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A. B. bopoduHa

POCTOBbIE XAPAKTEPUCTUKUN SPIRULINA PLATENSIS (NORDST.)
GEITER B YCNOBUAX 3AMEHbI TMAPOKAPBEOHATOB HA KAPBOHATbI
B CPEAQE 3APPYKA

B nocnennee Bpems, ¢ pazsuTHeM OHOTEXHONOrMH MHUKpoOBOAOpOCHEH, ocoboe
BHMMaHME yenseTcd u3ydeHnto poaa Spirulina, nanfonee vacto BCTpeuaeMoMy BHIY
Spirulina  platensis. Jjis  Ky1bTHBHPOBAaHWS NAHHOH MHKPOBOMOPOCAH  0ObIMHO
HCTIONBL3YIOT cpefly 3appyka, a Taioke ee moaudukaunn [8-12]. Oxnum n3 BaxHeLnx
GHOreHOB B MMTATEILHBIX CPelax sABMAETCS YINEPOA, OT HOHHOH (opMbl KOTOPOro
(OpraHHYECKOH WM HEOPraHM4eCKOH), 3aBMUCHT HE TOJBKO MEXaHHW3M HAKOIUICHHs
yriepona B kierke [7.2,9], HO v OMOXHMHUYECKHKH COCTaB, POCTOBbIC XapaKTEPUCTHKH U
dopma Tpuxom cnupyannsl [6,1,10,11]. OchoBHo# Bi1az B cocTas conei cpeabl 3appyka
BHOCHT OukapOonar Hatpus (76%). Panee Hamu Obi1 POBENEH CPABHUTENLHLIA aHANN3
vouHbix Gopm CO,, pH H pocTOBbIX XapakTEPHCTHK MpH BbipallusaHuu Spirulina
platensis B HakonuTesbHON KynbType Ha CTaHAapTHOM cpeie 3appyka (KOHTPOAbHas
cpena) v cpene 3appyka ¢ 3amenoll OnkapboHarta Ha kapOoHaT HaTpus (kapboHaTHas
cpeaa). C Y4eToM BbICOKOH HOHHOM cuibl pactsopa [1]. Onnako, B kapboHaTHOR cpene
Obl JONYILEH AOMOMHHUTENbHBIA HCTOYHHK HEOPraHHUYECKOTO Yraepoia obpasyioluerocs
uz CO,, npu mpomyckaHWd BO3[lyXa HUEPE3 CYCMEH3HIO MHkpoBoiopocaci. Jlnia
06BEKTHBHOIO CpaBHEHUS POCTOBBIX XapakTepHCTHK Spirulina p. ABYX pasiiMuHbX cpea
MEXaHW3MOB AaKTHBHOr0 TPAHCMOpPTa HEOPraHWYECKOro yriaepola B KaeTky Oblau
NPOBEAEHBI [OMOMHUTENIbHBIE HCCACIOBAHUSA LENBIO KOTOPbIX SABAANOCH: 1) OUEHHTH
BJIHSIHME TIOMHOM 3amMeHbl rHApokapboHaToB Ha kapOoHaTs! B cpefle 3appyka Ha pOCTOBbIE
xapakTepucTHkn Spirulina platensis; 2) ucciienoBaTs JAHHAMMKY HEOPTraHHHMECKOro M
OpraHuy4ecKoro yriepofa B KapOOHATHOW cpee M CPaBHHTb € KOHTPOJILHOM cpenoi
3appyka.

MATEPHAJIBI 1 METO/1bI

O6bvekTom unccnemoBanus B 3TOH padorte mnocayxuia Spirulina platensis u3
xonnekuun MubIOM HAHY. Boropocnn BbipaiinBany Ha NHOMHHOCTATE B CTEKAAHHBIX
NBYXJIUTPOBLIX CTaKaHax fMpH HENpepbIBHOM OCBEIEHHH CHU3Y. HHTercHBHOCTD
ocBeuieHus cocrasnsna 5600-6000 nk. [lpn nocrosHHOM GapOaTHpoBaHMK BO3AYXOM,
ounitenusiM ot CO,. Temneparypa cpelbt BO BpeMs 3KCIepHUMeEHTa Konebanace oT 27°C
20 30°C. DKCrepUMEHT NPOBOAMACS B BYX NOBTOPHOCTAX. OGbLEM CYCNEH3MM B cTAKAHAX
paBHssica 1 1 npu Beicote cnos 9,5 cm. Hauanvhas onrudeckas miotHocTb npH Disy
focjie BHECEHUs WHOKYNATA CrHpyinHel BO Bcex 4-x crakanax beima 0,27 en. onr. ni.
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POCTOBbIE XAPAKTEPUCTUKYN SPIRULINA PLATENSIS (NORDST.) GEITER
B YCJIOBHUAX 3AMEHbI T'MQPOKAPEOHATOB HA KAPEOHATbLI B CPELJE 3APPYKA

