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CBOBOAHbIE PAQUKAJIbI B BUOJIOTUYECKUX CUCTEMAX
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Poccuiickuti eocydapcmeennuiii meduyunckuii yrueepcumem, Mockea

FREE RADICALS
IN BIOLOGICAL SYSTEMS

Yu. A. VLADIMIROV

Free radicals are molecular particles, which
have an unpaired electron on the external elec-
tron shell and high chemical reactivity. Their
study is performed by using EPR (spin trapping
technique), chemiluminescence, and reaction
inhibitors, in which radicals of a certain type
are involved. The primary radicals, produced in
our body are oxygen radicals (superoxide and
hydroxyl radicals), nitrogen monoxide, radicals
of unsaturated fatty acids, semiquinones
formed in oxidative-reduction reactions (e.g.
ubiquinol). The secondary radicals are also
formed under action of ultraviolet rays and in
the course of the metabolism of some unnatu-
ral compounds (xenobiotics), including some
substances, formerly used as medicines.

(B80600HbIE PadUKaAsbl — 3MO MOJIeKyNAPHbIe
yacmuypl, umeroujue HecnapeHHbll 371eKmpoH
Ha BHewHeli 31ekmpoHHOl obonoYke. Ux u3y-
yeHue gedemcs memodamu I[P, xemuntomu-
HecyeHyuu u ¢ nomouwblo uHeubumopos. [lep-
BUYHbIe padukansl (cynepokcud, ybucemuxu-
HOH U HUMPOKCUO) obpasylomcs epmeHma-
MUBHBIM nymeM U HYXHbl 018 Kaemku. Bmo-
PUYHbIe pAOUKA/bl, MAKUE, KaK 2UOPOKCUA UU
paduKansl 1unudos, N0Bpexoam Kiemxu.
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YTO TAKOE CBOBO/JIHBIE PAITUKAJIBI

M3BecTHO, YTO B OpraHUYECKUX MOJIEeKyJax (BKJIoYas Te,
U3 KOTOPBIX COCTOUT OPTaHU3M YeJloBeKa) 2JIEKTPOHBI Ha
BHEIIIHEH 3JIEKTPOHHOI 000JI0YKE pacroJiaraloTcs rapa-
MU — OJIHA Iapa Ha Kaxmoi opoutam. CBOOOIHBIE paar-
KaJIbl OTJINYAIOTCS OT OOBIYHBIX MOJIEKYJT TEM, UTO Y HUX Ha
BHEIIIHEH 3JIEKTPOHHON 000JI0YKe MMEeEeTCsl HeCTTapeHHBIN
(OMMHOYHEIN) 3JIEKTPOH. DTO IeJIaeT paauKalbl XUMUIEC-
K1 aKTUBHBIMHU, TTOCKOJIBKY paJNKall CTPEMUTCS INOO Bep-
HYTb ce0e HeOCTAIONIMIi 2JIEKTPOH, OTHSIB €r0 OT OKpYXa-
IOIIMX MOJIEKYJI, TMOO OTIATh JUIIHUKI 37eKTpoH. B 060mx
ciyyasix MoJieKyJia-MUllleHb MOAUMUIIUpPYeTCs.

HecnapeHHBII 3J€KTPOH B pajuKayiax MpUHATO 000-
3HayaTh TOukoi. Hampumep, pagukan ruapokcusia o6o-
s3navaior HO®, pagukan nepekucu Bogopona HOO', pagu-
kan cynepokcuna “O0™ wimn O5 . Kak npumep npuBeaeHbl
(opmynel Tpex panukanos atunosoro cnupra: CH,CH,O’;
CH,C'HOH; "‘CH,CH,OH.

KAK M3YYAIOT PEAKIINNA,
B KOTOPBIX YYACTBYIOT PAIUKAJIBI

buoxuvnueckne meronsl. Pagukanbl 00J1agamoT BEICO-
KO peaKIIMOHHOM CIIOCOOHOCTHIO, M U3y9aTh MX OOBIYHBI-
MM XMMUYECKMMM METONaMU HEBO3MOXHO: CTaHIApPTHbBIE
MpoLeAyphl Bpoae XxpoMaTorpaduu Win HeHTpUdyrupoBa-
Husl G6ecrioyie3Hbl. bruoxuMuUyeckre aHaau3bl MO3BOJISIOT,
MpaBIa, oNnpenessiTh KOHEUHbIE MPOMYKThI peakliinii, B KOTO-
PBIX MPEATIoIaraeTcsl y9acTHe paauKaiaoB, HO BCETIa OCTaeT-
csl BOTIPOC, a ICMCTBUTEIBHO JIM paJniKajibl y4acTBOBAIU B
Mpolecce U Kakue MMEHHO. BakHyro posib TIpu peleHuun
TaKUX BOITPOCOB UTPaeT TaK Ha3bIBAEMbIii MHTUOUTOPHBIH
aHanmu3. Kiaccrmueckum mpruMepoM MOKET CITYy>KUTb MPHU-
MeHeHne ¢epMmeHTa cynepokcuaaucmyrassl (CO/l). Bror
depmeHT, oTkpoIThii . Mak-Kopoom u Y. @punosu-
9eM OKOJIO TPUALATH JIeT Ha3ald, KaTaIu3upyeT peakivuio
B3aMMOJEHCTBUS (IUCMYTALIMU) ABYX CYNEPOKCUIHBIX pa-
NIMKAJIOB ¢ 00pa3oBaHUEM MEPEKUCH BOIOPOAA U MOJIEKY-
nsipHoro kucnopoaa. Otkpsitre COJL cOBEPIINIIO PEBOIO-
LIMIO B yMaX OMOXMMUKOB: pa3 ecTb DepMEHT, YISO
KHCJIOPOJIHBIC pauKaJlbl M CTIIeLIMaIbHO BeIpabaThiBacMbIit
KMBBIMU KJIETKaMu (M, KaK BBISICHWIOCH, Ype3BbIUAtHO
LIXPOKO PacCIpOCTPaHEHHBIN B XKUBOI MPUPOJIE), TO SICHO,
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YTO U CaMM PaJMKaJbl CYIIECTBYIOT B IPUPOJIE U MTOYEMY-
TO MX Hazo 00s13aTesibHO yaansaTh. [loctenenHo COJI ctanu
IIMPOKO MCMOJb30BaTh BO BCEX UCCAENOBAHUSIX, TIe U3Y-
YaloT POJIb CYMePOKCHIA B TOM WJIM MHOM TIpoliecce, Oyab
TO UHIWBUIYaTbHAST OMOXUMHWUECKAS peaKIIUs WU pa3BU-
THe GOJIE3HU Y JJaGOPATOPHBIX XKMBOTHBIX MJIM YeJIOBEKa.
Ecmu mo6asnenune COJl TopMO3UT M3ydaeMEIid IIpoIiiecce,
3HAYMT, TSI €TO TIPOTeKAaHUS HEOOXOAMM CYIIepOKCHUI-pa-
nukan. OcraeTcsl BBISICHUTh, B KaKOW MMEHHO peakIuu
9TOT paguKal yyacTByeT. MTHIMOUTOPHBINM aHATU3 UCTTONb-
3YIOT U ISl U3YYEHMSI PeaKIIMii C y9acTUEM APYTUX paarKa-
J0B. Tak, /Ui BBISICHEHUST YJ4acTusl B KAKOM-HUOYAb IPO-
1iecce peakimii IeMHOro OKUCAEHYS IUTTUIOB UCTIONb3YIOT
>KMPOPACTBOPHMBbIE JIOBYIIKHU JIMMUIHBIX PAIUKaAIOB, KO-
Topble “BemyT” uenu okuciaeHus . K yrciy Takux jJoByliiek
OTHOCSTCS TOKOGepou (ButamMuH E) 1 HEKOTOpble CHHTETH-
YeCcKHe COEIMHEHUsI, HATIPUMep mpem-O0yTUITUIPOKCUTO-
Jyon (noHout). BogopacTBoprMble panrkaibl 3(pdeKTUBHO
TIepeXBaThIBAIOTCS ACKOPOMHOBOM MJIM MOUEBOM KUCIOTOM.
Hns ynaBnuBaHus paaukanoB ruapoxkcuiia (HO )ucnonb-
3YIOT MAHHUTOJI WJIM OEH30MHYIO KHCJIOTY, a MHOTA 3Ta-
Hoz. Hamo, omHako, cka3aTh, 4TO JaJIeKO He BCET/Ia JIOBYIII-
KU crieliMUYHBI: MHOTHE U3 HUX PearupyroT He TOJIbKO C
panuKasaMu, HO ¥ ¢ JOCTaTOYHO aKTUBHBIMU MOJIEKYJIaMU.

