OINABAEHME

BRI CHIMC .o e 3

[1a6a [. MCTOpHSA OTKPBLITHS CBOGOIHBIX PAJTHKAIO0B

H OSIBJICHUA CBOOOIHOPATHKAILHOM T€OPHH OKHCICHUS oo\oovvvveeeen 7
Mup cBODOIHBIX PAAUKAIOB B OHOTOTHUECKUX CHCTEMAX ..o..vovveveeeen.a, 10
faaea 2. TIOHSTHE 0 CBODOTHOM PATHKANE ... 16
OnpenesieHRe CBOOOTHOTO PATMKAIA ...vvee. veeeieeeeereescreeeeeeasaanen, i6
HOMEHKITATYPA PATHUKATIOR .....oooiiviiie it en e, 7
THIBI OPOHTATIEHM ....ovviiiiiiiiiicc e e e ) I8
YCTONYUBOCTE (CTAOUIBHOCTD ) PAIHKATIOB «ooeeeeeeievreeeeeieeeiiereesereseinss et
Knaccuduranus ¢BoOOAHBIX paTHKasios.,
00Pa3yIOLIAXCA B OPTAHU3ME HUCTOBEKA H JKUBOTHBIX «.oevvvveeeveeeaa . 22

[1asa 3. Kncaopoa, ero cBoicTBA M aKkTHBHBIE GOpMBI KHcAoOpoaa ...24

CTpOeHHE aTOMa ¥ MONEKYJIbI KHCTOPOAR ..vvveeeereeeeeeeeeereeereeeenrn, 24
PeakutOHHAA CITOCOOHOCTD MOACKYIAPHOTO KUCTIOPOAA «vevvvvereerannn, 25
(JCHOBHBIE NYTH UCNOJIB3OBAHUS KHCIIOPONA B KIACTKAX ..ooovvveeren.., 27
OKCHAA3bl U OKCHTEHA3bl .........oe.... ., SOOI 28
JApyrie akTUBHbBIE MeTAOOANTE H CBODOAHBIEC PASTUKATBL ... v...........) 32

[1a6a 4. XapaKTepHCTHKA 0CHOBHbIX

AKTHBHbLIX (OPM KHCI0POAA, A30TA, XJTOPA, CEPBI.......oooveeveeenan) e 36
AKTHBHBIE QOPMBI KHCITOPOMA 1uvniviveeeeieeereerreerenreseeseasseienssenmsessesesaenss 36
CyNepOKCHAHBINA aHHOH-PAAHKAI (CYNEPOKCHI) wvvveeeerieeeeeeeieneeeeran... 37
MuTtoxonapuanbHble HCTOURUKH ADK ..., 37
Ob6paszosanue ADK B MUTOXOHIpUAX
BHE JJICKTPOHTPAHCIIOPTHOH METIH covvivvreiieeiiirerieeeereennvreensseniesssnns, 51
MepMEHTDI YHAOMLTA3MATHYECKOTO
PETHKYIYMa — HCTOYHUKH ADK ..., 54
NADPH-OKCHRA3 ... e, 58
KCAHTHHOKCHIIBA ..oviiviiceiiieiiiec e, ...066
O0pazosanne ADK
PH HEPEPMEHTATUBHOM OKUCIICHHH CYOCTPATA ...cocvevrevveerennn, 71
HEPEKHCE BOMOPOHA 1 vvvvviiviiiiiieiieee e e ee e 72
I MIPOKCHTIBHBIM PATMKAIT .oeoiiiiiiiiiiesiereie et e oo eeee e e e, 76

CHHEAETHBIH KHCTIOPOM «oovvvvvviieee e eees e eeeeieee e e et seeseetanseeseiennsasnss 79



Ocrqggienue 39]

