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1. O01mue moJI0KeHus

1.1. Ilepeuenv nnanupyemvlix pe3yiomamog o00yueHus no OUCUUNIUHE , COOMHECEHHBIX C
naanupyemvimu pesyavmamamu oceoenus OINOII BO

Kopa u conepxanne KOMIETEHUNH (cozracho PIOC BO/CYOC BO):

IIK.@-1 Cnocoben KpumuuecKu aHaIu3upoeamsv u OUEHUBAMb COBPEMEHHblE HAYYUHDbLE
00CmMudICeHUA 6 (PU3U0N02UYECKUX UCCTe006AHUAX, 2EHEPUPOGAmMb HOGble UOeU Npu peuleHuu
UCC1e006aMENbCKUX U NPAKMUYECKUX 3a0a4, 6eCmU NPenodasamenbCKylo 0esAmeibHoCmb U
PYKOBOOUmMb HAYUHO-UCCTIE006AMENBCKOU 0eAMENbHOCHbIO 00yUaouuxca, 6 mom uucie 6
MENHCOUCUUNTUHAPHBIX 001ACMAX.

3HaTh: COBPEMEHHBIE METOIWKH, HCIOIB3yeMble B PA3JIMYHBIX 00JacTAX (HU3HOIOTHH,
COBpPEMEHHBIE HKCIIEPUMEHTAIbHbIE TTOAXOABI K U3YYEHHUIO (PU3NOIOTUYECKUX MTPOLIECCOB Ha Pa3HBIX
YPOBHSIX Opranu3anuu (OT CyOKJIETOYHOTO 0 OPTraHM3MEHHOI0); OCHOBHBIE METOI0JIOTHYECKHE
JOCTIKEHUS BEAYIIUX OTEUECTBEHHBIX U 3apyOekHBIX (PU3UOJIOTOB U HAYYHBIX IIKOJ; OTKPBITHUS;
OTBETCTBEHHOCTbH I1EPCOHAJIA.

Ymemp: nnaHNpOBaTH U BBINOJHATH OCHOBHBIE METOJUYECKHE MPUEMBI (PH3UOIOTUIECKOTO
JKCIIEPUMEHTA; CBOOOJAHO OPHEHTUPOBATHCA B JIUCKYCCHOHHBIX IpobjieMax, KacaroluXcs
COBPEMEHHON(PU3ZNOIOTUYECKON IKCIEPUMEHTAIBHON TEXHUKH; paboTaTh C COBPEMEHHBIM
(U3MONOrMYecKUM 00O0pyJIOBaHUEM, BIIAJIETh TEXHUKOH (U3HOJIOTHUECKOrO HKCIEPUMEHTA;
M3NaraTh B yCTHOM M MUCBMEHHOU (popMe pe3yNbTaThl CBOETO UCCIENOBAHUS U apTyMEHTHPOBAHHO
OTCTaMBaTh CBOIO TOUYKY 3pEHHs B IHCKYCCHH, cobaopaTb OM00e30macHOCTh MpHu pabdore ¢
KUBOTHBIMH, WJICHTU(UIIMPOBATh OMAacCHbIe (AKTOPHl W OICHUBATH PHCKH; HCIIOIH30BAThH
HE0OXOIMMBIH amnmapar AJig ONUCAHUS U O0BSICHEHUSI PETryISTOPHBIX MPOILIECCOB.

Bnaoems: TexHUKON (PU3UOJIOTHUECKOTO HKCIEPUMEHTA; H3JIaraTh pPe3yJlbTaThl CBOETO
WCCJIEIOBaHUS U apTyMEHTHPOBAHHO OTCTaMBATh CBOIO TOYKY 3PEHHS B TUCKYCCHH; CIOCOOHOCTHIO
K TPUMCHCHHIO TOTYYCHHBIC 3HAHUS MPH OCYIIECTBICHHH KOHKPETHOTO (DHU3HOIOTHIECCKOTO
HcCcIeA0BaHUs.

1.2. Mecmo oOucuyunnuuvl € cmpykmype OCHOGHOU NpPOeccuoOHAIbHOU 00paA308amenbHOll
npozpammol

Huctumnuna «CoBpeMEHHbIE Hay4HbIE JOCTHKEHHSI WU METOAbl  (U3HOIOTHYECKUX
UCCIICZIOBAaHUI» SBIAETCS COCTaBHOM wyacTbhio Moayss «CrneuuanbHble IUCHUIUIMHBL PO
®uznonorusy». JucuuruimHa u3ydaercs Ha | Kypce acmMpaHTypsl BO 2 CEMECTpE.

Jlis OCBOGHMS AMCIUIUIMHBI HEOOXOIMMbI 3HAHUS (U3UOJOTMU YEJIOBEKa M YKUBOTHBIX,
Oonopusznku, OHMOXUMHUU, MOPQOJOTHH H OOIMX 3aKOHOMEPHOCTEH ajanTaiud, MOJTyYCHHBIC
00yYaroUIMMUCS Ha MPEIbLIyIeM 00pa30BaTeIbHOM YPOBHE (MarucTparypa, CrieliuajInTeT).



3. Copep:kanue TUCHMILIMHBI (MOTYJIs1)
3.1. Conep:xanue jgekuuii

Paznensl Tembl, AMIaKTUYECKNE €TUHULBI
CoBpemenHble  MeTonabl  uccienoBaHusi B | COBpeMEHHbIE  METOJbl  MCCIIEIOBaHUsS B
(U3NOTOTHH: TOCTIKEHHS U TIEPCIICKTHBEI ¢bu3noIOTHH. Dnexrpodusnonornyeckue
CoBpeMeHHbIE JIEKTPO(U3NOJIOTHUECKUE K METOJBIL.

METO/BI.

CoBpeMeHHbIE METO/BI Bu3yanusanuu = CpaBHUTENIbHbIE XapaKTEPUCTUKH

MO3TrOBOM aKTUBHOCTH

QJICKTPUUYCCKUX U MAIHUTHBIX CUI'HAJIOB MO3ra.
Bo3MoxxnocTH © OrpaHN4YCHHA COBPECMEHHBIX

METOJ0B BU3yalin3allun MO3TOBOH

nesaTenbHOCTH.  CHEeKTpalbHBIM — aHaluu3 B

anekTposHuedansorpadpun. MeToa BBI3BAHHBIX
OTBETOB,

WHTEpIIpeTalus PE3yNbTATOB.

Marnutosnnedanorpapus (MII). Mertoasl

HCCICIOBAaHUA PEruoHaJIBHOIO MO3IrOBOI'0

KpPOBOTOKAa U YPOBHA OKCUT'CHALIUU MO3ra

COBpeMeHHI)Ie METObI HUcCcCJICJ0BaHUA B

(bM3HOJIOTHH TTOBEICHHUS

OCHOBHI)Ie HpI/IHHI/IHI)I nu npaBHna BBITIOJTHCHU A
COBpCMeHHLIX ITOBCACHUYCCKUX I/ICCJ'ICIIOBaHI/Iﬁ
Ha >KUBOTHBIX M 4YeJoBeKe. MeTo10JIOrHYeCKHE
NpUEMBI UCCIIEOBAHMS TOBEICHUS 4YelOBEKa.
KommbroTepHoe MOJICTUPOBAHNUE,
HpeI/IMYIHeCTBa 158 OFpaHquHHSI KOMHLIOTepHLIX
MOJICIICH.

3KCH€pI/IMeHTaHLHbIe METOABL

HUCCICIOBAaHUA IIOBCACHUA JKHUBOTHBIX.

Peructpamuss  HEHpPOHHOH  AKTUBHOCTH B
CBOOOJIHOM TOBEJIeHNU. MeToarKa JTOKATBHBIX
paspylieHul CTpyKTyp Mosra. ['eHernueckue
MaHHUITYJIS AU, [ToBenenueckue TECTBI:
OTKpBITOE TI0JIe, TEMHOBas Kamepa, JIy4eBOM

TaOUPHUHT, BOJHBIN TaOupuHT Moppuca.

CoBpeMeHHbIE
aHanu3a PU3NOIOTUYECKUX JAaHHBIX

MCTOAbIL CTaTUCTHYCCKOT'O

Bunbr ¢usnonornueckux maHHbX. OCHOBHBIE
MIPUHIIUTIBI ¥ 3TAIBI CTATUCTUYECKOM 00pabOTKN
dbuznonornueckux JaHHbIX. KommbroTepHbIe

nmporpamMmsbl I CTAaTUCTUYCCKOI'O aHallu3a H




MpeACTaBICHUS (PU3UOIOTUYECKUX JIAHHBIX:

SigmaStat, SigmaPlot, Statistica, 170

BO3MOXXHOCTHU 151 HCAOCTATKH. Buapr

CTaTUCTUYCCKHUX AUAIr'paMM.

3.2. HammMeHOBaHNe NPAKTHYECKUX PadoT

Paznen

TCMI)I, JUJAKTUYCCKUE CANHUILIBI

COBpeMeHHHe MCTOJbI

IIpakTuyeckas paGora 1. Hayunele ¢usnonornyeckue IIKOIbI, UX

UCCIIEIOBaHUS B | IOCTHXKEHUS B pa3pabOTKE HOBBIX METO/IOB UCCIIEOBAHUS B (DU3HUOIOTHH.
(hU3HOJIOTHH:

JIOCTHYKCHUS u

MEPCTIEKTUBBI

CoBpeMeHHbIe IIpakTuyeckass paGora 2. CoBpeMEHHBIE METOJbI HCCICAOBAHUS B

BHeKTPO(I)I/BI/IOJ'IOFI/ILICCK

3J1eKTPO(U3NOIIOTUH. DNeKTpoHeHpoHorpadus. BHekiaeTounas peructpamus

HE€ METObI OMODJIEKTPUYECKOW  aKTUBHOCTH  HEHpOHOB. MeTon  mITY-KIDMIIA.
DnekTpoHeiporpadus. DnexTpomMuorpadus. DnexTpokapauorpadus.
DnekTposHIedanorpadus.

CoBpemennble Metoas! | [IpakTuyeckas padora 3. CrniexktpanbHblil aHau3 B

BHU3yaJu3alluu
MO3TOBOM aKTUBHOCTU

anexTpo3Hiedanorpadun. MeTo1 BEI3BaHHBIX OTBETOB

COBpeMeHHHe MCTOJbI
HUCCICIOBAaHUs B
(I)I/I3I/IOJ'IOFI/II/I IIOBCACHUA

IIpakTnueckas padora 4. OCHOBHbIE MPUHLMIIBI U MPaBHUJIA BBITOJIHEHUS
COBPEMEHHBIX MIOBEJIEHYECKUX HUCCIIEIOBAaHUM Ha KUBOTHBIX U YEJIOBEKE.

CoBpeMEHHbBIE METOIbI
CTaTUCTHYCCKOTO
aHaiu3a
(U3HOTOTHYECKIX
JIaHHBIX

IIpakTnyeckas  padora 5. KoMmbloTepHblE  OpOrpaMmbl ISt
CTaTUCTUYCCKOI'0 aHa/In3a MU MNPCACTABICHUA (I)I/ISI/IOJIOFI/I‘-ICCKI/IX JAHHBIX
SigmaStat, SigmaPlot, Statistica, uX BO3MOXHOCTH ¥ HEOCTATKH.

3.3. Conep:xaHue caMOCTOATEIbHOMH PadoThI

Paznen TeMbl, TUTAKTUYECKUE €TMHUIIBI

CoBpemenHble  MeTojibl | Benymme oTeuecTBeHHBIE U 3apyOekHbIe yu€HbIe-(DU3MOTIOTH, Hay4dHBIE

UCCIIEIOBaHUS B | (hM3HMOIIOTHYECKHE TIKOJIBI, MX JOCTH)KEHUS B pa3pabOTKEe HOBBIX METOIOB

buznonoruu: UCCJIEIOBaHUS B PU3NOJIOTUN

JOCTHKEHUS u

MEPCTIEKTUBBI

CoBpeMeHHbIE CoBpeMeHHast SKCIIEpUMEHTaNIbHAsI anmapaTypa st 3JeKTPOPH3UOIOTHH.

ANEKTPOPUZUOIOTHUECKU | Y CHIIUTENH OMOMOTEHIIMAIOB, UX BHU/IbI, XapaKkTepucTUku. MHTepdenchl, nx

€ METOJIbI xapaktepuctuku.  KommbroTeppl Uit 31€KTpO(U3HOIOTHUECKOrO
sKcriepuMeHTa. KoMIbIOTepHBIE MPOrpaMMbl  AJiE  PETUCTpAllUd U
NEPBUYHOIN 00paOOTKH IEKTPOPU3UOIOTHIECKIX JaHHBIX. [IporpaMmHbIe




naketsl Spike 2, Signal, PowerGraph. IlpuHIMIBI CTaTHUCTHYECKOM
00paboOTKH 3IEKTPODU3MOIOTHUSCKUX JaHHBIX. [IporpaMMHBIC IaKeTHI
SigmasStat, SigmaPlot, Statistica

CoBpeMEHHBIE  METO/IbI
BU3yaJIM3allil MO3TOBOM
aAKTUBHOCTH

Kowmnerorepnas tomorpadus (KT). MarautHo-pe3oHancHas ToMmorpadus
(MPT) mos3ra, e€ npeumMyiiecTBa U BO3SMOKHOCTA. METO/IbI UCCIIEeIOBaHUS
MeTa00IMYEeCKUX CUTHAJIOB MO3Ta. [103uTpOHHO-3MUCCHOHHAs TOMOTpadus
(PET) u ¢pyHKIIMOHAIBHBIA MarHUTHO-pE30HAHCHBIM nMeKUHT (fMRI)

CoBpeMEHHBIE  METOJIbI
UCCIIeTOBaHUS B
(bM3HOJIOTHH TTOBEICHHUS

Bo3MoxHOCTH HCMONBb30BaHUS TMOBEACHUYECKHX TECTOB, MHTEPHpPETAIUs]
pe3yNbTaToOB, OTPAaHUYEHHS. 3HAUEHUE KIMHUYECKUX JaHHBIX HEBPOJOTUU
st ¢usnosioruy yenoBeka. CTpyKTypHas BU3yalu3alsl MOBPEXKICHUN
Mo3ra. AHanM3 HeBposornyeckux 3aloneBaHuid. CBs3b HapyLICHUM
MOBEACHUS C TOBPEXACHHEM Mo3ra. TpaHCKpaHUalbHAasT MarHUTHas
CTUMYJISILIUS MO3

CoBpeMeHHbIE
CTaTUCTHYECKOTO
aHaM3a
(U3HOTOTHYECKHIX
JTAHHBIX

METOIEI

KonnuectBeHHble © KadecTBeHHble IiepeMeHHble. IlpaBuia BbiOOpa
aJICKBaTHOTO CTaTUCTUYECKOI0 TecTa /i aHanu3a. OOpaboTka JaHHBIX C
[IOMOILBI0 APAaMETPUYECKUX M HENapaMeTPUUYECKUX CTATUCTHUYECKHX
tectoB.  Koppemauuss u  perpeccusi.  CTaTUCTUYECKUII — aHANIM3
(U3MOJOTNYECKUX JAHHBIX C UCIOIb30BAHUEM KOMIIBIOTEPA.

4. KoHTpOJIb pe3ybTaTOB 00y4eHHS MO TUCHUILINHE
Texymuii KOHTPOJIb U NPOMEKYTOUYHAS ATTECTANMA OCYILIECTBISIETCS B COOTBETCTBUU C

«ITomoxxkeHnem o MPOBCACHUHN TCKYUICTO KOHTPOJIA YCIIEBACMOCTHU U HpOMC)KYTO‘IHOI\/JI aTrecTainuu

00yJaromuxcsi MO0 OCHOBHBIM NPOQECCHOHATIBHBIM 00pa30BaTENbHBIM MPOTPAMMaM  BBICIIIETO
obpazoBanus B PI'AOY BO K®VY um. B.U. Bepuanckoro» u «I[lopsakom npuMeHeHHs OaJIbHO-

PEUTHHIOBOM  CHUCTEMBI

OLICHUBAHUA YCIICBAEMOCTH 06yqa101u1/1xc;1 110 OCHOBHBIM

npodecCuoHaNBHBIM 00pa30BaTEIBHBIM MpOTrpaMMamM Bhiciiero oopazoBanuss ®I'AOY BO KOV

uMm. B.W. Bepnaackoroy.

Bun(b1) mpoMexxyTOuHON aTTecTallMu—ouUdgepenyuposantblil 3a4em.

®opma(bl) MPOBEACHUS MPOMEKYTOUHOU aTTECTALlUU— HAKONUMENbHO, HO pe3yabmamam

meKkyuieco KORmpOoJi.

OIIGHO‘-IHI:IG CpeacTBa MO AUCHUILINHE TPHUBCACHBI B HpI/IJIO)KeHI/II/I.




2. OnopHbIe KOHCNEKTHI JeKIui

2.1. Cospemennvie memoowvl uccied08anus ¢ u3uoa0cuu: O0CMUNCEHU U NePCneKmuebl

2.1.1.0cHOBHBIC NOHATHUS (PU3UOTOTHH

@DyHKIMA— TPOSBICHHE CTPOrO  CHEHMAIM3UPOBAHHOM  JEATENBHOCTH OpraHa WM
(U3NOIOTHYECKOI CUCTEMBI (HanpuMep, PyHKIUH KeTyJOUYHO-KUIIEYHOTO TPAKTa — CEKpeTopHas,
MOTOpHAasi, HUHKPETOpHasi, BcachblBaTelbHasd U JAp.). B ocHOBe (yHKIMH JIeKUT OOMEH BEIIECTB,
SHEPruy U HHHOPMAITUH.

Peryasiumsi pyHKIMIi- 5TO LieI€HANIPAaBICHHOE BO3/ICHCTBHUE OHOM MOACUCTEMBI HA COCTOSIHHE
Jpyroi NOJCUCTEMBI, IPUBOASILEE K MN3MEHEHUSAM, BBITOJIHBIM ISl CUCTEMBI B LieJIoM. B cuity aToro
OJIHA MOJICUCTEMA BBICTYIAET KaK YIPABJISIOIIast, BTOPast - KaK OObEKT yIpaBJIeHUs.

Mexay ynpaBIstoneil CUCTEMO 1 0O BEKTOM YIIPaBICHHSI HMEIOTCSI KAHAJIBI CBSI3H, KOTOPBIE
ObIBAlOT NPAMBIMH H 00PATHBIMH.

Ilo xaHamy mpsiMOM CBSI3M NIEPENAIOTCS  YIPABISAIOIIME BO3ACHCTBUS OT YIPABISAIOLIECH
CHUCTEMBI K O0BEKTY yNpaBICHUS AJIl U3MEHEHHs COCTOSIHUS 00BEKTa YIPaBICHUsI TaKUM 00pa3oM,
4TOOBI 00€CIIEYUTh MPUCTIOCOOTIEHNE CUCTEMBI K KOHKPETHON CUTYallUH.

I[To xanany o0paTHOIi cBsI3U niepeaaeTcst HHGOpMaIs K yIpaBismoleil cucTeMe O COCTOSIHUU
00BEeKTa yNpaBjIeHUs U O pe3ysibTaTe YNPaBIISIIOIIET0 BO3IEHCTBUS.

OOpaTHas CBSA3b MOXKET OBITh OTPULIATEIBHON U MOJOKHUTEIBHOM.

* OTpunarenbHasi o0paTHasi CBSA3b. BOJBIIMHCTBO KOHTPOJMPYIOIIKUX CUCTEM OpraHu3Ma
JeMCTBYET, UCHOIb3Ys NMPUHLUI OTPULIATEIbHOW 0O0paTHOM CBs3u. JIpyrumu ciloBaMu, pe3ysbTaT
NEeNCTBUS OTPULIATENIBHO BIMSET HAa MPUYMHY U CHOCOOBI, €ro BhI3BaBlIME. B 3ToM ciydyae onuH
O0BEKT yCUIIMBAET JIEHCTBHE BTOPOIO, a BTOPOI OClabiiseT AesITeIbHOCTh IEpBOro U Hao0opoT. B
KHUBBIX CHCTEMax 3TO HMMEET MECTO NpPU Peryjsiiud BHYTPEHHEH cpenbl OpraHu3sMa M TaKHX
KMU3HEHHO BaYKHBIX IAPAMETPOB, KaK TEMIIEPATYpPa Tela, apTEPUAILHOE TaBIECHUE U T.JI.

OtpunatenbHble  OOpaTHbIE  CBA3M  CHOCOOCTBYIOT ~ COXPAaHEHHIO  CTaOMIIBHOCTH
(U3NOIOTHYECKUX MapaMeTPOB BHYTPEHHEW Cpeabl NMPH BO3MYIIAIOMIMX BO3JACHCTBUSAX BHEIIHEH
Cpelbl, T.€. TOIJIEPKUBAIOT romeocta3d. OOpaTHas CBSA3b SBISETCS OCHOBHBIM MEXaHHU3MOM
caMOpEryJISIIMKA roMeocTas3a GyHKIUI OpraHu3Ma, ero 3HEPreTUYECKOro U BeIECTBEHHOr 0 OanaHca.

Bwmecte ¢ Tem nmeiicTBue oTpuIIaTeNIbHON OOpaTHOM CBSI3M MOXKET MMETh W HEOJIaronmpusTHBIA
Ui opranusma B 1enoMm 3¢dext. Hanpumep, ynepxuBasi CUCTEMY B CTallMOHAPHOM COCTOSTHHH,
OTpULIaTeNIbHAs 00paTHAsA CBA3b MIPEMSATCTBYET €€ Pa3BUTHIO.

ITosoxkuTeibHAsE oOpaTHast CBfA3b yCUIMBAeT paccoriacoBaHue B cucreme. llog
paccoriacoBaHHMEM IOHUMAETCsl OTKJIOHEHHE TapaMeTpa yIpaBJIeHUs OT IIEPBOHAYATIBHO 3aJaHHOTO
3Ha4yeHus. To ecTh MOJIOKUTENbHAsE 00paTHast CBSA3b YBOJIUT CHUCTEMY BCE JajbIlle OT MCXOJHOTO
cocTtosHus. PaccormacoBaHue BO3HHMKAeT, KOIAa HEOOXOAMMO CO3/1aTh HOBBIH  PEXUM
(YHKIIMOHUPOBAHUS, HAIPUMED, B MPOLIECCaX POCTA, PA3BUTHS, CTPECCOPHON peakivu U T. 1.

[TonoxwurenbHass oOpaTHas CBA3b 4YacTO NPUBOJUT CUCTEMY B HEYCTOHYHMBOE COCTOSIHHUE,
crocoOCTBYeT (OPMUPOBAHUIO "TIOPOUHBIX KPYToB, circulus vitiosus", nexammux B OCHOBE MHOTHX
MaTOJIOIMYECKHUX MTPOLIECCOB B OpraHu3Me. Takum NpuMepoM NOJ0KUTEIbHOM 00paTHOM CBSI3U B Op-
raHu3Me 4YeJlOBEKa MOXET CIYKUThb CEpJedyHas HEIOCTaTOYHOCTb, KOTOpas YXyJIIaeT
KpOBOCHAa0XEHHE MHOKapJa U eme Oosiee 0ociaabisieT ero COKpaleHus. JTOT IMKI MOBTOPSETCS
CHOBa M CHOBa — IIOKa HE HACTYMUT cMepTh. MK snmientudeckuil mpumaaok, Koraa Hebonboe
BO30YX/IEHUE OJHOIO M3 YYaCTKOB KOpbl TOJIOBHOI'O MO3ra BENET K PE3KOMY YBEJIUYECHHUIO
BO30YIMMOCTH APYTUX yYaCTKOB, UTO MPUBOJIUT K BO3OYKACHUIO CEHCOPHON U MOTOPHOH CepHlI.

PCFy.TISII_II/ISI OCYHIECTBIIACTCA MHOXCCTBOM MEXAHU3MOB YIPaBJCHHUA, KOTOPBLIC IIPUHATO
ACJINTb HA HCPBHLBIC U T'YMOPAJIbHBIC.
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HepBHasi peryasinusi UCTIONB3YeT IJIA Mepefadyd U nepepaboTku MH(OpMAIMHU CTPYKTYpPHI
HepBHOU cucTembl (HeWponsl). MHbopmamus mepemaercss B BHAEC HMITYJIBCOB DIICKTPUICCKUX
noreHnuanoB. OHa obecrieurBaeT OBICTPYIO M HAIIPaBJICHHYIO Iiepejauy CUTHAJIOB, 0€3 3aTyXaHus U
MOTEPU DSHEPTrUM OOYCIIOBJIEHA CBOWCTBAMH TPOBOASIINX BO30YXKAECHUS CTPYKTYp, HpEeUMy-
IIECTBEHHO COCTOSTHUEM UX MeMOpaH.

I'ymopanbHasi  peryJsilius IPEACTaBIAeT CcoOOM  crmoco® Tmepemayu  peryaupyromen
nHpopmanuu K 3¢dekTopaM uepe3 KUIKYH BHYTPEHHIOI Cpely opraHusma (KpoBb, JuUMQY,
1epeOpOCTINHANIbHY0, TKAHEBYIO M KJIETOYHYIO HJIKOCTb) C IHOMOUIBIO MOJIEKYJ] XHMHUYECKUX
BEILIECTB, BBIACISAEMBIX KJIETKAMHU WM CHEUUAIM3UPOBAHHBIMU TKAHSMU M OpPraHaMH. DTOT BUL
PeryISIuN KU3HEICATSITLHOCTH MOXET 00ecleyrBaTh KaKk OTHOCHTEIHHO aBTOHOMHBIM MECTHBIN
oOMeH uH(popmaiueit 06 ocobeHHOCTIX MeTabonmu3mMa U GYHKIUI KIETOK U TKaHEel, Tak U CHUC-
TEMHBIH 3PPEPEHTHBI KaHAT WHPOPMAITMOHHON CBS3H, HAXOMASIIEHCS B OOJBIICH WM MEHBIICH
3aBUCHUMOCTH OT HEPBHBIX IMPOIIECCOB BOCHPUATUS U TepepaboTku MHGOPMALKUU O COCTOSHUU
BHEIIIHEW U BHYTPEHHEHN CPEJIbI.

[Tpu Bcem MHOTOOOpa3uu MEXaHU3MOB HEPBHOI U T'YMOPAIbHON PEryJIsIIUU B pEabHBIX )KUBBIX
CUCTEMaX OHH, KaK IPaBUJIO, HE NIPEICTABIEHBI B YCTOM BUJIE, @ SABJISIIOTCS YaCTsIMU eIMHO Hellpo-
ryMOPAJILHOI CHCTeMBI peryJisiiiuu Gu3noIoTuIecKux QyHKINHN, TeTeHre KOTOPOi Ha HEPBHBIHN U
IYMOpPaJIbHBI KOMIIOHEHTHl BECbMa YCIOBHO. BMmecTe ¢ TeM OpraHu3M SIBISIETCS CIIOKHEHIIeH
HMepapXUUYECKH YMNOPSJOUYCHHOW CHCTEMOW, U PEryJsiiusi €ro JesATeIbHOCTH HOCHUT CUCTEMHBII
XapakTep, T.€. He OIpeIeNsieTCs IPOCTOM apruPMETHUECKONH CyMMO COCTaBIISAIONINX €r0 3JIEMEHTOB,
a MposABIIAETCSA NEPECTPOMKON BCEH COBOKYNHOCTH B3aMMOOTHOIIEHMM M B3aUMOCBSI3€d BHYTpPH
cuctemMbl. OYEBHJIHO, YTO MEXAaHHU3Mbl PEANU3AlMU CHUCTEMHOrO MPUHLMUIA PETYJSLUU BechbMa
CJIOHBI M pa3HOOOpa3HbI, 0COOEHHO MPUHUMAs BO BHUMAaHHE TUHAMUYHOCTbD, TO €CTh MOCTOSTHHYIO
W3MEHYMBOCTH OPTaHU3alMK U (PYHKIUI )KMBOU CUCTEMBI.

Tak, peryyisiust )KU3HEACSITENbHOCTU BBICIIUX JKUBOTHBIX B YCIIOBUSIX HH3KOW TEMIEPATYpPbI
OKpy’Karollled cpeabpl HE MOXKET OBbITh CBeJeHa TOJIbKO K HEHpOryMopaibHBIM peaKIHsIM
MOAJEPKaHUs TeMIeparypbl Tena. JluHamudeckas mepecTpoiika wmetabonusMa u  (pyHKIUN
3aTparuBaeT Bce 0e3 MCKIIIOUEHHUs OpraHbl U (PU3MOJOTHYECKUE CUCTEMbl OpraHu3Ma, MEHsSEeTCsS U
XapakTep TNHTaHWsA, W 00pa3 >KU3HU, U TIOBeICHUE. VI3MEHEeHHs 3aTparuBarOT HE TOJBKO
OHMOJOTMYECKYI0, HO M COIMAJIbHYIO CYIIHOCTh KHMBOHM cucTemMbl. CeHCOpHBIE, JABUraTelbHbIE U
aCCOIMATUBHBIE CHCTEMbl MO3ra B COBOKYINHOCTH C IEHTPAJIbHBIMU amnmapaTamu peryJssiuu
BUCLIEPAJIbHBIX (YHKIMI U HJOKPUHHON CHCTEMOI 00ecreynBaloT CUCTEMHOCTD PETYJISALNN JKU3-
HE/IEATENBHOCTH C LIEJIbI0 ONTUMAIBHOTO €€ TPUCTIOCOOJIEHUS K YCIOBUSM CPEJIbI.

HaubGonee mnomHO OTpa3suTh peryiasiTOpHbIE MPOLECCHl B OpraHU3ME I03BOJISIET TEOpUs
¢ynkunonansHbIX cucteM I1.K. AnoxuHa.

@OyHKUHMOHAJBHASL  CHCTeMa — 3TO  JWHAMUYECKOE  CTPYKTYpPHO-(DyHKIHOHAIbHOE
oOpa3oBanue, paboTa BCeX 3JEMEHTOB KOTOPOTO HANpaBieHAa Ha JOCTHKEHHE IIOJIE3HOTO IS
opraHu3Ma B IIEJIOM pe3yibTaTa (puc).

@DyHKIMOHAJIbHAS CUCTEMA BKIIIOYAET:

1. HepBHBIE LIEHTpPHI, MO3BOJSIONIME HE TOJHKO OLIEHWBATH COCTOSIHHWE BHEIIHEH U BHYTpPEHHEH
cpelsl opraHusMa, HO M (HOPMHUPOBATh, PEATH30BHIBATE M KOHTPOJIUPOBATH MPOTPAMMY
MIPOLIECCOB PETYJIALINY;

2. TIONE3HBIA JJIi OpraHu3Ma TPHUCIIOCOOMTENBHBI pe3yibrarT. CrHenuanbHble PenenTOphI
MOCTOSIHHO OIICHMBAIOT 3TOT pe3yJbTaT, Hampamisisi WHGOPMAlKI0O B HEPBHbIE LIEHTPHI I10
KaHajiaM 0OpaTHOM CBsI3M;

3. MEXaHU3MBbI PEryjslUi — TyMOpalbHbIE, BEreTaTUBHBIC U IOBEJCHYECKHE C 005S3aTeIbHBIM
y4acCTHEM B PETYJIATOPHBIX MPOIECCaX METAOOINIECKIX PeaKIuii.

CBoiicTBa GyHKIIMOHAIBHBIX CHCTEM:

JTUHAMUYHOCTD — OJIHU M T€ )K€ OPTaHbl U TKAHU BXOJST B COCTaB Pa3IMUHBIX CUCTEM;

2. CTIOCOOHOCTh K CaMOPETYJISIIMA — CHUCTEMBl U3MEHSIOT CBOIO paboTy (pacmaparorcs) IMocie
JOCTH)KEHUS TpeOyeMOro pe3yibTara;

3. Hajymuue oOpaTHOH CBSA3H, KOTOPasi 00ECTIEYMBACT PETYJIISIIHIO CUCTEMBL.

=
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Takum oOpa3oM, Bce, M HEpBHblE M T'yMOpaJbHble, MEXaHU3Mbl YIpPABICHUS
KHU3HEACATEIIbHOCTbIO OpraHu3Ma SBIISIOTCS 3BEHBSIMH CJIOXKHOI'O IIEJIOCTHOTO pearupoBaHus,
KOHEYHON 1LIeJIbI0 KOTOPOIO SIBJISIETCS MPUCIOCOOJIEHUE XKHUBOM CHUCTEMBI K Cpelie oOMTaHus, T.€.
ajanranus.

ApanranMs — nporecc MpUCIOCOOJIeHHUs OpraHU3Ma K MEHSIOLIUMMCS YCJIOBUSIM CpeIbl —
OOMICTIPUPOHBIM W TPOHM3BOJCTBEHHBIM, COLMAIBHBIM. AJanTanyeidl Ha3bIBalOT BCE BHIBI
BPOXKIEHHON U MPHUOOPETEHHOM MPUCTIOCOOUTENBHOM AEATEIBHOCTH OPraHU3MOB C ITPOLECCAMHU Ha
KJIETOYHOM, OPraHHOM, CHUCTEMHOM U OpPraHM3MEHHOMY YPOBHSX... AnanTaunus MOAAEPKHUBAET
IIOCTOSIHCTBO BHYTPEHHEN Cpejibl OpraHu3Ma, TO €CTb FOMeoCcTAa3.

I'omeocTa3 — COBOKYNMHOCTh CKOOPAMHHUPOBAHHBIX PEAKUUN OpraHM3Ma, HAIpaBJIEHHBIX Ha
NoJiep KaHue OCTOSHCTBA BHYTPEHHEH cpelibl opranu3ma. OTHOCUTCS M K OpraHusmy B nesiom (A/l,
6azanpHast Temmeparypa tena, OLIK), 1 K MEXKIETOYHOMY MPOCTPAHCTBY (CONEpKaHWE B KPOBU
KHUCJIOPOAA, YIJIEKUCIOThI, INIIOKO3bI M Jp.), U K KiIeTKaM (00beM KIETOK M HMX OpPraHOM[OB,
KOHLEHTpalusi MOHOB, MaKpOdpruyeckux coeauHeHuit u 1ap.). Ilokaszarenn romeocrasa
M.0. ’KeCTKHe U I1acTuyeckue. JKecTkue KOHCTaHThl MOTYT Koye0aTbCs JIMIIb B OYEHb Y3KOM
npenene (Hanpumep, pH 7,32-7,34), nminactuaeckue crocoOHBI M3MEHATHCS B IIMPOKUX Tpeaenax
(HammpuMep, ypOBEHb TIIIOKO3bI B KPOBHU KoJiebseTcs B mpeaenax 80-120 Mmmons/i).

®dusnosioruyeckasi HOpMa — OTO CpPEAHECTATUCTHUUECKHM IOKa3zaTeidb MapaMeTpoB H
XapaKTEPUCTHK JKU3HEIEATEIBHOCTH 310POBBIX JIIOJIEH, a TAK)KE UHTEPBAJbI, B IIpEeIax KOTOPBIX
OHU U3MEHSIOTCS B COOTBETCTBUU C romeocTa3zoM. [loHsTre (hu3nosornueckoil HOpMbl BO MHOTHUX
CIIy4asiX sIBJIIETCS] YCJIOBHBIM.

I'omeocras, coriacHO aBTOpy 3TOro TepMHHa Yonrepy KoHHOHy, HE NpeamnosaraeT 4ero-To
YCTaHOBJIEHHOI'O M HENOABW)XHOIO, 3acTeiBIIEro. OHO O3Ha4aeT COCTOSHUE, KOTOPOE MOXKET
MEHSATBHCS, HO KOTOPO€ OTHOCUTENIbHO MOCTOSIHHO. B CBSI3U ¢ 3TUM MHOTrJa NOHATHE «TOMEOCTa3»
3aMEHSIIOT TEPMUHOM «T'OMEOKHHE3».

2.1.2.llpuHuuns! peryassuuu Gu3noiornyeckux GyHKumii

* MHOXKECTBEHHOCTb PEryJsiTOPHBIX KOHTYPOB. OIMHOYHBIX PEryjIupylOUIMX KOHTYPOB B
KHUBBIX CTPYKTypaxX HE CYLIECTBYET, IIPAKTUUYECKH BCETJAa MMEIOTCS KOMIUIEKCHI B3aUMOJIEHCTBY-
IOLIUX MEXy COO0H MEXaHM3MOB BHYTPY OJUHOYHOM KJIETKH, BHYTPH OpraHa WK CUCTEMbI OPraHOB
U Ha ypoBHE opraHusma. Hanpumep, HUHCYJIMH NOHMKAET yPOBEHD IIIIOKO3bI KPOBHU, B TO BpPEMs Kak
a/IpeHAJIMH U KOPTU30JI OKA3bIBAIOT IPOTHUBOIOIOKHBIHN 3 (HeKT.

* U30bITOYHOCTH TOMEOCTATUYECKOTO PErYJIUPOBAHUS 3aBUCUT OT BaXKHOCTH KU3HEHHOTO
napameTrpa. Yem Oonee BaXKeH >KU3HEHHBIM IOKa3aTedb, T€M OOJbIIE CHCTEM B OpPraHHU3MeE
UCHoJib3yeTcss Uil ero  peryiasuuu. KoHEUHbIM  pe3ysibTaTOM  JAESTEIbHOCTH  MHOI'MX
TOMEOCTAaTHYECKUX CUCTEM, KOHTPOJIMPYIOIIMUX JKU3HEHHBIE IOKA3aTelM, SIBISETCS IOCTOSHCTBO
[apaMeTpOB BHYTPEHHEN Cpeibl OpraHu3Ma.

* Uepapxus. Cpeay pas3IM4HBIX PEryJATOPHBIX KOHTYPOB HaOJIIOJAeTCsd HEepapXUYHOCTb.
Hanpuwmep, runoTanamMmyc KOHTPOJIUPYET SHIOKPUHHBIE (PYHKIINH KIETOK IepeIHel 10au Turodusa,
TponHbIii ropmoH koTopoit (AKTT) B cBOt0 0uepeib KOHTPOIUPYET (PYHKIMIO KOPBI HAJIOYEYHUKOB,
a BBIJEISEMBIA IMOCIETHEN KOPTH30JI, IPUHHUMAET y4yacTHEe B MOJAEpX aHUM (B JOMOJHEHHE K
UHCYJIMHY) YPOBHS TJIIOKO3bI B KPOBH.

