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BL-TYPOH

Buonornyecku AKTMBHAA no6aBka
K nuwe C TrUanypoH-XOHAPOUTUHOBbBIM
komnnekcoMm (FXK) B OCHOBe, KOTOpPbIN
ABNAETCH WMHHOBALMOHHOW TEXHO/orm4ye-
CKOM pa3pabOTKON HEMELKON KOMMAHMMN
Gramme-Revit GmbH u npegHasHaueH
ONA AKTUBAUMKW BbIPAOOTKM COOCTBEHHOMN
CUHOBUA/IbHOM YXWAKOCTKU, obecne4yeHusa
MATAHUST U BOCCTAHOB/IEHUS XPSILLEBOM
TKAHW.



DTO K/IACCUMYECKUI OPTOMOJEKY/ISAPHbIA MPenapar, MOCKO/bKY
€ro KOMIMOHEHTbl U MEXAHU3M AENCTBUS COOTBETCTBYIOT MMABHO-
My MPUHLMMY OPTOMONEKYNAPHON MEAMULMHbI: «<BOCCTAHAB/IMBATb
N COXPAHATb 340POBbE MYTEM U3MEHEHNS KOHLEHTPALMM BELLECTB,
KOTOPbIE HOPMA/IbHBIM 06PA30M MPUCYTCTBYIOT B OPraHuM3Me 4e-
NIOBEKA W OTBETCTBEHHbI 30 €ro 340poBbe». MOXHO CKA3aTb MAK-
CYMAJIBHO KOPOTKO M MPOCTO: «MPABU/IbHBIE MOJIEKY/1bl B MPABW/Ib-
HbIX KOIMYECTBAX>.

[NpousBoguTento yaanocb 0O6beAMHUTb B YHWUKANBbHYIO CUHEp-
TMYHYIO KOMOWHALMIO ABA OCHOBHbIX CTPOUTENIbHbIX MaTepuanad
ONS BOCCTAHOBNEHUSA (PYHKLUMOHUPOBAHUS XPALWA — XOHOPOU-
TUH U TUANYPOHOBYID KUCMOTY. [MONYyYEHHbIN KOMMIEKC He YCTy-
naet no 3¢GPeKTMBHOCTU BHYTPUCYCTABHbIM WMHBEKUMAM ruany-
POHOBOW KUC/OTbI, U, 60/iIee Toro, OH OENCTBYET HA BCE CyCTABbI
OAHOBPEMEHHO.

BHOPOB bIE «be3 aBMKEHUA XN3Hb TOMbKO fe-

TAPrUYEeCKUin CoH», — ckasan XKaH

CyCTABbI Kak Pycco 1, Kak BCe KAACCUKW,
OKa3a/Cs MpaB HO BCe BpeMe-
Ha. Mas, TaHuys, 6erad, oa npo-
CTO KAuQs HOrow, cuasa B Kpecrne,
KOXObIA  AeHb Mbl  ABUraemcs,
N MOOWIbHOCTb HOM MO3BONSAIOT
n obecneymBaOT NOABUXKHbIE CO-
€AVHEHNSA MeXAy KOCTAMM, HALUW
BHYTPEHHME «LUAPHUPbI» — CYCTa-
Bbl. 340pOBble CYyCTOBbl PABHO-
MEpPHO pPACMpefensioT HArpysKy
HQ BCIO CBOIO MOBEPXHOCTb.




CTpyKTypa CycTaBad HA NpUMepe KONeHHOro

CycTaBHAA CyMKa

CrHoBMANbHAS MeMOPAHA

CVHOBMANBHAS XNAKOOCTb

Xpsu

KocTtb

JTio6oi cycTaB COCTOUT U3 C/IeAYIOLLUX S/IEMEHTOB:

CYCTABHbIX MOBEPXHOCTEN KOCTEN, MOKPbIThIX XPALLEBOWN
TKAHbIO;

CYCTABHOW CYMKM UM KAMNCYNbl U3 COEANHUTENTbHON TKAHW;

CUHOBMA/IBHOW OGO/IOYKM UK MEeMOPAHbI, BbICTUAAIOLLE
KAMCyly W3HYTPW W MPOAYLMPYIOLLEA CUHOBUAMBHYIO >KUA-
KOCTb.

