GOAKVYITET NO 34APABHU T'PUXXHN
- HEHTDHP 3A IUCTAHIIMOHHO

OBYUYEHMUE

a MEJIULMHCKHA YHUBEPCUTET — ILJIEBEH

Nekuunsa Ne2
Pdu3nosiorna Ha CMHarncuTe.
PU3nN0JIOrMs Ha Hanpe4yHo

!j_uaﬂpasneume MYCKYnu. MNaakn
MYCKYJ/IU. BereTaTuBHa HepBHa
cucrtema.
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CuHanc

s CHMHAaNCBT € CTDYKTYPa, KOSTO OCbLLIECTBSIBA

BDDb3KATa MEXAY HEDBHUTE KIIETKU MITU MEXAY
HEPBHA 1 MYCKYJIHA, MJTM HEPBHA U XJIE3UCTA

KJ/IETKa.

= [locpeacTBoM CMHAMNCUTE CTaBa NpedaBaHe Ha
MHMOPMaLIMA MeXAay TeE3N KIETKMW.

= ChllecTBYBaT ABa BMaa CUHAMCH: .02
EnekTpuyHu

XUMUYHU

Bcekn cmHanc nMa.
[IpecnHanTn4yHa MeMbpaHa
CvHanTW4Ha uenka

3. NocTtcnHanTnyHa MembpaHa

A

N



BunaoBe cMHancu:
A) enekTpuyHu

b) XMMUYHNK
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[lpefaBaHe Ha MHOPMaLMS Npe3 enekTpuyeH
CUHarc

(@ 3 S AN

XapaKTepnucrmuka:

. CMHanTUYHaTa uenka Mexay MeMbpaHuTe Ha 2-Te KIIETKU €

MHOIO MaJlKa

. NMpegaBaHeTo Ha MHMOPMALMA Ce OCbLLEeCTBSIBA Ypes3

crieyuaneH KaHasn (KOHEKCOH)

. KaHanbT npoMeHst cBosiTa MpOBOAMMOCT Mo, BAUSIHME Ha pH,

Ca 1oHn 1 ap. dakTopu

. [lpepaBaHeTOo € C rongdMa CKopocCT
. [lpepaBaHeTOo € ABYNOCOYHO



NpepnasaHe Ha nHdopMmauus npe3 XMMUYeH
CMHaNC

3

ACTION POTENTIAL TRIGGERS RELEASE OF NEUROTRANSMITTER,

E -\

. | Action ) P 1. Action potential arrives;
Presynaptic | potential triggers entry of CaZ*,
neuron . \

Presynaptic— Ca*
membrane, Ca2t g

Ca2+ w@.;f"?i'w i
ST v

/2. Inresponseto Ca?*,
© synaptic vesicles fuse

Ca?t /V  with presynaptic membrane,
Postsynaptic 5 - thenrelease neurotransmitter.
neuron & 3. lon channels open when

e B neurotransmitter binds;
Postsynaptic Synaptic ion flows cause change in
membrane  cleft postsynaptic cell potential.

Figure 45-15 Biological Science, 2/e
©2005 Pearson Prentice Hall, Inc.




i [TOCTCMHANTUYHU NOTeHUManu

= Cnen cBbp3BaHE Ha OTAENEHUS OT NPECUHANTUYHUS
HEBPOH MeanaTop CbC crneunduyeH peLenTop Ha
NoCTCMHaNTMYHaTa MeMbpaHa ce OTBapAT Un
3aTBapPAT NOHHWN KaHaN4yeTa 1 ce goctura Ao
reHepupaHe Ha NMOCTCUHANTUYEH NMOTEeHLMan.

= TON MOXe aa bvae:

~ Bb3byneH (BI1CI1), ako MemMbpaHaTa ce aenonspusnpa

> 3aapwbxeH (3MCI1), ako MeMbpaHaTa ce
Xnnepnonspusnpa.



