BOEHHO-MEONMUUWHCKAA AKAOEMUA
nmeHu C.M. Kupoga
Kadeapa bmonornyeckon n MeaAMLUHCKOU
ounsnkn

NNEKLUUA Ne 14

no ancuunnumHe «dunsnka, maremaTmka»

Ha Temy: «PacnpocTpaHeHue
BO30yXXAeHus No BO3dyaAnMbIM
MmembpaHaMm. bunocdhunsnyeckne ocHoBbI

aneKTpoKapaguorpadgpumn»

ONa KypcaHToB 1 cTyaeHToB | kypca DI1B,
PrinYI B, cneudbakynereTa



1. PacnpocTtpaHeHue noTteHUuana
AeNCcTBUA NO BO3OyAUMbIM

MeMOpaHam
* [1pn BO36YyXOEeHNUN HEPBHOIO BOSTOKHA
(Hanpumep, NPAMOYrofibHbIM UMMNYJTIbCOM
HaNpPs»XXeHMs1) MOXKHO 3apermcTpupoBaThb
noTeHuumarbl ,EI,GI7ICTBI/IFI He TOJ1IbKO B MeCTe
pa3fgpaxeHnd, HO N Ha 3HaYUTETIbHbIX
PACCTOAHUAX OT HETO.



* Ha Bcem npotaxeHnn HepBHOro BonokHa 171
MMEIT OUHAKOBYI aMNJInTyAay, HO
NOABNAKOTCA C 3a4ePXKKOU, KOTopad
nponopunoHanbHa pacCTOAHMIO OT MeCTa
HaHeceHua cTumyna.

* Hanpumep, B aBuratenbHom Hepse [1/]
PErMCTPUPYETCH Ha y4acTKe, Ppacrnosio)KeHHOM
OT MecCTa pasapaxXeHusi Ha PacCTOAHUN 1 M,
Yyepes 10 Mmc; oTcloda CrneayeT, YTO CKOPOCThb
pacnpocTpaHeHnAa BO30yXXaeHuUs rno HepBy
paBHa 100 m/c.



» PacnpocTtpaHeHne Bo30yXaeHna no HepBy
CKNnagblBaeTcs U3 AByX
nocnenoBarteribHbIX NPOLECCOoB:

* 1) pacnpocTtpaHeHna IMI1 c 3aTyxaHnem
(AeKpeMeHTOM);

» 2) peTpaHcnauum MNAa.



* [lycTb B HEKOTOPOW TOUKE HEPBHOIO
BOJIOKHA (aKCcoOHa) pa3Burcda 1 goCTUr nuka
[1, T.e. npounsoLwina genonsapusaLus
MeMOpaHbl.

B mecTe Bo3HUKHOBeEHUA [1[1 noTeHuwnan
BHYTPEHHEN CTOPOHbI MEMOpPaHbI
NMoJIoXKUTereH, a NnoTeHunan Hapy>XHou
CTOPOHbI MEMBpPAaHbI OTpULaTeNeH.



* /I B unTOonnasme, 1 B OKpyKaroLLleu
MeMOpaHy MeXKIETOYHOU XXNOKOCTH
BO3HUKAKT MOHHbIE TOKMU (JTOKaribHbIe
TOKM): MeXxay y4acTkaMy NOBEPXHOCTU
MeMOpaHbI ¢ O0MbLIMM NOTEHLMASIOM
(MONOXUTENbHO 3apPAXEHHbIMA) U
ydacTKamMu NoBEPXHOCTU MeEMOpaHbI C
MEHbLUMM NoTeHUManom (oTpmuuyaTenbHo
3apAXKEeHHbIMN).






e 3a cYET 3TUX TOKOB NOTeHUmarn
BHYTPEHHEN NOBEPXHOCTMN COCEAHUX
HEBO30YXXOEHHbIX y4aCTKOB MEMOpaHbI
NOBbILLAETCA (CTAHOBUTCA Dornee
NONOXNTESNbHbLIM), MOTEHLMAN HAapy>KHOW
NOBEPXHOCTU HEBO3DYXXOEHHbIX Yy4aCTKOB
NOHMXXaeTcs (cTaHoBUTCS bornee
oTpuuaTenbHbIM).



* TpaHCcMeMbpaHHasi pa3HOCTb
NOTEHLMANOB YMEHbLLUAETCS NO
aOCOnTHOU BENNYUNHE,
HeBO30yXXAeHHbIe Y4aCTKU MeMOpaHbI
Aenonsapu3yroTcs.



* [lo Mepe yganeHunsa oT TOYKK
BO3HUKHOBEeHUA 1] nameHeHus
TpaHCMeMDpaHHOWN pa3HOCTU
noTeHunanos yobIBaOT Mo
3KCNOHeHUUanbHOMY 3aKOHY
(pacnpocTpaHeHue ¢ 3aTyxXxaHnem unu
AEKpPeMeHTOM).



