| nwa 13. -OnemeHTbl. O6LasA XapaKTepUCTNKA NePexoHbIX 31eMeHTOB N ux 6110.|0n,.
YecKoe 3Ha4eHme.

§1. O6Lan xapakTepncTMka u ponb (/-MeTannos B OpraHusme.

[ns HopMa/bHOI XWN3HeAeATENbHOCTU OpraHM3My Heob6XOAMMbI He TO/IbKO MaKpo3/eMeH-
.| no HonpeseneHHbIi HAbop MUKPO3NEMEHTOB.

BaKHeMWnM cpeay MUKPO3NEMEHTOB ABNAIOTCS (/-MeTannbl, KOTOpPble HOCAT HasBaHWe ne-
|H/1FI LbIX 3N1EMEHTOB

H nepuogmnueckoii cucteme Bcero 35 (1-31eMeHTOB, B YETBEPTOM . MATOM W LIECTOM MNepLo-
UM HaxogsTcs no 10 (/-aneMeHTOB, 06pasyloLiMX TaK HasblBaeMble «BCTaBHblE feKafbl» B Hesa-
KOHYEHHOM ~ CEAbMOM Mepuofe COAEPXKUTCA NATb (/-3NeMeHTOB Kak yKasblBanoch Bblle. <-
LLEMEHTbI Ha3bIBAOT TAKXKe MEPEXOAHbLIMM, FakK Kak OHW OCYLLECTBASIOT NEPEXOf 0T 8 -371eMCLTOB



[aHHOTo nepuofa K P-aneMeHTam 3TOro ke nepuoga. B atomax (/-3N1eMEHTOB 3anofiHAeTcs 3/1eK-
TpoHamu (/-NoAypOBEHb BTOPOTO CHAPYXXU YPOBHS.

Mo BepTWKanu B BapuaHTe KOPOTKOM (hOpPMbl NepuoaMYecKoin cuctembl (/-anemeHTbl (/-
3NEeKTPOHHbIEe aHanorn) o6pasytoT No60YHbIE MOArPYNMbl, B ATHHHONEPHOLHOM BapuaHTe - ee B-
nogrpynnbl. Ynucno 3nekTpoHOB Ha (/-NOAypoBHe aTOMOB 3TUX 3neMeHToB pacTeT ot {I1 (Il B-
noarpynna) go (/" (1l B-nogrpyvna).

Ha BHeLLHeM 371eKTPOHHOM YpOBHe aTOMbI (/-3/1eMEHTOB MMEIOT, Kak Npasuio , no 2 5-
anekTpona (52). OpgHakoy aeBATH (/-anemeHToB (blb. Cr. Mo. Ku. Kb. PL Cn. A§ H Au) B pesy/b-
TaTe «MNPOCKOKa» OAHOr0 3MeKTPOHA Ha BHELLHEM YPOBHe 0CTaeTcs Mo 0AHOMY 5-anekTpoHy (51). B
aToMe nasnagus MMeeT MecTO «/ABOVHOV MepecKOK» 3NeKTPOHOB, W BHELLHWIA YPOBEHb €ro He CO-
[lePXUT 31eKTPOHOB.

OC06EeHHOCTH CTPOEHMSA OKa3blBAlOT BAMAHWE Ha CBOICTBA (/-371eMeHTOB. Tak BOCCTaHOBW-
TenbHas CMNOCOGHOCTb  3/1eMeHTOB B (/-MOArpynnax W3meHseTcs B 06paTHOM HanpasfeHun Mo
CPaBHEHWIO C 3NeMeHTaMMn [/1aBHbIX NOArPYNn, - OHa BO3pacTaeT CHWU3y BBepx. s (/-anemeHTOB
XapakTepHa He TONbKO aHanorus Ho MoArpynnam, no 1 Npu OAMHAKOBOW CTeMeHU OKUCNEHUS - Mo
nepuogam.

Bce (/-anemeHTbl - MeTa//ibl. B aTOMax WX BaneHTHbIMU ABAAIOTCS 5-31€KTPOHbI H YacTb cl-
3/1EKTPOHOB NPEeANOCefHEr0 YPOBHS.

CneplyeT 3anoMHUTb NpaBuno: Bbiclias MOMOXWTENbHAS CrCHCHb OKWUC/IEHUS <t
3/ICMCHTOB COOTBETCTBYET HOMepPY rpynmbl

[ns (1-aneMeHTOB OYeHb XapakTepHO 06pa3oBaHMe Pa3HO06Pa3HbIX KOMMAEKCHbIX COeAUHEHWIA.
Mcnonb3ys HesanonHeHHble (1-op6nTann n HcnogenenHsle napbl (1-31eKTPOHOB 3TW 3N1EMEHTBI Bbl-
CTYNatoT B Ka4ecTBe aKLenTopoB UM JOHOPOB 3/1IEKTPOHOB NPUO6GPa30BaHMM CBA3E B KOMMIEKC-
HbIX COefNHEHUAX:

Pecb - 6KCX - -3T
A[aCl-- 21 KoH bl -pB A B [ 12XaC1l
Cu(OH)1+4 - [CnCXKOA0H):

2n50%- 4 XaOH = >ra; [2nC0 H)4] - Xa:804
HeC!; - 4 K1= K:[HSL] -2 KC1

Haunbonee BaxHyl0 ponb B OpraHuW3Me 4enoBeka urpatoT 6 (/-meTannos. TO0 MapraHed,
Xeneso, KobanbT, Mefb, LMHK, MONN6AeH. Hapsgy C HaTpuem, KanHeM KanbLyem JaHHble ane-
MEHTbl Ha3blBalOT «MeTannamMu Xu3Hu.» B Tabn. 4 npeactaBneHoO NONOXEHWE (/-«MeTannoB Xus-
HW» B NEPUOAMYECKON cUCTeMe, CTPOEHME BHELUHEro W WpeABNeLINero 3NeKTPOHHbIX CN0eB N Ap.
XapaKTepuCcTUKN.

Tabnuua 4

XapaKTepucTUKM aToMoB (1- MeTan/ 08
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I' opraHusaMe 4enoBeKa HOHblI d-METas/I0B HaxXOAATCA TOMbKO B COCTaBe KOMMAEKCHbIX CO-
. LWUHeHHIT pasHoi yCToiuMBOCTM. KOMM/IEKCO06pa30BaTeNAMN SABAAOTCS HOHbI (I-MeTannos, nu-
LATMN — aMUHOKWC/IOTbI, HYKNEUHOBbIE KACOTbI, NeNTuabl, 6eNKn 1 ap.

CopepxaHve (1-MeTarioB B OpraHu3Me 3HaYMTENIbHO HUXKE COAepXaHus 5-mMeTannos (Cm.
nun 2). 0AHaKo UX pofib 415 HOPManbHOFO Pa3BUTWS OpraHM3Ma BenuKa.

MoHbl (1-MeTannos 06ycnoBnnBatoT CBOMCTBA U CTPYKTYpYy GMOKOMIICKCOB, Npujasas UM
onpefeneHHy0 KOH(QOpPMaLMio, HeOOXOAUMYIO ANs UX 6MONOrMYecKoil akTMBHOCTU Tak. KaTuo-
HAY NWUHKA 7.1~ NPUHAANEXUT rNasHas pofib B HOPMUPOBAHUM aKTUBHOW (POPMbI FOPMOHA UHCY-
M1 kaTroHbl Mn 'v 70 onpegenstoT cnupabHyto cTpykTypy PHK nT. 4.

Komnnekcobl, B COCTaB KOTOPbIX BXOAAT MOHbI 2n“'. NpoABNAOT aM(OTEpPHble CBOWCTBA.
[JeiicTBue epmeHTa KapboaHrHApa3bl OCHOBAHO Ha aM(POTEPHbIX CBOMCTBAX COEAWHEHWW LMUH-
K

WoHbl (1-meTannos yyactsytoT B OB npoueccax, NpoTeKalolWwmx B OpraHn3Me, B KauyecTse
mIll okucnuTeneid, wnnm BOCCTaHOBMTeneil. Hanpumep, 6Guonornyeckas akTUBHOCTb JKe-
nesocogepxaliux epmMeHToB — LHTOXPOMOB — o06ycnoBneHa KaTuoHamu xenesa e '. BOC-
enliaBnmBaloLLMMmnca B npowecce AbixaHnsa Ao MoHoB Pe*' (Me 3+e_—>Te ™).



