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Kamuaro I'oavdxcu
(1844-1926). @omoepadus
coenrana 8 navane 1880-x
20008, kozoa I'oav0xncu Ovia
npogheccopom yHusepcume-
ma 8 [lasuu. B 1906 200y
oH pazdeaur. ¢ Kaxarom
Hobeaeeckyro npemuio no
Puzuosoeuu U meouyuHe.

Canmvsaco Pamon-u-Kaxaa
(1852-1934). IToom, xy-
OOMCHUK U cucmoao2, 0b.aa-
OasUIUIl NOPAZUMEAbHBIM
MBOPUECKUM NOMEHYUANOM,
OH Npenooasal 6 OCHOBHOM
6 Maodpuockom ynueepcu-
meme. Imom aemonop-
mpem ou cosoar ¢ 1920-x
coodax.,



Okpacka HEUPOHOB
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PamoH-n-Kaxan u ero tpyn «l'mcronorma HepBHOU CUCTEMbI YENOBeEKa
N NO3BOHOYHbIX XXMBOTHbIX» (1904)



OCHOBHBbI€ NONoXeHNA HENPOHHON TeopUmn

1. HeupoH — oCHOBHass aHaToMn4yeckasa eauHuua HepBHoun TKaHum (HT).

2. HenpoH — rucrtoreHetTn4vyeckana eguHuua HT. Kaxabin Tin HENPOHOB
pa3BMBaeTCA B OHTOreHe3e U3 CTpPoro onpeaesieHHOM rpynnbl KreToK B
onpeneneHHoe BpeMs. lNocne okoH4YaHna audpdepeHUUPOBKN HEMPOHDbI HE
OenaTcs.

3. HenpoH — dpyHKuMoHanbHasa eguHuua HT. H. paboTtaeT kak ogHO uernoe.
HenpoHbl o6pa3yroT cuctemy (pyHKLUMOHANbHbIX CBA3eU C ApP. HEMPOHaMM C
NOMOLLLIO cMHancoB. C 3TUM NoOsioXXeHnemM CBA3aH NpuHUMN
hyHKLUMOHANBLHON NONAPHOCTU HEUPOHOB.

4. HeMpoHbI YHNKanNbHbl B XMMU4YeCcKOoM oTHoweHuu. NMpuHunn Oewnna:
KaXXabl HEMPOH CUHTE3MpPYeT U BblAesifieT U3 BCeXx CBOUX CUMHANCcoB
onpeaeneHHbIN MeanaTop unu Habop meamaTopoB. XeMOoapXUTEKTOHUKA
Moa3ra.

5. HenpoH — Tpocpunyeckasa eguHuuya HT. HeMpoHbI HyXXAaarTCA B NOCTOAHHOM
OOHOBIIEHMU KOMIMOHEHTOB LUTOMNIa3Mbl U MeMOpaH. Ype3BblYanHO
BbICOKU/ YPOBeHb OOMeHa BellecTB.

6. HempoH — naTonoro-rucrosiornyeckas eaAMHNL A HeEPBHOW TKaHM.
UHanBuayanbHasa peakumsa otaenbHbIX HEUPOHOB Ha pa3finyHbIe
BO34enNCTBUA (TpaBMbl, UHTOKCUKaLuUM 1 T.n.). EQUHCTBO NaTONOrn4ecKnx

peakuumn HeMpoHa - Ha NoBpeXaeHue peakuma naet Nno BCceu KrneTke, NycTb
Aaxe noBpexaeHa ToNbKO Kakafa-nmbo 4acTb KIEeTKMWU.



®paHuy Hucenb (1860-1919)

MeToa okpackn aHUITMHOBbLIMU
Kpacutenammu
‘ (MeTunneHoBasi CMHb)

e .’u’d)’;aiuu MmeTtoaa Huccns BbIABRAIOT
nabl He@ponos



MoToHenpoHbl BeHTparnbHoro pora. Okpacka rno Huccnto
1 .

