§1. bop.

Bop — aneMeHT rnaBHoi NOArpYNMbI TPETLEM FPYMNMbI, BTOPOrO Neproja Nepuoanyeckoit
CUCTEMbI XMMUYECKUX aneMeHToB [l. V. MeHpeneesa, ¢ aTOMHbIM HOMepoM 5. O603HauaeTcs Cum-
Bonom B (nar. Bonut). B cBO60AHOM cocTosnumu 60p — 6eCLiBETHOE, CEpPOe UK KpacHoe Kpu-
cTannmyeckoe 1160 TeMHoe aMoptHoe BellecTBo. 13BecTHO Gonee 10 annoTpoNHbIX MOAMDMKa-
LMiA 6opa, 0bpa3oBaHue 1 B3aMMHbIe Mepexofbl KOTOpbIX ONpesenstoTcs TemnepaTypoii, Nnpu KoTo-
poit 6op 6bin NonyyeH

BriepBble nonyuyeH B 1808 rogy dpaHuy3sckummu usmkamu XK. [eit-flioccakom n J1. TeHapom
HarpeBaHuem 60pHOro aHrnapuaa B;O3 ¢ MeTannnyeckum Kannem. Yepes HeCKONbKO MecsLes 6op
nonyumn X. 13y 3neKTponu3oM pacrnnasfiieHHoro B:03.

CpegHee coaepxxaHue 6opa B 3eMHOW Kope 4 r/T. HecMoTpsa Ha 3T0, M3BeCTHO okono 100 cobCTBEH-
HbIX MWHEPaNoB 60pa; B «4yXXWNX» MUHEpanax oH MOYTK He BCTpeyaeTca. DTO 06BACHAETCA npexae
BCEro TeM. YTO Y KOMM/EKCHbIX aHNOHOB 60opa (2 MMeHHO B TaKOM BWAe OH BXOAWT B 6OMbLUMHCTBO
MWUHepanoB) HeT OCTaTOYHO PacNpPOCTPaHeHHbIX aHanoros.



MouT BO BCeX MWHepanax 60p CBA3aH C KMCNOPOAOM, a rpynna Topcojepxkalynx coefuHeHNi
COBCEM ManouncneHHa. JneMeHTapHbIi 60p B Npupode He BCTpeyaeTcs. OH BXOAMT BO MHOTUe CO-
ef)HeHNS N LUNPOKO pacnpocTpaHéH, 0CO6EHHO B HEGONbLUMX KOHLIEHTPaLusX; B BUAe 6OPOeHNH-
KaToB 1 60paTOB, a TaloKe B BiAe N30MOP(MHON MPUMECH B MUHepanax BXOAMUT B COCTaB MHOTMX
M3BEPXEHHbIX H 0Caflo4HbIX MOPoA. Bop M3BECTEH B HE(TAHBIX M MOPCKMX Bodax (B MOPCKOI Bofe
4,6 Mr/n™1). B BOfax CONAHbIX 03P, FOPAUNX UCTOUHUKOB U FPA3EBLIX BY/IKAHOB.

Haunbonee uncTtblii 60p MonyyatoT NMPONN3OM 60POBOLOPOAOB. Takoi 6op ucnonb3yercs Ans npo-
M3BOACTBA NOMYNPOBOLHNKOBLIX MaTePUanoB 1 TOHKUX XUMUYECKUX CUHTE30B.

1. MeToa MeTannotepmMuy (Yalle BOCCTaHOBNEHUE MarHWeM MK HaTpuem):
B203+ 3 Me — >3 Mé0o + 2B
KBP., + 3 NO —*3 IuaK+ KP + B

2. TepmMuyeckoe passnoxeHune napos 6pomuga 6opa Ha packaneHHoi (1000— 1200 °C) Bonbhpamo-
BOW MPOBONOKE B NPUCYTCTBUM Bogopoda (MeTos BaH-Apkens):

2BBr3+ 3 H2— >2 B + 6 HBr
Mo MHOTUM (DU3NYECKUM U XMMWUYECKUM CBOACTBAM HEMeTasl/l 60p HanOMUHAET KPEMHUIA.