Takum oﬁpasoM, B OCHOBE 6MOIOrNYECKOr0 ASMCTBMH A-MeTaNIoB nexar UxX Xumuye-
CKMe CBOICTBA, onpeaensemMbie 3N€KTPOHHbIM CTPOEHWEM aTOMOB U NOHOB.

NOoArPYMMA XXENE3A

Bonpockl 415 NOAroT0BKY

1 O6Lwan xapaKTepucTIKa 3MeMEHTOB NOATPYNMbl XKenesa. VX XxapakTepHble CTeneHu
OKUCNIEHUS.

2. du3nYecKne CBOWCTBA Xenesa, KobanbTa, HUKeNs.
3. XvIMUYecKue CBOICTBA XKene3a, Ko6anbTa, HUKENs.

4. KNCNOTHO-0CHOBHbIE CBOMCTBA OCHOBHbIX COEAWHEHWI NOATPYMMbI xXe-
nesa: OKCMAoB, r’MAPOKCMAOB.

5. Cnoco6HOCTb Xenesa, KobanbTa, HUKeNs K KOMMIEKCO06Pa30BaHLLO.
6. Bronoruyeckas posnb 31eMeHTOB CEMeNiCTBa Xenesa.
7. dapmakoneiiHble npenapatbl, CoAepxaliue xenesa, KobanbTa, HUKeNA

§1. O6wan xapakTepuctuka nepsoii Tpuagbl VIII B-nogrpynmbl.

Moarpynna >xenesa, Nau ceMeincTso xenesa, BxoguT B VIII B-nogrpynny. Oco6eHHocTs VIII
B-nogrpynnbl COCTOUT BTOM, YTO OHa 06befUHAET Tpu TpUagbl ~/-3N1eMeHTOB, PACMON0XKEHHbIX B
601bLIMX NEPUoAax N He UMEIOLLMX aHanoroB B MasbiX Nepuogax. dNemMeHTbl Nepsoli Tpuagbl -
Xenes3o, K06anbT, HUKENb - Ha3blBAlOT CEMEiCTBOM Xene3a. JNeMeHTbl CeMeincTBa Xenesa B 0T/un-
Yne OT BCeX OCTa/bHbIX «/-3anemMeHToB VIII B-noarpynnbl (UX Ha3bliBatOT NNATUHOBLIMW 3NeMeHTa-
MW) He UMetoT CBO6OAHOrO M-NoAypoBHA. STUM 06YCN0BNEHbI CYLLECTBEHHbIE 0COBEHHOCTU 3ne-
MEHTOB cemelicTBa Xenesa. YXKenesy, K06anbTy U HUKeNO CBONCTBEHEH (eppomMarHnTn3M.

XKeneso (Pcrrut) 16Pc
4 NPUPOAHBIX CTaBUbHbIX N30TOMa:
5'Pe (91, 68%), 54Pe (5,84%)
5Pe(2, 17%), ™Pe(0,31%)
McKycCTBEHHbIE M30TOMbI:
5Pe (T,2 2.4 4). 5'Pe (T,; 45.6 cyT).
Copep>kaHue B XMHON Kope. Ba>kHeiiline npupoaHble COeANHEHMUS

B 3emHoli Kope cogepxutca 4,65% (no macce) >enesa. o pacnpocTpaHeHHOCTW Xeneso
3aHUMaeT 4-e MecTo nocne Kucnopopaa, KpeMmHusa, alloMUHNA.



Hnnnciiwne mMuHepansl (pyAbl):

| m, (3 — MarHeTUT (MarHUTHbINA XenesHsK')

1<1), — rematut (KpacHbIi enesHsK)

HIr(). 1)1bO|n= I—4) — nigponrnrr(6>pbicXKeNne3HaKN)

I'm> (), — cupepuT (LUNATOBbINA Xene3HAK)

I e -nuputwngp.

I'(* [ko BCTpeyaeTcs camopofHoe Xeneso (MeTeoOpMTHOro M1l 3eMHOr0 NPOUCXOXAEHUS).
Du3nyecKne N XMMnMYeckne CBONCTBAa 3/IEMEHTOB.

YucToe xeneso - cepebpucTo-6enblil, MArKUA MeTann, XOpoHIO nogaatowmumeca obpa-
MU HYKO HaMarHMuYuMBalLWMiACA U pasmarHuymMBaroLwmuiics. Ero nony4yarT 31eKTPOAN3OM
||. wwpue coneli xenesa uam TePMUYECKUM PasnoXeHMeM neuTakapbOHHNA Xenesa.

s

116(CO)5] —*Pe + 5 COT
(‘oaep>KkaHve n HOpMbI CYLLECTBOBAHNS B YK MBbIX OpraHn3mMa*- Euonorndyeckas ponb

XKeneso — Hanbonee pacnpocTpaHeHHbIi B opraHnsme &3nemeHT. B opraHusme uenoseka
In npxxures okono 5 r. CyTouHas notpe6HOCTb Bxenese coctasnset 0-02 r.

1.HNbINasA 4acTb XKenesa (0Kono 70%) CoCcPeAoToUeHa B reMorno61He Kposu.

1 cMOT 106MH — KPACHbI MMIMEHT 3pUTPOLMTOB.

11 100 Mn KpoBW B HOpMe CoAepXMTCs 0Kono 15 r remorno6uHa. FemornobuH npeacTasnser
| AT NHNKHBLIM 6€10K, MONeKyNa KOTOPOro COAePXUT 4 MONMNENTNAHbIX Lenu (rNo6uH), Kaxnas u3
LINHPMX CBA3aHa C HebGenkoBoW rpynnoin (remom). Fem — 3T0 KOomnnekc xenesa (M) ¢ noanunan-
4 |KHM OpraHnMyecKnM BeLLECTBOM — MOPGHNPHUOM 'eM MMeeT CTPYKTYPY, NOKa3aHHYHo Ha puc. 7

Puc 7. CTpykTypa Heb6enkoBoii YacTu remornobmHa - remma

B CH =CH2

-CH

-CH3
N—Pe*4—N
-CH ="CH2
HOOC—€H”-CH, -

HC -CH

HOOO-CHs—CH2 cn,



Kak BWAHO 13 3TOW hopmynbl, B TeMe aToM XXenesza obpasyeT -l CHAT ¢ a3omamu as3oTa
NMPPOAbHbLIX KoMen. MATY0 CBA3b aTOM >Kenesa o6pasyeT ¢ aTOMOM a30Ta HMHAA30/bIl0N FpynMbl
rMNCTHAWMA — aMWHOKMCNOTHOrO OcTaTka rnobuHa. A LUECTYI0 CBA3b aromM esesa MOXeT 06pa3o-
BaTb C MONEKynapHbIM Kucnopogom (K VIMeHHO 3Ta cnoco6HOCTb H 06YCNOBNMBAET BaKHeWLLY0
(DYHKLMIO remornobnHa — cnoco6HOCTb 06paTMMO CBA3bIBATL KWUCNOPOA M NEPEeHOCUTb ero oT ner-
KMX K TKaHaM. [eMOrno6uH, MpUCOeAVHMBLLMIA KWUCNIOPOA, Has3biBaeTCs OKeLl CMOr106nHoM, a 6e3
KNCNOpOAa — 4acTo HasblBalOT Ae30KeHremMorn106MHoM. Mpasun],nec cuntatb, ‘MO NpU OTLLENAEHUM
K1cnopoga B Xofe (M3nonormyecknx npoLeccoB 13 oKenTeMoTNo6HMa 06pa3yemcs MPOCTO remorso-
6uH. Ecnu remornobuH ycnoBHo 0603HauMTb HHb, TO cBf3blBaHWE KWcnopofa remorno6uHOM
MOXHO CXeMaTU4eCKu NpeAcTaBUTb CeAyHoLL M 06pa3oMm.

HHb (rem)4+ 40; <=>H Hb (rem O: 4
reMoro6uH OKCMremornoftw:

Takum 06pa3om, ogHa MoneKysa remornobuHa cogepxatias 4 rema, MoXeT NepeHoCUTb 4 Mone-
kynbl O:. 1T remorno6uHa cnocobeH npucoefmHuts 1,34 mn Cb. CnegyeT 06paTuTb BHUMaHMWE, YTO
crencnb OKWCNEHNSA Xenesa +2 He U3MEHAETC NPU NPeBpaLLeHnn reMornobrHa B OKeHreMorno6uH.

