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NPEAUCNOBUE

3HaHWe OMOJIOTHYECKON POJIM XMMHYECKUX 3JIEMEHTOB HEOO-
XOMMO OyAyIIeMy Bpady IMpU U3y4YEHUU:
— OMOXMMHYECKHX IMPOLECCOB, MPOTEKAIOUINX B OpraHu3Me
YeJIOBEKa;

— JeicTBUS (PapMaKOIOrMUeCcKUX MPenapaTos;

— IPUMEHEHEHUS B MEIULIMHE PA3IMYHbIX COSTUHEHUIN XUMU-
YECKUX JIIEMEHTOB;

— CIy4yaeB OTPaBJICHHS XUMUYECKIMHU BEIIECTBAMM.

Taxxe Oyaynuil ciennaanucT B 061aCTH MEAUIIMHBI HA OCHOBE
3HAHMSI OMOHEOPraHMYECKOW XMMHM JTOJDKEH HAYYHUThCS OLICHU-
BaTh Pe3yIbTAThl OMOXUMUYECKUX aHAIN30B, COCTOSIHUE OKpYKa-
IOLLEN Cpenibl U ee BIUSAHNE Ha OPraHN3M YeIoBeKa.

Y4eOHO-MeTonYecKOoe MocoOre COACPKUT BBEJICHHIE, HATIPAB-
JIEHHOE Ha CO3[JaHWE MOTUBAIIMH Y CTYIEHTOB JJISI OCBOCHHUS TaH-
HOT'O MOJIyJid, B JOCTATOYHOM OOBEME COBPEMEHHBIH TEOPETU-
YeCKM MaTepuai Mo OMOHEOPraHMYECKON XMMMHM S-3JIEMEHTOB,
P-2JIEMEHTOB U d-3JIEMEHTOB, 4 TaKXe XMMUU U OMOJIOTHYeCKOM
POJIM KOMIUIEKCHBIX CO€AMHEHMIA.

B mocobue BKIIOYEHBI y4eOHO-MCCIIE0OBATENbCKUE Tabopa-
TOpHBIE PaOOTHI IO XUMHUH IIEMEHTOB U KOMIUIEKCHBIX COEIAMHE-
HUMH, TPUBENIEH NEPEUeHb KOHTPOIBHBIX BOIIPOCOB IO yueOHOMY
MaTepuany MOAYNs, a TaKKe 3K3aMEHAI[MOHHBIX BOIPOCOB IS
pa3HbIX (aKyIbTETOB.

B mocobumn gaH cnucoK OCHOBHOHM JIMTEpaTyphl M AOIOJIHU-
TETBHOM AT YIITyOJIeHUSI M PACIIMPEHUs 3HAHUH T10 MpodieMam
OMOHEOpraHWYeCKOW XMMUH, MTPUBEICHBI TUIIOBbIE 3aJa4M C pe-
IIEHUEeM, TTPUMEPBI TECTOBBIX 3aJaHM, KOHTPOJIbHBIE BOMPOCH
JUIS1 CAMOTIOITOTOBKH.

B yueOHO-MeTOIMYEeCKOM TOCOONH YUTEHBI BOIIPOCHI HHTErpa-
MM PA3IUYHBIX YUCOHBIX TUCHUILINH (OMOXUMUH, hapMaKoIIo-
TUH, TOKCUKOJIOTUH, TEPATIUH H JIP.).



BBEAEHUE. MOJVJIb KYPCA OBLLEWA XUMUU
«BWUOTFEHHbIE 3IEMEHTbI. KOMIMJEKCHBIE
COEAMHEHUA»

Llesan n3ydeHust MOIyJIsl: CHCTEMATH3ALMsl, HHTErPAIUsl, YI1y0-
JleHHe, paclIMpeHne 3HAHWIl O OMOTEHHBIX JIIEMEHTAaX, UX KOMII-
JeKkcoobpasyrolieil cnocoOHOCTH, POJIU B JKUBBIX OpPraHU3MaXx;
00pa3oBaHNM U Pa3pyIICHUU KOMILUICKCHBIX COEIMHEHUI, Moj-
JepKaHUU METAIIIONUTAaHIHOTO OallaHca; yCTaHOBJIEHHE 3aBHCH-
MOCTH CBOWCTB BEIIECTB OT MX CTPOCHUS; 0000IIeHHe 3HAHUH O
TUTIAX XUMUYECKUX PEaKIUH, MPOTEKAIONINX B JKUBBIX OpraHU3-
Max, Y4aCTUU COEAMHEHNI OMOTeHHBIX 3JIEMEHTOB B OMOXMMHYEC-
KHX IpoIieccax; aHajan3 ro0aJbHbIX U PErMOHATBHBIX IKOJIOTU-
YECKUX IpoOIIeM.

B pesynbraTe n3ydeHust MOTYIIS:

CTyIeHT JOJIKEH HMETh Npe/ICTABJIEHHE O:

COBPEMEHHBIX B3IUISIAaX HA CTPOCHUE aTOMa, IPUPOLY XH-
MHUUYECKOU CBSI3H;

3aBHCHUMOCTH OMOJOTHUYECKON aKTUBHOCTU BEIIECTB OT
CTPOCHHUSI UX MOJIEKYJT;

XUMUH KOMIUICKCHBIX COCTMHEHNM, OMOKOMITIIEKCaX opra-
HM3MA;

IHCMHUUECKUX 3a00JIEBAHUSIX, MUKPOIJIEMEHTO3aX;
XUMHUYECKUX OCHOBAX 3KOJIOTUYECKUX MPobJieM r1obabHO-
r0 ¥ PETMOHAJIBHOTO XapaKTepa.

CTyAeHT JOJDKEH 3HATh:

OCHOBBI XUMMH OHOTEHHBIX JJIEMEHTOB, UX POIIb B KU3HEIE-
ATCJIIBHOCTH OpPraHu3Ma,

SHCMCHTaprIe JAHHBIC O HpI/IMeHeHI/II/I COCHI/IHCHI/Iﬁ 6I/IOFGH-
HBbIX 3JICMECHTOB B MeZ[HHHHCKOﬁ HpaKTI/IKC;

OCHOBBI CTPOEHHsI, 00pa30BaHMsI CBSA3U 110 JOHOPHO-AKIIETI-
TOPHOMY MEXaHHU3MY B KOMIUIEKCHBIX COEAMHEHUSAX;
KOHCTAHTY HECTOMKOCTH KOMITJIEKCHBIX COEIMHEHMH, ee
SHAUYCHUC I XaPAKTCPUCTUKU MCTAJUIOJIUTAHAHBIX ITPO-
LIECCOB;
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®  CYyTb METAJUIOJIMTAHJHOTO OallaHCa B OpraHU3Me M TPUIMHAX
€ro HapYyILIeHHS;
MIPUHIIMIIBI XeJIATOTEPAIINY;
OCHOBBI XUMHH F'EMOTJIO0MHA KaK KOMIUIEKCHOTO XeJIaTHOTO
MaKpOLUKINYECKOI'O COEIMHEHNS, YUaCTBYIOLIETO B I'a30-
00MeHe opraHu3Ma ¢ OKpYyKarollei cpe1oi U moIaepKkaHuu
KHCJIOTHO-OCHOBHOTO OajaHca.

CTyIeHT JOJDKEH YMeTh:

® YCTAHABIMBATH MPUUYMHHO-CIIEICTBEHHBIE CBSI3U CTPOCHUS
U CBOICTB XMMHUYECKUX COCAMHEHUH, X pPOJIU B OMOJIOTH-
YECKUX IIpolIeccax;

® 0000maTh npruoOpeTeHHbIC 3HAHUS B Kypce 00IIel XUMUU,
MPUMEHSTh UX JIJISl XapAKTEPUCTUKH XUMUYESCKUX PEaKIIUit
C y4aCTHEM COEIMHEHHI OMOTeHHBIX 3JIEMEHTOB;

® [IPOTHO3UPOBATH MPOTEKAHUE PEAKLMH pPa3HBIX THUIIOB,
YUUTBIBATH UX KOHKYPHUPYIOIUH XapaKTep;

® UHTEPNPETUPOBATH PE3YIbTAThl IKCIIEPUMEHTA, HeIaTh
HEOOXOMMBbIE PACUECTHI;

®  0(GOpPMIIATH MPOTOKOJIBI y4eOHO-UCCIICIOBATEIBCKUX J1a00-
paTOpPHBIX paboT.

CTyneHT JOJKEH 3aKpelVIfATh HABbIKH:

® CaMOCTOSTEIbHO PaboTaTh C yueOHOM, Hay4HOU U cripa-
BOYHOH JINTEPATYPOI, BECTH IIOUCK U IeJIaTh 00001IatoI1e
BBIBOJIBI;

® coOIIONATh dNIeMEHTAPHBIC IPAaBHJIA TEXHUKU OE30MACHOCTH
Y TIpaBuiIa paboThl B XUMUYECKUX Ja00OpaTopusx, ¢ 1abo-
paTopHOU MOCYAOH.

Tembl 3aHAaMUL MOOYNA 0N cmydeHmos sie4ebHo20
u neduampu4yeckozo ¢hakynomemos

1. BuoreHHsbIe 3eMeHThI, Kitaccupukaimu, 00630p. CoBpeMeH-
HBIE 9KOJIOTHYECKHE TTPOOIeMbI (CeMUHAP, 1a00paTOPHBIN Mpak-
TUKYM).

2. s- u p-anementsl [1CD, OuoreHHas poJib, XUMUYECKas Xa-
PaKTEpHUCTUKA X COETMHEHUH, yUacTHE B XUMUUECKUX ITPOIIECCcax
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B OpraHu3Me, IPUMEHEHNE COSIMHEHUN $- 1 p-3JIEMEHTOB B MEJIU-
LIUHE (CeMUHAP, Ta00PATOPHBII MPAKTUKYM).

3. d-snementnl I1CO, ocobenHoctu crpoeHusi atomoB. OO0-
masi XapakTepUCTUKA 3JIeMEeHTOB d-01oka. d-anements! [-B, 11-B
rpynin, OMoreHHas pojb, XUMUYECKasi XapaKTepUCTUKA COEqUHe-
HUH, y4acTHe B XUMHUECKUX MPOIeCcCax B OpraHU3Me, IIpUMeHe-
HHE B MEJUIIUHE (CeMHUHAD, TA00PATOPHBIN MPAKTUKYM).

4. KowMIuiekcHble COEAMHEHHS, CTPOEHHe, KIaCCU(PHKALIUS.
KommekcooOpa3syromas CHocoOHOCTb §-, p-, d-3JIEMEHTOB (ceMu-
Hap, 1a00PATOPHBINA MPAKTUKYM).

5. d-3nementsr 11CD (VI-B, VII-B, VIII-B rpymimsr), 6unoreH-
Hasl POJIb, XUMHUECKAs XapaKTEPUCTUKA COCAMHEHW, yIacTue B
XMMUYECKUX IMPOIIeCcax B OpraHU3Me, MPUMEHEHHE B MEIUIIMHE
(cemmHap, TaOOPATOPHBII MPAKTUKYM).

6. JIurangooOMeHHBIe Ipolecchl 1 paBHOBecusl. OCHOBBI XU-
MUHU T'eMOTJI00MHA KaK KOMIUIEKCHOTO X€JIaTHOI'O MaKpOLUKIIU-
yeckoro coenuHeHus. CoBMelleHUE peakLuii, TPOUCXOASIIUX B
OpraHu3Me: KHUCIIOTHO-OCHOBHBIX (IIPOTOJIMTUYECKUE), TeTepo-
TeHHBIX, OKHUCIUTEIbHO-BOCCTAHOBUTENBHBIX (pemIoKc-Tpoliec-
Chl), KOMIUIEKCOOOpa3oBaHusl (JIMTaHIOO0OMEHHbIE) (CeMHUHap,
11a00paTOPHBIN MPAKTHKYM).

7. O6oOuieHne, HMHTErpalusi WHBAPUAHTHOIO COAEPKAHMS
Kypca o0Ileil XMMUU Ha IpUMepe CBONHCTB COeqUHEHUI OHOreH-
HBIX 3JIEMEHTOB. 3allUTa MOTYJIS.

Tembl 3aHAMUL MOOYNA 013 cmyodeHmMos
cmomamosiozu4ecko2o ¢hakynomema

1. buorennsie s-, p-, d-37eMeHTHI (CeMUHAp, Ta00PaTOPHBII
MMPAKTUKYM).

2. KoMruiekcHble COEAUHEHUsI, CTPOCHUE, KIaCCH(UKAIIMS.
JlurannooOMeHHbIe MpOLECChl U PABHOBECUS. XUMUSI T€MOIJIO-
OuHa (ceMuHap, J1abOpaTOPHBIN MTPAKTHKYM).

3. OOoO0mieHne, WHTETpalysi WHBAPUAHTHOTO COJAEPXKAHUS
Kypca oO1eii XuM1U1 Ha MpUMeEpPe CBONCTB COSAMHEHUN OMOTEH-
HBIX 3JIEMEHTOB. 3ammTa MOIyJIsl.
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Tembl 3aHAMUL MOOYNA 013 CmyodeHmos
MeOuKo-npogunakmuyeckozo pakynbmema

1. Xumusi OMOTeHHBIX §-, p-, d-3IIEMEHTOB (ceMHHAp, Jabopa-
TOPHBII MPAKTUKYM).

2. KoMIUIeKCHbIE COeIMHEHUS, CTPOEHHE, Kilaccupuraius.
JlurannooOMeHHbIE MPOIIECCHl U PaBHOBECHS. XUMUSI TeMOLJIO-
OuHa (ceMuHap, 1abOpaTOPHBIN MTPAKTHKYM).

3. Xumust v aHaIu3 3arps3HeHnii atMmochepsl (ceMuHap, nado-
PATOPHBIN MPAKTUKYM).

4, XuMus ¥ aHanu3 3arpsisHeHuil ruapocdeps! (ceMuHap, jia-
GOpPaTOPHBII MTPAKTUKYM).

5. O0o06mieHre, MHTETpanysi WHBAPUAHTHOTO COAEPKAHUS
Kypca oOleil XMMUM Ha NpUMepe CBOHCTB COeTMHEHUI OHOreH-
HBIX 3JIEMEHTOB, 9KOJIOTHUECKHX ACTIEKTOB. 3aluTa MOIYJIs.

@ Onopuble 3Hanus. [Tpy u3yueHun JaHHOTO MOIYJIS CTY-
JCHT OINMUPACTCA Ha 3HAHUA XUMHH JOBY30BCKOI'O 3Talld, 4 TAKKC
3HAHMS U yMEHUs], MPUOOpETEHHbIE U Pa3BUBaeMble B MPEIbIIY-
X MOAYJISIX Kypca 00IIel XUMHUU:

® OCHOBHBIE ITIOHATHSI U CTEXMOMETPUUCCKUE 3aKOHBI XUMUH;

L HCpI/IO}:[I/IlIGCKI/Iﬁ 3dKOH M IICPHUOJNYCCKAA CUCTEMA XUMHNUCC-
kux 3nemenToB .M. Menneneena;

L CTPOCHHEC aTOMA U XUMHNYCCKAs CBA3b;

Ba)XKHEHIIINE KIacChl HEOPraHUYECKUX M OPTaHMYECKUX
COCJIMHECHU;
Ba)KHeEHIIIMe OPpUPOIHBIE COEANHECHU S,

L SJICKTPOJIMTHYCCKAA AUCCOLIMAITINS, MOHHBIC YPABHCHU S
OCHOBHBIC TEPMOJIMHAMUYECKHE U KUHETHUECKUE 3aKOHO-
MCPHOCTHU IMPOTCKAHUA XUMHWYCCKUX peaKHHﬁ;

® peakIuu, MPOTEeKAOIINe B PACTBOPAX: OKUCIUTEIBHO-BOC-
CTAaHOBUTCIBHBIC, KNCIIOTHO-OCHOBHBIC (HpOTOHI/ITI/I‘{eCKI/Ie),
reTepOreHHbIE, KOMIUIEKCOOOPa30BaHUS;

® KOJIMYECTBECHHAs XapaKTCpUCTHUKA paCTBOPOB.
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TEMA: BUOTEHHbBIE 3JIEMEHTbI

Kpaﬂcaﬂ TeopeTnyecKana 4acrtb

BuoHeoprannveckas XMMHUs BO3HUKIIA Ha OCHOBE OHMOJIOTHUH,
OMOXMMMHU U HEOPTaHUYECKON XMMUH, U3y4aeT XMMUYECKUE peax-
LMY, TPOTEKAIOIUE B )KUBOH KIIETKE C y4aCTUEM HEOPTaHUYECKUX
noHoB. Mzyuenne OMOIOTHYECKOI PO XUMUYECKHIX IIIEMEHTOB,
HCCIIeIOBaHUE MyTeld MX oOMEHa B )KMBOM OpraHU3MeE, OIpeie-
JIEHUE COAEP)KAHUS 3JEMEHTOB B PA3JIMYHBIX OOBEKTAX CPEIbl,
npoduiakThKa 3a00JeBaHUM, CBSI3aHHBIX C HApYyLIEHHEM MHHe-
pajgpHOro obMeHa, — BaXkHeHas nmpobiemMa cCOBpeMEHHOU Me-
JULUHBIL.

DIeMeHThI, HEOOXOIUMBIE JIJISI TIOCTPOEHUS M JKU3HEIESITeb-
HOCTH KJIETOK ¥ OPTaHMU3MOB, HA3bIBAIOTCS] OMOT€HHBIMH JJIeMeH-
TaMH.

Knaccudukaumm 6MoreHHbIX 3/1eMEHTOB

I. ITo npu3HaKy KOJIMYECTBEHHOTO COJICPKAHUS B OpPraHU3ME
XMUMHYECKUE 3JIEMEHTBI TIOJIPA3ACISIOTCS Ha:

1. MakposnemeHnTsl — MaccoBas moist 1072 % u 6omsire (H, C,
N, O, P, S, Cl, Na, K, Mg, Ca).

2. MukpoajeMeHTbl — MaccoBas mois 107-107 % (Fe, F, Si,
Mn, Co, Cu, Ni, Zn, Cr u 1p.).

3. VibTpaMuKpoO3IeMeHThl — MaccoBast 1oiist 1076 % u MeHbIIe
(Ag, As, Sbu nip.).

II. ITo GpyHKIIMYU OMO3TIEMEHTHI ACTAT HA TPH CPYIIIIbL:

1. DnemeHThI, 00pasyrolye OCHOBHYIO MacCy OMOIIOIMMEPOB
U COOTBETCTBYIOIIUX MOHOMEPOB, — O€JIKU, HYKJICMHOBBIE KHC-
JIOTHI, YIJIEBOJBI, IUMIUABL. 3a ucKiroueHneM Bogopoaa (H) aro
p-3memenThl: C, N, O, P, S. OTu 3neMeHThI Ha3bIBAIOT Op2anoze-
Hamu.

2. DJeMEeHThI, CO3/1aIOINe 3JEKTPOJIUTHYIO Cpeny B KpPOBH,
KJIETOYHBIX U MEXKKJIETOYHBIX JKUJIKOCTSAX. DTO §-3JIeMeHThI: Na,
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K, Mg, Ca; p-anementsr: Cl, S, C, O, P. MoHbI oapa3aeisoTcs
Ha npoctele (Hanpumep, Cl-, K*) u cnoxueie (nanpumep, HCO,~,
H,PO,).

3. MUKpPO3JIEMEHTBI, BXOJSIINE B CTPYKTYPY U B aKTHBHBIC
LIEHTPBI (DEPMEHTOB, HEOOXOAMMBbIE ISl PETYIUPOBAHUS MHOTHX
OMOXMMUYECKUX peakmnuii. K HUM OTHOCSATCS, TIIaBHBIM 00pa3oM,
d-anementsl: Fe, Mn, Co, Cu, Zn, Mo u zp., a TaKXKe CEJICH U
non.

78 3IIEMEHTOB BXOISAT B COCTAB UEIIOBEUECKOTO OpraHu3Ma, u3
HUX 6 — OpraHoTeHbl, 26 — aKTUBHO MIPUHUMAIOT Y4acTHE B Me-
tabomusme (Ca, K, Na, Li, Cl, Mg, Fe, F, Al, Si, Cr, Mn, Co, Ni,
Cu, Zn, As, Se, Br, Sr, Mo, Cd, Sn, I, B, Pb), 46 — obHapy>xeHbI B
OYEHb MaJIbIX KOJUYECTBaX, OMOTeHHAS POJIb UX HE BBISICHEHA.

JecsTh METaJIIIOB COCTABIISIIOT TPYIITY «METAJUIbI )KU3HW»: Na,
K, Ca, Mg, Fe, Co, Mn, Zn, Cu, Mo. DTHu 3J1eMeHTHI )KU3HCHHO
HEOOXOIMMBI KaXKIOMY YEJIOBEKY VIS €ro HOPMaJIbHOM KU3HEeIe-
SITEIILHOCTH.

MukposnemerTsl Be, Ba, As, Pb, Cd, Hg, Bi, Tl obpa3yior
TPYIIY 3JIEMEHTOB-TOKCUKAHTOB.

Buonorunyeckass poiab 3J€MEHTOB BO MHOTOM OIIpEICIIseT-
¢ MecToM, Kotopoe oHHM 3aHnMarotr B [1CD JI.M. Menneneesa,
T.€. 3aBUCHUT OT CTpOoeHHS ux aTomoB. C BO3pacTaHHEM aTOMHOU
MacChl YBEIUYUBAETCSI TOKCUYHOCTH 3JIEMEHTOB U YMEHBIIAETCS
HX MPOIIEHTHOE CollepkaHue B opranusmMe. Ilomasmsrormiee 00JTb-
IIMHCTBO OMOTEHHBIX 3JIEMEHTOB — 3TO 3JIEMEHTHI 2-TO M 3-TO
nepuoaos [1C3. [IpuueM UMEHHO JIerKue aTOMBI C HEOOJIbIINMHU
pa3MepaMu U HEOOIBITUM 3apsmoM sapa (UCKITIOUEeHHe — XKe-
JIe30, MeNlb, IIMHK) YaIlle BKITIOYAETCS B KU3HEHHO BaXKHBIC CHUC-
TeMBI. DTO OOBSCHSIETCS PACIPOCTPAHEHHOCTHIO TOW WJIM WHOMN
Pa3HOBUIHOCTH aTOMOB Ha 3eMIle, a Tak)Ke OCOOBIM COUYEeTaHUEM
CBOWCTB, JENAIONIUX JJIEMEHTHI MOAXOMSIIUMU IS POJIH, KOTO-
PYIO OHU UTPAIOT B OPTaHU3ME.

JKuBast MmaTepust — omkpoimas cucrmema, CyImecTBOBaHUE KO-
TOPOU BO3MOYKHO JIMIIIb IPH YCIOBUU MTOCTOSHHOIO XUMHYECKO-
ro B3aMMOJICHCTBUSI C BHENIHEW HEeXuBOil mpupopoit. [Toaromy
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

Ba)KHENIIINE OMOTEHHBIE XUMUYECKHE COETUHEHHUST 00pa3yioT Co-
€IMHEHUS, KOTOPBbIE:

— JIETKO IIPOHUKAIOT B KIIETKY;

—  OTJIMYAIOTCS CTPYKTYPHBIM MHOTO0O0PA3UEM;

— o0namarT OOIBIINM 3a11aCOM CBOOOTHON SHEPTHH.

OCHOBOIIOJIOXKHUKOM Ouozeoxumuu — HAYKA O POJIM XUMU-
YECKUX JJIEMEHTOB B JTUHAMHKE JKUBOTO SIBIISICTCS BBIIAIOIIUICS
pycckuit yuensiii B.1. Bepuanckuii. OqHol u3 BaxXHENUIINX 3a0a4
OMOreOXMMHUH SIBIISIETCS U3YUEHHE BIMSIHUS T€OXUMHUYECKOH cpe-
JIbl HA )KUBBIC OPTaHU3MBI.

V.
Bnadumup NeaHoeuy BepHadckuli (1863—1945) Bo Bpems yye-
6bl B MNeTepbyprckom yHuBepcutete cnywan nekumm A.1. Mengenee-
Ba, A.M. BytnepoBa 1 Apyrnx M3BEeCTHbIX POCCUNCKNX XUMUKOB. Bep-
Ha[CKuA co3gan HOBYH Hayky — eeoxumuro. Bnagummp MBaHoBWY
nepBbIM OTMETUI OFPOMHYIO POrb XUB020 8eujecmea — BCEX pacTu-
TENbHbIX U XUBOTHBLIX OPraHN3MOB U MMKPOOPraHM3mMoB Ha 3emne —
B UCTOPUWN NEpPEMELLEHUS, KOHLEHTPaUUM U pacCcesitHst XMMUYECKUX
3MNEeMEHTOB. Y4eHbln 06paTun BHUMaHWe, YTO HEKOTOPbIE OPraHU3Mbl
CNocobHbl HakannMBaTh Xeneso, KPEMHWUIA, KanbLWi U Apyrne Xmmu-
Yeckue arnemMeHTbl U MOryT y4acTBOBaTb B 06pa3oBaHNM MECTOPOXAE-
HWN X MWHEpanoB, YTO MUKPOOPraHM3Mbl UrPar0T OFPOMHYIO POrb B
paspyLUeHUn ropHbix nopod. BepHaackui yTBepxaan, Yto «pa3z2adka
JKU3HU He Mo)xem 6bIMb M0oJly4eHa MOJILKO Mymem Uu3y4eHust xu-
8020 opzaHu3ma. [jns ee paspeweHuss HaGo o6pamumbcs U K €20
nepeoucmoYyHUKYy — K 3eMHOU Kope».

M3yyas porb >XUBbIX OPraHM3MOB B XXM3HMW Hallen nnaHeTsl, Bep-
HaACKWI NpuLLEeN K BbIBOAY, YTO BECb aTMOCHEPHbIN KACNOPOa — 3TO
NPOAYKT KWU3HEeOESATENbHOCTU 3eneHbIX pacTeHui. Bnagummnp Wea-
HOBMWY yOEnsn UCKMIYUTENbHOE BHUMaHWEe npobrieMaM 3Kosio2uu.
OH paccmatpvean rnobarnbHble 3KoNormyeckne Bonpochkl, BAMSAOLLME
Ha Brnocdepy B LenoM. Bonee Toro, oH co3gan camo yyeHve o 6uo-
cghepe — 06NacCT aKTUBHOWM XU3HMW, OXBATbIBAIOLLEN HUXKHIOK YacTb
aTmocdepbl, ruapocdepy M BEPXHIOK YacTb NUTOCEpPLI, B KOTOPOMH
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Tema: BuoreHHble aneMeHTbI

OEeSATENBHOCTD XMBbLIX OPraHN3MoB (B TOM YMCrie M YenoBeka) sBns-
eTca hakTopom nnaHeTapHoro Mmacwtaba. OH cumTan, 4yto Grnoccepa
noa BnnaHneM Hay4dHbIX 1 NPOU3BOACTBEHHbIX ,D,OCTM)KGHVIVI nocrteneH-
HO nepexoauT B HOBOE COCTOsIHME — cdhepy pasyma, unv Hoocghbepy.
Pewatowum cakTopoM pasBuTHS STOFO COCTOSIHUSA Buocdepbl 4OMK-
Ha cTaTb pasymHas AesiTENbHOCTL YenoBeka, 2apMOHUYHOe 83aUMo-
delicmeue npupodb! u obujecmea. IT0 BO3MOXHO NLLb NPU yyeTe
TECHOW B3aMMOCBSA3UN 3aKOHOB npupoabl C 3akOHaMU MbIlLINEHUA N Cco-
LnanbHO-3KOHOMUYECKUMU 3aKOHaMMW.

BuoreHHbIE AJIEMEHTHI SIBIISIFOTCS CBSI3YIOIUM 3BEHOM MEXKITY
JKUBOU M HEXXMBOU KOMIIOHEHTaMHU 3KOcUCTeM. [IpakTuyecku Bce
XVUMHYECKUE 3JIEMEHTHI (HE TOJIbKO OWOTEHHbBIE) B HKOCHUCTEMAax
LUPKYIUPYIOT U3 BHEIIHEW CPellbl B OPraHU3MbI U OISITh BO BHE-
IITHIOO Cpejly. DTH B OOJIbINEH TN MEHBIIIEN CTETIEHN 3aMKHYThIE
MMyTA HA3bIBAIOT OMOTEOXUMHUYSCKHUMH IUKIaMHU (TEpMHUH BBEI
B.U. Bepuanckwuif). HemonmHast 3aMKHYTOCTb 3THX ITUKJIOB (T.€. He-
MOJIHast CO0ATAHCUPOBAHHOCTB) SIBJISIETCS] BAXKHEHIITIM CBOHCTBOM.
Biaromapst 3ToMy poOM301II0 HAKOTUIEHUE KUCIIOPOAa U a30Ta B
atMmocdepe, a TAaKKe pa3IMYHbIX XUMUYECKHX 3JIEMEHTOB U UX CO-
eauHeHnii B urocdepe. OQHAKO ClleyeT UMETh B BUAY, UTO IO
BEIECTBA BBIXOJSIIETO M3 OMOCPEpHOrO NHKIA (IUTMTEIHLHOCTH
OT JIECATKOB JI0 HECKOJIBKMX THICSY JIET) B T€OJTOTUYCCKUH ITHKIT
(IMMTENBHOCTH B MUJIIMOHBI JIET) B TOJ BECbMa HEBEIINKA.

3aboiieBaHus, CBSI3aHHBIE C HETOCTATKOM MJIU U30BITKOM Ka-
KUX-JIM0O XUMHUYECKHX 3JIEMEHTOB B JTaHHOM Treorpaduueckom
paiioHe Ha3bIBAIOTCS SHAEMUUYECKUMU. DHIEMUYecKie 3aboeBa-
HUS TIOPAXAIOT YeIOBEKA, )KUBOTHBIX, PACTCHUS.

[TonoOHBIE 3HAEMUU WU3BECTHBI ISl CTPOHIMS (XOHAPOIMCT-
podusi), 6opa (OOpPHBIA SHTEPUT), IPU HEOCTATKE HOAA Pa3BU-
BaeTCs IHAEMHUUYECKUN 300, TpU HEAOCTATKE KOOAbTa — THIIO- U
aBUTAMMHO3 BUTaMUHa B ,, M30BITOK CTpOHIMS 1 Gapus MPUBO-
ST K ypoBcKoit 6one3nu (6one3nn Kammua-beka), mpu n30bITKe
MeNIM y OBeIl OITUCAH IHAEMUYECKUI IIMPPO3 TICUSHU, HEJIOCTATOK
(ropa BBI3BIBACT Kapuec, a ero u30bTok — ¢uryopos. B Kpacho-
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

JIAPCKOM Kpae U pecryOinke AJIbires B IOYBE U BOJIE HEZOCTATOY-
HOE KOJIMYECTBO 1oaa u (GTopa, YTO MPUBOAMT K IMOBHIIIEHHOMY
YyHUCiIy 3200JIeBaHUI SHAEMUUECKIM 3000M U KapHUECOM.

N3-3a HEpaBHOMEPHOI'O paCIpeAe/ICHUs CeJieHa B Pa3IMYHbIX
pErruoHax 3eMHOT'O LIapa B CBSI3U C 9KOJIOTHYECKUMU (PaKTOpaMU B
psfe CTpaH BBIABISIOTCS] OOJIE3HH, CBSI3AHHBIE C €70 HETOCTATKOM
(Kanana, CILIA, Ascrpanus, ['epmanus, ®@pannus, Kuraii, ®un-
JISTHAMS U 1p.). Jdeuiut ceneHa MoxeT BbI3BaTh 3a00JIeBaHUS pa3-
JIMYHBIX OPT'aHOB U CHCTEM, B T. 4. OHKOJIOTUYECKHE, SBIISIETCS OC-
HOBHOW IPUYMHOM NMPEXIEBPEMEHHOI'O CTAPEHUSI U YMEHBIIEHUS
MIPOJODKUTENBHOCTY ku3HU. [lo naHHbIM uccnenoBanuit MHCTH-
tyTa mutanus PAMH u pe3ynbrataM KITHHUYECKUX UCCIICIOBAHUH,
MpaKTHUECKH Ha Beeii Tepputopun Poccun HabmomaeTcs aeuiut
MHUKpO3JIeMeHTa ceneHa. K Hanbonee ceneHoaehUIIUTHBIM OTHOCST
Caepmiockyro, Yensiounckyro, Tiomenckyro, HoBocubupckyro,
Upkytckyro, UYntuHckylo, MarajgaHckyo, AMypCcKylo oOacTH,
Kpacnosipckuii, Xabaposckuii, [Ipumopckuii kpas, Caxa-Sky-
tuto, Komn, Mapwuiickyio pecryOnmku, e conuep’kaHue celeHa
B CYTOYHOM MHINIEBOM PAaIllMOHE uenoBeKka coctasiser 30-60 mkr,
pu ¢pu3noIornueckoit morpedbnoctu 180-220 Mxr.

B HacTos11IE€ BpeMSs JOCTATOYHO BECOMOE MECTO B MEAMLIMHE 1
OMOJIOTHHU 3aHMMAeT aKTUBHO Pa3BUBAIOLIEECS yUEHHE O MUKPO-
3JIEMEHTax, T.e. HapylLIeHUu! OanaHca HOPMaJIbHOTO COAEPKAHUS
MHKPODJIEMEHTOB B OpraHusmMe 4denoBeka. B Poccun miist 0603Ha-
YEHUs BCEX TATOIOTMUECKHX IIPOLIECCOB, BBI3BAHHBIX IEPHUIIUTOM,
U30BITKOM WK AUCOAIAHCOM MUKPOIJIEMEHTOB, BBEICHO IMIOHSTHE
MHKPO03JIeMEHTO3bI U TIPEIJIOKEHA UX Kitaccudukamms (tabm. 1).

MHoroJeTHee u3y4eHre MUKPOJIEMEHTO30B Kak B Poccun, Tak
U 3a pyOexoM chopMUPOBAIO HOBOE HAYyYHOE HaIlpaBJIEHUE —
MHUKPOJIIEMEHTOJIOTHIO (trace-elementology). Passutme 3aboe-
BaHUW MOXET OBbITh BBI3BAHO KaK HEAOCTATKOM MJIM U30BITKOM
OTHOTO XMMHYECKOro 3jeMeHTa (Hampumep, Cu, Zn) — moHo-
MUKDPOIIeMeHMO3bl, TAK 1 COOTHOIIEHUEM MHOTUX XHMHUYECKUX
anemeHToB (Hanpumep, Co-Cu, Sr-Ca, Ca-P u np.) — nonumux-
DOIIeMEHmo3bl.
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Tema: BuoreHHble aneMeHTbI

Tabnuya 1
Muxpos;1eMeHTO3b! Yea0BeKa
MuxkposemeHTo3bl | OcHOBHBIE (hOPMBI Ipuuuna
Bposxaenusre MukpoaneMeHTo3 MaTepu
ITpuponusie
SHIIOTEHHbIE HaciencTBeHHbIe [TaTonorust XxpoMocom Uiu
I'€HOB
Hednumr ITpuponnsle, cBsi3aHbI C
MHUKPOSJIEMEHTOB | aHOMAJIbHBIM COAECPKAHU-
IIpuponusie N306561TOK €M HEKOTOPBIX 3JIEMEHTOB
9K30T€HHbIE MHKPO3JIEMEHTOB B IIOYBE, BOJI0OEMaX TOH
JlucbamaHc MUKpO- | WJIM MHOM reorpaduieckon
3JIEMEHTOB 30HBI
IIpousBoncrBeHHas 1e-
IIpomsbliieHHbIE
STEJIbHOCTD YEJIOBEKa,
HU30BITOK MUKPOJJIEMEHTOB
TeXHOTEHHBIE Cocenckue B 30H€E IIPOM3BOJICTBA, 10
COCEJICTBY C HUM, 3a CYET
TpancrpeccusHple | BO3IYLIHOTO HIIH BOJHOTO
repeHoca
Heduuurt
MHUKpPO3JIEMEHTOB | IHTeHCHBHOE JIeueHue Ipe-
SErporeHHbIe N36b61TOK rapaTamMH, COIepKaIuMI
MHKPO3JIEMEHTOB | MUKPO3JIEMEHTBHI, TapEHTe-
Hucbananc paJlbHOE IUTAHUE, TNATU3
MHKPO3JIEMEHTOB

Ha coBpemeHHOM 3Tare ucciueqoBaTeN BBIACIIIOT TEOXUMHU-
yeckue (HaKTOpbl, CIIOCOOCTBYIONINE PA3BUTHIO MUKPOIJIEMEHTO-
30B I rmobansHoro aeiictsus, 11 mokanpHoTO AciicTBus, 111 nuam-
BUAYAIIBHOTO JEHCTBUS.
1 zpynna ¢paxmoposé éxnouaem 6 ceosn:
¢ [IpuponHsie paKTOPbl — HELOCTATOK, U30BITOK, 1UcOaIaHC
3CCEHIMATBHBIX (T.€. )KU3HEHHO BaXKHBIX) 3JIEMEHTOB M TOK-
CHYHBIX 3JIEMEHTOB B TIOUBE, BOJIC, PACTEHHUSIX, aTMOChepe.

¢ TexHoreHHble (HAKTOPBHI — IMPOMBIILIIEHHBIE BBIOPOCHI,
yIOOpEeHMS, IECTUITU/IBI.
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11 zpynna pakmopos:

® MenuKkaMeHTO3Hble — JIEUEHHE KCEHOOMOTUKaMU (kce-
HOOUOMUKYU — ITO XMMUYECKUE 3JIEMEHTHI U COCIUHECHUS,
MOCTYMAOIINE B )KUBBIE OPTAaHNU3MBI U BHI3BIBAIOIINE B HUX
HeONIaronpusTHbIE OMOIOTHYECKHE PEAKLIUH ), TPUMEHEHHE
MOYETOHHBIX CPEICTB, TPOBOLUUPYIOIIMUX AePULUUT KU,
MarHus, Kalblus, U30bITOK HATPHs, TPUMEHEHNE aCIIUpPrHAa,
KOHTPaLENTUBOB, aHTHAPUTMHUYECKUX ITPENAapaToB, BbI3bI-
BaOIIUX TUCOAIAHC MEIH U JIP.

¢ ConuanpHo-3KOHOMUYecKHe (HakTopsl (BBO3 M MOTPEO-
JIEHUE HacelleHWeM MPOAYKTOB MUTAHUS ¢ ACPUIUTHBIM
Collep)KaHUEM JKU3HEHHO Ba)KHBIX JIEMEHTOB (H0[, CeJieH,
LIUHK U Ap.).

e TexHomornyeckue pakTopsl pucka pa3BUTHs 3a001eBaHUN
(oOpaboTka NUIEBbIX MPOAYKTOB, KOHCEPBUPOBAHKE, 00-
paboTKa, CMAr4eHUue MUTHEBOW BOJIBI).

111 zpynna gpakmopos:

e Teneruyeckue (HacleACTBEHHAs MPEIPACIONIOXEHHOCTh
K HapyLIEHUI0 OOMeHa MaKpo- U MUKPO3IJIEMEHTOB, Ha-
NpuMep U30bITOK MOJINOIeHAa — PUCK OJArPhl, AeDULINUT
celieHa, MapraHIla — PUCK OHKOJIOTHYECKUX 3a00JIEBaAHUIA,
neduuuT Xpoma, IIMHKA — PUCK CaXapHOro auabera, ate-
pockiiepo3a u ap.).

HekoHTponupyemblii mpueM MUIIEBbIX 100aBOK.
ComnmanbHO-TICUX0JIorn4eckne (pakTopsl (cTpecchl, n30bl-
TOYHOE YIOTpPeOJIeHNE AJIKOT0JIs, UCIIOJIb30BaHUE ATTIOMU-
HHUEBOH MOCYIBI | JIP.).

B mocnemHue nmecATwiieTus CEphE3HON OOIIEYETTOBEUECKON

npo0bJieMoii cTalia OXpaHa OKPYKaIolleh CpeIbl.

fno6anbHble 3KoNOrUYecKue npodsiemol
BOJILHIYIO 032004Y€HHOCTD 06H1€CTB3. BBI3bIBAIOT 3KOJIOTHYEC-

KHue HpO6J’IeMLI, XUMHUYECKasaA CyTb KOTOPBIX COCTOUT B OXpaHE
6uocdepsl OT U30BITKA OKCHUIIOB yriiepoa U MeTaHa, CO3AIOIIUX

16



Tema: BuoreHHble aneMeHTbI

«TIAPHUKOBBIHN 3G PEKT», OKCUAOB Cephbl U a30Ta, MPUBOASIIUX K
«KUCIIOTHBIM JOXKISIM»; TaJIOT€HITPOU3BOIHBIX (XJ10p, hTOp) yrite-
BOJIOPOJIOB, HAPYIIAIONINX «O30HOBBIA HIUT 3eMJIN»; KaHIEPO-
TEHHBIX BEIIECTB (ITOJIMAPOMATUUYECKUX YTIIIEBOJIOPOAOB M MPO-
JIYKTOB UX HETIOJHOTO CrOpPaHus) M APYrUX MPOIyKTOB. B Hamm
JTHY CTAHOBUTCS aKTyaJIbHOM HE TOIBKO IpoOIeMa OXpaHbl OKPY-
JKArOITel cpenpl, HO U OXpaHa BHYTPEHHEH cpenbl. Pacter uncio
BELIECTB, MOCTYNAIOUINX B )KUBOW OPraHN3M, KOTOPBIE SIBIISIIOTCS
YYXKEPOTHBIMH, UYXKIbIMU JKU3HH, U HA3BIBAEMbBIX KCEHOOUOTH-
kamu. [1o JaHHBIM BCEMHMPHOW OpraHU3aIUU 3/IPABOOXPAHEHUS
WX HacuuThIBaeTcss okojo 4 muH. OHM MOIMAnaoT B OPTaHU3M C
MUIIed, BOAON W BO3IYXOM, a TakKe B BHIE JIEKApCTB (JIeKapc-
TBEHHBIX (HOPM).

Kucrommnvie 00scou — oqHa u3 HauboJiee TxKeabix GpopM 3a-
TpsI3HEHUU OKpyxaromieit cpenbl (puc. 1, 2). KucnorHocts 00bIu-
HOM OoXaeBoM Boabl Xxapaktepusyerca pH = 5,6-6,0. Hanuuue B
atMocgepe MapoB BOABI 1 3aTPSI3HSIONINX BEIIECTB: OKCHIOB CEPBI
(IV), (VI), azora (II), (IV), a Taxxe xmopoogopoaa HCI mpuso-
JIUT K 00pa30BaHMIO B aTMOC(HEPHOIA BJIare CEpHOM, a30THOM, CO-
JISHOW KHUCIIOT, KOTOPbIE BBINAJAIOT B BUJE AOXKACH, cHera, J11bo
B BHUJIE a3pO030Jieil, UTO OCOOEHHO BPEIHO ISl BEPXHUX [bIXa-
TEIBHBIX MyTel U Jierkux 4enoBeka. [Tokazarens pH kuCIOTHBIX
JIOXKIIEH MHOTIA TOCTUTAET 2—3, UTO COOTBETCTBYET KUCIOTHOCTH
JIMMOHHOTO COKa. BhImaenre KUCIOTHBIX JOXK/EH MOXKET ITPOMC-
XOJIMTDH Y€pe3 HECKOJIbKO JHEH B COTHSX M ThICAYAX KMIOMETPOB
OT ucTouHuKa 3arpsizHeHus. Tak, B Hopsernu u UlBeuuu unyt
noxnau, 3apoausinuecs B ['epmanuu u Aurnum, a B Kanane — 3a-
ponusmrecs: B CIITA.

W3-3a BeIMaieHnst KUCIIOTHBIX OXKIEH yMeHbInaeTcst pH mpe-
CHOBOJHBIX BOJIOEMOB, UTO IPUBOANT K rudenu peid. [Tpu 3akuc-
JIEHUU TI0YB HE TOJBKO MOTHMOAIOT PACTEHHUS, HO M MOBBIIIACTCS
pacTBOPUMOCTh COECIMHEHHI MHOTHUX METAJIJIOB, B TOM 4YHCIIE
METaJIJIOB-TOKCHUKAHTOB, KOTOPBIE CO3JAI0T ONTACHOCTh TOKCUYEC-
KOTO 3arpsi3HEHUS IUThEBOW BOJIBI, PACTEHUI, YIIOTPEOISIEMBIX B
MUY YeJTOBEKOM U KUBOTHBIMU.
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Cepuucrslii| ITapsl Boabl Asposonu
> i e N
ras SO, CEpPHUCTON
kucnotel H SO,
doroxumuyeckoe Oxwucnenue
Fopenne okucnenne O, + hy KACIIOPOTIOM,
COCTMHEHUI CEepBhI, CoIepKAITUMCS
COJZIEPIKALITIXCS B B BOJISSHOM Iape
yIJjie 1 Ma3yTe Y Brnaxubriit
CepHbrif =
aﬂrﬁ P BO31yX A3po30iu cepHOU
|—> e
kucnotel H SO
2 4
SO,
T'openue maruus,
KeJesa ¥ IPYTUX CynbgaTsl BitaxnbIit
METaJIOB, COAep- METaJIOB BO3AYX
KAIMXCS B YIIIE v v v v
Kucmotuele  KucmortHsie Kucnorusie
pocst TYMaHBI JTOMK TN

Puc. 1. Cxema ob6pazosanus Kuciommsix ocaokos

['TaBHBIMHM MyTSAMU pEIIEHUsT TPOOJIEMbI KUCIIOTHBIX JOXKICH
SIBJISIFOTCSL YCTAHOBKA CIELUAJIBHBIX (DUIHLTPOB HA MPOMBIIIICH-
HBIX MPEANPUSITHSIX C IIETTbI0 CHIKEHHSI BBIOPOCOB OKCUIOB CEPhI
U a30Ta, XJIOPOBOAOpOAa B arMochepy, HCIOIb30BaHUE COBpE-
MEHHBIX YCTAaHOBOK TSI OYHUCTKH IPOMBINIICHHONH W IHUTHEBOM
BOJIBI HA BOJIOOYHMCTHUTEIIHPHBIX CTAHIIUSAX U BOJI03a00pax.

Taxxe rmo6anpHOM IPOOIEMOH SBISETCS TOCTOSIHHOE 3arpsi3-
HEHUE OKPY>KaIollel CpeIbl OTXOAaMU MPOU3BOCTBA U PA3TUUHBI-
MU XUMUYECKUMH BelllecTBaMu. ExxerogHo B 6nocdepy nocrynaer
110 100 ThICSY pa3IUYHBIX XMMUYECKHUX BELIECTB, U3 HUX 60 MIIH T
CHHTETHYECKUX MaTepHraaoB, 500 MITH T MUHEpaIbHBIX YIOOpEHUH,
5 MyH T mectunmaoB, 50 MTH T kese3a. B pesynpraTe CKATAHUS
TOIUIMBA B aTMOC(]epy eXeroaHo nocrymnaer 6ojee 20 MIIp/ T yrie-
kucioro raza u 6ojee 700 MJIH T ra30B, TAPOB, TBEPABIX YACTHII,
B TOM uucie okoyio 150 MJIH T cepHUCTOro rasa. 3HauUUTEIbHBIM
WCTOYHUKOM 3arpsi3HEHUS] SIBIISIOTCS KOMMYHAJIbHO-OBITOBBIE
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Tema: BuoreHHble aneMeHTbI

ITpoaykTsl ropeHust
TOILINBA

KucinorHele 1oxan | ATMOC®DEPA
L

Hcnapenne
0,, CO,

Konpencaims (ocaaku)

Ocanxnu

HedrsiHoe 3arps3Henue

PacTBOpBI MIHEpAIIOB,
SIIOBUTBIX OTXOMOB

CTOYHBIE BOJIbI

KucinoTrHble 10K 11

Pa3pyIeHne ropHbIX TOPOJT

>TmeN0OvES T |

HCHTCHBHOCTB YEeJIOBCKaA

-«

OC&HO'—IHLIC TOpHbBIE

IIOpOABI (HeOpraHuvec- _
KOT'O IPOUCXOKIICHHS): : ; v
11e0eHb, IeCOK, IIINHA

PacTBOpBI A0BUTHIX
BEILECTB

Mycop, ynobpenus,

JINTOCPEPA AJOXUMHUKATBI

Puc. 2. Brusinue KuciomusLx 002icoeti Ha OKPYHCAlouwyio cpeoy

CTOYHBIC BOJIBI OOJIBIIUX TOPOJIOB, KOTOPHIE OUUIIAIOTCS HE TOJI-
HOCTBIO, T.€. COPAChIBAIOTCSI B IIPUPOHBIE BOJAbI B 3arPSI3HEHHOM
Buae. O6beM CTOUYHBIX BOJ B MUpe pocturaet 450 kv?,

BceriencTBie HEMOIHOTO CTrOpaHUs TOPIOYETO B JIBUTATEISAX
aBTOMOOWIII B aTMochepy momagaeT yrapubii raz CO. dpyroit
okcun yrnepoga CO, HaKanIMBaeTcs B aTMocdepe Kak B pe3ylib-
TaTe eCTECTBEHHBIX MPOIECCOB, TAK U 3a CUET XO3SMCTBEHHOH Je-
STEeILHOCTH UelioBeKa. BeliescTBre pe3koro yBeIuveHus KOHIIeH-
tpauuu CO, B aTMOChepe MPOM3O0LLIO TIOBBIIEHHE TEMIIEPATY PbI
Ha Hamei rmanete 3a mociegaue 100 et Ha 1 rpamyc. Ha mexy-
HapoaHoi koHpepeHnu B Knoto (1997) pa3Butsle cTpaHbl MUpa
MOJIUCAIA COTJIAIlICHUE O JIMMUTE Ha BBIOPOCHI B aTMochepy
MPOMBIIIJICHHBIX Ta30B.
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

I[To owmenke BcemupnOii opraHm3zanuu 37paBOOXPAHEHUS
(BO3), n3 6011ee ueM 6 MITH U3BECTHBIX XMMHUECKUX BEIIECTB ITPaK-
THYECKHU Mcnob3ytoTest 10 500 Teic. coenuuenuii. I3 Hux oxoio
40 ThIC. BelIeCTB OONIAIAI0OT BPEIHBIMH ISl YEIOBEKa CBOHCTBA-
MU, a 12 ThIC. IBIISIFOTCS TOKCUYHBIMU. ACCOPTUMEHT XUMUYECKUX
BEIIIECTB €XEro/IHO Bo3pacraer Ha 5%.

OCHOBHBIMH BEIIECTBAMH, 3aTrPS3HSIONUMU  aTMOCHEPHBII
BO3JIYX, SIBJISIIOTCSl OKCHJIBI YIJIEpO/ia, a30Ta, CepPhl, YIIeBOIOPO-
JIbI, ajIbJCTUIbI, CBUHEIl U IPYTUe TSAXKEIbIe METaJIbl. BpeaHbie
BEIIECTBA BHOCSATCS B OPTaHU3M TaK)XKe C BOJIOH U IHUIIEH.

Toxkcuueckue 3JIEMEHTBI B HACTOSIIEE BPEMs SIBIISIFOTCSI IJ1aB-
HBIMU 3aTPSI3HUTEISIMU OKPY Karolei cpe/ibl. Eciu mpu runomMmk-
poasieMeHTO3ax (AeUIIUT ICCEHIMATBHBIX) BO3ZHUKAIOT 00ae3HU
Hedocmamounocmu, TO TIPU pa3HOOOpPa3HbIX (OopMax KOHTAKTa
OPraHU3MOB C TOKCUUHBIMU 3JIECMEHTAMU — 001€3HU U CUHOPOMbL
UHMOKcuxKauuil.

Hawubomee omacHbIe MOCISACTBUS BIIUSHUS KCEHOOWOTHKOB:
KaHIEpOreHe3, TepaTorene3 (OTpUllaTeIbHOE BIIMSIHAE HA Pa3BU-
THE TUTIOJIA YeJIOBEeKa), MyTareHe3 (FeHeTHYSCKIE U3MEHEHUS B Op-
raHu3Me, TOKCUKOTIATHN).

Tspxenble METaJUTbI OOBIYHO HAKATUIUBAIOTCS B OPraHUu3Me de-
JIOBEKA COBMECTHO, IIPUYEM IPU CHHEpTU3Me IPPEKT UX BIUSHUS
MHOT'OKPAaTHO yCUIUBaeTcs. Tak, TOKCMUHOCTh HMOHOB CBHHIIA
yCyryOIIsaeTcsi HeJOCTATKOM MOHOB KalIbIIMsI, a JIUTUS — HENO-
craTkoM HaTpus. LIMHK ¥ KaJIMHi1 — aHTarOHUCTBI, TO3TOMY BBE-
JleHue M30BITOYHOTO KOJIMYECTBA IIMHKA MPUBOAMWT K yMEHBIIIE-
HUIO COJIEPKAHUSI TOKCUUHOIO KaiaMusi. I3BECTHO, UTO TSDHKEIIbIC
MeTaJuTbl (CBUHEI, PTYTh, IUHK, Me/Ib, KQAMHHI, U Ip.) aKTUBHO
MOIJIONIAIOTCS BOJAHBIMU PACTEHUSMU U KUBOTHBIMU, MIPU 3TOM
0o MorudarT o0UTATENIM BOAOEMOB, JIMOO MPOUCXOAUT ME/-
JIEHHOE OTpaBJICHUE YEJIOBEKA.

I'ycronacenennast SInmoHusl mevaibHO M3BECTHA KAaK CTpaHa,
T7ie BOSHUK DAl HOBBIX 3a00JieBaHUM: OOJIC3Hh UTAN-UTAN, BO3-
HUKAIOIIAsl U3-32 OTPABJICHUS KaJMHUEM, TOPaXaIolast MOYTH BCe

20



Tema: BuoreHHble aneMeHTbI

BHYTPEHHUE OpraHbl, OOJE3Hb MHHAMaTa — PacCTPOICTBO He-
PBHOI CUCTEMBI, BBI3BIBAEMOE COCAMHEHUSIMH PTYTH.

Hapymenue reoxumuyeckoro OanaHca B IEPBYIO Ouepenab
BJIMSIET Ha OopraHu3M pebeHka. Bo Bcem mupe, 0COOEHHO B Mpo-
MBIIJIEHHO Pa3BUTBIX PErHOHAaX, CTATUCTHKU OTMEYaloT, YTO
YHUCJIO ACTEH, POJUBIINXCS CO 3HAUUTEIbHBIMH OTKIIOHEHUSIMHA OT
HOPMBI, B (PU3NIECKOH, U TICUXUYESCKOH, CTAHOBUTCS BCe OOJIbIIIE.

Ceifuac Hayka He B ITIOJIHOH Mepe MOXKET OOBSICHUTh MEXaHU3M
OUYEBUIHOH CBS3M OpraHU3Ma M NpUpoaHoH cpeabl. [To-Buanmo-
My, BEILIECTBA U3 IPUPOJHON Cpeabl ONaJaloT B OPraHu3M, KOH-
LIEHTPUPYIOTCS B CKelleTe, BO3AEUCTBYIOT Ha OOMEH BEIlEeCTB, OIl-
PEIeNsoT IPOLECCHl POcTa.

[ToHATHO, KaK Ba)KHO MO3HATH 3aKOHBI, 10 KOTOPBIM JXUBET U
pasBHUBaeTCs OKpyX)aromas cpeaa. JIMb Toraa Mo>KHO OTAETHUTh
TO, YTO IPUBHOCUT B MHUP 4Ye€JIOBEK, OT TOr0, YTO NAET MPHUPO-
J1a — [JIaBHBIA UCTOYHUK U MEPEHOCUYUK XMMHUYECKHUX 3JIEMEHTOB
Ha Haweil [1manere.

PernoHanbHble 3KoNOruyecKue I1p061'IEMbI

NznaBua Kybans cunrtanace «Kemuyxunoii Poccun», oqHako
JKOJIOTHYECKHEe MPoOIeMbl XapaKTepHbl U st KpacHogapckoro
Kkpast. OCHOBHBIMH 3arpsi3HUTESIMUA BO3/yXa SIBISFOTCSI OpTaHU-
YyecKue BelecTBa, om3ku K npessimeHnio [TJIK okcunpr azora u
yriepoaa. C KaXIpIM TOJ0M OCOOCHHO YBEIUYMBACTCS KOHIICH-
Tpauusi OKCUAOB a3oTa. ['J1aBHbIE 3arpsi3HUTENN BO3/1yXa — aB-
TOTPAHCIIOPTHBIE CPEACTBA, HA UX JOJII0 B CYMMapHOM BBIOpOCE
npuxoautcs 95,6%.

OcHoBHast BomHasi aptepusi KpacHomapckoro kpasi — peka
Kyb6anb. Hanbomee cymecTBeHHBIC BRIOPOCHI B PEKY, BO MHOTO
pa3 npesbimatonue 1K, xapakTepns! amns xeiesa, Meau, He-
¢renponykToB. Cpenu HaceneHns: KpacHomapckoro kpas Gonee
800 000 yemoBeK UCMONB3YIOT BOAY C MOHMKEHHBIM COEPKaHUEM
¢dropa (menee 0,5 mr/im). Pe3ynbraT — BBICOKUI ypOBEHb 3a00J1e-
BaHUsI KApUECOM cpenu B3pocibIx u aeteit (mo 80-90%). Hacene-
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

HUE Kpasi IPOJI0JDKACT CTPaJAaTh OT AeunTa ioaa. 3a moceIHIe
8 et umcio 3aboneBanuit quddy3HoI U y3moBoit popMmoii 306a
(ruroyHKIMS IMUTOBUIHOM JKelle3bl) BO3POCIIO B 4 pa3a, a Ynucio
3a00JIeBaHMI paKOM IIUTOBUIHOM jKeje3bl — B 3 pa3a. BeisiBiena
JIOCTOBEPHAS CBSI3b 3200JI€BAEMOCTH HACEJICHHSI C TTOKA3aTesIMU
3arpsi3HEHUS TIOYBBI, B KOTOPOW COJEPIKATCS MOBBIIICHHbBIE KOH-
LIEHTPALUU TSDKEJIBIX METAJUIOB, He(DTEIPOIYKTOB, MECTUIUIOB.
HaunGomnpiiee BausiHUE 3arpsi3HEHUs! Cpeibl OKa3bIBalOT Ha 3a00-
JIEBAEMOCTb JIeTell (aHeMus, OpOHXHAIbHAST ACTMa, BPOXKIEHHBIC
AHOMAJINH).

I{paTxaa XUMUYECKAA XapPaKTepPUCTUKA S-3JIEMEHTOB

XUMUYECKHUE ITIEMEHTHI, B ATOMAaX KOTOPBIX IMMOCIIEIHNAM 3aI10JI-
HSIETCS AIEKTPOHAMU $-TIOJTyPOBEHb, HA3BIBAIOTCS $S-3JIEMEHTAMM.
Taxk kak Ha S-MTOJAYPOBHE MAKCHUMAIbHO MOXET OBITh 2 3JIEKTPO-
Ha, To Kaxaeri repuon [TICO HaunHaeTcs ABYyMsS S-3JIEMEHTAMH,
a B 11e710M OHM 00pa3yioT aBe rpynmsl: [-A u [I-A. K s-35memenTam
OTHOCSITCSI TAK)KE BOJIOPOJ U TEJIHH.

Ha BHeHeM 311eKTPOHHOM YPOBHE $-3JIEMEHTOB UMEETCS OJJH
(ns'-3MeMEHTBI) WK ABa 3JIEKTPOHA (715*-3JIEMEHTHI). DIIEMEHTBI
I-A u II-A rpynmsl — MeTaylIbl, TPOSIBIISIIOT BOCCTAHOBUTEb-
HBIE CBOICTBA, BHICOKYIO XMMHYECKYIO0 aKTUBHOCTbH, B CIIOXKHBIX
BelecTBax UMeroT crenedb okucnenus (CO) +1 (rpynma [-A), +2
(rpymma I1-A). Dnementst [I-A rpymmer — 6oJiee ciiadbie BoccTa-
HOBUTENH, 4YeM 3J1eMeHThI [-A rpynmsl. OOpasytomuyecs KaTHOHBI
S-3JIEMEHTOB UMEIOT YCTONYMBBIE OOOJIOYKU TUIA UHEPTHBIX Ta-
30B. Ilo nepuoay paagnyc katuona (R,) ymenbinaercs, a 3apsj no-
HOB YBETTMYMBAETCS, YTO MMPUBOIUT K YBETMUECHHUIO MTOJISIPU3YIOIIEH
CIIOCOOHOCTH MOHOB M YMEHBINIEHUIO CIIOCOOHOCTH CAMOT'0 MOHA
K TIOJIApU3alui. B Bojie KATUOHBI $-3JIEMEHTOB THIPATUPYIOTCS,
obpasys OecupeTHble akBakomiiekcsl, Hanpumep [Ca(H,0)J*.
Houbl Me* u Me?* mo teopun [TupcoHa OTHOCAT K «GKECTKHM)
kucinoram (JKK) JIstonca, H,O, OH™ — «keCcTKMM» OCHOBaHUSAM
(OKO) Jlpronca. B coorBerctBun ¢ xourenueit JKMKO Goree
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Tema: BuoreHHble aneMeHTbI

MpoYHbIE cBsI3u 0Opa3yroTcs mpu B3anmoaeiictsun KK+XKO nmn
MK+MO.

HNons! s-ameMeHTOB MOTYT OOpa3oBBIBATH B pPacTBOpax Ma-
JIOYCTOWYMBBIE KOMIUIEKCHBIE COEIMHEHMSI C OPraHUYeCKUMHU U
HeopraHudeckuMu nurangaMu. C yBeIUdYeHHeM 3apsiia U yMEHb-
LIEHUEeM paJuyca KaTHOHA YCTOWYMBOCTh KOMIUIEKCOB yBEIHYU-
BaeTCHl.

Taxum 06pa3oM, KOMILIEKCOOOpa3yolas CiOCOOHOCTD §-3J1e-
MEHTOB HU3Kasl, TaK KaK:

a) KaTHOHBI METAJUIOB MMEIOT 3aBEPIICHHYIO 3JIEKTPOHHYIO
000JI0YKY MPEABITYIIUX NHEPTHBIX Ta30B, CIIE0BATEIBHO,
BaKaHTHBIE 3JIEKTPOHHBIE OPOUTAIM OTCYTCTBYIOT U POJIb
3TUX KaTHOHOB, KaK aKLIENITOPOB 3JIEKTPOHHBIX NAP JIUTaH-
JIOB, 3aTPY/AHEHA;

0) cormacHo teopun [TupcoHa MagomoOIApU3yeMble KATHOHBI
Na* n K* ABIsOTCA (GKECTKUMI» KUCIOTAMH, IO3TOMY B
(PUBMOJIOTHUECKUX PACTBOpAX MPAKTHUECKH HE 00pasyroT
YCTOMUMBBIX KOMITJIEKCOB € OMOCYyOCTpaTaMu, COAEPIKALH-
MH MSATKHUE JIeTKononspusyembie rpynmsl ~COO-, -NH, n
—SH. OTHOCUTENTBHO YCTOHUMBBIE KOMIUIEKCHBIE COIMHEHHSI
OHM 00Pa3YIOT IPAKTUYECKH TOIBKO C MAKPOLIMKITMUECKIMHU
JIUTaHIAMU.

YcToiunBocTh 06 pa3yIOMIMXCs] KOMIUIEKCHBIX COeTMHEHUH 3a-
BUCHUT OT COOTHOUIEHUSI HOHHOT'O pajnyca U JuaMeTpa BHYTpEH-
Helt monocty. [IpaBUIbHBIN MOA00P MaKPOIMKINYIECKUX JIUTAH-
JIOB TI03BOJISIET MPOBOAUTH CEIEKTUBHOE CBA3bIBaHME OO Na®,
mbo K*. Hampumep, uMeromuiics B OpraHu3Me BaJIMHOMUIIUH
cBs3biBaeT MOHBI K* B 20 pa3 mpounee, uem Na*, Tak Kak MOJieKyj1a
BAJIMHOMUIIMHA HE JOMYCKAET JOCTATOUYHOT'O CONMKEHUS JIUTaH-
JIOB BOKPYT UMEIOIIIEr0 MEHbIINN paanyc noHa Na*. MHOecTBO
AJKWIIBHBIX TPYMIT HA MOBEPXHOCTH MOJIEKYJIB BAJIMHOMHULIMHA
obecrieunBaroT eMy rupo(oOHbIH (JIMTTOGUIBHBIN) XapakTep, 3a
CYET Yero OH MOXET JIETKO MEPEXOIUTh Yepe3 MEMOPaHbI KIETOK,
nepeHocsd HoHbl K* IpOTUB I'paiueHTa KOHLEHTPaLUi.
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

MeHee «kecTKHe» s-aMeMeHTHl [I-A rpynmbsl, B YaCTHOCTH
Mg u Ca*?, Goyiee CKJIOHHBI K KOMILIEKCOOOpa3oBaHmio. Tak,
HampuMmep, Ca*? obpasyer xermaTHble Komiuiekcel ¢ DATA, uc-
MOJIb3yEMBbIE B KAUECTBE aHTHIOTOB, a KOMIUIEKCH Mg*? ¢ mopdu-
PUHOM SIBJISIIOTCSI OCHOBOH XJopoduia.

B ¢usnonmornueckux cpenax katuonel Mg u Ca*? Berpeva-
IOTCS KAaK B MOHU3UPOBAHHOM BHJIE, TAK U B BUJE KOMILUIEKCOB C
OenKaMM U HYKIIEMHOBBIMU KHCIIOTAMHU.

N3smenenune R, okaspiBaeT GONIBIIOE BIMAHUE HA CBOHUCTBA €0
COEIMHEHUI: TUAPOKCUIBI S-JIEMEHTOB 00JIaJJal0T BBIPAKEHHbI-
MH OCHOBHBEIMU cBoMcTBaMu (kpome Be(OH),), uto o6bsacHseTcs
HEIPOYHOCTHIO0 NOHHOH cBsizn D-OH.

ITo nepuony cnesa Hanpaso R, yMeHbIIa€TCsA, OCHOBHBIE CBOM-
CTBA M pACTBOPUMOCTH TUAPOKCHIOB YMEHBILAIOTCS.

Ilo rpynme ceepxy BHU3 R, yBenuuuBaercs, OCHOBHbIE CBOM-
CTBa ¥ PAaCTBOPUMOCTb TMAPOKCUIOB YBEIIMUMBAIOTCS.

BoxpmmHcTBO comell, 00pa30BaHHBIX KATHOHAMH 7s'-3JIeMEH-
TOB, XOPOIIIO PACTBOPUMBI B BOJIE, OOPA3yIOT OCAJIKHU TOJIBKO C
OONBIIMMHM, JIETKO MOJSPU3YIOIUMUICS AHUOHAMH, HATIPUMED
ypatel Na,C H,N,O,-H,O. OTu comn OTKIaapIBaIOTCSA MPHU IO-
Jarpe Ha KOCTsAX CTOmbl. KaTHOHBI ns*-3JIEeMEHTOB 0O0IamaroT
BBICOKOH MOJISIPUBYIOIIEH CIIOCOOHOCTBIO, YTO OOYyCIaBIMBAET
HaJM4ue OOJBINETO, B CPABHEHHUHU C 715'-3]IEMEHTAaMHU, KOJINIECT-

. - 2
BA MAJIOPACTBOPHMBIX coeauHenuit (¢ ammonamu SO; ; C,057;

CoY; CrOf[ u ap.) PacTBOpUMOCTb 0CaIKOB COJICH ns2-371eMeH-
TOB YMEHBIIIAETCS C YBEJIMYCHUEM paaryca KaTHOHA.

Comny $-37IEMEHTOB MOABEPralOTCS THAPOIIU3Y:

a) coJib 00pa3oBaHa CUJIILHBIM OCHOBaHHUEM (IIEJIOUHBIE U IIIe-
JIOYHO-3eMEITbHBIC METAILIBI) U CI1a00¥ KMCIOTOM:

Icrynenp:  Na,CO;+HOHzZ=NaHCO;+NaOH
COY +HOHZ=2HCO; +OH™  pH>7
IT crynens:  NaCO;+HOHz=H,CO;+NaOH
HCO; +HOH=H,CO;+OH" pH>7
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Tema: BuoreHHble aneMeHTbI

B 00bI4HBIX YCIIOBUAX TUAPOJIN3 TPAKTHYCCKU OTPaHUYINBACT-
cs I crynensto, T.k. HoHel HCO3 aucconuupyroT ropasao Tpya-
Hee, yeMm monekyasl H,CO.,.

6) C YMEHBIICHUEM CUJIBI OCHOBAHUSA S-3JICMECHTOB YBCIINYNBaA-
€TCsl CITOCOOHOCTh KATHMOHA BCTYNATh B MPOTOJIUTUUYECKOE B3aU-
MOJICHCTBYE C MOJIEKyJIaMH BOJbl. Tak, COJIM MarHusi CiOCOOHBI
TUAPOJIIN30BATHCS 1O KATHOHY ¢ 00pa30BaHMEM OCHOBHOU COJIH.
IM'inponus mpoTekaeT, rIaBHBIM 00pa3oM, IO MEPBON CTYIICHH:

Icrynens:  MgCl,+HOH=MgOHCI+HCI
Mg** +HOH=MgOH' +HY  pH<7

HoHBI s-371eMEHTOB yCTOWUYUBHI K JIEHCTBHUIO OKHUCIUTEICH U
BOCCTAHOBUTEJICH, OKUCIIUTEIILHO-BOCCTAHOBUTEIbHBIE pPEaKIIUU
(OBP) st HUX HEe XapaKTepHBI.

B npupone (3eMHOI KOpe) S-37IEMEHThI-METAIIIbI BCTPEYAIOTCS
TOJIBKO B BUJIE XUMIUYecKuX coeauHennit. [Lllupoko pacnpocrpaHe-
vel Na, K, Mg, Ca. OcranbHbIe 37I€MEHTHI SBJISIOTCS PEAKAMHU U
paccestHHBIMU. DIIeMEHTHI [-A TpymNITbl HAXOAATCS B IPUPO/IE Tpe-
UMYIIECTBEHHO B BHJIE PACTBOPUMBIX COJIEH (B BOJIE peK, MOpEH,
OKEaHOB) U TBEPIBIX 3ayexax. JmeMeHThl [I-A Tpymibl (kpome
MarHusl) — IPEUMYIIECTBEHHO B BUJIE HEPACTBOPUMBIX COEIMHE-
HUit: KapOOHATBHI, CyIb(aThl, PTOPHIBL. PacnpocTpaHeHHbIE B IpU-
pOIie $-3IIEMEHTHI SIBIISIOTCS OJJTHOBPEMEHHO U OMOTESHHBIMHU.

KpaTKasa xummnyeckas xapaKtepucTuka p-31eMeHTOB

XUMIUYECKHE 3JIEMEHTHI, B aTOMaX KOTOPBIX IOCICIHUM 3a-
MOJIHSIETCS AMEKTPOHAMU BHEIIHUM p-TIOAyPOBEHD (ns’np’—ns’np®),
Ha3BaIOTCS p-3JIEeMEHTaMU. DTH 3JIeMEHThI pacnosioxens! B [ICO
.. Menneneesa B riaBubix noarpynnax ¢ 11 mo VIII rpymmsr,
3a ucKIIoYeHueM renmusi. OHU 3aBepIIAIOT KOPOTKUE U UTHHHBIE
niepuobl. Beero B [1CO — 36 p-3meMeHTOB.

CornacHo xiaccudukanmu B.J. BepHamckoro p-ameMeHTHI
10 MX COACPKAHUIO B OPTaHM3Me MOXHO Pa3JelUTh CIIeYONTIM
obpaszoM:
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

a) opranorensr: O, C, N, P, S;

6) mukpoanementsl: F, I, Br, Si, B, Al

B) ynbTpamMukpoaiementol: Ga, Ge, As, Bi, Se, Sn.

[MsaTHAOUATH p-37IEMEHTOB — TUMUYHBIE HeMeTauTbl. OHU 3a-
HuMaroT B [1CD BepxHumii mpaselil yroi, oopasysi TpeyrojbHUK,
BEPIIMHOW KOTOPOTO sBisieTcss (PTOp, a OCHOBAHWUEM — JIMHUS
MPOXOJAIIas Yepe3 AJIEMEHThI OOp-acTart.

JecsATh 3JIEMEHTOB SIBJISIIOTCS TUITMYHBIMHU METaJUIaMU 1 OJIH3-
KHMH 110 CBOMCTBAM K HUM:

I rp. — Al, Ga, In, TL;

IV rp. — Ge, Sn, Pb;

V rp. — Sb, Bi;

VIrp. — Po.

Oxcupbl 1 rugpokeuasl p-anementToB Al, Ga, In, Ge, Pb, As,
Sb, Sn obnmagar0T aMpOTEpHBIMU CBOWCTBAMU.

B rpymmax ¢ pocTom MopsiikoBOro HoMepa 3JIeMeHTa, 10 Mepe
TMOSIBJICHU I HOBBIX JHEPTeTUUECKUX YPOBHEH, TPOUCXOIUT BO3PAC-
TaHHe PaJINYCOB AaTOMOB, YMEHbBIIIEHUE JIEKTPOOTPULIATETLHOCTH
U HEPTUU MOHU3AIUH, CBSI3b 3JICKTPOHA C SPOM YMEHBIIAETCS,
JIETKO MPOUCXOANT OTPBIB AIEKTPOHA U ATOM ITPEBPAIIAETCS B Ka-
TUOH, TPOUCXO/IUT YCUIICHNUE METAJJIMYECKUX CBOUCTB.

B mepuonmax ciieBa HampaBo IO Mepe YBEIWYEHHs 3apsiia
sipa MPOUCXOIUT YMEHBIIIEHUE PaInyCOB aTOMOB, BO3pacTaHUE
SHEPTUU MOHM3AIIUU U JJIEKTPOOTpULIATeTIbHOCTH. OciadisitoTcst
METAJUTMUECKUE U YCUITMBAIOTCS HEMETAJIMYSCKHUE CBOMCTBA MPO-
CTBIX BEIIECTB p-3JIEMEHTOB.

ITpu 0Opa3oBaHNM XMMHUYECKUX CBSI3€M ISl p-3JIEMEHTOB Xa-
PaKTEPHBI CIIEAYIONTNE TUITBI THOPUAN3AIINN:

Onementsr I neproa sp, sp?, sp?
OnemenTsl [11 nepuona sp3, sp’d, sp’d’
OnemenTtsl 1V niepruoga sp?, sp’d, sp’d?

Onementsl V, VI nepuona  sp’d®
P-3JIEMEHTBI 00pa3yIoT pa3InyHble OMHAPHBIE COCTUHEHUS —
XJIOPUABL, PTOPHIIBI, OKCUJIBI, CYTbGUABI, HUTPHUIBI, (pochuasl u
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Tema: BuoreHHble aneMeHTbI

np. CBolicTBa OMHAPHBIX COEIMHEHUIN M3MEHSIOTCS 110 MEPUOAY
[1CO, nanpumep:
Li,0, BeO, B,0,, CO,, N,O,

»
>

YBCIMYCHUC KUCIIOTHBIX CBOICTB
YcTolunBOCTh 61/IHapHI>IX COCIII/IHCHI/Iﬁ P-3JICMCHTOB 3aBH-
CUT OT CTCIICHNU OKUCJICHUS KaK 3JICKTPOIIOJIOKUTECIBHOTO, TaAK U
QJICKTPOTPULATEIIBHOI'O 3JIEMEHTA!
+1-1  42-1  43-1  +4-1 +5-1 +6-1
NaCl ~ MgClL,  AICI,  SiCl, PCl, ‘S/C\?lﬁ
scl, Cl,

»
>

ycmoﬂweocmz; YMeHvuiaemcs

SF, 6osee ycroiuus, uem SCl,.
Bopmble pacTBOpPBI BOJOPOIHBIX COCAMHEHUN p-3JIEMEHTOB
MPOSIBJISIIOT KUCIIOTHBIE CBOMCTBA:
SiH,, PH,, H,S, HCI; HF, HCI, HBr, HI

»
>

603pAcmaHue Cujlbl KUCjiom

BOIIOpOI[HI)Ie COCUHEHUSA p-3JIEMEHTOB 06J'Ia,[[aIOT BOCCTaHO-
BUTEJILHBIMU CBOMCTBAMU:
NH,, PH,, AsH,, SbH,, BiH,

»
'

YMeHbleHUe YCMOoNUgoCmu
yeenuyenue 60CCMaHo8UMENbHbIX C8OUCME

Cpenu p-31eMEHTOB KOMIUIEKCOOOPA30BATEISIMHA  SBJISIOTCS
Al”, Pb*?, Bi*?, TI*, a nurannamu O*, CO,>, CN-, SO, S,0.%,
BO,*, S*, OH", aHHOHBI TaJIOr€HOB.

BuononumMeps! cogepkat (HyHKIMOHATIbHBIC TPYIIbBI C 3JICK-
TpoHOoAoHOpHbIMU aToMaMu O, N, S 1 06pa3yroT KOMIUIEKCHbIE
COEIMTHEHHS C HOHAMU METAJIIOB, HAXOMSIIUMHUCS B OpraHU3MeE.

CornacHo Teopuu JIprorca, KUCITOTAMU SIBIISIFOTCS aKIEITOPBI
3JIEKTPOHOB, 4 OCHOBAHUSMH — JOHOPBI 3JIEKTPOHOB. ATOMBI
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

3JIEMEHTOB 2-TO U 3-TO MEPHOJOB B IMOJOKUTEIBHBIX CTEHEHSIX
OKHCJICHUSI SIBJISTIOTCS «KECTKUMI» KHUCIIOTAMM, TaK KakK, HMes
BOCBMM3JICKTPOHHBIE 000JIOUKHU, TPYAHEE TOJISIPU3YIOTCS.

[MonoxuTenbHO 3apsHKEHHBIE aTOMBI 3JIEMEHTOB 4—6-r0 Tie-
PYOA0B UMEIOT BOCEMHAAIIATUINIEKTPOHHBIE MTOJO000I0YKHU, TT03-
TOMY TOJISIPU3YIOTCS JIETYe, TO €CTh SIBIISIOTCS 00JIee «MSTKUMIDY
KuciaoTaMu. [1pyu 3TOM MOJOXUTENBHO 3apsKEHHBIE aTOMBI 3JIe-
MEHTOB 4-T0 NEpHo/Ia 3aHUMAIOT TPOMEXYTOUHOE MOJI0KEHNUE.

OTpULATEIBHO 3apsDKeHHbIE HOHBI aeMeHTOB 2-ro (F-, O,
N-3) u 3-ro nepuogos (ClI") — «kecTkue» ocHoBaHus, S, I~ —
«msarkue» ocHoBanus (MO). CormmacHo teopun [Iupcona, mpo-
YHBIE COEMHEHUS 00PA3YIOTCS MEXKIY <OKECTKUMI» KHCIOTaMHU
U (OKECTKUMMU» OCHOBaHUsAMHU, «MsrkuMm» kucinoramu (MK) u
«msirkumm» ocHoBaHusMu (ZKMKO-teopus).

C OMOIIIBIO 3TOU TEOPUU MOXKHO OOBSICHUTH YCTOHYMBOCTB,
pacTBOPUMOCTh M KOMILJIEKCOOOPA3yIOIIyI0 CIOCOOHOCTh 3JIe-
MEHTOB, HAIIpUMED:

F-, Cl, Br, I, S, CN-

»
>

yeeaudeHue mMAaeKkocmu aHuonoe

®opmyna | PbCl, PbBr, Pbl PbS

2

K 1,6-10~ | 9,1-10° | 1,1-10° | 2,5-107

S

»
>

YMeHbUleHUue pacmeopumocmu

®opwyaa | [PbF | [PbBr | [PbLP [[Pb(CN) >
K 3,31.102 | 1,17-10° | 1,210% | 1,8-107

»
>

yeeaudenue npodHocmu KOMNiIeKCHovlx dHUOHO6

B rpymmax cBepxy BHH3 «MATKOCTBY» KHCIOT BO3pPACTaeT, Mo-
9TOMY YBEIHMUUBAETCS MPOYHOCTH CBSI3U C MATKUMH OCHOBAHUS-
Mmu, Harpumep S*-. Monst Hg*? u Ag* o6pa3yroT oueHb IPOYHbIE
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Tema: BuoreHHble aneMeHTbI

cynbuubr: K (HgS) = 4,0-10~, K (Ag,S) = 6,3-10~°. B opranusme
«MATKHE» MOJIOKUTEIBHO 3aPSHKEHHBIE ATOMBI JJIEMEHTOB 5-TO U
6-ro IIEpPHO/IOB CBI3BIBAIOTCS ¢ GHOMOIIEKYIIAMU Yepe3 aTOM CEpHI,
Gioxupys nipu 3ToM cyiabdruapuinbheie (—SH) rpymnmbr ¢pepmen-
TOB, YeM U OOYCITOBIICHA UX BBHICOKAsI TOKCUYHOCTb.

B psiny ramoreHuI-aHuOHOB CBEPXY BHU3 YMEHBIIACTCS «OKECT-
KOCTB» OCHOBAaHHI{, IO9TOMY YBEIMYUBACTCS MIPOYHOCTH CBSI3U B
KOMITJIEKCHBIX COSAMHEHMSIX U MAJIOPACTBOPHUMBIX IEKTPOIUTAX
C «MATKUMI» KUCITOTAMHU, HAIPHUMED:

Dopmy.ia [HgCLJ*
K 8,5-10-1°

H

[HeBr ]
1,0-10

[HeL ]~
1,510

\

IMPOYHOCTDH YBCIIMUUBACTCA

DopmyJia

AgF

AgCl

AgBr

Agl

1,8-101°

6,0-10"3

1,1-10-16

K pacTBOpUM

»

PaCTBOPUMOCTD YMCHBIIACTCA

ITpu stom Agl B ormmune ot AgCl u AgBr He Oyaer pactBo-
PATBCS B aMMHUaKe, KOTOPBIN SBJISETCS «KECTKUM» OCHOBAHUEM
(K [Ag(NH,),]* = 5,9-10"*), HO B TO %€ Bpems OyIeT pacTBOPATLCS
B THOCYJb(aTe, CBSI3BIBASICH C HUM Yepe3 «MATKUK» TOHOPHBIH
ATOM CepHI.

Agl + 25 0.7 = [Ag(S,0) T + I (K [Ag(S,0,)*] = 7,1-1077)

CKJIOHHOCTBIO K KOMIUIEKCOOOPA30BAHHUIO OOBSICHSETCS TaK-
e TOKCHYHOCTh IIHAHHUJIOB, TAK KaK OYeHb «MSITKOE» OCHOBAHUE
CN- aKTUBHO B3aUMOJCHCTBYIOT C KATHOHAMH (-METAJIOB B KOM-
MJIEKCaXx, 3aMellasi B HUX cyOCTpaThl.

KpaTKas XMMUYECKaA XapaKTepUCTUKa d-31eMEeHTOB

3J’ICMCHTI)I, B aToOMax KOTOPBIX OJJICKTPOHAMH 3aITIOJIHAIOTCH
d—Op6I/ITaJ'II/I NPCABHCITHETO QHEPICTUYCCKOT'O YPOBHS, HA3bIBAIOTCA
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

d-3nementamu. B nepuoaunueckoii cucreme anementos JI.U. Men-
JlelieeBa B HACTOsIEEe BpeMsl HACUMUTHIBACTCS 35 d-371eMEHTOB,
pAaCMOIOKEHHBIX B 3-M, 4-M U 5-M IeprUO/iax B BUJIE BCTABHBIX Je-
kaj o 10 anemeHTOB. DTO 3N1eMeHTHI TOOOYHBIX ToArpyr [-VIIT
rpynn. Heckonmbko d-371eMEHTOB HAXOAMTCS B HE3aKOHYEHHOM
CEeIIbMOM TIEPHO/IE.

OCOOEHHOCTBIO 3JIEKTPOHHOM CTPYKTYPBHI ATOMOB d-3]IEMEH-
TOB SIBJIsIETCS 3arioTHeHue ekTporamu (ot 1 go 10) d-moaypos-
Hs NIpelBHEIHero (7 — 1) ypoBHS, Ha $-TIOJypPOBHE BHEIIHETO (1)
YPOBHSI pAcCIoNaraloTcs JIBa UIW OJIUH 31eKTPOH. OIUH 3JIeKTPOH
Ha BHemHeM ypoBHe y Nb, Cr, Mo, Ru, Rh, Pt, Cu, Ag, Auu
OTCYTCTBUE 37eKTpoHOB y Pd sBisiercsi ciencTBuemM «mpoBajiay
3JIEKTPOHOB C BHEITHETO YPOBHS.

B o6m1eM Buie 0COOEHHOCTH 3JIEKTPOHHON CTPYKTYPHI aTOMOB
d-311eMEHTOB MOYHO BbIpa3uTh popmyiioit (n — 1) d H0xsD,

V d-31eMEeHTOB BAJICHTHBIMU SIBJISIIOTCSI JIEBSITh OpOUTAIIEH:
OJIHA Ns-OpOUTaJIb, TPU NP-OpOUTAIU U TIATH (1 — 1) d-opOuTareii.
Hns d-aneMeHTOB XapakTepHa MepeMeHHAas BaJIeHTHOCTbh, 00yc-
JIOBJICHHASI YUCIIOM BaJICHTHBIX OpOUTasei.

B GonbmnHCTBE CllyuaeB d-37€MEHTHI MPOSIBIISIIOT TIEpeMeEH-
HYIO CTEIIEHb OKUCIICHUS, & MAaKCUMaJIbHAsl CTEIICHh OKUCIICHUS Y
OOJIBIIMHCTBA U3 HUX COBITA/IA€T C HOMEPOM T'DYIIIIHI.

B cBsI3u ¢ mepeMEHHON CTENEHbIO OKUCIICHUS ISl d-37IeMEeH-
TOB M UX COEIMHEHUH XapaKTepHO yYacCTUE B OKUCIUTEILHO-BOC-
CTAHOBMTEIBHBIX PEAKIMSIX, a HAJUYMe BAKAHTHBIX OpOuTasiei
Ha BHEIHEM W IPEABHEIIHEM JHEPreTHUECKUX YPOBHSIX B aToO-
MaX U MOHAX (-3JIEMEHTOB OIPENENISCT I HUX POJIb aKIICNTO-
pa 3JEKTPOHHBIX Map B KOMIUIEKCHBIX coequHEeHMsIX. OKCHIIBI U
TUAPOKCHUIBI B 3aBUCUMOCTH OT CTETICHU OKHCICHHS d-3JIEMEH-
TOB 0OO0JAJal0T KUCIOTHBIMU, OCHOBHBIMH WM aM(OTEPHBIMHU
cBoiictBamu. C yBeTMUEHUEM CTEIIEHU OKUCJICHUS YCHIMBAIOTCS
KHCJIOTHBIE CBOMCTBA OKCUJIOB U THIPOKCUIIOB d-311eMeHTOB. Ha-
npumep, CrO — ocHosHblit okeun, Cr,0, — ampoTepHbIi OKCHI,
a CrO3 — KHUCJIIOTHBINA OKCHUJI.
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Tema: BuoreHHble aneMeHTbI

Hanuuue 1-2 351eKTpOHOB HA BHEIITHEM YHEPTETHYECKOM yPOB-
HE aTOMOB d-3]IEMEHTOB OIPENENIOT METaJUIMYeCKUe CBOMCTBA
MPOCTBIX BEILECTB.

s d-31eMeHTOB XapaKTepHO:

a) paauychl aTOMOB W IMOTEHIIMATBI NOHU3AINN CPABHUTEb-

HO MaJI0 U3MEHSIOTCS IPHU MEPEX0/IE B MEPHOJIE OT OJHOTO
3JIEMEHTA K IPYyroMy;

0) 3HAYeHUs MOTEHIMAIOB MOHNU3AIIUY BCTABHBIX KA/ BBIIIIE,
YeM y METaJIIOB IIaBHBIX MOATpynit. OCOOEHHO 3TO MPOsIB-
JISIETCSl Y CIIEMYIOIINX 3a JIaHTaHouAaMu 4d- u 5d-3nemeH-
TOB;

B) CBO#CTBa 3d-371€MEHTOB OTIMYAIOTCS OT CBOUCTB 4d- u
5d-3neMeHTOB.

Cx0/cTBO MOCIETHNX OOYCIIOBIEHO TEM, YTO YBEJIMUEHHUE pa-
JINYCOB B pe3yJIbTaTe BO3PACTAHMS YHUCIIA JIEKTPOHHBIX CIIOEB ITPU
niepexojie ot V-ro Kk VI-my nepuoy komrieHcupyercs 4f-cxaTuemM
MpY 3aTOJIHEHUH f-opOuTanm y JmaHTaHownoB. JlaHTaHOWIHOE
«CKaTHe» BO3HUKAET 32 CUET YBEITMUEHUS B3AMMOICHCTBUS HI3KO
TeKAIMX 4/-3]IEKTPOHOB C SIPOM 10 Mepe BO3PACTAHMS €ro 3a-
psana. ITockonbKy JTaHTAHOUIBI BKIIMHUBAIOTCS B CAMOM Haualie
d-3nemenToB VI-ro nepuona, TO MOCIEAYIONINE 32 HUM 3JI€MEHTHI
BCTABHOM JE€Kabl XapaKTEPU3YIOTCSI AHOMAJIBHO HU3KUMU BEJIHU-
YUHAMH aTOMHBIX PAJNYCOB, UYTO MPUBOAUT K MPAKTUIECKOMY
COBIAJICHUIO PAJINYCOB 3JIEMEHTOB, MPUHAIICKAIINX K Pa3IHd-
HBIM TIEpHOJIaM, & UMEHHO, IIUPKOHUS 1 TaHUs, HHOOWS ¥ TAaHTa-
na, MonMOIeHa 1 BOJIb(pama, TeXHEIHs U peHUus. MeTaIbl 3THX
rnap O4eHb ONM3KM MO (PU3NYECKUM U XUMUUYECKUM CBOMCTBAM,
YaCTO BCTPEUYAIOTCS B OJHUX PYIHBIX MECTOPOXKIEHUSIX, TPYIHO
pas3mensoTcsl.

BcrnencrBre He3amoTHEHHOCTH d-000JT0YeK M HATMUUS OJIH3-
KHUX MO0 YHEPTUH HE3aMOJHEHHBIX 7S-, NP-TIOAYPOBHEH d-371eMeH-
THl SIBJISIIOTCS XOPOIIMMM KOMILIeKcooOpazoBaTtensiMu. Kartu-
OHBI d-3JIEMEHTOB OOPa3yIOT MHOTOYHUCIICHHbIE KOMIUICKCHBIE
COEIMHEHUS C TEOMETPUUECKU PA3IMYHBIMU KOOPIMHAIIMOHHBI-
M chepamMu. ITO UMEET BaXKHOE OMOJIOTHYECKOE 3HAUYEHNUE, T.K.
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KOOPJMHAIIMOHHBIE cepbl, NMEIOIINE pa3Hyio (HopMmy, HO MpH-
MEPHO OJMHAKOBYIO YCTONYMBOCTD, JIETKO OOMEHUBAIOTCS JINTAH-
JAMH, YTO SIBIISIETCS OJHOM M3 MPUYMH AKTUBHOCTH KOOPIMHAIIH-
OHHBIX IIEHTPOB METANIOPEPMEHTOB M APYTUX OMOCOEIMHEHHIA
d-311eMeHTOB.

MakcuMapHON KOMITIEKCOO0pa3yIoIeil CrtocOOHOCTRI0 00-
JIAJIAFOT d-3JIEMEHTBI ¢ He3amoJIHeHHbIMY d-TiotypoBHsamu: Fe, Co,
Ni, Pt, anemenTs! noarpymiel Maprania u xpoma. [1pu nepexone
BJIOJIb OOJIBIIIOTO MEPHOIa OTUETIIMBO HAOIIOAACTCSA BO3pAaCTaHUE
CIOCOOHOCTH K KOMITJIEKCOOOPa30BaHUIO B 0OOMX HAMPABICHUSX
K IeHTpy nepuoja. [1pu nepexoie BHU3 MO MOITPYIIINE CIIOCO0-
HOCTbh K KOMIUIEKCOOOPA30BAHUIO U3MEHSICTCS CIIOKHBIM IIyTEM,
OHa CBsI3aHA C 3apsJIOM UOHA, ero paanycoM. MoHbI d-371eMeHTOB
C HEBBICOKHUM 3aPSIOM M OOJIBIIIUM PaIUyCoOM 00pa3yIoT OOJIbIIIOE
KOJIMYECTBO PA3HOOOPA3HBIX KOMILJIEKCOB, OJHAKO MPOYHOCTH
HX, KaK MPaBUJIO, HEBEJTUKA.

d-37IeMEeHTBI MOTYT 00Pa30BbIBATS:

a) HellmpanbHble KOMNIEKCbL:

[Fe(CO),] — menTakap6onun Fe (0);
[Ni(CO),] — rerpakap6onun Ni (0);
[Pt(NH,),CIL,] — muxnopoanammuniiatuna (11);

0) KamuonHble KOMNICKCHL:

[Ag(NH,),]CI — xnopun nuammun Ag (1);
[Fe(H,0)]CI, — xnopun rexcaaxsa Fe (I1I);

B) QHUOHHbBLE KOMNIEKCHI:

K,[Fe(CN),] — rexcamuanodeppar (I11) xamus;
Na,[NiCl,] — rerpaxnoponukenar (II) naTpus.

MHoroob6pasue KOOPIMHAIMOHHBIX chep, JTaOUIBHOCTD
(6ompIas CKOpOCTh 00pa30BaHUS M JUCCOITHUALINH ), CIOCOOHOCTH
U3MEHSTh OKHUCIIUTEIbHO-BOCCTAHOBUTEILHBIC CBOMCTBA MPHU-
JIAI0T 00PAa30BAHUIO KOMIUIEKCOB (-3JIEMEHTOB (HU3KUE CTEIICHU
OKHCJICHHsI) OMOXMMHYECKU 0CO0O IieHHBbIe cBoiicTBa. MMeHHO
OHU 00ecreunBaroT PadOTOCIIOCOOHOCTh OMOAKTUBHBIX MOJIEKY-
JIAPHBIX U HAJMOJIEKYJISIPHBIX KOMIUIEKCOB, OCYIIECTBIISIONINX B
KJIeTKe (DepMEHTATUBHBIN KATAIIU3 IPOIIECCOB OMOCHHTE3a U OHO-
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SHEPTreTUKH, TIEPEHOCA 3JICKTPOHOB ¥ MIOHOB, AKTUBHOCTD PETYIIH-
PYIOIIUX CUCTEM KJIETKH.

MHorue d-3meMeHTbl OOHApYXKEeHbl B OpraHU3ME 4YeIOBEKa,
3TO, B OCHOBHOM, MUKPO- U YJIbTPAMUKPO3JIEMEHThl. MeTallIbl-
MHKPO3JIEMEHTBI OJDKHBI OBITh JTOCTAaTOYHO PaCIpOCTPAHCH-
HBIMHU U JIOCTATOYHO PACCESIHHBIMHM, T.€. OBITH JOCTYIHBIMH [IJIS
YCBOGHUS U3 MOYB, JIOJKHBI 00JIaIaTh U3MEHYMBOCTHIO XUMUUEC-
KUX CBOMCTB: 0Opa30BBIBATh KOMILUIEKCHI C Pa3IUYHBIMU KOOP-
JIMHAIIMOHHBIMU CcepaMu U Pa3InIHbIMU JIOHOPHBIMH ATOMaMU,
WMETh PA3JINYHbIE CTETIEHW OKUCIIEHUS, CDABHIMOM yCTONYHMBOC-
TH | JIETKO TIEPEXOAUTH U3 OJTHOM CTEIICHN OKUCIICHUS B IPYTYIO.

DTH KayeCTBa, BBIPAKEHHBIC Y MUKPO3JIEMEHTOB B Pa3IMYHOMN
CTEIECHU, TTIO3BOJISIOT UM BBIIIOJIHITH B COCTABE OMOIOTMYECKH aK-
TUBHBIX COEIMHEHUHN BaXKHbIe ()epPMEHTATUBHBIC (DYHKITUU.

OpraHu3M COJIEPIKUT COEIMHEHUS d-3JIEMEHTOB B TAKUX CTeTIe-
HSIX OKHCJICHHSI, YTO OHHM HE MOTYT IMPOSIBIISATH CUJIBHBIX OKUCIIU-
TEITbHO-BOCCTAHOBUTEIBHBIX CBOMCTB, ITO3TOMY CYIIIECTBOBAHHE B
OpraHu3Me COCAMHEHUIN d-3JIEMEHTOB B HU3IIUX CTEICHSIX OKHUC-
JieHus1 BrioyiHe onpasaano. Coenunenus, cogeprxaiiue Fe, Cu*?,
Ag*, B OMOJIOTMUECKUX Cpefiax Mpu (PU3HOJIOTHUECKUX 3HAUYCHUSIX
pH npaxTtuuecku He MPOSBIISIOT OKUCIUTEIBHBIX CBOUCTB. COOT-
BETCTBEHHO, COeTMHEHNs, conepkaniue Fe?, Co*?, Mn*?, He sBJs-
FOTCSI CHJTBHBIMHM BOCCTAHOBHUTEIISIMU.

3HEMEHTbI-0praHOFEHbI

Bodopod u e2o coeduHerus

1| Boaopoa — s-3J€MEHT, B IPUPOAHBIX COEIU-

H HEHUSX TPOSBISET CTENEHb OKUCIeHus +1, ¢
JJIEMEHTAMU-OpraHOreHaMu 00pa3yeT TOJIBKO

BOAOPOA KoBaJieHTHbIe cBsizu. Mon H* — 370 mpoTton,
1’0379 pasmepsl KoToporo B 10* pa3 MeHbIle pa3zmepa
1s '] atoma, MO3ITOMY MOJNOKUTETBHO TOTSPH30BAH-

HBI aTOM BOJIOpOJAa O0JafaeT CHIIBHBIM MOJISIPU3YIOIMINUM ACH-
ctBueM. H* — akTHUBHBIN KOMIUTEKCOOOpa30BaTeIb, HOCHUTEIH
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KHUCIIOTHBIX CBOHWCTB, aToMbl H cuiabHOmoOMNsIpHBIX cBsizet O-H,
N-H 06pa3yoT BogopoIHbIe CBS3U.