* B Tex Toukax membpaHsbl, rae caBur
TpaHCMeMDpaHHOWN pa3HOCTU
noTeHumnarnoB okasbiBaeTcs Bbiwe KMIT,
OTKPbIBAOTCA HATPUEBLIE KaHalbl U
nponcxoauT passutue HoBbIX 1]
(peTpaHcnAaunA NnoTeHuuana oencTeus).



» Taknm obpasom, BO3HMKAIOLLNIA HA
BO30yanmoun membpaHe [ asnsetcs
HaaMnopPOroBbIM CTUMYSIOM A1S
onpeaeneHHoro y4yactka MmemopaHsbl.



* [lockonbky pacnpocTtpaHeHne SMI
NPOMNCXOOMT CO CKOPOCTLIO CBETA B Ccpeae,
nacCuBHbIE COBUIMM TpaHCMEMOpPaHHOW
PA3HOCTU NOTEHLMANOB NPONCXOAAT
ObICTPO, U CKOPOCTbL pacnpocTpaHeHus
BO30yXXaeHnAa no membpaHe 3aBUCUT OT
BeJIMYMHbI y4YacTKa, OQHOBPEMEHHO
OXBa4Y€HHOro BO30yXXaeHuem.



* BennunHa genonapusyroLlero noteHunana
3aBUCUT OT pacCTOSAHUSA OT BO30OYXAEHHOro
yyacTka MmembpaHbl criegytoLwmm odbpasom:

U =U_ e
X 0



* rae U — Benu4yvHa genonsapusyoLlero
noTeHumana B To4dke "x":

* U, — M3MeHeHune MeM6paHHoro
r|0TeHLu/|ana B TOYKe BO30OYyXOeHUS;

° X — paccTosiHUEe OT MecTa BO3HUKHOBEHUS
BO30YXOEeHUS;

* A — NOCTOAHHAs ANNHbI MEMDpPaHbI
(paBHasa pacCTOAHUIO, HA KOTOPOM
OenonsApmayoLWmnm notTeHumnan
yMeHbLLlaeTcd B "e" pas).



* [TocTOsAHHaAsA ANVHbBI onpeaenseTcs
cregyrowmMMmn napameTpaMmm HEPBHOIO
BOJTOKHA:

r..ad
271;




rae r_— yaenbHoe anekTpuyeckoe
CONpPOTUBIEHNE 0OO0MOYKN BONOKHA;

O — TornwmHa o000 I0YKU;
a — paanyc BOJIOKHa;

r — yaenbHoe ConpoTMBIeHNne
LUMTOMMa3Mbl.



« Yem Bornblle KOHCTaHTa AfNHbI
MeMOpaHbl, TEM MeHbLLE 3aTyXaHue U
BblLLIE CKOPOCTb pacnpoCcTpaHeHus
HEPBHOIo UMMysbca.

* BennuunHa A Tem boneLue, 4em bonblie
paguyc akCcoHa U yaesrnbHoe
COnpoTMBrIeHNne MeMOpaHbl 1 4YeEM
MEHbLLE yaeribHOE CONpPOTUBIIEHNE
LUTONNAa3Mbl.



* bonbLUYO CKOPOCTb pacnpoCcTpaHeHUS
HepBHOMo MMMNynbca NO akKCOHY Kanbmapa
obecnevynBaeT X MMraHTCKUn rno
CpaBHEHUIO C aKCOHaMKN NO3BOHOYHbIX
anameTp, paBHbi 1-2 MM (A ~ 2,5 MMm).



» Takoun crioco® noBbILLIEHUSA CKOPOCTU
pacrnpocTpaHeHunst BO30YXOeHUS
NnocpeacTBOM YTOSMLLEHNS HEPBHbIX
BOJTOKOH MPUroaeH Ansi XXKMBOTHbIX, Y
KOTOPbIX Mano ObICTPONPOBOAALLUX
KOMMYHUKaLUMN.



* Y NO3BOHOYHbIX )XUBOTHbIX, KOTOPbLIE
MMEIOT HEPBbI C DONbLLUNM KOITMYECTBOM
NPOBOAALLNX BONTOKOH, BO3MOXHOCTU UX
YTOJSILLEHUA OrpaHUYeHbl pasMmepamMmu
>XKMBOTHOTO.

