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AMHAMIYHA CTPYKTYPA I HEAIHIMHI BAACTMBOCTI HEMPOHIB

Y poboTi po3risnaTbes IMHAMIYHI BJIACTUBOCTI HEMPOHIB i3 TPHhOX PI3HUX MO3UILIN.
3 morIsgay eKCIepuMEeHTaIbHOI (i3iosiorii HeiipoHa i HEHPOHHMX CHCTEM OCOOIMBO
BaXKJIMBi CTATUCTUYHI XapaKTEPUCTUKHU KJIITUHHUX peakliliii, MpUYOMY He TiJIbKU cepeaHi
3HAUEHHS PiBHIB 30yIKEHHSs, HATIPUKJIAM, CEPeIH] YaCTOTU PO3pPsIIiB, ajie i BiAMOBiAHI
MOMEHTM CTaTUCTUYHOTO PO3MOMiAy OibLI BUCOKMX MOPSAKIB, HAWBaXJIMBILIUN 3
SIKUX — nuctiepcis. Po3rismaeTbest B3aEMO3B’SI30K IMX CTATUCTUYHUX XapaKTEPUCTUK i
KJIITUHHI MEXaHi3MHU, 110 MOPOXKYIOTh PO3IJISIHYTI AMHAMiUHi BJIacTUBOCTI. [HIIA TOu-
Ka 30pYy, OCHOBOIO SIKO1 € TE€OPisl KJIITUHHOI 30yTMBOCTI, 103BOJISIE PO3IJISIHYTU peakiiil
HEUpOHiB y Manux iHTepBaiax 4acy. Po3risiiaeTbCss MOXIUBICTD YSIBJIEHHSI MPOLECIB
30Y/I>KEHHST SIK KOJIMBaHb y CUJbHOHENIHIMHIN KBa3MKOHCEpBaTMBHIN cuctemi. Tpe-
TS TOYKA 30Dy, 1O MOEAHYE JBi MOIMEPEHi, [PYHTYETbCS Ha PO3IJIsli CyMapHUX (I10-
POMIXYBaHUX Pi3HMMU MeXaHi3MaMM) MPOLIECiB y BEJIMKUX iHTepBaiax Jacy. [lokazaHa
MOXJTUBICTh BUKOPUCTAHHSI JIJIST OIKMCY HEMPOHHUX MPOIIECiB TPUHIIMITY MaKCUMaTbHOT
po3MaiToCTi AMHAMIYHOTO IMOBOIXKEHHs. Ha mincraBi LIbOTo IMigXoAy poO3IISAalOThCs
MPOLECH KJIITUHHOI afanTallii.

KoiouoBi cjioBa: HelipoH, HeNiHiMHICTb, 30yIKEHHS, JUCIEpPCisi, KOJUBAHHS, PO3-
MaiTiCTb.

1. Heainivini eaekTpodisiororiuni peakiyil HeipoHiB

OnHuM i3 pyHIaMEHTaIbHUX TEOPETUIHUX MOTJISIAIB, 110 JIEKaTh B OCHOBI HEli-
podiziosorii, € BUEHHS TIpO 30YMKEHHS i TaJbMyBaHHS. BOHO TIOSICHIOE MOCIigHI
(bakTu, oTpUMaHi SK 7151 0araTOKJIITUHHUX YTBOPEHb (HEPBOBOI TKaHWHMU [ 1], cknan-
HUX HEUPOHHMX aHcamOuiB [1, 2], 1110 rpaoTh CBOIO crieludivyHy pojb Y 3arajibHiil
cucTemi), Tak i Juisl iHOUBiAyasibHUX HelpoHiB [3]. Te, 110 30ymKeHHS i rajgbMy-
BaHHSI — HEJiHIMHMIA OUHAMIYHMI mOpolec, AaBHO Bimomo. Iliaxim @0 CyKymHOCTi
B3aEMOJIIOUMX HEWPOHIB SIK A0 HEJiHIMHOI CUCTEMM PO3pOO0JSIBCS AOCUTH IIUPO-
KO 1 HaBeJeHUI y Helipodisionorii KIaCHUHUMHU poOOTaMU 3 Teopil foMiHaHTHU [4] i
OinbII MOJIOOI Teopii AeTepmiHaHTH [S]. Y 1mx poboTax, 0codauBo y [4], HEOIHOpA-
30BO OINUMCYBAJIUCS AMHAMIiUHI MPOLIECU, 11O B CBiTJIi CydaCHUX JaHUX CBiyaTh Ipo
3HAUYHY YaCTKy HEJiHIMHUX peakiliii y BiiryKy HEpBOBOI TKAHWHU, a TAKOX IPO Ha-
SIBHICTh HEJIIHIMHMX KOJIMBaHb. Lleit e Tmiaxia Ha piBHI OKpeMUX HeMPOHiB PO3BUBAB-
csl MEHIII akTUBHO. [lociinkyBanacs B3aeMOist 30y/KeHHS i TaIlbMyBaHHSI B HEUPOHi
i peakiiii HelipoHiB Ha 30yIJIMBI i TaJbMYIOUi CUHANITUYHI CUTHAIM 32 Pi3HUX PiBHIB
MeMOpaHHoro norexuiany [3]. IHiIi gocaiaKeHHs MPsSMO MOB’s13aHi 3 MOJEII0OBaHHSIM
MEMOpaHHMX IPOLECIB 3a JOIOMOIOI0 CUCTEMU XOIXKKiHa—Xakcai [6]. Bonu mo-
Kazajiu, 1110 MeXaHi3M HeMPOHHUX MPOLIECIB CePEeaHbOI i BEIMKOI TPUBAJIOCTI JOCUTh
CKJTAIHUM 1 3aJIEXKUTh:

1. Big TrIry cCMHANITUYHOI B3a€EMOIIT i TTIACUCTEMH, TTOB’ I3aHO1 3 TOCTCUHAITUIHM -
MM penienTopamu [7].
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2. Bim ioHHUX MPOI1IeCiB, TTOB’I3aHUX 3 MEMOpPaHOIO, IIMTOIIIIa3MOI0 i OpraHeIaMu
KJIITUHU, IO TPAIOTh POJIb AKTUBHOTO i0OHHOTO AeTo [§].

3. Bix GioxiMiyHMX mpolieciB, He TTOB’sI3aHUX 0€3MMOCEePETHBO 3 €JIEKTPOTEHE30M,
HATIpUKIIAIl, 3 EHepreTUKOoMw [9].

4. Big reoMeTpuYHUX MMapaMeTpiB 30yJIMBOI CTPYKTYPU (LIMM YACTKOBO OOYMOBJIE-
Ha ejleKTpodiziooriuHa crienudika AeHapuTiB HelipoHiB [10]).

OCHOBHI BUAM peaklliil B KJIaCUMYHUX BapiaHTaX rajJibMyBaHHS 1 30yIKE€HHS Yy BU-
nagkax peLenTopiB, MOB’SI3aHMX 3 iOHHMMM KaHajaMu, (HampuKJaa, peLernTopu
TAMKa, NMDA-peuentopu, H-xoniHepruuHi i iM nomioHi) BU3HAY€Hi JOCUTH TOU-
HO, OJHAaK AETaJbHUI PO3MJISI BIACTUBOCTE MEMOPAHHUX I CHHAIITUYHUX IIPOLIECIB,
OB’ SI3aHMWI, HATIPUKIIAL, 3i 3MiHOIO IMCIIEPCii piBHS 30YMKEeHHS, TIPOBEICHO HEI0-
CTaTHBO HaBITh y BUMAAKaX PELENTOPIB 3a3HAUYEHUX TUITIB 3aBASKH iX Bapiauii. [Tpote
11i BJIaCTUBOCTI HEMPOHHMX peaKiliii MOXYTb BillirpaBaTH iCTOTHY POJIb Y MiXKKJTITUH-
Hill B3aeMo/ii.

