KoMnAeKcHble
coeAMHEeHUA



- KoMnnekcHoe coeAMHEeHune —
BelleCTBO, B COCTaB KOTOPOro BXOoAAT
KOMIUJIEKCHbIe YaCTuULlbl
(onpepeneHve UCNoJib3yeTCHa peako).

- KoMnnekcHas yactmua — CJ/10>KHas
yacTtumua, cnocobHasn k
CaMOCTOATEJ/IbHOMY CYLLEeCTBOBaHMUIO
B KpUCTaJIJZie 1M pacTtBope,
obpasoBaHHana n3 apyrunx, 6onee
NMPOCTbIX YAaCTUL, TaKXXe CNOoCObHbIX K
CaMOCTOSAITEJ/IbHOMY CYLLEeCTBOBaHMUIO.



Bce HeopraHumyeckKkume coeavHeHMUSA

AeNATCA Ha ABe rpynnbi:

® coeAMHEeHMA NepBOoro nopsaka, T.e.
coeauHeHus noguYMHAKOLLMeECSH
TEOpUUN BaJIEHTHOCTMW;

® coeAMHEeHMA BbiCLUero nopsaka, T.
e. coeauHeHMUS, He
NOAYMHAIOLWIMECHA NMOHATUAM TeopUum
BaJIEHTHOCTM. K coeAMHEeHUsaM
BbiCLUEro nopsaaka OTHOCHATCSH
rmapartbl, aMMuMaKaTbl 1 T.[A.

CoCl; + 6 NH; = Co(NH;)Cl,



B 1893 r BepHep npeanonoxxwun,
yTO NO60M 3N1eMeHT nocne
HacblWeHnsa cnocobeH NpoABNATb
elle M AOMNOJZIHUTEJIbHYIO
BaJIEHTHOCTb — KOOPAMNHALMOHHYIO.
No koopAMHALMOHHOU TeopuUm
BepHepa, B ka>xaoM KC pa3nunyalor:

[Co(NH;)]ICI,
koMmnnaekcoobpasoBsaTtenb (KO = Co),
nuraHabl (NH,),
kKoopanHaumoHHoe uyucno (K4 = 6),
BHyTpeHHIoo cpepy [Co(NH,)_],
BHewHo cpepy (Cl,).



KoMnAeKCHble UOHDI -
MOHbDbI, KOTOpble 06pa3yloTcsa
nNyTeM NpUCOEeAMHEHUSA K
AQHHOMY MOHY HEUTPAAbHbIX
MOAEKYA UAU UOHOB
NPOTUBOMOAOXHOIO 3HaKa

[Cu(NH_.,‘)4]2+ [PtCIb]z'



KoMnJieKCHble coeaAnHeHunsa -
coeagnHeHuUA, B COCTaB KOTOPbIX
BXOOAAT KOMMNJIeKCHbi€e NOHDbI

[Pt(NH,).ICI,
[Pt(NH,),Cl,]CL,
[Pt(NH,),CI,]
K,[PtCI_]



O6uwme nosl1oXXeHns Teopum
KOOPAWHALMOHHbIX COeANHEHUN

1. B monekyne nrob6oro KC oguH u3
MOHOB (O6GbIYHO KAQTUOH)
3aHMMaeT LeHTpaJibHOe MeCTO M
Ha3blBaeTcs
KoMnJsiekcoobpa3soBaTtenem unm
LLleHTpaJZibHbIM MOHOM.

2. BOKpyr Hero KOoOpaouMHUpPOBAHO
HEKOTOpOoe YUCNOo
NMPOTUBOMNOJIOXKHO 3apPSXXEHHbIX
MOHOB WJIN 3J1IEKTPOHEUTPaJZIbHbIX
MOJIEKY/1 — JINFraHA4O0B UM
aaAeHAOoB.



JinraHgamm MoryT 6bITb
AQHUOHDI:

-, OH-, CN-, CNS-, NO_,C0.%, C,0,%,
HEﬁTpaﬂbele MOJIEKY/Jibl.

H,0, CO, I',, NH.,.



3. JInraHAbl "
KoMmnJsiekcoobpa3soBaTtenb
o6pa3yroT BHYTPEHHIOI0
KOOpAVMHAUMOHHYIO cdhepy
coeAVHEeHMH.

4. NOHbI, HaxoasAUWMecH Ha
6onee nanekom
DACCTOSSHMUMU OT
LLeHTPaJZibHOIo MOHaQ,
COCTaBJ/IAIOT BHELUHIOO
KOOpAVMHAUMOHHYIO cdhepy



5. Yncno nMraHaos,
OKPY>XaMLWNX LLeHTPaJibHbIN

MOH, - KOOPAMHALIMOHHOE
yucno.