CYCTABHAA CYMKA

C BHYTPEHHEWN CTOPOHbI MOKPbLITA CNeunanbHom CyoCcTaHUMEN, Ha-
3blBAEMOW CUMHOBUA/IbHOW O060/I04KOM, NN MEMOPAHON. 3TA BHY-
TPeHHAA 060/104Ka 06ecneymBaeT NMTAHWE CYCTABA U NPOU3BOAUT
«CYCTOBHON COK» — CUMHOBWA/IbHYIO XMAKOCTb, KOTOPAS CHMXAeT
TPeHWe B CyCTaBE U 3TUM 3ALLMLLAET €ro OT UCTUPAHNUS.




Mpy yMeHbLUEHWUM HATPY3KU XPSILL MPONUTLIBAETCS CYCTABHOM XWA-
KOCTbIO, KOK ry6Kd, a Mpu yBEMYEHUN HATPY3KU XPsLl, Bblaenset
3Ty XUOKOCTb B 3ABUCUMMOCTM OT CTEMEHU HAMPY3KMU.

CUHOBUAJIbHAA XXUOKOCTb

OLHOBPEMEHHO N30/IMPYET CYCTABHbIE MOBEPXHOCTN APYr OT ApYyrad
1M 00pa3yeT CKOMb3KY MOBEPXHOCTb. 340POBbLIN CYyCTAB «CMA3bl-
BaeT» cebs CaM, UMEHHO NMO3TOMY CU/IA TPEHUSA B 340POBOM CyCTA-
Be B 5 pas 6onblue, YeM Cuid TpeHusa nbad.

KocTHble OKOHYAHMS (3MMdKU3bI) 3AWMLLEHBI FTUANIMHOBBLIM XPSLLOM
BbICOTOM 3—-5 MM, KOTOPbIA ABNAETCA «3ALUUTHOM MOOYLUKOM»: XPSILL
MOrNoLwaeT TAXe/ble BO3AENCTBUSA U PE3KMNE OBUXKEHUS.

CYCTABHOW XPSLL,

He coegunHeH C cucTemMom KpOBOOﬁpCIUJ,eHVIH, NO3TOMY He nony4yaetr
nnTaTtesibHble BelweCTBA U3 KPOBWU. Nx NCTOYHHUKOM ABNAETCHA Cy—
CTABHA4A XXUAOKOCTb. BO BpeMdA OBMXEHUA KNEeTKU XpAawa BnnTbiBaA-
OT U3 CyCTCIBHOVI XKNOKOCTU Hy)KHbIe MM MUTATE/IbHblE BellecTBd
n oTAaroT I'IpO,D,yKTbI OGMeHO, I'IO3TOMy aABumXeHne and
CyCTCIBCI — 3TO XXN3Hb B CAMOM NPAMOM CMbIC/ie.

CYCTABHOW XPSILL,

COCTOMUT U3 MATPUKCA (MEXKIETOYHOE BELLECTBO), B KOTOPOM Y/10-
XXEHA MNACTMYeCKAs CeTKA M3 KO/I/IAreHoBbIX HUTen. B maTtpukce
HOXOOATCS XOHOPOUMTbI — K/ETKU, KOTOPble CUHTE3MPYIOT 610K
0N KOMJTAreHOBbIX HATEN 1 CTPOUTE IbHbIA MATepuan Ans ocHOBA-
HUA XpsALwa. MAaTpUKC COCTOUT U3 O4EHb KPYMHbIX MOEKYN (MPOTeo-
IMINKOHOB), KOTOpble B GO/bLUER CTEMEHM MOTYT CBA3bIBATL BOAY
1, TOKUM 06pa30oM, 3a60TUTLCA 06 3/1ACTUYHOCTU U AMOPTU3ALMK
npw yaapax. Kpome 1oro, MaTpmkc COOepXuT MMKO3AMUHOIINKA-
Hbl, TMANYPOHOBYIO KUC/OTY U XOHAPOWUTUH Cy/ibd AT, KOTOPbIE ABNSA-
IOTCSI COCTABHbBIMW YACTAMM CUHOBUATBHOM XNOKOCTU.
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rMMATYPOHOBAA KUCJ10TA -

BOJIbLUE, YHEM NMPOCTO «CYCTABHA{A XXUAKOCTb»
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rTMATYPOHOBASA KNCJIOTA

COAEPXMNTCA BO MHOMMX TKAHSIX YE/I0BEYECKOrO OPraHU3Ma: XpsLLaX, KO-
CTAX, CTEK/IOBUAHOM Tene, CepAeqHbIX KIAMNAHAX, KOXE, CMHOBUO/IBHOI
XKMOKOCTU.

