MiHICTEPCTBO OCBITU | HAYKN Y KpaiHU

XAPKIBCbKI ABTOMOEI/TbHO-AOPOXXHI
YHIBEPCUTET

HABUA/TbHWI MOCIEHUK
«OCHOBW BIOFEOXIMIT»

3aTBepapKeHO MeTOANYHOKO
pagoto YHIBEpCUTeTy,
npoTtokon Ne__ BiA

XapkiB — 2009

. . 4 To remove this message, purchase the
SOLID CONVERTER PDF > b ns nesas utas te



YKnagaui: zou,. B. B. JaueHko
npod. E. b Xo6oToBa
CT. BuUKN. J1.[. MapakiHa
aou,. B.l. HiKiTiH

Kadegpa ximiit XHALY

HaByanbHMiA  NOCIOHNMK  «OCHOBWM  Gioreoximii»  CKnageHo
[lep>kaBHOKD MOBOK Ha Kagegpi Ximil XapKiBCbKOro HauioHa/IbHOro
aBTOMOOI/IbHO-OPOXXHbOI0 YHIBEpCUTETY BIiAMNOBIAHO A0 BMMOI po60YO0i
HaBYa/IbHOT Mporpamn 3 AUCUMNIIHU «XiMisi 3 OCHOBaMMK Gioreoximisi»
AN CTYLEHTIB  HanpaAMKy  NigrotoBkn  «EKonorid,  0XOpoHa
HaBKO/IMLIHBLOIO cepefoBuLLa Ta 36anaHcoBaHe MPUMPOLOKOPUCTYBaHHS»
3a 6/10kaMy 3MICTOBHUX MOAY/IB «Te0opeTUYHi OCHOBU OioreoXximii»
(3mMicTOBHMIA MOAY/b «bioreoxiMiyHa XapakTepruCTUKa YXMBOT PEHOBUHN,
«biocthepa AK npupogHa cuctema B 6ioreoximii», «bioreoximiyHi
npouecu, SKi BigdyBatoTbCA Yy 6ioctepi B pe3ynbTaTti XUTTEAIANbHOCTI
OpraHiamiB») Ta 6/10KOM 3MICTOBHUX MOAYNIB «BioreoximiuHi QyHKLUIT
AEAKMX  XIMIYHUX  OIOFEHHUX  efleMeHTIB»  (3MICTOBHMI  MOAY/b
«bioreoximiyHi  BnacTMBOCTI  GiOHEMeTasiB», 3MICTOBHUA  MOAY/b
«bioreoximiyHi - BMacTMBOCTI biomeTaniB», 3MICTOBHUIA  MOAY/b
«BIioreoxiMiyHi Kpyroooirv geskmx XiMmiyHuX 6ioeleMeHTIB», 3MICTOBHUIA
Moaynb «bioreoxiMiyHa akKTUBHICTb KOOPAWHAUIMHUX CMONYK»), LU0
HaBefeHO Y pob0ouiil HaBYasbHIN Nporpami 3 AUCUUNIIHN.
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1 BCTYTI
BIOIMEOXIMIA - HOBA I'AJTY3b HAY KW

[Ona  BUPILWIEHHS €eKOMOriYHMX npo6neM B CyYaCHUX BULLNX
HaBYa/IbHNX 3aK/1afax BUKMa4aTb ANCUMM/IIHN €KOMOTIYHOr0 HanpsMKY,
AKI CNPUSAOTb OCMWUC/IEHHIO CbOTFOAHILLIHIX MIACYMKIB €BOJOLIT HaLLOl
nnaHeTn, NPMBOAATL A0 PO3YMIHHA (hakTy B3aEMOBIAHOLLEHHSA OpraHi3miB
I Micua X ICHyBaHHA. [JO TakuX eKOMOriYHMX AUCUUNMIH BiOHOCUTLCH
«bioreoximisi», Kka B HaCTyMHWI Yac € HOPMaTMBHOK AUCLMMNIHOK ANs
CTY[EHTIB HanpsaMKy MigrotoBku «EKo/MOrig, 0XopoHa HaBKO/MLLIHLOIO
cepeaoBuLLa Ta 36anaHcoBaHe NMPUPOLOKOPUCTYBaHHSA». He3paxkaroumn Ha
BENINYE3HNIA 06CAr haKTMUYHOro Matepiany 6ioreoxXiMiyHUX AOCNIIKEHD,
HaBya/sibHa niTepatypa Ansa OBOMIOAIHHA UWM MaTepiasiom Be/bMU
obMexeHa.

CTPYKTYPHO HaBYa/ibHUI NOCIGHUK «OCHOBU 6i0reoXimii», SKUN
MPOMOHYETLCHA, CKMadeHO BIAMOBIAHO A0 3MICTYy po60Y0i nmporpamn 3
aMcumnniHn «bioreoximisg» Ta 3abesneyye AOMNOMOry nij vyac camoCTiiAHOT
pPO60TK CTyfeHTIB. MeTOK HaBYa/IbHOro MOCIOHMKA € HafJaHHA 3HaHb Ta
(hopMyBaHHA BMiHb TOOTO MPUHLMMIB €AHOCTI | B3aEMOAIT >XMBOT Ta
HEeXWBOT npupoan, 6e3nepepBHOi Mirpaui’l XiMIYHUX eneMeHTiB 1 X
KPYrooo6ir aK OCHOBU XUTTSA. MaTepian BUAaHHA CMIPUATUME PO3BUTKY Y
CTY[EHTIB  3ara/lbHOro  eKO/IOriYHOro0  MMUCMEHHA | [0MOMOXe
(hopMyBaHHIO Cy4aCHOIro HayKOBOIro CBITOrNnsay.

Y paHoMy NOCIOHMKY PO3rnsHYTO 3MICT Kypcy 6ioreoximii, Lo
MICTUTb BYEHHA TMPO XXUBY pPeYOBUHY, Oiocepy Ta 6GIOreoXimiyHi
npouecu, AKi BiabyBaldTbCA Yy Oiocgepi, a TakoX PO3rnsAHYTO OCHOBHI
BM1IAaCTMBOCTI 1 GioreoximiuHi yHKUii 6ioenieMeHTIB Ta X CNonayk Ans
HOPMasIbHOT XXUTTERIANBHOCTI XXUBUX OpraHi3mis.

[na 3aKpinieHHs TeOpeTUYHUX 3HaHb Ta OTPUMaHHSA MPaKTUYHKX
HaBMYOK HaBefEeHO MUTAHHA AN CaMOKOHTPO/O, a B KiHUI nocibHMKa
3anpornoHoBaHi KOMIMMEKCHI KOHTPO/MbHI 3aBfaHHA [0 BigNOBIAHNX
3a1iKOBUX MOAYyNIB, AKi A03BONATb CTYLAEHTY MEePeBIpUTU CBI PiBEHb
3HaHb i3 AUCLUMNIHN.

3MIiCT nocibHMKa, TrAMbuHa TpaKTyBaHHS Martepiany i 1oro
MeTO40/I0rYHa CrpPsAMOBAHICTL MOK/IMKaHI  (hopMyBaTh Yy CTYZEHTIB
HayKOBO-AOC/iAHe MWCNEHHA Ta MNPULWENnUT HaBMYKM  TBOPYOro
BUPILLEHHS KOHKPETHMX MPaKTUYHNX 3aBfaHb Y BUPOOHULTBI.
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bioreoximia 4acTMHa reoximii, WO BWBYAE reoxiMiyHi npouecu, SKi
BifOyBatOTbCA B Giocepi 3a y4yacTio opraHiamis. Mirpauis XiMIYHKX
eNeMeHTIB Ha 3em/li MOXHa 3po3ymMiTM 6e3 ypaxyBaHHA BMNINBY
opraHiamiB. 3acHOBHWKOM 6ioreoximii 6ys Bonogumup IBaHOBUY
BepHaacbknin, AKuiA  Breplie CcgopmMmysoBaB Taki  (DyHAAMeHTasbHI
MOHATTH, K «KMBa PEYOBMHA», «biocthepa» i BrepLue cepes BUEHUX
OCMWUC/IB  TeOJIOMYHY POMb  XMBOT  pevyoBUHWU. ToHATTA «KuBa
peyoBnHa» B. |. BepHagcbkuii po3rnfgaB AK CYKYMHICTb  KMBUX
opraHi3miB, BUpPaXeHy B Maci, XiMiYHOMY cKnafi i eHeprii, Aki 6epyTb
y4yacTb B HOBI (pOpMi NMpoLieciB, 3BaHMUX OIOreoXiMiYHUMMU.

lnei B. |. BepHaacbKOro € OCHOBOK TMOHATb MNP0  BENUKWUN
reofioriyHni i Manuin  6ioNoriyHnin - Kpyroobir, po3pobneHnx B. P.
Binbamcom, i oTpuManu nofanblUnii  PO3BUTOK B AOC/IIKEHHAX
pagaHcbknx BYeHnx B. A. Koean, C. B. 3oHa, H. |. basinesuy, J1. €.
PogiHa.

BennMkniA  BHECOK B po3BMTOK 6ioreoximii  3pobus O. 1.
BuHorpagos, Wo cpopmyntoBas yABIEHHS NPO 6ioreoximMiyHi NPOBIHUIT, i
B. B. KoBanbCbKWiA, AKWIA 3AIACHMB 6ioreoximiyHe panoHyBaHHS.
BuBuatoum eHaemiyHi 3axBoptoBaHHA, B. B. KoBanbCbKuii po3pobus
HOBMWIA HAYKOBUIA HANpPAM — BYEHHS MPO reoxiMiyuHy eKosorito.

Bioreoximis po3rnsgae B3aEMHUIA 3B’A30K MIXK XKMBOK Ta HEXMBOKO
npupogoto Ta 6ioreoxiMiyHi npouecu, AKi BigbyBaoTbCa B HUX. YKuMBa
pPeYoBMHA HEPIBHOMIPHO PO3MOAINAeTbCad N0 MnosepxHi 3emni. Bigomi
06nacTi T CKyrnyeHHs, abo 3ryllyBaHHs, Hanpukiag nnaHKTOH B OKeaHax
I MOpSIX, flica Ha cyLi, rymyc, TOPgY'AHUK Yy rpyHTaX. POC/IMHHI opraHiamu
CKNafatoTb TOJIOBHY Macy >WBOI peyoBUHU. Bnmsbko 1% nagaroyol
COHAYHOT eHepril NOrMNHAETLCA POC/IMHAMM, WO eKBiBaJIEHTHE 3.10" kr
BYI/IeLt0: Le MPu6/M3HO BIAMOBIAAE MACi XXUBOT PEYOBMHU Ha 3eMHIi
Kyni. OgHa maca >XMBOT PevyoBMHM He [a€ MPaBW/IbHOMO YABMIEHHA MPO
IHTEHCMBHICTb Yy4acTi 11 B 6loreoximiyHuMX npouecax. BenunuesHe
3HAYeHHA Mae LWBWAKICTb PO3MHOXEHHA OpraHisMiB, TOOTO 3arasibHa
NPOAYKLIA OpraHiyHOi PEeYOBUMHW, WO YTBOPHETLCA 3a MEBHWUIA Yac.
Oco6/1MBO Lie BIAHOCUTLCS [10 HMXKUMX OpraHiamis - 6akTepiil, rpuokis,
BOJOPOCTEN Ta iH., IO BOMOAIOTb BMCOKOK LUBMAKICTIO PO3MHOMXEHHS.
[0 cknagy >MBOT PevyoBUMHWM BXOAATb BCI BIAOMI XIMIYHI €1eMeHTU 1 iX
I30TONN. Ane OCHOBHY Macy OyAb-AKOro OpraHiaMy CKfagae obmexeHe
4MCNO BIAOMUX XIMIYHUX €NeMEHTIB, AKi B yMOBax 6iocepn yTBOPHOKOTh
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NErkopyxomi i Nerkopo3ymHHi cnonyku, Hanpuknag rasm CO, abo NH;,
H,0, iokn H*, OH’, NO3™ Na", K, Ca”*, Mg*", a Takox Baxki MeTanu, ki
CTBOPHOKOTb BUCOKOOKUCHI KOMM/IEKCHI 10HMW.

[MpeameTom 6ioreoximii, SK HayKu, € 3aKOHOMIPHOCTI npoLeciB
mirpaui’ i MacoobMiHy XIMIYHUX €NEMEHTIB MIXK XXUBUMW OpraHiamamu i
HaBKOMMLLIHIM cepefioBuLLEM. TeOpeTUYHY OCHOBY 0IOreoXimii cKnagae
BUEHHS NPO XXMBY PeYOBUHY |1 Giochepy.

O6'eKTamMy BMBYEHHS OIOreoxiMii € >KuMBa | HeXxuBa npupoga, iX
XIMIYHMIA CKNag, BMAMB XIMIYHOMO CKMafy HEeXWBOI MPUPOAM HAa >KMBI
opraHiamu, i HaBMaku, i XXUBOI PEYOBUHU Ha HeXuBy npupoay. Lle i
BU3Ha4ae 3aBfaHHA Oioreoximii AK Hayku, AKi (POPMYNOKTLCA TaKuUM
YMHOM:;

- BMBYEHHA WNAXIB  Mirpauii  XiMIYHUX eNeMeHTIB, aHani3
6ioreoxXiMivyHMX LUMKNIB Mirpauil;

- [OCNifKeHHA  reorpaivyHMX  3aKOHOMIPHOCTEW  po3noginy
XIMIYHUX eNeMeHTIB, SKI BUKOPUCTOBYHOTLCA XXMBUMWU OpraHiaMamu;

- BMBYEHHSA OGiocdepn AK €OMHOI CUCTEMM >KMBOT PEYOBUHK |
MiHepa/lbHMX CMONYyK;

- BMBYEHHSA XIMIYHOrO CKMady >XMBUX OPraHiamiB i poni XiMivyHMX
e/1eEMEeHTIB B X PO3BUTKY;

- BUBYEHHS BMN/IMBY TEXHIYHOIO NPOrpecy Ha npouecu B Giochepi.

B HacTynHui1 Yac 6ioreoximis 3ariMae NPOMiIXKHe MiXK HayKaMu rpo
XMBY | HEXMBY npupoay. Ha puc. 1.1 npuBefeHa cxema, Ha AKiidi BKa3aHo
micue 6ioreoximil B cuCTeMi HayK. 3a L{iEF0 CXeMOK MOXXHa 6ayunTu, Lo
HeXXVBY MPMPOAY BMBYaKOTb Fe0OriYHi HayKu, a XMBY - BIONOTiYHI; 40
HayKW X, IKa BUBYAE B3aEMO/II0 YKMBOT | HEXMBOT NMPUPOAN BiAHOCUTLCA
Hayka 6ioreoximid. bioreoximis 3aiMae LEeHTpa/ibHe Micue B CUCTeMi
HayK, LLIO BMBYAIOTb Pi3HI (DOPMUM B3aEMOAIT XXMBOT | HEXKMBOT NPUPOAMN.

BusHayaloTb OCHOBHI  HanmpsMKW, [e 3aCTOCOBYKOTb METoAu
bioreoximit:

- BUSIBNEHHSA AiNAHOK NiABULLEHUX KOHUEHTPaUI pYyOoyTBOPHOHUMX
e/IeMeHTIB B POC/IMHAX, MPOAYKTaX X BiAMUPaHHSA | MeTaboniamy;
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Bioreoxivna

Puc. 1.1. Cxema 3B’A3Ky 6i0reoximii 3 iHLUIMMIN HayKamMm

- BUBYEHHSA BMNANBY BMICTY XIMIYHUX €1eMeHTIB Yy HaBKO/IMLLHLOMY
cepefoBMLLi Ha OpraHi3Mu TBapWH i HOANHN;

- BUBYEHHA MIKPOENEMEHTIB Yy 3B'A3KY 3 NMpobnemamn y CilbCbKOMY
rocrnogapcTsi i MeguLMHI.

[MepenivyeHi HanpAMKM € OCHOBHUMW 1 He BWUYEPNyKTb YCiX
MOX/IMBOCTEN MPaKTUUYHOr0 BUKOPUCTaHHSA ifeit | MeToaiB 6ioreoximir.

[MnTaHHA oA CaMOKOHTPO/1H0

1. [ainTe BU3Ha4YeHHs 6ioreoXimii K HayKu?

2. Ha3BiTb, XTO € 3aCHOBHWMKOM 0Oioreoximii? Hki OCHOBHI
(hyHAaMeHTa/IbHi MOHATTA BiH CDOPMY/HOBaB?

3. Ha3BIiTb BUEHMX, AKI CTa/IM NPOAOBXKYBa4YaMy BYEHHS B.
|. BepHaacbKoro. SAKuniti BOHM 3p06MIn BHECOK Y PO3BUTOK BIOreoximii?

4. BCTaHOBITb, SIKMA B3aEMHWIA 3B’S30K ICHYE MiXK >XMBOK Ta
He>X1BOI NPUPOLOIO.

5. HasBiTb, iKYy OCHOBHY pO/ib BifirpatoTb XiMiYHi efeMeHTU B
PO3BUTKY XXUBUX OpraHi3Mib.

6. Ha3BiTb, LLIO € NPeAMETOM BUBYEHHS Gioreoximir.
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7. HasBiTb, L0 € 06'eKTaMWN BUBYEHHS GIOreoximir.

8. ChopMyntoinTe OCHOBHI 3aBAaHHA 6I0reoXimil K HayKu.

9. BcTaHOBITb, fKe Micle 3ariMae 6ioreoxiMis B CUCTEMI Hayk?
Uomy?

10. Ha3BiTb OCHOBHI HanpsMKK 3aCTOCyBaHHA METOZIB 6i0reoximir.
AK BOHM MOB’A3aHi Mi>XX CO60H0?

2 BJTOK SMICTOBHNX MOAY/1IB Nel
TEOPTNYHI OCHOBW BIOFEOXIMIT

TeopeTnyHy OCHOBY 6i0reoximii CKnagae BUYEHHS MNP0  XKMBY
peyoBuHY, 6iocthepy 1 6GioreoximiyHi npouecu, WO BiAbyBalOTLCA B
pe3ynbTati XUTTEQIANBHOCTI OpraHi3MiB. Y >XMBIA Ta HEXUBIA NpUpoai
MOCTINHO BiA6YyBatOTbCA PI3HI (I3WYUHI, XiMIYHI Ta 6ioNOrivHi npouecwy,
L0 Y 6iNbLLIOCTI BMNAAKIB B3aEMOMOB’A3aHi Ta NepebyBatoTb Y HECTINKIi
PIBHOBA3I; CMOCTEPIraETbCA TaK 3BaHUIN KPYroooir XiMiYHMUX efleMeHTIB i
peyoBUH. ToMy MpPoAoBXeHHA po6oT B. |. BepHaaCcbKoro mae BaXknmee
3HaYeHHS | B HACTYMHWUIA Yac, OCKiNIbKK [Joromarae 3po3yMiTh npoLecu
PO3BUTKY XXUTTHA Ha 3eMili.

2.1 3micToBHMIN Moy b Nel
BioreoximiyHa XxapakKTepucTuKa XX1BOT PeHOBUHM

>KnBa peuyoBrHa — Le CYKYMHICTb OpraHiamiB nnaHeTn abo SAKOi-
HeOyab 11 YaCTVHW, BUPaXXeHa B O4MHMLAX MacK, eHeprii, iHhopmauit.

JKuBa peyoBMHa BONOAIE [ABOMA TO/IOBHUMW 0OCOG/MBOCTAMMU —
opraHisayi€to (CTPYKTYpOHO) | 34aTHICTIO (DYHKLIIOHYBaTW.

OpraHi3auisi ab0 CTPYKTYpa XXMBOT Pe4OBMHM BK/IKOYAE NMOHATTA NP0
KINbKICTb €/1eMeHTIB (KOMMOHEHTIB), LLO BXOAATb B CMUCTEMY, a TaKOX
B3aEMOZI0 LIMX KOMMOHEHTIB. Hanpuknag, AepeBo — AK XM1Ba pevoBuHa —
Ma€e [eKifibka piBHIB opraHisauii. HalHmK4MiA piBeEHb — Ue KITKa;
HaCTYMHWIA pPiBEHb OpraHisauii — NUCT, NOTIM rifika i, HapewTi, AepeBo —
Halbifbll BWCOKMIA piBeHb opraHizauii uiel cuctemn. Yum Ginblue
KOMIMOHEHTIB BXOAUTb B PEYOBWMHY, TMM BOHA CKagHiwa i TuM 6inbLy
CKMagHoo iHdopmalieto BoMogie.
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[pyra 0Co6GMMBICTb  >XMBOI  PEYOBMHW — Le  3[4aTHICTb
(byHKUiOHYyBaTW. ®PYHKLIOHYBaHHA — L CYKYMHICTb peakuii, Lo
BUHMKAOTb Y >KMBOMY OpraHiami y BignoBigb Ha 30BHiWHI AiT (gis
cepefioBULLIa, B AKOMY ICHYE | (DYHKLIOHYE PeyoBUHA), AKI NPUBOASATL A0
3MiHM  BHYTPIWHIX BNacTMBOCTEA  PeYOBMHM, TOOBTO A0  MOro
CamMOpO3BMTKY. YnMM CKfagHilwa >XuBa peyoBMHa, TUM  BifbLUOKO
IHpopMaLlieto BOHa BOMOI€E, TUM CKaaHiLle inae il PyHKLIOHYBaHHS, TUM
GinbLUa KiIbKICTb MPOLECIB B HilA Bif0YBa€ETbLCH.

PasoM 3 rO/OBHUMU OCOBNMBOCTAMU >KMBA PEUYOBMHA MaeE [esKi
BiAMiIHHI BNacTUBOCTI:

- CTIMAKICTb XXMBOT PEYOBMHM NPOTM BMNALAKOBUX 30BHILLHIX AiiA,
TOOTO Oydb-iKka »XMBa PEYOBMHA MparHe A0 36epeXXeHHsi piBHOBarun B
CBOEMY pPO3BUTKY, TOMY LIO eKCTpeManbHi 30BHIlIHI AiT MOXYTb
3pYMHYBaTU XXMBY PEUYOBUHY;

- camoperyndauif >KMBOI PevyoBMHKM, fAKa 3a0e3neyvyeTbCa SABULLEM
B3aEMOKOpPENAUIT efleMeHTIB B CKMagHIn  Mepexi  (PYyHKUIOHANIbHUX
3B'S13KIB;

- €BO/IOLIA XXMBOT PeyoBUHWM BIAOYBAETLCA 3a pe3y/ibTaTamu
YCKMafHEHHS NPOLECIB, AKi MPOTIKaOTh B XXMBI PEYOBWHI, Ta NPOXOAUTH
Bif, MPOCTOro 0 CKNafHoro;

- eMepKeHTHOCTb >KMBOI PEeYOBWHW nonarae B 1 3416HOCTI
HabyBaTu B NMpoLEeci CBOro po3BMTKY 30BCIM HOBMX BMacTUBOCTEN, AKMMM
He BOJIOAIE XOAeH 3 KOMIMOHEHTIB LIET CUCTEMMN.

BioreoximiyHa posib XXMBOI PEUYOBWNHIN 3aN1EXNTb Bif, PO3MIPIB XXNBUX
OpraHi3miB, LLUBNAKOCTI PO3MHOXEHHS | eHeprii B3aEMoAii 3 HABKO/IULLIHIM
cepefosuiiem. XiMivHI BNacTUBOCTI XXMBOT PeYOBMHM MOXHA PO34ININUTY
Ha 5 rpyn 6ioreoXiMiYHUX (YHKLi: ra3oBi, KOHLEHTPaLiiHi, OKUCHO-
BIAHOBHI, 6GIOXIMIYHI | 6GIOreoXiMiYHi.

["a30Bi (pyHKUIT MoB’A3aHi 3 MOrMIMHAHHAM | BUAINEHHAM XXUBUMMU
opraHiamamu KWUCHIO, AioKcuay BYr/feut, amiaky, napu sogwn. [a3osi
(OYHKUIT po34inat0Th Ha BUAK:

- KWCHEBO-BYT/IEKUCNOTHA (YHKLIA, 3aBAAKN AKIA CTBOPHOETLCH
OCHOBHa Maca BIJIbHOr0 KWCHIO Ha njaHeTi. Hociamn uiei QyHKUIT €
X/I0POiNbHI  3eNeHi opraHiaMu. BugineHHs KWUCHIO ide TiflbkKn npwu
OCBIT/IEHHI 3e/1eHOT PEYOBUHN COHAYHMM MPOMIHHAM. BHOui 3eneHi
POC/NHK YTBOPHOKOTL BYIIEKUCNNIA ra3, BiabyBaeTbCsA NPOLEC YTBOPEHHS
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BYFi/IbHOI  KMCMOTU. TOMy U (yHKUIS | Ha3MBaeETbCHd KWUCHEBO-
BYIIEKMNCNOTHA

6CO, + 6H,0 - CzH{,06+ 60,1;

- BYI/NIEKUC/IOTHA (DYHKLIA, MpU  SAKIn  YTBOPHOETHCA 6IOreHHa
BYriflbHa KWUC/OTa 3a Pe3ynbTaToM AMXaHHSA TBapWH, XXUTTERISNbHOCTI
rpunobis, 6akTepiln;

- 030HHa Ta MNepeKMCbBOAOPOAHA (YHKUiA, B pe3ynbTaTi SKOi
KWUCEHb, Mepexoasyunm B 030H, 36epirae >»XWUTTA BiAd naryo6Hoi Aii
yNbTPadioNeToBoro BUMpomiHOBaHHA. O30H | MepeKnUc BOAHIO — Le
MPOAYKTW XUTTA Ha 3eMi;

- a30THa (PYHKLISA, 3aBAAKM AKiM BiNIbHUIA a30T YTBOPHETHLCS XKMUBOKD
PEUYOBMHOIO IPYHTY OKeaHy;

- BYrneBoAHeBa (PYHKLisA, NMpW AKiid 6I0reHHi ra3m — BYrneBoaHi, Lo
YTBOPIOKOTLCA B COHSIYHI AHI B MOBITPI XBOWHWX JIiCiB, 3MEHLUYIOTb
TensoBe BUMPOMIHIOBAHHA HALLOT MaHETU | OXOPOHAKTL POCANHU Bif
HIYHOro Tena0BUNPOMIHIOBAHHS;

- BOAHa (hyHKLif, AKa 3abesrneyye 6IOreHHWn Kpyroobir Boau B
6iocthepi XKMBOKO PeyoBMHOKD. Hanpuknag, poc/IMHN BUCMOKTYHOTb BOAY 3
[PYHTY | NIATPYHTA, YAM 3HMXKYIOTb PiBEHb IPYHTOBUX BOJ,

- cipyaHoBoAHeBa abo cynbdifgHa PYHKLIA, AKa CKNagaeTbCs 3 ABOX
CTafif: y NepeTBOPEHHI OpraHivyHOT CIPKN TBapuMHamMKn i 6akTepiasMu Ha
KIHLEBWA MPOAYKT — CIPpKOBOAEHb | BiJHOBMEHHA MiHepa/bHOT CipKu
bakTepigsMM B CIpKOBOAEeHb. Hanpuknafd, y MPUCYTHOCTI OpraHiyHoi
PEYOBMHM | NPY HEAONIKY KUCHIO cucTeMa Cybatu-Cyibigmn 3a yHacTHo
MIKPOOpPraHi3MiB pPi3K0 3pYLUYETLCA Y OiK YTBOPEHHSA CYNbgifiB

Na,SO,+ 2C - Na,S + 2CO,1.

[Mig Aieto  BYreKMUCNOTW  CIPYUCTI MEeTann Po3KnafjarTbCd 3
YTBOPEHHAM B6iKapboHaTIB | KapboHarTiB

Na,S + H2C03 — N&2C03+ H,S1.

CipKOBOAEHb, L0 YTBOPHETLCH, inae A0 aTMocepun iy Burnsgi
onafiB BMMNafae Ha 3eM/t0, BUKIUKaUM NpoLecn fecynbdaTayii rpyHTIB
(conoH4Yaku, Topdy'saHi 6010Ta, 3aCTOSAHI BOAOVMULLA).

KoHUeHTpauinHi - goyHKUIT BUSABNAKOTLCA B 30aTHOCTI  YKMBUX
opraHi3aMiB HakonuuyeaTh XiMIYHI efleMeHTU. Y CKnadl TBapUHHUX |
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POC/MIMHHNX TKaHWH 3HaXOAUTbLCA BENMKA KifIbKICTb XIMIYHUX e/IEMEHTIB,
L0 BMOIPKOBO MOTIMHAKOTLCSA XXMBOK PEYOBUHOK. BCi KOHLEHTpaLiviHI
(OYHKLIT >XMBOT PEYOBMHW MOXHA PO3AINNTL Ha [ABi BENUKI TPynu:
KOHLIEHTpaLiHi PYHKLUIT | poaly | KOHUEeHTpauiHi pyHKUiT 1 poay.

dyHKUIT | poay nonarawTb Yy 34aTHOCTI XXMBOI PEYOBUHM
3axXO0Mn/loBaTU 3 HABKOMMLWIHBOIO CepefoBulla Ti XiMIYHI efleMeHTH,
CNOMYKN AKUX 3YCTPIYalOTbCA B Tifli BCIX 6€3 BUK/IOYEHHS >KUBUX
opraHiamie. [10 TakMx enemeHTIB, SKi BXOAATb [0 CKnady BCIX YXMBUX
opraHi3mie Hanexatb H, C, N, O, Na, Mg, Al, Si, P, S, Cl, K, Ca, Fe.

dyHKUiT 11 poay 3abe3nevyroTb KOHLEHTPALito MEeBHUX XIMIYHMX
e/IEMEHTIB, AKI MOXYTb B IHLUMX XXNBUX OpraHiaMax He 3ycTpivaTnca abo
3HaX04MTUCA B HU3bKNX Mexxax. OpraHi3Mu, siKi BUBIPKOBO HaKOMUYYHOTb
OANH abo pAekifibka XIMIYHUX efleMeHTIB, Has3nBalTb OpraHiamamu-
KOHUeHTpaTopamu. [0 Hanbinblwl BigOMUX OpraHi3MiB-KOHLIEHTPATOpIB
BIQHOCATBLCA: KapTOMAsA 1 COHAWHWK, fAKI HaKOMUYykTb Y Be/IMKKX
KINIbKOCTAX Kasi; 6000BI POCNMHW HaKOMWUYYHTb Kasblid; 4Yail —
aJTIIOMIHIN; MOXM — 3a/1i30; paku i MaByKU — Mifb; MOJIIOCKM | Kopann —
Ka/ibLLiiA Ta iH.

OKMCHO-BIAHOBHI PyHKUIT CKNnafjarTbCA 3 [1BOX
B3aEMOMPOTUNEXHUX PYHKLIA — OKUCHEHHS | BiJHOB/EHHS.

OKuMCHa (DYHKLIA BUKOHYETbCA 6aKTepigMn. OKUCHIOKTLCA B14HILWI
KUCHeM cnonyku (y IpyHTI, B KOpi BUBITPIOBaHHA, B rigpocdepi): coni
3a/1i3a i mapraHuto, HiTputu, H,S, N, Ta iH.

BigHOBHa (YHKLIS BUKOHYETbCA creun@iyHUMKn bakTepiamm i
rpnbamun, SAki  00YMOBMIOKOTL  PO3BMTOK  peakuin  gecynbdatauit,
AeHITpUikauil, 3 YTBOPEHHSAM CipKOBOAHIO, OKCUAIB as30Ty, CipuMcTuX
MeTasiiB, MeTaHy, BOAHIO.

BioxiMiuHI oyHKUIT 3HaX0AATLCA He B 30BHILLHLOMY CepefoBULLI, a
ycepeanHi opraHiamiB i HaMTICHILLIMM YMHOM MOB'A3aHI 3 BGIOXIMIYHUMM
npouecamn nobyaoBuM OpraHiamy i cMmepTi. BioXiMiuyHi  OyHKUIT
PO3MOAINAITL Ha ABa BMAM — GioXiMivyHa (yHKUiIA | poay 1 BioxiMivHa
yHKuia 1l poay.

bioximiyHa (yHKUiA | pody NoB'A3aHa 3 XKMBMIEHHAM, OUXaHHAM,
PO3MHOXEHHsAIM OopraHiamis, a 6ioximiyHa (yHKuis Il pody nos'azaHa 3
PYAHYBaHHAM Tif1 XKMBUX OpraHi3mis.

BioreoximiuHi oyHKUIT fieXkaTb B OCHOBI 6i0/10TIYHOIO Kpyroobiry
e/1eMeHTIB i NoB'A3aHi 3 6I0reHHOK Mirpawieto aToMiB LMX e/IeMeHTIB.
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Byb-sKa XX1Ba pevyoBMHa Ma€e CBOI OCHOBHI napameTpu — 6iomacy |
npoayKuito.

bBiomaca >KMBOI pPEYOBMHW — LEe KIifbKICTb XXMBOI PEYOBUHM
(BMpaXkeHe B OANHULAX Macu abo eHeprii), Aka AOBOAUTLCA Ha OAMHULIO
nnoLli a6o o6'emy. Hanpuknag, 6iomaca 6iocthepn cknagae 2,4 - 10 7.

[MpoayKuis >KNBOT PeYOBUHN — Lie Biomaca, BUroTOB/IEHa Ha OANHNLL
naowi 3a oAHy roauHy BuainawTb ABa BUAW NPOAYKLUIT: MEepBUHHA |
BTOPWHHA.

[MepBMHHA MPOAYKLIS >KMBOT PEYOBMHM — Le OGiomaca | eHepris,
BUIOTOB/IEHA NpoAyLeHTaMu (aBToTpon). MNMpoayLeHTU — opraHi3mu, AKi
3 NPOCTUX MiHEPA/IbHUX PEYOBUH B pe3y/bTaTi (DOTOCMHTe3Yy BUPOOIAOTh
opraHiyHi peyoBUHU (POCIUHMN).

BTopuHHA MpoAyKUis >KMBOI PevyoBMHM — Lie 6iomaca i eHepris,
BUroTOB/IeHa BCiMa KOHCyMeHTaMu. KOHCYMeHTW — opraHiamu, ki
XapyytoTbCA OpraHiYyHMMM pPeYOBUHAMK, SAKI CUMHTE3YHOTb aBTOTPOQHI
opraHiamu, 6e3nocepeaHb0 abo 4epe3 IHWI opraHiamu. BoHWM He
PO3KNafarTb OpraHivyHi Pe4oBMHU 40 NPOCTUX MiHEepPa/lbHUX CKad0BUX.

[na O00rpyHTYBaHHS YABMIEHHA PO >KMBY pe4vyoBuHY 3emni
HeoOXiAHO 3HATM Macy >KMBOI PeYOBUHW i MO0 XiMiYHWA cknag. ICHye
HacTyrnHi 6ioreoxiMiyHi 3aKOHOMIPHOCTI BMICTY XIMIYHMX €/1eMeHTIB B
XXWBIN PEYOBVHI:

- XIMIYHWIA €NEMEHTHUI CKNaf BM3HAYaETbCA (DYHKLIIEKD aTOMHOIO
HOMepa XiIMIYHOIO e/IEMEHTY;

- B pAdy €NeMEHTIB 3 MapHUMW HOMepPaMM KOXEH LUOCTWIA HOMep
nicns OKCureHy, a B psay 3 HeMapHMUMM HOMepPaMu, KOXEH LLIOCTUIA Mic/s
[igporeHy MatoTb MigBULLIEHWIA BMICT Y XKMBIA PEYOBUHI;

- YAM Baxkye | pigwe XiMiYHWA eNneMeHT, TUM Hebe3rneyHilniA BiH
A9 )KMBOT PEYOBUHU MPU NiABULLEHHI KOHLEHTpaLT.

[Na KiNbKICHOI XapaKTEPUCTUKM BMICTY XIMIYHUX €/IEMEHTIB Y
XXWBIN PEYOBMHI BUKOPUCTOBYHOTb NOHATTA KNapK i KNapK KOHUEHTpaLil.

Knapk (K) — cepefHiii BMICT (MacoBa 4YacTKa) XiMiYHOIo efieMeHTa
y niTocepi, Ha3BaHa Ha YeCTb aMepMKaHCbKOro reoximika ®. Y. Knapka,
KU 3a po3p06eHNM HUM METOJOM po3paxyBaB CepefiHiid CKNag 3eMHOI
Kopu. Knapku gesakux XiMiYHUX efleMeHTIB Yy niTocepi, rPYHTI HaBeeHO
y Tabnuui 2.1.
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Knapk KoHueHTpauin (Ky) — ue BennymHa, ika YncenibHo [0PiBHIOE
BIHOLLUEHHIO BMICTY e/leMeHTY B MPUPOLHOMY 06’€KTi 4O Oro BMICTY B
NPMPOAHOMY He3abpyAHEHOMY CepefoBULL:

K = e, (2.1)

ne:  C,— BMICT XIMIYHOTO efleMeHTa B MPUPOAHOMY 00’ €EKTI;

Cy — KNapK LbOro eneMeHTa B MPUPOAHOMY He3abpyaHEHOMY
cepeaoBuLLL.

Akwo K,>1 — e cBiaunMTb Npo 36aravyeHHs eneMeHTOM 6i006°eKTY,
a akwo K,<1 — 36ara4yeHHs eneMeHTOM Bif0yBa€ETbCA HEAOCTATHLO.

Tabnmusa 2.1

Knapku geskux XimiyHUX e/leMeHTIB Y fliTocepi, FPyHTI
(3a gaHumu O. I'l. BuHorpagosa)

Ene- Knapk, % Ene- Knapk, % Ene- Knapk, %
MEHT | Nitocepa | I'pyHT |MEHT | Nitocdepa | FpyHT | MEHT | flitoctepa | FpyHT
Ag | 7.10° 10° | Ce | 710% |[510°| Hf 10™ 6-10™

Al 8,05 713 | ClI | 1,7.10% | 10? | Hg 8,310° | 10°
As | 1,710* |510%| Co | 1,810° [810*| In 2510° | 10°

B | 1,210% | 10° | Cr | 8,310° |210%| | 4.10° | 510"
Ba | 6510% |510%| Cs | 3,710* |510%| K 2,5 1,36
Be | 3810* |610*| Cu | 4,710° [210°| Mg 1,87 6-10™
Bi 9107 10° | F | 6,610% [210%| Mn 10" 9-10%

Br | 2,110% |510°| Fe 4,65 38 | Mo 1,1.10* | 2.10*
Ca 3,96 1,37 | Ga | 1,910* |310°| N 1,9.10° | 107

Cd | 1,310° |510°| Ge | 1,410* | 10* | Na 25 6:10*
Ni | 5810° |410°| Se 5.10°° 10° | TI 10 4.10°°
P 9,3-10% |810%| Si 29 33 §] 2510* |510*

Pb | 1,6:10° | 10° | Sn | 2510* | 10° | V 9-10° 10

S | 4710% |910%| Sr | 3,410% |310%| Y 2.10° | 5.10°
Sb 5.10° |210%| Th | 1,310° |6.10*| zn | 8,310° |510°
Sc 10°® 7-10* | Ti 0,45 046 | Zr 1,7-10% | 3.10°
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[Onsa  BM3HAYeHHA OOMIHY OKpPEeMUX efIEMEHTIB MK >XMBOIO
PEYOBMHOK | HABKOMIULWIHIM CepefoBULLEM BUKOPWUCTOBYHOTbH OCHOBHI
NOKa3HUKN >XNBOT PeYOBUHN:

KoeduilieHT  6ionoriyHoro  nornvHaHHsa  (KBIT)  —  MOKasHUK,
NPAMOMPOMNOPLIAHNIA CTYNEHIO [HTEHCUBHOCTI MOr/IMHAHHA XIMIYHOrO
efleMeHTa  KOHKPETHOK  >KMBOK  CMUCTEMOND, WO  BUPAXKAETHCH
CNiBBIAHOLLUEHHSIM:

C

n

ne:  C, — KOHUEHTpaLis XiMIYHOro efleMeHTa B 30/, TOOTO MiHepasbHil
4aCTUHI XXMBOro opraHiamy (Hanpuknag, PoC/nuHi);

C, — KOHLeHTpaLia efemMeHTa y nopoai, rpyHti abo woao gooHoBOro
6i006°eKTY, SKWIA pocTe Yy MICLEBOCTI, BIAOKPEMMEHIN Bif mKepen
3abpYyAHEHHSA 1 aBTOTPAHCMOPTY.

Big BennumHu KBl 3a1eXnUTb IHTEHCUBHICTb BUKOPUCTaHHA 11X
XMBMMK opraHiamamu. TlokasHWK yneplle OyB 3anpornoHOBaHWN |
po3paxoBaHuini b. B. MonuHosum. O. . TepenbMaH y 3aneXHoCTi Bif
BenumHu KBI 3anponoHyBaB XiMiyHi efleMeHTH PO3NOAISIUTY Ha YOTMPK
rpynu :

1. KBIM>10 (moxe popisHioBaTK 100 1 Gifblue) — rpyna efleMeHTIB
eHepriHoro HakonunyeHHs (P, S, CI, Br, 1);

2. KBlN=1+10 — rpyna efnemeHTIB CU/IbHOro HakonuyeHHs (Ca, Na,
Sr, Zn, K, Mg, B, Se);

3. KBlM<1 - rpyna enemeHTiB c/1abKOro HaKoMM4yeHHs 1 cepeHboro
3axBaty (Mn, F, Ba, Ni, Cu, Ga, Co, Pb, Sn, As, Mo, Hg, Ag, Ra);

4. KBI<0,01 — rpyna enemeHTiB cnaébkoro 3axeaty (Si, W, Sh, Cd
Al, Fe, Ti, Zr, U, Rb,V, Cr, Li, Nb, Be, Cs, Ta).

TakoXX BaXIMBUMW € XapakKTepuUCTMKKW, WO BiAOMBaKOTL BMICT
e/fleMeHTIB B 6i006’eKTax 1 MoB’A3aHi i3 3abpyAHEHHAM HABKO/IMLIHbLOIO
cepeaoBuLLa:

Z. — CYMapHWin MOKa3HUK HaKOMWUYEHHS 3abpyAHEHWUX [PYHTIB |
MPUPOAHUX 06’ €KTIB, BU3HAYaIOTb 3a POPMY/IOHD:

Ze= Ko (1) + K (2) + ... + Ke(n) = (n = 1), (2.3)

[le: N — KiNbKIiCTb NMOKa3HUKIB.
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PO3pi3HAOTb BEIMUMHM CYMApPHOrO HAKOMUYEHHA Z_. i CyMapHOro

po3citoBaHHA Z_ (Y UbOMY BUMNafKy 3HavyeHHA Ky 6yayTb 3i 3BOPOTHUM

3HaKOM) efleMeHTiB abo 3abpyAHeHb. 3 Ornaay Ha HUX, YCTaHOB/OKTb
GanaHC BMICTY efIeMEeHTIB Yy CUCTeMi, Yy 3Ha4yHii Mipi 00YMOB/IEHMIA X
MirpauiiHMMu nepepo3noginamu B nopofi abo rpyHTi.

G, - FpagieHT 3MiHVM CyMapHOro BMICTY €leMEHTIB — BEIMYMHA, LLIO
BKA3ye Ha OCHOBHY CMpPAMOBAHICTb 6IOreoXiMiYHOro Kpyroobiry
XIMIYHMX €NeMEHTIB, B 3a/IeXXHOCTI Bifg naHAWafTHO-reoXiMiyHoOro
OTOYEHHS, YNCENbHO [IOPIBHIOE anrebparyHin cymi:

G.= ZCJr + 7, . (2.4)

[Mo3uTnBHMIA rpagieHT G, CBIAYMTL MPO Mepesary MOr/IMHaHHSA,
HeraTMBHUI — MNP0 MepeBary Po3CitoBaHHS, pe3ynbTaT 6/M3bKUIA [0 HYNS
— rapaHT cTabifibHOCTI PiBHA 61010rNYHOI0 HaKOMNUYEHHS.

ICHYIOTb Pi3HI BUAM KNacugikawin XIMIYHUX efIEMEHTIB M0 TX BMICTY
B XKMBIA PEYOBUHI.

1. Knacudpikauis no poni XiMiYHMX enemeHTiB B >KUBI/A PEYOBUHI i
bionoriyHomy Kpyroobiry. EnemeHTM nepiognyHoi cuctemn A. |
MeHfeneeBa, 3a/1eXXHO Bif X PoOsii B XKMBIA PeYOBUHI i GionoriyHomy
KpYrooo6iry, MoXHa po3noginMTi Ha ABi Be/MKI FPynu - OpraHoreHu i
AOMILLIKW,

[10 opraHoreHis BigHOCUTLCA 21 enleMeHT. LLi efleMeHTH Tex MoXKHa
PO3MOAINNTA Ha abCONKOTHI OpraHoreHW 1 cnewianbHi OpPraHOreHw.
ABCOMOTHI OpraHoreHn — Le >XUTTEBO HeOoOXiAHI enemMeHTW, BOHU €
OCHOBOO BCiX 6I0NM0MIYHMX CUCTEM, OCKI/IbKM BXOAATb A0 CKnady OifKiB i
HYK/ETHOBMX KWUCMOT | CKNadatTb OCHOBY XWUTTA Ha 3emni. [lo Takux
enemeHTiB Hanexartb Kap6oH, OkcureH, [igporeH, A3o0T, docdop,
MarHiin, Kanii i Cynbyp. 3aranbHa Cyma LMX €/IEMEHTIB B YXMUBUX
opraHismax cknagae 97,5%.

