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AHHOTaNUA

Jns 3 exTUBHOrO MOrOoNmEeHUsI KU3HEHHO Ba)XKHOTO MHMKpPOAJIEMEHTA, JKeje3a, B €ero
TpynHopacTBopuMor okucieHHor ¢dopme Fe(Ill), mpeobrmamaromeld B KUCIOPOACOACPKAITUX
BOJHBIX cpenax, MHOrHe OakTepuu CHHTE3UpYIOT BbICOKO addunnsie xemaroper Fe(Ill),
cunepodopsl. OgHokIeTouHas nuanodakrepust Synechocystis sp. PCC 6803 (manee Synechocystis),
[IMPOKO H3BECTHBIA MOJENBHBIM OOBEKT M3Y4EHHUS OKCHUI€HHOTrO (DOTOCHHTE3a, HE CHHTE3HPYET
coOCTBEeHHBIE CcUAECPO(OpPBI, OJHAKO €€ TeHOM KOAMPYeT BCE MpeIrojiaraeMble KOMIIOHEHTHI
orocpenoBanHoro cunaepodopamu mytu Tpancmnoprta Fe(Ill). DkcniepumMeHTaIbHBIE CBUACTEILCTBA
CYIIECTBOBAHMS TaKOro NyTH Yy Synechocystis 0 CHX MOp OTCYTCTBOBAJIH, OJHAKO IyTh
BOCCTaHOBUTEJIHPHOTO MOTJIONICHUS XKee3a, BKIoJaromuid BeicBoooxaeHne Fe(Ill) u3 xomriekcos,
B ToM uucie u3 Fecunepodopos, B pactBopuMoii BocctaHoBieHHOH (opme Fe(Il), Obi1 aeTanbpHO
u3ydueH. Hamm BmepBble mMokazaHo, 4yTo Synechocystis crmocoOHa HCIOJIB30BaTh B KadecTBE
€IMHCTBEHHBIX HCTOYHHUKOB JKeJe3a sl POocTa 4y>KepoJHble (KCeHO-) cuaepodopbl, a MMEHHO
nuruapokcaMmateie  kcenocunaepodopsl, Fe-mmzokunun (FeSK) mmubo cupepodop HuTUaTOU
nuaHoOaktepuu Anabaena variabilis ATCC 29413 (SAV). C nomo1ipio HanmpaBiIeHHOTO MyTareHesa
Mbl WHaKTUBUpoBanu 14 reHoB Synechocystis, KOAUPYIOUIUX MOTEHIUATbHBIE KOMIIOHEHTHI
XapaKTepHbIX [UIsl IpaMOTpULIATENbHBIX OakTepuid cucreMm TpaHcnopra Fe-cunepodopos. B
pe3yJbTaTe HaMH BBISIBJICHO 8 T€HOB, (DYHKIIMOHAIIBHO BOBJICUEHHBIX B IpsiMoii mepenoc FeSK wmu
SAV u3 cpenpl uepes 1Be MeMOpaHbl B IUTOIIa3My KJIETKUA. BMecTe ¢ Tem nHakTuBaius reHoB feoB
i futB u futC, xonupyromux cOOTBETCTBEHHO KOMIIOHEHTHI OCHOBHBIX TPAHCIIOPTEPOB CBOOOHBIX
nonoB Fe(Il) nnmu Fe(Ill) uepe3 BHyTpeHHIOI0 MeMOpaHy, HE Hapyllajia ciocoOHoCcTh Synechocystis
yrunusupoBath FeSK nnu SAV B kauecTBe €IMHCTBEHHBIX MCTOYHHUKOB jKeje3a. Takum oOpazom,
HaMHM DKCIEPUMEHTAJIbHO JO0Ka3aHO, YTO HE MPONyLUpPYIOIIas COOCTBEHHbIE CHIACPOPOPHI
nua”obakrepust Synechocystis MOMKET JIETKO TOIVIONATh ONpeAeTIeHHble KCEeHOCUAEepOodOopsI

KIIACCUYCCKUM IJId T'paMOTPHULIATCIIBHBIX 6aKTepI/II71 MMPAMBIM ITYTEM TPAHCIIOPTA 0e3 BOCCTAHOBJICHUS

Fe(IIl) B mepumiazme.

BBenenune

[{nanoOakTepuy OTHOCATCS K YUCITY JPEBHEHIINX OPraHWU3MOB; MX MCKOMACMBIM OCTaHKAM
okosio 3,5 mwmuapaoB jet [39]. BepostHO, oHM ObUIM TIEPBBIMH O0JaaTEISIMU OKCUTEHHOTO
(OTOCHHTE3a M CHITPAJIN IICHTPAIBHYIO POJIh B HAKOIUICHHH KHCIIOPOJa B 3eMHOM atMocdepe, uTo
KapJIWHAIBHO MOBJIMSIIO Ha SBOMIONHNIO KU3HH. Kak 1mosaraer Teopusi SHI0CUMON03a, XJIOPOTIACTHI

pacTeHui MPOM3OILIN OT APEBHUX MHAHOOAKTEPUI, YEM U OOBSICHSAETCST OOJIBIIIOE CXOJICTBO CHCTEM
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(dboTocuHTE3a y UX COBPEMEHHBIX MpecTaBuTeneil. B HacTosmiee BpemMsi iuaHOOaKTepUH OOUTAIOT B
Pa3HOOOPa3HBIX KOJOTUYECKUX HUIIAX OT MOYBBI M MIPECHBIX BOJ /10 OKEAHOB U CIIY>KaT OJTHUMU U3
OCHOBHBIX TEPBUYHBIX NPOAYLUEHTOB Ouocdepsl. bonee Toro, oHuM MNEpPBHIMH KOJIOHUZUPYIOT
3aCYIUIMBBIC TEPPUTOPHUH, U MHOTHE BUIbI PUKCUPYIOT MOJIEKYIISIpHBIN a30T [ 13]. YcraHoBIeHO, 4TO
BKJIaJ] {UaHOOAKTEpHii B 00LIYI0 MPOAYKTUBHOCTH Onochepsl nocturaet 25% [10; 14], a B pukcaruto
aTMoc(epHOro a3oTa B MOpsX U okeaHax — 50% [21; 22].

Kenezo, Onmarogapss ero Ba)XXHOW KATAJIUTUYECKOW POJNM B PA3IUYHBIX OMOXHMHUYECKUX
(GYHKIUSX KIETKH, SIBISICTCS HE3aMECHIUMBIM MUKPO3JIEMEHTOM JTsl Tipeobiaaaromeii yactu OakTepuit
[3]. OgHako B cpaBHEHHMH C TeTepoTpodHBIMH OakTepusmu, Hampumep, ¢ Escherichia coli,
[IUAaHOOAKTEPHH MMEIOT Ha MOPSAOK 0ojee BBICOKYIO MOTPEOHOCTb B Kene3e IS MOJAepiKaHHs
OoratbIX 3TUM MHUKpOdieMeHTOM (oTocucteM [4; 23].

B comepxkamein KuCiIopoa BOAHOM Cpelle JKENe30 HAaXOIUTCS MPEUMYLIECTBEHHO B
okucnennoit popme Fe(Ill) [7; 8], oOpasyromieit TpyIHOPACTBOPUMEBIE COSTUHEHHUS C YPE3BBIUANHO
HU3KOW OMOMOCTYMHOCTBIO [12; 15], 9TO sBISETCS OCHOBHBIM (DAKTOPOM OTpaHWYCHHS POCTa
nuaHoOakTepuii B Mectax ux oOutanus [6; 29; 48]. Iloatomy obGnaganue 3¢deKTUBHBIMU
MEXaHM3MaMH YCBOEHHS jKelie3a XU3HEHHO BaXKHO i LuaHoOaktepuil [46]. OauH U3 Takux
MEXaHHU3MOB, BBISIBJICHHBIN Y pa3UYHbIX OaKTepHii U TPHOOB, BKIIOYAET B ce0s CHHTE3, CEKPELIUIO U
BO3BpPATHBI TPAHCHOPT B MHTOIUIA3MYy HEOONBUINX OPTaHUYECKUX MOJEKYNI, cuaepodopos,
oOnanarolux 4pe3BblYaiiHO cuiIbHBIM cpoactBoM k Fe(Ill) [32; 45]. Brigensembie B cpeny
necheppu-cunepodopsl pactBopsaroT u cBs3biBatoT Fe(Ill), a 3atem B ¢opme Fe-cumepodopos
aKTUBHO TIOTJIONIAIOTCS KIIeTKOW. JlaHHBI MexaHu3M mpsiMoro mepenoca Fe-cuaepodopo B
LUTOIJIa3MYy XOPOILIO U3y4yeH y rereporpodubix Oakrepuii [11; 35].

JlaBHO TmOKa3aHO, 4YTO IIMAHOOAKTEPUM CIIOCOOHBI CHHTE3UPOBATh M YTHIM3HPOBAThH
coOcTBeHHBIE cHIEPOGOPHI, U ITA UX CIIOCOOHOCTH MO-TIPEKHEMY aKTUBHO uccienyercs [27; 49].
OpHako 0 CHX TIOP WX EAMHCTBCHHBIM MPEJICTABUTEIIEM C 3KCIEPUMEHTAIBHO BBISBICHHBIMHU
cUcTeMaMy OMOCHHTE3a U CeKpeluu JUTruapokcaMaTHoro cuaepodopa musokuHuHa (SK), a Taxxe
ero yrwinzamuu B ¢opme Fe-mmsokununa (FeSK), ocrtaercs Hutyaras a3oTdukcHpyromas
nuanoOaktepus Anabaena sp. PCC 7120 (nanee Anabaena 7120) [41; 36; 37].

OOBEeKT HaIIero MCCIeIOBaHMs, OJHOKJIETOYHAas IMaHoOakTepust Synechocystis, aKTHBHO
UCIIONIB3YETCSl B KAaueCTBE MOJICIHHOTO OpraHu3Ma JUIisi HW3y4eHUs HE TOJIBKO OKCHUTEHHOTO
dboTocuHTE3a, HO M CUCTEM TMOTJOUIeHHS JKene3a y nuanobakrepuit. [lockonpky Synechocystis
JUIIEHa TeHOB OMOCHHTE3a U CEeKpeluH CcuaepodopoB, U €€ HECIOCOOHOCTh MPOAYLHPOBATH
cuepodopsl JoKazaHa IKCIEPUMEHTATBHO, CIOXKHUIOCH 00Ilee MMIEPATUBHOE MPEICTaBICHUE O
MPUOPUTETHON CTpaTeruyl YTUIM3AllMU >Keie3a, U CBOOOJHOTO M OPraHUYeCKH CBS3aHHOTO, Y

nuranobaktepuit 3a cuer BoccranoBieHus Fe(Ill) B mepurutazme. OpHako KOAMPOBAHHWE TEHOMOM
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Synechocystis BceX TOTEHIMAIBHBIX KOMIIOHEHTOB TMIpsAMOro ummopTta Fe-cumepodopon
MPEIoIaralio CyIIeCTBOBAHWE Y HEE KIACCHYECKOTO CHIEPOdOp-OMOCPEIOBAHHOTO MYTH
noroteHus xene3a. C meabio MPOBEPKH 3TOTO NPEATIOIOKEHUS B HAllleH paboTe ObUIN TOCTABIICHBI
nBe 3amaun: (1) BEISIBUTH KceHocuaepodopsbl, npeacraisitomue 3G (GeKTuBHbIE UCTOYHUKH JKejle3a

st Synechocystis, u (2) uACHTUGUIIUPOBATH CYIIECTBEHHBIC IS UX YTHIIM3AIIUU TCHBI

Synechocystis.

MarepuaJjbl 1 METOIbI

B pabote ucnons3oBanu mramm gukoro tuma (WT; «MockoBckuii BapuaHT») Synechocystis
U MYTaHTbl, CKOHCTPYUPOBaHHbIE HamMH Ha €ro OCHOBe, a Takxke wmramMM WT HuT4aroit
nuaHoOaktepun Anabaena variabilis ATCC 29413 (manee A. variabilis) B ponu mpoayleHTa
kcenocuaepodopa SAV [44]. LuanoOakrepun BwipamuBanu npu 30°C dortoaBroTpodHo (mpu
MTOCTOSTHHOM OCBEIICHHUH 0€3 9K30T€HHOr0 MCTOYHHKA YriIepoja) JTU0O Ha TUIOTHOW (comaepikamieit
0,9% arapa) nu6o B xuakoil munHepanbHOM cpene YBGI11 [38]. B kauecTBe mpomMexyTOYHOTO
xo3siuHa pekoMOuHaHTHbIX JIHK-koHCTpyKIMii, cogepxaliux MyTaHTHbIE POU3BOIHBIC LIEIEBBIX
redoB Synechocystis, ncronp3oBau mramm Escherichia coli NM522 (nanee E. coli) [18]. Knetku E.
coli kynpruBupoBanu npu 37°C B Teuenue 18 u nubo B xuakoi nubo Ha miaotHOU (1,5% arapa)
Ooraroii cpexe LB [l] ¢ mobaBneHHeM OIpeaeieHHOTO aHTUOMOTHKA, reHTamunuHa (Gm),
kaHamunuHa (Km) wnm cnektuHomuinmHa (Sp), B KadyecTBE CENEKTUBHOIO areHTa C IENbIo
M30JIMPOBAHMS U COXPaHEHMsI HY)KHOTO PEKOMOMHAaHTHOrO KJIoHa. Bce OakTepuanbHble ILITaMMBI,
BKJIIOYass MYTaHTHbIE, TIOJIyY€HHbIC HaMH, COXPaHsJIM B KOJUIEKIMU Kadeapbl T€HETHKH
6uonornyeckoro gaxynprera MI'Y umenn M.B.JlomonocoBa.

B pomu Haunbonee BeposATHBIX 3((EKTUBHBIX HCTOUYHMKOB XKene3a s Synechocystis
TECTUpPOBaJIM 5 ruApokcamMaTHbIX Fe-cuiaepodopoB, 4 U3 KOTOPBIX SIBISUIMCH MPOIYKTaMHU
OuoTtexHomorn4eckux kommanuii: ¢peppuokcamun B (FOB) — Sigma-Aldrich; ¢eppuxpom (FCH),
dbeppuaspodaktun (FeAB) u FeSK — EMC Microcollections GmbH (Pucynox 1). [Istsiii o cuery
TUTHAPOKCaMaTHBIN cuaepodop SAV ¢ HEM3BECTHOW JOMOJUTMHHO CTPYKTypoH [44] mpUMEHsUH B
BUJIE CTEpWIIbHOIO (uibTpaTa KyJabTypbl A. variabilis, BbIpallleHHOW B YCIIOBUSIX TOJIOAAHUS IO
xene3y. Bece mepeunciieHHple KceHOCHAepodOopsl UCTIONIB30BAIH B KOHIIeHTparuu 10 MkM B cpene
0e3 CTaHJAapTHOrO HEOPraHMUYECKOT0 NCTOYHHUKA xene3a, conmu FeCls (YBG11-Fe).

Jlanee, O4eHb CKaTO, OMHCAHBI O0INAsT CTPATETHsI U 0a30BbIe MOJICKYIISIPHO-TEHETHIECKUE U
¢bu3noI0ro-6MOXMMHUYECKUE METOJbl JTaHHOTO ucciefoBaHus. [loMCK T'eHOB, MOTEHLIMAIBHO

BOBJICUEHHBIX B KOHTPOJb MMIIOpTa KceHocHuIepodopoB y Synechocystis, OCYyIIECTBISUIN C



MTOMOIIBIO0 PYTHHHOT'O OMOMH(OPMATHYECKOTO aHaIKu3a ee reHoMa. HaiiieHHble TeHbl peCcTaBIIsINn
MUIIEHb (YHKIIMOHAJIHHOTO aHalin3a, MOAPa3yMEBAIOLIETO WX HAMpPaBIEHHYIO WHAKTUBALUIO U
nocieayrolee u3yuyeHue GeHoTrIa COOTBETCTBYIOIIMX MyTaHTOB Synechocystis.

CrangapTHblil QyHKIMOHATBHBIN aHATN3 TeHa BKIIIOYAN B ce0sl CIIEAYIOIIUE ITAIbI.

1) [MIP-ammumdukarus ygactka renomaon JIHK ¢ renom-mMumensto mramma WT

Synechocystis.

(2) KionnpoBanue reHa B BEKTOPHOM IJIa3MHIE€ ¢ OTOOPOM peKOMOWHAHTHOM TIJIa3MMIbI
BE.
coli.

(3) WuakTuBanus reHa B peKOMOMHAHTHOH TUIa3MHUJIE 3a CUET JESJICIUH U 3aMEIeHHs TeHa
WU €r0 4YacTUh «KAacCeTOM YCTOMYMBOCTU» (COIAEPKHUT TI'€H YCTOMYMBOCTH) K ONpPEACICHHOMY
AaHTHOUOTHKY.

4) [ToydeHne «reTepo3UroTHOro» MyTaHTa Synechocystis ¢ HHAKTHBUPOBAHHBIM
TeHOMMUIIEHbIO €  TOMOMIbIO  TpaHchopMmanmuu  pPEeKOMOMHAHTHOM  masmuaod  (Jiubo
HEMOCPEACTBEHHO pekoMOMHaHTHBIM [IIIP-dparmMeHTOM, CHHTE3UPOBAHHBIM In  Vitro; CM.
cienyomuid  abzan) kimerok mrammMa WT ¢ pekoMOMHAllMOHHBIM 3aMEIIEHHEM B TEHOME
Synechocystis rena-muienn WT ero MyTaHTHOH MJIa3MHUIHOM KOIHEH.

(5) Otb6op (cerperamusi) «rOMO3MIOTHOrO» MyTaHTa Synechocystis B mporecce
MOCIIEIOBATEIbHBIX TIEPECEBOB OTIECIbHBIX KOJNOHHM Ha IJIOTHOH Cpelie C MOBBIIIAIONMIEHCS
KOHIICHTPALlMEH CEeNeKTUBHOTO aHTHOMOTHKA, YCTOWYMBOCTH K KOTOPOMY JIE€TEPMUHHPYET
TeHMapKep B COCTaBE WHAKTHUBHPOBAHHOW KONWU TeHa-MuIIeHH. [loaTBEpk)IeHnEe TOMO3UTOTHOTO
cTaTyca MyTaHTa COOTBETCTBYIOIIMMU AaHHbIMU [II{P-ananu3a.

(6) CpaBHHTEIBHOE M3y4YEHHE XapaKTepa pocTa 0TOOpaHHOro MyTaHTa U mramMma WT B
MPUCYTCTBUHU KceHocuaepodopa, 3¢heKTUBHOrO UCTOYHMKA kene3a B cpene YBG11-Fe. Ecau B
JaHHBIX YCJOBUSAX POCT MyTaHTa OBUI HapylleH, TO CJIEJOBaj BBIBOJ O CYIIECTBEHHOW pPOJIH
WHAKTUBHPOBAHHOTO T€HA B KOHTPOJIE YTHIIM3allUU KceHocuaepodopa kietkamu Synechocystis.

Bwmecte ¢ Tem B gaHHOM paboTe moaaBistoliee OONIBIIMHCTBO MyTaHTOB Synechocystis Ob110
CKOHCTPYMPOBAHO C IMpUMeHeHHeM 3((eKTHBHON YHU(PHUIMPOBAHHOW CTpaTeruu, OCHOBAaHHON Ha
MoaudummpoBanHoM Hamu noaxonae Nikawa, Kawabata, 1998 [33]. KntoueBasi 0cOOEHHOCTH 3TOi
CTpaTeruu 3akirodaercs B conpspkeHuu [P ¢ aurupoBanueM u «paciimpeHueM MepeKpbIBAaHUS
¢parmentoB JIHK. Kak BumHo wu3 Pucynka 2, ¢ ee NOMOLIbI0O MOXHO CHHTE3MPOBATH
pexom6bunanTHyto JIHK ¢ nnaktuBupoBanusiM renom B cepuu [P 6e3 Tpynoemkoro
MOJIEKYJISIPHOTO KJIIOHMPOBaHUS in vivo. B 1omonHeHMe K BBIINIECKa3aHHOMY CIEAYeT TaKxkKe
OTMETHUTb BAXKHYIO 0COOEHHOCTh Synechocystis kak 00beKTa TeHeTHKH. B oTiarune oT «MoJenbHOM»

E. coli, rammounHoit B crarmonapHoi ase pocta, kietka Synechocystis BBICOKO TMOJUTUIONIHA: 10
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60 xommii XpoMocoMmbl (TeHOMa) B cTanroHapHou ¢aze u 6osee 200 — B morapudpmuueckoit [19].

[TorToMy coxpanenue XoTsi 061 01HOM Konuu reHa WT y mytanTa Synechocystis SBIsIETCS 3a710TOM

€ro reHeTHYECKOM HeCTaOMILHOCTH U ACIAacT €ro MaJIOIIPpUIroAHbIM IJId I[aJ'IBHCfIH.ICFo HU3YUCHUA.

O,Z[HaKO B HalI€ BpEMs BOIIPOC «rOMO3UI'OTHOI'O CTaTyCa» MyTaHTa Synechocystis JIETKO U HAACKHO

peraeTcs ¢ MOMOIIBIO0 BRICOKOUYBCTBUTENBHOTO MeTona ITLP (mpumeps! Ha Pucynke 4).

A

®eppuxpom (FCH)

COOH
CH,
HN N‘(
N
o Q S o
O-::Fel.
o
(0] { /O
HN N4<
CH,
COOH

Fe-aspobaktuH (FeAB)

CH3
NH;

CH,
N T S g
OH | i
O = O /!
O‘~\~ \\ /I
___::,F\e
O"— I’I \\‘
o) g
| “\
HN\/\/NYO
CH

Fe-wmn3okmHuH (FeSK)

Puc. 1. MHcnomezoBanuble Fe-cunmepodopsr

C  IOJHOCTBIO YCTaHOBHeHHOﬁ

CTpyKTypoii: (A)

Tpuruapokcamarusle U (b) nurmapokcamarhele (kKapOokcuiaT-TUApOKcamMaTHbie). LlBeToM BbIIEIEHBI

XMMHUYECKHE TPYIIIbI, YYaCTBYIOIINE B 00pa30BaHWHU T'eKCaJIeHTaTHOTO KomIuiekca cuzaepodopa ¢ Fe(Ill),

3eJICHBIM — TH/IPOKCaMaTHBIE, CHHUM — KapOokcuiatHble. Mimmroctpaiuu (¢ HeOonbIIolH MoquduKanueil) u ux

ncrounnku: FOB u3 0630pa [16]; FCH, FeAB u FeSK u3 karanora EMC Microcollections GmbH

(2018/2019).



Xpomocoma Synechocystis WT
F1 F2
—
~
R1 R2
(D] NuP c Pfu AHK-nonumepasoit 1 npaitmepamun F1+R1/F2+R2
+
OTpenbHble peakummn nuruposaxus npoayktos MNMLP
ey ¢ kacceTtoint Gm7Km'
F1
~
R2
(11D [ NUP ¢ Pfu OHK-nonnmepasoii n npaiimepamn F1+Rc/Fc+R2
F1
+
R2
(IV) MNUP ¢ paclumpeHnem nepekpbisaHus dparmeHtos JAHK
¢ ncnonb3oBaHnem Taq AHK-nonumepasbl 1 npaimepos F1+R2
\ ’ \ 4
\ 7’ N 4
\N 7 N 7
x x
7 N 7 N
4 N 4 N
4 \ ’ A Y
/ \ / \
TpaHcdopmaums knetok Synechocystis WT n 3amelleHune reHa X B Xpomocome
€ro MHAKTUBMPOBAHHOW KONWEN 3a CYET ABONHOrO KPOCCUHroBepa no naHram

Puc. 2. Crpaterust HampaBJI€HHOW HMHAKTHBaLUS T'€HOB Synechocystis, MCIONb30BaHHAs HAMH B JAHHOU
pabote. ['opusonTansubie moaycrpenku — npaiimepst [T1P: F1, R1, F2 u R2 k reny X (3enensiit) 1160 Fc u
Rc k xaccere Gm' mnmn Km' (kpacnas ctpenka ¢ temHo-cepbiMu Quanramu). JHK-npoaykrer Pfu-I1LP un
kaccera Gm'/Km" umeroT Tymsle KOHIBI, KOTOphIe cBOOOAHO cumBaroTcs JIHK-nurasoit (uruposanue). B

CaMOM HH3Y IMPCACTABJICH MCXAHWU3M 3aMCIICHUS TICHA X B XpoMOCOME (FeHOMe) €r0 MYTaHTHbBIM
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MPOM3BOAHBIM 3a CUET JBYX AaKTOB T'OMOJIOTUYHOW pEKOMOWHAIMH, W JBOWHOTO KPOCCHHTOBEpPa

(nkcobpa3HO MmepeceKaroIInecs IITPUXOBBIE OTPE3KH), IO (hIaHraM reHa u kaccetsl Gm'/Km',

Pe3y.1'leaT[>I H 06cy>1<11e1me

TonB-3aBucuMas  yruwimsamuys  IUTHAPOKCAMATHBIX  KceHocuaepodopoB  nUaHOOAKTEpUEH

Synechocystis

buoundpopmarnuecknii aHanmm3 reHoma Synechocystis BbeisiBUII B HeM 14 TEHOB
MpeACKa3bIBaeMbIX KOMIIOHEHTOB TpaHcnopTa Fe-cunepodopos [20; 24]: 4 rena (schT, thuAl, -A2
u -A3) TonB-3aBucumeix tpancnoprepos (TBDTs) napy:xuoit memOpansrl; 4 rena (fecB1, -B2, -B3
u B4) nepuruiazmMatuyeckux cBsbiBaommx [cuaepodop] 6enkos (PBPs); 3 rena (fecC, -D u -E)
KOMITIOHEHTOB KopoBoro ABC-Tpancnioprepa BHyTpeHHeH MeMOpaHsbl, a Takxke 3 reHa (tonB, exbB1
u exbD1) komnonenToB TonB-cucremsr (Pucynok 3). PykoBoncTBysICh KOCBEHHBIMHU YKa3aHUSIMH Ha
MOTCHIIMATIBHYI0 CyOcTpaTHyo crnenupuaHocTh mnpeanonaraemMbix TBDTs Synechocystis, mbl
BBIOpanM 5 KCEHOCHIEPO(POPOB C IIETBbIO0 MPOBEPKH MX CIIOCOOHOCTH CIY)XHTh €IMHCTBEHHBIMHU
MCTOYHHMKAMU JKeJe3a JJIsl pocTa NaHHOW nuaHoOakTepu. KOHKpETHO, 3TO 2 TPUTHAPOKCAMATHBIX
dbeppucuaepodopa, FCH u FOB, u 3 nuruapoxcamatueix — FeAB, FeSK (Pucynok 1), a Takxe

cuaepodop SAV A. variabilis, qeranpHas XuMudeckas CTpyKTypa KOTOporo He pacmmdpoBana [44].

Koncrpyuposanue myrantoB AtonB u AexbBD1 Synechocystis

Eme B nHayasie paboTel HaMu OBLIIO OOHAPYKEHO, YTO TUTHUIPOKCAMATHBIN KCEHOCUIEpOoop
FeSK mnpu poGaenenun B cpeny YBGI11-Fe obGecneunBaer HOpManbHbIA pocT mrtamma WT
nuaHoOaktepun Synechocystis U, cleoBaTeIbHO, MOXET CIHYXHUTb A Hee 3(PQPEKTUBHBIM
UCTOYHUKOM kene3a. CormacHo oOmenpuHsaToil Mmonenu TonB-3aBucuMoro TpaHcmopra
FecunepodopoB y rpamMoTpuuaTeabHbIX OaKTepHil MOXHO OBIJIO MoJarath, YTO YTHJIM3ALUSA
KceHocuzaepodopa kinerkamu Synechocystis 3aBHUCUT OT (YHKIMOHUPOBAHHS €€ CUCTEMBbI
TonBEXbB-ExbD. {55t poBepKH 3TOT0 MPENOI0KEHHsT HAMH ObUTH CKOHCTPYHPOBAHBI MYTaHTBI
Synechocystis AtonB u AexbBD1 ¢ wuHakTuBHpoBaHHBIMH reHamu tonB u exbBl-exbD1,
cooTBeTcTBeHHO (PucyHok 4). 31ech Ba)KHO OTMETHTD, UTO Ha PucyHke 4 mpe/icTaBieHbl CTPYKTYPHI
u pesynbratel [II[P-ananuza eme 4 myrantoB, AthuA2, AfeoB, AfutC u AfutB, ckoHCTpyHpOBaHHBIX
U UCCJIEIOBaHHBIX B JIOrHueckoi cBszu ¢ mytanTamu AtonB u AexbBD1. Ilockonbky nogpobuoe
OIMCaHNe ITUX 6 MyTaHTOB B COBOKYITHOCTH SIBJISIETCSI CTEPEOTUITHBIM JIJISl JAHHOTO UCCIIeI0BaHus,
Janee ¢ LeIblo 00JIerYeHus BOCIPHUATHS CTaTbU OMYIIEHBI JI€Tald MOJEKyJspHoro aHamuza 10

JPYTUX U3y4EeHHBIX HAMH MyTaHTOB (cM. PucyHok 7).
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Synechocystis

fecD fecB1 fecB2 exbD1 tonB fecB4
(sir1317)  (sir1319) (sl11202) sI11407 (sli1405) (sIr1484) (sIr1492;

fecC fecE schT sl1203 fhuA1 pcrR fhuA2 exbB1 sir1488 pchR2 fhuA3 fecB3
(sir1316) (sIr1318) (sl11206) (smzos) s111204 (sl11409) (s111408) (slI1406)  (slI1404) sIr1485 (sIr1489) (slr1490) (sIr1491)

= (O (O = ) ) ) ) ) )

Anabaena 7120 (MHBepTUPOBAHO)

fecD1 fecB1
(all2585) (alr2583)

fecC1

e fecE1 iutA2
(all2586) (a"2584i alr2582 (alr2581) all2580

(Fomonoz (FComonoz
sI11203) pchR1)

-TBDT H PBP I‘ TM-nepmeasa d IM-AT®asza ‘ AraC-nogo6Hbli perynstop

Puc. 3. Kinacrep renoB Synechocystis, 14 13 KOTOPBIX KOJUPYIOT BCE MOTCHIIMATHHO HEOOXOIUMBIE OCITKH JIJIs

MOTJIOTUTENILHOTO TpaHcmopTa Fe-cuaepodopoB [20; 24]. I'eHbl ¢ pa3nUYarOIIUMUCS TPAHCTIOPTHBIMU

(hYHKIMSIME 3aKpalleHbl pa3HbIM IIBETOM U, B YaCTHOCTH, CepbIM — TpH TeHa TonB-cuctemsr, tonB, exbB1 u

exbD1. KpacHsiM BbIZeneHbl 3 reHa BO3MOXKHBIX AraC-TmOZOOHBIX PEryIsSTOPOB TPAHCKPHIIINH, (HYHKIIHH

KOTOPBIX B JAaHHOW cTaThe HE OOCYXITaroTcs. B HIDKHEH dYacTH TOKa3aH CXOOHBIH OTPE30K TeHOMa

nuanobaktepun Anabaena 7120, B npenenax kotoporo fecB1l u iutA2 (cTpykTypHBIH U (GYHKIMOHAIBLHBINA

romouior schT Anabaena 7120) y4acTBYIOT B KOHTpOJIe UMIIOpTa ee codcTBeHHoro cuaepodopa FeSK [37].

TM — TpancmemOpannasi (nepmeasa); IM — cBs3anHas ¢ BHyTpeHHei memOpaHoi (AT®da3za); ocranbHbe

COKpAIIleHHs Pa3bsICHEHBI B TEKCTE.

A AfhuA2 AexbBD1 AtonB AfeoB AfutC AfutB
Sp’ Km' Km'
Smal
fhuA2 ebe1-ebe1 tonB feoB futC futB
(sl11406) (sll1405-sl1404) (slr1484) (slr1392) (sl11878) (slr0327)
fhuA2 tonB feoB 5-futC 5-futB
> 2« 7 8« >10 11« 512 13« >14 15«
5-thuA2 “tonB
>3 2« >7 «9
exbBD1 ngp

fhuA2 5-fhuA2 exbBD1 5-exbB1 tonB 5'-tonB feoB 5'-futC 5'-futB
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Puc. 4. MonekymspHas CTPYKTypa U JI0Ka3aTelIbCTBO TOMO3UTOTHOTO cTaTtyca MyTaHToB AfhuA 2, AexbBD1,
AtonB, AfeoB, AfutC u AfutB Synechocystis. (A) JenenuonHo-nHceproHHas nHakTuBanus reHos thuA2,
exbB1l-exbDl1, tonB, feoB, futC u futB y MmyranToB. beblie yuacTKu F€HOB — JICJEIMH; CBETIIO-CEPhIC CTPEIKH,
MpoenypyeMble CBEpXy Ha JAejelud — WHcepuuu KacceT ycrohumBocth Km', GM' mmm Sp'. Otpeskw,
Ha/MMCaHHBIE UIMEHAMH T€HOB — y4yacTku reHoMma Juis [11[P-ananu3a; HyMepoBaHHbIE CTPENKU IO HUMU —
WCTIONB30BaHHbIe MpakiMepsl (A7 mpocToThl O0e3 HazBaHMii). (B) DnexkrpodoperpaMmel arapo3HbIX refei ¢
nponaykramu [I1[P-ananmm3a renomoB myTtantoB u mramma WT (koHTponb). OTCyTCTBHE crienmu(puIecKoro
¢parmenTa (momockl) JJHK mramma WT B IILIP-mpobe mMyTaHTa MOKa3bIBaeT €ro TOMO3WUTOTHOCTb. M —

JAHKwmapxkeps! (TrH).

Kcenocunepodopsl tpurnapokcamargoro tuna FCH u FOB He obecrieynBaroTt poct Synechocystis

KEJIE30M

B BrItieonmcanHoM Kitactepe reHoma Synechocystis Tpu rena, fhuAl, -A2 u -A3, KogupyrOT
notennuaibasie TBDTs Fe-cunpepodopos Tpuruapokcamatroro tuma [20; 24] (Pucynok 3). Kax
BugHO u3 Pucynka 5 (A, b), mramm WT u myrantel AtonB u AexbBD1 mioxo pocnu B cpene
YBG11Fe, a B npucyrctBun FCH u FOB ypoBHE uX pocTa naxe emie 00JbIe CHUKAIKCh.

CrnepnoBarenbHo, Tpuruapokcamatusie kceHocuaepodopsl FCH u FOB He Moryt cnyxuth

HCTOYHMKAMH kene3a Juid Synechocystis.