Sx 1 B ycix BUIagKax, KOJW MpobjeMa JajeKa Bill 0CTaATOYHOIO BUPILIEHHS, KO-
PUCHUM € OIJIsIi OCHOBHMX MOXJIMBUX BapiaHTIB pearyBaHHs HelipoHa. Bigpasy ciin
3a3HAYMTH, 1110 BCi OCHOBHI TUITH TWHAMIYHNX e€(EKTIiB MOXKXYTh pO3BUBATHCS BHACIi-
JIOK HACTYITHUX BILIUBIB:

1. Ha HeiipoH yepe3 cuHaIcH, pelenTopy SK1UX 3MiHIOIOTh ITOTIiK i0HiB Yepe3 MeM-
OpaHy;

2. TlepeBaxHo yepe3 OiOXiMiUHI CUCTEMU KIITUHU (3CEPEIUHU KIITUHU 3aBISIKU
cucTeMaM BTOPUHHUX ITocepeaHuKiB, AT® i iHIIKX);

3. JIuHaMiYyHUX MPOILIECIB, 1110 MPOTiKAIOTh B OMMHUYHOMY HEMPOHI (SIKILIO HEHPOH
Mae€, HallpuKJjaz, MeiicMelKepHi BIaCTUBOCTI);

4. 30BHIITHBOTO BIUIMBY IITYYHOI'O XapakKTepy (IToapa3HeHHs).

Yci i Buay BIUIMBiB, 0COOIMBO MEPI TPU, SK IPABUJIO, TiF0Th Y CYKYITHOCTI. Biaryk
Ha HUX ABOSIKMI — 3MiHa PiBHSI MEMOPAHHOTO MOTEHLIialy i 3MiHa YaCTOTU PO3PsIIiB.
3B’S130K MixX IIUMU eeKTaMu MOKe OyTH HEOMHO3HAYHUI i TIPUOIM3HO OMUCYETHCS
3QJIEKHICTIO 3 IBOMA YU TphoMa JiiHiiHUMU aitsinkamu [10]. daii Oyne it MoBa rpo
3MiHY piBHsI 30yIKEHHSI, TIOB’SI3aHOTO 3i 3MiHOIO YaCTOTHU PO3PSIIiB .

IIpunyctumo, 110 IS TOCTiIKYBaHOI KJIITUHU PiBEeHb 30YIKEHHS 3MiHIOEThCS 3
YacoM UM B pe3yJbTaTi 30BHilIHbOro BIuiuBy. Ille pa3 minkpeciuMo, 1110 MoBa NTUME
Mpo MEepBUHHI peakilii, TOMy 110 MOBLIbHI TpHUBaJi BiANOBiII — Habdarato CKjiamHillle
nrHamiuHe guie [11]. 3acTtocyeMo Terep 3acid, 1oope BiZoMMil y CTaTUCTUUHIHN ]i-
3U1Ii i TeOpil IMOBIpHOCTEN — 3aITPOBAAMMO METOIM “yCEepemHEHHs’, a caMe pO3TJIsi-
HEMO pe3yJbTaT cepii MOBTOPHUX €JIeKTPO(i3ioNOTiYHNX E€KCIIEPUMEHTIB 3 OJHIEI0
KJIITMHOIO Y TOMY CAMOMY 3arajlbHOMYy CTaHi, ajie 3 BUXiIHO Pi3HUM piBHEM MeMOpaH-
HOro noTteHwiany. IHmmit meton (“ycepeaHeHHs 3a aHcaMOJieM™) — TOCTiIKEeHHS Of-
HAKOBMX KJIiITWMH 3 Pi3HUM piBHEM MOTeHIiany. SIKIo He po3MIsiAaTh TOHKI MUTaHHS
iI€HTUYHOCTI ABOX BiAMOBIAHUX CEPiil JaHUX, TO OCHOBHI e(PEeKTU, MOXKJINUBI MPU €KC-
MepUMEHTAJIbBHOMY CIIOCTePEKeHHI, HacTyIHi (puc. 1):

1. 30ymKeHHS B KIIaCUMYHOMY BapiaHTi. Jluciiepcist He 3MiHIOETHCS

2. lanpmyBaHHS B KJJacMUHOMY BapiaHTi. Hema 3Minu nucrepcii;

3. 3MeHIIeHHS IUCTIepPCii;

4. 30ibIIEHHST IUCTIePCii.

11i BapiaHTH 4acTO KOMOIHYIOTHCSI MixXK COOO0I0 Y BUMIAAKY OOAMHUYHOI KJIIITUHU i CU-
HaNTUYHUX BIUIUBIB:

5. TanbMyBaHHS 31 3MEHIIEHHSIM AUCIIEPCii;

6. 30ymKeHHs 31 SMEHIIEHHSIM JUCIEPCIT;
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7. TanbMyBaHH$ 3i 301JIbIIEHHSIM AUCIIEPCii;
8. 30ymKeHHS 31 301IbIIIEHHSIM TUCTIEPCil.

>
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Puc. 1. BapianTu HeniHiliHUX peakuiii HelipoHiB: 1 — 30ymkeHHs; 2 — [anbMyBaHHS; 3 — 3MeH-

meHHs auctiepcii; 4 — 36utbieHHs quctiepcii; 5 — [aabMyBaHHS 3i 3MEHIIEHHSIM TUCTIEPCii;

6 — 30ymKeHHs 31 3MEHIIeHHAM aucnepcii; 7 — TanpbMyBaHHS 3i 30iIbIIEHHSM AUCIEPCil; 8§ —
30ymKeHHS 31 30UTBIIIEHHSIM TUCIIepCii

CTpinKol0 BHU3Y 3a3HAUEHU A HAITPSIMOK 3pOCTaHHS 30YIKEHHS.

SIkmo posrnsmatv 6araTo Tpamailiii piBHIB 30yMKeHHS (pO30UTH PO3TJISTHYTUI
Jliana3oH 3MiHU PiBHS 30YIXKEHHS Ha BEJIMKY KiJbKICTh MAJIUX iHTEPBaIiB i KOXHUMA
PO3LIITHYTH OKPEMO, pHC. 1), TO TIPUPOITHUM € TIepeXi 10 0e3MepepBHUX PO3MOIIIIB.
BpaxyBaTtu 3MiHM TOAi MOXHAa 3a JOIIOMOTIOIO PiBHSIHHSI 0€3MepepBHOCTI AJIsT BUMAMI -
KOBOTO MpOILIeCy, MOB’SI3aHOT0 3i 3MiHOIO PiBHSI 30yIKEHHSI, HANIPUKJIIAI, PiBHSIHHS
it nuysiitHoro npouecy (piBHssHHS @okkepa — [lnanka) (1):

0 0
5]‘(/1, ut)= —E[M(n, u, 1) f(x,u, t)] +

10’
+32s D(nu1)f (n.u 1)) )

Posriisinaerbest BUIiaaKoBUii polec 3MiHU YaCTOTU PO3PSIIIB 7, OTIMCYBaHUM DyH-
Kili€eto po3noainy f. EnekTpodiziosioriuHi B1aCTUBOCTI KJTIITUHU OMUCYIOThCS 32 I0TI0-
Moror KoedilieHTiB M i D, MoB’sI3aHUX 3 AeTePMiHiCTUYHO i UMCTO IUPY3iliHOIO
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CKJIaJ0OBOIO, KOTPi MOXYTh OYTH 3aJI€XKHi Bill YaCTOTH 7, 3aBOSIKU YOMY BUSIBJISIIOTHCS
sIBUIIIA HeJliHiitHOTO BiATyKy. Lli KoedimieHTH 3aexxaTh TaKOX Bijl 30BHIIITHHOTO Kepy-
FOYOTO BILJIUBY ¥ i 9acy #, 110 MOXe OYTH ITOB’I3aHUM 3 BITUBOM HE30YITUBUX ITiICHC-
TeM KITiTUHU. Pi3io0riuHy pojib MOXYTh MaTH He TUJTbKU Cepe/iHi piBHi 30y/IKeHHS i
iHIIIi MOMEHTH, OCOOJIMBO TUCIIEPCis, a IXHS 3MiHA 3 YACOM.

bepyuu 10 yBaru 1110 MOXJIMBICTb, 3yITMHUMOCSI CITOYATKY Ha PO3IJISIHYTUX SIKiCHO
BOCBbMU BapiaHTaXx peakilii HelpoHiB. JIJ1s1 HUX MOXIMBO BKa3aTU HaOiIb1I MMOBIpHi
eJIeKTpo@i3ioaoriuHi BiAMOBIAHOCTI .