13 IHWWX enemeHTIB — cneuianbHi OpPraHoreHn — enemMeHTu
Heob6XiAHI 6araTbOM, afie He BCiM opraHiamam. BOHM TakoX HeobxigHi
AN HOPMabHOT XXUTTEAIANBHOCTI AeAKUX XXMBUX opraHismie. 1o Takmnx
enemMeHTiB  Hanexatb KpemHili, Wopg, Hatpiii, Kambuiii, LIMHK,
MapraHeub, ®epym, KobansT, Kynpym, bpom, bop, ®ayop, Xnop.

Bci gomillkm A4insaTte Ha Agi rpynu:
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a) EeKOMOriYyHI AOMIWKMA — Ue XIMIYHI eNleMeHTW, AKi B MpOLeCi
BUBITPIOBAHHA TIPCbKUX Mopig nepexofdtb B po3umHu (Kpim K, N, Li,
RDb), a noTiM 4aCTKOBO CMOXKMBAKTLCA POC/IMHAMMU;

6) abCoNOTHI AOMILLIKM — Le XIMIYHI eNeMeHTU, AKi He nuule He
MOTPIOHI XUBIA PEYOBMHI, afie | He HaKOMUYYKTbLCA B MO0 OpraHismi
(pigKiCHI po3cisiHi enemeHTuM | 6naropogHi rasm — Aprod, KceHoH, HeoH,
[Ceniin, Xnop, SKUIA Y BENMKUX KiNIbKOCTAX TOKCUYHWIA 415 POC/INH).

[OMiHYO4YY YacTUHY >XMBOT PEYOBUHW 3emsi YTBOPKOKHOTL BULLI
POC/IMHU. TOMY MOXKHa CKasaTu, L0 CKMag POCANHHOCTI CyLUi BU3HAYaE
CKnag, BCIET XXMBOT peYOBUHN 3eMni.

[na NopiBHANLHOT OUIHKM BMICTY XIMIYHUX €NeMEHTIB Y >XUBUX
opraHisamax 3acTOCOBYETHCA PO3PaxXyHOK BMICTY Ha abCOMOTHO Cyxy
OpraHiyHy peyvyoBMHY, BUCYLUEHY A0 MOCTIMHOI Macu npu Temneparypi,
102 - 105 °C' Y Takomy cTaHi Kap6oH 3a Macol cknajae Aekinbka
MeHLLE NOIOBUHN. AKLLO CNaUTN CyXy PeyoBUHY, TO ByayTb BUAANEHI 4
ronoBHux enemeHtm — C, N,, H,, 0O, a XiMIYHI €NemMeHTH, SKi
3a/IMWWNNCA, Ha3MBalOTb MiHepa/lbHOK PevyoBUHOK abo 30/10t0. Came y
30111 3'ACOBYHOTb CMiBBIAHOLLEHHSA PELUTH BCIX XIMIYHNX €eMEHTIB.

2. Knacudpikauia 3a isionoriynum KpuTepiem. 3anexHo Bif
KiNIbKICHOrO  BMICTY  XIMIYHUX €NemMeHTiB 1 1X  (pyHKLiOHaNbHOT
3HAYYLLOCTI B >XMBUX OpraHiaMax BWAINATb TPU TPYNN  XIMIYHUX
efieMeHTIB (Tabn. 2.2).

Tabnus 2.2
CepefiHin eneMeHTHWI cKiaa XuBoi pevoBuHK (3a O. . BUHOrpanosum)
Mpyna BmicT, % Bifg Macu XnBoi XIiMiYHI efleMeHTH
PEYOBMHMU
MakpoenemeHTu 10" O, H
10°-10" C.N,Ca
107-10° S,P.K,Si
102-10™ Mg,Fe,Na,CI Al
MikpoenemeHTH 10°-10” Zn,Br,Mn,Cu
10°-10° |,As,B,F,Pb,Ni,V,Cr,Sr
Y nbTpamiKpoeneMeHTH 10°-10" Ag,Ca,Ba,In
10°-10° Au,Pb
10*-10° Hg,|
10**-10™ Ra
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Y OINbLIOCTI BUMAAKIB €1EMEHTU PI3HUX TPYN BUKOHYKOTb Pi3HI
(YyHKUIT. [0 MakKpoenemeHTiB BIAHOCATLCA €1eMEHTM OpraHivyHuX i
HeopraHiyHMUX Ccyo6cTpaTiB XXMBOI PEYOBUHWU; Ui efleMeHTU HeobXiaHi
OpraHiaMam MOCTIMHO W AOCUTb BENUKUX KINbKOCTSAX A5 ICHYBaHHS,
POCTY, PO3BUTKY, PO3MHOXEHHS. IX BMICT cTaHOBUTb Bif 0,001% a0 60%
Macu opraHiamy. MakpoeneMeHT! €, 00pa3HO Kaxyuu, OyaiBenbHUM
mMaTepiasioMm Ans opraHi3mis.

Ana pocnnH ocobnmBo 6i0/IONYHO BOXKIMBUMWN € MIKPOEIEMEHTH!
bop, MapraHeub, MarHin, ®epym, Kynpym, LinHk, Kobanbt, Moni6aeH
Ta IH. MiKpoenemeHTM — 3a3BMYail € KOMMOHEHTaMW T[OPMOHIB,
(PEPMEHTIB i IHLUMX XXUTTEBO BAKMMBUX CMONYK. IX BifACyTHICTb a6o
HecTaya HeraTMBHO MO3HAYAETLCA Ha XUTTEQIANBHOCTI OpraHiamy ax o
/ioro 3arn6eni. Ix opraHismMoBi NOTPIGHO B 3HAYHO MEHLUMX KifIbKOCTAX, a
BMICT Y DKMBili pEUOBMHI 3MiHIOETbCS B Mexax 10° — 107°%.
MikpoeneMeHTI, SK NpPaBuIo, BUKOHYIOTb PO/b KaTanizaTtopiB (BXOAATb
[0 CKnagy (epMeHTIB). Y cknag 6aratbOX BaXKNMBUX (IEPMEHTIB -
Gi0NOriUHMX KaTani3aTopiB - BXOAATb KOMMIEKCoyTBoptotoyi - Cu”*, Co*,
Zn*, Mo**, Mg”. Lle MeTaNBMiLLytOUi (hepMEeHTW - CMOAYKW 3 AydKe
BMCOKOIO CreuudiyHicTio ioHiB MeTaniB. Hanpuknag, Co”* akTusye
6inkoBMiA 0BMIH | peryntoe cknag Kposi opraHiamy. MigbBMiLLyOYi
(hepMeHTV CMPUAIOTL MPOLecaM GiONOriYHOr0 OKUCHEHHS. loHn Fe?*,
Mg™ AK KOMMIeKCOyTBOPIOBaYi, BXOAATb A0 CKMagy HaliBaMBiLLIMX
NPUPOAHUX CMOMYK - FeMOornob6iny i xnopoiny.

BMiCT yAbTpamiKpoenemMeHTiB He mnepesuwye 10° macw Tina.
disionoriyHy ponb TX B OpraHiamMax Lie MOBHICTIO He 3’ACOBaHo.
Y nbTpamMiKpoenieMeHT NMOKK 3a/IMLLAaTbCA 3aragkoro AK 3a X POt B
XUTTEAIANBLHOCTI OpraHi3My, Tak i 3a iX BM/IMBOM Ha eBO/IHOLLII0 Giochepw.

3. Knacudgpikauis 3a 6ioginbHICTI0. Knapk KOHLEHTPALIN Yy YXUBUX
OpraHiamax HasuBaeTbCA 6i0hinbHICTIO. TO6TO, GioQiNbHICTL XIMIYHOIO
eNIEMEHTY — UE Bi[IHOLLIEHHSA KOHLIEHTpAL|iT eNemMeHTY B XWBIiA PEUOBUHI
[0 10ro BMICTY B 3eMHilA Kopi. Bio®ifibHICTb BM3HAYal0Th 3a (hOPMY/IOH:

5 =&, (2.5)
K

€

fe: b — 6ioinbHICTb enemeHTy;
Ce — KOHUEHTpaL,il eNleMeHTY B XKMBIl PEYOBUHI;
Ke — BMICTY LIbOT0 €/1eMeHTY B 3eMHilA KOpi.
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XIMIYHI eniemMeHTH, AKi 060B'A3KOBO MOBWHHI BXOAMTW [0 CKnagy
XXMBOT pPeyoBMHM |1 6e3 HAKMX ICHYBaHHA OpraHisMy HEMOXJ/IMBO,
Ha3nBaloTb GiodhinbHMMK. YacTKoBO 6i0ghiNibHICTL 0Oepe [0 yBaru
3[1aTHICTb YXMBUX OpraHi3MiB MepeBaXkHO 3axOM/oBaTh N akyMy/oBaTu
Nerki MOXWBHI 1 EHEPreTMYHO BaXMBI AN TX KUTTEQIANBHOCTI
enemMeHTN. 3HauYeHHS 6100)i/IbHOCTI AeAKMX XIMIYHUX e/IeMEHTIB HaBeaeHO

y Tabnumui 2.3.
Tabnmus 2.3
BioiNIbHICTb AeAKUX XIMIYHNX €/IEMEHTIB
XiMiyHKWi BmicT XiMi4HOro enemeHty, % BioinbHICTb
eflIeMeHT 3eMHa Kopa XWNBa PEYOBNHA

C 23107 18 780

N, 1,9-10% 3.10* 158

H, 0,14 10,5 7,5

0, 47 70 1,5

Cl 1,7 - 10° 2.10% 1,18

S 4,7 - 107 5.107 1,06

P 9.10% 7107 0,78

K 2,5 0,3 0,12

Ca 2,96 0,5 0,17
Mg 1,87 0,04 0,02

Cu 41,7 - 103 2.10" 0,04
Mn 110" 1107 0,01

Co 1,8-10° 2.107 0,01

Na 2,5 0,02 0,008

Fe 4,65 0,01 0,002

HaliHmx4y 6ioginbHICTe Mae Pepym. [pn BENMKOMY  BMICTI
OKCUreHy B XWBIA pe4OBUHI 6I0INLHICTL MOro HMU3bKa | CKnagae 1,5. Lle
MOACHIOETbCA TUM, LIO OCHOBHa Maca OKCUreHy BXOAWUTb [0 CKnagy
Boau. [o cknagy 6inKiB, >XupiB, BYrneBoAM 1 OpraHiyHMX KUCIOT
OKcureH BXoAuTb 3HAYHO MeHLLe. Bucoka 6ioginibHICTb KapboHy i A30Ty
MOACHIOETLCA TWM, LWIO BOHW BW3HAYalOTb MO Maci cknag OIifKiB.,
HYK/IETHOBMX KMUCNOT, XXWUPIB | BYrneBop4is.

MiXX XXMBUMW Ta HEXXMBUMU TiflaMu ICHYE TICHUIA 3B'A30K. Pe4OBMHM
HEXXMBOI0 | XXMBOI0 NMOXOMKEHHA CKNafatTbCA 3 TUX camMuX XiMIYHUX
enemeHTiB (Tabn. 2.4) i MK HAMW [iIOTb OAHAKOBI CUAWM XIMIYHOI
B3aEMOAIT: KOBa/IeHTHI, I0HHI, BOAHEBI, MIXXMOJIEKY/IAPHI Ta iH.
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Tabnuus 2.4

CepefHih BMICT XiMIYHMX eIeMEHTIB Y 3eMHii1 KOpi, I'pyHTaXx,
MOPCbKIil BOAI, pocnnHax, TBapunHax, % (3a O. . BuHorpagosumm)

En-1 | 3emHa Kopa [PYHT Mopcbka Boga | PocivHm TBapuHN

o) 49 4 49,0 85,82 70 62,4

Fe 5,0 3,8 5.10° 0,02 0,01

C 0,01 2,0 0,02 18 21
Ca 3,5 1,37 0,04 0,3 1,9

K 2,5 1,36 0,038 0,3 0,27
Na 2,6 0,63 1,06 0,02 0,1
Mg 2,0 0,60 0,14 0,07 0,03

N 0,02 0,1 1-10° 0,3 3,1

Y 0,15 — 10,72 10 9,7

P 0,08 0,08 5.10° 0,07 0,95

S 0,05 0,05 0,09 0,05 0,16
Mn 0,09 0,085 4.107 1-10° 1-10°
Cl 0,048 0,01 1,89 10 0,08
Zn 5.10° 5.10° 5.10° 3.10" 1-10°
Cu 1-10° 2.10° 2.10° 2.10" 1-10"
Co 4-10° 1-10° 1-107 2-10° | 1.10°1.10°

| 3.10° 5.10" 1-10° 1-10° | 1-10°-1-10"
Mo 1,5-10% 3.10" 1-10” 2.10° 1-10°

B>xe Ha npu KiHUi XVIII CTONITTA CTafio ACHO, WO Y CKAagi >XMBUX
OpraHi3miB nepeBaXkat0Tb XiMiUHI eleMEHTU, AKI YTBOPIOKOTb Ha NMOBEPXHI
3eMni napu I rasun: KUCeHb, BYIeLb, BOAEHb, a30T. [iiCHO, BCi OpraHiamu
B OCHOBHOMY CK/aflatoTbCs 3 BOAW | OpPraHiuHOi peyoBmMHK. B TOM Xe yac
B Oydb-AKOMY OpraHiami 000B'I3KOBO MPUCYTHA [efKa Ki/IbKiCTb
XIMIYHMX  efleMeHTiB, fKi Npu TMOBHOMY pPYWHYBaHHI OpraHiamy
(BnnapoByBaHHI BOAW i 3ropsiHHI OpraHivyHOT PevyoBMHW 40 BYT/NEKWUC/IOro
rasy) yTBOPHOOTb MiHEpPa/IbHUIA 3a/1MLWOK (3071Y). MOYaTKOBUM MKEPENOM
MiHepa/lbHMX PEYOBUH € 3eMHa Kopa.

HeoOXiAHO BpaxoBYBaTW, LWO KIapKW enemMeHTiB ANa  KUBOI
PEUYOBUHW PI3KO BiAPI3HAKTLCA Bif BE/IMUMH, BCTAHOBMEHUX AN 3eMHOT
KOpW.

ICHYIOTb NMeBHi 3aKOHOMIPHOCTI B PO3MO0AiNI XIMIYHUX €EeMEHTIB Y
3eMHI Kopi. EnemMeHT 3 napHMMy MOPAAKOBUMU HOMEpPaMu i YIiTKOH
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aTOMHOK) Macol MepeBaXalTb Y 3eMHIn  Kopi. LA  3a/1eXHICTb
BU3Ha4aeTbCca npasunom Oppgo-lapkiHca: 3 [ABOX CYCIAHIX efleMeHTIB
nepioAnYHOT CUCTEMM BMICT B 3eMHIi KOPI MapHOro 3aBX/u OiNbLLWNA.

[MpaBuiom ®PepcmaHa BCTaHOB/EHA 3aKOHOMIPHICTb MOLUMPEHHS
XIMIYHNX eNleMeHTIB: «3a MipOK 3pPOCTaHHA aTOMHOT Macu i MOpPsAAKOBOro
HOMepa, | YCKNaAHeHHsi OyaoBM aTOMHOrO sapa Knapku XiMidyHUX
e/IEMEHTIB 3HVKYHOTHCA».

3a BMICTOM B 3eMHiii KOPi XIMIYHI efnemMeHTW po3noginate Ha 4
rpynu:

1 rpyna — ue niToginbHi enemeHtn: Si, Ti, S, P, F, Cl, Al, Na, K,
Mg Ta iH. IX BCbOro 54 efnieMeHTW. BOHW Bifpi3HAIOTLCA CMOPiAHEHICTIO
A0 OkcureHy 1 B ymoBax 6iocepy YTBOPHOKOTL MiHepann, AKi
3HAXOAATLCA Y BUMNALI OKCUAIB, MAPOKCUAIB, COMEN KUCHEBUX KMCIOT.

2 rpyna — XanbkogineHi enemeHtn: Cu, Pb, Zn, Cd, Ag, Mn, Fe Ta
IH. LI enemMeHTN CXWUnbHI AaBaTu CNOJYKKM 3 CIPKOLO.

3 rpyna — cuaepoinbHi enemeHTu: Fe, Ni, Co, P, C, P, Mo, Au, Sn.
BOHW pO3UNHAIOTLCA B 3a/1i3HMX po3nniaBax I 4aloTb CMONYKW | CMIasu 3
3a/1i30M.

4 rpyna — atmopinm: H, N, C, O, He, Ar, Cl Ta iH. Lii enemeHTH
BXOAATb B 3eMHY aTMocepy.

BuaineHo ocobnmey rpyny enemeHTis — 6ioginn: C, H, O, P, N, S,
Cl, I; y meHwii mipi - B, Ca, Mg, K, Na, Mn, V, Fe, Cu. Lii enemeHTH
BXOOATb [0 CKMaAy XXMBUX OpraHi3MiB y 3eMHIii1 KOpi.

NMTaHHA 4Na CaMOKOHTPO/I

1. LLlo Take »unBa pevoBnHa? BusHauTe i posib Ha 3emii.

2. Ha3BiTb ronoBHI 0CO6/MBOCTI XKNBOT PEYOBUHM.

3. Ha3BiTb OCHOBHI 6ioreoXimivHi QyHKLIT XXUBOT peyoBuHU. [JaiTe
IX KpaTKy XapaKTepUCTUKY.

4. [aiiTe XapaKTePUCTUKY OCHOBHUX NapaMeTpiB XKMBOT PEHOBUHMN.

5. Ha3BiTb 6i0oreoximiyHi - 3aKOHOMIPHOCTI  BMICTY  XIMIYHUX
e/IEMEHTIB Y YKMBIlA PEYOBUHI.

6. AKi KINbKICHI XapaKTepuUCTUKM BMICTY XIMIYHUX €/IeMEHTIB B
XMBI pevyoBUHI By MoxkeTe Ha3BaTu? OxapaKTepusyiTe KOXKEH 3 HUX.

7. [ailTe BU3HAYeHHS ICHYKOUMM BuaaM Krnacugikauin XiMivyHMX
e/IEMEHTIB M0 TX BMICTY B XXMBilA PEHOBUHI.
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8. AKWNiA 3B’30K ICHYE MK XXMBUMMW | HEXXUBUMMW TiNaMu Ha 3emni?

9. Ha3BiTb OCHOBHI 3aKOHOMIPHOCTI PO3MoAiNny XiMIYHUX e/IeMeHTIB
B 3eMHilA Kopi.

10. Ha cKinibKu rpyn po3nodififgoTb XiMIYHI eN1eMeHTH 3a BMICTOM Y
3eMHII Kopi. [lanTe KpaTKy XapakTepuCTUKY KOXHIN 3 HUX.

2.2 3MICTOBHUI Moy b No2
Biocthepa K npupoaHa cmctema B 6ioreoximii

[MOHATTA cucTemMa Oyn0 3arnpornoHOBaHO aBCTPIACLKUM 6i010rom
Jlioggirom  oH  beptanaHdi. Cucrtema — Ue  CYKYMHICTb
B3aEMOIMOB'A3aHNX €NeMeHTIB (KOMMOHEHTIB). 3a/ieXXHO Bif KiNbKOCTI
enemMeHTIB (KOMMOHEHTIB), WO BXOAATb B CUCTEMY, 3B'A3KM MDX HUMU
MOXYTb OYTW NPOCTI | CKNagHi, Npsimi i 3BOPOTHI.

Hali6inbll opraHizoBaHO cucTeMolo € 6iocepa. biocepa — ue
BiAKpWTa, CKMagHa, 6araTtOKOMMOHEHTHa, CaMOperynboBaHa CuUCTema
YXMBOT PEYOBUHW | MIHEPASIbBHUX CMOJMYK, AKa YTBOPHE 30BHILUHIO
000/10HKY cucTemn. biocepa — Ue uYacTMHa nNaHeTW, B SKiW
BiAOyBa€ETbCA >XUTTA. [0N0BHA BMacTMBICTL 6iocdepn AK MNPUMPOAHOT
CUCTEMU — Ue BWHWKHEHHA >XMBOT PEYOBUHW | NIATPUMKA YMOB Ti

ICHYBaHHS.
OO6nacTi  pO3MOBCIOMKEHHA  >XMBOT  PEYOBUHW Yy  Biocdepi
0OMEeXYHTbCA M'ATbMa nNapameTpamMn | € HeobXigHUMK  ymOBamK

ICHYBaHHS »K1BOI peyoBuHN B Biocdepi:

- NeBHa KiNbKicTb CO5 1 Oy;

- HaABHICTb BOAW B pifaKiil dhasi;

- TEPMIYHWIA PEXUM;

- HAABHICTb e/IeEMeHTIB MiHepasIbHOI0 XXNB/EHHS;

- COMIOHICTb NPUPOAHUX BOA,.

Mexi 6iocepn BU3HAYaOTLCA 30HaMK, NPUAATHUMU A1 OCBOEHHS
XXMBOK PeyoBNHOID. CyyacHi AOCNIIKEHHS MOKAa3yHTh, L0 BEPXHA MexXa
PO3MOBCIOKEHHA YXMBMX OpraHi3MiB BM3HAYaETbLCA 3ryO6HON  [i€to
pagiauii. Mexi 6iocthepyn  BM3HAYAKOTLCH  UMHHWKAMKM  3eMHOr0
cepefoBuLLIa, SKI POGMATb HEMOX/MBUM ICHYBaHHS YXUBUX OpPraHi3MiB.
BepxHA mexa npoxoguTtb Ha BUCOTI 20 KM Bif MOBEPXHi MiaHeTH i
obMexxeHa LapoM O030HY, SKWIA  3aTpUMyE 3ryoHy AN1d  KUTTA
KOPOTKOXBW/IbOBY ~ 4aCTMHY  YyNbTpadioneToBoro  BUNPOMIHIOBAHHSA
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CoHud. TakMM YMHOM XKMBI OpraHi3Myu MOXYTb iCHYBaTK B Tponocdepi, i
HWKHIX LWapax cTparocgepn. Y rigpocdepi 3eMHOT Kopu opraHismu
NPOHMKAKTb Ha rNnbuHy CBITOBOro okeaHy o 10 — 11 kM. Y nitocdepi
XUTTA 3yCTpivaeTbcqd Ha rmbuHi 3,5 — 7,5 KM, WO 06yMOB/EHE
TemnepaTyporo 3eMHUX Hafdp | piBHEM MPOHUKHEHHA BOAW Y piAKoMmy
CTaHi.

[MoHag yce 3acenieHa NMoBepxHs CyLUi | OKeaHy. BennumHa 6iomacu
[N BCi€l MnaHeTyn ouiHoeTbes B 3 - 10™ T, npu LuboMy noHag 95% uiei
BE/IMYMHN BISHOCUTLCA A0 pocivH i MeHW 5% pfo tBapuH. OCHOBHY
yaCTUHY 6ioMacu pPoOC/IWH CKMajalTb [epeBa, TOMY M/iaHeTapHa
Be/IMuMHa 6ioMacu 3HAYHOK MIPOK BM3HAYAETLCA PO3MOBCHOMKEHHAM
NiCiB HA KOHTUHEHTAX.

CTpykTypa 6ioctepn HeoAHopigHa 1 MO3alyHa. Y BUEHHI Mpo
CTPYKTYpPY 6iocthepn BUKOPUCTOBYIOTb MOHATTA «MPUPOLHNIA KOMIEKC»
(migposain, nigcmuctema 6iocdepn). Po3pi3HAOTL BIAAIAM NPUPOLHMX
KOMM/EeKciB 6iocdepn: Ha3emHi, BOAHI, NbOAOBI, 3MIHHOIO PeXumy 3
CUCTeMaTUYHOIO | NepioANYHOK 3MIHOK APYCHOT CTPYKTYPW.

OpraHi3oBaHicTb 6iocepyn nonsrae B TOMy, WO BCA 6Giocgepa
OXOM/IETLCA TpoOrnoceporo, rigpocdeporo, NIiTocepord i XKUBOKO
peyoBnHOK. Lli 4yacTMHM 1T B3aEMOAiOTb MK COO0H 3 YTBOPEHHAM
eanHoro uinoro (puc. 2.1). OpraHizoBaHiCTb 6iocepn mMae Ha yBasi
€OHICTb, PIBHOLIHHICTb i 3B’A30K Ti YaCTUH,

biochepa BKIKOYAE TPWU OCHOBHI KOMMOHEHTM: XMBa PEYOBUHA,
bioreHHa peyoBuHa (opraHo-miHepasibHi i opraHiyHi NPOAYKTWN, CTBOPEHI
YKMBOK PEYOBMHOK — Le Kam'sHe BYrinng, 6itym, roptodi rasm, Hadra,
TOop®, canponenb, ficoBa MNIACTUKA, Tymyc), O6IiOKOCHa peyoBMHA
(MiHepanbHi PEYOBUHW B3aEMOIT XXMBMX OpraHi3mis, Ki YyTBOPHOKOTLCS B
pe3ynbTaTi 4iT 3 HEXXMBOK NPUPOLAOHD).

["0n10BHI CKNagosi 6iocepwu:

- B6iomMaca XXMBOi POC/MIMHHOCTI, fKa 3[aTHa LWIAXOM (DOTOCUHTE3Y i
3POCTaHHA OpraHiamy (IKCyBaTu i NMepeTBOPIOBaT KOCMIYHY eHeprito B
XIMIYHY MOTeHUINAY | 36epirat i y BUrNA4l opraHiyHUX Cnosyk;

- 'PYHTOBWI MOKPOB, LU0 3a6e3neyvye iCHyBaHHS POC/INH: ICHYBaHHS
KOpeHeBOT CWUCTeMW, BOJHE, BYI/IEKUCNOTHe, a30THe, MiHepaibHe
XXVUB/IEHHSA, TEMMNO0BUIA PEXMUM, HaKOMWYeHHS 3anaciB eHeprii y BUrnsai

rymycy,
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BIOCDEPA

JR11Ba pevoBIHHA

Tponocdepa [ 'iapocdepa
Jhitocdepa

Puc. 2.1. OpraHi3oBaHicTb 6iocepu

- 6iomaca TUX oOpraHiamiB, fAKI >XXWBYTb Ha [PYHTI 1 Yy [PYHTI
KOHCYMEHTIB 1 peayueHTiB (TBapuH, MNPOCTUX MIKPOOPraHi3miB), AKi
CNOXXMBaOTh (hiTOMacy i 40BOAATH Ti 40 MOBHOI MiHepani3sauii;

- rigpocepa;

- aTMocepa;

- niTocepa (06010HKa BIOreHHNX 0Caf0UYHUX Mopin).

KoMnoHeHTH 6iocdepn MatoTb NEBHMIA XiMIYHWIA cknad. CepeaHii
XiMIYHWIA cKnaf KOMMNOHEHTIB 6iocdepn HaBedeHo y Tabnuui 2.5.

Y npupofi BiibyBaeTbCSA MOCTIMHUIA PYX | NepecyBaHHA XiMiYHMX
enemMeHTIB. [lepemilleHHA XIMIYHMX €/IEMEHTIB B HaBKOMMLLHbOMY
cepefoBMLi Ha3MBarTb Mirpauieto. Mirpayisd XiMiYHUX €NeMeHTIB €
Oe3rnepepBHOD i1 OXON/OE BCHO  Oiocdepy. 3akoH  Mirpauii,
cthopmynboBaHuin B. |. BepHagacbkum ctBepmkye: «Mirpauis XiMibYHNX
eneMeHTIiB Yy 6Giocdepi BigbyBaeTbCA MNPM OCOBMCTI y4yacTi >KMBOI
peyoBMHM (BioreHHa wmirpauis) abo > BigbyBaETbLCA B 0OCTAHOBLI,
reoximivyHi ocobnmeocTti fAkoi (HasBHICTb O,, H,, CO,) 06ymoB/eHi
YXMBOI PEUYOBUHOKO — AK TIEK, L0 Tenep iCHye Ha 3emni, Tak i Tieto, WO
BUHMK/A MPOTATOM MUHY/IUX TEOJTOTIYHNX EnoX».

Buainatotbe TMNK Mirpawii XiMmiyHUX eNieMeHTIB: MeXaHiuHy, (i3nkKo-
XiMiIYHY, GIOreHHY | TEXHOTEHHY.

MexaHiyHa Mirpayisi nosidrae B NepeHeceHHi XiMiyHUX efieMeHTIB Y
cKnagi MiHepasiB ripcbKuUx Mopifg, opraHivyHMX 3aMLLKIB 6e3 iX XiMIYHOT
3MiHW. Lle 3HOC MiHepasniB Mo cxunax rip, NepeHeceHHs X TeKy4Ynmu
BOJaMu Y BUINAAI CYCMNeH3id, COMbOBUX MOTOKIB i T. A. MNOKa3HWKOM
MeXaHi4HoT mirpauii (P,,) € piuyHa BUTpaTa 3BaXXeHUX YaCTUHOK B PO3UMHI
piuky (T/kM®) mnowwi 6aceiiHy. P, 3an1eXuTb Bif KniMaTy, reonoriyHoi
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Oya0BKN MiCLEBOCTI | penbedy. MoKasHUK MexXaHIYHOK MirpaLisi Be/IMKUA
ana Si, Ni, Zr, Hf i manuin gna Co, Mg, ClI, Na.

Tabnnus 2.5
CepefiHin XiMiYHWIA cKnad KOMMOHEHTIB 6iocdepun %
EnemeHT JliTocthepa [PYHT 30na pocnunH

Li 107 107 10°
Be 10™ 10* 10™
B 107 10° 107
F 10° 10° 107
Na 2,5 0,63 2,0
Mg 1,87 0,63 7,0
Al 8,05 7,13 1,4
Si 29,5 33.0 15,0
P 107 10™ 7,0
S 10° 10° 5,0
Cl 10° 10° 10°
K 2,5 1,36 3,0
Ca 2,96 1,37 3,0
Ti 0,45 0,46 0,1

Vv 10° 107 6107
Cr 10° 10° 107
Mn 107 10 10
Fe 4,65 3,8 1,0
Co 10° 10° 10°
Ni 10° 10° 10°
Cu 107 10° 107

di3nKo-ximiyHa mirpauisa nonsarae B nepemilleHHI, nepeposnogini
XIMIYHMX €NeMeHTIB Yy 3eMHiil Kopi i Ha 11 noBepxHi. Pi3nKo-xiMiyHa
Mirpauis cknagaeTbCs 3 BOAHOT | NMOBITPAHOI Mirpauii. BogHa mirpadis
XIMIYHUX e/IEMeHTIB Bi0YBaETLCA B PO3UMHEHOMY BUTNIALI, ane B PI3HUX
CTaHax — Y BUrNadi AiMCHUX PO34MHIB, KOMOTAIB, IOHHNX PO34MHIB. Boaw
PiYOK, 03ep, MOpIiB, OKeaHiB, a TaKOX [PYHTOBI | aTMociepHi BoAawu
3aBXAN MICTATb XIMIYHI €/leMEHTN B PO3YMHEHOMY CTaHi, I Li PO3UYnHU
3HaX0AATbCSA B MOCTIMHOMY pycCi. Y MPUPOAHMX BOAAx 3yCTPivakTbCH
MPakTMYHO BCI XIMIYHI efiemMeHTW, asie nepeBaxaroTb Tpu aHioHW CI,
SO,~, HCO;, Na', Mg®, Ca*, K'. [MosiTpaHa Mirpauia — ue
nepeHeceHHs rasis, By/IKaHIYHWX nomnesis, Ny, aepo3ois NoBITPAHUMN
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NOTOKaMU XiMiYHUX €NEeMEHTIB 3 BOJIOrOK COMEN BITPOM 3 MOBEPXHI
BOJOWM Ha CyLuy.

BioreHHa mirpauis nonsarae B y4acTi XiMIYHUX eNeMEHTIB y MasioMy
6iofioriyHoOMy Kpyroooiry.

TexHoreHHa mirpauia — uUe nepemilleHHA XIMIYHUX €NeMeHTIB Yy
Oyab-AKOMYy — BUrnagl  3a  pe3ynbraTtoM  OiSNbHOCTI  NHOAWHWU
(nepekayyBaHHA BOAWN, Ha(TK, rasis, TPAHCMOPTYBAHHA BYTiNAa, HaTw,
PYAW, AEPEBUHN Ta iH.).

IHTEHCMBHICTb | HANPsAM Mirpauil XiMiYHMUX eIEMEeHTIB 3anexaTb Bif
BHYTPILLUHIX | 30BHILUHIX YAHHUKIB.

[10 BHYTPILIHIX YAHHWNKIB BiHOCATLCA:

a) hopma nepebyBaHHSA enemMeHTa i Moro XimiuHi BNacTUBOCTI. ICHYE
Taka 3aKOHOMIPHICTb: KMCHEBI CMOSlyKM MeTaniB Ha 3eMHiA MOBEPXHI
CTINKILLI, HDK Hanpukniag, cynbMian;

6) po6otamm O. €. depcmaHa BCTAHOB/EHO, WO AaNbHICTb Mirpauil
3pocTae 3i 36iNbLIeHHsAM pafiyca ioHa XIMIYHOro enemeHTa. [anbHIiCTb
Mirpaui’l ioHa BW3HA4Ya€ETbCA (PAKTOPOM  OT0  €/IEKTPOCTATUYHUX
BfIACTMBOCTEN | HAa3MBAETLCS IOHHWIA NoTeHUianom KapTtnemka

NK, =—, (2.6)

ne: TK; - ioHHMI noTeHuian Kaptnemxa;
W, — B/IEHTHICTb I0Ha;

(o]

Ri — paaiyc ioHa, A.

BenmunHy ioOHHMUX MOKa3HWKIB, ab0 KapT/ien nofdinaoTb yCi XiMiyHi
eNeMeHTN Ha 3 TPynu:

| rpyna: MK; <3. KaTioHn nerko nepexofdatb 4O MPUPOAHUX BOL,
KOMMEKCHI I0HWN He YTBOPHOKTLCS;

Il rpyna: TMK;=3-12. YTBOPIOOTb KOMMEKCHI 10HM | MOraHo
PO34YMHHI Tigponi3oBaHi CronyKu;

[l rpyna: [MK>12. YTBOpOWOTb [06pe PO3UMHHI aHIOHMW,
Hanpuknag, COs” | KOMNIEKCHI OKCUTEHOBMICHI iOHMU.

B) eHepreTnyHi KoeiuieHTU And KaTiOHHOT (EKiariona) M @HIOHHOI
(EKaniona) (OPM Mirpauiii
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W2

EKKaTiOHy 25[0’75(& +O’2)]’ (27)
W 2
EKaHiOHy = E (2.8)

EHepreTnyHi koediuieHT (EK;) BCTaHOBNHOKOTHL MOCNIAOBHICTb
KpucTanisauii miHepaniB 3 PO34MHIB | pPO3n/aBiB i 00YMOB/EHI eHEPrieErD
IX KPpUCTaNIIYHUX PeLWTOK. oHN 3 BeNUKNM 3HaveHHAM EK; BunagatoTh 3
PO3YMHIB paHilLe, TOMY BOHM MEHLL PyXOMi i MalOTb Cnabky mirpauito.
loHn x 3manum EK; (Na, K, Rb, Cs, Li) Bo/iofjitoTb NIETKOK PO3UMHHICTIO
| BUCOKOI MirpauiiHOH 3[aTHICTHO.

[10 30BHILLUHMX YNHHUMKIB Mirpauii BigHOCATLCA:

- TemnepatypHui pexum. BigmiyeHo, WO 3 MigBULLEHHAM
Temnepatypu 30iMbLUYETbCA MirpauiiHa 34aTHICTb  €/1eMeHTIB,  SKi
3HAX0AATLCA Y PO34YMHaX | po3nsiaBax;

- TUCK B mexax 6iocepyn i rpyHTIB TUCK BE/IMKOrO BMJIMBY He
Hala€, OCKINIbKM 3Ha4YHOT 3MiHW MO0 He CNOCTePIraeThbes;

- KWCNOTHO-OCHOBHi YMOBU cepefoBsula. KoHueHTpauis ioHis H*
CTaHOBWTb 3HAYHMIA BM/IMB Ha BOAHY Mirpauito enemeHTiB (Tabn. 2.6).
Hanpuknag, ans ioHa Fe®* mirpavis nounHaetbcs npy pH=5,5, a Ans ioHa
Zn** mirpais nounHaetbes npu pH=7,0.

Tabnuus 2.6

3HauyeHHs pH noyaTKy ocagpKeHHS rigpoKCHAIB AeAKNX eNNeMEHTIB 3
po36aB/IeHNX PO3YNHIB

En-t pH En-T pH En-T pH En-T pH
zr* 2,0 Al 4.1 Cd* 6,7 Hg** 7,3
Sn** 3,0 Ut 4,2 Ni®* 6,7 ce™ 7,4
ce" 2,7 cr’? 53 Co™* 6,8 La®* 8,4
Fe** 2,48 cu® 5,3 Y3 6,8 Ag’ 9,0
Hg" 3,0 Fe?* 5,5 Sm** 6,8 Mn?* 9,0
In®* 3,4 Be”* 5,7 Zn** 7,0 Mg** 10,5
Th* 3,5 Pb** 6,0 Nd** 7,0

- OKMCHO-BIHOBHI yMOBW. [10 HalBaXKNMBILLUMX OKUCHUKIB Y
npupogi Hanexatb O, Fe**, Mn*, a mo BigHOBHWKIB — S*, Fe**, H,.
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Hanpuknag, BiAHOBHa 06CTaHOBKa (MPUCYTHICTb CIPpKOBOAHIO H,S)
CYMNPOBOAKYETLCA IHTEHCUBHOKO Mirpadieto cnonyk Fe, Mn, Co, Ni, Cu.

IHTEHCMBHICTL  Mirpauii  0bymoBneHa LUBMAKICTIO  nepexoay
PYXOMWIA CTaH OHOr0 rpama PevyoBMHUN NEBHOIO eN1EMEHTY

P :BidB/dt, (2.9)

X

ne: Py - IHTEHCUBHICTb Mirpauit;

By — UMC/I0 aTOMIB €NleMeHTY, AKi Nepenin y pyxoMuin ctaH. Yum
6ifbLla BennynHa By, TUM MeHLa iIHTEHCUBHICTb Mirpauit;

dB/dt — uncno atoMiB eNemMeHTy, SKi NepPenLLn y pyxomnin ctTaH 3a
rofIvHy.

MirpauiinHa 30aTHICTb XIMIYHUX €NIEMEHTIB PO3PI3HAETLCA AYXKe
3HayHo. Knacudikauisa XiMiYHUX eneMeHTIB 3a iX Mirpauieto po3rnsHyTo
y Tabnuui 2.7.

Tabnuus 2.7

Knacudikauia XimiyHUX e/leMeHTIB 3a X Mirpaujieto
MOBITPAHI MITPAHTI
AKTVBHI (YTBOPIOKOTb XiMiUHI CMONYKN) [MacuBHI (He yTBOPOKOTH XiMIYHI
CMNOJYKMN)
O,H,C,N,I Ar, He, Ne, Kr, Xe, Rn
BOAHI MUITPAHTW
KaTioreuHi | AHIOHOTeHHi
Lyxe pyxomi
Ca, Na, Mg, Sr, Ra | Cl,Br,S,F, B
Cnabo pyxomi
K, Ba, Rb, Li,Be,Cs, T Si, P, Ge, Sn, Sb, As
Pyxomi i cnabopyXxomi B OKUCHI 06CTaHOBLLI Ta iIHEPTHI B Cip4aHOBOAHEBOMY
cepefoBULL, OCIAat0Tb Ha MY)XKHUX Gap’epax, MirpytoTb B OKUCHIA 06CTaHOBLI
Zn, Cu, Ni, Pb, Cd | Hg, Ag, Bi
Pyxomi i cnabopyxomi B OKUCHIi 06CTaHOBL,i, iIHEPTHI Y BiJHOBHOMY CepefoBMuLLi,
0CifaloTb Ha Cip4aHOBOAHEBUX | refieBMX 6ap’epax
V, Mo, Se, U, Re
Pyxomi i cnabopyxomi y BiJHOBHOMY refieBoMy CepefoBuLL, IHEPTHI B OKUCHOMY i
BIAHOBHOMY Cip4yaHOBOAHEBOMY CepefoBULL
Fe, Mn, Co
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[MpooB>KeHHst Tabn. 2.7
Manopyxnvsi B 6iNbLLIOCTI 06CTaBUNH

Cnabka  wmirpayigs 3 opraHiyHumu | YacTKoBO  MIirpyloTb Yy Ny>XKHOMY
Komnsekcamu. YacTKOBO  MIrpyroTb B | CEpeoBuLLi
CU/IbHO KMCNOMY cepefoBuLi. YacTkoBo
MITPYIOTb Y /TY>KHOMY CepeioBuLL
Ti, Cr, Ce, Nb, Y, La, Ga, Th, Sc, Sm, Gd | Zr, Nb, Ta, W, Hf, Ter, Th, Ho, Eu, Yb,
In, Lu
He yTBOPIOKOTL XiMiYHUX CNONYK (CaMOPOAKOBUIA CTaH)

Os, Pd, Ru, Pt, Au, Rh, Zr

OpfHa 3 HaubinblW CKNagHMX (opm Mmirpadii, sika 00yMOB/EHa
XUTTEQIANbHICTIO XMBUX OpraHiamiB — 6ioreHHa mirpadis. PocimHHI Ta
TBAPUHHI OpraHisMuM YTPUMYKOTb Y CBOIX TKaHWHAX Minbapan TOH
MiHepa/lbHUX pPeyvoBUH. Uum Oifblie 6IOreHHe 3HaYeHHA XIMIYHMX
e/IeMeHTIB, TUM MeHLua X mirpauisa. ToMy efneMeHTM 3 BUCOKOH MipOoH
bioreHHocTi (P, Ca, K, S, C, N) B0o/ofit0Tb MEHLUOK MirpawiinHow
3datHIicTio. Lli enemMeHTU Nnerko BIAKWAAKOTHLCA XXUBMMK OpraHiamamu,
TOMY BOHW | BMHOCATbCA [a/ieKO 3a MeXIi apeasly YTBOPeHHHA, 6epyTb
y4yacTb B npouecax Co/ieHaKOMNYeHHS.

XIMIYHI enemMeHTu, fKi He CTBOPKOKOTL Yy O6ioctepi PO3UMHHMX |
Nnerkopyxommux cnonyk (Hanpuknag, Ti, Zr, Th), He 3BaKawunm Ha 1X
MOMITHY Ki/IbKiCTb B MOPOAAX 3eMHOI KOpW, B OpraHiamMax yTpMmyrTbCA
Nnwe B Ay>XXe ManmxX KifibKOCTAX. OpraHiaMy He NOBTOPHOKOTL LIJIKOM
XIMIYHMIA CKMag cepefoBulla, a akKTMBHO BMOWMparoTb Ti abo  iHLUI
cnonyku. Yacriwe TOM abo IHWWIA BMA OpraHiamiB HakKoMMYye MeBHUN
XIMIYHWIA eneMeHT, TOOTO XIMIYHWIA CKnafl OpraHi3amMiB € XapaKTepHOLo
O3HaKOK A9 MeBHOro BUMMAAY. TakMm YMHOM OPraHiamMyv BUKOHYHOTb
reoximiyHy yHkuito, 6epyTb ydacTb B 6iOreHHiii mirpauii Toro a6o
IHWOro  XiMiYHOro  enemeHTy.  Hanpuknag,  Kanblil  34aBHa
BMKOPWCTOBYBaBCA OpraHiaMamu [Ans YTBOPEHHS CKeneTa Yy BUINAAI
CaCOs;. Lga pyxe ctapogaBHA reoximidyHa yHKUia 6yna xapakTepHa ans
GaraTtbOX HMXK4YMX opradiamie. [lli3Hiwe, nopsag 3 ckenetom 3 CaCoOs,
3ABUNINCA OpraHiaMy i3 CKeNeToM 3 Kas/bli docdaty, aKkuidi 6yno
CTBEPKEHO | BCiMa BULLMMW opraHiamamn. Y 6aratbox APeBHIX HKUNX
OpraHismiB (BK/IKOYHO 4O MOPCHKMX TYOOK) 3yCTPIYAETHCA TAKOX CKenet
I3 cofel KpemHieBOi KMCNOTW. Lle BKasye Ha Harpsam eBOMoLii
opraHismiB. b. b. MonnHos (1933 p.) 064YMCANB YMOBHI OAUHULI Mirpayii
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e/IEMEHTIB LUMSXOM [iNIEHHA BMICTY KOMMOHEHTIB Y TipCbKiii nopofi Ha
MOro KiNbKICTb Y BOfax, WO OMMBatoTh nopoau (tabn. 2.8).

[nsa XapaKTepuCcTUKM IHTEHCUBHOCTI Mirpauil y 6ioreoximii 6yno
BBEEHO MOHATTSA reoxiMiyHi OGap’epu. [eoximiyHi Gap’epn — ue Ti
AINAHKN 3eMHOT KOPWY, Y AKMX Ha KOPOTKMX BIACTaHAX BifOYyBa€ETbCA Pi3Ke
3MEHLUEHHS IHTEHCMBHOCTI Mirpauii XiMiYHUX eNeMEHTIB, | K pe3ynbTar,
IX HAaKOMNYEHHS.,

Cepef, reoximivyHmx 6ap’epis BUAINAIOTH:

a) Makpobap'epy — Ue 30HM 3MillyBaHHSA MNPICHMUX PIYKOBUX |
COJIOHNX MOPCbKMX PIYOK;

6) me306ap’epn — Lie 30HK OONIT, apTe3iaHCbKi 6acenHu;

Tabnnus 2.8
MirpauinHa 30aTHICTb e/IEMEHTIB
Komno- | CepegHili Xim. cknag CepeaHiit XimivyHni MirpauiinHa
HEHTU KpUCTani4yHMX CKNag PO3YMHHUX 3[1aTHICTb
ripcbkux nopig, % PEYOBUH Y BOAAX, AKi (YyMOBHI
OMVBatOTb MPChKI OANHUL)
nopoan, %
SiO, 59,09 12,8 0,2
Al,O5 15,35 0,9 0,02
Fe,0; 7,29 0,4 0,04
Ca”* 3,60 14,7 3,0
Mg~ 2,11 4.9 1,3
Na" 2,97 9,5 2,4
K* 2,57 44 1,25
CI 0,05 6,75 100
SO~ 0,15 11,6 57
CO;” - 36,5 o0

B) MiKpob6ap’epu — 6enornaska, OpTLUTENHWTA IH.

