TAABA 7

KOONEPATHBHBIE CBOACTBA ®EPMEHTOB

§ 7.1. CTPOEHHE W CBOHCTBA MHOF/IOBHHA
W FEMOTJIOBMHA

B sT0i#1 raaBe paccmartpuBaloTes cnenuduueckue csolicTBa Qep-
MEHTOB C 4eTBepTUdHOl CTPYKTYpPou, onpeleasieMble B3aHMOJIEH-
cTBUEM CyObeIMHHIL B MOJeKyJe OeJka.

Muorno6un (Mb) wu remorao6un (Hb)— He ¢epmentn. Hx
(YHKIHA COCTOHT B OODATHMOM CBSI3LIBAHHH MOJIEKYJ/SiDHOTO KHC-
Jgopona. Mb cIyXHT neno KHCJI0pOIa, 3amacas ero JJisi mocjaexyo-
niero norpebaenus. COOTBETCTBEHHO OGOJBIINE KOMMYECTBA MHOTJIO-
6MHA CONep:XKATCA B OPraHU3Max KHTOOOGPA3HBIX, IPOBOXALINI
IauTenbHOe BpeMa non sonod. Hb — dyukiHoHaAbHEIY 6e/0K 3pHT-
POUHUTOB — NEPEHOCHT . KHCJAOPOJX OT JErkHX KO BCEM OpTraHaMm H
TKaHAM H y4acTByeT B o6paTHoM TpaHcnopre COs,.

Hccnenosanne Mb w Hb paer, oxnako, HHpOpManHio, BecbMa
IEHHYIO J/15 NIOHUMAHHA NeHCTBHS (EePMEHTOB, I/ MOHUMAHHUA HDPH-
poasl DKB. CssisbiBanne Op M ApPyrHx JIMraHIOB 3THMH OeJKaMy
BIIOJIHE CXONHO CO CBsi3bIBaHHeM cyOctpata ¢depmeHToM. Moseky-
JISIDHBIA KHCJAOPOJ[ MPOHHKAET B NMOJOCTb MoJieKysan Mb uau Hb, Ho
B OT/IHUHe OT Cy6CTpaTa He NOABEPraeTcs XHMHYECKOMY NpeBpalle-
HHio. IIpuHATO rOBOPUTL O MHOrJAOOMHE M reMoraoGHHe KaK O «IOo-
YETHEIX (epMeHTax» [l], MoxeanpyOmux pAA HX CBOMCTS.

Mb u Hb — 6enku, CpaBHHTE/NBHO JIETKO IIOJAy4YaeMble B KpPH-
crannuyeckoilt gopme, ynoOHble 0OBEKTH CTPYKTYDHEIX HCCJAEN0BA-
Huli. Kak yxXe roBopu/ioch, o6a 6GenKa [eTaJbHO H3YYE€HH METOIOM
PEHTreHOCTPYKTYPHOrO aHanusa ¢ paapeuwieHneM 10 2,8 A kak B
okcurenupopannofi (MbOg, HbOg), Tak n B Je30KCHreHHPOBAHHOM
(Mb, Hb) ¢opmax (cM. ctp. 274). Hanuuue B aTHX Geqkax npocre-
THYeCKOH TPyNIbl reMa, o6jagarwliell cnenH(HUIeCKHMH 3A€KTPOH-
HBIMH CBOHCTBAMH, NIO3BOJseT 2h(EKTHBHO NMOAb30OBATLCA HDH H3Y-
yeann Mb u Hb meromamu cnektpockomum, DIIP, a Takxke Mar-
HHTHOH BOCHpHHMYHBOCTHIO, 3(dextoMm MEccbayspa (cm. cTp. 423)
AT I

Kak yxe ckazano (cM. ctp. 231), monexysna Hb coctour w3
YeTeipex CyObeIHHHII, KaXXJxas M3 KOTODhIX NOXOOHA, XOTA M He
ToXaecTBeHHa, Moaekysae Mb. CoorsercTeenHo Hb obnanaer koome-
DATHBHBIMH CBOHCTBAMHM, ONpENEJseMLIMH TaK Ha3biBaeMbIM 2em-
2em saaumodeticreuem. Hanpotus, Mb sTuX CBOACTB JIHIIEH,
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[pucoennnenue Oy u apyrux auranxoB K Mb u Hb npoucxoxnt
B rpynne rema. JIurangb HAaCHIIAKT IECTYIO KOOPAHHAUHOHHYIO
BaJICHTHOCTb aToMa Xese3a B reMe. O6pa3oBaHue 3TOH XHUMHUYECKOH
CBSI3M BHI3bIBAET Psifl COGLITHH B MoJeKyJe Oe/ka.

Iem npencrasaser coGoi depponporonopupun (cm. puc. 2.15).
Atom xeJesa, Haxoaamuiics B aByxsajentHoM (Fe?), nau deppo-
COCTOSTHMH, KOODIHHALMOHHO CBfi3aH € HETBIDLMS ATOMAaMM a30Ta
NHUPPOJILHLEIX TPYII IAOCKOTo mopgHpuHOBOro Koabua. IlaTtas Koop-
LHHALHOHHAS CBf3b, HANDABJEHHASA NEPNEHAHKYIADHO K IJIOCKOCTH
KoJbua, coeluHser aroM Fe ¢ HMHAa30a0M THCTHIHAA, llecTas Ba-
JEHTHOCTb JHG0 cBOOOHA, THO0 3aHATA JIHTAHAOM.

Hb u Mb u B oKcHreHHpOBaHHOMH ¥ B NC30KCHTEHHDOBAHHOH (op-
max coxepxar ¢depporeM. [Ipu okucaennn Hb m Mb o6pasyrorca
deppucoenuHenus, copepxamue TpexBajeHTHuH (Fe3*) atom Xe-
Jesa.

