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PE(DEP-AT

O6rcna r[oFtHofi MaruprpcKofr rvcceprarrtru cocraBJnrer 63 crpaHr4rlbr.

lKo.l?r.recrno pucyuKon r,r rp.aQ aKoB -',7 , ra6rtq - 5, ,bopruryn - 16, I4cnoJlb3oBaHl{brx

r,f clor{Hl4Kc>e -- J'+.

OCIlOtIflFIAtl UEJlibi AACC]EPTAIII4OHHOI{ PAFOTbI - r{31/qeHr4e
(Suc,xzuuqecFil,Di II oprato4efl'r]TrrecKnx ceoilcrB rrpocrerllrx BoAopocrefi, a rarcKe
IlcorleAoBal{I4e llpoueocoB Har:onJreHnfl BHeiKJIeTor{Hbx opfaHI{rIecKlIX Beln,eclB B

liyJtbrypax xJnoF)oKoKFioB.bD( BclAopoc.[efi n c.sssn c QlrsuoJrorr4rrecKr4M cocroqHr,reM

liJI€)ToK. B cexsn c 3TIIM lSHnu cSopvrynHp(lBaHbr cne,{yroune 3allaril4l.

1. Hoc,[o,4oBaiTb rlpoqeccbr HieKorrreHr,rfl BHeKJreror{Hbrx opraHr{qecKr4x
IBeIIIecTB Et lr+rJlblypax XJIQpOKOKII:OBbIX nO4OpOCleft B CBtt3H C

r:[lor:ocunrernqecKoff arrmnHooubro lt )Kn3Heonoco6Hocrb]o Knero K;

2. )'cri:It:Ir)Balb Bo3rlto{tHocrl4 nlpr4MerreHr{-f, AaHHbrx 3neKTpocrreKTpocKorrr{rr
tHatiorll4TemHoit Kynbrylpbr Clhlorelt'a B flpoueccet pa3Bvrrvfl B orrrrrMe[rbHbx
'ycJIoBI4gx IIJUI oflpeA€il€lM-fl SyaxUraosamur:fi aKTr4BHocTr{ KreToK BoAopocnn;

oBb E I{l :f br 14 c c JI EAO BA r{trirff,
B rcaqeclBe ocHoBHoro o6rexreL r4ggyle[oBaHur r,rcfroJlb3oBaJrv aKceHr4qHylo

KyJltrypy Boilopocru, O,hl@rella p'vr'enoido:ia, rrrraMM DMMSU-S-39. Ky.nrrypy
BblpaulplBanu HaKorllrrerlbfiIbrM MeroAoM t{a cpeAe Tat.r'us B KynbrypaJlbHblx
c,oc,yAax c 2lji0 MJI ctr)eAtbl npr,r rer\{neparype 37u C r{ HenpepbrBHoM ocBettqeHr{r4
4tl Br/u JraMrraMr4 IIli-80. Cocyzt 6ap6ornpoBarru Bo3AyxoMl or{HrqregHbrM
tlporvcKaFlueM rlepel cnqrel{y BarHbx $Hnrrpon u o6oraqeHHbrM 226 COz,
cKopc,crb 'rroK? Bo3A'y'x€lr Q,3 tt,lrrruH, Bo4opocnu rrepr4oAr4qecKn rrpoBep.,{nu Ha
ql,Iorory BtblceBoM rla qa,ruKr4 co c'raHAaprnrbrMu arapoBbrMn cpeAaMra MftA 18"
C}'C;JICr.

ME TCtIbr r{C C r nfiOrrAHr{.ifi
tluclerrnoc:tb KJIeroK orlDe Ae:MIIV ilprrMbrM cr{eroM B KaMepe fop-rrena, a

lilF)Ke ilo otlTHqecnofi ItuIQTHocrI{ npra 540 HM Ha crreKTpooJreKTpoKoJropr{Merpe
c: ,llilllbHeiiuluttl nocrpoefll4or\4 xa^rrra6poe,o{HbrX Kpr4Bbrx. flpoqeHr MeprBbx
rulc)roK yqHrblBilra rlo$cverou 500-1000 KrreroK rryreM oKparxr{Balr4fl
Mo]lI{JI€I{rcBtrIM cIlHl.I}{. OFu6xa He flpeBr,rurara 5-7 %. Ko:ru.{ecrso o6ulero
llOB q/ilbrypa.Jl[,H]blK cp* r 6zovraccbr KTeroK orrpeAerrflrrkr rrocJre c]Kr,rraHr{.fl c
bnlpouaror{ KilJrr4rr r.rond{nrraerpr{qecKkr tra, cleKTpo3neKTpoKonopuMerpe. Arrs
3Toro KlIeTriI{ oTll:eJnJII4 p'I cpelbl .[5 uHrr. IleHrpr4$yrr4poBaHr4eM npr4 55;00 g c
ro()JIeI){oIr{HM Sra"rr'rpcrpi}Hl4 3M qepe3 ueu6paHHue Sz.nbrpbr c pa3Mepar{H rrop
0,2,3 nrur.. i

i

PE3:/JlbT.{'t h,I
Onrr.ru ro u:lytlErrntf lHaxonJreHr{fl BO,B B Kynbrypax BolopocJru Chlorella

tt)))t"€/tt)it:/'ost:t t,ru,artrt, ,,[o yBent4qeHr.re Korgr{ecrBa BOB [por4cxo.urrno B
ooorBercrBl4l/. o llocroNd EucneuFlocrn KneroK 14 K KoHrIy orrblTa cocritBJlrJlo
lBeJ[rrqnrl\r 580-r52r) H,rn/rt, tf Hauane, B qacf'Hocrtr Ha BpeMeHHoM prHTepBane l-5
0)/1i. coilepxal{ue }v{epE$bl}l KJIeroK I{e fipeBbrrrraJro 3-5%. Harcoruenpre



Op|aHrarx:pr B cpeAe

iIOllycrTlrt'llb, r{T'o

Erc)lrop0crepi.

HaarSonee Bilr(Hr,n/t eTcr Bc)[poc o Bo3Mo)KHocTrx KJreToK BoAopocJlefi
lr: IIpPDKI43HeHH0My TpHZIO OplaHUrIeCKIIX BeLIIeCTB, r{TO TeCHO CB{3€IHO C

2

rt)oncxolr4Jro c BbrcoKofr cKopocrbro. I\4oxso
ee B 3TO BpeMtI 

'BJI.'ITOTC' 
)KHBbIe ISIeTKI{

pbr norryJrruHr4 KreloK rro Qu:uo:roruqecKoMy
o[peAeJreH]ur )Kr4Bbrx H MeprBbx KJreroK. Orleura

)Kpr3HeHFrbrx Bbr,{eleHuii BOB KJrerKaMr4 Kynbrypbr

I'eTepofr3HH0cTLK) c'f
C)OC]'[O.qHLIIO, C Kp[TeI)
uplrpocltr BOB orHcrlr I( rlpt4pocry 6uonraccbr [JUr Chlorella pyrenoidosa
:$-3 9 B orlrnMzutbFrhr.K

ljtcr3iMO)KHat BeJ]lI4IIUHle n

rpJroBr,urX B Haq€tr'te KprrBofi pocTa [oKa3iLIIa, qTo

ee Q:'rflrJrf,e'r 3 ,9 -5 , 1 94r trCr 0THr)rreHr{ro rpnlpocra BOB K rrpprpoc'ry 6uovaccrr
('ra6n.2).

Yctanonleuo, u'ro, | 4 :i-5 c),r. pa3Br4Tn.tr Aocrr4raercf, MaKcr{Mzurblafl.
arK:T'r4BHCr(:r:r So'rcl cztn HaKOfIJrer{r4e B cpeAe opfaHr4Kr4 pe3Ko yBenurreHo
t:ta cr{eT' IrpI,I;KI'jt3I{erI{H+IlK BbI[€JltreHHi, troctco.rlbKy MepTBbIX KJIeToK ualo (no
oxpamulBaHl,to). F:ta .l [porIeHT ;Kr4Bbx KJreroK, orrpeAeJregsrrfr [pr4 [oMoIrIr{
l\'IeTOAa 3JIet(Tp0cII |II{I4 He gBI_gIC[ MaKCI,IMaJIbHbIM I4 yx{e COCTaBJITJI
JIIltIllb OKOJIIC 75 Yc, ( . 4) , q'uo o3Ha.qaer HaJrtrqr4e B cycrreH3r4l4 xJreroK,

QrllnrquoHa-irbHo o'cJra6nqHHbn(, Ho Fre MeprrBbrx. I] repr{oA 5-7 cyr. (Sa:a
3K C l[C) He FIUII €lJIIrH0 f 0 pocra) rrrpoAc)Draercq 14HTeHc14BHbrfi pocr
ltrtoJleHFlocr'Ir K,IIe)'ToI( a $a.Kouneul4e opraHr4Kr4 B cpeAe. Koruqecrso MeprBbx
I(JIETOK I'[O M()TC) flKpam:r.rBaHnei - oKono 9%. ArrunuocTb

IqlorocHl'lre:ia cllllt3l4Jlarcbf Ho oHa Aocraror{Ha AJr{ iloAAep)KaH:/^fl TeMrrOB pOCTa
l$Jlbrypr'I. flo :lelirpu'{epKttM rlapaMerpaM qilcJro }KHBhrx y}Ke cyqecrBeHHo
YN{c)Hbtrll,tJlc}cb, o'-leBlI,[HP, 3a cr{er \/MeHbu]eHI,Iq AonI4 KJIeroK, cttoco6Hh,rx K
iIKT'.t'IBHondy rpaluctlopTy vr Bo3pacraHr{fl loJrr4 KJreroK, QyHrquorrzurbHo
lt{elIee il.K'rI'IBHLI}l, HO $ npeO6,ra,IIaHI4eM pOJI.A ttaCCHBHOfr npOHr.rqaeruocTtr.
'l-anue K-llerKI'I B ilepByxl o.IepeAb r'll6Hyr, Ho Ha gauHrrfi MoMeHT BpeMeHI,r r4x
rleJlb3fl cqltlril'lrb traepr$nrult. folr BOB, BbrlenfleMoro KJrerKaMr.t, c
IlatpyneHHbtMl{ l5atrlseprilnluu cBoficrBaMr4 uelr6paH loBonbHo BbrcoKa 14

orar:IoBnTcr upeo(5lzr.rar{utrefi x l0 cyr., a rc 14 cyr.nr4rxb 34% KJreroK r\,{o)KHo
Oql4Tarb S1'urrgoHarbHP )KuBbIML,t, Tor,{it KaK ro MeroAy oKparxlrB aHVs B

I(:y'JIbrVpet Et.> 7Qol, N:raeul6 MeroK (ra6l. 4),
Blrxueuo, qro, poQt v pa3Brrrr4e K,TeroK eogopocreft corpoBoxrAaercfl

l[I3iI4:eHeHI{el\4t KaK aK]ll4BHlbIX, :faK I4 IIaCcI4BIibIX TpaHclOpTHbIX rlpoqeccoB qepe3
ueru6palty KneTott, npnufnr B orrpe!;r3JreHHbre cyrKtr KynbrprBr4poBaHr{fl aKrr,tsHtrfi
uepeHoc tlo.uoB upeo6.rra,{aBT naA rarrOcfiBHoft npoHlrqaeMocTbro. Tar< [poHOXoAr,rT
tflit 5-7 c:Yt', rot{a rca* Hit 3 u i I cyr }'poBeHb $yHxqraour{poBaHn_s
i;lK:T'aBHbl)( 'rpal{cttoplr.ul.t[ rll)oqeccoB MI4]I[Ma^IIeH. 3ro cBHAeTenbcTByeT o6
\/Eie.rrl4qeH:Hu .c.t4cnir ;*l]t,rsH:pQno,:o6Hrrx KJrerOK B Kynbrype Ha 5-7 cyT, tITo raKxe
llollTBepx(Aa.erctl MilKoloi,fafibE:blMrl 3HarIeH]arrMH B orr{ cpoKr4 xoeQSnqueHTa
iloJr-f,pr43aqun (xu:luec nocp(iHocTrr) Kil.

rOnullilxcr Ha u.ccreAopilune SynxqraoHarrbHoro cocroqHrlfl Kynbryp s Ch,.lorella
pyrenoial.osa S-39 MolKHo llonararb, qro Ao 7 cyr. pa3Bprrvfl B ycnoBr4.ax 14-cyr.



ua.6inrc4euui;:l B FrraKoilnefr{r4 BOB onpeAe.rrqrouee 3HaqeHr4e r4Meror rpoueccbl
ilF)lrlKa3r{eHErofcr ErbrAeJrer4ziF, (oTopoe [poHcxoAHT rlorrTr4 ,ruuefruo. lloc:re 7 cyt.
rrFrorlecc HarKonJreilrHr ,BQBi [l)oAoDr(aerc.f,, rrpnr{eM c ycKopeHr4eM, oqeBH,{Ho 3a

CII{CT BKJIAAA. B }IA]1IO]IJIEHfiC" 6U:OUACCI'I JIII3HI]OBABIXI,IX KJIETOK, A TAKXC OP|AHI'IKIUI,

r:rbri![eJr.rrrrorueilcq QynxrfroHaJ]bHo MepTErbrMH KJreTKaMr4 c veNr6piaHaMH,
r/'rprrarI4BIrrI\,ILI crlorr 6urp$epuue {ryHxqraa (pHc.3). IrIsNaeHeHuq aKTI4r3HocTI4

{rotocurtleea r4 :,,Heplosfr:lr.IcrrMbrx flapaMerpoB B oro BpeMr HMeJrrz cxo4uuft
)(apliaKTep c NIaKct'lrM)/NIoMlnla 5 cyT. ('I43MeHeHHs aKT14BHocrtt @C 2, nex]7'lq'uuu Rr,
orFra)t(aFlrrle)ro nponuqalpryocrb Lr o - [apaMerpa, 3aBr4crrrlero or )/poBHs
1r{elta6onpi3Ma KleTrox),'utr{ ItoArBepx,(oer BbI,oKa3a}IHoe BbrIrIe [oJIoxeHHe.

OcHcl,sHoe 3IraqeI{H+ Bo,qopoc.lIefi B x{H3HH rrpr4poAbr BbrreKaer pr3 ux
{ptn:,lnorr:furlocl,iu)< or'o6iprrHocrefi .rcarc gereHbrx pacreHrafi: noAo6Ho Bbrcrxr4M

3eJr-lHbltr,f pracreH14xNI nlu c)/uJe, Bo.4opocrl4 ts BoAe gBrfrorcq ocHoBHbIM
OO3i.AAaTeneM OpIi:lHI,IqeC[(r0fO BeIIIeCTea. TarcUVr O6paSOM, MO)KHO CKa3aTb, r{TO

ltec:b ocllal.unoii vrupr cr{nperdeHHblrK xr.rBr,rx cyuecrB BoAbr e rofi vrrk'i; vrHoir
h,Iel:re obssllH cIloIIr{ <f'UIe,:rnoBzrHrreM BoAopocrsM, TaK KaK BoAopocJrr{,
(:iraro4aprx coAspx€rur4nl B Hr{x ruropo{rulra, ciloco6Hbr co:3r4Aarb
Opl'aHulleCX:I{e BeUle)CTFil CBOerr[) Te,qa l/ai HeOpraHHqeCKuX BeilIeCTB

ol.pyxal{lqefi LIX n<iapr. cleironare.rbHo, oHr4 flBirqrorcr B BoAe
lIpoI{:3Bc}lII4TentMI.r 'r'0[ fietpnonnqrr, Koropofi n AanbHefirxeM rroJrb3yrorcr Bce
oclzurbHE,re "tuurdrrHr,re x"fiqpo$unnur BoAHbre opraHr43Mbr.

l],,\ K.fl to rIlE ll l,If;
Olpotvtuoe :lHalleHiFrg tnueer raruKe ro o6crorreJlbcrBo, rITo BoAopr)cnl{ B

llpoqec(:(: {lrorcrct,tHle:ta BblAonqm cno6o,qnrrfi xucnopol, neo6xo4raurrfi 4lr
,IE,D(aHI4fi B0!HbIX. o'pl'ilH4{:MoB, KaK )KI{BoTr-rbrX, TaK vrpacTVTeJIbHbrx.

B padore parccrrai{r.pvEiaJrr4 BoAopocnr4 KaK uopSo$u3r,roJroruqecKyro
LIeJlocrElocT'b, Br,ltrJrlI4Ili4 rD( rr,rHoroo6pa3vrfl B rIeJroM, trpor4cxo)Klte]H]/-g, 14

[t30..LItr4HIrlX Sarloreue$aUecxnx cnx:eii, v3t'utrnv 6vtoxurvwrrecK]ae vr

OpfaHo.rie[Tr,rrleKr4e c Ba BoAoFrocrefi (Ha nplmrepe Chlorella). Toqno rar
,rK€ C 3'tHX nO3iI4tII4n4 qpnccTHoc:fI4 xopolxo BbrqBltroTcq MecTo vI ponb
t,lOTlopocireli: B rllll4poAe: B acTop.tlqecKorv{ nJraHe oHr4 npeAcraBrsror co6ofi
nepnufi 3Titn B pa3BHTl[u er;ero :r:rdHoro crBoJra pacruTenbHoro Mr{t)a, a B

r)OilrleM Kp'\/r"o}lopolt(l qeuler:re B rrpzpoAe r{fparoT ofpoMHyro ponb KaK
IIOpBIrIgI'loe 3BeHo tsce)i] tIHrrIeBbDi ceq:e:fr B no4Hofr cpeAe v rnrarilcxnfi
]:IOC]TUIBIII]HK I{iZ{JJIOPIC B arnrocQep;r. Hecuorpr Ha yArlBr{reJrbHoe
unoroo(:lpa:il4e xlt3t+euutIx {ropu pracreunfi, 6olruruHcrBo r,r3 Hr4x o6teTluHxer
'!/rl2rKaJrrru&Il cr,oc;oeiHou{11 KCTopofl orrpeAen{ercr cloco6ovr trxilvrraHr4fl.

llpone,qeul{bte B r4ccJlelt:oB aHnr:r rIoKa3iuII{, rrTo B npoqecce pa:3BI{TI4fl

Chlorella BbrleneHne opraHnr{ecKrlx BerrleorB Halil€tKOIIU'I:\:.U[,HOtui t(vJI))

pel3iHbrx cTilAr4 rrx:

tb'/srqacrHSJrbH brld

np|OI4CXC)AHT HepaBHOMepHo rr TecHO CBS3aHO C

Hr4eM KJTeTOK, COOTHOIXeHpTeM npoueccoB
llpl4t)Itpl3HeHHoro lZ rlilcr'f(lT€ulbHoro BbIAeJteHHq, B cB.f,3l4 c HeoAHopoA6rocrbro
c)TlfyKryplbl rIoIIy.rHIlt{u fr:t.Uopocru4 rro SyuxqraoHaJrbHoMy cocroflHr.rro, rpyAHo
'fqecrb BHeKrlelorlHl;e oplaHzuecKl4e BerrlecrBa 0lOB) BoAopocnefi, ntr4eJureMoe



Irt3l\l eHeH IIJII\,II4 QOTOO ll
S-31). lU; 3KcrIOHo'n

faue:crofi aKrrrBHc)crr4 rryrrbryp w C hlor ella pyr eno ido s a
bHr)ft 4laee NraKcI{MaJIbnafl QorocnHTerr4qecKafl

{XK:T'ABHCICl'b K)'JII,T\y'PbI BpAC)pocnr4r, BeJrlrqrrHa xo:SQuqpreHTa rron-spr43ar.Ir4r4,

IdJ]CTKAMII )I(I,1BIJN1I{. IIO

IISLITIOIIJIe:tfi11[I4 .BH:,e

I)CrJrb naccrrBH0il ,qlj
rq'Jrblrvpcmrsor,i cpe

0TF)axar't[Iefo [rp()H04

0oEi[aAa.,-ro 0o cK0p0c
l:](lB Har tpoHe cF{r.{

craur4olr:zrpuofi Sa:nr

.FapyrxeHrFrofi ilpoHHuaeMocrbro BHerrrHr4x MeMeipau, n

Flbx oprarFrr.rqecKrx Bexr{ecrB Bolopocnefi Bo3pacraer

)13r4r{ oprilHHqecKr4x BerrlecrB. Haron:resue Lrx B

, BOAOpOOTefi COIpOBOXAUIJTOCb 3Haqr4TeJrbHbrMr4

pc'lrb v 3itBvtcfltur3ro or vpoBH-s I\aera6oJ'It{3Ma KJIeroK,

ipor:ra u cKopoclbro HaKolreHr4q BOB. Haronlesue
W Soror:uurernqecrcofi aKTr4BHocrr4 H B HaqaJ.re

Ky.rrbTypbr, oobtrrcHf,eTcq yBenr4rreHr4eM Aonr4
t(lJtteToK c Htir3K0H 0vHt PHirnbHoii axrueHocrE,ro - SyurcqnoHuLrbHo MeprBbx
(.no 3JreK:Tp[4r{ecnoii tr AlaMocrr.r Ha Hr43KHX vacrorax.). B 3To BpeMq B

ilpc'qecc:e BLIAeJlerHlls B lp ynerrEvr4BaercJr poJrr, raccr,rBHofi ezS$p:zra B; cBq3r,r

cr vBe.[H':IeHI,Ietv{ npr0Hl,IuaeMocrl4 tr,tevrSpaH KJIeroK, cytrfl no
3nerKTpon.poBoIHOcl4. lfia crarquoHaprHofi Sas
)Kta:iiHecIr0ccl 6nclc:r'r BOAOltOCnr4 Lr B

Il03lpacTilr3T Io"lr rrpo

JIa,FIHbIM 3rroKTpolpoBoltppcrl4 BbIIre, qeM [o r\4e'roAy oKpamtrBaHvrfl An:rr BCefi
tr.prltnofi pocrzl. 3tro cBu!,erenb(:)TByel B rronb3y cJroxHoro xapiaKTepa
|erepofet:rHocr}.r crpy'rctfpu nc)ilyn_f,rr.r{r BoAopocnn chlore,lla ro
{llrrrrcquoH?.lbHr)tuy cocfct{Hl{ro. Ei HaKoilJreHr414 BOB yBerrar{uBaercfl poJrb
nrr;1elennfi 4ryrrr<ulr,cH{.:1ruo MeprBbrMr4t KJrerKaMH (no Hu3Koqacr:orHofi
IltrroB0Al,llvlor;rn'). tl}e,lorF fentbHo, nlll4 yrre're BOB Heo6xoAuMo [pr4Hr4Marb Bo
BHTIMaHI{e Sy.ar:qucrnat$rot: coo'rorHrre KJreroK, r{To rro3BoJrr4T uorrHee
ot[eHl4B€mb BHeKJTe'rouHfnp ilpotryFirlr4]o no4opoclefi, a raKxe perynr4poBarb
fittclrexH:oJlc)ruqec.rczre qu{o1br o r4crro.rrb3oBaHr{eM Kynbryp MuKpoBo4opocrefi.

llorryqenHble B pa6c,[,r] AiIHHbIe rro3BoJrflroT rroJraraTb, rrTo B ecTecTBeHHbrx
\/cr.l:toBl'Itll HaKotlreHHe tsHoKJIeTO\IHbX OpfaI{I4tIeCKI'tX BeUIeCTB, HepeAKO
clfirlaAamulttx Eiblooxoft frrFororrauecxofi aKTr{BHocrbro, co3Aaer Bo3MoxiHocrn
r:a.ri AJrr r4x HcrroJl,:oni:iu;lr B 3HepreruHrlcnou o6ueue Mr4KpoopraHr{3MoB r4

r]c,Iopoc;reii, T'ax: M A[lu :l.c'acrprfl BO_B B pefynsrlr4r4 pa3Brrrufl caMr4x
BC,IOpOC:-Ueii.

I

:

t

oTarquoHatrlHor{ Qa3e pe3Ko cHrDKaeTct
oAoltocnr4 Lr B cocraBe BOB 3Haqv:reJrbHo

aBTclJrpr3a t.Jreror(. {orn MeprBbrx KJIeroK tro
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Mr,rp rroAopoclefi
crlBepneHH(l rlco6oe,
r4cTopnq ecKOM a0[eliTe,
KpyfoB0poTe Befrlec'fB
rrayqH otu oT FIo [r(3HH r.{

CneIII4aJIbHo, pilc0MO]'
o'r Apyr'lrx npe,4craBu

l{eircrnnrernHo. c,
xHB\'lUl.{(: S eOAe, o:tH
clvfblcJre, 14 [-te RCe pac
B(uopocJrrr4.r4. C Apv.a,
3aMer{aerN{ Er no4oevrax,
H,0BOO P)/)K€IIHtJM f-rlat 30

flprrr,rl,4brBelflcb K

B0efo 3alv{eqaeM 00I4JI

FII{M OTI{OCSTCfl , I{aIIpI,I
i3,1ecr )Ke H:epr3gx(o l:l

.K0poIIIcr, 3oMeltr{brX Ha

.Kll)'nHblie xopo.B br e lB0.{0

Cl Apyrofi crc)
.BOIOpOOnefi, 'r?liuX x;:

.[rce gp *, nocTLI ilor]tBtSLn
:lltux r'lO4OprOCle:fi 'fO

,[0BO,]l bC'I'BO B aT'bct'I't().[
rf,'f "BoAHsIX" Bo4rf,p'gqr

i)rilcTpo o)Kr,rBaK)T' rrp l{
r):fHocflTcfl K o6mupFr0
rB)(oA{'r TaK;{(e 6::rx're,pu

rBOAopo0JrH p3r3rvtH0)K:a

rlTHocflTctr K cfIOpOBibI

rBoAopo0nH pe3K0 crltJI

:KJropo0unJra, (illlro
'ylleruc,lsrfr r'a3, F"po

lla3Br,r'rb,rM xJro po (btrJ.[o

,;Ipyfrre T'r,rrH: rrr4TaHH n.

Tarnu ,o6pa::ov, ?r:

()IlpeneJreHr4€) lBo.rlop

0rropoB[,le pac'feI.r14fl ,

r]l)eHMyrIecTBeHHO B tBO

O Tolvl OIpOMHOM pa3ldld B ClpOeHHr4 TeJra, KoTOpOe CBOfiCTBeHHO

1. BBI|]AEHI,IE

rtr)clMeH, OH 3aHr4Maer B pacrraTerrbHoM rlapcrBe
IOrtIITeiTbHOe IIO CBOeMy 3HaqeHI4IO MeCTO, KaK B

n uo lofi poJlr4, Koropaq [pr.rHaAne)Kr4T eMy B o6ulerra
plrpoAe. Brraec'r'e c reM caMo rroHf,Tr4e "no4opocrn, B

6omurolt HeorrpeAeleHHocrbro. 3ro sacraBJr-fler
OTJIIzITII4€ OTHOC)I,IMbX CIOAa paCTI{TenbHbIX Opf aHr43MOB

p acTr4TenbHor o qapcTBa.
(BOXOpOCJIH)) O3HarIaeT JII'IIIIb TO, rrTO 3TO paCTeHI,Is,

s 6oranzKe 3ror repMHH [pr4MeHqercq B 6olee y3KoM
ux, uallroAaer,rble HaMLt: s noAodlaax, Mo)KHo Ha3Barb
cropoHbr, vMeH.Fro BoAOpOCJrr4 Mbr qacro rronpocTy He

KaK OrreHb MHOfHe V3 HHX HerIefKO pacno3HaTb

3JIa,qHbrNr BoAoi:iMaM, oc06eHHo K O3epaM, MbI npe)Kle
reszrf. Hercoropbre H3 Hr4x rrpr4KperrireHbr rco 4uy. K

, x.llr)/rlHlle 3exeiHbIe cKoIrneHI4{ TaK Ha3bIBaeMOfi ruHrr.
ra ooJre(t KpynHbre BoAopocnu, cocToflnlLre v3

iI TIPOOTbIX I,IjtrVI BCTB'IIII{XC{ HI'ITEfr, I4TIKI COBCEM

LI, BHe[IHe II0XOXUe HA XBOIU.

, 3HaqI4TeJIbHOe KOJII4r{eCTBO MI4KpOCKOtrr4rleCKI4X

KZtr: B BOAOd]\,raX, npor{3pacTaer v Ha cyue: Ha
oMo,ii ed Tonrqe,, Ha AepeBbqx, KaMHqx. llpan4a, )Klr3Hb

'r{3cHo cBs3i:rHa c noAofr, oAHaKO OHr4 MOfyT
aruoc$epHofi u rpyHroBofi erarofi, pocofi. B ouuque
3TI'1 Boropocnln J'lerKo IlepeHocflT BbIcbIXaHI4e 14 oqeHb
ttruetr yBnalKHenkrv. B qapcrne pacreHrafi eo4opocJrr{
iluap c:tBy Hr4:3 rrrplx, r{Jrl,r cno eBrIoBbIX p acTeHl4ft , KyAa

rpu6u rr luurilfiHr4Kr{. Kar u Bce Hl43rrrue pacreHlrr,
BefeTaTr{BH0 \IILI C IIOMOIIIbIO CIIOp, TO ecTb

TeHr4rM. O4Haxo B (lu:uororr{qecKoM orHorrIeHI,Ir4
T,Cfl OT OCTi:rnbHbIX HI43IIIT4X paCreuufi HaJIHTII{eM

Ko'fopoMy oHr4 cnoco6Hbl accvMrrlrtrpoBarb Ha cBery
lrofo, MHofr4:e BoAopocnr4, o6la4arorque xopoIIIO

nclr\{r{Mo Sororr"po0Horo, Moryr 6rrru cBoficrBeHHbr 14

oAfl I'I3 oKa3aHI tofo' JIe|Ko BbIBecrI4 ToqHoe HayqHoe
. .Bo4opocJrrr 3To Hr43rrr'e, To ecrb cJroeBuoBbre
)p)Kitrrlr4e B cBor4x KJrerKax xnopoSHll, H xr4Byrqve
. Taxoe o[peAeJteHne, oAHaKo, He Aaer flpercraBJreHr{e
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tlTpOeHI{e OF||S.]FIOB F
'raK KaK oIFt,L{ Co.{ep:l

I[]1IfMeH"tOB, OK palII I'l Fiil

B naYqnoii .rurr:
tlOIIIel,I ct{cTeML:, c 0,;I

tlltopoHt,I, BOel{: T€:X

I[()r]Bl{xHb.llu !I Wo pl4a MU

I[(]IIT]Z BCe 3[]I4.[e]IOBlsIe

rB0Aopo0nefi u oTAeJrbrl

,[eiicler.rreJrr)Hr:r, cr4rr13

rrrlsocT0r'(f,fi B.H)'Tpel{

lr(loplvrileHH0fc) fli J]{tr)a,

rll{He - 3e.rleHble Bo.tro

rrrlpoKapr{oTbr, 1t,o ecTtb "
:XI{BOTHbIX., OoJrallarc

3\iKapl,I0TbI. t{To )Kr3

r)OJto)KHfleTcrl :te:!{. L:[

{5r:cqneluutr dropuarvr,
rlr.lcTeMir'f, nqe)cliyF0 fp yll:
:XI{BOTHOfO r\tupa.

C 3Tr4x rro3t4r-ru

rCllIaHI4:liMOB e![.Llr]t Izt ll
.BeTBei-{ e cTb cx9!;c[B[:rp
rforocuture3a, I(orop[,,Ifi i 

(

lPil3BPITI,[e B gl4CTOr tl6
K,ICTOK CLIHL' 3EIE)H

.K.roposH:Jrna rp()143()

HTZICTOfl ltlee Bpelv{tl 
I

3VKapHO:|HY0CI(I4)I: l{t
tIlapaJIneJII43 N[O.N4 3BO r,t

BOflKOM CJI\y'rIAe,, )'
[lapaJln0Jrr43 N[a pi:rc rrl)

tIroATB0PxQI€teT,c)q etqii H

ro'fAeJlori| BOACllp0cJrei;i

,4lpyfllM A, TIIIIIzttIlltO ".uO

KOJIOHI{:AMH N HI{Tf,}VItI4,

.aiMelo'fct: u 6 e3\ic.tlcrB r{o

Tarcuna 6fi,pi,nou,
IIIT3JIOC'frIOCiTb:' ItbIj'IC Ht4 M

ilpHIOI€ rIeTH'{erc)KIIX (r]1fl

aeN/ICs I4 0 MI4KpOOKOTII4qeCKI4MI{ OpfaHH3MaMV -
KJreTOqHbrMr\ v c KpynHbrMr{ oopMaMI4 pa3nl4r{Hofo

oc,6ipa:us Aocrr{ralor 3Aecb crloco6bl pa3MHo)Keqnfl. vr

H:r4fl, talKe tlo oKpacKe BoAopocnr4 HeoAHHaKoBbr,

bKo xJropo@urr, Apyfr4e eue p.sA AonorrHr{TeJrbHbrx
e I4:X B pra3Jll{qr-tble rIBeTa.

I[() cMX rrop lrpoAon)KaroTcfl cnopbr o rroJro)KeHI4I4 B

c'fopoFrbr, cHHe - 3eneHbx BoAopocnefr H, c Apyfofi
p()(lneii. KoTolpbre rrpeAcTaBJreHbr oAHoKneToqHbrMr{

Ha6,NeurrbrMr{ opfaHaMr4 ABu)KeHlI{ - xryrllKaMpr (3To

IOpOCnH, 6OIrrIIaq tlacTb tlr.rpoor4ToBblx tr 3oJIoTLIcTbIX

Knaccbr )KdnTo - 3eneHbrx 14 3eneHbrx BoAopocnefi).
3e.riiHbrr3 pe3KO orrr4rrarorcq or Apyrlrx BoAopocnefi

opfaHr{3arlHt4 KJTeTOK. vIX KnerKr4 Jrr{[reHbr
c(5.ruxa.er r4x c 6axrepuxMu. BMecre c 6arrepuxuu

n oocTaBJlf,roT pa3Aen opfaHr43MoB, o6o3HarreHHbrfi KaK

epHble", B oTJrr4rII{e or Bcex ocTaJlbHbrx pacTeHuit u

Ql?,cure"HblM r{:JreroqHr,rM rApoM u o6o3Har{aeMbrx KaK

rr )Kf\/'rr4KoBE,rx sopr BoAopocnefi, ro 3Aecb Bonpoc
H14 BO MHOfr4D( Cnyqarx 6.rrusKra K [oxo6HbIM Xe

,4ano IIoBoA Ans o6seAuHeHr4fl Bcex r4x B o6qyro
":{trytlrKoBblx opraHH3MoB, I,I BKrIoqeHI{e B cl4creMy

Mrrp BoAopocJrefi KaK nepBr4rrHbrx sororposnux
rr, Mc4rSoJrot'r4qecKoe MHoroo6pasze ero pa3nrrr{Hbx

3rroJrroIluoHHoI-o B3pbIBa, BbI3BaHHOfO rIOgBneHI'IeM

5er:rrequ:r xroprofrlnoHocHhrM opraHH3MaM ycnerxHoe
rrecKoii cpeA(1. YquTbrsaq oco6eHHocrr4 crpoeHr,r_rr

BOAOp(]CJIeI4, OneAyeT AyMaTb, rrTo BO3HI{KHOBeHT{e

en:e Ha rrpor.ilpr4oTHqecKoM ypoBHe, a HaJrvrqr4e B

x0AI{bIX xn r-rp o S uJ'ro Ho crH brx oecUserHux

Soprr,r o6ycroueuo rvropSonorr,rqecKr4M
oHHOfO pa3Br4T4r B pa3Hbrx BeTBqx opfaHr43Mon. Bo
4opocrefi rollo6Hoe flBJreHHe Mop0onorr4qecKoro

Hr3HO OqeHb illHpoKo. Taxaq ToqKa 3peHnr xopolxo
M, rrro B [peAeJrax 6onbur4HcrBa BbrrxenepequcreHHbx

zrKoBE,re soptGr TecHo cBr3aHbr nepexoAaMl4 c
eBbrr\rn | | 

cTpf ./KTypaMH - Hen0ABLDKHbIMH KJIeTKaM r1,

llpyfoii cropoHbr B npeAenax HeKoropbrx oTAeJroB
aqHbr€) o6ecqnerr4Brrrr4 ecr sopvru.
rt,{oTpr{M BoIOpOCnU KaK vrop$osu3r{oJrofrrrrecKyro

MHO|OOOpa3r4fl, B UerOM, rrpoucxo)KAeHr4ff H B3ar{MHbrx
lloqno raK xe c 3Tr{x no3r4rlr4fi rlenocrHocrr4 xopomo



l3IrItlBJItIOTCfl MeC'fO II
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llacTHTenE tflofo Iuupil,
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cqeT 3Hepfl,tH r;clmlerrH

14cuo;m::lrfBalrI413 clBe'fo

BO3MOX:tFrbrM 6Jralo t\apfl
III,I|M e HTO 8,, I!?)I(H reI4tIII A

)/fnepolltrrofo rruTa.H[{t
o6pasorvlr, (ryur.qrrr
oIIOXI,IM laqe0lfl4l4 ltpO

8o,1,01y91;JLLI,'yxe tt
OpfiAHII3IvIaMIt, y r(O'[O

o0yqecTIlJxfl I'b Qrlro,C:nr
IloAopoi:lz| ti BlbrAe,Jre

cBroficTBeHHhrfi lBceNr .