CTpyKTYpy, NOf0GHYO remMornobuHy, UMeeT v ApYroi Xenesocomepxalyunii 6eflok — MYorno-
[uN: B BUAE OKEHMMNOrN106HMNa OH CYXMUT pesepsyapom Cb B MbiLLL@X, a NpW MblLLEYHON aKTUBHOCTW
ocBoGoxzaeT 02

XKenese BXOAWUT Takxke B COCTaB GO/bLUOW Tpynnbl ()ePMEHTOB, KaTaNM3NpPYHOLMX MPOLEcc
nepeHoca 371eKTPOHOB B MUTOXOHAPUSX, 3TO 3aK HasbiBaeMble LHroxpombl (LIX). [okaszaHo, 430 ne-
peHOC 371eKTPOHOB B OKUC/IUTENbHO-BOCCTAHOBUTE/bHbIX MpoLeccax ¢ yyactvem LIX ocyuiecTsnset-
Csl 32 CYET M3MEHEHUS CTEMEHU OKUC/IEHUS XKenesa:

LIX WPe3++ & <=> L|X «Pe2+.

VoHbl xenesa PedH BXOAAT B aKTUBHbIE LEHTPbI (hePMEHTOB KaTanasbl W NepoKeHAasbl. KoTo-
pble 3aliMLLaOT KNEeTKY OT Mepokcuia Bodopoda, 06pasytolierocs B opraHusme. OTW (hepMeHTbI
pasnaraloT nepoKcug BOAOPOAA Mo peakunu:

KaTanmsa
2H;0;--- -->211,0 + (X
3a 0fiHY CeKyHAY OfHa MoJieKyna Kas<lnasbl pasnaraeT okono 50 Tbic. Monekyn 1-6Cb

XKeneso cofepXXmTcs B COCTaBe CNOXHbIX GenkoB — heppnTuma 1 rpancgeppuHa. Tpauchep-
PHH COAEPXUT ABa HOHa Xene3a Pe3t+ ero monekynspHas macca 90.000. TpaHcdcppHm sBnseTcs 6uono-
rMYECKUM NEPeHOCUMKOM JKefnesa Mo BCeMy OpraHuamy. Tak, 3paHceppuH MepeHoCUT Xeneso ot
(heppnTUMA B KOCTHbIA MO3r, rae o6pasyeTcs reMorfiobuH B HOBbIX 3puUTpoLMTax. XKeneso y4yacTyeT B
npoLieccax KpOBETBOPEHMS M €r0 HefoCTaTOK B OpraHu3mMe NpuUBOAUT K GONE3HU KPOBU — XKenesofe-
(DHLHTMOH aHemMun (ManoKpoBMe). V36bITOK XKenesa roxe BpefeH, 3aK Kak Xeneso, Ko3opoe He CBS-
3bIBAETCA B BGrIOKOMMNEKChI, MOXET BbI3BaTb HapyLUEHWe AesTeNbHOCTH CEepAEYHO-COCYAMCTON cucTe-
Mbl, MEYeHN, Nerknx.

Mpyn noTepu KPoBW NOTPEGHOCTL B XKENe3e BO3PacTaeT N He MOKPbIBAETCA ero NocTynaeHnem
C NULeii. B Takmx cryyasix BBOAST BHYTPMBEHHO Mpenaparbl xenesa.



MpuMeHeHe >Kenesa 1 ero CoeANHeHU ¢ MegnLmnHe

VIckyccTBeHHbIe M30TONbI Xenesa FHPc 1 1, Pe NpMMeHAIOT B KayeCcTBe M30TOMHbIX MHAMKATO-
poB.

B Me,U,VILI,VIHCKOVI NpaKTUKe NPUMEHAKOTCA pas3InyHble COeANHEHNA Xenesa.

>KenesHblli kynopoc Pe50.| W71-b0 Henonb3\TaT Npy 1e4eHU aHeMUK, CBA3aHHOM C HeL0CTaTKOM
Xefnesa B OpraHu3me.

Kap6oHat xenesa (11) PeCO3 NpUMEHSAIOT NpW €NabOCTW H UCTOLLEHUN.

BoccTaHOB/EHHOE ene3o (Pe ') HasHAuaKoT Npu €1abocTy U UCTOLLEHNN: OHO BXOAMUT B COCTaB
mrice 20 NeKapCTBEHHbIX CPEACTB, MPUMEHSEMbIX MPU NIEYEHUN PA3NNYHBIX BULOB aHEMUM.

Iekcarngpar xnopuga >xenesa (I11) PeCb m61-bO NpUMEHSIOT HapyXXHO Kak fe3nH(uLupyto-
LLiee M KPOBOOCTAHaB/INBALOLLEE CPEACTBO.

Tabnetkn «bno» (cogepar PekO N CMoNb3yHOT NPU NIeYeHUm XKene3oae@nuHTHONM aHeMuu.



§1. Mapraney 2?2Mn

Il opraHu3mMe yesioBeka COLEPXMUTCHA OKONO 12 Mr mapraHua, npuyem 43 %
0 | MW HaxoAuTCs B KOCTAX, OCTafbHOE — B MATKUX TKaHAX.

3TOro Konn-



MapraHey — anemeHT 4 nepuoga YMB rpynnbl NepuognyeckoM CUCTEMbIl. JJeK-
TPOHHaA KOH(Urypauma atoma mapraHua b'2n:2p63y!3//3</,4n\ opbuTanbHbll paguyc 128 nw.
B coefiMHeHNAX OH NPOSBAAeT pas3/inyHble CTEMEeHU OKUCNeHnsa: +2, +3, H4. +6, +7. Kak y Bcex
«/-371eMEHTOB, COEAMHEHUS MapraHLa ¢ HU3LWel CTeNeHbl OKUCIEHNUS 12 NPOSBAAIOT OCHOBHbIE H
BOCCTaHOBWTENbHbIE CBOMCTBA

B HelTpanbHbIX WM KWUCAbIX BOAHbIX pacTBOpax ABYXBaNeHTHbI MapraHel o6pasyeT
OKpalleHHbI B 671e4HO-PO30BbIM LBeT akBakomnaekc [MnCHAOA]™, KOTOpbIii [OBOMbHO MPOYHO
yAepXuBaeT Moniekynbl Bogbl (T = 10'FC) M yCTOAYMB K OKUCNEHWIO B AaHHbIX ycnoBusax. B uie-
NOYHOI cpepe obpasyeTcs ManopacTBOpUMbIA rugpokeus Mn(OHb, HeycToiuMBbIA NO OTHOLIE-
HUIO K KACNOPOAY, pacTBOPeHHOMY B Bofe. CoefJMHEHNS MapraHLua C BbICLIVMU CTENEHAMMN OKMC-
nenns +6, +7 NpoABAAT KUCNOTHbIE M OKUCAWUTENbHbIE CBOWCTBA. B BOAHbIX pacTBopax Cylie-
CTBYIOT B BUAE KUC/IOPOACOAEPXKallMX aHWOHOB: MaHraHat M n O H nepmaHraHat MnO4. Co-

eAVHEeHNA MapraHua C NPOMEXYTOYHbIMWU CTEMEHAMWU OKWUC/IEHWS MPOABAAOT am(hoTepnocTb N
OKWCNNTENbHO-BOCCTAHOBUTENbHYIO ABOACTBEHHOCTb.