Merobi ouohuzuku. [IpssMoit MeTon U3ydeHust CBOOOI -
HBIX PaIMKaJIOB — 3TO METOJ 3JIEKTPOHHOTO MapaMarHUTHO-
ro pezoHaHca (DI1P) [1]. [To Hanuuuio, amIiuTyae U popme
curHanoB (cniektpoB) DITP MOXHO CynuTh O CylIecTBOBa-
HUMU HEMIApHBIX JIEKTPOHOB B 00paslie, ONpeneisiTh UX KOH-
LIEHTpallMI0, @ WHOTAA M BBISICHUTh, KaKOBa XMMUYECKAs
CTPYKTYpa paavKajioB, KOTOPbIE 3T HEMapHbIC JIEKTPOHBI
comepxar. D(POeKTUBHBIM METOIOM M3YYCHMS PEeaKIUid C
y4acTeM PaavKalIoB OKa3aJiCsi METOI XeMUJIIOMUHECIICH-
muu (XJI) [2—4]. [Ipu B3auMomeicTBUM paguKajaoB APYT C
JIPYTOM BBIZEJISIETCSI MHOTO SHEPTUH, KOTOpask MOXET U3JTy-
YaThCsl B BUJIe KBAHTOB cBeTa. IHTEHCMBHOCTDb TaKOTO CBE-
yeHwus1 (XJI) mponopiroHajibHA CKOPOCTU peakiiuy, B KOTO-
POl yUacTBYIOT paauKabl, U, CJIeA0BaTebHO, TOKa3bIBAeT
U3MEHEHUE WX KOHIIEHTPAIIUU 110 X0y PeaKInu.

Hamo oTMeTUTB, YTO YyBCTBUTEILHOCTH 3TUX METOIOB
YacTo OBIBacT HEJOCTATOYHO. B GMoIormiyeckmx cucremMax
CKOpPOCTH 00pa3oBaHMs PagvKaJiOB KUCJIOpoAa WIM JIH-
MUIHBIX PagvKajaoB B MeMOpaHax He TaK YK BEJIMKHU, 3aTO
OYeHb BEJIMKU CKOPOCTU MCUYE3HOBEHUSI STUX PAJAUKAJIOB,
IMO3TOMY KOHLIEHTpALMsl PaguKaaoB B KaXIbI JaHHBIA
MOMEHT BpeMeHH OOBIYHO MaJjia. BeIxom 13 momoxeHus 3a-
KJII0YaeTCsl B UCIOJIb30BAaHUM TaK Ha3bIBAEMbBIX CITMHOBBIX
JoByliek B MeTone DIIP u akTuBaTOpoB CBEYEHUSI B METO-
Jle XeMUITIOMUHeCLIeHIU. B mepBoM cityuae K u3ydyaeMomy
o0pa3lly (HampuMmep, K CYCIeH3UMU KJIETOK, TOMOreHaTy
TKaHU UJIU PacTBOPY, I1ie MPOTEKAIOT peakKluK C y9acTUEM
CBOOOMIHBIX PAIMKAJIOB) 100ABJISIIOT OCOObIE BEllleCcTBa, Ha-
3bIBaeMble CIIMHOBBIMU JIOBYyIIKaMu. Hampumep, mis 3a-

XBaTa paaukanoB ruapokcuia HO® ucnonb3yiot ¢hpeHunoy-
TiHUTpPOoH (DPBH)

CH,
“OH + C=N—<C — N—CH
Sryatiaa smat
L CH, OH ~ CH,

Papgukan CrniHoBast

rugpokcuia  yoByiika (OBH) CrMHOBLLA a71yKT

ITpu B3auMOAEICTBUM JIOBYLIIKY C PAIUKAIOM TPOUCXOIUT
MpUCOoeNMHEeHUE panuKaia K JIOBYIIKE ¢ oO0pa3oBaHUEM
HOBOT'O, CTaOUJILHOTO panuKaia, MOoJy4yMBILIEro Ha3BaHUeE
cnuHoBoro aanykra (ot aHri. add — noGaBisATh, CKJIaabl-
Bath). CurHansl DITP ciMHOBBIX aIIyKTOB pa3HbIX paav-
KaJoB cJierka pasiauyarorcs no ¢opme. DTO TO3BOJSIET
NIeHTU(ULMPOBATh paguKalibl, 00pa3yrolInecs: B U3ydae-
Mol cucteme. sl ylaBIWBaHWS IPYTUX PAAVKaIOB HC-
TTOJTB3YIOT APYTUE JIOBYIIKH.