OHQ HATATUBAET KOXY M KOXHbIE CBA3KU, S1ACTUYHO MOAAEPKMBAET XPALL,
M CMO3bIBAET HALUM CYCTABbI, ABAAETCS OCHOBHOM COCTABASAIOLWEN CUHO-
BUA/IBHOW W/ CYCTABHOW XXMAKOCTU. Bes 31on Xnakoctu He padoTanu Gbl
HALW CYCTABbI. 300POBbIA U MOMOAON OPraHU3M MPOU3BOAUT MUATYPOHO-
BYIO KMC/IOTY CaM. HO C BO3PACTOM ee CMHTE3 B OPraHun3mMe 3aMennfercs.
M BOT KOrAQ 3TO MPOWCXOAUT, HOYMHAIOTCA MPOGEeMbl C CYyCTABAMM, U Mbl
30MevyaeM Te CaMble HEXeNdaTeNbHble MOPLUMHKMA — MepBble MPU3HAKM
BCErAd NpexaeBpeMeHHOro CTapeHus.

B 60 net v ganee opraHvMsam
npoussoaunT Tonbko 10 % oT He-

06X0AMMOro KONM4ecTBa.
B Bospacte 40 net o6paszo-

BAOHME COOGCTBEHHOW rManypo-
HOBOWM KWC/OTbl YMEHbLUOeTCs
Ha 50 %.
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T’MAJTYPOHOBAA KUCJTIOTA

No XMMUYECKOI CTPYKTYPE OTHOCUTCS K FTMKO3AMUHOMMKAHAM UM MYKO-
NOMNCAXAPUAAM, TOK KAOK MOXET CBA3bIBATL 6O/bLUME KOTMYECTBA BOAbI, B
pes3ynbTate Yero MexK/1eToYHOe BeLLeCTBO NpuobpeTaeT XapakTep xene-
06pPA3HOro MATPUKCA, CMOCOBHOIO «MOAAEPXKUBATL» KNETKU.

TMATYPOHOBAA KUCJ1OTA

CMoCcOo6HA CBA3BLIBATL M YAEPXMBATH AO LUECTW JIMTPOB BOAbI HA FPAMM.
Boay Henb3s oxaTb. DTO CBOWCTBO rMAsypOHOBASH KAC/IOTA NepeadeTt cyc-
TaBaM. OHO OTBEYAET 30 KOHCUCTEHLIMIO XXUAKOCTU B TKAHSAX U USMEHSET ee
BSI3KOCTb B 30BUCUMOCTU OT AEWCTBUS MEXAHUYECKUX CWUM: XXUAKOCTb CTa-
HOBUTCS 60/1€€ XMAKOM MPU BbICOKNX HArPY3KAX, HO OCTAETCSH AOCTATOYHO
BSI3KOM, YTOObI HE MCHYE3HYTb U3 CYCTABOB B BUAE BOAbI.




XOHAPOUTWH -

ANTACTUYECKOE 4yao
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XOHAPOUTWUH

BOXKHASA COCTABASAOWANA XpAwd. Ero Mbl 4yactuyHo ynotpebnsaem
C NULWen, d YACTUYHO OH CUHTE3UpyeTCa B opraHvamMe cam. Ero
GUOAKTUBHON GOPMOi ABNAETCA XOHAPOUTUH CyNbdAT, MOCKObKY
B OPraHM3Me OH MUCMO/b3YeTCH TONbKO MOC/e COeANHEHWS C COSbIO
CEePHOM KNCNOTbl. XOHAPOUTUH CyNbGAT — 3TO MATHUT A5 XKUOKO-
cTu.