Xumuyecku 60p A0BOMLHO MHEPTEH H NPU KOMHATHOI TemnepaType B3aMMO/eiACTBYeT TOMb-
KO cO (hTopoMm:

2B +3P2—,28Brl, T

Mpu HarpeBaHUM Gop pearmpyet ¢ ApYrUMK raioreHamm ¢ o6pasoBaHVeM TPMrasioreunaos, ¢ aso-
ToM ob6pasyeT HUTpKA 6opa Bbl, ¢ docthopom — tocthma BP, ¢ yrnepogom — kapbuabl pasnuyHo-
ro coctasa (B~C, B~C3, B]3C>). MNpu HarpeBaHWn B aTMOCepe KUCNOpoAa WA Ha Bo3gyxe 6op
cropaeT ¢ 60MbLUUM BbleNeHNeM TeNNOTbl, 06pasyeTcs okecug B203:

4B + 3 O. ---- 2 B20a

C BofoposoM 60p HanpsAMyto He B3aUMOAENCTBYET, XOTA M3BECTHO 0BO/LHO 60MbLIOE Yncno 60-
poBoaoposoB (60paHOB) pa3NIMYHOrO COCTaBa, Noy4vaemMbix MpU 06paboTke 6OPUAOB LLENOUHBIX
UMK LeN0YHO3eMeNbHbIX METaNN0B KNCNOTOM:

Mblb + 6 HC1 — * B2HO ? +3 MECI12

Mpu CUALHOM HarpeBaHWy 6oOp NPOSBASIET BOCCTAHOBUTENbHbIE CBOMCTBA. OH CMOCO6GEH, Hanpu-
Mep, BOCCTAHOBUTb KPEMHMIA MK (hOCHOP M3 UX OKCWAOB:

3802+ 4B — >381+ 2 EWI3
3P205+ OB — >5B203+ 6P

[laHHOe CcBOMCTBO 60pa MOXHO 06BACHUTHL OYeHb BbICOKON MPOYHOCTLIO XMMUYECKUX CBA3EHA B OK-
cuge 6opa B:Os3.



11l oTecyTcTBUM OKMcAMTene!! 6op yCTOWUMB K [eiiCTBUIO PacTBOPOB LuenoyeH. B ropsyeit asor-
HOW, CEpPHOIA K1cnoTax 1 B LLAPCKOi Bogke 6op pacTBopsieTcs ¢ 06pa3oBaHneM GOPHON KUCMOTbI

Okemg 60pa B 20 3 — TUNUYHBIN KACNOTHBIA okeng. OH pearvpyeT ¢ BOAoW ¢ o6pa3oBaHuem
GOpHON KUCNOTbI:

B3+ 3H20 — ~2 H3BO3

1IpH B3aMMOAENCTBMM BOPHOI KNCMOTbI CO LienoYaMy BOSHUKAKOT COMM He camoil 6OpHOI Kucno-
Tbl— 6opatbl (cofepxalive anHon BO33~), a retpabopartsl, Hanpumep:

111,150-, + 2 MNnOH — - Ka2B40 7+ 7 H20

Buonornyeckas posb 60pa 1 ero CoeAuHeHNiA.

Bop — BaXHblii MUKPO3NEMEHT, HEOOXOAUMBIA AN HOPMabHOM XU3HEAEATENbHOCTU PacTeHWiA.
1lefocTaToK Gopa OCTaHaBNNBAET UX Pa3BUTUE, Bbi3bIBAET Y Ky/NbTYPHbIX PacTeHuWii pas3nnuHble 60-
Ne3HW. B OCHOBE 3TOr0 IeXaT HapyLUeHUs OKNCAUTENbHBIX U 3HEPreTUYeCKNX NPOLLECCOB B TKaHSX,
CHWXeHWe 61oCUHTe3a HeO6XOAUMBIX BellecTB. Mpu AetuumTe 6opa B NOuBe B CENbCKOM X03Aii-
CTBE NPUMEHAIOT 6OpHbIE MUKPOYA06peHus (6opHas KucnoTa, Bypa H Apyrue), NoBbilaoLne
ypoXxaid, ynyuliaroLyme Ka4ecTBo NpoAyKLUM 1N NpeaoTBpaLlatoLLve paj 3aboneBaHnin pacTeHni.