3L 3aKOHOMEPHOCTM XOPOLLO MPOCNEXMBAIOTCA B CBONCTBAX OKCWUAOB N MMAPOKCUA0B MapraH-
ua:

dopmMyna coefuHeHNN XapakTep coegnHeHns
Mn(OH)2 OcnoBaHne cpegHeii cunbl
Mn(OH)3 Cnaboe ocHoBaHue
Mn(OH)., AMDOTEPHBIV TMAPOKCUA
H3MNCX, CunbHast Kucnorta
HMnOw OueHb CUMbHaA KucnoTta

Bouxujannuc cTeneHn oKXCACMU» T p . auyn

Ycunenne KMCNOTHeIK cncllcT

+9 +4
Ookcunpbl Mn20, | Mno2 MnOa
AMdpoTepHble cBOlicTBA
OCHOBHble c npeo6nagaHuem KWCNoTHbI e
csoucTea OCHOBHbIX | KMCNOTHBIX cBoiicTBa
CBOWCTB | CBONCTB
+5
mapokcuabl Mn(OH)2 MnOOH MnO(OH)2 H2M no0 4 HMno4
n
HMno2 H2MnO»3s

Y TnenHe oKMCNUTENbHOW CNOCOBHOCTYH

/13MeHeHne KMCNOTHO-OCHOBHbIX CBOMCTB COEAMHEHWIA MapraHua B 3aBUCUMOCTW OT ero cTe-
NEHH OKNCNEHNA MOXXHO UNNKOCTPUPOBaThL CreyroLWnMmn peakunamm:

OCHOBHble CBOICTBA KucnoTHble cBOMCTBa



MHO+ 2INC1 =MnC1; + bt0 MnO: + 2NeOH = Ne :Mn0O3 + 1bO
Mwve(), + 6HP = 2MnP3+ 3M:0 MnQO3 + 2blaOH = bla: Mn04+ bbO
NIn<): F4HP = MnP, +21-1:0 Mn:C7+ 2NeOH = 2Ne,Mn04+ 11:0

OKHCANTENbIO-BOCCTAHOBHTE/IbHbIE CBOWCTBA COoeanHeHmnii Mapravmya(l) cuibHO 3a-
iIMOM WUT KUCNIOTHOCTW CpPedbl H OKUCNHTENbI0-BOCCTANOBHTC/bMbLIX CBONCTB NapTHepa:

CMbHBIN OKMCUTENb

Mot
Kucnas cpefa
okucnuTenb
Mn —Mn02; HMnOp,
puTpanbHasa epraa
OoKucnuTe b
MnOOH
cxabauyr.louHan cpeaa
+2 +4 +7 +2

2Mn504+ 5Pb0: + 3H:504=2HMn04+ 5Pb504+ 2H:0
+2 -1+4 -2 -2
Mn(OH): + H20: = H2MnO3 + H:0

+2 0 +3 -2
4Mn(0H): + O: = 4AMnOOH + 2H:0

MocnegHas peakuuna ncnonb3yeTca B CaHUTapHO-TUTMEHNYECKON MpaKTuKe ANs

MUPCNCNEHNS KOHLEHTPaLUM pacTBOPEHHOTO KUCNopoAa B aHanusupyemoit soge (pasg. 14.3).

CoefHeHns Mn(1\0 MoryT 6biTb H OKMCIUTENSAMU U BOCCTAHOBUTENSMM, B 3aBHEMMO-
| ML, cBOMCTB BTOPOro peareHTa:

OKSIANMT6ab +7
. mHMn04
KuUcnas cproa
2+ BOCCTaBonTEAL
v + MnOr— "
- MnO|
LyrnouHa, cpeaa
+4 -1 +2 [¢]

MnO: +4HC1= MnCb + C1: + 2H:0

+4 +4 +7 +2
2MnO: + 3PbO: + 3H:504= 2HMnO., + 3Pb504+ 2H:0

+4 +5 + 6 - 1
3MnCb+ KC103+ 6 KOH = 3KoMnO* + KC1 + 3H:0



Conm maHranatbl. cogepxalme aHnoH MnO; , yCTOWUMBLI TOMbKO B CWU/bUOLLENOYHOU

cpefie, a B OCTalbHbIX Cpefax HeycToWumBbl. Tak, B HeiTpasbHOM Cpede MPOTEKAeT peakuus
OKMC/IMTENbHO-BOCCTAHOBMTENLHOTO ANCNPONOPLHOHHPOBAHHS:

+6 +7 +4
3Ma2Mn04+ 21NO = 2NeMn04+ MnO, + 4bla011

MepmaHraHaTbl — CWAbHble OKUCAUTENN, OCOBEHHO W KWUCIOM Cpeje:
MOCCTaVOHNTENb
Kucnas cpepa Mn
BOCCTaHOBWUTE/b
MnoO.,, N Mno 2
Hell TpanbHas cpega
BOCCTaHOBUTE/b B

wjenouman cpega MnO.}'

w7 4 +2 +6
2KMn04+ 5Ne:503 + 31b504=2Mn504+ 5Ne 2504 + K204 + 31-bO

+7 +4 +4 16
2KMn04+ 3Mat303 + 1bO = 2Mn02+ 3bla: 50., + 2KOTM

+7 +4 +6 B
2KMn04+ N3,803 + 2KOH = 2K2Mn04+ N3:50,, + 1bO

Bbicokas okucnuTenbHasa cnocobHocTb Mn(YT1) npossnsetcs B peakuunm NONyyYeHUs
Kucnopoga npu npokanueaHuy conn KMno4:

[ns opraHuama nepmaHraHatbl SOBUTbI MPW MONafaHUW BHYTPb M3-32 UX CUJIbHbBIX
OKWUCANTENbHbIX CBOMCTB. [/ 06€3BPEXMBAHUSA OCTPbIX OTPaBNEHWM MNEpPMaHraHaToM Wuc-
nonb3ytoT 3 % pacTBOp NepoKcuAa BOAOPOAA B YKCYCHOKMC/OW cpeae:

2KMn04+ 51 bl> + 6CH3C0011=2(CH3COObMn+2CH3C001C+ 502+ 8MD

PacTBop nepmaHraHata Kanaus fBASeTCS NPUXUTalolWumM 1 6aKTepuLUAHLIM npenapa-
TOM fN1s 06pa6oTKM MOBEPXHOCTM KOXMW M CAU3UCTBIX 060M104YeK. CUMbHbIE OKUCANTENbHbIE
CBOMCTBA NepmaHraHata B KWUC/OA Cpefe fexar B OCHOBE MeTOfa MepMaHraHaTOMETPHH,
LIMPOKO UCMOb3YEMOr0 B CAHUTAPHO-KANHNYECKOM aHanunse.

B 6uonornyeckux cuctemax mapradel, NpucyTCTByeT B BUAe WOHOB Mn2+ unn ero
KOMMAEKCOB C 6enkamu, HYKNEeMHOBbIMU KMCNOTaMW W aMWHOKMUCAOTamMu. XOTA 3TU KOM-
nnexcol n3-3a 60MbWIOr0 pagumyca KaTuoHa Mn2+ 1 ero XecTKOCTU 06bIY4HO Mano YCTORUUBSI,
OHM CNOCO6CTBYIOT aKTMBaLun 60NbLIOFO 4Yncna (hepMeHTOB pasHbIX Knaccos: Tpancgepas,
rmgponas, Hiaomepas. VoHbl Mn2' cTabuan3vpyloT KOH(POPMaLMIO HYKMEMHOBbLIX KWUCAOT,



nlyloT n npoueccax pennukauun AHK. cuHtese PHK un 6enka. Takum obpasom, 6HO-
H HAMM (DYHKLMA MOHOB MapraHua WMeeT LUIMPOKWUI CMEKTP: OKa3blBaeT BAWAHME Ha KpO-
[n Inopowe, o6pasoBaHne KOCTeil, MUHEPabHbIM 06MeH, POCT, Pa3MHOXEHME U HeKoTOopble
P\ Inc hyHKLmK.

lluc ofHa 0C06eHHOCTb HOHAa MM_+— yHMBepcanusMm, Tak Kak OH MOXEeT BbIMOMHATb
MHUMANYeckyra GyHKUMo nNofaobHo CH*+ Pe- , 2n_+ HO B TO e Bpems AeiicTBOBaTb Mo-
........ 1L C'a'l B oTanume oT Mn2l, KaTMoH Mn3+ oueHb NPOYHO CBA3bIBAETCA C Genkamu,
Mpnyem NperMyLLecTBEHHO C KUCMOPOAHbIMW AOHOPHLIMU Fpynnamu, u nostomy Mn' cos-
mMNT ¢ Pe BXOAWUT B COCTaB TpancepnHa, CynepoKCHAAHEMYTa3bl U KUCNOTHON thocdara-
M | e. B COCTaB TUMUYHbLIX METaNIONPOTEHNOB.