6. Bo BHyTpeHHen cdepe UOHDI
cBsi3aHbl HEMOHOreHHOo, a BO
BHewHen — MOHOIreHHOo.



NMpumep
K,[PtCI_]

BHyTpeHHsAsA chepa [PLCI ]2
KoMmnnekcoobpa3soBaTtesb -
non Pt+4

Jiuranabl - UOHbI CI-

BHewHaa chepa - MOH KT



3apsan

LLeHTpa

JIbHOroO
MOHa

+1

+ 2

+3

+4

Koopawun
HaLluWOoOH
Hoe
4yucno

4,6

6, 4




@ JinraHabl, 3aHUMaoLWMe BO
BHYTpEeHHEeWN
KoopaAMHaUMOHHOMU chepe 1
MecTo, - MOHOJeHTaTHbIe

@ JinraHabl, 3aHUMaoLWLMe BO
BHYTpPEeHHEeWN
KoopaAMHaALUMOHHOM cepe 2 n
6onee MmecT, - 6U- M

noJimageHtTaTHblE



® 3apsaa KOMIJIEKCHOINro MoHa
paBeH anrebpanyeckom cymme
3apsaaoB COCTaB/IAOLWMUX ero
NPOCTbIX MOHOB
Ag* + 2CN- PAg(CN),T
(+1-2=-1)

S/1IeKTpOHenTpasibHble
MOJIeKy/bl, BXogsiLyne B
COCTaB KOMIIJIEKCa, He BJ/INSIIOT
Ha BeJINYNUHY ero 3apsiga



HoMmeHknaTtypa KC
NMopAaoOK nepeyncsieHns MOHOB.
lNepBbIM Ha3bliBaeTCA aHUOH,

3aTeM KaTUOH, Npu 3TOM B
Ha3BaHMM aHMUOHA ynoTpebnsaercs
KOpPEeHb JIaTUHCKOro
HamMeHoBaHuAa KO, a B Ha3BaHuUM
KaTUOHA — ero pycckoe Ha3BaHue
B poAMTE/IbHOM naaexe.

[Ag(NH,),ICl - xnopun

AnaMMunHcepebpa;

K,[CuCl,] - tpuxnopokynpar
Kanums.



NMNopaaok nepeyvyuncynieHus
JINFaAHAOB.
JInraHAbl B KOMIJieKce
nepevymcrsfaloTCAa B csieayrouem
nopsake: aHUOHHbIe,
HeUTpaJsibHble, KATUOHHbIE — 6e3
pa3aeneHnsa apecdncomMm.

[PtEn(NH,),(NO,)CI]SO,

cyn bCI)aT XJTO0POH MTpOﬂMaMMMHBTMneHnMaMMHnﬂaTMHbI
(+4)



HenTpanbHble rpyrnnbl Ha3biBAalOTCA TakK)XXe,
KaK n Mmonekynbl. AcknrouyeHeM AABNIAIOTCA aKBa
(H,0), aMMUH (NH,). K orTpuuatenbHO
3apsi)KeHHbIM aHuWOHaM npubasBnAlOT rnacHylo
«O»

[Co(NH;) . ][Fe(CN).]
rekcaumaHodgeppart(+3) rekcaamMmMmmHkobasnbTa
(+3)

NMpucrtaBky, yKkasbiBaloLWwme YNCJ/0 JIMraHAOB.

1 - MOHO, 2 — oM, 3 - TpM, 4 — TeTpa, 5 -
neHTta, 6 — rekca, 7 — renta, 8 — oKTa, 9 — HOHAQ,
10 - peka, 11 - nHpaeka, 12 - poaeka, MHOro -
NnoJiun.

K4[SI‘| F8] — OKTadPTOpOCTAaHHAT KaNus

NMpucrtaBkn 6uc-, TpUc- UCNoJib3yrOTCA nepen
NVUraHAaMm CO CJI0OXKHbIMM HAa3BaHUSIMMU, rae yxKe
MMEKoTCA NPUCTAaBKMN MOHO-, AN- U T.[.

[FE(EI‘I)3]C|3 - xsopua TpUC
(3TuneHagnamumH ))xenesa (+3)



