OBMEH BELLECTB U
NMPEBPALLEHUE SQHEPI'UA



METABOJIN3IM
OOTOCUHTE3

XEMOCUHTES
SHEPTETUMECKUUN OBMEH



Ceem, gusuyeckue xapakmepucmuku

PeHTreHOBCKMWe Ll_w¢| MY $](290-380 HM)

|
T-Ny4n Tysn ‘:HF PaaAuOBONHbI
OnuHa {0, THM 100HM <1M TbICAYH METPOB
BOJHbI

BUAUMBIN CBeT

¢PHONeTOBLIM CHHMH ronyboM 3eneHbIW XenThbld OpaHXeBbIW KpacHbIW

380 HM 50 HM

®akmop, nocmasnsnwul 3Hepauro O KXu3HedessmeribHocmu
gpomoasmompobHbIX op2aHuU3Mos8 U obecriequsarouwjuti CUHMe3 OCHOBHOU Yacmu
op2aHu4ecKo20 gewlecmea Ha 3emrsie, nodoepxusarowutl orpederieHHyo
mewmriepamypy Ha rnogepxHocmu 3emsu. Ons Xuebix opraHn3moB Hanbonee
BaXKHbl: CBET YNbTpadnoneToBon YacTu cnekTpa, BUAUMbIA CBET U MHJOPaKpaCcHoe
N3ny4vyeHme.

XKecmkuu ynibmpacbuorniem ¢ 0ruHouU 80s1HbI MeHee 290 Hv rybuTteneH ans
XUBBIX KIETOK, 40 NOBEPXHOCTU 3EMIN HE OOXOAUT, TAK KaK OTpaXaeTCcsl 030HOBbLIM
9KpaHoM.



OTHOCHTENEHAA CEOPOCTE P OTOCHMHTESS

Ceem, gpusuyeckue xapakmepucmuku

1

0
400 450 500 550 600 @GS0 YOO VA0

JrKWHE BONHEl, HM

Msekuu ynbmpadgpuorniem ¢ OriuHoul
80s1HbI om 290 0o 380 HM HECET MHOro
SHEprum n Bbi3bliBaeT obpasoBaHue
BUTaMunHa D B KoXe 4YenoBeKa, OH Xe
BOCNPUHUMAETCS OpraHamm 3peHNA MHOTUX
HaCeKOMBbIX.

Budumebiti ceem ¢ OriuHOU 8071HbI OM
380 do 750 Hm ncnonb3yeTca ons
dooTocmHTE3a POTOTPOPHBIMU
opraHnaMmamu (pacteHnsMu,
doTOCHMHTE3NPYIOWMMN DaKTEPUAMU, CUHE-
3e1eHbIMWN) U XUBOTHbLIMM N1 OpUeHTauun.

[na dpoToCMHTE3a MCMNOMb3YTCH, B
OCHOBHOM, CUHUE U KpacHkle Jly4u ceema.



Ceem, gusuyeckue xapakmepucmuku

PenTreHosckve [JKY | MYPBI(290-380 HM)

1
Y-nyuu Tiytn Yo PaAWoBONHDI
‘AnuHa <0,THM 100HM {1M TbICAYX METPOB
BOJHbI

BUauMbIN CBeT

¢PHUONeToBbIM CHMHUA ronyboM 3efneHbId MenThlW OpaH¥eBbIA KpacHbIW

380 HM £50 HM

UHgbpakpacHas Yacme CONMHEYHOro criekTpa (Tennosble fyy4n) ¢ ASIMHOWN BOSHLI
bonee 750 HM BbI3bIBAET HarpesaHne NpeaMeToB, 0OCOBEHHO BaXKHa 3Ta YacTb
cnekTpa Ans XXMBOTHbIX C HENOCTOAHHOW TeMMepaTypomn Tena — rnouKkusIomepPMHbIX.

Konuuecmeo aHepauu, komopoe Hecem ceem obpamHo rpornopuUUOHaIbHO
OruHe 80J1HbI, MO €CMb MEHbUIE 8CE20 IHEP2UU HECYM UHPAaKPAaCHbIE ITy4U.



Ceemoeas ¢paza pomocuHmesa

Xnoponnact

®ortocucrema |

MepeHocunkn .
s NADP" + ) [NADEH,

% S
e s
RSTN) A 2

5 >

®dorocucrema ll

DepmeHT, y
pacwennaowmn —_
Boay

MpOTOHHBIV pe3epByap —

D |
ATP-cuHTeTasa

ADP + (B)

doToCcnHTE3 — NpoLEeCC
0bpa3oBaHUA OpraHNYeCcKnX
BELLLECTB U3 YIIEKNCIIOro ra3a u
BObl 3a CYET SHEPIUN CBETA, NPU
9TOM BbIJENAETCSH KMCNOPOoL.

6CO, + 6H,0 + Q ceeta —»
CeH1,06 + 60,

[ NaBHbLIM OpraHoOMm
dooTOCMHTE3a ABNSAETCH NACT, B
KfieTkax KOTOpOro MMerTcH
cneymanmampoBaHHbIe
opraHounabl, OTBETCTBEHHbIE 3a
dOTOCUHTE3 — XJ10PONSIacThI.

B npouecce oTtocnHTE3a
pasnuyatoT Ase asbl: ceemosyro
N MeMHOB8YIO.



