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MATEMATHYECKAA MOJIE/Tb OLEHKH YBETMYEHHUA HOOEKTUBHOCTA PEABWJTUTALIMN
[IPH TOMOIIX TEXHOIOTAU ITEPCOHAJTHSBUPOBAHHOI'O ITOJIBOPA PEABWIUTAITNN
C IOMOIIBIO ATAITTAPOBAHHOM BAPTYATIbHOY CPEJIBI
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Pe3tome. B paboTe npoBefeH aHaim3 BOSMOXXHOCTU UCMONB30BaHNSA MYIbTUCEHCOPHbIN BUPTYaSIbHOW peasib-
HOCTW ANs yBeNMYeHnst aOEKTUBHOCTN PeabUMTaLMOHHBIX MEPOMPUSATAIA, OCHOBaHHBIX Ha MOEOMOTOPHOM
NPEACTaBNEHUN CIOXHbIX OunatepabHbIX OBVKEHUA KOHEYHOCTEN. [1OCTpOeHbl MateMaTuyieckme Moaenn B
BUAE CTATUCTUYECKUX KOHHEKTOMOB MEXKOPTUKASbHBIX B3aUMOLENCTBUM, MPETEPEBAOLIMX U3MEHEHNA Ha
(hoHe akTvBauMn neprudepmnHeckoro CEHCOMOTOPHOro anmnapara. [NpoaeMOHCTPUPOBAHO MOBbILLEHNE aKTUB-
HOCTU B OBUraTesibHbIX 30HaX KOPbl MOMIOBHOrO MO3ra npu aktuaumm nponpuoLLEnTUBHON CUCTEMbI, YTO CBU-
OEeTENbCTBYET O MOBLILLEHUM 3(EMEKTUBHOCTA MOEOMOTOPHOIO MNPEACTaBNEHUSA OBVXKEHWA. [TonydYeHHble pe-
3yfbTaTbl MOIyT ObITb UCMOMB30BaHbI B KA4eCTBE Crocoba MoBbILLEHWS YCTOMHMBOCTU U TOYHOCTU Kraccudgm-
KaTOPOB HENPOKOMMBIOTEPHBIX MHTEPMENCOB, OCHOBaHHbBIX Ha OETEKLIM CIOXKHBIX BriatepanbHbIX ABVKEHNN.
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MATHEMATICAL MODEL OF EVALUATION OF REHABILITATION EFFICIENCY INCREASE BY
MEANS OF PERSONALIZED SELECTION TECHNOLOGY OF REHABILITATION
REHABILITATION THROUGH A CUSTOMIZED VIRTUAL ENVIRONMENT

Zakharov A.V., Chaplygin S.S., Kolsanov A.V.

Federal State Budgetary Institution of Higher Education «Samara State Medical University»
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Abstract. The paper analyzes the possibility of using multi-sensory virtual reality to increase the effectiveness of
rehabilitation measures based on the ideomotor representation of complex bilateral limb movements. Mathe-
matical models were constructed in the form of statistical connectors of intercortical interactions undergoing
changes against the background of peripheral sensomotor apparatus activation. The increased activity in the
motor cortical zones of the proprioceptive system activation was demonstrated, which testifies to the increased
efficiency of the ideomotor representation of movements. The obtained results can be used as a way to improve
the stability and accuracy of neurocomputer interface classifiers based on the detection of complex bilateral
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BBepeHue

[MNpobnema gBUraTensHOM peadunuTaumn
naLyeHToOB Mpu 3ab0neBaHMsIX, COMPOBOXKaA-
OLLIMIXCST MOPAKEHNEM LIEHTPANbHOMO HENPO-
Ha, SBMSAETCHA OOHON U3 3HAYMON U HEPELLIEH-
HOM B COBPEMEHHOM MeauuUmHe. Bbicokas
PacnpPOCTPAHEHHOCTb U BbIPaXXEHHOCTb OBU-
raTenbHbIX HapyLLEHW MOc/e OCTPOro Hapy-
LLIEHVS1 MO3rOBOIro KpPOBOODpALLEHUS SBNSAET-
CA OOHOW K3 OCHOBHbIX MPUYMH CTOMKOW WH-
BaNMOM3aLIMN 1 BbICOKOW Harpy3ku Ha cucTe-
My 3[0paBOOXPaHeEHVs], CBA3aHHOW C obecne-
YeHMeM yxoda 3a [AaHHbIMM MauyeHTamm Wy
obecneveHrst Nx B MOCRedyoLeM MHANBMOY-
anbHbIMN CpeacTBamMu OBUratesilbHoM peabu-
Taumm.

icnonb3oBaHe UMMEPCVBHOWM cpedpl, B
Ka4ecTBe KOTOPOW MOXET BbICTymaTb BUPTY-
anbHasa peanbHocTb (BP), nossonaet mogenm-
poBaTb pas3fnyHble pPeadbUNTaLMOHHbIE Me-
PONPUATKSA, BOCTPeOOBaHHbIE HA Pa3HbIX CTa-
Onax peabunuraumm, Kak B paHHen peabunu-
Tauym NepBoro atana, MpoBOAMMOIrO B YCIIO-
BMSIX ~ HEBPOJOMMYECKOro  cTauyoHapa B
OCTPOM MNepuoae HapyLLEHNS MO3rOBOrO Kpo-
BOOOpALLEHMS, Tak 1 Ha aTanax, NPOBOAMMbIX
B YCMOBUSIX YHYPEXOEHUA caHATOPHOro Tuna B
PaHHEM W MO3AHEM PeabunUTaLMOHHBIX Nepu-
opax [7]. Vicnonb3oBaHne BO3MOXXHOCTEN UM-
Mepcun B ycnosugax BP nossongdeT yBenmymntb
ONNTENBHOCTb 3 dEKTUBHOIO nNepuoda pea-
ounutaumm [6]. B HacTosiee Bpemst AaHHbIN
nepuop, orpaHnyeH B cpegHeM OByMS rogamul,
HavboNbLIMA  peabunUTaUyoHHbIN  adhdeKT
HabnrogaeTcs B nepsble nonaroga [10].

