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rofl0BOM PUTM MHTEHCVBHOCTW POCTA KY/IbTYP
MWKPOBOAOPOC/I DUNALIELLA VIRIDISTEOD.
(CHLOROPHYTA) N dNYKTYAUNWN HEKOTOPbIX
M’EJIMOPUN3INYECKNX PAKTOPOB

WccnefoBaHa MHTEHCWMBHOCTL POCTa MEPUOAMYECKOW KynbTypbl — MUKpoBogopociu Dunaliella
viridis Teod., cogepxaHue B ee KneTKax 6enka, TpauMnrnMLepnaoB 1 B-KapoTuHa B TeUeHUe KasleHAapHOro
rofia Npu CTaHAAPTHbIX NOCTOSIHHbLIX YCNOBUAX KYNbTUBMPOBaHWA (MOCTOSIHHAS OCBELLEHHOCTb, TeMMepaTypa,
cocTaB cpefpl ¥ Ap.). HecMoTps Ha MOCTOSHHbIE YCMOBUA KyNbTUBMPOBAHWA  MHTEHCUMBHOCTb POCTAa,
cogepxaHue 6enka, TPUALMATAMLEPUAOB U [B-KapoTWHA XapaKTepu30Ba/INCh CE30HHOV BapnabenbHOCTbHO,
KOTOpas WMena (IVKKep-LUyMOBYHO  CTPYKTYpy. BblfBneHa OTpuuaTeNbHas —KOppenaums — Mexay
MHTEHCVBHOCTbIO POCTa Ky/MbTYypbl MUKPOBOZOPOCNEA 1 abCOMOTHBIMW 3HAYEHUAMU M/IOLAAN CONMHEYHbIX
nATeH (3nekTpomarHuTHoe m3nyyveHve ConHua) U uncna Bonbtha (KopryckynspHoe usnydeHve ConHUA).
3aBMCMMOCTb  cofepXKaHus  Genka, TpUauUArIULepuaoB U B-KapoTmHa OT  abCOMOTHBIX  3HAaYeHWi
rennotmnsnyecknx (HakTopoB MMeNna Kak fMHelHblA, Tak 1 U-06pasHblii  XapakTep. HeogHO3HauYHOCTb
6MOTPONHbLIX 3MPEKTOB  rennodM3nNyecknx (HakTopoB MOXET YKasbiBaTb Ha CMeHY [AOMUHMPYHOLLMX
61OTPONHbLIX (haKTOPOB B NpoLiecce pocTa Mukposogopocaun D. viridis (MPUHLMN NepeMeHHO JOMUHUPYHOLLNX
(haKTopoB).

Knioyesble cnosa:Dunaliellaviridis, imnugbl, B-kapoTuH, renmodusnyeckme GakTopbi.
BBefeHune

OueHKa napameTpoB (hyHKLMOHaIbHOW aKTUBHOCTU GUOMOrMYECKNX CUCTEM BO
BPEMEHM UCMO/Mb3YeTCA B Hay4HbIX WCCNEA0BaHUAX, MEAMLMHE, CENIbCKOM XO03AiCTBE
6noTexHonornyecknux npoueccax. lMpyu 3TOM HabnogaeTcs [0CTaTOYHO BbICOKUIA
YPOBEHb BHYTPUBMAOBOI BapuabenbHOCTV onpefensieMbiX NnokasaTeneli — ¢ PANKKep-
LLUYMOBO CTPYKTYPOi1 BpeMeHHbIX psifoB (Lewwepesckuii, CuaopuH, 2004). OueBnaHo,
BPEMEHHas BapuabenbHOCTb  MapameTpoB  6GMOCMCTEM  OTpaXaeT MHOroobpasue
(hYHKUMOHa/IbHBIX 3MUIEHOTUMNOB, KOTOPble (HOPMUPYIOTCS B pe3ynbTaTe MpPOLEecCoB
afanTauuoreHesa B WM3MEHSIOLWMXCS YCNOBUSAX cpedbl. BapuabenbHOCTb napameTpoB
3aTPYLHAET YCTAaHOB/IEHUE AMArHo3a, BbIAB/EHVE OGMOMOTMYECKUX 3aKOHOMEPHOCTEN W
0XXNaeMoe noslyyeHme LienieBbIX NPOAYKTOB B GMOTEXHONOIMSX U CENIbCKOM X035MCTBE.
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BesycnoBHO, Mcronb3oBaHWe 6uonormyeckux (MeHssHoBa, 2002; Vasilic,
Kornyush, 2002; fewepesckuii, CngopuH, 2004) 1 MaTeMaTUYeCKMX NoAXoa08B (J1akuH,
1990) p4ng NONyYyeHWA  HEKOTOPOro  CTaTUCTWMYECKM  YCPELHEHHOro  3HaueHus
(hYHKLMOHa/IbHOr0 NapameTpa B MPaKTUYECKON feATENbHOCTM B ONPeLeNieHHbIX Cydasx
OMpaBfaHO M 3aKOHOMepHO. Ho mpu 3TOM Hefb3s 3abblBaTb, YTO BPeMEHHbIE PAAbI,
nMetoLLme (hIMKKep-LLIYMOBYIO CTPYKTYPY, LUMPOKO pacnpocTpaHeHbl B NMPpUpoge.

CyLUeCTBEHHbI BKNag B (opMmpoBaHue (IMKKEP-LIYMOBO CTPYKTYpPbI
BPEMEHHbIX PALOB BHOCAT (hyKTyaummn renmoreodusnyeckux aktopos (LLIHons v ap.,
1992, 2000; WMoHosa u gp., 2003; XauvatypbsH n ap., 2003; LWymunos n gp., 2003;
BapakuH v gp., 2004; KapHayxoBa v gp., 2004). OgHako npobnemMa KOMOUHMPOBaHHbIX
adekToB rnobanbHbIX (remoreoU3anMUecknx) U oKaibHbIX (HaKTOpoB (HECTaH-
JApTHOCTb B YCNOBWSIX KYNbTUBMPOBaHWS W Ap.), BPEMEHHOW BapuabenbHOCTU
OMONOrMYeCKNX CUCTEM OCTaeTcsd Maslo WUCCMefOBaHHOMW, T.K. KOMOUHMPOBaHHbIE
3hheKTbl B BUONOrMYECKMX CUCTEMAX TPYLHO OLEHMBATL M MPOrHO3MPOBaTb.

B pgaHHOl paboTe OCYyLLECTB/EHA MOMbITKA OLEHKU B3aMMOCBSI3U BPEMEHHOW
(rofoBoii) BapuabenbHOCTU (PYHKLMOHANBHOW aKTUBHOCTU MEPUOAUYECKUX KYNbTYP
ofHokneTouHoli Bogopocnn Dunaliella viridis Teod. (Chlorophyta) ¢ HekoTopbiMK
rennmogusnyeckummn  (haktopamu  Mpyv MakCMMaibHO  BO3MOXHOM  YMEHbLUEHUU
BapuabeNnbHOCTU  NIOKa/IbHbIX (DAKTOPOB Ky/bTUBUPOBAaHUA (KPYr/0CYyTOUHAs OCBELLEH-
HOCTb 1 NOCTOSAHHAA TeMMepaTypa, CTaHAapTHbIe YCNOBUSA KY/TbTUBMPOBaHUSA).