1 — HapyXHas meMmbpaHa

2 — BHYTPEHHAA MmembpaHa

3 — cTpoma ¢ punbocomamm 70-S
4 — TMnakoua

5 — rpaHa

6 — kKonbueBas OHK

[ — 3epHO NepBUYHOro
Kpaxmana

3/ Xnoponnact



Ceemoesasi gpaza gpomocuHme3sa

dorocucrema |

dortocucrema ll

DepMeHT,
pacwennsiowmn
BoAy

MpoTOHHbIN pe3epByap

Monekynbl xnopodwunsna B MeMbpaHax TUakongoB OpraHM3oBaHbl B
gomocucmemsbi



Ceemoesasi gpaza gpomocuHme3sa
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Ceemosas ¢paza gpomocuHmesa

CyMMapHble ypaBHEeHUs U YacTHble peakuun oTocuHTe3a

O6wan peakuus
c¢orocuHTE3a

doTtonus BoAbI

OGpa3oBaHue
BOCCTaHOBUTENA

®doTo-
c¢occopunupoBaHue

Bce cBeTOBbLIE
peakuumn BMecTe

12H,0 + 6CO, 2=y, ¢ Y O, + 60, + 6H,0

12H,0 =" 60, + 24H" + 24é

12HAL®" + 24H" + 246 ———> 12HA[l® * H,

1 8An¢ + 1 8 Heprua cseTaI 1 8AT¢

12H20 + 12HAH¢+ % 18An¢ + 18 Jneprin ceeray
—> 60,1 + 12HAQ1D * H, + 18AT®



TemHoegas hasza gpomocuHme3sa

Ceem

AN

Ctpoma xnoponnacra CBeTOBbIe peaKLmm

N 12H,0 = 60, + 24H" + 24¢
4e ae e' _ SHEPIHA CBETA

e . 12ZHAI® + 24H* + 246 — 12HAI® - H,
H+ e- ) 18Al:[‘¢)+18 AHEPrUA CHOTH ISATQ
Y + € Bce cBeTOBbLIe peakuum BMecTe
2H20_’-4e +02+ 4H + I DHepPrua ceeTa
H 12H,0 + 12HAI®* + 18A1D + 18—

Tunakoua rpasbl

— 60,1 + IZHé_gQ;-Hz + 18AT®

TemHoBas dasa:
peakyuu yukna KanbeuHa

6CO,+ 12HAJI® - H, + 18ATD —>
— C,H,,04 + 12HAZI®* + 18AJID + 18@) + 6H,0

TemHogas ¢hasa NpoOTEKaeT B Apyroe BpemMda 1 B pyrom Mmecte — B CTpoMe
xJfioponnacra. [lna ee peakumn He HyXXHa aHeprus ceeta. [Npoucxognt doukcaums
YIIIEKMCINOro rasa, cofepXalleroca B BO3ayxe, npuyem akLenTtopoM yrinekncrioro
rasa gBnsieTcs NATUYrnepoaHbln caxap pubynosobucdocdar.



TemHoegas hasza gpomocuHme3sa

Ceem

AN

Ctpoma xnoponnacra CBeTOBbIe peaKLmm

N 12H,0 = 60, + 24H" + 24¢
de ae e' _ — BHEPTHA CBETA

e . 12ZHAI® + 24H* + 246 — 12HAI® - H,
e . 1BALD + 18@ " 18ATO
Y + € Bce cBeTOBbLIe peakuum BMecTe
2H20_’4e +02+4H +_> I OHEPriA CEeTR
H 12H,0 + 12HAI®* + 18A1D + 18—

Tunakoua rpasbl

— 60,1 + IZHé_gQ-Hz + 18AT®

TemHoBas dasa:
peakyuu yukna KanbeuHa

6CO,+ 12HATI® - H, + 18AT® —
— C,H,,04 + 12HAZI®* + 18AJID + 18@) + 6H,0

MensuH KanbeuH, naypeat Hobenesckon npemumn, nokasarn, Kak nponcxoauT
obpasoBaHue yrneBogoB B TEMHOBYO dha3dy hoTocunHTesa. lNpouncxoaut
nornoweHne CO, n kapbokcunnposaHue NATUYINepogHOro caxapa
pudyrnosobucdgocdara ¢ obpaszoBaHneM 6-yrrnepogHoOro coeanHeHud. 3aTem
npoucxoanT unkn peakunn KanbeBrHa, B KOTOPbIX Yepe3 pag NPOMeXYTOUYHbIX
NPOAYKTOB NpoucxoauT obpasoBaHMe rMOKO3bl.



Lnkn KanbBmHa

CQo

HecrabuinsHE:
MPOMEKYTOY-
HEIH NPOAYET

Pubynoao-1,5-

>

udochar (PBEP) ®octoranuepuoBas
kucaora (BI'K) 2Cs
pereseparnus
2ATD
DoctorTHIEPOATE- 2ATD + 2
neruy (PrA) 2Cq 2HATDH,
Gonanor

'noko3a

<:1¢pyy: TO3A




XemoaemompogbHbIU mur numaHus

C.H.BuHorpagckui
1856 - 1953



XemoaemompogbHbIU mur numaHus

Humpucbuuupyrowue 6akmepuu crnocoOHbl OKUCASATb aMMmnak, obpasyoLLmnincs
NPU THUEHUMN OpPraHMYECcKMX OCTaTKOB, CHa4vana 4o a3oTUCTON, a 3aTeM [0 a30THOW
KUCIOTBI:

2NH, + 30, — 2HNO, + 2H,0 + 663 kx
2HNO, + O, — 2HNO, + 142 kX

A30THas KUCIoTa, pearnpys ¢ MMHepanbHbIMWU COeAMHEHNAMM NOYBbLI, 0bpa3yeT
HUTPAaTbl, KOTOPbIE XOPOLLIO YCBAaNBAOTCH pacTEHUSIMMU.