* bonblaa ckopocTb Nepenayn
BO30YXOEHUA B HEPBHbIX BOJSTOKHAX
OocTuraeTcst Apyrumm cnocodamu.

e AKCOHbI MO3BOHOYHbIX CHADXXEeHbl
MUEITMHOBOU ODOJTOUYKOM.
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* MuennHosas obono4vka obpasyetcsa B
npoLiecce HamMmaTbIBaHMUSA Ha aKCOH
OKPY>KatoLLNX ero LUBaAaHHOBCKUX KI1EeTOK.

« Obono4ka npeacraBnsaeT cobon
MHOromemMOpaHHYI CUCTEMY,
BKI1HOYAKOLLLYH0 HECKOSTbKO OECATKOB
ANEeMEHTapPHbIX KIETOYHbIX MEMOpPaH,

npuneratLwux apyr K Apyry.



e [Indbdpy3na noHoB Yepe3 MUENTUHOBYIO
000J104KY HEBO3MOXHA.

* [loaTOMY B MSIKOTHOM BOJOKHE reHepaums
111 BO3MOXXHA TONMbKO TaMm, rae
MMennHoBaga 000o4YKa OTCYTCTBYET (B
nepexsatax PaHBbe Uiin akTUBHbIX
y3nax).

* B cpegHeM paccTtoaHne mexay

rnepexsarami PaHBbe coCTaBrnseT oKoso 1
MM.



 MembpaHa nepexsaTta PaHBbe
cneuuanusnpoBaHa ang reHepawumn
BO30YXOEeHUSA: NNTOTHOCTb HAaTPMEBLIX
noTeHUMan3aBMCUMbIX KaHaroB 31eCb
npumepHo B 100 pa3 Bbille, YEM B
HEMUESTUHU3UPOBAHHbIX HEPBHbIX
BOJTOKHaXx.



* OT nepexBaTa K nepexsaTy BO30yXaeHune
PACMPOCTPAHAETCA 3a CHET
OeKpeMeHTHOro pacnpoctpaHeHusa SMIT.






* [1pn 3TOM NocTOAHHAA ANUHBI (A) ANA 3TUX
BOJTOKOH DOorblUe (TakK Kak
yBennM4YnBaroTCA CONpPOTUBIIEHNE
MeMOpaHbI 1 ee TOrILWKnHA).

* BbicOkOe 3Ha4yeHne NoCTOAHHOU AJTUHbI
obecrne4ymBaeT BbICOKYH CKOPOCTb
pacrnpocTpaHeHUs BO30yXXAaeHUsA no
MSKOTHbIM BOflokHaMm (Ao 140 m/c).



* PetpaHcnauus N obblvHO NnponcxoauT Ha
2-3 cocegHux nepexBaTtax PaHBbe.

 bonee yacToe, YeM Heobxoanmo Ans
obecnevyeHns HopmMarnbHOro
pacrnpocTpaHeHunst BO30YXOeHUS,
pPaCnorioXXeHmne akTUBHbIX Y3I0B CITYXUT
NOBbILEHUIO HaAEeXHOCTU HEePBHbIX
KOMMYHUKaLUMN B OpraHnU3me.



* [lockonbky peTtpaHcnauua [ npomncxognt
TONbKO B nepexsaTtax PaHBbe, TO
BO30YyXXaeHune Kak Obl "nepenpbirnBaeT”
yepes3 MUENUHN3NPOBAHHbIE Y4YaCTKU
MeMOpaHbl; TaKOW TUMN NMPOBEOEHUS
BO30YXXOEHUSA Mofy4yuns HasBaHue
canbTaToOpPHOro (saltus (NaT.) = CKayoK).



 MuenuHunsaumna obecneumBaeT
NOBbILLEHNE CKOPOCTU MPOBEOEHUS NPU
CyLLECTBEHHOUN 9KOHOMUM
JHepreTn4YeCcKux pecypcos.

* [loTpebneHune Kucrnopoga Takumu
BOJSIOKHaMu B 200 pa3 MeHbLUe, YeM Npu
HenpepbIBHOM pacnpoCTPaHEHUN HEPBHbIX
MMMYNbCOB N0 DE3MAKOTHLIM aKCOHaM



2. CuHanTu4yeckas nepepava.

* QyHKLUMOHANbHbLIN MEXKNETOYHbIN KOHTaKT,
obecnevynBaroLLnnN Nepexoq Bo30yXaeHUS
C OOHOW KINETKM Ha Ogpyryto, nonyyumn
Ha3BaHne cHanca (oT rpey. rmarona
"CMHanNTo" — CMbIKaThb).



« CyllecTBYeT ABa NpuUHUMNMarbHO
Pa3fnNYHbIX TUNA CUHAMNCoOB —
ArieKTpu4vyeckKkue n XmMmmnyeckue.



o JrieKTpnYyecKas CMHanTu4yeckKkas
nepega4vya BO3MOXXHa TOSIbKO NMpu O4EeHb
TECHOM COMPUKOCHOBEHUN
B3aMMOAOEUNCTBYIOLLMX KNETOK — Npw
pacCcToaHUM Mexagy HUMm He bonee 10-20
HaHOMETPOB (4aCTO 2-4 HM).



