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PE3IOME. U3yuenue 3 THONATOreHe3a JMUJIENICMU — OHA U3 Ba:KHeHIMX 32124 cOBpeMeHHOii HeBpoJioruu. Ckjiepo3
runnoxkamna (CI') siBisercs1 4acTo BecTpeyaeMbIM MOP(0JIOrH4eCKHM Cy0CcTPaTOM NPU BUCOYHOI hapMaKope3ucTeHTHOM
snuiencuu (PPI).

HEJb UCCJIEJOBAHMUSI. OueHuTs M3MeHeHHs KJIETOYHOI0 COCTABA B IMNNOKAMIIe Y 00JbHBIX, ONIePHPOBAHHBIX
10 NOBOAY (papMaKOPe3MCTEeHTHOI 3MUJICNICUH, COOCTABUTD € IPYIIOi CPaBHEHMS.

MATEPUAJI U METO/BbI. Uccaenosan Guoncuiinbiii MaTepuaa ¢parMeHTOB BUCOYHOI 10y H runnokamna [TAO
PHXMU um. npod. A.JI. IloseHoBA, 0JIy4eHHBIH HHTPAONIEPALIMOHHO OT 26 NALUEHTOB ¢ JIOKAJbHO 00ycJI0BJIeHHOiI PPD
B Bo3pacre oT 22 10 56 Jjer. U3yuanuch rucroioruyeckue cpes3bl, OKpameHHbIe TeMaTOKCUJIMHOM U J03UHOM, a TaKkKe
pe3yjbTaTbl UMMYHorucroxumuueckux (MI'X) peakuuii. UT'X Meronom onpenesisiin DINAJIbHbIA (GUOPHIIAPHBINH KHC-
asbiii 6enok (GFAP), NeuN (anTutesna ¢pupmbl Dako, Janus). I'mcronornyeckuii anaau3z u MopgoMeTpusi NpoBOAHINCH
¢ Hcnoab3oBaHueM Mukpockona Carl Zeiss Axio Lab (I'epmanusi) u nporpammHuoro obecnedenus ImageJ B 5 nmoJsx 3pe-
Husl npu 400-kpaTHom yBeanveHHH. CTaTHCTHYECKHI aHAJN3 OCYIIECTBJIEH C MCNO0Jb30BAHHEM NMPOrPAMMHBIX IIAKETOB
Statistica v.10 u Matlab 2013.

PE3VYJIBTATBI. IIpu rucrojioru4eckoM HccjieloBaHNU (parMeHTOB rHNNOKAMIIA B 30He dNUJIENTHYECKOii AaKTHBHO-
€TH OBLLIM BhISIBJIEHBbI OKAJIbHAS KOPTHKAILHAS AUCIIA3HsA Pa3IMYHbIX TUNIOB (Y 88,5 % manuenToB). OnepanuoHHbIH
MaTepHaJl THINOKaMNa (pparMeHTHPOBaH, YTO 3aTPYAHAJI0 TPAKTOBKY no kiaaccupukaunu ILAE. [Ipu rucronornyeckom
HCCJIeI0BAHUU CTPYKTYP FHNNOKAMIIANIBLHOI ()opMalMH BO BCeX HCCIeJOBAHHBIX 00pa3liax 0TMe4YeHbl pe3Koe HeiipoHaJIb-
HOe OIyCTOIIeHHe si/iep FMNIOKaMIIa, JHUCIepCHs U pa3iBoeHue (B 2 ci1y4yasX) FPaHy/IsIpHOTO cJ10s 3y04aToii M3BHJIMHBI,
SIBJICHUS CaTeJINTO3a U HelipoHodaruu, riiuajibHble PeaKlH ¢ YYaCTKAMH CKOILIeHHsl KiIeTok. B 5 cayuasax marepuan
NpeJCcTaBJeH eMHBIM 0JI0KOM, YTO MO3BOJIHIO0 JOCTOBEPHO BBLISIBUTH CKJIep03 T'MNINOKaMNa pa3anyHoro Tuna no ILAE
(2013). KIMMyHOrUCTOXHMHUYECKOE MCCIeI0BaHNe BbISIBUWIO BbhIpakeHHYI0 3kcnipeccuio GFAP B sigpax runnokamna u 3y0-
4yaToii H3BUJIMHE, MOATBEPKAAIONIYI0 Pa3BHTHe aCTPoUMTapHOro riuo3a. Ilpu craTucTuyeckoii 00padoTke JaHHBIX MOJTY-
YeHbl 3HAYHMbIe PA3THYUSA MeKIY MeJHAHHBIMH KOJIHYeCTBAMH HelipOHOB B 3y0uaToii H3BWJIHHE Y 00IBHBIX ¢ (hapMaKo-
Pe3MCTEeHTHOI dNuJiencueii U B rpynmne cpapHeHus. BbliM H3yyeHbl BO3MOKHOCTH pa3/jiM4eHusi ABYX Ipynn (uccjienyemoit
M KOHTPOJIbHOI) 110 COBOKYIIHOCTH 3HAYEeHUI NMoKa3aTe/ieil NJIOTHOCTH HelpoHOB U riuM. Ilo mosy4yeHHbIM pe3yjbTaTam
HEBO3MO:KHO Pa3IMYMTh GoJlee 2 KIaCTepoB: HcclieyeMasi TPyNna U KOHTPOJIbHAas rpynna. Pacnpeneiaenus: 3HaueHuii u3-
YYeHHBIX MOKa3aTe/ell NalueHTOB-’KeHIINH U MANMeHTOB-MY:KYHH TaK:Ke 3HAYMMO He OTIHYAI0TCS.

Brlia Takike BbINOJHEHA NMPOBEPKA Pa3INyusl CPeIHUX 3HAYEHHI BEeKTOPOB B rpynmnax ILNIOTHOCTH Hei(pOHOB M IIHMH
¢ ucnoab3oBanueM T2-kpuTepusi XoTeUIMHIa, B pe3yJIbTaTe 4ero BhISIBJIEHO, YTO CPeJHHe B IPyNIax (uccjexyeMoii U KOH-
TPOJIbHOI) 3HAYMMO M BechbMa cylllecTBeHHO pasiuyaiorcsa. Ha ocnoBe ¢opmyn nmoJiHoii BepositHocTu u baiieca nus pe-
IEeHUs 32/1a4¥ ONTHMM3AaluU (PyHKIHMOHAJA, Obl1a OLlEHEHA BEPOSITHOCTH BePHOIl MAeHTH(HUKAIMHU NanueHTa (TO ecTh
€ro BEPHOI0 OTHECEHUs MO0 B rpynimy JIOKaJbHO 00yc/10BJIeHHONH Meauoda3aibHoli ®PD miM B KOHTPOJILHYIO IpyIl-
Iy) N0 TeM K¢ KPHTEPHUSAM, B Pe3y/IbTaTe Yero 3HA4YeHHE BEPOSATHOCTH (C Y4eTOM CJIy4aiiHOM MOIPEeHIHOCTH) COCTABHIIO
(91£8)%.