WT AtonB AexbBD1
-Fe FCH FOB +Fe -Fe FCH FOB +Fe -Fe FCH FOB +Fe
b
> | | |
34 44 4
A | 1 [
Q3 3 3
x
)
D2 21 2
S
g 1 11 1
0 Me——r— Ol_'_lu—u—'—l Ol_'_lu—n—'—l
-Fe FCH FOB +Fe -Fe FCH FOB +Fe -Fe FCH FOB +Fe
WT AtonB AexbBD1

Puc. 5. JleBstunneBnsie KynbTypsl mramma WT u myrantoB AtonB n AexbBDI1 Synechocystis B cpexne
YBG11-Fe (6e3 xenesa; —Fe) mubo B Hel xe, HO ¢ 10 MKM TpurnapokcaMaTHbIX kKceHocuaepodopos FCH
wm FOB. (A) ®ororpadun u (b) 3nauenust OD7so COOTBETCTBYIOIIUX KYJNBTYp (CpelHUE CO CTaHAapTHBIMU
OTKJIOHEHHAMH B 3 HE3aBUCHMBIX OmbITax). Ilomoxxutensupie kKoHTponu (+Fe): KynmpTypsl B cTaHAapTHOU

cpene YBGI11.
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Kcenocunepodopsl FeSK 1 SAV muruapokcaMaTHoro Tura cirykart 3¢ deKTUBHBIMUA UCTOUYHUKAMU

KeJe3a ajd Svnechocvstis, W UX HOOIIOICHHUEC HHaHO6aKTeDHeﬁ 3aBUCUT OT d)VHKHI/IOHI/IDOBaHI/Iﬂ

cuctembl TonB-ExbB1-ExbD1

W3sectabiMu nponynentamu SK u SAV B Mectax oOWTaHUs ITUAaHOOAKTEPHIA SBISIOTCS UX
HuTyaThie popmbl poga Anabaena: SK — Anabaena sp. PCC 6411 [40] u Anabaena sp. PCC 7120
[17], SAV — A. variabilis [44]. Dtu nBa kcenocuaepodopa, a takxke FeAB Toro xe Tuma, Obutn
MIPOBEPEHBI HAMU B POJIM BO3MOXKHBIX MCTOYHHMKOB 3keje3a A Synechocystis. Tak ke, Kak ObLIO
nokazano Bbiie (Pucynok 5), mramm WT u mytantel AtonB u AexbBD1 mioxo pocnu B cpene
YBG11-Fe (Pucynok 6, A u b). Onnako B npucyrctBun FeSK nmu SAV poct mramma WT, HO He
MYTaHTOB (YTO BaXXHO NOJYEPKHYTh), MPAKTUUYECKH TOJHOCTBIO BOCCTaHABIMBAJICS. TpeTuit
IUTUIpOKCaMaTHBI KceHocuaepopop FeAB He BoccTaHaBnuBanm poCcT HU OJHOTO M3 TpPeX
CpaBHHMBaeMBbIX IITAMMOB B cpejie 0e3 Heopranudeckoro xxene3a (Pucynok 6, A u b). Takum o6pazom,
mramm WT Synechocystis Mmoxker 3¢ dekTuBHO ncnonb3oBath kceHocuaepodopsl FeSK u SAV B
KaueCTBE aJIbTEPHATUBHBIX HCTOYHUKOB XKeJe3a, Toraa Kak MyTanTel AtonB n AexbBD1, nHanpoTus,
HE MOTYT.

[Tockonbky rensl exbBl-exbD1 o0bennHEeHBI B OIMH OMEPOH CO CIEIYIOIUM 332 HUMH T10
HanpasieHuio tpaHckpumiuu reHoM fhuA2 (@exbBl-exbD1-thuA2) [25; 43], oOHapyKeHHBIN
¢denorun myranta AexbBD1 mor ObiTh 00yCHOBIEH «HOJSpHOW» WHaKTHBanueidl reHa fhuA2,
kogupytomero npeanonaraemeiii TBDT [20; 24]. [loatomy HamMu ObUT CKOHCTPYMpPOBaH U
nojHocThIO cerperupoBad MyTaHT AfhuA2 (Pucynok 4, A, b), u3sydeHue KOTOporo, ojHaKo, He
BBISIBIJIO KaKUXJIMOO (PEHOTUINYECKUX PA3IUUUi MeXAy HUM M mTaMMoM WT B yCIOBUSX TaHHON
paboThI.

Takum obOpaszom, uid yTUIAM3alMM LuaHoOakTepueil Synechocystis kceHocuaepohopos
auruapoxkcamaTHoro tuna FeSK u SAV, a3 GpekTHBHO y10BIETBOPSIOMINX €€ HOTPEOHOCTh B JKeese,

HeoOxoauMa cucrema TonB-ExbB1-ExbD1. Hanporus, 6enok FhuA2, norennunanseiii TBDT

Synechocystis, He sBJIIE€TCS CYIIECTBEHHBIM IS TOTJIOLIEHUS 3TUX KCEHOCUIepOohOpOB.

I'ensl feoB. futB u futC He BoBJIeYeHBI B KOHTPOJIBL moriomenus xene3a u3 FeSK u SAV

muanobakrepuer Synechocystis

N3BectHo, uto y Synechocystis ompenenenHoe xonuuectBo Fe(Ill) Beigensercs wu3
IUruapokcaMaTHoro kceHocuaepopopa FeAB B nepunnazme myrem Bocctanosnenus 1o Fe(Il) [26;
28], xKoTOpoe, OJHAKO, BO3BPATHO OKHUCISAETCS B yCIOBUAX (oTroaBTOTpodHOrO pocra [47]. Mbl

nojiaranu, 4ro kceHocuaepogpopsl FeSK nu SAV moryt Tem sxe crnocodoM ¢y uTh 11 Synechocystis
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HMCTOYHMKaMH cBOOOgHOTO *Xene3a B AByx ¢(opmax, Fe(Il) m Fe(Ill), mepeHocumbix mamee B
UATOIUIa3My CIeNU(PUIHBIMA TpaHCHOpTepaMu BHYyTpeHHel wmemOpansl, FeoB u FutABC,
COOTBETCTBEHHO [24].

YToOBI MPOBEPUTH ATY TUIIOTE3Y, OBIJIM CKOHCTPYHPOBAaHBI MyTaHThI Synechocystis, AfeoB ¢
WHAaKTUBHPOBAaHHBIM ofHOMMEHHBIM TpaHcrnopTepoM Fe(Il), a Taxxke AfutB m AfutC, y xotopsix
HapyLIeHbI CYObEAUHHIIBI COOTBETCTBEHHO nepMeazHoro u AT®a3zHoro KOMIIOHEHTOB TpaHCIIOpTepa
Fe(III), FutABC (Pucynok 4). CooOpa3Ho U3BECTHOM CyIIecTBEHHOM ponu TpaHcnoptepa FutABC B
nornomieHnr noHoB Fe(IIl) [24], myranTter AfutB u AfutC nemoHcTpupoBaNM 3HAYUTEIHHO OoJiee
HU3KUH ypoBeHb pocTa, yeM MyTaHT AfeoB u mramm WT, He TONBKO B OTCYTCTBUH, HO JaKe B
MPUCYTCTBUH CBOOOIHOTO *kene3a B cpene (Pucynok 6, B, a taxke b s cpaBaenust ¢ WT). Ognako
BHeceHue kcenocuaepodopa FeSK B cpeny YBG11-Fe npuBoaniio kK BOCCTAHOBJICHUIO POCTA ITHX
Tpex MyTanToB A0 ypoBHs mtaMmma WT (Pucynok 6, B u b coorBerctBenHo). CrietoBaTeIbHO, TEHBI
feoB, futB u futC ¢yHkuMoOHAIIEHO HE CBsI3aHBI C UCHOJb30BaHWEM IHaHoOakTepueir FeSK B
KAauecTBE €IMHCTBEHHOIO HMCTOYHHKA Xeje3a (TO E caMOe YCTaHOBJIEHO B OTHowEeHHH SAV;

JaHHBIC HC HOKaSaHLI).

A WT AtonB AexbBD1
-Fe FeAB SAV FeSK +Fe -Fe FeAB SAV FeSK +Fe -Fe FeAB SAV FeSK +Fe
b
0 e '
Q3 3 3
X
)
o 2 21 2
2
g 1 14 1
a 0‘ —= OJI_'_Il—ﬂl—*—lr-'ﬂ I et et
-Fe FeAB SAV FeSK +Fe -Fe FeAB SAV FeSK +Fe -Fe FeAB SAV FeSK +Fe
WT AtonB AexbBD1

= | ]

’E: 4 l '

A mllL I I

Q3

¥ -

o

o 21

5 ]

5 1

o |

o

0 = =t
-Fe FeSK +Fe -Fe FeSK +Fe -Fe FeSK +Fe
AfeoB AfutB AfutC
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Puc. 6. [epstuaneBusie KynabTypsl mrammMa WT u myrtantoB AtonB, AexbBDI1, AfeoB, AfutB u AfutC
Synechocystis B cpene 0e3 sxene3a (—Fe) mubo B Helt ke, HO ¢ 10 MKM TUruapoKcaMaTHBIX KCeHOCHIEPO(hopoB

FeAB, SAV unu FeSK.

(A) @otorpaduu u (b) OD750 xkymeTyp mramma WT u myranToB AtonB u AexbBD1. (B) OD7s0 KymsTyp

mytanToB AfeoB, AfutB u AfutC. [lonmoxxurtenbHsie KoHTpOH (+Fe): KynpTypsl B ctangapTHoi cpene YBG11.

HpI/IBCI[CHI:I Cp€AHNE 3HAYCHUA OD7s0 co CTaHJAAPTHBIMHA OTKJIOHCHUSAMHU B 3 HE3aBUCUMBIX OIBITAX.

dvyukmuu regos cyoxitacrepa fecCDEB1-schT He0OX0MUMBI JUIS VITWIH3AMNUA KceHocuuepodopoB

AUTHUAPOKCAMATHOI'O THIIA HHaHOGaKTeDI/ICﬁ Svnechocvstis

Kpome Beime oxapakTepu3oBaHHbIX TeHOB tonB, exbBl, exbD1 u thuA2, eme 10
MMOMMEHOBAaHHBIX T€HOB M3y4yaemoro kiactepa (PucyHok 3) mpereHaoBaliv Ha ydyacTUE B KOHTPOJIE
umnopra kcenocuaepodopoB FeSK u SAV y Synechocystis. Hemansiii uHTEpec npeactapisii
cybknactep u3 5 reHos, fecC, fecD, fecE, fecB1 u schT, xoTopsle cornacHo ux mpeamnojaaraeMbiM
(GYHKIIUSM MOTJIH MOJIHOCTBIO 00ecreunBaTh MpsIMO MyTh MOMIIOIIeHHs KceHocuaepodopos. Urak,
ocraBiuecs 10 «reHOB-NPETEHIEHTOBY» TOXE ObUIM WHAKTUBHUPOBAHBI, U OTOOPAHHBIE MYTAHTHI

(PucyHOK 7) HOTHOCTBIO CErpEerupoBaIM B CTAHAAPTHOH cpesie (AaHHbIE HE TOKa3aHbl).

AfecB1 AschT AfhuA1 AfhuA3 AfecB3  AfecB4

fhuA1 —i1— fhuA3

sir1316 slr1317 slr1318 sir1319 sll1206 sll1202 sll1409 sir1490 slr1491 sir1492

Puc. 7. Monekynsipraas crpykrypa mytantoB AfecC, AfecD, AfecE, AfecB1, AschT, AfecB2, AthuAl,
AfhuA3, AfecB3 u AfecB4 Synechocystis. [Ipencrarinena cxeMa HHAKTHBAIIMKA COOTBETCTBYIOIIUX IEHOB
(Gernble CTPETIKH) ¢ 3aMEIICHUEM HX JeJIeTHPOBAHHBIX YYaCTKOB KACCETON yCTOMYMBOCTH K KaHAMHUIIMHY, Km'
(cepsie cTpenkun). ['OMO3UTOTHBIH cTaTyc Kaxaoro u3 3Tux 10 MyTaHTOB OBUT OATBEP)KAEH KOHKPETHBIMH

pesynbratamu [11[P-ananmnza (He moka3aHo).

deHoTunuyeckuii anaiau3 nocaenHux 10 nmomydeHHbIX MyTaHToB Synechocystis mokaszai, yTo
WHAKTUBAIUA Kaxa0ro u3 5 renoB cyokiactepa fecCDEB1-schT napymraet poct cOOTBETCTBYIOIETO
mytanTta B npucyrctBuu FeSK wmu SAV (Pucynok 8, A, b). HanpoTtus, B ciiydae MHaKTHBaIUH
fecB2, fecB3, fecB4, fhuAl umu thuA3 nHapymieHus pocta MyTaHTOB IpPU TEX K€ YCIOBUSX HE

Ha0monanmu (Pucynok 8, B, I).

Takum oOpaszoMm, kceHocunepodopsl FeSK u SAV aurmapokcamaTHOro Tuma sBISIOTCS

O6uomOCTYNHBIME M (P PEKTHUBHBIME HMCTOYHUKAMM >Kejle3a Uil IaHobakrepun Synechocystis,
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HECITOCOOHOW TMPOIAYIHMPOBATH COOCTBEHHBIC CHACPOGOPHL. YKa3aHHBIE KCEHOCHIEPO(OPHI
yTIH3upyroTcs Synechocystis ¢ momonisto npssmoro TonB-3aBrcHMOro TpaHCIIOPTa B IUTOILIA3MY
KJICTKH 0€3 ydJacThs OCHOBHBIX CHCTEM TpaHCIIOpTa Heopranmueckoro skeneza FeoB um FutABC.
Kpome 3 renoB TonB-cuctemsl, B KOHTPOJIb YTHIIM3AIIMU 3TUX KCEHOCHACPO(OPOB BOBICUYCHBI 5
reHoB cyokiactepa fecCDEBI1-schT. Koaupyembie 3TiMu reHaMu OCIIKH SIBIISIOTCS KOMIIOHEHTaMU
KJIACCMYECKON cucTembl mnormouieHusi Fe-cupepodopoB y rpamorpunarenbHbix Oaxktepuil. Ha
OCHOBaHUU PE3yJbTaTOB MPOBEJACHHOIO HAMHU HCCIEIOBaHHUS MIpeIokKeHa MOJEIb TpaHCIopTa
Fecunepodopos auruapokcamaTHoro tuma B ki1eTky Synechocystis (Pucynok 9). Kcratu, ren schT
Synechocystis ObLT HaMU Tak Ha3BaH MO UMEHM OJIMKaiiiero romonora y Anabaena 7120 — rena schT

(schizokinen Transporter), kogupytomiero ocnoBHoi TBDT sunorennoro FeSK [30].

A PocT kneTtok B 3HaueHns OD5
—Fg FeSK SAV -Fe FeSK SAV
WT ‘,‘ WT|0,358+0,008 | 3,484+0,197 | 3,443+0,145
AfecB1 e ra AfecB1|0,333+0,094 | 0,231+0.140 | 0,192+0,031
afecc| L ) AfecC|0,361+0,080 | 0,285+0,074 |0,196+0,076
AfecD AfecD|0,345+0,076 | 0,236+0,055 | 0,214+0,052
afecefC B VLW AfecE|0,305+0,077 |0,184+0,091 | 0,157+0,073
T \ -
aschTIE NN AschT|0,304+0,085|0,196+0,063 | 0,176+0,031
B PocT knetok r 3HaueHuns OD5
—Ee FeSK SAV -Fe FeSK SAV
WT .,. WT|0,358+0,008 | 3,484+0,197 | 3,443+0,145
AfecB2| :‘:.f AfecB2|0,365+0,076 | 3,380+0,165 | 3,440+0,206
AfecB3%, z.x‘ AfecB3|0,378+0,092 | 3,481+0.118| 3,288+0.185
S \‘> \}‘
AfecB4 ‘>. AfecB4|0,355£0,071 | 3,251+0,136 | 3,378+0,181
AfhuA1 " AfhuA1|0.346+0,079 | 3,31140,203 | 3,307+0,152
AfhuA3 t‘:‘ AfhuA3|0,338+0,094 | 3.410£0,171 | 3,146+0,162

Puc. 8. JleBaruanesnsie KyapTypsl mtamMmma WT u 10 MyTaHTOB ¢ HapyIIEHHBIMU T€HAMH H3Y4a€MOTO

knactepa, AfecB1, AfecB2, AfecB3, AfecB4, AfecC, AfecD, AfecE, AthuAl, AfhuA3 u AschT, Synechocystis

B cpene YBG11-Fe (—Fe) nu6o B Heii xe, Ho ¢ 10 MkM FeSK miu SAV.
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(A u B) ®dororpadum NTyHOK MHUKpOIUIAaHIIETa C ajJMKBOTAMH KyJbTyp, ycBauBamomux (B) mmbo
HeycBamBaommx (A) FeSK wmmm SAV kak emuHcTBeHHBIE McTOUHUKH skeneza. (b u ') 3mauenms OD7so

COOTBCTCTBYIOIIHX KYJIBTYP (CpCI[HI/IC CO CTaHAAPTHBIMU OTKJIIOHCHUAMU B TPEX HEC3aBUCUMBIX OHLITaX).

@ Fe-cupgepodop

HapyxHas
MeMbpaHa

Mepunnasma

TonB

BHyTpeHHsAS
MeMbOpaHa

ExbB1

Puc. 9. Mogens tpancnopra Fe-cunepodopoB quruapokcamMaTHOro THIA B KIIETKY Synechocystis.

B 3akitoyeHune BaKHO OTMETUTH, YTO aKTUBHBIMH IpoayleHTamu SK B mpupoze, moMumo
nuaHoOaKkTepHil, SBIAIOTCA 4acTo BeTpeuaromiasicss O6aktepus Bacillus megaterium [31], a Takxke
MaToOTeH U CUMOMOHT pacTeHui, Ralstonia solanacearum [9] u Rhizobium leguminosarum [ARI 917
[42]. BmecTe ¢ TeM SK mposiBisieT BBICOKYIO CTaOMJIBHOCTh HE TOJIBKO B BOJIE, HO M B BBICOXILIEH
nouBe [2]. [Toatomy Synechocystis, He 3aTpaurBas CBOM BHYTPEHHHUE PECYPCHI Ha TMPOMYKIIHIO
cuepodopoB, MokeT 3PPEKTUBHO KOHKYPHPOBATH C APYTUMU MHUKPOOPTAaHH3MAMH 32 HCTOYHUKH

JKelle3a B €€ €eCTECTBEHHOM cpefie 0OMTaHuUs.
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HNnenTudukanus MUKPOOPraHU3MoOB,
BbIJIeJICHHBIX U3 MUKPOOHOTHI besioro mopst

Kpasuosa T.P.12, Toactukos A.B.2, Besiepnu T.A.?

! Mockoeckuii 2ocydapcmeennviii ynusepcumem umenu M.B.JTomonocosa,

Meodwcoynapoonulil yuebHo-HayuHblll buomexuonrocuveckuil yenmp, 2. Mockea, Poccus
2 Mockogckuii 2ocyoapemeennwiii yuusepcumem umenu M.B.Jlomonocosa,
6uonoeuueckuti gpaxynomem, 2. Mockea, Poccus ® Hucmumym 6o0nvix npobiem
Cesepa Kapenvckoeo HI] PAH, 2. [lempo3zasoock, Poccus

OnHOKJIETOUHBIE BOJOPOCIM M IIMAHOOAKTEPUU HIMPOKO pPACIPOCTPAHEHbI B BOJHBIX
HKOCHUCTEMAX M MOTYT MIpaTh KIIOUEBYIO pOiib, AaBas a0 40% cymMMapHON (OTOCHHTETHYECKON
npoaykuuu. x uneHtudukanus npeacTapisieT 3HaYUTENbHYIO TPYJHOCTh B CUITy OTCYTCTBUS SIBHO
BBIPQ)KEHHBIX MOP(OJIOTHUECKUX PU3HAKOB, YIAbTPACTPYKTYPHON MIIACTUYHOCTH, AehOopMaIiy I
MOJIHOTO pa3pylieHust kietok npu ¢ukcauuu npod (Perkerson et al., 2011). [ns naxoxnaeHus
TaKCOHOMHMYECKOTO  IIOJIOKEHUSI ~TaKUX  MUKPOOPIaHM3MOB C  YCIIEXOM  HCIOJIB3YIOTCS
MOJICKYJISIPHOTEHETUYECKHE MeTOAbl. VIMEHHO Ha OCHOBE WX TPHUMEHEHHS BBISBICHO, 4TO
3HAYHUTENIbHAS YaCTh BHIOB OJHOKJIETOYHBIX OPTaHU3MOB B NMPUPOJHBIX BOJHBIX SKOCHCTEMAX €IIe
HE HISHTU(UIIMPOBAHA, COOTBETCTBEHHO, OTCYTCTBYIOT CBEACHHS 00 HMX pacHpOCTPAaHEHUU B
€CTEeCTBEHHBIX cpenax oOuTaHusa W (yHKIHOHATIBHOU posm B skocuctemax (Follows et al., 2007).
KoppekTHas naeHTH(UKaIsa BUIOB BOJOPOCIEH KpaifHe BayKHA [T TOHUMAHUS SKOJIOTHU BOJIHBIX
HKOCUCTEM U TJI00aIbHOW OMOXMMHH, a TaKXKe JUIsl YCHEIIHOTO MCIOIb30BaHUs BOJOpOCIEH B
OMOTEXHOJIOTHH.

MHorue MUKpOOpraHu3Mbl (POPMUPYIOT CUMOMOTHYECKHE aCCOIMALIUU C O€CTIO3BOHOYHBIMU
KMBOTHBIMHU Pa3HbIX TaKCOHOMUYecKUX rpymnn (3auka, 1991). Kononnansuelii rugpouns Dynamena
pumila, oburatommii B bemom Mope, o0pa3zyer accouuanM C OKCUT'€HHO (OTOTPOGHBIMU
mukpoopranuzMamu (OPM). Tpu nzonsra ODPM ObLII0 BBIAETIEHO U3 CHMOMOTHUYECKOTO COOOIIECTBa
runapousaa D. pumila. [l ux BunoBoi nACHTUDUKAIIMY B KAUECTBE MOJIEKYISIPHOTO MapKepa Oblia
BbIOpaHa HYKJICOTHAHAs MOCJIEI0BATENbHOCTb, cojepxkaiias Oomnpilyto yacTh reHa 16S pPHK,
BHYTpeHHUHN TpaHckpubupyembiii cneiicep 16S-23S pPHK wu wacte rena 23S pPHK. OOM
uaeHTU(OUIIMPOBAaHbl Kak muaHoOaktepun Synechococcus sp., Leptolyngbya sp., Nostoc sp.
I'enorumnsl Bcex Tpex OPM okazanuch yHUKATbHBIMA. DHIIOT€HETHUECKUI aHAIN3 TUITMPOBAHHBIX
Synechococcus sp., Leptolyngbya sp., u Nostoc sp. mokazain, 4To ux ONmKalmime pojACTBEHHUKH
OOUTAIOT B pa3HBIX OMOTOIAX KaK MOPCKHUX, TaK M IIPECHBIX BOJOEMOB Pa3HBIX IIMPOT Ha HECKOIBKUX

matepukax (Koksharova et al., 2013).
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W3mensitomumecs: HazBanus BumoB otaena Chlorophyta cemeiictBa Scenedesmaceae ponioB
Scenedesmus 1 Desmodesmus, MIUPOKO pacpOCTPaHEHHBIX B MPECHOBOAHBIX IKOCHCTEMAX, TAKKE
sarpyassitoT uneHtudukanuo Bogopocier (Elias et al., 2010). beima mpoBeaeHa MoEKyJIsIpHAS
uaeHTUPUKAIMS U (QUIOTEHEeTHYECKHM aHallu3 JYKAPUOTUYECKOM 3eJIeHOW MHKPOBOAOPOCIH
1HpP86E-2, uzonupoannoit u3 ryoku Halichondria panicea (Pallas, 1766), obutatomeii B bemom
Mope. B kadecTBe MOJNEKyJISIpHOTrO Mapkepa BbIOpaHa HYKJICOTHIHAs MOCIEAOBATEIbHOCTb IeHa
18SpPHK wmasnoii cydsenuuuibl pudbocomsl. MccnenoBanue mo3Bosnino otHectr n3oisat 1Hp86E-2
poay Desmodesmus, koTopblii moka3zai HanbobIIee PoJACTBO ¢ BojopocisiMu — Desmodesmus sp.
3Dp86E-1, uzonumpoanHoii u3 ruapounHoro noinuna D. pumila, ¢ 2CI66E, uzonupoBanHOi U3
runpouna Coryne lovenii (M. Sars,1846), ¢ 1Pm66B, n3onupoBanHON U3 TPOXO(OPHBIX JTUIUHOK
nonuxetsl Phyllodoce maculate (L.,1767). ®unoreHeTMyeckuii aHaaW3 IMOKa3aJ, YTO 3TO
OJIM3KOPOICTBEHHBIC OPTraHU3MBI, IPEJICTABUTEIHN OAHON MOHODomMTHYecKoi rpymisl (Kpasosa u
ap., 2013).

W3BecTHO, 9TO KYJIbTUBHPYEMbIC MUKPOOPTaHU3MBI COCTABIISIFOT MeHee 5% oT 001iero uucia
B ©CTECTBEHHBIX cpefax oOuTaHus. B cBsi3u ¢ 3TUM uIeHTHUUKALUS HEKYJIbTUBUPYEMBIX (hopm
BO3MOXXHA TOJBKO C MOMOIIbI0 METOJIa METareHOMHOTo aHanu3a. lcciienoBaHo reHeTHueckoe
pa3zHooOpas3ue BUAOBOrO cocTaBa OeIOMOpCKOro miaHKToHa kiacca Trebouxiophyceae meromom
BBICOKOIIPOU3BOJIUTENBHOTO cekBeHupoBanus obmactu V4 rena 18S pPHK. BreiaBiennsie
MOCIIEI0BATEILHOCTH MMEIOT HauOolblnee CXOACTBO 97% u BhIlIE C MPEICTABUTEISIMH POJIOB:
Apatococcus, Choricystis, Myrmecia, Picochlorum, Chloroidium, Dictyochloropsis u Trebouxia
(benesuu u np., 2022).

[Tpu naeHTHPUKAITTT HOBOTO TAaKCOHA, JUISl YTOYHEHHS €r0 TAKCOHOMHUYECKOTO TTOJIOKCHHS
KEJIATeIbHO HCITOJIB30BaTh HECKOJIBKO HE3aBHCHMO SBOJIFOIMOHUPYIONUX MapKepOB, HAIPUMED,
AIepHBIH M XJoporulacTHeIA. K coxkaneHuto, (QUIOreHeTHYecKUil aHanu3 HYKJICOTHUIHON
MOCJIE0BATEIHFHOCTH OJTHOTO TeHa HE BCET/Ia MTO3BOJISICT YCTAHOBUTH BUIOBOE ITOJIOXKEHHIE TAKCOHA.

Tak, HampuMmep, U3 OCCHHETO IUTAHKTOHA belloro Mopsi BbIIEIeHa KYJIbTypa BOJOPOCIIH,
nocinenoBarenbHocTh reHa 18S  pPHK  kotopoit umeer ©Gomee 99%  cxoactBa ¢
nocnegoBarenbHocTAMU Deuterostichococcus epilithicus (MT078166) 1 moYBeHHONH BOAOPOCIBIO
Stichococcus sp. (KX094827). ®unoreHeTndeckuil aHanu3 HE MO3BOIWI WACHTU(DUIIMPOBATH
JAaHHYI0 MUKPOBOJIOPOCIIb IO BHJIA, a OIpeaenui e€ 10 Ooiee BRICOKOTO paHra - cemeiicTBa. Tolbko
JanbHelnIee ccle0BaHle, OCHOBAHHOE Ha MCIIOJIb30BAHIH HECKOJIBKUX MOJICKYJISIPHBIX MapKepOoB,
MO3BOJIUT OTPECIUTh BUAOBOM CTATyC 3TOM MHUKPOBOAOPOCIH M ONPEISIUTh €€ YHUKATLHOE MECTO

B AKocucTeme bemnoro MOpH.
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2 Mockoeckuii 2ocyoapcmeennwiii yuueepcumem umenu M.B.Jlomonocosa,
axynomem 6uounicenepuu u buoungopmamuru, 2. Mockea, Poccus > Goethe
institute Frankfurt, 2. ®panxgypm-na-Maiine, I'epmanus

[TpocTarnanavHbl — BELIECTBA JIMIIUIHOW IPUPOABI, KOTOPBIE SIBISAIOTCA MEAUATOpPaMU
BOCNAJICHUSA, @ TAaKKE PETyIITOpaMu APYrUX BaXXHEWIIHMX (DU3MOIOTHUECKUX mpoueccoB [1].
KitoueBbIM 371€MeHTOM OMOCHHTE3a MPOCTArjaHIuHOB B OpraHU3Me 4esloBeKa SBIseTCs (hepMEHT
npocrarnanauH-H-cuaTaza (PGHS). On xaranusupyer [aBe TOCIEIOBaTEIbHBIC PEaKIUU:
LUKJIOOKCUIeHa3Hyto (oOpa3oBaHue npocrariananHa G2 B pe3ysbTaTe OKHCICHMs apaXWJOHOBOH
kucioThl (AA) kuciaopoaoM [2]) u mepokcuaasHyr (oOpasoBanue mpocrarianauHa Hz [3] B
pe3yibTaTe BOCCTAaHOBIICHUS IEPEKMCHOM rpymibl npocTarianania G2 10 CIMPTOBOM B IPUCYTCTBUU
noHopa 371eKTpoHoB [4]). anee u3 npocrarnanauHa Hz mop nelictBueM KoHBepTaz o0pas3yroTcs
apyrue (GU3HOIOTHYECKH aKTHBHBIE COCIMHEHUS - mpoctardanauisl Ez, D2, Faq, TpoMOOKcan Az u
npocranukiand [5-7]. PGHS nonasepraercss HeoOpaTUMO MHAKTHUBALMU B XOJ€ KaTalU3UPYEMbIX
peakuuii  [8-12]. depmeHT UHrHOUpyeTCSs  HECTEPOUIHBIMU  MIPOTHBOBOCHAIMTEIbHBIMU
npenaparamu (HITBIT) [13-15].

B obmem ciydyae, KHHETHYECKHUE SKCIICPUMEHTHI [0 MCCICIOBAHHIO CBOMCTB (PepPMEHTOB IN
Vitro mpoBOASTCS B 3aKPBITHIX CHCTEMaX, MPEAoarannmx godasieHue GpepmMenrta, cyoCcTpaToB U
JPYTUX YYaCTHUKOB PEaKLUU B OTJIEIbHBIE MOMEHTBI BPEMEHH, HO 0€3 UX IOCTOSTHHOTO IIPUTOKA B
peakiMoHHyl cucteMy. OAHaKO OpraHu3M HPEACTaBIseT COOOH OTKPBITYIO CUCTEMY, IJie
INPOUCXOIUT CHHTE3 U Jerpaganus (QepMmMeHTa, a NHPUTOK cyOcTpara MOMKET PperylupoBaThCs
Pa3NUYHBIMM BHEIIHUMHU (akTopamMu. Takum oOpa3oM, KMHETHUECKUE XapaKTEPUCTUKU 3aKPBITHIX
CHCTEM MOTYT COBEPLIEHHO HE COOTBETCTBOBATH IIOBEACHUIO OTKPBITBIX CUCTEM, U, COOTBETCTBEHHO,
cucteM in Vivo. Tem He MeHee, B IUTEPaType BCTPEUASTCS OUE€Hb MAJIO UCCIICOBAHU I KHHETUUECKOTO
noBeJeHUsT (EPMEHTOB B OTKPBITHIX cucTeMax. B pabote [16] paccMaTpuBaiM TEOpETHUECKYIO
CXEMY, YUUTHIBAIOIIYIO0 (PaKTOPbl CUHTE3a U JAerpajanuu (epMeHTa, a TakKe BHEIIHEro MPUTOKa
cyocrpata. B pabore [17] paccmaTpuBanu ciiydan pa3IMUHBIX TUIIOB MHTUOUPOBAHUS C y4ETOM
MMOCTOSTHHOTO MPUTOKA cyOcTpara.

Jlo HenmaBHEro BpEeMEHU B OTKPBITBIX CHUCTEMaX HE ObUIO HCCIEIOBAHO KHUHETHYECKOE
noBejieHHe (epMEHTOB, MOJBEPraloIIUXCcs HWHAKTUBALMU B IMPOLECCe pPEaKUMH U JEHCTBUIO
MeJIEHHBIX UHruOuTOpoB. B Hameit padote 2021 r. [18] MBI NpeAioKUIu TEOPETUUECKYIO CXEMY,
OTMCHIBAIOUIYIO0 BJIMSHHE WHTMOMTOPOB HAa MOTOKU OOpa30BaHMUS M YPOBHHU IMPOCTArjaHAMHOB B

OTKPBITBIX cUCTeMaXx, conepxammx pepment PGHS (puc. 1).
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Puc. 1. [IpeoOpazoBanus pepmenHTa 1 MpoAyKTa peakuu B OTKphITol cucteme [18]. E - cBoOomHEI hepMeHT
(PGHS), ES - xommmiekc depmenta ¢ cyocrparoMm (S, apaxumonoBas kuciora, AA), EI u E*I - koMIuiekch
¢depmenta ¢ uarndutopom (1), E** - unaktuBupoBannas popma pepmenTa, Ve - CKOpOCTh CHHTE3a (IIPUTOKA)
dbepmenTa, ki, K.1 - KOHCTaHTBI CKOPOCTH 00pa3oBaHMs U qccolraln KoMmiuiekca ES coorBeTcTBenHHO, ko —
KOHCTaHTa CKOPOCTH 0Opa3oBaHMs MNpOAyKTa peakuud, Ki - KOHCTaHTa WHTHOMpPOBaHMS Uil OBICTPOM
0o0paTUMO# cTaauy B3aWMOJECHCTBUS (epMeHTa ¢ WMHTHOMTOpoM, k+ M K. - KOHCTaHTBI CKOPOCTH ISt
MEJIJICHHOW CTaJ My MHI'MOUPOBaHUs, Kp - KOHCTaHTa MpeoOpa3zoBaHusl (HU3NOIOTHYECKH aKTHBHOTO MPOTYKTa
(P) B HeakTuBHBIe coemuHenus (P*), A - KOHCTaHTa CKOPOCTH HWHAaKTHBAaIUU (HEPMEHT-CyOCTpaTHOTO
KOMIUIEKCa B MpOLECCe PeakiMu, K¢ - KOHCTaHTa CKOPOCTH Jerpananui ¢pepmeHTa (IpUHUMAEM, YTO 3TO

3HAaUYCHHE OJIMHAKOBO I BeeX popm depmenta).