++ IIpuopurertsl. [lognepxanue NOCTOSHCTBA BHYTPEHHEH cpeabl — OoJiee BakHas 3ajaya,
4eM MHTEPECHI KIJIETKH, IPYIIIbI KIETOK WIHM OTAEIBHOro opraHa. Tak, Bo Bpems jkapbl TEMIEpaTypa
Tela MONJEPKUBAETCS 3a CUET YCHJIEHHOTO MOTOOTIENEHMS M NMOTEeph TEeIUla C UCHApAIOIIHUMCS
notoM. OtHako 00pa30BaHUE U BbIACICHHUE MOTa OJHO3HAYHO YMEHbIIAeT 00BEM KpoBH. [TockonbKy
JUIsL OpraHu3ma o0bEM KpoBU — OoJiee Ba)KHBIA JKU3HEHHBIM IOKa3aTellb, YeM MOJAeprKaHue
TEeMIIepaTyphl TeJla, TO B KAKOW-TO KPUTHUECKUNA MOMEHT CHCTEMBI, peryJIupylomue o0bEM KpoBH,
CUTHAJIM3UPYIOT KOHTPOJHMPYIOIIUM TEMIEPATypy Teja CUCTeMaM O HEOOXOJIMMOCTH YMEHbILICHHS
noroobpazoBanus. Eciiu Temneparypa cpebl Ipy 3TOM HE U3MEHSETCs, TO Pa3BUBAETCS «TEIUIOBOU
yaap».
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2.1.3. CoBpeMeHHbIe METOAbI HCCJIETOBAHUA B (PU3HOJIOTHH

I[lo  Belpaxenuto  W.IL.IlaBnoBa,  ¢usmonorus  ABUKeTcs  BOepen  Osaromaps
COBEpIICHCTBOBAHNUIO METONWK. Hamm ceronHsuiHue 3HaHHMsA 0a3upylOTCs Ha BeChbMa IIHPOKOM
CIIEKTPE METOJ0B, CPEAU KOTOPBHIX MOYKHO BBIJCIUTH:

Mopdonoruueckre MeTo bl
MAaKpOaHATOMHUYECKUM
MHKPOCKOITHYECKHUI
THCTOXHUMHYCCKHI
METOJI MEUYEHBIX aTOMOB
DkcrniepuMeHT (HaOJt0IeHne, OCTPhIN, XPOHHUECKUH U B YCIIOBUSAX W30JUPOBAHHOTO OpTraHa)
METOBI JECTPYKINH, KITMHUKO-(PU3HUOTOTUUECKUX MapajuieNied, TpaHCIUIaHTallun
(UCTYITBHBIA METOI, KATCTCPU3ALIHS
MeTo1 GYHKIIMOHAILHOTO BBIKITIOUEHUS
METO/Jl pa3ApaKeHUs
AHaJUTHYECKHE METOBI
IloBeneH4YeCKHE METOBI
Kubepuernueckue MeTo 161

Mopgonozuueckue memoowt

Hcropuuecku — 3To caMble paHHUE METO/IbI, CTIOJIb30BaIcs yxe 3a 700 net go H.3. ['epodunom
13 AJNeKcaHaApuu, IpeBHerpeueckuM Bpadom ["anienom u ap. B HacTosiee Bpems Mopdoioruueckue
METO/Ibl Pa3JeNAIOT HA MAKPOAHAMOMUYECKUe U MUKpOcKonuyeckue. buoxumMuyeckne 0CoOOEHHOCTH
Pa3JIMYHBIX CTPYKTYP MO3Ta U3y4aAIOT cUCMOXUMUYECKUMYU METOJAMHU C UCTIOIb30BAHUEM PEAKTUBOB,
Aaromux € ONpEACICHHBIMU OPTraHUYCCKUM BCHICCTBOM KAUCCTBCHHYIO PCAKIUIO C IMOSABJICHHUEM
XapaKTepHOU OKpacKH, ompeensieMoi (hoToKomopuMeTpuieckum criocoooM. K mopdonornaecknm
METOJIaM OTHOCSIT U Memoo0 MeueHblx amomos. CyIIHOCTb €To 3aKI04YaeTcs B TOM, YTO BBOANMBIC B
OpraHu3M paJuOaKTHBHBLIC BCHICCTBA MHTCHCHUBHCC MPOHHUKAIOT B TC KJIICTKH, KOTOPLIC B I[aHHBIﬁ
MOMEHT HanboJsiee PyHKIIMOHATbHO aKTUBHBI.

IKkcnepumenm

A) Meton nectpykuui (paspylieHus win yjnanenus). Tak, Ui pa3pyieHust CTpyKTyp MO3ra B
HY’KHBIM y4acTOK BBOJST AJIEKTPOJI C BBICOKUM C TOKOM BBICOKOM 4acCTOTBI MJIM TOCTOSIHHBIM TOKOM,
UCHOJb3YIOT yIIBTPa3ByK (HEPBHBIE KJIETKHU Pa3pyLIatOTCs OT BUOpAIMHN), Ta3epHbIE U pEHTT€HOBCKHE
ayuu, 10-20% pactBop KCl, a Taxxe Helipoxupypruueckue nepepe3ku. EcrecTBeHHO, Ha YeJloBeKe
METOJ pa3pyllIeHus] IPUMEHSAETCs TOJIBKO [0 CTPOTUM MOKa3aHUAM B JieueOHbIX 1essix. Kpome toro,
BO3MOJKHO COIOCTaBJICHHWE HApYIICHWH (YHKIMA OpraHm3Ma C TOBPEXKICHUSIMH PA3INIHBIX
o0pa3oBaHUil BCIEACTBUE TpaBM, KpPOBOM3IUSHHUM, omyxoned U Jp. (METOA KIWHUKO-
(bu3nONOrHUeCKUX Mapaiieneil). B HeKOTOphIX ciaydasix OpraH He YAAJSIOT, a IePeCaXHBAIOT (METO
TPAHCIUIAHTALUHN).

b) ®uctynbHbII METOI UCTIONB3YIOT 1711 PACCMOTPEHUS OT/AEIBHBIX OPraHOB, PACIIONI0KEHHBIX
B IIyOMHE Teja M HEeJOCTYIHBIX HENOCpeACTBEHHOMY HabmtoneHuto. CyTh €ro B TOM, 4YTO OJUH
KOHEI METaJNIMYEeCKOW WJIM IIaCTMAacCOBOW TPYOKM BBOJST B NOJBIA OpraH (KeJlyAOK, KHUIIKY,
KEJYHBIN Iy3bIpb), BTOPOM 3aKPEIUIAIOT Ha MOBEPXHOCTU KOXH. MHOrZa Ha MOBEPXHOCTH KOXKU
BBIBOJST COOCTBEHHBIM TMPOTOK KaKoro-HMOyAb OpraHa, HampuMep, CIIOHHOM JKEeJe3bl.
Pa3HOBHIHOCTBIO MOJOOHOIO TMOJXOAAa MOXET CIYYMTh M METOAMKAa KaTeTepu3alud — B
KPOBEHOCHBIE COCY/JIbl, CEp/LIE, IPOTOKH KE€JI€3 BBOASIT TOHKHUE CUHTETUYECKUE TPyOKH-KaTeTephl,
KOTOpBIE UCIOJIB3YIOT U JUIsl PErUCTPalliy POUCXOASIINX B U3y4aeMbIX OpraHax IpOLECCOB, U IS
BBEJICHUE PA3INYHBIX (PapMaKOIOrHUYECKHX BEIIECTB U MperapaTos.

B) Meton (yHKIMOHAJIBHOTO BBIKIIOYEHHS — METOA OOpaTuMOro HapyueHus (GYHKIUN
opranusma GpapMaKkoJIOTH4eCKHUMH, TEMIIEPATYPHBIMU U Jp. CIIOCOOaMHU.
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I') Meron pasgpaxenus. AddepeHTHOEe pa3ipakeHHEe BOCHPUHUMAIOLINX CTPYKTYP
(peuenTopoB) aJeKBaTHBIMU CTHMYJIaMU (CBETOBBIMHU, 3BYKOBBIMU U T.J.) DJIEKTPOCTUMYJISALINSA,
KOTOpasi ObIBAa€T MHBA3MBHOW (AJIEKTPOJ| BBOJIUTCS HEMOCPEACTBEHHO B HEPBHYIO CTPYKTYpy) U
ypeckoxkHOH. [To MecTy HalOXKeHHUs SJEKTPOIOB BBIICISAIOT EpU(PEpHUECKYIO U TPAaHCKPAHUATBHYIO
UIEKTPOCTUMYJIALUIO. Pa3apakeHne XMMUYECKMMHU M OMOXMMMUYECKUMM BEILECTBAMHU (BBEICHME
MOHOB, MENTHOB, MEIUATOPOB, AMUHOKHUCIIOT U JIp.).

B skcnepuMeHTe Ha KHMBOTHBIX NMPUMEHSAIOT METOJ CaMOpPa3pakeHUsl pPa3INYHbIX Y4aCTKOB
MO3Ta: >KMBOTHOE IIOJy4aeT BO3MOXKHOCTh IIOCBUIATH pa3[gpaXCHHE B MO3T, 3aMbIKas IeIb
JIEKTPUUYECKOTO TOKA (HaIIpUMep, HaXKaTHeM Ha MeJallb), WK MPEeKpalaTh pa3apaxeHne, pa3smMblKas
1enb. VIMeHHO Tak BIEpBBIE B TUIIOTATAMUYECKON 00JacTH ObLIH OOHAPYKEHBI MOJIOKUTEIBHBIE U
OTpULIATENIbHBIEC SMOLIMOT€HHBIE 30HbI — LIEHTPbI «yI0BOJIBCTBUSY, «arpecCUu» U Jp.

K 3xcnepuMeHTAIbHBIM METOIaM OTHOCHUTCSI MHOXKECTBO (PU3HOJIOTHIECKUX METOIOB.

e Yoanenue (sxcmupnayus) opeama, HamIpuMmep, ONPEICICHHON >Keje3bl BHYTPEHHEH
CEKpEeLnH, TI03BOJISICT BBIACHUTH €€ BIMSHUE HA Pa3IMYHBIC OPTAHBl U CUCTEMBI JKHBOTHOTO.
VY aneHue pa3IuyHBIX y4aCTKOB KOPbI FOJJOBHOTO MO3Ia MO3BOJIMJIO YYEHBIM BBIICHUTH MX
BJIMSTHAE HAa OPTaHU3M.

e Bowcusnenue snexkmpooos B pa3luyHble YYAaCTKH MO3ra IMOMOIJIO YCTAaHOBUTb AKTUBHOCTh
pa3IMYHBIX HEPBHBIX IIEHTPOB. BBeieHNe painoaKTUBHBIX H30TOIIOB B OPTaHU3M IT03BOJISIET
YUEHBIM M3y4yaTh METa0O0JU3M Pa3HbIX BEIIECTB B OpraHax U TKaHSIX.

e Tomocpaguueckuii memoo C HCIOIB30BAHMEM SIEPHOTO MArHUTHOTO pPE30HAHCA MMEET
OYCHb BA)KHOE 3HAUEHHUE JJIS BBUICHEHUS MEXaHU3MOB (PU3MOJOIMUYECKUX IPOLIECCOB Ha
MOJIEKYJISIPHOM YPOBHE.

e buoxumuyeckue u 6uoguzuyeckue memoovl MOMOTAIOT C BBICOKOH TOYHOCTBIO BBISIBIISTH
pa3M4yHble METa0OJIUTHI B OpraHaX M TKAHAX Y JKMBOTHBIX B COCTOSSHUM HOPMBI U TIPH
NaTOJIOTHH.

e Mukpockonusi — METOJ, TIO3BOJISIIONINIA BBIIBUTh CTPYKTYpHBIE WIH OHOXMMHUYECKHE
M3MEHEHMs KJIETKH. Pa3ianyHble METOJbl OKPACKU U YBEIMUYEHHs MO3BOJISIOT UCIIOIb30BAThH
MUKPOCKOIIHIO JUTS IIUPOKOTO KPyTa UCCIIeTOBAaHHH.

Taxoke IpUMEHSIOTCS METO/Ibl MCCIIEIOBAHNUS BCETO YEIOBEKA, €ro TKaHEeH WM BBLACICHHH.

e buoxumuueckue ananuzbl TIO3BOJSIOT BBISIBUTH COCTaB PA3JIMYHBIX OMOXUMHUYECKUX
KHMJIKOCTEH OpraHu3Ma U BbISIBUTH OTKJIOHEHUS! OT HOPMBI.

e buoncus — 3TO METOA WCCIEAOBAHU, TP KOTOPOM TPOBOIMUTCS TMPHKU3HEHHBINH 3a00p
KJIETOK WM TKaHe# (OmomnTaTa) 3 OpraHu3Ma ¢ JUarHOCTHYECKON MM UCCIIEA0BATEIhCKOM
LEJIBIO.

e DHOockonuu (TacTepO’HTEPOCKOIUsS, KOJIOHOCKONUS M T.J.) — BBEICHHE Kamepbl B
€CTECTBEHHBIE OTBEPCTHSI YEJIOBEKA.

o Vaempaszsykoeoe uccredosanue (Y3U1) - HEeMHBAa3UBHOE HUCCIIE0OBaHUE OpraHU3Ma YeJIoBeKa
WIA UBOTHOTO C IHOMOIIBIO YJIBTPa3BYKOBBIX BOJH. YJbTPa3ByK pacHpOCTpaHsIETCs B
cpelax B BHJE YEpeAyIOIIMXCA 30H CXKaThig W pacmupeHus BemiecTBa. CKOPOCTBIO
pacnpocTpaHeHHs yJIbTpa3ByKa 3aBUCHUT TJaBHBIM 00pa3oM OT YIPYIOCTH M IUIOTHOCTH
cpensl. Paspemaromias crocOOHOCTh COBPEMEHHBIX YIBTPA3BYKOBBIX allapaToB MOXKET
JOCTUraTh OJEH MM.

e UccrnenoBanusi ¢ TOMOIIBIO peHmeeHo8cKux Jaydetl: Quoporpadusi, peHTreHorpadwus,
KOMIIbIOTEpHAsE ToMorpadus. ITO HcCCIelOBaHUE BHYTPEHHEH CTPYKTYpbl OOBEKTOB,
KOTOpBIE MPOCUUPYIOTCS IPU MOMOIIY PEHTTEHOBCKHX JIyUel Ha CIIEHUAIbHYIO TUIEHKY WIH
Oymary. MccrnenoBaHus MOXKHO IMPOBOJIUTH C IMPUMEHEHHEM KOHTpacToB. KommbroTepHast

ToMorpadusi — METOJ] HEpa3pyLIAIOUIETO0 TIOCIOMHOTO HCCIEIOBaHUS BHYTPEHHETO
CTPOEHUS IpeaMeTa.
o Macnumno-pesonancuas — momoepaghus -  CHOCOO  TMONyYeHHs  TOMOTpadUUECKUX

MEJIHMIMHCKUX W300pKCHHUN IS KCCIICJOBaHUS BHYTPEHHHX OPraHOB W TKaHEH ¢
WCIIONIB30BAHUEM SIBJICHHS SIIGPHOTO MarHuTHOro peszoHanca. Crnoco® ocHOBaH Ha
HM3MEPEHUHU 3JICKTPOMArHUTHOI'O OTKJIMKA AaTOMHBIX S7Cp, dYallle BCEro sjaep aTOMOB
BOJIOPOJIA.
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IIpunsaTo pasnuuats cienyromue popmMsbl NpoBeAeHUA (PU3HO0JI0IHYECKOr0 IKCIEPHUMEHTA!
HKCIEPUMEHT-HAOII0I€HUE,0CTPBIN, XPOHUUECKUH U B YCIOBUAX U30JIMPOBAHHOI'O OpPraHa.

@YHKIMU OTHENBbHBIX OPraHOB H3y4alOT KaK B ILEJIOCTHOM OpraHU3Me€, TakK M IIOCIIE HUX
u3BJIeYeHus. B mocnenHeM ciydae M3BICUEHHOMY OpraHy IpeKAe BCEro CO3Jar0T HEOOXOIUMbIe
YCJIOBHSL: TEMIIEPATypy, BJIAXKHOCTb WJIM MOJAayy CIELUaIb-HbIX IHUTATEIBHBIX PACTBOPOB 4epes
coCyllbl H30IMpPOBaHHOro opraHa (merox mnepdysumn). IlomoOGHbIE yClnOBHS HEOOXOIUMBI IO
MPEUMYIIECTBY JJIsI MHUKPO(U3MOJIO-THYECKUX HKCIEPUMEHTOB, KOTJa B KayecTBE OOBEKTa
UCIIOJIB3YIOT OTJEJIbHYIO MBIIIEYHYIO, HEPBHYIO UJIH IPYTYIO KIETKY.

Ananumuueckue memoouvt
JIOBOIAT pe3ysbTaThl 3KCIEPUMEHTAIBHBIX HCCICIOBAHUN JIO MOJICKYJISIPHOTO YpPOBHEH

KJIETOK, (OpPMHPYS MpEACTaBIeHHS 00 OTACNBHOW KIIETKE, €€ OpraHeiaXx, BO3MOXXKHOCTSAX W
0COOCHHOCTSIX MEMOPAaHHBIX MPOLECCOB U T. 1.

Ilogeoenueckue memoont

3TO METO]T YCIIOBHBIX Pe(IIEKCOB, I7Ie aHATU3UPYETCS CUTHAIBHBIN BX01, 3((EPEHTHBIH BHIXOA
U TEHTPAIbHBIC MPOILECCHl MCUXOPU3NOIOTUUECKOTO PEryJupOBaHUS ACSATEIHPHOCTH YEJIOBEKa.
Bxirouaer:
POoOBI BOBMOKHOCTH 00pa30BaHUS Pa3IMYHBIX (JOPM YCIOBHBIX PEDIEKCOB;
OHTOT'€HETUYECKOE U IKOJIOTMYECKOE H3yUYCHHUE YCIOBHBIX Pe(IICKCOB;
WCIIOJIB30BAHUE DJICKTPUUCCKUX TTOKa3aTeel yCIOBHOPEDIEKTOPHONU PEaKTUBHOCTH,
NPsIMOE pasapakeHUue HEPBHBIX CTPYKTYP;
(hapMaKoIIOTHYECKOE BO3/ICHCTBUE HA YCIOBHOPE(DICKTOPHBIC PEAKIUY;
MOJIETUPOBaHUE TPOIIECCOB YCIOBHOPE(DICKTOPHON AESTEIBHOCTH.

Kubepuemuueckue memoout

[TpumenstoTcs ¢ MomMeHTa nosieinenus padot H.Bunepa (1948). Kubepuernueckas gpusnonorus
— Hay4YHOE HampaBJieHHe, c(HOpMHUpOBaBIIEeCs Oiarogapsi MPOHUKHOBEHHUIO B (PH3HOJIOTHIO HIIEH,
METOJIOB U TEXHUYECKHX CPEACTB KMOEPHETHKH - HayKd 00 YHpaBICHWU M OPraHU3AI[MHM CHCTEM.
KubepHeTnueckass (QU3UOIOTHA W3yYaeT SIBICHUS JKU3HEACATEIBHOCTH C TOYKH 3PEHUS
NPOUCXOJAIIMX B  OpPraHM3ME IMPOIECCOB  YINpaBIEHHUsS, CHUCTEMHOM OpraHu3alud U
nH(GOPMAIMOHHBIX TporieccoB. OOMMM 1 KHOSPHETHYECKUX METOIOB SBIISIETCSI MOJICTUPOBAHNE
MEXaHU3MOB PETyJISLUU U JeHCTBUS 0OPAaTHBIX CBSA3EH HA OCHOBE TOYHOTI'O KOJMYECTBEHHOTO y4eTa
W MareMaTtuueckor Qopmanuzamuu ¢ ucmnoiab3oBaHueM OBM. Vcmonb3yeT 4acTHBIE METOIUKH
TEOpHH WH(POPMAIMK, MATEMAaTHUYECKOH JIOTHKH, aJrOPUTMOB, TEOPUHU MACCOBOTO OOCITY>KHUBAHMUSA,
TEOPHUHU CHHTE3a NH()OPMAIIMOHHBIX CHCTEM U JIP.

B memom, MOXHO OTMETHTh, YTO B TMIOCIEJAHHE TOABI HAONIONAIOTCS 3HAYUTEIHHBIC
METOJIMYCCKUE YCOBEPIICHCTBOBAHMS, KOTOPHIE KOPEHHBIM OOpa3oM MEHSIOT CaMyI TEXHHKY
AKCHEPUMEHTA, CIOCOOBI PErHCTPAIllUKM TPOIECCOB, OOPAOOTKH M OLEHKH IKCHEPUMEHTAIbHBIX
JaHHBIX. MexaHWYecKhe Mpeodpa3oBaTeNid CUTHAIOB BBITECHEHBI JJIEKTPOHHBIMH CUCTEMAaMH,
pETUCTpaIysl MPOILIECCOB BCE Yallle OCYIIECTBISICTCS Ha MAarHUTHOM HOCHUTEIE, M IOCIEAYIOIIast
00paboTKa MaTepuanoB BEAETCS C MOMOIIBI0 KOMITBIOTEpHOW TexHHMKH. [Ipeobmamaromiast 4acTh
WCCIICZIOBAaHUIM BeleTcs JIMOO Ha MHUKPYCTPYKTYPHOM YpOBHE (HMCCIEOBaHHE TIPOIIECCOB,
MPOUCXOJAIINX B OTACIBHBIX KJIETKaX M €€ YacTsAX), JIMOO0 Ha YPOBHE IIEJIOT0 OpraHu3Ma
(uHTETpaTUBHAS (PU3HOJIOTHSA).

I'pagpuueckan pecucmpayus pusuonocuyeckux npoueccos.

Meton rpa(bﬂqecxoﬁ perucTpa O3HaAMCHOBAJI HOBEIM 3Tall B (bI/I3I/IOJ'IOFI/II/I. OH MO3BOJIHII
OCYHICCTBUTH O6’I)€KTI/IBHy1-O 3alIMCh H3y4YacMoro Iponecca, CBOJUBIOYIO JO MHHUMYMa
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BO3MOXXHOCTh CYyOBEKTUBHBIX OMIMOOK. [Ipu 3TOM 3KCIEpPUMEHT M aHaIN3 HU3y4aeMoro SBICHUS
MOXHO OBUIO TPOBOAWTH B JBa 3Tama. Bo BpeMs caMoro ombiTa 3ajada 3KCIEpUMEHTaTOopa
3aKJII0Yajach B TOM, YTOOBI OJYYUTh BHICOKOKAYECTBEHHBIE 3aMMCH — KPUBBIE — KHUMOTPAMMBI.
AHanu3 TOJYYCHHBIX JAHHBIX MOXHO OBUIO TMPOW3BOAUTH TO3KE, KOIrJa BHUMAaHUE
9KCIIEPUMEHTATOPA yKe HE OTBIIEKAJIOCh Ha MPOBE/IeHUE OMbITa. MeTo rpaduiyeckol perucTpanuu
a7l BO3MOXKHOCTh  3aIlMCHIBaTh OJHOBPEMEHHO (CHHXPOHHO) HE OJIMH, a HECKOJIbKO
¢dbuznonornueckux mporeccoB. JIOBOIBHO CKOpo mocie u300peTeHHst crmocoba 3amucu
apTEepUAILHOTO JIABIICHUS OBLTU MPEIIOKEHBI METOBI PETUCTPALIUN COKPAIICHUS CEP/Ia U MBIIII]
(OHrenbMaH), BBeJleHa TEXHUKA BO3AYIIHON nepeaaun (kancyia Mapest), m0o3BOJUBIIAs 3aITUCHIBATh
MHOT/Ia Ha 3HAYUTEILHOM PACCTOSIHUM OT 00BbEKTa Psij (PU3UOJIOTHUECKUX MPOIECCOB B OPTaHU3ME:
JbIXaTeNbHbIE ABM)KCHUS TPYIHOM KIETKHU U )KUBOTA, IEPUCTAIBTUKY U H3MEHEHHE TOHYCa )Key/ IKa,
KHUIIEYHWKA WU T. 1. BbIT mpemioxkeH MeToN pPerucTpaiuy HU3MEHEHHUs COCYIUCTOrO TOHYyca
(mnetuzmorpadus mo Mocco), 06beMa pa3IuyHbIX BHYTPEHHUX OPTaHOB — OHKOMETPHS U T. 1.

Hccneoosanusa ouornekmpuueckux a6aeHuil.

Upe3BbIuaitHO BayKHOE HAIpaBIICHUE PAa3BUTUS (PU3UOJOTHH OBUIO 03HAMEHOBAHO OTKPHITHEM
«OGKUBOTHOTO 3yekTpuyecTtBa». JI. ['asbBaHM NOKa3al, 4TO >KMBBIE TKAHU SIBISIOTCS HMCTOYHUKOM
ANEKTPUYECKUX TTOTEHIIUAJIOB, CIIOCOOHBIX BO3 JAEMCTBOBATH HA HEPBBI M MBILIIIBI JPYTOr0 OpraHu3Ma
Y BBI3BIBATh COKpalleHue M. C Tex nop Ha NPOTSHKEHUH IIOYTH LIEJIOT0 CTOJIETUS €IUHCTBEHHBIM
MHAMKATOPOM MOTEHIIMAJIOB, FTEHEPUPYEMBIX KUBBIMU TKaHAMHU (OHOAIEKTPUYECKUX TOTEHIIUAIIOB),
ObUI HEPBHO-MBIIICYHbIM MpenapaT JArymkd. OH HOMOT OTKPBITh MOTEHLMANbI, TeHEpUpYyeMble
cepamneM mipu ero jaestenbHocTd (ombiT Kemmmkepa u Mromepa), a Takke HEOOXOIMMOCTH
HEIPEPBIBHOM TI'€HEpAaLUU AJIEKTPUYECKUX IOTEHIMAIOB JI1 IOCTOSHHOIO COKPALEHUS MBIIII]
(omBIT «BTOPUYHOTO TeTaHyca» Matreyuun). Ctano sSCHO, 4TO OMORJIEKTPUUECKHE MOTEHITUATBI —
3TO He ciy4vaiiHble (OOOYHbIE) SIBICHUS B ACSITEIBHOCTH KUBBIX TKaHEH, a CUTHAJIbI, P TOMOIIU
KOTOPBIX B OPraHU3Me IMEPEeatoTCsl «KOMaHAbD B HEPBHOW CHUCTEME M OT HEE€ MbILIIAM U APYTUM
opranam. Takum oOpa3oM, >KUBbIE TKAaHU B3aUMOAEUCTBYIOT, UCHOJB3Ys «IJIEKTPUUECKUH S3BIK.
[ToHATH ATOT «SA3BIK» yNaOCh 3HAYUTEIBHO TO3XKE, MOCTIE M300peTeHHus] Pu3nuecKux MpudOpoB,
yJIaBJIMBAIOLIMX ONO3IEKTpUUECKHe MOTeHIanbl. OTHUM U3 TePBIX TAKUX PUOOPOB ObLT MPOCTON
tenedoH. 3amedarenbHbIil pycckuii ¢uznonor H. E. Beeaenckuit nmpu momomu tenedoHa OTKPHIT
psaA BakHEHIIUX (PU3HONIOTMYECKUX CBOWCTB HEpBOB M Mbimi. Mcnomnw3ys TtenedoH, yaanoch
npociayumaTh OWOdJIEKTPpUYECKHe IOTeHLMa bl, T. €. HCCIEAOBAaTh HUX IyTeM HaOII0ACHHUS.
3HaYMTENbHBIM IIATOM BHepea ObUl0 HM300peTeHHe METOJUKH OOBEKTHBHOM rpaduueckoin
perucTpanuy OWOAJICKTPUUECKUX sBiIeHUA. Hunepmannckuit ¢uszmosor DWHTXOBEH H300pen
CTPYHHBI TaJbBaHOMETp — MpHOOp, TMO3BOJUBIIMN 3aperucTpupoBaTth Ha (oTOIUIeHKE
ANEKTPUYECKUE MOTEHIINAJbI, BOZHUKAIOIINE MTPU AEATEILHOCTH CEp/ilia, — 3JIEKTPOKapAUOrpaMMy
(OKI'). B Hameii cTpaHe MHOHEPOM 3TOr0 MeToja OblT KpymHeWmi ¢usuosnor, yueHuk M. M.
CeuenoBa u U. II. [TaBmoBa A. ®@. CamoiisioB, paOoTaBIINii HEKOTOPOE BpeMs B JIaOOpaTOPHUH
OitaTxoBeHa B Jleiinene. Dnexkrpokapanorpadus u3 GU3NOIOrHYECKUX JTabOpaTOpHii OYeHb CKOPO
nepenria B KIMHUKY KaK COBEpIICHHBIH METOJ HCCIIEIOBaHUS COCTOSHUS CepAlla, U MHOTHE
MUJIJTHOHBI OOJIBHBIX CErofiHA 00s3aHBl 3TOMY METOJY CBOEH XH3HBbIO. B mocnemyromem ycrnexu
ANEKTPOHHUKH MO3BOJIMIN CO3/1aTh KOMIIAKTHBIE 3JIEKTPOKApAUOTrpadbl 1 METOIbI TEIEMETPHIECKOTO
KOHTPOJIS, JJAloIIne BO3MOXKHOCTDh peructpupoBats DKI' u npyrue Gpu3nonorudeckue mpoueccs y
KOCMOHABTOB Ha OKOJIO3€MHOW OpOUTE, y CIIOPTCMEHOB BO BpEMsi COPEBHOBAaHUM U y OOJBHBIX,
HAXOJAAIIMXCS B OTAAJICHHBIX MECTHOCTSX, OTKyZa HMH(OpManus MeperaeTcs Mo TeaepOHHBIM
MpPOBOJAAM B KpYIMHbIE CIEUUATM3UPOBAHHBIE YUPEKICHHUS JUIsi BCECTOPOHHErO aHallM3a.
OObexTuBHasI rpaduyeckas perucTpanust OMOIEKTPHUECKUX MOTEHIIMAIOB IMOCITYXHJIa OCHOBOMH
BayKHEIIero pasjerna Hamed Hayku — oanekTpodusunonorud. KpynmHbeIM marom Brmepen ObLIO
MpeUIOKEHUE aHTIIMUCKOTO (u3noora DApHaHa HCIOIb30BATh JUIS 3alHCH OMOAIIEKTPUYECKUX
SIBJICHUW 27eKTpoHHble ycwiutend. B. . Jlanunesckuii u B. B. IlpaBnnuHemuHckuii BriepBbie
3apETUCTPUPOBAIA OMOTOKH TOJIOBHOTO MO3ra. ODTOT METOA OBUI TO03XKE YCOBEPIICHCTBOBAH
HeMenkuM ydeHbIM beprepom. B Hacrosimee Bpems anekTposHuedanorpadus IMIUPOKO
UCIIOJIb3YETCS B KIIMHUKE, TaK e KaK U rpaduueckas 3aluch 3JIEKTPUUECKUX MMOTEHIIMATIOB MBIIII]
(anexTpoMuorpadusi), HEPBOB U APYTUX BO3OYAUMBIX TKAHEH U OPraHoB. DTO MO3BOJIUIIO MPOBOIUTH
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TOHKYIO OLICHKY ()YHKIIMOHAJIBHOTO COCTOSIHUSI OpraHoB M cucteM. J{is pas3Butus (usuonoruu
yKa3aHHbIC METOJIbI IMEIIU TaK)Ke OOJBIIOE 3HAUCHHE: OHU MO3BOJIMIIN PACIIM(PPOBATH MEXaHU3MBI
JEATCIbHOCTH HEPBHOW CHCTEMBI M JPYIHX OpPraHOB ¥ TKaHEH, MEXaHU3Mbl PEryJIsLiu
(U3MOTOTHYECKUX MPOLIECCOB. BaskHOW BEXOH B pa3BUTUH JEKTPO(PHU3HOIOTUn ObUT0 H300peTeHNE
MHKPODJICKTPOJIOB, T. €. TOHYAMIIMX 3JIEKTPOAOB, JUAMETP KOHYHMKA KOTOPBIX PaBEH [OJISIM
MHUKpPOHA. DTHU 3JIEKTPO/IbI P MOMOIIM MUKPOMAHHUITYJIATOPOB, MOKHO BBOJIUTH HETIOCPEICTBECHHO
B KJICTKY M PETHCTPUPOBATh OMO3ICKTPUUCCKHE OTCHIHAIBI BHY TPUKICTOUYHO. MUKPOIIEKTPOIHAS
TEXHHKA Jlaja BO3MOXXHOCTh pacIIU(pOBAaTh MEXaHM3Mbl TI'€HEpPAalMU OWONOTCHIUAIOB —
HpPOLIECCOB, TMPOTEKAIOIIMX B MeMOpaHaXx KIETKH. MeMOpaHbl —SBISIOTCS —BaKHEHUIINMHU
00pa30BaHUSIMH, TaK KaK 4Yepe3 HUX OCYILICCTBIISIOTCS MPOLECCHl B3aUMOJICHCTBUS KJIETOK B
OpraHu3Me M OTICIbHBIX 3JIEMEHTOB KICTKH Mexay coboil. Hayka o (QyHKIHSIX OHOJIOTHYECKHX
MeMOpaH — MeMOPaHOJIOTHsI — CTajla Ba)KHBIM pa3/iesioM (pHU3HOTIOTHH.

Memooul 21eKmpuuecKkozo pazopaixcenus Op2anoe u mKanei

CymiecTBeHHOM BeXOH B pa3BUTUM (PU3HONOTHM ObUIO BBEJIEHHE METOJa 3JIEKTPUYECKOTO
pasapakeHus OpraHoB M TKaHeW. JKuBble OpraHbl M TKaHH CIIOCOOHBI pearupoBaTh Ha JIIOOBIC
BO3JEHCTBUSA: TEIUIOBBIE, MEXaHUYECKHUE, XUMUYECKUE U AP. DIEKTPUUECKOE pa3pakKeHHe 110 CBOEN
MpUpoJie OJIN3KO K «ECTECTBEHHOMY SI3BIKY», C IOMOILBIO0 KOTOPOI'O KHUBbIE CHCTEMbI 0OMEHUBAIOTCS
uHpopmanuei. OCHOBONOJIOKHUKOM 3TOr0 Meroja Obul Hemeukuit ¢usuoinor [lrobya-Peiimon,
MPENJIOKUBUIMM CBOM 3HAMEHMTBHIM «CaHHBIM ammapar» (MHAYKIMOHHAS KaTylika) JJid
JIO3UPOBAHHOIO DJICKTPUYECKOIO PA3APAKEHUs KUBBIX TKaHEW. B Hacrosiiee BpeMs M1 3TOrO
HCIIONIB3YIOT JJIEKTPOHHBIE CTUMYJISATOPBI, ITO3BOJISIOIIME IOJYYUTh JJIEKTPUYECKHE HMITYJIbCHI
mo60i (Gop MBI, YACTOTBl M CHJIBL. DJEKTpUYecKas CTHUMYJSALHUSA CTaja BaXXHbIM METOIOM
rccneaoBaHusl QYHKIMN OPraHOB U TKaHEH. YKa3aHHBIN METO/T IIMPOKO MTPUMEHSIETCS U B KIIMHUKE.
PazpaboTaHbl KOHCTPYKLIMHU pa3 JUYHBIX JIEKTPOHHBIX CTUMYJIATOPOB, KOTOPHIE MOYHO BXKUBJIATDH B
OpraHus3M. OJIeKTpUYecKass CTUMYJALMS Ceplla cTaja HaJeKHbIM CIIOCOOOM BOCCTaHOBJIEHHS
HOPMAJILHOTO PUTMa M (YHKIMH 3TOTO KU3HEHHO Ba)XKHOTO OpraHa M BO3BpaTHia K TPYIy COTHHU
TBICSY JIIOIeH. Y CNemHO MPUMEHSIETCS AJIEKTPOCTUMYIISIIIUS CKEJIETHBIX MBIIII, pa3padaThiBalOTCS
METOZBl IEKTPUYECKOM CTUMYISALUU YYaCTKOB TOJIOBHOTO MO3ra IIPU IIOMOIIU BXKHBJIEHHBIX
anexkTpoaoB. IlocnenHue mpu MOMOIIM CHEHUANbHBIX CTEPEOTAKCHYECKHX MPHUOOPOB BBOJIST B
CTPOTO OIIPEAEICHHBIE HEPBHBIE LIEHTPBI (C TOYHOCTBIO 10 JOJIEW MWUIMMETPA). ITOT METOL,
MEPEHECEHHBIN U3 PU3NOJIIOTUH B KIIMHUKY, TIO3BOJIMII U3JI€UUTh THICSYM HEBPOJIOTHUECKUX OOIBbHBIX
U TOJIY4UTh OOJIBIIOE KOJMUYECTBO BAXKHBIX JAHHBIX O MEXaHU3MaxX pabOThI YEIOBEUECKOTr0 MO3ra
(H. I1. bextepesa). [ToMuMo perucTpanuu JIEKTPUISCKUX MOTSHIIMAIOB, TEMIIEPATYPhl, JaBICHUS,
MEXaHUYECKHUX ABIKCHUA M APYrHX (PU3MYECKHX IMPOLECCOB, a TAaKXKE PE3yJIbTaTOB BO3JACHCTBUS
9THUX MPOLIECCOB Ha OPraHu3M, B GU3NOJIOTMH MIUPOKO NPUMEHSAIOTCA XUMUYECKHE METOBI.

Xumuueckue memoowvl uccied08anusn 6 pusuonozuu

«SI3BIK» DIEKTPUYECKMX CHUIHAJIOB HE EIAWMHCTBEHHBIM B OpranusMe. PacnpocTpaHeHHBIM
ABJISIETCS TAK)KE XMMUYECKOE B3aUMOJICHCTBUE MPOLIECCOB JKU3HEACSTENbHOCTH (e XMMHYECKUX
IIPOLIECCOB, TPOUCXOALINX B )KUBBIX TKaHsX). [103TOMy BO3HHKIIA 00/1aCTh XUMHUH, U3y4arollas 3TH
nporecchl, — ¢pusnonaoruyeckas Xxumus. CeroiHs oHa NPeBpaTHIIaCh B CAMOCTOSTENbHYIO HAYKy —
OMOJIOTMYECKYI0 XHMMHMIO, PACKPBIBAIOLIYIO MOJIEKYJISIPHBIE MEXaHU3Mbl  (PU3HOJIOTHYECKUX
nporueccoB. @U3MOIOrUH B DKCIEPUMEHTAX LIUPOKO HUCIOJIB3YIOT METObl, BOSHUKIINE HA CTBIKE
XUMHH, (PU3UKU U OMOJIOTHH, YTO B CBOIO OYEpEab MOPOAMIIO YXKE HOBbIE OTPACIN HAyKU, HAIIPUMED
OMOJIOTHYECKYI0 (U3MKY, M3YYalOllyl0 (U3NYECKYI0 CTOPOHY (DU3HONOTHYECKUX —SIBICHHM.
®U3MOJOr IMKUPOKO HCHOIB3YET PaJUOHYKIUIHBIE METOAbl. B COBpeMEHHBIX (PU3MOJOTHUYECKUX
HCCIIEIOBAaHUAX NPUMEHSAIOTCS U IPYrMe€ METOJIbI, 3aMMCTBOBaHHBIE M3 TOYHBIX HayK. OHU JaroT
MOMCTHHE OECLIEHHBbIE CBEJCHUS NPU KOJUYECTBEHHOM aHAIM3€ MEXaHU3MOB (DU3MOIOTHYECKHX
IIPOLIECCOB.

