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Iens naHHON PabOTHI — ONPEAENUTE, KaK MEHSIETCSl XapaKTepHOoe BpeMs (JIar), OTBedaroliee 3a COXpaHEeHHEe B CUTHaIe
JIOKaJIbHBIX TIOTEHI[HATIOB MO3Ta HH(GOPMAINK O MPOIUIOM COCTOSHHHU C HAawYaJoM, BO BPEMs TEUCHHS M C OKOHYAHHEM IHK-
BOJIHOBBIX Pa3psiOB — OCHOBHOTO 3HIe(anorpadpuyeckoro npu3Haka abcaHCHO# anuiencuy. 1o BpeMst He00X0ANMO IS [o-
CTPOEHUS IPe/ICKA3aTeIbHBIX MOJIETICH C LENIbI0 OLIEHKH CBA3aHHOCTH MEXIY CTPYKTypaMU MO3ra, a TakxkKe JeTeKTHPOBaHUs
U TIpecKa3aHus SNIIenTU(OPMHON akTUBHOCTH. MeToabl. Mcmons3yercs ¢yHKnus B3anMHONH HH(OPMALUH, PACCIUTAHHASL
MEXAY CUTHAJIOM U UM K€ CO CABUIOM, CABUT BbI6I/IpaeTCﬂ B HIarax BbI60pKI/I OT HYJIA IO ITOJIOBHHBI XapaKTEPHOIro nepuoaa
kosieOaHmit. [IIsi CTaTUCTHYECKOTO aHAIHM3a Pa3IM4usl PAcIpe/ieNICHUH pacCUMTaHHOTO Jlara MEXIy )KUBOTHBIMU U 3aITUCSIMU
WCTIONB30BaH KpuTepuit Manna—Yutau. Pesyabrarsl. [IpoanammsupoBansl 1o aBe 3amucu S5 kpeic tuann WAG/Rij — reneru-
YEeCKUX Mojieliell abCaHCHOW AMHIISTICHU U3 JIOOHOW, TEMEHHOM M 3aThIJIOYHOM KOPBI M TUIITIOKAaMIIA, TSl KaXKOW 3alucH — 110
28 pa3psoB (B cymMme npoaHanu3uposanHo 280 pa3psnos). Mcnonb3oBaHb! 6 BpeMEHHBIX HHTEPBAJIOB UIMHON 2 ¢ KaXKIbIH:
B (hoHe, mepes pa3psIoM, epBhIe 2 ¢, cueayomue 2 ¢, mocieaHue 2 ¢ paspsaaa u 2 ¢ cpasy 1o ero okoHdanuu. [locTpoeHs! u
ycpenHeHs! 1o BceM 10 3ammcsaM pacnpeneneHus jara Juid Bcex 6 HHTEpBaJIOB 11 4 pacCMOTPEHHBIX oTBereHui. [IpoBenén
CTaTHCTUYECKUH aHAIN3 CXOJCTB PACIPEAENICHHUS JIara Mex/ly pa3IHIHbIMU 3anucsiMy. BeiBoasl. OOHapykeHO, 9TO C Hada-
JIOM pa3psijia MPOHCXOIUT yHU(PUKALUS pacHupeaeleHHs Jara Mexkay OTAENbHBIMU )KUBOTHBIMH, TIPH 9TOM IJISI IBYX 3amuceit
OJIHOTO M TOTO JK€ JKHBOTHOTO CTEIIeHb OOIIHOCTH, KaK IpaBuIIo, emié Belile. MeHee BCero mporecc yHU(GUKalul BhIPaKSH
B TEMEHHOH Kope; B JIOOHOH KOope U T'MIIIOKaMIIe OH 3aKaHYMBAETCs C OKOHYaHWEM pa3psja, a B 3aThUIOYHON yHU(DHKAIUSL
COXpaHsAeTcs U ToCIie OKOHYAHUS paspsja.

Knrouesvie cnosa: DT, cBsi3aHHOCTS, KpbIckl TuHMM WAG/R1)j, hyHKIuMs B3anMHON MH(GOPMALUH, THCTOIPAMMBEL.
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The purpose of the current study is to determine how the characteristic time (lag) responsible for keeping information
about the previous dynamics in the brain local field potential signals evaluates in time. This time is necessary to know in order
to construct forecasting models for coupling estimation and seizure prediction and detection. Methods. Mutual information
function calculated between a signal with itself shifted in time is used. The shift varies from 0 to one half of characteristic
oscillation period. Mann-Whitney test is used for comparative statistical analysis of distributions of the lag obtained for
different animals and recordings. Results. Two records of local field potentials for each of five WAG/Rij rats (genetic
models of absence seizures) were analyzed. Four channels were taken into account: frontal, parietal and occipital cotexes and
hippocampus. There were 28 investigated seizures for each recording. Six time intervals of length 2 s were considered, starting
from baseline, then preictal, begin of seizure, middle of seizure, immediately before the termination and after it. Distributions
of lag for different records were compared statistically. Conclusion. The lag distribution unification for different animals was
detected at the seizure beginning, with distributions from records of the same animal being usually closer than for different
ones. This unification is expressed in the parietal cortex least of all. In the frontal cortex and hippocampus the unification
ends with the seizure, while in the occipital cortex it remains even after seizure termination.
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BBenenue

IenepanuzoBaHHBIE MUK-BOJHOBBIC pa3psabl GOPMHUPYIOTCS BCICACTBHE HapylleHHs (YyHKIHMN
TaJaMO-KOPTHUKAIGHOW CHCTEMBI M SIBISFOTCS DJEKTPO3HIEhaIorpaguueckuM MPpU3HAKOM abcaHCHON
snmiIenicuy. AOCaHCHasI AMUICTICHS NPEACTABIAET COOO0I0 IIHUPOKO PACIPOCTPaHEHHYIO Cpelu AeTe U
moApocTKoB (10 50 % oT olIIero yrcia ciydaeB BCEX BHIOB SITMIICTICHH) (popMy SIHIIETICHH He SICHOM
JI0 KOHLIA STHOJIOTUHU, OCHOBHBIEC TIPOSIBICHUS KOTOPOU 3aKIIOUAIOTCA B YACTUYHON MITU MOJTHOM MOTepe
CO3HAHHMS Ha KPAaTKOE BPEMH.

VY GonbHBIX aOCaHCHOM 3MUJICTICUEH HET MOKa3aHWM il UHBa3UBHBIX HUCCICAOBAHUA U XHPYP-
THYECKUX BMEIIATeNbCTB, YTO OTPaHUYMBACT MOTy4YeHHEe HH(OpMAIMK 0 HEHpOOHOIOTHIECKUX MeXa-
HU3Max 3Toro 3aboneBanus. [103TOMY SKCHEpUMEHTAIBHYIO PabOTy TPAIUIIMOHHO MPOBOAST HAa KPbI-
cax NIByX MHOPEIHBIX JIMHUN C TEHETHYECKOHW MPepacoiokKeHHOCThIO K abcanc-smmenicuu: GAERS
n WAG/Rij [1-4]. ®apmakoiorudecKue, OBEICHUYSCKUE U JIEKTpodHIIedamorpaduiecKkue Ipu3HaKu
abcaHCHOM SMMJICTICHH Y HUX aHAJOTMYHBI TAKOBBIM y YeloBeka [5-7].

Jnis 4enoBeka OCHOBHAs 4acToTa KojieObaHUil BO BpeMs MUK-BoJIHOBOrO paszpsna ([IBP) ymeHs-
mraercs B TedeHHe paspsaa oT 5 1o 3 I'm, [UIMTeNbHOCTh pa3psAloB COCTABISET B CpegHeM 5...6 c.
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Y xpeic muann GAERS ocHOBHasi yacToTa yMeHBIIAeTCs B TeueHue paspsana ot 8 mo 7 I'm, cpen-
HSS ITUTEIBHOCTEL paspsmoB coctaBisaeT 15 ¢. Y kpeic muann WAG/Rij Habmogaercst 6omee peskoe
najieHre OCHOBHOM 4acTOTHI Konebanuii — oT 11 mo 8 I'm, cpenuss NIUTensHOCTh Pa3psaoB COCTABI-
er 8 ¢ [8].

