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KnouyeBble NOHATUA TEéMbl

e XpPOMOMNPOTEUHDI o MNMopdpupun

e TeTpanopdpUpUHbLI o Xentyxu

e em o« BunnpyouH npamoun

 KoonepatnBHbIN o« BunupyouH
adheKT KOHBHOrMpPOBaHHbIN

e emornoObunHoO3LI e CTepkoOunuH

o« NemornobuHonaTtuu e YpoOunuH

e Tanaccemuu
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NcTOopnyeckas cnpaBKa

lemornoouH (Hb) oTHOoCUTCA K
XpOMOnpoTenHam,
NPOCTETUYECKOU rpynnoun
KOTOpOro siBnsieTcs
Moodenb 2emoanobuHa TeTpa nu p po‘n bHOE

(1962 2) npou3BoaHoOe — rem

o CTpoeHue rema 6b1110 n3y4yeHo B 1884 .
Mapuenvuem HeHUKUM

o NMonHana pacwmndppoBKa CTpoeHUsA
remorrnoo6uHa ocyuwecrteneHa B 1962 r.
Mapuenuem lNepytuem n [I>koHom KeHapro
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DyHKLMN reMorsiobuHa

[eMorno6buH BbINONMHAET 3 OCHOBHbLIE
byHKUUN:
o TPaAHCMNOPTHYIO - 00ecneynBaeT

TpaHcnopTt CO, 13 TkaHeun B nerkue n O, us3
FNIerkux B pa3sfinyHble OpraHbl

o [bixaTenbHyLO

o flBNseTca camon mowHoun GydepHoun
CUCTEMOU KPOBMU
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CoctaB reMmornobuHa :

o leMorno6uH — TeTpamep, COCTOUT n3 4
nonunenTUAHbLIX Leneun, Kaxxaasa us
KOTOpPbIX cOeAMHEeHa C reMoMm

« B 3zaBucumocTu oT coctaBa
nonunenTUAHbIX Ueneu pasnuyaror 4
HopMaribHble (pOopMbI reMornoounHa:

HbA (remornobuH B3pocnoro) (2 a (2 |4 rema
HbA, 2a |20 |4rema
HbF (dbeTanbHbIN) 20 2] |4rema
Hb ambpunoHanbHbIN 20 |2¢ |4 rema

5.02.2
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CocTtaB reMmornobuHa

CocTtaB nonunenTugHbIX Leneu B reMmornooumHe
N3MEHSIeTCH B npoLecce OHTOreHesa :

3MOpPUOHaNbHbLIU reMOrnoouH

o HbF (HoBopOXAeHHbLIX, UnNu deTarbHbIU) HAYUHAET
CUHTE3NpPOBaTbCSs Yepes3 2 Heaenu nocrne

dopmMmmpoBaHua neyeHn y nnoaa, B Te4eHUe NnepBoro

roga nocne poxaeHusa oH 3ameHsaeTcd Ha HbA, y

B3pPOCIibIX Ha ero gonto npuxoautcs He donee 1,5%
HbA — ocHOBHOM remMornioomH B KpoBu B3pochbix (95%),

HbA2 cocTaBnseT okono 2%

N\

O HbA
0 HbA2
O HbF
O HbM
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CocTaB u cTpoeHue reMa $34

femonpoTenHbl (K KOTOPbIM OTHOCUTCA FreMOrfioounH) —
CJIOXHble b6eriku, B coctaB NPOCTETUYECKON rpynnbil KOTOPbIX
BXOOAT MOH MeTanna n nopckhupuHoBoe aapo

PoooHayanbHUK paga nopuUprMHOB — TETPaANUPPONbHbIN
nopdgpupuH

NMpousBoaHbie nophpUupunHbl cogepxat B 1-8 nonoxeHnax
pa3nuyHble pagukanbl (4Yawe Bcero MeTunbHble, 3TUMbHbIE,
U BUHUJIbHbIE FPynnbl UM OCTAaTKU NMPONMOHOBOU KUCMOTLI)