3AK/IIOYEHHUE. CTpyKTypHbI¢ H3MEHEHHUS B Pe3eIUPOBAHHBIX THNIOKaMnax y 601bHbIX ¢ ®PI xapakrepusylorces
3J1eKTUBHOI rHde/1bI0 HePOHOB ¢ NPe00JIAJaI0 UM I0pazKkeHUueM 3y04aToii u3BMiIMHLL IIpu cpaBHUTEIBHOM CTaTHCTHYE-
CKOM aHA/Iu3€e JAHHBIX HOCYeTA KJIEeTOYHOI IJIOTHOCTH C HCI0JIb30BaHHeM (opmy. Bajieca BbIfIB/IEHO BBICOKOE 3HAYECHHE
BEPOATHOCTH OTHECEHHS H3Y4YEHHOI0 (hparMeHTa runnoKaMIia K rpynie NalueHToB ¢ AMMIeNCHel, He 3aBUCHMO 0T penpe-
3eHTATHBHOCTH MAaTepHaJa M BbIPa)KeHHOCTH naroMopdoornyecknx udMenenuii. Takum o0pa3om, Ki1eToYHbIH quchHa-
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JIaHC B THIIOKAaMIIe MMeeT THIIOBYIO OAHOPOTHOCTD, YTO MO3BOJIsIeT BbIAEJSITh XapaKTepHbIe N3MeHEeHMsI B €ro CTPYKTypax
npu ®PI.
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SUMMARY. The study of the etiopathogenesis of epilepsy is one of the most important tasks of modern neurology.
Hippocampal sclerosis (HS) is a common morphological substrate in drug resistant epilepsy (DRE).

Purpose. To evaluate changes in the cellular composition in the hippocampus in patients operated on for drug-resistant
epilepsy, to compare with the comparison group.

MATERIAL AND METHODS. The biopsy material of fragments of the temporal lobe and hippocampus of Polenov
Russian Scientific Research Institute of Neurosurgery — branch of Almazov National Medical Research Centre, obtained
intraoperatively from 26 patients with locally caused DRE aged 22 to 56 years. Histological sections stained with hematoxylin
and eosin were, as well as the results of immunohistochemical (IHC) reactions. The IHC method was used to determine
glial fibrillar acidic protein (GFAP), NeuN (antibodies from Dako, Denmark). Histological analysis and morphometry were
performed using a Carl Zeiss Axio Lab microscope (Germany) and ImageJ software in 5 fields of view at x400 magnification.
Statistical analysis was carried out using the software packages Statistica v.10 and Matlab 2013.

RESULTS. Histological examination of fragments of the hippocampus in the zone of epileptic activity revealed focal
cortical dysplasia of various types (in 88,5 % of patients). The surgical material of the hippocampus was fragmented,
which made it difficult to interpret according to the ILAE classification. Histological examination of the structures of the
hippocampal formation in all the studied samples showed a sharp neuronal devastation of the hippocampal nuclei, dispersion
and bifurcation (in 2 cases) of the granular layer of the dentate gyrus, the phenomena of satellitosis and neuronophagy,
glial reactions with areas of cell accumulation. In 5 cases, the material was presented as a single block, which made it
possible to reliably identify hippocampal sclerosis of various types according to ILAE (2013). Immunohistochemical study
revealed a pronounced expression of GFAP in the nuclei of the hippocampus and dentate gyrus, confirming the development
of astrocytic gliosis. Statistical data processing revealed significant differences between the median numbers of neurons
in the dentate gyrus in patients with drug-resistant epilepsy and in the comparison group. We studied the possibility of
distinguishing two groups (study and control) by the totality of the values of neuronal density and glia density. According
to the results obtained, it is impossible to distinguish more than 2 clusters: the study group and the control group. The
distributions of the values of the studied indicators of female patients and male patients also do not differ significantly.

We also checked the difference in the average values of vectors in the groups of neuron and glia density using the T2
Hotelling criterion, as a result of which it was found that the averages in the groups (study and control) differ significantly
and very significantly. Based on the full probability and Bayesian formulas for solving the functional optimization problem,
the probability of correct identification of the patient (that is, his correct assignment either to the group of locally determined
mediobasal DRE or to the control group) was estimated according to the same criteria, as a result of which the probability
value (taking into account random error) amounted to (91+8)%.

CONCLUSION. Structural changes in the resected hippocampi in patients with DRE are characterized by elective
neuronal death with a predominant lesion of the dentate gyrus. A comparative statistical analysis of cell density calculation
data using Bayes formulas revealed a high probability of classifying the studied hippocampal fragment as a group of
patients with epilepsy, regardless of the representativeness of the material and the severity of pathomorphological changes.
Thus, the cellular imbalance in the hippocampus has typical homogeneity, which makes it possible to identify characteristic
changes in its structures during DRE.