Oc',lrqec IBJIr(3NrbI ft
npeOOpirBOB€IHI4ltlI :tFIr3P

cporocnu'fe,30 f, tB.l.ttr€)Trc:t

'"BII,IBaerrctl" B 6l,to.ryoru
IIOAAeplKaHV:t lKL{3lllr r,]

tr4ueHHcr rrrf,3'rot,{\,' B;

I.OIBOPIIJ]I O (K.OCI\II,III:

cporocnnreru r{ocxoil rI
c)'.4trTb rlo Tofrty,, ,{1'()

IOKa3aHO, dlO'r.Or)zH'
rlpeACTaBJL|{}C)T Cr)6,O[;i

p€::v1ut'r'ar, rfo,'rcrczrH

0IIpeAeJre HHbr€ reoJt o [r4

Bropofi ocr)deHrr
Ba)KHofi. Xoltg u H13)

,-
C)ilOCO0HlCrCTb )',CBaplB , cepy Soc,fop,, KaJrHir v Apyrr4e Mr4HeparbHbre

fiQrllopocJrefr n upupoAe: B r4cTopr4qecKoM rrJraHe oHr4

pBbrt 3Tarr Bi pa3BvrTvrr4 Bcefo 3endHofo cTBoJra

o0ilIeN,r KpyfoBopoTe BeuIecTB B rrpHpoAe r,lfparoT
qtr(ce 3BeHo Bc)(lx []rtueBbrx cBfl3efi B BoAHofi cpeAe 14

cJropoArl B arM0coepy.
Borrp(lcoB c(JcTaBJrrer upeAMeT oco6ofi HayKr4

r,Ho€ MHOfO06pa3r4e X{rr3HeHHbx QOpr pacTeHr4fi,

o6re4nHxer yHr{KiurbHar crroco6Hocrb, Koropat
x rru'IaHtu.
brx opfilHr.r3Mc'lB r4 MHofr{x 6axrepufi, r{crroJrb3yroilIr4x

OCTt4 rOTOBbIe ()praHUr{eCKLIe COeALIHeHHfl, Y paCTeHI4fi
ro qHr4 cllocooFrrlcTb HcrroJlb3oBaTb trI.q nvTalF'I4fl TaKHe
Il[eCTBi:I, KaK ]'IIJIOKUCJIOTa V BOtrA, I4 CO3AaBaTb Ha I{X
ril{eHr4rr, 3ror rpoqecc B rrpxpole oc}'qecTBJr{ercfl 3a

cBeTa v conlpoBo)KAaeTcr BbrAeJreHr4eM Kr4CnOpOAa.

3Hep|r4r4 A,nfl 6l4o:roru.recKr4x cr4HTe3oB cT€UIO

f,BJIeHr4tO y pac)TeHl4t4 KOMTIJIeKCa rrofnoluarcuux cBeT
3 KOTOpbTX flBJ'rrrr3Tcfl xxoposznr. flpoqecc cBeToBofo r.r

'reHr4ii [oryqI4n Ha3BaHrre QorocHHTe3a. Taruv
cI,IHTe3a pi:tcreHl4fr f,BJIfleTCfl, nO cyqecTBy,

M lpeo6pa3oBanr]u cBeroBofi 3Heprr4r4 B xr{Mr4rrecKyro.
IIII4€) I43 HI4X - CIIHe - 3eneHble, qBJrrroTcq [epBbIMI4

rrorBr,rJracb B rrpoqecce 3Bonrorlr414 cnoco6HocTb
3 C r4CIrOJIb3OBaHr4eM BOAbr B KaqecTBe HcToqHHKa
M CB06OAHO]'O KHCTOpOAa, TO eCTb rrpoqecc,

M .BrlAOpOCJItM, A 3a HIdMkr I,I BbICIIIuM paCTeHrIflM.
ac'reHr4ril\4H B fpaHAHo3HOM Ma0rxTa6e llpoqecc

cBeTi:r B xr,rMHqecKyro 3Hepfr4ro rrpoAyKToB
KTI{qeCKI4 eAI,IHCTBeHHbIM "pycllol,t", 9epe3 Koropoe

KU flplrl3MreMofi sopue 3Hepfr4fl, Heo6xoAr4Mafl AnA
)'roBotpora BeqecrB B 6raocSepe Harxefi rrJraHerbr.
llrcr p)/ccKr4fi ecrecrBoHcrrbrrareJrb K.A. Tzuuprsee

Kora ponr4 :i(lneHbrx pacreHr.rfi). O pa3Mepax
bHOCT]A PACTCNIUI4 B IIJIAHCTAPHOM MACIIITA6C MO)ITHO

b rercn:opoA a.TMocQepbr 3eprriu vMeer, KaK cefiqac
ecr(oe ilpoucx0)KleHrre. 3alexu KaMeHHOfO yfn,

pa3r{blft "3atlac" HeKorAa npeo6pasoBaHHofi B
pacTeHufi conl{eqHofi 3Hepf}rr4, cKnalr{poBaHHbrfi B

KI4C SIIO)IH.

rruTaHr4s BoAOpOCJren v ApyfHX pacTeHr4fi, He MeHee
ii cnequQHuuofi, KaK SorocurHres, sBJr{ercfl rrx



SJIeMeHTLI B BII,iIe I{OIilO

:tulKtlIX [r€IX(Hefrtlrlltx ](O

I{\'KJIe14II(f tlblrO I(I4. C":lOl'bl,

o6vreHa, Cpe4lr cLIFle

0c)'ruec'irBJulrb rrrpoqe0c

ero B op|fa]Fluqe)0Kt{e it:3o

OcHoeHunalt rep
lrJaHKroFrH bre Bo/rtollo0n

It{0BOt)Opil3oBaHluu{ rcl)

rBolop0crJrefr v olpfarl
r$yurrlrz o,Hr{p oB aH r4j{

lBeulecTBil t4 :rrHC:pt'HI.l

rBeulecr3a (EtOl3) tl
lB0AOpOOJIflMIt, grnl1r,lpl1l

r$nrouaHI(T'0Hiar. Br,r.l
rSpeA)/ - eCrTe,CTBeHH:

.BOAOpO0Jrefi. Pa.sIr

-KOMIIOHCHTOI} ilO:iBC)

BlIeKJIel'OqHbrx nF,olry lcrr

.[4:y,ueuue rl3zruMo

BHeKJIeT'OqHbIX l,trp'faoru

MEXAHI4:3MOE B3AI{MtHOft

ACC()UI{I1.{U-IIX, LITO Cy

IITcHCKO ilyrL'fi VnpaBrret

,{JIg Te0peTurtecx:H)( 1lo

,6uorexuoJrolzrr.

B Hacrorrillee B

MIrKpOBr),{oprlc,[e]i{, B

119,32), OAuano AO c
00b0Mo rB npIrx.H3.F{eHrrbl

or(eHKlI ilepEirlrrHoil rrpo
B0rlpoc o t,{e)iatF{tl

rrtpor4cxoxleFrr4e EfoB
Mr4KpOBOAopocreiz. I[
TilrcKe ireoAr-ropollHoc

C0CTO1I[:[HK), ]{T,O IIpHCyU

B pe3y',;rbrare cJro;KFro

rl'pI4X(r{:t,HeHHbItK tsbrli

KIOTOK VIJlPl VX i:lB'tO"tl

,[I:IHHb.IX ].IO II3\/q$H.AI0

cocToflEtr4eM Kynbryp r{

orlHoBHr)M aK'I'UEtH0C]'f

MeM6paH.

r{HepajrbHbrx ooJreft 14 I,ICTIOJIb3OBaTb I4X AIIfl CI4HTe3a

HC)IrIOB )Kt4BOi,r KJIeTKH, KaK aMZHOKI4CJIOTbI, 6elrn,
fl{qecKr{e coeII{HeHI,It, BeITIeCTBa BTOpHTTHOTO

BOtrOEMAX qBIgIOTCtr

ocyruecTBJrf,IoT rlpouecc
BCUICCTBA KJICTOK

cpeAy - ocHoBaKI4(3 BeilteCTBa. BbINCJI'EMbIC IjMLI B

3'DAM ri:tar4MOIt(:frCrSAeN4 U

3e.rilHbl{ BoAo[)ocnefi I,IMerorc.s Sopnru, ciloco6Hbre

KOArIr4r4r CBO6O,I,HO|O a3OTa arMocoepbl I4 rlpeBpaularb
e Eie[IecrBa cBoefo TeJIa.

Hbn[r4 rrpoA]'r]eHTaMn B

Ko'ropbre 3a cr{e)'f sorocuure:a
eoriofo BeIIIecrTBa. opranraqecKl4e

rlecKoir uellln 14) cneAoBareJrbHo, TpaHcoopMrarl]au

BOnHbrx. 3KOCr4:OTeMaX. BneXlerOqHbre opfaHr4qecKr4e

fl, oBfl3'yrorqHM 3BeHoM B Tpoor4qecKofi uerrr4 Mex{Ay

vr, :SoorrJraHKTOHoM, a TarcKe BHyTpr4 coo6ulecTBa

Lre opfar{uqecKr,rx BerqecTB BoAopocnsMr4 Bo BHerrrHroro

Ilprcrrlec0, oTpaiKaroqnfr )Kr.r3HeAeqTeJrbHocTb KJreToK

cocraEiil BOB,, 6uolornqecKar aKTHBHocrb orAenbHbD(

rBbrlrsr4lryTb fr,rrloTe3y 06 aKTr{BHoM wacTLILl
3Korofl{qecKot\{ Mera6oJrr43Me BoAoeMoB [5 1,58].

itclsus Bolopocnefi v 6axrepufi c yqacrr4eM

, B rIarcTHOCTI,t, aHTafOHI43Ma, Ba)KHO IJUI IIOHI,IMaHI4'

I)'IUIIIHI,I rrott]'.rulql4fi KJIeroK B zlllbro6aKTepl4ztrlbHbrx

Ho AIYI [porFlrc3llpoBaHllt r43MeHeHr4fi n COO6rqeCTBe r{

rrpeAcTaBJrfleT HHTepec KaK

coB fr4llpo6uo,rrolzr4, TaK 14 !.rA [paKTr4r{ecKrrx 3atraq

ocTaTolrHo xopoilro r43yqeH xr4Mr4lrecKr4fi cocras BOB
orlr{oM c prcr.oJrb3oBaHr4eM na6opaTopHbrx KynbTyp

cyru(3cTByrcT rrpoTr4Bopequr B orIeHKe Bo3MoxHbrx
br,{r3[eH]ufi, urO qpe3Bbrr{afiHo eaxHo Aff rrpaBr..rnbHofi

KUr4r4 ll,47l. O,l,sulr r43 HavMeHee rr3f{eHHbx flBr;rercs
Bir,r.qeJreHr{q BOB, co6crBeHHo orrpeAeJurro[1ufi
n:poqeccbr l4x HaKoilreHHq Bo BHerrrHefi cpeAe
xHr eTcfl Tp'rAHocT_fl MI{ MeTOAtrr{ecKOfO XapaKTepa, a

nor)'[f,ur.rfi xle:'rox BoAopocnefi no sra:uoloruqecKoMy
IIp.r{ poAr{ brM no]tyn{rlr4_rrM r4 HaKorrr4reJrbHbrM KyxbTypaM.
peAenulb, KaK:itfl .qonq BOB flBrflercfl pe3ynbraroM
ir, a KaKa-q odpa:oeanacr B rrpoqecce pasMHo)KenLrfl
Tanoe no,To)KreHlae flBlrflercf, cneAcrBl4eM orcyrcrBl4_fl
eccoB HaKorrJleHr{r BOB B cBr3r4 c QyHrrleroHaJrbHbrM

K: MT4 KpOCKOIT r4rreCKI,rX B OAOpOCJrerl, O np eAerf eMbrx B

Q<lrocurrre:a v 6aprepuurr,rn cBoficrBaMr,r BHerxHrax
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rfeHorr.uoii rrpr.rpo4sr ra

:rpaucrlopMaulrH n03rlo
IIOAHOH Cpe,4br KrilK C

ecrAopocrefi [38,iii8] w

r{ccneAoBaHr{fi B.(Jl} M

I{aI4MeH0e I43\y'r{OH.HI)IM

IIpIrDKPt3llleHH0r0 .BbIAeJI

I(OMTIOHCHTO]] BHEX,']

Ira3Br4T'H.rr BO,t,Op0CJrer.r .

Ilpeacra.nHT€rJIE, Ml
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BOIOeMbt. f,Ae STil M

llzrIISC0l\rl XJIoprOdrsn.ln
\/rIaCTR)/eT .B 11ppqeCCe

13034)/X KHCJI0POATCNI.

3ta urz:rpoc;Korr

llJI?H€'Ilr,I. ee C'!'tll.eCT[lO
(ltlI4TaeTCfl, Ll'rO 3THlr4 (pa

Crl,epxnpoqrrbre c
'|€TKIIM 0opa3iot4, KJIeTor

rparropon. Cpe4uxr q

ueJrJrK)Jtro3br. a Hilpyx(H
0iloc06}{a a6rtop6apo

O.leHs porcrr,[)oc'rpo
,1

l7)r eno u.losq trro cT Ofl H r.r o
rrll)'AoB, 9acro pa3Bti4
jrnfusionum .B ra6c)par(

lliicTB0paMu II€IICI{Hi:t

llrryTpelrHrorc tIo]Bep x

iIaBHr{x BpeMeH cr}o
lrllHH?rMaJrr4cb 3a opr'{rH

ilpyf o'r Apyra, BnepB lrlpr43rraJrr,r 3a HprMrd 3HAOTeHHOe npoucxo)KAeHr4e,
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B $ rasz o Jrorr{qr) cKH aKTTTBHIIX co eAI,IH eHl4fi JrI4rII{AHofi ,

AyKrort rx SepueHrarlrBHoir uru HeSepMeHrarI4BHofi

rroJrafarb rD( yqacrr{e B $opvrupoBaHvru Kar{ecTBa

ool,ITallr{fl, a T'aK)Ke B pefynflJlrpr pocTa pr pa3BpITI4fl

Kpoopra Hr43Mou. Hecrr,rorp fl. Ha ArrrlTeJlbHyro t4croplaro

r.orrr4rrecKr4x BoAopocnefi, Ha coBpeMeHHoM 3Tarre

flB.rrflro'rcf, B0rrpocbr, cBfl3aHHbre c npoqeccaMH

IlOEi. Qu:uruorr{qecKofi aKrr{BHocrr,r orAeJrbHbrx

bD( npO,IIyKToB v wacTrIA r4x B pefyJurrlHr4 pocTa 14

q14cneHHofo creMer4cTBa MI4KpoconuqecKax BonHbIX
pocnefi - Chlorella. Crcopee Bcero, cpaBHr4Baq c 4pyrr{Mpr
eclflr K KynbT\pHbrM pacTeHr{rrM, KoTopbre obrcTpo
M atKBaKyrbryp,bl. B qapcrae pacreHl{fi, Chlorella crour
b Iv{HOflzM IIOITi?3?Te.f,M. TaK, Hanpl4Mep, xI4MHqeCKI4fi

?tFc 6eJIKOB, He3aMeHI4MbX aMI4HOKI4CJIOT, BUTaMI4HOB,
(5uolclruqecKu aKTHBHITM BerrlecrBaM v [poquM

v.tTbcfl FIe ToJrbtFio BoAHbre, Ho r{ Ha3eMHbre pacTeHr4q.
"taL vr r.(JraccH+)rrur4poBaHa s 1890 r. AarcKHM yr{eHbrM

HiilBaHlre xnoperna [onyquna 6laro4aptr fper{ecKoMy
qrrT xeJrTo-3eJr3Hbrit, a taruHcKoe oKoHqaHr{e -ella -

aJror,rbKr,rii". Ee cpeAa o6urasus - ilpecHoBoAHbre
)KOrIlII{eCKar BOAOpOCnb, O6naAaroqar 6oltrurEnr

F:OMrrJrr3KCOM peAqaI4rXUX rrr{TaTeJrbHbIX BeIIIecTB,
r4r.{:fe3a, flofnoilIa{ yfneKl{cnblfi fa3, Hacblulaq

r BolopocJrb cqr4TaeTcr Aonro)Kr4TeJrbHr4ueft saurefi
r4e) r,r3MelpqeTcrr oonee qeM AByMfl MHJrJrr4apAaMH neT,
M oHa o,6sgasa yHr,rKaxbHofi x.rrerorrHofi crpyKType.

KJrerKra Chlorella coAeplKar rpr{ ypoBHfl, 3arlr4rlas,
rApo or Bo3ileficrnnfi BHeruHr4x He6nafolpr4rTHbrx

b oooJ.lorrKr.r - caMafl KpyrrHat, oHa cocToI4T u3
nF,e.4cTasnflrotular co60fi norrHMepHbrfi KapoTlrHoHI,
Iicuqec)Kl4e 3JlOMeHTbI I'I yAanqTb I4X r43 0pfaHI,I3Ma.

HHoro flrrJrflercl Chlorella vulgaris, a raruKe Chlorella
)qalol[Ia.f,Cfl ]\/laCCaMI,I B BOAO I,I B fpfl3l,I nYX, KaHaB 14

oHo, Er raKxl(3 14 poAcrBeHHar efi sopua, chlorella
sx. v I[oMa[rHeM orrry B cocyAax c BoAo]o r4rrr4 c
caxapa, [oKpE,rBaq He)KHbIM 3eJ]eHOBaTbIM HaJIeTOM

cT'eKJria. Her:0ropue xJropeJrnbr H3BecTHbr ylr(e c
ct4M6r,to3oMc)I(ITBOTHbIMT4U[epBoHaqzurbHo

flocJreArr.[rx, Ho eqe FpaHAT H GeZaEntz. He3aBr.rcr{Mo



ilOKa3aB, IITO 3OJIr)Hbte)

]KI4BOTHlbIX,,CyTb Ca\'l

T€)nbrlrl K crcc)60My

0Bo6oAFrox{}rByurre }r

14x{eto.f coBe)pilre,FrHO

oAHHaKOBbre cTalnv pa:
liefixepunrc v coenr4H

eIHHC'il:IeHHL,Ifi OTJIuqU

'|OJIbKO ltTO )/rIrOMflH)llhl
lll.I3IIII{NItH X I,IBO'tEI bIM I'I,

iI 3A HI,IM LT TIO3INHEIi,I

JSefixepH,LrK 14,A.nepunl;
0\/[IecTI]oBaTb FIa cBO
'feJre xUtBorHbm, (JpraH

BefeTaTldBI{Oi3 TeJIO I4}t

TOHKOrc O00[O|IIK:OIO, K

OOCTOI{T 143 IIEJIJITOJIO:

,Arepr,rnqen v !(p.) u
r-IerJrK)"r.to3br" T'anoe pa

HlrOfIa O60roqxaL xl
Ot(pallll,rBaHllfl o'f )i..[o
():fKpbrTbrM. Per:ueplr
iIilHHbII\4 pa3Jll4rqtHbrx il
lFlaxotrI4'.tct foN{0feHll
Or(pallrprBalotueec j{ fe
]tI.rIacTuFIr{aTbrfi cTeH KoI

r[(]peHotrnaMta. f,:ua-3
rJ0o6bre c0Kparr4'reJr bH

IIIO3IHeI,IilIUtVt14 14CrlrJler

rlr.rpoB€pfHy'Ibr. Pagl,rH

,4(3JIeHH,,I 0HZttI{IJIili Xpt)
,KII)I(NOH KJIE'|KI,I HA IIEC

.r{r3KOTOp0e Bpe)N{'| oKtr)

.ArCr{e3H0BeHI,lfl ee,, OK€]t

'pa3Mepilx 14 arlp)e:ti He
'pil3Bl{rr,trfl . Il[ol]strxH ],lx
uroAo6H,O TOIVIy, KaK \4 y
q.aKna pa3 Br{Tr4:irr llcTperr
.aHofAa oHr4 lpra:iMHrt'
rMaTepanlcNoi.r, a lipol4 e

la3 MaT0pr4HcK0fi o6rln
I-IlpeBpalqaqcb t:ttor;Terr eH

II.I{TOHI{iO XJIO]:|eJInbI I
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o6pasHrre rerbqa, Ha6JIIoAaeMbIe B TeJIe HeKoropblx
flTeJrbHbre opfiaHr43Mbl, IIpu qeM EpaH4r oTHec 3TI'I

EroAopocnefi, Ha3BaB ero Zoochlotella. Ho KaK

J.tfE,I, ',raK Lr 3OOXnOpennbI pa3II4r{HbIX XI4BOTHbIX

14 T/ )Ke OpfaHrI3aIIHrc, ilpOXOA-ST COBepIITeHHO

vA u c)'fJrr4r{aK)Tc.s rorbKo o6pa3oM )KI43HZ, a rIoToMy
vr>i B oAHH o(:iurufi poA Chlorella, reM 6onee qro

tilr r.rpr43Har( 3ooxJropeJln oT xJropeJrJr, a HMeHHo

nl[(5r4o:rr4r{ecKu][ o6pa: )Kr43Hr4 [epBbrx c HeKoropbrMrr

t,IBaeTOg HeIIO(lTOqHHbrM rrpI,I3HaKOM, TaK KaK EpaHAT,

)'!reHbre, Kecr::lep, farraHu, Llleesxoe, OalrunrlbrH,

, I;OKa3aJrI{, rITi) H3OnI4pOBaHHbIe 3OOXnOpennbI MOfyT
VI llpkl TOM TaIOKe 3HepfI{tIHO pa3MHO)KaTbC-q, KaK U B

rr r4 Lu.rKn pa?tBnTlrfl xnopenn cocToflT B cneAyroqeM:
Torar I{3 rf,AHofi lxapoo6pa3Hofi Lrrrr4 oBarrbHofi KJrerKra c
puut ro MHeHrz0o OAHHX aBropoB (Brandt, Dangeard)
iL ilo MHeHr.tro Apyfr4x (Geza-Entz, OauraHqrru,

IIprCtSpgtlll0aO OTyAeHI4CTOfO BeIIIeCTBa, JII4IIIeHHOfO

flla.cHe Bo MEr(lHI4tx npol43olxno B cvny Toto, qTo

br rFre AtreT THilr4r{Hofo An-rr qenJr}oJro3br or,roreToBofo
I4HKlIOAia, a il(lTOMy BOIIpOC 3TOT OCTaeTCq IIOKa

poo6pa3ubrx Brsrerarr4BHbrx KJreroK Kone6nrorc{ rro
or 0,C1015 nrrrn. Ao 0,012 rvrvr. B rcaxlofi raxofi KJrerKe

IIFIC)TOtr"lra3Ma, Or{eHb MaIeHbKoe trApo IIpeKpacHo
I,IJrrrFroM, kr neHToBr4AHbrr vrrw oKpyrnbrfr

oxrrbrfi xpoMarooop c oAHraM ktrrv) pexe, c AByMt
(()eza- Entz) orrr4cbrBan B KJrerKax xxopennbr erqe
Bilr(yoJrrr.r, no4o6Ho raKoBbrM y xnaMr4AoMoHaA, Ho

Ba'r(3Jur\{r4 3l ltr rroKa3aHr{r feua-3nua 6ruu
eH:He x.Jropenrbr npor4cxoAr4T rryTeM rroBTopHofo

opa la rlr4petBor,r4?, ? 3aTeM I'r Bcefo coAepxl4Mofo
b1(o pa.rlHbrx rtrilcTefi, or 2 lo 16, r<oropbre ocrarorct

HHbrrMr{ r4aTepHt[rcKoro o6oJrorrKoro, a [ocJre pa3pbrBa 14

tofl cBo6oIH0 nexaur,rMr4, 6ucrpo yBenr4qr4BaroTcfl B

bIfi [pc'Me)KyuoK BpeMeHr{ noBToprror ror ir(e quK,'r

JTeTMeHTOB pa3N4rHOXreHI/.fl. y XXOpeJrJr He CyqecTByeT,
fltx Pleurococ)caceae. OrcryrrJTeHr4r or HopManbHoro
fl y xilopenn AoBoxbHo pelKo H cocTosT B ToM, rrTO

:q, nyTeM orlxHypoBbrBaHr4q MoJroAbrx oco6efi or
rrpH FropM?Jrr,tF{oM AeneHr4H MOryT He OCBO6O)KIaTbCg

, it ocTaBaTbcj{ B HeLI Ha npoAoJI)KlrTeIIbHOe BpeMg,
B cralrlu Glor:,cystis r,r Palmella. EefixepHraK pr3yrrvn

HaIlreJI, MexI)/ npoqI,IM, r{To oHH Ang Ao6bIrII4



FI|3OOXO,IIAMO|O a3oTit
'yrrneBolt$, KaK Frarpul\4
,$u:lnororl.Itrr3cFloii r.lly
.K.[OpexJrbr c x]r,rBot"HI
iSuoron;lqecFiouo r BJl eH

.Raumparasitisrrrus, T, e.

ll-Il0HHocr4T eM\/ Iloltb3i
.HeoAHoxpar.Fro 6ulc,
'IeJIe np,CrQTelfillI4( 111 I,ltBI

)]to pa3III{rt FIO fon KOE|

rBbrrrcH14'r'b c.[e,AyLoIII[,re
rlllf aH [{::titvte )KI,IBo'rHb D(,

rupocreitlilux Mtrl)ruolte
lFlilpyiKH),'rc, ilI6BeCt"I{
I[0C,JI9A)r/lOqI.IX C'lIOe]u,

urarqeBapeHr{ll, tI Btl
0pfaHr{::tit\na. Ec.nu xlO
:KI4BOT'HbIN/[, eCflI.tt Xe)
(]OTACTC,fi )KIIT]b, ]B CI,{M

rrrllHHr{N,ra.e'r ylracTHe B

l3horelll AeJrr4'rcr Hzr H
iin.fitsionrum lBeye rinl.l,,
t3hlorell[ar actirL,osphae:riii

lla3Mepenr n dropve x
rrrlln3Har,carvr. lB Kar{ec'fBe

TaKXe 11 '/ IICTJII{ilOB, l(aK

B )to[€, nnl,mpc 6u
l3llO!HJIl,lrlb CrMr3:p'UeJILtH

rKJropenJr(r. f'lln KaK 6jra
I[0rI46Jri:r, 6uno y0Tarro
IBITICOKO IZ CTOJI€:IFJI'I CII r3r

l'rasnlre np$r4My'rq

1. I,4g6rrrcrrc )0ro
2" IlpHpoAa rcne'f,c

3. I lalprqz.r: (:i.t', -

4. Ilucorca.i{ lioHuen
Cor:'rae NrlrleooKo

IsbICOKI'|\,t C()Aep)KaHr{e

rrll14cyTc'|ByrcT .llr.rf\{e
OrrHTe3urtloBaTb {leplreH
lialr6olee oqerl14.rIHbr,[

3OJIOf]ON{" 3A [{ne

le:uOrlCr,(iU:Hit.

lz

m'rcr He ToJlbKo B rrerlToHe, Ho I{ B KaKoM-HI,I6yAb

4?, a [oroMy oH [Ipr4rrr4cJrr4Jr HX K ycTaHoBJreHHoituw
rreHToH-yrneBoAHbrx opraHr43MoB. CoxnrelbcrBo

v Jlpe[r3123Jr.flc)T CO60rc Tr,rilHqHbrfi npr{Mep Tofo
K()'ropoe AaBHo y)Ke [oryr{r4no n fepuaHlav Ha3Ba:aue

lol)eirrra He napa3vTvrpyeT B Tene )KrrBoTHofo, Ho II He

il rBJHeTct, TaK cKa3aTb, AapoBbIM x(I{nbIIoM.
erHO:, r{'to He IlCe 3K3eMfIJI{pbI XJIOpe,lJIbI OCTaIOTCfl B

u, FIO I4H:OfAa Ir3p€BOpI'IBaIOTCq IIOCneAHHl4Ia. _flelleHue
ocb aBTopaMI4, I,I TOJIbKO BIIOCneACTBI4I'I yIanOCb

c,nr4fl, rtpr4 Koropbrx xnopennbr ru,r6o rrorl46aror B

o6enHo npocrefiurtrx, Jtrt5o ocrarorcr )KI4Tb B Hlrx: y
PIA3NI4I{HTb TPI{ CJIOS IPOTOIIJIA3MbI B Ka)KAOfi OCO6I4:

rQ rrril3My, cnyxauyrc noKpoBoM 4rrfl AB)rX
TAIIIOIO, KOpTr4r(taJIbH),ro rrJra3My, He yrracTByrouyro B

Hl{rorc 3HAOn.rra3My, 3aBeAy}oIIIyrc nHrrIeBapeHr4eM
a noilaAaeT Bt 3HAorrJra3My, To oHa nepeBapr4BaeTc.[

[olraAer B Koprr4KzllrnsIfi cnofi nJra3MbI, To oHa
o3rl c )tI4BoTHbIM, TaK KaK 3TOT CnOfr IIJIa3MbI He
urueBapeHKrr. lB cHcTeMaTr4r{ecKoM oTHorxeHr4r4 poA

rr,Ko rlr4AoB: Chlorella vulgaris Beverink. Chlorella
re,lla paLrasitici,r Brandt, Chlorella condustrix Brandt,
verinze\,v, Koropbre pa3nzqarorcfl Mexly co60rc IIo
AT:CISOP.ON LI K:JIETOK, A TArcKC IIO APYfI4M MEJIKI4M

u(juonroB oHr4 uafiAeuu y BecbMa MHorr4x Protozoa, a

tr)rrMep y Hydra viridis.
fr{r{ecKrrx r4cc)rreAoBaHprr4 B Apo)rcr(eByro KyJrbTypy

Ao3bI ToKcl{qec KI{x 3JIeMeHToB. a 3areM lo6aerxracs
BO3iIefiCTBlirrO xJropennbr Apo)KxeBaf, KyJrbTypa He

HO, IITO 3Ta Mril!(pocKorrr4rrecKar BoAopocnr e Hal,r6oree
a r{(luTp irJIIl3o B a.Tb 4ei4crBurfl rlo Br4Tbrx B eruecrB.
B€r .Knoperrbr ![.]_s 3AopoBbr:
TIaI

rl'feHOI( XnOpennbI

uHr HyrileuHollbrx Kr{cJroT.
qec.rcofr BoAopocnu Chlorella He HcqepnbrBaerct
6t:rr<a, BI4TaMI{HoB, MI4Kpo3neMeHToB, TaKxe raM

oe3 KOTOp.brX X&rBbre opfaHr43Mbr He MofyT
1{eo6xolnMbro AJr.fl HopMarrbHoro o6uena BerrlecrB.

fM€,HT - xJlopool4nx, roropufi Ha3brBaror ,,3eleHHM

ocrb efo M0neKynrpnoft crpyKTypbr MoneKyne



2.1. [fHexrero
n(f,JIOxreHllfil

K H.a3rrrr4:M pu[cl
Mr4r(coM.I{Ie'tbI. n;7v c
IO.IH.OIII€IHIHH HII3IIII4C

KaxAbil.:i rr3 KOTopb]:l(

:]noJIIou,r{u (!prano reH 13 3),
[-[a.r,'xa o ('ucme.

pa0TeHr,|a, IlbrleileHrr
F/teKc0h!6tr4'tt. Claltaq lvt

crproeHI,I'to, ooI{TaHIIlo
IIOXOiKeT€) HA. pO,lIHTe,[e

Ert{grcI,re Fro-Iut B}ronj{T

K ()rrpe,AeJret:rH()N{.y t.i..

oTl(enbr pacTerrHl{ co0Ta.

Cpe,nu tlclB Mcl

B',rop14rIIJrcI'o IvIeTa6O"rIU:

I4CIIOJIb3'yeTC)t TOpMUH

Kolopol,.,{y x PO[]
x{ra, rcrlJroz:Ar,r l0 x jla
BOIB B0,qop0c.nlrn{u .go

x:I43Hen efl uertbt{oOTb

6 uorort,tqecx zut ax.Tr4

a.KT'HBHI) e yr{acTue B 0B
llpn ncc:re,{or}aHt4r4

pj{.n,3aAaq: oilpetrene
MC}IAHH:3IUOB BI,INEJIEIIWr
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br() opraHr{qecKue Ber{ecTBa BoAopocJrerr - oorrlue
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Ltt(7 (rcrraccra{,vrcaryuu) pacmeuuit r{3yr{aer rpyrrrrbr
o6ulnla (cxo,4nrru) npu:naxau. fpyrrrbr Ha3brBaror

fl. r4x Kareropl.tt - eud, o6reAuuqrctr1ufr cxoAHble rro
;[{:r43HeAeqrerbHocrr4 oco6u, Aarourr4e fIoroMcrBo,

ErrrEgxnr: ro crpoeHr.rrc BHIbr o6teAuusror B podu.
rirB o!;Horo c:<zaet)cm6a. Kaxloe ceueficrno orHoc.sr

lracrenufi. Kiraccu o6reAzsrrorcq B omdenut. Bce
fl K)'r eAr{ H oe qqt:t cmq o pacTeHpIvr.

K{[iaTbc.,{ [pollyKTbr ocHoBHofo, rrpoMe)r(yroqHofo kr

pacTHTexbHbD( KJTeTOK, rrO3TOMy B TeKCTe peAKO

eHHOe r)pr?HHrrecKoe BerrlecrBo (POB), ro
[)€rcrBopeHHym opfaHr.rKy c MoxeKyffpHofi Maccofi 1

TOHKOIZ:CnepCr{bre qacTzrlbr ao 0,45 MKM . BUAelenue
en:HrrcIo cpeAy - ecrecrBeHHufi rrpoqecc, orporaroxlvil

K no4opoc:refr. Pa:uoo6pa:ue cocraBa OB,
eI'Cr KOMIIOHOHTOB yxe AaBHo tro3BoJrHnr4 [peAnOnOXr{Tb

3Krf,.rrorr4r{ecKoNr Mera60nu3Me BoAo€n40e | 9,241
eK.IeTOqI{bX ilpr OAyKTOB MI,IKp oBoAopognefi BbIAenqIOT

II]K KOJII{qECTBA, KAqECTBEHHO|O COCTABA. I43VqCHI,IC

MeTaoonr4ToEi Bo BHerrrHloro cpeAy, onpeAeneHl,re I{x
[9]. flo rco:rnqecrBeHHofi cropoue BOB AaHHbre

6o"uee rrpornrlopeq]rBbr. OAHra aBTopbr crrr4Taror,
efi uoryr Aocrl4farb BeJII4rrIlH, corocraBuMbx c

'rl4e l,orycKtrror o6reu BOB 10-45% or o6rqero
atr l4l.l, ulvr 10-30% [51], mra AilKe 50-80% t2l. B

eum BOB Hu)iie, qeM B ecTecTBeHHbx BoAo evax l2]u
,r,r Mr4nrr poBaHr{oro B rrpoqecce Q orocr4HTe3a yrnepoAa

pa3[r4r{Hbrx oLIeHoK KOJrr4qeCTBa BOB MO)r{eT 6rmr
ereHnr l3OB [8i,19].

aeTcq B TpyAHOCT_IX pa3AeneHr{s r4cTr4HHO

Hnx OB or rex, rrro oKa3brBarorc_s Bo BHerrrHefi cpe4e n

1?

2, OE3OP JIIiTTEPATYPbI

OT'HOCflTCI,'I BOAOPOCJII,I, fPI46bI, TII4IIIAr4HT4KVT,

6arcrepuur u aKTI,IHoMI{rIerbr. B cucreMarl,IqecKoM

Aellf,T 6oree qeM Ha 10 o6oco6lesurx orAeJroB,

caMocTosTeJrbHoe rrpoHcxo)KAeHr{e v cBofi xoA



iOlfeHHBi:ltOTCrI M ll 75%
KleT0K BOAOpOCneir t{e
iOOHoBHbIM In{ I4C'tOq

Hanonre'uue BOI] B Ky
Mr/n OTHocrtT qe.lrr{KoM

'pil3JIIIrrr{OH Of[eErKrr

tllpOBO"qL{.llHClb HOCJITJICI

BHCKJICT'OIIHbIC BbUIEIJICI

'yfnep0la.), qeru B 3B1

Frr3C0iila H cI4poBaH HOf o
Brr4e-lerute BHoBrb cII
itPI4TOttNOI{KT'OH|:I, I4HIC

:3aBI,ICIil:[' OT pa3iv{epa
rdomurple o(5rel,rnr no
IOI]B€I{€ T{HOC.|I{ I}EJII,IqI,IH

OplaHu,recKr4.e Be

clpeAy qaCTI)

S'yuxr ryloH r{ poBarlu.rr

B,OB, HepedKo .o6n

BTC3MCIX|HOCllK I(:aK

Mr{Kp0opfaFr[{3MC)B Pr

Mr4Kp0opfarrH3NroB U
IIpHHa,4,lIelKI4T Bi:llI(Hag

S oprvrlrpctBat;vrr orrpeAe
o6vrasns 13,2]. (Jco6n

3rKOCr{CTeM Orrt)eAeJlrr eTc

c(lcraBer BOI] cpz'ron.rrarl

CI)KK iloBepxHrocrHolo

Qurorlanxroua [55]

2.2. ]Knnrn

Xl,llvrprqecreur rrpxl
TCOEAIITIOH}Ii1I KP'aiiHe

,uLroTc()IepxiarrlHe Be

JItA[I4Ab]t, nH:ravutrlrr, rlr

Pacr"noplrrvrtre

I[]loAyl(fOB BCeX XCf

tC hlor ei,[a L) unal,iel lc,,
(]:fJ]TIqI4O OT' BbICIIII4K

0iIHr,rr\,r tr14crocTe6ienr,nr,'
'frrla cTpoeHr4jr

;rasHoo6pa3r,re. llleno
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(5zorraaccrr KJr.eroK. llo Apyrr4M traHHbrM, orMI{paHI{e

e)T'cs or|IpeAeJr,;rrculrM B HaKorrJreHr4r4 BOB B cpeAe, a
KOML qBJr,rrroTct[ rrpmKrr3HeHHbre BbrAeneHr4.rr [30].

Hzrrr{arbx'( BoAopocnefr tro KoHrIeHTpaUufi 40-100
IrI)UrKr43r{eHHbn/ BbrAeJreHprrrna. BosNao)KHofi lpr4r{r4Hofi
qeclBa BOB r\loryr 6urr ycJroBr{.fl, rrpu Koropbrx
Hlzfl. tr4:necrHo, r{To B orr4rorpo$nrx BoAoeMax

Bbrrre (Ao ',2:,4yo or o6rqero accHMHJrr{poBaHHoro

brx. (Ao l2o ), l,+6,21yBenurruBarorcs oHrl r4 B ycnoBr{rrx
v no3Iefrr;rBur4 crpeccoBbx Qarcropon [33,30].

poBaHHbx opfitrHr{qecKl,tx BeIIIecTB 3aBHcflT oT cocTaBa
BHocrr4 SorocnHre:a [66]. llpolyurpoBaHHe BOB

$uronran.KroHa: MeJrKlre Sopusr [poAyrlr4p]'ror
BHeHI{IO c KPll/IlHrrrraz [69]. llpn SHIDKSHI,IS ypoBH-r

e KJrero'qHofr npo4yKrlr{r4 yB envqv eaercr [4 6]
a, BbIAT3JI_rIeM[,1e KJIeTKaMI4 BOAOpOCneI'I BO BHeIIIHIOIO

ullTerr4rltecrou [poAyKrlr4r4, lexaulefr B ocHoBe
rreoKofi rlenrr. l3 ecrecrBeHHbx ycJroBr,rrx HaKorrJreHr4e

x BbrcoKoii (iuoloruqecKofi aKTr4BHocrbro. co3raer
ID( I{TCTIOJIb3OBAHVIfl B SHCPfCTHI{ECKOM O6IICUE

pocJrefr, TaK ur lrrfl yq.acrvfl B perynrur{H pa3Br4Tr4fl

caNrr{x no4olpoclefi. Buexreror{HbrM rrpoAyKTaM
m; B ,QyHxqu:oHlrpoBaHr4r4 BoAHbx 6uoqeHogos vr

r,rx xr4Mr4rrecr*rx cnofrcrn eo4uoft cpeAbr KaK cpeAbl
uHrepec K porrl{ )KK B Syur<quoHr4poBaHur4 BoAHbx

N,r, IITO yCTaHC)t3JIeHa CBfl3b MeXAy KOII,TqeCTBOTTA xK e
Ha 14 ero ql{crr.)HHocTbro 157,58]. flor<a":aHo, rrTo cocTaB

rBoAbr Moimel orpalrarb Qa:sl ce3oHHofi cyKrleccr{r4

Ka I rrpupoAa BiHeKJreTorrHbrx opraHr.rqecKrrx BerrIecTB

Aa BbrAeJr.rret\rbrx BoAopocn.sMu opfaHl4r{ecKI,tx
oo6pa3Ha. l.Jpe4u HlfX BcTper{aroTcfl yrneBoAbr,

, opfar{r4rlecKtLIe K}ICJIOTbI, QeHOltuue coeAI4HeHr{r,
rvroHbr 119,3 4,.3 5,321.