MaTepI/IaJ'IbI N METOAbI

Ha npoTsXeHUM rofa exemeCauyHO Onpefensiv  WHTEHCUBHOCTb pocTa
Ky/nbTypbl KNETOK MWKPOBOAOPOC/EN, cofepXaHue 6enka B KNeTkax, (-kapoTuHa u
HeMTpanbHbIX MMNUA0B, NIOWAAb COTHEYHBIX MATEH U Yncio Bonbga B 3T0 Bpems. B
3KCMEPUMEHTaxX WCMOMb30BIM aNIbrONOrMYECKN YUCTYIO MEPUOSUYECKYHO KYMbTypy
Dunaliella viridis var. viridis f. euchlora, wrtamm IBASU-A N29. KneTku mukpo-
BOZOPOCNel KynbTUBMPOBaAM Ha XMAKOM cpefe ApTapyu B moandwmkaumyu Mackok
(1973) B ycnosusax KpyrnocytoyHoro ocsewleHus (6,5 knk ot 4 namn J16-40) wn
MOCTOAHHOM TemnepaTypbl (26-28 °C) Ha MPOTSHXKEHWM roAa, B MIOCKOAOHHbIX KOHU-
yeckux Konbax OpneHmeiiepa o6bemoM 250 M (06beM  KynbTypbl 20  wmn).
MWKPOBOAOPOC/IN  MEPECaXUBAN  HA CBEXYID cpefy W3 21-AHeBHOW MaTOYHOW
Ky/NIbTYpbl B Hauafie KaX[oro KaneHjapHoro mecsua. [ns 3atoro KeTky ocaxzanu
LeHTpudyruposaHmem npu 3000 g B TeyeHue 20 MuH. Ocafilok CycneHAMpPOBan B
CBEXeN cpefe, NOLCHUTLIBANM KOMMYECTBO KNMETOK B Kamepe [opsesa v [OBOAWAN
KOHUEeHTpaumio Knetok Ao 1,3 maH/mn. Yepes 21 [eHb BHOBb MNOACYUTHIBAIN
KOMIMYeCTBO KNETOK W ONpefensany cofepxaHve 6enka B KNeTKax MUKPOBOZOPOCNEN,
Tpuauunrauuepupos (TI) u B-KapoTuHa, Kak onucaHo B nuTepatype (MeH39HOB3,
2002). 3KcnepuMMeHTbl MPOBOAWMAM C SiHBaps MO Aekabpb 1998 r. B kaxaom
3KCrepuMeHTe 6b110 5 6MoN0rMyecKnx NOBTOPOB.
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[aHHble 0 conHeYHOM akTMBHOCTM (4Mcno Bonbha M Nnowaab COMHEYHbIX
NATEeH) MONy4YeHbl Ha calite www.spaceweather.com/index.html. [ns Kaxgoro naccaxa
MWKPOBOZLOPOCAEl 3HayYeHWe NOW@AM COMHEYHbIX NATEH OMpefensM Kak cpegHee
3HayeHue 3a 21 feHb Ky/NbTUBMPOBaHUA.

[na ycTpaHeHUs Ce30HHbLIX KOonebaHWin TemnepaTypbl, OCBELLEHHOCTU U
CTaHAapTM3aLMmn yCnoBUiA aKCnepMMeHTa MMKpoBogopocamn D. viridis KynbT1BMpoBau
B OOKCE NpM MNOCTOAHHONM TemnepaType 26-28 °C B YCM0BUSIX KPYr10CYTOYHOM
ocBelleHHoCTN (6,5 K/K), CO CTPOroi crtaHgapTu3aumelri YCNoBUiA KyNbTUBMPOBaHMS
(cpepa, Konbbl AN KYNbTUBUPOBAHUSA U T.4.).

Pe3ynbTaTbl U 06CYyXaeHMe

HecmoTps Ha CTaHZapTW3aUMI0 YCNOBWIA, KOHLEHTPaUus KMETOK B KynbType
D. viridis Ha 21-i1 AeHb pocTa B TeyeHWe rofa XapakTepu3oBasiacb KBasvmepuo-
andeckimn KonebaHnammn (puc. 1, a). MaKCMMyMbl KOHLEHTpauuM KNeToKk B 21-
[IHEBHOI KynbType Habnoganucb B SIHBape, anpesne, OKTA6pe W Hosope. Mpu 3tom
MaKCUMaslbHble W  MWHUMasbHble 3HAYeHWS] KOHLEHTPaUMW KNeTOK B Ky/bType
pasnuyanuck B 2-3 pasa.

Bbicokass BapuabenbHOCTb B KOHLEHTpauMu KNeToOK Ha 21-1  AeHb
KyNbTMBUPOBaHUA MOXeT ObITb 006ycnoBfieHa Kak (yKTyauusmu rnobasbHbiX
(haKTOpOB (CE30HHbIE U3MEHEHMS rennomn3nyecknx (akTopoB), Tak v (PAYKTyaLusmm
NOKa/bHbIX, HEYUTEHHbIX B 3KCNepuUMeHTe (hakTopoB. [Ns OUEHKM BO3MOXHOrO
B/IMAHUS NTIOKa/IbHbIX (DAaKTOPOB Ha KOHEYHYH KOHLEHTPaUMi0 K/IETOK B Ky/bType
MWKPOBOAOPOC/el (MHTEHCMBHOCTb POCTa KyNnbTypbl) B CReAytoLleli Cepum 3Kcne-
PVMEHTOB OMpPeAensnn Kom4ecTBO KNETOK Ha 21-i1 AeHb KynbTuBMpoBaHus D. viridis B
pasHbIX MaccaXax B TeYeHMe OHOr0 MecsAua M B Mpegenax 0JHOro maccaxa B OAHOM
mecaue (puc. 1, 6).
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Puc. 1. KoHueHTpaums knetok (C) B 21-aHeBHOI KynbType Dunaliella viridis B pasHbie Mecsubl roga (a) u B

npegenax ofHoro naccaxa (6) B CTaHAAPTHBIX YCMOBUSIX Ky/bTUBAPOBaHMS
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OnpefeneHne KoimyecTBa KNETOK B 21-AHeBHbIX KynbTypax D. viridis B
pasHbIX Maccaxax B TeYeHMe MecsAua W B Mpefeniax OAHOro maccaxa (418 npumepa
BblOpaHbl anpefib M UW0/b) BbIBWIO BapmabesbHOCTL 3TOro nokasarens (Bapwa-
6eMbHOCTb MHTEHCMBHOCTWM POCTa), XOTA W MEHEe BbIPAKEHHYIO MO CPABHEHWIO C
rofoBoi BapuabenbHocTbio (CM. puc. 1, 6). B psge naccaxeii BapnabenbHOCTb mcce-
JyeMOro NMoKa3saTesisl He BbISIB/IEHa.