Ll T o

AKTHUBHBIC (OPMBI 230TA ....... ettt ettt e eeeie et re e e ea e g1
OKCHIT 30TA .oiiiieiiiiiiiee e e eer et eseereeree e 81
NO-CHHTA3HI .............. O UOUR U UUPORRTPS 83
JIpyrue HCTOUHUKH OKCH/IA a30Ta (LUK OKCHAA 430T&) vevvvnveeerennnn. 94
[IperpalieHyds OKCHAA a30Ta B OPraHU3MeE
M MEXaHH3MBI €10 ASHCTBHA (APYTHE ADA) ..., 96
AKTHBHBIC (DOPMbI TATIOTCHOB (THITOTAMOMIBI) ... vivrveieeeeviiirieeeeeeeans 100
UTTOXNIOPHUT U APYTUE IIPOUBBOIBBIC cvvvivveirirniiierievrinsirerarirnierienne, 100
MuenonepokeHaasa HeUTPOPHIOBR .........oovvvviiiiieiieiiiiiiiiiieeee 101]
AKTUBHBIE DOPMBL CEPEL ooviiriiiiiiiiiieiieeieeiiereerieerentereesraesrnrersseteessanneans 105
TURABHBIA WIN CYILPrUAPUIBHBIH pagukan ¥ apyrue ADC ... 105

[hasa 5. Poib AKTHBHBIX (POPM KHCI0POAA, A30TA, XJI0PA B HHHITHANHH

CBOOOIHOPATHKAILHOIO OKMCACHHA DHOMOJEKYT ....ooovvieeiiviiniee, 107
[lepekrucHOE OKHCIEHUE H IPYTHE OKHCIMTENbHBIE
MOJUQDUKAIHY JTHITHIOB 1evoniiiierieeii e e eeeeea e en et e e s es e e s ernae e 107
[epexkucHoe okucacaue TUIHAOB (ITOJD) oo, 108
CTazuy NMEPEKHCHOTO OKHCICHHSA STHITHIOB ..ocevvniiniiieeeeneeeenannss 103
[IpOaYKTEI MEPEKMCHOrO OKUCICHUA THITHUAOR
(XUMHSA TTOI) ettt eens ] 14
DepmentatuBioe [10J] (oxkucneHue apaxuJIOHOBOH KHCIIOTHI) ...... 126
OO0pPaz’OBAHHAE HBOTIPOCTAHOB .......vvvvrrvrriresiesieireeieresertrnisiessessssmnmnnne. 133
HedepmenratusHoe HepaaukanbHoe [TOJT ., 136
CBOOOIHOPAIUKATBLHOE OKHCICHHE XOMECTEPHHA ovvvvvvneneeeeeeeenen 138
CBOOOIHOPAONUKAILHOE OKHCIICHHE NIa3MAaJIOreHOB,
W6037 030000045000 01 (o1 S 142
OKUCcHeHHE TUMUAO0B ¢ ydacTHEM ADA ..., 144
OKHCNEHHE THAPOPHUIBHON YaCTH MIHIEPO- U CHHHTONUTIHAOB .... 146
[TocnencrBus cBOOOAHOPAAUKAILHOIO OKHCACHUS JIUTIHAOB ......... 147
OxUcIUTEIBHAL MOANPUKALUMA OCHKOB .....ocoeeiviiirieiieriivviiiisnenseeneenn 148
OKHUCHEHUE OCITKOBOTO CKEIICTA ..vvvvvvvrvvvrrenisrrienrssresseriannresiantrmcrmnnses 150
DparMeHTalia OCTKOBOU MOITEKYITBI 11vvveeiiiieeieeieeieeieai e ceeeeeeeeanae, 151
OxucnuTenbHas MoIUdUKaLUs cCBOOOIHBIX AMUHOKHCIIOT
U AMHHOKHUCIIOTHBIX OCTATKOB B O€JTKAX ..i.ivvvieeeieiirivnieeieirinneneriennnn. 152
CaHT-cienuPUUEeCcKoe MeTa1-KaTaJu3upyeMoe
OKUCTICHUE OCITKOB ...ovvniiiiiiiiiiieiasieeeeeieiiarsieeeeesteaean s sesrerersanaseerenens 163
OxucnurenbHas MoaU(UKanus OeTIKOB ¢ ytlacmem ADA ... 1635
OxkucauTenbHas MoaurKalHg Oenxos ¢ yuactneM APX
(XJTOPHPOBAHHUE OCITKOB) ...iivvineiiiei e ettt ia e e recvenr e e e e enen, 165
(O0pa3oBaHHE KapOOHUIIBHBIX TPYIIN B COCTABE OCJIKOB ......ov......... 166
O0Pa30BAHUE CIIMBOK B OCITKAX ..oevvnieiietieeeiesiereressiarensensrennearaen, 168