B paGote [18] MBI MoaenupoBaal KHHETHYECKOE IOBEACHHUE OTKPBITOM CHCTEMBI IpPU
HaJIMYUU WHJOMETaluHa (OTHOCUTCS K OOpaTUMBIM MHTHOMTOpaM) MM acHupuHa (HeoOpaTUMBbIi
MHTUOUTOD, T.€. 3HAYEHHUE KOHCTAHThI cKopocTu k- paBHO 0, cM. puc. 1). 3HaueHUsT KHHETUYECKUX
napaMeTpoB OBbUIM OINpeNeNeHbl M3 HKCHEPUMEHTOB IO HCCIIEIOBAHUIO LUKIOOKCHUTE€Ha3HON
aktuBHOcTH PGHS B 3akpbiTOif cucreme (B OTCYTCTBHE HMHIHOMTOpa WM TpU J00aBIECHUH
MH/IOMETAallMHa), a TAaK)Ke B3AThl M3 JIMTEPATYPHBIX NaHHBIX (3HAUEHUS KOHCTAHT JUIA 3aKpPbITOM
CHCTEMbl B MPUCYTCTBUM aCMHMpHUHA, 3HAYCHUsI BPEMEHH IMOJY>KU3HU npocTrarianauHoB Gz u Hz, a
TaKXe 00IMe JaHHBIE MO JIerpaslaliiy pa3InuHbIX pepMeHTOB). [Ipr MogeTMpOBaHUN KOHIIGHTPALUU
cyOcTpata M HMHTHOMTOpA CUUTAIUCH ITOCTOSIHHBIMHM, HO B HEKOTOpble MOMEHTHl BPEMEHU B

PE3YIbTATEC BHCIIHUX BOSMyHIeHI/Iﬁ 9TW KOHILOCHTpaluu MOITIM MI'HOBCHHO UM3MCHATHCA.
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Konnenrpanuu AA COOTBETCTBOBAIM PA3UYHBIX YCJIOBHSIM B OpraHu3Me (paccMaTpHBAIHCH 3
BapHaHTa — OObIYHbIE (DPU3UOJIOTHYECKUE YCIIOBHUS, BBIPAKEHHBIM OTBET OpraHu3Ma B Ipoliecce
BOCHAJICHUs, a TAKXKe MaToJIoruueckoe cocrosiuue). KonnenTpanuu nHruOUTOpoB COOTBETCTBOBAIIN
JTaHHBIM (apMaKOJIOTUYECKUX UCCIIETOBAHUI.

B pesynprate MonenupoBanus [18] ObUIO IMOKa3aHO, YTO OTKPHITash CHCTEMa BCeraa
CTPEMUTCSI K YCTOWYMBOMY CTAallMOHAPHOMY COCTOsIHMIO. [lepexosl B HecTalMOHapHOE COCTOSIHHE
OCYILIECTBIISICTCSI B pe3yjbTaTe BHEIIHEro BO3MYILEHHUS (PE3KOr0 H3MEHEHHUS KOHIICHTpAIUH
cyOcTparta WM HWHTHOMTOpA), HO CO BpEMEHEM CHCTeMa BCerjia MPUOIMKACTCI K HOBOMY
CTallMOHAPHOMY COCTOSIHUIO. 3aBUCHMOCTh IMOTOKAa IMPOJYKTa peakuuu (CKOPOCTH O0Opa3oBaHHA
MPOAYKTA PEaKIMH ) B CTAIMOHAPHOM COCTOSIHUM IpUHUMAET hopMy ypaBHeHUsI MuxasnucaMeHTeH,
a MpH HAIMYMKM MHTHOUTOpA B PEAKLMOHHOM CHUCTEME OHA COOTBETCTBYET KOHKYPEHTHOMY THUITY
MHTUOMPOBAHUSI.

[Tprmepsl 3aBUCUMOCTEN YPOBHS NPOAYKTA peakuy (KOHLIEHTPALMH MIPOIyKTa PEaKIIUK) OT
BPEMEHH JJIsl HECTAIIMOHAPHBIX COCTOSHUI MOCIIE BO3MYILIEHUS OTKPBITONM CUCTEMBI TTOKa3aHbI Ha

puc. 2-4 (B3satbl u3 [18]).

a) 0)
1,0
3 3,4
0,81 1,0
1
0.6 0,84
0 0,4 4 2
s 0,64
0,2
0,04 > 0,44
0 2 4 6 8 10 0.2 . . . . . X
Bpewms, 4 0 2 4 6 8 10
Bpems, 4

Puc. 2. Biussnue u3MeHeHHs KOHIIGHTPAI[MH UHTUOWTOpPA Ha OTHOCHUTENFHBINH YPOBEHb MPOJYKTA PEaKIUH
(Pret) B oTkpsITO# cucteme [18]. Konnenrparms apaxuaoHoBoil kucyiotsl — 0.01 MkM (a) u 10 MxM (6). B
MOMeHT BpeMenu t = () koHIeHTpanus uHaoMeTanuHa yeenuuunack ¢ 0 10 2 MM (1), ¢ 0 g0 20 MxkM (2);
KOHIIeHTpanus acniupuHa yBenuumiack ¢ 0 1o 10 MxM (3), ¢ 0 1o 100 MxM (4). 3a enuHHILy IPUHAT YPOBEHB

MMpOAYKTa pE€aKun 10 BOSMYIICHHA CUCTEMBI.

a) 0)
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Puc. 3. BiusiHue u3MeHeHHs: KOHIIEHTPAIMH CyOCTpaTa Ha OTHOCHTENIBHBIH YPOBEHb MPOLyKTa peakimu (Prel)
B OTKpBHITO cucteme — 3ddexT uHmomeranuHa (a) u acnupuna (6) [18]. HauanpHas koHLEHTpamus
apaxunoHoBoil kuciaotel —0.01 MkM, a B MoMmeHT BpemenH t = 0 oHa yBenuuuinach A0 10 MkM. Konnentpanus
uHgomerarHa pasHa 0 MkM (1), 2 MM (2), 20 MxM (3); konnenTpaims actuputa — 0 MkM (1), 10 MxM (2),
100 MxM (3). 3a eauHHILY IPUHAT MaKCUMAaJIbHBIN CTAIIMOHAPHBINA YPOBEHb MPOIYKTA peakimu (mpu [S] — oo

Y B OTCYTCTBUE UHTUOHUTOPA).
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Puc. 4. BiusiHue u3MeHeHus: KOHIIEHTPAIMK CyOCTpaTa Ha OTHOCHTENIBHBIN YPOBEHb PO yKTa peakiuu (Prel)
B OTKpbITOM cucteme [18]. HauanbHas KOHUEHTpauus apaxuAOHOBOM KHUCIOTHI — 10 MKM, a B MOMEHT
Bpemenu t = 0 ona ysenmuumiaachk 10 500 MmxM. Konnentpanus uagomeranuaa — 0 MM (1), 2 MmxM (2), 20
MKM (3); xoHneHtpamus acrmpuaa — 0 MxM (1), 10 MmxM (4), 100 mxM (5). 3a enuHUIYy TPUHAT

MaKCUMaJIbHBIA CTALIMOHAPHBINA YPOBEHb MPOAYKTA peakUuuu (Ipu [S] — o0 U B OTCYTCTBHE HHIHOUTOPA).
B pesynbrare MonenupoBaHUS HECTAIMOHAPHBIX COCTOSHUM [18] ObLIO MOKa3aHO, YTO MPH

no0aBiIeHUM MHAOMETAallMHa B OTKPBITYIO CHUCTeMy HaOmrofaerca JAByX(asHbI XapakTep

BO3MYUIEHHUS (pUC. 2), T.€. ypOBEHb IPOTYKTA ITOCIIE PE3KOTO MaJIeHNs] BOCCTaHABIMBAETCS 10 HOBOTO
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CTaIMOHApHOTO cocTostHMs. J1Jj1s1 HeoOpaTuMoro HHruOUTOpa acnupuHa (puc. 2) mogooHoro r3¢dexra
He HaOJIroaeTcs.

[Tpu pe3koM MOBBIIIEHUH KOHIIEHTpAIMK cyOcTpara B OTKphITON cucteMe (puc. 3-4) Ttakxke
Habo1aeTcs AByX (a3HOCTh — CHauaja MPOUCXOAUT ObICTPBIM pOCT YPOBHSI MPOAYKTA, a 3aTeM 0oJiee
MEJIEHHOE TMaJieHHe [0 HOBOTO CTAallMOHAPHOTO COCTOSHUA. B 3TOM ciiyuae B NpUCYTCTBHH
nHaoMeTanuHa (puc. 3a) (B OTIWYHUE OT acliMpuHa, puc. 30) HaOMoAaeTCs MapagoKCaaIbHbIN YPheKT
MOBBILICHUS YPOBHS MPOJYKTAa MO CPAaBHEHHMIO C KOHTpoJieM 0e3 uHruburopa. Ero taxxke MOXHO
OOBSICHATh  OOpPaTUMOCTBIO MHTHOHMTOpA: CHayala MPOMCXOAUT HaKoIieHHe (epMeHT-
WHTHOUTOPHBIX KOMIUIEKCOB, a 3aTe€M BBICBOOOXKICHHE (EpPMEHTAa W3 HHUX IPHU IOBBIIMICHUU
KOHIIeHTpanuu cyoctpara. T.e. oOpaTuMblii HHTUOUTOP BEAET ce0s KaK «JIemo» i aKTUBHOTO
dbepmenra.

Crout 3aMETHTh, YTO €CIIM HadalbHasi KOHIICHTPALUs CyOcTpara JIOCTaTOYHO BBICOKA (pHLC.
4), TO IpH €ro Pe3KOM BO3pPACTaHUU B OTCYTCTBUE HHTHOUTOPA YPOBEHB MPOJIYKTA MPAKTHUECKU HE
MEHSIETCs, & IPH HATMYUK 0OpAaTUMOTO MHTUOUTOpA B PEAKIIMOHHOW CHCTEME BO3PACTAHUE YPOBHS
MPOJAYKTa U, COOTBETCTBEHHO, A(P(EeKT «Ierno» Oojee 3aMETHBI AJI BBICOKMX KOHIIEHTpaluil
UHTHOUTOPA. DTO MOKHO OOBSCHUTH TEM, UTO KOHIIEHTpalus (PepMEHT-UHTHOUTOPHBIX KOMILIEKCOB
B CTAllMOHAPHOM COCTOSIHMM (JI0 PE3KOr0 TOBBIIMICHHUS KOHIEHTpAlUu cyOcTpaTa) MpPUHUMAET
O0nbIIMe 3HaYeHWs i Oosiee BBICOKMX KOHIEHTpalMd HHTUOMTOpa, W, COOTBETCTBEHHO,
KOJMYECTBO BBICBOOOXKIaeMOro (epMeHTa (Kak UM H3MEHEHHE IOTOKa MPOJyKTa) B pe3yibTaTe
BO3MYILICHHUS TAK)KE YBEJTUUUBAETCS 10 CPABHEHHIO € 00JIee HU3KUMU KOHIIEHTPAIIMSIMU HHTHOUTOPA.
Kpowme toro, B oTiimume ot puc. 3a, ”HAOMETAIMH Ha pHC. 4 B TOPa3/10 MEHBIIEH CTENCHH TPOSBIISET
WHTHOUPYIONUE CBOMCTBA M3-32 KOHKYPEHTHOTO XapakTepa WHTHOWPOBAHUS, YTO W MPHBOIUT K

Ha0J1t0/1aeMOMY yBEIMYEHHIO 3(PPeKTa «Aernoy» MpU BBICOKUX KOHIIEHTPAIUSIX HHIHOUTOpA.

Hanee B pabore [19] MBI uccnenoBanu, Kak (akTop MHAKTUBAIMKU (DepMEHTa B MpOIEcce

peaxkiuy BIUsSET Ha yPOBEHb IPOJYKTA B OTKPBHITOM CUCTEME B IPUCYTCTBUU UHIOMETAILIMHA (pHC. 5).

a) 6)
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Puc. 5. [19] (¢) BnusiHue u3MeHEHHUS] KOHIICHTPAIIMH HHTHOMUTOpA Ha YPOBEHb MPOYKTA PEAKIIUU B OTKPHITOH
cucteme. KoHmeHTpamus apaxumoHoBoi KUCIOTEI — 10 MkM. B mMoMeHT BpeMeHn t = 0 KOHIIEHTpaITus
uHaoMeTarHa yBenumumwiach ¢ 0 1o 2 MM (1, 2), ¢ 0 no 20 MM (3, 4). (6) Bnusaue u3MeHeHHS
KOHIIEHTpAIK cyOCcTpaTa Ha YPOBEHb MPOAYKTa PEAKIUN B OTKPHITON cucTteMe. HadanbHas KOHIEHTpaIs
apaxuoHoBo# KucIOTeI — (.01 MkM, a B MomeHT BpemeHH t = 0 oHa yBenmuuiack 1o 10 mxM. Konnentparus
ungomerarmua — 0 MxM (1, 2), 2 MmxM (3, 4).

1, 3 — ectb mHakTHBaIMA (epMEHTa B Mpollecce peakuuu. 2, 4 — WHAKTUBalMU HeT. Bce 3aBucMMOCTH
MIPUBENICHBI B MTOTyNIoTapupMudeckux koopanHaTax. CKopocTs CHHTE3a (pepMeHTa MpruHrManach papHou 10

®> MKM/ceK, 3Ha4€Hus OCTAIBHBIX TApaMeTPOB U HOpMyYIIbl puBeaeHsI B [18].

bbuo nokazano, uro 3¢dexrsl, HabM0JaeMble B IPUCYTCTBUU MHAOMETalHA (ABYX(pa3HbII
XapakTep BO3MYIIEHMsI B pe3yjibTaTe A00aBlE€HHUS WHTHUOUTOpAa, a TAKKE IOBBIIIEHUE YPOBHS
MIPOJYKTa MO CPAaBHEHUIO C KOHTPOJEM 0e3 MHIMOUTOpa MpHU PE3KOM MOBBILIEHUH KOHIIEHTPAILUH
cyOcTpara), HE MpOSIBISIOTCS B OTCYTCTBHE HMHAKTHBAIMM (EpMEHTa B XOJ€ peakiuu. Takum
oOpasom, wuHaktuBauust PGHS saBnsercs crabunusupyromuMm — (HakTopoM  UIsl  YPOBHS
IpocTarjaHAnHa B CUCTEME, T.€. I10CJI€ PE3KOr0 U3MEHEHUS B Ty UM MHYIO CTOPOHY 3TOT YPOBEHb

YaCTHUYHO BOCCTAaHABJIMBACTCA.

B Hacrosiiiem nccieoBaHuu Mbl MTPOAOIKIIIN MOAETUPOBAaHUE CUHTE3a MPOCTArjaHIMHOB B
cucteme, coaepxamieit hepment PGHS. Ms1 paccMoTpenu ycioBusi, aHaJIOTHYHBIE pUC. 2-4, HO B
TOM YHCJIe JUIsl TEX TUIIOTETUYECKUX CITy4aeB, KOT1a OJHOBPEMEHHO C BO3MYIIIEHUEM CUCTEMBI (TIpU
t = 0) mpekpamaercs cuHTe3 ¢epmeHTa. To ecTh, MOKa3aHO BIUSHUE (HAKTOpa «OTKPBITOCTH»
PEaKIMOHHON CHCTEMbl (HaJIW4Yus IOCTOSHHOTO MpPHUTOKAa (epMeHTa) Ha H3MEHEHHE YpPOBHS

MIPOJYKTA Peakuu OT BpEMEHH B PE3YJIbTaTE BO3MYILEHUSI CUCTEMBI (pHC. 6).

a) 6)
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Puc. 6. (a) Biusinne u3sMeHeHUs KOHLCHTPAIIMK HHTUOUTOpa Ha CrieliM(UUSCKUI YPOBEHB MPOAYKTA PEaKIIUH
(w). KoHueHrpanus apaxumoHOBOM KucIOTHl — 10 MkM. B momeHnt Bpemenm t = 0 KOHIIEHTpAI[Hs
uHIoMeTarHa yBenmumiach ¢ 0 1o 2 MM (1, 2), ¢ 0 no 20 mMxM (3, 4). (6) BiusHue u3MeHEHHS
KOHIIEHTpAIK cyOcTpaTa Ha crenupuiecknii ypoBeHb MPOoAyKTa peaknun (7). HauanmbHas KOHIEHTpaIus
apaxuI0HOBOM KUCIOTHL — 10 MKM, B MoMeHT BpeMeHu t = 0 ona yBenuuwninacek A0 500 MkM. Konnenrpanus
ungomerarmua — 0 MxM (1, 2), 2 MmxM (3, 4).

1, 3 — orkpbitas cucrema; 2, 4 — oTkpeiTas cucrema (10 t = 0) u 3akpeiTas cucrema (mocime t = 0).
Crnenudurveckuii ypoBeHb NPOAYKTA pEaKIM{d pPaBeH OTHOUICHWIO YPOBHS MPOJYKTa K CTallHOHAPHOH
KOHIIEHTpaIy (epMeHTa B OTKPBITOW CHCTEME B OTCYTCTBHE CyOcTpaTa WM mHTHOMTOpa. HeoOxomumebie

(hopMyIbI 1 3HAUEHHS TapaMeTPOB MpHUBeieHbI B [ 18].

JIOTHYHO TIPEATIONIOKUTh, YTO Il 3aKPBITOH CHUCTEMBI, TP HAJIWYUN WHAKTHBAIUU U
nerpananuu ¢pepmMeHTa, KOHIeHTpalus ¢pepMeHTa (Kak ¥ CKOPOCTh 00pa30BaHUs MPOAYKTA PEAKIIUH )
BO BpeMst HaOIroAeHus Oy/IeT cTpeMUThest K Hy 0. CrenoBarenbHo, ¢ ya€ToM npeodpa3oanus P B
P*, ypoBeHb mpoaykTa Takxke OyIeT CTPEMHUTBbCS K HYNIO. DTO MOATBEPAMIIOCH C TOMOIIbIO
AQHAJINTUYECKOTO PEIICHUSI COOTBETCTBYIOIEN CUCTEMBI ypaBHEHUH [18].

Takum oGpasom, ecnu B cucrteme ¢ npucyrctuem ¢epmenta (PGHS) u cybctpara (AA),
Haxojd1Ielcs B CTAlMOHAPHOM COCTOSIHUH, MOSIBJISIETCS. MHTUOUTOP MHIOMETAIMH U OJIHOBPEMEHHO
npeKpalnaeTcs cuHTe3 pepMenTa, To 3PpPexT AByxpazHocTu ucuesaer (puc. 6a). Ecnu xe B cucreme
PE3KO BO3pacTaeT KOHIEHTpalus cyOcTpaTa M OJHOBPEMEHHO C 3TUM IPEKpalIaeTcsi CHUHTE3
¢depmenTa, To B o0mieM ciyyae OBYX(a3HOCTh COXpaHSETCs, HO MOCie OBICTPOrO pocTa YpOBHS

MPOJIYKTa MIPOUCXOIUT €T0 MaJACHUE 10 HYJIS (JaHHBIC HE IPUBEICHBI).

OpnHako OBIBAOT Cilydau, KOT/Ia IPU PEe3KOM BO3PAaCTaHUU KOHLIEHTpAIMK cyocTpaTa s et
IBYX(a3HOCTH JUISL 3aKPHITOM CUCTEMbI MPAKTHUECKU Hcye3aeT (puc. 66). ITo MPOUCXOIUT TOTAA,

KOTla HadajibHasA KOHILCHTpalHA cy6CTpaTa J0CTAaTOYHO BBICOKA, H JanbHElIIee YBCIUYCHUC €TO
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KOHIICHTPAIIMH MTPAKTHYECKH HE MIPUBOJIUT K POCTY YpOBHsI poayKTa. Eciu B 3TOM cirydae nipu t = 0
npeKpalaeTcst CHHTe3 (hepMeHTa, TO POCT YPOBHS MPOAYKTA B PE3YJIbTaTe H3MEHEHHUST KOHIICHTPAIIUU
cyOcTpara TpaKTHYECKH cpa3y IKe IepeKphIBacTCs TNaJCHUEM JTOTO YpPOBHS BCJICICTBHE
YMEHBIICHUS KOHIIEHTpaIK epMeHTa U CKOPOCTH 00pa3oBaHus poaykTa. Eciu ke B cucteme npu
3TOM HaXOJHUTCS HEKOTOPOE KOJIMYECTBO 0OPATUMOTO HHTUOUTOPA, TO B OTKPBITON CUCTEME YPOBEHB
MPOJIyKTa OYyJIET BHIIIE, Y€M B OTCYTCTBHE MHTHOUTOpa (3P(HEKT «Iemo», CM. paHee B TEKCTe), a B
3aKpBITOW CHCTEME YPOBEHBb IMPOAYKTa OYJET MmajgaTh MEIUICHHEE, YeM B OTCYTCTBHE HHTHOUTOpA
(puc. 60). [lnst Gonee BHICOKMX KOHIIEHTPAaLM HHTHOUTOpa HAYaJIbHBIA POCT YPOBHS MPOAYKTA MPU
PE3KOM YBEIMYEHUU KOHIIEHTPAIMU CcyOcTpaTa CTaHOBHUTCS 3ameTHee, W 3PdekT nByxdaszHoctu
CHOBAa TPOSBIAETCS, T.K. B OTOM CiIy4yae KOJIMYECTBO (DEpMEHTa, BBICBOOOXKIAaEMOE U3

(bepMEeHTHHIHONTOPHBIX KOMILIEKCOB, OY/IE€T BBIIIE (JJaHHBIC HE IPUBEICHBI; TAKXKE CM. PUC. 4).

Pe3ynbTaThl, MOJyYEHHBIE B XOJ€ MOJEIMPOBAHHUS, MOTYT CBHI'PAaTh BAXKHYIO POJIb JUIS
nanpHenmmx uccienosanniit HIIBIT in vitro u in vivo.
Pabota BBINIOJIHEHA C MCIIOIB30BAaHHEM 000PYI0BAHMSI, IIPHOOPETEHHOTO 3a CYET CPE/ICTB

IIporpammel pa3Butrss MOCKOBCKOTO YHUBEPCUTETA.
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Hogble ¢pakThl 0 OMOMeMOpaHaxX M MX BKJIIOYECHHE B
pa3padaTbiBaeMyI0 NPOrpaMMy JIEKIMOHHOI0 Kypca
"BBejleHue B HayKy 0 OmomemoOpanax'

Hosuxkos K.H.}, Octpoymos C.A.!

1 — Mocxkoeckuii cocyoapcmeernnulil ynusepcumem umenu M.B.Jlomonocosa,
ouonoeuueckuii paxyromem, 2. Mockea, Poccus

AHHOTALUA

[Tpu pazpaboTke mporpamMmsl JEKIIMOHHOTO Kypca 1o Teme “BBenenue B HayKy o OmomembOpanax”
1esecoo0pa3Ho BKIIOYHTH B IPOrpaMMy OCBELICHHWE, B TOM YHCIE, IPUMEPOB TOCIEIHUX
pe3yabTaTOB B HCCIIEJOBaHUM OMOMEMOpaH C HCHOJb30BaHHWEM Haubojiee COBPEMEHHBIX
Oouodusmueckux MerojoB. B craThe mokazaHO, Kak HOBBIE JaHHble O OuomMeMOpaHax M HUX
KOMIIOHEHTaX MOKHO MCII0JIb30BaTh JJIs MOJIEPHU3ALIMY JIEKIIUI 0 OnoMeMOpaHax — B TOM YUCIIE, HA
IpUMepe pe3yJbTaTOB M3Y4EHHUs OpaH)keBoro kaporuHouaHoro oenka (OCP, orange carotenoid

protein) 1uaHoOAKTEPHIA.

KiaroueBble cjioBa: 6I/IOMCM6paHBI, O6pa30BaHI/IC, BBOHHLIﬁ KypC, MOJACpHU3aIUs, KAPOTHUHOUIHBIC

OenKku, OpaHKeBbI KAPOTUHOUIHBIN 0eloK, InaHoOaKkTepuH, poTo3amura.

Panee 6butH OITyOIMKOBaHbI MaTepHabl O pa3paboTke yueOHOro Kypcea 1o teme «BBenenue
B Hayky o OuomemOpanax» [1, 2]. Ileap 5Toif myOnaukanmuu — JOMOJHHUTH 3TH MaTepHUaibl
MPEUIOKEHUSIMH BKIIIOUMTD B YU€OHBIN Kypc HEKOTOpPbIE HOBbIE (DaKThl, TOTY4YE€HHBIE IPU U3YYEHUU
OnomeMOpaH.

ABTOpBI IPEJIAaratoT BKIOYUTE (aKThl B CISAYIOMINX 00JacTAX U3yYeHus: OnomeMOpaH.

1. JIunuaneiil Oucnoil O6uomeMOpaH SKCTPEeMO(MIBHBIX OakTepuil — HOBBIE BUBI
JUMUJO0B, HAIPUMeEp, Y TEPMODHUIIOB.

2. KaporuHouanble 6enku 1iuaHo0aKTepuil.

3. Pononcun-nono6usie Oenku OakTepuidi W OCHOBAaHHBIM HAa HHUX HOBBIA THI
¢dorocunTesa 6e3 xmopodua.

Konkperusupyem 3TH MpeUIoKeHUsT Ha npuMepe (akToB, MOTYUYEHHBIX NMPH OTKPHITUU H

HU3YUCHUU KApOTUHOUJHBIX OCJIKOB HHaHOGaKTepHﬁ.
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[Ipumepom Takux OEIKOB SIBISIETCS OPAaH)KEBBIM KapOTHHOMIHBIN Oellok (orange carotenoid
protein, OCP). OCP - mpeacraBuTen» HOBOTO Kjacca OEITKOB.

Benok OCP 6bu1 BnepBeie omucan B 1981 rogy Xonrom u Kpormanuom [3], xoTopsie
BBIJICJIWJIM €r0 U3 OJHOKJICTOUHOM 1ranobakTepun Arthrospira maxima (Holt TK, Krogmann DW,
1981). Dra BaxkHas mybauKanus o3arjiaBieHa kpatko: "A carotenoid-protein from cyanobacteria" (B
xypHaie Biochimica et Biophysica Acta (BBA) — Bioenergetics). Pon Arthrospira, kommepuecku
M3BECTHBIN Kak Spirulina, mpeacTaBieH HUTYATHIMU [UAHOOAKTEPUSMH C JaBHEW Tpaauuuein
ynotpeOieHus ux B nuiry. Bug A. maxima Bctpedaetcs B L{eHTpanbHOM AMepUKe.

B 2000 romy ObUIO TPOAEMOHCTPUPOBAHO, UYTO ITMAHOOAKTEPHUH MOTYT OCYIIECTBIIATH
dorozamuTHOE TylieHHe (GIYOpeCcUEHIIMM HEe3aBHUCHUMO OT (a30BBIX IEPEXOJ0B JIHUIHJIOB,
muddepennmanbHoro TpancMemOpannoro pH u maruburopor (El Bissati et al., 2000) [4]. Ora
nyonukanus o3ariasinena “Photosystem Il fluorescence quenching in the cyanobacterium
Synechocystis PCC 6803: involvement of two different mechanisms” (toxe B xypnane Biochimica
et Biophysica Acta (BBA) — Bioenergetics). [{uano6akrepust Synechocystis PCC 6803 sBisiercs
OJHOKJICTOYHBIM OpPTaHM3MOM, CIOCOOHBIM pacTH U aBTOTpodHO, W rereporpodHO. ITa
nuanobakrepust Synechocystis PCC 6803 - derBepThlii OpraHu3M, TE€HOM KOTOPOro ObLI
pacmmdpoBan. IT0 nepBblii GOTOTPOPHBIN OpraHU3M, TEHOM KOTOPOTO OBLT MOJHOCTHIO BBISBJICH.
[Muanobakrepusi Synechocystis PCC 6803 — onuH 13 U3M00JICHHBIX MOJACIBHBIX OPTaHU3MOB JIJIs
MCCIICIOBAHMSI PA3IMYHBIX BOIPOCOB OMOJIOTHH.

O kpuctammnaeckoit ctpykrype OCP 6bu10 coobmeno B 2003 roay (Kerfeld et al., 2003) [5]
B ctatbe: "The Crystal Structure of a Cyanobacterial Water-Soluble Carotenoid Binding Protein" (B
KypHaie Structure).

B wu3ydyenue BompocoB cTpykTypbl U ¢(yHkiuu Oenxka OCP u cBSI3aHHOrO € HUM
MOJIEKYJISIPHOTO KOMIIJIEKCa OINpeNeIeHHbI BKJIaJ BHECIU paboThl poccuiickux ydyeHbix (MIY,
PAH) 1 ux coaBTOpPOB W3 JIpyTHX HAy4YHBIX ydpexJeHuil (Hampumep, [6-12]). HoBble HayuHbIE
pe3yibTaThl, IMOJIyY€HHbIE B O3THUX paboTax, ILeaecoo0pa3HO OTpa3suTh B BHIIICYOMSHYTOM
JIEKITHOHHOM Kypce.

Hekoropas nngopmanus o pezynpratax padOT pOCCUHCKUX YUEHbIX IpuBeaeHa B Tabmune 1.
Ot paboThl U MyOJIIMKAUK TPOJODKAIOTCS. B TabnmuIe mpuBEIeHBI TOJIBKO HEKOTOPBIE TIPUMEPHI

ATOTO OOJBIIIOTO UK YO TMKAIIHA.

Tadamua 1. Hexotopble pe3ynabTaThl H3yYSHUs] OPAH)KEBOTO KapOTHHOMIHOTO Oenka (HECKOJBKO
npumepos, selected).
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Brmonxeno onodusnueckoe Shirshin E.A., Nikonova E.E., 11
MOJICTTMPOBAHUE MPOIIECCOB in Vitro u Kuzminov F.l., Fadeev V.V.,

in  Vvivo, JIeXalluX B  OCHOBE Gorbunov M.Y ., Sluchanko N.N.,
peryImpyeMoro mexanuszma | Elanskaya I.V., Maksimov E.G.,
¢doTo3amuTh IHaHOOAKTEPUI Friedrich T. Biophysical modeling
of in vitro and in vivo processes
underlying regulated
photoprotective mechanism in
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Research. 2017. T. 133. Ne 1-3. C.
261-271.

OxapakTepr30BaHbl u Sluchanko N.N., Slonimskiy Y.B., | 12
[POAHAIM3UPOBAaHbl  OCOOECHHOCTH
0€eJI0K-0€IKOBBIX B3aMMOICUCTBUN B
MEXaHHU3MeE (b oTO3aIUTHI

1IMaHOOaKTepuit cyanobacterial photoprotection

Maksimov E.G. Features of

protein—protein interactions in the

mechanism //Biochemistry
(Moscow). 2017. T. 82. Ne 13. C.
1592-1614.

Huxe JAal0TCA KOMMCHTAPHUU O KOHKPETHBIX CTAThAX, YIIOMSAHYTBIX B Ta6JII/IIIe 1.

Crartbs [6]. N.N. Sluchanko, Yu. B. Slonimskiy, E. A. Shirshin, M. Moldenhauer, T. Friedrich
& E. G. Maksimov. OCP-FRP protein complex topologies suggest a mechanism for controlling high
light tolerance in cyanobacteria // Nature Communications, volume 9, Article number: 3869 (2018).
B crartbe ABTOPLbI COO6HIaIOT O BBIABJICHHU HOBBIX (1)aKTOB O TOIIOJIOTHU OEJIKOBBIX KOMILIEKCOB
OCPFRP. Ananuzupys CBOM HOBBIE SKCIIEpUMEHTAJIbHbBIE PE3yJIbTaThl, aBTOPHI BHISBISIOT HOBBIE
JIETaI MEXaHU3Ma KOHTPOJISI BHICOKOM CBETOYCTONYMBOCTH ITHAaHOOAKTEPUIA.

Cratbs [7]. G. V. Tsoraev, A. Bukhanko, G. S. Budylin, E. A. Shirshin, Yu. B. Slonimskiy,
N. N. Sluchanko, M. Kloz, D. A. Cherepanov, Ya. V. Shakina, Baosheng Ge, M. Moldenhauer, T.
Friedrich, M. Golub, J. Pieper, E. G. Maksimov*, and Andrew B. Rubin. Stages of OCP-FRP
Interactions in the Regulation of Photoprotection in Cyanobacteria, Part 1: Time-Resolved
Spectroscopy // J. Phys. Chem. B, 2023, 127, 9, 1890—1900. ABTOpHI BBISIBHJIM HOBBIC (aKThl 00
sranax B3aumojeiicteus OCP-FRP, BaxxHbIx A5t peryssiiuu poTo3anuTsl y nnano0aktepuit. B aToi
pa60Te HCIIOJIb30BAJIaCb COBPEMCHHAA UM BBICOKOTCXHOJIOTMYHAd MCETOA0JIOTHMd, a HWMCHHO

CIIEKTPOCKONUS C BpeMeHHbIM pasperieHueM. Iloscuenune ab6peBuatypsl FRP: ®dépcrepoBckuii
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nepenoc 3Heprun (FRET — Forster Resonance Energy Transfer) — mepenoc »Heprum 10
OIpeICJICHHOMY MEXaHU3MY MEXy JBYMs CBETOYYBCTBUTEIBLHBIMU MOJIEKYyIaMu (mechanism
describing energy transfer between two light-sensitive molecules).

Cratss [8]. Maksimov E.G., Protasova E.A., Sluchanko N.N., Li W.-J., Qin S., Friedrich T.,
Ge B. Hybrid coupling of r-phycoerythrin and the orange carotenoid protein supports the FRETbased
mechanism of cyanobacterial photoprotection // Biochemical and Biophysical Research
Communications. 2019. T. 516. Ne 3. C. 699-704. ABTOpBI yCTAaHOBHIIH, YTO THOPHIHOE COUCTAHUEC
r-GUKO3pPUTPHHA W OPAHXKEBOIO KApOTMHOMAHOTO OelKa CO34aeT OCHOBY JUIsI MEXaHHM3Ma
dorozamutel nmanobakrepuii, ocHoBanHoro Ha FRET. FRET — sto ®&pcrepoBckuii mepeHoc
sneprun (FRET — Forster Resonance Energy Transfer) - MexaHus3m, mpu KOTOPOM 3HEPTHs
MIEPEHOCHUTCS MEXKy JABYMS CBETOYYBCTBUTEIBLHBIMU MOJIEKyIaMH (a mechanism describing energy
transfer between two light-sensitive molecules).

Cratps [9]. Slonimskiy Y.B., Maksimov E.G., Sluchanko N.N. Fluorescence recovery protein:
a powerful yet underexplored regulator of photoprotection in cyanobacteria // Photochemical &
Photobiological Sciences. 2020. T. 19. Ne 6. C. 763-775. B arToii crarbe aBTOPHI BBISBHIH H
MIpOaHATM3UPOBAIH HOBBIE (DakThI 0 Oenke BoccTanoBieHUs (piyopecuennnu (Fluorescence recovery
protein), KOTOPBI OHU KBATH(PUITUPOBAIH KaK MOIIHBIA (HO ITOKa €IIe MaJTOU3yICHHBIN) PEryisiTop
(boTo3aImUTH IHAHOOAKTEPHUHA.