HoMmeHknatypa KC

o [Fe(CO).]
neHTakapboHumxkenesa

e [Zn(NH,),]1(OH),
rmapokKkcua TeTpaaMMUMHLIMHKA

® K[Fe(NH,),(CN),]
TeTpauvaHoamammuHdobeppaTt(III)
Kanums



Knaccnbukauma KC

I. Mo nNnpuHaane>XHoOCTU K onpeaeneHHoMy
KJ1acCy coeAuHEeHUnn:
KOMMJiekCHble kucnotbl — H,[SiF_]
KOMMNJiIeKCHble ocHoBaHuA — [Ag(NH3),]OH
KoMnnekcHble conu - K,[HgI ]
2. Mo npupoae NUraHAoOB: aKBAaKOMIJIEKChI,
aMMuakaTtbl. LilmaHnaHble, ranoreHnagHbie U T.
A.
AKBaKOMIU1IEKCbl - KOMIJIEKCbl, B KOTOPbIX
NMraHaamMmm cnyXxaTt MOJIeKyJibl BOAbl,
HanpumMmep [Ca(H,0).]Cl, - xnopup
reKCaakBaKaJibLMA.
AMMMaKaTbl U aMUHATbIl - KOMMJIEKCbI, B
KOTOPbIX IMraHAaAMM ABJISAIOTCA MOJIEKY/bl
aMMMaKa M opraHmM4YyecKmx aMmMHOB, HanpuMmep:
[Cu(NH;),]1SO, - cynbdpaT TeTpaMMmnHmMenm

(I1).



3.0 3HaKy 3apsaaa KOMIJieKca:
KaTUOHHbIE, aHNOHHbIE, HEUTpaJibHble

4. lNo BHyTpeHHeun cTpykTtype KC: no uucny
aaep, CoOCTaBNAIOWMNX KOMIMJIEKC:
MoHosiaepHblie - H,[SIF_], AByxapepHble -
[Cr,(OH)(NH;), ICI. n 1.4,

5. Mo OTCYTCTBUIO UWJIN HAJINYUIO LLUKJIIOB:
npoctbie n umknmnyeckume KC.
Linkninyeckue nam xenaTtHblie
(knewHeBnaHbIE) KOMMJIeKCbl. OHM
coaepat 6u- M NONNAEHTATHDLIN
NINraHa, KOTopbin Kak 6bl 3axBaTbiBaeT
LLeHTpasibHbIX aTOM M NoA0O6HO KJ/1EeWHAM
paka: lNpumepsbi: Na;[Fe(C,0,).] -
Tpuokcanarto-(III)deppaT HaTpumSA,
[PtEn;](NO;), - HuTpar
TpUaTUNeHanaMmmHonnaTtmHoi(IV).



YCcTONYNBOCTb KOMIIJIEKCHbIX COE4NHEHUNHNA.
KOoHCcTaHTa HeCTOMKOCTMH.

NMNpu pacTtBopeHnun KC B Boae npoucxoaumT
pacnaja, npuyeM BHYTpeHHANA cchepa Beger
cebs Kak eauHoe uenoe.

K[Ag(CN),]==K" + [Ag(CN),T

Hapsaay ¢ 3TM npoLeccoMm B
He3HaunTeJIbHOMU CTeNneHn npoucxoauT
aAnccoumauma BHyTpeHHeun cdepbl KOMIJeKca:

[Ag(CN),]"<=Ag* + 2CN-

Ona xapakrepucTtukum ycromumsoctu KC

BBOANTCH KOHCTaHTa HECTOUKOCTHU, paBHaNA:

_ [Ag"][CN7Y 2
K. [Ag(CN),] = = =10
el AZ(CN), | [ Ag(CN).]

KOHCTaHTa HEeCTOMKOCTM — Mepa MNPOYHOCTMU
KC. HYem MmeHbwe K ___, Tem 6onee npouyHo
KC.




N3o0Mepunsi KOMMNJIeKCHbIX COEANHEHNHA.
1. ConbBaTHass wu3oMepusa OO6GHapy>XuBaeTcs B
M3oMepax, Korga pacnpeanesnieHue MoJieKy/l

BOAbl MeXAy BHYTpeHHeln n BHewHen cchepamum
OKa3blBaeTcs HeoAMHaKOBOM.

[Cr(H,0)ICl, [Cr(H,0).CIICLLH.O

dunonetToBbin

[Cr(H,0),Cl,]CI(H,0),
TEMHO-3¢€eJiIEHbIUn

2. MNoHmzaymoHHass wn3omepusi CBfizaHa C

Pa3/INYHOWU JNIerkoCTbi0 AMCCOUMALMU MOHOB U3

BHYTPpeHHeMN u BHewHen cdepbl KoMIeKkca.

[Co(En),NO,CIICl u [Co(En),Cl,]NO,
Xnopua HuUTpoxXJiopoaAU3ITUJIEHANAMUHO-
kob6anbTta(Ill)

n HUTPpUT AMXHOPOAMBTMHEHAMBMMHO'KOGan bTa
(III).