3a TMNom 6ap’epn PO3MOAINAITL Ha MPUPOAHI | TEXHOreHHI, a no
BUTNALY PO3MOAINATL Ha 3 rpynu:

1. mexaHiYHi Gap’epn - AINAHKM PI3KOrO0 3MEHLLEHHA MexaHiYHOl
mirpauit;

2. (isvKo-XiMiyHI Gap'epn - [LiINAHKW, [e PI3KO 3MIHKOKTLCA
Temnepartypa, TUCK, OKUCHO-BIAHOBHI, NY>KHO-KWUCNOTHI Ta iHLWI YMOBW;
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3. bioreoximiuHi Gap’epu. Lo rpyny 6ap’epiB Knacu®ikyroTb MO
HaKOMMWYEHHI0 XIMIYHUX eNeMeHTIB Ha MigBuAW:  KNUCHEBO-OKMCHI,
CipYaHOBO/IHEBO-BIAHOBHI, TeNeBO-BIAHOBHI, /YXXHi, KWUCNi, BWNapHi,
CopOUiiHiI.

[Ang  KINbKICHOT ~ XapaKTePUCTUKM  TreoxXimiyHux  Gap’epis
3aCTOCOBYHOTb HACTYMHI MOKa3HUKMN:

a) rpapieHT 6ap'epy (G) xapakTepu3ye 3MIHY TeoXiMiYHNX
MOKa3HMKIB Y HanpsaMi Mirpaui’ XiMmiyHUX efieMeHTIB

G =dm/dl abo G = m; —my/I, (2.10)

[e: m; — 3Ha4yeHHA reoxiMmiyHOro nokasHmKa go 6ap'epy;

M, — 3HaYEHHS reoXiMi4YHOro NoKasHuKa nicnisa 6ap’epy;

| — wunpwnHa 6ap’epy.

6) KOHTpacTHICTb 6ap’epy (S) xapaKTepu3yeTbCA BiAHOLLEHHAM
BE/INYMHM TEOXIMIYHMX MOKA3HWKIB Yy Hanpami mirpauyii 4o i nicns

bap’epy
S=m;—-m,. (211)

NMnTaHHA 4Na CaMOKOHTPO/I

1. [ainTe BU3HAUYeHHS MOHATTIO «biochepa.

2. flke micue 6iocthepa 3ailmae y MNPUMPOAHIA cucTemi? HasBiTb
OCHOBHI BNacTMBICTb 6iocepmn K NPUPOAHOT CUCTEMMW.

3. HasBiTb HeobXigHi YMOBM ICHYBaHHA >XMBOI PEYOBUHU Y
6iocepi.

4. AKy CTPYKTYpYy Mae 6iocgepa?

5. Ha3BiTb OCHOBHI TUNM Mirpauii XiMiYHUX eneMeHTiB. [JaiTe Tm
KpaTKy XapaKTepucTuKy.

6. HAKMMW  YMHHMKAMM ~ BW3HAYAETbCA  IHTEHCMBHICTL |
Hanpsammirpauii - XimiyHux enemeHTIiB? HasBiTb X | fJailTe KpaTky
XapaKTepucTumKYy.

7. HasBiTb Knacugikayito XiMiYHUX eleMeHTIB MO X Mirpawii.

8. Uum 0bymoB/ieHa 6ioreHHa mirpawis XiMiuHKUX efniemeHTiB? [aite
IT KpaTKy XapakTepUCTUKY.

9. LLlo HasmBaroTb reoxiMmiyHMMu 6ap’epamun B 6ioreoximii? HasBiTb
X BUON | TUMNN.
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10. Ha3BiTb OCHOBHI YMHHWKW [N KiNIbKICHOT XapaKTePUCTUKK
reoxiMiyHMx 6ap’epis. LLLO BOHM XapakTepusyroTh | AK X BU3HAYUTI?

2.3 3MICTOBHUI Moay b Ne3

BioreoximivHi npotecu, Aki BigbyBatoTbCcs y 6iocdepi B
pe3ynbTaTi XXUTTEAIANbHOCTI OpraHi3miB

BioreoximMiuHi npouecK - Le reoXimivyHi npouecu, ki 30iNCHI0TLCA
He nig [OIEl0 reonoriYyHMX UYMHHUKIB, a B Pe3ynbTaTi XXUTTEAIAbHOCTI
opraHismiB. 3a [0OMOMOrol 6iOreoxXimMiyHMX MNPOUECIB NIATPUMYETHCH
LIiNICHICTB | CTIMKICTb Giochepw.

OCHOBHOIO BNacTUBICTHO 6I0reoXiMiYHUX MPOLECIB € LUK/IYHICTD,
TOOTO MOBTOPHOBAHICTL | 3aMKHYTICTb 6ioreoximMmivyHMX NPoLecCiB.

Kpyroobir pe4yoBuH Big0yBaETbCA B yMOBax PO3BUTKY Giochepw.
bioreoxiMiyHWA  KPYyrooGir pevyoBMH — UEe PO3BUTOK 6Giocdepn 3a
Hac/MigKoM Kpyroobiry pe4yoBuH, WO BigbyBaoTbca nig  Ai€t0
6i0NOrivyHMX, reonoriyHMx i reoxiMiyHMX UMHHKUKIB. BioreoximivyHmii
Kpyroobir peyvyoBUH AINUTLCA Ha fABa BWUAW. BEUKWUWA TeO0/OMiYHNIA
KpYrooG6ir masinii 6ionoriyHuii Kpyroooir.

Benukuin reonorivHunii kpyroo6ir (BIr'K) — ue npouecu pyimHyBaHHS
KpPUCTa/IIYHNX PELLiTOK MiHepaniB, mirpayis pisHUX BOAHUX PO3YMHIB i
CUHTE3 HOBUX MiHepa/lbHUX CMoyK. BiH 3B'A3y€ B €4MHY CUCTEMY 3EMHY
KOpY, NOBEPXHIO cyui, rigpocdgepy i atmocepy. Bik BI'K 3,5-4 mnpga.
POKIB.

Manuin 6ionoriyHmnid kpyroobir (MITK) — ue CykynHicTb Mnpouecis
YTBOPEHHA, BIAMUPaAHHA | pPO3KnafaHHA >XMBOI  PEYOBMHM, AKI
3a0e3neyyoTb Mirpauito XiMiYHOro efnieMeHTy B CUCTEMi cepefa—xmBea
peyoBMHa—cepeaosuule. Tpmsanicte MBK — Bifi rognH 10 COTEHb POKIB.
[[0N0BHUM UYMHHMKOM MBK € XwuBi opraHismu. B pesynbtati MBK
BiAOYBCSA Nepepo3nofinl BMICTY XiMIYHUX €1eMEHTIB B I'PYHTI, TPCbKUX
nopogax i Tak gani.

[MpouecomM PO3BUTKY XUTTA Ha 3eMni € Aif XKMBOI PeYOBUHU Ha
reoximiyHi npouecn. [nA pPOo3BUTKY >KUTTA XapakTepHi HaCTYrHi
3aKOHOMIPHOCTI:

- NPOLLEC PO3BUTKY XXUTTSH HOCUTb 6e3nepepBHNIA XapaKTep;

- (hopMK NPOSABY XKUTTA Ge3nepepBHO OHOB/KOKOTLCHA Y 3B'A3KY i3
3HUKHEHHSAM OAHUX BUAIB | MOSABOKO IHLLMX;
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- 3MiHa (POPM MPOSBY XUTTSA BiAOYBAETLCA 3a YAaCOM i Y MPOCTOPI;

- PO3BUTOK XXUTTA Ha 3em/i NPOTIKae LMKAIYHO; TpUBaNICTb LUKY
mMoxke 6yTu Big 20 xBunuH 0o 200 pokKiB i 6iNbLL 3a/1eXNTb Bif TPUBAIOCTI
XUTTS IHAMBIOYYMIB.

[MoBHWIA GioreoximiyHu Kpyroobir abo 6IoreoXiMiYHUM LMK,
BK/THOYAE MPUXKUTTEBI | MOCMEPTHI TUNX 0OMIHY PEYOBUH.

MpV>KMTTEBUIA TUN OBMIHY PEUYOBMH BK/IHOYAE CUHTE3 OpraHivyHNX
CNOJYK i (DOPMYBaHHS XXMBUX OpraHi3MiB B MPOLECi TX POCTY i PO3BUTKY.
BiH CKNaAaeTbCA 3 CMOXMBAHHA XIMIYHUX €1eMEHTIB 3 HaBKOMLLIHLOMO
cepefoBMlia |1 X 4aCTKOBOMY TMOBEPHEHHI B cepedy MPOXUBAHHSA.
XapaKTepHOK PUCOKD MPWKUTTEBOTO 0OMIHY € Te, L0 B MPMXXUTTEBOMY
TUMI BiAOYBAETLCA MEPEBAXKHE MOrMMHAHHA XIMIYHUX €NEMEHTIB Haj
noBepHeHHAM. CKMafoBOoK YaCTUHOK MPYDKUTTEBOIO 0OMIHY € 6ioreHHa
aKyMynauia MiHepasibHUX CMONYK, BIAYYXXEHHS XIMIYHUX efNleMeHTIB 3
[PYHTY.

[ToCMEPTHMA TuUn O0OMIHY PEYOBUH BK/KOYAE PO3KaJaHHA
OpraHi4YHMX PEYOBUH i MOBEPHEHHS XIMIYHUX eNeMeHTIB B HaBKO/NLLHE
cepegosuLle. T0M10BHMMU NPUKNaZaMy NMoCMePTHOro 06MiHY PeYOBUH €
npouecn MiHepanisayii i CUHTE3 HOBMX OpraHoO-MiHepaslbHUX CMONyK
(rymyc). INocMepTHUIA TUN 06MIHY PeYOBUH Mae Masy TPMBaNICTb i Oro
3aBepLUYOTb NOCMEPTHUIN 0BMIH PYinHYBaHHSA OpraHiYHKX 3a/ULLKIB.

BioreoxiMmiuyHmin  Kpyroo6ir peyvoBMH CKNAJAETLCA 3 CYKYMHOCTI
MPOLECiB HAOAXOMKEHHA XIMIYHUX €NeMeHTIB 3 IPYHTY | atmociepn B
YXUBI OpraHiamu, 6I0XIMIYHOTO CWUHTEe3y HOBWUX CKMaAHMUX CMOMAyK |
MOBEPHEHHA efleMeHTIB Yy TPYHT i aTmocepy 3 LWOPIYHMM OMagom
4aCTUHW OpraHivyHOT Pe4yoBMHU. BioreoxiMiuHWIA KPYroobir pe4oBUH He €
LiIKOM 3aMKHYTUM UMK/IOM, TOMY B XOf[i WOro MpoTiKaHHA ['PyHT
36arayyetbca rymycom i asotom, efieMeHTaMy MiHepasibHOro XKMUBJIEHHS
(bioreHHUMM enemeHTamn), WO CTBOPKE OCHOBY ANs  ICHYBaHHSA
POC/IMHHMX OpraHi3miB.

Y 6ioreoxiMiYHOMY Kpyroob6iry 6epyTb y4acTb TP KOMMOHEHTMU:

a) XKMBa peyoBuHa (POC/INHM, TBAPUHK, MIKPOOPraHiamu);

6) 6ioreHHa peYyoBMHA, WO YyTBOPWUIACA MNPV BIAMUPAHHI >XXNBUX
OpraHiamiB y BUIMA4I CKNafHWX OpraHo-MiHepasibHUX CnoaykK, Tuny
[PYHTOBOIO rymycy,

B) GIOKICTKOBA peyoBMHA — MiHEPa/IbHI CMOMYKW, CTBOPEHI XXMBOKO
PEYOBMHOIO.
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OO6O0B'A3KOBUMW  NapamMeTpamMu AN BUBYEHHSA  BI0reoXiMiyHNX
Kpyroobiris y npupogi €:

- 6iomaca i i hakTyHMI npupicT (hiTo-, 300-, MiKpoOHa Maca);

- opraHiyHa peyoBuHa rPyHTY (rymyc, opraHivyHi 3a/uLLKK, Wo He
PO3Knanncs);

- e/IeMeHTapHUIA PevoBWiA CKNaf rPyHTIB, BOJ, MOBITPS, onajis,
(hpakuin 6iomacu;

- Ha3eMHi I nig3eMHi 3anacu 6ioreHHoT eHepriT,;

- MIPWXXUTTEBI MeTabonity;

- YAC/IO BUAIB, YNCESbHICTb, CKNaa,

- TPUBAJIICTb XXUTTA BUAIB, ANHAMIKA | PUTMIKA XXUTTHA NOMYNALINA |
[PYHTIB;

- €KO/I0ro-MeTeoposiornyHa 06CcTaHOBKa cepeioBumLLa: OH i OLiHKa
BTPYYaHHA NMIOAVNHN;

- OXOMJIEHHA TOYKamW CrnocTepeXkeHb BOAOAINY, CXWMiB, Tepac,
[0/INH PIYOK, 03€ep;

- KINbKICTb 3abpydHtoBadiB, 1X XiMidHI, i3n4yHi, 6i0N0OriYHI
BnactmeocTi, ocobnmeo C, CO,, SO,, P, NOs;, NH3, Hg, Pb, Cd, H,S,
BYI/1eBO/HI.

ans OLLIHKM XapakTepy 6ioreoximivyHoro Kpyroobiry
BUKOPWUCTOBYHOTb HACTYMHI NOKA3HUKMN:

1. 30MbHICTb (30/1bHUIA CKNag) — Ue BMICT XIMIYHUX €/leMeHTIB,
OKpim HitporeHy i Kap6oHy, y 30ni 6iomacn. [0 301bHUX eneMeHTIB
BIAHOCATLCA BCI HEMeTKi eneMeHTU: MakpoenemeHTn — Si, Ca, Mg, Na, S,
P, Fe, Al i pesaki mikpoenemeHTM. Cyma BCiX 30/IbHUX €/IEMEHTIB
Ha3MBaETbCA 30/bHICTIO BCIEI OiomacK. 30MbHICTb BUPaXKAETLCHA Y
BiZICOTKaX Ha CyXy peyoBMHy a6o r/M?, T/ra NOBEPXHI.

2. biomaca (piTomaca) — LUe KifbKICTb >XMBOT PeyvyOBUHMU,
HaKoMuWyeHoi A0 AaHOro MOMEHTY 4acy O6ioreoueHo30M, Ha OfMHUUI
nnowi (y kr/ra, T/ra). Lleil KpuTepiinl BpaxoBYE TifIbKN XXMBY PEYOBUHY
(pocnuHuK, rpyHTOBa (hayHa, MIKPOOpraHiamn).

3. CTpykTypa 6iomacu — ue cknagd i KifibKiCHI CniBBiAHOLIEHHSA
BCIX KOMMOHEHTIB 6iomacu. [N 3araibHOI OLIHKM 6i0reoxiMi4yHoro
3HAYeHHA MiHepabHMUX KOMMOHEHTIB XXMBOI pPevyoBUHU  Biochepu
MOPIBHIOKOTL  3amMac  MiHepa/lbHUX PeyoBUH  6BGiomacu,  KifbKiCTb
MiHepa/lbHMX PEYOBUH, LLIO WOPIYHO 3a/1y4atoTbCs 40 06iry 3 npupocTom
i OMagoM, 3 PiYHMM XiMiYHUM CTOKOM piyoK. Lli BennumHm 6amsbki: 10°
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30/IbHUX PEYOBWH 3anyyaeTbcq 40 NpUpocTy i omagy i 10° — B piuHuit
XIMIYHMI CTIK piYoK. MNpupocT — Le Maca opraHi3miB, SKi HAKOMUYeHi Ha
OAVHWUUI nowi 3a oAnHUUK 4acy. Onag — uUe KiIbKICTb OpraHiyHol
PEYOBUHN POC/WH, BIAMEPANX B HAA3eMHUX | MiA3eMHUX YaCcTUHAX Ha
O4MHULI NSO 3a OANHULIIO Yacy. 18 BU3HAYEHHS CTPYKTYpu 6iomacu
BUKOPWUCTOBYHOTb KOEiLiEHT MiHepanisalii 6iomacu B AaHiiA MICLEBOCTI
(KMB), SIKni1 1OPIiBHIOE BiAHOLLEHHIO GioMacy A0 PiYHOro NPUPOCTY LIiET
biomacw.

4. IHTEHCUBHICTb 6IOreoximiyHoro Kpyroobiry — ue LWBUAKICTb
HaKOMMYeHHA XIMIYHUX efleMeHTIB. [loKasHMKaMy XapakKTepuCTUKM
IHTEHCMBHOCTI 610reoXimMiyHOro Kpyrooo6iry €

a) IHaeKc 6ioreoximivyHoro kpyroo6ir (I16IK)

|5rK=%, (2.11)

X

fe:  Sg — cymMa efnieMeHTIB (a0 KifIbKICTb O4HOrO efleMeHTY) Yy piuHOMY
npupocTi biomacw;

Sy — CymMa UMX >e enemeHTiB (abo OAQHOro efnemMeHTy), SKi
BUHOCATLCA BOJAMW PIYOK AaHOro 6aceiHy (abo 4aCTUHOK GaceiHy);

6) KoemiuieHT IHTEHCMBHOCTI poO3KnaJaHHA onagy i TpuBanicTb
36epexxeHHa nigctunkm  (IPT). Mligctunka — Ue Maca MHOFONITHIX
BiAKNafeHb POCAVHHUX 3/IMLLKIB PI3HOr0 CTYMNeHro MiHepanisauii.

mMaca MiACTUIKK

IPT = _ : (2.12)
Maca pi4yHoro onagy
B) iHAeKC Bo4HOT Mirpadil (IBM)
IBM = X0 (2.13)

3K
fie: X, o — KINbKICTb €1eMeHTy B MiHepasbHOMY 3a/MLLKY BUNapyBaHol

PIYKOBOI ab0 I'PYHTOBOI BOAW;
Xsk— BMICT LibOr0 XX e/1eMeHTY B 3eMHii1 KOpi ab0 Nopofi.
Po3paxyHOK KoedqiuieHTa IBM rmokas3aB, L0 Halbifbl PyXOoMi
mirpaHTu y 6iocgepi — CI, S, B, Br, I, Ca, Na, Mg, F, Sr, Zn, U, Mo.
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HainbinbL nacuBHi B LIbOMY BigHOLIEHHI - Si, K, P, Ba, Mn, Rb, Cu, Ni,
Co, As, Li, Al, Fe.

5. EMHICTb OioreoximiyHoro kKpyroobiry (EBIrK) — ue KifbKicTb
XIMIYHMX efNleMeHTIB, WO nepebyBatoTb y cknagi 6iomacu (hitomacw).
BupaxaeTbCcsa B 0ANHMLAX Macy Ha oAMHULIO nnowi (Kr/ra)

€bK =

S|

Sm, (2.14)

[e:  m; — maca XiMIYHOro efleMeHTY Yy CKnafi 6iomacu Ha OAVHWLL N/IOLL,
Kr/ra;

N — KINbKICTb XIMIYHUX €/IEMEHTIB Y CKnaai 6iomacwu.

6. BanaHc XimiyHuX eneMeHTIB (abo enemeHTy) y 6ioreoxiMmiyHOMy
Kpyroobiry (BX€) — ue pi3HUUS MDK KINbKICTHO XIMIYHUX €/1EMEHTIB
(enemeHTY), AKI NOCTYnNaKTb 40 NMPUPOAHOI 30HU, | KiJIbKICTHO e/IeMEHTIB,
AKI BUBOAATLCA 3 NMPUPOAHOT 30HW PI3HUMU LLMISAXaMKW, HA OAUHWULI M/IOLL
3a pik (Kr/ra/pik)

BXE=M_—M,, (2.15)

ae: M, — KinbKiCTb XiMiYHMX eneMeHTIB (eNeMeHTYy), AKi NOCTyNatoTb [0
MPUPOAHOT 30HN Ha OAMHWLI NNOLLI 33 NEBHWUIA Yac, Kr/ra/pik;

Mg — KifIbKICTb eN1eMeHTiB (eNeMeHTYy), SKi BUBOAATLCA 3 NPUPOAHOI
30HW PI3HAMK LWISXaMK, HA OAMHMLI NJIOLL 3a NeBHWI Yac, Kr/ra/pik.

BXE xapakTepuaye 6ioreoximivyHmin Kpyrooobir XiMiYHUX eNeMeHTIB
Yy BIAMNOBIAHIN NPUPOAHII 30HI.

7. LWBmakicTb 6ioreoxiMiyHOro Kpyroobiry — nPOMIKOK 4acy,
MNPOTArOM SIKOro eN1EMEHT MPOXOANTb LWAX Bif NOTrMNHAHHSA MO0 XXUBOHD
PEYOBMHOIO [0 BUXOAY 3i CKNady >XMBOI PeyoBWHW. Bu3HayaroTb 3a
[I0NMOMOTO MIYEHNX aToMiB.

8. KOHTpacTHICTb 06ioreoximiyHoro Kpyroooiry — Lue OuiHKa
EMHOCTI 610/10rYHOr0 KPyroooiry B pi3HUX naHgLlagrax.

[MnTaHHA o189 CaMOKOHTPO/IHO

1. OainTe BM3HAYeHHSA NOHATTA «bioreoXiMiuyHuUA Kpyrooobir». Aky
POSib Bifirpae 6ioreoximMmivyHmin Kpyroooir pevyoBmH y Npuposai?

2. HasBiTb OCHOBHI BNacTMBOCTI 6ioreoxiMmiyHUX npouecis. Ak Bu
X po3ymieTe?
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3. HasBiTb BMAW 6i0reoxiMiyHOro Kpyroobiry pe4yoBuH.

4.  [ainTe  KpaTKy  XapaKTepUCTMKY  OCHOBHMM  BWAaM
6ioreoxiMi4yHOro Kpyroooiry pevoBuH.

5. Ha3BiTb XapaKTepHi 3aKOHOMIPHOCTI A/ PO3BUTKY XXUTTA Ha
3emni.

6. BU3HaunTb TN 0OMIHY PEYOBUH, SIKi BKIKOYaE 6ioreoxiMivyHUin
KPYrooobir peyoBuH,

7. [ainTe KpaTKy XapakKTepUCTUKY TWMiB OOMIHY PEYOBMH, SKi
BK/HOHA€E 6ioreoxiMivyHMIA Kpyroooir pe4yoBuH.

8. HasBiTb OCHOBHI KOMMOHEHTW, £AKi 6epyTb Yy4yacTb B
bioreoximiyHoOMy Kpyroooiry pe4yoBuH.

9. Ha3BiTb OCHOBHI NapameTpu [ANnA BWUBYEHHS OIOreoXiMi4yHOro
KpYrooG6iry pe4yoBuH y Npuposi.

10. OxapakTepun3yinTe OCHOBHI MOKAa3HWKN A7 OLIHKM XapakTepy
6ioreoxiMi4yHOro Kpyroooiry peyoBuH.

3 BJZTOK SMICTOBHUNX MOAYJ1IB Ne2

BIOFEOXIMIUHI ®YHKLIT AEAKUX XIMIYHWX
BIOTEHHUX EJIEMEHTIB

XiMIYHI  efleMeHTN 3yCTpivaloTbCA B [PYHTI, BOAI, MOBITPI,
OpraHiaMax poc/ivMH, TBapuH Ta JOAMHKM. BoHM  BUBIPKOBO
KOHLEHTPYHOTLCA XXUBMMW OpraHiamamun B 3a/1€XHOCTI Bifi PO3YMHHOCTI
CMOJMYK efIEMEHTIB Yy CepefoBULLLl MPOXXMBAHHA >KMBOIO OpraHismy.
BioreHHi enemMeHTN — Ue XIMIYHI e/leMeHTU, AKI MOCTIMHO BXOAATb A0
CKnafgy opraHi3miB i BUKOHYHOTb MeBHY 6i0M10rUYHY (PYHKLiKO, TOOTO BOHU
€ OCHOBHMM 0Oy fliBe/IbHAM MaTepiasioMm opraHismy.

I3 noHag cTta XiMiYHMX efniemMeHTiB nepiognyHol cuctemmn .
MeHeneesa [0 CKnady »XMBUX opraHisMiB BXOAATb BiciMHaaUATb. LLIICTb
enemeHTiB — Kap6oH, OkcureH, [igporeH, HitporeH, ®octop Ta
Cynbdiyp — € OCHOBOIO YCiX Bi0N0OriYHMX crUcTeM, 60 BXOAATb 0 CKnady
BiNKiB Ta HYKNEIHOBMX KWC/OT i CKNaJaloTb OCHOBY XXUTTA Ha 3emni. Ix
3arajibHa Ha3Ba — opraHoreHu. [saHafguATb IHLIMX efleMeHTIB HeobXigHi
AN HOPMabHOT YXUTTEAIANLHOCTI opraHiamis. [0 HMX Hanexartb [Ba
HemeTain — Xnop i Wog — i gecatb metanis — Hartpiit, Kaniii, LMHK,
Kob6anbt, ®epym, MadraH, Kynpym, Kanbuiit, MarHiii Ta MoniégeH. Ll
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[ecATb MeTaiB OTpUMann Ha3By “MeTasiiB XUTTA”, abo 6GiomeTanis, |
BUBYEHHS X POJIi B XKMBUX OpraHi3Max € Ay>Xe BaX/IMBUM.

BioreHHi HemeTanu, LLO rpalTb BaXK/IMBY POMb Y XUTTEAIANbHOCTI
opraHiamie sk makpo- (C, N, S, Cl, P), mikpo- (B, F, Br, J) i
ynbTpamikpoenemeHtn (Se, As), B OCHOBHOMY BXOAATb [0 CKnagy
aHIOHiB.

B npouecax 6iocdepn 1 MeTaboniamy OpraHiamiB HaibinbLue
3HaYeHHS HaNeXUTb Came aHioHaM MakpoefneMeHTiB-HemeTanis; CO3”,
SO,%, HCOy, CI', H,PO,, HPO,*, NO;". BaxnuBy 6ioreoximiuHy ponb y
6ap’epHUX MpoLecax, PPYHTOBUX i BOAHUX MirpaLisx rpaots S°, Br, J,
B,O;°, SiO3*. Y kpyroo6iry ®octopy, Kap6oHy i HiTporeHy nposigHy
hYHKLiH0 BUKOHYHOTb PO,>, CO5%, NO,, NOj3.

AHTpPOMNoreHHe 3abpyaHEHHSA aTMocepu i NpobemMa KUCINX [OLLIB
noB’si3aHi 3 aHioHaMn SO,%, SO;”, NO,, NO;". TOMY fIKiCHE BUSBNEHHS
aHIOHIB € AYy)Xe BaX/IMBMM [N BWU3HAYeHHs cknagy 6i006°eKTiB |
KOMMOHEHTIB 6iocepu.

bioreHHa dopma mirpauii, 06ymoBfieHa nepecyBaHHAM BGIOreHHUX
e/IEMEHTIB, OCTaHHIM 4acOM 3POCTAaE 1 OXOM/KE BENNYE3HI TepUTOpiIl.
TakoX BCTAHOB/IEHO NepeBary Mirpauii 6i0reHHNX efIeMeHTIB, L0 MatoTb
aHTpoMoreHHe mxepeno i 6GepyTb y4yacTb Yy TexHoreHesi. BuBYeHHS
BIOreHHNX eNeMeHTIB Y BCIX NPUPOAHNX MpoLiecax I UMKnax cTae Bce gani
BaXX/IMBUM B HAyKOBUX HanpsaMax i MPakTUYHIN 4iSnbHOCTI.

3.1 3micToBHMIN Moaynb Ne4
BioreoxiMmiyuHi BNacTUBOCTI OioHeMeTasliB

BioreoximiuHi BnacTusocTi igporeHy. BoaeHb — 6e36apBHNIA ras,
KU He Ma€ 3anaxy, Haunerwui i3 ycix rasis (y 14,4 pasy nerwuvin 3a
MOBITPSA), AYy>Xe Mano PO3UNHAETLCA Y BOAI, afne B AesaKux meTanax (Hikon,
NnnaTnHa) PO3YMHAETLCA B 3HAYHUX KINbKOCTAX. MOXNMBI MOMEKYN
nerkoro ligporeHy — npotito H,, BaXKoro — feiTepito [, Ta LITY4YHO
OTPMMAHOr0 pPafioakTMBHOIO TPUTIKO T, a TaKoX 3MillaHi MOJeKy/u
npotopenTtepito HA, npototpuTito HT, gentepotpuTito AT.

Bigomi Tpu Hyknign CigporeHy: nporiii 1 H, geiitepiii S H (1) Ta
TpuTiiA S H(T). Mporiit Ta geiiTepiii cTaGinbHi, TPUTIA — pagioaKTUBHUIA
(nepiog HaniBpo3knagy — 12,5 pokiB). Hyknign igporeHy pgentepiin ta
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TPUTIA MOrfiM 6 CTaTW NPaKTUYHO HEBUYEPMHUM [DKEPEesioM eHeprii ans
NIOACTBA, OCKINbKM MpW YTBOPEHHI aapa [enito i3 Agep AenTepito Ta
TPUTIIO

iH+IH > He+n.

Ha KOXHWIA aTOM peakUinHOT cymilli BUAINSETbCS €Heprii maike B 5
pasiB 6inbLue, HiX mpy posknagi 1 r ypaHy 2°U (3anac aeliTepito Ha
3emni 6:m3bko 4 - 10" T). OfHaK 4N NpoBeAeHHs peakLiili S4epHOro
CUHTE3y noAibHoro Tuny (TepmosiepHUX peakLi) HeobXidHa Ayxe
BMCOKa Temneparypa.

BogeHb LWMPOKO BUKOPUCTOBYETLCA B HapOAHOMY TrOCMOAAPCTBI,
Hanpuknag, 408 CUHTe3y amiaky, MeTaHosy, TigporeH Xaopuay, 404
rigporeHisauii TBepAaoro i pigkoro nanvea, XWPIiB i Ta iH. TBepaui
BOAEHb MNPeACTaBNA€ IHTEpeC SAK peakTMBHE nNanmBo. BofgeHb
BUKOPUCTOBYIOTb TaKOX [/ OXOMOMKEHHA MOTYTHIX reHepaTopis
e/IEKTPUYHOro CTpyMy. B aTOMHIW eHepreTuui ana 34ilMCHEHHA A4epHUX
peakuii BeNMKe 3HaYeHHA MalTb Hyknign [igporeHy — TpuTin Ta
nenTepin. PafioakTMBHI HYKNigM 6aratb0X XiMIYHUX €NeMEHTIB, Y TOMY
ymcni i igporeny (TpuTiin), 3HaALWLNN LINPOKE 3aCTOCYBaHHA B 6araTbox
rafy3dax Hayku i TexHiKW, Hanpuknag, npu BMBYEHHI XIMIYHUX peakLiid.
Kpim TOro, BOHM BUKOPUCTOBYHOTLCA B 6I0N0riT, 6i0XIMIT Ta MeANLMHI.

Po3unH lMigporeH nepokcngy H,O, 3 MacoBo YacTkoto 2,7-3,3% —
(hapmakonenHmii npenapar. 3acTOCOBYETbCA TOIOBHUM UMHOM 3aBASKU
OKWUCHIN 30aTHOCTI Ta HeLUKIANMBOCTI MPOAYKTY WMOro BifHOBNEHHA —
Boan. B KniTnHax nig aieto depmeHTiB (Nepokcnaasa, Katanasa) rigporeH
nepoKcua Po3LUEnIFETLCA Ha BOAY Ta KWUCEHb, WO Mae NMPOTMMIKPOGHI,
[e3040pytoui, AenirMeHTyrui BNacTMBOCTI. [MiAporeH nepokcua BUSABISAE
MiCLieBY KPOBOCMUHAKOYY, a B Bi/IbLUMX KOHLEHTpaLIAX — npunaneHy 4ito.
Y 3B’A3KY 3 LM, PO34MH TigporeH nepokcuay 3 MacoBok 4acTKow 3%,
O nocTynae [0 TMpPoAaxy, 3acTOCOBYETbCA SK  Ae3iHDIKY4Mid
(@HTUCENTUYHUIA) Ta  KPOBOCMUHAKYMIA  3aci6 Yy  CTOMATONOrIi,
OTONAPUHIONONIT | Ta iH., AK AenirMeHTYyroumniA 3acié y aepmartonorii; 6%
— Ana 3HebapsneHHa Bosoccs; 30% (neprigponb), a OCTaHHIM 4YacoM |
85% BMKOPWUCTOBYETLCA B XiMIYHilA MPOMWCNOBOCTI.

bioreoximiuHi BracTuesocTi Kap6oHy. Bmict KapboHy B niTocepi
He3HayHmin (0,35 Mac. %), ane BiH nocigae ocobnmee Micue cepef YcCix
e/IeMeHTIB 3a KIifIbKICTIO CMONyK, Wo ytBoptoe. B atmocepi KapboH
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3HaxoauTbea Yy Burnsaai kap6oH(lV) okcuay B KinbkocTi  0,03%. Y
PO34MHeHOMY CTaHi KapboH(lV) okcup MICTUTBCA B YCIX MPUPOLHUX
Bofax. KapboH BX0AWTb A0 CKMagy OpraHiyHMX PeyoBWH, MICTUTLCA Y
KOXHIA KNITUHI poC/MH | TBapwuH. KapboH Ha3nBaldTb €/1eMEHTOM
6ionorivyHoT cthepn 3emsi, OCKIIbKM BiH HAKOMUYYETLCA B OpraHiyHOMY
cBiTi. Kpim Toro, KapboH — ue cknagoBa YacTuUHa HaTwn, NPUPOAHOro
rasy, KaM’sHoro Byrinng. BiH 3ycTpivaeTbca B NpUpoai y BUrNsSAl CNONyK
Ta Yy BiIIbHOMY CTaHi. ICHYHOTb 4OTUpPK anoTponivyHi  mogmikaLii
KapboHy: anma3, rpadit, KapbiH, B SKOMY 4epryrTbCsa MPOCTi Ta
noaginHi 38’a3km (...C =C—C= C..) 1 nofikymyneH 3 noABifiHMMM
3B’A3KaMun MK ycima atomammn Kap6boHy (...=C=C=...).

Kap6oH LWMPOKO 3aCTOCOBYETHCA B HApOAHOMY rocriogapcTsi. Bcei
BYr/IepoamncTi cTani MictaTb KapboH, y TOMY u4umCni  Hep)asitoya
XPOMOBO-HiKenesa ctasib Mapky 1X18HIT, wo mictutb 0,1% KapboHy.
BoHa 3HaxoauTb 3aCTOCyBaHHS B MeAWLMWHI, B OPTOMNeAUYHIA MpaKTULi.
Byrneub y BUrNA4i akTMBOBAHOrO BYri/iNA afcopbye rasu, po3vuHeH
PEYOBMHU | LULMPOKO 3aCTOCOBYETLCA Y TEXHILI Ta MeAULINHI.

3aranbHuii BMicT KapboHy B opraHiami nogmHun cknagae 21,15% (3a
macoto). KapboH — OCHOBa YCIX OpraHiyHux cnonyk. BiH
XapaKTepPn3yeTbCA 3AaTHICTIO YTBOPHOBATU KOB&/IEHTHI 3B’A3KW. ATOMU
Kap6oHy B OfHIl i Tild Xe cnonyui 3aTHi BUKOHYBaTU Posb akLenTopa
Ta [IOHOPa €/IEKTPOHIB. 3 6I0NOrIYHOT TOUKM 30pY [Y>XKe BaX/IMBUM € Te,
L0 BCi XiMiYHI 3B’A3KK, AKI YTBOPIOE KapboH, AOCTaTHLO MIUHI i, B TOW
e uac, 3[aTHi Nerko pospmeaTUCb Mif 4vac OGIOXIMIYHUX peakLil
(nabinbHi 38°A3KK), TOMy KapboH BBaXXatOTb OpraHOreHoM HOMep OfVH.
BiH BXOAUTb A0 CKMafdy YCiX TKaHWMH Ta KAITWMH, a TakoXX 6i010rivyHo
BaX/IMBUX cronyk: 6inkiB (Big 50,6 o 54,5%), BiTaMiHIB, TOPMOHIB,
(bepMeHTIB Ta iH.

I3 cnonyk KapboHy B MeAuUMHI ANs iHransuiin 3acToCoBYHTb
Byrnekucnmini rasz (3-7%) B cymiwi 3 KuCHeM. BiH Mae npsmui Ta
Pe(NEKTOPHUIA  CTUMY/IOKOUNIA BMNAMB HA LEHTP AUXaHHHA, € Woro
cneungiyHMM 36ymKyBadeM Y (i3ionoriyHMX npouecax. Byrnekucnuii
ras y CyMiLli 3 KNCHeM Ha3Ha4aeTbCA MPU LWOKI, MPUIHIYEHHI AMXanbHOro
LLeHTPY, acgikcii HOBOHApPOMXKEHUX, OTPYEHHAX |1 Ta iH. Hanoi, wo
MICTATb BYINIEKUCNWUIA a3, NiABULLYHOTb CEKPETOPHY, MOTOPHY Ta
BCMOKTYBa/IbHY 3[aTHICTb Xap4oBOro KaHanay. PigKuil Byrnekucnui ras
Npu KiMHaTHIA TemnepaTypi | HOPMalbHOMY TWCKY MOr/MHae 6arato
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Tenna, fnepeTBoprolunCL Yy Oiny cHironogibHy macy. Lli BnacTmBoOCTI
BUKOPWUCTOBYIOTLCA MPM  3aMOPOXKYBaHHI TKaHWH Yy TricTonorii, B
nepmartonorii -~ “ByrnekKMUcnIMA - CHIr”  3acTOCOBYETbCA  MICLEBO  MNpW
NiKyBaHHI YepBOHOT BOBYAaHKM, NMpoKa3n, 60poaaBoK i Ta IiH.

Hartpii rigporeHkapboHaT Ta Kaniil rigporeHkapboHaT i3
KapbOoHAaTHOM KNC/MOTOK YTBOPKOKOTL B OpraHi3Mi 0yepHy cuctemy, ska
PEeryntoe KUCNOTHOMY>XKHY piBHOBary. [lis Ta 3acTocyBaHHs kapboreHy (5-
7% Byrnekucnoro rasy ta 93-95% KWCHIO) Taka X, K | BYI/JIEKUC/Oro
rasy.

AKT/BOBaHe BYrifina (agcopbyroumii apmakonenHuin 3acid) mae
Be/IMKY aKTUBHY [MOBEPXHK i 3aaTHe afcopbysBaTu rasu, ankanoigw,
TOKCUHW. [1pU3HAYaeTbCa NPU METEOPM3MI, XapyoBWMX ITHTOKCUKALISsX,
OTPYEHHAX ankanoigamum Ta CoNAMN BaXKKNUX MeTasliB.

Hatpiii ringporeHkap6oHaT (hapmakoneHuin npenapar) HeUTpanisye
X/IOPUAHY  KWACNOTY  LUMYHKOBOFO COKY, TOOTO Mae aHTauugHi
B/IaCTMBOCTI, NiABULLYE NY>XXHI pe3epBn KPOBiI Ta 3HIMAE ABMLLE alMHO3Y;
npyv BWUAINEHHI CNN30BMMW 000/MI0OHKaMM  AUXaSIbHUX LUNAXIB CMPUSE
PO3PiMKEHHIO MOKPOTW Ta T BifiXapKyBaHHIO. 3aCTOCOBYIOTb Oro npwu
rinepauyvMgHoMy  racTpuTi,  BMPasKoBiM  XBOPOOI  WAyHKa  Ta
ABaHaAUATUNANOT KULWIKKW, aumHO3i; 30BHIWHLO — B OTOMIAPUHIOMOrIT,
cTomartonorii - Ta  ogtanbMosorii.  [pM3HA4aeTbCA  TakoX AN
He/Tpani3auil KWCNOT, WO MOTPanfTb Ha CAM30BI 0OOMIOHKM Ta
LUKIPAHI MOKPUBN.

BioreoximiuHi BnacTUBOCTI HiTporeHy. Y npupoai 6inbLua YacTnHa
HiTporeHy 3HaxoguTbCs Yy BIiIbHOMY CTaHi Yy BWUrnsgi rasy asory.
HitporeH y BWUrnagi npocTtoi PeyoBUHM € TO/MIOBHOK CK/1ag0BOH
4aCTUHOIO NOBITPS; MOro BMICT Y aTMocepi cknagae 651M3bKo 78 Mac.%.
3arasibHui BMICT HiTporeHy B noBepxHeBMX 000/10HKax 3emii CKnafae
61m13bko 0,04 mac. %.

[Mpwn po3knagl opraHiyHUX pevoBuH HITporeH, Wo MiCTUTLCH B HUX,
MepeTBOPIOETLCA B OCHOBHOMY B amiak, $KWiA Mg  BrJIMBOM
HITPUGIKYOUMX OGaKTepid, WO >XMBYTb Y T[PYHTI, OKUCHIOETLCA [0
HITpaTHOT KMCNOTW. HiTpaTHa KuUcnota pearye 3 CONsiMM KapOOHaATHOT
KWUC/MOTK, WO 3Haxo4ATbCA Y [PYHTI, YTBOPHOKOYM HITpaTWh, AKi Y
PO3YMHHOMY BUTNAAI 3aCBOKOKOTHCA POC/IMHAMMU

2HNO; + CaCO3 —» C&(NOg)Q + CO, + H,0.
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OpHak yacTuHa HiTtporeHy BMAINAETLCSA Y aTMOCEPY Y BifIbHOMY
CTaHi Npwn po3kKnagi Ta ropiHHI opraHiYHMUX PeyvyoBMH, CraitoBaHHI ApOB,
KaM’siIHOro BYTiNAs, 3 HITpaTIiB Nif AiE0 AeHITPUQIKYOUMX BakTepil i Ta
IH. [HWWM oKepenom MNOMOBHEHHA Cnonyk HITporeHy y rpyHTI €
eIEKTPUYHI PO3PAAN, NPU AKX YTBOPKOKOTLCS HITPOreH OKCMAN. 3 BOAOKD
HITPOreH OKCUAM YTBOPKOKOTb HITPATHY KUCMOTY, LLO NMEepeTBOPIOETLCA Y
[PYHTI B HiTpatu. Kpim TOro, iCHylOTb TaK 3BaHi 6y/nbO60UYKOBI 6GaKTepil,
AKI 3HaXOA4ATbCA B KOPEHEBIW cuCTeMi 6060BUX KY/bTYP — KOHIOLLMHW,
NOLUEpPHN, ropoxy Ta iH. BoHM 3paTHI 3acBOKOBaTW  aTMOCKHEPHWUI
HiTporeH i nepepo6sATK MOro B HITPaTHI Crnofiyku. PocivHW, B CBOHO
yepry, MepeTBOPIOKOTL HITPATHI CNOMYKWM Yy OINKKM Ta iHWI CKNagHi
cnonykn. Tak y npupopi BinbyBaeTbcs  6e3NepepBHUIA  KPYroobir
HiTtporeHy.

HitporeH yTtBoptoe pag okcuais: N,O, NO, N,Oz;, NO, 1a N,Os.
Okenamn NoO i NO — HeconeTBOpHI, IHLLI — COMETBOPHI, KUCNOTHI OKCUIMW.
[Mpwn 3BMYaNHNX YMOBax YyCi HITporeH okcuau, okpim N,Os, razonofidHi
peyoBuHU; N,Os — TBepaa peyvoBuHa. Bci BoHW, 3a BUKNKOYEHHAM N,O,
TOKCWYHI MO BiJHOLUEHHIO [0 XXUBMX OpraHi3mis.

HitporeH(l) okcup BMKOPWUCTOBYETLCA AK HAaPKOTUYHMIA 3aci6 y
cKnagi Tak 3BaHoro wryyHoro nositpsa: 20% N,O i 80% O,. OcKifibku
N,O 6inbll NeTKWin, HiXXK Xnopodopm, edip TOWO, BIH LUBUAKO
BMBOAMTBLCA 3 OPraHi3My i BUABNAE MEHLLY MOBGIYHY Aito.

HitporeH(Il) okcng NO — 6e3KoNMipHNiA, MaoOpO3UYNHHIIA Y BOAI ras.
BiH € HECONETBOPHUM OKCWUAOM, TOMY 3 BOJOH He pearye. Y TBOPHETbLCA
B aTMOCepi Mifg Yac rpoMoBMX PO3pPALIB.

HiTporeH HaneXuTtb A0 WecTn enemeHTiB-opraHoreHis (C, H, O, N,
P, S), AKi CKNnagatoTb OCHOBHY Macy ntofAcbKoro Tina (97,4%). 3arasibHuii
BMICT 1AOr0 B OpraHiami noanHM ctaHoBuTb 3,1%. HiTporeH Bigirpae
AY>Xe BaX/IMBY pO/b B 00MiHI peyoBUH. BiH € 060B’513KOBOKO CK/1al0BOHO
yacTuHot 6inkiB (Big 15 go 17,6%), BiTamiHIB, FTOPMOHIB Ta IHLUMX
61010rYHO aKTUBHMX CMONYK.

