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O MIPUPOJOOXPAHHBIX 1 JHEPTOCBEPEIAIOIIUX NEPCIHHEKTUBAX
HNCITOJIB30BAHUSA CUHE3SEJIEHBIX BOJOPOCJIEN

CHHE3eIICHbIC BOIOPOCITH, OMOTa3, OXpaHa MPHUPOJIbI, SHEProcOepeskeHre, JHEMPOBCKHE BOJIOXPAHIIIHIIA

BBenenue

BomopocisiM oTBOIAT BaXKHYIO POJTh B PEIICHUH Psiia TII00aIbHBIX TPOOJIeM, BOTHYIOIINX YeJIOBE-
YECTBO, — SHEPIreTUUECKON U MPUPOI0OXpaHHO; ocBoeHue Kocmoca, MupoBoro okeana u Heap 3eM-
JIM; U3BICKAaHUEC HOBBIX HCTOYHUKOB KOpMOBOI‘O U IMUIIEeBOI0 6em<a, HpOMI)IIHJ'IeHHOFO CLIpBH u CTpOI/I-
TETHHBIX MaTePHUaJIOB, OMOOTHYECKH aKTHBHBIX BEIICCTB, (hapMaIleBTHUCCKUX MPEMapaToB W HOBBIX
00BEKTOB OMOTEXHOJIOTHHU.

HaI/I6OHee HepCHeKTI/IBHHM HpaKTI/I'-IeCKI/IM HpI/IMeHeHI/IeM HpeIlCTaBHSIeTCSI HUCIIOJIb30BaHUE BOJO-
pocCIIel B kKauecTBE MPOAYKTA ITUTAHUS, HCTOYHUKA OSITKOBOTO KOpMa, BATAMIHOB U IPYTHX (U3HOJIOTH-
YECKU aKTUBHBIX BEIIECTB B PAI[MOHE CEIbCKOX03IWCTBEHHBIX )KUBOTHBIX U PHIO, aT€HTOB IOBBIIICHUS
ITIOYBCHHOI'O HJ'IOI[OpOI[I/IH, I/IHZ[I/IKaTOPOB COCTOsSIHUS HAa3€MHBIX U BOJHBIX 3KOCHUCTEM, HCTOYHHKA HpO-
MBITINIEHHOTO CBHIPhS M DHEPTHH, areHTOB CAMOOYHUIIICHIS TIPHUPOIHBIX M OYUCTKH CTOYHBIX BOJ, a TaK-
K€ B T€0JIOrOpa3Be0BATEILHOM U IOPUINUYECKON MpakTuke. Bpea, HaHOCUMBII BOJOPOCISIMU, OTpene-
JsieTCsl KOPpO3ueil Ha3eMHBIX MaTepHalioB U KOHCTPYKIMN, 0OpacTaHWeM CyIO0B M THIPOTEXHUYECKUX
COOPYXKEHHH, a TaK)Ke TOKCHYHOCTRIO BOBI BO BpeMsI UX «mBeTeHms» [1, 4, 5,9, 14, 125].

O0beKT M Heab HuccaeJ0BaHUI

OOBeKT HAMX UCCIIEAOBaHUN — cuHEe3eneHbIe Bogopociu (Cyanophyta) i, TodHee, MHaHo0aK-
tepun (Oxyphotobacteriobionta) — siBasieTcst ApeBHEHILEH TPy aBTOTPO(HBIX OPraHU3MOB, OCTaT-
KU KOTOPBIX OOHApYKeHbI B JOKEMOPHUCKUX CTpOMAToiHuTax BodpactoM 2,7 — 3,2 mipa. net [2]. By-
JIy9d KOCMOTIOJINTAMH, INaHOOAKTEPHH, HECMOTPS Ha HE3HAYUTEIFHOE BUIOBOE pa3HOOOpasme (OKOII0
2 TBIC. BUAOB), BCTPEUAIOTCS BE3/I€ U MOBCIOY, TOCKOJIBKY MX aJanTalOHHBIM BO3MOKHOCTSIM (KO-
JIOTMYECKOH TUTACTHYHOCTH M PE3UCTEHTHOCTH), 0OYCIIOBICHHBIM UX IPEBHOCTHIO, TIOUTH HET Mpejielia
[6, 8]. Cpemn HUX ecTh KpHOHITHI (00HAPYKEHBI B aHTAPKTHUSCKUX JIbAaX Tpu TeMireparype —83°C) u
TepMO(uIIbl (OOMTAIOT B TOPSYMX UCTOYHHUKAX Tpu Temneparype +90°C). [IpuunHoii Takoil 3BpHOHKO-
TOJIEPAHTHOCTH SIBJISIETCS] YHUKAIBbHAS MOTUTPO(YHOCTh IMAHOOAKTEPUH — €IMHCTBEHHBIX HA TUIAaHETE
OpPTraHM3MOB, CIIOCOOHBIX yCBaWBaTh YETHIPE raza: yIIIEKUCIBIN Ta3 sl (OTOCHHTE3a, KUCIOPO IS
JBIXaHUsI, CEPOBOAOPOL AJISI XEMOCHHTE3a M a30T IJIsI €ro (DUKCAIMH, YTO MO3BOJISIET OJHON MCXOTHON
KJIETKE 3a BereTalnoHHbli nepuon (70 xHeit) mpoussectu 10?° 1o4epHUX U MPUBOAUT K UX MAaCCOBOMY
Pa3BUTHIO — «IIBETEHUIO» BOIHI [2, 8].