* B atom cny4ae passutue [ Ha membpaHe
OOHOW KNETKN NPUBOAUT 3a CYET
BO3HMKHOBEHUSA NOKanbHbIX TOKOB K
aenonspusaunm memopaHbl Apyrov
KNEeTKU, KoTopada MOXXET OKa3aTbC4 Bbllle
nopora reHepuposaHuga 1.



lepenaya Bo36yaeHs B
NEKTPUYECKOM CHHarCe.




* bonbLlloe 3HavyeHne anga ocyLecTBNeHNsA
AIIEKTPUYECKON Nepeaadn HePBHOIro MMNyrbca
MMEET CYyLLIECTBOBaHME B 061acTu cMHanca
OCOODbIX MEXKNETOYHbIX KOHTAKTOB — LUerieBbIX
KOHTaKTOB (HEKCYCOB).

 [1pn aTOM B KaXkgon U3 AByx coceaHnx memopaH
HaxoOsaTcs perynapHoO pacnofioXeHHble
KOHHEKCOHbI (KaHanbHble Benkn ¢ 0onbLUNM
ONamMeTpoM KaHarna u, COOTBETCTBEHHO, BbICOKOU
NPOBOAMMOCTbLIO AN NOHOB, N Aa)ke boree
KPYMHbIX MOJ1EKYIT C MOMEKYNApPHOM Maccoun 4o
1000).



Closed Open

connexin monorger

Plasma membranes

Intercellular space

2-4 nm space

Hydrophilic channel
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* Takme KoOHTaKTbl 00bl4HbI Anga LIHC,
MUoKapaa v rnagkon Mmyckynartypebl, rae
CBA3aHHbIE LWeneBbIMU KOHTaAKTaMM KNeTKA
00pasyoT (hyHKUMOHANBbHbIU CUHLUUTUN
(BO3DYXOeHMe nepexognT OT OOQHOM KIETKU
K OpYyron o4eHb ObICTPO 1 6e3 3aMeTHOro
CHMXXEeHUA aMnNNnUTyabl NoTeHumana
OEVNCTBUA Ha rpaHuLe).



* LLleneBble KOHTaAKTbLI perynupyemsl, OHU
MOrYT 3aKpblBaTbCA NPU CHUXeHUU pH nnn
NOBbILLEHNN KOHLUeHTpauun Ca*
(noBpeXxaeHune KNeTok nnu rnyodokune
HapyLwleHns obmeHa).

« 3a CYET TaKoro MexaHm3ma nopaxxeHHble
MecCTa U30NUPYKTCA OT OCTallbHOU YacTu
CUHLUTUA, U pacnpocTpaHeHne naTtornorum
orpaHmnymBaeTcsa (MHPapKT MMokKapaa).



e XuMmnyeckasa cmHanTu4yeckas nepegaya
OCYLLECTBNAETCA C MOMOLLbLI XUMNYECKUX
BellecTB-NocpegHUKoOB (MeamaTopoB).

* B aTOM Ccnyyae pacctoaHne mexay
B3aMMOAEUCTBYIOLLMMMN KNETKaMun B
00riacTn KOHTaKTa (LWMpUHa
cCUHanTu4yeckowu Lwenwu) donbLue.



o JrieKTpuYyecKoe norse 3atyxaeTB
npenenax CUHaNTU4YeCKOW LLIENN N HE
MOXET JenonsapunsoBaTb
NOCTCUHANTUYECKYIO MEMDpaHY.

e OTCIOO0a BO3HUKAET HEOOXOAUMOCTb
XUMMNYECKOro nocpenHukKa.



_~ HepBHbI nmnynbe

CvHanNTUYecKkum
ny3bIpeK . TepmuHane
. Henpomepguatopebl
CuHanTuyecKkas
wenb
Teno
HEePBHOMW

KNETKU



» [lenonapusauna npecnHanca NnpuBoOUT K
N3MEHEHUIO MPOHNLIAEMOCTH
npecuHanTun4eckon memMopaHbl Ans
Meaunaropa, Meanatop BbiopacbiBaeTcs B
CUHaNTUYeCKYIO LWenb, AnpdyHanpyer
yepes Hee U B3auMOAEUCTBYET C benKaMu-

peuenTopamMm NOCTCUMHANTUYECKOU
MeMOpaHbI.