§2. Cofiep>KaHue 1 (hopMbl CyLLeCTBOBaHWUM B XKMBbIX OpraHn3max. buonornyeckas ponb

MapraHe, HeOGXO,CI,VIM ANnAa XXN3HeaeaTeIbHOCTU BCero XXMBOro — He3Ha4yuTe/NlbHble KOMU-
UM NT ero CoAepxKarca BO BCEX PaCTUTENbHbLIX W XWBOTHbLIX OpraHnsmax. HeT ero To/ibko B Genke
VipuHoro Anua v 04eHb Masno B MOJIOKeE.

B pacTeHusix MapraHew, ycKopsieT 06pa3oBaHue X10podvana U NoBbiWaeT CNOoCOOHOCTb eHH-
H TMWaTb BUTamuH C.

Map| aHel ABNAeTCA He3aMeHNMbIM AN 4e/l0BeYeCKOro opraHnaMa MMKpPO3/IEMEHTOM.

B opraHm3me 4enoBeka COfePXMTCA 0Ko/0 20 Mr mMapraHua. OH KOHLUEHTPUPYETCSA B NETKMX,
HUTKax, MeYeHu, rosioBHOM MO3re, MoyKax, CefieseHke, KOCTAX, MArKWUX TKaHaX. B Kposu copep-
"H1 H0.02 Mr/n mMapraHua. B opraHu3m OH MOCTynaeT B OCHOBHOM C PacTUTENIbHON MULLEM.

buonornyeckas ponb MapraHua kak 6MOreHHOro mMetanna Benvka W pasHoobpasHa. B 6Hono-
IV'HTKHX cMCTeMax MapraHew, HaxoauTcs B BUAe KaTMoHoB Mn 1 Mn3'. 06pasytoLymx 61OKOMNEKCHI
PUKLLIX YCTONUYMBOCTU. OCOBEHHOCTLIO MOHOB MN2' ABASETCA TO. YTO OHWU MOTYT BbINOMHATL KaTa-
HHHYOCKYI0 (DYHKLMIO KaK KaTuOHbl Cu2\ 2rr , Pe2' u 3amewiaTb nombl Ma2+ B KOMMIEKCHbIX
wnt'; c AT® n A4SP.

MapraHeL, cBsi3aH C psgoM (hepmeHTOB. B Bude noHa Mn2 BXOAMT B cOCTaB (epMeHTa aprH-
UITI ’)TOT hepMeHT, cofepXalyniica B NeYeHn, UrpaeT BaXHYI PoNib B a30TUCTOM O6MeHe, Ka-
HUMLLPYSA peakLuio NpeBpaLleHnss aMUHOKWUCAOTbI aprMHUHA B MOYEBMHY, KOTOpash NepeHocuTcs
IpviMve) B NOYKM 1 B cOCTaBe MOYM BbIBOAMTCA U3 opraHm3ma (cm. 1.3.6).

Lpyrumu gepMeHTaMu, cofepXaliumy mMapraHel, siBAstoTCs:
MLWMH3CTepasa — (PEepPMEHT KPOBU, YUaCTBYHOLL WA B NpoLeccax CBePTbIBAHUS KPOBU:
thncthornokomyTasa — (epMeHT, yyacTBytoLWnii B o6MeHe \TNeBOAOB:
MMpyBaTKapboKcuiasa — PEepMeHT, yyacTBYIOLW KU B CUHTE3E XUPHBIX KNCMOT.

OfHOM 13 BaXKHEMLWNX (DYHKLMIA MapraHua B opraHu3me iBNSeTCA ero yyacTue B CUHTE3e
nT amuHa C (acKopbMHOBOM KMCNOThI) WU B NpOL,ecce KPOBETBOPEHMSA.



MpuMeHeHne coeMHEHU MapraHya MMeanLuHe

CoeanHeHUs MapraHua npuMeHsoT B 60pb6e C 0XXMPEeHUeM, aTepocknepo3oM, aBuTamu-

HO30M N T. 4.

Xnopua mapradua (I1) MnCb Ha3HaualoT AHA neyveHns aHemum n paccTpolictea LIHC

Cynbat mapraHuya (11) Mn504 ncnonb3yeTcs Npu NeYeHUN aTepocKieposa, pagnKynnmTos,

N7 YCKOPEHUS CMHTE3a aHTUTES, NIeYeHNs aHEMUIA.

MepmaHraHat Kanvs KMnO” HaxoguT LWMPOKOe NnpumeHeHune. 5% pacTBOp ero Ucnonb3yoT

KaK npuxuratollee n 6akTepuungHoe CpefcTBo AN 06paboTKM KOXW U CAU3UCTbIX 060/104eK,
KaK KpoBOOCTaHaB/vBalolee cpeActso. Cnabble pactsopbl KMUIO4 npuMeHSAOT 18 NONOCKaHUA
pTa, ropna, Npu NULLEBbLIX OTPaBNEHNAX AN NPOMbIBAHUS Xenyaka.

Pa3Hoo6pa3Hoe npumeHeHue pacTBopoB KM1O4 06ycnoBneHo ero CWUbHbIMWU OKWUCAU-

TenbNbIMU CBOACTBaAMU.

mep:

PaccmoTpum pelicTBune pacteopoB KM1O4 Ha HEKOTOpbIe BELLECTBaA.

B HeliTpanbHO M cnabouenoyHoli cpegax KMUO4 BocctaHaBnuBaeTcs 0 MnCb, Hanpu-

MO H
2KMno04 + 3C4lb + 41b0 —
3Tunex (Ya;CO_<)
-1 +
—>3C1b—OH + 2MnO:| + 2K.011
|
CHZ20H

3Tune){rmkonb

s OH” +
2KMnOM + 3112C204 -> 5COfT + K2C03+2MnO.Y + 31bO
LLiaBenesas

KucnoTa

B kucnoii cpege KMnO” BoccTaHaBnuBaetca o conem Mn ().



+7 o) oo+ 2

YKMn04+ 50,11]A , + 36bl:804— 30CO:T + 24Mn504 + 12K%5 04+ 661-b0
rnoKo3a
o +2

’KMno04 + 3CbbO + 3H2504-> 5 HCOOH + 2Mn504 + K:$04 + 3bbO

thopmanbgerng,

+3 +4

MCMn4 + 5H:C:04+ 3H:504— 2Mn504+K2504 + FOCO:|+ 8bl:0
L aBesnesast

KucnoTa

§3. Xpom. CBoiiCcTBa 3/1EMEHTA H €ro COegUHeHHa.

11 4 24 N1r 51,9961 OnekTpoHHasa dopmyna |/1r|3c1545|
d>bihm 3B

Xpom — 3nemMeHT N060YHOV NOArpYnnbI LWECTON rpynnbl YeTBEPTOro nepuoga nepnoguye-
IM/cucTembl XMUYecknx anemeHToB [. . MeHpgeneesa, ¢ aTOMHbIM HOMepoM 24. O603Ha4aeT-
1nI'umnonom Cr (nat. OnonwuT). MpOCTOE BELECTBO XPOM — TBEPAbIA MeTann rony6oBato-

Ur'nun uBeTa.

MonyyeHne

' |roM BCTpeyaeTcs B MpUpoje B OCHOBHOM B BUAE XPOMUCTOro0 xenesHska Pe(CrOa): (XpomuT xe-
1 W) M3 Hero nonyyvatoT (heppoXpoM BOCCTAHOB/IEHMEM B 3MeKTpONeyax KOKCOM (Yrnepofom):

| e0 Cr203+4C-* Pe +2Cr+4CO0T

®|'P|HIXpoM NpUMEHSAIOT NS NPOU3BOACTBA IEFMPOBaHHbIX CTanen.
YTUM MONYYUTb YMCTbIV XPOM, peakLmio BedyT ClefytoLWmumM o06pasom:

111 I'MULLIMIOT XPOMUT Xenesa ¢ KapboHaTOM HaTpusa (KasbLMHUPOBaHHAA COAa) Ha BO3AYXe:



4Pe(CrCb); + 8bla:C03+ 70: -* 8bla:CHO4+ 2[e203 + 8C02

2) pacTBOPSIO T XPOMAT HATPUS U OTAENSAIOT ero 0T OKCU/AA XKenesa;
3) NepeBOAAT XpPOMAT B AMXPOMAT, NOAKUCAAS PACTBOP W BbIKPUCTANIN30BbLIBAA AMXPOMAT:

4) Nnony4atoT YACTbI/ OKCUA XpOMa BOCCTaHOBMEHMEM Anxpomarta yrn(!m:

bla2Cr:0; + 2C —» C1:03 + Ne 2C0O3 + COT

5) C NOMOLLbIO antOMUHOTEPMUK NoNyYaroT mMeTannMyeckuii Xpom:

Cr203+ 2A1 -> Ab03+ 2Ct + 130 kkas

Dur3nyecKme H XMMUYECKMe CBOMCTBA

B cB060AHOM Buge — rony6osarto-6enblii MeTann ¢ Ky6uyeckoih 06beMHO-LLEHTPUPOBAHHO
pewleTkoit, a = 0,28845 HM. MNpu Temnepatype 39 “C nepexoamuT 13 napaMarHUTHOFO COCTOAHUS B
aHTndeppomankrrHoe (Touka Heens).