BecusemHsie cepobakmepuu OKUCHSIOT CEPOBOAOPOA U HakannmeatT B CBOUX
KrneTkax cepy:
2H,S + O, — 2H,0 + 2S + 272 k[x
MNpu HegocTaTke cepoBoaopoaa 6akTepum NPON3BOAAT AarnbHelLLee
OKMCIeHne cepbl 4O CEPHOM KUCMOThI:

2S + 30, + 2H,0 — 2H,SO, + 636 k[x
)Kene3o6a/<mepuu OKUCINAKT ABYyBallEHTHOE XeJle30 A0 TpexBaJIEHTHOIO.
4Fe?* + O, + 4H*— 4Fe®* + 2H,0 + 324 k[x

BoOopoOHbkIe bakmepuu NCNOMb3YT SHEPTULO, BbIAENAOLLYHOCS MPpU
OKMUCIEHUN MONEKYNSIPHOINo Bogopoaa:

2H, + 0, — 2H,0 + 235 k[



«IHepeemuuecKuit 0omen»



SHepzemuyeckul obmeH. [nukonu3

O6bmeH BellecTB (MeTabonmam) = acCuMmnnaunm + QUCCUMUNALNN

OpFaHI/I‘-IeCKI/Ie BelwecTBa rniuin aBinAdrTCA OCHOBHbIM UCTOYHUKOM HE TOJIbKO
Mamepuu, HO U sHepeuu Angd XM3HeJeATElNIbHOCTU KITETOK OpraHn3mMa.

[lpn 0Opa3oBaHUKN CNOXHBLIX OpraHNYeCKUX Monekyn Oblna 3aTpadyeHa sHeprus,
noTeHumManbHO oHa HaxoauTcs B hopme 06pasoBaHHbIX XMMUYECKNX CBA3EMN.

B pesynkrate peakumin 3HepreTm4eckoro ooMeHa NpomMcxoanT OKUCTIEHNE
CINOXHbIX MOreKkyn go 6onee NpocTbiX U paspyLleHne XMMUYECKNX CBA3EN, NP
3TOM MPOUCXOAUT BbICBOOOXOEHNE SHEPTUN.

Bruonorunyeckoe okncneHue B KneTkax nponcxoaut ¢ yyacmuem O,:
A+ 0O, > AO,
n 6e3 ero yyacTtus, 3a cyem O0eaudpuposaHUs NN rnepeHoca 371eKmpoHo8 OT
OOHOro BELLECTBA K Apyromy:
AH, + B - A + BH,, roe BellecTtBo A okucnseTtcsa 3a cyet BellecTtsa B;
Fe," —> Fe;" + e, rae AByxBaneHTHOE Xenes3o OKUCNAETCA 40 TpeXBaneHTHOrO.



SHepaemu4yeckul obmeH. [nukonu3

AHaspobHbI reTtepoTpod MepBas XMBOTHas Knetka

Kucnopop
yrnexuwcneii ras ‘
Aapo6Haq
S

\ l O [; [
' | BakTepuanbHbiit 4 \

g
—Tes.

e Havano g \ | boTOCUHTETUK , /
monexyns :x:g:::““‘ doTocunTesa  BOAOPOCAM i__: - //
anaspobHuie -’ g MpobuoHT

g GakTepuu g

% @\ e npocreiwue 3

: 3

o)

(&2 2% o

\,\_ﬁ/ g

bakTepuu

& ~C

AHaspobHas bakTepusa

[peBHeNWLLNE OpraHM3MBbl, Kak nosaratoT, CyLecTBoBasnin B NepBnUYHON
beckncnopoagHon atmocdepe 3emMnn 1 6binNnm aHasapobHbIMKU U reTepoTpodamu.
ObecneyeHne KNeTok aHeprnen Wo 3a CHET NPOLECCOB TUMa rMMKONnaa.



SHepaemu4ecKkul obMeH.

CNHIHHEIE
HEMNe3bl

CNKHHEIE
Henezwl

[MoTEa

My eeo

Heny oK
MedeHe VA

MooenynodHa A
HEneza

HendHeRA
MySkIpkE

ToncTEIA TOHEMHA KMILEYHKE

KWLWEYHKWE

ANMNeHOWKE

MpAMan KMWES

JaOHHWEA Npoxo

Mpouecc aHepreTu4eckoro oomeHa
MOXHO pasfenuTb Ha Tpu aTana:

Ha NepBOM 3Tarne NPouUCXoanT
nuLeBapeHne, TO eCTb CITOXKHbIE
opraHn4eckrne MoJieKyIbl pacLLenAaTCS
[10 MOHOMEPOB;

Ha BTOPOM MPOMNCXOaUT
OecKkMcnopogHoOe OKUCIIEHNE ITUX
MOHOMEPOB, cybcTpaTHoe
doochopunupoBaHue;

nocnegHem atarie rnponcxoanT
OKncJsieHne Cc ydactmem Kncriopoada B
MUTOXOHAOPUAX.



SHepeemu4vyeckul obmeH

|
NoAroToBUTENbHbLIN
aTan

Foe npoucxogurt| B opraHax
pacwenneHue? | nuueBapeHus.

B nu3ocome B KneTke.
Yem depmeHTaMun
aKTUBU3UPYETCH| NULLEBAPUTENbHbIX
pacwenneHme? | COKOB.
Lo kakux Benkn—-
BellecTs aMWUHOKUCTIOTBI.
pacwennsoTca | XKupbl—=rnuuepuH +
coeaAnHeHus XWUPHbI€ KACIOTbI.
KNeTkn? YrneBobl—rmnoKo3a.
Ckonbko Mano, pacceunBaetcs
BblaensieTcs B BUAe tenna.
3Hepruun?
Ckonbko
CUHTEe3upyeTcs

3Hepruu B Buge
ATD?