* I3ameHeHne KoHdopMaLnm DenKkos-
pPeLIENTOPOB Npn obpasoBaHNM KOMIMIEKCA
"peuenTop-meguaTop” NpMBOAMUT K
OTKPbITUIO Ha MeMbOpaHe cneundnyecKkmnx
XUMNOYYBCTBUTESIbHbIX MOHHbIX
KaHarnoB, npoTteKkarLline 4Yepes KoTopble
MOHHbIE TOKN U3MEHAIOT MEMOpPaHHbLIN
noTteHuyman Ha membpaHe.



* B 3aBMCMMOCTIN OT HanpaBleHUs
N3MEHEHNA TPAHCMEMDpPaHHOTIO
noTeHunana XxmuMmm4yeckmne cuHancbl MoryT
6bITb BO3OYXaaroWwmmMum (genonapusaums
NOCTCUHaANTU4YECKON MEMODpaHbI) NNu
TOPMO3HbLIMU (rMnepnonapmnsaumns
NOCTCUHANTUYECKOU MEMODpPaHHbI).



* B cnyyae Bo3HukHoBeHUA BICI
(BO3OyKparoLwero noCTCUHaNTUYeCKoro
noTeHUMana) oH c 3aTyxaHnem
(ODeKpeMeHTOM) pacnpocTpaHaeTcs no
NOCTCUHANTUYEeCKON MeMbpaHe N MOXeT
Bbl3BaTb BO3HMKHOBeHMe [11 Ha
BO30yOMMbIX y4acTKkax MeMOpaHbl
NPMHUMAIOLLEN CUTHAN KNEeTKKU, ecriv OH
NpeBbILaeT NoOpPoroBbIv YPOBEHD.



3. OcobeHHOCTH OMOaneKkTporeHesa
MbILLEeYHbIX BOJIOKOH MUOKapAaa

ceppaLa.
« CepALe BbINOMNHAET B KPOBEHOCHOW

CUCTEME POSib YeTbIpeXKaMmepHOoro
Hacoca, obecne4ynBaloLero ABMxeHune
KPOBW NO cocydam.

* OHO npeacTaBngeT cobon nonbIin
MbILUEeYHbIX OpraH, COCTOALLNNA 3
YyeTblpex oTaernioB — OBYX Npeacepann u
OBYX XXenyao4ykos.



* Putmmnyeckune cokpatlleHunsa cepgua
BO3HMKAIOT Nod AencTBMEM MMMNYNbLCOB
(MOa), sapoxaarowmxca B HEM cCaMOM.

* Ecnn nsonmpoBaHHoe cepaLie NOMECTUTL B
COOTBETCTBYIOLLME YCIOBUSA, TO OHO OyaeT
npoaomKkaTb OUTLCSA C NOCTOSIHHOM
4aCTOTOW. OTO CBOUCTBO HA3bIiBaeTCH
aBTOMaTU3MOM.



* QyHKUMOHaNbHbLIM 3NeMeHTOM cepaua
CIY>XUT MblLLUe4YHOe BOJIOKHO — Lleno4ka
N3 KNeTok MnokKapaa, cCoeanHeHHbIX "KoHel
B KOHeL" M 3aKMOYEHHbIX B O0OLLYIO
capkonnasmatnyeckyo 000s104Ky
(OCHOBHYO MeMbpaHy).



* B 3aBUCMMOCTM OT MOPAONOrMYECKNX U
dYHKUMOHarbHbIX OCOBEHHOCTEN
pa3nuyaloT gBa TUna BOSIOKOH
MUokKapAaa:



* 1) BOSIOKHa paboyero mnmokapga
npencepann 1 XXenyngodkos,
COCTaBnsALNE ero OCHOBHYIO Maccy u
obecneynBaroLLne HarHeTaTeNbHYIO
doYHKUMIO (TUNMNYHbIE MUOKapAuaribHble
BorokHa = TMB);



* 2) BOJIOKHA BoAUTENS puTMa (nencmekepa)
N NpPoBOAALLEN CUCTEMBI (ATUMUYHbIE
MbILLUeYyHble BOJIOKHA), OTBeYatoLime 3a
reHepauuio Bo30yxxaeHus u
npoBepeHue ero K krnetkam paboyero
MUoKapaa.



* Muokapp (cepaoe4vHasi mbillLa), NogodHo
HEPBHbIM TKaHSIM U CKENETHbLIM MbILLLIAM,
NPUHAONEXUT K BO3OYAUMbIM TKaHAM.

e DTO 3HAYUT, YTO KIMETKN MMOKapaa
obnapgatoT noteHunanom nokos (1),
OTBeYaloT Ha HaanoporoBble CTUMYIbI
reHepauunen noteHumana gencreud (MNQo) n
cnocobOHbI npoBoanTb 1] 6e3 3aTyxaHus
(be3aeKpeMeHTHO).