®paHny3ckuil XUMUK A. JIaBya3be yCTAHOBMII, YTO «TOPIOYHIA
BO3JyX», BBIICISIOUIMICA NMPU B3aUMOJEHCTBMM KUCIOT U Me-
TaJUIOB, BXOAUT B COCTaB BOABI M MOXET OBITh U3 HEe IOJIYYEH.
B 1787 r. JlaBya3be mpuiiien K BbIBOIY, YTO «TOPIOUMN BO3ILYX»
MPE/ICTABIISIET COOOM MPOCTOE BEIIECTBO U, CIEIOBATEIBHO, OT-
HOCHUTCS K UMCIIy XMMHYECKUX 3/1eMeHToB. OH J1all eMy Ha3BaHUe
hydrogene (ot rpedeckoro hydor — Bolia U gennao — poxIaw) —
«POXIAIOIIHNI BOITY».

Hsoronnslii cocras: ' H — nporwuit (99,985%), ', H — neiire-
puii (0,015%), '.H — TpuTnii (paanoaxTuseH).

B IICO Bomoposa 3aHMMAET MPOTSHKEHHYIO KIIETKY Haj dJie-
MeHTami 1l mepuona (Mckirtouast HEOH), T.K. UMEET CXOJCTBO KakK
CO IIEIOYHBIMH METAJUIAMH, TaK U ¢ TasioreHaMu. Bonopon B cuiy
CBOEr0 CTPOEHUS MPOSIBIISIET OKUCIUTEIbHO-BOCCTAHOBUTENBHYIO
JIBOHCTBEHHOCTb:!

H2 + rajoreHsbl BOAOPOJAOTAJIOTEHBI,
H, — Boccranosuteas (H’, — 2¢ = 2H").

H, + menounble, meT0YHO3eMETbHbIE METAILIBI
(NaH, CaH,),
H, — oxucmrens (H, + 2¢ = 2H).

TUIPUIBI

Mornekyiia BOIOpoO/Ia MPeACTaBISICT COO0N TpUMep MPOCTEH-
el MOJIEKYJIbI, COCTOSIIIICH UX JABYX aTOMOB, CBSI3aHHBIX KOBa-
JIEHTHOH cBsA3bI0. BerencTBue G0nbIIoONd MPOYHOCTH M BBICOKON
3HEPTUU JUCCOLUAINH, paBHOU 436 kJIk/MOJb, pacnaj MOJIeKyI
BOJIOPO/Ia HA aTOMBI TPOUCXOJIUT B 3aMETHOM CTEIEHU JIMIIb TPU
t° = 2500 °C, mosTOoMy peaKIIMOHHAS CITOCOOHOCTh BOAOPOAa HI3-
kas. [IpakThueckn Bce MPOTEKAOIIHNE C €T0 yYaCTHEM peaKITuu
TpeOYIOT HAIMUNS KaTaIn3aTopa U BBICOKOW TeMIiepaTypbl. Mo-
JIEKYJISIPHBIN BOAOPOJ — CaMblif JJerkuii ra3, 6e3 BKyca U 3amaxa.

B opranusme coaepkanue Bogoponaa cocrasiset 9,7%. Bogo-
PO CBSI3aH MOJSPHON KOBAJIEHTHOM CBS3BIO C APYTMMH OUOTEH-
HBIMU 3JIEMEHTAMU WIIA IPUCYTCTBYET B Bue cBobomHoro H*.
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Tema: BuoreHHble aneMeHTbI

C TOYKHU 3peHUs] XUMHUYECKON TEPMOJUHAMHUKHU BOJOPOJ B
JKUBBIX CUCTEMAX, COJICPKAIIUX BOJY, HE MOKET 0Opa30BBIBATH
MOJIEKYJISIPHBIA BOJOPOJA WM TUAPHUI-UOHBI. MOJEKYISPHBII
BOJIOPOJ] TIPH OOBIYHBIX YCIOBUSX JIETYY U MaJIOAKTHBEH, I03-
TOMY B OOMEHE BEIIeCTB He yyacTByeT. [ mapua-noH, Hao00poT,
Ype3BBIUAHO aKTHBEH, HEMEJICHHO pearupyeTr ¢ BogoH, oopa-
3ysl MOJIEKYJISIpHBIN Bogopod. Cpeau BceX OPraHOTEHOB Y BOJIO-
polla HauWMEHbIIasi OTHOCUTENbHAS 3JEKTPOOTPHULATEILHOCTH
(020 = 2,1), mo3TOMY B NPUPOJHBIX COCIUHEHUSX OH BCETIa
MPOSIBIISIET CTeneHb okucienus +1. OxucnurenpHas Crocoo0-
HOCTh KATHOHOB BOJIOPOJa B KUBBIX CHUCTEMax B HEUTpaJIbHOMU
cpene cunpHO ToHMXkeHa (¢° = —0,42 B), moaTomMy B Opranus-
M€ OH HE MPOSBIISIET OKUCIUTEIIFHBIX CBOMCTB, HO Y4aCTBYET BO
MHOTHUX OKHUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX ITPOIEccax, HE Me-
HsISl CBOIO CTENIEHb OKUCIICHUSI, HATTPUMED:

H,C—C—COO- + 2e + 2H* — H,C—CH—COO"
|| I
0 OH
nupyBarT JJaKTaT

HAJI* + 2e + 2H* — HAJI(H) + H*
(HA, HAI® — xodepMeHThI AeruaporeHas)

B opranmsme Bogopoa BXOOUT B COCTAB YITIEBOAOB, OEIKOB,
HYKJIEMHOBBIX KHUCIIOT U Ap., 00pa3ysl XUMHUYECKHUE CBSI3U C yIJe-
pOAOM, a30TOM, KUCIIOPOJIOM U CEpOii.

ITo crenenu NoOISPHOCTH KOBAJIEHTHBIE CBSI3U BOAOPO/IA C aTo-
MaMH 3JIEMEHTOB-OPraHOTEHOB PACIOIAratOTCsl B CIEAYIOIINAN P

H-C<H-S<H-N<H-O

\/

yeeaudeHue nojisipHoCcniu CeA3u

KucnotHeie cBoiicTBa HPHUPOIHBIX COECAMHEHWH OIpeaes-
FOTCSl TIOJISIPHOCTBIO 3TUX CBSI3eH M UX MOJSIPU3yeMOCThIO. Tak,
C y4eTOM BBICOKOI MosipuzyeMocTu cBsizu S—-H, croco6HOCTh K
nuccounan Hanoomnpmas y S—H, Haumensinas y C—H.
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

CBsI3U1 C yIIIepOIOM U CepOr MAJIOMOJISIPHBI, 00YCIOBINBAIOT
oOpa3oBaHue ruIpoPOOHBIX yUACTKOB B MOJIEKYIaX OEIKOB U JIU-
nunoB. Oxucnenue cBszeit C—H sBseTCs TIaBHBIM UCTOYHUKOM
SHEPTUU KUBBIX OPTaHU3MOB.

CBs131 BOIOpO/A C KUCTIOPOJIOM U 230TOM CHITBHO TIOJISIPHBI 1
HauboJjiee akTUBHBI. Bogopo B Buie MPOTOHA OBICTPO IEPEXo-
JIUT OT OJIHMX MOHOB M MOJIEKYJI K JPYTUM, 00pa3yeT BOJOPO/-
HbIe CBsI3U. briarogapst 0COOEHHOCTSIM CBOETO CTPOEHUST BOAOPO/T
0o0pa3yeT BOJIOPOAHbBIC CBS3HM KaK B BOJE, TAK U B PACTBOPEHHBIX
B HEil BelecTBax — caxapax, OelKax, HyKJIEHMHOBBIX KHCIOTaX
u T.11. BomopoaHble CBS3M MEXIY KOMIUIEMEHTAPHBIMU MapamMu
A30TUCTBIX OCHOBAHUN OOECHEYHUBAIOT BTOPHUYHYIO CTPYKTYpPY
JHK u perumkanuio matpuansix PHK.

Konuentpanust nonos Bogopona (pH = —lga(H*)) B BogHoiA
cpelie OIpeNeNsieT ee KUCIOTHOCTh U OKa3bIBAET BIIMSHUE HA CO-
crosiHue OeIKoB, B YacTHOCTH depMeHToB. pH kKpoBu — Bennuu-
Ha TIOCTOSIHHAsI, paBHas 7,36—7,42, SBISACTCA BaXXHBIM ITHATHOC-
TUYECKUM TECTOM. DBOJNBIIMHCTBO OHOJIOTHYECKHMX JKUIKOCTEH
opranm3ma umeroT pH B mpenenax 5,0—7,5, TOIBKO XETYTOUHBIH
COK MMeeT oueHb kucnyio cpeny, (pH = 0,9-1,5). Conepxarue-
A B XKeJIyJIOYHOM COKE KaTHOHBI ruipokconus H,O mpossisior
MMPOTUBOMUKPOOHOE JIeHCTBUE, YOUBAsl 3aHECEHHBIE B JKEIIY/IOK C
MMUIIEH MUKPOOPTAHU3MBI, 4 TAKXKe KAaTAIM3UPYIOT Tepexos He-
AKTUBHOTIO MENICMHOIeHA B aKTUBHBIN (DepMeHT TerncuH. B kucioit
cpefie KeITyJOYHOTO COKa GONBIIMHCTBO OEIKOB JEHATYPHUPYIOT-
Csl, UTO 00JIeryaeT ux TUIPOJIN3 ETICHHOM.

OCHOBHOE KOJIMYECTBO aTOMOB BOJOPO/a 3aKIIOUEHO B BOJIE,
Ha JIOJTI0 KOTOpOo# nmpuxoauTtcs ~ 90% Macchl )XUBOM KiIeTKH. Bee
XMMHYECKHE TIPOIIECCH B OPTaHU3Me MPOXOST B BOAHOU cpeie.
OpraHu3m yennoBeka BecoM 70 Kr, COIEPKHUT = 45 J1 BOIBI.

V:

...Bogopop pactBopsieTcs B Boge o4veHb cnabo — okorno 0,02 06b-
eMa Ha o6bem BoAbl, 3aTO B 04HOM 06beme nannagus pacTBopsieTcsi
0o 850 o6bemoB Bogopoaa!
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Tema: BuoreHHble aneMeHTbI

...Mpwn cropaHun BogopoAa B YMCTOM KMCroOpoge pasBUBAETCS
Temnepatypa o 2800°C — Takoe nnams nerko nnasuT KBapL, 1 60mnb-
LUMHCTBO MeTannoB. Ho ¢ noMoLLblo Bogopoda MOXHO A0CTUYb U 60-
nee BbICOKOW TeMnepaTypbl, €CNN UCMOMNb30BaTh €ro HEe Kak UCTOYHUK,
a Kak NnepeHoCcYMK 1 KOHLEHTPATOp 3HEpruu.

...Bogopop kak anemeHT goMuHMpyeT Bo BeceneHHow. Ha ero gonto
NPUX0ANTCA OKOMO NOMOBUHBLI Macchbl ConHua 1 Apyrux 3se3fd, OH npu-
CyTCTBYET B aTMOCepe psaa nnaHeT.

Boda

Bona — BaxkHeliiee coefuHEHUE BOAOPOIA.

Bona — BemiecTBo 0e3 BKyca, 11BeTa W 3amaxa. [Ipu atmo-
cheprom nmanenun 101,3 xIla Temmepatypa KureHus ee paBHA
373,15 K, a Temnepatypa 3amep3anus — 273,15 K.

3a cyeT IBYX HENOJEJIEHHBIX 2JIEKTPOHHBIX [Tap Ha aTOME KHC-
JIOpOJIa M 3a CYET ABYX aTOMOB BOJOPOAA MOJIEKYJIA BOIBI MOKET
00pa30BBIBATh BOJOPOAHBIE CBA3U C YETHIPHMSI OKPYKAIOIIUMHU
ee MOJIeKyJIaMU BOJIbI (puc. 3).

Kucnopon
o Bomopon
— XuMHueckas CBsI3b
--=- BopopomHas cBs3b

Puc. 3. Cxema o6vedunenuss monexyn 600vl
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Tun rubpuan3auu aTOMHBIX OpOUTAIEH KUCIOPOIa B MOJIe-
kyne H,O — sp’, mpudem aBe opOUTaIM 3aHATHI HEMOETIEHHBIMU
3JIEKTPOHHBIMHU MTAPaAMH.

CTpoeHne MOJIEKYJIIbl BOBI YIIIOBOE, OHA IIPEJICTABIISIET COOOM
JIATIONH C BAJICHTHBIM yriioMm 104,3°.

CojepxaHue BOAbI B OPraHU3ME OT MACChI UeJIOBEKa: IMOPHOH
(97%), noBopoxnaeuusiii (77%), B3pocnsie (18-55 ner) — y xen-
LIUH B cpenHeM 54%, y Myx4nH — 61%.

BuyTtpukierounas Bona 70%

L
>

Mesxkierounast Bojaa 23%

Bona >

opraHusma

Kposb, mumda 7%

L
>

[ToTpeGHOCTH B BOJIE B3POCTIOTO YEIOBEKA COCTABISIET 35 T B
JleHb Ha | KT Maccel Tena, a rpyaHoro peberka — B 3—4 pasa 60I1b-
me. ['mbens opranusma Hacrynaet npu notrepe 20% BobI.
DYHKIUU BOJbL
® VHHBepCaJbHBI PACTBOPUTENIhL OPTaHMYECKUX M Heopra-
HUYECKUX BEIIIECTB.

e (Cpena, B KOTOPO# MPOTEKAIOT PEAKIINH, OCYIIIECTBIISIETCS
TPaHCIIOPT U OOMEH BEILECTB.
AKTHUBHBIN YYACTHUK MTPOLIECCOB JKU3HENEATENbHOCTH.
Ornpenensier PU3NKO-XUMHUUYECKOE COCTOSIHIE KOJIIOUTHBIX
CUCTEM.

® VwyacTBYyeT B IpoIleccax TEPMOPETYISIUH.

Brraromapsi cBOMM YHUKaJIBHBIM CBOMCTBaM BOJa SIBJISIETCS
Ccpemoii, pacTBoputesieM U MeTaboauToM (Tabir. 2).

B HacTosimiee Bpemsi YCTAHOBIEHO, YTO INPU PACTBOPEHHUH
JIIOOBIX BEIIECTB HM3MEHSIOTCS CTPYKTYpPHO-MH(pOPMAIMOHHBIE
CBOICTBA CaMOW BOJIbI, UTO CYIIECTBEHHBIM O00pa30oM BIIHUSIET HA
Oonoormyeckue u Gpusnoorndeckue GyHKINH OMOCyOCTpaTOB.
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Tema: BuoreHHble aneMeHTbI

Tabnuya 2

CaoiicTBa U GyHKIMH BOJIbI

CBoiicTBa BOJbI

DyHKINN, OCHOBAHHbIE HA JIAHHBIX
CBOICTBAX

Bricokast TemIoeMKoCTh
(75,3 dox/momnp-K).
Bonpmras Temtora ucnape-
uus (40,8 xJIx/MoIb)

TepMmocraTupoBaHHE OpraHU3Ma

Bricokasi quaeKTpruecKast
NpoHHUIaeMocTs (€ = 80)

PacTBopenue coneil, KUCIOT, OCHOBA-
HUH, IMccolManus UX Ha HOHBI, YTO
00YyCIIOBIMBAET BBICOKHE CKOPOCTH
MIPOTEKaHUs OMOXUMHUUYECKUX PEeaKLni,
OBICTPYIO MUI'DALIMIO MOHOB U IIepeavy
HEPBHBIX UMITYJILCOB

BobIioi IUIoapHbII
MomeHT (U = 1,82 D) u
crocoO6HOCTh 00pPa30BBIBATH
BOJOPOIHBIE CBS3H

DopmMupoBaHUE OMPEAETEHHBIX CTPYK-
TYp BOAHBIX ACCOLIUATOB B CAMOH BOJE
1 Y MOJIEKYJ OMOTIOIMMEPOB B BOIHBIX
pacTBopax

Huskas BSI3KOCTb
(m =0,001 ITa-c)

TpaHcropTHBIE GYHKIMK 1 BO3HHUK-
HOBEHHUE XUIKOKPHUCTAITHYECKOTO
COCTOSIHUS y OMOCyOCTpaToOB

Bopa xak xumMmn4eckuii peareHT

1. KHc/10THO-OCHOBHBIE CBOICTBA: Boga — aM(OJIMT.

H,0 = H* + OH-;

H,0 + H,0 = H,0" + OH";

HCl+ H,0 =H,0" + Cl; NH, + HO = NH,* + OH~
Boga yuacTByer B peakuusix rupaTtaiuu, TUApOIN3a;
CuSO, + 5H,0 = CuSO, - 5SH,0;

CH,=CH, + HO —" CH,CH,0H;

CO,* + H,O = HCO, + OH- pH>7;

Kuper + H)O < rimuepyu + )KUPHbIE KUCIIOTHI,

benxu + H,O = aMMHOKHUCIOTHI;

Hu- u momcaxapuasl + H,O <= monocaxapa.

2. OKHCANTEeNHbHO-BOCCTAHOBUTEIHLHBIE CBOHCTBA BOBI.

OBP B03MOXHBI TIpU B3aUMOJICHCTBUH BOJBI TOIBKO C OUCHB
AKTUBHBIMU BOCCTAHOBUTEIISIMU M OYEHb aKTUBHBIMHM OKHCIIHTE-
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

JIIMH, T.K. BOZOPOJ U KUCIOPO B MOJIEKYJIC BOJABI HAXOMSTCSA B
YCTOMYMBBIX CTEMEHAX OKUCITEHHS +1 1 —2, COOTBETCTBEHHO.

a) BOJIa — OKMCIIUTEIb:

Ca’+2H,"'0 = Ca*™ (OH), + H";;

t, kam

CH,+H,0 ——— CO +3H,T.
0) Boga — Boccranosutenb: HO? + F, = 2HF + «O» (cmech
npoaykros OF,, 0%, O,, H,0,);

2H,0 2MeRmpons 2H, + O, (Buyrpumonexynsapuas OBP).

3. KommiekcooGpa3yioniue cBOHCTBA BOJBI.

H20|Z| — AKTHUBHBII MOHOJEHTATHBIN JIMTaHa, 00pa3yeT KOM-

TIJICKCBI:

® cwuoHom Bogopoma — H,0%;

® CKaTHOHAMH METAJUIOB B BOAHBIX pacTBopax —[Ca(H,0) J**;
[Fe(H,0),J**, [Cu(H,0),]**. KaTuOHBI 1eI0YHbIX METAILIOB
HAaXO/ISATCS B BOJHBIX PACTBOPAX HE B BUJIE AKBAKOMILUIEKCOB,
a B BUJIE TUAPATUPOBAHHBIX HOHOB.

Mepokcud sodopoda

H,0, — necroiikas, GecuBeTHas, BA3Kas CMPONOoOpasHas
KUIKOCTh, B 1,5 pa3a Tspkenee Boabl (MIOTHOCTH 1,45 r/em?).
t,.=-043°C;¢ =150°C.

Monekyner H,O, cuiibHO accouMUpOBaHbI 32 CYET 0Opa3oBa-
HUS BOJIOPOJHBIX CBSA3eH (OOIIbIEe, YeM MOJIEKYJIBI BOJBI), IO3TO-
My TEpPOKCUJ BOAOPOJa — OoJiee MJIOTHAS U BSI3Kasl KHUJIKOCTh,
4yeM Boja, ¢ Oosblel TeMrepatypoii kureHusi. C BOJION cMelu-
BaeTCs B JIOOBIX COOTHOIICHMSIX, XOPOIIIO PACTBOPUM TaKXe B
criapre, a¢upe.

Cmpoenue monexyavt. Monekyna umeer (opmy morypac-
KPBITOH KHHUTH, TJ€ aTOMBI KHUCIIOPOAA HAXOMIATCS Ha KOpEIIKE,
a aTOMBI BOJOpPOJia HAa CTpaHUIax. B MoJjekyje nepokcuaa Bo-
nopoaa cBsizu Mexxay aromamu H u O mosisipHbIe, MeX1y aToMa-
Mu O KOBaJIEHTHAsI HETIOJISIpHASI CBsI3b. B CUITy HECHMMETPUYHOTO
pacnipenenenus cBszeit H-O B mpocTpaHcTBe (B IBYX INIOCKOCTSIX
nox yrnom 120°) monexyna H,O, nongpra. [1oaTomy B BOIHBIX
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pacTBOpax MEPOKCH] BOIOPOJA MPOSBISLET caabble KHCIOTHbIE
CBOJCTBA:

a) IUCCOLMAIINS

H,0,+H,0= H,0" + HO,, pK = 11,65.

MoHunzanus 1o BTOpoi CTYNEHU IPAKTUYECKU He IIPOTEKaeT;

0) B3aMMOJICHCTBHUE CO MIEI0YaMU

Ba(OH), + H,0, = BaO, | + 2H,0.

Crenenn oxucnenus kuciopona B H,O, pasna —1 u sBnsercs
npomexyrounoit mexay —2 (H,0) u 0 (O,), nostomy 8 OBP H,O,
MPOSIBIISIET OKHCJINTEIbHO-BOCCTAHOBUTEIbHYIO IBOHCTBEHHOCTD,
HO OoJtee XapaKTepHBI VISl HETO OKUCIUTEIbHbIE CBOMCTBA:

H,O, + 2H* + 2¢ = 2H,0 ©°=+1,77B (1

O,+2H"+2e=H)0, ¢°=+0,68 B 2

Tax kak @° (1) 6ombire °(2), TO OKUCIUTENbHBIE CBOHCTBA
H,O, cunbHee BOCCTAHOBUTENBHBIX.

ITepoxcun Bogoponaa pasnaraercs (Ha CBETYy, Ipu ciiaboM Ha-
CPEBAHUHU, B IPUCYTCTBUU KATAJIN3aTOPA MIPOLIECC YCKOPSIETCS):

2H,0,=2H,0+ O, T (peakuys IMCIIPOTIOPUHOHUPOBAHHMS).

Komniiekcoo0pa3yromiasi CnocooHOCTh

Hannune HemopeneHHBIX 3JIEKTPOHHBIX MMap HAa aTOME KHC-
nopoga mossonsgeT H O, 32 c4ET HOHOPHO-aKLENTOPHOTO B3a-
MMOJICHCTBHSI BBICTYNIATh B KaueCTBE HEHTPAJIbHBIX JUTAHIOB,
nHanpumep [Fe(H,0),(H,0))]*, u o6pa3oBbIBaTh aHaJIOTMYHbIE
KpHUCTAIOTUIpAaTaM NEPOKCUTUAPATHI:

K,CO,:3H,0,, Na,CO,-1,5H,0,-H,0.

IMepokcun Bogopoia UCIONB3yeTCss KaK HaApy>KHOEe OaKTepu-
LIUTHOE CPEACTBO. JlefCTBYeT KaK OKUCIUTENb, IIPHUEM 00pasyro-
muecs npy sToM Bemectsa O, n H O 6e3Bpennsr. Beigensarommuiics
O, oxaspIBa€T MPOTHMBOMUKPOOHOE, IE30I0PUPYIOIIEE U JIETIUT-
MEHTHpYIOLee NeicTBUE, a TakKe 00pas3yeT MeHy, OUUIIAIONIYIO
paHBbI 32 CUET MepeBoa YaCTHIl BO B3BellIEeHHOe cocTosiHue. Dap-
MaKoneliHble mpenapaThl cogepxkar 3% H,O,.

30% mpenapat (MeprugpoIib) UCMOIB3YIOT AJIS JICUEHUST Kpac-
HOTO IUIOCKOTO JIMIIAsl M IOHOIIECKMX OopomaBok. I'mmpore-
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PUT COACPXKUT KOMINUICKC MOYCBHHBI C IIEPOKCHIOM BOJOpOaA:
CO(NH,), H,0,.

V:

MyenuHbIi Men NPUMMEHsiNU paHee Mpu nepessske paH. AHTU-
MUKPOOHOEe AencTBne Meaa OObSICHAETCS MPUCYTCTBUEM B HEM He-
Gonbuoro konuyecTea nepokcuaa sogopoda H,O,. OH nosensetca
B pe3ynkraTe akTUBHOCTM bepMeHTa, nNpoayumpyemMoro bakrepusamu,
nocensitoLLMmMncs B Mege.

Kucnopop
8 Kucrnopon — cawmblii pacnpocTpaHEHHBIH
aneMeHT ouochepnr — Oosee 50% mo macce.
B atmocdepe 3emnu cogepxurcsa 1,2-101° T
— Kuciaopoaa. 3a cyeT (POTOCHHTE3a pPACTEHHSI
15,999 s | ©KETOIHO BEIIEISIOT B atMoctepy 2,5-10" T
2s22p* 2| xucnopoja. [1oYTH CTONBKO ke B TeUeHHEe roa

pacxoayercsi B Ipoleccax IbIXaHWsl ¥ THUCHUS
pacTUTENBHBIX U KUBOTHBIX OCTaTKOB. IIpu 3TOM KOHEUHBIMHU
npoaykramu seisgiores CO, u H O, a u3 HUX UIET pereHepanus
KHICJIOpO/a B paCTeHUsX B npolecce poTocuHTe3a. BoabMHCTBO
XMMUYECKUX 3JIEMEHTOB CYILLECTBYET B IIPUPOJIE B BUIIE KUCIOPOI-
colepkalux coenrHeHui. K uX 4uciay mpuHaaiexaT Bce Ba-
HeHIme OMOOPTraHNYECKUe COeTMHEHNSI — OENKH, HyKICUHOBBIE
KHUCJIOTBI, JIUIUBI, YIIIEBOIbI, (DepMEHTHI, BATAMUHBI U AP.
ITo conmepxanuio B opranusme uenoBeka (62% wmu ~43,4 xr Ha
70 xr Beca) KMCIOPOA OTHOCUTCA K MaKpOdJIeMEHTaM. DTO Ba-
HEeWIuMit opraHoreH.
3aciayra OTKDBITHS KHUCIOPOAA INPUHAAJIEKUT HECKOJIbKUM
yuenbiM: K Illeeme, [Ix. ITpuctmm, A. JlaByaswse (1768-1775).
B 1775 r. JIaBya3be mpuien K BbIBOAY, YTO OOBIUHBIN BO3IYX CO-
CTOWT U3 JBYX I'a30B — rasa, He0OXOIUMOTO ISl ABIXaHUS 1 MO~
JIEPXKUBAIOLIETO TOPEHHE, U ra3a «IIPOTUBOIIOJIOKHOTO XapaKTe-
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pa» — a3ora. JlaByasse Ha3BaJl MOICPKUBAIOIINI TOPEHUE Ta3
oxygene — «0Opa3yIOIIMHA KUCIOTBI» (OT TPeU. 0XyS — KUCIbIHA
U gennao — POXKIAI0; OTCIONA U PYCCKOE Ha3BaHUE KKHUCIOPOI»),
TaK KaK OH TOTJIa CYMTAJI, YTO BCE KHCIOTHI COJIEPKAT KUCIOPOS.
JlaBHO ye N3BECTHO, UTO KUCIOTHI OBIBAIOT KaK KHUCIIOPOICOAC-
JKAIUMU, TaK U OECKMCIOPOIHBIMH, HO Ha3BaHUE, JaHHOE 3JIe-
MeHTy JlaByasbe, OCTaI0Ch HEU3MEHHBIM.

DJekTpoHHas (opMyia kuciaopoaa: 1s2s2p?.

Bosmozknbie cremenu oxucienusi: —2 (H,O, HNO,, H,SO,,
KOH, 6onpmuncTBOo coenunenuii); -1 (H,0,, Na,O,, BaO,, nepe-
KHUCHbIE coeunenus); +2 (OF, dropun kucnopona); +4 (0**0,(0,)
O30H).

BanentHocTb:

II — B mogaBmsroeM OOIBITUHCTBE COSAUHEHMIA;

III — CO(C = 0); H,0* (H-O—H)".

|
H

Kucnopon — p-ameMeHT, MMeeT BBICOKYIO 3JIEKTPOOTpHUIA-
TEIBHOCTh, B CBSI3U C UeM O0Opa3yeT MOJSPHBIC CBSI3U C IPYTUMHU
seMeHTaMu. JIByxaToMHas MojieKyJa kucnopoaa O,— Gecuser-
HBII Ta3, XUAKUH KHUCIOPOJ — CBETJIO-TOIyOOro I[BeTa, KUITUT
mpu Temrepatrype —182,9 °C. PacTBopuMOCTh B BOJIe HHU3Kas: B
100 o6wvemax Bomb! ipu 20 °C pacTtBOpsieTcs 3 o6beMa KUCIOPO-
na. Kucnopos mtoxo pacTBOpuM B Ij1a3Me KpoBU: B 1 TUTpe mias-
MBI PACTBOPEHO 5 MJI KUCIIOpOAA.

Mornekyna O, napamarauTHa 61arofaps HaJaMuMIO JBYX He-
cnapensbIx 3ektporos (TO-0T), umeer crpykTypy 6MpaanKana;
ycToitumBa, ee sHeprus auccoranuu 494 kJx/mons. Kucimopon
00pa3yeT COeIMHEHHsI CO BCEMU IJIEMEHTAMHM, 3a MCKIIOYCHUEM
He, Ne, Ar.

Mornekyna KUCIOpOa COAEPKUT HETIOIENIEHHBIE 3JIeKTPOHHbIE
Mapbl, OJTHAKO SIBIIAETCS MaTOAKTUBHBIM JTUranoM. Kucrnoposco-
JiepKallue COSMHEHMS M3-32 HU3KOM MOIBMKHOCTH HEIOIeNeH-
HBIX JICKTPOHHBIX AP aTOMa KUCIOPOJa TaKXkKe SBJISIFOTCS MaJo-
aKTUBHBIMM Jurangamu. Eciu kuciopopcoiep kaliast rpymnma B
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

COCANHCHNU 06pa3yeT AHUOH, TO MOABHUXHOCTD IJICKTPOHHBIX IT1ap
PE3Ko BO3pACTaeT, YTO CHOCOOCTBYeT OOpa30BAaHMIO KOMILIEKC-
HBIX coenuHeHHid. Hampumep, MHOTOaTOMHBIE CIIUPTBHI, MHOTO-
OCHOBHBIC OpraHMYECKHe KHCIOTHI 00pa3yIoT B INETIOYHOH cpefe
YCTOHYMBBIC XeNATHBIC KOMIUIEKCH C KATHOHAMH d-METaIOB!
3H,C,0, + FeCl, + 6NaOH = Na,[Fe(C,0,),] + 3NaCl + 6H,0.
I'maBHast QyHKLUS B )KUBOWM IPUPOAE — OKUCIHUTENIbHAS, He-
00XOANMBIN YYACTHUK OHMOJIOTHUECKOTO OKHCIICHUsI KaK CBOOOI-
HOTO, TaK M COIPSDKEHHOTO, B HOPME B KJIETKaX IPOUCXOAUT ITOJI-

Has yrunmszanus O,:
O,+4e+4H"—2H,0

A3pobHOE, B KOTOPOM OCHOBHBIM OKHCITUTEJIEM SIB-
JIE€TCSL MOJICKYJIAPHBIN KUCIIOPOA, IIOCTYIAIOIINNA B
IIPOLIECCe IBIXaHNUS, & BOCCTAHOBUTEISIMUA — ITOCTY-
TMAIONINE C MTUILECH OPraHMYeCKUe COeTMHEHHS
AHaspobHOe, B KOTOPOM OKHCIIMTENISIMH U BOCCTa-
HOBHTEIISIMH SIBIISIIOTCS OpPraHMYeCKHe BEelecTBa
CBoOOHOE, TPU KOTOPOM BBIIEISIONIASICS SHEPTUS
MEPEXOUT B TEIUIOBYIO M PACCEUBACTCS
CorpsiKkeHHOe, ITPY KOTOPOM BBIEISIONIAscs 3Hep-
= | U1 MCTIONIB3YETCS U1l IPOTEKAHUS SHIIIPrOHNYeC-
KUX peakLmit

DepMeHTATUBHOE, TIPOTEKAOLIEE IO TeTEPOLHKIIU-
= | YCCKOMY MEXaHU3MYy, KOTJd OKUCIIUTECIIEM SABJIACTCA
9NIEKTPO(UII, & BOCCTAHOBUTENIEM — HYKJIeO(uII
PanukanpHOe, MpoTeKarolee o TOMOJIUTUYECKOMY
= | MEXaHU3MY, KOTIa PearupyIonuMI YaCTUIIAMH SIB-
JISIOTCA PaIUKaIIbI

OkucieHne
BEIIIECTB

['MaBHBIM UCTOYHUKOM PaJUKalIOB B OpTaHU3ME SIBISIETCS MO-
JIEKYJISIPHBIN KUCIOPOJ, a TAK)Xe BOAA MPU PaJUALlMOHHOM BO3-
IEUCTBUU.

IIpu pagnoakTUBHOM BO3AEHCTBUM BOJA OpraHU3Ma MOABep-
raeTcs paguonausy, o0pasys B 3aBUCUMOCTH OT 3Hepruu oOiyye-
HHA pasnu4HbIe paguKkanbabie yactunsl: HO-, -O,7, HO",, a Takxe
H,O,.
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Tema: BuoreHHble aneMeHTbI

OkucIuTebHasE CIIOCOOHOCTh AKTHBHBIX (HOPM KHUCIOPOJIa
BO3pACTaeT B CIIEAYIOIIEM PALIY:

0,<0,<:0,<HO,<H0,<HO..

ITpu HEMOTHOM BOCCTAHOBJIEHHH KUCITIOPOJa 00pa3yroTcs ero
AKTUBHBIC TOKCHYHBIC (opMBI (TabII. 3).

Tabnuya 3
AKTHBHBIE (hOpPMBI KHCI0pPOAA
AKTHBHbIE
XuMH3M npoiecca
¢$hopmbl oBpazoBanus IIpumeuanune
KHCJI0po/ia
1 2 3

O, O, +é— -0, Mornexkyna O, — Gupaauka,

cynepoxcus- |[Prot-Fe*]+ O, — T.K. COJICPXKUT [[BA HECIIAPCH-

HBI aHuOH- | — [Prot-Fe*’] + -0, HBIX 3JIEKTPOHA HA Pa3phIXJIs-

paguKan IOLIUX OPOUTAIISAX, IIOITOMY
IIPUCOEOUHSIS € MOJIEKYJIa IIpe-
BpAIlaeTCs B AHUOH C OJTHUM
HeCHapEHHbBIM 3JIEKTPOHOM.
B opranusme stot é O, momy-
YaeT MpU B3aMMOJACHCTBUY C
METaJUIONPOTEUHAMH (TeMO-
[JI0OUH, LIUTOXPOMBI), COZIEP-
KAIUMH KaTHOHBI METAJUIOB B
HU3LIKUX CTEIEHSIX OKUCIICHUS

HO, ‘O, +é+H"— HO", |Cynepokcuanblii aHHOH-pPa-

TUapore- [Prot-Fe*[+O,+H* — | mukan -O-,, B3auMoieicTBys ¢

poxcuanblii | — [Prot-Fe**] + HO", |mpoToHoM, o6pasyer rujapo-

paauka MIEPOKCHIHBIN paJiKal, He
MMEIOLINN 3apsiia

H,0, ‘O, +2é +2H" — H,0, | B H,0, Bce 371eKTpoHBI

TIEPOKCH]T [Prot-Fe**] + O, + CrapeHbl

BOAOpOIA + 2H*— [Prot-Fe’*] +

+ H202

HO. O,+3é+3H"— Oxkucrnsomas CriocoOHOCTh U3

rugpokeua- | HO- + H,O BCEX MEPEUNCIIEHHBIX AKTUBHBIX

HBII pauKan dhopM KucIopona MaKCUMaIbHA
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

Oxonuanue mabn. 3

1 2 3
(018 O, +26 - 0O, ITox neiicTBueM cBeTa
CHHTJIETHBIN MoneKyIapHEIi-O", nepexoauT
KHCIIOPOJ B cunrneTHsIi O, B KOTOpOM

BCE 3JIEKTPOHBI criapeHbl. OH
6oJiee CHITbHBIN OKHUCITUTEITb,
4eM MOJIeKyIsipHbIit O,, HO Me-
Hee yCTOWuuB, (T,, = 45 MUH)

112

I'myraTroHNepoKcHIa3a KaTalu3upyeT B3aUMOJICHCTBHE Tie-
POKCHIA BOAOPOAA ¥ THAPOIEPOKCUIHBIX PATUKAIIOB C [IIyTATH-
onoM (G-SH):

2G-SH + H,0, — G-S-S-G + 2H,0.

3anTa OT BPEAHOTO JACHCTBHS aKTUBHBIX (DOPM KHUCIOPOIa
OCYIIECTBJISIETCSI C TMOMOIIbI0 AHTUOKCUJAHTHOU CUCTEMBI. AH-
THOKCHIAHTBI — BEIECTBA, OOPATUMO B3aUMOJIEHCTBYIOIINE
CO CBOOOAHBIMHM paguKaIaMUd M OKUCIUTEIISIMH, IPEIOXPAHSIO-
e cyocTpaThl OT MX BO3AEHCTBUSA. Pearupyst co CBOOOIHBIMHU
paauKajaMu, aHTHOKCHJIAHTBI IPEBPAIAIOTCS B MaJOpPEeaKIiu-
OHHOCIIOCOOHBIC PaJMKAIIbI, MPEPHIBAIOIINE IICTHOW MpPOIEeCC.
K anTHOKCHIaHTaM OTHOCSTCS THOJIBI (YHUTON, N-alleTUIIucTe-
WH), aCKOpOWHOBAsI KUCIIOTA, -kapoTuH, BuTtamuusl A, E, K, P.
Hampumep, monm meicTBueM (epMEHTa CYIMEPOKCHITUCMYTA3bI
(COM), BxomAmmero B cOCTaB aHTHOKCHIAHTHON CHCTEMBI, Cy-
MEPOKCUAHBIN paJuKajl MPEeBpaIiacTcss B KUCIOPOI U MEPOKCUT
BOJIOPOJIA:

20, +2H —% 5 HO,+0,.
IMepokcun Bomopoaa aajiee pasjiaraercst Mo JAeUCTBUEM Ka-
Kamanasa

tanasel H.O, ————— 2H,0 + O,. Ilepokcun Bogopoaa yTH-
JIN3UPYETCS B KJIETKE MO/ ACUCTBUEM (pepMeHTa MEePOKCUIA3bI, a
KHUCJIOPOJI OTISITh MMPUHUMAET YUacTHe B OMOJIOTUYECKOM OKHUCIIe-
Huu. Hanuuue mepokcuaasbl B JIEHKOIUTAX CIIOCOOCTBYET YHHY-
TOXEHHUIO OAKTEPHIl M BEIIECTB, TOTIOMEHHBIX JISHKOIIMTAPHBIMU
KIJICTKAMU.
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Tema: BuoreHHble aneMeHTbI

2H,0, + cyberpar —Hepocudaza 2H,0 + OKHUCIeHHbIIT CyOCTpar.

OOBIYHBIN MyTh MOCTYIUIEHUSI KUCIOPOJa B OPTAHU3M JIE)KHUT
yepes3 JIETKUE, I7I€ OH IPOHUKAET B KPOBb U CBSI3BIBAETCS C TEMO-
[JIOOUHOM:

HHb + O, = HHbO,. braromaps okcuremornobuny 1 jurp
KPOBHU nepeHocuT 250 MII KUCIOpoAa B KAIMJUISIPhl Pa3IMYHBIX
opraHoB. HeboJpIias 4yacTh NMOCTYNMBILETO KUCIOPOJA COEIU-
HSIETCSl C MUOTJIOOMHOM TSI HAKOIUIEHUS! KICTIOPO/ia B TKAHSX, B
OCHOBHOM B MBIIIIAX, ¥ MOJACPKAHNI HEOOXOJUMOTO MapIraib-
Horo naBieHus. OCHOBHas 4acTh KUCIIOPO/Aa BCTYIAET B MPOILIEC-
CbI MeTabonn3Ma.

Kucnopon nmocrynaer B opraHu3M TakkKe B BUIE BOJBL.

Kucnopon npuMeHSIOT A BABIXaHMS NPU CUIIOKCHH, 3200-
JIEBAHMSIX JIBIXATEIbHBIX IIyTEH U CEPACUHO-COCYIUCTOMN CUCTEMBI,
otpasieHusix CO, HCN, napymennu ¢pyHkimu npixanus. OObu-
HO mcnonb3yloT cMech (O, — 95% n CO, — 5%), Ha3bIBaeMyIo
KapOOreHoM.

[Ipumenenue KUCIOpOAa MOJ MOBBIIIEHHBIM AaBI€HUEM (THU-
nepOapuyecKkass OKCUI€HALMsl) HCIOJIb3YeTCs A  yIydIeHHs
KHUCIIOPOJHOTO HACHIIICHHUS] TKaHEH, 3alUINaeT TOJIOBHOW MO3T
OT TUIMOKCHH.

J7st ynydieHust OOMEHHBIX MPOIECCOB MPU JIEUSHUH CepJiey-
HO-COCYIUCTBIX 3a00JIeBaHUI B XKETYAOK BBOIAT KHUCIOPOIHYIO
MIEHY B BUJE KUCIOPOIHOTO KOKTEHIIS.

Iepoxkcun marnus (MgO, B cMecn ¢ MgO) nMpUMeHSIOT Kak
KOMOMHHPOBAHHOE CPEICTBO, OKAa3bIBAIOIIEE AHTHUCEITHYECKOE
neiicteue u cpssbiBatoniee HCI kenymo4HOro coka IpH MOBBI-
LIEHHON KUCIIOTHOCTH:

MgO, + 2HCl = MgCl, + H,0,.

Kucnopon — camblif pacnpoCTpaHEHHBIA 3J€MEHT 3€MHOMU
Kopbl. OpranusM B3pOCJIOro YeJOBeKa B COCTOSIHUHU IIOKOS IO-
Tpebisiet 264 M1 Kucnopoaa B MUHYTY, okoj1o 300 i1 B cyTkH, Ipu
¢uznueckoit padote B 10-15 pa3 Gombine. Kucnopon ygactsyer
BO BCEX BHIaX OOMEHa BEIECTB, HEOOXOaUM Is abpixaHus. OH
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

JKU3HEHHO HEOOXOIUMBI 3JIEMEHT, OJHAKO U30BITOK €ro BPE/IeH.
JlabopaTtopHasi MbIIIb B Cpelie YUUCTOTO KHUCIOPOJa IMOrudaeT
uepes 2 Hemenu. Mosekyina O, HMeeT napy 5J€KTPOHOB € Mapal-
JIeNbHO OpHeHTHpoBaHHBIMH crimHamu TO-OT. Dta cioco6HOCTH
sanpemaer O, BCTynaTh B XUMHUYECKHE PEAKIINA C CHHXPOHHBIM
y9aCTHEM Cpasy ABYX 3IEKTPOHOB. O, ABIAETCA CBOOOIHBIM OH-
paaukanom. B xuBbBIX opranusmax peakuuu ¢ yyactuem O, KOH-
TPONUPYIOTCS (PEPMEHTAMU U HCIMOJIB3YIOTCS TIIaBHBIM 00pa3oM
JUISl BBIPAOOTKU SHEPTUU:

(|)2 -0, —-HO0,— 21120
- - 4

B opranusme mpu omnpeneneHHbIX YCIOBUSX MOXeT o0paso-
BaThCS TaK Ha3bIBa€MbIil CHHTJIETHBIN Kuciopo O=O (31eKTpoH-
HO-BO30YXKIEHHOE COCTOSTHUE MOJIEKYJIbI C 3AMKHYTOI CHCTEMOI
3JIEKTPOHOB):

H,0,+ O, — OH™ + HO', + O', (CHHI'TIETHBIIA).

CuuTaeTcs BeChbMa BEPOSTHBIM, UTO CHHIJIETHBIH KHCIOPOJ
UT'PAET BAXKHYIO POJb B MHIYIIUPOBAHUY 3JI0KAYECTBEHHBIX OIY-
XOJIel TIPU MIOTATAHUU B OPTaHU3M MOJIUIUKINYECKUX YIIIEBOIO-
ponoB.

IToBpllIeHHEe KOHIIEHTPALIMK KUCITOPOJIa B CHIBOPOTKE M TKa-
HSX OpraHU3Ma HapyllaeT MPUPOIHYI0 TAPMOHHIO MeXny ¢ep-
MCHTATUBHBIMU ¥ HE(PEPMEHTATUBHBIMU OKHCIUTEIBHO-BOC-
CTAaHOBUTEIBHBIMU pEaKIMSIMU. [IpUpOHBIE U HCKYCCTBEHHBIC
AHTUOKCUIIAHTBI CHIDKAIOT TOKCHYHBINA 3deKT BO3AeHCTBUS TMO-
BBIIIEHHBIX 03 KUCIOPOAA.

ITpu MOBBIIIIEHHOM JABJICHUH YBEIMUNBACTCS COACPIKAHHE KHUC-
JIopojia B KpoBH. B OGapokaMepax MpOBOIAT CIIOKHBIE XUPYPIH-
YecKHue OTepali, jiedyaT HeKOTOpble (OpMBI ceplieuHON HemocTa-
TOYHOCTH, MMOBPEXJICHUI MO3ra, II0YeK, MeYeHH, JIETKUX, KOCTHBIX
TKaHe#l, Ta30BYIO TAaHTPEHY, CTOJIOHSK, HHOTJAa IPUHUMAIOT POJIBI.

AsnoTrpornHast MoaupuUKaus KUCIOPOJa — 030H — CaMBbIH
arpecCUBHBIN CTpeccop BHENIHEH Cpeibl, COKPYIIUTEIbHO Aei-
CTBYIOIIHI HA JIETKUE U IPYTHe OPTaHbI.
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Tema: BuoreHHble aneMeHTbI

030H

O, (0**0,) — ra3 cuHero LBETa C PE3KUM Pa3/IpaKarolMM 3a-
MaxOM, TOKCUYEH.

O30H cuiIbHO 3HIOTepMUYeH (AH = +142,3 k{»/Momb), O3TO-
MY OY€Hb peakIMoHHOCTIocoOeH. [1o OKUCINTETPHBIM CBOHCTBAM
yCTyIaeT ToNbko ¢pTopy. HemocpeacTBeHHO He pearupyeT TOJIbKO
C rajoreHamu, 6J1aropoIHBIMHU Ta3aMH, IJIATHHOW U 30JI0TOM.

O 5 ~O

B ecrecTBEHHBIX YCIOBHUSIX 030H 00pa3yeTcs U3 aTMOCHEPHOTO
KHUCJIOPOa MpU I'PO30BBIX pa3panax, a Ha BbeicoTe 10-30 xm —
1noj AedcTBUEM YibTpaduoneToBslx jdyueld. O30H 3alepKUBAeT
yapTpaduoneroBoe uznydenue CojHua U moriouiaer uHppa-
KpacHOe M3JIy4YeHHEe 3eMJId, MPEIMSTCTBYS ee oxiaxaeHuto. [1pu

5TOM IPOUCXOAUT pasoxkeHue o3ona: O, SN 0O,+0.

O30H CHIIBHO pa3apakaeT ria3a U AbIXaTeiabHble TyTH. [Ipe-
nenbHo gomnycruMast kouneHtpanus (ITJK) B Bozayxe — 1 mr/m?,

[MpumeHsieTcss 030H Kak OAKTEPHUIMIHOE CPEICTBO, B CMECH C
BO3/IyXOM WJIH KUCIIOPOJIOM IS Ae3NH(EKIIUN BOABI, BO3IyXa.

HuuTtoXxHbIC KOJIMUECTBA 030HA, CoAepIKaIuecs B aTMochep-
HOM BO3/yX€, TOCTaTOYHBI ISl WHUITUHPOBAHUS TEPOKCUIHOTO
OKHCIICHUS] HEMPENeIbHBIX XUPHBIX KUCIOT, BXOASAIINX B OHO-
MeMOpaHbl. DKCIIEPUMEHTAIBHO YCTAHOBJIEHO, YTO IPEAEIbHO
TOTIYCTUMBI ypOBEHb coaepxaHust o30Ha 120 MKr/M® mpeacTaB-
JISIET JJISI OKPYXKAIOIIEH cpe/ibl OOJBIIYIO YTPO3y, YeM MPeAeIbHO
JIOIyCTUMAsT paguanusa. YCTaHOBJICHO, UYTO IMOpakKCHHUE JIETKUX,
OPTaHOB 3pEHUs, YCKOPEHHOE CTapeHIE OpraHu3Ma U P IPYTUX
MMaTOJIOTHH, BBI3BIBAEMBIX O30HOM, CBSI3aHBI C UHUITUUPOBAHUEM
LIEMTHBIX CBOOOHOPaANKANIbHBIX peakiuii. Butamunst E, P, C u
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

JIpyTue NPUPOJHBIE AHTHUOKCHUAAHTHI 3ALIUIIAIOT OPraHU3M OT
JIeHiCTBUSI 030HA, NTEPEXBATHIBASI CBOOOIHBIE paluKailbl, 0OpbIBas
KHUHETHYECKHUE LIETH.

v

...YenoBeky, BnepBble NonaBLllEMY B ropbl, Ha BbICOTE «HE XBa-
TaeT Bo3gyxa», a To4Hee kucnopoga. MNpuumHa «ropHon 6onesHn» B
TOM, YTO Ha BbICOTE NapuuanbHOe AaBMEHWE KUCIopoda MOHWXKEHO
N B pa3psikeHHOM BO3[yXe KPOBb HE YCNeBaeT HaCbITUTLCS KUCMOPO-
[OM — HacTynaeT KUCMOpPOAHOe rofniofaHue. Jlioam, NOCTOSHHO XUBY-
LLMe B rOpHbIX panoHax, KUCIopPOAHON HeQOCTaTOYHOCTLIO He CTpaaa-
toT. VIx opraHuam agantupoBarncs K ropHbIM YCMOBUSIM: MHTEHCUBHEE
npoTeKaloT npouecchl KpoBoobpalleHus, opraHnsm BbipabaTtbiBaeT
6onblue remornobuHa.

VYrnepop
6 VYriepoJ — OCHOBa BCEX OPraHMYECKHUX CO-
C €IIMHECHU.

B opranusme BaxXHyIO pOJIb UTPAIOT HEOp-
yrnepop rannyeckue coemunenus yrnepoaa CO,, H,CO,,
12,011 ’

’ 4| NaHCO,.
2s22p? 2
BUTAMUHbI
KNPbI —@*’ FOPMOHbI
YIMEBObI BEJIKM

Cpenu GHOTEHHBIX 3JIEMEHTOB YIJIEPOJ — OJUH M3 BaKHEH-
KX, TAK KaK XKU3Hb Ha 3eMJIe UMEET YIJIEPOIHYIO OCHOBY.

ConepxkaHue yriiepoaa B 3eMHOM kKope cocrasisieT 2,3-102%,
B OpTaHU3ME YEIOBEKa €ro MaccoBas AoJsg cocTaBisieT 21%.
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Tema: BuoreHHble aneMeHTbI

B 1791 r. aurnuiickuii XuMuK TeHHAHT NEPBBIM MTOIYIHII CBO-
OOMHBIN YIJIEPOI; OH MPOITycKas mapsbl Gochopa Haj MpoKaieH-
HBIM MEJIOM, B Pe3yJIbTaTe 4ero 06pa3oBbIBaICs (ochaT KalbIisl
U YTIEepO.

DJIeKTPOHHOE CTpPOeHHe BHEIIHETO JHEPTeTHYECKOIO YPOB-
HS — ...2522p%

XapakTtepHas BajeHTHoOcTh: I (ocHOBHOE cocTostHuE), IV (BO3-
OyxIeHHOE cocTosiHue 25'2p3).

Crenenn oxkucienusi: -4 (CH)), 0 (CH,0), +1 (CH,COH),
+2 (HCOOH), +3 (CH,COOH); +4 (CO,).

VYraepon o6pa3oBBIBACT OAMHAPHEIE, TBOMHEIE, TPOMHBIE CBSI-
3M HE TOJIKO MEXY CO0O0i, HO ¥ C ATOMAMH JAPYTUX 3JIEMEHTOB-
opraHoreHoB. [1pu 5ToM MOJIEKYJIbI MOTYT UMETh JTHHEHHOE, pas-
BETBJICHHOE U LIMKJINYECKOE CTPOEHHE.

JJis peakIMOHHOM CITOCOOHOCTH COENMHEHUIl Ba)KHOE 3HA-
YeHHe UMeeT MOJIIPU3YeMOCTh CBsI3eil: 4eM OOoJble MoJspH3ye-
MOCTB CBSI3H, TEM BBIIIE ¢ PeaKIIMOHHAsI CIOcOOHOCTS. [lomspu-
3YeMOCTb YIIIEPOJNICOJICPKAIIUX CBA3CH 3aBUCHT OT UX MIPUPOJIbL:

CC<C-O=C-N<C-H<(C=0<(C=N<(C-S<(C=S

'

Veenuuenue NOJAPU3YEMOCMU CEA3U

Yriepoa WMeEET HECKOJIBKO aJIOTPOIMHBIX MOJU(PHUKALUT
(Tabm. 4), HO MOXeET CyIIeCTBOBATh U B aMOP(HOM BHJE, HANIPU-
Mep KOKC, caxa, APEBECHBII yroib.

Tabauya 4
AnnoTponnbie MOAUUKALNM yIlepoaa
Aaorp.
Moaugu- Crpoenue dusnyeckue cBoOICTBA
Kauust
1 2 3
Anmas Tun rubpunuzarvu AO yrire- | BeciBetHoe, mpo3pau-
pona sp* HOE, OYEeHb TBEPJI0E Be-
mectBo. Mimeet HU3KYyIO
3JIEKTPO- U TEIUIONPO-
BOJHOCTD
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

Oxonuanue maba. 4

1 2 3

I'pagur Tun rubpunuzamm AO yrire- | TemHO-cepoe, Henmpo-
pona sp>. Herubpunusle p-op- | 3padyHoe BeIecTBO, C Me-
O6uTamn 0O6pas3yroT AENOKAIN30- | TAJNINYECKUM OJIECKOM,
BaHHYIO T-CBSI3b B ciloe. Mexy | obnagaer 3J1eKTpo- 1
CIIOSIMM CBSI3b 3a CUET CNA0BIX | TETIONPOBOJHOCTHIO
Ban-nep-BaanbcoBbix cuil.

Kapbun | Tun rubpunuzanuun AO yrie- | benoe BeuiectBo, npu
pona sp. CyliecTByeT B BUIE HarpeBaHUH IpeBpala-
Lenei: oleecs B rpadur
—C=C-C=C-u =C=C=C=C=

Dymnepen | AToMsl yriiepoaa oOpas3yioT Kpucrammsr gynnepena

monekynst C, C, m 1p.
Tun rubpunmzamym AO yrire-
pona sp?

OTHOCSITCSI K MOJICKYJISIp-
Homy Tuty. dynnepen C
Bosronsiercs mpu 800 °C

Ha puc. 4 npeacraBieHsl TUIBI KPUCTAJUIMYECKUX PELIETOK
aJUIOTPOIHBIX GOpM yriepoaa.
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Tema: BuoreHHble aneMeHTbI

Yriepoa MoxXeT ObITh KaK OKUCITUTENIEM, TaK M BOCCTAHOBUTE-
JIeM B 3aBUCHMOCTH OT CBOMCTB BTOporo pearenra. [Ipu B3anmo-
JIEMCTBUU CUIIBHBIX OKHMCIMTENIEH ¢ OPraHUYeCKUMH BEIeCTBAMHU
MOJKET IPOTEKATh HEMOJIHOE WX MOJIHOE OKUCIICHUE aTOMOB yTI-
Jiepoa 3TUX COeUHEHUH.

HenomnHaoe ana’spoOHOE OKHMCIIEHNE BBIPAYKACTCS CXEMOIL:

C,H,N 0(S) — CO,+CO + C + CH, + H,0 + NH, + (H,9).
B OpraHMU3Me IOJIHOC a3p06Hoe OKHCJICHUE OPIraHUYCCKUX CO-

€MHEHU KICTIOPOJIOM B IPUCYTCTBUU (PePMEHTOB OKCHUA3 OITH-
CBIBAETCS YPaBHEHUEM:
CH,N O (S) — CO, + H,0 + NH, + CO(NH,), + (H,S).

Jnst coenrHeHUH yriepoa XapakTepHbl Peaklui BHYTPUMO-
JIEKYJISIPHON AUCMYTALMU: IeKapOOKCUITUPOBAHINE AMHUHOKHUCIIOT,
KETOKHUCIIOT, a TAKKe MEePErpynIupoOBKH U N30MEPU3AI[MU Opra-
HUYECKUX COCTUHCHU.

V atoma yriepo/ia HeT HeloeJIEHHBIX 3JIEKTPOHHBIX Tap, 1MO-
3TOMY JINTAHJAMU TIPH 00Pa30BaHNKM KOMIUIEKCHBIX COETMHEHUI
MOTYT OBITH TOJIBKO COCIWHEHUS yriepoja, CojaepiKallire Kpat-
HBIE CBsI3M ¢ ero yuyacTueM, Harmpumep CO, CN-.

CoeduHeHus yanepoda

CO, — GecuBeTHBIN, HETOPIOYMIA Ta3, C YyTh KUCIOBATHIM 3a-
IIaXOM M BKycoM, B 1,5 pa3a Tskenee BO3ayxa, Majo pacCTBOPUM B
BOJIE, HE MMOICPKUBAET AbIXaHUE M TOPEHHE (COIEpIKaHNe B BO3-
nyxe CO, 6onee 10% cMeEPTENBHO OIMACHO).

Mornexyna CO,nmuHeliHa (ATOM yIIIEpoia HAXOAUTCA B Sp-TUO-
punuzanun), Heroasipaa O=C=0.

B oxcune yrnepona (IV) BaeHTHOCTh aToMa yriepoga pas-
Ha IV, uro cymecTBeHHO MeHsIeT CBOMCTBA yrileKucioro rasa. Ou
HE TOPUT, HE TIOIJEPKUBACT IBIXAHUS U TOPEHHUS], HE SAOBUT, HO
6onpimme konuenTpanuu CO, (cBbime 10%) BBI3BIBAIOT CHIILHBIH
anuao3, OYpHYIO OJBIIIKY U MAPAINY JbIXaTeIbHOTO LEHTPA.

CO, Bxomut B cocTaB rHApoKapOoHaTHON OydepHOi cucre-
MBI, ToAJepKUBalolIeii mocTostHeTBO pH B opranusme:
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[HCE ] 20
[COZ] 1 (bmonornueckast KOHCTaHTA).

Benosnas xposb mornomaer CO, u3 TKaHeH M TPaHCIIOPTH-
pyer ero B jerkue B Buge HCO~, (80%), annona xapbamuHore-
mornobuna (HbCO,) (15%) u B pactopennom suze (CO,-mH,0)
(5%). CO2 KaK KUCJIOTHBIM OKCHUJ B3aUMOJEHCTBYET C OCHOBAHU-
eM-aHHOHOM OeJIKa I1o0uHa, 00pa3yst KapOaMHHOTEMOTIIO0HH.

B nmucThsIX pacTeHuit U3 yIIIeKUCIIOro ra3a Ha CBeTy oOpa3yer-
Cs1 KUCJIOPO ¥ yIJ1eBOIbI ((poTOCHHTES):

nCO, + mH,0 i C,(H,0), +nO,.

Vronenas kucnora H,CO, — 3710 cabast, AByXOCHOBHAS KHC-
JI0Ta, CYIIECTBYET TOJIBKO B BOJIHBIX PACTBOpAX, TUCCOIMHPYET
CTyIeH4yaTo, ¢ 00pa3oBaHNEM IHIPOKAPOOHAT- U KapOOHAT-aHU-
OHOB!

H,CO, = H* + HCO; K, =45107 (25°C);

T

HCO-, = H* + CO K . =5610"(25°C).

nmcc.2

m

VronbpHash KUCIOTA HEYCTOWYMBA M MPU HATPEBAHUM pacra-
naercs Ha CO2 u HZO. VronpHas kuciaoTa oOpa3yer aBa psiia
COJIeil: KHUCIIble — THIPOKApOOHATHI, M CpPEeHHEe — KapOOHATHI.
XoTsl cama yrojibHasi KUCJI0Ta HEyCTOMYMBA, €€ COJIU BIIOJIHE YC-
ToW4YuBbI. COJIM YrOJIbHON KMCIOTHI TUIPOJIU3YIOTCS 110 aHUOHY,
co31aBasi eNouHyo cpeny. Ha 3ToM CBOMCTBE OCHOBAHO IIpUMe-
HEHME MMTHhEBOM COMBI B MEIUIIMHCKOM mpakTuke. ['mapokapbo-
HATBI KaJIbIMs U MACHUS O0YCITaBIMBAIOT BPEMEHHYIO KECTKOCTh
BOJIbI, KOTOPAsl yCTPAHSIETCS KUTISTYCHUEM.

Oxcup yraepona (IT) — ras, 6e3 11Bera u 3amaxa, Majao pacTBO-
pYM B BOJIE, JIerde BO3/Iyxa, HeCOJIe00pa3yIoil OKCH/I.

B monekyne CO aToMbl coenrHEHBI MeXy coOON TpoitHOM
CBA3BIO: JIBE CBSI3U 0OPAa30BaHbI [0 OOMEHHOMY MEXaHU3MY, a O
Ha — IO JOHOPHO-AKIIETOPHOMY (KHCIOpOA — JOHOP, yIJie-
pox — axuentop): C=0 . [Tosromy mosexyna CO oueHb npoyHas
U XUMHUYECKU MaJIOaKTHBHA (110 CTPOSCHUIO HATIOMUHAET a30T).
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Oxcup yraepona (I1) siBisieTcst TOKCHYHBIM COeTMHEHNEM YT JIe-
pona (yrapHblif Ta3). 3a c4eT HEMOAEIEHHON 3JIEKTPOHHON Maphl
Ha aToMme «C» CO MOXKeT PUCOEANHATHLCS B KAYEeCTBE HEUTPAITb-
HOTO JIMTaHAa K KaTuoHy Fe*? rema, BBITECHsIsI KMCIOPO U 0Opa-
3ysl IPH 3TOM KapOOKCHUTEeMOTIIOONH:

HHb + CO = HHbCO;
HHbO, + CO = HHbLCO + 0.,

VYceroitunpocts HHbCO B 300 pas Gombue, yem HHbBO,,
MO3TOMY OH HaKaIUIMBAETCS B KPOBU, CHUXKAs €€ CIIOCOOHOCTh
nepeHocuthb kucnopos. CmeprenbHblie koHIeHTpauuu CO co-
CTaBJISAIOT 2 MT/JT ipu 60-MUHYTHOM U 5 MT/JT — TIpH 5-MUHYTHOM
9KCIIO3UIUH.

BanenTtHocts, paBnyito 111, aToM yriepona nposiBisieT 1 B Hua-
Hua-anuone CN-. L{lnaHub! Ipu NOMaIaHUU B OPraHU3M OBICTPO
npoHukaiot B kKpoBb. C Fe** remornmobuna CN- cBs3bIBaeTcs clia-
60, HO 3(EKTUBHO CBSI3BIBAETCS 110 JIOHOPHO-aKIIENTOPHOMY Me-
XaHU3MY C OKHCJICHHOW (OPMOI TUTOXPOMOKCHAA3HI, OTOKHPYS
B Heit 06a komiutekcoobpaszosarens (Fet3 u Cu*?), TeM caMbIM UH-
rubupys ee aecTBre B ApIxaTenbHOM 1enu. KierouHnoe npixanne
MpeKpalaeTcss Ha 3Tane YCBOSHMs KMUCI0poa KIETKaMH BO BCEX
TKaHSX OpraHu3Ma. AprepuajibHas KpOBb MIEPEXOANUT B BEHbI, YTO
BHEIIIHE MPOSIBIISIETCS B SIPKO-PO30BOM OKpACKe KOXKHBIX MTOKPO-
BOB TIPU OTpAaBJICHUU IMaHUAaMUu. llepopanbHasi TOKCHYeCKas
no3a CN- s yenoseka LD, = 1 mr/kr.

Ot pgeiicTBUSI IMAHUAOB MOJKET 3aIUTUTh METTeMOTIOOMH
KpoBH, KOTOpbIH, Omaronapst Fe*, cesoker CN- B mpouHbIil He-
TOKCHYHBIHI [IMAHMETTEMO-TII00MH:

metHHb(Fe™-OH) + CN- — mertHHb(Fe**-CN) + OH-,

Memeemo2n00un
TO3TOMY IIPY OTPABIICHUSIX [IHAHUAAMHU PEKOMEHIYETCS BBOAUTH
MeTremornodunoo6paszosarenu, Hanpumep NaNO,.

AHTUTOKCHUYECKOE [eHCTBUE OKAa3bIBAECT TaKKe THOCYIb(aT
HATpHsI, KOTOPBIA OKUCIISIET IIUAHUA-UOH B MEHEE SOBUTHIN TH-
OI[MAHAT-UOH:

KCN + Na,S,0, = Na, SO, + KNCS.
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B MenunuHCKOW NpakTHKe aKTUBUPOBAHHBIA yrollb MpUMe-
HSETCS MPU AMCIETICUH, METUOPU3ME, MTUIIEBbIX HHTOKCUKAIIHSIX,
OTPABJICHUSX AJIKOJIOMIAMH U COJISIMH TSDKEIIBIX METAJUIOB.

Mypasbunas kuciaora (HCOOH) obnagaeT aHTUCETITUUECKU-
MU CBOHCTBaMH, €€ PacTBOP MPUMEHSIOT HAPY)KHO ISl pacTHpa-
HUH MPU MUO3UTAX U HEBPAITHIX.

®dopmanut B Buze 35-37% pacteopa dpopmanbaeruaa (HCHO)
MIPUMEHSIETCS KaK Ae3UHPUIUPYIOLIee CPEACTBO.

I'mapoxap6onar narpus, NaHCO, (mutbeBas cona), mpume-
HSIIOT TPU MOBBIIICHHON KUCIOTHOCTH JKEIYJIOYHOTO COKa, MPH
3a00JIeBaHMSIX, COMTPOBOXKIAIOIINXCS AlIUI030M (quabeT, HH(pEK-
1IMH1), B KAYECTBE OTXapKUBAIOIIETO CPEICTBA:

NaHCO, + HCl = NaCl + H,0 + CO,.

V:

...KpOBb MpWU KOHTakKkTe ¢ kapbnHom (anmoTponHas moaudmKaums
yrnepopaa) He obpasyeT crycTkoB — Tpomb0oB, MO3TOMY BOMOKHO C MO-
KpbITMEM U3 KapbuHa cTanun NPUMEHATb NPU N3rOTOBMNEHNM HeoTTopra-
€MbIX OPraHM3MOM KPOBEHOCHbIX COCYAO0B.

...Ha pybexe 70-80-x rr. 20 B. aHMMWNACKUM XUMWKaM YyAanochb
NOMyYnTb TKaHb U3 aKTMBMPOBAHHOIO yrnsi. C NMOMOLLbIO NOBSI30K M3
TaKoW TKaHW M3 KPOBW yAansnu nsbblTOK MEAUKAMEHTOB, TOKCUHbI U
Apyrve npoayKTbl XU3HEeAeATENbHOCTN MUKPOOPraHN3MOB.

®ocop
15 dochop — 3TO HEMeETAIT ceMelicTBa p-dIie-
P MEHTOB, OJIMYKAMIIINIT aHAJIOT a30Ta.
®pannysckuii ucropuk @. l'edep yTBepxkaa-
;&g‘_’,’;"’ 5| €T, 4TO oOImenpuHaATOE MHEHHKE, OyaTo (ocdop
3523p° 8| BnepBble momyueH anxumukoM I'. BpanmoMm B

1669 1., HeBepHo. [1o ero ganHbiM, hochop yme-
nu nony4dath eme B XII Bexe apaOckue aTXUMHUKHU, MPUYEM TeX-
Houstorus nonyuenus ¢pochopa y Hux ObuTa Takas xe, Kak y bpan-
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Tema: BuoreHHble aneMeHTbI

Jla: BBIIIApUBAHME MOYM U HATPEBAHUE CYXOT'O OCTATKA C yIIIeM U
neckoM. Ecnu Tak, To 4eT0BEUECTBO 3HAKOMO C 371eMeHTOM Ne 15
moytu 800 meT.

DOneKTpOHHAsT KOHQUIypauusi BHEIIHEr0 JHEPreTHYECKOTrO
ypoBHS ...35?3p3. B cBOMX coemuHeHusXx (ochop crnocobeH mpo-
SBJISITH BalleHTHOCTH 111 (OCHOBHOE CcOCTOsSIHME) U BaJICHTHOCTh V
(Bo30OyxaeHHOe cocTostHue, 3s'3p33d'). Bo3MokHBIE CTerneHH
okucieHus pochopa ot -3 mo +5. Haubonee ycToWYUBEI cOeIu-
HEHUs1, B KOTOPBIX aTOM (hocopa UMEET CTENeHb OKUCIIEHUs +5.
DNEeKTPOOTPHIIATEILHOCTh (pochopa 3HAUUTETTHEHO HIDKE, YeM Y
rajJoreHoB, KUCIOpOaa, a30Ta, HOITOMY HEMETaNTMYeCKHe CBOK-
cTBa y pochopa BeIpakeHbI ciiabee, YeM y 3TUX SIIEMEHTOB, U BOC-
CTAHOBMTEJIbHASI AKTUBHOCTD MPpeo0IagaeT Hal OKUCITUTEIBHOMN.

N3BecTHO OOMNBIIOE YHUCIO AUIOTPOIMHBIX MOAM(PUKAIIMIA
tdbocdhopa, n3 KOTOPEIX HaMOOJIee U3BECTHBI — OEJIBIN, KPacCHBIH
U 4yepHblii Gocdop. B oTimume ot MosekynspHoro asota, ¢oc-
(hop XMMHYECKN BechbMa aKTUBEH. HanmboIbITyr0o XMMHUECKYTO aK-
TUBHOCTh M3 aJUIOTPOIHBIX Moaupukanuii pochopa mpossiseT
6enbrit pochop. Benwiit pochop oueHb TOKCHYEH 3a CUET XUMHU-
YECKOW aKTUBHOCTH, a TAKKE XOPOLIEN pACTBOPUMOCTH B KUPAX,
a CJIeIOBATENIbHO, BBICOKOM IMPOHUIIAEMOCTH Yepe3 MeMOpPaHBI
kireTok. CMmeprenbHas 1o3a Gochopa UIsi B3POCIOTO YeIOBeKa
cocrasisieT okoio 0,1 r. KpacHsiit u yepHsbIit pochop manopac-
TBOPHUMBI, & TOTOMY HE TOKCUYIHBI.

B npocrom BemecTBe aToMbI pochopa HAXOAATCS B IPOMEKY-
TouHO# crenenu okucienus (0), moaromy docdop criocodbeH mpo-
SIBIIATh KAK BOCCTAHOBUTEITbHBIC, TAK ¥ OKHCIIHTEIbHBIC CBOHCTBA.
Coenunenust Gpochopa 1 UX KpaTKas XapaKTepUCTHKA MPEICTaB-
JIeHBI B TA0I. 5.

bocpun

PH3 — OCCIBETHBIN Ta3 C HEMPUITHBIM 3aIllaXOM THIJIOW
pbiObI. Tokcuuen. ITo cpaBHenuto co ceoum ananorom NH.:
— ©Ooree CUIIBHBIA BOCCTAHOBUTEND, T.K. cBsi3b P-H Menee
mpoyHasi, ueM N-H, a 3/IeKTpoOTpHUIIaTEILHOCTh aTOMa
a30Ta COOTBETCTBEHHO OOIIBINE, YeM Y hochopa;
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Tema: BuoreHHble aneMeHTbI

— MalopacTBOPHUM B BOJIE, T.K. HE 00pa3yeT MeKMOIIEKYJIsP-
HBIX BOJIOPOJIHBIX CBSI3€H B TBEPAOM H JKUIKOM COCTOSHHUSIX
JIPYT C IPYIOM M C MOJIEKYJIaMH BOJIbI IO MPUYHHE MaJIOH
nojsipHoctu cBsizu P-H;

— uMeeT Ooslee criadble JOHOPHBIE CBOHCTBA, TO3TOMY MOXKET
B3aMMO/ICHCTBOBATD TOJBKO C CHIIBHBIMH KHCIIOTAMU.

B BogHOM pactBOpe dochrHa ycTraHaBIMBACTCS paBHOBECHE,
Tak kKaKk pK = pK , mosToMy BOJAHBIA pacTBop pochuna — unie-
AJIbHBIA aM(OIIUT:

H,0" + PH, <= PH, + H,O = PH*, + OH".

Dochop — JOCTATOUHO PACPOCTPAHEHHBIH JIEMEHT Ha 3eM-
Jie, HO B CBOOO/IHOM BUJIe B IpHUpojie He BeTpevaercs. OH BXOIUT
B cocTaB (pochopuToB M anatutos, coaepxkammux Ca,(PO,),. doc-
(hop — 3TO OpraHOTEHHBIH IIEMEHT, BXOAUT B COCTaB BCEX KHUBBIX
OPraHu3MOB (CONEPKUTCA B KOCTSAX, MBILIIAX, HEPBHBIX TKAHSX,
B Busie PO,* BXOIUT B cocTaB HYKJIEMHOBBIX KHCIOT). Coaepixa-
Hue (ocdopa B Tene B3pocioro yenoBeka okoino 1% (= 700 r Ha
70 kr Maccel Tena). CyTouHas IOTpeOHOCTH UelloBeKa B hocdope
cocrasisieT 1,3 r. B opranusme ocHoBHOE KojinuecTBO (hoctopa
CONIEPXKUTCA B KOCTSX (= 85%), MHOTO (hochopa B MBIIILIAX U He-
pBHOI TkaHu. Bmecte ¢ xampiueM, propom u xiopom dochop
(dhopmupyeT 3yOHYO 3Mallb.

B opranusme dochop BeTpeuaeTcs TOJIBKO B BUIE OpraHUYec-
KUX ¥ HeopraHmieckux ¢ochatos, KOTOpPHIE:

1) Ciykat CTpYKTYpPHBIMH KOMIIOHEHTAMH CKEJIeTa.

OCHOBHBIM MUHEPaIbHBIM KOMIIOHEHTOM KOCTHOM TKAHH SIBIISI-
ercs ruapokcodocdar kanpuus (ruapoxcuanarur) Ca (PO,),OH.
O06pa3oBaHue KOCTHOM TKAHU MOXXHO OTPa3UTh ypABHEHHEM:

ocTeobIacThl
(MUHepaIu3anus)

5Ca**+3HPO} +40H" Cas (PO, );OH+3H,O0.

T
ocreokiactsl, H

(meMuHepanu3anms)

Kpowme Toro, B moBepXHOCTHBIX CII0SIX KOCTEN oOpasyercs He-
KOTOPOE KOJIMYEeCTBO Ooiiee pactBopuMoro amopgdHoro ¢ocdara
kanbuusa Ca,(PO,),, KOTOpBIHA IIOCTENEHHO MPEBpPAINAETCs B TH]I-
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POKCOATIATHUT U SBJISETCS JTAOMITBHBIM PE3EPBOM HOHOB KAJIbIIHS 1
¢docharos B opranuzme. O6MeH pochopa B opraHu3Me CBsI3aH C
0OMEHOM KaJlbLIusl: TPH YBEIIMYEHUH CONIEPIKAHUS KAIbLIUS B KPO-
BU YMEHbIIaeTcs cofepxkanue GpochaTos.

2) AKKyMYJIMPYIOT ¥ IEPEHOCST S3HEPTUIO OT IK33PrOHUYECKUX
(AG < 0) x sameproanyeckuM (AG > 0) peakusam.

AneHozuHTpU(oOchaT 00pa3yeTcs B MUTOXOHIPHSAX 3a CUET
9HEpruM OMOJIOTUYECKOTO OKHCIEHUS U (PYHKIHMOHUPYET B KIIET-
Kax Kak MPOMEXYTOUHBIH MPOIYKT, 00eCHeYNBAIOLINI OpraHu3M
3Hepruei, Koropas Boiaensercs npu ruaposnze AT 3a cuer pas-
pbhIBa MaKpoO3prudeckoi ces3u P~O.

AT®* + H,O = A1®d* + HPO,* + H;

AG° = -30,5 x/Ix/MOIIb.

M PaspbiB 11000ii CB3M, B TOM YKCIIE MaKPO3PIUUECKOIHA,
Bceraa Tpedyer 3arpathl dHeprum. [Ipu runponusze ATD kpome
paspbiBa cBsizeit Mexay ¢ochatHeiMu rpynmamu (AG® > 0) mpo-
HCXOIAT IPOLECCH THAPATALIMH, H30MEPU3ALNY, HEUTpaIU3aliu
npoaykToB ruaponusa (AG® < 0). CymmapHOe M3MEHEHUE HEP-
ruu ['nb06ca umeer oTpuiiate/ibHoe 3HaueHue (AG° < 0).

CredosamenbHo, MAKPOIP2UUECKUM ABTACHICA He PA3PLIE CEA3N,
a nepzemunecKuil pe3yavmam ee 2UopoIu3a.

[TpomexxyTouHoe 3Ha4YeHHUE CBOOOIHOI 3HEPIUU T'HIPOJIU3a
o3BoJIeT CIyKUTh ATD 3(hheKTUBHBIM ITepeHOCUNKOM (ochat-
HBIX IPYII OT COEAMHEHU, KOTOPbIE IPU T'MIPOJIN3E BBIACISIOT
6ompiie sHeprun, yeM ATD, k hochopmmpoBaHHBIM COEIIHE-
HUSM, BBIICTSIONIMM MEHbIIE CBOOOTHOM HEPTHH IPU TUAPO-
nuze, yeM AT®. Hanpumep: pocdaTtHas rpynna ot coequHEeHUS
R -bocdar ¢ 6onee Bbicokoi, yem ATD, sHeprueit nepeHocuTCst
yepe3 AP, uro npuBoauT k cuHTesy ATD:

R -bochar + AI® — R H + ATOD.
AT®, B cBOIO O4Yepenb, nepeHocUuT (ochaTHylo Tpymmny Ha

MOJIEKYJIbI OPTaHUYECKUX COCUHEHNI C MEHBIIIeH IHEPTUeH, ueM
AT®, zamacasi, TakuM 00pa3oM, B HUX 3HEPTHIO:

R, H + AT® — R,-pocdar + A/1D.
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Tema: BuoreHHble aneMeHTbI

Konnenrpamuss AT® B kjieTkax MOAIEPKUBACTCS HA OTHO-
CUTEJIbHO MOCTOSIHHOM YPOBHE, T.K. CKOPOCTh €ro 0Opa3oBaHHUs
MPUOIU3UTENBHO paBHA ckopoctu ruapoin3a ATD. B opranus-
Me copepxutcst 0koio 30 r AT®D, koTopble MOCTOSIHHO TTO/IBEpra-
J0TCS TUAPOIIN3Y C HOCIEAYIOIIUM PECUHTE30M.

3) Bxogar B cocras docdaTHoi OypepHoit cucremsr H, PO~/
HPO,* (1/4 — Guonornyeckas KOHCTAHTA).

®dochartHas OydepHas cucteMa COCTOUT U3 CIIabOU KUCIOTBI
H,PO-, u conpsikennoro ocuosanust HPO,

H,PO, == H* + HPO *;

HPO,* + OH = H,PO,.

Ota cucremMa oOecleunBaeT 3HAUUTEIBHYIO JOJI0 OydepHOoi
€MKOCTH KPOBH, a TAK)KE UTpaeT OOJBIIYIO POJIb B IOYKAX, MO/
nepxuBas pH 3a cuer BpIBeZ€HUS ¢ MOYON THAPO- MU AUTU-
podochaToB. DTO 00BACHIET WIMPOKUI HHTepBa 3HaYeHuil pH
moun: 4,8-7.5.

B MeanumHcKoii npakTHKe IPUMEHSIOTCS coequHeHus docdopa:
3¢up dhochopHOI KUCTOTH — GOCHICTPOI IPU pake MpencTaTeNb-
Holi xenespl; quruapodocdar narpus NaH, PO, — rpu nosblieH-
HOM KUCTIOTHOCTH KEIIyJOYHOI'O COKa, IIPH OTPABIEHUU KUCIOTA-
mu. [TpousBoansie GpochopHOl KUCTOTHL: (PUTHH, TuiiepodochaT
KanpLus, GochpeH u Ap. — NpUMEHSIOTCS IpU 3a00JIeBaHUX He-
pBHOI cuctembl. HekoTopble JIeKapCTBEHHbIE MTpenapaTsl puMe-
Hs1t0TCs B (hopme coneid pocdopHOit KUCTOTHI — GocdaToB.

Cepa
16 Cepa pacnonoxkena B I1CO B III mepmone,
S B VI-A rpynne.
DneMeHTapHYIO IPUPOAY CEPbl YCTAHOBUII B
CEPA 1789 I'. JIaBya3be. B Ha3BaHUSIX XUMHUYECKUX CO-
32,06 5 €IMHEHUH, COAEPIKALLUX CEPY, YACTO COAECPIKUT-
3s%3p* | en TIPUCTABKa «THO» (HAIIPUMED, TPUMEHSIEMBIIA

B (pororpadun peaktus Na,S O, MMeeT Ha3BaHUE THOCYJIb(AT
HaTpus). [IpoucxoxaeHre 3TOW MPUCTABKU CBSI3aHO C TPEYECKUM
Ha3BaHUEM Cepbl — theion.
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

Onexrponnas dopmyna 15225?2p¢3s?3p*. Tosinenue 3d-nomy-
POBHSI Y AaTOMOB Cepbl B CPABHEHUHU C ATOMaMU KHCIOPOAa MpHU-
BOJIUT K:

a) YBEIMYCHHUIO BAICHTHBIX BO3MOYKHOCTEH 1 ITOJIOKUTETbHBIX
CTeIreHel OKUCIICHHs CePhI 3a CUET ee Iepexoa B BO30YKIAECHHOE
COCTOSIHHE:

Jnextponnas popmy.a BanentHocTh ITpumepsi
BHELIIHEr0 YPOBHs
...3s3p* II H.S, SO
... 353p*3d! 1AY SO,, H,SO,, SOCl,, SF,
..353p33dP VI SF,, SO,, SO,Cl,, H,SO,,

0) yBEJIMYCHUIO YUCIIa TUIIOB rUOpUaAM3auu — sp°, sp3d?;

B) IOMIOJIHUTENTEHOMY TT-B3aHMOCHUCTBHIO, YITPOUHEHHUIO CBS3H
MEXIY aTOMaMH Cepbl U 0OPA30BAHHUIO TOMOLIEITHBIX MTPOU3BOI-
HBIX (S,, HOMMCYIb(paHbI, OJTUCYIb(UIb).

Bompmoil pamuyc aToMa cepbl, HEBBICOKAs 3JIEKTPOOTPHIA-
TENFHOCTh, HAIMYHME BHYTPEHHETO SKpaHa 2s?2p® M BaKaHTHBIX
3d-opbutaineii BO BHEIIHEM CJIO€ CIIOCOOCTBYIOT YMEHBIICHUIO
9HEPIUH CEPOCOACPIKALINX CBSA3EH M YBEITMUYCHHUIO TIOJISIPU3YEMOC-
TH KaK CBSI3€il, TAaK 1 HEMOAEIEHHBIX 3JIEKTPOHHBIX Map BHELTHETO
crosi. B cBsi3u ¢ 3THM, aTOM cepbl — «MSITKas» 4acTUIA U B CO-
otBercTBUH ¢ mpuHunaMu teopun JXMKO ckiionHa k B3aumo-
JEUCTBHIO C «MSTKAMI» peareHTaMu.

[Ipu HarpeBaHUM cepa HEMOCPEICTBEHHO B3aUMO/ICHCTBYET CO
BCEMHU BEIIECTBAMH, 3a HCKIIOYEHHUEM a30Ta, 30JI0T4d, TUIATHUHBL.
[Tpu 5TOM OHA MPOSABISAET KaK OKUCIUTENbHbIE, TAK U BOCCTAHO-
BUTEIIbHbBIE CBONCTBA:

S+H,=HS; S +3F,=SF,
S — okucnuTenb S — BOCCTaHOBUTEINb

Cepa ¢ BoIOH U pa30aBIEHHBIMH KUCIOTAMHU IIPH OOBIYHBIX
YCIIOBUSIX He pearupyet. [1py KUISIYCHUH B 1IeTI0YaX JUCIIPOIOP-

IHOHUPYET:
38 + 6KOH = K,SO, + 2K_S + 3H,0.
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Tema: BuoreHHble aneMeHTbI

Cepa — BecbMa paclpOCTPAHEHHBIH 3JIEMEHT B PUPO/IE, IPH-
CYTCTBYET B 3¢MHOW KOpe B BHUJE CBOOOTHO cepbl, CyIb)UIOB 1
cynb(haToB, KOTOPBIX MHOTO B rugpochepe. JKuBoTHbIe mojyya-
FOT CEPY TOJIBKO 32 CUET PACTUTEIHLHOMN HIIIN.

Conepxanue cepbl B opranusme denoBeka cocrasisier 0,16%
i ~112 r za 70 kr Beca. CyTouHasi TOTpeOHOCTH B3POCIIOTO Ye-
JIOBEKa B cepe OKOJIo 45 T.

Cepa BXOJIUT B COCTaB OEIKOB, CEPOCOAEPKAIIUX aMUHOKHUC-
JI0T (IUCTEUHA, IUCTHHA, METUOHUHA), SIBJIIETCSI COCTABHOM Yac-
ThIO cynbpruapmibubix rpymnm (HS-), ropMoHOB (MHCYIWH), BU-
TaMHUHOB (BUTaMUH B,), MHOTO cephl B KADOTHHE BOJIOB, IEPCTH,
KOCTSIX, HEpBHOM TKaHU W T.JI. B opranusMe cepa OKHUCIAETCS C
00pa3oBaHUEM 3HIOTEHHON CEPHOM KHUCIOTBI, KOTOPAs y4yacTBY-
eT B 00e3BpEXMBAHUU SITOBUTBIX COEAUHEHMIA, OOPa3yIOIIUXCS B
KUIIIEYHUKE U3 aMUHOKHUCIOT ((heHOJI, Kpe30y, CKaTOJ, WHIOJI),
a TAaKXKe UYXEPOJHBIX COEIMHEHUH, HAIPUMED JIEKAPCTBEHHBIX
npenapatoB. C 3TUMU COENUHEHUSIMU CEpHas KHCI0Ta o0pa3yeT
3hUPBI, KOTOPBIE BBIBOJSATCS U3 OPraHU3Ma ¢ MOYOU:

CH,OH + H,SO,—-CH~OSO.H + H,O.

B opranmsme cepa B cTENeHN OKHUCIEHUS —2 OKUCISIETCS JIeT-
ye, YeM YIJIepoj] OpraHUYecKuX coeauHeHuid. [ToaTomy nMeHHO
Tonel R—-SH mposiBnsioT 3amuTHBIE CBOICTBA OTHOCHTEIBHO
OKHUCITUTENEH U aKTUBHBIX paguKajioB. [Ipy MIrkoM OKHCIIEHUH
THOJIOB TPOUCXOIUT 0Opa30BaHMe IUCYIb(PUIOB:

2R-SH O = R-S-S-R +2¢ + 2H".
Takum 06pa3zoM MOKET OKHUCIISTHCS IIUCTENH, ITPEeBpaIasch B
IIUCTHH:

HS—CH, COO~ S—CH,—CH(NH3)COO" .
2 ¢l =] +2e+2H
H  NH S——CH,—CH(NH3)CO0"

Lucrennconepxainne OenKu 00pas3yIoT TUCYIbGUIHBIE CBS3H,

BCIICAICTBUE YETO M3MEHSIOTCS NX KOH(GOPMAITUS 1 OMOJIOTHUECKas
¢dbyukuus. s 3amThl TAKUX OCJIKOB B OpraHU3Me CYIIECTBYIOT
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

TaK Ha3bIBAEMbIE THOJIOBBIE MPOTEKTOPHI: rmyTatnoH (G-SH) —
TPUNENTUA, COAEPKAIIUNA TUCTENH, U AUTHAPOIIUIIOEBAsT KUCIIO-
Ta. OKUCIAACH CaMH, OHM MPEIOTBPALIAIOT OKHCIEHUE OENKOB,
T.e. «0epyT yaap» Ha cebs. Tak kak mpouecc OKUCIeHUs 00paTum,
TO B OpraHU3Me MOAJEPKUBACTCA THOI-AUCYIbGUIHOE paBHOBE-
cHe, KOTOPOE TMO3BOJISET PErYJIMPOBATH AKTUBHOCTh (DEPMEHTOB U
TOPMOHOB, CBEPTHIBAEMOCTh KPOBH, MPOHUIIAEMOCTh MEMOPaH.

Turo0BBIE MPOTEKTOPHI 3AIUUIIAIOT OPraHU3M U OT paguallu-
OHHOT'O BO3/AEHCTBHUS, T.K. B pe3yJbTaTe B3aMMOACUCTBUS palu-
xayos *O~,, HO,, *OH ¢ Tnonamu o6pa3yroTcsa MeHee aKTHBHBIE
paaukaisl RSe, KoTopble MOTYT CAMOJIMKBUINPOBATHCS, B3aMO-
JIEHCTBYSI APYT C APYTOM.

RSH + «OH =RS++ H,O;  RSe + SR = R-S-S-R.

TuoNbl ABISIOTCS TAaKXKe XOPOLIMMH HYKJICO(MHIBHBIMH pea-
TeHTaMHU 0J1arofapst BBICOKOH MOSIPU3YEMOCTH CePbl, I03TOMY B
OpraHru3Me OHM XOPOIIO B3aMMOJEHCTBYIOT C aJIKWINPYIOUUMU
peareHTaMu, B TOM YMCIIE ¥ C OTPABJISIIOIMMY BeLeCTBAMU, HEl-
Tpajau3ys Ux JIeficTBHUE.

Tuoncoaepxkainue O6MOCyOCTpaThl, B TOM YHUCIIe (hepMEHTHI
(®-SH) sBAstOTCS MSTKUMU M aKTUBHBIMU JIUTaHIaMU, KOTOPbIE
B3aUMOJIEHCTBYIOT C KATUOHAMH TSKEIBIX METAJUIOB (MSATKUMHU
KOMIUIEKCOOOpa3oBaTesiMi) ¢ 00pa30BaHUEM INPOYHBIX KOMII-
JIEKCOB:

2d-SH + Hg** — ®-S-Hg-S-® + 2H".

B pesynbTaTe Takoil peakuuu cyOCcTpaT WM GEepMEHT TepseT
AKTUBHOCTH, MIO9TOMY MOHBI TSDKEIBIX METAJIOB SIBISIOTCS TOK-
CHUKaHTaMU.

Bcenencraue 60mb1110r0 cpoacTBa HOHOB cepedpa Ag* Tuoio-
BBIM IpyIIlaM HUTpAT cepedpa UCHOJIb3YIOT B TUTPUMETpHUUEC-
KOM aHaJn3e JJIs1 KOJIMYeCTBEHHOTro onpeaeneHus SH-rpymm, uyto
MO3BOJISIET OIIEHUBATH OYy(pEepHYI0 €MKOCTh aHTHOKCHIAHTHOM
CHCTEMBI OpTaHU3Ma.

[Tpu raveHnn OeNKOBBIX BELIECTB MOJ AEHCTBHEM MHKPOOD-
raHU3MOB 00pa3syeTcs BaKHEWIee COeIUHEHNE CEPbl — CEepoOBO-
J0po.1.
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Tema: BuoreHHble aneMeHTbI

Ceporonopon H,S — GecuBeTHBIN ra3 ¢ 3aMaxoM THUIOLIETO
Oenka, oueHb Tokcuyed. Boanbiii pactsop H,S — cnabas ceposo-
JIOPOJIHAs KUCTOTA!

HS+HO=HO"+HS pK =73

HS + H,0=H,0" +S* pK,=13.8.

CepoBoopoaHas KHCIOTa 00pa3yeT ABa THIIA COTIEH: CyIb(hH-
JIbI ¥ THIPOCYIB(GUIBI, KOTOPBIE B BOJIE JIETKO TUAPOIU3YIOTCS IO
aHnony. CepoBomopoa U CyIb(UABl — CUIbHBIE BOCCTAHOBUTE-
. BoccraHoBUTEIbHBIE CBOWCTBA CEPOBOJOPO/IA JIEKAT B OCHO-
BE JIEATEIIbHOCTU aHa3pOOHBIX OakTepuit (poTocuHTE3):

nCO, +2nH,8 —— (CH,0), + nH,0 + 2#S.

CepoBOgopOa — 3TO CHIIBHBIN HEMPOTOKCUYHBIN ST, T.K. CBSI-
3pIBasi ATOMbl MEIU B IIUTOXPOMOKCHIA3€ OIOKUPYET IMepeHoc
9JIEKTPOHOB € 3TOr0 (pepMeHTa ABIXaTeIbHOHI 1IeTIN Ha KUCIIOPO/I.
IIpu comepkanuu B Bo3ayxe 6-10 Mr/im cepoBoiopoia BO3HHKA-
10T roJioBHast 00I1b, 00Ib B IM1a3ax, a Mpu coaepkaHuu 1 Mr/inm —
CyIOPOTH, IOTEPSI CO3HAHMS U TAPAIINY IBIXaHHUSI.

KucnopodHsie coeduHerus cepbi

SO, — okcun cepsl (IV), GecuBeTHBIA Ta3 ¢ yIyUIIMBBIM 3ama-
XOM, JIETKO MPEBPAINAIONIUICS B )UIKOCTb, IOBUT. [1pu pacTBo-
PEHHU B BOJIe 00Pa3yeT CIOKHYIO pABHOBECHYIO CUCTEMY:

SO,+H,0 = H,SO, <= H*+HSO",.

CepHnucras kucnota cuiibHee yroabHoi (K (H,SO,) = 1,66-1072,
K (H,CO,)=4,26-10"7). PactBopumble conmu (CyTbUTHI U THAPO-
CYTb(UTHI IIETOYHBIX METAJUIOB) CePHUCTON KUCIIOTHI THIPOJIHU-
3YIOTCSI B BOAHBIX PACTBOPAX MO aHUOHY.

B cuy HecTaGUIBHOCTH CTENEHU OKUCIEHUS +4 COeqUHEHUS
CepbI MPOSIBIISIIOT CUIIbHBIE BOCCTAHOBUTENIbHBIE CBOMCTBA. OKIC-
JIUTENbHBIE CBOICTBA coenuHeHus cepbl (IV) mposIBISIOT TOJIBKO C
CHITBHBIMU BOCCTAHOBUTEIISIMU.

ITpu cxxuranuu yris, HedTaHoro MasyTa Beienserca SO,, ko-

TOPBIN fajiee 00pa3yeT CEpHUCTYIO M CEPHYIO KUCITIOTHI:
SO,+H,0=H,S0,; 280, + 2H,0 + O, =2H_SO,
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Haane B atMochepe KUCITOTHBIX MTPOIyKTOB, BRICOKAS BIIAXK-
HOCTb BO3]lyXa, UHBEPCHSI TEMIIEPATYPHI B TPU3EMHOM CIIOE€ B OT-
CYTCTBHE BeTpa MPHUBOIAT K 00pa30BaAHUIO TOKCHUECKOTO CMOra,
KOTOPBIN yalle Bcero obpasyercst 3umoi. Tak, Hanmpumep, mpH
xonuenTpauuu SO, B Bozayxe 0,5 Mr/m® 3a6011€Ba€MOCTh OPOHXH-
TOM Yy HacelleHus cocTaBisieT 6%, a mpu 5 mr/m® — 100%.

SO, — oxcun cepwr (VI), nerydas KuAKOCTb, aKTHBHO ITO-
TJIOIIAET BO/Y, 00pasys CUIIbHYIO CepHYIo Kucioty. Coiu cepHOM
KHUCTIOTHI (CyJIb(aThl, TUAPOCYIb(ATHI) HE THIPOIIU3YIOTCS.

CepHasi kMCJI0TA — BsI3Kasi MACIISTHUCTAsl XXUIKOCTh Oe3 3a-
maxa W I[BeTa — AaKTUBHBIA OKHUCIHUTENb. | uapatanms HZSO ’
COTIPOBOXK/IAETCS BBIJICIIEHUEM OOJIBIIOTO KOJIMYECTBA TEIUIa 3a

cueT 0OpazoBaHUS THAPATOB, HaAMOOJEe NMPOUYHBIN M3 KOTOPBIX
H,SO,-H,0.

lpumeHeHue cepsi U ee coeduHeHuli 8 MedUYUHe

1) OuunieHHas MeNKOJUCIIEPCHAS Cepa IPUMEHSETCS Hapy>KHO
B 15-20% Ma3six 1 IpHUCHINIKaxX MMpHU JICYEHNUHN IIcOprasa, ce0open,
YECOTKHU U BHYTPb B KAUECTBE CIIAOUTEIIBHOTO U OTXapKHUBAIOLIETO
cpenctBa. OHa B3aMMOJEHCTBYET C OPraHUYECKUMHU BEIIECTBAMU,
00pasys cyab(huabl U HIEHTATUOHOBYIO KUCIIOTY, KOTOPbIE OKa3bl-
BaIOT IPOTUBOMHUKPOOHOE 1 TPOTUBOINAPA3UTAPHOE JICHCTBHE.

2) PagnoakTuBHAA cepa U MEUEHHBIE €10 COEIMHEHUS UCIIONb3Y-
FOTCS B 9KCIIEPUMEHTAIBHON MEAMIIMHE B KAYECTBE MHANKATOPOB.

3) Ceposonopoansie (H,S) BaHHbI 61aroNpUATHO BIMAIOT Ha
OPTaHU3M P PA3TUIHBIX 3a00JIEBAHMSIX.