Xpom (C NpuMecaAMM) ABNSETCA OLHWUM U3 CamblX TBEPAbIX MeTaNN0B, ycTynas nuwb Bonbdpamy
(TBEpAOCTL NO Wkane Mooca 8.5). OueHb YUMCTbIA XPOM LOCTATOYHO XOPOLLO MOALAETCA MeXaHU-
yeckoii 0bpaboTke.

YcToitune Ha Bo3ayxe. Mpu 2000 °C cropaeT ¢ 06pa3oBaHneM 3enéHoro okeunga xpoma(Lll) Cr20 3
obnapatoLlero ampoTepHbIMH cBoiicTBamMu Cnnasnsas Cr:03 co Lienovamut NoayyvaroT XpOMUTbI:

C1203 + 2NeOH -> 2NeCrO; + H30.

HenpokaneHnblit okeng xpoma(LLl) nerko pacTBOpseTCs B LENOYHbIX pac TBOpax W B KNCNOTax:

Cr203 + 6HC1 -* 2CrC13+ 3H2.

Mpu TepmMnyeckom pasnoxeHun kapboHuna xpoma Ct(CO)c, nonyyatoT KpacHbIi OCHOBHOM
okenp xpoma(H) CHO. KopuuHeBblil unum xentolid rugpokeng Cr(OH): co cnaboocUOBHBIMH CBOW-
CTBaMU ocaxgaeTcs npu gobaBneHunun wenodeld K pacteopam coneit xpoma( ).

IMpu OCTOPOXKHOM PasNoXeHUn okcuaa xpoma(yY1) CHO3 B ruagpoTepManbHbIX YCNOBUSX MOyYatoT
okeng xpoma (IV) CT02, KoTopblii sBnsieTcs heppoMarHeTKOM W 061a4aeT MeTaNIMYECKOli npo-
BOAMMOCTbIO.

Mpy B3aMMOJEACTBNM KOHLEHTPUPOBAHHOI CepHOIA KNCNOTbI C pacTBOpaMi AUXPOMAToB 06-
pasyroTcs KpacHble UK (hMoNeToBO-KpacHble KpucTanbl okcnga xpoma(yY1l) CT03. TunuuHbIiA Kuc-
NOTHbIN OKCWA, NP B3aUMOLENCTBIM C BOAOV OH 06pa3yeT CUNbHbIE HEeYCTONUMBbIE XPOMOBbIE
KUCNOTbI: XpoMoByto H:CHO4, gHxpomoByto H2Cr20 7 v gpyrue H30MOAMKNENoThl € 06Leli hopmy-
noi H3CruOans. YBennyeHve cTeneHy NOAMMepU3aLMn NPONCXOAUT C YMeHbLUeHUeM pH, TO ecTb
yBe/INYEHNEM KUCNOTHOCTU:

2K:C10,, + 2H250,, —=K.:Cr20 7+ 2K:50., + bbO.

Ho ecnun k opaHxeBomy pacteopy K:Cr20 7 npunutb pacTBop LLEN0YMN, KaK OKpacka BHOBb Mepexo-
[WT BOKeNTYH0 TaK Kak CHOBa 06pa3yeTcs xpomaT Kanma K2CHO4:



KoCbCb + 2K.OH — 2K:Cr04+ H?.

1w yrom 40 BbICOKOI CTeNeHU NonuMepusaLmm, Kak 3To NpOUCX0ANT y Bofb(pama 1 MonmbaeHa,
Ul IOXOAHT. TaK KakK NoNnxpoMoBas KMCnoTa pacnafaerca Ha okeug xpoma(Y|) H sogy:

H2Cr,,03,,# —*1b0 + nCrC

113BeCTHbI FanoreHnfbl, COOTBETCTBYIOLLME Pa3HbIM CTENEHAM OKWUCNeHUA XpoMa. CUHTE3H-
[lluaner guranoreHHgsl xpoma CrP2, CrCb, CrBr: u Crb u tpuranorenunst CrP.?, CrCb, CrBr3H
N 11 OpHako, B OTIMYME OT aHANOTNUHbIX COEAMNHEHWIA aNtOMUHMA H Kenesa, TPHXNopHA CrCb 1
ywinpomMHg CrBr3 xpoma HeneTyuu.

| & I'TerparanorenHaoB xpoma yctoitums CrP.|. TeTpaxnopug xpoma CrCL| cylect ByeT TONbKO B
[IIllu]\. W3BecTeH rckcadTopug xpoma CrPs.

MLyycHbl 1 oxapakTepu3oBaHbl OKCUranorcHHAbl xpoma CKO2P2n Cr02Chb.

| Wwne WpoBaHbl CoeanHeHNsa xpoma ¢ 6opom (6opumabl Cr2B, CrB, Cr-,B4, CrB2, CrB4u CruBs). ¢

1 yepogom (Kapbugsl CraCoe, Cr7C3 n CraC2), ¢ kpemuuem (cunmumasl Crasl, Cr?5Inum Cr30 u aso-
1w (HuTpuabl Crblu Cnbl).

Il prcTopax Hanbonee ycToinumBbl coefmHeHNs xpoma(LLl). B 3aTo CTeneHn OKUCNEHMA XPOMY CO-

LLMNCIBYHOT KaK KaTWOHHas (hopma, Tak U aHUOHHble JOPMbI, HaNpuMep, CyLLeCTBYHOLWNIA B Lue-

[M'wni cpege aHnoH [Cr(OH)r,]” .

Mo okncneHun coeguHenmnii xpoma(LLl) B wenoyHol cpeae obpasytoTca coeaunHernmns xpoma(yYl):
2Ne3[Cr(0H)r] + 3H20 2— 2bla:CHO4+ 2NaOH + 8H:0.

1wy, t06aBNeHHH K XeNToMy pacTBOpy, COAepialleMy XpoMar-noHbl. pacTBopa conn Gapus Bbina-
H | xenTblii ocaflok xpomata 6apus BaCtO4:

Ba:+ + Cr042- -+ BaCltO4.

| Hr vwemmst xpoma(Y1) — CunbHble OKUCANTENN, HANpUMEp:

K2Cr20 7+ 1411C1 — 2CrC13 + 2KC1 + 3Cb| + 7H:0.

MpumeHeHne

AWM BaXHbI KOMMOHEHT BO MHOFMX NIEFMPOBAHHbIX CTansAX (B YaCTHOCTU, HEPXABEIOLLWX), a

1 Mpsifie APYTUX CNaBoB. Cnonb3yeTcs B KaYeCTBe W3HOCOYCTOMUMBLIX U KPACUBLIX Tasib-
VMMMHTKIX NOKPbITWIA (XpOMUPOBaHUE). XpoM NpUMEHsIeTcs A4S MPOM3BOACTBA CMIaBOB: XPOM-
H| H\pom-90, He3aMeHUMbIX 4151 MPOU3BOACTBA COMEN MOLLHbIX N1a3MOTPOHOB M B aBUaKOCMUYe-
| MIlL NpOMBILLIEHHOCTM.

Buonornyeckas ponb 1 hM3N0N0rMvecKoe aeiicTene

>HIM  0ofuH 13 GUOTeHHbLIX 3/1EMEHTOB, NOCTOSAHHO BXOAUT B COCTAB TKaHel pacTeHWi v XMUBOT-
nm- V KMBOTHbIX XPOM Y4acTBYeT B 06MeHe NMnuAoB, 6enKoB (BXOAUT B COCTaB (hepMeHTa Tpun-



cvna), yrneBofoB. CHUXeHMe CofiepXXaHUM XpoMa U HULLE U KPOMW NPUMOALL K YMEHbLLEHWIO CKO-
pOCTW poCTa, YBEIMYEHUIO XONeCTEPUHA W KPOMW.