KAKHME PAJIUKAJIBI OBPA3YIOTCA
B HAIIINX KJIETKAX 1 TKAHAX

CorlacHO MpeayoXeHHONW HaMu Kjaccudukaluu, 00Jb-
IIMHCTBO PAJMKaioB, 00pa3yOIIMXCsl B OpraHU3Me Yesio-
BeKa, MOXHO pa3le/iNTh Ha MPUPOAHBIE M YYXKEPOIHbIE
(puc. 1). IlpupoaHbie panrKajibl MOXHO, B CBOIO OUYEpe/b,
pa3nenuTh Ha IIEPBUYHEIE (IIPUPOIHEIE, Ta0. 1), BTOpUdI-
Hble (TMoBpexXnmarone, Tada. 2) U TpeTUYHBIE (paguKabl
aHTHOKcuaaHToB). OOpa3oBaHUE INEPBUYHBIX PAINKaIOB
OCYIIIECTBJISIETCSl TIPM YYaCTUM OTpeAeSeHHBIX (hepMeHT-

CeMUXMHOHbI
Cynepokcup,
Hutpokeug,

[NepBuyHbIE

mppokcun

Papukanbl
MnnpoB

lMpupoaHbie

Papukanbl

gl AHTNOKCNOAHTOB

Papukansl
> BOAbI

YneTpaduoner, v 6uomonexyn
nasepHoe

ob6sydeHre Paaukane
»-| MONeKyn-

XpomodopoB

Papunaumns

YyxxepoaHbie

Papukansl
TOKCUYECKUX
BELLECTB

KcenobroTtrky
>

Puc. 1. Knaccudukaums pagmkanos, 06pasyolmxcs B
KNeTKax 4enoBeka W XUBOTHbIX. 3eNeHbIM BblaeneHbl
pagvkanbel, MOne3Hble OJiIs OpraHM3ma, KpacHbIM —
BpeOHble, CMHUM — paguKabl aHTUOKCUAAHTOB, KOTO-
pble MOryT ObITb MNONE3HBIMY UIN BPELAHBLIMY B 32BUCHU-
MOCTU OT YCJI0BUIA
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HBIX CHCTEM. DTH paaMKasbl BBHIMOJIHSIOT MOJIE3HbIE IS
opraHusma GyHkuuu. M3 nepBUYHOro paaukaia — cymnep-
OKCHJa, a TAKXE B pe3yJibTaTe APYTUX PeaKivii B OpraHu3-
M€ MOTYT 00pa30BaThCsl BeChMa aKTMBHbBIC MOJICKYJISIPHBIC
COEIMHEHUsI: TIEPEKUCh BOJOPOAA, TMITOXJIOPUT U THUIAPO-
nepekucu unuaoB. [loa neiicTBUEM MOHOB METAJLJIOB Te-
peMeHHOI1 BaJIeHTHOCTH, C MEpBYI0 o4yepeab MOHOB Fe’*,
13 3TUX BELIECTB 00pa3yloTcss BTOPUYHBIE CBOOOIHBIE pa-
TIUKaJIbl, TAKWE, KaK paauKal THIPOKCHIIA Y pPaTuKaIbl JIU -
MMMIO0B, KOTOPBIE OKAa3bIBAIOT Pa3pyLINTEIbHOE IEHCTBUE Ha
KJIETOYHBIE CTPYKTYPHI (CM. TaOII. 2).

[lepeunciennsie B Ta0. 1 1 2 paguKabl MOXHO CUH-
TaTh MPUPOJHBIMU, TTIOCKOJIbKY OHU B OTNPEJeIeHHOM KO-
JIMYECTBE BCeraa o0pa3yloTcs B HaIIMX KieTkax. [1pu meii-
CTBUM MOHU3HUPYIOIIEH U yIbTpahr0JIeTOBOM paaualuu, a
Takke MPU MPEBPALIEHUSIX HEKOTOPBIX HEMTPUPOIHBIX CO-
€IVHEHWI, MOMaBUIMX B OPraHU3M YeJIOBeKa, B KJIeTKaxX U
TKaHSIX TAaKX€e MOTYT MOSIBJISITbCS PaluKabl.

Panukanel kucioposa. YemoBeKy, Kak U BCIKOMY MHO-
TOKJIETOYHOMY OpPraHu3My, TPUXOAUTCS OOPOThCS C MUK-
pobamu, cily4yaifHO MOMAaBIIMMU BHYTPb €T0 Tejla B KPOBb.
D1y 60pBHOY BeAyT CrielaIn3MpOBaHHbIE KJIETKU — (aro-
LIUTBI, K KOTOPbIM OTHOCSITCSI TPaHYJIOUUTBl U MOHOLIUTbI
KpOBH, a TaKXe TKaHEeBble KJIeTKU — Makpodaru. Bece atu
KJIETKH, COTTPUKACAsICh C TTOBEPXHOCTHIO KJIETOK OaKTEPHIA,
HAUMHAIOT SHEPTUYHO BBIACJSITH CBOOOIHbBIE PATUKaIbl B
pe3ynbrate nepeHoca 3j1ekrpoHa o HAJIMH-okcuaasHo-
ro (hepMEHTHOTO KOMILUIEKCa, BCTPOEHHOTO B MEMOpaHbI
¢arounTa, Ha PpaCTBOPEHHBIN MOJIEKYISIPHBIN KUCIOPO,

HAII®H + 20=0 — HAJI" + 2('00") (cynepokcun
aHHUOH-paauKalm).

ITpu 3ToM Kaxknas monekyna HAJI®H, okucnssce, otnaeTt
OIIMH 32 IPYTMM JBa 3JICKTPOHA ABYM MOJIEKYJIaM KUCIOPO-
I1a, B pe3yJIbTaTe 4yero oopasyeTcs ABa aHWOH-parKaa cy-
repoxKcua.

CynepoKcua-pagruKaibl MOTYT HAaHECTH Bpel KakK ca-
MMM (barommTam, Tak U APYruM KJIeTKaM KpOBU U, pasyMe-
eTcsl, MUKpoOaM, BhI3BaBIIIMM aKTUBaLMIo Makpodara. Ec-
TECTBEHHO, UTO BCE 3TU KJIETKU CTapaloTcsl M30aBUTHCS
OT CYIEePOKCUI-PaIUKaAIOB, UIsl YeTO OHM BbIpa0aThIBAIOT
(bepMeHTHI, Ha3bIBaeMble cynepokcumarcmytazamu (CO/).
Pasinyasich 1o CTpOEHUI0 aKTUBHOTO 1LIEHTPa U CTPYKTYype
nonaunentuaHoi uenu, Bce COJl Kataau3upyroT OaHy U Ty
K€ peaKivIo JUCMYTalluy CYNEPOKCUAHOTO paauKana;

‘00 + 00 + 2H+ CynepoKCHIIMCMyTa3a 02 + HOOH
(TIlepexuch BOOOpOIa).

[Tpu 3TOM Cynepokcu npeBpaniaeTcsi B KUCIOPO U nepe-
kuch Bogopona. Cynbba nocaenHe MOXeT ObITb Pa3HOIA.