” - d |
» - P~

nuclei o? ®
glial cells
’

N

-

‘
B
-



y

s
/(‘mumuu-'unl
N ayaspex

.

J =
(coarpaany 4’;’

R poseesa 0P | (4

~. .
. Adcussconmah
- \\ J emmaic
———

Marraxonapen
Agpo

P 1KY, Timusmndt somumrcboon (wemuwe o NUpese),
ML SOETA €00 BN YT W) ST T RIEERY  OMMIRE € e
WA RTINS RN Y

Ancon

M porrpyfosem

(lepessar Poinae Misesmcnun oHoRo K

anasun

AN nut--" e

PRTMKY Ay

Teno weilp IR epoxoms it
HE2OCLAA ¥R T ol
TN Yy




L }————Neurohbrl node
\ 7 {nede of Ramaer)

1

Q- Nourolemmaocyte
(Schwann cell)

Myalin sheath

Telodendria

A




OCOOCHHOCTH MMKPOCTPYKTYPBI HEMPOHA

Anpo — Bcerga B uHTEpdaze

CyOcrannms Huccist (turpon)

MUTOXOHAPHUM — OOJIBIIOE KOJIHUYECTBO,
CIIOCOOHBI K MIEPEMEIICHUIO BHYTPU KJIETKH

Al + JIM30COMBI = XOPOIIIO BbIPAXKEHBI

XOopolIo pa3BUTasg CETb MUKPOTPYOOUYECK
(muamerp 20-26 nMm), HelipoduaaMeHTOB
(8-10 aMm) u mukpodpunamentoB (6-8 HM);
CIIeHU(PUYIECCKHUE IS HEUPOHA OCIIKU



npecuHanc AKCOHHbIN XONTMUK

aeHopuT

MUENnH
ACHAPUT TUurpoua




AKCOHHBIM TPAHCIOPT

AHnTteporpagubiii (0T cOMBI HEMipoHa) M peTporpagHbii (K
come)

KOMIOHEHTHI:

= opicTpeiil (100-1000 Mmv/cyTku),
= meaneHabi (0,2-1 MMm/cyTku),

* mpomekyTouHbl (2-50 Mmm/cyTku)
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Nature Reviews | Molecular Cell Biology



TUNNYHBLIN HEUPOH




Y TUNUYHOIrO HENPOHA

1. AKCOH 0aAVH, a AeHAPUTOB HECKOJbLKO.

2. NeHppuT KOpoYe akcoHa. innHa aeHApUTa OObIYHO He
oonee 700 MKM, @ aKCOH MOXeT AocTUraTthb AnuHbLI 1 M.

3. JeHApUT nNnNaBHO OTXOAUT OT Tefla HeupoHa W
NocTeneHHO NCTOHYaeTCcs. AKCOH, OTXOAs OT Tesla KNeTKum,
NPakTU4eCKU He MeHsdeT aOuamMeTp Ha BCEeM CBOeM
npotsbkeHnn. [lnameTp pasfnmUYHbIX aKCOHOB KonebneTtcA
ot 0,3 no 16 MKm.

4. leHOpnTbl BETBATCA Ha BCEM CBOEM MPOTSXKEHUU noa
OCTPbIM YrnoM, AUXOTOMUYECKM (BUNMbYaTO), BETBJIEHUE
HauyMHaeTCcA OT Tesla KrneTkn. AKCOH OObIYHO BeTBMUTCSH
TONMIbKO Ha KOHUe, o0O0pa3ysa KOHTakKTbl (CMHanNcbl) C
APYrMMU KneTKamm.

5. OeHpputbl (no kpaunHenm mepe, B LUHC) He wumerot
MMESIMHOBOM OOOSIOMKU, QaKCOHbl Y4aCTO OKPYXEeHbl
MWEFIMHOBOWU OOOMOYKOM.