[lepBbIn 3Tan Ha3biBaETCH
rnodzomosumersibHbIM N 3aKN4YaeTCcs B
pacnage KpyrnHblX OpraHNYeCKNX MOSIEKYI
Ao bonee npocTbIX: Nonucaxapugos — A0
MOHOCaxapuaoB, NMNMAoB — A0
MUUEpPUHa 1 XUPHbIX KUCNOT, 6enkoB —
00 aMUHOKUCIOT. BHYTpW KneTku pacnag
OopraHN4YecKnx BeLWECTB NPOUCXOOUT B
nu3ocomax nod AencTBnem Lenoro psiga
doepmMeHTOB. B xoge aTtnx peakumu
SHEpPrmn BblaensieTca mano, Npu 3ToM OHa
He 3anacaetcs B Buae AT, a
paccenBaeTcsd B BUAe tenna.



I
NoAroToBUTENbHbLIN
aTan

SHepzemuyeckul obmeH. [nukonu3

|
GeckucnopoaHbIn
aran

F'oe npoucxoaut| B opraHax BHyTpu kneTtku.
pacwenneHue? | nuweBapeHus.

B nusocome B knetke.
Yem depmeHTamm depmeHTamu
aKTUBU3UPYETCA| NuLLeBapUTENbHbIX MembpaH KneTok.
pacwenneHue? | COKOB.
Lo kakux Benkun—s [moko3za—
BeLecTB aMUHOKUCIOThI. 2 Monekynbl
pacwennaTca | XKupbl—=rmMuuepuH + | MOMOYHOWN
coeguHeHus XXUPHbIE KACIOTHI. KUCIOTbI + 3HEprus.
KNeTku? Yrnesoabl—rnoKo3a.
Ckonbko Mano, pacceuBaetcs | 3a cuetr 40% -
Bblaensercs B Buae Tenna. cuHTesnpyetca ATO,
3Heprun? 60% - pacceunBaeTca

B BuAe Tenna.

Ckonbko 2 monekynbl ATO.
CUHTe3upyeTcs

3Hepruu B Buge
ATD?

[ TuKoIu3 — 3TO MHOTOCTYNEeHYaTbIN
npouecc beckncnopogHoro
pacLlensieHnsa MONEeKyrbl KO3k,
cogep’kallen 6 atTomoB yrrepoaa
(CeH1,0¢), 8O OABYX Monekyn
TPeEXyrnepoaHon nMpoBMHOrpagHou
kucnotsl, unu MNBK (C;H,0;). Peakuun
[MUKOSn3a KaTannampyrTcsa MHOMMMN
depMmeHTaMu, 1 NPOTEKAKOT OHU B
LMTONa3me KrneTok.

B xoge rmmnkonunsa npu pacLienseHmn
rmoko3bl Belgensietca 200 k[ aHeprum,
HO 60% (120 k[X) paccenBaeTcd B BUae
Tenna. Octaswuxca 40% (80 k[x)
9HEeprum okasblBaeTCs 4OCTAaTOYHO AS1S
cuHTe3a n3 asyx monekyn AP aByx
morekyn ATO.

CcH ;06 + 2A0P + 2H,PO, + 2HAL —
2 C3H,O5 + 2AT® + 2H,0 + 2HAAH,



SHepaemu4yeckul obmeH. [nukonu3

CeH1,06 + 2AI® + 2H,PO, + 2HAL — 2 C;H,0, + 2AT® + 2H,0 + 2HAH,

HaneHenwasn cyosba NBK 3aBucut ot npucyrctema O, B knetke. Ecnn O, Her,
Yy OPOXKEN N pacTEHUU NPOUCXOAUT criupmoegoe bpoxeHue, NPpU KOTOPOM

CHa4yana npoucxoauT obpasoBaHne YKCYCHOro anbaervaa, a 3atem 3TUNoBOoro
cnuvprTa:

l. 2C;H,05; —» 2CO, + 2CH;COH (ykcycHbI anbaerna)
Il. 2CH;COH + 2HAO-H, —» 2C,H:OH + 2HAO"

Y XMBOTHbIX U HEKOTOPLIX BakTepun npun HegocTtaTke O, nponcxogut
MOJI04YHOKUCI0€ bpoxxeHue ¢ obpa3zoBaHMEM MOSIOYHOMN KUCIOTbI:

2C,H,0, + 2HAL-H, — 2C,H,0, + 2HAL"



KucrniopodHoe okucrneHue, ObixaHue

|
noaroToBUTENbHbLIA

|
6eckucnopoaHbIn

]
KUCINOPOAHLIN

artan artan aran

Nae npoucxoaut| B opraHax BHyTpu kKneTku. B mutoxoHgpusix.
pacwenneHue? | nueBapeHus.

B nusocome B KneTtke.
Yem depmeHTamm depmeHTamun depmeHTamm
aKTUBU3UPYETCHA| NuuieBapuUTENbHbIX MemMbpaH KNeTok. MUTOXOHOPUN.
pacwenneHme? | COKOB.
o Kakux Benku — Moko3a—s» lNvpoBnHorpagHas
BewecTB aMUHOKUCTIOTHI. 2 MOrneKkynbl Kncnora
pacwennaTca | Xupbl—=rmuuepuH + | MOro4YHOM Ao CO,un H,O
coeaguHeHus XXUPHbIE KUCNOTHI. KUCNOTbI + SHEPrus.
KINeTKkn? YrneBoabl— rnKo3a.
CkonbKo Mano, pacceuBaetca | 3a cyetr 40% - Bonee 55%
BbloensieTcs B BUAe tenna. cuHTesnpyetca AT, | aHeprum
3Heprun? 60% - pacceuBaeTcs| 3anacaeTcsa B Buae

B BUAe Tenna. ATOD.

CKonbKo 2 monekyrnbl ATO. 36 monekyn AT®.
CUHTEe3UupyeTcs

3Hepruu B Buae
ATD?

3Jransl SHepreTun4yecKkoro obmMeHa BelwecTs.