Ponb 60opa B )XMBOTHOM OpraH13Me He BbIICHEHa. B MbILLEeYHON TKaHW YenoBeka CofepXuTcs
(0,33— 1)»10' 1% 60pa, B KOCTHOW TkaHu (1,1—3.3)» 10" 1%. B kpoBM — 0,13 Mr/n. ExeAHeBHO ¢
nuein yenosek nonyyaet 1—3 mr 6opa. TokcuuHas fosa— 4 T.

OAMH 13 peaKuX TUMOB AUCTPOMMUM POTOBULILI CBA3aH C FEHOM, KOAMPYIOLWMM Genok- rpancropTep,
NPEANONOXKNTENLHO PErYNPYIOLMIA BHYTPUKIETOUHYIO KOHLErnpatnto 6opa.

1
n

§2. J1.NOMHHHH (u/11)

NInioMnWwwWw — 3n1eMeHT FNaBHOW NOArpynnbl TpeTbeld rpynnbl TpeTbero nepuoga nepuo-
[IMYECKOI CUCTEMbI XMMUYeCKNX anemeHToB . . MeHgeneesa, ¢ aToM-HbIM HOMepoMm 13. O60-
3Havaetcs cumBonom Al (nat. AHTRTUT). OTHOCKUTCA K rpynne nérkux metannos. Hanbonee pac-
NPOCTPaHEHHbI/ MeTann H TpeTuid No pacnpocTpaHEHHOCTH (MOCNe KUCNOPOAa N KPEMHUS) XUMU-
YeCKU 3NeMeHT B 3eMHOI Kope.

MpocToe BeLLecTBO antoMUHUIA— NErKuiA, NapamarHUTHbIA MeTann cepebpucTo-6enoro Lse-
Ta, Nerko nogaatowninica opMoBKe, NNTbIO, MexaHN4Yeckoil 06paboTke. ANIOMUHMIA 061aaaeT Bbl-
COKOIA Tenn0- 1 3N1eKTPONPOBOLHOCTLIO, CTOMKOCTbIO K KOPPO3WM 3a CUET BbICTPOro 06pa3oBaHus
NPOYHbIX OKCUAHbLIX NNEHOK, 3alMLLAIOLLMX NOBEPXHOCTb OT JanbHelillero B3auMogeicTaus.

XuMmnyeckue ceolicTea

[Mpn HOpMaNbHbIX YCNOBUAX aNtOMUHWUIA NOKPbLIT TOHKOM M NPOYHOW OKCUAHOW NNEHKOW 1
NoTOMY He pearvpyet ¢ knaccuueckumu okucamtenamu: ¢ bbO (1°):0:, HbHO3 (6e3 HarpeBaHus).
Bnarogaps aToMy antoMWUHWIA NPaKTUYECKN Me MOABEPXEH KOPPO3UM 1 NOTOMY LLUMPOKO BOCTPe6o-
BaH COBPEMEHHOI NHAYycTpueidl. Of4HaKo npy paspyLUeHUn OKCUAHOW NNEHKW (Hanpumep, Npy KOH-



TaKTe C pacTBopaMmin Conen aMMOHUA N1-1/, ropaymmMn wenoyamm nnn B pesynbTate amanbrammpo-
BaHus), antoMUHKIA BbICTYNaeT Kak aKTWBHbIV MeTan-BOCCTaHOBUTENb.