Kak npaBuno, Takas BapuabenbHOCTb O0ObACHAETCA OLIMGKamMy MEeTOA0B
uccnegosaHms. OwnbKa Npu nojcyete KNeTok B Kamepe FopsieBa coctasnseT 5-10 %.
M B gaHHOM cfyyae BapuabenbHOCTb KOHEYHOW KOHLEHTpauMu KeTOK B 6ObLueit
CTeneHW 06YyCnoBfieHa BHYTPEHHWMWU CBOWCTBaMM 6GMOMOMMYECKOro 06beKkTa, Yem
CyOBbEKTUBHBIMK OLIMbBKamu uccrefoBatensi. BapuabenbHoCTb B npegenax OfHOro
maccaa Oblla pas3niMyHa B pasHble MeCsilibl, YTO, BEPOSITHO, SIB/IIETCA C/IEACTBUEM
HafIOXXeHUSs F106abHBIX M 0KabHbIX (PaKTOPOB.

B ycnoBusx CTaHAapTW3auMu JIOKa/IbHBIX  (PAKTOPOB  BapuabesbHOCTb
WHTEHCMBHOCTY pOCTa MMKPOBOLOPOC/IEN B PasHbIX Maccaxax B TeYEHUEe OAHOro MecsLa
M Jaxe B npedenax OLHOrO Maccaxa, OYEeBMAHO, CBfi3aHa C HEKOHTPOIMPYeMOi
(hYHKUMOHaNbHOW BapnabenbHOCTbIO KynbTypbl, T.e. C BapuabenbHOCTbIO ee Mony-
NALMOHHOIO COCTaBa.

3BeCTHO, YTO CTeneHb BbIPAKEHHOCTU W HanpaBNeHHOCTb OGUOTPOMHBIX
apekToB  rNo6GanbHbIX renmotn3nyecknx (HakTopoB OMPeAensieTcs  WUCXOAHbIM
(hYHKLMOHaNbHbIM COCTOSIHMEM GMOCUCTEMbI B MOMEHT Bo3faelicTaus (VioHoBa 1 ap.,
2003; Davis, Lowell, 2006), 4To MOXET NPUBOAUTL K BapuabensHOCTU B CTaH4APTHBIX
YCNOBUSX KyNbTUBUPOBAHUS.

MOXHO MpeanonoXutb, UTO BapuabenbHOCTb  KOHLEHTpauun  KNeTOK
(MHTEHCUBHOCTL pocTa) B 21-AHEBHOM KyNbType Ha MPOTSHKEHWU roja ABASETCS
CNeACTBUEM KOMOMHMPOBAHHLIX 3(h(heKTOB rNnobasibHbIX U 0KaNbHbIX (haKTOpOB.
HekoHTponupyemble (AyKTyauun fOKafbHbIX (DaKTOPOB MPMBOAAT K W3MEHEHMIO
(hYHKLMOHa/IbHOTO COCTOSAHMSA Ky/bTYPbl MMKPOBOLOPOC/IEN, B pe3ynbTaTe U3MEHAHTCS
6noTponHble 3deKTbl (AYKTyaUWin rnobanbHbIX (akTOpoB. M, Hao6opoT, WHAY-
LMpOBaHHble  FenmMon3nyeckuMmn  (hakTopaMu  KOMMEHCATOPHO-afanTuBHbIE Mepe-
CTPOIiKM B CBOK oOuepedb GyayT onpedenstb Guonoruyeckme 3hdekTbl MOKaIbHbIX
(hakTopoB. B 3TOM MpPOSABASETCA CNOXHOCTb MNPO6IEMbI KOMOMHUPOBAHHBIX 3()(heKTOB:
HEBO3MOXXHOCTb MpefcKasaHnsa noBefeHUs GMOCUMCTEMbI M3 ee peakUMii Ha OTAeSNbHble
(haKTOpbl; OTCYTCTBUE KPUTEPUEB OLIEHKM KOMOVMHNPOBAHHbIX 3(h()eKTOB.

[Ons  OUeHKM KOMOWHMPOBaHHbLIX 3MPMEKTOB r106abHbIX U NIOKa/bHbIX
(haKTOpOB B MEPUOANYECKON Ky/NbType MUKPOBOAOPOCNEA CPaBHMBAIN CE30HHbIE
M3MEHEHNS KOHLEHTpaLWMn KNeTokK B 21-AHeBHOW KynbType D. viridis ¢ Ce30HHbIMU
hyKTyaumamm  AByX renvodmsmyecknx (aktopoB: uucna Bonbtha v nnowagu
COMHEYHbIX MATeH. Yumcno Bonbtha ABNAETCS WHTErpaibHOM  XapaKTepUCTUKON
COMIHEYHOM aKTMBHOCTM W XapaKTepusyeT KOpMyCKynsapHoe wu3nydeHune. [nowaab
COSHEYHbIX MATEH XapaKTepU3yeT 3/IEKTPOMAarH1THoe nanydeHre ConHua.
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HanoxxeHne KpMBbIX CE30HHBIX W3MEHEHWI i KOHLEHTpauuu KeTtok B 21-
OHEBHOW KynbType (B CTaHAAPTHbIX YCNOBMAX KY/MbTWBMPOBaHWA) W FOAUYHbIX
(hAyKTyaumin umcna Bonbha 1 Nnowagn CoMHeYHbIX MATEH MOKa3ano, YTO CHUKEHWE
WHTEHCMBHOCTM pocTa KynbTypbl D. viridis B nepunog ¢ mast Mo CEHTAGPb MPOMCXOANN0
Ha (JOHE pe3KOro YBE/IMYEHUS COMHEYHON aKTMBHOCTW. [NA MOCTPOeHMst rpadmKoB
MCMO/b30BaHbl CPEAHNE 3HAYEHUS NIOLLAAN COMHEYHbIX MATeH 3a 21-AHEBHbIN Nepuog,
COOTBETCTBYHOLLMIA Nepuogy KynbTUBMPOBaHMS MWKPOBOAOPOCNEl (puc. 2).
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Puc. 2. KoHLeHTpaums KneTok B 21-aHeBHON 105 -
KynbType Dunaliella viridis B pasHble
Mecsillbl rofa B CTaHAapTHbIX YC/o-
BUSAX KY/IbTUBMPOBAHUS U DIYKTYaLmm 70 A
uucna Bonbha 1 nnowagn conHeuHbIX

nateH S, Hemis, x10°®
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ConHeYyHas akTUBHOCTb
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AHaM3  3aBUCHMOCTM  KOHLUEHTpauuyu KeToK B 21-AHEBHOW Ky/lbType
MWKPOBOAOPOC/E OT abCONKOTHLIX 3HaYeHWin uncna Bonbtha v NNoWaam COMHEUHbIX
MATEH BbIABWI 0OpaTHYIO KOPPENAUMI0 MeXAy WHTEHCMBHOCTBIO POCTa Ky/bTypbl
MWKPOBOAOPOC/E 1 abCOMOTHBIMU 3HAYEHUAMM renmon3nyecknx (akrtopos (puc. 3
a, 6).
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Puc. 3. 3aBUCMMOCTb KOHLIEHTpauuu KNeTok B 21-AHeBHON KynbType Dunaliella viridis oT a6contoTHbIX

