HAIMOHAJLHBIA YHUBERCHTET Y3BEKHCTAHA
MMEHH MHP30 YIYIBEKA
———

KYUKAPOBA JI.C., BATSIH A.H., KPABYEHKO B.A.,
JIEMEINEBCKHH B.O., [TYXTEEBA B.H., ChICA A.T.,
KAXAPOB b.A., SIXbSIEBA M.X.

HOPMAJIbHASA ®U3UOJIOI U]




MMHUCTEPCTBO BBICHIEI'O OBPAZOBAHWSL, HAYKH I
VHHOBAIM PECHIVEJIMKH Y3BEKHCTAH
HAIIMOHAJILHBI YHUBEPCATET Y3BEKACTAHA
HMEHHA MHUP30 VJIIYIBEKA

MUHHCTEPCTBO OEPA30BAHMS PECIIYBJIMKH BEJIAPYCh
MEXIYHAPO/IHLIIA FOCY JAPCTBEHHBII SKOJIOTAYECKHIA
HUHCTUTYT UMEHH A.Jl. CAXAPOBA
BEJIOPYCCKOT'O 'OCYIAPCTBEHHOI'O YHUBEPCHTETA

KYYKAPOBA JI.C., BATSH A.H., KPABYEHKO B.A.,
JEMEIIEBCK# B.O., IYXTEEBA B.}., CBICA A.T.,
KAXAPOB B.A., IXbAEBA M.X.

HOPMAJIBHASA ®U3M0JIOI'Us

(O6men semecte ¥ 3nepruu. Illuranune. Tepmoperyasinus)

YYEBHOE NOCOEBHE

Tamxenr
“Ma’rifat”
2024



YAK: 612(875.8)
BBK: 28.7a7
H 83

Kyuxaposa JI.C., Batsin A.H., Kpasuenko B.A., Jlememescknii B.O.,
Ilyxteesa B.M., Crica A.I'., Kaxapos B.A., SIxbsiesa M.X.
HopMmanbnas GU3H0JIOTHS. Vuye6noe nocodne. —T: “Ma’rifat”, 2024,
144 ctp.

Vuyefroe nocabue BRNHONYACT OCHOBHBIC IOHATHA NO pasperny
“Ofmen pemects ¥ suepram. Tepmoperyampit” xypea “Hopmanshas
dmznonorns. {inranue. Tepuoperyisius” Alls CTYICHTOR CHeUMatbHOCTY
1-80-02-01 — Menuko-Gronoraueckoe feno. B nocobuu teopernuecki
OCBEIEHE! CYIHOCTE OOMEHA BEIIECTB W YHEPIUN, IHEPTCTHIECKas poss
obMeHa BEUIECTB, METOIbI ONPEAENCHHA 3HEeProTpar, AbIXaTenbHbii
kodh(prupent, KAIOpUIECcKas HEHHOCTH  PASINHHBN IHTETCAbHbIY
BEMIECTB, KANOPMYECKUil 3KBHBAIEHT KHCIOPOAd, OCHOBHOH ofMew,
BesuaHa 1 (AKTOPBl €T ONPEICIIOINE, SHEPro3aTPATEl OPraHisMa 1ipy
paMNHBIX BUAAX TPYNOBOH AESTENBHOCTH, TUIACTHYECKAR POTE 0bMeHa
REUHECTS, HE33MEHUMBIE Ui OPraHW3Ma BELICCTBA, HOPMB( CYTOUHOID
noTpebneHus GekoB, JKMPOB ¥ YIIEBOAOB H HX dusnonoTHYeCKOE
0BOCHOBAHNE. BPUHIATIEI PAIMOHATLHOTO INTAHMUS.

Marepran WINIOCTPHPOBAH PHCYHKaMH, TaGiuuany, npuBosTey
PEKOMEHAALMY K O(GOPMICHIIO pe3ynbTaroB naboparopubix  paGor,
KOHTPOJIEHBIE 3aJAHTIs I BOMPOCHT TS CAMOKOHTPOILA, & TAKIKE FIOCCapitii.

O‘quv qo‘llanma 1-80-02-01 — Biotibbiyot ixtisosligi talabalari
uchun “Normal fiziologiyasi” kursining “Moddalar va va energiya
almashivi. Ovqatlanish. Termoregulyasiya” bo‘limadkining asosiy
tushunchalarini o‘z ichiga olgan. Qo'llanmada moddalar va energiya
almashinuvining mohiyati, metabolizmning energetik roli, energiya sarfini
aniglash usullari, nafas olish koeffitsienti, turli xil oziq moddalarning
kaloriya giymati, kislorodning kaloriya ekvivalenti, asosiy almashinuv
giymati va uni belgilovchi omillar, har xil turdagi mehnat faoliyatida
organizmning energiya sarfi, metabolizmning plastik roli,da almashib
bo’lmaydigan moddalar, ogsillar, yog'lar va uglevodlarni kunlik iste'mol
gilish normalari va ularning fiziologik asoslari, ratsional ovqatlanish
tameoyillari-—va ~boshqa ma’lumotlar yoritilgan. Material chizmalar,
jadvallar, | laboratoriya ishlari natijalarini rasmiylashtirish bo'yicha

&q /vgyjla.r, nazorat topshiriqlari va 0'z-0'zini nazorat qilish uchun savollar,
ot/ /j/

~
v



shuningdek glossariy bilan tasvirlangan.

The textbook includes the basic concepts of the section "Metabolism
Nutrition and termoregulation" of the course "Normal physiology" for
students of the specialty 1-80-02-01 — Biomedical Affairs. The manual
theoretically highlights the essence of nutrienys and energy metabolism,
the energic role of metabolism, methods for determining energy
expenditure, respiratory coefficient, caloric value of various nutrients.
caloric equivalent of oxygen, basal metabolism, value and factors
determining it, body energy consumption in various types of labor activity,
the plastic role of metabolism, irreplaceable uysH substances, norms of
daily intake of proteins, fats and carbohydrates and their physiological
justification, principles of rational nutrition, etc. The material is illustrated
with fuguress, iables, recommendations for the laboratory work resulis
design, control tasks and questions for self-control, as well as a glossary.