BosHukatollee nocne OByx neT OT MoO-
MEHTa BOSHWKHOBEHNS 3aboneBaHusa Tak
Ha3blBaeMOE «PeabUnMTaLVOHHOE MaTo» SAB-
NAETCS OCHOBHOM MPUYMHOM  NpeKpaLleHns
peabunMTaLoHHOro Nporpecca, HeCMOTPS Ha
BbICOKYKO WHTEHCUBHOCTb PeadbunmTaLmMOHHbIX
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BO3OeNCTBUMI. [pUYMHOM  3TOMY  SIBNSAETCS
CHWDKEHME aKTMBaLMW MPOLECCOB Henponia-
CTUHMHOCTW, KOTOPbIE COCTOAT U3 HECKOSbKMX
napannensHO UM MocneaoBaTenlbHO MpoTe-
KaroLyX MpoLEeccoB. VX aktvBaumst n nog-
OEPXKaHMe Ha BbICOKOM YPOBHE aKTWBHOCTU,
SABNSAETCA OCHOBHOW 3ajadven peadbununtaum-
OHHbIX MEPOMPUATUIA Ha MPOTHKEHUM BCEX
nepuodoB [8]. B Ka4ecTBe OCHOBHbIX MPOLEC-
COB HEeWpOonIacTUYHOCTU Ha LaHHbIA MOMEHT
paccmaTtpumBatoTca: 0by4eHne Xebba, nameHe-
HWe BanaHca MeXxay akTUBUPYHOLLMMW U TOp-
MOSSALUMN  HENPOMeOMaTOpaMn,  CHDKEHWNE
akTnBHOCTU TAMK-eprnyeckmx HEMPOHOB, ak-
TMBaUMSA CBS3EN MexXay OTAeNlbHbIMU y4acT-
KaMy KOpbl FOIOBHOIO MO3ra, HeakTUBHbIX
paHee [2].

Vicnonb3oBaHne (U3NHeCcKnx MeToa0B
peabunuTaLymn onsg akTBaUum 3TUX MEXaHU3-
MOB HENPOMIacTUYHOCTM MOApa3yMeBaeT UC-
MONb30BaHME OOCTATOYHO CIIOXHbIX, TEXHUYE-
CKW, YCTPOUCTB (POBOTUSUPOBAHHbBIX KOM-
nnekco) [9]. VImetoTca orpaHndeHns no [o-
CTYMHOCTWU AaHHbIX CMocob0B peabunmTtaumm
015 nauueHToB, BCNeACTBUE OrpaHUYeHHbIX
CPOKOB rocmuitannaaumy, He [octaToyHas
3hPeKTMBHOCTL ambynaTopHOW peabunnTa-
UMy, Mo MNpuUYvHe yaaneHHOCTV MPOXXKMBAHUS
nauyeHTa OTHOCUTENBHO HAXOXXOEHNSA CreLu-
aNM3NPOBaHHbBIX PeadbUNUTALMOHHBIX LIEHTPOB,
a TakKe MHOXXECTBO APYrnx (hakTopOoB, Coue-
TaHWE KOTOPbIX B KOHEYHOM UTOre NPUBOAST K
CH/DKEHUIO  MepBOHaYaslbHO  OOCTUMHYTOrO
nporpecca 1 CTOMKOW ukcauun auratesb-
HbIX WA OPYrX HAPYLLEHWIA.

BP, BbicTynatowias B Ka4yeCTBe UWHTEP-
derica Mexay pasnnyHbIMK  TEXHUYECKMMM
YCTPOUCTBaMW, MOXET MOJSIb30BATLCA B Kade-
CTBE aKTVBaLMN BCEX M3BECTHbIX Ha OaHHbIX
MOMEHT MPOLIECCOB HEMPOMIacTUYHOCTM, O0-
Ka3aTeNlbCTBOM YeMy SBASKOTCA WU3MEHEHUS,
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perucTprpyemMble B paboTe  LeHTpanbHOW
HEepPBHOWM CUCTEMbI, HA OCHOBE TaKMX METOLOB,
Kak: anekTpo3aHuedanorpadua (93l), mar-
HUTHasA aHUedanorpahus, GyHKUMOHAIbHANA
MarH1UTHO-pe30oHaHCcHasa Tomorpadus [1, 3.
YBenndeHne apdHeKTMBHOCTM MO akTViBa-
UM HemporiacTUiHOCTM B BP MOXeT ObiTb
OOCTUMHYTO MPU UCMOJIb30BAHUN CEHCOPHOIO
BO3OENCTBMA 3a CYET akTvBauuy Mpornpuro-
LEenTUBHOM cucTembl. [MOMYMO HaCbILLEHHOIO
MCMNONb30BaHNA BU3yanbHOro psga, B BP
MOXXHO MOYYUTb AOMOSNHUTESNbHbIE U OYEHb
Ba>KHble CEHCOPHbIE OLLYLLEHUS, CBA3aHHbIE C
B3aVMOAENCTBMEM C BUPTYyallbHbIMK O6BbeK-
Tamn 3a CYeT aKTMBauuy mpornpuoLenTUBHON
CUCTEMBI. OTO yBEMMYMBAET 3PPEKTLI KOrHU-
TMBHOIO, CEHCOPHOIO U 3MOLMOHANIBHOIO MOo-
rpyxeHusi B BP [4]. Takum 06pa3om, 1Cronb-
30BaHVie My/IbTUCEHCOPHOIO B3aMMOOENCTBIA
C BUPTYalbHbIM OOBEKTOM MOXET SABATLCS
OJHUM 13 CcrnocoboB yBennyeHnsa ahhekTB-
HOCTU peadbunMTaumMoHHOro Npouecca [5].