IIpunokeHue pa3iaUYHBIX MEP U KPUTEPUEB HEIMHEWHON JUHAMMKUA U MaTeMaTHYeCKOW cTa-
THCTUKH K DIIEKTpO3HIIeasorpaMMaM TaITUEHTOB, CTPANAIONINX Pa3THIHBIMA TATOJIOTHSIMH, UMEET
nonryro uctoputo [9]. C ToUkM 3peHHs HETMHEWHOW NWHAMUKH IIEKTpO3HIedasorpaMma ecTh He 4TO
WHOE, KaK DKCIIEPUMCHTAIBLHBIN BPEMEHHON PSNl. B HEKOTOPHIX 3a/adax, TaKUX KaK OINPENEICHHE CBSI-
3eil MeXIy pasnuuHbIMu oTBeAeHusaMH [ 10-13], kmactepusamnus panoB [14], amarHocTrka B3auMozei-
CTBUS MEXTy IIEHTPAILHOIO0 HEPBHOIO CUCTEMOM U JBUTATEIHHBIM ammaparom [ 15], pa3aeneHue matomio-
TUIl 1 HOPMBI U APYTUX, TOJE3HBIM SBISETCS NOCTPOSHUE SIMIUPUYECKON MaTeMaTHYeCKON MoJenu 1o
AKCIIEPUMEHTAIFHBIM BPEMEHHBIM psimaM. Eciu cBOHCTBa 3KCTIEPUMEHTANBHBIX JaHHBIX HCIIONB3YIOT-
sl JUTS 3aJIaHMs TTapaMeTpOB MOZEH M ()OPMBI HEMMHEHHBIX (YHKIHHA, TO TOHAJOOHUTCS CYIECTBEHHO
MEHbIIIE KOAPPUIIMEHTOB, YTO YBEIHUUT HAIEKHOCTh UX OLICHUBAHUS. TakKe MEHbINAS JJTMHA BPEeMCH-
HBIX PSIOB MOXKET OBITH MICTIONB30BaHA JUISI IOCTPOEHHUS MOJIEINH, YTO, B CBOIO O4epeb, TaéT BO3ZMOXK-
HOCTh UMETh 0o0Jiee BBICOKOE BPEMEHHOE pa3pelICHUE MPHU HAOIIOJCHUM M3MECHEHUS XapaKTePUCTHK
CUTHAJIa CO BPEMEHEM, UTO CYIICCTBEHHO ISl OMOCHUTHAJIOB, TII¢ BPEMs CTAIIMOHAPHOCTH OTPAaHUICHO.
Lenbro gaHHOM PabOTHI SBISETCS pacdeT ONTHMAIbHOTO 3HAYEHUS OHOTO M3 MapaMeTPOB SMITHPHYC-
CKHX MaTeMaTHYEeCKUX MOJEINCH — jlara BIIOXKEHUS, KOTOPBHIA B JajbHEHIIeM OyIeT UCIOIb30BaThCs B
ABTOPETPECCUOHHBIX MOJEIAX C LIENbI0 IPOTHO3UPOBAHUS U aHAJTIHM3a CBA3CH.

1. MeToauka

1.1. Jannbie. B maHHO# paboTe aHamM3upoBaduch 130-MHHYTHBIC 3alTUCH BHYTPHYCPEITHBIX
30" (curHansl JOKANBHBIX MOTEHIMATOB) OT 5 caMuoB Kpbic quHMH WAG/Rij, o 2 sKcniepuMeHTa
JUTS KaXXJIOTO YKMBOTHOTO, 10 28 pa3psioB y Ka)IOTO XKUBOTHOTO B Ka)KIOM DKCIepuMeHTe. B urore
ObuT0 mpoaHanuzupoBaHo 280 paspsmoB. Bee paspsapl ObUTM CIIOHTaHHBIMU. JlaHHBIE CHUMAJUCH C
gacToToro BEIOOpKH 512 ['m n 3anmceBammcs 16-paspsaaeiv ALL ¢ anmaparHoro ¢unbTparuei B aua-
nazone 1...99 ' u nogasnenneM HaBoaku 50 I'ii. Kaxkmoe »KMBOTHOE paccMaTpuBaIOCh MHIUBUIYaIb-
HO. 3alTUCHIBAIIMCH YETHIPE OTBEICHUS, COOTBETCTBYIomue runmokamiry [Hp; AP —3.5; L 2; depth 3.5],
temenHoit [PC; AP —1.6; L 4], no6noii [FC; AP3.5; L3] u 3arsuiounoii [OC; AP —6; L —3.5] ko-
pe (cTaHmapTHBIE CTEpEOTaKCHUECKHE KOOPAMHATHI B COOTBETCTBHH ¢ ariiacoMm [16], AP — anterior-
posterior, pocTpalibHO-KaydajdbHas MpOTsHKEHHOCTh, L — lateral, maTepanpHO-MennandpHas TPOTIKEH-
HOCTb OTHOCUTENIBFHO Opermsl).

JimHa 0TOOpaHHBIX Pa3psAIOB COCTaBIsIa He MeHee 6 C IUTIOC MO MATh CEKyHI J0 M II0CIie
paspsina. Kaxnaprit paspsin pa3OuBajics Ha LIECTh WHTEPBAJIOB, HA KOTOPBIX U MPOU3BOAMICS PAacyET
Mep. Bpemst Hadaa pa3psna ans ynoOcTBa npuHUMaNoch 3a 0, a BpeMs oKkoHJaHUs 3a 1, ncciexyemMble
WHTEpBAJIbl B CEKyHIIaX, BHIOpaHHBIC B COOTBETCTBUH C pe3yiabraTramu pabotel [17], 0003HaYaIuCh
clenyromuM oopazom (puc. 1):

1. [—5;—3] ¢ no Hauana paspsza (hoHOBas akKTHBHOCTH, background activity);

2. [-2;0] ¢ — mpeukranbHas akTHBHOCTH (preictal activity), Bo Bpemsi KOTOpOU, KaK MPaBHIIO, YKe
00HapYKUBAKOTCSl U3MECHEHHS B CBSI3aHHOCTH, MMPUBOJISIINE K MHAIMALIUK Pa3psa;

[0; 2] ¢ — Hauano paspsa (onset);
2; 4] ¢ — nogneprkanue paspsaa (maintenance);

A

[
[T — 2;T] ¢ — cranus 3aBepiueHus pa3pszaa (termination);
[T;T + 2] ¢ — moctukranbHas craaus (postictal stage).
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Puc. 1. BpeMeHHOH psijl JIOKAJIBHBIX MMOTCHIIMAIIOB TEMEHHOM (COMATO-CEHCOPHOM) KOpbl st Kpbickl Ne 6. doHOM 10 T110-
PsIKYy 0003HAaYeHBI HCClieAyeMble B paboTe MHTepBanbl: [—5; —3] ¢ 1m0 Hawama paspsaga (GpoHoBas akTHBHOCTD); [—2;0] ¢ —
NpeUKTaIbHAs AKTHBHOCTB, BO BPeMsl KOTOPOH, KaK MPaBHJIO, yXKe 00HApY>KMBAIOTCSI N3MEHEHHS B CBSI3aHHOCTH, IPUBOISIINE
K MHAOMAuun paspsga; [0; 2] ¢ — Hagaio paspsiia, COOTBETCTBYET, B OCHOBHOM, HHTEPBAIY MOTEPH CBSA3aHHOCTH; [2;4] ¢ —
noxnepkanue paspsna; [T — 2; T ¢ — 3akimodntenpHas cragus paspsana; [1; T + 2] ¢ — MOCTHKTaNbHAs THHAMAKA

Fig. 1. The time series of local field potentials from the parietal (somatosensory) cortex (signal of rat No. 6 is used).
Background indicates the intervals studied in the work: [—5; —3] s before the seizure onset (background activity); [—2; 0] s
before the seizure onset (preictal activity); [0; 2] s after the seizure onset (decoupling); [2; 4] s after the seizure onset (seizure
maintenance); [I' — 2; T s before the seizure termination; [1'; 7" + 2] s after the seizure termination (postictal stage)