OOHap'!/XIIBaIOTct B COcTaBe BHeKJTeTOqHbX
r4:lyqerrHbrx oAHoKneror{Hbrx 3eneHbx BoAopocnefi

anrvdomonas, licenedesmus, Ankistrodesmus t19]. B
HVIV UeJrr4KO,t{ V IOnHOCTbTO xapaKTepu3yrour4xc,

TI4IIOM C',IpoeHr,lrfi, BoAopocJrr4 B npe,{ejlax cnoeBIIoBOfO
BA]IOT ILICKJIIOI{I{TENbHOC Mopoonofr4qecKoe

oll0cJreii, Moxer 6urr Bcex r{erbrpex crerleHefr



cJrolI(lIOcrr4, Bolo6ilIe
KTOJIOH IX4JIbFt bII\4. MHOfO

Kiaxn0ri: Lr2i 31tr4x

Mt4Kp0cKoIIIdr{ecx:HX, A
O.IIHOKIETOI]HOI"I B0

O,IIHOKI eT0g.t{ble :}enfj

A.IIHHIIa KJI,eITOK, qa0T(

BtFIeK"rIe'[O9H[,Ie ilOItrCa
O'praHI{l(I4 B Cpelie, OcH

MOHbII]IIX K0JI[ItI(3CTI]aX

Kacrromr 16.2l,, ll/ C
allaol4H03a, II]lLI 3T0M

MOnTIpHbIM C)OOTFIOIIIe

WIfir OTCyTCTBIlel\1t,),

BrtAOpO(;Jrefr B CpeAa)( JI

c.fleloBbIX KOII4rl:eCTBa

S.ynec hr.> cys I' i s ac,r uat i I is,

or5u{elo coAepxraHnfl B

'I]UI-f,K)T'Cq 
I(OVtilOH€FI'T€I

OJTyI{I,IB aH}II{, pr gg.l3olrleH:

Y i:trlorcbHricr4rpy

rplrxoAanocb 3(..1% or,
BeIIIeCTI]. KaIC I]paLBI4Jr0,

6r3nK&X 2|1 Br{r:I0B N{o

c,/IvlMapIIOfO IlbI.[eJrIeH

B(ltropo(tJIefi MeI{brrre),

tU:vren0ruosa' Hit IonFtl B

clreAbr ,r KJreTOK. II
[onr4nerrrHllbr r{ ':l-996 -

Cpe,ara c)plaHr4qe0

KI{CJIOTI:I. E}rUe,,relIlre
fipocroii 4rrr,fdty:rrara v
IIoTpeOJIeHurI, cBf,3aHH

fJII4KOnAifHOtfO lity[H, 1]

A",ur MrrKp0BoA
MypaBbr4H <>it u vli:cyc
crteAuH0Hr,rfi). B xylr
MaJIaT, OKCZLilaT, JIiaK

V'cranosreHo, rrr0 B r(y
v aria b i t!.' i. s, )W1, c:ro cy.s t is
KACJIOT HaKa[JIMBT?€TrC.fI

3'foM 0()H€tp)/X.VBaJru

rcacnorr,t [42l.
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3BeCTHbrX Ani[ OpfaHr43MOB OAHOKIeTOTIHbIM,

eror{Hbrvr vr Herureror{HbrM. I4x pasueprr B rrpeAenax
M OTtrr4r{aloT0.rr ofpoMHbIM AI4ana3oHoM oT

orreHb KpynHL,rx. Tax HeKoTopbre Br{Abr 3eneHofr
14 CIIHeXOTpTCTT4C eABa AOCTHIaIOT I UXlr.

Bo,[opocrr4 r43 ]poAa Chlorella, xroryr 6nTb n 2 urlr, a

)raBrrrer 15 20 cM. y Bolopocnn Chlorella,
arlbr cocraBnrror 25-40% or o6ruero KoJrrlqecrBa
bINIH CF,EAU HI4X qBIqIOTCg |€UIAKTO3A PT APA6I{HO3A, B

l(lqaelcq rfp,'*,urrosa, MaHHo3a, paMHo3a, ypoHoBble
la HaiiAesrr raruKe rJIIoKo3a, fzuraKTo3a, Kcr{Jro3a.

3,fiWqkrfl BHeKJreTOrrHbrx nonr4caxapr4AoB cBr3aHbr c
EIXOA.5IIIJI4X B r[)0 COCTaB MOHOCaXapI4AOB 14 HAJII4TIH€M

bD( Krl cJror. llpocrrre yrneBoAbr y 6olsuruucrna
o ooBceN,r ue ociuapyxrr4Barorcfr, ilv6o npHcyTcTByroT B

lSf . OArraxo y rlr4aHo6axrepufi Anacystis nidulans vr

pocrbre yrneBrJAbr B cpeAax cocraBJrrrlor 9-13% or
. t}copee Bcero, yrneBoAbr B KynbrypuurbHbrx cpeAax
KIeTOT{.HbrX CTeHOK kI HaKanJII4BarOTCr trpr4 rrkr3vlce,

B frpoqecce pa:t.lox(eHHs, 15 1,68,, I 9].
Anaben,a cy,lindrica Ha Aonro BHeKJreroqHoro a3ora
Br3aHHoro. Cpe4ra BHeKJreror{Hbrx a3orcoAepx{arrlrrrx

Hcy'rcrB)/ror bermrE r{ rroJrr4rrenruAbr. Bo nserueroqHbrx
)r Bo[opocxe,ia coAep]Kanocb or 0,2 Ao 5,9oA or
)'rnepoAa. Ilorepu cBq3aHHoro a3ora y 3eJreHbrx

Kynbryrpbr Sc:enedesmus quadricauda u Chlorella
KJr(l:rorrHoro a3ora npnxoAr4rc_fl 5-l2o/o or o6rqero a3ora

3TOM I0-2}otit BHeKreToqHoro a3oTa cocTaBJrsJrrr

o4Hbre) aMr4HoKr4cJrorbr 120,I 6].
KacJror BOB oco6oe Mecro 3aHr4Maer

aKOraTa. BOAOpoCnrMr4 npoHcxoAr4T B

el,enqe'rcfl coroTHo[reHl4eM CXOpOCrefi ee

fJI14KOJICBA.'I

pe3yJrbTaTe

CI4HTE3A LI

c) aKT?rBHocrr:,ro QepueHron cr4HTe3a pr SepueHroe
oc'rr4, rJrr{Koral rerr{AporeHa3br 12I,591.
pola Chlor,:zlla, xapaKrepHo BbrleneHrre B cpeAy

cJror (3-804, plr{ofAa rc 20o/o oT cyMMbr BHeKJreTor{HbD(

bHbrx cpeAax 3Tr4x )Ke BoAopoclefi o6uapyxurBaJrrr
, rlaBe,reByro, ilnpoBr4HorpaAHyro Kr{cJrorbr [19].

bHbrx cpelt;rax Sceredesmus ocuminatus, Anabaena
eru,gtnot;a MalicHMzLJIbHOe KOJIHTIeCTBO OpIaHI'IqeCKpIX

r{rase r,r Haqarre 3KcrroHeHqualrHofi $asu pocra. flpr4
Hrrfto, rpyuapclnyro, rJrrrKoJreByro, Br4HHyro, .sHTapHyrc



@erro,rnubro coeltrr4

IoJIHQeHOJIOB,'faKI,tX Ka

y liucu;s vesicolasus 16
. t.:l'Vl(lA D hl.l S fIC|KUI3aHO, tl

clpeAy, ll()crl4lfa.loill Koi{q

$euo.rron H€ rC)BJ:t3€Inr0

Su:uororrlqr3crK:olro c:

C' hl or e l,Lct BbuurJr,oHbl

HAKAIUI-KB{IJI]{C E, II KO I]tI{

Br3UIeCT.Ba Cpe,L{bt B 3a

Brbrpaur.rBaHprfl. ]\eT0
xpoMarr)lpa{iurecxu 6l
fJrr.rKo3r,ril)/ Krleprll4]'tr4

Qerrolon 6ru.zr o6n
:rpuprr. (J,{naxo B c})ro

Senolr.urrx c0,€1.[r4HC

K'rnbT\,'lluLTbrrhD( cpeAax
cocrany'. llpo;ly'qr,rpo
lI.KaHO0i:lKT'epI4II, BbI3bl:
iCO€AI{H$I{Hfl B npol]
'yrK)'AxrateT Kaqoc'uBo llo
arrbrocbrropbr. [:]2, 39]

Jlurtur,r B corcrorBe

KrreroK [aE]. Cpelrpr .lLr
HaxoMT HeilrjpalbHr,tre
f.[I,tKoJ][rilMllbl, (0oc
((l){tK). llpra 3'roM r{:

cocTaBJIrIeT ,Io 6(.,10/o tr
c ir,lop dr c,"rro f l4rr:r3c Kofi
H COOTIIOTIEI{UC T]i HI4X

oco6eHrro{:refi , Te,Mnc

3e.rti:gue BOno

3I(CIIOH€:rFtUnall,ttCr'fr Ut

'ry)ufnprrIepHllbt,

l\{ HpLI CTIi FIOB{lq, [i:Ulbl4
rfoc$onarr.rlltoB - xedlan
q/nbTyprax BOAOp Ocn.ta

q/nbTJpraJIF,II bDl c peA a.X

H{IIIOOJIbIIII4X lK.O"lI,It{()

orrer4Honitr (1lEi: I ) rc

OOOTBET\CTBCHHO OT C

IIpI4CVTC::'UBOBaI lt{ fra; I bM

cJ[e,{oBbD( - Mtrpt4cTl.{ fl (14:1), rreHroreKa*oBafl (15:0), rr'HoreB'{ (lg:2),
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r4fl. t3 coc)TaBe IIIOB BoAopocnefi npe4craBJreHbr B BHAe

aBoHor,l.Abr r4 Ti,tHHr4Hrr y 6yprrx BoAopocnefi, Haupuvep

{nr, ryt'raHo 6ax.rep uit My c r o cy s t i s p ulv e r e a, An a b aena
TIO JIbH bIC COCiI I4HEHI,Iq, BbIIETUICM bIC B KYNbTYPAJIbHYIO

uufi 0,,48-3,4t1, *tr1t ilpuqeM KoJrlrqecrBo BbrleJrreMhrx
a:: BHy'|pL{K,'IeTOTIHbIM COAep)KaHHeM, A 3ABL4CVIT OT

lnwfl. B, Kynbtyparusofi cpeAe serenofi BoAopocnu
Jrr,rrhre ooeAr{H erHrax Q:ranoHor4lHofr llpupolbr, Koropble

0, 6 1 - I,0 4o/it or o6[Ie ro Ko Jrr4rre crB a opraHr4rrecKoro
I{IvIIOCTH OT C1t'il,xJdkl pa3BI4THf Kynbrypbl 14 yC,rOnUfr
y.Danocb ra4eHrra$r4rllrpoBarb B KJrerKax BerqecrBa,

o K fJtrHKo3r,r,:ty slanouola, fJrr4Ko3r4Ay r43OoJraBOHa,

f[ocle Kr4cJrorHoro r]rAponr,r3a BoAopacrBopr4Mbrx
eHbr raruKe seHolxap6ouoesre Kr4cJrorbr Lr cnoxHbre
B ocHoBHoM rrlpncyrcrBoBarrr4 rrpoAyKTbr rrpeBpauleHufi
KJreroK [37,38;;1. Cocras SeHo,rrurx coeAr.rHenufi B
eHbrx Bo4opocntr:it vt rlr4aHo6aKrepuia 6,ru:or no cBoeMy
re QeHolon orMeqarocb B npr4poAHbrx ycnoBr4rrx:

e "qBeretFll4e" BoAbI, BbIAeJIgror SeHolrHsre
cBoefi )KI43He! oflTenbHocrl,I
H rBbr3btBaeT r4lrfr,I6r4poBaHr4e

14 npl{ oTMr4paHI4I{, r{TO

pocra y corryrcrnyroqefi

B no4opocnefi OocTaBJrffor 8- l\Yo or cyxoro BeqecrBa
op. Bbrl(eJr_seMlbrx pa3nr4rrHbrMz rpylnaMr,r BoAopoclefi,

rrrrulbr, orepHHrrr, :Szpsr crepr,rHoB, cy:IbSoJrr4rrr,rAbr,
I'IlI]bI, TPH|JII4tII3PHAbI, CNO6O4HUC )KI4PHbIC KI{CJIOTbI

I{qecrBo HeHar;brrrleHHbrx )r(HpHbx Kr,rcJror (HX{K)
rrlefo KoJrr4rrecrna cxK r4 rroJroxr4reJrbHo Kopperupyer

BoAopocJrefi. CyuvrapHoe coAep)KaHlre nurlrAoB
EJIb]I{bIX ]KOMTIOI{CHTOB, COCTAB )KK 3ABHC'T OT BIIIOBbIX

, o6ecileqeHHocru 6norenurrMr4 3xeMenraura [32].
KaK 3ro 6uno, rroKa3aHo Ha Kynbrype Chlorella, s
noHapHofi Sa:e, pocra HaKalJrr4Baror B cpeAe crepr4Hbr,
LrnvAb.r C:,KK. l4s XK r4AeHrr4$r4rlr4poBaHbr

BaiI' oJIeI{HoBafl , 3pyKoBaq, JIr4HoJIeBaq Kl4croru. Cpe4Ia
14 rre\Lrcr4H [401. E-rrH:nze AaHHbre 6nru [oJr],4reHbr Ha

or<zlla p1,renoid,r,.ra rrrr.82 u Chlorella sp. rrrraMrvr K. B
IIIrat\,{MoB 6isrn o6uapyxeH 6rugxzfi cocraB XK. B

B cpeAe Hi:rxoAunlrcb rraJrbMtrrr4HoBar (16:0) vr

, cotrep)KaHue Koropbx AocTr{raro 55 u 43 %
xtK. B 3Har{HTeJIbHo MeHbrxr4x KoJlr4qecrBax

er4HoBa{ (16:1) u creapr4HoBas (18:0) Kr4cJrorbr, B



Jrr4r{oJreHoBarfi t.1 13:3) Lr

cpelax 6nnu crrrpene
opI'aHlIn{ecKIIX Bt3

C' htt.orel,l.ct, liceme:des ryt

JI'IHOJIeBryaf(f, , JIIIHOJICH{I

K'y.r-r6'rypitrxrrroiZi cp,oAe:

c"reAyrorrlr4e CIKX(: il
('116:1), orenFrorlaq (1.

nra\,'puH,rrnofi ( l2:0) 14

BOAOpOrJ.refr npe06lai.;1
c pocTor\{ KyJr,T}/pbr

ll ll.
Pasee 6nrlr: ycrirH

3eJreHbD(, jlrraTOM OBbrK

rBoAopoOjrefi . FlecMo:rpt
rBr{eKJrelo.rHrx r3I}
Ii{AKONJI$I{}IE 3TI,T}: BO

rf yrrrquo H14poBiarru{

rpur:on,raHKrr)Ha.

2.3- flpoqeccbl

IJul:e.neuue KJ]

ar\{I.i:HoKlt4 cJIO:tbI, c}pf a I,lpI

fJTalBHbIIv{ OCrpil30M,

o[pelen{eTcrr KOFlrIeH

olr,rx ccle;unenui,i 1,,+7f
npe{IIOJIaf aIOT SItTIrEl;rl

CC)MHCHI{e, KA.K I,I OAMII

Bc'IopocJleif n HopMa-rbFt:

r(pyfrHbr:r( N{oJrelK:y,.r, Tl
cCrCifOHT' tB C.ltUflHI{I4 ri

IlJla3MaJteunaofi, B pe3y
llox:araleJr.bc'rB cvue
AIH.IUIO|I,IILIHbIX TCN,I. TI"[O

iltrHour41to3), AJtr]'I Bo

.Etol0poc,[sMr,r MOx:Ho 0rI
qlaKT yBie)Jrr4rleHae cKO
rllerrropcln, Harrpr4r\{ep, s
lp0TOCI,IHtTe3a, HI{::iKIIel

lztccJIeIO.BaFIHI,r C OCTaBra. B

ilpeAnonox:e Hrre, r.rTo

:fo oeJrr(a-nepeHocqr,r

tt

rcLrHoBo-fl (20:0). Cylruapuue KoHrIeHrp arpuv XK B

xarc 1-10 uxN,|l, qro cocraBJr-s.no 0.1-0,4oA or cvMMbr

[36]. B nutrur2Lax sereHilx BoAopocrrefi po4on
npeo6na;tarcull4l{I4 XK MO)KHo cr{HTaTb oJrer4HoBvro.

' TI€LIIbMIITI{H0B\/IO I4 rItuIbMI{ToJIeuHoByIo Kl4cnoru . B
upreruo6erxrepr4l.l: Spirulina platensis npeo6la4alu
prrr4HoBarr (16:0), creapr4HoBas (18:0), reKca,AeqeHoBzur
l). {oc:rarouno 6olrruzrr,r 6ulo 14 coAep)KaHr4e
rrplzcruuonofi (14:0) KVcJror. CpeAra XK Jrr{nr4AoB
rIaJIbMI4Tu}loBatq: ) nI{HoJIeH oBafl, JrHHoJIeBaf , oJIeHHoBat,
CXrl,qHIo tlocTenreHHoe yBeJrnrreHr4e COAep)KaHUs HXK

eHlo, qTo B K'!/rbTypamHbrx cpeAax qraaHo6arcrepuu,
oP0cleii, coAep)Karcx xK, [pucyulr4e KJrerKaM grr{x
IIAqECT'BEHHbI(3 O'IilHqLIfl B NLINI4AHOM 14 XK COCTAEE

brK rpyilfl BoAopocnefi, n KonI4r{ecrBeHHoM orHoIueHI{I4
B cpeAax 6.un:ro H r4Meer BaxHoe 3Har{eHI4e r.rrfl

br)'p eoEopoc,refi 14 rpr4poAHbrx coo6uecrn

HTIIS KJIETKAM ]I B OAOPOCJIEfi OPTAHI,IqECKI,IX BEIIICCTB

14 opf€rHl,IqecKr4x BeIrIecTB, TaKI4X KaK Caxapa,
KI4e Kl4c"rorbl B HopMarlbHbrx ycnoBl4sx, orpeAerqerct,
y:lnefi qepe3 rna3MarreMMy. Cnopocrs suQSysuv
T]IEIbIM IPAAI4CI{TOM H TIPOHI4IIAEMOCTbIO UEU6PAUbI AJUI

BbrAeneHr4iir Br4TaMr{HoB, ropMoHoB, SepueHron
MeKaHI43lvIbI 3Kcl(peIIHI{ [1], vro oIHaKo, craBHTc-[ IIon

FIOCTL BbIAe.IIeHntI OpraHI{qeCKAX BeUIeCTB KJIeTKaMZ
ycrroBnfix . Haz6olee Beporrurrfi cnoco6 BbrAeJreHr4.fl

Kal( IloJlllcaxapn'l:Ahr, rIoJrI4 rlelrvtrbr, cJro)rHble SeHolrr,
KJreTor{r.tbrx Be::ir,rKyJI, colep)Karqr4x MaKpoMoJreKyJrbr, c

'€: qero npo acxoAr4T norepr r4x KJrerKaMr4 134].
r114fl aKTI,IBHt'lx MexaHI43MoB BbrreneHl4t opfaHI,IKLI

r4c,yrtJz BbrcrrrlrM pacreHlrrM (cerpequ.r, o6parurrfi
ff uoxa r{er43Becrno. oAsaKo, ilpoqecc BbrAeneH.,flBoB

Tb 3Hepl'o3aBl4cr aMbIM' rIoATBepxIeHI.'IeM rleMy cJrylKr{T
14 I}bIACJCHI4,S IJB NPrr 4EfiCTBLIH HE6IATOIPII'THbIX
Klztll I'IHT€ Hc I4B ul o crfl x c B era, JrhrMr4Tvlp o B aHr4I{ CO z lnf{
enu,u pI{, HeAocraroK Mr{Hepzl,TbHoro trr4TaHrrfl. llpu
Jlc)roqHb,tx cxli: y spirulina platenszs 6uro BbrcKa3aHo
EIII,IE C)KK B C)I)EAY NPOI4CXOAI{T C NOMOIIIbIO KAKO|O-
no3Mo)KHo, cneqraQaqecrofi aqr{rrpaHcsepaeu,
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nocKoJilbKy qpepMeHrbr ii rtrlynntr B KJre'rKe cuoco6Hrr rpaHc$opMr{poBarb XK c
aqI4JIFiOSlI3HlvIa z\ na r,ru. - z $oc$orrr{nu,{br.

Pttgsurue Etortop B q acrH ocrl4' 3i gJreH bIX' co[p oBo)K 4aer c fl rlocrelleHHblM
cl)e,[e. l)IuaXtl, AaHHbIe O KOIVqecTBe BHeKJreTor{HbIX

OI Y 
qE HT]:bIX P A] HbIM PI T4CC JTE TOB ATEJUIM VI, HE C OBTIA,IIAIOT.

HaKO[JIeHI4e]!{ Op faHr.r

neft nlrunoqvrlcn Berr4rrr4Ha 7-50Yo [51], 20-55% 15\
oT obueto ilc0t4r\dl4Jlw HEtclro yrnepo!;il. KoluqecrBo BbrAeneHHoro yrjrepoAa,
OIHECEHFIOC KO BCEIMY

[ITaIvI]\40I] BOA<llloc,refr

[]t5,25;]" [] r'o )K,il Bpe B Orrbrrzrx c pi:rcryrrlr4Mr4 KynbrypaMr{ (26 unarvtnros)
BoAo1rocJrefi go"rx ua B€reMbrx B cpeile oB AocruraJra x 3-10 cyrnan 5-10%

oB KJrerKar/rr4 no4opoc.rrefi cr{r4Taror uop*ra*uofiIX9.|. flpoqr:cc BibrAerre

Susucuornvecrcoii Sv i4 147 I u o6rxcHsror ero naccprnsofi au$Sy:uefi
coe.u4Hertuilt u aKTr4BH 'rtr)etHcnc)provr lr53] . OAHarco, cyilIecrByer rarcKe roqKa

vT POB HopManbHbrMr4 KnerKaMrl cocraBJrrer
o6irqero 6a-uanca opraHurrecKoro yrrrepoAa KJreroK r,r

M Jlrlrlrb Bi ycnoBl{sx uec6araHcrlpoBaHHofo
lpOc'fa );n II0.T BOsiXe

Opf €IIJIM tlrlcK I4X lleue CTB

l[nx rrpt*Hor]oir.nhrx rBo.[:

r[]loTrzB0peqrrBtbIX ocT

OIIoMacca. )KI,IBI,IX KJI

I(JICTOI(.

r4r{ocrB}, Srzxc.apoBaHHoMy 3a 1 q sKcno3rrrJrrr\ y 33
cne'ry c, NaHrL'rCO3 cocraBr{no Bcero Jrrrrrrb 0.2-3,00

3peHl{t, qTo BbIjIeJI
.FIr33HaqI,[]]eJI.bH)/IO qa0Tb
rlTar{o8L1]'Cfl Cy'tqecTI}eH

I,teM crpecca. O4Hurr,r r4g HaHMeHee r,r3yr{eHHbx Lr

Bonpoc o npor4cxoxqeHuv BHeKJreror{Hbrx OB
l:,.2:"6,2i' l. r\nlopaM H lc BJrslFra 3oBr{cr4Mrocrb BbrAeJreHr4.rr BOB or sa:rr pa3Br4Tr4fl

i-3 9 ('ra6.n. 1).tivJlbl-/pbr C . pltys,as 1,

'Ia6,;ruqa, l[. Vpan r4r lperpeccr4rr lrrpoqecca HaKorrneHuq BOB B cpeAax
9 rro Saea^,r pa3'krrvfl Kynbrypbr. O6osuaqeHr,rr: BMX _
tiN'{.M - 6uolracjca MeprBbx KJreroK; N - qucJreHHocrb

tl,hl oreil,z. Pt'reno,i d ot a f

(Da:rr pa3Bprrr{fl x:ynbrytl 'Vpanueuur perpeecvu

.llorapn$rwr4rrecKzul, 2-5 c C,Il:12,,03+19BMX +
0,64N+0.l6BI\,1IM

O El:O,3 4+0,06;EMX+ 5.6BMM

OEi: 13..0,5 EN/I_X+O,7N + 0,25 UrAVf

Oluupar-mu, loc"rre 20 OB:21-'0,3 I E MM

BepoxrHocm P
(%)

e1 (EMX)

.[rEHefiHrllo 1locr,a, 5- I 5

llr"q"-l;pdr, i5:2o.1"r

e0 (EM)I()

84 (EMM)

e8 (EMM)

Ilcucl, qro 0lB tr npoAyKTat/ru aBTOnr{3a KJreToK no4opoclefi 14



pe3yxbT'aToN,r rrpl1l}Irr4 3H

3',rrrx rTpoueccoB. o
6nouilccsr o'rMrapann
yrBepx.Jlaro'r, qTo

B bIAeJIeFIHf , CBt 3iilHH bIU

2.4. Eiuoxlrnru

B o,{som nrilpe rJ}
qI{CJIEHHOCTb ICICITOX,II

x.fiopen.]rbl Hil )KHlBoTr{

KleToK B CyCtreFI3prr,r.

Chlor:ella rMeer
6pton,tacc sr):

Fe;ro rc - 55o/o

.lunprAr,r - 12%
VrreeoArt -',25
:]tr:ra - 8oio

Ccuepxa.Hrre aMr4rH

cJletryFCltl{ee,:

I JIYTA.M]AHOBAJ{

,,\cnallartaIroBitfl
.lleiiuraH -- t21,68

,uLrarunu -- 20, [3
Tla,ruu -- f i,58
I'rnuun -- 11,02
'll'peorru.a 

--- I3,66
t.DeHlrnala.rII4H -
Cepurr -- I1,60
tr"I:lolefiquu - 11,

XlponnH -- 9,7i3

"llusulr -- 8,78
'11'upo:lrarr -- 8,2 5

l\przuraH -- 8, [7
l.{acr:lu --'7,5:\
.l|pnnro$au 

- 5,1
lderproHrau - 4",82',

l'prcruiAuu - 1.51

B cycrrL'H3r4r{ xJrol
BnraMr4r{br. Fiam r.r3B€rcrr

olIHaKo s Chlc,rella onr

19

brK BbrneneHr{i.i, Ho He BbrflcHeH BKJIaA Kax.{oro I43

Bl'opbl cql{Tallr, r{To l5-50o4, Lrilv AalKe Ao 75%
KneTOK CTiiIHOBtTC.fl TIaCTbIO Cpe.qbl, ApyrI,Ie

AOJUrrOqr,rM 
'rrBJrreTcfl 

[poqecc [pr4xs3HeHHoro
HZITIPITCIbHOi4 CJ'ICilEHI,I C PA3MHOX(CHI4CM KJICTOK [30].

)mpamreprf crn4rKa BoAopocJr u C h lor el I u

H3r4rr{ Chlorella 6uonaacca cocraBr.ser 6-10r, npn 3ToM

raer 50-60 vr,nH. B I ul. 3$$enrzBHocrb BnvrflHtrfl
Hr{ x:aeTc.[ po r{ rr o BbrrrleHvrv vrv rroHr4xeHHl4 IIJToTHOCTH

qufi 6uoxrlrMr,rqecKufi cocras (soA cyxofi

ll n Chlorelli'r (r/rr Bo3AyrrrHo-clxoro nerqecrna),

ola - 3 1,84

ora - 25,66

bI I4MCIOTC' ]BCC I,I3BCCTHbIE HA CCfOAHflIIIUUfi IErrr
BI4TAMI4HbI 81,)1, U D PACTCHVIflM]/ HC CI{HTE3I,IPYIOTC.'I,

npucyrc'rByror B 3HarrlrreJrbHoM KoJrr4qecree. B 100 r



c'yxofi Chlorellla rcoAe

6uolracce Clhlor,olla e
HMeeT BaXHOe (pr{3r4OJrO

Co4epx:arrue e Ch
nr:ruecrea):

lKapo'ruu -- 1341
'foxo,$epc'n (l:) -
llfur<oruuclBat
lPu6o,frernrraH (

lllraprztorccran (B
'fzalnurr 

- 4,2

2.5. 3;r

Cpe:gu cyil{ect,B
3irfpq3Hfroulpl}: wnu

rr pHopt4'feT' cJe,Iy eT

AlfaJIkl3i'I, KO'IOpbne I[pI4

o{5rex'rnr n0claroqH0
olDfaHr{qecKr.lx B$rqec
o.flpeAeJreFrFlb]NfLl npeI4
I]oBetre]{r4s i5uoloruqec:
tIOCTOtr-IIHOTO VIilH i]

Cjlyrlae B 3aBIztC?tMOO'IH

A]{UL-II{3\/ I4X 3JIEK:TPI'

tEuQoprvraurBHr,rM Nr

10.t{oJICrf],Iqec}([LK KJIC.fO

3aBI{CI4},{OCTII Crl' efo Lr

3-rLe rcrpn'{€rc Kl{€ c

ilapaMetp31411 g:pe,{br --
TBeJII{qlIlrbl, t(oltopblx 3a

cpeAbr 1641. Et t:iao.nor
(ll]_fl34l{Iltble 3ap'rlbr,
SJIeKTpIatr{ecKoro no"1{,

lr:BAeJreHHe Ha. c,no6ct

tFlillIpl4M:ep, HOIIbI, flBJ

llepeMerqelluvr [rHy!]rpr4

rilreTOqIrbrMr{ cTpyK.l

ixer4cTBpleM :)[eKTt)uq

llul3_tHqarcT trecKculbK()

Hanpflx(3HIIOCTI4 BHeilrH

IV{ISKCI,IMAJIbH()fi BEJIIIqPil

7-9 nrxr Br4;"'raMvrna B 1 2 vr 100 ur Br4raMr{Ha D.
ATTA C |]TOJIbKTO x{C, CKOJIbKO B J'II4MoHe, a BI4TaMI4H

qeOI(Oe 3lI?9€HI,l,3 AI{ OpIaHI43Ma.

lla Hexoropbrx Br,rraMr4HoB cneAyroulee (urr/r clxoro

80
ora - 140

7,0
sll

rrrrfl B orIeHKe QyHrcquoHaJrbHofo cocToqHr.rfl
K rr KyJrbr"vp MrrKpono4opoc.nefi

er'O NrHoxec'fBa MeToAoB rrpu MoHr4TopIIHfe
eacrBytoqr4x Ha oKpy)Karoqyro cpely Qaxropon
rtrlcrpyMeHTa;rbHbrM MeroAaM MaccoBoro n 6ucrporo
[,r oOeofleqnrt oUeHKy BIrLrflHlrIfl Ha 6uororu.{ecKl{e
Kofi HoMeHxurarypbr olacHbrx HeopraHr4qecKr.rx u
6|4HHI\{ r43 'l'ilKptx MeToAoB alHalrvrsa, o6laAarotutlM

rurloTBar\{r4 IIepeA Apyfr{Mr4, oTHocrlTcfl r43yqeHue
rureroK ,r r'.KaHefi npu rrpoxoxleHril4 rrepe3 Hax

eHtFIOfO 3neKTpr4r{ecKofo ToKa, npuueu IIocneAHeM
(31rO qacToTbr, KoTopar cBoAr,rTcfl K pefHcTparJuvr 14

cBoficrB - colporrrBJreHr,rq R n entcocrr{ C. Eo.rree
M qBIj{eTCf, r,I3MepeHI4e 3neKTpI{qeCKI/tX CBOrCTB
14 TKaHer4 B rrepeMeHHoM 3neKTpuqecKoM IIoJre B

I4JIII :IJICKTPO CIICKTPOCKOIIIIg.

B?r B oOI{eM cJl'yqae oilpeAeJrqroTcfl AByMr ocHoBHbrMr{
Bo,4aMocrrro 6 Lt An3JreKTpuqecKofi npoHuqaeMocrbro r,
fl]' OT qaCTOTbr 3neKTpuqecKofo rroJrr r.r TeMrrepaTypbr
ectK(lv cpeAe rrpr4cyrcrByror KaK cno6o4Hrre, TaK Lr

ll.bre noA ,:IeficreueN{ BHerrrHefo nepeMeHHoro
ofyT nepeMerrtaTbcfl r4rrr4 opr{eHTr{poBaTbcf,. Taroe
e n cBr3aHHbre BecbMa ycnoBHo, nocKonbKy 3ap.rrAbl,
m;uec-s cBo6c),IHbrMr4 B OAHOpO4HOfi CpeAe, npr,T

KJr,o'rKr4 orpaHr{r{eHbr rraeu6pauanru r4rrvr ApyfI4MI4
v. llpoqecc lz3MeHeHr,rr rroJro)KeHr{s 3ap.flAoB noA

rrorq ilpeAcrarBJr_rrer co6ofi non_flpn3aqtro, n xoropofi
or!. flpoqeccu noJnrplll3ar]iilu cB.rr3aHbr c r43MeHeHr4eM

3.[eKTpl4r{ecKr:)fo llont oT [IyneBofo 3HarreHru Ao
, r(ofAzt fiepeiMeIIIeHHe 3apflAoB :orrru opr4eHTarlr4rr

20

B
K



,|IHIIOJICM, CEif,3?HHbIC C

TpeHutr, He npor4cxo
IIpOTI4BOIIOIOXHC|M ll:l
olopaTHOM HalrpetBrelIH
BloeMfl 3a Kcrl'opoe r

B03pacTaHr4u Hratl.p_s)r(eH

BEJ]I4IITI}{bI'I BItrETC-g

K.IICTKE OIIEI{b CJIO)I(EH

H,[eaIIb[.IbLK Mexa"HI43

,4rPlT Ha.,qpyra AalFoT Ln

Xaprax're1) Et3ar4lvro

o14oJrofr4qecrcr{N4r4 c[)

cBoI{c'rBaMI4 B}lOItq t4X

TAK)Ke Uena(5paHnlnl r

MexaHH3MOr] Iel:iCrsug
o{5t,exr,oe. Ei,{atuHoNI
KrlTopbre (3npe)IeJIqmT

cpe! B rlepel\{elFlHOM :)JIe

Co4epxaHue B cpe
IITOJIflPHbIX IltOJIeK)JI,
rrr)JUrpH 1}oqn Ht. f{uruol.su
io.[afoltrp{,u4cclour4a
.[Ior.rpHue ]ro.rreKyn.br

AILIIIOJIb B 0TJII.IrII4e 0T
.a.HIIyt{HpyeT BH(3IIIIrlee

rcTclTCTBII€. rf'3gfi0,11H

rcllHeHTl,Ill)'rcTcfl l3 cc)07

,{olycKiaeT r{x TeIJroBoe)

MO JIeKyJrAr\{pr olfp srHr4rr

tI]poHcx()lIIT' ltrlJllr,Ko HBI

'IilKx(e ilpeilaTcTByeT
TeM CH.lIbllee r3e BIl{qHl
tCreueHl, 0p14etfrr]irpo

Hieqr{Ha,'r c o[peAexeH
rcixl4H rqL{IIClJIt, He 0
.H(3rIO,rLrIp UOe Be IIIC: CTB C),

fereporeiHrrocTb 6
o{l\,'cJlolir;teHa

K0r\rnap"f M err TiLl r 14:] vp. /ro
BLrila nonj{p.a3arlzu

,4eHCTBr4eM roJtrfl l.repo Me)

pa3nuqrrbrMr,t 3JrC

Ifllrneiturerrr trrope]r 3?rprflloBi $opl,rupyer y npoBoAqulefo BKJrroqeHr{q

zl

peo[oneFII4eM ri]I{JI B.tI3KocTI4 kIIIv Me}I(MOJIeKyJUIpHOTO

Mrr{oBeHHo, at rpe6yer HeKoroporo BpeMeHH. llp"
t41 HAnpflXeH.FrOCTr4 IIOr_s BeCb rrpouecc [poTeKaeT B

3'ror rrpoqeco npeAcraBJr.fler co6ofi penaKcarlr4ro, a

FtVI3a\U:fl Aoc)',rlrfaeT lrpeAenbHofo 3l{aqeH.ufl. nppr
r 3Jrex:Tpr4r{ec:Kofo rroJUr oT HyJUr Ao MaKcl{M€trrbHofi

Hervl pe.:raKcau[r4. llpoqecc [oJurpr43auhrhr B pearrbHofi
H MO)KCT BKJITOqATb HECKOJIbKO OIII4CAHHbIX BbIIIIC

Ilo,nrrpr,r3ilrlHr4 o,[HoBpeMeHHo, KOTOpbre HaKJraAbIBa.f,Cb

iI()BOriliHO CXO)KHyIO KapTrrHy.
itclvus ilepelweHHoro sneKTpuqecKoro rroJu c
vr Ha MuKpocKoilr4r{ecKoM ypoBHe oflpeAeJr_f,eTcff

co()TaB efo TKaLreil MoreKyn. Anarl43 r4x IIoBeAeHr4rr, a
Kre'roqHbrx cTlpyKTyp, Heo6xoAuM D,nfl rroHlrMaHraf,

ttir Ap:/rHX )ipoBHsx opraHr43arlur4 6uororrE.recKrrx
qire [peAcTaBj-rsroT r4HTepec Te Br{Abr [oJrspr43atlm,

KyffpHbre N,[exaH]I3MbI IIOBeAeHr4f, 6UOrOrU.recKI/rx
I{'{IOCKOlv{ IIOiIe

-MOJreKyrr, oonalaroqnx Ar4nonbHbrM MoMeHToM I4IIL4

onpeAenrrreT ,{HrroxbHyro krrrr4 opr{eHTarlr4oHHyro
ra M:oMeFrTaMr4 OonaAaroT, HarrprrMep, MoneKynbr BoAbr r4,

LroHofeHHbrx fpynn v aAcop6rlr4H r4oHOB, 6emCa.
rl[c;TsBJtrrroT c06ofi ]r(ecTKr{fi, T.€. sUrcCUpOnaHHbrfi
l'rtx HerroJrflprr-rbrx, y Koropbrx ArznolrHrrfr MoMeHT

eK'rpr4qecKoe rroJre 14 KoTopbrt r4cqe3aeT B efo
rIOJIf,pHbIe lvIOJIeKynbI B SneKTpI4rIeCKOM IIOne
BWV| C efo rri:rcToToil, npur{eM B Tofi Mepe, KoTopyto

BHrxeHHe. Halplque cr{JrbHofi csssz Mex{Ay coceAHHMIl
z:x opHeHTaur,t.to B [oJre, onafoAapr rreMy Lrx rroBopoT
oJlbrrrrle yfnL,r. llonrpusa]qJ/^v Ar4rronbHbrx MoneKyn

BOe ABI4Kel:Ir{e, Ilpt4rleM, qeM Bbrlue TeMnepaTypa,
v TeM MeHb[re qr4cJro opLreHTHpoBaHHbrx Ar{nonefi.