Llenb: nonyyeHne maremMatnyeckon Moae-
N, OEMOHCTPUPYIOLLEN MOBbILEHNE ahdeK-
TUBHOCTW MAEOMOTOPHOIO MpeacTaBneHvs ou-
naTepanbHOro ABWMPKEHUS KOHEYHOCTEN B UM-
MEPCVBHOW cpede 3a CYeT aKTvBaumm mnepu-
dheprHecKOro CeHCOMOTOPHOIO annapaTa.

MaTtepuannbl 1 meToAbl

B uccnepoBaHun npuHann ydactue 31
300PO0BbIN O0OPOBONEL, B Bo3pacTe oT 18 oo
20 netT (cpemHw Bo3pacT 18,2 roga). MoHo-
nonsipHasi peructpaumsa 931 npoBoguniachk ¢
nomoLbto yeunntena BrainAmp («Brain Prod-
ucts», Germany, EC) B 128 oTtBegeHusix (Mo
anekTpogHon cucteme International 10-10) ¢
3M1EKTPOAOM CpPaBHEHNS, YCTAHOBEHHBIM Ha
Cz. ConpoTvBNEHME KOHTaKTOB Mpu 33l
anekTpogoB He npesbilwano 10 kKOm. [lpw
ouncdpoBke B3I 4vacToTa AUCKPETU3ALMMU
curHana coctaengna 500 lu. lNocne ound-
POBKM MpousBoamnack unbtpaumsa 33 B
ananasoHe vactot 0,01-60 Iy, ¢ ncnons3osa-
Huem Notch-cuneTpa 50 u.

[Npn pernctpaumm UChbITyeMbll cuaen B
Kpecne ¢ HageTbiMu ovkamun BP Oculus Rift S
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(«Oculus», USA) (HacToTa 06HOBNEHNSA aKpaHa
80 Iy, paspelueHre akpaHa 2560x1440). 113y-
YeHNe OVHAMWKK W3MEHEHU BMoaneKTpude-
CKOW aKTWBHOCTW KOpPbl FOMIOBHOMO Mo3ra (C
MOMOLLBIO PEMUCTPALIMN CKamnbMOBbIX 3HLIeda-
norpan4ecknx CUrHanoB) MPOBOAMMIOCH Ha
hoHe aemMoHCTpauun BU3yanbHOro psiga (bu-
MaHyanbHOE  OJHOMOMEHTHOE  [OBMPKEHME
BEPXHMX KOHEYHOCTEW B Buae rekcop-
HbIX/SKCTEH30PHbIX [ABVKEHUA B JIOKTEBbIX
cycTaBax ¢ Yactoton 5 ['u. v xogpbe no ropu-
30HTa/IbHOM  MOBEPXHOCTN CO  CKOPOCTLIO
5 KM/4), a TakkKe KUHEeCTETUYECKOro npea-
CTaBneHWs OaHHbIX OBVPKeHWn. BuayanbHoe
HabMIOAEHNE U KMHECTETUYECKOE MNpeacTaB-
NIEHNE OAHHbIX OBVPKEHW MPOBOAMIOCHL B MO-
Oenvpyemon (BUpTyanbHOW) peanbHOCTU. B
rnocrnenyLlem MNpoBOAMMIACh  PerncTpaums
BM3yanbHOro HabnoaeHNsa 1 KMHeCTETUHECKO-
rO NPeACTaBNEHNSA OBVIKEHUIA BEPXHUX N HIDK-
HVX KOHEYHOCTEWN MOCe akTuBauum nepude-
PUHECKMX CEHCOMOTOPHBIX CTPYKTYP C MOMO-
LB BUOPALMOHHOMO BO3AENCTBMS.

B kadecTBe nepBoOW aKCnepuMeEHTaNbHOM
ceccun 300poBble AOOPOBOSbLEI HABAKOANM
B TeYeHVe 5 cekyHf 3a BUOEOPSAOM, OEMOH-
CTPVPYIOLLMM B MEPBOM 3KCMepUMeHTe buma-
HyaslbHble [OBW>KEHMSI, BO BTOPOM 3KCMepu-
MEHTE bunaTepanbHble OBVKEHUST HYXKHX KO-
HeuHocTen. Obllee KOMMYECTBO  AaHHbIX
HabnmogeHnn coctaBmno 30 MOBTOPOB, Yepe-
OYIOLLMXCSA C anM3odaMu AeMOHCTpauUun cTa-
TUHHOM KaPTUHKU BEPXHWX WK HUKHUX KO-
HeyHocTen. O6Lasa AIMTENbHOCTb 3KCnepu-
MEHTasIlbHOW ceccun cocTaBuna 5 MUHYT Ons
OJHOro B1aa OBVDKEHUIA.