3HaueHuit umcna Bonba (a) 1 nnowaan conHedHsIx nated S, Hemis, x10° (6)
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[ns noctpoeHns rpadmka (3, 6) MCNONb30BaIN CPeAHUE 3HAYEHMA Naowaan
nateH 3a 21-OHEBHbIA Mepuo4 KyNbTWBMPOBaHWA. JIMHUM TPEHAOB MOCTPOEHbI C
MOAMHOMMANLHOM  annpoKcUMaLveli, cTemeHb 3. 3geck M ganee R? — BenuunHa
[OCTOBEPHOCTU annpoKCUMMaLIm.

WHTEHCMBHOCTL  pocTa  Ky/bTypbl  MUKPOBOAOPOC/EN  3KCMOHEHLMaNbHO
CHWXKanacb C yBennyeHuweM uucna Bosbha oT 20 go 90 u B MHTEpBasie 3HAYEHWIA
nNoLWaan CoNHeYHbIX NateH oT 60 go 400 ycn. ed. [anbHeiwee yBennyeHne abcontoT-
HbIX 3HAQYeHW 3TUX TenMon3NYECKNX (PAaKTOPOB CYLUECTBEHHO He BMUANO Ha
WHTEHCMBHOCTb pPOCTa MUKPOBOZOPOC/EN. TO eCTb, 3aBUCUMOCTb MHTEHCUBHOCTU pOCTa
Ky/nbTypbl MWKPOBOLOPO/iEli OT abCOMOTHLIX 3HAYEHWI Tennounanyeckux (akTopos
nUMena HefMHEMHbLIN XapakTep. STO MO3BONSET NPeANoNoKMUTb, YTO CTpaTerus KoMrneH-
CaTOPHO-aAanTMBHbLIX MEPECTPOEK B YC/OBUSX «BbICOKOW» W «HWU3KOW» COMHEYHOM
aKTMBHOCTY CYLLECTBEHHO Pas/fMyaeTcs.

TaK Kak peakumu Ha CCTEMHOM YPOBHE OMpefensaoTcs akTUBHOCTLIO MepBUY-
HOrO0 W BTOPMYHOrOo MeTabonu3Ma, TO Ha Chefytollem atane paboTbl OMpefensnm
CofiepxaHue 6enka, TpuauunrInLepuaoB 1 B-KapoTuHa B KeTKax MUKPOBOLOPOC/EA.

CopepxaHuie 6enka B knetkax D. viridis 3HauMTenbHO BapbypOBasIio B TeYeHMe
roga (puc. 4). Tak, B anpene ero cogepxaHue coctasnsno 1,85 mkr/10° kn, a B gekabpe
yBenmyunock o 15,73 MKr/10° kn. 3Ta BapunabenbHOCTb MMena KBa3vnepuoanyecKunil
XapakTep (nepuog okono 3 mecsue). ConocTaBieHNe CE30HHOM AMHAMUKIN COAePXKaHNs
obwero 6enka B KeTKax MMKPOBOAOPOCNEA C (yKTyauusamu uucna Bonbga u
NNOLLAAM COMTHEYHBIX NATEH B TeUeHKe rofda (CM. puc. 4) nokasasno, YTo BapnabenbHOCTb
cofiepaHusi Genka B 6Gromacce BOLOPOCNEA MONOXKUTENIBHO KOppPevpoBana C
(hNyKTaLUAMU COMHEYHON aKTUBHOCTM.

140 -
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OnpegeneHHble KOPPensuuu  Gbinn  BbISIBAEHBI MEXAY BHYTPUKIETOUYHbLIM
coaepxaHuem 6efka 1 aBCoMOTHBIMK 3HAYEHUAMU TesIMOtM3NYeCKMX (hakTopoB. Tak,
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3aBMCMMOCTb CofepXaHus 6enka OT abCoMTHLIX 3HaveHuii yucna Bonbta nmena U-
00pasHbIil XxapakTtep (puc. 5, a).
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Puc. 5. 3aBucumocTb cofepxaHus Genka B KneTkax B 21-AHeBHOM KynbTypbl Dunaliella viridis ot
a6COMIOTHBIX 3HaUeHNN uncna Bosbaha (a) 1 NoLaamn CoNHeuHbIX nateH S, Hemis, x10°° (6)

U-o6pasHasl  3aBUCMMOCTb  (6Mope3oHaHCHbI  athdekT) (Ywakos, 2002)
CBWAETE/NLCTBYET O TOM, YTO A1 refIMoPU3NYecKnX (JakTOpoB MOTYT CYyLLECTBOBATb
HEKOTOpPbIE KPUTWUYECKNE MHTEPBaA/Ibl 3HAYEHUI, Ha KOTOPbIX UX GUOTPONHbIE 3GhtheKTbI
MOryT pPeasn30BbIBaTbCS B BbIPWKEHHOM WMHIMOMPOBaHMKM CUMHTE3a Gefika B K/IeTKax
MWUKPOBOAOPOCNeA. B HEKPUTUYECKON 06nacTu  6MOTPONHbIE  3PYEKTbl  reno-
(hm3nyecknx (HakTOpPOB OCNabeBaOT U, BO3MOXHO, YBE/IMUMBAETCS CTeMeHb Bblpa-
YKEHHOCTY 3(h(heKTOB NoKabHbIX hakTopoB. Ha puc. 5, a MMHUM TPEHAOB NOCTPOEHbI C
MO/IMHOMWA/IbHOW  annpoKcUMaumeid, cTermeHb 2. Hanuume ABYX JSMHWIA  TpeHAOB
CBMAETENbCTBYET O TOM, YTO COAepXaHue 6e/ka B KNeTKax C N3MeHeHMeM napaMeTpoB
COJTHEYHOI aKTUBHOCTM (DNYKTYMPYET B HEKOTOPOM «KOPWAOPEe» 3HaveHuid. Ha puc. 5, 6
Ha CyMMapHOM MacCuBe 3KCMEepUMEHTa/IbHbIX TOYeK B rpadmueckoii nporpamme Exel
MOCTPOEHbl 2 NWHUWN TPEHAOB — C MOAMHOMManbHOW (1) M NWHelHoi (2) annpok-
cumaLmeii.