B uncTom BUAe XPOM [J0BOJIbHO TOKCUYEH. MCMLUMMNYCCUHH HMLL. XpOMa pasfpaxaeT 1KaHH Nérkux.
CoegunHeHmns xpoma(LLl) Bbi3biBatoT gepmal HIM.L <'oegHHeHHU xpoma(Y1l) NPMBOAAT K pasHbIM 3a-
6oneBaHNAM YenoBeka, B TOM uucne n oHkono! HuccbHM 117K xpoma( V1) B aTMOChepHOM BO3ayxe
0,0015 mr/m3.

Tnapokeug xpoma (111) — amdoun’pHblii IHAPOKeHA, ( CPO-3eNeHOro LBeTa, pasnaraeTca npu
HarpeBaHwu, Tepas BoAy ¥ o6pasys 3eneHbl!! mcnu ngpokeHs ( T1()(<)11). lle pacTBopsieTca B Boje.
M3 pacTBOpa ocaxgaeTcs B BUfe ccpo-1ony6oro n Tnyb6ounaTo-3eneHoro rugpata. Pearupyete
KUCNOTaMU W Lenoyamu, He B3aMMO/eCTBYeT ¢ THApPaTM aMMuaKa.

§4. XpomoBas KLIMKM!)

Kpuctannnyeckoe BeLLeCTBO KPaCHOTO LiBe3a; BblfeneHa B CBOOGOAHOM COCTOSIHUM Npu
OXNaXAEHNIN HaCbILLEHHbIX BOAHbIX PaCTBOPOB Xpomara. Xumuueckas popmyna |bCHO-b

Xnmuyeckune cesoHanea

XpomoBasi KUCNI0Ta — 3N1eKTPOANT CPefHel cunbl. VI30MONHXPOMOBBIC KUCMOThI CYLLECTBYIOT B
BOZAHbIX PAacTBOPax, OKPaLleHHbIX B KPAcHbIii LBeT COMM XPOMOBOI KUCNOTbI BASKOTCA CUIbHLIMY
OKUCIUTENAMW, SA0BUTHI. B XPOMOBOIA KMCNOTE CTeNeHb OKUCNEHUS XPOMa paBHa +6 (unu VI).
XpoMm, Kak 1 60/bLIMHCTBO MEPeXOAHbIX METaNN0B, MOXE TCYLLeCTBOBaTb B HECKOMbKMX CTEMEHsX
oKucneHus. LLlecTas cTeneHb OKWUCNEHWS CaMasi BbICOKas ANsi XpOMa; TPEeTbs CTeneHb ABNSETCS
Hambonee cTabuLHOM, BTOPas CTeMeHb Takxke. PearnpyeT ¢ OCHOBHLIMU OKCUAAMM U MApOKcMaa-
MU HaTpUst H Kaius, Hanpumep amoTepHbIe OKCUABI U TUAPOKCHA LVHKA W atoMUHWS B €e Npu-
CYTCTBWW WM B PeakLiMM C XPOMOBOIi KUCNOTOV MoBeayT cebs Kak cnabble 0CHOBaHUS. MpoayKTbI
peakLnn — Bofa M XpOMaTbl MeTasloB.

XpPOMOBOI KUCNOTE COOTBETCTBYIOT COMN — XPOMAaTbl, H30HOMHXPOMOBbLIM KMUCNIOTaM — M30MOSH-
XpoMaThl (Takxe ANXPOMATbI, H30MONNCOEAHHEHNS).

MonyyeHwne
3CrPl-b 10H,0 --—-- m 2Cr(OH)."( ( 4-H3CrO.! + 12111' [ I [pn kKnneHun
3Crlfa H-11Ha0 - »Cr(OW)al -13H”ACrO, | 15HT

Cr03y-11.0 -—. H~”CrO,,

PacTBOpbI XPOMOBOIA KMCNOThI MCMOMbL3YIOT MPU 3NEKTPONUTNYECKOM XPOMUPOBAHUN W NMOMYYEHUN
XpOMa 3M1eKTPONN30M. XpOMOBas KUCNOTa ABNSETCA MPOMEXYTOUHbIM BELLECTBOM NpU XpOMUPO-
BaHUM, a TaKXXe NCMO/b3yeTCa B KepaMU4eckoii Mypase U B LIBETHbIX KOMMO3WLMAX cTekna. Mo-
CKOMbKY COEAIMHEHWE XPOMOBOIA KUCNOTbI B CEPHOI (TakxKe M3BECTHAA Kak «CyNb(oXpomMoBas Kuc-
NoTa») ABNAETCA MOLLHbIM OKUCIUTENEM, 3Ta CMeCb MOXET GbITb UCMO/b30BaHAa f/19 OUUCTKU Na-
GopaTopHOIi Nocyfbl, MAW NPYU CMbITUH HEPACTBOPKUMbIX OPraHNYecKMX OCTaTKOB.



XPOMUTBI — CONM XPOMOBOW KMCNOTbl bbCrCX4nonyyatoT xpomatsl B3aumogeiictenem CrO3 ¢ oc-
HOBHbIMW OKCMAaMU (CnnaBneHune):

1 r(), + 2nO —*2nCr04,

MT. YT Gonee pacnpocTpaHEHHO, OKUCIEHUEM COeAUHEHMUIA CT' B LLENOYHbIX pacTBOpax:
’KC'tO: + 3H,Cb + 2KOH — 2K2CHO4 + 4H:0,

’K,|Cr(OHbI + 3Br: + 4KOH — 2K:CHO4+ 6KBr+ 8H;0.

1111 3TOM NPOMCXOANT U3MEHEHWE 3eN1EHOI OKpacKn pacTBopa B XXenTyto 0T noHa CHO.12 .

Xumuyeckue csonctna

XpoMaT-HOH Npy NOAKHENENHN NEPEXOANT B AMXPOMAT-WNOH (MpU 3TOM OKpacka pacTBopa cTa-
HNMUTCA OpaHXEBOIA), B PacTBOpax CyLLECTBYeT PaBHOBECME MEX/Y XPOMAT- H AUXPOMAT-MOHAMM:

(rO1* + 2H+*>2HCrOr «>Cr:0 2'+ bbO.

XpublaTbl yCTOYMBBI B HEATPaNbHON U LLLENIOYHOI Cpefe, a ANXPOMaTbl — B KUCNOW. XpomaTtsl
MPUMEHSIOT B Ka4eCTBe CU fbHbIX OKMC/INTENe, Kak Kpacsllyue BelecTsa. XpoMmarbl Kanus u
H.MPHS NMPUMEHSIOT B Ka4eCTBe KOHCEPBAHTOB [PEBECUHbI, KaK NPOTPaBy NpW XpaHeHWN TKaHeii.
K pacTBOPMMbIE XPOMATbl HEKOTOPbLIX MeTan10B 061aAat0T APKNMM, HACbILLEHHbIMW LiBETaMu, No-
MMMy Ha MX OCHOBE AenatoT Kpacku: enTble KpoHbl (PbCHO™*, 2nCHO”, 5rCHO.|). KpacHbI CBUH-
NOHO-MONHO6AeHOBbLIH KpoH (PbCrO™ n MOCHO4), co3aatoLuii raMmy OTTEHKOB OT pO30BOr0 A0
turonetosoro 3nCrCb.

D n3nmonornyeckoe JEHCTBHE

1Kc coeiHEHNS LLIECTHBA/IEHTHOIO XpOMa, B TOM YuC/ie XpomaTbl U JUXPOMaThl, BECbMa TOKCUYHbI
N KaHLepOreHHbI.

1n\pomnTbl (BHXPOMATBI. JBYXPOMOBOKHE/Ible CO/IN) — CONMN [BYXPOMOBOIA KncnoTel bbCr;07,
Hnvpumep K’Cr;07.