3. KoopanmHaynoHHas naomMmepus

BCTPeYaeTCs TOJIbKO Y 6MKOMMJIEKCHbIX
coeAnHEeHUM

[Co(NH,) 1[Fe(CN),]1 [Fe(NH,) 1[Co(CN),]
KoopanHauMoHHasa n3oMepusa BCTpevaeTcsa B
TeX KOMIUJIEKCHbIX COeAMHEHUAX, rae n
KaTUOH M aHUOH ABJISIOTCA KOMMJIEKCHbIMM.
Hanpumep, [Cr(NH;), 1[PtCl,] -
TeTpaxnopo-(II)nnarMHatT TeTpaMMUH-
xpoma(II) n [Pt(NH,), ][CrCl,] -
TeTpaxnopo-(II)xpoMmaTt TeTpaMMMUH-
nnatuHbl(II) asnarorcsa
KOOPpAMHALUMOHHbIMU U30OMEepaMm

4. N3o0Mepusi cBsi3yM BO3SHUKAET TOJIbKO
TOoraa, Korga MOHoAeHTaTHbIe IMraHabl
MOryT KOOpAMHUPOBATbCA Yepes ABa
pa3HbIX aToMa.




5. lNIpocTpaHcTBEeHHas MN30MepHnsi obycnoBneHa
TeM, UTO OAMHAKOBbIE JIMraHAbl pacnoJsiaraloTcs BOKpPYyr
KO nu60 psaom (umnc), nné6o Hanpotus (TpaHCcC).

Cl 15, NH; NH; 15,Cl
-y . Pt

Limc-usomep Tpch-usomep
(opaH)>xeBble KpUcTasbl) (>kenTble KpUCTanibl)
N3omMepbl anxnopoanamMMmuHnaaTtuiel [Pt(NH;),Cl,]

NMpu TeTpasapunyYecKOM pacrnoJiIodKeHUU JIMraHgoB LMcC-
TpaHC-U3oMepuss HEeBO3MOXKHa.

6. 3epkanbHana (onTuyeckas) nsomMmepus,
HanpuMmep B KaTUuoHe aAnxiaopoaunstmineHanamMmHO-
xpoma(III) [Cr(En),ClL ]":




KoMmnnekcoobpaszoBaHue B opraHmsme

1. B XXUBOM opraHm3smMme d-anemMeHTbI

npeacraBJi€Hbl B OCHOBHOM, KakK
MUKpO3JiIeMeHTbl. «CB060AHbLIX>» HMOHOB Me B
oOpraHm3aMe HeT, T.K. OHM NMb60 rMApPoONIN3YIOTCH,
nnbo rmapaTtupoBaHbl, TMb0 CywecTBYIOT B Buae
K.C. Yawe Bcero B 6MmoxmMmmnuyeckmux peakumsax d-

3J1IEMEHTbI Y4YacTBYIOT B KayecTtBe
6noopraHnyecKkmnx KOMIJIEKCOB Me. Nx
IMraHaamm MOryT ©ObiTb aMMWHOKMUCIIOTHbDbIE
OCTaTKMm, nenTuabl, 6enknm, roOpMoOHDbI,

HykneumHoBble kucnotbl (HK) un HekoTOopblie Ap.
BbunoopraHmnyeckume KOMIMJIeKCbl d-anemeHTOB
Ha3biBalOT 6umoknacrepamu. B Hux BxoaatT Me,
KOTOpble B3aMMOAEUCTBYHOT C [AOHOPHbIMM
aToMaMu CBA3bIBaOLWMX rpynn: OH,
cynbporngpunbHble - SH, NH, 6enkoB wunmu
amuHos, COO".



B 3aBMCUMOCTH oT BbINOJIHAEMOM
6uonornyeckon ¢GyHkumn 6Guokomnnekcobl Me
YC/ZIOBHO AENAT Ha cieayrowme rpynnbi:

- TPAQHCMNOPTHbIE,

- aKKYyMynaTopbl (HakonuTenn),

- 6BuokaTanmsaTtopbl,

- aKTUBATOPbl MHEPTHbIX NPOLIECCOB.
TpaHcnopTHbIe 6MOKOMIJIEKCbI — nNpeXae BCero
AOCTaBAAIOT OpraHusMy Kucnopona "
6uomMetannbl. Takyro @YHKLUMIO BbINOJIHAET
xenesocoaep)xawmmn depMmeHT TpaHcheppuH.
Kak npaBuno, KoopAuMHauusa Me C
AaMMUHOKMUCJ/IOTHBIMM OCTaTKaMM MAaeT 4yepe3s a3oT
aMUMHOrpynnbl WUAKN KUcnopoa Kap6bokKcuibHOM
rpynnbi. Ecaim Me cBsi3biBaetrca C o06eunMmm
rpynnamm, TO ob6bpasyeTcs YCTOMUYMUBbIN
XeNlaTHbIX UMK. B KauecTBe KoopaAUHUpYOLLEro
Me MmoryT BbictynaTtb Fe, Zn, Co, Ni v ap.