BiH yTBOPIOE 40BO/I MiLHI KOBa/IEHTHI MOMSAPHI 3B’A3KK, 34aTHI Mij
BNAMBOM 6i0N0OriYHNX KaTani3aTopiB (PepMeHTIB) N1Ierko PO3puBaTuCH,
CTBOPIOKOUM YMOBM ANa GIOXIMIYHMX peakuid. PaszoM i3 OKCUTeHOM,
docpopom Ta Cynbypom HiTporeH ckpinnge “ckeneT” i3 naHutora
KapOOHOBMX aTOMIB, 3aBAAKN YOMY YTBOPHOKOTHCA UMCMIEHHI OpraHiyHi
CMONYKWN.
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[10 HegaBHLOIrO Yacy BBaXKasoCb, L0 TiflbKM BYNbO0YKOBI 6aKTepil
30aTHI  NpY  HOpPMa/lbHMX  yMOBax 3B’A3yBaTM Ta  MEPEBOANUTY
aTMOC(epHUIA a30T B TaKMWii CTaH, W06 Oro Moram 3acBoroBaTi POC/IVHM,
a NoTiM TBapUHW Yy BUrNAAI OpraHiyHMX CnosykK, Tak 3BaHWUIA 6i0N0riYHO
3B’A3aHKUI a30T. | Xo4a HWHI nNpobnemMa 3B’°A3yBaHHA a30Ty LUe 30BCIM He
BUpiLLEHa, B 1a00PaTOPHUX YMOBAX NPW HEBMCOKUX TemnepaTtypax (303-
323 K) cTasio MOXIMBUM (PiKCYBaHHSA a30Ty | BK/IKOUEHHS 10ro B 06MiH B
opraHiami TBapuH (po6otn O. €. Lunosa, M. €. Bonbcbkoro). Cnig
BIA3HAYNTY LI Ay>KEe BaXK/IMBY B 610N10r4YHOMY MnaHi BNacTUBICTb a3oTy
— HaBiTb TaKy, K Y KMUCHIO, PO3UYMHHICTb MOro B Gi0NOriYHMX pignHax.
Tak, NPUCYTHICTb MOr0 B KPOBI MOXe OyTWM NPUYMHOIO PO3BUTKY
KECOHHOI XBOPOOW. Pi3kuMi cnag TWUCKY, Hanpuknag, npy LIBULKOMY
NifHIMaHHI BO10Na3iB, MOXe BUKIUKATL BUAINEHHS i3 KPOBI 6y/bballok
MOMEKY/IAPHOr0 a3oTy. | AKLIO He BXWUTK TEPMIHOBMX 3aX0AiB, TOOTO He
MOMICTUTW MOAMHY Y 6apokamepy, Lie MOXe NpPu3BeCcTU A0 napanidy Ta
CMEpTI.

A30T Ta WOro CrofykM 3HaxofAdaTb LUMPOKe 3acCTOCYBaHHA B
MeAMUUHI. Pigknii a3oT € ed)eKTMBHMM 3aC000M ANs NiKYBaHHS [OeSKNX
3aXBOPIOBaHb LUIKIPU Ta CAM30BUX 0OOMOHOK: 60POAaBOK, CYAWHHUX
POAUMMX MAM, Naniiom i 1a iH.

HitporeH(Il) okcup (hapmakoneitHnin npenapar) y cymilli 3 KUCHEM
CTBOPHOE NIETKMiIA HAPKO3 6e3 cTafii 30YIKEeHHS, He NOAPa3HIOE AMXasbHi
Wwnsaxu.  TpoBymKeHHA MOYMHAETbCA Yepe3 2-3  XBWIMHM  NicCNs
MNPUMNUHEHHA BAMXaHHA cymiwi. HitporeH(Il) okcma 3aCTOCOBYETLCA NP
XipypriyHmx onepauifax, Ana npoifiakTMKKU TPaBMaTMUYHOIO LWOKY |1 8K
NiKyBa/IbHWUIA HApPKO3 Npu iH(apKTI Miokapaa (iHranAauinHMiA HapKo3).

HawatvpHuii - cnupt  meanyHuin - (mictute  9,5-10,5% amiaky)
LUMPOKO 3aCTOCOBYETbCA B MeAuMyHid npaktuui. Lle dapmakoneitHwnia
npenapat. [Mpy BMKOPUCTAHHI YCepeauHy 4u MNpu BAMXYBaHI napis
HalaTUPHUIA CNUPT NOAPA3HIOE PeLENTOPN BEPXHIX AMXa/bHUX LUNSXIB,
BUABNAOYM 30YIKYBa/IbHY Ta NPOTUMIKPOOHY Ait0. 3aCTOCOBYETLCA NPW
3aMamMopOYeHOMY CTaHi, ankoro/ibHOMYy OM’SHIHHI, @ 30BHILUHLO — B
Xipyprii 4nsg MUTTA PYK K MUKOUNIA Ta Ae3iHMiKy4mnii 3acib.

Hatpiin HiTpUT (papmakoneinHnin npenapaT) — CMasMoOMIiTUYHUN
(KopoHapHopo3Lwwmptotounin) npenapaT. CyAMHHO-PO3LLNPIOKOYUNIA edheKT
PO3BUBAETLCA MOCTYMNOBO MPOTAroM 15 XBWAWH Ta MPOAOBXYETbCA 1-2
roamHun. Tlpu3HayaeTbCA NPU  XPOHIYHIA KOPOHapHIA HecTadi Ans
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NPoMINaKTUKN Ta MiKyBaHHA CTeHOKapAil, a TakoX $K aHTUAOT Mpu
OTPYEHHI UiaHigamu i kapboH(l1) okcuaom.

AMOHI  Xnopua BUKOPUCTOBYETLCA SK CEYOTiHHUIA 3acib npu
Habpsikax, 00YMOBNEHNX CepLEeBO-CYAUHHOK HecTayeto; IHKOAW 1Ooro
BUKOPWUCTOBYIOTb A1 MOCU/MIEHHA  AIT  MEpKYp’€BUX  CEYOTIHHUX
npenapatis. KpiM TOro, amoHii  X/fopug  3aCTOCOBYETbCA  SK
BiXapKyBas/ibHWiA 3acib.

AHIOH TiouiaHaTHOT Kucnot HSCN BXxoauTb 40 CKnagy KpoBi Ta
CNNHKW. [OoCNiMKeHHs OCTaHHbLOr0 4acy MoKasanu, WO TiouiaHaT-ioHW
SCN’ NpUrHivyoTb 34aTHICTb LWMTOBMAHOT 371031 BUPOOGNATA FOPMOH Ta
3HMXKYBATW LUTYHKOBY CEKPEeLito.

Coni TiouiaHatHOi Kucnot (KSCN, NaSCN) 3acTocoByHOTbLCA B
MeLNUUHI NS NiKYBaHHA TinepToHIYHOT XBOPOOMU.

HiTpaTHa KuCnota 3aCTOCOBYETbCA 30BHILLIHLO AN NPUNIKaHHA
60pofaBoOK Ta M030/iB, Y NPaKTMLi NabopaTOPHO-KNIHIYHNX AOCIAKEHb
— N8 KiNIbKICHOrO BU3HAa4YeHHSA 6iflka B cedi Ta IHWKUX 6i0NorivYHmMxX
pignHax.

PagioakTUBHWIA HyKnig HiTporeHy N 3acTocoByeTbCA B 6ionorii Ta
MeOMUUHI B HAyKOBMX Uinax. Tak, 3a [AONOMOrOK BaXKKOro Hyknigy
Hitporeny "N 6yna BCTaHOBAeHa 3AaTHICTb TBApWHHOTO OpraHiamy
BUKOPWCTOBYBATM aMOHIHI CrIONYKW AN18 CUHTe3Y 6INIKOBUX MOJIEKYIN.

bioreoximiuHi BnacTusocTi Pocdopy. Pochop HaNeXuTb A0
OOCUTb MOLUMPEHMX €NeMEHTIB; BMICT MOro y 3eMHilA KOpi CTaHOBWUTb
6nm3bko 0,1 mac.%. BHacnifok nerknx oKMCHMX 3gibHocTein docgop y
Bi/IbHOMY CTaHi Y MPUpPOAi He 3yCTpivaeTbCA.

[0 HaiBXNMBIWUMX MPUPOAHUX crofyk Poctopy HanexuTb
Kanbuin optodocdar Casz(PO,),, akuid y Burnadi MiHepany dgochoputy
IHO4I yTBOPHOE BenuKi noknagu. B kpaiHax CH/, ay>ke 6arati pogosuiua
(hochoputie € B [liBaeHHOMY KaszaxcTaHi, y ropax Kapatay. Yacto
TPaNAAETbCA TaKOX MiHepan anatuT, Wo MIicTUTb, Kpim Caz(POy),, we
CaF, a6o CaCl,. docop TakoXX BXOAUTb A0 CKNafy AesKUX POC/IUMHHUX i
TBapPUHHMX BifIKIB.

3acTocyBaHHA (hochopy Ay)Ke Ppi3HOMaHITHe. Benuky KifbKicTb
MOro BMTPayalTb Ha BUPOOHMUTBO CIPHWUKIB. [N BUrOTOB/IEHHS
CIPHMKIB 3aCTOCOBYHOTb YepBOHMI (hocdop: BiH MICTUTLCA B Maci, AKY
HaHOCATb Ha  CIPHMKOBY KOPOOKY. [M0/10BKa CIpHMKA CKMNafaeTbCa 3
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CYMiLLi rOpHOYMX PeYoBUH i3 6GEpTONETOBOKD CIIIO | Cronykamu, LWo
KaTaniaytoTb po3knagaHHa coni (MnO,, Fe,O3 Ta iH.).

Kpim BUpOGHULTBA CIpHUKIB, hoctop 3aCTOCOBYHOTL Y MeTanypril.
loro BUKOPUCTOBYIOTb [/151 BUFOTOBMEHHSA AEAKWX HaniBrnpOBiAHWKIB —
ranim dgocigy GaP, iHgin docigy InP. o cknagy iHLWMX
HaniBNPOBIAHWKIB MOro BBOAATb Y [AY)XKE HEBENUKIA KINbKOCTI SIK
Heo6XiaHYy n06aBKy. Konu hocthop roputb, TO YTBOPHETLCA TYCTUN
6innin aum; Tomy 6inMm POochHopoM HaUMHAKOTL apTUIEPIACLKI CHapAaW,
aBiaboMbu Ta iH., NpPU3HaYeHi ONna YTBOPEHHA AMMOBMX 3aBic. barato
(hochopy BUTpaYatoTb Ha BUPOOHMLTBO (hocqhopopraHiyHMX Mpenaparis,
30KpemMa AoCUTb ePEKTUBHMX 3aC00IB 3HULLEHHSA KOMaX-LLKIAHWKIB.

HsPO, — kucnorta cepefgHboi cunn. Coni optoocdaTHOT KUC/IOTU
BUKOPWCTOBYIOTb AK 106pVMBa Y CifIbCbKOMY rocnogapcTtsi. HaironosHiLwi
3 Hux: ocopucte 6opowHo Casz(PO,),, npoctui cynepdocdar,
OCHOBHUI KOMMNOHEHT — Ca(H,PO,),, MicTnTb Takox CaHPQ,, 6113bK0
50% CaSO,, P,Os — 15-20%, noagivHuA cynepdocgaTr, OCHOBHUN
KomrnoHeHT Ca(H,POy),, MICTUTb TakOX IHLWI (ocgaTtn, Hanpukiag,
Mg(H,PQ,),, MgHPO,, CaHPO,, P,Os5 - 42-49%, npeuuniTar
CaHPOQO,-2H,0, amoHizoBaHuii cynepgocdar NH4H,PO, + CaHPQ,,
aiamooc (NH,),HPO,, amothoc NH,H,PO, Ta iH.

Kpim BMpobHMUTBA A06pMB (hocthaTHY KUCOTY BUKOPUCTOBYHOTb
ONA  MPUroTYBaHHA peakTUBIB, 6aratbOX OpraHiYHMX PeyvyoBUH; AN
CTBOPEHHSA 3aXMCHUX MOKPUTTIB Ha MeTanax. KanbLiii octhat Ta aMoHil
(hochaT 3aCTOCOBYHOTb [/ BUrOTOB/IEHHSI eManei, y (apMaueBTUYHIN
NMPOMMC/IOBOCTI.

3aranbHUin BMIiCT docopy B opraHiami noanHu cknagae 0,95%.
[oboBa noTtpeba opradismy B ®docgopi gopisHoe 1,3 1. docgop
Ha/leXXUTb [0 OpraHoreHiB Ta Bifirpae fy>e BaXK/IMBY PO/sib B OOMiHi
peyoBuH. BiH BxoauTb pfo cknagy 6inkie (0,5-0,6%), HYKNeiHOBMX
Knucnot, AT® Ta iHWKnX 610M10rYHO aKTUBHINX CIOYK.

Barato ®ocdopy (85% 3aranbHOT KiflbKOCTI) MICTUTLCA B KICTKax Ta
3y6ax y surnagi cnonyk 3Caz(PO,),-Ca(OH), ta 3Caz(PO,),-CaCO3-H,0.
[Mpu HefgocTaui B opraHiami docdopy, a Takox BiTamiHy [1, He0bXigHOro
AN BCMOKTYBaHHS Ta 00MiHY docdopy, pP0O3BMBAETLCA 3aXBOPHOBAHHS
paxiT. 3HayeHHA docdopy nonsarae y Tomy, L0 LYKPW Ta XXUPHI KUCNOTH
He MOXYTb OYT BUKOPUCTaHI KNITUHAMK 5K [pKepena eHeprii, SKLLL0 BOHN
nonepeaHbLO He hocopunboBaHi. barato cnonyk (KMpHI KUCIOTK, B6inkn
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Ta iH.) YTBOPKOOTH i3 PochopomM cKnagHi 6I0N0rYHO aKTUBHI CMOMYKK
(HyKneonpoTeiHKn, ochonpoTeigm, POChOopHI eipn BYrneBodiB Ta iH.).
dochop y BUrAA4I MOHO-, AW- | TpUochaTHUX rpyn BXOAWUTb A0
aKTUBHUX Tpyn )epMeHTIB — HOCITB [NiaporeHy B MOMEKYM HYKIETHOBUX
KMCNOT | PeYOBMHM, KOTPI aKymy/tolTb EHepritd MpoueciB 0OMiHY.
EHepria, akymynboBaHa B Monekyni AT®, yTBOPHOETLCA NMpU nepexopi
eMIeKTPOHIB Bif, OKMUCHMX Y KNITUHAX XapyoBUX PEYOBUH [0 KUCHIO
NoBiTPA. 3a paxyHOK LbOoro npouecy ige cuHtes AT® 3 AP i gocgary.
OpraHi3M MOKPMBAE CBOI €HepreTuyHi BUTpaT (CUHTe3 6ifika, M’A30Ba
po60Ta TOLLO), BUKOPUCTOBYHOUM peakuito rigponizy AT®, y pesynbTaTi
AKOI 3HOBY YTBOPHETLCA ALD i BUBINbHAETHCA HEOOXiAHA KNITUHI
eHepris.

HeopraHiyHmui @dochop MICTUTLCA Yy KICTKOBIM TKaHWHI TBapuH
I MoauHKM Yy popMmi rigpokcuaanatuty 3Caz(PO,),-Ca(OH), i
KapboHaTanatnty 3Caz(PO,),-CaCOs3-H,0.

OpraHiyvHi cnonyku docgopy BX0AATb 40 CKnady KpoBi, HepsiB,
MO3KYy, 6araTbOX TKaHWH Ta opraHiB. 3arasibHa KinbKicTb dochopy B
opraHiami ntogmHn — 590-600 r. Bes docopy noAMHA HE MOXKe
pyXaTucs, XapuyBaTucs, PO3MHOXYBATUCA, AMXaTh, MAUCINTU. AKafeMiK
O. €. depcmaH Has3saB Docdop “enemMeHTOM XUTTA | AyMKN”.

be3 docopy He MOXKYTb iCHyBaTu TBapuHWU. Hectaya docdopy B
opraHiami  06yMOB/OE 3aTPUMKY POCTY, CNabKiCTb, MPOrpecuBHe
noxygiHHA 1 cmeptb. JlogaBaHHA [0 paulioHy TBapuUH He3HayHOI
KinbkocTi ¢pocgopy (0,0015 r Ha AeHb) cnpuse MONIMLIEHHIO aneTuTy,
36iNbLUEHHIO Barn, KiilbKOCTI epUTPOLNTIB, POCTY | 3MILHEHHIO KICTOK.

O6miH docopy B opraHiami TICHO MOB’A3aHUN 3 OOMIHOM
Kanbuito, Wo nigTBepAKYETbCA 3MEHLUEHHAM KifIbKOCTI HeopraHi4yHoro
dochopy npwu 36inbLUEHHI BMICTY KanblLito B KPOBI.

docatHa KuUcnoTa TakoX 6Gepe ydacTb B 0OMiHI 6ifiKiB, »XWpiB,
BYI/1eBOAIB, BiTaMiHIB i Ta iH. B opraHi3mi hocatHa Kucnota ta T coni
YTBOPIOKOTL OYy(epHi cuctemu, WO perynooTe pH cepeposula B
TKaHMHax. KifbKiCHe BM3HAYeHHs ocgatHoi Kucnotu (y BUraagi
MiHepa/lbHMX COMeit) B Cedi Mae KniHiYHe 3HaYeHHS.

I3 cnonyk docdopy, AKi 3HAX04ATb 3aCTOCYBaHHA B MeAWLMHI, Chif
Bii3HauMTK Taki. Hartpin ageHo3nHTpugochar  3acTOCOBYETLCA MpwU
ancTpoii Ta atpoil m’A3iB, MioKapaioAncTpodil, CTeHOKapAii, Nerkin
(hopmi rinepToHIYHOT XBOPOOY Ta iH.

. . 4 To remove this message, purchase the
SOLID CONVERTER PDF > s nesss s e



45

Kanbuil rniuepodocdat nocunoe aHabonivyHi npowecu, Hopmasnisye
(bYHKUiHO  HEepBOBOI CuUCTeMW. HasHayaeTbCA NpU  HEBPaCTeHil,
nepeBTOM/IEHHI, ANCTPOMIT Ta iH.

Po3unH Hatpiin  docdaty NazPO, nans  iH’eKUid, MiYeHOro
docopom-32  ((hapmakonerHuWA  npenapar)  3aCTOCOBYETbCA 3
NiKYBa/lbHOKO METOK MNPU  XPOHIYHOMY JNIeMKO3i, [Ans  AiarHOCTUKK
3M0SKICHMX NyXnH. Hyknign dochopy 3acTOCOBYHOTLCA B 6GI0NOMIYHUX
AOCNIKEHHAX B AKOCTI MiYeHMX aTomiB. Kpim Toro, npenapatu ocpopy
BUKOPWUCTOBYIKOTLCA B CTOMATONOrii, Hanpuknag, amoHii docdat
(NH,)3:PO, € CKnafoBOKO  YaCTUHOK  KpuUcTocuna-2,  AKUi
BUKOPWCTOBYETLCA AN BIA/IMBKN LIIbHOIMTUX 3yO0OMPOTE3HNX BUPOOIB
I3 K0Oa/IbTOXPOMOBOro cnnasy. docgarHa KWUCI0Ta, a TakoxX Ti coni
(chocthat) BXOAATb A0 CKMady MAoMOYHOUMX PifnH, L0 3aCTOCOBYHOTLCA
B CTOMATO/OTIYHIW MpaKTuu.

BioreoximiuHi BnacTmeocTi OkcureHy. OKcureH — OAWH i3
HanbiNbll MNOLIMPEHUX €eNeMEeHTIB Ha 3emni, npuyomy, 6Ginblia Moro
yacTMHa 3HaxXoAUTbCA Y BUTNAAI HEOPraHiYHUX Ta OpPraHiYHUX CMosyK.
OkcureH cknagae 49% Bifg Mmacu 3eMHOT Kopu, Tigpo- i aTmocdepu, pa3om
y3dTUX. BiH BX0AMTb [0 CKIagy HalBaXMMBILLUX TIPCbKUX MOPIf;
rpaHiTiB, rHeiCiB, MNICKy, BanHAKIB, CnaHuiB i 6araTboX iHWMX. Bona
micTuTb 88,89% OkcureHy. BiH BXoAnTb A0 CKnagy GinbLLIOCTI PEYOBUH,
AKI YTBOPKOKOTb TiNO MOANHW, TBAPWUH Ta POC/AWH | CKNajae B XXMBUX
OpraHiamMax BefiMKy 4acTuHy (6nmM3bko 65%) TXHbOI Macu. 3HayHa
KiNbKiCTb OKkcureHy (23 mac. %) y BilbHOMY CTaHi 3HaXoAuTbCH Y
MoBITpI.

KnceHb LUMPOKO BUKOPWUCTOBYETLCA B XIMIYHIA MPOMUCNOBOCTI.
36arayeHe KMCHEM MOBITPSA, AKEe MOAAETLCA LUAAXOM AYTTA B AOMHY,
MPUCKOPKOE AOMeHHMIA npouec. KuceHb 3aCTOCOBYETHCSA TaKOX B
anapaTtax pi3HOT KOHCTPYKUIT ana 3abe3neyeHHs AMXaHHA BO/0Ma3iB,
MOXEXHMX, Y FipHUYOPYAHIN (30Kpema, K PATYBasIbHUIA 3aci6) cnpasi, y
MeAWLMHI Ta iH.

Bigoma anotponHa BuMAo3MiHA KUCHIO — 030H Oz O30H
YTBOPKETLCA B MPUPOAI MPU eNeKTPUUYHUX po3psadax, nig BnjavBOM
eHeprii ynbTpagioneToBnX i KOCMIYHMX MPOMeHIB. O30H OTPYMHUMN.
[PaHNYHO AOMYCTUMMM € BMICT 1Oro y MOBIiTPi, WO AOPiBHIOE 10°%.
Mpn Takin KOHUeHTpauil Aaobpe BigyvyBaeTbCA 1MOro 3anax. Y
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HaBKO/I03eMHOMY LLIApi aTMOCePN BMICT 030HY 3BMYaNHO CTaHOBUTL 10°
-10° %.

3acTocyBaHHA 030HY 6a3yeTbCsi Ha MOro OKMCHUX BNACTUBOCTSIX!
BIAOINIOBAHHS  TKaHWH, Ae3iH(eKuid noBiTPSs Yy  MPUMILLEHHSAX,
3He3apaXXeHHs NMUTHOI BOAM Ta iH.

3aranbHUin BMicT OKCUreHy B opraHiami NoanHn cknagae 62,43%.
KunceHb Mae BMHATKOBO Be/MKe 6i0forivyHe 3HaYeHHs. BiH € XiMiYHUM
e/IEMEHTOM, BIil SIKOr0 3a/€)XWUTb Oarato XiMIYHUX | 6I0N0rIYHUX
npouecis B opraHiami, 6epe yyacTb Yy BCIX Bumaax OOMiIHY Pe4vOBUH.
KnceHb HeoOXigHWIA ANs OAHOrO i3 BaXK/IMBMX XUTTEBUX MPOLECIB —
AnxaHHA. OpraHiam 4opocnol NHAVUHK B CTaHi CMOKOK BXUBae 264 cm®
KWUCHIO 3a XBWIWHY. Bci peakuii OKWUCHEHHA-BIAHOBMEHHS MPOTIKatOTb
MNPV HasABHOCTI KUCHI. KuceHb Yy KinbkocTi 21,5-23,5% BXoauTb [0
CKnafly OIifiKiB, a TaKOX BITamiHiB, FOPMOHIB, (PePMEHTIB Ta IHLWNX
6I0N0rYHO BaXK/MBUX PeyvoBMH. ParouynTapHi QYHKLIT OpraHiamMy TakoX
MOB’A3aHI 3 HAABHICTIO KWCHIO, OCKIi/fIbKM 3HWXXEHHA BMICTY KWUCHIO B
OpraHi3mi 3MeHLUYe WMOro 3axucHi BacTUBOCTI. KuCeHb BMMBAE Ha
IMyHoreHe3. [lpu cninbHOMY 3acTtocyBaHHI 3 Kap6oH(IV) okcmaom
(KapboreH) BIiH 30ymKye AMXaNbHUA | CYAUHHO-PYXOMWUWA LEHTPW.
BeefieHWIA Y LIMYHOK KUCEHb HEraTUBHO BM/IMBAE Ha AESAKUX Te/IbMIHTIB:
ackapug, BonocoronoBuiB Ta iH. KuceHb 6epe yyacTb Yy npouecax
PO3KNaay 3armbnunx TBapuH I POC/MH, Mif Yac AKOro CKNafaHi opraHiyHi
CMONYKN MepeTBOPOOTLCA B OiNiblU MPOCTI PEYOBMHU, AKI HAOXOAATb
3HOBY B 3araJlbHUM Kpyroo6ir peyosuH y npupogi. CyyacHa “KucHesa”
3eMHa aTmocepa [OMOBHIETbCA KUCHEM, SKWA BUIOINSETLCA B
pe3ynbTaTi XUTTELIANLHOCTI OpraHiamiB Ha MoBepxHi 3emMni, a TaKoX
BHAC/NIJOK BY/IKaHIYHOI 4iA/IbHOCTI 3eMHUX Haap. OaHaK npakTUYHO BeCb
BifIbHWUI KNCEHb aTMOC(EPU Ma€e 6I0NI0TIYHE MOXOAPKEHHS.

BifbHWIA KuCeHb 6epe yyacTb Yy npouecax, Lo BifbyBalOTbCAd B
'PYHTI i 06YMOB/IOKOTL MOro poArodicTb. Hanpuknag, 3a yyacTo KUCHIO
BiAOyBaeTbCA MiHepani3auis (THUTTA) POCMHHUX | TBAPUHHUX 3a/TNLLIKIB;
CKNafHi OpraHiyHi peyvyoBMHM MEPETBOPIOOTLCA Y Oisibll npocTi NHs,
CO,, H,0.

Y 3B’A3KY 3 LUMPOKMM O6I0NIOMIYHUM CNEKTPOM [Aii KUCeHb | oro
CMOJTYKM 3HaxXOAATb 3aCTOCYBaHHS B MeAUUWHI MPuW NiKyBaHHI 6aratbox
CepUEeBO-CYANHHNX, TH(EKLIMHMX 3aXBOPHOBaHb, 3M10AKICHUX MyX/IUH Ta
iH. LLIMpOKe 3acToCyBaHHA B 0araTbOX rany3sax MeAUUUHN 3HARLLIAK

. . 4 To remove this message, purchase the
SOLID CONVERTER PDF > s nesss s e



47

OKCUIeHO- Ta OKcureHobapoTepanisi. Bennky ponb BifIBOAATb CHOAIAHIN
Oi1  KACHK, WOro 3aibHOCTI  BIAHOBMOBATU  MPUTHIYEHI  OUXanbHI
(hepMeHTH, a TaKOXK CTUMYJIKOOYIN AiT HA LEHTPalbHY HEPBOBY CUCTEMY.
KpiM TOro, K/CeHb 3aCTOCOBYETLCA B MeAULMHI MPU 3aXBOPHOBAHHSAX, L0
CYMNpPOBOAKYIHOTbLCA  KWCHEBOK  HefoCTaTHICTIO  (Tinokcid),  npu
3aXBOPHOBAHHAX AUXa/lbHUX LNSAXIB (HAOPAK nereHb, MHEBMOHIA), Npu
OTPYeHHI KapboH(Il) okcuaom, wiaHigHOK KKUCNOTOK. B aHecTesionorii
KWUCEHb 3aCTOCOBYETbCA 3 IHraNAUinHUMKM HapKoTUKaMu. PagioHyknif
OkcureHy O (nepiog HaniBposnagy — 123 c) BUKOPUCTOBYETLCH ANS
BUMIpY BMICTY KMCHIO B OpraHax, BU3HaYeHHs 3MIHW MOro KOHLEeHTpaLii.
3a pgonomoroo OKcureHy-15 MoXXHa BM3HAUMTU (papmakosoriyHy Ao
CYAVUHHO-PO3LLMPIOBA/IBHUX  NIKAPCbKMX — MPenapariB, YTOYHUTK  1X
[N03YBaHHA, PEECTPYBaTW O3HaKM “3BUKaHHA” [0 HUX MpU [OBromy
3aCTOCYBaHHI.

O30H € B 6I0NOrYHOMY BIAHOLUEHHI BaXKNMBMM (i3i0N0TTYHUM
razom. BiH Mae cunbHy 6aKTepuUMAHY Ait0 | TOMY BUKOPUCTOBYETLCA NS
3He3apaxyBaHHA (030HyBaHHA) BoAM Ta pAesiHdekuii nositTpa. [Mpu
BAMXaHHI CyMiLLi NoBiTPs 3 030HOM (030HOTEpanis) NOKPALLYETLCA 0OMIH
PEYOBUH, PO60Ta HMPOK, MOCWUKOKOTLCA 3aXWUCHI (DYHKLUIT opraHismy,
MOKpPALLYHTLCA aneTuT, COH | 3arajibHe camorno4vyTTa. TOMY 030HYBaHHS
3aCTOCOBYETLCA MpU BGaraTbOX 3aXBOPHOBAHHAX Cepus, HWUPOK, OpraHis
TpaBfieHHs, LWKIpW, MNpPW NiKyBaHHI TybepKynbo3y Ta iH. [MpakTuyHe
3aCTOCYBaHHS 030HY I'PYHTYETLCA Ha MOr0 OKMCHIW Ta CTEPUNI3YHOYIn il
Mig BMAMBOM 030HY TWMHYTb He TiNbKW 6akTepil, ane i rpuokosi
YTBOPEHHSA Ta Bipycn. O30HOBaHMM MOBITPAM KOPUCTYHOTHCS TaKOX A1
Ae3iHMeKLii npumilleHb (X0N0oAWNbHUX CKNagiB), YCYHEHHA HENPUEMHUNX
3anaxiB (y KiMHaTax Ana KypiHHS), KOHAMUIOBaHHA MOBITPA Ta
NPoBefeHHA [OeAKMX [HWWX OKUCHUX npoueciB. MOX/IMBO TakoX
BXXMBaHHA 030HY BCepeduHYy Y BUINAAI PO3YMHY LbOro rasy B MUTHIMN
BoAi. OfHaK 030H 0T|15)y|7|Hvu7|. [(paHMYHO O0ONYCTUMWUWA OO BMICT Y
noBiTpi cTaHoBUTbL 107%. lMpu Ui KOHUEHTpaLUil [106pe Big4yBaeTbCA
noro 3anax. [loere nepebyBaHHS B aTtMocdepi 3 BMICTOM O30HY 1 :
1000000 BUKNNKAE HEPBO3HICTb, BIAYYTTA 3HEMOIM | FONOBHUI 6inb. Mpu
Oi/ibLL BUCOKMX KOHLIEHTpauiaX 4O LMX CMMMTOMIB [AOAAETHCA HYAOTa,
KpoBOTEYa 3 HOCa Ta 3ana/ieHHs o4eld. Y BUPOOHMYMX YMOBAX 030H MOXE
YTBOPIOBAaTUCb CKpPI3b, A€ MNPOXOAATb efNeKTPUYHI po3paan 4un  die
KOPOTKOXBW/IbOBE ~ BUMPOMIHIOBAHHA.  [TigBMLLIEHUA  BMICT  030HY
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BUSABNSAETLCA, HAMPUKIAA, Y PEHTIeHIBCbKMX KabiHeTax. Npn  Hu3bKoMy
TUCKY aTMOC(epu BMICT 030HY, IK MPaBuno, CTaHoBUTL 107-10°%. O30H
3aTPUMYE LLIKIANMBE [ON1A XUTTA  YAbTPaioNeToBe BUMPOMIHIOBaAHHS
CoHUA | NOrNnHae iHpayepBoHe BUMPOMIHIOBaAHHA 3eMni, 3aBaXkaroum il
OXOJIOMKEHHIO. TOMY O030HHMI TMOAC BIfirpae BeMKYy pofib Yy
3a0e3neYveHHI XUTTA Ha 3eM/ii.

BioreoximiuHi BnacTueocTi Cynbpypy. Cynbyp 3yCTpivaeTbCcs y
npupoai AK B CamMOPOAHOMY CTaHi, Tak | Yy BUrnaai pisHOMaHIiTHUX
cnonyk. Haiibinblu nowmpeHi cnonykn Cynbdypy 3 pisHUMU MeTasiaMu.
barato 3 HUX € LiHHUMK pydamy (Hanpuknag, CBUHUEBWA 6auck PbS,
LUMHKOBa 06MaHKa ZnS Ta migHuiA 6nmck CuS) | BUKOPUCTOBYHOTLCA K
CUPOBUHA ANA [06YyBaHHS KONbOPOBUX MeTaniB. 13 cnonyk Cynbgypy y
MNPMPOAI MOLWMPEHI TaKOX CynbdaTn, B OCHOBHOMY Kas/lbLitO i MarHito.
HapewTi, cnonykn Cynbypy € B oOpraHiamax pPoC/AuUH i TBapwuH.
3aranbHui BMIcT Cynbypy Yy 3emHii kKopi cknagae 0,05%.

CipKy LUMPOKO BUKOPWUCTOBYIKOTb Y HapoAgHOMY rocnogapcTsi. B
ryMOBiA MPOMWUC/IOBOCTI Ti 3aCTOCOBYHOTb N5 MEPETBOPEHHS KaydyKy B
rymy; CBOI LiHHI BMacTUBOCTI KaydyK HabyBae fvile nicnsg 3millyBaHHS 3

CIDKOKWO | HarpiBaHHA [0 TMeBHOI Temnepatypu. Takuii npouec
Ha3MBaETLCA BY/KaHi3auieto. Kayyyk 3 ayXke Be/MKMM BMICTOM CipKu
Ha3nBaloTb €BGOHITOM; Ue A06puiA eneKTPUUHWIA i3onaTop. [T Takox

BUKOPWUCTOBYIOTb AN  3HULLEHHA [eAKUX LWKIAHWKIB POCAVH; ANd
BUFOTOB/IEHHA  CIPHMKIB, YyfbTpamapuHy (cuHSA  (papba), rigporeH
Cynbigy i pagy IHWKWX pPevyoBMH. Y KpaiHax, 6araTux Ha CipKy, BOHa €
CUPOBUHOO ANs 006YBaHHA CyNb(ATHOT KUC/OTH.

[1ig AOiet0 BUCOKOT TemnepaTypu cipka 3’€fHYETbCA 3 BOAHEM,
YTBOPIOKOYM TigporeH cynbMif — Manopo3ynMHHWA Yy BoAi ra3 i3
HEMPUEMHMM 3amaxom TyX/IMX $€eUb, BUOYXOHebe3neyHwnin. [igporeH
Cynbig — Ay>e TOKCUYHWIA, NPpY BAMXaHHI AOro HacTae HEeMPUTOMHICTD |
HaBITb CMepTb Bif napanivyy AuxaHHA. [gporeH cynbgif € CK1agoBoro
YaCTMHOK [eAKUX NPUPOLHNX MiHepasibHMUX BOA, SIKI 3aCTOCOBYHOTHCH B
MeANLMHI.

3aranbHuii BMICT Cynbypy B opradismi noavHu cknagae 0,6%.
[obosa notpeba gopocnol noanHn B cipui 6nmn3bko 4-5 r. Cynbgyp, AK
OpraHoreH, BXOAuTb A0 cknady 6aratboX OpraHiYHMX PeyvyoBUH, Y TOMY
ymcni: 6iSKIB Ta aMiHOKUCOT (UWMCTUHY, UUCTEIHY, METIOHIHY), TOPMOHIB
(iHcyniny), BiTamiHiB rpynu B, 6arato Cipku B KepaTuHi BO/IOCCS, LLEPCTI,
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KICTKax, HEPBOBIM TKaHWHI | Ta iH. B opraHiami Cynbyp OKUCHIOETLCA 3
YTBOPEHHAM CY/b()aTHOI KUC/IOTK, fKa Oepe y4yacTb Y 3HELUKOKEHHI
OTPYMNHUX CMOJMYK, YTBOPEHMX Y KULLIKaX 3 aMiHOKUCNOT ((heHOs, Kpe3or,
CKaTon, 1HAO0M), a TaKoXX YYXOPIAHUX CMOMYyK, Hanpuknag, NikapcbKux
npenapatie i Ta iH. Y npakTuyi 1abopaTOPHOKAIHIYHUX AOCNIIKEHb
KiNbKICHE BW3HAYeHHA CYNb(aTHOI KWUC/IOTWU Yy BUMNA4l MiHepasibHUX
coneit i conein edpipocynbaTHUX KMUCNOT Y Cedi A03BONSE CyaUTU MNPO
MPOLeCH THATTA BINKIB Y KMLLIKaX Nif BNIMBOM GaKTepiia.

PafioakTUBHWIA HyKnig Cynbthypy S 3HaxoauTb NpakTUuHe
3aCTOCYBaHHS B HayKOBO-[OCMIAHUX  pob6oTax. Hanpuknag,
pagioaktmeHUM CynbgypoM “nomivaroTb” pi3Hi PevyoBMHM, B TOMY YKUCHI
I nikapcbki npenapatn (BiTamiH By, neHiunniH, cynbdamigHi npenapatn),
3 NoAa/ibLUMM BBEAEHHAM B OPraHiaM Ta BWBYEHHS TX MEPETBOPEHHS |
mMexaHi3my gii.

B meguuMHI 3Haxo4AaTb 3aCTOCYBaHHA AK Cipka Yy BifIlbHOMY CTaHi,
Tak 1 1i cnonyku. Cnif HasBatu CIpKYy OYMLLEHY, fIKa B KMLUKax
BIAHOBMIOETbCA A0  rigporeH  cynbgigy. Cipka  npuUrHo6/toe
XUTTEQIANBHICTb TOCTPUKIB Ta CMPUAE X BUAAIEHHIO 3 KMLLOK. BoHa mae
NPOTUMIKPOOHY |1 npoTUNapasuMTHy Aito. 30BHI T 3aCTOCOBYHOTb Y
AepmaTosoril,

Cynbtayp(lV) okeng € [esiHikytounm 3acobom, KU 3HULLYE
barato MikpoopraHismie. HMM O06KyprOHOTb Cupi nigsann Ta norpeoéwu,
BUHHI A4iXKKW, BPOAMNBHI YaHW | Ta iH. gna Toro, Wob 3HULWMTK NiceHEBI
rpnéun. Cynbdo3siH (PO34YMH CIPKX B NMEPCUKOBIIA ONiT 3 MacOBOK YacTKOH
1%) BWKNNKAE MiporeHHy peakuito. 3aCTOCOBYETLCA MPW JiKyBaHHI
LLUM30MPEHIT, NPOrpecnBHOro napasiyvy, ankoronismy.

Cipka ocamkeHa (thapmakonerHuii npenapat) npu  NPUAOMI
BCepeAMHY 3 OpraHiYHMMW pPeyYoBUMHAMK  YTBOPKE Cynb@ign |
MeHTaTiOHOBY KMCNOTY, AKi | MatOTb NPOTUMIKPOGHY I MpOoTUNapasuTopHy
Ait0. 3aCTOCOBYHOTb B 1epMaToNoril.

Hatpiin TiocynbgaT i pPo34nMH HaTpid TiocynbMaTty 3 MacoBOH
yacTkolo 30% fang  iH’ekuid € hapmakonemHUMM npenaparamu.
3aCTOCOBYETbLCS K NETOKCUKYHOUNA, npoTu3ananbHUi,
npoTunapasnMTapHUi | NpoTuanepriiHuic  3acobu. [poTunapasuTapHi
BNIAaCTMBOCTI HaTPin TiocynbdaTy 6a3ytoTbCA Ha TOMY, LLO MNPU B3aEMOAI|
3 X/I0PUAHOKO KUCNOTOR BUAINAETLCA cynbyp(lV) oKeug, i BinibHa Cipka

Na28203 + 2 HClI == 2NaCl + S| + SO,T + H,0.
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Hatpiii TiocynbhaTt 3aCTOCOBYETLCA TAKOX SIK MPOTUOTPYMHUI 3acio
NPy OTPYEHHAX BOXKKUMM MeTanamMu, LiaHi4HOK KUCNOTOK, rasioreHamu,
apCeHOM, MepPKYpIieEM, 3 SAKMMM BiH YTBOPHE HELKIANMBI YM MeHLU
OTPYWHI CNONYKK, SIKi BUBOAATLCA 3 OpraHiamy.

BioreoximiuHi BNacTMBOCTI Xnopy. X10p HaNeXuTb 40 NOLLIMPEHMX
eNIeMeHTIB, afie Yy Bi/IbHOMY CTaHi B MNpuUpoAi BIH He 3yCTpivaeTbCs.
Haiibinbl po3noBCOMKEHI MiHEpann Xnopy: ranTt (Kam’sHa Cifb) —
NaCl, cunbBiH - KCI, cunbBiHIT - KCI-NaCl, kapHanit -
KCI-MgCl,-6H,0 Ta iH. ¥ MOpPCbKIiil Ta OKeaHCbKii Boai MicTuTbecs 0,8-
3% Hatpiin xnopugy, B pe3ynbTarti X BMCUXaHHA YTBOPWUAUCA MOKNaau
Kam’siHOT cofii. PogoBuLLa i 3HaXoAsTbCsA B YKpaiHi (JoHeubKuiA 6aceliH,
M. ApTeMiBcbK) i B Pocii (niBHIYHMIA Ypan, ConikamcbK). BMIicT Xnopy y
MiHepasibHI YacTWHI IPYHTY 1 cyXiih 6iomaci pocnvH cknagae 0,01%.
POC/nnMHM 3acBOKOKOTL X/I0P 3 TPYHTOBMX PO3UMHIB Yy BUNALI X/T0PUA-
I0HIB. Pi3ionoriyHa HopMa BMICTY X/IOPUA-IOHIB Y KNITUHHOMY PO3UNHI |
MDKKMITUHHUX PigUHAX 3a1eXNUTb Bif NMPUPOAM POC/IMHHUX | TBAPUHHMX
opraHi3smis.

3a obcAramu NPOMMUCIOBOro BUPOBGHNLTBA XN10P BXOANUTb A0 AECATH
HaiBaXKMMBILLMX XIMIYHMX PEYOBUH. BiflbHWIA X/10p BUKOPUCTOBYHOTL AK
Bif0IN1IOBAY TKAHWH Ta NarnepoBOl MacK; SK Ae3iH(IiKYUniA 3acib — ans
3He3apaXkeHHA BOAW. X/I0Op € TO/IOBHOK CUPOBWMHOK [ANS OAepKaHHSA
CUHTETUYHOT XNOPUAHOT KMCNOTKN. X/TI0PUAHA KUCI0Ta BUKOPUCTOBYETHLCA
09 OQUUCTKM MeTaliYHUX, CKASHUX, KepamiyHMX TMOBEPXOHb; A/d
0o6yBaHHA XnopuAais MeTanis. [igporeH Xnopua 3HAMLIOB LUMPOKE
3aCTOCYBaHHS Y MPOMUCNOBOMY BUPOOHULTBI CUHTETUYHMX CMOI,
Kay4yyKiB; AK CUPOBMHA Y BUMPOOHMLTBI XMOPBIHINY 3 aUeTUeHy,
CUHTETUYHOIO KayuyKy.

BMicT Xnopy B opraHi3mi ntoauHn cknagae 10°%. BiH 3HaxXoauTbCs
30e6INbLIOro Yy NOo3akMiTUHHIA pianHi. [loboBa noTpeba opraHiamy B
Xnopi cknagae 4-6 r. B opraHiami X/10pua-ioHM 4onomarartoTb CTBOPEHHIO
Oy(epHOT CcUCTeMn KpoBi, B perynauii  OCMOTUYHOINO TUCKY Ta
BOAHOCONbOBOro O6MIHY. Xnop BxoAUTb [0 cKnagy 6aratboX
(PepPMEHTHNX CUCTEM, BIH aKTWUBI3ye amifiady, CeKpetoBaHy C/AMHHUMMU
3a103aMu. X/I0pua-ioH BXOAUTbL A0 CKnady X/IOPUAHOT KUCMOTK, fAKa
Bifjirpae BaXKNMBY PO/b Y TpPaB/eHHi. B LWAYHKOBOMY COKY 340PO0BOI
NIOAUHU MICTUTbCA 6nm3bko 0,5% xnopuaHoi Kucnotu. Mpu pisHUX
3aXBOPOBAHHAX LLTYHKA BMICT X/T0PMAHOT KUCNOTU B LUTYHKOBOMY COKY
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BIAXUNAETbCA Bi4 HOPM. TOMY BW3HAYeHHS X/NOPUAHOT KUCMOTU B
LLTYHKOBOMY COKY HabyBa€ BaXkK/IMBOr0 AIarHOCTMYHOIO Ta K/iHIYHOIO
3HaYeHHA. ATomun Xopy B3aEMOAIOTb 3 amiHOrpynamMuv amiHOKWCOT
MIKPOOHUX KNITUH | PYWHYIOTb TX CTPYKTYPY, 06YMOB/IOKOUN TUM CaMUM
3arnbenb MikpoopraHismis. Ll BnacTMBOCTI X/10py BUKOPUCTOBYHOTHCH
ana aesiHgekuii, 3He3apaXkeHHs BoAW | Ta 1H. X/10p BXOAUTbL 40 CKiaay
6aratbOX OpraHiyHMUX CMOMyK, SKIi MalTb HApPKOTWUYHI Ta aHecTe3yroui
BNAaCTUBOCTI | LUMPOKO 3aCTOCOBYHOTLCA B MEAULMHI.