Artom Fe, BooGme rosops, mapamarauted. B Taba. 7.1 mpuse-
JIeHb HeKOTOpble MarHuTHhle cBofictBa Hb H ero npousBopHHIX B
PA3JHYHBIX COCTOSTHHAX.

Ta6aunga 7.1
MaruaTHRe CBOMCTBA reMOrio§HHA

Maraur-
Barent- | qrecront M(;I!:IeﬁHT, Crnextp P
Coeaunenne ;:;g;a JHTARL l%r:;_ Cnun g-bakToput 1)
Bopa
,U,eaox)cureMOMOGHH 24 Her 5,2—5,5 2 Hert
(Hb .
Oxcuremorso6ur (HbOg) 24~ 0, 0 0 Her
K ap6oxcHreMOrJIoGHH 24~ CO 0 0 Hert
(Hb(CO)4)
®eppuremora0GHH 34
Mertremorao6un 34 H,0 | 5,6—5,8 5/, g=2,8,=6
KucJaufi MeTreMorJioGuH 34
I'nxpoxcrbeppHreMoryio- 34
Gun - .
TuipokcHMeTreMorIo6HH 34 OH 45—4,7 1 U L
[lesnounoi MeTreMOrI0GHH 34
®ropun deppuremorio- 3+ ) 5,8—5,9 5y g=2g,=6
Guna
Asuj deppuremoriotuna 34 2,4—2,8 1y gx=1.72,
gy=2,22,
gz=2,80
Ipanuy deppuremoro- 34 2,3—2,5 /s
GuHa

) g€ — KOMIOHeHTa g — ($aKTOpa B HaNpaBJIEHHH OCH Z, nepneHuxy s pHO%

K NJIOCKOCTH NOPQHPHHOBOrO KOJbLA XY, g — KOMIOHeHTa, Jexamas B 3TOR
IJIOCKOC TH. -
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Mgt BunnM, uto depporem mMoxer GblTh B BhicOKocnuuosom (Hb)
u HuskocnuuoBom (HbOs, Hb(CO)4) cocrosuuax. Ces3plBanue Jd-
raHlla sipPKO NMPOABJSETCS B CNEKTPE MOIJIOLleHHS B BHAHMON o6ja-
¢ty (puc. 7.1). B ta6a. 7.2 npuBeNeHbl COOTBETCTBYIOUIHE NAHHBIE.

Hutepnperauns MAarHuTHBIX M CIEKTPAJbHbIX CBOHCTB  rema
OCHOBBIBAETCH HA KBAaHTOBOMEXaHHYECKOM aHaJjHu3e. BHeuwiHne ajek-
TPOHHl aTOMa xesae3a Hmelor KoHdurypauuio 3d° nas Fe?t n 3d5

Degow (Fe?*) 30°

EJWEI LN B N B B B NS B |r||;__ I;* L* |4T* |ﬂ5=5/2
i =
o AP ] e
o | IO e
- ]
1k ]
f i Poppo (Fe?*) 54°
e 4 el ]ee
wl- i 2 KX I
gogsl 1 4 10 1 L1 | a0
nw w mw MMM, [ avIme] | |s0
Puc. 7.1, Cnektpu norsomenus Hb (1) Puc. 7.2. dnekrpoummas CcTpyKrypa
u HbO; (2). Fe?t u Fedt,

ans Fe*t (puc. 7.2). Teoperuueckue pacyeThl OCHOBAHBH Ha TEOPHH
noast aurannos [5]. B npubauKeHnn MoeKyJaspHBIX OPGHT JMTaHIBI
paccMaTpHUBAIOTCH HAa DABHBHIX IIPaBaX C IEHTPAJbHBIM HOHOM, H
MO cucremn npencraBasiorcsa JHHEHAHBIMH KOMOHHanusaMH opbura-
Jdeil Fe u surannos. COOTBETCTBYIOUIHE BBHIYHCACHHS [ JKEJE30-
nop¢upPHHOBEIX KOMIJIEKCOB NPOBOXMJAHCE DHAOM aBTopoB [6—8].
Pacuers panm pacnpexpeseHne 3E€KTPOHHOH IIOTHOCTH M HaGop
SHEPreTHYECKHX YpOBHeH, ONHAKO TOJYYEHHYI0O HHTEpIpeTanHio
ClleKtTpa NOKa HeJb3s CYHTATh ONHO3HAYHOH (IHanbHefmiHe moxpod-
Hoctn cm. B [29)).

AkTyanbHO!M 3ajxauell KBAHTOBOH XHMMHM CJA€Lyer CYHTATH pac-
CMOTpDEHHEe HANpSKEHHOrO reMa € MATbIO KOODJIHHAIMOHHBIMH CBf-
3amMu B Hb u Mb (cm. [131]). _