YIK: 612(675.8)
BBK: 28.7a7
H 83
PeuenzeHTbI
Illaxsyposa I.A. — 1oKTOp BLIONOrHYECKHX HAYK, npodeccop
3adpancias M.M. — R0KT0p MEIMIMHCKUX HAYK, JOUSHT

ISBN: 978-9910-765-47-6

© Hanareancrso “Ma’rifat”, Tamxenr, 2024r.

L T e et it . «_amiaden



COJEP)KAHUE

T'nasa I. OBMEH BEIIECTB U DHEPTMU. IINTAHUE
1.1. CymHOCTb OOMEHA BEWIECTB ......euvercevmneeneereencs
1.2. DSueprerudeckas poik 0OMeHa BEIIECTS...
1.3. Omneprernuecknii 6anaHc opraHusMa........
1.4. DHeproTpaTel oprannsmMa MeTozs! onpeneneﬂm 3HeprozanaT opraHi3Ma
(NpsiMas ¥ HempsAMast KaJIOPUMETPHUST) 5 &

1.5.. JlpixaTenbHbli KO3MMULIHEHT. ...cvoveveereeenens

1.6.. Kanoprueckuii SKBHBAIIEHT KUCIOPOAa
1.7. Kanopryeckast HEHHOCTh pa3M4HbIX MUTATEIbHEIX BELUECTB.
1.8. OcHoBHOIi 06MeH, BeNMuMHa 1 (HaKTOPhl €r0 OMPEACIAICIINE
1.9. DHeprozaTpaTsl OpraHu3Ma B CIOBHSAX GCHOBHOTO 00MEHa
1.10. DHeprozaTpaTsl OpraHMsMa INpH  pPasiMYHBIX  BHIAaX  TPY/OBOH

JeATENbHOCTH 21
1.11. TInactrueckas ponb obMeHa BeilecTB. He3aMEGHHMBIE Il OpraHusMa
BEIIECTBA  wuvuacecnsornserecnresessasssasnnannessosstossssnnsnasasosnttossscsossanans 23

1.12. Benku, ux Npapoja ¥ pU3HONOrHYecKoe 3HaYECHHE .
1.13. BenkoBblif MUHMMYM W 230THCTOE paBHOBECHE
1.14. JIummpe!, VX SHEPreTHYECKOE H TUIAaCTHYECKOE 3HAUCHHE B opraﬂmme 30
1.15. YrneBofibl, X 3HAUEHUE IJIST OPFAHH3MA ..covouemrimrnnsnsnnssssessnisnncinsscsnaninsense 3
1.16. Hopmbl cyTodHoro motpebnenus GeNKOB, HPOB M YIJICBOLAOB M HX
duznosorEYecKoe 000CHOBaHHE
1.17. BuramMuHs!
1.18. Homenkiatypa 1 Knaccud)mamm BHTaMWHOB
1.19. BoaopacTBOpHMEIE BHTAMHHBI.. i
1.20. JKupopacTBOpHMEI€ BUTaMHHBI
1.21. BuTaMHHOTIOHOGHEIE COEAMHEHHS
1.22. AHTHBMTAMWHBI.

1.23. XapakTepHcTHKa aBUTaMHHO30B. CHMITTOMBI @BHTAMIHO2A ...

1.24. MuHepaibHble KOMITOHEHTBI ITAHUA H HX (PU3HOJIOTHUECKOE 3HAUCHHE .
68

. TIpHHLMITBL 3110posoro MATAHNA .
1.27. Obumme NMPUHUMNLI PETYIAUAN OﬁMdla BEHICCTE B OPraHu3Me YelloBeka

....................................................................................... 74
ARG A O P A R A O A o eovusseitvarorsssensurassansassoessonarsaisssensirmmarnsstiiull
3ATAYN
BOIPOCHI J1JI51 CAMOITOAIOTOBKH...

TECTBI U1 CAMOKOHTPOJISA
I'nasa II. TEPMOPEI'YJISILIUS |
2.1. 3HayeHHe MOCTOSHCTBA TEMITCPATYPLI Hllylp&.llllul Cpeibl OpranusmMa Juis
HOPMaJILHOTO [POTEKAHMS MPOLIECCOB KMZHCACHTCIEHOCTH. ..o 103

4



2.2. IlonATHe 0 rOMOHOTEPMUU, MOHKHIOTEPMHUH U F€TEPOTEPMAM ................ 103
2.3. TemnepaTypa TeNa HENoBeKa u e€ cyTo4uble Konebanus. Tepmomerpus. 104

2.4. VIcTOMHHKH TEIUI0NpPO/IYKIIMY B OpraH13me 106
2.5. Teru100TAa4a OpraHu3ma... =107
2.6. Perynauds TpPOLECCOB Tennonponyxunu A TErjJooTAa YH. Hepmme H
ryMOPA/IbHbIE MCXAHU3MBI TEPMOPETYIVILHHA ....... 108
JIABOPATOPHAS PABOTA i
BAJAUM oot 114
BOIIPOCHI U121 CAMOIICAIOTOBKH S 116
TECTBI 1 CAMOKOHTPOJIA e 3 17
0 (0]610)/-¥ 4 | s O R 119
OCHOBHAA JIMTEPATYPA i22
,HOHOJ'IHI/ITEJII:HA}! JIMTEPATVPA..... cfi Sl S o e 123




e ———— e de

NPEAVICIOBUE

Vyeoboe rnocobue “HopmanbHas husronorny MpeaHasHagveno
JUIsl YCBOEHMs pasgmenioB  “OOMeH BemecTB M 3Heprud. [InTanme.
Tepmoperynsiuus™ crygeHTamy, oOydarommxcst 0O  CHEeUUalbHOCTH
MequKo-OHooruaeckoe nerno, a Takke ATA 6akanaBpoB, MarkCTPaHTOB,
aCMHUPAaHTOR, MOKTOPAHTOB M TIpENoOAaBaTeNeil BBICIIMX  YHEOHBIX
3aBE/ICHHI MEAMKO-OHONIOrMYECKOTO HATIPaBJICHUS.