Hanb6onee BaxHbI Ana opraHusma: ! 2
3TronopUpmHbLI .
| N
Me3sonophupuHbl 8 L
KonponopdhupuHbl "V NH HN_ 11
7 —ly
MpoTonopdupunHbI l N
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CocTaB 1 CTpoeHMe remMa oo’

o Komnnekc npotonopdumpuHa IX c AByXBaneHTHbLIM Xefie3om
Ha3blBaeTCA reMom

e B cocTtaB rema BXxogurT:
4 NNPPONbHbIX KOSbLUA
4 meTMHOBBLIX rpynnbl (—CH=) HS CH=CH,
4 meTuUnbHbIX pagukana (—CH,)

H,C ‘ \N o CH
2 BUHUNbHbIX pagukana =
(-CH=CH,) P
2 ocTaTKa NPONMOHOBOW HOOC—CH—~CH || N CH=CH,
KUCNOTbI g =
(-CH,—CH,-COOH) HOOC— CH;—CH; CH,
Fe? '

remM

« Xumunyeckoe HasBaHue rema:
1,3,5,8-TetpameTnn-2,4-auBuUHUN-6,7-4NNPONNOHOBOKUCIILIN
Xenesocoaepxawum nportonopcpupuH IX
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CocTaB M CTpOoeHue reMa

o Bce aTombl npoTonopdupuHa nexar B O4HON NIIOCKOCTH

o« aTtom Fe oBymMA KOBaneHTHbIMU CBA3AMU COeAUHSETCS
CO 2- U 4-M U ABYMSA KOOPAUHALMUOHHBLIMU CBA3SAMU C 1- U
3-M NMUPPOSIbHLIMU KONMbLaMu

e 1 KoopaoMHaUNOHHOU CBA3LIO - C OEJNIKOBOWU YaCcThbHO
MOJeKynbl (rModuHom)

1 AOHOpPHO-aKLeNnTOpHaA CBA3b UCMNOSIb3yeTcAa AN
coeauHeHus ¢ nuradgom (O,, CO u ap.)

O,

MoOdesnb coeQuHeHUs1 2eMma C
auc 25106uHa u nu2aHoom

Cxema pacnosioxeHusi 2ema e Hb (a) u
coelQuHeHuUsi ¢ 1u2aHOoM u 2r1obuHom (6)

5.02.2008 © Ocralukosa B. B. Metply 2008
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CTpoeHue nonMnenTuaHbIX oo’
ueneun HbA

e a-ULenb cocTOoUT U3 141 aMMHOKMUCNOTHOIO OCTraTKa,
Ha N-koHuUe eas1 Ha C-KOHUe ap2

e B fB-uenun 146 aMMHOKMCIIOTHbLIX OCTATKOB,
Ha N-koHUe eas1 Ha C-KoHUe 2uc

e q-u fB-uenu uMeroT 8 cnUpanu3oBaHHbIX YYaCTKOB;
UX NPUHATO 0O00O3Ha4YaThb 3arfnaBHbIMU JTATUHCKUMU
oykBamu (A, B, C...)

e Yvyactku E n F (copepxawme auc 7 n auc 8)
dopmMmupyoT nosiocTb ANA CBA3bIBaHUA rema (unu
rmapodobHbIN KapMaH)

« Cyb0beguHuua coctont ns 1 a-u 1 B-uenun

o B ueHTpe Mexay 2 cyobegnHnuamm coopmmpyertcs
NMOJIOCTb CBA3bIBAaHUA C arnfioCTepUYECKUM
apdekTopom (2,3-audocchornuueparom),
KOTOpbIN perynupyet npucoeauHeHne Hb K
Kucnopoay

5.02.2008
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NMonumopdusm remorsiobmHoB | :°

o [lonumopduam — reHeTn4eCKu o0ycnoBrieHHOE CyllecTBOBaHue
Oernika B HECKONbKUX MOJIEKYNAPHbIX (popmax