QDuszuonozus u Kubepnemuka

KubGepueruka (ot rpeu. kybernetike — wckyccTBO yrpaBieHus) — Hayka 00 yIpaBICHHH
aBTOMATHU3MPOBAHHBIMU TMporieccaMu. IIporeccsl ympaBieHusi, Kak W3BECTHO, OCYIIECTBIISIFOTCS
MyTEM CHTHAJIOB, HECYIIUX OIpeaeicHHyr HH(opManuio. B opraHusMe TakMMH CUTHAIaMU
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SBISIFOTCS. HEPBHBIC HWMITYJIBCBI, HMMEIOIINE DIICKTPUYECKYI0 TPHPOIY, a TaKkKe pPa3IHyHbIe
XUMHYecKHe BemecTBa. KnbepHeTrka u3yyaet npouecchl BOCIPUATHS, KOAUPOBAHUS, IEPepadOTKH,
XpaHEeHUss W BocHpom3BeneHHs HH(popmanuu. B opranumsme i 3TUX LeNed CyIIeCTBYIOT
CHEHAJIbHbIE CTPYKTYPbl U CUCTEMBI (PELENTOPbI, HEPBHBIE BOJIOKHA, HEPBHBIE KJIETKU U T.1.).
Texnndeckne KHOEpPHETHYECKHE YCTPOMCTBA MO3BOJMIM CO3JaTh MOJIENH, BOCHPOM3BOJISIINE
HEKOTOpbIe (PYHKIIMU HEPBHOH cucTeMbl. OHako paboTa MO3ra B 1IE€JIOM TaKOMY MOJIEITHPOBAHUIO
elle He MoaaeTcs, 1 He0OXOMMBI AajibHeimme uccaeqoanus. Coro3 KHOSPHETUKU U (PH3HOIOTHH
BO3HHUK BCCIr'O JIMIIb YCTBIPC ACCATUIICTHA Ha3all, HO 3a 3TO BPEMA MaTeMaTUYECKUH U TEXHUYCCKUN
apceHas COBPEMEHHON KHOSPHETHKH 00eCTIeUrI 3HAYUTEIbHBIE YCIIEXH H3YYESHUS K MOJICIIMPOBAHUS
(U3NOIOTUYECKUX MTPOIECCOB.

Mamemamuka u KomnvlomepHas MexXHUKa 6 huzuoiocuu.

OpnHoBpeMeHHass (CHHXpOHHAs) peructpanus (U3HOIOTHYESCKHX TPOIECCOB ITO3BOJISET
M3y4aTh B3aUMOJICHCTBUE PA3IUYHBIX SABJICHUN. J[71 3TOro HEe 0OXOAMMBI TOUHBIE MAaTEMATUYECKUE
MCTOAbI, HMCIIOJB30BAHUEC KOTOPBIX TaKKC 3HAMCHOBAJIO HOBYIO BaXHYIO CTYIICHb B Pa3BUTUH
¢usnonorun. Maremartuzanusi UCCIEIOBAaHUI  MO3BOJIIET HUCHONIB30BaTh B  (DU3MOJIOTUU
KOMIIBIOTEPHYIO TEXHUKY, YTO HE TOJIBKO YBEJIMYUBAET CKOPOCTh 00paboTKK HH(OpMaLIUKY, HO U JaeT
BO3MOXXHOCTh TPOU3BOJUTH Takyrd 00 pabOTKy HEMOCPEACTBEHHO B MOMEHT JKCIIEPUMEHTa,
MO3BOJISIET MEHATh XOJ W 3aJladyd CaMoOro HKCCJICOBAHUS B COOTBETCTBHU C TIOJy4aeMbIMU
pesynbratamu. TakuM oOpa3oM, Kak Obl 3aBEPIIWICS BUTOK CIIUPAIX B pa3BUTUU (u3uonoruu. Ha
3ape BO3HMKHOBEHHS 3TOM HAyKH HCCJEIOBAHUE, aHAIM3 M OLIEHKAa Pe3yJIbTaTOB MPOU3BOJIUINCH
AKCIIEPUMEHTATOPOM OJJTHO BPEMEHHO B MpoIiecce HAOMI0ICHUS, HETTOCPEICTBEHHO BO BPEMS CaMOT0
sKcTiepuMeHTa. ['paduueckast peructpaiusi Mo3BOJIMIA PaA3/IETUTh 3THU MPOIECCH BO BPEMEHU U
0o0pabaThIBaTh M aHAIM3UPOBATH PE3YJIbTATHI MOCTIE OKOHYAHUS IKCIEPUMEHTA. PanosneKTpoHuKa
U KUOEpHETHKa CJeslaidi BO3MOXHBIM BHOBb COCIMHHTH aHAJIN3 M 0OpaOOTKYy pe3yJabTaTOB C
MPOBEACHUEM CAMOTO ONBITa, HO HA MPHUHLMIIMAILHO UHOW OCHOBE: OJHOBPEMEHHO UCCIEAYETCS
BSaHMO)IeﬁCTBHe MHOXECTBa PpPa3IMUHbIX (1)I/ISI/IOJ'IOFI/I‘—IeCKI/IX nmponecCcoB, U KOJIMYCCTBCHHO
AQHAJM3UPYIOTCA PpEe3yJbTaThl TaKOro B3aWMOJAEHUCTBUA. OTO TMO3BOJMIO MPOU3BOAUTH Tak
Ha3bIBaeMBIN ynpaBHﬂeMBIﬁ aBTOMAaTHYECKHUU OKCIICPUMEHT, B KOTOPOM KOMIIBKOTEP IIOMOTacT
HCCIEAOBATENI0 HE MPOCTO aHAJU3UPOBATH PE3YyJIbTAThl, HO U MEHSTh XOJ| OINbITa U MOCTAHOBKY
3a/1a4, PaBHO KaK W THUIIBI BO3JECHCTBHMS HA OPraHU3M, B 3aBUCHMOCTH OT XapakTepa peakuui
OpraHm3Ma, BO3HUKAIOIINX HETIOCPEICTBEHHO B X0/1€ omnbiTa. PU3nKa, MaTeMaTuka, KHOEpHETUKA 1
Ipyrue TOYHBIE HAYKH MEPEeBOOPYKUIU (PU3UOJOTHIO U TPEACTABUIM Bpady MOTYUYHH apceHal
COBPCMCHHBIX TCXHUYCCKUX CPCACTB IJIA TOYHOU OLCHKHU Q)yHKHI/IOHaJIBHOFO COCTOSAAHUA OpraHu3sMa
U JJI BO3JICHCTBUS Ha OPTaHU3M.

Mamemamuueckoe moodenupoganue 6 gusuonozuu.

3HaHue (U3NOJIOTHUECKUX 3aKOHOMEPHOCTEH, KOJTMYECTBEHHBIX XapaKTEPUCTHK pa3 JTMUHBIX
(U3MOJOTMYECKUX TPOLIECCOB, B3aMMOOTHOLIEHMH MEXJIy HUMH HO3BOJIMJIO CO3[aTh HX
MaTematuueckue wmojend. C  TOMOIIBI0 TakUX Mojeneld  (U3NOJOTHYECKUE TPOILECCH
BOCIIPOM3BOAAT Ha KOMIbIOTEpaX, MCCIEAys pa3UuHble BapUaHThl PEAKIMH, T. €. BO3MOXKHBIX
OyoylIuX X U3MEHEHUH TP TEX WM UHBIX BO3JIEHCTBUSAX HA OPraHU3M (JIEKApCTBEHHbIE BEIIECTBA,
¢busnyeckue GakTOpbl WIM SKCTPEMaIbHBIE YCIIOBHS OKpY’Karollei cpeabl). B HacTosiiee Bpems
c0103 (PM3HOIOTUHN U KUOEPHETUKH OKAa3aJICs MOJIE3HBIM MPHU MPOBEACHUH CIOKHBIX XUPYPIHUECKUX
onepanui, B Ype3BbIYAWHBIX YCIOBUAX, TPEOYIOIIUX TOYHOM OLEHKH, KaK TEKYIIEro COCTOSHHS
BOKHEHIINX (PU3MOJOTHYECKUX MPOLECCOB OpraHu3Ma, TaKk W MPEABUACHHUS BO3MOXKHBIX HX
M3MEeHEeHHH. Takoil MNOoAaXoJ MO3BOJSAET 3HAYMTENIBHO IOBBICUTH HAJEKHOCTh «YEJIOBEYECKOIO
(akTOpa» B TPYIHBIX U OTBETCTBEHHBIX 3BEHbSIX COBPEMEHHOI'0O MPOU3BO/ICTBA.
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2.2. Cospemennnie r1ekmpoghusuoniocudecKue memoonl

2.2.1. OcHOBHBIE NMPUHIHUIIBI U ITPAaBUJIa BLIMIOJITHCHUA COBPEMEHHBIX
3J1€KTp0(l)I/I3I/IOJIOFI/I‘IeCKI/IX I/ICC.]'[eIIOBaHI(Iﬁ Ha ’)KUBOTHBIX M Y€JI0OBCKE

Hauano snextpodu3nonoruy 0ObIYHO CBSI3BIBAIOT CO 3HAMEHUTBHIMU OIBITAMH UTAJIbSIHCKOTO
Bpaua, anatoMa u usuonora Jlynmxu ['aneBanu. B 1791 rony NaneBanu omy6nukoBan « TpakTar o
CUJIaxX DJIEKTPUUECTBA MPU MBIILICYHOM JIBIXKEHUU». B 3TOM TpakTaTe ObLIM OMUCAHBI PSJI ONBITOB, B
TOM YHCJIE U 3HAMEHUTBIN «OAJIKOHHBIN» OoNbIT ["aibBaHn — OGuomnpenapatsl (OTHpenapupoOBaHHbIE
JAnK{ JISTYMIKK) ObUIM TMPHUCOEAMHEHBI K TPOMOOTBOAY. BO Bpems Tpo3bl MPOUCXOIUIO HUX
cokpamenue. Torma ["ampBaHM MPEAIONOKIII, YTO pa3psiibl aTMOC(EPHOro AIIEKTpUYeCcTBa OYIyT
pasapaxkaTh Jankyd U 06e3 MOAKIIOYEeHUs K TPOMOOTBOAY. J[Jsl MpOBEPKU 3TOTO MPEIOI0KEHHUS OH
10/IBECHUJT HECKOJIBKO IPENapaToB K YKEJIE3HbIM IiepuiiaM 0aJKoHa CBOETO JJOMa C IIOMOIIBIO0 MEAHbBIX
KprokoB. Kak Tonpk0 BeTep HauYMHAIl pacKauMBaTh JANKU, M OHU KacalluCh Nepuil OaTKOHA, MBIIIIIIBI
SHEPrUYHO COKpamaInchk. B nanpHeimem ["anbBanu npoJeMOHCTPUPOBAIL, YTO COKPALIEHUE JIAIlOK
BO3MOXXHO 0€3 MeTajula — OH HaKWJbIBaJl HEPB OJHOM JISATYIIKA HAa MBIIIIY APYTO, IpU 3TOM
IIPOUCXOUIIO COKPALLIEHUE ITON MBILIIIBI.

JlanbHelinee pa3Butue dneKkTpodusnonoruu cBsazano ¢ Kapino Marreyuun, kotopsrii B 1830—
1840 roiax mokasai, 4YTO B MBIIIILIE BCETJa MOKET OBITH OTMEUEH 3JIEKTPUUECKHUH TOK, KOTOPBIH TEUET
OT €€ HETMOBPEXKIEHHOM MOBEPXHOCTH K IIOIIEPEYHOMY pa3pe3y.

B cepenune XIX Beka OCHOBBI SJEKTPOPU3MOIOTHU OBLIM 3aJ0XKEHBI KJIACCUYECKUMHU
paboramu D. J{ro0ya-PeiiMoHa KOTOPBII MOKa3asl CBsI3b MEXKAY IEKTPUUECKUM TOKOM U HEPBHBIM
uMmIysibcoM. JlanbHeliee pa3BUTHE IEKTPOPU3UOIOTUU TECHO CBA3aHO ¢ Heipodusuonoruei. B
1875 rony HE3aBUCHUMO APYT OT APYyTa aHMIIMUACKUA XUpypr u pusuonor Puuapn Katon u poccuiickuii
¢uzuonor B. S. JlanuneBckuil moOKa3ajid, YTO MO3T SBJSIETCS T€HEPATOPOM 3JIEKTPUUECKOMN
AKTUBHOCTH, TO €CTh OBUIA OTKPBITHI OMOTOKH MO3Ta.

B 1888 memernkmii puzunosnor 0. beprmreitn npeaioxun T. H. qudPepeHInaIbHBIA peOTOM
JUISL U3yYEHHs TOKOB JIEMCTBUS B JKUBBIX TKAHSIX, KOTOPBIM OINPEAEIHNII CKPBITBINA MEPUO, BpeMs
HapacTaHus U craja noreHuuana aedctBus. Ilocie m3o0peTeHHs] KaWUIIPHOTO 3JIEKTPOMETpa,
MIPUMEHSEMOT0 Ul U3MEPEHHS MaJIbIX 3/IC, TAKHE MCCIIEJOBAaHUS OBUIM MOBTOPEHBI 00Jiee TOYHO
¢dpaniy3ckum yuénbim J. XK. Mapeewm (1875) na cepane u A. @. CamoiinosiM (1908) Ha ckeneTHOU
mermie. H. E. Beemenckuit (1884) mpumenun TtenedoH s TpOCIyIIMBaHHS TOTEHIIMATIOB
neicTBus. BaxHyo posib B pa3BUTHH 3JEKTPO(U3HOIOTUU ChIrpall poccuiickuit ¢pusnonor B. HO.
UYarosen, BrepBble NpuUMEHHMBIIMK B 1896 Teopuio >SIEKTPOJUTUYECKOW AUCCOLMAIUU IS
OOBSICHEHUS] MEXaHU3Ma TOSABICHUS DJEKTPUUECKUX MOTEHIIMAJIOB B KUBBIX TKaHSIX. bepHIITEHH
chopmynupoBan B 1902 ocHOBHBIE TOJOXKEHUS MEMOpPaHHON TEOpUH BO30YXKAEHUS, pa3BUTHIC
no3Hee anrauiickumu yu€ueivu I1. boitnom u 3. Konysewm (1941), A. XomxkkuHom, b. Kamem u A.
Xaxcau (1949).

B nauvane XX B. 11 31€KTPOPU3NOIOTHIECKUX UCCIIEOBAaHUN OBLT UCIIOB30BaH CTPYHHBIN
raJIbBAHOMETP, IIO3BOJIMBIIMK B 3HAYUTEIBHOW MeEpe MpPEeoJI0JIETh HHEPLUHMOHHOCTh JPYrUX
PETUCTPHUPYIOMUX MPUOOPOB; ¢ ero nmomMoiipio B. DitHTX0BeH 1 CaMOMIOB TOIYYHIH MTOAPOOHBIE
XapaKTEPUCTUKU DJIEKTPUUYECKHX IPOLECCOB B pA3IMYHBIX JKUBBIX TKaHAX. Heunckaxénnas
peructpaius 100X GopM OHOINEKTPUUECKUX MOTEHIIMATIOB cTajla BO3MOYKHOMU JIUIIE C BBEACHHEM
B IpakTHKY tekTpodusnonorun (30—40-e rr. XX B.) 37EKTPOHHBIX YCHWIHTEICH U OCIIIIIIOTpadoB
(I". bumromn, /[x. Opmanrep u I'. 'accep, CIIIA), cocTaBIsIOMUX OCHOBY 3JIEKTPO(U3UOTOTHUSCKOM
TeXHUKU. Vcronb3oBaHME ANIEKTPOHHOM TEXHHUKHM IIO3BOJIMJIO  OCYILIECTBUTh  OTBEACHHE
ANEKTPUYECKUX TOTEHIIUATIOB HE TOJBKO OT MOBEPXHOCTH YKUBBIX TKaHEW, HO U W3 TIyOWHBI MpHU
MIOMOUIY TIOTPYKAEMBIX 3JIEKTPOJIOB (pPErucTpalus 3NEKTPUUECKON aKTUBHOCTH OTAEJIbHBIX KJIETOK
U BHYTpUKJIETOUHOE OoTBeAeHue). [lo3aHee B MekTpo(U3HOIOTHH cTaja MHUPOKO HUCIIOJIb30BATHCA
TaKXKe DJICKTPOHHO-BBIYMCIMTENbHAS TEXHWKA, MO3BOJSIONIAs BBLICTSTH OYEHb  Cialble
ANEKTPUYECKUE CUTHAIBI HA (POHE ITYMOB, IPOBOIUTH AaBTOMATHUYECKYIO CTATUCTHUECKYIO0 00pabOoTKy
00JIBIIIOTO KOJIMYECTBA INMEKTPOPUINOIIOTHUECKUX JAHHBIX, MOJICJINPOBATH
ANEKTPOPUZUONIOTHUECKHUE TTPOIECCH U T. 1.
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DAEKTPOPHU3UOTOTHYESCKHIA METOT PETUCTPAIMH JICKTPUICCKHUX MTOTEHIINAIOB, BOSHUKAIOIIIX
BO BpeMsl aKTUBHBIX (DU3MOJOTrHYecKrX (DYHKIMK BO BCeX 0€3 MCKIIOYCHHS JKUBBIX TKAHIX, —
HauOoJiee yJOOHBIA M TOYHBIA METOJ| UCCIICIOBAHMS dTHX MPOIECCOB, M3MEPEHHS WX BPEMEHHBIX
XapaKTePUCTHUK U TMPOCTPAHCTBEHHOTO PACTIPEICIICHUS, TaK KaK JJIEKTPUUECKHIE MTOTCHIIMAIIBI JIS)KAT
B OCHOBE MEXaHW3Ma I'eHEepaIly TaKUuX IPOIECCOB, KaK BO30YXKICHUE, TOPMOXKEHHUE, ceKperus. B
HACTOSIIEe BPEeMs B MCCIIEAOBATEILCKON paboTe U KIMHUYECKON MPAKTUKE IMHUPOKO MPUMEHSIOTCS
OCHOBHBIE AJIEKTPO(DU3HOIOTUIECKHE METO bl U3Y4YCHUS] OUOTIOTCHIINAIOB:

cepna — 3JeKTpoKapauorpadus

MO3ra — 3JIeKTpodHIIedanorpadus

CETYATKH — JJICKTPOpeTUHOTpadusi

KOXKH — DJIEKTpoiepMaTorpadust

KpoBooOparienuss — peorpadust (MMIIeIaHCHAS TIeTH3MOTpadwst)

eIy TOYHO-KUIICYHOTO TPAKTa — AJIEKTPOTacTPOIHTEpOrpadust

CKEJICTHBIX MBIIII — JICKTpOMHOTpadus

lupouaiimee npumeHenne OBM mnpu aHaim3e JaHHBIX NPUBOJUT K BBIICICHUIO
KOMITBIOTEPHOU DJICKTPOPUINOJIOTHH.

2.2.2. dnexrponeiiporpapus (AHI)

JIJist TUarHOCTHKY 3a00JI€BaHUI BOBIEKAIOMINX MEPUPEPHUECKYIO0 HEPBHYIO CUCTEMY U MBIIII]
MIPOBOAMTCS KOMIUIEKCHOE 3J1eKTPO(U3HOIOIHUECKOe UCCIeIoBaHNE — JJIeKTPOHelipoMuorpadus
(OHMI'), HeoOxoaumoe st onpeiesieHus (pyHKIIMOHAIBHOTO COCTOSIHUS TepuepruIecKoil HePBHOM
CUCTEMBI ¥ MBIIIILI.

JlaHHOE HCCleI0BaHNE MOYXKHO Pa3/IesIuTh Ha CIEUAIbHbIE TUarHOCTUUYECKUE TECThI:

— DOnexrponeitporpadus (OHI)

— Onexrpomuorpadus (OMI)

— Dunekrponeriporpadus (OHI') — Metos uccienoBanus, Mpu KOTOPOM IIPOUCXOIUT PETUCTPALTIS
CKOPOCTH MPOXOXKJACHUS HEPBHOTO UMITYJIbCA 110 HEPBHBIM BOJIOKHAM.

B psane cnydaeB TpeOyeTcst paciupeHUe MpOrpaMMbl UCCIEAOBAHUS TAKUMHU METOJAMH, KaK
TpaHckpaHuaiabHas MmarHuTHas ctumyssanus (TMC) u/unu Bei3BaHHBIE TOTeHITUANBI (BIT).

Crumynsuuonnas OHIT — meton wuccnemoBanusi nepudepuyecknx HEPBOB W HEPBHO-
MBIIIEYHON Tepenaun JlaHHOE HcclieoBaHUE TO3BOJSET ONEHUTHh (DYHKIIMOHAIBHOE COCTOSHUE
HEpBa, CTENEHb TOPaKEHHUS MOTOPHBIX M CEHCOPHBIX BOJIOKOH HEpPBOB U CTENEHb HUX
BOCCTaHOBJIEHU.CIONB3yIOTCS CleAyIOUe METOANKU:

— CkopocTs pacnpocTpaHeHusi BO30YXI€HUS IO MOTOPHBIM HEpBaM;

— CkopocTs pacnpocTpaHeHHs BO30YKI€HUS 10 YyBCTBUTEIBHBIM HEPBaM;
— JlexpeMeHT — TecT;

— F-Boiuna;

— MurarenbHslii pediexc.

JI71s 3TOro HaKJIaJbIBAIOT AJIEKTPOJIbI HA 00JIACTH MPOEKIU HEPBOB U COOTBETCTBYIOLIUX UM
MBIIIIAM U TPOU3BOIST CTUMYJIALHMIO C TIOMOIIIBIO KOPOTKUX UMITYJIBCOB 3JEKTPUUECKUX Pa3psiIoB,
IIPU 3TOM PETUCTPHUPYETCS] MPOXOKICHHE HEPBHOTO HMITYJIbCAa MO PA3IUYHBIM ydacTKaM TeJa.
[IpeumymecTBaMu MeTOJa SIBISIOTCS HEWHBA3MBHOCTh, OBICTPOTAa M TIPOCTOTA HCIIOJHCHUS.
Kopotkass miurenbHOCT, U QopMmMa CTUMYyJAa SJIEKTPUUECKOro paspsia Oe3omacHa Haxe is
MAIUEHTOB C KapAHOCTUMYJISITOPAMHU M MOYKET ITPOBOJUTHCS BCeM 0€3 MCKITIOUCHHSI MTAllUeHTaM.

Cymmapnas (MuTtepdepennmonnas, HakoxHas) DHI mpencraBnser coOol HEMHBA3HBHBIN
Croco0 Kccen0BaHus, IPU KOTOPOM HCCIEA0BAHNE ITPOBOAUTCS ITyTEM HAJIOKEHUS JIEKTPOAOB Ha
KOXY. DJIEKTPOIbI 3aKPEIUISIOTCS C IOMOIIBIO0 PE3UHOK WU JIEUKOILIACTHIPS.

IIpumenenune
— B ncuxodusunonoruu st ©3y4eHUs] BO3PACTHBIX 3aKOHOMEPHOCTEH.

— B ¢usunonorun tpyaa u crnopra.
— Ilpu uzydyenuu aBurateabHO QyHKIMHU )KMBOTHBIX M YEJIOBEKA.
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B ucciienoBaHuAX BBICHIEH HEPBHOU AEATEIbHOCTH.
B umxeHepHO#l mcuxonoruu (HampuMmep, MpH HUCCIEAOBAaHUU YTOMIICHHUS, BBIPAOOTKU
JIBUTaTEJILHOTO HABbIKA).
JlJis OLIEHKM TpH BOCCTAHOBJICHHHM HAPYIICHHON BUTATENbHOW (DYHKIUU B OPTOMEIUU H
MIPOTE3UPOBAHUH.

DnexTpoMuorpadus Kak METOJ] TMarHOCTUKU
BrisiBnenune ypoBHS MOpakeHUsT HEPBHO-MBIIIIEUHOTO amnmapara (Y4YuTbiBas GyHKIIMOHATBHOE U
CTPYKTYpPHOE CTPOE€HHUE HEPBHO-MBIILIEYHON CHCTEMBI).
Onpenenenye TONUKU MOPAKEHU (MECTO MOPAKEHUS MBILIL] U HEPBOB)
OmnpeneneHre  paclpoCTPaHEHHOCTH  Ipouecca  (JOKaJbHBIM,  pacHpOCTPaHEHHBIH,
reHepaIu30BaHHbIN).
Omnpenenenust xapakrepa IOpakeHHUs (HalpUMep: AaKCOHAJIbHOE, JIEMUEIMHU3HUPYIOIIEE,
CMEIIaHHOE).
Onpenenenue BEIpaKEHHOCTU OPaKeHUs, JMHAMUKH Tipoliecca.[6]

Kaacendpukanuss IMI meToank
HccnenoBanue npoBeieHNs 110 HEPBY
HccnenoBanue MOTOPHOTO MPOBEICHUS
HccnenoBanue CeHCOPHOTO MPOBEACHUS
Hccnenosanue F-BoaHbI
Hccnenosanue H-pedaexca
Nuunnr
MoOTOpPHBII HHYUHT
CeHCOpHBII HHUYUHT
CpaBHUTENIbHBIE METOAUKHU
Meron Kou3uu
Komnnusust mo MOTOpHBIM BOJIOKHAM
Komnnusust mo ceHCopHbIM BOJIOKHAM
HepBHo-MblIlIeUHbIE HAPYIIEHUS
HuzkouacToTHas cTumysnus
BricokouacToTHAs CTUMYIISIUS (TeTaHU3AINs )
dapMakoJIOrH4ecKre MPoOkI
Harpy3ounbie mpoOsI
Dnextpomuorpadus
HccenenoBanne CIOHTAaHHOW aKTUBHOCTH
Hccnenosanue I1/IE
HccnenoBanue nHTEpPEPEHIIMOHHOTO MATTEpHA
QEMG
AKTHUBHOCTbH OZJJMUHOYHOT'O MBIIIEYHOTO BOJOKHA
Maxkpo OMTI’
[Ipoune meroauku
Hccnenosanue tpemopa
HccnenoBanue muratenbHOro pediekca
T-pednexc
Bynb60-kaBepHO3HBIN pediiekc
HccnenoBanue cpaMHOro HepBa
AHanbHBIN pediiekc
HccnenoBanue HOUMIENTUBHOTO pediexca
MUNE
MarnuTHast CTUMYISIUS
HccnenoBanue BpeMeHN IPOBEAEHUS 110 MUPAMUIHON CUCTEME
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— MHccnenoanue Bo30y1IMMOCTH MOTOPHOM KOPBI
— HccnenoBanue neproja MOJT4YaHUS
— IlpoBenenue napHoi CTUMYJISIUU
— HccnenoBanue TpaHKaII03aJIbHOTO TOPMOKEHUS

K metoamkam snekTpomMuorpaduu 4acTo OTHOCAT T. H. «rl1o0anbHyt0 OMI», peructpupyeMmyro
IIOBEPXHOCTHBIMH OTBOJSALIMMHU 3JIEKTPOJAMH, YCTAHOBIEHHBIMU Ha MBIIIIIBI TaniueHTa. OgHako, eé
UCIIOJIb30BaHUE YacTO MPHUBOJUT K HEBEPHBIM JMArHo3aM, BBUIY BIUSHUS HA Pe3yJbTaThl TAKOTO
MCCIIEIOBAHUS OOJIBIIOTO KOJTHMUYECTBA CyOBEKTUBHBIX (PaKTOPOB.

2.2.3. DuekTpopeTnHOrpapus

Onexrpoperurorpadus (OPI') - komriekc BEICOKOMH()OPMATUBHBIX METOJIOB HCCIEIOBAHUS
GyHKIUE CceTyaTKW,3pUTENIbHOTO HEepBa U 3PUTENBHBIX oOO0JacTeld KOpbl TOJOBHOTO MO3Ta.
Jlokann30BaHHBIE B PA3JIMYHBIX CIIOSX CETYATKH, IMATOJOTHYECKUE MPOIECChl U (YHKIHMOHAIbHbIE
HapylIeHHs, UMEIOT XapakTepHble NposiBieHus B DPI', KOTOpble B COYETAaHWU C KIMHUYECKUMH
M3MEHEHHUSIMH TIO3BOJIIOT MPOBOIUTH KaK HAdajbHYIO, TaK U TUG(GEpEeHINATbHYIO JUAarHOCTUKY
3a00JIeBaHUN 3PUTENILHOTO MYTH pa3Nu4HOro rene3a.dPI’ oTpaxkaer 3JIeKTPUYECKYIO aKTUBHOCTD
OOJNBIIMHCTBA KJIETOYHBIX JJIEMEHTOB CETYaTKH M 3aBUCUT OT KOJMYECTBA 3I0POBBIX
(boTopenenTopoB U HEMPOHOB.

Kaxnpiii crmoil KIeTOK HMMeeT CBOE OToOpakeHHE Ha dJeKTpopeThuHorpamme. JlaBas
OnpeleaEHHbIE CTUMYJIbI, HA KOTOPBIE OTBEYAIOT TE€ WJIM UHBIE KJIETOYHBIE JIEMEHTBI, Mbl MOKEM
CYIUTh O TOM, KaKue KJIETKU M KaK (PyHKIIMOHUPYIOT y YEIOBEKA.

Ha osicTpeie 10 0,1 ¢ spkue Bembimku cBeta DPI™ rmaza demoBeka COMEpKUT HETATHBHYIO
BOJIHY a, OTPAXKAOIIYI0 QYHKIHIO (POTOPEENTOPHOTO MOTEHIINAA.

Ha nucxopsueii yacTi a-BOJHBI MOYKHO BUJIETh 2 BOJHOYKH OYE€Hb MAJICHbKOW JJATEHTHOCTH:
panHue peuentopHele noteHuuansl (PPII), orpaxkaromue MK OMOXMMHYECKHX MpPEBpALICHUM
POJOIICHHA.

3areM uAET MO3UTHBHAs b-BOJIHA, OTpakarolas 3JEKTPUUECKYI0 aKTUBHOCTbh OMMOJSPOB U
MIOJJIEPOBCKUX KIIETOK C BO3MOYKHBIM BKJIaJJOM TOPU30HTAIbHBIX M AMAaKPUHOBBIX KJIETOK.

Ha Bocxopsiieii 9acTu b-BOJHBI PETHCTPUPYIOTCS OBICTPBIE 5-7 BOJIHOUYEK — OCIHIIATOPHEIC
notennuansl (OI), caurarot, 4To 3TO BKIaJA aMaKPUHOBBIX KIIETOK.

MexmyHapoaHOe 00IIeCTBO KIMHIHUSCKHX AtekTpodusnonoros 3peHus (ISCEV) onpenenmino
CTaHJAPT MEKTPODUZNOIOTHIECKOr0 UCCIIeI0BaHMS, TO3BOJISIOLIHNIA c/IeNlaTh KOMILIEKCHYIO OIICHKY
COCTOSIHUS CETYATKU:

e MakcHuMalbHBII OTBET B TEMHO-aJalITUPOBAHHOM TJIa3y;

e [Jano4ykoBBIN OTBET B TEMHO-aJAIITUPOBAHHOM IJIa3y;

e IIpocToii K0JI00UYKOBBIN OTBET;

e  OcuuuATOpHbIE OMOMOTEHIIUAIBI;

o  Daukep-oTBET, BO3HUKAET NpPHU OBICTPO MOBTOPSIOLIEMCS CTUMYyJe (MeJbKaromas WK
putmuueckas OPI).

Taroke cyliecTBYIOT JOMONHUTEIbHbIE MeTo bl K «Crangaptam» (ISCEV):
— TIlartepn-OPI, koropas naetr uHboOpMalMIO O KIETKaX BHYTPEHHUX CIIOEB CETYATKU
(raHIJIMO3HBIE KJIETKN) U MaKyJIbl;
— JloxanbHas OPI;
—  Mynbsrudokansuas IPT;
— OPI Ha nauTENbHBIA CTUMYJT;

Meton wmynbtudokanpHoit IOPIT (MDOPI') mo3BoisieT CTPOWTh TPEXMEPHYIO KapTy

CBETOUYBCTBHUTEIBHOCTH IEHTPAILHON (CaMOil BayKHOW B (PYHKLIMOHAJIHHOM OTHOIICHWH) 00JacTh
CETYaTKH U BBIABIATH HEOOJIbIIME 10 IUIOIIAN OYark MOPakeHUs B 3TOH 001acTH.
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2.2.4. JaexTpookyJorpadus

DJIeKTPOoOoKYydorpadus - UCCIIEOBAHNE, COCTOAIIEE B PETUCTPALIUU U3MEHEHUH IIOCTOSSHHOTO
POTOBUYHO-PETUHAIBHOTO MOTEHIIMANIA T7Ia3a TIPU €T0 IBIKEHUSIX B TY WK UHYIO CTOpoHY. [Ipudem
«QIEKTPUYECKAs OCb», COSAMHSIIONIAs MEePEeIHUN MOII0C IIa3Horo f0jo0ka («+») ¢ 3aIHUM («-»),
MPAKTUYECKH COBIMATAET CO 3pUTENbHON nuHuel. [loTeHuan sIeKTpruuecKoro mojas HauOOIbIINUN
BOKPYT YIOMSIHYTOW OCH JAMIOJS U MaJaeT 110 Mepe YBEJIUYEHHs pacCTOSIHUSI OT €ro MOJI0COB. DTO
03HA4YaeT, YTO KOTI/la TJ1a3 HaXOAUTCS B COCTOSTHUM TTOKOSI, BOKPYT TJIa3HUIIBI CO3/1a€TCS TTOCTOSTHHBIN
ANEKTPONOIOKUTENbHBIN noTeHuuan. [Ipu moBopore ke riia3HOro si0JI0Ka BO3HHMKAET Pa3HOCTb
MOTEHIINAJIOB, KOTOPAasi OTPAXKaeT YroJl U HalpaBleHUE OTKIOHEHUS 3pUTEIbHON ocu. IMeHHO oHa
MOCJIe YCHUJICHUSI M PETUCTPUPYETCS C IMOMOILBI0 3JeKTposHuedanorpada. YcTaHOBIEHO, YTO
ammumtyaa DOl 3aBUCUT OT BeJIMYMHBI CMEIICHHS TIJla3a, a eClIM OHa OJWHAKOBA, TO OT
(YHKIIMOHAJIBHOTO COCTOSIHMSI ceTyaTKd. lccienoBaHue NPOU3BOAST CHayalda B YCJIOBHAX
TEMHOBOH, a 3aTeM - CBETOBOU afanTanud. [Ipu 3TOM marueHT J0IKeH MONEePEeMEHHO (PUKCUPOBAThH
JIB€ CBETAILMECS TOUKH, y/IaJeHHbIE JIPYT OT Apyra Ha ONpeAesIEHHOE YHUCIIO YIJIOBBIX rpaaycos. B
UTOTe TIOMy4aroT rpadudeckyro 3anuch J0I.

Onpeneneno, uto DOl 3aBUCUT OT COXPAHHOCTH MUTMEHTHOTO MUTENUS ceTdyaTku. [loaTomy
€e M3MEHEHMsI MPOSBIISIOT ceOs pH 3a00JIEBAHUAX, JTOKATU3YIONINXCS B XOPUOKAMTMIUIIPHOM CJIOE
ceTyaTku, MemOpaHe bpyxa u coOCTBEHHO MUTMEHTHOM €€ SMUTEITHH.

3putenbHO BbI3BaHHbIE MOTeHUUaNbl (3BII) sBnsitoTCS OTBETHOM peakuuei 3pUTENbHBIX
IIEHTPOB KOPBI 3aThIIOYHON oOmactu Mosra (mois 17, 18 m 19 mo Bpoamany) Ha cBeToBOE
pasapaxkeHue ceTdaTtku. VX perucTpupyroT B BHIE AJIEKTPOIHIE(ATOrpaMMbl, KOTOpas B JaHHOM
cllydae CIYXHUT I[OKazaTreaeM (PyHKIMOHAIBHOTO COCTOSIHMS KaXKIOro OTJela 3pUTEIBHOTO
aHasin3zatopa. IloaTromy B TOIMYECKOW AMATHOCTUKE Pa3BUBAIOILErOCs MATOJOTMYECKOIO Ipolecca
3BII urparot BaxXHYO POJib.

CTHUMYJIOM MOKET OBITh BCIIBIIIIKA WIIA CTPYKTYUPOBAHHBIN MATTEPH-CTUMYIT (TIPEABSBIIICTCS
"maxmatHoe moiie" - uepeayroiuecs Y€pHbie U Oelble KIETOUKH pa3HOW BEJIMYHHBI), B 3aBUCUMOCTH
OT 3aJ1a4 MCCJIE0BAHUS U OCTPOTHI 3pEHUS MallUEHTA.

2.2.5. PerncTpanusi akTHBHOCTH HeHPOHOB

[onaBnsromee OONBIMIMHCTBO HEMPODYU3MOIOTHUECKUX HCCIETOBAHUN OHMO3JIEKTPHUUECKOM
aKTUBHOCTH HEMpPOHOB OCHOBaHbl HAa HM3MEPEHMSIX BHEKJIETOUHOTO HAMpsDKEHUS (T.€. Pa3sHUIIbI
MOTEHIIMAJIOB MEXIy JABYMS TOYKaMM OHOJOTMYecKOW cpeibl). buosnexkrpuyeckas aKTHUBHOCTb
TOJIOBHOTO MO3ra SIBJIAETCS MEPEMEHHON BEIWYMHOW, M3MEHSEMOM NOJ JEWCTBHEM Ppa3IMYHBIX
BHEITHUX W BHYTPEHHUX pa3lpakuTeneil, Takux KaK KoJieOaHWs YPOBHS BHHMAHHS,
SMOIIMOHAIBHOTO COCTOSIHHSI, @ Takke OCOOeHHOCTeH MeTaboyn3Ma. DTH MU3MEHEHHs MO3BOJISIIOT
XapaKTepu3oBaTh ajanTtanroHubie Bo3moxHocT LIHC 1 MogenupoBath ee HOBEJCHHUE B PA3IMYHBIX
CUTYaLUsX.

BuosnexTpruyeckass akTUBHOCTh HEWPOHOB HAONIOJAeTCs BO BCEH IEHTPaJbHOM HEpBHOU
CHUCTEME Ha BCEX YPOBHSIX OpraHH3alMH. YCIOBHO BBLICNSAIOT TPU YPOBHS: MHKPOYPOBEHB
(aKTUBHOCTH OTAEJIBHOTO HEWPOHA), ME30ypOBEHb (AKTUBHOCTH JIOKAJIBHOM TPyl HEHPOHOB) U
MaKpOYpOBEHb (aKTUBHOCTH Pa3HbIX 00JacTeil MO3ra).