4) Bonplioe pacnpocTpaHeHHe MONIYYWIM MPOU3BOAHBIE MO-
HOAMU/Id CEPHOM KHUCIIOTHI — CyJIb(paHWIAMHUIHBIE MTPETapaThl:
cTpenTolu, Hopcylbhas3on, cyibdaauMeTakCuH, CyIbpaMOHO-
METOKCHH, (Taja3oil U Ap., obJiajarolire aHTUOAKTepHaIbHOMN
AKTUBHOCTBIO.

5) Ilenraruapar tuocyibgara Hatpus Na,S,0,-5H,O npume-
HAETCA KaK POTUBOSIIME ITPU OTPABICHUAX IMAHUJAMU, CHHUJIIb-
HOM KUCIIOTOM, COJISIMU TSDKEIIBIX METAJIJIOB, HOIOM.
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6) Tuocynbdar natpus Na,S O, B Bune 30% pactsopa npu-
MEHSETCSl KAK aHTUCENITUYECKOE CPEACTBO IIPH AJUIEPTHUECKUX
3a00JeBaHUSAX, aPTPUTAX, HEBPAITHUAX, KPACHOW BOTYAHKE.
HapyxHo TuocynbdaToM JiedaT 4ecoTKy, TpUOKOBEIE 3abote-
BaHMUI.

IIpu moAKUCIIEHUH BOJHBIX PACTBOPOB THOCYJIb(aTa obpasy-
roTCs cepa u okcup cepsl (IV):

Na,$,0, + 2HCl = 2NaCl + SO, + S + H,0.

DTa peakius JIeKHUT B OCHOBE METO/a JICYSHHU s YeCOTKH 1o Jle-
MBbSIHOBHMYY: CHaYasa B KOy BTHpaeTcs pactop Na,S.O,, a 3a-
teM pactBop HCL. Obpasyroriuecs mpu 3TOM MPOIYKTHI PEaKIIH
(SO, u S) oKa3pIBAIOT IPOTUBONAPA3ZUTAPHOE IEHCTBHE.

Na,S,0, ucnonb3yercs Npu OTPABIEHMA LUAHUIAMH, T. K.
OKHCITSET [UAHUI-aHUOH B 3HAYUTEIHLHO MEHEe STOBUTBIA THO-
LIMAHAT-aHUOH:

KCN + Na 8,0, — Na SO, + KNCS.

Co MHOTMMHU HOHAMU-TOKCUKaHTaMu: kaamust, Menu (I), pTy-
ta (II), ceunua (II), cepebpa — TuocynbpaT-aHUOH OOpaszyer
MPOYHbIE KOMIUIEKCHI U MaJIOPACTBOPUMBIE HETOKCUYHBIE COE/IU-
HEHUSs1, I0O3TOMY OH UCIIONIB3YEeTCs KaK YHUBEPCAIbHBINA aHTUIOT:

Hg* + 48,0, — [Hg(5,0) ]
Pb** +S 0.+ H,O=PbS | +SO,> + 2H".

7) Cepnas xucmora H,SO, mpumeHseTcs Kak IPOTHBOSIHE
MIPU OTPABIICHUSIX COJIIMU Oapusi M CBUHIQ, IUIS TTOJAKUCIICHHS
MUKcTyp. OnpeneneHne cyib(paToB B MOYe MO3BOJISIET CYUTH O
Mpolleccax THUEHUs OETKOB B KUIIIEYHHUKE.

KonnenTpupoBaHHas cepHasi KUCJI0Ta OKa3bIBAET MPUKHUTAI0-
1ee IEHCTBUE Iy TeM JIETUIpaTAINK TOBEPXHOCTHBIX JIEMEHTOB C
00pa3oBaHUEM IIOTHOTO CTPYyNa (KOAryJIsIIHOHHBIN HEKPO3).

8) B MmeauimHe MUpoKoe MpUMEHEHNE HAIIUTU Pa3IMYHbIE CYITb-
dater: Na,SO,-10H,0 — riay6eposa conb, CaSO,-2H,0 — ruric,
2CaSO,-H,0 — anebacrp, MgSO,-7H,0, BaSO,, CuSO,, ZnSO,,
FeSO,-7TH,0 — xenesupiii kynopoc, KAI(SO,), 12H,0 — amo-
MOKaJIEeBbIE KBACIIBI.
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9) Yuurtuon
HOOC—CH—SH

HOOC—CH—SH
U CyKLIIMEpP

H3N+—(|IH—COO
(H;C),—C—SH

Ha3bIBAIOT aHTUAOTaMH. OHM UCIOIB3YIOTCSA MPU OTPABIICHUSX
MBIIIBSIKOM, PTYThIO, KaJIMUEM, CBUHIIOM, XPOMOM, KOOAJIbTOM
U HEKOTOPBIMH PaJUOAKTUBHBIMU JJIEMEHTAMHU, T.K. SIBISSACH
MATKUMH OCHOBAHMSIMH, CBSI3BIBAIOT MSTKHE KHCIOTHI — HOHBI
TOKCHYHBIX METAIJIOB, cornacHo npuHuuny KMKO, B npouHble
KOMIIJIEKCHBIE COEIMHEHMSI, KOTOPBIE 3aTEM BBIBOIATCS ¢ MOYOM
13 OpraHu3Ma.

V:

...Ecnn B nabopartopun pasnunu pTyTb (BO3HUKIa ONacHOCTb OT-
paBneHust pTyTHeIMW napamu!), eé nepsbiM Aenom cobupatot, a Te
MecTa, U3 KOTOpbIX cepebpucTble Kannm He M3BMeKalTCs, 3acbkinatT
nopoLukoobpasHom cepor. PTyTb 1 cepa BCTynaroT B peakLmio Jaxe B
TBEPAOM COCTOSHUM — NPY MPOCTOM CONpuKocHOBeHWn. ObpasyeTcs
KMPMMYHO-KpacHas KMHOBapb — Cynbdu pTYTU — XUMUYECKN KpariHe
nHepTHOEe M 6e3BpeaHOE BeLLECTBO.

W3pgaBHa ncnonb3oBanacb cepa B MeduuMHe — ee MnaMeHem
oKypuBanu 6orbHbIX, €e BKIYanM B COCTaB PasfUyHbIX Masen Ans
neYeHns KOXHbIX 3aboneBaHun.

Bce cynbdamugHble npenapatbl — CynbduanH, Hopcynbdason,
cynbdagnmMesnH, cTpenTouna v apyrue nogaenstoT akTMBHOCTb MHO-
rouncneHHblx Mnkpobos. Bce aTn nekapcTBa — opraHuyeckue coegu-
HeHus cepbl. MHOrMe aHTMBMOTUKM MOXHO paccMaTtpuBaTh Kak opra-
HW4ecKne MpPOM3BOAHbIE Cepbl, B YACTHOCTW cepa BXOAWUT B COCTaB
neHvumnnuHa. MenkogucnepcHas anemeHTapHas cepa — OCHOBa
MaseWn, NPMMEHsIEMbIX NpuY NeYeHny 3aboneBaHnn KOXu.
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Asor
7 A3zor, N, B [ICD HaxoguTcs BO 2-0M mepuo-
N ne, V-A rpyme.
A30T OTKpHIT B 1772 T. MOTIaHACKUM ydYe-
A30T veiM JI. Pesepdopmom B cocTraBe TPOOYKTOB
14,0067 5| CKaraHus yris, cepbl U ¢dochopa kak ras, He-
2s°2p° ’ TIPUTOJTHBIN JIJISl IBIXAHUS U TOPEHUSI («Y Iy~

BB BO3/1yx») U B oTsimure oT CO, He MOryomaeMslii pacTBOPOM
menouyn. Bekope dpanmysckuit xumuk A. JI. JlaByasbe mpurien
K BBIBOY, YTO «YJYIUIMBBII» T'a3 BXOJUT B COCTAB aTMOC(HEPHO-
ro BO3IyXa, W MPEIJIOKWI JIJI1 HEro Ha3BaHUe «azote» (OT rped.
azoos — 0e3ku3HeHHbI). B 1784 1. aHrIIMHCKUI GU3UK U XUMHUK
I'. KaBenauu ycraHOBWII IPUCYTCTBUE a30Ta B ceNUTpe (OTCI01a
JIATUHCKOE HAa3BaHUE a30Ta, MpeanoxeHHoe B 1790 1. ¢gpanirysc-
kuM xumukoM JK. [lanTanem).

DIeKTpOHHAsT KOHpHUrypalus atoma: 15s°2s22p?. DineKTpoHHOE
CTpOEHME aTOMa a30Ta IMO3BOJISET eMy 0Opa3OBBIBATH TPU KOBa-
JICHTHBIE CBS3HM 110 OOMEHHOMY MEXaHM3MY 3a CUET TpeX Hecla-
PEHHBIX 3JIEKTPOHOB (2p) M CBSA3b MO JTOHOPHO-AKIENITOPHOMY
MeXaHHM3MY 3a CUeT TOHOPHOI Hapsbl (2s%) 3IeKTPOHOB. XapaKTep-
HbIE CTEIIEH! OKHUCJIEHUS aToMa a30Ta!

CcO -3 2 -1 +1 42 43 +4 45
NH,, NH,, NH,OH, N,O, NO, N,O,, NO,, N O,

B MeTabonuTax aToMbI a30Ta CBSI3aHBI C ATOMaMH BOJIOPO/IA,
yIJIepolia U UMEIOT CTeleHb OKUCTICHUs —3. A30T sBisieTcs 00s13a-
TEIBHOM cocTaBHOM uacThio Oenka (15-17,6%), BUTaMUHOB, TOp-
MOHOB U APYTUX OMOJIOTUYECKU AKTUBHBIX COCTUHEHUH.

Hu1s aTomMa a30Ta XapakTepHa BBICOKAS IEKTPOOTPULIATENb-
HOCTh (DO = 3,1), mosTOMYy a30TCOAEP)KAIINE CBSI3M ITOJISIPHBI.
A30T 00pasyeT MOBOJIBHO MPOYHBIC KOBAJCHTHBIE CBSI3U, CIIO-
cOOHBIe T10]] BIUSTHIEM (PEPMEHTOB JIETKO Pa3phIBATHCS, CO3aBast
YCIOBUSL JUISI OMOXMMHUECKHX peakiuii. JKU3HEHHO Ba)KHBIMU
COEIMHEHUSIMU SBJISIOTCS 0-aMUHOKHUCIIOTBI — CTPYKTYPHBIE €11~
Huupl O6enkoB. Mexay aToMaMu a30oTa B MOJIeKyse oOpasyercs
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

TpoiiHast cBsi3b N=N. [IpouHOCTh CBSI3M OYEHb BBICOKAS, PEAKIIU-
OHHA$l CIIOCOOHOCTH BCIIEICTBUE 3TOTO HU3Kas. A30T HE TOPHUT U
He MOAJEPKUBAET FOPEHUS IPYTUX BELECTB, HAIPOTUB, OH SBIIS-
€TCsl KOHEYHBIM IIPOAYKTOM OKHCIIEHUS IPYTUX a30TCOAePKAIINX
BEILIECTB.

A3oT — ra3 6e3 11BeTa U 3armaxa, rIoXo pacTBOPUM B BOJIE M Op-
raHnnyeckux pacrsoputensix. Coaepkanue B Bo3ayxe — 78 00.%.
ABOT XOpOIIO PACTBOPSETCS B OMONIOTMYECKUX JKUAKOCTAX. W3-
OBITOK €r0 B KPOBH B YCIOBMSIX MOBBILIEHHOTO JABJIEHUS MOXET
OBITH IPUYMHON Pa3BUTUS KECCOHHOH Ooye3Hu (BOHOJIa3bl, KOC-
MOHABTHI).

[MocenoBatenbHble CTAIUN YTHIU3AIMUA aTMOC(HEPHOTO a30-
Ta CBSI3aHBI C JICATEILHOCTBIO HUTPUDUIUPYIOMIUX OaKTEpHil U
COCTOST B CIIEAYIOIIEM:

N, Ly NH, % No 225 HNO

3

CoeduHeHnus azoma

NH, — ammuax, GecUBETHBIN ra3 ¢ pe3kum 3amaxom. Ilpu

= -33 °C cxwmxaercs, npu ¢ = —78 °C — 3aTBepaeBaeT. 3a cueT

HaJIMYUsl MEXMOJIEKYISIPHBIX BOJOPOJHBIX CBSI3EH aMMHAK IO

CPaBHEHUIO C BOJOPOJTHBIMH COCTUHEHHUSIMU NIPYTUX 3JIEMEHTOB
VA-rpynisl o01a1aeT OTIUNIUTEIIBHBIMUI CBOHCTBAMH:

a) XOpOIIel pacTBOPUMOCTHIO B Bojie (B 1 oObeMe BOABI IpH
293 K pactBopsiercs 700 06eMOB aMMuaKa); BOJHBIE PACTBOPHI
€ro UMEIOT CJIabOolIETOYHYIO PEAKIIMIO:

NH, + H,O == NH,-H,O0 == NH*, + OH".

3a cyeT BOAOPOIHBIX CBSI3€M 00pa3zyeTcss MPENMYIECTBEHHO
ruapar NH3-H20. NH 4OH HE CYLIECTBYET KAK XUMUYECKU UH/IU-
BUJIyaJIbHOE COCUHEHHE;

0) 3HAUUTENHHOM TEIUIOTON UCTIAPEHUSI, TO3TOMY UCIOJIb3yeT-
Csl B XOJIOJMIILHOM TEXHHKE;

B) OOJBIION BETMYMHOM AUAIIEKTPUUECKON MPOHUIIAEMOCTH,
TIO3TOMY SIBIISIETCSI XOPOIIMM HEBOJIHBIM PACTBOPHUTEIIEM [IJIs IIIe-
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Tema: BuoreHHble aneMeHTbI

JIOYHBIX, IEIOYHO3EMENIbHBIX METAJIJIOB, cephl, dochopa, iosa,
MHOTHUX KHUCIIOT U COJIEH.

Tun rubpuau3anuy aTOMHBIX opOuTajei asota — sp*, cTpoe-
HUe mupamMunaibHoe. Ha oiHO# U3 TMOpUIHBIX opOuTasieil Haxo-
JIUTCSI HEeTIOZIeJIeHHAs 3JICKTPOHHAS Tapa, 3a CUYeT KOTOpPOil aToM
a30Ta 00pa3yeT CBA3D IO JOHOPHO-AKIIETTOPHOMY MEXAHU3MY.

Briaronaps HaIM4YMIO HEPA3AEIEHHOM IEKTPOHHOM ITapbl IPH
aToMe a30Ta aMMMAaK IIPOSIBISET 3JIEKTPOHHO-JOHOPHBIE CBOK-
CTBA IPU B3aUMOJICHCTBUU C KUCIOTAaMHU ¢ 00pa30oBaHHEM aMMO-
HUWHBIX COJIEH, a TAK)Xe MPU 00pa30BaHUM AMMHHOKOMIIIEKCOB:
[Cu(NH,),ISO,; [Ni(NH,), ]Cl,. AMMHaK — aKTHBHbIA JIUTaHI.

AMMuak (NH3) JIEHCTBYET pa3Ipakarolile Ha CIIM3UCThIe 000-
JIOYKM ABIXaTeNbHBIX IyTeH M IJIa3, B BBICIIMX KOHLEHTPALMIX
BO30Yy’KIaeT HEPBHYIO CUCTEMY, BBI3BIBAET CYAOPOIH, MOXKET IPU-
BECTH K BOCITAJICHUIO JICTKHX.

B xposu npu pH =7,4 rugpar ammunaka (pK (NH*,) = 9,25)
npenacrasieH Ha 98,6% moHaMM aMMOHMS, KOTOpPBIE HE MOTYT
MIPOHMKATh Yepe3 KIETOYHbIe MeMOpaHbl. MOJEeKyIbl aMMHaKa
(NH,) MOryT IpOHMKATh Yepe3 MEMOPAHBI, B YACTHOCTH BO3/IEMC-
TBOBATh Ha MO3I, YTO HCIIOJIb3YETCS B MEIULMHCKON NMPAKTHUKE
JUTS| BBIBEJICHYSI YeTIOBEKa 13 0OMOPOYHOTO COCTOSHUS.
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

B MeauimHCK O MpakTUKE MPH aIKall03€ B KAUeCTBE MOYETOH-
HOTO cpefcTBa npuMeHsIoT xnopua ammonns NH,Cl. B pesyis-
TaTe F’UIPOJIN3a 3TOU COMIU MOBBIIAETCS KUCIIOTHOCTh KPOBHU, YTO
YMEHBIIIAET aJIKajI03:

NH*, + HO = NH,-H,0 + H*.

ITpu sToM yBenuuuBaeTcs BbIBEACHUE NOHOB HATPUSI U BOJBI
yepe3 MOYKU. BbIBeeHHEe aMMMaKa U3 OpraHu3Ma MPOUCXOAUT
yepe3 MOYKH, [TIaBHBIM 00pa3oM B BUE MOYEBUHBI. B ycnoBusx

opraHmn3sMa aMMHAaK yCTOP‘I‘{HB K OKHCJIICHHIO, €0 BOCCTAHOBH-
TEJIbHBIE CBOMCTBA HE TIPOSABIIAKOTCA.

Kucnopodusie coedureHua azoma

N,O — oxcun azora (I) («Becensmmii» ra3). becuBeTHbIN a3 co
CJTabbIM MPUSITHBIM 3allaXOM M CJIAKOBATBHIM BKycOM. Majio pac-
TBOpsIETCS B BOZIE, He pearupyet ¢ Heil. MHmuddepeHTHbII okcH.

Okxkcnn azora (I) B cMecH ¢ KUCIOPOIOM HCIOJIB3YETCS B Me-
JIMIIMHE JUJI WHTAISIUOHHOTO Hapko3a. [Ipu Maibix KOHIEH-
TpalMAX OH BBI3bIBACT BO30OYKIACHHUE («BECEIAIUNA» ra3), a mpu
OonpIuX — oO0Iui Hapko3. OOBACHIETCS 3TO, MO-BUIAUMOMY,
TEM, YTO B KJIETKaX TOJIOBHOrO Mo3sra Monekyisl N, O ruapaTu-
PYIOTCS 3a CYCT «HECTPYKTYPHUPOBAHHOI» BOJBI U CO3/IAIOT BOK-
pyr ceOst ruapaTHYIO 000JI0UKY U3 «CTPYKTYPUPOBAHHON» BOJIBI,
paspyiias 3a c4eT 3TOro TUPATHYIO 000JI0UKY MEMOPaHOBBICTU-
JIAFOIIUX OCIKOB. YMEHbIIIEHHE THAPOPUILHOCTH OEIKOB IPUBO-
JIUT K UX oTclauBaHuio. [1osiBUBIIAsICS HOBasi TpaHUIa paszeria
HapyllIaeT UOHHYIO MPOBOJUMOCTh KIIETOYHOW MeMOpaHbI, UYTO,
B CBOIO OYE€pPE/b, BBI3BIBACT MOTEPIO0 UYBCTBUTEIBHOCTU KJIETOK
MO3Ta K HEPBHBIM UMITYJIbCAM OT OOJIEBBIX TOUEK, T.C. AaHECTE3UIO.
IMpu npexpallleHUu MOJauu 3TUX BEIIECTB OHU JUGGYHIUPYIOT
U3 KJIETKU, COCTOSIHUE BHYTPHKJIETOYHON BOJHOMN CHUCTEMBI BOC-
cTaHaBIMBaeTcs, 3pdexT aHecTe3un ncuesaer.

NO — oxkcun azota (II) — OecrBeTHBIH Ta3, O0e3 3amaxa, Majao
pacTBOPUM B BOJIC, TOKCUYCH.

3a ABa MOCIEAHMX ACCATUIETUS OBUIO YCTAHOBIIEHO, YTO 3Ta
mojiekyina NO o0J1aiaeT mMUpOKUM CIHEKTPOM OMOJIOTUYECKOTO
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JIEUCTBUSI, KOTOPOE YCIOBHO MOXKHO Pa3feiNTh Ha PETyIATOP-
Hoe, 3amuTHoe u BpenHoe. NO, sIBISIICh OJHUM M3 MECCEHKe-
pPOB, yUacTBYET B PETYJISIIIUN CHCTEM BHYTPHU- U MEXKKICTOUHOMN
curHanuzaunu. OKCU a30Ta OTBEUYAET 33 IHAOTENHAIBHYIO pe-
JIAKCAIIMIO TJIaJKUX MBI (Ba30UIATAIMIO), MPEI0TBpaIlato-
IIyI0 arperamnuio TPOMOOIMTOB M aATE3WI0 HEUPO(MIOB K IH-
JIOTEJINIO, YYACTBYET B MPOIIECCAX HEPBHOMU, PEIPOIYKTUBHON U
UMMYHHOI cuctemax. NO Takxke 00J1aaeT HUTOTOKCUUECKUMHU
U UUTOCTATUYECKUMH CBOMCTBaMH. KIIeTKU-KMIITIEpBI UMMYH-
HOM CHCTEMBbI MCIIOJIb3YIOT OKCHUJI a30Ta JIJI1 YHUUYTOXKCHUS OaK-
TepUN M KIETOK 3J10KAYEeCTBEHHBIX omyxoJied. C HapylieHueM
6uocuHTe3a 1 Metabonnsma NO cBsizaHbI Takue 3ab0IIeBaHNS,
KaK acceHI[MalibHas apTepualibHasi TUIIEPTCH3US, UIIEMUYeCKast
6one3Hb cep/ua, nHPAPKT MUOKAp/a, IIEpBUYHAS JIETOYHAS TU-
repTeH3usi, OpOHXUalbHAs acTMa, HEBPOTHYECKAsl JIEMpPECcCHs,
3MUJIETICHS, HEWpOereHepaTuBHbIe 3a0oneBanus (T.e. OONe3Hb
Aunpireiimepa, 0omne3np [lapkuHcoHa), caxapHblil quaber, UM-
TTOTEHLIHS U JIP.

ITo cyTtu, MOHOOKCH]T a30Ta SIBJISIETCS JTOKAJIbHBIM TKAHEBBIM
ropmoHoM. NO wurpaer KIOYEBYIO POJIb B MOAABICHUH aAKTUB-
HOCTH OaKTepUabHBIX U OMYXOJEBBIX KJIETOK IyTeM Jmbo 6Io-
KUPOBAHUS HEKOTOPBIX HX XKeJIe30CoJepKamux (EepMEHTOB,
MO0 TyTeM NOBPESKACHUS MX KJIETOUHBIX CTPYKTYP OKCHIIOM
a30Ta WM CBOOOTHBIMH paauKariaMu, 0Opa3yIoIUMUCT U3 OK-
cuga azota. OMHOBPEMEHHO B OYare BOCMAJICHUS HAKATUTUBASTCS
CYNIEPOKCHU/I, KOTOPBIN BBI3BIBAET MOBPEXK/ICHUE OCIKOB U JIUITU-
JIOB KJIETOYHBIX MEMOPaH, YTO ¥ OOBSICHSIET €0 IUTOTOKCUIECKOE
JIeHicTBHUE Ha KJIeTKy-mullieHb. CienoBaTenbHo, NO, n30BITOYHO
HAaKaIIMBasICh B KJIETKE, MOXET JIEHCTBOBATH JIBOSIKO: C OJHOM
cTopoHbl, BbI3biBaTh NoBpexaenue JJHK, u ¢ apyroit — naBath
MPOTHUBOBOCTIANIUTENBHBIN 3¢dexT. OKCch a30Ta CHOCOOEH UHU-
LIUUPOBATh aHTHOreHe3 (0Opa3oBaHMEe KPOBEHOCHBIX COCYIIOB).
B ciryuae nHdapkTa MUOKapAa OKCHIT 30Ta UTPAET MOT0XKUTETb-
HYIO POJIb, T.K. MHIYLIUPYET HOBBII COCYMCTHIN POCT, HO TIPH pa-
KOBBIX 3200JIEBAaHUSIX TOT K€ CAMBII IMPOLIECC BHI3BIBAET PA3BUTHE
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OTyXOJIeH, CIOCOOCTBYS MUTAHUIO U POCTY PAKOBBIX KJIETOK, HO C
JIPYroil CTOPOHBI, BCIEACTBHE 3TOT'O yIYYIIAETCsS JOCTABKA OKCH-
J1a 230Ta B OIYXOJIEBbIE KIETKU.

B 1998 rony tpoe amepukanues dypurort, Uruappo u Mro-
pan Obutn ypocToeHsl pemMun HobGeneBckoro xomurera no ¢u-
3MOJIOTHH «3a OTKPBITHSI, Kacatonuecs okcuna azota (I1I) kak cur-
HAJIbHON MOJIEKYJIBI B CEPAECUHO-COCYAUCTON CUCTEME.

UccnenoBarenn wu3 ynusepcuteta CeBepHoil KapomuHsr
(CHIA) samu croco6, kak 3akiounTh NO B HAHOYACTULBI IU-
okcuza kpemMHusi. HaHowacTulbl MMEIOT Psi MPEUMYLIECTB IO
CPAaBHEHHUIO C HU3KOMOJIEKYJISIPHBIMU UCTOYHUKaMu NO — mpe-
JKJIe BCETo, OOIIbIIIee BPEMST BBICBOOOXKIEHHS Ta3000pa3HOTO OK-
cHla a30Ta, KOTOPBIH, K TOMY e, TpeOyeTcsl B MEHBIIIUX KOHIICH-
Tpauusx.

YyeHble moka3aiy, YTO CO3JaHHbIe UMU HAHOYACTULIBI d(dek-
THUBHBI JJ1s1 0OPHOBI C CHHETHOWHOW MAJIOUKOH in vitro.

NO — axTuBHBINA JUran], oOpasyeT KOMILIEKCHOE COeUHe-
HHE C JXeJIe30M remMoriiobmHa, mpuuem B 60 pa3 Oojiee mpodHoe,
YeM COeIMHEHUE TeMOTTIO0MHA C KICIIOPOIOM, UTO SIBIISICTCS IIPH-
YUHOM TOKCHYHOCTHU okcuaa a3zorta (1I):

HHb + NO — HHbNO.

N,O, — oxcun asora (III). CymecTByeT B TBEPAOM COCTOS-
Huu nipu Temrnepatype Huxke —100 °C. Ilpu npyrux temmnepaTtypax
MPAKTUYECKU HE CYLIECTBYET, T.K. B )KUIKOM U MapooOpa3HOM Co-
CTOSIHMSIX B 3HAUUTEIbHON CTENIEHU TUCCOLIMUPOBAH 3a CUET AMC-

MIPOIOPLUOHUPOBAHUS:
+3 +2  +4
N,O, = NO + NO,
N,O, — KHCJIOTHBIA OKCHI, €MY COOTBETCTBYET a30THUCTAs
KHCIIOTA.

HNO, — azoTtucras KMCI0Ta CyIIECTBYET TONBKO B pACTBOPAX.
HNO, — amdomur ¢ Gomee CHIEHO BBIPaKEHHON KUCIOTHOM
¢dyHK1He#. B ee BOIHBIX pacTBOPAX CYIIECTBYIOT PABHOBECHS:

NO* + OH- = HNO, = H* + NO-,.
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Kucnoponnsie coenunenns azota (III) — nurpur-annons!, ss-
JISIIOLIUECS] CUIIBHBIMU OKUCIIUTENSIMU, MTOTaAasi B KPOBb, BBI3bIBA-
0T METTEMOTIOOMHEMHIO, OCTPOE KUCTIOPOJHOE I'OJI0IaHUE TKaHEH
M3-32 YMEHBLIEHUs COEpKAHUA FeMOIJIOOMHA B KPOBH, a TAKXe
YBEJIMYMBAIOT CBOOOJHOPAAUKAIEHOE OKHCIICHUE B OpraHU3Me:

HHb(Fe*?) + NO-, + 2H* = merHHb(Fe*) + NO + H,0.

Beirenstomuiicst mpu 3tom okcup azora (I1) oOpasyer ycroi-
YUBBIA KOMIUIEKC C TeMOTIIO0MHOM — HUTPO30T€MOTI001H:

NO + HHb = HHbNO.

B xenmyaxe HUTPUTHL 00PA3YIOT A30TUCTYIO KUCIIOTY, KOTOpas
MpY B3aUMOJICHCTBUY CO BTOPUYHBIMU aMHUHAMU 00pa3yeT CHIlb-
HBIE KAaHLIEPOTE€Hbl — HUTPO30aMUHBI:

R N-H + HO-N=0 = R N-N=0 + H,O.

ITo aToit mpuunHe 3anpenieHo 100aBIeHNE TOKCUYHBIX HUTPH-
TOB B KQ4€CTBE KOHCEPBAHTOB B MSCOIPO/TYKTHI.

NO, — oxcup azora (IV) — kpacHO-OyphIit AIOBUTHIN Ta3 ¢
peskuM 3amaxoM. NO, — CHIIBHBIH OKUCITUTEN.

B cocraB BcTpedarommxcsi B MPOMBIIIJIEHHOCTH HUTPO3HBIX
razos Bxogat NO, N,O,, NO,, N,O,. IIpu KOHTaKTe 3TUX Ta30B
C BJIaXHOMH moBepxHocThio obpasyrorcs HNO, 1 HNO,, nopa-
JKAIOIIME AJTbBEOJISIPHYI0 TKaHb, YTO MPUBOJIUT K OTEKY JIETKHUX
U CIIOXHBIM pedIeKTOPHBIM paccTpoiicTBam. [lpu oTpaBieHUN
HUTPO3HBIMH ra3aMH B KPOBU OOHAPYKUBAIOTCS HUTPATHI U HAT-
pUTBI, KOTOpBIE ACUCTBYSl HA apTEPHM, BBI3BIBAIOT PACHIMPEHNE
COCY/IOB M CHMKEHME KPOBSIHOro jaBieHus. Ilomanas B KpoBb,
HUTPATHI COETUHSIFOTCS C TEMOTJIOOMHOM, YTO MPUBOIUT K TOSIB-
JIEHUIO KHCIIOPOTHON HEJOCTATOYHOCTH.

B nocnennee BpeMsi OCHOBHOM yIrpo30ii AJIst TOPOKaH CTaHO-
BHUTCS POTOXUMHUYECKUIT CMOT, KOTOPBII 00pa3yeTcs Mo cxeme:

NO, 2 NO + 0;
0+0,+M— O, + M¥;
(M* — razoo0pa3Hasi MOJIeKyJia B BO30YXIEHHOM COCTOSIHUN)
0,+NO - NO, +0,.
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Yacts 030Ha 1 KHCTIOPO/Ia pearupyer ¢ Y B, comep:xanmmucs B
BO3JIyXe, 0 CBOOOHOPAUKAIBHOMY MEXaHU3MY, 00pasys KeTo-
HBI, aITbJIETUABI, IEPOKCUIBI, KOTOPBIE OKA3BIBAIOT pa3apakalroriee
JIefiCTBHE HA YeJIOBEUECKUI opraHu3M. MHOTHE MPOMEXYTOUHBIE
HUTPO- U HUTPO30COETUHEHHUSI SIBIISTFOTCS. BRICOKOTOKCHYHBIMH Be-
ECTBAMH, CTUMYJIMPYIOIIMMHU OTYXOJIEBBIE MTPOIECCHI.

N,O, — oxcun asora (V) — Genoe KpUCTAIUIMYECKOE BEIIEC-
TBO. MOJIEKYIISIPHYIO CTPYKTYPY UMEET TOJIBKO B ra3000pa3HOM
cocrosnuu. B TBepaom cocrosgnnm obpazosaH monamu NO*, u
NO-,. KucnorHslii OKCHA, MPH B3aUMOJEHCTBHHN € BOJON 00pa3sy-
€T a30THYIO KUCIIOTY.

A3oTHasi KHCI0Ta — OecI[BETHAS JIETy4ast )KUJIKOCTb, CUITbHBIH
okucnutenib. OHA pa3pyIIaeT KUBOTHBIC U PACTUTEIIHFHBIC TKAHU,
OKHCJISIET TTOYTU BCE METAJUTBI (KpOME 30JI0Ta U TUTATUHBI) U He-
MeTaJuThl. BoccTaHOBIIEHME a30THOM KUCITOTHI 3aBUCHUT OT €€ KOH-
LEHTPALUHA U IIPUPOIBI BOCCTAHOBUTEIIS.

Coinu a30THOM KHCIOTBI — HUTPATHI — XOPOIIO PACTBOPUMBI
B Boze. [lpu HarpeBaHMM OHU Pa3NIararoTcs, IPUUYEM ITPOITYKTHI
Pa3IIOKEHMS 3aBUCAT OT IMOJIOKEHUS COJIC00PA3YIOIIEro MeTala
B Sy CTAaHAAPTHBIX 3JICKTPOJIHBIX ITOTEHITUATIOB.

HwutpaTbl sSBASIOTCS B KHCIBIX pacTBOpax Oolee ClIaObIMH
OKHUCIIUTCIAMHU, YEM a30THAA KHUCJI0TA, 4 B HeﬁTpaJ’IbeIX pacTBoO-
pax BooO1le He 00J1aJaI0T OKUCITUTEIbHBIMA CBOHCTBAMH.

Copneprxaimuecs: B HEKOTOPBIX IIPOIYKTaX, B OCHOBHOM (PpyK-
Tax U OBOIAaX, HUTPATHI MOTYT B OPTaHU3ME BOCCTAHABIINBATHCA
JI0 TOKCUYHBIX HUTPUTOB:

NO-, + 2H* + 2¢ = NO-, + H,0.
B cBs3u ¢ 3TUM CaHUTApHBbIE HOPMBbI COACPKAHUA HUTPATOB

B IMUThEeBOH Boze He Oosee 10 mr/n. bosee BbIcokoe comepkaHue
HUTPATOB MOXKET IMPUBECTU K 3200JIEBAHUIO PAKOM KETYIKA.

Coedunenus azoma, npumMeHsemolie 8 MeaUHUHe

1. Hamareipueiii cupt (25% pactesop NH,) npumensercs
KaK CPEJICTBO I BO30YKICHUS JBIXaTeIbHOTO IIeHTpa (mepBast
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TIOMOMUIb ITPU yrape, 0OMOPOYHOM COCTOSIHUH, OMbsiHEHNN). Pac-
TBOP aMMMaKa OKa3blBaeT aHTUMHUKPOOHOE JeHCTBHE U XOPOLIO
OYHIIAET KOXKY.

2. Hamateipe (xmopuaa ammonus (NH,Cl) npumensercs
BHYTPb IIPU OTEKaxX CEPACYHOTO MPOMCXOXKICHUS, a TAKKe Kak
OTXapKUBaIoIllee MPU OPOHXUTAX, THEBMOHUSX U T. 1.

3. Okcup azora (I) NJO — ¢usnonornyecku akTMBHOE COE/IH-
HeHMe. BabixaHue MasblIxX 103 BbI3bIBACT ONbSHSAIOLIEE IEHCTBHE,
B OOJIBIINX [103aX — IOTEPIO0 OOJIEBON UyBCTBUTEIBHOCTH, Oa-
roraps 4eMy HaxoAMUT NMPUMEHEHHUE B XUPYPrUUeCKOH NMpaKTHKe
KaK aHeCTE3UPYIOIee CPEICTBO B CMECH C KUCIOPOIOM (Ta30BbIii
HapKO3).

4. Hurput natpus NaNO, mpuMeHsAeTcs Kak COCyJOpacumps-
Iollee CPEACTBO MTPU CTEHOKAPAMH, a TAKXKe IIPU OTPaBJIEHUH LIUa-
HUaM¥ (BHYTPHBEHHO BBOAUTCA 5 M 1% pactBopa NaNO,).

5. Asornas xucinora HNO, npuMeHseTcs HapyKHO JUISl TIpH-
JKUTAHWS U BBIBEICHUS OOPOJABOK U MO3OJICH.

6. Opranuueckue 3¢Upbl: HUTPOIJIULEPUH, HUTPOHOJI, 3pUHUT
U JIp., KOTOPBIC BBI3BIBAIOT PACIIMPEHNE KPOBEHOCHBIX COCYIIOB U
MTOHIDKAIOT apTepUaIbHOE 1aBIICHHE.

7. Hutponpoussoausie pypdypona — dypasonun, dypaso-
HUH, GypaLWIiH U ApP. IPUMEHSIOT B MEAUIIMHCKOHN MTPaKTHUKE KaK
AHTUMHMKPOOHBIE CPE/CTBA.

«MeTannbl XU3HU»

K «mertannam xu3Hu» otHocsTcs 10 3jeMeHTOB: HATpUid, Ka-
JIAH, MAaTHUU, KaJIBITUH, KeJIe30, MapraHell, MOJIMOIeH, Meb, KO-
0aJbT, LIMHK.

Harpuii, kanuii, Maraui, KaablUH — BaXXHEUILINE IIEKTPOIIU-
TBI OpraHu3Ma uejaoBeka (Taodm. 6).

Honbr Na* u K* pacrpeneneHsl mo BceMy OpraHHU3My, B OC-
HOBHOM B CBOOOJIHOM BHJIE, XOTsI HEKOTOpAasl UX 4aCTh CBsI3aHA C
Oenmkamu.
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

Tabauya 6
Conep:xaHue J1eKTPOJUTOB B KJIETKAX H BHEKJIETOYHOI
JKHAKOCTH OpraHu3mMa (MMoJib/1)

Ne Me:xknerounasi | Buyrpukierounas
Hon CriBopoTKa
n/n KHIAKOCTH KHAKOCTH
1 Harpwnit 142 145 10
2 Kannit 4 4 160
3. Marnuit 1 1 13
4 Kanbuumit 2,5 2,5 1

11 )KUBBIX OPraHU3MOB XapaKTepHa HATpU-KajIreBasi HOH-
Hasg acuMmMeTpust. duddys3us ruapo@uiabHbIX 4acTUI — HOHOB
HATpHS U KaJausl — 4depe3 ruipooOHbIe MeMOpaHbI OOBSICHSIETCS
CHOCOOHOCTBIO 3THX MOHOB OOPa30BbIBATH KOMILJIEKCHI C MOHO-
dbopamu, IpuYeM HOHBI Kajus oOpa3oBbIBAIOT OoJjiee NMpOUYHbIE
KOMITIEKCHI, YeM MOHBI HATPHs, TIOITOMY MeMOpaHbI OoJiee mpo-
HUITAEeMBI IS HOHOB Kamus. g moaaepkanus 0ojiee BRICOKOH
KOHLIEHTPAIIMKd MOHOB HATPHUS C BHEUIHEH CTOPOHBI, a MOHOB
Kanusg — ¢ BHYTPEHHEH CTOpHBI MeMOpaHbl, HEOOXOIUMO IOC-
TOSIHHOE IIepeMelleHHe 3TUX MOHOB MPOTUB I'paJii€HTa KOHIIEH-
Tpaluy — aKTHBHBIH TpaHCHOpT. DTOT IPOLECC SBJISIETCS dHAI-
PrOHMYECKUM M comnpsikeH ¢ ruapoiuzoM AT®. TpancnoprHyro
¢byukuuro BemonHser ¢gepmeHT Na*, K*-AT®aza. ['uapomus 1
Moutekynbl AT® obecrieunBaeT TPAHCIOPT Tpex WOHOB Na' u3
KIJIETKU M JIBYX MOHOB Kayus B KJeTKy. HepaBHOLEHHBIH TpaHc-
IIOPT MOHOB MPHUBOIUT K BO3HMKOHOBEHUIO MEMOpPAaHHOIO IO-
TeHIMana. Pa3nyyHble BellecTBa, B TOM 4YHCIIE JIEKAPCTBEHHbIE
TperrapaTsl, Sbl, BIUSIOT Ha akTuBHOCTh Na*, K*-AT®a3rs1. Ha-
MIPUMeEp, CepCUHbIC TIIMKO3U/IbI, aAPEHAINH, COIIU Kejle3a, MeIH
U Ip. U3MEHSIOT 3JIEKTPOXUMHUYECKUI TOTEHIHA.

BonpImMHCTBO MPOAYKTOB MUTAHUS OOraTo KajlueM U OeqHO
HaTpueM (Tabm. 7).

Kamnii — snement IA-rpynmnsl, 1V nepuoga I1CO, nopsinko-
BBII HOMep 19, aTomHas macca 39,098, menounoit merasi.

80



Tema: BuoreHHble aneMeHTbI

Tabnuya 7
IMpoaykTel Harpuii, Kannii OTHoueHune
NUTAHUS mr/100 r npoaykra | mr/100 r npoaykra K/Na

pp16a 80 300 3,75
MSICO 70 350 5,0
MOJIOKO 50 150 3,0
X710 400 200 0,5
kaprodenn 30 570 19,0
OBOLIM 20 200 10,0
bpyxTHI 25 250 10,0

OTKpBIT U BIEPBBIE BblAEIEH B urcToM Buze I'. [IsBu B 1807 1.
HaszBaHue mpouCXOaUT OT JATUHCKOTO kalium WA aHTIIMHCKOTO
potash (orarm).

OnexkrpoHHast popmyna 1522522p®3s23p°4st. Tak Kak Ha BHEII-
HEM 3HEPIreTUYECKOM YPOBHE HAXOJUTCS OJUH BAJICHTHBIN 3JICK-
TPOH, TO BaJICHTHOCTh paBHA | U ycTONHYMBASI CTETIEHb OKUCICHUS
+1 (K,O0, KOH, KCI). 3nayeHne BOCCTaHOBUTEIBHOIO ITOTEH-
nuana (p°(K*/K) = -2,92 B) yka3biBaeT Ha CHUJIbHBIE BOCCTAHO-
BUTEJIbHBIC CBOWCTBA 3JIEMEHTA Kallus, I03TOMY B BOJHOM cpefe
YCTOMYNB TOJIBKO KATHOH Kaywus. BcrencTBue He3HAYMTETHHOTO
MOJISIPU3YIOIIEro JACUCTBUS KOMILJIEKCOOOpAa30BaHMe ISl Kajlus
MaJIoXapaKTepHO (KaK U JPYTUX MIEIIOYHBIX METAJIOB), OJTHAKO
OH CII0COOeH 00pa30BbIBATH KOMILIEKCHBIC COSIMHEHUSI C HEKO-
TOpPBIMU Ouonuranaamu. BemaencTBrue 60IbIIONR XMMUYECKOH aK-
TUBHOCTH B IIPUPOJIe B CBOOOTHOM COCTOSIHUM HE BCTPEYaeTCs.
Kanwuif BXOIUT B COCTAB MHOTHX MHHEPAJIOB M TOPHBIX MOPOJ:
MOJICBO¥ IITIAT, CITI01a, HEe(eJIUH, 3JICOJIUT, JICUIIUT U JIP.

Kanuii conepkutcs BO BCeX paCTeHHSIX, 0COOEHHO MHOT'O €T0 B
mioaax. Mopckast Boja conepxut B cpeaHem 0,06% KCl.

Buonozuueckas porv. B opranusM coeTMHEHHUS KaTHs TOCTY-
MAaroT ¢ MUIIed. MHOTO Kallus COACPIKUTCS B MOJTOYHBIX TTPOTYK-
Tax: Msce, Kakao, TomMarax, 0000BbBIX, KapTodese, MeTpylIKe,
abpukocax, U3toMe, YepHOCINBE, OaHAHAX, TBIHE U YSPHOM dae.
Bspocasiit uenoBek motpebiser B aeHb 2200-5000 mr xanwms,
et — 530 mr.
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

B opranusme B3pocioro yenoseka conepxkurcs 160-180 r ka-
nus (~0,23% ot ob1weit Maccsl Tena). buoycBogemMocTs kanus op-
raHn3Mom coctasisieT 90-95%.

Kanwuii sBnsieTcs OCHOBHBIM BHYTPUKIETOYHBIM KATHOHOM,
€ro KOHIIEHTpalus B KieTkax = B 30 pa3 OoJblle, 4eM BHE UX.

I'maBHas ¢yHkUMS Kanmus — GopMUpoBaHHe TpaHCMeMOpaH-
Horo notenumana (K*, > K* ) n pacnpocTpaHeHHe U3MEHEHHs
MOTEHIMAJa M0 KJIETOYHONH MeMOpaHe ImyTeM oOMeHa ¢ HOHAMH
HATpUs 1O I'PAIUEHTY KOHLEHTpaluii. Beicokue BHyTpUKIIETOU-
HbIe KOHIIEHTPAIIMM MOHOB KaJus HEOOXOIMMBI, TIPEXKAE BCETO,
JUISl CUHTe3a Oejika Ha pubocoMax U aKTUBAlUKU ()EPMEHTOB, Ka-
TAJIU3UPYIOLINX OKUCIIEHHE YITIEBOIOB O IMPOBUHOT PATHON UIIH
MOJIOYHOH KUCIIOTBI.

B aputpouutax noust K* aktuBupyior ¢epmeHT kKapOoaHT U -
pasy, karamusupyromas peakuuio: H O + CO, < H,CO,, a Takxe
PEryIupyIOT aKTUBHOCTh BaXKHEHIINX (PEPMEHTOB KaK MUPYBaT-
(dbochoknHaza, aleTHIKIHA3A.

Xopuasl Kajus U HATpuUsl (CUIIbHBIE JIEKTPOIIUTHI) YIaCTBY-
10T B T€HEepalliu U MPOBEAEHUH JIEKTPUUECKUX UMITYJIbCOB B He-
PBHOH M MBIIIEYHON TKAHH.

Kanuii BbI3bIBaeT paclinpeHre COCY10B BHYTPEHHUX OPIaHOB
U CyXeHHe Nepu(pepruIecknx COCy0B, UTO CIIOCOOCTBYET yCHIIe-
HUIO MoueBblAeneHus. Kanmuit 3ameniisser puTM cepledHbIX Co-
KpaleHuid. IoHbI Kanus y4acTBYIOT B HOLAEP)KaHUU TOMEOocTa3a
(MOHHOE paBHOBECHE, OCMOTHUYECKOE JJABIICHUE).

IToHmxeHHOE colep)KaHUE Kalusl B OPraHU3ME YBEIUYMBAET
PHYCK HapyIIeHUH MPOBOJUMOCTH U OOMEHHBIX IIPOIIECCOB B MHU-
OKapJe, COIPOBOXKIAETCS HAPYLIEHUSIMH PETYJISLIMM apTepHab-
HOTI'O IaBJICHUS.

Heduuut xamms cnocoO6CcTByeT pa3BUTHIO 9PO3UBHBIX MTPOLIEC-
COB CIIM3UCTBIX 00O0JIOYEK, BO3pACTAET PUCK NpepbIBaHUs Oepe-
MEHHOCTH, Pa3BUTHUS OECIIIIONNS.

lunepxannemus (HakorieHue kanusg B kposu > 0,06%) npu-
BOJIUT K TSDKEIIBIM OTPABJICHHSIM, COMTPOBOXKIAIOIIMMCS Mapain-
YOM CKENTeTHBIX MBIIIII, TPX KOHLUEHTPALIUU Kalusi B KPOBU OOJIb-
me 0,1% HacTymaer cMepTh.
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CHHEPrucTOM Kayus SIBIISETCS MarHUi. AHTATOHUCTaMH Ka-
TUs SIBIISIIOTCS HATPUMA, 1Ie3ul, pyounuii, Tammii. [Ipu oTpasie-
HUU COJISIMH TaJUTUSL BBOJST COJIM KaJUsl JJIs1 YCKOPCHHUSI BbIBEJIC-
HUS TaJUTUS U3 OpraHu3Ma.

Toxkcuueckas go3a uis 4eiaoBeka: 6 .

JletanpHast no3a i yenoseka: 14 r.

B MeauumHe mpUMEHSIOTCS MpenapaThl Kalusd OpraHUuYecKue
(atrerat, acrmaparuHaT, OpoOTaT) M HEOPTaHWYECKHE (XJIOPUT Ka-
nusl), JeUCTBUE KOTOPBIX OIpenenseTcs cneunduiyeckoil 6uomio-
TUYECKOM aKTUBHOCTBHIO HOHOB Kaiusi. [Ipenapathl Kaius BBOAST
yepe3 poT (per os) U BHyTpuBeHHO. [IpenapaThl Kaiaus MIKUPOKO
MIPUMEHSIOTCS KaK IPOTUBOAPUTMUYECKHE.

KO, ncnone3yior mis momaydeHuss KMHCIOPOAa M MOTJIOMIEHHUS
CO, B 3amkHyTHIX 00BeKTaX: 4KO, + 2CO, = 2K,CO, + 30, T

Harpuii — snement [A-rpynmsr, I11-ro nepuoma ITCD, mopsia-
koBH HOMep 11, aTomHuas macca 22,99.

Otkpeit I'. [IaBu B 1807 r. HazBaHue mpoucxoguT OT JIarT.
natrium.

Onexkrponnas dopmyna 1s252p®3sl. BanentHocTh paBHa I,
crenens okucnenus +1 (Na,O, Na,O,, NaOH, NaHCO,). Benen-
CTBHUE OOJIBIION XUMHYECKOW aKTUBHOCTH B MPUPOJIE B CBOOO-
HOM BH/Ie He BcTpeuaercs. CaMbIM pacipoCTpaHEHHBIM COEIMHe-
HueM Hatpus siBisiercss NaCl. Boga Mopeit u okeaHOB COJIEPKUT
1o 3% NacCl.

buonozuueckan pons. Hatpuil BXOgUT B COCTaB BCEX OPraHU3-
MOB PacTUTENIBHOIO U )KMBOTHOTO Mupa. EcrecTBeHHOE conepka-
HUE HATPHS B MTUIIEBBIX MTPOAYKTaX OTHOCUTEIIBHO HeBemuko (15—
80 Mr%). OTHOCUTENTPHO MHOT'O HATPHS COAEPKUTCSI B KPACHOU
CBEKJIe, celbJepee, OMyBaHUMKE, IIUKOPUU, MOPKOBHU, MOPCKOM
karrycre. st conenus Oro JTydIie UCIIoIb30BaTh YUCTYIO MOP-
CKYIO COJIb, TAK KaK OHAa B MEHBIIEH CTENEeH! 3aJepKUBAET BOAY
B OpraHu3MeE.

[MoTpebHOCTh B HATPUU MUHUMAJIBHO COCTABIISET = | r/CyTKH U1
B 3HAYMTEIILHOM CTEIeHH yIOBJIETBOPSETCS OOBIYHON TUETOM Oe3
nob6asnenus nuieBoit con (0,8 r/cyTku). OcobeHHO 3TO KacaeTcs
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ManeHpkux aereil. CyTouHoe moTpebieHre HATPUSI B3POCIBIMHU
cocraBnseT 1100-3300 mr, a netbMu — 260 mr.

[ToTpeGHOCTH B HATPUU BO3pPACTAET MPH CHIIBHOM MOTOOT/IE-
JIeHUH (TTOYTH B 2 pa3a) B yCIOBUSIX KAPKOTO KIIMMATA WIIA CHIThb-
HBIX (u3nUecKux Harpy3ok. C colepkaHueM HATPUS CBA3BIBAIOT
TaKXe CIIoCOOHOCTh TKaHEl ylepKuBaTh Boay. M30bITOYHOE T10-
TpebJieHne TOBAPEHHOM COMM MEPETPYyKaAET CEPLE U MOYKH (ITPU
00pa3oBaHUU MOYH OHU TepepadaThIBAIOT KPOBb C MOBBIIIEHHBIM
cofepxaHueM HaTpus). B pe3ympTaTte OTeKarOT HOTH 1 Jull0. BoT
ToYeMy Mpu 3a00JIEBAHMSX ITOYEK U CEP/ILIA PEKOMEHTYETCSI PE3KO
OrpaHUYNTH NOTpedienne conu. Vcrnonp30BaHne MUIIEBON CONH
B MTUTAHUU JOJDKHO OBITH CTPOTO MHIUBHUIYAITHHO.

B opranusm udenoBexa HATPHIL MTOCTYIAET €KETHEBHO B BUJE
NaCl B gocratouHo Oosbimx KonudecTBax: 12-15 r. Xmopun
HATpUs COAEPKUTCS BO MHOTHX IMHUIIEBBIX MPOJYKTAX: Kojibaca,
cajo, cojieHasl pplba, MKpa, ChIp, COJIEHbS, MACIMHBI, KETUYII, Ky-
KYPY3HBbIE XJIOMbSI.

Honbl HATpUs OBICTPO M IMOJTHOCTHIO BCACHIBAIOTCS HAa BCEX
yuactkax JKKT u B MecTax nmapeHTeparbHBIX MHBEKIIUN.

Coniep)xaHuie HATpUs B OPraHu3Me B3pPOCIOro 4elloBeKa CO-
crasiset 0,08% (55-60 r ma 70 kr maccer Tena). Hatpuii pacope-
JIeJISIeTCsl IO BCEMY OpraHu3My, okoio 40% HaTpus HaXOAUTCS B
KOCTHOW TKaHH, B OCHOBHOM BO BHEKJIETOYHOW YKUIKOCTH, €ro
KOHIIEHTpAIUsI BO BHEKJIETOYHOU >XKUAKOCTH B 15 pa3 Oorble,
4YeM BHYTpPH.

Honbl HATpHS TOAIEPKUBAIOT OCMOTUYECKOE JIABIICHUE JKU/I-
KOCTel opraHu3Ma, KUCJIOTHO-IIIEIOYHOE paBHOBECHE (COBMECTHO
¢ annonamu HCO~,, HPO*,, H,PO", u aHMOHaMK OpraHMYecKux
KHCIIOT), yaepxkuBatoT Boay B opranmsme (15 r NaCl 3anepxuBa-
€T JI0 ABYX JIUTPOB XHIIKOCTH), OKA3bIBAIOT 3HAYMTEIIHOE BIIUS-
Hye Ha OEJIKOBBI OOMEH.

BuyTpu KkeTOK HaTpHii HEOOXOIUM JUIsl TTOAJIEPKAHUST HEH-
poMbIiedHo Bo30yaumoctu U paborel Na'™—K* nacoca, oGec-
MEYNBAIOIINX PETYJISIUI0 KIETOYHOTO OOMeHA pPa3INvHbIX Me-
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TabOIUTOB, OT HETO 3aBUCUT TPAHCIIOPT AMHUHOKHUCIIOT, CaXapoB,
pPa3IMYHBIX HEOPTraHWYECKUX M OPraHUYECKHUX aHMOHOB uepe3
MeMOpaHBI KJIETOK.

HenmocraTok XiopucTtoro HaTpHUsl BBI3BIBAET TSDKEIbIE pac-
CTPOICTBA, KOTOPBIE MTPOSIBIISIOTCS UICXYAaHUEM, CITA0OCTHIO, BBI-
MaIeHUEeM BOJIOC, KOXKHBIMU CBHITISIMH, TOHOCAMH, CyIOPOTaMH.

M36siTouHOE MOCTyIIIeHHE MOHOB Na* BBI3BIBACT MEPETPY3KY
COOTBETCTBYIOLIMX CHCTEM IrOMeocTa3a M HapylleHneM merabo-
JIMYECKUX TPOIIECCOB.

OrtpaBiieHUsT COENMHEHUSMU HATPHUSl BCTPEYAIOTCS HEYACTO
U HOCAT CIly4alHbIN xapakTep. TOKCMYHOCTb COJIEM HATpHs OIl-
penensieTcs TOKCUYHOCTHIO MX aHMOHOB (apCeHHUT, XpoMart, (pro-
pua). TOKCHYHOCTBH XJIOpUIA HATPUSI cOCTaBisieT 8,2 T/KT Beca
MpY IepopaIbHOM BBeleHUH. MeXxaHU3M TOKCHUYECKOTO NeHCTBUS
NaCl B MecTe BBeJieHHSI OOYCIIOBIIEH MTPEX/IE BCETO BHICOKHM OC-
MOTHUYECKUM JIaBJICHUEM, YTO TPUBOAUT K 00€3BOKMBAHUIO U Ha-
pyueHnto GYHKINH KIETOK.

B memunune mpumenstoT 0,9% pactsop NaCl B Buae H30TOHU-
YECKOTO pacTBOpa Mpu 00E3BOKMBAHWN OPraHU3Ma, KakK JI€3MH-
TOKCHKALIMOHHOE CPENICTBO, a TaKKe JJIs IPOMBIBAHUS paH, IJas,
CIIM3UCTOM 000IOUKH HOCA.

3-5% pactrBop NaCl B Buie TUIIEPTOHUYECKOTO PACTBOPA HC-
TTOJIB3YETCS B XUPYPTUU JIJIs1 OUUIIEHUS paH.

10% pactBop NaCl mpuMeHsIFOT BHYTPUBEHHO MTPH JICTOYHBIX,
JKEITyTOYHBIX, KUIIEYHBIX KPOBOTEUEHUSIX.

2-5% pacrBop NaCl Ha3HAuUarOT MPU ATOHUM KUIICYHHKA U
JUISL IPOMBIBAHUS JKETY/IKA TIPH OTPABJICHUSIX HUTPATOM cepelpa.

Harpuiioprannieckue u KaaIuHOpPraHMUECKUe COeTMHEHUS —
Gompias Tpynmna ¢papMaKoIOTUYECKUX MPEenapaToB (CaIHUIIIAT
HATpHsl, OPOTAT KaIHs U T.1.).

HNonsr HaTpus OGBICTPO M IMOJTHOCTHIO BCACHIBAIOTCS HAa BCEX
yuactkax KKT u B MecTax napeHTepalbHbIX HHBEKLIUN.

NaHCO3 HCMOJIB3YIOT KaK OTXapKUBAIOLIEE CPENCTBO, I
WHTAJISIWN, TTOJIOCKAHUSI TIOJIOCTU PTa U TJa3 MPHU BOCHAIIECHUH
CITM3UCTBIX.
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Na,B,0,-10H,0 — aHTHCENTHYECKOE CPENCTBO, BCIEICTBHE
ruapomusa: Na,B,O, + 7TH,O = 4H,BO, + 2NaOH, npumensior
JUTSI TTOJIOCKAHUM, CIIPUHIIEBAHUI ¥ CMa3bIBAHUIA.

Na,SO,-10H,0 (rmay6eposa coib) — ClIaOUTENBHOE CPEICTBO.

Na,O, — Tak xe, kak 1 KO,, npumensror as nomydennsa O, u
nornoumenns CO, B 3aMKHYTBIX IIOMEIIEHUSX (II0JBOIHBIE JIOIKH,
KOCMHYECKue Kopabim).

Marunmnii — snemenT 1IA-rpymmel, I nepuoga I1C3, mopsia-
KOBBIHM HOMep 12, aToMHast macca 24,305.

OtkpbiT dx03edom brasxom B 1755 1., a BIepBble BbIAEIEH B
yuctoM Buge ['emdppu dBu B 1808 r. HazBanue npoucxoaut ot
rpedyeckoro magnesia (monyoctposa B I'perun).

OnektponHast popmyna 1s2s22p®3s2, BajgeHTHOCTD paBHa II,
crenenb okucnenna +2 (MgO, Mg(OH),, MgSO,). Kommekco-
0b6pasyroras crocooHOCTh y KaTroHa Mg?* 6oibIie, yeM y Na* u
K*. Katnon Mg*" ckiioHeH 00pa30BbIBATh KOMIUIEKCHBIE COCIU-
HEHMSI ¢ KHCIOpOon- U ¢ocdaTcoaepKalluMU JIUTAaHAAMH, YTO U
ABJIIETCA XapaKTepHONU 0COOEHHOCTBIO 3TOTO 3JIEMEHTA B YCIIOBU-
SIX OpraHu3Ma.

MarHuii OguH U3 CaMbIX PACHPOCTPAHEHHBIX 3JIEMEHTOB B
npupone. Bepxuuii cnoit 3emim rioybuHo# 1o 16 KM comepKuT
~3,45% marnusa. MarHuii BXOIUT B COCTAB Pa3JIMYHBIX TOPHBIX
MOPOJI: MarHe3uTa, JoJIoMHUTa, KapHauuTta. CynbdaTa U XJI0pu-
Jla MarHust OCOOEHHO MHOI'O B MOPCKOH BOJIE.

Buonozuueckas pons. B oprannzmMe cpeHero uenoBexa (Macca
tena 70 kxr) comepxutcs okojo 20 r maraus. [TomoBuHa 3TOTO KO-
JIMYECTBA COCPEIETOUeHA B KOCTSX, 1/3 — B Mblax. OcranbHoe
KOJIMYECTBO MATHUS COIAEPKUTCA B OMONOTMYECKUX KUIKOCTSIX,
B OCHOBHOM B II1a3Me KpoBHU. KOHIEHTpaLusi MarHus B KJIETKE B
3-10 pa3 npeBbILIAET €ro KOHLEHTPALUIO BO BHEKJIETOUHOM cpe-
ne. Hopma mocrymnenns maraus ¢ iuteit coctapisgeT 200-400 mr
B CYTKHM Jutst B3pocibix u 60 mr mis gereii. Ocobenno 6orara mar-
HHUEM pacTUTeNbHas nuiia. Maraus MHOTO B 6000BBIX, B Opexax,
JINCTOBBIX OBOINAX, €XEBUKE, MAIMHE, KITyOHUKE.
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V GepemenHbIx cyTouHas moTpedHOCTh B MarHuu 400—-500 wmr,
MOCKOJIBKY 3TOT IIEPHOJI CBSI3aH C €r0 YCUJIEHHBIM BBIJICIIEHUEM
u3 opranu3ma. [TIoTpeOHOCTh B MArHUU BO3PACTAET y KOPMSIIIMX
MaTepel, CIOPTCMEHOB U B MOJIOJIOM Bo3pacte. [loBbIieHHOE
cosiepkaHue MarHus HeOOXOaUMO Mpu 60pb0E C ITUIITHIM BECOM
(HM3KOKATOpHUITHBIE TUETHI U T.X). Takke HEOOXOAUMO yBETH-
YUBATH CYyTOUHYIO HOPMY IIPU CUJIBHOM MOTOOTAEICHNUHU, 3HAUU-
TEJIbHBIX MOTEPSIX OPraHU3MOM BOABI (3Kapa, 3aHSTHS CIOPTOM,
pBOTa, TUapest), IpU HEYMEPEHHOM YITOTPEOJICHUH aJIKOTOJIsI, Ha-
pYLIEHUSIX TUIIeBapeHus (KeIyJOoYHO-KUIIeUHbIe 3a00JIeBaHMs,
nrabeT u T.1.).

Bo3MoXHBIE CHMTOMBI HEXBATKM MArHUS: HUYEM He OOBsiC-
HUMOE YyBCTBO TPEBOTH, CTPECC, HAPYIIEHUE CEpACUYHOIO PHUT-
Ma, CyZIOPOTy MBI (0COOEHHO HOYHBIE CYAOPOTH UKPOHOKHBIX
MBIIIIIT), OECCOHHUIIA, ACTIPECCHUs], MBIIIIEUHOE MOJAePTrUBaHKE, 110-
KaJIbIBAHUE B KOHYMKAX IAJIbIIEB, TOJIOBOKPYKEHHE, IIOCTOSTHHOE
YYBCTBO yCTaJIOCTH, IIPUCTYITHI MUTPEHH.

[Toatomy, ocobeHHO B Hale Bpemsi, KOTAa KakIbli MoaBep-
JKEH CTpeccy, MarHMi SIBIISIETCS 0CO0O BaXKHBIM MHHEPAJIbHBIM
BELIECTBOM.

Maruuii sBJISeTCS BaXKHEHUIIIMM BHYTPHUKJIETOUHBIM 3JIEMEH-
TOM M Tociie MoHOB K* urpaer BaxHyO poJib B MOAJIEPKAHUU
OCMOTHYECKOTO [aBJICHUS BHYTPH KIIETOK. MarHuii B KJIETKax
OpraHu3Ma CIIy>)KUT aKTUBATOPOM MHOTHUX (DEPMEHTHBIX ITpOIIec-
COB: PETYJIMPYET MHOTHE 3TAIbl CHHTE3a OETTKOB, KUPHBIX KUCIOT
U JIMNUJ0B, CUHTE3 U paclia]l HyKJIEMHOBBIX KUCIOT, yYaCTBYET B
MeTaboIn3Me YIiIeBOAOB (AKTUBUPYET PePMEHThHI OKHCIUTEIBHO-
ro ¢ocopuanpoBaHus), aKTUBUPYET (PEPMEHTHI, YIaCTBYIOIINE
B IIpoleccax MUHEpaIU3alul KOCTHOH TKanu. Mousl Mg?* BbI3bI-
BAIOT ACCOIMAINIO pUOOCOM, 0OPa3yIOT KOMILIEKCHI C MOJIEKYTIa-
Mu AT® u AID, uTo CnocoOCTBYET UX aKTUBHOMY THAPOJIN3Y,
COIIPOBOXK/IAIOIIEMYCS BbIIEJIEHUEM SHEPTUU:

Mg + ATO* - MgATD>,;
Mg* + AID> —» MgAJ1d-.
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

CozepxaHne MarHusi B CIBOPOTKE KPOBHU SIBISIETCS TUATHOC-
TUYECKUM TECTOM IIpU psje 3a00eBaHuil (37T0KauecTBEHHbIE HO-
BoOOpazoBaHus, OONE3HM MOUEK, cycTaBoB). ColnepkaHUe MOHOB
Mg?* B m1a3Me KpOBHU CTPOTO IMTOCTOSIHHO U COCTABIISIET Y B3POCITBIX
1,7-2,8 mMr%. Marauii cogep>XuTcsi B KpOBH B HOHU3UPOBAHHOM
cocrostHIN (55-60%), cBsizaH ¢ 6enkamu (=30%), a 10-15% Bxomut
B COCTaB KOMILJIEKCOB € TUMuAaMu, Hykieotuaamu (ATD, AJ1D).

B 3enenbix pacteHusix HOH Mg?* BXOIMT B cocTaB XJI0poduit-
n1a, o0ecreurBaroOIero KyMyJ JIALHUIO SJHEPTUH.

B memnuune nmpumensercas MgSO,-7TH O (marnesus1, aHIIuii-
CKasl COJib) B KauecTBe CIaOMTEIbHOIO, XKEITUeroHHOro u Ooe-
YTOJISIFOIIETO CPEICTBA MPH CIIa3Max JKeITYHOTOo My3bIps. PacTBop
CEpHOKHUCITON MarHe31uu UCTIONB3YIOT MTPH IKIIAMIICHH, STTHIICTICUH,
Xopee, TeTAHUU, OPOHXHAIIBHOHN aCTMe, TUIIEPTOHHUU.

MarHuiiopraHuueckie Y KaJbLIMHOPraHUYeCKue COoeluHe-
HUS — rpynmna GapMakoIOrHyecKuX OOIIEYKPEIUISIOLINX CPELICTB.

IIpenapaTel Marausi HOpMaJIU3yIOT apTepUaIbHOE U BHYTPU-
YepernHoe JaBJIeHue, TPEeAOTBPAIIAIOT CYIOPOKHOE COKpAIICHUE
MBI, CHUIMAIOT CIIa3MbI COCYI0B, CHHAPOM XPOHMYECKOH ycTa-
JIOCTH, CIIOCOOCTBYIOT CHM)KEHHIO XOJIECTEpUHA B KPOBH.

Oxcua maraus, MgO (kkeHast MarHesusi), OCHOBHOH kapbo-
Hat mMaraus Mg(OH),-4MgCO,-H,0O — npuMeHAIOT pU MOBBI-
LIEHHOH KMCIOTHOCTH KEITyI0YHOIO COKa.

Tpucumikat marnus, 2MgO-3SiO,-(H,0), — ancopbupyro-
ee, 0OBOJIAKUBAIOIIEE M AHTALUHOE CPEJCTBO.

V:

OnbITbl, NPOBEAEHHbIE BEHTEPCKMMU YYEHBIMU Ha XUBOTHbIX, MO-
Kasanu, 4YTo HeJoCTaToK MarH1s B OpraHn3Me MnoBbILIAeT npeapacno-
NOXEHHOCTb K MHcbapkTam. OgHum cobakam gasanu nuwly, 6oratyto
COmnsIMKM 3TOrO AnemMeHTa, ApyruM — 6eaHyto. K KOHUYy akcnepumeHTa
Te cobakn, B pauMoHe KOTOpLIX ObINIOo Mano MarHusi, «3apabotanu»
WHMapKT Mr1okapaa.

®paHuy3ckue 61oNorM cYNTaloT, YTO MarHuii NOMOXET Meankam B
6opbbe ¢ Taknm cepbesHbIM Hegyrom XXI B., kak nepeytomreHune. Vc-
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Tema: BuoreHHble aneMeHTbI

CrefoBaHUs MOKAa3bIBAKOT, YTO B KPOBU YCTaBLUMX NHOAEN COAEPXKUTCS
MEeHbLLE MarHus, Yem Yy 3[0POBbIX, a AaXe Camble HAYTOXKHbIE OTKIMO-
HEeHUS «MarHMeBoW KPOBU» OT HOPMbI HE NPOXOAAT BeccrneHo.
BakHO NOMHMUTb, YTO B TEX CryYasix, Korga YernioBek 4acTo M Mo Mio-
GoMy noBody pasapakaeTcsl, MarHui, CoaepXalluincsl B opraHusme,
«cropaeT». BoT nouemy y HepBHbIX, Nerko Bo3byauMMbIX Nogeit Hapy-
LIeHNs paboTbl cepaeyHbIX MblLLL, HaBnoAaTCA 3HaYMTENbLHO Yallle.

Kaapuuii — snement I1-A rpynmsr, IV nepuomga ITCD, mopsia-
koBbIit HOMep 20, aTromHast Macca 40,08.

Beigenen B 1808 1. I'. JI»Bu. Ha3zpaHue mpoucxoauT OT JiaT.
calx (U3BECTB).

Onexkrponnas dopmyia 1522s?2p3s23p®4s2, BAIEHTHOCTh paB-
Ha I, crenens oxucnenus +2 (CaO, Ca(OH),, CaCl,). ITo pac-
MIPOCTPAHEHHOCTH B 3eMHOH KOpE 3aHUMAET 5-€ MECTO.

Buonozuueckasn pors. Kanbuuil sIBIISIETCSI BaXXHON COCTaBIIS-
IOIEeH YacThi0 OpraHu3Ma, ero obriee comepkanue okoio 1,4%
(1000 r Ha 70 xr macchel Tena). OcHoBHas ero macca (~99%) co-
CpeloTOYEHAa B KOCTSIX U 3y0ax u nmuib 1% coaepxutcst B APYrUxX
opraHax M TKaHsX. B rma3me KpoBu UenoBeKa coiep>KkaHie HOHOB
Ca?" coctaBiser 2,5 MMOJIB/JI, U3 KOTOPBIX 46% HAXOAUTCS B CBO-
6oxuoM BHae, 40% cBsi3aHbBI ¢ OenkaMu, a 14% — ¢ JaKTaTaMy,
LUTPATAMHU.

CyTouHass OTpeOHOCTh OPTraHM3Ma B3POCIBIX B KaJbIUH
800-1200 Mr 1 moxpeIBaeTcss OOBIYHO 32 CUET NOCTYIUIEHHUS MUIIH.
CyTouHast TOTpeOHOCTD JieTel B Kanbluu 420 Mr. 3HaUUTETbHOE
KOJIMYECTBO KAJIBIIHS COIEPKUTCS B MOJIOYHBIX ITPOJTYKTAX (CITUB-
KM, MOJIOKO, ChIp, TBOPOT), B MEHBIINX KOJIMYECTBAX B OBOINAX
(60081, (aconb), opexax, ppidOe, OrOPOIHON 3eIeHU (METPYIIKA,
mnuHat). buoycBosiemocts kanbius cocrasisiet 25-40%. B opra-
HU3M JI0JDKEH TOCTYNATh B ONMPEAETICHHOM COOTHOIIEHHH C (oc-
¢opom. OnTUMAIBEHBIM COOTHOIIIEHUEM ITHX 3JIEMEHTOB IPUHSITO
cuutath 1 : 1,5 (Ca : P).

Katunonsr Ca**, BXxozasiue B COCTaB IUIa3Mbl KPOBU M TKaHe-
BBIX )KUJKOCTEH, Y4aCTBYIOT B IOJIIEP)KAHUY FrOMeocTa3a (HOHHOE
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

paBHOBECHE, OCMOTHYECKOE JIABJICHHE B JKUAKOCTSX OPTraHU3Ma),
B PETYJISILUM CEPICUHBIX COKPAIIEHUH 1 CBEPTHIBAEMOCTH KPOBHU.
CesizpiBanne OHOB Ca’" IUTPATOM HATPHS UCTIONB3YIOT IS TIpe-
JIOTBpAIIEHHUS CBEPTHIBAHUS KPOBH.

Kanp1uii oueHb aKTHBEH: JTOMHHUPYIOIIEE MOJIOKEHUE ITOTO
3JIEMEHTa B KOHKYPEHIIUH C IPYTIMH METaUIAMU M COSTUHECHU -
MU 33 aKTUBHBIE YYACTKH OCITKOB OIMPEEAETCS er0 XUMHUUECKIM
OCOOEHHOCTSIMU — HAJIMYMEM JIBYX BaJICHTHOCTEH M CPABHUTEIb-
HO HEOOJIBIINM ATOMHBIM PAaTUYCOM, MO3TOMY KaJbIUH MOXKET
YCIENTHO KOHKYPUPOBATh C PAJAUOHYKIUJAAMH U TSDKEIBIMH Me-
TaJUTAMM Ha BCEX 3Tarnax MeTabom3ma.

Nons! kanmpius Ca?* yuacTBYIOT B PETYJISIMH IIPOHUIIAEMOCTH
KIIETOYHBIX MEMOpaH, 3JIEKTPOTeHe3e HEPBHOMW, MBIIICYHOM, *Ke-
JIE3UCTOMN TKAHEH, B MPOLIECCAX CUHAIITUYECKON Mepeaduu, MoJie-
KYJISIPHOM MEXaHU3Me COKpAIeHUs MBI, MIOHBI KaabIus yJac-
TBYIOT B ITPOIIECCE CBEPTHIBAHUS KPOBHU.

I'maBHast poyib B MeTabO0JIM3ME KAIBIUS MPUHAICKHUT KOCT-
HOM TKaHU. B cocTaB KOCTHOTO MaTpHKca Hapsmy C OeJIKoM
KOJIJTAT€HOM BXOJUT ycTokuuBas npu pH = 7,4 dhopma docdara
Kanplusa — ruapokcudocdar kanpuus Ca(PO,),OH. O6pasosa-
nue Ca (PO,),OH npoucxomur B ocreobnacrax npu pH = 8,3:

Ca*> + HPO*, = CaHPO, (1B)

3CaHPO, + 20H" + 2Ca** == Ca,H(PO,), + 2H,0

Ca,H(PO,), + 20H" + 2Ca** = Ca (PO,),OH + H,O

B pany CaHPO, — Ca,H(PO,), — Ca,(PO,),OH pacrsopu-
MOCTb YMEHbIIIAETCSI, YTO CIOCOOCTBYET OOPa30BaHUIO TIOCTIEAHE-
ro coeaunenus: K (Ca (PO,),OH) = 1,6:107,

B KOCTHYIO TKaHb BXOAST B HEOOJBIIIOM KOJMYECTBE MATHHI
(Mg(PO,),F), drop (B 3y6HOMN TKaHU OOA3ATENbHBIN KOMIIOHEHT
Ca,(PO,),F, CaCO,, CaSO,), xanpuuii, CBA3aHHBIA C OpraHH-
YeCKUMHU KuciaoTamu. KocTHas MOBEPXHOCTh OpPraHu3Ma OKOJIO
2000 kMm%, moAZepPKUBAET KOHLeHTpaluio noHos Ca’* B 6moo-
THYECKUX JKUAKOCTSX Ha MOCTOSHHOM ypoBHe. KieTku KoCTHOI
TKaHU MOTYT YCKOPSTH JUOO OTJIOXeHue (0cTeo0nacTsl), TMbo
pacTBOpeHue (OCTEOKIIACTHI) MUHEPATTLHBIX KOMITOHEHTOB.
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Bricokass KoHIeHTpanusi CBOOOTHOTO WMOHU3UPOBAHHOTO
KaJblUs B Iji1a3Mme (TUIIEPKAJIBIIMEMUs]) IPUBOJIUT K OTJIOKECHHIO
€ro Cojiel B Mouykax — KaJblUU(UKALUS TTOYECYHBIX KaHAIBIIEB,
YTHETAET HEPBHO-MBIIIEYHYIO BO30YJIUMOCTh IOINEPEYHO-TIO-
JIOCaTON M TIAIKOW MYyCKYJIaTypbl, MOXET BBI3BATh BHE3AITHYIO
OCTaHOBKY cepaua. JJis jgeueHus: rTurnepKaJIbliIeMUd Ha3HAYAIOT
BHYTpPh (pocdaT HATPHUS, KOTOPBIA B MPOCBETE KUIIICYHUKA CBSI-
3piBaeT Ca?* B hochat Kamblusi, He BCACHIBAIONIUICS B KPOBb, U
yIAJIIeT €ro U3 OpraHu3Ma.

[Tpu HU3KKX KOHIeHTpanusx noHoB Ca?" B KpoBH (TUITOKAJb-
LIMEMUsI) Pa3BUBACTCS IOBBIMICHHAS HEPBHO-MBIIIEYHAST BO30Y-
JIHUMOCTb, CYAOpOrd. ['MIOKaabLUEMHUIO JieuaT BUTAMHHOM D),
KOTOPBIN CTUMYJIUPYET BCAChIBAHUE KAJIbIUS U3 JKEIYI0YHO-KHU-
IIEYHOT'0 TPaKTa, KAIbIMICOAepKAIIUMU TTperapaTaMu (TJIF0KO-
HAT KaJIbIUs).

Toxkcuueckoe MEHCTBUE KablLUs IPOSBISETCS TOJBKO TMPH
IIUTeNTbHOM niprueme. OTpaBleHHe MOXET HACTYIUTh IIPU PeTy-
JISIPHOM TIOTpeOIeHnn 6oJtee 2,5 T KalIbITUs B CYTKU.

B meauimne miMpoKo MPUMEHSIFOTCS MHOTHE ITpenapaThl Kajlb-
uus. Tak, CaCl,, TIIOKOHAT U JIAKTAT KaJbIUs IIPUMEHAIOT IIPH
aJUIepruvecKux 3a00JIeBaHUSIX U OCIIOKHEHUSIX, CBSI3aHHBIX C YCH-
JIEHHBIM BBIBEJIEHUEM KaJIbIIMSI U3 OpraHu3Ma, OTPABJIEHHSX CO-
JISIMA MarHus, GTopucToi KUcioTsl U 1p.; CaO — B caHUTapun
U TUTHEHe Kak ae3uHpuuupyromee cpeactso; CaSO,-2H,O (rurc)
n 2CaSO,-H,O (anebacTp unm NoMyBOJHBIN THIIC) — MPU HAIO-
JKEHUM TMIICOBBIX MOBA30K; ocaxaeHHbIi CaCO, yCunmBaer cek-
PEIUIO XKETyTOYHOTO COKa, BXOAUT B COCTAB 3yOHBIX MTOPOIIKOB;
riurepodocdaT Kaablusg — Kak OOIIeyKpEIUIsIIoliee CpeCTBO;
HCKYCCTBEHHBIE PAJUOAKTHUBHBIE M30TOMbI KAJIbIUs B MEIUKO-
OHOJIOTHYECKHMX UCCSIOBAHUSIX MPHU U3YUCHUH KaJIbIIUEBOTO 00-
MeHa.

V:

[Ons addpekTmBHOrO YCBOEHUA Kanbuna 13 Xenyao4Ho-KUWe4yHoro
TpakTa Heobxoaum BUTaAMUH DS. >Keneso, HekoTopble aHTNOMOTHKM,
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Takme Kak NEHUUWMNMH U HEOMULWH, MOTyT CrocobCcTBOBaTh yCBOE-
HUIO Kanbuus. Kanbumii ycBanBaeTcs nydlle, ecriv NnpuHMMaTh ero He
HaToLlak, a nocrne nerkon eapl. Kodhe yBennumaet BblaeneHmne Kkanb-
umnsa noykamu. Ctpecc M nmmobunusaums MoryT yMeHbLUUTb Crocob-
HOCTb yCBavBaTh KanbLMi U3 Xenya4o4YHO-KULLEYHOIO TpaKTa.

Kenezo — snement VIII-b rpynmel, 4-ro nepuoaa I1CO, no-
PpsOKOBBIN HOMep 26, aToMHas Macca 55,85.

JKeneso BbICOKOI YUCTOTHI — 3TO OuecTsLuUil cepedpucTo-ce-
PBIH, TUTACTMYHBIN METaJlI, XOPOIIO MOMJAIOIINNACS PA3ITHIHBIM
croco0aM MeXaHM4eCcKon 06paboTKH.

DnexkTponHas koHpurypanus: 1s2s2p®3s23d%4s?. Tak Kak
YHUCJIO BaJICHTHBIX 3JIEKTPOHOB PaBHO BOCBMH, TO BBICIIAS TO-
JIOXKUTENbHAS CTENEHb OKHUCIIEHUs aTOMa jKeje3a JOJDKHA OBITh

paBHa +8, 0IHAKO TAKUX COEAMHEHUI HEU3BECTHO, HO U3BECTHBI
+6
commu sxenesHoit kucnorer H, FeO,, nanpumep K FeO,. Hanbo-
+2 +3
Jee xapakTepHble creneHn okucneHus +2 u +3 (FeO, Fe; Oy).

Keneso — MeTam cpemHUN aKTUBHOCTH. B Ipupoie BCcTpeyaer-
Cs B BUIC MHOTOYHCIICHHBIX MIHEPAJIOB, HO BCTPEYACTCS U CaMO-
pomHoe kene30 (KOCMHUYECKOTO WJIU 3€MHOI'O ITPOWCXOKICHHUS ).
B 3emHO#1 KOpe Xene30 pacmpoCTPaHEHO HAOCTATOYHO IIUPO-
KO — Ha €ro J0JII0 NPUX0oauTcs okoio 4,1% maccel 3eMHOM KOPbI
(4-e MecTo cpenu Bcex JIEMEHTOB, 2-€ Cpelld MeTauioB). B Mop-
cxoit Bome 1-10°-1-10%% »xemesa. XKene3zo — cocraBHas 4acTh
reMOoTIIO0ONHA.

buonocuueckaa poav. B opraHuzme B3pOCIOTO UYEIOBEKA CO-
JIEPKUTCS OKOJIO 5 T KeJe3a, U3 KOTOPBIX JIBE TPETH 3TON MaCChI
BXOJMUT B cocTaB remorioouna. Cuuraercs, 4YTO ONTHUMAajbHas
WHTEHCUBHOCTH IOCTYIUIEHUS kele3a cocTaBisieT 10-20 mr/cyTku.
Hawnboiee 6oratel UM MedUeHb, MSCO, gifia, 6000BEIe, XJ1e0, KPy-
eI, cBekiIa. CyToyHast TOTPEOHOCTD YeI0oBeKa B XKele3¢ 3aBUCUT
OT BO3pacTa, 1oJja 1 COCTaBIseT: 1eTH — oT 4 1o 18 mr, B3pocinble
My>XUUHBI — 10 MTr, B3pOocyble XeHIIMHBI — 18 Mr, 6epeMeHHbIe
JKEHIIMHBI BO BTOPOU MOJIOBUHE OepeMEeHHOCTH — 33 MT. VY KeH-
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LIUH MOTPEOHOCTH BHINIE, YeM Y My>XuuH. Ecin nocrymienue 3to-
r'0 3JIeMEHTA B OpraHu3Me OyaeT MeHee | MI/CyTKH, TO MOXKET pas-
BUTHCS Aeunut xxene3a. [lopor TOKCHUHOCTH *kejie3a COCTaBIIsET
200 mr/cyTKwu.

Baxnast Ononornueckas poJib jkennes3a Oblia yCTAaHOBJICHA eIlie
B X VIII Beke.

OcCHOBHOH (DyHKIIMEH Kejle3a B OPraHU3Me SIBIISIETCS IIEPEHOC
KHUCJIOPO/a U yYACTHE B OKUCITUTENBHBIX MPoIieccax (MOCPECTBOM
JIECSITKOB XkeJie30coiepkamux ¢pepmMeHToB). JKelre30 BXOUT B CO-
CTaB TeMOTJIOOMHA, MHUOTJIOOWHA, HUTOXPOMOB, IEPOKCHIA3HI,
KaTtana3bl. MHOTO Jele3a COACpPXKHUTCS B KieTkax mosra. ['emo-
IJIO0OMH o0ecrieynBaeT BHEIIHEE AbIXaHUC, ABJIAACH IICPCHOCYU-
KOM KHCIIOpOOa OT JICTKUX K TKaHsIM. MI/IOFJIO6I/IH, IIUTOXPOMBI,
KaTana3a 00ecrneYnBaloT KJIETOYHOE JbIXaHHe.

I'emornoOuH cocTouT U3 GETKOBOM YaCTU MOJIEKYJIBI — TJIO-
OuHa M TeMa — KOMIUIEKCHOTo coennueHus xernesa (II) ¢ mop-
¢upunom. Koopnunanmonnoe urcio sxene3a (II) paBuo mrectu:
YUCTBIPEC CBA3U C A30TOM l'IOp(bI/IpI/IHa, OgHA — C A30TOM IT'UCTHUANHA
ri100MHA U ele oJHa — C KUcIopoaoM. IMeHHO keje30 npuaaer
MOJIEKyJIe TeMOTJI00MHA YHUKAJIBHOE CBOMCTBO — CIIOCOOHOCTH
3aXBaThIBATh MOJEKYJSPHBIN kuciopon. [lpeBpaineHue remo-
rI100MHA B OKCUTEMOTIJIOOWH MPOUCXOIUT 0€3 U3MEHEHUS CTETIEH!
OKHCJICHHUSI JKele3a.

[IpucoeanHeHe KUCTOPOJA COMPOBOXKIACTCS OTIICIIICHUEM
MPOTOHA U 00pa3yeTCcsl OKCUTEMOTIIOONH, TIPH TOM UMEET MECTO
paBHOBecHe:

HHb + O, = HbO-, + H".

ITpu mocrymnennn OegHONW KUCIOPOIOM BEHO3HOW KPOBH B
JIETKME, Ie napuuanbHoe aasinenue O, 6onbmoe (~ xo 20 xIla),
€TI0 paCTBOPHUMOCTD YBEJIIMYUBACTCSA U PABHOBECUE CMEIIACTCA B
CTOpOHY 00pa3zoBaHUsi okcuremorioOuHa. CMEIIeHUI0 JTaHHO-
TO PAaBHOBECHUS BIIPABO CIOCOOCTBYET U IOBBIIICHHOE 3HAYECHUE
pH (~ 7.5), mosTtomy nmezokcureMornoboud g0 97% HaceImaercs
KHUCIOpoaoM. B kammuisipax mapiyaibHOe TaBlIeHHE KUCIOpOoaa
cumkaetrcs 1o S k[la, a pH cHmxkaercs no 7,2, mo3ToMy paBHOBe-
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CHe CMEIIAeTCs BIIEBO M OTTEKAIONIAs KPOBb HACKIIIIEHA KUCTIOPO-
OOM IuIlb Ha 65%.

3HauUTeNbHAS YaCTh JKejie3a COJEPIKUTCS B MBIIIIEYHOM Oell-
KE€ — MHOTJII00MHEe, KOTOPBIH TOXE COJIEPKUT KOMIUIEKC JKelle-
3a (II) ¢ moppupuHOM | CITOCOOEH 00PATUMO CBSI3BIBATH KUCIIO-
poxn. Jlerkoctero nepexona 0e3 M3MEHEHHS KOOPAUHAIIMOHHOTO
yucna Fe** — e — Fe¥* MokHO 00BSICHUTD CyliecTBOBaHUE OoJiee
50 penokcdepMeHTOB C Kelle30M B aKTUBHOM LieHTpe. XKenezoco-
Jieprkalnye OeIKU BBIMOTHSIOT pa3indHble PYHKIIMH: TeMOTJIOOUH
TPaHCIIOPTUPYET KUCIOPO, MUOTJIIOOUH 3aIacaeT ero B CBSI3aH-
HOM BHUJE, HIUTOXpoM-C-OKcHa3a BOCCTAHABIMBAET KHUCIOPOT
JIO BOJIBI, B IIEPEHOCE 3JICKTPOHOB YYACTBYIOT IIUTOXpOoMbI B u C:
KaTanasa yckopser pasnoxenne H O, (mepokcuma Bomopona),
MepoKcuaa3a — OKHUCIIEHHe cyOcTpaTa MEepOKCHIOM BOJIOPOAA.
LuToXpoMbl — rpyma BHYTPUKIETOYHBIX KEJIE30COAEPIKAIINX
OeNKOB, YYACTBYIOIIUX B OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIX
Tpoleccax, Ho, B OTJIMUME OT TeMOTIIO0OMHA M MUOTJIOOWHA, CTe-
MeHb OKUCIeHHst Jxele3a Fe** 2 Fe?* B HUX 00paTUMO M3MEHSIETCs
B CBSI3M C IIEPEHOCOM 3JIEKTPOHOB B a3pOoOHBIX ycrnoBuax. Kak u
B TE€MOIJIOOMHE, KENe30 SBJISIETCS KOMIUIEKCOOOpa30BaTEIEM B
MOP(UPUHOBBIX LIUKIIAX UTOXPOMOB, KOTOPBIE IEPEHOCST 3JIEK-
TPOHBI OT MOJIEKYJI CyOCTpaTa K KUCIIOPOAY.

K reMuHOBBIM (pepMEHTaM OTHOCST TaKXKe KaTaiia3dy U Iepo-
KCHa3y, B KOTOPBIX POJIb KOMILIEKCOOOPA30BATEIsI BBITOIHSIIOT
noHbl Fe**. DT GepMeHTHI UTPAIOT 3alIUTHYIO POJIb, MpenoXpa-
HSAIOT KJIETKH ¥ TKAHU OT BPEIHOTO JeCTBUS MEPOKCHUIA BOJOPO-
J1a, 00pa3yIoIerocs B pe3yjbTaTe OMOXUMUYECKOTO OKUCIICHUS U
SIBJISIFOIIETOCSI TOKCUYHBIM BEILIECTBOM:

CatFe** + H,O, — CatFe’H,O,
CatFe’*-H,0,+ H,0, — CatFe** + 2H,0 +0.,.

IMepoxcunasa paspymaer H,O, nmyteM mepeHoca aToMOB BO-
Jlopojia ¢ cybcTpaTa Ha TIEpOKCHUT.

20-25% xene3a B OpraHU3MeE SIBIISIETCSI PE3EPBHBIM M BXOAHUT
B COCTaB COCAMHEHUM, He cojepkaiiux rema (hpeppuTuH, TpaHc-

dbeppuH u ap.).
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Tema: BuoreHHble aneMeHTbI

@eppuTHH — PacTBOPHUMBIA Oelok, pezepBHas popma Fe (111)
B TKaHsX. [ maBHOI QyHKIMEH TpaHC)epprHa ABISETCS TPAHCIIOPT
JKeJe3a, BCOCABIIErocs U3 KPOBEHOCHOT'O pyciia, B TKaHu. BecachiBa-
HUE Kelle3a yepe3 CIU3UCTYIO KUIIEUHUKA PEryIupyeTcs CTENEHbIO
HACBIIIEHN XKele30M TpaHcdeppuHa kposu. Ilpu nepeHoce xere-
3a u3 TpaHceppuHa B reM noH Fe** BoccranapimBaercs B Fe?.

KpyrosopoT xene3a B opraHusme 4eioBeKa MpPEJACTaBIeH Ha
puc. 5, a cxema MeTaboyM3Ma xejie3a IpeacTaBiieHa Ha puc. 6.

Ipumpoyumoi:
HB — 3000 mr
KeJe30

Makpodaru

Kocmubvlii mo32z
DpHUTPOIIO33

I'emomm3

YcBoenue

OcBoOOXKACHUE
25 Mmr xejes3a

25 Mr kenes3a

Fe — 200 mr
JKETYHBIX
MUTMETHOB

Puc. 5. Kpyzo06opom scenesa 6 opeanuzme

Pe3epBHoe JKEJIE30 COACPIKUTCA B IICUCHHU, CEJIC3EHKE, IMTOYKAX,
KOCTHOM MO3rI€, B CbIBOPOTKE KPOBHU. OCHOBHBIM JCII0 KEJIC3a sB-
JISACTCA IICUYCHD.
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Tema: BuoreHHble aneMeHTbI

[Ipu HemocTaTKe *Kejle3a B OpPraHu3Me UelloBeKa pPa3BUBAETCS
Kene307eUIMTHAS aHEMUSI.

B mMeauuune B KauecTBe JIEKAPCTBEHHBIX IIPENapaToB MpUMe-
nsroT xopup xenesa (II), cynsdar xenesa (I1), Ho 6omnee addek-
THUBHBI OMOHEOpraHNYECKIe KOMITJICKCHI XKejle3a C caXxapaMHu, HU-
KOTHHAMHIOM M APYTMMHU OPTaHUYIECKMMU BEIIECTBAMHU.

AckopoOunar xene3a (II), makrat xene3a (II), rmuuepodocedar
xenesa (III), cynedar xenesa (II) — FeSO,-7H,O, dpeppomekc,
reMaTOreH, TEMOCTUMYJIMH, CUPOII 4103 C JKeNe30M, (heppolLiepoH,
(bepKoBeH — MpenapaTbl Ha OCHOBE JKelle3a, TPUMEHSIeMbIe TSI
JICUSHHMSI KeJIe30J1eDUITUTHBIX aHEMHI Pa3TUYHON 3THOJIOTHH.

Iexcarumpat xnopuna xenesa (I11) — FeCl,-6H,O — kpose-
OCTaHAaBIIMBAIOIIEEe CPEACTBO. PanoakTUBHBIE M30TOIBI JKele3a
WCIOJB3YIOT U AMATHOCTUKY aHEMHIA.

V-
[ns neyeHus xene3odeuyumHolU aHeMuu ¢ OpeB8HUX epeMeH 00
Hacmosiwe20 8peMeHU MPUMEHSIIOM «Xe/le3H0e 8UHO», KOMOPOE 10-
ny4arom HacmaugaHUeM 8UHOepadHO20 BUHA Ha Xefe3HbIX OfusiKax.
OyesudHO, YMO Xeneso Pacmeopsiemcs 8 8UHe ¢ 06pazoeaHUEM KOM-
MIEKCHbIX COEOUHEHUL C MPUPOOHBLIMU Op2aHUYeCKUMU 8ewiecmeaamu,
Komopeble u obecriequsarom mepanesmuyeckull 3gochekm.

KobaasT — anmement VIII-b rpymmst, 4-ro nepuoaa [1CD, mo-
psSnKoBH HOMep 27, aToMHas Macca 58,93.

OtkpeiT B 1735 1. Bpanarom, Ha3BaHue oT HeMelkoro Kobold
(moMoBO#t, THOM).

OnexrponHas koHburypaims: 152s52p®3s?3pf3d-14s2. Xapak-
TepHas crenedb okucieHus +2 (CoO), KOOPAUHAIIMOHHOE YUCIIO
paBHO 6 u 4. CTeneHb OKUCIIEHUS +3 KOOAIBLT IPOSIBIISIET B KATH-
onnbix [Co(NH,) J*, anuonnsix [CoF > u HelTpanbHbIX KOMII-
JIEKCax, KOOPJUHAIIMOHHOE YUCIIO paBHO 6. BuHapHbie coequHe-
uwus u cou st Co (1) HexapakTepHBI.

Buonozuueckasn pons. KoOanpT SBIISETCS KU3HEHHO HEOOXO0IU-
MBIM 3JIEMEHTOM JISI UeJIOBEeKa U ISl JKUBOTHBIX.
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

B opranusme B3pocnoro uenoBeka coaepurcs 1,5 Mr kobans-
Ta, U3 KOTOphIX B teueHu 0,11 mr, ckenmeTHbIX MbIax — 0,20 mr,
koctsax — 0,28 mr, Bonmocax — 0,31 mr, xupoBoit Tkanu — 0,36 mr.
OrnruMalnpbHasi MHTEHCUBHOCTh TOCTYIUIEHUS KoOallbTa B Opra-
HHU3M YentoBeka coctaBisieT 20-50 MKT/cyTKH.

KobGampT B opraHm3Me B OCHOBHOM COJICPXHUTCS B BHTAMH-
He B, KOTOPBIH ABIAETCA CIOKHBIM MaKPOUMKIMIECKUM a30T-
coliepsKaIiuM Opranndeckum komiutekcom Co** (KOOpAMHAIIMOH-
HOE YHUCIIO PaBHO 6).

Burtamun B, Heo6XoauM [UI HOPMAJILHOTO KPOBETBOPEHHUS U
CO3PEBAHUSI IPUTPOLUTOB (IPUTPOITI0I3), CHHTE3A AMUHOKHCIIOT,
oenkxos, PHK, JIHK u np. coenuaeHnit. Y CTaHOBIICHO, UTO aHAJIO-
ru nua"okobanamuna (B,)) aBisiorcs akTuBaTopaMu — Kodak-
TOpaMH Pa3InYHBIX (DEPMEHTOB, YYACTBYIOIIMX B 3PUTPOIIOI3E.
HenocraTok Ko(hakTOpOB MPOSBIISETCS B eUIIUTE TEMOTIOONHA
U 3pUTPONLHUTOB. Jlepuuur BuTaMuna B, IpMBOIUT K THKETOMY
3a00JIEBaHIIO — 3]IOKAYECTBEHHOH aHeMHH (MaJIOKPOBHIO).

H3BecTHO, UTO TIpH BBEICHUH KOOAThTa B KOCTHBIM MO3T yBe-
JIMYUBAETCS 00pa30BaHNE MOJIOABIX IPUTPOIIUTOB U TEMOTI00H-
Ha, OJIHAKO I 3TOr0 HEOOXOAUMO HallMuue JOCTATOYHOI'O KO-
JINYECTBA JKeJle3a.

Buramun B, o6najgaer crnocoOHOCTbIO BOCCTAHABIUBATDH
—S—S-rpynmel, ydacTBYIOIIME B Tpolieccax OJOKUPOBAHUS U
YTUJIA3AIIAN TOKCUUECKUX 3JICMEHTOB.