OKcnepyMeHTanbHass ceccusi mpu naeo-
MOTOPHOM  MpefcTaBfeHn  GumaHyasbHbIX
WM unartepasnbHbIX OBVDKEHUNA HDKHWX KO-
HEYHOCTEN MNPOBOAMMIACL B Pa3nuYHble OHW,
6e3 nepepbiBa UM C NepepbiBOM B 1-2 OHS.
IneoMOTOpHOEe MpeAcTaBfeHe OO0 WU Mocne
aKTMBaumMmn  nepuepmnyeckoro  CeHCOMOTOpP-
HOro annapaTa NPOBOAMIACH B TEYEHNE OHO-
ro OHs B BWAe ABYX OTAESbHbIX CECCUN, CHa-
Yana Mnpu KMHECTETUYECKOM MpeacTaBfieHnm
OVMaHyanbHbIX OBVMXKEHWUI, 3aTemM bunarte-
pasibHbIX ABMKEHUIA HUXKHUX KOHEYHOCTEN.
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BrnbpaumoHHoe BO3OencTBME OKasblBa-
nocb €¢ nomoubo nnatdopmbl Power Plate
(«Performance Health Systems, LLC», USA) B
BMOE BO3OENCTBUSA MPU CTOSHUN UCTIbITYEMOIrO
Ha nnatopme B TedeHne 5 MUHYT C LEenbko
OKasaHusi BO3[OENCTBAM Ha CEHCOMOTOPHbIN
annapar  HYDKHUX  KOHEYHOCTEN WM Mpu
HaXOXOEHUN B MONOXKEHNN «yrop Nexka» Mpw
BO3OENCTBUM Ha MepudepuHecKuii CEHCOMO-
TOPHOM anmnapaT BEepPXHUX KoHeYHocTen. dnu-
TeNIbHOCTb BO3OENCTBUSI cocTaBisna 3—-5 Mu-
HYT ¢ YacToTon Bubpaumm 50 Iu.

ABTOPbI 3aABNSAOT, YTO Y HUX HET ABHOIO
NN MOTEHUMaNbHOrO KOHMNKTA WHTEPECOB,
CBA3aHHOro ¢ nyonMkauuen 3ToW cTaTbu.
OKCMeprMeHTbI NPOBOOVMNCE B COOTBETCTBUM
C U3NOXXEHNEM ITUYECKUX MPUHLIMMOB Brome-
OVLMHCKUX UCCNeJoBaHUN XeNbCUHKCKOW Oe-
Knapauun 1964 r. n ee nocnegyoyiMmM 06-
HOBNEHUAMU U OblMM 0000pPEHbI MECTHBIM KO-
MUTETOM MO B1oaTuke OIrbOY BO CamlMY.
MMepen y4actvem B UCCNEOOBaHWM UCTIbITye-
Mble Moanucanm MnMCbMeHHOe UHMOPMUPO-
BaHHOE cornacue, ogobpPeHHOe KOMUTETOM MO
B1osTUKE.

PesynbTaTbl NOMly4YeHbl B pamMKax peann-
3aumMM nporpamMMbl  gesatensHocTn Jlngumpyto-
LLero UccnenoBaTenbCKoro LUeHTpa, peannay-
OLLErO [OOPOXKHYIO KapTy MO  «CKBO3HOW»
UMDPOBON TEXHOMOMUN  «TEXHOMOMMN  BUPTY-
anbHOW 1 OOMOMHEHHOW peanbHOCTU» Npu dun-
HaHcoBOW nopaaep>xke MuHkomMcBasn Poccun
n AO «PBK» (doroBop © npegocTaBneHum
rpaHTa Ne 003/20 ot 17.03.2020 r., ngeHtu-
dvkaTop cornaweHust O MpeagocTaBfeHnn
cybeuamm — 0000000007119P190002).

PesynbTaTbl

Ha aTane npoBegeHWs1 NepBOn aKcnepu-
MEHTaIbHOW CeCCum MpPOBOAMUIOCH CPaBHEHME
KMHECTETUYECKOrO U BU3YyanbHOrO MpeacTaB-
NEHNST BEPXHNX U HYDKHUX KOHEeYHOCTen 6e3
aKTVBaUMM NepudeprnHeckoro CeHCOMOTOpP-
Horo annapata. daHHasa ceccus Oblna opraHu-
30BaHa A9 TOro, YTOObl MPOAEMOHCTPUPO-
BaTb 3PPEKTMBHOCTb WCMOMNb30BaHMSA Kfa-
CTEPHOro aHanmMsa B Ka4deCTBe MeToda, Mmos-
BOMAOWEro  AMdEPEHUMPOBATL  CIIOXHbIE
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OBVDKEHNSA BEPXHNX U HYXKHUX KOHEYHOCTEN. A
VMEHHO, GuMaHyasibHble OBMKEHUS!, HEODXO-
OMMble 0N B3aMOOENCTBUS C  BHELLHUMM
obbekTamm 1 obbekTamn BP, a Takke buna-
TepalbHble OBVPKEHNS HVDKHUX KOHEYHOCTEN,
HeobxoaMMbIX ONA NepeaBuXeHus. Bbisene-
HME JaHHbIX Pa3NMYiA Ha OCHOBE KNacTepHO-
ro aHanmaa HeobxoaMMOo A5 yeneLwHom pabo-
Tbl KnaccudrKaTopoB, NexXalyx B OCHOBE
HEVNPOKOMMBIOTEPHOIO  MHTEPenca, OCHO-
BAHHOrO Ha OEeTeKUMM CIOXXHbIX BuMaHyasb-
HbIX, BunaTepasnbHbIX OBYXKEHUN.