PosriasHemo BapiaHTH eJleKTpodi3ionoTiYHIX peakIliil, BiTMOBITHUX PO3ISTHYTUM
BUIIIE TIpoliecaM. Tak, BapiaHTy (3, puc.1) BigmoBinae icHyBaHHS aCUMITTOTUYHO CTiii-
KOTO CTaHy — MpPU IMOYaTKOBO Pi3HUX PiBHSX 30YIKEHHS 4acToTa PO3PsIiB 3roJoM
HopMmaJi3yeTbes. KinacnaHi Mmomeri HEpOHiB (3 JOZATKOBUM IKEPEIOM 30yIKECHHS,
HaMpuKiIal, TYMOPaJIbHOI TIPUPOIU) LIJIKOM BimOMBAIOThH 1iei mpouec. AKIio pos-
IISIIATA YCepeaHEHY BeJIMYMHY MEMOpPaHHOIO MOTeHIIialy, TO IMOdiOHUI Mpoliec Ta-
KOX MOXE CIOCTepiraTucs, IpuuoOMy HaBiTh OiTbII IPUPOTHO — MOXKHA PO3IISLIATU
BUXiTHO 3araJibMOBaHUI HEMPOH 3 MTOTEHIIiaJIOM MEHILIe MOTeHIiaay CITIOKO0. [HIIMi
BapiaHT mporecy (3, puc. 1) — mojliciHaNITUYHA B3aEMOIIs, IIPU SIKiil CTaOLTi3yI0Uy
pOJb MOXYTh I'paTH TalbMiBHI iHTepHelipoHu. Bapiant (4, puc. 1) BigmoBinae icHy-
BaHHIO HECTIIIKOTO cTaHy, (0a30Bi TPAEKTOPIl BiIIaISIIOTHCS OHA BiJl OMHOI B TTPOCTOPI
OinpIIoi po3MipHOCTI. Lleit epekT, Tak caMo SIK i TTOTIepenHili, MOXKe MaTH IBOSIKY TIpH-
pony. BiH MoxXe BUHUKHYTHU B PE3yJIbTaTi 0COOJIMBUX BIACTUBOCTEN KIIITUHHOI MEMO-
paHu ab0 yepe3 BHYTPIIIHIO B3aEMO/IiI0 B HEHPOHHOMY MYJIi IPY HasIBHOCTi CUJIbHOTO
B3a€EMHOTI0 30yMKeHHST HEMPOHiB [12]. 111 OAMHUYHOI KJIIITUHU PO3TJISIHEMO MPUPOIY
1OHHUX CTPYMiB, 31aTHUX 3a0e3MeYnTy AMHaAMiYHul edekT (4, puc. 1).

Ao o1 CripolleHHSsT MePErTH 10 TOYKOBOI MOAEi, TOOTO 3HEBaXKUTU Pi3HU-
11e10 B OyIOBi pi3HMX MEMOpPaHHUX JIOKYCIB i ITpoliecaMUu MPOCTOPOBOTO MOLIUPEHHS
30yIKEHHSI, TO Ui 30UIbIIeHHS nucTiepcii 3rimHo (4, puc. 1) HeoOXimHO iCHYBaHHS
HECTIIKOTO HyJIsSI CTPyMY UM CTaHy HelTpasibHOI piBHOBaru [ 10]. Iis nboro HeoOxinHa
CYKYITHICTh MPOBiTHOCTEM, MOB’I3aHMUX SIK i3 BXiTHUMH, TaK i BUXiTHUMU iOHHUMU
CTpyMaMM, SIKi MOBUHHI OyTU peTyJbOBaHi 3cepearHU KIITUHU (HAIIpUKIal, 3a 100~
MOTOI0 BTOPMHHUX MOCEPENHUKIB i (pepMeHTiB — KiHa3). Hali0iabl1 HMOBIpHUMMU TYT
BUSIBJISIIOTHCS BXiIHi KaJIbLI€BI i MOBUILHI HATPI€BI 1 BUXiJHI Kali€Bi Kalbli3alexXHi
CTPYMHU, 1110 3a0€3IeYyIOThCS BilMOBimHUMM cucTeMaMu KaHatis [10] (puc. 2).

B L) I

H-EI+ [:32+ H+

Puc. 2. Cucrema ioHHUMX KaHaJliB, sIKi 3a0e311euyioTh e(eKT 3pOCTaHHSI AUCIIePCil piBHSI 30y IKEH-
Hs: 1 — MOBIIBHUIA HATpi€EBMIT KaHaJ, 2 — KaJblLIi€BUN KaHal, 3 — KaJi€BUM KalbIlii3aIesKHII
KaHaj, “+”— MO3UTUBHUI KePYIOUUil BIJIUB
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2. Ocob6AMBOCTI peakyii HeMipOHA Ha KOPOTKUX iHTepBaAax 4acy

OnHi€lo 3 rOJOBHUX CKJIAAOBUX Cy4acHOI Teopii 30YIIMBUX KJIITUH € PiBHSHHS
Xoukina — Xakcii [6], TOCTIIXKEHHIO IKUX TMTPUCBSIUEHO Oarato myoJikaiiil [Hampu-
knan, 13, 14, 15]. Ha migcTaBi miei cncTeMn METOIOM CITPOIIEHHS, IO BUKOPUCTOBYE
TOJIOBHUM YMHOM PO3XO/IKEHHST YaCOBUX MACIITA0iB aKTUBALIIMHUX Ta iHAKTUBALIii-
HUX TTapaMeTpPiB iIOHHUX MPOBITHOCTEN, OIEPXKYIOTh MOJIE, 110 100pe BinoOpaxkaroTh
eKCIepUMEHTaJIbHI 31eKTpodi3iooriuHi mpoiiecu B 30ynBUX KiliTnHax. OTpuMani
CIPOLLIEHI cucTeMu, HanpukJiiaza, cuctemu Mopuca-Jlekapa [16], Kpuncbkoro-Koko-
3a (H-H,) [13], Poysa-Xunamapuia [17], @utn-Xeio [18] i Mxxukesnya [19], BuBua-
10Thesl aHaITUYHO [20], uncenbHO [21] i 3 3a/lydeHHSIM sIKicHUX MeTomiB [13].

OJIHi€I0 3 MPUYMH TepeBaru sIKiCHUX i YMCeTbHUX METOIIB € TPYIHOILI, BAHUKAIO-
4i TIpu BUOOPi CUCTEMU 3 BiTOMUMU aHAJITUMHUMU BJIACTUBOCTSIMU, 10 SIKUX OJIU3b-
Ka JOCHiIKXyBaHa MOJENb, 110 YTPYIHIOE 3aCTOCYBAaHHS aCUMIITOTUYHMX METOMIB. YCi
rnepepaxoBaHi MOJEi € CUJIbHO HEJIIHIMHUMM, KBa3WJIiHIiHY Teopilo 6e3rnmocepeIHbO
3aCTOCYBaTH BaXKO. Y TaKUX BUITaJIKaX sIK OTIOPHY CUCTeMY 3TifHO [22] Tpeba Bubpatu
HeJIiHIliHI KOHCepPBAaTUBHI CUCTEMHU YU IXHE y3araJibHEHHSI — CUCTEMU, 1110 MAIOTh OJI-
HO3HAYHUM iHTerpaj, aHaJIOTiYHUIA iHTerpajly eHeprii B KOHCepBaTUBHUX CHUCTeMaXx.
VY gKocTi BUXigHOI OyaeMo po3risiaaTyu MoJesb 30yMIMBOI MeEMOpaHU B 3arajJlbHOMY
BUIJISIL, JUTS SIKO1 MOXXJIMBUI KOJIMBaJIbHUI TIpoliec (2).