KEY WORDS: Epilepsy, epileptic focus, hippocampal sclerosis.
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Beenenne: Bucounas snunencust sSBISETCS HE TOJb-
KO caMoi YacTod M3 (OKAITBHBIX SIHIETICHHA, HO U OT-
HOCHTCSl K Hauboniee TpPYIHOKypabeiabHbIM (opmam
smwnencud  [1]. MesnanbHas BHCOYHAS  OTHJICTICHS
(MBD), cTpyKTYpHOW OCHOBOW KOTOpPOH SIBIISIETCS Me-
3WANBHBI TEMIIOpANbHBIN CKJIEpo3, SABIIETCS Ooiee
gacToi (OPMOW BHCOYHON SIMJICNICHH. THOIATOTE-
HE3 ME3HaIbHOTO TEMIIOPATBHOTO CKIIEepo3a, Hambolee
YacTOW NMPHUYMHBI pepPaKTEPHON SHHICIICHH, SBISETCS
00BEKTOM aKTHBHOTO OOCY)KICHHS C MOMEHTA €TO IepBO-
ro ommcanus 3ommMepoMm (1880) [2]. IlpunATO CUmMTaTh,
yto ckiiepo3 runmnokamna (CI') sBisiercst 4acto BcTpeyae-
MBIM MOP(OJIOTHIECKIM CyOCTpaToM IpH BUCOYHOH hap-
MmaxopesucteHTHoH smmencuu (OPD). ComracHo kiac-
cuukanun CI, pazpaboranHoit ILAE B 2013 1, nannas
MIATOJIOTUST XapaKTEePU3YeTCsl HApyLIEHHSMH KIETOYHOTO
CTPOCHUSI THIIOKaMIla, THOEIbI0 HEWPOHOB M TIIHMO30M
[3-5]. Ponp runmokamMiia B SIMJICTITOIEHE3E W MATOTEHE3
pasButus CI' Bce emé ocratorcst HesicHbIME. Hopmanbhas
LIUTOAPXUTEKTOHUKA TMIIIOKAaMIIa, TJIOTHOCTh HEHPOHOB
B HEM W MX OJHOHAIpAaBJIEHHAs MPOCTPAHCTBEHHAs OpHU-
EHTHPOBAHHOCTH CO3/1Al0T YCJIOBUS AJIsl THIIEPBO30yIHUMO-
CTH MO CHHANTHYECKUM U BHECHHANTUYECKUM — 3(arTh-
geckuM myTsM [1, 6]. ITo sxcriepiMeHTaIbHBIM JaHHBIM
THIIIIOKaMIIanbHas (popMariist UMeeT caMblif HU3KHUH T0-
pOT CYIIOPOKHOI TOTOBHOCTH, B 10 pa3 HIDKe, 4eM y CeH-
COMOTOpHON KOphI [7—8]. OmHaKO, OTHOCHTEIBEHO BBICO-
Kre Toka3arend 3(p(eKTHBHOCTH HCXOAOB XHUpPypryde-
CKOTO BMEIIaTeNhCTBA HA TUMIIOKaMIle y 00ibHBIX ¢ PO
YKa3bIBatOT Ha €T0 POJIb B 3ITHIICITOTCHE3E.

CT sBiseTcst 9acTO BCTPEIAEMBIM MOP(OIIOTHYECKIM
CyOCTpaToM Ipy BUCOYHON SIMIICIICHH, U XapaKTepU3yeT-
Csl HAPYIIECHUAMH KJIETOYHOTO CTPOCHHS THIIOKaMIa —
THOEITBI0 HEHPOHOB 1 IITHO30M [3, 5, 9]. XoTs oOmenpuHs-
TBIM 3Ha9€HNEM «CKIIEpO3a» (OT IPEUECKOro cioBa scleros
— YIUIOTHEHHWE) SIBJISETCSl YIUIOTHEHHE OpraHa C 3ame-
IIEHWEM MMapeHXUMAIIBHBIX KJIETOK COCIMHUTEIILHON TKa-
HBIO, TIPH TIATOJIOTUH HEPBHOM CHUCTEMBI OHO TaKXe IOJI-
pasymeBaet o3 [10]. D1o sBIeHUE TaKke HA3bIBAETCS
ME3HaIbHBIM BHCOYHBIM CKJIEPO30M, HHIM3YPaIbHBIM
CKJIEPO30M HJIH «CKJIepo30M AMMOHOBa poray [//]. Ilep-
Bele onucanus CI” npunamiexkar Bouchet u Cazauvielh
(1825), xotopble Ha Martepuaje ayTOnCUH 18 OONBHBIX
SIUIIETICHEHN C MICUXWYECKUMH HApYIIEHUSIMHU TPEIION0-
JKHJIM, YTO TJIMO3 THIIIOKAaMIIa SIBJSIETCS IOCIEICTBHEM
YacTBIX SMIIENTHUECKUX MpucTynoB [/2]. HactoTa BBHI-
spaeHust CI' o pesynbTaTtaM pasIuyHBIX HCCIIeJOBaHUMN
B MHUpE BapbHpyeT B mpezenax ot 48 % mo 73 % cmyda-
eB [5, 13]. ITo mannbim Bliimcke 1., Sperafico R. (2012)
13 5392 manueHToB, ONEPUPOBAHHBIX IO MOBOAY yaaje-
HUSI SIIJIETITHYECKOTO 04ara, B 33,6 % cirydasix BBIIBICH
CTI' [5, 14]. Hapsioy ¢ Tubernbio HeHpoHOB U posudepanu-
eit mmuu npu CI” oOHapyXuBaeTcst AUCHEePCHs TpaHyLIp-
HBIX KJIETOK 3y09aToil M3BIIIMHEL, KOTOpast ObLIa ONMMcaHa
C.R. Houser B 1990 . [15]. Ona xapakrepusyercs pac-
MIUPEHNEM TPaHYISIPHOTO CJI0S, OTIAJICHUEM KIIETOK JpYT
OT Jpyra ¢ HapylIeHHeM KOMIIAKTHOTO IUIOTHOTO CTpO-
€HHSI W PACIPOCTPAaHEHHEM HX B MOJCKYISIPHBIA CIIOH.
Hanmnuue CI' 1 SKCTparunmnokaMIaibHON MaTojJoruy Ha-