B HOpMe (haroumThl UCTIOIB3YIOT MEPEKUCh BOIOPOIA
NI CUHTE3a TUIIOXJIOPUTA, BBIAENSS CIelUaIbHbIN (hep-
MeHT — wmuesnonepokcunasy (MIT). Muenonepokcunasza
KaTaJIu3upyeT peakInio:

M _
H,0, + CIT PR, H 0 + CIO™ (TUHOXJIOPUT).
Tunoxyoput paspylaer CTeHKY 6aKTepualbHOM KIIETKU 1
TeM caMbIM yOuBaeT 6akTepun. [lepexkuch Bogopona nud-
byHIMpyeT B KJIETKM, HO TaM pa3pylliaeTcs B pe3ysIbTare

Ta6mmna 1. TlepBuuHbIe paguKaibl, 00pa3yoollrecs B OpraHu3Me YeJoBeKa

DepMeHTHAs cucTeMa
Pamukan CTpyKTypa pagukana Buonornueckast GyHKIIMS
00pa3oBaHUs paauKaia
Cynepokcum* ‘00 HAJI®H-okcunaza AHTUMUKpPOOHAsI 3aluTa
HuTtpokcun ‘NO NO-cuHTa3a daxkTop pacciablieHsI COCYIOB
CeMMXUHOHBI: HQ’ Llenb nepeHoca 3J1eKTPOHOB [lepeHOCUYMKM BJIEKTPOHOB
KO9H3UM Q, h1aBOCEMUXMHOHBI

* CyIepoKcul MOXeT 00pa30BBIBaThCS TAKKE KaK BTOPWUYHBIN pamiyKal PY B3aUMOJCHCTBUY PaTuKaIOB-CEMUXUHOHOB C MOJIEKYJISIPHBIM KHCIOPOIOM.
DTO MOXET ObITh OAHON X MPUYUH TOKCUUYECKOTO IEHCTBUSI COEAMHEHUIT — MPOU3BOAHBIX (eHoma. Cynepokcua oopasyeTcsi Takke B LETsiX MepeHoca
3JIEKTPOHOB TIPU MX TIOBPEXIECHUH.

Ta6auna 2. BropuuHble pagrkaibl

CrpykTypa OO6pasyeTcs B peakiuu
Pagvkain rugpokcuia ‘OH Fe?* + HOOH — Fe** + HO™ + "OH
Fe?* + ClIO” — Fe** + CI" + "OH
Jlunuanble paguKasl LO’ Fe’* + LOOH — Fe** + HO™ + LO’
L
LOO" LO"+LH—LH+L
L'+ 0, — LOO’
Cyniepokcus ‘00 ‘QH+0,—Q+°00~
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AKTUBHOCTHM (PepMEHTOB KaTajla3bl M IJIyTaTUOHIIEPOKCH-
na3bl (GSH-nepokcuaasbl), KOTOpble KaTATM3UPYIOT COOT-
BETCTBEHHO TaKWe PEaKIINH:

Karanaza

2H,0, H,0 +0,,

TiyrarnoHnepokcuaasa

H,0,+2GSH GSSG +2H,0

B npucyTcTBUM MOHOB JABYXBaJIEHTHOTO XeJie3a MepeKruch
BOZIOpO/Ia pa3jiaraeTcsi ¢ oOpa3oBaHWEM TUIPOKCHIBHOTO
panukama (HO'):

H,0, + Fe?* —» Fe** + HO™ + HO'

Dra peakius (M3BecTHas Kak peakiys MeHToHa) IPUBOIUT
K MeYaJIbHbIM MOCIEACTBUSIM [UIS1 OKPYXKAIOIIUX KJieToK. Pa-
NUKaT TUAPOKCUIIA YpPE3BbIMAHHO aKTMBEH XMMUYECKU WU
pa3pylIaeT MOYTH JII0OYI0 BCTPETUBLIYIOCS €MY MOJIEKYIY.
HetictByst Ha SH-TpynIbl, TMCTUAMHOBBIE U IPYyTHE aMu-
HOKMCJIOTHBIE ocTaTKu 6enkoB, HO' BhI3BIBaeT aeHaTypa-
LIUIO TIOCJIEMHUX U MHAKTUBUpPYeT (pepMeHTh. B HyKIeu-
HOBBIX Kucjaorax HO' paspyiiaer yriieBogHble MOCTUKH
MEXIY HYKJIEOTUIaMU U, TAKUM 00pa3oM, pa3pbIBaeT e
JAHK u PHK, B pe3ynbpTate yero mpoucxoasat MyTaluuu u
rubesib K1eTok. BHenpssich B TUMUAHBIN CI0M KJIETOUHBIX
MeMOpaH, paauKajl TMIPOKCUIA 3amycKaeT (MHULIMUPYET)
peaklvy LUEMHOTO OKUCJIEHUS JIMIUAO0B, YTO MPUBOIUT K
MOBPEXICHUIO MEMOpaH, HapYIIEHUIO X (PYHKUMIA U TH-
6enu kietok. Takum obpaszom, panukan HO® — 3to pagu-
KaJl-pa3pyliuTe/ib, paauKai-youilia.

IuapoxkcuabHBIN panuKkaia o0pa3yeTcsl He TOJIBKO B pe-
akuuu ®eHtoHa. A.H. OcuroB 1mokazaj, 4YTo paauKalbl
TUIPOKCHUJIAa 00pa3yloTCsl TAKXKe MPU B3aUMOJIEUCTBUU UO-
Ho xene3a (Fe*") ¢ runmoxnopurom [5]. TIpu 3ToM pagykain
TUIPOKCUJIA BBIIEJSCTCS AaXe ¢ 00Jiee BBICOKMM BBIXOIOM,
yeM B peakunu MeHTOHA:

ClO™ + Fe’* + H" — Fe’* + CI" + HO®

BosBpariiasich K peakiysiM YTUJIM3a U1 IEPEKUCU BOIOPO-
I1a, MOXXHO CKa3aTh, UTO MepBasi U3 HUX — peakiivsl, 1oJie3-
Hasl JUIsl OpraHu3Ma 4yeJioBeKa, BTopasi U TPEThsI 3alllUTHBIE,
a JiBe rocjeaHue, 6e3ycioBHO, BPEIHBI IJI1 OKPYXKAIOLINX
KJeToK U TKaHeil. CyrnepoKCUIHbBIN paguKal U TMPOAYKThI
ero merabonusma, To ectb ‘007, H,0,, HO", ClO", Ha3bI-
BalOT aKTUBHBIMM (POpMaMU KUCIIOPOA.