E=U(E, n, Iex)
n=WE, n) (2)

Tyt BimoOpaxxeHniI TMHAMIYHI B3a€EMO3B’ 130K MeMOpaHHOTO noTeHLiany E u cy-
KYIMHOCTI MOBUTbHUX CTPYMiB aKTUBALi # (3BUYAIHO APYTE PiBHSIHHS OTMUCYE aKTU-
Ballilo TTOBJILHOTO BUXiIHOIO KajieBoro ctpyMy [13]), mapameTp lex omucye cTpyM,
BUHMKAIOUMII 3aBASKA 30BHILIHBOMY CHUHANTUYHOMY BIUIMBY. ABTOKOJMBAJIbHUIA
mnpoliec y Takiil Moaeai MoXe BUHUKHYTHU, SKIO lex MOB’sI3aHUI 3 IeToJsipu3allielo,
1110 MOXJIMBO, SIKIIIO 1Ieli CTPYM CTBOPIOETHCS CYKYITHICTIO aKTMBOBAHUX 30YIJIMBUX
cuHariciB. Ma3oBuii TOPTPET Y TAKMX BUIAAKaX Mae 6arato 3arajJbHOro JJjisl Pi3HUX
Mozeneil HeiipoHiB (puc. 3). Moro ocHoBHI pucn — N-nomioHa izokmina £ = 0 (1,
puc. 3) i mepeTrHaoya ii IiJ ToCTpUM KyTOM (aBTOKOJMBAIBHUM BUIAI0K) i30KJTiHA
n=0 (2, puc. 3). Touka iXHbOTO TIepeTUHAHHS ( YACTO €IUHUI CTAaH PiBHOBaru —
HecTiiikuili ¢okyc (3, puc. 3)) OTOUYETbCSI ACUMIITOTUYHO CTiMKUM TpaHUYHUM
LIMKJIOM, IO BiAIOBida€ CUJIbHO HEMiHiTHOMY KOJMBaJbHOMY pexumy (4, puc. 3).
YV npupoaHux yMoBax 0araTo HeWpOHiIB 3HAXOAATLCSl B CTaHi, BiggajJeHOMY BiJ Ka-
TOIMYHOI JeTpecii, SKOMY BillOBinae cTiiika Aenosipusallisg. ¥ LuX BUMagKax cTaH
piBHOBaru 3 (TrepeTMHAHHSA i30KJIiH) OJIM3bKUiIT 10 MiHiMymMy N — 00pa3HOi i30KIiHN
(5, puc. 3), 1110 BiIMOBiZa€ HEBEIMKOMY TTepeBUIIICHHIO TTopora. JIIs JoCTimKeHHS KO-
JIMBAJIbHUX MPOLIECiB TOPEUHO OpaTu MOJEb 3 ypaxyBaHHSIM 1IMX BJIACTUBOCTE.

HocnimkeHHs Mofieieit TPOBOASThLCS B TPU €TaIu:

1) JlekoMmo3uliisli BUXiTHOI IMHAMIYHOI CUCTEMU Ha TI'pali€HTHY i y3araJibHEHO
KOHCEepBaTUBHY CKJIaaoBy [23].

2) Poarisn KOpeKTHOCTI I KOPMCHOCTI KBa3MKOHCEPBATUBHOIO TPaKTyBaHHS
BUXiTHOI CUCTEMU.

3) 3acTocyBaHHS aCUMIITOTUYHOTO METOMY aHaJli3y CUCTEMHU sIK KBa3MKOHCEpBa-
TUBHOI.

¥ [23] Oynio moka3aHo, 1110 it 6araToMipHy cuctemy Bumy (3)
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dq,

_’:Qi(qls"',qis--',qn)a (3)
dt

dAKa € MOIACJITIO 6iOCHCTeMH, MOZKJINBO HOCHiHXyBaTH 3a JOIMOMOTI'0I0 pO3KJIaJaHHA Ha

noteH1iitHy K(g) i HeliHiliHY y3araJibHEHO-KOHCEpBaTUBHY R(g) ckianoBy (4).
Q(q) = K(9) + R(9). (C))

n T T

-60 -4n -z0 ] zn 40 E.m¥
t]

Puc. 3. ®azoBuii moprper 30ymWIMBOI CUCTEMU (ABTOKOJIMBAbHUI BUMANoOK): 1— i3okiiHa
E = 0; 2— i3okuina n= 0; 3 — Hecriiikuii (oKyc; 4 — aCUMITOTUYHO CTIKMI TPAHUYHUIN LIMKIT;
5 — MiHiMyM i30kJiHu £ = 0, 1110 BiAIIOBiga€ rpaHUYHIi Aenoisipu3ariii

BignoBigHo 10 BU3HAUEHHS, Teplia MPEACTABISIE AaHTUTPATIEHT IESIKOTO TOTeH-
uiany I1(5):

K= —grad I1(q). &)

Iupkynsiiist BinOyBaeThCs Y3I0BXK JiHiil piBHsT moBepxHi [1(g). 3 opToroHaIbHOCTI
y3arajJbHEeHO-KOHCEPBATUBHUX CUIT TTOTEHLIAHUM (6)

alq) , _
X, =0 (6)
BurinBae (7):
_n . ol(g)
R=0+=5, ()

IMincrasastoun (7) y (6) 3HaxomuMo piBHSIHHS s ToTeHuiany I1(g) (8):

o(g)( , . all(g) )
> o KQ"+ aq, J_O'

®)
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PiBusiHH (8) MoxHa 3ammcaTu K (9):

2
8H(q)Qi L[9@ |
i 0g, oq, 9)
Buxigxi nomanku B (4) BiTHOBIIOIOTHCS 3 (5), SIKIIO pileHHs (9) Bimomo:

K(q) = —gradll(q)

R(q) = 0(q) — K(g). (10)
Hs1 BuxinHoi cuctemu (2) po3ouska (3) mae (11):

E _ UPOT(E’n’IEX) N UCONS(E7n’ [EX)
n Veor (E’ n) Veons (Ea n) (11)

Mepimii nomaHok y npasiit yactuHi (11) 3a1ae NOTEHIIIHHE BEKTOPHE TI0JIE 3TiIHO
(5,9). Moro BractTuBocTi BU3HaYawThes moTeHIiaioM [1(E, n). OCHOBHI BIaCTUBOCTI
BiATOBIAHOI MOTEHLiMHOI TOBEPXHi TiCHO TOB’S13aHi 3 NMHAMIKOIO JOCJiIXyBaHOI
30yaJ1BOI CTPYKTYpH. 151 6araTbox HelpOHiB OCHOBHI MOT0 SIKiCHi XapaKTEpUCTUKU
MO>XHA TTPUOIM3HO OIKCAaTH, He 3BEPTAIOYUCH 10 PillieHHST (8) 1IsI KOHKPETHOI CUCTe-
mu (puc. 4). CtaH piBHOBaru, 1o BiIMOBIAA€ TTOTEHIIiATy CIIOKOIO, OTOYEHO 3aMKHY-
TUMU JIiHISIMU PiBHS MOTEHIIiay, 6JU3bKO HAOIMKAIOUUCh 10 HHOTO B 00JIACTSIX, 1110
BiMOBigAIOTH TiMepIIOIsSIpU3aLifHAM CJIiJOBUM ITOTEHIIiaaM MaJIol aMILITyIu. Y IIUX
001acTsIX LIIIbHICTD JiHill piBHA BevKa (y JiBiki yacTuHi puc. 4). B Toit ke yac B 00-
JIacTi, 1110 BiAMOBigae criaiiky (BewkKi BennunHu E, mpasa yactuHa prc.4), UIIbHICTD
JIiHiT piBHS MaJia i3-3a MaJIuX 3Ha4eHb rpamieHTy noreHuiany I1( £, n) y miii odaacti. [To-
0113y OBEPILYTY i MKy MOTeHLialy Ail IiIIbHICTb JIiHii piBHS 30iAbILIYETHCS, 3POCTAE i
Tpami€eHT MOTeHLiany. BAHMKHEHHS MOTeHLLiany Aii i F(paHWYHI BIACTUBOCTI 30yUTUBOT
MeMOpaH! BPaxOBYIOThCS TYT 3aBISIKU BMOOpY HEMiHIWHOCTI. SIKicHa BimMoBimHICThH
300pakeHoi MOBEPXHi Mpollecy BUHUKHEHHS TTOTEHIIiaTy Ail 3po3yMiJia, SIKIIO Bpaxy-
BaTH, 1110 (ha3oBa TPAEKTOPIs peakcaliiitHoi cuctemu (3) MpubIM3HO BiMOBiNA€E MiHii
PiBHSI PO3IVISIHYTOI IIOBEPXHi.