IMox BmustHueM KOOAThTa AKTUBU3UPYETCS KOCTHAS Y MBIIIICY-
Has pocgoraza, kapOokcuiasa, KaTajgaza ¥ MHOTHE MTENTUAA3HI.

Pacrenus v )KUBOTHBIE HE MOTYT CUHTE3MPOBATL BUTAMHH B,
ero BeIpabaTHIBAIOT HEKOTOPHIE BUIBI OAKTEpUil, KOTOPBIE HMe-
FOTCSI B )KEITYAOUYHO-KUIIIEUHOM TPAKTE YeJI0BeKa, OHU CHHTE3UPY-
IOT JIOCTATOYHOE KOJNIMYECTBO BUTaMKHa B ,.

B opranusm koOanpT nmocrymnaer ¢ nuuieil. Oco6eHHO MHOTO
KobOanbTa B TICUEHU, MOJIOKE, KPACHOM CBEKJIE, PEANCKE, 3eJIECHOM
JIyKe, KaIycTe, MeTPYIIKe, CaJlaTe U YECHOKE.

Toxcuueckas no3a o yenoseka: 500 mr.

JletanpHas mo3a: JaHHBIE OTCYTCTBYIOT.
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Tema: BuoreHHble aneMeHTbI

B meanuune npumensior sutamul B, xnmopun ko6ansra (II)
B Buje 20% pacTBopa HCIIOIB3YeTCs MPU JIEUYCHUHN TUIIEPTOHUH.
PagnoakTuBHBIE M30TOMBI KOOAIbTA MPUMEHSTCS B PagUOU30-
TOITHOUW IMArHOCTHKE U 17151 TydeBo Tepanuu (Co-60). Ceituac Bo
BCEM MUpE ISl OOITydeHUs] MMOPAXKECHHBIX PaKOM TKaHEH mpuMe-
HAIOT (B TEX CITydyasx, KOTJa TaKoe JeYeHHe BOOOIIe BOZMOXKHO)
paanoaKTUBHBIN nu3oTon Kobanbra — Co, marormit Hanboee
OJIHOpOJHOE U3lyueHue. B anmapare ajis o0nydyeHus riyooko3a-
JIETAIONIUX 3JI0KAYEeCTBEHHBIX OIyXOJIel, «KOOAIbTOBOM MYyIIKE»
I'VT-400 (raMMa-ycTaHOBKA TepareBTUUYECKas ), KOJIMYECTBO KO-
6ampTa-60 cooTBeTCTBYET IO cBOEH akTuBHOCTH 400 T pamus. 9To
OuYeHb OOJIbIIasi BEJTMYNHA, TAKOTO KOJIMYECTBA PaJvsl HET HU B
omHol mabopatopun. Ho MMEHHO BBICOKAasi aKTUBHOCTH IO3BO-
JISeT TPEANPUHUMATD MOMBITKH JISYEHHUS OMyXO0JIeH, PACIIOI0KeH-
HBIX B TJIyOMHE OpraHu3Ma 0OJIbHOTO.

Mapranen — snement VII-b rpynmsi, 4-ro nepuoaa I1CO, no-
PAIKOBBIN HOMeED 25, aToMHas Macca 54,94.

Briepsoie otkpsiT FO. 'anom B 1774 1. (B 1774 1. miBenckwmii
xumuk K. [lleene nmokasai, 4To B pyle CONEPIKUTCS HEM3BECTHBIH
MeTayt. OH nmocian o0pasiibl pyasl cBoeMy Apyry xumuky FO. Ta-
HY, KOTOPBIA, HArpeBasi B IEYKE IMUPOIIIO3UT C YIJIEM, MOJIYUHIT
MeTajutnuecknit Mmapraten). B nauane XIX B. muist Hero Obu10 npu-
HATO Ha3BaHUE «MaHraHyM» (OT HeMeukoro Manganerz — Map-
TaHIIeBas pya).

Mapranen — 14-ii 3;1eMeHT IO pacIpOCTPAaHEHHOCTH Ha 3eM-
JIe, a TIOCIIe XKelle3a — BTOPOU TSHKEIBIM METaIlI, COJIEPIKAIIUACS
B 3emHO# kKope (0,03 % oT ob1mero yrncia aTOMOB 3eMHOU KOPBI).
CoIyTCTBYET *KeJle3y BO MHOTHX €r0 PyJax, OTHAKO BCTPEYAIOTCS
U CAMOCTOSITEIbHBIE MECTOPOKACHUS MapraHla.

DnexTpoHHast KoHpurypammst: 1522s22p3s23p°3d>4s2. JInsa map-
rafia XxapakTepHBI CTCTIICHH OKUCIIeHHS: +2, +3, +4, +6, +7 (Ha-

+2 +3 +4 +6 +7
npumep, MnO, Mnz Oy, MnO,, MnO;, Mn2 O, ). B coenunenu-

SIX KHCJIOPOAHOTO U COJIEBOTO XapaKTepa YCTOWUMBBIMU SIBIISIOTCS
CTETIeHW OKHUCIIeHWs1 mapraHua +2, +4, +7. B nmpomexyTouHou
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

CTENEeHU OKUCIEeHUd (+4) cCoeAMHEeHN MapraHua MposBISIOT aM-
(hoTepHOCTb.

B MenuumHCKON IpaKTHKE HCIIOIB3YIOTCSl COSIUHEHUST Map-
ranna (II) u mapranna (VII).

B ombite in vitro Mn?* nposBiIseT BOCCTAHOBUTEIbHbIE CBOI-
CTBa, a4 B i1 Vivo €r0 BOCCTAHOBUTEIIBHBIE CBOMCTBA BBIPAXKEHBI
cmabo. YcroitunBbie OMOKOMIUIEKCH Mn?" in vivo cTabUITH3UPYIOT
3Ty CTENEHb OKHUCIICHHUSI.

Kucnopoansle coegMHeHHs] MapraHia B BBICHIMX CTENEHSX
OKHCJICHMSI B OPraHM3ME€ HE CYIIECTBYIOT BCIIEIACTBHE BBICOKOU
OKHUCITUTENbHOM CIOCOOHOCTH, MO3TOMY B OpPTaHM3ME UellOBEeKa
MapraHell IPUCYTCTBYET B BHIE HOHOB Mn** HJIH ero KOMIUIEKCOB
¢ 6e1KamMu, HyKJIEMHOBBIMU KMCIIOTAMU U aMUHOKHCIIOTAMU.

bBuonozuueckaa ponb. Maprasen SIBISETCS 3CCEHLMATIbHBIM
3JIEMEHTOM JJISI YeIIOBEKA U KUBOTHBIX, €T0 HE3HAYNTEIIbHBIE KO-
JINYECTBA UMEIOTCS BO BCEX PACTUTENBHBIX U )KUBOTHBIX OpraHN3-
Max. Ero Her Tonpko B OellKe KypHHOIO Siilla U O4eHb MaJIO — B
MoOJIoKe. B opranusme uenoBeka COIEPKUTCS OKOJIO 12 Mr map-
raHua, 43% 3Toro KoJMuecTBa HaXOIUTCS B KOCTSX, OCTAJIbHOE B
MSITKUX TKaHSX.

CpenHecyToyHasi IOTPeOHOCTh B MapraHile 4ejaoBeKa COCTaB-
nset 2,5-5 mr. buoycBosieMmocTh MapraHiia HEBbICOKA M COCTABIISI-
eT 3-5%. MHOro mMapraHiia COJIEpXKUTCS B PKaHOM XJiebe, Tie-
HUYHBIX U PUCOBBIX OTPYOsX, coe, ropoxe, Kaprodene, CBEKIE,
TIOMUJ0Pax, YePHUKE U B HEKOTOPBIX JIEKAPCTBEHHBIX PACTEHUSIX
(OarynpHMK, 3BKAJIMIIT, JIAMYATKA, BaXTa TPEXJIUCTHAS).

Mapranen sBisieTcss XOpOILIUM KOMILIEKCOOOpa3oBaTeeM C
KHUCIIOPO/I- ¥ a30TCOAEPKAIIUMU JINTAHAMU, KOOPIUHALIMOHHOE
YHCIIO PaBHO 6. AKTHBHO y4yacTBYET B IIpoliecce OMOXMMUYECKO-
IO OKUCJIEHHUS 32 CUET U3MEHEHUs CTeleHU okucieHus. Jlokasza-
HO y4acTHe MapraHua B Ba)KHBIX (PM3UOJIOIMUYECKUX MPOLECCAX:
KPOBETBOPEHUH, (OPMUPOBAHUN KOCTHON TKAHU, pA3MHOXKCHUH,
pocre, OeIKOBOM, YIJIIEBOAHOM U )KUPOBOM OOMEHaX, TKAHEBOM
JIBIXaHUW; OH IMOBBIIIACT 3alUTHBIC (YHKIIMA OPraHu3Ma, CTaOu-
JIM3UPYET CTPYKTYPY HYKJIEHHOBBIX KUCIIOT, yYACTBYET B CUHTE3€
PHK, Bnuser Ha cuntes BuramuHoB C u B
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Tema: BuoreHHble aneMeHTbI

CBoe BiMsiHUE Ha 3TU (YHKIUU MapraHel| OCYyIIECTBIISET ve-
pe3 cBsI3b ¢ (pepMEHTaMU, TOPMOHAMU M BUTaMuHamu. Tak, Map-
raHer Ju00 BXOJUT B cOCTaB (DEPMEHTOB, JIMOO CIYXHUT UX aAK-
THBATOPOM, T.e. OHoJiornueckasi GyHKIHs HOHOB Mn?* cocTOUT
B PEryJIslMd aKTUBHOCTH (epMeHTOB (TpaHcdepas, THAaposias,
n3oMepas, imnas). Maprasen BXOJIUT B COCTaB MHOTHUX METaJlIO-
(hepMEHTOB, HAITPUMED JIETUAPOreHA3, U30JIUMOHHOM U SI0JIOYHOM
KHUCJIOT, AeKapOOKCHUIIa3bl MUPOBUHOTPATHON KUCTIOTHI, 0€3 KOTO-
pPBIX HE MOXET paboTaTh LMK Kpebca — OJUH M3 BaXKHEUIIMX
OMOXMMUYECKHX ITUKIIOB JIFO0OY KUBOW KIIETKU, BHIpA0ATHIBAIO-
AN SHEPTHIO U 3amacaromuii ec B ATD.

Maprasnern BIysieT Ha AeSITeIIbHOCTh HAAIIOYCUHUKOB, HA PETy-
JISIITUIO APTEPUATHFHOTO TaBJICHUS, YCTAHOBJIEHO €T0 BIIUSHIE HA
JIeATeTbHOCTh IIIUTOBUAHOM jKee3bl. MapraHel| Takke BIUSIeT Ha
coJep)KaHue BUTaMUHa B, aCKOPOUHOBOM KUCIIOTHI, BATAMUHOB
E, A.

Toxcuueckas qo3a s yenoBeka — 40 mr/mens. IT/IK B pacue-
Te Ha MapraHen s Bo3ayxa 0,03 mr/m>.

B mMeanimHe B Ka4ecTBe aHTUCENITUUECKOTO CPEICTBA IITUPOKO
NpUMEHSIOT epManranat kanmus (KMnO,), B Buzie BOIHBIX pac-
TBOPOB JUISI OJIOCKAHUIA, CIPUHIIEBAHUHN, CMa3bIBAHUSI SI3BEHHBIX
U OXXOT'OBBIX TOBEPXHOCTEH, MPOMBIBAHMSI MOYEBOTO MY3bIpS U
MOYEBBIBOASIINX NyTeH. MaccoBasi 10JIst KMnO4 B IpUMEHSsIEe-
MBIX BOAHBIX pacTBopax paBHa oT 0,01 go 5%. B xauectBe kpose-
OCTaHABIMBAIOIIETO CPENCTBA NPUMEHSIOT 5% pacTtBop KMnO,.
[Mpu teyeHUn MaJIOKPOBUS UCIIOJIB3YIOT CYJIb(aT U XJIIOPU Map-
ranna (II). PaguoakTuBHBIE M30TOIMBI MapraHiia MPUMEHSIOT B
HCCIIEIOBATEIICKUX TIEIISIX.

Mosanoaen — snement VI-b rpymmsl, 5-ro nepuona I1C3, mo-
pAaKoBeIif HOMep 42. AToMHas Macca 95,94.

Momnubaen otkpbut B 1778 1. K. Illeene, BeiaeuBIIuit Mojno-
neHoByro kucinoty. B 1790 r. I1. I'enibM BriepBbI€ BBIIETUI Me-
TAJUIMYECKUN MOJMOIEH, KOTOPBIN OBbUI 3arpsi3HEH YIJIEPOAOM U

1oy

kapoumom MonubaeHa. Yuererit Metamt nmomyumit M. bepuennyc
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

B 1817 r. Ha3zBanue 3TOT0 3jIeMEHTA MPOUCXOIUT OT JTATUHCKOTO
cnoBa molybdaena, KOTOPBIM B CpeJIHUE BeKa HA3bIBAJIU BCE MUHE-
pabl, ClOCOOHBIE OCTABIISATH Cliel] Ha Oymare.

OnektponHass  ¢dopmyna:  1522522p°3523p°3d'%4s%4pS4dPSs .
MonubaeH NpoOSBISIET B COENUHEHUSX IIepEeMEHHBIE CTENeHH
okucienns: +2 (MoCl)), +3 (MoBr,); +4 (MoBr,); +5 (MoCl,);
+6 (Na,MoO,). Haubonee yCTOWIMBBIMHU ABIIAIOTCS COETUHEHHS
B CTENIEHU OKMCIIEHMs +5 1 ocobeHHo +6. B otnnune ot coeanne-
Huii xpoMa (VI), KOTOpbIe SBISIFOTCSI CUIIBHBIMU OKUCITUTENISIMH,
coenuueHunst monmbaeHa (VI) mposBISIIOT OKUCITUTENBHEBIE CBOM-
CTBa TOJBKO C HanboJiee CHIIBHBIMA BOCCTAHOBUTEIISIMH, HAIIPU-
Mep € BOJOPOIOM, B MOMEHT BBIJICIICHUSI.

buonocuueckaa ponb. B opraHuszMe B3pOCIOro 4YeIOBEKa
COJIEPXKUTCS OKOJIO 9 MI' MOJIUO/IeHA, U3 HUX 5 MI' — B KOCTSIX,
2 mr — B nedyenu. Cyroynas nmotpednocts — 0,075-0,250 mr.

CpenHee cofepxaHre MOJTUO/IEHA B IIIa3Me KPOBH COCTABIISIET
0,3-1,2 Mxr/n. O6mebuoornueckasl poiab MOJIUOaeHA 00YCITOB-
JIeHa TeM, YTO MOJIMOAEHCOAepXkalue (GepMeHTHhI (Harpumep,
HUTPOTeHA3a) YYACTBYIOT B IpOIECcCe MSTKOM (UKCAIMN a30Ta
BO3IyXd, OHU KaTAJIU3UPYIOT IPOLECC MPEBPAILEHHs] MOJIEKYIISp-
HOT0 a30Ta B aMMHAK U APYTHUe a30TCOAEPKAIIIE TPOTYKTHI.

B xpoBu npeodnanaer Mo (VI). B buokomruiekcax MomOaeH
00pa3yeT CBSI3b MPEKIE BCETO C KAPOOKCUITbHOMN, THAPOKCHIIBHON
Y THOJIBHBIMH TpyIIaMu OWomuranmoB. MonmbaeH oOpa3syeT
ycroiuuBble okcokoMmiiekcel [MoO (okcanat) (H,0),0,]* nnu
[MoO,(OH),], u mosToMy, O4eBUIHO, BXOJAUT B COCTaB (pepMeH-
TOB, 00ECIEUNBAIOLIUX MEPEHOC OKCOrPYII. ATOMBI MOJIMOIEHA
TaKXe CKJIOHHBI OOpa30BBIBATH MEXIy COOOW KHCIOPOJ- WU
KUCIopoacoaepkarmue MoctTuku Mo—-O-Mo, Mo-S-Mo, a Tak-
)K€ KOBAJICHTHYIO CBSI3b C IPYTUMHU METAITIAMU. JTa CIOCOOHOCTh
MoyHOieHa peanu3yeTcs B pepMEHTAax, HAalprMep B HUTPOTEHA3e,
colieprKalleil B AKTUBHOM LIEHTPE MOHBI XKeJle3a 1 MOJIMOAeHa Ol
HOBPEMEHHO.

MonubaeH BXOIUT B cocTaB psiga (epMEHTOB allbJIETHIIO-
KcHaasza, cylb(UTOKCHAA3a, KCAHTUHOKCH[A3a, KCAHTHHIIETHI-
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poreHasa u Jip., KOTOPbIE KaTaJIU3UPYIOT OKUCIIUTEIbHO-BOCCTA-
HOBUTENbHBIE peakuun. B vactHocTH, kcanTuHokcunaza (KOKC)
KaTaJIM3upyeT OKHUCIEHHE KCAHTHHA KHCIOPOAOM B MOYEBYIO
KHCIIOTY:

Kcantun + O, + H,O —KOKC_, Mouesas kucnora + H,O.,.

B ycroBusIX MOBBILIEHHOTO COAEpKaHUS MOIMO/IeHA BO BHEIII-
Hel cpejie HAOIIOJaeTCs yBEJIMUEHNE CUHTe3a (pepMEHTa KCAaHTU-
HOKCH[IA3bl, UTO SIBJISIETCS TPUYUHON 3HAEMUYECKOW TOIarphl,
BO3HUKAIOIICH 32 CUET YBEIIMUCHUS COAEPKAHUSI MOYEBOM KUCIIO-
ThI KaK IIPOJIyKTa MyPUHOBOTO OOMEHA.

Hmerotcst cBefieHUs, YTO MOJIUOJIEH UTPAEeT BAXHYIO POJIb B
Mpolecce BKIIOUeHUS PTopa B 3yOHYIO 3MaJlb.

Toxkcuueckast 103a JIsl YelIOBeKa: 5 MT.

JletanpHag no3a: 50 mr.

B MenuuuHe B AMArHOCTUYECKUX LENSIX MPUMEHSIOT PaaHo-
M30TOTBI MOJINOCHA; N3ydatoT 3(h(HEKTUBHOCTh TETpaMOoInbdIaTa
aAMMOHHUSI B TepaIlliid HOBOOOPA30BaHMIA TOJIOBHOT'O MO3ra U IPH
MY>KCKOM O€CIIJIONNH.

Menb — 3nemenT I-b rpynme, 4-ro iepuona I[1CD, mopsiako-
BBIN HOMeED 29, aTomHas Macca 63,55.

Mens — OAMH W3 MEPBBIX METAJUIOB, CTABIINX H3BECTHBI-
MU uenoBeKy. CUMTAIOT, YTO MeIb HAaYald HCIOJIb30BaTh OKO-
5o 5000 et mo H.3. JIaTUHCKOE HAa3BaHME MEIU IPOUCXOIUT OT
Ha3BaHus ocTpoBa Kumpa (Cuprus), rie B IpeBHOCTH JOOBIBAIH
MEJIHYIO PYIY; OJHO3HAYHOTO OOBSICHEHUS MTPOUCXOXKICHUS 3TO-
r'0 CJIOBA B PYCCKOM SI3BIKE HET.

Penko Menmp BcTpedaeTcss B caMOpOIHOM Buje. K3BecTHO
170 menbcoaepxKaliux MUHEPATIOB, U3 KOTOPBIX 17 MCMOIB3YIOT-
csl B MMPOMBIIUIEHHBIX MacinTabax. [J1aBHOe MpUMEHEeHne MeTall-
Jla — B KaYeCTBe MPOBOIHUKA JIEKTPUIECKOTO TOKA.

DnektpoHHast koHburypanus: 1s22s2p3s?3pS3di%4st (3a cuer
«rpockoka» 1 ayekTpoHa ¢ 4s moaypoBHS Ha 3d MOAYypPOBEHB).
B coequHeHUIX Meb MPOSIBIISAET, KAK IIPaBUJIO, CTEIIEHb OKHUCIIE-
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nus +1 (Cu,0) u +2 (CuO). Banentrocts coorsercTBenno I n I1.
Cu,O npossnser ocHoBHbIe cBoiicTBa (CuOH — Heycroliuus), a
CuO u Cu(OH), nposBsioT cnabele aMpoTEpHbIE CBONCTBA.

KaTtuons! Cu* CKIIOHHBI K OKHCIIUTEIbHO-BOCCTAHOBUTEIBHOM
nuemyTtarun: 2Cut 2 Cu + Cu?'. Katuon Cu** — g0CcTaTovHO
CHITBHBIA OKHUCITUTEITb.

KaTnonsl Menu cuiibHbIE KOMILJIEKCOOOpa30BaTeNd U OCO-
OEHHO C JUTaHJaMU, cojaepXaluMu kapookcuibHyo (—-COO"),
amuHo- (-NH,), muano- (-CN°) u tuonenyro (-SH) rpynmsr. 3a
CUEeT PeaKL1H C THOJIbHBIMU I'pynaMu OenkoB kaTuoHsl Meau (1I)
MHAKTUBUPYIOT (PEPMEHTHI U pa3pylIaloT HATUBHYIO KOHpopma-
1o OejKa, Ha 3TOM OCHOBAHO UX aHTUMHUKPOOHOE JAeHCTBHE.

Buonozuueckas pons. Beero B opranmsMe yesroBeka (Macca Tena
70 xT) copep>kuTcs 72 MT Meid, B OCHOBHOM B MBIIIIIIAX, KOXKE, KOC-
TAX, IEYeHH, TOJOBHOM Mo3re, KpoBH (1,01 mr/m). B kpoBu Menp
CBSI3BIBAETCS C CBIBOPOTOYHBIM ajbOymuHoM (12-17%), amuHo-
KHUCIIOTAMH — TUCTHINHOM, TPEOHHHOM, rimyTaMuaoM (10-15%),
TPAaHCIIOPTHBIM TpaHCKynpuHoM (12-14%) u uepynomiasMuHOM
(o 60-65%).

OnTuManbHasi THTEHCUBHOCTH IIOCTYIUIEHUS! METU B OPTaHU3M
B3POCIIBIX cocTaBinseT 2—3 Mr/cyTku, aereit — 1,0 mr. B opranusm
Menpb nocrymnaet ¢ nuuel. Ilocrynas ¢ nuiei, Menb BcacbIBaeTCs
B KUIIEYHUKE, CBA3BIBAETCS C OEJIKOM CBIBOPOTKU KPOBU — aJlb-
OYMHUHOM, 3aTeM MOTJIOMALTCS IIEYeHBI0, OTKY/Ia B COCTaBE OeKa
LIepyJIOIUIa3MIHA BO3BpAlIaeTCs B KPOBb U JIOCTABISETCS K Op-
raHaM M TKaHsM. MHOTO MeIu COJEPXKHUTCS B TOBSDKEH IedeHH,
MOPCKHUX NMPOAYKTaxX, 0000BBIX, KamycTe, KapTodese, Kpanuse,
KYKypy3e, IIIIHATe, SI0JI0KaX, Kakao 000ax, 3eMIsTHUKE, KI1yOHU-
Ke, KIIIOKBE.

® Omo unmepecno! HedasHue onpocvl nokasamu, 4mo Juulb
25% nacenenust nompe0.isiem 00CmamouHo meou, OOJbUUHCINGO NO-
ayuarom moavko 50-60% pekomenoyemo2o exceonesHo2o Koauyec-
mea. Bezemapuanybl Mo2ym ucnvimouléams HexXeamxy meou, a pac-
myujee nompeod.aeHue nOOCAACINUMENEli ¢ 8bICOKUM COOEPHCAHUEM
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@pyxmosvl ycunueaem smom Oedpuyum. Monounas u HeKomopbvie
8UOBL MACHOT OUembl, HA KOMOPOU MAK JH00SM CUOENb JCENAIUUe
NOXYO0emb, MAKHCe UCTIOWAIOM 3ANACbL MeOU 8 OP2AHUZME.

WoH Menn ciykUT KaTaIu3aTOPOM U XapaKTepU3yeTcsl BBICO-
KO CrielpuuHOCTHI0. B CBSI3U € TeM, YTO MeJIb JIETKO MePEXOUT
Y3 OJTHOTO BAJICHTHOTO COCTOSIHUSI B IPYroe, oHa o0NagaeTr sipKo
BBIPQKEHHBIMU META00IMUeCKUMH (PYHKIMSAME, a TaKXKe Ha BCe
BUJIbI OOMeHa BenlecTB (0eIKOB, KUPOB U yIIEBOJIOB).

Bcero B oprannsmMe o6Hapyx)eHO 0K0oIo 30 MeIbCOmIepKAIINX
(depMeHTOB. Jl0CTaTOYHO XOPOIIO M3y4YeHA POJIb MEAU B OKMC-
JUTENLHBIX (bepMeHTaX. BOJIBIIMHCTBO MEIBIIPOTEUIIOB IIpe/-
CTaBJISIOT COOOM KOMIUIEKCHBIE COCAMHEHUS, COAepKallue mop-
(upHHOBbIE LIMKIIBL, KAK U B XeJe3ompoTenaax. Tak, B cocTaBe
uutoxpomokcugassl (LIXO), yuacTByromieli B TKAHEBOM IbIXa-
HUH, B KaXHOH cybemuumIe GepMeHTa COOepKUTCS OJHA TPYII-
I1a TeMa U IBa aToMa MeJIH, B3aNMOACHCTBYS C KHCIIOPOAOM, OHH
MePEAAIOT AIEKTPOHBI C CyOCTpaTa Ha KUCIOPOI, OJTHOBPEMEHHO
npoucxoaut npespaiienne Cu* B Cu>* 1 BOCCTAHOBJICHHE KUCIIO-
pona B H,Ou H,O,.

2[Fe*LIXOCu*] + O, + 4H* — 2[Fe**LIXOCu*] + 2H,0.

K rpymnmne okuciautenbHbIX (PEPMEHTOB OTHOCUTCS U LIEpYJIo-
ma3mud [LIITCu?"]. OH ci1yXUT pe3epByapoM MeIH B OPraHU3ME,
BBITIOJTHSECT TPAHCIIOPTHYIO (YHKIINIO (0OeCIieYnBaeT BhIBEACHUE
u30BITKA METU M3 OPraHU3Ma) U KaTaau3upyeT okucienue Fe?* B
Fe’*, yuacTBysi B KDOBETBOPEHUU:

Fe?* + [UIICu*] — Fe** + [LIIICu"].

BoccranosiieHHass (opma 1epyioria3MuHa KaTallu3upyeT
(momo6nO 11X O) BoccTaHOBIIEHNE MOJICKYIISIPHOTO KACIOPOIA.

®epment cynepokcumaremyrtaza [COACu?*] BeImoIHSET TaK-
K€ OYeHb BaXXKHYIO (DYHKIMIO B OPraHU3Me, YCKODSSl PEaKIMIO
PAa3JI0KEHNUs CyNepOKCUI-HOoHa *O~,, BO3HUKAIOILYIO ITPU CBOOOI-
HOPaJUKATbHOM OKUCJICHUHU BELIECTB B KJIETKE:
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[COACu*] + <O, = [COACu'] + O,;
[COACu'] + +O, + 2H" = [COACu*] + H,0,.

YV MOJUTIOCKOB M WICHHCTOHOTHX KHUCIOPOJ TEPEHOCUTCS Te-
mormmannHoMm [[L{Cu*], koTopeIii B OoTIMYHMEe OT remMoryiobuHa
COIEPXKUTCS TOJIBKO B IUIa3Me. B mpoiiecce CBS3BIBAHUS U OCBO-
OOXIEHUST KUCIOPOJa MPOUCXOIUT U3MEHEHUE CTENEHH OKHUCIIe-
HUS MEJH, YeM U OOBSICHSIETCS TOIy0Oil IIBET KPOBU y 3TUX Opra-
HHU3MOB:

[TOCu'] + O, = [ITUCu*]0, +e.
OecuBeTHas hopma cunsist hopma

JokazaHo, YTO MelIb BIUsACT Ha aelicTBrue BuTaMuHOB A, E, P.
OueHb BaXXHBIM SIBIISETCS BJIMSAHME MEAM Ha aKTHUBU3ALMIO HM-
MYHHUTETa B OpraHu3Me. MexaHU3M MOJIOKUTEIBHOTO JIeHCTBUS
MEIH CBSI3aHO C OKUCIIEHUEM TOKCHHOB, YCHIIEHUEM JIEHCTBUS aH-
TUOMOTUKOB. VIOHBI Meu MOBBIIAIOT 3()(HEKTUBHOCTD ACHCTBHS
psda JekapcTB B pe3ysibTaTe 00pa30BaHUs ¢ HUIMH KOMIUIEKCOB,
MIPOHMKAIOUINX Yepe3 KIETOUHbIe MEMOPaHBI.

JokazaHo pocToCTUMYyJUpYIollee AEHCTBUE MEOU, KOTOpoe
OOYCIIOBIIEHO €€ aKTHBH3UPYIOIIUM BIUSHUEM Ha OKHUCIIUTEIb-
HbIe (hepMEHTHBIE MTPOIIeCCHl B oprann3Me. CHIDKEHUE IPOIECCOB
TKAHEBOT'O JbIXaHUs, BBI3BAHHOE CHUKEHUEM COJEpKaHUs MEIH,
ABIIsIETCA HanboJiee BEpOsATHOM MPUUNHON TOPMOKEHUS POCTA.

HenocraTouHoCTh MeIU TPUBOIUT TAKXKE K HAPYLIEHUIO OCTEO-
reHe3a, K U3MEHEHUSIM CKeJleTa, aHAJIOTUYHBIM IIPU PaxuTe.

Toxcumueckas mo3a s uenoBeka: 6osee 250 mr. ITJIK mytst aspo-
3051l Meau cocTtaBiisieT 1 Mr/M®, miis muTheBoit Boasl — 1,0 Mr/.
OmHako Ha ceroJHs B MEIMIIMHCKOM NMPaKTHKE HE 3aperucTprupo-
BAHO HU OJIHOTO Clly4yas OTpaBJIEHUS MeIbl0o, HECMOTPsI Ha Ooiee
YeM TBICSYEIETHIOIO HCTOPHIO HCIIOIb30BAHMS MEIHOM MOCYIbI.

B mMeauuuHe B KauecTBe MPOTUBOMUKPOOHOIO M MPUXKUTAIO-
mero cpencrsa npumensitoT cyiabdat menu (II). [penapatsr pasz-
JIMYHBIX COJIEW MEIM HCIIONb3YIOT HAPYXKHO IS IPOMBIBAHUNA U
CIIDUHIIEBAHUM; B BUJE Ma3eld IIPU BOCHAIUTEIBHBIX IIPOLECCAX
CIIM3UCTBIX 000J104eK; B pusnorepanuu. Meapcoaepxalue mpe-
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MapaThl UCIIOIB3YIOTCS B JICYCHUHU U TPOGMITAKTHKE 3200IeBaHHIA
OTIOPHO-JBUTATEIBHOrO almnapaTta, IUIIOTUpeo3a. B kadecTse
CpeZIcTBa KOHTPAICTIIIUU IUPOKO MPUMEHSETCS] MeJTHAasl BHYTPH-
MaTOYHAas CIUPAJIb.

[Menraruapar cynbdata meaqu — CuSO,-5SH,O0 — anrucen-
TUYECKOe, MPOTUBOBOCIAIUTEIBHOE, BSDKYLIEE, MPIKUTAIOIIee
CPEAICTBO — MPHUMEHSETCS IIPH JICYCHUH TTIA3HBIX M KOXHBIX 3a-
GoneBanwuii. [leHTaruapaTt nuTpaTa Menu — Cu(CGH 407)-5H20 —
AHTHUCENTUYECKOe, TPOTUBOBOCIAIUTENILHOE CPEJICTBO — IIPH-
MEHsSIeTCSl TNpU JICUeHMH TIJIa3HbIX 3aboneBanuii. Kymup —
CuCl, 2B, — mpu aKTUBaLMU MPOLECCOB KPOBETBOPEHUS, IPU
JIeYeHUH TyOepKyJie3a, renaTura.

V-

HekoTopble coegnHeHWs Mean MoryT 6biTb TOKCUYHbI NPU NPEBbI-
weHum MAK B nnwe n Boge. CogepxaHue mMeagn B NUTLEBON BOAE HE
[OOIMKHO MpeBbIWaTh 2 Mr/n (CpeaHsist BenuMuuHa 3a nepvog us 14 cy-
TOK), OAHAKO HeOOCTaTOK Mean B MMTbEBOM BOAE TAKKe HEXernaTeneH.
BcemupHas OpraHusauust 3gpaBooxpaHerus (BO3) cdopmynmposa-
na B 1998 rogy ato npaBuno Tak: «Pucku ons 300poBbsi venoseka
OT HegocTaTka Meau B OpraHn3Me MHOTFOKPaTHO BbILLE, YEM PUCKU OT
ee n3bbiTka». B 2003 rogy B pesynbrate MHTEHCUBHBIX MCCregoBa-
Hu BO3 nepecmoTpena npexHune oueHKU TOKCUYHOCTU Meaun. Beino
NpU3HaHo, YTO Mefb He ABMSETCS NPUYMHOM PacCTPONCTB NULLEeBapu-
TENbHOro TpakTa.

CylwiecTBoBanu onaceHus, 4To renatouepebpanbHaa aucTpodums
(6onesHb BunbcoHa — KoHoBanoBa) conpoBOXAaeTCs HAKOMIEHNEM
Meau B opraHuM3Me, Tak Kak OHa He BblOENsieTCH MeYEHbI B XKEemn4b.
Ota 6one3Hb BbI3bIBAET NOBpEXAeHUe Mo3ra 1 nedeHn. OgHako npu-
YMHHO-CIEACTBEHHas CBSA3b MeXdy BO3HWKHOBEHWEM 3aboreBaHusi
N NpMeMOM MeW BHYTpb MOATBEPXXAEHWS He Haluna. YcTaHoBMeHa
MWLWb MOBbLILWEHHAs YyCTBUTENbHOCTb fUL, B OTHOLLUEHWU KOTOPbIX
OMarHoCTUpoBaHO 3TO 3aboneBaHue, K MOBLILLEHHOMY COAEPXaHWUo
mMeaum B nuule n Boge. ObLuee YMcno nuu, NopaxeHHbIX 3abonesaHnem,
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Hanpumep B CLA, coctaenset ok. 35000 yenosek, T.e. 0,01% ot 06-
LLIero yncria Bogononb3oBaTenen.

CuctemHble nccnegoBaHms 6akTepUMaHbIX CBOMCTB MeAM BeayT-
cs yxxe 6onee 50 net B pasHbix CTpaHax Mupa. AreHCTBO Mo oxpaHe
okpyxatoLen cpegbl CLUA (US EPA) B 2008 rogy nocne anutenbHbIX
UCNbITaHWUIA 3aperucTpupoBano Medb Kak matepuwan, obnagatowimn
GakTepuuMaHbIMK CBOMCTBaMU. [JokazaHo, YTO Meab NOA4ABNSiET POCT
cynepmukpo6oB MRSA (MeTULMNNH-PE3NCTEHTHBIN WTaMM ctaduno-
KOKKa 30M10TUCTOro), aspobHbiX M1kpoboB, cnocobcTByowmx obpac-
TaHWIO GMOMMEHKOW BHYTPEHHUX CTEHOK MUTHLEBbLIX MMACTUKOBLIX U
cTanbHbIX Tpy6oNpoBOAOB.

Iunk — snement I1I-b rpynmel, 4-ro nepuoaa I1C3, nopsiako-
BbIl HOMeD 30, aTomMHast Macca 65,38, cuHeBaTO-0eJIbIif METaJLI.

CrutaB IMHKA C MEbIO0 — JIATYHb — OB U3BECTEH €IIe JIPEB-
HUM TI'peKaM U erunTsiHaM. YUCTBIN IUHK JOJITOe BpeMs He yja-
BaJioch BeLIenuTh. B 1746 r. A.C. Maprrpad pa3paboTa criocod
MOJTy4YeHUs] MeTallJla TIPOKATUBAHUEM CMECH €r0 OKHUCH C yIJIeM
6e3 jocTymna BO3AyXa B TJIMHSHBIX OTHEYIIOPHBIX PETOPTAX C IMOC-
JIeAyIONIel KOHACHCAIIMEH MapoB IIMHKA B XOJOAWIbHUKaX. Jla-
TUHCKOE zincum TepeBOINTCS KaK «OebIid HATIeT».

OnekTpoHHast KoHpurypanus: 1s*2s?2p83s?3pS3di%4s2.  Tlo-
CKOJIPKY BaJICHTHBIC BO3MOXHOCTHU OIPEHACIISIOTCS MOHU3AIUEH
4% 37IEKTPOHOB, TO IIMHK UMEET MOCTOSTHHYIO BaJIEHTHOCTH, PaB-
HYIO JIByM, M CTeneHb okucnenus +2 (ZnO, Zn(OH),, ZnCl,), uro
U 0OYCIIOBIIMBAET CO/IEPKAHUE IIMHKA B (DEPMEHTAX, KaTaIN3Uupy-
FOINUX MTPOIECCHI TUAPOIIN3A.

[uHK — aKTHBHBINA KOMITIEKCOOOpa30BaTEIb, KOOPIUHAIIH-
OHHOE YHCJIO paBHO 4 1 6.

buonozuueckaa pons. B opraHnsme 4YenoBeKa COIEPKUTCS
nuHka 2-3 r. Haubosee BBICOKYIO KOHIIGHTPAILIMIO ITUHKA OTMe-
YalOT B IpeJCcTaTeNbHOM xkeme3e. LIMHK coepKuTesl B Kene3ax
BHYTPEHHEW CEKpelWH, B MBIIIIAX, B KpoBHU, NeueHu. CyTouHas
MOTPeOHOCTh B3POCIBIX B ITMHKE cocTaBisier 10—-15 mr, meTeit —
5 mr. IocTymaeT B opraHu3M ¢ MPOAYKTaAMU MUTAHKS, OCOOCHHO
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MHOT'O €r0 COJIEP)KUTCS B TOBSIIMHE, IEYEHN, MOPCKUX ITPOIYKTAX
(ycTpuLbl, MOJITIOCKH, CENIb/Ib), MIUEHUYHBIX 3apOJbIIax, PUCO-
BBIX OTPYOsIX, OBCIHON MyKe, MOPKOBH, FOPOXe, JIyKe, IIM1HATE,
opexax. JlenoHupyercs LIMHK B [IEUSHHU.

Copepxanmne nuHKA B 11ebHON KpoBu 0,8-0,9 T, U3 KOTOPHIX
B ceiBOpoTKe — 12%, B neiikouutax — 3%, B 3pUTpOLUTAX —
85%.

HuHk — ¢u3noIornyecKky He3aMEeHUMBbIH 3JIEMEHT, POJIb €ro
B OpraHM3Me YellOBeKa OYEeHb Pa3zHOOOpa3Ha M JTOCTATOYHO XO-
pOILIO U3YyYeHa.

Lluak oka3pIBaeT BIMSHUE HAa OCHOBHBIE >KM3HEHHBIE IPO-
LIECCBI: KPOBETBOPEHME, Pa3MHOXEHUE, POCT U pa3BUTHE, OOMEH
YIJIEBOMOB, KUPOB U OENKOB, OKHUCIMTEIbHO-BOCCTAHOBHUTEIb-
HbIE U 3HEpreTuyeckue npoueccol. LIMHK BXOOUT B cocTaB Ooiee
100 hepMeHTOB: KapOOAHTHIPA3BI, KAPOOKCHUIICTITU/IA3BI, IIIEI0Y-
HoW docdaTassl U ap., 6€3 KOTOPHIX HE BOZMOXKEH TUAPOIIU3 Oell-
KOB, MoJjIucaxapuioB, tunuaos, AT® u T.1.

Bricokoe conepkaHue LUHKA B 3PUTPOLMTAX OOBSICHSIETCS
TEM, YTO OOJIbIIAS YaCTh €r0 BXOJUT B COCTaB KapOOAHTUAPA3HI,
y4yacTBYIOLIeH B ra3000MeHe U TKaHeBOM JibixaHuH. KapOoaHru-
pasa KaTaJu3npyeT peaklnun:

H,0 + CO, = H,CO, = H* + HCO,
OH- + CO, = HCO",

IMpennonaraercs yuactue IMHKA B OKUCIUTETEHOM (ochopu-
JIMPOBAHUH, KOTOPOE TIPOUCXOIUT B MUTOXOHIPHSIX.

Benuko BimsiHME IMHKA HA YIIIEBOAHBI 0OMeH. Bzammoneii-
CTBHE ITMHKA C WHCYIMHOM TMPUBOJUT K CTAOMIU3AIIUA MOJICKY-
JIbI WHCYJIMHA, aKTUBAIIUU €T0 TUIIOTJIMKEMUYECKOTO JIEHCTBUS,
K YTHETEHHUIO TPOIecca IH3UMATUUECKOTO Pa3pyIICHUS WHCYITU-
Ha B TKaHsX. [{luHK akTuBH3UpyeT Onocunrte3 ButamuHoB C u B.
YCTaHOBJICHO €ro CTUMYJIMPYIOIIee BIUSHUE Ha (arolUTapHYyIO
AKTUBHOCTb JIEHKOIIUTOB, OH aKTUBUPYET MPOLIECC TEMOTIIOONHO-
o0pa3oBaHUs.
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Kap6oxkcumnentuaassl, cogepxartiye Zn>*, KaTaJau3upyoT TU/I-
pOJIN3 MENTUIOB C 00pa3oBaHHEM CBOOOIHBIX aMUHOKUCITOT. Ha-
puUMep:

Ientumun-L-nmu3un + HzO — nentux + L-mu3uH.

LuHK criocoOCTByeT BcackiBaHMIO BUTaMuHa E, urpaer Hema-
JIOBAXHYIO POJIb B IepepaboTKe OPraHu3MOM aJIKOTOJIs, TIO3TOMY
€r0 HEJOCTATOK MOXKET MOBBIIIATh TPEAPACIIOIOKEHHOCTD K all-
KOTOJIU3MY (OCOOEHHO Y JIETeH U OJPOCTKOB).
L{nHK HEOOXOAMM JIJIS ITOAIEPKAHUS KOXKH B HOPMAJIbHOM CO-
CTOSIHMHM, POCTA BOJIOC U HOT'TEH, a TaKKe MPU 3a)KUBJICHUH PaH.
OCoOOEHHO HYXIATCS B IIMHKE JICTH, TAK KaK OH PEryJInpyeT
pOCT 4elloBeKa, BIMSIET Ha YMCTBEHHOE U (PU3NYECKOE PA3BUTHE,
Urpaet OOJIBIIYIO POJIb B CHHTE3€ TOPMOHOB.
K dacTeiM mpuyMHaM pa3BUTHs HEAOCTATOUYHOCTU LIMHKA Y
B3POCIIBIX OTHOCSITCS:
® 3a00JeBaHMs KUILIEUHUKA, IEYeHHU, TI0YEK;
® XPOHUYECKHE CTPECChl, KYpeHHe, alIKOTOJIM3M, HapKoMa-
HUS,

® [IpUEeM HEKOTOPBIX JIEKAPCTBEHHBIX MPenapaToB (IIPOTHBO-
3a4aTOYHbIE, aHTALIMIHbIE CPEICTBA, CTEPOUIbI, AHTUIUC-
TaMHUHHBIC TIpenapaThl, JIyueBas Teparus;

® [IPOM3BOJICTBEHHBIE U OBITOBBIE MHTOKCUKAIIMU (HATIPUMED,
TSDKEJIbIe METaJUIbI, TTeCTUITUIBI), HecOaJaHCUPOBaHHOE
NUTaHue (HaIpUMep, BEreTapuaHCTBO).

Tokcuueckas J1o3a mjis dennoBeka coctasisier 600 Mr/aeHs.
Ha npoMbIIUTeHHBIX MpeanpusaTHsX, TAe UCIOIb3YIOTCS LIMHK U
€r0 COCJIMHEHMSI, BO3MOXHBI OCTPbIE U XPOHUYECKUE OTPABIICHHUSI
(npodeccuonanbuas Bpenanocts). [TJIK B Bo3yxe pabouei 30HbI
JUTSL OKCHJIa IMHKa coctapisiet 0,5 mr/m>.

B menuumne eme co BpemeH I[lapauensca B papmakornee 3Ha-
gatcs raasuele Karumm (0,25% pactsop ZnSO,), ¢ TaBHUX BpEMEH
B Ka4eCTBe MPHUCHIIKU IPUMEHSeTCs creapaT HUHKA. DeHoICyb-
¢doHaT nMHKa — Xopommi aHTrcenTHK. CyCleH3Us, B KOTOPYIO
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Tema: BuoreHHble aneMeHTbI

BXOJIUT MHCYJIMH, IPOTAMHUH W XJIOPUJ LIMHKA, — 3¢ dexkTnBHOE
CpEeNCTBO MPOTHUB auabera.

B nocnenHue roapl coenuHeHUs HUHKA (TJIIOKOHAT, acaparu-
HAT, MUKOJIMHAT U Jp.) LIMPOKO CTAJIM IPUMEHSITHCS B IepMaTo-
JIOTUH, TIPYU JIEYEHUH NUMMYHOAE(DUIIUTHBIX COCTOSIHUH.

lenrarmnpat cynbdara nunka ZnSO,-7H,0 — anTucenThyec-
KO€ CPEJICTBO, IIPUMEHSETCS] B INIA3HOW MPAKTUKE, MPHU JICUYCHUH
JIOP-3a60neBanmii, B ypoiaoruu M TruHekonoruu. OKcHUI LUH-
ka ZnO npuMeHsieTCs HAPY)KHO B BUE IPUCHINOK, IIACT, Ma3el.
LIMHK-UHCYJIMH — Ipenapat JUls JeYeHUs caxapHoro quadera.

Xnopun murka ZnCl, HCHoNb3yeTca B KA4eCTBE MPUKHUIAT0-
IIIETO CPEACTBA B CTOMATOJIOTHH.

B nuarHocTu4eckux 1esiX MPUMEHSIOT paJuON30TOIIbI LIMHKA.

@epMeHTHI, B KOTOPBIX HOHBI PA3IIMYHBIX «METAJUIOB YKU3HI»
BBITIOJIHAIOT CXOHbIE (PYHKIIMH, TPEACTAaBIEHBI B TA0I. 8.

Tabauya 8
DepmeHT Mukpo3J/ieMeHTbl, aKTUBHPYIOIIHE epMeHT
Kap6oxkcunaza Mn2+, Co2+, Cu2+, Fe2+, Ca2+, Zn2+
IMonumnenruaasa Zn2+, Co2+
JleunTrHaza Zn2+, Mg2+, Co2+, Zn2+, Mn2+
ApruHaza Co2+, Mn2+, Ni2+, Fe2+

Kpatkast cyMmmapHas nHGopManus o BaXXHEUIIMX OUOTEHHBIX
JJIEMEHTaXx MpeacTaBiIeHa B Tabl. 9.

3NneMeHTbl — TOKCMKaHTbI

B nacrosimiee Bpemsi Ipou3BOACTBO MHOTHUX METAJUIOB ITPEBHI-
1aeT UX €CTECTBEHHOE COAEpKaHMe B OuMoMacce, BBI3bIBAET 3a-
rpsi3HEHNE OKpysKarolei cpenpl. B Tabn. 10 mokaszaHo Tokcuuec-
KOe€ JIeficTBUE TeX d-37IEMEHTOB, KOTOPBIX MHOT'O MPOU3BOAUTCS U
OHM MOT'YT IIPEACTABIIATH OMACHOCTb [T YeNIOBEKA, )KUBOTHBIX U
9KOCHCTEM B LIEJIOM.
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Tabauya 10
Tokcnueckoe eficTBHE HEKOTOPHIX METAJLIOB HA OPraHU3M
YeJIOBEKA
Mertana Bun 3a00/1eBanus WM nopaskaemMasi CHCTEMAa OpraHu3Ma
Cr Pax nerxux, amneprust
Mn LlenTpanpHas HepBHAs clUCTEMa
Ni HepsHas cucrema, KUIIEYHNK, TTIOYKH
Cu Ileuenp, mouku, LITHC
/n ITouku, kaHUEpOreHHOE JeiCTBIE
Cd Pax, Tspxenble mopaskeHusl HEpBHOM CHCTEMBI
Hg Ilouku, HEpBHAS cucTeMa

ToKCHYHOCTD TIEPEXOAHBIX U TAKEIBIX METAJLIOB OOYCIIOBIIE-
Ha MX CHOCOOHOCTBIO Y4acTBOBATh B KOMILIEKCOOOPA30BaAHUH.
[MonararoT, 4TO M30BITOUHOE coaepxanue kaTuoHoB Cr*, Mn?*,
Co?*, Ni**, Cu?**, Zn*" npuBOAUT K 3aMEILICHUIO UMH IPYruxX Ka-
THOHOB B aKTHBHBIX IieHTpaXx (epmentoB. Katuonsr Co*", Ni**,
Cu?*, Zn** 00pa3yroT MPOYHbBIE CBA3M C CEPOCOIEPIKAIIUMU PYII-
namMu ¢epMeHTOB. B 06oux ciyuasx ¢epmMeHThl HHTHOUPYIOTCS.
MHorue 13 nepeynciieHHbIX KATUOHOB CITOCOOHBI CBSI3BIBATHCS C
azoructeiMu ocHoBanusiMu JJHK u docharasiMu rpynmnamu pas-
JIMYHBIX OMOAKTUBHEIX MOJIeKYJI. OHU U3MEHSIIOT MPOHUIIAEMOCTh
MeMOpPaHBbI, CHIIBHO 3aTPYIHSIOT OKUCTUTENbHOE (ochopummpo-
BaHWE U CHHTE3 OCITKOB.

Conepxanue Be, Ga, In, Tl, As, Sb, Bi, Gl, Sn, Pb, Te, Se B
opranusMe uejoBeka MeHble 107%, 3TO TOKCUYHBIC IJIEMEHTHI,
ux ITJK ~ 0,01 mr/m> u MenbIire. BrorenHast pojib MHOTHX HEIO-
CTAaTOYHO BhIsICHeHA. Hanbonee n3ydeHO TOKCHYECKOe JIeHCTBIE
TaKUX 3JIEMEHTOB, Kak cBuHeI (Pb) 1 MbImbsk (As).

Bepuimii. Dnement [TA-rpynmet [TCO, mopsiikoBsiii HoMep 4,
aTomHag macca 9,01.

OtxkpeiT H.JI. Bokitenom (®pantus) B 1798 1.

OnexTponHas popmyina: 1s*2s2.
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Tema: BuoreHHble aneMeHTbI

XapaxTtepHas crenenb okucnenus +2 (BeO, Be(OH),, BeCO,).

Bepuiuii npencrasiisier cOO0M OJeCTSIINN, MSITKUN 1 JISTKHIA
MeTaJul cepedbpucro-6enoro 1Beta. He B3auMopelcTByeT ¢ BO3-
JIyXOM ¥ BOJO¥ Jake TIpU BBICOKOH Temmepartype. [Ipupomanpim
HWCTOYHUKOM OEpUIUIHSI CITyXKaT PyAbl U MUHEPAIbl OepHILI, aKBa-
MapuH 1 OepTpaH/IUT.

bepunnuil ucnonb3yeTcst B CIulaBax ¢ MEAbIO U HUKEIIEM, IPU-
MEHSETCSI B ATOMHOM, aBUAIMOHHOW U KOCMMYECKOH ITPOMBIIII-
JIEHHOCTH, SIICPHOU TEXHUKE.

Buonozuueckas ponv OGepuiuIis HEAOCTATOYHO MU3yUYe€HA, OJI-
HaKO U3BECTHO, YTO OH MOJKET IPUHUMATH YUACTHE B PETYIISIINI
dbochopHO-KaIbLUEBOrO0 OOMEHA, MOIAEPKAHUU HMMYHHOTO
cTaTryca OpraHu3Ma. YCTAaHOBIIEHO, YTO aKTUBHOCTbH COCIMHE-
HUW OepUIUIHS OTUYETIIMBO MPOSBISAETCS B PA3JIMYHBIX OMOXUMHU-
YECKUX MPEBPAIICHHSIX, CBI3aHHBIX C y4aCTHEM HEOPraHUUECKHUX
¢docdaros.

Jletyune u pacTBOpUMBIE COEOUHEHMsI OEpIILIUS, TbUIb, CO-
Jieprkariasi GepuilTiil U ero COeIMHEHHMSI, OUeHb TOKCHYHBI, BBI3bI-
BalOT AJUIEPTHIO, IEPMATO3bl, KOHBIOHKTUBUTHI, TPAXEOOPOHXHUT,
ITHEBMOHHUIO.

Bepuinit OTHOCUTCS HE TOIBKO K TOKCHYHBIM, HO U K KaHIIe-
POTEHHBIM U MyTareHHbIM d5ieMeHTaM. [1oBbIIIeHHOE cofiepKaHne
OepmIIHs B MHIIIE CIIOCOOCTBYET oOpa3oBaHmio dochara Oepmt-
nust. CUCTeMaTUYeCKU «OTHUMas» (pochaThl y BaxkKHEUIICH yacTu
KocTel, — (ocdara kaabliys, OepULIH 0CTabJIIeT U pa3pyliaeT
KOCTHYIO TKaHb. YCTaHOBJICHO, YTO Ja)ke HeOOJbIIOe KOInyec-
TBO OEpWUTHSI B COCTaBE KOCTEH MPUBOJUT K UX PA3MSITYCHUIO
(6epumnos). [TatoreHHoe neicTBUE OEPUILINS HAOIIIOIAETCS TIPH
KoHIIeHTpaIusx, mpepsrmaronux [TIJIK B 2 u 6omee pa3. Comnu Ge-
PWILIUS B KOHIIGHTpAuu 1 MKMOJIB/T crielu(UIecKd HHTHOUPY-
IOT aKTUBHOCTH IIEIIOYHOU (hocdaTasbl, yrHeTarole IeHCTBYIOT
Ha ¢depMmenTsl. 15 Oepusus u ero coenuHenuit [TK B Bozay-
xe — 0,001 mr/m3, B mutheBoit Boge — 0,0002 mr/i.

AHTOTOHHCTOM OEpUJIIIUS SIBJISIETCS MarHuii. MarHuii B op-
raHu3Me TPEUMYIIECTBEHHO HAXOAUTCS BHYTPHU KIIETOK, TIe
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

o0pa3yeT coenmHEHHs ¢ OeIKaMU M HYKJIEHMHOBBIMU KHUCIOTA-
MU. CXOACTBO (PU3UKO-XUMUUYECKUX XaPAKTEPUCTUK HOHOB
OepuyUIus U MarHus oO0YyCIOBIMBAET UX CIIOCOOHOCTh K B3aHM-
HOMY 3aMEIIEHUIO B TAKUX COEUHEHUSIX. DTO OOBSICHSIET UHTU-
OupoBaHNE MarHuiicogepamux pepMeHTOB MPH MOTATAHNUN B
OpraHu3M OepHILIHS.

Hns mpenynpexaeHus: pa3BUTHS NATATIOTHHM, BBI3BIBAEMOM
KOHTAKTOM C COCAUHCHUAMU 6ep1/1mms[ B MPOMU3BOJACTBEHHBIX YC-
JIOBUSIX, HEOOXOAMMO CTPOTO MPUIECPKUBATHCS MTPABUI TEXHUKU
6e3onacHoctu. [ eueHrst OepuiuiMo3a MPUMEHSIOTCS CIIEIH-
aTbHBIE TIPENapaThl, CIOCOOHbBIE 0OECTIEUYNTh CBS3bIBAHNE U BHI-
BCOCHUC M3 OpraHn3Ma HOHOB 6€pI/IHJ'II/I$I, npenapaTel MarHus,
CT€POUAbl, UMMYHOCTHUMYJIATOPBI.

B menuumne 6epuiinii mpuMeHseTCsl U U3TOTOBJICHUST OKO-
IIEK PEHTTEHOBCKHUX TPYOOK, T.K. OH IIPOHMIIAEM JIJIsi PEHTT€HOB-
CKUX JTy4eH.

Crponnmii — snemenT IIA-rpynmsr [1ICD, mopsakoBsii HO-
Mmep 38, aromHast macca 87,62.

Otkpeit A. Kpodopaom (Lllotnanaus) B 1790 r., BbACICH
Hesu B 1808 r. Hazpan B uects llloTnanauu, nar. strontian.

DnekrponHast popmyna 15°2s22p¢3s23p°3d'4s24p°5s2.

XapaxktepHas crenenb okcuinenus +2 (SrO, Sr(OH),, SrSO,).

CTpoHIMI — MATKHA MeTaJUT cepedpucTo-6eoro meera, oT-
HOCHTCS K ILEJIOYHO3EMENIbHBIM MeTajuiaM. B mpupone BcTpeua-
eTCs MPEUMYILECTBEHHO B BUAE KapOoHaTa u cynbdara. XUMHU-
YECKH OYEHb AKTUBEH, pearupyer C BOJIOH, TOPUT HA BO3/AYyXE.
[MpumeHsieTcss IpU MPOM3BOJICTBE KUHECKOIOB TEIIEBU3MOHHOM
anmapaTypbl, UCIIOIb3YETCSI B METAJLTYPTUH, IPU ITPOU3BOICTBE
AKKYMYJIITOPOB U IIUPOTEXHUYECKUX CPEICTB.

buonozuueckaa pons. CTpoHUUNH OTHOCHUTCS K IOTEHLUAIb-
HO TOKCHUYHBIM MHKpO3JeMeHTaM. BMecte ¢ muieil B opranusm
B3pocioro uenoBeka nocrtymaeT 0,8-3,0 M CTpOHIIMS B CYTKU.
[Tpu U30BITOYHOM TTOCTYIICHUH CTPOHIUSI BO3HUKAET TaK Ha3bl-
BAeMbId «CTPOHIIMEBBIM PAXHUT» WU «ypOBCKas OOIE3HB». IDTO
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Tema: BuoreHHble aneMeHTbI

JHJEMUYECKOE 3a00JIeBaHNE, BIIEPBBIE OOHAPYKEHHOE Yy Hacee-
HUs, TIPOKUBatoIIero Boau3u peku YpoB B Bocrounoit Cubupu.
«CTPOHIIUEBBIA PAXUT» BO3HHUKAET BCIICICTBHE BBHITCCHECHUS HO-
HOB KaJIbIIUd MOHaAMH CTPOHIHUA U3 KOCTHOM TKAaHW WU IIOBBI-
IIEHHOTO MOCTYIUIEHUS B OPraHU3M CTPOHIIUS Ha (hoHe neurmra
KaJIbIIHS.

Sr** + CaSO, — SrSO, | + Ca*
Sr** + CaCO, — SrCO, | + Ca*

IMTogo6HBIE peakiiy BO3MOXKHBI TOTOMY, YTO KOHCTaHTa pac-
tBopumoctu K (SrSO,) = 5,3-107 menbme K (CaSO,) = 2,3-107,
a K (SrC0O,)=9,4-10"" menpme K (CaCO,) = 2,8:107, T.e. cTpoH-
mit obpazyeT 6oJiee MPOUHBIE COCTUHEHUS.

W3Bjeyb CTPOHIMI M3 KOCTeH MPAKTHYECKH HEBO3MOKHO,
pa3BUBAETCS JIOMKOCTh KOCTEH, «CTPOHIIMEBBII paxuT», HapyIa-
€TCS1 KOCTHOMO3TOBOE KPOBETBOPEHHUE.

Haxormutenue B opranusme CTpOHIMSI TPUBOTUT K MOPAKEHHIO
BCEr0 OPraHu3Ma, OJHAKO HauboJjee TUITMYHBIM Il 3TOTO 3a00-
JIEBAHMSI SIBJISICTCSI PA3BUTHE TUCTPOPHUUECKUX U3MEHEHUM KOCT-
HO-CYCTaBHOM CHCTEMBI B MEPHOJ POCTA M PA3BUTHS OpPraHU3Ma.
Kak mpaBuio, 3to 3ab60ieBaHUE COMPOBOXKAACTCS BBIPAKECHHBIM
HapylieHueM (GpocHOpHO-KATBIIUEBOIO COOTHOIICHUS B KPOBH,
JUCOAKTEPUO30M KHUIIIEUHUKA.

Oco000 omaceH U30TOMN CTPOHLIUS *°Sr, KOTOPBIH MOXET 0Opa-
30BBIBATHCS IIPHU SICPHBIX B3PhIBAX U aBAPHUIX HA 0OBEKTAX ATOM-
HOM 3HEPreTUKH U MPUBOAUTH K MOPAKEHUIO KOCTHOIO MO3ra,
CHOCOOCTBOBATh PAa3BUTHIO JICHKEMUH U PaKa KOCTEH.

JlaHHbBIE O OHWKEHHOM COACP)KAHUU CTPOHIIHS Y YeJIOBEKA B
JIUTEPAType OTCYTCTBYIOT.

st BbIBelleHHsST M30BITKA CTPOHIUS M3 OPraHU3Ma MOXKHO
UCIIOJIB30BaTh MpernapaThl MarHus, KajblUs, MUIICBbIE BOJIOK-
Ha, cyabdaT HaTpus u cyabdar 6apus. B ciydyae HHTOKCUKAIMK
CTPOHIIMEM TTOKA3aHO MPUMEHEHHE XeJIATUPYIOIIEeH Teparuu.

B MeauuuHe paaroakTUBHBIE H30TOMBI ¥Sr 1 St IpUMEHSIIOT
B JIy4€BOH Tepanuy KOCTHBIX OIMyXOJIEH.
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

Bapuii — snement II-A rpynmer [1CO, nopsakoBeIii HOMep
56, atomHas macca 137,33.

OnextponHast hopmyna 1522522p03523pS3d'045*4ps4d 055> 5p%6s2.

XapaxTtepHas crenenb okucnenus +2 (BaO, Ba(OH),, BaSO,).

Otkpert I'. 19Bu (Aurmms) B 1808 r. HazpaHue mpon30mio ot
rped. barys (TSKeInbIii).

Bapwuii npencrasisier coboil MATKHI cepeOpucTo-0enblii Me-
TaJUl, XAMUYECKH OYeHb aKTHUBEH, B3aUMOJIEHCTBYET C BO3AYXOM
U BOJIOM, BOCIUIAMEHSIETCS TIPU HarpeBaHuu. [IpupoaHbIM UCTOY-
HUKOM 0Oapwsi CIyaT MUHEPAIIBI OApUT U AaHTEPUT.

Hcnonesyercss Oapwii MpenMyIIECTBEHHO B BHAE Cyibdara
Gapusi B He()TAHOUM U ra30700bIBAIOIICH MPOMBIIUICHHOCTH, TIPH
MIPOM3BOJICTBE KPACOK, IMAJIEH, CTEKOI.

bBuonozuueckaa ponv 6apus n3yueHa HELOCTATOYHO, XOTS yc-
TAHOBJIEHO, YTO MPU UIIEMUYHON OOJIE3HM Cep/illa, XPOHUUECKOH
KOPOHAPHOW HEJIOCTATOYHOCTH, 3200JIEBAaHUSIX OPTraHOB MUIIICBa-
peHus cofiepkanne 0apus B TKAHSX CHIDKaeTcs. Jlaxke B HUYTOX-
HBIX KOHIIGHTpAIMIX Oapuii OKa3bIBAET BBIPAXKEHHOE BIIMSIHUE HA
[JTAJIKFE MBIIIIIBL.

Bapwuif oTHOCHTCS K TOKCHYHBIM YIbTPAMHUKPOITIEMEHTAM, O]
HAKO, 3TOT 3JIEMEHT HE CUYMTAETCS] MyTAaTeHHBIM MJIH KaHIIEPOTeH-
HbIM. TOKCHYHBI BCe coeTuHEHMS Oapusi, KpoMme cyibgara Oapus.

CopnepxaHnne 0apusi B OpraHU3ME B3POCIIOTO YeIOBEKa CO-
cTaBiseT 0kojio 20 Mr. B He3HAUUTETBPHBIX KOJTUYECTBAX OH Ha-
XOIMTCSI BO BCEX OpraHax M TKaHAX, ogHako okoio 90% Bcero
cozepKallerocs B OpraHu3Me 6apusi KOHIIEHTPUPYETCS B KOCTAX
u 3y0ax.

Kanbiuii, B OCHOBHOM HaxOASIIUICS B COCTaBE KOCTHOM TKa-
HU, TI0O CBOVM CBOMCTBaM OJIM30K K OapHI0, TOATOMY HOHBI Oapust
MOTYT 3aMelaTh Kalblui B KocTsX. [Ipu 3TOM HabOmIOAaroTcs
Cllyyad, KaK CHHepru3Ma, Tak 1 aHTOTOHU3MA.

HocToBepHble JaHHBIE O KIIMHUYECKUX TPOSBICHUSX, BBI3BaH-
HBIX Ae(pUIUTOM Oapusi, OTCYyTCTBYIOT.

ITpu ocrpoMm otpasieHnu 6apreM BO3HUKAET HOKEHUE BO PTY
U TIMIIEBOJIE, TOIIHOTA, PBOTA, OJIETHOCTh KOXXHBIX MOKPOBOB,
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Tema: BuoreHHble aneMeHTbI

cmabocTh mynbca. IIpu XpOHWYECKOM OTPAaBIEHMM MOXKET BO3-
HUKHYTbH THEBMOKOHKO3 (0apUTO3).

PactBopumsle conu 6apust Tokenunsl, [11K 0,5 r/em?’.

ITpu oTpaBneHnu comsiMu Gapus B Ka4eCTBe aHTUAOTOB IPH-
MEHSIIOT PACTBOPUMBIE CEPHOKHCITBIE COJIM HATPHS U MATHHSI, CTIO-
coOCTByIOIME OOPA30BAHUIO TPYTHOPACTBOPHUMBIX CyIb(})aTOB
Gapus, KOTOpBIE 3aTEM yIANSIOTCS U3 OpraHu3Ma.

B Menuumne ucnosb3yercs cyiabdar 0apusi Kak KOHTPACTHOE
BEIIECTBO MPU PEHTICHOJIOTMUECKUX UCCIIETIOBAHUSIX KETYJOUHO-
KHIIIEYHOTO TPAKTa, TAK KaK OH IMOTJIONIAET PEHTTEHOBCKHUE JTYUH,
HE PACTBOPSETCS B COJMITHON KHCIOTE KETYJOIHOTO COKa.

Kanvnit — snement IIB-rpynmer T1C3, mopsinkoBbIii HO-
Mmep 48, aromHast macca 112,41.

OnextponHast hpopmyna 15225s22p03s23ps3d'0%45%4po4d05s2.

XapaxkTrepHas crenenb okucnenus +2 (CdO, Cd(OH),, CdCO,).

OtkpeiTr @. tpoiimepom (I'epmanus) B 1817 r. HazBanue
MPOU3OIIIO OT JIAT. cadmea (MUHKOBAs pyaa).

Kanmuit nmpeacrasisier co60it MeTam cepedpucToro 1iseTa, Ha
BO3/yXe IOKPBIBAETCS OKCUIHOU IIIEHKOW, PACTBOPUM B KUCIIO-
Tax, He PAaCTBOPUM B IIIEIOYAX.

bBuonozuueckan ponv xagmus nzydeHa Henpocratouo. Kaamuii
00HApY)KMBAETCS B COCTABE TAK HA3BIBAEMOT'0 «METAJUIOTHOHEHU-
Ha» — Oelka, JUIsi KOTOPOro XapaKTEPHO BBICOKOE CONEpIKaHUE
CyIb(TUAPUIIBHBIX TPYIIT U TAKEIbIX MeTauioB. DyHKIUS THO-
HEHHMHA 3aKII0YaeTCs B CBSI3BIBAHUM M TPAHCIOPTUPOBKE TsIKe-
JIBIX METAJUIOB U MX JAETOKCUKAILIUU. In vitro KaIMUi aKTUBUPYET
HECKOJIbKO IIMHKO3aBUCHMBIX (PepMEHTOB: TPUIITO(AH OKCUTEHA-
3y, KapOookcunenTtuaasly. OmHako GepMEeHTOB, KOTOpPBIE ObI AKTH-
BHPOBAJIMCH TOJIBKO KaJIMUEM, HE OOHAPYKEHO.

KamMuii OTHOCST K UMMYHOTOKCHYHBIM 3JIEMEHTaM, MHOTHE
COCIMHEHUS] KaaMUs siMOBUTHL. [Ipu XpOHMYECKOM KaIMHO3€ B
TEPBYIO OUYepeb IOPAXKAIOTCS MOUEBBIBOSINAS M MTOJIOBAsI CHC-
teMbl. [TopaskeHne GPOHXO-TIETOYHOM CUCTEMBI COITPOBOXKIAETCS
(pnOPO3HBIMU N3MEHEHHSIMH ¥ ITOBBIIIICHUEM PUCKA PA3BUTHUS IM-
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(duzeMbl, a TakKe pa3BUBAETCS aHEMUs, CBSI3aHHASI CO CHIKCHU-
€M BCachlBaHHUs jKejle3a B KMILEYHHUKE M JIN3MCOM 3PUTPOLUTOB,
MOBBILIAETCA apTepuaibHoe AaBieHne. OTMevaloTcsl ocTeoIuiac-
TUYECKUE U OCTEONOPO3HbIE U3MEHEHHSI KOCTHOH TKaHH, YTO CBS-
3aHO C HapylleHUueM a0CopOLMM KaJlbLiMs B KUIIEYHUKE U 3HIO-
KPUHHBIMH PACCTPONCTBAMMU.

BeikypuBaHue Bcero ofHOW CUTapeThl YBEIMYMUBACT MOCTYII-
neHue kaamus Ha 0,1 MKT, T.e. CyIIECTBEHHO MOBBIIIAET PUCK MH-
TOKCHKallUU KagMueM. JlokazaHa poiib KaaMUs B MHIYKIMH paka
JIETKUX U paKa MMoYeK y KypsIuuX, pa3BUTUU NaTOJIOTUU IIpeAcTa-
TEJIbHOH JKeIe3Bl.

s mpodWTakTHKU KaaMHO3a HEoOXOIUMO M30eraTh KOH-
TaKTOB C KaJMHEM, CTPOTO BBINOJHATH NMPaBUIIa TEXHUKH 0€30-
MaCHOCTH Ha MPOU3BOACTBE, IPUIEPKUBATHCS JIMUHON TUTUEHBI.

ToKCHYHBI HE TOJIBKO COSOUHEHHUsS! KaJMHs, HO U €ro mapsl,
MpUYeM KaJIMHUIl MOXeT HaKaluluBaThcd B opraHusme. CUMITO-
MBI OCTPOI'O OTPABJIEHUSI COJISIMU KaJMUsl — PBOTA U CyILOPOTH,
a XpOHMYECKOE OTPABIICHNE IPUBOANT B AaHEMHUH M PA3PYIICHUIO
KOCTEM.

ITpu ocTpoM 1 XpOHUYECKOM OTpPABJIEHUM KaJMUEM Ha3Haya-
0T XeJIaTUPYIOLIYIO TEPANUIo B KOMOMHALIMU C TEMOANAIU30OM.

Kanmuii npuMeHsII0T B SIAEPHON 3HEPreTUKE, IIEKTPOHHOMN U
PAaOMOTEXHUYECKON NMPOMBIIUIEHHOCTH, a TAaKKe IPU MPOU3BOJI-
CTBE PasNWYHBIX CIUIABOB M Kpacok. Kagmuii momagaer B OKpy-
JKAIOIILYIO CPEly C OTXOAAMU LIBETHOW METAILTYPTUHU U IIPH MTPOU3-
BO/JICTBE MUHEPAIIbHBIX yIOOPEHUH.

IIAK nms coneit kKaaMus B CTOYHBIX Bogax — 0,1 Mr/j1, B IUTh-
esoii Bojge — 0,01 mr/m.

B meauuuHe cynb(aT KaaMus UCIONb3YIOT NPU MPOBEACHUU
HCCIIEIOBAHUH CBEPTHIBAEMOCTH KPOBHU.

Prytps — snement IIB-rpynmnsr [1C3, nopsinkoseiit Homep 80,
aTomHas macca 200,59.

OnekTpoHHas GopMyna:

1522522p3523p°3d"45%4p°4d" 4110552 5p°5d" 065>,
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PTyTh M3BecTHa cO BpeMEH APEBHUX LMBUJIM3ALUN M CBOE
Ha3BaHUE IMONyYyWsla B YECTh IUTaHEThl MepKypHuil, OT Iart.
hydrargyrum (xunkoe cepedpo).

XapaxkTepHble CTeTIeHH OKUcIeHus +1, +2.

[MTpumepsr coenuuennii: Hg, Cl,, HgO; Hg(NO,),, HeCl,.

PryTs mpencraBusier co0oil KUAKUNA MeTaul cepeOpucToro
1IBETa, YCTONYMBA K JCUCTBUIO BO3/IyXa U BOJBI, HE Pearupyer
KHUCIOTAMH U IIETOYaMH.

Buonozuueckas pons pTYTH NPAKTUUECKU HE U3ydeHA, HO PTYTh
oOHapy)keHa BO BCceX OpraHax M TKaHsX yesnoBeka. EcTh cBeneHus
O IOJIOKUTEJIbHOM BIIMSHUM €€ Ha (arouUTapHyl0 aKTUBHOCTb
JICWKOIIUTOB M HMMMYHOJIOTHUECKYI0 YCTOHYMBOCTH OpraHH3MA.
PtyTh momazmaer B opraHu3M ueiioBeKa ¢ MOPCKOU PBIOOIA, MOpe-
MIPOJAYKTAMH U PUCOM, OOLINM KOJIMYeCTBOM 10 0,2 MI/KT B CYyTKHU.

HeratuBHas ¢usnonornyeckass akTUBHOCTb PTYTHU CBSI3aHA C
00pa3oBaHUEM €€ YCTOWYMBBIX KOMIUIEKCOB C (hepMEHTaMH, YTO
MIPUBOIUT K UX UHTMOUPOBAHUIO.

Kak u npyrue TspKenble METaUIbl, PTYTh TOPMO3UT JICHCTBUE
TUIPOJIMTUYECKUX M OKUCIUTEIBHBIX 3H3UMOB. [losToMy Ma-
JIble O3Bl €€ MOHOB BBI3BIBAIOT OaKTepHOCTATUYECKUN I(DDEKT,
a OoJbpIIMe — MPUBOAAT K TSKEIBIM OTpaBlIeHUsIM. Bricokas yc-
TOHYMBOCTb KOMIIIEKCOB PTYTHU C O€JIKaMU U JeHaTypauus Oen-
KOB IIOZ ieiicTBIEM NOHOB Hg?* 0O BSCHAIOT e¢ HAKOTIICHHUE B XKU-
BOM OpraHU3ME U TPYIHOCTH BBIBEIICHHS.

C TOYKM 3peHHUs TOKCUKOJIOTUHU, Hanbosee BaKHBIMH SIBIISI-
IOTCS. METWIIPTYTHBIE COCTUHEHUS, TaK KaK OHM MOTYT oOpa3zo-
BBIBATHCS B OTAHM3ME 32 CUET METHJIMPOBaHUS OMocyOCcTpaTamMu
MTOCTYIMBIIUX COSAMHEHUH pTyTU. B 0TIIMYME OT HEOPraHUYECKUX
coJieil pTyTH, OHU CIIOCOOHBI IPOHUKATH B KJIETOYHbIE MEMOPAHBI
Y HAKAIUTUBATHCS B )KUPOBOU TKAHU.

Mertannmuyeckas pTyTh JieTyda MPU KOMHATHO TeMIiepartype,
monajaasi B TOK KPOBHU, PTYTh [UIMTEIbHOE BpeMs UPKYIUPYET B
OpraHu3Me U JCTIOHUPYETCs B IEUYEHH, TOUKaX, CEelIe3eHKE, MO3Te.
PryTHOE OTpaBiIeHNE NPUBOAUT K TOPAKEHUIO HEPBHOM CHCTEMBI,
[I0YeK, IIEYeHU, OPIraHOB JbIXaHUS U KPOBOOOpALIEHUSI.
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[To caHUTapHBIM HOPMAM TIPEIEITEHO AOMYCTUMOE COJICpKAHUE
MapoB PTYTH B BO3AyXe He MoJKHO TpeBbimath 0,00001 mr/m.

Tokcuueckoe AEUCTBHE PTYTH B OpraHU3Me MOXET OBITh
YMEHBIIIEHO 32 CUET CBA3BIBAHUA €€ B JOCTATOYHO MPOYHBIE CO-
€IMHEHMsI, KOTOPbIE MOT'YT OBbITh BBIBEIEHBI U3 OpraHu3Ma B BUE
Hgl,, [Hgl,]*, a Takxke B COEIMHEHHUSX C CEIEHOM.

U1 TUKBUALUMY 3arpsI3HEHUS] MOMEIIEHUI MeTajuIn4ecKoi
PTYTbIO HeoOXoauma ux obpadorka pactBopom FeCl, mmm sme-
MeHTapHOU cepoid. [IpoauTyio pTyTh Hy’)KHO coOpaTh B repme-
THYHBIA cocys] U 00paboTaTh 3arps3HEHHBIA YYACTOK MEJIKHM
MMOPOIIKOM IIMHKA WJIU MEAH U HOIOCOAEPIKALINM yTIIEM.

B MenunuHe npuMeHeHNe PTYTHBIX COSAMHEHUI B KauecTBe Jie-
4eOHBIX CPEACTB HAYAIIOCHh B TTIYOOKOM APEBHOCTU MPU JICUCHUH
KOXHBIX 3a005eBaHuil. B coBpeMeHHOI MequIIHE UCTIOIb3YyeTCs
MMPOTUBOBOCHAIMTEIBHOE, aHTUCENTHUECKOE U JC3MH(DUIIUPYIO-
wiee percTue prytd. Xnopua prytu (II) (cynema) HgCl, — mnpu-
MeHsIeTCs U151 1e3MH(EKIINU TOMEILeHUH, THCTPYMEHTOB, IIpeaMe-
TOB yxofa 3a 6onpHbIMU B pasBeaeHuu 1:1000. Xnopua prytu (I)
(xamomens) Hg,Cl, — nna nedenus rinasHeix Oonesned. Okcun
prytu (II) HgO — xenras pTyTHas Ma3b UCMONB3YETCS IS Jie-
4eHHs KOKHBIX OonesHeit; amunoxnopun pryru — Hg(NH,)Cl —
Oenasi pTyTHasi Masb, TAK)KE MPUMEHSIETCS JJIs JICUCHHUS KOKHBIX
3abonesanuii; okcunmanua prytu Hg(CN),HgO — nesundpuun-
pylolliee CpeicTBO B BEHEPOJIOTUHU; MEpPKy3ajl, IIOpMepaH — Op-
raHuveckue coenuHenust pTytd (II) MoueroHHble cpeacTBa MpH
OTeKax, aCLIUTaX, 3aCTOMHBIX SBJICHUSAX B JIETKUX, IEYEHH U AP.

PtyTh ucnonp3yercs B TepMOMETpax, MOHOMETpax, PTyTHO-
KBapLEBbIX JIAMIAX U APYTrUX MpUOOpax MEAUIMHCKOTO Ha3Ha-
yeHus. PTyTHbIE JaMIbl UCIOJIB3YIOTCA AJIS MOJIyYeHUs yIbTpa-
¢duoneToBoro mM3IyueHUs B (PUIMOTEpANUU, IJIS IE3UHQPEKINH
MOMEILEHUN.

Amromunuii — snemenT I1I-A rpynmer [1C3, mopsakoBeIii HO-
Mep 13, atomHas Macca 26,98.

OtkpritT X.K. Opcrenom (danus) B 1825 r. Hazanne nomyumnn
OT naT. alumen (KBacupl).
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OnextponHas popmyna 1s*2s?2p°3s*3p'.

XapaxrepHas crenenb okucnenns +3(AL0O,, AI(OH),, AL(SO,),).

AJTIOMUHMI — JIETKUH cepeOprcTO-0erblii MeTall ¢ BEICOKOH
3JIEKTPOIPOBOTHOCTHIO, XMMHYECKA aKTHUBEH, HA BO3AyXe IOK-
pbIBaeTCsl OKCHIHOHW IUIEHKOW, KOTOpas 3allvIaeT MEeTall OT
B3aUMO/ICHCTBHUS C KUCIOPOJOM U BOJOH. PacTBOpUM B TOpSUMX
KOHIIEHTpUpOBaHHBIX pacTBopax HCl u NaOH.

[To pacnpocTpaHEeHHOCTH B TPHUPOAE ATIOMHHUK 3aHUMA-
€T 3 MeCTo Cpeld XMMUYECKHX 3JIEMEHTOB (IOCie KHCIOpoJa U
KpPEMHHMSI) U TIEpBOE MECTO CpeAu MeTajuioB. Ha amoMuHuii npu-
xoxautcst 6omee 8% macchl 3eMHOW KOpbI. MI3BECTHO HECKOIBKO
COTEH MHHEPAJIOB, COJIEPXKAIIMUX AIFOMUHUHN, K KOTOPBIM B TIep-
BYIO OU€pPE/Ib OTHOCSATCS OOKCUTHI M ATFOMOCHIIUKATHL. [lomryuator
AJIIOMUHMIA MyTeM 3JIeKTpoJu3a rimHo3eMa. CoenuHeHus ajo-
MUHUSI TUPOKO UCTIOJIB3YIOT B aBUALIMOHHOW TPOMBIIIUIEHHOCTH,
METaJUTYypPIHH, 3JEKTPOTEXHUKE, MUIIEBON MPOMBIIUIEHHOCTH U
psine Ipyrux obdmacrei.

Buonozuueckan pony amoMuHUsS B OpraHU3ME JOCTATOYHO
Ba)kHA, OH BXOJIUT B COCTAB MHOXECTBAa OMOMOJIEKYJ, 00pa3ys
MIPOYHBIE CBSA3M C ATOMaMH KHUCIOpOAa WIM a30Ta. ATIOMUHHIMA
SIBJISIETCSl TIOCTOSIHHOW COCTaBHOW 4YacThIO KIIETOK, TJI€ MPEUMy-
IIECTBEHHO HaxoauTcs B Bujae noHa Al**. OH Takke y4acTByeT B
00pa3oBaHn (HochaTHBIX B OEITKOBBIX KOMIUIEKCOB, B IIPOIIECCax
pereHepanun KOCTHOU, COEIMHUTENBHON 1 SNUTEIUAIBHON TKa-
HU, OKa3bIBACT, B 3aBUCHMOCTH OT KOHIICHTPAIIUU, TOPMO3sIIee
WM aKTUBUpYIOLee JeUCTBUE HA MHILEBAPUTEIbHbIE (PEPMEHTHI,
crocoOeH BIMATh Ha (YHKIIUIO OKOJIOIIMTOBUJIHBIX XKejle3, ero
MPUCYTCTBUE B TOM WJIM HHOM BUJIE OOHAPYKEHO TPAKTHUECKU BO
BCEX OpraHax 4eJIoBeKa.

B opranusm yenoBeka eXecyTOUHO IMOCTymaeT ot 5 10 50 Mr
AJTIOMUHMSI, B 3aBUCIMOCTH OT PETUOHA ITPOKUBAHUS, 4 yCBAUBAECT-
cs Tobko 1 mr. PacturenbHbie mpoayKThl cogepxkat B 50-100 pas
OoJIbllle AJTIOMUHUS, YeM TMPOAYKTHI XUBOTHOTO IPOUCXOXKIE-
Hus. CoJepkaHne aIIOMUHUSI B OPraHU3Me B3POCIIOrO YelloBeKa
HeBenmnko — 30-50 mr. Borblie Bcero amtoMUHUS COIEPKUTCS B
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JIETKUX, TICYEHH, TOJTOBHOM MO3re (0COOEHHO B COCYIUCTHIX CIJIe-
TeHUsIX U 00ooukax mMo3ra). C BO3pacToM COAEp)KaHHE ITOTO
3JIEMEHTA B JIETKUX U FOJIOBHOM Mo3re yBeiauunBaetcs. Heitpo-
TOKCHYECKOE JICHCTBHE AJTFOMUHUS B HACTOSIIIEEe BPeMsl JIOKa3aHoO.
HekoTopsle crienuaiucTbl CYUTAIOT, UTO OOJIe3Hb AJIbIreiiMmepa
(crapueckoe cnaboymue) CBs3aHa C ATIOMHUHUCBBIM HEUPOTOKCH-
K030M. M30BITOYHOE HAKOTUICHHE ATIOMUHAS B OPTaHU3ME HA3BI-
BaIOT aJlOMUHO3. B Buje ocdara aroMUHUN MOXKET OTKIadbl-
BaThCs B MUOKap/e. MI30bITOK alFOMUHUS B OPraHU3Me TOPMO3UT
CHHTE3 TeMOrJI00MHA 3a CcUeT 00pa30BaHUsI KOMIUIEKCOB aJTFOMHU-
HUs ¢ hepMEHTaMHU MTpoliecca KpoBeoOpa3OBaHHUS.

AroMyUHMH B HEOOTBIIUX KOJINYSCTBAX HEOOXOMMM IIJIsST Opra-
HH3Ma, 0COOEHHO JUIsl KOCTHOM TKaHU; B CIIy4yae ke ero n30bITKa
OH MOJXET TPEJCTaBIISATh CEPhE3HYI0 OMACHOCTH IS 3I0POBbBSI,
MMO3TOMY B IIEJIOM aJTFOMHHUN OTHOCSIT K ”UMMYHOTOKCHYHBIM 3J1€-
MeHTaM. TOKCHYECKOH CUnTaeTCs 1033, COOTBETCTBYIOIIAS 5 T' B
repecueTe Ha 3JIeMEHTHBIN aJTFOMUHUI.

TOKCHYHOCTD aJIFOMMHHMS BO MHOI'OM CBSI3aHA C €r0 aHTOTO-
HU3MOM 10 OTHOIICHHIO K KaJIbI[UIO U MATHUIO, OH TOPMO3HUT YC-
BOEHHE MHOTHX OMO3JIEMEHTOB M BATAMUHOB, TAKUX KaK XKeJe30,
BUTaMMH B, ackopOMHOBas KHCIIOTA, CEPOCOAEPKAIMX AMUHO-
KHCJIOT.

IIpu ocTpoil M XPOHMUYECKOW WHTOKCHKAIIUU TFOMUHHEM
OOBIYHO HCIIOJIB3YIOT KOMIUIEKCOOOpA30BaTEIM U aHTOTOHUCTBI
aIOMUHUSI (KaJIblUi, MaTHUN, JKeJle30, Me/lb, Mapranell, ochop,
IIMHK), @ TAK)KE€ CUMIITOMAaTHYECKUE CPE/ICTBA (MOUETOHHbBIE, JKEIT-
YEerOHHBIE MPeNapaThl, AHTUOKCHIAHTHI).

B MenuumHe MCIONB3YIOTCS aAcopOUpyrolie, 0OBOIAKUBAIO-
1yie, aHTAIMIHBIC, 3AIUTHBIE U 00e300IMBalOIIKE CBOICTBA TIpe-
apaToB, COAepKAIMUX amfoMuHuN. CunukaTt amoMuHus (Oemast
[JIMHA, KAOJUH) U MOKEHbIC KBACIBI MPUMEHSIOT HAPYKHO, KAk
MPABWIO, B BUJIE TIPUCHITIOK, Ma3ei U MACT MPU JICUCHUU KOXKHBIX
3aboneBaHuit. ['MIAPOKCH ATIOMUHHS HCIOIB3YIOT BHYTPh Kak
AHTALMIHOE CPEICTBO MPH A3BEHHOM OOJIC3HM JKETyIKA U JBCHA/I-
LATUTIEPCTHOM KHUIIKH, OCTPBIX U XPOHUYECKUX TACTPHUTAX U ITH-
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LIEBBIX OTPABJICHUSIX. [ MAPOKCH AJTIOMUHUS BMECTE C OKCUIIOM
MarHusi BXOJIUT B COCTAaB KOMOMHMPOBAHHOTO Tpernaparta «AJlb-
Marejib» U psijia APYrux Mog0OHbBIX JIEKAPCTB, TPUMEHSIEMbIX B Ka-
yecTBe OOBOJIAKMBAOIIEro cpencTBa. Docdat amoMunus obia-
JIaeT TPOTHUBOSI3BEHHBIM, aCOPOUPYIONINM, OOBOJAKHBAIOIINM
JIECTBUEM, CHIDKAET KUCIOTHOCTD XKETYAOYHOTO COKa. AJFOMO-
xanueBble kBacipl KAI(SO,) - 12H,0 (cynbdaT kanus-aaroMuHus)
YIOTPEOIISIOTCS 711 MHT AN, TTOJIOCKAHUH, TPUMOYEK, B BUJIE
KapaHJalle s NPWKUTaHUH, KaK KPOBEOCTaHABIMBAIOIIEEe
CpeNICTBO Ipu Tope3ax. 8% pacTBOP TMAPOKCOKapOOHATa ajto-
munusg AIOHCO, npumensieTcs pu ymubax.

Tanmmii — 3nement III-A rpynmer [1CD, mopsnkoBslii HO-
Mep 81, atomHas macca 204,37. OtkpoIT Y. Kpykcom (AHrmnus) B
1861 r., Ha3BaHMe MONY4WII OT rped. thallos (3emeHblit).

OnekTpoHHas GopMyna:

1522522p%3523p°3d"4524p°4d' 04 *5525p°5d'°65%6p .

Tanmmmit — markuit MeTamn cepedpucro-0eoro mBera, oopa-
3yeT CIIaBbI C OONBIINM KOJIMYECTBOM IpYTrux Metayios. Coenu-
HEHHMsI TaJUIUS C MBIIIBAKOM U (pOocOopoM HCHONB3YIOTCA B Kauec-
TB€ IOJIYITPOBOIHUKOB.

Tammii obnagaer BBIPAXKEHHOH TOKCHMYHOCTBIO, KOTOpas
00ycioBIlIeHa HapyLlIEHHEM HOHHOTO OanaHca IJIaBHBIX KATHOHOB
OpraHM3Ma — HATpUs U Kanus. oH Tayumst ckiioHeH 00pa3oBbl-
BaTh POYHBIE COSAMHEHUS C CEPOCOACPIKAIUMHU JIMTAHIAMU U Ta-
KUM 00Pa3oM MOAABIATh AKTUBHOCTH (DEPMEHTOB, COIEPIKAIINX
tuorpymnibl. [IockoIbKy HOHHBIE PAANYCHI KA U Taus Oau3-
KU, OHU 00J1aJaI0T CXOJHBIMU CBOMICTBAMHU U CLIOCOOHBI 3aMeIlaTh
Ipyr apyra B ¢pepmentax. Katuon tanmus obnanaer 0obiueil mo
CPaBHEHHUIO C KallueM CIOCOOHOCTHIO IIPOHUKATH Yepe3 KIIETOU-
HYyI0 MeMOpaHy BHYTPb KJIeTKU. [Ipu 3TOM CKOpOCTh TPOHUKHO-
BeHud Tauug B 100 pa3 Bbllle, YeM y LIENTOYHBIX METAUIOB. DTO
BBI3BIBAET PE3KOE CMEIIEHUE PABHOBECUS «HATPUN/KaIUil», YTO
MIPUBOAUT K (PYHKIIMOHAJIBHBIM HAPYIIEHUSIM HEPBHOM CHCTEMBI.
Kpowme Toro, Tamnuit HapymaeT QyHKIMOHUPOBAHHUE PA3THIHBIX
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(EepMEHTHBIX CHCTEM, HHTHOMPYET UX, MPEMSTCTBYS TEM CAMBIM
cuHTe3y 0enkoB. ToT ¢dakT, 4YTO Tauil SABIsETCI U30MOP(HBIM
«MHKPOAHAJIOTOMY» Kallusl, B 3HAUUTEIIbHOM Mepe 0OBICHSET, MO-
YeMy TOKCHYHOCTb €ro COSIMMHEHUM JIJISl YelIoBeKa CYIIECTBEHHO
BBIIIIE, YeM TOKCHYHOCTh CBUHIIA, PTYTH M MBIIIbSKA.

[Ipu ocTpoM OTpaBJICHUH TALTUEM B TIEPBYIO OYepe/b opaka-
etcs nepudepuueckas HepBHas cuctema, [LIHC, cepaue, riagkas
MYCKyIaTypa, eueHb, MOYKH, MUIIEBAPUTENbHBIN TPAKT, KOXA U
BoJIOChL. OIHUM U3 CUMIITOMOB OTPABJICHUS TAJJTUEM SIBJISIETCS
BbIMaicHue Boyoc (ajomenus). Tammuii — KyMyJsTUBHBIHA s, B
4 pa3za TOKCUYHEE MBIIIbSKA.

AHTHUZOTAMHU IPU OTPABJICHUU TAJUIUEM SIBIISIOTCS CEPOCOJIEP-
Kallue COeMUHEHUs — IMCTUH, METHOHUH U JIP., KOTOPbIEC CBS-
3BIBAIOT TAJUIMH U CIIOCOOCTBYIOT €0 BBIBECHUIO U3 OPraHU3Ma,
TaKKe MOKAa3aHbl pernapaThl Kajaus, MarHus, celeHa, IMHKa, BU-
TaMUHBI 1 CHMIITOMAaTHUYECKHE CPENICTRA.

B MenuimHe UCIIONB3YIOT TALTUEBBIH IIACTBIPH, COACPKAIIUI
aneTaT TAJUIVS, JIs JICUeOHOW ISTTHIISIINY.

CBunenn — sneMedT [V-A rpynnsl [1C3, nopsakoBelil HoO-
Mep 82, atomHas Macca 207,19. XapaktepHble CTENEHU OKHUCIIe-
nud +2, +4 (PbCl,, PbO,).

DnekTpoHHas hopMyna:

1522522p°3523p°3d"45*4p°4d 41455 5p°5d 0656 p>.

CBuHEI U3BECTEH €Ille CO BPEMEH JIPEBHUX LIMBIIIN3ALUN, €r0
Ha3BaHUE MPOM3OIILIO OT JaT. plumbum.

CBuUHeIl 9TO MSTKUM, KOBKUHN, TUTACTUYHBIN METaJT TyCKJIO-Ce-
poro uBera. Ha Bi1a)xHOM BO3/yXe CBUHEIl TOKPBIBAETCSI OKCH/I-
HOM IJIEHKOM, OTHAKO YCTONYMB K IEUCTBUIO KUCIOPOJA U BOJBL;
pacTBopuUM B a30THOM kucioTe. CBUHEI IUPOKO UCIOIB3YeTCs B
MTPOMBIIIIJIEHHOCTH.

buonozuueckaa pons cBUHIA B )KU3HENEATEIIBHOCTH OPraHU3-
Ma U3yueHa HelocTaTouyHo. MI3BeCTHO, UTO CBUHEL y4yacTBYET B
OOMEHHBIX MPOLIECCaX KOCTHOM TKaHM, HO C IPYrOd CTOPOHBI, OH
SIBIISIETCSI KAHIIEPOTEHOM JJIS1 OpTraHU3Ma, JIeHCTBYIOIIUM ITPEUMy-
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IIECTBEHHO Ha HEPBHYIO, COCYAMCTYIO CUCTEMBI U HEMIOCPEICTBEH-
HO Ha KPOBb. YCTAHOBJIEHO, YTO CBHHEL, COJAEPXKAIIUKCS B MPO-
IyKTaX IUTAaHUS, BIMIET Ha pa3BUTHE Kapueca.

B opranusme B3pocioro yenaoBeka copepxkurcs 107°% cBuHIA.
ExecyTouHo uenoBek noriomaer 1o 100 MKr cBUHLA ¢ IUILEH,
BOJIOH, Bo3ayxoM. besomacHbiM cunrtaercs nocryruienue 0,2-2 mr
CBUHIIA B CyTKU. CBUHEII IETIOHUPYETCS MPEUMYIIIECTBEHHO B CKe-
nere (1o 90%) B BUIE MasopacTBopuMoro pocdara Pb,(PO,),.

XUMU3M TOKCHYECKOT'O ACUCTBHUSI JOCTATOYHO CJIOXKEH, CBH-
Hell 001aiaeT CrocOOHOCThIO OOPA30BBIBATH CBSI3U C OOJBIINM
YUCJIOM aHUOHOB — JIMTAHAOB, K KOTOPBIM OTHOCATCS CYyJb(-
TUIPWIBHBIC TPYIIBI, TPOU3BOIHBIC ITUCTEHMHA, UMUIAA30JIbHbIC
U KapOOKCWIIbHBIE TpymIiibl, docdaTel. B pesynbrare CBs3bIBa-
HUSl aHTUAPUAOB CO CBUHLIOM yTHETAETCsl CHHTE3 OENKOB U ax-
TUBHOCTH (pepMeHTOB, Hanpumep ATd-a3pl. CBUHEL HapylaeT
CHHTE3 I'eMa U IJ100MHa, BMELIMBAsACh B OPGUPHUHOBBI 0OMEH,
HHAYLUUPYET nedeKTbl MEMOPaH 3pUTPOLIUTOB.

CoenvHeHHs CBUHIIA BIUSIOT HAa CHHTE3 O€lKa, SHepreThyec-
KUif OallaHC KIIETKU W € TeHeTHYeCKUi ammapaTr. TOKCHYHOCTb
Pa3UYHBIX COeNMHEHUI CBUHLIA 3aBUCUT OT XMMUYECKOTO COCTa-
Ba, CTPYKTYpPBI U u3nueckoro cocrossHus. Hanbonee TOKCHUHBI
COJITHOKUCIIAsl, a30THOKHUCIIASI COJIM, KaK HauboJiee pacTBOPUMBbIE
B Boze, ITJIK 0,01 mr/m3.

CBUHeI BBIJETSACTCS U3 OpraHu3Ma TIIaBHBIM 00pa3oM uepes
KHUIIEYHUK W TMOYKH, ero OOHAPY)KUBAIOT B JKEIYIOYHOM COKE,
KEJT4HU, CIIIOHE, TPYIHOM MOJIOKE.

s xoppekuuu U30bITKAa CBUHIA B OpraHU3MeE HMCIOJB3YIOT
cynb(aTHble MUHEpaJIbHbIE BOJbI, IMOJIMBUTAMHUHBI, IIpeNapaThl
KanplMs, Maruud, gocdopa, IMHKa, Kejae3a, a TakkKe XelaTupy-
FOIIYIO TePAITHIO.