1.2. Ilpencka3zarejibHass MaTeMarudeckasi Moaeb. [lOCKONBbKY BpEMEHHBIE PSJIbI, COJEPIKaA-
e abCaHCHBIC Pa3psbl, JOCTATOYHO KOPOTKHE M HEPETYIspHbIE (CM. puc. 1), OBLJIO pEmIeHo OT-
Ka3aTrbeCdad OT HJACHU BOCCTAaHABJIIMBATH I[I/I(b(bepeHHI/IaJH)HI)Ie YpaBHCHUA, U MOACJIbL CTpOWJIaChb B BHUIC
HEJIMHEHHOTO 0TOOpaXKeHUs MOCIICAOBaHHS BU/IA:

w%-ﬂ; =f (xna Ln—1ls - - - 7xn—(D—1)l) ) (1)

e X, = (xn, Tyl ey Tp( D—l)l) SIBIIICTCS BEKTOPOM COCTOSIHUS, PEKOHCTPYHUPOBAHHBIM C TIOMO-
1IBI0 MeToA 3aJiepkeK [ 19], KOTOpBIH sABIsSETCA KIACCHUYECKUM MOAXOJ0M ISl TPAHCIIOHUPOBAHUS Bpe-
MEHHBIX PSIJIOB B (Pa30BOM MPOCTPAHCTBE, TO €CTh IS MOJYYCHHUSI BEKTOpa COCTOSIHUS OOJNBIION pa3-
MEPHOCTH M3 CKAISIPHOTO BPEMEHHOTO psna (I€pHBIC TOUKH HA pHUC. 2) {xn}ﬁle IUTIST K&KIOW BPEeMCEH-
HO# ToukH. KoadHIMeHTb MOAEIN OEHUBAIOTCS C TTOMOIIBIO METOIa HAaUMEHBIMX KBaaparoB [20]
myTéM MUHUMH3AIUN KBAAPATHYHOW OMIMOKH MPOTHO3UPOBAHUS, KOTOPAs M3MEPSET PA3HUIY MEXKTY
IIPOTHO3UPYEMBIMH 3HAYCHHSMH T, , . ¥ HAOIIONAEMBIMU Ty, 4. B 5TOM IpHMepe mapameTpsl MOJIEIIH:
t=12,1=5,D =5.

Hannas pabora HampaBiieHa Ha TOWMCK ONTHMAJIBHOTO 3HAYEHMS Jiara BEKTOpa cocTosHUs. Pa-
Hee ONTUMAJBHBIN Jar yxke moabupaics c¢ ucrnoiab3oBaHueM kpurepus llIBapra [21] cpa3y BmecTe ¢
ONTHMAJIEHON Pa3MEPHOCTHIO MOJCIH M ONTUMAJIBHBIM TOPSAKOM TommHoMa [18]. M B komOWHAIN

UV,

-10

20 40 60 80 n — discrete time

Puc. 2. IIpumep BpeMEHHOTO pszia, COAepIKaIero abCaHCHbIH pa3psi, Ha KOTOPOM OTMEYEHBI IIapaMeTPhbl MOJEIBLHOTO 0TO0-
paxenns. UEpHbIE TOUKH {Tn}A—; — 3HAYEHHsS JOKAIBHBIX NOTEHLMAJOB MO3rA B JMCKPETHbIE MOMEHTHI BPEMEHHM, Ha-
OIronaeMoe 3HaYeHHe MOTEHIHUANA (Ty 1) BBLAENEHO TPEYTOJIHHUKOM, MONYYEHHOE C TIOMOIIBI0 MOJIENH 3HAYEHHE (T, ) —
3BE30YKOH, 3HAYCHUS, BKIIOYEHHBIE B MOZENb (BEKTOP COCTOSHUS) — OKpYykHOCTAMH. O003HadeHus: | — jar, T — JaabHOCTb
porHo3a, D — pa3MepHOCTh BEKTOpa COCTOSIHUS. B 1aHHOM mpuMepe mapaMeTpsl BEKTOpa COCTOSHUS: T = 12,1 =5, D =5

Fig. 2. Time series plot with absence seizure, where parameters of adapted nonlinear model are shown. Points of time series
{2, } _; are marked with black dots. The point to be predicted . is marked with a triangle. The predicted by model
value z;, ;. is marked by a gray star. Points used for prediction (state vector components) are marked with circles. Notation:
l - lag, T — prediction length, D — dimension. In this example model parameters are: Tt =12,/ =5, D =5
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C JAIBHOCTBIO MporHo3a [22]. 3mech MBI mpenjaraeM emié oJuH MOAXOA JJIs HEe3aBHCHUMOIO Momdopa
OIITUMAJILHOTIO JIara.

1.3. OntumanbHbiii Jar. B pabore [19] 6bL10 MOKa3aHO, YTO MPU PEKOHCTPYKIIMHM BEKTOpa
COCTOSIHMS 110 CKAJIIPHBIM BPEMEHHBIM PAJaM ONTHMAJIBHBIM CIOCOOOM ONpPEIEICHNUS jlara BIOXKCHUS
SBJISIETCSL €r0 BBHIOOP KakK IEpBOTO JOKAJILHOIO MHUHUMYMa Ha 3aBUCHMOCTH (YHKIMH B3aUMHOH WH-
(hopmManu SKCIIEPUMEHTAIFHOTO psilla C CaMUM CO00F0, CABHHYTHIM BO BpeMeHH. [loaToMy B maHHOM
paboTe B KaXIOM ciy4ae (KHBOTHOE, HOMEp 3alllCH, CETMEHT) PacCMaTpPHBAJIHCh Pa3lUYHBIC JIard
(B mmama3oHe OT HyJS O TOJIOBHHBI XapaKTEPHOTO MEpHoja) W BRIOMPAIOCh 3HAUYEHHE, COOTBETCTBY-
ollee MepBOMy MUHMMYMY B 3aBUCHMOCTH (DyHKLUMM B3aUMHOM MHQOpMAaLUU OT BPEMEHHOTO Jiara
(L y ().

OyHKiys B3aUMHON MHOpMaumu I, , Mexay asyms BoiGopkamu {x, Y | u {y,} | xapak-
TEepU3yeT CTENEHb MOXOKECTH psifoB. [IpuMeHEHHAs K OOHOMY M TOMY K€ psAy CO CIBHUIOM, KOIna
y = z(t — 1), pyHKUMs MOKa3bIBacT, Kak OBICTPO cHCTeMa 3abbiBaeT cBOE mporwioe coctosiaue. Cyie-
CTBYET HECKOJIBKO TOAXO0MO0B K pacuéry I, ,. Mbl nCronp30Bann coBpeMeHHbIN noaxos [23], ocHoBaH-
HBIH Ha yu€re OmmKkailmx cocelell u NpeabIBISIONINA HaUMEHbIINE TPeOOBaHUS K 00BEMY JaHHBIX,
YTO Ba)KHO IPH UCCJIEIOBAaHUU HECTALMOHAPHBIX 110 MpUpoe (PU3HMOIOTHYECKUX CUrHaIoB. MTorosas
(dopMyna I BEIYUCICHUS OLICHKH (YHKIUU B3aUMHOW MH(GOPMAIMU UMEET BUJL

Ly = W) + (1) = (W(a () + 1) + 9y () + 1)) @)

i=1,...,N

rne N — 1umHa BBIOOPKH, N;(1) M 1y (i) — uneno cocenei i-ift Touku Ha miockoctn (X,Y), y(n) -
auramMMa-(yHKkius. ITocKombKy METOI MMeEeT 3HAYMTENIbHYO BBIUYHCIUTENBHYIO CIOKHOCTb, OBLI HC-
MOJIb30BaH COPTUPOBOYHBIN anroput™ [24]. Jlanee nns TecTUpoOBaHMS 3HAUUMOCTH PE3YNbTaTOB HC-
II0JIB30BAJICSl KpuTepuii MaHHa—YUTHH, paCCUUTAaHHBIN 1JI BCEX Map )KUBOTHBIX.

2. Pe3yabTarthl

Ha 3aBucumocTH QyHKIMH B3aMMHOW MH(GOPMAIMH OT BPEMEHHOTO Jiara ONpeerisuics MepBhiid
MHUHUMYM. [laniee i KaJ0ro 3MU30/1a CTPOMIIACh TUCTOTPaMMa YacTOT BEJIMYHMHBI [ IS [IEPBOTO MH-
HuMyMa QyHKIHHA I, (1) 10 BceM 3amucsiM BCeX HCCIIeIyeMBIX JKMBOTHBIX JUIS YETBHIPEX HCCIIETyeMbIX
KaHanoB (puc. 3). CTOUT OTMETHUTb, YTO MOJO0OHBIE THCTOTPAMMBI TaK)Ke CTPOUIIMCH OTJENBHO I pa3-
HBIX 3amucedl. KauecTBeHHO 3Ta rHCTOrpaMMa BBINIAENA TaK JKe, KaK U aHaJIOTHYHBIE THCTOIPaMMBEI,
MOCTPOCHHBIE TIPH aHAITU3E 3aMUCel OT OTJEIBHOTO KUBOTHOTO (PE3yNbTaThI 110 BCEM KUBOTHBIM OBLITH
AHAJIOTUYHBI).