Ilenpto  y4eOHOro TOCOOMS SABIAETCA OKa3aHWE ITOMOMIK
CTyIeHTaM B OBJALNEHWM W 3aKpPETUIEHWH TEOPETWYECKNX 3HaHWH o
0OMEHY BEWIECTB ¥ SHEPriH, (PU3MONIOTUH THTaHHsI H TEPMOPETYIIALNY, a
TaKke NPaKTHYECKMX HABBIKOB PabOThI B ONpEACTICHHM IOKasarenei
0OMeHa BemecTB W JHEprMH, OCHOBHOTO 0OMEHa, CYTOYHBIX 3aTpar
SHEPIHH W TpHOOpeTeHHe HABHIKOB COCTABJIEHWs PAlliOHA MUTAHHA B
33BUCHMOCTH OT ToJia, (M3WYECKOl AaKTWBHOCTH BO3pacTta M poja
NpodeCcCHOHANLHON ~ JEeATENBHOCTH, C Y4€TOM  WHAWBHAYAIbHBIX
ocofeHHOCTEl OpraHn3Ma YelloBeKa.

V4eOHOEe TmOCOOME COCTaBIEHO COOTBETCTBEHHO pasienam
«Obmen BewiecTB W 3Heprud. ITutanue. TepMOpEryALMA», TUIIOBOI
NPOrPaMMBI 10 HOpMaNbHOH (GHU3HONOTHH JUIS CTYAEHTOB, 00y4arouxcs
o cnenransrocTd 1-31 01 01 — Meanko-6monoruueckoe Jielio.

B Hagane mocobms MNPUBOIATCS OOWUPHBIC TEOPETHYECKHE
CBEJICHNs, 3aTeM IaHO ONWCaHWE JabopaTOpHbLIX paboT, MpPUBOAATCS
CUTyallHOHHBIE 3ajaqd. JIng 3aKkpemieHuss MaTepuaia  CTYACHTamy
NPEXYCMOTPEHBl  BOTIPOCHI  JUIA  CAMOMOAOTOBKM,  TECTHI  JUid
CaMOKOHTPOJIs. B KOHIIE OCOOHs TIPHITOKEH TII0ccapHii.

Vyebnoe nocobme Brmouaer 11 rtabuuu, 25 pucynkos i 25
6ubmiorpadpuuecknx HCTOYHHUKOB.



rnaea . OBMEH BEIECTB ¥ SHEPTUU. IATAHUE

Baegenne

ysponorisi 0OMEHa BEIIECTB U DHEPrMM W3Y4aeT OCHOBHbIE nyma
[ipeBpALIeHN SHEPIUH H BEILECTB B OPraHM3Me, ABJIAIOLIIXCA OCHOBOM ero
JKW3HENEATEPHOCTH, B 32BUCHMOCTH OT YCJIOBMI OKPYXKAFOILUCH CPEbl.
(OGMeH BELIECTB 1 SHEPIHH Wil MeTa60.13M NPEeCTaBNAET COOOH, ¢ OXHON
cTOpOHBY, 0OMEH BeLIECTBAMHU U 3H8pr£leﬁ MEXIy OT/ENbHBIM OPraHU3MOM
oKpyKaloLiel ero CPEoid, a ¢ PYroi CTOPOHBI, COBOKYIHOCTS [POLECCOB
npeBpalleHuA BEIIECTB M  M3MEHEHMS] DHEPruH, MPOHCXOASIIKX
HemoCpeACTBEHHO B CAMUX OKHMBEIX OpraHH3MaX. B osrtom mpomecce,
pery/upyeMoM HEPBHBIMH M [YMOPAIbHbIMU MEXaHW3MAMH, YHaCTBYET
MHOKECTBO q)epMeHI‘HLlX KaCKarnoB, OGCCHC'-IHBNOI.ILHX COOTBECTBHE
XUMHHUECKMX pEAKUWii BO BpeMeHM M mnpocTpaHcTBe. BObUIMHCTBO
HHOXUMHHECKIX PEaKLiil B OpraHk3nMe FeHETHIECKH 3apOrpaMMHUPOBAHEI X
[POTEKAIOT IOC/ENI0BATENEHO B CTPOrO ONPENS/NEHHBIX 30HAX KIETOK.
[locTynuBIIHE B OPI4HM3M IHTATeNbHBIE MPOAYKThI B Hporecce oﬁmeu’ix
BemecTB H 9HEPriHH NPEBPAIIAIOTCs B Cieu(UIEecKie BeIecTBa M1 TRAHEH
M KIETOK, 2 KOHEUHBIE IPO/IYKTHI, BBIBOAATCA H3 OPraHU3Ma C MO40il NOTOM

u T.0. (puc.1).
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Puc. 1. O6man exema meraGonnsma

B uwenom COBOKYITHOCTH pCﬂKuHﬁ oOmena BEMIECTB C NOrouieHUeM
WHIH  BhUICJICHHEM  3HEPruM, HPOTEKAILMX B OpraHu3Me Ha3bIBaAETCA
7



MeT28o0am3Mom, Tponeccsl CUHTE3a CHEHM(MUECKMX  COOCTBEHHBIX
BRILECTE 13 Goslee MPOCTHIX Ha3bIBAIOTCS AHABOJIH3MOM (ACCAMMIALMA Ay
TUIaCTHYeCKHii 06Men). B pesynsrare anaGomu3ma 00pasyroTCsl (epMenTsL,
KOMTIOHEHTEl KyeTouHBIX CTPYKTYp W T.I. AHabOIM3M, KaK mpasHiio,
CONpoBOXNaeTcs GonpumM ToTpednenreM 3Hepran. Ilporeccsr pacnanga
OPraHWYECKHX BEI[eCTB HA3BIBAIOTCSA KAT200aM3MOM (IMCCHMAISIMS WIH
SHEPreTHYecKknii 06MeH), KOTOpEIH OOBIMHO CONPOBOXK/AETCA BBIIENCHHEM
SHEprum.