[lpepaBaHe Ha MHOPMaLMA Npe3 XMMNYeH
cz-l;anc - Ype3 HeBpoMeanaTop

= Xapakrepucruka

1. EAHOMOCOYHO NpeaaBaHe OT Mnpe- KbM
NOCTCMHANTMYHa MeMbpaHa

2. 3aKbCHeHUe (CMHaANTUYHa 3a4pbXKa)
3. Bb3MOXXHOCT 3a cymmupaHe Ha [1CI1
4. HacTbnBaHe Ha yMopa




DYHKYUNHN Ha CKEJIeTHHUTE

i MYCKYJIH

= [IpnaBmxBaHe Ha TA/10TO B NPOCTPAHCTBOTO
= [loaabpXkaHe Ha no3aTa
= [onyionpoaykuus




XapaKTepuCcTUuKu Ha CKeJleTHUTE

i MYCKYJIN:

= Bonesun — nHepBmpaTt ce oT coMaTU4HaTa
HEepBHA CUCTEMA

x PU3NONOrMYHM CBOUCTBA HA CKENETHO-
MYCKY/IHaTa KNeTKa:

> Bb36yauMMOCT

> MPOBOAMMOCT

> CbKPaTUMOCT

» OU3NYHO CBOUCTBO:

> €J1IaCTUYHHOCT
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CTpyKTYypa Ha CKeJieTHO-MYCKYJIHa
KJ1eTKa

Sarcolemma

Myofibrils

Terminal cisternae

Transverse lubule —— Y ———— A band
: | band
Sarcoplasmic
reticulum
Z line

Mitochondria

Nucleus




CapkoMepbT € OCHOBHATa CTPYKTYPHa U
¢pyHKLUMOHANIHA eAMHMLA HA Hanpe4yHo-
HabpasgeHuTe MyCKynu.




MuodpunameHTm:
Ae6esi MUO3HOBU
TbHKU GKTUHOBU

Z-disk

— w\\, -

THIN FILAMEMT

= . - - e - T a T u
B I S - - ey = -
- R ) -
\ Tropomyosin
I — — e * 4
‘? = =

Tropormim

) ======="_l-=_. - -‘:

Hinge

MY OSIN MOLECULE

Myosin
head
(cross-
bridge)

Auctim
molecule




MuocpmiaMeHTHn

MWO3NHOBU- N3rPaiEHN OT CbKPATUTENHUS 6eNTbK

MUO3WH
AKTUHOBMW - U3rpaieHn OT CbKPaTUTENHUS 6eNTbK

aKTUH N perynaTtopHuTe 6enTbum TPONOMMO3NH U
TPOMOHMH

Actin Tropomy o5 in Actinbinding  ATPbinding
site site

MyOsin head
Myosin tail




TbHKN MUO(PUNTAMEHTM

Tropomyosin Troponin complex

T

et T

TponoHMHOBAaTa MoJieKyna UMa 3 LieHTbpa:
C - 3a cBbp3BaHe ¢ Ca MoHu
T - 3a Bpb3Ka C TPONMOMMO3UHA
I — NHXMOUTOpPEH, 3aKpmMBa aKTUBHUTE LIEHTPOBE Ha aKTMHA



TBHKH MHUOPHIIaAMEHTH

*

~Actin filament
Tropomyosin / _/Troponin
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HepBHO-MYCKYJ1€H CMHanNC

Cell Body of Meuron A

Spinal Cord

Muscle Fibers

i
e

.

Motar Engplate of Meuron B




HepBHO-MYCKYJieH CUHanC

HeBpoMeanaTop — aueTUIXOoNnH
peuenTopun: N — XonMHopeuenTopu
Hepupa ce Bb3byaeH NOoCTCMHANTUYEH NoTeHLMar

Neuromuscular Junction

Presynaptic
Axon of _/ terminal
motor junction

Synaptic
vesicles

Neuromuscular
junction

Mitochondrion

Postsynaptic
membrane

Myofibrils




Bpb3ka Mexay Bb3byxkaeHne U
i CbKpalleHue Ha HMBO T Tybynu

HepupaHudaTt BICI e c amnantyaa 20 mV u ce
DPa3ripoCcTpaHsBa 1o CbCeLCTBO A0
E/1IEKTPOBBLIOYANMATa MEMOPAHA Ha HalMpe4YHo
HabpazfeHara MycKyJIHa K/IETKA - CaPKOJIEMA.

s /9 UMa MEMBPAHEH MOTEHLMA/ Ha rmokoru -90 mV u
rparos rioreHymasn -/0 mvy .

s [eHepupa ce aKLJMOHEH MOTEHLINAES], KOUTO CE
r1PEAABa 10 MPOTEXEHNE Ha CaPKO/IEMATA.

n [leronsgpuzaumsta Ha MemMbpaHaTa Ha HMBO T
TVOy/IM OTBapSs KalnuueBUTE KaHalyeTa Ha
LIUCTEPHUTE B CAPKOMSIa3MEHUS PETUKYNYM.