CpaBHumBas puc. 5, a n puc. 3, a, MOXXHO 3aK/HOYUTb, YTO BbICOKaA aKTUBHOCTb
CUHTe3a Gefika peasm3oBasiacb B Ky/MbTypax C OYEHb BbICOKOW WM C OYEHb HW3KOWA
CKOPOCTbIO pocTa.

[na  nnowagn COMHeYHbIX MNATEH U COAepXXaHMs Genka B K/eTKax
MWKPOBOLOPOC/E BbISBMEHO [JBa TWNa KOPPENATWBHLIX CBS3€: B OAHOM rpynne
KynbTyp C YBENMYEHWEM M/IOLAAN COJIHEYHbIX MATEH COAepXKaHWe Gefka B KeTKax
YMeHbLUANOoCh, B APYroi ysenuumeanocb (CM. puc. 5, 6). T.e. BbIABAAANCL [Ba TUMA
OTBETHOW peakuuy CUCTeMbl CMHTe3a Genka. Hamuume [ByX TUMOB KOPPENATMBHbIX
CBSI3eil, 04EBUAHO, CBUAETENLCTBYET O TOM, YTO BAUSHME rennomnsnyecknx haktopoB
Ha aKTMBHOCTb CUHTe3a 6efika B KeTKax MMUKPOBOAOPOC/EN B 3HAYNTENBbHOM CTEMEHM
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[OETEPMUHMPYETCS  (PYHKLUMOHAIbHOW — FEeTEPOreHHOCTbIO  KIETOYHOW  MOMnynsauuu:
npeobnagaHneM B KynbType OnpefenieHHo cyononynauumn KneTok.

OnpegeneHve cogepkanus T B KneTkax D. viridis Ha NPOTsXXeHUN rofia Takxe
BbISIBUAMO BPEMEHHYHO BapuabenbHOCTL 3TOr0 Nokasartens. BapnabenbHOCTb CofepKaHums
TI B KMeTkax MUKPOBOAOPOC/EN MOMOXMTENbHO KOppenupoBana ¢ (AyKTyaumsamu
uncna Bonbtha (puc. 6): yBenmueHue uyncna Bonbha CONPOBOXAANOCH YBENYEHUEM
cofepxaHus TI 1 Hao6opoT.
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Puc. 6. CopepxaHue TpuaUMNrInLenuaoB B KneTkax 21-aHeBHoN KynbTypbl Dunaliella viridis B pasHble
MecAillbl rofa B CTaHAapTHbLIX YCMOBMAX KynbTUBMPOBaHWA W (yKTyauuu uucna Bonbga u
nnoLwaAn conHeYHbIX nateH S, Hemis, x10°

AHanm3 3aBMCMMOCTU cogepXaHmsa TI B KneTKax MWKPOBOAOPOCNeR OT
abCONOTHBIX 3HAYEHWI rennoMU3NUecKUX (akTOPOB BbISBUA Credytolme 3aKoHO-
mepHocTm (puc. 7). CogepxxkaHme TIT IMHENHO YBEIMYMBAIOCH C YBENUYEHWEM abCOMIOT-
HbIX 3HauyeHWiA ymcna Bonbta (puc. 7, a). Ha puc. 7, a nMHMA TpeHAa MOCTPOeHa C
NNHEAHOW annpoKcuMaLMen, Ha puc. 7, 6 — ¢ NONMHOMMALHONM annpoKcUMaLmei
(cTeneHb 2 ANA BepXHero TpeHAa, cTeneHb 3 — AN HWKHEro) AN MUHUMabHBIX U
MaKCUMasbHbIX 3HAYeHWA. Hannume ABYX NNHWUIA TPEHA0B CBUAETENLCTBYET O TOM, YTO
cofepaHne TI B KMeTkax C W3MEHEHWEM MNapamMeTpoB CO/IHEYHON aKTUBHOCTU
hYKTYMpYeT B HEKOTOPOM «KOPUAOPE» 3HauYeHWiA. Mpy cpaBHeHUN puc. 7, a u puc. 3, a
BbISIBNIEHA MONOXUTENbHAA KOPPensuus MeXxay CHUXEHWEM WHTEHCUBHOCTU pocTa
Ky/NbTYpbl MUKPOBOZOPOC/EN N aKTUBHOCTLIO AenoHNpoBaHus T B KneTKax. V13BecTHO,
YTO HaKOMJIeHWe HEWTPaIbHBIX IMMMAOB B K/ETKax HaboAaeTcs Mpw Mepexofe B
CTauMoHapHyto a3y pocTa, T.e. B YCMIOBUAX CHWDKEHWS aKTMBHOCTW Mponudepauuv
Knetok (Bozhkov, Menzyanova, 1995; BoxxkoB, MeH3sHOBa, 19976).
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Puic. 7. 3aB1CMMOCTb COAepXKaHWs TpUaLUArauLenvaoB B KieTkax 21-aHeBHoR KynbTypbl Dunaliella viridis ot
a6CoOMIOTHBIX 3HaUeHNN yncna Bosbaa (a) 1 NoLaamn CoNHeuHbIX nateH S, Hemis, x10°° (6)

3aBuCMMOCTb cogepkaHus T B KeTKax MUKPOBOAOPOC/EA OT abCoMIOTHbIX
3HaYeHWn NNOLLAAM COMHEYHbIX NATEH ToXxe mmena U-06pasHblil XxapakTep (puc. 7, 6).
Mpn 3TOM OTMeYanacb 3HauMTeNbHAs KOMMYECTBEHHas BapuabenbHOCTb 3TOr0
napameTpa.

B kneTkax 21-AHEBHOI Ky/MbTypbl Ha MPOTSHXKEHWW FOAa GbIN0 BLISIBNEHO TpU
BbIP@KEHHbIX MakKCMMyMa HaKkomnneHus B-kapoTuHa. BapuabenbHocTb cogepxaHus f-
KapoTMHA MOJIOXKMTENIbHO KOppenvpoBasia C (IYKTyauMsiMW COJTHEYHON aKTMBHOCTM
(pvc. 8). 3aBMCUMOCTb cOfepXaHus [(-kapoTWHa B K/IETKAX MUKPOBOLOPOC/EN oOT
abcoMoTHBIX 3HaYeHMin yncna Bonbta Takke nmena U-o6pasHblii xapakTtep (puvc. 9).
JINHUM TpeHZOB NOCTPOEHbI C MOAMHOMUALHOM annpoKcUMaLeld, cTeneHs 2. Hannyne
OBYX JIMHWIA TPEHAOB CBUAETENLCTBYET O TOM, UTO COAEPXKaHue B-KapoThHa B K/IeTKax ¢
M3MEHEHVEM MapamMeTpOB COMIHEYHOW aKTUMBHOCTU (hAYKTyMpyeT B HEKOTOPOM
«Kopuaope» 3HayeHWid. Mpu cpaBHeHUMM puc. 9 M puc. 3, a MOXHO OTMETWUTb, YTO
BbICOKMIA YPOBEHb [ENOHUPOBaHWS [-KapoTWHa WMMen MeCTO B KylbTypax C OYeHb
BbICOKO 1 OY€Hb H3KOWM MHTEHCMBHOCTbLIO pOCTa.

