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CyTb CUCTEMbI KOMIMAEMEHTO
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AHTMOAKTEPUMAABHbBIE 30AQ4YM CUCTEMDI

KOMIAEMEHTO

[TouBAEYEHME CDATOLIMTOB M
A0 EKTOPHbBIX KAETKOK
AAQMTUBHOTO MMMYHMUTETA K
NATOreHY — XEMOTAKCHC

ObAeryeHme pacno3HABAHMS U
PUKPENAEHMI GOATOLMTA K
MNATOreHy — ONCOHM3ALLMS

OBpa30BAHNE MEMDPAHO-
ATAKYIOLLLETO KOMMAEKCA — MPIMOM
AM3MC MATOreHA

CTUMYAILUMA QHTUTEH-MPE3EHTALIMM B
AMMAOOY3AQX

All pathways generate a C3 convertase, which
cleaves C3, leaving C3b bound to the microbial
surhace and releasing C3a

, e , O
@®ca @
o Q@
P o P
J T
[ = e 2L

C3a and C5a recrutt phagocytic cells to the site of Phagocytes with leeenms for C3b enguif and Completion of the complement cascade leads to
infection and promote inflammation destroy the pathogen formation of a membrane-attack complex (MAC),

which disrupts cell membrane and causes cell lysis
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beAKM KOMIAEMEHTA

CLASSICAL PATHWAY
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All pathways generate a C3 convertase, which
cleaves C3, leaving C3b bound to the microbial
surface and releasing C3a
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CnctemMa KOMMAEMEHTA
MNOCTPOEHA BOKPYI KAOCKAAQ
MOCAEAOBATEABHO
AKTUBMPYIOLLMXCS NPOoTeq3

HO KAXXAOM YPOBHE MPOMCXOAUT
AMMOAMPOUKALLMG OTBETA

BbIAEASAIOT 3 MYTKU AKTUBALLUM
KOMMAEMEHTA, PA3ZAMHAIOLLLMECH
MHUUMaumen (PRR)

KAlO4HEBOE COBDbBITUE AAS
QHTUMUMKPOOHOTO AEMCTBMS —
00pa3oBaHME C3-KOHBEPTA3b



HOBbIM [MYyTb AKTHUBALMNM

‘ Ficolins are similar in structure to MBL but
have a different cabohydrate-binding domain 0 Kputnyeckm BaXKeH Npr HOPMOAAbHOM

MAQAEHYECKOM MMMYHOAEOULIMTE

coliagen
e 0 AKTMBATOPOMM CAY>KAT MOHHO3O-
il ool CBA3bIBAIOLLIMM AEKTUH MAM JOUKOAMHBI
0 AKTUBATOPbLI OPMUPYIOT OAUTOMEPSI,
CB#3bIBAIOLLIME NPOTEA3bI MASP-1 1
cabohydrate-recognition domains fibronedtin domains MAS P-2
2 & D 6 0 [lpon CBA3LIBAHMM AUTAOHAQ MPOOUCXOAMT
um-mmmwmm Ficolins bind oligosaccharides containing akTmBauUMa MASP-2

0  AUraQHAbI:
0 MBL - ocTtatkm MAHHO3bl MAM OYKO3bI

0 PUKOAUHBI — QHMOHHbBIE DEAKM,
ALLETUAMPOBAHHbIE CAXAPA,
AMMOTEMXOEBBLIE KMCAOTbl KAETOYHOM
CTEHKM

0 Hekotopble OUKOAMHBI HE CBA3bLIBAIOT
NPOTEA3bl U CAYXKAT
COMOCTOSTE AbHBIMM ONMCOHMHOMM




KAOQCCHYECKMM MYTb AKTUBALLMM

C1q

0 AKTMBATOPOM CAYXMT C1qrs-

llagen
rogion KOMMAEKC

0 Clqg cBg3bIBOET:

Cts 0 FC-KOHLLbI QHTUTEA (OCOBEHHO
IgM), B T.4. (HATYPAABHbIX)

0 C-peaKTMBHbIM OEAOK (Y3HAKOLLMM
C-noAncaxapuma Streptococcus
pneumoniae)

0 AMMNOTEMXOEBBLIE KMCAOTHI

0 CBs3bIBOHME AKTMBMPYET NPOTEA3Y
Cls




C3 — KAIOYEBOM KOMIMOHEHT CHUCTEMDbI
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C3-KOHBEPTA3A KAOCCHMYECKOTO M
AEKTMHOBOIO MYyTU