6. lNMpokcumanbHble 4yactu [1. cogepXaT HUCCIEBCKYHO
3epPHUCTOCTbL. A. HE UMeKoT TUrpomaa.

Dendriles

Chromatophilc 3
substances =

—Neurohbri node
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& Neurolemmocyte
{Schwann cell)
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|
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[IInnuku HA nEeHaApUTE

Cunantuyecsue
| nyssperM




MHoro4ymcrieHHble 6ynaBOBVI,E|,HbIe WAUNMKN Ha BeTBU
AeHAOPUTa KJI1IeTKUA nypKVIHbe B KOp€é MO3Xe4Ka MbIlUU




eHunto obornoyek HEPBHbIE BOJIOKHA OEJIATCA Ha

eJfINHOBbLIE MuenvHoBbIe
OTHbIE) (MAKOTHbIE)

Tb NPOBeAeHUs1 HePBHOIro UMNynbca

80-120 m/c

MHE HEPBHbLIE BOJIOKHA OEJIAT Ha

3-16 MKM (605bLUMHCTBO BONMOKOH LIHC)
,2-3 MKM (rperaHrrmoHapHble BosiokHa BHC)
-1,3 MKM (6e3mMmennHoBble BOSIOKHA)



Ob6pa3oBaHMe MMeNTMHOBOU OOONMOYKHU

Neurolemmocyte
(Schwann cell)

Nucleus

Cytoplasm

Neurolemma
(HeBpunemma)

Myelin sheath




T2

WL AT TV anwe

MYELINATION OF AXONS. 1-4 - nocnepoBaTenbHbIe
3Tanbl 0Opa3oBaHuUA
MUENMUHOBON OOOSOYKHU

AXON.

SCHWANN CELL.
CELL MEMBRANE.
CYTOPLASM.
NUCLEUS.
NTERNAL NESAXON

MYELIN LAMELLA.
MAJOR DENSE LINE..

EXTERNAL MESAXON.

NODE OF RANVIER

5 — beammenunHoBbLIE
BOJIOKHA

UNMYELINATED NERAVE.



Obpa3oBaHne MMerIMHOBOU OOONMOYKHU

?}3‘;} Muenma Cnow MHeTHHOBOH
obonouxu
b i)
Ve |
it * e el A Puc. 35. Caesa— muozouucaennsie caou (memmnoe Koavyo), oKpyscarouue Hebo.av-

woul akcou, pacnosoxcennsiii 8 yenmpe. Cnpasa— 0au2o0enopoyum Hamamoieaem
CE0I0 MEeMOPANY 6OKDY2 AKCOMA, 0BPA3YA MHO20CAOUHYIO MUeAUHO8YI0 060404Ky. B
MUCAUHUIUPOBARKOM AKCOHE NEPeXod UOHOE Yepe3 MemMOpany npoucxooum moavko 6
Pa3puieax Mexncoy cezMenmamu mueaunogon 06oiouxu—nepexeamax Paneve.
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a — MUEernMHOBOE BOJTOKHO, O — 6eamMunennHoBoe BOSTOKHO KabenbHOoro tuna



Nucleus of Schwann Neurilemma :
Cell Endoneurium

Myelin Node of
Sheath Ranvier




MuenunHoBas obonoyka. My — mmenuH, A — aKCOH,
Schw — wBaHHOBCKas KrneTka (B NpaBoOM BepXHeM yrny
— 6e3aMuennHoBbIe BOSIOKHA KabenbHOro Tuna)




MUesrinHa




B nepudepuyeckon HC ogHa uBaHHOBCKasA KrneTka obpa3syet
MMEeSIMHOBYH0 000NO4YKY BOKPYr Og4HOro BosfiokHa, B LIHC
OAWH ONUroAeHAPOLUMT — BOKPYT HECKONbKNX

Myelination in the Peripheral Myelination in the Central
Nervo_us System Nervoup System