Oxuceh azora. Bropoit cBOOOAHBIN paguKai, CUHTE3U-
pPYEMBIH XXUBBIMU KJIETKaMU, — 3TO MOHOKcH a30Ta "NO,
YacTO Ha3bIBae€MBbIil MPOCTO OKUCKIO a30Ta. CTPYKTYPHYIO
¢dopMyly OKMCH a30Ta MOXHO 3amnucaTh Tak: ‘N=0. NO
obpa3zyeTcs KJIeTKaMU CTEHOK KPOBEHOCHBIX COCYIOB (9H-
notenust), (parormTaMu, HEPBHBIMU U MHOTMMU IPYTUMU
KJIETKaMU. DTa peakiivs KaTalu3upyeTcsl TeMcoaepXalim-
mu pepmeHTamMu NO-cuHTazamu. B ipucyTcTBum coeqHe-
Huit, conepxamux SH-rpynmbl, 3 NO oOpasyercst BbIAesI-
eMblii BHIoTenneM “gakTop pacciabneHuss”. OH urpaer
KJTIOYEBYIO POJIb B PETYJISILIMY TOHYCA COCYIOB Y KPOBSTHOTO

NaBJICHUs: €r0 HelOCTaTOK MPUBOIUT K TMIIEPTOHUU, U3-
OBITOK — K TUITIOTOHUU. IMEHHO HapyllleHreM MeTaboIu3-
Ma (akropa pacciabieHus OOBSICHSIOT TUIIEPTOHUIO U
npyrue 00JIe3HM, CBSI3aHHBIE C HapyllIeHeM HOPMaJIbHOTO
KkpoBsiHOoro napieHusi. NO BbIaesIeTcsl TakKe KJIeTKaMu-
¢darouMTaMu ¥ BMECTE C CYNEPOKCUAHBIMUA paavKalaMu
WUCTIONB3YyeTCs ISt 60pbObl ¢ MUKpOOamMu (TTpeuMyIIecT-
BEHHO rpuOKoBoii mpupobl). [Tosaratot, YTO IUTOTOKCH -
yeckoe aeiictBrue NO 00yCIIOBICHO eTo peakIneii ¢ cyrep-
OKCHJIOM:

‘N=0+'0-0"+ H" — O=N-O—OH (1iepOKCHUHHUTPUT).

IlepokcMHUTPUT, 0Opa3YIOIIMIACS B 3TOI peaKlMu, MOXET
pasnaraTbcsi ¢ oopazoBaHuem "OH:

0O=N—-O0-OH — O=N-0O" + "OH
(pamuKaj ruipoKcuIa).

OOpa3oBaHUe MEPOKCHMHUTPUTA M paauvKajiaa THMIPOKCHIA
MPUBOAMUT K TOBPEXACHUIO KJIETOK. XOpOILo, €ClIu To-
Bpexpaatoniee neiictue cucrembl (NO™ + cynepokcun) Ha-
MpaBJieHO Ha 060JIe3HETBOPHbIE MUKPOOPraHu3Msl. [1oxo,
€CIM OHO HalpaBjieHO Ha CBOM COOCTBEHHbIE KJIETKU U
TKaHu. [ToaToMy B TeX yuacTKax KpOBSTHOTO pyciia, Iie BbI-
nensiercst NO' (Kak HEOOXOAUMBIN PETyJIsITOP KPOBSIHOTO
NaBJIEHUsI ), HE TOJKHO OBITh CYMEePOKCUIHBIX PaJUKaJIOB.
JIJ1st 9TOTO, B YAaCTHOCTU, B TUX MECTaX CHUHTE3UPYETCS
depment COJI, KOTOPBIN yaasieT CYyIIepOKCHI.

Pannkan kosnzuma Q. Ha KoHeuHOM 3Tarie OKMCIeHUS
CyOCTpaToB B KJIeTKaX 3JIeKTpoHbI nepeHocsaTes o HAJIH
n HAJA®H 1o tak Ha3bIBaeMOM IbIXaTEJIbHON LIEMUA Ha
kuciaopona. B cocraB nmpIxaTelbHOM 1€MW MUTOXOHIPUIA
BXOAST DJIaBONPOTEUIbI, KOMITLJIEKCH HETEMOBOTO XXeJle3a,
YOMXUHOH Y reMONpoTer bl (IIUTOXPOMBI d, b U ¢ U LIUTO-
XpOMOKcHUaa3a, puc. 2). BaxHbIM 3BeHOM Lienu nepeHoca
3JIEKTPOHOB CITYKUT YOMXUHOJ (KO3H3UM Q):

H
H,C-O. CH, H,
H,C-O (CH;CH=C-CH) H,
@]
H
paaukai Kkotoporo (cemuyouxuHoH, ‘QH Ha puc. 2) obpa-
3yeTcs NGO MPU OMHOSJIEKTPOHHOM OKHUCIEHUH YOUXUHO-
na (QH,, ruapoxuHoH):

H H
N & :é: N
e e >
O O O o
H H
THAPOXUHOH AHUOH HeiitpanbHblit pagrkan
TUAPOXUHOHA (CEMUXUHOH)
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Puc. 2. Cxema AobixaTeNbHON LEeNU MUTOXOHOPWIA:
1, lll, IV — ppixaTenbHble kKoMnnekcol, «QH — cemnybuxm-
HOH

6O TIPU OJHOIIEKTPOHHOM BOCCTAHOBJICHUM YOMXUHO-
Ha (Q Ha puc. 2):

H H
+€ : +H* :
E— R >
@] O o @]
XiHOH AHvoH-paaukan HeiTpanbHblii pagukan
CEMUXMHOHA (CeMMXMHOH)

B HOpMe 3TOT pamukai He DoJiee YeM PsIIOBOM ydacT-
HMK IIpoliecca IepeHoca 3JIeKTPOHOB, HO IIPY HAPYLICHUU
pabOThI IbIXaTEeIbHOM LIETM OH MOXET CTaTh MCTOYHUKOM
JIPYIUX, MeHee 0€300MIHBIX PANMKAIOB, 8 UMEHHO paaKa-
JIOB KMCJIOPOJa.

CBOBOJHOPAINKAJIBHOE (IIEPEKHCHOE)
OKHUCJIEHUME JIMIINA0B

Peakiiys 1IeTHOTO OKMWCJIEHUS JIMITMAOB UTPaeT MCKITIO-

YUTEJIbHYIO POJIb B KJIETOYHOM MaTOJOTUM, U CJIEIYeT OC-

TaHOBUTBCSI Ha ee MexaHu3Me [3]. Peakuus mporexkaet B

HECKOJIBKO CTa1i1, KOTOPBIE ITOJTyYMIA Ha3BaHUE “UHUII-
2 (13

npoBaHMe”, “TIpomookeHne”, “pa3BeTBicHHE” 1 “00pBIB”
menu (puc. 3).

PaccmoTtpum 3TH craguu noapo6Hee. MHuummnpoBa-
HUE LIeMHOM peaKlIM1 HAUMHAETCSI C TOTO, UTO B JIUTTUIHBII
cJIoif MeMOpaH WJIH JIMIIOIIPOTEMHOB BHEAPSIETCS CBOOOI-
HbIN panukai. Yaiie Bcero aTo pagukan ruapokcuia. by-
y4rd HEeOOJbIION IO pa3Mepy He3apsKeHHOM 4acTULIEeH,
OH CNIOCOOEH MPOHUKATH B TOJIILY TUAPOGOOHOTO JTUTTHI-
HOTO CJIOSI U BCTYIATh B XMMUYECKOE B3aMMOIECHCTBUE C
MOJIMHEHACHIIEHHBIMU XKUPHBIMU KUCIOTaMU (KOTOpbIE
NpuHATO 0003HavYaTh Kak LH), Bxoasmumu B coctaB 610-
JIOTMYECKUX MEMOpaH U JIUMOMPOTEUHOB TJIa3Mbl KPOBU.
IIpu a3TOM 00pa3yIoTCs JUMUAHBIC PaauKaIbL:

HO +LH — H,0+ L’

JIunupueiii pagukan (L') BcTymaer B peaklvio ¢ pacTBO-
PEHHBIM B Cpelle MOJIEKYJISIPHBIM KMCJIOPOAOM, IPU 3TOM

(Unmuuvposanvne)  (Mpomonxerne ) (OGpbiB )
LH 00 LH 00
HO S L' 100" ~—L' *~—>L00" —>
HOH LOOH
LH 00 LH 00
HO" S L' >—>L00" ~— L' ~—>L00" —>
HOH LOOH
Fe?'~

8,0

S

=)

[*N

-

£/ 00+,
LOO*
v

Puc. 3. Peakunn uenHoro (NEpeKnNCcHOro) OKMCNeHus
nmnnpos. Beepxy — Hepas3BeTBneHHas uLenHas peak-
uMS, BHU3Y — pa3BeTBJIEHME LieNen B pe3ynbTraTe B3an-
MOLOENCTBNSA NOHOB ABYXBaNIEHTHOrO Xefesa ¢ rmapo-
NnepekncamMm NMnuaos

obpa3yeTcs HOBBIM CBOOOIHBIN paguKal — paguKal JIUIIOo-
nepekucu (LOO"):

L' +0,— LOO’

DTOT paaguKaJj aTaKyeT OIHY U3 COCETHUX MOJIEKYJI hocdo-
JuImaa ¢ oopazoBaHueM ruaponepekucu aunuaa LOOH u
HOBOro paaukaja L'

LOO'+LH — LOOH + L

YepenoBaHue ABYX MOCIEIHUX PEAKLUl U MPEACTABISIET
c000li LEMHYI0 peakInio TMepoKCUaanuu (TIepeKUCHOTO
OKUCJIEHMST) TUIUAOB (cM. puc. 3, BBepxy). CylliecTBeHHOE
YCKOpEHHUE MEPOKCUAALIMN JIMITUI0B HAOIIOJAETCSI B IPU-
CYTCTBUY HEOOJBIINX KOJIMYECTB MOHOB JIBYXBAJIEHTHOTO
xene3a. B 3ToM ciiydyae mpoMCXOIMT pa3BETBIECHNE LIETIEN
B pesyJbTaTe B3auMmogeiictus Fe’' ¢ rumponepexucsimu
JIATTUIOB:

Fe’* + LOOH — Fe’* + HO™ + LO’

Oo6pa3syroniuecst pagukaibl LO® ”THULIMAPYIOT HOBBIE LIETTN
OKUCJIEHUS IMTTUIOB (CM. puc. 3, BHU3Y):

LO"+LH — LOH+L; L'+ O, — LOO" u T.1.

B 6uonornyecknx MeMOpaHax e MOTYT COCTOSITh U3 Jie-
csiTKa 1 6osiee 3BeHbeB. Ho B KOHIIE KOHIIOB 11eMb 00pbIBa-
eTcs B pe3yJibTaTe B3auMOCHCTBUSI CBOOOIHBIX PaINKaIOB
¢ antnokcunantamu (InH), nvoHamMmu meranioB nmepemMeH-
HOW BaJeHTHOCTH (Hampumep, TeMu xe Fe?™) wmm apyr ¢
IIPYTOM:

LOO" + Fe** + H* — LOOH,

BAAOUMWUPOB H0.A. CBOBOJHbIE PAOUKANIbI B BUONOTMYECKNX CUCTEMAX
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LOO" + InH — In’",
LOO’ + LOO® — MoJeKysapHbIe TPOAYKTHI.

IlocnenHsisi peakuusi 0OCOOEHHO MHTEpeCcHa, ITOCKOJbKY
OHa COIPOBOXJAETCSI CBEYEHUEM (XEeMUJIOMUHECIICHIIN-
eit). MTHTeHCMBHOCTb CBEPXCJIA00TO CBEYEHNSI OTHO3HAYHO
OTpaxkaeT CKOPOCTb JIMMTUIHON MepoKCUaaIMU B U3yyae-
MOM OMOJIOTUYECKOM MaTepuaiie, U U3MEPEHUE XeMUITIO-
MMHECLIEHLIMY JIOBOJBbHO YACTO UCIOJIb3YETCSl TIPU U3Y-
YEHUU TEPEKUCHOTO OKHUCJIEHUS JIUIUAOB B Pa3TUYHbIX
obbekTax [2—4].

Buosnornueckue mocaencTBHS MePOKCHIANNM JIMIHIOB.
VBenuueHHOe 00pa3oBaHue CBOOOIHBIX PaIUKAaIOB B Opra-
HM3Me (KOTOpPOe MHOTJA Ha3bIBAIOT OKCUAATUBHBIM CTpEC-
COM) U CBSI3aHHOE C 3TUM YCUJIEHHE MPOLIECCOB MEPOKCUIA-
LIMM JIMTTUIOB COMTPOBOXKAAIOTCSI HAPYIIEHUSIMU B CBOMCTBAX
OMOJIOrMYECKMX MeMOpaH 1 (PYHKIIMOHUPOBAHUU KJIETOK.
Hawnbonee nzydeHbl TpY MPSIMBIX CIEACTBUS EPEKUCHOTO
okucieHust tununoB. [lepBoe ciaeacTBue — MepeKrucHoe
OKUCJIEHUE JIMITUIOB COMPOBOXAAETCS OKUCICHUEM TUO-
JIOBBIX (CYyIb(MIUIPUIBHBIX) TPYNIT MEeMOpaHHBIX OEJIKOB
(Pr). 910 MOXeT MPUBOIUTE B pe3yIbTaTe K HepepMeHTa-
TUBHOM peakuuy SH-Tpymir co CBOOOMHBIMM pagrKalaMu
yurmaoB. [1pu aTom 00pa3yioTes CyabGruapuIbHbIE paIy-
KaJIbl, KOTOPBIE 3aTeM B3aMMOIEICTBYIOT C 00pa3oBaHUEM
IUCYIbGUIOB IM00 OKUCISIOTCS KUCIOPOAOM C 00pa3oBa-
HMEM MPOU3BOAHBIX CYJIb(POHOBOI KUCIOTHI:

Pr—-SH+ L — LH + Pr-§',
Pr—-S' + Pr,—S" — Pr,—SS—Pr,,

Pr-§S' + O, — Pr—SO; —
—— MOJIEKYJISIPHBIE TPOU3BOJHBIE.