[Mpn KNnacTepHOM aHanMae MoJslyyeHbl cTa-
TUCTUYECKM  OOCTOBEPHbIE  PasIV{mMsa  Mpw
cpaBHeHUM O3 M3MEeHeHU NMpu BU3yasibHOM
HaOMIOOEHNN N KUHECTETUHYECKOM MNpeacTaB-
NEHNN OBWKEHUM KaK ONsa BEpPXHUX, Tak U Ans
HVDKHUX KOHeYHocTen (rpaduk 1). TNonyyen-
Hble B pe3y/bTaTe KacTepHOro aHanmaa pas-
YK 3aKTKoYaIcb B MOSABNEHWN MPOLIECCOB
OECUHXPOHU3aLNN, PETUCTPUPYEMBIX B 3aTbl-
JIOYHOM U NOBHO-TEMEHHOM 06aCTSX.

[locne BTOPOW 3KCNEPUMEHTaNbHOW Cec-
cum npoBedeH ANOVA aHanmna cpaBHeHWUS Ye-
TbIPEX COCTOSIHUM: KWUHECTETUYECKOE Mpe-
cTaBneHne bumaHyaibHOrO ABVKEHNS 1 Buna-
TepasibHOrO [ABVKEHUST HUXKHNX KOHEYHOCTEl
0O W Mocne aKTBaumv nepudepnHeckoro
CEHCOMOTOPHOrO annapata. PesynbTaTbl kna-
CTEPHOro aHanMsa cpaBHEeHWS OaHHbIX COCTO-
AHUM NpeacTaBneHbl Ha rpaduke 2.

CornacHo MonyYeHHbIM OaHHbIM, MOXHO
caenaTbh 3aKrYeHre, YTo anddepeHLpoBKa
BEPXHEN U HPKHEN KOHEYHOCTU A0 aKTuBaLumM
nepudepnyeckoro CEHCOMOTOPHOrO annapa-
Ta OblNO HEOOCTOBEPHON, U 3HAYeHMe cTaTu-
CTUHECKOI0 pasnnynsg B KflacTepe COCTaBsANo
p = 0,06. lNocne akTnBaLmm neprndeprnHecKo-
rO CEeHCOMOTOPHOro annaparta anddepeHLn-
POBKa B KracTepe 3Ha4MTeNbHO YBEMNYMIACh
0o p = 0,04, Tak Kak MOMMMO MPOLIECCOB Ae-
CUHXPOHM3aLIMN B COOTBETCTBUM C Mpedplay-
WUMN AaHHbIMM HabnoganMcb AOMONHUTENb-
HO MPOLIECChI CUHXPOHN3aLMM CEHCOMOTOPHO-
ro pUTMa, YTO 3HAYUTENBHO YBEMHUIIO -
(heKTUBHOCTb KNacTEPHOro aHanm3a B MoJy-
YeHUW PasNnYni Mexxagy 3TMU OBYMSA COCTOSA-
HUSMW BHE 3aBWCMMOCTM OT JloKanmsauumm
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D3I oTBedeHWMIn, OEMOHCTPUPYHOLIMX CTaTu- YMEHbLLEHME OTK/TOHEHUSA OT CPEedHero 3Hade-
4eCKM JOCTOBEePHble pa3nnyns. Ha dhoHe BO3- HST MOLLIHOCTU (peakups AeCUHXPOHM3aLMW) B
OEeVCTBUSA akTMBaLn Nepudepmnyeckoro Cex- 4acTOTHOM dmana3oHe oT 35 go 50 Iw.

COMOTOPHOrO annapara HabnofaeTca
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Mpachuk 1. Pe3ynbTaThl KnacTepHOro aHanmsa 33l N3MEHEHUM, AEMOHCTPUPYOLMX 3HAYNMbIE Pas3nNyms
NPV KUHECTETUHECKOM NPEeACcTaBNEHNN BUMaHyanbHOTO ABVXEHMS.
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Mpaduk 2. PesynbTaTthbl KNacTepHOro aHanmaa 937 USMeHeHWN, AEMOHCTPUPYIOLLIVMIX 3HAYUMbIE Pa3INHNS
MPY KUHECTETUHECKOM MPEACTaBNEHNM BUMaHyanbHbIX ABVPKEHWA BEPXHNX KOHEYHOCTEM 1 X040k
00 1 NOC/e akTBaumm nepudepn4eckoro CEHCOMOTOPHOIO annapara
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[locTpoeHme MaTemMaTuyecKux MOLEeNewn,
COOTBETCTBYIOLLMX WU3MEHEHNAM B BMae hop-
MVPOBaHNSA HOBbIX CBA3EM MexXXay OTAeSbHbI-
M KOPKOBbIMW MPeacTaBUTebCTBaMM Ha OC-
HOBAHWUM KOFEPEHTHOrO aHanMaa npu BO3Oen-
CTBUN Ha nepudepnHecKmnii CEHCOMOTOPHbIN
annapaTt NPOBOAMIIOCH B ABa 3Tana.