MUEJIMHOBbIE HEPBHbIE BOJIOKHA
Okpacka okcudom ocmusi
1 - yanoBble nepexsaTbl
2 - MeXy3roBou CEerMeHT

BESMUEJIMHOBbLIE HEPBHbLIE BOJIOKHA
Okpacka 2eMamoKCcUIUH-303UHOM
1 - aApa WBaHHOBCKUX KMNETOK

MUEJTTIMHOBbLIE U BESMUEJIMHOBDbIE
HEPBHbIE BOJIOKHA
3ArekmpoHHOMUKpPOCKornu4eckass coomoepaghusi
1 - 6e3MMenmMHOBOE HEPBHOE BOMOKHO

2 - MMENNHOBOE HEPBHOE BOJSTIOKHO




Maxpodar paipywaer muenuu

MNoBpemAeHHLA MHEAKH
AKCOH HePBHOM KNETKM

(nou muenuna

Coobuwenne nepepaerca ouess HsICTpo
(co ckopocTeo okono 400 km/yac)

HopManskbiit HEpB = MUeNKHOBAR 060N0YKA HE NOBPeXaeH?

)

MNoepexaeHHHI HePB ~ MHeNHHOBAR 060N0YKA NOBDEKACHE MAK DA3PYLEHA




Cepoe BellecTBO — Tena 1 KOpOTKNEe OTPOCTKU

HEWPOHOB

Benoe BellecTBO — HEpPBHbIE BOMOKHA (OJIMHHbIE

OTPOCTKN HENPOHOB)

benoe BeLwecTBoO

— HepBbl (B nepudepuny. HC),
— TpakThbl, Nyt U T.N. B UHC

Cepoe BelwwecTBO — KOpa, aapa
(raHrnumn B nepudepmnyeckon
HC)

CTpoeHue HepBa pyqn

Lies between — Myelin sheath”
individual fibers
Endoneurium —__
Perineurium - Mg
Epineurium ‘gurrounds eaph
A connective ' fasercles
sheatﬁ around e i i:!';’
the entire ‘ '“ o
nerve | - ]
| i ek :
<l —Fascicle
- \:ﬁ Blood
1} - vessels
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PeTukynspHas opraHnsauus

PasnnyHelie dpopmbl Saep

ApepHasa opraHusaums

Tunbl opraHn3saumm HEMPOHOB

O

L, 00000
p 0800
.0
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KopkoBas (akpaHHas)
opraHusauyus



AdchepeHTbl U 3adhpepeHTbl B LUHC

CTpykTtypa 1

<4——— AddepeHTbl CTPYKTYpPbI 2

<+——— JdpdepeHTbl CTPYKTYpPbI 1

<+———AddepeHTbl CTPYKTYPbI 3

+———IddepeHTbl CTPYKTYpPbI 2




KJ'IaCCI/ICbVIKaLI,MFI HeVIpOHOB No KOJin4ecTBY OTPOCTKOB

NnceBaoYHUMNONAPHBLIN BMnonsapHbIn MYNbTUNONAPHLIE HENPOHDI
HENPOHBI reTepononspHbIn - N30MNONAPHbLIN



Knaccudpukauumsa
HEeMPOHOB No

pyHKLUM:

CeHcoOpHbIe
(ywyBCTBUTENbHDbIE,
adpdpepeHTHbIE);

BcTaBoOYHbIe
(MHTepHEeNpPOHDI)

UcnonHutenbHble
(adphepeHTHbIE) —
MOTOHEMNPOHLI U
BeretaTuBHbIE
HEeMPOHDI

i

{a) Multipolar

interneurons

Dendrite

terminals

=5

{b) Motor
neuron

Dendrite

Muscle

Axon /I Cell
hillock body
— AXOn
Node of
Ranvier
J;
\ J
Myelin
sheath
Neuron-muscle
synapse

Axon
terminals

{c} Sensory
neuron

Receptor
cell

Peripheral
branch

L.
™
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— AXOn

Central
branch




CTUMYN @

4 — BereTaTUBHbIN HEUPOH:
nepeaaeTt CUrHaszl Ha KJ1€TKu

BHYTPEHHUX OpPraHOB (r/1aaKoMbl-
LeYHble b0 Xene3ucTole).