Crartbs [10]. Slonimskiy Y.B., Maksimov E.G., Sluchanko N.N., Muzzopappa F., Wilson A.,
Kirilovsky D., Friedrich T. Light-controlled carotenoid transfer between water-soluble proteins
related to cyanobacterial photoprotection // FEBS Journal. 2019. T. 286. Ne 10. C. 1908-1924. B s1oii
pa60Te ABTOPBI MOJTYYHUIIN HOBBIC (I)aKTLI, KOTOPBIC ITOKA3aJI1 BO3MOKHOCTb CBETOKOHTPOJIUPYEMOT'O
MEpeHOCAa KAPOTUHOUJOB MCKIAY BOAOPACTBOPHUMBIMU 6eJ'IKaMI/I, CBsI3aHHBIMU C (l)OTOSaH_[HTOfI
IUaHOOAKTEPUH.

Crates [11]. Shirshin E.A., Nikonova E.E., Kuzminov F.l., Fadeev V.V., Gorbunov M.Y.,
Sluchanko N.N., Elanskaya 1.V., Maksimov E.G., Friedrich T. Biophysical modeling of in vitro and
in vivo processes underlying regulated photoprotective mechanism in cyanobacteria // Photosynthesis
Research. 2017. T. 133. Ne 1-3. C. 261-271. B 310i1 paboTe aBTOPBI OCYIIECTBUIN OHOPH3HUECKOE
MOJIETMPOBAaHUE MPOLECCOB In Vitro W in Vvivo, JEeXaluX B OCHOBE PETyJIMPYyEMOTo MeXaHH3Ma
(hoTO3aIIUTHI ITMAHOOAKTEPHIA.

Cratps [12]. Sluchanko N.N., Slonimskiy Y.B., Maksimov E.G. Features of protein—protein
interactions in the cyanobacterial photoprotection mechanism // Biochemistry (Moscow). 2017. T.
82. Ne 13. C. 1592-1614. B 31011 paboTe aBTOPHI BBIIBUIM, 0XapaKTEPU30BAIU U TPOAHATU3IUPOBAIH

0Cc00EHHOCTH 0eJIOK-0eIKOBBIX B3aUMOJICHCTBUI B MeXaHU3Me (POTO3AIIUTHI ITHAaHOOAKTEPUH.
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Bo3zHukaer Bompoc 0 ToM, Iie - B KaKuX YacTAX JIEKIIMOHHOTO Kypca - UCIOJIb30BAaTh HOBbIE
3HAHUA B Kypce JeKIui o bnomeMOpanax?

[To MHEHHIO aBTOPOB, OTBET: B ABYX MECTax Kypca.

Bo-nepBbiX, B pasziene, rie paccka3bplBaeTCsi 0 MEMOpPaHHOM armnapaTe [UaHOOAKTEepHid, O
(dbukoOuIMCOMaX.

Bo-BTOpBIX, B pazaene 00 ydacTuu OmoMeMOpaH B PETyJISITOPHBIX (PYHKITUAX OMOOOBEKTOB.

B pa3gen o MeMOpaHHOM ammapaTe LHaHOOAKTEpUil 1enecoo0pa3sHO BHECTH (PAKThl O
¢dbuxoOummcomMax, B TOM YHCJIE€ HCIONb30BaTh mybOnukaruioo (Dominguez-Martin et al., 2022) B
xypaaie Nature [13].

Ocsemienre  (GUKOOMIMCOM  JOJDKHO — coaepkarb HMHGOPMAIMI0O O CTPOCHUU H
(GYHKIIMOHUPOBAHUU 3THX BaXKHBIX CTPYKTYP, CBI3aHHBIX C MEMOpaHaMu ITUaHOOAKTEPHIA.

dukoOuucOMbr — (OT Ap.-Tped. pOKOG — BOAOPOCH, Jat. bilis — sxemub u ap.-rped. cdpo
- TeJI0) CBeTocoOuparoire opranesuisl ans porocuctemsl 11 y imanobakTepuii, KpacHbIX BOJOpOCTEi
U T1ayKO(HUTOB.

OUKOOUITUCOMBI — 93TO OEJNKOBBIE KOMIUIEKCH (BIUIOTH 10 600 mOTUIENTHIOB)
MOJIYIMCKOBUTHOM WK ToNyceprudeckoil (popMbl, MPUKPEILUIEHHBIE K MEMOpaHaM THJIAKOHJIOB.
OHHM cOCTOST U3 OOJBIIOrO KOMUYECTBA XPOMOGOPOBBIX OEIKOB — (UKOOOIUIPOTEUHOB — U
OOBEAMHEHHBIX C HHUMH CBS3YIOIIMX O€NKoB. Y Kakaol (UKOOMIMCOMBI €CTh SAIpO U3
A0 UKOIIMAHUHA, U3 KOTOPOTO BBIXOIST HAPYXKY CTEPIKHU, COCTOSIINE U3 JUCKOB (PUKOIIMAHUHA U
(ecmu umeroTcs) GUKOIPUTPUHOB WK (UKOIpUTpoLIMaHuHA. [ITUTMEHTBI pacmoiiaralorcss B Takou
MIOCJIEI0BATENBHOCTH (HaUMHAsI C KOHYMKOB CTEPKHEN): PUKOIPUTPUH, 3aTEM (PUKOLIMAHUH, U 3aTEM
AIT0(UKOIIMAaHWHOBOE SIIPO. B 3TOM e mopsijike MpOUCXOJUT TPAHCIIOPT SHEPTHH CBETA, a Jlajiee K
XJOpopUILTY a.

Jiss  ocBemieHus: BOIPOCOB B3aMMOJCHCTBHS OpPaHXEBOTO KApOTHHOMIHOTO Oenka ¢
(buKoOMITICOMaMU MOXKET OBITH MOJIE3HBIM HCIIOJB30BATh JTAHHBIE BHIICYIOMSHYTHIX MyOJINKAINH,
a TakXe PHUCYHOK, NMPUBEIEHHBIH B cTarthe 35eHko u np., 2014. [14] o monekynsipHOil Monenu
oOpaszoBanus komiuiekca OCP ¢ ¢pukobunucomoii, B xypHaie «KoMmnbroTepHble HCCIEA0BAHUS U
MOJICTTUPOBAHUE.

Jnsa  peramuzanuuM  y4eOHOro  Kypca  11€1ecOO0pa3HO  HUCMOJIb30BaThb — MaTepHalbl,

COZIepIKaIFecs ¥ B IPYTHX HOBBIX IyOJIMKAIMIX 110 TEMAaTHKe Kypca, Harpumep, [ 15-20].

BriBoabI

B craThe nmokazaHo, kak HOBbIE JaHHbIE 0 OMOMEMOpaHax M UX KOMIIOHEHTaX MOXKHO
UCIIOJIb30BaTh ISl MOJIEPHU3ALIMY JIEKIIMOHHOTO yueOHOro Kypca «BBeneHue B HayKy o
6romemMOpaHax» — Ha MPUMEpPE Pe3yIbTaTOB U3YUYEHUS BBIZCICHHOTIO U onucaHHoro B 1981
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rojy opamkeBoro kaporuHouanoro 6enka (OCP, orange carotenoid protein)
[[aHOOAKTePHii, HEKOTOPBIE ACTIEKThI () YHKIIHOHUPOBAHUSI KOTOPOTO OBLTH OTKPBITHI MTOCIIE
2000 r. JTaasl mpuMepsl HEKOTOPHIX (aKTOB, MOTydeHHBIX B 2017-2024.
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Y4yenne B.. Bepraackoro o 0uocgepe u ero posib Ajst GyHIaMeHTATIbHOM
O0MoJI0TMH ¥ OMOTEXHOJIOTHHI

Octpoymos C.A.}, Matumos I'.I'.?, Kupos B.K.>, UBanTep J.B.*, KpukcyHos
E.A.l, Pozendepr I'.C.°, Caguukosn A.IL>%7

! Mockoeckuii zocyoapcmeennviii yuusepcumem umenu M.B.Jlomornocosa,
ouonoeuueckuil gpaxynomem, 2. Mockea, Poccust

2 FOoucnwii nayunwui yenmp PAH, 2. Pocmoe-na- Jlony, Poccus
8 Konvckuii Hayunwiid yeump PAH, 2. Anamumul, Poccus
4 [lemposasoockuii 2ocyoapcmeennviil ynusepcumem, 2.ITemposagodck, Poccus
¥ Uncmumym sxonoeuu Boncckozo bacceiina, 2. Tonvammu, Poccus
® Mockoeckuii zocyoapcmeenniii yuueepcumem umenu M.B.Jlomornocosa,

Mesicoynapoonsiii yuebHo-HayuHblll Ouomexuoio2udeckul yeump, 2. Mockea, Poccus
" Mockoeckoe obujecmeo ucnvimameneii npupoosi, 2. Mockea, Poccus

B.U. Bepnanckuii (1863—1945) B cBoux Tpyaax pa3paOoTai psiji HOBBIX MPEACTABICHHUH O
CJIOKHOM, TMHAMUYHON M 3aKOHOMEPHBIM 00pa30M OPraHU30BAHHOM MPUPOTHON CUCTEME, KOTOPYIO
Ha3bIBAIOT Ouocdepoit. OH HAIMOJHUI ATOT paHee CYIIECTBOBABIIMI TEPMHUH TTTyOOKUM U HOBBIM
conepskanueM. [locnenyroniye MOKONIEHUs y4E€HBIX POJOIIKAIOT Pa3paboTKy MHOTHUX
(dbyHIaMEHTaJIbHBIX BOTIPOCOB, CHOPMYITHMPOBAHHBIX WM IPOABUHYTHIX B Tpyaax B.U. Bepuaackoro.
llenp naHHOW MyONUKAaNMKM — €IIe pa3 BEPHYTHCS K PACCMOTPEHHUIO psia (yHIaMEHTAIbHBIX
nosiokeHui u koHuenmuii B.M. Bepuaackoro ¢ ydyerom tex GopMyIHpOBOK, KOTOpPbIE OBLIHN JIaHbI B
ero myOnuKanusx, ¥ oOpaTUTh BHUMaHWE HAa WX POJb JJS Pa3BUTHUS HEKOTOPBIX CYIIECTBEHHBIX

Hay4HBIX BOIIPOCOB B KOHTEKCTE COBPEMEHHBIX MCCIIETOBAHUMN.

KiaoueBble cioBa: 61/100(1)epa, JKUBOC BCHICCTBO, MUTpalHUsA XUMHUYCCKHUX JSJIICMCHTOB,

OKpYyKaromiasa Cpeaa, aHTPpOIIOI'CHHLBIC BOSﬂCﬁCTBHH, 6I/IOJ'IOFI/I$I, OMOTEXHOJIOTHUS

1. BBeaenue

Cpenu Hanbosee uzBectHbX padot B.U. Bepuaackoro (1863-1945) - kuura «buochepa» [1,
2]. B aro#t kaure u nocneaywomux nyonukanusx B.W. Bepraackuit HeoqHOKpaTHO (HOPMYITHUPOBAI
CBOM KOHIICTII[MH, IPHUBOINI UX 0OOCHOBAHUE W aHAJM3UPOBAII CBSI3H MEXIAY HUMH [ 1-4].

PaccMoTpuM HEKOTOpble M3 BaKHEWIIMX KOHLEMIUH, HaXOAsIIMecs B IEHTPE BHUMAHUS

nyonukanuit B.M. BepHajackoro, B ToOM uucie cieayromue konuenuu: 1) Ouocdepa; 2) xuBoe
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BEIIECTBO Kak ()aKTOp M3MECHEHUsS JHKa 3eMid; 3) OMOTeHHass MUTpAIHs aTOMOB XHMHUYECKHX
371eMeHTOB; 4) OMOTCOXMMUYECKHE TPHUHIIMIBL, 5) POJb YelloBeKa Kak (pakTopa BO3JCHCTBHUS Ha

ouocdepy. 3apaHee OTMETHM, YTO aBTOPHI HE CTaBAT CBOCH LIEJIbIO cenaTh 0030p padot B.1.

Bepnaackoro u mocneayromux ucciaenoBareneil. CyliecTBeHHbIE acnekThl yudeHus B.U.
BepHuaznckoro o 6uocdepe OblTH paccMOTpeHbI B myosmmkanusx [5-40]. Jlannas paboTa ocHOBaHa Ha

MpeIbIAYIINUX MyOJIMKaIHUIX aBTOPOB 0 BOMPOcaM, CBSI3aHHBIM ¢ 6uocdepoit u OnoreoXxuMue.

2. Buocgepa

Cam TepmuH «Omocdepar», kak U3BECTHO, cymiecTBoBal 10 B.W. BepHaackoro. On ocBeman
B CBOMX TpyJax I'€HE3HC U SBOJIOIMIO cojaep:kaHusi 3Toro tepmuHa. B.M. Bepuanckuii nucan:
«[lonsarue «omochepb», T. €. «00JIACTH KU3HUY», BBEJACHO ObLIO B Omosoruto Jlamapkom (1744—
1829) B ITapuxe B Hauyane XIX B., a B reosioruto 3. 3toccoM (1831-1914) B Bene B koHI11e TOrO e
Beka. B Hamem cronetun 6nocdepa rmoyrydaer CoBEpIIeHHO HOBOE MOHUMaHuey [ 3, ¢. 324]. B apyrom
Mecre B.M. Bepnaackumii muimier O BKJIAA€ M JPYTMX HCCIENOBATENEH: «...BBIABWIOCH SICHOE
npesicTaBiIcHne 0 Ouocdepe — 00JIACTH JKU3HH, OXBATHIBAIONICH arMocdepy, ruapocdepy U CyIry,
BBICKA3aHHOE BIIEPBbIE, MHE KaxeTcsl, BUK 1-A3upom, KpylHbIM BpadyoM U 6uonorom» [3, c. 106]. B
stom mecte B.M. Bepuaackwii maer ccbuiky Ha myOnumkanuio storo aBtopa (F. Vieq d'Azyr),
natupoBaHHyto 1786 rogom. B cBoeit MHHOBaIMOHHOM WMHTEpHpeTanuu TepmMuHa ouochepa B.U.
BepHajckuii nenaer akieHT Ha 0coOyr0 poJib )KMBOTO BEIIECTBA B M3MEHEHUU JIMKA 3eMJIU U POJIb
OMOTeHHON MHTIpalllu XUMHYECKHX 3JeMeHToB. brmaronaps paboram B.W. Bepnaackoro TepmuH

«buocdepay» ctay oTHUM U3 PyHIaAMEHTAIbHO BaKHBIX TEPMUHOB OHMOJIOTHH.

3. ’)KuBoe BelecTBO U €ro pojib B (popMupoBaHUU JIHKA 3eMIH

B.U. Bepnazackuii cuntan, 4To B (POPMUPOBAHUU €0 NPEACTABICHUN OUYeHb OOJIBIIYIO POJIb
CBITpaJIU €r0 Pa3MBIIUICHUS O )KUBOM BelecTBe. OH nucai: «BemiectBo 61ocdepsl pe3ko U riryooko
HeonHOpoaHO» [3, c. 127]. U nmanee: «KuBoe BeliecTBO OXBaThIBAa€T U IEpPECTPAUBAECT BCE
XUMHUYECKHE TpoIecchl Onocdepsl, AeWCTBEHHAs €ro SHEPTHs, 0 CPABHEHUIO C SHEPTHEH KOCHOrO
BEIIECTBa, YK€ B HCTOPHMUECKOM BpeMeHM orpomHa. JKuWBoe BeIIecTBO €CTh camasl MOIIHas
reoJIornyeckas CWia, pacTymias ¢ XoAoM BpeMeHH. OHO JKMBET HE CIy4allHO M HE3aBHCHMO OT
ouocgepsl, HO €CThb 3aKOHOMEPHOE MpPOsBIEHUE (PUINKOXHMMHUYECKON ee opraHm3zoBaHHocTU. Ero

o0Opa3oBaHme U CyIIECTBOBAHKE €CTh €€ IIaBHas reojorndyeckas GyHkus» [3, c. 127]. Dtu cnosa 1o
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CHX MOp 3BYyYaT CBEKO M JIAIOT MUILY JJIsl yMa COBPEMEHHBIX uccienoBareneit [5-38]. [Ipuxoaurcs
MpU3HATh, uTo Haxe nocie B.W. Bepuanckoro, mocie npuzHanus Tpuymda ero ujei, Jajieko He BCe
yueHble CMOTJIM BOCHpHUHATH Mbiciu B.W. BepHanckoro o ponu xuBoro Bemiecta. Jlake cpemau
KPYIIHBIX T€0JIOTOB, KUBIIUX M03/IHEE, ObLJI0 HEIOMOHUMAaHKE 3TOT0 BaKHOTO TE3UCa O POJIH KUBOTO
BeUIECTBA M O SBJICHMUSX >KU3HM HEKOTOpbIE TEOJIOTH TMHUCaIH, Kak o (dakrope, MPOCTO
«OCJIOKHSIIOIIEM) HEKUE reojiornyeckue 3akoHoMepHocTu. Bmecte ¢ Tem nnen B.M. BepHaackoro o
POJIU KMBOTO BEIECTBA OKa3aJiM CYIIECTBEHHOE BIIMSHUE HAa HCCIEAOBaHUSA B 00JaCTH OMOJIOTHH,
IMOCKOJIBKY aKIICHTHUPOBAJIN 6OJILIJ_IyIO POJIb KMUBBIX OPraHU3MOB B IIOTOKAaX BCHICCTBA U IICPCHOCC

KOHKPETHBIX XUMHUYECKUX JJIEMEHTOB, B OMOT€OXUMUHU U OHOChepe B IEIOM.

4. Murpanusi aTOMOB XUMHYECKHX 3JIEMEHTOB

B tpymax B.M. BepHaackoro MHOTOKpaTHO BCTPEUYaeTCs BBbIPAXKEHUE, CTaBIIEe
(bMKCUPOBAHHBIM TEPMHHOM B €TI0 TEOPUHU OHochephl: «OMOreHHass MUTpaIus aTOMOBY. BepHaackuii
paccMaTpuBajl MHOTHE OWOJIOTHYECKHE (PEHOMEHBI (IBOJIOIUIO, META0OIM3M, (U3HOJIOTHUYECKHE
(GyHKINK OPraHU3MOB) KakK (hopMy IPOSIBIICHUS] OMOTEHHON MUTPAIHA aTOMOB.

B.1. Bepnaackuil cBs3bIBaNl CYIIHOCTh W3HU C AKTUBU3ALMEd MUIPALMM aTOMOB
XUMHUYECKUX 3J1eMEHTOB. [103TOMY OH modYTH BCeraa mpenBapsil BHIPAKCHUE «MUTPALIAS aTOMOBY
MpujIaraTeabHbIM «OUOTEHHAS.

Hano mnpusHath, 4ro BBIpaOKEHUE «OMOTCHHAs MUTpAIUs aTOMOBY»  ITOJFOOHMIOCH
MOCJICIYIOIIUM UCCIIEIOBATENSIM B 00JIACTH T€OXUMHUHU M OMOT€OXUMUHU. B HEKOTOPBIX COBPEMEHHBIX
MyOJIUKAIUSAX BBIpAKCHHE «OMOTeHHAsh MHUTPAIMs DJIEMEHTOBY» BCTPEUANIOCh OoJiee JecsATH pa3 Ha
OJIHOM CTpaHHLE.

OO0cyxeHre BOIpoca O BIMSIHUM JKUBBIX OPTaHU3MOB Ha MUTPAIIMI0 aTOMOB XUMUYECKUX
AJIEMEHTOB MPOBEICHO B HEKOTOPHIX ApYyrux myonukanusx [27, 30, 32, 35, 37, 38]. Psa xumudeckux
3JIEMEHTOB MPHUBJIEKAIOT BHUMAaHUE KaK TOKCHYHBIE 3arps3HUTENM COBPEMEHHOM OKpYKarollen
Cpelbl, TMO3TOMY BOIPOCHI MHTpAaIllMM XUMHUYECKHUX DOJIEMEHTOB ceidyac mpuoOpeTaroT
JIOTIOTHUTEHHOE 3HAYCHHE B CBSI3U C pa3pabOTKON TEXHOJIOTUH M OMOTEXHOJOTHH yAaneHUs dTUX

9JICMCHTOB N3 KOMITIOHCHTOB OKPY)KaIOH_[eﬁ CpCAbL.

5. buoreoxumMuyecKue NMPUHIUANbI

B.U. Bepnanckuii copmynupoBai Tpu OMOreoXuMHYecKuX MpuHuuna. B ¢popmynuposkax

OTUX IMPUHIHUIIOB UCIIOJIB3YCTCA BLIHIGYHOMﬂHYTLIﬁ TEPMUH «OuoreHHas MUrpamnusa arToMoB».
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[lepBbiii npuHLuUI. «buOreHHas MUTpalUsi aTOMOB XMMHYECKHX 3JIEMEHTOB B Ouocdepe

BCEI'/la CTPEMUTCSI K MAKCUMAJIbHOMY CBOEMY IposiBIEHUIO» [3, c. 283].

Bropoii mpuHuun. «JBOJOLMS BHIOB B XOAE I'€OJOTMYECKOrO0 BPEMEHH, MPUBOIALIAS K
co3maHuio (opM KHU3HM, YCTOMUUBBIX B OHocdepe, WAET B HAIMPABICHHUH, YBEIWYHBAIOIIEM
OMOTEeHHYIO MUTpaLKio aToMOB Ouocheps» [3, c. 283].

B kagectBe Tperbero npuniuna B.M. BepHaackuii peuiokui cieayromnee MojJ0KeHHe: «...
B TEUCHHE BCETO I'€OJIOTMYECKOT0 BPEMEHH. .. 3aCEICHHE TIAHEThI JOJDKHO OBUIO OBITh MAaKCHMAaJIbHO
BO3MOKHOE JJI1 BCETO KMBOT0 BEILECTBA, KOTOPOE TOTJa cyiiecTBoBayio» [3, c. 286]. MurtepecHo,
910 00CYyXaeHue 3Toro npuHimna B.M. BepHaackuii mpoBOAMI B TECHOW CBS3H C OOCYXICHHUEM U
nuTupoBanueM uM padot Y. lapsuna. O ero pabdore «IIponcxoxaeHue BUAOB IIyTEM €CTECTBEHHOTO
otbopa» (1859) B.M. Bepnaackuii mucay, Kak O «KHHUT€, TEPEBEPHYBIICH HAYYHYIO JKHU3Hb
yenoBedecTBa» [3, c. 287]. buoreoxumuueckue mpUHIMIBI BepHaACKOro MPOIOIKAIOT TITyOOKO
MHTEPECOBaTh COBPEMEHHBIX HccleaoBareneil. O HEKOTOPBIX pa3paboTKax B MPOAOJDKEHUE 3TOM

JUHUY B HAYYHOM aHaJlu3€ sSBJICHUH U MpolieccoB B buocdepe HanucaHo B padotax [30, 32, 35, 36-

38].

6. UestoBek kak (pakTop BoO3AecTBHSA HA Onocdhepy

B.U. Bepuanckuii B cBouX paboTax, HaMCAaHHBIX BO BTOPOM MOJIOBUHE €0 KU3HH, BKIIOYNIT
B CBOM aHanu3 Ouocdepsl Ty poiib, KOTOPYIO CTall UTpaTh uenoBek. OH nucai: «YenoBek... U3BMEHSET
JIMK TJIAHETHI, CO3AaeT 0ECUNCIEHHOE MHOKECTBO HOBBIX B UCTOPHUH OHOC(hEPHI (HHU3UKO-XUMUYECKUX
MPOIIeCCOoB... [3, c. 247].

Bo Bpems xu3HuM BepHaackoro eme NpakTHUECKH HE HCIOJIB30BaIOCh BBIPAKEHHE
«AHTPOTIOT€HHBIE BO3JICHCTBUS», CTaBILEE MOMYISIPHBIM B HAYYHOH U MyOJUIIMCTUYECKON JIEKCHKE
3HayuTenbHO mozxke. Ho B.M. Bepnanckuii ¢aktuuecku npeaBuaen IpsAylIMA ApamMaTu3M BO
B3aMMOJICHCTBUHU uyesioBeKka u 6uocgepsl. BeimenntupoBanHas ¢paza BepHaackoro mpopomkanach
TaK: «...YeJOBEK... MEHsET XapakTep OMocdepsl... oKa JIeicTByeT Oojee-MeHee Oecco3HATEIbHO.
Heo6xoauMo y4uuThIBaTH OCOOEHHOCTH JIeKCHMKH BepHazackoro. OH CO3HATENbHO CMSTYMII CBOIO
dbopmynupoBky. UHTEepecHO, Kak MpoaokiI cBoit TekcT B.M. BepHanckuii mocine BblleyKa3aHHOM
¢dpaspl. On Hamucan: «B HOOcdepe yperyaupoBaHue 3TOW (PYHKIIUU YEIOBEKA JOKHO SIBUTHCS
OJIHOM M3 OCHOBHBIX uepT ee Oyayiel cTpyKTyps» [3, c. 247]. Kak Mbl X0poI111o 3HaeM, MoKa ele
CUTYyalusl OYeHb JIajJieKa OT TOro, 4YTo BepHaickUM Ha3BaHO «yperyaupoBaHuem» [3].

bonee neranbHOe 00CyXI€HUE BaXKHBIX TEOPETHUECKUX TOJI0KEHUH B yueHnn BepHaackoro

(0) 6H00(bepe U HCKOTOPLIC IMOMNBITKHW HMCIIOJIB30BaAHUA HOBBIX q)aKTOB, IOJIYUYCHHBIX B COBPEMECHHBIX
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uccaenoBaHusaX (Hampumep, B padorax [5-22]), ana aHanmm3a noctaBieHHbIX B.M. BepHaackum
BOIIPOCOB, clelaHbl B psge mybomukamuii [23-25, 27, 29, 30-39]. CoBpeMeHHOE aHTPOIIOTCHHOE
BO3/clicTBME Ha Ouochepy HapactaeT W YCIOXKHIETCSA. J{OMONHUTENEHBIM KOMIIOHEHTOM
AHTPOITOTEHHOTO BO3JICHCTBUS CTAHOBHUTCS JIETEILHOCTh YEJIOBEKA MO MCIIOJIb30BAHHIO TEXHOJIOTHH
1 OMOTEXHOJIOTUH Uil JIETOKCUKAIMU WM JIOKAIBHOTO OYHINEHUS KOMIIOHEHTOB OKPYXKAroIeH

cpenbl (Hampumep, [40]).

7. 3akiaouenue

B 3axmouenue otMeruM cienymoomiee. YueHue Bepnaiackoro o Ouocdepe chirpaino
CYLIECTBEHHYIO POJIb B Pa3BUTHM BCETO0 KOMILIEKCA HAyK, CBSI3aHHBIX C M3YYEHHEM IMPHUPOIHBIX
KOMIUIEKCOB, BKJIIOYAIOIINUX KaK OMOTY, Tak 1 aDMOTHYECKHE KOMIIOHEHTHI. B Onosioruu 3HaunTeIbHO
aKTUBHU3UPOBAINCH MHCCJIEIOBAHUS, KacCAIOLUIUECS POJIM JKUBBIX OPraHU3MOB KaK KOMIIOHEHTOB
AKOCHUCTEM U OHOC(hEpHI B LIEJIOM.

B.M. Bepuanckuii chopmynupoBasl BaXHEHIIHWE KOHIICITYaJbHBIE TIOJIOKEHUS U
IIPEIBOCXUTUI JAJIbHENIIIEE pa3BUTHE UCCIIEJOBAHUM, KOTOPbIE B HAllle BpeMs MOJIY4YHJIM Ha3BaHUE
HayKk 00 okpyxkarwuiei cpene. Bo Bpemena BepHaackoro camoro 3Toro TepMuHa «OKpyKarorias
cpexa» (environment) B €ro COBpEMEHHOM IOHUMAaHHH C €T0 TPOMOTIJIACHOCTHIO U IPHOPUTETHOCTHIO
KaK KIIFOYEBOTO CJI0BA — HE CYIIECTBOBAJIO. BepHaickuii cBOMM ydeHHeM o0 Orocdepe mpeIBOCXUTHI
MOSIBJICHHE BayKHEHUIIIeH 001acTH COBPEMEHHOM HayKH — HayK 00 OKpy»Katoliei cpene (environmental
sciences). DT HAyKH TPaHUYAT M YACTHYHO MEPECEKAIOTCs ¢ OMOJIOTHEN U CYIIIECTBEHHO BIHSIOT Ha
TeMaTUKy  OHONOTMYecKuX  uccienoBaHuii.  @DOpPMHUPYIOTCS  TECHble  B3aWMOCBS3M U
B3aMMOOTHOUICHUSI MEXAYy HaykaMH 00 OKpy’Kalolled cpeie M SKOJIOTruei, KOTOpoe JIMTENbHOe
BpeMsi ObLJ1a OJTHOM U3 00NacTeil B paMKax KoMIuiekca ouonorunueckux Hayk. [lo-Bunumomy, rpanuia
MEXy HayKaMu 00 OKpY»XKaroIllel cpesie ¥ 9KOJIoTHel ceifyac TpyIHOpa3Inyima.

B  pa3ButuM  OMOTEXHOJOIMM  CYIIECTBEHHOE MECTO  3aHHMAaeT  HKOJOTHMYEecKas
OMOTEXHOJIOTHSI, CBsI3aHHAsi C Pa3pabOTKOM OWOJIOTMYECKHM U SKOJOTMYECKH OPHEHTHPOBAHHBIX
CIIOCOOOB W TEXHOJIOTUM OOphOBI C 3arps3HEHHEM Cpelbl, OUOTEXHOJOTHH OYHUIIEHUs ee
KOMIIOHEHTOB  (Hampumep, [40]). AKTyanbHOCTh JOCTIH)KEHHSI IIporpecca B  00JacTu
CPeIOYITYUIIAOIUX TEXHOJIOTHUI OyeT ele 0oJiee yBeIMUUBaTHCSA cO BpeMeHeM. EcTh ocHOBaHUSA
HAJESIThCSI, YTO UCCIIEIOBAHUS MPUPOIHBIX IMPOIIECCOB U MEXAHU3MOB B Onocdepe, KOTOpble BHOCAT
BKJIaJ] B JETOKCHKAIMIO Ouocdeprl, OuMIeHHE Cpeibl, NOoJJep’KaHhue KadecTBa BOJBI OyayT
CIOCOOCTBOBATh MPOTPEcCY B 00JIACTH JKOJIOTHUECKOW OmoTexHosioruu. JlambHeilee pa3BuUTHE,

yriyonenue, aeranusauus uaeid B.M. BepHanckoro, 3amokeHHBIX B €ro yuyeHHH 0 Ouocdepe, Kak
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MOKHO HaJIeaTbcs, OyIeT crnocoOCTBOBATh AalibHEHIIeH pa3paboTKe 3TOr0 BaKHOTO HampaBiICHUS

OMOTEXHOJIOTUH.

baarogapHocth
ABTOpBI O1arogapsT MHOTUX coTpyaHukoB PAH u MI'Y 3a o6cyxaeHue npodiieM reOXuMHH

1 OMOr€OXUMUM.
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BuoTecTHpOBaHHe MeMOPAHOTPONHBIX JKOTOKCHKAHTOB
Octpoymos C.A.%, Iaii C. (Cai Xiang)'

! Mockosckuii 2ocyoapcmeennwiii ynusepcumem umenu M.B.JTomonocoaa,
buonoeuveckuil paxynomem, 2. Mockea, Poccus

AnHoTtanusi. B cratebe npopomkensl pabotsl MI'Y 10 oIleHKE 9KOJIOTMYECKOW OMAaCHOCTH HOBBIX
BHUJIOB 3arpsi3HEHUS] OKPYXAIOLIEeW Cpebl, B TOM YHCIIE€ CMECEBbIMU XMMHUUYECKHUMHU BEUIECTBAMH,
COJIEp>KaIllMMA CHUHTETUYECKHE TOBEpXHOCTHO-akTuBHBIE BemlecTBa ([TAB), koTopeie sBustOTCS
MEMOpPaHOTPOMHBIMU  BellecTBaMu. [IpoBeeHO OHUOTECTHpPOBAaHME XUMHYECKOW KOMIIO3HIIMH,
conepxkarieit [TAB, Ha mpopocTkax pacTeHuii. BbIsiBIeHa TOKCUYHOCTH IJISl 9TUX TECT-O0BEKTOB
npousBoaumoro B KHP mnenomoromero cmeceBoro BemectBa, a uMeHHo Ginger Polygonum
Multiflorum Nutrient Shampoo (GPMNS). Hanuune B coctaBe 3TOr0 CMECEBOTO0 XHMMHUYECKOTO
MIPOJYKTA SKCTPAKTOB JIEKAPCTBEHHBIX PACTEHUN HE OKA3bIBAJIO HENTPAIH3YIOIIEro BO3IEHCTBUS Ha
MPOSIBIIEHUE TOKCUYHOCTHU ((PUTOTOKCUYHOCTH).

KuaroueBble cjioBa: 3arpsi3HEHUE CPEbI, OIIEHKA HKOJOTMYECKON OMACHOCTH, cuHTeTH4Yeckue [1AB,

CMECEBBIE BElECTBA, OMOTECTUPOBAHUE, TIPOPOCTKU PACTEHUH.
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Beryniienne

XHUMHUYECKOE 3arpsi3HEHUE CPEbI 1eNIaeT aKTyaIbHOU KOJIMYECTBEHHON OLIEHKH TOKCUYHOCTH
U SKOJOTMYECKOM OMAcCHOCTH BEUIECTB, Momaaammux B Ouochepy. Cpeau STHX BeEIIECTB —
JETEPreHThl U CHUHTETUYECKHE TMOBEpXHOCTHO-akTuBHBIC BemectBa (ITAB) [1-3]. [ns uszyuenus
TOKCUYHOCTU XMMHYECKHX MOJUTIOTAHTOB UCIOIb3YIOT MHOTHE BH/IbI OMOTECTUPOBAHUS, B TOM YHUCIIE
¢durorectsl ([4] 1 ap.).

B npenpiaymux myOauKanusx JaHbl pe3ylbTaThl OMOTECTUpOBaHUsl cuHTeTndeckux [1AB u
ITAB-conepxaiux XuMU4ECKUX IPOAYKTOB, CMECEN U MPENapaToB — a UMEHHO, ObUIM OOHAPYKEHBI
¢dakTel 00 ux TokcuyHocTH (myommkanuu C.A. OcTpoymoBa u coaBTopoB [4-7], a Takxke [9-15]). B
3TUX paboTax ObUIM YCTAHOBJIEHBI KOHIIEHTpPAI[UH AETepreHToB (Morommux cpencts) u [IAB B Boze,
OKa3aBIIUE TOKCUYECKOE BO3/IEHCTBUE HA pa3IN4HbIE OMOJIIOTUYECKUE BUBL.