MYCKYJ/THO CbKpalleHue

Konna3maTta U ce cBbp3BaT C C-
LlEHTbpa Ha TPOMNOHMHOBATA MyNeKy/a, KOSTO
NPOMeHsI KOHMUrypaumsaTa cu.

TponoMMo3nHOBaTa MoJieKya ce NnpeMecTsa u
OTKPUBa aKTUBHUTE LIEHTPOBE Ha aKTUHa.

MWO3NHOBUTE rNaBu Ce 3aBbpTaT U CE CBbP3BAT C
aKTUBHUTE LEHTPOBE Ha aKTWHA, 0bpa3yBaT ce aKTo-
MMO3MHOBM MOCTYETA M Ce roJly4aBa NMpun/b3BaHe Ha
TbHKUTE HULLKK cnpsiMO aebenuTe.

AT® ce cBbp3Ba Ha crneumuUyHO MACTO C
MWO3MHOBATA MMaBa, KoATo MMa AT®-a3Ha aKTUBHOCT
n ce nony4yasa AA® n ® kato ce otaensa eHeprug.




MyYCKYJ/IHO CbKpalLleHHue

- 3MHOBATA rNnaBa NPeTbprsBa KOHGOPMALIMOHHK
NMPOMEHW, pa3pyLlaBaT ce€ aKTO-MUO3UHOBUTE
MOCTYETa W rnaBaTa Ce Bpblla B MbpPBOHAYaHOTO CU
MOSIOXEHWE.

= [lpoLecbT ce NoBTapst OTHOBO CbC CfieABalla
MOJIEKY/1a aKTUH U CapKOMEPBLT CE CKbCABA.

s EHeprudaTa ot pasrpaxaaHeto Ha AT® ce n3non3Bea 3a
MEXaHWUYHOTO MPUMNTb3BaHE Ha TbHKUTE HULLKK MEXAY
nebennte n 3a akTMBHOTO M3rnoMnBaHe Ha Ca MoHU
obpaTtHO B Ca uucrtepHu. AT® e HeobxoamM 3a
OTMyCKaHe Ha MycKyna.



MyYCKYJHO CbKpalieHue

T hick fil\ament (myosin) Z line

Thin filament
(actin)

- -

ATP

&P ATP binds to a myosin head, which is
released from an actin filament.

) The myosin head attaches to an actin
binding site, with the help of calcium.

New position of Z line

€9 The power stroke slides the actin (thin)
filament.




CapkoMep npu OTNyCHATO CbCTOSIHME U NPU CbKpalleHune

A Muscle relaxed- no
contact between
actin and myosin

B Cross-bridges form,
actin filaments move
closer together L PMIMINY

f‘ﬂ(&‘(‘ﬂ‘.“\«:f 22PN
:««t««««( DI

SRS

C Cross-bridges return
to normal postion,
attach to new sites
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CbKpallleHue - OTNyCKaHe

CONTRACTIONMN RELAXATION
- Muscle action
f:’:_— potential propagated
. III III. -_).a-
| | | Muscle plasma | I
Transverse tubule T e

@ Ca2* released Sacroplasmic |

from lateral sac reticulum |

Lateral
sac

Ca2* leaving
troponin restores
tropomyosin
blocking action,
with Ca=Z+
resequestration

R ] Cross
@ bridge Tropemyosin
moves

Thick filameant

Ca2* pinding to troponin
removes blocking action

of tropomyosin




Buaose MyCcKy/HU BNakHa criopen
3aCTblMeHnTe BUOXUMUYHN MEXaHU3MU
i 3a HabaBsiHe Ha eHeprus:

> BbaBHO CbKpallaBalim ce 6aBHO YMOpSiEMU
> bbp30cbKpallaBalin ce 6aBHO YMOpSiEMU
> bbp30 CbKpallaBally ce 6bp30 YyMOpSeEMU

= Bcekn Myckyn nputexasa OT TpUTe BMAA
MYCKYJIHM BNlaKHA, HO B Pa3/IMYyHO
CbOTHOLUEHNE B 3aBUCUMOCT OT (PYHKLIMSATA CM.



dABuraTenHa eanHULA — CbBKYNHOCT OT MOTOHEBPOH
N UHEPBUPAHUTE OT HEro MYCKY/THWU BJ1aKHa.

