnapoznuuii LleHTp mosekyspHoi diziosnorii HarjionansHoi
Axagnemii Hayk Ykpainu
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Micue3HaxoayKeHH: 01024, Ykpaina, m. KuiB, ByJs1. boromossLs, 4
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PYyOPHK: 34.17.35

Tema guceprauii:
1. CTpykTypo3anexHi 0cobIMBOCTi IPOCTOPOBO-4aCOBOi KAPTUHM aBTOPUTMIYHOI aKTUBHOCTI HEIPOHIB

2. Structure-dependent features of the spatial-temporal patterns of autorythmical activity of neurons

Pedepar:

1. ocnipkeHi MogesbHi HEPOHU Pi3HUX TUIIB (IMpaMifHi HEIIPOHU HEOKOPTEKCY, HelpoHu [TypkiH'e MO30UKa,
MOTOHEMPOHU CTOBOYpa roJIOBHOTO MO3KY i CIMHHOTO MO3KY) 3 aKTUBHUMU BJIACTUBOCTSMU JE€HAPUTHOI MEMOpaHU
i CKJIa[IHOIO TEOMETPI€I0 NEHIPUTHUX PO3TaJIYy>KEHB, K IIPUPOSHUX, OTPUMAHUX B PE3YJIbTATi KOMIT'IOTEPHO]
PEKOHCTPYKUii IPMKUTTEBO 3a6apBIEHUX KIIITHH, TaK i MOIU(PIKOBAaHUX METOOM BipTyabHOI AUCEKIIii OKpEMUX
CTPYKTYPHUX €JIEMEHTIB [1J11 KOHKpETU3allii (PYHKLIOHAJIbHOI POJIi OCTaHHiIX. Briepie po3kpuri 6io¢iznyHi
MexaHi3MH, 110 BU3HAYAIOTh FreHepallilo Pi3HOMaHITHUX BJIACHUX NATE€PHIB BUXiTHUX CUTHAJIB, SIK IPOCTUX, TaK i
CKJIaJIHUX, BKJIIOYAIOYM CTOXACTUYHI, y HEMPOHAX 3 JEeHJPUTAMU, 10 MAIOTh CKJIAAHY METPUYHO aCUMETPUYHY
reOMETPIIO Tayy)KE€HHS i HeJIiHiMHI eJIeKTpUYHi MEMOPaHHI BJIaCTMBOCTI. Briepie BUsIBieHA TOHKA OpraHisallis
€JIEKTPUYHUX CTaHiB 30y[JIMBUX MEMOpPaH - [I0Ka3aHa MOXKJIMBICTb iCHYBaHHSI B HUX MHOKMHHUX CTaHIB 30y)KEHHS,

KOTpi BiAPi3HSIOTHCS PiBHSIMU, YaCOM BUHUKHEHHS i TPUBAJIICTIO MEMOPAHHOI IenoIsipr3allii, 110 Ma€ TEeHAEHIIi0



IO CaMOIIiITPMMaHHs. Briepie BCTaHOBJIEHO, 10 HEMPOHAM Pi3HMX THUIIIB, iCTOTHO BiIMiHHUM 3a CTPYKTYPOIO i
MeMOpaHHUMMU BJIACTUBOCTSIMU JEHIPUTIB, IPUTaMaHHI 3arajibHi 3aKOHOMIPHOCTI 3B'$13KY MK CKJIQIHICTIO i
PETyJISIPHICTIO YaCOBOTO [IaTePHY Ha BUXOJ € KJITKH, & TAKOXK IHTEHCHUBHICTIO TOHIYHOI'O CUHAIITUYHOIO 30y/I>KEHHS,
OJHOPIAHO PO3MNOAINIEHOTO 110 IeHAPUTAM. 3araJIbHUMHU € TeHepalis IIPOCTUX NEPIOJNYHUX IMITYJIbCHUX NTATEPHIB
HU3bKOI 260 BUCOKOI YaCTOTH IPH, Bif[IOBiIHO, HU3bKill 260 BUCOKIM iHTEHCUBHOCTI 30yIpKEHHS, i TeHeparlis
CKJIaJHUX MePiOAUYHUX a00 CTOXaCTUYHUX NIATEPHIB NpY iHTEHCUBHOCTI 30y )KEHHS! Y IEBHOMY IIPOMIKHOMY
IianazoHi. OCO6JIMBICTIO € 3aJ1€XKHICTh OCTAHHBOTO BiJl PO3MipiB J€HPUTHOTO PO3Tajy>KEHHS: BEJIMKOPO3MIDHUM
PpO3rasyKeHHSM IMPUTaMaHHi MEHIIi IHTEHCUBHOCTI LIbOTO XapaKTEPUCTUYHOrO Niana3oHy. Briepiie Bu3HadeHi
KOHKPETHI poJIi po3Mipy, METPUYHOI aCUMETPIi i CKIIaIHOCTi AE€HIPUTHOTO PO3TaTy>KEHHS, @ TAKOXX KIHETUYHUX
BJIACTMBOCTE! IOHHUX KaHAaJIiB, [0 HACEJISIIOTh AEHAPUTHY MeEMOpaHy, y GOpPMYyBaHHI OCOOJIMBOCTEN IIPOCTOPOBO-

4YaCOBUX IIATEPHIB BJIACHOI €JIEKTPUYHOI aKTUBHOCTI HEMPOHIB Pi3HUX TUIIIB.

2. Thesis is devoted to the study of the biophysical mechanisms and laws that determine the influence of geometry
and active membrane properties of dendrites on formation of intrinsic complex patterns of electrical activity of
neurons. Investigations were performed on model neurons of different types (neocortical pyramidal neurons,
cerebellar Purkinje neurons, motor neurons of the brain stem and spinal cord) with active properties of the
dendritic membrane and complex geometry of dendritic arborizations, both natural, derived from computer
reconstruction of in vivo stained cells, and modified by the virtual dissection of individual structural elements in
order to specify the functional roles of the latter. For the first time we disclosed the biophysical mechanisms
determining the generation of a variety of both simple and complex, including stochastic, intrinsic patterns of
output signals in neurons with the dendrites having complex metrically asymmetrical branching geometry and
nonlinear electrical membrane properties. For the first time subtle organization of the electrical states of excitable
membranes was revealed as the possibility of the existence of multiple excitation states, which differ in levels, time
of occurrence and life-time of the membrane depolarization, which tends to self-maintaining. It was for the first
time established that neurons of different types, which significantly differ in structure and membrane properties
of their dendrites, share common laws of links between the complexity and regularity of the temporal pattern at
the cell output and the intensity of tonic synaptic excitation, uniformly distributed along the dendrites. Common
are the generation of simple periodical pulse patterns of low or high frequency at, respectively, low or high
excitation intensity, and the generation of complex periodical or stochastic patterns at excitation intensity in a
certain intermediate range. The feature is the dependence of the latter on the size of the dendritic branching: the
larger arborization the smaller intensities in this characteristic range. For the first time we determined the specific
roles of the size, complexity, and metrical asymmetry of the dendritic branching as well as kinetic properties of ion
channels populating the dendritic membrane in the formfion of the features of spatial-temporal patterns of
intrinsic electrical activity of neurons of different types.
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