XNopua-ioHW BXOAATb A0 CKNaay BHYTPILHLOKAITUHHOTO PO3YUNHY I
MDKKMTITUHHUX PigvH. BOHM GepyTb y4yacTb Y CTBOPEHHI eNIeKTPUYHOrO
MeMOpaHHOro  noveHuiany, SAKWA  Perynioe  MNPOoOLecn  MnepeHocy
HeopraHiYHUX i opraHiYHMX PEeYOBUH Kpi3b MemOpaHu; y nigTpumui
(pi3i0N0OriyHo HeobXifAHOI HarMoBHEHOCTI KMTUH BOAOK (OCMOTUYHWUIA
TUCK). X/I0pyUAHa KWUCNOTa € CKIaA0BOK YaCTUHOK LUTYHKOBOMO COKY,
HaTpiin xnopua BXoAWTb A0 CKnady NiasMu KpoBi.

I3 cnonyk Xnopy, WO 3acCTOCOBYKOTLCA B MeAMLUMHI, BaXX/MBO
BiA3HauMTN  po3basneHy  (8,2-8,4%) xnopuagHy  kucnoty. Lle
(hapmakonenHmii npenapar, BiH HEOOXiAHWIA ANs 3AiNCHEHHSA NOYaTKOBUX
CTafin TpasneHHsA. KpiMm TOro, xnopmaHa KucnoTta CTUMYHOE BUAINEHHS
CeKpeTiB NiALWIYHKOBOI 3a/1031, MeYiHKKW, 30yIpKYe MOTOPHY (YHKLitO
LLMYHKA 1 KALLIOK, IonoMarae BCMOKTYBaHHIO 3a/1i3a 3 XapyoBOro KaHany,
MaEe NPOTMMIKPOOHY fAit0. 3aCTOCOBYETbCA MNPV aHauugHoMy |
rinouynaHoMy ractpurax, gucnencii.

B MeguUWMHI 3HaXoAAaTb LUMPOKE 3acToCyBaHHA 6Garato Cosen
xnopsmicHux kucnot (NaCl, KCI, NaCIO, Ca(OCl), Ta iH.

Hatpiii xnopua 3aCTOCOBYETLCS A1 BUTOTOB/EHHS (Di3I0N0rIYHOI0
PO34YMHY, AN BaHH 1 AyLWiB, a TaKOX NPWU NiKyBaHHI KaTapa/ibHuX
3aXBOPOBaHb C/IM30BUX 0O00HOK.

Minoxnoput Hatpito NaClO (0,5% po3umH) 3acTOCOBYHOTb AN
3POCTaHHA paH.

XnopHe (6innnbHe) BanHo Ca(OCI), cnyrye ans aesiHMeKUiT peyein
A0ornagy 3a XBOpPUMW, NPUMILLEHb TOWO. Benukoro 3HayeHHs Habyno
6araTo X10popraHiYHMX CrosykK, AKi 3aCTOCOBYHOTLCHA K PO3UYNHHUKM abo
NiKapcbKi npenapaTtun (xnopodopm, NaHToUMA, XopamiH b Ta iH.).

BioreoximiuHi BnacTusocTi Mogy. Mog, 3ycTpivaeTbes Ha 3emni, ane
B HE3HAYHUX KiNbKOCTAX | e y BUMNA4I CNOMyK (3 HaTpieM, Kaniem,
MarHiem). BiH mictutbca y mopcbki Bogi (6nm3bko 2 mr Ha 1 n).
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[C0NOBHUM [MKEPENOM OTPUMAaHHS oay € nig3emHi 6ypoBi Bogn. BmicT
nopy y Bojax 6ypoBMX HaTOBUX CBEPANOBUH 3HAXOANTLCA B MeXax Bif,
10 go 100 mr Ha 1 n. Woa Takox BUAy4yaloTb i3 BOAOPOCTEd, npu
CMa/ItOBaHHI AKUX 3a/IMLLAETLCA 3018, AKa MICTUTb 04 Y BUTNALI CONEN.

of, € TeMmHO-(hioNeToBUMM KpucTanamu, MNpW HarpiBaHHi BiH
cybnimye  (nmeperaHsieTbCs), NPUM  OXONOMKEHHI  napu  ioay
KpUCTaNi3yrTbCA, MUHAOUM PIAUHHWIA CTaH.

Cnonykn 1ofdy 3acTOCOBYHOTLCA Y  BUPOOHWMUTBI  NIKAPCbKMX
npenaparis, y XiMIYHOMY aHanisi, nakocap6oBiii Ta
KIHO)OTONPOMMCIOBOCTI.

lof, HaneXxxuTb 0 rPynu >KUTTEBO HEOOXIAHUX — MIKPOENEMEHTIB |
MOCTIliHO 3HAXOAUTLCA B OPraHi3Mi NOANHK B KinbkocTi 10%, a6o 20-25
Mr. 3 HuX 15 Mr nepebysae B LMTOBUAHIN 3a103i, pewta — B M’A3aXx,
LUKipi, KICTKaX, MeviHui, HWpKaxX, ro/I0BHOMY MO3KY, KpoBi 1 T. 0.
MocTiliHa KoHUeHTpaLis Mogy B kposi moguHn (10°-10°%) e “liogHum
n3epkasiom” KpoBi. Jo6osa noTpeba y Mogi cknagae 0,2 Mr. OCHOBHa
6ionoriyHa ponb Vogy nonsrae B TiM, WO BiH 6epe y4yacTb Y CUHTe3i
FOPMOHY LUMTOBMAHOT 3a/103 — TUPOKCUHY | € MOro HesamiHHUM
CTPYKTYPHUM ~ KOMMOHeHTOM. [lpu  HegocTadi ogy B opraHismi
MOPYLWYETbCA  LIANbHICT  WMTOBMAHOT  3a/103M,  PO3BMBAETLCH
3aXBOPHOBAHHS — eHEMiIUHNIA 306. Mog 6epe y4acTb Yy BOAHO-COMLOBOMY
0OMIiHI, BMN/IMBaKOYM Ha KOHLEHTPAL,it0 B OpraHiami HaTpil- i Kasiii-ioHiB.
log i 10ro crnonykn B NeBHUX KOHLEHTPALisiX NO3UTUBHO BM/MBAIOTbL Ha
(haroynTapHy akTUBHICTb NEMKOUMUTIB, 3HMXXYIOTb MPOHUKHICTb LUKIpW,
T06T0 oA nO3UTMBHO BMAMBAE Ha iMyHOreHes. BOHW  Takox
NiABULLYIOTb aKTUBHICTb [€AKUX CTAaTeBUX rOPMOHIB. o BULINAETLCS 3
OpraHiaMmy, TrO/IOBHMM YMHOM, i3 CeYeld, TOMY KiflbKiCHe BM3HAYEHHS
MOro B ceui i KPOBI Mae AiarHOCTUYHE Ta KiHiuYHe 3HadveHHs. Mog i ioro
CMONYKWN HUHI LUMPOKO 3aCTOCOBYHOTHCA B MeMUHIN MpaKTuL,.

CnupToBKMIA PO34KMH Moay (3 MacoBOK YacTKoro 5 i 10%), abo roaHa
HaCTOsIHKa € papMakorneiHUM npenapaToM, Mae MiCLEBY aHTUCEMTUYHY,
nofpasHiooYy, BIATSXKHY | NpoTu3anasbHy [it0. BUKOPUCTOBYETLCA B
Xipyprii  ans 06pobKu pyk Xxipypra, paH, onepauifHoOro nons, npw
(hYPYHKYNbO3i; BCepeAnHY — Npw rino- i rineptupeosi, eHageMiyHomy 306i,
aTepocknepo3si, 6POHXITi, 6POHXiaNbHIN acTMi, PEBMaTU3MI, a TaKOX Npw
OTPYEHHI PTYTTHO, CBMHLIEM | TOLLO.
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Mikpoiton (hogy — 0,0005 r, kanin nogmay — 0,005 r, KOpeHs

BasiepiaHn — 0,05 r) € 3acnokivnmeum 3acobom. Crionyku 1oy
3aCTOCOBYHOTbCS TAKOX A5 eNleKTpodopesy Npu NiKyBaHHI rinepTOHIYHOT
XBOPOOMU.

o, 3aTprMyE NPOXOKEHHS PEHTIEHIBCLKMX MPOMEHIB, TOMY #0ro
npenapatM $K PEHTFeHOKOHTPACTHI 3acobu (KapaiocTtaT, Cepo3vH,
OINIrHOCT Ta 1H.) LUMPOKO 3aCTOCOBYKTLCA [N PEHTreHONOr YHUX
A0CNIAIB HMPOK, CEYOBMBIAHUX LUNAXIB, KPOBOHOCHUX CYAWH 1 cepud,
YKOBYHOr0 Mixypa Ta Mne4iHKu Ta iH.

PagioakTvBHuil Hyknig Mogy ™' y copmi Hatpiii ogugy B
[QIarHOCTUYHUX LiNAX Ccnyrye Ans AOCNIIPKEHHSA CTaHy LUTOBUAHOI
3a/1031 | ANA NiKyBaHHA NPWY TUPEOTOKCMKO3i. Kpim TOro, pagioakTUBHUI
lof, BUKOPUCTOBYETLCS MPU NiKyBaHHI paky LWWTOBMAHOT 3a103n. 3a
OCTaHHill uac pagioakTuBHuii Wog '*°J 3aCTOCOBYETLCA A1A PaHHbLOT
AiarHOCTMKM BariTHOCTI. MeTog Ay>Ke NPOCTUiA, 3aTpaTh Yacy MiHIMasbHI
— BCbOr0 OflHa rofiMHa i BariTHICTb AiarHOCTYETLCA Ha LLIOCTUI AeHb Nicns
1T BU3HAYEHHSA.

BioreoximiuHi BnacTuBoCTI Bpomy. bpom y BUrNsaAl KanieBux Ta
HaTPIEBUX COJE MICTUTLCA Y MOPCHKIlA BOAI.

Bpom y uncTomy BUMNALI — BaXKKa YepBOHO-Oypa OTpyiHa pignHa.
BiH neTkunin, Mae pi3KuniA NoApasHIoKYMIA 3anax, NoraHo PO3YMHAETLCS Y
Bofi (npn 293 Ky 100 r Boan po3ynHseTscs 3,53 r 6pomy). bpom y
YNCTOMY BWUIAAI CWUNbHO MOAPA3HIOE CAN30BI 000/IOHKM, BUKIINKAE
Kalenb, 3agyxy. lpu BMMagKoBOMYy MNOMafaHHI Ha LWKIPY BUKINKAE
OniKW, AKI AOBrO He 3arokHThLCA.

B opraHi3mi nloguHu BMicT Bpomy cknagae 107%. BiH MicTUTbCA
MPakTUYHO B YCiX opraHax i TKaHnHax. [Jo6osa notpeba y bpomi cknagae
0,82 mr. Hainbinbwa KinbKicTb BpoMy MICTUTBCA B TakKMX Xap4yoBUX
npoAyKTax, K KapTonns, Xni6 ta iH.

bionoriyHa ponb bpomy y XMBUX opraHismax noadrae y nocuneHHi
NpoueciB rabMyBaHHA Yy LEHTPa/IbHIin HEPBOBIA CUCTEMI. Y MefMLMHI
BMKOPUWCTOBYIOTLCA HaTpiii 6pomig Ta Kanih 6pomif [k 3acrokiinmei
3ac00M Npu NigBULLEHI 30y MKEHOCTI, 6E€3COHHI, FiNepTOHIYHIA XBOPOOi.
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MuTaHHA NS CAMOKOHTPO/IO

1. HasBiTb y 4omy nonarae 6GioreoximiyHa QyHKUiS XIMIYHMX
e/IeMeHTIB.

2. [lainTe BU3HaUYEeHHS BIOrEHHUX €IEMEHTIB.

3. BusHaute posib OIOreHHWX €NeMeHTIB Y IKUTTEQIANbHOCTI
opraHi3smis.

4. Ha3BiTb OCHOBHI 6iOreHHi HemeTanu.

5. AAka Knacudikauist 6ioreHHMX HemeTasiB ICHYE?

6. OxapaKTepusyiTe  OCHOBHI  6ioreoxiMiyHi  BIaCTMBOCTI
bioHemeTaniB.

7. Ha3BiTb, 6iOHemeTann, fAKi € MIKPO-, Makpo-, | YynbTpa
efleMeHTamu.

8. Y u4omy nonaraloTb OCHOBHI 6ioreoXimiyHi  BNacTMBOCTI
[igporeHy, OkcureHy, HitporeHy, Kap6oHy, Cynbypy, Pochopy,
Xnopy? Lo X noegHye?

9. Ha3BiTb OCHOBHI 6ioreoxiMiuHi BnactusocTi ogy Ta Bpomy.

10. 4ky ponb BigirpaloTb 6GioOHemMeTasM Yy PO3BUTKY XKUBUX
OpraHiamis?

3.2 3micTOBHMIN MoAy /b Ne5
BioreoximMmiuHi B/1acCTUBOCTI biomeTanis

BioreoximiuHi BnacTmeBocTi HaTpito Ta Kanito. Hatpin i Kanii
HaneXaTtb 40 NIArPYNN Ny>XHUX MeTanis. BHaAcNifOK BMCOKOT XiMIYHOT
aKTUMBHOCTI HaTPIi i Kaniin 3ycTpivatoTbCs B NPUPOAI y BUrNALi Cronyk:
KyxoHHa cifib NaCl, rnay6eposa cinb Na,SO,4-10H,0, unniiicbka cenitpa
NaNO;, 6ypa Na,B;0,;. 3a po3noBCHOAKEHICTIO Yy niTocgepi Harpii
nocijae LwocTe micLe cepef IHWMX enemeHTiB cuctemun [.1. MeHaeneesa.
[loBefieHa NPUCYTHICTb Moro y atmocdepi CoHuUS i KOCMIYHOMY NPOCTOPI.

Kaniin BxoauTtb A0 cknagy MiHepany cunbBiHy KCI, cunibBiHITY
KCI-NaCl, kapHanity KCI-MgCl,-6H,0 T1a iH. Coni Kanito MoXHa Takox
BU/TyYaTW i3 MOPCLKOT BOAMW.

Hatpiii Bigirpae fy>ke BXXIMBY po/ib B OpPraHi3mi TBapuH i NIOANHN.
3ara/ibHa MacoBa 4acTKa MOro B opraHiaMi noamMHu cknagae 0,25%.
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Hatpiii y Burnsagi Hatpi xnopuay 3 KoHueHTpauieto 0,9% MicTuTbes Y
nnasmMi Kposi, MiATPUMYOYMN NOCTIAHMIA OCMOTUYHMIA TUCK.

Kanin-ioHNn 3HaxofsdTbCA MepeBaXKHO BCEPefMHi KMITUHW, HaTpil-
IOHW — B 30BHILLUHBLOKNITUHHOMY MNPOCTOPi. TakWil HepPiBHOMIPHWUI
PO3MOAIN I0HIB NY)KHMUX METasiB /IeXXUTb B OCHOBI POGOTU HATPIEBOrO
Hacocy | OOYMOB/IOE HasBHICTb Ha KNTUHHIA MembpaHi pi3HULI
MoTeHLianiB, AKa CNYyrye [LKepenoM eHepril 418 LOCTaBKU XXUBUbHUX
PEYOBUH Y KNITUHY.

Mpn 3MiHI  BMICTY HaTpiil-ioHIB B OpraHiaMmi BigOyBaeTbCA
MOPYLUEHHSA CepLeBO-CYAMHHOT cucTeMn. Hatpiil BNanBae Ha Ais/bHICTD
(bepmeHTIB | 6epe y4yacTb Yy perynsuii BOAHOro o6miHy. BiH mMae pi3Ko
BUPaXXeHY 30aTHICTb MNOCKNKOBATU HabyXaHHS BIfKIB.

Hatpiin xnopug € mpKepenom And YTBOPEHHS X/IOPUAHOT KUCIOTU Y
LLU/TYHKOBOMY COKY. By®epHi coni — HaTpii rigporeHkapboHar, Hatpii
rigporeH- Ta aurigporeHdocdar — NigTPUMYHTb KUCNOTHONMYXXHUA CTaH
(pH) pigKNX cepefoBuLL, XXMBUX OPraHi3mis.

Hatpiii-ioHn NOCTIMHO BMBOASATLCA i3 OpraHiaMy y BUIMAAI COMeEN
MiHepanbHMX (pocaTHOi, XMOPWAHOI) KWCNOT, OAHAaK HaTPieBOl
He0CTaTHOCTI Y JIOANHWN He CrOCTepIiraceTbCs.

Kanin  HeobXigHWA  >XMBUM  OpraHiamam A8 CTBOPEHHS
6ioeNeKTPMYHNX NOTeHUianiB y HEPBOBIM CUCTEMI | M’s13aX, PeryntoBaHHS
CKOPOYEeHHs cepueBoro m’asa. BiH € OCHOBHMM BHYTPILUHbOKMNITUHHUM
ioHoM. Kaniin-ioHn pa3om i3 HaTpiil-ioHaMy YTBOPKOKOTb CUCTEMY, SKa
3a6e3reyye I30TOHIYHICTb KMITWUH | HaBKOMIMLLIHLOIO cepefoBuula. Kanii
HeobXiAHUA ana cuHTely AT®, aKa € [KepesioM eHeprii ana 6aratbox
GioximiyHMX npouecie. Kaniii-ioHn 6epyTb y4yacTb Y CUHTE3I OINKiB,
0OMiHI BYrneBofiB, € CKIagOBUMN KOMMOHEHTaMWN [AeAKUX (PepMeHTIB i
BNAMBalOTb Ha TX akTMBHICTb. [lpn Heponiky Kanito y TBapwH
YNOBI/NIbHIOETHLCA PICT, 3HUMXKYETLCA 30YIPKEHICTb HEPBOBOT CUCTEMM,

BioreoximiuHi BnacTusocTi Kynpymy. 3arasibHuii BMIiCT Kynpymy y
3eMHIli KOpi MopiBHAHO HeBenukuii 0,01 mac.%. Kynpym uyacTilue, Hix
IHWI enemMeHTN, 3YyCTpiYaeTbCsd B CaMOPOAHOMY CTaHi, npuyomy
CamMOpOoAKM Mifli AocAratoTb 3HAYHOT BeNUYMHW. Halbinbll BenuKuii
CamMopofoK Mifi, AKuiA ByB 3HaAeHWIA, BaXXMB 420 T, NPUYOMY Y AeAKNX
BE/IMKUX CaMOPOAKIB Migi yCi 4aCTUHK, WO BUCTynanu, 6ynu BigbuTi
Kam’AHUMW  COKupamMu. Mifdb MNOPIBHAHO filerko 06pobnsaTn, UMM i
MOACHIOETLCA Te, WO Ti paHille 3a iHWI MeTasn BUKopuUCTana toanHa ans
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CBOIX MoTpe6. Miab 3yCTpivaeTbCA B MPUPOAI MEepeBaXXHO Yy BUrNALI
PI3HOMaHITHUX pya: migHOro 61mMcky Cu,S, XalbKoMmipuTy Ym MIAHOTO
KonueaaHy CuFeS,, kynputy (4epBoHOl migHoT pyan) Cu,O, ManaxiTy,
AKMA € 3a XiMmiyHum cknagom  Kynpym(ll) rigpokcua Kap6oHaToM
(CuOH),COs, Ta iH.

Ponb Kynpymy B >XMBMUX OpraHiamax BeflbMW crieum@iyHa i Lei
eNIEMEHT He MOXKe OYyTW 3aMiHEHWUW HISKUMKU iHWKMMK. Kynpym Gepe
y4yacTb Y BYrneBoAHOMY i 6i/IKOBOMY 0O6MiHaX y poc/vHax.

Mig BniveoM KynpyMy MOCWU/OETLCA CUHTE3 OiNKiB, BYrneBoaiB i
XupiB. Hectaya Kyrnpymy BUKIMKAE Y POC/AMH 3HMKEHHS aKTMBHOCTI
CUHTETMYHUX MpOLecCiB | MPU3BOANTb [0 HAKOMUYEHHA PO3YUHHUX
BYI/1€BOAIB, aMIiHOKMUC/IOT Ta IHWWX MNPOAYKTIB po3nagy CKNaaHnX
OpraHiYHMX PevyoBuH.

Benvka ponb Kynpymy B opradiamax TBapuH I NOAWHU, B AKUX
BOHa MNOB’sA3aHa 3 (pepMeHTamu, BiTaMiHaMW, rOpMOHaMW Ta IHLIUMW
6i0N0OriYyHO  aKTMBHMMK  peyoBMHamu. BiH BNMBaE Ha CUHTE3
remorno6iHy i YTBOPEHHS epuTpouuTie. Hectaya Kynpymy B opraHi3mi
TBapUH BUK/MKAE 3axXBOPHOBaHHA, BifoMe nif Ha3BoK “nn3yxa”, ske
CYMNPOBOAKYETLCA aHEeMIEHD BHACNIAOK PI3KOro 3MEHLUEHHA Yy KpoBi
KiNIbKOCTI remornobiHy. Y noauHK Big Hectadi Kynpymy TakoX
MOPYLLYETLCA KPOBOTBOPHA (DYHKLLIA OpraHi3my.

Kyrnpym nocunoe fit0  iHCYNiHY 1 TFOPMOHIB rinogisy, AKi
CTUMY/IIOIOTL  PO3BUTOK | (PYHKLiO CcTaTeBMX 3a103. Kynpym-ioHu
CNPUAOTb BUBEAEHHIO BOAW i3 OpraHi3My, He BM/IMBAKOUYN Ha BUBEAEHHS
X/I0PVAIB, 3aTPUMYIOTb B OpraHi3Mi KasibLiid i poctop, ocKinbkn Kynpym
BMN/IMBAE Ha BOAAHWIA | MiHepasibHUIA OOMIHN.

Kynpym BXOAUTb [0 CKAagy [OedakuxX (epMeHTIB, Hanpuknag,
(peHoNMasn, i remouiaHiHy, 34aTHUX MEPEeHOCUTU KUCEHb MOAIGHO [0
remornobiHy.  Kynpym-ioHM  NiABULLYIOTb  e(eKTUBHICTb  [AeAKUX
NiKapcbKMx npenaparis. BoHW 3B’A3YyK0Tb TOKCUHM MIKPOOPraHi3MmiB |
MOCU/IOKOTL Ait0 aHTUOIOTUKIB.

Hagnmwkosa KifbkicTe Kynpymy HeratMBHO BMN/MBaE Ha OpraHism
TBApVH | NIOANHW. Y TBapWH CMOCTepIiracTbCAa nepeposKeHHsA MeyviHKu,
PO3BMBAETHLCS XKOBTYXa.

BmicT Kynpymy y nnasmi KpoBi B HOpPMI NIATPUMYETLCA B [AOCUTb
BY3bKMX MeXax. Tomy, 3acTocoByroun coni Kynpymy pans rogisni
TBapWH, CNif BPaxoBYyBaTWU aHTaroHi3M, AKWMW ICHYEe MK Kynpymom i
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OeAKUMU XIMIYHMMMW efieMeHTaMu, TakKuMK, Hanpuknag, gk LInHK, depym,
Moni6aeH.

BioreoximiyHi BnacTmBOCTI ApreHTymMy. ApreHTyM iCHYE B Npupogai
SK Yy CaMOPOAHOMY CTaHi, TaK | Yy BUrnsagi crnonyk. HaBaxXnvsilLo
pyfoto ApreHTymy € apreHtut (cpibHuin 6nmck) Ag,S. Kpim Toro,
AOMILLKK ApreHTymy € y nonimetaniyHux pygax (Pb, Zn), nepepobkoto
AKX OTPUMYHOTb CPib/Io.

Uncte cpibno BHACNIAOK MOro M’SAKOCTI | TAMy4yoCTi Maidke He
3aCTOCOBYETLCA. 3i cnnaeiB cpibna 3 Miga0 BUFOTOBNSAOTL MOHETH,
OBENIpHI  BUPOOKN, nabopatopHu nocyd. Cpibnom, €K rapHuM
MPOBIAHWKOM efleKTPOCTPYMY, MOKpMBaKOThL pagiogetani. Kpim TOro,
NOKPUTTS CPI6NOM [HLIMX MeTaniB 3axuwae iX Bifg KOpPO3ii. 3HauHi
KIfIbKOCTI MeTasliB BUKOPUCTOBYIOTb Ha BUFOTOB/IEHHS CPIOHO-LIMHKOBUX
aKyMy/nATopiB.

bioreoximiuHa ponb ApreHTymMy Mano BuMBYeHa. BiH Moxe
BUKOHYBaTK MpuMikKaio4dy, npoTusanabHy Ta 6akTepuungHy Aito, Tomy
3aCTOCOBYETLCA [AN1A 3HEe3apaXeHHs MUTHOT Boau. KonoigHi po3ynHK
ApreHTymy (nNpoTapron, Konaprosn) 3acToCOBYHTb fAK B’SXKydl Ta
aHTUCENTUYHI 3acobu ANs NPOMMBAHHA CEYOBUBIAHMX LLNSAXIB, B OYHIN
npakTuyi Ta gepmatonorii. BogsaHuii posunH apreHTyMm(l) HiTpaty AgNO;
3 MacOBOH 4acCTKO0 1-2% BMKOPUCTOBYHOTb IK aHTUCENTUYHWIA 3acib Ans
30BHILUHBOIO NiKyBaHHA 3aXBOPHOBaHb O4eil Ta LLKipW.

bioreoximiuHi BnacTmBoCTi Aypymy. Aypym 3YyCTpiYaeTbCs B
NpupoAi y camopoAHOMY CTaHi, MOro 3epHa 3yCTpivaloTbCA Yy KBapLi uu
KBapLOBOMY MiCKY, IHKONW Yy BUrNA4i Benuvkux camopopkis (Cubip,
Ypan). Jomiwkn Aypymy MICTATLCA B CynbMigHUX pygax LnHKy,
Mntoméymy | Kynpymy.

30/10TO MNACTUYHE, NIErKO MPOKATYETLCS Y IMCTU TOBLUMHOKO MEHLLEe
0,0002 MM, BUTATYeTLCSA Y NPOBOJIOKY, 3a €1eKTPUYHOK MPOBIAHICTIO |
TENI0NpPoBIAHICTIO NOCTYNAETLCA NnLLe cpibny Ta Migi. 3aBAsaKM M’SIKOCTI
30/10Ta 3aCTOCOBYHOTb 3BMYaliHO AOro CriaBn 3i cpibnom Ta miggro, AKki €
TBEPAVMMM PO3YMHAMMN.

dochopoBmicHI  npenapatv  AypymMy MalOTb NPOTUAPTPUTHE
npusHayeHHs. [lpenapat Aypymy Kpu3aHifi BUKOPWUCTOBYHOTb [N
NiKyBaHHA KICTKOBOro TY0epKy/nbo3y. YCi Cynb(ypoBMICHI npenapatu
AypymMy MarTb NiKapCbKy Ail0 NpW BBELEHHI BHYTPILUHLOM’A30BO.
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AypyMm UiaHIaN 3MEHLLYKTb PICT TY6epKY/bO3HUX Ma/IMYOK Ta IHLIKX
MaToreHHNX opraHi3mis.

BioreoximiuHi BnacTMBOCTI MarHito. MarHii — cpibnacTo-6inuia
Nerknii metan. BiH 3aCTOCOBYETLCA NS BUTOTOB/IEHHSA OCBIT/HOBa/IbHUX
pakeT, “MarHiesi cnasaxy” 3aCTOCOBYHTb Y (hoTO3MOMKax. K
KOMIMNeKcoyTBOpoBaY, MarHiin BXoAuTb [0 CKnady YOTMPWUMIPOSIbHOrO
KinbuUs nopgiHy i yTBOPKOE CUCTEMY X/T0POQiny.

MarHiii BXoAUTb 10 CKNagy Xnopodiny, 3a y4acTo AKOro B 3e/1eHNX
pPOCNMHAX 3MAINCHIOETLCS Mpouec PoTocuMHTE3y. MarHin-ioHn CcyTTEBO
BMN/IMBalOTb Ha OKWCHO-BIAHOBHI NPOLECU Yy pOCnnHax. Y TBapUHHUX
opraHiamax MarHiii MiCTUTLCS B OpraHax i TKaHWHaX rofIoBHUM YMHOM Y
BHYTPILUHbOKNITUHHIA PeYOBUHI. B 6Ii0NOriYHMX pignHax | TKaHMHaXx
opraHiamy MarHin 3HaxoAnTbLCA Yy BUMNAI Bi/lbHUX IOHIB | Y 3B’s13aHOMY
BUrNAA4l 3  OiNKaMu  CTEPUHY  MPOSBASE  CYAUHHO-PO3LLMPIOOYY |
aHTUCnasMaTuyHy [it, BXOAUTb 40 CKMady uiforo pagy (epmeHTiB |
aKTuMBidye 6arato 3 HWUX, 30KpemMa (epmeHTM CUHTe3y 1 po3nagy
afleHO3MNH- | ryaHIHTpUMOCHAaTHOI KNC/OT.

MarHiii-ionn Mg®*  yTBOpIOIOTb Y  KAiTMHaX KOMMMeKcH 3
HYKNETHOBUMW  Kuc/foTamn, 6epyTb Yy4yacTb Yy Mepedadvi  HepBOBUX
IMMY/bCIB, CKOPOYEHHI M’A3iB, MeTaboni3Mi ByrieBogis. MarHii € ogH1m
i3 HaBXKNMBILLMX €/IEMEHTIB eHepreTUYHUX NPOLECIB, AKi NOB’A3aHi 3
OKMCHUM (hOCChopyBaHHAM.

AKUWO B OpraHiaM HaaxoAuTb HeAoCcTaTHbO MarHito, To 1oro
KINIbKICTb  MOMOBHIOETbCA 3@ PaxyHOK KICTKOBOI TKaHuHW. [lpwu
Ha/IMLLKOBMX KiNbKOCTAX MarHi NnpurHidye pict TBapuH, 0CO6/MBO Le
BIAYYTHO, AKLLO B KOpMax crioctepiraetbcs Hectada Kanbuito, docdopy i
BiTaMiHIB.

BioreoximiuHi BnacTmBocTi Kanbuito. Ynctui kanbuin — ue 6innia,
TBEPANIA | KOBKWIA MeTan. 3a BMICTOM Y fiToctepi Kanbuiin nocigae n’are
micue. 10 HabinbL PO3NOBCIOMKEHNX MiHEpaniB, WO MIcTATb KasnbLin,
HanexXaTb BanHsaK (Mapmyp um Kperga) CaCOs, gonomit CaCO5-MgCOs,
rinc CaSQO,-2H,0, nnasukosuin wnat CaF,, dochoput Caz(PO,), |
anatunut 3C3.3(PO4)2'C3.F2 (CaCIQ)

Y 6ionoriyHoMy Kpyroobiry peyoBuH KanbLito BigBeieHa oAHa i3
HaMbinbll 3HaYHMX (QYyHKUIA. BiH ©6Gepe y4yacTb Yy npouecax
[PYHTOYTBOPEHHSA, MOKpPALLYye CTPYKTYPY TPYHTY, BMMBAE Ha peakLuito
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cepefoBuLLa, 1, SK HACNI[OK, PYXOMICTb IHLUMX 6I0N0rYHO HeobXigHUX
e/IeMeHTIB.

Kanbuii crnpusie dikcauil aTmMocepHOro asoTy, MiHepanisauii
opraHi4yHMX Cronyk i BMBIIbHEHHIO PIZHOMAHITHUX MOXWBHUX PEYOBUH.
Llen enemeHT 6epe y4yacTb Yy CMHTE3I OINKOBMX PEYOBUH, CNPUSE
YTBOPEHHIO XN0podiny.

[MOPIBHAHO 3 IHWKMMKW GiomeTanamyM KasnbLUito B TBaPUHHUX
opraHiamax MiICTUTbCA 3Ha4yHO Oinblie. OCHOBHA Maca Moro, 61M13bKO
99%, 30cepeKeHa Y KICTKOBIM TKaHWHI, fKa LLUBUAKO pearye Ha 3MmiHy
BOJIHOCO/IbOBOrO CKfagy KpoBi i BUMKOHYE poO/b CBOEPIAHOrO Oydepa,
AKUWA NIATPMMYE PiBHOBAry BHYTPILLHbOIO CepefoBULLA OpraHi3my.

B opraHiam niognHM | TBApUH KanbLiini noTpanise B OCHOBHOMY 3
XapyoBMMK MpPOAYKTamMn: MOJIOKOM, OBO4YaMu, 3/1akamu. HasaBHICTb
rpy6oi KnityaTKu | BeNMKOI KiNIbKOCTI OKCasnaTHOT KUC/IOTU He Chnpuse
3aCBOEHHIO Kanbuito. OcobnmMBO Bax/MBe 3HAYeHHs AN1A 30araveHHS
OpraHiaMmy Kasblii-ioHaMW Ma€ MUTHA BOAA, Y SKIA MICTUTbLCA KaibLii
rigporeHkapooHat Ca(HCO,),.

O6MIH KanbLito 3AiMCHIOETLCA Nif BNIMBOM 6i0N0MYHO aKTUBHMX
PEUYOBUH, cepell AKMX 0cobnmBo BaxnmBuM € BiTamiH D. [pwu
HefOCTaTHbOMY BMICTi B OpraHismi LbOro BiTamiHY YMOBI/IbHIOETHCA
HaaxoMkKeHHA Ka/buito Yy KICTKOBY TKaHWHY, WO MpPM3BOAUTL [0
PO3BUTKY paxiTy Ta IHLWMKX MOPYLUEHb, MOB’A3aHUX i3 PO3M’AKLLUEHHAM
KICTOK.

OcobnuBa ponb Hanexutb Kanbuito B MexaHi3Mi  M’A30BOro
CKOPOYeHHS. Lleir npouec BinbyBaeTbCA MPU B3aEMOfiT [BOX OCHOBHUX
M’A30BUX OINIKIB — MIO3UHY | aKTUHY. B pe3ynbTaTti NpueaHaHHA KasbLili-
IOHIB  aKTUH 30aTHWWA  B3aEMOAIATM 3  MIO3MHOM 3 YTBOPEHHAM
aKTOMIO3WHY, KNI BUKOHYE PO/ib KaTastizaTtopa po3LuensieHHs AT®, npu
SIKOMY BUBI/IbHAETLCA EHepris 419 M’30BOr0 CKOPOYEHHS.

Kanbuin-ioHn 3HaxoaaTbca B 6i0N0riYHOMY aHTaroHi3mi 3 HaTpii-,
Kanin- i MarHin-ioHamn.

Kanbuiil MiCTUTLCA Y BCIX TKAHMHAX | piAMHaX TBAPWUH i POCTMHHUX
OpraHiamiB i BMNAMBAaE Ha BeNMKY KifIbKICTb BGIOXIMIYHMX Mpouecis. 3a
CBOTMM BNacCTUBOCTAMM B XXMBUX CUCTEMAX Lie YHIBEpcasibHUIA BiomeTann.

BioreoximiyHi BnacTuBoCTi LIMHKY. LIMHK — 61aKMTHO-CPIGNACTUIA
meTan. BmicT LiuHky B nitocdepi craHoBuTb 1,5-10°% (3a Macoto).
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[0N0BHI  NpupoAHi  cnonykn LIMHKY, 3 AKUX ioro [obysatoTb, —
MiHepanu ranmein ZnCOj; Ta umMHKoBa obMaHKa ZnS.

3HauYHi KiIbKOCTI  METaNuYHOro UWHKY BUKOPWUCTOBYKOTLCA Ha
BUIOTOB/IEHHSA OLMHKOBAHOIO 3a/i3a i cnnasiB (MenbXiopy, natyHi). Kpim
TOro, UMHK 3acTOCOBYKTb [/  BUFOTOBMIEHHSA  UMHKOBYTIfIbHUX,
MapraHueBo-UMHKOBUX  Ta  MOBITPAHO-UMHKOBUX  Ta/lbBaHIYHNX
efleMeHTIB. PO3uMH UMHK xnopugy ZnCl, 3aCTOCOBYHOTbL [AN1S TPaB/iIeHHSA
MeTaniB; NPy NasHHI BiH CNPUAE BUAANIEHHIO OKCUAIB i3 MOBEPXHI MeTany
B MOMEHT nasHHA. [na uiel > MeTu nif 4Yac NasHHA | 3BaprOBaHHA
MeTasliB 3aCTOCOBYHTb KOMM/IEKCHY crnonyKy unHKY (NHy),[ZNnCly].

LINHK — OAWMH i3 Ci/IbCbKOroCnoAapCbKMX MIKPOeNeMEHTIB: npwu
HecTayi 1Moro y rpyHTI Y POC/IVH MOPYLUYETLCA 0OMiH BYINeBO/iB, MOXE
MOHM3NTUCL BMICT Xxnopoiny. HAK CKnagosa 4acTvHa (DEPMEHTIB
BYI/IEBOAHOIO OOMIHY LIMHK aKTMBye 1X |1 CNpuUse MigBULLEHHIO
IHTEHCMBHOCTI (DOTOCUHTESY.

LIMHK BNAMBaE Ha CUHTE3 HYK/IETHOBUX KWUC/OT | 6epe akTUBHY
y4yacTb Yy 36epiraHHi i nepefayi reHeTUYHOT IHPOpMaLLii.

Aediunt LIMHKY BUKNMKAE YMOBISIbHEHHA POCTY TBapwWH, po3nag
cTaTeBOi (OYHKUIT, CKOPOYeHHA XuUTT4. BcrtaHoBneHo, wWwo LWHK
HeoOXigHWA AN MIATPMMKN HOPMasibHOT KOHUEHTpauii BiTamiHy A y
nnasmi.

B opraHiami  TBapuHM i naoguHM  LIMHK € HesaMiHHMM
MeTa/IOKOMMOHEHTOM Oifibll HXK 40 (DepMeHTHUX CUCTEM, BXOAUTb A0
CKnagy ropMoHY IHCYIHY.

[MopylleHHss 06MmiHy LIMHKY B opradismi MOAWHW MOB’sA3aHe 3
TaKUMW 3aXBOPIOBAHHAMU, AK NENKEMIs, aTepoCKNepos, eHaeMiYHnIA 306
Ta iH.

3AaTHICTb LIMHKY nigBuLLyBaTU 3arajibHUA PiBEHb €HEPreTUYHMX
npoueciB 1 3axMCHi peakuii opraHisMy pO3KpUBaE MepPCneKTuBn
BIOTUYHMX KIIbKOCTEN LbOro efieMeHTa fK CTUMynatopa (isionorivyHmx
MPOLECIB Y Ci/IbCbKOroCnoAapCbKMX TBAPUH.

bioreoximiuHi BnacTmsBocTi MonibgeHy. MonibgeH y 4nucTtomy
BUrNadi — cpionacto-6inuii metan. BmicTt MonibaeHy y nitocdepi
cknagae 3-107% (3a macoto) . Y npupodi MonibaeH 3ycTpidaeTbes y
BUrNIAAI MoNibaeHITy (MonioaeHoBuiA 6nmnck) MoS, — MiHepany YOpHOro
KONbopY.
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Y NOPIBHAHHI 3 IHWKMK GioenemeHTamn MonibaeH HeobXigHWA
XVUBMM OpraHiaMam Yy 3HayHO MeHLUMX KifbkocTax. OAHaK 3a CBOIM
BMN/IMBOM Ha (i3ioN0oriyHo-6i0XiMivyHi MPOLIECU B XXMBUX OpraHiamax Liei
eNeMeHT nocifgae oaHe i3 NPoBiAHMX MiCLb, OCKI/IbKW CMIPUAE BUPILLEHHIO
OfHIEI 13 HaMBaX/IMBILLIMX MPO6SEM CINbCbKOrO rocrnogapcrea  —
npo6aemun a3oTy B 3eM/1epOOCTBI | Npo6eMn Bifika B TBAPUHHULTBI.

OcHoBHa (pizionoriyHa ocobnmeictb MonibaeHy — 3aaTHICTL 6paTtu
yyacTb Yy rnpoueci ikcauii MONMEKYNApHOro asoty 0ynb604K0BMMU
baKTepisMM POCNUH. Y npoueci 6ionorivyHol ikcauii aTMocepHOro
a30Ty TO/IOBHY PO/b Bifirpae (oepMeHT HITporeHasa, [0 CKnady SKOro
BX0AATb MonibaeH i depym.

He MeHW BaXNMBOK Trpynow OIOXIMIYHUX MPOUECIB, L0
NpoTiKalTb 3a 06e3nocepeaHbLOKD yyacTio MonibaeHy, € CUHTE3
HYKNETHOBMUX KWUCNOT | 6inKiB. MonibaeH, WO MICTUTLCA Y KITMHAX
POC/IH, B3aEMOAIE 3 IHWNMW efleMeHTaMu MiHepasibHOro XapuyyBaHHS,
nepw 3a Bce 3 dPochopom, WO MNPU3BOAMTL A0 MiABULLEHHA BMICTY B
pocnnHax 6inkoBoro docgopy i CnpuaTINBO BifoOpPaXKaeTbCsA Ha CUHTESI
HYK/ETHOBMX KMCIOT.

MonibaeH nO3UTWMBHO BM/MBAaE Ha BYrNeBOAHWA OOMiH, CUMHTE3
X/10pOhiny, KApOTUHY, aCKOPOIHOBOI KMC/IOTW, HA IHTEHCUBHICTb OKUCHO-
BiJHOBHWX MPOLIECIB Y POC/INHAX.

MonibaeH € KOMMOHEHTOM KCaHTMHOKCMAA3M — (PEePMEHTY, SAKWI
BM3HAYa€ PIBEHb MYPUHOBOrO0 OOMIHY B TBapWMHHOMY OpraHiamMi Ta
opraHiami noauHW. [MypuHOBI OCHOBM 6epyTb Yy4yacTb Yy M0OYyAOBI
HYKNeOTUAIB, HYKNETHOBUX KWUCAOT Ta IHWKUX 6i0N0rYHO aKTUBHUX
CNONyK. Y pe3ynbTaTi IHTeHCUiKaLil Takoro npoLecy YTBOPHETLCA
3HayHa KiNbKICTb CEYOBOI KWUCMOTWM | B OpraHiami  MoYnHaroTb
HaKoMnM4yyBaTuUCb HaA/INLLIKOBI CONI.

MonibaeH MO3NTUBHO BM/IMBAE Ha CUMHTE3 TeMOrNo6iHY, Cnpuse
YTBOPEHHI0 BiTaMiHIiB C | Byy. Y onTUManibHUX KiNbKOCTAX BiH CTUMY/IHOE
piCT, MiABULLYE iMYHOGIONOMIYHI 3aXMCHI CUAM  OpraHiaMy npoTu
IHPEKLINHNX 3aXBOPIOBAHb.

bioreoximiyHi BnacTuBocTi MaHraHy. MaHraH € OAHUM i3
HaliNOLUMPEHILLIMX eneMeHTiB Ha 3emni. Moro BMICT y 3eMHili Kopi
cknagae 8-10% Mac.%. OCHOBHUMM MPUPOAHUMM MiHepanamu MaHrany €
niponto3ntT MnO,, raycmaHiT MnzO,4 i 6payHIT Mn,Os.
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OcHoBHa Maca MapraHuto, 6nm3bko 90%, 3aCTOCOBYETbLCSH B
MeTanyprii  ana feryBaHHs cTaneil. BiH gogae 3anisHMM  cnjaBam
KOPO3iiHY CTIlKiCTb, B’A3KICTb | TBepAICTb. BaXnuMBe 3HaUeHHS Mae
mapraHuesa ctanb (83-87% Fe, 12-15% Mn, 1-2% C), saka
3aCTOCOBYETLCA, TOSIOBHUM YWHOM, [N BUTOTOB/IEHHA 3a/li3HUYHUX
PenoK. Bennke 3HauYeHHS MatoThb | iHLWI crnaBu: A3epKanbHWUiA YaByH (15-
20% Mn), mapraHueBa 6poH3a (95% Cu i 5% Mn), WO Mae BUCOKY
MeXaHiYyHy MiUHicTb. 3i cnnaBy MaHraHiHy (83% Cu, 13% Mn, 4% Ni)
BUrOTOBMAKOTL APIT 408 KOTYLIOK OMnopy, TOMY WO eneKTpuyHa
MPOBIAHICTb TAKOr0 APOTY Mai>ke He MIHAETLCA 3 TEMMEPATYPOIO.

3i cnonyk MaHraHy HaibinbLU WKMPOKO 3aCTOCOBYETLCA MaHraH(1V)
okeng MnQO,. Lie BUXIAHWIA NPOAYKT ANA Of4epXKaHHSA YCiX IHLWMX CNONyK
MaHraHy. 3aCTOCOBYIOTb MOr0 TaKOX SIK KaTani3aTop, AeLLIEBNIA OKMUCHUK,
[Eenonapu3aTop y rasibBaHIYHUX efleMeHTax, A1 3HeOapB/ieHHs CKna, Y
BUPOGHULTBI CIPHUKIB.

disionoriyHa fisg, AKy BuABnsge MaHraH, B >XMBUX OpraHiamax
6a3yeTbCA Ha MOro BNacTMBOCTI BUABNATU NMEPEMiHHI CTYNEHI OKUCHEHHS
I 6paty yyacTb B OKWCHO-BIGHOBHWMX rnpouecax. MaHraH BXOAuTb [0
cKnagy uinoro pagy epMeHTHUX CUCTEM, AKI 0OYMOB/OKOTb OKWUCHO-
BIAHOBHI  npouecsM  BHYTPIWHLOKAITUHHOIO  OOMiIHY  PEYOBWH.
BCcTaHOBMEHO, WO B POC/MHAX, Y 3a1€XKHOCTI Bif CTYMEHA OKWUCHEHHS,
MaHraH, 3 ogHoro 60Ky, Cnpuse BUINEHHIO KUCHIO | Gepe yyacTb Yy
BIAHOBHMX peakLifaX (DOTOCUHTE3Y, a 3 IHLWOro — akTMBHO 6epe yyacTb B
OKWUCHEHHI KapboHOBMX KWUCMOT, a BIANOBIAHO, i B MpOLECI AUXaHHSA
POC/NH.