Heobxonumo otmeruts, uro IIAB u nerepreHTsl ABISAIOTCS MEMOPaHOTPOIHBIMU
XUMHUYECKUMU JKOTOKCUKAHTaMU. MONEKYISpHBIA MEXaHU3M MX OHOJIOTMYECKOro JeHCTBUS
BKJIFOYAET B3aUMO/ICHCTBHE ¢ OmosiornueckumMu MemOpanamu [11, 13].

[lenpto maHHOW paboOTHI ObLIA MpPOBEpKa Halleil rumote3bl, 4to mamnyHb GPMNS moxer

OKa3bIBaTb TOKCHYCCKOC ILGIZCTBHG Ha BBICIICC pACTCHHUEC Vigna radiata.

1. MaTepuaJjbl 1 METOABI

XUMHYECKUH TPOAYKT, KOTOPBIM ObUI MPOTECTUPOBAH B 3TOI paboTe - KUTACKUIl TpaBIHON
IaMIyHb, a UMeHHo, mamMmnyHb Ginger Polygonum Multiflorum Nutrient Shampoo, (GPMNS)
npousBoautcs: kommanueit BAWANG International (Group) Holding Co., Ltd (I'yanwkoy, Kuraif).
OTO Hempo3payHbli JKUAKAN I[IaMIyHb KOPMYHEBOTO IBeTa. B cocTaB IIaMIyHs BXOJAT:
Jnaypuianonu3gup cynbdar aMMOHHUS, TaypUIICYIb(paT aMMOHMS, KOKAMUOTTPONMIIOETauH, KOKaMH /T
MD3A, rnukons aucteapar, IIJIMC (moauauMeTHICHIIOKCAaH), apoMaTH3aTop, XJIOPUJ HaTpus,
IIMPOKTOHOJIAMUH, MOJIMKBaTepHuii- 47, mnonuksarepHuii-10, rmpantomn DMDM, mnanrteHoun,
OJATANa2, wmerunmapabeH, 3KCTpakT HMMOUpPS (Pa3HOBUAHOCTb JKCTpakTa KOpHEH uMOups),
Polygonum multiflorum (BXoauT B cocTaB KUTalCKOTO JIEKApCTBA) U BOJA.

Metoauka noapoOHO onucana B MoHorpadusax [11, 13] u mammx cratesx [10, 11]. Cemena
nomMemtany B yamku Ilerpu. /lo6GaBiisiian BoJHBIE pacTBOPHI UCCIEAYEMOI0 XUMHUYECKOTO BEIIECTBA.

[Tocne mpopacTaHusi ceMsH KOJMYECTBEHHBIE MTapaMeTpbl MPOPOCTKOB M3MEPSIM U PACCUUTHIBAIN
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CpeIHUE 3HAYeHUS W cTaHAapTHble OWMOKU. CTAaTUCTHUYECKHH aHalu3 JaHHBIX MPOBOJIUIICS C
ucnons3zoBanueM [Iporpammer Microsoft Excel 2019.

KomunyectBo cemsiH, momeniaembix B yamky [lerpu - 30. [y ka0l KOHIEHTpAIUU OBLIO
Tpu wamku Iletpu, B kaxmoit mo 30 cemsH. B pesynpraTe Kakaas KOHIEHTpaIus ObLI
MIPOTECTUPOBaHA, UCHOJb3yst cymMmapHO 90 cemsiH. OO0beM 100aBIEHHOrO pacTBOpa LIAMIYHS B
kaknyto dvamky Ilerpu Obpt1 20 mur. M3omerpuueckmii o0bem (20 M) CBEpXYHCTOW BOJIBI
HCIIOJIb30BAJICSl B KauecTBE KOHTpoJs. CBepxuucras Boja OblLIa MOJYYEHO C MOMOIIBI0 CHCTEMbI
ounctku Boabl Heal Force (Canrex Analytic Instrument Co., Ltd, [llanxaii, Kurait). Temmeparypa
nHKyOarmu yamek Ilerpu cocrasmsa 25,0 + 1,0 °C.

[Tpu 06paboTKe pe3yIbTaTOB UCIIOJIB30BAIIN PACUETHI ABYX HHIEKCOB. DTH MHICKCHI - UHICKC
BexokecTr cemsiH (SGI) u unnekc nmunbl kopHei (RLI), - ummrocTpupyroT cTerneHb
¢butorokcnyHoctu. DopmyIbl s UX pacueTa naHbl Mtisi et al. B ctaTthe [§].

Ha ocHoBaHuum omyOJMKOBaHHBIX OJMIMPUYECKHX 3HAUEGHUN OleHka pucka [§],
(UTOTOKCHUYHOCTh BO MHOTHX CIIy4asX MOKHO KJIacCH(UIIMPOBATH B COOTBETCTBUU C YETHIPHMS
kiaccamu, TakuMu Kak: (1) cmabas (slight) ¢uroroxcuunocts (-0,25 < SGI unmu RLI <0), (2)
ymepenHas (moderate) ¢utorokcuunocts (-0,5 < SGI wmu RLI <-0,25), (3) Beicokas (high)
¢utorokcnynocts (-0,75 < SGI umu RLI <-0,5), u (4) kpaiiHe BbIcOKasi, IKCTpeMalbHas (extreme)
¢utorokcnyHocTh (-1 < SGI mnm RLI <-0,75). Ota xinaccudukanus npeacTaBisieTcs Moie3Hon, HO
ee He clenyeT abCOOTU3UPOBATh.

[pyrue neranu METOANKHU SKCIIEPUMEHTOB onucanbl B [11, 13].

2. PesyabTaTsl 1 00Cy:KICHHE

[TosryueHHbIe pe3yabTaThl (1715 HHKYOaluu B TeueHue 48 yacoB) mpecTaBiIeHbl B Tabnuie 1.
B tabmuue 1 mpeacTaBieHbl 3HAYEHUs CpelHEH AMMHa KOpHEH mpopocTkoB mnocie 48-yacoBoi
MHKYOaIu (BBIIEPKKH), @ TAKKE CTAaHIAPTHBIE OLIUOKH.

N3 Tabmuuel 1 BUAHO, YTO MOBBIIMIEHHWE KOHIEHTPALMU MCCIEIYEeMOr0 XHMHUYECKOTOo
BemtecTBa (GPMNS) nprBoANIIO K MOBBILIEHUIO TOKCUYHOCTH JUIsl UCTIOJIb3yEeMOI0 OMOJIOTHYECKOTO

BHJa, a UMeHHO Vigna radiata. [ToBblllieHre KOHLIEHTPALIUY BbI3BAJIO CHUKEHHE JUIMHbBI KOpHEH.

WuTepnpeTarysi MOTy4eHHBIX JaHHBIX MPEACTaBlIeHa B Ta0IHIIE 2.
[TonydeHHble pe3yJabTaThl COTJIACYIOTCA C MOPEABIAYIIMMU PE3YIbTaTaMU HCCIEIOBAHUM,

npoBeaeHHbIX C.A. OcTpoyMoBbIM ¢ coaBTopamu B MI'Y [4-7, 9-15].

Tab6auma 1. Pe3ynbraThl Tecta Ha mpopocTkax pactenuit (Vigna radiata) mpu 48-uacoBOM BO3IEHCTBHU

Pa3NUYHBIX KOHIEHTPALUI BOAHOTO PACTBOPA KUTAMCKOT0 TpaBsHOTO mamMmyHs (a umenno, GPMNS, 20 mu1)
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mpu 25,0 + 1,0 °C.

Konnenrtpanus (0,0% 0,1% 0,5% 1,0% 5,0%
(%) (KOHTPOJIB)

Cpennsist 19,68 22,63 13,51 7,15 0,27
JUIMHA KOpPHEU

(Mm)

Crangaptaas  [0,64 0,92 0,80 0,61 0,13
omuoKa

148551 (S SGI|0,00 -0,01 -0,04 -0,16 -0,93
(mpopactanue

CEMsIH)

Wupekc  RLI | 0,00 0,15 -0,31 -0,64 -0,99
(mmuHa

KOpHel)

[pumeyanne k tadaume 1. KomndecTBO MPOpOCTKOB, UIMHA KOPHEH KOTOPBIX OblIa 3aleHCTBOBaHA B

pacuere JUIsl BRIYUCIICHUS CPEIHEr0 3HAUCHUS UTMHBI KOpHel cocTaBmiio: n = 89 mis 0,0% (KoHTpoIb); n = 88

JUTSL

0,1% pactBopa mamnyss, n = 85 mns 0,5%, un =75 mus 1,0, n = 6 npu 5,0% pacTBope maMITyHsl.

Taoauua 2. MaTepnperanns JaHHBIX, TIOMYYEHHBIX B HALIMX OIBITAX I1OCIE MHKYOAaluu NpOpPOCTKOB Vigna
radiata mpu Pa3TUYHBIX KOHLEHTPALUSAX TECTUPYEMOIO XHMHYECKOIO IPOAYKTa, @ HMEHHO CMECEBOTO

xumMmmuueckoro semrectsa GPMNS.

Konuenrpanus

(%) GPMNS

MHTepnperanus

pEe3ynbTaTOB

q)HTOTeCTa B 3TOM HCCJIICAOBAHUHA

KommenTapun

HE3HAYUTEIbHBIN TOKCUUYECKUI

s dext, b0 NerKas CTUMYIISIHS

0 Her Toxcnunoctn Her nopaBnenus pocra
0,1 OtcyTcTBHE 3Hayumoro| OTcyTCcTBHE
TOKCHYECKOTO ahdexra, 00| 3HAYUTEIIHBHOTO

IMoaaBJICHUA pOCTa
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0,5 BripakeHHast TOKCUYHOCTD [TogaBnenue pocta mouTH Ha

50% (3a 48 4acoB
WHTUOMPOBAHUE  COCTABIISCT
HecKosbko MeHee 50%)

1.0 CwibHas TOKCHYHOCTH (BbICOKas | TopMokeHHE pocTa Oojee yem
UTOTOKCHYHOCTh
¢ ) 50% (3a 48 4acoB)
5.0 CwmeprenbHbIi (JieTanbHbIN) 3pdext | PocT xopHei
. NPaKTUYCCKH
(kpaitHe BbICOKasi GPUTOTOKCUIHOCTD)
OTCYTCTBYET

[Tpumepsr TTAB-conepxammx XWMHUYECKHX TMPOAYKTOB, IJsl KOTOPHIX ObLIa BBISBICHA

(DUTOTOKCUYHOCTD, NTpUBeeHbI B Tabmuie 3.

Tabdnuua 3. Hekoropele XuMHUYeCKHE MPOAYKThI, coaepxamue IIAB, nams KOTOpBIX YCTaHOBJIEHA
(DUTOTOKCHYHOCTh MPHU OMOTECTUPOBAHUH Ha MIPOPOCTKAX PACTECHHM.

XUMHYECKUe IIPOYKTHI (cmecesbie| Ccpliku
KOMITO3HIINH, coaepxamiue [IAB)

Kunkuit  nmereprent  "BuimbBa"  (mpu| [15]

JEHCTBUM Ha NpOpocTKH Fagopyrum

esculentum u Oryza sativa)

[TopomikoBbIe IETEPTEHTHI [11,13]

XKunxue nereprents! (Laundry detergents) | HoBble naHHBIE aBTOPOB 3TOH CTaThu

Ginger Polygonum Multiflorum Nutrient HoBble naHHbBIC aBTOPOB (CM. JaHHYIO

Shampoo paboty)

Xopo1I0 33I0KyMEHTUPOBaH (akT, YTO CUHTETHUECKHE MOBEPXHOCTHO-AKTUBHBIE BEIIECTBA
U IETePreHThl MOTYT MHTEPKATUPOBATh (BHEAPATHCS) B JIMIUHBIE ABYCIONHbBIE YYACTKH WIIN IPYTUe
yactu OuomemOpaH. bbuio mokaszano, uro cunterndeckue IIAB BHOCAT cepbe3Hble HapylIeHUs B
CTPYKTYPY CIIO€B JIMITHIOB.

Takum oOpa3zoMm, B pesynbTaTe BO3JeHCTBHS CUHTeTHYeCKUX [IAB moryr u3MeHsThCs
CTPYKTypHblE U (PYHKIMOHaNbHbIE THapameTpbl OuomeMOpan [11, 13]. Takum o6pa3oMm, ecTb

CCPBE3HBIC MPHUYNHBI CHUTATh OTH XUMHNYCCKHUEC BEIICCTBA MeM6paHOTpOHHI)IMI/I arcHTraMu.
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[IpoGnema 3arpsi3HEHHs BOJBl MOBEPXHOCTHO-aKTUBHBIMU BEIIECTBAMU U CMECEBBIMU
XUMUYECKUMH TpoayKTamu, coxaepxkamumu [IAB, Obpita moapoOHO mNpoaHaMM3WpOBaHA B
NpEeABIIYIIUX NyOauKamusx, a uMeHHo MoHorpadusx [11, 13]. JlanHas cTaThsi OCHOBaHa Ha
MPEABITYIINUX MyOIHKAIUSIX aBTOPOB, B TOM uncie [6-16]. [IpeacraBieHHbIe 31€Ch Pe3yJabTaThl TAI0T
nanpHelee 000CHOBaHNE OCHOBHBIX BBIBOJIOB, CEJIAHHBIX B 3TUX MOHOTpadusix, BKIIOYas BHIBOJI,
yto I[IAB u IIAB-comepxamue KOMITO3MIHMH (ACTEPreHThI) — 3HAYMTEIBbHO Oojiee OmacHbIC

3arpsI3HUTENN OKPYXKAIOIeH Cpelibl, YeM CUMTAIIH paHee.

BriBoaBI

1. @urorect ¢ Vigna radiata BBISIBUJI TOKCHYHBIE CBOWCTBA ((DUTOTOKCHYHOCTH)
MPEJCTaBUTENSI CMECEBBIX XMMHYECKHX BEIECTB, 3arps3Hstommx Ouochepy, a mmenno Ginger
Polygonum Multiflorum Nutrient Shampoo (GPMNS).

2. l'unotesa, copmynupoBaHHasi B Hayajle 3TOM CTaTbU O BO3MOXHOH TOKCHYHOCTH
((pUTOTOKCUYHOCTH ) STOTO BELIECTBA, MOATBEPAMIIACEH B ONbITax ¢ Vigna radiata.

3. VYcranoBneHo, d4ro ¢urorect ¢ Vigna radiata - 3¢ddexkTuBHBIA MeTON
KOJIMYECTBEHHOT'O M3Y4EHUSI OMOIOrHYecKuX ((PUTOTOKCHYECKUX) A(P(PEKTOB TOTO Kilacca BEIECTB,
K KOTOPOMY OTHOCHTCS] H3Y4€HHOE BEIIECTBO.

4. O6nHapyxeHo, 4To TMpu omnpenaeneHHbx KoHHeHTpanusx (0,5% wu Oonee) u
JUTUTENILHOCTH SKCIO3ULIMU (MHKYOauuu B TeueHue 48 4 u 6osee) ncciieyeMoe BelecTBO, 8 UMEHHO
GPMNS, unrubuposasno yajnHeHe NpopocTkoB pacteHuii (Vigna radiata).

S. B cocraBe Hccie0BaHHOTO BEIIECTBA €CTh AKCTPAKTHI JEKAPCTBEHHBIX PACTEHUH.

O,Z[HaKO X HAJIUYHUC HE HeﬁTpaHH3OBaHO TOKCUYHOCTDH 3TOr0 BCIICCTBA.
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Boranuveckuii cax npe3ugenta MOUII

Cagunkos A.I1.12°

! Mockoeckuii zocyoapcmeenniii yuusepcumem umenu M.B.Jlomonocosa,

Meorcoynapoonulil yuebHo-HayuHblll buomexuoiocuueckui yenmp, 2. Mockea, Poccus
2 Mockoeckuii zocyoapcmeennuiii yuueepcumem umenu M.B.Jlomonocosa,
ouonoeuueckuii paxyromem, 2. Mocksa, Poccus

3 Mockoeckoe obuecmeo ucnvimameneti npupoowt, 2. Mockea, Poccus

B XVIII u XIX Bekax B MockBe ObUI0 MHOI'O OOTaHMYECKHUX canoB. KaXkablil Malo-MaIbLCKHA
COCTOSITENIbHBIM YeJIOBEK CUMTAl CBOMM JOJTOM OpPraHH30BaTh CBOW COOCTBEHHBIH OOTaHWYECKHIA
can. He can GpykToBBIX 1€peBbeB, a O0OTAHMUECKUH cajl cO BCEMU aTpuOyTaMH 3TOTO YUPEKICHUS.
OO0s3aTeNbHBIM CUNTAIOCh HAJMYME B HEM «3aMOPCKUX» pacTeHHi. OIHU OOTaHMYECKHE CaJibl
WCIIOJIB30BAJIUCH JUISl YTUJIMTAPHBIX ILIE€JIEH, B KAUECTBE «AITEKapCKUX OrOpPOJIOB», APYIHE — IS
Dy, pa3BUTHs HayKu. XIX Bek — 3T0 BpeMs pa3BUTHS €CTECTBO3HAHUS, a O0TaHUKA SBJISIIACH €TI0
ocHOBOM. Cpenu mrofel pa3HBIX COCJIOBHMH CTajJ0 MOJHBIM COOMpaTh PACTEHUS U COCTaBIISTH
repOapuu. JIeBylIKM CBOMM yXakepaM JIEMOHCTPUPOBAIN repOapuii, moka3biBasi TEM CaMbIM CBOIO
00pa30BaHHOCTb.

Mps1 pacckaxeMm 00 OJHOM M3 TaKUX OOTaHWYECKUX CaJ[0B, YACTHOM OOTAaHUYECKOM Cajie
rpada Anekces ['puropreBrua PazymoBCKOTro, KOTOPHIM OBLIT OTHUM U3 CAMBIX KPYITHBIX HE TOJIBKO
B Poccun, HO n EBponbl. DTOT caja cuTancs OAHUM U3 «dyjaec cBeTa» MockBbl. B Hem paboTanu u
NPOBOJMIIM HaydyHble HccieqoBaHus Mpodeccopa MOCKOBCKOTO YHUBEPCUTETa M UJICHBI
NmnepaTopckoro MockoBckoro ofmiecTBa ucnsitTareneid npupoasl. Pacnonaraics on B ['opeHkax,
ycaan0e rpada A.I'. PasymoBckoro.

I'openku HaxoAsATCs Ha BOCTOKE I'. MOCKBBI, Cpa3y ke 3a COBPEMEHHOMN KOJIBLEBOU JOPOIOH,

Heganeko ot T. banammxu. A B Hagane XIX Beka 310 Obuia ganbHss OKparHa MOCKBEI.
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Ceno T'opeHKM YacTO MEHSIO CBOMX BIJEibIeB. [IepBbIMUH OCHOBATENsIMU ycCalleOHOTO
ancam011s1 'opeHok ObUTH KHA3BsI [10AropyKoBEI, BiaaeBmume BoT4rHoi ¢ 1714 mo 1730 rozsr.
Kuszem Anekceem ['puropreBuuem J{onropyKoBbIM ObLTH BEICTPOEHBI KAMEHHBIE ITAJIaThl, yCTPOCHbI
NIPYZbI, BBICAXKEHBI (PYKTOBBIE calbl M OopaHkepeu. B 310 ke Bpems B ['opeHkax ObLIO CO3qaHO
CHELMATIM3UPOBAHHOE CaJJOBOJUECKOE X0341CTBO, B KOTOPOM BBIPAILMBAIN CAXKEHIIbI IEKOPATUBHBIX
U IUIOIOBBIX JIEPEBHEB JUISl YKpAIICHUs UMEHUS U Ha IPOJAXY.

Anekcelt ['puropbeBud — 53T0 TOT camblii JlOArOpyKOB, KOTOPBIM MBITANCA >KEHUTh
umneparopa [lerpa II Ha cBoelt nouepu Exarepune, monojsle gaxe Obun o0pydeHsl. CKopoTeuHas
cmepth llerpa Il momemana BIUTh B MMIEPATOPCKYIO CEMBIO PYCCKYH KpoBb. [Io HEKOTOphIM
CBEJICHUM, KHSDKHA Yepe3 HECKOIbKO MecsieB nocie cMeptu lerpa Il ponuna nous. OiHako 310 He
IIOMEIIAJI0 BCTYNMBIIEH Ha rpecton AHHe MloaHHOBHE OTIIPaBUTh BCE CEMENCTBO Jl0aropyKkoBbIX B
ccbUIKy, bepézoB (Xantbel-MaHcuiicKHi OKpyT).

B 1747 rony wumenue I'openku Obulo npomaHo rpady Auekcero ['puropbeBuuy
PaszymoBckomy, damunusi koTtoporo Biagena ycaap6oit mo 1827 roma. CTpOUTEIBCTBOM U
o0ycTporcTBOM ycans0nl 3aHsuica Anekcedt KupuninoBud PazyMoBCkuil, TUIEMSIHHUK BCECHUIIBHOTO
rpada u ¢aopura umnepatpuibl Enuzasers! [leTpoBHbl. M3BeCTHBIN Xy10KHUK-apXUTEKTOp A.A.
MeHnenac pa3zpaboTan MpPOeKT ABOPLOBO-NMIAPKOBOro aHcamOis M3 JIoMa U, PacHojOKEHHOro Ha
Oepery 3anpy>xeHHOU pedku ['opeHKH, )KUBOMMCHOIO Mapka B aHIIIMHCKOM cTuiie. MeHenacom Obutn
pacIijaHUpOBaHbl ajUled, MECTa PacCMOIOKEHUS MPAMOPHBIX CTaTyH, CIIPOEKTHPOBaHBI OecelKH,
NIABUJILOHBI U JKUBOIMCHBIE PYUHBI.

JloM ObIT OTpecTaBpuUpOBaH, a BOKPYI, IOJ HaOJIOJCHUEM M3BECTHBIX PYCCKUX U
MHOCTPAHHBIX YUYEHBIX, yCTPOEHBI OpaHXEpen U MUTOMHUKU. Ha yyacTke nepes 1oMOM pa3mernancs
3BepHHell. TaMm jxe ObLT OpraHu30BaH OOTAHUYECKUHN Cajl, KOTOPBIN BIIOCIEACTBUY CTall KPYITHEHIITUM
B EBpome. OcobenHo ciaBuioch cobOpanue cubupckoit (mopsl. CoriacHo cucTeMaTHYecKOMY
Kartajory, B 'opeHKax BbIpaluBajoch 0ojiee TpeX ThICSY aKKJIMMaTHU3MPOBAHHBIX pacTeHuid. Becero

xe B Ooranmdyeckom cany A.K. PazymoBckoro B I'openkax mpowuspactano 1o 12 Tbic. BUJOB U
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Pa3HOBHIHOCTEH paCTEHU, 3HAYUTEIIbHASI YaCTh KOTOPHIX ObLJIa MPEACTaBICHA POCCUICKOM (II0pOid,
MPUBE3EHHOI CO BcexX KOHIIOB Poccuiickoit mnepumu.

A.K. PazymoBckuii, omuH W3 OoraredIuxX MW TPOCBEIIEHHBIX BEJIBMOX CBOETO BPEMECHH,
CTPacTHO yBJIEKaJICsl O0TaHMKOW. B ero nmapke Obuin coOpaHbl peAKUEe PAaCTEHUs CO BCErO CBETa, B
TOM YHCJIE€ SK30TUYECKHE IUIOJOBBIE JAEpEBbs, KYyCTApHUKH, JiedeOHble TpaBbl. OHM ObLIM
HEINOCPEACTBEHHO BKJIFOUEHBI B IAPKOBBIN NIEN3aX, 4aCTh BRIPAILIMBAJIACH HA CIIELIUAIbHBIX YY4aCTKaxX
U MHOTIOYMCICHHBIX opaHxepesx. Jlaxe nom Pa3ymMoBckoro wacTUyHO ObLI IpeBpallieH B
opamxkepero. Ha cnennanbHO YCTpOCHHOM Teppace rpad BbIpalMBajl B BA30HAX LBETHI, a B KaJKaX —
IIPUBE3CHHBIEC U3 JAJIBHUX CTPAH TPOIIMYECKUE NEPEBbSI.

Opankepen, NPUMBIKABIIME K JBOPLY, OOpamiIsjid LIBETOYHBIN MapTep C UTAIbIHCKUMHU
MpPaMOPHBIMU CKYJIbIITYpaMu. HecKoJIbKO 11001a1b HAXOAUIIOCH 3aHUE INIABHOW OPaHKEPEH, OKOJIO
KOTOPOT'0 pacIoiarajicsi y4acToOK KOJUIEKIMOHHBIX pacTeHUM. B OTnenbHOM crnenuanbHOM 31aHUU
XpaHuiIach OrpOMHAasi KOJUIEKIIUS CEMSIH, KOTOpbIE MPUBO3UIIMCH CO BCEX KOHIIOB CBETA. 3a MPYyJIOM
napka HalpoTHB ABOpIA OBLJIO BO3BENCHO CHEIHMAJbHBIC 3[JaHHUA JUIsl TepOapus U KOJUICKIUHU
MuHepasioB. O0mupHas 6uOINOTEeKa TaKKe 3aHUMaJIa OTIEIbHOE 3/1aHHeE.

['opeHckuil caj B mepHoj CBOEro paclBera ObUl TECHO CBSI3aH C Pa3BUTHEM OOTaHWYECKOMN
Hayku B Poccuu. bubnmnoreka I'OpeHOK NOCTOSHHO MOMOJIHANACh HOBEUIIMMM COYMHEHUSIMHU
€CTECTBOUCIIBITATEIICH. K co3zpanuio OoTtaHundeckoro cana [opeHOK ObUIM TOAKIIIOYEHBI
BBIJIAIOIINECS PYCCKHE YydeHble MOCKOBCKOIO YHHBepcUTeTa M MOCKOBCKOIO 0OIecTBa
ucnslTarenaei npupoasl. Cpeau HuX O6bulM KpynHeme 6oranuku npogpeccopa @.X. Cresen, U.U.
Penosckunt, @.b. Ouiep. B ['opeHkax npoBoAWIA UCCIEIOBAHUS 10 aKKIMMAaTU3alUA PACTCHUH B
Poccun. Mx BbIpamuBaiy B OpaH)KepesiX M OTKPBITOM TpyHTE. 3Jech OblIM COOpaHbl MalbMbl,
6aMOyK, siMalicKuil Kep, aMepuKaHCKasi MaciIuHa, pe/ikasi IpakoHOBa KPOBb U JIp.

B OoTtanunueckom caay pa®oTaiu U MPOBOAMIN UCCIENOBAHUS KPYIMHEHIINE POCCUNCKHE U
3apyOexHble OOTaHWKH. YHHMBEpCUTETCKas Ipodeccypa, aablOHKTHI MpHe3kaau U3 MOCKBBI B
ycanp0y Pa3yMoOBCKOro, MHOTME XWJIM TaM MeECSllaMHd Ha IOJHOM JIOBOJIbCTBUH, IOJIb30BAJIUCH
YHUKQJIbHOW OMOJIMOTEKOW, OpaHKepesMU M TeIUTUIAMU JUIsl YIUIYOJICHHOM Hay4YHOW paOoTHI.
['maBHBIE CaJOBHUKHM OBUIM Mpo(deccopckoro 3BaHUSA; B caly TPYAWINCHh 15 caJOBHHKOB —
po¢eccopoB U aAbIOHKTOB (TOMOIIHUK Ipodeccopa, accucTeHT) u 100 «1mo1caioBHUKOBY.

['maBHBIM CaZOBHUKOM (AMpEKTOpoM) paboTtan mpodeccop MOCKOBCKOTO YHHUBEPCUTETA U
ynieH MOUII MBan MBanoBuu PennoBckuii — pycckuii 60Tanuk, ucciegosatens Cudbupu u Kamuartku.
Emy ynanoce coOpath eTuHCTBEHHYI0 B EBpomne KOIeKiuo cuOUpcKoi (ropsl U COCTaBUBIIUI
nepBblii Kartanor caga. B 1805 on ormpaBumics ¢ poccuiickuM IocoiabCcTBOM B Kwurail, 3artem

uccjacaoBan BOCTO‘{HyIO CI/I6I/IpL, mpoaoJIKaJl IIPpUChUIATL B FOpeHKI/I CaAXXCHIIbI U CEMCHA U3 Kuras
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n Cubupw, moka He Morud B OJTHOM W3 dKcreauinid. Ero nMeHeM Ha3BaHbI MHOTHE BUBI PACTEHUMH,
B yactHocTH Pomonenapon Pegosckoro (Rhododendron redowskia).

Hpyroit 6otanuk, Harypasmuct u 3tHOrpad ['puropuit MiBanoBuu Jlanrcmopd — ydacTHUK
KpYTrOCBETHOI'O IUIaBaHUA 1oJ KomanzaoBaHueM lBana denoposBuda KpyseHIITEepHa — peryispHo
IIPUCHLIANI ceMeHa U 00pa3lbl CEBEPOAMEPUKAHCKON M Opa3nibckoi (piopsl BO BpeMs SKCHEAULIUT
Ha nunonie «Haxexxnma» (1803-1806). B 1812 r. on ObuT Ha3HAYeH PYCCKUM KOHCYJIOM B Puo-
neXXanenpo 1 mpoaoskai NPUChIaTh CEMEHA M CaKEeHIIbI pacTeHuil B 'openku. bynyuu B bpazuiauu
OpPraHU30BaJl PYCCKYIO SKCIICIUIIMIO JIJIS U3YYCHUS BHYTPCHHHUX paiioHOB ctpanbl. [.W1. Jlanrcaopd
u U.®. Kpysenmreps Obumn uwienamu MOUII.

['maBHBIM caZOBHMKOM OoTaHM4YeCKOro caaa B lopeHkax Takke Obul  Dpuapux
XpuctuanoBud CTeBeH, pycCKUil OOTaHMK HIBEACKOTO mpoucxoxieHus. [lox ero nabmomeHuem
pacTeHus BBICA)KUBAIKNCH B COOTBETCTBHH C WX KiacCH(UKaIMEH «I10 TaApMOHUYECKOMY CPOJICTBY
OHBIX».

CruseH BnocnencTsuu padoran B KpeiMy, ObUT OJHUM M3 OPraHU3aTOPOB U MEPBBIM TUPEKTOPOM
Hukurckoro 6orannueckoro cajna B Kpeimy. IMenem CreBeHa Ha3BaHbl MHOTHUE BHJIbl PACTEHHI:
alCTHUK, OOpPILEBUK, OOSAPBIIIHMK, KJIEH, TMOH, HNUJIEMHHUK, SICKOJKa U 1p. B Teuenue 60-netHeit
HayyHoll pearenbHocTH @.X. CreBeH omyOauKoBaJl OOJbIIOE YHUCIO paboT mo OoTaHUKE,
SHTOMOJIOTMH, LIETKOBOJCTBY, BUHOJCIIUIO U JIPYyTUM OTpaciisiM celbcKoro xossiicra. Hanbonee
Ba)kKHbIE PabOTHI ObUIN OITyOJIMKOBAHBI B M3JaHUSIX MOCKOBCKOI0 0011ecTBa HCIIbITaTeNEeN IPUPOIBL.
3a 3acnyru nepen ecrectBozHanueM @.X. CteBeH n3bdpan nmouyetHsM wienom MOMUII.

[Tocneanuii rnaBHbIN caoBHUK ['opeHOK — mpodeccop MOCKOBCKOTO YHUBEPCUTETA U UJIEH
MOMUII ®enop bornanosuu duriep, MOCTOSHHO KUJ B ycaab0e, a MO3IHee CTall AUPEKTOPOM
Nmnepatopckoro 6orannueckoro cafa B Cankr-IlerepOypre. @umep Obl1 mpuriiames B MOockBy B
1806 rony nist ynpasieHusi 00TaHMUECKUM cafioM B ['opeHkax, pykoBoaua uM 10 1822 r. 3arem ObLi
nepesezieH B Cankt-IlerepOypr. B uects @.b. @umiepa Ha3BaHbl [Ba poja PacTEHU, B YaCTHOCTH
Oumepus (Fischeria DC) — pactenue u3 cemeiicTBa JacTOBHEBbBIE (BATOUHUKOBBIE).

['opeHku cTanum KpynHEWIIMM OOTaHMYECKMM HaydHbIM IieHTpoM B Poccun. B 1809 r.
INopenkax Op110 co3nano Poccuiickoe durorpaduueckoe (0oTaHUYECKOE) 001IECTBO, KOTOPOE BEJIO
aKTUBHYIO MEPENHCKYy, OOMEH ceMeHaMH U o0pasliaMu pacTeHuil ¢ 6otaHukamu Bceil EBponbl. Ero
Bosrnasisil caM A.K. PazymoBckuii. Bnocnencrsuu (1811 r.) ono 6sut0 ciuro ¢ MmMneparopckum
MockoBCKUM 00IIECTBOM HCHBITATENIENH TPUPOJIBI.

MHorue pactenus, BoipanuBaBiiecs B ['opeHkax, Obuin HensBecTHbI B EBpone. OHUM ObLIH
BIIEpBbIE JJocTaBleHbl Tya u3 Cubupu, Anras, KaBkasa, Anscku, bpasunuu. Muorue eBporeiickue

OoTaHUKH CIICIIUAJIBHO IIPUC37KAIN B FOpCHKI/I JJI UX U3YUCHUSA U OITUCAHUS. B riaBHoit OpaHKepcee
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MPOM3PACTAI0 OKOJO TPEXCOT TPOMUYECKHX JepeBbeB. B TeriMiax BbIpallMBalIUCh JOTOJIE

HEU3BECTHbIE PAaCTeHMsI, MTOJIYyUHBIIKE B UeCTh Tpada cBoe Ha3BaHue «Razoumoviay.

I'pad Anexceit KupuimioBud oTanyancs JeCOTUYHBIM HPaBOM, HE TEepIEJ Mpa3IHbIX Oeces
U JIOKyWwIMBBIX coceneid. Bce cBoOomHOE BpemMsi OH HCIHOJB30Bal JUid 3aHATUN OOTaHUKOM.
[IpakTHdecku Bech rOJJOBOM JOXOJ] OH TPATHJI Ha CBOIO CTpacTh — 6oTanuky. CoJiep:kaHue HAyqYHOTO
1 00CTy)KHBaOIIETo nepcoHana ooxoamiock rpady B 70 000 pybnelt exxeroaHo — cymma Jijisi TOro
BpeMeHu orpoMHasi. B MockBe noroBapuBainu, 4yto Asekceid KupuioBud nedercs o paCTeHUsIX U
YUeHbIX OOTaHMKaX Ky/a CHIIbHEE, HEXKEIH O POAHBIX JETsIX. Bo3M0OKHO, 3TO ObLIO OJIM3KO K ITpaB/e.
PacTtenust oH AeHCTBUTEIHHO JIIOOWII, ¥ TPATUJI OTPOMHBIE CPEJICTBA HA X CYIIECTBOBAHHUE.