Takum 06pa3oM, BpemeHHas BapuabenbHOCTb MPOLECCOB MEPBUYHOTO U
BTOPUYHOTO MeTabonm3Ma B KNIeTKaxX MUKPOBOLOPOCNER, Kak W BpeMeHHas
BapnabenbHOCTb Ha CUCTEMHOM YpPOBHe (MHTEHCMBHOCTb pOCTa), CBf3aHa C
hAyKTyaumamm rennouanyecknx ¢akTopos. Ho npu 3TOM Ha CUCTEMHOM YpPOBHE
6MOTPOMNHbIE 3PMEKTHI Pa3INYHBIX NO MPUPOLE FeNNoMPU3MUECKUX (HAKTOPOB (4MCNO0
Bonbtha — KOpMycKynspHoe wu3nyuveHue, NAOLWAAb COSMHEYHbIX MATEH — 3/1eKTPpo-
MarHUTHOE W3/ly4yeHne) OblN OAWMHAKOBLIMU: YBENMYEHWE aBGCOMIOTHLIX 3HAYEHUI
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yncna Bonbha W naowagM  COMHEYHbIX MATEH COMPOBOXAANIOCh  CHUKEHWEM
WHTEHCUBHOCTU pocTa KynbTypsl D. viridis.
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Puc. 9. 3aBucuMOCTb cogepxaHus B-kapoTvHa B K/eTkax 21- g
x
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3NIeKTPOMAarHUTHOro  u3nyyveHuss ConHua Ha nep- 0 ?:5 7‘0 155 1;10
BUYHbIA M BTOPUYHbLIA MeTabonm3M CyLLeCTBEHHO uncno Bonbta
pasnuyanuck. Tak, fenoHWpoBaHWe TIT B KneTKax
MWKPOBOZOPOCNel MONOXKWTENbHO KOPPENMPOBaZio C  YBENMYEHWEM  aKTMBHOCTYU
KopnycKynsapHoro usnyyeHus CosHua, B TO BpeMsi Kak 3aBUCMMOCTb COZepxaHus 6enka
B K/IETKax MWKPOBOAOPOC/EW OT aKTMBHOCTM KOPMYCKYNAPHOro um3nyveHus ConHua
umena U-06pasHblii xapakTep. bonee Toro, peakumu ofHOW v TOR e MeTabosMyecKoii
CUCTEMbl Ha KOPMYCKY/NSPHOE W  3MIeKTPOMarHuTHoe um3nydenne ConHua 6biin
HeofMHaKoBbIMU. Tak, 3aBUCMMOCTb coaepXaHue 6Oenka B kneTkax D. viridis ot
aKTMBHOCTWM  3/M1EKTPOMArHUTHOrO  U3NlyYeHWs W aKTUBHOCTU  KOPMYCKY/IAPHOIO
U3Ny4YeHna NPUHLMNUAIBEHO pasnuyanack (cMm. puc. 5, a, 6).

MonyyeHHble pe3ynbTaTbl CBUAETENLCTBYIOT O 3aBUCUMOCTU BGUOTPOMHbIX
3 eKTOB reMopusnyeckmx PakTopoB OT MCXOLHOr0 (hYHKLMOHAIBHOIO COCTOSHWUA
KyNbTypbl MUKPOBOZLOPOC/el (NpeobnafiaHns B KIETOYHOW NOMYyNALMKY ONpeaenieHHoro
(hYHKLMOHaIBHOTO cybKnacca KNeTok).
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Kak 13BecTHO, TOHKas CTPYKTypa pacnpedefnieHuii pesynbTaToB MNoc/iefo-
BaTe/lbHbIX W3MEPEHMWA MPOLECCOB pasHOi npupogbl (hopMa COOTBETCTBYHOLLMUX
rMCTOrpamm) OnpefenseTcs KOCMOo(uM3nyecknumm haktopaMu BecbMa 06LLein npupogpl
(WHonb n gp., 1992, 2000). K TakMMm (hakTOpamMm OTHOCUTCS KOPMYCKYNSPHOE K
3MIeKTpOMarHWTHoe u3nydyeHne ConHua. PesynbTaTbl AaHHOW paboTbl y6eanTenbHO
NOATBEPXAAKT CMOXHOCTb GMOTPOMHBLIX 3PDEKTOB reNNON3NYECKNX PaKTOpPoB. ITH
3phekTbl  MPOSBAAKTCA KaK Ha MONEKYNAPHOM  (MEPBUYHbIA U BTOPWYHBIN
MeTabonM3M), TaKk M Ha K/IETOYHOM YPOBHE (MHTEHCMBHOCTb pPOCTa KyNbTypbl).
CrnoxHble 61OTPOMHbIe 3eKTbI PAYKTYaLmii KOPNYCKYSPHOTO 1 31IEKTPOMarHATHOTO
n3nydeHms ConHua nposBNAIOTCA B (MIMKKEP-LUYMOBOM CTPYKTYpPE  CE30HHOM
BapuabelbHOCTY MHTEHCUBHOCTM POCTa KyNbTypbl MMKPOBOLOPOC/IEA 1 ONMCbIBAKOTCS
U-o6pa3sHbiMuK 3aBUCUMMOCTAMA (CM. puc. 5, a, 7, 6, 9).

KaXgomy 3HauYeHUK refimogmanyeckmx (PakTopoB COOTBETCTBYET HEKMIA
«Kopugop» 6uoTponHbIX addektoB (cM. puc. 3, 6; 5, 6; 7, 6): 3aBMCMMOCTb
MHTEHCMBHOCTM pOCTa KynbTypbl MuKpoBogopocneir D. viridis n cocTaBa KIETOK OT
aKTMBHOCTU u3nyyeHns CofHUa NpeacTasnseT coboi rnobasibHO AeTepMUHUPOBAHHLII
KaHaN“3MpOBaHHbLIA MOTOK, B KOTOPOM BO3MOXHA JIOKabHas CTOXacTuU4ecKas
BapuabensHOCTb.

Moyemy 1 Kak ((OPMMPYETCS Takas CMOXHas 3aBUCMMOCTb  Mexay
rno6anbHbIMU FeMOMU3NIECKUMU (haKTopaMu 1 (YHKLMOHANbHOW XapakTepuCTUKOi
6ronornyeckmnx cuctem? Hamum npegnoXkeHa runoTesa, COrlacCHO KOTOPOL B OpraHu3me,
He3aBNCUMO OT YPOBHA €ro OpraHu3auun, peann3yeTcs MpUHUMA  NEpPEMEHHO
JOMUHMpYOLWMX dakTopoB (NpuHumn MAd). Ha opraHn3m OAHOBPEMEHHO [eicTByeT
MHOXXECTBO (JaKTOPOB, OAHAKO MeTabo/IMYeCKMe CUCTEMbI B AaHHbIA MOMEHT pearvpyroT
TOMbKO Ha HEKOTOpble (haKTOPbl, AOMUHMPYIOLLME B faHHbIA MOMEHT.