MaHraH cnpuse ikcauil aTtMocepHOro asoty 6y/nb604YKOBUMMU
bakTepiamK, a TaKoX 36i/bLUEHHIO Ki/IbKOCTI aMIHOKUC/IOT.

MaHraH € 6i0CTUMYNATOPOM He TifIbKW A1 POC/IMHHOrO, ane h ans
TBAPMHHOIO CBITY. BiH nMOB’A3aHWin 3 ()epmMeHTaMK, TOPMOHaMW |
BiTaMiHamun (B, E) 1 3aBAAKM LUbOMY BMAMBAE Ha PI3HOMAHITHI (OYHKLUIT
OpraHiamy: >KMPOBWIA, OINKOBWA | BYrNeBOAHEBUIA OOMIHW, CUHTE3
ackopbiHOBOI KMCNoTKM, 00MIH BiTamiHIB B; | E, nepewkomkaoum
PO3BUTKY aBiTaMiHO3y. MaHraH no3UTMBHO BM/MBAE Ha MPOLECK
PO3MHOXEHHS | KNITUHHOIO AiNeHHs, MOAIGHO THCYNIHY 3HWXKYE PiBeHb
BMICTY I/IFOKO3W | MOCUNHOE CUHTES NIKOTEHY.
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Y BMNaAKy MapraHueBOi HefOCTaTHOCTI Yy TBapuH MOPYLUYETLCA
(hocthaTHOKaNbLIEBUI 06MiH, CNocCTepiraeTbCs paxiTonoaioHe
3aXBOPOBaHHS.

BaratorpaHHa dizionoriyHa fais MaHraHy CTaHOBWUTb MOro B psaf
6I0N0OriYHO BaXK/IMBUX MIKPOENIEMEHTIB, fKI CMpPUAOTb MiABULLEHHIO
MPOAYKTUBHOCTI Ci/IbCbKOrOCNoAapCLKNUX TBAPWUH | POC/IUH.

BioreoximiuHi BnacTuBoCTi Pepymy. Pepym — HannoLIMPEHILINIA
nicng ANIOMIHIKO eleMEHT Ha 3eMHil Kyni: MOro BMICT Y 3eMHilA Kopi
cknagae 4% (3a Macoto). Y BiNlbHOMY CTaHi 3a1i30 3HAXOAMUTbLCA NLLIE B
MeTeopuTax. [punycKaeTbCA, WO A4pPO0 Hawol NnaHeTU CKNagaeTbes,
FO/IOBHUM YMHOM, i3 3a/1i3a, a 3eMHa Kyns B LifioMy npn6sim3Ho Ha 40%
CKNafaeThbes i3 3ani3a.

HalBaXXNMBilWMMK pyaamn 3as1iza € MarHiTHUin 3anis3Hsak Fez0y,
UepPBOHWUIA 3ani3HAK Fe,03, 6ypuin 3ani3Hsak 2Fe,03-3H,0O Ta wnaTosui
3anisHak FeCOs.  Tiput, abo 3ani3HWin  KonuyepaH, FeS,, Akuia
3YCTPIYaETLCA Y BENUKIN KiNbKOCTI, PIAKO 3aCTOCOBYETLCA B MeTanypril,
OCKI/IbKW 4YaBYH 3 HbOr0 BMXOAWUTb [Oy>XKE€ HU3bKOI SAKOCTI BHACNiOoOK
BE/IMKOr0 BMICTY Cipkh. B 3HaYHMX KINbKOCTAX 3ani3HWiA KosndefaH
BUKOPWCTOBYIOTb A1 BUPOOHMLTBA CY/b(aTHOT KMC/IOTW.

Cepef yCiX BXKKNX MeTasliB, L0 3HAXOAATLCH B XXMBUX OpraHismax,
depyMy HaNeXuTb rofioBHa posib. OpraHivyHi MOMeKynun, Ao CKnagy Akux
BXoAUTbL depym, 6epyTb aKTMBHY y4acTb Y 6IOXiMIYHMX npouecax, Lo
BiAOyBalOTbCA B Mpoueci AmxaHHAa 1 ¢oTocuHTE3y. Lle MOACHKETLCA
Haf3BNYailHO BUCOKUM CTYMeHeM X KaTaniTUYHOT aKTUBHOCTI. 3a
nigpaxyHkamu, KataniTuyHa fia 1 mr 3anisa y cknagi pepmeHTy Kataniasu
BIAMNOBIAA€E KaTaiTUYUHIM AT 10 T HeopraHiyHoro 3anisa.

depym BXOAUTHL [0 CKNady >XMBUX OpraHi3mis, Bifirpatoyn B HUX
AY>Xe BXXNNBY posb biokaTanizatopis. [eMOrfio6iH KpoBi MiCTUTL DepyM
y BUTNIA41 CKIagHOT OpraHivyHoT CroayKu.

OCHOBY peakLjiit, sKi BiioyBatOTbCA B NPOLECI ANXAHHS POC/NH, TaK
AK 1 Npu (POTOCUHTE3I, CKNafaTb OKMCHO-BIAHOBHI npouecu. [nsg Toro
06 opraHiaM 3Mir BUKOPUCTATU eHeprito, akymy/ib0BaHy B OpraHivyHmXx
PEYOBMHAX, BOHM NMOBWUHHI BYTN OKUCHEHI KMCHEM MOBITPA. Llel npouec
3AINCHIOETHCA 3a JONOMOTrO0 (DEPYMBMICHUX (hepMEHTIB.

B opraHismi TBapuH i NKOAMHK, AK | B pOCinHax, depym OyBae
TiNbKN B [ABOX CTYMeHSX OKWUCHEHHS — Fe** i Fe®*. MonoBHNM YnMHOM BiH
BXOAWUTb A0 CKMagy remorniobiHy, aKuidi MiCTUTLCA B epuTpoumTax. Kpim
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LIbOro, B opraHiami depym 3HaxXoAnTLCA y BUTNALI
BUCOKOMO/JIEKYNAPHOrO  (DEPYMBMICHOTO 0Oifika — QeputuHy —, Lo
MICTUTBLCA Y MeyiHLI Ta cenesiHui.

loHu Fe®" y cknagi reMorno6iHy 38’A3yH0Tb MONEKYNSPHUIA KUCEHD i
MepeHocATb A0 TKaHWH. [puyomy CTyMiHb OKUCHeHHA depymy npu
LIbOMY He 3MIHIOETbCS. eMOornobiH He TiNbKU NEPEHOCUTb KUCEHb, ane
3B’A3Y€ TaKOX MOJIEKY/IN BYT/NIEKUC/IOrO rasy i MepeHoCcuTb 1X 3HOBY Y
NereHi.

Ha BigMiHYy Bif, remorno6iny, epymBMiCHI (hepMeHTM KaTanasa i
nepokcugasa Mictate depym y CTyneHi OKucHeHHAa +3. KaTanasa B
XXMBUX OpraHiamax € 3aXMCHUM (PEepMEHTOM, AKWUW 36epirae KAiTUHU i
TKaHWHW Big wkKianmeoi Aaii H,O,. MNepokcupgasa Katanizye OKUCHEHHS
rigporeH nepoKcuaoM PisHUX opraHivyHMX Cronyk.

[Mpn HepgocTadi Pepymy B OpraHiaMi pO3BMBAETHCA 3aXBOPHOBAHHA —
aHeMifl 3a paxXyHOK 3MeHLLEHHS Ki/IbKOCTI epuUTPOLMTIB Y FeMOr/obiHi.
HagnmwkoBa KifbkKiCTb ®depymMy MOXe MPM3BECTM [0 MOPYLUEHHS
OiANbHOCTI CepueBO-CYANHHOT CUCTEMU, NMEYiHKN, NereHb.

BioreoximiuHi  BnacTmeocTi KobanbTy. Bmict Kobanbty vy
nitocepi cknagae npubnusHo 0,002% (3a macoro). HanbinbL
PO3NOBCIOMKEHI MiHepann KobanbTy — apceHin (abo KobanbToBuMiA
ineinc) CoAs, i kKobanbToBuin 65nMck CoAsS.

["0noBHa isionoriyHa posib KobanbTy, K | iHWNX MIKPOE/IEMEHTIB,
nonsrae y nMiABULLEHHI aKTUBHOCTI PISHOMaHITHUX (hePMEHTIB, SKi
BUKOHYIOTb PO/ib KaTai3aTopiB y 6araTtb0X Mpouecax y POCAMHHUX
opraHiamax. ¥ pocnvHax KobanbT MO3UTMBHO BMN/MBAE HA HAKOMUYEHHS
Xfiopodpiny, MiABULLYE CTINKICTb A0 PYWHYBaHHSA Yy TempsiBi, 30ibLUYE
MILHICTb KOMMNEKCY 3 Gifikamu.

KobanbT — nocTiiHa CKagoBa YaCTUHA KPOBI TBapWH i NIIOAVHMW.
OOHMM i3 OCHOBHMX (PaKTOpPIB YTBOPEHHA EPUTPOLMTIB |1 CUHTE3y
remornobiHy € BiTamiH By, — uiaHko6anamiH. HasBHICTb Yy cKnagi
BiTaMiHy B, Kob6anbTy MigBuLLYy€E aKTUBHICTb LbOro MiKpOenemeHTa Yy
Mi/IbIAOH pa3iB.

KobanbT Bifirpae BaXKMBY PoOSib B OKUCHO-BIAHOBHMX MpoLecax,
0OMiHY BYrneBoAiB 1 >KMpiB, NiABULLYE BWUKOPUCTAHHA OpraHisMom
aMiHOKUCNIOT AnA CUHTe3y 6inkiB. BiH MO3WTMBHO Bn/vMBaEe Ha OOMIH
BiTaMiHIB, Hanpuknag, ackopb6iHoBoi Kucnotu (BitamiHy C), Ha CUHTes3
HIKOTWUHOBOT KMCNOTK (BiTamiH PP).
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[Mpn 3HMKEHOMY BXMBaHHI KobanbTy Y CiflbCbKOrocnoaapcbKnx
TBApUH 3’ABMAETLCA 3aXBOPKOBAHHS CyXOTKa. TBapuMHM BTpayaloTb
aneTuT, y HUX PO3BMBAETLCA aHeMifl, 3aTPUMYETLCA PICT | PO3BMTOK
opraHiamy. JlikyBaHHSI Li€l XBOpPOOM 3[IMCHIOETLCA 3a [10MNOMOrOH
Kob6asibTBMICHUX npenapaTiB. OAHak npuv  HagMIpHOMY  BXXMBaHHI
KobanbTy 3HMXYETLCA IMYHOOIONOriYHa PEaKTUBHICTbL  OpraHismy,
NOPYLUYETLCA YMOBHO-pe/IEKTOPHA AIANbHICTb Ta iH.

MTaHHA ANS CAMOKOHTPO/IO

1. HasBiTb OCHOBHI GiOreHHi MeTanu.

2. Ha3BiTb Knacugikauito 6ioreHHUx metanis.

3. [dainTe xapaKTepucTnky 6ioreoxiMivyHmX BNacTMBOCTEN GiMeTaniB.

4. HasBiTb, SKi 6ioMeTann € MiKpo-, Makpo- i y/ibTpae/ieMeHTaMu.

5. HasBitb (QyHKUil, fKI BMKOHYKTb MIKpPO-, Makpo- i
yNbTpaeneMeHTaMu B XXUTTEAIANBLHOCTI OpraHi3mis.

6. HasBiTb, Yy YoMy nonarac rofioBHa i3ionoriyHa posnb
MIKPO€e/IEMEHTIB B OpraHi3mi.

7. Y 4yomy nonarart0Tb OCHOBHI 6ioreoximiyHi BnactMeocTi Hatpito,
Kanito, Kanbuito, ®epymy, MarHito? LLLo iX noegHye?

8. Ha3BiTb y YoMy nonAratoTb OCHOBHI GioreoxiMiyHi BNacTUBOCTI
Kynpymy, ApreHtymy, LInHKy, Moni6aeHy, MaHraHy, KobanbTy.

9. AKy posib BifirpatoTb 6iomMeTasiv y PO3BUTKY XKMBUX OPraHi3mis?

10. dki  3axBOptOBaHHA  BUKIMKAE  HedONiK  MIKpo- Ta
MaKpOe/ieMeHTIB B OpraHiami?

3.3 3micToBHUI Moy b No6
BioreoximMiuHi Kpyroobirn geakmx XimivyHux 6ioeieMeHTIB

Bioreoximiunmnii Kpyroobir Kap6oHy. Bmict KapboHy B atmocgepi
3emni cknagae 0,046% y chopmi kapooHy(I1) okemay i 0,00012% y dopmi
MeTaHy. Y 3eMHil kopi MicTutbea 0,35% KapboHy, a B XXMBIil PeHOBUHI -
6nn3bko 18%. 3 KapboHOM MoB'A3aHWiA MPOLEC BUHUKHEHHS | PO3BUTKY
biochepn, came Kap6boH 00YMOBMOE BenM4Ye3Hy PI3HOMAHITHICTb i
CKNagHiCTb 6y40BUN PEYOBUH.
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Y 6ioctepi poCnnHU, AKi BAKOPUCTOBYIOTb MeXaHI3M (DOTOCKMHTESY,
BUKOHYIOTb (DYHKLiO NpoAyLeHTa KUCHIO | OCHOBHOMO CroXuBaya
BYI/1eKMUCNOro rasy.

Kpyroo6ir KapboHy (puc. 3.1) Big0yBaeTbCHd B OCHOBHOMY Y
BUTNALI BYTIEKUCIONO rasy, AKWiA | MOBEPTAETLCA A0 aTMOCHepH.

BioreoximiuHuin Kpyroobir Kap6oHy BK/OYae (HOTOCUHTE3 POC/INH,
YTBOPEHHSA OpPraHi4yHOi PEYOBUHW | MOBEPHEHHA B aTMOCHepy Yy BUrnsAai
Kap6oHy(Il) okcmuay. XXvmBa peyoBumHa € xpaHuTenem Kap6oHy. [licns
MOro BiIMMpaHHS YacTuHa KapboHy 3aKpinieTbCs B ymyci, YacTuHa B
0cafoBuMx mnopogax (kapboHartu), a YaCTMHa NMOBEPTAETLCA B aTMocepy
K MPOAYKT MPOLIECIB FTHATTS.

OOMIH COz OKeaHH 3200
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S . | |
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K dPOOHATHI « — NpHpoLHHA  BYJIKAHITHL,
MOpPOJIH T e ras Fp HCTAMN Hi
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Puc. 3.1. bioreoximiuyHmnii Kpyroobir Kap6oHy

Y HacTynHWin 4yac npupoaHuin BGioreoximiyHuim Kpyroobir Kap6oHy
AOCUTb  MOMITHO MOPYLUYETLCA TEXHOTEHHUMM  UYMHHUKOM. Bukngu
KapboHy npw cnantoBaHHi HaTw, rasy, BYrifng, BUpyoui icis,
OCYLLUEHHA  TOPQVSHUKIB, 3abpyAHEeHHI  BOAOWMWLL,  BUPOGHMLTBI
OyaiBenbHUX MatepianiB  3Ha4yHO  36iMbwman  nputoky CO, [o
aTmocdepu. MpoTe B winomy 6anaHc KapboHy B 6iochepi 36epiraerbcs,
HaKOMWYeHHA BYI/IEKMCNOro rasy B aTmMociepi He BiAbyBaeTbCA B
pe3ynbTati BUTPATU WOro Ha YTBOPEHHSA | HaKOMWYeHHS OpraHivyHol
PEYOBMHM, a TAKOX i3-3a 0CaPKeHHS KapboHaTiB y BOLOMMULLAX.
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BioreoximMiuHuiA KpyroBopoT HiTporeHy. HiTporeH i 1oro cnonykm
GepyTb yyacTb Y XWUTTI 6Giochepn Ta BCIEI NnaHeTW, Y (HOPMYBaHHI
[PYHTOBOro MNOKPWBY | poAaroyocTi ekocuctem. bnmsbko 80% 3anacis
HiTporeHy 3ocepeakeHo B aTmocdepi niaHeTw, Ae BiH 3HaXOAUTLCHA Y
Burnagi Np. Y ubomy i nonsrae 0oco6/mBICTb 6i0reoxXiMiyHOro Kpyroooiry
HiTporeHy — Hakonn4yyBaTuUcs B aTMOCepPi B MOSIEKY/ISIPHIN (hopMi.

JKuBi opraHisamu, 30KpemMa POC/UHK, CMOXMBalOTb 3  [PYHTY
HiTporeH y Burnsaai amiaky i coner a3oTHOI KUCMOTKU, TOOTO Yy BUIMNAi
noro cnonyk. Lle papyra ocobnuBicTb 6i0reoXiMiyHOro Kpyroooiry
HiTporeHy — nNpoTUCTOATU HaKOMWYEHHIO MOJIEKYNAPHOro HitporeHy B
aTmocdoepi. preaHaHHA MOMEKYNAPHOro HiTporeHy [0 pi3HUX CMOMyK
3[INCHIOETBCA  AESKUMW  MIKpOOpraHiamamu,  BOAOPOCTAMW |
nMwanHnkamu.  Ticng 1X  BigMMpaHHA  BigbyBaeTbCA  npouec
MiHepanisauil. YactMHa HiTpartiB, WO YyTBOPWUIACcH, 3axOon/tETbCA
poc/MHaMK, 4acTuvHa 3akpinaeTbcd B rymyci (puc. 3.2). PewTa
HiTporeHy BUMWBAETLCA 3 TFPYHTIB, OCKi/IbKM COMi aMOHI0 | a30THOI
KWUC/OTK NIENKO PO34YMHHI. TOMY FPYHTU 3aBXAW BigvyBalOTb HecTayy B

a30Ti.
N | [ AnarhireaTont 3eneHi TBAPHHIL
r NO, N; -~ A30TikcaTopH POCTIHI 1
| ' ¥ T
| | l—f
I NHS | - -
: P F : MepTeHii Piaxi
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R
| I ! t
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Puc. 3.2. bioreoxiMiuHuii Kpyroobir HitporeHy

BioreoximiuHmii Kpyroo6ir OkcureHy. OKCUreH — CU/IbHUA OKUCHMUK,
TOMY aKTMBHO BCTYNa€e B Pi3HI XiMIUHI peakuil 3 YTBOPEHHSAM OKCUAIB,
rAPOKCUAIB, KNCAOT 1 IHWWNX KNUCHEBMICHUX CrnofyK. OKCUreH BXOAUTb
[0 CKMafy npakTU4HO BCIX MiHepasibHUX YTBOpeHb (49%), a TakoX Ao
CKnagy XuBoT pevyoBuHM (65-70%).
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OKCUTeH — OANH 3 HAaMaKTUBHILLNX €NIEMEHTIB 3i BCIX €/IEMEHTIB, L0
bepyTb yyacTb B OGionoriyHomy kpyrosopoti (puc. 3.3). BiH Moxe
NOr/IMHATUCA XXUBUMM OpraHiamMamu B rasornogioHoOMy CTaHi, Y BUrNALI
CO,, H,O, okcugis i iHWKX crnonyk. OKCUreH noe’si3aHMiA 3i Bcima
KOMIMOHeHTamu 6iochepu.
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Puc. 3.3. bioreoximiuyHuin Kpyroobir OKcureHy

BioreoximiuHunin Kpyroo6ir IigporeHy. BmicT IMigporeHy y BifibHOMY
CTaHi HeBe/IMKWIA, OCKINIbKM Be/IMKa YacTuUHa aTtomiB [MigporeHy BXOoAWUTb
[0 CKnagy BOAW, BYTiNNA, HaghTU, roproUnX rasis, rMUHUCTUX MiHepanis,
YXUBMX OpraHiaMiB. 3HayHa KifbKiCTb Bi/ibHOro [MigporeHy nocTtynae Ha
3eM/Il0  MPU  BY/NIKAHIYHUX BUBEPXKEHHAX, B pe3y/nbTaTi  [Ais/IbHOCTI
GakTepiil, po3knafarymx opraHiyHy pevyoBuHY. 3 LMKIIYHUX NPOLECIB B
noBepxHeBMX 060MOHKax 3eMni OfAMH 3 HaWbifbll MOrYTHIX — LUe
Kpyrooo6ir sogu.

BioreoximiuHuii - Kpyroobir Kanbuito. [bxepenom Kanbuito, WO
nocTynae B 6ionoriyHnim Kpyroooir, € nitocgepa.

KanbLiin Bosofie BUCOKOK MirpaLiinHowo 3aaTHIcTio (puc. 3.4).
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/B11Ba pedoBHHA

/\

ITpupoaHl | IpyHT BimuyageHHA
BOIH (TpyHTOBI posiHHY) 3 BPOJKAEM
MopchKl KapGonatxi | | BymisHHLITBO

OpraHI3MH TIOPOIIH MeTaIyprid, ¢/T

Puc. 3.4. bioreoxiMiuHui Kpyroobir Kasbuito

3 TPYHTIB BIH nNOTpannde A0 PIiYOK, 03ep, MOPIB Ta OKeaHiB.
MoTpannfoum B MOpSA | OKeaHW, Kanbuih Yy BEMMKUX KiIbKOCTAX
CMOXXMBAETLCA MOPCHKMMK  OpraHiaMamu, nicna  BiAMUPAHHA AKX
HaKOMNYyeTbLCA Yy BUTNALI KapbOoHATHMX PeyoBUH (KOpasioBi pudn, AOHHI
BiKNafaeHHa i T. A.). KanbLiidi rpae akTMBHY posnb B GaraTbox npouecax
'PYHTOYTBOPEHHA — 6epe y4yacTb B YTBOPEHHI NymycCy, BXOAWTb B MOr0
CKnag i BMAMBaE Ha MOro BNacTMBOCTI. Kanbuid B JOCUTb BEIMKUX
KifIbKOCTAX CMOXNBAETLCHA XUBMMU OpraHiamamu (pocmHamn).

Bioreoximiunmnii Kpyroo6ir ®docdopy. Pochop rpae gy>xe BaxImBy
POJIb B XKUTTI XXUBMX OpraHiamis — cnonyku docgopy BXoAsATb A0 CKnady
6i/iKa, TKAHWH MO3KY, CKefleTa, naHumpie. ®ocgop NpakTM4HO He OyBaE B

razonogioHomy crtaHi. OCHOBHe [)Kepeno WOro — TipCbKi nopoam
(anatutn i (TopanatuTn). BmicT B 3eMHin Kopi Pocdopy cknagae
6nmn3bko 0,085%.

Asuwia posnoginy i mirpauii docopy B pesynbrTati AifbHOCTI
nranHun (puc. 3.5):

- BUPOOHNLTBO | BUKOPUCTaHHA PoCqOpHMX 106pWB;

- BMPOGHMLTBO (POCHOPOBMICHMX NpenapatisB i BUKOPUCTaHHA TX B
nobyTi;

- BUPOGHMLTBO NPOAOBO/LCTBA | KOPMIB, BMBI3 | CNOXMBaHHA 1X B
30Hax KOHLEHTpaLiT HaceneHHs | BEIMKUX MICT;

- PO3BUTOK PUBHOro i KUTOGIHOrO npomucnie, A06YyBaHHS
MO/IKOCKIB, BOAOPOCTEN, CIPUUMNHSIE 3a COB60K0 nepeposnofin dochopy 3
OKeaHy Ha CcyLly.
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HakormreHHA v BOJOHMIIIAX (aBT] o KAL)

| TrapHHH ‘ ‘ I\-‘IiHE])ﬂJ‘II-'I‘
j
l l L)

H

B1paTa MopchKl g 5 &

B ocaziax TBapIHHH 5 PO, g =

- — - 2 z

T — ) &
exinB | . _ & g
BI_;I{OI'[[-]].-HTI Friries niavaroriy| ©OCPaTHI
CTaH BOJOPOCIIAMI AOLPIBA
Aratiti

Puc. 3.5. bioreoximiyHuin Kpyroobir ®octhopy

3a pe3ynbTatoM UMX SABULLL 30iNbLUYETLCA BMICT Pochopy B
HaBKO/IMLLHLOMY CepefioBULLI BEIMKUX MICT, IHAYCTpiaslbHUX LIEHTPIB, I
HaBMakK, KpaiHW, L0 eKCNopPTYKTb OpraHivyHi MNPOAYKTU | WO He
3aCTOCOBYHOTb (pochopHMX A06pMB, BTpayatoTb 3anacn Pocgopy B CBOIX
[PYHTax.

Bioreoximiununin kpyroo6ir Cynbypy. Cynbyp BU3HAYaE BaXK/MBI
BIOXIMIYHI MpoLecK XNBOT KNITUHW, € KOMMOHEHTOM >XUBJIEHHS POC/IVH |
mikpodiopn. Cnonykn Cynbypy 6epyTb yyacTb Yy (hOpMyBaHHI
XIMIYHOrO CKnafy [rpyHTIB, B 3HaYHMX KINIbKOCTAX 3HAXOA4ATbCA B
nia3eMHNX BOJax.

BioreoxiMmiyHnin  Kpyroobir Cynbypy CKnafaetbCsd 3 4YOTUPbLOX
ctagin (puc. 3.6). lMepwa cragis nonsrac B 3aCBOEHHI MiHepanbHUX
cnonyk Cynbypa >XvBuUMKW opraHismamu (pocnvHamu 1 6akTepiamun) i
BKNOYeHHA Cynb(ypa A0 cknagy 6inkiB i amiHOKucnot. [pyra cragis
nonsrae y nepetBopeHHi opraHiyHoro Cynbgypa XUBMMK OpraHiamamu
(TBapuHamn i GakTepisiMn) B KiHUEBUWA NPOAYKT — CIPpKOBOAEHb. TpeTs
CTafin BW3HAYaE OKWUCHEHHSA MiHepasibHOro Cynbypa >KUBUMMU
opraHiamammu, TO6TO OKMCHEHHS CIPKOBOAHIO, eNleMeHTapHOT CipKK, TIOo- |
TeTpa- crnonyk Cynb(hypa. YeTBepta cTagid nonsarae y BiAHOB/IEHHI
MiHepanbHOro Cynbfypa XusuMMy opradismamu  (bakTepiamun) Ao
CIPKOBOAHIO.
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Puc. 3.6. bioreoximiuHuin Kpyroobir Cynbypy: | — MiHepanisauisi opraHiuHoT CipKu
XnBMMK opradiamamn 1o H,S; Il - gecynbdikauyis

Bioreoximiununin - Kpyroobir ®depymy Ta MapraHyi. Pepym i
MapraHeLb 3yCcTpivaloTbCsa B NPUPOAi y cknagi pisHOMaHITHUX XiMIYHUX
cnosnyk (oKcuais, rigpokcuais, cynbgifiB, XN0puAIB Ta iH.). Y rpyHTax ui
CMONYKN HaKOMUYYKTbCA Y BUINSAAI OpraHo-miHepasibHUX Cnosyk, Yy
BUrNAAI  TIMHACTUX  MiHepaniB Ta iH. LI efemMeHTM aKTMBHO
MOr/IMHAKOTLCS XXMBOK PEYOBMHOK, TOMY iX 6i0reoXiMiuyHMn Kpyroobir
Ao6pe BupaxeHuii (puc. 3.7).

JK1HBa peuoBHHa
iremormobia kpoBl, epMEHTH)

J%J{yTMyn.!guiﬁ
METAIIE
| &
[TpHpoaH1 TpyHTI
{OCHIH, TiNpOKCHIH,
BOOH TIHACT] MIHEDATH,
oPraHoMHED ANE Hi
KOMIONEKCH)
Kopa Bigxomu
BHEITPKYE aHHA IMPOMHCITOBOCTI
JoGyBaHHA
KOPHCHITX
KOTTaJIIH
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Puc. 3.7. bioreoximiyHuin Kpyroob6ir ®epymy Ta MapraHuto

depyM BXOAMTbL [0 CKMady (epMeHTIiB, A0 CKnagy remornobiHy
KpoBi. MapraHeup 6epe yyacTb B OKMCHO-BIAHOBHUX MpoLecax: ANXaHHi,
(pOTOCMHTE3I, B 3aCBOEHHI a30Ty. [llicns BigMUpaHHA OpraHiamiB i 1X
MiHepani3auil YyacTuHa UuX efleMeHTIB MOBEPTaETbCA B I'PYHT, a iHLLIA
yacTMHa NocTynae B NPMPOAHI BoAW. [oBepTaounCh B IPYHT, L CNOMYKWN
BCTYMat0Tb B HOBUIA BGiOreoXiMivyHMiA Kpyroooir.

BioreoximiuHuii Kpyroobir HaTpito. Hatpii B nitocepi cknagae
2,46%, a B >uBin peyoBumHi - 0,008%. He pamenauMcb Ha Mane
CNnoXwmBaHHA HaTpito, BIH Trpae BaXnMBy pofib B GionoriyHomy
KPYroooiry, OCKiflbKM B MaluX KiNIbKOCTSX HEOOXiJHWIA BCIM >XUBUM
opraHiamam. Hanbinblia KinbKicTb HaTpito 3a/yyaeTbCq B reooriyHuii
Kpyroobir, a MeHLwa KifbKicTb — B 6i0N0rIYHUINA.

[MnTaHHA 1A CaMOKOHTPO/1H0

1. TI0ACHITb Yy YoMy Mondarae posb 6ioreoXiMiYHUX KpPyroooiris
XIMIYHUX eNeMeHTIB A5 PO3BUTKY MiaHeTn 3eMns?

2. Ha3BiTb OCHOBHMI XapaKTep 6i0reoXiMiYyHoOro Kpyroooiry
XIMIYHMX eNleMeHTIB.

3. Y yomy nonsirae 6ioreoxiMmivyHnin Kpyroobir Kap6oHy, HitporeHy,
OkcureHy, iaporeny, ®ocmopy, Cynbdypy?

4. Y Akomy BUrNAAi BigoyBaeTbca Kpyroobir KapooHy, OKcureHy ta
rigporeHy?

5. Y yomy nonarae 6ioreoximivyHmin Kpyroobir Kanbuito, ®epymy,
MaHraHy, Hatpito?

6. MOoACHITL, Y YOMY nonsrae 0co6nmMBICTb Kpyroobiry HitporeHy.

7. HasBiTb eneMeHTM $Ki B OGiNbLIiA KiNIbKOCTI 3a/1yyaloTbCA B
reofIorivyHni Kpyroooir, a B MEHLWIN KibKOCTI — B 0I0N0MYHWIA.

8. HasBiTb OCHOBHI (hopMK AIANLHOCTI NHOAMHU, AKI CNPUAIOTb
Kpyroobiry docdopy.

9. HasBiTb cTagil 6ioreoximiyHoro kpyroobiry Cynbqypy.

10. Ha3BiTb XiMiYHi efleMeHTN, Y SKUX 6IOreoxXimiyHMin Kpyroobir
no6pe BUpaxeHuin. Yomy?
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3.4 3MICTOBHUI MOoay/1b No7
BioreoxiMmiyHa aKTUBHICTb KOOPAWUHALIMHUX CMOMYK

Halbinbll akKTUBHUMMK i3 YCiX PEYOBUH, LWIO BXOAATb [10 CKnagy
YXUBMX OpraHiamiB, € 6in1KK. Lle noniMepHi MONEKYnu i3 MONeKyNAapHO
macoro Bif 10 000 g0 AekinbKoX MiNbioHIB. o cknagy 6inka BXoAATb
NBaAUsTb aMiHOKUCNIOT, AecATb i3 AKWUX (BaniH, NeWMUWH, i30NeMLH,
TPEOHIH, METIOHIH, (hbeHinanaHiH, TpMNToMaH, Ni3vH, NICTUAWH Ta apriHiH)
€ He3aMiHHMMW. AMIHOKMC/IOTW, K | 3BMYaliHi KapbOHOBI KWUCNOTH,
3[laTHI yTBOptOBaTM 3 KaTioHamy meTaniB cosi. OfHak ix cneuyudiyHa
0CO0/IMBICTb NOJIArae y 34aTHOCTI YTBOPHOBATW BHYTPILLHBOKOMM/IEKCHI
CNOMyKN 3 KaTioHamu 6GiomeTaniB 3a pPaxyHOK €e/eKTPOHHO-A0HOPHUX
BfIAaCTMBOCTEN amiHOrpynu. KoHCTaHTK CTIMKOCTI KOMMNJIEKCIB 6iomeTanis
3 aMIHOKMC/IOTaMW  3MIHIOKOTbCA Y  HEe3HayHin  Mipl  npu  3MiHi
BYINeBOAHEBOro paavkana. OfHak 3HayHy CcTabiniytouy Aito  Ha
KoMmnnekcn 6GiomeTtanis pobnaTe OOKOBI faHUOrM  aMmiHOKUCIOT, WO
MICTATb €/IEKTPOHHO-A0HOPHI rpynu. Taki rpynn y 60KOBOMY NaHLOry
MaloTb TICTUAWH, LUUCTUH | LWCTEIH, TOMy Y MOPIBHAHHI 3 HWMMW
amiHOKMCNOTamMy BOHW YTBOPIOKOTL BiflbLL CTiMKI KOMMIEKCH.

OOMIH pe4yoBMH, WO BiAOYBaETbCA B >KMBUX OpraHismax,
CKNaJaeTbCs i3 BENMKOT KiNbKOCTI PISHOMAHITHUX XIMIYHMX peakLUil.
[[0NnoBHa 0COGMMBICTb LUMX peakuii nonarae y iX BUCOKIN LUBUAKOCTI |
LLi/IeCnpsAMOBaHOCTI. Lle NOACHIOETLCA TWM, LLLO B OpraHi3mi € 6i0/10riyHi
KaTani3aTopy — QepmMeHTW, AKi PeryniooTb MNPOTIKaHHA 6Garatbox
XIMIYHMX peakLiin i BeCb 0OMIH pevyoBMH. Y 6aratboX PepMeHTaTUBHUX
npouecax BaX/NMBY pPO/Mb BiAIrpatdTb KOOPAWHAUIMHI  3B’A3KM  MiXK
(bepmeHTamMn 1 cybcTpatamy (pedoBMHamMK, Ha SKI Aie ()epMeHT) 3a
yyacTio OiomeTaniB. YcCi OIoKaTaniTUYHI  peakuil 3a  y4yacTro
MeTa/IoepMeHTIB  PO3MOAINAITL Ha ABI TPynu: peakuil, B AKUX He
BiAOYBaETLCA Mepepo3rnonifl eNeKTPOHIB | He 3MIHKETLCA CTYrMiHb
OKWCHEHHSA cybcTpaty (peakuii rigponisy) i OKUCHO-BIAHOBHI peakuii. Y
nepLlioMy BUNAAKY A0 CKMagy MeTanoMepMeHTIB BXOAATb IOHW MeTaniB,
SKi MalOTb MOCTIiMHI 3HAYEHHSA CTYMEHIB OKMUCHEHHSA (KanbLiil, MarHim,
UMHK). MeTanojepmeHTH, WO KaTanisytoTb OKMCHO-BIAHOBHI Mpouecw,
MICTATb Yy CBOEMY CKnafdl 6GiomeTann, ANA SAKUX XapaKTepHi 3MiHHI
CTyneHi OKMCHeHHA (3ani3o, KobanbT, Midb, MOnMi6aeH). TunNoBUM
NpeacTaBHMKOM — (DEPMEHTIB, AKI  KaTani3yloTb  Mpouec  rigponisy

. . 4 To remove this message, purchase the
SOLID CONVERTER PDF > s nesss s e



74

NenTUAHUX 3B’SA3KIB, € KapbokcunenTtuaasa. LIMHK y cKnagi Monekynu
KapboKCuMenTruaasn rnoe’s3aHnini 3 ABOMa atomamu HiTporeHy i ofHUM
aTomom OKCUreHy Bifl TPbOX aMiHOKMCMOT BifIKoBOro naHutora (puc. 3.8).

HNANﬁ%n& NE

SR
?2

Puc. 3.8. AKTVMBHWIA LieHTP KapboKcunenTaasm

NH

bionoriyHa eHepria OINbLIOCTI XUTTEBO BaXK/MBUX MNPOLECIB
YTBOPIOETHCHA  BHACMILOK OKMCHO-BIAHOBHMX NPOLECIB, L0 NPOTIKAKTh Y
XUBMX  opradiamax. Ll  peakuil 34ilCHIONOTLCA  Nif  BM/IMBOM
MeTa/IoePMEHTIB — LUMTOXPOMIB. AKTUBHUM LIEHTPOM LUTOXPOMIB € reM-
rpyna, fika CKnafaetbCs i3 NOPMIPMHOBOro Kifibud, WO MICTUTb aToM
depymy, | noB’s3aHa 3 OINIKOBUM KOMMOHEHTOM. Pi3HI nop@ipnHu
BIAPI3HAKOTLCA OAMH BiA4 OAHOrO TWMOM KOMMJ/IEKCOYTBOPHOBaYa |
rpynaMmy 3amiCHMKIB, WO npueaHaHi go atomie Kap6oHy. OauH i3
HaiBXXMBIWIMX nopipuHiB — rem remorniobiHy (Hb), sakuin €
KOMmniekcoM remy — komnnekcy dgepym(ll) katioHy 3 nop@ipvHOM i
BXOAUTb [0 CKnady KpoBi NoAnHM | TBapuH (puc. 3.9). bifkoea yacTuHa
MOJIEKY/IM remornobiHy (rnobiH) yTBOpeHa 4oTvpma noainenTUaHUMK
NaHUOXXKamn. be3 rnobiHy rem He MOXKe 37IMCHIOBATU CBOT 6I0/OriYHI
(OYHKUIT: NpueaHYBaTU KUCEHb | PO3HOCUTW MOro Mo KPOBOHOCHI
CUCTeMi 3 NlereHiB 0 KOXHOT KNITUHW Tina.

Heo N cH

| N—Fe~—N /
N
HC. N LCH

Puc. 3.9. bygoBa remorobiHy
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KoopanHauiiHOK CronyKow TUMy MEeTannopdipuHiB € X1opodin —
MPUHUMNOBUIA aHanor remy Kposi (puc. 3.10).

HC=CH H R

HsC CoHs
H H
H
CH,
HaC
G H HC——C=0
ROOC—CH:  Looen,

Puc. 3.10. bygosa xnopoiny: R — CHza60 CHO; R’ — CygH3g

BiH MicTTb ioH Mg y cknagi nopdipnHOBOro Lmkny. MarHili-ioH
Yy UMKNI OTOYYHOTb Fpynu 3 NOABIMHMMUK 3B’A3KaMU, AKI YepryroTbCs 3
rpynamu i3 npocTUmun, oAMHapPHUMK 3B’A3KaMK. 3aBOAKM Takii cucTemi
yepryBaHHA 3B’A3KIB XN10pOin IHTEHCUBHO MOrAMHaE BUAMMI MPOMEHI.
3eneHnii  Konip  Xnopodyinny 00YMOBMIEHWMIA TWUM, WO BiH 30aTHWN
MOrfiMHaTN YepBOHE | CMHE BUMPOMIHIOBaHHSA i BifOW1BAE 3e/1eHe CBIT/O.
TakuM 4MHOM, (POTOCUHTE3 POCAUH — LUe MNPUPOAHUIA  MeXaHi3M
MepeTBOPEHHS COHAYHOIT eHepril B eHeprito  (ocpaTHUX 3B’A3KiB
MaKpoeHepriyHnx mosekyn (AT® Ta iH.) 3a Yy4acTio KOOpAUHaUIMHUX
CMO/MyK, Bif AKOr0o 3a/1eXWUTb MIATPUMAHHA >XXUTTA YCIX 6I0N10rYHNX
cucTem.

barato 6iomeTaniB YTBOPKOKTbL  KOOPAUHALINHI  CMONYKN 3
HyKneotugamm i HyKMeTHOBUMMW KWUCNOTaMW, OCKINIbKM Yy TX CKnagi €
KUCNOTHI atomu [igporeHy, a TakoX aromu HiTporeHy, Wo0 MiCTATb
[NOHOPHI efleKTPOHHI napw. Hanpuknag, ycepeauHi KNITUHW MONeKynu
AT® 3HaxoaAaTbCA NepeBaXKHO Y BUMNA4I KOMNIEKCIB 3 MarHiem. AT® €
[PKepesnioMm eHeprii gnd 6aratbox XiMIYHUX peakuii, Lo BigOyBalOTbCA B
KNITUHI.
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EHepria AT® - ue eHepria peakuii rigponizy TpudochaTHOro
naHytora 3 YTBOPEHHAM adeHosuMHAauochaT-ioHiB (AADP). [Ong
MPOXOMKEHHS L€l peakLii HeobxifHa yuacTb MarHiii-ioHis8 Mg?*, i
YTBOPIOOTb CTiiAKI KOMMneKeu 3 npogykrtamu (puc. 3.11).

NH,

e OH OH  OH

'T' 0. CHy~0—P—0—P—0—P—0— +H,0 + Mg% —>
Py [ [ I
H H @) 0] O
WRr
H (lj—clj H
OH OH
NH,
) 8
HCs J ? (P
> N ITI o) ?Hzo P—O—P—0— + 2H" + H3PO, + 31,0 K[K/MO/b.
9 I I
CH H C O O
I\ 1/
H —(E H
OH OH

Puc. 3.11. MexaHi3m B3aeMOfii MarHiii-ioHiB 3 afieHO3MHAMMocHaT-ioHaMu

BiTamiHn — (pi3ionoriyHo akTMBHI PeyvyoBMHM, AKI BXOAATb [0
cknagy (epMeHTIB | BIAirpaldTb BaX/IMBY PO/b Yy Mpouecax 006MiHYy
PeYOoBMH. [esKi 3 HUX CXU/bHI A0 KOMMIEKCOYTBOPEHHA 3 MeTasiaMu,
OCKiNIbKM MICTATb AOHOPHI atomu HitporeHy, Cynbypy, Okcureny. [o
HUX HanexXaTb BiTaMiH B (TiamiH), BiTaMiH B, (pnbodnasiH), BiTaMiH Bj
(maHTOTEHOBa Kucnota), BiTaMiH Bg (MipnaokcuH), BitamiH PP (cymiLw
HIKOTWMHOBOIT KMCOTK | T amigy), BiTamiH Bg ((honieBa Kucnora), BiTamiH
H (6i0TWH).

Ba>kN1MBOKO KOOPAMHALIAHOK CMOMYKOLO, L0 Bifirpae 3Ha4yHy porb
Yy CWHTEe3i remornobiHy, € uiaHKo6anamiH a6bo BitTamiH Bg,. Lle
KoopAMHaliiiHa crosiyka — noxigHe KOppuHy (aHanory nopgipuvHie), Wwo
MicTuTb KobanbT(l11) ioH (puc. 3.12).
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CHs

H,NOCCH,C Hy CH
! : 3.

CH,CONH,
CH,CH,CONH,

HNOCH,CH,C™~ ;" H
CH?E’C::/ CH,CH,CONH,

|
?Hz 0 N CHj
I
CH{CHO——$—0" 4 j@i
N CH;

HOHC ©° H
Puc. 3.12. byaosa Monekynu BiTamiHy By,
Y cknafi BiTamiHy B, MOX/MBe BiHOB/IEHHA KObGaNbTY 3a CXEMOK)

Co* — Co*" — Co".

Komnnekc CO" CWMbHO HYKNEOMINIbHWA, WO € BaXKIMBUM AN
OLlIHKM 610/10TI4HOT Aii BiTaMiHy B1,. BiH Nerko nignarae ankinyBaHHIO 3
OZHOYACHUM OKMCHEHHAM KobanbTy 4o Co**. Lleii MexaHism fgii BiTamiHy
[eLL0 CXOXWUIA 3 KaTa/liTUYHOKO IE0 UMTOXPOMIB Y peakLisX OKMCHEHHS-
BiAHOB/IEHHS.

[[OpMOHM — 6I0NOrIYHO aKTUBHI PEYOBUHK, SKI € perynstopamu
GaraTtbOX BaXKMBUX (YHKLiA OpraHiaMy MOAWHW | TBapuH: OOMIHY
PEYOBMH, CTaTEBOr0 PO3BUTKY Ta iH. BOHM BUAINATECA 3a/103aMK
BHYTPILUHbOT CeKpeuii y KpoB, NiMgy | TKaHUHHY pignHy. [id ropmMoHiB
3Q/1eXKNTb Bif LEHTpa/bHOT HepBOBOI CUCTEMU |1 MOB’A3aHa 3 [Ai€t0
(DepMEHTIB | BiTaMiHIB.