 [puuuHa nonumopcursma — reteporeHHOCTb (pa3Hoobpasue)
reHoB OTBeYalLnX 3a CUHTe3 pa3Hbix uenen Hb

o [MpunyunHbI Nnonumopdunsma:
ApanTtauusa opraHmsma B npouecce oHToreHesa
ApanTtauusa K 4eUCTBUIO Pa3nn4HbIX haKkTopoB

MyTtauum B reHome (cywiectByet bonee 300
natonornyeckux oopm remorsioouHa)

° CDOprI remMorrnoounHa oTnn4yaroTca:

AMWHOKUCIOTHbLIM COCTaBOM U CTpoeHunem
nonuvunenTnaHbIX Uerneun

CBoucrBamm
PyHKUMEN
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o Jlurangamu HasbIBalOT COeAUHEHUS, C KOTOPbIMU
B3auMoO4enCTBYeT onpeaeneHHbIU y4acTokK (M AOMEH)

OYHKLMOHUPOBaHUE T
reMmorno6buHa :

remMmornoouHa

o« CyuwecTByeT 4 TMNa AOMEHOB, obecne4ynBarOLKUX
dyHKUMOHMpPOBaHUE reMornoounHa:

5.02.2008

JJomeH cBA3bIBaHUA ¢ Kucnopopnom (nnu CO)

HomeH cBsA3bIiBaHUA yrnekucnoro rasa (15% CO,
TpaHCNOPTUPYETCS rMOOMHOM)

Y4yacToK B3aumoaencTBusA C arnsioctepnyecKkum
adpdekTopom (pacnosriokeH B LiIeHTpe onuromepa,
CBA3bIiBaHMe obecnevynBaloT «+»-3apsKeHHble

aMMUHOKncnoTbl B-uenen: nu3 82, ruc 143 n N-koHueBbIe
aMMHOKUCNOThI)

Cneuundcunyeckme yyactkm TpaHcnopta H (mx 6 - ruc 122 B
a-uenu, ruc 146 - B B-uenun, N-KoHUEeBble Y4aCTKM da-Lienen)

© Ocrtawkosa B. B. lNeTtpl'Y 2008 13



®OyHKLUMOHUPOBaHUE reMornobuHa | $°

o [Npun npucoeauHeHnn Kncnopoaa Kk remornoo6uHy oobpasyercq
OKCUreMOornoouH, yrreKkucroro rasa - KapooremornooumH un
yrapHoro rasa — KapooKcureMmorno6uH; nNpu OKUCIIeHUn
reMorrnoonHa CUNbLHbLIMM OKUCIUTENAMU OOpa3yeTcs
metremorno6uH (Hb-OH), copepxawuin Fe*

o OkKcureHaums remorno6uHa conpoBoXaaeTcs
KOH(pOpMaLUMOHHbLIMM U3MEHEHUSIMU B MOJieKyne 6enka:

OCb B O Uenu cmewiaetca Ha 16° unu Ha 2,1 HM, B B-Uuenu
COOTBETCTBEHHO - Ha 13°un 1,9 Hm

ATOM Xene3a nepemelluaeTcsl B NSIOCKOCTb rema (Ha 0,25 Hm)

Cxema KOH(I)OpMauUOHHbIX U3MeHeHuU e MOJIeKyJie 2emoz2s10buHa
rfipu oKkcueeHauuu
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OyHKLUMOHUpPOBaHUe reMorsiobmHa | s¢

e TakKkue MameHeHUS Ha3bIBaKOTCA KoonepatTnBHbIMUA
N3IMeHeHNAMMnN oJinromMepa

o« KoonepaTtuBHbIn 3achcpekT obecneynBaeT NnoBbILLEHNE
cpoacTBa reMmornobuHa K Kucnopoay — B pesynbraTte 3Toro
npucoeguHeHne MOJieKyrbl KUCIIOpoAa K YeTBepPToOMy
nporomepy npoucxoamt B 300 pa3 ObicTpee, YeM K nepBOMY

o HacbIlweHne remornodbmHa KUCnopoaom 3aBUCUT OT
crneaywowmx akTopoB:
KoHueHTpauuu O, un CO,
pH cpeabl (koHUueHTpauun H* — achdekT Bopa)
OenctBua annocrepuyeckoro achdekropa remorrioomHa —