KucrnopodHoe okucrneHue, ObixaHue




KucrniopodHoe okucrneHue, ObixaHue

KpucTbl
HapyxHas

o I "N Tpetun atan aHepreTn4eckoro obmeHa —
T Brgpeness & KucriopodHoe okucrieHue, nnn obixaHue,
membpaHa Pubocombl OGN )

ry , A4 NPONCXOANT B MUTOXOHOPUSIX.

Kak ycTpoeHbl MUTOXOHOPUN?

KakoBbl oyHKLUNUM MUTOXOHAPUN?
KakoBo npouncxoxgeHne MMTOXOHOPUn?
Kak obpasytoTca HoBblE MUTOXOHAPUN?

O O O O

OpraHuueckne Kucrnopopa AT® (55%) OHeprusi B popme
BellecTea Tenna (45%)

AHaapobHas ayKkapuoTuyeckas Knetka

OTLUHypOBbIBaHVle MVITOXOHApMM ,[lenel-me MMTOXOHAPMVI AspobHas

aykapuoTuyeckas MvuToxonnpmm
AapoGHaﬂ bakrepus KneTka




Fne npoucxoaur

KucrniopodHoe okucrneHue, ObixaHue

]|
KUCIOPOAHbLIN
artan

B mMutoxoHgpusx.

pacwenneHue?

Yem depmeHTamu

AKTUBU3NPYETCA| MUTOXOHAPWUN.

pacwenneHue?

o kakux lNMupoBuHoOrpagHas

BellecTs Kucnora

pacwennstoTca | Ao CO,un H0

coeauHeHus

KNeTKkn?

Ckonbko Bonee 55%

BblaensierTcs 3HEeprum

3aHeprun? 3anacaeTcs B Buae
ATO.

Ckonbko 36 monekyn AT®.

CUHTEe3upyeTcs

3Hepruu B Buae
ATD?

B pesynbrate pepmeHTaTMBHOIO
GecKncrnopoaHoro pacLuenneHuns
rMOKo3a pacnagaeTcs He 4O KOHEYHbIX
npogyktos (CO, n H,0), a po
coeAMHEeHUN, KoTopble ewe GoraTbl
3Hepruen 1, OKUCNASCHL ganee, MOryT
Oatb ee B DONbLUMX KONMYecTBax.

[ToaToMy B a3pO6bHbIX OpraHn3max
nocre rnmkonunaa crneayeT 3aBepLuatomm
aTan 3HepreTM4yeckoro obmMeHa —
MoJIHOE KUCJ/IOPOOHOe pacujerisieHue,
WUnu Ks1emoyYyHoe ObixaHue. B npouecce
9TOro TPETLEro aTana opraHNn4yeckme
BellecTBa, 0bpa3oBaBLUMECH B X04€
BTOPOro atana npu 6eckncrnopogHom
pacLienneHnm n cogepxaline donbLune
3anacbl XMMNUYeCKON SHeprnu,
OKUCHAKTCA 00 KOHeYHbIX npoayktos CO,
n H,O0.



KucrniopodHoe okucrneHue, ObixaHue

NBK C,H,0,

nenmpupoeauue

C,H,0,

ekapbokcunuposaHue
11 P P Coz

HAR: “2> Ho i ernn-KoA (2C)
3H.0—_~KoA
UWaseneBoykcycHas NuMoHKan
Kkucnora (4C) Kucnora (6C)

LUukn Kpebca

Ha nepBou ctaguu 3 atana NnMpoBMHOrpagHas KUCoTa NPOHUKAET B
MUTOXOHAOPWN, rOe nponcxoant ee deaudpupoesaHue (OTWENNEHNE Bogopoaa) n
dekapbokcunupoesaHue (OTWENNEHNE YIMEKUCNOro rasa) ¢ obpasoBaHMEM
deyyariepoOHOU auemursibHOU 2pynnbl, KOTOpasi BCTYNaeT B LMKIT peakuni,
NonyYnBLUMX Ha3BaHWe peakuunn umnkna Kpebca.



KucrniopodHoe okucrneHue, ObixaHue

2HALOH, NBK CH,0,

nerunpupoaauue

C,H O
nexap6oxcunuposauue COZ

HALL H, O zAueTun-KoA (2¢)

u.laaeneaoyxcycuan NuMoHHan
Kucnora (4C) Kkucnora (6C)

Uukn erﬁca\
3HADH, — ;- co,

®AOH,

“4% " nermapuposanue 2
HdekapbokcunupoBaHue

B uukne Kpebca npoucxoanT ganbHeNLEE OKUCIIEHNE, CBSI3aHHOE C
deaudpuposaHuem u 0ekapbokcunuposaHuemM. B pe3ynsraTe Ha KaXKayto
paspyLeHHyto mosb [NBK 13 mutoxoHapuun yaandetca 3 monb CO,, obpasyercsa 5
nap amomoe eodopodada, CBA3aHHbIX C nepeHocumnkamu (4 HAOH,, ®AH,), a
Takke monb ATO.



KucrniopodHoe okucrneHue, ObixaHue

2HAOH, NBK C;HO,

nerunpupoaauue

C,H,0,

nexap6oxcunuposauue
HAL HZD zAueTun-KoA (2C) €O,

3H0— KoA
maaeneaoyxcmonnaa
Kucnora (4C) Kkucnora (6C)

Uukn erﬁca\
3HALOH,' o CO,

®AOH,

/
“4% " nermapuposanue

HdekapbokcunupoBaHue

CyMmapHas peakuusi rmukonusa u paspywenus NBK B MmutoxoHapusx oo
BOAOPOAA M YIMEKNUCNOro rasa BbIrMaauT cregyowmnm obpasom:

CH,,04 + 6H,0 — 6CO, + 4AT® + 12H,



KucrniopodHoe okucrneHue, ObixaHue

2HALH, MBK C,H,0,

........................................................................................................