Hamepenns nposonunnce Ha KOK-2 B kiosetax 0,5 cm. Konrpons pH cpenpl Benca npu
fnoMoln noHomepa IB-74. OnpeneneHne OpraHHYEcKOro yriaepoja B cpeae npoBoaHIn
buxpomatHbiM  oxuraneMm [5]. Onpenenenue KkapboHaTOB W rHApokapOOHATOB
OCYIIECTBIANIOCH CTaHAApTHOM Meromukoit [3,4], ¢ yueToM (GUIMKO-XUMUUYECKHX
ocobeHHOcTeil npurotosieHus naHHod cpeabt [1]. Otbop npo6 nns onpenenenus
TIOTHOCTH KYNBTYpPbI MPOBOANIIK €KEAHEBHO B OJIHO H TO Xke BpeMsa. [lis koMneHcalluu
UCMapeHHs YpOBEHb pacTBOpa B COCYNE MPEABAPHTENbHO HOBOAMAM [0 METKH 111
JUCTHITMPOBAHHON BOJOH M NpH NEPEMELUNBAHHN OTOMpaAIH npody o6beMOM 5 M1 its
K2)KIOTO CTaKaHa.

PE3YJIbTATHI UCCJIEJOBAHUH

PocToBbi€ XapaKTEPHCTHKH CIMPYJIHHBI, BBIPAIUEHHOH Ha [IByX Pa3IM4HBbIX Cpeaax
NpUBENEHBI HA pHC.].
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Puc. 1. Kpussie pocta Spirulina platensis npu Bblpaiinsainy Ha KapboHATHOH 1 KOHTPOLHOH
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Puc. 2. innamuka pH 8 kapGoHaTHO 1 KOHTPOsibHOM cpeax 3appyka
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A. B. 6OPOANHA

KpuBas pocra KOHTpoOns XapaKTepH3yeTcs OTCyTCTBHEM nar-dasei. B Teuenue 6-u
CYTOK HabAwoJaNCs NPAaKTHYECKH NHHEHHbIH pocT KynbTypbl. B naneHedimiem, ao 14-x
CYTOK, POCT MHKpPOBOAOPOCIH Tarke Obil JIMHEHHBIM, 1O Yroa HAKIOHA 3aMETHO
ymenbuinncs. Ha 15-16 cyTku cnumpynMHa Beiluina Ha CTauWoHapHyto ¢asy pocta. B
BapHaHTe Ha KkapOOHAaTHOM cpefe KpHBas pocTa 3HAYHTENLHO OTAHYAIACL OT
KOHTPOJbHOM. MoXKHO 06110 BbiEHTH pall ocobeunoctei. [lepsbiii nepuoa no 11-ro ans
ABJAAJICA  AafaNTaiMOHHBIM, T. K. [PEeABApHTENbHO KYyAbTypa HapauluBaiach Ha
cTaHAapTHON cpene 3appyka. HabGntopanace maccoBas rudenb KIETOK CHHPYJHHbI, €
pacrnanaom TPUXOM Ha MenkHe dparMenTbi. COXpaHMBLIME >KH3HECNOCOOHOCTH KIIETKH,
NproGpeTasin  XapaKTepHbie MOPQPONOTHYECKNE HM3MEHEHHA: BBITATMBAHHE TPHXOM B
JUVIMHHBIE XAOTHUYECKH 3aKpYYHBAIOILMECS HHTH, HM3MEHEHHE IIB€TA OT CHHE-3ENECHOH
(KOHTPONBHOM) 10 CBETNO-3€NEHON OKpacKH. B 3TOT nepnoa kn3HenesTenbHOCTh KIIETOK
fIO/UAEPXKMBACTCA 32 CYET BHYTPEHHHX PeE3EpBOB M MpOAYKTOB OaKkTepHanbHOM
necrpykuun ormeplunx knerok. C 1l-ro aHs skcnepumenrta 1o Beixoaa Ha "mnaro”
Habatoascs akTUBHbBINA POCT KIIETOK.

B KOHTPOALHOM BapHaHTE HCTOYHMKOM YIVIEPOAA TNPEHMYIUECTBEHHO S BJIKIOTCH
rufpokapOOHaThl, YTO MOATBEPIKAAETCH HCCNEAOBAHMAMM 10 aKTHBHOMY TpPaHCIOPTY
yraepoaa [7]. CoorHowenne HCO;-/CO™ cxoano ¢ paHHee onucanuoit [1]. [lo mepe
HakonaeHus Ouomacchl COAEpXKaHHE THAPOKApOOHATOB CYILECTBEHHO CHKXAESTCA, &
kapboHaToB noselwaeTcs. [Ipouecc acchmunsunum 6HOreHOB COompoBoXkaaeTcs pocrom pH
(pHc.2) 1 cMelleHUeM paBHOBECHS B CTOPOHY KapOoHaTtoB. CoBceM MHAYE BBITJISIUT 3TO
cooTHolieHne B kapOonaTtHoit cpene (puc.3). [lpu pH sbie 11 auHamuka
HEOPraHWYecKoro yriepoaa CBOAMTCA K AHMHaMHKke kapOoHaT-WoHa. [ 'mapokapbonarsi,
00pa3ytolnecs BCIENCTBHE CMEILEHNHA KapOOHATHOTO PaBHOBECHS MPH CHIKEHMU pH,
MCrONB30BANIUCh  MHUKPOBOJOPOC/AIMH B KAYCCTBE  MPEANOYUTAEMOr0  MCTOYHHKA
yriepoaa. Hanbonee akTHBHOE CHMXKEHHE KOHLIEHTPaUMK KapGonaTtos (Ha 2,7 /1) Gbino
OTMEUEHO B NIEPHOA AKTHBHOIO pocTa cnupyauHsl: ¢ 11 no 21 aHW akcnepumeHTa.
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Puc. 3. Junamuka conepxkanua kapboxaros H ruapokapboHaToB B kapboHaTHOM cpeae
KOHTPOJILHO# cpene 3appyka
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POCTOBbIE XAPAKTEPACTHKN SPIRULINA PLATENSIS (NORDST,) GEITER
B YCNOBUSX 3AMEHbLI TMOPOKAPEOHATOB HA KAPEOHATbI B CPELE 3APPYKA
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Puc. 4. [lunamuka opraHMyeckoro yriepona npu Buipauusanny Spirulina platensis xa
kapGoHaTHON W KOHTPOJIBHOM cpelle