B MeauumHe MpyMEHSIFOT CBUHIIOBBIE TPUMOYKH, & alleTaT CBUH-
11a B KOCMETOJIOTHH — TSI OKPACKH CeAbIX Bojloc. Berynas B peak-
LIUIO C UIMTOIUIA3MONM MUKPOOHBIX KIIETOK U TKaHEH, HOHbI CBUHIIA
00pa3yroT reneoOpasHble ATbOYyMHUHATHI. B HEOOIBINNX T03aX COH
CBUHLIA IIPOSBIISIIOT BsDKYLLEe NEHCTBUE, BbI3bIBas IeyedUKalfio
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6enkoB. OO6pa3zoBaHue refei MpemnsiTCTByeT MPOHUKHOBEHUIO MUK-
pOOOB BIIIyOb KJIETOK M YMEHBIIAET BOCIAIUTEIILHYIO PEAKIIHIO.
Ha sToM ocHOBaHO JeHCTBHE CBUHIIOBBIX IIPUMOYEK.

Mbiubsik — smeMeHT V-A rpynnsl [1CD, nopsakoBelii HoO-
Mep 33, atomHas macca 74,92. OtkpeIT AnbbepToM Benukum B
XIII B. Ha3Banue mpou3onuio ot rped. arsenikon (KenTbIH MHUT-
MeHT). Pycckoe Ha3zBaHue 3TOMY 3JIEMEHTY JAJI0 CIIOBO «MBIIIIBY,
MTOCKOJIBKY MTPENapaThl MBIIIbIKA TPUMEHSITUCH JIJTs1 UCTPEOICHHUSI
MBIIIEN U KPBIC.

DnekTpoHHast popmyiia:

1522522p%35?3p°3d' 4524 p3.

XapakTepHble cTenenu okucnenus -3, +3, +5 (AsH,; As,O,;
As,0)).

OKcHUabl MBIIIBSIKA As2O3 u AszO5 00J1a0af0T KUCIOTHBIMU
CBOMCTBAMM, UM COOTBETCTBYIOT MbIlIbsAKOBUCTass H,AsO, 1 MbI-
wpakoBasg H,AsO, kucnorel. H,AsO, o61agaeT BocCTaHOBUTENb-
HBIMH CBOMCTBaMHM B 1meno4noi cpene, H,AsO, — oxucnutens B
KHCJIOM cpezie.

Apcun AsH, 06pasyercs py BOCCTAHOBJIEHHH JIFOOBIX COE/IH-
HEHMI MBILIbSAKA BOJOPOIOM B MOMEHT BBIICICHUS:

As,O, + 6Zn + 12HCI = AsH, + 6ZnCl, + 3H,0.

3a 30HOM HarpeBa CTEKIAHHOM TPYOKH Ipu mpoxoxaeHur AsH,
o0Opa3syeTcs xapakTepHoe «uepHoe 3epkano»: 2AsH, = 2As + 3H,
(mpoba Ha MBIIIBIK Mapina, cymneOHass MeIUIMHA). APCHH OYCHB
tokcnyeH, [TJIK 0,0003 mr/m.

MBIIIBSK SBIISIETCS HEMETAJUIOM U CYLIECTBYET B HECKOJIBKUX
ayutoTporHbIX popmax. Cepast popMa MBIIIbSIKA IO CBOEMY BHEIII-
HEMY BUIY IIPEACTABIISET COOOM MATKUI U XPYNKUI MeTail. MbI-
LIBSIK YCTOWYUB K BO3JCHCTBUIO BOABI, KUCTIOT U 1Ienouet. B mpu-
pozde OH BCTpedaeTcsl B 3JIEMEHTHOM COCTOSTHUH, a TaK)XXe B BHJIE
APCCHMIOB U apCEHOCYIb(MUIOB TSHKEIBIX METAJIIOB.

MBIIIBSK MPUMEHSETCS ISl IIPOM3BOACTBA Pa3INYHBIX CILIa-
BOB, IOJIYIIPOBOJJHUKOB, KPACUTEJIEH, MEeCTUIUIOB, B KOXECBEH-
HOW M CTEKOJIbHOU ITPOMBIIIUIEHHOCTH.
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bBuonocuueckan pony. MBIIIBSIK OTHOCST K YCIIOBHO 3CCEHIIH-
AJIbHBIM, UMMYHOTOKCUYHBIM 3JIeMeHTaM. VI3BeCTHO, YTO MBbIIIIb-
SIK B3aUMOJCUCTBYET C THUOJOBBIMH TPYIIIAMU OEIIKOB, LHCTECU-
HOM, TJIyTaTHOHOM, JIUTIOEBOW KUCIIOTOM, OKa3bIBAeT BIMSHUE HA
OKHUCIIMTEITEHBIE MTPOIIECCHl B METAXOHIPHSX, IPUHIMAET y4acThe
BO MHOTHX Ba)KHBIX OMOXUMHYECKUX MPOIIECccax.

MBIIIBSIK — MOCTOSIHHAS COCTABHASI YACTh IPOTOILIA3MBI KJTe-
TOK KMBOTHBIX U Y€JIOBEKa, HAKAIUIUBAETCS B IEUCHU, TOYKAX, Ce-
JIe3eHKe, JIETKHX; B BOJIOCAX U KOCTSIX MBILIBSIK 3aA€PKUBACTCS HA
TOJIBI, YTO UCIIONIB3YETCS B CyNeOHON MeauIHe. MEBIIbIK IpU-
HUMAaeT aKTUBHOE yUacTHe B OMOXMMHYECKHX IpOIeccax, OKa-
3bIBAET TOJIOKUTEIIbHOE BIIUSHUE Ha MPOLIECCHl KPOBETBOPEHUS,
YUYaCTBYET B CHHTE3€ TeMOTJI00MHa, B Ipolieccax HYKIEMHOBOTO
obmeHa. OmHaKO B OOJIBIIUX 103X MBIIIBSIK U €r0 COJIM — CHJIIb-
HeWIne sabl. YCTaHOBICHO YIHETAarollee ACHCTBUE MBIIIbsIKA Ha
AKTUBHOCTH (pepPMEHTOB.

B opranusM genoBexa COeTUHEHHS MBIIIbSIKA TOCTYHAIOT C ITH-
ThEBOU M MUHEPAILHON BOI0M, BAHOT PAAHBIMU BHHAMU M COKaMH,
MOPEIPOIYKTAMHU, METUIIMHCKIMU MpEnapaTaMu, MeCTHIIHIaMH,
MOJXKET MOCTYNATh B MOBBIIIEHHBIX KOJIUIECTBAX C ATMOCHEPHBIM
BO3IYXOM. MBIIIBSK HAKAIUIMBAETCS B KOCTSX, BOJIOCAX M Ha
MPOTSDKEHUY MHOTHX JIET HE BRIBOJUTCS U3 HHUX ITOJTHOCTBIO. DTa
0COOEHHOCTD HCHOIB3YEeTCs B CYIEOHOM IKCIIEPTH3E IS PEIICHIIS
BOITpoca 00 OTPaBJICHUU COCAMHEHISIMH MBIITbsiKa. CMepTellbHAs
nmo3a s yenoBeka coctasiser 0,1-0,3 T MBIIIbSKA.

MBIIIBSIK OTHOCUTCS K TaK HA3BIBAEMBIM «THOJIOBBIM SIIAM),
MEXaHHM3M €ro TOKCHYHOCTH CBSI3aH C HapyIIeHHEM 0OMEHa Cephl,
certeHa 1 pocdopa. TOKCHIHOCTD MBIIIBSKA 3aBHCUT OT €ro XH-
MHUYECKHX CBOWCTB U CHIDKAETCS B CIEAYIOUIEM IOpPSIKE psiaa:
apCHH — HeopraHmyeckuil As** — oprannyeckuil As** — Heop-
TaHUYECKUI AS> — 3IIEMEHTAPHBIN MBIIIBSIK.

OTpaBIieHHUE MBILIBSIKOM IMIPOUCXOTUT MPU YIOTPEOICHUN OT-
PaBJIEHHOHN IUINU U BOJABI, BABIXaHHH COCAMHEHUN MBIIIbSIKA B
BUJIC MBUTH B IIPOU3BOACTBEHHBIX YCIIOBHSX, IPHUMEHEHHH HEKO-
TOPBIX MEIUKAMEHTOB. OpraHaMu-MUIICHIMH IIPU H30BITOYHOM
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COJIEP)KAHUM MBIIIbSIKA B OPTaHU3ME SBISIFOTCS KOCTHBIH MOS3T,
KEJTYyAOYHO-KUIIEYHBI TPAKT, KOXa, JIeTKUE U MOYKH, YBEINYHU-
BAETCSl PUCK pa3BUTHUS HOBooOpasoBaHuii. [1pu ocTpoit HHTOKCHU-
KallM1 BO3HUKAET BHYTPUCOCYIUCTBIM I'eMOJIN3, OCTpasi MoUeqHast
HEIOCTATOYHOCTh, KapAMOTEHHBIM IIOK, MOpa)XX€HUS HEPBHOMU
CHUCTEMbI, IMMYHOIC(PUIIUT.

[Ipu oTpaBiIeHUU MBIIIBIKOM MPOU3BOMAAT MPOMBIBAHHE XKe-
JIyJKa, a B Cllyyae MOPaKeHUs IOYEeK — reMOJINAIIN3, B KAUECTBE
AHTUAOTOB UCIOJB3YIOT YHUTHOJ, TUMEPKONTONPOINAaH-CylIbdo-
HaT, a TaK)K€ aHTOTOHUCTUYECKHE CBOMCTBA celleHa, cepbl, ¢oc-
dbopa n nuHKAa.

B MenunuHe coeMHEHUS MBIIIbSKA HCIOJIB3YIOTCS OoJee
2000 ner. B Hacrosiee BpeMss HEOPraHWYECKHE COETMHEHUS Mbl-
LIbSIKa B HE3HAUUTEJIBHBIX KOJTMYECTBAX BXOIST B COCTAB OOIIEYK-
PEIUISAIONINX U TOHU3UPYIOLIUX CPEACTB, COAEPKATCA B JI€UEOHBIX
MUHEPAJIBHBIX BOJAX U I'PS3X, a OpraHUYECKUE COSAMHEHUS Mbl-
LIbSIKA UCIIOJIb3YIOTCS KAK aHTUMUKPOOHBIE M IPOTUBOIIPOTO30M-
HBIE TIpenapaThl MPH JICUeHU! cuduirca U ameouo3sa.

Apcenut xamus KAsO, NIpUMEHSIOT KaK TOHHM3UPYIOLIEE
CPEACTBO NMPU MAJIOKPOBUH M UCTOIIEHUN HEPBHOM CHCTEMBI; THI-
poapcenar nHatpus Na,HAsO, npumenstor B Buae 0,5-1% pac-
TBODA IIPY MaJIOKPOBMHU U HEBPO3ax; okcu Mbilbsika (I11) As,O,
HCIIOJIB3YIOT AJIS JIEUEHUS KOXKHBIX 3a00JIeBaHMM, MaJOKpOBUH,
HeBpacTeHuu. B cromarosnorun As,O, IPUMEHSIOT Ul HEKPOTH-
3aI1H MYJIbIIBL.

[ipyrue xumMnyecKue sneMeHTbl
(HemeTannbl n MeTannbl), obnaparowme
6uonoruyecKoil aKkTMBHOCTbIO (60p, KpeMHUM, ceneH,
ranoreHbl, XpoM, HUKeNb, NUTKIA, cepe6po, 30510T0)

Bop — a3nement III-A rpynmel [1CD, nopsakoBsiii HOMep 3,
aTomHas macca 10,81.

HasBanue npousomnuio ot nat. borax (6ypa), orkpsiT B 1808 T.
K. Teit-JIroccakom u JI.JK. Tenapom (Dpanims).
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OnektponHast ¢dopmyna 1s2s2pl. XapakrtepHas crerneHb
okucnenus +3 (B,0,, B(OH),). Bop sBnserca nemerasiom, KoTo-
PDBIif TOXO0XK 110 CBOMM XapaKTEPUCTUKAM Ha KpeMHuil. B amopd-
HOM COCTOSIHMM IIPEICTaBISET COOOW TEMHBI IOPOIIOK, He
B3aMMO/JICUCTBYIOIIMN C KUCIOPOAOM, BOJIOM, KUCIOTAMU U IlIe-
no4yaMu. B mpupo/ie BecTpedaeTcs MpeuMyIeCTBEHHO B BUjIEe Oy pbI
Na,B,0,:-10H,0, xepuura — Na,B,0.-4H,0. ITo tBepmocTn 60p
3aHUMAET BTOPOE MECTO TOCTIe anMasa. XUMHYECKU OOp JTOBOJIb-
Ho mHeptTeH. CoenuHeHust Oopa MPUMEHSIOTCS IS HACHIICHUS
TIOBEPXHOCTEN CTAIIBHBIX U3ETUH C 1eTIbI0 TIOBBIIIEHUS! UX TBEP-
JIOCTH 1 KapOIMPOYHOCTH; NPU CTPOUTEIHCTBE ATOMHBIX PEaKTO-
POB, PaKeT; B CTEKOJIBHOW U XUMUYECKOU MPOMBIIIICHHOCTH.

buonozuueckas poas. B opranusm uenoBeka OOp MmocTymnaer
¢ munieit. CoenrHeHMsT 60pa, HAXO/ISIIIMECS B IMUILEBBIX MPOJTYK-
Tax (6bopat HaTpus U OOpHAS KUCIOTA), OBICTPO BCACHIBAIOTCS
JKKT. YcBoenmne 60pa OpraHM3MOM OYEHb BEJIIMKO U COCTABIISIET
6omee 90%.

CpenHecyTouHasi TOTPeOHOCTH YelloBeKa B OOpe COCTaBIIsieT
1-2 mr. B opranmsmMe B3pOCIIOro 4YEIOBEKa COJEPKUTCS OKOJIO
20 Mr 60pa, OH KOHIEHTPHUPYETCS TJIABHBIM OOPa3OM B JIETKHUX
(0,34 mr), muroBuaHOM *xemnese (0,30 mr), cenezenke (0,26 mr), me-
yenn, mo3sre (0,22 1), moukax, cepaeunoit mpiie (0,21 Mr), koct-
HOW TKaHU M 3yOHOM 3Mmamnu. Bomblie moJoBrUHBI 00OIIEro KOJu-
yecTBa OOpa HaXOAUTCS B cKelere, a okojo 10% mpuxomurcs Ha
MSATKHE TKaHU.

Buonornyeckast posib 60pa HEJOCTATOYHO U3YyYeHA. Y CTaHOB-
JIEHO, 9TO OOp B3aMMOJICHCTBYET C PSAOM OMOJIOTUUECKHA AKTHUB-
HBIX COeMHEeHNH (pepMeHTaMK, BUTAMUHAMU, TopMOoHaMmH). [Tof
BIIMSIHMEM OOpATOB MHAKTUBUPYIOTCS BUTaMuHBI B, u B ,, yrue-
TaeTcs OKUCIIEHUE aJipeHannHa. In vitro 60p UHrUOUPYET aKTUB-
HOCTB (DEPMEHTOB, TAKMX KaK alIKOTOJIbJCTUAPOTEeHA3A, ATTbACTH/I-
JETUPOreHasa, HUTOXpoM-B,-penykrasa, a Takxke CBA3bIBAETCA
C AKTUBHBIMHU LIEHTPAMU TaKUX (PEPMEHTOB, KAK XMMOTPHIICHH,
CyOTHMIN3UH, TIMLEepanbaerua-3-gochataeruaporeHasa.
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Henocratok conepxanus 6opa B opraHusMme Ha (oHe aedu-
uuTa BUTaMuHa D BBI3bIBaeT MOBBILICHNUE AKTUBHOCTH LIETIOYHOM
docharassl B 1azme KpoBH U 3aepkKy pocta. HemocraTouHoe
coliepkaHue BuTaMuHa D ycuiuBaet BiusiHue qedunnta 6opa Ha
oOMeH kanbnus, Maraus U gocdopa. [1pu BeIsIBICHUN AehHUITATA
0opa peKOMEHAYETCs YIOTPEOIISITh B MUIIY OOJIBITE TTPOIYKTOB C
BBICOKHMM COZiep)KaHueM Oopa: GPyKThI, OpeXH, 3eJIeHb, TUCTOBbIC
OBOILIM, MHOTO 00pa COIEPKUTCS B BUHE, TIBE, CUAPE, MEHbIIIE —
B MSCHBIX, PHIOHBIX U MOJIOYHBIX MTPOIYKTAX.

B meauuuHe M31aBHA MPUMEHSIOT COSTUHEHHs Oopa, Takue
Kak OOpHasi KHCIOTa, Oypa, B KaUeCTBe MSTKOTO aHTHCEITHYEC-
KOT'O CPEJICTBA JUIsl HAPYKHOTO MMPUMEHEHHS.

Hexaruapat terpabopara natpus Na,B,0.-10H,O (6ypa) —
HapyXXHO€ aHTHUCENTHYECKOE CPENCTBO, 34 cyeT oOpasylomeics
NP TUAPONIH3e OOPHOI KUCTOTHI:

Na,B,0, + 7H,0 = 4H,BO, + 2NaOH.

N3BecTtHO, uTO coemuHeHHms Oopa 0O0JIagar0T MPOTHUBOBOC-
MaJUTEIbHBIM, TUIOIUMUAEMUYECKUM U IPOTHUBOOIYXOJIEBBIM
neiictBueM. [1penapaTsl 60pa oka3bIBAIOT JIeueOHbIN 3 (DEKT Mpu
OCTEONOpo3e, apTPUTaX U KOCTHOM (utoopo3e. bypa Ha3Hauaet-
Csl PU HAYAJBHBIX CTAJUSX Pa3BUTHS 3MMJICICHU. B HacTosIee
BpeMs U3BECTHO, YTO OOp OCOOEHHO HEOOXOJUM I PACTCHUH,
B YACTHOCTU M3-32 AKTUBHOT'O YUYACTHS 3TOro OHO3JIEMEHTa B
cuHTese 6no(dIaBOHOUIOB. B OBITOBBIX YCIOBHSX UEOBEK KOH-
TaTUPYET C COeAMHEHUSIMH O0opa IIPH UCIOIB30BAHUU IIpernaparta
JUTst 60pBOBI ¢ TapakaHaMu «Bopakc», MOIOIIHX, OTOETUBAIOLINX
CPE/ICTB, COAEPKALIUX IepOOpaT HATPHSI, MUKPOYAOOPEHUH IS
pacTeHuil.

V:

CyuiecTBytoT GUoreoxmmuyeckme npoBUHUMK C M3bbITkOM Gopa.
Hanpumep, KoHUeHTpauus G0OpHOWM KUCNOTbl aHOMarbHO BbiCOKa B
o3epax TockaHbl (UTanusa). AHanormyHasi GroreoxnMmmyeckast NPOBUH-
UMs oxBaTblBaeT CTenHble 30HbI HoBocmbupckon, Omckon obnacten
n pecnybnukn Antan. N36biTok 6opa y XKMBOTHBIX Bbi3biBAET GOPHbIN
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3HTEpUT, a y YenoBeka NOCTynneHve n3bbiTka bopa ¢ nuen Moxert
BbI3BaTb 60po3. CmepTenbHas nosa 60pHON KMCMOThI, Unn TeTpabo-
paTta HaTpwusi, 4nsa B3pocroro Yyenoseka — 15-30 .

Kpemunii — snement IV-A rpynmner [1CO, nopsakoBsiii HO-
Mep 14, atomuas macca 28,08. CoaepkaHue KpeMHUS B 3eMHOH
Kope coctaBisieT 27,6 Mac. ToJeid, U 1Mo pacpoCTPaHEHHOCTH OH
YCTyHaeT TOIbKO KUCIIOPO/Y.

HasBanne npoucxomut ot nat. silicis (KpeMeHb), OTKPBIT
M. bepuemuycom B 1824 r. (IlIserus).

OnexkTpoHHas popmyna 1s°2s22p3s23p%. B HanboJiee cTabuib-
HBIX COETMHEHUSIX KPEMHHI MPOSIBISIET CTENICHH OKUCIEeHUs +4,
0, —4, cTeneHb OKUCIIEHU +2 MaJIo XapaKTepHa JJIsl KpEMHUSI.

Kpemnwuii siBrsieTcst TUIIOBBIM aHAJIoroMm yriepoja. Kak u y
yIIepo/a, y aToMa KpeMHHUSI B HEBO30YXKIEHHOM COCTOSIHUM Ha
S-OpOUTATIN HAXOJATCS JIBA CIIAPEHHBIX JIEKTPOHA, a p-opOUTa-
JI1 UMEIOT J[BA HECIIAPEHHBIX JJIEKTPOHA, T.€. YHUCIIO BaJICHTHBIX
3JIEKTPOHOB PaBHO YKCITYy BAJIGHTHBIX opOuTtaneit. CyIecTBeHHOH
0COOEHHOCTHIO XUMUU KPEMHHS SIBIISIETCS BO3MOXHOCTH BOBJIeUe-
HUS B CBsi3eoOpa3oBaHue 3d-opOuTtaieil, 3T0 MPUBOIUT K YBEIIU-
YEHHIO BAJIECHTHBIX BO3MOXKHOCTEM aToMa KpeMHHUsl. B cBsi3u ¢ yBe-
JIMYEHUEM YUCIIA 3JICKTPOHHBIX CIIOEB B CPABHEHUU C YIIIEPOIOM
y KpeMHHS HaOII0gaeTcss pOCT pajauyca, MOHWKEHIE TOTEHITAIa
HMOHO3a1lMH, YMEHBIIIEHNE CPOJCTBA K 3IeKTpoHy U OD0. YBenu-
YeHHe paguyca BelIeT K CHIDKEHUIO MPOYHOCTU MEKAaTOMHBIX CBSI-
3eii, MO3TOMY KpEeMHUH He 00pa3yeT YyCTOMYMBBIX LENel U3 MHO-
TUX aTOMOB. BcrecTBre 3ToTo yriepo/l B BUJIE ajiMasa sSBIISIETCS
M30JISITOPOM, a KPEMHHI — TMOJIYIPOBOJHUK, T.€. HApacTarT
MeTaJUIMYecKue cBoicTBa. KpemHMiT mMeeT OOIBIIIOE CPOACTBO
C KHCIIOPOZIOM, YTO OOYCIIOBJIEHO SHEPIruel CBS3U aTOMOB KpeM-
HUS C KUCIIOPOJIOM, KOTOpPAs MPEBOCXOIUT SHEPTHUIO CBSIZU MEX-
Jly aTOMaMH KpeMHUs B 2,5 pa3a, I03TOMY He CIy4alHO 3eMHas
Kopa OoJee 4eM Ha MOJIOBUHY COCTOUT M3 KpemHeseMa SiO,, ero
rugpaTHeIX popm xSiO,-yH, O, pa3nuuHbIX CHIUKATHBIX M aJIio-
MOCHJIMKATHBIX TIOPO/I.
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YuCThIid KPUCTATINISCKUN KPEeMHUN 00pa3yeT TEMHO-CEpEIE,
OJecTsiye, HEMPO3payHble OKTAdAPbI MPaBUIbHON (OPMBI, Xa-
paKTepU3yeTCsl 3HAUUTENbHON TBEPAOCTHIO, HO XPYHOK. XHUMHU-
YECKU He OCOOEHHO aKTUBEH, HO NPU BBICOKUX TEMIIEPATYpPaX €ro
AKTUBHOCTH BO3PACTAeT: OH COEOUHSIETCS C KUCIOPOJOM M a3o-
TOM, C MeTaJlaMU o0pasyeT CHIMIUABI. AMOPGHBIA KpPEeMHUIA
(COCTOUT M3 MENKUX KPHUCTANIMKOB KyOW4eckoil (opMbl) Jierdye
BCTyHAeT B XMMHUECKUE B3aUMOAENUCTBHUS, YEM KPUCTAJUIMUECKUE
KOMITaKTHBIE 0Opa3LbI.

Hawubosee cyiecTBeHHOE IPUMEHEHUE KPEMHUSI OCHOBAHO HA
€ro TOJIyIPOBOJHUKOBBIX cBoMcTBax. KpeMHuii — cocrtaBHOM
KOMIIOHEHT OOJIBIIIOTO YKCHA KEJIe3HBIX U IIBETHBIX CIIJIABOB, ITO-
nuMepoB. Jlnokcn KpeMHHsI — OCHOBA TSl TPOU3BO/ICTBA OOBIK-
HOBEHHOTI'O 1 KBaplLEBOI'O CTEKIA.

bBuonozuueckasn pons. KpeMHUII OTHOCUTCS K YUCITY 3CCEHLIU-
AJIbHBIX JUIS YeJIOBEKa WM JKUBOTHBIX 3JIEMEHTOB. XOTS KPEMHHIA
ABJIIETCA OJTHUM U3 HanboJiee paclipoCTPaHEHHBIX B 3eMHOM Kope
XMMUYECKUX 3JIEMEHTOB, B OOBIYHBIX YCIOBHSIX OH YCBAWBAETCS
OpPraHM3MOM B OYEHb MaJlbIX KOJM4ecTBax. Bcero B opranmsme
B3pOCIIOTO YEJIOBEKa COEpPKUTCs oKojo | T kpeMHus. B Hanbo-
Jiee BBICOKUX KOHLIEHTPALMSIX KPEMHHUH COAEPIKUTCS B COCOMHU-
TEJIbHON TKaHU: CTEHKaX aOpThl, TpaxeH, CBSI3Kax, KOCTAX, KOXe
(ocobeHHO B 3MHIEpMUCE), BoJlocax M TMMGOy3Iax KOpHEH Jer-
kux. KommuecTBo KpeMHUSI B OpraHnu3Me OT POXKIEHUS JO CTapo-
CTH YBEIIMUMBAETCS B JIECSITKU pa3. B jerkux uemoseka 3a Bpemsi
€ro XXU3HH coepkaHue kpeMHus Bo3pactaeT co 140 go 20000 mxr
SiO, Ha I r cyxoii TkaHu, a B TUM(pOy31ax KOPHEH JIETKUX — C
270 mo 50000 mkr SiO, Ha 1 r cyxoii TkaHu. B xoxe, Ha060pOT,
KOJIMYECTBO KPEMHUS Y HOBOPOJKAEHHBIX MAKCUMAJIbHO, a C BO3-
pacToM OHO YMEHBIIIAETCSI.

B opranuzme venoBeka KpeMHUN MPUCYTCTBYET B 3-X (hopMax:

1) pacTBOpUMBIE B BOJie HEOPTaHUYECKUE COEAUHEHMSI, KOTO-

pble IPOHUKAIOT Yepe3 CTeHKH KJIETOK U MOTYT JIETKO BBIBO-
JIUTBCA U3 Opranuma (oprokpemuuesas kucinora — H,SiO,,
HOHBI OPTO- U OJIMTOKPEMHHUEBBIX KUCIIOT);
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2) pacTBOpMMBIE B OPTAHMYECKUX PACTBOPHUTENSIX KPEMHUI-
OpraHnvecKre ¥ KOMIUIEKCHBbIE COSAMHEHMS (OPTO- U OJIH-
TOKPEMHUEBBIE 3(UPHI YTIEBOIOB, OEIIKOB, XOIECTEPUHA 1
JIPYTUX CTEPUHOB);

3) HepacTBOpPHUMBIE TTOJIUMEPHI (TIOIMKPEMHHUEBAs] KUCIIOTA,
aMop(HBI KpeMHe3eM, HePACTBOPUMbBIC CHUINKATHI H
KBapI).

Coenunenust KpeMHUS obJierdaroT yaajieHue ¢ Mool metabo-
JINTOB, YYXKEPOIAHBIX K TOKCUUECKUX BEIIECTB, CIIy)KaT 0apbhepoM,
33JIEpKUBAIOIINM PA3BUTHE JIETEHEPATUBHBIX ITPOIIECCOB, aKTHU-
BU3UPYIOT OOMEH KOJUTareHa ¥ KOCTHOM TKaHU.

OOMeH KpeMHHMsI TECHO CBSI3aH ¢ 0OMeHOM Kanbius. CTapeHue
OpraHu3Ma COIPSDKEHO ¢ HapyliueHueM paBHoBecus Si—Ca: cHU-
JKEHMEM COJIepXKaHUs KPEMHHS U TOBBIIIeHneM conepxkanus Ca
B COeMUMHUTENbHOM TKaHH. OOMeH Si Takke CBsI3aH ¢ 0OMeHOM P,
CL F, K, Na, Al, Mo u Co.

Yemnoseky exxenHeBHO Tpebyercs 20-30 MT KpeMHUS, KOTOPBII
MocTynaer ¢ Bojaoil u numeid. [ToHMkeHne NMOCTYIUIEHUST KpeM-
HUSI B OPraHU3M IPUBOJUT K «CHUIIMKO3HOW» aHEeMUH, HaOJI0/1a-
eMOIi TpH paxute, 3a00JeBAHMIX TUMPOCUCTEMBI U 1Ip. M30BITOK
AJIIOMHUHUSI B OPTraHU3ME MOJXET BBI3bIBATh CHUXKECHUE COJepXKa-
Hus kpemHus. [Ipu norpebneHun paduHUPOBAHHBIX IMUINEBBIX
MPOAYKTOB YPOBEHb KPEMHHUSI B OPTraHU3ME CHUXAETCS, a MPHU
panuoHe, 60raToM MUIIEBBIMU BOJIOKHAMHU, — Bo3pacrtaert. [lo-
BBIIIIEHHOE MMOCTYIUIEHHE KPEMHHSI B OPraHM3M HaOIIOnaeTcsl B
KPEMHHEBBIX OMOTC€OXMMHUYECKUX MPOBUHITUAX (B MECTaxX BbIXOAA
KPEMHHEBBIX TTOPOJT). ITO MPUBOJIUT K HapyHIeHussM (GochopHO-
KaJIbIIMEBOTO 0OMeHa, 00pa30BaHUIO KAMHEH B MOYEBBIX MYTSIX.
ITpu BBICOKOM comepkaHuy MbUIK okcuaa kpemuus (IV) (SiO,) B
BO3JIyXe OHA MOTAIaeT B JIETKHE YeIOBEKa U BhI3bIBACT 3a00JIeBa-
HUE CUINKO3 (Y OYpHIIBIIIUKOB KBAPIEBBIX MOPO/I, TOUMIBIIUKOB,
ropHsakoB). [1pu cuinko3e KpeMHeBask KUCIOTa BbI3bIBaeT Iy0o-
KHUe U3MEHEHUs B IIpolieccax 0OMeHa BEIECTB.

B mMenuumne KpeMHUI MPUMEHSETCSI B COCTaBE CUIIMKOHOB —
BBICOKOMOJICKYIISIPHBIX HHEPTHBIX COCIWHEHHI, KOTOpPBIE ¥C-
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TOJIB3YIOTCSA B KAYECTBE MOKPBITUM JJISI MEAULMHCKON TEXHMKH.
B nocnennue roael nossunuck BAJl 1 nekapcTBeHHbIE Ipenapa-
ThI, 0OOTalllEeHHbIE KPEMHUEM, UCITOJIb3YeMBbIe 1151 TPODUIaAKTUKY
U JIEUEHUSI OCTEOINopo3a, aTepocKiiepo3a, 3a00IeBaHUi HOI'TEH,
BOJIOC U KOXH.

Cesen — 31eMeHT VI-A-rpymimbl MepUOAMYECKON CHCTEMBI
3JIEMEHTOB, MOPSIKOBBINA HOMEp 34, aToMHas Macca 78,96.

OtxpeiT M. Beprenuycom B 1817 r. (ILIBewnus), Ha3BaHHE IPO-
U30IILIO OT T'ped. selen (JIyHa).

OnexkrponHas Gpopmyita 15°2522p°3s23p°3d1%4s24p?.

XapakTepHble CTeneHn okucienus —2, +4 u +6 (H,Se, H,SeO,,
SeF)).

CesieH TOJy4arOT B BHJIE CEpEeOPHUCTON METAJUIMUECKONH MO-
nudUKaMy WIK B BUAE KpacHoro amopdHoro nopoiuka. Cenex
TOPUT Ha BO3JlyXe, HE B3aUMOJICHCTBYET C BOJIOW, PACTBOPSETCS
B KOHLEHTPUPOBAHHOMN a30THOM KUCIIOTE U IIIEJI0YaX, BO MHOTHX
OTHOIIICHUSX CEJICH SIBJIETCS aHAJIOrOM cepbl. [IpupoHbIM uc-
TOYHUKOM CEJICHA CIIY)KaT CJIebl B CYJbPUIHBIX PyAaX, MOJyda-
FOT CEJIeH KaK MOOOYHBIA MPOAYKT ounucTKu Menu. CoequHeHus
celleHa MIMPOKO HCIONB3YIOT B (POTOIICKTPUUECKUX sUCHKAX,
(hOTOKOMUPYIOIIMX YCTPOUCTBAX, COTHEUHBIX OaTapesx U IMOoJy-
MMPOBOIHUKAX.

Buonozuueckan poas. CyrouHas moTpeOHOCTh OpraHu3Ma ve-
soBeka B ceneHe coctaBisier 30—100 mkxr. EcTecTBeHHBIM HMCTOY-
HUKOM CeJIeHA JUIS UeJIOBEKa SIBJISTFOTCS MMUIIEBBIC TPOIYKTHI. BbI-
COKO Cofiep)KaHHUe CeJieHa B YeCHOKE, CBUHOM cajie, OelbIX Ipudax,
OJIMBKOBOM MAcJjie, MOPCKUX BOJIOPOCIISIX, KOKOCaX, (pUCTAIIKaX,
MUBHBIX IPOXIKax. BcacklBaHME CeJeHA MPOUCXOIUT B JAUCTAIIb-
HOM OT/[IeJIe TOHKOTO KHUIIIEUHUKA, IJIe U3 PACTBOPUMBIX COEMIU-
HEHUI celleHa 00pa3yIOTCs COSIUHEHUS CelleHA ¢ MCTUOHMHOM U
nuctenHoM. HakaruBaeTcs celieH MpeXx/ie BCETro B MOYKaX, reve-
HU, KOCTHOM MO3Te€, CEPJICUHON MBIIIILIE, ITOKETYI0YHO Kellese,
JIETKUX, KOKE U BOJIOCAX.
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Tema: BuoreHHble aneMeHTbI

B opranmusme ceneH cTuMynupyeT Iporecchl 0OMEHa BELIECTB,
€ro Ba)XHOH OMoXuMHueckoil ¢yHKLMEH sSBIsSeTcs yuyacTue B IO-
CTpOeHUH M (YHKIIMOHUPOBAHUU TJIyTATHOHIIEPOKCUIAZHI, TIIU-
LUHPEAYKTa3bl U LUTOXPOMa-C — OCHOBHBIX aHTHOKCUJAHTHBIX
coenuHeHnii. CeleH Takke SIBISETCS OCHOBHBIM KOMITOHEHTOM
(bepMeHTa epoKcuaasbl MNIIOTATHOHA, KOTOPBIH 3alluIIaeT opra-
HU3M OT BPEAHBIX BEIIECTB, 00Pa3yIOLUIUXCs IPU paciiajie TOKCH-
HOB. CelleH — aHTOTOHUCT MBILIBSKA U PTYTH, CIIOCOOEH 3allu-
TUTHh OPTaHU3M OT KaJMHUsI, CBUHLIA, TAJUIHSI.

HenocraTok B opraHusMe cejleHa BeIET K HapyLICHUIO lie-
JIOCTHOCTH KJIETOYHBIX MEMOpaH, 3HAYUTEIbHOMY CHIIKEHHUIO
AKTUBHOCTH CI'PYNIIMPOBAHHBIX B HUX (PEPMEHTOB, HAKOIICHUIO
KaJbIMsl BHYTPU KIIETOK, HAPYIIEHNUIO METa00IM3Ma aMUHOKNC-
JIOT U KETOHOBBIX KHCIIOT, CHMKEHUIO SHEPTONpPOIYLHPYIOLNINX
nporieccoB. CyIIECTBYET BBICOKAS! CTENEHb KOPPEISIIIUN MEXKIY
JIeQULMTOM celleHa U OIyXoJleBbIMU 3aboseBanusMu. B Poccun
K CelleHIe(QUIIMTHBIM peruoHaM oTHocsaTcs CeBepo-3amaIHblii
paiion, Bepxuee [ToBomxkbe, Yamyprus u 3abaiikabe.

M36pITOUHOE TTOCTYIUIEHUE CEJIEHA U €T0 COSTMHEHII oTMeda-
eTcs y pabouMx, 3aHATHIX B 3JIEKTPOHHOH, JIUTEHHOH, Menena-
BUJILHOM, CTEKOIJIbHOH, HedrenepepadaThIBaroOIeii, XUMHUIECKOM
1 (hapMaLeBTUUECKOM MPOMBILIUIEHHOCTH. OCHOBHBIMU ITPOSIBIIE-
HUSIMHM U30BITKA CelieHa SIBIISIIOTCS HECTAOMIIbHBIE 3MOLIMOHAIb-
HbI€ COCTOSIHUS, TOIIHOTA, PBOTA, OPOHXOITHEBMOHUS, OTEK JIer-
KHX, BBIITA/IEHUE BOJIOC, TOMKOCTh HOTTEH.

B MenuumHe cenieH B BUJIE CEJICHUTA, CeJIEHATA HATPHS, CEIEH-
LMCTENHA, CEJICHOMETHOHNHA, CEIEHCOJIEP)KAIIINX IPOAOIKAX MTPHU-
MEHSIOT A1 NpO(UIAKTUKM M JIEYEHUS MHOTHMX 3a00JIeBaHUIL.
PagnoakTuBHBIE N30TOTIBI CEIIEHA UCIIONB3YIOTCS B PaINON30TOII-
HOM IMarHOCTHKE.

V:

CoeanHeHus ceneHa ovYeHb S40BUTbI; caM CerneH MEHee TOKCU-
YeH, HO napbl ero A0oBnTbl, NpegenbHO AonyctuMaa KOHUEeHTpauua
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amopdHoro cenexa B Bozayxe — 2 mr/m?; SeO, , Na,SeO, , -0,1 mr/m?,;
ceneHa B Boge — 0,01 mr/n.

Mpu notpebneHun Gonee 200 mkr (0,2 Mr) ceneHa B CyTKM Ha
KOXe MOSIBNSIETCS ChiMb, MOBPEXAAIOTCS BOMOCHI U HOITW, BO3HUKA-
10T MPOBNeMbl C XenyakoM u BbicTpasi yTOMNSEMOCTb. YBENUYEHWE
[o3bl ceneHa o 2500 MKr B CyTKM MPUBOAUT K TOLLHOTE, BblNadeHWo
BOJIOC, HapYLUEHUIO AbIXaHWs!, MOPAXKEHUIO NeYEeHWN, NOSBNSATCS He-
Bporiormyeckme npobrnembl, OT YerioBeka naxHeT YecHOKOM. B To e
BpeMsl HeJOCTaTOK CerneHa Bbl3blIBaeT MHOXECTBO HeayroB, NepBbiM
NPU3HaAKOM 3TOr0 MOXET ObITb YyNafoK AyXa, CHUKEHUE KU3HEHHOTO
TOHyca. Pe3ynkTraThl MUCNbITAHUIA NOKa3anu, YTO YMepeHHble J03bl ce-
fleHa 3aMEeTHO CHUXatoT BEPOSITHOCTb OHKOMNOMMYecknx 3abonesaHui,
nogaepXuBaoT UMMYHUTET, nomoratoT oby3aaTte BUPYCbl — OT 00bIY-
Hov npocTtyabl Ao CMWOa — un gaxe 3aMennstoT CTapeHne opraHus-
ma. Kak e nogaepxmBaTtb CTONMb HEOOXOAUMBIV CeneHoBbIv 6anaHc?
OkasblBaeTcsi, NOBbILWEHHbIE KOHLEHTPALMN CeneHa ecTb BO MHOMMX
npogyktax. AMepukaHuam pekomeHayeTcsi noTtpebrneHve Mopckux
NPOdYyKTOB (TyHeL, yCTpuupbl, Mey-pbiba), a Takke opexoB, 0COBEHHO
H6pasunbckmx (pacTyT Ha boraTon ceneHoM No4yBe), a Ansi Hac, poccu-
sIH — LenbHOEe 3epHO, MeYEeHKa, CEMEYKM NOACOSHyXa U, caMoe rnaB-
HOe, YECHOK.

lanozeHsi

I'anorennt — 3emeHThl VII-A Tpynimbl, HeMeTalIbI.
CBoOOHBIE TAJIOT€Hbl — YHEPIMYHbIE OKUCIUTENH, 3TO CBOM-
CTBO IIPOSIBIISICTCS TIPH B3aUMOJICHCTBUM C MPOCTHIMH U CIIOXKHBbI-
MU BEIIECTBAMMU:
Na + Cl, = NaCl;
2A1 + 31, = 2All,
F, + Xe = XeF,, XeF, XeF,
F,+8i0,=SiF, + O,; F, + H,O =2HF + O.
OkucnuTenbHass CIOCOOHOCTH TaJOTEHOB MAaNaceT B PIIy
F,~Cl,-Br,~I ~At, n HapacTaeT BOCCTAHOBUTEIbHAS AKTUBHOCTh
nonoB Hal: F—CI—Br—I—At".
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Bonee akTuUBHBIN rajoreH crocoOeH BBITECHSTh (OKHCISITBH)
raJOTeHNJ-UOH MEHee aKTHUBHBIN M3 €ro COeAMHEHUN ¢ BOAOPO-
JIOM UJIM METAJJIOM:

2KBr + Cl, = Br, + 2KCI;
2KI + Br, =1, + 2KBr.

Haob6opot, MeHee aKTHUBHBIN TaJOreH CIIOCOOEH BBITECHSTH
(BoccTaHaBnIMBaTh) OOJ€€ aKTUBHBIA TajloreH (OKHMCIUTEND) U3
€0 KUCIIOPOJCOAEPKAILUX COENUHEHUIN:

Br, + 2KCIO, = 2KBrO, + Cl,

Bopopoausie coequnennss HHal o6pasyiorcest ipu Herocpe/i-
CTBEHHOM B3aUMOJICHCTBUU JJIEMEHTOB. YCJIOBUS U MEXaHU3M
JTUX PEAKLUN Pa3JINUHBL.

F,+H, — 2HF
(B TEMHOTE P HU3KOH TEMIIEPATYPE CO B3PHIBOM)
Cl, + H, — 2HCI
(Ha cBety, (POTOXMMHUYECKHIA IISTHOM MPOIIeCcC)
Br, + H, — 2HBr
(mpu 200-300°)
I,+H,— 2HI
(ipm 300° maeT MeIJICHHO U HE 10 KOHIa —
CTeTeHb AUCCOIMALINY TIPH 3TON Temmeparype 19%)

lanoreHoBOAOPOIBI — OECIBETHBIE T'A3bl C PE3KUM 3aIaXxoM,
XOpOIIIO PACTBOPUMBI B BOJIE, PH 3TOM JUCCOLMUPYIOT HAIIEIO.
Cuna kucnot B psasny HF-HCI-HBr-HI Bo3pacraet, 4To cBs3a-
HO C yBEJIMYEHHEM aTOMHOro paauyca rajoreHoB. HF — crmabas
KHUCJIOTA 34 CYET CHIIHbHBIX BOJIOPOIHBIX CBS3CH.

lanoreHua-uOHBI — BOCCTAHOBUTENU. BoccTaHOBUTEIbHAS
criocoOHocTs B psay Cl—Br—I- Bospacraer.

lamoreHua-HOHBI CKIIOHHBI K MPOILIECCY KOMITIEKCOOOpa3oBa-
HUS ¥ BXOJISIT BO BHYTPEHHIOIO cepy B KauecTBe JIMTAHIOB:

[SiF J*, [AICL T, [PtCL >, [Hgl,]*.
C KHUCIOpOAOM TaJIOTeHbl HEMOCPEJACTBEHHO HE B3aMMO/ICH-
creyiot, ux okcusl (CLO, CIO,, CLO,, C1,0.,, Br,0O u 1.1.) nony-
YAIOT KOCBEHHBIM ITyTEM.
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T'anozenwt o6pazyrom ciedyroujue Kucaopoocooepircauiie
Kucnompl:

co +1 +3
3J1eMEHT

HOCI HCIO,

Cl XJIOPHOBATHUCTAS XJIOpHUCTast
COJTH — THITOXJIOPUTHI COJTA — XJIOPUTBI
HOBr

Br OpOMHOBATHUCTAS
COJIM — TUITOOPOMUTEI
HOI

I HOJHOBATHUCTAS
COJIM — TUIOMOIUTHI
co +5 +7
3JIEMEHT

HCIO, HCIO,

Cl XJIOpHOBaTas XJIOpHas
COJIM — XJIOPATHI COJIN — TePXJIOPATHI
HBrO,

Br OpomHOBaTas
conu — OpoMaThl
HIO, H.IO,

I HOJIHOBATAas HOIHAS

COJIM — HOAATHI COJIM — TIepUOIATHI

Kucnorst HOHal o6pa3yrorcst npu B3auMOAEHCTBHU Taiore-
HOB C BOJIOM:

Hal, + H,O == HOHal + HHal.

B pany Cl, — Br, — I, nannble paBHOBecHs BCe OOIbINE CMe-
maroTcs BiIeBo. I[Ipu noGaBrneHuy menoyun paBHOBECHE CMEIa-
eTcsl BIIpaBo Ourarofgapsi 06pa3oBaHUIO CIA0OTO AIEKTPOJINTA —
BOJIBL:

Hal, + 2KOH == KOHal + KHal + H,O.

HOHal — cirabpie KUCIOTHI, CYyIIECTBYIOT TOJIBKO B BOJHBIX

pacTBopax.
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B psany HOCI-HOBr-HOI cuna KucnoT, yCTOHYHMBOCTH H
OKHUCIUTENBbHAs criocobHocTh cHmkarorcest. HOCI o meiicTBreM
cBeTa B pa30aBJICHHBIX PACTBOPAX JIETKO TUCIPOIIOPIIUOHUPYET:

3HOCI = 2HCl + HCIO,.

IMpu Bzanmonericteun xmopa ¢ cyxum Ca(OH), momyuaror
CMECh XJIOpUJA U TUIOXJIOPUTA Kalblusi — OENMIbHYIO (XJI0p-
HYI0) U3BECTD:

Cl, + Ca(OH), = CaOCl, + H,0.

XJtopHas U3BECTh — OENBII MOPOIIOK C PE3KUM 3aI1aX0OM XJI0-
pa, CUJIbHBIA OKUCIUTENb, UCIIONB3YeTCs A1 OTOEIMBAHUS pac-
TUTENBHBIX BOJIOKOH, JUTS Ae3UH(EKITNH.

Xnopucras xkucnora HCIO, HeycToiunBa B CBOGOIHOM BUIIE,
B pacTBope OBICTPO pasiiaracTcs:

4HCIO, = HCI + HCIO, + 2CIO, + H,0.

Kucnorst HHalO, — cuabHbBIE OZHOOCHOBHEIE KUCIIOTEL, 00-
JTaTatoT OKUCITUTEIIBHBIMU CBOKCTBaMHU. B psiy HaOmrogaercs:

HCIO,, HBrO,, HIO,

CHUDICEHUE OKUCAUMEIbHOU AKMUBHOCMU U CUIbL KUCAOM

ITpu HarpeBanuu cyxue conmu pasnaraiorcs, Hanpumep KCIO,
(GepToneroBa conb) ¢ yyactueM Karanuzatopa (MnO,) pasnara-
FOTCSI C BBIJISJIEHUEM KUCIIOpOAA: ZKCIO3 =2KCl + 302.

Xnopuas kucnora HCIO, — camas cunbHas 13 MUHEPAIbHBIX
KHCJIOT, HO B OTJIMYME OT APYTUX KUCIOPOTHBIX KHCIOT TaJio-
TE€HOB OHAa OO0JIalaeT MEHBINECH OKUCIUTEIFHON CIIOCOOHOCTBIO.
B Bomubix pactBopax HCIO, He ABIISETCA OKMCIUTENEM.

B psity KUCITOPOAHBIX KUCIIOT XJI0pa HAOJTIOIAeTCs:

HOCI, HCIO,, HCIO,, HCIO,

»
>

noevluieHue ycmoﬁqueocmu, ycunenue Kucjiomuocmu

<
<

ycuneHue OKucCaumejlbHblx ceoticms
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®top — snement VII-A rpynmst [1CD, nopsinkoBslit Homep 9,
aTomHas macca 18,99.

Briepssie Beienien A. Myacanowm B 1886 r. (Dpannust). Hazpa-
HUE TIPOU3OIILIO OT NaT. fluere (Teub).

OnekTpoHHast hopmyia: 15>25s22p°. dTop — camblil aKTUBHBIH,
CaMBbIif 3JICKTPOOTPUIIATEIbHBINA, CaMBIil PEAKIIMOHHO CIIOCO0-
HbIH, CAMBI arPECCUBHBIN 3JIEMEHT, CAMbI TUITUYHBIA HEMETAJL.
Bo Bcex coenmHeHusX GTOp UMeeT TONBKO JIBE CTETEHH OKHCIIe-
Hust — 0 1 —1, OH MOXKeET OBITh TOJILKO OKUCITUTEIEM, COCTUHEHS
C TIOJIOXKUTETTLHOU CTEIEHBI0 OKUCIICHHSI HEU3BECTHBI.

®dTop npeacTaBisieT cOO0N OJeTHO-KENTHIN Ta3 ¢ pe3KUM 3a-
MaxoM, SIBJISICTCS CAMBIM AKTUBHBIM HEMETAJIOM U Pearupyer co
BCEMU 3JIEMEHTaMU, KPOME T'ellusl 1 HEOHA.

®dTop coaepkUTCs B MUHEpaIax GIOOUT, KpUOJIUT, propana-
TUT, CBOOOJTHBIN (PTOP MOITYYAIOT JIEKTPOIIUZOM.

Cpennee cogepxxanue gropa B nouysax pasHo 0,02%. B kax-
oM JuTpe Mopckoii Bonbl 0,3 mr ¢ropa. B pakoBuHax ycrpui
ero B 20 pa3 6ompire. B xopamioBsix pudax 3aKIFOUeHb MUALIN-
oHbI TOHH (propugoB. CpeaHee copepxkanue Gropa B KUBBIX Op-
rannsmax B 200 pa3 MeHblIle, YeM B 36MHOH KOpe.

CoenuHenus pTopa MUPOKO UCIOJIB3YIOTCS B METAJLTYPIUU 1
XMUMHUYECKON MPOMBIIIIEHHOCTH, JIsl CHHTE3a (PTOpOPraHuIecKnx
coeMHeHNH, PTOpOIIacTOB, PPEOHOB U KPACHUTEIEH.

buonozuueckas porv. OTOp XU3HEHHO HEOOXOIUM TSI HOP-
MaJIbHOTO POCTa U Pa3BUTHUS: YIaCTBYET B IIpoIleccax KocTteoopa-
30BaHusl, GOPMUPOBAHUS 3yOHOM dManu U JeHTuHA. OH yyacTBy-
€T BO MHOTHX BaXKHBIX OMOXMMHYECKUX PEAKIUIX — aKTUBUPYET
aJIeHWIATIINKIIa3y, HTHTUOUPYET JnIa3bl, acrepaly u 1.1. Cyrou-
Hast TOTPeOHOCTh OpraHu3Ma BO GTope — 23 MT.

B opranusme ¢GTOp HAXOMUTCS B CBSI3aHHOM COCTOSIHUH,
OOBIYHO B BHJIE TPYTHOPACTBOPUMBIX COJIEH C KaJIbIINEM, MATHHU-
eMm, xesne3oM. CoenuHeHus (Topa BXOIAT B COCTAB BCEX TKAHEH
YeJI0BEeYeCKOro Tejla, 0co0eHHO MHOTO (hropa, 99% Bcero ero ko-
JINYECTBA, MPUXOJUTCS HA KOCTU U 3yOHYyIO 3Maib. B opranusme
cpemHero 4yenmoBeka (Macca tena 70 Kr) comepxurcs 2,6 T ¢pTopa.
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HenocraTtouHoe conmepkanue ¢ropa B OpraHu3Me OOBIYHO
CBSI3aHO C €0 MOHIKEHHBIM yPOBHEM B NMUTHEBOU BOJe (MeHee
0,7 mr/im). OCHOBHBIM IposiBlIeHHEeM aedunuTa Gropa sBiIsETCS
Kapuec 3y0oB, mopaxeHue kocrel (ocreonopos). [lpu HenocraTke
¢dTopa cienyet NpoBOAUTH (PTOpUpPOBaHHUE — OOOTallEHNE COeU-
HeHMSIMH (HTOPA BOJIBI U IMUIIEBBIX TPOJYKTOB, 3TO CIIOCOOCTBYET
MPeIYPEKAESHUIO Pa3BUTHS OCTEONIOpO3a U Kapueca 3y0oB.

Hekortopsie coenunenus: ¢propa (Hanpumep, HF) oyeHnp Tox-
cnunsl. [1pu octpom otpasnennu propom npeodaagaroT CUMIITO-
MbI IOPaXEHUS LeHTpaibHOM HepBHOI cucTembl U JKKT, nanenue
apTepUaJIbHOTO IABJICHUS, PAa3BUTHE KOMATO3HOT'O COCTOSHUSI.

XpoHHnuecKass HHTOKCUKAIUS OOBIYHO Pa3BUBAETCS IIPU YIIO-
TpeOJICHNU MUTHEBOI BOBI C MOBBIIIEHHBIM CO/IEp)KaHueM (hTopa
(6onee 4 mr/i). [Tpu 3TOM OCHOBHBIE MMATOJIOTMUECKUE N3MEHEHUS
BO3HUKAIOT B KOCTSAX U 3y0ax: HOsIBIIEHHE MEJIOBUAHBIX ISATEH
Ha 3y0ax, paspylieHue 3yOHOI sManu, XpynKkocTb 3yOoB, OCcTeo-
ckitepo3 ((hmroopo3), Takke HaOIIFOMAI0TCS PacCTPOMCTBO OOMEHa
BEIIIECTB, HAPYIIICHHE CBEPTHIBAEMOCTH KPOBH, TOPMOXKCHHE JIe-
STEJIBHOCTH IIUTOBHIHOM *keJie3bl. [Ipu XpOHUYECKOH MHTOKCH-
Kaly He0OXO0IUMO OTPAHUYUTD MOCTYIUIEHHE (PTOPA B OPTaHU3M
Y IPOBOIUTH cuMnToMaTrueckoe teuenue. [TJ1K ans cogepxanus
B Bozie propua-uoHoB cocrapiset 0,7 mr/n. I[IJIK razoobpaznoro
¢dropa B Bozmyxe 0,03 mr/v3.

B memmmHe hTopcoaepkaliye npenapaTsl CIyKaT s JICUSHUS
rurnoTopo3a, BHITYCKAIOTCS B BUZE TAOJETOK, JIeUeOHBIX IJICHOK,
JIAKOB /7151 3yOOB, MCHOJB3YIOTCS KaK HAPKOTHYECKHE CPEACTBa,
KpOBe3aMEHUTENU U T.I. PTOp HAXOIUT ILIMPOKOE MPUMEHEHHUE
TP CUHTE3€ PA3JIMYHBIX MEAULIMHCKUX NpenapaToB. dTopopranu-
YECKHUE COEIMHEHUS YCIIELITHO TPUMEHSIOTCS A7 JIeueHus Oosie3Hei
IIUTOBUTHOM KeJle3bl, 0COOEHHO 0a3enoBOi 0OJIE3HU, XPOHUYEC-
kux popm auabera, OPOHXMANBHBIX U PEBMATHYECKHX 3a00eBa-
HUM, TI1ayKOMBI U paka. OHU Tak)Ke IPUTOAHBI AJ1s TPOMUIAKTH-
KM ¥ JIEUEHHS] MAIAPUM U CIYXAT XOPOIIUM CPEACTBOM IPOTHB
CTPENTOKOKKOBBIX M cTaMIOKOKKOBBIX HHbekuuid. Hexotopsle
(dbTopopraHuyeckue npenaparsl — HaJekHble 00€300IMBaroIue
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cpencrBa. droporaH, Gaoopon — 3PQPeKTUBHBIE CPEACTBA IS
HHTAJISIHOHHOTO HAPKO3a.

®droprnan, TpUPTOPTUPO3HH, (PTOPHUPUMUINH, (TOpMETAa-
CapKOJIM3UH — BEILECTBa, 00JIaJaIOIINe BEICOKOM MIPOTUBOOITY-
XOJIEBOM AaKTHBHOCTBIO.

PanuoakTuBHBIE M30TONBI (PTOpPA MPUMEHSFOTCS B MEIUKO-
OMOJIOTMYECKUX MCCIIEA0BAHUSX.

Xaop — osnemeHT VII-A rpynmer [ICD, mopsimkoBbiii HO-
Mep 17, atomHast Macca 35,45.

Ortxpeit u BeigeneH K. Ileeme B 1774 r. (Berus).

DnextponHast popmyna 15s225?2p°3s23p°. TIpu B3auMoIeiCTBUI
ATOMOB XJIOpa MEXIY COOOU ¥ C APYTUMU IEMEHTAMH XJIOP TIPO-
SIBJISIET cTeneHu okuciaenus: -1, 0, +1, +3, +4, +5, +6 u +7.

XJI0p — 3TO TSDKENBIi, ¢ PE3KUM, YAYIIAIOINM 3aI1aXoM I'a3,
xKenro-3eneHoro usera. I'azoobpasubiii Cl, ABISETCA CUIBHBIM
OKHUCIIUTENEM U INPeAcTaBiIsieT coOON OTpaBIISIOIIEe BEIIECTBO.
XJ10p 04YeHb AKTUBEH, COSIUHSCTCS MTOYTU CO BCEMH 3JIEMEHTAMMU
U B IPUPOJIE BCTPEUAETCs TOIBKO B BUIE COSAMHEHMI (Yalle BCero
B Buge NaCl).

Haunbounee pacripocTpaHeHHBIMU XJIOPCOAEPKAIIMMY MUHEpPa-
JIAMU SIBIIFIOTCS TAJIUT, KAPHOJIUT, CWIIBBUH U psaa aApyrux. [pu-
POHBII HCTOYHMK XJI0pa — XJIopu HaTpus. [Tomyuarot xjmop npu
aNeKTposin3e xjaopuaa HaTpua. CoeluHeHUs XJIopa UCIOIb3YIOT
B npurotosneHun mmuum (NaCl), mms obe33apaxvBaHUsI MATHE-
BOI BOJIBI (XJIOpUPOBaHKE), Ne3nH(DEKINK, OTOSIMBAHUS TKAHEH,
TaKKe OH LIMPOKO UCIIOJIb3YETCS B XUMHUECKON U LIEJIII0JIO3HO-
OyMaXHOW MPOMBIIIICHHOCTH PU MPOU3BOACTBE OPraHUYECKUX
pacTBOpHUTEIIEH U IOTUMEPOB.

Buonozuueckan ponw xnopa uveet 60IbII0€ 3HAUCHUE JUTS KH-
BBIX OpraHu3MoB. IlepeunciumM Haubosee BaxKHbIE:

1) MoHBI XJIOpa y4yacTBYIOT B MOAJEPKAHUM OCMOTHYECKOIO
paBHOBecHS, TaK KaK XJIOPUI-UOH SBISETCS OCHOBHBIM
BHEKJIETOYHBIM aHMOHOM OpraHU3Ma;

2) WMOHBI XJIOpa OKa3bIBAIOT TOPMO3SIIUN 3P PEeKT Ha HEHPOHBI
IyTeM CHID)KEHHS TOTeHLMaJa 1eHCTBUS;
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Tema: BuoreHHble aneMeHTbI

3) co3maroT OIATOMPHUATHYIO CPemy IS IEUCTBUS MPOTEOIIH-
TUYECKUX (PEPMEHTOB KEITYAOYHOTO COKA;

4) axTUBU3UPYIOT psill HEPMEHTOB.

XITOpUA-MOH MMEET ONTHUMAJbHBIN paauyc I MPOHUKHO-
BEHUS 4Yepe3 MeMOpaHy KIeTOK. IMEHHO 3TUM OOBSICHSIETCSI €T0o
COBMECTHOE YUaCTHE C HOHAMU HATPUS U KaJIUs B CO3JJAHUU OTIpe-
JIEIEHHOT'0 OCMOTHUYECKOTO JABJIEHUS U PETYJISIUN BOJTHO-COJIe-
BOro oOMeHa. XJIOpHbIE KaHaIbl IPEACTABICHBI BO MHOTMX THUITaX
KJIETOK, MUTOXOH/IPUAJIBHBIX MEMOpaHaX U CKEJIETHBIX MBIIIIIAX.
DTH KaHAITBI BHIMOJHSIOT BaXKHbIE QYHKIIMH B PETYIISIIMA 00BeMa
KUIKOCTH, TPAHCIMUTEINAITHFHOM TPAHCIIOPTE HOHOB M CTA0MIIN-
31 MEMOpPaHHBIX MOTEHINAJIOB, YUACTBYIOT B IMOJAICPXKAHUH
pH xierox.

HoHBbI x710pa BXOAST B COCTAB COJITHOM KUCIOTHI, KOTOpAs Ur-
paeT BaXKHYIO POJIb B MUILEBAPEHUU. B jKenya0uHOM COKe 340pO-
BOT'O yeJloBeKa colepxkuTcsa okoio 0,5% consgHolt kucinotsl. [1pu
pa3nuuHbBIX 3a0oyeBaHuUsAX xemyaka copepxanune HCI B xemy-
JIOYHOM COKE MEHSIETCS, TI03TOMY €€ OIpe/IelICHHE B JKEITyIOYHOM
COKE MMEET Ba)KHOE TUATHOCTUYECKOE 3HaueHHe. ATOMBI XJIopa
B3aUMOJIEHCTBYIOT C aMUHOTPYIIIIAMU AMUHOKHUCIIOT MUKPOOHBIX
KJIETOK U pa3pylIaloT UX CTPYKTYPY, BBI3bIBASI TEM CAMBIM THOEITh
MOCIIETHUX.

Yemnosek motpednseT 5—-10 T NaCl B cyTkn, MUHUMAaTbHAS TTOT-
pebHOCTh B xj10pe coctasisgeT okojio 800 Mr B cyTku. B kierkax
akkymynupyetcst 10—-15% Bcero xmopa, U3 3TOr0 KOJIMYECTBA A0
1/2 — B sputponuTax u 0Koio 85% xjopa HAXOIUTCS BO BHEKIIe-
TOYHOM TPOCTPAHCTBE. XJIOP HAKATUIMBAETCS B BHCLEPATbHOMN
TKaHU, KOXE U CKEJIETHBIX MBIIITAX.

[Tpu moHMkKEHHOM COAEepKAaHUU XJI0Pa B OPTaHU3ME Y YelloBe-
Ka OTMEYaeTCsl BOSHUKHOBEHHE aJTKall03a, aHOPEKCUH, HAPYIIICHUE
ObeMa BHEKIIETOUHOU >KUIKOCTH, PAaCCTPOHUCTBO KHCIOTHO-IIIE-
JIoyHOTO OanaHca u romeocrasa. [1pu n30bITOYHOM OCTYIUIEHUN
MOYXeET HaOJII0IaThCsl yTHETEHUE POCTa.

Heo0OxoauMo noiaepKuBath MOCTYIIEHNE B OPTaHU3M XJIopa
W HaTpHs B ITporopuuu 1:2.
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

ITpucyrcreue B Bozmyxe okono 0,0001% xopa yxe pazapaxa-
Iolle ACHCTBYET Ha CIIM3UCThIe 000m0ukn. [TocTosiHHOE MpeObIBa-
HHUE B TaKkoil aTMocepe MOXKET IPUBECTH K 3a00sieBaHUIO OpPOH-
XOB, PE3KO YXYALIAET AIIeTUT, MPUIACT 3eJICHOBATHI OTTEHOK
xoxe. Ecin comepxanme xmopa B Bosayxe cocrasisieT 0,1%, To
MOET HACTYITUTh OCTPOE OTPABJICHHUE, IIEPBBI TPU3HAK KOTOPO-
ro — MPUCTYIBI CHITbHEHIero kanuist. [Ipu oTpaBiIeHuu XJI0poM
HeoOXoauM abOCOMIOTHBIM MOKOW; MOJE3HO BABIXaTh KUCIOPO/,
WIK aMMHaK (HIOXasl HAIIATBIPHBIA CIIUPT), WIK Maphl CIIUPTA C
a¢upom. [1o CymIecTBYIOINM CAaHUTapHBIM HOPMaM COJIep)KaHUE
XJIoOpa B BO3/AyXE NPOM3BOACTBCHHBIX IOMEHICHUH HE TOJDKHO
npessbiiraTs 0,001 mr/a, t.e. 0,00003%.

B meaMunuHe MMPOKO HMCMONB3YIOTCS OAaKTEPUIUIHBIE CBOW-
CTBa XJIOPCOAEPXKAIIUX MPENapaToB, OH TAKXKE BXOIUT B COCTAB
MpenapaToB sl JICUCHUS Psa XKEIyIOYHO-KUIIEUHBIX 3ab0J1e-
BaHuil. Bakrepuimanas aktuBHOCTh nOHOB Cl- obecreunBaeTcst
CIIOCOOHOCTBIO €r0 ATOMOB JCHATYPHPOBATH OCNKH TP COEAU-
HEHHH C aMUHOKHUcIoTamu. LIIMpOKO MpPUMEHSFOTCS XJIOPUJIBL:
NaCl, KCl, CuCl,-2H,0, ZnCl,, HgCl,, MgCl,-6H,0 u np.

Consnas xucnota HCI npumensiercss B Buae pa30aBIeHHBIX
PACTBOPOB MPU HU3KOW KUCIOTHOCTH JKEIYIOUYHOTO COKa.

NaCl — npotusosue npu nepegosuposke AgNO,:

NaCl + AgNO, — NaNO, + AgCl |.

NaCl — npoTuBosare Ipu OTPABIECHUH COJISIMU JIUTHUS.

V:

B HeGomnblumx go3ax SA0BUTHIN XMOP MHOMAA MOXET CIYXUTb U
npotmeosaMem. Tak, nocTpagaslLUMM OT CEPOBOAOPOAA Aal0T HIoXaTb
HEeCTOWVKYIO XNOPHYIO M3BecTb. B3avmopgencTBys, ABa sAa B3avMHO
HeMTpanuayrTcs.

Kak onaceH moxet 6biTb anemeHT Ne17 B pykax BOWHCTBYHLLMX
6e3ymueB, CBMAETENbCTBYIOT UCTOpUYeckue akTbl: NPUMEHeHune
xnopa lepmaHven B NepBON MUPOBOM BOMHE (XJIOp MOpasusl OKOoso
15 TbiCcAY YenoBek, NPUYeM NPUMEPHO 5 ThiCAY — HACMepPTb), a Takke
12 viona 1917 roga B panoHe ropoga Vnp (PnaHapwms) 661no Bnepsble
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MPUMEHEHO OTPaBMsioLLEE BELLECTBO, HA3BaHHOE BMOCINEACTBUM WM~
puTOM. MNpnT — 3TO NpoK3BOAHOE XIopa, ANXMNOPAUSTUIICYbGOUA.

Bpom —snement VII-A rpynmsl [TCO, mopsakoBsiii Homep 35,
aToMmHasg macca 79,90.

Ortkpeit B 1826 r. A.JK. Benapom (@paunus) u C. JleBurom
(Fepmanus), Ha3BaHUE MPOU3OIILIO OT Tped. bromos (3TOBOHUE).

DnexkTponHas popmyna 1522s22p°35?3p°3d'04s’4p°.

Hns Opoma HamboIee XapakTepHbI CTENeHN okucienus —1, +1,
+3, +5. O0Opa3oBaHKe YCTOMUMBBIX COSAUHEHUI OpoMa B CTEIIEHU
OKHCJICHHUS +7 HE XapaKTePHO.

BpoMm — 310 Tskenmas (B 6 pa3 TsKelnee BO3AyXa) KUIAKOCTH
KpacHO-Oyporo 1Bera, mapsiias Ha BO3AyXe, C pe3KUM U Helpu-
ATHBIM 3anaxoM. HemHorouucnenusie coequuenus Br (VII) ¢ Ha-
nbosiee IEKTPOOTPULIATENILHBIMU JIUTaHaaMu — propom BrF, u
KUCIOPo0oM BrO-, — ABIAIOTCS CUITbHBIMA OKHUCTUTENSMU.

Mope — ThaBHBIN TOCTABIIUK OpoMa, TJe OPOM HAXOAUTCS
B BUjie OpOMUIOB HATpUs, Kajausi U Maruus. [IpupoiHbIM UCTOY-
HUKOM OpoMa CITy’KaT TaKXKe COJSHBIE 03epa, IMOJ3eMHBIE CKBa-
»kuHbI. J[0BOJIBHO MHOTO Opoma B opranusMax psio. OH Bceraa
TIPUCYTCTBYET U B OPraHM3Max 3eMHBIX KHBOTHBIX, HE HCKITIOUAs
yenoBeka. [loTpeOHOCTH B OpoMe y pa3HBIX OPraHOB U CHCTEM
pa3Has. B genoBeueckoM opraHU3Me 3TOT 3JIEMEHT OOHAPYXKEH B
KPOBH, TIOYKAX, [I€YEHH U OOJIbIIIE BCETO B MO3TE.

CoennHeHHsT OpoMa HCIIONIB3YIOTCA B poTorpaduu, mpu mpo-
U3BOJICTBE MECTUIIU/IOB U MHCEKTHUIIHJIOB.

Buonozuueckas pons 6poma eme mMano uzyueHa. bpom oTHocsT
K YCIIOBHO-3CCEHIIMATIBHBIM 3JIeMeHTaM. BpoMu HaTpus yuacTBy-
€T B aKTUBAIIUU TIETICHHA, aKTUBU3UPYET HEKOTOPhIe (hepPMEHTHI,
B YACTHOCTH JIMIA3bl U AMUJIA3bl MOKEITYJOUHO JKeNe3bl, KOTO-
pble y4acTBYIOT B IIepeBapUBAHUU KUPOB M yrieBonoB. Monsl Br-
YTHETAIOT JESITeIbHOCTh IIUTOBUIHOMN JKEJIe3bl, SBJISISICh aHTOTO-
HUCTaMH MOJHJIOB, Y IPU XPOHUYECKOM BO3JIEHCTBUU 3aMEIISIFOT
ux ycsoenue. bpomuns! yuacrsyror B perynsunu LHIHC, yeunusas
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MPOILIECCHI TOPMOXKEHUSI, B OMOCUHTE3€ MOJIOBBIX TOPMOHOB (Tec-
TOCTEPOHA) U PEryIUPYIOT (PYHKIUIO MOJIOBBIX JKENIe3.

B opranusm uenoBeka OpoM IMOMaJaeT C PACTUTENBHON MU-
1eii, TJIaBHBIM 00pa3oM C 36pHOBBIMH, OopexaMu U pbiooil. Cy-
TOYHOE ITOCTYIUIEHHE 3TOTO OMO3JIEMEHTAa B OPraHU3M 4YelloBe-
Ka cocraBisieT 2—8 Mr. bpoMm MokHO 0OHApPYXKUTH B KPOBH (110
10 Mr/i1), KOCTHOI U MBIIIEYHOM TKaHM; HanbOJIee BHICOKA KOH-
LeHTpauus OpoMa B MOYKax, rUnoduse, MUTOBHIHON XKeJese.
B opranusmMe B3pociIoro 4enoBeKa COAEPKHUTCS OKoyo 260 mr
O6poma. Bpomua HaTpus y4acTByeT B aKTUBAIMH [IEIICUHA, AKTHU-
BU3UPYET HEKOTOpble (PePMEHTHI, B YACTHOCTH JIMNA3bl U aMuJla-
3BI TTOKEITYTOYHON Kelle3bl, KOTOPBIE yUYaCTBYIOT B IlepeBapu-
BaHUU XUPOB M yriieBonoB. Mousl Br-yraeraror nesteapHOCTD
LIUTOBUIHOM JKeNe3bl, SIBISACh aHTOTOHUCTAMU HOJUIO0B, U IPU
XPOHUYECKOM BO3JEHCTBUM 3aMEISIOT UX ycBoeHue. BpoMuael
yuacTByloT B perynauuu LITHC, ycunuBas nmpoieccsl TOpMOxe-
Hud. [lepuuut 6poma y HEKOTOPBIX TUAINU3HBIX OOJIBHBIX BBI3bI-
BaJl OECCOHHUILY.

ITpu XxpoHNYECKOI THTOKCUKAIIMHN COETUHEHMSIMU Opoma B yc-
JIOBUSIX NMPOU3BOJCTBA, MPHU JUIMTEILHOM IIPHEME BHYTPb IIpemna-
paToB OpoMa MM MX MHAUBUAYAJIBHON HENIEPEHOCUMOCTU MOTYT
Pa3BUBATBHCS CUMIITOMOKOMIIIEKCHI, U3BECTHBIE KaK OpOMHU3M U
O6pomMozepma. MoseT HaOIoaTbesd KOXKHAS Chlllb, PUHUT, OPOH-
XHUT, HAPYIIEHUS] NUIIEBAPEHUS, PACCTPONCTBA cHA U peur. [Ipu
OCTPOM OTPABJICHUM HAONIONAeTCs «OPOMMCTOE OTIIYIIEHHE» C
ocnabiieHeM BHUMAaHHS K BHEIIHWUM BO3IEHCTBUSAM, PacCTpOu-
CTBOM IIOXO/IKH, 3aTPYIHEHUEM PEeUU.

Koppekuus nucbananca Opoma 3akKIIO4aeTcsi B OCHOBHOM,
B OI'PaHUYEHUH ITOCTYIUIEHUS] OPOMUIOB B OPraHU3M UeJIOBEKa.

ITJIK mapos 6poma 0,5 mr/m>. Yike ripu cojepkanuu OpomMa B
Bo3ayxe B KoHIeHTpanuu okoio 0,001% (mo ob6vemy) Habmroma-
eTCsl pa3/ipa’keHHe CIM3UCTBIX 000JI0UEK, TOJIOBOKPYKEHUE, a TPU
Oonee BBICOKUX KOHLEHTPALUAX — CHa3Mbl JbIXaTeJIbHBIX MyTeH,
yayube. I1pu nonaganuu 6poMa B OpraHu3M TOKCHYECKas 103a
cocrasiseT 3 T, jgetanpHasg — oT 35 r. IIpu orpaBienuu napa-
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MU Opoma MOCTpaJaBIIero HY)KHO HEMEJIEHHO BBIBECTH Ha CBe-
KU BO3MYX, NI BOCCTAHOBJICHHUS JBIXaHUS MOXXHO Ha HEOOIb-
110€ BpeMs MOJIb30BAThCS. TAMIIOHOM, CMOYEHHBIM HalIaThIPHBIM
CHHUPTOM, Ha KOPOTKOE BpeMsl IEPHOINUECKH ITOHOCS €r0 K HOCY
nocrpajasuiero. JlanpHeiiliee JIe4eHUE OJDKHO IPOBOIUTHCS
o HaOmogenneM Bpada. Kunkuit Opom Mpu IMOMagaHuMd Ha
KO’y BBI3BIBAET OOJIe3HEHHBIE 0’KOTH. Eciu xunkuit OpoM noman
Ha PYKH, TO BO M30eXKaHI1e 0KOTOB U MEAJICHHO 3aKUBAIOIINX 5I3B
€ro HeOOXOAMMO Cpa3y e CMBITh OOJBIIUM KOIMYECTBOM BOJBI,
a ele JIy4lle PaCTBOPOM COJIbl. 3aTeM MOPAXKEHHOE MECTO HY>KHO
cMazaTh Masblo, cozeprkalieil OukapOooHaT HATPUSL.

B mMeauumue NIMPOKO MPUMEHSIOTCS JICKAPCTBEHHBIE CPE/ICTBA,
coJiepxainue coeuHeHnst Opoma. K MX 4uCIy OTHOCATCS KOMII-
JIEKCHbIE TIpernapaTthl, OKa3bIBAIOIUE BBIPAXKEHHOE CEJATUBHOE,
CHOTBOPHOE M IPOTHBOCYI0OPKHOE feiicTBue. Mono6poMuble BaH-
HBI UCITIOJIb3YI0TCA B (puznoTepanu. OCHOBHOM 00J1acThIO TpUMe-
HEHUs OPOMUIIOB SIBIIETCS JICUCHUE UCTEPUU U HEBPACTECHUU.

B Hame BpeMs pacTBOpbl OpOMUIIOB HATPHUS U Kajdus B Me-
JUIIMHE TTPUMEHSIOTCS Bee peke. VX cTanu BBITECHATH OpoMop-
TaHUYECKUE Mpernaparsl, Ooliee dPPEKTHUBHBIE U B OTIUYHE OT
OpPOMUIOB He pazapakarolue cIu3ucToie obonouku. Ceituac co-
eMHeHUs] OpoMa HCIIONb3YIOT HE TOJBKO KaK YCIIOKauBaloOIllINe,
UX HNPUMEHSIOT IPU JIEYEHUH HEKOTOPBIX CEPIEUHOCOCYAUCTBIX
3a005IeBaHM, TIPU S3BEHHOW OONe3HU, mpu snmierncuu. I'og ot
rona pacmupsiercsi OpOMUCTBIN «apceHal» MeAUIMHBI. B kauec-
TBE YCIIOKAUBAIOIIETrO CPEJICTBA MPUMEHSIOT OPOMETOH, Opoma-
nuH, 6pomypain. [locneauuii UCIOIB3YIOT U KAK CHOTBOPHOE, a B
OoNBIIMX J03aX — U JJI Hapko3a. YeTslpex3aMellleHHble OpoMU-
Il aMMOHHS B KcepodopM (TpuOpoMpEHOIAT BUCMYyTa) — TIpe-
KpacHbIe aHTUCENTHKH. BpoMoM MoauuIupyroT naxe aHTHOHO-
THKW; OPOMTETPAIIMKIINH HAIIE MTUPOKOE IPUMEHEHIE B 00pbbe
C MH(EKIUIMU.

Mon — snement VII-A rpymmst ITCD, mopsakoBblii HoMep 53,
aToMHas macca 126,90.
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HaszBanue mpoucxomut oT Tped. iodes ((HhuoyeTOBBIN), TO-
CKOJIBKY TakoH 11BeT nMeloT napsl Hoga. OtkpeIT B 1811 1. b. Kyp-
Tya (Dpanims).

OnextponHas hopmyna 1s?2s?2p°3s?3po3d°4s24ps4d!°5s25p°.

BasneHTHbBIE 3JIEKTPOHBI 5525p3.

OO0GnagaeT BBICOKON XUMHUYECKOH aKTUBHOCTBIO U CITOCOOHOC-
TBIO K ITIepeMeHe BaICHTHOCTH, MOXET UMETh CTEIICHU OKUCIICHHS
-1,0, +1, +3, +5, +7.

Mon — TBepaplii, YepHbIil OIECTAIIMII HEMeTasll, HCTapseT-
csl MpU OOBIYHOM TeMIepaType, a TP HarpeBAHUM BO3TOHSIETCS.
Mon mmoxo pacTBOpUM B BOJIE, 3HAUMTEIHHO JTydIle PacTBOPSET-
Csl B OPIraHMUYECKUX PACTBOPHUTEIISIX.

B npuposie BcTpewaeTcs B BUje coeit (HoauaoB 1 HOJATOB) U
B COCTaBE MOPCKOM COJIM, MPEUMYIIECTBEHHO B BUAE MOAUCTOTO
HaTpHs U HOAMCTOro MarHusi. B MOpCKOW BoJlie CONEPIKUTCS 10
50 MKT/1 ii01a, MOPCKHE BOJIOPOCIIH, TAKHUE KaK JJaMUHAPHUS U 1.,
MOTYT coaepkaTh 1o 1% tiona. B npesnem Kurae, emre 3a 3000 et
10 H.3., COXIKEHHBIE MOPCKHE T'yOKH U BOJOPOCIH ITPUMEHSITHCH
JUTSI JICYCHU S IUTOBUIHOMN JKEIe3bl.

B mpoMBIIUIEHHOCTH 01 MpPUMEHSIETCsl ISt U3TOTOBIICHHS
KpacuTesiel, MCKYCCTBEHHBIX KayuyKOB, YHCTBIX METAaJUIOB, B
(hOTO- ¥ KUHOTIPOMBIIIJIEHHOCTH.

Buonozuueckas pos. Vion sBnseTcs )KU3HEHHO BAXKHBIM dJIe-
MeHTOM. OmnTUManbHAs MHTEHCUBHOCTh MOCTYIUICHUS #HoJa B
opranusMm cocrapusier 100-150 Mkr/neHp, AepUIUT Hoga MOXKET
Pa3BUTbCA NMPHU MOCTYIUIEHUU MeHee, yeM 10 MKr/meHb, a mopor
TOKCHUYHOCTH paBeH 5 Mr/neHb. B HopMe B opraHu3me 4eioBeka
copepxxurcs 15-25 mr iona, mpruyeM MoJOBUHA 3TOT0 KOJIUYECT-
Ba HAXOAMTCS B IIUTOBUAHOM xemne3e. [loutn Beck o, comepxa-
IIUIACS B 3TOH XkKeJjle3e, BXOJUT B COCTAB PA3IMUHBIX TPOU3BOTHBIX
TUPO3UHA — TFOPMOHA IIUTOBUIHOH JKENe3bl, U TOIbKO He3HAUH-
TeIbHas 4acThb €ro, okoso 1%, HaxoauTcsl B BUAE HEOpraHUYec-
Koro roma I-.

B opranusm iioj mocrymnaer ¢ mpoJIyKTaMy PaCTUTEIIBHOTO H
JKUBOTHOT'O MPOUCXOXKIIEHUSI U oT4acTu ¢ Bogoil. Hamnbomnee 60-
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raThl HOJOM TaKUe MOPEMPOJYKTHI, KaK TPECKa, MaTyC, CeIbb,
capIUHbBI, KPEBETKH, KpacHble U Oypbie Bogopociau. KonuuecTBo
1iona Bo pyKTax ¥ OBOIIAX 3aBUCUT OT COCTaBa MOYBKI U y100pe-
HUM, a TAKXKE OT TOT'0, KAKYI0 00pa0OTKY IMPOIUIHA 3TH TPOJTYKTHI.
[Tprem HaTYpaTbHBIX MPOAYKTOB HE BBI3BIBAET MOOOYHBIX AP PeK-
TOB Ja)Ke MPU U30BITOUHOM COJICP)KAHMM B HUX Hofa.
Mo BBITUTHSAET BaKHbIe (GYHKIMU B OpPraHH3Me:
® gBIISIETCS 00S3aTEILHBIM CTPYKTYPHBIM KOMIIOHEHTOM
TUPEOTPOITHOTO TOPMOHA ¥ TUPEOUTHBIX TOPMOHOB IIIUTO-
BUJTHOH JKEJIe3bl;

® YYACTBYET B PETYJSIIIHUU CKOPOCTH OMOXMMUUYECKUX pe-

aKIHi;

® yYyaCTBYET B PEryJisiiud OOMEHa SHEPIUH, TEMIIEPATYPhI

Tena;
® B peryJjsuuu OenKOBOr0, JKUPOBOT'O U BOJHO-3JIEKTPOJIUT-
HOro oOMmeHa;

® yyacTByeT B perymsiunu nupdepeHInpoBKN TKaHEH, mpo-

1Ieccax pocTa U Pa3BUTHSI OpraHU3Ma;

® VHAYUMPYET MOBBIIMICHUE MOTPEOJICHUS KUCIOPOa TKa-

HSIMU.

Okoisio 1 Mapa 4YenoBeK Ha 3eMjie CTPaJaloT OT aeduiuTa
iioga. OCHOBHOUN NMPUYHMHON CHUXEHUS COAECPXKAHUS HOJa B Op-
TaHU3ME SIBIISIETCS HENOCTATOUHBIH YPOBEHb ITOTO 3JEMEHTa B
MUIIE U BOJE, YTO, B CBOIO OYEpEib, MPUBOIUT K PAa3BUTHIO HO-
JOACPUIIMTHBIX COCTOSTHUN U 3a00JIEBAHMIA: IHACMUUECKUIN 300,
TUTIOTEPHO3  (HEPBHO-TICUXUYECKHE PACCTPOWCTBA, BSUIOCT,
COHJIMBOCTbH), KPETUHU3M, Pa3HOOOpa3Hble (PYHKIIMOHAIbHBIE U
CTPYKTYPHBIE HAPYIIIEHUSI.

B Poccun mpennpuHUMAarOTCst MEPHI TIO CHUKEHUTO Hoponedu-
LIUTHBIX 3a00JIEBaAHMIT: HOIUPOBAHKE COJIU, XJIe0a, Macia, pexya-
MUPOBAHUE OOOTAIEHHBIX HOAOM OMOJIOTUYECKH aKTUBHBIX JIO-
0aBOK K THIIIE.

[Tpu MOBBIIIEHHOM MOCTYIUICHUH HOJ1a MOXET Pa3BUTHCS TOK-
cukonepMmus (fionepma), 00ycioBIeHHAsT M30BITKOM WITU Herepe-
HOCHMOCTBIO MIPENapaToB HOa, MOXKET BOSHUKHYTh aCENITUIECKOE

157



BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

BOCITaJieHne (HOAN3M) CIIM3UCTHIX 000JIOYEK B MECTaX BBIJCIICHUS
iona (IOpIXxaTelabHbIE IMYTH, CIIOHHBIE XeJe3bl, OKOJIOHOCOBBIE
na3yxu). [Ipu n3b6sITKe oA CleayeT OrpaHNYUTh MOCTYIUIEHNE
3TOTO 3JIEMEHTA U KOHTAKTBl C HUM, UCIIOIb30BATh IIpenaparsl,
coliep)Kaliue aHTOTOHUCTBI Homa: MapraHen, ¢grop, Opom, Ko-
0albT.

B meauumne 1o vcionb3yeTcs B JIEKAPCTBEHHBIX MTpenaparax,
NPUMEHSIEMBIX NTPH 3a60JIEBAHMSX MIUTOBUIHOM xkenessl («Mox-
TUPOKC»), BXOJIUT B COCTaB «OBITOBOI» HACTOMKM HOJa HA CIIUP-
Te, pacTBOopa JIrorois, B KauecTBe aHTUCENTHUECKOTO CPEICTBa,
71 oOpabOTKM paH, MOATOTOBKH OTEPAIIMOHHOTO TIOJISI B BUIE
(5-10%) cnupTOBBIX PACTBOPOB.

Wonuner narpus u kamus (KI u Nal) IpuMeHSIOT IpH SHAEMH-
4yecKoM 300e, 3a00IeBaHMsIX TJ1a3 (KaTapakTa, riaykoma), ropia,
OpOHXMATBHON acTMe, IPY OTPABIIEHUSIX CONIMU pTYTH. Tabner-
KM Hoauaa Kajaus (AaHTUCTPYMUH) IPUMEHSIOT JUIs TIpeyIpesKie-
HUS 9HJEMHUYECKOTO 300a.

PanuoakTuBHBIN 01 TpUMeHseTCs U1 AMarHOCTUKY 3a00J1e-
BAHUN IUTOBUIHOM JKEJE3BI.

HekoTtopsie nmpenapathbl Hoja CIy)XaT B KauecTBe PEHTIEHO-
KOHTPACTHBIX BEIIECTB INPU HMCCIEIOBAHMSIX COCYOB M Cepla,
TIeYeHH, XKETUHOTO My3BIPs, MATKH U (asionueBsix Tpy6 («Momo-
o, « BumuraocT).

V:

CogepxaHue 1hoga B KPOBM YENoBeKa 3aBUCUT OT BPEMEHM roga:
C CeHTAbps No siIHBapb KOHLEHTpauus 1hoda B KPOBW CHMXKaEeTCs, C
deBpanst HAYMHAETCsl HOBbIM NOABLEM, @ B Mae—UOHe NOQHOE 3epKa-
No JOCTUraeT HauBbICLLErO YPOBHS. OTU konebaHusa MMeKT cpaBHU-
TernbHO HGGOJ‘IbLIJyPO aMmnnnTyay, n X NnpudnHbl 40 CUX Nop oCTarTCA
3aragkomn.

Xpom — aniement VI-b rpynmel [1CD, nopsiakoBsiii Homep 24,
aToMHas Macca 51,99.

158



Tema: BuoreHHble aneMeHTbI

OrtxkperiT u BeifenieH H. Bokienom B 1780 . (@panmnus). Ha-
3BaHUE MPOU3OLILIO OT Tped. chroma (Kpacka, IIBET), U3-3a SIPKOii
OKPACKHU COeIMHEHU XpoMma.

OnextponHast hopmyna 1s2s2p®3s23pS3dP4st. B pesynbrarte
IIPOCKOKa 3JIEKTPOHa Habmrogaercs KOHGUIYypalus C ILIECTHIO
HECIIAPEHHBIMH 3JICKTPOHAMHU, KOTOPBIE O0ECIIeUMBAIOT MAaKCH-
MaJIBHBI KOBAJIEHTHBIM BKJIaJ. XapaKTepHbIE CTENIEHH OKUCIIE-
Hust: +2, +3, +6. C Bo3pacranuem CO yMeHbIIIAETCs] OCHOBHBIN U
YCUJIMBAETCS] KUCTIOTHBIN XapaKTep OKCUAOB, THIAPOKCUIOB!

CrO — ocnosnblit; Cr,0, — amporephbiid; CrO, — KUCIOTHBIMA.

W3BecTHBI TpouHbIe KOMITIEKCH Cr** co MHOTUMU TUTaHIAMH,
B ToMm uncne ¢ SCN-, F-, NH,, a Taxxe pasHOOOpa3HbIMH ITOJIH-
JICHTATHBIMU JIMTaHIaMU. Bce OHM MeJUIeHHO 00pa3yroTcs 1 MeJI-
nenHo nuccounupyor. Katuon Cr’* o6pa3yer MHOTOUHCIICHHBIE
KMHETUYECKH HMHEPTHbIE KOMILJIEKCHI, KOTOpbIE IpPEBpaIIalOTCs
JpYT B Apyra JIMIIb IPU HATPEBAHUU:

[Cr(H,0),C1, —— [Cr(H,0).CICL-H,0 — [Cr(H,0),CL]CI-2H,0.

cune-ghuoemosulii C8eMJI0-3€/1eHblI memMHo-3e/1eHblil

XpoM — TBepAblid, Toily0OBATO-CEPEOPUCTHIN METalI, He
OKHCIISIOLIUICS Ha Bo3ayxe. IIpn KoMHaTHOM TeMIepaType XUMH-
YECKH MAJIOAKTHUBEH M YPE3BBIYANHO CTOCK K JIEHCTBUIO OOBIYHBIX
KOPPOIUPYIOIINX PEAreHTOB, TAK KaK Ha €ro MOBEPXHOCTH 00pa-
3yeTcsl TOHKas, IUIOTHAS U CTOMKAasi OKCUAHAS TUIEHKa. X POMUPO-
BaHUE — MOKPBITHE METAJIJIOB TOHKUM CJIOEM XpOMa — OJIUH U3
METOOB 3aIIMUTHl MeTajla OT Koppo3uu. [IpupoaHbIMu UCTOY-
HUKaMH XpoMa SBJISIIOTCSI MUHEpalibl — XpOMUTHL. COeANHEHUS
XpOMa IMPOKO HCIIONB3YIOTCS B CTAJENUTEHHON MPOMBIIIICH-
HOCTH, TIPU MPOU3BOICTBE CTEKIIA, PE3NHBI, KEPAMUKH, IIPU Kpa-
LIEHUU TKAaHEU U T.1.

buonozuueckaa pons. ECTECTBEHHBIM HCTOYHMKOM XpoMma JUIs
YyerloBeKa SIBJISIIOTCS PAcTeHMsl. XPOM COIEP)KUTCS BO MHOTHMX
OBOILAX U QPYKTax, B HEKOTOPBIX JIEKAPCTBEHHBIX PACTCHMSIX, a
TaKXe B pblOe, KpeBeTKax, Kpabax, Me4eHn, KypUHbIX SHIaxX, TUB-
HBIX APOXKAX U UEPHOM IIEpIIe.
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B opranusme uenoBeka CONIEPKUTCS OKOJIO 6 MT Xpoma, a B
CYTKH TOTPeOHOCTh 4eJI0BEYECKOTO OpraHu3Ma B XpOME COCTaB-
nsiet 50-200 MKT.

XpOoM — JKU3HEHHO Ba)XXKHBIH MHUKPOIJIEMEHT, KOTOPBIA $IB-
JISIETCSl TIOCTOSTHHOW COCTaBHOW YACTHIO KJIETOK BCEX OPTraHOB U
TKaHeld. bruonornueckoe AeiicTBrE XpoMa OOBICHSIETCS, B OCHOB-
HOM, €T0 CIIOCOOHOCTHIO 0OPAa30BHIBATH KOMITJIEKCHBIE COEMHE-
uus. Haubosbimast kommekcoobpasyromas crocoorocts y Cri*,
Taxxe onuH u3 Ouonornyeckux 3¢p(EeKTOB XpoMa CBSI3aH C €ro
BIIUSIHUEM Ha TaK Ha3bIBaeMbId (PAKTOP TOJIEPAHTHOCTU K TITIO-
KO03€, aKTUBHOCTH KOTOPOTO TMAa/IaeT NMpu Aepuimre XxpoMa 1 Boc-
CTAHABJIMBAETCS TOCe ero aobapieHus. CHHAPOM HapyLICHUS
TOJICPAHTHOCTH K TJIFOKO3€ CONYTCTBYET caxapHOMy AuabeTy u
MPOSIBJIIETCS. B BUJIE TUTIEPTIIMKEMUU Ha (hoHe aeduimra xpoma,
Tak Kak HoHbI Cr’* BRICTYIAIOT B Ka4eCTBE KO(aKTOpa HHCYIUHA.
Bce aTu HapylieHus KyMpyroTCsl BBEIECHUEM XpOMa U MHCYJIMHA.

XpoM y4uacTBYeT B PETYJISILINY CHHTE3a )KUPOB U OOMEHa yriIe-
BOJIOB, CIIOCOOCTBYET MPEBPAIICHUIO M30BITOUHOI'O KOJMYECTBA
YIJICBOJIOB B JKUPBI, yUACTBYET B PETYJISIIIUU pabOThI CepACUHOM
MBIl U (PYHKIIMOHUPOBAHUY KPOBEHOCHBIX COCYIOB, YUaCTBY-
€T B CTa0WIN3AIUU CTPYKTYP HYKJIEMHOBBIX KUCIIOT, B TKAHEBOM
JIBIXaHUH, aKTUBU3UPYET MEPOKCHIA3y, BIUSET Ha COJEPKAHHE
ACKOPOWHOBOM KHCIOTHI, CTOCOOCTBYET HACBIIIIEHUIO TpaHcpepu-
Ha CBIBOPOTKU KPOBH JKEJIE30M, OKA3bIBAET BIIMSHUE HA UMMYH-
HbIe CBOMCTBA opraHuszma. OmnpezeieHre COJEPKAHUS XpoMa B
IJ1a3Me ¥ CHIBOPOTKE KPOBU HE MPEACTABIISET UHTEpECa C TOKCU-
JIOTUYECKOW TOYKHU 3pEHUSsl, TOCKOJIBKY B 3TUX OMOCYOCTpaTax OH
HaXOJMUTCS B BUAEC OTHOCHUTEIHHO O€30I1MaCHON «TPEXBAJIEHTHOM
¢pakumy. [IlecTUBAaNEHTHBIM XpPOM HaKaIIMBAEeTCS B KIIETKaX,
IMO3TOMY €r'0 OIpPEICICHUE B IPUTPOLIMTAX UMEET 3HAUCHHUE IS
nrarHocTuku B MeaunuHe Tpynaa. Coemunenust xpoma (VI) saB-
JISFOTCSI CHJIBHBIMU KaHIIEPOTEHAMM, CIIOCOOHBIMU TOBPEKAAThH
KJIETOYHBIE CTPYKTYPHI, IPOHUKAS Uepe3 KIETOYHbIE MEMOPaHBI.
Hoxkazano, uyto xpom (VI) mponukaer B aputpouutsl, a Cr (II1)
MPOYHO CBSI3BIBAETCS C IUTA3MEHHBIMH OelKkamMu. DTO TpedyeT
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0COOBIX Mep MPETOCTOPONKHOCTH HA MPOU3BOACTBAX, CBI3AHHBIX
C NMPUMEHEHHEM XpOMa M ero COeIWHEHUH (raJbBaHHUKa, Kpa-
CUJIbHBIE 1IEXU TEKCTUIIBHBIX TPOU3BOJICTB, KOXKEBEHHBIE 3aBO/IBI,
XuMH4deckue npeanpusatus). CTOUHbIE BOABI 3TUX MPOU3BOICTB
IIOJDKHBI TIOABEPTaThCs TIIATENbHOM ounctke, ITJK (mpemenbHO
JIOTyCTUMast KOHIleHTparus) xpoma 0,1 mr/m.

Kak neduuut, Tak 1 U30BITOK XpoMa B OPraHU3ME CIIOCOOHBI
TIPUBECTH K CYIIIECTBEHHOMY HapyILIEHUIO 30POBbS YETOBEKA.

ITpu HEmOCTATOYHOM MOCTYIUIEHUU XpOMa B OPraHU3M HeoO-
XOJIMMO yBEIUYHUTH B PAIIMOHE KOJWYECTBO MPOAYKTOB C IOBBI-
IIEHHBIM COJIep)KaHneM Xpoma. [1p1 HHTOKCHKAITK HEOOXOIUMO
MMPEKPATHUTH €T0 MOCTYIICHNE B OPTAHU3M U IPUMEHUTD XeJIaTH-
PYIOIIYIO TEPATIHIO.