.....................................................................................................................................

........................................................................................

C H o ‘e .
HAL 374 g =
Au. ‘/1\ Hekap6okcunuposaHue : : :

un-KoA (2C)
3H,0— KoA
maaeneaoyxcmomag
Kucnora (4C) Kucnora (6C)

Uwukn erﬁca\
3HAOH,

|
(5C)

£ ' G — OA}J-HZZ
AT®
& & Co,

£ 24H + 60,=12H,0+Q + Q #~"" neruapuposanue

AT® T [ekap6okcunupoBaHue

..................................................................................................

b ) i
......................................................................................................

34 AT®

3arem npoucxoauT okKucrieHue nap amomos sooopoda ¢ yyacmuem O, 0o H,O
C 00HoB8peMeHHbIM pocopuriupogaHuem AP 0o AT®. STOT npoLecc Ha3biBaeTCs
OKUCIUMESbHbLIM hochopusiupogaHueM U NPONUCXOAUT Ha BHYTpeHHeW meMbpaHe
MUTOXOHAPUN. Bogopoa nepenaetcs no Tpem 6onbwmMM pepMeHTHbIM KOMMSiekcam
OblxaTternbHOW uenu (dpriaBonpoTemnH, KohepMeHT Q, LUTOXPOMBbI).




KucrniopodHoe okucrneHue, ObixaHue

2HAH, NBK C,H,0,

........................................................................................................

............................................................................................................................................

...........................................................................................

C.H,O = =

HAD‘ ¥ = =

Au. ‘/1\ Hekap6okcunuposaHue : : :
H HZDHZAueTMn-KoA (2C) 3§ °°

LlaBeneBoyKcycHas TNiuMoHHan
Kucnorta (4C) Kucnora (6C)

Linkn Kpe6ea'\ &
SHAOH, ™ O & = CO,

| - S — mAn-sz
0. AT®
E CO2

24H + 602= 12H,0+Q + Q “e) DervapupoBanue

AT® T Dekap6okcunupoBaHue

...........................................................................................................

..............................................................................................

R OO O

> . A 1
......................................................................................................

34 AT®

Y Bogopoaa oTouparoTcs ANEKTPOHLI, a NPOTOHbI 3aKavynBatoTCs B
MeXMeMObpaHHOE NPOCTPaHCTBO MUTOXOHAPWUN, B «POMOHHbIU pe3epsyap».
BHyTpeHHAss MembpaHa HenpoHuuaema ang MOHOB BOAOPOAA. ONEKTPOHLI
nepenarTcda No pepMeHTam AblXxaTenbHOW LEenn Ha LumoxpoMoKcuoasy.



KucrniopodHoe okucrneHue, ObixaHue

2HAH, NBK C,H,0,

.........................................................................................................

.........................................................................................................................................

...........................................................................................

C;HO & =

HAQ- 374 g &

a ‘/1\ Hekap6okcunuposaHue : :
HAL HzDHzAueT Co,

un-KoA (2C)
3H,0— KoA
ulaaeneaoyxcyc/naﬁomag
Kucnora (4C) Kkucnora (6C)

Uwukn erﬁca\ & =B
SHAOH, ™ I° & = CO,

| - T — OA}J-HZZ
. g =& & co,

£ 24H +60,=12H,0+Q + Q_ ““7 [femapuposanme &
= 2 AT® T AexapbokcunupoBahue =%

...................................................................................................

> . A 1
......................................................................................................

34 AT®

Korga pasHoCTb NoTeHumnanoB Ha BHELWHEN N BHYTPEHHEN CTOPOHE BHYTPEHHEN
membpaHbl gocturaet 200 mB, npoToHbl (24H*) npoxogaT Yepes kaHan dpepmMmeHTa
AT®-cuHTEeTasbl M NPOUCXOaUT BOCCTaAHOBIIEHWE Kucropoda Ao sogbl (12H,0) ¢
BblefieHNneM 3Heprumn, 4actb KOTOpon 3anacaetca B oopme 34 ATD. Takum
obpasom, B MuTOoXoHOpUK obpasyetcs Bcero 36 AT® — 55%, 45% - paccemBaeTcs B
doopme Tenna.



KucrniopodHoe okucrneHue, ObixaHue

C,H,0
HAL 3743 =
J AN AexapGokcunuposanue &
R ?leoH zAueTun-II((oll\\ (2C)
2V (o)
w y A(

kucnora (6C)

£ 24H + 60, = 12H,0+ Q + AeruppupoBatue =
= 2 20 QAT'X’QT Oekap6okcunupoBanve &%

depmMeHTbl abixaTtenbHou uenu n AT®-cnHTeTasa Ha KpucTtax:
24H* + 60, + 24e"— 12H,0 + 34AT® +Qm

Takum obpasom, B MutoxoHapumn obpasyetcs Bcero 36 ATP — 55%, 45% -
paccenBaeTcs B opmMe Tenna.



KucrniopodHoe okucrneHue, ObixaHue

|
noAroToBUTENbHbLIN

OeckucnopogHbIn

]
KUCNOPOAHbLIN
atan

aran atan
Fae npoucxoaut| B opraHax BHyTpu knetku.
pacwenneHue? | nuuieBapeHus.
B nusocome B knetke.
Yem depmeHTamu depmeHTamu
aKTUBU3UPYETCH| NULEBAPUTENbHbIX MeMbpaH KneTok.
pacwenneHme? | COKOB.
o kakux benkn —- [mioko3za—
BellecTB aMUHOKUCIOTHI. 2 MOreKynbl
pacwennsaTca | XKupbl—=rmuuepuH + | MONoYHOU
coeAUHeHUs XUPHbIE KUCNOTbI. KMCNOTbl + 3HEeprus.
KNeTkn? YrneBoabl—=rMOKO3a.
Ckonbko Mano, pacceuBaetcsa | 3a cyetr 40% -
Bbloensiercs B BuAe tenna. cuHTesnpyetca ATO,
3Heprumn? 60% - pacceunBaeTcsa
B BUAe Tenna.
Ckonbko 2 monekynbl AT®.
CUHTEe3upyeTcs

3Hepruu B Buae
ATOD?