5 — KJ1eTKa BHYTPEHHErO OpraHa
(cepaue, cTeHka cocyaa, 6poHxa,
MOYeTOo4YHKKa, Xene3bl XKKT u ap.)

Knaccudpukaums
no PyHKLMNAM

6 — NHTEPHENPOHBDI:
CBS3bIBAIOT OCTasIbHble TUMbI
HEepBHbIX K/IETOK, Nepeaasas,
obpabaTbiBast 1 coxpaHsis
NHOPpMaLULO.



b — BepeTeHOBUOHbLIN
HENPOH

B — 3Be3g4vaTbil HENMPOH

[ — nnpamugHbIn HEMPOH

[ — knetka [NypknHbe

Knaccugukaunsa HEMPOHOB
no popme Tena m BETBMNEHUIO
OTPOCTKOB




3epHUCTbIE HENPOHDI
(KneTkn-3epHa)



Knaccuukauma no gnmHe akcoHa

| Tuna Nonopxu | (tun ') — ¢ ANMHHLIM aKCOHOM
TMna Nonsgxu Il (tun I'll) — ¢ KOPOTKMM aKCOHOM

donkaumsa no meguaTtopy

OKOHYaHue «-epPrn4ecKnmn»
chammnHeprnyecKkmm HempoH
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Presynaptic neuron Postsynaptic neuron

Dendrite —J\\
Synaptic knobs

Synapses F at synapses
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(a) Synapse
Cellbody  Axon Synapse
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(b) Simplified representation of a synapse



Puc, 29. Cxema snbpoca smedui-
O U NPOYECTON, NPOUC XOONMIX

< TUNOMEMUNECKOM HENMPAIABNOM
“nance.

[unameTp cuHanca — 1-2 MKwM,
LUMPUHA CMHaNTUYECKOM
wenn — 20-50 Hm,

anameTtp Be3nkyn — 30-60
(oo 200) Hm.

uro;nm
GroKHpyerT peuentop

Koe
OKOMMAHHE MOrAOUeT
Meauarop obpamno




CuHanchbl Ha
LLINMUKE




aKCO-aKCOHHbIWN

cuHanc
receiving
h cell -




HeWnpoHklI,
yCcedHHble
CUHancamwu

Dendrites Qf Synaptic terminals ® Excitatory synapse
postsynaptic N\ o~ N Qi Elesyiaple Hainhs @ Inhibitory synapse

neuran

Synaptic

terminals of

= Cell body of presynaptic
postsynaptic cell Neurons

——h

of Sy,

g
Axon of X
postsynaptic
neuron =\



CuHanc oTHOCUTCA K NPOCTbIM, €CIIN OH UMEeET OOMH Nnpe- N OAvH
NMOCTCMHArC. Y CNOXHbIX CMHANCOB C OAHUM MPecuHanTU4ECKNM
OKOHYaHMeM MOryT rpaHn4nTbL ABa 1 bornblue nocTcuHarica n HaobopoT —
HECKOJSTbKO NPECUHAaNTUYEeCKUX OKOHYaHUW 06pasytoT cuHanc Ha OgHOW
nocTcuHanTu4yeckon membpaHe



[ Momepyna B Kope Mo3Xeuka

Mossy fiber roset
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Complex spines in the thalamic ventrobasal nucleus. They are
associated with so called synaptic glomeruli. The synaptic
glomeruli are formed in this nucleus by lemniscal giant axon
terminals invaginated by ramified spines originating from proximal
dendrites of thalamocortical relay neurons.