* MeXKneTo4Hble coeanHeHUS (LerneBble
KOHTaKTbl) CNOCODOCTBYIOT NPOBEAEHUIO
BO30OYyxaeHuda n obecneymsaroT
dyHKLMOHMPOBaHME MMUOKapada Kak
pyHKLUMOHANbHOro CUHUMUTUA (T.€.
BO30OYyXaeHne, BO3HMKLLEE B KAKOM-NNOO
N3 OTOENOB cepaua, oxBaTblBa€eT Bce Oe3
NCKNIOYEHNS HEBO3DY)KOEHHbLIE BOJSTOKHA).



» Kak 1 B HEPBHbIX KIETKaX U BOJTOKHaX
ckeneTHbIX Mmblwit, [ B TMNNYHbIX
MUoKapamnanbHbIX BOSIOKHax BO3HUKAET B
oTBeT Ha cTuMyn (nepegaHHbin c ATMB
[1) n HaunHaeTcs ¢ bbICTpON peBepcumn
MembpaHHoro noteHumnana ot [1l1
(MpumepHoO - 90 MB) oo noTeHumana
MHBEPCUUN (NpumepHo + 30 mB).



« 3a 3TON (pa3on bbICcTpOU
aenonsapuvusauumn (NpoaomKUTENbHOCTb —
1-2 Mmc) cnenyet bonee anutensHasa asa
nnarto — cneymdunyeckas ocobeHHOCTb
KNeToK MMoKapaa, 3atemM HacTynaeT doasa
penonsapusauuu, N0 OKOHYaHUN KOTOPOWU
BoccTaHaBnmBaetca 1.



» [InntensHocTb 1] KapanommounToB
cocTaBngaeT 200-400 mc, T.e. boree 4Yem B
100 pa3s npeBbILLIAeT COOTBETCTBYHOLLYIO
BENUYMHY ANA CKENETHbIX MblLLL, U
HEPBHbIX BOINTOKOH.






[T 6nn3ok k K*'-paBHoBeCcHOMY noTeHLuany;
aenonsipusauns obycnosrieHa
naBnHOOOpa3HO HapacTatlowmm Na*™-ToKkOM
(0ogHaKo, 3TOT Na-TOK ObICTPO
I/IHaKTI/IBI/IpyeTCFI) drasza nnarto obycrioBneHa
BXOASALLMM Ca**-Tokom (MeaneHHbI
BXOOALLMN TOK) + CHMXKEHME NPOBOANMOCTM
nna K¥, Bo3HuKatlollee npu genonspusaunm v
YyMeHbLUawLLee penonapusauunto;
penonspusauns obycnosrieHa Bbixoaawmm K-

TOKZOM N CHMXKEHMEM NPOBOANMOCTN AS151 UOHa
Ca“*



» Cneundunyeckas popma N TMB nmeert
bonbLioe PyHKLMOHANMbHOE 3Ha4YeHNE, TakK
Kak onpeneneHHbIM dpasam /1
COOTBETCTBYET ornpeaeneHHble N3aMeHeHUS
BO30yAMMOCTN MeMbpaHbl (dbasbl
pedpPaKTEPHOCTN),



* Bo Bpema gnutenbHOW genonapunsaunm
MeMbpaHbl (nrato) Na*-kaHanbl
MHakTusupytotcqa, 1 TMB Haxogutca B
COCTOSIHUN aOCOSOTHOM
pedpakTepHOCTM!.

* BoccTaHoBneHMe akTMUBHOCTU HAaTPUEBDLIX
KaHaroB NPOUCXo4uUT TONbKO nocne
CHMmxeHunsa MI1 oo ypoBHSA, NpUuMepHO
paBHoro — 40 mB.



» [InnTenbHbIN pedpakTepHbIN Nepuoa
npegoxXxpaHseT cepaLe OT CIULLKOM
ObICTPOro NOBTOPHOIro BO30OYXXAEHUA U
NOBTOPHOro COKpaLleHuUs.

» Takoe BO30OyXaeHne, BO3HUKLLEE A0
paccriabrneHnsa MblLLEYHOro BOSTIOKHA,
MOrN0 Obl NPMBECTU K HAPYLUEHUIO
HarHetatenbHoOu byHKUUU cepgua
(TeTaHyc Munokapaa).



e [11 aTUNNYHbIX MbILEYHbIX BOJTOKOH —
OTNMYaeTCca OTCYTCTBMEM YCTOUYMBOIO
ypoBHS [1I1.

e OTU KNNEeTKN CMNOHTAHHO
0enonsaApnU3yrTCcAa 00 KOUTUYECKOro
YPOBHS.

« ®asbl 11 — megneHHas anactonuyeckas
nenonapusauna go KMTI1; éeictpas Al1;
bonee unn meHee BblpaXkeHHast asa
nnaro; obicTpas penonsapusayms.