Bo Bcex npHPONHBIX COCHNHHEHHsiXx KeJjie3a B HeM COJIEpPIKHTCA
2,2% wusorona Fe¥. 9710 naer Bo3aMoXHOCTh H3yuath Hb u Mb me-
Tonom cmektpockomun MéccBayspa (cm. [10]). O6paden moxsep-
raercs AeHCTBHIO IIyyKa MOHOXDOMATHYECKHX Y-JlydyeH, HCIyckae-
MbIX pagnoakTHBHBHIM Fe5’ (momyuaemeim u3 Co®”). Ecan cooGwuts
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HCTOYHHKY HEGOJBIUIYIO CKOPOCTb JABHXKEHHS OTHOCHTENLHO MNOFJIO-
THTeast (T. €. HCCAenyeMoro o6pasua), TO 4acTOTa y-KBaHTa He-
MHOr0 H3MeHHTCHi BCaencTBHe 3dgerta onnaepa. IIpu Hekoropom
3HaYeHHH coOcTBeHHON wacToTH sapa Fe’” o6Gpasua 6ymyr morJo-
[11aTh y-KBAaHTH DE3CHAHCHO, NMEPeXOoJs H3 OCHOBHOTO B BO36YIKJEH-
Hoe cocrosiHHe. PesonancHas dacrora sanpa Fe B reMe BecbMa
YyBCTBHTE/IbHA K BO3NEHCTBHIO COCEJHHX ATOMOB U Fpynn. DTO MO3-
BOJisieT JIOJAy4YaTh C MOMOLIBIO 3 eKra Méccbayspa neHHyio HHOOpD-
Manuio o6 3JeKTPOHHOU CTPYKType reMa B DasJHYHBIX €r0 COCTOSi-
* Huax B Hb u Mb (cm. [2, 11]).

TaG6aupa 7.2

ChekTpn ROTJOWEHHA HeKOTOPHX reM-CoexHHeHH ')

a-noJoca g-nosoca y-nmojoca (noaoca Cope)

A A e-10—3 A A e-10~° A A e.10~3
Iem 5650 6,1 3900 39,6
CO-rem 5620 14,6 5300 11,9 4065 147
Hb 5550 13,5 4300 119
HbOg 5770 14,6 5420 13,8 4120 135
Hb(CO), 5690 13,4 5390 134 4190 191
Mb 5550 12,0 4350 114
MbO, 5820 13,1 5440 12,7 4170 119
MbCO 5780 12,3 5410 14,1 4230 185

1) Nannwie pas Hb u ero npon3pogHeX [3] oTHOCSTCS K reMOrJoGHHy deso-
BeKa, AJIsi MHOTJIOGMHA M ero NpomsBoiHHEIX [4] — k Mb kamanora.

HaBecTHE TepBHYHbIE CTPYKTYpPH FeMOFJOGHHA H MHOFJO0GHHA
psifa BHIOB JKMBOTHBIX, 4 TAKXX€ MHOTHX MYTAHTHHX Ie€MOr/J00HHOB
yesoBeKa (cM. § 2.5). Pacwngpposka crpoenns Mb n Hb u BrisiBae-
HHME KOH(OPMAUHOHHBIX H3MeHEHHH, BOBHHKAIOIHX NPH HX OKCHI'e-
HAuHH, MMEIOT NPHHUHNHANbHOE 3HaueHue. VIMeHHO nast aThx Gen-
KOB Ipo6/ieMa CBsi3H MEXIy CTPOCHHEM H CBOWCTBAMH H3yueHa ce-
roJHA HauboJsee MOAPOGHO.

Kpusas naceimenuss Mb MosiekyaspubiM kucaopoxom Y(p), rae
p — NnapuHaabHOe JaBJeHHe KHUCJAOPOAA, JHIHEHA OCOGEHHOCTeHd H
uono6Ha usorepMe JIsHrMiopa:

___Kkp :

Hanporus, ananoruunas xpusas nas Hb umeer S-o6pasmyio
dopMy u ee MOoKHO onucath ypasHenuem Xuara [12]

- __Kp"
Y - Wv (712)
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rae nmapamerp n = 2,8. OGe KpuBLle NOKa3aHH Ha puc. 7.3 (cp.
cTp. 45).

OHBHOMOrHYECKHR CMBICA S- -o6pasHocTH Kpusokt Y(p) ana Hb
COCTOHT B IaleHHH CPOACTBA reMOrIoOMHA K KHCJOPOLY IO Mepe
OTHIENJIeHHs1 ero moJexysk. Hsmene-

HHUS napuuasnbHoro pxamjieHus Q; B /;
TKaHAX JO/MXKHE OLITh HeBeiMKH. Ecim " | -
Obl s reMornoOuHa Obsia xapakrep- g4

Ha runep6osndeckas Kpusasa Y (p),

r

T T

nogo6uas kpuBok Y(p) mas muormo-  GEL ff z

OnHa, TO JHIIL Manas 10asi Hepeno- .l

cumoro Og oTmiennssace 66l B TKAHAX. -

B pesynbraTe opraHusM 3apbixanca 42

Obl ZaxKe B aTMoC(epe YHCTOro KHC- il Lt
Jopona. DPGHeKTHBHOCTb HHIXATENbHO- 0= 7 4 ¢ 8 W .

ro tpascnopra emnie 6oJblie IOBLIIIA-
ercs 2,3-gudocoornuneparom (API)
H BeJencTsue aggexra Bopa; nepswii
¢dakrop moHuxkaer cpoxcrso Hb k Oz,

Rapiiiarenoe Sadneniie, My pre.om.