Ha puc. 3 nokazano 6 ructorpaMm, Kaxaas U3 KOTOPbIX COOTBETCTBYET OJHOMY M3 BPEMEHHBIX
CerMeHTOB: ()OHOBAsI aKTUBHOCTb, IPEUKTAIbHASI AKTUBHOCTh, HAYaJIO pa3psi/a, MoJiepKkaHue pa3psa,
CTajus 3aBepllCHHs pa3psia, MOCTUKTaNbHas craaus. [1o ocu abcmuicc OTIOXKEH Jar [, Ha KOTOPOM
JOCTUTAETCS MePBBIi MUHUMYM (DYHKIIMW B3aMMHOM WH(OPMAIIUH, TO €CTh MCKOMBIA ONTHMAaIbHBIN
nar monenu. 1o ocu opAMHAT OTIOKEHA YacTOTa BBHIMAJICHUS JTAHHOTO 3HAYCHUS! B BHIOOPKE — YHCIIO
Pa3psnoB, KOTOPOMY COOTBETCTBYET MUHHUMYM I, (1) mpu naHHOM .

Paccunrannas rucrorpaMmMa mokasaja, YTO ONTUMAJIBHBIN JIar COCTABISIET OKOJIO 8 WHTEPBAJOB
BBIOOpKH (1/64 ¢ wim 1/8 xapakTepHOro nepuona kKojieOaHwid a0CaHCHBIX pa3psaoB). DTOT pe3yabTar
OBLT TTOTYYEH KakK JUIs IenTH(GOPMHOM, Tak U 11t HGOHOBOI aKTHBHOCTH, TO €CTh B CUTHAJIE Ha BCEM
BpPEMEHHU HAOIOCHHS TIPUCYTCTBYET JAHHBIN BPeMEHHON MacIuTao.

Tak kak W3 pe3ynprara BBIYUCICHUN 1O 28 paspsiiaM MOXHO MOJYYHTH BBIOOPKY — OIICHKY
pacripeneseHust [, BO3MOXHO CpPaBHEHHE paclpeeICHU | s pa3InvHbIX KUBOTHBIX WM 3aIUCel y
OIHOTO W TOTO € XMBOTHOrO. UTOOBI MPOBECTH COMOCTABICHUE PACTIPENeNICHUH, MBI BBIOpAIN TECT
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Puc. 3. TuctorpaMmbl pacrpezeseHus jiara [, COOTBETCTBYIOLIETO IIepBOMY MUHUMYMY (YHKLHU B3aUMHON HH(OpManu, mo-
CTPOCHHOMY IIPH CIIBUTE BPEMEHHOTO Ps/ia OTHOCUTEIBHO ceOs. UeThipe IBeTa COOTBETCTBYIOT YETHIPEM KaHAJIAM: CHHUHN —
temennoi kope (PC), 3enéubrit — nobHo#t kope (FC), kpacHbiit — runmokamny (Hip) u romy6oit — 3atsuiounoit kope (OC).
[ecTp rpaduKOB OTHOATCS K IIECTH ABYXCEKyHIHBIM MHTEpBajaM, 0003HaYeHHBIM Ha puC. |: background — ¢oHOBas akTHB-
HOCTB, preictal — mperKTanbpHas aKTHBHOCTB, Onset — Havano paspsia, maintenance — moAjepkaHHe paspsna, termination —
HpeKpaiieHne paspsjia, u postictal — mocTUKTaNbHAsS AaKTUBHOCTh

Fig. 3. Histogram of frequencies for the first minimum of the mutual information function. X-axis: the step at which the
first minimum of the mutual information function is reached. Y-axis: the frequency (number of times reached) for the first
minimum. The four colors correspond to the four channels: blue — parietal cortex (PC), green — frontal cortex (FC), light
blue — occipital cortex (OC), red — hippocampus (Hip). Each subfigure corresponds to one of the time intervals: background,
preictal, onset, maintenance, termination, and postictal

ManHa—YUTHH, KOTOPBIA UIT KOPOTKUX BHIOOPOK Ma€T, KaK MpaBWIIO, OOJBIIYI YYBCTBUTEIHHOCTH,
gem TecT KonmvoropoBa—CmupHoBa. [loporoBoe 3Hauenue i KpUTepHs ObIJIO YCTAHOBIEHO PaBHBIM
p = 0.05. Pe3ynprarsl A5 BceX YETHIPEX UCCIEIOBAHHBIX OTBEACHUM MPUBEACHBI HA pUcC. 4—7.

Bce pe3ynbrarhl, Korma cTaTUCTHKA IpUHUMAaja 3HadeHus oonbiie 0.05, 9To COOTBETCTBYET COB-
MAJICHUIO PacIIpeeIeH i, Ha puc. 4—7 n300pakeHbl TEMHBIM IIBETOM, a Te, 4To MeHbIe 0.05, cooTBeT-
CTBYIOT 3HAYMMBIM Pa3IMYHsIM U OTPUCOBAHBI CBETIIBIM. COOTBETCTBEHHO, €CITH Ha TpadyKe MOy IHIICT
TEMHBIN KBaJpar, TO pE3yJIbTaTbl Hozx6opa Jlara Juis 9Tux IByX 3anrcey CTaTUCTHYECKH HE OTIIMYAaK0TCA,
STH 3allCH TIOX0)KH CBOMMH BPEMEHHBIMU MacIiTa0amu (II03TOMY Ha JUAarOHaNH, IJe 3alUCh CPaBHU-
BaeTcs cama ¢ coboif, Bceraa TeMHbIe KBaaparsl). Eciam Ha rpaduke MOTyUHIICS CBETNIBIA KBaJIpart, TO
BPEMCHHBLIC MacIITa0bl 3TUX ABYX 3aMycey CTaTUCTUYECCKH OTIMYAIOTCS.

Ecim B Teuenue pa3suTHs paspsaaa (OT MPEUKTANBHOW K TOCTUKATIHPHON aKTUBHOCTH) KOJIHYe-
CTBO TCMHBIX KBaJApaToOB Ha rpa(bHKe YBEJIMIUBACTCS, TO MOKXHO 'OBOPHUTH O MMOCTEIEHHOMN yHI/I(bI/IKaI_II/II/I
BPEMEHHBIX MaclITabOB BCEX 3alMcedl BCeX KUBOTHBIX. Eciu ke, HA000pOT, yBEITHUNBACTCS KOJIHYe-
CTBO CBETJIBIX KBaJpaToB, TO 3HAYWT Pe4b HAET O PaspylICHWH EIHHOTO BPEMEHHOTO MaciiTaba u
KaxXJg0€ ) KMBOTHOC BC,Z[éT 06651 UHIANBUAYAJIBHO.
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Ha puc. 4 npuBeseHbl TuarpaMMbl pe3yabTaToB TecTa MaHHU—YUTHU JUIs 3arucel JIOOHOH Ko-
pst (FC). Ha Hux BuIHO, 4TO B Havale paspsjaa (onset) MPOUCXOAUT YHH(PHUKALIMS BPEMEHHBIX MaCIITa-
60B 11t Bcex 3ammcedl (kpome Kpwickl Ne 10, pacnpenenenue Iuisi KOTOPOH HE COBMANAET C OCTallb-
HEIMH). Yke B (haze mommepkanus paspsna (maintenance) 3Ta yHH(DHUKAIWS HAYMHACT Pa3pyIIaThes —
NosBIsIETCS BCE OOMNbIE CBETIBIX KBaIpaToB. B KoHIe pa3spsaa (termination) pacmpeneneHue JaroB
BJIOKEHUS U151 OOJBIIMHCTBA 3alUCeil yKe pa3iIudHoO.

Ha puc. 5 npuBeaeHsl AuarpaMMbl pe3yJIbTaToB TecTa MaHHU—YUTHU U1 3aUceld TEeMEHHOU KO-
pst (PC). Ha aTtux muarpamMMax BO BCe PacCMOTPEHHBIE TIEpHOAb! (M Tpu (OHOBOM aKTHBHOCTH, M TIPH
SMHUICTITH(GOPMHON aKTHBHOCTH) BPEMEHHBIE MacIITa0bl Il BCEX )KUBOTHBIX CTATUCTUYECKH pa3iny-
HBI (MHOTO CBETJIBIX KBAJIPaTOB), TO €CTh KaXKJI0€ )KMUBOTHOEC MHIUBUAYAILHO M HE MOXOXKE Ha JAPYTHX.
3Haunt, 11 TeMeHHo# kopsl (PC) yHubUKanms pacnpeneieHnii MexX Ty >KWBOTHBIMU HE BO3HHUKAET, HO
Mapbl 3amucel UIsl OAHOTO M TOTO )K€ KUBOTHOTO MOXOXKH (TEMHBIE KBaJIpaThl Ha TUArOHAIH).