3anpenenbHOe «LBETCHUE» BOJBI, JOMHHUPYIOIIUMH areHTaMH KOTOPOTO B YCJIOBHSX IHEMPOB-
CKHX BOJIOXPAaHWJIMII[ SIBIISIOTCS TpeACTaBUTENH POnoB Microcystis, Phormidium, Aphanizomenon,
Anabeana wn Oscillatoria, ciemyeT paccMaTpuBaTh Kak OMOJIOTHICCKAN CHTHA HEOMAromoyqns B TH-
aposkocucteMax. Cpend MHOTOYMCICHHBIX MEXaHUYECKHX, (PU3UKO-XMMUYECKHUX, OMOTIOTUYECKUX U
9KOJIOTUYECKUX METOJIOB MOAABIICHUSI MACCOBOTO Pa3BUTHS IMaHOOAKTepuii Hanbosnee IPPeKTUBHBIMU
MIPEJICTABIIAIOTCS BHUIBI TIOCTIETHUX JIBYX POJIOB, TOCKOJIIbKY OHH TTO3BOJISTIOT W30aBUTHCS OT MPUYHWH, a
HE OT MOCJEICTBUM «I[BETEHUs» BOJHI [6, 13].

Ecnu 3HaumMTenbHas 4acTh SHEPTETHUYECKOTO IMOTEHIMANa HAa3eMHOH OMoMacchl pacTUTEIHHOTO
MIPOMCXOXKICHHUS YTHIIN3UPYETCS YEIIOBEUECTBOM (Ha CETOMHS MIECTYIO YacTh MOTPEOIIeMOi SHEPTHI
MOTYYaIOT U3 CENIbCKOXO3IHCTBEHHON M APYTOi (PUTOMACCHI, YTO SKBUBAJICHTHO €KEIHEBHOMY HCIIONb-
30BaHuI0 Oojiee 4 MitH. T HepTH), TO OMoMacca (PUTOIJIAHKTOHA ITPAKTUYECKU He BocTpeOoBaHa. [ToaTo-
MY, TIETTBI0 HAIINX WCCIIEOBAaHUH SBISETCS pa3paboTKa KOMIUIEKCHON TEeXHOJIOTHH, 00€CIIeYrBaroIeit
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peHTabeNbHOE MPOU3BOACTBO OMorasa (Kiiap-ra3a) u3 OMoMacchl MaHOOAKTepUi, COOPaHHON B MEPHUOT
«IBETCHUSD aKBATOPHUU BOJOXPAHMIIHII JTHETIPOBCKOTO Kackaia. MoJeupoBaHue TEXHOJIOTHH TIIaHH-
pyeTcs mpoBecTH Ha KpyrHeieM B EBpornie Bogoxpanmnuiie — KpemeHayrckoM. Anpobanus rnporecca
MoJy4eHus: Ouorasa npoBeicHa Ha 06a3e OMOIKOIIOTHYECKOH, B TIOCIEACTBUU — (prusndeckoi maboparo-
puu KpeMeH4yrckoro rocynapcTBeHHOTo yHuBepcutera uMeHrn M. OcTporpasckoro.