CBs13aHHOE C TEPEKUCHBIM OKUCJIEHUEM JIMITUIOB OKHCIIe-
HUe OeJIKOB 1 o0pa3oBaHUe OEJIKOBBLIX arperaToB B XpycTa-
JIMKe TJ1a3a 3aKaHYMBAIOTCSl €r0 MOMYTHEHUEeM. DTOT Mpo-
11€CC UTPAET BAXXHYIO POJIb B Pa3BUTUM CTAPUECKOM U IPYTUX
BUJIOB KaTapaKThl y yejoBeKa. boJbliryio pojib B MaTOJOTUU
KJIETKM MTpaeT Takke MHAKTUBAIMSI MOH-TPAHCIOPTHBIX
(epMeHTOB, B aKTUBHBII LIEHTP KOTOPBIX BXOAST THOJIO-
BbIE TPYIBI, B epBylo ouepeas Ca> -AT®aswl [6]. MHaK-
TUBALIMS 3TOTO (hpepMeHTa MPUBOIUT K 3aMEIJIEHUIO OTKa-
YUBAaHUST MOHOB KaJIbLIMS U3 KJIETKU U, HA000POT, K BXOILY
KaJIbLIVST B KJIETKY, YBEJIUYCHUIO BHYTPUKICTOUHOM KOH-
LIEHTpallM MOHOB KaJIbLIMS Y TIOBPEXIeHUIO KieTku. Ha-
KOHEIl, OKMCJIEHUE TUOJOBBIX IPYIIIT MEMOPaHHBIX OEJIKOB
TIPUBOINT K MOSIBICHUIO 1€(DEKTOB B TUITUIHOM CI0€ MEM-
OpaH KJIeTOK U MuToxoHapuit. [lox meiicTBMeM pasHOCTU
3JIEKTPUYECKUX MOTEHIMATI0B Ha MeMOpaHax yepe3 Takue
TOPHI B KJIETKW BXOAST MOHBI HATPUSI, @ B MUTOXOHIPUIA —
WOHBI Kajvsi. B pe3ysbraTe mpoucxoasiT yBeTu4eHue 0CMO-
TUYECKOTO JIaBJIEHUSI BHYTPU KJIETOK U MUTOXOHAPUI 1 UX

HaOyxaHue. DTO MPUBOIUT K ellle OOJIbIIIEMY IOBpeXIIe-
HUIO MeMOpaH.

Bropoii pe3yabTaT nepeKrMCcHOro OKMCASHUS JIUIIUA0B
CBSI3aH C TEM, YTO MPOMAYKTHl MEPOKCHUIALIMU 00JamaroT
CMOCOOHOCTBIO HEMOCPEACTBEHHO YBEJIMUMBATH MOHHYIO
MPOHMILIAEMOCTb JTUNUIHOro 6ucios. Tak, moka3zaHo, 4TO
MPOAYKTHI IEPEKUCHOTO OKUCICHUS JIMTTUIOB ACJIAl0T JI-
MUaHYIo ¢ha3zy MeMOpaH IMPOHUIIAEMO JIJISI MIOHOB BOIOPO-
a ¥ KaJgplusi. DTO MPUBOIUT K TTOTEPEe MUTOXOHIPUSIMU
CIIOCOOHOCTU OCYLIECTBIATh cuHTe3 AT®, 1 KjIeTKa oKa-
3bIBAETCS B YCJIOBUSX SHEPTeTUYECKOTo rojoma. OmHoBpe-
MEHHO B IIUTOIUIa3MYy BBIXOIST MOHBI KaJblLiMsl, KOTOPhIE
MOBPEXIAIOT KJIETOUHBIE CTPYKTYPBhI.

Tperuit (1, OBITb MOXET, caMbIii BaxKHBII) pe3y/IbTar
MEPOKCUIALIMU — 3TO YMEHbIIEHUE CTaOMILHOCTU JIMITUI-
HOTO CJIOSI, YTO MOXET MPUBECTU K 3JEKTPUUECKOMY IPO-
0010 MeMOpaHbl COOCTBEHHBIM MEMOpaHHBIM MOTEHIIMA-
JIOM, TO €CTb IIOJ JEHCTBUEM pPAa3HOCTU 3JIEKTPUUYECKUX
MOTEHLIMAJIOB, CYILIECTBYIOIIEH Ha MeMOpaHaXx KBOM KJIeT-
KU. DJIeKTpUIEeCKUil MpoOOii MPUBOAUT K TOJIHOM MmoTepe
MeMOpaHoii ee OapbepHBIX PyHKIIMIA [7].

KIIETOYHBIE CUCTEMBbI
AHTUPATTUKAJIBHOM 3AIITUATEHI

B HOpMaJIbHBIX YCIOBUSIX MpOIlecC MEePeKUCHOTO OKUCIe-
HMS1 JIMITUIOB HAXOAUTCS MO/ CTPOTUM KOHTpoJieM hepMeH-
TaTUBHBIX U He(MDEPMEHTATUBHBIX CUCTEM KIIETKU, OTYETrO
CKOPOCTb €ro HeBesMKa. [IprHSTO AeTUTh XUMUYECKUE CO-
eqMHEeHUsS U (U3NYEeCKHUe BO3ACHCTBUS, BIMSIIONIME Ha
CKOPOCTb MePeKNCHOTO OKUCIICHUSI JIMTTUAOB, Ha TIPOOKCH-
NaHThI (YCUJIMBAIOT MPOLECCHl MEPEKUCHOTO OKUCIECHUS)
U1 aHTUOKCUJIAHTBI (TOPMO3ST MEePEKNCHOE OKUCIIEHUE T -
maoB). K mpookcumaHTaM B JKMBOM KIIETKE OTHOCSTCS
BBICOKME KOHIEHTpallUM KHUCIopoia (Hampumep, Ipu
IJINTEILHON rumnepoapuiecKoil OKCUreHaluu O0JIbLHOTO),
(epMeHTHBIE CUCTeMbl, TeHEPUPYIOIIUE CYMEPOKCUIHbIE
panvkaibl (HanmpuMmep, KCaHTUHOKCHAa3a, (hepMEHTHI IJ1a3-
MaTU4ecKoil MeMOpaHbl (arolMTOB), UOHbBI ABYXBAJIEHT-
HOTO XeJe3a.

XoTsl caM MpoLECC MePEKUCHOTO OKUCAEHHUSI pa3BUBa-
eTcs B BUJE LEMMHbIX peakluii B TUMUAHON (aze MeMOpaH
U JIMTMIONPOTEMHOB, HayaJIbHbIe (2 BO3MOXHO, U TIPOMEXY-
TOYHBIC) CTAIUU ITOU CJIOXHOI CHCTEMBI peaKiuii MpoTe-
KaloT B BOgHOM haze. YacTh 3alIUTHBIX CUCTEM KJIETKU TaK-
K€ JIOKAJIU3YeTCs B BOAHOM (puc. 4), a 4acTb — B JIMITUAHOMN
dasze (puc. 5). B 3aBuUcCMMOCTH OT 3TOTO MOXHO TOBOPUTH O
BOIOPACTBOPUMBIX U THAPOMOOHBIX aHTHOKCHAaHTax. bo-
Jiee TIOAPOOHOE PAaCCMOTPEHHE 3TOTO BOMPOCA BBIXOIUT 3a
paMKu JaHHOM cTaThu (cM. [8]).