Ha puc. 6 npuBeaeHsl auarpammbl pe3yibTaroB TecTa MaHHU—YUTHU ISl 3alMCEl 3aThLIOY-
Hoii kopel (OC). [Ins 3aThIIOYHON KOPhI MMEETCS, B IIEJIOM, IOCTATOYHO OOJBIIOE CXOACTBO 3amuceit
OITHOTO M TOTO K€ >KHUBOTHOTO C caMHM c000i#l naxe B (oHe. 3aTeM ¢ HadalloM pa3psja HPOHCXOJUT
MepecTpoika: pactpeaeNeHus CTAHOBATCS ONMM3KUMHE [T BCEX KUBOTHBIX U JJISI BCEX 3aITUCEH, TO €CTh
MIPOUCXOUT TMOSTHAsT YHU(UKAIMS BPEMEHHBIX MacIITa0oB, MPUUYEM B 3aTbUIOYHON KOpE 3TOT MPOIEeCC
HE 3aKaHYMBACTCS C 3aBEpLICHUEM pa3psiaa.

Ha puc. 7 npuBeneHsl quarpaMmsel pe3ylbTaToB TecTa MaHHU—-YUTHU AJIs 3alMCEN TUnmoKaMia
(Hip). INoBeneHue rumnmokamna BO BPEMEHH OYCHb IOXOXE Ha IMOBEICHHE JIOOHOH KOphI: B (OHE H
MPEUKTAIbHOM IEPHOaX 3HAUYMMBIX COBNAJACHMA HEMHOIO, MOTOM B Hauyaje MPUCTYNa MPOUCXOIUT
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Puc. 4. Pesynprarel Tecta MaHHa—YUTHH COINOCTABICHUS paclpenesicHuid | Ui TOOHOH KOpBI JJIsl BCEX BO3MOXHBIX Iap
KMBOTHBIX Ha BCEX MCCIEAYyEeMBIX MHTepBajax. CBETNIBIM IOKa3aHbI Iapbl 3alucel, A KOTOPBIX PACHpenesieHHs OINTH-
MaJIbHBIX JIarOB 3HAYUMO OTIH4aroTcs Ha ypoBHe 0.05, TemMHBIM — He omnn4aioTcs. LllecTh rpadMKoB OTHOCSATCS K IIECTH
JIBYXCEKYH/IHBIM HHTepBasiaM, 0003HaueHHBIM Ha puc. |: background — dhoHOBas akTHBHOCTS, preictal — mpeuKTambHAs aK-
TUBHOCTB, Onset — Havyajio paspsaa, maintenance — moAJep kaHue pa3psja, termination — npeKparieHne paspsaa, u postictal —
[IOCTUKTAJIbHAS aKTHUBHOCTH

Fig. 4. Mann-Whitney test results for FC when comparing I(l) distributions for all possible pairs of animals at all studied
intervals. Light squares shows pairs for which the distributions of optimal lags differ at the confidence level of 0.05, and
dark ones are for pairs not demonstrating significant differences. Each subfigure corresponds to one of the time intervals:
background, preictal, onset, maintenance, termination, and postictal
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Puc. 5. Pesynbrarsl TecTa MaHHa—YHUTHH COMOCTABJICHMS paclpeeeHuid | Uil TeMEHHON KOpPBI A BCEX BO3MOXKHBIX Hap
JKMBOTHBIX Ha BCEX HCCIELyeMbIX MHTepBasiax. CBETJIBIM IOKa3aHbI Mapbl 3alMceil, Uil KOTOPHIX PacHpeeNeHUs ONTH-
MaJlbHBIX JIarOB 3HAYMMO OTIM4aloTcs Ha ypoBHe 0.05, TeMHbIM — He oTiamyarorcs. IllecTs rpaMKOB OTHOCSTCS K INECTH
JIByXCEKYHIHBIM HHTepBajiaM, 0003HadyeHHBIM Ha puc. |: background — ¢oHOBas akTHBHOCTB, preictal — mpeukTambHas ax-
THBHOCTB, Onset — Hayajio paspsja, maintenance — HoJepykaHue paspsija, termination — nmpekpaieHue paspsaa, u postictal —
INOCTHUKTAaJIbHAsA aKTUBHOCTb

Fig. 5. Mann-Whitney test results for PC when comparing I(!) distributions for all possible pairs of animals at all studied
intervals. Light squares shows pairs for which the distributions of optimal lags differ at the confidence level of 0.05, and
dark ones are for pairs not demonstrating significant differences. Each subfigure corresponds to one of the time intervals:
background, preictal, onset, maintenance, termination, and postictal
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Puc. 6. Pesynbrarel Tecta MaHHa—YHUTHH CONOCTABIICHUSI PAcIpesieNieHui [ Uil 3aTBUIOYHON KOPBI Ul BCEX BO3MOXKHBIX
map XMBOTHBIX Ha BCEX HCCIEAyeMbIX WHTepBanax. CBETNIBIM MOKa3aHBI Maphl 3alHCeH, UIS KOTOPBIX PaclpeieNeHus OIl-
THUMAJIBHBIX JIar0OB 3HAYMMO OTIM4aroTcs Ha ypoBHe 0.05, TeMHBIM — He ommuarorcs. [llects rpadgukoB OTHOCATCS K IMIECTH
NIByXCEKYHIHBIM HHTepBaiaM, 00o3HaueHHbIM Ha puc. |: background — ¢oHOBast akTHBHOCTB, preictal — mpeuKTanbHas aK-
TUBHOCTb, Onset — Havauo paspsaa, maintenance — moAep KaHue pas3psija, termination — IpeKparieHne paspsaa, u postictal —
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Fig. 6. Mann—Whitney test results for OC when comparing I(l) distributions for all possible pairs of animals at all studied
intervals. Light squares shows pairs for which the distributions of optimal lags differ at the confidence level of 0.05, and
dark ones are for pairs not demonstrating significant differences. Each subfigure corresponds to one of the time intervals:

background, preictal, onset, maintenance, termination, and postictal
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Puc. 7. Pesynbrarel Tecta MaHHa—YUTHHU COIOCTABICHUS paclpeneseHlid | s THIIIOKaMIIa Uil BCEX BO3MOXHBIX Iap XKH-
BOTHBIX Ha BCEX HCCIIENyeMbIX HHTepBanaXx. CBETIIBIM ITOKA3aHbI MTaphl 3alUCeil, TSI KOTOPBIX PACIIPEAEICHUS ONTUMAIBHBIX
JIaroB 3Ha4YMMO oTiaM4aroTcs Ha ypoBHe 0.05, TeMHBIM — He ommuarorcs. IllecTb rpagUkoB OTHOCSTCS K IIECTH ABYXCE-
KyHIHBIM HHTEpBajiaM, 0003Hau4eHHbIM Ha puc. |: background — doHOBast akTHBHOCTS, preictal — nperKTaabHasi aKTHBHOCTb,
onset — Hadaio paspsia, maintenance — MONAEPKaHUE paspsna, termination — MmpekpamieHHe paspsiga, u postictal — mo-
CTHUKTaJIbHasl aKTUBHOCTh

Fig. 7. Mann—Whitney test results for hippocampus when comparing I (1) distributions for all possible pairs of animals at all
studied intervals. Light squares shows pairs for which the distributions of optimal lags differ at the confidence level of 0.05,
and dark ones are for pairs not demonstrating significant differences. Each subfigure corresponds to one of the time intervals:
background, preictal, onset, maintenance, termination, and postictal

yaudukanys. [loroMm 3Ta yHHPHUKANNS TOCTETIEHHO pa3pylIaeTcs: YK€ BO BTOPBIE 2 CEKyH/BI paspsiia
OHa MEHBIIIE, YeM B IIEPBbIE, @ B KOHIIE — I MEHBIIIE.

B wurore Ha puc. 4-7 BHIOHO, YTO C HAYaJIOM IIPUCTYNA NMPOUCXOOUT YHU(UKAINS BPEMEHHBIX
MacITaboB — UX pacHpefeseHHs CTAHOBATCS HEOTIIMYUMBI (BO3PACTAEeT YUCIIO TEMHBIX KBaJpaToB), HO
CO BpeMeHeM, OMKe K KOHILy pa3psifia WM 10 €ro 3aBepLIeHUH, OHa pa3pylIaeTcsl.