Puc. 7.3. Kpusue nachiuienus
MOJTeKY I PHEIM KHCJIODO 1OM MHO~
raoGuna (1) u remorntoGuua (2).

a BTOpOH yBe/JHYHBAET €ro.
S¢pexr Bopa, cBOHCTBEHHBIN TeMOriO0HHY, HO HE MHOTIOGHHY,
COCTONT B TOM, 4To cpoxctBo Hb k Oy saBucur ot pH cpenn. Oxo
MHHMMaJbHO BO6Mu3u pH 6 u Makcumanbno BGau3u pH 9. HMubimu
C/IOBAMH, Masble KOHIEHTpauuu

12 NpPOTOHOB 06/1€r4yaioT NPHCOeXHHE-

10 uue Oy u, Hao6opoT, Majable KOH-

’ ' neutpaguu Og obaeruaior npucoe-

a5 nuHeHne nportoHoB. [loeimas pH
BEHO3HOH KPOBH M TEM CaMLIM yBe-

a2 \  JMYHBas. ee CIOCOGHOCTb IOLIO-

~g5|- \ marb OGuxkapGonar, sdoexr Bopa
o6ecrieynBaeT IJIaBHBIH MeEXaHH3M

S 7/ N R R N R T o6patuoro Tpaucnopra CO; U3 TKa-
"4 8§ 6 7 8 9 WP wehr x merkum. [Mocaenyomui me-

XaHH3M HEIOCPEACTBEHHO 3aBHCHT
ot BzaumopefictBua Hb ¢ CO,. 3a-
BUCHMOCTBb cponctBa K Op, BHpa-
kaemoro lgpy, (py,— napunaio-
HOe [JaBJieHHe, oTBeuaionee noiysaceimennio Hb kucaoponom), or
pH (r. e. a¢pdext Bopa), nokasana Ha puc. 7.4 [13].

Otnnune Ko3dduuueaTa # or | B ypaBHeHHH XW/Ia H COOTBET-
crByomas S-06pasHOCTb KPHBOH OTpaxKaioT reM-TéM-B3aHMOpei-
CTBHE, T. €. B3aHMOCBA3b YeThHIpex CYOBEIHHHIL H, CJEIOBATEeNIbHO,
KOONepaTHBHOCTL npucoefnnenns Og. Brepsble sta npobjaema Gulia
pacemoTpena Dpeiipom [14], npennonoxKuBIIMM, 4YTO (BA3LIBAHHE

Puc. 7.4, 3aBucHMOCTH CPOACTBA

Hb k Oy ot pH.
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JIMTaHna NpOUCXOAUT B YETHIDE CTaAHU

kyg
——
IV SEE

k- (i+1)

HbX; + X HbXy, (i=0, 1,2, 3), (7,3)

NpuYeM Kaxjaas CTajusi XapaKTepH3yeTcsi cBoeH KOHCTaHTOH paBHO-
ecust K.

IMapunaabHOe HachILleHHe JHUraHZOM (X —ero KOHUEHTpauHd)
ONHUCLIBAETCS COOTHOIHEHHEM

']7‘__: K1 X 4 2K, K2X? + 3K K2 K X3 + 4K K KK Xt
4(1 4 Ki X 4+ KK X2 4 KKK X3 + K KKK XY)

(7,4)

I pyrue 6oJiee coBeplIeHHbIE BaDHAHTH BHIpaXKeHHs s Y mpen-
goxenw Iosuurom [15], Yafimanom [16], Padronom [17] AnneHoM,
I'yre u Yaiimanom [18]. I'sugortu [19] yuesn npu BoiBoxe BrIpaXKeHHs
s Y sausuue guccoupaunn Hb u HbOg Ha numepn. Onwuir naer
ypaBHeHHe XHJJIa, KOTOPOe MOXKET COBNACTh C BBIPAXKEHHEM THIA
(7,4) npu HagJexKalKx 3HAYEHHSX KOHCTAHT.

IMonpo6ubie 0630ps (GH3HYECKHX H XMMHYECKHX CBOHCTB reMo-
rio6uHa U MHorgo6uHa MoxHo Habitn B [20, 23, 132]. [Ipusenem
31€Cb HEKOTOphi€ TEPMOIMHAMHUeCKHe HX  XapaKTePHCTHKH
(ra6a. 7.3 [20] m 7.4 [21]).

Ta6aunpa 7.3
PapHosecue mMuorao6una ¢ O, (pH 7, 20 °C)

A

Al
Ucrounnk Mb py,» wx Hg | g, 10~8 yoss™! Agp;:/’ mcaAj/I,"mM
Jlowans 0,65 0,85 0,09 —20,6
Yenonex 0,72 0,77 0,03 —13,1
- Ta6aupa 7.4
PapHoBecHe H30JApOBAHHKX @- H P-uemedt Hb u Hb ¢ O, CO
A ataau3onmannaom (AULL) (pH7, 20°C)
0, co ML
K AF, K ezF):t K. K aez{;; A6
1075 moas™" | kxaaimoas 0,1 10=7 moss—! mcaC/o 0481 10~ s006" K:-)Illllo
o1 enb 12 —8,2 30 —11,4 45 —7,65
B-uens 14 —8,25 48 —14L7 42 -—7,6
Hb 0,56 —6,4 1.4 —9,6 2 —5,8
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Manocte otnHowenus Alg py/A pH cBuxerenscTeyer 06 OTCYyT-
cteun 3¢ ¢pekra Bopa y Mb.

ITo ouenkam Padrona u ap. [22] TenioThl OTAeabHBIX CTagui
peaknuit ¢ Oy (cm. (7,3)) pasuel (Hb oBum) AH; = —15,7 + 0,8,
AHy = —11,44+2,5, AH;= —78433 krxaa/mose, AH,=
= —8,7 & 3,3 xxaa/mosb. [las cpenHero sHaueHHs HMeemM AH =
= !/4(AH; 4+ AHy, + AH3 4+ AH,) = —10,9 4 0,3 xxaa/moxs.