Ponb aKkKyMy/iSTOPOB BbINOJIHAIOT 6MOKOMIMJIEKChI,
coaep)xawme Fe — MmnornobumH, deppntbl. XKXN3HEHHO
HeobxoanMmblie aneMmeHTbl - Fe, Zn, Cu, Mn, Mo n Co
(MeTannbl )XKN3HN) BXOAAT B COCTAB onpeaesieHHbIX
MeTanNnodepMeHTOB, BbINMOJIHALWUX cneundnyeckue
dyHKUMMN B opraHusmMme. Peakuuu, kKatanmsnpyemblie
3TUMMN (bepMeHTaMM pa3aensaroT Ha ABe rpynnbi:
1. KUCJZIOTHO-OCHOBHbIE peakuuu. Knaccnyeckum
npMMepomMm aBnsaeTca Zn-coaepxawmm pepmeHT
Kap6oaHrmapasa, KOTOpbIM KaTaM3npyeT npouecc
obpaTuMoun rmapaTaumm yriekKucnoro rasa B
opraHusMme:

H,0+ CO, -~ H,CO, < HY + HCO;-
2. OKUC/INTENIbHO-BOCCTAHOBUTEJIbHbIe peakuuun. OHM
KaTanm3aupyrorca pepMeHTaMm, B KOTOpbIX Me
M3MEHSEeT CBOIO CTeneHb OKucneHus. Tak, B
untToxpomax (6enkoBble KOMMJIEKCbl € Fe) cTteneHb
okucneHuna Fe B npouecca nepeHoca 3JIeKTPOHOB
M3MEHSAEeTCA:

Fe3*+ 1 e — Fe??



2. NOHBbI LeNoYHbIX U LeNToYHO-3eMeNIbHbIX
MeTaJIJ/1I0B HAaXOASATCHA B KPOBU, CJIIOHE,
nnMmde " TKaHeBbIX XXNAKOCTAX, B OCHOBHOM,
B BMAae akBakoMriekcoB. Kak n d-anemMeHThl,
S-3JIEMEHTbI BbINOJ/IHAIOT TPAHCMOPTHYIO
PYHKLUNIO. ITO MOHOPOPbI — OpraHn4yYeckue
MOJIE€KYJibl, OCYLUeCTBJISoLWne NnepeHoc
KaTUOHOB LU EeJIOUYHbIX, WeJIoOHHO3eMeJIbHbIX
meTassioB u moHa NH,* uepes
6uonornyeckne MmeMbpaHbl.

3. MHorme coegnHeHunna d-anemeHToB (Zn,
Cd, Hg, Ag, V, Ni v ap) v HekoTOpbIE p -
anemeHTOoB (Pb, As, Sb, Bi n aop) oka3biBaloT
TOKCHYEeCKoe AeCTBMe Ha OpraHusm
yesioBeka. OTo O6bsSACHAAETCHA TeéM, UTO
BbilleyKa3aHHbIe 3JieMeHTbl 06pa3yroT C
6enkaMun HepacTBOpMMbIe coeANHEHUSA. DTOT
npouecc nosiyuyua HasBaHuMe AeHaTypauum.




NeHaTypauua 6enkoB nponcxoauT B
pe3yJ/ibTaTe B3aunMoAeuCTBUA NOHOB
TSXKEeNbIX 3JIEMEHTOB C
3JIEKTPOHOAOHOPHbBIMM aTOMaMMm cepbl rpynn
- SH, Bxoaswmx B coctaB 6enkoB. Bo3MOXHa
TaK)ke koopamHauuma d —351eMeHTOB No aToOMy
a30Ta aMUHOrpynnbl.
KoMmnnekcoobpa3soBaHMe nNo3BoJsisieT BbiIBECTHU
M3 OpraHM3Ma MHOIrme ToOKCu4yeckue
BellecTBa. TakK, Npu OCTPOM OTpaBJiIeHUMU
(ecnn He Nnpon3oWwiIo BCaCcbiBaHUA AA0B B
KpPOBb) NocTtpaaasweMy aatoT 6enkosbie
NnpPoAYKTbI: AnLa, Monoko. Ecnu xe
HACTYynuJ10 BCacbiBaHue 1iA0B B KPOBb, a
TaK)Xe Npu XpOHUYECKOM OTpaBJZiIeHUN BBOAAT
pa3/inyHblie npenapaTtbl (AaHTUAOTDbI):
yHutnon, pacreop Na,S,0O,, auHaTpmeBylo
conb SATA v ap.



4. Komnnekcoobpa3zoBaHue
MCMOJ1b3YIOT NPU KOHCEpPBUPOBAHUMU
AOHOPCKOMN KpoBU. B kKauecTBe
AHTUKOArynsaHTOB Ucnonb3yroT Na,-
SAOTA v umTpaThl.

5. F'poMmagHa poJib
KoMnJsiekcoobpasoBaHua n B

PacTUTEJIbHOM MMUPpeE: 3TO NpoLecchbl
MeTabosinama, katasimsa M CMHTe3a.