Activated MASP-2 associated with Cab then binds C2, which is s an active C3 convertase One molecule of C4b2a can cleave
MBL or ficolin cleaves C4 to Cda mwmzhm_m cleaving C3 to C3a and C3b, which | | up to 1000 molecules of C3 to C3b.
and C4b, which binds to the C2b, forming the Cdb2a complex binds to the microbial surface or Many C3b molecules bind to the
microbial surface ; ng to the convertase itself microbial surface
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AABTEPHATUBHBIM MYTb AKTUBALLMM

0 2BOAIOUMOHHO DoAee
APEBHUM

0 CRNOHTAHHO OKTMBMPYETCS B Clundargats sponiansous | || The CAILOBD compiex ts 2

KPOBM MOCTOAHHO hydrolysis to C3(H,0), which | | C3 convertase, cleaving more | | Factor B binds noncovalently
binds to factor B allowing it C3 into C3a and C3b. C3b is to C3b on a cell surface and
0 He Tpe6yeT AN MHNLUMALUUNN to be cleaved by factor D into rapidly inactivated unless it is cleaved to Bb by factor D
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proteins. Binding of properdin (factor P)
Shtils e v C3-KOHBEPTA3bI
| OAbTEPHATMBHOIO MyTK
acior
Bb
L
?C% 0 KoHBepPTA3A AALTEPHATUBHOIO MYyTHU OYEHbD
C3bBb
HECTAOMABHAO
Pathogen surface
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mﬁmﬁx\hﬁ ca&“uchm KOHBEPTA3Y AABTEPHATMBHOIO MYyTH
S many molec
of C3b on the pat:yogen surface 0 PakTop P NpeAnOAOXKUTEABHO MMEET
CPOACTBO K MOBEPXHOCTIM MNMATOTEHOB

0 B oTAM4ME OT APYIMX OEAKOB CUCTEMDI
\) C’ KOMMAEMEHTA, AKTOP P B HOpME He
MPOUCYTCTBYET B MAQ3ME

C’ C’ (’ \ 0 WNCTO4YHUK doakTopa P — AKTUMBMPOOBAHHbIM
= =

HEUTPOOMADI

sorizalion ceibeibin o 0 Takmm 0B6pa3oM, Mpr BOCNAAEHUM
terminal complement components AKTMBAUMNA KOMITAEMEHTA PE3KO YCKOPAETCA




C3b binds both to C4b2a and C3bBb,
forming the active C5 convertases
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C1q binding to antigen:antibody C1 inhibitor (C1INH) dissociates C1r and
complexes activates Cir and Cis Cis from the active C1 complex
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0 KomnAaemeHT cnocobeH
Hecneumdonyeckm atakoBATb DAF, GABP, and CA1 displace C2a from

Cab2a i the active
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=

Cg
osb - s
6 CD59 ’ Q

o ®» F | PP P>

C4b2a3b C3b,Bb C4b2a  CR1 " iC3b iC3b

!




1.
2. Knaccnyeckne doyHKLMU KOMNAEMEHTA

3.

4,



OnNCcCoHM3ALME NATOreHao

0 Camasg rAaBHAS dOYHKLIMS
KOMMAEMEHTA

0 OCHOBHOM KOMMOHEHT 3ALLLMUTI
HOBOPOXAEHHbIX AO AKTUBALLMM
AAQMNTMBHOTO MMMYHUTETA

0 OnCOHMHBI:

0 Danger sensors — MBL, GOUKOAMHBI,
Clqg

0 C4b

0 C3b-cambii CUAbHBIN U
NPeACTABAEHHbIN

~ Viralinfection | | Bacterial infection |
HSV .O R
IAV ,\i}z‘;‘ Gram-negative
);-J{’ ':,_: P. aeruginosa \
AR \ /4 | S. enterica
Gram posmve
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AKTMBALLMSA BOCIAOAEHUS

Small

complement-cleavage products
act on blood vessels to increase vascular
permeability and cell-adhesion molecules
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o Migration of ma: \/s,
Increased permeability allows increased fluid
leakage from blood vteyuds and extravasation (PMNs), and lymphocytes is

of immunoglobulin and complement molecules
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KAETKM UMMYHUTETA M SHAOTEAMM HECYT
PEeLLENTOPbl KOMMNAEMEHTA