Jerko pearmpyeTte NpoCTbIMU BELLECTBAMN:
C KNCNOPOAOM:

4A1 + 302= 2AbO3

C CranoreHamu:
2A1 + 3Br2= 2A1Br3
C APYrMMU HeMeTaiamMmmn pearupyeT npu HarpesaHun:
2 Ccepoit, 06pasys Cynbhug anoMuUHNS:

2A1 + 35 = Ab33

O ca30ToM, 06pa3ys HUTPUJ antoMUHUA:
2A1 + No = 2A1bl

O ¢ yrnepogom, 06pasys Kap6ug anloMuHNs:

4A1 + 3C = Al14C3
Cynbdua 1 Kap6ug antoMuHUA NONHOCTbIO MAPONN3YIOTCA:
Ab33 + 6M:0 = 2A1(OH)3 + 3H:5

AbC3+ 12H2 = 4A1(OH)3+ 3CH,

CO0 CNOXHbIMU BeLLecTBamMu:

¢ BOZOM (nocne yaaneHus 3allUTHOW OKCUAHOM NIEHKNW, HanpuMep, amanbraMupoBaHuem
WM PacTBOPaMM ropsiueH LWénoum):

2A1 + 61b0O = 2A1(OH)3 + 3H2

o wenoyamu (c o6pasoBaHVeM TeTParngpPoKCcoantoMnuaToB 1 Apyrux altoMUHATOB):
2A1 + 2KaOH + 6H2 = 2bla[A1(01-B[, + 3H,

2(blaOH-H20) + 2A1 = 2NeA1Cb + 31b

Jlerko pacTBOpsieTCs B CONSAHOW 1 pa3baBneHHOW CepHOM KucnoTax:

2A1 + 6HC1 = 2A1C13+ 3H2

2A1 + 3H28 0 4(pa36) = A1(50.,)3 + 3H2

Mpy HarpesaHUN PacTBOPSAETCA B KMCNOTAX — OKUCIUTENSX, 06pa3ytolmx pacTBoOprUMbIe
CONMM aMOMUHMSA:



2A1 + 6H25Cblkoly) = A1;(507)3+ 350: + 6H2D

Al + 6LLUCblkcwuy) = N11(bl03)3 + 3L : + 3HIO

BOCCTaHaBNNBAET MeTa/lbl U3 UX OKCU/O0B (aNtOMUHOTEPMUA):
8A1 + 3Pe30,, = 4Ab03+ 9Pe

211+ Cr;03= AbO3 + 2Cr

Fnapokeng antoMmHuA. BellecTso ¢ popmynoit A1(OM)a (axarokc H3A10:p
HAK2un [Alrc>3 mH 20] *nH3(>)— coeanHeHne okcuaa antomMnHus ¢ Bofoin. Benoe ctype-
HICTOE BELLLeCTBO, MI0X0 PacTBOPUMOE B BOAe, 06n1afaeT aMPpOTepPHbIMH CBOWCTBaMY.

1101yy4aloT Npy B3aUMOAeACTBAN COMEH aNtOMUHMA C BOLHBIMW PacTBOpamu Lienouu, usberas nx
n36bITKA:

A1C13 -I- 3 KF'aOH - A1(OH)3 I +3 N«01
CBOXCOCRX/ENHBIN TMAPOKCU/ aNlOMUHUA CNOCOBEH B3aMO/eiicTBOBATD C:

kucnotamm AL OH)34-3 1-1C1 ----- » A1C’In +~3 H"O
wenoyamn A1(Obl);)+ NaOH --- » Na[AI(OH).]

BbICYLUEHHbIV TMAPOKCUA antoMUHUA — MpeAcTaBnseT coboii 6enoe KpUCTanan-4yeckoc BeLLecTBo,
HepacTBOPMMOe B KUCNOTaxX U LLenoyax.

8§4. MpUMeHeHMEe COEAUHEHNI aNtOMMHUS B MeAULMHE.

Vcnonb3yeTcs Npy 04MCTKE BOAbI, TaK Kak 06n1afaeT cnocobHOCTLI0 mornowath (afcopbupoBathb)
pasnnyHble BellecTBa, B MeAuLMHe, B Ka4ecTBe auTaungHoro CpescTsa, B kavyecTBe afbloBaHTa Npu
M3roTOBNEHUN BaKUMH. MpMMeHsAeTCa B Ka4ecTBe aHTUNUpeHa (NofaBuTens ropeHns) B naacTukax
N Apyrux martepuanax.