ITo ypoBHSAAIM opraHu3anMu MO3roBoii aKTHBHOCTH U CIIOCO0AM ee PerucTpauuM BbIIEJSIOT:
I. MUKpPOYpOBEHb

Patch clamp meTon — mo3BosieT perucTprupoBaTh OMOMOTEHIIMANIBI H30JIMPOBAHHBIX HEHPOHOB;
SUR (anrm. singleunit activity recording — 3anuch aKTHBHOCTh OJJTMHOYHOT'O HEMpPOHA) — HA YPOBHE
OTAENBHBIX HEHPOHOB; [IpuMepoM aKTUBHOCTH OJMHOYHOTO HEHPOHA SBIISIOTCS BCIIBIIIKH (QHTJI.
bursts) — MHOECTBEHHBIE TIOC/ICIOBATEIIbHBIC TOTECHIIUAIIBI.

II. Me3oypoBeHb

MUR ( aura. multiunitactivityrecording) — My IbTHIOHUTHAsIaK THBHOCTb,

LFP (anr. local field potential) — jiokanbHBIN TOIEBOM MTOTEHIINA;

DKol
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20r

MOI

II1. MakpoypoBeHb

LFP (anrn. local field potential — mokanbHBIN MOIEBOW NOTEHIIMAN);
OKolI'

30r

MOI'

K OCHOBHBIM METOJaM pErucTpanuyd OHUOIICKTPUYECKOH aAKTUBHOCTH HEHPOHOB TOJIOBHOTO
MO3ra Ha Pa3HBIX YPOBHSIX OPraHU3AIUHA OTHOCITCS IEKTPO(OU3HUOIOTHISCKIE METOIBI, K TIPUMEPY,
MHUKPO3JIEKTPOJHBIE METOIUKHU, dJIekTpodHiedanorpaputo (33I7), maraurosnuedanorpaduro
(MD3I).

Ha me3oypoBHe, T/1€ MOKHO aHAJIM3UPOBATH JIOKAIBHBIC MOMYJISAIMA HEHPOHOB, MOMYJISPHBIM
METOJIOM SIBIISIETCS GHEKIEeMOYHAS 3ANUCb C UCHOIb308AHUEM MEMANLIUYECKUX 21eKmpooos.
DJEeKTpO/l, MOMEIICHHBIN B CPE3 MO3Ta in Vitro WM UMIUIAHTHPYETCS B MO3T in VIVO PEerHCTPHPYET
ANEKTPUYECKUE CUTHAJBI, MPOU3BOAMMBIE OKPYKAIOIIUMU KIeTKaMu. Takum o0pa3oM MOXKHO
HaOII0JaTh HIUPOKHI CIEKTP HEMPOHHOW AKTHBHOCTH, OT CITAMKOBOW AKTHBHOCTH OTEIBHBIX
HEHPOHOB (aKTUBHOCTH OJIMHOYHOTO HelpoHa (SUA) B BUIe BHEKJIETOYHOTO MOTEHIIMATA IEHCTBUS
(EAP); momoca mpomyckanusi: 300-3000 I'm) mo Oosee MeMIEHHBIX  KoJieOaHUN HEOOBIITNX
HEHPOHHBIX MOMYJIANUNA (MYJIbTHIOHUTHAS aKTUBHOCTh UM MUA; MOTEHIMABI TOKAIBHOTO MOJIs
unmu LFP; monoca npomyckanusi: 1- 300 I'x).

Cra"papTHOE KOJIMYECTBEHHOE MCCIIEIOBAHUE BBINOJHACTCS IYyTEM pacueTa CHEKTPajJIbHOTO
pacrpeiesieHus] MOIITHOCTH JIJTUTEIBHBIX 3aMUCEH, TO €CTh OTHOCUTEIBHBIX aMIUIUTY Pa3IuYHBIX
4acTOT, COCTABJISIOUIMX CUTHAI. B 11€JI0M MOJyYeHHbIE CUTHAJIbl UMEIOT HIMPOKOE CHEKTPaIbHOE
coJiepKaHue, 3/1eCb MOXKHO OOHApY)XHTh PUTMHYECKYI0 aKTHBHOCTH, KOTOpas T€HEPUPYIOTCS Ha
OMpEeJIETICHHBIX YaCTOTaX, U COCYIIECTBYIONIYIO C HEM IIyMOBYIO (HEPETyJIApHYIO) aKTUBHOCTh. OHU
MOTYT HaOJII0/1aThCsI B pa3HBIX MaciITadax: OT aKTUBHOCTH OJTHOTO HEMPOHA JI0 CKOOPAUHUPOBAHHOM
JeSITENbHOCTH KPYTHBIX HEUPOHHBIX aHCaMOIIEeH.

MeTtoabl perucTpauy HEHPOHHOM aKTUBHOCTH

MI/IKpOBJ'IeKTpQZIHBIe MCTOAWKHN B OCHOBHOM IPUMCHAIOTCA AJIA UCCIICA0BAHUA aKTUBHOCTHU
HeﬁpOHOB Ha MUKPO- U MC30- YPOBHAX OpraHru3alvi MO3ra U MOKET IMPOBOJUTCA KaK BHYTPU-, TaK
U BHEKJIETOYHO.

BHyTpukieTouHasi aKTHBHOCTb OTJIEJIbHBIX HEHPOHOB (PUKCHPYETCs, KOTJa MOBEPXHOCTHAs
MeMOpaHa KJIETKH OKa3bIBA€TCs MEXAY PErMCTPUPYIOLUIMM (PACMOIOKEHHBIM BHYTPU KICTKH) U
OTHOCHUTCIIBHBIM 3JICKTPOAOM (BHC KJIGTKI/I), 4YTO NPUBOJUT K OTBCIACHHIO MMOCTOSTHHOM Pa3sHOCTH
ITOTEHIINAJIOB B HECKOJIBKO JECATKOB MUJIJIUBOJIBT.

[Ipy BHEKJIETOYHOM OTBEJIEHHUHM PETUCTPUPYIOMIMH JIIEKTPOA (PUKCHpPYeT HM3MEHEHHUs
MOTEHIMajla C BHEIIHEH CTOPOHBI KIETKH M0 OTHOIIEHUI0 K HHIU(P(EPEeHTHOMY 3IEKTPOLY,
pacnojioO’)KEHHOMY Ha yJAaleHUW (Hamp., Ha TOBEPXHOCTH TKAaHMW); TAKOW 3JIEKTPOA MOKHO
paccMaTpuBaTh KaK HMEIOIINI IIOCTOSIHHBIN HYJIEBOW IMOTCHIIAAI.

BHeknerouHass akTHBHOCTD

Br3BaHHBII BO30Y KA TOCTCHHANITUYECKHUH moTeHnuan nois (anri. evoked field excitatory-
postsynaptic potentials, fEPSP);

AKTHUBHOCTB 0fuHOYHOTO HepoHa (SUA) cratikoBas/I1/1;

MynbTHIOHUTHASI aKTHBHOCTB-CITIAKOBAS;

He cnaiikoBsiii, aenonspusyromuii norenuan (391).
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Patch clamp memoo

910 1a0OPAaTOPHBII METOJT B AIEKTPOPU3NOIOTHUH, UCIIOJIb3YEMBIH 1JI U3yUEHUS! HOHHBIX TOKOB
B OT/IEJIbHBIX N30JIMPOBAHHBIX JKUBBIX KJIETKaX, Cpe3ax TKaHEe MM HEOObIINX YYacTKaX KIeTOUYHON
MeMOpaHbl HEHPOHOB. DTOT METOJ OCOOCHHO TMOJIE3E€H MPU H3YYCHUH BO30YIUMBIX KJIETOK, UTO
MIPOU3BOJIUTCS TOCPEICTBOM CIEIMATIBHOM CTEKISIHHOM MuneTku (patch-nmuneTku), HaOMHUHAIOLIEH
MHUKpO3JIEKTPOJ,, HO HMeroleil comporuienre oT 2 go 10 MOwm B 3aBucMMOCTH OT THUIIA
UCCIIEyEMBIX KJIETOK.

3anuch ToKa mpu nomoinu patch clamp mokassiBaeT mepexoabl MEXAy IBYMs COCTOSTHUSIMU
MIPOBOJIUMOCTH OJHOTO MOHHOTO KaHajla: 3aKPbIThIM (BBEPXY) M OTKPHITHIM (BHHU3Y)

3anuch B3JEKTPUYECKON aKTUBHOCTH OAMHOYHBIX HEWpoHOB (aHri. singleunit recording)

IIPOBOAMTCS TPU NOMOILIM MHUKPO3JIEKTpoAoB. Korga HEMpoOH reHepupyeT MOTEHIMal IEHCTBUS,
CUTHAJI pacHpOCTPaHSAETCS BHU3 110 HEMPOHY KaK TOK, KOTOPHIN TE€YET B KJIETKY U BBIXOJUT U3 HEe
yepe3 MOTeHINAI3aBUCUMbIE HOHHBIE KaHAIbl MeMOpaHbl. MUKPO3JIEKTPO] UMILIAHTUPYETCS B MO3T,
I71e OH MOXXET PETUCTPUPOBATH CKOPOCTh W3MEHEHMS HAIPSKEHHS] OTHOCUTEIBHO BPEMEHHU. DTH
MHUKPORJIEKTPOAB! JOKHBI OBITh C TOHKUMH HAKOHEYHUKAMHU M SIBIATHCS HU3KOMMIICIAHCHBIMU
MIPOBOJAHUKAMU; B OCHOBHOM 3TO CTEKJITHHbIE MUKPOIIUIIETKH, METAITTNYECKIE MUKPOSJIEKTPOIbI U3
IUTAaTUHBI, BONb(pama, UPUAMS WIM JaXKe OKCHIA HPUAHA. MMUKpPOIJIEKTPOIbl OCTOPOKHO
pasmernarorcs OJIM3K0 K KJIETOYHOM MeMOpaHe, 4To MO3BOJISIET IPOBOIUTH 3aIIUCh BHEKJIETOYHO.

3anucu ¢ OJUHOYHBIX HEHPOHOB IIUPOKO UCIIOJIb3YIOTCS B KOTHUTUBUCTUKE, II€ OHU ITO3BOJISIFOT
aHAJIM3UPOBaTh KOTHUTHBHBIE CIOCOOHOCTH 4YeJIOBEKa M IMPOBOJIUTH KapTorpadupoBaHHE KOPHI.
3areM 3Ta HH(pOpPMAIHMSI MOXKET OBITh MPUMEHEHAa K TEXHOJOTMAM HHTEpdeiica MO3r-KOMIBIOTED
(BCI) nns ynpaBiieHUst BHEIIIHUMH YCTPOWCTBaMHU.

MURmemoo

Tak Kak perucrpanys aKTHBHOCTH OTHEJIBHBIX HEHPOHOB HE BCErla BO3MOXHA, B KauyeCTBE
3aMEHbI BBICTYTIAET 3aMUCh «MYJIbTUIOHUTHON akTHBHOCTH» (MUR). MUR no3BosisieT oTcnexuBarhb
aKTUBHOCTb OOJIBIIOTO KOJUYECTBA HEHPOHOB, OAHAKO MPH 3TOM JIOCTATOYHO CIIOKHO OTIMYUTH
KOHKPETHBIE HEHPOHAJIBHBIE NOATHIIBI, 3HAHHE KOTOPBIX YAaCTO MMEET pEUIarollee 3HAYCHUE IS
MIOHUMAaHHMs 3MEKTPO(YU3HOIOTUIECKHUX TTPOLIECCOB.

Ecnu B34Th 371€KkTpos ¢ Oojblel pabodell MOBEPXHOCTHbIO, TO OH CMOMKET PErHCTPUPOBATH
aKTUBHOCTb, TE€HEPUPYEMYIO HECKOJIBKMMHU HEWpPOHaMH. OTOT THUIl 3allMCH  Ha3bIBalOT
«MYJBTUIOHUTHOW 3alUCBIO», €€ 4YacTO HCIOJB3YIOT Ha 310POBBIX JKMBOTHBIX, IS 3alHCH
M3MEHEHHH aKTUBHOCTH B JUCKPETHOM 00JaCTH MO3ra B CIIOKOWHOM COCTOSIHUM. 3aIIHCH C OJHOTO
WIM HECKOJIBKMX TaKHUX JJIEKTPOJIOB, PACIIOJIOKEHHBIX HAa OJM3KOM pacCTOSHUU APYT OT Apyra,
MOXHO HCIIOJIB30BaTh Ul ONPENEICHUS KOJIMYECTBA KIIETOK BOKPYI HEro, a TaKKe TOr0, KaKoW
cHailk UCXOJAT U3 KaKOM KJIETKH. DTOT MPOLECC Ha3bIBAETCS COPTUPOBKOM CIIAaKOB U MOAXOUT JIJIst
ONpPENEICHUsI AaKTUBHOCTU KOHKPETHBIX IIONYJIALIMM HEHPOHOB C YETKO OIPEACIICHHBIMU
XapaKTePUCTUKAMU CITANKOB.

LFP memoo

[Torenmmansl sokaneHoro moiyis (LFP) mpencraBnsroT coOoil BpeMEHHBICE PHTMHUYECKHE
CUTHAJIbI, FEHEPUPYEMBIE B HEPBHOW TKAHU IIOCPEICTBOM CYMMAPHON U CUHXPOHHOM 3JIEKTPUYECKOU
AKTUBHOCTH OTAEJBHBIX HEHPOHOB. LFP — 3T0 «BHEKJIETOUHBIE» CUTHAJBI, O3HAYAIOIIUE, YTO OHU
TEHEPUPYIOTCS BPEMEHHBIM IUCOATaHCOM KOHILIEHTpAallMM MOHOB B IIPOCTPAHCTBaX BHE KIIETOK, B
pe3ynbTare dJIEKTPUYECKON aKTUBHOCTH KJIETOK, IIPY OJHOBPEMEHHON aKTUBALIUM MHOTUX HEHPOHOB
IIOCPEICTBOM CHHANTUYECKOM mepenaur. LFP gBIAOTCS <JIOKAIBHBIMH», IOTOMY 4YTO OHH
PETUCTPUPYIOTCSL  AJEKTPOJOM, PACIONIOKEHHBIM pAIOM C BO30YXKAEHHbIMH HelpoHamu. B
pe3ynbTare 3aKoHa OOpaTHBIX KBaJpaTOB TAaKHE 3JIEKTPOABI MOT'YT PETUCTPUPOBATH NMOTEHLUAIBI
TOJIBKO B IPOCTPAHCTBEHHO OIPaHUYEHHOM panuyce. OHM ABIAIOTCA «IOTEHLMAIAMU», IOTOMY YTO
TE€HEPUPYIOTCs HANPS)KEHUEM, BOZHUKAIOIIMM B PE3yJbTaTe pa3/iesICHHs 3apsAia BO BHEKJIETOYHOM
npoctpadcTBe. OHM «I10JIE€BBIE», TOTOMY YTO 3TU BHEKJIETOYHBIE Pa3[EeIeHUs 3apsia IO CYLIECTBY
CO3MAI0T JIOKaJIbHOE 3jekTpuueckoe rmose. LFP  00BIYHO pErucTpupyroT ¢ MOMOIIBIO
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BBICOKOHMMITEZIJAHCHOTO MHKPOAJIEKTPO/Ia, Pa3MEUICHHOIO B CEepeuHe MOMyJsauuu KieTok. OHu
MOTYT OBITh 3alUCaHbl, HAaNpUMEp, C IOMOINBI0 MHKPODJIEKTPOJAa, IOMEIEHHOTO B MO3T
aHECTEe3UPOBAHHOTO KUBOTHOT'O, HJIM B TOHKHI Cpe3 MO3ra in Vitro.

MHUKpPO3JIEKTPOIHBIE 3aMIMCH MOTYT aHAJIM3UPOBATH CUTHAJIBI 10 HU3KOYACTOTHON aKTUBHOCTH
(<250 I'm), Ha3BIBaEMOM «IOTEHITHAIOM JIoKanbHOTO oJis» (LFP), 1 Gosiee BBICOKOYaCTOTHOM
akTuBHOCTH (> 250 I'1y), Ha3bpIBaeMOM «MyJIBTUIOHUTHON akTUBHOCTBHIO» (MUA). Cunraercs, 4to
LFP npencraBisieT «CyMMHPOBAHHbBIEY» CUHXPOHHbBIE BO30YXIAI0IINE U MHTUOUPYIOIIHE
MOCTCUHANTUYECKHE COOBITHSA, B TO BpeMsi kak MUA, Kak 1OJaraioT, sIBISETCS pe3yIbTaToOM
BO30YKIEHUS HECKOJIBKUX HEMPOHANBHBIX MOATHIOB. 10

Inekmpokopmukozpagpusn

OnextpokopTtukorpadus (anri. electrocorticography, ECoG, 3Kol') cranoButcs Bce Oomee
MOITYJIIPHBIM METOAOM IS M3yUEHHS Pa3IMUHBIX KOPKOBBIX SIBJICHUN B KITMHHYECKUX yCIOBUSIX. OH
UCIIOJIb3YET CyOIypasibHble MIATHHO-UPUIUEBBIC HIIM HEPIKABEIOIINE DIIEKTPOIBI ATl PETUCTPALU
AJIEKTPUUYECKON aKTUBHOCTH HEMOCPEICTBEHHO C MOBEPXHOCTH KOPHI TOJIOBHOT'O MO3Ta, MUHYS TEM
CaMbIM HCKaXXAIOIMI CUTHAJ 4Yepen U MPOMEXYTOUHYIO TKaHb. [IpocTpaHCTBEHHOE pa3perieHue
3aperucCTPUPOBAHHOTO 3JIEKTPUUECKOrO IOJISI MOKET OBITh CYIIECTBEHHO YJIy4lleHo (<5 mMMm?) ¢
MOMOIIBI0 THOKHX, OJIM3KO PACHOJOXKEHHBIX CYOIypalbHBIX pEeLIeTYaThbIX WM JIEHTOYHBIX
AJEKTPO/IOB.

Inexmpoinyeghanozpagusn
Onektposunedanorpadpus (3I17) sABIgeTCS OMHUM W3 CTapeUIIUX W HauOojee HIMPOKO
HCIIOJIb3yEMBIX METOJIOB HCCIIEI0BAHUS AJIEKTPUYECKOU AKTUBHOCTH MO3ra.
DnekTposHiedanorpaMma 3arnucaHHas ¢ KOXKHU TOJIOBbI, OJTHUM 3JIEKTPOAOM, MPECTaBIIeT co00it
MIPOCTPAHCTBEHHO-BPEMEHHYIO CIVIAKEHHYIO BEpCHI0 ToOTeHIMana JjokaibHoro mons (LFP),
MHTETpUpOBaHHYI0 Ha Twiomanu 10 cm? mwnu Gonee. B GonbIIMHCTBE CllydaeB OH HUMEET Majo
3aMETHYIO CBS3b CO CIIAaHKOBOM AKTUBHOCTBIO OTAEIbHBIX HEHPOHOB, U 3TO B 3HAYUTEJILHON CTENEHU
CBS3aHO C MCKQXAIOIMIUM U OCHAOJSIONIMM JEHCTBHEM MSTKMX M TBEPABbIX TKAHEH Mexay
HMCTOYHMKOM TOKa M 3alUChIBaIOIIMM 3JiekTpoaoM. HenaBHo mnpezactaBieHHble 3amucu 91 ¢
«BBICOKOW IVIOTHOCTBIO» B COYETAHUU C MOJECIMPOBAHUEM HCTOYHHMKA, KOTOPOE MOXKET YUYHUTHIBATH
V3BWIMHBI W OOpo3nbl (Kak d3TO clieAyeT u3 cTpykTypHou MPT-Bu3yanuzanuu) cyObekTa,

CYIIECTBEHHO YIYUYLIWIN IPOCTPAHCTBEHHOE pa3pemnienue 1.

Maznumosnuyeganozpagusn

B wmarnutosHnedanorpagpuun  (MOI) uCHONB3YIOTCS  CBEPXIPOBOJSILIME KBAaHTOBBIC
untepdepenmonnsie ycrpoictBa (SQUID) nns m3aMepeHHs: KpOIIEYHBIX MATHUTHBIX IOJIEH BHE
yepena (00pryHO B 1uanazone 10-1000 {fT) ot Tokos, renepupyemMbix HelipoHamu. [Tockonasky MOIT
HEHMHBA3MBEH U UMEET OTHOCUTEIILHO BBICOKOE NMPOCTPAaHCTBEHHO-BPEMEHHOE pa3penieHue (~1 Mc u
2—-3 MM), OH cTaJj IOIYJIIPHBIM METOJJOM MOHUTOPUHIa aKTUBHOCTH HEHPOHOB B MO3r€ YEJIOBEKA.
IIpeumymectBo MOI' COCTOMT B TOM, YTO MAarHMTHBIE CUIHAJIBI HAMHOTO MEHBUIEC 3aBUCAT OT
MIPOBOJIUMOCTH BHEKJIETOYHOTO MpocTpaHcTBa. CBOMCTBA MacIITaOMpOBaHuUs (TO €CTh OTHOIICHUE
4acToThl K MomHOoCcTH) OO0 m MDOI yacTo TOKa3bpIBaIOT pa3iuydMsi, KakK TpPaBWIO, B
BBICOKOUYACTOTHBIX JHana3oHaX. JTH pa3iuyus MOTYT ObITh YaCTUYHO OOBSCHEHBI €MKOCTHBIMHU
CBOMCTBaMM BHEKJIETOUHOMU cpeibl (HalpuMep, KOKU U MBIIIIL CKaJIbI1a), KOTOPbIE HCKAXAOT CUTHAJI
O0I', HO He ucKkakaroT curdajg MOI'.

2.2.6. MeToasbl ncciaenoBaHusi pyHKIUOHAIBLHOTO COCTOSTHUS Cepana

Cepoeunvtit pumm u IKI'

BaxxapIM marom B muccienoBaHud (GyHKIME cepana Obuto oTKpbITHe DiiTxoBeHOM B 1903 T.
AJIEKTPUYECKON aKTUBHOCTH cepina — dnekTpokapanorpammsel (IKIY). DKI' — kpusas, mosydeHHas
IIPY pErucTpaluy 3JEKTPUUECKUX HaNpsHKEHUM BO3HMKAIOUIMX B MBIIIIE pabOTaroIIEero cepAala.
Perucrpamnus mpousBoauTcs npu momoinu ekTpokapauorpada. s 3amucu OKIT Tokm cepana
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(TOKM JAeiCTBHSI) paclpoCTpaHsSIONIMEecs IO BCEMY Tely, OTBOASTCS OT €ro IOBEPXHOCTH
ANEKTPOIAMHU, KOTOPbIE HAKJIAIbIBAIOTCS HA Pa3IMYHbIE YUaCTKH Tella (IPyAHYIO KIETKY, PYKH, HOTH)
U COCIMHAIOTCS C 3JIeKTpokapauorpagoM. BakneHmmMmu ocCoOEHHOCTSIMH COBEPIICHCTBOBAHMUS
COBPEMEHHOM  3JIEKTpOKapAuorpauyeckod  ammapatypbl — SBIS€TCS  paclUIMpeHHe  ee
(yHKIIMOHATBHBIX BO3MOXKHOCTEH, CYHIECTBEHHOE YMEHBIICHHE pa3MepoB U HUCIOJIb30BaHUE
KOMIIBIOTEPHBIX TE€XHOJIOTHI JUIsi MOHUTOPHUHTA JIEATEIbHOCTU CEPACUHO-COCYIUCTOW CHUCTEMBI U
pacuera ee mapamerpoB. CoBpeMEHHBbIE TEXHUYECKHE MOCTM)KEHHS TO3BOJSIOT KOHCTPYHPOBATH
ammaparsl, criocooHble peructpupoBats DKI' Ha 3HAYUTEITHLHOM PACCTOSHUU OT 00CIEyeMOro npu
MIOMOILY TeJle WK paJuorepeaTyuKa. OTH METO/IbI TO3BOJISIOT CIEANTH 32 JesTeIbHOCThIOCEPALIA
npu podax ¢ GU3NIECKUMH Harpy3KaMmH, B IBIKCHHUH, YCTIOPTCMEHOB, y KOCMOHABTOB U T.J1. Kpome
peructparun OKI' cymecTByer M psii ApYyrUX METOJOB MCCJIEJOBAHUS COCTOSHUS CepAla
PaccCMOTPEHHBIX HUXKE.

bannucmokapouozpaghusn

bamnucTtokapauorpadus — MeTon perucrpauuu 6amumucTHyeckoro 3¢ ¢gexra — nepeMerieHui
Tena 4yenoBeka B mpezaenax 10 — 60 MK, BbI3BaHHBIX paboOTOHl cep/ia U ABMXKEHHEM KpPOBHU 11O
cocynam. Ilpuniun Ganmucrokapauorpadum 3akiIr04aeTcsi B TOM, YTO O4YEHb cila0blenepeMeIieHus
TeJa 4YeJI0BeKa, BbI3BAHHBIE CEPIEUHON JESITebHOCTHIO,3aMChIBAIOTCA MEXaHUUECKUM IIyTeM WU
npeoOpa3yloTcss € TOMOLIbIOIATYMKOB  PA3IUYHOM  KOHCTPYKIMH  (2JEKTPOMAarHUTHBIE,
(OTORNIEKTPUYECKUE, THE303JIEKTPUUECKHE U JP.) B AJIEKTPUUYECKUE UMITYJIbCHLUTO MO3BOJISET UX
perucTpupoBaTh Ha 3jIeKTpokapauorpade, sHuedanorpade u T.11. [Ipr 3TOM 0THOBPEMEHHO MOXKET
ObITh mpou3BeneHa 3anuch OKI, 4YTo 3HAYMTENBHO pAacIIUpPSET BO3MOXKHOCTU TPAKTOBKHU
uconocrasienus bKI' n yBennuuBaeT ee JMarHOCTUUECKYIO LIEHHOCTb.

B 3aBucuMoOCTM OT NpHHIMIA PETHCTPAlMU pa3jIMyaroT JBa Merona perucrtpauuu BKIT —
IpsIMOM M KOCBEHHBIM Metonpl. Ilpm mpsAMoil perucTpaumu JaT4MK —yCTaHABJIMBAETCA
HEMOCPEJCTBEHHO Ha Tesie o0cieayeMoro (HampuMmep, KaTyllka UHIYKTUBHOCTH, bE30aTYUKU U
Jp.) UPEruCTpUpye COOTBETCTBYIOLIME mepeMenieHus. [Ipy KOCBEHHOM METOJE pETrUCTPUPYIOTCS
JBUKEHMS CTOJIa, HA KOTOPOM JIEKUT MCTBITYEMBIMUIN TIIATGOPMBI, HA KOTOPOW OH CTOUT WIIU
CUJIUT.

Junamokapouozpaghusn

Junamokapauorpadust sBISETCS OJHUM W3 METOJIOB HM3YyYCHHMSICOKPATHTEIBbHON (DYHKITUH
Muokapa. C ee oMol OCYLIECTBIAETCIMOMEHTHO-CUIIOBOM aHAJIN3 MEXaHUYECKHUX IIPOLIECCOB,
CONPOBOXKIAIOUINX CEPACYHOE COKpallleHHe. Permcrpupyemble KpHUBBIE SIBISIOTCS OTPaKEHUEM
MepeMeIIeHUN LIEHTpa TSXKECTU TPYJHOM KJIETKU U YJAPHBIXKOMIIOHEHTOB KMHEMATHKH CEpJLIA.
Junamokapauorpad B 0OIIEM ciydae COCTOMT M3 TPEX 4YacTei: BOCIIPUHUMAIOIIETO yCTPONCTBA,
ANEKTPUYECKOTO YCUJIUTENS W PETUCTPUpPYIOUIEH cucTeMbl (ocuuuiorpad HIM KOMIBIOTED).
BocnpunnmaeMoe yCTpOHCTBO OCYIIECTBIISIET PETUCTPAIMIO CUJI, JEUCTBYIOIIUX CO CTOPOHBI
TPYAHON KIETKHM dYenoBeka. OHO MMeeT BHUJ IUIOCKOM KOPOOKHM W COCTOMT M3 JIBYX JKECTKHUX
METAJUTMYECKUX IUTUT, MEXIY KOTOPBIMU PACHOJIOKEHBI YIPYTHe 3JIEMEHTHI (CTaJbHbIE KOJbLIA,
OaJIK¥ WJTU IIAPHUPHI) ¢ HAKJICCHHBIMU HA HUX MIPH MIOMOIIN OPTAaHINYEKON CMOJIBI POBOJIOYHBIMU -
TEH30METPAMH M3 KOHCTaHTaHa. l3MeHeHWe IHMHEMHBIX pPa3MEpPOB YIPYTHX 3JIEMEHTOB MOJ
BIIMSIHUEM CHWJI, JIEUCTBYIOIIMX HAa HUX CO CTOPOHBI IPYJHOM KJIETKH, COBEPIIAIOTCA B 30HE TaK
Ha3bIBa€MBIX 00paTUMBIX (YHpyrux) nedopmanuii. B 3ToM ciyyae u3MeHeHUe IMHEHHBIX pa3MepOB
MPSIMOTIPOTIOPLIMOHAJIBHO JEHCTBYIOIIMM Ha HUX cuwiaM (3akoH ['yka). Otrcroma ciemyer, 4To
BOCIPUHUMAIOIIEE YCTPONCTBO AUHAMOKapauorpada TOUHO ONpeAesieT yCuiue, JeicTBylolee Ha
HETO CO CTOPOHBI IPYJIHON KIIETKH.

Hccnemyemoro pacronaratoT Ha 0aaucToAMHAMOKapAHOrpaUuecKoM CToJIe Jie)ka Ha CIIMHE.
Bocnpunumaroiee ycTpolcTBO MOMEIIAETCS MOJ TpyAHON KieTkod. Harpyska, neicTByromas Ha
BOCIIPUHUMAIOIIIEE YCTPOUCTBO, NEPEOJNYECKH MEHSIOTCS IO BEJIMYHMHE U MECTy NPUIIOKEHUS U
CJIaraeTcs U3 TpeX KOMIIOHEHTOB:

e [locrossHHAs COCTABIISIONIAS — BEC TPYJHOM KIIETKU YEIOBEKA;
® [epeMeHHas COCTaBJISIIONIAsl — MEXaHUYECKUH 3(PPEKT AbIXaTeTbHBIX IBUKEHUM;
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e [epeMEHHAs COCTAaBJISIONIAs — MEXaHUYECKHE MPOIECChI COMPOBOXKIAOIIMECS CEPACUHBIM
COKpAIIIEHHUEM.

Mexanokapouozpaghusn

MexaHokapauorpadus — OJUH U3 Haubosee COBEPIIEHHBIX METOI0B UCCIIEI0BAHUS U OLICHKH
(YHKIMOHAJIBHOTO  COCTOSIHMSI ~ CHUCTeMbl  KpoBooOpamienus. [lomyuwn — HasBaHue — OT
npeanoioxenHoro H.H. CaBunkum  yHHMBepcalbHOrO  (OTOPETHCTPUpYIOIIEro  Hpubdopa
“mexaHokapauorpada”, TMO3BOJSIONIETO H3y4aTh (QHU3HONIOrHYeckre (YHKIUU OpTraHHU3Ma,
XapaKTepU3yIoUIecs U3MEHEHUEM JaBJICHUS KPOBH B Pa3JIMYHbIX y4acTKax Teja.

[Ipn momoum MexaHokapauorpaga MOXXHO OOBEKTHMBHO PErHCTPUPOBATH BCE BEIMYMHBI
apTepUaNbHOrO JaBJICHUS U MPOBOJUTH OJHOBPEMEHHYIO 3allMCh HECKOJIBKHX C(HUIMOTpamM, B
YaCTHOCTH ITyJIbCOBBIX KPUBBIX COHHOM, O€JpeHHON U JTy4eBOil apTepuu.

CoenuHeHne ocuMIOrpapuuecKoro ONnpeieIeHus apTepUatbHOro JaBIE€HUS ¢ perucTpanuen
CKOPOCTH PpAaclpOCTpaHEHHs IyJIbCOBOM BOJIHBI, IMO3BOJSET HCIOJIB30BaTh TaK HAa3bIBAEMBbII
¢usnyeckuil cnoco0 oIpeaesneHusl YAAapHOrO M MHMHYTHOTO OOBbeMa KpPOBH C MOCIETYHOIIUM
pacdyeToM cyMMapHOro nepupepruueckoro COnpoTUBICHHS KPOBOTOKA CO CTOPOHBI MPEKATMIIIPHOTO
pycna. KpuBele apTepuanibHOro  JaBIEHMS M IyjJbCa 3alUCBIBAIOTCS C  IOMOILBIO
I pepeHIaIbHbIX U MTYJbCOBBIX 3€pKaJbHBIX MOMEHTOB, B KOTOPBIX YCHJIEHHE apTepHaJIbHBIX
OCUMJUISIIMIA JIOCTUraeTcss IyTeM INpeoOpa3oBaHUsl HX B YIJIOBbIE CMEILEHHS 3€pKaibla,
OTPAXKAIOIIEr0 CBETOBOM JydY, YTO 3HAYUTEILHO YMEHBINIAET HHEPTHOCTH (110 CPABHEHUIO C
CaMOIHCLIEM) M UCKIIIOUAET MIOMEXH OT TPEHMSI BOSHUKAIOLIME IIPU PErUCTPaliMi Ha CAaMOIIHUCLIE.

Donokapouozpagus
doHokapauorpadusi — MEeToa rpaguuecKoil perucTpanid TOHOB U IIYMOB CepAlla M HX
TuarHocThudeckoi muteprnpertanun. OObMHO (OHOKApAUOTpaMMa 3aIUCHIBACTCS TPH 33JEPIKKE
JIBIXaHUs Ha BeIOXE. B HacTosmee Bpems pa3paboTaHbl IPUOOPHI, KOTOPHIE MO3BOJISIOT T03UPOBATH
CTCIICHb JaBJICHUS HA MI/IKpO(i)OH, 4TO MO3BOJIACT TOYHO UBSMCPUTH aMINUIMTYyly TOHOB U LIIYMOB.

2.2.7. MeToab! uccjie0BaHUsA (PYHKIMOHAJIBHOTO COCTOSTHUS COCY/A0B

Amnzuozpaghusn

KoHTpacTHOE pEHTTeHOIOTHYECKOE UCCIIEI0BAHUE COCYI0B — aHTUOTpadus MPUMEHSETCS AJIs
M3YUYEHHUs COCYAMCTOr0 pyciia MPU Pa3IMYHBIX MATOJOTMYECKUX MpPOLEeccaxX, B YACTHOCTH MpHU
HapyUIeHUH MPOXOJAUMOCTH COCY/I0B, BEI3BAHHOM aTepOCKIEpO30M, TPOMOO30M HIIM apTPUTOM, IS
onpeJieNICHUs] TOUHOM JIOKAJIM3AllMU U PACTIPOCTPAaHEHHOCTH MAaTOJIOTUYECKOro mpolecca. Brenenue
B COCYAMCTOE pPYCJIO KOHTPACTHBIX BEUIECTB, HE MPOHUIAEMBIX [JIs PEHTTEHOBCKUX JIy4ei,
MO3BOJIIET TONYYUTh HM300paKEHUE PA3IMYHBIX OTACIIOB COCYIUCTOM CUCTEMBI U CYIUTh O
(yHKIIMOHATBHBIX W AaHAaTOMHYECKMX HW3MEHEHMSX B IpeJesiax UCCIEeIyeMOro ydacTKa.
KoHTpacTHbie BemiecTBa, NPHUMEHSEMBIC JUIsi aHTHOrpaduu JODKHBI OTBEYATh CIEAYIOIIUM
TpeOOBaAHUSIM:
® IMETh XOPOIIYI0 PEHTIT€HOKOHTPACTHOCTD,
® HE OKa3bIBATh BPEHOTO BIUSHUS HA KIIETOYHBIA U XUMUYECKUN COCTaB KPOBH,
® HE MIOBPEKJIATh COCYJUCTYIO CTEHKY U APYTrHe TKaHU.

Hcnonb3yeMoe B HAcToAIIEe BPeMs KOHTPACTHOE BEUIECTBO COAECPXKHUT 3-X U 4-X aTOMHBIE
OpraHMuYecKue COoeAuHeHHsl Homa (muilogoH, TpuiioaTpact, yrorpadun u ap.). C mOMOIIBO
Pa3IUYHBIX U30TOIOB OIPEAEIAETCS U CKOPOCTh KPOBOTOKA.

Couemozpagus.
Courmorpadus obecrieyrBaeT noaydeHne pazHooOpa3HOi HHPOpMALUHU O (PyHKIIMOHATIEHOM
COCTOSTHMM apTEepPHABHBIX COCYZOB OOJBIIOr0 Kpyra KpoBooOpamieHus. B ee OcCHOBe JexuT
rpaguyeckas ~ perucTpauus — KojdeOaHW!  apTepUaNbHBIX  CTCHOK, BO3HUKAMOIIMX  IIPH
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paciupoCTpaHEHUH IO COCYAaM BOJIHBI TOBBIIICHHS AABJICHUSA. 3alUCh apTEPUAIBHOTO ITyJbCa
MO3BOJIIET PACCUUTHIBATh psl  (U3MOJIOTHMUECKHUX  TIOKa3aTelield, TaKuX KaKk CKOPOCTh
pacnpocTpaHeHus MyJbCOBOM BOJHBI MO COCYJIaM, MOJYJIb OObEMHOM YNPYrOoCTH U 3JIaCTUYECKOE
CONPOTHUBIICHUE apTepUaIbHON cucTeMbl. [leHHble cBeAeHuUs il TMarHOCTUKU Ja€T UCCIIEeI0BAHKE
(hOpMBI IyJIbCOBOI BOJHBI.

Peozpagpua

Peorpaduss — Meronm wuccieoBaHHS KpPOBOOOpAICHHs, OCHOBAaHHBIM Ha TpapuvecKon
perucTpany U3MEHEHUs ANEKTPUUYECKOTO COMPOTUBIICHUS KUBBIX TKAHEH BO BPEMsI MPOXOKICHUS
yepe3 HHUX IJIEKTPUUECKOTO TOKA. YBEIHMUYCHHE KPOBOHAIOJIHEHHS COCYIOB BO BpPEMSI CHCTOJIBI
MPUBOJUT K YMEHBIICHHUIO JIEKTPUUYECKOT0 COMPOTUBIICHUS UCCIEAYEMbIX OTJENIOB Tela (OPraHoB).
Peorpadus oTpaxkacT n3MEHEHHSI KPOBOHATIOIHEHUS UCCIICyeMOi 00acTu Teja (Oprana) B TCUCHUH
CEpJICYHOT0 IIUKJIA W CKOPOCTh ABI)KEHHS KPOBH B cOoCylax. B 3aBUCHMOCTH OT pacHoOJIOKEHUS
AJIEKTPOIOB PA3THYAIOT TPYIHYIO, peorpaduio BEPXHUX U HIKHUX KOHEUHOCTEH. )i perucrpamum
peorpamMm HCIONb3YIOT MPUOOPHI, KOTOPBIE Ha3bIBAIOT peorpadamu.