MAOAbIE OPATMEHTbI OCHOBHbIX OEAKOB
KOMMAEMEHTA (AHAGOUAOTOKCHUHDI)
AKTUBMPYIOT SHAOTEAUM U KAETOYHbIU
MMMYHUTET

EAOFOAODFI MM BO3HNKAET AOKAAbHOE
BOCINAAEHMNE U l/IHCbl/I/\prOLLl/IFI KAETKAMMU
MMMYHHNTETA

AKTMBALLMS SHAOTEAMS U AEHAPUTHBIX KAETOK
BEAET K PACKPYYMBAHUIO AAQMTUBHOTO
OTBETA

CHAQ BO3AENCTBUA:
0 C4a- cAabbivt (MAAO)
0 C3a-cpeaHun (CpeaHe-04eHb MHOTO)

0 Cb5a - o4eHb CUAbHbIM (MAAO)



AM3NC NATOreHda

0 Camaa adodoekTHAd, HO CAOMAOA

DecnoAe3Has YHKLMS

[TOABEP>XXEHbBI TOABKO DAKTEPUM
poAa Neiserria — BO30yAUTEAU
roHopen M BAKTEPMAABHOTO
MEHUMHIUTA

PUMEHIETCH B AQDOPATOPHOM
AHOAM3E — PEAKLMA CBI3bIBAHMUS
KOMMAEMEHTA
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OnNCoHM3AUMNA NOBPEXAEHHbIX U
AMOMTO3HbIX KAETOK

0 ANOMNTO3HbIE KAETKU TEPIOT : : :
Regulation of alternative or terminal pathways
AP AOEKTUBHYIO PETYAILIMIO o SRR
KOMMAEMEHTA 1 ONCOHUUPYIOTCH 5 oo _ Attenuated
C3b \ signaling
0 Ocrarto4yHad peryaaums, qoakrop H :
M OTCYTCTBME MPONEPAMNHA P
OAOKMPYIOT OOPa30BAHKME C5a 1 lysis
MAC
\/ Clearance

0 OrpaHM4eHHAS OKTMBALLMS
AOATOLUMTOB C MOMOLLLbIO HMU3KOM
KOHLEeHTpaumm C3a AOCTATOYHA
AAS doaroumtosa 6e3 BOCMAAEHMS
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KoaryAaums

0 Cb5a CTUMYAMPYET IKCNPECCUIO 0 PakTop Xl aktmmpyet
TKAHEBOIro doaKTOPA U o0Opa30BAHME KAQCccHYeckom C3-
MHTMOUTOPA AKTMBATOPA KOHBEPTA3bI MYTEM YHACTMYHOIO
MNAQ3MMHOIreHda pacLuenAeHms C1

0 MASP2 MOXET HEMOCPEACTBEHHO 0 TpoMOUWH crocobeH PACLLLEMUTL
PACLLENAATb NPOTPOMOUH AO C5 a0 Cham Csb
TPOMBMHO

oW HOPYLLEHWM KOHTPOAS KOMMAEMEHTA BO3MOXEH CEMNTUYECKMM
LLIOK 1 AMCCEMMHUPOBAHHOE BHYTPUCOCYAMCTOE CBEPTHIBAHME




B3OMMOAENCTBME C KOCKAAOM TLR

0 Toll like receptors — rpynna peLentopos
KAETOK BPOXAEHHOIO MMMYHUTETQ,
AKTUBMPYIOLLLAS MX B OTBET HO PAMP bl

0 FloKQ3aHO, 4TO B OTCYTCTBME CUTHAAMHIC
yepes C3aR n C5aR aktmBaLma
MMMYHHbIX KAETOK HE MPOMUCXOAUT
(6AoKkMpOBAHT MAPK-MyTh)

0 3aTpOoHYThIE PELLENTOPSI:

0 TLR2 — FTAMKOAUMMABI U AUMTOMPOTEUHDI
bakTepum

0 TLR4 — AMNC, dombpmHoreH
0 TLRY — 6akrepuanbHas AHK




Early in the response there
is little antibody and an
excess of antigen

At intermediate stages in
the response, there are
comparable amounts of

antigen and antibody

Late in the response there
are large amounts of
antibody and little antigen
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complement and are not
cleared from the circulation

complement and are cleared
from the circulation

JC J =

N N
Small immune complexes Large immune complexes Medium-sized immune
are formed that do not fix are formed that fix complexes are formed that

fix complement and are
cleared from the circulation

Figure 12.31 The Immune System, 3ed. (© Garland Science 2009)
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YAQOAEHME MMMYHHBIX KOMIAEKCOB