STanbl 3HepreTun4yeckoro obmeHa BeuwlecTs.




Pasnnumna mexay ¢oTocCMHTE30OM M a3PO6HbIM AbIXaHUEM

doTOCHUHTE3

AHabOIMYECKHI TPOIIEeCC, B pe3yJIbTaTe
KOTOPOTO M3 IIPOCTHIX HEOPTAHNYECKUX
COCIMHEHUN CUHTE3UPYIOTCS MOJICKYJIbI
YTJIEBOJIOB

Oneprua AT® HakaruMBaeTCsa U
3aracaeTcs B YriieBoAax

Kucnopon BeiaenseTcs

Yriaekucielil ra3 u Boja moTpeOIsroTCs
[IpoucXoauT yBEIUUYEHUE OPTAHUYECKON

MacCChbI

VY 3ykapuoT Mporecc NpoTeKaeT B
XJIOpOIUIacTax

[IporCXOaUT TOJILKO B KJIETKAX,
coAepKallux XJ0podUl, Ha CBETY

A3poOHOoe abIXaHue
[Ipouecc nuccumunAnyu, B
pe3yJIbTaTe KOTOPOTO MOJICKYJIbI
YIJIEBOJAOB PACHIEIUISIOTCS 10
IIPOCTHIX HEOPTAHUYECKUX
COE€IUHEHUN

Oneprus 3anacaercs B Buje ATO

Kucnopon pacxongyercs
YTJIeKUCIBIU a3 ¥ BOJIa BBIACISIIOTCS
[IporcxoauT yMEHBILIEHUE

OPraHUYECKONW MaCChI

VY aykapuoT mpolecc NpoTeKaeT B

MUTOXOHAPHUAX

[IporcxoauT BO BCEX KIIETKAX B

TCYHCHHUC KN3HHU HCIIPCPBIBHO



[Toosedem umoau:

| 1l
noAroToBUTENbHbLIM | 6ECKUCNOPOAHLIN
artan aTan

Foe npoucxogur
pacwenneHue?

| |

Yem
aKkTUBU3UpyeTCcA
pacwenneHue?

o kakux
BellecTB
pacwennsaTcs
coeAuHeHus
KNeTknu?

CKonbko
Bblaensercs
3Hepruun?

Ckonbko
CUHTE3upyeTcs
3Hepruu B BUAe
ATOD?




[Todsedem umoeau:

UTO nponcxoguT ¢ aHepruen, BblAeNAWeENCcs Ha NoAroToBUTENLHOM aTane
9HeproobmeHa:

Pacceusaemcsi 8 oopme mernina.

e pacnonoXxeHbl pepMeHTbl 6eCKMCopoaHOro atana aHeproobmMeHa:

B yumonna3sme Krnemok.

CKonbKo aHeprn obpasyeTcst Npu rMUKonmM3e MoneKyrbl roKo3bl:

[lpu amom obpasyemcs 200 k[ sHepauu, 120 pacceusaemcs 8 popme merina,
80 k[ 3anacaemcs e oopme 2 monekyn ATQ.

Kakne npoayktbl 06pasytoTcs Npu rMUKOn3e MoneKkyrbl roKo3bl:

CeH,,04 + 2A0P + 2H,PO, + 2HAL—
2 C,H,0, + 2AT® + 2H,0 + 2HALH,
Y10 o6pasyeTc;| B )KWBOTHbIX KIME€ETKaxX B pe3ylibrarte rMuKkomnnmaa npmn HegocrtaTke
KUCJ10poaa.
2C.H,0, + 2HAL-H, — 2C,H:0, + 2HAL"
Y10 06pa3yeTCﬂ B PACTUTESIbHbIX KJ1ETKaX B pe3yJsibrate MUKosiin3a rnpu
HegocTaTke Kucropoaa:

l. 2C;H,0; —» 2C0O, + 2CH,;COH (ykcycHbin anbaerva)
Il. 2CH;COH + 2HAL-H, —» 2C,H;OH + 2HAO"



[Todsedem umoeau:

KakoB Kl rnnkonunsa?

Obpasyemcs 200 k[x aHepauu, 120 pacceusaemcs 8 hopme merina, 80 KLk
3anacaemcs 8 oopme 2 moreKkyn AT® — 40%.

Kak npouncxoant 6uonornyeckoe okucneHme?

C ywacmuem O,. A + O, — AO,,

3a cyem OeaudpuposaHusi: AH, + B — A + BH,,

3a cyem romepu anekmpoHa: Fe,” — Fe;" + e

Kem Obinin nepBuYHble opraHn3Mbl 3eMiu o TMny NMTaHns?

LpesHeuuwiue opaaHU3Mbl, KaK rorazarom, cyuiecmeosarsiu 8 rnep8uyHou
b6eckucriopoOHou ammocghepe 3emsu u bbinu aHaspobamu U eemepompoHbIMU
op2aHu3mamu.