3bIBAIOT «1BOIHON (dual) maromorueit», xotopas BCTpe-
yaerca B 5-34 % caydyaeB BUcouHOW smwiencuu [16].
B uccnenoBanuu Tassi u coast. (2009) Toneko y 34 (29 %)
u3 117 manuenToB ¢ BucouHow smmiencueii CI” Obut 130-
nupoBaHHbIM [ 16]. TIpu ruCcTOIOrMYECKOM UCCIIE0BAHUH
THIIOKAMIIa y OTIEPUPOBAHHBIX OONBHBIX C BHUCOYHOMN
SMUIIETICHEH U MaTepralioB ayTOIICHU OBUIO YCTaHOBJICHO,
YTO Tpoliecc rubeIn HeHPOHOB M acTPOLUTAPHAsSK IIPOJIH-
(hepanyst OTIIMYAIOTCSI 110 JIOKATH3AIMY B PA3IMYHBIX OT-
JieNiax TUTITIOKaMIIa U €€ BhIpaKEHHOCTH. B pa3Hble Tofibl
Mpeaaraguck pabodre BapHaHThI THUCTONATOIOTHUECKOM
kinaccudukarmy u cyoTunsl CI, KOTOpbIe ObLIM CIIOXKHBI
B HCIIONB30BAaHWM M HE MPUOOPENH IIMHPOKOTO PacIpo-
crparenus [11]. B 2013 . MexxayHapomHO# IpOTHBOAIIH-
nenrrigeckoit uroit (ILAE) Opura mpumsTa Kiaccuguka-
IS THTIITIOKaMIIATBHOTO CKIIEP03a MPU BUCOYHOH SIIHIICTI-
cuu [ 1 7]. Ans mukpockormaeckoit orierkn CI™ HeoOxommm
AaHATOMUYECKUH ONIOK THIOKaMIIa, T COXPAaHEHBI BCE
ero oraeinsl. Bo Bcex oThenax THOIIOKaMIIa MPOBOAUTCS
OamTpHAs OIEHKA CTENECHU BBIPAXEHHOCTH OYaroB BhITIA-
JICHUS] HEHPOHOB W aCTPOIUTAPHOTO Tro3a (Tabmuma 1).
IIpr HEBOZMOXHOCTH BBIMIOJHEHHS THITIOKAMITIKTOMUU
CIUHBIM OJIOKOM aBTOPBI CUMTAIOT JUATHOCTHUYCCKH 3HA-
YUMBIM HaJIM4YHe B onepaliMoHHOM Marepuasie nonei CAl
n CA4 n 3yOuaroii n3BMIMHBL. B ocTaibHBIX citydasx, IpH
HETIONTHOM aHATOMHYECKOH CTPYKType THIIOKAMIIA HC-
MOJTb30BaHUE KIACCH(DUKAIIMH SIBISIETCSI HECBO3MOXKHBIM.

Tanuna 1. Knaccugukuus ckiepo3a runinokammna
(ILAE, 2013). Table 1. Classification of hippocampal
sclerosis (ILAE, 2013).

Ions 1 Tim 2 TII 3 tun | Tompko rno3 /
TUIIOKaMIa cr Ccr cr 6e3 ckieposa
ILAE ILAE ILAE
CAl 2 1-2 0-1 0
CA2 0-2 0-1 0-1 0
CA3 0-2 0-1 0-1 0
CA4 2 0-1 1-2 0
3ybaaras 0-2 0-1 0-2 0-1

HU3BHUJINHA

IIpumeuanue. bannvras oyenka usmenenull 6 cunnokamne:

0 — Hem 04eUOHOU HEeUPOHATLHOU NOMePU WU TOTLKO
YMepennbltl acmpo2iuos, 1 — ymepenno suipasicenvle ouacu
8bINAOEHUS HEUPOHOS U 21U03A; 2 — CUTLHO 6bIPAdCEHHbIE
ouazu 8bINAOEHUs. HEUPOHO8 U PUOPUTIAPHBLL ACMPOSTUO3.
Oyenky usmeneHull 6 3y04amMoul U3BUIUHE NPOU3BOOSAM

no creoyroweii epadayuu: ) — cnou epaHyIapHbix Kiemox
He usmenen,; 1 — paccesannvie ovazu eubenu HeupoHos;

2 — guipasicenHblil ouazu eubenu HelpoHos.

Note. Scoring changes in the hippocampus: 0 — no obvious
neuronal loss or only moderate astrogliosis;, 1 — moderately
pronounced foci of neuronal loss and gliosis; 2 — strongly
pronounced foci of neuronal loss and fibrillar astrogliosis.
Assessment of changes in the dentate gyrus is carried out
according to the following gradation: 0 — the layer of
granular cells is not changed; 1 — scattered foci of neuronal
death; 2 — pronounced foci of neuronal death.
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Heanb nccaenoBanusi: OLieHUTh N3MEHEHUSI KIIETOY-
HOTO COCTaBa B THUNIOKaMmIle Y OOJBHBIX, OIEPHPOBAH-
HBIX 110 MOBOJY (hapMaKkoOpe3UCTEHTHOM AMUIIEIICHH, CO-
MOCTABUTH C TPYIIIION CPaBHEHHUS.

MatepuaJibl 1 MeToabl: VcciaenoBan OMOTICHAHBINA
MaTepual THIIOKaMIIa, MONyYeHHBIH HHTpaoIepaIu-
OHHO OT 26 MAIIMEHTOB C JOKAJIFHO 00yCIOBIEHHON Me-
nmuobazansHO @PD B Bo3pacte oT 22 mo 56 ner, ore-
pupoBauHbsIX B PHXU um. npod. A.JI. [Tonenosa. Cpe-
i obcienoBaHHBIX Obuto 11 >keHmMH M 15 Myx4uH,
CpemHUil BO3pacT OONBHBIX COCTABWI 35 JIET, CpemHsis
MPOAOJDKUTEIBHOCTE 3a00JIeBaHmsI cocTaBmia 21,5 meT.
Y Bcex NanMEHTOB IIPH TPOBEACHWH WHBA3HBHOTO
OOI'-MOHUTOPHUHTA TUIIIOKAMII OB BOBJICUYEH B 30HY
SNMJICHTHYECKOTO o4ara. B rpymmy cpaBHEHUS BOLLIN
13 manueHToB, yMEpIIUX OT IaTOJIOTHH, HE 3aTparuBa-
IolIel LEHTPAIbHYI0 HEPBHYIO CHCTEMY: 4 KCHIIMHBI
n 9 MyX4HMH, CPEAHHUH BO3pAcCT MAI[MEHTOB COCTaBUII
59,1 rox. IlonyueHHble QparMeHTHl TKaHH TOJOBHOTO
Mo3ra ¢ukcupoBanu B 10 % 3adydeperrom dopmanu-
He, 00€3BOXKMBAIIM CTaHIAAPTHBIM CIHOCOOOM W 3aJMBa-
au B napaduH. Cpesbl OKpalluBaJd reMaTOKCHINHOM
u s03uHOM. MMmyHorucroxummueckum (MI'X) mero-
nmom BeisiBisuTH NeuN u GFAP (anturena ¢pupmser Dako
(Hanwust), cucrema Busyanusaiuu EnVision). ['ucrono-
THYECKUIl aHAIN3 1 MOP(POMETPUS ITPOBOIMIUCH C UC-
mosib30BaHueM Mukpockomna Carl Zeiss Axio Lab (I'ep-
MaHus) 1 nporpamMmmHoro obecmedenus Imagel. [Tpous-
Boawiica oAcu€T NeuN-peaKTUBHBIX 3peJIbIX HEPOHOB
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1 0011ee KOJTMYECTBO NIMONUTOB B 5 TOJSAX 3PEHUS NPH
400-xpatHoM yBenmueHHH. CTaTHCTHYECKUN aHAIH3
OCYIIECTBIJICH C MCIIOIB30BAHNEM MTPOTPAaMMHBIX TaKe-
ToB Statistica v.10 n Matlab 2013.