30 cYeT 3M1eKTPUYECKOro 3apaad XMMUYECKON CBS3M OH Yaep>Ku-
BaeT 60/blUME KOMMYECTBA BOAbl B COEAMHUTENTbHOW TKAHW U CO3-
AdEeT Xesle, B KOTOPOM HAXOAATCH XOHAPOUMTbI. Tak o6ecrneynsa-
lOTCH 3NACTUYHOCTD M AMOPTU3NPYHOLLIME CMOCOBGHOCTM CYCTABHOMO
XpALwa.

BonbLuoi npo6riemMoi pereHepaLmn Xpawa ABNSeTCA HeQoCTATOK
HEOoBXOANMbIX CTPOUTENIbHbIX MATEPUASIOB U3-3a 60ME3HM UK APY-
rMx GAKTOPOB, O KOTOPbIX Y>e YNOMUHANOCH paHee. Beab KAk Mbl
yXe BbISCHUIN, XPALLIEBUAHAS TKAHb HEe MosyddeT nuTaTesbHble
BELLEeCTBA M3 CUCTeMbl KpoBOoOGpalleHus. OHA nosyyaeT CycTaB-
HYIO KMAKOCTb, KOTOPAS TAKXKE NMOMOrdeT BbIBOAUTD LLIMIAKMN U3 K/e-
TOK XpsALLa.




Ecnu B opraHMame HegoCTATOYHO MUTATENbHbIX BELLECTB, XpPsLle-
Bble K/1ETKM BbICBIXAKOT M MOCTENEHHO OTMUPALOT. lereHeprnpoBaH-
HbI/ XPSILL y>XKe€ HEe B COCTOSHMM BbINO/HATL CBOKO AMOPTU3UPYIO-
wyto GyHKUMIO M obecneymBaTb MOABMXKHOCTb CyCcTaBA. ApTpo3
HOYMHAET NPOrPecCcMpPoBdThb.

FMATYPOH-XOHAPOUTMHOBbIN
KOMIMJEKC (IXK) —

>XN3Hb BE3 BOJ11 B CYCTABAX

TMAJTYPOHOBASA KUCJIOTA

M XOHAPOWUTUH FOPC3A0 /lydlle 3ALMLLCIOT CYCTaBbl COBMECTHO.
Ecnn a7V BeLLeCTBA NPUHUMAIOTCSH OAHOBPEMEHHO, TO OHU AEeNCTBY-
0T CUHEPIrMYHO, TO €CTb B3AMMHO AOMO/HSIOT APYr APYrd B 3dwwuTe
W MUTAHUM XPALLEBbLIX TKAOHEN 1 AENCTBYIOT HECPABHUMO Gonee a¢-
bEKTUBHO, YeM KAXKAbIV B OTAENbHOCTU.

Bnarogapsa nsmeHeHHon MONeKynspHOM CTPYKTYpPe rManypoHoOBAS
kncnota B XK npu npueme BHYTPb He pa3pyLlaeTcs, a ocTaeTcs
ctabunbHon. M gencTByeT, C O4HOM CTOPOHbI, MOA06HO LWNpULy, Me-
XAHWYECKN YBE/IMYMBASA KOIMYECTBO 3K30MEeHHOW rManypoHOBOM
KMCNOTbI B CYCTABE, A C APYrON — NOAOOHO KATAM3ATOPY OKTUBK-
pyeT npouecc CMHTe3d XOHAPOUMTAMU COOCTBEHHON (IHAOMEHHOMN)
rmanypoHoBom KucoTbl. MNpu atom NXK gencreyeT Ha BCe CyCTABbI
Cpa3y, BbIFOAHO OT/IMYASCh STUM OT MHBEKLUMOHHbLIX GOPM.

Takum o6pasom, npuem Bu-J/lypoHa uMeeT BOXHOe 3HauyeHue
ONS 300POBOro  GpYHKLUMOHMPOBAHUS U MOABWMXHOCTM CYCTABOB.