CoOniTus, npoucxoasinue B mosekyae Hb npu okcurenanuy, Ok
packphiThl [lepyTiioM B pe3dy/abTare PEHTreHOTpaUIECKOro HCCIAENO-
Banus [23] (cm. Takxke crp. 234). Moaekyaa Oy npucoenuusaercs
K atomy Fe rema. B okcuremorio6uHe aTom Kejesa PacHOJOXKeH
B IIJIOCKOCTH HNOP(HDPHHOBOIO KOJBbIA, B €r0 LieHTPe (C TOYHOCTBLIO
no 0,05 A). B BEICOKOCIMHOBOM ne30KcHremorsobune atom Fe ot-
CTOHT OT 3TOH IVIOCKOCTH NMPHOG/iM3HTe bHO Ha 0,8 A B HanpasieHun
HMHgasoapHoro koaobua I'mc F 8 B Takom cocTrosHMM KOOpHHHA-
nuoHHoe ynucao Fe paBHo matu. OxcureHapus nepepopur Fe B HH3-
KOCIIHHOBOe COCTOSIHHe M YBeJHYHBAeT YMC/A0 Juranjgos Fe Ha enu-
HUIY. DTH H3MEHEHUsS BBISBLIBAIOT M3MEHEHHST KOHTAKTOB MeEXAY
NOpGHPHHOBEM KOJBIOM H IJOTHO YNAKOBAHHBIMM AMHHOKHCJOT-
HBIMH ocTaTKaMH rjio6uHa. UHBIMH caoBamHu, B pe3yibrate DKB
IIPOHCXOAUT HepecTpolika GeJKOBHX 100y

C KO/b11OM HEHNOCPeJCTBEHHO KOHTAaKTHPYioT 60 aTOoMOB Iy0o6HHA,
HAXONAIIMXCS Ha PACCTOSHMH BaH-J(€D-BAAJbCOBHIX KOHTAKTOB OT
konbna [24]. [lpn BBemeHMM paxe HauMeHbllero Jawranga OH-,
umerowero paguyc 1,5 A, npoucxonuT KOHPOpMAuHOHHAs Iepe-
CTpOHKa B B-cyObeHHHUIAX Ne30KCHreMOro6uHa. B aTHX cy6benu-
Huiax rpynna y-CHs ocratka Ban E 11 (67) okaswiBaercss Ha pac-
crosuun 2,5 A or OH-, 410 MeHblle CYMMH BaH-Jep-BaajbCOBBIX
panuycoB. CaenoBatensHo, B B-riaobyisax Hb ner mecra naxe mas
HaVMEHBLIEro JIMTAHAAa W IPH OKCHTE€HAIIHH pAacCTOSHHE MeXIY
koabuoM u Baa E 11 (67) ponxuo yBeauuuTthbes npumepHo Ha 1 A,
HanpoTus, B a-cy0ObeIHHHIAX TAKOTO NepeMellleHHs HeT, TaK Kak
HIpHHA «KapMaHa» JOCTATOYHA JJI BHEAPEHHS JHTAHIOB.

B okcuremornio6uHe C-KOHUBI BCEX YETHIpeX HeneH HMEOT HoJ-
HY10 CBOGOJY BpALIEHHS, a NMPEANOCAeNHHe ocTaTKH THp — dacTHU-
HY10 cBOGONY, B TOM CMHIC/J€, YTO OHH HPOBOAST JAHIIL MAAYIO IOJIO
BpEMEHH B CBSiI3aHHOM IOJIOXKeHMH MmexXny cnupaiasmu F u H. Ha-
HPOTHB, B Je30KCHreMOrJao6uHe Kaxjaplil M3 C-KOHUOB ABaXjabl 3a-
KpeIVIEH COJMeBBIMH MOCTHKAMH: o-KapGOKCHA  ocTaTKa Apr
HC3(141)a; cBaszan ¢ o-NHo-rpynmoéi Baa A 1(1)as, a ryanu-
nuHoBasi rpymnma Apr(141) —c¢ ~ AcmH 9(126)as; o-KapGOKCHI
ITuc HC 3(146)B: ¢ e-NHy-rpynnoit JIuz C 5(40) g, a ero umuua-
3on — ¢ Acn F G 1(94)B:. Bece uetpipe npennociaeguux THp XecTKo
3aKpelJieHbl B NOJAOCTSX Mexny cmupaiasmu F u H Bau-nep-saasbp-
COBBIMH H BOJODOXHBLIMH cBsidimu. Okcurenanus Hb Bpi3biBaer me-
pemelieHue cnupaiun F H pa3pLiB COJIEBBIX MOCTHKOB, BC/€NCTBHE
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sero Tup H C 2(140) BbiBomHTCS H3 «KapMaHa» MeXKy crmpaJm-
mu F n H. Tlpu okcurenanuun mupuHa «Kapmaﬂos» g Tup HC 2
ymenbmaercs Ha 1,3 A B a-nensx u Ha 2 A B p-nenmax. dra nepe-
CTpOMKa cXeMaTHYeCKH OKa3aHa Ha puc. 7.5. CKa3aHHOe MOATBEp-
JKJIaeTCd HAHHBIMH, NMOJYYEHHBIMH IPH COOTBETCTBYIOHIEH XHMHYe-
ckoil Moxupukanuu Oeqaka. Poabp 3THX COOGHITHH B r€M-r€M-B3aHMO-
JneficTBHAX ONpefenserTcs NPexe BCEro PA3PHIBOM COJNEBHIX MOCTH-
KOB MeXJy cyObenHHHIaMHu.

ITepecTpOHKH B OTAEJBHBIX TVIOGYJAaX M DA3DHIBH COJEBLIX MO-
CTHKOB H3MEHSIOT quBepTHqHylo CTPYKTYDpy. B KoHTakTtax of; u
0P mpoHCXOxAT cABHrH Ha 1A, B oufs H agﬁl——.ﬂa 7 Al Pouan

“Fe
E é ; fe Aper

Hb0,
Puc. 7.5. Cxema nepememernss Tup H C 2 (140) npu okxchrenanum.