K gncry HanOoee BeCOMBIX CPeI OKUIAEMbIX PE3YIIETAaTOB OTHOCSATCS:

* MCIOJIb30BaHKe OECIIaTHOTO CHIPBS B Ka4eCcTBE (pepMEHTHPYEMOTO CyOCTpaTa;

°* IPUMEHEHHE YKOJIOTUYECKH 0€30TTaCHBIX U HE TPEOYIOMNX 0COOBIX dHEPro3arpaT crmocoooB cbo-
pa (UTOIUTAHKTOHA, MTPOM3BOJICTBA OHMOras3a C MOCIEIYIOIINM CXKIDKEHHEM METaHOBOW (hpakiuu Wiin
TpaHC(OPMAIIUHU €TO B AIICKTPOIHEPTHIO;

* YTUJIM3AIHS OTXOI0B ITPOU3BOJICTBA KAaK MUHEPAI0OPraHMUYECKUX YI0OPEHHU B CEJIBCKOM H JIEC-
HOM XO3SHCTBE;

° YIYUIICHUE KaueCTBa MPUPOIHBIX BOJ U, KaK PE3yJIbTaT, 03J0POBICHUE OKPYKAIOIICH CPeIbl U
HACEJICHHUSI;

* MCITOJIb30BaHKE COMMAIBLHOTO U (prHaHCOBOTO 3(hexra mist odecneueHus yCTORIMBOTO SKOJIOT0-
SKOHOMMYECKOTO Pa3BUTHUS IPUTHEITIPOBCKUX PETHOHOB;

* BBINOJIHEHME ycinoBuil Kuorckoro nporokoia.

Pesyabrarsl ncciiefoBannii U X 00Cy:KIeHHe

Pacrenus yrunusupyrot okono 0,1% CoHeTHON SHEPTHH, 10CTUTAIOIIECH MOBEPXHOCTH 3EMITH, UTO
B 10 pa3 mpeBsIaeT MUPOBOE TOTpediieHue YHeprun. [103ToMy BO3HHKIIA HJIesl HCIIOIB30BaHUs OHO-
rasa — TOIUIMBA, TOJy4aeMOro U3 OPraHMYeCcKOH Macchl IyTeM ee OMoKoHBepcur. bruomeranorenes ObL1
OTKpPHIT B 1776 T. BonbToi1, KOTOPBII yCTaHOBHI HAJIMYHE MEeTaHa B 00J0THOM rase. [Ipu aTom, Hanbosee
MIEPCIIEKTUBHBIMH YTHIIN3aTOPAMH COJIHEYHOW SHEPTrUU OKa3aJIMCh MHUKPOBOIOPOCIH: MaKCHMAIbHOE
snauenue KIIJI potocunuTesa y nuaneii qocruraer 20%, uto 6osee uem B 200 pa3 mpeBhIIIaeT cpeHee
snayenue KITJ] ¢poTocunTe3a Ha 3eMHOM Iape. DHeprusi, 3aKimoueHHas B 1 M? Ouorasa, SKBUBaJICHTHA
suepruu 0,6 M* ipupoaHoro rasa, 0,7 1 Hedru wim 0,6 1 qusenapHOro TotutMBa [ 1, 5, 12, 13].

Knaccuueckast TEXHOIOTHS TIOTyYSHHs KJap-ra3a U3 OPraHMYeCcKUX OTXOJO0B arporeHHOro Mpouc-
XOXKJIEHUSI OCHOBaHA Ha CUMOMOTHYECKOM B3aMMOJICHCTBUH TPEX TPYII MUKPOOPTaHU3MOB, Ha OTHOM
13 TaNoB KOTOPOTO IMPOHUCXOIUT MpoIlecc OMOCHHTE3a METaHOOAKTEPHUSIMHU CMECH Ta30B ¢ Ipeodiaa-
HueM MeTana (0oJiee MOJIOBUHBI IO 00BEMY) M IPUMECH IPYTUX T'a30B, B IPUCYTCTBUH KOTOPBIX METa-
Horensl passuBaroTces (H, u CO,) un noxasinstiorcs (O,). JloMuHUpYOIMMHE B TIPOLIECCE METAHOTEHE3a
sIBIsItOTCS BUABI Methanobacterium formicicum n Methanospirillum hungati [12].

[ToaToMy, THTEHCMBHOCTH OMOCHHTE3a METaHa BO MHOTOM 3aBHUCHUT OT KOHIIEHTPAIIMK B CyOCTpare KHc-
JIOpo/ia ¥ IPYTHX HHTHOUTOPOB ATOTO Tiporiecca. COOTHONIEHUE Pa3IMUHBIX YCIOBHH MPOTEKAHHS MeTa-
HoreHesa (cymmaproe ypasnenue peakuuu 4 CH.COOH + 18 H,O — 15 CH, + 13 CO,) - pH 6,0 - 8,0,
t He menee 30° C, oTHOIICHUE yIVIepo/a K a30Ty B cyocTpare o macce — 30:1 1 TBeppIX KOMIIOHEHTOB
K Bogie — 1:1, — 00yCIIOBIMBAET €T0 MPOIOIKUTEIBHOCTE (0T 8 10 20 CyTOK).