IInemusmozpagpusn

[Inetusmorpadus — perucrpanus U3MEHEHU 00beMa OpraHa WM 4acTu Tejla, CBSI3aHHBIX C
M3MEHEHHEM KpOBEHAINOJIHEHUsI HUX cocyloB. CyIIecTBYIOIIUME CIOCOOBI OLEHKH H3MEHEHUs
KpOBEHANOJIHEHHs CBA3aHbl WM C NMPSMOM perucTpanueil U3MEHEHMH o0bemMa — MeXaHU4YecKas
wietusmorpadus, WIM € perucTpauueil = uMmmenaHca  JUAJIEKTPUYECKHX  CBOWCTB
(anexTporieTusmMorpadusi), Wik CBETOINPOHUIIAEMOCTH TKaHe! ((oTolrnexkTporuieTuMorpadus).

Mexanunyeckas mierusmorpagus. [IpyHnun Merona OCHOBaH Ha CBOMCTBE JKUIKOCTEU U
ra3oB COXpaHAITh MOCTOSHCTBO 0OBbEMa IPHU MOCTOSHHBIX JABICHUU M Temneparype. OCHOBHBIMU
YacTAMH MEXaHHYECKOro IeTusmorpada SBISAIOTCA: cocyd  (peuentop), B KOTOPOM
repMeTU3NpyeTcs Hccienyemasl 4acThb Tenla; cpefa, mepeiaromas kojgedanus odbema (Bofa WU
BO3/JlyX) U PETUCTPUPYIOLIEE YCTPOHCTBO C COOTBETCTBEHHBIM JAaTUMKOM M CUCTEMOM ycuieHus. B
3aBUCHUMOCTHU OT TPAaHCMHCCHOHHOH CpeJlbl MEXaHWYEeCKUe MIeTU3Morpadsl eIt Ha TpU BUAA —
BOAHBIE, BOJHO-BO3AYLIHBIE W BO3AylIHble. IIpakTHueckas HEC)KUMAEeMOCTb JKUAKOCTH,
Mo3BOJIAIONIAs 0€3 HCKaKeHUs INepefaBaTh KojiebaHUs o0beMa K perucrpatopy obbema WiH
KonebaHus JaBleHHs K ynpyroi MmemOpaHe MaHorpaga — OCHOBHOE JIOCTOMHCTBO BOJHOM
TpaHcmuccud. [Ipubopsl ¢ Takoil TpaHCMUCCHEH HMMEIOT OCHOBHOM HENOCTATOK — JIaBJIEHHUE Ha
COCYJIbl, OKa3bIBAEMOE CTOJIOOM JKMAKOCTH B BEPTHKAJIbHOW MaHOMeTpuuyeckod TpyOke. Jpyroi
HEJOCTAaTOK BOJHO-IIEPEAATOYHBIX CHCTEM — UX HH3Kas YyBCTBUTEIBHOCTb W HMHEPLMOHHOCTS,
00yCIIOBIICHHbIE MAacCOW BOJIBI U €€ BA3KOCThIO. Ilepenayua konebanuii o0beMa B BOJHO-BO3IYIITHBIX
IIeTU3Morpadax OCcyIecTBISIETCS MOCIEA0BAaTENILHO OT MCCIENyeMOro OpraHa K BOZ€, OT BOJbI K
BO3AYXY B TpyOke, coequHeHHOW ¢ MaHorpadom. Hemocratku mimetusmorpadoB ¢ BO3IYIIHON
nepenayeil: ® 60abIoN KOAQPUIHUEHT TEIIOBOIO PACUIMPEHUS I'a30B; ® C)KUMAEMOCTb BO3/yXa; ®
HE00XO0JIMMOCTb B TIIATEILHOM COOJIIOJIEHUH ITOCTOSIHCTBA TEMIIEPATYPHOI'O pEeKUMa B CUCTEME.

JuiekTporietusmorpagusa. [Ipy  UCHONB30BaHMM  TOKOB  YJIBTPABBICOKUX  4aCTOT
MPOSIBIISIIOTCS JUANIEKTPUUYECKHE CBOMCTBA TKaHEW. TKaHb BMECTE C OKPYKAIOIIMM €€ BO3AYyXOM
UTpaeT poJib TUAIEKTPUUECKON MPOCIOUKU MEXIY JEKTpoJaMH, 00pa3ysl KOHAEHCATop, BIUsAS Ha
BEJIMYUHY €ro €MKOCTH CBOEH JMAJIEKTPUYECKOM IOCTOSIHHOM. Permcrpammss W3MeHEeHHH
JIEKTPOIIPOBOJUMOCTH JIEKHMT B OCHOBE MMIIEAAHCHOW mieTtusMorpapuu. Metox umeer
MIPEUMYLIECTBO NEpe]] MEXaHUUECKO! IuleTu3Morpadueil B BUay CBOEH MPOCTOTHI U TIOCTYIHOCTH,
T.K. U3MEpPEeHHE HMIIEJaHCa MOTYT TNPOM3BOJUTHCA Ha JIOOBIX ydYacTKax Tejla M B JIIOOBIX
HaIpaBJICHUSAX B 3aBUCHMOCTH OT B3aHUMHOTO MECTOIOJIOKEHUS JJIEKTPOJAOB U  YacTOTHI
IIPUMEHSIEMOT0 TOKa.

CBeTONpOHUIIAEMOCTh KHUBBIX TKaHEW 3aBUCUT OT MHOTHX (paKTOPOB, OJIHAKO, HA KOPOTKUX
OTpe3Kax BPEMEHM €€ W3MEHEHHs CBA3aHbl B OCHOBHOM C KOJIMUYECTBOM KpOBU M CTEIEHU €€
HACBILLEHUS KUCIOpoAoM. Eciu uckimounTs BiusgHue 2-ro (pakTopa, TO Ipyu NOMOUIH (poTo3aeMeHTa
MO>KHO PErucTpUpOBaTh TOJIBKO HM3MEHEHMS CBETOIIPOHUIAEMOCTH, CBS3aHHBIE C W3MEHEHUSMHU
KpOBEHAMNOJIHEHHs. JTO MOJI0KEHO B OCHOBY MeToAa ()OT03/1eKTPUYECKOH IuieTU3MOrpapuu.
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HccnenoBanueM nepupepuyeckux KPOBEHOCHBIX COCYAOB 3aHUMAETCS KaNWUIAPOCKONMS U
Kamwuisiporpadusi, HW3y4Yalollfe COCTOSIHHE KalWUIIpOB MyTEM MX HEMOCPEACTBEHHOI'O
HaOmogeHus. KanwuisipHyro ceTb MOXHO —HCCIeloBaTh C  I[IOMOLIBIO  OTE€YECTBEHHBIX
kanuuisipockonos tuna M70, mukpockonos tunna MBC-1 u T.4. Bee BblliepaccMOTpEHHBIE METO/IbI
IIPUMEHHUMBI JUIsl UCCIIEJOBAHUS COCY0B OOJIBIIOrO Kpyra KpoBooOpaleHus

2.3. Coepemelmbte Memoonl suszyaiulauuu MO03206011 AKMUBHOCHU

2.3.1. CpaBHHTE/IbHbIE XAPAKTEPUCTUKH IJIeKTPUYECKUX U MATHUTHBIX CUTHAJIOB MO3Ta.
B03MO:KHOCTH ¥ OTpAHUYEHHSI COBPEMEHHBIX METOA0B BU3yaJIU3allil MO3Tr0BOM
NesiTeJILHOCTH

Anrmumiickuil xupypr Puuapa Kaliton B 1875 r. BnepBble okasai, 4TO y )KUBOTHOI'O MOXHO
3apEruCTPUPOBATH IJIEKTPUUYECKYIO AKTHMBHOCTh MO3ra. OH 3aHMMalCsl HM3yYEHHEM BOIIPOCOB
JIOKaJU3aiK (PYHKIUHI 1 3aMETHII, YTO Ha TIOBEPXHOCTH CEHCOPHOU KOPbI KPOJIMKA ITPH BO3/ICHCTBUU
Ha IJ1a3a CBeTa BO3HUKAIOT XapaKTepHbIe AnekTpuyeckue sapienus. [1o npommectsuto 6onee 50-tu net
no00HbpIe HaOIIO/IeHUsT ObUIM BBIMIOJHEHBI HA 4elloBeKe. ABCTpUCKUE mcuxuatp XaHe beprep
(1929 r.) 3apeructpupoBal 3JEKTPUUECKHE MOTSHIIUAIBI C TOBEPXHOCTH Ueperna U MoKasal, YTo 3TH
MOTEHLIMAJIBI AEHCTBUTEIBHO MTPUHAJJIEKAT MO3TY U HE 00YCIIOBIEHBI aKTUBHOCTHIO MBIIIILL [OJIOBBI.
Kpome TOro, oH ycTaHOBWIJ, YTO 3JEKTPUUYECKUE XAPAKTEPUCTHUKU 3TUX CUTHAJIOB 3aBHUCIT OT
coctosiHus ucnbityemMoro. HaunOosnee 3amMeTHbIMU OBUIM CHHXPOHHBIE BOJHBI OTHOCUTEIBHO
oompioi amrmuTy bl (~50 MkB) ¢ wactoroit okoso 10 I'u. beprep Ha3Ban ux “anbda-poaHamMu’ U
IIPOTUBONOCTAaBUI BBICOKOYACTOTHBIM ‘O€Ta-BOJIHAM™ KOTOpBIE MOSIBISIFOTCS, KOTJa 4YEJIOBEK
nepexoauT B Oojiee akTHBHOE coctosinue. CoBpeMeHHUKH beprepa oTHeciuch K €ro cooOIIeHUsIM
CKEeNTHYECKH W ‘“MO3rOBbI€ BOJHBI CTaIM OOIICTIPU3HAHHBIM (PAKTOM TOJBKO IOCIIE TOTO Kak
OnpuaH M Mb>TThIO3 OCYIIECTBUIM HArisiIHYI0 JeMOHCTpauuio 3anucu OOl Ha 3acenaHuu
Amnrnmiickoro ¢gusuonorndeckoro oomecrsa B 1935 r. K anmapaty moacoeuHsIi caMoro JTOKTopa
DnpuaHa, U OH MOKa3all, KaK MpU OTKPHITUU IJ1a3 NOJHUMAETCS BBICOKOAMIUIUTYIHBIM o.-pUTM. B
1936 1. 6110 0OHAPYKEHO, UTO MPH OMyXOJISTX MO3Ta B OKPYKAIOIIEH X TKAaHU OOBIYHO TTOSIBIISTFOTCSI
AHOMAJIbHO MEJJIEHHBIE BOJIHBI, YTO MO3BOJIAET UCIOJIB30BaTh DI 1 yTOYHEHMs JIOKaIu3alui
Takux omnyxosei. BoamoxHocTs peructpuposats D3I y 00ApCTBYIOMIMX JIIO/I€H BCEIUIIO B YYEHBIX
OOJNBIION ONTHMHU3M, Ka3aloCh, OTKPBIBAETCS MyTh K MOHMMAHUIO B3aUMOOTHOLICHHHA MEXIY
“mymoir” u tenoM. PaccMmatpuBas xapaktep 931 MOXKHO CyAUTh O TOM, YTO MPOUCXOAUT B MO3TY
(untaTh MbIcaM). OHAKO Ha MPAKTUKE OKa3aJloCh BCE JOCTATOYHO CIIOKHBIM. B Mo3ry uenoBeka
oospiie 10 MUUIMAPIOB HEPBHBIX KJIETOK, COCIMHCHHBIX B TUIOTHYIO CE€Th B3aUMHBIX CBsI3ei. MBI
110/TOOHBI CJICTIBIM, IIBITAIOIIMMCS TIOHATh, pa00Ty (GaOpHKH, TPUCITYIINBASCh CHAPYXKH K €€ IIyMy. 2
MHOroAUMONBHBINA HKBUBAJICHTHBIN JJIEKTPUUECKUNA T€HEpATOp TOJIOBHOTO Mo3ra W re’es D90
BONbIIMHCTBO MMEIOIMXCST  SKCIIEPUMEHTANIBHBIX JIaHHBIX TOBOPSAT O TOM, 4YTO TE€HE3
anexTpo3Hiedanorpamm(D3317) omnpenensercs B OCHOBHOM JJEKTPUUYECKONW AKTUBHOCTHIO KOPBI
OONBIINX TOJYIIAPHA TOJOBHOTO MO3ra — AKTUBHOCTBIO €€ NHpaMHIAIbHBIX HEUTPOHOB. Y
MUPaMUAATBHBIX HEUTPOHOB BBIICIISIIOT ABA TUIIA JIEKTPUUECKON aKTUBHOCTU. MIMITyJIbCHBIN pas3psig
(ToTeHIMAaIT IEHCTBUS) C JUTUTEIHHOCTRIO OKOJIO 1 Mc 1 GoJiee MeuIeHHOE (TpagyanbHOE) KoJie OaHue
MEMOpPaHHOTO MOTEeHIMala — TOPMO3HbIE W BO30YXKIAIOIIME TMOCTCHHANTUYECKUE IMOTCHIIMAIBI
(IICII). Topmo3snsie IICII nupaMuaHBIX KJIETOK I'€HEPUPYIOTCSI B OCHOBHOM B Telleé HEHTpPOHA, a
Bo3Oyxknatoue [ICII — mpeumymecTtBeHHO B AeHApuTax. ([eHApUT - OOWH WM HECKOJIBKO
BETBAILLMXCSI OTPOCTKOB, IO KOTOPBIM HEPBHBIE MMILYJIbChl NEpEAOTCs K Teyy HelipoHa. OHU U
o0Opa3ytoT cuHarcel). Kpome TOro, Ha Teine HEUTPOHA HUMEETCS OMpPENEICHHOE KOJIUYECTBO
BO30YXKIAIOLINX CHHAIICOB M, B COOTBETCTBHM C 3THUM, TEJO MUPAMUAHBIX HEHTPOHOB (coma)
CIIOCOOHO TEeHepHpOBaTh Tak XK€ M Bo30Oyxkmarouiue noctcuHantudyecckue mnoreHuuansl (I1CID).
Baxxnoe 3HaueHue s BBIACHEHHs MexaHu3Mma reresa OO mMeer Bompoc O TOM, KakoW THUI
ANeKTpuYecKoit aktuBHOCTH (moTeHuuan aevicteus i [ICIT) naet HanGombIIMiA BKIal B TOTEHIIUA
BHEIIIHETO TIOJIA TOJOBHOrO Mo3ra. flcHo, uro s reHe3a DI Hauboniee CyliecTBEHHA Ta
ANEKTpUYECKasi aKTUBHOCTb, IPU KOTOPOW BO3HUKAET JAMIONb C OONBIIUM JAUMOIBHBIM MOMEHTOM.
BenuuuHy 3TOro AUMOIBHOIO MOMEHTA MOKHO OLIEHUTH 10 MPOTSKEHHOCTH BHEKJIETOYHOI'O OIS,
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HaIpuMep IO PacCTOSHHUIO, HA KOTOPOM IMOTEHIMAJ MaJaeT A0 OYEHb MajblX 3HAYCHUN WIH XKE B
OTIpeieNIEHHOE Yncio pa3. [Ipy n3ydyeHnn BHENIHETO 3JIEKTPUYECKOTO MOl MO3Ta PETUCTPUPYIOT U
UHTEPIPETUPYIOT NMEPEMEHHbIM cUrHAI OOI', a IMOCTOSHHYIO COCTaBIAIOLIYI0, KaK IPaBHIIO, HE
MPUHUMAIOT BO BHUMaHKE. DI (pOHOBOI aKTHBHOCTH MO3Ta MPEICTABISAET COOON BECbMa CIIOKHYIO
3aBUCHUMOCTb PAa3HOCTH IIOTEHLMAJIOB OT BPEMEHU U BBIIVIIAT KaK COBOKYIIHOCTb CIIy4aWHBIX
Kose0aHuii pPAa3HOCTH TOTEHHMANOB. J[Isi XapaKTepUCTHUKH TaKUX XaOTHYECKUX KOJIeOaHUH
(“IIyMOB”) HMCIIONIB3YIOT HapaMeTphl, U3BECTHBIE U3 TEOPUH BEPOSTHOCTH: CPEAHIOI0 BEIMYMHY U
CTaH/IapTHOE OTKJIIOHEHUE G OT CPEJIHEN BEIUYUHBI.

B Hacrosmee Bpems B uccnenoBanusax D01 1s1 MOAEINPOBAaHUS AIEKTPOHHON aKTUBHOCTH
KOpPBI TOJIOBHOTO MO3Ta pacCMaTPUBAIOT MOBEIEHNE COBOKYITHOCTH TOKOBBIX AJIEKTPUUECKUX
JATIOJNIEN OTHEIbHBIX HEUTPOHOB.

Ocnoenvte pazoenvt ananuza 331,

[Ipu anamuze D3I wucnonp3yloTcss Haubojiee CIOXKHBIE B BBIUMCIUTEIBHOM OTHOIICHUU
CIICKTPAJIbHO-aHAJIUTUICCKHUEC MCTO/bI. HOBTOMy JJIA OBJIaACHUSA HUMHU TpCGYCTC}I IIOBBIICHHAA
COCPEIOTOUYCHHOCTh, YCHIINE M NMPUBJICYCHNE 3HAHUN U3 IIKOJIbHONW MaTEMaTHKH.

A. CrieKTpaJbHbIH (UACTOTHLII) I'. IlepuoxoMeT pHYeCKHIA

Xaparcanepiucmirit., I W OdoGugennsie ® 4aCcTOTHBIH JHANa30H;
- QMIUTHTY/IH. CIEKTP) Lol CHEKIMINUTLHbIE ® THCTOrPaMMBI:

3 : - QMILTHTY PHTME;
- CIIEKTP MOI{HOCTH; AUTHEE T0KHE HOKASAMEnH - yZ PHTME,

- CIBHT SIIOX; {mo gacToTHBIM [I€PHOZIOB PHTM&,

- KPOCC-CIEKTP;
- dhazoBbIil cIIeKTp;

- KOTEPEHTHOCTD;

- KOTepPEHT. MOLIHOCTh

® IoKazaTesIH:
- ONHCAar. CTAaTHCTHKA,
- cozep:kanue purma %o;
- MOAY JIHPOBAHHOCTh %0}

JHaaz0HaM: )

=HHCJIIO ¥C eZ[HeHHﬁ'
yep 2 Acp, Amax, Fop, Fuax

- YHCJIO CIJIKHR aHHH;

- KOPPEKTHP. OKHAa. Cranuicnutecrie

Xeouria, Xewwurza, POTHIA = HeCTaﬁH.TIbHOCTb Iy
e g 1. KoppeasiiHoHHbIH
B. Ka Kapmomeru: ~ oBpaser;
. KapTupoBaHie SO oo

® yCcpeHeHHe: - QyHKIHS KOpPETBIHHE;

Hoxasamen: Dopmst: - HATHBHBIX KapT; - KpHTHYeCKOoe ZHa4eHHe

* 33T -aMIUTHTY OBL, - 1 kapTa o Kypcopy; - yepenHenHbIx Kapt; K. CIOBeCHOe 3aKJIYeHHe
¢ 30TI'-cHeKTphI; - CepHsI KapT; * CpaBHeHHe: 110 E.A. KupmyHckoii

® 110 qHana30HaM; - MYJIbTHILTHKAIHS

- HATHBHBIX KapT,

- yCpe/HeHHbIX KapT; 2. BCIIOMOTraTebHble

+cTonb. AHarpaMmbr;

 eront v R i il
+cTomn6. qHarpaMmbI - CThloneHTa; ieistr .
- BunkokcoHa;
- Konmoropoea; -
B. Mopdoaornueckasi 7 ONerRE 3. CerMeHTHBIN aHAJIU3

- cerMeHTanus1 231

JOKATH3AITHSA - MeXKKaHabHasi CHHXPOHHOCTh

O8I -HCTOYHHKOB (B rainLoc)

Haubonee 00beMHbBIH, pa3BEeTBICHHBINA U BaXKHbIM MOPA3/IeNl COCTABISAIOT METOAbI YaCTOTHOT'O
WIH CIEKTPAJIBbHOI'O aHAIM3a U CBSA3aHHBIE C HUM IOJAPA3AEibl. DTU METOAbl ObUIM CO3JaHbl IJIs
MCCIICZIOBAaHUS CUTHAJIOB WJIM MPOLECCOB (PU3UUECKOTO M TEXHHUUYECKOrO MPOUCXOKICHUSA U JIUIIb
3HAYUTENbHO [103KE OHM HavaJld MCII0JIb30BaThes B 001acTu anekTpodusmnonorun. Ha nepsom stane
no O3I'-curHamy Moryt OBbITh BBIYMCICHBI  pa3JIMYHbIE YAaCTOTHBIE  XapaKTEPUCTUKU
(npencrapisronyie co00i 3aBUCUMOCTh KOHKPETHOTO CIEKTPAJIBHOTO IOKa3aTelsi OT 4YacTOTHI):
aAMIUTUTYAHBIA CHEKTp, CHEKTP MOIIHOCTH, (PAa30BbIA CHEKTpP, KPOCC-CHEKTpP, KOTEPEHTHOCTD,
KOT€pEeHTHasi MOIIHOCTb W JApyrue. BpluuciieHMe O3TUX XapaKTepUCTHK PEryJIUpYIOT psij
YCTaHOBOYHBIX (3aJaBacMbIX) [apaMETPOB: JUIMHA AIIOXU aHAJIU3a U CIBUT 310X (Bcs 3anuck I0I
MOJKET OBbITh pa30MTa Ha HECKOJIBKO 310X C 33JaHHBIM CIBUIOM OTHOCHUTENIBHO JIPYT ApYra), YMcio
YCPEIHEHUI W CIUIaXHMBAHUN CIIEKTpa, KOPPEKTUPYIOLIHME OKHa (A7 yMeHbLIeHHs >(dexTa
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BBITEKAaHUS MOILHOCTH). [0 Kakaol Takoil 4acTOTHOW XapaKTepUCTUKE MOTYT ObITh BBIYMCIICHBI
00OOIIIEHHBIE CIIEKTPaJbHBIC TIOKA3aTeNd B 3aJaHHBIX JHMara3oHaX 4YacToT (Hampumep, B
CTaHJApTHBIX IMANIa30HAX: 1eJIbTa, TETa, alb(da, 6eTa) U 10 HUM OLICHEHbI CTATUCTUYECKUE Pa3Iudns
CHEKTPOB (MEXIy MapaMy OJHOMMEHHBIX OTBEICHHH IBYX 3alMUCEed WM MEXIy BCEMHU NapaMu
OTBEJCHUIN OJTHOM 3aITHCH).

3areM paznauunble DDl -TIOKa3aTenu Mo BceMy HaOOpy 3aperHCTPUPOBAHHBIX OTBEACHUN MOTYT
BBICTYNAaTh HCXOAHBIM MAaTepUAJIOM MJs TONOrpauyeckoro KapTHUPOBAHUS — HAIJISIHOTO
MPEJCTAaBICHHUS paclpeaeseHUs 3HAUeHUH BBIOPAHHOTO MOKA3aTeliss Ha CKajblle B MHOTOLIBETHOU
mkane. KaprupoBaTtbest MOTYT: aMIuiutTy el D3I U1 3aJaHHOTO MOMEHTa BPEMEHH, CIIEKTpaJIbHbIE
IIOKa3aTeau JUIsl 3aaHHOM 4acToThl, 00001IeHHbIe ciekTpaibHble noka3arenu (OCII) B 3amanHOM
yactoTHOM AuanaszoHe. Kapruposanue OCII MokeT Mpon3BOAUTECS 110 YAaCTOTHBIM JHMAara3oHaM B
paMKax TEKyIIei 3M0XW aHajlu3a WM B BEIOPDAHHOM JIMAIa30HE MO 3MO0XaM, Ha KOTOphIe pa3duTa
O0I'-3anuce. Takoe KapTHUpOBaHHUE MOXKET CONPOBOXKIATHCS CTOJIOMKOBBIMHM JIHAarpaMMaMu
n3MeHeHus DI -moka3aTens 1Mo BCeM OTBEACHUSAM. Bu3yanusanusi KapT MOXET OCYIIECTBISATHCS B
Tpex (opmax: OJHa KapTa, ynpapiisieMas HOJBM)KHBIM BH3UPOM (II€peMelIaeMbIM IO BPEMEHH,
94acToTe, AUaIa3oHy, 10Xe); Cepus KapT (A1 HEKOTOPOTO HHTEPBaJIa BpEMEHH, YaCTOT, IMANa30HOB,
3M0X); AaHUMHUPOBaHHAas cepyst KapT (MYyJIbTUIUIMKALINSA).

Janee, mo0bie KapThl MOTYT OBITH COXPAHEHBI U YCPETHEHBI B KAPTOTEKE. Y CPEIHEHHE MOKET
NpoBOIUTHCA  TUGGEPEHIUPOBAHHO ISl  PA3IMYHBIX  (PU3UOJIOTMYECKUX COCTOSIHUH, Tpo0,
3aboneBaHuil U T. 1. Comep)KUMOE KapTOTEKH MPEJICTABISAECT HHTEPEC ISl CTATHCTUUECKON OLEHKU
MOTIAPHBIX PA3IMUUI MEXTy KapTaMu: MEXy IByMsl HATUBHBIMHU, MEXX/ly HATUBHOM U yCPEAHEHHON
WA MEXIY yCPETHEHHBIMH.

U naxoner, 1000# U3 paCCMOTPEHHBIX MTOKa3aTesIeil MOXKET ObITh UCIIOIB30BAH JUJIsl TPEXMEPHOM
nokanu3anua DD -HCTOYHUKOB B aHATOMHYECKUX CTPYKTYpax rOJIOBHOTO MO3Ta.

Crenyromuit caMOCTOATENIbHBIN MOAPa3Aes COCTaBIsIeT epruogoMeTpuueckuit ananus 900, Xots
ATOT METOJI BO3HHK U ITHUPOKO MPHUMEHSUICS €Ile JI0 BHEIPEHUS METOJIOB CIIEKTPAIBHOTO aHAIIH3a,
OJTHAKO OH IMO3BOJISET OoJiee AeTaNbHO UCCIEeI0BaTh paclpeaeIeHUs aMIUIUTY I U YaCTOT PUTMOB B
3aJJaHHOM YaCTOTHOM JIMala3oHe C TIOCTPOCHWEM THCTOTPaMM, BBIYUCIECHHEM ITOKa3aTesen
OIUCATENbHON CTAaTUCTUKH, MPOILEHTa COJEpKaHUs U MOJYJUPOBAHHOCTH PUTMA, €0 YAaCTOTHOH
HECTaOMIIbHOCTH.

K nmoapasnenaM JONOIHUTENBHOTO U BCTIOMOTATENIBHOTO XapaKTepa MOKHO OTHECTH CJIEYIOIIHE:
® KOpPpEJSILMOHHBIA aHAJM3 C BBIYMCICHHEM aBTO- U KPOCC-KOPPEISALMOHHBIX (QYHKIMH (110
3aJaHHOMY O0Opa3Ily W Ha 3aJaHHOW SIO0XE) CO CTATHCTUYECKOH OIICHKOW 3HAYMMOCTH
KOppEeJSALUi 10 KpUTUYECKOMY 3HAUEHHIO;
® CJIOBECHOE 3aKJIIOUEHHE IO OTKIOHEHHSM OT HOPMBI C MCIIOJIb30BAaHHEM aJrOpUTMa
HOpMomnaTonorudecko kinaccupukanuu E.A. XKupmyHckoii;
e MaTematuueckue npeoOpazoBanust OO — ¢uibTpauus, BBHIYKCICHUE OrHOaroIeH,
CTIIQ)KMBaHUE U JIp.
® CErMEHTHBI aHalu3, CBA3aHHBIH C MapKHPOBAHHWEM YYaCTKOB CTanuoHap-Hoctu O0I,
OLIEHKOM  MEXCErMEHTHOM CHHXPOHHOCTM M  KiaccH(uKauued JTOMHHUPYIOIIUX
TOTOTpaQUIECKUX MATTEPHOB.
PaccMoTpuM nepeuyuncieHHble METO/Ibl MoApoOHee, HaYaB C MaTeMaTHYECKUX aCHEKTOB
YaCTOTHOTO (CHeKTpasibHOT0) aHanu3a IO, kak Hanbosee CI0KHOr0 U MHOTOOOPa3HOTO.

Cnexmpanvnuiii ananuz 393I°

IIpeobpaszosanue  @Pypve. MaTeMaTH4eCKOll ~ OCHOBOIl ~ 4YaCTOTHOrO  aHajuM3a  SIBISETCS
npeobpasoBanre Dypbe, mnpuHUMaroniee pasiuyHble (GOpMBI B 3aBHCHUMOCTH OT BHJA
aHaMU3UpyeMbIX cUrHaioB. OJHaKO OOIIMM SIBISIETCS MPEAINOJIOKEHHE O TOM, YTO HCCIeayeMble
MpOIeCChl  (CHTHAJBI) COCTOST W3 ONPENENIEHHOTO uuciaa (BO3MOXKHO  OECKOHEYHOTO)
CHUHYCOUJANBHBIX W/WIM KOCHHYCOMJAJIBHBIX COCTaBISIOMIMX (TapMOHHUK) IOCIIEI0BATEIbHO
BO3paCTAIOIIEro psija YacToT.

[TpeoOpazoBanue Dypre U OCYLIECTBISIECT pa3JIOKEHHE CHUTHAlla Ha Psiil TapMOHHUYECKUX
cocTaBisifoIMX ©0e3 Kakoi-1ubo moTepu uHGOpManuu (ecad apupMETHUYECKH CII0XKHUTh BCE
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TapMOHUKHU, TO TOJYYMUTCS ONATh MCXOMHBIA curHan). Kaxnas rapMoHMKa onpeaensieTcs Tpems
napaMeTpaMu: aMIUIMTYJ0W, HavyaabHOM (pa3oif M yacTOTOH. 3aBHCHMOCTH aMILIUTYABI U (as3bl
TrapMOHHK OT 4aCTOTBI HA3bIBACTCSI CIIEKTPOM.

B caydyae HenpepbIBHOTO M OECKOHEYHOrO IO JUIMTENBHOCTU CHTHAJIA €ro CIEKTp Takxke Oyner
HENpepbIBHBIM U OECKOHEYHBbIM B 4YacTOTHOM oOnactu. Ha mpakTuke ke Mbl UMEEM Jel0 ¢
OTpaHMYEHHBIMH BO BpPEMEHM CHUTHAJaMH{, AaMIUINTYJbl KOTOPBIX HM3MEPEHBI UEpe3 paBHbIE
IIPOMEXYTKH BpeMeHHu (auckperu3oBaHbl Takramu AlLlII). [lostomy u pe3yabTUpyOLIUil CHIEKTp
I10JIy4aeTCsl TOKE AUCKPETHBIM U OIPaHUYEHHBIM B YaCTOTHOM 00J1aCTH (COCTOSIIIMM U3 OTAEJIBHBIX
CHeKTpalbHbIX JUHUIN). Takoe pasnoxenue gaet MoaudUKaLus MeToa, Ha3blBaeMasi JUCKPETHBIM
npeodpazoBanuemM Dypre.

B OonbmIMHCTBE MCTOYHMKOB MaTeMaTHUYECKHE ACMEKThl YaCTOTHOIO aHaju3a (HOpMYJIHpYIOTCS B
0000IIEHHOM HHTErpalibHOM BHE. Takas ¢opma MpeCcTaBIeHHUsS MaTepHaia KpailHe 3aTpyaHseT
IIOHUMAaHHE €ro CYIIHOCTH, a Py4Hasi IPOBEpKa CIPaBEIIMBOCTH OTACIbHBIX GOPMYI U UX IpsiMast
AITOPUTMHUYECKAs peaau3alys 4acTo HE NPEICTABIIIOTCSA BO3MOKHBIMU. BMecTe ¢ TeM Kaxyuecs
CJIOKHBIMU MaTEMaTHYECKHE BOIIPOCHI MOYKHO M3JI0KUTh HAMHOI'O IIPOLIE, TOCTYIIHEE U HAaIJIsAIHEES
C MCIIOJIb30BaHUEM TPUTOHOMETPUIECKOTO U TPapruecKOro MpeCTaBICHHN.

Kak OpII0 OTMEYEHO BbINIE, AMIUIMTYIHBIA CHEKTp SBISETCS OCHOBHOM HCHOJIB3yeMOH B
uccnegoBanusix IO wacTtotHOM Xxapakrepuctukoud. OmHako BenenactBue mnorpemrHocten JI1D
aMIUTUTYAbI OTAEIbHBIX FTAPMOHHUK MOJIBEPKEHBI BIMSHUIO CIIy4alHBIX (PAKTOPOB KaK B OTHOIIEHUH
UX MOCIEN0BATENBHOTO PAaCIPENEIICHUs 10 YaCTOTaM, TAK U HA MTOCJIEI0BATEIBHBIX JII0XaX aHAJIN3a.
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Tem caMbIM 3TH aMIUIMTYZABI HE MOTYT HMCIOJIb30BAThCSl B KAYECTBE OLICHOYHBIX ITOKa3aTeleH.
Bonee toro, mockoneky DDI He sBiseTCS CyMMOH TapMOHHYECKHX KOJI€OaHWH, a HEHPOHHBIE
CTPYKTYPBbI HE SBJIAIOTCS FApPMOHUYECKMMH OCLMIUIATOPAMM, TO AMIUIUTYIbI OTAEIbHBIX TAPMOHUK
TumeHsl Gpusnonornyeckoro cMeicna. [loaTomy, mo kpaiiHeir Mepe, B OTHOIIEHUH CTAaTHCTUYECKON
ycTOHuMBOCTH O0Jiee NPEANOYTUTENFHO NCII0Ib30BaHUE YCPEJHEHHBIX aMIUTUTYAHBIX M YaCTOTHBIX
OLICHOK.

Ha ocHoBe m1000#1 cHekTpanbHOM XapaKTepUCTUKU MOTYT OBITh BBIYMCICHBI 0OOOIICHHbIE
CIIEKTpaJIbHbIE MOKAa3aTeNlu I BCEX HMHTEPECYIOUIMX MCCIEN0BATENsl YaCTOTHBIX JMAIa30HOB. B
KayecTBe TaKUX Moka3zareiel B D3I -ananm3aTopax 0ObIYHO PUTYPUPYIOT CIETYIOIIHE:

Amax — MakcuMaJbHasi aMIUTUTY/1a CIIEKTPa B YaCTOTHOM JIMAIa30HE;

Fmax — gacTora MakCUMaJbHOM MO aMIUTUTY/I€ TAPMOHUKH;

Acp — cpenHss aMIUIUTY1a CIEKTpa B YaCTOTHOM JIUana3oHe;

Fcp — cpenHeB3BelleHHass 4acTOTa, COOTBETCTBYET LEHTPY TSKECTH (DUTYpBI, OrpaHUYEHHOM
KpHUBOI1 CIIEKTpa B AMANa30HE, BEIYUCISIETCA 10 popMyJIe:

HGZ!OCTaTKI/I. CJ'ICI[yeT OTMCTHUTb, YTO PACCMOTPCHHBIM IIOKa3aTCIAIM, KaK MW HCXOAHBIM

HEHBTYpaJIbHbIM aMIUIUTYJHBIM M YaCTOTHBIM OLIEHKaM OJI’, CBOMCTBEHEH psJ MOTPEIIHOCTEH U
CIlydaiiHBIX (DITFOKTYaIMi, TPUCYIIMX CAMUM YaCTOTHBIM XapaKTepucTuKaM (cM. Bbime). [losTomy
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MPEAMOYTHUTEIPHEE HCIOIb30BaTh HATypalbHBIC OIICHKH IEPHOJOMETPUYECCKOrO aHallu3a WIIH
orubaromieii D01,

Hopmonamonozuueckan knaccugpurkayua 331

Mertoa HOpMOMNATOJIOTHYECKOW Kiaccupukamuu DI CTaBUT CBOEH IENBbIO J1aTh CIIOBECHOE
3aKJII0OYCHHUE 110 OCHOBHBIM XapakTepucTukam DI -akTHBHOCTH. Ero OCHOBBI OBLIM 3aJI0KEHBI B
1965 r. paboramu E.A. XXupmyHCkoi Ha OCHOBE O0OOIIEHHS OOIIMPHEHIIETO KIMHHUYECKOTO
Marepuana (ornucanue metona cM. B [7]). B cepenune 90-x A.fl. Kamnanom ObUT npeioxkeH psif
YTOYHEHUI 110 BBIYUCIUTEIBHBIM KPUTEPUSIM 3TOT0 MeToAa. C 3TUMH YTOUYHEHUSIMH METOJ OOBIYHO
U peagu3yeTcs.

HcxomupiM MaTepuanoM sl aHaju3a sBisgercs 3anuch OOI, BBINONHEHHas MO BOCHMHU
orBeaeHusiM F3, F4, C3, C4, P3, P4, O1, O2 na ctangapTHyt0 poOy «3aKphIThIC TJIa3ay B TeueHue 1
MU-HYTHI. J{7151 aHanm3a 3anuck pazouBaetcs Ha 30 3MoX aHau3a Mo 2 ceKyHAbl Kaxk-nas. [1o kaxmoit
310XE MPOBOJUTCS CIEKTPAJIbHBIN aHAIU3 U NEPUOJTOMETPUUECKUN aHaIU3 B YEThIPEX YACTOTHBIX
nuana3oHax: JenbTa, Tera, anbda u Oera-1. Ilo pesynpTaTam aHanmu3a B ciOBecHOU (opme
OIICHUBAIOTCS CJICYIONME KOMIIOHEHTHI D3I -akTUBHOCTH:

1. Crenenp Hapymenuss D3I 1) He ompenenena; 2) Hopma; 3) nerkas; 4) ymepeHHas; 5)
3HauuTeNbHad; 6) rpyoast; 7) o4eHb rpyoas.

2. I'nmaBHbIle KOMIIOHEHTHI DD[: 1) OeTa-aKTUBHOCTD; 2) anb(a-aKTUBHOCTH; 3) T€Ta-aKTUBHOCTH; 4)
JeNbTa-aKTUBHOCTD; 5) CMEIlIaHHas; C aMIUIUTY/0M: a) OYeHb HU3Kasi; 0) HU3Kas; B) CPEIHsS; T)
BBICOKasl; /1) OUEHb BBICOKAs.

3. XapakrepucTuka aiab(pa-aKTUBHOCTU: 1) OTCYTCTBYET; 2) OAMHOYHbBIE BOJIHBI; 3) PEAKUE IPYIIIbI
BOJIH; 4) XOpOIIO MPEACTaBICHA: a) perysipHas M0 4acToTe, MOAYJIUPOBaHHas;, 0) peryispHas 1o
yacToTe, 0€3 MOAYJISLINM; B) CIETKa J€30pTaHU30BaHHAs; T) 3aMETHO JI€30praHu30BaHHAS; 1) PE3KO
JIe30praHu30BaHHas; 5) 30HAJIBHBIC pa3lIW4Ms: a) HE OINpejaesieHbl; 0) Xopollue; B) Cierka
CIJIaXKEHHBIE; T') CHJIBHO CTJIa)KeHHbIE/U3BpallleHHbIE.