MeraGonnam o6ecrieunBaeT KHBHIM OPraBH3MaM MOCTOAHHEIA KOHTaKT
¥ 0OMeH ¢ okpysKaromeii cpejoi, AX KM3HENCATENBHOCTD, POCT ¥ PasBNTHE,
CaMoBocnponssenerue. [lpu HOPMaIBHOH KH3HENEATENBHOCTH IKHBBIX
OPraHu3MOB W WX KJIeTOK KaTabolpdeckne W aHabOoMMYecKHe MpoUecch!
Haxopsrcs B cﬁana}{c"pogaﬂﬂom JUHAMHAYECKOM CTaMOHAPHOM COCTOAHUH.
MeTaGonusy prinonsser B AKMBBIX OpraHH3Max HETHPE (Y HKIMH:

— CHafKeHWe KIETOK XHMUHGeckoil JHEpruedl, KoTopad obpasyercs
TyTeM mpeo6pasopanms yNaBIMBaeMoil SHEPTMH CONHCHHOIO CBETa — 3TOT
TDONECC MMeeT MecTo B ABTOTPO(HEIX KIETKaX PACTCHMH M HEKOTOPBIX
MUKDOOpraHwsMoB miM TyTeM  pPACHIETUICHUS poraTteiX 3HEpruen
OPraHnyeckux BemecTs, NOCTYNAIOMIAX B OPraHW3M OT aBTOTPOGHEIX
OPranusMos. Jror mpomecc COBEPIHAETCH B reTepOTPORHEIX KIeTKax

KIIETKaX JKHBOTHEIX 1 FeTepoTPO(HBIX MUKPOOPraHI3MOB);

~TpeBpamenye MOJEKYsl TUTATeNbHBIX BEIIECTB B  OTHOCHTENBHO
HH3KOMONeKyNspHBle  (CTPOMTENBHBIC —BEMIECTBa»,  KOTOPBIC  jaiee
HCNIONk3y10TCS KIiTETKOI /TS TOCTPOERHS COBCTBEHHBIX MaKPOMOJICKYJT;

—cfopka (cuHTe3) M3 (CTPOMTENBHBIX BCIIECTBY  MAKPOMOIEKYI

CIKOB, HyKTeMHOBBIX KWCITOT, JMMMIOB, TONMCAXapyloB ¥ /IpyIix
MaKpomorekyt, HeoBXOMMMBIX KIETKE;

~CHHTe3 M paspylieHHE TeX OHOMONEKYI, KOTOPSIC HEOoOX0AUMBI JU1st
Bblonge g OMpeIeNeHHbIX CIeHpUIeCKHX yHKIUIA KIETKH. ’

O6MeH BemecTs NPHAATO MENATH Ha BHCWHMIA H IPOMCIY TOMHDI.

Brewnuii o6men eewjecms TpeCTaBIACT co00if  BHEKIICTOUHOE
CpeBapyBanne pemects Ha MyTAX MOCTYIUICHHS H BBUICICHII X 113
OPranmsy,

Bery CHI"’MeJicymowmﬁ obmen eewjecms — ?TO
Ko CTB BHYTDH KIIETOK C MOMCHTA WX nocTyIieHns!
OHeMHEIX oy KTOB.

HpoHHKHyB BHYTpb JICTKH, NUTATENILHOC BEUICCTEO npereprieraet
ey DA XAMHMECKHX M3MEHEHHI ¢ yqacTieM KACKaHbX .fl'L‘P‘“C“'““»l\
Peakyy;. TMociieoBaTenbHOCTL TAKUX XUMUUECKIX yzMeHeHnil na3bBactes

fIpolece TPEBPAteHi
J10 oOpazopariis



MeTa00aHUECKHM MyTeM, a obpasyromiiecss IPH 3TOM HPOMEKYTOUHBIE
[1pOYKT5L — MeTadoTuTaMH. ; J

BOMbLUIMHCTBO METAb0IMMECKHX IyTell JIHHeHHbl, T.. B Pe3y/bTare

ocnej0BaTelbHbIX (epMEHTATUBHBIX ~peakUud MPENUIECTBEHHMK A

eppamacTcs a MPOMEKyYTOYHble NpomyKThl B — D“—> C=r oo =50
icopeaHBIil MPOSYKT , 2 IPOAYKT OLHOM (hepMEHTaTUBHOM PEaKIAN CI1y)KHT
cy6CTpaToM A cilenymmeﬁ:

Kpome JIMHEHHBIX HMEIOTCS WHKJIH9ecKHe MeTaboaukGecKue nym:
KOTOpble PA3BETEJAIOTCS M B KOTOPbIX HEKOTOPbi€ NPOLYKTHI PeaKuui
BLIXOJAT U3 LEMM PEaKIuH ONpeeseHHoro MeTadonu4ecKoro IyTu Wid,
HAPOTHB, BIMBAIOTCS B HEe.

TakunM [yTeM, HapUMeEp, MPOHUCXOAXT OKUCICHHE AlETHIbHBIX IPYIIIL
7o BOABL M YIIEKHCIOIO rasa B M3BECTHOM LMKIE JIUMOHHOW KHUCIOThI
(umxcne Kpeoea).

Bce MeTaDOJMYECKHE HyTH II0APa3fe/sIioT Ha  LEHTPAIbHbIE
(nepauqume) M CeLHATbHbIe (BTOPHYHEIE).

IieuTpajibHbie MeTaboJHYecKHe RNyTH — IyTH [PeBpalIeHASs
OCHOBHBIX NULIEBBIX BELIECTB B KIeTKe (yIVIEBOJOB, OENKOB, JHUIHAOB M
HyKJIEHHOBBIX kucnoT). Ha 3Tux nyTsx notoxu MeraboNMTOB JOBONBHO
pHylmTeIbEbl. Hanpuvep, B opranu3me B3poCIIOro He/l0BeKa eKecyTOHHO
oKHCIISIeTCsl  HEeCKOIbKO coTeH rpamm rmoko3sl g0 CO, u  BoIplL
IlocnezoBaTebHOCTH  XHMHMYECKMX IpeBpalieHuii Ha  KakaoM U3
LERTPANbHBIX MeTabonuYecKiX nyrell, B mpuHLMIE, y BCEX XKHBbIX (GopM
enuHbl. TaK, HaNpuMep, paciuerienne D—rnioKo3bl MPOTEKAET NPAKTAYECKH
y BCEX JKHBbIX OPraHH3MOB OJMHAKOBO, T. €. C Y4acTUEM MIEHTHYHbIX
peakiyii 1 ¢ 00Pa30BaHAEM OAHUX H TeX )Ke HPOMEXKYTOUHBIX BEILECTB.