Ha nepBom aTane npeobpasoBaHve aaH-
HbIXx O3 mocne notch-puneTpauun, yoaneHns
okynorpadunyeckoro aptedakra MeToooM He-
3aBUCKMbIX KOMIMOHEHT MPOK3BOAMIIOCH C MO-
MOLLIbIO BEMBMET NPeobpasoBaHns.

KomnnekcHbIn BemBneT Mopne:

iz
)eit

KommnexkcHbin Bersnetr MHAT:

iz
—Zl
e z

$(O =7 (et - (1]

W () =(1- (ﬂﬁujzje_i':fmf'n}z _

- —‘_ z
=(1-1%e =" [2]
C nocnenyloLlen Buayanuaaumen nosy-
YeHHbIX [aHHbIX B pe3yfibTaTe MPUMEHEHUS
KOMIMJIEKCHOMO  HEMPEPbIBHOrO  BEVBNET-
npeobpasoBaHs:

Uimag® = A= {22+

+ -\.’E[erﬂ [%) e_irz(l— sz}} : [3]

B pesynbTtate gaHHOro aHanmsa v nocne-
OYOLLEN BU3yan3aumm NOyYeHbl cneayroLme
OaHHble OTHOCUTENBHO BO3MOXHOCTEN WC-
NoJIb30BaHNA OaHHOMO Mpeobpas3oBaHnsa a5
MOCNenyoLLIEr0 KOMEPEHTHOMO aHanmaa C Le-
b0 OOHAPY)XEHUS N3MEHEHWIA B BUAOE MOBbI-
LLIEHNSI CTenNeHn B3aMMOOENCTBUSA Mexady OT-
OenbHbIMM 0BMacTAMM KOPbl FONOBHOrO MO3ra
1 MOBbILUEHUS] aKTMBHOCTU B CEHCOMOTOPHOM
obnactn. ObHapy>XeHWe U3MEHEHWA, B KOTO-
PO ABNAETCS Lenbio aPdeKTBHOCTLA MO-
CTPOEHHbIX MaTeMaTUYECKNX Mopdenen, ne-
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MOHCTPURYIOWWMX  akTMBaLUMO
HENPONNACTUYHOCTW.

Ha puc. 1 1 2 npueeneHo pasnnyuve, rno-
JIy4eHHOE MpU KIacTEPHOM aHanvse BemBreT
npeobpasoBaHU OO U MOCNe akTMBaun ne-
pUdepr4eckoro CeHCOMOTOPHOrO annapara.
Kak B1gHO, nocne ero aktmsaumm NpoucxoonT
YCKOpEHNEe BOSHNKHOBEHNSA Pas/inyiii B CpaBs-
HMBaeMbIX Knactepax yxe 4depes 0,5 ¢ nmocne
Ha4yana MOeoMOTOPHOrO MpeacTaBfeHus OBU-
>KEHUN. [JaHHble pasnuyung Habnr4anncb Kak
015 LOEOMOTOPHOIO MPefCcTaBeHUs BEPXHUX,
TaK U HDKHNX KOHEYHOCTEN. [pn 3TOM OTMe-
YaeTCd [LEeCUMHXPOHM3aUMA C  yBeSMYeHeM
MOLLHOCTW CreKTpa B 4YacTOTHOM [mana3oHe
BbiLle 35 .

B nocnenytowemM npoBOOMIICA KOrepeHT-

NpoLIeccoB

HbII (HOPManNM3NPOBaHHbIM Kpocc-
CreKTparnbHbI) aHanms.
_ (S (£)
Coy (D) = (S ()5 () “
| (S (O

roe { ) cooTBecTBYeT ycpeaHEeHUIo Mo UCTbI-
TaHUAM, S, — KPOCC-CreKTpasibHas MioT-
HOCTb MexX[y ABYMS CUrHanamu, a Sy, 1 Sy —

aBTOCMEKTParnbHble MIOTHOCTY ANS CUrHamoB
X 1 y. KorepeHTHOCTb OnpeaensieTcsa cornac-
HO chopMmyfie:

iéﬁiﬂ]

Coh,,(f) = |C(f)] =
xy i (5 Oy (D)

(5]

Kak BennyMHa KorepeHTHocTw. lpegnonarae-
Masi KOrepeHTHOCTb [ON19 [JAaHHOM 4acTOoTbl
HaxoauTca B gnanasoHe ot 0 go 1. SHadeHve
0 ykasblBaeT, YTO [ABa curHana coBepLUeHHO
HE KOPPENMPOBaHbI, a 3HadeHe 1 ykasbiBaeT
Ha MOSHYIO KOPPEenaumio. OTO Takke nokasa-
Tenb HeHanpaBfIeHHOM CBS3HOCTW, TO €CTb

Coh,(f) = Coh, (f).
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Puc. 1. HacTOTHO-BpeEMEHHOW aHaIM3 pasnynin KUHECTETUHECKOIO NMPEACTABNEHUS OABVXKEHVS BEPXHEN

N HKHEN KOHEYHOCTU 63 aKTUBaLmm NepuhepmnyHeckoro CEHCOMOTOPHOMO annapara
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Puc. 2. HacTOTHO-BPEMEHHOW aHaNM3 Pas3nnynin KMHECTETUHECKOIO NPeaCTaBNEHNS AB/KEHWS BEPXHEN
W HVXKHEN KOHEYHOCTW MOCTie aKTyBaumm nepudepnyeckoro CEHCOMOTOPHOTO annapara