B MenuumHe oTAETBbHBIE U30TOIBI XpOMa UCTIOIB3YIOT B paNO-
U30TOIMHON JquarHoctuke. [TMkonuHAT, acmaparuHaT XpoMa Mpu-
MEHSIIOT B KAUeCTBE OMOIOTUYECKH aKTUBHOH TOOABKHU K MHIIE, a
TaK)Xe KaK KOMIIOHEHT BUTAMUHHO-MHHEPATIBHBIX KOMITJIEKCOB.

Hukeapr — anement VIII-b rpynnsr [1C3O, nopsiakoBslif HO-
Mep — 28, aToMHast macca — 58,69.

HasBanue mnpousonuio ot HeM. kupiernickel (nbsiBONbCKas
Menb). OTkpeIT A. Kponmrenrom (Ieerus) B 1751 r.

OnekTponHast popmyna 15°2s22p°3s23p°3di4s2.

B pesynbrate NOBBIIIEHHON MPOYHOCTH CBS3U 3d-3JIEKTPOHOB
C SAPOM CTETeHb OKHUCJICHHWs, OTBEUaolas HOMepy TpYIIbI, He
JIOCTUTAETCS, UIsl HUKeNs OoJiee cTaOMIIbHA U XapaKTepHa CTe-
TeHb OKUCIeHUS +2.

Huxens mnpencraisier coboil cepeOpucto-Oenbiit Merand,
OnecTsIMi, KOBKHI M IUTAaCTUYHBIN. Y CTONYNB K KOPPO3UH, pac-
TBOPSIETCS B KUCIIOTAaX, HE B3aMMOJICHCTBYET CO menodyamu. [1pu
BBICOKHX TeMITEpATypax HUKeJIb AKTUBEH M0 OTHOILICHUIO KO BCEM
HeMmeTaulaM. [IpUpPOIHBIM MCTOYHMKOM HUKENS CIIyXKAT PYIbI
rapHUEPUT, NEHIAHINT.

bBuonozuueckaa pons. B oprannsM coeqMHEHUS HUKEIS MTOCTY-
NarT ¢ nuieil. MHOTO HUKeNs COAEP)KUTCS B dae, Kakao, rpe-
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Yuxe, MOPKOBH M JIMCTOBOM cajare. B ixemymoyHO-KUIIEYHOM
TpakxTe yenoBeka BcacbiBaeTcst oT 1 1o 10% mocTynuBIIero HuKe-
ns. B neHp ontumaibHas HHTEHCUBHOCTD MOCTYIJICHUS HUKENS B
opranusM coctasisier 100-200 Mkr.

Mexay TkaHsIMM OpraHu3Ma HUKEJb paclpenenseTcs npumep-
HO PaBHOMEPHO, IPEUMYIIECTBEHHO ACTTOHUPYETCS B IICUCHHU, MTOY-
KaX, KOCTHOM MO3re, KpOBH, B JIETKUX €T0 COJIEp’KaHNE C BO3pac-
TOM yBeJIMYMBaeTcs, a B XX Beke ObUIO YCTAHOBIIEHO, YTO HUKENIEM
Oorata MoOJpKeNTyIOYHAs jkene3a. buonorudeckas pojb HUKENS
M3y4yaeTcs. YCTAHOBIIEHO, YTO HUKENb BIIMAET Ha ()epMEHTATUB-
HBbIE NPOIIECCHI, YCKOPSAET OKUCIIEHUE CYNb(IUIPUIbHBIX I'PYIII B
JUCYITGUIHBIC, yYACTBYET B OKUCIICHUU ACKOPOUHOBOM KUCIIOTHI,
AKTHBHUPYET (pepMEHTATUBHBIE MpOILIecChl ruaponnsa. Hampumep,
nukenb (Ni?*) BXOIuT B cocTaB pepMeHTa ypeasbl, KOTOPBIi KaTa-
JU3UPYET TUAPOIUTUIECKOE PACIIEIUIEHHE MOYEBUHBL:

CO(NH,), + H,0 —£4“_, ONH, + CO,.

Houbr Ni** B Moekylle ypeassl 00pa3yroT KOMIUIEKCHOE CO-
eIMHEeHHEe C aMMHUaKoM. JlJTs HUKeNs XapaKTepHO 00pa3oBaHue U
JIPYTHX KOMIUIEKCHBIX COEIUHEHUH C BOIOH, aMMHAKOM, 3THJICH-
JUAMHUHOM, allUAOIUIaHIaMU Pa3IMYHON Te€OMETPHIECKO KOH-
durypanuu.

Ha ero ponb B OMOXHUMHUECKHMX Ipolieccax yKasbiBaeT (akT
CYIIECTBOBAHMS CIIEIU(PHUECKOTO HUKEIbCOACPKAIIETO Oelka
KJIacca MaKpOTJIOOYIMHOB — HUKEJIOIUIA3MHUHA.

BrickazaHbl MpeanoNoXeHHs 00 y4acTUH HUKEIS B TPOLIeccax
KpOBeTBOpeHus. M3MeHeHHne coiepKaHWsl HUKeIs B KPOBU Ha-
OJIr0TaeTCS TIPH PA3IUYHBIX (popMax JIEHKO30B.

IIpu BBeACHUU BCIIEA 3a WHCYJIMHOM HHKENS MPOJUIEBACTCS
JIEHCTBUE MHCYJIMHA, U TEM CAMBIM IOBBIIIAETCS TUIIOTIUKEMHU-
Yyeckasi aKTUBHOCTh. M30bITOYHOE MOCTYIUIEHHE B OPraHU3M HU-
KeJlsi MOKET BBI3BATh JCTIUTMEHTAIUIO KOKHU (BUTHIIUTO).

B mma3me KpoBU HHUKEIh HAXOMUTCS B OCHOBHOM B CBSI3aHHOM
COCTOSIHHH C O€ITKaMHU HHKEIOTUIa3MUHOM (aJ1b(ha-2-MaKpoTriIo0y-
JINH) U ajabda-1-TIMKOTpOTEHHOM.
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Hukens u ero coenmHEHNs, TOCTYIAIONINE B OPTAHU3M C ITH-
med, Kak MpaBWIO, OTHOCUTEIFHO HETOKCUYHBI. OQHAKO MIpHU
U30BITOYHOM IMOCTYIUIEHUN HUKEIS MOXET Pa3BUTHCS HE TOJIb-
KO KOHTAKTHBIM IEpMAaTUT, HO U CHUCTEMHAasi TUIIEPUYyBCTBU-
TETbHOCTh K HUKemo. [Ipu mmurTenbHOM, mpodeccnoHaTbHOM
KOHTAaKTe C CYJAb()HUIOM HIIM OKCUIOM HUKEIISI MOT'YT 00pa30BbI-
BAThCSl KAPUMHOMBI JIETKUX U HOCOIJIOTKHU, AJUIEPTUUYECKUE pe-
akuuu (TaryJie3Hble ChIMK), CHIKASTCS UMMYHHAs 3alluTa, Mo-
BBIIIAETCS] PUCK PA3BUTHUSI HOBOOOPA30BAHUN B JIETKUX, IOYKAX,
Ha KOXe.

IIpy MHTOKCHMKALIMM HUKENEM CIEAYeT OTPAaHMYUTH €ro Io-
CTYIJIEHHE B OPTraHU3M, IPOBOJUTH CUMIITOMATUYECKOE JIEUEHUE,
XEJIATUPYIOLIYIO TEPAIIUIO.

B menunuHe HUKETh MPUMEHSIETCS MPU MPOU3BOACTBE MEIU-
LIMHCKOTO 000pYy/TIOBaHNS M UMILJIAHTAHTOB.

JIutmii — amemenT I-A rpymmse! [1CD, mopsakoBbiii HoMmep 3,
aToMmHas macca 6,94.

HaszBanne npowmsomnwio ot rpeu. lithos (kameHb). OTKpBIT
A. Apdsenconom (IlIseuns) B 1817 r.

OnextponHast popmyna 1s?2st. JIuTuii cTaOUIBLHO MPOSIBIISIET
CTeleHb OKMUCIEHUS +1 M B 3TON CTENEHU OKUCIECHUS SBIISETCS
Jy4IIUM KOMIUIEKCOOOpa3oBaTeeM 10 CPaBHEHUIO C APYTUMHU
aeMeHTaMu [-A TpymIbL.

JIuTuii caMbIii IETKUM IIEJIOYHON MeTaJl1, OB, MATKHI, ce-
pebpucroro usera. MiMeeT cpoACTBO K KHCIOPOAY, BOJOPOAY U
a30Ty, C KOTOPBIMU aKTUBHO B3aUMOJEHCTBYET.

ITpyupoaHBIM HMCTOYHMKOM JIMTHSI CIy’KAT MUHEPAJbl CHOIY-
MeH, JenuaoauT 1 ap. CoeaMHEeHUs JIUTUS IHUPOKO UCIOJIb3YIOT-
csl B @TOMHOW MPOMBIIIJICHHOCTU, METAJUTYPTUH, OPraHUYECKOM
CHUHTE3E, MPOU3BOJICTBE CTEKOJI, [JIa3ypei, IMaeil.

buonozuueckasa pons. B TeueHne CyTOK B OpraHn3M B3pOCIIOrO
yenoBeka noctymaeT okojio 100 Mxr nmutuda. B opranusme cpen-
Hero yesnoBeka (Macca 70 kr) comepxutcst okosio 0,7 Mr JUTHS.
MoHpbl nuTus O6BICTPO U NPAKTUYECKHU IIOJIHOCTBIO a0COpOUPYIOT-
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Csl U3 KETyJOYHO-KMILIEYHOTO TPAKTA, JIETKO MPOHUKAIOT Yepe3
Oounonoruyeckue MeMOpansl. Tokcndeckas go3a 90-200 mr.

B opranmusme jautuii cnocoOCTBYET BBHICBOOOXKICHUIO MArHUS
U3 KIIETOYHBIX «IETO» U TOPMO3HT Tiepeady HEPBHOT'O UMITYIIb-
ca, TeM caMbIM CHUXKasi BO30yIUMOCTh HEPBHOH cucTeMbl. B 00-
MEHHBIX MPOLIECCax JTUTUNA aKTUBHO B3aMMO/ICHCTBYET C HOHAMH
HATpUS W Kallis, HO HAa3HAYCHHE NpenapaToB JIMTUS Ha (poHe
JeguuUTa HATPHUS OMACHO IS 3MOPOBbs, TAK KAK MOXET BBI3bI-
BaTh MOPaKeHHEe Movyek. IMeIoTcs JaHHbIe O BIUSHUM JINTUS HA
HENPO-3HIOKPUHHBIE TPOLIECCH, )KUPOBOM 1 YIJIEBOIHBIH OOMEH.
ITon BaMsSHMEM JIMTHUS BO3pAcTaeT MOTJIOLIEHUE IJIIOKO3bl, CHH-
TE€3 TTIMKOTeHa U YPOBEHb MHCYJIMHA B CBIBOPOTKE KPOBH. JINTHIt
MOYHO OOHAPYXUTb B TUM(]OY3Iax, JIETKUX, KOCTSX, KUILICUHUKE,
HaJIIOYEeUHUKax.

[laHHBIE O KIIMHUYECKUX MPOSIBIEHUSX, BBI3BIBAEMBIX He(u-
LIUTOM JINTHS, orpaHndeHbl. A.B. CKaJbHBIM YCTaHOBIIEHO, UTO Y
OOJIBHBIX XPOHUYECKUM AJIKOTOJIM3MOM HaOJII0aI0TCsl TIOHMKEH-
HbIe KOHIICHTPAIIMU JTUTHS, TaKXKe TePUIUT JTUTHS BCTPEUACTCS
MIPU UIMMYHOJCOUITUTHBIX COCTOSTHUSX M HEKOTOPBIX HOBOOOpa-
30BaHUAX. BeTpeuaroTcst JaHHBIE O CBSI3U MEXAY COAEpKaHUEM
JIUTHUS B IUTHEBON BOJE M YACTOTOMU AEMpeccuil y HaceJIeHus pas-
JIMYHBIX PeruoHoB. st ycTpaHeHus aeduuuTa cleayeT yBelH-
YUTHh KOJMYECTBO MPOLYKTOB, COAEPIKALINX COEAUHEHMS JINTUS,
MIPUMEHSATh MUHepabHble BOJbI U BAII.

MexaHu3M TOKCHYECKOTO JEHCTBHUS JIMTUS OCTAETCSl HENOCTA-
TOYHO M3y4eHHbIM. [Ipennonaraior, yTo JUTUI BIUSET HA MeXa-
HU3MBI NOJIeP)KaHU TOMEOCTa3a HaTpusl, KaJlns, MAarHUS U KaJlb-
uus. [lumeBble OTpaBiIeHUs JIUTHEM HaOMIOJAIOTCS 1OCTATOYHO
pPeIKo, yallle OHM BCTPEYalOTCs NMPU OTPaBJICHUU IIpernapaTamu
MUTUAS B TICHXMATPUYECKOW mpakTuke. Tokcmueckne 3¢hdexTs
COJIEH JTUTHUSI HAYMHAIOT MPOSBISATCS MPU KOHIEHTPAIMHN JTUTHS
B IU1a3Me KpoBH cBhIlIe 10 MKI/n. «MHIIEHIMI» BPEIHOTO BO3-
JeMCTBUS JIUTHS SIBISIIOTCA KOXXa M cnu3ucTble obonouku KKT
(TOKCHYecKUi JepMaTUT, TOLIHOTA, PBOTA, AUapesi), AbIXaTelb-
HBIE TIyTH (TpaxeuT, OpoHxut, maeBMoHuUsA), IIHC (cmyraHHOCTH
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co3HaHUs, KoMma). [Ipu M30BITKE NTUTUS CIEAYeT UCIOIb30BATh
CUMIITOMATUYECKUE CPEACTBa, BBOAUTH B OPraHU3M JOMOJIHHU-
tenbHOe KosindecTBO NaCl U 3JIeKTPOJIUTHBIE CMECH.

B MeauuuHe mpuMeHeHHe JUTUST orpaHudeHo. Cou JTUTHS
(Li,CO,) wucrnonp3yroTcs B NCUXHATPUM NPH JICYEHUM MaHHUaA-
KaJbHO-JIEIIPECCUBHBIX TICUXO30B, T.K. MOHBI JINTHS BBIPABHU-
BAIOT HATPUI-KaJINEBbIN OajlaHC B KJIeTKax Mo3ra. B mocnexnue
TOJBI MOSBUIIUCH CBeNeHUS 00 3(pPEeKTUBHOCTH MpenapaToB Ju-
THS TIPU JIEYEHUH HOBOOOpa30BaHUi, caxapHOro Auabera u aj-
KOTOJI3Ma.

Cepedpo — snement I-b rpynmer [1C3, mopsiakoBbIii HOMED
47, atomnast macca 107,87.

Cepebpo u3BeCTHO ¢ ApeBHENHINX BpeMeH. Hu oaun u3 npo-
CIIaBJICHHBIX YYEHBIX K OTKPBITHIO cepeOpa He mpuuacteH. Ce-
pedpoM JIFoM CTalld TIOJb30BATHCS €Ille TOTA, KOTrna He ObLIo
yueHbIX. HazBaHme mpousonnio ot aHri. siolfur (cepedpo) u OT
TaT. argentum.

Cepebpo — camblil paclipoCTpaHEHHBIN U3 6JIATOPOIHBIX Me-
TaJUIOB, €ro COJAEPIKAaHUE B 3eMHOU Kope coctaniseT 7-107% mo
Macce. B mpupose BcrpedaroTes Kak caMopojiHOe cepeOpo, Tak U
pa3MYHbIE MUHEPATIBI.

OnektpoHHast popmyna 1522s22p°3s23p°3d'°4s24p°4diosst.

Hns cepebpa xapakTepHa cremeHb okucnenms +1 (Ag)O,
AgCl); co crenenpio okucnenus +3 cepedpo cymectByer B Ag,0,
Hu K[AgF4], OJTHAKO YCTOMYMBOCTh COEAUHEHUN B OOJIee BBICOKUX
COCTOSIHHSIX OKUCJICHUSI HEBEJIUKA.

Cepebpo mpencTaBiseT coO0N MITKUH, KOBKUI MeTaJll ¢ Xa-
PaKTEpHBIM «CEpeOPUCTHIM OJIECKOM». YCTOMYMB K JEHCTBHIO
BOJIBI U OOJIBIITMHCTBA KHUCJIOT, HO HA BO3AYXE B3aNMMOJCUCTBYET
C COCAMHEHMUSMH Cepbl C 00pa30BaHMEM UYEPHOTO CYIb(UIAHOTO
ciosi. PactBopsieTcs B CONSTHOM KUCTOTE, 00pa3ys XJIOPUCTOE ce-
pebpo. XopoIio MpOBOAUT IEKTPUUECKUA TOK.

Pacnipocrpanensr comu cepebpa (I): AgNO, (xopomo pac-
TBOpPUMAs COJIb), TPYIHO pacTBOpuMble TajgoreHumpl — AgCl
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

(6emprit), AgBr n Agl (cBetno-xenteie). B psany AgCl-AgBr-Agl
pacTBOPUMOCTh TIOHWXKAETCS. XJIOpHI U OpomuJ cepedpa pac-
TBOPSIIOTCSL B M30BITKE pacTBOpa aMMHaka ¢ 00pa3oBaHHEM aM-
MHaKaToOB (K.4. = 2):

AgCl + 2NH, = [Ag(NH,) ]CI.

HNomnn cepebpa Agl He pacTBopsieTcs B 3THX ycioBusx. Agl

MOYHO PaCTBOPUTH B U30BITKE HOAUIA KAJIUS:
Agl + KI = K[Agl].

Taorenuapl cepebpa JIETKO PacTBOPSIOTCS B THOCYJIb(aTe
HATpHS:

AgCl + 2Na,S O, = Na,[Ag(S,0,),] + NaCl.

Hownsr cepebpa BOCCTAHABIMBAIOTCS YIIIEM, BOJOPOJIOM, APY-
TUMU BOCCTAHOBHUTEIISIMH JJO METAJUTMYECKOT0 cepedpa.

Crermudpryeckoe XHMMHUYECKOE CBOMCTBO cepebpa — CItocoo-
HOCTh 00Pa30BBIBATH KOJIOUTHOE cepedpo B pacTBope. Cepebpo
B KOJUTOMJTHOM COCTOSIHUM — SHEPTHUYHBI BOCCTAHOBUTEND, Ka-
TaU3aTOP OKHCIIECHUS, OAKTePUIMIHBIA MpenapaT (KOoiaprod,
MPOTAProJI).

Buonozuueckan pors. CepeOpo — yIBTPAMUKPOIIEMEHT, 00-
Hapy>XeH BO MHOTHX OpraHax, HalpuMep B MUTMEHTHOM 000104-
Ke TJ1a3a, B XKejle3ax BHYTPEHHEH CeKpeIin, B KPOBU.

Cepebpo moka He OTHOCAT K JKU3HEHHO HEOOXOIMMBIM 3JIe-
MEHTaM, OJTHAKO YK€ SKCIIEPUMEHTAJIbHO YCTAHOBIIEHO €TI0 TIOBbI-
IIEHHOE COJIEP)KaHUe B MO3I€ UeJIOBeKa, B JKelle3aX BHYTPEHHEH
CEKpEeINH, IeYeHn. B opranusm cepedpo mocTymnaer ¢ pacTUTENb-
HOM NUILEN, HAIIPUMEP C OTYPILIAMU U KaITyCTOM.

VY cepebpa SBHO BBIpaXXeHa CIOCOOHOCTh K OOpa30BaHUIO
KOMIUIEKCHBIX COCIMHEHUI C a30T- U CEPOCOIEPIKAIINMH JIUTAH-
namu. [lpenmonararorcs KaTaauTHUecKue QyHKIMHU cepebpa,
y4acTHe ero B YBEJIMYSHUH COIIPOTUBIIIEMOCTH Opranu3mMa. B to
JKe BpeMsi, U3BECTHO MHTHOUpYIOIllee IEHCTBUE HOHOB cepedpa Ha
¢depmentsl. [Ipucoenruenne HOHOB cepedpa K BAaKAaHTHBIM (yH-
KIMOHAJIBHBIM I'PYIaM OHOJUTAaHIOB MPUBOIUT K U3MEHCHHIO
KoH(popmaimu GepMeHTa U K MOAABICHUIO €T0 AKTUBHOCTH, T103-
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Tema: BuoreHHble aneMeHTbI

TOMY cepeOpO OTHOCAT K MOTEHLUUAIBHO TOKCUYHBIM 3JIEMEHTAM.
Ha sTom ocHOBaHO U OakTepuLUIHOE AEHCTBUE HOHOB cepedpa.

[Tpu nuTeTpHOM KOHTAKTe ¢ cepedpoM B TPOU3BOACTBEHHBIX
YCIIOBUSIX MOTYT HAOIIOAATHCS MPU3HAKY ITOPAXKEHUS LEHTPaJIb-
HOW HEPBHOW CUCTEMBI, PACCTPOMCTBA 3PEHMUS, CHUKEHUE KPOBSI-
HOT'O JIaBJIEHUS, YBEJIMUEHUE ITI€YEHHU, CEPOBAThIH OTTEHOK KOXKHU.
C nenblio BbIBEIEHUS U3 OpraHu3Ma n30bITKa cepedpa Ha3HAYAIOT
CpeACTBA IPEHAXKHOT'O JEMCTBUS HAa OpraHbl, HaKaIuIMBAIOLIKE Ce-
pebpo (TiedeHb, TOUKHU), a TAKXKE MpernapaThl MU, TaK KaKk MeIb
SBJISIETCA AaHTOTOHUCTOM cepebpa.

B memmumHe wucmosp3yercs OaKTEPHUIUAHOE, AHTAIUTHOE,
BsDKyIee aeiictBue cepedbpa. B XVIII-XIX BB. mpenapatsl ce-
pebpa MPUMEHSUTUCh B KAYeCTBE CPEACTB JIEUCHUS MPU HEPBHBIX
Oone3HAX (HEBpaJIruy, SIWIEIICUN) U JKeJTyJOYHO-KHUILIEYHbIX 3a-
OoneBanusax. B HacTosImee Bpems JiekapcTBa Ha OCHOBE cepebpa
(mpoTapros, KoJIaproi 1 Ap.) UCHOJIb3YIOT B CTOMATOJIOT U, TPU
3pO3UAX, S3BaX, OCTPOM KOHBIOKTEBUTE, TPAXOMeE, JIAPUHTHUTE.
PactBop komtongHoro cepedpa (Kowiaproy) NpUMEHSIOT TAKKe
JUTSl TPOMBIBAHUSI THOMHBIX paH, MOYEBOTO MY3bIPs, IPU XPOHH-
YECKUX LIUCTUTAX M YPETUTAX, a TaKXKe B BUJE IJIa3HBIX Kallelb
IIPU THOMHBIX KOHBIOKTUBUTAX U OJICHHOPEE.

Hurpar cepebpa (amuc) — AgNO, — BsKyliee, NpOTHBO-
BOCHAJIMTENIbHOE, OaKTEPUIUIHOE, AHTUCENTUYECKOE CPEACTBO,
KOTOPOE MPUMEHSETCS MPH JIEYEHUH KOXXHBIX, TJIa3HbIX 3a0oite-
BaHMI, B TACTPO3IHTEPOJIOTHH, B cTOMaTosioruu. bymara, mapis,
Bara, nporutanubie AgNO, n AgCl, — GakTepulMIHbIA NEpeBs-
30uHbIi MaTepuan. Kapannamm n3 HuTpaTta cepedpa nNpuMEHSIOT
JUISl IPWXKUTaHus 00poAaBoK, rpaHyisuuid. Pa3baBnenHble pac-
tBODPHI (0,1-0,25%) HUTpaTa cepedpa UCIIONB3YIOT KaK BSDKYIIEEe U
MIPOTUBOMUKPOOHOE CPEACTBO /Ul IPUMOYEK, A TAKXKE B KAUECTBE
TJIa3HBIX Kamelb. YUeHbIe CUNTAIOT, YTO MPHUKUTAIOIIEE TEHCTBIE
HUTpaTa cepeOpa CBSI3aHO C €ro B3aUMOJEHCTBHEM C OelKaMu
TKaHEeH, YTO IMPUBOANUT K 00pa3oBaHMIO OEIKOBBIX colieil ceped-
pa — anbOyMHMHATOB.
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

HekoTtopsie U30TONBl paAMOAKTUBHOIO cepedpa HallIU CBOE
MPYMEHEHNE B JIy4eBOW Tepamnuu.

V:

B oco60 kpynHbIx MacwTabax Bogy «cepebpsAT» Ha OKeaHCKUX KO-
pabnsx. B cneunanbHoM ycTaHOBKe, MOHATOPE, NPOMYyCKaloT NepemMeH-
HbI TOK Yepes3 Boay. AnekTpodamum cnyxar cepebpsiHble NNacTUHKN.
3a vac B pactBop nepexoaut go 10 r cepebpa.

OToro Konu4yecTBa AOCTaToO4HO, YTOObLI Ae3nHduLmpoBaTb 50 Ky-
H6omeTpoB NUTbEBOW BOAbI. HackllweHne Bofgbl oHaMu cepebpa cTpo-
ro AO3MPYIOT: M3BbLITOK MOHOB MpeAcTaBnseT OnpedeneHHylo onac-
HOCTb — B B0nbLUMX J03ax cepebpo TOKCUYHO.

30010 — 3nement I-b rpynmer [1CO, nopsakossiil Homep 79,
aToMmHas macca 196,97.

Ha3zBaHue npou3onuio oT jaat. aurum (JKeIThit). 30JI0TO SBIs-
€TCS O/THUM U3 MEPBBIX OTKPBITHIX YEJIOBEKOM METAJUIOB U U3BECT-
HO CO BPEMEH APEBHMX LIMBWIM3ALUWK. B mpupope BcTpeuaercs
MIPEUMYIIIECTBEHHO B BUE CAMOPOIHOTO 30JI0TA.

OnexkTpoHHast popmyna 3omnota [Xe] 4f*54%st. 3o1m0TO MPO-
SIBJISIET CTEeTIeHN okuciaeHus +1 u +3, Hanboiee XxapakTepHas u3
Hux +3. {74 30710Ta TUMIMYHA CIOCOOHOCTH K KOMIUIEKCOOOpa-
30BaHUI0, KOOPJIMHAIIMOHHOE YHCIIO aTOMa PaBHO 4. 30710TOXJIO-
pucroBogopoaHas xomiiekcHasa kuciaora H[AuCl] obpasyercs
TIPY PACTBOPEHHH 30JI0TA B «IIAPCKOM BOJIKE».

30J10TO TIPEeICTaBISAET COOOH MATKUN, KOBKUN METAJLT JKEITO-
ro LBeTa, XUMHYECKH HHEPTEH, YCTOWYMB K JIEHCTBUIO BOJIBI, KHC-
JIOT U LIEJIOUeH.

CrutaBel 30J10Ta C JPYTUMU OJIATOPOJHBIMY METAJIJIAMU IITHU-
POKO IIPUMEHSIIOTCSI B TPUOOPOCTPOSHIH, B KOCMUYECKOM, JIEK-
TPOHHOH ¥ METUIIMHCKON ITPOMBIIIIIEHHOCTH, IIPH U3TOTOBIICHUN
IOBEJIMPHBIX U3/IEIUN, Me1ajel 1 MOHET.

buonozuueckasn pons. B opranmsmMe B3pOCIOro YeIOBEKa CO-
nepxxures okojo 10 Mr 3o0510Ta, MpUMEPHO MOJOBHUHA 3TOTO KO-
JINYEeCTBA CKOHIICHTPUPOBaHA B KOCTsIX. Pacnpesnenenue 3010Ta B

168



Tema: BuoreHHble aneMeHTbI

OpraHu3Me 3aBHCUT OT PACTBOPUMOCTH ero coenuHeHuid. Komo-
WJIHbIE COSIMHEHUS B OOJIbIIEH CTeIIeHN HAKAITMBAIOTCS B Ieye-
HU, TOT/Ia KAK pACTBOPUMBIE — B IIOYKAX.

MexaHus3M ASHCTBHSI COCIUHEHUM 30JI0Ta IO KOHILIA HE SICCH,
OJIHAKO B HACTOSIIEE BPEMsI M3BECTHO, YTO 30JI0TO MOXET BXO-
JIUTh B COCTaB METAJUIONPOTEUIOB, B3aUMO/ICHCTBOBATD C ME/bIO
U TIpOTea3aMu, TUAPOJIM3YIONMMH KOJUIATeH, TAKXKe U C IPYTUMHU
AKTUBHBIMU KOMITOHEHTAMH COEIMHUTENbHOM TKaHHU. 30JI0TO MO-
JKET BOBJICKATHCS B MPOIECCHI CBS3bIBAHUS TOPMOHOB B TKAHSIX.
JaHHBIE O MOHWKEHHOM COJEPKAHHUU 30JI0TA B OpPTraHU3ME OT-
CYTCTBYIOT.

MeTtannu4eckoe 30JI0TO MOYTH HE BCACBHIBAETCS, JAAHHBIE O
€ro TOKCHYHOCTH TaKXe OTCYTCTBYIOT. B TO ke Bpemsi HEKOTO-
phI€ COJIM 30JI0Ta O0JIAIAF0T TOKCHUECKUM JICHCTBHEM, CXOIHBIM
¢ IeHicTBUEM pTYyTH. MeXxaHu3M TOKCUYHOCTH OCHOBAaH Ha 0OJIb-
LIOM CPOJCTBE 3TOTO 3JIEMEHTa K CyIb(TUAPUIBHBIM PYNIIaM
SH-conepxkarux 0eIKOB, B pe3yJIbTaTe YeTO 30JI0TO UHTUOUpPyeT
SH-¢depmentst. [Tosnsitores cumnroms! yraetenust LIHC, 6omm
10 XOJTy HEPBOB, OTEKH, OOJM B KOCTSIX U CyCTaBax, MeTaJlIMUeC-
KU BKYC BO PTYy.

[Ipy1 MHTOKCHUKAIIMK 30JI0TOM HCIIOIB3YIOTCS KOMILIEKCOO0-
pa3oBaTey — JUMEPKAITON, KYIIPEHWI, JIETICH, KyITPUMIH.

B MenuuuHe 30710TO UCTIOIB30BAIIH €IIIE CO CPETHUX BEKOB, TPU
JIEYeHUU OOJIBHBIX C TAKMMM 3a00JIEBAaHUSIMU, KaK TyOEpKyJies,
MpoKasa, CUPIITUC, ATTUIICTICHS, TJIa3HbIe OOJIE3HH, 3TIOKAYECTBEH-
HBIE ONYXOJIM. B HacTosIee BpeMs mpernapaThl Ha OCHOBE pa3iiny-
HBIX COJIEN 30JI0Ta UCTIOJIB3YIOTCS B TEpPAINUU OOIBHBIX PEBMATO-
WUAHBIMU M TICOPUATUYECKUMH aPTPUTAMHU, KPACHON BOITYAHKOH.
Tuocynbdar 30m0ta u Hatpusa AuNaS O, ycremno npuMeHseTcs
JUTSL JICYEHUS] TPYAHOUBIICUUMOTO KOXKHOTO 3a00JIeBaAHUS — JPH-
TEMAaTO3HOM BOTYAHKH.

B MeaunMHCKO#M MpaKkTHKe IPUMEHSIOTCS M OpraHUYecKue co-
€IMHEeHUs 30JI0Ta, MPEXJIe Bcero Kpusonrad u tpudan. Kpuszorn-
raH OJTHO BpeMsl IIMPOKO IpUMeHsIH B EBporie st 60pbObI ¢ Ty-
Gepkyne3oM, a Tpugal, MeHee TOKCUYHBIN 1 Ooltee 3 PeKTUBHBIM,
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4YeM THOCYJIb(aT 30JI0Ta U HATPHS, — KaK JIEKAPCTBO OT JpHTe-
Mato3Hoi BomuaHku. B CoBerckoMm Coroze ObUT CHHTE3UPOBAH
BBICOKOAKTUBHBIH npenapat — kpuszanoi (Au-S-CH,-CHOH-
CH,SO,),Ca nyis sieueHns BOIYaHKH, TyOepKyIie3a, MPOKa3bl.
IToce OTKPBITHS PaAOAKTUBHBIX H30TOIIOB 30J10Ta €r0 POJIb
B MEIUIIMHE 3aMeTHO Bo3pocia. KomronaHeie yacTuiipl H30TOTIOB
WCIIOJIB3YIOT /IS JIEUEHUS 37TOKAYECTBEHHBIX OITyXOJei. DTH Jac-
TULBI (PUBUOJIOTUYECKN UHEPTHBI, U TIOTOMY UX HE 00s3aTeIbHO
KaK MOXHO CKOpee BBIBOAUTH U3 OpraHu3Ma. BBeneHHbIE B OT-
JIeNIbHbIe 00JIACTH OMYXOJIM, OHU 00JIy4altoT TOJIBKO IOPaKEHHbIE
MecTa, I03TOMY IIpU IOMOIIM PaJAMOAKTUBHOIO 30JI0Ta YIAeTCs
W3IIEYNBATH HEKOTOPBIE GopMbl paka. Co3maH cCrienuanbHbINA «pa-
JIMOAKTUBHBIN MHUCTOJIET», B 000iiMe KOTOpOTO 15 cTepKeHbKOB
U3 PagUOaKTUBHOIO 30J10Ta ¢ MEPUOJOM MoJrypacmnana B 2,7 cy-
Tok. [TpakTuka nmokaszasa, 4To JIe4UeHUE «PaJlOAKTUBHBIMHU UTOJI-
KaMI» JaeT BO3MOXKHOCTb JINKBUIUPOBATh IOBEPXHOCTHO pacIio-
JIO’KEHHYIO OITyXOJIb MOJIOYHOM *keJie3bl yxe Ha 25-i 1eHb.
PamnoaxtusnaOE 301010 (AU-198) MpuMeHsieTcs: IpH JIeYeHNH
B TIEPBYIO ouepeap paka jerkux. OHO OKa3bpIBaeT aHTHCENTHYEC-
Koe jJelicTBre Ha OakTepuu U BUpychl. BBoasTcs mpemnapaTsl 30-
JI0Ta KaK BHYTPb, TaK U NAPEHTEPAIIbHO, B BUJIE KOJUTOMIHBIX pac-
TBOPOB (Xpu3oTepanus). Kak npasuiio, npuMeHeHHE NIPenapaTos
30J10Ta CBA3aHO C OOJIBLIMM YHCIOM OOOYHBIX 3(phexToB.

V:

MepBble NONLITKM NPUMEHATL 30510TO B MEAULIMHCKUX LIENSX OTHO-
CATCS €eLLe KO BpEMEHaM anxmMmm, HO OHU ObIfI HEMHOTUM yCrneLLHee
NOWNCKOB (PMIOCOGCKOrO KamHS.

B XVI B. MNapauenbc nbiTanca ucnonb3oBaTb npenaparbl 3050Ta
ONS TeYeHnst HeKOTopbIX 6onesHein, B YacTHOCTU cudunuca. «He npe-
BpaLleHMe MeTansnoB B 30M10TO OOMKHO ObiTb LIENb XUMUK, @ NpUro-
TOBIEHMWE NeKapCTB», — MMcan OH.

3HaunTENbHO NO3gHee COeAMHEHUs, coaepKalume 305oTo, Gbinu
npeanoxeHbl B Ka4ecTBe nekapcTsa nNpotue Tybepkynesa. bbino Obl
HEBEpPHbIM CUMTaTb, YTO ATO NPEASIOKEHNE NINLLEHO Pa3yMHbIX OCHO-
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BaHWM: in vitro, T.e. BHe opraHnsma, «B MpoGupKe», 3TN conu rybum-
TeNbHO AENCTBYIOT Ha TyGEpKyne3Hyto nanouyky, Ho Anst ahpekTnBHOM
60opbObl ¢ OONE3HBLI0 HYXXHA AOBOMBHO BbICOKAS KOHLEHTpauUust 3ThX
conen. B Haww aHM conu 30noTa MMeKT 3HadeHne Anst 60pbbbl ¢ Ty-
6GepKyne3oMm nuLlb NOCTOMbKY, MOCKOMbKY OHM MOBLILLAIOT CONPOTMB-
nsiemocTb 3aboneBaHuio.

Yye6Hblit MaTepuan Ana CTYAEHTOB
cTomaronormyeckoro cakynbrera

Cocmas cnwHbl U pomosoli XXudkocmu

Cmiona (saliva) — CEKpeT CIIFOHHBIX KeJjIe3, BBIACISIONINICS B
MOJIOCTH PTa. B HOpMe y B3pOCIIoro ueoBeka 3a CyTKH BbIAENsIeT-
cs 1o 2 1 cmonbl. CroHa coctouT u3 99,0-99,4% soawr u 0,6—-1,0%
pACTBOpPEHHBIX B HeW OPraHMYECKUX U MUHEPATbHBIX BEIECTB.
MuHepallbHbIE BEIIECTBA, BXOJSIIME B COCTAB CIIIOHBI, IPE/ICTaB-
JICHBl aHUOHAMH XJIOPUIOB, OPOMHUIOB, (PTOPUIOB, HOAMIOB,
¢dochaTos, bukapOOHATOB, KATUOHAMU HATPUS, KAJIHSs, KaJIbIIUS,
MarHusl, xeJie3a, MeJIu, CTPOHIIMS U .

CopepxaHne MOHOB KaJins B CiTtoHe cocTaBiisieT 20—30 MMoITb/,
noHoB HaTpusg — g0 100, OukapboHaTOoB — 5-60, XJTOpHIOB —
5-70 mMosn/11. KoHIleHTpalis MOHOB Kajiblus U (ocdaToB Moj-
BEep)KEHA 3HAYNTEIBHBIM MHAMBUAYAIbHBIM KonebaHusM (1-2 u
4—6 MMOJIB/J1 COOTBETCTBEHHO), KOTOPBIC HAXOASITCS, B OCHOBHOM,
B CBSI3aHHOM COCTOSIHUU C OenkaMu citoHbl. CoiepikaHne HOHOB
Kajgpus B cmroHe (1,2 MMOJIB/1T) HIDKE, YeM B CBIBOPOTKE KPOBH,
a pocdopa (3,2 Mmons/iT) — B 2 pa3a BHIIIC. B poTOBOI XUIKOC-
TH COACPKUTCS TaKkKe (PTOp, KOJUUECTBO KOTOPOTO OIpe/ess-
eTcs ero moctyiuieHueM B opranusMm (B cpexHeM 0,01-0,05mM1%).
HNoHHas akTUBHOCTH KaJblus U ochopa B pOTOBOM KUIKOCTH
ABIISIETCSA MOKa3aTelleM PACTBOPUMOCTH THIPOKCH- M (propamna-
TUTOB. YCTaHOBJICHO, YTO CITIOHA B (PU3UOJIOTUYECKHUX YCIIOBHSIX
TIEpEChIIIeHa 110 THIPOKCHUAMATUTY, UYTO MO3BOJISIET TOBOPUTH O
Hell KaKk 0 MUHEpAIM3YIoIeM pactBope. ClieyeT OTMETUTD, YTO
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TIEPEHACHIIIIEHHOE COCTOSIHAE B HOPMAJIBHBIX YCIOBHUSX HE TIPUBO-
JIUT K OTJI0KEHUIO0 MUHEPAJIbHBIX KOMITOHEHTOB Ha TTIOBEPXHOCTSIX
3y00B. 3acinyKuBaeT BHUMaHUS TOT (DAaKT, YTO PACTBOPUMOCTh
TUAPOKCHATIATUTA B POTOBOM JXKUIKOCTU 3HAYUTEITBHO YBEIMYU-
BaeTcs rmpu cHmkeHuu ee pH. 3Hauenne pH, npu koTopom porto-
Bast )KUJIKOCTh HACBIIICHA 3MAaJIEBBIM allaTUTOM, PACCMaTPUBACT-
Cs KaK KpUTHYECKasl BeJIMUMHA U, B COOTBETCTBUU C pacyeTaMu,
MOATBEPKICHHBIMA KIIMHUYECKUMH JAaHHBIMHU, BapbUPYETCS OT
4,5 no 5,5. Ilpu pH 4,0-5,0, xorna poToBas >XKUAKOCTb HE HACHI-
IeHa KaK TUAPOKCHANIATUTOM, TaK U (PTOpamaTUTOM, IPOUCXO-
JIUT pacTBOPEHUE MTOBEPXHOCTHOTO CIIOSI AMAIIH TI0 THILY 3PO3HUH.
B Tex ciyuasix, Korna ciroHa He HACBIIEHA THAPOKCHATIATHTOM,
HO IIepechilieHa (TopanaTUTOM, MPOLIECC UIET 10 THITY MTOATO-
BEPXHOCTHOH JIEMUHEpaNIN3allu1, YTO XapaKTEepHO IS Kapueca.
Takxum obpaszom, ypoBenb pH ompesernser xapakrep AeMHHEpa-
nu3anuu smanu. Komebanus pH ciiroHBI 3aBUCAT OT TUTUEHUYEC-
KOTO COCTOSIHMSI TIOJIOCTH PTa, XapaKTepa MHINU, CKOPOCTH CeK-
permu (Ipy HU3KO#M ckopoctu cekpeunu pH CIIOHBI cBUTaeTCst
B KHCIIYIO CTOPOHY, ITIPY CTUMYJISLIMU CIIOHOOTACIICHUSI — B IIIe-
nounyto). pH cmemannou citonsl 5,8-7,4; pH cittoHbl 0KOJIOYIII-
HBIX kene3 Huke (5,81), ueM moauentocTHeIX (6,39).

OpraHuyeckrie KOMIIOHEHTBI POTOBOM YKUJAKOCTH MHOT'OYMC-
TeHHBI. B Helt conmepkaTcst OelIKU, CHHTE3UpyeMble KaK B CITIOH-
HBIX Kejie3axX, TaK U BHE UX. B CITIOHHBIX JKelle3ax BbIpadaThIBa-
FOTCSI (PEpMEHTBI: TJIMKOMPOTEHIbI, aMuia3a, MYIMH, a TaKxke
UMMYHOTTIOOyIUHBI kilacca A. Bupocneuududeckue anturena
U aHTHUTEHBI, BXOSIINE B COCTAB CIIFOHBI, COOTBETCTBYIOT I'PYII-
e KpoBu. MeTonioM anekTpodope3a BblieaeHo 10 17 GelKoBbIX
(bpaxIuii CIIFOHEI.

PoroBast ®HAKOCTh, KAK OCHOBHON HCTOYHMK IMOCTYIUICHUS
Kanbiys, Gpochopa U APYrUX MUHEPAIbHBIX 3JIEMEHTOB B 3Mallb
3y0a, BIuseT Ha prU3MUYecKHre U XUMUYECKHE CBOMCTBA HMaIH 3y0a,
B TOM YHCJI€ HA PE3UCTEHTHOCTh K Kapuecy. VI3MeHeHust KoJiuec-
TBa ¥ KA4eCTBA POTOBOM )KHUIKOCTU UMEIOT BAXXHOE 3HAUYECHUE IS
BO3HMKHOBEHHUSI U TEUEHUs Kaprieca 3yOOB.

172



Tema: BuoreHHble aneMeHTbI

KomnuuecTBo, XUMHUUECKHII COCTAB M CBOMCTBA CJIIOHBI MEHS-
FOTCSI B 3aBUCUMOCTH OT XapaKTepa BO30YIUTENs CeKpeluu (Ha-
mpuMep, BUa MPUHUMAEMOHN THINK), CKOPOCTH ceKkpenuu. Tak,
MpYU yIOTPEOJIEHUH B MUILY TIeUEHbsI, KOHPET B CMEIIAHHOM CITI0-
HE BPEMEHHO BO3PACTAET YPOBEHD IJIIOKO3bI U JIAKTATa; MIPU CTHU-
MYJISIIAA CTIOHOOT/AETICHUS B CIIIOHE PE3KO YBETMYMBAETCS KOH-
LIEHTPAIMs HATPHS U OMKapOOHATOB, HE MEHSIETCSI MUTH HECKOJIBKO
CHIDKAETCS YPOBEHB KaJllus U MOa, B CIIFOHE KYPUJIBIIIUKOB B HE-
CKOJIbKO pa3 00JIblle POJAAHUIOB, YeM Y HEKYPSIIIHX.

XUMUYECKUN COCTaB CITFOHBI TOABEP)KEH CYTOYHBIM KoOJjieOa-
HUSIM, OH TaKXX€ 3aBUCUT OT Bo3pacTa (y MOXWIbIX JIFOJIEH, Ha-
MpUMep, 3HAUUTENILHO IMOBBIIIAETCS KOJWYECTBO KAJIBLMS, UTO
HMMEET 3HaueHue Il 00pa3oBaHus 3yOHOTO U CIIFOHHOTO KaMH$).
W3MeHeHnsT B cOCTaBe CIIOHBI MOTYT OBITH CBSI3aHBI C IPUEMOM
JIEKApCTBEHHBIX BEIECTB U MHTOKCHKAIUIMH. COCTaB CIIIOHBI Me-
HSIETCsI TAKXKe MPHU Psifie MaTOJIOTUUECKUX COCTOSTHUN U 3a00J1eBa-
Huit. Tak, mpu 00e3BOKUBAHUN OpraHW3Ma MPOUCXOIUT PE3KOE
CHIKEGHUE CJIIOHOOT/ICJICHUSI; TIPU CaxapHOM JuabeTe B CIIIOHE
YBEIIMYMBAETCS KOJMYECTBO [IIIOKO3bI; IPU YPEMUU B CIIIOHE 3HA-
YUTEILHO BO3PACTACT COJEPKaHNE OCTATOYHOTO a30Ta.

Bewjecmsa u mamepuansi, npumeHaemolie 8 cmomamosio2uu

CromaTo/IorHuecKie MaTepuasbl TOAPA3ACISIIOTCI Ha JBE
TPYIIIIEL.
1. Ocrosnvie (koHcmpyxyuonHvie ) Mmamepuanst.
1. MeTasibl ¥ UX CIUIABBI.
2. Kepamuka.
3. Ilomumepsl.
4. TTmoMOUpPOBOYHBIC MaTEPHAIEI.
5. KoMno3unmoHHble MaTepUaibl.
I1. Bcnomozamenvhvie mamepuarst
1. OTTHCKHBIE.
2. AOpa3uBHEIE.
3. MonenupoBOYHEIE.
4. ®OpMOBOYHBIE.
5. 30oa1IMOHHbBIE U JIp.
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MeTauibl M CIVIABBI, IPUMEHSIEMbIC B CTOMATOJIOTUHU, TOJDKHBI
o01a1aTh:

BBICOKON KOPPO3MOHHON CTOMKOCTBIO B IIOJIOCTH PTA;
BBICOKMMH MEXaHUYECKUMH CBOUCTBAMHU (IIPOYHOCTD, IJIac-
TUYHOCTb, YIPYT'OCTh U T.1.);

XOPOUIMMHM TE€XHOJOTMYECKMMM CBOWCTBAMM (JIETKO IMOJ-
BEpraThcs MalkKe, JIUTHIO, CBAPKE, IITAMIIOBKE, ITOJINPOBKE,
MPOTSIKKE);

HEOOXOAMMBIMU (PU3UYECKUMH XapaKTEPUCTUKAMU (IIBET,
Majas ycaJka, HEBbICOKas TeMIepaTypa IUIaBJIeHUS).

CrtaBbl IoaApPa3aCIAIOTCA Ha:

1.
2.

3.

MexaHUYeCKHe CMECH, HAIIPUMED CBHUHEI] U CypbMa.
TBep/bie pacTBOPHI, HATPUMEDP HUKEh U XPOM, HUKEIIb U
Me/b.

Xumunueckue coenuuenusi, Hanpumep AuHg,, Au Hg.

K xuMHyeckuM CBOMCTBAM METAJUIOB U MX CIUIABOB OTHOCHT:

1. PactBopuMOCTb.

2. OKHUCTIIEMOCTbD.

3. Koppo3unonHas CTOMKOCTb.

B cromaTtonornveckoil mpakTHKe MpuMeHsoT 6osee 500 pa3-
JIMYHBIX CIIJIABOB:

a)
0)

B)
r)

CrutaBel 0J1arOPOIHBIX METAJLIOB HA OCHOBE 30J10TA.
CnnaBsl OJ1aropoHBIX METAJUIOB, comepxammx 25-50%
30JI0Ta WUJIU TUIATHHBI.

CriaBbl HEOIIATOPOHBIX METAIIIOB.

CrutaBsl JU1si METAIDIOKEPAMUYECKMX KOHCTPYKITHIA:

C BBICOKHM cofiepaHueM 3o0ota (6onee 75%);

C BBICOKUM COZIEPXKAHUEM OJIarOPOIHBIX METAJUIOB (30JI0Ta
Y TUTATWHBI WX 30JI0Ta U majutagus oonee 75%);

Ha ocHoBe nasutaaus (6omee 50%);

Ha OCHOBE HEOJArOpOJHBIX METAIIOB (KOOAIhT, HUKEH,
XpOM, MOJIHO/IEH).

CruaBel 30510Ta € cepedpOM U MeNbIO TIPUMEHSIFOTCS] B CTOMa-
Toyoruu A mpote3upoBanus. Crias 916 nmpoOsl, cocrosiuit u3
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Tema: BuoreHHble aneMeHTbI

91,6% 30moTa, 4,2% menu u 4,2% cepebpa, ynoTpebduasercs: aist
M3TOTOBIIEHHS] MOCTOBHIHBIX MTPOTE30B, KOPOHOK, (haCETOK U T.1.
Cmnas 750 npo6s cogepxut 75% 3omoTta, 8,3% cepedpa u 16,7%
Men, a criaB 583 mpoobr — 58,3% 3omota, 13,7% cepedpa u 28%
MeJu.

AManbsramMsl — CIDIaBbl PTYTH C MEJbI0, cCepeOpOM, KajMueM,
MIPUMEHSIOTCS B CTOMATOJIOTHU KaK TNIOMOMPOBOYHBIN MaTepu-
aJ1. AMabramsl JIETKO pa3MsTryaloTcsl MpY HATPEeBAHUU U 3aTBEP-
JIeBAIOT IIPU TeMIIepaType Tella, OHM He TOKCUYHBI, T.K. PTYTh C
MeTaJlJIlaMu 00pa3yeT UHTePMETaJUINYECKHUE COSTUHEHUSI.

® Dmo unmepecno! Pmymv Oecsmuiemusmu UCHOIb308AIU
3Y0OHble 8payu 015 U3e0mogaeHus naomo. CneyuanvHolil prmymHblil
Cnaas (amanveamy) u3eomosisiiu HenocpeoCcmeeHHo nepeo mem,
KaK nocmasums niomoy, 000aeisisi pmymo K CHAASY, codepircauje-
my 70% cepebpa, 26% 0106a, HeMHO20 MedU U YUHKA, NOCTE Ye20
cMech muamenvHo pacmupanu. B 2omoeoti niomoe nocie omaicuma
UBIUWKA HCUOKOU pmymu ee ocmaganocy npumepro 40%. Ilocae
3ameepoeHuss NAoMOa cOCMOsNA U3 mpex KPUCALIU4ecKux ¢asz:
Ag,Hg,; Ag,Sn u Sn Hg, 20e x npunumaem snauenus om 7 00 9.
Dmu unmepmemaniudeckue coeOUHeHUs: Rpu memnepanype ueoge-
YecK020 meia Helemyyu U cO8ePULeHHO Oe30NACHbI.

CniaBsl Ha OCHOBe KeJie3a (CTaJIn) CoepKaT M00aBKU:

1) mapranen — yBeJIMYMBAET IIPOYHOCTH, CHIDXKAET TEMIIepa-
TypY IUIaBJICHUS CIJIaBa;

2) HMKeNb — yBETMUUBAET KOPPO3UOHHYIO CTOMKOCTb, YIIy4lla-
€T YIpyTHe CBOWCTBA, INIACTUYHOCTh KOBKOCTb, OJTHAKO H3-
OBITOYHOE COIEPIKAHNE HUKEIIS JETIAeT CIUIaB TOKCHYHBIM;

3) XpOM — MOBBIIIAET TBEPAOCTh, YCTOMUNBOCTH K KOPPO3UH;

4) MonuOaeH — MOBBIIIAET IPOYHOCTD;

5) BaHaAMIi yIydIlaeT TEXHOJIOTMUYECKHE CBOMCTBA.

B crutaBel 30510Ta 7OOABIAIOT MeIb, cepeOpo, MIATUHY IS

MOBBILIEHNS] YIPYTOCTU U TBEPAOCTH, KaAMHUI — IJIsI CHHXKCHUS
TEMIIEPaTyPhI TIABICHUS.
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Monumepsl, ux Knaccugpuxkayus

BasucHbIe (;kecTKHE MOTMMEPHI) — IIACTMACCHL.
DJacTHYHBIe TOJIUMEPBI — aKPIJIATHI, TOTUBIHHUIIXIIO PHIBI
[-CH,-CHCI-] , cumukonst [R,SiO] .

IInacTMaccoBbie UCKYCCTBEHHBIE 3yObI.

[Monumeps! 1y 3amerneHust 1epeKTOB TBEPABIX TKaHEH
3y00B (IIIOMOBI, IITU(THI, BKIAAKN).

[Monumeps! 0OIMIIOBOYHBIE, PECTABPAIIIOHHBIC.
[Tonumeps! BcmoMoraTenbHbIE (OTTHCKHBIE MACCHI, BPEMEH-
HbIC KOPOHKH), KIIMHHYECKHE.

IInomouposounsvie mamepuanst noOpazoennon Ha Zpynnsi:

1. LlemeHThI:

a) muHK (dochaTHBIA, TBepaas dasa, MOPOIIOK, COCTOUT Ha
75-90% u3 ZnO, Bxmouaer MgO, SiO,, Bi,O,, xunxas daza
COCTOUT U3 BOJBI, opTodochopHON KUCTOTHI, pocdaToB
UHKA, ATFOMUHUS U MaTrHUS;

0) CWIMKATHBIN, MOPOIIOK — TOHKO M3MEJIbYEHHOE CTEKJIO:
SiO,, K, 0, NaF, AL,O,, NMIrMeHTBI; KUIAKOCTh — BOIHbIN
pactBop optodochopHO KUCIOTHI, PochaToB IIUHKA H
MarHus;

B) cuinko-hocdaTHbI — cMech a) U 0);

I') IUHK-3BT€HOJIbHBIN;

1) MOJMKapOOKCUIATHBIN, TBepaas (a3a — OKCUABI IUHKA U
MaTrHHUSI, XUJIKOCTh — PACTBOP MOJUAKPUIOBOUM KUCIIOTHI;

€) TOJMMEPHBIN, HA OCHOBE METUIIMETAKPHUIIATA.

2. AMajibramMbl — METAJNTMYECKUE CUCTEMBbI, OJMH U3 KOMIIO-
HEHTOB KOTOPBIX — PTYTh; MIPH CMAYMBAHUHM MeTallIa PTYTHIO
MMPOUCXOANT B3aMMHAas UX TUPPy3us. A Taxke oOpazyroTcs Xu-
muueckue coemunenus tuna AuHg, Au Hg, Ag Hg,, Cu,Hg, u
JIp. AMaJIbraMbl TNIACTUYHBI, OTBEPIEBAIOT MpH 37°C, mpaKTHIeC-
KU HE AI0T YCA/IKH, yCTOWYMBBI B YCIIOBUSX MTOJIOCTH pTa, obecre-
YUBAIOT JUTUTEIBHBIA CPOK CITYKOBI IITIOMOBI.

3. [TomMepHbIe MaTepHAIBI XUMUYECKOTO WIIH CBETOBOTO OT-
BEpICHUS:
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—-CH,-CH-
IMommaxkpunater:
COOR )n

COOR
IMommmeTakpumaTs: —CH,-CH-

CH n

3

Momamerunmeraxpunater: [-CH,~C(CH,)COOCH -]

Cmomamonozuyeckuli papghop, cumannsi

@Dapehop — Oenbli, CHEKIINICS HEMPOHUIIAEMBIN IS BObBI
U Ta30B KEPaMHYECKUH MPOIYKT, KOTOPHIN M3rOTaBIMBACTCS M3
CMeCH KaoJlMHa, KBapIeBOr'O IeCKa, IOJIEBOro IIMaTa U Kpacu-
teneil. @aphopoBble MACCHI — MCXOMHBIM MaTepual JUIsl 3aBO/I-
CKOT'O M3TOTOBJICHUS CTAHAAPTHBIX UCKYCCTBEHHBIX 3yOOB, CTaH-
naptHbIX (apPopoBBIX KOPOHOK, 3arOTOBOK ISl (haphopoBBIX
BKJIQ/IOK; MHIUBUIYAJIbHOTO U3rOTOBICHHS (HapPOpPOBBIX KOPO-
HOK 1 BKJII0K; OOJTUIIOBKH LIEIEHOUTHIX KapKacOB MeTaJLTHyIeC-
KHX HEChEMHBIX ITPOTE30B.

Cumannpl — CTEKJIOKPHUCTAJUINYSCKUAE MATEPUATIBI, TIOTYYeH-
Hble B pe3yjbTaTe TePMOOOPAOOTKH OIpENeIeHHBIX COCTABOB
cTeko. [IpUMeHSIOTCsT TpU MPOTE3UPOBAHUM IIEPBOrO OTIETA
3yOHBIX PSIIOB MCKYCCTBEHHBIMH KOPOHKAMHU U MOCTOBHIHBIMH
MIpOTe3aMH HEOOIBIIION TPOTHKEHHOCTH.

Kaonun — Genast mimu CBETIIOOKpaIlleHHAS TIIMHA, COJCP)KaHUe
B (hapdopoBoii Macce cocraBisieT 3—65%. Uem Gounblie conmepika-
HUE KaOoJMHA, TEM MEHbIIE MPO3PAUYHOCTh U TEM BbIIIE TeMIIepa-
Typa obxwura. KaoiauH obecreunBaeT MEXaHHUYECKYIO TPOYHOCTb
U TEPMHUYECKYIO CTOWKOCTH (hapdopa.

99% xaonuna — kaonuuut Al,O,-251,0-2H,0.

Honesoi winam — 310 Oe3BOIHBIC ATIOMOCHIMKATH KaJIHS,
Hatpus win Kaneuus (K,0-Al0,-651,0), conepxanune B papdo-
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poBoit macce coctabisieT 60—70%. Uem GoJipiiie mOIeBOTO IITIATa,
TeM mpo3paunee dapdoposas macca. [loneBoit mmat odecneyuu-
BaeT IJIACTHYHOCTH (haphopoBOii MacChl U CO3MaeT OJIECTSIIYIO
[J1a3ypOBaHHYIO TOBEPXHOCTb MOCTIE OOKUTA.

Kesapy — oxcun xpemuus SiO,, ero conepxanue B papgopo-
BOM Macce cocraisieT 25-30%. KBapi ymeHbIIaeT ycaaky ¥ XpyTi-
KOCThb (hapdopa, mpugaeT KepaMUUIeCKOMY U3CIUIO TBEPAOCTh U
XUMUYECKYIO CTOMKOCTb.

Kpacumenu — oKCcHIbI METAIIJIOB, OKPAIIHBAIOT (happopoBbIe
MAacChl B [IBeTa, CBOWCTBEHHBIE €CTECTBEHHBIM 3y0aM.

Crnenounvie mamepuanol
1. TBepabie (rumc):

t
2(CaSO,-2H,0) = (CaS0,),H,0 + 3 H,0.
2. 3H3CTH‘IH[)I€, CH/IMKOHOBBIC KAYYYKH:
/R
0—Si

\

R 1n

rine R — opranudeckas rpymmna (MeTUIOBasi, 3TUIOBAs WU de-
HUWJIOBAs).
3. TepmomaacTuueckue (mapaduH, BOCK U JIp.).

KOHTpOJ’IbeIe BOMPOCHI, 3aA4d4U U ynpa>KHeHuA
ANA CAMOCTOATENIbHOW NOATOTOBKM

1. Knaccupukanum U pacnpoCTpaHEHHOCTh XUMHYECKHX
3JIEMEHTOB B OpraHM3ME YeJIOBEKa U OKPYIKAIOIEH cpee.
Yenosek u 6nochepa. CoBpeMEHHBIE 9KOIOTHYECKUE MTPO-
6I1eMBI MT06ATEHOTO U PETHOHATBHOTO XapakTepa. [TousTre
00 3HIEMUUECKHX 3a00JIeBaHUSIX, MUKPOIJIEMEHTO3aX.

2. Buosornyeckue GyHKIUNT XMMUYECKUX 3JIEMEHTOB; 3JIEMEHThI-
OPraHOT€HBI, «METAJIbI KU3HIY, IIEMCHTBI-TOKCUKAHTBHI.
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14.

15.

16.

CBsi3b MEXITy CTPOCHUEM MOJIEKYJI M OMOJIOTUIECKON AKTHB-
HOCTBIO BelllecTB. Pa3o0paTh Ha npuMepe TaK1X BEIEeCTB,
Kak XJIOp, XJIOPOBOZOPO/I, BOJAA, XJIOPU HATPHSL.
XapaKTepuCTUKAa KUCIOTHO-OCHOBHBIX M OKHUCIUTEIHHO-
BOCCTAHOBUTEIIbHBIX CBOMCTB COEIMHEHUM §-, P-3JIEMEHTOB.
PacTBOpHMOCTD COJIEl KabIlHsl, MATHUS, YIaCTHE B TETEPO-
TeHHBIX ITPOIIECCax.

BuorenHast poyib HaTpus, Kaus, KaJIbIKsl, Maruus, oopa,
yriepojaa, KpeMuus, azota, pochopa, cepsl, KUcIOpOaa,
dbropa, xopa, 6poma, osa.

[IpumeHeHne COEAMHEHMI - U P-3TIEMEHTOB B METUIIIHE.
OOmmas xapakKTepUCTHKa CEMEUCTBA (-3JIEMEHTOB.
Kowmmnekcoobpasyroias crmocoOHOCTh d-3JIEMEHTOB.
Menp, cepedbpo, IMHK, PTYTh KaK KOMITIEKCOOOpa30BaTEIH.
Buonornyeckas ponp menu, cepedpa, 30510Ta.
Buonornueckas poyib TUHKA, TOKCUYHOCTD PTYTH, KaIMUSI.
[Mpumeps! coenunennii d-anementoB I-b u II-b rpymm, ux
KpaTKasl XapaKTEepUCTUKA, TPUMEHEHNE B METUIIMHE.
BnusiHue cTeneHun OKUCIIEHUS d-3JIeMEHTOB Ha KUCIOTHO-
OCHOBHBIE Y OKUCIIUTETbHO-BOCCTAHOBUTEIbHBIE CBOHCTBA
HX COEIMHEHUI.

Kpartkas xapaxkrepucruka snemenToB VI-b rpymmsr. CBoii-
CTBa 3JIEMEHTOB M MX COSAMHEHUH Ha MpUMepe Xpoma.
BuorenHast poib XxpomMa 1 MOJTUO/IEHA.

Kpartkas obmas xapakrepucruka snementos VII-b rpyn-
nbl. KUCIOTHO-OCHOBHBIE M OKHCIIUTEIBHO-BOCCTAHOBH-
TeJIbHBIE CBOIMCTBA Ha MpPUMEpEe COCAUHEHUI Maprasia.
BuorenHas poyib MapraHia u mpuMeHeHHE ero COSIMHEHHIA
B MEUIHHE.

Kparkast o6mias xapakrepucruka anemeHToB VIII-b rpymmsr
(Tpnaga xemne3a). KucioTHO-OCHOBHBIE U OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIE CBOMCTBA COESIMHEH M JKere3a. XKere3o
Kak KOMIUIEKCOooOpa3oBaTenb. buorennas poip xenesza u
KoOalbTa, MpUMEHEHUE X COCTUHEHUI B MEAUIIIHE.
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17.

18.

19.

20.

21.

22.

[MpuBenuTe 37EKTPOHHBIC U JICKTPOHHO-TpadUUCCKHE
(hopMyJTbI AaTOMOB 3JIEMEHTOB B PA3JIMYHBIX CTEIIEHSIX OKUC-
nernst Mg?, S°, S, S*6, C1°, Ca?*, Zn** 1 yKaxuTe, K KAKOMY
CEMEHCTBY s-, p-, d-3IEMEHTOB OHU OTHOCSITCS?
Hazosurte 3reMeHT 1Mo 371eKTpOHHO# (hopMyJie ero atoma (yka-
3aHbI TPEABHEIITHUM 1 BHEIITHUM SHEPIeTUUESCKUN YPOBHHU):
a) ...2s?2p%3s?; 0) ...4s4p%4d"°55*5ps,
B) ...35%3p%3d"45%4p?; r) ...3523p%3d 45>,
VYKaXuTe BAJIEHTHOCTh U CTENEHb OKHUCIIEHUSI AaTOMOB 3Jle-
MeHTOB B caemyromux coenunenuax: HCl; HCIO,; NH,Cl;
H,SO,; H,S; H,0,.
Kak MeHSIIOTCsI CBOMCTBA S-, p-3JIEMEHTOB U UX COCAUHCHMIA
o nepuoxy u o rpymme B [1CO?
Kax paznnyaroTcs mo cBoel MpUpPOIE CBSI3U B MOJIEKYIIe
H,O, none H,0", accounmare (H,0),?
[MpuBenuTe ypaBHEHUS! peakIiUii, ¢ TOMOIIBIO KOTOPBIX
MOYHO OCYIIECTBUTH IPEBPAIIICHHS:

Na — Na,O, — Na,CO, — NaNO,

Ca — Ca0 — CaC, — Ca(OH), — Ca(H,PO,), — Ca,(PO,),
NH, — (NH,),SO, - NH, — NO — NO, — HNO, — NaNO,

23.

24.

Na,SO, — BaSO,

H,S — S — SO, — NaHSO, — Na,SO,— rugponus
NaBr — NaCl — Cl, — KCIO, — KCIO,

3aKOHUNTE ypaBHEHUS peaKIuii, paccTaBbTe KO3 duiiueH-

TBI, YKQKUTE OKUCIUTEIh N BOCCTAHOBHUTE!

a)Cl, +I,+ H,0 — HIO, + HCI

6) S + NaOH — Na,S + Na,SO, + ...

B) P+ HNO, + H,O — H,PO, + NO

r) Ca + HNO, (koH1.) — ...

1) Mg + HNO, (pa36.) — ...

Hanumwre 35ekTpoHHBIE U 3JIeKTPOHHO-Tpaduueckue pop-

MYITBI 1711 aTOMOB MeNd, IMHKA, cepedpa, PTYyTU. YKaXHUTe

XapaKTepHbIe CTENIeHN OKUCIIEHUSI, BATIEHTHBIE BO3MOYKHOC-

TH, IPUMEPBLI COETUHEHUIA.
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25.

26.

27.

28.

29.

[MoaTBepanTe ypaBHEHUAMU peakiiuii aM(pOTEPHBII Xapak-
tep Zn(OH),. [IpuBeauTe cXeMy ero AMCCOLMALMN.
CocTaBbTe ypaBHEHHsI peaKLUii B MOJIEKYJIAPHOM U HOHHOM
BUJIE, C [IOMOIIIBIO KOTOPBIX MOXXHO OCYIIECTBUTH MPEBpa-
LIEHUS:
+ NaOH —?
Cu — CuO — CuSO, — Cu(OH), <E +H,SO, —?
+NH,-H,0 —?
AgNO, — AgCl — [Ag(NH,),]Cl1 — AgCl
HgCl, + KI (nemocr.) — ? + KI (u36.) — ?
Kakas conb myume rugponusyercs ZnCl, umu CdCl? Ilo-
yemy? Hanumnre ypaBHeHUS THAPOIN3A.
CocTaBbTe ypaBHEHHUS OKUCIIUTEIEHO-BOCCTAHOBUTEITBHBIX
peakIuii 3JeKTPOHHBIM MIIM MOHHO-3JICKTPOHHBIM METO-
JaMU, OIIPENeNINTe POJIb COCIUHEHUN XpoMa, MapraHia,
Kemesa:

Cr(NO,), + NaOH + H,0, — Na,CrO, + NaNO, + ...
FeSO, + K,Cr,0, + H,SO, — Fe,(SO,), + Cr,(SO,), + ...
KMnO, + KI + HSO, — 1, + ...

KMnO, + KI + HO — 1, + KOH + ...

MnSO, + Br, + NaOH — Na,MnO, + NaBr + Na,SO,
FeCl, + H,S — FeCL, + S + ...

CocraBbTe ypaBHEHMSI PEAKIII B MOJIEKYJIIPHOM U HOHHOM
BHJIE, C IOMOILBIO KOTOPBIX MOXKHO OCYLIECTBUTH IIPEBPA-
LLIEHUS:

+ NaOH — ?

FeSO, + NaOH — ? <E + H,80, — ? + K [Fe(CN) ] — ?

+0,+H0—?
+NaOH — ?

FeCl, + NaOH — ?

+H,80, — 7 + K [Fe(CN) ] - ?
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

+ NaOH (u136.) — ?
Cr,(S0O,), + NaOH (uen.) — ?

+H,SO, —?
Co(NO,), +? — [Co(NH,),J(NO,),

30. CocraBbTe TAOIUIY IS 5 XUMHUYECKUX IJIEMEHTOB, 00B-
SMUHSIONIYI0 UX XUMHUYECKHE CBOMCTBA U OHOIOTMUYECKYIO
pOJib, & TAK)KE MPUMEPHI COCAUHEHUM, IPUMEHSIEMbIX B
METUIIHE.

VYye6HO-UccnepoBarenbCcKas naboparopHas
pa6orta N2 1

Tema: s-, p-6ll02€HHbl€ 3JieMeHmbl

Lenv pabompr: S5KCIEPUMEHTATIBHO U3YYUTh CBOMCTBA COCIH-
HEHUH S- U p-3JIeMEHTOB.

Omnbit Ne 1. O6pa3oBanne MaJI0pacCTBOPHMOIro OKCaIaTa
KaJIbIUs

Peaxmuepi: 0,1M p-p CaCl,; konu. p-p (NH,),C,0,

ITopsinok BbINOJIHEHHSI.

B mpobupky Brecute 20-25 xamenb pacrsopa CaCl,, 3atem
O Kammsam 1o0aBbTe pacTBop okcanata ammonus (NH,),C 0O, mo
MTOJIHOTO BBIMAAEHUS OCAAKA.

3aKOHYNTE YpaBHEHHE PpEaKIIUU, 3alUIINTEe €r0 B HMOHHOM
BUJE: CaC12+(NH 4)2C20 L

Hanumre Beipaxenne K i okcanara kanbuus. CpaBHuTE
pacTBOPUMOCTb OKcallaTa KajlblMs C CylbdaToM, KapOoHATOM
KaJIbIIHS, TIOJIB3YSICh CIIPABOYHBIMU JTAHHBIMU.

ITpu xakoM xapakTepe cpelbl MOYM 00pa3yIOTCs OKCANaThl B
opraamsme?

Kakue ManopacTBOpUMBbIE COEIMHEHNS KAJIbLH IPUCYTCTBY-
10T B opranusMe? KakoBsI yclioBus 00pa3oBaHMsl 0CaIKOB?

Chopmynupyiite BHIBOJIBI.
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Tema: BuoreHHble aneMeHTbI

OmnbiT Ne 2, I3MeHeHHEe paCTBOPUMOCTH CYJIb()aTOB
s-31emeHTOB II-A rpynnbi

Peaxmuswi: 0,1 1. p-p BaCl,, nacemm. p-p SrSO,, IM p-p H,SO,;
runcosas Boaa; 0,5 1. p-p St(NO,),.

IMopsinok BBIMOIHEHNS.

a) B Tpu npoOupku HajeiTe mo 5—7 kamenab pacTBopa XJI0pHIa
Gapwus.

B 1-10 mpo6upky no6aBbTe 45 Karnenb HACKIIIIEHHOTO PacTBO-
pa cynbdara crponIius. Uto Habmogaere?

Bo 2-10 mpobupky nodaswTe 4-5 Kamnemnb runcoBoil Boasl. UTo
Habmonaere?

B 3-10 npo6upky nobasbre 4-5 kanens 1M pacrsopa H,SO,.
Yro Habnronaere?

CpaBHUTE pe3yNIbTATHI.

Hamummre ypaBHeHHST peakunuii B MOJEKYISIPHOM M MOHHOM
Bujax. Kakoro tumna peakimu mpoucxonsr?

Kak wusmensercs pactsopumocts B pamy: CaSO,, SrSO,,
BaSO,? ITouemy?

6) B npo6upky Haseiite 5-6 xanens pactsopa Sr(NO,), u j1o-
6aBbTe TUIICOBYIO BOy. UTo Habmomaere?

OOnsicHuTe Habmromaemoe siBiieHWe. Hamumimmre ypaBHEHHE
peakiuu B MOJICKYJISPHOM U HOHHOM BHJIAX.

Kakoe coenmnnenne 6omee npounoe — SrSO, uim CaSO,? Ka-
KO€ 3TO UMeeT OMOJIoTHUYECKOe 3HaAUeHNE?

Chopmynupyiite BHIBOJIBI.

OmnbIT Ne 3. OKHCINTEILHO-BOCCTAHOBHUTEILHBIE
CBOWCTBA HUTPUTOB

Peaxmusoi: 0,1 H. p-p KMnO,, 2 u. p-p H,SO,; 0,5 u. p-p
NaNO,, 0,5M p-p KI.

IMopsinok BeINOIHEHMSI.

B oy mpobupky BHeCTH 5—6 Karenb pacTBOpa IepMaHTraHaTa
KaJus, 100aBUTh 2—3 KaIlIu pacTBOPa CEPHOM KHUCITOTHI U 5—6 Ka-
IejIb pacTBopa HuUTpuTa HaTpus. Uto Habmomaere? Hamumure
ypaBHEHHUE PEAKIINH, YKAKUTE POJIb HUTPUTA HATPUSI.
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BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

Bo BTOpYy10 mpobupKy BHeCTH 5—6 KaIenb pacTBOpa HUTPUTA
Hatpus, 100aBUTh 2-3 KalulM pacTBOpa pa30aBIEHHOU CepHOM
KHUCTIOTHI ¥ 2—4 KaIuIi pacTBopa oauna kamms. Yrto Habmromaere?
Hanmmure ypaBHeHHE peaKIMU, YKAXHUTE POJIb HUTPUTA HATPUS.

Chopmymupytite BeiBox 0 OB-cBOMCTBaX HUTPUTOB.

OmnbIT Ne 4. BoccTaHOBHTE/IBHBIE CBOICTBA MAJIOT€HHI0B
(raauaoB)

Peaxmuswbi: 0,1 H. p-p KMnO,, 2 1. p-p H,SO; 0,5M p-p KBr;
0,5M p-p KL

IMopsnok BeIMOIHEHHS.

BHecute B 2 mpoOHpKH 11O 2—3 KAk pacTBOpa MepMaHraHaTa
Kanusi, 100aBbTe MO 2—3 KaIull pacTBOpa CEpPHOW KUCIOTHI U B
MepBYI0 NpoOUpKy g00aBbTe 2-3 Kar OpoMuIa Kajus, BO BTO-
pyro — 2-3 xarm Honuma Kaus.

Yro npu 3toM Habmomaerca? st 3TUX peakivil cocTaBbTe
YpaBHEHUS! OKUCIUTEITHbHO-BOCCTAHOBUTEIBHBIX DPEAKIIUHA METO-
JIOM UOHHO-3JIEKTPOHHOTO OajtaHca.

Crenatite BbIBOJI 0 ponu rajoreHnoB B OBP.

Vyeb6Ho-UCCneaoBaTeNbCKas nabopaTopHas
pa6orta N2 2

Tema: d-3nemetimoi I-b u II-b 2pynn

Ienv pabomer: S5KCTIEPUMEHTATIBHO U3YYUTh CBOWMCTBA COCIH-
HeHuit d-anementos 1-b, 11-b rpymm.

OmnpiT Ne 1. I'uaposm3 cosneit meau (1)

Peaxmueei.: 0,5 H. p-p CuSO,; unaukaTopHas OGymara; 2 H. p-p
Na,CO,.

IMopsnok BBIMOIHEHHS.

B nBe mpoOupku BHecute no 10 xamenb pactBopa cyibdarta
menu (I1).

B oany npobupky noMecTuTe MHAUKATOPHYIO OyMary 1 ompe-
JIEITE PEAKIINIO CPENIbl B PACTBOPE COMU. DTy MPOOUPKY OCTABH-
T€ J1J151 CPABHEHMUSI.
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Tema: BuoreHHble aneMeHTbI

Kaxoii nmporiecc mpouCXoauT B PaCTBOPE U IOUYEMy?
3aKOHUYUTE YpaBHEHUE PEAKIINH:

CuSO, + H,0 —.

Bo BTOpYyIo npobupky nodassTe 3—4 Kanam nomgorperoro (ro-
psAYero) pacTBopa KapOoHaTa HATpPHUsL.

Yro Habmonaere? [NosicHure.

Hanummre ypaBHeHUE COOTBETCTBYIOIICH PEaKIHH.

ChopMynmupyiiTe BEIBOI.

Omnbit Ne 2. ITosryyenue u UCcJieI0BaHUEe CBOICTB
ruapokcuna meau (1)

Peaxmuevi: 21. p-p H,SO,; 1 1. p-p NaOH; konut. p-p NH,-H,O;
KoHII. p-p NaOH.

INopsinok BeIMOIHEHMSI.

B npob6upky Baecute 1 Mt pactBopa cyibharta meau (II) u mo
KaruisaM 1o0asbTe 1 H. pacTBop ruapokcuia Hatpusi. OTMEThTE LIBET
BBITIABIIIETO Ocajka. Pazaenure ocanok Ha 4 mopuuu. B 1-1o mpoOup-
Ky mob6aBbTe KOHII. pactBop NaOH, Bo 2-10 — HECKOJIBKO Kareib
pacTBopa CepHON KUCIIOTHI, a B 3-10 — KOHII. PaCTBOP TMIPOKCHIA
amMonust. Comepxumoe 4-oif poOupku Harperite. OCyIecTBIICH-
HbIE PEBPAIIEHUS MOKHO BBIPA3UTh CXEMOM:

+ NaOH (u136.) — ?
CuSO, — Cu(OH), <E +H,S0, —?
L +NH,H,0 —?

CuO

CocraBpTe B MOJIEKYISIPHOM M HOHHOM BHUJI€ YpPaBHEHUS
MPOTEKAIONUX PeaKlUi, yKaKUTe BHEIIHHWE Tpu3Haku. s
KOMIUIEKCHBIX COEAWHEHUN COCTaBbTE CXEMbl NEPBUYHOU U
BTOPUYHON TUCCOIMAIINN, TaliTe MAaTeMaTHUECKOE BBIpaKCHUE
KOHCTAHTBI HECTOMKOCTH U CPaBHUTE UX IPOYHOCTbD, IMOJTB3YSICh
JTAaHHBIMU CIIPAaBOYHHUKA, C IPYTUMHU KOMILJIEKCHBIMHU COCIMHE-
HUSIMU MEJIH.

Crenalite BBIBOJI O cBOlcTBax rugpokcuaa meau (11).
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

Onpit Ne 3. IToryyenue u u3yueHnue cBOHCTB MHIPOKCH/IA

LHUHKA

Peaxmuswt: 0,5 1. p-p Zn(NO,),; 0,5 n. p-p NaOH; 2 n. p-p
H,SO,; xonu. p-p NH,-H,0O.

ITopsinok BbINOJIHEHHSI.

B npoOupky Haneiite 1 MI pacTBopa HUTpaTa LUHKA, 100aBb-
Te 1o KarmisiM pactBop NaOH mo oOpa3zoBanus ocamka (M30BITOK
NaOH ne nomyckarts!). OTMeThTe BHENIHUE Tpu3HaKku. Ocaok pas-
nenuTe Ha 3 mopiyn. B 1-10 nmpoOupky npueiite n30prTok NaOH,
BO 2-F0 — HECKOITLKO KaIleJlb PACTBOPA CEPHOM KUCIIOTHI, a B 3-10 —
BOJIHOTO PacTBOpa aMmMmuaka. OTMeTbTe HabII0aeMoe SIBJICHHE.

CyIIHOCTB OTBITa MOKHO BBIPA3HUTh CXEMOH:

+ NaOH — ?
Zn(NO,), + NaOH (uen.) — Zn(OH), <E +H,SO, —?
+NH,-H,0 —?

CocTaBbTe COOTBETCTBYIOIIUE YPABHEHUS PEAKINIl B MOJICKY-
JIIPHOM Y MOHHOM BHIE. [J151 KOMILIEKCHBIX TPOJYKTOB PEaKLUU
COCTaBBTE CXEMBI IIEPBUYHON U BTOPUIHOM TUCCOLUAIINH, HaiTe
MaTeMaTHYECKOE BBIPaKEHNE KOHCTAHTBI HECTOWKOCTH U CPABHU-
T€ UX MPOYHOCTb, MOJIB3YsCh JAHHBIMU CIIPABOYHHKA.

CrenaiitTe BBIBOJ O CBOHCTBaX THAPOKCUIA IIMHKA.

YyebHO-UccnepoBarenbcKas naboparopHasa pabora Ne 3
Tema: d-3nemetimsi VI-b, VII-b, VIII-b 2pynn

Ilens pabomer: TEOPETUUECKH U IKCIIEPUMEHTAIBHO HU3Y4YUTh
cBoiictBa coenuHennit d-anementoB VI-b, VII-b u VIII-b rpymm;
HAyYUTHCS OOBSCHATH 3aBUCUMOCTb CBOWMCTB COEIMHEHUN OT MX
CTPOCHHSL.

OneiT Ne 1. 3yueHne KUCIIOTHO-OCHOBHBIX U OKHC/IH-
TeJTLHO-BOCCTAHOBUTEILHBIX CBOWCTB COEIMHEHHI XpoMa

Peaxmueei: 0,5 n. p-p CrCl,; 0,5 1. p-p NaOH; 2 n. p-p HCL.

ITopsinok BbINOJIHEHHSI.

BospmuTe nBe mpoOupku. B mepByro mpoOupky HaienTe
0,5 M1 pactBopa cyiabdarta xpoma (I1I) u mo xarmsam moOaBiIsaiTe
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Tema: BuoreHHble aneMeHTbI

pacTBOp ImIeI0YH, He momyckas u3bsiTka. [lomyueHHBIN ocamox
paznenute Ha aBe nopuuu. K 1-0it mopimn qo6aBpTe Mo Karism
pactBop HCI, a ko 2-0if — u30bITOK menoun. O0bsIcHUTE HAOII0-
JlaeMble ITPU3HAKH PEaKIIHil.

Bo BTOpYyIo npobupky nobassTe 5-6 kamnenb 3% pacTBopa re-
pOKcHIa BOIOPO/A U CIeTKa HarpeiTe CoaepKuMoe POOUPKH 10
W3MEHEHUS OKPACKH. 3aIUIINTE HAOTIOIEHUS B IIPOTOKOI.

CyIIHOCTD OTIBITA MOXHO BBIPA3UTh CXEMOM:

+ HCl —?

Cr,(SO,), — Cr(OH),

a)

6)

B)

)

+ NaOH(u36.) — ? + H,0, —— ?

ITo maHHOI cXeMe coCTaBbTE ypaBHEHUS PeaKLHil B MoJIe-
KYJISPHOM U HOHHOM Buje. s KaxkI0# peakiuu yKaxxuTe
BHEIITHUE MTPU3HAKH.

st ampoTepHoro runpoxcuna xpoma (I111) cocraBpre ypas-
HEHUS TUCCOLUAIIHN.

Ha3zoBute KOMITIEKCHOE COeIMHEHNE, TIOKAXKUTE erO IIePBUY-
HYIO ¥ BTOPHYHYIO IMCCOLMAIINIO, TaliTe MaTeMaTHUSCKOEe
BBIpa)XCHUE KOHCTAHTBI HECTOMKOCTH KOMIUICKCHOTO HOHA.
Hns OBP: Na,[Cr(OH),] + H,O, — Na,CrO, + H,O npen-
CTaBbTE AEKTPOHHO-MOHHBIN OaJIaHC, YKAXKUTE POJIb COSTU-
HeHuit xpoma (I11).

11 KOMIUIEKCHBIX NTPOJIYKTOB PEAKIIMU COCTABBTE CXEMBI
MIEPBUYHOM M BTOPUYIHON THUCCOLMAINH, AaiiTe MaTeMaTH-
YeCKOe BhIpaKeHHE KOHCTAHTBI HECTOMKOCTH ¥ CPABHUTE UX
MPOYHOCTb, IIOJIB3YSICh JTAHHBIMH CITPABOYHHUKA.

Crenaiite BBIBOJ O CBOMCTBAX COENUHEHUI XpoMma.

OnpiT Ne 2. ITosryyeHue u u3ydyeHue CBOMCTB

ruapokcuaoB xkeje3za (II) u xesesza (1)

Peaxmusot: xpuct. FeSO,; p-p H,SO, (1 : 1); 2 n. p-p KOH;
2% p-p FeCl..

IMopsnok BBIMOIHEHHS.

B npobupky moMecTUTe HECKOJIbKO KPUCTAIIIIOB CyNb(dara xe-
nesa (II) m nobasbre 2 M muctumpoBanHoid H,O u 5 kanens
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pactBopa H, SO, (1:1). 3aTem no Karisam npubaBnsiTe pacTBOP
menoun 10 obpasoBaHus ocanaka. OtMmersTe ero okpacky. Co-
JIEP)KUMOE MMPOOUPKH paszeiauTe Ha 3 mopiuu. B 1-10 mpobupky
J006aBbTe U30BITOK PACTBOPA IEIOYH, BO 2-10 — PACTBOP CEPHOM
KHCJIOTHI, a B 3-eil — IepeMelaiTe ocaok BCTPIXUBAHUEM U OC-
TaBbTC Ha HCKOTOPOC BpPCMHI. q€p€3 3-5 MUHYT OTMCTHTC N3MCHC-
HHUE OKPACKH OCaJIKa.
CyIIHOCTb ONBITa MOKHO BBIPA3UTh CXEMOI:
+ KOH (u36.) — ?

FeSO, + KOH —? <E +H,SO, —?
+H,0+0,—?
CocraBbTe COOTBETCTBYIOIINE YPABHEHUS pEaKLMi B MOJIEKY-
JIIPHOM XU UOHHOM BHU/IE. Vkaxxure BHEIIIHUE IIPpU3HAaKN peaKum“I.
AHAJOTUYHBII ONBIT BBIITOJHUTE C PACTBOPOM FeCl_,. Ero

CYIIHOCTb OTpakaeT cxema.
+ KOH (u36.) = ?
FeCl, + KOH —? <E +H,SO, —?
+HO0+0,—?
OTMeThTE BHEITHNE MTPU3HAKN PEAKIIUU U COCTABHTE MOJIEKY-
JISIPHBIE U UOHHBIE YPABHEHUS PEAKLIAMN.
CrenaiiTe BBIBOJI O CBOWCTBAX THIPOKCUIOB JKee3a.
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TEMA: KOMMNEKCHBIE COEAUHEHNA.
JIMTAHAOOBMEHHBIE MPOLECCbI U PABHOBECUA

KpaTKaﬂ TeopeTnyecKasa 4actb
OcHostble noHAMUA, onpedeneHus

Bce BemecTBa B pupo/Ie IENATCS HA COSIMHEHUS:

1) I-ro mopsiaka — coeanHEeHUs, 0Opa3oBaHNEe KOTOPBIX MOX-
HO OOBSICHUTH C MO3UIUHN KJIACCHUECKON TEOPUU BAJIECHTHOCTH.

Hampumep: KCI, CuCl,, Na,O, CuO u .1.

2) BeIcmiero mopsaka, KOTOpbIE IEISITCS Ha:

a) neornele comn (KAI(SO,), u 1p.);

6) xommekcuble coenunennus (K [Fe(CN) ] u mp.).

OCHOBHBIE MTPEICTABIICHUS O KOMIUIEKCHBIX COCTUHCHMSIX BBE-
nenbl B xumuio A. Beprepom (1893 r., mBeiiiapckuii y4yeHbIH).
B Poccuun Gosbiiioit BKJIaJ B XMMHIO KOOPIWHAIIMOHHBIX (KOM-
IJIeKCHBIX ) coequHenuii BHecu JI.A. Uyraes, K.B. Slimmupckuii,
A.A. I'puntepr, 1.1. Yeprsies u ap.

Kommiekcuble coeaunenus (K.C.) — COEIMHEHHUs BBICIIErO MMO-
psaKa, B COCTaB KOTOPBIX BXOJST CIIOKHBIC HOHBI, COCTOSIIUE U3
LIEHTPaJIbHBIX ATOMOB U JIMTAH0B, KOTOPBIE CIIOCOOHBI CAMOCTO-
STEIBHO CYIIECTBOBATh KAK B KPUCTAJLIAX, TAK U B PACTBOPE.

KommiekcooGpa3oBarelib (K.0.) — IEHTPAIBHBINA aTOM (HOH),
BOKPYI' KOTOPOTO KOODPJIMHUPOBAHBI (CIPYIIUPOBAHBI) Ipyrue
HMOHBI WJIK ATOMBI (JIMTaHIbI UIIA aJIICH/IbI).

Paznnuaror 2 rpynmsl KOMILIeKCOOOpa3oBaTeneii:

1. Katuous! d- u f-anementos (Fe**, Fe’*, Co?**, Co*, Ni*,
La’*, Nd*" u np.); HEKOTOPBIE p-3JIEMEHTBI B ITOJIOKUTEIBHOM CTe-
nenu okucnenus (P¥, S, N¥*, CI'" u np., [PF ], [BF ]), a Taxxke
s-snementhl (Na*, K*, Be** u np., [Be(OH) |, [Mg(H,0) J**.

2. Helirpanbubie atomsl d-3nementoB (Fe, Co, Ni, Cr u 1.1.),
a TaKKe 5JIEMEHThI O1aropoanbix razos, Hanpumep: [Co(CO),J%
[Xe(H,0),]".
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

Hawubompmielr koMruiekcoobpasyromield criocoOHOCThIO 001a-
JTAIOT d-37IEMEHTHI (B BHJIE HOHOB UJIU ATOMOB).

Haumensbiieii komriekcooOpasyrolieil cnocoOHOCThIO 00a-
JIAfOT S-3JIEMEHTHI.

JIuranapl — KOOPAWHUPOBAHHBIE BOKPYT KOMILIEKCOOOPa3o-
BATEJ sl HOHBI WJIH MOJICKYJIBI.

Jlurannamu MOTyT OBITB:

1. Annonsr (CI, OH-, F-, CN-, NO-,, CNS u z1p.).

2. Monspusie monekynsl (H,0, NH,, CO, NO u 1p.).

3. HemonsipHble, HO XOPOIIO TMOJISIPU3YIOIINECS MOJIEKYIIbI
oprannveckux coenunenuii, Hanpumep (H N-CH -CH-NH, —
stunenauammu, CO(NH,), — mo4eBuna u ap.).

[To uncy 3MeKTPOHHBIX Map, KOTOPbIE HAYT HA 00pa30BaHUE
CBsI3EH ¢ KOMIUIEKCOOOpa30BaTeneM pa3InyatoT JUTAHIbL:

1) MoHOneHTaTHBIE — OJiHa 3eKkTponHas napa (:CN-, :OH-,

:Cl, H,O: u 1p.);
2) OwmzaeHTAaTHBIC — JIBE IEKTPOHHBIX MAPBI:
HN-CH,-CH,-NH,,
gTEo =9
0 O: 0”7 O:
3) monMaeHTATHBIE — HECKOJIBKO JIEKTPOHHBIX I1ap

:00C—CH, H,C—CO00:
Omunenouamunmempaayemam (I34TA)

Koopaunauuonnoe umciao (K.4.) — 4YHCIO, TOKA3bIBAOIIEE
CKOIIBKO CBA3EH 00pa3yeT KOMIUIEKCOOOpa30BaTellb C IMTaHJaMH.
KoopanHaoHHOE YHCIIO MOXET COBNAIATD C YUCIIOM JIMTaH-
JIOB (€CJIM IMT'aH[l MOHOAEHTATHBIN) U MOXKET HE COBIAJATh C YUC-
JIOM JINTAHJIOB (€CIM JTUTaH/A OW- WU TOJTNACHTATHBIN).
Hanpumep: K [Fe(CN) ] — K.4. = 6, 4MCII0 TUTaHAOB IIECTD;
[Co(CH,),~(NH,),),]Cl, — k.4. = 6, YHCJIO JIUTAHIOB TPH.
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Tema: KomnneKkcHble coeauHeHusA

BenmuunHa KOOPAMHAIIMOHHOTO YUCTIA 3aBHCHUT OT:
1) XUMHUYECKOI MPUPOABI KOMITJIEKCOOOPA30BATENS U JINTAH[A;
UX 3apsa 1 paauyca;
2) momnspu3yroueld crocoOHOCTH KOMIUIEKCO0Opa3oBaTess U
MOJISIPU3YEMOCTH JIMTAHOB;
3) ycraoBUI KOMITIEKCOOOpa30BaHMUs: KOHIIEHTPAITUH JINTAHIOB
U TEMIIEpATyPHI.
Buympennas cghepa KOMIUIEKCHOTO COEIUHEHHUS — COBOKYII-
HOCTb LIEHTPAJIbHOTO aTOMA U JINTAH/IOB.
Buewnaa cghepa — moHbl, He BXOASAIIME BO BHYTPEHHIOIO cde-
DY ¥ CBS3aHHBIE C KOMITJIEKCHBIM HOHOM HOHHOM CBSI3BIO.
Morekyna KOMIUIEKCHOTO COSAMHEHUs BCera JJIEKTPOHEH-
TpallbHa, TO3TOMY CYMMAapHBIM 3aps]i MOHOB BHeEIIHeH cde-
PBI paBeH MO 3HAYEHUIO M IIPOTHUBOIIOJIOXKEH IO 3HAKY 3apsimy
BHyTpeHHel cdepbl. CoennHEHUs, UMEIOIIME BHYTPEHHIOID U
BHEIIHIO c(epbl, OTHOCAT K anekTpoiautaMm. CoeauHeHus, He
HMeIolIe BHENIHeH cdepbl, — K HeanekTponutaMm. Hanpumep,
K [Fe(CN)] — snexrponurt, [Pt(NH,),Cl,] — HeanekTponut.
IIpencraBiienne 0 HOMEHKJIATYPe KOMILIEKCHBIX COeIMHEHHI
s cocTaBneHus Ha3BaHUS KOMIUIEKCHOTO COSTUHEHUS yKa-
3bIBAIOT B CIIEAYIOLIEM MOPSAKE: YUCIO JUTaHaoB (MOHO-, AH-,
Tpu-, TeTpa-, IeHTa-, FeKca- U T.1.), Ha3BaHUe JIMraHaa (eciu ux
HECKOJIbKO, TO CHayaja — aHHOHHbBIE, [IOTOM — HEUTpaJbHBIE,
MEPEUYHCIICHUE MPOU3BOIST B aI(PaBUTHOM IMOPSIKE) U B ITOCIIEI-
HIOIO O4epellb — IeHTPaIbHbIN aToM. KOMIUIEKCHBIE KATHOHBI 1
HEUTpanbHble KOMIUIEKCHI (MOJIEKYNIbI) HE MMEIOT OTIMYUTENb-
HbBIX CY((UKCOB, KOMIUIEKCHBIE aHHOHBI UMEIOT CyhduKe —am.
KOTOPBIN TOOABIIAIOT K JJATUHCKOMY Ha3BaHHUIO aTOMa KOMILIEK-
coobpa3zosarens. ITocne Ha3BaHU KOMIUIEKCOOOpa3oBaTess yKa-
3BIBAIOT B CKOOKAX CTETICHb €r0 OKUCIICHUSI.
Ha3zBaHus aHMOHHBIX JIMTAHIOB OKAHUMBAIOTCS HA «O»: CYIb-
¢bato-; THOCYyIbdaTO-; PocdaTo-; HUTPATO-.
s cnenyronyx JIMraHAOB UCHOJB3YIOTCS BUIOU3MEHEHHbBIE
HazBanus: gropo- (F), xmopo- (Cl), 6pomo- (Br), mepkanro-
(HS).
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

B HEKOTOpPBIX cy4asix B HA3BAaHUM JIMTAH/Ia OTPAXKAETCS CIIO-
€00 ero NpucoeANHEHNs K IEHTpaJIbHOMY aToMy. [1pn koopauHa-
nuu uepe3 cepy nurang SCN- umeeT Ha3BaHUE — TUOIMAHATO-;
yepe3 a30T (NCS-) — uzoTuonnanaTo-.

Amnanornuno ymrang —NO-, Ha3BIBAIOT -HATPO- (KOOPAMHA-
mus yepe3 a3or), a gurang —ONO- (koopauHaIus yepe3 KUCIIO-
poa) -HUTPUTO-.

151 HeHTpaNIbHBIX JTUTAHAOB UCIIOJIB3YIOTCS HEMOAUDUIIUPO-
BaHHBbIC Ha3BaHUs (HAIIpUMEpP, MOYEBUHA, MUPUANH, STUICHIUA-
MUH U JIp.).

HckmoueHuss COCTABIISIIOT: BOJA — «aKBa» U aMMHAK —
«aMMHH».

I'pynmer NO u CO, ecrniu OHUM CBSI3aHBI HEMTOCPEACTBEHHO C NO-
HOM MeTaJllla, Ha3bIBAIOTCS -HUTPO3HII- U -KapOOHMII-.

IIpumeper: [Pt(NH,),CI|Cl — xi0opu XJ10pOTPUaMMHUHILIATH-
uol (I1);

(NH,),[Pt(OH),Cl,] — muruapoxcoTterpaxnoporaTuHat (IV)
AMMOHHUS;

[Pt(NH,),Cl,] — muxjiopoinaMMHUHIIIATHHA (CTENIEHb OKHUCIIE-
HUS HE YKa3bIBAIOT, T.K. OHA OMPEAEISIEeTCS aIredpanyeckyl B CUILY
3JIEKTPOHEUTPATBHOCTH KOMILIIEKCA).