JlMHaMHKa HEOPraHHYECKOTO YriepoAa TecHO CBA3aHA C AMHAMMKON OpraHH4ecKoro
yrnepona. B kap6onatHo# cpene Habnoaanuck CylecTBEHHbIE 0TS OT KOHTPOILHOI
cpeapl 3appyka (puc.4). 3a nepseie NBOE CyToK B KapGOHATHOI cpene Obilo 3ameueHO
pesKkoe yBeauYeHHe OPraHMU4EeCKHUX BELLECTB, 110 CPABHEHUIO C KOHTPOJEM. DTH CBI3aHO €
NepPeMEHON yCIOBUH KYbTUBHPOBAHHS H BO3ZHHKAIOLLMM, BCIIENCTBHE 3TOrO "crpeccom”
MUKposoaopocny. B panenediwieMm, no 11 s, cnupyiuMHa B KavecTBE OCHOBHOrO
MCTOYHHMKA Yyijepoaa, BEPOSTHEH BCero, WCNoJb3oBana yrnepoa, obpasylowmuiics
BCJIEACTBHE AECTPYKUMH OTMepluux kjetok. C 11-ro aHs M 00 KoHUA 3KcnepuMeHTa
Habaopaoch yBelWUeHHe OpraHHYeCKHX BELLECTB B cpeje, YTO MO0 Obith BbI3BAHO
KaK pa3BuTueM OakTepuH, Tak M BbigefieHHem OOJBbLIOrO KOJIM4YECTBA MOJIMCAXapHI0B
(cnu3u), BeseacTBHe  ocoOEHHOCTH  (U3MOAOIMKM  KIETOK  CNIUPYJUHBLI  TIpH
HebaronpusTHLIX ycnosusx, Hanpumep, pH. Cuuxerne pH cpeapt, ormeuentoe nocne
I1-ro aHs 3xcniepUMeHTa NpeAOCTaBAsET ANLTEPHATHBHBIA (OpPraHHYECKOMY YIIEpoay)
MCTOUHUK JaHHOT0 GuoreHa B Bune bukapbonar-uoxa.

BbIBO/AbI

[lpu sbipalumMBaHuu cnupy/iuHbl Ha cpefle 3appyka, OCHOBY KOTOPOH COCTaBAsHOT
xapboHaTsl, HabMOMancs aganTauMoOHHBIN nepuon ao 11-ro aHs a3kcnepumeHta. B
pe3yJibTaTe MepeHECEHHOTO KYJILTYPOH cTpecca, €€ TPHUXOMbl BLITSHYJIMCh B JIHHHbIE
M30THYTbie HWUTH W npuobpesin He xapakTepHbill 3ejeHOBaTblil oTTeHOK. B koHue
IKCNEPUMEHTA, POCTOBLIE XAPAKTEPUCTUKM MHUKPOBOAOPOCTEH, BbipallleHHbIX Ha
xkapboHaTHOH M Ha KOHTPOJIbHOH cpenax, ObUIM CXOXKM [0 BENUYHHE ONTUYECKOH
nJIOTHOCTU. Ha npoTsxeHHH Bcero skcnepumeHTa B kapboHaTHOH cpene Habarogancs
Gonee BLICOKMI ypOBEHb OPraHW4eCcKOro yrjieposaa, YeM B KOHTPOJe, H MHHHUMAaILHOE
KOJMUeCTBO rHapoKapOoHaT-HOHA, YBEMMUHBAOWIEeCs K KOHLY 3kcnepuMenTa. OTinume
CIMpYJIHHBI, BbIpauleHHON HAa kapObOHATHOMN cpelie, OT CNHUPYJIHHBLI B KOHTPOJILHOH Cpeae,



A. B. GOPOANHA

MO-BUIMMOMY, CBS3aHO HE TOABKO ¢ HeontumanbHbiMU pH cpeaw [1], HO U pa3HbiMK
MeXaHH3MaMH aKTHUBHOrO HaKOMJeHHs yriaepoja knerkamu [7,6].
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