CornacHo MNpoBEAEHHOMY KOrepeHTHOMY
aHavM3y [0  akTuBauum  nepudepuHeckoro
CEHCOMOTOPHOro annapara npoucxoamuT Bbl-
JeneHne CBA3er Mexay 3aTblIOYHbIMU N BU-
COYHbIMW OTBeAeHUAMU I3[, YTO MOXXET CBU-
JeTenbcTBoBaTh 06 akTMBaLUM BEHTPAaNIbHOroO
3PUTENBHONO TPakTa akTVBU3UPYIOLLIErocst B
npoLecce HabnogeHVst 3a aHUMNPOBAHHBLIMM
KOHEYHOCTSMW B MPOLIECCe BbIMOSIHEHUST 3a-
Jaqn akcrnepumeHTta. [locne aktmBauuv rne-
pUdEepPNHECKOro CEHCOMOTOPHOIO annapara
OTMEYaETCAa YBEIMHYEHNE KOPPENALMM MEXOY
OTBEeAEHVSIMU, JTOKaIM30BaHHbIMU B CEHCOMO-
TOpHOM 06/1aCTUY, aKTVBaLS KOTOPbIX SBSIET-
CS 3HAYMMOW MpU peLleHun 3adad peabunu-
TauuM OTHOCUTENbHO BOCCTaAHOBNEHWUS OBura-
TeNnbHOM yHKUMK. [lpy MOCTPOEHUN CcTaTtu-
CTU4ECKOrO  KOHHEKTOMa,  OMMChIBaOLLEro
KOPPEensAUMM MeXIy aKTUBHOCTBbIO Mog, OT-
JeNbHbIMU OTBEAEHVAMY O NOEOMOTOPHOIO
npeacTaBneHns  GUMaHyanbHOro  OBVKEHMS,
xXapakTepHa 06onee nokanbHas —akTuBauus
CEHCOMOTOPHOM 06nactu, 4TO HabnogaeTcs
Ha puc. 3.
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Mpn 3TOM, NMPaKTUYECKN MOSIHOCTLIO, Ne-
pecTaloT ObiTb aKTUBHBbIMU YYaCTKN KOpPbI FO-
JIOBHOIO MO3ra 3aTbII04HO NoKanmnaaumm (co-
FMacHO PEruCTPUPYEMON aKTUBHOCTW CKallb-
noebiMu I3[ anekTpogamy). ObpazoBaHve
OaHHOro «(hoKyca» MOXET paccMaTprBaTbCA
B Ka4eCTBE Y/yHlLeHMs MOeOMOTOPHOro Npen-
cTaBneHns GMMaHyanbHOro OBVPKEHMSI Moche
aKTMBaUmm nepudepmn4eckoro CeHCOMOTOpP-
HOro annapara.

[nsa KorepeHTHOro aHanmMsa rocfie akTu-
BaLUMN NepuUdeprnHeckoro  CeHCOMOTOPHOrO
annapaTta nNpy MaeoMOTOPHOM MpeacTaBneHUA
ovnartepanbHOro ABVKEHUST HUXKHUX KOHEYHO-
CTeN TakXKe XapakKTepHO YBENUYEHWE NOKanu-
3aUuMn aKTVBaLMM B CEHCOMOTOPHOW 061acTu,
MPY  COXPaHHOW aKTMBHOCTM B TEMEHHO-
3aTblIoYHbIX obnacTax. [HaHHoe HabnogeHve
TakKe YKIaaplBaeTCca B KOHUEMUMIO NOoKanm-
3aLUun LEHTPOB OTBETCTBEHHbIX 3a MPOCTpaH-
CTBEHHbIN  KOHTPOJIb  OKPY>KatoLLEro  mpo-
CTpaHCTBa  3aTbIIOYHO-TEMEHHON  06NacTu,
HEeOOXOOMMbIX MPU TakOM [OBMPKEHUM, Kak
xoapba.



Kimnunueckas MeunnHa

Puc. 3. KorepeHTHbIN aHan13 B3avMoAencTBIS 3aTblIOHHO-TEMEHHbIX B3aUMOZSCTBIMS 40 U MOCe aKT1BaLmm
neprhepr4eckoro CeHCOMOTOPHOIO anmnapara npu WMAEOMOTOPHOM MPEeACTaBeHUN BrMaHyabHbIX diek-
COPHHbIX/3KCTEH30PHBIX ABWKEHWUIA B NIOKTEBOM cycTaBe. CreBa [0 akTMBauun nepudepnyeckoro CeHCoMOo-

TOPHOrO annapara, cripasa — Nocsie akTUBaLmmn

Ve

Puc. 4. KorepeHTtHbln aHanma B3aMMOOENCTBUSA 3aTbINOYHO-TEMEHHbIX B3aMMOOENCTBMSA OO M MOCHe akTvBaumm
nepudeprHECKOro CEHCOMOTOPHOIO annapara npw MAeOMOTOPHOM MPEACTaBIeHUN BunaTepanbHOMO ABVKEHNS
«xofpbbl». Cneea [0 akTuBaLum Nepudepnyeckoro CEHCOMOTOPHOIO annaparta, Cripaea — Nocse akTmaaLm