Pesyabrarer: Y 88,5 % mamueHToB ¢ (hapMakope3u-
CTEHTHOH SIWIICTICHEN B BHCOYHOH /10j€ (UTO COOTBET-
CTBYET OILIEHKE BEPOSITHOCTH, paBHOI1 (85+20)%) BhIsiBITE-
Ha (oKaJbHAsI KOPTHKAIbHAS JMCIUIa3Hs PA3IMYHBIX TH-
noB. OnepalioHHBI Marephaj THIIoKaMna (parMeH-
THUPOBaH, YTO 3aTPYIHSIO TPAKTOBKY 110 Kiaccu(puKanuu
ILAE. OtcyrcTBHE CTPYKTYp 3yOuaroil M3BMIIMHBL, SIEp
CA1 u CA4 aBA10Ch KPUTEPUEM UCKIIIOUEHUS] MaTepu-
ana u3 uccienosanus. IIpu rucronorudeckom uccieno-
BaHUM CTPYKTYp TMIINIOKaMNajibHOW (hopManuu BO BcexX
MCCIIEIOBaHHBIX 00pa3lax (4TO COOTBETCTBYET OIICHKE
BeposTHOCTH (9515)%) oTMeueHs! pe3koe HelpoHaIbHOE
OITyCTOLICHUE SAEP TUIIOKaMIIa, JUCIEPCHs U pa3aBo-
eHne (B 2 ciaydasx, YTO COOTBETCTBYET OIICHKE BEpOSAT-
HocTH (9£8)%) rpaHyIsipHOrO Cciosl 3y04aToil M3BUIIHU-
HBI, SIBJICHUS CaTeJUINTO3a M HeHpOHO(DAruy, rHuanbHbIe
peaKknuy ¢ y9acTKaMH CKOIUIeHHUs KieTok (puc. 1, A-E).
B 5 cimyuasx (4TO COOTBETCTBYET OIIEHKE BEPOSTHOCTH
(23+16)%) marepuai mpeACTaBICH AUHBIM OJIOKOM, ITO
MO3BOJIMIIO ZIOCTOBEPHO BBISIBUTH CKJIEPO3 THIITOKAM-
na pasmuanoro tuma mo ILAE (2013): B 3 cimywasx —
1 Tuna, B 1 cinydyae — 2 tuna u ewe B 1 ciydae — 3 Tumna.
WI'X-nccnenoBaHue BEISIBUIIO BEIPAXEHHYIO 3KCIIPECCHIO
GFAP B sipax Tunmokamiia u 3y04aToil N3BHIIMHEL, ITO/I-
TBEP)KAAIOIIYIO PA3BUTHE aCTPOLUTAPHOTO IVIH03A.

P]{ICyHOK 1. MOp(l)OJIOl'](I‘{ECKl/le H3MEHCHHH B Pe3eIMPOBAHHBIX I'HIINIOKaAMIIaX. Olcpacxa reMaTOKCUJIMHOM H 303MHOM.
Hapyme}me HUTOAPXUTEKTOHUKH, anO(l)H‘leCKl/le H3MEHECHHUA B BU/I€ 0YaroB BbINIAACHUS Heﬁponos B fl/Ipax runmnoxkamiia,

BILIOTH 10 OMYCTOIIEHUSI CTPYKTYP, KJICTOYHBII ITTHO3.

A — SIapo runmokammna CAl, x200.

B — SInpo runnoxkammna CA4, x200.

B — Iucnepcusi rpaHy/IsipHOTO CJ10s1 3y04aToii n3BuianHbI, X200.

I' — sAnpo runnokamna CAl nanuenTa rpynnsl cpapuenns, x100.
J — SAnapo runnokamna CA4 nanuenTa rpynnsl cpaBpHenusi, x100.
E — 3y0uarasi H3BH/IMHA NAllHEHTAa IPynnbl cpaBHenns, X100.

Figure 1. Morphological changes in the resected hippocampus. Staining H&E. Violation of cytoarchitectonics, atrophic changes
in the form of foci of loss of neurons in the nuclei of the hippocampus, up to the devastation of structures, cellular gliosis.

A — Hippocampal nucleus CA1, x200.
B — Hippocampal nucleus CA4, x200.
C —Dispersion of the granular layer of the dentate gyrus, x200.
D —Hippocampal nucleus CA1 of the patient of the comparison

group, x100.
E —Hippocampal nucleus CA4 of the patient of the comparison
group, x100.
F — Dentate gyrus of the patient of the comparison group, x100.
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JlMarpawuma paawaxa no rpynnam B