3a CBOEHD XIMIYHOK MPUPOAOKD TOPMOHM €  MOXIAHUMM
amiHoOKuCNoT, noninentugamn, 6inkamn. Lo X CKMagy BXOAATb
(bYHKUiOHaNbHI rpynu, 34aTHi YTBOPHOBATW KOOPAWMHaUiHI Crofyku 3
MeTaslaM/M 33 pPaxyHOK [OHOpHUX atoMmiB HitporeHy, Cynbgypy,
OkcureHy. 10 HaBaXXMBILLMX TOPMOHIB CNif BiAHECTW agpeHaniH i
TUPOKCKH (puc. 3.13).
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H J J
CH—CH,-NH—CH
2 3 _NH,
HO 0 CH,~CH
HO COOH
OH ] ]

/

Puc. 3.13. ByaoBa MoneKy/ rOPpMOHIB: a — afpeHaniH; 6 — TUPOKCUH

IHCYNiH — G6I/IKOBO-NENTUAHNIA TOPMOH, KW CKNadaeTbCs i3 [BOX
NenTUAHUX NMaHUoriB, AKi BKOYaroTb 21 1 30 3a/IMLWWKIB aMiHOKWCNOT.
NaHuytorn 3’efHaHi aucynb@igHUMM MIiCTKaMW —S—S—. |HCYniH /lerko
YTBOPIOE KOOPAWHALLiMHI CMOMYKM 3 iOHaMW MeTaniB, 0co61Bo Zn”" i
Co?*. Mpw HasiBHOCTI Zn*" Monekynu iHcyniHy 34aTHi A0 nonimepm3auii.

loHothop — Ue CnofykW, 34aTHI YTBOPHOBATU  1OH-AUMNOSbHI
KOMIM/IeKCU 3 KaTioHaMn meTasiB, Hacamrnepes, 3 Kaniin i Hatpiin ioHamu.
PeyoBMHM LIET rpynn 3B°A3YHOTb 10HWM MeTaniB y pe3ynbTarti B3aEMOAIT 3
AeKiNlbKkoMa KapbOoKCU/IbHMMMW TpynaMy NenTUAHOro Kapkacy; ioH npwu
LbOMY YTPUMYETLCA Y CKAaAi KOMMIEKCY 3a paxyHOK 1OHAMMONbHUX
3B’A3KiB. OfHIED i3 HaBaXXNMBILUMX BNAcTUBOCTEN IOHOGOPIB €
34aTHICTb  YTBOPIOBATW  MIMNOPO3YMHHI  KATIOHHI  KOMMeKcK, Lo
BIZIrpatoTb BAXK/IMBY POJb Yy TPAHCMOPTI I0HIB KPi3b MeMbpaHu. OAHNM i3
Hal6iNbLL PO3MNOBCIOMKEHNX NPUPOAHUX IOHO(OPIB € Ba/TIHOMILWH, AKWiA
YTBOPHOE MILHI KOMM/IEKCY 3 KasliA-iOHaMW.

I3 yCi€l Pi3HOMAHITHOCTI TOKCUYHUX PEYOBUH, LLO 3HAXOAATLCA B
HaBKO/IMLIHLOMY CepeaoBuLLi, HalnbiNbLL LWIKIAMMBUMN € BaXKI MeTann i
pagioakTuBHI i30Tonu. lloTpannfyM y OopraHiam pasom i3 MNoBiTPAM,
MATHOKO BOAOK | 33 TaK 3BaHMMWU “XapyoBMMW faHUoramm”, Ui
TOKCMKaHTM BCTYNarTb Y KOHKYPeHLItO 3 ioHamu 6iMeTanis y cknagi
NPUPOAHUX XenaTiB, YTBOPHOKOYM MiLHI, HEe0BOPOTHI 3B’SA3KW. Baxki
MeTasiv MOPYLUYHOTb HOpMa/bHYy (YHKUi0 GI0KOMMeKciB. Hanpuknag,
MePKYpIii 3amilllye UMHK Yy KapboaHrigpasi, Wo npu3BoAuTb [0 MOBHOT
BTpaTu (Pi3ioNoriyHoT akTMBHOCTI MeTa/IoMNPOTETHY. |0HN BaXKKNX MeTasliB
MOXXYTb B3aEMOAIATK 3 (POCHONINIAHO YaCTUHOK KNITUHHUX MeMbpaH,
MOpPYyLUYHOUM iX (PYHKLIOHYBaHHA. [1HOMOYM iHTiOYOYe aie Ha hepMeHTK
CUHTe3y remornobiHy, BHACNAOK 4Oro Yy KpPOBI 3HMXKYETbCA BMICT
remorsiobiHy, a B cedi — NiABULLYETLCS piBEHb MopdipuHiB. Kaamil
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BUAB/IAE BE/IMKY CMOPIAHEHICTb A0 HYKIETHOBUX KUCMOT, NOPYLLYHOUN TX
CUHTE3 | MeTaboni3m.

[N 3He3apaXXeHHA OTPYMHMX PevyOoBUH BUKOPWUCTOBYHOTb XiMiYHI
CNOSIYKN — aHTUAOTK, 34aTHI B3aEMOAISATY i3 HUMWN B XXUBUX OpraHiamax.
AK aHTUAO0TK BaXKKUX MeTasliB HalyacTille 3aCTOCOBYHOTb KOMIMIEKCOHN,
AKi € noxigHumn EOTA. BaxnmBoro (apmakonoriyHow 0Co6MBICTHO
KOMM/IEKCOHIB € X CTIMKICTb Yy OpraHi3mi, BUCOKa MiLIHICTb KOMIM/EKCIB 3
BXXKUMW MeTanamy | PyX/MBICTb, WO CMPUSE LUBUAKOMY BWBEAEHHIO
TOKCUYHUX METa/IIB i3 opraHiamy.

Y BUMagKy OTPYEHHA MNIOMOYMOM YK MEPKYpPIEM 3aCTOCOBYHOTb
npenapar TeTauuMH — AuMHatpieBokanbuiesa ciib EATA, AKa € Cnonykoto,
L0 CKIAAAETHCA i3 TPbOX M’ATUUNIEHHUX LMKNIB, Y AKUX Ka/bLii 34aTHUN
3aMilllyBaTUCb Ha I0HM BaXkux wmetanis (puc. 3.14). [pu ubomy
YTBOPHOKOTLCA [006pe PO3YMHHI KOMIEKCH, fKI NIerko BMBOAATLCA 13
OpraHismy yepes HUPKMW.

[Na LWBMAKOr0 BMBELAEHHSA i3 XXMBMX OpraHiamiB ypaHy, MayToHito |
TpaHCypaHOBUX pPafioHYKNIf4IB 3aCTOCOBYKOThH Mpenapar MeHTaunH —
TPUHATPIEBY CiNb Ka/bLUin AMeTUNTPUaMiHNeHTaaueTaTy. Lieil npenapat
A€ rapHUA edekT npu  Ae3iH(eKUil LWKIPHUX MNOKPUBIB BHACNIOOK
pagioakTMBHOIO 3abpyAHEHHS.

[na BMBeAEHHS i3 OpraHiamis NAOMOYMY, MepKypito, 6epunito Ta
IH. MeTasliB 3aCTOCOBYIOTb Mpenapar ®MOochiuMH — [AMHATPIEBY Ciflb
eTuneHgiamiizonponingocgoHoBoi kKnucnotu (4 TMd). HaiibinbL BUCOKI
aHTUAOTHI BNAacTMBOCTI MPU OTPYEHHI NOMOYMOM mae D-neHiumnamiH
(D-NMAM) — aHanor Lu1CTeiHy.

NaOOC—CHz.  HC—CH, _CHz-COONa

/
y N\ SN "
i R

0C—_ / \ o—C0

NaOOC— H,C—CH,

CH,
\ e
>N SN
H2C T g CH2

-

— ‘ S Mé ‘ + Ca2t

oc\o/ \O/co

Puc. 3.14. MexaHi3m B3aeMOfii TeTaLUMHY 3 iOHaMW MeTaniB

CH,~COONa
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AHTMAOTaMW MO BiAHOLUEHHIO [0 TOMOBUX OTPYT € PEYOBUHM, LLO
MatOTb Yy CBOEMY CKnafdl Aekiibka Cynb@rigpunbHUX rpyn  uu
ancynbigHe yrpynosaHHa. [lo TakuMx npenapaTiB  HaneXxutb 2,3-
AnmepkanTonponaHon (ckopoveHa HasBa bBAJT -  GpuTaHCbKWUiA
aHTUNI3NT). Lleil npenapat 34aTHWIA 3B’A3yBaTVM MEPKYPIK, NIOMOYM,
KaaMiil, KobanbT, HIKON Ta IH. BaXKKi MeTanu,

LLInpoke po3NOBCHOMKEHHS B aHTUAOTHIN Tepanii Ans AeTOKCUKaLii
MepPKYPIMBMICHUMW ~ OTpyTOXiMiKaTamMy  OTpMMaB  HaTpin  2,3-
anmepkanTonponaHcynb@oHat (YHITIoN), KW B3aEMogie 3 MeTasilaMu 3a
CXeMOl0, HaBeZleHO Ha puc. 3.15.

H,C—SH HAL—S< )
e
H—C—SH +Me* —— H—C—S~  +2H"
H2C_803Na H2C_803Na.

Puc. 3.15. MexaHi3m B3aeMogii YHITIONy 3 ioHamMn MeTaniB

BiH 0o6pe PO3YMHHWMIA Y BOfi, WO A03BONSE NIErKO 3/iACHIOBATM
MOro onNTMMa/ibHe [03yBaHHA Yy opradiami. [1po  edeKTUBHICTb
aHTUAOTHOT Tepanil MOXHa CyauTU 3a [AOCNIMKEHHAMWU NiKYBaHHS
YHITO/IOM KpofiB. [Mpn OTPYEHHI apceHOM, MePKYpPIEM | KagMieM BiACOTOK
BUXKMBAHHA TBApPUH cKnagas BignosigHo 100, 90 i 87%.

Haa3smyaliHO BeIMKOro MPakTUYHOrO 3HayeHHA HWHI HabyBarOTb
[esKi  acrnekt XiMIYHOT 6IOHiIKM, TOOGTO BMBYEHHA MNPOLECIB, L0
BiAOYBalOTLCA 3@ Y4YaCTHO D>KMBMX OPraHiamiB i3 HacTymHUM 11X
MOAE/OBaHHAM i B AesKiid Mipi 3 BiATBOPEHHSAM Y 1abopaTOpHUX YyMOBaXx,
a noTim i B nNpoMucnoBux ymoBax. XimiyHa 6IOHiKa crnpsMoBaHa Ha
BUPILLEHHA BIATBOPEHHA | AOCAILKEHHS Ha OiflbLL MPOCTUX | AOCTYMHUX
BUBYEHHIO 006’eKTax [edakmx O6I0N0riYHMX npouecis: dikcauil asory,
aKTMBYBaHHA | TPaHCMOPTYBaHHA MOMEKYNAPHOrO KUCHIO, PO34INEHHS |
BUAINEHHA ONM3bKUX 3a BACTUBOCTAMM MeTafliB Ta iH.; CTBOPEHHS
aHanoriB 6I0N0rYHNUX CUCTEM 3 MEPCMEKTUBOD BUKOPWUCTAHHA iX Y
TexHiui i Ta iH.

[0 BOXNMBMX MUTaHb XiMIYHOT GIOHIKM Hanexatb MOAe/0BaHHA
npouecie 060POTHOrO MPUELHAHHS MOJIEKYNAPHOTO KWUCHIO 3 METOH
CTBOPEHHSA CBOEPIAHNX aKyMyNATOPIB KMCHIO. Pi3HOMaHITHICTb MpoLeciB
6i0N0rYHOr0 OKMCHEHHSA 3a Y4aCcTHO KMUCHIO | KOro noxigHnx obymoB/toe
HeOOXIAHICTb [eTabHOro BMBYEHHA BIOXIMIYHUX MEXaHi3MiB KMCHEBOrO
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0OMiHY. HakonuueHHs TaKux OaHWX  BiJKPMBaE MNepPCrneKkTuBK
MOENoBaHHA Ee(MEKTUBHUX CUHTETUYHUX HOCITB KWUCHIO, 3[aTHUX
BUKOHYBAaTWN PYHKLIT KPOBO3aMIHHUKIB, IPKEPE/ KUCHIO i Ta iH.

Y NpuMpoaHUX yMOBaxX aKTMBYBaHHA |  TpaHCMNOPTYBaHHS
MONEKYNAPHOI0 OKcureHy 3AINCHIOETHCA 3a [0MOMOroro
MeTanonpoTeiaiB  — remorniobiHy, MOrfo6iHy, remMeputupuHy i

remoujiaHiHy. OAHIEN i3 HANOINbLL BAXK/IMBUX 0COGMMBOCTEN KOMIMNEKCIB
MeTa/IoNnpoTeiiB 3 MOMEKYNApHUM OKcureHoM € X ONTUMasibHa
CTIMKICTb. HWHI 3a [JONOMOrow pPi3HMX (I3NKO-XIMIYHUX METOLIB:
PEHTreHO-CTPYKTYPHOro aHanisy, crnekrpockonii, EMP i AMP, nposegeHi
OOCNIMKEHHS  OyJoBM | €NeKTPOHHOI  CTPYKTYpU  BKasaHUX
MeTanIonpoTeifiB Ta X OKCUreHoBaHMX (opm. [T0/10BHe 3aBAaHHA LMX
AOCNIMKEHb MONArano y BM3HAYeHHI po3MmiweHHA OKcuUreHy BiAHOCHO
MIOWMHA TemMy | PO3MOAINEHHA €NeKTPOHHOI TYCTUHM MK aToMamu
depymy i OkcureHy. OKCUreHMeTasionpoTeign €  pi3HoMIraH4HI
KOMIIEKCH, Y AKX O4HWUM I3 fliraHAIB € MOSIEKYNAPHMIA OKCUTeH.

OfHMM I3 HaNPAMKIB Y CMHTE3I MOJenei NMPUPOLHUX HOCITB KUCHIO
€ OTPUMAHHA CUHTETUYHUX MOPQIPUHIB | BUBYEHHS MOX/IMBOCTEN TX
MeTa/IOKOMI/IEKCIB 06epHEeHO 3B’A3yBaTy MOJieKynsapHuii OkcureH. [1o
CUHTETUYHUX NOPQIPMHIB Hanexartb etionopgipuH | (puc. 3.16 (a)),
okTaeTunnopdipnH (puc. 3.16 (6)) Ta mesoTeTpadeHinnopgipuH (pwc.
3.16 (B)).

[ocnigpkeHi nopdipnHoBI Komniekcn 6aratbox metanis (Fe, Mg,
Zn, Co, Ni, Mn, V), ofHaK HaibinblWw BaXKNMBI BGiOXIMIYHI (yHKUIT
XapaKTepHi Nulle AN KOMMJEKCIB 3ani3a i MarHito. Ponb  iHWKX
MeTasIonopPIiPUHIB «in Vivo» He BCTAHOB/EHO.

HuHI 3HayHa yBara NpuUAaiNgeTbCA MOLE/OBAHHIO MPOLECIB M’AKOT
(pikcauii asoTy, MNpuM UbOMY BAAETHCA YaCTKOBO BIiATBOPUTM MNpoOLEeC
OTPUMAHHA He TIJIbKN amiaky i3 MOMeKyIAPHOro asoTy, ane i rigpasuny.
Mpouec XimMiYHOT aKkTMBaLil a30Ty MOB’A3aHUA 3 YTBOPEHHAM
KOOPAMHALINHUX CNOMYK, AKI Yy KOOPAWHAUINHIA cepli  MICTATb
HiTporeH. HuHI oTpuMaHi KOOpAWHALinHI CrofyKu 3 MONEKYNSAPHUM
HiTporeHom Yy crnonyyeHHi 3 IHWWMK firadgamm - gnga  depymy,
Moni6aeHy, Ocwmito, PyteHito, Pogito, lpugito, Bonbpamy, PeHito,
TutaHy, LlnpkoHito, Xpomy, KobanbTy, Hikento Ta MaHrany.
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Puc. 3.16. CUHTETUYHI NopdipuHK: a — eTionopgipyH; 6 — OKTaeTUNNOP(IPUH; B —
mesoTeTpadeHinnopipuH
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Ycnixym y UbOMY HanpsAmKy [03BO/AOTb CMOAIBATUCHL, LWO B
ManbyTHbOMY a3oTqikcauis 6yae po3nNOBCHOAKEHA Ha 3ePHOBI KY/NbTypU
LLUNAXOM BK/IOYEHHS B HUX (DYHKLIOHANIbHUX a30TQIKCYHUNX TEeHiB.
AKLLO Taka NepcrnekTmBa 34INCHNTLCA, KYNbTYPHI POCINHW NepeinayTb Ha
camo3abe3neyeHHss  a30TOM,  BWBINIbHMBLUM  BefiMYe3HI  KifIbKOCTI
a30TOBMICHUX CMONYK ANS IHLIMX NPOMWUC/IOBUX TEXHOMOTIIA.

3HauYHWiA iHTepec MatoTb AOCMIKEHHA MeXaHi3My KOHLEHTPYBaHHSA
LLIHHMX MIKPOE/IEMEHTIB i3 MOPCbKOI BOAM Ta IHLUMX NPUPOAHMX [XKepen.
Bigomo, Wo MOpPCbKi BOAOPOCTI MOMMHAKOTL i3 MOPCbKOT BOAW o4 i
KOHLEHTPYHOTb MOr0; BOHW MOXYTb OYTW MPOMUC/IOBUM [pKepesioM Ans
OTPUMaHHA Mogy. dakTopun 36aravyeHHs AesKUMN MIKPOenemMeHTaMu A1
PI3HOMAHITHUX OPraHi3miB i3 MOPCLKOr0 MAHKTOHY XapaKTepu3ytoTbCH
BEIMUYNHAMN NOPSAAKY 10°-10°. B 0CO6AMBOCTi 3HAYHUMMK BENNUYMHAMM
BUPaXalOTbCA (hakTopu 36arayvyeHHA AN Kaamito, MepKypito Ta
NlOMOyMy.

3HayHi ycnixu [OCArHYTI Yy BUKOPUCTaHHI MIKpOOPraHiamis Ans
no06yBaHHA psady LIHHMX eNeMEeHTIB i3 pya cBigyaTb MPO MOXX/IMBOCTI
MO/ENt0BaHHA | BUKOPUCTAHHA BWUYYEHHA MeTaniB Yy /1abopaTopHuX i
MPOMUC/IOBUX YMOBaX.

MTaHHA ANS CAMOKOHTPO/IO

1. Ha3BiTb OCHOBHY PO/ib Bi/IKIB Y XXUTTEQIANBHOCTI XXUBMX OpraHi3mis.

2. Bu3HauTe cknag 6inkiB. HasBiTb TX cneuudiyHi ocobnmBoCTi.

3. [MoSACHNTL PONb hePMEHTIB Y KaTaniTUYHMUX BIOXIMIYHUX peakLiaX.

4. OxapaKTepusyinte 6yaoBy i 6i010rI4YHI PYHKLIT reMornooiny.

5. BusHauTte 6yoBy Ta 6i0n0rivyHe 3Ha4eHHs Xnopodiny, BitamiHy Bi,.
6. MOACHITL, YOMY BiTamiHWM, 34aTHI A0 KOMM/IEKCOYTBOPEHHA 3 iOHaMU
meTasniB?

7. Hasitb, Yy 4omy nondrae 6ionoriyHa posib  rOPMOHIB?
OxapaKTepu3ynTe BNacTUBOCTI IHCYNIHY.

8. BusHayTe OCHOBHI BNacTUBOCTI I0HO(OPIB.

9. OxapakTepusyinTe BUKOPWUCTAHHSA KOMIIEKCOHIB AN1A AeTOKCUKauii
XXNBUX OpraHi3mis.

10. IMoACHITb, y YOMY MONArat0Tb NPaKTUYHI acneKTn XiMiYHOT GIOHIKN?
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4 BJ/TIOK 3MICTOBHUX MOAYJ11B
0O CAMOCTIVNHOI POBOTW

KOMIMNEKCHI KOHTPO/JIbHI 3ABOAHHA

4.1 I'pnkKnaan BUKOHaHHA KOHTPO/IbHUX 3aBAaHb
3MICTOBHUX MOAY/NIB

KoHTponbHesasaaHHA 1.

Po3paxyinTe KnapK KOHLEHTpauiii XiMiYHOro enemeHTa Kanbuito y
6i006’ekTi gaHoro naHawadty (K,) woao ¢)oHoBOro 6i006’eKTy, AKWUIA
pocTe Yy MICLEBOCTI, BIJIOKPEM/EHIN BIf [MKepen 3abpyAaHeHHs W
aBTOTPaHCNOpPTy. 3p06iTb BMCHOBOK, WOA0 36aradeHHs KanbLiem
6I000°eKTYy Yy AaHoOMy naHAwadTi. YcepeAHeHi pe3ynbTaTu aHanisy
Kanbuito y 6i006°ekTi ans gaHoro naHawapty (Cc,) AopiBHIOKOTL 108,21
r/Kr, a cepefiHA KOHLeHTpauia KanbLito y poHoBoMY 6i006°eKTi (Cy ca) —
114,16 r/kr.

PilleHHSA: KNapK KOHLUEHTpaui XiMiyHOro enemeHty Kanbuito y
6i006°eKTI  JaHoOro  naHawagty wogo  ¢oHoBoro  6i006’eKTy
PO3paxoByHoTh 3a hopmynoto (2.1)

TakM YNHOM:

108,21
=% 0,948,
*C2 114,16

BignoBsiab: KnapkK KOHUEHTpauiin ximiyHoro enemeHTta Kanbuito y
6i006°eKTi gaHoro naHawadTy Wwoao GoHoBoro 6i006’eKTy, KU POCTE
y  MICLUEBOCTI, BIJOKpEMNeHIA  Big  [mKepen  3a0pyAHEHHA W
aBTOTPaHCMopTy, cTaHOBMTL 0,948. ToMy, MOXXHa 3p06UTH BUCHOBOK, LLIO
36arayeHHs Kanbliem 6i006°e€KTy Yy AaHOMY naHAwwadTi BigOyBa€eTbCA
HefoCTaTHLO, ocKinbkn K, (Ca) < 1.
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KOHTponbHe3aBaaHHA 2.

BCTaHOBITb 3aKOHOMIPHOCTI PO3MOBCHOAXKEHHA XIMIYHUX €N1eMEHTIB
Si, Zn, C y 3eMHil KOpi Ta BCTAHOBITb [10 SIKOT FPynu BOHW Hanexarb.
[ainTe TX XapaKTepUCTUKY.

PilleHHA: BCTaHOBNHOBATM 3aKOHOMIPHICTL Si, Zn, C y 3eMHiil Kopi
Oyaemo 3a IBOMa OCHOBHUMW NpaBUIamun:

- npasuno ®epcmaHa: y Mipy 3pOCTaHHA aTtoOMHOI Macu |
MOPAAKOBOro HOMepa, | YCKNafHeHHA OyAoBM aTOMHOIMO ffpa Kiapku
XIMIYHMX €NeMEHTIB 3HMXKYHTbCS;

- npasuno Ofgao-rapkiHca: YsMm MeHLWa maca agpa i Yymm MilHiwa
Moro 6yfoBa, MeHLUa KiJIbKICTb €/eKTPOHHMX 060JIOHOK, TUM 6iflbLua
YaCTKa €/IEMEHTY B 3eMHili KOpi.

Tak, aTOMHI Macu enemMeHTiB 3a Tabnuuero . |. MeHaeneesa
CTaHOB/ATb

A, (Si) = 28; A, (Zn) = 65; A, (C) = 12,

a TX NopsAAKoBI HOMepX MaroTb 3HaYeHHs: and Si— 14; Zn - 30; C - 12.

Bignosifdb: 3a pe3ynbTaTamMy BCTAaHOB/IEHNX AAHUX MOXHa 3p00UTH
BUCHOBKMW, WO 36iNblIEHHA BMICTY efieMeHTIB Si, Zn, C y 3eMHiil Kopi
BifbyBaeTbcA B pagy C>Si>Zn, a 3a BMICTOM Y 3eMHiil KOpi LI eNeMeHTK
PO3NOAINAKTLCA HACTYMHUM 4YMHOM: Si — 1 rpyna — ue JiToMifbHUN
efIEMEHT, AKWIA BIAPI3HAETLCA cnopigHeHicTio 40 OKCUreHy i B yMoBax
biocthepn YTBOPHOE MiHeEpanu, WO 3HaXOoA4ATbCA Yy BWUINSAI OKCWUAIB,
rigpoOKCMAIB, COME KUCHEBMX KUCMOT; Zn — 2 rpyna — XanbKoMifbHWiA
e/IEMEHT, AKWIA CXW/bHWIA AaBaTh Cnofykn 3 cipkoto; C — 4 rpyna —
aTMOMINbHUI eNnemMeHT, SKUA BXOAUTb B 3eMHY atMocqepy. Takox
KapboH BigHOCATL 4O 0COG/AMBOI rpynu eneMeHTiB — 6iodinis, WO
BXOOATb [0 CKMaAy XXMBUX OpraHi3MiB Y 3eMHIil KOpi.

KoHTponbHesaBaaHHA 3.

Po3paxyiiTe KoegilieHT 6i0/I0MNYHOr0 MOrfIMHaAHHA  XIMIYHOTO
enemeHty Kynpyma 6i006’ekToM y gaHomy naHawadti (KBIT), akwo
KOHUeHTpauis Kynpyma B 30ni 6i006°ekty (Cc,) cTaHoBUTbL 127,97 r/Kr, a
KOHUeHTpauis Kynpyma y rpyHTi (C; c) — 141,31 r/kr. 3po6iTb
BWUCHOBOK, A0 AKNX €/1eMeHTIB 3a rpynamu 6io/ioriyHoro nornvHadHa  O.
|. MepenbmaHa BigHOCUTLCA Kynpym.
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PilieHHa:  KoeduilieHT  6ionoriyHoro  nornuHaHHA — Kynpyma
61006°€KTOM Yy faHOMY NaHALwadTi po3paxoByoTh 3a PopMysoto (2.2):

C
KBIMN = — |
nCu
TakumMm YMHOM:
Kb, = 2797 _0.905.
141,31

Bignosigb: KoeqiuieHT 6I0N0OMYHOr0  MOr/MHaHHA  XiMIYHOrO
efeMeHTy Kynpyma 6i006’ekToM y gaHoMy naHgwadTi ctaHoBuTb 0,905.
Tomy, MOXHa 3p0o6buTK BMCHOBOK, WO 3a gaHumm O. I. lNepenbmaHa
Kynpym BifgHOCUTbCA 4O TFPYnu €nemMeHTIB CfabKoro HakOMUYeHHA W
cepefHbOro 3axeary, ockifibkn KbI<1,

KoHTponbHesaBsaaHHA 4.

Po3paxyiiTe MOKasHWK CYMapHOrO HaKOMWYeHHA Z_ efleMeHTIB
Hatpito Ta ®epymy y 6i006’ekTi G, i 'pyHTIi G, AaHOro naHawagry,
AKLO0 KNapK KOHUeHTpauin K,y 61006°eKTi ANns eNnemMeHTiB CTaHOBUTL: K,
(Na) — 2,0, K¢ (Fe) — 1,0; a knapk KoHueHTpaui K. y rpyHTi ans
enemeHTiB cTaHoBUTh: K, (Na) — 1,01, K, (Fe) — 3,8. 3p06iTb BUCHOBOK,

OO TX Y HAKOMMYeHHs y 6i006°eKTi Ta I'pyHTI AaHoro naHgwagry.
PilleHHA: NOKa3HWK CYMapHOro HakOMWYeHHA efleMeHTIB Y
61006°€KTI | 'PYHTI pO3paxoByeEMO 3a hopmynoto (2.3)

Zo = Ko (1) + K (2) + ... + Ke(n) = (n=1).

TakMM 4YMHOM, MOKa3HMK CYMapHOro HaKOMWYeHHS eNEMEHTIB Y
6i006’€KTI OPIBHIOE

Z! = K¢ (Na) + K, (Fe) — (n-1) = 2,00 + 1,00 — (2-1) = 2,00.
[MOKa3HMK CyMapHOro Hakomnm4yeHHs eleMeHTIB Y IPYHTI AOPIBHIOE

7" = K! (Na) + K" (Fe) - (2-1) = 1,01 + 3,8 - (2-1) = 3,81.
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Bianosiab: y 61006°€KTi Ta IPYHTI JaHOro NaHawaMTy BiaoyBaeThCH
Hakonun4yeHHA Hatpito Ta ®epymy.

KOHTpOnbHe3aBAaHHA S.
Po3paxyiiTe MOKa3HWK CYMapHOrO HakOMWYeHHs Z_, MOKa3HUK

CYMapHOro po3citoBaHHA Z_ Ta BCTAHOBITb FPaji€HT 3arasbHOro BMICTy

enemeHTiB Kanito, bapito, KobanbTy Ta LIMHKY y 6i006°ekTi G, AaHOro
naHawadgTy, SKWO ycepeAHeHi pe3ynbTaTu aHanisy uux enemeHTis C.y
6i006°eKTi Ana gaHoro naHawadTy crtaHoBnATb: Cy — 95,08 r/kr, Cg, —
135,16 r/kr, Ceo— 13,2 r/kr, Cz, — 28,7 r/Kr, a cepefiHa KOHLEHTpaLia Lunx
KE eNleMeHTIB Yy PoHOBOMY 6i006°€KTi cTaHOBUTL: Cy x — 114,16 r/kr, Cg,
Ba — 124, 02 r/kr, Cy co— 5,48 1/Kr, Cy 2o — 5,01 r/Kr, 3p06iTb BUCHOBOK,
LLLOZO0 X HAaKOMUYeHHSA 61006°EKTOM Y aHOMY NnaHALLagTi.

PilleHHA: crno4vaTKy po3paxyemo KMapKyM KOHUeHTpaLiid XiMibYHUX
eNIeMeHTIB Y 61006°eKTI AaHOro naHAawadTy Wwoao0 )OHOBOro 6i006’EKTY
3a hopmynoto (2.1)

K =—¢
Co
Tobto: K (K)= 95,08 =0,83,
114,16
K, (Ba) = 5215 _1 508,
124,02
13,2

KK (CO) = % - 2,41,

K, (Zn) = % =5,73.

[MOKa3HMK CYyMapHOro HaKOMWYeHHA efleMeHTIiB Yy 6i006°eKTi |
'PYHTI pO3paxoByeMO 3a hopmynoto (2.3)

Zo= Ko (1) + Ko (2) + ... + Ko (n) = (n=1).
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TakMM YMHOM, MOKA3HMK CYMapHOro HaKOMWYEHHSI eNIEMEHTIB Y
610006’ €KTI JOPIBHIOE

Z! = Ky (Ba) + K, (C0) + Ky (Zn) — (1) = 1,098 + 2,41 + 5,73 — (3
~1)=1724.

Y po3nogini eneMeHTIB y 6iocyocTparti Tinbkn y Kanito K, (K)<1 (K,
(K) = 0,83), TO6TO Leit MOKa3HUK 3BOPOTHO CNPAMOBaHOI (hayKTyauil —
PO3CItOBaHHA, TOMY WOro O6YUCNIOTH 3a OOEpPHEHOH (OPMY/OHD |
6epyThb i3 MPOTUNEXHUM 3HAKOM

K (K) = Cy « /Cx = 114,16 / 95,08 = 1,20, To670 K (K) =- 1,2.

Tenep po3paxyeMo MOKa3HMK CYMapHOro PO3CitOBaHHS €/IEMEHTIB Y
0i000’€eKTI

Z: =K (K)-(h-1)=-12-(1-1) =-1,2.

[ani po3paxoByeMO rpafieHT 3MIiHW 3arasibHOro BMICTY YKa3aHWUX
efleMeHTIB y 61006°eKTi 3a hopmynoto (2.4)

G.=2+27Z_.
Takum unHom, G.=7,24-1,2 =6,04.

Bignosigb: y 6i006’°ekTi gaHoro naHawadTy BigOyBaeTbCA
Hakonun4yeHHa bBapito, KobanbTy Ta LIMHKY, ockinbkn G.=6,04, oaHak
BiAOyBa€ETbCA HE3HAYHe Po3CitoBaHHSA Karito.

KOHTponbHe3aBaaHHA 6.

Po3paxyiiTe 6iodinbHICTL enemeHTiB Hatpito, ®epymy, Xnopy Ta
Cynbypy, AKLIO KOHLEHTpaLif enemMeHTiB y 61006’ €KTi CTaHOBUTL: Cya —
0,03%, Cge — 0,05%, Cq — 0,8:10%, Cs — 5,8-102%. 3po6iTb BUCHOBOK
LLLOA0 PO LUNX €/TEMEHTIB Y XXUTTEAIANBHOCTI XXMBUX OpraHi3mis.

PilLeHHs: 6i0iNbHICTb eNeMeHTIB BU3HAYaEMO 3a popmynoto (2.5)
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3HaueHHs Ans po3paxyHKiB 6epemo 3 Tabnuui 2.3. BMICT enemeHTiB
Y 3eMHI Kopi cTaHOBUTL: Ky, — 2,5%, Kge — 4,65%, K¢ — 1,7 - 107%9%, Ks

—4,7-107%.
BiohiNIbHICTb eN1eMEHTIB BIANOBIAHO [0PIBHIOE
Bna = 003 _ =0,012,
Bre = 0,05 =0,011,
4,65
~0,8-107?
Cl— —_2 =V, y
1,7-10
-2
bs = 58—10_2 =1,23.
4,7-10

Bignosigb: BkasaHi xiMiuHi enemeHTn — Hatpin, ®epym, Xnop Ta
Cynbhyp — 060B’A3KOBO MOBUHHI BXOAMTU [0 CK/agy XXUBOT PEUYOBUHM |
6e3 iX ICHyBaHHS OpraHi3amy HeMOXXMBO, TOMY BOHM € 6ioQiNbHUMK
efeMeHTamn. OfHaK BCI BOHW MarOTb HU3bKe 3HaYyeHHs 6i0(iNbHOCTI Y
6i000’eKTi OaHoro naHawadTy, A0S HUX 3HAYeHHS  OGIOMINIbHOCTI
CTaHOBUTbL: by, = 0,012; B, = 0,011; b =0,47; bs = 1,23.

KoHTponbHe3aBaaHHA 7.

Po3paxyiiTe BenuunHy noteHuiany Kaptnemka (IMK;) ans ioHy
MarHito, AKLLO BeNM4YmMHa inoro pagiycy R;ctaHoBuTb 0,74. 3a BEIMYMHOO
LIbOr0 NOKa3HMKa AainTe XapaKTePUCTUKY LibOro I0HY.

PilleHHA: enemeHT MarHiin moxke nepebyBaTu y BUrNSAI BiNbHUX
ioHiB Mg®". Po3paxyeMo BenMUMHY noTeHuiany KapTnemka Ans HbOro 3a
¢hopmyroto (2.6)

BasieHTHICTb i0HY MarHito JOpiBHIOE 2, TOMY

MK, . = i:2,7.
Mg 0,7
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Bignosigb: ioH MarHito HaneXxutb 4o | rpynu XiMiYHUX eNeMeHTIB
3a nokasHukom noteHuiany Kaptnegxka (MK;<3). KaTtioH LUbOro enemMeHTy
NEerko nepexoauTtb 40 NPUPOAHMX BOA. KOMMIEKCHUX CMOMNYK 10H He
YTBOPIOE.

KOHTponbHe3aBaaHHA 8.

Po3paxyinTe BeNNMYMHY eHepreTuyHoro koediuieHTy (EK;) ans iony
X/opy, B 3a/1eXXHOCTI Bif 1oro opmu nepebysaHHsA B fiTocdepi (KaTioH
ab0 aHIioH), fAKLWO BenuMuMHa Woro pagiycy R; ctaHoBuTh 1,81. 3a
BE/IMUMHOKD LBOro MOKasHMKa OXapakTepusyiTe MirpauiiHi 34i6HOCTI
Xnopy y 6iocepi.

PilueHHA: enemeHT Xnop MOXe nepebyBatv y BUrNsaAi BilbHUX
aHioHiB CI. Po3paxyemMo BeMUYMHY eHepreTUYHOro KoedilieHTy 3a
Ghopmyroto (2.8)

W2

EKaHiOHy - ﬁ

BasfieHTHICTb 10HY X/10py AOPIBHIOE 1, TOMY:

12

K._= =0,28.
cr2.181

Bignosigb: 10H XNOpy Mae HeBe/MKE 3HAYEHHS eHepreTMyHoro
koediuienTy EK _ =0,28, TOMY BONOAIE€ N1ETKOIO PO3UMHHICTIO |

BUCOKUMUW MirpauiiHUMK 34i6HOCTAMM.

KoHTponbHesasaaHHA 9.
3p06iTb BMCHOBOK LLIOAO MOCKMEHHA MirpauiiHMx BNacTUBOCTEN

0 (o] (o]
ionis Cu** (R=0,8 A); Pb* (R=1,32 A); Co* (R=0,82 A) Ta
BigJasieHOCTI X mirpauii, nopiBHABLWIM TX 1OHHI pagiycn R;, Ta,
po3paxysasLuu BennumHu MNK; i EK;.

PilleHHs: nopiBHseMO ioHHI pagiycu Cu®, Pb™, Co* Ta
po3TaLlyeMO 1X 3a NOPAAKOM 3POCTaHHSA:

Cu”* (Ri=0,8 A) < Co”" (Ri=0,82 A) < Pb** (Ri=1,32 A).
Tenep, po3paxyemo ix kaptni (IMK;) 3a hopmynoto (2.6)
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w

rIKI - .
Ri
2
Tobto: NK _ ,, = — =25,
Cu 0,8
2
I_IKC02+ —@: 2,45,
2
rIKPb2+— 116: O ¢
A BeINYMHN EHEPreTUUYHUX KOEMILIEHTIB PO3paxyeMo 3a (POPMY/IOH0
(2.7)
WZ
EK cariony = Z_Ri[0,75. (R, +0,2)].
TobTo,
22
EK_ 2 = 2-0,8[0’75. (0,8+0,2)]=1,875,
22
EK , = 0,75-(0,82+0,2)] =1,866,
e =502 7% ¢ )]
22
EK .. = 0,75-(1,32+0,2)]=1,727.
Pb? 2-1.32[ ( )

BignoBigb: nopiBHsBWM iOHHI pagiycu Cu®*, Pb*, Co* Ta
po3paxysaBLuun ix sennumHu MK; i EK; MoXkHa 3pobuTy BUCHOBOK, LLO 3i
3pocTaHHAM R; BennumnHu MK; i EK; 3HMXKYHOTLCA, a BigAaneHICTb Mirpauii
3pOCTaE Yy HaCTyMHOMY Mopsaky: Pb**>Co*>Cu?".

KoHTponbHesasaaHHA 10.

Po3paxyiiTe iHAeKC 6ioreoximiyHoro Kkpyroob6iry (IBI'K) ans
HiTporeHy y paHomy naHawadTi, AKLWO MOro KinbKiCTb y pivyHOMY
NpupocTi 6iomacu CTaHOBUTb 7,6 Kr/ra, a MOro mMaca, fika BUHOCUTbCS
BOJaMKn pivoK baceitHy, ctaHoBMTbL 3,9 Kr/ra. 3po6iTb BUCHOBOK, LLOAO
ioro 3anacy y 6iomaci gaHoro naHawagry.
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PilLleHHA: po3paxoBYyeEMO IHOEKC 6i0reoxiMiyHOro Kpyroobiry
HiTporeny 3a qoopmysnoto (2.11)

S

IBMK, =5
Sy

ToOToO,

IBIK,, =£=1,95.

Bignosigb: 3a BM3HAYeHMM IHAEKCOM 6ioreoxiMiYHOro Kpyroooiry
HiTporeHy, Mo)kHa 3pobuTH BMCHOBOK, LLIO Oro 3anac y 6iomaci gaHoro
NaHAWaMTy NepeBULLLYE MOr0 KiNbKICTb, SIKa LWOPIYHO 3a/yyaeTbcs A0
KpYyrooo6iry 3 11oro npypocTom Ta onaaom, y 1,95 pasis.

KoHTponbHesasgaHHA 11.

Po3paxyinTe Koe(iLieHT IHTEHCMBHOCTI pPO3KMafaHHs onagy |
TpuBasiCTb 36epexxeHHs nigctuaky (IPT) y AaHid NPUPOAHIA 30HI, SKLWO
Maca NifCcTUAKM Liei 30HM cTaHoBUTL 8350 T/KM?, @ Maca pi4HOro onagy —
240 T/KM?.

PilleHHA:  Koe(iuieHT IHTEHCMBHOCTI poO3KnafaHHA onagy |
TpmBanictb 36epexxeHHa nigctunkn (IPT) po3paxoByemo 3a PopmMysoto
(2.12)

maca nigcTUIKu

IPT = : :
Maca pPI4HOro onagy

To0OToO,

IPT = 830 =34,791.
240

Bignosigb: 3a po3paxoBaHWUM  KOeILiEHTOM  IHTEHCUBHOCTI
PO3K/afjaHHA onagdy i TpuBanicTio 36epexxeHHsa niactunkn (IPT=34,791),
MOXHa 3p00WUTKM BMCHOBOK, WO 6iOreoXiMi4YHWin KPyroobir pevyoBuH Yy
AaHIn NPUPOAHIi 30HI Bi6YBaETLCA AOCUTbL EHEPTINHO.
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KoHTponbHe3aBaaHHA 12.

Bu3HaunTb EMHICTb 6i0n0riyHoro Kpyroobiry (€6K) y naHawwadri,
AKLLIO 3arac efleMeHTIB Yy iToMaci CTaHOBUTbL: my — 96,0 Kr/ra, mp — 11,0
Kr/ra, my — 31,0 Kr/ra, me, — 36,0 Kr/ra, myg — 12,0 Kkr/ra, mg — 5,8 Kr/ra,
mc — 181,4 kr/ra. 3po6iTb BUCHOBOK, LIOAO HAaKOMUYEHHS eEMEHTIB Yy
faHOMYy NaHawagTi.

PilueHHA: €MHICTb  6I0N0OriYHOrO  Kpyroobiry y naHawadgTi
BMU3Ha4aeMO 3a hopmyrioto (2.14)

1 n
€BK==>"m,.
N1
To0OToO,
CEK — My +Mp + My + Me, + My, + Mg + M _
7
96,0+11,0+31,0+36,0+12,0+5,8+181,4

=53 3Kr/ra

7

BignoBsifb: €MHICTb 6i0reoxiMiyHOro Kpyroootiry y BignosigHoOMY
naHAawaTi crtaHoBuTb 53,3 Kr/ra, WO BiAMNOBIAAE AOCUTb IHTEHCUBHOMY
bioreoximiyHoMy Kpyroo6iry ypaaHiin npupoaHiin 30HI. Y diTomaci
HakonuuyTbca Kap6oH i HiTporeH, B OfHaKOBI Mipi HAaKOMUYYyHOTbCS
Kanbuiin i Kani, MarHii i docgop, HalMeHLL 3a BCE HAKOMUYYETbCS

Cynbyp.

KoHTponbHesaBaaHHA 13.

Po3paxyiTe 6anaHC XiMiYHWX enemeHTiB Hitporeny, ®ocgopy,
Kanito, Kanbuito, Ta po3TawlyinTe X 3a MIpOK 36i/bLLUEHHS Y4acTi Y
6ioreoxiMiyHOMy Kpyroooiry, fKWO iX KifbKiCTb, fiKa NOCTynae [o
NPUPOAHOT 30HM 3a PiK CTaHOBWUTL (Kr/ra/pik): ans HitporeHy — 4,0,
dochopy — 0,15, Kanito — 5,0, Kanbuito — 7,0, @ BAHOC LUUX eN1eMEHTIB 3a
piK cTaHOBUTb (Kr/ra/pik): ana Hitporeny — 58,8, ®ocgopy — 3,66, Kanito
— 24,6, Kanbuito — 60,0.

PileHHa: 6GanaHC XIMIYHMX efleMeHTIB Yy  6GioreoxiMiyHomy
KpYrooo6iry aaHoi npupoaHoT 30H1 po3paxoByeMO 3a hopmynoto (2.15)

BXE=M_—M,.

Tob6To,
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BX€E (N) = 4,0 - 58,8 = -54,8 (kr/ra/pik),
bX€E (P) = 0,15 - 3,66 = -3,51 (kr/ra/pik),
BX€E (K) = 5,0 — 24,6 = -19,6 (kr/ra/pik),
bX€E (Ca) = 7,0 -60,0 = -53,0 (kr/ra/pik).

Bianosiab: BpaxoBYyHUM 3HAUYeHHA GanaHCiB XIMIYHUX €/IEMEHTIB Y
6ioreoxiMiyHOMY Kpyroooiry, Mo)kHa 3po6buTM BUCHOBOK, LIO [0
Kpyroo6iry HanbinbLwow Mipot 3a pik 3anydaetbca HitporeH (-54,8
Kr/ra/pik), a HalmeHwow - docgop (-3,51 Kr/ra/pik). Tomy psq
XIMIYHUX eNeMeHTIB 3a MIpOot0 306i/bLUEHHS yyacTi y 6ioreoxiMmiyHomy
Kpyroobiry mae surnsag P<K<Ca<N.

4.2 BapiaHTy 3aBfaHb 3a 3MICTOBHUM MOAYy/1eM
«bioreoximMmivuHa xapaKTepucTMKa XX1BOIT PeHOBNHN»

3aBfaHHA: KOPUCTYKUMUCL BUXIAHMMW  AaHWMW, BI4NOBIAHOIO
BapiaHTy, po3paxysaru:

1) KnapKy KOHLEHTPaLiin 3anponoHOBaHMUX eNIeMEHTIB Yy 6i006’eKTI
aaHoro naHawadTty (K,) woao hoHoBKX;

2) KNNapKn KOHLEHTpauiin unx enemMeHTIB Y 'PYHTI, Ha AKiil BUPOCTaE
pocnnHa K 11040 hoHOBMX;

3) KoedpilieHT 6ionoriyHoro nornnHaHHA (KBIM) uux enemeHTiB
AOCNIMKYBaHUM  6i006°eKTi (pe3ynbTar MOPIBHATU 3 [AaHUMWU  PAfiB
6ionoriyHoro nornnHaHHA O. 1. MNepenbmaHa);

4) NOKa3HWK CYMapHOro HaKOMWYeHHS XIMIYHUX eNeMeHTIB Y

6i006’eKTi gaHoro naHawapTy (Z;);

5) NOKa3HWK CyMapHOro HakoMn4YeHHA XiMiYHUX eNIeMeHTIB Y IPYHTI
faHoro naHawagty (Z.);

6) MOKa3HWK CYMapHOro pPO3CItOBaHHSA XIMIYHMX €fIeMEHTIB Y
6i1006’eKTi gaHoro naHawapty (Z,);

7) NOKa3HUK CYMapHOro po3CitoBaHHA XIMIYHUMX eNeMeHTIB Y IPyHTI
faHoro naHawagty (Z.°);

8) rpagieHT 3MiHM 3arasibHOro BMICTY XIMIYHUX €NIEMEHTIB Y
61006’eKTi (Gy).
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BuxifiHi aaHi cepefiHiX KOHLUEHTPaLiin eneMeHTiB Yy 6i006’€KTi, WO
pocTe Y (DOHOBIW MICLEBOCTI, BIOOKPEM/IEHIN Bif MKepesn 3abpyaHEeHHS
aBTOTPaHCNOPTY — Cg; (DOHOBI KOHLEHTpALiT eneMeHTiB y rpyHTi — Cg;
pe3ynbTaTu aHanidy 06i006°ekTy Aanda aaHoro naHawaptry — C. i
MiKPOENeMEHTHUI cKnag rpyHTy C. HaBefeHO y Tabnuui BignoBigHOro
BapiaHTy.