Knaccugpukayus komnaekcHbix coeduHeHul

1. ITo mpuHAIIEKHOCTH K OTIPEIETIEHHOMY KJIACCY COSTMHCHUN:
koMiuteKcHble kucnotbl — H [SiF ], H{AuCl ];
KOMILIEKCHbIE ocHoBanusa — [Ag(NH,),|JOH;
xomrutekcHble comn — K [Fe(CN) ], K [Hgl ], [Cr(H,0) ]Cl..
2. 1o nmpupoie TUTaHIOB:
axBaxomiuekcel — [Co(H,0) JSO,;

— ammmuakatel — [Cu(NH,),]SO i
— OKcaJlaTHbIE, KapOoHaTHble, rajorenuanbie K [Hgl |, nna-

HUHBIE U JIP.;

rupokcokomiiekesl — K [Cr(OH) ).
. I1o 3HaKy 3apsaa KOMIUIEKCHOTO HUOHA!
— xatuonnslie — [Co(NH,) JCL; [Zn(NH,),|Cl,;

W |
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Tema: KomnneKkcHble coeauHeHusA

— anunonnsie — K [Fe(CN) J; K [PtCL];

— wueltpansubie — [Pt(NH,),Cl].

4. ITo BHyTpeHHEHN CTPYKTYypPe KOMIUIEKCHOTO COCTUHEHUS: TI0
YHUCITy aTOMOB KOMIUIEKCOOOPA30BaTENS: MOHO- U TTOJIHS/IEPHBIE.

Ecnmu B KOMIUIEKCHOM MOHE WITH HEUTPATbHOM KOMITIEKCE CO-
JepkaTcs [Ba U 0oJee KOMIUIEKCO0Opa3oBaTeNeil, TO 3TOT KOM-
IJIEKC HA3bIBACTCS MHOrosiiepHbiM. Cpeli MHOTOSICPHBIX KOM-
IIJIEKCOB BBIACTISIIOT MOCTHKOBBIE, KJIACTEPHbIE ¥ MHOTOSIJIEPHBIE
KOMIUIEKChI CMEIAHHOTO THIIA.

ATOMBI KOMITJIEKCOOOPpa30BaTessi MOTYT OBITh CBSI3AHBI MEX-
JIy cO00Ii C TOMOIIBEO MOCTHKOBBIX JIMTAH/I0B, (DYHKIIMUA KOTOPBIX
BbinosHsoT nonsl OH-, CI', NH,~, O,*, SO,* 1 HeKoTOpbIe ApY-
rue. Tak, B kommiekcHom coenunennn (NH,),[Co,(C,0,),(OH),]
MOCTHKOBBIMH CITY>KAT OMEHTATHBIE THAPOKCH/IHBIE JTUTAH/IBI:

OH >

NH,* (C204)C0\ /
OH

B pomu MocTHKOBOrO JMraHaa MOXET BBICTYHATh IOJHICH-
TATHBII JIMTaHJ, UMEIOIIUI HECKOJIbKO TOHOPHBIX aTOMOB (Ha-
mpumep, NCS™ ¢ atomamu N u S, CTOCOOHBIMH yUacTBOBATH B
00pa30BaHUM CBSI3el MO JOHOPHO-AKLENTOPHOMY MEXaHHU3MY),
00 TUTaH C HECKOJIBKIMH 3JIEKTPOHHBIMHE MTapaMH MPU OJTHOM
u ToM ke aToMme (Harmpumep, Cl- unmu OH").

B ToMm ciyyae, kKorga aToMbl KOMIUIEKCOOOpA30BaTENs CBs3a-
HBI MEXAy cOOOH HENoCpeNCTBEHHO, MHOTOSEPHBIN KOMILJIEKC
OTHOCST K KJacTepHoMy Tumy. Tax, KJIacTepoM SIBISIETCSI KOMII-
nexcHblit annoH [Re, CLJ*:

[Cl,Re =ReCl >,

Co(C,0,) | NH,*

B KOTOPOM peasm3yeTcst YeTBepHas cBsi3b Re—Re: omHa 6-cBsI3b, 1Be
T- CBSI3U M OfIHA O-CBsA3b. OCOOEHHO OOIBIIOE YHCIIO KIIACTEPHBIX
KOMIDIEKCOB HACUNTHIBACTCS CPEIH MMPOU3BOIHBIX d-3JIEMEHTOB.
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

MHorosiiepHbie KOMITJICKChI CMEIIAHHOIO THIIA COJICPXKAT KaK
CBSI3b KOMILIEKCO00pa30BaTelb — KOMILIEKCO00pa3oBaTellb, TaK
U MOCTHKOBBIE JMTaHIbl. [IpMMepoM KOMITIEKCa CMEIIaHHOTO
THIIA MOXKET CITY)KUTh KAPOOHUIIBbHBINA KOMILJIEKC KOOanbTa cocTa-
Ba [Co,(CO),], umerommii crieryroniee CTpOEHHE:

CO

/\
C0),Co ——— Co(CO
[(CO), N o(CO),J

CcO

3neck umeetcst omuHapHas ¢Bsi3b Co—Co u 1Ba OMIEHTATHBIX
kap6oHmIbHBIX Muranga CO, OCyIIECTBIISIIONINX MOCTHKOBOE CO-
eIMHEHNE aTOMOB-KOMITJIEKCOOOpa3oBaTeiei.

B opranuzme nuToxpomoxcuaasa sBIsieTcs IPUMEPOM JIBYX-

AOEPHOTO KOMILIECKCA:

5. XesaTHBIMH HA3BIBAIOTCS COCOUHEHMS, B COCTaB KOTOPBIX
BXOOAT IMOJIUACHTATHBIC JIMT'aHOBbI, 06pa3y10Lu1/Ie HE MCHEEC OBYX
CBSI3CH C LHEHTPAJIbHBIM aTOMOM. OTnnuuTenbHasi 0COOEHHOCTh
XEJIaTHBIX COCAWHEHHH — HaJIWYMe UKINYECKUX T'PYHNIIMPOBOK
aTOMOB, BKJIIOUAIOIMX aTOM METaljia:

2+

C
PN

wu [Cu(en),]** 6ustunenanamun menu (II).

Baxxneiimme O0MOXMMUYECKHE BEIIECTBA — I'eMOIJIOOMH, 1IH-
TOXPOMBI, XJIOPOPHILIT U AP. — MPENCTABIISIOT COOON KOOpIUHA-
IMOHHBIC METAJT-OPTaHUYECKHE XEeJIATHBIC COCTMHCHMS.
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Tema: KomnneKkcHble coeguHeHUsA

l'emormobun — xemaT xene3a (rem), CBS3aHHBIM C OEIKOM
(rmobunoMm), xmopodumn — xemat mMaraus. Oba xenara comep-
KaT 4 KoJIblla — IUPPOJIa, KOOPIAUHUPOBAHHBIX K IIEHTPATBHOMY
HMOHY METaJlJIa U CBSI3aHHBIX MEXy COOOI MOCTUKOBBIMU IpyIIIa-
mu —CH-. B pe3ynbraTte o6pasyercsi Tak Ha3biBaeMasi Moppupu-
HOBAs CTPYKTypa.

K.u. katuona Fe’* B 3T0i1 MoJekyie paBHO 6, HO JIUIIB 4 TT0-
JIOXKEHUSI 3aHSIThl aTOMaMU a30Ta MOPQUPUHOBOTO JIMTAHAA,
06pa3yst reM, MSATOE IMOJOKEHHE 3aHATO a30TOM THCTHIMHA B
rinobune, a mecroe — mojekynoit H O, koTopas cBsi3aHa ¢ KOM-
mIeKkcooOpa3oBarteneM JabwibHO. [IpH OKCHTeHAlluu MOJIEKY-
na O, 3aHMMaET MIECTOEe BAKAHTHOE MECTO B KOOPAMHALIMOHHOM
ctepe Fe**, cBs3pIBaHUE TPOUCXOAUT OOPATUMO, O€3 UBMEHEHMS
cTeneHu okucieHus Fe?* ¢ o6pasoBaHneM CcTaOMIBHOIO OKCHTe-
HUPOBAHHOI'O KOMILJIEKCA HbOz. B npouecce okcurenanuu Hb
MPOSBIIAET «KOOMEPATUBHBIIN 3(DDeKT: 0qHOBPEMEHHO KHUCITO-
PO TPAHCIOPTUPYIOT 4 reMa, CBSI3aHHBIC C 4 MOJIEKYJIAMH TJIO-
6uHa. TakuMm 00pa3oM, OTHOMOMEHTHO MEPEHOCUTCS 4 MOJIEKY-
a1 O,.

CH, CH=—CH,

HC __cH
H cfﬂ N %—CH
3 ‘ 3
N—Fe—N
HOOCCH,CHj- | =l —CH=cH
\ N 2
HCF S=CH

HOOCCH,CH,  CH,

Hexoropsie rasel (CO, H,S) pearupyior ¢ reMoriioOuHOM ¢
obpa3oBaHueM Oo0Jiee yCTOMUMBBIX BEIIECTB, YeM MMPOAYKT €ro pe-
AKLIUHU C 02. Toxcuunoe netictBue CO 00ObsicHsIeTCS 00pa30BaHU-
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

eM ycroiunBoro komiuiekca CO ¢ reMorIoOMHOM, UTO HapyIIaeT
BaXXHYIO (PyHKIMIO reMornobnHa — nepenocunka O, B opraHms-
M€ U MOKET MPUBECTH K JICTAIIBHOMY UCXOTY.

6. Makpouukjnyeckne KOMIUIEKCHbIE COeAMHEHUsS] 00pa3oBa-
HBI TIOJIUICHTATHBIMU IIUKJIMYECKUMU JIUTaHJAMHU, BHYTPH KOTO-
PBIX pa3MellaeTcs LEHTPalbHbIi aToM. JIMranapl Ha3bpIBAIOTCS
«XO035MH», a LIEHTPAJIbHBIN aTOM — «TOCTh». «[ OCThb», pa3MellieH-
HBI{ BO BHYTpEHHEH MOJIOCTU «XO3SHMHA», U30JINPOBAH OT OKpPY-
Karoreit cpenpl. Hampumep, MeMOpaHO-aKTHBHBIE KOMILIECKCHI
(nonodopsr), KpayH-3pHUPHI, KPUTITAHIBI.

Bo BHyTpeHHIOIO TOJIOCTh KpayH-3¢upa JIETKO BXOJIUT KaTH-
OH MeTaJlla ¥ MPOYHO YIEPKUBAETCS 3a CUET IOJISIPHBIX B3aUMO-
JeiicTBUiA. MeHsisl TeoOMeTpHUecKre MapaMeTpbl KpayH-3(pupos,
MOXKHO 3apaHee HAMETUTh pa3Mep HOJy4alolerocs HUKiIa U TeM
CaMbIM TOYHO «HACTPOUTH» €r0 Ha KATHOH OIPEJEeTICHHOTO pas-
mepa (Li*, Na* unu K*). DT0 3aMeTHO MOBEBIIIAeT pACTBOPUMOCTH
KOHKPETHOTO HEOPraHUYECKOTO COCAMHEHHS W yBEIMUMUBAET pe-
AKIIMOHHYIO CITOCOOHOCTh OCBOOOIMBIIIErOCsS aHMOHA A~ (Harnpu-
mep, CI):

Kpunranasl — MakporeTepoOlUKINIECKUE COCAMHEHHS, CO-
crosimue u3 2 uiM Ooliee LUKIIOB, CONEPKAIIMX IeTePOATOMBI,
COCZIMTHEHHBIE MEXY COOOH ITUIICHOBHIMH MOCTHKAMHU; SIBIISIOT-
sl MOJIMASHTATHBIMY JIMTAHJAMHU B KOMILJIEKCaX ¢ KATHOHAMH Me-
TaioB. B MolleKkyax KpUNTaHIOB aTOMaMH, OOIIIUMHY I BCEX
nUKIIOB (Y3710BBIMH atoMamu), MoryT ObITh C 1 N, aTomamMu B
mukiaax — O, Su N.
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Tema: KomnneKkcHble coeguHeHUsA

Hanpumep: O
N(\Or_\ ’\N
\/O\_JO\/'
N—(CH,) —N:
N/\O’—‘O’\N
\“o__o~’

HoHodopbl — opraHuuecKHe BEIIeCTBa, OCYIIECTBIISIOIINE
MEPEHOC KATHOHOB INEIOYHBIX U MIEJIOUHO-3eMENTbHBIX METAIIIOB
um NH,* yepe3 6uonorndeckue mem6pansl. K monopopam oTHo-
CSATCS MHOTHE aHTUOMOTUKHY, HAIIPUMED BaJIMHOMUIIMH, HAKTUHBI,
SHHUATHUHBI, MOHEHCHH, KAJIbIIUMUIINH, HEKOTOPbIE MAKPOIIUKIIU-
YecKUe MOoIu3GUPhI, KPUIITAH/IBL.

rmapodpoHHaa BokoBad Lerb

D -ruapokcunusoBanepuaHoBas
KMCNoTa

L-mMono4yHasa Kucnota

Monekyna BanMHOMMWLMHE, CEBA3EHHAA C PACMONO¥EHHEIM B LIeHTpe
KOMNBLEBOR CTPYKTYPLEl MoHOM Kt npi nomowm wectn aTomoB kMcnopoga.

B ocHoBe nelicTBHsSE HOHODOPOB JISKUT UX CIIOCOOHOCTH 00-
PA30BBIBATH KOMIIJIEKCBI C TPAHCHOPTUPYEMBIMH KAaTHOHAMMU.
Honodop hopmupyer moiaocTsb, B KOTOPOH KATHOH YAEPKUBACT-
Cs1 KOOPIMHAIIMOHHBIMH CBSI3SIMH C YYACTHEM aTOMOB KHCIIOPOAa
MOJISIPHBIX TPYII, BBICTIIAIONINX IOBEPXHOCTH IoJocTH. Ilpu
9TOM PEe3KO ociIabIsieTcs B3aNMO/IEHCTBIE KaTHOHA C PAaCTBOPUTE-
JIeM U POTUBOMOHAMH, a KOMIUIEKC ITpeTeprieBaeT KOHGOopMAIn-
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

OHHYIO TIEPECTPOIKY, B pe3yjIbTaTe KOTOPOi ero nepudepuiinas
(BHEIIIHSIS)) YaCTh CTAHOBUTCS 3AMOJHEHHOW MPEUMYIIECTBEHHO
YIJIEBOJOPOAHBIMU paIUKaIaMU. DTO 0OECIIEYUBAET €r0 PACTBO-
pUMOCTB B Tunuaax. MexaHu3M rmepeHoca HOHOB OOBIYHO BKITIO-
yaeT clenyrolue craanu. BHaudane moHodOp, pacmonokeHHbIH
Ha TIOBEPXHOCTU MEeMOpaHbl, B3aUMOJICHCTBYET C KATHOHOM, Ha-
XOJIAILIUMCS B BOJIHOH (ha3e ¢ 0HOM cTOpoHbl MeMOpanbl. O0pa-
3YIOIIMKCS KOMIUIEKC BHEIPSETCsS B MeMOpaHy U MepeMeIaeTcs
K JIPYro#l ee CTOPOHE MO JIeHCTBUEM 3JIEKTPUUECKOTO OIS WU
rpajueHTa KOHIEHTPAIUH, TTOCTIE Yer0 KOMIUIEKC AUCCOIUUPYET.
KatnoH BHOBB nepexouT B BOAHYIO a3y (IPUHIIHII TTOIBIKHO-
T'0 MIEPEHOCYUKA).

B OMOXMMHUYECKUX HCCIIEAOBAHUSAX HOHOGOPHI UCIOJIb3YIOT
IUTSL PETYJISILIMA MOHHOTO TPAHCIOPTA 4Yepe3 MeMOpaHbl, B XH-
MUU — JIJIS1 IKCTPAKIIMM KOHOB 1 MEMOPAHHOTO KaTanu3a, B TeX-
HUKE — JIJIs1 CO3/IaHUSI MOHCEIIEKTUBHBIX JIEKTPOJIOB. B cBsi3m ¢
BBICOKOW TOKCUYHOCTHIO MOHO(OPHI-AaHTUOMOTHKN B MEIUIINHE
HE IPUMEHSIFOTCS.

CTpoeHue KOMNNEKCHbIX COeAUHEeHUN

IlepBoit Teopueil, koTtopas Hauboyiee yAauHO OOBSCHSIIA
CBOIICTBA M CTPOEHHE KOMIUIEKCHBIX COCUHEHUN, OblTa meopus
A. Bepuepa, coriiacHO KOTOPOW B MOJIEKYJie KOMIUIEKCHOTO CO-
eIMHEHMSI Ppa3NINYaloT 1Be Chepbl — BHYTPEHHIOIO (KOOPAUHALU-
OHHYIO) M BHEILIHIOIO.

Bo BHYTpeHHIOIO C(epy KOMITIEKCHBIX COCAMHEHHIN BXOISAT
LEHTPAIIbHBI MOH WM ATOM, KOOPIUHHUPYIOUIUI BOKPYT ceOs
HEKOTOPOE YHUCIIO JIUTAHIOB (aieHa0B). BHyTpeHHIOIO chepy
OOBIYHO 3aKITIOYAIOT B KBaJIpaTHbIE CKOOKU M HA3BIBAIOT KOMII-
JIEKCHBIM HOHOM.

3apsin KOMIUIEKCHOTO MOHA ONpEAeNsieTcsl Kak ajaredpamyec-
Kas CyMMa 3apsiIOB BCEX YACTHII, BXOSIIUX B 3TOT HOH.

HoHsl, He BoIenIIe B KOMIUIEKCHBIH HOH, 0Opa3yroT BHEIII-
nioto cdepy, Hanpumep: K JAI(OH) ], rae K, — Buewmmnss cdepa;
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Tema: KomnneKkcHble coeguHeHUsA

[AI(OH),] — BHyTpeHHsAs cepa (KOMIUIEKCHBIH MOH); AP —
LIEHTPaJIbHBII MOH (KOoMIUIeKcooOpasoBaTenb); OH- — nurann
(ammenm); KOOPAMHAIIMOHHOE YHCTIO (K.4.) = 6.

Mexny BHYTpEHHE 1 BHENIHEH cpepaMu — CBSI3b MOHHAS.

KommnekcHble MOHBI 00pa3yloTcss B OCHOBHOM BCIIEACTBHE
KOBAJICHTHOM CBSI3M, 0OPAa30BAHHOMN 1O TOHOPHO-aKIENTOPHOMY
MeXaHU3My (KOOPAMHAIIMOHHAS CBSI3b).

ITpuposa KOOpAUHALIMOHHOM CBSI3U ONUCHIBAETCS CIICAYIOLIH-
MU METOJaMU: METOJ BaJIeHTHhIX cBs3eit (MBC), Teopust kpuc-
tarmndeckoro noist (TKIT) u meron MosekynsipHbIX opOuTanei
(MMO).

Memod saneHmubix csasell

B KOMITJIEKCHBIX COEAMHEHUSIX KOOPAXHALIMOHHAS CBSA3b 00pa-
3yeTCsl BCIEACTBUE MEPEKPBIBAHUS BAaJCHTHBIX BAKAHTHBIX ATOM-
HBIX opOutaineil KomiulekcooOpa3zoBaTelel ¢ 3alOJHEHHBIMU
BAJICHTHBIMU opOuTaisiMu jauranga. CorjiacHo JOHOPHO-aKIem-
TOPHOMY MEXaHU3My KOBAJICHTHOH CBSI3U: KOMILJIEKCOOOpa3oBa-
TE€JIb — AKIENTOP 3JIEKTPOHHOMN Naphl, JUTaHA — JOHOD.

Hcxoauple aToMHbIE OPOUTANIN JOJKHBI OBITH THOPUAN30BA-
Hbl. [IpocTpaHCTBEHHOE PACIONOXKEHHE T'MOPUIN30BAHHBIX Op-
OuTasiell onpenenser reoMeTPUUYECKOe CTPOCHHE KOMILIEKCHOIO
coenuHeHNs. BaxxHelme TUIbI THOPHUIHBIX OPOUTATEH U TUITBI
KOH(UTYpAaIHii TpeacTaBlIeHb! B Tabm. 11.

Tabnuya 11
KU Tun T'eomeTpust Tpumepo!
ruGpuIn3auN KOMILJIEKCa
2 sp JIuneitnas [Ag(NH,),I*
4 sp? Tetpasap [Ni(CI),J*, Zn(OH),J*
4 dsp? IMnockuit kBagpat | [Pt(Cl),J*, [Ni(CN),]*
6 dsp’, sp’d? OxTasap [Co(NH,) J**, [Fe(CN) ]+

PaccMoTpuM HECKONBKO IPUMEPOB IOCTPOEHUS OHATPAMM
KOMIIJIEKCHBIX HOHOB:
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1. KoopaunanmonHoe yucio pasHo 2, Hanpumep: [Ag(NH,),J*.

Ag* — xomIuiekcooOpa3oBarteib, AKIENTOpP 3JIEKTPOHHOMN
Tapsol;

:NH3 — JIMTaH[, AOHOP 31eKTpoHHON mnapsl. Koopaunaim-
OHHOE YHCJIO PaBHO JIBYM, TaK KaKk MOH Ag' MpeaocTaBisieT ABe
BaKaHTHBIX THOPUAHBIX SP-OpOUTATIH 1711 0Opa30BaHMS CBSI3H.

CxeMy 00pa3oBaHUs KOMIUIEKCHOTO MOHA MOXHO TIpEICTa-
BUTB Tak: Ag* ... 4d'°5s°

% % % % % Q* - Sp-l"]/l6pI/IZlP[321].[P[ﬂ . 2NH3 e e

2 sp-TUOPHIHBIX
opburanu

CprKTypa KOMIUIEKCA — JIMHEHHAS.

2. KoopanHalluOHHOE YUCIIO paBHO 4, HAIIpUMED:

a) [Zn(OH), -

Zn** — KOMIUIeKCooOpa3oBaTeIhb, AKUENTOP IJIEKTPOHHON
apsl;

:OH- — nurann, ZOHOP 3MEKTPOHHON NaphI.

Zn?t ... 3d"4s°

B g e e

4 ruGpuIHbIX
opOuramu

CTpyKTypa KOMILIEKCa — TeTPasp.

6) [Ni(CN),J*

Ni?* — KoMIIIeKCO0Opa30oBaTellb, AKIENTOP 3JIEKTPOHHOM
Maphl;

CN- — nurasj, JOHOP 3JIEKTPOHHOU TapBHI.

Ni?* ... 3d%4s"

% % % %@f dsp’-rnbpunmsams %L %%% e acN .

4 THOPHIHBIX
opburamm

BT

CrpyKTypa KOMILIEKCa — KBaJIpar.
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Tema: KomnneKkcHble coeguHeHUsA

3. KoopauHanmmoHHOE YKCI0 paBHO 6, HATIPUMED:

a) [Fe(CN) J*:

Fe** — koMiuiekcooOpa3oBaTeib, AKLENTOP 3JIEKTPOHHON
Mapsl;

CN- — nmuras, JOHOP SJIEKTPOHHOM Taphl.

Fe** ... 3d%4s°

L S
et e L et

( BHYTpEHHsA") 6 THOPHIHBIX
opbuTanu

CTpyKTypa KOMIUIEKCA — OKTadap.

0) [FeF J*:

Fe** — kommiekcooOpa3oBareib, aKUENTOP 3JIEKTPOHHOM
napsl;

F- — nurana, JOHOD 3JEKTPOHHOM Maphl.

Fe ... 3d°4s°

B e e

"BHEIIHs" 6 THOPHIHBIX
opbOuranu

ST

CrpyKTypa KOMIUIEKCa — OKTadp.

Cas131, 00pa30BaHHbIE ¢ yuacTHeM THOpuAHbIX (1 — 1) d *nsnp’-
opbuTanell («<BHyTpEeHHHE»), TPOYHEE, YEM C y4acTHUEM THOpui-
HBIX nsnp*nd?-opouraneii («BHELITHHEY).

MeTon Bal€HTHBIX CBS3€H HE YUUTBHIBACT BIMSHUS IIOJIS JIU-
TaHJO0B Ha COCTOSTHHE 3JIEKTPOHOB B LIEHTPAJIbHOM aToMe (MOHe),
a TaKkKe He MO3BOJISIET OOBACHUTH MHOI'ME (DPU3MKO-XHMUYECKUE
CBOIICTBA KOMIUIEKCOB, HX TI€OMETPHUYECKYIO0 KOH(UIypaluio.
[TosToMy NmpenIoKeHbIl IPYrue MeTO/Ibl, OOBSICHSIONINE CBOMCTBA
KOMIUIEKCHBIX COCJIMHEHMIA: METOJ MOJIEKYJISIPHBIX OpOHTAalei,
TEOPpUs KPUCTAIIMYECKOTO MO,
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

CBOMCTBA KOMMJIGKCHbIX COeJUHEHUH.
YcTOMYMBOCTb KOMMJIEKCHBIX COeJUHEHUN
B pacTBope (Auccoumauus)

B pacTtBOpe KOMIUIEKCHBIC COCIMHECHHS IUCCOIMUPYIOT Ha
KOMIUTIEKCHBI MOH W MOHBI BHEIIHEH cdepbl. DTa IUCCOLUAIINS
MPOTEKAeT MPAKTUUECKU HAIIETIO, IT0 THUITY JUCCOIMAIIUY CHITHHBIX
3JIEKTPOJIUTOB, U HA3BIBACTCS NEPBUUHOLL:

[Co(NH,) JCIL, — [Co(NH,) ** + 3CI~.

Jluranael cBSI3aHBI C IEHTPAIBHBIM ATOMOM 3HAYHTEIIHHO
MPOYHEee U OTUICIUISIIOTCA B HE3HAUUTENbHOM CTEeHU. DTOT MPO-
1IecC Ha3bIBACTCS GIMOPUUHOU duccoyuayueti, TOTINHACTCS 3aKOHY
JIEHCTBYIOIIMX MACC ¥ KOJIMYECTBEHHO XapaKTePHU3yeTCs] KOHCTaH-
TOW paBHOBECHS, KOTOpas XapaKTePHU3YeT YCTOMUUBOCTH KOMII-
JIEKCHBIX MOHOB B PAacTBOPE U HA3bIBAETCS KOHCTAHTOU HECTOM-
KOCTH KOMILJIEKCOB K

[Co(NH,) J** = Co* + 6NH ;

_[Co™[NH,]°

" [Co(NH, )

Juccomuanus KOMIUICKCHBIX HOHOB BCEraa IPOTEKAaeT II0
CTaausIM aHAJIOTMYHO JTUCCOLUAIIMA MHOTOOCHOBHBIX KHCIIOT U
coJIeit:

[Co(NH,) J** = [Co(NH,) J** + NH, K,
[Co(NH,).J** = [Co(NH,),J'* + NH, K,
[Co(NH,) J** = [Co(NH,) J** + NH, K,
[Co(NH,).J** = [Co(NH,),}}* + NH, K,
[Co(NH,).J** = [Co(NH,)J** + NH, K.
[Co(NH,)** = Co™ + NH, K,

KoncranTel K ,K , K ,...K  Ha3bBalOTCS CTylICHYATHI-
MM KOHCTaHTaMH HecToiikoctu. OOImas (cyMMapHasi) KOHCTaHTa
HECTOHKOCTH OLIEHUBAET OOIIYI0 YCTOWYMBOCTh KOMIUIEKCHBIX HO-

HoB K =K ‘K K K -K K _ (1abm. 12, Taxxke mpuioxenue 4).
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Tema: KomnneKkcHble coeguHeHUsA

Tabnuya 12
KoHcTaHTBI HECTOHKOCTH KOMIIJIEKCHBIX HOHOB
Juccoumanusi KOMIJIEKCHOrO HOHA K, pK = -IgK_

[Ag(CN),]- <= Ag" + 2CN- 1,0-10# 21,0
[Ag(NH,),]* 2 Ag* + 2NH, 4,0-107 6.4
[Co(NH,) J** == Co* + 6NH, 8,0-10° 5,1
[Co(NH,) JP* <= Co™ + 6NH, 8,0-10-%¢ 35,1
[Cu(NH,) J** <= Cu** + 4NH, 4,6-10™M 13,3
[Fe(CN) - <= Fe** + 6CN- 1,6-10* 43,8
[Fe(CN) ]~ <= Fe** + 6CN- 1,0-10% 27,0
[PtCL > == Pt** + 4CI- 1,0-10° 16,0

YeM MeHbIIIE KOHCTAHTa HCCTOﬁKOCTH, TEM yCTOfI‘IPIBeC KOM-
TUICKCHBIA HOH. BGJ'II/ILII/IHB., O6paTHaH KOHCTAHTC HGCTOﬁKOCTH,

N . 1
Ha3bIBACTCA KOHCTAHTOU YCTOMYNBOCTU! Ky =,

H

N3omepus KOMNNEKCHbIX COeANHEHUN

B XxvMHM KOMITIEKCHBIX COEIMHEHNA N30MEPHS OYEHD PACIIPO-
cTpaHeHa. Pa3nuyaroT HOHM3aLUOHHYIO, TUAPATHYIO, KOOPAUHA-
LIUOHHYIO, TEOMETPUYECKYIO (IIPOCTPAHCTBEHHYIO), ONTUYECKYIO
U IpYyrue BUIBI U30MEPUH.

1. Nonn3annonnas uzomepusi. CoeqMHEHNUS, KOTOPbIe UMEIOT
OJIMHAKOBBII cOCTaB, HO 0OPa3yIOT B PACTBOPE pa3Hble HOHBI, Ha-
3bIBAIOT HOHU3ALIMOHHBIMU U30MEPAMU.

Ilpumepor:

[Co(NH,),Br]SO, u [Co(NH,),SO,|Br
KpacHo-ghuonemosblii KpacHblil

[Co(NH,) Br]SO, — [Co(NH,) Br** + SO -
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

[Co(NH,),SO,JBr — [Co(NH,) SO J* + Br-

+ BaCl, — BaSO, |

[Co(NH3)5Br]SO4—|:
+ AgNO, — Ag SO, |

+ BaCl, #

[Co(NH,),SO,|Br —|:
+ AgNO, — AgBr |

MNHorna BecTpeuaercst 0coOblii ciiyuail HOHU3aIIMOHHON H30Me-

pyH, 4aCTO Ha3bIBAEMBbIN CUIPATHOM.

Hanpumep, B Tpex nzomepax CrCl,-6H,0:

1) [Cr(H,0)]Cl, — ¢uonerosslii, HE TEPSET BOY NP BBICY-
mwmBanuu Hax H,SO,, Bce nonsr Cl” ocaxmarorcs HOHAMU
Ag*.

2) [Cr(H,0),CI|CL,:H,O — 3eneHblii, TepseT OIHy MOJEKYIY
H,O npwn seicymmsanun nag H,SO,, nea nona CI- ocaxna-
10TCs HOHaMu Ag*.

3) [Cr(H,0),CL]ICI-2H,0 — 3eneHbIii, TEPIET IBE MOJEKYIIBI
HZO MIPU BBICYIIMBAHUU HAJ HZSO ,» OJTMH HOH CI ocaxna-
eTcst noHamu Ag*.

2. CoJureBasi n3oMepusi — HaOITFOMACTCS IS JINTAHAOB, CIIOCO0-
HBIX KOOPAUHUPOBATHCS OOJIeE YeM OJTHUM CIIOCOOOM.

HaunGoiee U3BECTHBIM IIPUMEPOM SIBJISIETCS H30MEPHST HUTPO-
U HUTPUTOKOMILJICKCOB:

[Co(NH,),NO,J** — nutpousomep;
[Co(NH,),ONOJ** — Hurpurousomep.

3. Koopaunanuonnas uomepusi. B coennnennsx, B KOTOPBIX
KaTHOH U aHHOH SIBIISIIOTCSI KOMIUIEKCHBIMHU, PACIpeeSIeHUe JIH-
TaHJOB MOJXET U3MEHSTHCS MEXTY IBYMsS KOOPIUHALMOHHBIMU
chepamu:

[Cu(NH,),] [PtCl,] u [Pt(NH,) ] [CuCl,] — u3omepsi.
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Tema: KomnneKkcHble coeguHeHUsA

4. I'eomeTpuyeckas uzomepusi. Pasubie TUIIBI reOMETPUUECKOM
HM30MEpUU OOHAPY)KUBAIOTCA B IJIOCKMX KBaJIPATHBIX M OKTad[I-
PUYECKIX KOMITJIEKCAaX:

Cl  NH; ;N Cl
\/ N/
Pt Pt
/ \ / N\
Cl NH; Cl NH;
yuc-usomep mpaunc-uszomep

(opanacesvie Kpucmaniol) (diceamvle, MeHee PACIBOPUMbIE
8 800€ KpUCMaJlivl)

OKpacKa KOMNJIEKCHbIX COeAUHEHUN

Oxkpacka KOMIUIEKCOB KATHOHOB TIEPEXOTHBIX METAIIIIOB 00yC-
JIOBJIEHA d-d-37IEKTPOHHBIMY NIEPEX0IaMHU. DIIEKTPOHHBIE TIEPEX0-
JTbI MEX/Ty HIDKHUM (HECBSI3BIBAIOIINM) M BEPXHUM (Pa3phIXIISIO-
[[UM) SHEPTEeTUUYECKUMU TTOAYPOBHSIMU MPUBOIST K MTOTIOIICHUIO
WJIM UCIYCKaHUIO BUAMMOTO cBeTa. [j1s1 Toro, 4T00BI Y KOMILICK-
ca ObUTa OKpacKa, KATHOH METajlla JOJDKEH UMETh XOTs Obl OJ1H
d-3IIEKTPOH, CIIOCOOHBIN TIEPEXOTUTh MEKAY PA3HBIMU SHEPTeTH-
YECKUMHU TOIYypOBHAMU. VIOHBI HemepexoHbIX 37eMeHTOB: Na”,
K", Ca®" wimu A" — He UMEIOT BaJICHTHBIX d-3JIEKTPOHOB U 103~
TOMY 00pa3yroT OeclBETHBIC KOMIUICKCE. KpoMme d-371eKTpOHOB,
HEOOXOMMO ellle HAJTMYue XOTs ObI OJJTHOM BAKAHCUU Ha BEPXHEM
9HEPreTUYEeCKOM IOJYPOBHE, KyJa JOJDKHBI IIEPEXOAUTD d-3IIeK-
TPOHBI MPH TOTJIOMIEHUH CBETa. DTO OOCTOSITENBCTBO OOBSICHS-
€T, IOYeMy KaTHOHBI C IeCAThIO d-37ekTpoHaMu: Agt (4d'0), Zn*
(3d'9), Cd** (44", Hg*" (5d'%), Cu* (3d"), Sn** (4d'°5s?) — Taxxe
00pa3yroT OecIiBeTHbIC KOMIUIEKCHI. IloTIioleHne B BHIMMOI
YAaCTH CIEKTpa OOHAPYKUBAETCS JIUIIb Y KOMIUIEKCOB KATHOHOB,
HUMEIOIIUX OT OAHOTO 70 AEBITH d-3JIEKTPOHOB.

Cu* (3d"%) — 6ecusernsiit, Cu** (3d°) — romyboro 1BeTa, Tak
KaK BO3MOXEH d-d-3JIeKTPOHHBII Mepexo.
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

KucnotHo-oCHOBHbIe CBOMCTBA KOMMNMEKCHbIX
coeiuHeHum

Kommiekcoo6pa3oBarenb, Kak aKLIENTOP IEKTPOHHON Haphl,
sBIIsieTcsl Kucnotoi JIktonca, a MUraHabl, JOHOPHI 3JIEKTPOHHBIX
nap, — ocHoBaHus JIplonca. Kommuiekcoo6pa3oBaHue MOKHO
paccMaTpuBaTh KaK pa3HOBUIHOCTH KUCIIOTHO-OCHOBHOTO B3au-
MOJCUCTBUSL.

KommiekcooOpa3oBaHue yCHIIMBAET KHCIOTHO-OCHOBHEIE
CBOMCTBA COEIMHEHUI. DTO 3aBUCUT OT pa3Mepa, 3apsiaa 1 Mois-
pHY3alMOHHBIX CBOMCTB IIEHTPAIILHOTO MOHA, a TAKXKEe OT BEIHYU-
HBI 3apsiia ¥ CTPOEHUS KOMITJIEKCHOTO HOHA, €T0 YCTOWYMBOCTH B
pacTBope M XapakTepa B3aUMHOTO BIIMSIHUS KOOPAMHAIMOHHBIX
rpynm. OTi GakToOpsl MPUBOIAT K YMEHBIUICHUIO IPOYHOCTHU CBSI-
31 B KOMITJIEKCHBIX OCHOBAHUSIX U KMCIIOTAX, YTO ¥ YCHIIUBAET MX
JIUCCOIMAIINIO B BOJHBIX PACTBOPAX.

Hanpumep: Ni(OH), — cmaboe manmopacTBOpUMOE OCHOBA-
nue, [Ni(NH,)]J(OH), — OTHOCHTENBHO CHMIIBHOE OCHOBAHHUE.
Hon Ni** mpouno yuepxkuaeT noubl OH- (paguyc (Ni**) = 0,78
A), xommiekcHBIil MOH [Ni(NH,) J** — cnabo yaep:uBaeT HOHBI
OH- (paguyc [Ni(NH,) J** = 2,58 A), 4TO MPUBOAUT K YCHIIEHUIO
OCHOBHBIX CBOMCTB.

CoBMelweHHble (KOHKYpUpyioLiue)
NUraHpoo6MeHHble npouecchbl

[Tpu HAMMuUMM B pacTBOpe HECKOJIBKUX JIUTAHAOB, CIIOCOOHBIX
K 00pa30BaHUI0 KOMILJICKCHOTO COEIMHEHUS ¢ MOHOM MeTallia,
HAOJIIOMAOTCd COBMEIICHHBIE JIUTAHIOOOMEHHBIE IPOIIECCHI.
IIporecchl 06pa3oBaHUsT KOMIUIEKCHOTO COCAMHEHHS HOHA Me-
Talja ¢ KOKIBIM M3 3THX JIMTAHAOB OyIyT KOHKYDPHUPYIOIIIMH
MEXIy coO0M; MpeobiaaronuM OyaAeT TOT, KOTOPBIH MTPUBOIUT
K 00pa3oBaHMIO HamboJee MPOYHOTo (T.€. C HAMMEHBIIIEH KOHC-
TAHTON HECTOMKOCTH) KOMIUIEKCHOTO COSTUHEHUS.
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Tema: KoMmnnekcHble coeguHeHUsA

MoryT OBITh U TaKH€ COBMEIIEHHBIC JTUTAHTI00OMEHHBIE TIPO-
1IECChI, B KOTOPBIX OOBEKTOM KOHKYPEHIIMH SIBJISIETCS JIMTaHJ, a
KOHKYPHUPYIOIIUMHU MEXTy COOOI YaCTUIIAMH — UOHBI METAJIOB.

Ilpumep xkouxypenuuu 3a uon memaina. B BOIHbII pacTBOp, CO-
IepXaluii aMMHUaK, IIMaHUA-HOHBI, JOOABWIIM HOHBI IMHKA. VIOH
IIMHKA CIIOCO0EH 00Pa30BHIBAT:

a) aKBaKOMIUIEKC (JIUTAHT — BOJA);

0) aMMUHOKOMIUIEKC (JIUTAH]] — aMMHAK);

B) UIMaHUIHBINA KOMIUIEKC (JIUTAHI — ITUAHHUI-aHHOH).

7

Zn** + 4H,0 — [Zn(H,0) ", K, , = 2,110
Zn** + 4NH, — [Zn(NH,) ", K, = 2:10°

Zn** + 4CN- — [Zn(CN) ], K , = 5,75-107'¢

IMockoibKy KaXIblii U3 3TUX JIMTAHJIOB SIBJISIETCS MOHOJICH-
TaTHBIM JINTAHJIOM, & IIMHK BO BCEX TPEX COCIUHEHUSX HMEET
KOOPAMHAIIMOHHOE YKCIIO 4, YCTOMYHUBOCTh COSTUHEHUH MOKHO
CPaBHUTH HEMOCPEICTBEHHO M0 KOHCTAHTAM HeCTOMKOCTH. boee
MPOYHBIM SIBIIICTCS [TUAHUIHBIA KOMILIEKC (HAaMMEHbIIlee 3Have-
nue K ), mpoiecc ero o6pa3oBanus u OyAeT mpeobiaanath B 1aH-
HOU cucreme.

Ilpumep KonKypenyuu 3a 1uzano

Jlarana — NH,. Komniexcoo6pazosatenu: Cu*, Zn**, Ni **.

Cu® + 4NH, —[Cua(NH,) I**, K, , = 1,07-10"

Zn** + 4NH, —[Zn(NH,) I**, K , , = 2-10”

Ni* +4NH, —»|Ni(NH,) |**, K  , = 3,4-10%.

Tax xax HauMeHblIee 3HaYeHne K MMEET aMMUAKaT MEM (1),
TO 3TO COeMHEHHE U OyIeT 0OPa30BBIBATHLCS B MIEPBYIO OYepeb.
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B Hacrosee BpeMsi ¢ pa3IuIHBIMU 1ETISIMU, B TOM YHCIIE U B
MEAUIIMHE, UCIIOIb3YETCsl ITUIIEHINAMUHTETPAayKCyCHasl KUCIIOoTa,
coxparieHHo DATA, niu ee nuHaTpueBas conb — DA TA HaTpus
(tpunon b, Na,H,T).

HOOC-H2C\ /CHZ-COOH
NaOOC-H,C CH,-COONa

Hns nanucanust popmynsl DJTA u ee aHHOHOB YaCTO HUC-
nonb3ytoT obosnavenus: H,V; H, V- H V> u 1.0. DATA Ha-
Tpusa MOXHO 3anucath Kak Na,H,Y. D/ITA u ee conmn obpasy-
FOT MMPOYHBIE KOMIUIEKCHI TOYTH CO BCEMH MeETaJlaMH (Kpome
menoYHbiX). OCOOEHHOCTHIO UX B3aMMOJEHCTBUS SIBIISIETCS TO,
YTO MOJIsIpHOE cooTHoleHue meramni — DJTA He3zaBucumo
OT 3apsijia MOHa MeTallia Bcerja paBHo 1:1. Jomycrum, B pac-
TBOpPE MMEIOTCS MOHBI METAIUIOB: MarHus, nuHka, memu (1),
kobansbTa (II), Hukens (I1), xxenesza (IIT), xpoma (III), mapran-
ua (IT). Tlpu BBenenuu B Takoit pactBop DA TA B HeOOJIBIIIOM
KOJIMYECTBE OYJeT MPOUCXOIUTH CBS3bIBAHUE TOTO HOHA, KOTO-
phIii 06pasyer Hanbosee mpouHblii KoMmieke: Fe3'. Tlo Mepe
nobasnennst HOBbIX nopuuii DJATA Oyner MpOUCXOIUTH CBSI-
3pIBAHHE W JIPYTHUX HOHOB B TaKOW mocienoBateabHocTu: Cri?;
Cu?*; Ni?*; Co?"; Zn?*; Mn?*; Mg?* (cM. cipaBOYHBIE JaHHBIE 11O
KOHCTaHTaM YCTOWYUBOCTH).

AHAJIOTUYHO TOMY, KaK B T€TEPOTEHHBIX Mpolleccax cpas-
HHUBATh PACTBOPUMOCTHU BEIIECTB MO KOHCTAHTaM pPaCTBOPU-
MOCTH MOXHO TOJBKO JJISl OJTHOTHITHBIX 3JIEKTPOJIUTOB, TaK U
B JINTaHA0O0OMEHHBIX IMpOILleccax 3aKII0UYEeHNUE O CPABHUTEIIHBHOM
MMPOYHOCTH KOMIUICKCHBIX COCJUHCHHI HA OCHOBAHUU BEITUYHMH
KOHCTAHT HECTOWKOCTU MOYHO JIeJIaTh TaKXKe I OJJHOTHUITHBIX
coequHenuit. CpaBHEeHHE KOHCTAHT HECTOMKOCTHU ISl KOMIUJIEKC-
HBIX MOHOB Pa3HOI0 COCTaBa, HAIpUMep AJisl rekcapropodeppa-
ta (IIT) m nuraprparadeppara (I1I), He MOXeET aTh OJHO3HAU-
HOTO OTBETAa OTHOCHUTEIHPHO TIOJTHOTHI CBSI3bIBAHUS NOHA.
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Tema: KomnneKkcHble coeguHeHUsA

Ilpumep KoHKypupylowux peaxuyuit paznozo muna:
pacmeopenue ocaoka xaopuoa cepeopa, m.e. coemeuieHue
2emepozeHHO20 U MZAHO00OMEHHO20 NPOUECCO8

AgCl + 2NH, — [Ag(NH,),]CL.

Xiopua cepedbpa — MaJIopacTBOPUMOE BEILIECTBO, AMMUAKAT
cepebpa — KOMILIEKCHOE coennHeHne. HabmonaeM coBmerenre
TeTePOreHHOTO ¥ JIUTaHA00OMEHHOTO MPOIIECCOB:

Ag+ Clr = AgCl ; K =1,78-107"7;
Ag"+2NH, = [Ag(NH,),]"; K = 5,9-107%;
Ag(NH;),]"
:[ gﬁ 3)2]2:1”{}[.
[Ag"]{NH;]
OOBEKT KOHKYPCHITUH — HOHBI cepedpa.
OO1mmas KOHCTaHTa paBHOBECHS

K, ;
K=K,1/K, =—%=3,0210"".
KH
Cyas 1o 3Ha4YeHUI0 OOIIell KOHCTAHTBI, peaKIus MpH C.y. 00-
paTuMa, IO3TOMY IS PACTBOPCHHS ocadKa XJIopHaa cepedpa
ClIeayer 6paTI> n30bITOK aMMmuaka. Ha IPAKTUKE HCIIOJb3YIOT
KOHLIEHTPUPOBAHHBIN PACTBOP aMMHAKA.

yer

JluraHgoo6meHHble npouecchol B XXusHefeATeJIbHOCTHU

[IpakTH4ecKu Bce MOHBI d-3JIEMEHTOB B YCIIOBUSIX OpPraHU3Ma
HAaXOJISITCS B CBA3AHHOM COCTOSHUM, T.K. 00pa3yI0T KOMILICKCHBIE
COEJIMHEHUS] C PA3IUYHBIMU OMOJIMTAaHIAMHU, B COCTaB KOTOPBIX
BXOJISIT JIOHOPHBIE ATOMBI KUCIIOPO/1a, a30Ta, CEPHI.

buokomnnexcooopazoeamenu:

e Fe (II) B coctaBe MuoTIIOONHA, TEMOTIIO0MHA, (PEPMEHTOB;

e Fe (III) B cocTaBe MIUTOXPOMOB;

¢ Co (IIT) B BuTamune B, ;

e Cu(I), Cul), Zn (I), Cr (IIT), Mo (VI), Mn (II) B cocraBe
(hbepMeHTOB;

Mg (II) B xmopodure;
K (I), Na (I),Ca (1I), Mg (II) B coctaBe HOHO(DOPOB.
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bBuonuzanowi:
Kucnopon;

Oxcup yrirepona (ID);
Asor;
AMUHOKHUCIIOTHI,
IlenTunsr;
Hyxneotuasr;
YriaeBonsr;
JlexapcTBa;
MeTaboauTHI.

BuoxoMITIeKCHBIE COeIUHEHNS 3HAUYUTEIBRHO PA3INYAI0TCS 110
cBoeil ycroitunoctu. OIHU U3 HUX HACTOJIBKO MTPOYHBI, UTO TOC-
TOSIHHO HAaXOJIATCS B OPraHU3ME M BBINOJHSIOT OIpPEIEIIEHHYIO
¢dysakuio. Pob MeTania B TakMX KOMITIEKCAX BBICOKOCTIennuy-
Ha; 3aMeHa ero Jake Ha ONMM3KUN 1Mo (GU3UKO-XMMUYCCKUM Tapa-
MeTpaM 3JIeMEHT MPUBOINUT K 3HAUYUTEIIFHOUN WJIN MTOJTHON yTpaTe
¢duznonornueckoil akTUBHOCTH. [IprMepamMu TaKuX COeAMHEHHIA
SIBJISIFOTCS] TEMOTJIOONH (TOJIBKO KOOATbTOBBIN aHAJIOT 3TOTO CO-
eMHEeHUs 00JIalaeT He3HAYUTEIILHON CIIOCOOHOCTBIO CBSI3BIBATH
U TIEPEHOCHTH KMCIIOPOJ), TUTOXPOMBI, BUTAMUH B, ), xmopodum.
C npyroit CTOpOHBI, B OpPraHU3ME €CTh BeChbMa HEIIPOUHBIC KOMII-
JIGKCHBIE COEIMHEHUSI, KOTOPBIE YacTO 00Pa3yroTCs TOIHKO Ha TO
BpeMsi, KOTOPOE HY>KHO JJTs BBITIOJTHEHUS OTIPEIEIEHHBIX (DYHKITUH
(Hanmpumep, 0Opa3oBaHUE MEXIY MIOHOM METAIa-aKTUBATOPOM 1
(hepMEHTOM KOMITJIEKCHOTO COEIMHEHUS Ha MEPHO]T OCYIIECTBIIE-
Hus KaTtanuza). CrnenupuIHOCTh MeTaia B TAKUX KOMILUIEKCAX
YacTO HE SPKO BBIpaK€HA, OH MOXKET OBITh 3aMeIleH Ha APYyrou
6e3 noTepu (HPU3HOJIOTMUECKON akTUBHOCTH. Hanpumep, B cocTaB
(epMeHTa KapOOKCUIENITUIA3bI BXOAUT IIUHK, OJHAKO OH MOXKET
ObITh 3aMeHeH Ha noHbI KobanbTa (11), mapranua (I1), Huxens (I1).
[Tpu 3TOM MOITyYarOTCS TAK)KE AaKTUBHBIE KAPOOKCUTIEIITUAABHI.

K OMOKOMIIIIEKCHBIM COETMHEHUSIM C HEBBICOKUMHU 3HAUCHUSI-
MM KOHCTAHT YCTOMYMBOCTH MOXHO OTHECTH M TaKUE, KOTOPHIC
CTaOWIM3UPYIOT CIOXKHBIE CTPYKTYphl. OOpa3oBaHue, HATIPUMED,
METAJUIMOIUHYKJIEOTUTHBIX KOMILUIEKCOB CTAOUIIU3UPYET JBOM-
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nyto crimpairs JJHK. Kommtekcsr ¢ JJHK obpa3zyior nByx3apsia-
HbIC HOHBI MapraHiia, kobanpTa, xene3a, Hukenss. OHU MOTYT 3a-
MEHSTh JIPYT ApYyra.

OaHMM M3 TUIMYHBIX KOMIUIEKCHBIX COEIMHEHUH, OTJINYalo-
IIUXCSl BBICOKOW YCTOWYMBOCTBIO U OOJBINON CHEIU(HIHOCTHIO
PO MeTalia, SBIISETCS TeMorioOuH. ['eMormoOuH, SABIISSACH
c1aboil KUCITOTOH, BXOAUT B COCTaB Hamboiiee eMKoil OydepHot
CHCTEMBI KPOBH (CM. puc. 7).

B KUBBIX OpraHu3Max B HAcTOsIEe BPeMs U3BECTHO MHOTO
(bepMeHTOB, B COCTaB KOTOPBIX BXOJSAT UOHBI MeTaiioB. DyHK-
LIMK UX B OCHOBHOM CJIEAYIOIIME: BO-TIEPBBIX, SABJISLSACH JIEKTPO-
GIITEHON TPYMITON aKTUBHOTO LEeHTpa (epMEeHTa, MOH MeTajuia
00JIeryaeT B3auMOIEHCTBUE C OTPHUIIATENBHO 3aPSKEHHBIMU (HYK-
eopMITHbHBIMUA) YYaCTKAMHM MOJIEKYJ cyOcTpara (KaTajauTHydec-
Kasi QyHKIUS Kak KUcIoThl JIbtonca). Bo-BTOpBIX, HOH MeTalta
(dbopMUpYeT KaTaTUTHYECKH aKTUBHYIO KOH(POPMALUIO CTPYKTY-
puI epMenTa. B psze ciaydaeB HOHBI METANIOB, KOTOPBIE MOTYT
HaXOJUThCS B MEPEMEHHBIX CTENEHSIX OKHUCIICHUS, YYaCTBYIOT B
TPAHCIOPTE IEKTPOHOB.

MoHATHE 0 MeTaNNO-NUTaHAHOM 6anance

s opranusma xXapakTepHO HNOIIEpKaHHME Ha IOCTOSIHHOM
YpOBHE HE TOJIbKO KoHIIeHTparuu noHoB H* (pH), npyrux noHos,
HO M KOHLEHTPALMU BEIIECTB, YYACTBYIOIMX B JINTAHAOOOMEH-
HBIX paBHOBeCHsIX. B oprannsme nocTossHHO MPOUCXOAUT 00paso-
BaHME U pa3pyllieHHe )XU3HEHHO HEOOXOAMMBIX OMOKOMILIEKCOB
[M,L,], koTOpBIE COCTOAT U3 «METAILIOB KHU3HW» (OMOMETAILIOB
M,) u 6uonuranmos (L,).

Hapyiuenue MeTayuio-IMraiiHoro 6anaHca BO3MOXHO B psiie
CILy4aes:

a) BOPraHU3M IOCTYNAIOT HOHBI-TOKCUKAHTBI U3 OKPY>KalOIIeH

cpenibl; Hanbosee OacHbI — UOHBI PTYTH, KQAMUS, TAJUIHS.
Bce onu cnoco6HBI 00pa30BbIBATH MPOYHbBIE KOMIUIEKCHBIE
COEAMHEHMS ¢ OMOIMTaHAAMHU, CEPhE3HO HapyIlasi IapaMeT-
PBI CTAlIMIOHAPHOT O COCTOSIHUS;
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Tema: KomnneKkcHble coeguHeHUsA

0)

B)

)

B OPraHU3M IOCTYNAIOT MHKPO3JIEMEHTHI, HEOOXOAMMbIE
IJI51 )KU3HHU, HO B 3HAYHUTEIHHO OOJBIINX KOJIMYECTBAX.
D70 MOXKeT OBITh O0YCIOBIEHO OCOOEHHOCTHIO OMOTEOXU-
MUYECKUX MPOBUHIMHN (HAIpUMeEp, IS psia TEPPUTOPHIA
V30ekucrana, Jlarectana xapakTepeH H30BITOK MOJTNO/IEHA;
s Ypanma — u30sIToK HuKens). Ho garre Bcero Takas cu-
Tyalus BOSHUKAET B Pe3yJIbTaTe HEPA3yMHOM IS TeIbHOCTU
yejioBeKa (HarmpuMmep, B 3eMJie BHHOTPaJHUKOB OTMEYAETCS
TOBBIIIEHHAS] KOHIIEHTPAIUS COJIel MeIU, KOTOPBIE UCTIONb-
3YI0TCS AJ1s1 OOPBOBI ¢ OOJIE3HIMU BUHOTPAa);
HapylIeHHe METAJUIO-INTaHIHOTO OajaHca BO3MOXHO U B
Ppe3yJIbTaTe HEIMOCTYIUICHUS (WITH IIOCTYIUICHUS B 3HAUNTEI -
HO MEHBIIIUX KOJMUECTBAX) BAXHEUIIIMX MUKPOIJIEMEHTOB.
Tak, npu 1eiikeMUH B OpraHU3Me B HECKOJIBKO pa3 magaeT
KOHILIEHTpalUsl 1e3usi, MPU aHeMUH HapyllaeTcs paBHO-
BECHOE COCTOSTHHE MOHOB eJjie3a 1 MeIu. B OOIbITMHCTBE
CIIy4aeB 3TO CBSI3aHO C OCOOCHHOCTSIMU OMOTEOXMMHYECKUX
MMPOBUHIINI (HAITpUMeEp, B MecTax JoObran HeptH B TromeH-
CKOIt 00JTACTH — HEIOCTATOK MEIN);

HapylleHWe KOHLUEHTPALU HOHOB METAJIOB BOSHHUKAET B
pe3yJibTaTe CBS3BIBAHMS MX B KOMIUIEKCHI C TIOTAdalOIH-
MU M3BHE TOKCUYHBIMHU Jurangamu. Hampumep, MHOTHE
CpeJ/ICTBA XMMHYECKOHN 3aIlUTHl PACTEHUN COMIEPXKAT B CO-
CTaBe MOJICKYJI JOHOPHBIE aTOMBI (a30T, cepa, KHCIOPO/I,
dbocdop), kKoTopbie CIIOCOOHBI KOOPIUHUPOBATHCS HOHAMHU
OHMOMETAIIOB;

B psijie CIydaeB B OpraHU3Me OOpa3yloTCsl JIUTAH[IBI, HE
CBOWCTBEHHBIE €My B HOpME, TAK Ha3bIBAeMBbIE «(halTbIIIUBbICY
nuraHasl. Takoe sIBIEHNE YaCTO HA3bIBAIOT JIUTAHHON Ta-
tosiorueil. Hammpumep, mpu KpacHoO# BOJTYaHKE TPOUCXOUT
«HE3aIUIAHUPOBAHHBII TUIPOIIN3 MENTHIOB, B PE3YJIbTATE
KOTOPBIX 00Pa3yIOTCs COETUHEHUS], YCIIEITHO KOHKYPUPYIO-
1Ue C IPYTUMU JIMTAHJAMU, B OCHOBHOM ()epMEHTaMHU, 3a
noHbI Meiu. CB3aHHbIE «(DaTbITUBBIMID) TUTAHIAMH HOHBI
MEeY HE MOTYT 00pa30BBIBATH XKU3HEHHO HEOOXOIMMBIE
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OMOKOMILIEKCHl (KOHKYPEHIHS MEXIy «(halbIIUBBIM» U
HACTOSIINUM OMOIHMTaHIOM 34 UOH).

XUMU3M TOKCHYECKOTO AEHCTBUS MOHOB TSKEIBIX METAIJIOB
MOXHO 0OBSICHUTH ¢ Touku 3peHus Teopun JKMKO. Kucrnoramu
110 JIproucy SBIISIIOTCS YaCTHULIBI, COAEPIKALIIE ATOMBI-AKLEITOPEI
3JIEKTPOHOB, OCHOBAHUSMH — aTOMBI-IIOHOPHL. B cooTBeTCTBHMM C©
3TUM HOHBI MeTaJIoB (Al*Y, Fe**, Pb®" u ip.) sSBs0TCS KUCTIOTA-
Mmu. Oxcun O* u cynbhun S~ paccMaTpUBAIOTCS KaK OCHOBaHUS.
Pa3bepem HEKOTOPBIE MTOJIOKEHUS TEOPUH OKECTKUX» U «MATKUX»
kucnoT u ocHoBauuii (JKMKO). [I71s1 «MSITKUX» YaCTHI XapaKTep-
HO HaJIM4ue JOCTATOYHO OOJNBIIOIO paauyca U HU3KOTO 3apsia.
Coueranue 3TUX (HAKTOPOB OOYCIOBIUBACT OONBINYIO MOJISIPH-
3yeMOCTh YacTHIIbl. JJIS «OKECTKMX» YacTHIl, HA00OpOT, Xapak-
TEPHO HAJIMYUE JOCTATOYHO BBICOKOTO 3apsiia MpU HEOOJBLIOM
pasmepe. «KecTkue» yacTULBI TPYyOHO HONApHU3YIOTCA. Takum
00pa3oM, 1o Mepe MPOIBUKEHUS BHU3 I10 IPYIIIE EPHOINIECKOM
CHCTEMBI JUISI MIOHOB OJMHAKOBBIX 3apsloB OyneT HabIogaThCs
TEPEXO0 OT «WKECTKUX» YaCTHI[ K «MATKHUM» (OKCHI-MOH OymeT
«OKeCTKUM)» OCHOBaHHUEM, a CYIb(QUA-NOH — «MSITKHUM»; UOH LI1H-
Ka — (OKECTKOI» KHUCIIOTOHM, HOH PTYTH — «MATKOIN» KUCIOTOMN
U T.I.). «MSTK1e» KUCIOTHI IPeANOYTUTEIbHEH KOOPIAUHUPYIOT
«MATKHE» OCHOBAHMS, a «OKECTKUE» KUCTIOTBI — KECTKHE» OCHO-
BAHMSL.

B coctaB akTHBHBIX LEHTPOB (EPMEHTOB HApSIy C TOHOP-
HBIMM aTOMaMH a30Ta M KUCIOpoJa («KECTKHUE» OCHOBAHUS)
BXOJISIT aTOMBI CEphI («MsITKoe» ocHOBaHUe). [Ipu momananuu B
OPraHu3M MOHOB TSKEIBIX METAJIIOB BOSHUKAIOT COBMEILICHHbIE
paBHOBeCUd U, KaK CIIEICTBUE, KOHKYPEHLUs mpoueccoB. MOHBI
PTYTH, CBUHILIA, TAJUIUS SBJISIOTCS «MSATKUMI» KUCIOTaMH, OHU
00pa3yloT ¢ aToMaMu cepbl Oojee MPOYHbIE COETUHEHHS, YeM
HMOHBI OMOMETAIITIOB, MPENCTABIIIOMNE cOO0N Ooee «OKECTKUE»
KUCIOTHI. TakuM 0O6pa3oM, BO3HUKAET KOHKYPEHILIMS 3a JIUTAH[
(-SH) Mexxny HOHAMH MUKPO3JIEMEHTOB M HOHAMH METaJUIOB-TOK-
cukaHToB. IlocnenHue, BBIMTPBIBAsS KOHKYPEHLMIO, OJIOKUPYIOT
AKTUBHbBIE LIEHTPBI ()EPMEHTOB U BBIKJIIOUAIOT UX U3 YIPABICHUS

214



Tema: KomnneKkcHble coeguHeHUsA

MeTabomM3MOM. TspKelble METaJlIbl YacTO HAa3bIBAIOT THOJIOBBI-
MU SITAMU.

IIpu Tex WM UHBIX OTKJIOHEHHUSX B METAJUIO-TUTaHIHOM Oa-
JIAHCe OPraHM3M BKIIOYACT 3alMTHBIC MEXaHU3MBI U CO BpeMme-
HEM BO3BpalllaeT OCHOBHBIE IIOKa3aTeu K HopMe. OIHAKO, B psijie
CIIy4aceB BO3HHMKAeT HEOOXOAMMOCTh B IPOBEACHUU (hapMakoTe-
panuu.

"pVIHI.I,MI'IbI xenarorepanuu

BrIBeneHe MOHOB TSDKETBIX METAUIOB U3 OpraHM3Ma IOJ
JISCTBUEM XeNTATUPYIOIINX PEarcHTOB HA3bIBACTCS XeJaToTepa-
nueii. OIMH U3 MEPBBIX IPENapaToB, KOTOPHIN ObLII TPUMEHEH TSI
Takux ueneid, — BAJI (OpuTaHCKUil aHTHUITIOU3HT):

H,C—HC——CH,

SH SH OH

B nacrosimee Bpemst B Poccun mpumensiercst yuutuodn (2,3-au-
MEPKAINTONPONAHCYJIb()OHAT HATPHS):

SH SH SO;Na

OToT npenapat 3¢p¢GeKTUBHO BBIBOJUT M3 OPTraHU3Ma MBIIIb-
SK, PTYTh, XpOM, BUCMYT; MeHee 3((dEeKTUBEH OH IIPH OTPABIICHU-
SIX CBUHIIOM. JIJIS BBIBEZICHUSI CBUHIIA MCIIOJIB3YIOTCS TIpenapaThl
Ha ocHoBe DJITA. ITockonmbky DATA o6pa3yeT mpoyHbIE KOMII-
JIEKCBI ITOYTH CO BCEMU HOHAMM, BBEJICHHE €T0 B OPraHU3M B 0OJIb-
IIMX 703aX OMAacHO, T.K. OH HAauyHeT CBI3bIBATH MOHBI KaJbIu,
YTO MOXET MPUBECTU K OUEHb CEPhE3HBIM PAacCTPONCTBAM MHO-
rux QyHKumid. JJ1s 1eTOKCHKAIMU OpraHu3Ma MpU OTPaBICHUH
CBUHIIOM UCIIOJIB3YIOT MPENapaTt TeTAIIMH-KATbIUH (KaJIbIUH T1-
Hatpuesas coib D/ITA; CaNa,V). [Ipenapar npuMeHSIOT Takxke
JUTSL BBIBEJICHUS KaJIMUsl, PTYTH, ypaHa, UTTPUS, UepUs U IPYTUX
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PEeIKO3eMETBbHBIX METAIIOB, M30BITOUHOTO KobanpTa. [To6ounoe
JIEHCTBUE TIPU MPUMEHEHHUH 3TOTO MpernapaTa MOXKET BhIpaXaThCs
B CHUKEHMH KOHIEHTPAaLMH reMorio6uHa u puramuna B ). Ipu
JTOJITOM TIpUEME TeTalliHA KaJIbLIUsS PEKOMEHIYEeTCsS MPUHUMATh
npenaparsl xene3a u BuTamuH B, . Ilenecoobpa3HocTs 3100 JI€r-
KO OOBSCHUTH CAMOCTOSITEIILHO C ITO3UIUI COBMEIICHHBIX PABHO-
BECHI M MPEACTABJICHN O METaJUIO-TUTraHIHoM bamaHce. Hapsiny
C TETAIIMHOM KaJbIUsl IPUMEHSETCS OU3KHUI eMy MO CTPYKType
MEHTAIVMH (KaJbUATPUHATPUEBAS COIb TUITHIICHTPUAMUHOTICH-
TAyKCYCHOH KHCITOThI). Ero HazHA4yaroT MpH OCTPHIX U XPOHHU-
YECKUX OTPABJICHUSAX IUTYTOHUEM, PAIMOAKTUBHBIMU UTTPHEM,
LIEpUEM, LIMHKOM, CBUHIIOM M JJISl BBISIBJICHHUSI HOCUTEIIBCTBA 3THX
PaIVOHYKJICUIOB.

OCHOBHBIE PUHIIUIBI XENaTOTEPAMA MOXKHO CPOPMYIHPO-
BaTh B JBYX IMOJIOKEHUAX. BBOAMMBIN AETOKCHKAHT: &) JOJDKEH
3¢ HEKTUBHO CBSI3BIBATH MOHBI-TOKCHKAHTBI; BHOBb 00pa3yroIlu-
ecsl COCIAMHEHUS JTOJDKHBI OBITH MPOYHEEe, YeM Te, KOTOpPbhIe Cy-
IIECTBOBAJIM B OpraHu3Me; 0) He JOJDKEH pa3pyliaTh KU3HEHHO
HEOOXOMMBIE COSTUHEHUS; COSIMHEHHSI, KOTOpble MOTYT o0pa-
30BBIBATHCS MPU B3aMMOACUCTBUH IETOKCHKAHTA U MOHOB OMO-
METAJJIOB, TOJDKHBI OBITH MEHEE MPOYHBIMH, YEM CYIIECTBYIOIINE
B OpraHu3Me.

B mocnemHee BpeMst paspaboTansl 3¢ heKTHBHBIEC XeIaToo0pa-
3YIOIIKE TIPenapaThl, MO3BOJISIONINE N30UPATEITHHO BRIBOJUTD U3
OpraHu3Ma Te WU UHbIC HOHBIL. JIJIs BhIBEICHUS JKele3a MPUMEHSI-
10T JedepokcaMiut (MPOU3BOAHOE TPOIMMOHTUAPOKCAMOBOM KHC-
noThl). st 3¢(heKTUBHOTO BBIBEICHUS U30BITOYHOTO JKee3a (Te-
MOXpOMAaTO03, FTeMOCHJIEPO3, OCTPbIe OTPABJIEHHS) HEOOXOAUMO,
4yTOOBI IIpenapat ObIT U30MPATEIeH He TOIBKO MO OTHOIICHUIO K
HMOHaM XkeJjie3a, HO ¥ TT0 OTHOIICHUIO K OT/ICIbHBIM KIIaccaM XKeJle-
30Co/IepPKAIINX OMOKOMILIEKCOB.

YcnoBHo 0603HaunM «Fe-remM» Bce )KU3HEHHO HEOOXOIMMBbIE
COEZIMHEHHS XKejie3a (reMOorjo0uH, MTOXPOMBI, KaTanasa; «Fe-
JIENO» — BCE JIEMOHUPOBaHHBIE (HOPMBI kelle3a, M3JHIIHeE Ha-
KOILJICHHE KOTOPBIX M BBI3BIBACT MATOJOTHYECKUE COCTOSIHUS, a
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«Fe-JIPA» — KOMIUIEKC, 00pa3yIoIMiics MEXAy MpernapaToMm
Y MOHaMH Kene3a. TepMoanHaMuyeckue ycIoBHs 3((heKTUBHOMI
paboTsl npenapaTta GopMyIUPYIOTCS TaK:

K (Fe-rem) < Kn(Fe-[II®A) < K (Fe-zemno).

HebepokcaMuH IEHCTBUTEIIBHO HE BIMSET CKOJIBKO-HUOYIH
CYIIECTBEHHO Ha BBIJEJICHUE MOHOB IPYIMX METAJUIOB U HE pas-
pylIaeT reM-coAepiKalllie COeIUHEHUs, BBIBOIS XKeJIe30 U3 ero
JlenoHUpOoBaHHEIX (hopM (pepputun). s BeiBeAeHUs Mequ (TIpy
OCTPBIX OTPABJIEHUSIX U Npu Oose3HH BuibcoHA) MCHOIB3yeTCs
KynpeHu, KOTOPbIH BJISeTCA MeHee CIeU(pUUHBIM JIMTAHIOM, OH
CBSI3BIBACT MOMKMMO MEJ/IM TAKXKE UOHBI PTYTH, CBUHIIA (UTO YCHIIU-
BAET €ro JOCTOMHCTBA), HO TAKXKE JKeJle3a U KAJIbLHUA (UTO MOXKET
MIPUBECTU K IOOOYHOMY JIEHCTBHIO MIpenapara).

Haxoneun, cymectByeT npenapat, 3pGEeKTUBHO CBA3BIBAIOLINIA
ITIOYTH BCE TOKCUKAHTBI (PTYTh, CBUHELl, MBIIbSIK, KaIMMIi), HO HE
BBIBOJSILIMI U3 OpraHu3Ma MOHBI OMOMETAIIOB (Meau, MapraH-
11a, JKene3a, IMHKA, KoOabTa): CyKIMMep (IMMepKanToOsSTHTapHas
KHUCIIOTA):

HO— ‘HC—CH—I(,?_OH

R
(@) SH SH O

[Ipenapatsl, ciocOOHBIE BCTYNATh B pEaKLUU KOMILIEKCOOO-
pa30BaHMsl, UCIOJIB3YIOTCA AJIs JIEYEHUS! pa3IMyHBIX 3a0oJeBa-
Huit. Tak, HanpuMep, IpenapaTsl 30J0Ta (XpU3aHOI) MPUMEHS-
I0TCS IIPM JIEYEHUHM PEBMATOUAHOIO apTpuTa. ATOMBI 30JI0Ta B
CTerneHu oKuciieHus +1, Hanbosiee akTUBHbBIE B (PU3UOJIOTUUECKOM
OTHOIIIEHUH, CTAOMIN3UPYIOTCS CEPOCOAEPKALIUMU JTUTAHIAMH.
JleyeHue npenapaTaMu 3010Ta Ha3bIBAETCS XpU30TEpAIIHEH.

11 neyeHnss HEKOTOPBIX (HOPM OHKOJIOTHUECKUX 3a00JIeBAaHUI
HCIIOJIB3YIOTCA IIpenaparsl INIaTUHbL. Lluc-uzomep auxiiopoauam-
MuHIUIaTUHBI (uuc-JIIT) BcTynaer B opraHu3Me B KOHKYPETHbIE
OTHOIICHUSA C Cbpal“MeHTaMI/I, O6pa3OBaHHLIMI/I JOHOPHBIMH aTO-
MaMH ITIYPHUHOBBIX U IMUPUMUINHOBBIX OCHOBaHHﬁ, BXOOAIINX B
coctaB JIHK. Peakiusg, nporekarorias 1o cxeme:
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H;N N<
AN

Pt +2Cl
N
H;N N<

Cl NH, N<
4 +
AP
¢  NH; N<

MPUBOIUT K OJIOKMPOBAHUIO YUACTKOB, IPUHUMAIOIIUX yYacTue
B TIpoIIecce Mepeaaun reHeTndeckoit nudopmanmn. O6paszoBaHue
MPOYHBIX COCTUHEHHUI B pe3ylibTaTe oOMeHa AByX jguranaos Cl- B
muc-JAI1 Ha aTOMBI a30TUCTHIX OCHOBAHUM BO3MOXHO OJ1aro-
J1apsi TEOMETPUYECKOMY COOTBETCTBHUIO: PACCTOSIHUE MEXY aTo-
Mamu azota B 1enu JJHK npumMepHO COOTBETCTBYET PACCTOSIHUIO
MEeXIy aToMaMH a3oTa B mnpenapare. [IpemapaTsl TuiaTuHbr 00-
JTaTatoT ITUTOTOKCHYECKUM JICHCTBUEM: OHU IMTOBPEKIAIOT KICTKH
HE TOJBKO 3JIOKAYEeCTBEHHOU OITyXonu, HO U 3m0poBblie. [Tomck
MperapaToB, B TOM YHCJIE U HAa OCHOBE IUIATUHBI, TOPMO3SIIINX
WM IPEKpaLIAolIUX POCT KJIETOK 3JI0KAaYeCTBEHHOMN OIyXOJHu,
MPOAOJKAETCS.

O6yuarouime ynpaxKHeHMA U 3a8auu
C pelieHuem

1. Vkaxure KOOPAMHAIIMOHHOC YHCIIO U CTCIICHb OKUCJICHUA
OCHTPAJIBHOI'O aTOMa MCTAaJlJlda B CIICAYIOIUX KOOPANHAIITMOHHBIX
COCIMHCHUAX:

a) K [Fe(CN) J; 6) Na,[Cr(C,0,).J; ) [PtNH,),CL]CL.

Pewenue:

Hcxons w3 ompeneneHus, 4YTO KOOPAWHAIIMOHHOE YHUCIIO
(K.4.) — 3TO YHCIIO CBSI3€H KOMIUIEKCOOOpA30BaTENs C JINTaHAA-
MU, & CYMMAapHBIH 3apsi/T KOMILIEKCHOTO coeuHeHus paBeH 0, yc-
TaHABJIMBACM:

a) k.4. = 6, T.K. CN- — MOHOJeHTaTHbIN nurang; Fe *3, T.x.
3apsI BHEIIHEH cepsl +3, a CyMMapHBIH 3apsia TUTaHa0B — 0;

0) k.u. = 6, T.k. C,O,> — 6unentatupiil muranng; Cr, T.x. 3a-
PsA BHeIIHeH cdepsl +3, a cyMMapHBIid 3apsi]] TUTaHI0B — O;

218



Tema: KomnneKkcHble coeguHeHUsA

B) K.4. = 6, T.K. NH3 n CI- — MOHOeHTATHBIE JTUTAHIBL;
Pt*4, [Pt+4(NH3°) 4Cl’2]+2(C12)’.

2. HazoBuTe KaXx10€ U3 CIEeIYIONUX COSTMHEHMI:
a) [Co(NH,),CI*;

6) K [Fe(CN) ]

B) [Ni(CO) .

Pewenue:

a) xsoporeHTaaMMuHK00anbT (I11)-noH;
0) rexcarmanodeppat (II) kamus;

B) IICHTAKapPOOHWITHUKEITb.

3. Hanmmmte ¢hopMyIibl COSAMHEHM 1O UX HA3BAHUSIM:
a) rerpanraHonukenat (I11) nesus;
6) 6pomua quopomorerpaammunxpoma (I1I).

Pewenue:
a) Cs,[Ni(CN),J;
6) [Cr(NH,),Br,|Br.

4. JInst yka3aHHBIX KOMIUIEKCHBIX COCTMHEHUN OTIPEIEITITE 3a-
PST TUTAHIIOB U UX IEHTaTHOCTb:

a) K,[PtCL];

0) K [Fe(CN),];

B) Na,[Ni(CO,),].

Pewenue:
a) -1; MoHO-;
0) -1; MOHO-;
B) -2; OU-.

5. TlpuBenute MOJEKYISIPHO-UOHHBIE YpaBHEHHUS IEpBUY-
HOW M BTOPUYHOH AMCCOIMAIIMK KOMIUIEKCHBIX COCIUHEHHIA:
[Ag(NH,),|CI; [Pt(NH,),CI|CI.

Pewenue:
[Ag(NH,),]Cl — [Ag(NH,),]* + Cl" — nepsu4Has aucounanmus;
[Ag(NH,),]" = Ag" + 2NH, — BTOpUYHas IUCCOLMALINS;
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

x [AZIINH,
! [Ag(NH;),]"
[Pt(NH,),CI]Cl — [Pt(NH,).CI]* + CI- — nepBuuHasi aucco-
373 373

UL,
[Pt(NH3)3Cl]+ =2 Pt + 3NH, + ClI" — BTOpHYHAs JUCCOLUALIHSE

x [PCTIINH, P[CI)
" [PUNH,),ClT

6. KakoBa poJip IEeHTpaIbHOTO aTOMa B 00pa30BaHUU JOHOP-
HO-aK1enTopHoi cea3u? O6bacuute Ha npumepe K [AI(OH) ].

Pewenue:
AKIIENITOP 3JIEKTPOHHBIX nap (kucioTa JIpronca) — Al*.

ar (B[4 T —
15 257 Zp6 3s” 3p1
ar b ] B
1 25° 2p° 3s° 3p° 3d°

sp3d2-r1/16pmm3aum

3s

7. K wnona [Ag(CN),]" = 1-10'". PaccunTaiiTe KOHLIEHTPALMIO
noHos cepebpa B 0,05M pactBope K[Ag(CN),], conepxamem
kpome toro 0,01 mons/n KCN.

3p 3d

Pewenue:
Bropuunas nuccornuaris KOMIUIEKCHOTO MOHA MPOTEKAET T10
YpaBHEHUIO:
[Ag(CN),]- = Ag" + 2CN-~.
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Tema: KomnneKkcHble coeguHeHUsA

B npucyrcrBun n3bsitka nonos CN-, co31aBaeMoro B pe3yib-
tate quccoranuu KCN (a = 1), 3T0 paBHOBecHe CMEIIEHO BJIEBO
HACTOJIBKO, UTO KoIu4ecTBOM HOHOB CN-, 00pa30oBaBIIMXCS IPH
BTOPUYHOM AMCCOIMALINHI, MOKHO IIPEeHeOpeyb.

Torma ¢(CN-) = ¢(KCN) = 0,01 momp/m1.

Konnentpanus nonos [Ag(CN),]” MoxeT ObITh IpUpaBHEHA K
00111ell KOHIIEHTPALUN KOMILJIEKCHOH cotrt — 0,05 MoJIb/I1.

+ -2
_[AGTIICNTT o2,

H >

[Ag(CN), ]

_[Ag"(CN); ]

21
£ X ’[Ag+]:110 0,05

m 01)2 =510"" monp/n.

[Ag"]

8. Berumcnure maccy cepebpa, comepiKallerocs B BHIEC HO-
HOB B pacTBOpe Xiopuaa nuammuHcepedpa (I) ¢ KoHIeHTpanmeit
0,03 mMonb/11 06beMoM 750 Mit. PacTBOp COEPKUT aMMUAK B KOH-
neHtpanuu 0,1 MOJIB/1.

Pewenue:
Bropuunas nuccoruais KOMIUIEKCHOTO HOHA MTPOTEKAET IO
YpaBHCHHIO:

[Ag(NH,) " = Ag* + 2NH.,.
B MNpUCYTCTBUU I/I36LITKa HNOHOB 1\IH3 KOJIMYECTBOM HOHOB

NH,, o6pa3oBaBiuxcsi B pe3yjibTaTe BTOPUYHON JUCCOUMAIINM
KOMILIEKCHOI'O MOHA, MOYHO MpeHeOpeyb, Toraa

[NH,] = ¢(NH,) = 0,1 moms/1.

Konuentpauus nonos [Ag(NH,),]* MmoxeT ObITh IpupaBHEHa
K 00I1Iei KOHIIEHTPAIIMH KOMIUTEKCHO commn — 0,03 Momb/i.

K = [Ag"INH,J* [Ag+]:KH[Ag(NH3)§]_
" [Ag(NH;),)'T [NH,
. _8.
[Ang]=5’89100%=1,77-10_7 MOJIB/IL.

>
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

m(Ag) = M(Ag")-V-c(Ag") =
= 108 r/mons-0,75 11-1,77-107 mons/n = 1,43-107 1.

9. Omnpenenute CTENEHb TUCCOIUALIMM U KOHIIEHTPAIUIO HO-
HOB 1 Monekyn B 0,1M pactsope [Zn(NH,),[SO,, K = 2,6-107"°.
Pewenue:
Jucconmanus Cojiu mpoTeKaeT 1Mo ypaBHEHUIO:
[Zn(NH,),]SO, — [Zn(NH,) ]** + SO*,. (1)
[Moatomy ¢([Zn(NH,),J**) = 0,1 mons/n, ¢(SO*,) = 0,1 momns/i.
Bropuunas auccoraiis mpoTeKaeT M0 YPaBHEHHIO:
[Zn(NH,) |** < Zn** + 4NH_; 2)
K, =L INELT ) 60010
[Zn(NH;);"]
W3 ypasuenus (2) cienyer, uro [Zn**] = 4[NH,]. O603nauns
[Zn?*] = x Mo/, moJTyunm
B x-(4x}4
T0,1-x)
Tax kak K nMeeT HM3KOE 3HAYEHME, TO MOKHO IPUHATH
(0,1 —x) = 0,1, Torna umeem:

SECAMIPIPITRL

b
Pemias ypasuenue, momydaem x = 2,52-1073 Moub/1.
CreneHp AMCCOLMALIMN KOMIUIEKCHOTO HOHA!

o Copopl Z0(NH), P 2,52:107
[Zn(NH,), P~ 0,1

=0,0252=2,52%.

CI/ICX
10. MoxHo i pactBoputsh 0,5 Mostb Agl B pacTBope amMmmuaxa
¢ KoHeuHol koHuenTpauueid NH,, pasnoit 1 mons/i.
K (Agl) =1,5-10"% K _([Ag(NH,),]*) = 6,8-10°%.
Pewenue:

PactBopenne Agl MmoxeT ObITh CBA3aHO ¢ 00pa30BaHUEM KOM-
mekcHoro uona [Ag(NH,),]*, mpu 3TOM €ro KOHLEHTpauMs IpH
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Tema: KomnneKkcHble coeguHeHUsA

MOJHOM PACTBOPEHUU MOJDKHA ObITh 0,5 Mojb/in. O0O03HAYMM
KOHLIeHTpamio Ag" B pacTBope auamMMmuakaTta cepebpa uepes
x monw/11, ¢(NH,) = 1 mone/11 (110 ycnosuio), Toraa

A + NH 2 A 2
K, :%; 6,8107° =%; x=3,410" Mous/1.
g 32 ’
c(Ag*) =3,410°M.
B HaceimennoM pactBope Agl

c(AgH)=\K, =4/1,5107 =1,22.10"* mons/m.

Tak kak 3,4-10% > 1,22-10®* , To pactBopenue Agl B pacTBope
aMMUaKa He MPOU30MIeT.

11. Moxer nu YyKCyCHasl KHUCIIOTa pPa3pylIUTh KOMILIEKC
[Ag(NH,),ICI?
Pewenue:
3anuiieM ypaBHEHHsI peaKITHil:
[Ag(NH,),]" = Ag*" + 2NH,. (1)
KoHcranTa 3T0M peakuuu paBHa
K, =K ([Ag(NH,),]")= 5,9-10*.
CH,COOH = CH,COO + H". 2)
KoncTranTa 3Tol peakuuu paBHa
K, =K (CH,COOH) = 1,74-10~.
Konkypupyor aBa mpoiiecca: TUraHa000MEHHBIH U TPOTOJIH-
Trueckuii. OObEKTOM KOHKYPEHIIUH SIBIISIETCS aMMHUAK:
a) NH,+ H*= NH, 3)
3Ta peaklys XapaKTepU3yeTcs
K, =1/K (NH,"),
rae K (NH,*) = 5,75-107";
6) 2NH, + Ag* = [Ag(NH,),]".
CxknaneiBast ypaBHeHHe peakuud (1) ¢ ypaBHeHusmu (2) u (3), Ko-
3 GUIHEHTHI KOTOPBIX YABOCHBI, IIOJYYHM CYMMAPHYIO PEaKIIHIO:

[Ag(NH,) ]* + 2CH,COOH = Ag* + 2CH,COO" + 2 NH*,
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BuoreHHble anemMeHTbl. KOMNneKkcHbie coeguHeHus

KOHCTaHTa paBHOBeCUs KOTOpoii paHa K=K - K- K.

oK K (CH;COOH) _5,9107-(1,74107%) _
KZ(NH}) (5,751071)

[Monyuennsrit pesynbrat (K > 1) CBUAETENBCTBYET O TOM, YTO

TpYU C.y. MMPOU3OUICT pa3pylIeHHEe KOMIUIEKCA YKCYCHOM KHCIIO-
TOW, paBHOBECHE CYMMAapPHOW PeaKIMK CABUHYTO BITPABO.

54.

12. MoxHo nmu paspymuTh kommiekc [Ag(NH,),|*, konuen-
Tpauusi KOToporo B pactBope cocrasiser 0,1 Mosb/n, modasie-
HueM pactBopa KCl paBHOro o0beMa 1 paBHOM KOHIIEHTpaLu?
VBenuuenue o6bemMa Mpy CIMBAHUU UCXOHBIX PACTBOPOB MOXXHO
HE YYUTHIBATE.

Pewenue:
[TycTh KOHUEHTpaLIMs HOHOB cepedpa paBHA X, TOTAA:
[Ag(NH,),]" = Ag* + 2NH,.
0,1 —x X 2x
Hucconuanysi KOMIUIEKCHOTO MOHA HE BEJIMKA, II0ITOMY pas-
HocTb (0,1 — x) MOXHO PUHATH paBHOH 0,1.

[Ag")INH; P x-(2x)°
[Ag(NH;),] 0,1

H

=5,9107%,

orcrona 4x* = 0,59-10%; x = 1,22-1073.
K (AgCl) =1,78-107", 11 = 1,22-107 - 0,1 = 1,22-10~.
Taxum obpaszom, I1, > K, a ClemoBaTeNbHO, KOMIUIEKC B OT-
CyTCTBHUE N30BITKA aMMHUaKa HOHAMH XJIOpA Pa3pyIIaeTcs.

TunoBble 3a4a4M C peleHnemM Ha OCHOBAHUM
YPaBHEHUA U30TEPMblI

1. B xakoM HampaBJICHUH TTOHACT PEaKIlus, ECIIM CMEIIATh pe-
ATreHThI B YKA3aHHBIX KOHLIEHTPAIUAX:

terpaammuaMens (II)-uon = wmenp (II)-mon + ammmak
0,1 mons/n 0,0000001 momb/ 2 MOJIB/IT
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Tema: KomnneKkcHble coeguHeHUsA

Pewenue:

s oTBeTa Ha BOMIPOC 3a1a41 HAJT0 BOCIIOJIH30BATHCS ypaBHE-
HMEM U30TePMbl XUMUUECKOH peakuun: AG = —-RTInK + RTInll ,
T.€. BBIYUCIIATE /1, M CPABHUTBD €TO C TAOIMYIHBIM 3HAYEHUEM KOH-
craHThl. [T0CKOJIbKY 3aIlMCaHHBIN MPOIIECC MPEACTABISET COOOM
TOJTHYIO IMCCOLMALIMIO KOMILIEKCHOTO MOHA, [ Ha/l0 CPAaBHUTH C
KOHCTaHTOM HecTolkocTH Terpaammuamenu (11).

B ciiywae [1, < K_moiseT mpssMo# TIPOLECC, T. €. MOJOKEHHE
PaBHOBECHSI CMECTUTCS BIIPABO; B ciiyyae I1, > K — BIIEBO.

¢(Cu®)-¢*(NH;) 0,0000001-2* s
I, = = =1,6107".
c(cu(NH;),)** 0,1
TabnuuHoe 3HaYeHNE KOHCTAHTLI HECTOMKOCTH MoHa 9,33-10713,
[Mockonbky 11, > K , IOJNIOXKEHNE PABHOBECHS CMECTUTCS BIIEBO.

2. MoxHo 11 paspymuts koMiuieke [Ag(NH,),]Cl, xonuent-
pauust kotToporo B pactBope paBna 0,2 M, nobasssist k 100 mit ero
pactBopa 100 mit 0,2 M ykcycHol kucinotsl? TemmnepaTypa paBHa
25 °C.

Pewenue:

B pacrBope, BKOTOPOM OHOBPEMEHHO HAXOIUTCS M KOMILJIEKC-
Hoe coemunenne [Ag(NH,),|Cl n ykcycnas kucinora CH,COOH
MMPOTEKAET PEaKIHsl TUCCOLUAIINH KOMIUIEKCHOTO HOHA

[Ag(NH,),]' = Ag" + 2NH.. (1)
KoHcraHTa paBHOBecHS 3TOW peaKIMU pPaBHA KOHCTAHTE
HECTOHKOCTH 3TOT0 KOMILIEKCHOTO HOHA
K, =K ([Ag(NH,),]") = 5,9-10*.
KoncranTa aricconmanm yKCyCHOW KHCIOTHI TTO PeaKIIuu
CH,COOH = CH,COO" + H* (2)
pasHa K, = K (CH,COOH) = 1,74-10".
Tak Kak MPOIYKTHI 3THX PEaKIUN pearupyroT MEXIY cOO0i
NH,+ H"=NH, 3)
TO TPOTONUTHYECKUN mporiece (3) KOHKYpUPYeT C JIUTaHmI000-
MeHHBIM (1).
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OOBEKTOM KOHKYPEHIIUH SIBJISIETCSI aMMHAK.

KoncranTa paBHoBecus peakuuu (3) pasna K, = 1/K (NH,"),
rae K (NH,*) = 5,75-107".

Hnst Toro, 4ToOBl COCTaBUTHh YpaBHEHUE Pa3pYIICHUS] KOMII-
JIEKCHOTO MOHA TIO/JT ISUCTBUEM YKCYCHOW KUCIIOTHI H PACCUNTATH
KOHCTaHTY paBHOBECHSI 3TOW peaKIIUU, IPUMEHUM U3BECTHBIN Me-
TOJ KOMOWHUPOBAHUS paBHOBecHW. YnBaumBas KO3((OHUIMEHTHI
ypaBHeHUI peakiyii (2) u (3) ¥ cklagbIBasi 3T PEAKIMK C Peak-
nuei (1), mojryuuM cyMMapHOe ypaBHEHHUE

[Ag(NH,),]* + 2CH,COOH = Ag* + 2CH,COO" + 2NH,*. (4)
KoncranTta paBHOBecHst peakiuu (4) cBsi3aHa ¢ KOHCTAHTAMHU
peakuuii (1) — (3) cootnomenunem K = K, - K+ K°.
+ 2
K, = K, ([Ag(NH;),]"-K; (CH;COOH) _
4= 2 + -
K (NHy)
5,9107%.(1,74107)* A
(5,75:10710)?

YTOoOBI OTBETUTH HA BOIIPOC O BO3MOXKHOCTHU MPOTEKAHUSI Pe-
aKIUU pa3pylIeHUuss KOMIUIEKCHOTO MOHA, HEOOXOAMMO HCIIONb-
30BaTh YpPaBHEHHUE U30TEPMBl XMMHYECKON PEAKIUH (B YCIOBUSX
OOBIYHOTO JTAOOPATOPHOTO OIBITA TIOCTOSHHEI JABJICHUE U TEM-

rmepaTypa, a Cpear MPOAYKTOB M PEAreHTOB HET ra3000pasHbIX
BEILIECTB):

+ -2 +12
AG=—RTan4+RT1n([Ag HCH,COO I [NH, ] J (5)

[Ag(NH;), " [CH;COOHY

KoHueHTpaum HoHOB U BELIECTB BO BTOPOM CIaraéMoM —
HayaJbHble KOHIIEHTPALM B MOMEHT CIIMBAHUS pacTBopoB. Pac-
CUMTAEM MX 3HAUEHMS.

B nepBblif MOMEHT IOCJ€ CIMBAaHUS HCXOIHBIX PacTBOPOB
paBHOBECHBIE KOHILIEHTPALIMN YYaCTHUKOB peakiuu (1) cBsS3aHbI
ypaBHEHHEM
[Ag" HNH; P

— (6)
[Ag(NH;),]

K, ([Ag(NH;),1")=
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PaccuntaeM ux, obOo3Hauasi paBHOBECHYIO KOHIICHTPAIIUIO
HOHOB Ag*, 00pa30BaBIINXCS MPU AUCCOLUUALIUN KOMIUIEKCHOTO
noHa yepes x. Torga paBHoBecHas KoHueHTpauus NH, B coor-
BeTCTBUU C ypaBHeHueM (1) paBHa 2x. PaBHOBecHas KOHIIEHTpa-
uus KomiuiekcHoro nona [Ag(NH,),]" pasna 0,1 — x. [Toxcrasnss
9TU 3HAYEHUS W 3HaU€HHE KOHCTAHTHI B ypaBHEHUE (6), TOIyINM
ypaBHEHHE

x-(2x)
0,1-x

IIpennonoxum, uro 0,1 >> x, Toraa 3To ypaBHEHUE yIpola-
ercst x-(2x)? = 5,9-103 miu x3 = 5,9 - 108 /4; x = 1,14-103 M.

Takum 00pa3oM, MCXOmHAS KOHIEHTpalus HMOHOB cepebpa
paBHa 1,14-107 M, a ucxoaHas KOHLIEHTpALUs MOJICKYJI aMMHaKa
2,28:107 M.

AHaJIornyHBIM 00pa30M paccuMTaeM HadallbHble KOHIIEHTPA-
1IUY YYaCTHUKOB peakuuu (2). B mepBbIii MOMEHT 1OCIE CTUBAHUS
HCXOIHBIX PACTBOPOB PABHOBECHBIE KOHLEHTPALUN yUYACTHUKOB
peakumu (2) CBS3aHBI ypaBHEHUEM:
[H"]{CH,CO0O™]

[CH,COOH]

O0603HaYMM PaBHOBECHYIO KOHILIEHTpanuoo nona H* B ucxon-
HOM pacTBope uepe3 x. Torma KOHIEHTpalus aleTaTHOrO MOoHA
TaKXe paBHA X, KOHIIEHTPAILMSI OCTABIIENUCS] YKCYCHOW KUCIIOTHI
0,1 — x. IToacraBsist 3TH 3HAUYEHUS ¥ 3HAUCHNE KOHCTAHTHI B ypaB-

HeHue (8) MoTyynM ypaBHEHNE

x2

=5,9107% (7

K,(CH,COOH)= (8)

=1,74107". )

=X

ITpennonoxum, uro 0,1 >> x, Torna 3To ypaBHeHHE yIpouia-
ercsa: x> =1,74-10°-0,1 nim x = 1,32-1073.

Taxum 06pa3oM, UCXOAHASI KOHLEHTPpALMs MIOHOB BOJOPOAA U
aleTaTHBIX MOHOB paBHa 1,32-107 M.

[Ipenronoxum, 4TO B MOMEHT CMEIICHUS HOHBI BOAOPOIa
(OHM HaxOJATCS B HEJOCTATKE IO OTHOIIEHUIO K MOJIEKYJIaM aM-
MHUaka B peakiuu (3)) MOJHOCTBIO IPOPEATUPYIOT C MOJIEKYIAMHU
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aMMuaka (KOHCTAHTa PaBHOBECHs 3TOH peakIM MMEET OUYCHb
Ooubily0 BenuuuHy). Torma KOHIEHTpalus oOpa30BaBIIMXCS
HOHOB aMMOHHs paBHa 1,32-107 M.

IMoacTapnss BeMMUMHY KOHCTAHTHI K, U KOHLIEHTPAIUK BCEX
YYaCTHUKOB peakiuu (4) B ypaBHeHHUE (5), TOTyIUM

AG=-8,314-298In 54+
1,141073-(1,32:107)%-(1,32:107)?
0,1.0,1?

Croib 6OJ'IBIJ.[OG OTPpULATEIIbHOC 3HAUCHUEC AG CBUACTEIILCTBY-
€T O TOM, YTO pCaKI i (4) IocCJI€ CMEIICHUA UCXOJHBIX paCTBOPOB

OyzeT mpoTeKaTh ClieBa HaIlpaBo, TO €CTh YKCyCHasl KUCIIOTa pas-
pyliaetT KOMIUIEKC.

+8,314~298-ln( ]=—75,3 k/JIx.

3. Bynet nmm pactBopsThes xnopua cepedbpa B 0,1 M pactBope
ammuaxa? Temnepatypa pasHa 25°C.

Pewenue:
Xitopun cepedpa — MaIoOpacTBOPUMOE BEIIIECTBO, TUCCOITUHT-
pyIollee B paCTBOPE O PEaKITIH

AgCl = Ag"+CI, 0))]
KOHCTaHTa PaBHOBeCcHs KOTOpoii paHa K, = K = 1,78-1071,
AMMHakaT cepebpa — KOMIUIEKCHOE COEJIMHEHHE, KOTOpOe
o0pasyeTrcs B peakInu
Ag" +2NH, = [Ag(NH,),", 2)

KOHCTaHTa KoTopol pasna K, = 1/K , rne K = 5,9-10® — xonc-
TaHTa HECTOMKOCTH 00Pa3yIOIIErocss KOMIUIEKCA.

B manHo¥1 3a1aUe MBI HA0TIOa€M COBMEIIICHUE TETEPOTEHHOTO
paBHOBECUSI U PABHOBECUS B PEAKIIMHM KOMILJIEKCOOOpa30BaHMS.
OOBEKTOM KOHKYPEHIIUU SIBJISIOTCSI MOHBI cepedpa.