Cpeunajbible  MeTafolMyecKHe myTH  NPEICTAaBIsAIOT  Tax
Ha3bplBaeMblil BTOPHYHBIH MeTa00aHM3M, 3HAYeHHe KOTOPOro 3aKiloHaeTcs B
cunTe3e  PaMIMMHBIX CNEUHANH3HPOBAHHBIX BEIUECTB, KOTOPHIE HYXKHBI
KjaeTkam B HEOOJBbILMX KOJIHYEeCTBAX.

I BropunbIM - METabO0IMYECKHM  IYTAM  OTHOCSITCS, —HAlpHMEp,
GHOCHHTES F'OPMOHOB 1 KO()ePMEHTOE. Tak KAk 9TH COeMHEnns 00pasyloTcs
1 HCHOJB3YIOTCS TOJALKO B CNeqoBbIX KojudectBaX. COTHH pasiiMuHBIX
BBICOKOCTICLMAIN3IPOBAHHBLIN  OHOMOJIEKY]l, B TOM 4HCiie HYKIEOTH/BI,
IUTMEHTBIL, TOKCHHbL, AHTHOHOTHKH 1 JIKAI0N/{bl, CHHTE3UDYIOTCS Y Pa3HBIX
(opM HKH3HH HA BTOPHHHDIX MeTAaG0IUUECKHX MMy TAX.



1.1. Juepreruyeckas pojib 06MeHa BEIIECTB

OOMeHy BeIecTs Beeria CoImyTCTBYET 00MEH HEPTHEN. nom’)’"afonme
B KICTKY OpraHW4EcKHe BEIIECTBa, HCIONB3YIOTCA Kak Uit Gnocnme3a
KIICTOUHBIX MAKPOMOJIEKYJI, TAK i KaK HCTOYHHWKH SHEPIHH.

Bee mpoueccsl, MpoMCXOIAIIME B OPraHU3Me, MOXHO pasbnrs g,
NJIACTHYECKHE, SHepreTHYecKHe 1 HH(OopMauHOHHbIe.

B opranwsme cymecTByeT TECHas B3aWMOCBSA3b MEXAY Mpoueccamy
BhUIRNeHHS 1 notpebienust sHepru. OCHOBHaA 4YacTh TOTEHUHANbHgj
SHEPIIH XAMIYECKIX CBA3€H OPraHWYeCKUX COEIMHEHMIA, BBIICISETCs Tpn
Raradomusme. OpHaxko BbieNseMas SHEPIysl Cpa3y HETMOCPEACTBEHHO g
NOTPeOHOCTH KIETKH, OpraHa M OpraHu3Ma B LENOM HE UCONb3yercy,
OHa mpeaBapuTENBHO NPEBpalIaeTcs B A0CTynHy0 GopMy. Bonblias gacry,
SHEPrHH, BBLICBOOOXKIAEMOW TpH pACIIEIUIEHHH TIUTAaTeNbHBIX BelilecTy
(BRJIKOB. JKHpPOB, YIJICBOJOB), MCIONB3YETCS HA ITOUIEPKAHUE KU3HEHHEIX
NpOLECcCOB B KNeTke. B KIerke 3HepruA MEPEXOAMT M3 OIHOI tdopmer g
ODYTYIO, a Kakjgas (opma SHEpPrHM WCIONB3yeTcs ULl OCYIIECTBNEHNs
ONpeIeTeHHBIX (YHKIIMIA: MEXaHHYECKOH paboThl, BMOCHHTE3A, KIIETOYHOrg
IeNeHHS, aKTUBHOI0 TPAaHCTIOpTa, 0CMOCa M T.JI.

Bornee Bcero B XHBOH KiIETKE BOcTpeOOBaHa XUMHHMECKAs SHEPrud, Tak
KaKk OHa OBICTPO Nepefaércss W3 OIHOH HacTH KIETKW B APYTYIO, WIH oT
KIeTKH K KIeTKe. XMMWYecKas 3HEprus pacXOayeTcs PpaldOHalbHO —
CTPOTHMHU TIOPUESMH 1 TOJILKO TaM M TOT/Ia, F€ M KOT/ia 3TO BOCTPEOoBaHo.

Vcronb3oBaHWe XMMHYECKOH OSHEPrMM B OPraHW3Me  Ha3bIBAIOT
JHepreTHYecKuM 00MenoM.

B mpomecce 0o6MeHa BEmIECTB MOCTOSHHO NMPOMCXOAWT NpEBpalieHne
SHEpril: MOTEHUHATbHAs 3HEpris CIIOKHBIX OPTaHMYECKUX COEIMHEHHi],
MOCTYNHBLIMX C OHIIEH, MPeBpallaeTcs B TEIUIOBYIO, MEXaHUUECKYIO W
ITIEKTPAYECKYTO.

3a cyer ocBoOOJNKAAIOUIEiiCs B OpraHu3Me JHEPriu MOAJNEPKUBACTCH
ONpeleleHHas TeMIepaTypa Tela W COBEPLIAETCs MeXaHuueckas padora.
Bosble BCero HEPrHy 3aTpauyMBaCTCsA Ha JBWIKEHUSI CKEJICTHBIX MBI, a
TakzkKe JbIXaHue, cepAuebueHne, MoTOpUKY KUIIeTHUKA.