4. NMpoBoasiLaa cucrtema cepaua.
PacnpocTpaHeHue BO30YyXAeHUsd no
MUuokKapay.

 ATMB munokapaa obpasytoT Tak
Ha3bIBAaeEMYIO NMPOBOASLLYHO CUCTEMY.

* OHa npeacTtaBnsgeT cobon COBOKYNMHOCTb
y3J10B U NY4YKOB aTUNMNYHON MbILLEYHOW
TKaHW, PYHKLMEN KOTOPOU ABNSAETCH
reHepauua A, cnyxawmx ctTumynamm
nna TMB, To ecTb 3agaHue
onpegeneHHoro putmMa cepaeyHbix
COKpalLleHUN.



 CTpoeHue npoBoAasLluen CUCTEMDI
obecrne4ymBaeT CTPOro cornacoBaHHoe u
nocriegoBaTtesibHOe BO30yXaeHue u
COKpaLleHUue pas3nnYHbIX OTOEeNoB

cepAaua.



CuHOA TPMa NBHBIN ¥ 38N

Meskys NOE bIE NPEACEPAHBIE Mbl WEYHbIE
Npoena aupe NyTK

CTEOPKa MMTPANETHOM KNanaHa
ATPUOB EHTPMKYN APHBIA ¥ 38N
ATPMOBEHTPMKYNARHBIA NyHoK ( MMca)
Cy XOKMABHBIE HMTH

Mpasaq HoXKE aTPHOBEHTPMKYNAPHO 10 Ny YK S
MNesaa HOXKS MPEeCep HO-KENYA0HKOBOTO My YKa
MeoKenya0UKOE 8 Nepe rpogKa

DB PO3HOE KONBLO TREXCT BORYAT OM0 KNanaHa
CocoYKOBBIE Mbl WL

BonokHa MNypkuHee



* B HOpme BoauTenem putma ABNAETCH
CUHOAaTpMaribHbIN y3erl, PacnofIOXKEHHbIV
B CTEHKE NpaBoro npeacepansa B Mecte
BMageHns B HEro BEPXHEN NOSTON BEHDI.

« YacTtoTta paspsigos CA B rnokoe
cocTaBndeT okono 70 1/MuH.

» OT 3TOroO y3na Bo30yxaeHne BHa4vyane
pacrnpocTpaHsieTcs Nno paboyemy
MUoKapAay npegcepann (Co CKOpoCcTbHo
nopsaaka 1 m/c).



Mexyanosue
NPOBOAALLME

Tpokrk (baxmana,

BeureBoxa
u Topens)

MexnpeacepaHsii
nysok (baxmana)

Mpoeoa HOXKO
nyska [uca

AB-coenmuenue

Nesos 3on4an peres



* EAVMHCTBEHHBIN NYTb, MO KOTOPOMY
BO30Y>XAEHNE MOXET MPOUTU K XKENyao4Kam,
OOpasyeT aTPUOBEHTPUKYIIAPHbLIN y3en
(AB), nexawiunn B npeacepaHoO-Xenyao4ykoBou
neperopogke (octanbHaa 4acTtb
aTPUOBEHTPUKYINIAPHOro CoeanHEHUS
obpas3oBaHa HEBO3OYAMMOW COEANHUTENBHOM
TKaHbHO).

* B AB y3ne ckopocTb npoBeaeHns
3Ha4YnUTeENbLHO Nnagaert (B 20-50 pas; 0,02-0,05
M/C) 3a CHET CHMXXEHUA AnaMeTpa BONOKOH
AB-y3na 1 nonepe4yHoro nx pacnosioXXeHus



e OTO NPUBOAMUT K TOMY, YTO BO3DYyXaeHMe
"sapepxuBaetca” B AB-y3ne (AB-
3ageprkka Heobxoagmma anst NorfiHoro
nepexoaa KpoBu U3 npegcepann B
XXEnyao04Kkn BO BPEMSA COKpPaLLEHUS
npencepann).



 [lanee BO30yXOeHMe pacnpocTpaHAeTcd no
ny4dky 'mca, HoXXkam ny4dka 'mca u
BoriokHam lNypkuHbe K BepxyLLKe cepaua co
BCe BO3pacTatoLlen (Ao 4-5 Mm/c) CKOpOCThIO
(yBennyeHue guametpa ATMB), a 3atem
nepexoauT Ha pado4yue BOSIOKHa MMOKapAa,
Mo KOTOPbIM pacrnpocTpaHseTcs B 0OpaTHOM
HanpaBneHnn — OT BEPXYLUKU cepala K
OCHOBAaHUIO.

e 3a BONTHOU BO30OyXXAaeHus crnepnyeTt
coKkpaweHune TMB muokapaa.