MMMYHHbIE KOMMNAEKCHI 0OPa3yoTCH
B KPOBM B MPUCYTCTBMUM
MNOAMBOAEHTHbIX AQHTUIEHOB

HO MMMYHOKOMMNAEKCAX
AKTUBMPYETCH KAOQCCUYECKMM MYTh
KOMIMAEMEHTA

C3b oncoHusmnpyer
MMMYHOTAODYAMUHbBI KOMIMAEKCOB M
OCEeACdET HA NOBEPXHOCTU
SPUTPOLMTOB

B ceAeseHke makpodobarm
MNOrAOLLLOIOT CTAPbIE SPUTPOLMTHI
BMECTE C MMMYHHbIMM
KOMMNAEKCAMM
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30060AEBAHMY

boAe3Hun Aecbmumnta
0 Aedounumt MASP mam MBL

0 AedUumT OKTMBATOPOB MAM
KOMIMOHEHTOB KAOCCHMYeckom C3-
KOHBEPTA3b

0 Aedounumt C8 MAKM APYTUX
KOMMNoHeHTOoB MAC

0 Aedomumr C3

boAe3HU U3BbITOYMHOM
AQKTUBALMUU

CUHAPOM CUCTEMHOM
BOCMAAUTEABHOM PEAKLMMU

HacAeACTBEHHbIM
QHIMOHEBPOTUYECKMM OTEK

[TApPOKCM3IMAABHAL HOYHAS
re MOrAOOUHYPMS

Aedpmumt doaktopa H:

0 ATUNMYECKMM TEMOAUTUYECKMU
ypEMMYECKMIN CMHAPOM (aHUS)

0 Bo3pacTtHag aAereHepaums
CEeTYATKM



Aedomumt MBL mam MASP-6eAKOB
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AeDPULMT AKTUBALMM KOMMAEMEHTA
MO AEKTMHOBOMY MYyTH

Bctpeyaetca y 5% nonyadumm, eLle
15% B3POCAOMU MOMYAALMM B HOPME
MMEET CHMXKEHHbIN YPDOBEHb
aKkcnpeccumn MBL

MMeeT BOXKHOE 3HAYEHUE TOABKO BO
MACQAEHYECTBE — BLICOKMM PUCK
OCTPbIX PECMMPATOPHbIX MHJOEKLIMM

ECTb BEPOSTHOCTb, YTO MOAHOE
OTKAOHEHME AABTEPHATUBHOIO MyTH
NPMBOAMT K BO3BPATHBIM THOMHbBIM
MHJOEKUMAM (OMMCAH OAMH CAYHQM)

AEeYeHNE UCKAKYUTEABHO
CUMMIOTOMATHMHECKOE



AePUNLNT OKTMBATOPOB MAU KOMIMOHEHTOB
KAOQcchnyeckom C3-KOHBEPTA3bI

0 Aeduumt nam HapyleHme C1, C2
mAm C4

0 XpOHUYeCKkme 1 BO3BPATHbIE
THOWHbIE MHADEKLLMM

0 CHMXEeHHQd CITOCODHOCTb K
YAQAEHMIO MMMYHHbIX
KOMIMAEKCOB M3 KPOBOTOKA

0 Pe3KO NOBbILLUEHHbIM PUCK
CUMCTEMHOM KPACHOM BOAYOHKM,
AMabeTa 1-ro TMna m Apyrmx
AYTOMMMYHHbIX 3000AEBAHMM

Copyright © 1998 by the National Kidney Foundation




Aedonumt C8 MAKM APYTUX KOMIMOHEHTOB
MAC

0 HammeHee onacHbIM NO
MNPOABAEHMAM AECOULUT
KOMMOHEHTA CUCTEMB
KOMIMAEMEHTA

0 Camble NOABEPXKEHHbIE
Aemnctemio MAC
MUKPOOPTAHU3IMbI —
[DAM-OTPHLLATEABHBIE BAKTEPUM
poaa Neisseria (Bo3dyAUTEAMU
FOHOPEM M MEHUHIMTAQ)