YHUBEPCATBHBIM OPraHUYEeCKOi MOJICKYJI0i — JOHOPOM M aKHEeNTOPOM
(Hocutenem) sueprun sisercs AT® — agenosunrpudocdar. Kaxmas
KJIETKa OpraHu3Ma HYXJIAeTCs B ONPEICICHHOM KOJMYECTBE HHCPIii,
KOTOpas HeoOXOAMMa JUlsl IOIEPIKAHMS CTPYKTYPhI KJIETOK, OpraHeiul i T./1.
(15% — AT®), crenenn QyHKuHOHAILHON roTOBHOCTH (50% — AT®) M1
aktuBHOCTH (10% — AT®), a Tak *e s BBINOJHCHMS CHCIH(IecKuX

dynxumii (25% — ATD).
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OHeprusi, BbidensieMasd TpH OKHMCIEHHH OPraHMYECKHMX COe[UHEHHMH,
nepenacrcss ma monekyiny AT®, xoropas COLEPHKHUT MAKPOSPrUUECcKue
CBAi3H, 0003HAUACMBIE 3HAYKOM «~». [IpH CHHTE3€ WM pacHaje STHX CBA3E
H3MEHeHHs1 cBo60HOIT SHeprin cocTasisieT Gonee 20 KK/ MONb.

AT® — mocTosHHO OOHOBIAIOMIMIICS UCTOYHMK DHEPIUU UL KJIETKU.
O5T0 coemumeHme MOKET AOCTABIATH XMMHUYECKYIO JHEPIHIO B moﬁole
ydacTok xierkn. AT® ciay:kar 3B€HOM, OOBEAMHAIONIMM MEKAY coboit
TIPOLECCHI, MpOTEKaroUIHe K4K C BbIJEIEHHEM, TaKk U C norpeﬁnel-mf
anepruu. AT® obpasyercs us anenosummubocdara (ALP) u GochopHoH
KUCIOTBI ¢ mornomenveM suepruu. IIpu pacnane AT® o00pa3syioTcst
HCXOHbIE BEILECTBA U BbIACIAETCS SHEPIHUA.

AT® + H,0 < AI® + H;PO,

Ilponecc obpazopanus AT® uz AJI® u HEOPraHU4ECKOro docdara ¢
NOrIonieHHEM JHEpPruu, BBICBOOOXK 1AIOLIEHCS npu OKHCJICHHH
ODraHHYecKux BELLECTB, Ha3bIBAOT OKMCJAHUTEIbHBIM
pocdopunuposanuem.

Takum 06pa3zom, JHEprusl, BblAesieMasl NPU OKUC/ICHAU OpPraHmdeCKux
CO€MHeHNI, HAKAIUTMBAETCA B MAKPOIPTH4ECKHX CBA3AX AT®.

B KieTKax npoHcXOoAAT OKUCIUMTENEHBIE PEAKIIUHI TPEX TUITOB:

1. Henocpencreennoe okucieHpe coemuHenus (A) MOJEKYJSIPHBIM
KUCJIOpOAOM:

A+ 02 o AOZ

2. Oxucnende xaxoro-nubo coennuenuss (A) 3a cHeT JHpyroro
coeminenus (B):

AH,+B — A+ BH,

3. TlepeHoc 21eKTPOHOB, HANPHMED. OKHCIEHIUE 0HOM HOHHOI (GOpPMEI
wenesa (Fe?) B apyryio (Fe®):

Fe’" > Fe'* + e

OTH TpH BUZA OKMCHEHHs BCTPEUAIOTCS B KOMIUIEKCE peakiMii,
COCTaBIISIOIMX 1POLIECe A3POOHOIO AbIXAHMS.

Ilporecc ofmena BeiecTs ¥ 3HEPrHM B OJKHBONH NPUPOJE SBJISIETCS
MACTHBIM ciiydaem OCHIEro 3aKoHa CcOXpaHeHus marTepuu M dHeprum. Kak
YKa3bIBANOCHL BbIIE., HaCTh 3AKIAIOYEHHONH B IMUTATENBHBIX BEMIECTBAX
XHMHYECKOI SHEPrif (peBpaulaercst B Apyrve GUOJIOrMYEcKy IIOJIE3Hble
(QOpPMBI — ANEKTPHUSCKYIO. OCMOTHUECKYIO, MeXaHudecKyto. OCHOBHas e

HacTb DHEPruy BhUIRJISETCH B BHJAE Terlia.
B ochose apoueccos obmena SHEPIHUM NeXKAT 3aKOHbL TEPMOAHHAMUKH
— B3AHMHBIX ll})CBlelllL‘XlHﬁ PAasIMYHBIX BUAOB DHEPruy rnpu nepexonax ee ot

OJIHMX Ten K apyrum B dopme teriorbl win paborsl. C TOUKM 3peHus
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TEPMOAWHAMUKY JKUBbIE OPraHU3MbI OTHOCATCS K OTKPBITEIM CTalMOHAPHBIM
HEPABHOBECHALIM CHCTEMaM. DTO 03HAYAET, YTO:
= BO-TIEPBBIX, JKMBBIE CHCTEMbl OOMEHMBAIOTCA C OKpYXaromeii
CpEJIOii BEECTBOM ¥ SHEpPIUEi;
= BO-BTOPBIX, KBBIE CHCTEMBI MOTYT B TE€YEHHE ONPEACICHHOro
BPEMEHU YIEPHMBATE CBOM OCHOBHBIE MapaMeTpbl, HO BMECTE C TEM MOx
BIMSIHNEM BHEMHEH cpedapl MepexonauTh W3 OAHOro CTalHOHapHOro
COCTOsIHMs B PYroe B Mpeieiax U3MEHEHHH JKN3HEHHC BaKHBIX KOHCTaHT,
BO3MOXKHBIX JUISl COXPaHECHWS JKU3HM;
= B-TPETHUX, W3-3a HANWYMS B OPraHU3Me MHCIKECTBA TPAINEHTOB
(anddy3voHHEIe, TeMIepaTypHble) W TIOTEHIWANoB  (XMMHYECKHE,
SNEKTPUYECKUE), 2 TaKKe BO3HUKANOIIMX BCJIEACTBHE MX AaKTUBHOCTH
TIOTOKOB (TerioBble, Ni(dy3HOHHbIE, METabONIMIECKHE, SHEPreTHIECKUE)
0bpa3yloTcs ycnoBHs JUIA HEPaBHOBECHOTO pAaclpefeNicHNA BEIIECTBA H
SHEPIUK Mexy JKUBBIMA CUCTEMaMK W OKPY/KarolEH Cpeloi.