3. O0cy:xkaeHne U 3aKJII0YeHne

HccnenoBanue 3BOIIOLUU CBA3aHHOCTU B MO3T€, MPEIUIECTBYIOLIEN U COIMYTCTBYIOIIEH pa3BU-
THIO AMHAIENTA(OPMHON aKTUBHOCTH, C UCTIONB30BAHMEM MPOTHOCTHYECKUX MOZENEH He MOXET OBITh
BBITIOJIHEHO 0O€3 JISTAIbHOTO UCCIICAOBAHHS CBOUCTB CaMHUX CUTHANIOB DD MM JIOKAJIBHBIX TOTCHIINA-
JIOB TIOJISI, KaK 3TO OBLIO C OUEBHIHOCTHIO MTOKa3aHO B [25]. B To ke BpeMsi UMEHHO Ha WCIIOTh30BAHUH
MPOTHOCTUYECKUX MOJAENEH — CTaTUCTUYECKUX WIH TUHAMUYECKUX — OCHOBAHO OOJIBIIMHCTBO METO-
JIOB JICTCKTHPOBAHMSI HAIPABICHHON CBA3aHHOCTH, BKIIFOUAs! MPUYUHHOCTH 110 | pelHIKepy, SHTPOTIHIO
MepeHoca M YacTHYH HAIPaBICHHYIO KOTepeHTHOCTh. Pabora [22] ¢ OYEeBUAHOCTHIO MOKa3aia, 4To
HEY4YET BPEMEHHBIX MACIITa0OB AKCIECPUMEHTATLHOTO CHTHATA B MOIETH BEAET K PE3KOMY IAICHHUIO
KaK 4yBCTBUTEIBHOCTH, TaK U CIIENU(UIHOCTH OLEHOK CBA3aHHOCTH. OMHAKO CaMH 3KCIIEPUMEHTAIb-
HBIE CUTHAJIBI IO ATMIJICITHIECKOTO MPUCTYIIA ¥ BO BPEMS HETO CYIMIECTBEHHO pasnudarTrcs. [loatomy
JI0 Cero IHS BBI3BIBAIM HEKOTOpPHIE OMACeHHs PE3yNbTaThl MPUMEHEHUS! YHU(DUITUPOBAHHBIX MoJeleit
JUTSL ITUHHBIX PSIOB, BKIIOUAIOMINX KaK (DOHOBYIO JOPa3psAHYI0 TWHAMUKY, TaK M caMm paspsi U MO-
CTUKTAIBHYIO JHHAMHKY B CKOJB3SINEM OKHE, Kak 3To ObuTO chemaHo B [17,26,27] mis abcaHCOB U
B [28,29] mis muMONYECKUX CyIOpOT.
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Jannas paboTta Ha ocHOBaHMHU aHanmu3a 10 BHYTpHUYEpENHBIX 3alMcell JIOKAIBHBIX MOTEHIHA-
noB 5 kpeic muHEEM WAG/Rij moka3siBaeT, 9T0 OCHOBHOW BPEMEHHON MaciiTal [ 3BOJIONWU CHUTHAJIA
MIPYU MHUK-BOJHOBBIX pa3psijiaX, CBSA3aHHBIN ¢ cOXpaHeHHeM MH(OpMaIMKi CUTHAIOM O cebe, MPUMEPHO
OJMHAKOB AJs1 JOHOBOH AMHAMMKH, IIPEUKTAIBHOTO HHTEPBAJIA, CAMOT0 pa3psiaa (HECMOTPs Ha IBOJIO-
UM CHTHajla BO BpeMs MPHUCTYIIA) U MOCTUKTAILHON TUHAMHUKH. JTOT MaclTad COCTaBIISET MOPsIKa
T/8, tne T' — xapakTepHsbIil Tieprox Koebanwuit (B cirydae abcancoB 1" ~ 1/8 c). Ilpu aToM mmeercs
JIOBOJILHO CIJIOKHOE, HHOTIa MYJIETUMOAAJIbHOE pacnpeeieHue [, a He (GUKCUPOBaHHOE 3HAYCHUE.

CpaBHHTENBHBIM aHAJIN3 paclpeneNeHnuil BeIHMYUHBI | ¢ HWCIOJIh30BaHMEM KpHuTepus ManHa—
VYHUTHHU 1OKa3aJl, 9YTO 3TO paclpeAeieHUue Pa3IndHO AJIS PAa3HBIX )KUBOTHBIX, OJHAKO YHU(MULHMPYETCS C
Ha4yaJIOM MHK-BOJTHOBOTO pa3ps/ia BO BCEX YETHIPEX PACCMOTPEHHBIX OTBEACHHSX: B JJOOHOM, TEMEHHOM
U 3aTBUIOYHOHM KOpe W B THIIIOKaMmIe. OTa YHU(UKAIMA O3HA4YaeT, YTO BO BPEMs SIMJICIICUM HHIH-
BUJyalbHbIE 0COOEHHOCTH, CBONCTBEHHBIE KHUBOTHBIM, CTHpaloTca. B Hanbonbliel creneHu TaHHBII
3¢ deKT NposBIsIeTCs B EPBbIE CEKYH/ABI IPUCTYIA.

Bubauorpadguyeckunii cnucok

1. Marescaux C., Vergnes M., and Depaulis A. Genetic absence epilepsy in rats from Strasbourg — a
review // Journal of Neural Transmission (Supplementum). 1992. Vol. 35. P. 37-69.

2. Vergnes M., Marescaux C., Depaulis A., Micheletti G., and Warter J.M. Spontaneous spike and
wave discharges in thalamus and cortex in a rat model of genetic petit mal-like seizures //
Experimental Neurology. 1987. Vol. 96. P. 127-136.

3. Coenen and van Luijtelaar E.L.J.M. Genetic animal models for absence epilepsy: A review of the
WAG/R]j strain of rats // Behavior Genetics. 2003. Vol. 33. P. 635-655.

4. Depaulis A. and van Luijtelaar G. Genetic Models of Absence Epilepsy in the Rat in Animal
Models of Seizures and Epilepsy. A. Pitkanen, S. Moshe, and P. Schwartzkroin, eds. San Diego:
Elsevier Inc., 2006. P. 223-248.

5. Meeren H., Pijn J., van Luijtelaar E., Coenen A., and Lopes da Silva F. Cortical focus drives
widespread corticothalamic networks during spontaneous absence seizures in rats // J. Neurosci.
2002. Vol. 22. P. 1480-1495.

6. Sitnikova E., Dikanev T.V., Smirnov D.A., Bezruchko B.P, and van Luijtelaar G. Granger causality:
Cortico-thalamic interdependencies during absence seizures in WAG/Rij rats // J Neurosci Methods.
2008. Vol. 170, no. 2. P. 245-254.

7. Van Luijtelaar G., Sitnikova E., and Liittjohann A. On the origin and suddenness of absences in
genetic absence models // Clin EEG Neurosci. 2011. Vol. 42, no. 2. P. 83-97.

8. Akman O., Demiralp T., Ates N., Onat F. Electroencephalographic differences between WAG/Rij
and GAERS rat models of absence epilepsy // Epilepsy Research. 2010. Vol. 89. P. 185-193.

9. Timmer J., Haussler S., Lauk M., and Lucking C.-H. Pathological tremor: Deterministic chaos or
nonlinear stochastic oscillators // Chaos. 2000. Vol. 10, no. 1. P. 278-288.

10. Takahashi D.Y., Baccala L.A., and Sameshima K. Connectivity inference between neural structures
via partial directed coherence // Journal of Applied Statistics. 2007. Vol. 34, no. 10. P. 1255-1269.

11. Brovelli A., Ding M., Ledberg A., Chen Y., Nakamura R., and Bressler S. Beta oscillations in a
large-scale sensorimotor cortical network: Directional influences revealed by Granger causality //
PNAS. 2004. Vol. 101. P. 9849-9854.

12. R. Vicente. Transfer entropy—a model-free measure of effective connectivity for the neurosciences
// Journal of Computational Neuroscience. 2011. Vol. 30, no. 1. P. 45-67.

13. Vakorin V.A., Misic B., Krakovska O., Bezgin G., and M.A.R. Confounding Effects of Phase Delays
on Causality Estimation // PLoS ONE. 2013. Vol. §, no. 1. e53588.

14. Dikanev T, Smirnov D., Wennberg R., Velazquez J.P, and Bezruchko B. EEG nonstationarity
during intracranially recorded seizures: Statistical and dynamical analysis // Clinical Neurophy-
siology. 2005. Vol. 116. P. 1796-1807.