AHnOJIefr 0 yBenr4qeHr{eM qacToTbr cHr.DKaeTcfl I4,

3HarreHI,Ir, IocTl{faeTc.q TaKafl cTa4vrg, KofAa yxe Hr4

K Opr4eHTAr\krr4. B ornx ycnoBr.r_sx cpeAa BeAeT ce6f, KaK
o n:bKy opneHTarrl Hfl Avrilo ilefi nponcxoAr{T xaoTHr{Ho.

o|rllrecKofr cpeAhr, KoTopar B rrepBylo oqepeAb
VTCTB14CMt MeM6paH, IpoqBrrrotIInx
ro tpyHr<qraro, cnoco6crByer Bo3Hr{KHoBeHr4ro Apyroro
pocrpyKrypHofi. flp, Hefi cBo6oAHbre 3aprAbr rroA

IOTTCS B rrpeAeniirx BKJIroqeHnir,, o6pasonaHHbrx cnoqMu c
xapaKTepHcrHKaM14. Heso3MolKHocrb



IHIIOJIbHItIA NIOlvleH'I,

MOJrer()/Jre, B 6lrolorl
rI0Jll.gpll:3illu,r:rd )/rracTtBy
M:er\{0lpa.Hbr, Ho r,r BHy'rpul

B (lr.IcreMe

H E C-M C II]:Hts AK)IIIIDiC'I

xitpat(TeprL{3'y}o'Tc.'{ cy
Il0nflpH0llt, l'rJ 3il Cqe'r

r4t36bluKe t:{a [oBepx.H
IIOntpH()lL1 llHcrre)pcutoH
flly[il Fra [oBe)pxFr

,,ta6Tp0 0:f aT r4q:e cKclf o
rrpoTH:B014oFt1oB. 3r'a I]
KTeTKu lIBOilHOfO 3Jre

ia,Ic0p ollltroHrryru qac Tb,

MOJeI(:y.lI 14 6o;ree iloli
rqilc:fpl ABofr:Horo 3Jre

SneI(q)UqeCI(OM l[r)JIr3

irlpe atvr)'ttllec'r'BeFrrr0 B Ar4

firu naxol{]n:er:icfl B

lK0Topbx .l]e.fKo rrpoHr.r

l\4o)KH(l Ilb[[eJII.I']:'b

:KilpaK'repr,rc:tHK,D:HCnr

.TOKAJII43OBAI{HA' BOITU

pacllojI0]K:eHil Karrc'yJra

0o6crueHrro Met\,r(5paHa

rvfyKoile[:fr,Il]bI, JIHITH,[:

3JIeKT',pI,IqeCIit{e

[0Bepx]:t0cltFraq ilpoBo
lvrr,rKpclB0,4op ocneE pa
061:l4au:lit rtrrCrngppr3oB a

ry)o.acx0llr,rT cMenqeHne
3atpttloB KaK crp,yKTy
OJlofl IIprSrTLiUlOr.IOFIOB, I
(.zru2ryz qr,rpoBErHH br rl ) ;lrd
TaHfeI{qI4:i:lJllbH0}y{ry' ile
rTraHr{lqe pa3,{ena B oAr
I{apyrueHrnoe ilprucv
rurSS1411r[d, rir)Toprirtr 3a
cc)Aep)Kan(rxrcq B 6
ocyilIecT'BJulr0u]rre)cr: t] B
BHe 3aBr,ltculvroc:flt oT
IIpouecca],,rH. floc)Ten eH

paTenbHofi a4c0p6ur4r4 oAHofo rroHa oH oKa3brBaeTcr B

la4pyfoff-e r4:l6brrKe B x{r4AKofi Sa:e. fIoI erraqHr4eM

NPOI4CXOAHT AI4CCOUHAIII4' I4OHO|EHHbIX

a. B Ar4clepcr4oHHofi cpeAe 3a cqer
odpa:yercr KoMrreHcnpyroqufi cJrofi

eocbr rrpr4BoArrr K soprr,rupoBaHr4ro Ha noBepxHocTr4
r{ocKofo cJroq, B KoTopor4 pa3nr4qaroT rrnoTHyro vlu
rroJro)KeHHylo l:ra oT rroBepxHocTr4 Ha paccToflHkrv I_2

xrr\/ro vtrvr 4urrf$y:uyro. llepevrerqeHue au$Sy:uofi
qECKO|O CIOS OTHOCI4TCJIbHO TINOTHOfi BO BHEIIIHEM
Holloll4T ilo l'paHlrUe cKoJIb)KeHI{t' pacllonoxeHHofi

@y:rrrofi qacrn.
BpArror{ cp'ele KreroK Botropocnefr, napyNHa_s MeM6paHa
Ma Ant

bK.o

qI4 CpeAbl Ha

KJreTKI4,

t{pI4'rjrxeHr{{

HI{o[ cpeAbr. l.Ipexae Bcero 3ro r4oHHar arMocQepa,
r{orrr)feHrrbx rpymr KrerorrHofr rroBepxHocrr4, 6mlNe

qnr4Dilxapr'r4nofi hJrr4 rroJrr4rrenrr{AHofi npupo4br r4 3areM
KH, BttJrroqaFlrlar TaKr{e KOMIIOHeHTbI, KaK 6em<2.

, llocroqHrle iloBepxHocrr4 onpeAen_ser TaKLre
pH()T'r.rKr{ KJrer:[cu KaK rroBepxHocmrfi 3apffA u

rr. 3aipr4br rra [oBepxHocrrr KJrerorc 6orsruuHcrBa
o)(eHbr AocTaT'or{Ho paBHoMepHo lr rro3ToMy oHr{ He
bn. llpr4 Ha,Tcr;KeHr4rI BHeIrIHef o 3neKTpr4rlecKofo noJlg

cpo(io;1HtrK L\ B onpeAeneHHbrx flpeAenax, cBr3aHHbrx
KOr\{IIoHeHToB t[uleror{Hofr crenxu, TaK H oKpyxaloulero

Jrbrare qen'o KJrerKa npuo6peraer Hane4eHHrrfi
rnufi MoMeHr. 3ror ilpouecc rpor4cxotrur 6laro 1apfl
rrreHr{ro r40HoEi azoSysHofi qacrr4 4nofiuoro cJrot, s1'6poH)', a qa|crr,lq Ar,rcrepcHofi saeu _ B Apyryrc.

reivr rroJlq paBHoBeCHe BOCCTaHaBrr4Baercq 3a cqer
rtT olr reM.[epa'ryl0br cpeAbr. Bce 3Tr4 OTKJrr{Kr4 CO CTOpOHbT

40rrrrecrofr cF,eAe 3ap-flAoB Ha 4eficraue rroJlfl.
Lrx opl4eHTar\Lr-Lt I4nH rIepeMeIrIeHI4-[ B cpeAe, sBJlslorcs,

nuIX tB ax ocHoBe MexaHr43MOB, r4Heprlr4oHHbrMLl

22

poe EieAer c',e6s uoAo6Ho rr4raHTcKofi rronflpHofi
ux cpeAax B SopvrrzpoBanvrv MaKpocrpyxrypuofi

HO 'IOJTbKO paCilOXO)KeHHbIe Ha [OBepXHOCTr4 KJIeTKT4

Hbrx cTpyK'Typ, Halpr4Mep, flApa r{Jrr4 opfaHeJrJr.

AOe Teno-x{trAl!:ocTb rroBepxHocTb pa3Aena ABe

Fp€:AcraBr.rrer co6ofi rosxzfi clofi, csoficrsa Koroporo
E|CJ}IHbI]\,T OTJII{I{I4CM. ECTTTA )KUNKOCTb -'IBJIqETC'

BOAbr, He KoTopbIX

crloeB, cnoficrna
r4oHoB n se6omur{x MoJroVJr,

KOTOpbIX oTrr4qaroTc_f, oT

Fl ap acr aH vre vt:lvr, H ao 6 0p o r, c Ht4 )KeHr4e no JIsp u3ar\vLr



[plli l\{fl{rC}Be}IHOMI YBeJII
3JreKTlpr,F{ecr(of o [Icurq,
ooyn[(3clltJlfl toT0tr 3Tt1

p9xaKcalt:1,{o FrHbre rl
6llolloll.r.{ecFtoit cpe,rbr

{ I'I3 neKTpu,,I.I,e,cKclit tlp oH}

fitni, KlPrllB6ilt 3aB

ilnpo.tlre'fl3roEl R t4 C
:ll:{aq€HI'IJI {l I:Ila flH3
o6osna![areMl,Ie ilo 06
Hl.I3K.l4tX, ri,p€:jlHzX IC B

qitc'IoT. f.4e llc)3FII4Ka

penaKca.t\vrIr we , IIpl.I
MAX:CNMAJIbI{OfO 3HAI{E)

ol5parH)'lo BerirprqriHy

r[e W6

peiraKca.Topzl.

IIr[)JIfl III]13OC)pai./OTCr B

B03HI.IKI'l0BeIIHe

O6lia,c,rr 0
\dexaHI4:::il/ ee
r)llpyxialorqeii :ln61xt
'Oropltnp,olBauI4e [i,-
lKireTO':IHbIMI4 MeMopaH
l[Ih{eHI{t ]B.flep]Bblte OIIil
peJraKcau,rrll Jvlarrcceer.,

)JIeKTllUqecrcr4 Hr30IH
ltlr)nfipI4:.:IU]UI{ll lr4€M

penaKcail:r{or-rHlilx rr

llilc:fB{lp. L41,, Ha.KOHerI.,

lFIeo0JIbIiltIX M().rIeKry'jr.

i)lor Blr,!: peraKoaurau,
BrrepBlbre ol:rHczrHr fl.,II
,{ono;lH r,t'IteJIbHE,rili BI{JI

6emor, rd)Sercr Ko,T'Otfhrx

ilr,{cnepcr4rr.r BpilII,eHr4 e
berKcle n; r\Io"fr9livr c
peJIzIKcaIIlt4Io, OIIpe{€r
l lpucy'rcrBrre B KJr

OTBETCTTBE]]HI,IX 3A O.,

I\40neKyJllttpHL,x ctrp'ylffy

gHm:,Vt VtJI.I4l

tlaeTct
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/MeHbrrreHr4r4 Hailp{xeHHocTr4 AercTByrouero
peJraK:0arlheir, a BpeM.f,, B Ter{eHlre KoToporo

=-1,12 nJ'

Bo BpeM

IlofJt:o
-,4HCn

BO3HI,I

qoccbr -- BpeM:eHeM peJraKcar\Lru re. [u:leKTp]rqecKr4e

rK)' c Srz:xcuporiraHHbrMrr Ha ee noBepxHocTr.r 3aprlaMr{.
wk: 1104-108 fq) nporncxoAr4r 3a cqer o6ycnonneHHofi

r,1 ferepofeHHofr rtrpyKTypbr 6r4onofHqecKofi cpeAbr 14 rro
r{x ee MexaHr4:r]\4 HOCT4T Ha3BaHr{e MaKpocTpyKTypHofi
- Baruepa. MexauzsN,r p-Aucnepcrau cBfl3aH c
LII\4 C:qpOeHI4(3M KJIeTKI{ t4 flBJI_f,eTCt CJIeACTBI{eM

BHe- U BHyTpr4KneTor{HbrMr4 r{oHaMr4 rrptl
.K Ha fpaHprqe pa3Aera rraelr6paHa-oKpyx{aroqnfi

- ,{ucrr€pcr4r{ Bo3HHKaeT B pe3ynbTaTe Bparr{eHr4,
rrlzrx Ar4noJrbHhIM MOMeHTOM, Ha[pI4Mep, BOAbI.

Br:rzrHHbre c noflrpr43arluefi [orqpHhrx MoneKyJr 6ul
N[, [O3TOMy efo HHofAa Ha3brBaroT Ae6aeecxr4N,r.

B B -Ir4cnepculo BHoc{T, coAep)Karrlr4ecr B KJrerKax
JrrlJUrercs Ha 60ree BbrcoKlrx qacrorax. B o6racrpr y -

HHOKLrCrroT, rrarilTr4r{Hoe 3ap_fl)KeHHbx 6OKOerX rpynl
AHHOil C 6C,rXirUN BOAbI BHOCI4T AOTIOJIHT4TENbHYIO

tyFt 5-4ncnepuro B Ar4arinoHe qacror 108-10e iu.
a:. TKaH{X t-paHr4rl pa3Aena B Br4Ae MeM6paH

AI4CN€POKA qiICTI4qHO MACruIPYET BKNAA OTAEJIbHbIX
rrCrBreAeHr4e Kor()pbrx ilporBnfiercfl Ha 6o.rree BbrcoKax

OilpeIeffIoT 3 ilBI{cHMOCTb 3neKTpuqeCKI/tX [apaMeTpOB
rl?cT,oTbr tlTwr ll4crrepcl4ro trpoBoAI{MocTI{ O LI

IVIC}CTI,I 8.

r,rMocTr4 r4lrLr KpVBOI4 Al/gilepgldpr 3neKTpHqecKI4x
qacT'orbtr xapaF:TepHbr ABe oco6eHHocTH BbrcoKr4e
qacToTilx tI TpLr ocHoBHbre o6lacru penaKcarlr4lr,

I,IIUITOM)/ COTJIAIIISHIIIO KaK 0-, F-, vr y- ,.r4cnepcr{r4 Ha

4ux lracrorax coOrBercrBeHHo [13,64]. B rorr,r AHaIIa3oHe
I143neKTpHqeC)tKaq AI,rcIIepcI4fl, HaXOnr4Tcfl qaCTOTa

)H rrofJroueHr4e 3Hepfr{r4 BHeIIrHefo rroJrfl AocTr{faeT
\tx. r{ac:rora penaKcarlur{ w0, rrpelcTaBrseT co6ofi
pHI,t penal(Call{I4 Te I{ pOBH4

W6i=1lto (1)

xalDlaKTeprr3yeT co6creeHHyro qacrory Kone6aHr4fi
peJraKcaur4oHHblD( rrpoqeccoB 3Heprur 3neKTpr{qecKofo

r$4Hi3'rrrgeoKyro 3HepfLtro MoJreKyJr, qro o6yclanlvBaer
tlus na 3Tofi qac'T'ore.

u pacnonafaeTcr B Ar{ana3oHe r{acToT 1_10" fu u
l.wrfl. cBtr3aH C penaKcarlr4efi rroABrDKHbx r4OHOB,



r{acToTa"}I.

N{e:lanulMbr, olrpe
rro cBoe]ft [p?rpcrAe, H(

nepexo,lr4Tb rr0 nrpHrrrlr4

BCeX UtlnoB,[I4CrIr3pC]AI4
qacrorr.rrofi cl6:acrbr.0 -
c:)/uecTBe.Flr]t0 MeHbrrre

Hn{loprr,rrernr arH<lil c ror{x:
ee I{el\,I0paHLI, Zt l3Hy'tpe

flocr:o;rr,K\i o,cHoBH

NICMoPAHE I(IICTKI4 3A

UMEFIHO OHA I{€]IIIIJIA

cocT0-slll4q ftu'Ie:r'Ku I4 e€
B uenl{x 6oree

ZCTIOJIb3OBATb }K:B14

3.rreKTpt{qecKr4e cI}ofi
TKaHrrx ry)aHr4rl pal|A
3KB14BiarreHTr{yl0 c)ie
napaneJrJlbHoe OOeIIrrHe

Cr[)IIpCTTI,II]IerII{e I.[JI.V

CrO€,{11.H 0l1l4tt pitB€)H :

rge R.p lr
c0e"4I4HeI{tIZt,,

Cp' co,lnee
l{p

ry;,e (D = 2ir1t ,.i =

flpu nap'iL[e.fIJIbH0M
rc(5rqee c;ollpoTr{.BJreHH e

Bo"uee jIe'raJnbr{afl

c C|cpeAO'f 0qerr{H btN{u

o 0 Jrzuurmtl{r4)( aHi]"Jtro f r.{qH
(ltvnqecmoe

BNCHIIE MeMOpaHbr RM oIIpeAenqeTcs
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rc q re Q opu ulloBaHr{e o 6nacrefi Ar.rc[ep crir4 pa3nr4qHbr

ts rroAaBJurroue.tvr 6oruurHcrse cJryqaeB MoryT rrJraBHo

c)rrepno3r4\ur4 r43 oAHoro B lpyrofi. llo cyrr4 AeJra, r,r3

y-Iracilepclu .qocraroqHo xdcrxo cBflsalr.a c oAHofi
orr (1,3 ao 20 f[-q, rorAa KaK Apyrue xapaKreprr3yrorcr

A3'repMlzHr4poBitHHocTbro. Hau6o,'ree usyueuuofi Lr

3pc)Hlrr orIeHKr4 rfy'HxrluoHrzpoBaHr{fl v caMofi rclerxz, a
Hefi cpe4r,r, {BJTIerc-a B-lncn epcvfl..

MexaHV3M F- aucnepc;lfir cBs3aH c HaKorIJreHI4eM Ha
rr Br4Ie r4oHou r43 BHerrrHeit u BrryrpeHHefi cpe4u, ro

IIpHMIeHeHHC, B pa3nnqHbrx TTOAXOAaX K OrIeHKe
eM()paHHbrx crp'yKryp.
rroApo6Horo aHanu3a [pnHsro qe,recoo6pa3HbrM

CIHTHbre cXeMb,.r, 6olee AeruurbHo BbrpaKarcrrlr4e
IfJle'foqHhrx cycllc)Hzuit ulu rxanefi. Haluql.re B KJIeTKaX I4

B Br4Ie v:elr6pan orrpeAexfler Hau6oJree 3neMeHrapHyro
rroAo6uofi clpeAbr KaK nocneAoBareJrbHoe urv

I4e arirr,rBrroro corrporr4BreHr,r_s R u enrxocrr4 C. O6uee
AaHc Ha nepeM(tHHoM ToKe Z am nocneAoBarenbHoro

*trlp+J'Xp
(2)

I]ocnenoBaTeJIbHOMc()nporllBJreHI4e H €N{rcocrt e
clcrrpoTpl.BiIeHr4e, paBHoe

HHO

BHOC

(Dc 
p

u f - qacrora Hie xoropofi [poBoAr{Tcs r.r3MepeHue.

(3)

(4)

III{9HI4I{ aKTHI}HOIO COIIpOTZBJIeHI{I Rs n €urcocrz Cs.
AAI\{I,IT1'AHC Y PANCH :

I
.lt 

-
Z

1

-- + iatC
R"rJ

BiilIeHTHaq rlxeMa, cocTotrrua_s n3 3JIeMeHTOB C

€TpaMrz: il\nt cycrreH3r4r4 coepuuecrrax KJIeTOK,
14'I{i}crorHbrMfl rxapaKTepr4crkrKaMr4 rroKa3aHa na puc. I.



0,Ilpel{eJlteTC)q OT]AOC

BHeIIIHeI'0 :)JIeKlpl:Irt
npox0lltflIlllr0\.{zr':repe3

COIpC)TI,IBIOFIH0IvI Ry
c0npOT.t{tBJI€,}{Ze Rj n
C0!epr711P111491'6 ICII

3lIeKTpr,rqecr{r4e t:rapaM

CK9MITI :3i:IKIlloqaelTOq B

KjreTKH rl:epe3 rnryHltI4p

- rrepe3 N,telvrollilHy r.r B

c KeMbI IIrC6213"ttUt3T, LITCI

AHcllepcl{u.) cyIlINIapH

duaxoctt, C",, ? Ha 60
3i1B]40t{t' c}T qa0T0TIjI 14 )

cTa0I{JILEt\,arc BeJII{'{IIFI}''

orrpeleJrtjsHr,x npele
c'FIqeOTBeHH 0 :iABA0I4T

R.o xar rcorrllorrruJreHr.tr:

MCI)I$Lle,'Ir0qHofr (lpeALI o
B HaqaJre B -,Iucn,opcan

Ecln percctdarpli
KrreToK r| npotBr)ilflrnefi
C()OTHOILIJeHIZ:e MreXgly

IIOJION,f ln lvlltFlprg966n
IIpeAcTa.BJre.Fra B cneA

flle -- coOTBeTcTBeH

l2I B3BeIileHH0rO I{aT€)pI4

'{ilcTl41-lilNltta. 3ro BbIBeAe)

r.rpI{MeH{3.HO AJrrr on
ccpept.Ir{e0Kl,fx: qac)Tl,txi B

l4OIItJJIb3CrBaHI1R 3TO

l4OCJIeiIOBaHI4qN,r noc
lVfancse.l"Ta. Koropoe
\y/pallHellH"sI, fIO3BOIfl
HenpoBol[ru.Lx 3J]rJrHrr

IAe /:t , pt 
,

>iatpaKTeptr43),eT

$Ho r]BoootrHo npoxoAf,rrlHMu qepe3

lrloJr{ vroHar\/Ivl, a dnaxocTb c"
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Hee noA AeficrBreM
- CBS3AHHbIMI4, HC

Hr4 lre 3aBt4cflT OT qacT0Tbt.

3[gKTpr4r{ecKr4e cBofrcrBa cycneH3Hfi CQepu.recnrrx

Pel;e nplrt HI43K[4X r{aCToTaX OneKTpIAqeCKOfO nOJUr, TO

KprocKoilI4qecKtfaMH xapaKTepr4crvKaMv cycneH3r.IH B
qCCTilIMI'I CBOfiC'IBAMI4 CAMI4X KJICTOK MOX{CT 6rrrb

TTHAC:

pl,o-
= 412tl Pr-!

(s)AIP 2 p,l pr+2

yA()JrbH bre c o ilp orlrBrreHlrfl B3Beckr, npo B oAqrrlefi cpe4u
a, rfr - orHocI{T€,JIbHbIfi o6tdu, gaHqrrIfi B3BeIrreHHhIMI4

noe l\,{axcBerJrol/ ypaBHeHHe, 6srro r{M BrrocJreAc-rBnvr
Lrfl 3neKlpplqecKr,rx cBoficrB B3Becr4 npoBoA{rqprx

rryoBoA;rIqefi cpepe. HeAocraroqHa_s KoppeKrHocrb IJUr
y'paBHeHn.f, nrpr,rMeHr4TeJIbHO K 6raororu.recKI4M

${nir npnuuHo.iZr 4arnHefi[rero pa3Br4Tr4fl reoprzrr4
qeJro H.Frike , a. 3areM S.velik ra M.Gorin rpeAno)KrrJrr4

OIIPC]ACJII4Tb YACNbHOE COIIPOTI{BJICHI.IC B3BECI{
B, .rr o Jry qr4Brrrers Ha3BaHlre yp aBHeHr4s ve lick-Gorin :

Br{yTpeHHef o co,l:lep)Kr4Mof o
pBAenHIoTcs colep)KaHLIeM B

KJ.IeTKI4 [I OKpyxaroilleu zx
Hlrx r4oHoB, TO S Olr€iCru a -u

(6),o= p

pz r(D

(t- @f 
-t' 'Q -t'

cporBecrByror B \/paBHeuwu (4), a f wm Saxrop Sopnau

. Iluror;rr lrerw6paHtr Cnn BKrloqeHa naparreirJrbHo c
HbI, TClfAa KaI( BKJIIOqegUOe IOCneIOBaTeJIbHO C HI4MI4

BJrreT 3netcTpr4rrecKr4e napaMeTpbr BHyTpeHHefo
.Lllyurupyrort,,3e conpoTr4BJreHlre R6 orpaxaer

br lyre)KKJrero.{nroft cpeAbr. @nszqecKrafi cMbrcJr grofi
A)'roqel{: qacrr, rrepeMeHHoro roKa npoxoAr,rr n o6xo4

qlyro Me)KKJreTorltl{yrc cpeAy, B To BpeMr KaK Apyfa.r qacTb
Hee coAep)s4Moe KJrerKr,r. Auarus 3KBr4BzlleHrnofi

tla HM3Kr4x qacrolax (a o6lacru o,- r{ B caMoM Ha.rane B -
uorerrur4arr, rprlJtox{eHnrrfi K KJrerKe, pa3pq}Kaercs qepe3

BbrcoKrrx - Blrylpu KJrerKr4. BeluqzHa duxocru C" ne
ve,u6pau pa3rt4rrHbrx 6raolorvqecK[x o6rerros ]rMeer

r0.8- 1.0 lrx@/cl,,l'. Hauporun, conpornBJreHr4e RH,r B
AOCTATOIIHO BAPUA6EIIHO, TIOCKOJIbKY OTIPCAE TIflETCfl LT

upor{r4rlaeMocTH rr,renr6paubr AJUr r{oHoB. flocrcomny Rj ,

$oprvry acrr{u 14 AJrfl ccpepuuecK[x qacrrrrr paBeH 1.5, a rnl



.rrp)'frrx c'rp)'Kr)/p f >' l.
obl KJTeT'KH, TOqHee

IIONIO]tfllbto BthrpilKeHrrg,

npokt oxi(],4.srl(r4e lB

K,TeTOqr{014 Me)M0parrbI,

rrpoBon:rueii cpr3Ibx.

O0UIIpr{bIa ntal'.115][o

npOHl{uaoMrtrclE,,Lanti
Ha oc:HoBe tLr3MepeHHq

\la*, K.* H Oit2* Ei vll

aI{ec'feTztKoEi. rz:rr,repe
KrreToqH0il cyr:neHr3tr[r

TIO3BOJI,;NCT ICIilpe![eJII,ITb

tlpoHIILI&eMOCTI4|, COC:

lpu 
"[e[(]TIlr.II4 II()

Melvr6lla.Hr,r ed 00ilp0Tr{
qillc'fo'rbl, a ilpu iloJllltofi
HE OTJ]IIIqACTC'I OT

orSHapy:r,rceHrrbrii Buep.B

{r{arra3cxHre q:acro'r l0*-
II0Bp€,Xt,{eH14_fli:, or,rrt

,{lpyfr,re Brrlbr T'K:atFrH,

xr{3Heclroco6Hoc.ru I
cOIIpoTI,ttBJIetH[4rI Kj IeTOK

fu) u 6ecrconeqlro Bbrco
tli:t[{e BC]OI'O Hal(0l.UITCfl B

HOCI{T Ha3BaI{Irte

Qyrrxqz:crHa.nblroe c
rcoorf {ln ur,rer{ra. l[nsr r5ortt

ylpoBxlrs N{eTaooJlrr3irva

3r{aqelfHre cTpeMr{Tcf, K

MO}I(IIo O,[HO3rraqH() cv
:XI43iHeCllrCrCOlf,HCICTI,t UC

I)U€,HKY B NI,IHE-I]I{Ofi

)Lrrrr4 K03CbCbUql4err,ra

rl0[poTr,{r}fierrr4li B et
:{apaK'repr,rc:fHKOii ypo
OBOi,IC'TB FJICTOqHbIX CY

1.g5, rorrltlbriii AJn sKtBZ

tpi0p|,,1r,rng'

,K
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.i3ro ypaBHeHr4e rrpr4MeHr4Mo roJrbKo B ToM cJryqae, ecru
Mer\46paHbr, He 6suru [poBoA.rrulr4Mr4 crpyKTyp aMLr. C
4) Bo3Mox(Ho ortlapaKTepr43oBarb HeKoropbre [poqeccbr

rrcxol{r u3 ooorHorlleHnf Mexly co[poTZBJreHLreM
gB{:tAlHHO€) C ee npOHI{UaeMOCTbIO, H COnpOTr{BJIeHr4eM
':.Qnonr:yr uolo(:jnufi MeroA, B.Ocreprayr BbrrroJrHr{n

rrc) BJrr4flHrrlo piiBnr4r{Hbx rroBpe)KAarorlr4x samopon Ha
ugardhii v Alsyrrrx BoAopocnefi, noxa3aB, Hanpr{Mep,

TItr)OTI4BJIEHU{ IAHTAfOHI4CTI4qECKUIE OTHOIIICHNq I4OHOB

BJrrrflHut;lr Ha rrpoHlruaeMocTb, a TaKxe HeKoTopbIX
qacTo'fHofi 3aBHCHMOCTT{ 3neKTp14r{ecKr4x cBoficTB

nalaer slqe 6o.nbrxefi unQoprraarr4BHocrbro, rocKonbKy
efrlr0crr (Jeror{Hofi vreru6paHbr, crerreHb pr3MeHeHr4f ee

r{e uoHoB BH)/Tpr4 KJTeTKU, 11 A]/l]HaMrrKy HX H3MeHeHr4fi
n:x SaKTopon. Tar, ilpv HapyueHr4r4 npoHr{rlaeMocrr4

QHZI: HAI{ZIHACTiliIIATb 14 B MEHbIIICfr CTCIEHI4 3ABI,ICCTb OT
qr6enrE K,TerKa, c ror{Kr4 3peHr4fl 3reKTpuqecKr,rx cBoficrB,

rarorqefi ee npono4xulefi cpeAbr. 3ror eQSexr
E J3.J.Luyet 

''[]r4 
r4ccxeAoBaHVflx conporr{B rreHkrfl B

,10' fq pacrr.rrenbHbD( rKaHefi rrpr. Irx ueo6parzMbrx
KoJrbKo rro3x{e pacrpocrpaHeH E.H.TapycoBbrM Lr Ha

Qnocro6 orrpeAeneHufl w\ $ynxquoHalrbHofo cocrosHr{rr r4

. r lJ-pre4,roNesurr.fi MeroA 3aKJrroqaercfl B r{3MepeHr{I,I

AB).K roqx:ax Ar{cilepcuoHuofi r<pznofi - Ha Hr{3Kofi Rs (l0a
qfi A"ux ilp'oBoAr4t!{brx I43Mepeunfi qacrorax R*, rcoroprre
,$rar:ru l04- 107 I-q, orHo[reHr4e KoropbD( Kn panuoe

(7)

III4errT nonqpH3alJl1^Il., npuueu rreM xylKe
HI4C IUICTKI4., TEM MEHbIIIE BEJII,IIII4HA 3TOrO

HI{OTBA IUICTOK I,I rrAgcfr BEJII4qI{HA KN N IANUCI4MOCTI4 OT
e(i:lercq B Arli:rrra3oHe or 5 Ao 15, a rlpu ruletu

flo prgrreneHltro BeJrr4r{r4Hbr r<osQ0zrlr4eHTa ilo nflpv3a\vu
r:) cTetIeHH ]{apyrxeHr4r npoHHrIaeMOCTpr r4 ypoBHe

A:/eMbrx, KJreroK. BosNaoxHo TaK)Ke ocyuecrBJlrrb
acrH Arrc[epcr4c,uHofr rpunofi [pr4 noMorrlr,r Kpyrr43Hbr
crrr3pcr4H Ko, lpeAcTanqrcuee co6oil oTHoueH]re
Hlr:Ko- v BbrcoKoeacrorHbrx yqacrxax. fpyrofi

rpyuxur'toHHp(lBaHr,u rtpn aHaJrr,r3e 3neKTpr4qecKr{x
eHsarr u rxaHefi Moxer cJryx{r4Tb raHfeHc yfna norepb
terrurofi cxeMbr rrpr{BeAeHHOfi Ha prac.l BbrlrrlcJurerc.s IIo





llpezrnlyrrlecrBa
AI4CIIepri)lzil4 Ku,'IaK
n0Ka3areJreii He rye6
H3Me'PreFIIlblI/:U 3 Haqe.H

rIOJlflpt!11]2t.UI{OHHbl X IlpO

.f,nrl 3'rfx ueJeii v
Cr)IIpC)TuBnet{I4t X
n0crreA0gateutuclli fKr
rrpoB0Al,r"locb I{:iNI{3peH

[0nyoKp)/x{FrocTr,r c
14MfreAaff{r;a. ]y'ror o(5

T()r{KOfi ee [e])eceqeH
[poBeAerFrHoii rr:] ueH
rIBJtteTc,[ ![laHaM14aleCK(

lIlpOHLtKi:llOIf(l[.IX ]a HeIl

2.6. dr"rrJropecqerH

el,ux:

Kar yxe o'n\4er{a.Toc

ItIrMeH"]filMr,t ec:rclr:lt
q)aHorrotrrH.b,x r,r cotrpt
ATID u I{{/{<fr[t. t1

S,rrox.urraI.Ir{€cKI,r aKTHB

r.I:3JTr{aTeJrbr{bx I]

Q.ny'opel:qeFrqu.rr x"lotl
pi:lcCMO'l peHIIeM IIOpr!14
'reMrre,pi:tltype lrrlallt-oB
,rb.ny'ope,r;tlneH qr,ltr ocHo
.x.to pr: srurJr), c B e:uclr:o6z
'7.15 srvr. IJ s'rI,l>: yc,uoBtrr:

,rrlsr4HBL!"T€XaqUx GrO I
,O,C 1 1601.

]lc, 14lrr€HcrztBHocrr4

lvI())KH:O rCIIpeAeII4Tb KOI

0,04-2 Mrr :uopodlll
>i;lopofrrr-rrrr onpe,qe
rlejpTHKa.rrhH0fo

clenrpo rf lr)'rl purvr13TlDbr

parcnpeAeJreHt4rr $nTo
[23 ]' ro.qly oFr,--c ue:Hr,r.r fl
,flor<lcuulerrrqecK0fi a

1l 2n:f
MeHeHr{.rr KaK r<oe$QuupreHToB noJr_flpr43aur4n Kn kr

tg6 3aKrmqaerc.,{ B ToM, trro Arr olpeAeneHr{q 3Tr4x

3]]ilTb AOCOJIIOI'HbIC BCJII{qILHbI LT MO)KHO TIOJIb3OBATbC'

H, )(o'rq c 4pyroll cropoHhr oHLr He no3BoJurlor cyAr{Tb o
x Ha uenlbplaHe, cBfl3aHHbre c ee npoHraUaeMocrbro.