ITocneacTBust OKHCIIHTEIIbLHON MOJTHPUKAIHH OCITKOB .....ccvvvvvinninnn, 166



392 Q.8. Famuna, H . Ewenxo CpoboguopaaukaibHee poilecchl B HHOI0rHn

OKHCIIUTEIBHOE TOBPEKACHHE HYKIEHHOBBIX Kucaot (JHK) ........... 172
HOBpEKICHHE a30THCTBIX OCHOBAHUM ......oeeovvveereeeeeeeessverrassenins 173
OxuciauTensHas MOIMQHKANUSE KE30KCHPHOO3DT ...ovvvvevvveeevesivnn) 180
O0pa3zoBaHUE TTOMEPEUHBIX CIUMBOK ......ccvverneeeeeereasresvreeeesassrsossns 183

OXHCIIUTENBHAS TECTPYKLHUSE YITIEBOMOB «ovveeeeeeereeeeeoseneeesseeseeeoeson. 186

[i1a6a 6. AHTHOKCHAAHTHASA CHCTEMA OPTAHH3MA ..ooovoeeveoeo o 190

DEePMEHTATUBHBIC AHTHOKCHIAAHTBL ..vveveeeeeeeieeeeeseesesseeeeeeesoresoeeoee o, 194
CYMEPOKCHIAUCMYTA38......0veeeerrerrernnnens e e e e n s 194
CYNEPOKCUIAPCIYRTABR .cvvvveveereeerireieeseseereseeeseeeeissssseseessnsssses e 201
Karanasbl ¥ TEPOKCHAABBY ....coovvvvviveeieeeeeceieeeeereeres e s onreesiesseens o, 201

KATATIA38 ..o e et 202
[ICPOKCHPEIOKCHHDBL.......coooiiiiiiiiiic et ee e, 207
CHCTEMA TYTATHOHA ...evvvveesiisieeireeereeemeesieeeeeeseress e eeseesses e, 213

[TyTaTHOH ¥ €10 DYHKIHH .v.ioovveieeiiece oo seeee e eeso 213

(DepMeHThl CUCTEMBI TTTYTATHOHA .......... et e te e r et s 217

[Ty TATHOHIIEPOKCHAAZA oottt eveereaeeas e et eeae e, 217

LY TATHORPEIAYKTARA ..ot 224

[ My TATHOHTPAHCHICPABA. ....vviieiieereiireeeeereereee oo eeaeeen 227
THOPENOKCHH H CHCTEMA THOPELOKCHHA .evveeneeeereeeereeeeersressvensn, 232
FRAYTAPEMOKCHHBI ..coooiviiiiiiiiiii it veeree s e e, 237
THOPETOKCHE-TIOTOOHBIE OEIIKH ...oe.vveeveeeeeeeeeeeees oo, 244

HehepMeHTaTHBHBIE AHTHOKCHIRHTBL ..eovvveeerenneeeeerreeereeoeeessoseseeon s 241
AHTHOKCUIAHTHAS POJIb ITYTATHOHA
H IPYTHX SH-COCTHHEHMM ......ovovviiiinceee oo, 241
DEHONBLHDBIE AHTHOKCHAGHTBI ....vvivicieeeveeeeeeeee v asse e eeseeres s, 243
KAPOTHHOMIBI 1.vvviiiiiiireee it es e e e et e e s eees e oo, 252
ACKOPOMHOBAA KHCTIOTR . ......eecviirivriiessaeeoneesseesensaasesrissoressesessesnns 255
MOUEBASE KHCTIOTA viiviiiiiiiseiie it ee e vveeeree e eea e e raanes 25%
I McTHnMHCOAEPKAIME AHTHOKCHIAHTHL ...... et e 261