15. Bespyuxo b.II., Ilonomapenxo B.U., Ilpoxopos M.J., Cmupnos JJ.A., Tacc II.A. Mogenuposa-

I'puwgenxo A.A., Cvicoesa M.B., Cvicoes U.B.
WzBectus By3oB. [TH/, 2020, T. 28, Ne 1 107



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

HUE W TUATHOCTHKA B3aUMOJICHCTBUS HETMHEUHBIX KOJIEOATENFHBIX CHCTEM TI0 XaOTHIESCKUM Bpe-
MEHHBIM psAfaM (MPUIoKEHUS B Helpodusnonorun) // Yenexu ¢usudeckux Hayk. 2008. Vol. 51.
C. 323-329.

Paxinos G., Watson C. The Rat Brain in Stereotaxic Coordinates. 6th ed. San Diego: Academic
Press, 2006.

Sysoeva M.V, Liittjohann A., van Luijtelaar G., and Sysoev 1.V. Dynamics of directional coupling
underlying spike-wave discharges // Neuroscience. 2016. Vol. 314. P. 75-89.

Sysoeva M.V., Sitnikova E., Sysoev LV., Bezruchko B.P, and van Luijtelaar G. Application of
adaptive nonlinear Granger causality: Disclosing network changes before and after absence seizure
onset in a genetic rat model // J Neurosci Methods. 2014. Vol. 226. P. 33-41.

Packard N., Crutchfield J., Farmer J., and Shaw R. Geometry from a Time Series // Phys. Rev.
Lett. 1980. Vol. 45. P. 712-716.

Legendre A.M. Appendice sur la méthodes des moindres quarrés. Nouvelles méthodes pour la
détermination des orbites des cométes. Firmin-Didot, 1805.

Schwarz G. Estimating the dimension of a model. Annals of Statistics // Annals of Statistics. 1978.
Vol. 6, no. 2. P. 461-464.

Kornilov M. V., Medvedeva T.M., Bezruchko B.P, and Sysoev LV. Choosing the optimal model
parameters for Granger causality in application to time series with main timescale // Chaos,
Solitons and Fractals. 2016. Vol. 82. P. 11-21.

Kraskov A., Stogbauer H., and Grassberger P. Estimating mutual information // Physical Review
E. 2004. Vol. 69. 066138.

3emnannuros A.C., Coicoes M.B. JIlnarHoCcTHKa U KOPPEKITUS CHCTEMATHIECKOM OIMOKH IPH OICH-
K€ SHTPOMHUH nepeHoca merogoM K-Ommxaimmx coceneit // M3sectus Bysos. ITH. 2015. T. 23,
Ne 4. C. 24-31.

Cuvicoesa M.B., /luxanes T.B., Cvicoes U.B. BpiOop BpeMEHHBIX MacuITabOB MpPH MOCTPOCHHUU
smnupuueckoit moxenu // Mzpectus By3oB. [TH/I. 2012. T. 20, Ne 2. C. 54-62.

Sysoeva M.V., Vinogradova L.V., Kuznetsova G.D., Sysoev LV., van Rijn C.M. Changes in cortico-
cortical and corticohippocampal network during absence seizures in WAG/Rij rats revealed with
time varying Granger causality // Epilepsy & Behavior. 2016. Vol. 64. P. 44-50.

Cvicoesa M.B., Cumnuxosa E.IO., Cvicoes HU.B. Tanamo-KOpTUKaIbHbIE MEXaHU3MbI MHUITHAIH
MOAIepKaHUs. W TPEeKpalleHus] MUK-BOJIHOBBIX paspsanoB y kpeic WAG/Rij // XKypHan Bricmeit
HepBHOU AestenbHOCcTH MMeHH M.I1. ITaBmosa. 2016. Vol. 66, no. 1. P. 103-112.

Sysoev LV., Perescis M.F.J., Vinogradova L.V., Sysoeva M.V., van Rijn C.M. Directional functional
coupling during limbic seizures in rats revealed by nonlinear Granger causality // Russian Open
Medical Journal. 2018. Vol. 7, no. 4. ¢0404.

Cvicoesa M.B., Bunozepaoosa JI.B., I[lepeckuc M., eéan Peiin K.M., Cvicoes U.B. BoisBienne n3me-
HEHUH HaIpaBJIICHHBIX MEXCTPYKTYPHBIX CBSI3€H MpPU JIMMOWYECKHX CyJI0pOTraX, BhI3BAaHHBIX BBE-
JICHHEM aHTaroHUCTa YHJOKaHHAOMHOMIIHBIX PELENTOPOB, METOJOM HEIHHEHHOW MPUYMHHOCTH
no ['peitnmxepy // XKypnan Beiciueit HepBHOU nestrensHocTH uMenu M.I1. Ilaenosa. T. 69, Ne 6.
C. 752-767.

References

1.

2.

108

Marescaux C., Vergnes M., and Depaulis A. Genetic absence epilepsy in rats from Strasbourg — a
review. Journal of Neural Transmission (Supplementum), 1992, vol. 35, pp. 37-69.

Vergnes M., Marescaux C., Depaulis A., Micheletti G., and Warter J.M. Spontaneous spike
and wave discharges in thalamus and cortex in a rat model of genetic petit mal-like seizures.
Experimental Neurology, 1987, vol. 96, pp. 127-136.

. Coenen A. and van Luijtelaar E.L.J.M. Genetic animal models for absence epilepsy: A review of

the WAG/R]j strain of rats. Behavior Genetics, 2003, vol. 33, pp. 635-655.

I'puwgenxo A.A., Cvicoesa M.B., Cvicoes U.B.
W3BecTus By3os. [TH/, 2020, T. 28, Ne 1



10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Depaulis A. and van Luijtelaar G. Genetic Models of Absence Epilepsy in the Rat in Animal

Models of Seizures and Epilepsy. A. Pitkanen, S. Moshe, and P. Schwartzkroin, eds. San Diego:
Elsevier Inc., 2006, pp. 223-248.

. Meeren H., Pijn J., van Luijtelaar E., Coenen A., and da Silva F.L. Cortical focus drives widespread

corticothalamic networks during spontaneous absence seizures in rats. J. Neurosci, 2002, vol. 22,
pp. 1480-1495.
Sitnikova E., Dikanev T.V., Smirnov D.A., Bezruchko B.P., and van Luijtelaar G. Granger causality:

Cortico-thalamic interdependencies during absence seizures in WAG/Rj rats. J Neurosci Methods,
2008, vol. 170, no. 2, pp. 245-254.

. Van Luijtelaar G., Sitnikova E., and Liittjohann A. On the origin and suddenness of absences in

genetic absence models. Clin EEG Neurosci, 2011, vol. 42, no. 2, pp. 83-97.

Akman O., Demiralp T., Ates N., and Onat F. Electroencephalographic differences between
WAG/Rij and GAERS rat models of absence epilepsy. Epilepsy Research, 2010, vol. 89, pp.
185-193.

Timmer J., Haussler S., Lauk M., and Lucking C.-H. Pathological tremor: Deterministic chaos or
nonlinear stochastic oscillators. Chaos, 2000, vol. 10, no. 1, pp. 278-288.

Takahashi D.Y., Baccala L.A., and Sameshima K. Connectivity inference between neural structures
via partial directed coherence. Journal of Applied Statistics, 2007, vol. 34, no. 10, pp. 1255-1269.

Brovelli A., Ding M., Ledberg A., Chen Y., Nakamura R., and Bressler S. Beta oscillations in a
large-scale sensorimotor cortical network: Directional influences revealed by Granger causality.
PNAS, 2004, vol. 101, pp. 9849-9854.

Vicente R. Transfer entropy—a model-free measure of effective connectivity for the neurosciences.
Journal of Computational Neuroscience, 2011, vol. 30, no. 1, pp. 45-67.

Vakorin V.A., Misic B., Krakovska O., Bezgin G., and M.A.R. Confounding Effects of Phase
Delays on Causality Estimation. PLoS ONE, 2013, vol. 8, no. 1, e53588.

Dikanev T., Smirnov D., Wennberg R., Velazquez J.P., and B.B. EEG nonstationarity during
intracranially recorded seizures: Statistical and dynamical analysis. Clinical Neurophysiology,
2005, vol. 116, pp. 1796-1807.

Bezruchko B.P., Ponomarenko V.I., Prokhorov M.D., Smirnov D.A., and Tass P.A. Modeling
nonlinear oscillatory systems and diagnostics of coupling between them using chaotic time series
analysis: Applications in neurophysiology. Physics-Uspekhi, 2008, vol. 51, pp. 304-310.