MOCAEeHUX KOHTAKTOB N/ B3aHMOJEHCTBHH TreM — reM OCOGEHHO
Beauka. Caejxyer IOXYEPKHYTb, YTO IIOYTH BCE OCTATKH B KOHTAK-
Te o;Py HHBADHAHTH JAJsi JIOOGBX ITO3BOHOUHBIX KHBOTHBIX; HAMpO-
THB, Cpell OCTATKOB, OODA3YIOINUX KOHTAKT of;, HabJ104al0TCs
Gonbuiie BapHapuH. MyTaHTHBIe 3aMenleHHs B KOHTaKTe oify 3a-
METHO yMEHbIIAIOT reM-reM-B3auMonelicTBhe.

B konrtakre a;f; CD-o6aacts oxHoll uenu sxonut B FG-o6aacts
npyrol. Tlpu me3oKcureHanuu aTo NJAOTHOE COYNEHEHHE HADYIIAETCS.
B okcuremorsnoGuHe BbICTYH, 06pasyembll OGoKOBO#l menbio Tpe
C 3(38), Bxoaut B BeieMKy nend Baa FG 5(98)B. B nezokcuremo-
rJ100HHE 3Ta BHEeMKa 3aHsita Gokopoil nenbio Tpe C6(41l)a, T. e
uenbio, BHICTyNamliell H3 cjexywoniero nosopora coupasaud C. B to
XKe BpeMs BOJOpOAHAs CBa3b, coexuHsomas Acn G1(94)a ¢
Acn G 4(102) B B OKCHreMOr/06HMHE 3aMEHSIETCS BOJOPOXHOI CBA3bLIO
mexiy Tup C7(42) e u Aco G 1(99) p.

Takum o6pasoM, npu OKCHFEeHANUH reMOTraoOMHA NPOHCXONHT DAL
noc/aeNoBaTe/]bHEIX KOHGOPMANHOHHBEIX COOHITHH. TpHITepoM sTHX
COOBITHI CAYXKHUT nepeMellieHHe aToMa Fe B MIOCKOCTbL NOPGHPUHO-
BOT0 KOJIbIA M COOTBETCTBYIOIAS NEPEABHKKA NPOKCHMaAbHOro e
koabua Ha 0,75—0,95 A. D10 BH3bIBAGT H3MEHEHHE TPETHYHOM
CTPYKTYphl, TAK KaK aTOM Jejesa »kecTko cBsidaH ¢ I'mc F8 u
KOJbuo KoHTakTtHpyeT ¢ 60 aromamu ranoGuna. Cnupaan F nepe-
Meniaercss K ueHTpy MoJekyinl H Beitaskusaer Tup H C 2(140) us
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nojoctn Mexay cnupaaamu F u H. Buroaxkmyrtetit Tup TAHeT 3a
coboii Apr HC3(141) u paspbiBaeT m0O3TOMY COJNEBble MOCTHKH
¢ mporuBosnexanlell a-ueapo. Curyauns B B-uensx uxaa. Ilpexne
uyeM JIMraHn fOCTHTHeT atoMa Fe, oH g0/XeH «OTKPHTb» NOJOCTb
BO/MN3H reMa. 3aTeM B pe3yabtate 06PA30BAHMS CBA3H C JIMraHAOM
aToM Keje3a nepemellaeTcss B MJOCKOCTb Koablla, cnupans F caBH-
raeTcs K UEHTPY MoneKyan H seitankupaet Tup H C 2(145) us ero
NOJOCTH. DTOT OCTaTOK TAHET 3a coboit ['mc H C 3(146) u pa3pu-
Baet coJeBof moctuk ¢ Acn F G 1(94).

IlepyTu yctaHOBHJ, YTO CTPYKTypa H€30KCHIeMOIJIOOHHA CTaGH-
JMM30BaHa Kodakrtopom 2,3-mudocdoranuepatom (IAPI), obpasyio-
MM HONOJHHUTEJNbHblE COJEBbHEe MOCTHKH MeXAy PB-uensamu. Ilpu
okcurenauuu @I ypanserca H3 MOJIeKyb.

KaxoBa e mocneroBaTenbHOCTL COOBITHH BO BCEH 4eThlpexleno-
uyeyHod Mosekyne Hb? Ilepyrn BEIZBHraeT xopouio apryMeHTHpO-
BAHHYIO TUIOTE3y, COraacHo Koropoll npucoenunenne O, K Kaxjaofl
H3 CyObefHHHI NMEPEBOLHT €¢ B OKCH-KOH(OPMAIHIO, HO YeTBEpPTHU-
Has CTPYKTypa OCTAeTCs Ie30KCH-CTPYKTYDPOH IIOKa He IPHCOeNH-
HeHH jaBe MoJeKkyan Oy HHBIME cloBamu, Kaxzpas cyObelHHHLA
MOXKeT NPUHHMATL OJHY H3 ABYX ajbTeDHATHBHEIX KoHbOpManui, a
YeTBEPTHYHAS. CTPYKTyPa MOMKET GhIThb «OWIH604HOMN». OKCHIeHanHs:
IPeJNONOXKHUTENbHO HAYNHAETCH ¢ o-uenell, TAK KaK B HHX, B OTIH-
yHe OT P-uenel, HMeeTCs [OCTaTOYHO MeCTa XJf BHEIDEHHA JH-
ranpa. O6mas cxema nmpopecca takosa (O — oxcudopma, D — nes-
OKCHboOpMa):

D D
(aParBrps)” — (aPaPpPsr)” — (oaPapPes)” >
hor .
0
~ (a%098785)° > (PofB787)” > (oD BPRS)°.