II(E,n)

E

Puc. 4. fIxicHa cTtpykrypa noBepxHi [1(E, n): EF — noTeHuian MeMOpaHu, n — 3MiHHa aKTUBAallil
MOBLIBbHOI (KaJlieBoi) mpoBinHocTi, [1( £, n)—3HaueHHd noTeHiany. 2KUpHOIO BEpTUKAIBHOIO PH-
COI0 Bifj3HaYeHU ! MOTEHLial CIIOKOIO KIITUHU
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IMoniGHu# BUA MOTEHLIHOI MOBEPXHi XapaKTepu3y€e TaKOX IMHAMiIKy MeMOpaH-
HUX TpolieciB. U1 BUXiTHOT CUCTEMM XOMXKKiHa-XaKC/i, 0 MiCTUTb PiBHSHHS IS
0araTbOX iOHHUX TIPOBIAHOCTEH, HE 3aBXIU BAAETHCS MPOBECTU MO IIBUAKUX i
MOBUTBHUX PYXiB i onepxatu cucteMy (2). Lle 0co61mBO cTOCYETHCS KalbIIiEBUX MPO-
BiJTHOCTEI, 1110 MOXXYTh OyTH BiJTHECEHI 10 Pi3HUX TUTIB MPU Pi3HUX Jiaria30HaX 3MiHU
MeMOpaHHOro noteHuiany. OQHUM 3 MOXJIMBUX METOMIB OMUCY € Tepexil A0 Oiabll
3arajJibHUX MapaMeTpiB, TUMIOBUX JUISI HeJliHiiiHOro KoauBajibHOro LCR-KOHTYpY [24]
(12).

dE

E:f(E,I)

dl

= =g(E, ).

i g(E, 1) a2)

SIK1110 po3rJisia NPOBOAUTU B LIMX OLIBII 3arajIbHUX KOOPAMHATAX i BUMIMTU KOH-
CepBaTUBHY CKJIAIOBY, TO BUA MOTeHLiliHOI moBepxHi I1(E, /) Oyae MaTu Ti XK SIKiCHi
0COOJIMBOCTI.

k1o BigoMuii BUa NOTeHUIMHUX ToBepXoHb [1(E, n) yu I1(E, 1), TO nyist po3ris-
HYTUX CUCTEM CTA€ MOXJIMBUM 3aCTOCYBAaHHS aCUMIITOTMYHMX METOMiB HEIiHiHHOI
MeXaHiKu (HanpuKJiam, MeToay MankiHa Iyt KBa3uassImyHOBChKUX cucteM [22]). [Tpu
LIbOMY Mepiuii fogaHok y (11) mpaBopyd BBaXKAETHCSI MaJIMM.

J71s1 BUBYEHHST HEMPOHHUX MPOLIECiB iCTOTHI HE TUIbKU 3MiHA IMapaMeTpiB B MaJIUX
iHTepBaJlax 4yacy, aje i IMHaMiKa y BEeJMKHUX iHTepBajaX. Po3yMiHHSI BIacTUBOCTEH
HeipoHa B 1Iiii 00J1aCcTi HaBiThb OiJbII iCTOTHO, TOMY 110 AO3BOJISIE TEOPETUYHO MiTili-
TU 00 aJanTUBHUX peakliii KIiTUHU. Po3risitHeMo 0coOIMBOCTI, 1110 BUHUKAIOTh IPU
cnpo0i JoCTiAXKyBaTU AMHAMIKY MPOLECiB y LIMX iHTepBaiax.

3. AuHaMika HeMIPOHHUX IPOLEeCiB Ha BEAMKUX IHTepBaAax 4acy

HocnimkeHHsS] IMHAMIKY iMITyJIbCHOI aKTUBHOCTI HEMPOHIB y Pi3HMX BiAaijiax HEp-
BOBOI1 CMCTEMM JO3BOJMJIO BUSIBUTU HACTYITHI 3aKOHOMIipHOCTI: YMM BUIlE (inore-
HeTUYHA CTYMiHb PO3BUTKY HEPBOBOI CUCTEMHU, TUM OiJbllie JeTepMiHOBaHi Xapak-
TEPUCTUKU HEUPOHHUX pO3PsaiB (HAPUKIIAI, MEPIiOar PO3PsAiB Y MeHcMeHKepHUX
HelipoHax [25]) mepexomsdTh y MMOBIpHOCTHO-CTAaTUCTMYHI [2]. fKimo crpuiimMaTu
XAa0TUYHY aKTUBHICTb NESIKUX HEHMPOHIB K OOMH i3 BUIiB 3aKOHOMIPHOCTI, TO LEW
BMCHOBOK BUSIBJISIETBCS 11I€ OUIbII TPYHTOBHUM. 3aKOHU 3MiHM B PiBHSIX aKTUBHOCTI
HEHPOHIB 3aJUIIAIOTHCS BaAXKKUMM JISI PO3YMiHHSI, XOU 3alIPOIIOHOBAHO JTOCTaTHHO
MOJEIbHUX YsIBIeHb [26]. OCHOBHI SIKiCHI YSIBIEHHS IIPO PO3MOILUT iMITYJILCHOTO TO-
TOKY Ha anepioguyHMIii, TPYMOBUIA 1 MAYKOBUI 3 IXHIMK KOMOiHALIIsIMUY i BapiallisiMu
€ IOMiHyIOYMMHU B Helpodisiomoriuniii miTepatypi [27]. ®oHOBa eJIeKTpUYHA aK-
TUBHICTb HEWpOHA CJIa0KO TOB’sI3aHa i3 CyMapHOIO 3a BUHITKOM CTamiil MOBIJIBHO-
XBWJIBOBOT'O CHY Ta IATOJIOTIYHMX CTaHiB, 110 BHOCUTH AOAATKOBY CKJIAAHICTb. s
TOrO, 1100 3pOOUTH KapTUHY (DYHKIIIOHYBaHHSI HEMPOHHUX CTPYKTYP OLIbII SICHOIO,
OyJ1I0 BUKOPHCTAHO 0arato METOMAIB CTATUCTUYHOI (hi3uKHU (HAPUKIIA[, YSIBIECHHS PO
(hazoBi nepexoau i kputuuHi sieutia [28]). besnocepenaHe 3actocyBaHHSI METO/IIB CTa-
TUCTUYHOI (Di3UKU MPOCTUX CHUCTEM, TaKUX SIK CITIHOBUX, IPUBEIO 10 (hOPMYBAHHS
Mojeseii HeMPOHHUX CUCTEM, YaCTO JOCUTh BiZOKpEeMIEHUX Bif (i3ionoriuHoi peab-
HOCTI, 1110 BUSIBJISIETHCS B €KCIIEPUMEHTAaX.

K110 11e pa3 MoBEpHYTUCS 1O 0OrOBOPEHHS MaTTePHIB HEMPOHHUX PO3PSAiB, TO
CJIil 3a3HAYUTH, 110 3aKOHOMipPHOCTI iMITyJIbCHUX MOTOKiB Ha BUXO/Ii KJIITUHU € TOCUTH
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XUTKUMM: OIHA AMHAMiYHa 3aKOHOMipHICTb ITepeXOAUTh B iHIILy 3 YacoM [2], BiTHOCH -
HU YacTOT PO3PSIiB CYCiIHIX HEMPOHIB MOXYTbh Pi3KO 3MiHIOBAaTUCS, HE3BAXKalOUM Ha
HasBHICTB 3araJIbHNX 3aKOHOMipHOCTE aHcamM061eBoi opranizaiii. Hefiponu, mo ma-
I0Th OJJHAKOBiI MOP(OJIOTIUHI TUIHU i 3HAXOASATHCS Mil MOMIOHUMU HEUPOXiMIYHUMU
i Hecre(iYHUMU PETYTIOI0UYUMU BILIMBAMU, MOXYTh BUSIBJISITU aKTUBHICTh Pi3HOI
bopmu.

CbOrojHi iHTEHCUBHO BeIEeThCsl PO3pPOOKA Mojeell HeMPOHiB i HEMPOHHUX CHUC-
TeM, Y SKUX HEIPpOH Ma€ BUBHAUCHU I AMHAMIYHUI TUIT — HOrO aKTUBHICTb 3MiHIOETh-
cs (pikcoBaHMM UYMHOM, HampuKIad MEPiOgUYHO, KBa3iMmepiogMYHO YU XaOTUYHO.
SIKII0 pO3MISTHYTH MO/ XaOTUYHOTO TTIOBOKEHHSI, TO CTAa€E OYEBUIHUM, 11O B Xa-
OTMYHO aKTUBHOMY MOJIETbHOMY HEHMPOHi OyAyTh €KCTIEPUMEHTAIbHO CITIOCTEPiraTu-
cs (pikcoBaHi MaTTEPHM, IO 3MiHIOIOTh OAWH Ha iHIIW LiIJIKOM BUITaJKOBUM YMHOM.
Ile moxe OyTu 3’sicCOBaHUM, SIKILO PO3TJSTHYTU HAWTPOCTIl XaOTUYHI CUTEMU, Ha-
npukian cucreMy JlopeHla 4yu piBHSIHHS mjis JaHutoriB Yya [29]. ¥V mux Bumagkax
MOBTOPIOIOTHCS HUKIIYHI JIISTHKYA TPAEKTOPiii HABKOJIO HECTIMKUX CTaHiB piBHOBAru,
Mepexoaun MixX SIKMMU iMiTyIOTb MMOBIPHOCTHI 3aKOHOMipHOCTI.