W3BectHblil nureparop Hayasna XIX Beka ILII. CBunbuH, yacto ObiBaBIIMI B ['OopeHKax,
nucan: «/Jom m aHrnmMiickuil caa mpekpacHbl, HO 0OrarcTBa MPUPObl, COOpaHHBIE B TEIUIULAX U
OpaH)XepesiX, MPUBOJAT B BOCXMILEHHE: HEBOJBHO H3YMIISCIIbCA, KaK YAacTHBIM YEIOBEK MOI
COEIMHUTH B HEMHOTHE I'0JIbl CTOJIBKO COKPOBHIL IPUPOJIbI U3 BCEX CTpaH cBeTa. B 31anuu okosno 40
(yTOB BBIIIMHBI COOpPAHBI OTPOMHBIC PEAKUE ACPEBbS, U 3pUTENb T'YJISET B TCHU MalbM, KUTIAPUCOB,
06aMOyKa, SMalCKOT0 Kejpa U APYTHX JIEPEBbEB, CTOJIb K€ PEIKHUX U 3aMeUaTeIIbHbIX, KaK JIPaKOHOBA
KpOBb, aMEpUKaHCKasl MACJIMHA U MpoY. boJblas yacTh paCTEHH paclonoKeHa B CEMH OTAEIbHbBIX
KOpIycax, 3aKJII0YarolIMX MECTHAAIATh OpaHkKepen, U3 KOUX OJUHHAAIATh pa3HbIX TEMIEPATYp U
[ATh TEIUIML. 371eCh nepexoauiib u3 AGpuku B A3UI0, U3 TPOIMKOB OJHHUM IIArOM OUYYTHUIILCS Y
nontocoB! Kakoe ouapoBaHue, kakoe HacllaXAeHUEe IEPEHOCUTHCS CTOJIb MTPABI0NOI00HBIM 00pa3oM
U3 OJIHOM KpallHOCTU MHpa B IPYTYIO; B3UPaTh HA OBICTPHIE U3MEHEHUS TPUPOJIBI B OPraHUUYECKUX
CylIecTBax, COJMKEHHBIX I€P3HOBEHHOIN PYKOIO CMEPTHOTOY.

Kcratu, copok (pyroB — 310 0K0IJI0 12 METpOB.

B I'openkax pacTeHus BBIpAIUBAIUCH KaK B OTKPHITOM I'PYHTE, TaK U B OpaHXKEPEsX, YHCIIO
KOTOPBIX MOCTENEHHO YBEJINYWIOCh. AKKIMMAaTHU3alMsl HEKOTOPbIX W3 HUX IPOBOAWIACH CTOJb
YCIIEUTHO, YTO, KaK YTBEPKIAIOT, 0 TMOCIEIHEr0 BPEMEHU B MapKe ycaabObl MOXKHO BCTPETHTH
CBOOOJHO pacTylllue B JMKOM BHJE pacTeHMs, He cBoiicTBeHHble (uope IlonmockoBbs. Ilpu
00TaHMYECKOM cajie (PYHKIIMOHUPOBAJl MUTOMHUK, TJ€ BCE >KENAIoUINe MOTIH KYIMUTh paccaay |
Ca)KEHIIbl PEAKUX PACTEHHII.

['openckue opanxepeu, a ux 0pu10 16 (10 Mpyrum ceenenusm — 40), mpuueM 11 — ¢ pazHbIMH
TEeMIIepaTypaMu, Claraiuch Oojee yeM B MOJNTOPHl KHJIOMETpa B JUIMHY. A IUIOHIaJb CaMOTo

0OTaHUYECKOrO caJa CoCTaBJislj1a OKOJIO 2 KMZ. K npuMepy, rmioniaab I'maBHOrO 0OTAHUYECKOTO caga

PAH 3 kM.

**k*
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A K. PazymoBCKHi1 TOKpPOBUTEIHCTBOBAT MOCKOBCKOMY OOIIECTBY MCIBITATENICH MTPUPOIBI,
opranuzoBanHoMmy B 1805 r. OH Obl1 Ha3HaueH mepBbIM mpesuneHTroMm MOMUII, koTopbiM oOH
ocraBasicss BmiIoTh 10 1817 r. Ilpu A.K. Pa3zymoBckom OOmecTBo cTajio HMEHOBAThCS
«mmepatopckumy. Bbll coCTaBlieH IJIaH CHUCTEMaTHYeCKOro omucaHus MOCKOBCKOW ryOepHHH;
ObUTM OpPTaHW30BaHbl HECKOJBKO AKcreAuInii mo [1o1MOCKOBBIO, B I0)KHBIE U BOCTOYHBIE PailOHbI
cTpanbl. O0IIECTBO B 3HAUUTEIHLHON CTENEHH (PMHAHCHPOBAJIOCH U3 JIMYHBIX CPEICTB rpada.

B 1807 rony Pa3ymoBckmii cranm mnomeunteneM MOCKOBCKOTO Y4YeOHOro OKpyra u
MOCKOBCKOTO YHUBEPCUTETA, a B KoHIIE 1809 roga — MUHHCTPOM HapOIHOTO MMPOCBEIICHUS, TPOOBIB
Ha 3ToM noskHOocTH 10 1816 ropa.

Bynyun momeunTeneM yHUBEpCHUTETa, OH M3Jall yKa3 00 M30paHUM pEKTOpa Ha TPH rona
(BMecTo oHOTO TOJa, panee). [Ipu Hem MOCKOBCKHI YHUBEPCUTET yIOCTOMIICS HEOBIBAJION /10 CEro
BpeMeHH dectu: 14-ro aexadps 1809 r. Mmmneparop Anekcanp | moceTun yHHBEpCUTET BMECTE CO
ceoent cectpor Exarepunoit IlaBnoBHoi. Ero BenudecTBO OCTancs TOBOJEH YHUBEPCUTETOM,
OTO3BAJICS JIOOPBIM CIOBOM O Tpodeccopax M MOPSIKE YIpaBJICHHS. 3aj, TJ€ OH BBICTYHAN MEepes
npodeccopaMu, 10 cei IeHb HA3bIBACTCSA «UMIIEPATOPCKUM).

[Tpu munuctpe A.K. PazymMOBCKOM OBLIM OTKPBITHI 72 MPHUXOJCKHE IIKOJBI, 24 ye3THbIe
YUYWIINILA, HECKOJIBKO TMMHA3HMi, OHO CHUPOTCKOE U TOPOJCKOE YYHIUIIe B MOCKBE; YIydIlIEHO
MpernojaBaHue; OTKPHITO HECKOJbKO HAy4YHBIX OOINECTB; Yy4pexaeHa npu MOCKOBCKOM
yHHUBepcuTeTe mepBas Kadenpa crnaBsHcKkod (umonmoruu. [Ipu Hem ObUIM OTKPBHITHI TMMHA3HHU B
Kuese, Cumbupcke, XappkoBe, benocroke, rpedeckoe AnekcanapoBckoe yuunuine B Hexwune. B
1814 r. 6bu1 oTkphIT Kazanckuii yHusepcurer. [Ipu PazymoBckom Obul OTKpBIT MIMmnepaTopckuii
[MapckocenbCKui IULEl, yCTaB KOTOPOTO OH PEIAKTUPOBAIT CAMOJIAYHO.

B 1816 r. PazymoBckuii yiien B otctaBky. [lepBrie nBa roga nocie storo A.K. PazymoBckuii

X1 B MockBe U B cBOeM T0IMOCKOBHOM nMeHuu — ['openkax. C 1818 r. on »wun B Manopoccuu, B

YepHurosckoii ryoepHuu, rae u ymep B 1822 r.

*k%k

[Tocne cmeptu A.K. PazymoBckoro mo0Oumoe netuiie rpada mpuimio B yHaJoK OYEHb
OBICTPO, BEJIb PACTEHMSI, KAK U3BECTHO, HE MOT'YT JIOJITO KUTh 0€3 mpucMoTpa. [ 1aBHBIN caloBHUK
l'openox ®.b. ®umep Obul mpuriameH Ha JOMKHOCTH AupekTopa Cankrt-IleTrepOyprckoro
O6otannueckoro cana. Tyna ke u3 ['opeHOK M Oblia TepeBe3eHa OOIMpHAas €CTeCTBEHHOHAYYHAs
OMOIMOTEKA M OTPOMHBIN Tpadckuii TepOapuii. bosbiioe KOIMYeCTBO pacTeHU, BRIPAIIIMBABIINXCS
B OpaHxepesx, rnepeBe3 K ceOe Bianener ycaabObl ApxaHreiabckoe KHsA3b Hukomait bopucoBnd
KOcymnos. OH ke BbIBE3 OTTYJla 4acTh MAPKOBBIX CKYJBNTYp. Jpyras yacTh pacTeHH MOCTYyNUIa B

OoTaHUYECKUI cag MOCKOBCKOIo YHUBCPCUTCTA. TO, 4TO OCTaJIOCh, OBLIO npoaaHO OKPCCTHBIM
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IIOMCIIMKaMH. Bor Tak ¥ 3aKOHYHIIOCH CYIIECTBOBAHUC 3HAMCHUTOI'O 0OTaHHYECKOTO calga B

l'openkax.
ITo marepuanam:

https://ru.wikipedia.org/wiki/;

http://www.balabike.ru/; http://www.ikmb.ru/;

http://www.ru-roads.ru/; http://fictionbook.ru/

IlepBble MeTeopoornyeckue HadoAeHnss B Mockse

Caqunxos A.IL.Y%>2

! Mockoeckuii zocyoapcmeenniii yuueepcumem umenu M.B.Jlomonocosa,

Mesicoynapoonsiii yuebHo-HayuHblll Ouomexuoio2udeckull yeump, 2. Mockea, Poccus
2 Mockoeckuii 2ocyoapcmeennsiii yuueepcumem umenu M.B.Jlomonocosa,
ouonoeuueckuii paxyromem, 2. Mockea, Poccus

3 Mockosckoe obwecmeo ucnvimameneil npupoowl, 2. Mockea, Poccus

CseneHus 0 OroJie CTajau JUisl HaC HaCTOJBKO IIPUBBIYHBIMU, YTO MBI YK€ HE IIPEJCTABIISIEM
CBOIO >KM3Hb 0e3 370l nHpopmarun. Kak onerscs, HaKUHYTb JIM IUIAIl, B3STh 30HTUK MJIU HET, BCE
9TO 3aBUCHUT OT CBEACHUH 0 noroje. Jake Halle HaCTpOEHHE BO MHOI'OM CBSI3aHO € IIOTOA0H, IPUYEM
BO MHOTOM OHO 3aBHCHT HE CTOJIBKO OT CaMOM MOTr0/bl, CKOJIBKO OT CBEICHHI O HEH.

A Ttemnepb Bompoc, Korjaa B MockBe cTajiy peryisspHo HHGOPMUPOBATH TPakJaH O MOTo/Ie U
KTO 370 Jienan? Oka3bIBaeTcsl, y UICTOKOB MET€OHa0I01eH! B MOCKBE CTOSIIIM KOHKPETHBIE IO U
Jla’)ke M3BECTHBI TOJibl, KOT/Ia CTaJld MyOJMKOBaTh B ra3ere CBEACHUs O moroje. ITo mpodeccop
¢u3zukn MockoBckoro yHuepcurera llerp MBanoBuu CrtpaxoB u rpad Anexceit Kupuinosuu
Pa3yMoBckuit, KOTOpbIil B TO Bpemst ObL1 oneunTeneM MockoBckoro yHusepcuteTa. K atomy Takxe
IIPWIOKUIN CBOM «PYKHM» MOCKOBCKMII YHHBEPCUTET U OpPraHM30BaHHOE IIPU YHHBEPCHUTETE
MockoBcKkoe 00I11eCTBO UCIIBITATENEH MPUPOIBI.

B 1808 r. no pacnopsixenuto A.K. Pa3yMoBCKOro B yHUBEPCUTETCKOM razere «MOCKOBCKHE
Benomoctu» crana meyaratbcsi HHGOpPMALKS O METEOPOJIOTHYECKUX HAOIIOACHUAX, TPOBOJAUMBIX
npodeccopom puzuku [1.1. CTpaxoBbsIM TpH pa3a B ICHb.

[TepBbie HabmoAeHus 3a morojoi B Poccun ocymectsisinu eme npu Ilerpe I, korga Obiia
opranu3oBaHa ceTb MereoctaHimil. B 1725 r. mpu IlerepOyprckoil AxageMuu HayK cCTaiu
MIPOBOAUTHCS PETYISIPHbIE HAOIIOIEHUS C UCTIOJIb30BaHUEM OapoMeTpa U TEpMOMETpa, 3aTeM Oblia
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co3mana cetb m3 20 mereoctranmuii. Ho 310 OBUIM «rocymapeBb» ydpexaeHus, a B MOCKBe,
HaOJIO/IEHUsI BEJIUCh I HAapoAa» U OCYLIECTBISUIM HX mpodeccopa, CTyACHTbl MOCKOBCKOTO
YHUBEPCUTETA U YieHbl MOCKOBCKOI0 00IIeCTBa UCTIBITATENECH PUPO/IBL.

*k%k

B nauane XIX Beka Bo3pact MockoBckoro yHuBepcuteTa npubiuxancs k 50 romam. B 1805
roJy ObUI0 OpraHn30BaHO MOCKOBCKOE OOIIECTBO UCIIBITATEICH IPUPOIBI, YUPEIUTEIIMI KOTOPOTO
obuTH TIpodeccopa U CTyneHTh MOCKOBCKOTO YHHUBEPCUTETA, a TaK)Ke MPEJCTaBUTENN T'MMHA3uH,
opraHu3oBaHHOU npu yHUBepcuTeTe. [lepBbiM npe3uaenTrom MOMUII cran rpad A.K. PazymoBckuid,

KOTOPBIH B TO BpeMs 3aHUMaJl IOCT ToBapHila MuHUCTpa (3aMecTUTEIhb MUHUCTPA) MIPOCBELICHHUSL.

OH xe O0b1 moneunTeseM MOCKOBCKOTO YHUBEPCHUTETA.
Anekceit KupumnoBuu Pa3zymoBckuii MHOTro momoran OOIIECTBY HCHBITATENIEH MPUPOJIBI,

(uHaHCUPOBAI €ro JAEATeNIbHOCTh, OPraHW30BbIBa] HayuHble skcnequiuu. [Ipu A.K. PazymoBckoM
OOmectBa craino umeHoBaTbea «Mmmeparopckum». C ero yuyacTueM ObUI COCTaBJIEH IUIaH
CHCTEMaTHYeCKOT0 ONMUCaHnsi MOCKOBCKON I'yOepHUH; ObIIIM OPraHU30BaHbI HECKOJIBKO SKCIETHIINN
no IlonMockoBBIO, a TakKe B IOKHBIE M BOCTOUYHBIE pervoHbl cTpaHbl. Cam Pa3ymoBckuii
(Oorareiimmii 4YemOBEK TOTO BPEMEHM) YBJEKAJCs OOTAaHMKOHN, ObUT BIJIAJIEIBIEM OTPOMHOTO
(maBepHOE, camoro KpymHoro B EBpore) 6otanndeckoro cana. OH pacronaraicsi B MMEHUU [ opeHKH
Ha BOCTOKE MOCKBBI, Cpa3y e 3a COBPEMEHHOM KOJbLEBOU noporoi. Ero miomans cocrasisiia
Ooiee NByX KBaJpaTHBIX KWJIOMETPOB, a JJIMHA OJHUX TOJBKO TEIUIHMI[ TPEBBIIIANa IOJITOpa
KHUJIOMETpa, B KOTOPbIX Npouspactanu 6onee 500 nuuTpycoBbIX AepeBbeB. Beero B OoTaHnueckom
cany mnpomspactanu Ooznee 2000 BUAOB pa3iMYHBIX pacTeHuil. MHoOrume myTemecTBEeHHUKH
MPUBO3WIM PaCTEHUS U3 JaJbHUX CTpaH U KOHTHHEHTOB. Ceituac, K O0JbIIOMY COXKAJICHHIO, OT €ro
BEJINYUS HUYETO HE OCTAIIOCH.

Ero BHeOpaunslii cbiH Anekceil [lepoBckuii (Tora CTyACHT YHUBEpPCUTETA) OBLT TEM CaMbIM
CTYIEHTOM, KOTOpBIM MMeNl 4ecThb crarth ydpenuteneM MOMIIL. Anekcell B CTyAE€HUYECKHE TOJBI
yBiekaicsa ecrectBo3HaHueM. B 1808 rony oraenbHON KHMroW ObUTM M3JaHBI TPU MyOJIMYHBIE
nexuun Anekcest [lepockoro no 0otanuke: «Kak pa3nuyarh >KMBOTHBIX OT pacTeHui», «O uenu u
noJib3e JInHHeeBoM cucTeMbl pacTeHui» U «O pacTeHUsX, KOTOpbIE Obl MOJIE3HO ObLIO Pa3MHOXKATh
B
Poccun». OHu OB IPOYNUTAHBI U OMYOJIMKOBAHBI HA PYCCKOM, HEMELIKOM U ()PaHITy3CKOM SI3bIKAX.
daxkTHYECKH 3TO ObliIa €ro BBITyCKHAas IUIIIoOMHas padoTa. A. IlepoBCcKuid, KpynHBI MUcaTeab TOro
BpEMEHH, IMyOJIMKoBascs noa rncesqonuMoM AHTonuit [loropensckuii. B 1829 rony Iloropenbckuit
onyOnMKOBan AETCKYl cka3ky «YepHass kypuua, wian Ilog3eMHble >KUTENW», HAUCAHHYIO VIS
JecaTuieTHero mieMsHHuka Anémm — Anekcest Koncrantunosuua Toscroro, Oynymiero nucarens

M I03Ta. DTa KHUTA B ceiuac XOpouo U3BECTHA MAJICHBKUM YU TATCIISAM.
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Cpemu yupenureneir MOUII 6w1 Tletp Muxaiinosuu {oOpeiHuH, mupextop ['mmHazuwm,
KoTopasi Obuta opranm3oBaHa B 1755 r. mpu MOCKOBCKOM yHUBepcutTeTe. [ MMHa3usi TrOTOBHIIA
yyamuxcs K 00ydeHuto B yauBepcutere. Cpeau ee MUTOMIEB ObLIM N3BECTHBIE JIFO/IH, TAKUE KaK
M.H. MypasseB (B mocieayroiieM noneuntesib MockoBckoro ynusepeurera), [1.1. Ctpaxos, J.U.
®donBusuH (apamatypr), X.A. Ueborapes (pekrop yHuBepcuteta), M.S1. Mynpos, A.®. Mep3isikoB
u np. M.S. MyapoB — npodeccop MOCKOBCKOTO YHHBEPCHUTETA, Bpad, BriepBbie B Poccuu BBen B
IIPAKTUKY MEIULUHCKYIO KapTy OOJBHOIO, KyJa 3alluChIBal CBEICHHS O OOJIbHOM, IPUMEHEHHBIX
MeTOJIaX JeueHus: u Ap. 3a 22 rojaa JiedeOHON MPaKTUKU COOpaHue KapTouek coctaBmiio 40 TOMOB.
A.®. Mep3nsKoB — PyCCKHM MOAT, podeccop, BO3TIABIUT Kadeapy CIIOBECHOCTH B YHUBEPCHUTETE.
B Hactosimee Bpemsi HIMPOKOW MOIYJSPHOCTBIO TOJB3yeTcsl ero pomanc — «YepHOOPOBBIiA,
YEPHOOKUH. .. ».

[1.1. CtpaxoB — ObuT U3 OETHOW CEMbH, ITPH NMOCTYIUICHUH B TUMHA3UIO TIPH YHUBEPCHUTETE
II0Ka3aJl XOPOLIME 3HaHUs ¥ ObUI MPUHAT B KaYECTBE Ka3€HHOKOILUTHOrO ydaiierocs (o0yuancs 3a
cueT rocynapcrsa). OkoHunI 00ydeHHE C OTIMYHMEM, €My 3a TOCYAapCTBEHHBIH CYeT ObUI CIIUT
3eJIeHbIil MyHIUpP M BblJAaHA cTyAeHYeckas mmara. [IoroM oH ObUl OTIpaBIEH B 3apyOeKHYIO
KOMaHJIUPOBKY Ha CTaKUPOBKY. [10 Bo3BpalieHun u3 KOMaHAUPOBKU B ceHTA0pe 1786 rona CtpaxoB
MCIOJHSI JOJDKHOCTh HHCIIEKTOPA B YHUBEPCUTETCKOM ruMHa3uu, a B 1791 roay Bo3riasui kadenpy
OTIBITHOM (hU3HKH.

OTO pelleHre BbI3BAIO pa3[pa)KeHHUE Y HEKOTOpoH yacTu npodeccopoB yHuBepcutera. B
pe3yiabTare opauHapHoro npodeccopa I1.M. CtpaxoBa 3acTaBuiIM nucaTh AUCCEPTALMIO HA PYCCKOM
sa3pike 1Mo Qusuke. CrtpaxoB mnpeacraBusn Ha cyn Kondepennuu (Yyenoro cosera) paboty
«Paccyxnenune o ABMKEHMM T€l U OCOOEHHO 3B€3/l HEOECHBIX». 3aTeM ObUIO MPUIYMaHO HOBOE
UCIBITaHUE — MIEPENHCcaTh 3TO COUMHEHHNE Ha JIATUHCKUN sI3bIK. CTpaxoB BBHINOJHUI U 3TO YCIIOBUE.
Kpome Toro, oH ¢ 60b1IMM 0JIECKOM MPOYUTAIT HA PYCCKOM SI3bIKE MMPOOHYIO JeKIHio «O CBOMCTBAX
U XMMHUYECKOM CJIOXEHUHU aTMOCQEpbI, BO3IyXa U JIPYrUX €My IMOJ0OHBIX BELIECTB» — 00J]acTb,
KOoTopas ero yBiekia eule B [lapuxe, koraa oH, 0y 1yuu Ha CTaXKUPOBKE, CIIyIIAJ JIEKIUHU Ipodeccopa
M.-K. bpuccona (ppaHIily3ckuii €CTECTBOUCIIBITATENb, (PU3UK).

Jlexuuu o ¢usuke B MockoBckoMm yHuBepcurere [1.M. CtpaxoB BnepBble Hauala YUTATh Ha
PYCCKOM sI3bIKe, ITepeBen Ha pycckuil si3bIk Kype ¢pusuku M.-)K. bpuccona. B nepuoxa 1803—-1808 rr.
CrpaxoB 3aHUMAJICS cO37jaHneM coOcTBeHHOTo yueOHuKa «KpaTtkoe HauepTanue Gpu3nku». ITo ObLI
NepBbIi yueOHUK (PU3MKM HA PYCCKOM fA3bIKE, onmyOsnkoBaH B 1810 roay.

[T.1. CtpaxoB nposBui ceds He TOJIBKO MPEKPacHBIM IperoiaBaTesieM, HO M TaJIaHTIUBBIM
nonynspuzaropom. Jlexiuu IL.H. CtpaxoBa CONpOBOXKAATNCH MHOTOYMCIEHHBIMH (U3NUECKUMHU

ACMOHCTpalUsIMHU, YATAJIUCh HAa PYCCKOM A3BIKC. B 1803 r. B MockoBckoM YHUBCPCUTETC OBLIO
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OpPraHU30BaHO CUCTEMATHYECKOE IPOBEJEHHE MyOJUYHBbIX JeKkuuil. BeicTymnenuns CrpaxoBa
coOMpaii MHOTO Hapoja M3 pasHbIX CJIOEB MOCKOBCKOTO OOIIECTBA, MPUYEM HE TOJIBKO
YHHUBEPCUTETCKUX KOJUIET, HO M IMOCTOPOHHMUX «OIaropofHbIX 06oero mnomna ocod». IlepBbie psabl
Kpeces 00bIYHO 3aHUMAJIM AaMBl, lajiee — IOCETUTENN MYKCKOro noja u ctyaeHtsl. H.M. Kapam3us,
peryJsipHO HoceIlaBIMi ux, orMevan: «DeHOMEeHbl CUIIbl JEKTpUYEcKOl, ["anbBaHn3Ma, ONbBITHI
a’pocTaTUYECKHE U Ap. caMU 110 ce0e CTOJIb JII0OOIBITHEI U rocnoanH CTpaxoB 00BSICHAET X CTOJIb
XOpPOIIO, CTOJIb BPAa3yMHUTENbHO, YTO IIYOJUKAa HAXOIUT OTMEHHOE yJOBOJIBCTBUE B CIYIIAHHH €r0
JICKIIUI.

Hupextop (pexrop) ynusepcurera IL.U. @ouBmsun (Mnaammii 6pat [ennca donBu3MHA)
pacriopsuiicss 000pyI0BaTh IS JEKIHHA M0 (HU3UKE CIEHUANBHYIO ayAUTOPHUIO, PACIIOIOKEHHYIO
am@uTeaTpoMm, U BELAETII 0c000€ moMenIeHue Uit Gru3nyeckoro kabuHera.

CrpaxoB BrepBble B Poccun npoBen OnbIThI, JOKA3bIBAIOIIKE 3JIEKTPOIPOBOJHOCTD BOJABI U
BJIQKHOW 3€MJIM, IPUYEM ITH HKCIEPUMEHTHI OH NMPOBOAMI HE B Jlaboparopuu, a Ha npupone. O6
ATHUX pe3yabTaTax Obla HalleyaTaHa 3aMeTKa B mepBoM Homepe «KypHaiia MoCcKOBCKOTo 001IecTBa
ucnbITarenael npupoisl». bosbioe BHuManue CtpaxoB yaesnsn Gusnuke aTMochepbl, U3yda sIBICHUS
Ipo3bl U Pa3psA0B MOJIHUM, MCCIIEOBAJ] BbI3BAHHbIE UMU MOBPEXICHUS, JieJ1al MHOTOYUCIECHHbIE
OIIBITHI C BJIEKTPUYECTBOM U PabOTaIl HaJl yCOBEPIIEHCTBOBAHUEM IPOMOOTBO/IOB.

C 1808 roma CtpaxoB opraHM30Bajl CUCTEMaTHYECKHE METEOPOJIOrMYECKUe HAOIIOICHUS —
TpH pasa B JieHb. B ero paborax 4acTto y4acTBOBAJIM CTYJEHTHI, YTO 3HAUUTEIBHO MOAHUMAIIO Y HUX
uHTepec K (uznuke. OHU U3MEPATIN TEMIIepaTypy BO31yXa, IOYBBI, BOJbI, aTMOC(EepHOE TaBleHuE,
BJIQKHOCTh, KOJIMYECTBO BBIMAJABIINX OCAJKOB, HAalpaBIEHUE U CKOPOCTb BETPA, a TAKXKe Jpyrue
MeTeopoJiornyeckue mnokasarenu. HaOmrogeHusi BelnMCh B COOTBETCTBHHM C CYLIECTBYIOIIMMHU B
EBporie HHCTpyKIIUSAMU, 3aMepPbI 3aHOCUIIUCH B TAOIHIIBI CTAHIAPTHON (POPMBL, T.€. BCE AENaN0Ch HE
MIPOCTO TaK, a «I10 HAYKEe».

I'pad PazymoBckuii (momeuuTenb YHUBEPCHTETA), 3HABIIMH 00 OTUX HAOIIOJACHUSIX,
pacriopsiiuiics, 4ToObl OTYETHI MyOJIMKOBAIHCH B razeTe «MockoBckue Bemomoctuy. KcraTth, 310
ObL1a €JMHCTBEHHAsI ra3eTa, u3aBaeMas B To BpeMs B MockBe.

IT.A. CrpaxoB B 1805 roxgy Obu1 m30paH modeTHbIM ujieHOM MockoBckoro OGmiectBa
UCTIBITATENIC OPUPOJBI, M30Hpaics pekTopoM MockoBckoro yHuBepcutera (1805-1807),
HarpaxaeH opjaeHoM CB. AHHBI 2-i cTemneHu ¢ anMaszamu. Ilo3nHee k Hemy noOaBuiics OpleH
Casroro Bnagumupa IV crenenu.

B coorBerctBUM ¢ HOBbIM ycraBoM MockoBckoro yHuepcurera ILM. Crpaxos

nepensOupancs Ha PeKTOpckyro MopKHOCTH B 1806 m 1807 rr. B ynuBepcutere I1.U. Ctpaxos
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OJIB30BAJICSI BCEOOIINM JIOBEPHEM U YBaXKCHHEM, «yMes caM MOBHHOBATHCS, YMeEN OJIaropoiHO U
HavanbCTBOBaTh». B 1807 r. CTpaxoB mojan npomeHne 00 0OTCTaBKe MO COCTOSTHUIO 370POBBS.

B ero pexropcTtBo B 1805 romy OblT MIPUHAT HA TOHKHOCTh YHUBEPCUTETCKOTO apXHTEKTOPa
M.®. KazakoB, MOCTPOMBIIMKA 3/1aHHE TJIABHOTO Kopryca Ha MoxoBoi ymwuie. [Ipu Hem ObuL1O
YBEJIMUEHO YHCIO ayJIWTOPHBIX MOMEIICHWH, paclIUpeHo MomelleHue Oubnuotexu. Crpaxos
MPEANPUHSIT YCUIINS JUIsl COXPAHEHMs IIPU YHUBEPCUTETE TMMHA3MH, HAJl KOTOPOM HaBHCIIAa yrpo3a
3akpeiTusi. CpencrtBa Ha MOAAEPKKY TMMHA3UK MOCTYHNAIM OT XO3SWCTBEHHOW JESITEIbHOCTU
YHHUBEPCHUTETCKOW THUIOTpaduu, a TakKe (PHUHAHCOBOH MOANCPKKHU NMpoMbInuieHHuka [1.T.
HemumoBa.

B 1812 roay Bo Bpems HamectBus Boiick Hanoneona I1.M. CTtpaxoB pykoBOauiI 3BaKyaluen
YHUBEPCUTETCKOr0 UMYyLIECTBa; nepeexai B Huxuuii HoBropon, rae n ckonvancs. [loxoponen Ha

MCCTHOM HeTpOHaBHOBCKOM Knan6nme.

*k*k

["azera «MOCKOBCKHE BEAOMOCTH» ITPUHAIE)KaIa MOCKOBCKOMY YHUBEPCUTETY, N3/1aBATIaCh
B 1756—-1917 rogax (t.e. 160 net). OHa Obl1a cozgana ykazom umieparpulisl Ennzaserst [leTpoBHbI
(1756) npu MockoBckom yHuBepcuteTe. IlepBblil HoMep BbllIeN B IATHULLY, 26 anpesns 1756 1. 1 6b11
IIPUYPOYEH K MEPBOIl TOJOBIIMHE OTKPHITUS yHHBepcuTeTa. Dopmart rasersl — A3, B cpenHeM &
cTpanul] Tekcta. Ha nepBoii crpanuiie 6611 n300pakeH rep0 Poccuiickoit uMiepuu ABYTIaBbIid Oped,
KOTOPBIN OBbUT €IMHCTBEHHBIM rpadudeckuM n300pakeHueM. «MOCKOBCKHE BEIOMOCTH» JIOJTOE
BpeMs1 OCTAaBAJINCh €IMHCTBEHHOM MEPHOAMYECKON razeToil MockBbl. BHavane oHa BeIXOAWIA J1BA

pasa B HeJIeJto, 3aTeM — TpH, a Omke K KoHIly XIX Beka — eXXeTHEBHO.
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Hpe(:HOBOIlHLIe BOJA0CMBI: HpI/IqHH])l 3anH3HeHHﬂ ;| HyTH 03IlOp0BﬂeHI/Iﬂ
Caguukos A.ILY%% I'epacumona T.H.*

! Mockoeckuii 2ocyoapemeenniii yuusepcumem umenu M.B.Jlomonocosa,

Meodwcoynapoonulil yuebHo-HayuHblll buomexuorocuveckuil yeump, 2. Mockea, Poccus
2 Mockogckuii 2ocyoapemeennwiii yuusepcumem umenu M.B.Jlomonocosa,
ouonocuyeckutl paxyromem, . Mockea, Poccus

3 Mockoeckoe obwecmeo ucnvimamernei npupoowl, 2. Mockea, Poccus

4 Uncmumym 600nwix npobnem PAH, 2. Mockea, Poccus

Puc. Jladbuus mynexc

[IpecHOBOAHBIE BOAOEMBI B 3HAUUTEIBHOW Mepe MOJABEPKEHBI AHTPOIIOTEHHOMY
Bo3/eiicTBUI0. OHU dale BCEro MMEIOT 3aMeJUICHHBI BOJOOOMEH, a YpPOBEHb BOJBI B HHX
MOJIJICPIKUBACTCS 3a CUET PEK, PYIbEB, TTOI3EMHBIX POJHUKOB U aTMOC(HEPHBIX 0CaIKOB. B 0CHOBHOM
3TO HETJIyOOKHE BOJOEMBI, TI€ YPOBEHb BOJIBI B TEUEHHE I'0Jla CHIIBHO KOJIeOIeTcsl.

Bonbimas  BojgocOOpHast 1Iiomians  CHocOOCTBYET TOCTYIUICHHIO B TaKHE BOJIOEMEI
MUHEPATBHBIX YAOOPEHHA W OPraHUYeCKHX BEIIECTB C CEIbCKOXO3SWCTBEHHBIX TIOJNCH U
KUBOTHOBOUECKHUX (PepM.

Takue BOJOEMBI 10 CBOEMY IIOJIOKCHUIO B peibede CYIIH SBISIFOTCS aKKyMYJISTOPaMU
MHOTHUX MHUHEPAJIBbHBIX U OPTaHUYECKUX BEUIECTB, KOTOPBIE IUPKYIUPYIOT B Mpejenax Bogocoopa,
MEPEHOCATCS CTOKAMHU U JOCTUTAIOT STUX BOJAOEMOB.

B Bomoembl mocTymaer OoNbIOe KOJMMYECTBO OMOTEHHBIX BEIIECTB, B MEPBYIO OYepelb

COCIMHCHUA a30Ta 1 q)oc@opa, CTOJIb HCO6XOI[I/IMLIX I pa3BUTHA BOJHOM PaCTUTCIILHOCTH. OIlHa
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U3 MPUYUH — 3TO Pa3MyHbIe CTOKH, COJIEp’Kallliie MOIOUINE CPEeICTBA, UCIOJb3yeMble B OBITY U
MPOMBIIIJIEHHOCTH. MHOTHE U3 HUX CO/IEpKaT B CBOEH ocHOBe nonudocdatsl.

Takue oOpazom, 000K BOJOEM — 3TO cBoeoOpa3Has 4alla, rJe HAKaruIMBalOTCS MHOTHE
OpPraHUYECKHE M MHHEPAIbHBIE BEIIECTBA.