ItrOJIl,3YeTCt nOOTpOeHI4e 3aBI4CI4MOCTH peaKTI4BHOfO
axrusnofi cocraBrsrouefr R HMrrenaHca B

BareHrHofr cxefire Ha Bcex qacrorax, Ho Koropblx
.l-paSnr :roii 3aBr4crrMocrr.r npeAcraBrqer co6ofi
, cMerueHHbII\4r BHr43 or oclr aKTr4BHofi cocraBJrrllouefi

rm,rft mzruaefi, c:oe4un-flroqefi rIeHTp noJryoKpylrHocrr4 c
C OCbIO AKTI]IBHOII COCTABJI.STqCfi T4 BEPTI{K€UIbIO,

y Bcex 6uolorunrecKax o6rexros BcerAa MeHbrrre 90" u
xapaKTepracrral:oii flpoHrzrrlaeMocrr,r uelr6paHu 4.nfl,

r4Karorlr4x qepe3 ue6 uoHoB 14 3ap.s)KeHHbrx MoJreKyn [50]

X.NIOIPOQNJIJIA Iil EE UCIIOJIb3OBAHITE AJIfl OIIPCAEJICHHq
uorrilJrbHoro cocrorHHq no4opoc.nefi

BbItrIe' ocHoBHa'fl rlacrb 3HepfI4rI cBera, rlofxoxleHHofo
I4p)loquli opfatFrr43MoB, pacxoAyercq B sneKTpoHHO_

Hbrx rrpoqecci,rx, B pe3ynbTaTe KOTOpbrx o6pasyercr
b norxollleHHofi sHepfr,rH B npouecce ee Mr4lparlr4r4 K
bIM I'IJ p'acrpaqt4Baerc_s, B rracTHocrt4, B pe3ynbrare

- Sqyopecx:eHrlr.rlr. MexaHragl,raNa 14 rrpr4poAe
wJrlra llocBqlteHo MHoro pa6or B cBr3lr c

Hbrx rpoqeccoB soroczHresa l2gl. llpu rolruarHofi
ffi Bbrxol( Sny'opecqeHrlur,r Hr43oK 14 B cleKTpe
nofi qBr{ercfl rroJroca 685 HM, [pr{HaAJre)Karqat
itrcr[r3fi aHTeHHb] ac 2 14 AorronHureJrbHas [onoca npLr
SnyopecueHrlurr AnuHHoBoJrHoBbrx Qop* xlopo$ulna,

Tyllrlrrcs 3a cqeT' eoSexruBHofo 3axBara eHepruu plf

rpny,:pecqeHrlr4r4, no:6yxAaeuofi nocro-rrHHhrM cBeroM
gHTparlr4m xlopoSvrra B MopcKofi nole B rrpeAenax

altd " C rroMourbro rrorpyx{aeMbx $ryoprErraerpoB14 B pa3nur{Etbrx fopH3oHTax rrpH krcy.cre]H]r/ikI

'eAeneHr4q QvnoulaHKroHa t32). Jla:epuue
BOJII4JII{ BECTII AI{CTAHUI{OHHbIC BO3AYIIIHbIC CbEMKI4

KTOHA TrY'IEM AHi'UI,I3A CNCKTPOB EOAHOfi IOBEPXHOCTI4
goprocrefi 14 pa(;TeHufi UONer cJry)KI4Tb IIOKa3arerIeM
BHCIC)]rr4 pr $u:lrorofl,IqecKofo cocroffHr4.rI HarI{BHbIX
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opraH[H3tvtol]. ttpru 0c
rnaslontrfi rlE,xoil
crarlr,t:on{itpu sllt )/poBeH
M:r4rr. 3ro o'roaxaerc
pe3y_rrbTar c)'nepno3I
He{lo:ro.rlrNr prqecx:o iZ np
6rrc'rprrrii - | nrx,:

{,n1,6ps,sqenqzt-r),, Ctr
+,[]/OpersqeHIII4tt BO3p

{'l)'oPec,qerr,qz.r), l3,r

Q,"n;'ope,cqenuneii (F"',r

lloxueur,re .llepel,{erl
BDCCTaF:IOBJI€:Hl{;il Qo
Cfcsexle,rlne K,rr3r'oK

obIcTF)ot\{),, EtOccTaHoBJIe

c()c'fo rrl:t r{fl rrepe}i.oiltrT
nucoluffi rlbrlloA drr),
s,rror:utr IIr{13cK:C)e Tymel

Vr:titnonr:relilo,, qTo

rropeM:erirrax S:ryope<:
3TO n0Tepr4 3Hep rrlrr4,

3axnarreHo PIf O(l 2. il
tlr)qBrr.tgCrT'Ct 143JryrqeHl4

penona6rrrraqmeil pa!!i
r;<16ofi repeMer{Hyro d
rfeo$l,rlrru (Irl'; nBrrrer
)w Qo, a rre:peNreH

rBocclilH:orlJreHHoro Ph c,

sJIeKTpoHa c PhL Ha (),\
OlH,:lrtn'r'eJlbur,Ifi: B

lrulaI{TOEbt.M tBblt}lCrIOIrI

lF,,/Fn.,, lAe Il,,:J1,,,-F
r.r0pBr,IrrHOf0 XtztroHHol
rfvHnqu,rr.HarlbHofi ar(Tr,r

rlorocullte:il. IIeperM eHI
rp,OrOCArtr:erraqe:CrXOit a
q]:'o Fu Koppenr4p
paAn()yfnrep0Arrbrr\,{ }4

r(rrcJrop0la. c fi:or{rle
r(oppeirrur,u (0,8-0,9)
cfi.rryopecr(errqHil n4 rrep
ldeTOAOnd AJII N{OpCt.O

r,re)KA), <|l"ryope,olloH rI aeil

QrryopeclteHrIHr4

Hir r{HllyKur4c)l:rHor{ Kpr{Bo14

14 npoqeccotir TyrxeHrrfl
$nyopecqeHur{14

Soroxul,ruqecKofi
poArn [5 3 ] . Cpa:;r nocne :nalrara ocBerrleH krfl rrpor4cxoAr{r

pocr $rryopec,rleHur{r4 Ao ypoBHfl Fs (uaualsHar
aqa.rr.bHoro ypoliHs rrepe3 npoMe)Kyroqnrrfi ypoBeHb

I AO MOKIOI4Mfl-IbHO|O (Fn-, - MaKCr,rM€UrbHat

Frre or ypoBrrs F6 Ao F, Ha3brBaror neperraeHHofi
KI).III{Y€CTBCHH:O PACqI,ITbIBACMOfi KAK FU:F,.F6.

ofi $ryopeclroHrlr{r{ cBr3aHo c rrpoqeccoM
repBr4r{Froro >(aHoHHoro aKuenropa OC 2 [54].
xnopoilnacToB B npprcyTcTBr{r4 Ar{ypoHa [pr4BoAIrT K

Hlo Qo. Pearcquouurrfi rleHrp OC 2 v3 orKpbrroro
3ar{pblToe cocrofHvre v coorBercrBeHHo, Ua6lroaaror
pectlresqTT Fr, TaK KaK rrpu 3ToM OTCyTcTByeT

3r repf r4rr Bo36)';KIeHr4r.

0 rr Fu r4Merott' pa3rryro [prapoAy. VI HaqaJrbHzur, 14

ur4.s u3fiyqarorcf, aHTeHHbrMr{ [r,rrMeHTaMr4 @C Z, Ho Fp -
x4cxoAqrlr4e .{o ]'ofo, nax sos6yxAeHrre BrrepBbre 6y4er
4 O')'roxuMI4r{ecI(:oM I{JII4 TeMHoBoM BoccraHonreHuu Qa

c ooJrbrrrl4M BpeMeHeM xfl43Hl4, CBq3aHHOe c
HbrK 3apfl{oB B l]ape Pn-P680*, Koropoe u ilpeAcraBJr-rrer

fopre,srlsHrlrrro l;,291. PaHee 6nr.rro o6HapyxeHo, qro
np()1,{e)KyTor{Hblt!r aKrlenTopoM 3neKTpoHoB MeXAy P680

QJryopecqetHtrlr4t pe3ynbrar peKoMonHarlr4u
HoJreHHr,ru P6tirC B ycnoBzsx, KorAa 6trcrpufi nepeHoc
vtOx{eH.

oA repeMeHHofi srryopecqeHrlr4r4 KoppeJrlrpyer c
LrA Kr4CnOpOAa. 3ror napaMeTp BbrpalKaeTc_fl KaK

l:arpaKTepr{3yer eSQenrraBHocrb BoccraHoBreHr,rq
oKI-l€rITrJps (le v Moxer cJryxl4Tb rroKa3areJreM
'pr @l:2, ecp'SenruBHocrr{ ilepBr,rrrHbx rrpoqeccoB

$ny'opecqeHur{r (Fu) 6una r{crroJrb3oBaHa AJr.,r oueHKr4
BHocrr,r BoAopoc.lrefi m

C,0 0KOpOC,fbIO

vivo. B Aalmrefiueu oKul3ilJrocb.

QorocuHTe3a, orrpeAentreuofi
,4oM, co cKopoci,rbro Sorocnnrerl4r{ecKoro BbrAeneHuq

quefi >iropo{rzrra. vcraHosreHa raKxe BbrcoKat
Me)KAY OTHOOI{TEJIrHbIM BrIXOIOM NCPCTT,TEUHOfi

Hnoii rrpo.4]Kr{r4r3fi, olpeAeJrseuofr paArroyrnepoAHbrM
V trPECHI]BOAHO]|O IIJIAHKTOHA. KOPPCTTXTTABHbIE CBfl3Tl

28

IIOCJI9 IrtX atranTaIJIdI4 K T€MHOT€

MeHfeTcfl Bo BpeMeHr4 u

vLr BC)AOpOCJrer4

Qrryopec;qeHur4.rr ycraHaBnr4Baercr r{epe3 HecKoJrbKo

KAK

14

Xrop,r$unila u nepBr4qHofi npolyrcquefi 6asapyrorc, Ha



cBfl3r,r rnapaN{eTlloB rpn}

4,or:ocu gr:e:ril [5 3 ],
B r,rAeireH r,rr rir40.[0p oila,
C:O,. []nqgb arKTr4B

S,nron.rlaHK:roEtut 6srra
ALIH:aI\{I,X KI{ O,-fHtf, ,CI,IT€JI bH

Irl;c.ne,tclaoHuro H

c'yllle0TBrlBa"r{r4e /IB)n( B

BI,IXOIa BOCCTaHO BJI€ H

AiLIree, m (D(ll J, na6"

clflfMOr4,tlllyrrtr'qa0Tb,
3](C]IOHC:)HqI4€LIIbt{\/rc1 - C

f'axnu 06pa3o\4, 14

K IIprO,;TlKr{taoHHbrM

n o3BOJL'{]0T OUeHI{Ba

HarI,IEiHtbIX d]OrOCra
n pH Izr3t1,4r3HFreHr.,]tq x Sarcr

Olr:,illztolt,lrflztrl€rcK?rI

Bbr3blBarS'r' covnegptir.
cOeAHHeHl4fl , LIlt['I40rrpy

coo6nqecrse,. Flal{6o:ree

*'eHo.ul r,rsre coerll rHei r Hrl

Pa.gn'pt,ttre I\4Ht:(p otBo

,cpeA€'pacrrloller-rHbrx

ar:rgopoclel,i o6uapyN
TCO€JIUHC:) FII41I, yf JIetBO AlbI,

119,32!.1. Ilexo'ropbre

Qn:ucllrl rlrrrrgc Ko il ar(TI4

KitK I]O OTH:OIUETIH}O K
'qilcTHocrTu Fi oat(Teptu
iC'llHOC.II] BH(]KJl€,TOqHble

i!3OT'FICrfCr

tFI{3 C Il eqI'tt€uIr{3i I4p oB aI{rr
lf,:r'HorrreH wr4 110,3.z] .

Hau:6oree pacrpo
oaK'repr4rtMr{ flBJUITOTC'

pr33KI,IM yMt(-'HbtileHI,teM

l{rCVgU-",)te}IpIfl, B nep
:3€tlp.fl:iHeuHE,tx crpl.aH KI,]N,TI4 OTOKAMLI

pecrleHunr.r c aq[oeKTr.rBHocrbro nepBr4r{Hbx llpoueccoB
KITHTI}IOCTT,IO BOCOTaHOBIOHVfl Qn n KBaHTOBbIM BbIXOIOM

AC', 2 r4 KBaHToBbTM BbxoAoM accr4wvrnflr\rrpr

c IIpoAyKIII4OHHbIMI,I XapaKTepIICTLIKaMI{

IlOKiBaHa Ha O:t, Eafixa,r fryTeM vr3\/qeH4fl ce3oHHofi
BbrxoAa repeMeHHoft SrryopecueHrlr4r4 [23].

KII]{OHHOfi l(ipI4BoH S"rryopecqeHrlr4r4
oB IPU q)C 2, (S,TJII4qAIOIUUXC' BCNI4qI,IHOfr

Qa. tlpz 6loxraponaHtru orroKa 3neKTpoHoB or Qa r Qe LI

n 4pp{ra:Hoe r:rapacraHue SnyopecqeHrlur4: 6ucrpyro,
SbIBaIor tl Boccr.taHoBJIeHI4eM oc-IIeHTpoB, MeAneHIryIo

irroBJreHr4eu .[r'-qenrp oB.

eA()lBaHr4(: Qnyc,pecueHrlr4r4 xnopo or4Jrra B rrpr4MeHeHr4r4
'€)pUICTI4KaM IBOAOOMOB IIepCrreKTr4BHbr, tIOCKOnbKy

e{,{lexrlrBHocrb nepBr.rqHbrx pearqrafi SorocuHresa
rax o6texroa B la6oparopHbx rr rroJreBbrx ycnoBr4rx

B CpeAr,I.

2.1'. A)utaot ruqecKarr u arrrn6arcrepHaJrbHafl aKTI{BHOCTb
HHr,rx Me'ra6oJrlrToB Mrr KpoBoAopocJrefi

r,rBHocrb BOB no4opoclefi B Hacrof,rrlee BpeMq He
brJl.rHcTrlo Bolrl)pocnefi c[oco6Hbr BbrAeJrrrTb B cpeAy

rl ax co6crneHHrrfi pocr Lr pocT Apyrlrx Br{IoB B

IIKTTIBIHbIMI,I KOMIIOHCHTAMI4 BOB BOAOPOCNEfi qEN-f,IOrC,g

JII{irlrlbr, B rracrf]:ocru )KK 132].
n cO[poBO;KIaeTCfl rIOCTerreHHbrM HaKorrJreHr4eM B

{rnqecKprx BeulecrB (POB) 1261. B Qumrparax
Hrr oeJII{:I4, JII4III4AbI, aMHHOKI,ICJIOTbI. SeHomHrre

oIIbI, a HTr4oHO',II4KH, Op f aHr{qecKl4e Kr4CnOTbr I4 Apyf r{e
ttrtbr ooe4uHr:Hufr r.r3 cocraBa POB o6lalaror

Hoc'rbro H Moryr Obrrb perynrropaMH pocra kr pagBurkrfl
Mrrru npoAyrIeHTaM, TaK 14 K Apyfr{M opfaHr{3MaM, B

. K: TaKlrM SyrurcquoHzurbHo aKTr4BHbrM coeruHeHr4rrM
JI[,Im{iIbr H SeHo.mr, rorAa KaK ilpoAyKTbr yrneBolHoro

o6naeHa CIIHTAIOT QyHrqzoHulrrbHo
6uoxtltuuqecKoMB Sraslro,ruorr4r{ecKoM LrJrLr

HeHHbrMla rvilat/tu orHorrJeHrafi trexAy BoropocrrLMr4 vr

fr43M rr aHTafoHI43M. Anrarogu3M xapaKTepn3yeTc,
9urJ.f1g111111att (:iarrepufi,

BHOCTbIO

@c2,

IIOKA3AIIO

KBAHTOBOTO

I{I{TCHO14 BHOf (]
BITJTOTb AO rroJrHofo r4x

QvronnaHKToHa. B cnlruo
rpn o6ulruou pasBLlTLrVr

pasBprTvrfl

BOAaX
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r{ fo 4eJtraeT ee Henp
yCTaI{OIllJIe}ICf, tlTrO Ae
Haqzu:e xpnnofi: p
B 0CCTar{O BI{TOJILf]tO lf C)

Oburo B.b.rcKia3aHo npe
BisrqecTr!, 06r€EaH)
IIpeAI]IecTBC,IIH14KoB. II
Kllop0or?rJrJrrr4oEr rrFru a
[epHOA 0'fNrHpzLH:r,rrr Ky
rlpr4p0l tFrr,rx ycJrclBr{fl x
r psMO r,nH|rr6r4p'yr.olqlr.r M

F[,3CNl,OTF]q F[a 14M

o IIp]Hn{tnHatr Qa:uolr
rr p0srlJrelH Hfl L\MU 6Ar(T€
pocTa ilF)r)rrcrxoAlrlt c'

OK?3bIBIl'tb C)TPIIVI'1/"[I4 py

[39], dreno.ntnmr
H:]MeHeltilH QIatrrlr0-xll
Nrrlllrrbri( KkrrlJroT ('l{x
I0AaEtJLi;I:rb (b,o'110 0I4

B JIII'repa.T)'pre

a [rTr{e;a]:(Teprrar br{0 fi
BbrcK€r3.bIBaJrocb rrpe
?.t{TI,I0 ?Iriliep t taJlbFIbIX

ll7l..Anroplr ro.rara
B r{itctfHrf, (rTr,r xJl')l)o0H
o Kat3lilBar0T aHT[6a.KTep

trdCtJIePYn31411

iIl-ITtullJBlrill0pLIaJIbI{O A

al IT,A6 al(:urop t I€UIrI{LIfi K1:' Or{erBr4AHO, B CBfl3rr c BbrcoKofi eo$errprBHocrb}o

rarru3MotB Mo)Kc)T ilpoucxoAr4Tb rloAaBreHr4e pa3BltTkIfl
B L221. floorol'lry cnoco6Hocrb Bolopocneft noAaeJr-flrb

brBaeT Bo3Moxr{ocTb peryrupoBaTb 3ToT rrpoqecc, qTo

qcKoe 3HirreHHe npu KyJrbTprB'rpoBaHr4r4 Bolopocnefi B

X 1,,Irfl rlenefi 6uorexnoJrornr{ r4rrvr aKBaKynbrypbr
fi BbTIeJUITb Bc)ulecrBa, rBJulro[rveefl aKTI{BHbIMr4 rlo

ueHTar\{ r4JrLI oaKTepr4sM cBr{AeTenbcTByeT o 3HaqeHr4r4

rr B perynrurrr4 npoqeccoB pocTa H pa3BprTkrfl KaK
IIIITIX BII,4OB [pI4 COBM€CTHOM KynbTI4BvIpoBaHvLr

qBrIflx.

purrr4rH tv6erftr 6axrepufi B pacryrrlHx Kyxbrypax
cl3eT JIHIxs o6er;nequBaeT ycJroBr4rr Anr 6brcTporo pOCTa

ls,rT r{. r{3MeHeHr{no orcHKo-xr4MHr{ecKr4x ycJroBr,Ifi cpeAbl,
Ar{or{ l\rrfl pocTa Mr{KpoopfaHrr3MoB. Pasee HaMu

HTOJTbHO npr4 pocTe KyJrbryp BoAopocnefi, oco6eHHo B
rlpol4cxoAI4T pe3Koe cHZ)KeHr{e oKrurcJrr4TeJrbHo-

Hrtrruila v BerwrLrvHbr pH 126l.OAHaXo B AzlJrbHefiUeu
o)KeHr{e, r{T0 cBeT MO}KeT VHpI\I4LrpOBaTb o6pa:oeanue
AFITII6AKTEPI4ZIJIIbHOfi AKTI{BHOCTbIO PI3 HEAKTI{BHbX

vI STOM r4Merr4 B sratry Qoroxuur4r{ecKr4e repr{Barbr
BHOM pOCTe H |;BOOOAHbTe )Kr4pHbre Kr4crrorbr (CXK) n

6srlo rroKa3aHo Bbrytrr BoAc)pocnetii; 1221. Kpoue roro,

r4rrerlrfl4x ycnoBr,[ft cpeAbr,

, crroco6rrbrx rrtrj{Mo I4Jrra

A TAKXE HEHACbIIIICHHbIX
rrepe3 [poAyKTbr oKHCneHrUr

Marypcxtrx o3e)pax, qro cBer He qBrserc.fl Saxropoira,
Brflrr4e 6ar<repuii .

ec:r: AaHHbre, o(:)TaeTcr HeBbrflcHeHHbrM pql BolrpocoB
EC,KOI4 AKTI{BIIOCTI,I BHEKJICTOI{HbIX NPOAYKTOB LI

Ilnqlur,qHoro z zurb|r,rqr.rAHofo treircTBrtfl. B Ha.Iane Kpr.IBofi
EraKonJreHHe nHAoJrblroI,I npr4poAbr, KoTopbre MofyT

ee ,4evcrBr{e rlo KpafiHefi Mepe Ha pocr BoAopocnefi
ellr4rfi 1311. L\ rroAaBn-flrb pocr 6anrepufi 3a cr{er

ecxu:e rpoqeccbr [28].
MeroTcr AaHHliIe o6 yBenr4r{eHr4r4 HA CBeTy
KTTZ ETHOCTT4 rvrr{KpocKorruqecKrrx BoAopocxefi

OJIO;(eHVe o ntbIAeneHI4LI BoAopOCnqMu B CpeAy
aKTHBHOOTb KOTOpbTX Ha cBeTy yBenr4rrr4Barracb

qro rfpr4 4eficrnmu cBera Ha npor{3BoAHbre xnopoor4Jrna,
HAbr, o6parryrorcrr aKTr4BHbre oopMbr Kr4cJropoAa, Korophre

brroe AefrcrBr4e r4, Kporvre Tofo, rryreM B3ar4Mo.{efiCrsufl
erlToB, MO|':/'T CIOCO6CTBOBaTb o6pasonaHrrro
BEIT,IX ACPHBA.TOB. (DCOSHTTAHU3AIII{-S 

YCI4NI4BAET



0 0p2.!ro.r3i?H r,r.fl c14H|JIe
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NIaI(CI.IN{:StlIb.FrtbI14 aHtTH

H aXOAS ltU eKc)fl B I,iOHII9

9ro tcac,aerct rrarMe)

B K:HCJroFrOlI B Ocl{oBH

KJrOpO0r4:.'tJrc)M B lpr4rr
[]4fMeH',r nepel(ollt4'f
BO3I5y)K.,[e:HIIOe c I,IFTIJI

Q oprrvrsr tlncrrop()llit rroB
B P(3{IKIIPIflX IICPCKIICHO

{ILIIbHei;imetr4t N{oI'\/T'

MelUOpa.H, B'{aCTI{0(C'IU
srre'pfo3allHcHN{lbrx rI
rpoloceur;nCinlu : l.rp,o

c13r3H C Oopa3oBalHr4e.\r c

2.[i. l\nrun
tlr0 0TIIOIICHI{|O X:

Paur:,: 6rno
BbU[eJUIrSlvlbtre FJI€:TK:aMH

rBJrf,H)r'cfl FIXK: t4nr4 rr[)
HaIa 6cllr:r3 JIa.6rIJrLH(li.I 0
EIX:K, r(io'ropbre JrerF:o
'Ir)KCLi 9t:{lUIX tIpClLyIr:TOB

Eta 3r0it clcHoBe 6u
.rII:{il:I4lIOtB - 0cI{()BI{Oi;i lt
KynbTyprltK rlo,qopocJrefi

cIIoc06IIlbl t:IaKanr.rlr4Bal,

K0HrleHTpaulaflx,,[o 10
B)Aopo0rreii [36].

.B nlrlrpo;IHbtx yc:o
tlBg:fblBzl.Ir:rT C 0e30HrH

r3oA(lpoc-rreit, o6nleii q
)TOM CTr(llU€Ettb I{(l}{€tCbI

l.IllH BbIr;0KLt0(. lfax;x,e
rilpeAe r:(5HaLpyxcrzLru B

i)I'IOfeHHbtrMlI 3.tI gIvI€H

r)OcraBJri;rJrH ,r(o 3109'o or r,

i:lrrTOp0B, ot.tpeAe)nflIl)
Be)rrlecTBra slrron;ralFrrrTo A TAKX:E OKA:]|bIBtUIOBN}I-'IH}IE HA POCT III4CJICHHOCTI4

JI

ro Kr,rcJropotra. l3 KyJrb:rypanbHbrx cpexax HaKorrJreHHe
Hr,rx QoroxnlallqeaKllK AepHBaroB xnopoSrannr4AoB

yJIb!:aTe r4HTeH(lr4BHOrO pa3MHO)KeHVfl. KJTeTOK V

pr4zlrrbHbrfi a$(bercr Ha6rrcIlanv B cpeAax Kynbrypbr,
o r{eHur,raJrbHo iii Qassl pocTa.

THb.Di: aHTraMr4Kpo6urrx erp$exron, To He r{cKJIIoqeHo, rITo

M cra6r.rnbHoM (rpnnne'rHorra) cocroqHur.r pearupyer c
oI{ BO3oyX(AeHHOM COCTO_qHr4r4, B pe3ynbTaTe qefo

oc[{oBHoe (cunrlerHoe) cocTo{Hr{e, a Kr4cnopoA B

0e cocTo.'IHze, ()6naAanilIee, KaK 14 .4pyflle aKTr,rBHbIe
,roilIr4MH CBO ft CTBaMLL Lr CIIOCO6HOCTbTO yqacTBoBaTb

ox:rrrcJreHr.rfl rkrrrvaou ueru6paH MHKpO6grrx KJreToK. B
14CX.OIIIT'b I,I3N['^HEHII' SNSUXO-XIIMHI{ECK}IX CBOfiCTB
TO rr rrr4.s 6elrcon, [poHr4uaeMocrr{ ueu6paH, rroAaBJreHr.re
occroB. Kpona: Toro, xopoll]o r43BeCTHO, qTO

bIe 6axrepuu rut:inyT yxe Ha o6brqHoM AHSBH6M cBeTy B

f JIe'lfHOrcr 1114gJlarl) O!?.

OCTII BHEKJIETOqHbIX METAoOJIIITOB

BOAOIIOCJTTTM - rrx rrpoAyueHTaM
BoAopocJrefr

aHo |rpeArrollo)r{eHrre, qTo r{Hrr46r{Topbl pocTa,
BoA()pocnrzr Chlorella, oco6eHHo B crapbrx KyJrbrypax,
AyKTaMr4 r4X OKr4CJreHr4fl. fIOSXe 6Uro ycraHoBneHo, qro

w,eit sslflrorcirr IdMeHHo Jrr4ril4Ahr r.r B rrepByro oqepeAb,
ABeFrfaroTcf n ep eKr4cHoMy oKr4cJreHr,rrc c o6pa3oBaHr.reM
nep eKr4cefi , lu4trlr,cneperncefi , uurbAefr{AoB, KeroHoB [40] .

clleJlaHo 3aKJIIor{eHHe,, qro rlepeKLIOHoe oKrrcJIeHI{e
TI-III4K f]4NOTCT]LIqECKTTX €LIIb|OTOKC}IHOB B BOIOEMAX LI

[4] l. B 4a-usHe,iiureu 6ulo ycraHoBlreHo, r{ro C)KK
fl Ei Ky.rrbrypil( 3enerrbrx BoAopocnefi Chlorella B

tcM pr Bbrr3brBarx, r{Hrr46rrpoBaHrde QorocuHre3a H pocra

II:iMCHCHI,IC

cyKueccaefi
CO(OT?Ba x{K S TIOBCPXHOCTHOM CJIOC BOAbI

SuronnaHKToHa: coorHorrreHzeM rpyrlrr
Hl{()crbl.o, cooltHorrreHtreM xnoposuJrJroB z, B, C. llpz
OOTH X-K NPU I{I{3KIIX TEMICPATYPAX BOAbI BbIIIC, qEM

ee Bbrco.Kyro creneHb FracbrrrleHHocTU xK B MOpCKOfi
3OHe aITBeJIJII,IH]:.a, TO eCTb B BOAaX, O6OrauenHrx

[5'7-1. lloKasaHor,ero Ho o3.Er4Ba B 3r,rMHHfi rrepr{oA XK
HrrIiHbI rTepBurlrjofi npo,lyxr\vh, qro 6uro, Iro MHeHI4IO

M t\Jrfl clArl-cooTHollreHr4.rr B cocraBe opfaHr.rqecKofo



[58]. X,.upHr,re Klrrcr

n p0llecr0(lB'lpaHc)Qoll
){K: B rroBeptKlroc:rHcl

f r4Ipo0lnoH'fOB, yqac
qacTFr:o0Tu. Nrr{rip0op

OCH OETHIO]IT, ]H:TIK€IT]IJIII

cesoHHtril c'yKlleoclruI
:3illl)fl :}It.ff (f IIII,tX. .B$IllteCTB

flplvrsle, yK:a3alFl,rt

14HI I40II lp OB ellHl4 e,MI

cyqe0Trs)'e'r Aoc'ra'f0q
)r{Aorer{Hsu .XI( sa
)'gellru,ernae coAepx
,tI0cTyrl]{ocTI,t fa[aKTo-
ocHoBHorvt ntpu tue6.na

yuepoArrblN,rpr €rToN{a.MI4

cTapeHr,lrr x:.noporrJtac

Ha6y;<.alu{fl )grcrpo,r.l

200 nrlcl\,OllCt MKr xJI
yfnepoArrbrx: aloMoEt (
oi(SHaFry;rxeHo umru6
ot5pal:Ft:lrllril:0n [prr
HAOyXaIIIm )(Irop()nJra

{13I{C'fBI,ltft :lHll0te}IFtbt}i:
o.rIoKHp0BaHrreM sJre
qi:tc'fpI Qt<l'rocnctferMbr 2
cr(opocl'r4 3T' B

K]/IcJIO p OA.ar!1e:rntorqe fi
;IliIHoJIet:Ioscrii (.t8:31)

JI}IHOJIelI0BCrrl K]4cn

srreKrlporwn iL n P){
,feoQlmnuol,r Ha ylDoB

lA:iOJI{p0BArIFIbIe X.rIC'pO

rBrilcoxl4)( Korrqe.Frrparl
rl0rrpoB0)KlaxlTc.,r l/
rfipeMerlrrofr ('F,) ft,rr1,o
l3hXOAa [tO r]Bfl3Z:tIIrO C

l{lrlHOFIHrO f O illitteil TOtr)a
'Ia.rcr,rrvL o6paron, 6

13 qacrrrclcr'r4 rpeHon

,Jeftclllue c!enolon
.ll0AAB.IIeiI{I{q (:,Ct:loCr,t

I,I3OJIprpoBiitHlH:bIK XJI x. BneruleroqHbre Jrr4rrr{Abr, oco6eHHo, xtK.

HII3I:IB€IIOT uapxtipaMl4 cC)cTOflHkIA 3KOcI,IcTeM [pI4 oIIeHKe
aI4 OpraHr4qecKo,l'o BerrlecTBa MopcKr/rx eo4. llo cocTaBy

nleHre Bolril npu6nlrxeHHo orrpeAeJurroT fpynrrbr
tom,ptrx B rpaHcQopMar]r4r4 B3BerrreHHOfi OpfaHr4Kr4, B

3Ir(cB. llpolyruzpyeMr,re BoAopocJrrMr4 CX{K, B B

nJrarilKToHil, npoqecchr caMooqprrueH[fl BoAocMoB OT

5sl
ItOAaBJleHI,Ie rpocTa KynbTyp nogopoclefr B cBf,3r{ c

EH'le3a leficrBureM C)KK eAVHHT{Hbr [36]. O4Haxo,
y6e,qurelrbHbrx AaHHbx 06 uuru6upyroilIeM 1eficrBvrvr

xHNIIIqec FyIo aKT I'I BHo crr, lI3 onl{po BaHHbrx xJlopo [nacroB.
CIKK B xJrollolnacrilx orlpeAen-sercq rroBbrrrreHr4eM

v QocQorruna: F: nr4ilvl\aM Tr,rxaKor4AHbx uelr6paH, n
pMql'IIbIX )/cJIoBI4JlX. Tax, 6rnO rrOKa3aHO, r{To HXK C 18
Bb()Ilo6olKAarcrn:t,Iecs B nall6olHultx Korl4r{ecrBax Ilppl
, OKA3AJIIICb HA-II6OJIEC ESSETCTUBHbIMI,I B CTI{MYJI-'IIII4I{
npr { 3K3orreHHorvr Ao6aBreHr4n 3TLrx XK e KoHrleHTparlrlrx

J{{K c qerHbrM qr4croMr4nna/\[n. Ha.cuueHrlbre
8 Ao 2:,0) 6nnr MeHee efser<ruBHbr. panee 6uno
Hrre peaKrlr{vr Xr.rlla noA 4eficrnueu CX{K,

HAor-eHHor,r rrutponr43e Qoc$onnnr,rAoB B rrpoqecce
B rlplr nucorofi TeMneparype. OcHosHHe MexaHr43Mbr
XIK Ha aKTr,rBHocrb xnoponnacroB cBq3hrBaror c

HHorrc rpaHcnopra (3T) Ha goHopHofi r4 aKrlerropHofi
QC :Z), peryJrflurirefi, n 3aBHcHMocrH or KoHrIeHTp arJvrr4,

.[, a TaKXe c Bo3Mox(HbrM r,rHru6zpoBaHl4eM
cre.Mbr rryreM ocno6oNAeHVA Mn, Xar 6rrno rroKiBaHO nJr{
IrcJtorbr. llpe4lonaraeMbre yqacrKn neficrBrrt
Ha 3T-uenr OC 2: MelKIy repBr4rrHbrM IoHopoM

14 Me)KlIy ilepBHr{HbrM xr4HHoHHbrM aKuenropou ea ra

xr{.Fr,oH0B.j{3brBarcrqlrx 6errcon. cxK upn 4eftcrBu?r Ha
uHru6uprruor 3T Ha 4oHopHofi cropoHe, a B

B rloBepxHocrrroM cJroe BoAbr r{ Moryr orpaKarb Qa:u

cMorrleHr4eM c r5elra D2 B

I{Hirr(rr4Brrpy}or peaKurroHHbre rleHrpu (pt{) OC 2, uro
neM BbxoAzl nocroqHHofi (Fo) vr rroAaBneHr4eM

BbxoAa Fu sa cqer pocra
Pq OC 2 nepBr{rrHoro

ruult O.reBl4ltt:ro, cHr4jKeHI{e

rzr{ecKaf, aKTr4EiHOCTb BHeKJreroqHbx oB eoaopocnefi,
coeAuHeHufi v xtK, oqeBr4AHa. Vhru6r.rpyrcqee

Ka3aHo p*nfl 3H,lloreHHbx coe4uHeHufi Ha rrpr4Mepe
Tprr4qecxoro 3T, SoroSocSopnnzpoBaHru Ha



pa0c\{alpHrrilK)1tc.rr KaK

l'aXJKrS II(AK lA:Ct'0rlHIIF.H 1

c) IIpiqN{:ON[ )z;,Hrvrlsul

l{Meror'clt o'rlleJlbr{r,re
Kyrrblyll] B0,lop6pnsfi ,

)KK Frit dlolc,clrrr
[paKTI4rLIe]C IrJA O.fc: ],:tc TB\

I4'z .tuft)pil'r),plbt
I{:3IVXEHCI{PII4 OCI|OCf'B€HI

dr yunq ll c) Hilrrh r{ tbr.K

3]:IAII}4TC"I,tI,FIrCril cTeIIeH14

I]0rJ]o rr;enurlii 3rreDf Lrkl

Solocninle3 r.rpyrc*,"
pa3tsrdTr:fFo. c)U:enn4uo,
Bt.)!Opraq.;J]gi{, I}3iaUNrO

III,ITOtjtniil]M0til:, B 3itllttcH
K aAailTar{iloFII{L,IMr

BOAOpOC)JreIt, q,.fo

rfu:uolrr:rH900r(0fo
rliloco6r.:rocreii. rCl<l>lpa

0[oco{5(:jTl}yeT :ratKiKe ]

c0clt0rrHr.trc KaK B t]tf]tpo

3. OBbEK'TbI
lmPOl4t3B0,I

,3.11, O(5rr,eK.rbr

B KaqeclBe ocHoBn,
1r)rJrr,T/py ErOAoplDcJIa

l(ynrrypl/ Eu,4)ailIH

I()U161'YprJIbllLIIK COCry

Henlle'pE,illHC)tvr ocBerrleHt
IlO3Ayl(ClN/[. Crr{IItIeHH blN,ll

o6omrqeuHbrN{ 2% C(
ileprrolr,lrqecRl4 ]lpo
Arapoltbtlvrr4 cF,e!;aMu MI

[]o,4oproc",pl poAs C
o,6ororrKrrit. l]zavterp Kl
6'ecnoru.Mt nrireM o 06pa
0T aBTOCnOpbt !,0 i:IB'tOc

Kletr).rnitst cTerrKa
Tpi3xsJlsiriustii, co,jlep Kr,r

apKepbr, orpa)KaJorrlue cocrotHr4e BoAHbX 3KOCI4CTeM. a
or e rr4q e oKr4x a; 6 f oroKor4 HoB. I4S nureparypBr 14 38 ecrHo
I4 cxK Qoro;'ruuuqecKofi aKTr{BHocrra xJropo[nacroB.

BeIeHnt O IIo,taBJIeHI4.t{ BHeKJIeTOT{HbrMr4 ){{K pgcTa
AHAICO, AAHHbIE O BO3MO)KITOU ICfiCTBI4II BHCKJICTOqHbIX

K:yIO aKTI4BiHOCTb rlenhrx KJreroK BoAOpOCnefi

Becf 'Ilto, rITo aAaIITI,IBHLIe peaKIII{t4 so4opoclefi rpn
NJIACTI4IIHOCTbIO

a[napaTa, B

rpaucSopMarlr4r4

sMo;xHocrefi
QB-fl:SZI.HHbTK C

(larro'poe cjpeAbr onpeAeAn_rrorc,
,rll o ro c n HTerr,rq e c Ko ro

I4::iMeHeHPIeM IIpoqeCcOB

opfaHr43MlrM C0KpaHVTb Cnoco6Hocrs K pocry Lr
IIoJIorrIrIecKI4 aKTzBHbIe BOB, [poHHKaq B KJrerKI4

IO.'IHI4q KIICTOK BOAOPOCJIEfi LI I{X ilPOAYKIIT4OHHbIX
eHr4t{} cnoco6Hr)CTr4 KJreroK no4opoclefi K pocry

cBe'f' B cneros'fi 0*a $orocuHTe3a, qro flo3Bor,f,er

I4CTI})/IOT C B]BCIIIHI4M TTACU6PAHHbIM KOMTIJIEKCOM,
OCT]T OT ETISET(TI'IBHOCTII BO3AEfiCTBI4', MO|YT NPI4BOAHTb
)ecrpoftKat\4 $O'ilocraHrerr4r{ecKofo anllapara 3eJreHbrx

Qr rroBJreqb 3a cooofr r43MeHeHr4' o6ruero

rreHHocrb r,rK nouy.lxqufi ro SyHxq'oHiurbHoMy
'raK r4 la6opi,lropHbrx. ycjroBn{x.

MIiTOTI I4CC:JmAOBAHTITI, TE)crororlu
U ]TIOJI}4{EHTI' CYC TMH3IIYI C HL O RE LLA

CCJIC4OBAHIIfl

i", 
r)lobeKlto HccJreAoBa[r4fl racrroJrb3oBurhr aKceHI4rIHyIo

htore,lla .pyreno,idosa Clhick, ruraMM DMMSU_S_39.
W HAKOIII4TCJIbFI,bIM METOAOM HA CPEAE TAWTWL Bl c 250 Mrr (:)peAbr rpr4 reMrreparype 370 C Lt
M tlj Br/pr J'rar\/rrraMr.r JIE-SO. cocy4 6ap6orupoBaJrr4
uponycKerHr{eM rrepe3 cHcreMy BarHbx srEnrrpon pt

, cKopocTb TotF.a Bo3Ay(a 0,3 nlrum]H. Bo4opoclH
tI,I HA III4CTOTY B'bICEBOM HA qAIXKPI CO CTAHAAPTHbIMI,I
A 1H" cycno.
OTCI'IC. HMEIOT II]IIPOBHAH'IC KJICTKH, OTCT'IE fNANKOft
:torc 2,3-5,8 MKr/. pasMHoxeH'e npoucxoAr'T ToJrbKo

ra.r4eM aBrocnc)rl (8-16 0r I xrerxa). I_{uxn pa3BLrrufl
br oocraBJr_f,er 9-1 lq.
IBYXKOIVTIIOHEHTHAf,. HAPYXHTTfi KOMTIOHEHT
clopono.rlneHl4]lt - oqer{b ycroftvueoe rc Aeficreuro



Il EIIJITOJIO:3HI,1C Id1.I

C.)rpor:rilre Krre
(ruc,'l .A1,, E:).

.tIC) (]IITI,[IIEC]KOiI IIJI

CI4HI,IN,[, 0ru.zr(5na He
l(y"rlbT)'pi:Ilbltt]blx r3pell
(jiu.xpoua'rorvr lKiunu I(o
,l{.ru s'rorcr KJt€T}od ou:l

{lepuerrlle BertecrBo. Bn''r:rpenrrufi 6r:.rree

Jrrrbr. l:\1,71.
paccMaTpr4Ba.ilocb

Puc,,l (ll' tblo'r,el,l'.a. A

.floc.ir,: xpi:Irreruill Ha
Itlr:r4pgur]laJlr B Terre
'reMrrepzlrl,,pe 25o(J 4lr
l[]r/l,r B 3ricr{N:aropax B

npeArlilpuTeJrbHo tl ro
ql{cTo'r}, t3bIOr3ll()trd Ha
IVltltA- lJli,:r sy,1-11,, (1: l).
N{.rl[l/N{II.