Harasignoe nao6Gpaxenue 1ol cxeMu JaHo Ha puc. 7.6. Cym-
HOCTb MexaMH3Ma CBOJMTCH K TOMY, YTO BCJIENCTBHE creru(HIecKon
KOHCTPYKIHH TpPynna reMa yCHJAHMBaeT Majoe H3MeHeHHe aTOMHOro
panuyca, HCIObITHIBaeMoe Fe mpm nepexome OT BbICOKOCHHHOBOTO
K HH3KOCIIHHOBOMY COCTOSIHHIO, H TPaHC()ODMHDYeT 3TO Majoe H3-
MeHeHHe B 0oJbllioe cMemieHHe ['HC, CBA3aHHOTO C reMoM. 3aTeM
HPOHCXONAT yiKe ONHCAHHBIE COOBITHA.

DHeprus B3aUMOJEHCTBHS CYGBEIHHHI, COCTaBJASET HPHMEPHO
12 kxaa/moab, 4TO XOPOLIO COrAACYETCH C SHEPruel IHeCTH COJIeBBbIX
MOCTHKOB, 06pa3yIoIHX KOHTAKTH o0, otifie U aafy. IeHicTBUTEND-
HO, (hepMEHTATHBHOE OTHeneHHe YeThipex C-KOHIEBHX OCTATKOB JIH-
miaeT CTAGHJABHOCTH YETBEPTHUHYIO CTPYKTYDY HNE€30KCHreMOIVIOOHHA
H HHTHOHpYeT TeM-reM B3anMojelicTBHe. JHePrus OLHOro coJe-
BOrO MOCTHKa pasua 1—2 kxaa/mone.

JlesokcuremMorJo6MH NPAKTHYECKH BCEria TETpaMepeM, ero pac-
LlenJeHde Ha JUMepPH MOXKeT NPOM30HTH JMUIb NMPH OYEHbL HH3KHX
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Puc, 7.6. Cxema oKcuremapuu remorsioGuua no IlepyTay.

1. Hb ¢ HHTAKTHEIMH COJIeBBIMH MOCTHKAMH H C OJHOH MoJekyJqaod J T, «3axaTols» mexny

AByMs B-uemsamu. 2, HbO; 3. HbO, Ha craguax I=2 H 2«3 OKCHTeHHDPYIOTCH (L lenH.

4. HbO, ¢ HameHeHHOH KoHbopMauHelt; Ha cTaguu 3—4 npoHcxQAuT KoHPopMalHOHHOe mpe-
Bpauenne. §. HbQg 6, HbOg.
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KoHUeHTpauusax. [Ipn 31oM AonKHB PasopBAThCS COJNEBHIE MOCTHKH
H YeTBEPTHYHAsl CTPYKTypa mpHMeT QopMY, COOTBETCTBYIOIYIO OKCH-
remornobuny. Bce koonepartuBnble 3¢ ¢dekTh, HabnwgaeMbie IpH
. CBA3bIBAHHH JINTAH/0B, ONPEALNAIOTCS TETPAMEPHOH NE30KCH-CTPYK-
Typofi. Bnpouem, BuABHHYTa M Apyrasi MoJeNb, COMNIACHO KOTOPON
OCHOBHOH (GYHKLHOHAJbHOH efHHHUEH, onpelnensioilefl KoonepaTHs-
Hble CBoficTBa, cayXHT aumep [21]. B pesysabrate ncciaenoBanuii

Hb

Tup 145
0

.07

®/ 0) hndh P,

s 40, iy ==

Tic146

- : Hb0g
-~
HPZ

Tup 145
P HS— Fe
0
fus 400t >_j
ﬁHs 0 Acn 94

Puc, 7.7. Cxema kondopManHOHHEIX H3Me-
HerHft B fy-menH remorJioGHHA UPH OKCH~
reHanuH,

[Tepyrua sddekr Bopa (cM. cTp. 425) mHosydns MOJEKYJSIPHOE HC-
ToJIkoBaHHe. FlaMeHeHHe CTPYKTYpH NpH nepexogax okcu-Hb = nes-
okcH-Hb mameHsieT OKpyKeHHe Tpex map cJaabblx OCHOBAHWH TaKHM
06pa3oM, 4TO OHU CTPEMSITCS NPUCOENMHATb IPOTOHH IPH OTHIENJe-
nun Op. B okcuremoryo6une o-NHy-rpynnm Ban la u nmnnasons
I'nc 146 p cBoGomnbl, HO B AesokcHpopMe oHH cOAMKAIOTCA C Kap-
6okcunbaniMu rpynnaMu. MMunason Fuc 122 o c6ankaerca ¢ ryaHu-
IVHOM B OKCHreMorJIoGHHE, HO ¢ KapGOKCHJOM B AE€30KCHT€MOINIO-
6une. [Ipu Ae30KCHreéHalUHH o -HeIb NOBOPAYHBAETCA OTHOCHTEJILHO
Be-uenu ma 13,5°. Ipynna e-NH, JIua C 5(40)a; cmemaeres na 7 A
B 06/1acTb KOHTakTa oufy H ob6pasyer cosieBodl MOCTHK ¢ C-KOHIE-
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BHIM kapOokcuiom Bs. ConeBofi Moctuk ¢ukcupyer Tup 145 g, B
nojaoctu Mexkay Fpe nu H P, B naer BO3MOXKHOCTD 06pas3oBaThCs
MOCTHKY MeXxy uMHaasonoM I'uc 146 B2 u kapGokcuiaom Acn 94 Bs.
ITo nokasano cxeMmaTHieckn Ha pHc. 7.7. I'mc 146 By yuacrByer B