[ nomepyna

[Mmomepynbl —
KOMMNaKTHble
CKOMMeHNA OKOHYaHUM
HEepPBHbIX OTPOCTKOB
pasHbIX KNEeToK,
dopmupyroime
BbonbLIoe KONMYecTBo
B3aMMHbIX CUHarCOB.
OB6bI4HO rnomepynbl
OKPY>XeHbl 060M04KOM
N3 rMnanbHbIX KIETOK.
OcobeHHO xapaKkTepHOo
NPUCYTCTBME rMoMepyn
B TEX 30HaxX Moa3ra, rge
npoucxoauTt Hanbonee
crnoxHas obpaboTka
CUrHanoB — B KOpe
BonbLINX nonyLwapun n
MO3)XeuKa, B
Tanamyce.



Postsynaptic neuron

(a) An electrical synapse

Presynaptc
membrane

Channel formed
by poresin

Postsynaptic each membrane

membrane

{b) Gap junctions

ONEeKTPUYECKUN cuHarnc
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1846 — P.BnpxoB OTKpbIS rnmarnbHble KIETKM (rped. glia — Knen)

1883 — K.['onbaxn — BBESN TEPMUH «HEUPOTINA»



(A) 2 : (A)
Oligodendrocyte Fibrous Extracellula space Gap functon

in white matter

Capillary

Glial cell
4
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Perineuronal Protoplasmic Capillary
oligodendrocyte astrocyte

Glial cell  * (/\
? £ \ Neuron
,L\g,' £2001 Binaes fssonenne ne
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Neuron a2 A
(A) Schematic diagram of arrangement of myelin

Schwann cell cytoplasm

Basement Glial cell
membrane cytoplasm
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©2001 Sinauer Associates, Inc. Glial cell ﬂ\ Extracellular space
cytoplasm Astrocyte Axon
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HenpornuarnbHble KINeTKn Mo3ra
MJ1EKOMUTaKOLLMX.



Microglia

Neuron

Astrocyte

Capillary

Oligodendrocyte

Myelinated axon — Ep?ndymal
cells
Myelin sheath (cut) i
L ventricle of

prain




Capillary

Neuron

Nerve fibers
Myelin sheath
Fluid-filled cavity Y
Z -’m“ 2 ‘.fgf;,;.,-‘?".‘.,31'“-‘.5.'7‘-'-’}1'-"t\ -: 2 Process of
4 A oligodendrocyte
"f ’.r Py S [i2a
(c) Ependymal cells A — Brain or spinal

cord tissue

Cell body
of neuron

Satellite cells

(d) Oligodendrocyte

Schwann cells
(forming myelin
sheath)

Nerve fiber (shown in longitudinal section)
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(e) Sensory neuron with Schwann cells and satellite cells
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B LUHC oguH onurogeHapounTt MoXeT obpa3oBbiBaTb
MWENNHOBYHO 000NOYKY BOKPYI HECKOMNbKMX BOSTOKOH

"'\ DA

Myelinated axon

Oligodendrocyte

Myelin (cut)

Axon

v B

lary
Astrocyte —

L Capil

White matter



I'Ipe,D,CTaBneHme O BeJIMYNHE aCTpounToB AaeT CpaBHEHUE UX C AEHOPUTAMUA HGI7IpOHOB
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This 1s a Nissl stained preparation of spinal cord ventral horn. Several large
motoneurons are seen and blood vessels are scattered throughout the neuropil.
Only the nuclei of the glial cells are visible with this stain. The darker nucle1 belong to

oligodendrocytes and the lighter nucle1 belong to astrocytes. Note the glial cells are
more numerous and much smaller than the neurons.
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IlutepaTtypa, pekomeHayemas K Kypcy «Mopdonorusa LLHC»

1. 3.[0. MopeHkoB. Mopdhonorus moara yernoseka. M., MI'Y, 1978.
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