TIpuAOUN yeToii9MBOro HepaBHOBECHS! JKHBBIX CHCTEM TJIACHUT:

«KuBbie CHCTEMBI HUKOra HE ObIBAIOT B PABHOBECHH U VICTIONHSAIOT 3a
cHeT cBoeil CBOGOIHOM 3HEpriuy MOCTOSHHYIO paboTy MPOTHB PaBHOBECHS,
Tpebyemoro 3akoHamMu OGU3NKM W XWUMUM», B TOM HHCIE 3aKOHOB
TEPMOINHAMUKY.

IMepBerit  3aKOH TepMOAWHAMHKH — 33aKOH COXpaHEHHI M
NPEBPAIIEHUsT SHEPTUHU: SHEPrus HE MCYE3aeT M He CO34afrCsi BHOBb, a
TOJIBKO TIEPEXOXUT W3 oxHOM (OpMEI B Apyryto. Mexanudeckas pabora,
KWHETHYEeCKash JHEPrus M TemloTa MOTyT IIpeBpallaThCs Jpyr B Jpyra.
CorjlacHo  MEpBOMY 3aKOHY TEPMOIMHAMHMKM  KOJMYECTBO  TEIUIOTEL,
TIONTyYEHHOE CHCTEMOM, 3aTpayMBaeTCs Ha TOBBIIICHHE €€ BHYTPEHHCHl
9HEPTHH H Ha paboTy, COBEPIIAEMYIO IPOTHB JICHCTBHS BHCUIHHX CHIL.

Bropoii 3aK0H TepMOAHHAMHKH — €Ciii J060i BUJI SHEPTHH MOKHO
TPaHC(HOPMUPOBATL B SKBUBANIEHTHOE KOJIMYECTBO TeEIUid, TO B Ciydae
00paTHOro TIpEBpalIeHNA TOJIHAS TPAHCHOPMALNS HEBOZMOIKHZ.

Ceo6oanas 3Heprusi crnocobHa K MpeBpaleHuaAM Ui K COBCPIICHHIO
nosie3Ho  paborel.  CpAzaHHas —MOTEHUMAIbLHAs — HHEPUHS  ABISCTCN
HEMPOM3BOAUTENBHEIY. OHa He nepexouautT B japyrue  (QOpMB U
paccemBaeTcs B BUAE TeIUid, ONpeAesss Mepy TepMOAMHAMHYCCKOH
HEYMOPAN0YCHHOCTH CHCTEMBI, HA3hiBAEMYIO JHTPOIHEIL.

Hnst OIUCAHUS (hynkumit CUCTEMBbI, OTNPEACIISTIOUINX ce
TEIUIOCOACPIKAHUE, NOJIB3YIOTCSI TIOHATUEM — HHT@WILIWEIT, Bee XuMHIeckue
peaKkuun (3K30TEPMHYECKHE peakln U IHAOTECPMUHCCKNE) B OPraviimMe

COMPOBOXKIAAIOTCS  HU3MCHEHUEM JHTAJMLITHK. T.C. DHCPIrUK,  KOTOpad



L(OCT)’nHa oA upeoﬁpasosax—!_vm B TENNOTY Npi OMNpPEAeIeHHBIX TeMIEpaType

y faBIeHuHd.
TeruiooGpasoBaHUe B OpraHusMe mmeer nByxdazusiii xapakrep. IIpu

oKuCITEHHH OpTaHMHECKIIX cybcrparos (Genka, Kupa, YINIEBONOB) OOHA
yacTh HEprHU pcnoib3yercs s cuHTesa AT®, npyras 4acTh SHEPrHM
[peBpauIaeTCs B TEIUIOTY — 3TO MePBUYHAS TENI0TA.

[TepBudHasi TEUIOTA BCeraa BBICBOOOKIAETCS B TEUEHHE KJIETOYHOTO
\ieraBoH3Ma U OKHCIEHMH BELIECTB HE3ABHCHMO OT TOTO, coBepIuasTcs
BHEIIHAS paboTa HIM HET. Ee konuuyecTBO SBISETCS MBAMKATOPOM
HHTEHCHBHOCTA OCHOBHOTO 0OMeHa, 00eCHeUMBAOIEro IJIETOYHBIN
veraboma3M 1 ()YHKUMOHAPOBAHNE JKH3HEHHO BA@KHBIX OpPraHoB. B
HOpMATTBHBIX yCIOBHMAX OHEPrMs [IABHBIM 0OpasoM 0Opasyercs MmyTeM
OKUC/IUTEIBHOr0 (a3po0HOr0) pachana IuTaTeJbHBIX BEWECTB. Tak, mpH
OKMCTIEHHH YIJIEPONOE 22,7% sHeprun pacxopyercs Ha cunres AT®, a
77.3% oHeprau B dopMe IepBHYHOI TEIIOTEl PACCEHBAETCS B TKAHSIX.

Sueprus, KOTOPad BbUIEASTCA NpH pacriaje AT® - 570 BTOpM4IHAS
rerzoTa. BTOpHIHAsS TEILIOTA BRIIEACTCA MPH BAIIONHEHNH OPraHu3mMoM
mo6oii paboThl 32 CHET noTeHuManbHOl sneprud AT®, obpasyrouieeics B
pesyJIbTaTe MeTaboMMYECKHX peaKkiymii NHTaTeNbHbIX BEIECTB.

B (u3MONOTHYECKMX YCIOBHMAX MEPBUYHAS M BTOPUYHAL TELIOTA
HAXOATCSA B OTHOCHTEIILHOM paBHOBeCHH. [TepBiuHAst TEMUIOTA HENPEPLIBHO
paccenBaeTcsl B OKPYKAIOWIYIO CPely, Aake npu BBICOKOIi Temnepatype
okpyxatomeii  CpeAbL. Oto  BO3MOXHO  Omarojapsi  MeXaHuW3Mam
canoperyJAldi, B MACTHOCTH  NOTOOTASNEHHIO  H  WMCNApeHuio,
npenor Bpau.lalouulM 1eperpeBaHie oprasusma.