[Todsedem umoeau:

[ nukonus:

CsH,O4 + 2A00 + 2H,PO, + 2HAL —

2 C;H,O5 + 2ATO + 2H,0 + 2HAL-H,
[Mpun aTom obpasyetcsa 200 k[x aHeprum, 120 paccenBaetcs B hopme Tenna, 80
k[>k 3anacaetcsi B gopme 2 monb ATD

CyMmmapHas peakuusi anukonu3ia u paspyuweHusi NBK e mumoxoHOpusix 0o

8o00opoda U yareKkucrio2o 2a3a BbIrmaauT criegyrowmm obpasom:
CeH,04 + 6H,0 —» 6CO, + 4ATD + 12H,

depMeHTbI abixaternbHou uenm n AT®O-cnHTeTasa Ha KpucTax:
24H* + 60, + 12e-—> 12H,0 + 34ATO +Qm

CyMmapHasi peaKuyusi sHepeemu4ecko2o obmMeHa 8blariioum mak:

CsH,,O5 + 60, — 6CO, + 6H,0 + 38AT® + Qm
Ecnun BHYTpeHHAS membpaHa nospexgeHa, 1o okucrieHne HAL-H, npogonxaertcs,
HO He paboTaeT AT®-cuHTeTasa n obpasoBaHmna ATO He NponcxoauT, BCS SHEPTUS
BblaensgeTcs B popme Tenna.



[Todsedem umoeau:

Ckonbko monb NBK obpasyetca npu rmmkonn3e Mosiekynbl rMioKo3bl?

CeH .06 + 2A0P + 2H,PO, + 2HAL—

2 C3H, 05 + 2AT® + 2H,0 + 2HAL-H,
CkonbKo npu aTom obpasyetcs aHeprnn? Ckonbko 3anacaetca B opme ATO?
200 k[ sHepauu, 120 pacceusaemcs 8 gpopme menna, 80 KL 3anacaemcs 8
gopme 2 mornekyn ATQ.
Yto npoucxogut c MNBK cpasdy nocne ee nocTynsieHns B MUTOXOHAOPMUIO?
LeaudpuposaHue, dekapbokcurnupogaHue u obpaszoeaHue auemuri-KoA.

NBK C,H,0,

Ilerunpnpoaanue

C,H,0,

nexapﬁoxcunupoaauue
HAL: H2‘> 2Auemn-KoA (2C) €0,

3H,0— KoA
maneneaowcmmnan
Kucnora (4C) Kucnora (6C)

Lukn Kpebca




[Todsedem umoeau:

[ e nponcxoaaT peakuum TPEeTbero atana 3HepreTM4eckoro obmeHa, KUCNOpPO4HOro
OKUCNEHNs?

B mumoxoHOpusix.

UTo obpasyeTca npu NONHOM paspyLUEHUN 2 MONEKYN NUPOBUHOrPaaHOM KUCIOThI B
MUTOXOHOPUSAX?

2C;H,0, + 60, + 36 Ad®d + 36 H;PO, —» 6CO, + 42H,0 + 36ATO.

Kakas 4yacTb aHepruu 3anacaetcs B MutToxoHapuax B popme AT®, kakas YacTb —
pacceunBaeTcs B gopme Tenna?

55% - 8 gpopme AT®, 45% - 8 hopme mernrna.

Ckonbko Bcero mosnekyn AT® obpasyeTca B peakuusix 3Hepretmnyeckoro obmeHa
NPV NOSTHOM pa3spyLLUEHUN MOMEKYSbl IMIOKO3bIl?

38 mornekyn, 2 — npu anukosnuse, 36 — 8 MUMOXOHOPUSIX.

Kakne BellecTBa, KpOMe YrneBoaoB, MOryT NCMNOMb30BaTbLCS B 3HEPreTUYECKOM
obmeHe?

Jlunuoel, 6ernku, 0OHaKo MOHoOMepPbl berkos, m. e. aMUHOKUCIOMbI, CITUUKOM
HY>XHbI Kremke 05151 cuHme3a cobecmeeHHbIX berikosbix cmpykmyp. [Toamomy
6eriku 0bbIYHO ripedcmaeristom cobol «HernPUKOCHOBEHHbIU 3anacy» Krnemku u
pPeOKOo pacxo0yromcesi O Mosly4eHUs aHepauu .



[Todsedem umoeau:

Yto npomncxogut B uukne Kpebca?
Pa3spyweHue nuMoHHoU Kucriomsl 00 wasernesoyKcycHol ¢ obpa3ogaHuem
mornekyrnbl AT®, 4 napel 6000p0o0a 3axeambi8arOmcs rnepeHocHUKamu.

2HAOH, nNBK CH0,

..........................................................................
-

..................................................................................................

HAL
. ‘A DekapbokcunuposaHue 3

HARH,,) Hoiean-KoA (2C) &

3H zo e il KoA

LLlaBeneBoyKcycHan NUMOHHan

Kucnora (4C) Kucnora (6C)

Uwmkn er6ca\
3HALOH, -5

®ALH,

“% ™" nernapuposanue -
DekapGokcunupoBanue =%

Kak BbIrmaanT cymmapHasa peakums rivkonusa un paspyweHus NBK B
MUTOXOHOPUSAX A0 BoAopoaa U Yriekncrioro rasa?
CsH,,04 + 6H,0 — 6CO, + 4AT® + 12H,



[Todsedem umoeau:

Ckonbko AT® obpasyetcsa AT®-cuHTeETazon B pacyeTe Ha 12 nap H*?
24H* + 60, + 12¢ — 12H,0 + 34AT® +Em

2HALH, NBK C,H,0,

C,H,0 s =
HALQ 37473 = =
i o b AekapGokcunuposanue & E
H “HZDHzAueTun-KoA (2C) ® = e
3H.0— _—~KoA :

ycHas

Kkucnora (6C)

24|~| +60.=12H,0+ + Lernapuposanue =
. 2 20 QATOQT Nekap6okcunupoBaHue

34 ATO®

Ckonbko Bcero AT® obpasyetca Bcero rnpu nosiHOM OKUCIEHNUN MOSEKYITb
[THOKO3bI:
CsH,,0O4 + 60, — 6CO, + 6H,0O + 38AT® + Em
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