4. Ouenka 6eta-1 aktuBHOCTH: 1) HeT; 2) Mano; 3) MHOTO; 4) OYEHb MHOTO.

5. OueHKa MeMJIEHHOBOJIHOBOM aKTHBHOCTHU: 1) MpPakTHUYECKH OTCYTCTBYET; 2) TETa-aKTUBHOCTH
BBIpaXKeHa: a) cnabo; 0) yMepeHHO; B) CHIBHO; 3) JeNbTa-aKTUBHOCTH BBIpaXKeHa: a) cnabo; 0)
YMEPEHHO; B) CUJIBHO.

6. OuaroBsle n3MeHeHust D1 (110 YaCTOTHBIM AMAINIa30HAM M OTBEJICHUSAM): JIETPECCHs], aKTUBHOCTH,
aCUMMETpHUSL.

Co BpeMEHHU CBOETO OIyOJMKOBAHUS METOJ MPOJEMOHCTPUPOBAI BBHICOKYIO 3()()EKTUBHOCTH B
KauecTBE CpEICTBAa MEPBUYHOM OSKCHpPECC-AMArHOCTUKM U CPAaBHUMBIX IO 3HAYUMOCTH
JIbTEPHATHBHBIX Pa3paOb0TOK B ’TOM HAIIPABICHUH HE MOSBUIIOCH.

Cezmenmmulil ananus

90T no cBoeii npupo/ie ABIsIETCsA IN100ATBHO HECTALIMOHAPHBIM ITPOLIECCOM, IPUMEHEHUE METOI0B
YaCTOTHOTO ¥ KOPPEJAIMOHHOTO aHalnu3a K KOTOPOMY CBSI3aHBI C TNPUHIMITHAIEHBIMU
OTPaHUYEHUSIMU U HE TO3BOJIAIOT HAJEKHO HIACHTU(UIMPOBATH pa3iIUyHble (YHKIMOHAIbHBIC
COCTOSIHUSI, IMYHOCTHBIE OCOOCHHOCTH M NICUXWYECKHe 3a0oseBanus. [1oaToMy B mocieaHue rojsl
BHUMaHHME MHOTHX HCCIIEJOBaTesIell MpPUBJIEKAeT MapagurMa KyCOYHO-CTALMOHAPHOW CTPYKTYpPHI
O0I, wucxoxas u3z kortopod 3amuch IOl CTpyKTypupyeTcsi Ha CETrMEHTbl OTHOCUTEIBbHOMN
CTallMOHAPHOCTH (J11s anbda-purma, Hanpumep, oT 0,1 10 HECKOIBKUX CEKYH) U UILLYyTCS KPUTEPUN
AyTEHTHUYHOCTH TaKUX CETMEHTHBIX CTPYKTYD C Iebio nudhepeHuanuy pa3inaHbIX COCTOSHUM.

['maBHBIM KOHILIENITYaJIbHBIM JOCTH)KEHHEM CErMEHTAIMOHHOI'O MOJAXOJa SIBUJIOCH HEOKUAAHHO
OTKPBIBIIASICS HCCIIEIOBATENSM JIOBOJIBHO YETKasi BpEMEHHAs! CTPYKTYpHUpOBaHHOCTE DI, Topaso
Oosiee TOHKas, 4eM OObIUYHBIE T€HEPAIN30BaHHbIE EPECTPOUKH PUTMUYECKUX KOMIOHEHTOB, THIIA
CUHXPOHU3AIMH-IECUHXPOHM3aMU. TeM cambIM npeAnoaoxkeHue 00 opranuzanuu 91 -curnana us3
OorpaHu4eHHOro Habopa sneMeHTapHbIX narrepHoB (Remond, 1972 r.) Hamo cBoe KOCBEHHOE
MOJITBEPKICHUE .

[lepBoHauanbHO B 3TOI 007acTH pa3pabaThIBAIMCh METO/IbI TAK HA3bIBAEMOI'0 ITAPAMETPHUUECKOTO
OLIEHUBAHMS, B YaCTHOCTH aBTOPETPECCHOHHOW CETMEHTAIMH, KOTOpas COCTOUT B CIIEAYIOIICM.
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BriOupaercss ckosb3siliee OKHO 3aJaHHOM IIMPHHBI, B KOTOPOM CTPOMTCS aBTOPErPECCHOHHAs
Mozens DOl -npouecca. [lapameTpbl HayalbHOM MOJAENU-ITAIOHA CPAaBHUBAIOTCS C MapaMeTpaMu
MOJIeNIH Ul HenmpepblBHO JBHXKyIIerocs no 0@ okHa. Kak Toiabko paccoriacoBaHHe JOCTUTHET
YCTAHOBJICHHOI'0O 1opora, 3TOT MOMCHT BpPCMCHU (bHKCI/IpyeTCSI KaKk TIpaHula CCrMecHTa
CTALIMOHAPHOCTH, U B KaueCTBE ATAJIOHA PACCUMTHIBAECTCS HOBAasi MOJIEJIb 110 CIEIYIOLIEMY Y4acTKy
O0TI'. Tlocnenyromast Kiaccu(UKAUS TaKUX CETMEHTOB IO CIEKTPAIbHO—KOPPEISIIUOHHBIM
IIPU3HAKAM 3aBEpILACT KyCOUYHO—CTallMOHapHOe onucanue IO .

OpHako BBICOKash HECTAaMOHApHOCTh ODI-curHajla HE IO3BOJIAET IOCTPOUTH JOCTATOYHO
HA/IeKHYIO €ro0 MaTeMaTHUYeCcKyro Mozeib. HoBast TeXHONOrus HemapaMeTpUuecKol CerMeHTalluy,
CBjA3aHHasA C IIOMCKOM TaK HAa3bIBACMBIX «pPasjiadoK» BO BPCMCHHBIX pAdax, HE Tpe6yeT
IIPEBAPUTEIILHOTO MTOCTPOEHUSI Ma-TeMaTu4eckoi mojenu npouecca. OIHUM U3 MOAXOJ0B 371€Ch
SIBJISIETCSl CTATUCTUYECKOE OIEHWBAHHUE yYaCTKOB, Pa3/CNICHHBIX ABMXKYyIIeHcs o IO rpaHurei.
Kak TO/NBKO CTaTUCTHYECKHE pa3Iuuusl JOCTUrAlOT 3aJaHHOIO YPOBHS, COOTBETCTBYIOILAS
BpPEMEHHas TOUKa (PUKCUPYETCS KaK rpaHuIla CerMEHTA.

Jlpyroe HampaBiieHHE COCTOMT B HCIOJb30BaHUU orubaromieil D3I, M0 KOTOPOH BbIIEISAIOTCS
CCIMCHTHI YBCIIMYCHUA 1 YMCHBIICHUSA aMILIUTY AbI KoneOaHuii B I/I36paHHOM YaCTOTHOM AHaIla30HE.
Jlanee Takas CerMEHTAlLlUsl UCHOJb3YeTCs IS OLEHKH CHUHXPOHHOCTH MOJOOHBIX aMIUIUTYIHBIX
N3MEHEHUH MCXKAY Ppa3iIndHbBIMHU IIapaMH OTBGI[GHI/Ifl, 4TO B CBOIO 0OYCPCIb MOXKET CIYXUTb
HUHCTPYMEHTOM IS BBISIBJICHUSI KOHKPETHBIX MEKTPYIIOBBIX pa3inuuii [23-25].

CoBpeMeHHBIM 0000IIIEHNEM TAaKOrO0 poja HCCIENOBAaHUM SBWICS MOUCK B 3amucsax OO0
YCTOMUYUBBIX TOMOrpaMuecKUx MaTTepHOB WIM XapaKTEPHBIX pacHpelesieHuid 3HadeHUn
M30paHHOTO TIOKA3aTessl MO CKalblly . B KauecTBe TakuX IOKa3aTellell MOTYT BBICTYINATh Kak
aMIUTUTYAHbIE OLICHKU B OTBEJICHUSX, TaK U OLICHKH CUHXPOHHOCTH MEXy apamMu oTBeaeHu. [Ipu
TaKOM IIO/IXO0JIe JUTHTENbHAs 3anmuch DOI pa3OnBaeTcst Ha KOPOTKHE U NEPEKPHIBAIOIINE APYT APyTra
BO BPEMEHH 3I0XH, HA KOTOPBIX U BBIYMCISIOTCS 3HAYSHUSI M30paHHOT O MOKa3aTessl, pacupeesieHre
KOTOPOTO MO CKaJIbIy JIaeT JIOKaJbHYI0 Tonorpadudeckyo kapty. Cpeau noy4eHHOT0 MHOYKECTBA
KapT YCTOWYMBBIE TOIOTPABIMUECKUE TATTEPHbI BBIACNAIOTCS IO KPUTEPUIO  BBICOKOH
KOppeIpoBaHHOCTU KapT. s BeIIedeHHs Kiaccu(UKalMM TaKUX IMAaTTEPHOB HCIOIb3YIOTCS
METO/Ibl MHOTOMEPHON CTaTUCTUKU: (PaKTOPHBIH, KITaCTEPHBIA M JTUCKPUMHU-HAHTHBIN aHanu3. [lanee
BBIZICJICHHBIC MMATTCPHBI MOT'YT OBITh HCIIOJB30BaHEI JJIs1 BBIABJICHUSA KOHKPETHBIX MCXKI'PYIIITOBBIX
pasmmuwmii [Dietrich Lehmann. Brain Electric Microstates and Cognition: The Atoms of Thought. In
E. R. John et al. (eds.), Machinery of the Mind. Springer Science+Business Media New York 1990].

2.3.2. Marnurto3Huedasorpadus

Marnutosauedanorpapus (MDI) — omHa W3 YHHKAIbHBIX HWHHOBAI[MOHHBIX TEXHOJIOTHI
HEUpOUMUIKUHTA. JIaHHBIA METOJ MO3BOJISET C BBICOKOM TOYHOCTBIO JIOKAJIU30BaTh MCTOYHUKHU
HEWpPOHHOW AaKTMBHOCTHM B TIPOCTPAaHCTBE U BpeMmeHH. Hapsamy ¢ dyHaamMeHTaIbHBIMH
WCCIICIOBAaHUSMH, TaKUMH, KaK HCCIEJIOBAaHUS CEHCOPHBIX M MOTOPHBIX (YHKIMI MO3ra H
KOTHUTUBHBIX MIPOIIECCOB MaMSITH, BHUMAHUS, pe4u U T. 1., MOI' naeT BO3MOXKHOCTh HEMHBA3UBHOM
JIOKIM3alUK  J3NWIENTHYECKAX  OYaroB  MAaTOJIOTMYECKOWM  HEHPOHHOM  AKTUBHOCTH U
nudepeHIMaIPHON THAaTHOCTUKY PA3IMYHbIX (OPM AIMUJICTICHU, YTO TO3BOJISET OCYIIECTBIATH
MPEeAONEePAMOHHYIO JUATHOCTHUKY.

Maznumodnuyegpanozpaguueckoe kapmuposanue ucCmoUHUKO8 HEUPOHHOI AKMUBHOCHU

Mo3roBble MpOIECChl, PEATU3YIONIIe MEXaHU3Mbl BOCIPHUATHS U Oojee BBICOKOYPOBHEBHIE
KOTHUTUBHBIE (DYHKIIMH, POTEKAIOT C BEICOKOW CKOPOCTHIO. Tak, OT Hapy>KHOTO yXa /10 IEPBUYHOM
CIIyXOBOM KOpBI 3BYKOBOM cHrHan goxoauT 3a 20 Mc, Mocie 4Yero, — HalmpuMmep, B Cilyyae
MIPEABSIBICHUS CJIOB Ha CIyX, — CUTHAJI PACTIPOCTPAHSICTCS B 30HBI, CBSI3aHHBIC C PEUBIO U SI3BIKOM,
MakcumyM 3a 100-200 wmc, mpoxoas Ha KaXIOM OJTame CJIOXKHYI o00paboTKy BO Bcex
3aICHCTBOBAaHHBIX 00JacTAX wmo3ra. O4YeBHAHO, 4YTO /IS TOHUMAHHS TaKUX MEXaHU3MOB
HE00XO0IMMO UMETh BO3ZMOKHOCTh JIOKAJIM30BaTh UX HE TOJIKO B MIPOCTPAHCTBE, HO U BO BPEMEHHU.
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[TosiBUBIIMECS B MMOCEIHUE ACCITUICTHS COBPEMEHHbBIE METOIbI OTOOPAKEHHS TeMOIMHAMUYECKUX
MPOLIECCOB, Hampumep, (GYHKIMOHATbHAS MarHuTHope3oHaHcHas Ttomorpadus (GMPT) wmm
MO3UTPOHHO-?MUCCHOHHAss ToMorpadus (I[19T), mo3BoNAIOT MOMYyUYUTh TOYHYIO (10 HECKOJIBKHX
MUJUIMMETPOB) IPOCTPAHCTBEHHYIO JIoKaau3anuo. OQHAKo UX BPEMEHHOE pa3pelieHne (HECKOJIbKO
CEKYH/I) Ha HECKOJIbKO MOPSAIKOB HIKE CKOPOCTH PEabHO MPOTEKAIOIINX HEHPOHHBIX MPOIECCOB.
JInms Texuonorun 331 u MOI, obnagaromye BO3MOKHOCTBIO HEMOCPEICTBEHHON perucTpanun
ANEKTPUYECKON HEHPOHHOW aKTUBHOCTH, MOTYT OO€CIeYUTh MOJy4eHHE TOYHOW BPEMEHHOMN
uHpOpPMAlMM O MO3TOBBIX IIpoleccax HEMHBAa3HMBHBIM myTeM. O3 m MDD duxcupyor,
COOTBETCTBEHHO, JJICKTPUUECKHUE U MATHUTHBIE TOJIS, TIOPOYKAAEMbIE COTTIACOBAHHON aKTUBHOCTHIO
MONyJIAIKK HeMpoHOB Mo3ra. Cpean npeumyiiecTB MOI™ o cpaBHEHHIO ¢ TPOYUMU TEXHOJIOTUSIMHU
HEHPOUMUKUHTA — HU3Kasl YyBCTBUTEILHOCTh PETUCTPUPYEMOTO MATHUTHOTO OISl K aHU30TPOIIHH
AJIEKTPOMAarHUTHBIX CBOMCTB TKAHEH M BBICOKAs IJIOTHOCTh CEHCOPOB, KOTOPAs MO3BOJISIET IOCTHYb
00JbIlIel TOYHOCTH B MIPOCTPAHCTBEHHOM JIOKAIMU3AlMKA JUHAMHUKN HEHPOHHBIX mpoieccoB. Kpome
toro, MOI' oOnagaer psAOM CYIIECTBEHHBIX NPAKTUYECKUX MPEUMYILECTB Mepen APYyrMMH
MeTo1aMU (PYHKIIMOHATILHOW HEHPOBU3YaIH3aIUH.

Meton MOI' ocHOBaH Ha U3MEPEHUM KpaiHe cl1a0bIX MAarHUTHBIX MOJEH U UX IpaueHTOB (C
unayknuei MarautHoro monst 10-13-10-15 tecna (Tm), yto Ha 8—10 MOPSAKOB MEHBIIE, YEM Y
MarHUTHOTO MOJs 3eMJIM), MOPOKIAEMBIX 3JIEKTPUYECKON HEHPOHHOW aKTUBHOCTHIO B MO3TE.
Perucrpanuss ~ MarHMTHBIX ~ MOJel  Mo3ra  BO3MOXHa  Ojarojaps  UCIIOJIb30BAaHUIO
CBEPXUYYBCTBUTEIbHBIX CEHCOPOB MAarHUTHOTO MOJS (CKBUAOB, WJIM CBEPXIIPOBOSIINX KBAaHTOBBIX
UHTEPHEPOMETPOB), MOTPYKEHHBIX B XKHUJIKUN T C TEMIIEPaTypoi OKOJIO 4 KEIbBUHOB.

MDOI ¢ kapmuposanuu A3vIKa u peyu

B nocnennee necsaTuieTHe B CBSI3U C Pa3BUTHEM CIOKHEWIINX BBIYMCIUTENIBHBIX METOJOB,
MO3BOJIIOIIMX YBEJIIMYUTh MPOCTPAHCTBEHHO-BPEMEHHYI0 TOYHOCTb JIOKAJIU3allMd HCTOYHUKOB
HEWUPOHHOW aKTUBHOCTH, BBIPOCIIA 3HAYMMOCTh MeTo1a MOI 17151 mpegonepamoHHON JUarHOCTUKH.
MarnutosHuedansorpadust MOXKET CIy)KUTh a/IeKBaTHBIM, a MHOTJa M Haubosiee MH(POPMAaTUBHBIM
METOJIOM HMCCJIEIOBAaHNS BBI3BAHHOMN M CIIOHTAHHOM aKTUBHOCTH KOPBI TOJIOBHOTO Mo3ra. B otnnuune
or Meroga ¢MPT, B KOTOPOM aKTUBHOCTh HEHPOHOB OLIEHWBAETCS OIOCPEIOBAHHO, T. €. MO
W3MEHEHUIO JIOKAJIBHOIO KpPOBOTOKA 3a CYET ONPENENCHUs pa3HULbl B HACBIIIEHUM KpPOBH
KuciopoaoM (tak HassiBaemoro Blood Oxygen Level Dependent, unmu BOLD signal), MOI' cioco6na
o0OHapy’KUBaTh UICTOUYHUKH, CBA3aHHbIE C U3MEHEHUEM CYMMApHON MOCTCUHANTUYECKON aKTUBHOCTH
HelpoHOB. OIHAKO YyBCTBUTENBHOCT MOI' CHMIIBHO 3aBUCUT OT OPUEHTALlMU UCTOYHUKOB TOKA I10
OTHOILEHUIO K CEHCOpaM; MaKCUMAaJIbHOE II0JIE 3a MPEENaMH TOBEPXHOCTU I'OJIOBBI T€HEPUPYETCS
HMCTOYHMKAMH, OPUEHTHUPOBAHHBIMU II0 KAacaTelIbHONM K IIOBEPXHOCTH TIoJIOBBL. VIMEHHO Takoe
pacroyio)keHue HCTOYHMKOB HEMPOHHOW aKTUBHOCTH OOECIEYMBAET BBICOKYIO 3(P(PEeKTHMBHOCTH
JIOKAJN3aI[M MCTOYHUKOB B OOJIACTH LIEHTPAIbHOM OOpo3/bl M BUCOYHOW KOpel. MccnenoBanue
BUCOYHBIX 001acTel ABiseTcs HaunboJsiee BaXKHbIM NP JIOKAJIN3alluU peueBbIX (PyHKIMH y yeIoBeka,
HaIpuMep, C UCII0JIb30BAHUEM BBI3BAHHBIX I0JIEM (MArHUTHBIX aHAJIOIOB BBI3BAHHBIX TOTEHIIUAJIOB).

Jlonroe Bpemst peueBast (pyHKIUsS OCTaBajach HNPEIMETOM HCCIEAOBAHHUS HCKIHOUUTEIBHO
IIOBEJICHYECKUX U TCUXOIMHIBUCTUYECKUX IUCLMIUINH, KOTOPBIE, K COXAJICHUIO, HE MOIJIM J1aTh
MHpOpPMALMK O MO3rOBbIX OCHOBax peuu. [lo3xe HalM 3HaHUSA O pedn oboraTwiuck Onaromaps
JTAHHBIM HEHPOIICUXOJIOTMYECKUX MCCIICIOBAaHUM, HAaUMHAs ¢ OTKpbITM XIX Beka, Korja BIEPBBIC
ObuIN omnucaHbl 30HbI bpoka n BepHuke, OTBETCTBEHHBIE 32 BOCIIPUATHE U T'eHepaluto peun. Paboty
npopopkuna mkona A. P. Jlypum. Bbuto ycTaHOBIIEHO, YTO 1O BBINAACHUIO (YHKIMHA TpPU
MIOPaXCHUH OIIPEACICHHBIX 30H MO3ra OKa3bIBAETCA BO3MOKHBIM JIOKAJIU30BaTh €¢. JIMIb B KOHIE
IIPOLJIOTO BEKa B CBA3U Pa3BUTHEM HAyYHOTEXHUYECKOI'O MPOTpecca U IOSIBICHUEM YHUKAJIBHBIX
TE€XHOJIOTUI HEHPOUMHU/KMHTA HAYAJI0Ch AKTUBHOE IKCIIEPUMEHTAIbHOE U3yUYEHNE MO3ra YEJI0BEKa,
Y HaIlIA 3HAHWUS 00OTaTHIINCh Pe3yJIbTaTaMHU UCCIIEIOBaHUH (DyHKIIMOHATFHON HEHPOaHATOMUHU PEYr
y 3J0POBBIX HUCHBITYyeMbIX ¢ ucrnonb3oBanueM GMPT u IIDT. HecMoTps Ha TO, 4TO JaHHBIE,
IIOJIyYEHHBIE C IOMOIIBIO 3TUX METOJOB, IPEACTABIIIOT HECOMHEHHYIO LIEHHOCTD ISl [IOHUMAaHHUS
A3bIKa, CAaMU METOJbl HEe O0JIaJaloT JOCTATOUYHBIM BPEMEHHBIM pa3pelieHUEM JUIsl UCCIIETOBaHUS
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JIMHTBUCTUYECKUX MPOLIECCOB, TAK KaK B IIPOLIECCE BOCIIPUATHUS PEUX B MO3T€ IPOUCXOIUT OBICTPBIN
Y TUHAMUYECKUH aHanmu3 WH(OPMAIIUU Ha KaXJIOM ypOBHE ee 00paboTku. MO3Tr TOJDKeH ycleBaTh
OIIPENIeIUTh 3BYKH, KIacCU(UIUPOBATH UX KaK (POHEMBI (T. €. IMEHHO KaK pe4eBble 3BYKH), pa30UTh
Ha MOp(EeMBI U CIIOBA, YCTAHOBUTHh MEXKIy HUMH I'PaMMaTHYECKHE CBS3H U MCIIONB30BATH UX, JUIS
TOr0 4TOOBI MOCTPOUTH LEIOCTHYIO CTPYKTYpY (pa3bl M HOHATH €€ cMbIci. OUYeBUAHO, 4TO JIs
MOHMMAaHUs MEXaHW3MOB pEYM HEJAOCTATOYHO TMOJB30BATHCA HUCKIIOUUTENHHO JTaHHBIMU
CTaTUYECKHUX OLICHOK IIOBEJICHNUS U AHATOMUU MO3T'a; 3/1eCh HEOOXOAMMbI TEXHOJIOTUU OTOOpaKEHUS
MO3TOBOW aKTUBHOCTH C BBICOKHM Pa3pelIeHHeM BO BPEMEHHU.

Kak mokasbiBaroT uccienoBanus ¢ ucnonb3oBanueMm D00 u MOI, cienpl maMsaTu JUIst CJIOB
aKTUBUPYIOTCS IIPU UX NPEIBSIBICHUU, YTO OTpaXkaeTcsi B paHHeM (10 200 Mc) BCIulecKe aKTUBALIUU
Ha HACTOSIIKE CII0BA, B OTJIMYHUE OT IICEBAOCIIOB, AJIsl KOTOPBIX OTCYTCTBYET penpe3eHranus (Shtyrov
et al., 2010 a). [TogoOHas pa3znuna (IpH YCIOBUHU, YTO B OCTAILHOM CTUMYJIbI YPaBHEHBI TI0 CBOUM
XapaKTepUCTUKAM) BJISICTCA MPU3HAKOM JIEKCUUECKOT0 JI0CTYIA K ciiejaM NaMATH B «YMCTBEHHOM
cimoBape» (Shtyrov, 2010). B psme wucciaemoBaHuil IMOKa3aHO, YTO TICHXO(H3UOJIOTUICCKUE
KOpPpEeJIATHI 10CTyIa K 3TUM CJeaM MaMsATH OTpaXkaroTcs B 3apeTrUCTPUPOBAaHHOM curHaie MOI B
BUJIC aKTUBAIMH, CKOHIIEHTPUPOBAHHOH B 00J1aCTH BEPXHEH YacTH JICBOW BUCOYHOM JTOITH.

[IcMXONMMHITBUCTHYECKUE TEOPUM CXOAATCS B TOM, 4YTO 00paboTKa peud MOXKeT
paccMaTpuBaThCS KaK COCTOSINIAs U3 CIEAYIOIUX YeThlpeXx ypoBHel: (1) ypoBeHb hoHOIOTHUECKON
00paboTKH, Ha  KOTOpOM  3BYKM  pEuH aHATN3UPYIOTCS Ha  IpeaMeT  HX
(dhoneTnyecknx/(POHOTOrHIECKUX CBOMCTB; (2) mekcuueckass o0paboTka, KOTOpasi pacCMaTpUBaeTCA
KaK MOHUCK €JIMHHUI] B «YMCTBEHHOM cjoBape»; (3) cemaHTHueckass o0OpabOTKa, B XO/A€ KOTOpOH
OLIEHMBAETCS CMBICH €IUHUIBI HHOopManuy; (4) ypoBeHb CUHTAaKCHCA, HA KOTOPOM aHAIU3UPYETCS
rpamMmaThyeckas MH(OpMaIus, 3aKJIIOYeHHAash B CBSA3U CJIOB B OOIIEH CTPYKTYpe BbICKa3bIBAHUS
(MacKay, 1987). Pactymiee uncio uccienoBanuii 1 B oco0eHHOCTH MOI -TaHHbBIX, CBUIETEIHCTBYET
O CKOPOCTHOM M TapajjieIbHOM J0CTyIe K MH()OpMAIMK BCEX THUIIOB, KaK TOJIBKO OHA CTAHOBUTCS
JOCTYITHOM: B TEYEHUE BPEMEHHOTO ITpoMekyTKa okoso 100-200 mc

Maznumosnueganozpagua ¢ ncuxoguszuonozuu pazeumus

Kak y»e oTMeuanocs Bblllle, OTHOCUTEIBHO BBICOKOE IIPOCTPAHCTBEHHOE pazpemenue MOI o
cpaBHeHHIO ¢ DOI cBa3aHO ¢ TeM (pakToM, uTo MeToa MOI" He uyBCTBUTENIEH K HEPAaBHOMEPHOCTIM
MIPOBOJIUMOCTH KOXKH, Yeperna U MO3TOBBIX 000JI04eK: MarHUTHOE oJie 6€3 IoMeX MPOHUKAET CKBO3b
TKaHu opraHusma. B pesynbrate MOI mo3BONsS€T JOKAIW30BaTh MCTOYHHMK aKTHBAallUM B
MPOCTPAHCTBE C OOJNbIICH CTemeHptd TOYHOCTH. Kpome Toro, MDD sBrsercs OCCKOHTAKTHBIM
METOJIOM JIOKaJIM3allud aKTUBHOCTM MO3ra W He TpeOyeT HCIOJb30BaHUS HU DJIEKTPOAOB, HU
ANEKTPONPOBOIHON MACThl JJIs MX HAJOKEHUS Ha IOBEPXHOCTh TOJIOBBI MCHbITyeMoro. Takue
JIOCTOMHCTBA MarHutosHuedanorpaduu AenaioT 3TOT METOJ YHUKAJIbHBIM HWHCTPYMEHTOM JJIst
WCCIICZIOBAaHMSI MO3Ta YeJIOBEeKa U OCOOEHHO JIeTei paHHEero Bo3pacTa.

B uccnenoBanusix ciayxoBod GyHKIUH y JeTel Hapsay ¢ Haubojee MIMPOKO HUCIIOJIb3YEMbIM
KOMIIOHEHTOM N1 BbI3BaHHBIX NoTeHUMaNoB (BII), BO3HMKaOmKMM B OTBET HAa NPEIbSBICHHE
KaXI0ro CTHUMYJa (Tak Ha3bIBaeMbId onset response), BCe OOJBIIYIO0 MOIMYJISIPHOCTh MPHOOpETaeT
KOMIIOHEHT, U3BECTHBIN KaK HEraTuBHOCTH paccoriacoBanus (HP) (mismatch negativity, MMN). HP
u marautHas HP (MHP) sBistitoTcst koppenstaMu ceHCOpHOI maMsITH, TaK KaK BOSHUKAIOT B OTBET Ha
paccoriiacoBaHue peaKoro (JAEBHAHTHOTO) CTUMYyJa C MOMEHTAJIbHBIM CJIEJIOM TaMSTH,
c(OpPMUPOBAHHBIM YacTO MOBTOPSIIOMIUMCA (CTaHOAPTHBIM) CTUMyJoM. B Oonee mo3aHHUX
HCCIIEIOBAaHUSAX C MCIIOJIb30BAHMEM PEYEBBIX CTUMYJIOB BbIICHWIOCH, 4To MHP sBusieTcst Taxxke
KOpPEJIATOM JIOJITOBPEMEHHON NaMsTH, JIOKAIW30BAaHHOM Yy B3pOCIBIX B JIEBOM MOJyLIApUU. Y
B3pocibix MHP 00ycnoBieHa KOpTUKOKOPTUKAJIBHBIMY B3aUMOJIEHCTBUSIMH, B TO BpEMS KaK y JeTeH
aQHAJIOTMYHBIE OTBETHI MOTYT OBITH AKTUBUPOBAHBI TATAMOKOPTUKATBHBIMU MTPOSKIIUSIMH.

MarnutosHuedanorpadpusi MOXKET CIY)KUTh ONTUMAIBHBIM METOJOM  HCCIIECIOBaHHSA
BBI3BAHHOI U CIIOHTAHHOW aKTHMBHOCTH HE TOJIBKO CIIYXOBOH KOpBI, HO U JAPYTrHX o0iacTeid Mo3ra,
HarpuMep, COMaTOCEHCOPHOM Kophl. Tak, meton MOI' ycnenHo NpuMEHsUIA JJIsl TECTHPOBAHUS
nuddepeHIIMPOBAaHHOTO BIUSHUSA CTAaUU CHA, B KOTOPOM HaXOIWJINCh HOBOPOXKIEHHBIE, Ha HX
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qyBCTBUTEIBHOCTb K TAKTWJILHON CTUMYJISIIMU. B nanHOM pa®oTe BepBbie ObLIM 3apeTUCTPUPOBAHBI
COMATOCEHCOPHBIE OTBETHI Y HOBOPOKIEHHBIX Npu oMo MOI'. MccnenoBanue Takke 1okasalo,
YTO Ha CTaJUU AKTUBHOIO WJIM IIOBEPXHOCTHOIO CHA aMIUIMTYyZAa COMAaTOCEHCOPHBIX BBI3BAHHBIX
nojieil ObUTa MEHbIIE, YeM B COCTOSHUHU TiIyOokoro cHa. CieyeT ymoMsSHYTh O KIMHMYECKHX
IIPWIOKEHUAX Mertoga MOI, OCHOBHBIMEH M3 KOTOPBIX B IEAHATPUM SBISAIOTCA JIOKAJIW3ALNA
MCTOYHUKOB CYIOPOXXHOH aKTHBHOCTH B HEOKOPTEKCe, a Takxke AuddepeHnmanus GpokaibHON U
reHepaIn30BaHHOM (OPM SMMIIETICUN KaK METOJ| IPEJONEepalMOHHON THAarHOCTUKU. DTa METOJIUKA
YCIICUIHO MPUMEHSETCS 11 00CIeIOBaHUS KaK B3POCIIBIX MAIIMEHTOB, TaK U ACTEH.

C mnosBIEHHMEM METOAA PETUCTPALIUM COMATOCEHCOPHBIX BBI3BAHHBIX IIOJIEH IOSBUIIACH
BO3MO)XHOCTh KapTUPOBAaTh AKTHBHOCTh B MOTOPHBIX U COMAaTOCEHCOPHBIX 00JACTAX C BBICOKUM
IIPOCTPAaHCTBEHHBIM M BPEMEHHBIM paspemieHueM. HeoOXoqumo 3amMeTuTh, 4TO O COXPaHHOCTHU
JaHHBIX 00J1acTell B IEPBYIO OUYEPElb 3a00TATCSA BO BpEMsI HEMPOXUPYPTrUUECKOT0 BMEIIATEIbCTBA.

MDOT' Takxke n03BOJISET JOKAIN30BaTh UCTOYHUKH CYJIOPOKHON aKTUBHOCTH B HEOKOPTEKCE U
muddepeHIpoBaTh GOKATBHYI0 U TeHEPATU30BaHHYIO STHIIETICHI0. DIMWICNTHYECKasi aKTUBHOCTD
HaMHOIO  4eT4e BbIp@)K€HA  HA  MarHuTo’HUEdasorpamme 1O CPaBHEHUIO c
anekTpolHIedanorpammoit. Kpome Toro, mpu nomoru MOI™ BO3MOKHO BH3yalIM3HPOBATH BEKTOP
pacnpoCTpaHEHUs] IATOJIOTMYECKONM AaKTHMBHOCTM BO BpPEMEHM M IPOCTPAHCTBE KakK BHYTpHU
MOJIyIIapusi, TaKk U MEXIy MOJyllapusMHd MO3ra, UCIOJb3YysS, HalpUMEp, METOJ JOKaJlu3alluu
MHO>KECTBEHHBIX JIUIIOJIEH.

MO siBnsieTcss THHOBAIIMOHHBIM, BBICOKOTEXHOJIOTUYHBIM HEHPODU3NOTOTHIECKUM METOIOM.
CnaOble MarauTHble nosisi (mopsinka 10-15 To), renepupyemble HEWpoHaAMH TOJIOBHOTO MO3ra,
OECKOHTAKTHO YJIaBJIMBAIOTCSl CBEPXUYBCTBUTEIbHBIMHU AaTunkamu (ckBugamu). MOI' oOnanmaer
psanoM npeumyuects nepen 991, cpead KOTOPBIX — TOYHAs IPOCTPAHCTBEHHAs JIOKAJIM3aLMs
UCTOYHUKA AKTUBHOCTH B Kope rosioBHOro mosra. Kpome Toro, MOI' o6mamaer BBICOKUM
(MMJUTMCEKYHHBIM) BPEMEHHBIM pa3pelieHHeM, YTO YpPEe3BBIYaHO Ba)XKHO Ui JIOKAIHU3ALUU
JUHAMHYECKUX KOTHUTHBHBIX MTPOLIECCOB BO BPEMEHH, B YACTHOCTH, peueBo (GyHKIUHU. B knuHIKe
3TOT METOJ 3apeKoMeHAoBal cels Kak 3((EeKTUBHBIA CHMOCOO JIOKAIM3ALUU SHHICHTUYECKON
aKTUBHOCTH. B HEKOTOPBIX CiTydasX MPOCTPAHCTBEHHAs: TOYHOCTh KAPTUPOBAHMSI COMATOCEHCOPHBIX
obnacreit mo3ra merogoM MOTI" mpeBocxonut BozmoxkHocTH GMPT. [lanbHeiiee pa3BuTie MeToa,
KaKk HaM TMpejcTaBisercs, OyAeT HampaBieHO, C OJHOW CTOPOHBI, Ha YCOBEPIICHCTBOBAaHUE
TEXHOJIOTUM 3allUCH  DJIEKTPOMArHUTHOM aKTUBHOCTM MO3ra M Ha pa3pabOTKy HOBBIX
MaTeMaTHYECKHUX aJIFTOPUTMOB 00pabOTKM CUTHAJIA C LEJIbIO MOBBIIIEHUS YyBCTBUTEILHOCTH METO/1a
Y TOYHOCTH IIPOCTPAHCTBEHHO-BPEMEHHOM JIOKAIN3allu HEMPOHHOM aKTUBHOCTH B Mo3re. C npyroii
CTOPOHBI, B OJIFDKAHUIIIAE TOABI pa3BUTHE KIMHUYECKUX acriekToB MOI', BeposiTHO, OyIeT BECTHCH B
MIEPBYIO OYepeb B O0JIACTH MPEAONEePAIMIOHHOIO KapTHPOBAHUS MO3TOBBIX (DYHKIIHI, a TakKe B
ONPEACIICHUN MCTOYHHUKOB IATOJOTMYECKOW AKTMBHOCTM B MO3T€ M B JUATHOCTHYECKHX
HCCIIEIOBAaHUAX HEBPOJOTNYECKUX U IICUXUATPUUECKUX PACCTPOMCTB.
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2.4. Cospemennvie memoowvl ucciedo8anus 6 Pu3uon02uu n08eOeHUs

2.4.1. OcHOBHBIE NMPUHIHUINBI U COBPEMEHHBIEMETOABIITONOIHYCCKHUX HCCIeT0BAHMH HA
JKHBOTHBIX

B sT0on0rnn Hanbosnee yacTo UCMOIB3YIOT CIEAYIONIUE METOAbI:

1. Memoo mnabnoOenus 3a TOBEIEHUEM MXHUBOTHBIX B OOBIYHBIX, €CTECTBEHHBIX YCIIOBHUSAX
o0uTaHusA. DKCIEPUMEHTATOP, HE3aMETHO MJISi JKUBOTHOTO, PErMCTPUPYET pa3lInyHble BHEIIHUE
MOBEJICHUYECKNE PEAKIUH, HCIONB3ysl XPOHOMETPaXX OTACIBHBIX aKTOB, KHHO-, (OTO- W
BUJICOCHEMKY.

2. buopaouomenemempuueckue memoovi. JXKUBOTHBIM TPEIBAPUTEIHHO BXKUBISIOT WA
NPUKPEIUIAIOT CHAPYKU JaTYUKU C IETBI0 PETUCTPAlMKA UX MECTOHAXOXKACHHUS, IMyTel MUTpaiui,
pa3nuuHbIX (U3MOJIOTMYECKHX TIOKa3aTeled (4acToTa [bIXaHus, MyJbca U JAp.). OTU METOAbI
MO3BOJISIIOT JTUCTAHLIMOHHO HAOMIONATh 3a KMBOTHBIMM U OCOOEHHO YacTO HCHOJIB3YIOTCA HpHU
W3YyYEHUH STOJOTHH TOJTYIUKUX )KUBOTHBIX (CEBEPHBIE OJICHN) B €CTECTBEHHBIX yCIIOBHUSX.

3. Memoouvl usyuenus munos gvicuteti Hepenot oesmenviocmu (BH]I), Tak kak moBeneHue
KHMBOTHBIX BO MHOT'OM O0YCJIOBJIEHO MHANBUAYaJIbHBIMU ocoOeHHOCcTs MU BH/I.

4. Memoo ycnosHuix peghiexcos - yHUBEPCAIBbHBI METOJ] M3YUEHUs CIOKHBIX MEXaHU3MOB,
OIIPENIENAIOIUX BbIPAOOTKY MNPUCIOCOOUTENBHBIX PEaKLUi >KUBOTHBIX B OTBET HAa M3MEHEHUS
YCJIOBHM OKpYXKalOLIEH CPEbl.