A Mlepemen.: H3M % 104 CYyMMa R? paccTOAHHH OT BEKTOPOR 710 KJIacTepoR
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PucyHok 2. Pe3ybrarhl craTucTHYECKOH 00padOTKH JaHHBIX.
A — JIlnarpaMmma pa3Maxa JaHHbIX B 3y04aToii H3BHJIMHe (00bsICHEHHE B TEKCTe).
B — Pe3yabTart KJacTepH3alud JAHHBIX IPHMEHEHHs! AIropuTMAa KiacTepusanuu k-means u merona Monre-KapJo. IlpeacrabBiennas
Ha PHCYHKe I0CJIeJ0BaTe/IbHOCTh HHTePBaJIoB 3Ha4eHuii R2 (1o cyTH — MeTpuKka KayecTBa KJIacTepu3aliH, PaBHAsl cyMMe
PaccTOsIHMIA OT KJIaCTepU3yeMbIX BEKTOPOB [0 LIEHTPOB KJIACTEePOB) NOCTPOEHA B IPeIN0I0KeHHH, YTO CTPYKTYPa OTHeCeHHUs
KJIACTepu3yeMbIX JaHHBIX K Pa3JIHYHbIM KJIacTepaM HeH3BecTHA. JI/Isl TAKOro «CJIeNOro» aHAJIN3a JaHHbIX eCTh 0CHOBAHHUS CUHTATDb, YTO
o0padarbiBaeMble 3HAYEHHS OKA3aTeJell MO3BOJISIOT C YYETOM CJIy4aifHOro pa3dopoca oOHApY:KUTH He §oJiee 2 rpyNil 3HAYEHHId, TpHYeM
nocJjeHUe COBNAIAIOT € PealIbHOIl CTPYKTYpOii aHaIHu3HpyeMbIX rpynin. Ha 3To yka3biBaeT T0O 00CTOSITe/ILCTBO, YTO 3HAHHE METPUKH
R2, cooTBeTcTBYIONICE PEaIbLHOMY Pa3/ieIeHHI0 JAHHBIX HA HCCIeAyeMYI0 H KOHTPOJIbHYIO IPYNIbI, HMeeT 3HaueHHe, MoNnajaoiee
B Ipe/ieJibl HHTEPBAJIA BO3MOKHBIX 3HaYeHUH R2 17151 «ciienoii» KiacTepu3anuu MpHU 4ucje OTBICKHBAEMbIX KIaCTEPOB, PABHOM 2.
W3 pucyHka BHIHO, YTO MAKCHMAJIbLHOE KOJHYECTBO PA3yMHO BbIe/IsIeMbIX KJIACTePOB B CTPYKType JaHHBIX He MO:KeT HPeBbIIIATH BYX.
Figure 2. Results of statistical data processing.
A — Diagram of the range of data in the dentate gyrus (explanation in the text).
B — The result of clustering data using the k-means clustering algorithm and the Monte Carlo method. The sequence of intervals
of R? values shown in the figure (essentially a clustering quality metric equal to the sum of distances from clustered vectors to cluster
centers) is built on the assumption that the structure of assigning clustered data to different clusters is unknown. For such a “blind” data
analysis, there is reason to believe that the processed values of the indicators allow, taking into account the random spread, to detect
no more than 2 groups of values, the latter coinciding with the real structure of the analyzed groups. This is indicated by the fact that
knowledge of the R? metric, which corresponds to the actual division of data into the study and control groups, has a value that falls
within the range of possible R? values for “blind” clustering with the number of clusters to be found equal to 2. It can be seen from the
figure that the maximum the number of reasonably allocated clusters in the data structure cannot exceed two.

B xome wmccienoBaHWS TpH CTAaTHCTHYECKOWH 00Opa- Bbia BeIMONTHEHA MTPOBEPKA PaslIMuMs CPEIHUX 3Ha-
0OTKE NaHHBIX IMOIYyYEHBI 3HAUMMbIC PA3IMUMsS MEXIy  YCHHH BEKTOPOB B IPyIIax IDIOTHOCTH HEHPOHOB M IVIMH
MEIUaHHBIMHA KOJIMYEeCTBAMU HEHPOHOB B 3yOUaToi W3- € HCIONB30BaHUEM T2-KpUTepHst XOTEIUTHHTA, B PE3yJIbTa-
BWINHE y OONBHBIX C (hapMaKOPE3UCTEHTHOW SMMIIEH-  Te Yero BBHISBIEHO, YTO CPEHUE B IpyIIIax (McciaeayeMoit
cueit m B rpymmne cpaBHeHus (p<0,05 mpu mpoBepke M KOHTPOJIBHOIT) 3HAYMMO M BECbMa CYILECTBEHHO pa3-
KputeprieM MaHHa-YUTHU: MeinaHa y OONMBHBIX COCTa-  JIMYAKOTCs, p-value mpu mposepke coctauiio 1,138-10-5,
Buna 79 knerok, | = 76,4+36,7 KIeTOK, B ITpylIe CpaB-  3HaYeHUE CTATUCTHKU — 45,965. IIpu u3ydyeHun MHOTO-
HeHus MeauaHa — 125 xierok, pu = 1334423 kiIeTkd) MEpPHOIo pacipe/eiiCHHs 3HAYCHUN BEKTOPOB, 00pa3o-
(puc. 2A). beuin M3y4YeHBI BO3MOXKHOCTH DPA3IMYEHHUsl  BaHHBIX 3HAYECHMSMHM TOKa3areliel TJIOTHOCTH HEHpOHOB
JIBYX Ipymi (MCCieayeMol 1 KOHTPOJIBHOM) [0 COBOKYII- ¥ TVIMH, OBUIM ITPOBEPEHBI Ha coriacue (COBIaJIeHUe APYT
HOCTH 3HAYEHWI HECKONBKHMX IOKa3zareneid. /Iyt oToro ¢ Apyrom) HemapaMmeTpu4ecKoro SHEPreTHIeCKOro Kpure-
OBLT UCTIONB30BaH aBTOpckuid anroput™ [18—19] Ha oc-  pus. Tak, pacnpeeacHus] BEKTOPOB B rpyriax (Hcciemye-
HOBE NPUMEHEHHUs] aIrOpUTMa KiacTepu3auu k-means MO M KOHTPOJBHOM ) 3HAYMMO U O4EHb CYIIIECTBEHHO pa3-
u Metona MonTe-Kapio ni1s yuerta ciay4yailHoM morpemni- — Jm4arotes, p-value mpu mposepke coctasuio 1,0-10-3,
HOCTH 0OpabarkiBaeMbIX TaHHBIX. PazOpoc B kinactepax — 3HaueHue craructuki — 385,19. Ha ocHoBe opmyit mosn-
OILIEHUBAJICA ¢ puMeHeHueM EBknunoBoit meTpuku R2.  HO# BeposTHOCTH 1 baifeca s penreHns 3a1a91 ONTHMU-
[To momydeHHBIM pe3yJabTaTaM HEBO3MOKHO Pa3IHUYUTh  3ald (pyHKIHOHAA, OBIIa OIICHEHa BEPOSTHOCTH BEPHOM
Goree 2 KIacTepoB: UCCIeAyeMasi TPYIa U KOHTPOJIbHAs — WACHTU(HUKALINH MAIueHTa (TO eCTh €r0 BEPHOTO OTHECe-
rpymma (puc. 2b). Pacnpenenenns 3Had4eHUH H3y9EHHBIX  HUS JIMOO B TPYIIIY JOKAJIEHO 0OYCIIOBIEHHOH Memmooa-
MOKa3aresiell MalMeHTOB-KCHITNH W ITalMCHTOB-MYX-  3anbHOW OPD WM B KOHTPOIBHYIO TPYIITY) MO TEM K
YHUH C JIOKAaJBHO 00YCIIOBIEHHOH Meanoba3ansHot ®PD  kputepusM, B pe3yibTaTe 4ero 3HadeHHE BEPOSTHOCTH
3HAYMMO HE OTJIMYAIOTCSL. (c yd4eToM cirygaliHOM IOTPEIIHOCTH) cocTaBmiIo 9148 %.
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Odcy:xnenne. Jlo cux mop HescHo, sBisercs nu CI
MPUYMHON wim cieAcTBueM npuctymnoB [20]. Beposit-
Hee Bcero, CI' sBisieTcs MHOTO(aKTOPHOM MAaTOJIOTHEH,
Y HET HU OJJHOTO OTAEIBHOTIO MAaTOreHETHIECKOTO (hakTo-
pa, JOCTaTOYHOTO /Il BOSHUKHOBEHHMS JAHHOTO COCTOS-
Hud [17]. OmanM u3 mpenpacmonaramux (akTopoB sIB-
nst0TCS (DeOPMITBHBIE CYIOPOTH, U XOTS CYIIeCTBYET 3Ha-
YUTENbHAS CBA3b MEXIY JUINTEIBHBIMHU (heOpHIbHBIMHU
cymoporamu B panHeM netctse U CI, mpoTuBopeunBble
JAaHHBIC TAKXKE YKa3bIBAIOT Ha CIOKHYIO B3aHMOCBSI3b
TeHETHYECKNX (haKTOpPOB 1 (PaKTOPOB OKpYIKAIOIIEH cpe-
nel [21]. PaHee mpenmonaranock, 9To THOEIb HEHPOHOB,
KJIETOYHAsI peOopraHu3ays 1 TIHaibHas mpoudeparus
B TUIIIOKAMIIE IIPU €70 CKIIEPO3€ MPUBOAAT K MOBBIIICH-
HOH BO30YAMMOCTH T'paHyJSPHBIX KJIETOK 3yOuarod u3-
BWJIMHBI, KOTOpas paclpoCTPaHsAeTCs W3 THUIITOKaMIIa
W TeHepupyeT smwienTudeckuil npuctyn [22]. T'ubensb
TOPMO3HBIX UHTEPHEHPOHOB, ()OPMHPOBAHHE CHHAIICOB
W pa3pacTaHue (CHPYTHHI') MIIHCTBIX BOJIOKOH BO30YX-
JIAfOLIUX HEHPOHOB TaK)Ke MOTYT IPUBOAUTH K (hOpMH-
POBaHHUIO Oo4ara TMIIepakTUBHOCTH. HekoToprle aBTOPHI
MOJIararoT, YTO pa3pacTaHue (CHPYTHUHT) MIIHCTBHIX BO-
JIOKOH SBJISIETCSd KOMIIEHCATOPHO-BOCCTAaHOBUTEIHHBIM
mporeccom [23].