ANIOMUNLLO NPUHAANEXMUT NepBOe MECTO CPeAU METaNN0B NO COLEPXKAHUIO B 3eMHOI Kope (8.8 %
no macce). OfHaKo B OpraH1M3me YenoBeKa OH ABNSETCA MPUMECHbIM MUKPO3/ieMeHTOM (MpumepHo (I
% OT Maccbl Tena). ANOMUHNIA KOHLE!FrpupyeTcs rnaBHbIM 06pa3oM B CbIBOPOTKE KPOBM, NIErKMX, ne-
YEeHW. KOCTAX, HOTTAX, HEPBHbIX 060/104KaxX FOM0BHOro0 Mo3ra. CyTouHoe noTpebieHre atoMMHMS Yeno-
BeKOM cocTaBnseT45— 50 Mr. buonornyeckas ponb antoMUHUSA U3yYeHa Mano.

B MeAMUMHE UCMOMB3YETCA 0BOIbHO MHOIO NPenapaTos, CofepKaLmnx ATIOMUHWIA.

Okewng antoMuHus AbO3 — coCTaBHas UacTb 3>60BpaYeBHbIX LIEMEHTOB — «LieMeHTa [Hs (UK-
CalMM HECEMHbIX MPOTE30B», CUNKATHOTO LEMEHTA «CUANLMW», NMPUMEHAEMOr0 AN NAoM6KUpoBa-
HWs 3y60B UT. 4.

B cTOMaTonornyeckoli H OpToneanyecKoli NpakTUKe UCMONb3yeTes Takke 6enas rnHa (KaonmH)
AbO3 25t0- ®1b0.

LLInpokoe MpuMeHeHWe B MefuuMHE HALM NpenapaTbl, COAepallme rpoKens antoMuHms
A0 H)3 1 UCMONb3yeMble Kak aHTaumnaHMe CPeACTBa MPU MOBbIWEHHOW KUCNOTHOCTYU XeNy[04HOro



coka (Hanpumep, anbMarenb, qocdantorens H Ap.)- B xenyake rugpokcus antoMuHms o6pasyeT refb,
KOTOPbIM HelTpann3yeT N36bITOYHbIE NOMbI BOAOPOAA (TOUHEE, HOHbI TMAPOKCOHNSA):

AL(OH)3+ 31-b0+= AI3*+ 6HD.

MepeleAline B PacTBOP HOHbI.AMIOMUHMA B KULLEYHUKE CBA3bIBAIOTCA C (octhaT-uoHaMn 1
06pasytoT ManopacTBOpHMbIN hoctat antoMUHNS:

AN +Po; =A[P04L
KOTOprIZ BbIBOANTCA U3 OpraHnu3ma.

Yie 4aBHO B MeAuLVHe UCMONb3yHoT atoMokannesble KBaclbl bCALBO3b ¢ 12 1-b0. 3Ta pacTso-
pumas ABOViHaA COMb AMCCOLMMPYET B BOAHOM pacTBope C 06pa30BaHMEM MOHOB /IFOMUHUS, KOTOpble
o6pa3sytoT ¢ 6enkamm (Pr) 4OCTaTOYHO NPOYHbIE KOMM/EKCHI, BbiNajatoLne B BUfe reneii:

Al3++ Pr— AL Pr.
aT10 npmMBoauT K rnéenn KNeTok MUKPOOPraHN3MOB H CHM)XaeT BOCNaINTENbHYO peakumio.

KBacubl NPUMEHSAIOT 418 NOMOCKaHWM, MPOMbIBAHUA M MPUMOYEK MPU BOCMAUTENbHbIX
3a60/1€BaHNAX CMU3UCTbIX 060/104EK M KOXM. Cofiepxalne Ksaclibl KPOBOOCTaHaB/IMBAIOLLME Ka-
paHfalin MCNOoNb3YKT NpU nopesax.

Kak BsixyLLiee cpefcTBO MCNOMb3MOT 8% pacTBOp aleTaTa awoMHHHA AL(C113CO0)3.