Hcnonr3oBanne Oromacchl nmaHnoOaKkTepuii, COOPaHHOW BO BpPEeMs «IIBETEHHWs» BOJBI HAa aKBaTO-
PUSIX BOAOXPAaHWIIUII JTHEITPOBCKOTO KAacKaja, JJisl OoJTydeHHs: Ororasa (MpuMeHEHHe albTepHATHBHBIX
WCTOYHHUKOB SHEPTUH) ABISAETCS OAHUM U3 dPPEKTHBHBIX CIIOCOOOB YIYUIIEHUS HKOJIOTHYECKOTO CO-
cTOSTHUSA p. JIHenp U npuiieralonyx TEpPUTOPUNA, YMEHBIIICHUS 3aTparT Ha OYUCTKY MTPUPOIHBIX BOA JI0
I'OCT «Bona nutheBas» [3], yBeanyeHns: NPOAYKTUBHOCTH PBIObI, a TAKKE YTHIM3ALUU OTXOA0B OHO-
TEXHOJIOTHIECKOTO MPOIECca B OTPACISX CEIBCKOTO U JIECHOTO XO35HCTBA.

B ocHoBy npemaraemoro criocofa mojokeHa pa3paboTka MeTofa OYUCTKH TTOBEPXHOCTHBIX BOJI
OT CHHE3eJICHBIX BOIOPOCIeH myTeM cOopa M UCTIONb30BaHUs X KOHLIIEHTPUPOBAHHONH OMOMAacChl Kak
cyOcTpara JuIsl MOTy4YeHHUsT Kiap-raza MoCpeICTBOM OMOTEXHOJIIOTHH METAHOBOTO «OpOXECHUSI» U 00e-
CIICYEHHS TEM CaMbIM HaJ[IeXKAIIEr0 YPOBHS Ka4eCTBa BOJABI B KaCKajle BOAOXPAHMIIHIIL TPH SKOHOMHH
sHepropecypcoB. [IpumeneHne nuanoOakTepuii B Ka4eCTBE CHIPBS [ POU3BOACTBA OMOTa3a SIBISCT-
Csl ”THHOBAITMOHHOW Pa3pabOoTKON, HE MMEIOIIEeH MUPOBBIX aHAJIOTOB.
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Kpome npupomooxpanHoro u aueprocoeperaromiero 3gdexra JaHHOTO Crocoda CIISAYeT TAKKE OT-
MCTUTH €T0 OTHOCUTCIIbHYIO JICIECBU3HY U BO3MOXXHOCTH PETYJIIMPOBATH Pa3sMEpPhbl KaluTaJIOBJIOKEHHUH
Ha HAYaJIbHBIX dTanax BHEIPEHHS B 3aBUCHMOCTH OT BBIOPAHHBIX MacmTaboB mpousBoacTBa. OHUM
13 MPEUMYIIECTB MPeIaracéMoil TEXHOJIOTHH SBJISCTCS IPOCTOTA YCTPOHCTBA KOHCTPYKIUH Jyis cOO-
pa Bomopocieii, pepMEeHTEepPOB B ra30COOPHOTO 00OPYIOBAHMUS, UCIIOJIB3YEMBIX ISl ITOTYUICHUS U Ha-
KOTUIEHHsI OMorasa, 4To JacT BO3MOXKHOCTh BHEJPEHUS ITOM OMOTEXHOJIIOTUH B HEOOINBIINX YaCTHBIX
XO35IMCTBaX.

MeTtaHoBO€E «OpOKEHHE» IPOUCXOAUT B BOIOHEIIPOHUIIAEMBIX IUCTEPHAX (IaiiKecTepax) ¢ O0Ko-
BBIM OTBEPCTHEM ]ISl TIOJ[a4yH CyOcTpara (KOHIIEHTPUPOBAHHOW OMoMacchl Inanobakrepuii). Han Hum
HaXOJUTCSI KOHTEHHep Jisi cOopa Ouoraza. HaBucas Haj pepMeHTHpPYEeMOH CMEChIO B BUJE KYIIOJIa,
KOHTEHHEp MPENATCTBYeT MPOHUKHOBEHUIO BOBHYTPh IIUCTEPHBI BO3yXa, YTO O0ECIIEYNBAET aHA3POO-
HOCTb TIporiecca. B ra3oBoM Kyrosie HaXoAuTcs TpyOa st OTBeJeHHs Kiap-ra3a. JlalmpkecTepsl n3ro-
TaBJIMBAIOT U3 KUpIU4a, OeToHa win ctaimu. Kynoi aiis coopa raza MOKeT ObITh U3TOTOBJICH U3 HEWMJIOHA
WM ApYyrux ra3oHCIpoOHNIAacMbIX MaTCpUuajioB. bnoras namomaser MCIIOK, COC]IHHGHHLIﬁ C KOMIIpEC-
COPOM JIJIsl TIOBBIIIIEHUS €T0 AaBICHHUS.