Hanuuue mnoBBIIEHHOTO COJEp)KaHUS OMOTEHHBIX BEUIECTB IMPHUBOJUT K HHTEHCUBHOMY
Pa3BUTHUIO BOJHOM PpACTUTENBHOCTH U «IIBETEHHIO» BOJOEMOB. OTOT MpOIecC Ha3bIBaeT
3BTPO(UPOBAHHEM BOJOEMOB. XapaKTEpHbI MpU3HAK SBTPOPUpPOBaHMS — 3apacTaHue HX
pUOPEXKHOIN PaCTUTENLHOCTHIO.

B oTKpbITOI YacTH BOJJOEMOB HHTEHCHUBHO Pa3BUBAETCs (DUTOIIAHKTOH, B OCHOBHOM 3a CYET
MacCOBOI'O Pa3BUTHUS IIMaHOOaKTepuil (paHee MX Ha3bIBAIM CHHE3eJeHble Bojgopociun). Hanbomnee
MaccoBO pa3BHBAIOTCS BHIBI U3 ponoB Microcystis, Aphanizomenon, Anabaena, Gloeotrichia,
Oscillatoria, Lyngbya u ap. mpudeM NpOJOIKUTEIBHOCTh TAaKOTO I[BETCHHSI MOXET JIOCTHTaTh
OJTHOTO | JIaXe MBYX MecsieB. OHU OTHOCSTCS K TPYIIIE PACTEHU, KOTOPBIE MOTYT Pa3BUBATHCS 10
MPEIeIbHO BEICOKMX KOHIICHTPAITHIA.

MexaHu3M «B3PBIBHOTO» XapaKTepa pa3BUTHS ITUAHOOAKTEPHH CBSI3aH KOJIOCCATBHBIM
MOTCHIIMAJIOM WX pa3MHOXeHHsI. HeGmaronpusTHbie 3UMHIE YCIIOBUS OHH MEPEKHUIAIOT HA JHE HITU
B BUJIE BHICOXIIIMX CKOILJICHUH B TPUOPEKHOM YacT Bogoema. BecHoil pu TemriepaType BOJIbI OKOJIO
6°C OHM HAaYMHAIOT MTOCTEIIEHHO PAa3BUBATHCS U 32 KOPOTKUN CPOK 3aXBATHIBAIOT BCIO TOJIIY BOJIBI.
JlomonHUTENbHAST TPUYMHA, KOTOpas CIOCOOCTBYET pAa3BUTHIO I[IMAHOOAKTEpUN, 5TO HU3KOE
TypOyJIeHTHOE MepeMEIINBaHNE TAKUX BOJI0EMOB. B 3HAUNTENBHON Mepe Mo ATON MPUUUHE «I[BETYT»
paBHUHHBIEC BOJOXPAHUIINIIA, OCOOEHHO B FO’KHBIX PETHOHAX.

B npubpesxHoil yacTu BojjoeMa Hapsay ¢ 3apacTaHheM TPOCTHHKA, pOTro3a, pAECTOB, PACKH
YCUITUBAETCS Pa3BUTHE HUTYATHIX BOJOPOCIEH, CIIOCOOHBIX MOTPEOISATh OPraHUIECKIE BEIECTBA.
WX oTMupaHre OCEHBIO M 3UMOM TIPUBOIUT K BTOPHYHOMY 3arpsi3HEHUIO BOJIOEMA.

MaccoBoe pa3BuTHE ITMaHOOAKTEPUH IPUBOUT K YBEIIMUCHHUIO COJICPKAHUS OPTaHUIECKOTO
BEIIECTBA B PAaCTBOPEHHOM U B3BelIeHHOU dopMax. VX paspyleHne OakTepusiMHU OCYIIECTBIISIETCS C
WHTEHCUBHBIM MOTpeOIeHHeM KUCIopoaa. B neTHee BpeMsi B SMIIMMHUOHE ACPUIMT KUCIOPOIA
CpPaBHHUTEJIBHO JIETKO BOCCTaHABIMBAETCA 3a cueT razooOMeHa ¢ atmocdepoil u ¢oTocuHTE3a
pacTenmii. 3UMOI, B TEpHOJ JEI0CTaBa, B THUMNOJMMHHOHE BO3MOXHO TOJHOE MOTpeOieHne
kucnopona. Habmromaercss neduiuT KUCiIopoja B MPUAOHHOW 4YacTH, HAONIONAIOTCS 3aMOpPHBIE
sBlieHUs. B 3uMHee Bpems 3aMOpbl YacTO MPOHMCXOMAAT BO BCEH TOJIE BOJBI, YTO MPUBOAMT K
MaccoBoi rubenu peid. Hemoctatok kuciopona MpUBOAUT K 0Opa3OBaHHWIO B MPHUJIOHHOW 30HE

CEepOBOIOPO/Ia i METaHa.
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[{nanoGakTepuy CTAaHOBATCS JOMUHUPYIOIIEH TPYIION BOJIOPOCTEH, BBITECHSS APYTUE BUIBI.
B cTpykType (UTOIIaHKTOHHOIO COOOLIECTBA PE3KO CHUKAETCS POJIb TUATOMOBBIX M 30JIOTHCTBIX
Bozopocieil. Ilpu 3ToM yBenuuuBaercss pojb HEKOTOPBIX 3€JIEHBIX U 3BIVIEHOBBIX BOJOPOCIEH,
KOTOpbIE MOT'YT BECTH Canpo(UTHBIA 00pa3 *XWU3HH, T.€. HOTPEOJIATH TOTOBOE OpPraHUYECKOE
BEIIECTBO.

Pa3zputne nuaHoOakTepuil OTpULATEIBHO CKA3bIBAETCS HA 300IJIAHKTOHHOM COOOLIECTBE.
OTO CBA3aHO C TE€M, YTO 300IUIAHKTOH B OCHOBHOM IIUTAE€TCS MEJIKUMHU BOJOPOCIISIMHU, TOTJa KaK IIPH
«UBETEHUN» BOJOEMOB Pa3BUBAIOTCS KPYIHbIE U KOJOHUAIBHBIE BOJAOPOCIIH, KOTOPBIE TPAKTUYECKH
HE MOTPEOISAIOTCS 300IUIAHKTOHOM. OHM BKJIIOYAIOTCS B TPO(PHUECKYIO IEMb TOJBKO IOCIE HX
paspyuieHus 0aKTepUsIMHU.

B cocTaBe 300I1aHKTOHA MPOUCXOJUT YMEHBIIEHHE UX BHJIOBOTO pa3HOOOpas3usi B CTOPOHY
yrpouieHus coodmectBa. Habmonaercs npeodiaganue MENKUX BHIOB, KOTOpPBIE HE MOTYT CTOJb
MHTEHCUBHO YTUJIU3UPOBATH CUHTE3UPOBAHHOE OPraHUYECKOE BEIIECTBO.

Hapymenue KuciopoaHoro pexumMa B IPUJIOHHBIX CIOSIX IPUBOJUT K U3MEHEHUIO B COCTABE
OeHToca; BBINANAIOT MHOTHE JOHHBIE OPIraHWU3MBI, KOTOpBIC SBIISIIOTCS MOTPEOUTEIIMHU
OpraHU4ecKoro BeuiecTsa. B pezynprare 6eHTOC CTAHOBUTCA Oe/lHEE U MEHEEe Pa3HOOOPA3HBIM.

OBTpoupoBaHKE BOJOEMOB OKa3bIBAaeT BIMSIHME M Ha pblOHOE HaceneHue. B pesynbrare
OCTaroTCs PbIOBI (B OCHOBHOM Kapach), NPUCHOCOOIEHHbBIE K MUHUMAIbHOMY CO/IEP)KaHUIO B BOJIE
KHCJIO0PO/a.

*k*k

HccnenoBanus B BBICOKOTPOQHBIX NMPyaax MOKa3aau, YTO KAUYECTBEHHBIN U KOJTMYECTBEHHBIH
COCTaB 300IJIAaHKTOHAa BO MHOTOM OIIpelesieTcsl TPOPUUECKUM IPECCOM PbHIO-TIIIaHKTO(PAroB u
ManbkamMu pbi0. HexoTopsle BBl pBIO-INIAHKTO(GAroB MUMEIOT MPOAOIKUTEIbHBIA MOPLHUOHHBIN
HEPECT B TEUEHUE BCErO BETE€TAlMOHHOIO CE€30HA, BIUIOTH O OceHU. M3-3a 3TOr0 B Mccaen0BaHHBIX
Ipyax MOCTOSHHO NMPHCYTCTBOBAJIM MAJIbKU U MOJIOJIb PBIO pa3HOro pa3Mepa. PeIObI-TtaHkTodaru
KECTKO KOHTPOJIMPOBAIN YUCIEHHOCTh U Pa3MEPHBIM COCTAB 300IUIAHKTOHA.

Tpoduueckuit mnpecc pel0 B 3IBTPOGHOM MpPYyAY HPUBOAUT K CHUIKEHUIO OHMOMAcChI
300IIJJAHKTOHA U OO€THEHUIO ero BUJOBOIO COCTaBa. PHIOBI BbIEIalOT B OCHOBHOM KPYIIHBIE BUJIbI
300IJJAHKTOHA, HM3-32 4YEro B IUIAHKTOHE OCTaloTcs KojoBpaTtku (pasmepom 0.1-0.5 mm) u
MeJIKOpa3MepHble BHUIbI padykoB (pazmep 0.5-1 MM), KOTOpble HE MOTYT CHAEpXHBaTh pPa3BUTHE
nuaHoOakrepuil. Hanmuurie B BogoeMe GONbIIOrO KOJWYeCTBa OMOTEHHBIX AJIEMEHTOB IMPUBOIUT K
LBETEHUIO IUAaHOOAKTEPHUI U CHUKEHUIO PO3PaYHOCTH BOJIBI.

Mernkue BUJIbI M HU3Kasi OMoMacca paCTUTEIbHOSTHBIX (QUIBTPATOPOB HE MOTYT 3(h(PEKTUBHO

BIIMATH Ha pa3BUTHE (DUTOIIIIAHKTOHA. DTO CKa3bIBAETCS HA CTPYKType PuTOIUIaHKTOHA. Hanmmune B
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BOOOEMCEC OOIBIIOr0 KOJHMYECTBA OHMOTCHHBIX JJIEMECHTOB IIPUBOJUT K HHTCHCHUBHOMY IBCTCHHIO

[IMaHOOAKTEPUH ¥ CHIYKSHHIO TTPO3PAYHOCTH BOABI 70 0.2 M.

*k*k

BoszneiicTBue ppid NpUBOAUT K U3MEHEHHIO BUAOBOTO U Pa3MEPHOT0 COCTaBa 300IJIAHKTOHA.
W3 miaHKTOHA MCCIICAOBAHHBIX HAMHU IMPYIOB MCYE3NIHM KPYIHOpa3MepHbie Kiagorepbl — Daphnia
longispina, Simocephalus vetulus u apyrue (XOoTs OHHM BCTpPEYaJMCh B BOJOEME B Hadaje JieTa U
oceHu ). Pazmep MHOTHX BUIOB PauKOB CHJIbHO yMeHbImiIcs. Tak, pasmep Ceriodaphnia quadrangula
coctaisi1 0.3-0.6 mm, Chydorus sphaericus — 0.2-0.3 mm, Bosmina longirostris — 0.3-0.4 mm. Pasmep
Diaphanosoma brachyurum He mnpeBbiman 0.9 mM. KpymHopasmepnsie kiagorepsl Daphnia
longispina mpuCyTCTBOBAIM B MPYydy, OJHAKO uX pasmep He mpebiman 0.5-0.6 mMm. Bo Bpems
MaKCHUMAaJIbHOTO I[BETEHUS [IMaHOOAKTEPUI B aBT'yCTE B COCTABE Kiaouep ObLIN 3aperucTpUpPOBaHbI
muiib Chydorus sphaericus 1 Daphnia longispina anunoit oco6eit 0.3 u 0.5 MM, COOTBETCTBEHHO.
Taxum 00pa3omM, B IpyAy pa3Mep STUX BUAOB ObLT HA YPOBHE pa3Mepa KOJOBPATOK.

Haubonpmmuii pazmep Daphnia longispina (1.15 Mmm) Obl1 3aperUCTpUpPOBaH TOJIBKO B KOHIIE
ceHTs10psi. Ckopee Bcero, B 3TO BpeMs H3-3a HU3KOM Temneparypsl Boabl (okono 12°C) akTUBHOCTh
pBIO-TNIAaHKTO(AaroB M WX MajbKOB YMEHBIIWIACh. J[pyroii KpymHOpa3MEpHbBIN MpeICTaBUTENh
knagouep Simocephalus vetulus Takxke OB 3aperucTpUpoBaH TOJNBKO B CEepeUHE CEHTSIOpS,
pazmepoM 1.3 mM. Pa3mepHslil cOCTaB KOJOBPATOK OcTaBajics Ha ypoBHE 0.1 MM.

B npyny, B KOTOPOM OTCYTCTBOBAIH PHIOBI-TUIAHKTO(Aru, HECMOTPS Ha Hajau4Kue OOJIBIIOTO
KOJIMYeCTBa OMOTEHHBIX BEIECTB, IBETEHHE LMaHOOakTepuil He Habmomanoch. B srom mpyny
pa3BuBaroTCsl B OonpmMX KojuuecTBax D. longispina, koTopass Bbleana BOJOPOCIU U
nuaHoOakrepuu. [Ipo3pauHocTs Boabl o Aucky Cekku gocturaia 6osnee 2 M (IpakTHYECKH A0 JIHA).

Brlenanue 3001MIaHKTOHA PhIOAMU-TIAHKTO(araMu MPUBOIUT K €r0 M3MEIbUEHHIO, a 3TO B
CBOIO OYepelb CKa3bIBAeTCS Ha I[BETCHWW NHMaHOOakTepuil. Menkue BUABI W HHM3Kas OMoMacca
PaCTUTEIBHOSIIHBIX (HIBTPATOPOB HE MOXKET 3(PPEKTUBHO BIMATH HA pa3BUTHE (PUTOIIAHKTOHA.
OTO CcKa3bIBaeTCI HAa CTPYKType (UTOIUIAHKTOHA, HAYMHAIOT DPAa3BUBATHCS LUAHOOAKTEPUU U

KOJIOHHAJIBHBIC BOJOPOCIIN. A 310 IMPUBOJUT K YCHIICHUIO ITPOLCCCOB UBCTCHUSA.

Pabota BeimonHeHa B pamkax Tembl Ne FMWZ-2022-0002 ['ocynapcTBeHHOro 3afaHus
Nucturyra Bommeix mpobnem PAH, a Takke B pamMkax — MEXAUCIUIUTHHAPHON
Hay9HOOOpa30BaTEeIbHON MKOJIBI MOCKOBCKOTO yHUBEpcUTeTa «byaylee miaHeTsl U ri00aabHbIe

W3MEHEHMS OKPYKAIOIIEH Cpeabl».
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buocdepuas posb NVIAHKTOHHBIX (PUJIBTPATOPOB B BOAOEMAX
Cagunkos A.ILY%3 T'epacumona T.H.*, Tloasikosa T.B.2, Octpoymos C.A.?

! Mockoeckuii 2ocyoapcmeenniii yuusepcumem umenu M.B.Jlomornocosa,

Medicoynapoonsiii yuebHo-HayuHblll Ouomexuoioeudeckul yeump, 2. Mockea, Poccus
2 Mockogéckuii 2ocyoapcmeennbiii yuueepcumem umenu M.B.Jlomornocosa,
ouonoeuveckuil gpaxynomem, 2. Mockea, Poccust

3 Mockoeckoe obwecmeo ucnoimameneti npupooui, 2. Mockea, Poccus
4 Hncmumym 600nwvix npoonem PAH, e. Mockea, Poccus

B Bomoemax ocHOBHasi Macca 300IJIaHKTOHA MPEACTaBlieHA BHJAMU C (PHIBTPALIMOHHBIM
TUTIOM TIUTAHHS, HA JIOJO KOTOPBIX mpuxomutces 10 80% oOmiel maccel 3001u1aHKTOHA. VIMEHHO
300IJTAHKTOHY TPHHAUICKHUT BeAyllas pojb B Tepenadye SHEePruu Mo TPOoPUYECKOH Henu OT
(bUTOIUTAaHKTOHA K pHIOaM.

Ponp 300miaHKkTOHA BENMKA €IIe M TEM, YTO OH, HEMHOTMH W3 BOJHBIX OpPraHU3MOB,
YTUIU3UPYET MHUKPOBOJIOPOCIH, U TPAHCIIOPTHPYET MX DHEPTUI0 Ha 0ojiee BBICOKUI TPOpUIECKUit
ypoBeHb. CaM K€ 300IJIaHKTOH SIBJISI€TCS MUIIEBBIM 00bEKTOM JIsl 00JI€€ KPYITHBIX OECTI03BOHOUHBIX
u phIO.

300MJIaHKTOH MOTPeOIsieT B MHILY KIETKU BOJOPOCIEH MallbIX U CPEJAHHMX pa3MepoB (B
ocHOBHOM 10 30-50 MKM), TOr/1a Kak KpymHbIe ¥ KOJOHHAJIbHbIE BOJOPOCIH HEMOCPEACTBEHHO HE
notpebisiercss ¢puiibTpatopamu. OnHOM U3 0COOEHHOCTEH BOJHBIX HIKOCHUCTEM SIBIISIETCS BBICOKAs
CKOpPOCTh OMOTHYECKOT0 KPYroBOpOTa. ITOMY CIOCOOCTBYIOT HE TOJIBKO OAKTEPHH, BOAOPOCIH, HO
Y 300IUTAHKTOH. B CBSI3M ¢ MajbIMU pa3MepaMi 300IJIaHKTOH UMEET MHTEHCUBHBIN OOMEH BEIECTB
[14], BbICOKYIO (DUIBTPAIIMOHHYIO aKTUBHOCTbD U IIJIOJOBUTOCTS [5]. dunbTpanmoHHasi ciocoOOHOCTh
UX HACTOJIHKO BEJIMKA, YTO B BOJIOEMAX BECh 00HEM BOJIbI MPOXOINT uepe3 GUIbTPallMOHHBIN annapaT
300IJIaHKTOHA BCETO0 3a OJIHU CyTKH. B Mope Ouomacca 300I1aHKTOHA 3HAYUTEIIbHO MEHbIIIE, YEM B
IIPECHBIX BOJOEMAX, HO U TaM O0OBEM BOJbI TIOBEPXHOCTHOW 30HBI, B KOTOPOW CKOHIIEHTPHUPOBAH
300IJIAaHKTOH, 3@ TOJ] MHOTO pa3 MPOXOIUT Yepe3 PUIbTPALMOHHBIN anmapar pakooopa3HbIx [6, 7].

B BoaHBIX 3KOCHCTEMax 300IJIAHKTOH, KaKk OCHOBHOM NOTpPeOUTENh BOAOPOCIEH, Urpaer
BAXHYIO pOJIb B TpaHCOpMalMy OpPraHMYEcKOoro BellecTBa. B mporecce kU3HEAEATEIbHOCTH
IJTAHKTOHHBIE )KUBOTHBIE MUHEPATIU3YIOT OPraHNUECKOE BEIIECTBO U BBIJEISIIOT BO BHEIIHIOIO Cpely
METa0OIUTHI, KOTOPBIE B TAIbHEHIIIEM YTHIIM3UPYIOTCS OaKTEPUSIMHU U BOAOPOCIISMHU.

@unbpTpaToOpsl, NPU HAJIMYUM B cpele OOJIBIIOr0 KOJUYECTBa IHIIH, MOTPEONISIOT ee B

OOJIBIIHX KOJIMYCCTBAX, IIPU ITOM ci1abo NepeBapuBarOT cc. 3KCKpCMGHTLI O6J'Ia,[[aIOT BBICOKOH
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MUIIEBON IIEHHOCTBIO, YTO OOBSCHSETCS HU3KOH YCBOSIEMOCTBHIO MOTPEOJICHHOW MUIM. Tak 4To
YCBOSIEMOCTH MULIH (GUIBTPATOPAMHU HAXOIUTCS B 00paTHON 3aBUCIMOCTH OT €€ KOJIMUECTBa B Cpejie.
Bpems HaxoxeHus MUY B KUIIEUHUKE Pa3HBIX BUJOB PaukoB cocTanisieT ot 5-10 munyt (Daphnia
galeata) mo 45 munyt (D. magna). IlepBas oOutaer B 4uCTBIX U TIyOOKHMX BomoeMax. D. magna
oOutaeT B HEOONBIIMX M HErayOokux BogoeMax. OHa HMeeT JIMHHBIA KHUIICYHUK,
MPUCTIOCOOICHHBIN ISl IPOAOKUTEIBHOTO NePEeBAPUBAHUSI KJIETOK C IUIOTHBIMU U CTYACHUCTHIMU
o0osioukamu. Y CBOSIEMOCTh BOJIOpOCIiel KpaitHe Hu3kas — 5-10%. M3-3a 3T0oro B cpeny mocrymnaer
ci1abo TepeBapeHHbIE JKCKPEMEHTHL. [IpM STOM OHHM BBIJACISAIOT TEIJIETHl (PKCKPEMEHTHI) OT
HECKOJIBKUX JIECATKOB JO COTHM B CYTKH. [leIuieThl TOKpBHITHI Ciu3bI0  (mepuTpoduaeckoit
MEMOpaHOii), KOTOpas MO3BOJISET UM JIOCTATOYHO JIOJITO HE PACMagaThCsl BO BpeMsi IPEeObIBAHUS B
Bojie. Pa3zmepsl nemner gocturaer 0.1-0.5 MM, CHJIBHO MEHSIIOTCS B 3aBUCMMOCTH OT BHJa MHIIIH,
pa3mepa, rmoJia ¥ Buja pakooodpasusix [8-10].

Kpynuasie 1 opopmiieHHBIE MENIIETHI UTPAIOT OOJIBIIYIO POJIb B 9KOCHCTEME BO0eMOB. M3-3a
CBOMX pa3MepOB OHH OTHOCHTEIHLHO OBICTPO OCEIAI0T B TOJIIIE BOIBI. B MOPSX OHM SIBISIOTCS IMHIICH
JUIA TIIyOOKOBOJHBIX PaKoOOpa3HbIX U APYruX OECHO3BOHOYHBIX. B MpecHOBOIHBIX BOJOEMAaxX OHU
OCeJaloT Ha JIHO, TJI€ UCIIONb3YIOTCS B MUIIY JTIOHHBIMU OpraHH3MaMu (OJIUI0XeTaMH, MOJUTFOCKaMH,
MPOCTEHIINMU, XUPOHOMUJAMHU U APYTUMU JTHUYMHKAMU HAaCEKOMBIX). CKOPOCTh OCEeJaHus MeJieT
pakooOpa3Hbix coctapisieT oT 50 1o 1000 M/CyTKH, U CUITBHO BapbUPYET B 3aBUCUMOCTH BUJIa PAYKOB
U coctaBa muinyd. VX panpHeilnee paspylieHHE W YTHIM3ALUS OCYIIECTBISIETCS Ha OONbIINX
riryOrHax (B MOpSX) WM Ha IHE (B MPECHBIX BogoeMax ). CKOpOCTh OceJaHusI OTMEPIIINX BOJOpOCIeit
(meTpuTa) COCTaBIAET OKOJIO 1 M/CYTKH.

OCHOBHBIMHU TIOTPEOUTEISIMHU 300TIJIAHKTOHA SIBJISFOTCS PHIOBI-TUIAHKTO(Aru, a TakkKe MOJIO b
0OJBIIMHCTBA PHIO. PHIOBI IPH 0XOTE OPUEHTUPYIOTCS BU3YAIIbHO, MTOCSIAI0T B OCHOBHOM KPYITHBIX
PaKooOpa3HBIX.

300MJIaHKTOH B INTYOOKHX BOJ0EMaxX BeIpabOTall 3aIlIUTHOE MPUCIIOCOOIEHUE — BEPTUKAJIbHBIE
MUTpaiuu. J[HeM oHU HaxomATCs Ha OONMbIIHX TIIyOnHaX. TaM TeMHO, H3-3a 4ero PHIOBI X HE BHIAT.
Houpto m B cymepkax paykud TOJHUMAIOTCS B BEPXHHE CJIOM BOJOEMA, TJle¢ aKTUBHO IMOEHAIOT
BOJIOPOCIIH.

Betsucroycsie (Cladocera) BeipaboTanu ere 0JHO IPUCIIOCOOICHUE JISI 3AIUTHI TOMYISITHH
(cooOmiecTBa) OT BblelaHUs — TO MapTEHOTeHe3 (pa3MHOXKEeHHe 0e3 ydacTus camiioB). Jletom mpu
ONaroNpHUATHBIX YCIOBUSX MPOUCXOIUT YCKOPEHHOE Pa3MHOXKEHHE, CAMKU POXKAAIOT TOJIBKO CaMOK.
UncneHHOCTh MOMYJISAIMN BO3PACTaeT, HECMOTpPSI HA MHTEHCUBHOE BbICJIAaHUE €€ XUITHUKAMU. Tak
OHH TIO/JIEPKUBAIOT BBICOKYIO YHCICHHOCTH Nomynsanun. OgHaKo MpU HeOIaronpUsTHBIX YCIOBHUSIX

CpCAblL (HOHI/I)KCHI/II/I TCMIICPATYPhbI, HCAOCTATKC NMHUIIU U I[p) CaMKH pOXIAa0T CaMIIOB. 3aTreM OHHU

74



CIApUBAIOTCA U OTKJIAABIBAIOT MOKOSIIMECs (TaK Ha3blBa€Mble 3UMHUE) Aila. OTH Aila UMEIT
IUIOTHYIO 000JI04KY, IEPE3UMOBBIBAIOT U NEPEXKUJAIOT HEOIArONPUATHBIE YCIOBHSI CPEIBL.

OunpTpyrOMUi 300IUIAHKTOH BAaXKEH €LI€ M TEM, 4YTO OH €AMHCTBEHHBIM, KOTOPBII
OT(UIBTPOBBIBAET MEJbUalIINe YacTULbI ((PUTOMIIAHKTOH, OAKTEPUH, pa3IMUHBIN JETPUT U 1p.). OH
nepeaaeT 3alaceHHy0 SHEPruio Ha 0osiee BHICOKMH TpOopHUUECKH ypoBeHb. 3a CUET 3TOW 3HEPruu
(GYHKLIMOHUPYET BCSl 3KOCUCTEMA IIPECHBIX M MOPCKHUX BOJ — OT BOAOPOCIIEH, yepe3 pUIbTPYyrOui
300IIJIAHKTOH — J10 KPYITHBIX PBIO U KUTOB. Bce OHM JKMBYT 3a CUET COJIHEUHOM SHEPIUH, 3aaceHHON
B MUKPOCKOITMUYECKUX BOJOPOCIISX.

*k%k

[ToBblIeHHOE COJepxKaHWE OMOTEHHBIX BELIECTB NPUBOJUT K HHTEHCHUBHOMY DPa3BUTHIO
BOJIOPOCIEH U <«IBETEHHIO» BOJOEMOB. OTOT IpoLecC Ha3blBaeTcsi 3BTpodupoBaHueM. llpu
3BTPOQHUPOBAHUU BOJOEMOB IPOUCXOAUT PE3KOE YBEIMUEHHE OHoMacchl (UTOIUIAHKTOHA, B
OCHOBHOM 3a CUET pa3BUTHUS CHHE3EJEHBIX BOJOpOCieH (MX ellle Ha3blBalOT LUAHOOAKTEPHSIMMU).
I{BecTu MOryT JIFOOBIE BUBI BOAOPOCIEH, HO HAMOOIBIIUI OTpULIATENIbHBIN 3 (EKT MPEICTaBISAIOT
nua”Ho6axkTepuu. [IpogomKUTETbHOCTh TAKOTO «IIBETEHUS)» MOKET JOCTUraTh ABYX MECSLIEB U OoJIee.
MexaHu3M «B3PBIBHOI'O» XapakTepa pa3BUTHS IMAaHOOAKTEpUH CBsI3aH C  KOJIOCCAJIbHBIM
MOTEHINAJIOM MX Pa3MHOXKEHUs. [lOMoSHUTENbHAsS NPUYMHA, KOTOpas CIIOCOOCTBYET Pa3BUTHIO
IUaHOOAKTEPHiA, 3TO craboe mepeMenMBaHie TaKUX BOJA0eMOB. L{naHoOaKkTepuu MI0X0 MEPEeHOCIT
TypOyJIEHTHOE MepeMEIINBAHUE BOJI, M3-3a YETO B PEKaX MAacCCOBOI'0 MX pa3BUTHUS HE HAOIIOAAETCA.
B 3HauuTenbHON Mepe Mo 3TON NPUYMHE «IBETYT» MHOTUME PAaBHUHHbBIE H0XKHBIE BOJAOXPAHUIMILA.
[MuanoOaktepun 00JaAAIOT MOJIOKUTEIBHOW IUIABYYECThIO — IIPU LIBETEHHWU BCIUIBIBAIOT K
MTOBEPXHOCTU BOJABI. JTO MPUBOJIUT K BHICOKOM KOHIIEHTpPALMM LIMaHOOAKTEpUN B BEPXHEM CIIO€
Bojoema [11].

ITpu «BeTEHNM» BOAOEMOB IIPOUCXOIAT 3HAUUTEIbHBIE CTPYKTYPHBIE U3MEHEHHS B BOJHBIX
cooOmiectBax. llnaHoGakTepuy CTaHOBATCS JIOMUHUPYIOIIEH TPYNION, BBITECHSS APYTUE BHJIBI
Bojtopociueif. M3 cooOmiectBa BBINAAAIOT AMATOMOBBIE, JTUHO(DUTOBBIE, 30JI0THCTHIE, 3€JIEHBIE U
Ipyrue BOXOpOCId. B TO ke BpeMs, yBEIWYMBAETCS YHUCIEHHOCTb KPYIHBIX 3BIJIEHOBBIX
BOJIOPOCIIEH, CHOCOOHBIX MOTPEOIATh PACTBOPEHHbBIE OPraHUYECKHE BEIIECTBA.

MaccoBoe pa3BuTHE IMAHOOAKTEpUH NPUBOIUT K YBEJIMYEHHUIO COJEpPXKAHUS B BOJOEME
OPraHWYECKOTO BEIECTBA B PacTBOPEHHOW © B3BemieHHOW (¢dopmax. UWx pazpymenue
OCyIlIeCTBIseTCSl OaKkTepUsIMH C HMHTEHCUBHBIM MOTpeOieHneM Kuciaopoga. OpraHuyeckoro
BElIECTBAa CTAHOBUTCS HACTOJILKO MHOTO, YTO B BOjloeMe Ha0moAaercs AeUuIuT kucinopoaa. Eciu B
JIeTHEe BpeMs B BEpPXHEM CJO€ BOJOE€Ma HEJOCTAaTOK KHCIOpOJa CPaBHUTENIBHO JIETKO

BOCCTAHABJIMBACTCS 3a CUET ra3000MeHa ¢ aTMocdepoii U GOTOCHHTE3a BOIOPOCIIEH, TO 3UMOMA, B
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NEepUOJI JIEI0CTaBa, B IPUJOHHOM CJI0€ BO3MOKHO ITOJIHOE OTpebIeHne kucinopoaa. B 3umHee Bpems
3aMOpBI TOPOH POUCXOAT BO BCEH TOJILE BOJBI, YUTO IPUBOAUT K MacCOBOM THOENH pPBIO.
Henocratok kucinopoja croco0cTByeT 00pa3oBaHHIO B IPUIOHHOM 30HE CEpOBOIOPOJA U METAHA.

Pa3zputne nuaHoOakTepuil OTpULATEIbHO CKA3bIBAETCS HA 300IJIAHKTOHHOM COOOLIECTBE.
3TO CBS3aHO C TEM, YTO 300IUIAHKTOH SIBJIAETCS (UIBTPATOPOM, U B OCHOBHOM IIO€/IAaET MEJIKHE
Bojiopociu. [Ipu «1iBeTeHnn» BOJOEMOB Pa3BUBAIOTCS B OCHOBHOM KOJIOHUAIBbHBIE ()OPMBI, KOTOPBIE
cna0o moTpedIIsioTes 3001u1aHKTOHOM. Kazanock Obl, BOOpOCIIEil B cpeie MHOTO, HO U3-3a KPYITHBIX
pa3MepoB OHHU c1a00 UCIOIB3YIOTCA B UILY. B pe3ynbpraTe B cOOOIIECTBE 300IUIAHKTOHA CHUXKACTCS
TUIOIOBUTOCTh, YMEHBIIAIOTCS pa3Mepbl 0cOO0el M MX YMCICHHOCTh. KpymHble BUABI BHIIAIAIOT UX
coo01ecTBa, HabMOAaeTCs NpeodaajaHne MEJIKUX BUJOB, KOTOPBIE HE MOTYT CTOJb MHTEHCUBHO
YTUIM3UPOBATh LUAHOOAKTEPHIL.

Kak yxe oTMeuanoch, Hamboiee aKTUBHBIMM (WIBTPATOpAaMH SBISIIOTCA KPYIHbIE
BETBUCTOYChIE M BECIOHOI'HE pakooOpa3Hble. MX, B cBOIO ouepeb, MOTPEeOIsOT (M0e1at0T) PHIObI.
Takum oOpazom, Tpoduueckas Lenb BOAOEMa, BKIIOYAIOLIAS «BOJOPOCIM — (QHIBTPYIOILUI
300IJJAHKTOH — pPBIOBI-IIAaHKTO(Arn» 3amblkaeT Tpoduueckyto wnemnb. llocnenHue sBiIsOTCS

OCHOBHBIMH HOTpe6I/ITeJIHMI/I KPYITHOT'O 300IIJTAaHKTOHA.

Pe3yabTaThl Hec1e10BaHUMIA

Hamum wuccnenoBaHust B BBICOKOTPO(HBIX TNpyJax IOKa3aldM, 4YTO KadeCTBEHHBIH U
KOJINYECTBEHHBI COCTaB 300IJJAHKTOHA BO MHOI'OM oOmpefensercs TpopUUYEeCKUM IPeccoM
pBIOIIIaHKTO(AroB U ManbkamMH pbI0. BOJBIIMHCTBO M3 HUX OTHOCHUTCSI K «COPHBIMY» BHIAM PBIO.
HexoTtopblie BUBI pHIO-TUNIAHKTO(ArOB UMEIOT MPOAOKUTENbHBIN MOPLUOHHBIM HEPECT B TEUEHUE
BCET0 BEreTallMOHHOTO C€30Ha, BILIOTH JI0 OCEHHU. M3-3a 3TOr0 B MCCeA0BaHHBIX IPYAax MOCTOSIHHO
MPUCYTCTBOBAJIM MaJIbKU M MOJIOAb PBIO pa3HOro pasmepa. PoIObI-MIaHKTOpArun KecTko
KOHTPOJHPOBAIIU YHUCIIEHHOCTh U Pa3MEPHBIN cOCTaB 300IUTaHKTOHA [12-15].