Henb3s MCKIIOUNTH, YTO FEHETHUYECKUM KOMIIOHEHT
urpaet ponb B pazBuTHU CI, MOCKOIBKY BOBIEKAIOTCS
CHUTHAJIbHBIE IYTH HEPBHOTO Pa3BUTHUs, TAaKHE KakK Ka-
ckajx puauHa. OIHAKO, TOBBIIICHHBIA HEHpOTeHe3 1/ nin
nepcucteHuus kiertok Kaxansg-Pernuyca y nanueHToB
¢ MBD u CI' yka3pIBaeT Ha [UIHTEIBHBIA 1 HEHOPMAJIb-
HBII TIEPHOJl CO3PEBAHUSI M MATOJIOTHUECKYIO apXHUTEK-
TYpPHYIO OpTaHHM3alH{I0 TPaHYISIPHOTO Cios 3yOdarToit
W3BWIIMHBI, YTO HaOMIOJAeTCsl y MOJIOABIX IAIMEHTOB
C PaHHUM Ha4alloM TIPHUCTYTIOB [5]. B coBpemenHoi mu-
Teparype OOJbIIOe KOMMYECTBO HCCIIENOBAHWN IMOCBS-
LIEHO IOUCKY I'€HOB BOCIIPUMMUYKBOCTU K MBD, couera-
tfometics co CI' [24-27]. CoobraeTcss 0 MHOTHX aCCOIIH-
armsix MBD, coueratommeiics co CI' ¢ monuMopduzmMamu
B I’€HaX MOHHBIX KaHAJIOB [26, 28], reHaX UMMYHHOTI'O OT-
Bera [29-31], reHax peuLenTopoB HEHPOTPAHCMUTTEPOB
[32—-34], renax TpaHCHOpPTEPOB Helipomenuaropos [35],
reHax MPHOHHOrO Oeska (HeHpoHaJIBLHOrO MeMOpaHHO-
ro mukonportenHa) [36] u muroxonapuaisHou JHK
[37-39]. B To Bpems kak BO MHOTHX APYI'HX HCCIEIO-
BaHMSX HE YAAJOCh BBIBUTH KaKHe-ITHMOO 3aKOHOMEp-
HOCTH, BKJIIOYasi TIOBTOPEHHE paHee OIyOIMKOBaHHBIX
MOJIOKUTENIbHBIX TeHEeTHYeCKuX accoruanmii [40—43].
B 2014 romy M’eriaux et al. B ucciiefoBaHIM OLICHUBAIIH
MHUKPOJINCCEKITHH CJIOEB TUIIIIOKaMIIa anueHToB ¢ MBD
+ CI, 0coOcHHO B 30HE 3y04aTOi M3BHJIMHBI, C UCIIONb-
30BaHUEM IIPOTEOMHKH U MacC-CHEKTPOMETPUH, U CPaB-
HUBAJIN C KOHTPOJBHON ayTONCHHHOW Tpymmon. ITo
OBLTO TIepBOE MCCIEeNOBaHUE, B KOTOPOM OBLIM HICHTH-
¢unupoBaHs! crenn(UUECKUE MENTHABI B Pa3IMIHBIX
CJIOAX 3y04aToi M3BWIIMHBI YEJIOBEKA, TAKHE KaK Taja-
HUH ¥ HEUPOKUHUH B rpanyisipHOM cioe, yKOpoueHHBIN
Ha C-xoHIe ¢parmMeHT HedponentHaa Y B XHIYyCHOM
(KOpHEBOM) cI0€ M COMATOCTaTHH | B MOJEKYISIPHOM
cioe. [locneqaue mBa Genka COOTBETCTBOBAIM IIPE/bI-