MepHbIi ctakaHunk ¢ 30 mn bu-JlypoHa (akBuBaneHteH 450 mr
rMAnypoOH-XOHAPOUTUHOBOIO KOMM/IEKCA) crieayeT NPUHUMATL exe-
AHeBHo 6e3 nepepbiBOB B TedeHne Mecsaud. 3aMeTHble CUMMATOMBI
yNydLlLeHNst MOSBATCSA He CPasy, d nocsie AOCTUXKEHUS onpeaesneH-
HOW KOHLEHTPALMU rMaypOHOBOM KUC/IOTbl B CYCTABE K KOHLY 2—3
Hepenu.

[VHAOMVKA M3MEHEHWS COAEPXAHWUS ruany-
POHOBOW KWCNOTbl B CyCTaBE Mpu npueme
61-nypoHa.

Copepxaxune rua-
NIYPOHOBOW KMUCO-
Tbl B MOPAXEHHbIX
cycTaBax

DK30reHHaa  rua-
NYPOHOBASA KUC/O-
Ta (M3 «bu-Jlypo-
Ha»)

DHAoreHHas  rva- I

NYpPOHOBAS KMC/O-
Ta (COBCTBEHHAS) Hepens 1 Hepena2  Hepena3  Hepena4  Hepenas

OT0 30BUCUT OT CTEMEHM MOPXKEHUSA CYCTABA, HACKO/bKO BENVK Ae-
GULNT XOHOPOUTUHA U FUASTYPOHOBOW KUCIOTbl. COOTBETCTBEHHO,
YeM MeHbLLE NMOBPEXAEH CYCTAB, TEM ObICTPee HACTYNAT obnerye-
HWe N BOCCTAHOB/IEHME. B 0CO60 TAXENbIX CYHAAX XKENATENBHO NO-
BTOPUTb KYPC AN OOCTUXEHUA pe3ynbTaTd. Ho aeiictBne npuaTHoOro
1N BKYCHOIO CMPOMA MPOAO/IKUTCA U MOC/Ee OKOHYAHUS MpUeMmd,
yeMy eCTb /IorM4yHoe OObACHEHWe: BO30OHOBUICA CUHTE3 COO-
CTBEHHOW rManypOHOBOI KUCIOTbI, CUHOBUA/IbHAS XUOKOCTb Mpu-
LA B HOPMY, CyCTaB 3apaboTarn.




OT/INYUTE/IbHBIE CBOUCTBA BU-JTYPOHA

[eictBue NpoayKTd HAMPABIEHO HA MepBOMNpUYnHY npobe-
Mbl.

OpTOMONEKYNAPHbIA  KOMIMIEKC KOPPEKTUPYeT AucObanaHc
HO MOJMIEKY/IAPHOM YPOBHE, OMTUMU3UPYS OUOXMMUYECKUE
MpoLEeCChl B OPraHusme.i

BospeiicTByeT Ha BCe CycTaBbI.

Mo>xHO coueTaTb ¢ dunsmotepanuenrt n MbbiMU NEKAPCTBEHHbI-
MU CPeACTBAMM.

[MponoHrMpoBaHHOE fAencTBre
(1 kypc npuema B 3-5 mecsaues).

Be3 no6o4HbIx apPeKToB.

Yao6Has ¢opmMa BbIMyCcKaA 1 MPUMEHEHUS.




PEKOMEHOAUMN K NIPUMEHEHUIO
BU-TYPOHA

ApTpo3bl.
BospacTtHor nsHoc.

OnntenbHaAs U3ULWHAS W/WNKM OAHOCTOPOHHAS HArPY3-
KO Ha cycTaBbl BO BpeMsi paboThl (B TOM uucne, nsbbl-
TOYHbIN BEC).

Bonbluve cnopTnBHbIE HAMPY3KU Nepen COPeBHOBAHU-
AMU 1 nocne.

[MaTtonornn Mexno3BOHOYHbIX AUCKOB (MPOTPY3US, Bbl-
na4yMBaHME, NpoceaaHme).

MNepuop peabunutaumm nocne onepauyui Ha CyCcTaBaX
(apTpockonMYeckas caHauus).

BpoxaéHHoe X- n O-o6pa3HOe NCKPUBIEHNE HOT.
OCTeoXoHAPOMNATUM Y MOAPOCTKOB.

MNoparpa (B KOMMIEKCHOW Tepanum).
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BU-JTYPOH

[ns 300poBOro GyHKLUMOHNPOBAHWS CYyCTABOB
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