Paxinos G., Watson C. The Rat Brain in Stereotaxic Coordinates. 6th ed. San Diego: Academic
Press, 2006.

Sysoeva M.V, Liittjohann A., van Luijtelaar G., and Sysoev I.V. Dynamics of directional coupling
underlying spike-wave discharges. Neuroscience, 2016, vol. 314, pp. 75-89.

Sysoeva M.V., Sitnikova E., Sysoev 1.V., Bezruchko B.P., and van Luijtelaar G. Application of
adaptive nonlinear Granger causality: Disclosing network changes before and after absence seizure
onset in a genetic rat model. J. Neurosci. Methods, 2014, vol. 226, pp. 33-41.

Packard N., Crutchfield J., Farmer J., and Shaw R. Geometry from a Time Series. Phys. Rev. Lett.,
1980, vol. 45, pp. 712-716.

Legendre A.M. Appendice sur la méthodes des moindres quarrés. Nouvelles méthodes pour la
détermination des orbites des comeétes. Firmin-Didot, 1805.

Schwarz G. Estimating the dimension of a model. Annals of Statistics. Annals of Statistics, 1978,
vol. 6, no. 2, pp. 461-464.

Kornilov M.V., Medvedeva T.M., Bezruchko B.P., and Sysoev I.V. Choosing the optimal model
parameters for Granger causality in application to time series with main timescale. Chaos, Solitons
and Fractals, 2016, vol. 82, pp. 11-21.

Kraskov A., Stogbauer H., and Grassberger P. Estimating mutual information. Physical Review E,
2004, vol. 69, 066138.

I'puwenxo A.A., Cvicoesa M.B., Cvicoes U.B.
WzBectus By3os. [TH/, 2020, T. 28, Ne 1 109



24.

25.

26.

27.

28.

29.

110

Zemljannikov A.S. and Sysoev 1. V. Diagnostics and correction of systematic error while estimating
transfer entropy with k-nearest neighbours method. Izvestiya VUZ. Applied Nonlinear Dynamics,
2015, vol. 23, no. 4, pp. 24-31 (in Russian).

Sysoeva M.V,, Dikanev T.V., and Sysoev L.V. Selecting time scales for empirical model construc-
tion. Izvestiya VUZ. Applied Nonlinear Dynamics, 2012, vol. 20, no. 2, pp. 54-62 (in Russian).

Sysoeva M.V., Vinogradova L.V., Kuznetsova G.D., Sysoev 1.V. Clementina M. van Rijn. Changes
in corticocortical and corticohippocampal network during absence seizures in WAG/Rjj rats revealed
with time varying Granger causality. Epilepsy & Behavior, 2016, vol. 64, pp. 44-50.

Sysoeva M.V,, Sitnikova E., Sysoev 1.V. Thalamo-cortical mechanisms of initiation, maintenance
and termination of spike-wave discharges at WAG/Rij rats. Zhurnal Vysshei Nervnoi Deyatelnosti
Imeni I.P. Pavlova, 2016, vol. 66, no. 1, pp. 103-112.

Sysoev L.V., Perescis M.F.J., Vinogradova L.V., Sysoeva M.V., van Rijn C.M. Directional func-
tional coupling during limbic seizures in rats revealed by nonlinear Granger causality. Russian
Open Medical Journal, 2018, vol. 7, no. 4, e0404.

Sysoeva M. V., Vinogradova L.V., Perescis M., van Rijn C.M., and Sysoev L.V. Revealing changes
in directed interstructural couplings at limbic seizures, induced by injection of CB1 receptor
antagonist using nonlinear Granger causality method. Zhurnal Vysshei Nervnoi Deyatelnosti Imeni
LP. Paviova, 2019, vol. 69, no. 6, pp. 752-767.

Ipuwenxo Anacmacus Anexcanoposna — popunach B 1996 rony B JleHuHrpanackoit obmactu.
OxoHumna (akynsTeT HaHO- U GHOMEIUIMHCKUX TeXHOJOoruid CapaToBCKOTO roCyaapCTBEHHOTO
YHHBEpCUTETa 1Mo HampasieHuio «brnomenunuuckas umwkenepus» (2018). 3akanunBaer maru-
CTparypy IO TOH Ke CIeHaTbHOCTH.

Poccus, 410012 CapatoB, ActpaxaHckas, 83

CapatoBckuii rocyapcTBeHHbIH yHUBepcuTeT uMeHd H.I. UepHslmeBckoro

Poccust, 410019 Capatos, yin. 3enenas, 38

WHcTuTyT pannotexHuku U 3ekTpoHukH uM. B.A. KorensaukoBa PAH, CaparoBckuil ¢umman
E-mail: vili_von@mail.ru

Covicoesa Mapuna Bsauecniasosna — poaunacek B Caparose (1987). Okonumia ¢ oindueM (hakyiib-
TET HAHO- ¥ OMOMEIUIIMHCKUX TEXHOJOTUI CapaToBCKOTO TOCYNapCTBEHHOTO YHUBEPCHTETA IO
HanpasjieHuto «buomenuuumHckas umwkenepus» (2011). 3amuTmia auccepTaluuio Ha COUCKAHHUE
yu€HOM cTeneHn KaHauaara GU3NKo-MaTeMaTHIeCKUX HayK Ha TeMy «OCOOCHHOCTH pean3aliiu
MeToJa MPUYMHHOCTH 10 [ pelHKepy U HCCIeJOBAaHMS HEKTPOIHIEaIorpaMm rpu abcaHc-
HOM SIHIJICNICHU» 110 clienuaibHOCTIM «buodmsnka» u «Pagnodpmuka» (2015, CI'Y). C 2015
roga paboraer Ha Kadeape «PammosnekTpoHHKa M TeleKOMMYHHUKAMm» CapaToBCKOTO TocCy-
JAPCTBEHHOTO TEXHUYECKOTO YHHBEPCHTETAa B JJOJDKHOCTH JIoeHTa. Hay4yHble HHTEpech — aHa-
JIU3 BPEMEHHBIX PsIOB, HEMpOHAyKa, MaTeMaTuueckoe mMonenupoBanue. OmyOmiuKoBaia CBBIIIE
20 Hay4HBIX CTaTeH MO yKa3aHHBIM HaIpPaBJICHUSIM.

Poccust, 410019 Capatos, yin. 3enenas, 38

WHucTuTyT pagnotexHuku U sekTpoHukH uM. B.A. KorensaukoBa PAH, CaparoBckuil ¢umman
Poccus, 410054 Capatos, [Tonurexuuyeckas, 77

CapaToBCKH TOCYJapCTBEHHbIM TEXHUUECKUI YHUBEpCcUTET UMeHH [arapuna 10.A.

E-mail: bobrichek@mail.ru

Cuicoes Hnvs Bsuecnasosuu — popuincst B Caparose (1983), okoHuMn (akynbTeT HETMHEHHBIX
nporeccoB CI'Y (2004), 3amurtun auccepTanidd Ha COMCKAaHHE YJYEHOI CTENeHM KaHIugara
¢usuko-marematnyeckux Hayk (2007) m mokropa ¢usuko-maremarndeckux Hayk (2019). [o-
LEeHT Kadenpsl TMHAMHYECKOTO0 MOJCIHPOBAHUS U OMOMEIUIIMHCKON HH)XCHEPUH, OTBETCTBEH-
HBIM CeKpeTapb pedakIMOHHON kojuleruu >kypHana «W3sectus By3os. IIH/|». Hayunsle nnte-
PECHl — WCCIIeIOBaHNE CHTHAJIOB OMOJIOrMYECKON NMPUPOABI METOAaMHU HEJTMHEHHOH IWHAMUKHY,
nccnenosanne 3pHEeKTHBHOCTH M MOAEPHU3AIMS MOAXOI0B K aHAJIM3y CUTHAIOB. ABTOp Oojee
40 myGnuKarnmii.

Poccust, 410012 CapatoB, ActpaxaHckas, 83

CapatoBckuii rocyfapcTBeHHbIH yHUBepcuTeT uMeHd H.I. UepHslmeBckoro

Poccus, 410019 Caparos, yn. 3enenas, 38

WucTuTyT pagnoTexHuku U sMekTpoHukHd uM. B.A. KorensaukoBa PAH, Caparosckuil ¢umman
E-mail: ivssci@gmail.com

I'puwygenxo A.A., Cvicoesa M.B., Cvicoes U.B.
UzBectus By3oB. ITH/, 2020, T. 28, Ne 1



	Методика
	Данные.
	Предсказательная математическая модель.
	Оптимальный лаг.

	Результаты
	Обсуждение и заключение