7
b Heey
Tupt4d
Banm, 0
7 A fade,
NH2
,NH NH
‘P””P' M v 0.

l'uc 1220

Hb0,
HN\ Y

Bant oc,

Tup 11:(]a

O\/

—nnz

Aenizh §_
Tuc 1224

Puc. 7.8, Cxema KoupOPMALHOHHHX H3-
MEHEeHHE B Q-ieusx reMmorjo6uHa npu
OKCHY eHA[HH.

atddekre Bopa BcaencTBue H3-
menenus pK umugasona, BH-
3BAaHHOTO HM3MEHEHHEM OKpY-
JKEHNs.

pK o-NHy-rpynn Ban la
HMEIOT HOpMaJbHbie 3HAYEHUs
B OKCHTeMOrJo0HHE, HO BO3-
pacralor B  HAe30kcHpopMe
BCJIE/ICTBHE CBSI3LIBAHUA C o-

-KapOoOKCHIaMH Apyrofl o-me-

nd. B addexre Bopa yua-
crByioT TakXe C-KoHueBble
Apr kaxpgolt a-uenu, obpa-
ayiollie B AEe30KCHI€MOIJIO-
OuHe 1Ba MOCTHKAa C Jpyroi

-o-uenbio (puc. 7.8).

Hanbuefinine nogpoOGHOCTH
MOXHO HaATH B OpPHTHHAJb-
noft crarve Ilepyrua {[23],
B KOTOpPOHN pPacCMOTpEH TakXe
kucjaoTHeil  abdekr Bopa.
O6cyxpnas 3TH KoHbOpMau-
oHHble  sBJeHHs#, = Ilepyrn
CIpaBelIHBO YKasblBaeT, 4YTO
6eoK — nHHAMHUYECKas  CH-
creMa. M Tpernunas, u der-
BepPTHYHAH CTPYKTYpH TIeMo-
rio6uHa GLICTPO H HeNpephIB-
HO OCHHJIHPYIOT MEXAY OK-
CH- 1 Je30KcH-KOoHGopManus-
mMH. B npucyTcrBHM Auranna
HPOUCXOAHT HE BHIKJIOYEHHE
J€30KCH-KOH(DOpMaInH, HO
CABHT KOHDOPMAIHOHHOTO
paBHoBecus [23].

Paccmorpennnie IlepyTuom siBnenns spko Beipaxaior KB (cm.
crp. 408). Cosur S/EKTPOHHOM IUIOTHOCTH B TeMe BbI3HIBACT KOH-
$OpMAHOHHYIO 1epPecTPOHKY TJIOGYJIbL.

AtanacoB u3yual KOH(OpPMAIHOHHBIE CBOHCTBA MHOIJIOGHHA ¢
HOMOLLBIO pajfa ¢uaniecKux MerogoB. OH yCTaHOBHJ Ha/H4YHE KOH-
dhopmepos y Mb u nonyunsn pesyabTarbl, B L€IOM CONVIacylolLIHecs
¢ QNHCaHHOH MoZesbio [25, 26] (cM. Takxe [27]),
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HOas dusnyeckoro noHnMaHnsi B3aHMOREHCTBHSA IeM — IeM H
CBfI3aHHBIX ¢ HHM COOBITHH, HapAly C MOJIeKyJspHONl KapTHHOM
ABJIeHHHA, He06x0AHMO ofllee (eHOMEHOJNOrHYeckoe paccMOTpEHHe.
OHo npoBOAUTCA ¢ NOMOIIBIO TEOPHH CBA3AHHBIX QYHKIHA, pa3BHTOM
YaiimanoM (cMm. HHKe), B o6lleli TEOPHH KOONEpaTHBHOTO KHHETH-
yecKoro noBeneHus Oenkos (cM. § 7.5).

§ 7.2. PEHOMEHONIOTHYECKAA TEOPHA
PABHOBECHbIX CBOWCTB r'EMOTJ/IOBHHA

PaccMoTpum Teopuio cBsisanHbx PyHKuHi YaiiMana [28). Hony-
CTHM, 4TO MaKpOMoJeKyJa M HMeeT § LEHTPOB, CIOCOGHBIX CBSI3H-
BaTp surann X. O6Lias KOHUEHTpalHs CBA3aHHOro JHIaHZAa PaBHA

q
. i
X= MOZ tle ’ (7’5)
i=0
rae My — KoHlleHTpauus cBOGOXHBIX MAaKpOMOJeKyJ, X — aKTHB-
HOCTb JHranfia u K; — Kaxylllascd MaKpOCKOIHYecKas KOHCTaHTa
paBHOBecHA i-i peaKlHH

M+ iX 2 MX,.

Ouesnnno, uto Ko = 1. [lonHas KOHUEGHTPAUHA MAKPOMOJEKYJ] BO
Bcex ux opmax paBHa

. q ’
M= Molgo Kx! (7.6)
KoanuecTBo JHranma, cBA3aHHOr0 MofdeM MakpoMonaekyl M, paso
din ) Kixt
X=X/M= Y iKx'] ¥, Kix' = ———. (7.7)
[ i

Ecan cessmiBaloTcs ABa Pas3/MHYHLIX JHTraHjad, IpHYeM B MOJeKyJe
HMeeTLd I ISHTPOB 1A JHranpa Y, TO

r
M=M, tgo 1§o K:;x’y’, (7,8)
Tle K;j — KOHCTAHTa PaBHOBECHS AJf PeaKLHH

M4+iX+jYy 2 MX)Y,
DYHKIHH HACHIEHHSA paBHbI

om Y M Kysy - am Y X Kyxty
dlnx - V= dlny. ) (7,9)

X=