LlixaBo pO3IJISIHYTU HEUPOH i CUCTeMY HEMPOHiB, TPOXU 3MICTUBIIU aKUEHT. AK-
TUBHICTh HEMPOHIB MOXe MaTW BJIACTMBOCTi, HECYMIiCHi 3 iCHyBaHHSM (hiKCOBaHUX
ACUMIITOTUYHO CTIMKUX CTaHiB uM pexumiB. Lle — romoBHa poboya rimore3a gJaHO1
Tparii.

J71s1 BUBYEHHSI AMHAMIKU MOJEIbHOTO HEMpOHa 3pDYYHUM € TIepexil 10 TMCKPETHUX
moneseil. Mu OynemMo po3risiaaTy IMHAMIYHUI Mpoliec Y KIiTHUHI SIK KepOBaHUM Map-
KOBCBbKHUI, 110 BiAOYBA€ETbCS B JUCKPETHOMY 4aci B JUCKPETHOMY MPOCTOPi CTaHiIB,
TOOTO KepOBaHMI MapKOBCHKUIA JIAHIIIOT (pUC. 5).

k—1 Kk k4l k42

Puc. 5. CxeMaTuuHe TIpeaCcTaBIeHHSI MAPKOBCHKOTO TIPOLIECY, 10 OTUCYE TUHAMIKY MOJIETHHOTO
HelipoHa: i, j — cTaHy mpoliecy, MixX SIKUMU B TMCKPETHI MOMeHTHU vacy; k-1, k, k+1,... 3nilicHio-
I0TBCSI IEPEXOIH 3 IMOBIPHOCTSIME P,

CraHu TIpoliecy B IIbOMY BUTAIKY BiTIOBIiAAIOTH PiBHIO MEMOPAaHHOTO ITOTEHITiaYy,
YUCJIO CTAHIB MOXHA 3aBXKIM BUOpPATH SIKUM 3aBTOJHO BEJIMKWM JIJIST OITUCY BCiX Tpa-
Jatiit iforo 3minu. OnMcaHuil MapKOBCHKUI JIAHIIIOT — HETTPUBOAMMMI €profUIHUA.
Tpebda Binpa3y ckazaTu, 110 1Ie MOJCJIbHE YSIBJICHHS HE € OOMEXYIOUUM i MPU J1yKe
3arajibHUX MPUIYIIEHHSX, CIIPABEUIMBUX Y TAHOMY BUTAAKY, MOXJIUBUNA TIepexif 10
oesnepepBHUX 3MiHHUX [30].

Bunankosuii mporiec MOBUHEH OyTH OXapaKTepPU30BAHUI HE TiJIbKA PO3MOIIIOM
WMOBIpHOCTEN CTaHiB y KOXKEH MOMEHT 4acy, ajie i NMOBIPHOCTSIMU TIEPEXOTY, 1110 3a-
JAIOTBCS CTOXaCTUYHOIO MaTpulieto P = | Pi,[ . Hauti OymyTh po3mIsiAaTUCS €HTPOITifHI
BJIACTUBOCTI TPAEKTOPIii MPOIIECiB MPU HATBHOCTI 0OMexkeHb Bumy (13):

F,-(Pl,l’p ---,P,WP”:PIZ’---sPNN):O- (13)
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Buxonstuu 3 po6otu [31], OymeMo po3riisiiaTi eHTPOITiI0 CUCTEMM T10 TPAEKTOPISAX —
EHTPOITII0 HIJISIXY 3a S KPOKiB (14):

H(s)= —{;}P(Cs)ln P(Cy). (14)

Tyt nincyMoByBaHHSsI 3IiICHIOETBCSI IO BCiX MOXJIMBUX TpaeKTopisix Cg TOBXUHU
s. bynemo makcuMizyBaTu BeaudyuHy (14) mpu HasgBHOCTI oOMmexeHb (13) — mykatu
YMOBHUI €KCTPEMYM.

PosrnssHeMo 3MiCTOBHY iHTEpIIpETAlLito i€l 3aa4i i MOTiM TepeiiAeMo 10 00UuC-
JIeHb. [1J1s1 OyIb-SIKOTO 0i0JIOTiTHOTO 00’€KTY i IOTO eJIeMEHTapHOI CKJIaIOBOI — SKMBOI
KJIITUHY, HANpUKJIaa HEWpOHa, XapaKTepHe MOETHAHHS BJIACTUBOCTEM, TTOB’SI3aHUX
3i crilikicTio i ToMeocTazoM (iM BimmoBimaioTs ooMexxeHHs (13)) i po3mairicTio nu-
HaMIYHOTO TIOBOJIKEHHS, SIKili BifmoBinae imes makcumizauii (14) nmpu BpaxyBaHHI
obMmexeHb. KopucHo 1m1e pa3 3ragatu (iJIOTCHETUYHUIL apryMEHT: 3 MiABUILCHHSIM
(ioreHeTUYHOrO PiBHS BilOYBAETHCS 3MEHILIEHHS YIIOPSIAKOBAHOCTI aKTUBHOCTI Oa-
raThOX KJIiTUH (32 BUHSITKOM THX, 1110 TICHO ITOB’s13aHi 3 TOMEOCTaTUYHUMM (DYHKILisI-
MMU) i eIEKTPUYHOI aKTUBHOCTI HelipoHiB. Lleit mpoliec MoXKHAa YMOBHO PO3IISIIATH SIK
TIOCTYIIOBE 3HIKEHHS JKOPCTKOCTI 0OMexkeHb (13). Ko po3rmsaaT iHavBiTya hb-
HUI PO3BUTOK, TO B TPAHUYHOMY BUIIAIKY BUSBUTHCS, III0 CUCTeMa HAOJIKAETHCS 10
CTalliOHAPHOTO CTaHY, y SIKOMY €HTPOIIisl TPAEKTOPii MaKCUMaJibHa, aKTUBHICTb 3Mi-
HIOETHCS BiIMOBIAHO 10 TIPUHIIMITY HAWOUIbIIOI po3maiTocTi. OqHaK crallioHapHUM
CTaH Y XXMBMX CHCTeMax HiKOJM He JOCSITaEThCS.

PosriastHeMo TpaeKTOpiro MapKOBCKOTO JIAHI[IOTa TOBXUHU §. 3a S KPOKiB BinOyJ10-
cas 3MiH CTaHy JIAHIIIOTa, MOCIIOBHICTb IKUX YTBOPATD TpAEKTOPIit0 BUAY C =i i i, ...
i iIMOBIpHICTb IK01 Oyae nopiBHIOBaTH (15)

sls’

PCY=p, P, PP i (15)
Lleit moOGyTOK MOKHAa 3amucatu y Bumi (16):
P(Cy)=l’fol:11;1(l)n)”- (16)

Tyt m, — 9UCIo TePEXOIiB i—>/, 1110 3yCTpivaloThes B JIaH1I031. Ak mokazano B [31]1i
JIOBOAUTHCS B [32], icHYe rpaHUYHA TeOpeMa, sika CTBEPIXKYE, 1110 Y BUIAJIKY €Prouy-
HOTO HEPO3KIIAIHOTO JIAHLIIOTa (p > 0) JUISL JOCUTD BEJIMKOTO YKCJIa KPOKiB BiTHOCHE
YUCJIO IIEPEXOIIB i—>f mj/s MOXHA 3aMiHUTH iMOBIPHICTIO TAKOTO MEPEXOLY P, Py ko
nponoropudmysatu (16), ogepxkumo (17):

lnP(CS)Zlnp[n +ZZm,.jll’1p,.j. (17)

i
BinmoBinHo 10 po3risiHyTOi rpaHMYHOI TeopeMH, cymy (17) MoxkHa 3aMinuTu Ha (18):
sZZp p;np,;. (18)

BHeckoMm gomaHka lnp B (17) MO}KHa 3HEBAXKUTHU MPU TOCUTH BEIUKOMY S. EHT-
pomis naHuora Mapkoa Ha Kpok ckiane (19):

H=H(0)=-XXpp,;Inp,. (19)

3 (16—18) BumIMBa€E BUpaXXeHHs i1 KMOBipHOCTI TpaekTopii (20):
P(Cy)=e"". (20)