5. AneKTpokapauorpadums.
AneKkTpoKkapauorpamma. MHTerpanbHbIN
3NIeKTPUYeCKUN BEKTOpP cepaua.

* CroXHbIN XapakTep pacnpocTpaHeHUs
BO30YXXOEHUS Mo cepaLy oTobpa)aeTcs B
anektpokapaunorpamme (IKI), no dopme
KOTOPOW MOXHO CyOUTb O BO30YAUMOCTU
N NPOBOAUMOCTM Pa3fnNYHbIX OTAENOB
cepaua (HoO He 0 COKpPaTUMOCTW BOJTOKOH
Muokapga!)



* Ecnn paccMoTpeTb oTaenbHoE
MUOKapananbHoe BONOKHO, TO B NMOKOEe ero
Hapy>XHas NOBEPXHOCTb UMEET
NONMOXNTENbHLIN, 8 BHYTPEHHAA —
oTpuuaTtenbHbIX NOTEHLMan.

* [1pn BO3OYXAeHMK ([1[]) BO3OY>KOEHHbLIN
Y4aCcTOK MeMbpaHbl MeHAeT CBOHO
MOJIAPHOCTL (T.€. CHAPYXU — «-», @ BHYTPU
«+»).



* Bo3by>xgeHHOe BOSTIOKHO MOXHO
paccMaTpuBaTb Kak AUMNorb,
obnagatoLmm onpegeneHHbIm
ANNOJIbHbIM MOMEHTOM.

* BeKTOpHasa cymma OUnNonbHbIX
MOMEHTOB BCEX BOJIOKOH MUOKapAa
Ha3biBaeTCcHA UHTerpanbHbIM
3NIeKTPU4YeCKUM BEKTOPOM cepAaua

(MSBC).



« OTOT BEKTOP B KaXXabl1 MOMEHT BPEMEHM
HanpaBfieH OT Hanboriee BO30YXOEHHOIo
(anekTpooTpuUaTenbHOro) K HaumeHee
BO30Yy>XAEHHOMY
(3NEeKTPOononoOXnNTerlbHOMY) y4acTKy
cepgua, U BennymHa n HanpasreHne ero B
Xo4e cepaeyHoro uUnkna MHOrokpaTtHo
MEHSAITCA.



» Kak n3BecTHo, ABMXKyLimnecs 3apsaabl
CO30atloT BOKPYr cebs nepemMeHHoe
aeKkTpuyeckoe normne, KOTopoe
PacnpoCTPaHAETCS B NPOCTPAHCTBE.

 [loaTOMYy paboTatoLliee cepaLe TakxKe
ABNAETCA UCTOYHUKOM 3J1IeKTPUYECKOoro
NoJsisi, KOTOpoe MOXHO 3aperncTpupoBaTb
Ha NOBEpPXHOCTU Tena.



 [1ns 3TOro Ha pasnu4Hble TOYKK
NOBEPXHOCTM TeNa HaknaablBatoT
OTBOASsILLME 3eKTPOoAbl N PETUCTPUPYIOT
PA3HOCTb NOTEHLMAN0B MeXay HUMM.

* PeructpupytoLmmn npnbop
(aneKTpoKapguorpad) no cytu
npeacTaBnseT cobon ycunuTerb

nepemMeHHOro Toka u permcTpupytoLlee
YCTPONCTBO (camonuceu).






« KpmBas, otobpakatoLas 3aBUCUMOCTb
9TOW pa3HOCTW NOTEeHLManoB OT BPEMEHMH,
Ha3blBaeTCH aNneKTpoKapanorpaMmmon.

« OHa npeacraBnsieT cobon nepuoanyeckoe
(T =1/4CC) konebaHne crnoxHom popmeil.



QRS

I Complex

R

PR Interval
; S

' QT Interval




* BennynHa pasHoCTM NOTEHLIMANOB,
perucTpupyemoun mexay OByms anektpogamu,
HaxogALWMMKNUCA Ha NOBEPXHOCTU Tena
YyenoBeKa OydeT 3aBUCETb OT BENMNYMHDI
MHTErpanbHOro anekTpu4eckoro Bektopa u
yrna mexay HarnpasiieHUEeM 3TOro BEKTopa U
OCbl0 OTBEAEHUA (NPOBEOEHHOU MeXay STUMU
aneKkTpogamu).

» Takmm obpasom, OKI npeacrasnsaeT coboun
ANHaMUKY BO BpeMeHU npoekuun U9BC Ha
OCb OTBeOEeHMS.



Bunnem 9UHTX0BeH (1860-1927),
HobOeneBckun naypeart 1924 r.