BoiBogbl

Taknm obpasom, BUbpaLWOHHOE BO3OeN-
CTBME, aKTUBMPYIOLLLEE NMEPUPEPUHECKUIN CEH-
COMOTOPHOM annapaT, MOXXHO MCMNofib30BaTb
B Ka4yecTBe crnocoba nosbileHNa anddepeH-
LMPOBKN  MOEOMOTOPHOIrO  MpeacTaBfieHns
BEPXHEN N HVKHEN KOHEYHOCTW Y UCTIbITYEMbIX
Ha ocHoBaHUK rnobaneHon aHUedanorpadun.
MMpennoXxeHHble MaTteMaTUyecke MOOENM,
OCHOBaHHblE Ha KOMEPEHTHOM aHann3e, ae-
MOHCTPVIPRYIOT MOSIBNEHME Pa3Nn4nin B KOppe-
naumm Mexxay 931 aKTUBHOCTBIO Mo, OTAe N b-
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HbIMW 3NEKTPOAAMWN B BbICOKOMAOTHOM (128
KaHa/loB) Nokanusauym  Npu  BbIMNOJHEHWM
CINOXHbIX OBWKEHUN. VIcnone3oBaHve nepu-
heprHecKomn CEHCOMOTOPHOW aKTVBaLUmMn 3Ha-
YUTENBHO YBENNYMBAET BO3MOXHOCTU 3[00pP0-
BbIX UCMbITYEMbIX MO YASPXAHUIO KUHECTETU-
4eCKOro obpasa COXHbIX [OBVDPKEHUN, YTO
MOXKET BbICTyMNaTb B Ka4ecTBe MeToda MoBbl-
LIEHNSA YyBCTBUTEBHOCTN U CreUMpUYHOCTY
Knaccudvkartopa VHTepdenca MO3r-
KOMMbOTEp.
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ObuecTBeHHOE 310pOBbe U 3 paBoOXpaHeHHe

YK 616.5-091+611.77+612.79+61(67)
K BOITPOCY O ITPUPOJIE TEJTOITUTOB KOXH

LUnéynesckuin A.1O.

HacTHoe y4pexaeHne obpasoBaresbHas opraHMsaurs Boicllero 06pa3oBaHns
«MOCKOBCKUIN MEANLIMHCKNIA YHUBEPCUTET «PeaBn3», MockBa

Pe3rome. HacTosiee coobleHre MOCBALLEHO OMMCAHUKD HOBOW MOMYNSLMM NHTEPCTULMASIBHBIX KIIETOK — Te-
IoUMTOB, OTKPbLITLIX L.M. Popescu n M.S. Faussone-Pellegrini, koTopble 6bini 06Hapy»XeHbl B AepMe, rae OHU
BbIMONHAOT BaXKHYIO METabOIMHECKYID (PYHKLIMIO 1 0BecrnedmBaroT nogaep»kaHme MecTHOro romeocrasa. Te-
JIOUNTbI — MENKME KNETKN, C KPYMHBIM BbITAHYTLIM S0POM U MasibIM KONTMYECTBOM LMTOMasMbl, OT Tena KOTo-
PbIX OTXOOAT HECKOJIbKO AMMHHBLIX TOHKMX (MogomMepsbl, 40-100 HM) 1 ToncTbIX (MoaoHsbl, 200-500 HM) OTPOCT-
KOB — Tenonoanin. o peaynbTatam MopdOIOrMHECKNX NCCeqOBaHNA yaanocb JOCTOBEPHO AnddepeHLmpo-
BaTb Tenouutbl OT pmbpobnacToB. [Npy MMMYHO(DEHOTUNMPOBaHUN OHU skcnpeccupytoT CD34 1 PDGFRa.
TeM He MeHee, HECMOTPS Ha MHOMOYNCIEHHbBIE MCCNEA0BaHWSA, MPOBOAMMbIE B OTHOLLEHWN POV TEMOLMUTOB, UX
PYHKLMS B KOXKE OCTAETCH OKOHYATESIbHO HEBBIACHEHHOW, YTO HY>XXOAeTCH B OOMOSHATEIbBHOM USYHEHNU.

KoHMAUKT MHTepecoB. ABTOPbI 3adBNASKOT 06 OTCYTCTBUM KOHMDIMKTA NHTEPECOB.
duHaHcupoBaHue. /IccnenoBaHne NPoOBOAMIOCH 63 CMOHCOPCKON MOAAEPIKKN.
KnroueBble cnoBa: teniountbl, CD34, PDGFRa, koxa.

Ana umtnpoBaHus: Linbynesckuin A.KO. K Bonpocy 0 mpupoge TENOUMTOB KOXM // BECTHUK MeauUMHCKOro
NHCTUTYyTa «PeaBn3». — 2020. — Ne 4. — C. 134-136.

ON THE ISSUE OF TELOCYTES OF SKIN

Tcibulevsky A.Yu.
Private Institution of Higher Education ‘Moscow Medical University ‘Reaviz’, Moscow

Abstract. This manuscript is devoted to the description of a new population of interstitial cells — telocytes dis-
covered by L.M. Popescu and M.S. Faussone-Pellegrini. Later telocytes were found in the dermis, where they
perform an important metabolic function and maintain homeostasis. Telocytes are small cells with a large elon-
gated nucleus and a small amount of cytoplasm, which contains long cellular prolongations made of thin
(podomeres, 40-100 nm) and thick (pods, 200-500 nm) segments — telopodes. Based on the results of mor-
phological studies, it was possible to reliably differentiate telocytes from fibroblasts. During immunostaining they
express CD34 and PDGFRa. Nevertheless, despite the numerous studies carried out regarding the role of telo-
cytes, their function in the skin remains unclear and requires further investigations.
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