Y4acTHe TOPMOHOB B Perynsiiiy

CBOOOITHOPAIUKATLHOTO OKHCIIEHHMA ©..evveeeissieeseseeeessesisesos e, 263

Pose MeTannoB nepeMeHHOM BAJICHTHOCTH

B PETYJALHH CBOOOTHOPAIHKATIBHBIX IIPOLECCOB ..ovevieivireresiensnsssnnss 269
TPAHCOEDPPHHEL ...t 270
JYAKTODEPPHH. ..ottt 271
LIEDYIIOMIAIMEH. ...t et 272
DEPDHTHH ...ooiiiiriieiiriiiiicee et setee s e e esersaeeeears e eeae e e eees s 274
METaTOTHOHEHHBL........occovviieiiiiiirerieeerresoreeseseeseenresses e 276

Jpyrue BapuaHTBl aHTHOKCHIAHTHBIX SPPEKTOB «ovevveeeeeeeeeeevierei, 277
«CTPYKTYPHBIH GHTHOKCHIAHT ©v1evvreveerreereesreseserseesesesssnss s, 277

CHCTEMBI PENaPAITHUA OHMOMOIEKYIT ... vveereeeeereeeeeeieeseeeeeeeesess oo, 278



(zrasgnenue 303

{1aea 7. PYHKHHOHANBHOE 3HAYeHHE CBOOOAHOPAAHKATILHBIX

IPOIICCCOB ...oeiiiieirnniiiritiiiereiesnnareresiarstutarasseartraetssenntasieeesssstnsssssnetsetenns 282

ADK u APA xax perymlmpm (PU3UOOTHUECKHUX DYHKUMHA ............. 283

MeXaHHM3MBl peannu3alii CUTHANBHBIX QYHKIUH. . \vvvivverrerienverinnnan. 288

ADK ¥ CUTHATIBHBIE KACKAIDBI...cvvevvvriieriiniinerenesienisinnserneersosnnne 291

ADK ¥ QakTOPBI TPAHCKPHITIIHE .....ciiieeieeieeeeeiieieeeieievereereaisa s 295

ADA 1 CHTHAIBHBIE POIIECCHI 1ovvvvveverriarrenrenrertennmnrermermrnmeersenmsmmmn 301
YyacTue NponyKTOB OKHCIKTEIbHOH MOIH(UKAIUH

MaKpOMOJIEKYIl B PETYIAIUH (PUIUOTIOTHYECKUX PYHKIUH. ............ 303

HerarusHoe AeHCTBUE CBOOOAHOPAAUKAILHBIX HPOIIECCOB....vvvvee..... 305

Inasa 8. U3MeHeHHe HHTEHCHBHOCTH ¢BOBONHOPAAMKAILHBIX
TPOHECCOB NMPH PA3IHYHbLIX PHIHONOTHUCCKHX

H HATONOIHYECKHX COCTORHMAX ..ooovviiriiriiiiiiiireeieieeriieriseieereenienresterneenins 311
A®DK 8 cTapeHUH M YHIOTEHHBIX TTATONOTHYECKHX
NPOLUECCAX (AL TOMYOECB) ...eciiiviiniin ittt e 311
CBoDOAHOPAAUKATIBHLIE TTPOUECCH] U HEUPONATOMOTHH ..ovvvvvvivreennnn.n 334
Oco0eHHOCTH NPOoTeKaHHA ¢BOOOIHOPAIUKATLHEIX
npoHecCOB B LIHC .. 334
Yyactue CBOOOTHOpaTUKAIBLEEIX IIPOIICCCOR
B PA3SBUTHU HEHPOIIATOIOTMH ...oeovneiiiniiiiiviiieieeeieee et e s e eeie e neeean, 347
KHCNOPONHAS HEMOCTATOTHOCTE vvvvierievrnrrrnssvrerresrnniereeenionsesnsenns 347
Pois cBODOAHOpAIMKATBHBIX MPOLECCOB B IIATOTEHE3E
HEUPO-JeTeHEPATHBHBIX U IICHXHYECKHX 3a00/IeBaHUM .............. 354
CNHCOK UCTTOJIb3OBAHHBIX COKPAIEHHM. ..........ccvvivvvinrins e eeeeceee e, 379
CIiHCOK HHTHPOBAHHOM JIHTEPATYPBI .....vvivieeeraeeirinreeeaeeeeriniaencreeens 382

CHHCOK PEKOMENOBAHHOM JTHTEPATYPDBE...c.ovvieiiiiriiiiiiieirnienriiniareereernnes 386