[JomyHMpoBaHMe Kakoro-nnbo akTopa SB/SETCA BPEMEHHLIM. VI3MeHeHne
YCNOBUIA MPUBOAUT K NPOSIB/IEHWNIO HOBOMO [OMUHMpYloWero daktopa. CwmeHa
OOMVIHVPYIOLLMX (haKTOPOB M MPUBOAWT K JTOK&/IbHO CTOXaCTUYECKOW BapuabenbHOCTU
6rocucTeM BO BPEMEHMW.

BpemeHHOe [OMMHMpOBaHME (akTopoB B 6GuocucTemax noateepxgaet U-
06pasHbIli XapakTep KpuBbIX 6GUOTPOMHBIX 3dheKToB (CM. puc. 5, a; 7, 6; 9). Mogo6HbIe
U-06pasHble 3aBMCMMOCTU BbLISIBASIOTCA B PasfMYHbIX OMONOTMYECKUX CUCTEMaXx
(BoxkkoB, 1997a; boxxkoB 1 gp., 1998). CMeHa AOMUHMPYIOLLMX (PaKTOPOB, OYEBUIHO,
OygeT 3aBuUCETb OT PasHOOOPa3HbIX MPUYMH, CPEAU KOTOPbIX BXKHEWLLUMMMK SBASHOTCA
aBe.

Bo-nepBbIX, AOMWHMPOBaHWE TOrO WM WHOrO (PakTopa Onpefensietcs He
CTO/IbKO BENIMYMHOM €ro abCcoMHOTHOIO 3HA4YEHWS, CKOSIbKO CKOPOCTLIO €ro hayKTyaumum
BO BpeMeHW. Tak KakK OTBETHas peakuus 61OCUCTEMbl HampaB/ieHa Ha COXpaHeHue
romeocTtasa, T.e. VMEET afanTuBHbIA XapakKTep, TO KOMMEHCAaTOpHO-aAanTUBHbIE
nepecTporkn MetabonmamMa 3aBUCAT OT XapakTepa (IyKTyauuu [eicTBYHOLLEro
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thakTopa. Ecnmn 3HaumTeNbHaa (hAyKTyaums BeNMUMHbI (hakTopa peasin3yeTcsi B KOPOTKMiA
BPEMEHHOI MPOMEXYTOK, TO Bmonormyeckas cucteMa nornbaet. Ecnm xe daykTyaums
BE/IMUMHBI (haKTOpa «pacTsHyTa» BO BPeMEHMW, TO OpraH13M CrnocobeH afanTnpoBaThCs
K NeTanbHbIM A03aM WM KOHLUEHTpauusm TOKcuKaHToB (BoxkkoB, 1997a; BOXKOB U
ap., 1998).

B gaHHO paboTe NokKasaHO, YTO GMOTPOMHbIE 3(EKTbI B KyNbType MUKPO-
BOZAOpPOC/Eel B 60/bLUEN CTEMEHN 3aBMCAT OT CKOPOCTW U HanpaBneHHOCTY hyKTyaLuit
COMIHEYHOM aKTMBHOCTW. Tak, ecnM MaTOuYHyl0 KynbTypy MUKPOBOZOPOCNeW nepe-
CakMBa/M Ha CBeXylo cpegy 1 anpens, To ee nar-yasa peasmsoBajiaCb Ha (POHe
CHWKEHWS! aKTUBHOCTW 3/1EKTPOMarHUTHOro wusnyyeHms ConHua. Ecnv nepecagky
ocywectsisim 4 anpend, TO nar-asa coBnafjana C YBE/MYEHWEM aKTUBHOCTM
3NEKTPOMarHUTHOro u3nyyeHnss (puc. 10). B pe3ynbTaTe KOHeYHble KOHLEHTpauuu
KNeTok B 21-AHEBHOW KynbType, MepecakeHHoM 1 u 4 anpens, 3HaA4YUTENbHO
pasnuyanuce (cM. puc. 1, 6). T.e., CKOPOCTb M HAaMpaBNEHHOCTb (IYKTYyaLmii
OOMVIHVPYIOLLErO  reIMor3nyYeckoro (haktopa BHOCAT CYLUECTBEHHbIA BK/aL B
thopmurpoBaHue hYHKLMOHaNbHOK BapnMabebHOCTM GUOM0rMYECKUX CUCTEM.

1200 4
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= ]
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Taknm 06pa3oM  (PYHKUMOHaNbHLIA  OTBET  OMOCUCTEMBI  OMpefenseTcs
thakTopom (Mnm  bakTopamm), AOMUHUPYHOLWMM B JAaHHbIE MOMEHT. «CTeneHb»
OOMVIHMPOBaHWS (hakTopa Onpesensercs CKOPOCTbH M HAanpaBNeHHOCTbIO (TyKTyauum
(hakTOpa BO BpEMEHW.

Bo-BTOpbIX, «BbIOOP» [JOMUHMPYOLLEro dakTopa OygeT 3aBMCETb OT
(hYHKLMOHa/IbHOW  aKTUBHOCTU  GUOCUCTEMbI B MOMEHT BO3feicTBuA. KynbTypa
MuKpoBogopocneid D. viridis npeacTaBnsieT Cco60OM reTeporeHHyr Monynsauuio,
COCTOALLYIO W3 ranfouAHbIX, AWNAOUAHBIX W MOAMMNOMAHBLIX KIETOK. KneTouHble
cyononynsaumMm  pasnuMyaroTcs no  (MYHKUMOHaNbHLIM - XapaKTepucTMkam  (CKOpOCTU
CUHTE3a HYK/EMHOBBLIX KUCNOT U 6GenkoB). PasnnyHoe (yHKLMOHANbHOE COCTOSHUE
KNETOYHbIX Cybnonynaunini onpeaenseT WX pasfiMyHy0 YCTOMYMBOCTb K [EMCTBUIO
3KCTpeMasbHbIX (hakTopoB cpefpbl (Boxkos, MonTeaHckuii, 2000).