SAKTIOYEHNE

CyMMI/IpyeM OCHOBHO€ COICpXKAaHUEC CTaTbU. CB0OOIHBIE
pagvKajibl — 3TO MOJIEKYJISIDHBIE YACTUIIbl, HA BHELIHEH
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Cynepokcuna-

HOOH

G

o O O

Fe’t—>—— Fe*

3+
KomnnekcoHbl Fe L',eI'IHoe

HO® ————|okucnexHune
IMNnOoB

2

Puc. 4. AHTnokcmaaHTel BOAHOM dasbl. Henocpenct-
BEHHbIMW MPEeAWECTBEHHNKAMN MMAPOKCUNBHOIO pa-
Ovkana, VHULUMWPYIOLEro LEenHOe OKUCNEHWE NnMnu-
[O0B, C/TYXaT NOHbI ABYXBANIEHTHOMO XeNe3a 1 Nepeknch
Bogopoaa (unn obpasylowminecs U3 Hee rMnoxXIopuT).
Mo aTo npuinHe o6pasoBaHne paankana ruapokcuna
1 nepokcuaaums IMNuaoB TOPMO3ATCS BELLEeCTBaMu,
CHUXAKOLLMMN KOHLLEHTPaLUMIo OQHOrO M3 3TUX ABYX
coeauHeHun. K HUM oTHoCATCS PepMeHT Cynepokeua-
ancmyTtasa, depMeHThl kaTanasa v ryTaTMOHMEPOK-
cupasa U coeguHeHusi, CBA3blBalOLLME WMOHbI Xenesa
(KOMMNEKCOHbI)

LH 0, tH O,
HO" S L ~—> 100" L' 100" —

HOH LOOH SH-rpynnbl

Fe?'

rer
LO’

LH <

N
L LOH JloByLUKM
0, N pagvkanos
LOO*
v

Puc. 5. AHTUOKCUAAHTbI, TOPMO3ALLME pasBUTUE Len-
HbIX peakuuni B nunngHon ¢ase. LlenHble peakumn “Be-
nyt” ceobopHble pagukansl niunuaos (L v LOO'), pas-
BETB/IEHME Lenen npovCXoauT nNpu B3aMMOLEeNCcTBUN
NPOAyKTa NepoKCMaaLumMm — rmaponepeknucn nvnuaos
(LOOH) ¢ noHamu Fe?*. Bce coeiHeHUs1, CHUXaoLwme
KOHLEHTPALMIO NEePEYNCIIEHHbIX BELLECTB, BbIMOMHAIOT
dyHKkumio aHTMokcmaaHToB. Clofa oTHoCSATCS hepMeH-
Tbl pochonunasa v rmyTaTMoHNepPokKcnaasa, JIOBYLLKN
pagukanoB, KOTOPble Ha3blBAIOT MHOMAA “NUNUAHBLIMU
aHTMOKCMOaHTaMn”, COeauHEeHus, CBA3biBaloLme Xe-
1e30 (KOMMAEKCOHbI)

OpOUTAIM KOTOPBIX MUMEIOTCSI HECIapeHHBIE 3JEKTPOHBI.
Pagukanbl 06/1agaoT BEICOKOM peaKIIMOHHOI CIIOCOOHOC-
TBIO, M MX CTALlMOHApHasl KOHLEHTPALUS B KJIeTKaxX Bcerna
oueHb Masia. U3yueHne cBOOOIHBIX paaAKaIoB U PeaKIIuid,
B KOTOPBIX OHM YYaCTBYIOT, BeaeTcst MeTomamu DI1P, xemu-
JIIOMUHECUEHIIUM U IPYTUMU C UCITOJIb30BaHUEM MHTUOM -
TOPHOTO aHaiM3a. AKTUBHBIE (POPMBI KHCIOpPOJa, OKUCH
azoTa, JUMKWIHbIE PaluKalbl, paAuKalbl aHTUOKCUIAHTOB
U KCEHOOMOTUKOB MOCTOSIHHO 00pa3yloTcsi U UCYe3aloT B

KMBBIX KiIeTKax. YD-u3ayyeHre u o0JydeHre MOHU3NPY-
IolIel pagdanueil Toxe MPUBOAIT K 00pa3oBaHUIO CBO-
OOIHBIX pamMKalOB MOJIEKYJI-MulleHei. JIpamaTuyeckue
MOCEACTBUS JJIsI MEMOPAHHBIX CTPYKTYP KJICTKM MOXKET
WMETh peakiivs LeMmHOro (MepeKUuCcCHOro) OKUCICHMS JI-
nuaoB. CKOPOCTh ee NMPOTeKaHUs CYLIECTBEHHO 3aBUCUT OT
TIPUCYTCTBUS WMOHOB NBYXBAJEHTHOIO Xe€Jie3a, KOTOPBIE
Y4YacTBYIOT B 00pa30BaHUM paarKajia TUAPOKCUIIAa, UHULIM -
UPYIOIIETO LIETTHOEe OKUCIIEHWE, M B Pa3BETBJICHUN LieTieit
okucneHusi. [loBpexnatoiee neiicTBUE LIETTHOTO OKKCIIe-
HUS1 JIMTIAI0B HAa OMOJIOTMYecKue MeMOpPaHbI BbI3BAHO OKUC-
JICHWEM THOJIOBBIX TPYIIN OEJKOB, YBEJIWYEHUEM UOHHOM
TMPOHULIAEMOCTU MEMOpPaH U CHUXKEHUEM 3JIEKTPUYECKOU
MPOYHOCTHU JIMMIUIHOIO CJIOS MeMOpaH, YTO MPUBOIUT K
caMonpo0oI0 MEMOPAH 3JIEKTPUYECKUM TTOJIEM.

XKuBas kieTka BeIpaboTajia CUCTEMY 3alllUThl OT I10-
BpeXeH1s CBOOOAHBIMY paavkanamu. Bemecrsa, Topmo-
3s11lIMe peakliuy ¢ y4acTueM CBOOOIHBIX PaIMKaJIOB, JJOKa-
JIM3YIOTCSl KaK B BOIHOM cpele, TaK M B JIMIIMAHON a3e
KJIETOYHBIX CTPYKTYP.
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Peuenzenmor cmamou B.®. AnToHOB, A.®D. BaHuH,
A.B. Keccenux, B.I1. Cmunra, A.H. TuxoHos

* % %

Opuin AHgpeeBny Bnagumupos, npodeccop, 3aB. kade-
aopamun 6rodusnkm PrMY n gpumanko-xmmMmn4eckmx oCHOB
mMeguuviHbl MIY, akagemmnk AMH, pykoBoauTenb otaena
ornodpunsnkm NHcTUTyTa PU3NKO-XMMUYECKON MEeANLMHbI
M3 P®, naypeat locynapcteeHHo npemun CCCP. O6-
NIaCTb Hay4HbIX MHTepecoB — doTobmonorus, buodpunamrka
MemOpaH, Hayka 0 cBo6oaHbIX paankanax. Astop 400 Ha-
Y4HbIX paborT, Bkntoyas 11 MmoHorpaduii n y4ebHNKOB.
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