JYIIAM JTaHHBIM, OKA3bIBAIOIIUM, YTO OH IPUCYTCTBY-
er B GABA-spruyeckux mHTEpHEHpOHaX 3yOuarod u3-
BWJIMHBI, ¥ aKTUBaLUs HeWporenTtuaa Y MOXKeT OBITh
CBsI3aHa C HEHPOTreHEe30M, HHAYLIUPOBAHHBIM IIPUCTYTIOM
[44-45]. Bocnanenue, no-BUAUMOMY, SIBISIETCSI BAKHBIM
MEXaHU3MOM, JISKAIIUM B OCHOBE 3MUJIETICUH, U OBbLIO
MOKa3aHo, 4TO OHO ycyryoisiercst B Mozeisix MBD geno-
BEKa U XHUBOTHBIX, TaK, UCCIIEIOBAHUE BBISBUIIO PAHHIOIO
MHIYKLIUIO BOCHAIUTENBHONW PEeakliuy, 0COOEHHO B Jia-
TEHTHOHM (ha3e, MpeAlIeCTBYIONIeH CIHOHTAHHBIM PEelu-
JTUBHUPYIONINM CyI0pOram, a Korja 3a0oJieBaHHE «yCTa-
HOBJICHO», BOCHAJIHUTENbHBIE PpEAKLUH IpeodnasaroT
B MaparummnokaMmnaibHoi obnactu [46]. Hakorer, aie-
TaHTHOE HCCIIeoBaHme, omyonukoBanHoe B 2018 oy,
00BEIMHIIO TPAHCKPUIITOMHUKY ¢ (DEHOTHIIAMH MHUKPO-
TIHH B 00JACTSAX MO3ra C BBHICOKOH M HHM3KOHM moTepeit
HEepoHOB [47]. ABTOPHI HCHONH30BAIH TKAHb THUIIIO-
KaMIIa, pe3eupoBaHHy0 y 25 manuentoB ¢ MBD + CT,
1 OOHAPYXWIH, YTO aMeOOUIHBIC KICTKU MPeodIamaloT
B 00JIaCTAX ¢ WHTCHCUBHOHN IOTEpei HEHpPOHOB, TOTIa
KaK KJIETKH MUKPOTJIMH B 00JIaCTSX C MEHBILEH MoTepen
HEWpOHOB MMEIOT Oojee pa3BeTBieHHYIO (opmy. Kpo-
Me Toro, dKkcripeccust IL-10 Oputa yBenmmuena B obnacTu
runnokamna CA1/CA3, 1 oHH NPEIIONIOKHIN, YTO ITO
MOXKET OBITH KIIFOYEBBIM PETyIATOPOM (PEHOTHUIIA KIETOK
MHKPOIJIHU. ABTOPBI UICHTU(HIMPOBAIHA INTOKUHOBBIH
CEKPETOPHBII OTBET IOCJIE MPHIAJKOB, OIpaHUYECHHBIH
HECKOJIbKMMHU O0JNIacTsIMM, Hpenmnonarasi, 4To 3TH ce-
KPELUH SIBIISIOTCS JIOKAJIBHBIMH M MOTYT BKJTIOYATh Kak
ACTPOLUTHI, TaK ¥ MUKporuio [47]. Cpeau IIUTOKHHOB,
WIeHTUUIUPOBaHHBIX Kak JuddepeHnnansHo  IKc-
npeccupyemsle B uccienosanun, I1L-1B, IL-6 u TNFa
JIEHCTBYIOT HEMOCPEICTBEHHO HA IIIyTaMaTepruuecKyro
u F'AMK-eprudeckyto nepenauy curaanos [48—50]. Ilo-
3TOMY IpeAJIaraeTcs yAeaaTh O0JbIIe BHUMAHHUS CeKpe-
IIMM [IUTOKWHOB, 0COOEHHO MOCIIE MIPUIIAKa, IOCKOJIBKY
3TO MOXET OBbITh CIIOCOOOM YITyUIINTb JIEICHUE JTHIICT-
CUH y pedpaKTEepHBIX MalUeHToB [47].

3akmiouenune: CTpyKTypHBIE U3MEHEHHS B Pe3elli-
POBaHHBIX THHTIOKaMNax y O0omsHBIX ¢ PO xapakrepu-
3YIOTCSI JIEKTUBHOW THOEINBI0 HEHPOHOB C IIpeodiaiaro-
MM TIOpaXCHHEM 3y0uaToil n3BWiIMHEL. DparMeHTupo-
BaHHBIN ONEPAI[IOHHBIH MaTepuall THITIOKaMIIa 3aTpyl-
HSET WHTEPIPETalnIoO PEe3yNbTaTOB THUCTOJIOTMYECKOTO
UCCJIEOBaHUS C IIPUMEHEHHEM KJIacCH(UKALUK CTeTie-
Hu CI' (ILAE, 2013), omHako, BBISIBICHHBIC H3MCHCHUS
KJIETOYHOTO COCTaBa TMMIIOKaMIia y nmanuentos ¢ OPD
MO3BOJISIIOT C BEICOKOM TOYHOCTBIO OTHOCUTD U3y4YaeMble
CTPYKTYpBI (hOpMaIMy K TpyTIIe ManueHToB WM K IPyII-
e cpaBHEHHUS. BBIsSBICHO, YTO MMAIMEHTHI € AMMIICTICHEH
— OZIHOPOJHBIH KacTep, HE3aBUCUMO OT CTETIEHH MOp-
(osornyeckux M3MEHEHHH, 4TO TOBOpUT O (opmupo-
BaHMM Y JIaHHOM KaTeropuu OOJILHBIX ClIelu(uIecKkoro
«OMWISNTUYECKOr0» THMIOKaMMna. PeakTHBHO-IECTPyK-
TUBHBIE TIPOLIECCHI B THIIIOKAMIIE, B TOM YHCJIe HeJ0CTa-
TOYHOCTh HEHporeHes3a, ¢ UCXOIOM B aTpoduio U CKile-
O3 TUIIIOKaMIa MOT'YT SIBJISITbCSI CTPYKTYPHOI OCHOBOM
(hapMaKOpPE3UCTEHTHOCTH  JIMUIENTHYECKOH CHCTEMBI
Y CTQHOBHUTHCSI (DAKTOPOM SIHIICTITH3ALIUH.
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