34

TOnCTbrfi KoMrroHeHT COAepXr4T

c kIMMepcr4oHHbrM O6terrueoN{

I

I
* BE]]ETATLIBHAfl

panon v, 35"1:,-: AJUr repMoQralon, ocBeuIeHH ocru 20

n1ro,ryex:o;fr r[]Ct2. Cl K
l-IlitTieTrSIbI{ble CpeALt Tel ug. ilnaqe*r4fl plI cpe4 r-rpr.BoAr4Jr' K 7,0. Bo4opocnkr

rureTKa, E - o6pasonaHr4e aBTOCIOp

r$ep,q,ofr afappr3oBraHHor{ cpeAe KyJrbrypbr rrepeceB€rJrr{ r{
r4e 5-7 cyr. Hzl crcoruennofi araponofi cpeAe npr4

or:Qepe Bo3A).x:a c repr4oluqecrofi (l pas n cymu)
)rr Kynbrypbr Chlorel,la nepeceBaJru Ha )Kr4nKHe

/ rrynbrr4Br4porlaHr4q []loBep flrru Ha 6axrepraanbHyro
nr flerpr4 co craHAaprHbrMr4 arapoBbrMr4 cpeAaMrl

qXO,q.Haq IIJIoTHoc)Tb rrpr4 rroceBe O6rr.rHo cocraersra 1

.1.2;. Nlenollr rl lI0BaHrnfl

r{uc.rle,uHc)cltb tKreroK

,4alnHefi uraNr rloc'rpoeHI,
'l'q r4]'br.Ba.nr,r ro,qcqe'roM

|Ip€)Aeffnr4 ilp.qNlbrM cqeroM B KaMepe foprena, a raruKe
[4 rrpLt :;40 HN,l Ha cneKTpooneKTpoKonopuMerpe c
M XATTZ6PTOBOYH.,IX KP}IBbX. fIPOqCrrr MEPTB'IX KJIETOK
00-1000 Krreror(. rryreM oKparrr'B aH.,fl Merr.JreHoBbrM
Bbrrtarra 5-7 9'io. 1251. Korz.recreo o6qero BoB
6uonaaccsr KJreroK orrpeAenflJrr4 rrocJre cl*VraHr' c
r4Merpr4qecKr4 r'ra crreK"rposJreKrpoKonopr4Merpe 

t1 
g].

r or cpelbr 15 urrH. qenrprasyrr4poBaHr{eM npr4 5500 g c



I:liOCneAy]:O,lUIzllM {lunrrpO
(lt.1l3 rrrrrrr..

flapa.M:erpE,I 6rrc'rpcr

rloillop0c,iI,3,fi al3uepflJlI{
14 CilOJIL3I)/eTCtt CJI{:IO bII4

Bo36yx(Aa0ut{fi +rJr1/

ir,eiicrByloulz:ia ('7 B'rlrvrZ

KreToK rBC}AOp)ocreH

()6pinqrl alraillurpcrBuul

]ZtI{TEH OIl BFIOOI'b H ZIlt?JIbI:

30HAI4p)iK)tliero cBeTa.

3Hep fr,rr H 363ttrr/)KAeH ut
,![ooaBJUrJr]r4,ru,ryll0H

,{e.ftc]TByn{)nUeru cBrp:rre

]BIOCCT{IHOE|"IICH T{O}{ XIIFIOH

rqlJlyopr3cr UeHIllIlt, n(OTOp

,OC2: , Ko'prpeJrltrpr/er

,EIO,CC;TA.HO]BJICII{I,I' CO, .

trtlsHaepeulr.x vt; an€ul

NiIIitKpoB0llopoc"lx3i,i Chl
tlpOBOilun LI c,"1I€)1ry'IOIIII,IM

qernrpu tlr\/ f r{p lo Bl}r{ne t\4

iprlnlr po niaHrmeNrqep e3

FiIIeT'OI(,,[(]BC),1I{JII4,n,O 0,

c)'cilerr3jt4K) rB o'etT,elle 1,

:rJl:eK:TFIO,rlilMr{ rrJIC)

IIOJUIpl;{3iaqIZr,r FrZr pe3yn
r{zrcT'o]t, 3JIe[iTpoA]br tr3M

IloreHuu,riar rHa 3.rreK'rpc)

rrOf,BJreHr4rr ileper:ratl]l

p€IBIIOIBOICFIOI'IJ V He

ocvilIecTl\]itfl,il.n c

rrpprfoToB.rrerunol\{;/ rns Q
cpeAbr rla Be.[r{'!ILIHbr R

){OJrr4HX.1r0pvr,q,a (.2-nq
cpelle. !f a'rr-=vr rrtpor{3

3aIBHOIIMO,CTII Rs (I)v) a
d'q - l0 Mt.t'tl), [Ic;<o
:rHarIeHIrt Krl3qlrDtat{r4e
,{acrore 10 mf u. K

;{rH3He)Crr0co 6Hoc' rr4

llir3BI{'1I4*'I K)/.llbry][)bl,

r[apaMeTpor], rro n

rroprs3 vev6paHHble Sl4nbrpbl c pa3MepaMI'I IIOp

{rrryope'cqeHuurr xJIopoQl4nna cycrIeH3III{ KJIeroK

lor\{oulbro r4Mfi'/JrbcHofo fnyopranrerpa. B ycrauonre
Mnyrucurifi cBel rnl4TeJlbHocrblo 40 MKc or JIaMnbI,

rpro nlpl4 cpa(:iarueaHvrpr se 6olee 3% PIJ npo6rr u

) cn,:'r, r43r\deHflIor-qufi cocrosHl4e PI] @C 2. CycneHsnu

BoAlt,rrr4 K Orrrr4'.recKofi rrJrorHocrl4 0,2 npl4 664 HM.

B TCMHOTE B TEIIEHI4E 3 MI4H, 3ATEM I43MEPqNI{

f4 (I'o) Sryopec:qeHuulr npn treilcrBnvr I4MrlynbcHoro
)rrcHBrrocrb Iro oTpa.x(aeT H3nyqareJlbHble IroTepI4

r-[ Mrrpau]wr ee r( orKpblruru PI-{. flocle 3roro n xueftrcy

lvt) B rosequoft KorrrleHrparlkru 10 rurcM 14 rlpkl

r4r r4HTr3HCr{BHOCrb rfiryOpecqeHrlr4r4 Ha ypoBHe F, upur

M arflIeilTop€ Q,a,. Oruocureffinrrfi BbrxoA rrepeMeHHofi

xapaKTepr{3yer :$$ercrnnHocrb BoccraHoBJreHnir Qn s
KBaHTOBbTM BbTXOAOM BbIAeJIeHI4t KI4CJIOpOAa H

TbIBaJrI,r xax F,,/F-, rAe Fu: Fn-, - Fo.

:)JreKTp'r4rrecKrlrx ceoftcre (anexrpocneKTpocxonraro)
lla pyrenoidoti,z B ll{ana3oHe qacror 10'-10' fq

o6pa:ovr. K:rerx.u orAer-srr4 or KynbrypamHofi cpeAbr

pu it500 g B rer{eHue 15 MHH c rrocJreAyroulrM
(5pauHrre Qumrpu , 3areu rrJrorHocrb yrraKoBKr,r

, 7 rp exr,p arHbr){ ue urp ra Syf r,rp o B aHr,reM. llorryuennyro
MJr tIOMeIrIanH lB CTeKiUrHr{yrc flr{euKy c TIJIaTHHOBbIMH

1 cnr'. )lns cHlDxeHrrs BrrurHr4fl 3neKTpoxr.rlanqecrcofr

H3MepeHHs, [peHMy'rqecTBeHHo B oonacTn Hr43Kr,rx

pMTC)JtbHOVl flqen]Ilwr rroKp brBzr[r4Cb rrJraTr{HoBorr qepHbro.

x nuefira Anr ,ycrpaHe)Hvrfl nernHefinrrx eSSeKToB I4

Hvts B r:pouecoe nsuepeHrafi Haxo.4nncff B o6racru
rfr,rlrulJr 5-10 uB. Tepuocrarr{poBaHrde ffr,eirKvr

rlHor):rbro +0,1 ''C; nanu6ponry npoBoAunr4 rro

KcarriL'ra 0,1 N pilcrBopy KC1. BruLsHr.re r4oHHoro cocraBa

u (J, ycrpaH;urr,r rryreM rrepeHoca KJIeroK B pacrBop
r,r3'rr4Jr rpr4Me'T'I4naMMOHI4f xropn4), 3KBI,IMoJl-lpHufi

4I4n1{ 3"[eKTpOCil,er(TpoCKOrrrlrO -H3MepeHI'rt IIaCTOTHOTI

, (rrrlttO) B o6nacru P-Aucuepcr4v 3neKrporpoBoAHocru (1

I{3 I{3MepeHHbr}i. BeJIHTIuH R, nrtvuc nrfl;rucb r{r4creHHble

rrc)Jrrpr43;arlr4t{ (K") KaK orHorxeHr{e BeJrHqr{H R. Ha

R, Ha r{acrore) 10 Mfq, cny)Karrlero KpHTepr{eM

K. llm rJrleHKrut rrpoqer{Ta )KraBbrx KJreroK B rtpoqecce
qAq r43 r{lMepeHribrx Ha qacrore I Kfq oneKTpr4qecKr[x

oxe)HHofi (Schwan, 1963; Fricke, 1963) Soprr,ryle



coIIpo]]HrB,ileFI14e BCeX

(lr6'beMH[ilit ]t.FI,qg](c

It.lFtOBOlIIlJlI'ICb 1121.

il.K'ruBFryr{) lr peax:Tr,rB

sreKTpurqecKprx. na

ilOcJ[eIto]lirreJlbH o il
]TOCJIEIIO-BAIEJIbHOft CX

3aMelqeFlr4s I- a.uunrraH

praCCqlllTl:,IBaJII4t (C )'r{eTCl c{re:puuecrofi r:llopuu KJIeroK) cpeAHee co6crBeHHoe

BoAo,pocnu B cycrIeH3I4I{ (Davey et al., 1992) v
brx KJreroK (cn,r. HI4xe Sopvryna 15). I,I:uepeHu-r

I(e (p,uc.2), cocroqlqefr II3 lxl4poKorloJlocHoro
'rpaH:cqDOpMilT'Opl{ofo M c I{HIV]KTI4BHC) CBt3aH}IbrMI4 rIJIer{aMn, IrO3BOntrcqI4Ll

lB, ,lIUaIIa:]OHe qaiC]:O'r 10 f 0/ I-u o'rAenbHo perl4c'rpvpoBarb c ror{Hocrr*o i 7o/o

corl'faB,,ntlorlt{e B frpeAenax 10-106 0u ra Kf'-K)6 ncD

969).

xu.
r/cT,i

rl oOTBe rc:T'BeHHO (l Iep on,

Pur:. il,, ltino
,iII{a[4.:t0He qac

lli Bl$roqerrbr rrclcrt

re)Hepiiltpa f4'-153.,

B rKoHc'rpyKrluul

II:lMepr3rlI4uI IIO ilapaJle
:ia.Merr1e]lrnq. flepec.rer
3r{BrrBiilrerrruclii cxeM
Iffl3T0AI4lteCK I,I M l. Ipl4e\4

[ZIpA[.[C)JIbH0LI CXr3Me 3a eluolrr4q, qTo MeToAr4qecKr4 ooJree yAooHo, a aHarrr43

B KJreroqHr,rx cycneusufi npoBo4r4Tcs B

lI0cJIe,[OBitTe.r]bHort{ c x rr()0KoJrr,Ky cornrpoTr{BJreHr{e Me)KKJreToqHofi cpeAbr

Jlo, conprortt.BJIoHlae tvle EL KJreroK Rm ra BHyrpr4KJreroqHofo coAep)Kr4Moro

aMa JFCTarroBKr{,[[rq sreKTpocrreKTpocKorr[rr B

I rcllu - 1t0 Mfu

Q0rit [peAycMorpeHa Bo3Mo]rGocTb npoBoAr4Tb

Hoir cxevte KaK r,rpqMbrNr MeroAoM, TaK I4 MeroAoM

sM€rprseMr,rx Bertarrr4H Rs 14 Cs r43 rrapalnenruofi
B rrooneAoBinTenbHylo flB[fl,eTcfl I,I3BecTHbIM

3ro cnq:raHo c leM, tITo I,I3MepeHI4f, [poBoA.tlTcs rto

EOTr3.rrbHO. flnri:LHrae Mocra ocyuecrBJrrJrocb or
Kz9.eCTBr3 r4HIr,nKaropa 6ata:Hca lrcrroJrb3oBaJrc{

lloJlbrMe'rp []3-42 c anrut: brM BbrrxoAoM Ha ocq?rJrnorpa$ C1-65.

(JcHosr+rc o6<l:Hil.renus r.r ltr,r Arnr :)rreKrpo{l[eKlpocKorrr4r4.

Rl; - mrqrqr4.R[e]il{e rrap,ilreJlirbrilofi cxex,re 3€Mer[eHr,rt; Cs - emcogrr n napanerrnnofi
c::eMe 3a.Mreruex{prfl; tgo -

ry)yfllBat: qagtoTa;
c yrna florpprr B rrapaJre]rrrbHor4 cxeMe 3uMetrleHr{{; c0 -

Rp - coilpol.tr]JreHpre B rlocJrcAoBarernHo.iZr cxeMe 3aMerrleHr4Jr; Cp - eurocrr B

3aMe[IeHr4q; ,Yp - eNff(ogrHoe coilporuBJleH]re B

BaMeuleHr4r; Z - r4MneAaHc B nocleAonarernuoft cxeMe

B napaxeJrJrbHoft OxeMe 3aMerrleHr4f,



0 = zltf

JI

(e)

(10)

(11)

(r2)

(1 3)

(14)

(1s)

1

coCp

Z == Rp+,Yp

1

v --_
"7

rAe R0 - coqporr,rBrrc)

. Rs,'I\ : 2(l-O)/ti2+O)

rycrrerrro{pForqefi cpeFr (MexccnerorrHofi xfl{ro(offr,r);

o6le:lr (o6t,eurnu7 Ltr{AeKc), saHffbtr; xo{BbrMr4 rclsrKzil{u.
T'al:lrnr r:61lznorr

eI(I{HI,III::I)r o,eiserultr (.O)
()6beM e).tlr{HZtqHoil xlr

[rur r,rcnr,rlaH:rar $n O|IIOI'UqCC KOfi AKT T4BHOCTI{ MCTA6 ONI4TO B I4CTIO JIb3OBZLJII4

r)peA)/ rlcrllopocJur Chl Ia pyrenoidoso c KOHua 3KcrroHeHrlr{aJrbHofi Sasrr
rrpr4BoArrnra x ii;00 MnH/Mr Korropr,rMerpr4qecKu), naxlllocra (',i cyl.. N xler.
KparHo cKoHrleHTpr4potsaHHyro cpeAy BoAopocnefi c

Hcrr€{)r4re.tr-f, nprlt reMrrepaType 30o c. pH cpeAbr

x(I4BbIX KJIeTOK OrIpeAeJr{eTCfl B OTHOCIITeJIbHbIX

Iletle)cqeT Ha r{uoJlo KJIe'roK Mo)KHo ocyuecTBrrTb, 3Has

IIo ra6nt[qHblM,IaHHbIM.

OllHtt vr::i BZIptIlillll'OB -

lI0Mor(r,Ir:r po:f()pHot'o

rlJryqae 250 nrnr c'peAbr

TOJIH B&JII,:I, a H.YJIbTyp€[

BON HO -I\1I (] TEI-F]IO JIbEtO 14

,;I0BOAHJII4 ltXt 1 eL. K6HII: HrpapoBa:FrHofi Fltc1.
Sxcrpilxqrzxt rq,JTb ILHOH Cpe,4br rrpoBoAr4JrH rrocneAoBareJrbHo

lpil3JIlI 
t{tltt,IMl4 pa(:TI}C)p14 Idtr{ no, yBenHqeHHro r{x lorflpHocrr,r. B ilepBoM

Tparrrrpor3atm 2::i0 Mn reKcaHa. feKcaHoBbrfi 3KcrpaKT
yrc :x:r.rAKc)crb laLree 3Kc'rpafr{poBaJrr{ 250 N,rn 6eusora,

3ATEIVI AHAJIO]|HI.IHO : JISIJieTIITTJM o;i[HOKpaTHo I4III4 C IIocneAyIoUeII
:lr(cTpiaKl:r{erft npu pH 3 eA. E! reKoaH nelpexoAsr B ocHoBHoM, CX{K, s 6eHsor -

Il[III]Illbl. B 3T'I4JlaqeTaTf:l Bbrrtxr(u (npr,r pH 7 u 4) - SeHorsHbre coeAHHeHHfl

lii4]. Ilo.uyueurtrbre 3r( yrrapHBanr4 .qocyxa Ha poropHoM r4cnapurere (40"
C), repeHocr4.r.r{ E 5 |eKcaHa), Aa.rree xpaHr4xr4 B xonoAHnbHHKe. Bce
oirepalllll ltl ilo 3x:c'rpaf EaHr4ro rrtr)oBoAr4.fru B ycnoBuflx cra6ofi ocBerrleHHocrr4.
B orle:rrHbrx c,qi/qaj{x
K.rropc, + lopNI -h{eTa.HOJr bH

cr qeHKrr 
Q ur :ru,olo f HrIe c Kofi aKTr4BHo crn ilonyq alrr4 vl

I{ CIIOJIIb:]|OBZll.tH Cll.ICTe M

I :)r(cTpztKTbr (:)peA BoAopocJrr{. B 3ToM cxyqae
XnopoQolpM-MelrlHon-BoAa B orHorxeHnr4 1:2:0,8. B
AKIIaI4 coAepr(el.'rc{ Bo,{opacTBopl,lMble HeJII{ILIAHbIe

rrpr4Mec r,{ (ca.xapa,, aMHH , OoJrr4 r4 ilp.), a xnopooopMHbrfi cnoft coAepxr,rr
ililllullb]l, rlp :lKTr,]FI ecK a l{}Ibre o'T 3arp' :3HeHraI4.



I3o nlop,crM lBatppa

3X:CTpa.K:['OB rrr4]rM()HTr{Oii

rrpr4 30o (l .q0 Bb.tilaAeH

,,1, pa3a ro |2 q),, r3urre

11,'Il?plLB0r.JIH IqlH .l0o C,
BeIIIeCTIliil IlIdfN{O]HTHTOH

rrrrfMeHr'0BJ c IIpr{M

3K:CTpaKTOB M:X CrTilHA

ICOHr{e 3I(CI]0 FIe]III14a_[bH:

\/[aper]Er.y']o Ao B[,II]a,qeEl

( l8 .r, :larev 1l u).
ocaAoK lpacTBops.rrr4 tB

ltoJlbKO Jrr.IIIr,tAllbIe Be

OHcTeN,Ia:K IJIS IIOJUIpH

OpaBHeHpIeM BeJrHrII4H [{X

xapaKTepll3)'s1 sn'

01r cTapr'0Bozr Jrr4Hrr{r,r x
l:( paCCTO.f,HlItO, flpoilAe
"[rrnpr!,Hbrx :]KCTpaKTOB

HanpofpreBaJIZ rIp,H l0i;
0IIP€AtOJllflJIH llpoUeHTH

,rleHcl{'rcrr-pa\4Me. x
]|{enoJtfipHblx IIt4rIn.I.qoB (
ii30:20:1 ), C;tl{K: 3rJrror{

r:br.rnbT'pr)B€urrr, c)TroHf
]lu4pc,ma3 Jurrrlr{{r)B r{

r:ur3TaHoJre u lz[ 9/o paq:
r;ocTaBa xK. rrnoBo
|D)'TOH,[I{l]lJC\/Kt[I{FlaT Ha

t(0Jrrf,HKt;,r 190'B
,,{:tllneL KOroFrKr4 1,5 rur.

::ipupon X.K c B

,,I0IIOJj H I4'I€.rr b H bINttH Nr

KclHrleHroaqr{rc il
MaJroFro uoM)/ A r,ra^lrbAe

pi:tcTB0pla 2-ruc,6ap6u
Kl[{CJIOThI (x,lt1gt"U"
BOArHOi;li 6arre. 3a'rena onl

HM. lio:]$OHrIl?ror:rr
KoHqeHrpar-u4rc I\{4,4,, ((

Alml:rupr,qHy'xl a

m3yqa,I[i:, [4CIIO.|Ib::iyg B

- C lnlc, r <,,:ll a. p.y,, tzt'to ia',

38

cx€:Nra 3K cTpaKr.t;\r4v 6brra cJreAyroq efi. [It IloflyrleHl4q

rflpr4poAbr cKoHuc)H1]pnpo.BaHrry'rc poropHoM I,Ic[apI,ITene

aoneji cpeAy rpmKlbr 3KcrparnpoBaJru arleroHoM (18 u u
oKc'rpaKrfbr Sra.nrrpoBaJru qepe3 6yuaxnufi $umrp,

lpacrBopqnr4 B arleroHe (n 5 ur). 3rccrparr coAepxan

4PupoAlr (xnop,ri0r,rrrrtlll(bl vr [poAyKTbI pa3no)KeHnq

14 .)rl,rilu.uoB vr llXK. ,4m olpeAeneHr4q aKTrlBHocrr4

3oBiilrr4 rro qlrcJreHHocTrd KJreToK Kynbrypbr BoAopocJrl{ B

Qrn:u pocra (7 cy'r.). fm 3KcrpaKr{r.rrl nurrr4AoB

crr.nefi opely i:rBDKAbr 3Kcrparr{poBaJrr{ xnopo$opMoM
ME[bre 3KCTpaKTbr OTrOr{.rr r7v Ha r{clapr{Tene [pr{ 30o c,

epo$ropnae (e 5 rur.u). llonyuenHufi 3KcrpaKr coAepx(€rn

. Xp'ouarorlpa$uro flpoBoAr,rnvr Ha rrnacrr,rHKax B

14 HenoJr.npHbrx-Jr{rrHAor}. JluunAtr u4euruSuur4poBaJrr.r
c R-f ceurlerereii u ilporrBr{rerefi. Rf Aassoro BerrlecrBa

Qfo rreper{exleHr,rfl Ha xpoMaTofpaMMe - 3To oTHorrreHl{e

TolpaMr\dbr Ao ll:eHTpa rrrHa e rro6oft MoMeHT BpeMeHr,r

rnoMy 3a 3To BpreMfl pac;TBoprrTeJreM. XpouarofpaMMbr
pelbr np()rBJrrnlr 5% {roc$ovrolu64eHonofi xraclorofi,

,IeHcI4'roMeTpl4poBzLIIru Ha AeHcI,IroMeTpe ERI-65 V
CIOAOp)KaHLIe KJTIaCCOB nHIltI4AOB tIO IIJIOIIIaAil I/tX II{KOB Ha

rF,a0upoeaHue CX{K [poBoArrnu B crrcreMe Anfl
efisnfi e$lirp-arurosHfi e$rap-yrcycnafr KncJrora -

u cMecibro ruropoQop.M-r43orrpoflaHoJr -
Ha u:cnapuTeJle, B3BeTIII4B€UII4 r4 [epeHo0r4Irr4

ntpnxa4n. XK rpoBoAlrru 0,5 N pacrnoporr,r NaOH n
M BF:] B MeraHoJre coorBercrBeHHo. Onpe4eJreHrle

xlpold()cop6e :epneHr4eM 0,120-0,160 MM. Telrneparypa
lrpofpirMMHpoBaHr4r, TeMrrepaTypa AeTeKTopa 220".

cMecpI

XK
Mrr He o.flpeAenrj{xu.

Elb,IX IIpoAyKTrOB B cpeAax BoAOpOcnI4 oIIpeAensII4 IIo
(N,I,{A) . K 1 M;r cpeAbl 4o6annrtn 2 Mn HacbrrrleHHoro

Vt;, Kr4cJrorbr 14 2 M.r pacrBopa rpr4xnopyrcycHofi
w HarpeBaJrr{ l0 Mr4H. Ha ruuxqefirXqer{rpar{r,r{ 5Yo)'

urJu4 orrrr4qec)Kyro nJrorHocrr o6pa:qoB lrpn 535 u 600
HKrIrdr4 llAA rpr4 535 HM cocraBrqer 156 IO3 M'l

paccqrrrbrBarrvr nr:r $oprvryne C : (E535 - E600) I 156103.
TIOCTb K)'nbrypamrsofi cpeAbr Lr 3KcrpaKToB v3 Hee

recr-o 6bo Kro B KyJrbrypy BoAop ocnr4-rrpoAyrleHra
S-39 u S. quadricauda (Tu@.) Kutz. Bo4opoclu

I :1, emoar
B arIeToH.

MOlfOAOlyr fa3O-)KHArOCfirOfi XpOMaTOfpasUu. @a:a

rSraraqraro ){K nponog'nnu ro craHAapruofi

)4rpor{HrrM crarrAaprovr (15:0). Crpy*typy

rxecl'Be

Chiclk.



IIpeABilprl,lTeJIbHo B Teq

l(on6ax Ha 5[] Mn. r{ raJ

ll4onH:rnrBaeprbre 3Kc

TercTr4p)'$Nrbre BOI[opocJI

l{c rroJr.b3(l Barxn rrpo6rapxlr:

.:t -X OUO.IIOfPrqeCKll,IX

I.IjIeHT plqHble yOJI0BHJ{M

e)KecYT0qHo Bcl.prllH
()IIeHI{Bi:l"llH IIO,lCqe'IOM

r:p'yHxquoHaJrbHcrro cocl
rr()iJrbTvpiurbH bIK Ope!,ax,

lzI cy:r" npoBollr,rJr14 c
rlv{eTa60JltIT0Er IIil
]Ir0Aopr)c:Irr.r oT0r4pajrr.{

'r{I{CJIeH}:[()C1]h KJle'fOK 14

Jl{,ourprolb :iit Bo3l\{oxg,
r)rrpeAeJ.[rrn u cTil]{llapif Hb

llpn oqenre Ciaxlep
ll.I3 HI{X B KAtqeCTBe

JiVlnrpr:clllraHn3Mbr B

r)6beK'ra B BoAe (::j-10

lllHOClIJII:t B paCn,[ZxBJIeHH

r{a 10(J t\{n cpenbr), F:

1loryueuurle lrax14M

r40IIOJIb:tiOBaJII{ !,n,'I OI
3IlClpaK',I'OB tileTO,]IOM

,]JI.{CKI{ lli14ZtN,l er'rpr6llr,t 6,:5 C

(.no 0,.3-0,5 v;r). ,|[,l.rcrr:u

l-5 cy"r. pa3Nrep 3oHbr

BLIpalI(4.[H B CIvt 3i:l MIIH]'
.l-x r0BlopH(fc'l'flx,
r(0JrI4qec'r'B0.\,1

,Anlu 6allrepz anbHy K)

lrbutelo cBera <lT,.laMrr

IB OTIIill'iIX IICIOJIb:3C)

ilryrMltulqHoft no,Ae,,

3r:cnepur\{0HT'br rr
()llpeAeJItrHlIre,M,Ct.Ultfi rcpt

Bbr6opoK: v 596 ypoB
r(pHBbrx IIpe=/[cT'ot3Jre]l bI

,,IaHH5tX ltIC ilOJIb3C),BaJ 14 rpaMMy <Microsoft Exel>

I[e 7 cyt, rroApiequBa[I4 B otITI4MuLIIbHbrx ycJIoBI4trX, B

llc.tronbt3oBarv KaK rloceeHofi Marepr{iu Ans orrbrroB.
a cpe,ry - no 0,2 M.[ BHockrLr B npo6r{pKr4, 3areM

co cBe)Kefr rynrl1pamHofi cpe4ofi. Onrrrur rpoBoAranu B

Hocrqx. Onrrlnrre np,c6upxz noMerrraJrr4 B ycrroBr4fl,

ArBirpr4rexbHoro noAparrlr4BaHr4s., Ho 6e3 6ap6orcxa) u
. Peayrbrarbrr sosAeficrsur cpeA Lr 3KcrpaKToB

ficneHHocrrr KJreroK r{epe3 7 cyr. I4zyueuue pocra H

Hr4q Kynbrypbr BoAopocnu Chlorella. pyrenoidosa sa
IIa XoTopbIX BbIpi'txII4BaJI4 Ty )Ke KyrbTypy e re.IeHze 1-

upnr,Fo or.peAenuTb BJrHflHrre HaKorrJreHHbrx B cpeAax
I4Hr(srr.rqecKr{e xapaKTepr4crkrr<kr BoAopocnr4. llpo6u
7, 3, 5, 7, 10 v 14 cyr. B npo6ax onpeAenflnr{

rep r{c)Tr{Kra 6 rrcrp ofi SnyopecueHrlr4r{ xlopo Srzlla.
o(5eAHr:Hraeu cpeA npoBoAr4nr4 rro a3ory. Hurparu

MeTOXON,I .

I-{HII:IIOII aICTIIBH0TI)TI.I KynbTypzUIbHbIX cPel I,I 3KCTpaKTOB

-pol,eKTOB Hcrr0Jlb3oBarrkr Kynbrypbr Mr4KpoopfaHr43MoB.

B|UII{, :iaTeM n'oToBI{JIH HCXOAHbIe CyCIIeH3I,II4 TeCT-

. My'nJocrrr rro c']raHAapry'). fanee r4cxoAHyro cycrreH3r,rrc
r4 crxJrDri4eHHbtr3 Eo 45"C afapr,r3oBaHHbre cpeAbr (1 ul

crepr4:nbHo pa3nuBaJrkr B rrarrrKr4 llerpn (no 10 nrl).
M qar[Kr4 co cpe4oif, sacesHHofi recr-o6teKTaMr,r,
sn-g 6ar<repultnAHofi aKrneHocrr{ cpel BoAopocnr{ r{

6on. I,rrr 3roro r.r: Snl.srpoeanrHofi 6yuaru Bbrpe3anra

[4 rrtrrorrr4r]brBaJrr4 3KcrpaKT aMlr' vrrrr r4c rrbrryeMofi cp e4ofi
MelqaJru Fra r{atrr][(r4 c 3aceflHHofi r<ymrypofi u ua6lroAalu
gTe Hr4lr pil3Br4rr4i'r Mr.rKoopraHr43MoB (4uauerp), roropufi

lluaMe'rpa ArlcKa. KaxArrfi Bapr,raHT orrbrra craBr,rJrr{ B

Kf)lHTpo.[e AITICKII IIpOIII'ITbIBaJII4 3KBHBZLIOHTHbIM
'Eryrouefo pacrllopHTeJrt wrv cpeAbr.

BHocrb rrpoBepj;rnvr g.nr Bcex Kynbryp Ha cBery (24Brlttt
[t) n n :feMHorE npn pl{ 5,0; 7 ,0; 8,5. llpenaparu XK,

LI) B Br4Ie Coneili aMMOH?rq, I.rrfl qero pacTBopfnr{ B

H.[]acb n 3-5 noBTopHocrrx. [aunue npeAcraBJreHbr c
penl)e3eHrarr{BHocrn nrr(5opouuoil cpe4Heft Als M[LJrbrx

BHerr+rlMocrr4. Ha rpaQlrr<ax v Korrr4rx KrrHernqecKr{x
TI4[1,r'THbre ilnA orrbrroB 3aBr{crrMocrr4. llp" o6pa6orre



3.3. T

flpron:nc,;tc'rBo c

liv{IIpoElo,;[opO0nefi,, K(J

]I.lOKYCCT'rseHrr0tc' ()cBe

llpouecc rrpor{3nc)
(;liluBaeTcfl r{etCTL rf 6reU
lubIrI?utBaltl4e) i{{'HBc'THbI

ilr{TaTrSJr bH01W p acTBo pe,

Ky'r x,:run r4p o B aH r.r e

3ATBUCI,IT' O',r Ce3tf, Hlil I'OIa.
Ky'rn:runa'rop C)hl

]tp o I{3 B 0I[ I4Te) J] LH 0 CTL, tO

.KJIerorK :i (j-60 N,rJrI:r/N,rJr.

HapanllrnaHr,rc)

](OII{IIeC: T'}3 ?'y'C'I0I{OB()K.
-- l8;0 Jrr,,nfpoB,4 yclauo

Ky'll,lllnralolp Chl
0Be'llH.rlbH LlKrCrll B CTeKJIfl

J[Ipottr:rno,ucrB() c] c
. B t3MK(f C]'l>

. ex.(3.ItHeBHOB

o ilpoqec0 B

4.L. Harcon.n:eune
MrrKlxol]ro71cl pocleii.

Ourrlrr Iro pl3yqeHl4r

p)t)ren2i(10 s a IIoKa3arlH,
rJ()0'fBr3T'cn3fitit c p0c:To
.BeJrrlrrrrltr)z 5 []C)-62t,) l,rrh.
rl0Iep)Ki:IH.14e Mepr111511

0peAe B 3T'o BperMs rr
H0T()qtt-II1tIr:0M ee I} t)Tlo
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r[poa3BollcTBa u roJryqeHrrq cycreH3rrlr Chlorellu

Chlorella ocHoBaHo
rlCyn[eCTBJIIIT3TC.II B 9MKOCTH, C

Ha QorocuHrese
IICIIOJIb3OBAH[IEM

vrfl'w pacTBopa yrneKr4cnofo fa3a.
He[pepbrBHbrr4r. rrpr4 KoTopoM r,r3 eMKocTH execyTor{Ho

Qyc[eH3Hr.r KJreroK MHKpoBoAopocner4, KoTopar HAeT Ha

. []ocnpor{3BotrorBo Chlorella ocyulecrBJrtrercr B

r{roToBJreHHoM rro creuuanbHoMy peuelTy.
hlorella BeAercr r<pyrrnfi rog. llpoAyKTr{BHocrb ee He

llia F)(-60 npeAc:faBr.ser co6ofi MoAynbHyro ycraHoBKy c
ycrren3r4rl Chlor:r:lla 60 nnrpoB B cyrKr4 r,r nJrorHocrbro

Ma (cvcreH3uu Chlorella AOCTr{faeTCr yBenuqeHeM

- 120 nnrpoB, 3 ycrauonxraaK, lrarprrMep 2 ycraHonxu

- 240 nr4rpoB pr r.A.
lla KX-60 cocrotrr kr3 oAuoft eMKocrr4, AByx

HbIX KOJINAKAX H C)ETIIATOit XPUrurU.

raer Chlorella erilrcqaer cneAyrouvre cranukr:
rrr4TarenbHofr crpeAofr BBoAsr MarorrHyro Kynbrypy

Ckrlorellla (rr eTc-s foToBolt,lt):

KOC'rb BJrr4BarOT pacTBop'yfJreKHcJroro fa3a;
. qep(3:i tlrl,'"tblpe .f, cycIIeHsr4s Ch lorella roroBa K lrcnoJrb3oBaHnro;

'BAHI4fl, MHKpr)BOAopOCneU, CJILIB qacTLI rOroeOfi
0)/0uerJ3HH ch
exrenHetsHo.

fel la z po3nr,rB rrr{rareJrb r{oro pacrBopa ocyulecrBr.sercq

PE3 YJTbIIATbI [I OEC YXTAEHI4E

reTortHbrx opfaHl{qecKr{x BerrIecTB B KyJrbType

HiIKorIJIeHras EitJB B Kynbrypax BoAopocJrpr Chlorella
uTo yBeJrr4rreHr4e Konr{r{ecrBa BOB [potlcxoAr{no B
TII4CJICHHOCTI{ IilICTOK 14 K KOHUY ONbITA COCTABN-flIO

HaqaJre, B qacrltocruHa BpeMeHHoM trHTepBane 1-5 cyr.
eroK He rrpeBbrrrriuo 3-5%. Harconleuue opfaHr4Kr4 B
oliHJIo c BbrcoKr)fi cropocTbro. MoNHo AorrycTr4Tb, rrTo

rriJurlorcfl )Kr4Br,re KJrerlcu no4opocleft .
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Haut5o.nee) BiDKH:brM BJrre)T'cs BoIIpoc (J Bo3Mo)KHocTflx KJreToK BoAopocne]r K

IIPUXO,I3H9I{FIC)NI\/ B bIIEJI [IK) OpfaHl{qecF:ax BeI]qecTB, qTo TecHo cBt3aHo c
leTep0ft3.Er.H0cTbn cl Krytrrbr nonyJTflrt.a14 K.[eroK no Sn:uororuqecKoMy
OOcToJrHr,rK). 0 Kpl{fep
rpupoclar tBt[)B o'rHo]lr

,)rpeAeneH}Ir Nfl4Bbrx 14 MepTBbx KneToK. oueuxa
u[o ]( ilpr4pocry 6,r,roruaccu Arq Chlorella pyrenoidosa S-

.39 n on'natvrilurbEtbrli y

t]gJI14TII4I:{it [tDrI)ItI{3I{eHH
3.9-5. l9'6 rnro orTHolreHn npnpocra BOB K: npr4poc'ry 6uonraccu (ra6n.2).

fladi"nun(a 2. llproay naHrae BOB sldopocnbrc Chlorella pyrenoidosa S-39
(1)l (2) 0,040-0,0 s0 (4-s%)B Hirriln:e rcpneofi. pro fioraepzri:lsstrfri r{HTepB ulrr

,tt:ts 59)/o yporBlrs 3r{aqt4M

x B Haqa-[e rcpunofi pocra noKa3aJra, qro Bo3Mo)KHa.f,

EibrAeJreHrafi EIOB KJrerKaMr,r Kynbrypbr cocraBr-ser

(--rrrTrcvl

pa3Br4'Tr4fl

I,i)/nbTypLl

pup0cr
OB, ur( I )

I -5;

I -5;

I -5;

I -5;

55 5

7 4,0

364,8

100,0

123,0

pyrenoidosa S-39

Sorocucrerr,ru 2.
(Fu/F*), roropufi

|2 vr cKopoclb SorouHgyuupoBaHHoro BbrAeneHr,r.rr

KoprMa-rrr,Hofi Ha 3-5 cy'r. pa3Btrrprfl Kynbrypbr r4 3areM

Ooloc.anrerr4qecKarr aKT'HBHoc)rb Ky.rrbrypbt Chlorello
,OUeHUiBIUIE|.Cb l[0 BHoclz S1,.ar<IlHoHl[rpoBaHI4t
rO,tgocz're:.[r,H:brii tir,IX
rC'lPiilXi00U aK'fIIIlFtOrll'b

nepeneunofi Snyope,cqeHrlr4r4

Kr.rc.rop0l(a (ClBl(') 6nm
M0Hto]lo tFllro o H.axaJIacb.