MMmunaason: ero ctpoeHume,
KOOpAVWHALIMOHHbIE U KUCJIOTHO-

OCHOBHbIE CBOUCTBA

Haunbonee 4yacto 6enkn ob6pasyror KC cC
yyacTMeM TIMCTMAMHOBbBIX OCTATKOB, B
COCTaB KOTOpbIX BXOoAMT wuMupason -
NATUYJIEHHbIW LUMKA C ABYMA aToMaMm
asoTa: NMUMpPpPOJIbHOIrO U NMPUAMHOBOIO TUNa.
O6a >3TMX aTtoMa MMerwT HenopaeJsieHHble
3JIEKTPOHHbIE nMapbl, KOTOpble, OAHAKO,
pPa3/2InyaroTcsa No CBOMM CBOUCTBaM.

@ < ATOM
HPHIHHOBOTO i
A
-« ATOM (» TR +\ = L:) . T +> = '(+'>
9 MHPPOITBHOTO N N N N N
THIa H H H

H H



OaHako B MoOJieKyJie r'MCTMAMHa U B FMCTUAMHOBOM
OoCTaTKe aToOM BoAopoAa MOXXET nepexoauTb OT O4HOro
aToMa a30Ta K ApYyroMy, npuv 3TOM NUPPOJIbHbLIN U
NMAPUAMHOBbLIA aTOMbl a30Ta MEHSAKTCA MecTaMMu.
KoHCTaHTa paBHOBeCUSsi 3TOro npouecca 6iamska kK 1,
no3TomMy B 6enkax MOXXHO BCTpeTUTb NNMCTUAMHOBbDbIE
OCTaTKM C aTOMOM BoAaopoAa Kak B 0-, Tak u B B-
nonoxxeuun. CaoBuUr paBHOBeCUsI npoucxoauT nopa
B/IMSSHUEM OKpPYXEeHUSsl, B KOTOPOM HaxoaAuUTcs
rmcTMavHOBbIM ocTtaTtok. Hanpumep, ecnm psaomMm c
OAHMM M3 aTOMOB a30Ta HaxoAMUTCHA MOH MeTaJula, TOo
aToM Boaopoaa OT 3TOro aroMa yupaer, 4Ytobbl He
npenaTcreoBatb O06pa3oBaHMI0O KOOPAMHALMOHHOM
CBSfi3M. Haob6opor, ecnm B6/1M3M oKaXkeTcs
oTpMuaTeNsibHO 3apsi)>XeHHas KapbokcunaTtHas rpynna,
TO HaxoXXaeHue 3aeCb aTtoMa Boaopoaa CTaHer
JHepreTMyYyeckm BbIrogHbIM, TaK KakKk obpa3syercs
BOAOpOAHAas CBA3b.
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Adeno B TOM, UTO aMUHOrpynna B 3TUX OCTaTKaxX
aBnsierca 6onee cMNbHBIM OCHOBaHuneM, 4yemMm
MMNAa3oJibHasd rpynrnna B ruCtmagmnHe:. KOHCTaAHTA
anccouvnaumm TMNNYHHOINoO aJiKmjiaMmHa Kak oCHOBaHMA

paBHa 4-10"* monb/n, TOraa Kak onsa nMmuaasosia oHa
paBHa 1,6-10".

[BH'][OH]
[B]

B+H,0 == BH +OH, K

aHee



NMpn pH=7,4 (T Nnn4yHoe 3HauyeHune pH
nJjiasmbl YesIoBe4YeCKOU KpoBM!)
COOTHOLUEeHNEe KOHLeHTpauMh KaTUOHHOM
¢opmbl BH* n HenTpanbHOro ocHosaHua B
cocTtaBnsaer Ana ankmnamumHoB 1600, a
Aana imvaasona - amwb 0,64. NMoatomy
nouyuTv Bce 60KkoBble aMUHOrpynnbl
6enKoBbIX MOJIEeKYJ1 CYLMeCcTBYIOT B Buae
KaTUOHOB RNH3+, TOorga Kak

kaTmoHoB BH* n HeTpanbHbIX
rMCTUAMHOBbIX OCTAaTKOB B 6esike AO0J1)KHO
6bITb NPaKTUYECKU NMOPOBHY, NpUYEM
HebonbLwoe nasmeHeHme pH npmBeger K
3HaAUUMTENIbHOMY CABUIy paBHoBecus n1nbo
B CTOPOHY HEUTpPAJIbHOU POPMbI
nMuaasona, n1mbo B CTOPOHY KaTUOHHOM.