3po6buUTK BMCHOBOK LLOAO CTabiIbHOCTI GIOreoXiMi4YHOro piBHS,
HaKOMWYeHHA abo PO3CitOBaHHSA efIeMEHTIB | CMPSAMOBAHOCTI Mirpauii
NaHUX MIKpPOeNeMeHTIB Yy BignosigHOMY naHAwadTi. Pe3ynbTaTu
oopMuUTK Y BUTNIAAI TabnKnL.

BapiaHT No 1
EnemeHT BuxigHi gaHi Po3paxoBaHi napameTpu
Co | Ci, | Co | ci, | Ko | KL | KBM
MI/Kr Mr/KT MI/Kr ME/KE
Mn 0,36 34,88 0,50 51,62
Ca 15,26 | 24,54 15,26 27,98
Mg 123,96 | 133,3 | 141,31 | 127,97
Zn 11,62 | 32,00 10,11 25,92
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a6pyJHEHHAM HAaBKO/IMLIHLOIO CepeioBuLLa
Z; Z." Z, Z. Ge
BapiaHT Ne 2
EnemeHT BuxigHi gaHi Po3paxoBaHi napameTpu
Co, f; C., C.. K« K? KBTI
Mr/Kr ME/KE Mr/Kr Mi/Kr
Cr 0,36 4,88 0,50 78,62
Ba 115,26 | 124,54 | 26,61 47,98
Ag 0,023 0,01 0,31 0,02
K 111,62 | 92,00 | 110,21 | 125,22
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a6pyJHEHHAM HAaBKOIMLIHLOIO CepeoBuLLa
Z! z Z; Z G
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BapiaHT No 3

EnemeHT BuxiaHi gaHi Po3paxoBaHi napameTpu
Co | Ci | Cu | ci, | Ko | KL [ KB
MI/KF ME/KE MI/KP ME/KE
Ni 2,0 12 5,4 10,8
Pb 15 52 8,0 249 8
Cu 50 50 16,0 16,0
Zn 4.0 25 71 5,6
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a0pyAHEHHSIM HABKOIMLLIHLOIO CepeloBumLLA
Z: Z Z; Z" G
BapiaHT No 4
EnemeHT BuxiaHi gaHi Po3paxoBaHi napameTpu
Co, OL C., (:er , K KL KBI1
MI/Kr ME/KE MI/Kr ME/KT
Na 35 11,3 210,4 52
P 52 35 249 8 315
Hg 12 3 10,8 5
Fe 10 4.1 254 57
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a0pyAHEHHSIM HABKOIMLLIHLOIO CepeloBumLLA
Z: z Z. Z" Ge
BapiaHT No 5
EnemeHT BuxigHi gaHi Po3paxoBaHi napameTpu
Co | Ci, | Cu | cl, | K| ki | KbM
MI/Kr ME/KE MI/Kr ME/KE
Br 3 6,2 43,4 16,8
B 25 12 81 114,4
Ra 0,21 41 3,0 5.7
F 0,5 41 4.0 57

Po3paxoBaHi napameTpu, NOB’s3aHi i3 3a0pyJHEHHAM HABKOMMLLHBLOTO CepejoBMLLA

Z;

r+
Zc

Z

Z.

G
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BapiaHT No 6
EnemeHT BuxiaHi gaHi Po3paxoBaHi napameTpu
Cs, b Ce, C., Ke | K! KBIT
mr/Kr MI/Kr mr/Kr MI/Kr
Si 3 4,1 43,4 57
As 0,21 30 3,0 51
I 51 35 82 315
In 0,5 0,17 4,0 0,88
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a0pyAHEHHSIM HABKOIMLLIHLOIO CepeloBumLLA
Z: Z Z; Z: G
BapiaHT Ne 7
EnemeHT BuxiaHi gaHi Po3paxoBaHi napameTpu
Co, OL, C., (:er , K« K,r( KBTI
Mr/Kr MI/Kr mr/kr Mr/Kr
S 3,2 41 3,4 57
Cu 21 30 38 15
Cd 111 13,5 82 315
Mn 5,0 17 4,0 8,8
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a0pyAHEHHSIM HABKOIMLLIHLOIO CepeloBumLLA
Z: z Z; Z! G
BapiaHT No 8
EnemeHT BuxigHi gaHi Po3paxoBaHi napameTpu
Co, (;), C., Cer , K.« K{( KBTI
Mr/Kr ME/KE Mr/Kr ME/KE
Sn 3,2 4,1 1,4 17
C 221 130 138 115
Pb 11 13,5 8,2 3,15
Be 5,0 1,7 40 88
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a6pyHEHHAM HAaBKO/IMLIHLOIO CepeoBuLLa
ZC+ zg " Z, ZCr - G,
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BapiaHT Ne 9

EnemeHT BuxigHi gaHi Po3paxoBaHi napameTpu
Co | Ci | Cu | ci, [ K| Ky | KbM
MI/KF ME/KE MI/KP ME/KE
S 2,2 11 34 27
Ca 2.1 3,0 3,8 15
Cr 111 15 8,2 15
Mo 3,0 17 14,0 18,8
Po3paxoBaHi napameTpu, NoB’s3aHi i3 3a0pyAHEHHSIM HABKOIMLLIHLOIO CepeloBumLLA
Z: Z Z; Z" Ge
BapiaHT No 10
EnemeHTt BuxigHi gaHi Po3paxoBaHi napameTpu
Co, qg C., (:er , K. K,r( KBI'1
MI/Kr ME/KT MI/Kr ME/KT
Sc 0,32 0,41 0,34 0,57
Ag 2,1 0,3 0,38 0,15
W 0,111 0,135 0,82 0,315
Cs 0,05 0,17 0,40 2,8
Po3paxoBaHi napameTpu, NoBs’A3aHi i3 3abpyAHEHHSAM HaBKOMMLLHBLOMO CepefoBumLLa
Z: z Z; Z G

4.3 BapiaHTy 3aBfaHb 3a 3MICTOBHUM MOAYy/1eM
«biocepa Ak npupogHa cuctema B 6ioreoximii»

3aBAaHHA: KOPUCTYHUMCb BUXIAHUMW  faHMMMK  BIAMOBI4HOIMO
BapiaHTy:

1) posTallyiTe iOHW BKa3aHWX e/leMEHTIB B MOPSALKY 3MEHLLEHHS X
pagiycis R;;

2) po3paxyiTe, B 3a/1EXHOCTI Bif, popmKn nepedyBaHHS B NiTocgepi
(kaTioH abo aHioH), BeNUYMHWU eHepreTUyHKUx KoeqiuieHTiB (EK;) i
KapTtnei (MK;);

3) BKaXIiTb CTpI/IKAMW HaNPAMOK 3pOCTaHHA I0HHWX paaiycis |
30iNbLLEHHS BeNU4YnH EK;;
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4) 3p06iTb BUCHOBOK LLOAO MOCUEHHS MirpauiiHX BaCcTUBOCTEN
IOHIB i BigAaneHoCTi X mirpadir;

5) po3paxyinTe KNapKn faHnux eNeMeHTIB Y XWUBIA PEYOBUHI;

6) cniBBIAHECITbL €eMEHTUN 3a T1X (DYHKLIOHA/IbHICTIO [0 MIKpOo-,
MaKpo- ab0 Y/bTpaMiKpOeneMeHTIB.

Pe3ynbTaTi 0hopMUTKL Y BUTrNAaI Tabnuu.

BapiaHT Nol
loHn | R;, JliTocthepa >KnBa peyoBunHa
0 MNK; | EK; dopma MirpauinHi dyHKUiO-
A nepebysaH- BN1aCcTMBOCTI Ha/IbHICTb
HSl R; EK; | Mirp.
Na“ | 0,98
cr** 10,52
Cd** [1,03
Bi** 1,2
BapiaHT No2
loHn | R;, JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebyBaH- B/1aCTMBOCTI Ha/IbHICTb
HS1 R; EK; | Mirp.
Mg** | 0,74
Bi** 1,2
Co** [0,64
As* 0,69
Si*" 10,39
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BapiaHT Ne3
loHn | R;, JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebysaH- B/IaCTMBOCTI Ha/IbHICTb
HS1 R; EK; | Mirp.
Sb* 10,9
w* 10,68
sn” 1,02
Pb®™ [1,32
P> 11,86
Ni** | 0,35
BapiaHT No4
loHn | R;, JliTocthepa >KnBa peyoBunHa
0 MNK; | EK; dopma MirpauiiHi dyHKUiO-
A nepebyBaH- BNacTUBOCTI Ha/IbHICTb
HS R; EK; | Mirp.
Fe** |0,67
Cr* 10,64
Fe™ [0,8
sb* 10,9
Ge* 0,44
NH," | 1,43
Na" | 0,98
BapiaHT No5
loHn | R;, JliTocthepa >KnBa peyoBunHa
0 MNK; | EK; dopma MirpauiiHi dyHKUiOo-
A nepebyBaH- BNacTUBOCTI Ha/IbHICTb
HS R; EK; | Mirp.
Ba™" |1,43
Ti** 0,64
c*" 10,15
S* 11,86
Pt** 0,64
0~ 1,32
Mo** [ 0,68
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BapiaHT Ne6

loHn | R;, JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebysaH- B/IaCTMBOCTI Ha/IbHICTb
HS1 R; EK; | Mirp.
v* 0,61
F 11,33
H" |1,36
Br | 1,96
K" 11,33
Zr”" 10,83
Bi** 10,74
BapiaHT No7
loHn | R;, JNliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebysaH- B/1aCTMBOCTI Ha/IbHICTb
HS1 R; EK; | Mirp.
Be™ | 0,34
Mn"™* [ 0,91
zr** 10,83
Co** | 0,64
Zn** [ 1,02
s 10,30
BapiaHT No8
loHn | R; JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebyBaH- B/1IACTMBOCTI Ha/IbHICTb
HS R; EK; | Mirp.
As® | 0,69
AP* 0,57
V¥ 10,72
s** 10,30
Co** | 0,64
zr** 10,83
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BapiaHT Ne9

loHn | R;, JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebysaH- B/IaCTMBOCTI Ha/IbHICTb

HS1 R; EK; | Mirp.

Cl" |1,81

cr* [1,83

Mn** [ 0,52

F 11,33

H" |1,36

Bi** 10,74

BapiaHT Ne10

loHn | R;, JliTocthepa >KunBa peyoBuHa
0 MK; | EK; dopma MirpauiiHi PyHKUi0-
A nepebysaH- B/1IaCTMBOCTI Ha/IbHICTb

HS1 R; EK; | Mirp.

U™ 1,04

W° 0,65

Se™ 10,69

S* 11,86

Pt" 0,64

J 122

4.4 BapiaHTu 3aBfaHb 3a 3MICTOBUM MOAY/1EM
«bioreoximiuHi npotecu, SKi BigdyBaroTbCA Yy 6iocdepi B
pe3ynbTaTi XXUTTEAIANLHOCTI  OpraHiamiB»

3aBaHHA: BUKOPUCTOBYOUYM BUXIAHI AaHi BIANOBIAHOMO BapiaHTy:

1) BCTAHOBUTW HAKOMWUYEHHA XIMIYHUX €/1leMEHTIB;

2) pos3paxyeatv iHAeKCc 6ioreoximiyHoro Kkpyroobiry (IBIMK)
XIMIYHUX €NIEMEHTIB;

3) pospaxyBaTh KOemiUieHT IHTEHCMBHOCTI PO3KnadaHHsA onagy |
TpUBa/ICTb 36epeXkeHHs MigcTunku (IPT) y NpupoaHIii 30Hi;

4) po3paxyBaTn EMHICTb BioreoximiyHoro Kpyroobiry (EbIrK);

5) pospaxyBatu 6anaHC XiMIYHUX eNeMeHTIB Yy 6ioreoximiyHoMy
Kpyroob6iry (BX€) npupogHoT 30HM;
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6) 3pobuTN BUCHOBOK, LLLOAO GioreoxiMmiyHoro kpyroobiry (BIrXK)
XIMIYHMX efleMeHTIB Y MNPUPOAHIA cucTemi. PesynbTaTi oopmMuTn y
BUrNaai Tabnamui.

BuxigHi gaHi 3anacy efieMeHTIB y piToMaci AaHoT NPUPOAHOT 30HU —
Me; KiNbKICTb XIMIYHOIO €e/IeMeHTY Yy PIYHOMY MPUPOCTI GiomMacn — Sg;
Maca XiMiYHOro efleEMeHTY, sika BUHOCUTbLCSA BOAAMKM PivYOK 6aceiHy — S;
KINIbKICTb XIMIYHOIO €N1eMEHTY, SIKMA MOCTYNnae [0 NPUPOAHOT 30HWN Ha
OAvHMUI naowi 3a pPiK — M;; KifIbKICTb €/1IeMEHTY, SKWA BUBOAUTLCA 3
NPUPOAHOT 30HU 3a PiK — M, HaBeleHO Yy Tabnuui BiAMOBIAHOIO BapiaHTy.

BapiaHT No 1
Ene- BuxigHi gaHi Po3paxoBaHi
MEHT napameTpu
Me, Se, Se, Maca _Maca M, | M; E -l w
Ta
Kr/ra | Kr/ra | kr/ra gjal(ﬂhilfz ”'ﬂT‘;TI‘:'“’;;‘”’ criraipic | 2| =] © X
N 972,0 | 24,0 | 121,8 24,0 | 122
P 113,3| 6,0 |19,75 6,15 19,8
K 341,0| 15,0 | 227,0 | 100 350 20,0 | 227
Ca | 790,0 | 400,0 | 280,0 407 | 280
Mg 82,0 | 15,0 | 43,0 17,0 | 43,0
Po3TalLlyiiTe XimMiuHi enemMeHT 3a Mipoto 3MeHLeHHs T yyacTi y Bl XK

BapiaHT No 2
Ene- BuxigHi gaHi PospaxoBaHi
MEHT napameTpu
Me, | Se, Se, | Maca ~Maca M | Mg E RS
M MiACTUNKN LO
Kr/ra | Kr/ra | Kr/ra $/a|f|3|/2’ ATC/ KICIZ kil | B a5 X
N 96,0 | 1240 | 67,0 40 | 39
P 11,0 | 82,0 | 66,0 - 10,08
K 31,0 | 328,0 | 278,0 | 240 8350 35| 84
Ca | 360 | 05 | 29,0 4,0 | 38,0
Mg | 120 | 13 | 7,5 2,0 | 95
Po3TallyiiTe XiMiuHi enemMeHT 3a Mipoto 3MeHLLeHHs iX yyacTi y Bl XK
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BapiaHT Ne 3

Ene- BuxigHi aaHi Po3paxoBaHi
MEHT napameTpu
Me, Se, Se, Maca Maca M, | M; E =l o
onaay, | NiACTUNKN, LQ
Kr/ra | kr/ra | kr/ra T/alf'.l\z’z AT/KMZ criralpik | B o @& X
N 160,0 | 4,0 | 64,2 20,0 | 120
P 26,0 0,15 | 0,66 16,2 | 35,2
K 140,0 | 15,0 | 29,0 350 3000 29,0 | 158
Ca 53,0 | 21,0 | 24,0 207 | 124
Mg 245 | 200 | 7,0 27,0 54
S 12,0 1,0 9,0 19,0 | 19,0

Po3TallyiiTe XiMiuHi eneMeHT 3a Mipoto 3MeHLLEeHHS iX yyacTi y Bl XK

BapiaHTt No 4
Ene- BuxiaHi aaHi Po3paxoBaHi
MEHT napameTpu
Me, | Se, Se, | Maca ~Maca Mn | M E =L w
onagy, | NiACTUIKN, Lo
Kr/ra | Kr/ra | Kr/ra T/alf'.l\ifz AT/KMZ criralpik | a5 X
N 952 | 30,0 | 9,6 23,6 | 83,5
P 141 1,0 3,4 4,6 | 13,7
K 532 | 22,0 | 39,2 550 3500 18,4 | 96,6
Ca 112 | 50 | 624 51,4 81,7
Mg 107 | 3,0 | 20,8 4,0 | 29,2
S 97 1,0 5,1 35,7125

Po3TallyiiTe XiMiuHi enemMeHT 3a Mipoto 3MeHLLeHHSs iX yyacTi y Bl XK

BapiaHT No 5

Ene- BuxiaHi aaHi Po3paxoBaHi

MEHT napameTpu

Me, Se, Se, Maca Maca Mo | Mg | o X o

Kr/ra | kr/ra | kr/ra | onagy, | MIACTUNKN, _ S| a 5| X

T/KM? | T/ KM Kr/ra/pik | = o |-
N 334 |134,0 | 40,0 34,0 69,0
P 528 | 208,0 | 13,0 10,0 | 14,0
K 18 80 | 77,0 650 1500 19,0 | 88,0
Ca 474 |177,0 | 51,0 30,0 | 70,0
Mg 102 | 36,0 | 32,0 4,0 36,0

Po3TaluyiTe XiMivHi eNeMeHTH 3a MipOH 3MEHLLIEHHS TX yyacTi y BIM XK
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BapiaHT No 6

Ene- BuxigHi aaHi Po3paxoBaHi
MEeHT napameTpu
Me, | Se, Se, | Maca Maca Mn | M E NS
onaay, | NiACTUNKN, L0
Kr/ra | Kr/ra | kr/ra T/alf'.l\z’z AT/KMZ crTralpik | B a5 X
N 334 | 232,0 | 94,0 14,0 | 38,0
P 128 | 98,0 | 25,0 25,0120
K 118 | 18,0 | 108,0 | 1370 1200 11,0 97,0
Ca 252 | 157,0 | 1510 45,0 | 64,0
Mg 312 |125,0 | 132,0 8,0 42,0
PosTallyiTe XiMivHI eleMeHTH 3a MipOH 3MeHLLIEHHA TX yyacTi y Bl XK
BapiaHT No 7
Ene- BuxigHi gaHi Po3paxoBaHi
MEeHT napameTpu
Me, Se, Se, Maca _Maca M, | M; E =L w
onagy, | NiACTUIIKN, L0
Kr/ra | kr/ra | Kr/ra T/aKﬂlalfz HT/KMZ <rTralpik | B a5 X
N 754 | 344,0 | 34,0 22,0 31,0
P 318 | 108,0 | 23,0 11,0|17,0
K 28 18,0 | 47,0 420 150 16,0 | 78,0
Ca 524 | 247,0 | 68,0 28,0 | 65,0
Mg 112 | 48,0 | 27,0 8,0 42,0

Po3TallyiiTe XiMiuHi enemMeHT 3a Mipoto 3MeHLLeHHSs iX yyacTi y Bl XK

BapiaHT No 8
Ene- BuxigHi gaHi Po3paxoBaHi
MeHT napameTpu
Me, | S, Se, | Maca Maca Mn | M E NS
onaay, | NiACTUNKN, L0
Kr/ra | Kr/ra | Kr/ra T/alill\i/z AT/KM2 criralpik | B a5 X
N 414 | 224,0 | 34,0 54,0 99,0
P 128 | 68,0 | 15,0 8,0 (10,0
K 48 18,0 | 27,0 | 1150 130 29,0 |1 98,0
Ca 124 | 77,0 | 21,0 20,0 | 60,0
Mg 92 26,0 | 12,0 14,0 | 46,0

Po3TallyiTe XiMiuHi enemMeHT 3a Mipoto 3MeHLLeHHS iX yyacTi y Bl XK
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BapiaHT Ne 9

Ene- BuxiaHi gaHi Po3paxoBaHi

MEHT napameTpu
Me, Se, Se, Maca Maca M, | Mg E =l w

ornaay, | NiACTUNKMK, LQ

Kr/ra | kr/ra | kr/ra T/aKﬂl\i/Z AT/KMZ <riraloic | ol @& x

N 104 | 94,0 | 54,0 14,0 | 39,0

P 256 | 88,0 | 33,0 7,0 1120

K 88 18,0 | 177,0 | 2500 200 29,0 | 68,0

Ca 74 770 | 21,0 25,0 | 55,0

Mg 92 26,0 | 12,0 14,0 | 26,0

S 3,2 9,0 6,0 20 170

Po3TallyiiTe XiMiuHi enemMeHT 3a Mipoto 3MeHLLEeHHS iX yyacTi y bl XK

BapiaHT Ne 10

Ene- BuxigHi gaHi Po3paxoBaHi
MeHT napameTpu
Maca Maca M M
KT/er’a K§/6r’a Kfﬁa onaay, | mincTankn, | _B = e - >
T/kM? | T/ KM kr/ralpik | Q| =| 51 {3
N 634 | 254,0 | 64,0 48,0 | 89,0
P 218 |308,0 | 43,0 30,0 | 24,0
K 68 38,0 | 177,0 | 1650 500 17,0 | 67,0
Ca 372 | 227,0] 91,0 20,0 | 50,0
Mg 252 | 86,0 | 68,0 14,0 | 26,0
S 59 35,0 | 28,0 1301 7,0
Po3TallyiTe XimMivHi eleMeHTM 3a MipOot0 3MeHLLEHHS X y4acTi y 6ioreoxiMiyHOMY
Kpyroobiry
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5 BJIOK BAJTIKOBX MOAY/11B

KOHTPO/b PIBHSA 3HAHb (y 6anax) TA
MPALEBUTPAT (y kpeauTax) HA 3ACBOEHHS BMICTY
ONCLAMTIHU

5.1 3anikoBuin Moay/b
«bioreoxiMmiuHa xapaKTePUCTNKA XXUBOT PEHOBUHN»

BkasaTtu npaBu/ibHY BiAnNoBiab

1. (5 6anis) AO FA30BUX BIOTEOXIMIYHUX ®YHKLLIN
XXBOT PEYOBVHW BIAHOCATLCS

A. KNCHEBO-BYTI/1EKMNC/OTHA . cynbigHa

b. KomnnekcHa E. ByrnekncnoTHa
B. KOHUeHTpaLiHa XK. 6ioximiuHa

[". BO4HeBa 3. 030HHa Ta a3oTHa

2. (5 6aniB) KJ/APK KOHLIEHTPALIN  XIMIYHOIO
ENEMEHTA PO3PAXOBYETbCA 3A POPMYJIOKO

C
A K= g— b. K= -2  B.K=Ce¢Cy T.K,=CetCq

¢ C.

3. (15 6anis) K/APK KOHLEHTPALIA XIMIYHOIMO
EJIEMEHTA KAJIbUIKO Y BIOOB’E€KTI AAHOIO NAHAWA®TY
(Ky) OO0 ®OHOBOI O, MNMPU Cc, = 108,21 r/Kr, a Cy ca = 114,16 r/kr
AOPIBHIOE

A. 0,948 b. 0,256 B. 1,872 . 2,344

4. (10 6anis) 3BAFAYEHHA KAJIBUIEM BIOOB’EKTY Y
OAHOMY NAHAOWA®TI BIABYBAETLCH, AKLLO
A. Ki <0 B. Kqca=0 B. Kkca>0

BcTaHOBUTY BIANOBIAHICTb Y BUrNAA4I KOM6IHaLIT LMdp | OyKB

5. (10 6anis) XAPAKTEPNCTUKA ENEMEHTIB BI1AMNOBIAHO
KBI'T

. . 4 To remove this message, purchase the
SOLID CONVERTER PDF > s nesss s e



108

BennunHa KbI' XapakKTepucTurKa rpynu enemeHTIB Ne rp.

1. Kblr>10 A. eNnemMeHTIB CUIbHOr0 HAKOMUYEHHS I

2. Kbl'<0,01 b. enemeHTIB C1abKoro HakOMUUeHHs U ]
CepeaHbLOro 3axeaty

3. KblN=1-10 B. enemMeHTV eHepriiHoOro HakonmyeHHs 11

4. Kblk1 [". rpyna efieMeHTiB C/1labKoro 3axsary IV

6. (10 6anis) KJ/IACUPIKALUIA MO ®I3IO/NOMNTYHOMY

KPUTEPIHO
Mpyna BmicT, % Big Macy >X1BOI pe4yoBUHN
A. MakpoeneMeHTY l. 10*-10"
b. MikpoenemeHTH 1. 10'—10%?
B. YbTpaMiKpoefieMeHTy 1. 10— 10"

BcTaBTe nponyLueHe 4ynco

_ 7. (10 6anis) BIO®UIbHICTb EJNIEMEHTY HATPIIO, T1PU
Noro UKOHLI,EHTPALI,I'I' Y BIOOB’EKTI - 0,03% | BMICTI ¥
3EMHIUN KOPI - 2,5%, CTAHOBUTb

8. (15 6anis) MOKA3HNK CYMAPHOIO HAKOMWYEHHA Z;

ENEMEHTIB KAJIIIO TA MAIHIIO ¥ BIOOB’EKTI AAHOIO
NAHAOLWA®TY, NP X KNAPKAX KOHUEHTPALIV: ANA KAIKO
—-12,0, A ANnd MATHIKO - 0,5, CTAHOBUTb :

Bkasatn 6ykBM npaBu/IbHOT BiAMNOBIIi

9. (5 6anis) 4O PO3CIFOBAHMX EJIEMEHTIB BIAHOCATLCH
ENEMEHTW, AKI MAKOTb K,
A. K=12,5 b. K=0,45 B. K=1,5 . K=0,12

BcTaHOBMTM NOCNIAOBHICTbL OYKB

10. (15 6anie) BCTAHOBUTW PAO PO3TALLYBAHHA
XIMIYHWX EJIEMEHTIB MO 3POCTAHHKO PO3MOBCHIKEHHS
Y 3EMHI KOPI

A.Na B.Pb B. Co . Ba N. Ni E.Ca

Bcboro 3a 3anikosuid mogynb — 1-100 6arnis.
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5.2 3anikoBuii moay/b

«biocepa Ak npmnpoaHa cnuctema B 6ioreoximiim

BkasaTn npasubHY BigNoBigb
1. (5 6anis) BCA BIOCPEPA OXOIMMKOETHCH

A. niTocepotro [". >XNBOIO PEYOBNHOIO
B. ioHocepoto L. Tponocdgepoto
B. cTpaTtoctepoto E. rpaHiTHOIO 060/10HKOKO

2. (5 6anie) @POPMYJIA BW3HAYUYEHHA BEIVNYNHA

MNOTEHLIANY KAPTIELKA BIAMOBIAHOMO I0HY
2
ATK =W+I0R,  B.MK ="  B.MK="  [OK ="
R, W 10R,

3. (15 6anis) BEJIMYMHA EHEPTETUYHOIO KOE®ILUIEHTY
ON1A I0HY KYTNPYMY (1) AOPIBHKOE
A. 0,894 b. 1,256 B. 1,875 [. 4,342

4. (10 6anis) BIAOANEHICTb MITPALIT B PAAY EJIEMEHTIB
0 (o] 0
Bi*" (Ri=0,74 A) — Co”* (Ri=0,82 A)— Na" (Ri=0,98 A)

A. 3pocTae b. 3MeHLWYyeTbLCA B. He Bi16yBaEThHCH

BcTaHOBUTY BIANOBIAHICTb Y BUrNA4I KOM6GiIHaLIT umdgp | 6yKB

5. (10 o6ani) XAPAKTEPUCTUKA TPYM XIMIYHNX
ENEMEHTIB 3A BEJIMHNHAMW KAPT/IEA

MK; XapakTepucTuka rpynu Ne rp.
1.MKi=3-12 A, yTBOPIOKOTL A06PE PO3UMHHI aHIOHW I
2.MK;j<3 b. KaTiOHM Nnerko nepexoaatb 4O MPUPOAHUX BOA, I

KOMM/EKCHI NOHW HEe YTBOPHOHTHCS

3.-1<T1K;j<1 B. yTBOPIOKOTL KOMMEKCHI MOHM | MOraHo PO34YMNHHI 11
rigponisoBaHi CrofyKu

4. MK; > 12 I — -

6. (10 6ani.) XAPAKTEPNCTUKA NMAPAMETPIB
BHYTPILLUHIX | 3OBHIWHIX YMHHUKIB MIFPAUIT XIMIYHUX
EJNIEMEHTIB
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Has3Bsa unHHUKa Hassa napameTpy

A. 30BHILIHNIA 1. Temnepartypa

B. BHYTPILLHIN 2. (hopma

B. Ocobnueunii 3. XIMiYHI BNaCTUBOCTI efleMeHTYy
4. pH
5. TUCK
6. pagiyc ioHy

7. (hopMa ioHY (KaTioH abo aHiOH)

BcTtaBTe nponyLleHe Yncio
7. (15 o6anis) A7 10HY MAHIAHY(Il) BE/IVNYVHA
MOTEHUIANY  KAPTJIEAXA, 4AKWO BEANMYMHA  WNOIO

0
PALIYCY R;=0,91 A, CTAHOBUTb

BcTaBTe nponyLleHe CNoBo

8. (10 6anis) AKWO B PAOY IOHIB XIMIYHWUX ENEMEHTIB
EKi 3HVKYHOTbCSA, TO BIAAANEHICTb MIFPALLIT

BcTtaHOBUTK BYKBM NpaBu/bLHOT BIAMOBIAI

9. (5 6anis) 4O AKOI MPYMNN HANEXWUTb I0H XIMIYHOIO
ENEMEHTY, AKLWO BIH MAE MNOTEHUIAN KAPTJIEAXA 11
A. |l rpyna b. - B. Il rpyna [. Il rpyna

10. (15 6anie) SKLIO CEPEAOBULLE JY)XHE, TO $KI
XIMIUHI ENEMEHTUW NOYHYTb MITPYBATU
A.Fe (pH=5,5) bB. Zn(pH=7,0) B.Sn**(pH=3,0) I.Zr*" (pH=2,0)

Bcboro 3a 3anikosuii mofynb — 1-100 6anis.
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5.3 3anikoBuii Moy /b

«bioreoximivHi npouecun, AKi BigdyBatoTbLCA y 6iocdepi B
pe3ynbTaTi XXUTTEAIANBbHOCTI  OpraHiamiB»

BkasaTn npaBu/ibHY BigNoBigb

1. (5 6anie) AO KOMIIOHEHTIB BIOF'EOXIMIUHOMY
KPYTOOBITY HE BIAHOCUTBLCH

A. pOC/IMHHA peyoBUHa b. 6i0reHHa peyoBMHa

B. 6iOKiCTKOBa pevyoBMHa [". )KnBa pevyoBMHa

2. (5 6anis) MOKA3HUNKU XAPAKTEPNCTUKN
IHTEHC/BHOCTI BIO'EOXIMIYHOIO KPYTOOBITY €
A.IBINK b. KBTI B. IBM I Ky

3. (5 6aniB) IHAEKC BIOM'EOXIMIYHOIO KPYTOOBITY
HITPOI'EHY BUSHAYAKOTb SA $OPMYJI0KO

A.IBIMK = b. IPT = % B. IBI'K = S+S¢ [. BXE = S¢S
e

wn ‘@m

e

4. (15 Ganis) AKLWO MACA NMIACTUIKM MPUPOJHOI 30HM
CTAHOBWTb 5000 T/km’, A MACA PIYHOIO OMALY — 250 T/km”,
TO IPT ¥ JAHIV MPUPOJHIN 30HI CTAHOBUTD

A. 4750 5.20  B.5250 . 1250000
5. (10 6anig) OO 30/IbHUX EMEMEHTIB BIOMACW HE
HANEXATb
A. Si B.C BMg TI.P .S E. N

6. (15 6anig) /11 ®OCHOPY, AKNMA MAE M, = 4,0 kr/ralpik, A
M, = 15,0 «kr/ra/pik, MOFrO BAJIAHC Y BIOFEOXIMIYHOMY
KPYTOOBIIY CTAHOBUTH
A.190 B.027 B.-11  B.+11

BcTaBTe nponyLeHe c/10BO

7. (10 Ganis) AKLWO IPT XIMIYHOIO ENEMEHTY ¥ OAHIV
MPNPOAHIVN 30HI MAE AOCUTb BEJ/IMKE 3HAYEHHA, TO
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BIOFEOXIMIYHNI KPYT OOBIT LIbOIO ENEMEHTY
BIABYBAETLCA AOCUTb

(noBiNbHO abo eHepriiHo)

BcTaHOBUTM NOCNIA0OBHICTL OYKB

8. (15 6anig) 3A 3HAUEHHSAM BXE (kr/ra/pik), BKASAH/X B
OY>XKAX  BIAMOBIAHOMO  XIMIYHOMO  ENEMEHTY,
BCTAHOBITb PS4  XIMIYHWUX ENEMEHTIB 3A MIPOIO
3BI/ILLUEHHS YUACTI Y BIOFEOXIMIYHOMY KPYTOOBITY

A.P(-15,8) B.Ca(-68,5) B.K(-32,8) I.S(-0,15) A.Mg (-5,6)

BcTaHOBUTU BIANOBIAHICTb Y BUINA4I KOM6OiHaUIT undp | 6yKB
9. (10 6anis) KTACUDIKALIA XIMIYHUNX EJTEMEHTIB MO X

MITPALLIT
Hazga mirpauii XapakTepucTuka EnemeHTN
I. MosiTpaHa A. ly>ke pyxomi O, H N
Il. BogHa B. MacuBHI Ca, Na, Mg
B. Cna6o pyxomi Sn, Sb, As
. AKTUBHI Ar, He, Ne, Xe

10. (10 6anis) OCHOBHI MOKA3HWKIW BIOFEOXIMIT

KoMnoHeHT [Moka3HuK Ha3sa nokasHuka

|. ’)KnuBa peyoBunHa A. K 1.MoTeHuian KapTneoxka

I1. Bioctepa b. G. 2. EHepreTnyHiin KoedilieHT

[1l. BioreoximiyHmin B. IBIFXK 3. [pagieHT 3MiHWM 3aranbHOro BMICTY

Kpyroooir XIMIYHUX eIEMEHTIB
I MK; 4. EMHICTb 6I010rYHOro Kpyroobiry
0. KBIM 5. Knapk KoHLeHTpaLlii
E. EK; 6. IHaeKc 6ioreoximiyHOro Kpyroooiry

X. €BK 7. KoedpiLieHT 6i010ri4YHOro NorfvHaHHS

Bcboro 3a 3anikosuii mofynb — 1-100 6anis.
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5.4 3anikoBui Moaynb Mo 6/10Ky 3MICTOBHUX MOAYNIB

«biorexiMmiyuHI PYHKLUIT AeAKUX XIMIYHNX BIOreHHUX
e/leMeHTIB»

BkasaTn npaBu/ibHY BigNoBigb

1. (5 6anie) TOKCUMYHMMW PEYOBUHAMWK, WO
SHAXOOATBLCH B HABKOJIMWWHbOMY CEPELOBNLLL,
HAWBI/IbLW LLUKIANNBUMW €

A. BaXKI MeTa/u [". pagioakTuBHI 130TOMK
b. 6iomeTanu [. MakpoenemeHTu
B. opraHoreHu E. gomilKu

2. (5 6anis) B ATMOC®EPI KAPBEOH 3HAXOOATBCA ¥
BUT TAAI CTTOJTYKA
A. CO, b.CO B.C . CH,

3. (5 Ganis) POC/INHI 3ACBOIOKOTb 3 I'PYHTY CMOJMYKM
HITPOIEHY Y BT NALI
A. N, b. Ca(NO3)2 B. NH; M. HNO; ,ﬂ. N»>O3

4. (10 6anis) BUSHAUYNTU BIOFEHHWI ENEMEHT, KU Y
BI/ZIbHOMY CTAHI B NMPUPOAI HE 3YCTPIHAETHCH

A.O B.S B.P r.N 1. K E.C
5. (10 6anie) POJIb KATAJNIBATAPA Y TEMOI/OBIHI
BIJITPAE I0H
A. Ca** b. Mg B. Fe* r. co”

BcTaHOBMTM BIANOBIAHICTb Y BUrNA4I KOM6iHaUIT umndp | 6ykB
6. (10 o6aniB) KAACUDIKALIA 1O &I3I0N0IMNTYHOMY

KPUTEPIHO
HasBa enemeHTiB  BMICT B >KMBIli peyoByHi, XapakTepucTukKa
%
1. Y nbTpamikpo- A.10-10"? |. Ponb 6yaiBenbHOro martepiany
2. MiKpo- 5.10°%-10% 1. Ponb Katanisatopa
3. Makpo- B.10°-10° [11. Posib He 3’ACOBaHO
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7. (15 6anis) BUAM GIOENIEMEHTIB

A. OpraHoreHu 1. Mg, Na, Zn, J, Mo, Cu, Fe. CI
b. «MeTann Xutrta» 2.Co, P, S, J, Ag, Au, Hg
3.Br, Cd, O, N, Ca, Mn
4.C,O,H,N.P.S

BcTaHOBUTM NOCNIAOBHICTL OYKB

8. (15 6aniB) CTAAIl BIOFEOXIMIYHOIO KPYTIOOBIIY
CYJIb®YPY

A.. BIIHOB/IEHHI MiHEPaIbHOT PEYOBUHW XNBMUMU OpraHiamammu

B. OKMCHEHHSA MiHepasibHOT PeYOBMHMW XUBMMUK OpraHiamamu

B. nepeTBOpPeHHS OpraHiyHOi PeHYOBUHN YXXMBUMIK OpraHi3Mamm

[". 3aCBOEHHSA MiHEpasIbHUX CMOJYK

BkasaTn npasubHY BignoBigb

9. (10 6aniB) Ansd 3He3apaXeHHS OTPYWNHUX PEYOBUH B XKUBMX
opraHiamax BUKOPUCTOBYHOTb

A. TOpMOHM [. 6INKK
b. 6iomeTanu 0. aHTnaoTH
B. opraHoreHu E. BiTamiHu

BcTaBTe nponyLleHe c/10BO

10. (15 OGanis) TMPOTIKAHHA BAFATBOX XIMIYHUX
PEAKUIW | BECb OBMIH PEHOBWH B OPI'AHI3SMI PEI'YJIKOKOTb

(ioHO(hopw, HYKNETHOBI KUCNOTU, (DEPMEHTU, NOPRIPUHN)

Bcboro 3a 3anikosuid mogynb — 1-100 6arnis.
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MNPEAMETHN MOKAXUMK

A

Ao, ATD 73
AfpeHaniH 75
AsoT12, 79

A30THa PyHKLUIA 7
AHTNLOTU 76

AproH 13
ApreHtym 54
Aypym 55
b
bap’epu
- BUan 26
- reoximivyHi 26
- rpagieHT 27
- KOHTPACTHICTb 27
- TUNK 26
bioreoximis
- npeameTr 3
-06’ektn 3
- 3aBAaHHa 3
- HanpsaMok 3

bioenemeHtTn 33

- Hemetayim 34

- MeTaINn 52
BioreoximiyHa PHKLiA 8
bioreoximiyHi npouecn 28
biomaca 9,19, 30

- CTPYKTYpa 30
BioHika XiMmi4yHa 78
Bio06’eKT hoHoBUIA 11
biocepa 18

- KOMMOHeHTN 19

- opraHisosaHicTb 19

- napameTpu, mexi 18
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- CKnanos.i 19

- CTPYKTYpa 19
BioghinbHicTb 14
BioximiuHa hyHKLIS 8

bop 12, 14
bpom 12,51
B
Baxki metann 76 - 77
-apceH 77
- bepuninn 76
- Kagmin - 77
- KobasbT 77
- Hikon 77
- MEPKYPIN 76,77
- MYTOHIA 76
- NOMOYM 76
- ypaH 76
BaniHomiumH 75
BogHeBa 7
BiTamiHn 74

ByrnesoaHesa yHkuig 7
ByrnekucnotHa yHkuis 7

r
enii 13
emornobin 14,71
[MigporeH 12, 33, 34, 66
[[OpMOHKN 75
["pafieHT CyMapHOro BMICTY 12
[pyHt 19
- nokpos 19
'ymyc 19

A

Jomiwkn 12
- eKOMoriyHi 12

SOLID CONVERTER PDF > bimonbsnosa pras e



118

- abCONKOTHI 12

E
EBontouis 6
EMepaKeHTHICTb 6
EnemeHTn 17
- aTMoinu 17
- 6ioreHHi 33
- 6iohinm 17
- nitopinbHi 17
- cuaepoinbHi 17
- XaNnbKoMinbHi 17

XK

JKnBa pevoBrHas
- opraHisadis
- (DYHKLiOHYBaHHA 5
- BNacCTUBOCTI 6
- (PYHKUIT 6

3

3onbHicTb 30

I

loHOoopu 75

IHAEKC
- 6ioreoximiyHoro kpyroob6iry 31
- BOAHOT mirpauii 31

IHCyniH 75
/

Nopg 12, 33, 49
K

Kanii 12, 33,52, 75
Kanbuinn 12, 33, 56, 66
Kapbokcunentmgasa 71
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KapboH 12,13, 33, 35, 63
KWCHeBO-BYINeKUCIoTHA OyHKUIA 6
Knapk 9
- KOHUeHTpauin 10
KobanbT 12, 14, 33, 62, 74, 75
KoediLieHT
- 6107107 1YHOr0 NOrIMHAHHSA 11
- EHepreTUYHum 22
- IHTEeHCUBHOCTI 31
KomnnekcoHn 76
KoopanHauinHi cnonykun 70
- 6ioreoximMivyHa akTUBHICTb 70
Kpyroobir 28
- banaHCc 32
- bioreoxiMivyHwn 29
- bioenemeHTiB 63
- BE/INKWUN reonoriyHmin =~ 28
- EMHICTb 32
- IHTEHCUBHICTb 31
- KOHTPACTHICTb 32
- MasIMiA GionoriyHunii 28
- MOKa3HUKU 30
- WBnAKictb 32
KceHoH 13
Kynpym 12,14, 33, 53

M
Marniin 12, 14, 33,55, 72, 73
MakpoenemMeHTH 13, 34
MapraHeLp 12, 14, 33, 59, 69
MeTanonpoTteian 78
Mirpauisa 20

- bioreHHa 22, 34

- MexaHiyHa 20

- TeXHOreHHa 22

- (PI3MKO-XIMIYHA 21

- YAHHWKWN 22, 23
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MikpoenemeHTH 13, 34
Moni6aeH 14, 33, 58

H
Hatpin 12, 33, 52, 69
HeoH 13

HitporeHn 37, 64

O
OOMIH peyoBUH 29
- MIPYKATTEBUIN 29
- MNOCMEPTHUIA 29
- 6ioreoximMiyHMiA 70
O30HHa (hyHKL,ifA 7
OkcureH 12, 33, 43, 65, 78
OpraHoreHn 12
- abCcoNtoTHI 12
- cneujianbHi 12

B
[Moka3HWK cymapHuii 11
- HAKONn4yeHHs 11
- PO3CitOBaHHS 11
MoTeHuianom Kaptrnempka 22
MopdipnHK 71,79, 80
[NpaBunno
- Oppo-lapkiHca 16
- ®epcmaHa 17

Mpoaykuis 9
P
Pe4yoBuHa
- )XnBa 5
- bioreHHa 29

- bioKicTKoBa 29
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C

Camoperynsuis 6
Cucrema 18
CTIVKICTb 6
CynbpigHa yHKLiIA 7
Cynbthyp 12, 33, 46, 68

T
TetaunH 77
TUPOKCUH 75
TOKCWYHI peYoBUHN 76

Yy

YnbTpamikpoenemeHtn 13, 34
YHiTion 77

(o)

depMeHTH 71

- MeTaniopepmeHTn 71
depym 12,14, 60, 69, 78
dnyop 12
docop 12, 33, 40, 67
doTocnHTE3 /3
PyHKUIT

- ra3oBi 6

- KOHUeHTpauiiiHi 7

- OKNCHO-BIIHOBHI 8

- 6ioxiMiYHI 8

- 6ioreoximiyHi 8, 33

X
Xnop 12,13, 48
Xnopodin 14, 72

L,
LINHK 12,14,33,57, 71,75
LinToxpomu 71
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SMICT
1 BCTYT1. BIOMEOXIMIA - HOBA IT'AJ1Y3b HAYKWN............ 1
2 BNIOK 3MICTOBHUX MOAYNIB Nel TEOPTUYHI OCHOBW
BIOTEOXIMIT....onii e e e e, 5
2.1 3micToBHMA Mofynb Nel BioreoximiyHa XapaKTepucTuKa >XXMBOi
PEYOBUHU.. e e e eeeeeeeeeEEEEeeeeeeeeaaaaaeeereereeeeeetaaanrrrrreaaaeesaaannrees 5
2.2 3MICTOBHVII/I Mo,qynb Ne2 bBioctepa K npupoiHa cuctema B
(3] o] =00 ] .1 | P P 18

2.3 3micTtoBHMIA moaynb Ne3  BioreoximiuHi  mpouecn,  SIKi
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