5. Qusuonocuueckue u bUOXUMUYEcKue Memoosl, yCTAHABINBAIOIUE YPOBEHb U MEXaHU3MBI
MPUCTIOCOOUTENIBHBIX peakuuil opraHusma (3nekTposHuedanorpadus, 3eKTpokapauorpadus,
nHeBMorpagusi, H3y4eHHE AaKTHUBHOCTH KOpbl HAJIMIOYEYHUKOB M OCTPOBKOBOIO ammapara
MOJIKEITYJOUHOH JKeJie3bl, ONpeieIeHue OCHOBHBIX TIOKa3aTesei roMeocTasa, (PyHKIUHU JKeITy109HO-
KHUIIEYHOI'0 TPAKTa, COCTOsIHME OOMEHa BEIIECTB U 1Ip.).

q)OprI MMOBCACHUSA

buonoruueckue ¢hopMel oBeeHus (MUIIEBOE, 000POHUTENBHOE, TPYIIIIOBOE, MOJIOBOE U IP.)
CKJIaJIBIBAIOTCS U3 MHOTOYHCICHHBIX YHUTAPHBIX (OAMHOYHBIX) NEHCTBHHA. YHUTApHBIE PEAKIIUU
SBJIAIOTCS] KaK OBl «3JIEMEHTAPHBIMH YaCTHIIAMM» TOBEJICHUS, T.€. 3TO OJAMHOYHBIC YCJIOBHBIC WU
0e3ycCIIOBHBIE pEQIIEKTOPHBIC aKThl, COCTABISIONINE OO0Jiee CIOXKHBIE TOBEICHUYECKHE aKTHI.
Hanpumep, npuem kopma BKIIOYAeT B ce€0si CTPOro ONPEAETICHHYIO MOCIEI0BATEIbHOCTh TaKUX
YHHUTApHBIX PEaKIyii, KaK MOUCK KOpMa, MPHOIMKEHHEe K HeMy, BBIOOp MUIIM (KyCKa WM ITydYKa
TpaBbl), B3sTUE TyOaMH, 3aXBaT 3yOaMu, )keBaHUe, TTIOTAHUE U TaK Jlajee.

IumeBoe moBeaeHNEe CKIAIBIBACTCA W3 MUIIECA00BIBATEIBHBIX EUCTBHUI (BBIOOP KOpMa W3
KOPMYILIKH, MacTb0a), COOCTBEHHO NpuemMa KOpMa, ero oOpaboTku, >kBayHOro mnpouecca (y
COOTBETCTBYIOIINX BUIOB )KHBOTHBIX), e EKaIHH.

OnHUM U3  TepBbIX 0€3yCIOBHBIX peQIIeKCOB, TMPOSIBIAIOUIMXCS Yy  OOJBIIMHCTBA
HOBOPOXKJICHHBIX MIICKOTIMTAIONINX, SIBISETCS cocaTelbHbIi pedruexc. braromaps emy, KHUBOTHOE
y’K€ B IEPBBII Yac )KU3HU MOITy4aeT MOJIO3UBO - HE3AMEHUMBIH MPOJYKT MUTAHU, COJEPKAIUI Bce
HeoOXO0/IMMbIE NHUTATEJIbHbIE BEIIECTBA, COJIM, BUTAMUHBI U MMMYHOIVIOOYJIMHBI (0OECIeunBaIOT
KOJIOCTPaJbHBI MMMYHHUTET). Peduiekchl cocaHuss u OONM3BIBAaHUS YK€ B TEPBBIE JHHU JKU3HU
CIOCOOCTBYIOT paHHEMY 3aCEJICHUIO pyO1[a MUKPOQIIOPOH U Pa3BUTHIO TIPEIKEITY IKOB.

Ha 06ase cocarelbHOr0 M MOCIEAYIOIIMX (CIIOHOOTAENCHMS, TJIOTaHUS, CMBIKaHUS
MUIIEBOIHOTO Kel100a) peduieKCoB, Y )KUBOTHOT'O BBIPAOATHIBAIOTCS WHAWBUIYIBHBIE YCIOBHBIC
peduiekchl, HanpuMep, Ha BUJI COCKOBOM MOWJIKH U 3BYK pabOTaloIero KOHBeiepa.

[TumeBble pedrexchl OMpeneNsioTcsl KOJIMYEeCTBOM U COCTaBOM TOEAaeMOro KopMa,
OHMOJIOTMYECKIMHU TIOTPEOHOCTSIMH (€T0 alIeTUTOM) M COCTOSTHUEM (HaIrpuMep, ypOBHEM OOMEHHBIX
MPOLIECCOB) KUBOTHOTO. Ha mactOuiax TpaBoOsSAHBIE CTpEeMATCS U30MPATENbHO MOENaTh pa3HbIe
pacteHusi. JTO B YCIIOBHSIX XOPOIIMX Pa3HOTPABHBIX MACTOWII CIHOCOOCTBYET HOPMAaJU3allUH Y
KUBOTHBIX MHILIEBAPUTEIbHBIX M OOMEHHBIX MPOIECCOB, AK€ €CIU OHU OBLTM HapyIIEHBbI B
CTOMJIOBBIN EPUOI.
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O0GopoHnTeIbHOE TIOBeJdeHHE XKUBOTHBIX UYPE3BBIYAHHO pa3HooOpa3zHo. OHO MOXET
MPOSIBIISATHCSL TI0 OTHOIICHHWIO KaK K JKUBBIM OOBEKTaM (KHBOTHBIM, JIFOASIM), TaK U K HEXKHUBBIM
IpeaMeTaM, €clid OHU CUTHAJIU3UPYIOT O KaKOW-TO yrpose AJig KUBOTHOTO WJIM €ro MOTOMCTBA.
Paznuuator  nBe  kpaiiHme — (GopMBI  OOOpPOHHMTEIBHON  peakiuuu -  T[acCHBHas |
aktuBHas. [laccusnas oOOpOHUTENbHAS pEaKIMs BKIIOYAET TaKUe »dJIEMEHThI, Kak OercTBo,
npsTaHue, OlleTICHeHNE (HEMOABM)KHOCTD), & AKMUGHAs - HallaZIeHNEe Ha IPOTHBHUKA, arpeccusl.

I'pynnoBoe (conuanbHoe) moBeaeHUe GopMHUpyeTcss BHYTpU TPYMIbl >KUBOTHBIX, KOTIIa
YCTAQHABJIMBAIOTCS OIpEJEIEHHbIE B3aWMOOTHOILICHUS, OCHOBAaHHBIC Ha 3aKOHAX MOAYMHEHHS U
rocrnojacTa (AoMuHUpoBaHus). Jro0as rpymmna COCTOMT HE MPOCTO U3 OTACNBHBIX KHBOTHBIX, a
IIPEJICTABISET COOOM IIEJIOCTHYIO CTPYKTYpY - c000I1ecTBO. B yCln0BHAX NPUBA3HOIO COJEPKAHUSA
WM B MaJIOYUCJICHHBIX TPYyTIaX IPyNIOBOE MOBEIECHUE HE UMEET CYIIECTBEHHOI'O 3HAYCHHUSI.

ConmanbpHOE MOBEICHUE JKUBOTHBIX B OOJBIINX TPYIIaxX TPeOyeT MOCTOSHHOTO KOHTPOJIS.
HeoOxonuMo mpeaynpexiarb pa3BUTHE KOH(MIUKTOB  MEXKAY O KMBOTHBIMH, CTapaThCs
CTaOMITM3UPOBATH YCTAHOBUBIIYIOCS COUATBHYIO HePaAPXUI0. J[patwsIiBbIX, arpeCCUBHBIX )KHBOTHBIX
1enecoo0pa3Ho BEIOPAKOBBIBATh. XOPOIIMM CIIOCOO CHU3UThH arpECCUBHOCTD Y JIPAYIUBBIX KOPOB —
yAaJIeHUe WM J1a)Ke ONMUIMBAHUE OCTPBIX poroB. OUeHb HEXKETATENIHO YaCTOE U3MEHEHUE COCTaBa
rpynnsl (meperpynnupoBka). ONTUMaTbHOE YUCIIO )KUBOTHBIX B TPYTIIE 3aBUCUT OT BHJ1a )KUBOTHBIX,
Hanpumep y KopoB - 20-25, y cBuneit 10 20 ocoleii.

ITosi0Boe moBegeHHe HAYMHACT MPOSBIATHCS B MEPHUOJ MOJIOBOTO CO3PEBAaHHUA, a 10 ITOTO
KUBOTHBIX 000MX TIOJIOB MOXHO COJIepkaTh BMecTe. Korja ypoBeHb TOJIOBBIX TOPMOHOB B KPOBHU
MOBBIIIACTCS, HAYMHAIOT MPOSBISATHCS MOJIOBBIE PEQIIEKCHl U MEXIY KHUBOTHBIMH CKJIQ/IBIBAIOTCS
HOBBIC B3aMMOOTHOIICHUS. [losIBIIsIeTCS MHTEpEC K MPOTHBOIIOIIOKHOMY IOy, & TIEPBBIC TIOMBITKU
«BCTIPHITMBAHUS» (MAYHTHHT) SIBJISIFOTCSI TPEHUPOBKOM K OYYIIIUM MOJIOBBIM aKTaM.

[TonmoBeie pediiekchl y KMBOTHBIX HAIpaBJIEHbl HAa COXpAaHEHHWE BHUJAA, YTO JIOCTUTAETCS
MOJTyYeHHEM TOJHOIIEHHOT0, >KU3HECIOCOOHOr0 MOTOMCTBA. B mepuoa pa3sMHOXKEHHUS IOJIOBbIE
pedIIeKChl 3a4acTyI0 Pe3KO U3MEHSIOT BCe JPyTHe MOBEACHUECKUE PEaKIUK: Y KHUBOTHBIX TEPSIETCS
YYBCTBO CAMOCOXPAHEHUS, PE3KO CHIDKAETCS TI0€JaeMOCTh KOpMa M POAYKTUBHOCTh, YCUIIMBACTCS
arpeccUBHOCTh, HETTOBHHOBEHHE.

Marepunckoe mnoOBeleHHE 00ECTIEUNBACT COXpAaHEHHWE, BhHIpalUBaHHE U OOydYeHUe
noromctBa. OHO TIPOSIBISIETCS €MIe O poJoB. bepeMeHHbIe KUBOTHBIE CTAHOBSITCS CIIOKOWHBIMH,
MHOTO OTABIXAIOT, U30€raroT KOHTAKTA C APYTUMHU KUBOTHBIMH.

Kom¢opTHOe moBegeHue - 3TO PEaKIK KUBOTHBIX, HANIPABJICHHBIC HA CO3/IaHUe s ceOs
HanOoJee 0IaronpUsTHBIX YCIOBHMA )U3HU. K 3TOMY THITY TOBEIEHYECKUX aKTOB OTHOCSITCSI BRIOOD
MecTa Ui OT/AbIXa, yAoOHas Mo3a, KylaHue B BOJIE, BaJITHUE B IPSI3U UM NIECKe, MOUCK YKPBITUH B
HEMOTro/1y, IMOYECHIBAHUE KOXKHU U JIp.

HccnenoBarenbckoe nmoBeieHUe - OJHA U3 BakHEHIIMX (opM MOBeAEHUS, MO3BOJISAIONIAS
M3y4aTh M OIEHUBATh OKpYyXaromlyro cpeay. OHO BKIIOYACT OPHEHTUPOBOYHBIC PEAKIIUU
(opueHTalus KMBOTHOTO HAa BOCIPHUSATHE Pa3ApakUTENs) U MaHUIYJIATOPHO-HCCIIEI0BATEIbCKOE
noBeneHue. [locnennee mposBISETCS B TOM, YTO JKMBOTHOE OIICHMBAaET OOCTaHOBKY HE IPOCTO
HaOJII0/1as1, HO M OTPE/IEIICHHBIM 00pa30M BO3JICUCTBYSI (OOIM3BIBAET U MIEPEBOPAUNBACT MPEIMETHI,
3axBaThIBAeT 3y0aMH) Ha U3y4aeMble OOBEKTHI.

+Illpusedennan Knaccuguxkayua oOuonocuueckux Gopm noeeoeHus He AAAEMCA
eouncmeennou u eceodvemnwuen. Cywecmeyiom u mHocue opyzue opmvl NnoGeOeHUs
HCUBOMHBIX (HANpUMED, 3ANOMUHAHUE 00PO2U U NYMU K 00MY, ODUCHMAYUS 80 8DEMA MUZPDAUUU,
uzpoeoe nogeoerue).

2.4.2. MeToa0JI0THYECKHE l'[pI/IéMbI HCCJICI0BAaHUA MMOBCACHUSA Y€/I0BCKA.

B HacTosimee Bpemsi Bce Ooiblliee pacHpOCTpaHEHHE MOIYy4aroT OOBEKTHBHbIE MeTOnbl. K
TaKUM METOAAaM MOJXKHO TIPEKAE BCEr0 OTHECTH HaOmrofeHWe. DTOT METOA IpEeIoyiaraeT
HaOJI0ZICHNE 32 YeJIOBEKOM B €CTECTBEHHBIX M SKCIIEPUMEHTANBHBIX YCIOBUAX. Pazmuuaror npsmoe
U KOCBEHHOE, aKTHBHOE (HaydyHOe) M MaccuBHoe (KuTeiickoe) HabmoneHue. Kpome Toro, B
HCCIIEI0BATENILCKOM MPAaKTUKE HAOMIOACHUS KIaCCUUIIMPYIOTCS IO LEJIOMY sy MPU3HAKOB.
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[To xapakTepy KOHTaKTa:
® HEMOCPEICTBEHHOE HAOIIOICHHE, KOT/1a HAOII0AaTelh U 00BEKT HAOIIOACHUS HAXOASITCS B
HEMOCPEJACTBEHHOM KOHTAKTE;
® OINOCpPEOBAaHHOE HAONIOACHUE, KOTJa HCCIEAOBATEeNIb 3HAKOMHUTCS C HCCIEAYEeMBIMU
00BEKTaMU KOCBEHHO, Yepe3 CIEIUATbHBIC TJOKYMEHTHI (AHKETHI, TECTHI U T.IL.).
[To ycrmoBusiM OCYIIIECTBIICHHS:
® TI0JICBBIC HAOFOACHNS,
e j1abopaTopHbIC HAOTIOICHNUS.
[To xapakTepy B3aUMOAEUCTBUS C OOBEKTOM:
® BKIIOYCHHOE, KOT/Ia MCCIIEIOBATENIb CTAHOBUTCS WICHOM TPYIIBI U HE 3asBJISIET 0 cebe Kak 00
HCCIIeIOBATEIE;
® HEBKJIIOUYEHHOE, T.€. HAOIIOICHHE CO CTOPOHBI 0€3 B3aUMOICHCTBHS;
® OTKPBITOE, KOTJ]a UCCJIEI0OBATEIb HE CKPBIBAET CBOIO POJIb.
[To ymopsimoueHHOCTH BO BPEMEHHU:
®  CILIOIIHBIE;
e BbBIOOpOYHBIE.
[To ymopsimoueHHOCTH TIPOBEICHUS:
® CTPYKTYpPHpPOBaHHBIE, KOT/Ia TIPOUCXOJSIINE COOBITUS (PUKCUPYIOTCS B COOTBETCTBUM C paHee
pa3paboTaHHOM CXEMOM;
® TIPOM3BOJIbHBIE, KOT/Ia UCCIIE0BATEh CBOOOHO OMUCHIBAET MPOUCXOISIINE COOBITHS.
[To xapakTepy ¢pukcanuu:
® KOHCTaTUPYIOIIHE, Koraa Habmonarens GUKCUpyeT GaKkThl TAKUMH, KAKHE OHU €CTh;
e OIICHHMBAIOIIKE, KOT/1a HAOII0aTe b HE TOIBKO (PUKCUPYET, HO U OIIEHUBAET (DAKTHI.

Tecmot u ux Xapakmepucmuku

TectupoBanue mnpeanosgaraeT, 4ro OOCIEAyeMblH BBIIOJHACT ONPEJCIICHHbIE JEHCTBUS
(oTBEyaeT Ha BOINPOCHI, pEIIAET 3a7auu, PUCYET U JIp.), T.€. IPOXOAUT ONPEACICHHbIC UCTIBITAHUS.
Ha ocHOBaHMU pPE3yJIBTaTOB TECTHUPOBAHMS MEHEIKEP MOXKET CHEeIaTh BBIBOABI O HAJIWYUU WIH
OTCYTCTBHMHM OIIPEIEIICHHBIX KAYECTB y TECTUPYEMOTO.

Meton TecToB IpelCTaBlIsAe€T COOOH pPa3HOBUAHOCTb HSKCHEPUMEHTAIBHOIO MOAXO0AA K
XapaKTePUCTHKE TICHXOJOTMYECKUX MPOLECCOB U OCOOCHHOCTEH JTMYHOCTH Ha SI3bIKE 0OBEKTUBHBIX
u3MepeHuil. Pa3paboTka TECTOB U HMCIOJIb30BaHUE MX Ha MPAKTHKE CBSI3aHbl C IPEIBAPUTEIbHBIM
OTIPE/ICJIEHUEM CTETIEHU COOTBETCTBUS TECTOB CIEAYIOUIMM TPEOOBAHUAM NCUXOAUATHOCTUUYECKOMN
TEOPUHM U3MEpEeHUH (IICMXOMETPHUH): HAJEeKHOCTH, BAIUJHOCTH, CTAHJAPTU3AIMH, NPAKTHUYHOCTH,
MIPOrHOCTUYECKON LIEHHOCTU. PaccCMOTpUM Kax/10€ U3 3TUX TPEOOBAHUM.

Haoesxxcnocmo. Ilpy U3ydeHHN pa3iUyHBIX aclEeKTOB Pa3pabOTKU M HCHOJIb30BAHUS TECTOB
BaXHYIO POJIb UTPAET aHAJIN3 OMIHUOOK M3MEpeHus, OO MPHU COCTABICHUH TECTOB, KaK U B JIIOOOH
paboTte, BO3MOKHBI OIIMOKH. OOBIYHO BBIJEIISAIOT TPU Kilacca OMMOOK: IPOMaxH, CUCTEMAaTHUECKUe
OHMOKH U CITy4YaifHbIe OIIUOKH.

Ilpomaxu - cnenctBue rpyObIX HapyleHUH npoueaypsl usmepeHus. OHU MOTYT ObITh JIETKO
BBISIBJIEHBI 1 YCTPAHEHBI yTEM OTOpAChIBaHHsI pE€3KO OTKJIOHSIOLIUXCSA 3HAUEHUH.

Cucmemamuueckue oOwiubKy OCTAIOTCS TOCTOSIHHBIMU MJIM 3aKOHOMEPHO MEHSIOTCA OT
U3MEpEHUsl K U3MEPEHUI0 U B CHJIy ATHX OCOOEHHOCTEH MOTYyT OBITh HpeJCKa3aHbl 3apaHee, a B
HEKOTOPBIX CiIydasx U ycTpaHeHbl. K 3Toif rpymnme oTHOCATCS OMMOKH, BOSHHUKAIOILIME B CBSI3U C
HCII0JIb30BaHNEM PA3IMYHBIX METOJOB cOOpa IaHHBIX.

Cnyuatinvie ownbky TOSBISAIOTCS, KOTJa MPHU MOCIEI0BATEIbHBIX U3MEPEHUSIX MOCTOSHHbIE
XapaKTEPUCTUKA MMEIOT PAa3HbIE YMCIIOBBIE OLICHKH, T.€. KOIJa M3MepsieMas XapaKkTepUCTHKA HE
U3MEHSETCS BO BPEMEHHU.

B npakTuke ncnons3yroTcs TpU OCHOBHBIX METO/1a OLIEHKH HAJIE)KHOCTH U3MEPECHUN:
® [IOBTOPHOE U3MEPEHUE;
® [apAIEIBHOE U3MEPECHUE;
® DpAaCIIEIICHHOE U3MEpPEHUE.
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[pakTyHOCTE. TECTHI TPENCTABISAIOT COOOW OTHOCHTENFHO HEAOPOTOW M TNPaKTHYECKU
YAOOHBIM CHOCOO0 TONyYeHHUs IICUXOJIOTHYEeCKON wuHpopmanuu. IIpM COCTaBICHWH TECTOB
HPEABSABIAIOTCS KECTKUE TPEOOBaHMS K IIPOCTOTE, IKOHOMUYHOCTH ¥ 3G PEeKTUBHOCTH. J[i1s1 BBITION-
HEHHSI TICUXOJIOTUYECKUX TECTOB, KAaK IMPaBHJIO, HE TPeOYIOTCS CleluaibHas MpeaBapUTEIbHAS
MOJITOTOBKA U 00yUYeHHE TECTUPYEMBIX. TeCThl SKOHOMUYHBI €IIIe ¥ TOTOMY, YTO JUIS X 3aIIOJTHEHUS
1 00paboTKU 0OBIYHO HE TPEeOYIOTCS JOPOroCTOsAIIas anmnapaTypa u Marepuaisl. [l npoBeaeHus
oOcnetoBaHusi 1 0OpPaOOTKH PE3yJIbTATOB TECTHPOBAHMS HY)KHO OTHOCHTEIIFHO MajiO BPEMEHHU U
OTpaHMYEHHOE KOJMYECTBO IepcoHaia. biarogaps 3TUM OCOOCHHOCTSM TECTHI MOTYT OBITh
UCTIOJIb30BAHBI IPAKTHYECKH B JIIOOBIX YCIOBHSAX U B TFO0O0E BPEMs.

[IporHoctuyeckast 1EeHHOCThb. IIporHOCTHYECKass IIEHHOCTh TECTOB 3aKIIOYAeTCs B HX
NPaKTHYECKON BaMAHOCTH. Kaxk/plii TecT MOMKeH OBITh MPUTOIEH IS IPOTHO3a XOTS OBl OTHOTO
U3 Ka4eCTB, HEOOXOAMMBIX TecTHpyeMoMy. Hanboiiee momyisipHbIe MICUXOANAarHOCTUYECKHE TECTHI
00J1a/1a10T BBICOKOW MPOrHOCTUYHOCTBIO ISl MHOTHX CUTYAIlMid ¥ BUIOB JESITEIBHOCTH.

YeTko pasrpaHMYUTh OMOMETUIIMHCKUE U UCCIIE0BaHMS MOBEJCHHS YeIOBEKa HEBO3MOXKHO.
HexoTopble OMOMEAMIMHCKUE WCCIIEIOBAHUS IOCBSIICHBI HM3yYEHUIO MOBEIACHMS (HAmpUMep, B
NICUXUATPUH, HEBPOJOTUHM WM SMHJIEMHOJIIOTHU), U HAa000pOT, MHOTHE METOJIbl, IPUMEHSEMbIE B
UCCIIEIOBaHUSIX TIOBEJCHUS 4eloBeKa (HaOJIOeHHE, ONPOCHl), UCHOIB3YIOT B OMOMEAMIIMHCKHUX
UCCIIEIOBAHMSIX.

buomeouyunckue uccneoosanus

bruoMenuIMHCKUE WCCIIENOBaHMA, 3a/Jadeii KOTOPBIX SBISETCS OIEHKa Oe301acHOCTH,
3 PEKTUBHOCTH WU MOJIE3HOCTH BO3ACHCTBYSL, BKIIOUAIOT U3yUEHHUE PA3IINYHBIX BU/IOB JICUCHHUS —
MEIMKaMEHTO3HOTO,  JTUETOJIOTUYECKOTO,  CBSI3aHHOTO ¢ (DM3WYECKUMH  yNPaKHEHHSIMH,
XUPYPrU4eCKUM BMEIIATEIbCTBOM WM MPOBOJUMOIO C HMOMOIIBIO COBPEMEHHOIO METUIIMHCKOIO
o0opyaoBaHus (KOMIbIOTEpHAs ToMOrpadus u 1p.).

B HekoTOphIX OMOMEIMIMHCKUX HMCCIEJOBAHUSAX MPHU BHIIOJIHEHUH UCTBITYEMBIMH 3aJaHHUN
(HanpuMmep, (U3NYECKHe yNpakKHEHUs, MOBTOPEHHE CEPUHU CIIOB, PEardpOBaHHWE HA Pa3INYHbBIC
CEHCOPHBIE PA3PAXKUTEIN) U3MEPSIOT UX (PU3UOTIOTMUECKUE MTOKA3aTeIH. XOTS MHOTHE MTPOLETyPHI,
MpUMEHsIEeMble B OMOMETUIIMHCKOM WCCIICIOBAHWM, HAIIOMHUHAIOT T€, YTO HCIOJIB3YIOTCS TpHU
OOBIYHOM 00CJIEJOBAaHUM, YAaCTO BO3HUKAET HEOOXOOUMOCTh B Oo0Jiee TOYHBIX MHBA3MBHBIX
npoIerypax, Takux, Kak OHOTICHS, SHOCKOIIHS, PeHTreHoCcKomHs. VcciienoBanws, pefHa3HauCHHbIC
JUIs OTy4eHust HHpopMalMyu 0 HOpMaIbHON (PU3HOIOrUU MU 00JIE3HH, KaK PaBUIIO, HE CBS3aHbI C
OLIEHKOM MEIUIIMHCKOTO BMEIIATEIbCTBA, OHO MOXKET MOTPEOOBaTh MPUMEHEHNUS JTOMOJIHUTEIbHBIX
poLeayp.

buoMenuuumHCckue uccienoBaHus, KOTOpble HPOBOAATCS 0€3 ydacTHs JIOAed B KaduecTBe
UCTIBITYEMBIX, MOTYT He TpeboBaTh skcnepTu3sl DK, Hampumep uccienoBaHHs, TPOBOAMMBIE Ha
HKCIIEPUMEHTANIBHBIX KUBOTHBIX M C UCHOJIb30BAHUEM OMOJIIOTMYECKHX MaTepHaoB (TKAHHU, KPOBb,
ModYa ¥ Jp.). B mocneanem ciyyae uccienoBareib perucTpupyeT o0pasisl TAKUM 00pa3oM, YTOObI
HEBO3MOXKHO OBUIO MPH MOMOLIM UACHTUGHUIMPYIOLIUX IPU3HAKOB YCTAHOBUTH JIUIO, OT KOTOPOIO
OHU TIOJTyYE€HBI.

K 3Toii kareropum OTHOCSTCS TaKXKe MCCIEI0BaHuUs, Oa3UPYIOLIMecs Ha N3yYEeHUH apXHUBHBIX
MaTepuaioB (Jaile BCero UCTOPUI OOJE3HU), KOT/IAa CBEICHUS O KaXKIIOM MalHeHTe (PUKCUPYIOTCS
TaK, 4TOOBI €ro JMYHOCTh HE MOIJIa OBITh UIEHTU()ULIPOBAHA.

Hccneoosanusn nosedenusn uenosexa

CrekTp wuccnenoBaHUM, WMEIONIUX COLMATbHYI0 HANpaBIE€HHOCTh, OCTAaTOYHO UIMPOK H
pazHooOpa3eH. Pe3ynpraThl HEKOTOPBHIX W3 HUX MOXHO TIEPEHOCHUTh B CQEepy YeITOBEUCCKUX
B3aMMOOTHOIICHUN, APYTHE MOTYT PACHIMPUTh MX TMOHHMMAaHWE, XOTS M HE UMEIOT SBHOTO WU
HeHOCpe}ICTBeHHOFO HpI/IKHa)]HOFO 3HA4YCHUSI, TpeTI)I/I HpOBOJIS[TCH JJIs1 TOTO, T-ITO6I)I HpOBepI/ITB
BBIIBUTA€MbI€ THUIIOTE3bl WJIH SIBJISIOTCS TIABHBIM O00Pa30M OMHCATEIbHBIMHU, HAKOHEII, OT/eIbHbIE
HUCCIICOOBAHUA MOFYT 6BITB IIOCBSIIICHBI OLICHKE COILIMAJIbHBIX nporpaMM nJIin )IpyrI/IX BOSHeﬁCTBHﬁ
Ha TPYIIbI HACETICHUS.
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B nccnenoBaHuX MOBEICHUS YEIOBEKa IS MTOTYYESHUS HH(POPMAIH UCTIONB3YIOT OIPOCHBIC
JMCTBI, HAOIIONEHUE, M3YYeHHUE MUCHMEHHBIX HCTOYHHMKOB, a TAaK)K€ NMPOBOIAT IKCIIEPHUMEHTHI C
BO3JICHCTBIEM HEKOTOPOTO Pa3ApaKUTENsl WIIM BHEIIHETO BMEIIATENILCTBA. DTH YETHIPE OCHOBHBIX
METO/Ia TAaKXKE MOTYT IPUMEHSTHCS B Pa3IMUHbIX coueTaHusX. HabmroneHne MokeT ObITh CKPBITHIM
WIN OTKpHITBIM. HaOmiomaemblii MOXET yd4acTBOBaTb WJIM HE YYacTBOBarb B H3y4aeMOH
JesITeNbHOCTH. [3ydaemMble B paMKaxX MCCIIEIOBAaHHUSA IHCHhMEHHbIE HMCTOYHUKA MOTYT OBITh
MyOMMYHBIMU (HAapUMep, CTaTUCTUYECKUE JaHHbBIe, CBEJCHHUS O PETHCTPALUH aBTOTPAHCHIOPTHBIX
CpeAcTB) MO0 IOCTym K KOTOPBHIM OrpaHUYeH (ApXUBHBIC JOKYMEHTBHI, MO KOTOPBIM MOXKHO
UACHTU(GUIMPOBATh HCIHBITYEMbIX). ODKCIEpUMEHTAIbHbIE HCCIEIOBAHUSA MOIYT IPOBOIUTHCS B
OOIIECTBEHHBIX MECTaX WJIM 3aKpPBITBIX YUPEXKICHUSIX (HarpuMep, B KIMHHUKE, JJAOOPaTOPUH WU
TEparneBTHYECKOM KaOuHeTe). MeTobl BO3ACHCTBHS B TAKUX UCCIIEJOBAHHUAX MOTYT BaPbUPOBATh OT
0€300MIHBIX, TAaKHX, KaK W3MEHEHHE [M3aifHa W YMAaKOBKH IPOMBINUICHHBIX MPOIYKTOB, [0
MOTCHIIMAJIBLHO BeChbMa 3HAUYMMBbIX (M3y4YCHUE U3MEHEHUH MMOBEACHUS MTPH AJIKOTOJIH3ME).

B HEKOTOpBIX HCCIENOBAaHHUAX M3Y4YaeTCs TIOBEJACHUE UYEIOBEKa B 3aBHCHMOCTH OT
HACJICACTBEHHOCTH, pAacoOBOM  IPHUHAUICKHOCTH, YPOBHS  MHTEIUICKTyaJbHOTO  Pa3BUTHA,
IICUXOOMOJIOTUM U COLMOOMOJIOTUU. DTUYECKasl CTOpPOHA TAaKOro POAa HCCIEJOBAHUN BbI3BIBAET
OypHble cropbl. BbICKa3bIBalOTCS OmMaceHHs, YTO HaydHble JIaHHBIE, KOTOpPbIE MOJYyYEHBI B XOJe
WCCIIEIOBAHMSI, MOTYT OBITh MCITOJIB30BAHBI JUISI ONMPABIAHUS COLMAIBHOW HECIPABEMIMBOCTH WA
PacoBBIX NpeApPacCyIKoB U T.A4. OJJHaKO BO3MOXKHOCTh HEMPABUIIBHOTO HCIOIb30BAHUS PE3YJIbTaTOB
HAyYHOTO MCCIICAOBAHMS HE JTOJDKHA SBIATHCS MpeaAMeToM dKenepTu3bl DK, kakoii Obl 3HAUNMON He
Obu1a TEMA.
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ITPUJIO’)KEHUE 1
CIIMCOK KOHTPOJIBHBIX BOITPOCOB 110 TEME JIEKIIUU JUCHUIIJINHBI

Tema 1: Cosepemennvie memoovl ucciedoganus 6 usuonocuu. Inekmpoguiuonozuyeckue
Memoobl.
KonTpoJibHbIe BONIPOCHI:
1.OcHOBHBIE OHATHS (PU3HOTOTUN
2 IlpuHIMNBL peTyasaiun GU3N0IOTHIECKUX (PYHKITUH
3. CoBpeMEeHHBIC METOIbI UCCIICIOBAHUS B (DU3UOJIOTHI
4. OcHOBHBIE TPHUHIMIBI W TIPaBUJIA BBIIIOJHEHHUS COBPEMEHHBIX 3JIEKTPOPU3UOTIOTUUECKUX
HcCleJ0OBaHUM Ha )KMBOTHBIX U YEJIOBEKE
5. Metoas! uccienoBanusi QyHKIIMOHAIBHOTO COCTOSTHUS CepAlla
6. MeToa mATY-KIIDMIIA.
7. Dnextponeiiporpadus.
8. DnexTpomuorpadus

Tema 2: Coepemennvie memoovl 6U3yaau3ayuu Mo32060i AKMUGHOCHU
KoHTpoJibHbIE BOIPOCHI:
1. CpaBHUTENBHBIC XapaKTEPUCTUKU IEKTPUUECKUX U MATHUTHBIX CUTHAJIOB Mo3ra. Bo3MoxkHOCTH 1
OTpaHUYECHUSI COBPEMEHHBIX METO/I0B BU3yalN3allud MO3TOBOH €SI TEIIbBHOCTU
2. CnexrpanpHblii aHanu3 01
3.MeTo/ BBI3BaHHBIX OTBETOB, UHTEPIPETAIUS PE3yIbTATOB.
4. Maruaurosunedanorpadus (MIT).
5. MeToapl ucciae0BaHUs PETHOHAIBHOTO MO3TOBOT'O KPOBOTOKA M YPOBHSI OKCUT€HAIIUK MO3Ta

Tema 3. Cospemennvie memoobl UCCI€006AHUA 6 PUUONOZUL NOEEOEHUSA
KonTpoabHbIe BOPOCHI
1.OcHOBHBIE TPUHIIUIIBI K COBPEMEHHBIE METO bl ATOJIOTMUYECKUX UCCIIEOBAHUN Ha )KUBOTHBIX
2. ®opmbl TOBEICHUS
3. Merononorudeckue NpuEmMbl NCCIEOBAHMSI IOBECHUS YEI0BEKa.
4.KoMnbploTepHOE MOZEIMPOBAHME, NPEUMYILECTBA U OTPAHUUYEHUS] KOMIBIOTEPHBIX MoOJENeH. 5.
OKCIEpUMEHTAJIBHBIE METOABI MCCIIEA0BAHUS IOBEICHUS KUBOTHBIX.
6.Peructpanus HelipoHHON aKTUBHOCTH B CBOOOJIHOM IOBEJICHUH.
7.Metonuka  JIOKaJbHBIX  paspylleHMH CTPYKTYp Mo3ra. ['€HeTHdecKue  MaHMITYJISIIHH.
8.IloBeeHUECKHE TECTHI: OTKPHITOE 10JIe, TEMHOBAs KaMepa, JTy4eBOH JJaOMPUHT, BOJHBINA JTaOUPHUHT
Moppuca.

Tema 4. Cospementbie Memoobl CMAMUCHMUYECKO20 AHAIU3A (PUUON02UHECKUX OAHHDIX.
KoHTpoJibHBbIE BOMPOCHI

1. Bwuasl $pU3NOIOTHYECKUX TAHHBIX.

OCHOBHBIC MPUHITAIIBI U 3TAIBI CTATUCTUYECKOM 00pa0b0TKH (PU3HOJIOTHIECKUX JTaHHBIX

no

3. KowmmbroTepHbIe MPOrpaMMBbl I CTATUCTHYSCKOTO aHAJIN3a U MIPEICTABICHHS (PU3UOJIOTHICCKUX
naHHBIX: SigmaStat, SigmaPlot, Statistica, ©X BO3MOYKHOCTH W HETOCTATKU. BUIBI CTATHCTHYECKIX
JrarpaMm
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HPUJIOKEHUE 2

CIIMCOK BOITPOCOB Ui TPOBEAEHUSA CEMUHAPA HA ITIPAKTUYECKHUX
SAHATHUAX

1. Coepemennvie memoovl UCCE008AHUA 6 QUUOIOUU: OOCMUNCEHUA U NEPCHEKMUGHL.
Hayunvie u3uonocuueckue wkoavl, uxX OOCMUNCEHUA 6 pa3padomke HOBLIX Meno0008
uccnedoeanus 6 Quzuonozuu
KoHTpoiibHBIE BOIIPOCHL:
1. HUcropus pa3Butusi GU3HOIOTHH
2. HWcropus pazsutus ¢pusuosoruu B Poccumn
3. JlocTmkeHusi, akTyaabHbIE MPOOIEMBI U IEPCTICKTUBBI PA3BUTHS COBPEMEHHON METOI0IOTHH
B MOJICKYJISIPHO-KJIETOYHOW, CHCTEMHON M KOTHUTHBHOW (PU3HOIOTHH.
4. Benymue OT€YeCTBEHHBIE U 3apyOexHbIe YueHbIe-(DU3UOTIOTH, HAYYHBIE (PHU3NOTIOTUYECKUE
IIKOJIBI, UX TOCTHXKEHUS B pa3paboTKe HOBBIX METOJIOB HCCIEAOBAHUS B (DU3UOJIOTHH.
2. Cospemennuie Inekmpoguzuonozuyueckue Memoobl. Dnexkmponeiipozpagus.
Inekmpomuozpaghus. Inekmpoxapouozpagua. Inekmpornyepanozpaghus.

Tumn: cemunap

Bompocsr:
1. Dnexrtponeitporpadus.
2. Dnextpomuorpadus.
3. DnektpopeTrHOTrpadus.
4. DnexTpookynorpadmus.
5. Dnexrtpokapauorpadus (Gamnucrokapauorpadus, JUHaMoKapauorpadus,
MexaHokapauorpadus, GoHokapauorpadus).
6. Dnexrposnnedanorpadus.

7. Meronpl wuccnenoBaHuss — (YHKIMOHATBHOTO  COCTOSHUSL  cOCylnoB  (aHruorpadus,
churmorpadus, peorpadus, miernsmorpadus).
3. Coepemennvie memoowvl 6u3yanu3auuu Mo32060i AKMUGHOCHU.
KoHTposibHBIE BOIIPOCHL:
Knunnueckuil BusyanpHplii ananus 901
MartemaTrueckue U CTaTUCTUYECKHE MEeTOIbI 00padoTku D01,
Crnekrtpanbhblii ananu3.KoppeasuoHHbIN U aBTOKOppeNsILUOHHbIN aHanu3. KapTtupoBanue.
BrBannbie notenmuansl. Tunsl knaccudukanuii BI1. Koptukaneneie u cyokoptukanbabie BII.

M owbdRE

BII Ha cTMMynbl pasiM4YHBIX MOJAIBHOCTEM, MX CXOJACTBO M pasnnuusd. Busyansneie BIIL
Cayxossle BII. ComaTtocencopnsie BII.

5. Maruutosnuedanorpadpus (MII'). Kommsrotepnas tomorpadus (KT). MaruutTHope3oHaHCHas
tomorpadus (MPT) mo3ra, e€ mpenmyiecTBa U BO3MOKHOCTH.