PacTBOpMMOCTb Kucnopopaa B soge — nuwb 0,000044
r/mn npm 293 K m atmochpepHOM AaBIeHUu;
NPUMMEpPHO TaKOM XXe CNMOCOBHOCTbIO K PAaCTBOPEHUIO
Kucnopopaa obnapnaer m nnasma Kposu. Ans
obecneuyeHnss aKTUBHOMU XN3He[EeATEe/IbHOCTHU
OpraHm3aMa KpoBb AOJI)DKHA NepeHOCUTb HAaMHOro
6onblie kucnopoaa. OpraHnyeckKkme XmMaKoCcTu
PacTBOPAIOT KUcaopona nyvyue, yem soga. Hanpumep,
nepdTOopMpoBaHHbIE yrieBsoaopoabl NpM Tex e
ycnoBusax MoryT coaep>xaTtb Ao 0,03 r/mn kucnopopaa,
M UX SMYJIbCUU Cenyac MNbITalTCA UCNOJIb30BaTb B
KayecTBe KpoBe3aMmeHutesnien. OgHako npupopaa
nowsia no ApyromMy nyTv - no nyTym co3paHuvs
coeAUHEeHUN, CNOCOBbHbIX K 06paTuMoOMy
npucoeaAuHEeHUI0 Kucnopopaa. 3T coeagnHeHus -
6enku, cogeprxauime B KayectBe akKTUBHOIO LEeHTpPa, K
KOTOPOMY M NpUCcoOeAuHSAETCH MOJIeKYyJla Kucsiopojga,
KOMIJIeKCbI Xene3a nivm meau. bnaropapsa atum
6enkamM, yenoBeyeckass KpoBb CNOCO6Ha NepeHOCUTDb
B 70 pa3 6onblue kucsopoaa, 4eM ecsam 6bl OH NpPocCTo
PacTBOPSAJICA B HEMN.



CTtpoeHue rema

Haunbonee M3BECTHbIM NnepeHOCYUKOM
Kucnopona sBnsierca remornobmH. OH
NMPUCYTCTBYET B OpraHM3aMax NnO3BOHOYHDbIX,
a TakKXe 7 psaa 6ecno3BOHOYHbIX
(HanpumMmep, ABYCTBOpPYATbIX MOJUJIHIOCKOB,
MOPCKMUX MHOIOLWEeTUHKOBbIX yepBewn,
rosioTypun). Monekyna remornobuHa
COCTOMT M3 6enKkoBOM 4YactTM - rnobumHa wm
rema - komnnekca Fe(II) ¢ ogHMM mu3
noppuHoOB - TakK Ha3blBaeMbIM
nportonoppupuHom IX. TMNMoppupuH - 3TO
LMK/IMYECKas MOJIeKyJila, B COCTaB KOTOPOM
BXOAUT 4 NUPPOJSIbHbIE rpynnbl.



MoAeKkyAa rema




ATOM >>Xenesa obpasyer ¢ atToMaMMm a3oTa ABe
KOBaJZIeHTHble WU ABe KoopAMHALMOHHbIE
(AOHOpPHO-aKLEenTopHbie) CBSAI3M. B
AEeNCTBUTENIbHOCTMU XKe Bce 4 cBsizn Fe-N nouTtm
paBHoOLUeHHbl (kak n 4 cBsa3n N-H B kaTtuoHe
aMMOHMA), MNO3TOMY BKJlaA PpPe30HAHCHbIX
CTPYKTYp NnpuMepHO oaMHakKoB. C Tpex CTOpPOH
noppmpmHOBbLIN UMK remMa coAepIXKuUT
rmapodobHbIe 3aMecTUTeNIn -MeTUJ/ibHble ¢
BMHWUJIbHbIE rpynnbl, @ C YeTBEPTOUN CTOPOHDI -
ABe rmapodusibHble KapboKCUJ/ibHbIE rpynnbl,
KOTOpbleé B HEUTpPAJZIbHOU Ccpefe HaxXoAATCA B
aHnoHHoun ¢opme COO". KoopanHauUMOHHOE
YMUCJZI0O aToMa )XeJjie3a B remMe paBHO 4,
Nno3TOMy OH MoOXXeT ob6pa3oBbiBaTb elle ABe
KOOpAMHALMOHHbIE CBA3U, AOMNOJIHAA CBoOe
OKpY>XeHue A0 OKTas3aApunyeckoro



'em B 6enkoBOMN MoJieKyne.