'Ia.rr,re pacrlerbr rrpe aB.rrrroTc.rr Bo3M O)nHbrMr4 rrocKoJrbKy nporleHT MepTBbrX
KTgrorK rr{r3 ilpsr,rrrnen 3- x)'nbTypa Hax(sAr,rnacb B cocToflHvrv BbrcoKofo ypoBHfl
IaKTUBHOCTU pOC)Ta, c[,IH:re3a r,r )Kl43Herlnoco6uocru. 3Ha.rr4TeJrbHbrfi nxna4 n

eiAbr B HaqaJre pa3Burr{fl KyJrbTypbr BHocflT rrpoAyKTbrQopvrnpr,o.EarFrure F'CtEi

MaTep Hl:{(lIC4tX ICJIeTO Ii:, B q no(5oNearoqr4ecj{ rrprr BbrXoAe arrnaHocnop Qrlalewaiko,
11f66) lilc,:ru rrF,Lrsrrt BHHMaHI{e MHelfI4e aBTOpOB, CqIdTaIOqUX OCHOBHbIM
t{tlT()HH}{I(OIM BHeKIeTO Hhn: opfaHr4qecrKr{x BerrIecTB rrpolyKThr aBToJrr,r3a
(){aft.,r:on, l9i' 4.; jlleun 1978), rorAa r{a rporrxeHr4r,r Bcero orrbrra AoDKHo

r4e Me:xAy FraKorrJreHlreM MepTBbx KJIeTOK VI
ua6.nxuarr;cq coo

I

2

J

4

5

llpupocr
6uouaccu,rrar (2)

Oruourenze
(r)t(2)

1'260

191 8,0

7278,0

179I,O

241r,0

0,049

0,039

0,050

0,056

0,051

rCpfilHt{t{eCK0I'O l3e gpe4br, qero ue na6morzurocb.



4.2. CloclosLuure Jll,'rypbI BollrDpocJIlI

llr]3yJrbTal'r'aM I|eKTpocKoIIHH Vl

BlIeKfl e''|rort H b,Ix o pl-a. Hu

ll 3a.Eracr4rdocrrr or
lrtr)oxleccre pa3BnTvrfl r]r

BelrlecTrit .Eria pa:iFrb,rx

tp'1'Hrcuurt[taJIE,HE,I],,{ c

0oolrHorreHrzreM npou
il0C'tJIr3T'al aUCrrO ).

(b';,nrqulr FIISJI btt crvt 1,

0plZIHl4q:e,CK00 BeIII

iKI,IBbII!{I,I, H0 C Hap}tI]
31'I4M. B FIiaI(0IIIeI{I4Izl

Opr€1Hl4rlecKOt'o Berrl

rrpr4Kpr3r-rerrHrbtx. .B[,ln,e IIeEt

'fa,6.l:nu:a 3. Oo
I{ilKOII,IICH|]4 e I}F{eK,IIe)TOqt

KZIX(IOIM OIIbIT'e - \/C]peAIl
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Clorella pyrenoidosa ro
[poqeccbr BbrAeIeHutr

()4nraxo, Er cBj;r3rr4 c IrropoArrocTbrc) cTpyKqypbr rronynflr\vrv BoAopocnn ro

x BeilIecTB

Su:llroroluqecKoro cocrorHr{rr KJreroK BoAopocJrl{ B

rforrr4TenbHofi rrynbrypf,r, BbrAeJreHr4e opfaHr{qecKlrx

l)ocTa [por4c]i",0[r4T HepaBHoMepHo, rr TecHo cBs3aHo c

flHyreM KrreroK 1261, Kor[4r{ecrBoM MeprBbrx KJreroK,

ts aKTT4BHO|O Bbrr4eJreHilrr (ncrnHHo [pH)Kr43HeHHOfO Vr

qrrrrro (lloroc;xH u Ap., 1991) Tpyano yqecrb

, BbIAeJItteMOe OCnaOXeHHbIMI4 KJIeTKaMI,I, KJIeTKaMI{

Hofi rrpoHuUaeMocrbro rlHerrrHr4x nrevr6pan. B cssgz c
IIOB Bo3parlraerponb rraccr4BHofi ar.r$Qy:rau

Lr3 KJTeTOK BO BHe[rHrOrO CpeAy. oUpe4eneHr{e Aonr{
fi BOB raKr{M o6ipa:ou, y'cirox{Hflercq.
xapaKretr)r4crr4Ka Kynbrypbr Chlorella. pyrenoidosa

onbrToB - 3.rrpoAyliron n 14-cyr. orrbrrax. quclo
HHa.r npo6a ns 3 r:ocyAoEr

Buouacc;a,
ur/n

(.cKopocTb BbrAeJreHr,H Kr,rcnopoAa Lr aKTI4BHocTb

, BbIAeJreHr4e opfaHr4rfl4 rrpor4cxoAr{T B ocHoBHoM

upouecc HaKorrJneHraq P|CB rpoAonxaercfl KaK 14 pocr
cioo:rtsercrBeHHo r4x cyMMapnofi 6uouacce. K 3-5 cyr.
aKc.LIMaJrbHas ax::fl4BHoclb QorocuHTe3a, HaKorIJreHI,Ie B

yBenI,IrIeHo 3iit cqel IIpI4xI{3HeHHbX BbTAeJIeHI{r,

K lvraro (no oxlltlrrr4Ban.aro). Ha 3 cyr. flporleHr xr{Bbrx
pr4 rroMo|I?r MeT\Oxa 3xer(TpocrreKTpocKorrr4r4 He sBJUIJrcf,

T4

B

lilpevr,
c)'Tril4

0peAe opfztEtHK:r4 p

]|I()CKO JIbK]/ Nrl eptTs 5IX

IUTeTOK, O npeiIeJIe:HI{LI[
1\4ilKCI4Mi]^r]t)FIbII4 I,I'y)Ke

12 200 +,46

B 1-3 c)/T'.clio cTb pocTa He Mi,tKcI4MaJIbHa, o% treprnrx KJIeroK Marr
i:II(TIIBlt{0Cllb {rOrOc,u
rforocncleMr,ri 2l
rlpr4xfl43.HeHH0,'f0 ecTb, I,IBbIMI4 IJIETKAI'4:I,I, BKJTA.A NOTU6TUPTX KJTCTOK MAJI 14 I4M
1\4O)KH|O ntprest6ltrr:rst': H
r{lrlC.lI€H}:tOCTI,I lt.lIeTOFi I4

llil3IlH'rI4,t AOCTr4rfaeT0fl

Korn.{ecrso
Knerorc.
urmr/un

7 5 l-t1..5 I (i00 +7

4 :\30 +24

7 ',720 + 38

11470 +40

155111

160 t=€;,4

27},Lll
457 +21
808 * 3',7

843+37
600 =l1 1 790 L 2',7

crilBJrrJr Jrr{rrrb rcKoJro ',15 0A (ta6n. 4) , uro o3HaqaeT
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r\r(TI4EtH0rC:fb Q,c)TOC)14 CHI'I3I4J1ACb:, HO OHA AOCTATOqHA F,Nfl IIOAAEPX{AHVT'

:r€)MrroB p0cTa rr1,'1r,'t'to . llo orerKTpr4r{€)oKnM napaMerpaM qucJro }rurBbrx y}Ke

0)/IuecrueHHO yMreHb[I ocb, or{etBHAHo, 3a cqer yMeHbrxeHr4-rr AOJII4 KJIeTOK,

0ilocoif,ltE,I)( K aK]tH qMy Tpa"HcrropTy vr Bo3pacTaHlr{ Aonu KJreToK,

aKT.[rBHbrx, Ho c npeo6ra4aHr4eM ponu naccIaeHoft

KJr€:TKra r] rrepBi\/ro oqepeAb ru6Hyr, Ho Ha AaHHufi
$'yHxqrarclloJrl,H 0 MeEree

rrpo.Frr4:rli:leNlocra. Tarc

Ivtr[)l\{9llT I}peN4eIIIl ll X

KJreTKiltvt?t, c Fra.pyxngpl

llLtrCOK? Iit CllAHOBlt4T'C.lI o6.uararcHefi n 10 cvr., a t< 14 cyr.nr4rxb 34% KJreroK
IvI0XtH0 0r.ll.IT'a',rb q)ytFl bHo )KI4BbrMU:, TOfAa KaK IrO MeTOAy OKparXr4BAIlrIfl B

q/'nbT'ype: gCt 70cYa' x:LlBbI KneroK (Ta6r. 4'l
'Ia6.rru.u:l '1,, Cocro

I{aJII,IqtIe) B C:yCll9}I3ZI{

repilo{ 5-1 cv'r.
r,rr{TeHcrrErHrbrffi pc)cl qI4

l{,0JIra.leCTI}O IvI9I)TBbIX

llr{eKJIeTrlrr.Hb.[( ]rpoA'yKI

Bpeux,
c'yTKr4

lhercrpoclreKlpclc
0)/cIIe]Fr3HI,I ()0FrOB€rE:

[IperqC'IaBIITb K|:I]K ClTy

3JreKTpr4qectifftvt Oolu

,lr4CIIepcFrclr"{ (la: sr.

r:, Synrcrlr{oHar[bHo ocrJIa6JIeHHbrx, Ho He MeprBbx. B

Q*u 3KcrroHerrrlr4aJrb.Frr)ro pocra) npoAoJDKaercfl

HrrocTr4 KJreTc)r( kr HaKorrJreHr{e opfaHr4Krr B cpeAe.

KJreroK rro MeroAy oKpaIxI,IBaHvfl, - oKoJIo 9%.

lrlb3r cr{rzrTaTb rvtepTBbrrvrH. [oL'- BOB, BbIAeJIteMofo
I-rMa 6atrrrepuurrr,rz cBo,ficrBaMu laeu6paH AoBonbHo

r[He Kynr,Typbr 'Chlorell,a pyrenoidosa v HaKorJreHr{e

B B 14-c'yr. orr,,rrax. llpure4enrr cpeAHr4e 3Har{eHrrfl.

Yo x:uslrjlX
KJIeTOK,

14BArtII4e

80.0
70,0

r-Laclo orrbtr'roB - 3. Il M Orrbrre - ycpeilHeHHar. npo6a r{3 3 cocyAoB

I,E;H)/TPI,lKJIeTclqHoe c 0 Iroe) r,r B cB0ro oqepeAb oKpyxeHHyro ilponoAq[Iefi
:)KMAKOC fb[O (MeX(:K Hofi cpe4clff). Tarcrau o6pa3oM, rrolyqaercs ctrcreMa r,r3

,{Byx IIpcrIlc)iqJllIIL1]l r;lrefi (nuyrpz - v BHeKJreroqHbre), pa3AeneHHbrx
r[I:]o.[.sT()proM - IvIeM6 orfi. B o6or(:iqeuHorvr Br{Ae cycrreH3r,rr KJreroK

lSilccMa'r'pr,rBaeTcr 1(aK loreHrra{ curcreMa, cocroflrr{yro u3 o6laAaroulefi

fi rreroA r,r3MepeHlittg o/o coAeplKaHr,rg KJIeToK B Ilrx
cneAyx>uleM rrpr{Hrlr4rre. Jlrc6yro KnerKy MoxcHo

y, Brryrpr4 Koropofi HaxoAlrrcq [poBoA.flrrla{ xr4AKocrb

BJrer{neM R, Ar4rl]ilepcnoHHofi cpeAbr Lr HenpoBoAflrrlefi
A paccMaTplrBaT'b rr,rev6pauy B KaqecTBe rrAeanbHofo

,I143.[eKTpLIKlll, T.e, II0JIH I() HenpoHr4rla.eMyro, T'o B groM cfiyr{ae oHa o6Jralaer
0rrpeAeJre,rlFrOii r3t,{K ) pr.vur tueu6paun{ofi eMx:ocrbro CM. O.quaro, ueu6paHa
lilIe:fKta IIe'IB.fIf,eT(ltr
llilccplBrlc'no pI aK'.fLIBtH

:f.e oHa oolerlaerr

B9pIJIOHHEIM I430[-sTOpOlvI 14 rlepe3 Hee, B pe3ynbTaTe
TpirHcrropTa v3 KneTKr4 14 BHyTpb ee rrpoHr{KaloT HOH6I,

AKlrreFr
8C'2,
oTEr.eA.

Hr)r4 npoHHuijreMoc.rbro. llocxojrbKy flocToqHHbrfi



UIeKTptllqOCKPII4I IOIK ql

OllH(lHarrpa.BJleFrr{oe. 13

Brry'lpz KrrerKr4 (rroJ

3JIeKTpLI qe CKIIX lIrOIIq K.

]l fleperv{eHr{oM

IleJIIIqnHLl 14C|U:HOI,I

00[po'rp[BJ'reH]{€) Flr. cy
SJIeKTpr4'rre0K:r4r{'I0K It
tKI.InKOC',Ub, 0.) qepre3 r\,I

r$rerKt4 6i.ualoAarpq

llHy'tp.t4l{fl eT0qFD/IlO X:

,llul,'Iee cHOlla qepe3 NI(3

l( KJIeTI{e, 3aTeM rq

r{eIIpoHr{ uaeM oc'rr r),
Il])O'II{B0,flC)JI0 X{H:O 14

l(axlr,ri;ii r,r3 llyreli.r lrpox
ll :laBUCl{lvlrfC'II4 ()'l:' efo

HeL npt:rnK qacro rax.

B flpoBrollflrrleii )Ka,IK

mapooo'pa3Frbrll BrKJr

r3brcox:oejl, Ko'Tol3r,re :/
r.Ipo'tIoprI]l0FraJrbHrf r.rx

{l\/ciletH3t4I,I c HeItpO

SICCIellPtNIeI{TiIJILH:at I
'/lrpoueHH)/.rO rpopnryny,,

.fllr3 ]{0, - collp()T.a

.R, - c)0rIpo'rl{B.rreHI4

:laHJ{lbIi;i B:}Bettl]eFIH

rJl.rTr4rvraJlbHo if n:Ifl, kr

FIIU3KI.IX qaCT0TAK HiMH
13 YBCJII,IqI{HEM ![AOT

A3MepfleldIJ0 B€JIIIIq Al{bI
,o{5pagou, oilpe)IIernen Hbl:

KTeTO.K B r0)/CIIeHt:]t4I4

IIDOHUIUB(]N1fOCT.bltO. Ii
rll'MI,IpaH.[1jfl ]Z0lFll:{ag II
IJI{I4}KEHIIIO BE"],IU'{I{H

r\40p ocpcln Or'r4qe)cK ar qeJI

:dllJlqe'Icitl p)a CXO)KIeH H e

)Hrltlpll.Mr3p., c H0tr0Jrb3o IvI BI4TaJIbHbrx Kpacr,rrenefi SHc. 1).

44

KneTKy He rrpoxoAr,rT vr nponcxoAr,rT ToJrbKo

I{Cr4MOCTrZi OT 3HAKa rroJr[, [epeMeu{eHlre 3apf,AOB BHe I{

krcarJlrfl),, H3vrr3peHHrr rrpoBoAfT B nepeMeHHbIX

qecKoM rro.rr(l Hr,I3Kofi qacToTbr xapaKTepHcTr{Kofi

rlpoHlrqaeMocTr4 MeMc)paHbr flBrrfleTcfl aKTuBHoe

eT Tpr{ o6iulux rryTrr, IIo KoTopbrM rrepeMeHHbrfi
r{epe3 cycnrilH3lrro KrreToK: a) qepffi MemKJreToqHyrc

'OqHyFo )KI4Al1(oCTb K KJIOTKO, 3aTeM rlepe3 MeMOpaHy

rrl)oBoAuMocTpr (noHnofi rpoHr4rlaeMocTH), qepe3

Tr,, cKBO3b Mer\{6paHy npoTr4BorroJro)KHofi cTopoHbr r4

qHyro )KHAKOTOTb, B ) qepe3 Me)KKJIeTOqHyTO )KT4AKOCTb

MeM6paury KJrerKr4 6laro4apx ee eMKocrpr (uoHHofi
BHyTpr,rKJreTOqHyro x0{AKocTb, cKBo3b MeM6parry

br Ll Aanee cHoBa qepe3 Me)KKJIeTorrHyro x{I{AKocTb.

)KlelHr4fl 3 rreKTpr..{'{ecKo ro ToKa qepe3 cyc[eH3I4ro KJIeTOK

br r{Me)eT cBot,c c[eur40r4Ky.
(or

T4

oArIHHq fq A,o t Kfq) cycIIeH3I4-s KJIeroK BoAopocnefi
rrpeAcraBJr{er co6ofi cycneH3rlro HenpoBoA.rrIIIvx

2+@ ) (16)

ufi (uocxoJrbKy coflpor]r,rBneHue MeM6paHhr Rm or{eHb
I4rII4 B aIOT 3 JI e KTpr l4q e C KO e C O t]p OTI{BJIQ HI4 e, R, CyCn e H3I4I4

HrteHTparlur4. lP'ac.rer' 3JreKTpr4qecKofi rrpoBoAr.rMocTr{
I"UI4MI{ IIIaprrO6pa3HbIMr4 BKJIOI{eHkrfl}/^kr LI efo

BepKa rro3Bo.frr4JrH H.Fricke 152] rpeAnolKr{rb
Hotrorrb3ye)Myro B rrp aKTr{qecKr,lx uenrx :

20.- @)

I4e CycrreH,{r4pyror-qefi cpe:IH (uexrlerorrHofi )KHAKocrr4),

cyilneH3rrr4 KJre)ToK r4,. tQ orHocr4TenbHbrfi o6t6u,
rureTKaMr,r ) t?1;,ilv ooireuHufi HHAeKc. HaU6Onee
rrf, qacrorofi f,Bn{ercr-fl I rcfu, [ocKoJrbKy Ha 6onee

r4r-paTb ponb n:oBepxHc)cTHaq npoBoAr{MocTb KJTeTKI{, a

MeMOpaHa KJrerKr4 nepecraer 6nrr r{3onrrropoM v B

MKrrraeTcrr BHyT[]HKJreTorqHoe co[poTHBJreHpre R.. Tanuu
3JITSKTPIII{ECKOfi NPOBOAIIMOCTI{ OTHOCIITCNbHbIfi O6rErrA

aer o6beMHyFo KoHrleuTparlr{ro KneroK c rofi r4oHHat
xapaKTepHa Arrfl )Kr{Bbrx KJreToK. B [poqecce

I{UaeMOCTb KJTeTOK HapyuaeTcr, r{To rrpr4BoAI4T K
o6reunoro aHAeKciI "x{zBbIX" KJIeroK, xorf,
ocTb KIIeTKI4 NrO)KeT' V COXpaHflTF'Cflj cneAcTBIIeM qefo

0[p eAene HI{I,I 3JIIOKTp OcneKTp OC Ko rruqe C KraM M eToAoM rr,
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Konnr{ecrwa (o/o) }KHBbrx KJreroK B Kynbrype BoAopocJru
r{rrec Kr4M rra.[)aMeTpaM cycleH3vlr4 ) .



Ha qac:rc)Te l0
OflpeIeJltttHlI'Cfl CrDOTll

r.IOHoB 1,1 HerrpoH:I4KaK)rrIIrl

Ec,ru Ao.nJI cso,6oaH,t
llpoHl,tuixet\docT.a, Io qI4

ariTr,IBrr{01ro :rpaHcnropTa

tlpoHztKii:ll0n,ItM\,1t pt

Merogulr€:cxui;i ttpr4eM,

IIPHM€:H]'IIOU]HfrO'{ B 3N

3JreKq)o.KplMrr4r{€)c)K r4x pea
Pocr: 14; pa3riillTne

at{THBHbl.tK, TaK 14 ilACCVI

IIpzY€M ts 0['peAe:[eHH
[peo0nat,I[a.e'f Hil,{ [accl4
Ki:tK .Het 3 u 11 CryT

ft)OII€COOIB MIPIEII4Mi

x:I43HCCIIOCOOH b]:X ICJ'I

MaKCUMaJII'I{LliMI4 :}EIa

(xczsuec: u o c o 6H o,c' rr4)

rlpoqecc:08 qepe3

MeHteTcfl, cf rleM c

x l4l(KOc]ll{ Rx Ia BH'{/Tpe

Ha :5-'7 cyr. Kyrrb
srrAopoc.reil ilt, c"teAo
MI4HHI\4A"IIbI1O, IIOr 0TI]O

Hex{I43H(SCIlOrCOCrFIbtX KJI

y Be,rII4r{I,lt B0eT cfl cOr

B]MECTI3 I; POB BI{)/TPIZ

tIO ] Cry:t' Hac].rjrcllA.eTcjd

14X fICIBI,IIICTIHO,ft MC'T

14 I{TEHCI,I]EHOC HtAKICII'IeHI4

qIICJIe Il L{rf,IIOB, Ha}loA{t
clleAbr Ri.|., r{ (lllFroBpeMeHr

B nepruorl 7- I 1. cyr.
IIitCClIBFI0]1 IlprOt{]lttl31'

OIIpeAe"TIIeMlbIK Mr3TO

TIOKA3iAT\OJI,'{N{ B STOT' ]I

QoHe,A€t Jtr,Heiiur(3r"o cl{
HIITIaJIO tf a.:r,r CTTTvtHpZLHII

40c'fHfaKlT cBcf?tx Mt{H

orlHoBH0t4. 3il cq:e'I

MepTBbr)( t(reT0K.

Qyuxqa,:ruritlrbHo€
pil3Burrn,{ ( 1.1-cyr, or|brT) oKa3aHbr lB Ta6r. .5.
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il 3neKTpI4t{e,OKH€ IIapaMeTpbI CyCIIOH3LII4 KJIOTOK

I'reM Me;K.qy qr4cJroM rrpoHr.rKarour4x qepe3 MeM6paHy
KOTOpbre KoHuerFrTprrpvrc)Tcf, no o6e cTopoHbr MeM6paHbr.

rzKarotuux uonloB cr]fi3aHo c npoqeccaMl4 naccl4BHofr
0 H€:npoHprKaroulr,tx r4oHoll olpelenreTcr pa6oToft cHcTeM

. Am onpeAeneHlrrr coorHorxeHr4r MexAy HoHaMr4

IIpr)HHK€UOrrIHMr1r qepe3 MeMopaHy, ucnonb3yeTct
Lx3BecrHbrfi KaK MeroA Pefin6axa-Cruofirepca, ilrr4poKo

XJnMl4l4 An'I aHiLIILI3a OOpaTI4MOCTI4 14 HeOOpaTI4MOCTI4 B

>(..

eToK BOAOpOCflefr COnIpOBO)ItAaeTC_q r,l3MeHeHr4eM KaK

HbIX TpaHCrrOpTHtE,IX npOqeCCOB rrepe3 MeM6paHy KJreToK,

e cyTKr4 KynbTr.rBr4poBaHH.rr aKTr4BHbrU nepeHoc r4oHoB
lrpoHr4l-IaeMocTbro. T'ax npoucxoAlrT na 5-7 cyT., TorAa

ypoBeHb $yHruzoHr4poBaHr4.rr aKTHBHbrXTpaHCrrOpTHbrx
l)ro cBr4AereJibcrByer 06 yBenur{eHr4n qncJra

B KynbType Ha 5-7 c)/T, rrTo TaKXe rroATBep)KAAeTCfl

'4Nt 
r B 3Tr4 CpOKtr xOessvrqr4eHTa rronApu3arJvrr4

Coo'rHorueHrre arr(TrrBHbIX,, a [accr{BHbrx rpaHcnoprHbx
rry KJreroK Boltrtpoclefr B npoqecce pocra KynbTypbr

bI]TBYTOT I43ME]{EHI,I' EI CONPOTI4NEHV'L MCXKJICTOIIHO'

c0rIporilBJIeHI,Itt KJrerKr,r Ri (puc.2).
BLrpoBaHr4r rraccrltBH€ur [l]oHr{rlaeMocTb MeM6paH KJIeTOK

bHo, H&KorIJlr3HHe B MelKKJIeToqHOfi cpeAe POB
x3 u 11 cyr, rAe B pe3ynbrare HaKorrneHLrtB Kynbrype

c noBbrxreHHofi naccHBHofr rrpoHHrlaeMocTbro
r4e MexKJreTor{Hofr cpeAbr Ro e pe3ynbrare BbrxoAa B Hee

rlHbrx r4olioB. Bvecre c rr3M, B nepuoA pocra Kynbrypbr c 3
brf npoqecc: ilKTr{BHbrfi pocr KJreroK conpoBoxAaercs

I TI3CKOft aKTI4Bni:OCTbrO, B pBynbTaTe trero npoucxoArrT
rrr4TareJrbHbrx BrerqecrB rr3 oKpyx{arcrqeft cpe4br, B ToM

C'Tp axe HI,I e B C)HHX{ eHI4kI COnpOTr4B rreIlLI/. MeXKJTeTOqHOfr

M pr)cre R.
r{llcJro QyurunoHarrbHo MepTBbrx KJreroK (c no:pocruefi

) yne.nHvraBa.rrocb (prac.1) KaK 14 MeprBbrx KJreroK,
OKp€IIIHBZ'HH-IL /l\ont XI4BbIX KJI€TOK nO 3neKTpr4r{ecKUM

A :;HaqIZTeJIbHO lFII4Xte, qeM rIO MeTOAy OKpaIIIIuIBaHVfl. HA
w aKTr4BHOCrr4 rpOrOCaH:re3av K nonapu3arryu 14 cyr. -

, KOr Aa BCe HCCreAOBaHHbre oyHKrlt4oHaJrbHbre [apaMeTpbr
brFrbrx 3HaqeHr4i4, a HalKOrrJreHHe BoB [poHcxoAr4T, B

f (Jrerox: u ilacr)LlBHOli rrpoHr4rlaeMocrn synxqrzoH€LrrbHo
eFreHrrq ocHOBHbrx [apaMeTpoB, orrpeAeJlsrorllHe

.f,Hr{o KyJrbrypbr Chlctreila pyrenoidosa B rrpoqecce
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cpeAbr (l\1) xleloK rc1,n6
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.{erHnue ra6:nusr
MaKCI4MitJIbHbl.€ :iHarle

rr]po qecc e Ftu3E\vrrrLfl K] nb br).

Oruparcr, Frur acc
p1trs775ti6l,t1r"s,z S-.J9 MoxH
n-IA6JIrcneHI,Iii B I.IAKOIJI

npouecc HtrKc)nJreFlzq BO,

lBllna.Ila B FIaKTO[.]IeHI4e

l3r,I[oJr{r0uleftcrr {r}'t
r/'ltpaTtrBrrlr4.Mr{ ct3o14

rpri)TocLIrl:I'e3A VI SHel)

ri(apaKTelp c) .N,rier(orlM'yly{

4B

Bi frpoqeHrax, (:a I00% npnHr4Manr4

0ocrosHrr.rf, Kyrrbrypbr, Ha6JrroAaeMbre B

.ncTaBneHbr

nl:Xa:ate,tefr

rrlpn}I(Zr3r teHI{olio Erbr,4o v!fl.) Koropoe [poHcxoAr{T noqrn nr4HefiHo. flocre 7 cy:[.

$yarquoniilIbHot'o cocrorHl'Irr Kynbrypbr Chlorella
rroJrararb,, rrro ilo 7 c)/T'. pa3Bu^wrfl, B ycnoBHrx l4-cyr.

BOB orrpe,leJrflrouee 3Har{eHr4e r4Meror rrpoqeccbr

nplAon)KaeTc{, rrpr4qeN4 0 ycKopeHl4eM, oqeBHAHo 3a cqeT

[,IONlaCCbI JIH3I4pr1l34BII]I{}l KJIeTOK, a TarcKe OpfaHIIKI4,

oHilJrbHo Mep'rBbrMlr KJrerKaMI,I c uelr6paHaMl{,
bel)Hbre QyHxqr,rra (pzrc.3). tr4sNaeHeHr4s aKrr4BHocrtr

BI4Cr4MbrX [apaN{eTpOB r] 3TO BpeM{ r4MeJrr4 CXOAHbrr4

Ha 5 cyr. (ra:vrer{eHz.s ar(TnBHocrn (DC 2, ner.uuuHtrr Rr,

x KJreroK r.ro AaHtHbrM 3Jrer(rpocreKTpocKorrr4r4 (puc.4 )
' I7U9 r4fl OT AaHHbr X:, rroJryrr eHHbrx MeToAoM oKp arur4B aH]/l.fl .

Ht )'BenI4r{I4BiLJII4Cb tro 5(lo/o.

B [onb3)/ 6olee, cJloxHoro xapaKTepa rerepofeHHocru
Aopocnl4 (lhlorel't.tt pyre,nctidosa, Koroprrfr onpe4enrercq B

@yrrxqaorta^[bHbrr\4 coc'roflHr4eM KJreroK, B r{acrHocrn,

BIIOCTI,I

iDTpa)Ka}0ul,e]|o II]poH14 b 14 CI, - [apaMeTpa, 3aBr4c{rrlefo oT ypoBHq
lrlrlra6()rlt3tr,{ €I I(JIOTioKt), rIoA rBep)K,(aeT Bbr cKa3aIIHOe BbrIIIe [oJro]KeHHe.

Ta6.nnua 5. {rl:ue.n ocHoBHbIX [apar4eTpor], ionps4enrrcu{ue QyHxqnoualbHoe
OOCTOIIH 14 e l()/'n:bTyl;,'ttt:" () hl 'ella pyren,cidosa E; npoqecce pa3Br4rr4 n (14-cyr. onrn)

Elpeur,
c)'r'

ltrclrannoc'm
t:DC"'.,L,'Yo

lB srcilorrenrlualrnofi pocra x{r{BbIX K.[eroK oKa3aJrocs ua25o/o MeHbrrre, a
n0c,[e / cy'r. FrocTa pa3n

Onpe4e.newme oh Nvt
[I0KtL3{LII() C )/ UUe C'.IBeI{bre

3lo cntlllr3Ten:bcrBy
rl1. pyK'r)'p br rr0n)'nf,ur4 r,r

3na.IH're"lbltcltZt (llerleHH

15apteprutrruzr csoficl 14 BHerrrHl4x uelr6paH KJreroK. C pocroM Kynbrypbr
'y0pelHell Har{ .XI43 l:IeOll HOCTb KneTOK CHnXaeTCj{, pacTeT KoJrr{lrecTBo MepTBbIX H

KJIlrroK, r(pr4Baq pocra r{r{cJreHHocrw le'an6onee cxolHa clpYHKt[4ctHilJltl; H O I\4epTB

rKpr4Bo[ ]. raKcf llJreHHq []O (pur:.5).
'{TOC.ne,zlyel orMe'rr4T HeT ,IOOTB€TOTBHfl MeXAy I,I3MOHCHHflMH

14 KOJIHI]CCITBOM MCPTBbIX KJICTOK Br| oroc urur'ern.lecrcrofi

R,(t xfq), % 0, napaMeTp,o

llasBl4lBa.ro ue tic r r,lY.frr, (pwc.4).



49

,rl-AxruEHocrb $orocugleMu ll, %

- .lo PoBcpegu,o/o

'iX. ,Rs (1 Kfu), %

-0.'Bflb$a.napartlep, %

t,
t,
\r(

ilr
lf \
XT-t

,,\
,,,

prKil HaKorrJreHr4tr opraHprqecKr{x BeuecTB B cpele
prrenoialosa, a.rcrr4BHc)crrl ACz vr 3Hepro3aBr{cr{Mbx

\

I

Pnc. :3 nun
KyJrbr"ypr,t C,hlorell
[apaMeTpc)Ei r,ileToK 14, B o o'T' MaKcIII\d€lJIbHbrx 3HaqeHl4fi.
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AaHrrbrM sJrer{Tpo

3HaqeHprir,
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+-vo xilsbD( lfieroK (oxpaurneanue)

+- Afi h BH omu Sorocn cteutl- ll, o/o

+-% xnBNX xneroK (snerrrpocnenpocronnn)

l[]uc.4 JfuHaran )KrrBbrx KJrerox: (orcparulrBaHne), onpeAen{eMbrx rro

Kyrrb"rypbr ()hlor,el
BOATTMOCTr Ha lri:tcToTe 1 fq B npoqecce pagBkrTLrfl

py,renoid.osa B % or MaKcLIM€uIbHbrx An_g orIbITa
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Oco(:ienrro 3itr,rerr{o
rKoHue xpnnofi pocra
irr(TutsHocltr OC: 2

ti1'nerlrueHl{€trd !tHcJra

HarorleHae E}OB :a
r, 3naKTp{-)creK:Tpoc Ko n

rt-I0 Bbrc0KONr)i (l(uep)

BOB, cSopraupoBarrHcl
r;rroco6a..uu .EleyM:ecrHo,

,{0LtI 1,{CiIIIH}I() ilp I4XI.I3H:

rclrafrHeit N4eTle ,\o 7
r\,{eMopaH ICqe'IOK H, C:

rKjre:fo.K pvTHI{I{bIM C

rqlHHI,tN,ltilT.b tsio BlII4tUaH

lFIA,4e)ItHee U TorltHee Cl

'farcr(e poly,;1q11,lBaTr, 6
l\{ l.IKpC} B0AOpr:,C.nei i.

B nepr,lo2l., l(orAa n

{p0TocHI{Te'fII qr3CI,lOfO a

[eTep0teH]:I0c:,TI4 ](]'JI b

ocla6:lenuu: KJreToK

lr0Tepb Hir BrreilHH
sJreKqlrarqecKr,rll nol'ep
N{era6orrr:iMa . 11octe
rtitccuBr{r:fr rtpoH]nUaeM

[II(TI{B FIO TO T]AI{C)IIIf,
(lOlep){tlflMrf, lllr KIeTOI{.

'/lleJII{tII{Bae:f(:r.tl ClKOpO

Ha6rroAeHuil - 14 cyr.
fiepexojl r] c)ocTitB Q

{tI}TOJII;I3A.