BriBoabI

[Ipemmaraemslii crioco0 mony4eHus 6uorasa (Kiap-ra3a) U3 CHHE3eJIeHbIX BOIOpociel (InaHno0ak-
TEpUii) OTIINYAETCS OT aHAJIOTOB THIIOM HCIIOIB3yeMOTO CyOCTpaTa M KOJIMYECTBEHHBIM COCTAaBOM OHO-
rasa (TIOBBIIIICHHOE CONEPIKAaHME METAaHa 32 CUCT YMEHBIIICHUS CEPOBONOPOAA U AMOKCHIIA YTIEPOa).
TexHUYECKUM PEe3yJIBTATOM SBISICTCS TOMydeHHe cMecH ra3oB — 6onee 700 it u3 1 am® cyberpara Ha
MPOTSHKEHUU HEAENU Mpu ontuManbHoi Temmepatype 20 — 30°C — ¢ KauyeCTBEHHO-KOJIMYECTBEHHBIM
COCTABOM MOJTy4E€HHOTO B KaMepasIbHbIX ycnosusax npoaykra: CH, (=65%), CO, (=30%), H,S,N,, O, u
H, (=mo 1%) [7].

[lepcriekTUBEI UCTIOIB30BAHUS [IMAHOOAKTEPHIA JIJIS TTOJTyueHUs] Ouorasa B yciaoBusx KpemeHuyr-
CKOTO BOJOXPaHHUIIHINA C TUIOMIAIBI0 BOAHOTO 3epkaia 2250 KM? MOKHO OIEHHUTH C IIOMOIIBIO CIEy-
fomux 1mudp: mpu cOope cecToHa B MATHAX «IBETCHUsA» B KonmuecTBe 10 S50 kr/m® [11] u3 obbema
828 muH. M® BOBI MenkoBOAHI (ITyOuHa 710 2 M; 18,4% miomaau BojoemMa) ero bromacca COCTaBUT
4,14x107 T 3a BereTanoHHbIH mepuo. [TogBeprays o1y 6uomaccy hepMEHTAIIUH B ITPOIECCE METAHO-
BOTO «OPOXKEHHSD», MOYKHO MONTY4YHTh 10 28,98 mutH. M® Ouorasa (<18,837 mMitH. M® MeTaHa), YTO SKBHBa-
neHtHo 20 Teic. T HeTH WK 17 THIC. T IU3EIHLHOTO TOILINBA.
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O [MPUPOJOOXPAHHBIX 11 SHEPI'OCBEPET'AIOIINX IMTEPCITEKTUBAX MCITOJIb30OBAHU A
CUHE3EJIEHBIX BOJIOPOCJIEN
B.B. Huxudgopos

Kpemendyrckuii rocynapcTBeHHBIH YHUBEPCUTET UM. M. OCTpOrpaackoro

OO0cyXaroTcst IPUPOJOOXPaHHBIE M DHEProcOeperaromue nepcreKTHBBI HCII0Ib30BaHHSI CHHE3EJICHBIX BOIOPOC-
neid. Ytum3zanus ux (GUToMacchl JUIs OJydeHus] Ouorasa mpuBe/IeT K 03710poBiIeHHI0 [lHenpa 1 ero npujeraro-
LIMX TEPPUTOPHUIL M MO3BOJIUT MOTy4ath 10 19 MitH. M* MeTaHa 3a BeretanmoHHbIH epuon (70 qHeit) U3 akBaTopun
nuib KpeMeH4yrckoro BoMoXpaHMIUINA.

UDC 574.6:477.63/64

ON ENVIRONMENT-PROTECTING AND ENERGY-SAVING PROSPECTS OF BLUE-GREEN ALGAE
V.V. Nikiforov

Ostrogradskiy Kremenchug State University

Environment-protecting and energy-saving prospects of blue-green algae have been discussed. Utilization of their
phytomass to obtain biogas will lead to the recovery of River Dnepr and its subjacent territories, allowing to get up
to 19 mln. M* of methane during the vegetation period (70 days) out of Kremenchug reservoir storage water area.
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