CrpoeHmne mmornobuHa
Kak rem npukpennsercsa K 6en1KoBoOM MoJieKyne,
noKa>xem Ha npumMmepe 6onee npocroro
AbiXaTenbHoro 6enka - MuornobuHa.
Bbnonornueckme pyHKUMM reMornobmHa um
MMOrno06unHa pa3/IMyHbI - NepBbiA HAXOAUTCH B
KPOBU U AABJZISETCH NepeHOCYUKOM Kucnopoaa, a
BTOPOM - B MbILUEYHbIX TKAaHAX U ero pyHKuums -
3anacaHue Kucnopopaa, NpuHOCUMOro KpoBblo.
OAaHaKoO CTPYKTypa MOJIeKys1 U XuMu3Mm obparmmoro
npucoeanHeHuna O, y 3Tux 6en1KoB BeCbMa CXO0XM.
Tak kak 6enkoBble MOJIeKyJibl coaepikaTt 6onbLuoe
KOJINYeCTBO aTOMOB, UX CTpoeHue 06bIYHO
n306parXkaroT cxeMaTUYeCKM: rnaBHYIO Lenb
MOJ1eKy/ibl - B BUie JIeHTbl, a 60KoBbIe rpynnbl He
nokas3biBarloT coBceM. lNpn TakoM nsobpaxeHunn
XOpOoLUIO BUAHA BTOPUYHAA U TPEeTUYHaA CTPYKTypa
6enka.




KoMnJsiekc remMa ¢ Kucnopogom.

JinraHabl N -akKUenToOpHOro Tuna.
C Apyrom CTopoHbl reMa K aToMy eJie3a npmcoeanHusachb
MoJieKkysia kucnopopaa. Ceasb Fe-0O - 310 TOXKE
KOOpAWHAUMOHHAaA CBA3b, HO MHOro Tuna. Monekyna
Kucnopoaa npo4vyHo yaep>XmBaeT CBOMU 3JIEKTPOHbI U
NO3TOMY SIBJISETCHA O4YeHb c/1abbiM AOHOpPOM. ATOM
yKeJsie3a, KOTOPbIU XOTA M HaxoaMTcAa B (popMasibHOM
CTeneHun OKUcJsieHus +2, y)xe CBfi3aH C TpeMS AOHOPHbIMM
JIMFraHAAMM U ero 3J1IeKTPoOHoaKLUuenTopHasa CnocobHOCTbL B
3HAUYUTENIbHOM CTEeneHMn ncuepnaHa. Nosrtomy o-
B3anMmoaeuncreme 0=0:—Fe Bpsaa nn MoxerT 6bITb
cunbHbIM. OgHaKo y aToMa >kene3a (koHdurypaumsa d°)
€CTb 3anoJiIHeHHble d-op6buTtanun Cc BbICOKOU 3Hepruem,
Toraa Kak Monekyna O, MMeeT HU3Ko/ieXxalme YacTU4Ho
BaKaHTHble pa3pbixnsaouwme n -opbutann. MNpm
nepexKkpbiBaHUM 3TUX opbutanen obpasyercs
AONOJIHUTEeNIbHaA M-CBA3b MeTaJU1-IMraHg n npomcxoauTt
NnepeHocC 3J1IEKTPOHOB OT LLEHTPaJZiIbHOro atomMa K JimraHay.
JinraHabl, vMeoLwme, NnoaobHO Monekyne Kucnopoaa,
HU3KOoJ1eXKalle BaKaHTHble N ¥*-opbuTtanun, Ha3bIBalOTCH
IMraHaaMm N-akuenTopHoro tuna.



CtpoeHue AMCTasibHONro KapMaHa:
AOMOJIHUTENbHAasA NPUYNHA NPOYHOCTU CBA3M

wenesa C Kucinopogom

FeM, BbiAeNeHHbIA U3 cocTaBa MMOrnobuHa mnm
remornobuHa, oueHb 6bICTPO NnepexoavuT B
OKUCJNIEHHYI0O (POpMYy, coaepIKallylo XXesnie30 B CTeneHun
okucneHuma +3. CKOpOCTb peaKkLum orpaHuMuyeHa b
CKOPOCTbIO AOCTYNa Kucaopoaa B pacTtBop,
coaep><almMm MosieKkynbl rema. OgHako B cocTtaBe
MUorno6bumHa v remornobmnHa rem oKMCNsaeTcss HaMHOro
MeAasieHHee: AN NOJIHONro OKUCJ/IeHUA Ha Bo3ayxe
TpebyeTcs HECKOJIbKO 4acoB.

Adeno B TOM, UTO MOJieKyJia BOAbl aTaKyeT CBSAi3b
Fe—O, npu pa3pbiBe KOTOPOM 06pa3yeTcsa OKMC/IeHHan
¢opmMa rema u ruaponepekucHoin pagukan HO,e. B
MuornobmHe n remornobuHe MmosnekKkysna Kucnopoaa
HaAaXoAMTCSH B TaK Ha3biBaeéMOM AUCTAJIbHOM KapMaHe:
CO BCeX CTOPOH OHAa OKpPY>XeHa aMUHOKMUCJIOTHbIMMU
OCTaTKaMM U AOCTYN MOJIEKY1 BOAbI K HEW 3aTPYAHEH.
Han6onee Ba>kHOM 4YacCTbO ANCTANIbHOINro KapMaHa
ABNAETCA TMCTUANHOBbLIN OCTATOK.