2,3-anchochornmuepara (npucoeanHeHue ero K Hb
NMOHWXXaeT CPOACTBO reMornoomHa K nuraHay, U OH nerye
oTAaeT Kucnopop B YCIIOBUAX TMMMNOKCUU U HA3KOIO
napumanbHoro aaeneHns O, B TKaAHAX)

5.02.2008 © Ocratwukosa B. B. MeTply 2008 15



HapyweHua obMeHa reMmorsobuHa || &8
HapyweHusn
obmeHa
remornobuHa
HapyweHue HapyweHue HapyweHue
obmeHa obmeHa obmeHa
Xene3sa remMa rmobuHa
[ AHemMum } [ CuHTe3a } [ Pacnapa } [Femornoﬁvmo-} [Tanaccemuu}

natum
ApuUTtpo-
noaTnyeckue XKentyxu
nopcunpun
NeyeHOYHbIE
nopdpupun

© Ocrtawkosa B. B. lNeTtpl'Y 2008 16
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[Mopdunpun

o [MpununHon nopdpunpun
ABNAIOTCA HacneacTBeHHbIe AedeKTbl

depMeHTOB, y4acTBYHOLWNX B CUHTE3E
rema

« B 3aBucumocTu ot nokanusauumm
naToyiormyecKoro npouecca
nopgpasaensaroTca Ha 2 BMaa:

APUTPONOITUYECKUE
NeyeHOYHbIE

e OCHOBHbIE KITUHN4YeCKue CUMMNTOMbI:
AHemus
CBeTO60A3Hb
OTtcTtaBaHue B pa3BUTUM (BO3IMOXHO)
BnegoHOCTb KOXHbIX NMOKPOBOB

Bamnupbl, Opakyrbl ... (3mo

[MoBbIWeHHaA YTOMMNSAEMOCTb 60mbHbIE Mopghupued)
PasgpaXntenbHOCTb
5.02.2008 © OcTtawkoBa B. B. 17
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HapyweHue pacnaga remMmornobuHa oo

Pacnag remornobuHa HauuHaeTtcsa B P3C

CHa4yana obpa3syetca BepaornobuH, 3atemM OT Hero oTLwennsaeTcs
rmobuH n aTom Xxeresa — obpasyerca ounueepanH (MNN 3eneHbIN
MUIrMEHT)

BbunuBepanH npeBpawjaeTcs B HenpsAMoun
OMnNMpyouH (HEKOHBLIOIMPOBaHHbLIN)

OH nocTynaeT B ne4YyeHb, roe obe3BpexunBaeTcs
B pe3yrnbTaTte peakuuu KOHbrauum c
rMIOKYPOHOBOM KUCIIOTON — OOpa3syeTcs

npsAmMmon 6unupyouH 'f.ﬂ@“ :
NMpamon 6MNMPYOMH U3 Ne4YeHn NOCTyrnaeT B KMLL ,"’_1]{{1
B Me30OUNIMHOreH, a 3aTeM B CTEPKOOUIIMHOrEH, |~ ¥~

BuAe CTepkobMnuHa BbIBOAUTCSA U3 OpraHusma (} -

He6onbwas YacTe Me306MNMHOreHa NOBTOPHO B~ ==
B BUAe ypoounumHa e e e m———

------- CropeoBunmioren

BbIBOAUTCA 4Yepe3 MNOoYKU C MoYou (A0 4 Mr B CyTrwy

He3HaunTenbHas YyacTb Me300uNMHoreHa nocsie NOBTOPHOro
BCacCbIBaHUs NOCTYyNaeT B Ne4YeHb U pacnagaeTcs 40 MOHO- U
ANNUPPONbHbLIX NPOU3BOAHbLIX

5.02.2008 © OcTalukoBa B. B. 18
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BHewHul eud nayueHma npu
MexaHu4ecKouU xenmyxe

5.02.2008

Kentyxu

B Hopme copepkaHue obwero 6unupyouHa B KpoBu B
cpeaHem coctaBnseTt 15 MKMonb/n, Bbille HOPMbI -
rmnepounupyouHemus