6. Metoabl ucciaenoBaHMs MeTaOOJIMYECKUX CUTHAIOB Mo3ra. Ilo3urpoHHO-3MHCCHOHHAs
tomorpadwus (PET) u pyHKIIMOHATIBHBIA MarHUTHO-pe30HaHCHBIN uMemKiHT (fMRI).

7. MeTtoabl HcCIeI0BaHUs PErHOHAIEHOIO MO3TOBOT'O KPOBOTOKA M YPOBHS OKCUT€HAIIMK MO3Ta.

4. Cospemennvie memoowvl ucc1e008anusA Puuonocuu nogeodeHus
KoHTponbHbIE BOIIPOCHI:

1. OcHOBHbIE NIPUHIIUITBI U NTPaBUJIA BHIIIOJIHEHNS] COBPEMEHHBIX ITOBEIEHYECKUX UCCIICA0BAaHUM Ha
KUBOTHBIX U YEJIOBEKE.

2. MeTononoruyeckue MpuEeMbl UCCIICTOBAaHNS TTOBEICHHS YEIIOBEKA.

w

KOMHBIOTGpHOC MOZACIIMPOBAHUC, ITPCUMYIICCTBA U OT'PAHUYCHUA KOMIIBIOTCPHBIX MoJeei.
4, BKCHepI/IMeHTaHBHHC MCTOABI UCCIICAOBaHUA ITOBCACHU JKUBOTHBIX.
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9.

10.

Perucrpanusi HEHpOHHOH AaKTHBHOCTH B CBOOOJHOM ITOBEICHUH. METOJIUKA JIOKAIBHBIX
paspymeHuil CTpYKTyp Mo3ra. [ eHeTHdeckne MaHUYJIS N,

[ToBeneHUECKHE TECTBI: OTKPHITOE IOJIE, TEMHOBas Kamepa, JIy4eBOW JIAOWPHUHT, BOJIHBIM
nabupuHT Moppuca.

B03MOXHOCTH ~ HCIIOJIb30BaHMS  MOBEJACHYCCKMX TECTOB, HMHTEPIIPETAlUsl  PEe3yJIbTaTOB,
OTpaHUYCHHUSI.

3HaueHne KIMHAYECKUX JTAHHBIX HEBPOJIOTHH JUIsl PU3UOJIOTUHN YETIOBEKA.

CtpyKTypHasi BU3yalu3anus MOBPEKIACHUA MO3ra. AHATN3 HEBPOJIOTHUECKHUX 3a00ICBaHUIA.
CBsi3p HapyIllIeHWH TOBEJCHUS C TIOBPEXKICHHEM Mo3ra. TpaHCKpaHHWaldbHAasT MarHUTHAs
CTHMYJISIIUST MO3TA.

5. Coepemennble Memoobl CHAMUCIMUYECKO20 AHAIU3A 4)u3uoﬂozuuec1<ux OaHHbIX.

KoHTposibHBIE BOITPOCHL:

1.

2.

ok~

Bunsr ¢pusnonornueckux nanHbix. OCHOBHBIE MPUHIUIIBI M 3TAIBl CTATUCTHYECKONH 00pabOTKH
¢bu3nonornuecKux NaHHbIX. KomnuecTBeHHbIE U KaueCTBEHHbBIE IEPEMEHHBIE.

ITpaBuia BeIOOpa aeKBAaTHOTO CTATHCTHYECKOTO TECTA JUI aHAJIH3A.

OOpaboTKka AaHHBIX C MOMOIIBIO MMAPAMETPUUECKUX M HEMApPaMETPUUYECKHX CTaTUCTHUECKUX
tectoB. Koppensanus u perpeccust.

Cratuctuueckuil aHaau3 GU3NOIOTMYECKHUX JTAHHBIX C UCIIOJIb30BAHHEM KOMIIBIOTEPA.
KomnproTepHple  mporpaMMbl  UIi  CTaTUCTHYECKOTO  aHAM3a W TPEJICTaBICHUS
¢dusnonornueckux JaHHbIX: SigmaStat, SigmaPlot, Statistica, UX BO3MOKHOCTH U HEIOCTATKU.
BuIpI CTaTHCTHYECKUX AHArPaMM.
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HHPUJIO’KEHUE 3
TECTOBBIE 3AJAHMSA JIJISI TEKYIIETO KOHTPOJISI SHAHUAM

1. PerynsaTopHbIil KOMIUIEKC, AKTUBUPYIOLIUHN U KOOPAUHUPYIOIIHNIA BCE N3MEHEHUS B OpraHU3Me,
COCTABJIAIOIIME AJalITUBHYIO PEAKIIUIO HA CTPECCOPBI, HA3bIBACTCH ...

2. l'enoTunuueckas ajanTtanus OCyIIECTBISICTCS HA OCHOBE:
1. MyTtanuu 2. HacnencrBenHoctu
. EctectBennoro or6opa 4. B nporiecce B3aMMOJEHCTBHS OPTaHU3Ma CO Cpeaon

[98)

. OCHOBHBIM METOJIOM HCCIJICJIOBAaHHS B MaTO(UIUOIOTUH SBIISECTCS:

. OIIBIT HA YCJIOBEKEC b. OIBIT HA JKUBOTHBIX

. I3y4CHHE MPOSIBJICHUI OOJIC3HU d. aHaNMM3 CTATHCTHYECKUX JAHHBIX O 3200JIEBAEMOCTH
. FHCTpPYMEHTAIIbHOE 00CIeI0BaHNE OOJIBHOTO

o 0 O W

4. B OKCIICPUMCHTEC Ha )KUBOTHBIX HCBO3MOKHO NU3YYUTDH

1. HauanbHBIA nepuo] 60sIe3HN 2. BIUSHUE HAa OPTaHU3M HOBBIX JIEKAPCTBEHHBIX
CpeACTB
3. HenedeHHbIe GOpMbI OOJIE3HU 4. cyOBbeKTHBHbIEC IPU3HAKU 0OJIC3HU

5. BIMsIHUE YCIIOBUI CpeJibl Ha pa3BUTHE OOJIE3HU

5.B OKCIICPUMCHTEC Ha )KUBOTHBIX HCBO3MOKHO NU3YYUTDH
1. maTeHTHBII epro 00Ne3HH
2. BIUSHUE HA OpraHu3M HOBBIX JICKAPCTBCHHBLIX CPCACTB
3. HeneueHHbIie HOPMBI O0TE3HU 4. ncuxudeckue 00JIe3HH
5. ajmepruyeckue 00JIe3HU.

6. Kakast rpynma MeTo10B UCClIeI0BaHMs B (PU3NOIOTHN N300pakeHa Ha pUCYHKE?

1. ”HCTpYMEHTAJIbHBIE METOIBI. .... 2. OCTPBIA SKCIIEPUMEHT.. 3. XPOHUYECKUI IKCTIEPUMEHT. ..

7. OCHOBHBIM (paKTOPOM, OTPAHMYHBAIOIIUM MPUMEHEHUE SKCIIEPUMEHTAIHLHOTO METO/1A B
MEJHULIMHE, ABIIACTC

1. pa3znuuue B CTPOEHUM OpraHu3Ma KMBOTHBIX M Y€JIOBEKa

2. pa3nu4ue B 0COOEHHOCTSIX OOMEHA BEIECTB Y JKUBOTHBIX U YeJIOBEKa

3. pa3Has IPOJOJKUTENBHOCTD KU3HU YEJIOBEKA U )KMBOTHBIX

4. TpyJHOCTHU ONPEAEIIEHUS UCXOIHOTO YPOBHS 310POBbsl Y 3KCIIEPUMEHTAJIBHBIX KMBOTHBIX
5. coumanpHas IPUPOJA YEJI0BEKa.
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. B akcriepumenTe Ha KUBOTHBIX HEBO3MOKHO H3YUYHUTh

. HAuaJIbHBINA TIepro]| 00JIe3HU

. BIUSTHUE HAa OpTraHU3M HOBBIX JIEKAPCTBEHHBIX CPEACTB 8. HelleUeHHbIE (POpPMBI O0IE3HU
. CyOBEKTUBHBIE IPU3HAKH 00JIC3HU

. BIUSTHUE YCIIOBUU CPEJIbl Ha pa3BUTHE OOJIC3HH

A WN -

9. B skcriepuMeHTe Ha KUBOTHBIX HEBO3MOXKHO H3yUUTh
JATCHTHBIN Mepuo1 00JIe3HU

BIIUSTHUE HA OPTraHU3M HOBBIX JICKAPCTBCHHBIX CPE/ICTB
HeJieueHHbIe (POopMBI O0JIE3HH 1. ICUXUYECKUE OOJIC3HU
aJjuiepruaeckue OOJIE3HH.

o0 o

10. PerynaropHblii KOMITJIEKC, aKTUBUPYIOIINN 1 KOOPAUHUPYIOIINI BCE N3MEHEHHSI B OPTaHU3ME,
COCTABJIAIOLIME AJAIITUBHYIO PEAKIIUIO HA CTPECCOPBI, HA3bIBAETCH ...

11.®dyHKIUIO OpraHa MOXHO U3y4aTh HE TOJBKO B LIEJIOM OpraHU3Me, HO U H30JIMPOBAHO OT HETO.
OTOT METO HA3BIBAETCH. ..
a. nepdysum........ 2. XpOHUYECKHH SKCTIEPUMEHT.. 3. anekTposHiedanorpadus. ..

12. HeBO3MOXHO MOJIETUPOBAThH HA JKUBOTHBIX
1. mu3odpenuro 2. caxapHbli AuadeT 3. racTpuT 4. HEBPO3HI 5. JTy4eBYIO 00JIE3Hb

13. 'enoTHIIMUECKast aAanTalysI OCYIIECTBISIETCS] HA OCHOBE:
1. Myrauuu 2. HacnenctBenHoctu 3. EcrectBeHHOoro oro6opa 4. B nporiecce B3aumoaencTBust
OpraHu3ma co cpeaou

14. Tlo BpeMeHHU pa3BUTHUS PA3NTUYAIOT a/IalTALUIO:
1. CpouHyt0, WM KPaTKOBPEMEHHYIO

2. JIonroBpeMEeHHYIO

3. IlaccuBHY10, UM TOJEPAHTHOCTD

4. AKTUBHYIO, NN PE3UCTEHTHOCTh

15. ... — 9TO OBTOpPEHNE HEKOTOPOT'O COOBITHS B OPTAHU3ME YEPE3 PETYIISIPHBIE TPOMEKYTKH
BpPCMCHU (LII/IK.HI/I'-ICCKI/IG U3MCHCHUA )KPI3HCI[€$ITCHLHOCTI/I).

16. K meTtonam orieHKH reMocTa3a He OTHOCUTCS:

1) onpeenenre BpeMeHH KpOBOTeUeHUS 110 [[proKa;

2) ompeieneHue KOJIMYeCTBa TPOMOOIIUTOB;

3) onpenenenne COD (CKOPOCTh OCEAAaHUS IPUTPOITUTOB);
4) xoarynorpadusi.

17.Yxaxure NpoI0KUTENLHOCTh COCTaBHBIX YacTeil kapauouukia npu YCC 75 ya. B MUH.:
Cucrona npencepauii Cucrona xxenynoukoB O01as maysa

1)0,1c 0,3c 0,4c;
2)0,3c 0,4c 0,1c;
3)0,4c 0,1c 0,3c;
4)0,5¢ 0,1c 0,2c.

18. 3y6en P na OKI" xapakrepusyer:
1) memonspu3anmIo KeryI09KOB;
2) nenoisipu3anuio mpeIcepaui;
3) penoyspu3aIuio KeIyJ0UKOB;
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4) pernosipu3anuo Mpeacepanii.

19. 3y6en T na OKI" xapakrepusyer:

1) nenonspusanuo Npeacepamii;

2) aTpUOBEHTPUKYJISIPHYIO 3a/IEPIKKY;

3) nenoysipu3aIuio MEXKETYI0UKOBOM MePEerOpoaKy;
4) penoaspu3aluio KeIyJ0UYKOB

20. IIpu cnexrpanbHoM aHanu3e Hb kpoBu yenoBeka yCTaHOBIIEHO, UTO ATOT YEJIOBEK MOABEPKEH
OJIHOM U3 IIMPOKO paclpoCTpaHEHHbBIX BPEAHBIX MTPUBbIYEK. Kakol IMEHHO U KaK 3TO yCTaHOBUIIM?

21. Paccrosnue mexny 3youamu R Ha OKI' GosbHoro pasHo 0,8 cexyna. Kakosa uactora
cepreOneHuin?

22. Ammuutyna 3y6na R OKI' camas 6onbias Bo II orBenenuun u camas manas B I otBegenun. O
YeM TOBOPUT TaKas Kapauorpamma?

23. Kakue n3menenus Haomonatoresa B 991 B Hauasne BIpaOOTKU yCIIOBHOTO peduiekca Mpu
IPEIbSIBICHUH YCIOBHOTO pa3apakuTesis?

24. B KakOM COCTOSIHUM MOT'YT HaXOAMUTHCA UCIBITYEMBIE, €CIIA B DO TEMEHHBIX U 3aThUIOYHBIX
OTBEJICHUI 3apEerucTPUPOBaHbI AEJIbTa-BOJIHBI Y OAHOIO U3 HUX U O€Ta-BOJIHBI — Yy APYTroro?
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IMPUJIOKEHMUE 4

CIIMCOK BOIIPOCOB JJ11 CAMOCTOSATEJIbBHON PABOTHI
METOJIWYECKHE PEKOMEHJAIIMU K CAMOCTOSTEJILHON PABOTE

HanmenoBanue pasjiena
y4eOHOU JUCITUTIITMHBI

Bomnpocs gyt
CaMOCTOSITEIIBHOTO U3yUCHHUS

Bunwsr CPC

COBpeMeHHHe MCTOABbI

HUCCIICOIOBAaHUSA B @HSHOJ’IOFHHZ

JOCTHIKCHUS U ICPCIICKTUBBI

Benymue oreuecTBeHHBIE U
3apyOeKHbIC YUEHBIC-
(hu3HoI0rH, Hay4YHbIE
(hU3HOTOTHYECKHE KO, HX
JOCTH)KEHUS B pa3paboTke
HOBBIX METOJIOB UCCJIEI0BAHUS
B (huzmnonoruu

N3yuenue u
KOHCIIEKTUPOBaHNUE OCHOBHOM
Y JTONOJIHUTEIbHON
JUTEPATYPHI.

Pa6oTa co cripaBoYHBIMU
MaTepHuagaMu

CoBpeMeHHbIE
AMEKTPOPU3NOTOTHICCKUE
METOObI

CoBpemMenHas
IKCIIEPUMEHTAIbHAS
amnmaparypa s
ANEKTPOPU3HOIOTHH.
Ycunurenu OMOMOTEHIINAIIOB,
WX BUJIbI, XapPaKTEPUCTHKH.
KoMmrmbroTepHbIe MporpaMmbl
JUISL PETUCTPALIUY U
MEPBUYHON 00pabOTKH
NMEKTPOHU3HOIOTUICCKHX
JIAaHHBIX.

IToaroroBka K
WHJIUBUYaTbHOMY
cobecenoBannio Mzyuenue n
KOHCIIEKTUPOBAHUE OCHOBHOM
1 JIOTIOJIHUTEIBHOMN
nutepaTtypsl Pabora co
CIIPaBOYHBIMU MaTepuaIaMu

[ToaroToBka u HarucaHue
pedepara

COBpCMCHHBIe MCTOABI
BU3yaJin3allun MO3TOBOH
AKTUBHOCTHU

KommerorepHas Tomorpadust
(KT). MarautHO-pe30HaHCHAs
tomorpadust (MPT) mosra, eé
peuMyIIecTBa 1
BO3MOYKHOCTH. MeTo/bl
HCCIICI0BAHUS
MeTabO0JIMYECKUX CUTHAJIOB
mo3ra. [To3urpoHHo-
SMHUCCHOHHAsI TOMOTrpadus
(PET) u ¢pyHKUMOHATIBHBIHI
MarHUTHO-PE30HAHCHBIN
umexuHT (fMRI)

IToaroroBka K
WHJMBUlyaIbHOMY
cobecenoBannio MzyueHue u
KOHCIIEKTUPOBAHUE OCHOBHOM
U JOIIOJIHUTEIHLHON
nutepatypsl Pabota co
CIPaBOYHBIMHU MaTepHUaJIaMU

IToaroroBka 1 HamMcaHUE
pedepata

COBpeMeHHBIe MCTOABbI
HCCIICIOBaHUA B (1)I/I3I/IOJ'IOI‘I/II/I
IIOBCACHUA

Bo03M0XXHOCTH UCTIONB30BAHUSA
MOBEICHYECKUX TECTOB,
HWHTEPIPETAIHs PEe3yJIbTATOB,
OorpaHuYeHus. 3HAUCHHE
KJIIMHUYECKHUX JTAHHBIX
HEBPOJIOTUH JJ1s1 GU3UOJIOTUN
yenoBeka. CTpyKTypHast
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WHJIUBUYaTbHOMY
cobecenoBannio M3yuenue u
KOHCIIEKTUPOBAHUE OCHOBHOM
U JOTIOTHUTEIBHOMN




BHU3yau3alus MOBPEKICHUN
Mo3ra. AHaau3
HEBPOJIOTUYECKHUX
3a0oeBannii. CBA3b
HAapyUIEHU OBEJECHHUS C
MOBPEKICHUEM MO3Ta.
TpaHckpaHuanbHas
MarHuTHas CTUMYJISILMSA MO3Ta

nutepatypsl Pabota co
CIIpaBOYHBIMU MaTCpraIaMn

[ToaroToBka u HarMcaHue
pedepara

CoBpeMeHHbIE METO b
CTaTHUCTUYECKOTO aHaln3a
(U3NOTIOTUYECKUX JJAHHBIX

KonnyecTBeHnHble u
KaueCTBEHHBbIC  TEPEMEHHBIE.
[IpaBuna BIOOpa aIEKBaTHOTO
CTAaTHCTHYECKOIO TeCTa IS
anaymsa. O0paboTKa JaHHBIX C
MIOMOIIBIO TTAPAMETPHUECKUX H

HenapaMeTpU4eCKuX
CTaTUCTUYECKUX TECTOB.
Koppenamuss u  perpeccus.
Craructuueckuit aHaJn3

(1)I/I3I/IOHOFI/I‘IGCKI/IX JaHHBbIX C
HCIIOJIB30BAaHHUCM
KOMIIBIOTEPA.

IToaroroBka K
WHJIUBUTyaTbHOMY

cobecenoBannio. M3yuenue u
KOHCIIEKTUPOBAaHUE OCHOBHOM
51 JIOTTOJTHUTEIbHOM
JUTEPATYPHI Pabora co

CIIpaBOYHBIMU MaTCpraIiaMnu
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NPUJIOKEHHUE 5
CIIUCOK TEM PE®EPATOB
Oco0EHHOCTH OIUCATEIBHBIX METOIOB
Mero/ HaOTIOICHHIA U €r0 3HaYeHUE B (DU3HOJIOTHH
MeTo CTaTHCTHYECKOM 00pabOTKH U €ro 3HaYEHHUE.
3HaYCHHE YKCIIEPUMEHTA M €r0 MOJICITUPOBAHNE
q)I/I3I/IOJIOFI/I‘-IeCKI/Ie METOABI UCCIICOAOBAHUA )KXUBOTHBIX.
PenTrenonornyeckue METOIbI UCCIEIOBAHMS
VIMMyHOJIOTHYECKHE METO IbI UCCieA0BaHus. IMMyHO(EpMEHTHBIN aHAIN3.

buoxumuueckre MeToIbl UCCIIEI0BaHUS B COBPEMEHHON (hPHU3HOTI0TUI

© 0 N o g bk~ wbhPE

MeTobl HCCiIeTOBaHUS! BHEITHETO JBIXaHUS
10. DnexTpomuorpadus
11. MarHuTHO-pe30HaHCHast ToMorpadus

12. OnTnueckue METOABI HCCIIEN0OBAHNS. BHOXEMUITIOMUHECIIEHITHS.
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13.

14.

15.

16.
17.

18.
19.
20.
21.
22.
23.
24,
25.

26.
217.

28.
29.

30.

HHPUJIOKEHUE 6
BOIIPOCHI K 3AYETY

JlocTikeHus, akTyalbHble IPOOIEeMbI M EPCIIEKTUBbI Pa3BUTHs COBPEMEHHON METOA0JIOIMHU B
MOJIEKYJISIPHO-KJIETOYHOM, CHCTEMHOM U KOTHUTUBHOM (PU3UOJIOTHH.

Benyue oredecTBeHHbIE U 3apyOexkHbIE ydEHBbIe-(DM3MOJIOTH, HayyHblE (PU3HOIOTHYECKHE
IIKOJIBI, UX TOCTHKEHUS B pa3padOTKe HOBBIX METOOB UCCIIEN0BAaHUS B (PU3HOJIOTHUH.
OCHOBHBIE TMPUHIUMBl W MpPaBUia BBINIOJHEHHS COBPEMEHHBIX 3JIEKTPOPHU3NOIOTUYECKIX
UCCJIEIOBAaHUM Ha *HUBOTHBIX U yejoBeke. Mojenu 31eKTpodru3H0I0rH4ecKoro 3KCrnepumMeHTa
invivo u invitro.

OnexkTpoapl AN AJEKTPO(GU3MONOTHM: BUABL, (U3MUECKHE XapaKTepPUCTHUKH, IpaBuiIa
UCTIOJIb30BaHUs, BO3MOXKHOCTH.

CoBpeMeHHass SKCIIEpUMEHTAJbHAs —ammaparypa JUisl  3JeKTPO(GU3HONOTHH. Y CHIIUTENH
OMOMOTEHLINAIOB, UX BU/IbI, XapAKTEPUCTUKH.

CoBpeMeHHbIE METObI UCCIIEOBAHMS B 311€KTPO(YU3HOIOTUH. DIIEKTpOHEHpOHOTrpadusl.
BHeknerounas peructpanusi On03JeKTPUUECKON aKTUBHOCTH HEHPOHOB. MeTo 1 M3TY-KIIdMIIA.
DnexkTponerporpadus.

DnexTpomMuorpadus.

. DnekTpokapauorpadus.
. DnexrposHedanorpadpus.
. CpaBHHUTENBHBIC XAapPAKTEPUCTHKH OSJEKTPUYECKUX M  MArHUTHBIX CHTHAJIOB  MO3Ta.

B03MOXHOCTH 1 OTpaHUYCHHSI COBPEMEHHBIX METOIOB BU3YATH3AI[UH MO3T'OBOM JIEATEIHLHOCTH.
CrexTpallbHBIH ~ aHaMW3 B 2JIeKTposHIedanorpadhun. MeToq  BBI3BAaHHBIX  OTBETOB,
WHTEPIIPETAINS PE3YIbTATOB.

Marunutosnnedanorpadus (MIT). Komnsrorepuas tomorpadus (KT). MaruutHope3oHaHCHas
tomorpadust (MPT) mosra, e¢ nmperuMyIecTBa U BO3SMOKHOCTH.

MeToasl HccneoBaHHUS META0OMMYECKHX CHUTHAJIOB Mo3ra. [lo3uTpoHHO-3MUCCHOHHAsS
tomorpadust (PET) u pyHKIMOHATEHBI MAarHUTHO-pe30HaHCHBIH nMemkunr (fMRI).

MeTo/1b1 Mcciie10BaHUS PErHOHAILHOIO0 MO3TOBOTO KPOBOTOKA M YPOBHSI OKCUT€HAILIMU MO3Ta.
OCHOBHBIE TIPUHIIMIIBI U MIPABUJIA BBITIOJHEHUS COBPEMEHHBIX MOBEICHYCCKUX HUCCIICIOBAHUN
Ha )KUBOTHBIX U YesioBeKe. MeTo10I0rnyecKue NprueMbl UCCIIeI0BaHUS TOBEICHUS YeJIOBEKa.
KommproTepHoe MojenupoBaHue, MPEUMYIIECTBA U OTPAaHUYCHHUS KOMIBIOTEPHBIX MOJICIICH.
DKCrepuMEHTAIbHBIE METO/IbI HCCIIEIOBAHUS TIOBE/ICHUS KUBOTHBIX.

Peructpanusi HEeHpOHHOW AaKTUBHOCTU B CBOOOJHOM IOBEACHHUU. MeETO/HMKA JIOKAJIbHBIX
pa3pyleHuil CTpyKTyp Mo3ra. ['eHeTHuecKue MaHUITYJISIIH.

[ToBereHUECKHE TECTHI: OTKPBITOE IIOJIe, TEMHOBas Kamepa, JydeBOW JaOWPUHT, BOJHBIN
nabupuHT Moppuca.

BO3MOXHOCTH HWCIOJIb30BaHUS TOBEJICHYCCKMX TECTOB, HWHTEPIPETANUS PE3yIbTaTOB,
OTpaHUYCHUS.

3HaueHNe KIMHUYECKUX JIAHHBIX HEBPOJIOTHH JUTsl (PU3UOJIOTHH YETIOBEKa.

CtpyKkTypHas BU3yalnu3alus MOBPEKACHUI MO3ra. AHAaTU3 HEBPOJIOTHYECKHIX 3a00JIeBaHUI.
CBsi3p HapylIICHWH TIOBEICHUS C TIOBPEXKJICHHEM MO3ra. TpaHCKpaHWAJIbHAs MarHUTHAS
CTUMYJISILIUS MO3Ta.

Bunel pusnonornyeckux naHHbIX. OCHOBHBIE IPUHIUIIBI U ATAIBI CTATUCTUYECKON 00pabOoTKU
dbuznonornueckux AaHHeiX. KonmndecTBeHHbIE M KAU€CTBEHHBIEC TIEPEMEHHBIE.

[TpaBuia BeIOOpa aIeKBAaTHOTO CTATUCTHYECKOTO TECTA /ISl aHAJIH3A.

OO0paboTka JaHHBIX C MOMOIIBI0 MAPAMETPHUUECKUX U HEMapaMEeTPUYECKUX CTATHCTHUUYECKUX
tecToB. Koppensiius u perpeccusi.

CraTuctrueckuii aHanu3 GU3NOIIOTUIECKUX JaHHBIX C UCIIOJIH30BAHHEM KOMITBIOTEPA.
KoMrmbroTepHbie IporpaMMBbI ISl CTATUCTHYECKOTO aHAIM3a U TTPEICTaBICHHS
dbuznonornueckux AaHHbIX: SigmaStat, SigmaPlot, Statistica, UX BO3MOXKHOCTH U HETOCTATKH.
BHIIBI CTaTUCTHYECKHUX JTHATPAMM.
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5. YueOHO-MeTOANYECKOE 00ecrieueHue

5.1. OcHoBHas y4yeOHas TuTepaTypa

1. BupryaipHbIii TPAKTUKYM MO HOPMAJIbHOW (DPU3MOJIOTHH: METOJHMYECKUE PEKOMEHAALUU /
IIEPEBO/] C aHTJIMICKOro M aganTauus A cryaeHroB B. b. Ctyauunkuii [u np.]. — Tomck
:Cu6I'MY, 2016. — 160 c¢. — TekcT: anexTpoHHbIN // JIaHb: 2IEKTPOHHO-OMOIMOTEYHAS
cucrema. — URL: https://e.lanbook.com/book/105863.

2. CwmomnuH, C. I'. ®u3non0rus U 3TOJIOTUS )KUBOTHBIX: yueOHoe nocobue / C. I'. CmonuH. — 2-
e u3l., crep. — Cankt-IlerepOypr: Jlans, 2018. — 628 c. — ISBN 978-5-8114-2252-4. —
Texcr: onexrponHsld // JlaHb: snexkTpoHHO-OMONMMOTeyHass cucrema. — URL:
https://e.lanbook.com/book/102609
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5.2. JlonoiHUTeNbHAsA y4eOHas1 JUTepaTypa

1. Benoga, E. B. Bo3pacthas ¢pusnonorus u ncuxodusuonoru : 2019-08-27 / E. B. benosa. — benropoa
:benl’AY um. B.A.T'opuna, 2018. — 42 c.— Tekcr: anekTpoHHbIH // JlaHb : 31eKTpOHHO-OMOIMOTeYHAS
cucrema. — URL.: https://e.lanbook.com/book/123382

2. bpun B.b., HopmanbHas dusnonorus [DnexkrpoHHbd pecypc] : yueOnuk / mox pen. b. U.
Tkadenko. - 3-e u3f., ucnp. u gon. - M.: TDOTAP-Menua, 2016. - 688 c. - ISBN 978-5-9704-3664-
6 - Pexxum poctyma: http://www.studmedlib.ru/book/ISBN9785970436646.html.

3. Hertsp B.I1., Hopmanbnas ¢usnonorus [DnekTpoHHbiit pecype] : yuebnuk/ [Tox pen. B. I1.
Hertapéea - M.: IDOTAP-Memua, 2016. - ISBN -- - Pexum pgocryna:
http://www.studmedlib.ru/book/KP-2016-01.html.

4, Hertapes B.I1., HopmanbHas ¢usnonorus. TUNOBbIE TECTOBBIE 3alaHUS [DIICKTPOHHBIH

pecypc] / mon pen. B.IL. JlertsipeBa - M.: [DOTAP-Menua, 2014. - 672 c. - ISBN 978-5-9704-2932-
7 - Pexxum poctyma: http://www.studmedlib.ru/book/ISBN9785970429327.html.

o. Kamkun A.T'., Atnac o ¢usuonoruu. B n1Byx Tomax. Tom 2 [DneKkTpoHHEIH pecypc] :

6. MakcumoB, B. 1. OcHOBHI (hH3HOJIOTHN U 3TOJIOTHH JKUBOTHBIX : yueOHUK / B. . Makcumos, B. @.
JIpicoB. — 2-e u3n., ucnp. u gon. — Cankt-IletepOypr : Jlanp, 2019. — 504 c. — ISBN 978-5-8114-3818-
1.— Tekcr: onektponHbldi / Jlame :  anmexTpoHHO-OMOnmorewnas  cucrema. —  URL:
https://e.lanbook.com/book/116378

7. Owmenwuenko B.I1., Meaununckas uapopmaruka [ DIeKTpOHHBIN pecypc] : yueOHuK /

B.I1. Omenpuenko, A.A. Jlemunosa. - M. : I'DOTAP-Menua, 2016. - 528 c. - ISBN 978-5-9704-
3645-5 - Peskum moctyna: http://www.studmedlib.ru/book/ISBN9785970436455.html

8. [Ipaktukym mo HopmaibHOW ¢Qusnonorun = PracticalWorkbookofNormalPhysiology : yueOHOe
noco6wue / B. B. 3unuyk, O. A. Ban6aryn, C. [[. Opexos, C. B. 'nytkun. — Mumnck : HoBoe 3nanwue, 2019. —
360 c. — ISBN 978-985-24-0078-7. — TekcT : anekTpoHHkIi // JIaHb : 3JIeKTpOHHO-OMOIHOTEYHAs CHCTEMA.
— URL: https://e.lanbook.com/book/149289

9. Comnonkos, A.C. ®usnonorus yenoBeka: oOmiasi, criopruBHasi, BospactHas / A.C. Comonkos, E.b.
Conory6. — 7-e m3a. — Mocksa: Croprt, 2017. — 621 c. : wi. — Pexxum moctyma: mo moamucke. — URL:
https://biblioclub.ru/index.php?page=book&id=461361. — ISBN 978-5-906839-86-2.

10. ®duznonorust KpoBH U KpoBooOpaieHus : yueonoe nmocodue / C. 0. 3apanummna, T. A. Benosa, U.
H. Mengenes, H. B. Kyraduna ; mox penaknueit . H. Mensenesa. — Cankr-IletepOypr: Jlanp, 2015. — 176
c. — ISBN 978-5-8114-1824-4. — Tekcrt: 3neKTpoHHBIH // JIaHb : 21eKTpoHHO-OMOIMOTeYHas cucTemMa. —
URL: https://e.lanbook.com/book/60047

11. ®du3nonorusl MBIICYHOW W HEpPBHOW cucrtem: yudeOHoe mnocobme / U. H. Mensenes, C. IO.
3asanmmmmnaa, H. B. Kyraduna, T. A. benosa; mon penaknueti M. H. Mensenera. — Cankr-IlerepOypr : Jlans,
2015. — 176 c. — ISBN 978-5-8114-1982-1. — Tekct : 3neKTpoHHbIH // JIaHb : 37EeKTPOHHO-ONOIHOTEYHAS
cucrema. — URL.: https://e.lanbook.com/book/67477

12. ®omuna, E.B. ®usuonorus: uzbpanneie nekuuu :/ E.B. ®omwmnua, A.Jl. Hozngpaues ;
MOCKOBCKMH TIE€Jarort4eckuii rocyAapCTBEHHbIM yHUBEpCUTET. — MockBa : MOCKOBCKUU
nearornueckuii rocyaapcTBeHbiit yuusepeurer (MIITY), 2017. — 172 c. : un., cxem., Tabn. —
Pexum noctyna: mo moanucke. — URL: https://biblioclub.ru/index.php?page=book&id=472086

5.3. MeToanuyeckue MaTepuabl:
Kopentok U.1. YuebHO-MeTOo1MUeCKOE NTocobue no aucuumuinie "CoBpeMeHHbIE HayuHbIE

JOCTIKEHUSI U METOJbl (PM3MOJIOTUYECKUX HCCIEAOBAHUI» Ui 00ydaroMXCs MO HarpaBJICHUIO
noarotoBku 06.06.01 buonornueckue Hayku / .M. Kopentok— Cumpeponons: PI'AOY BO «KDY
nmenn B. U. Bepnaackoro, 2020. — 57 c.
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5.4. IlepedyeHb pecypcoB HH(OPMALMOHHO-TEJICeKOMMYHHKAMOHHOI ceTH "UHTepHeT':

1. [Caiir JIMCTAHIIMIOHHOTO 00yJeHUS KpsiMckoro henepamsHOTO YHHUBEPCUTETA

umenu B. . Bepuanckoro]. — Cumbepomnoins, 2019. “URL:https://moodle.cfuv.ru. — Pexxum noctyna: mis

3apErUCTPHP. MOJIL30BATENIEH.

OnexkrpoHHO-0MOMMoTeuHas cuctema «Jlaub» https://e.lanbook.com/

3. VYuusepcuterckas oubmmoreka ONLINE : caiit. — Mockga, 2001 — . — URL: http://biblioclub.ru.
— PexxuM focTyna: mo momnucke.

4. HudopmanmoHHO-UHTEIICKTYaTbHbIN LEHTP «KHuUroo6ecneueHHOCThY

http://bs.biblio.uspu.ru/?cat=19

buomenunuuckuii xxypHanwww.medline.ru

6. AHIIOS3bIYHAS TEKCTOBAs Oa3a JTAaHHBIX MEJIUITMTHCKUX u OMOJIOTHYECKUX
nmyomukanuiwww.pubmed.com

N

o

6. Ilepeuenr MHGOPMALMOHHBIX TEXHOJIOIWil, MCHOJb3yeMbIX NMPHU OCYIIECTBJIECHUH
o0pa3oBaTe/ILHOIO Mpolecca
Hcnonp3oBaHNe Ha 3aHATHUSX MIEKTPOHHBIX W3IAHHM: YTEHHE JIEKIUUA C MCIOIb30BAHHEM

ClalI-npe3eHTalni, rpa@uueckux OOBEKTOB, BUAEO- ayluo- MarepuayioB (uepe3 VHTepHeT),
WHPOPMALIMOHHBIX (CIPAaBOYHBIX) CcUCTeM, 0a3 maHHbIX. OpraHu3anus B3aUMOJACUCTBHUS C
OOy4alolMMHCA TIOCPEACTBOM DJIEKTPOHHOM TIOYTHI, CKaWIl, KOMIBIOTEPHOE TECTUPOBAHHE,
MOATOTOBKA JOKJIA/10B Ha MPAKTUUECKUX 3aHIATUAX C UCTIOJIb30BaHUEM JIEKTPOHHOTO oduca.

7. Ilepeyenn NpUMeHs eMBbIX COBpEeMEeHHBIX 00pa3oBaTeILHBIX TeXHOJIOT Uil
https://moodle.cfuv.ru/course/view.php?1d=9530

8. Onucanne MaTepUAJIbHO-TEXHHYECKOI 0a3bl, HE00X0IUMO¥ /1JIs1 OCYIeCTBJIEHUSI
o0pa3oBaTeJIbHOIO Mpouecca

Yuebonas ayauropusi Ne328 b. Hayuno-oOpa3oBatenbHas yraboparopusi (GU3HUOJIOTHH H
OMOXHUMUH KPOBH.

Cneyuanusuposannas medesb. CTOJ MPUCTCHHBIA — 3 IIIT., CTOJ YYSHHUUECKHUH - 9 IIT., CTYJIbS
- 24 mWIT., CTON-TIPETIOAaBaATENbCKUM - 1 mT., mKad - 1 mT.

Texnuueckue cpedcmesa ooyuenus.: 11K cucteMHbIit 6J10K-3 1IT., MOHUTOP -3 TIIT.

Ipocpammnoe obecneuenue: OnepanronHascuctema Windows 8.1 PRO OEM SOFTWARE,
MozillaPublicLicenseVersion 2.0, MicrosoftOffice 2016 Standart 64 Bit Russian (Academic), Avast
Business Security 17.4.25.20

Cneyuanvroe nabopamopHoe 000pyoosaHue W WHOE OOOPYIOBAaHWE: aHAIU3ATOP
aBTOMaTHUYeCKUil remarojoruueckuii Mythicl8 - 1 mT., aHanmuzatop st UMMYHO(DEPMEHTHOTO
aHanu3a-poroMeTp MukporuaHmetHsiiAnthos 2010 -1 mT., YCTPOWCTBO Ui MPOMBIBKH
mukporianmerimmunoChem 2600 - 1 mr., wmeiikep meauuuHckuid cepum SST-3 - 1 mir.,
ABTOMATHYCCKUA OMOXMMHYECKUH aHanu3aTop ¢ mnpu HaiexkHocTaMUERBAXL-100 - 1 mr.,
aBTOMATHUECKHi Trematosiornueckuii ananuzarop EElite5 (Erbarus) - 1 mir., MyJbTHUILICKCHBIN
ananuzarop Luminex 200 -1 mr., BioRad 171000205L -1 miT., MHUKpPOCKON HWHBEPTHPOBAHHBIH
ounonornyeckuit NikonEclipseTs2R-FL -1 mrt., Bechr mperusuonnsie PioneerPA2102C - 1 miT.,
7103aTOP MUMETOYHBIE AJIEKTPOHHBIN OJHOKAHAIBHBIM — 3 IIT., W3MEPUTENbHBIN mpubop — 2 miIT.,
TEpMOKJIEeTKa -1 mIT., O0JydaTesnb PEHMKYJIATOP MEIWIMHCKUAN - | IIT., Melmajka MarHWTHas C
MOJIOTPEBOM -2 IIT., poToanmanapaT 30pKui - 1 mT., kKamepa MeTanaudeckas — 1 mT.
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