Pa3nnyHuTe Myckynm nMmat pasnmdeH 6pon ABUraTeNHU
eanHNLUM U pa3nnuyeH 6pon MyCcKy/lHM BNakHa BbB BCSAKa
OT TX B 3aBUCUMOCT OT (PYHKLMSATA, KOSATO U3MbJHSBAT.
MyCKYyNTHUTE BflakHa B €4Ha ABUraTesiHa eamHuua ca oT

elnH BuL.




Bugose
MYCKYJTHU CbKpaLEeHNST

*H3ome TPHAYHHN U USOTOHHNYHH

*eANHNYHHN U TeTaHUYHH

Isometric contraction

Muscle contracts
but does not shorten

o,

/
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N
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http://health-pictures.com/muscle/images/muscle-contraction.jpg

EAMHWYHOTO MYCKY/THO CbKpalleHne AOoCTUra eaBa
20-30% OT MakCMManHOTO HanpeXXeHue, KOeTo
MOXXe [ia ce pa3Bue npean Myckyna aa 3ano4yHe
[la ce oTnycka.

Tension




CyMMpaHN CbKpaLLIEHUS — HEMbJIEH TETAHYC,

KOraTo BCEKM CneaBall, MMMYJIC 3aBapBa
MYCKY/1a B MepUOA, Ha OTIMYCKaHE.

35 ;
a0
25

zn—§

Tension

15

10




[TbNIEH TETAHYC NMPU MHOIO BMCOKA YECTOTa Ha
HEPBHUTE MMMYJICK, KOraTo BCEKM cneaBall
MMMYJIC 3aBapBa MYCKy/la B Mepuoj Ha
CbKpaLleHue.

Tension

Stimulation




Ha MYCKY/THOTO CbKpalleHne

i MexaHn3MK 3a perynupaHe cunara

= Ype3 aKkTnBMpaHe Ha pasnnyeH bpou
NBUraTenHn eanHnum

= Ype3 pasnmyHa 4ecTtoTa Ha HEPBHUTE
MMNYJICU NO MOTOHEBPOHA



®PU3nNO0JIOrMa Ha rnagkurTe
MYCKYJU1

Autonomic
neurons

Nucleus

Muscle
fibers

(@)

()




Bnaose rnagku Myckynu

Synapses Nerve fibers

[NaaKyu MyCKy/nnM OT AUCKPETEH TUM

Varicosities

Nerve fiber

[Nagkn MycKy/smM OoT BUCLEPAneH TuM




OTHOLWEHNETO aKTUH KbM MMO3UH e Mexay 2:1 n 10:1 B

rNafIkO-MYCKYJ/THUTE KNEeTKN, B Hanpe4yHo-Habpa3aeHuTte
~6:1 u B Kapanommouuture - 4:1.

[ NaIKO-MYCKYJIHUTE KJTIETKU HE CbAbPXKAT TPOMOHMH.

Dense Eﬂdy h
/ \_\ Uncontracted State
Attachment

to cell Wall
= '\

Contracted State

Actin-myosin filaments




CbKpaLLieHME

eEpBUPAHN Ca OT ABATa AAJlda Ha BET€TaTBHATA
HEPBHA CUCTEMA.

[lpn penonspu3auus Ha K. MeMbpaHa ce OoTBapsT
Ca KaHanuyera.

AKTMBMpA Ce cucTtemMaTta Kanuum-KanmMoaysimH.

[loBULIEeHaTa KOHUEeHTpaumns Ha Ca MOHM BOAM A0
docdhopunnpaHe Ha MMO3nHa U obpa3yBaHe Ha
aKTOMMO3UH.

MoXke Aa ce noaavpXka no-npoabJ/IKUTENTHO
CbKpalleHne C No-MaTbK pa3xod Ha eHeprus B
CpaBHEHWE CbC CKENIETHUTE MYCKY/IM.



BereTatBHa HEPBHa CUCTEMA
iHapvltla Ce aBTOHOMHA, 3alLoTO PYHKLUMATA W

HE 3dBNCW OT HALWLETO Cb3HAHUE U BOJIA.