VpaBHeHHE peakiy CYMMAapHOTro Ipoliecca MOayYrM, CKia-
npiBast peakiy (1) u (2):

AgCl_+2NH, = [Ag(NH,),]* + CI- 3)

KoHcTaHTBhI paBHOBECHS 3THX PEaKIUil CBSI3aHBI COOTHOIIIE-
HUEM:
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K, =K-K,=K/K =1,78-10"°/5,9-10" = 3,02-10".
YToOBI OTBETUTH HA BOMPOC O BOBMOXHOCTH IIPOTEKAHHUS pe-
AKIIMM PACTBOPEHMSI OCaliKa, HEOOXOIMMO HCIIOJIb30BaTh ypas-
HEHHME M30TEPMBI XUMHUYECKOH peakiu (B YCIOBHSIX OOBIYHOTO
71ab0paTOPHOro ONbITA MOCTOSIHHBI JABJICHUE M TeMIlepaTypa,
a cpeu MPOIYKTOB M PEareHTOB HET Ta3000pa3HbBIX BEIIECTB):

[[Ag(NH3)21*1~[c1-]J @
[NH,

KOH]_IeHTpaHI/II/I HMOHOB M BEIIECTB BO BTOPOM Cillara€MOM —
Ha4aJIbHBIC KOHUCHTPAIU B MOMCHT CIIMBAHHS PACTBOPOB. Pac-
CUUTAEM UX 3HAUCHMUS.

HauanbHeie PAaBHOBECHBIE KOHIEHTpAllUKM MOHOB cepe6pa "
XJIOpa, paBHBIE APYT APYLY, PACCUUTAEM 10 YPABHEHUIO

[Ag*1=[CI 1=K, =/1,78107° =1,3310° M.

Konuentpanust obpasyromierocs no peaxuuu (2) KOMIUIEKC-
HOT'O HOHA OYIeT MPaKTHYECKH paBHA HAYAIbHON KOHIIEHTPAI[HH
HOHa cepedpa, Tak Kak aMMHaK B3ST B 00J1bIIOM H30BITKE (0,1 M)
[0 OTHONICHUIO K HAayaJlbHOW KOHIEHTPAIIMA HOHOB cepebpa
(1,33-107° M).

AG=-RT InK;+RT ln(

[[Ag(NH,),I'T = 1,33-10° M.

KoHIleHTpa1ysi aMMHUaKa OCTAHETCS MPAKTUYECKU HEM3MEH-
Hot (0,1 M).

[Mozxcrapnss BeIMYUHY KOHCTAHTHI K, U KOHIIEHTPALMU BCEX
YUaCTHUKOB peakiuu (3) B ypaBHeHuUe (4), OTyunM

AG=-8,314-298In(3,02:107 )+
1,33107°1,33.107°
0,12

Croap 6ombllloe OTpUIIATENbHOE 3HaueHHe AG CBUETEIb-

CTBYET O TOM, UTO peakius (3) mocie 100aBICHUS pacTBOPA aM-

MHaKa K 0caJiky OyJeT MpoTeKaTh cjieBa HAIIPABO, TO €CTh AMMHU-
aK paspylaeT MalopacTBOPUMOE COSIMHEHNE.

+8,314-298-ln( ]=—29,8 kK.
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10.

11.

12.

KOHTpOJ’IbeIe BOMNPOCHI, 3apa4u U ynpaxKHeHuA

ANA CAMOCTOATENIbHOW NOATOTOBKM

OCHOBHBIE TOHSITUS: KOMITIEKCHBIE COEIMHEHUSI, KOMITJICK-

coobpa3oBaTelb, TUTaHI, AEHTATHOCTh, KOOPIUHAIIMOHHOE

YUCIIO.

Knaccudukanuss KOMIUIEKCHBIX COCAUHEHUM. XeIaTHBIC

coeuHEeHUsI. MaKpOUMKINYeCKHe coequHeHus. MHoro-

SIIEPHBIE KOMITIEKCBI.

OCHOBHBIE MOJIOKEHHS KOOPIMHAIIMOHHOH Teopuu BepHepa

U METO]1a BAJICHTHBIX CBSI3EH.

Komrutekcoobpasyroimas criocoOHOCTS $-, p-, d-3JIeMEHTOB.

Y CTOMYNBOCTH KOMIUICKCHBIX COSIMHEHMI, UX JUCCOIUALINS,

KOHCTaHTa HECTOMKOCTH, €€ POJIb.

JlurannooOMeHHbIe paBHOBECHS: U30JIMPOBAHHBIE I COBME-

eHHble (KOHKypupytomue). [ToHsaTue o MeTanioIuraH-

HOM TOMEOCTa3e.

Buoxomriekchl. ['eMorIoONH Kak XenaTHOE KOMITJIEKCHOE

COeNIMHEHHE.

[TpuHIMIBI XETaTOTEPATIIH.

Tumnbl peakiuii, MPOUCXOMASIINUX B OPraHU3Me: KUCIIOTHO-

OCHOBHBIE (IIPOTOJIUTUUYECKUE), TETEPOTCHHbIE, KOMILIEK-

coo0pa3oBaHus (JIMTaHIOOOMEHHBIE), OKUCITUTEIILHO-BOC-

CTaHOBUTEIBHBIC (PEIOKC-TIPOIIECCHI).

Kounkypupyrommii xapakTep COBMeIeHHbIX nporieccos. [Ipu-

MepbI COBMEITICHHBIX MTPOIECCOB B OPTaHU3ME UEJIOBEKA.

s yka3aHHBIX KOMIUIEKCHBIX COCTUHEHU OIIpeIeInTe:

a) 3apsia BHYTpPeHHEU cdephl;

0) cTerneHb OKHUCICHUS IIEHTPAILHOTO aTOMa;

B) KOOPAWHALIMOHHOE YMCIIO LIEHTPAITHHOTO aTOMA;

T) 3apsiaIUTAaHIIOB M UX JICHTATHOCTB;

n) npaiite nasanus: [Ag(NH,),JNO,; K [Zn(OH),]; K [HglLJ;
[Cu(I'JIN),]SO,;+ [Cu(NH,),ISO,; [Co(NH,),(NO,),].

J7s1 yka3aHHBIX KOMIUIEKCHBIX COCTUHEHMI:

a) OINpeJeNnTe 3apsii BHypeHHEH chepsr;
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Tema: KomnneKkcHble coeguHeHUsA

13.

14.

15.

16.

17.

18.

19.

0) ompemenuTe CTEIEHb OKUCICHUS IIEHTPAIBHOTO aTOMa;
B) OIpeAenuTe KOOPIAMHAIIMOHHOE YUCIIO LIEHTPAIHLHOTO
aTroma;
T) ONpEeAeIHTE 3apsi JUTaHI0B U UX IEHTATHOCTB;
1) nmaiiTe Ha3BaHMUS:
[Cr(NH,),JSO,, K [Zn(OH),], K,[Fe(CN) ], [Fe(CO),],
[Pt(NH,),CI|Cl,, [Co(NH ), (NO ) ], [Cr(H, O) Cl].
[To mpuBeneHHBIM Ha3BAHUSIM COCTABUTH (bopMyan KOMIT-
JIEKCHBIX COeIMHEeHUH: OpoMonieHTanuTporuatuHar (IV) ka-
JIUSl; TPHAMMHUHTPUHHTPOKOOATBT; XJIOPHIT AKBATPHAMMUH
nuxsiopokobanera(Ill); rekcanmanogeppar (I11) kaaus.
Vkaxute THN THOpUIU3AINN aTOMHBIX OpOUTAJIe IeHT-
PABHBIX aTOMOB B KOMILJICKCHBIX COIMHEHUSIX U TEOMETPH-
4eCKYI0 KOH(HIypaluio KoMiuiekcHbIX HoHOB: [Co(NH,) J**;
[PL(NH,) J*; [Fe(CN) J*; [Ag(NH,) I
Hanumure ypaBHEHUs JUCCOLMALIMY KOMITJIEKCHBIX COSIH-
nenuii: [Zn(NH,),ISO,, K,[Hg(CN),], K,[PtCl,] u ykaxwure,
KaKOH M3 KOMIUIEKCHBIX HOHOB SIBIIIETCS HauboJee mpoy-
HBIM, eclii MX K cooTBeTcTBEeHHO paBHbl: 4-107°, 4-107,
1-1071.
[MTouemy [Zn(NH,),|(OH), aBnseTcs Gosee CUIIbHBIM 3IIEKT-
ponuToM B oTanuue ot Zn(OH),.
B kakyio cTopoHy caBuraercsi paBHOBecHe OOMEHHOI pe-
axuuu npu jgercrBun Ha pactsop [Ag(NH,),]Cl Boanoro
pactBopa KCN?
Vkaxurte THN THOpUIU3AIMN ATOMHBIX OpOUTAJIeH IeHT-
PABHBIX aTOMOB B KOMILJICKCHBIX COSIMHEHUSIX U TEOMETPH-
4ECKYI0 KOH(UTYpaLMIO KOMILIEKCHBIX HOHOB: [Pt(NH,) J**
[Fe(CN)*: [Ag(NH,),]*; [FeF ]*. N306pasute cxeMaTnaHO
oOpa3oBaHue CBSI3eH MeXAy KOMILIEKCOOOpa3zoBaTeaeM U
JIMTAHJAMH.
Hamumure ypaBHeHUS TUCCOIMALIMM KOMIUIEKCHBIX CO-
enunenuit: [Zn(NH,),ISO,; K [Hg(CN),]; [Cu(NH,),JCL, n
YKaXHUTEe, KAKOW U3 KOMIUICKCHBIX HOHOB SIBIISIETCS HAUOO-
Jiee MPOYHbIM, ec/ii uX K CcOOTBETCTBEHHO paBHEIL: 4-1077;
4-10451,1-1012,
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

B pactBop, B KOTOPOM ITPUCYTCTBYIOT HOHBI OapHisl, KaJIbIIHS,
kobainbta (I1), o6asumu DA TA. Kakue mporeccbl mpoucxo-
na1? OOBSICHUTE CYTh IAHHOTO siBJIeHUs1. OXapaKkTepu3ynrte
OTA kax JuraH.

B pactBope npucyTcTBytoT noHs menu (11), mmaHna-noHsI,
ammuak. Kakue xoMmruiekcel MoryT obpasoBaTtbes? Kak
OLICHUTH UX IIPOYHOCTH?

IMouemy xmmopun cepedpa pacTBOpsieTCs B paCTBOPE aMMHU-
aka, a aMMHUaKaT cepeOpa MOXKHO Pa3pyIIUTh C TOMOIIBIO
Honnna xanusi? OTBET MOATBEPAUTE PACUETOM.
OOBsicHUTE BO3MOXXHOCTh PACTBOPEHUS THIPOKCHAA Mar-
HUS, KapOOHaTa KaTbLUsI JOOABICHUEM COISTHON KUCIIOTHI, &
oKcaJlaTa KaJbllUsi — IepMaHraHaToM Kanus. COBMeIleHne
KaKUX IIPOLIecCOB HaOII0AaeTCs B JAHHBIX ClTydasx?
PaccraBbre K03(p(PUIIMEHTHI B YPABHEHUU PEaKIUU U 00b-
SICHUTE CyTh Mpoliecca:

K [Fe(CN) ]+ H,0, + KOH — K [Fe(CN) ] + O, + H,0.
Mennsni kynmopoc umeer ¢popmyny [Cu(H,0),]SO,-H,O.
Ha xakue 4acTUIbI OH TUCCOIIMUPYET B BOJTHOM PaCcTBOPE.
Cxomnbko HyxHO Moib BaCl, 11 ocaxaenus cynbhar-uoHoB
u3 0,1 mosb kynopoca? (Omeem: 0,1 mons BaCl,).

[Tpu BEIBETpUBAHUM METHOTO KyIIOpOCa B IIEPBYIO OUEPEIb
yIasseTcs BoJia U3 BHEIIHEH KOOpANHAIIMOHHOH cdepbl. Ha
CKOJIbKO TPaMMOB YMEHBIIUTCS NIepBOHAYATbHAS HABECKA
1 Mo Kynopoca npu BeiBeTpuBaHuu? (Omeem: Ha 18 1).
OrmnpenenuTh KOHIEHTPAIUIO MTPOAYKTOB AUCCOIUAIINHI
komiutekcHoi commu K [Fe(CN) ] B 0,2 M pactsope. (Omeem:
¢(K"=0,6 M; c¢(Fe**) = 1,1:107 M; ¢(CN-) = 6,6-107 M;
c([Fe(CN) J-=0.2 M).

Pacteoputcs mn nomnocteio 0,5 moms Fe(CN), 81 10,1 M
pactBopa KCN ¢ o6pasosanuem K [Fe(CN),]? (Omsem:
HET).

Pemute 3agauu. (Jlursunosa T.H. CoopHuk 3aaa4 no o6-
el XUMHU. 3a1a9u [0 O0IIell XUMHUHU C MEITUKO-OMOIIOTH-
YeCKON HAITPaBJIEHHOCTHIO: y4eOHOE TTOCOOME ATISI CTYICHTOB
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Tema: KomnnekcHble coeauHeHUsA

MEIUIIMHCKUX BY30B.— 3-¢ U31I., iepepad. — M.: Onukc; Mup
u obpaszosanue, 2007. — 224 ¢. — Ne 114 (C. 124), Ne 115
(C. 124), Ne 123 (C. 126.).)

Vye6Ho-UccnepoBaTenbCKas
naboparopHas pabora N2 4

Tema: KomnnekcHble coeduHeHUs, cmpoeHue,
Knaccugpukayus. Komnnekcoobpasyrouyas cnocobHocms
s-, p-, d-anemeHmos

Leav pabomer: M3yINTh HEKOTOPBIE CBOHCTBA KOMITIEKCHBIX
COEIMHEHNH, CIIOCOOHOCTh K KOMIUIEKCOOOpPAa30BaHUIO ATOMOB
XUMUYCCKUX 3JIEMEHTOB, OKCIIEPUMEHTAJIBHO ITOJTYUYUTh KOMILIECKC-
HBIE COCIUHCHUSI.

OmnbiT Nel. O6pa3zoBaHne aMMHAYHBIX KOMILIEKCOB
KATHOHOB d-3/1EMEHTOB

Peaxmuevi: NH,-H,O (pa36.); NH,-H,O (xonu.); 0,5 H. p-p
CuSO,; 0,5 1. p-p Zn(NO,),; 0,05M p-p AgNO.,.

ITopsinox BbINOTHEHUS:
[MpuroroBpTe TAOIUIY AJIS 3aMUCH HAOMIOAeHUI IO (hopMme.

Ipo6upka | Katuon Peaictun Hab6.mo-
NH,-H,O (pa36.) | NH,-H,O (xonu.) | nenue

1. Cu?t

2. 7n%t

3. Ag+

B Tpu mpoOupku BHecuTe Mo 2-3 KaIiu COJieH yKa3aHHBIX
KaTHOHOB. 3aTeM IpHOaBbTE B KaXIyI0 MpOoOUpPKY mo 1-2 kar-
11 pa30aBlIEeHHOTO BOJHOTO pacTBopa amMMuaka. OTMEThTE 1[BET
00pa3oBaBIIerocs 0cajika TUAPOKCUIA. 3aTEM B TE XKe MPOOUPKH
nprubaBbTe O 58 Karmellb KOHLIEHTPUPOBAHHOT'O BOJHOTO pac-
TBOpa ammuaka. Uro Habmromaere?

[Tponsommo nu pacTBOpeHHe ocanka ¢ 00pa3oBaHUEM KOMII-
JlekcHOTO amMmuakaTa? Kakoii et moinyueHHOTO pacTtBopa?
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

Hanumure ypaBHeHUs: 00pa30BaHMsSI aMMHMAUYHBIX KOMILICK-
COB, MX JUCCOLMAIIUIO, MaTeMaTHieckoe Bhipaxkenue K . IMomb-
3ySICh CIIPABOYHBIMU JTAHHBIMH, OIIPEACTUTE KaAKOH KOMITJIEKC Ha-
nbosee MPOYHBIi?

ChopMynupyiiTe BEIBO/I.

OnpiT Ne 2. Bausinne npupobl JIMTaH/1a HA OKPACKY
KOMILJIeKCa

Peaxmusepi. 0,5 n. p-p CuSO,; konu. p-p NH,-H,O.

INopsinok BeINOIHEHMST:

Bo3pMuTe Ha KOHYMKE INMATeNs KPUCTAJUIMYECKOW COJH
CuSO, n nepenecute B mpobupky. Jlo6aBbTe B 3Ty NMPOOUPKY
3—4 mu Boapl. OTreiiTe 1-2 MIT TOTYyYEHHOTO pacTBOPa B APYIYIO
npobupky u no0asbTe B Hee 5—-10 kanenb ammuaka. Uro Habto-
naere? CpaBHUTE OKpacKy Kpucrammmdeckoil comu CuSO,, men-
HOTO KyIopoca ¥ aMMHaKaTa MEe/IH.

3amoyHuTe TabIHITY:

Oxpacka

Coenunenne Dopmy.ia Jluran,
A pMy A coeIMHeHNsl

Cynbdat Meau CuSO,
Mennslit kynopoc | [Cu(H,0),]SO,-H,O
Ammuakar vequ | [Cu(NH,),]SO,-H,O

IMouemy Ge3Boanblit cynbdat Meau (I11), MeqHbI Kynmopoc u
ammuakaT meau (I1) mmeroT pasnyro okpacky?
Cdopmynupyiite BHIBO/I.

OneiT Ne 3. O0pazoBanne BHY TPHKOMILIEKCHBIX
COeIMHEHHIT ¢ OPraHuYecKUMH JIMTaHAaAMH.
B3aumoeiicTBie HOHOB MeJlH C TIIMIIMHOM

Peaxmuspi.: 0,5 H. p-p CuSO,; 1 H. p-p NaOH; roumun.

INopsinok BeINOIHEHMST:

B mpobupky nmomectute 2 kamau pacrBopa comu meau (II),
10—15 xamens cBeXEMPUTOTOBIIEHHOTO paCTBOPa AMIHHOYKCYCHOH
KHUCJIOTHI (TIHMLMHA), 100aBbTe 4-5 Kamenb pacTBOpa LIEJIOYH.
OtMeThbTe 1[BET 00pa30BABIIETOCS COSTUHEHMSI.
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Tema: KomnnekcHble coeauHeHUsA

Yewmy paBHA IEHTATHOCTH TNIMIIMHA?

OODBSICHUTE CTPOEHUE KOMIUIEKCHOTO COEIUHEHUs C TOYKH
3peHHs] METO1a BaJICHTHBIX CBSI3EH.

Cdopmynupyiite BHIBO/I.

I
CcC—0 NH,
\C/ Nk
CH2 u 2
NN
H,N 0—C
0

Dopmyna KOMRAEKCHO20 COCOUHEHUSL MeOU ¢ 2IUYUHOM

OnpiT Ne 4. UccienoBanue NpoYHOCTH KOMILJIEKCHOTO
HOHA

Peaxmusovi: 1% p-p K [Fe(CN)J; 0,5 n. p-p FeCl;; 1% p-p
NH,CSN.

Ilopsinox BbINOTHEHUS:

BosbpmuTe aBe mpobupkKu, B NMEPBYIO HajeiTe 2—-3 Karuim pac-
TBOpa rekcaunanodepparta (I1I) xamus, Bo Bropyto — 1-2 xarmm
pacteopa FeCl,. B 06e npobupku npubasbTe 1o 1 karmie pactso-
pa polaHuga aMMOHHMS. YKaKUTe NMPU3HAKKM peakiuu. B kakoii
npobupke Bbl Habmonaere 3pdexT peakuu Ha HoH kene3a (111)?
[Touemy?

Hanumure MonexkyiIsipHOE U MOHHOE ypaBHEHUS Ka4eCTBEH-
HOH peaknuu Ha Fe’*.

Hamummre ypasuenue auccoumanuu K [Fe(CN) ] n matema-
THYECKOE BbIpakeHHe K KOMIIIEKCHOTO HOHA, OOBACHUTE €ro
CTpoeHMe ¢ ToukH 3peHust Metona BC.

Chopmymnupyiite BBIBOJI.
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

Inan ogpopmaenus omuema:

1. Jata u Ha3BaHUE PAOOTHI.

2. Llenb paboTHI.

3. Kpatkoe onucanue ompITa M ypaBHEHUS! IPOTEKAIOIINX
peakiuii.

4. BwIBOmBI O paboTe.

YyebHO-UCcnepoBaTenbCKas saboparopHas
pa6ora N2 5

Tema: JluraHgoo6MeHHble NPOLECChl U PaBHOBECHUS.
KoHKkypupyiowue (coBMeLyeHHble) npouecchl

Lleny padomer: >KCTIEPUMEHTANBHO J0KA3aTh KOHKYPHPYIO-
U XapaKTep XUMUYECKUX PEaKIIHil.

OmnbIT Ne 1. 3amena JIMranoB B KOMILIEKCAX
Kxoo0aabTa (II)

Peaxmuepi: xonu. p-p CoCl,; konu. p-p HCI; H,O (aucr).

v Obpamume ¢numanue Ha 1BET PACTBOPA XJIOpHIA KOOAIb-
ta (II).

Iopsnok BeINOIHEHHS:

K xonuentpuposanHomy pactsopy coiu CoCl, 1o6aBbTe 110
karisaM kKoH1l. pactBop HCI. Yto Habromaere?

IMouemy u3meHwmnace okpacka pacrBopa? Pa3daBbre BOHOI.
Yro npousouuio?

CyTb OIIbITa BBIPAXKAETCSI CXEMOI:

[Co(H,O)J** + 4CI-— [Co(Cl),]* + 6H,O
axeaxomnaexc Co (II)  ayuooxomnnexc Co (II)
_ asbagienue + _
[Co(CI),J- + 6H,0 —L2222 [Co(H,0) J** + 4CT.

O0bsicuute crpoerne komiekcos Co (I1) ¢ Touku 3peHus me-
Toma BC.
Cdopmynupyiite BHIBO/I.
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Tema: KomnnekcHble coeauHeHUsA

Omnpit Ne 2. KoHKkypupyomue JUraHao00MeHHbIe
npouecchbl

Peaxmusuoi.: 0,5 1. p-p FeCl,; 0,5 n. p-p KF; 10% p-p raprpara
kamus; 0,01 1. p-p KCNS.

IMopsnok BBIMOIHEHNS:

B tpu npo6upku Haneire no 1 M pactBopa FeCl,, a 3atem 1o
KaruisiM TuonraHaTta kanus. Yto npousonuio? OTMeTbTe IpU3Ha-
KU peaKIIvi.

XuMu3M mporiecca:

FeCl, + 6KSCN — 3KCI + K,[Fe(SCN),].

OxHy npoOUpKY OCTaBbTE B KAYECTBE KOHTPOJISL.

B nBe ocraBmmecs npoOupku noOaBbTE: B NEPBYIO — pac-
tBOp KF, BO BTOpYyI0o — pacTBop TapTparta Kanus. Yro Habio-
naere?

TapTpaT — 3TO ABYX3apsiIHBI AHUOH BMHHOW KHUCIIOTBI
(C,H,O))*, umu

-OOC-CH-CH-COO-
|
OH OH

IMouemy Taprpat- u GTOPUI-UOHBI 3aMELIAIOT TUOLUAHAT B
KoMInIekcax xenesa (111)?
XHMHU3M MIPOLIECCOB:

K [Fe(SCN) ] + KF — K [FeF,] + 6KSCN

Bet? nBset?
K [Fe(SCN) ] + 2K,(C,H,0,) — K[Fe(C,H,0,),] + 6KSCN
| +KF uset?

?

K pacrtBopy, conepxaiemy taprpaTtoBsiii komruieke Fe (I11),
nob6aspTe pactBop KF. ITouemy mpoucxonut obecuiseunBaHue?

K.4. Fe (IIT) paBHo 6, neaTatHOCTh F~ paBHaA 1, IEHTaTHOCTH
(C,H,0)* = 3. CpaBHHTE KOHCTAHTbI HECTOMKOCTH KOMILIEKCOB
Fe (II1), momp3ysich cCripaBOUYHBIMU TaHHBIMH.

Cdopmynupyiite BBIBOJ.
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

Omnbit Ne 3. KoHkypupyomue JUraHao00MeHHbIE
U reTeporeHHbIe MPonecchl

Peaxmusni: 0,05 1. p-p AgNO,; 0,5 1. p-p NaCl; 0,5 v. p-p KI;
0,5 1. p-p Na,S,O,; xonn. p-p ammuaxa; 2 H. p-p HNO,.

IMopsinok BeIMOIHEHNS:

a) B mpobupky HaneiiTe 5—6 Kamnens pacTBOpa HUTpaTa ceped-
pa, no6aspte 1o xarwisiM pactBop NaCl. Urto Bel HabmogaeTe?

K obpasoBaBiiemycsi ocaaky 100aBbTE HECKOJIBKO Karllellb
pacTBOpa aMMHMaKa J10 IIOJIHOTO PacTBOPEHUSI.

Hanumure ypaBHEHUS! POUCXOISAIIMX XMMUYESCKUX PEaKIInH,
TIOJIB3YSICh CIEAYIOIIEH CXEMOM:

AgNO, + NaCl — ? + NH,-H,0 — [Ag(NH,),|Cl + HNO,.

Hu1s pa3pylieHus: IOJy4YeHHOTO aMMUAYyHOrO KOMIUIEKca ce-
pebpa 100aBbTe 110 KAIISIM PACTBOP a30THOM KUCIOTHL. YTO Ha-
omonaere? UTo CBUIETEIBCTBYET O pa3pylIeHUH KOMILIeKca?

Hanumure ypaBHEHHE peaKIIiy.

6) B npobupky naneiite 5-10 xanens pactopa AgNO,, s1o-
6aBbTe 10 KamaM pactBop KI 1o obpaszosanus ocaaka. Kakoro
11BeTa 00pa30BaBIINICS 0CAIOK?

Coznepxumoe npobupku pasaenute Ha 2 yactu. K nepsoit no-
0aBbTe pacTBOP aMMMaKa, KO BTOpPOi — pacTBOp THOCYJIbbaTa
Hatpus. Uto Habmomaere?

CyTb OmBITa BBIPAXKAETCS CXEMOM:
+NH, —?

AgNO, +KI —? <

+Na,S,0,—?

B kakoit mpoOupke MpoU30ILUIO pacTBOpeHHe ocaaka Agl?
[Touemy?

Kakoit kommeke cepebpa — ammuaunbiid [Ag(NH,),|Cl um
Trocybparnbiii Na,[Ag(S,0,),] — 6onee npouHbIii?

Kakue KOHKypupymOLie NPOLECChl MPOUCXOAIT B OINbITaX d
uo?

Hanumure cxeMbl MEpBUYHOH M BTOPUYHOHM THUCCOLMAIINH
KOMIIJIEKCOB cepedpa, MaTeMaTHYeCKOe BBIPAXKEHHE KOHCTAHT
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HECTOMKOCTH (K ) I KOMIUIEKCOB cepebpa M KOHCTAHT PacTBO-
pumoctu (K) mnsa AgCl u Agl. CpaBHUTE 5TH BETMIUHEL.
CdhopmynupyiiTe BEIBOJ,.

OnbIT Ne 4, KoHKkypupyolue rereporeHHblii
U MPOTOJIUTHYECKHIA MPOLECCHI

Peaxmueei. 0,5 1. p-p MgCl; 2 1. p-p KOH; 2 1. p-p HCL

ITopsiioK BBINOTHEHHSI:

B mpobupky naneiite 10 xanens pacrsopa MgCl, n no6asbTe
pactBop KOH no oOpa3oBaHus ocauka.

KaxoBwr ycimoBusi oOpasoBanust ocamka? KakoBwl ycrnoBus
pactBopeHus ocaaka?

Hob6asbTe B npobupky pacrsop HCI. Uto nabmonaere?

HanwuimuTe ypaBHEHHS! COOTBETCTBYIOIINX PEAKIIN.

OOBSICHUTE TPUUNHY PACTBOPEHHS OCAIKa.

ChopMynmupyiiTe BEIBOI.

OmnpiT Ne 5. CoBmenienue (KOHKYPEHIHsI) TeTePOreHHOT 0
1 OKHCJIUTEIbHO-BOCCTAHOBHTEIHLHOTO MPOIIECCOB

Peaxmusei: 0,5 1. p-p CuSO,; Na,S; konu. p-p HNO,

ITopsiaok BuINOIHEHMSE:

B npobupxky nanelite 10 kamens pacrsopa CuSO, n mo6aBbTe
1o Kamwram pactBop Na,S no o6pasosanus ocagka CusS.

K nomnyuyenHomy ocajaky mo6aBbTe MPU JIETKOM HarpeBaHUU
HECKOJILKO KaIejlb KOHII. HNOB. Yro npouszonuio?

XumMu3M mporiecca:

CuS| + HNO, — CuSO, + NO,T + H,0.

PaccraBpTe KO3((UIMEHTHI METOIOM JJIEKTPOHHOI'O WIIH
3JIEKTPOHHO-NOHHOTO OajnaHca. [louemMy mpomsonuio pacrBope-
Hue ocajka CuS?

Chopmynupyiite BHIBO/I.
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MPUMEPbI TECTOBbIX 3AAAHU
AnA CAMOMOAroTOBKU U KOHTPOJIA

YACTb A

1. ATOM KakKoro 3JieMeHTa UMeeT 3JEKTPOHHYI0 KOH(pUTypa-
uuo: 1s?2s?2pf3s23p®4s!?
1) Na;
2) K;
3) Ca;
4) Cu.

2. KakoBa (hopMya BaJIeHTHBIX 3JICKTpOHOB aToma Fe?
1) ...4s23dS,
2) ..4s%
3) ...3d%
4) ...4s°3d*

3. MexaHn3M 00pa30BaHUs KOBAJICHTHOM CBSI3H:
a) paauKaIbHBIN;
0) oOMeHHBIN;
B) JIOHOPHO-aKIENTOPHBIA;
I) TeTepONIUTUYECCKUH.
1) a,;
2) a, 0;
3) 0, B;
4) a,B.

4. KaTHOHBI $-3]IEMEHTOB OTHOCSTCS K:
1) «wkecTkum» Kucrnotam JIprouca;
2) <« KeCTKUM» OCHOBaHMsIM JIptouca;
3) «Msrkum» kuciaoram Jlbtouca;
4) «msTKUM» ocHOBaHusM Jlprouca.

5.K HNOH-IUITIOJIBbHBIM B3aHMOIIeI71CTBHSIM OTHOCATCA:
1) Mg* + 6H,0 —[Mg(H,0)*";
2) R-NH," + R,-COO" — R,~-CO-NH-R, + H,0;
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3)
4)

F+1,—1;
HCI + H,0 - H,0" + CF-.

6. AHTI/IOKCI/I,Z[aHTLI — BEIIECTBA, BCTyNaromue B p€aKnuu co
CBO6OI[HI>IMI/I pagukKajiaMu W OKHUCIIUTCIIAMHU, 3alATHUKU XHU3-
HEHHO BaXXHBIX MeTabomuToB. K AHTHOKCHIAHTaM OTHOCATCA:

a)
0)
B)
r)
)
e)
1)
2)
3)
4)

[JIyTaTHOH, IUCTEUH;

ButamMuH C;

Butamunsl E, K, P, (B-kapotun);
BCE JKUPOPACTBOPUMbIEC BUTAMHHBI;
BUTAMUHBI IPYIIIEI B;

CTEPOUTHBIE TOPMOHBI.

BCE;

a, 0,

a, 0, B, ¢;

a, B, .

7. O xucnopoge, O,, Heb3sl CKa3aTh:

1)
2)

3)

4)

5)

3TO camasi BaXKHasl JUTS )KU3HH YacTh BO3/yXa;
CHIDKEHHE COIeP)KaHUs KHCIOPO/Ia B BO3AyXe MPU HOP-
MaJlbHOM aTMocdepHOM aaBiieHuu ot 21% mo 15-17%
BBI3bIBAET BBHIPAKEHHOE YXY/IIIEHHE CAMOYYBCTBUS;
BBICOKasl Temneparypa Bo3ayxa (35-40 °C) n 6omnpiias
BJIQ)KHOCTb BBI3BIBAIOT CHIDKEHHUE A PLUAIIBHOTO 1aBIle-
HUS KHCIOPOJa;

BbICOKas Temnepatypa Bosayxa (35-40 °C) u Oonpuas
BJIQ)KHOCTbH BBI3BIBAIOT IIOBBIIICHUE TAPIIUATHLHOTO JTaB-
JIEHUS! KUCIIOPOJa;

KHCJIOPOJT B YACTOM BHUJI€ TOKCUYECH.

8. Kakue TUIIBI peakiMii B OpraHu3Me KaTaIu3upyoT MaTall-
nopepMeHTHI?

a)
0)
B)
r)

KHCIIOTHO-OCHOBHEIE;
OKHUCIIUTEIBHO-BOCCTAHOBUTEIIBHEIE;
reTepOreHHBIE;

JIMFaH000MEHHBIE.
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1)
2)
3)
4)

a, 0;
a, 0, B;
0,B,T;
BCE.

9. Ha yem ocnoBano 6akrepuuuanoe aericreue H,0,:

1)
2)
3)

4

Ha OKUCITUTENBHOM CIIOCOOHOCTH;

0e3BpPEMTHOCTH MTPOAYKTOB BOCCTAHOBIICHUS — BOJIBI, Oz;
Ha BOCCTAHOBUTEJIBHOW CIIOCOOHOCTU C OKUCIIEHUEM
no O,;

Ha OKHUCITUTEILHOU CIIOCOOHOCTU U 6€3BPEIHOCTH MPO-
JYKTOB BOCCTAHOBJIEHHs — BOJbI U O,.

10. TToueMy HUTPUTHI TOKCUYHBI M KX 3aTIPEIICHO JOOABIISTH B
KayecTBe KOHCEPBAHTOB B MSCOIIPOIYKTHI?

11.

a)
0)

B)
r)

1)
2)
3)
4

BBI3BIBAIOT METTEMOITIOOMHEMUIO;

BBI3BIBAIOT KUCITOPOHOE TOI0JaHUE TKAHEH;
YBEIIMYUBAIOT CBOOOIHOPAIMKAIBHOE OKHCIICHHUE B Op-
TaHu3ME;

npespaiarorcs B xenyake B HNO,, a 3aTem B HUTpo30-
AMHHBI — KaHIEPOTEHBI.

a, 0,B,T;

a, 0;

B, I;

T.

OcHoBHBIE (puznoioruieckre GopMbl FeMOTIIO0ONHA:

a)
0)
B)
r)
)
1)
2)
3)
4)

oKcuremorsiooun, rem-Fe** — O,;
kap6amuHoremornobus, (rino6un-CO,);
kapb6amuHoremornoous, rem-Fe** — CO,;
kapbokcuremoriobut, rem-Fe?* — CO;
Merremorinobus, reM-Fe3* —OH.

BCE;

a, B, II;

a,0,T;

a, 0.

12. TloueMy KUCIOTHBIE A0 — Haubojiee Tsokenas Gpopma
3arpsi3HEHUST OKPYIKAIOIIEH Cpeibl, ormacHast 60e3Hb Onochepni?
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a) ymensbmaercs pH mpecHOBOIHBIX BOIOEMOB, THOHET
pbI0a;

6) yBemmumBaercss pH mpecHOBOIHBIX BOJOEMOB, THOHET
pb10a;

B) MOBBIIIAETCS PACTBOPUMOCTH B IIOUYBE COEMHEHUN Tsi-
JKEJIBIX METAJUIOB;

I) MPOUCXOJUTHh YMEHBIICHUE 3aKUCACHUS MTOYBBI ¥ CTOY-
HBIX BOJ.

1) 6,8;

2) a, 1

3) B, T}

4) a,B.

13. Bo3zneiicTBue 3arpssi3HEHHOTO aTMOC(epHOTO BO3ayXa Ha
3I0pOBbE HACEJIEHUSI UMEET OCOOCHHOCTHU:

a) pasHooOpasue m HeOOBIYHOCTh MHOTHX 3aTPSI3HCHUHU
YeII0BEYECKOT0 OPraHu3Ma;

6) oT ynorpe0beHus 3arps3HEHHBIX BOJIBI MITH MU YeJI0-
BEK MOXET BO3/IEPXKAThCS, a OT BO3/IyXa — HET;

B) 3arpsI3HSIONIME BEIIECTBA B BO3IyXE HAXOMISATCS B BUJEC
TBEPABIX YaCTHUIl U I'a30B;

F) HanboJliee XUMUYECKN aKTUBHBIMU 3arpsA3HUTCIIAMA
SIBIISTFOTCSI OKCH/IBI CEPBI, a30Ta, XJIOP, (PEHOJIBI;

1) aTMOcQepHbIe 3arpsi3HEHNs OKa3bIBAIOT Yalle ObICTpoe
BO3JICHCTBUE, YeM MEJIEHHOE, HO TIOCTOSIHHOE.

1) Bce;

2) a,0,T1;

3) 0,B,T;

4) o,r, 1.

14. TlyTy MOCTYIJICHUS! XMMHUECKUX 3JIEMEHTOB B OPraHU3M

YeJIoBeKa:

a) ¢ IUIIeH;

0) ¢ BOIOI;

B) C BO3IYXOM;

T) B BUJIE adPO30JIeH;

) 4epe3 KOXYy;

e) mekapctBa U1 BAJIbL
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1) a, 0, m
2) a, 0, B;
3) Bce;

4) a,0,r,¢.

15. Haubosp1ieii koMIuiekcooOpa3yrolel CriocoOHOCThIO 00-
JIaaaoT. ..
1) d-3;meMeHTHI;
2) p-3IIEMEHTHI;
3) s-3JIEMEHTBHI.

16. Kakas cBsi3b MeX1y KOMILIEKCOOOPA30BATENIEM U JIMTaH-
namMu?
a) MOHHAas,
0) KoBaJICHTHAS;
B) 10 OOMEHHOMY MEXaHU3MY;
I) IO JOHOPHO-AKIETITOPHOMY MEXaHHU3MY.

1) a;

2) 0, B;
3) 0,1
4) a,B

17. YTo Takoe KOOPAUHAITMOHHOE YHCITO?
1) uuclo cBsizell KOMILIEKCOOOPa30BaATEIIS;
2) YHCIIO0 IUTaHAOB;
3) YHUCIIO LEHTPATBHBIX aTOMOB.

18. ITpu ob6pa3oBaHNM KOMIUIEKCA LIEHTPATHHBIN aTOM SIBJISI-
eTCsL:
1) TOHOPOM 3JIEKTPOHHOM Mapbl;
2) aKIEenTOpPOM 3JIEKTPOHHOI MaphI;
3) ¥ JOHOPOM, U AKIENTOPOM IJIEKTPOHHOU MapHI.

19. ITpu o6pa3oBaHNN KOMILIEKCA JIUTAHIBI SIBJISFOTCS:
1) TOHOPOM 3JIEKTPOHHOM Mapkl;
2) aKUEenTOPOM 3IIEKTPOHHOU MapHhI;
3) ¥ AOHOPOM, M AKLENTOPOM JIEKTPOHHON NaPHI.

244



anIMepI:I TEeCTOBbIX 3aA4aHUM NS CaMONOATOTOBKU U KOHTpoOnA

20. JIeHTaTHOCTH — 3TO:

1) umcno cBsizelt MeXAY KOMILIEKCOOOpa3oBaTeeM U JIu-
TaHIaMU;

2) YUCIIO 2JICKTPOHOJOHOPHBIX ATOMOB B JIMTAHIC,

3) 4YKCII0 3JIEKTPOHOOHOPHBIX ATOMOB B KOMITJIEKCOOOpa-
30BaTEIE;

4) 4uCIIO ANMEKTPOAKLENTOPHBIX ATOMOB B KOMILIEKCOO0-
pas3oBarere.

21. B xenaTtHbple COeIMHEHUS BXOIAT:
1) MoHOIEHTATHBIC JINTAH/IBI,
2) OuaeHTATHBIC JIUTaAH/bI;
3) MoJTUICHTATHBIC TUTAHIHI;
4) Ou- U MOJUACHTATHBIC JTUTaHIbI.

22. KoMIIIeKCOHBI — 3TO:

1) xemaTooOpasyrolue O1- U MOTUICHTATHBIC JTUTAHIbI —
JIOHOPBI AJIEKTPOHHBIX TAp;

2) opraHu4ecKue COEANHEHNsI, CHOCOOHBIE K 00pa30BaHUIO
KOMIIIEKCHBIX COEMHEHU;

3) moJIMIEHTATHBIE TUTAH/IBI — AKIENTOPbI AJIEKTPOHHBIX
nap;

4) MOHOJEHTATHBIE JTUTaH]IBIL.

23. V3 mepeyncIeHHbIX JINTAHI0B BEIOEPUTE MOHOAEHTATHBIE:

a) CN-;

6) OH-;

B) CO;

r) CO>;
In) NO,.
1) a, 0, m
2) a, 0, B;
3) B, T, I
4) o,r, m.

24. Onpenemure B coequnennu K [NiCl ] crenens oxucnenus u
TUIT TUOPUIU3AIUY IEHTPAJIBHOTO aTOMa.
1) +2;sp*
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2) +1;spid;
3) +1;spid%
4) +3;sp’.

25. HazoBuTe KOMILIEKCOOOpa30BaTe/lb B TEMOTJIOOUHE:
1) Cu%
2) Fe¥;
3) Fe*;
4) Zn*,
5) Fe’.

26. OmnpenennuTe CTENEHb OKMCIEHUS LIEHTPAJIBbHOIO aToMa B
coemnnenun [Pt(NH,),CL].
1) +4;
2) +2;
3) 0;
4) 2.

27. OnpenenuTte CTENEeHb OKUCIIEHUS! LEHTPAIbHOTO aToMa B
coenunennn [Co(NH,) JC1,.
1) +2;
2) +3;
3) +4;
4) 0.

28. Kak MoxHO paspymmTh Kommeke [Ag(NH,),]JC1?
1) mo6asuts HNO,;
2) mo6asuth NaOH;
3) mob6aeuth NaCl;
4) crerka HarpeThb.

29. Yem Mmenbiie KH, TeM KoMInIekc Ooee ...
1) yCTOWYMBEHIIL;
2) HEYCTONYMBBIM;
3) yCTOHMYMBOCTBH HE OTpeAesieTcs BemuanHon KH.

30. TTomp3ysich COOTBETCTBYIOIIEH TaONMICH CIIPaBOYHUKA,
OIPEIETIUTE CAMBIA YCTOMUUBBIA KOMILIEKC:
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1) rmuouH-Mg*;
2) rmunue-Fe?;
3) runmH-Zn*;
4) rouuH-Cu?',

31. TTonp3ysich cipaBOYHBIMU JAHHBIMH, BEIOEpUTE HanboJee
MPOYHBINA HOH:
1) [Fe(CN)J*;
2) [Co(NH,) I
3) [Co(CN)J*;
4) [Fe(CN)J*.

32. TTonb3ysCh CIIPAaBOYHBIMH JAHHBIMU, BBIOEPUTE B KOHKY-
PHUPYIOIIMX MIPOIECCaX 38 KATUOH IIMHKA P00 Ia1arOTIHiA;
1) Zn** + CN-;
2) Zn** + NH;;
3) Zn** + HO;
4) Zn*' + IIIMLKH.

33. Tlomp3ysiCh COOTBETCTBYIOIIEH TaONMICH CIIpaBOYHUKA,
PACIIONIOKUTE KOMITJICKCHBIC HOHBI 110 YBEIIMYCHUIO TTPOYHOCTH:
a) [CA(CN),I;
6) [Cu(CN),J*;
B) [Ni(CN),J".
1) a, 0, B;
2) 0, B, a;
3) B, 0, a;
4) B,a,0.

34. Yto coboii mpencrasiser remoriiooud (HB) mo xummdec-
Kol nmpupoze?

1) HB — citoxHbIi1 O€10K, CoIepKAIIMIA XeTTaTHBI MaKpO-
IIUKJI TeM C XKEJIe30M B CTENICHU OKUCTIeHUs +2;

2) HB — kucnsiii 6e0k, comepk amuii HeOeIKOBYIO
YacTh — I'eM, C )KEJIe30M OKUCTIeHHUs +3;

3) HB — TpancnopTHas popma KuCI0poja, coaepxaiias
aTOM JKelie3a B HEHTPaJIbHOM COCTOSIHUY;
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4) HB — pesepBHas U TpaHCHOpTHas popMa KUCIOPOJa,
COJIEPKUT JKEJIE30 B IEPEMEHHOM CTENEHN OKUCIICHUS.

35. [IpoTHBOOIYXOIEBBIM JCUCTBUEM 00JIaIAET:
a) umc-uzomep [Pt(NH,),C1,];
6) Tpanc-usomep [Pt(NH,),C1.].
1) a
2) 6;
3) a, 0.

36. Tokcuueckoe aeiictBue n30bITKka HoHOB Menu (II) oObsic-
HSETCS:
1) Cu*" 00pasyroT c GeTkaMU HEpaCTBOPUMBIE XeNAThI-aJTh-
OyMHUHATHI,
2) Cu?" BBI3BIBAIOT MEIHYIO aHEMUIO;
3) Cu* nmepexoaut B Cut;
4) aKTUBUPYIOT THOGHEPMEHTHI.

37. Yncno BO3MOXKHBIX KOBAJIEHTHBIX CBSI3€H, 00pa30BaHHBIX
JTAHHBIM ATOMOM, 3aBUCHT OT:

a) 4YHCIIa HECIIAPEHHBIX 3JEKTPOHOB Ha BHELIHMX JHepre-
TUYECKUX YPOBHSX Y ATOMOB B OCHOBHOM COCTOSIHUH;

0) udMcia HeCIIapEeHHBIX 3JIEKTPOHOB Ha BHEIIHUX JHEpre-
TUYECKUX YPOBHSX Y ATOMOB B BO30YXKAEHHOM COCTO-
STHUY;

B) 4MciIa CBOOOIHBIX aTOMHBIX OpOMTalell Ha BHELIHUX
3HEPreTUYECKUX YPOBHSIX KaK aKLIENTOPOB AIEKTPOHHBIX
nap;

I) HaJIUYUS TOHOPHBIX 3JIEKTPOHHBIX Map Ha BHEIIHUX
9HEPTEeTUYECKUX YPOBHSIX.

1) a,0;

2) B, T

3) ©;

4) a,0,B,T.

38. XuMus reMorjIoOOMHA BKJIIOYAET CBOMCTBA:
a) KOMIUTIEKCOOOpa30BaHNUS;
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6) KHCITIOTHO-OCHOBHBIE;

B) OKHCIUTEIHbHO-BOCCTAHOBUTEIIbHBIE;
I) TeTepOrcHHBIE.

1) a,0;

2) 0, B;

3) B, T}

4) a, 0,B.

39. O nuHKe HEMb3S CKa3aTh:
1) d-amemeHT;
2) BXOIWT B COCTaB (pepMEeHTA KapOOaHTHAPA3HI;
3) «MeTajI KU3HIY,
4) MakKpO3JIEeMEHT.

40. Bo1GepuTe HEMPaBUIILHOE YTBEPKICHHE!

1) O, aToMbl KNCIIOPOAA B KHCIOPOACOAEPKAINX COETH-
HEHMSIX COJEP)KAT HEIOJeJIEHHbIE 3JIEKTPOHHBIE MaPhI
HU3KOW MOJBMKHOCTH, IOITOMY SIBIIIOTCS MAJIOAKTHB-
HBIMHU JIUTaHJAMU;

2) KHCIOPOI XOPOLIO PACTBOPSETCS B BOJE;

3) rnaBHas XUMHUYecKas (QYHKIUS KUCIOPOIA B JKUBOM
MPUPOJE — OKHUCITUTENbHAS;

4) OKCUTeMOTJIOOWH BBITIOJHSAET (PYHKIUIO TpaHCIOPTA
KHUCIIOpOJa.

41. PacTBOpBI NepMaHraHaTa Kajus pa3Iu4yHON KOHLEHTpa-

LY NPUMEHSIOT IS

a) MPOMBIBAHUS KETYIKA;

0) CIpUHIIEBAHMI B YPOJIOTUU, THHEKOJIOTHH;

B) TUTPUMETPHUYECKOTrO aHAIN3a;

r) Ae3uH(EeKINU HHCTPYMEHTOB.

1) a,0,B,T;

2) a, 0, B;

3) a,B;
4) a,0,T.
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OT1BeThI

1 (2] 3 |4]| S5 6 7 8 9 | 10
1|3 1 1 3 4 4 4 1
11 (12| 13 (14| 15 | 16 | 17 | 18 | 19 | 20
4 14|23 1 3 1 2 1 2
21 |22 23 (24|25 [ 26 |27 | 28 |29 30
4 |1 1 1 3 2 2 1 1 4
31 {3233 (34|35 |36 |37 | 38/39]40
3 1 1 1 1 4 4 4 212
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YACTb B

1. KoMImsiekCHBIE COEIMHEHNST — 3TO

2. Ha3zoBure 3j€MEHTHI 110 3JEKTPOHHBIM (OPMYJIaM aTOMOB
(YxazaHbl MPEABHEIIHUNA M BHEIIHWM 3HEPreTHYECKUNH YPOBHH)

a) ...2s22p%3s%;

0) ...4s24p%4d!95s25pS;
B) ...3s23p%3d!%4s%4p?;
r) ...3s23p%3d%4s2.

3. JleHTaTHOCTb IUTaH1a — 3TO

4. KoopaMHaIIMOHHOE YHUCIO — 3TO

5. Ilepeunciaute 371€MEHTBI, KOTOPBIE OTHOCST K rpymmne «Me-
TaJUTBI YKU3HIY,

6. YcTaHOBHUTE COOTBETCTBUE MEXKIy KOMITJIEKCHBIM HOHOM U
K.4. KOMITJIEKCOOOpa30oBaTes:

KomniekcHbIiH HOH K.49.
1. [Co(NH,) J** A)4
2. [PtCL ] b)2
3. [Ag(NH,),J* B)6

4. [Co(en),]**

7. YcTaHOBUTE COOTBETCTBHE MEXK/y HA3BAHHEM OMOTEHHOTO
3JIEMEHTA U €ro IEKTPOHHON KOH(pUTypaluei.

Buorennblii 31emMeHT DJIeKTPOHHAasi KOHUrypauus
1. Keeso A) 1522s22p°3s2 3p®3d'%4s?

2. uuk B) 15?252 2p°3s!

3. HaTpuit B) 1s22s2p*

4. Kucnopon I') 1s22s%2p®3s? 3pf3d°4s?

8. YcraHoBUTE COOTBETCTBUE MEXIY CEMEUCTBOM (OJIOKOM)
3JIEMEHTOB U TPYIIION 3JIEMEHTOB.
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CemeiicTBO 31eMeHTOB (0J10K) JJIeMeHThI
A) Nd, Eu, Nb
B) Na, Ba, Sr
B) As, ALLS

I') Fe, Co, Ag

1. s-01ok
2. p-6mok
3. d-6mox
4. f-610x

9. YcTaHOBUTE COOTBETCTBHE MEXIy Ha3BaHWEM HJIEMEHTa-
TOKCHKAaHTAa W 3JIEKTPOHHOW KOH(UIypalMed ero BaJeHTHBIX

OJICKTPOHOB.

JIeMEHT-TOKCHKAHT

1. bepunnit
2. MBILIBSK
3. CBuHell
4. Kagmuit

DurekTpoHHast KoHUTypauust
BAJICHTHBIX JICKTPOHOB

A) ...4d'05s2
B) ...6s%6p?
B) ...4s%4p’
I)..2s

10. Hannimre ypaBHEeHUs! NEPBUYHON ¥ BTOPUYHOM JUCCOLIU-
aumu Na,[Zn(OH),], a Taxxe MmaTemaTuyeckoe BoIpaxeHue K .
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YACTb C

1. C Touku 3peHus MeTOa BAJICHTHBIX CBsi3el U Teopun JIbto-
nca o0bACHUTE CTPOEHUE KOMIUTEKCHOro nona [Ag(NH,),]*. Vka-
KUTE TUI THOPUIM3AIMH ATOMHBIX OpOUTAJel IEHTPaTbHOTO
aToMa, TeOMETPHUECKYI0 KOH(UTypaIMio KOMIUIEKCHOIO HOHA.
Bbuonoruueckas posb cepedpa.

2. OObsAcHUTE CTpoeHMe KomIlekcHoro uoHa [Zn(OH) ],
OMUpAasCh Ha METOJI BAJICHTHBIX CBsi3eH U Teoputo JIpionca. Yka-
KUTE TUI THOPUIM3AIMH ATOMHBIX OpOUTAIel IEHTPaIBHOTO
aToMa, TeOMETPUYECKYI0 KOH(QUTYpallio KOMIUIEKCHOTO HOHA.
buonoruyexas ponb IMHKA.

3. 306pa3ute cxeMaTUYHO 0Opa30BaHUE CBSI3€il B KOMILIEKC-
HoM HoHe [Fe(CN) J*.

KakoBa reomerpust komriiekca, Tun rudpuanzannn? buoren-
Has POJIb JKeJIe3a.

4. O0BsIcHHTE, KaK 0Opa3yIOTCs CBSI3M B KOMIUICKCHOM HOHE
[Pt(Cl),(NH,),], n300pasute cxeMaTH4HO. YKa)XUTe TUIl TUOPU-
JIM3alluy ATOMHBIX OpOUTasIe KOMIIJIEKCOOOpa30BaTENs, TEOMET-
PHIO KOMITJIEKCHOTO MOHA. [IprMeHeHne coeMHeHni IJIaTHHBI B
MeIUITIHE.

5. Kak ¢ TOYKHU 3peHHUs] METOJIa BAJICHTHBIX CBSI3eH U TEOpUU
JIbrouca oObsCHsETCS CTpOoeHHe KomiiekcHoro nona [Co(en),]**?
VKaxuTe TUI TUOPUAU3ALUN ATOMHBIX OpOUTaIed KOMILJIEKCO-
obOpa3oBaTesis, TEOMETPUIO KOMILJIEKCHOrO MoHa. KakoBa 6wuo-
TeHHas PoJIb KoOapTa?

253



3K3AMEHALIWOHHBIE BOMPOChHI
(NEYEBHbIA, NEANATPUYECKNUIA GAKVNILTETDI)

[TonsiTue 0 GMOTEHHOCTH XUMHUYECKHUX 31eMeHToB. Kiaccu-
(uKanys v pacnpoCTpaHEHHOCTh XUMHUUECKHUX 3JIEMEHTOB B
OpraHM3Me YeJIOBeKa M B OKpYKalolIel cpejie. DHIeMuuec-
KHe 3a00J1eBaHMUsl.

Yenosek u 6uocdepa. Ixkooruueckue mpoodiaemsl. Kucmor-
Hble J1okIU. OCHOBHBIC BUJIbI 3aTPS3HEHUI OKpYKatolen
cpenst. CMmor.

3aBUCUMOCTb CBOMCTB COEIMHEHUN OT MIPUPOABI XUMHUUEC-
xoii ceasu Ha mpumepe N,, HCI, NaCl, (H,O)n. ITonarue o
MEXMOJIEKYIIIPHBIX B3aUMOJICHCTBUSX.

Hatpuii u kanuit. CTpoeHue aTOMOB HATPUS U KaJIus (3J1eK-
TPOHHBIE U 3JIEKTPOHHO-Tpaduueckue hopmysl). Hatpuii
U KaJiui B opraHusmMe uenoBeka. [IpumeHeHne coequHeHNH
HATpUs U KaJIUA B MEIULIMHE.

CTpoeHHe aTOMOB KaJIbIIHs U MATHUS (JIEKTPOHHBIE M 3JICKT-
poHHo-Tpadudeckue Gopmyibl). Bruojoruueckas posib Kajib-
LU Y1 MarHUsl, IPUMEHEHHE UX COEANHEHUH B MEAHLIMHE.
VYraepon u kpemauii. CTpoeHne aToMoB. broreHHast poiib
yriepona u kpemHus. Tokcnyeckoe JeicTBUE OKCHUIA YT-
nepona (II), mnanunoB. buonoruueckas poyib yriaepoaa u
KpEMHUSI, UX BaXKHEUIIINE COCTUHECHUSI.

A3zot. ®ochop. CtpoeHue aToMoB, MoJieKy1. bruomornyec-
Kasi poJib a30Ta, docdopa. [IpumeHenne azora, pochopa
U WX COCAMHEHWI B MeauiMHe. HUTpAThl 1 HUTPUTHI, UX
TOKCHUYECKOE AEHCTBUE HA OPTAaHU3M.

Kucnopon, cepa. CTpoeHne aToMOB (3JIeKTPOHHBIE U JJIEK-
TpoHHO-Tpaduueckre (HOpPMyIIbl), MOJIEKYIbI KHCIOPO/Ia.
Buonornueckas poibs cepsl 1 kuciaopona. [IpumeHeHme cepbl
U ee coequHeHnH B MeauLiHe. OKCUTeHOTepaIusl.
lanorensl, crpoeHne aToMoB. BakHeitmue coequHeHmMs,
Ouojoruyeckas pojib. XMMUYECKUN COCTaB CIIIOHBI.
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JK3amMeHaLMOHHbIe BONPOCHI

10.

11.

12.

13.

14.

15.

16.

17.

Keneso, mapranerr, xpom. CTpoeHre aTOMOB (3JIEKTPOHHBIE
U 3JIeKTpOHHO-Tpaduyeckue Gopmybl). buonornueckas
pOJIb, MPUMEHEHUE COSTUHEHHI B MEAUIIIHE.

BaxxHelime MUKPO3JIEMEHTBI; TIOHSITUE O MUKPOJJIEMEH-
to3ax. Co, Cu, Zn, ux cTpocHHE, OMONOTHYeCKasT POIb.
[MpuMeHeHue COeTMHEHHI B METUITIHE.

Kommekcubie coenunenus. Knaccuduranuu. [Toustue o
XeIaTHBIX U MAKPOLMKINYECKUX COCAMHEHHSIX.

XapakTep cBsi3ell B KOMIUIEKCHBIX COCAMHEHHSIX C TOYKH
3peHUst MeTO/a BalleHTHBIX cBsizell u Teopun Jlptouca. I1o-
scante Ha npumepax [Ag(NH,),]*, [Zn(OH) J*, [Fe(CN), J*;
[Pt(NH,),*". Ykaxwute TMI THOPHIN3a1IMM ATOMHBIX OpOHTA-
JIel EHTPAIbHOTO ATOMa, TEOMETPUYECKYIO KOH(DUTYPAIIHIO
KOMIUIEKCHBIX HOHOB.

VCTOMUUBOCTh KOMILIEKCHBIX COCTUHEHUI B pacTBOpAX.
Hanumure ypaBHEHUS AUCCOIMAIINU KOMIUIEKCHBIX CO-
enunenuit: [Zn(NH,) ISO,, K,[Hg(NH,), ], maTemaTnueckoe
BpIpakeHue K M yKakuTe, MOJb3YACh CIPABOYHHKOM,
KaKOH U3 JJAHHBIX KOMILJIEKCHBIX HOHOB SIBJIsIETCSl HAanboJiee
MPOYHBIM.

I'eMor100MH KaK XeIaTHOE MAKPOLUKINYECKOE COSTMHEHNE,
€0 KUCIIOTHO-OCHOBHBIE, OKUCIIUTEIHHO-BOCCTAHOBUTEb-
HBIE U KOMILUTEKCOOOPA3yIoIHe CBOMCTBA.
JIurangooOMeHHbIE TPOLIECCH U paBHOBeCHS. M3ommupoBaH-
HbIe 1 coBMemieHHbIe. [Ipumepsr. [Touemy xmopus cepedpa
pacTBOpsieTCs B pacTBOpE aMMHUakKa, a aMMHaKaT cepedpa
MOJHO pa3pymuTh ¢ nomoiusio KI.

Tunel peakiuii, TPOUCXOASAIIUX B OpraHu3Me: KHCIIOT-
HO-OCHOBHBIE (ITPOTOIIMTUYECKHE), TE€TEPOTEHHBIE, KOM-
IUIEKCO00pa3oBaHus (JIUTAHIOOOMEHHBIE), OKUCITUTEIb-
HO-BOCCTaHOBHUTEJIbHBIE (peoKc-poriecchl). [Ipumepst.
Konkypupytomuii xapakTep COBMEUIEHHBIX MPOLIECCOB.
[TpumMepbl COBMEIIEHHBIX ITPOIIECCOB B OPraHNU3ME YEIOBEKA.
OOBsICHUTE BO3MOXXHOCTb PACTBOPEHUS THIPOKCUAA Mar-
HUS, KapOOoHAaTa KaabIus 100aBIEHUEM COJISTHON KUCITOTHI,
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BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

18.

19.

a oKcajiaTa Kajblius — nepMaHraHatoM kanus. CoBmeriie-
HUE KaKuX MPOoIIecCOB HabII0AaeTCsl B JAHHBIX clydasx?

B pactBop, B KOTOPOM ITPUCYTCTBYIOT UOHBI OApUsl, KAIbIIHS,
kobanbta (I1), tobasmm S/ TA. Kakue mporiecch! mponcxo-
na1? OOBSICHUTE CYTh JAHHOTO sBjIcHU. OXapaKTepu3yiTe
OTA kax quraHi.

[MonsiTre 0 MeTaJUIO-JIMTAHIHOM F'OMEOCTAa3¢e U ero Hapyllle-
HUsIX. Tsokernble MeTallIbl, UX TOKCHYECKOe IeUCTBUE Ha Op-
ranu3M. TepMoIMHAMUYECKUE TPUHIIMITHI XeJIaTOTePaIny.
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3K3AMEHALIWOHHBIE BOMPOChHI
(CTOMATOJIOTMYECKUWA DAKVIIBTET)

[TonsiTue 0 GMOTEHHOCTH XUMHUYECKHUX 31eMeHToB. Kiaccu-
(uKanys v pacnpoCTpaHEHHOCTh XUMHUUECKHUX 3JIEMEHTOB B
OpraHu3Me UelloBeKa U B OKpyxatoiei cpene. [Tonsitie 06
3HJEMMUYECKUX 3a00JIEBaHUSIX.

Yenoek u 6nocdepa. IKOIOTHUECKUE MTPOOIEMBI TII00ahb-
HBIE U pernoHanbHble. KucimoTHble 10XIu.

Hatpus u xanuit. CTpoeHue aToMOB HATPHS U KaJus (3J1eK-
TPOHHBIE U 3NIEKTPOHHO-Tpaduyeckue Gopmynsl). Hatpuii
1 KaJIuii B OpraHn3Me 4yejoBeka. [IpuMmenenne coequHeHnA
HATPUS U Kallisl B MEAMIIUHE.

CTpoeHne aTOMOB KaJbLUs U Martus (3JIEKTPOHHBIE U
aeKTpoHHO-Tpadrueckue hopmyibl). bruonorndeckas posb
KaJIbLIMS U MATHUS, TPUMEHEHUE X COSIUHEHUI B MEUIIH-
He. XUMUYECKUA COCTaB 3MaJH 3y0a.

VYraepon u kpemauii. CTpoeHne aToMoB. broreHHast poiib
yraepoja u KpeMHus. Tokcuueckoe AeicTBUE OKCHUA YIle-
pona (II). buonoruyeckas poip yriepoga U KpeMHHS, UX
Ba)KHEHIIIVIE COCAMHEHUSI, TPUMEHEHNE B CTOMATOJIOTHHUH.
A3zot. ®ochop. CtpoeHue aToMoB, MoJieKy1. bruomornyec-
Kasi poJib a3oTa, ¢ocdopa. [IpumeHenue azora, gochopa
U UX COCAMHEHWI B MeaulMHe. HUTpAThl 1 HUTPUTHI, UX
TOKCHUYECKOE AEHCTBUE HA OPTAaHU3M.

Kucnopon, cepa. CTpoeHne aToMOB (3JIeKTPOHHBIE U JJIEK-
TpoHHO-Tpaduueckre HOPMyIIbI), MOJIEKYIbI KHCIOPO/Ia.
Buonoruyeckast pons cepbl ¥ Kucnoposa. I lpumenenue cepsl
U ee coequHEeHnH B MeauLinHe. OKCUTeHOTepaIusl.
lanmorensl, cTpoeHne aTOMOB. BakHeimme coequHeHNUs,
Guosormyeckast pojib. XMMHUYECKHUI cOCTaB ClIIOHBI. DTOP-
coleprKaliye 3yOHbIe MacThl 1 CTOMATOJIOTMUECKHE JIAKH.
BaxHeillve MUKPO3JIEMEHTBI: JKeJIe30, MapraHell, XpoM.
CTpoeHue aTOMOB (3JIEKTPOHHBIE U INEKTPOHHO-rpadu-
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

yeckue Gopmysiel). Buosnoruyeckas pojib, MpUMEHEHHE
COCIMHEHUM B MENULIUHE.

Baxneitimume MukposnemenTsl: Co, Cu, Zn, UX CTpOeHHE,
6uonornyeckas ponb. [IppumeHeHne coeTMHEHUN B MeIu-
muHe. [{uakdochaTHbIC IEMEHTHI.

OOmue cBeneHus O cIiulaBax U ux cBoiicrBax. Crutassl Pd,
Fe, Cu, Ag, Au B cTOMATOJIOTMUECKOHN MPAKTHKE.
[IpencraBieHne 0 CTOMATOIOTUYECKUX MATEpHAIAX: IITIOM-
OUPOBOYHBIX, CIIEMIOYHBIX, METATUIOKEPAMUYECKHUX.
Tspkenble METAIIbI, UX TOKCHYECKOE JIeiCTBUE HA opra-
HU3M.

3aBHCHMOCTB CBOCTB COSTMHEHMIA OT TPUPOIbI XUMUIECKOH
cesazu B HuX Ha npumepe: N,; H O; NaCl; (H,O)n.
[MpencraBneHne o0 KOMIUIEKCHBIX coenHeHMsX. Kitaccudu-
xauuu. [Ipumepsl.

XapakTep cBsizell B KOMIUIEKCHBIX COEAMHEHHSIX C TOYKH
3pEHUsI METO/Ia BAJICHTHBIX cBsi3eil. [losicanTe Ha mpumepax:
[Ag(NH,),ICI; K [Zn(OH),J; [Pt(NH,),CL]; K ,[Fe(CN)].
[MoHsATHE O XEeNMATHBIX, MAKPOIIMKINYESCKAX KOMITJIEKCHBIX
coeHEHMUAX. [ eMOTIIOOMH KaK XeJlaTHOE COeAHEHHE.
KommnekcooOpa3syroias CiocoOHOCTb -, p-, d-3JIEMEHTOB.
[MonsiTHE O METAJUIO-TUTaHTHOM FTOMEOCTA3e, IPUMEPHI €r0
HapyieHus. [IpuHIAIBI XemaToTepaniy.

15 yKa3aHHBIX COSIUHEHHI OTPENCIHTE: a) 3apsjl BHYT-
peHHeli cepsbl; 0) CTeneHb OKUCIICHHSI LICHTPAIBHOTO aTOMA;
B) KOOPAWHAIIMOHHOE YHCIIO IEHTPAIBHOTO ATOMA; T') 3aPsil
auranfos u ux aeHrataocts: [Cu(NH,),ISO,; K [Fe(CN),J;
[Pt(NH,),CI|Cl,; [Ag(NH,),]CL

YCTOWYNBOCTh KOMIUIEKCHBIX COCIUHEHUN B PAaCTBOpPAX.
Hamumure ypaBHEHUS TUCCOIMALIMM KOMIUIEKCHBIX CO-
enunennit: [Zn(NH,),]SO,, K [Hg(CN),]; Beipaxenne K u
YKa)KUTe, KaKOW U3 KOMILIEKCHBIX MOHOB SIBIIIETCS Hanbouee
MPOYHBIM, TIOJIH3YSICh CTPABOYHBIMHY JJAHHBIMHU.
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3K3AMEHALIMOHHBIE BOMPOChHI

(MERUKO-NPODUIIAKTUYECKUWA DAKVIIBTET)

10.

IToHaTHE 0 GUOTEeHHOCTU XMMHMUYECKUX 3IeMeHToB. Kitaccu-

(dbuKanus 1 pacpoCTpaHEHHOCTh XUMHUECKHX 3JIEMEHTOB B

OpraHM3Me YelI0BeKa M B OKpYyKalollen cpejie. DHaeMuec-

KHe 3a00J1eBaHMUs.

Yenosek u buochepa. [Tonstue o buochepe. Atmocdepa,

CTpOEHHEe, XUMUUYECKHI COCTaB.

HcTrouHuky 3arpsi3HeHuss aTMocdepbl: TPOMBILIIEHHBIE,

TPAHCIIOPTHBIE, CEIBCKOE XO3SIHUCTBO, KOMMYHAIBHO-OBITO-

BOM CEKTOD.

DKOJIOTUYECKHE TPOOIIEMBI 3arPSI3HEHUST ATMOC(EPHI:

a) TOKCHKaHTaMH (yIJIeBOAOPOJaMU, CBUHIIOM U €r0 OKCH-
JlaMHU, MOHOOKCHJaMH yIJIepoa);

0) okcHuamaM® cephbl M a30Ta (KUCIOTHBIC TOXIH, (POTOXH-
MHYECKHUI CMOT).

IMonstre o TTIK.

MeTo1bl CHUKEHUS IOCTYIUIEHUSI TOKCHKAHTOB B aTMOC(e-

py. KoHTponb 3arps3HeHuii (TpaIuiOHHbIE, COBPEMEHHEIE,

CEHCOpPHBIE).

3arpsisHeHue rugpocepsl: TSKeIbIMU MeTauiamu, [1AB

U CUHTETHYECKUMU IMOJUMepaMu, HeQThIO, KHCIOTHBIMU

ocaakamu. Ob1re moKa3aTenu A1 MPUPOTHBIX U CTOUHBIX

BOJ.

Crienuduueckue nokazaTen NPUPOAHBIX BOI: KECTKOCTh

BOJIbI, €€ BUJIbI U CIIOCOOBI YCTPAaHEHUSI.

3aBUCUMOCTb CBONCTB COEIMHEHUN OT IPUPOABI XUMHUUEC-

xoit cBszu B HuX (N,, H,O, NaCl, (H,0)n).

Hartpwuii u kanuii. CTpoeHre aTOMOB HATPUS 1 KaIus (3J1eK-

TPOHHBIE U 3NIEKTPOHHO-Tpaduueckue Gopmynsl). Hatpuii

Y KaJil B opranu3me yenoseka. [IpuMeHeHue coennHeHui

HATPUS U Kallusl B MEAMLIMHE.

CrpoeHne aTOMOB KaJbLUs U Maruus (3JIEKTPOHHBIE U

3JIeKTpOHHO-Tpadudeckue Gopmyisl). buonornyeckas
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BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

pOJIb KallblIUsl U MarHus, MIPUMEHEHHE MX COCJMHECHUN B

MeIULIMHE.

Vraepon u kpemaunii. CTpoeHue aToMoB. broreHHnas poib

yriepona 1 kpeMHus. Tokcndeckoe 1eficTBUe OKCUIa yrile-

poxna (II). buonoruueckast poip yriepoaa u KpeMHHMSI, UX

Ba)KHEUIIINE COeTUHEHNUS.

Azot. ®ochop. CtpoeHue aToMoB, MoJiekyJ1. bruomornyec-

Kasi poiib a3oTa, ¢ocdopa. [Ipumenenne azora, gochopa

W MX COeIMHEHMI B MeauiuHe. HUTpaThl U HUTPUTHI, UX

TOKCHUYECKOE JAEHCTBHE Ha OPraHU3M.

Kucnopon, cepa. CtpoeHne aToMOB (3JI€KTPOHHBIE U 3JIEK-

TpoHHO-rpaduyeckrue GopMyJIbl), MOJIEKYIbl KUCIOPOIA.

Buonoruueckas pois cepbl 1 Kuciuopona. [IpumeHeHme cepbl

U ee coeHeHuH B MenuuuHe. OKCcUreHoTepamnms.

lanorensl, crpoeHne atoMoB. BaxkHeitmue coequHeHus,

Ouosoruyeckast poyib. XMMHUYECKHI COCTaB CIIIOHBI.

Keneso, mapraner, xpom. CTpoeHrE aTOMOB (3JIEKTPOHHBIC

U 3JIeKTpOHHO-Ipadudeckue hopmyisl). buonornyeckas

pOJIb, TPUMEHEHUE COCAMHEHNH B METUIIHE.

BaxxHeiilme MUKPO3JIEMEHTBI; IIOHATHE O MUKPO3JIEMEH-

to3ax. Co, Cu, Zn, ux crpoeHue, Omojmorndeckas poib.

[TpumMeneHnue coeAMHEHNH B METULIMHE.

Tspkenble METaIUTBI, X TOKCHUYECKOE ISUCTBHUE HA OPTaHU3M.

[MpuHnun xenaToTepanuu.

Kowmrutekcubie coennuenusi. Kitaccugukarmu. emornooun

KaK XellaTHOE COeIMHEHME.

[ToHsATHE 0 METATUTO-TUTAHTHOM FTOMEOCTAa3€e U eTr0 HAPYIIIe-

HUSIX.

151 yka3aHHBIX KOMIUIEKCHBIX COSIMHEHUI OnpeenTe:

a) 3apsi BHYTpeHHeEU cdephl;

0) cTereHb OKUCIICHHS IIEHTPAIBHOTO aTOMa;

B) KOOPAMHALMOHHOE YUCIIO LEHTPAJILHOTO aTOMa;

) 3apsa OTUrangaoB u ux gentaTHocTh: [Cr(NH,)]SO,;
K,[Zn(OH),J; [Ag(NH,),JOH; [Pt(NH,),|CL,
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JK3amMeHaLMOoHHbIe BONPOCHI

21.

22.

23.

24.

25.

26.

XapaxkTep cBsi3eil B KOMIUICKCHBIX COCTUHEHUSX C TOYKU
3peHHs] METO/Ia BaJIEHTHBIX cBsaseil. [losicHuTe Ha mpuMepe
[Ag(NH,),|CL

VCTOMUNBOCTh KOMITJIEKCHBIX COCTMHEHHU B pacTBOpAX.
Hanmmure ypaBHEHUS AUCCOIMAIINN KOMIUIEKCHBIX CO-
enunennit: [Zn(NH,),[SO,; K [Hg(CN),]; MmaTemaTnueckoe
BhIpaKeHUE K M yKaxuTe, KAKOH M3 KOMIUIEKCHBIX HOHOB
ABIISAETCA HAaMOOIIee IIPOYHBIM, €CIIU X K COOTBETCTBEHHO
paBHbI: 4-1071%; 4-107*,

Vkaxurte THN THOpUIU3AIMN ATOMHBIX OpOUTAJIeH IIeHT-
paTbHOTO aTOMa B KOMITJICKCHBIX COSTUHEHUSX ¥ TEOMETPH-
YEeCKyI0 KOH(Urypanuio KomriekcHbIXx HoHoB: [Co(NH,) J*;
[PUNH,),J"; [Zn(OH) J; [Ag(NH,) I

Omun n3 mMeTooB ynanenus SO, U3 MPOJAYKTOB CrOPAHUS
TOIJIMBA OCHOBAaH HAa pEaKIMH TOTJIONICHUs ero Heraiie-
HOU n3BecThio. Paccumralite, CKOIbKO KapOOHATA KATBIIUS
notpebyercs g ynasnuBanus SO,, 0Opasyromerocs mpu
cropanuu 1 THedTH, eciiu (S) B Hel cocTaBiset 1,7% (pen-
MOJIOKUTD, YTO 3((HEKTUBHOCTD ITOTO CIIOCO0a yAaCHUs
SO, cocrasnser 22%).

s ornpeneneHuss akTUBHOT'O XJIopa B Boje K mpobe 00b-
eMoM 50 M1 1oOGaBUIIM U30BITOK HOAMIA KAJTUS M COJISTHYIO
Kkucnoty. Ha TutpoBaHme BbIIEIUBIIETOCS HOHa U3pacxo-
noBamu 18,20 M pacTBopa THOCYIb(haTa HATPHUS C KOHIICH-
tparueii 0,01 Mosb/n. Beruucnure Maccy akTUBHOTO XJIOpa
B 1 71 BOJBI.

B 4 M* BOZIBI cConepikaTcs Ca(HCOS)2 maccout 648 r u CaCl2
maccoit 1335 r. Onpenenure o6y xectkocTh (K )
BOJIBI.
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NMPUNOXKEHUE

1. Cyroqﬂoe NOCTYIVICHUE XUMHUYECKHUX JJICMECHTOB B OPpraHu3sm
YeJI0BCKA.

CyTtounoe norpedienne, B Mr
Xumuyeckuii 3jieMeHT
B3pocibie Hern
Kanmii 2000-5500 530
Harpuii 1100-3300 260
Kanprmit 800-1200 420
Maruuit 300-400 60
[unk 15 5
XKeneso 10-15 7
Mapranen 2-5 1,3
Mens 1,5-3,0 1,0
Turan 0,85 0,06
MonubaeH 0,075-0,250 -
Xpom 0,05-0,20 0,04
Kobanpt Oxkomno 0,2 ButamuH B, 0,001
Xiop 3200 470
PO,* 800-1200 210
SO.* 10 -
Non 0,15 0,07
Cenen 0,05-0, 07 -
drop 1,5-4,0 0,6

CTONBKO XK€ XUMHYECKHX JJIEMEHTOB JOJIDKHO BBIBOIUTBCH,

MOCKOJIbKY HX COACPKAHUE B OPraHU3ME HAXOAHUTCSA B OTHOCHU-
TCIBHOM ITOCTOSAHCTBE.
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MpunoxeHue

2. XapaKTeprle CUMIITOMBI ﬂe(lmuura XUMHNYECCKHUX I3JICMCHTOB
B OpraHmsmMe 4¢/i0OBeKa.

JyieMeHT Tunuunblii cumnTom npu aepuuure
Co 3aMeieHne pocTa CKeneTa
Mg Mpbl11e4yHbIE CYA0OPOTH
Fe AHeMHus1, HapyIIeHe UIMMYHHOU CHCTEMBI
Zn TToBpexeHre KOXH, 3aMeIJIeHIe POCTa, 3aMelJICHHe
CEKCYaJIbHOT'O CO3PEBAHMS
Cu CnabocTh apTepuii, HapylIeHUe IesITeIbHOCTH MTeYEeHH,
BTOPUYHAS aHEMUS
Mn Becrioaue, yxyaiieHne pocra ckenera
Mo 3aMeIeHre KIIETOYHOTO POCTa, CKIIOHHOCTD K KapHecy
Co 3/10KavYeCTBeHHAS] AaHEMUS
Ni Vuyarenue Aerpeccuii, AepMaTUThI
Cr CumnToMsl Tuabera
Si Hapymenue pocra ckenera
F Kapuec 3y60B
I Hapymenue paboThl IIUTOBUIHOM XKee3bl
Se MyckynbHas (B 4aCTHOCTH, ceplieuHast) c1abocThb

263



BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

3. KoHCTaHTBI pACTBOPHMOCTH HEKOTOPHIX MAJIOPACTBOPHMBIX
couteii u ruapokcunos (25 °C).

BemmectBo K, BemectBo K
AgBr 5,3-10°" FeC,0, 2,0-1077
AgCl 1,78-10-1° Fe(OH), 1,0-10%

Agl 8,3-107"7 Fe(OH), 3,2:.10°%
Ag,CO, 1,2-102 FePO, 1,3-10%
Ag,CO, 3,5-101 FeS 5,0-10°18
Ag,CrO, 1,1.10" Hg,Cl, 1,3-101

Ag,Cr,0, 1,0-10°1° HgS 4,0-10%

AgCN 1,4-101¢ Hg,SO, 6,8-107
AgSCN 1,1.10" Li,CO, 3,98-1073
AgNO, 1,6-10* LiF 3,8:10°
AgPO, 1,3-10% Li,PO, 3,2-107

AgS 6,3-10° MgCO, 4,0-10°°
Ag,SO, 1,5-10 MgC,0, 8,6-107°
Ag,SO, 1,6-10°° Mg(OH), 6,0-10°10
Al(OH), 1,0-10-% Mg, (PO,), 1,0-1013

AIPO, 5,7-107" MnCO, 1,8-10!
AuBr 5,0-107 Mn(OH), 4,510
AuCl 2,0-1013 MnS 2,5-10°10
Aul 1,6-10% PbBr, 9,1-.10°¢
BaCO, 4,0-1071° PbCl, 1,6-10°
BaC,0, 1,1-107 Pbl, 1,110
BaCrO, 1,2-10°1° PbCO, 7,510

BaF, 1,1-10°¢ PbC,0, 4,8-1071°
Ba(OH), 5,0-1073 PbCrO, 1,810

Ba,(PO,), 6,0-10% Pb(OH), 1,1.10%
BaSO, 8,0-107 Pb,(PO,), 7,9-104
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MpunoxeHue

BemectBo K, BemectBo K
BaSO, 1,1-10°1° PbS 2,5-10%7
CaCo, 3,8-107 PbSO, 1,6-10°%
CaC0, 2,3-10” Sr(OH), 3,210+
CaC,H,0, 7,7-1077 SrCO, 1,1-10710
CaF, 4,0-10 SrC,0, 1,6-1077
Ca(OH), 5,5-10°¢ Sr,(PO,), 1,0-1073
Ca(H,PO,), 1,0-10°3 SrSO, 4,0-10°*
CaHPO, 2,7-107 SrSO, 3,2.107
Ca,(PO)), 2,0-10% TIBr 3,9-10¢
CaSO, 3,2:107 TIC1 1,7-10+
CaSO, 2,5-10°° TIL 5,75-10°%
CdCo, 1,0-102 TLCO, 4,0-10°
CdC,0, 1,510 TLC,0, 2,0-10*
CdS 1,0-10% TLPO, 6,7-108
Cr(OH), 6,3-10°3! TLS 5,0-10%
Cu(OH), 5,0-10% T1,SO, 6,3-10*
CuS 6,3-107%¢ TLSO, 4,0-10°
CuS 2,510 Zn(OH), 7,1.1018
ZnS 1,610

265




BuoreHHble anemMeHTbl. KOMnneKkcHbie coeguHeHus

<016 ="y HOU-, Y 1IT€E w2 w01:0 ="y ‘HN «8H
a01€9="y HOU-, V1IT€ o a0l 1T=""y ‘HN D
a 0197 ="y HOU-, V1IT€ D 6 01T9=""y ‘HN 40D
OI0r =Y HOU-,V LT/E, e} O Tr=""y ‘HN 0D
w0167 ="y HOU-,V LYTE 0D o0168=""y ‘HN 0D
0167 ="y HOM-, Y 1ITC 20D 0r8T=""y ‘HN PO
G016 ="y HOU-, YV 1ITE <P +016'5=""y ‘HN 3y
10197 ="y HOU-, YV 1IT€E 8D w0l 1T=""y (O'H) uz
w0107 =Y HOU-, YV 1IT€E It O01T=""y HO <P
sOILT="Y HOU-,V LY/E, ol w0191 ="y -HO 1D
a01Te="y HOU-,V LT/E, IV a0l-sLT=""y -HO wD
a-01CE1=""y HUIMION | U7 501661 ="y “HO <UZ
a-01-89°p=""y HHTTHIOM ] D g0l 1=""Yy -HO IV
BLHRLOHO)] rHeIu|’ A BLHBLOHO)] ey’ A

(Do S7) Xedodarded XI9HI'0E 9 HOHOM XITHIMIIIINOM HLIOMHOLIIH IMLHBLIHOY ‘{

266



MpunoxeHue

OIS e=""y HOH-LEHHUIIHLL | SN w01-8p 1 =""y 1 «SH
G OI€T ="y HoM-Led U] «SH GOIT°L=""Y 1 <P
o01€T ="y Hou-Ted1u]] D AO1TT=""Y 1 «Ad
AT T T ="y Hou-1ed1n]] BN w01sT=""y 1 «8H
OI'1T="Y Hou-1edLn] 8D w01-86°L =" 1 i
a0lv1 ="y Hou-redide], FEE| o0l 1=""y 1 ad
a0186=""Y Hou-redide], o) orse=""y 10 Wl
a016s ="y HOM-, YV LIT€E <UZ 0ITeE=""y g ;ﬂ
%0197 ="y HOM-,V1ITC WL 0101 =""y g «SH
O16T="Y HOU-, YV 1IT€ AL 0010 ="y g |
a 0116 ="y HOU-, V1IT€ «<Ad A 016L="Y i od
a0l T'6="Y HOU-,V LT/E, <IN O TT=""y A IV
o01-9°L ="y HOU-,V LI/E, BN 010T=""y ‘HN <UZ
w0191 ="y HOU-,V LYTE «SH s0lve=""y ‘HN <IN
NHINHU—.—OVH d—.:wr:\:.ﬁ. +=E NH—.—NHQ-.—OVM -N—.:wr:\-ﬂ. +=z

267



BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

O111$'T=y | vr-yegommidendy | 8D O10€=""y NOS D
01-CL'e='yY | el-xsedonnmidendoy | SN 019T=""y NOS 0D
a-01-0T=""Y HOM-1BHHILOU]] <UZ O16s=""y -NDS i
w01-10°6=""y HOW-LEHUALOU]] <IN 016 =""y NOS 3v
40197 1=""y HOM-LPHUALOMY] 0D 0101 ="y -ND <IN
a0l-LT=""Y HOU-LBHUILOU] 2 w0l €1 ="y -ND 2
01 P6'L ="y HOM-LPHUALOMY] <UN w01 €T=""y ND o
w0111 ="y HOM-1RHUITHIL ] UZ w01:0T=""y ND Ri's}
o-01-9T=""y HOM-LHHUIIHIL | D w0l T=""Y -ND 0D
W0rLT=""y HOM-LBHUITHLL | <IN w0118 ="y -ND 0D
00196 ="y HOM-LEHHUIIHIL | 0D a01-8L=""Y -ND PO
#0191 ="y HOM-LRHUITHIL | od w010 ="y ND ny
+019°¢ ="y HOM-LEHHIIHI | <N Ol P 1 =""y ND Bv
O1Tr="Y HOM-LeHHUIINI | 8D o01-6Ls ="y ND <UZ
BLHEBLOHOY THeIM| A BLHELOHOY] THeIM] WA

268



MpunoxeHue

01-0T=""y HOM-LPLHIIALR)) o) 0019 ="'y <0D o)
a0181=""y HOU-LBLHUIIUIED) <IN L0106 ="y -0 IV
o OT-LY'€=""Y | B1-X BRAOHMWRLAL ] <UZ OIS T=""y “ON <P
a01:86°€="'Y | B BREOHMWRIAL] |  ..nD OIS T=""Yy “ON 3y
HOT-LSP=""Y | BI-Y BROHMWRLAL ] <N <01 TT=""y N «8H
cOILP'€ ="y | ®Bl-M KeaOHMWRLAL | V) a0l ¥ ="y <08 Ris}
<OI'1ST="Y | ®i-3 seaOHMWRLAL od Ol T=""y <08 3y
~O1-10°S ="y | va-d sedonnwelAIr] | LU w0l vT=""y oY «8H
¢01'169 ="y | BL-X BREOHMWRILAL 8D +0I€9=""y <0'S «qd

<0197 1="y | wi-y wesommwerluy | SN n01-6T=""Y <0'S nD
1-01-80°L=""Y | vi-3 seAOHMIdRIOY <UZ OT€9=""y <0'S <P
o 0l-Lby=""Y | el egonnidenoy i) a0l TL=""y <0's 3v
1-01-19°9=""y | vl-x edonnidenoy V) «01-€9=""y -NDS «SH

018 1=y | wi-y segommidenoy | U 0165 =""y NOS od

NHINHUIOVH d-.:wr:\—ﬂ. +=E NH—.—NHQIQVM -N—.:wr:\-ﬂ. +=2

269



BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

0197 1=""y nndeioy o) 0191°c ="y HUEH][ od
W01 1sT=""y Huideloy <IN 01="y HUEU][ <UN
O TPL=""Y nnidenoy 0D G-0I-T€9="y nnrody <UZ
a01971°e=""y nnideoy o A01-85 T="y nrody D
01 TE~"Y Hnidenoy <IN w01 10°6="y nurody| 0D
01 ="y Hnidenoy SN «01-10°=""y nurody wod
01-69°T=""Y HHTIALCI-IHITHLC ] <UZ o091 ="y nurody LU
401617=""Y HUMUILI-IUTTULC | D 0l <Y Hurody | BN
»01CE1=""Y HUTIAICI- I ] 0D a-01€8°7=""y nndo) D
<01-80°L ="'y <UN 01 ="y nnda) 20D
01SLs="y HUYIAILI-IUATTAL | 8D 0l =y Hudo)) w20
A0T-L8="Y HMIUILI-IATTAL ] SN €0~y audo)) 8D
Ol P's ="y HOW-LELHITHIED) FEE| w0I-8€=""y <~0D <IN
a018€=""y HOM-LPLHIIALE)) +£0D 01-€9=""y <0D W2
BLHEBLOHOY rHeIny A BLHEBLOHOY eIy A

270



MpunoxeHue

n01-8€°T=""y HHUTHMIOU | 0D

00197 1=""Y HHTTHIOH ] N o-01-10°5=""y HHTTHIOH ] wod
AOT-6LY="Y W I J-1I ] 4 +01-T81=""y HUIAION | UN
W0I-SLT=""y W J-HIL J-M ] D +01-15T=""y HIEH][ <UZ
o01-LST=""Y ML J-HIf UL ] 0D w0107 ="y HUEU][ <D
01:68°€ ="y MIL ]-HI( ]-HL ] U 0185 T=""y HUEM][ <IN
+010T=""y nnideioy <UZ 01897 =""y HIEH][ 0D
NHINHQIQVH ﬂ-.—-wr:\—ﬂ. +=E NH—.—NHQ-.—QVM ﬂ—.:wr:\-ﬂ. +=2

271



BuoreHHble anemMeHTbl. KoMnneKkcHbie coeguHeHus

00°T+ OH+ON=2+.H+ ONH 9t 0+ 100 = 2¢ + .:0D

P10~ "HOY + ON = 2€ + O°HT + “ON 620~ 100 = 97 + 20D

96°0+ O°HT + ON = 2€ + ,Hb + "ON S6T+ 20D =2 4,0

980~ “HOT + ON =2+ O'H +-ON 9¢° T+ 10T =T+ D

08°0+ OH+‘ON=2+.Ht+ - ON P I+ O°HT + O'gH = 2F + .HS + - 014
160+ O°H + ‘ONH = 2T + .HS + “ON P T+ O'H + 9 =27 + .H + O'gH
10°0+ "HOT + “ON =2+ O'H + “ON 601+ g7 = 27 + g

970+ JHNZ =29 + .HS + ‘N 0S T+ My = ¢ + 0y

€L°0+ SC(ND)OI] = 2 + [ '(ND)O] 71+ MY = 27+, Y

09°0+ “HOY + “OU = 2€ + O'HT + - OUN 891+ Ty =0+ 0y

IS T+ O'HY + +UIN = 2§ + .HS + "OUN €87°0+ D+ 18V =2+ D8V
95°0+ < OUN = 2 + "OuUN €LE°0+ ‘HNT + 183V = 2+.["HN)3V]
Yo SLINDYUIN] = 2 + - (ND)UIN] 08°0+ 18y =2+ 3y

q BUNNEBIdATO] | q 9 BUNNEBIAATO] |

‘(Do ST) MI'BMITHILON (30173d) JI9HIIOLNE0HRLII0 JdHLdBITHRL)) °G

272



MpunoxeHue

60°0+ LOSt=T+0'S 160+ < BH =7 + ..8HC

€60~ “HOT + < 0S =27+ OH + < 0S PIv0- (L=Hd) ‘H =27 +.HC
LT°0+ O'HZ+0S = 2 + .Hb + < OS 000 ‘H=27+.Ht

870~ “S=9T+S 9€°0+ LL(NDRd] = 2 + L[(ND)2A]
LT0+ SH =97+ .HT+S LLO+ d =2+ .0

T “HOT+‘0=9C+0H+'0 LLTH At=0r+A

LOT+ OH+0=2T+.Ht+'0 98°0+ M) =2 + ] + 0D
88°0+ “HOf = 27+ O'H +-"OH 91°0+ M) =24 0D

LLT+ OHT =27 +.Hl+ OH SE°0+ ™M) = a7 + ,.ND

80°0~ HO+-OH=9C+O0H+ 0 €S0+ My =oa+ .0

890+ ‘OH=2C+.HT+ 0 8T 1- SLIND)ID] = 2 + L' (ND)DI
0r 0+ “HOY = 2% + O'HT + ‘O €E 1+ O'HL + +IDT = 29 + ,Hb1 + < OID
780+ (L=Hd) O'HT = 2% + .Hp + ‘O 170~ WD A2+ 1D

€T T+ OHT =2y + .H¥ + O 10+ AL CHN)OD] = 2 + ["(HN)0D]
q .0 BHINEBIAATO] | q ‘.0 BHmIBIdAIror |

273



BuoreHHble anemMeHTbl. KOMnnekcHbie coeguHeHus

€0¥°0— PO 2 9T + PO
bO‘T- ‘HNY + TuZ = 27 + . [ (HN)uZ] IS T+ U = 2 + U
9L 0~ Z = a7 + .7 66°0+ OH+1=2C+.H+OIH
STI+ AL =97 + 4L PI T+ O‘HT+OIH = % + .HS + -0l
960~ TIL=2+.IL S 0+ JT =97+ 1
ST°0+ +US = 27 + ,,US 080+ 8HC = 27 + .. SH
AN TUS = a7 + .US S8°0+ 18H = 27 + ..8H
q ‘.o BHIIBIdATrO] | q ‘.o BHIIRIdATrO |

274



MpunoxeHue

6. Conep:xanue XMMHYECKHX JIEMEHTOB B 3eMHOIi Kope, Mo4Be,
MOPCKOIi Bojie, pacTeHusiX, ;kuBOTHBIX (0 B.1. Bepuanckomy).

Maccosast nos, %, B
JIeMenT | 3emuoii MOpcKoii
Kope nouse Boe PACTeHHSIX | KMBOTHBIX

1 2 3 4 5 6

(0] 49,4 49,0 85,82 70,0 62,4

Si 27,6 33,0 5107 0,15 1-10°°
Al 7,45 7,12 1-10°¢ 0,02 1-10°°
Fe 5,0 3,8 5-107° 0,02 0,01

C 0,15 2,0 0,002 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 0,6 0,14 0,07 0,03

Ti 0,6 0,46 1-107 1-107 1-10%-1-10-
N 0,02 0,1 1-10°° 0,3 31

H 1,0 - 10,72 10 9,7

P 0,08 0,08 5107 0,07 0,95

S 0,05 0,05 0,09 0,05 0,16
Mn 0,09 0,085 4107 11073 1-10°°
Zr 0,04 0,62 - 5-10* -

Sr 0,04 0,03 1107 10! 11073
Ba 0,04 0,04 5-10° 10+ 1-10°°
Ge 0,02 0,02 1-107 - 1-10°¢
Cr 0,02 0,019 - 5-10* 1-10°°

F 0,027 0,02 1-10* 1-10°° 1-10--1-10*
v 0,03 0,01 510 1-10* 1-10°°
Cl 0,048 0,01 1,89 11072 0,08
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1 2 3 4 5 6

Rb 0,03 5-10°3 2-10°° 5-10 1-10-
Zn 5-1073 5-1073 5-107° 3-10° 11073
Ni 11072 5-10° 3.107 5-10°° 1106
Cu 11072 2-10°3 2-10°° 2-10* 110
Co 4-107 11073 1-107 2-10°° 1-10°-1-10-°
Li 6,5-10° | 3.10° 1,5-10°° 1-10° 110+
Pb 1,510 | 5-10* 5-107 1-10- 110

B 3-10* 5-10* 5-10 110+ 110

1 3-10° 5-10* 1106 1-10° 1-10-1-10*
Mo 1,510 | 3-10* 1-107 2-10°° 1-10%-1-10-°
As 5-10* 410+ 1,5-10°¢ 3-10°° 1-10°-1-10-°
Br 1,510 | 2-10* 7-107 - 110+
Cd 5-10°° 5-10° - 110 110
Th 1-10° 6-10 4.10 6-10 1107

W - 1.10* - - -

U 2-10* 1-10* 2-107 - 1108

Se 6-10° 1-10°¢ 4107 1107 -

Bi 1,7.10¢ | 2.10%® 2-10°8 - 2:10°
Hg 7-107¢ 110 3-107 1-107 1-107-1-10-¢
Ag 1-10¢ - 7-107 - 5-10°-1-10"°
Au 5-107 - 4-10°"° - 1107
Ra 2-1071° | 8-10™M 1-10 1-101 1-10-2
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8. CyTouHasi NOTPeOHOCTH B MUKPOIJIEMEHTAX B3POCJIOr0 Y€JI0-

BeKa.
JyieMeHT Cyrounas norpeGuoct, ‘YcBauBaemocts, %
B MI'
K (xamnmit) 1850-5500 90-95
Na (uatpuit) 1100-3300
Ca (xampImii) 800-1200 25-40
P (pocdop) 800-1200 60-70
Mg (Maruwmii) 350-400 30-35 unu Gonpie

Fe (xene30)

Myxumast — 10,
SKEHIIMHBI — 18

7-15

Zn (IIMHK) 15 2040 unu 6oJbIe
Mn (mapraHernr) 2,5-5 3-5
Cu (menp) 2-3 10-30 wm MeHbIIIE
Mo (MonubieH) 0,15-0,5 70-80 mim MeHbIIIe
Cr (xpom) 0,05-0,2 0,5-1
Se (ceneH) 0,05-0,2 5078061\:;2}1’;? i
I (i) 0,15 60-90
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9. B3aumopeiictBue MHKPO3JIEMEHTOB.

DiieMeHT IIpuBoaut k aepuuuTy
Hg (pTyTh) Se
As (MBILIBSIK) Se
Cd (xkagmuit) Se, Zn
Ca (kanpuuit) Zn, P
Fe (xene30) Cu, Zn
Mn (Mapraneir) Mg, Cu
Mo (MmonubneH) Cu
Zn (IUHK) Cu, Fe
Pb (cBuHen) Ca, Zn
Cu (Mmenp) Zn, Mo
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