166



Junamiuna cmpykmypa i HeaiHiliHi 61acmueocmi HelpoHie

Posrisinemo nokiajaHinie noseaeHy B [32] TeopeMy: sKuM 6U MaiuM He Oynu € > 0
im >0, npu 10CTAaTHBOMY § YCi TPAEKTOPii S MOXYTh OyTH PO30OUTI Ha JIBi rPyNu Tax,
o 1) iMmoBipHicTh TpaexTopili rpynu I 3amoBosibHSIE HepiBHOCTI (21):

e o pCy<e . Q1)

2) Cyma iiMOBipHOCTEH ycix TpaekTopiii rpynu (2) meHie €. [ljist onucy craTuc-
TUYHMX BIACTUBOCTEH CUCTEMU JOCUTh PO3IISIHYTU TiUIBKU TPYMy I, 1110 CKi1amaeThes 3
e paexTopiit 3 imoBipHicTIO e, [Ipu TaKOMY HaOJIM>KeHHI BUKOHYETBCS (22):

—-sH
H(s)—cgle (—-sH)=sH. 22)

IcHye nBi KaTeropii apryMeHTiB, 1110 IPUBOMASTD [0 iAei MaKCUMi3allil eHTPOIIii Cuc-
TeMU 110 TpaekTopisix (14, 22) i, 1110 BUILIMBAE 3 HABEIEHOI'O BUILE, EHTPOIIii €BOIIOLI1
Hakpok (19) mpu oomexeHHsix (13). ITepiuuii cmocid apryMeHTallii eMITipuYHMA, OCHO-
BaHUI Ha BilMIOBiTHOCTI, 1110 CIIOCTEPIra€ThCsI B EKCIIEPUMEHTI, 3 TEOPi€l0 HAMOIIbILIOT
PO3MAITOCTi i YMOBHOTO MaKCUMyMY eHTpOITii Kamiopy [33]. st 0ioJoTiYyHUX CUCTEM
i, 30Kpema, 11 HePOHiB Ma€ CUJTy TAKOXK PO3IJISTHYTE BUIIIE (piloreHeTUYHE 00T PyH-
TyBaHHS. [HIIIa KaTeropis apryMeHTIB I'DYHTYEThCS Ha HACTYITHOMY: YCi TPa€EKTOPii,
110 3a/I0BOJIbHSIOTH YMOBaM (13), moBUHHI OyTH BpaxoBaHi, TOOTO rpyna I moBuHHa
BUSIBUTHUCSI MAaKCUMAJIbHO BKJIIOYAIOYOI0, 110 BiIIOBiZA€ MaKCUMyMY e i, oTXe, MaK-
cumymy H.

B pesynbraTi BUHMKae mpobieMa, MmoaioHa g0 Ti€l, 11O BizoMa B CTaTUCTUYHIA
TepMoauHaMiui. IlapaneniamM MixX TepMOIAUMHAMIYHUMMU i iHpopMaLiiHUMKU 3ama4va-
MU IIMPOKO BUKOPHUCTOBYETHCS B poooTi [34]. SIK i B Liif poOOTi, y JTaHOMY BUITaIKy
IIYKA€EThCST YMOBHUI MakcuMyM (19) 3a moroMororo MeTomay MHOXHUKIB Jlarpamxa.
Takum yHOM, BUXOIUTH (23):

5 (H+iX,F,,)=0,
! (23)

ne X, — MHOXHUKM Jlarpanxka. 3a 10MOMOroi oOMexeHb F, MOBUHHI OyTH Bpaxo-
BaHi:
1) HopmyBasibHi yMOBU Ha iMOBIpHICTh cTaHy (24) i mepexony (25)

2p =1 (24)
Zp;=1. (25)

2) PesynbraTu n1ocifiB — cepeaHi BeIMYMHU, TUCTEPCii Ta iHIIi MOMEHTU BUIIaI-
KOBUX BEJIMYMH 1 LIBUIKOCTEN IXHiX 3MiH Ha KPOK.
3) B oOMexxeHHs CJ1il BKJIIOYUTH TAKOX YMOBHM CcTallioHapHOCTI (26):

2Py = Py (26)

Jobpe BigoMo, 110 JJI eproAUYHUX MapKOBCHKMX JAHLIOTIB iCHYIOTh (biHaANIbHI
MMOBIpHOCTI, 110 YTBOPSIThH CTaLliOHAPHUI pO3MOAia, He3aJdeKHUI BiJl TOYaTKOBOTO.
Takum 9YMHOM, eKCTpeMaJbHUI MPUHIUIT (23) LiaTKOM NMPUNHATHUI TS cTallioHap-
HUX MPOLECIB.

Mu nporoHyeMO HACTYITHY TiMOTe3y: PO3MISIHYTUI eKCTpeMabHuI TpuHIuU (23)
MOXKe OYTM 3aCTOCOBAHUI TaKOX JIJIsSi BEJIMKOTO KJIacy HeCTallioHapHUX TPOLECIB i,
30KpeMa, 1151 KepOoBaHUX, TOOTO yMOBa CTalliOHAPHOCTI MOXKe HE BKJIIOUATUCS B 00-
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MeXXeHHSI PU JOCTaTHIil KiJIbKOCTi JOCIiIHUX JaHUX. S K OOrpyHTYBaHHS MOXHA BU-
CYHYTHU HacTyIHi diznuni aprymenTu. [1pouec HabmkeHHs BeqnunHu (19) mo mak-
CUMYMY € sSIBUILIEM peJiakcallii. AKIo 3MiHU BJaCTUBOCTEN CUCTEMU IOCUTh MOBIJIbHI
(amiabaTnyHi) y MOPiBHSIHHI 3 TpoliecaMu peJiakcailii, To popmysa (23) moBUHHA 1aTh
MpaBWIbHUM pe3ysbrat. KpiM Toro, Ha KOpUCTh PO3MISIHYTOI TiMOTE3U CBIIYUTH YCITiX
MOPUHLMITY MAaKCUMYyMY iH(opMallii, 1oope Bimomuit y cuHepretulli [33]. 3 opmaabHO1
TOYKH 30Dy IJIs 3aMIMCY JaHOI'O TBEPIKEHHSI HEOOXiMHO BpaxyBaTU HECTalliOHAPHICTh
BiIMOBiZHUX iMOBipHOCTEl y (23) i 3ajexXHiCTb 0OMeXXeHb BiJ KEPYyIOUOIro BILIMBY.
Otxe, maeMo (27):

k
o(-22008,(Onp, O+ £XE0) |0 o

TyT oOMexXeHHs, a pa30M 3 HUMM i BiIMOBiIHi iMOBIpHICTHi XapaKTEPUCTUKHU MPO-
1eciB, 3ajiexaThb Bil HoMepa KpoKy /.

PosrnsgHeMo y cBiT/Ii TpUHIIUIY MaKCUMallbHOI po3MmaitocTi (14) auHamiky po3-
BUTKY KJIITUHHUX CUCTEM i HelipoHa. [IJIs IIbOTo 3ayInMO SIKiCHUI METOI, 300paxy-
I0UM BigITOBIiTHMI Tpad IMCKPETHOI MAapKOBCHKOI CHCTEMHU, KOXKHA BEPIINHA SIKOTO
BiIMOBIZA€ CTaHy KJIITMHM, a CTPUIKM MiXX HUMM TTO3HAYAIOTh MOXKJIMBICTD IEpPeXo-
ny. 3MiCT cTaHiB Tpeba BUOpATU BiAMOBIAHO 10 MOP(Odi3ionoriyHuX eKCrepuMeH-
TaJlbHUX JAHUX, HAMPUKJIAN, PO3MISIHYTH MEMOpaHHUN MOTeHIliajl, IIBUAKICTb HOro
3MiHM, YACTOTY iMITYJIbCHOI aKTUBHOCTI Y €HEPIreTUYHi XapaKTePUCTUKU ( KiJTbKiCTh
€HepreTUIHO aKTUBHMX aJIeHIJIaTiB, y HAMIIpOCTioMy BUmanky Titbku AT®). Yuma-
JIO IOCTiIHUX JAaHUX BKa3YIOTh Ha T€, 110 BCi 11i XapaKTePUCTUKU 3MiHIOIOTHCS B3aEMO-
3aJIexKHO, (popMyIoUr HecTeu(ivHUi aganTaliiiHui CUHIPOM KIIITUHHOI CUCTEMM.
Ile mo3BOIsIE pO3MIISIIATH CTaHU, TIOB’SI3aHi 3 pisHUMU (DaKTOpaMM, TIONIOHUM CITOCO-
ooMm.