0 PekomeHAayemoe AeveHne —
BOKLMHALIMA NPOTMB Neisseria




Aedomnumt C3

[0 Peakoe 3000AEBAHME

0 T1pO9BAIETCA TIKEABIMMU
BO3BPATHbLIMM
ANCCEMMUHMPOBAHHBIMM THOUHBIMM
MHADEKUMIMM (HOPYLLEHA COYHKLIMA
JoAroumToB - THOM)

0 HapyLueH HE TOABKO BPOXXAEHHbIN,
HO M QAQMTUBHbIM UMMYHUTET (PE3KO
CHMXEHO AnMdbdbepeHumpoBka Thl)

0 Crneumdmnyeckoro Ae4eHms He
PA3PAOOTAHO, OOAbHbBIE 30BUCHAMDbI
OT AHTMOMOTHMKOTEP AN




3000AEBAHMI M3OBITOYHOM OKTMBALLMM —
ooLLUME CBOMCTBO

0 BocnaAuUTEAbHbIE 3000OAEBAHMSA, YHOCTO HE MOAACQIOLLIMECH TEP AU
KOPTUKOCTEPLOMAOAMM

0 HamnboAee NoABEP)KEHbI IPUTPOLLMUTDI

0 Yacto ConpoBOXAQIOTCA TAOMEPYAOHEPUTOM, KAK BTOPUYHBIM, TOK U
MNEePBUYHbBIM

0 YacTo conpoBOXAQKTCA TROMOOLIMTONEHMEN

0 BbI3BAHbI PACCTPOMCTBOM CUCTEM PETYAILMM




CUMHAPOM CHMCTEMHOMU

0
[
o
O Septic 0
Severe Shock
. . - . .
O « Se ps I S Severe Sepsis + Hypotension
Se ps I S Sepsis + End Organ Damage
SIRS + Infection
“SIRS

Temp. >38°C or <36°C, HR >90, RR >20 or PaCO, <32,

WBCs >12,000 or <4,000 or >10% bands D

BOCMAAUTEABHOU PEAKLLMM

MHAYLMPYETCA TOOBMOMMU, OXXOTAMM,
oakTepuemmen n ARPYTIMMmM NPUHMHAMM

KomnoHeHTbl komnaemeHTa C3b, C3a
1 C5a MAEHTUAOUMLMPOBAHDI, KOK
OCHOBHbIE MEAMATOPDI PEAKLLMM

Ha MPEKAMHNYECKNX MCCAEAOBAHNAX
HOXOAUNTCA TEPLATMA.

0 aCb5a aHtuteAamm
0 aHTUMTEAOMM K oparmeHTam C3

0 KOMOUHMPOBAHHAS TEPANMA MPOTUB
KOMMOHEHTOB KOMMAEMEHTA U TLR

OAHOKO MOKQA3AHO, YTO M30bITOYHAOS
DOAOKOAQ KOMIMAEMEHTA CHUXKAET
SO EKTUBHOCTb 3AAEYMBAHUA PAHD



HOCAEACTBEHHbIM
OHTMOHEBPOTHUYEC
KM OTEK

0 BbizBaHa aAedomumtom Clinh
MAM AYTOCOMHO
AOMMUHOAHTHBIM BbIXOAOM
MASP nam C1rs U3-noa ero
KOHTPOAS

0 CuUMOTOMBbI BbI3BAOHbI
XPOHUNYECKMM
MPOM3BOACTBOM
AHOAJOUAOTOKCHUHOB

AeveHue:
0 pekombuHaHTHbIM Clinh
0 TlIAG3MOTPAHCDY3MM

0 MHIMOUTOPLI KOAAUKPEMHA

C1q binding to antigen:antibody
complexes activates C1r and Cis

C1 inhibitor (C1INH) dissociates C1r and
C1s from the active C1 complex

C1q

Cir Cis

microbe

I C1INH cnéms




[10POKCHM3MAABHOS e o & mamerane pors— ofth membeane-atack complex

the membrane-attack complex at the C8 to C9 siage
HOYHAA TEMOTAODUHYPUS

0 Peakoe 1akeAoe 3000AEBAHME,

2
N

0 TIHI accoummpoBaAHA C MHAKTUBALIMEMN
CD59 — aktmBauma MAC, npexxae BCero
HQ 3PUTPOLMTAX

C5b678

0 CUMNTOMBbI;

0 Tpombo3
0 Hedoponartmm
0 AHemms

Aevenme MNMHI — 3KYAM3YMaD, AHTUTEAO K

C5' 6/\OKM py}OLLLee pC]CLI_LeI_I/\eHl/Ie C5_ PNH RBC Complement Attack PNH RBC Lysis (hemolysis)
- PNH RBCs lack an Without this protein, some PNH RBCs are destroyed,
KOH BepTCBO[/] important protein RBCs can be destroyed by and the toxic contents are
complement, one of the released into surrounding