= [a3un 4yacTt oT HC, KOATO nHepBupa BbTPELLUHUTE OpraHu
= CbCTOM Ce OT ABa Asana:
“ CuMnaTukyc — eprotponHa BHC
 MapacumnaTtukyc — TpodoTtpornHa BHC
= Edektute um ca:
> AHTAroOHUCTUYHMU
> J[lonb/iBalLy ce

> CbBMECTHMU .
“*EdekTnTe Ha cMMNaTUKyca Ca

No-AndY3HU 1 NO-NPOABIKUTENHN
B CPAaBHEHME C TE3N HA NapacuMnaTmuKyca.



BHC — Hapuya ce olle raHrmnHa

m //dPacuMiiaTrKOB AA)1

s [IperaHrimmHuTE HEBPOHM Ca pa3nonoxenu B MNMC
aapa Ha 4 YUMH: n. vagus; n. glossopharyngeus; n.
facialis; n. oculomotorius n B rp. MO3bK Ha HMBO S2-
S4. Te otaenaTt AUETUNXONNH, KOUTO ce cBbp3Ba C N-
XO/TMHOPELIENTOPU BbB BEreTaTUBHUTE FaHIInN.

s [TOCTraHIMMHUTE HEBPOHYM OTAENNAT CbLLIO
ALETUNXONNH, KONTO Ce CBbp3Ba C M-
XOMMHOPELIENTOPK, PA3MONOXEHN BbB BbTPELUHUTE HU

OpraHu.




peLenTopu:

i- M,, M,uM ;T MyckapmHoBH

> M, receptor - cBbp3aH ¢ G-protein ; BTOpu4yeH
nocpenHuk e IP 3 /DAG ->noBuliaBa ce
KOHLIEHTpaUMSATa Ha BbTPEKIETbYHMSA KanLuum

> M, receptor - cBbp3aH ¢ G-protein -> NoHWXkaBa
obpa3syBaHeTo Ha c-AMP un ce noBuLiaBa
HaB/M3AHETO Ha KaJIMeBU UOHM ->
Xurepnonsapusaumns Ha K. MeMbpaHu

» M5 receptor - cBbp3aH ¢ G-protein ; BTOpUYeH
nocpeaHuk e IP 3 /DAG ->noBuLuaBa ce
KOHLIEHTPALMATA Ha BbTPEKNETbYHUSA KanLmm
(rnagkm MycKyn U eK30KPUHHU XJe3n)



BHC — Hapuya ce olle raHrmnHa

i CumMnarmukoB g5)1

n [IperaHriimiHUTE HEBPOHM Ca Pa3noOIOXKEHN
B CTP@QHWUYHUTE pora Ha rp. MO3bK Ha HUBO
Thl-L2. Te otpenaTt AUeTUIXONUH, KOUTO Ce
CBbp3Ba C N-xonnHopeLuenTopu BLB
BEreTaTUBHUTE FraHrNM.

n [IOCTraH/IMMHUTE HEBPOHY OTAENAT
HopaapeHanuH n AapeHanuH, KOUTo ce
CBbP3BaT C aapeHopeuenTopu (al un a2; Bl
B2), pa3nonoXXeHn BbB BbTPELLUHUTE HU
OpraHmu.




Sympathetic nervous system Parasympathetic nervous system

sympathetic outflow to smooth muscle
of hair follicles, sweat glands, and
peripheral blood vessels
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EdekTuTe Ha BHC BbpXy opraHuTe, 3aBUCAT OT TUMaA
Ha, XOJIMHOpEeLenTopa Ui aapeHopeLenTopa B opraHa.
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“AnapMmeH” unu “"crpec” otrosop
Ha CUMNaTUKoBaTa HepBHa
cucreMma

1. lNoBULWwEHO apTepuanHoO HangraHe

2. lMoBULIEH KPBbBEH MOTOK KbM aKTUBHUTE MYCKY/IN U
NOHMXEH KPbBEH MOTOK B CrSIaHXHUKOBATa 061acT
[T n 66bpeun, KbaeTo He e HeobxoaMMa NoBULLEHA
MOTOPHA aKTUBHOCT

TOBMLUEHO HMBO Ha KETbYHUS METAab0N3bM
OBMLUEHA M/IA3MEHA KOHLIEHTPALMSA Ha [/10KO3aTa
OBMLLUEHA IMKO/IM3a B YepeH APOO N MYCKyu
OBMLLUEHA CU/IA HA MYCKY/THUTE CbKpaLLEHUS
OBMLUEHA YMCTBEHA aKTUBHOCT

OBMLUEHA aKTUBHOCT HA KOary/iaTopHaTa CUCTEMa
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