3TN W Uenblil pag Apyrux (HhakToB YyKasblBalOT Ha TO, 4YTO BPEMEHHOe
OOMVIHVMPOBaHWe TOTO WM WMHOFO (hakTopa OonpefensieTcs Takke (DYHKUMOHAIbHBIM
COCTOSIHMEM KNIETOK. B HacToslliee BpeMsi He W3BECTHbI 3aKOHOMEPHOCTU BblGOpa
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JOMVIHVPYIOLLETO (haKTopa Ha pasHbIX YPOBHSAX (YHKLMOHa/IbHOW aKTUBHOCTW KIETOK.
O[HaKO MOXHO YTBEPXKAATb, UTO 6MOTPOMHbIE 3PEKTHI OAHOIO U TOFO XKe (hakTopa Ha
pasHbIX YPOBHAX (DYHKLUMOHA/bHOM aKTUBHOCTWM  KMETOK MOTYT  CYLIECTBEHHO
pasnuyatbC, B pesy/nbTaTe 4ero (QopmupyeTcs  (IMKKep-LUyMOBas CTPYKTypa
(hYHKLMOHa/IbHOV BapuabenbHOCTU MUKPOBOAOPOC/ENA.

dnKKep-lymMoBas CTPYKTypa OGMOTPONHbIX 3MHEKTOB renmodm3nyecknx
(hakTOpOB B KynbType MMWKPOBOLOPOC/EA MOXET ObiTb CBA3aHa TaKkKe C He-
OMpeseNieHHOCTBI0 M3MEPSEMbIX (IM3NYECKMX BENUYWH, XapaKTePU3YIOLWNX COMHEYHYIO
aKTMBHOCTb. Tak, Mpy CPaBHEHWM FOLOBONM AUHAMMKW reIModursnmyeckmx (hakTopoB C
JOVHaMUKOR pocTa KNeToK M nokasaTenein BTOPUYHOro U NepBuYHOro mMetabonusma, ans
M0Waan COMHEYHbIX NATEH UCNOMb30Ba/IN CPEHME 3HAYEHNS 3a 21-4HEBHbI Nepuog,
coBnafatolunii ¢ NepuoaoM KynbTUBUPOBaHWS MWKPOBOAOPOCAM. B TO >Xe Bpems
peasibHO CYLLECTBYIOT eXKe[JHEBHbIE (DYKTyaL MU COMHEYHON akTBHOCTK (cM. puc. 10).
370 TaKXKe MOXET BHOCUTb OMpPeAeNeHHbIN BKNag B (hopMUpoBaHUE (hIMKKep-LLIYMOBO
CTPYKTYpbl hYHKLMOHA/IbHOW BapuabenbHOCTU MUKPOBOAOPOCENA.

TpagnumMoHHoe yepefHeHUe BPEMEHHBIX PAAOB (YHKLMOHA/IbHLIX NapaMeTpoB
UCK/OYAeT BO3MOXHOCTb  BbISIBIEHNS  BUOTPOMHLIX 3GEKTOB  resiMonsnyeckmnx
(hakTOpoB. Vcnonb3oBaHWe METOAOB M MPUHLMMOB HENMHEHOW AWHAMWKKW, KOTOpble
Npe4nosaraloT  MUCMOMb30BaHWE MOHATWIA  CAy4aliHOCTM M Xaoca, Nopsgka WU
[LeTePMUHMPOBAHHOCTM, MO3BOMUT  MOHATL  3aKOHOMEPHOCTU  (PYHKLIMOHMPOBaHUA
6uocuctem.

BbiBOAbI

1. AN nepuoanyYecKoii KynbTypbl O4HOK/IETOUHOW MUKpoBogopocaun D. viridis
B CTaHAAPTHbIX MOCTOAHHBLIX YC/OBUAX KyNbTMBMPOBaHWS (OCBELLEHHOCTb, Temne-
paTypa, coCcTaB cpefibl 1 Ap.) BbisiB/ieHa rofosas BaprabenbHOCTb MHTEHCUBHOCTM pocTa
U cogepxXaHus 6efka, TpraumarnMuepraoB, B-kapoTvHa B KneTkax. dTa Bapuabenb-
HOCTb MMeeT (hIMKKEP-LLYMOBYHO CTRPYKTYPY.

2. VIHTeHcMBHOCTb pocTa (KOHe4YHasi KOHLEHTpauusi KMNeToK B 21-AHEBHON
Ky/bType) oTpuLUaTenbHO KOppenmpyeT ¢ abCoMoTHLIMU 3HaYeHUaMU Yucna Bonbga un
MoLWaan CONHEYHbIX NATEH.

3. buoTponHble a(heKTbl KOPMYCKYNAPHOTO U 3/1EKTPOMArHUTHOTO U3/Ty4YeHNs
ConHua Ha MEepBWYHbI W BTOPWYHbLIA METaboIM3M CYLLECTBEHHO pa3MyaroTCs.
3aBMCMMOCTb  COdepXkaHuA Oenka B KNeTKax MUKPOBOLOPOCNeN OT aKTUBHOCTU
KOPMYCKYNsipHOro nsnyyeHuns ConHua nmeet U-06pa3Hblil XxapakTep. CogepxxaHue TI B
KNneTkax  MWKPOBOAOPOCNEV  MONOXMTENbHO  KOPPENMpYeT € aKTMBHOCTbHHO
KopnycKynspHoro nsnydeHms ConHua.

4. Peakuuny OLHOM 1 TOW e MeTabonnyecKon CUCTEMbI Ha KOPMYCKYNSPHOE 1
3NeKTPOMarHUTHoe wu3nydveHne CoMHUA He SABAAKOTCA OAHOTUNHBIMU. 3aBUCUMOCTb
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cofiepxxaHue 6enka B kneTkax D. viridis 0T akTUBHOCTW 3/1eKTPOMArHATHOIO U3MyYeHUs
N aKTUBHOCTY KOPMYCKY/IAPHOTO M3/Ty4eHuUst MPUHLMNWAABHO pas/inyaeTcs.

A.l. Bozhkov, N.G. Menzyanova, M.K. Kovalyova

Biology Research Institute, V.N. Karazin Kharkov National University,
Svobody Sq., 4, 61077 Kharkov, Ukraine

ANNUAL RHYTHM OF THE GROWTH INTENSITY OF CULTURES MICROALGAE
DUNALIELLA VIRIDIS TEOD. (CHLOROPHYTA) AND SOME HELIOPHYSICS FACTORS
FLUCTUATIONS

The intensity of growth of periodic culture microalgae D. viridis, the protein, triacylglycerides,
B-carotene contents in its cells within a calendar year in case of standard constant cultivation conditions
(constant light exposure, temperature, structure of environment etc.) were investigated. It was revealed that
despite of constant cultivation conditions intensity of growth, the protein, triacylglycerides, B-carotene contents
were characterized by seasonal variability. Negative correlation between intensity of growth of culture of
microalgae and absolute values of the solar spots area (electromagnetic radiation of the Sun) and Volf’s numbers
(corpuscular radiation of the Sun) is revealed. Dependence of the protein, triacylglycerides, B-carotene contents
from heliophysics factors absolute values had both linear and U-shaped character. Biotropic effects ambiguity
of heliophysics factors can specify change dominating biotropic factors during growth of microalgae D. viridis
(principle PDF).

Keywords: Dunaliella viridis, lipid, - carotene, heliophysics factors.
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