Mpu yBenuyeHnu cogepxxaHua ooduiero ounmpyouHa
6onbwe 36-50 MKMonb/n pa3BuBaeTcs XenTtyxa (Tak Kak
ounupyouH ancdyHampyeTt B TKaHU, OKpaLUMBas Ux B
XenTbin UBeT)

NMpuy4nHbI rMNepounupyonHemMum:
YcuneHue pacnaga remornobuHa
HapylwieHune pyHKUMM neYvyeHn

HapyweHue cekpeuun 6unmpybuHa B coctaBe xen4iu (npu
3aKynopkKe Xemn4HbIX NPOTOKOB)

HacnepacrtBeHHbIe aedeKkTbl N He3penocTb hepmMmeHTa
YO®P-rnoKypoHun-TpaHcgepasbl, o6ecneynBarowiero
npeBpalleHme HenpssMoro 6unmpyobmnHa B npsiMon)

Y B3pocCnbIX pasnuyaroT 3 BUAA XenTtyx :
Femonutuyeckasa (Hagne4YeHo4YHas)
lNeyeHO4YHO-KNETOYHaA (Ne4YeHo4YHas)

MexaHun4eckas, unu abtypaumoHHas (nogne4yeHo4Has )

© OcTtawkoBa B. B. 19
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femMOornoonHoO3bLI

e femornoouHo3bl — 3aboneBaHus,
obycnoBreHHble HapyLlIeHueM CUHTe3a
0erikoBOM 4YacTu remMornoouHa

e OCHOBHasA nNpu4ynHa Takmx 3aboneBaHNU —
MyTauuu B reHe, oTBe4aroLlero 3a CUMHTe3 bernka

o PasnuyaloT 2 BMAa HapyLueHUMN:
femornobuHonaTtuum, Korga cMHTe3upyetca aAeceKkTHas
uenoyka (a- nnu B-uenb), ¢ UBMEHEeHHOU NepBUYHON
CTPYKTypou
Tanaccemuu — npu 3Tom 3aboneBaHUn 6SIOKUpPOBaH
NOJIHOCTbIO CUHTE3 OHOU U3 Lierneun, COOTBETCTBEHHO
Tanaccemuu nogpasgensroTcs Ha a- U B-TanaccemMun
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3akKknyeHue 33

o« [emMOrnoOGuH — cNOXHbIN GEroK, y KOTOPOro BrnepBbie Obina
U3y4yeHa YeTBepTUYHAsA CTPYKTypa

o [emMorno6uH — xpoMmonpoTeuH, TeTpamep, CoaexXuT 4
nonunenTuaHbIe LUenovku n 4 rema

o [em no xMmuyeckom cTpykKType — Npou3BOAHOE TeTpanuppona

e MHoroo6bpasme remornobMHOB 1 pa3fininusa B UX CBONCTBaX U
dyHKUNAX 0OycroBneHbl pasnMiMemM nepBUYHOU CTPYKTYpPbI
nonunenTUaHOM Lenu

o Monumopdcusm remorno6muHa o6ycrnoBneH pasnniHbIMU
cdakTopamu (apanTaumen B npouecce pasBUTUS OpraHu3ma, K
AEeNCTBUIO pa3nnyHbIX hakToOpoB cpenbl, MyTauuen B reHome)

o« [emMorno6uH BbiNoNHsAET 3 OCHOBHbIE (PYHKLUU (TPAHCNOPTHYIO,
AblXaTenbHy0, NoaaepXuBaeT NOCTOAHHYIO BenUYuHy pH B
KpOBMW)

« CnocobeH BzaumoaenucTBoBaTb C HECKONIbKMMU pa3HbIMMU
nvuraHgamu, U COOTBETCTBEHHO — COAEPXKUT 4 pasHbIX yyacTKa ux
CBA3bIBaHUSA

o HapyweHune obmeHa remornobumHa (CUHTEe3a U pacnaga) NnpMBOAAT K
pa3nn4YHbIM 3a00NeBaHUAM
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