Moxno fipreiIrs
r.rlln)Kr,I3lre,Hr{0t'cl npo
illIiTHBII0CTlb lzt N,ICTI)/T

.flpo4vrle.FrT'ots, TztN: H

PCTOCTBt[)HI{b,I}l yiCIOB

rlpoAyKrl r,rouno jf lu,qro6
x_I0'HHbrx rrpo,A'yr(-roB B

I{eCTepI4JIbllO t'O IIJ| 14 Crf,

PasBurI,te Nrur(por]oA
rq)eAe pacBclpeHHrbrx Berqec'rB (POEi nnpr BOB) 1271. B Suirrrparax
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Br4e Me)KAy lTWMkr [OKa3aTeJI_rrMI4 B Haqare 14

1-3 14 lI'-I4 cy'r.). B repnol 5-11 cyr. cHrrxeHrae

npoBoxlileTcs cHr{}KeHr4eM T{vcra xrr,rBbrx KJreToK

MeprBbrx) He3aErr4cr4Mo oT crrocooa onpeleJreHr4r.
er BbrAen esui,t r{lyHxulloHzurbHo MeprBbrMt4 KJrerKaMr4
B rraqarc: xpuer:fr pocra rr A€uree cyqecrBeHHo, cyAs
ro raKr4x Kreror( B KyJrb'rype. llpocroe cyMMHpoBaHHe

rdepTBr,rMr4 x:"reTKaM?r, oilpeAenf,eMbrM14 pa3HbrMI4

oAHaKO nonyqeHHbre AaHHbre cBrlAeTenbcTByloT, rrTo

Hbrx Bbrl(eleHrzii BOB B Haqare Kpr.rBofi pocra HJrrl no
. cBq3aHa c Syrl<quoHarrbHblM cocrorHl4eM BHeIIHHX
fo fr)Bopfl Hr4)Ke, rTeM orrpeAenteMoe c yqeToM MepTBbIX

td. CleAonare)JlbHo, rrpr4 yrrere BOB Heo6xoguuo

$'yHnqrzoHaJlbnoe coclto{Hl{e KJreroK, rITo tIo3BoJrr4T
Hr4BaTb BHeKJreTOrrH)/ro, trpoAyKrlr.rrc eo4opoclefi, a

:HOJTOI'I4r{eCKr4e TII4KJII5I C HCnOJIb3OBaHI4eM KyJIbTyp

r4cxoAr4r c Hr4x{eHlre e @ s exu4B Ho crr{ $yn xquo Hr4poB aHr4q
rlapaTa K"]IeTOK, rrTO MO)Ker 6UrS cBf,3aHO CMetueHLIeM

no $n:ruononaqecKoMy cocrorHr4ro KJreroK B rlonb3y
LI rroBpelKAeHHrnx, ua6rtogaercs pocr 3neKTpr4rrecKr4x

ueu6pauax (noloxleHue MHHHMyMa raHreHca
xoeSSlrqr4eHra rronrpr43arlkrv, cHr4xeHr,re ypoBHq

cyr, pa3B)?rrr4fl HuroJrroAaercr cyqecrBeHHoe yBenr4rreHr{e
Ha SoHe cHr.rxeHr.r.,r ypoBHq SyHxqnoHr{poBaHr{.s

a ]'arcKe rro cFraxeHr{rc conpoTr4BJreHr4fl BrryTpeHHefo
rrI€lcTBeHHo, 9T,Cr B 3TO'r ilepHoA -rrocJre 7 cyr. pe3Ko
HAKOTIJIC]:III,g BI]B B K'TNbTYPZLNSHOfi CPCAE. K KOHI{Y

B HaKOrrJleHr4r4 IloB 6o:bruoe 3HaqeHr{e [pr4o6peraer
HHr{gCKOfO BerrlecrBa cp)eAbr 6uoltaccrt KJIeroK rrocJre

Tb, I{TO rf,pfaHllqeoKl4e BetUeCTBa I{MeHHO
cxo)KAeHrrfl Hr4eroT BbrcoKyro $uruolofr4qecKyro

nl,IpoBarb K?K lprss1 v pa3BLrTVe Kynbryp BoAopoclefi-
b rra colyrcrByloqr{e opfaHr{3Mbr r la6oparopHhD( r.IJrr4

, rlTo KpafiHe cyuecTBeHHO rrpn peilreHr,rr4 3aAarr
-r4r4 HJrr4 Or4O',T'eXHOJrOltr4r4 IIpr4 llonyqele.krkr oTAenbHbx

gop<lclefi v3 cocraBa BOB, a TarcKe B ycnoBzsx
oro KyrbrrrBr,r poBaHr4tr BoAopocnefr .

pocJIeH cc)trpoBo)t(4aerc.rr IIocreIIeHHblM HaKOTIJIeHI{eM B



BoAopO0neft cltr'H

c0eAl,tHe)Hlafl, vrjreBo
.rrp)'rr,re 11 9,:ii2:.1. llp;n rur
BHeIIIHT0K) Cpeny B pe3)'
B pe3Y'JILTil'Ie O,T'M[I4p€LH

EIOB o(5ra4aNt:r $u:n
pOCTa I{ pt2Y332'1'Hg KaK

OpfaHlrl::iMillvl, 1l qaOl

COCAHH:CH]Z'I]\1I C)THC'CflT

yfneBo;:tH0fo H

H e cIIe ql{all,r 3tr.1p o BaHHbI

u 0,341.
Han6onee:

0 aKTepl{fl Nf r.r irrB"rrflIoTcfl

p33KIIM )/l\le:Hb11leHIle
I{Cqe3tH0.BeHLt:j;I, B nelp

3afpr3HeHHtrI:K ()pf€rHI{

rerep0rpor{runrx \4r{rr:

forolpo$tHbli( otr),rau

pi:r3BrrTr4e 6a.xTepuii
A.\,IeeT l[]a)KrI0e npaK
H13CTCPId.IIbTIE,]:X]/CJI()BTI

Cnoco6no,clrb, Bo,n0
rCTHOIIleHHrc lK OaI\,IIIII U

3IIAIICHI,I 14,BH C KJI E' TO q]:I

.KilK ilpo,AYrl€)rrToB,

lK\/JIbT.l,filI{p,O EI|:IFIIII{ HJI U B

llpu .Br,rjrrcHe:HlnI

rB0Aopo0JIe)If flroIIlitfitJrI,Ir

Ip0cra Qioro'rporpoe,
{lpeAbl:, r{Trf, ,11.91Ur3T ee
'y0TaH0[tileHo,'{'TO,{eIzC
lF{i:lq€L[e I(pl4Bofr 

tr)

lB0 CCTi:l"IltOBHT$J:E FI O f O

i5ruro BbrcKa:titrro [pe:
Beulecrlts, cleiilaAaror
l.I]leArIec:TBerrHaK0B. fI
rKJropoQHnJr,r,tlo B lrpr4
lrepuoA oTMr,lpaHr4fl Ky
llllHpoAnt:brx )/cn:oBrlflX I
ilprMo upyrcqvNr pa3BrrTLre 6anrepufi.
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br 6elrcn, Jrr{rlrAbl, aMI4HoKI{cJIorbI, SeHolrHrte
fopMoHr,L, aHT',tLor4OT[IN:r4, OpfaHI{qecKHe KI4CJIOTbT LI

c,{I4T?Tr,, rtTO BHeKreTOqHbIe BeIUeCTBa IIOCTVTIaTT BO

bTa'fe x{H:iHeAeflTeJrbHocl'u aKTT4BHO paCTyrrILrX KynbTyp 14

KJreroK [30]. Hexoropue rpyrrrbr coeAr4HeHuituz cocraBa
rHqecKoii aKTHrlHocTr,rc) v MoryT 6rns perynrropaMr4

O O'IHOIXE)HI{IO K: CAMI{M TIPOAYIIEHTAM, TAK H K APY|HM
r( 6aKTepH.sM. K raKr4M QynrcquoH€urbHo aKTr{BHbrM

HeKlreToqHbre Jllrtlvlf,.br H Qeuo:ru, TofAa KaK npoAyKTbr
aSOTHOrO o6Hresa cqrrraror SyHrcqnoHilrrbHo
n B $rl3l,roJrofuq€)cKoM Lltrr4 6I,roxnuuqecKoM orHoIIreHI{n

HelrHbrMlr Tr4rra.NrH oTHorrreHnfi rr,rexAy BoAopocJUrMrr 14

r4Hellfr43M r{ aHTitf oHr43M, AHraroHr{3M xapaKTepr43yerct
TII4CJICHHOCTI4 I5AXTCPZfi, BIIJIOTb AO IIONHO|O I{X

rrHTeHcr4BHoro p€l3Buur4s QuronlaHKToHa. B culrHo
Kr{Mr4 croKaNra Borax npr4 o6ranrnou pa3Br4Tuvr

r43M0ri MOXeT npoucxoAr4Tb rroAaBneHpre pa3Br4TVrfl
n 122]. floerou)/ cnoco6Hocrb BoAopocrefi noAasrsrb
brBaeT BO3MO)KrIOCTb perryn[poBaTb 3TOT rlp0qecc, rITo
KOe 3Ha\reHrre [pr4 KyrrbTr,rBr4poBaHnr{ no4opoclefi B

IX ,qnr uenefi 6uorexsoJrofr4r4 r4rrvr aKBaKynbTyphr.
efi BblAenrrb BelrlecrBa, gBJulroilIuecfl aKTI4BHbrMr4 tlo

ueHTard r{Jrtl ,4pyrHM BOAOpOCJUTM CBr4AeTenbcTByeT o
MeTaOonI{ToB B pr3rynflIllztl{ npoqeccoB pocTa V pa3Br4Tvrfl
K 14 ConyTc:fByrotqm( BHAOB rrplr coBMecTHOM

BeHrrbrx yc.lro Br4_rrx .

pIatII4H rn6elu 6anrep,ufi B pacryrrlr4x Kynbrypax
qro cBer rl4rrrb (loecfler{HBaer ycnoBl4fl Anf 6brcrpofo
npr4 Borr{T' K H3t\,reH€Hlrro SHsraro-xvMzqecKr,rx ycnoBr{fi

enprrfoAHofi A:r-S pocra rrr4KpoopfaHr43MoB. Pauee 6rrro
JIbHo IIpH pt3rgle IryJIbryp BoAopoclefi, oco6eHHo B

rrpor{c.KoAr'tT pe3Koe cHr,rx{eHr4e oKr4cnr4TeJrbHo-
u;r{aJra H BeJrr4lrr{Hbr pH 126l.OAnano B AaJrbHeftureu

He, rrro, cueT MoxeT r{Hr4rII{HpOBaTb O6pa:onaHze
ar.ru6arrepna;rrnofi irKTrrBHocrbro I{3 HeaKTI{BHbrX
3ToM t;,luernr B Bru:y Qoroxuruur{ecKr4e AepuBarbr

BHOM pocre H cBoooAHlbre )Kr{pHbre Kr,rcrrorbr (CXK) e
6ulo rroKa3aHo Bryp no4opocneii l22l.J(ponae roro

Mlmypclllrx o3epax, r{Tro cBeT He qBJrsercr QaxropoM,



ElrD40pr)c"Tr.r - oA
lfl.[aHeqi. I1o;,nia-nyfr ,

lrrllonc,xrJx{4e[r?r'I w n)\
]IIOXU, -K:AIi 14 B }I{ICTC)g

,qpyfr,re eoAO#MH, or5
r\{Hp pfil3Hc)(]0pit3Hr,D(

i5ilxreprl.ft; o.Frr4 fl'ennvc
rKilK 31-O He )',lU{BrrTeJrb
tFlil cy'lllr3, Il c]fefaLx, JI

rr:t' rrpoc'l]ollclnr (leBep Fiot

0:r' Tpoilr{KoB Ao OHe|oB
llop - Bcroill/ Mbr l:rax:

r:rroco 6c'rB)'rcT rrepeF{oc
lllt IIO l/IO'pfl]:!{ U OX:

lrlloxognt ble. Jilu6 poxleHr
I2IirOM U llblJlbrc) c I]0
ilepeHoc.frTcrr Er€r 6oJrb
BOIOpO0Jreii ilOKrro.l
nOBce.M€cTrrcf e pa3He0eH

I-l a.u6o,nee cl6utnn,t

IIO IIIHtr)()TH.bIM 3ICHOMl

oJlafo[q)t4trH]bI, t,{bl H

apKTuqecK[rx N{()pxx Sl
beAuee.

Pacnpol:lparHerr

JIOn)KHbr LIry)ilTb :]Har,I

r30AopOcJilir r\4 a.l Io3aM€TItl

14OKIrcI{IITE"]th,Hbl}: CJIV

rvlrlKpostrTor!',wfitL lt
BOIOpOCJrflMrr, OH:I{ n

IIOKA3bIBAIOT., qTO B MAC

)(I4BOI'0 Be[lercrset oKa

OcnosHoe 3Haq

tpm:zororpFIercItt.D(
:ierdHrrnnr pilcreH.Lr.rrML

CCt3I4AaTeiJIeNf Opfi:lHl4 qeC)

Ile)cb ocT'a;Irno.ft ]raup'

r{epe oeiq:}aH cBoHN,r

6rraro2lapx rlol1c)pxa

opfaHl4rit(3cKI4e llieilI
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5. 3AKJK)IIEHI4IE

Lt v3 .4peeuefirutx opraHr{3MoB, HaoeJrffrotqux Harrry
KO OaKTel)r4r4 MO.fyT rrocnopr4Tb c Hr4MH B ApeBHOCTt4
bHr)cTH C,ytIIeCTrlO BAHVTfl . B npOlUbre f eoJrofr{qecKlre
Btr)eMr, lsoAopcxlnn HaceITflJILr oKeaHbr, peKr{, osepa u

TLrB arMor:Qepy r(r4cnopoAoM, oHr4 Bbr3BaJrrr K )Ku3Hr4

I,[BOTHbIX KI CN.CTCO6CIBOBZLIII4 PA3BI{TT4TO AEPO6HTX
poloHar{aJrbHr4KitMr4 pac'reHuft, zacetr4Brrrnx cyuy, H

, co3AaJrr4 Mofyrlr,re ToJr[Ir{ fopHbrx nopoA. B no4e ra

x 14 roprrrux prcT0r{Hr4Ka>1, rro BceMy 3eMHOMy rrrapy -
Jleqonzroro oKe)ana ui, ero ocrpoBoB, Ao rponl{KoB, 14

cKiur Aurapruvl)\bl o:t i\4opcKux rrry6vtH Ao BbrcoKlrx
Ar4rvr Bo4opssr71, vIx Nrr.rKpocKorrr4rrecKr4e pa3Mepbr
ua Solrurne paccroflH,vnr. BoAurre reqeHr4s pa3Hoc.sr

aM. Tarcyo )Ke lloJrb Br,rrroJrHmor pnr6u, oco6eHHo
bre r43 BojIbI Ha (ieper 14 Bbrcoxurne, IIoAXBaqeHHhre c
oc'rr4 cKaJI r{ fror{Bhl BeTpoM 14 IITI4UaMI4 - BOAOpOCJII{
9 FraCCrOfrHl/.fl. Ilyrr.r 14 cnoco6u pacnpocrpaHeHprfl
bHo MHotoo6pa:nr,r u rrorHocrbro o6ecne.{zBaror r4x
e.

p€rxeHr4eM r{x jsBrf,eTcfl pac[peAeJreHr4e no4opoclefi
TenJrbrx rporrzr\recKr4x Mopf,x, rAe ycJroBns 6olee

oAr4tM Lt ooJlbrrlee KoJII{rqecTBO BI4AOB; B XOJIO.IIHbIX
pa BoAopocJrefr [ro Br4IoBoMy cocraBy 3HarrHTeJrbHo

IIo BceM\/ 3eMHOMy [rapy, BoAopocnr4, HecoMHeHHO,
bHyro pclnb B )rr:r43Hr{ nplrpoAbr. Ha nepnrrfi B3rJUrA
rI poJlb rlx Ka)teTct He3HarIUTeJIbHOit, 14 TOJIbKO B

X, KaK, HaIIpI{}1tep, B ryCTbIX 3apOCnsX MOpCKT4X

"qBereHI,II4" grir[bl, BbI3bIBaeMoM I]JIaHKT0HHbIMI{
K)T CBOI{M r/3}6l1.n]1leN4. flpou:ne4eHurre [oAcqeTbr

e Bcefi 3euln ponb BoAopocnefi s o6qeu 6alaHce
[oI,tcTI{He (]fpoMHOrI.

e BoAopo'cnefr B )nr{3Frzr np}rpoAbr BbrTeKaeT r4g krx
HHocreI4 rcax ge.ndHbIX placreHr,Ifi: rroAo6Ho BhrcrrrrrM

C)'[Ie, BOAOPOT],TI4 B BOAC tBn_grOTCr OcHOBHbTM
fo BeIqecTBa. l-aKHnr o(5pa:oM, MOII{HO CKa3aTb, rrTo

peNIeHHbIX )KI4BETX cy[IrecTB BoAbr s rofi unu u]Hoit
xIIeoTBOBa,Hr4eM BOAOpOOJT_rrM, TaK KaK BOAOpOCII{,

B H-I,IX

cBoef0
xropoQn;ua, cnoco6utr co3lrAarb

TeJTil Vr3 HeopfaHr4qecKux BeIrIecTB



orKpy}I(aFortleLir 1,rx

[]por{3B0ArrreJr.,tM tz Tor4

If, OTAJI-b[I h] C JII,IruE-HHbIE

Orpovrrloe :lHa'qerr

r[]Jorlec0e Qolocr,rHTe3a
,IIIrIXOFIHII EIOi(]FI]b] X OPI-AH

Co4ep;xcernrre yr
|]ecnoK()l,11' He T0JIbKO

00cToj[I{HeM olKp'r7;q3ro

l[]lI,I3bIB a.IOl' OOKpi:tTU Ib
'VqeHr,re Hs l[,'[uclr4T)'Ta

,Arca,{eurr,u.r roH.Kofi
lllleAnalitrcT IIC:rroJrb

130[0pO0II€:II, Ha.IIptrM

cocraBoM. 3'.rlr BoI0
r:oe4ltHerII,tfi , rlpcl
'f0JIbK0 napFII,tKc)Bbla

HrrTeHcr{BEroc'fr, fl o'rocu
tilIHMaT I{3Merl:tII'tC,g. Il
rforocnn:res M:rrcrrtn.

pa3HbIX I3IIA0,IB parilTelln
I\41{OIO'l'fJIeI,iLtCJlOI'O

Q OTOCI,I]H Te3 :lal\{ e,AIt
Ilo ,cyl(€cl'ByFor

:r/OTotirlllBbre I( BblcoKrIM
He,Aaen:o poccHfi

lvl t,IKpCrBCrA0pC,,Cne iit l4tl
t'Chlorellla v,Lrlgaris rr

,Ir,roKcr4j:(e y f.l repo,4a.

o0Jree NIflfKI4$ yC.jlOBt4{
,{'ro frprat TilKOil .KOHrIe
(ir,roxzulrqecF;:r4fi

6erxon, Bepofl'Tur), (ion

OI.{oxI4MIIqeCF,OfO CCTCTi

l3 srcoKarr r(oH rleH'lpa
pa3Hbre B4{1;r nrpcrr43Bo

u ToM r{140.[e IIpe
I(ApaTrII{()I4At,], He
Beulec'tll O,llHoK,IIeT0
\/I'JIEK],ICIJIO|O T'A3A Y
r{oJIoBerttec'fB}', 

BC: KOpe

aluocQr:py. tt noi'rAyr
OrrpeAeJreH rr[,]iM Sllox nn,t

Ahr. Qn6:4oB?TerIbHo, oHI,I sBrqtorcq B Boae
epBr)[urur{, KoTorpofi e LaJrbHefirxeM rroJrb3yroTcq Bce

Ql4rrJrir BotrHbre opraErr{3Mbr.

e [\,IeeT TaruKe'ro o6croqTeJrbcTBo, qTo BoAopocnl4 B

BblArlr-sror cso6o,ryHufr rzcnopoA, Heo6xo4uuufi 4lr
3MOB, KaK )KI{BOT'}rbIX, Tat( 14 paCTI4TenbHbIX.

KHC:.nO|O fa3a B BO3lIyxe ObrcTpo pacTeT, rITo
rleFtbrx, Ho 11 npocTblx o6sInarelefi, o3a6or{eHHblx
fi cpegrr, OHra 6osrc.fl rro6arsHoro rrorerrrreHtrfl Lr

u6pocn ClOz e aruoc$epy. Ho KyAa x{e ero 4enarr?
I43lronortrr4 pac'reHuit wv. K.A. Tuuupx:eea PAH u

IIIMIIYeCKC,I TeI)(HOJI0IIIIH I4M. M.B.JlouoHocoBa
BaTb efo tr.ntl. BbrpailIr{BaHvrfl. olHoKneToqHhx

xJropeJurbr, c olpeJleneHHbrM 6uoxuuuqecKr.rM
14 MOXHO 6y4er r{cno.rrb3oBaTb AXfl rrpor43BoAcTBa
ro[(vx KoMMepr{ecxufr ]aHTepec. Yrlerlrclora - He
. Or ero coAepxaHr4r B arnrocSepe 3aBkrctrr

Te3zr, pr yr{eHblx {5ecuoxol4T, KaKoBa oHa 6yAer, ecJILI
HblErerrrHe:fi rcouuesTparlu;u CO2 n arl,rocSepe (0, 03%)

tlr4v 3aMeIJr(3H; OrrTr{MUUrbHOe ColepxaHr4e I.nfl
pa3Jrr{rrHo, Ho B cpeAHeM s 60-70 pa3 Bbrrrre. ClHruxorr,r

ro;(e nJrroxo. llpnr KoHrIeHTp ary:au 10-25%
LI MOXeT Aa)Ke ilTIJIHOCTTT,IO lpeKpu|LrTbcfl.

Hllfl., B TIaCTHOCTI,I OAHOKJIeTOqHbIe BOAOpOCII{,
H{eHTpafquxrrr OO2.

Kr{e yqenrbre o6HapyNzuu B KonneKrlr{r4 Kynbryp
Ta SneHonoluu pacreHrafi PAH ABa rrrraMMa

aldir:ria partita), cnocr:6Hsre pacrr4 Aaxe B r{r4croM

Eor op o cnr4 Hcrrbrr€L[u s .:ra6 op ar oplrtr, rrp eAno)K LrB r4v.
aruocSepy coclosu1yrc uz CO2sa 5o/o. Orca.salocr,
rIr4I{ BOAOpOCntT AOCTaTOT{HO aKTT4BHO paCTyT, HO r{X
oTirr{qaeTcfl oT HopMaJrbHofo: B KJTeTKaX MeHbrrre

uire KpaxMaJra, Lpyfofi cocTaB nr4nr4AoB. I4sNreHeHHe
lIpHBJIeKaeT rlcO6Oe BHr,rMaH14e 6raOrexgOnOIOB.

Ar4oKcrrAa yrnepoAa - crpecc Antr KnerrcH. flpz 3ToM
r4 rraKarrJrnBaroT Hecuequsr4qHble AjIs HIIX BeIIIeCTBa,
BJlf,rorqrre Kc)lvrMeprrorcKl{fi I4HTepeC, HaIIpHMep

/rneBofbr vr xr4pHrbre Kr{cJrorbr. Ecmr o6ueH
eo4opoc,reit rpz BbrcoKr4x KoHrleHTpaur4rx

B rxnpoKrrx uacru'ra6ax [ocraBnTb Ha clyx6v
br rr4oKcrr,qa yrJrepoAa He 6ygyr nocryrrarb B

Ha BbrpatrlrlBaHue 6v ol,raccsr Mr4KpoBo4opoclefi c
ECTiHM CC'CTOBOM.



flpone,qetElHbre B

HaronH're-lllnl:it Kynb

BeIIIeCTtB Lra [)Ur3HbD(
cBt3aHo c $r,411611rott
TIPHXI,I3IIE-HI]OIO,A II
rc:tPYK'r)'Pbt rtrllry"'ultl]4 LI

'yr-Iecr:b liOll3, Bbr,q

[poHHuael{0c:Tbtcr BH e

naccnsHoii 4u{lSy:un:
K'/nbTypELnr.r;t,rrii cp
a:MeHennxull rfio'rocu
.B 3Kcl oHeFIt1zrallbHCrri

rK\/JrbT\1t'bI BOIIOpO CJTr4.

rrrlloHl,tllaet{0cTb I.I u,-

rl0Blr44a.rra c0 cK0po0
lBoB Hiil o,cr{c} Olrr,Dr(eH

IFIAr{ane cTaIII,Ic)HapUCrfi

,IOJIn X:JIeTOS;: C HI43KCf

l\4epTBbrll (rrcr 3Jrr3KTlD

BpeMfl Ili npOHecOe BbrAe

l3 CB!3I{ rQ ''FIleJlI{qeH

3JreKTpO r rpoBOI(H0'cTr4 .

:Kr43HeCllOCO0tt{0C't[b

Bo3pacT'a.eT rlOnt IIp,11

,laHHbII\4t 3.reK:lpoilpo
lqlr4Bofr poOra. Srcr
roTopofcHH0cTta cTp)
rr0 Synnqno,HaJrbHoMy
BbrAenetH14il {ryurrcquou
r.rlloBoAr4M0c:f r,r ). cne,t
BHHMaHrre {ryrrxqucr
0ueHI4 BilTb, B tleKJIeTC!rI

OI,IOTCXI"I ()JI O-t"I,IqCC KHE

Llsy,qs*rre l(apaKt'ep
tfulrrpar?x r)pelr paL

ilI(TIIBHlito ntenalfic,mrt sl.
Hr{aKTrr}ar{r{rr OC2 B

$.rryope<;qeHqhra rra )lto
I.I3MeHel{I{tllvt.tI STII(
flpotrc K(),{r It[ r.]rN,rr.r MelIJre
\/l/IeHbIIIeHHe MeA,leH

OIIbITe IIOIUUE|JTeH]?Ie Me

3F:C[epprMeH'ra y n(yn]5 pacrylrlztx Ha 3i,,7 u 141-cyr. cpele MeAneHHar 0*u

llccneloBaHntr noKa3aIII4, r{TO B IIpOqeCCe pa3BuTtlg

bI Chlorella. py,renoidos'a BbrleneHr.re opraHr,rqecKr4x
r4flx pc)cTa npor4cxol,r,rT HepaBHoMepHo u TecHo

4brNr cocTorHHeMi KJreltol(, cooTHorIIeHr{eM lrpoueccoB
rbHofo BbrAeJreHH-s. lJ ces3r4 c HeolHopolHocrbro

Aopocnl4 no Q;rsllllzonruttlbHoMy cocro{Hl4lo, rpylHo
SMCe K"rIeTKaMlzt )KIIB]5IMI4, HO C HapylreHHofr
rgx ruevr6paH, B r{aKorrJreHr4r4r4 BOB Bo3pacraer ponb
ropr?Hzr{ecKrlx BerrlecrB. Haxoulesue BOB B

nrr4spgcnefi coilpoBox{Aulrrocb 3Harrr{TeJlbHbrMLr
trr3cKofr aKrlrBr{ocrr4 Ky'nbrypbr C. pyrenoidosa S-39.

MaKc llMaJrbr{af, Sorocunrerl,IqecKa{ aKTLIBHocrb
fi r{r4 Ha xo:r Q Qr.rqil eHTa [onrpr43auHH, Rs, orpaxaroruef o

aMe:qpa, 3itBuc.[Il[r3ro o'r'ypoBHfl MeTa6onr43Ma KJreToK

rpocra r{ cKopoc'rb}o Har(orrJreHu_rr BOB. Harconlenue
QorocuHrorueect.ofi arcrlrsHocrr4 u Kn n nr{Hefirryrc r,r B

pa3B"wTr4fl rrt/nbry pbr oobrcH fleT cfr yBenr4rreHr4 eM

QynxquoHaJrbnofi aKTr4BHocrblo -SyHnrlzoHaJrbHo
rcofi [pc)BoAr{Mocrr{ HEt Hlr3KHx .racrorax.). B 3To
nr BOE| yBeJnrqr4Baerc{ ponb rraccr{BHofi aufsysuu

M rlpoHr4rlaeMoc'|r.r uevr6pau KJreToK, cylLs no IIo
Ha cr€rrlrroHapnofi 0*" pe3Ko cHn)Kaerc_rr
K BOAOrpOCnr.r v B oocTaBe BOB 3Harrr,ITenbHo

KTon aBTOJrr43a riJreroK. [onr MeprBbrx KJreroK rro
Tr4 Bbrrue, qet/ no MeroAy oKpamkrBaHr4fl 4rr nceft

bcTBy€T B rr0rrb3y cno)KHofo xapaKTepa
nonyrrqlrr4 BoAopocnv Chlorella pyrenoidosa
flHl{xr. B HaxonneHrrr,r BOB yBenr{rrr,rBaercs ponb

bHr) MepTBbIMI,r KJIeTKaMI,I (nO HI43KOr{aCTOTHOfi

bHo, rppr yqere BOB Heo6xoAr4Mo rrpr{HHMarb Bo
EHO|I COOTO{HI{e KJIeTOK, qTO IO3BOJII4T TOqHee

rtpoAyr(qurc no4opoc,nefi, a rarcKe peryJrr{poBarb
bI o I40II o [b3oB aFII{eM I\T.rbTyp MI4Kp oBo4op oclefi .

r: snyopecueE:uuu y KynbTyp, BbrpaxluBaeMbx Ha
BO3paC'fa cBr4I[eTenr,clfByroT, uro su:uoJrofr4rrecKr,r
rrr4Brxrrec-rr B oocTaee BOB BoAOpOCJrr4 npr4BoA.rrT K
Jru C,hlorelltt pyrenctidosa. llo4aueurEe BhrxoAa

HF F'ln [pr4: HeH3r4eHHOM .rpOBHe Fe, BH€rrrHe cxoAHo c
rrapzrMerpoB rrpr4 {lo-rounru6uponanuu, oAHaKo
Hee. B Kc)HTpone Ha6mc4ann 6rzsrcoe K JrprHefino*ry

Qassr HapacraHur F, rro Mepe crapeHr{r rcynrryprr. B
Hrrofi {ra:u Br,rpax{eHo .rrpKo Lr K KoHrIy 14-cyr.



yrKa3brBirro:r Ha d))'HKr{uo
TIOHTpOB),

XI{HOTIHOTI]

cOAepxca,T

2 \a-il P-ueu'rptln) B

Me,[IIeH]HO BCrCrO'fZt,HaEiJI

;iIltTHBH0OTI,I }i.1.19TOK

Bo3pacr€r .Mo,rKr3'r 6srlr
[r3pe]ril4nrarrne uedlafon
B3aLIMOrIpe:B pl:r[Ien{I4 fr CI,-

KoTopbr.x: cnopocrs s
,LreN{ y B-uen'rpon,
rSOXpaHeHlIq )I(lI3HeC

r0BItAeTe"rIbcTrly}lflt o

lpil3Br{'fptJr rryrb'ryp Bo

rSeuoru.uoii rrrprap,o115y

]KJICTOK.

Conepruer.rFro Jrorpr

rKJreToK B0IIOlpOcJrr4. H
rf orocu uro'rrr rr13cliofi

rK,y/nbrypht O,htlorella p.
(l0b{CHI4Tb, O bICITTbIM H

rf:ranoHc,n;1oer O,4uano,
rFlaonrcLaet\,rblK Ilatp aN,l

rl)/T. Sum,rpralon' K:yJtri

ra0xo,rlHb.x Mr(olta6onrl

rrrlloAyrcf oB, -ti.r4HO,HOB,

rK\Inbryp sa Izll-cy'r. S
flplir pa:3nr4tir{r4

BO3MO}I{}IOICTb llOIrlCHlL

al:laJII43 ]'O](CI4 tIH OTJTH

rrlrHoJleHoBoii ( I 8 :3 )

lK3oreFrr-rbrNril X:K, c
FIr3H?Cbl [rlenurrii 6rrna
.F,,/Fn,, c'raluoEll4Jraob o
rHeHaCbIllIe.HHOcTr4. Cy
n:lnreHesuit flapa
rfnlnrparon cpeA Bo
3r(cnepr,nMeH'r0Er Ha6JnK)

HapacTaFrr,lrrl F n,

HHllyrurroHH()ri

OluJIHrlaloI

Qoroc,un rer l,t'rl eoKLI it ant

OJIHaKO. npu 4eitcrBrrH HO rlp O r.i cxoAr4Jt o 3nr4 MrrHr{p oBaHvrfl MeAJTeHHOfi saSU

57

i:IIriIIe:nTCtpa

BHCK]ICT0qH

K:pHBOH

np nHecKH o'rcyTcT.BoBiUIa. Irl3secrHo, r{To ABe Sa3rr
Hg.percrauz:r SlycrpecrleH rlr4 r.r B rrpLtcyr crBLrn IHypoHa
t{po oaHr.re AByx prir:nr{qHbx Sparqrafi PIJ @C 2 (cc-z p-

r[o cKopocrr.r Soprvrr,rpoBaHur BoccraHoBJreHHoro
Moxso npeAnono)Kl4Tb, r{ro Qranrrparsr cpeA
uera6iolurlr, cnocr:6Hrre Bo3,rleficrBoBarb Ha

zureroK, cMerrlar rereporeHocrb crpyKrypbr PIJ OC
oHy :/MeHb[reHr4r r(orlrqecTBa P-qeurpon, krrrv

ton[ry Qo IIeHtrpoB. Cruaxenue Sorocunrern.{ecKofi
iqr4 B npr4cylfcrnuu QluttbTpaToB KyrbTyp pa3Hofo
cTBr4et\,r aAarrTVBHofr peaxquu, HarrpaBneHHofi Ha
Iblx ycnonnfi cpe4r,l B erou cJ$/rrae Bo3Mox(Hocrb

B F'If, Bo3Mo)KHo, peail,r3yerctr B noJrb3y cc-rleHrpoB, y

cF

Qa

'IP

HporlaHrrfi Boccra]roBJreHHoro xr4HoHa s 2-3 pa3a Bbrrrre,
Molxer 6urr 6zo:roru.recKr,r qenecoo6pa3Ho AnA
6tuocru Kyntsrypbr, llonyrreHHbre pe3yJrbrarbr

3MO;{{HOCTr4 CyrqecTBoBa.Hr4fl MeXaHr43Ma pefynsqur4
ft uyr,eu sos,ueficrBrr;r Mera6omrron, cKopee Bcero,

Qy HnuuoHr{poBurHr4 e $oroczurerr{r{ecKofo al[apara

o rrtr)r4 3ToM BbIfJIf,AI4T CHprlKeHI4e pocTa rlucneHHocTt4

fl HaI{r4 B 3KcnepaMeHTax. Crnrwynrqzr
BHOCTT4 U pOCT'a rrr4cneHHocTr4 KJTeTOK IrpU pocTe
naidosa Ha {rulrrpare 3-cyr. Kynbrypbr Mo}KHo

inrr:Hraetr e BOII @eHcurHbrx coeAr4HeHufi r,r3 rpyrrrbr
prr4Mynqunr 6rrcrpo cMeHqracb nHru6npoBaHr,reM

rrpnqer\,r 6olee HHTeHor4BHbrM, qeM TaKosHe lr{ 7-
. 3rc, cBq3a.Ho, cKrtpee Bcero c Eecrpyrquefi

Vr .HaKOII.IOHI4ONI BbICOKTOTOKCI,ITTHbIX AnrI BOAOpOCII4

rlepeKrrceu, arrbAeruAoB, KeroHoB r4 Apyrr{x. pocr
Tax IIoIaBIqIc)q rlpaKTI4r{ecKI4 IIOnHOCTbTO.

IIbryp 3eJreHbll( Mr4xpoBogopocleil fiorBfferct
,qeficnlu-r HXK r{3 cocraBa BOB. CpanHurelrnufi

urrosofi (18:0), orrer4Honofi (18:1), ruluoleeofi (18:2),
rloKirarr, trro rrppr raHrcy6u:poBaHvrvr KJreroK BoAopocnr4 c

c'fb LrHaKTprBa'i;Jr4r4 6rua reM Bbrrrre. qeM 6olee
f[oc,re 12 .{ trHx}6lrpos311l,rr crerreHb rroAaBreHnq

eofr t\rrs BC:(3x FI)KK, He3aBlrcr4Mo or
rIHbrM Ha Haru B3UqA trBJIteTCfl CXOnCTBO B

Sn;ropecrleHur{r4 npr4 4eficrnzu 3K3oreHHnx xtK u
opoonr4 pa3Horo nospalcra. B o6enx BaprraHTax
rr noAaBreHpre Bb,rxoAa sryopecqeHur4H Ha ypoBHO Fr,

CTEIICH14

KI{HETLIKE



Hapacratuzrx .F;',o. C)ne

B pery.rf,qHt4: pocTa r4

Bo3lefic'rBr4Jr Ha cllorocu
cTapbx t:vJrb:tYpax M

AKT'I,IBHOCT'II I(:JICTOK B

O,lernunn:t1. .s ec
o,6la,r arcnulx nruc;oxoti

4llt H\i I{ClttoJ]b:loBltH

B0AOpO0ne'iI,'.farK t,I rqJlJI

Pacr;uorllea 3ula
C"TCAYUIIIIC I}bIBOAbI :

l. Bilrrerr,itHrlc: BHe

.p.yrenr:ialosa S-39 Bi

S' ngnO.rlitlf.a r{ecKH M COC'I

HaKonJreHus BOI[] c
arKTaBHocl'Iit r"r )KI{3 HeCII

BOB FIaKaI]JIaBiitIoTcfl

Sorocz urerllqeclloii a

IIO AaHI{hILr 3JreKT,poc IIe
2" C.lonocT'aBJrr)Hr4e

IrpoBoAxlM0cTu E.a Frpr3

[oKa3aflo, H'['o B 3KC]IO

cococ'TarBJrrrrcT' 25i -3 0o /o

coorBe:[oTBe F]r]l:o. Brr6o
I,IMCEI' BiIN:HOE 3HAI{CH

3. G)l.rs.aoJrcrlr4qec Ku
rl hl o r <z I il, et py t' ti7 lto i d o s 0
J[Iplr eroM rrllrorrcl(oAt4T

HapacTarrHrr

1r{ ;[IKCH M.aJItUr:r ii
l'€)TopOre:HoC'rb F'U
(.Hte4leuncr BorocraHa
6<lree :rS(lercrlrErHbr(
0oxpaHer{r4r )Kr.t3Hec[
:lr:Tr,rBu0crra OC 2 colr
0IJTb CIIeIC'llBI4€Ir4

I{eoJlaf 0 IIpH[ lf FIbX'( VC] JIO

4. llprra urm'y5upo
I4HAKTt4I]Ail.IIfl <DIC2

rp.uyoper;qeuuuu) cxcf
r,rr{aKTnBau,lrpr <DC. 2
rocne 1.2 q unxv6wpo,

(bn:v

IleHacbrrrle Huoc:r.u ){l(.
CTETIEHb I4HAKTNBAIII4I{ OC 2 HE SABUCHT OT CTCIIEHLI

bHo, BHeKJreTOqHbre MeTaOonI4Tbr aKTI4BHO yqaCTBVTOT
'.?rrLrfl .Kynbryp 3eJreHbrx Mr4KpoBo4opocnefi rryTeM
Ir{ecK}To aKTr{BHOCT'b, a HaKOIIJIeHne IrAera6onI{ToB B

Xer rrprrBoAtrrb K rro![aBneHr{rc Srasuonorz.recxofi
b Ao rrpeKparrleHr4r pocra KyxbTyp.

eHHbrx ycnoBr{qx HaKorrJreHr4e BOB, HepeAKo
TIUIq€CKOH aKI'I{BHOCTbIO, CO3IaeT BO3MO)KHOCTI4 KaK

B oHeptrerr4qec)KoM o()MeHe MI{KpoopraHr{3MoB Lr

B OIB B pe{/nrq uv l?asBr4rr{rr caMr/rx no4opoclefi .

[ocTaB.rreHHble HaMIlx BbIIIIe, MOXHO CneJIaTb

qHbx opraHr{q(lcKprx BerrlecrB B KyJrbrype Chlorello.
rl)oqecoe pzr3BlrTr4fl KyJrbrypbr onpeAenseTc,

a ycKo

BHOCTLI

HpreM K,rr,9ToK. Il sKcnoHeHrluzlrrbnyro $asy ALrHaMr{Ka
yer Ar4HaMr.rKe r{3MeHeHHfi fiorocuHreru.recxofi

n KneroK Bolopocnu. B craur4oHapHyro Sare
po-HZeM B CBr3r4 C pe3KuM CHIDKeHT4eM

14 yBenr4qeHHeM t[poHr4rlaeMocTH KJTeTOK, CyAs
Korrr4 rr KyJrbl]ypbr.

MepTBbx KJreToK rro rro 3neKTp14rrecxofi

oKparrlr4BaIJI'4flqacrorax 14 raxosoi{ ro Meronv
HUAAJIbHVIO $a:,y QynrquoHaJrbHo MeprBbre KnerKr4

craur4oHapuyro $asy 50-60% u 20-25yo2,5-5o/o, it n
KP]4TCPI{JI OIIEHICI{ AONU }KPIBbIX I4 MEPTBbIX KJICTOK

qpz orpeAeneHr4rr rpor,rc xoxq eHvrfl BOB.
aKrrzBHbre lreradolurrr,Snlrrparon cpeA KynbTypbr
39 nprano,nnr K HFraKrlrnavuu eC2 KJreroK BoAopocnr{.
eAaBneHr4e MeAJrr3HHoft cpa:u uHAyKrluossoft rpranofi

lIIe.FIIIrrI4. Ouenu4Ho, uera6onurrr BJrr4qror Ha
2 Bhl3brBar yNreHbnreHl4e KoJrrdrrecrBa B-qeHrpoa
r,rBaroqpr.K nepnu.ruufi xuHoH) B rloJrb3y

-HertrpoB, qro (5uolorlrqecKrz qelecoo6pa3Ho An,
rrocrn Kynbrypbr. Ha6lroAaeMoe cHH)KeHr{e

cHIDKeIIr4eM pocTa TII4cJIeHHOCTII, qTO MOXeT
pnrrofi peaKrlr4rr, HaflpilBJreunofi Ha [epe)KuB aHue

cpeAbr.

KJTeTOK BOAOpC)Onpr c 3Kt3ofeHHbrMlr XK, npoucxoAr4T
xapaKTep14 cTr,rKHe (no xapaKrepy' nslaeHenl,rfi

c raro.eofi trp,pr Sgrguuru|nponanvm. Cnopocrr
Sbrrtre, qelr 6olee HeHaohl[1euuofi {BJrqerc, XK. uo
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