CsoiicTBa

||ONMLWILWETBO ANXPOMATOB UMEET OpaHXeBO-KpPacHyt OKpacky. PacTBOPMMOCTb MX. KakK Npasuno,
HULLIE. YeM COOTBETCTBYIOLLMX XPOMATOB (CO/el XpoMoBOiA KncnoTbl bbCK3/, inxpomaTbl, Kak v
\PNMLUbI. B KACNOV Cpeae ABNAKOTCA CUbHBIMU OKUCAUTENAMM (6-BancHrublii Cr BoccTanaBnmea-
| H Il go 3-BaneHTHOro, Hanpumep:

K 1-0, + 14HC1 = 2KC1 + 2CC!3 + 3Cb + 7H:0

MpumeHeHne
O6nagatoLias o4eHb CUbHbIM OKUCAUTENbHBIM AEACTBUEM CMeCb PaBHbIX 06bEMOB HAaChbl-
wnwnro Ha xonogy pacteopa K.;Cr:07 n KOHUeHTpupoBaHHOW 1b50.) - (XxpoMoBas cMecb) npume-
1M/ 8 nabopaTopuAX .W1A MbITbS XMMUYECKOI NOCY/bl



§5. Ko6anbTt 27C 0

Cogpep>kaHue (*)OprI CYLL,eCTBOBAHMA B XKMBbIX OpraHusmax. buonornyeckas ponb

Kob6anbT— MMWKPO3NEMEHT, OKa3blBaloLLMiAi pa3HOO6pa3HOe BAWSIHME HA XXKU3HEHHble NpoLec-
Cbl PACTUTENbHBbIX, XUBOTHbIX OPraHN3MOB 1 YeNoBeKa.

B opraHuame uyenoseka cogepxutcs 0,03 r KobanbTa, U3 HUX 14% COCPefOTOYEHO B KOCTAX, MO
43% — B MbllILAX W MATKWX TKaHAX. bonblue Bcero KobanbTa B MeYeHW, MOYKax, MOAXeNny[ouHON
xenese. ExxecyTouHas notpebHocTb B kobanbTe coctasnseT 0,0003 r. YcTaHOBNEHO, YTO AeULUT KO-
6anbTa B TKAHAX CHMXaeT CNoCO6GHOCTb OpraHn3Ma 3aluaTbes 0T pasnnuyHbIX MHGEKLWA 1 Mo-
XKeT NPUBECTW K 3N10Ka4eCTBEHHOW aHeMuu. OfHaKO Npu M36biTKe KobanbTa CHMXAaeTCd MMMYMOpC-
thnekTopnas 4eaTenbHOCTb, MOPAXalTCA KPOBEHOCHbIE OpraHbl U T. [

B opraHu3me yenoseka k06anbT naxofLies B Buge noHos Co‘bnCo3.

Bronoruyeckas ponb KobanbTa BeMKa — OH y4acTBYeT B MPOLLeCccax KPOBETBOPEHUS, BMSET
Ha 6e/KOBbIV, XXMPOBOWA, YrNeBOAHbIN, MUHEpPanbHbIi 06MeHbl, 06MeH BUTaMWHOB, HanmpuMmep BuW-
TaMmuHa C, yCKOpsieT CUHTe3 BUTaMuHa PP, BXOAWT B cocTaB (epMeHTOB (MenTuaassl).

Ko6anbT sBNsSieTCA COCTAaBHOM 4acTblo BWTaMmHa B,l (ynamkobanammu). ButamuH B2 npeg-
CTaBnseT CO6OM CNOXHbIV a30TCOAEPXKALLMIA KOMN/EKE, B KOTOPbIA BXoguT non kobanbTa Co3+ Ero
monekynspHas dopmyna ClyHMOHMuPCo, monekynsipHas Macca 1356. ButamuH B|: — camblii cnox-
HbI/ U3 N3BECTHbIX BUTAMWUHOB U €AMHCTBEHHbINA, Cogepxallunii B MONeKyne MoH MeTaina.

CTtpoeHue BuTamuHa B): TakoBo: MOH KobanbTa Co3l, HaXoAALMIACA B LIEHTPe, COeAWHEH C Ye-
TbIpbMSi aTOMaMu a30Ta MUPPObITbIX fAep. MATbIM W LIECTbIM NUraHfamy ABASIOTCA UMaHWA-UOH
(Cbl’) n aTtom a3oTa retepouukna 6eH3Mmnaa30na COOTBETCTBEHHO.

3a paclumnthpoBKy CTPYKTYpbl BUTaMUHa Bl aHraniickom uccnefosatenbHuue Jopotu Kpoy-
thyr-XomxknH B 1964 r. 6bina npucyxgeHa Hobenesckas npemus B o6nact xumun. OHa cTana
TPeTbelN Xeuwnno-xnMHKOM nocne MapHn H WpaH KOopn. KOTOpoW yaanoch Monyu4nTb 3Ty’ Bbic-
LLYIO Hay4HYIO Harpagy.

ButamuH B2 aBnseTca eMHCTBEHHbIM BUTaMUHOM, CUHTE3 KOTOPOrO CYLLECTBASErcs MUKpO-
opraHuaMamu. Hu pacTeHusi, HU TKaHW XXMBOTHbIX 3TOW CMOCOBHOCTLIO He 0bnajatoT. ButamuH B2
NocTynaeT B OPraHn3M C XXMBOTHOW NuLLeiA. OTO MACO, FOBSXKbA MeYeHb, MOYKM, pbi6a, MOMOKO, A-
ua. [enoHupyeTcs BUTaMUH B|2B noykax u ne4vyeHu, B KOTODOM COLEePXNTCA A0 HECKONbKUX MUNNN-
rpaMmoB BUTamuHa.

CyTo4Has noTpe6HOCTL B BUTaMmHe B |2 gns B3pocnoro 4enoseka cocTaBnseT 2,5—5 MKr.
HepocTtaTok BuTaMuHa B|2 NpuBOAUT K 3N10KaYeCTBEHHOM aHeMUM H aBMTaMUHO3y B12, a Takxe K
paccTponcTBY [eATeNIbHOCTU HEPBHOW CUCTEMbI U PE3KOMY CHUXEHWUIO KUCMIOTHOCTU Xenyfou-
HOro coKa.



6uonormyeckas ponb BUTaMmMHa Bl Benuka: OH CTUMYNUpyeT KPOBETBOPEHWE U CO3peBaHue
|PM puHUTOB, HEOBX0AWMM AN CUHTe3a aMMHOKUCNOT, PbIK. AHK u gpyrux coefuHeHwuii.

MpumeHeHne e MeaunLMHe KobanbTa u ero CoOeanHeHN

PaanoakTuBHbIA 130roH ko6anbT-60 (MMICO) ABNSETCA UCTOYHWKOM Y-U3NYYEeHUs Npu nyde-
HM [cpanHu 6ONbHBLIX CO 3/10KAYECTBEHHbIMMW OMYXONSIMU.

M3oTon Co NpUMEHSAIOT B BUAEe MpPenapaTtos s BTTYTPMMNONOCTMOIO BBEAEHUS MAH UM
LY BHYTPUTKAHEBOTO BBeAeHMs. V130Ton “ Co NPUMEHSETCS Takxke A1 PaanalMoHHON OUNCTKM
W UCLUNGEKLUUM BOABI.

KobanbT BX0oAuT B cocTaB KobanbToxpomoBoro cnnasa (KXC), npumeHsemoro npu
|||y 1C!npoBanuH 3y60B.

Xnopug kobanbta (II) CoCb cTumynmpyeT pofoByto [eAaTenbHOCTb: 1%-Hblli pacTBOp
I HIT; faeT NONOXKNTENbHbIE Pe3yNbTaTbl NPU HEPBHO-COCYAUCTbIX 3a60NneBaHMAX.

Cynbdat ko6anbTa (I1) NpUMeHseTca Npu aHeMWAX, OH BAUSET Ha YCBOEHUE Ka/bLMa 1
|IHK chopa.

ButamuH B,, (aHTHaHeMWYHbI/i BUTaMUH) 1 Koamng (KOMNAeKCHbIA npenapat kobanbTa
HMUIOM HWKOTMHOBOI KMCNOTbI) BMECTe C Npernapatamu Xenesa NpUMEHSIOTCH MPU NeYeHUN aHe-
MUiA. 3260/1€BaHNIA NeYeHun, HepBHbIX 3aboneBaHWii, B 4epMaTonorum un ap.

MpenapaTbl KobanbTa BMecTe C Mpernapatamy MapraHua MpUMEHSIOTCS Mpyu Bocnanm-
H"M.HbIX 3260/1€BaHUAX COCY/0B, MEYeHW, NpU 3NWUAeNcum, rMNepToHNYecKoin 6onesHN.