[Ipyt NEPEOXTAKICHII XKe ONTHMANLHOE 1S metabonu3Ma KOJIMUECTBO
flepBHUHOIT TETUIOTh! o0ecreunBaeTCs 32 CUeT yBEIHYSHHS JOJIN BTOPUTHOM
TeNNIOThI BCACICTBHE YCIUICHIL ABHrare}bHOl AKTHBHOCTH, M OCODEHHO NpH
{11111 HEIPON3BOJIBHOI APOXKH (IpOKATENbHbIIT TEPMOreHes).

10siBJIC
B ()210JI0rHHECKIN 1 MEHIMHCKUX HCCIISAOBAHMAX [Ulsl ONPe/EeNeHus
©ojuueCTBA  OHEPUHH,  BBUICACHHON  OPraHM3MOM,  HCIHONB3YIOT
BHECHCTEMHBIE eUHULb! — KUI0PHIO (KaJl) Wil KWIOKaNopyIo (Kkai).
Karopwi — KOMMMECTBO OHeprum (Tenna), Heobxonumoe i

nosprienis Temueparypst 1 r soaet va 1 °C. 1 kanopust pasna 4,19 kJlx.
DpepreTHHECKAs UEHHOCTL MHTATEAbLHBIN BEUlECTB OIpPE/eNseTcs
KOJIUECTBOM DHEPIHH, BLUICNSEMOIl NPH NOJHOM OKHMCIERuU CyOCTparToB.
CioKHbIC OPraHIECKHe MOIeKY bl (G€nKy, JKUPBI, YIIEBOJbL), OKUCIIAACH B
[pHCY TCTBIH KICI0poaa (adpobHoe okucneHue) 10 ABYOKHMCH YIJIEpoda u
BOJLbL, BLULCIBIOT TAKKE 3AKIIOUCHHYIO B XMMUYECKUX CBA3AX YHEPIHIO.
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CornacHo 3akony Iecca, KONMYECTBO 3JHEPTUY, BBIIEISEMOE HPH
pacrnaje kakoro-mubo BeliecTBa N0 KOHEYHBIX MPOJYKTOB, HE 3aBUCHT OT
HHCla TPOMEXYTOYHBIX 3TanoB ero TpaHchopmanwny. CrenosaTensHO, HE
HMEET 3HA4YEHHMs!, OKMCISIETCS JIM BEUIECTBO TONHOCTHIO B OPraHW3Me W
Cropaer B CHELMANbHOM Kamepe B TNPHCYTCTBUM HYHCTOrO KHCIOpOAa
(kanopumerpuyeckas 6om6a Beprmo), — | woms BemecTBa obpasyer
MACHTHYHOE KOJIMIECTBO IHEPriH.

1.3. Sueprerndeckuii 6ajaHc OPraHu3Ma

JnepreTHdeckuil  GajaHC — COCTOSHHE PaBHOBECHS — MEXIY
TOTEHIMATbHON 3HEpruel, NocTynaiome ¢ Nuileld ¥ 2HeprorpaTaMd Ha
TIPOLIECCHI KW3HEAESTENLHOCTH OpraHu3Ma. OTO CBOEOOpasHas aHaNOrHs
(u3ngeckoro 3aKoHa COXpAaHEHHs OJHEPrHM, JIM [EPBOTO  3aKOHA
TEPMOMHAMMKH, COTJIACHO KOTOPOMY 3HEPrHsi HE MOXET ObITh CO31aHa HITH
VHWYTOXEHA, OHA JIMIb MOXET TPaHC(HOPMHUPOBATECA W3 OAHOH (OpMEI B
Apyryio. 3MeHeH#s B 9HEPreTHYecKnX 3anacax opraHu3Ma paBHbI Pa3sHHLE
MEX]y OTy9eHHOM ¢ NMMILICH 3HEPrid W 3aTpaToi e€ Ha pasnHYHBIE BHIBI
KH3HEAEATENEHOCTH.

OHepreTwueckuil OaTaHC OpraHA3Ma MOXKET ObITh PaBHOBECHBIM,
TIONO)KMTENEHBIM W OTPUIATENBHBIM. Ecim  noTtpebisierca  Gobure
KAIOpMif, 4HeM  pPacXOAyeTcs MMEeT  MECTO  MOJOKMTeIbHbIi
3HepreTHYeckHii 6aNaHc, HAPOTUB, ECITM PacXOAyeTcs Oonbule KalopHii,
YeM qoTpeOlseTcs VMMEET MECTO OTPHUATENbHBIN JHeprerHvecKuil
6amamc. Y pacTymero OpraHM3Ma TpEBAIMPYET  ITOJOKHTEILHBIH
SHepreruueckuit Gananc. [Ipn crapeHnmd H ONPEHEICHHBIX OONE3HAX —
OTpunaTensHENi. Y B3POCTBIX MMEET MECTO PABHOBECHBIH IHEPreTHHECKHUii
Gananc, ogHako, MpH M3MEHEHHMAX B ropMOHILHOM (oHe, (u3MHeCKoii
aKTMBHOCTW, MHIICBOTO INOBENEHMA PABHOBECHBIH  OwlaHC — MOuel
CHBUHYTHCS.

1.4. Omeprorpathl opramuzva MeToAbl  ONPEACICHI
dHeprozarpar opranusva (NpsiMasi H HenpsiMast KaJoPHMETPIsI)

Konugecrso Teria, BeIfeNsieMOro WM IOMJOHIAEMOro B X0Jc
KU3HENeSTEILHOCTH, PACCUNTHIBAIOT METOJAaMW IPAMOil M HENPAMOLf
Kanopumerpun. B (u3uonormu ¥ MeAMuMHE METO/IBL  KAIOPHMETPHI
HCnomszyrores A M3YHEHWsT TEIUOBLIX A(peKTon, obMeHa BelecTs n

SHepruy B mokoe M NMPH PA3THYHBIX BHAAX ACATEILHOCTH, @ TAKKC Tiph
3aGoneBanmsx.

Mpsmas kanopuMeTpHsi ocHoBana Ha y4ere HEHOCPCACTBCHHOTO U
TONHOro konmuecTsa BBUIENEHHOTo oprammzmMoM Teruia.  Mamepeni
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