Takum YMHOM, TMHAMIYHI peakilil KIITUHU MOXHA YMOBHO PO30UTH Ha TP €Taru.
Tlepimii eran BinMoBiga€ KJIITWHI ¥ CTaHi CIIOKOIO, sIKa He BUSIBISIE (DYHKIIiOHATb-
HOI aKTUBHOCTI PO3IJISIHYTOrO BUAY. Y LIbOMY BUMAAKy MOXKJIMBE iCHYBaHHSI aCUMII-
TOTUYHO CTiiKMX cTaHiB. OCKiJIbKM cucTeMa TepeOyBa€ ITiJi BIUTMBOM BHYTPIillIHiX i
30BHIIIHIX GIIYKTyalliid, TTO0JU3y MUX CTaHiB MOXKJIMBI CTOXaCTWMYHI mepexonu. Lleit
eTan cXeMaTU4YHO 300pakeHui Ha puc. 6, a.

Ha npyromy eTarr Ha KIiTUHY TTOYMHAIOTh BIUIMBATH YMHHUKHM HAaBKOJIWIIHBOTO
CepeaoBUINA, IO IKMX KIITUHA MOXE afallTyBaTUCS TiJIbKY MTO0iYHO. Jlo HUX, HATIpH-
KJIaJl, BITHOCUTHCSI BIUIUB LIJIOTO Psily PEYOBUH Ha OiOXiMiuHi CUCTEMU BTOPUHHUX
MocepenHUKIB (psii HelipoMeaiaTopiB, HacaMmIiepea — HOpaapeHasiHy, MOIYJSITOPIB i
TOpPMOHiB). 3 OOKY LIMX PEYOBUH MOXJIMBA HecreuudiuHa, 6e3aapecHa 1isk BcepeauHi
TKaHUWHU. Tak, HopaapeHaliH 3JaTHUI BUIUISITUCS “3a XOOOM” aKCOHY, 3 BAPiKO3HUX
po3iurpeHb. Taki BIIMBU aKTUBYIOTb (PYHKLIOHAJIbHY aKTUBHICTb, 301/IbIIYIOTH YKC-
JIO TOCSKHUX CTaHiB (puc. 6, 6). OmHaK He BCi CTaHU MaloTh OJHAaKOBY Tipupony. Ce-
pen HUX MOXKHA BUIIJTATH “SIApo”, IO BiATIOBiZA€ TUM CTaHAM, MixXK SKUMU MOXKJIMBI
WBUIKI epexoau (crany 1—4 Ha puc. 6, 6) i “nepudepito” (5—8 Ha puc. 6, 6). Obaacri
3B’sI3aHUX CTaHiB repudepii MOXyTh OyTU BiTiJIEHI OAWH Bifl OMHOTO, 110 MOKa3aHO
Ha pucyHKy. [lepudepis BigmisieHa Bif siapa; MOTPaNMBIIN Y BiAMOBIAHUI CTaH, Ha-
MpUKJIaa, y CTaH 5, cucTeMa BTpavya€e BakJIMBY BIACTUBICTb — MOXKJIUBICTh ITEPEXOIy
Oe3rnocepeIHbO A0 iHILMX CTaHiB, 00 MEPEXoau MOXYThb 3AilCHIOBATHCS 3 MEHILIOIO
iMOBipHicTIO. BaximBo, 1110 Ipy [IboMY 00MeXy1o4i yMoBH (13) cTaioTh OiJIbIII 3KOpC-
TkuMU. Ha TpeTboMy eTarti BimOyBa€eThCsl MpoleC amanTallii, 3MiHIOIOTbCS ITapaMeTpu
(13), moB’sg3aHi 3 T. 3B. IJIACTUYHICTIO — IIIJTBHICTh MEMOPaHHUX KOMIIOHEHTIB, iIHTCH-
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CHUBHICTb B3aEMHMX BIUIMBIB KJIITUH, 32 SIKUX BCTAHOBTIOEThCS MaKCUMAaJIbHE 3HAUCH-
H (19) , cTaHM CTAOTh TOTIOHNMHM, MixK HUMM 3iCHIOIOTHCS TIEPEXOIN.

1 2

Puc. 6. luHamMika mpoliecy KJIITHHHOI aganTallii: ¢ —CTaisl 3HaXOMKeHHsI KJIITUHU Y CTaHi CIT0-
KOI0, 6 — KJIITUHA T1iJI 30BHIIITHIM BIUTUBOM; 1—8 — IWHaMiuHi cTaHK

Y 1ux BUIagKax MOXKJIMBE 3aCTOCYBaHHS IPUHIIUITY onTUMaabHoCTi (27). Ciin 3a-
3HAYUTH, 11O BUXIAHUM i MiICYMKOBUI CTaH CUCTEMU MOAIOHI OIUMH OTHOMY 3aBASIKU
MOXJIMBOCTI IIBUIKOTO TIEPEXOIY Bill OMHOTO CTaHY IO OYIb-SIKOTO iHIIIOTO.

Takum 4yMHOM, peakilii OAMHOYHOTO HEWPOHY MOXHA PO3IJISIIATH, BUXOISIUU 3
MPUHIIUITY ONTUMAJbHOCTI CTaTUCTUYHOIO xapakTtepy. BiH Hamae MOXJIUBICTb, HE
3BEepPTAIYMCh OE3MIOCEePEIHBO A0 PO3IVISIAY CKIAAHUX OiOXiMiYHMX MeXaHi3MiB, CTBO-
PEHUX €BOMIOLIMHNM TTPOLECOM, 3MIMCHUTHU IKICHUI OMUC KIIITUHHUX MTPOLIECiB.
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JTAHAMUWYECKAS CTPYKTYPA Y HEJIMHEVHBIE CBOVICTBA HETPOHOB

Pesiome

PaccmaTpuBaloTcst cBoiicTBa HEMPOHOB UCXOST M3 CTATUCTUYECKON M JUHAMUYECKOM MO3U-
LU ¢ yYETOM JIByX BpeMEHHBIX MacITaboB. C MepBOil TOUKU 3pEHUS JIEKTPOPU3UOIOTIeC-
KME TIPOLIECChl B HEMPOHE XapaKTepU3YIOTCSl HE TOJIbKO CPeIHUMU 3HAYCHUSIMU YPOBHSI BO3-
OyXImeHus, HO 1 OoJiee CIOXHBIMA MOMEHTAaMM, HallpuMep aucrnepcueil. PaccMarpuBaercs
CYILIECTBEHHOCTb 3TUX XapaKTePUCTUK, X BO3MOXHAas B3aMOCBSI3b U KJIETOUHbIE MEXaHU3-
MbI, TIPUBOJISIIIME K UX U3BMEHEHMIO BO BpeMeHU. OOCyKIaeTcsi BOSMOXHOCTh ITPeICTaBICHUS
MPOLIECCOB BO30YKACHUST HEHPOHA ¢ TOUKM 3pEeHUsI TMHAMUKU CUCTEM, OJIU3KUX K HEJIMHEeH -
HBIM KOHCEpBaTUBHBIM. [1JIs1 po11ecCcoB OOIBIIONM IJTUTEIbHOCTH TTPEeIIaraeTcst 3BpUCTUYEC-
KM TIPUHLIMIT ONTUMAJIbHOCTH, UMEIOIIMI XapaKTep 3aKOHa HauOOJbIIEro pa3HOOOpa3ust
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JUHAMUYCCKOIo IMOBECACHUA CUCTCMBI. O6CY}KI[3.€TC$I, KakKuM 06p3.30M 9Ta 3aKOHOMECPHOCTb
OTpa3uTCda HAa JMHAMUKE KJICTKU.

KioueBble cjioBa : HeipoH, HETMHEHHOCTh,BO30YXKIEHUE, TUCIIEPCUs], KOoJiebaHusI, pa3HOO0-
pasue.
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DYNAMICAL STRUCTURE AND NONLINEAR CHARACTERISTICS OF NEURONS

Summary

Statistical and dynamical characteristics of neurons with two temporary scales are considered.
From the first standpoint electrophysiological exitation processes in the neuron are characterized
not only by average values, but also with more complex moments, for instance dispersion.
Essentiality of these features, their possible connection and celular mechanisms causes their
changes in time are considered. Possibility of presentation of neuron excitation processes with
the theory of systems close to nonlinear conservative are discussed. The heuristic optimality
principle for the processes of more duration, having the nature of the law of the most variety
of dynamic system behaviour is offerred. Reflection of this law on the celular dynamics are
discussed.

Key words: neuron, nonlinearity, excitation, dispersion, oscillaton, variation.
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