body’s defense systems. plasma (yellow-colored

liquid component of blood).




AedDdMUMNT POAKTOPA

0 aHUS (atmnmyeckmi 0 Crapyeckas aAereHepaumsd CETHATKM
€ MOAUTUYECKUM YPEMMYECKMM CBA30HA C OTAOXKEHUNEM
CUHAPOM) CBA3AH C MHAOKTUBALMEM KAMMOMPOTEMAHBIX APY3N U
doakTopa H MyTaumMem Mam HEOBACKYAIPM3ALMEN
AYTOAHTUTEAQMM
4 0 GWAS NOKA3AAM BbIPOXEHHYIO
0 AAbTEPHATUBHbIM BOPUAHT — KOppEeAILMIO 3000AEBAHMS C
QAYTOOHTUTEAQ, CTADUAMIMPYIOLLINE NOAMMOPTOM3IMAMM TEHA JoaKTOPA H
C3-KoHBEPTA3 -
pTasy 0 Ha ctaamm KAMHUMYECKMX UCTMbITOHMM
0 Tepanua - NAQ3MOTPAHCAOY3MM HOXOAATCS PA3AMYHBIE MHIMOUTOPDI
KOMMAEMEHTA
The C5 convertases cleave CR1 and H displace C3b. CR1 and H act
C5 to C5a and C5b as cofactors in the cleavage of C3b by |
Cs C5a

\

® B | 23

C4b2a3b C3bBb C4b2a  CR1 "iC3b




Apyrme 3a000AEBAHUA N UX TELAMMS

DDD — dense deposits MyTtaumnga komnoHeHta C3, BbiBOAALLLAg erO0  PactBopumbit CR1T, HOXOAUTCA HO

disease M3-MOA KOHTPOAS coakTopa H. CTAAMU KAUHMYECKMX UCMbITAHMMN
[MporpeccupytoLLLas HedbponaTms

C3-rhnomepyaonartms N36bITOYHAR AKTMBALIMA C3 B MOYKAX MNpmU KOMNCTATUH — NENTUAHbIN
BOCMAAEHMM, OTAOXKEHUM MMMYHHbIX MHIMOUTOP C3-KOHBEPTA3. TakKXKe
KOMMNAEKCOB U TA. FC-KOHLLbI QHTUTEA NOKA3AA CeB9 2D EKTUBHBIM MPU
CrNoCcoOBOHblI CTABUMAM3INPOBATL C3- HEKOTOPbIX oopMax XOBA

KOHBEPTA3Y AHOAOTMYHO MPONEPANHY

AYTOMMMYHHQOS AU3NC PUTPOLMTOB 30 CHET BbIPADOTKM AHTUTEAQ K C 15 11 MASP MoBbILLIAKOT
[EMOAUTUHECKAT OHEMMI  AHTUTEA K UX MOBEPXHOCTHLBIM MAPKEPAM BPEMSA XXM3HU SPUTPOLLUTOB U
MOBbLILLIAIOT KAYECTBO XM3HU

ANCA - antineutrofil AHTUTEAQ K MAPKEPAM AKTUBMPOBAHHbIX Ha cTaAanm KAMHUYE CKUX
autoantibody HENTPOCOUMAOB BbI3bIBAIOT MOPOYHbIM KPYT MCMBbITAHMM HOXOAATCH QHTUTEAQ K
QKTMBALMM HEUTPOOUABI-KOMMNAEMEHT. CD5 1 CDb&aRI
BbI3bIBAET CUCTEMHbIM BOACKYAUT

\\
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MeAMLMHAO MePEXMBAET B3PbIBHOM POCT MHTEPECA K CUCTEME KOMMAEMEHTA.
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HEM3IAEYMMbBIX COCTOAHUM.
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