Tpoduyeckuit mpecc ppi0 B 3BTPOGHOM NpPYyAYy MNPUBOAUT K CHUKEHHIO OHMOMACCHI
300IJIaHKTOHA ¥ 00EIHEHUIO €ro BUJOBOIO COCTaBa. PHIOBI BbIEAIOT B OCHOBHOM KPYITHBIE BH/IbI
300MJIaHKTOHA, M3-32 4YEro B IUIAHKTOHE oOcTalTcs KojoBpaTku (pasmepom 0.1-0.5 mm) u
MeJKOpa3MepHble BUABI padkoB (pasmep 0.5-1 MM), KOTOpble HE MOTYT CIAEPKHBATh Pa3BUTHE
nua"obakrepuil. Hanuune B Bojoeme OONBIIOrO KOJIMYECTBA OMOTCHHBIX 3JIEMEHTOB MPHUBOIMUT K
[[BETCHUIO TUAaHOOAKTEPHI U CHUKEHUIO TPO3PAYHOCTH BOIBI.

Mernkue BUIbI M HU3Kast OMoMacca paCTUTENbHOSIHBIX (PUIBTPATOPOB HE MOTYT 3 (HEKTUBHO

BJIUATH Ha PAa3BUTHC (I)I/ITOHJ'IaHKTOHa. DTO CKa3bIBaeTCA Ha CTPYKTYpC (I)I/ITOHJ]aHKTOHa. Hanuune B
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BOZioeME OOJIBIIOTO KOJIMYECTBAa OWOTEHHBIX 3JIEMEHTOB MPHUBOJUT K MHTEHCUBHOMY IIBETEHHIO
[IMaHOOAKTEPUH ¥ CHIYKCHHIO TTPO3PAYHOCTH BOJIBI, BIIOTH 110 0.2 M.

*k%k

BoszneiicTBue ppib NpUBOAUT K U3SMEHEHHIO BUAOBOIO U Pa3MEPHOI0 COCTaBa 300IIAHKTOHA.
W3 miaHKTOHA MCCIICAOBAHHBIX HAMHU MPYIOB MCYE3IH KpyIMHOpa3MepHbie Kiagonepbl — Daphnia
longispina, Simocephalus vetulus u npyrue (XoTs OHU BCTpEYaIMCh TaM B Havyajie JIeTa U OCEHbBIO).
Pa3smep MHOrMX BHJIOB pauykoB CHUIBbHO yMeHbImwicsa. Tak, pasmep Ceriodaphnia quadrangula
coctapisui 0.3-0.6 MM, Chydorus sphaericus — 0.2-0.3 MM, Bosmina longirostris — 0.3-0.4 mM. Pazmep
Diaphanosoma brachyurum He mnpeBbiman 0.9 mM. KpymHopasmepnsie kiamgorepsl Daphnia
longispina mpuCyTCTBOBAIM B MPYydy, OJHAKO WX pasmep He mpesbiman 0.5-0.6 mMm. Bo Bpems
MaKCHUMAaJIbHOTO I[BETEHUS [IMaHOOAKTEPUii B aBT'yCTE B COCTABE KJIa0LEep ObUIM 3apEeTUCTPUPOBAHBI
mumie Chydorus sphaericus u Daphnia longispina mmao# ocobeii 0.3 u 0.5 MM, COOTBETCTBEHHO.
Taxum 00pa3omM, B IpyAy pa3Mep 3TUX BUAOB ObUT Ha YPOBHE pa3Mepa KOJIOBPATOK.

Haunbonpmmii pazmep Daphnia longispina (1.15 MmM) ObL1 3aperucTprpOBaH TOJBKO B KOHIIE
ceHTs10ps. Cxopee Bcero, B 3TO BpeMs M3-3a HU3KOM Temneparypsl Bojbl (0koso 12°C) akTUBHOCTh
PBIO-TUTAHKTO(AroB U MX MalbKOB YMEHbIIWIACh. [Ipyroil KpymHOpa3MEpHBI NpPEACTaBUTENh
knagouep Simocephalus vetulus Taxke ObLT 3aperucTpUpoBaH TOJBKO B CEpeAMHE CEHTIOPS,
pazmepom 1.3 Mm.

Konenoner Eudiaptomus sp. u Mesocyclops leukartii B mpyay cOCTOSJIM B OCHOBHOM U3
HAYTIHAIBHBIX U KONEMOAUTHBIX CTaaui. B3pocibie Komeno bl BbleJanich pbl0aMu, a B COOOIECTBE
OCTaBaJIMCh HAYIUIMH U MEJIKUE KOTETOAUTHI. Pa3MepHBIil coCTaB KOJIOBPATOK OCTABAJICS HA YPOBHE
0.1 mm.

B npyny, B KOTOpPOM OTCYTCTBOBAIH PHIOBI-TUIAHKTO(ArH, HECMOTPS Ha HaJTu4Kue OOJBIIOTO
KOJIMYeCTBa OMOTEHHBIX BEIECTB, IBETCHUE IIHaHOOaKTepuii He Habmonanock [16]. B atom npyny
pa3BuBarOTCs B Oonpmmx KojumuecTBax D. longispina, koTopass BbleJana BOJOPOCIH U
nuaHoOakrepuu. [Ipo3pauHocTs Boabl o Aucky Cekku gocturaia 6osnee 2 M (IpakTHYECKH A0 JIHA).

Brlenanue 300MIaHKTOHA PHIOAMU-TIAHKTO(AaraMyu MPUBOIUT K €ro M3MEIbUEHHIO, a 3TO B
CBOIO OYepelb CKa3bIBAeTCS Ha I[BETCHWW IHMaHOOakTepuil. Menkue BUABI W HH3Kas OMoMacca
PaCTUTEIBHOSIIHBIX (HIBTPATOPOB HE MOXKET 3(PPEKTUBHO BIMATH HA pa3BUTHE (PUTOIIAHKTOHA.
DTO CKa3bIBaeTCSd Ha CTPYKType (UTOIJIAHKTOHA, HAYMHAIOT Pa3BUBATHCA ITMAHOOAKTEPHH U
KOJIOHHAJIbHBIE BOAOPOCIH. A 3TO TPUBOJIUT K YCHIICHHIO ITPOIECCOB IIBETCHUSI.

**k*k

Bo BTOpoli TOJOBHWHE JieTa B MPYyAy INPH IOBBIIICHUH TEMIEPATyphl BOJBI HAYWHAIOT

Pa3BUBATHCA I_[I/IaH06aKTCpI/II/I, KOTOPBIC ITOJHOCTBIO HOTpC6J'I}IIOT OMOTCHHEIC AJICMEHTEL. B BOOOEMC
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KOJIMYECTBO NEe(PHUITUTHOTO 3JIeMEeHTa I (POTOCHMHTETHKOB (ocopa CHUBHIOCH 10 HYJIEBBIX
3HA4YEHMI.

[Torpebnenue 1uaHoOaKTEepHil B MPUPOTHBIX BOJOEMaX 300IUIAHKTOHOM 3aBUCUT OT HX
pa3Mepa. A 3TO, B CBOIO OYepelb, OMperensercs (PU3NOJIOTHUYECKUM COCTOSHHUEM MOMYISALUN
uaHoOaKTepHil, TMHAMUYHOCTHIO BOAHBIX Macc U Ipyrumu ¢akropamu. K npumepy, mokasaHo B
OJIHOM M3 BoaoxpaHwmil bosrapuu [17], 9To pasmepsl KoloHUK M. aeruginosa B TeUEHHE CE30HA
BapbUPYIOT B UPOKUX npeaenax (amna 40-1300 mxMm, mupuHa 30-1070 mxm). B HavanbpHOM cTaaun
pa3BuTHs M. aeruginosa B IUIAHKTOHE IPHCYTCTBOBAJIO MHOTO KOJOHUH, pa3Mepbl KOTOPBIX
HAXOJWINCh B TIpeesax, TOCTYIHBIX JJIS MOTPeOICHHSI MHOTUMH BUIaMH 300TIIaHKTEpOB. 110 Mepe
CTapeHHs MOIYJSLUU pa3Mepbl KOJOHUN 3aMETHO YBEJIMYHMBAIOTCS M TPEBBIIIAIOT MAKCHUMAaIbHO
JOMyCTUMBIE pa3Mephl MUIIEBBIX YaCTHII.

[Tpn uHTeHCHMBHOM I1BeTeHHMHU BOABI Aphanizomenon flos-aquae ozepa I'mybokoe pasmepsl
TpuxoMm kojebdanuch ot 10 1o 200 mxMm u Goiee, ogHako okoio 50% kojmoHuit umenu pasmepsl 10-
125 mxm u 6o1tee (8% - 10-50 mxm 1 26% 50-100 mxm) [18].

B uccnenoBannom Hamu npyny Oosbiias yacts nuanobakrepuit (70%) Anabaena spiroides
MIPUXOAUTIACh Ha «Hemoenaemyro» ppakuuio (pazmep >100 mxm). [loenaempie Pppakunu pazmMepamu
<50 mxm 1 50-100 mxm cocTaBisu 8 u 22% o6meit 6nomaccsl A. spiroides. Tak 4To B mpUpOAHBIX
BOZIOEMaxX TOJBKO HEOONbINasl YacTh IIMAHOOAKTEpPHM UMEET «CheAOOHBIe» ISl 300MIAHKTOHA
pa3Mepsl.

B skcnepumeHTansHOM SKOcucTeMe HaOmroaanach uHas kaptuHa. Jlons Huteit A. spiroides
pazmepamu <50 mMxM u 50-100 mMxM 3a ommH 4yac Bo3pocia ¢ 2 no 42% u c 21 no 58%,
cooTBeTcTBeHHO. Mx Omomacca yBenmnumnachk B 11 u 2 paza. Haoboport, nomnst Onomaccsl HUTEH
pasmepamu >100 MxM cHU3UIACh ¢ 77% 110 HyJNEeBBIX 3HaYeHUN. A OuomMacca CHU3UIach ¢ 6.5 Mr/i
70 HyJIA. DTO TMPOM3OIUIO 3a CUeT paspyuieHus (apobiienusi) Huted A. spiroides nadHusMH B
IKCIIEPUMEHTAIbHON dKocucTteMe. bromacca kononuii pasmepom >100 mMkM mepenuia B OoJiee
MeJKue pa3MepHble (ppakuuu, norpedasemsie D. magna.

3a cdyer MexaHWYeCKOro Bo3neicTBus D. magna (mpu IBMKEHWU M OMEHHMH TUTaBATEIBHBIX
aHTEHH), a TaKXXe IOTOKAa BOJBI B AKCHEPUMEHTAJIHHON JKOCHCTEME IPOUCXOAMUT APOOIICHHUE
KpYIHBIX HUTEH A. spiroides. B pe3ynbrare ynydmaercs kopMoBas 6a3za sxocucteMbl. OJJHAKO 3TOT
Iporecc BO3MOXEH JHUIIb HpPU BBICOKOM YHCICHHOCTH 300IJIAHKTOHA, KOTJa CO3[aeTcs, Tak
Ha3bIBaeMas «Tojues» pakoobdpasusix [19, 20].

B napyrom oskcmepuMmeHTe, OTAEICHHE HXTHO(GAayHBl OT IUIAHKTOHHOTO COOOIIecTBa
CIOCOOCTBOBAJIO HApAaCTAaHUIO OMOMACCHI JIPYrOro MpeicTaBUTENs (GUIBTPYIOUIETO 300IUIAHKTOHA

Simocephalus vetulus 3a cuer MOCTYIJICHU A (I)I/ITOHJ'IaHKTOHa C BOAHBIMK MacCaMH K3 BOJOCMaA.
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Momnons S. vetulus u3 BomoeMa depe3 ceTky pazmepoM 0.5 MM MpoHHUKaAIa B AKCIIEPUMEHTAIBHYIO
9KOCHCTEMY, IJIe MPOJI0JIXKaja Pa3BUBATHCA.

Ha ocHoBe ananmn3a pa3MepHOM CTPYKTYpHI (PUTO- U 300IUIAHKTOHA YCTAHOBJICHO, YTO S.
vetulus Xxopomo MpucrocoOJeH K YCIOBUSAM JKM3HM B NPOTOYHOW IKOCHCTEME TNPHU IIBETEHUHU
nuaHobakrepuii M. aeruginosa B OTCYTCTBUHU MHIIEBOTO Mpecca UXTUO(]AyHbI. ITO MPOSBIAETCS B
YBEIIMYEHUHU Pa3MEpOB, YNCICHHOCTH 1 OMoMacchl S. vetulus, B oTiMyme oT BogoeMa MpH MULIEBOM
npecce prIO-IIaHKTO(haros.

[Tokazano, uro ocobu S. vetulus cHmxaroT Onomaccy M. aeruginosa B TE€4€HHE BCETO MEPUOIA
ero pocra (T.e., B Ha4aJbHOM CTaqUH, B MEPUOJ MAKCUMAJIbHOTO I[BETCHUS U B (ha3e 3aBEpLICHUS
pa3BuTHsA). 3a cyeT ApPOOJICHHWs] KOJIOHWW IMaHoOakTepuit ocobsmu S. vetulus mpoumcxoauTt
paspyluieHue KpynHbix ¢ppaxiuit pazmepom > 100 mxM. S. vetulus «co3garoT» ams ce0si mpuemMiIeMyro
bpaxuio A1 JalbHEHIIEero UCIOIb30BAHHUS.

B nepuop 3aBepuieHust nsereHuss M. aeruginosa u npu aeguiute MuHepaabHOro (ocdopa
MPOUCXOJUT CHIDKEHUE HA TMOPSJIOK KOHIEHTpPAIMU XJOpopuiia «a» MpH OJHOBPEMEHHOM
YBEJIIMYEHUH MPOIYKTOB €ro pacmnana — peodutrHa. ITo COMPOBOKAAECTCSA CTAPEHUEM KOJIOHHUM U UX
npobnenuem. Kpymubie ¢pakiuu nepexoauian B rpynny 0ojiee MENKHUX, KOTOPBIE B JaJbHEUIIEM
notpeOsumuch S. vetulus. B 310 Bpemst B O0IbIINX KOTMYECTBAX MOSBIUTUCH OJJTMHOYHBIE KIETKH M.
aeruginosa.

Taxum o6pazom, ocobu S. vetulus 3a cuet apobneHus 6o1ee KpynHbIX ppakuuii M.
aeruginosa W WX NOTPeOJICHUS OCBOOOXKIAIOT IKOCHUCTEMY OT IuaHoOakrepwil. B pesymbrare

MPOKCXOUT OYHINEHHE BOJAOEMa U yIydIlIeHHE KauecTBa Bobl [21-25].

3ak1i0ueHHe U BbIBO/IbI

[Tpy HM3KOW YMCIEHHOCTH POJIb MEIKOTo (DMIBTPYIOIIETO 300IUIAHKTOHA B IMOJABIECHUHU
[BETeHUs ObUIa HUUYTOXKHO Majia. Menkue BuAbBI M HU3Kasg UX OMOMacca He MO3BOJsIa UM
3¢ dEKTUBHO BIUATH HAa pa3BUTHE IIMaHoOakTepuil. Hanmnune B BogoeMe JOCTaTOUHOTO KOJIMYECTBA
OMOTEHHBIX 3JIEMEHTOB NPUBOAUT K HMHTEHCHUBHOMY I[BETEHHIO LUAHOOAKTEPHH W CHMKEHMIO
MIPO3PAaYHOCTH BOJIBI.

W3onupoBanue pbl0 B SKCIEPUMEHTAIBHOM 3KOCHCTEME C TOMOIIM CETKH IPUBEIO K
nepecTporike coo0IIecTBa, Hauall pa3BUBATHCS KPYITHbIE BU/IbI 300IJIAHKTOHA, KOTOPbIE OKa3bIBAIN
BO3/ICHCTBUE HA Pa3BUTHE BOJIOPOCIIEH.

B skcneprMeHTanbHON yCTaHOBKE H30JIALUS pbIO CIIOCOOCTBOBAJIa PA3BUTHIO KPYIHBIX
BHJI0B 3001uiaHnkToHa (Daphnia magna u Simocephalus vetulus). UucnenHocts gadHuil 1ocTuria

4600 5k3./11. B axcnieprMeHTanbHON SKOCUCTEME IPU OTCYTCTBUH PbIO OMoMacca pacTUTEIbHOSJHOTO
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300IJIaHKTOHA OblIa B 3 ThIC. pa3 OOJbIe TaKOBOM B BojoeMe. D. magna B akocucTemMe o0amana
BBICOKOU TUTOZIOBUTOCTBIO, €€ pa3MEpHBI COCTaB B OCHOBHOM COCTOSLT M3 0co0eit pazmepom 2-3 MM.
KonuuectBo apunnuanbHbIX caMoOK ObLI0 HEOOBIINM, YTO YKa3bIBA€T HA CHOCHBIE YCIIOBUS CPEIbL.
PasmepHas crpykrypa nadHMii B TEUeHHE HCCICIOBAHHOTO NEPUOAA CHIBLHO MeHsutachk. CpenHuit
pa3mep ocobeit BapprpoBat oT 1.5 10 2.4 MM (MakCHUMabHBIN pazMep nadHuil gocturai 3.6 Mm). B
COCTaBe IMOMYJSIUU TOCTOSHHO TPUCYTCTBOBAIHM IOBEHAIBHBIC W PAa3MHOXKAIOIIMECS OCOOU.
D¢dunmnuanpHbBIe CAMKH B aBTyCTE, BO BpeMs [IBETCHUS [MaHOOAKTEPHii, 3apETUCTPHUPOBAHBI HE OBLITH,
9TO YKa3bIBaeT HA OJIATONPUATHBIC YCIOBUS Cpebl s pa3Butus D. magna. Heo0Xxo1umMo oTMETHUTS,
D. magna B camoM Tipyay OTMeueHa He ObLa.

B skcnepuMeHTanbHONM yCcTaHOBKE BO BTOPOM IOJIOBHHE JI€Ta Hadajl pa3BUBAThCS JIPYrou
KpynHbIid Bug — Simocephalus vetulus. FOBenanbHbie 0cOOM M3 BoJj0eMa TPOHUKAIN B YCTAHOBKY U
HapaluBall BBICOKYIO YHCIEHHOCTb M Ouomaccy. Pasmep ocoOeit nmocturan 1.9-2.1 mm.
UucneHHOCTh pakooOpa3HbIX yBenuuuBanack 10 250-480 »sk3./m. buomacca S. vetulus B
SKCIIEPUMEHTaIbHOW ycTaHOBKe Obuia B 320 pa3 Bbille, 4yeM OHMOMACCHl PACTUTEIHHOSIHOTO
300IJIaHKTOHA MPY/a.

Kopmosas 6a3a S. vetulus u D. magna yBenuuuBanach 3a cueT paspyuieHus (apoOiaeHws)
KPYITHBIX KOJIOHUH IIHAaHOOAKTEpUH U ITepeBoia UX B OoJiee Menkue Qpakiuu, MoTpeOIsieMbIe STUMU
pakooOpa3HbIMUA. DUIETPATOPHI «CO3TABAINY» ISl CeOS MPUEMIIEMYIO Pa3MEPHYIO (PAKIUIO ISt
JaIbHEUIIIETO MOTPEOICHHS. DTO CIIOCOOCTBOBAIO YBEITUYCHUIO KOPMOBOW 0a3bI SKOCUCTEMEI.

Takum oOpa3oMm, ynajgeHue HUXTHOPAyHBI W3 DKOCHUCTEMBI CIIOCOOCTBOBAIO Pa3BUTHIO
KPYIHBIX BUAOB 300TUIaHKTOHA. OHU MOTJIU IpOOUTH KOJIOHUU M. aeruginosa U MCIOJIb30BaTh UX B
TTUTITY.

Bricokast YuCI€HHOCTD, TJI0IOBUTOCTh M IIUPOKUN pa3MEpHBIA crieKTp ocobeit S. vetulus u
D. magna yka3pIBalOT Ha UX CIIOCOOHOCTH CO3/1aBaTh BHICOKHE YUCICHHOCTH U BBIIIOIHATH ()YHKITHIO

IPUPOJHOTO (PUIIBTPA, OUUIIATE BOY OT IMAHOOAKTEPHI 1 MOBBIILIATH €€ KaueCTBO.
Pabora BeimonHena B pamkax TemMbl No FMWZ-2022-0002 T'ocynapcTBEHHOTO 3aJaHUS
Wuctutyra  Bomueix npobimem PAH, a Takke B pamMKax — MEXIUMCUUIUIMHAPHON

Hay4yHOOOpa30BaTeIbHON HIKOJIBI MOCKOBCKOro yHHMBepcuTeTa «byayiiee niuaHeTsl U Ti00anbHbIE

W3MEHEHMS OKPYKAIOIIEH Cpeabl».
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Briag MockoBCKOro o01ecTBa ucnbiTaTesieil Npupoabl B
pa3sBUTHE HAYYHOH U MPENnoaaBaTeJbCKOM AeATebHOCTH B MI'Y

Canunkos A.IL>3, Koznor O.B.%, OcTtpoymoB C.A.%, Kankos B.H.}

! Mockoeckuii 2ocyoapcmeennviii ynusepcumem umenu M.B.Jlomonocosa,

Meorcoynapoonulil yuebHo-HayuHblll buomexuonocuveckuil yenmp, 2. Mockea, Poccus
2 Mockogéckuii 2ocyoapcmeennsiii yuugepcumem umenu M.B.Jlomonocosa,
ouonoeuueckuil gpaxynomem, 2. Mockea, Poccus

3 Mockoeckoe obuecmeo ucnvimameneti npupoowi, 2. Mockea, Poccus * Kypeanckui
eocyoapcmeennblll ynugepcumem, 2. Kypean, Poccus

KuatoueBbie cioBa: MOUIL, MI'Y, passutue Hayku, pazButue oOpaszoBanwusi, wieHsl MOMUIIL,

HUCTOpUS HAYKH

Unenst MOUII BHecnu cyliecTBEHHBIN BKJIAJ B pa3BUTHE HAYYHOM M IPENOAaBaTEIbCKOMN
nesTe’nbHOCTH B MockoBckoM YHuBepcureTe. HekoTopele mpuMepbl MOTYT ObITh IPUBEEHBI B 3TON

CBA3U.

Axkanemuk B.W. Bepuaackmii

Bnagumup MBanoBuu BepHanckuii — dneH MOCKOBCKOTO 00I1IecTBa UCTIBITATENCH TPUPOIBI
¢ 1890 r., mouérnslii unen ¢ 1911 rona, Bune-npe3uaeHt ¢ 1934 rona.

Brnagumup MBanoBuu pabGoran B MockoBckoMm yHuBepcutere B mepuoa 1890 - 1911 rr.
Bepnanckuil - skctpaopaunnapubiii (1898—1902), 3arem opaunapssiii (1902—1911) npodeccop
Nmneparopckoro MOCKOBCKOTO YHHBEpCHUTETa. ABTOP KYpPCOB JIEKIIMH U y4eOHHMKOB TIO
MUHEPAJIOTUH, KpUCTAIIorpaguu U HUCTOpUU ecTecTBO3HAHUSA. OH BOCHUTAN IUICANy yYEHHUKOB,
MHOTHE U3 KOTOPBIX paboTair B MOCKOBCKOM YHHUBEPCUTETE U IpYTuX YHUBepcuTerax Poccuu. Tak,
3a Bpemsi paboTel B MockoBckoMm yHuBepcutere B.M. Bepuaackuii Bocmurtan Ooinee nBaaiaTh
YUEHUKOB, cTaBlnX n3BecTHbIMU MUHepasioramu (C.I1. ITonos, B.I'. Opnosckuii, 1.®. Cuoma, H.A.
Cxpuukuid, S1.B. Camoiinos, [LI1. ITununenxo, B.B. Kapannees, JI.JI. MBanos, H.. Cyprynos, A.A.
Aynosckuii, A.O. lIknspesckuii, H.H. Tuxonosuy, b.A. JIypu, B.H. MamonTos, I1.K. Anekcar, I'.1.
Kacneposuu, B.B. Apmnnos, A.E. ®epcman, B.C. I'yneBuy, JI.B. SIxoBnes). Yuenuku Bepnaackoro

3aHATIM PYKOBOJAIMIME MOOJDKHOCTH Ha Ka(i)ejlan MHUHEpAJIOTUU W TCOJIOTHUH B MOCKOBCKOM,
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Caparosckom, Tomckom, Tommmcckom, TaBpudyeckom, BopoHexxckom yHuBepcuterax, B KueBckom
MTOJINTEXHUYECKOM, ExaTepnHOCIaBCKOM TOpHOM, MOCKOBCKOM T'€0JI0r0pa3BeI0YHOM NHCTUTYTAX,
HoBoanekcanapuilcCKOM HHCTUTYTE CEJIbCKOTO XO35HMCTBA, MOCKOBCKOM CEIbCKOXO0351HCTBEHHOM
UHCTUTYTEe, MOCKOBCKON TOpHOM akajeMuu, Y HuBepcurere uM. [llanssckoro B Mockse, Bricuinx
xeHckux Kypcax B MockBe u Cankr-llerepOypre. Kpome Toro, Bo3riaBisiiiu Takue HU3BECTHbBIC
yuUpexaAeHusA, Kak MuHepamoruyeckuii wmy3ed AkageMuu HaykK, WHCTUTYT NpUKIaIHOU
MuHepajoruu, HayuHblii MHCTUTYT 1O yaoOpenusiM; paboranu B Komuccuum mno u3ydeHHIO
IIPOU3BOUTENBHBIX cuil Poccun, buoxumuueckoil naboparopun, PagueBom nHcTuTyTe.

B.1. Bepnanckuii BHEC OONBINON BKJIAA B pa3BUTHE YUeHHS 0 Onocdepe, B HAyKu O 3eMiie.
Wnen BepHaackoro okasaluch BOCTpeOOBaHHBIMHM IpH pasButuu MIY u B 21 crojeruu npu
co3nannn B MI'Y HoBoro daxynprera riobanpHbIXx mnpoueccoB. brocter B.M. Bepnanckoro
YCTaHOBJICHBI HA XUMHUYECKOM (hakynbreTe U (aKyabTeTe r100aibHBIX mporeccoB. Cpean MHOTHUX

BAKHBIX IJI1 HAYKH ny6nm<aum71 B.1. BCpHaI[CKOFO HCJIb3d HC OTMCTHUTD CICAYIOUINEC: KHUT'U

«buochepar n «Xumuueckoe crpoeHue 6uochepsl 3eMITU U €€ OKPYKEHHS.

Axkanemuk C.A. 3epHoB

Axkanemuk Cepreii AnekceeBud 3epHoB Obul cozaareneM cekiiuu MOMUII, koTopas ceituac
Ha3bIBACTCS CEKIUs ruapooronoruu u uxruoioruu. B 1922 r. C.A. 3epHoB co3nan nepsoe B Poccun
ruapoorosornueckoe oomecTBo («OO0IecTBoO uccaeaoBareneld BOJbl U ero oouTartenei», ¢ 1922 mo
1932 rr.), KOTOpOE OBLIO BOCCTAHOBIIEHO Kak cekius ruapoounonoruu MOUII B 1947 rony.

I[TepBeIii yuebHuk-MoHOTpadus «O0mas rugpoduonorus» (1934 r.) nanucan C.A.
3epHOBBIM.

3epHOB ObLT OCHOBaTeNeM Kadeapsl ruapoOuoaoruu ouonorndyeckoro gaxynsrera MI'Y. On
guran gekuuu B MI'Y B nepuog ¢ 1924 o 1930 rr.

[Ton ero penakuueit omyoaukosano 50 BeityckoB «®aynst CCCPy, «Kuotaslii Mup CCCPy,
«Ku3Hp npecHbIX Bo», «Tpynpl 30070rMuecKOro HHCTUTYTa». 3epHOB C.A. ObUI OTBETCTBEHHBIM
penakropoM «3oojorudeckoro kypHama». C.A. 3epHoB — Obu1  uineHoM [Ipesunnmyma
MEXIYHApPOAHOM acconuanuyd TEeOpeTHUECKOW M NPUKIAAHOW JuMHOJoruu (MexayHapoaHoe
00IIIeCTBO JIMMHOJIOTOB).

Cpe,Z[I/I €ro HY6HHK3HHf/'I MOKHO OTMETUTH CIICAYIOIIHUEC: KHUTU ((06111351 FI/II[pO6I/IOHOFI/I$I>>,

«Kopennsie u npunuibie sneMeHTs paynsl CCCP u mpuseraromumx Mopeit» 1 MHOTHE IpyTHe.
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Axkanemuk B.H. CykaueB

Axanemuk CykaueB Brmamumup HukomnaeBuu (1880-1967 rr.), mpesunent MOUII B 1955-
1967 rr., OCHOBOTIOJIO)KHHK HOBOM 3KOJIOTMUECKOW HayKH, OMOTEOIEHOJIOTHH.

Axanemuk B.H. CykaueB BHeC KpPYNHBIM BKJIaJ B Pa3BUTHE KOHIENTYaJIbHOIO armapara
HKOJIOTMH, OMOJIOTUU U HayK O 3emiie, IPEJIOAKUB HOBYIO KOHLIEIIUIO U TePMUH «OHOTEOIICHO3).
OTa KOHIENIHMs CYIIECTBEHHO MOMOJHWIA (yHIAMEHTAIbHOE IOHSATHE «IKOCHCTEMay», KOTOpOE
SIBJIIETCSL OJTHUM U3 OCHOBHBIX B COBPEMEHHOM SKOJIOTHH.

B.H. CykaueB pa6ortan 8 MI'Y B 1946-1953 rr., co31a1 1 UnTaa HOBBIC JIEKITMOHHBIC KYPCHI,
Obl1 3aBemyromuM Kadenpoit Oworeorpaduu Ha reorpaduueckom dakyiaprere MI'Y. AKTHBHO

paboTtai Ha O6Jaro pa3BUTHS HAYKU U 00pa3oBaHusi B MOCKOBCKOM YHUBEPCHUTETE.

Axkagemuk B.A. CagoBHnuuit

Buktop AntonoBud siBnsiercs npesuaentrom MOMUIT (¢ 2000 r.) u pekropom MI'Y. OH uutaet
JIEKIMOHHBIE KypChl HA MEXaHUKO-MaTeMaTtudeckoM (akynpTere MI'Y, rae 3aBeayet kadeapoii. Um
HaIlMCaHbl HAyYHbIe MOHOTpaduu u yueOHuku, - 6onee 210 kuur, a taxke 6osee 800 crareit. [lpu
€ro aKTUBHOM y4acTtuu B MI'Y ObLIH cO3/1aHbI HOBBIE (haKyJIBTETHI U Kaeaphl.

BukTop AHTOHOBHY — aBTOP ABYX O(QHIIMATIBEHO MPU3HAHHBIX HAYYHBIX OTKPBITUH.

B.A. CanoBunumii - Ilou€rHelii uneH Poccuiickoii akagemMuu 0O0pa3oBaHUs, YJIEH
IToneuntensckoro cosera PAO. Unen-koppecnonneHT Poccuiickoil akagemun Hayk ¢ 1994 rona,
nevicteutenbHbiil uieH PAH ¢ 1997 roga, Bxoaut B coctaB IIpesuauyma PAH, ¢ 2008 roxa mo 2013
rog — Bune-npe3useHT PAH. Y aocToeH 3BaHus MOYETHOTO JOKTOPA MHOTUX YHUBEPCUTETOB MHPA.
Bosrnasnsier Poccuiickuii Coro3 pexkropoB. C 1989 roga siBnsincst wienom CoBeta Accoruanuu
yauBepcutetoB CCCP (mocne mpeoOpazoBanus B 1992 ronmy — EBpaswuiickas accouuanms
YHUBEPCUTETOB), ¢ 1992 roga — Bo3rIaBuil AcColMalnIo.

Bxoautr B pemakuMOHHBIE KOJUIETMM Hay4dHbIX KypHasoB «[IpoOnemHblli aHanmu3 "
rOCy/IapCTBEHHO YIIPaBJIEHUECKOE MPOEKTUpOBaHUE», «KBaHTOBbIE KOMIBIOTEPHI M KBAaHTOBbBIE
BbIUMCIICHUS» (TJaBHBIA penaktop), «Briciee oOpazoBanue B Poccum», «DyHIameHTanbHas U
NpuKiagHas Marematuka» u apyrux. llon Hayunsim  pykoBojactBoM B.A. CamoBHuuero

MOJIrOTOBJIEHO Oosiee 65 KaHAMTATCKUX U 15 JTOKTOPCKUX JuccepTanuil (B TOM 4YuClie YYEHBIX M3

IPYTUX CTpaH).
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B.A. CanoBuuunii - naypeat ['ocynmapctBennoit npemunn CCCP (1989), I'ocymapcTBeHHOM
npemun Poccutickoit @enepannu (2002) u tpé€x npemuii [IpaBurensctBa Poccuiickoit deneparumn

(2006, 2011, 2012). Mot kaBanep opaeHa «3a 3aciayru nepen OreuectBomy. ['epoii Tpyna

Poccuiickoit ®eneparuu (2024).

podeccop U.B. Niabun

Unbs BsiuecnaBoBuu WiabMH — JOKTOp MOJUTHYECKUX HAYK, MPOdeccop, 3aBeayHOIIHii
kadenpoii rimodanuctuku akynpTera rodansHbix mnpoueccos (OI'TI) MI'Y. Bosrnasun gakynsreT
B 2007 romy.

W.B. Unbun - nepssiit Bune-npezngeHT MOUII, nekan u coznatens ¢akynbTeTa rio0aabHbIX
nporeccoB MI'Y. U.B. Unbun — aBTop u coaBrop Oosnee 60 kuur u Oosee 250 crareit. Ilo ero
WHUIMATUBE ¥ NP aKTUBHOM YYaCTHU OPTaHW30BAHBI U MPOBEACHBI MHOTHE OOLICPOCCUIICKUE U
MEXyHApOAHbIE (OPYMBI, B TOM YHCJE HECKOJBKO MEXIYHApPOIHBIX HAYYHBIX KOHTPECCOB IO
rinobanmuctuke. Celivac npu aktuBHoM yuactuu W.B. Wneuna Benmercs pabGorta 1o

COBEpIIEHCTBOBAHUIO CTPYKTYpbI U pyHKuMOoHUpoBanus MOUII.

Bprle npuBeieHsI TOIBKO HEKOTOPBIE U3 IPUMEPOB CYILIECTBEHHOM N AKTUBHOW POJIM YWICHOB
MOMUII B pa3BuTHE HAYYHOW U MperoaBaTeNnbckoi nestensHoctd B MI'Y. Llennyto paboty B 3TOM
obmactu mpoBoauT Oonbmioe uucio wieHoB MOMUII, koropeie pabotaror B MI'Y. MoxHo
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nyosMKanui B Oyaymiem.
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