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INekuunsa 1. Jkonormyeckue rpynnUpoBKu
BOAOpPOCIieN NPeCcHbIX BOAOEMOB U (hpakTophbl,
onpepensivowme Nx pasButue

B npecHbIx BogoeMax B 3aBUCUMOCTH OT 3KOJIOTUUECKUX (DaKTO-
poB (OMOTHMYECKMX M aOUOTHUYECKUX) (POPMHUPYIOTCS HKOJOTHYECKHUE
TPYNIHUPOBKU: (PUTOIIIAHKTOH, (PUTOHEUCTOH, (puToOEeHTOC, (hutore-
pudutoHn. Ux eie Ha3pIBalOT anbroneHo3amu. DOUTOMIAHKTOH, Kak
paBuiio, GOPMHUPYIOT BOJAOPOCIH MHUKPOCKOMUYECKUE, OHHM pacrpe-
JEJSIOTCSA B TOJIIE BOAbl. UTOHENCTOH — MOBEPXHOCTHAS IJICHKA U3
MUKPOCKOMTMYECKUX Bojopociieid. PUTOOEHTOC — MaKpo- U MHUKpPO-
CKONMYECKHEe (POPMBI, CBS3aHHBIE B CBOEM Pa3BUTHUM C JTHOM BOJIO-
eMa. durtonepuUTOH — BOJOPOCIH 00OpacTaHUN €CTECTBEHHBIX U UC-
KYCCTBEHHO BHECEHHBIX B BOJY MPEIMETOB, HE HAXOSIINXCS B MPHU-
JIOHHOM CJIO€ Y HE UCIBITHIBAIOIIMX Ha ceOe BIUSHUE THA.

Ha cocraB u pacnpeneneHrue BOIOPOCIEN B SKOJOTMYECKUX
TPYNIHAPOBKAX OKAa3bIBAIOT BIMSHUE A0OMOTHYECKUE M OMOTUYECKHUE
dakTopel. K aOMOTHYECKUM OTHOCATCS (PU3UUYECKUE U XHMHYECKHE
(bakTophl cpelibl, K OMOTHYECKUM — B3aMMOOTHOIIICHUSI BOJIOPOCTICH B
IPYNIUPOBKAX MEXKIY COOOM, a TaKkKe C PAaCTEHUSIMU U KUBOTHBIMHU
BoJ0eMa. AJanTtanusi BOJOPOCIEH, KaK U JIPYTrHX KHUBBIX Opra-
HHU3MOB, K JaKTOpaM CpeJibl MOXKET MPOUCXOJUTh KaK 3a CUET yXKe
umMmemwnierocs reHodponaa (Gusnosornyeckoi aganTaiuu), Tak U
3a cYeT U3MeHeHUs TeHo(doH1a (TEHOTUITUYECKON aJlanTalluHn ).

OJHUM U3 TJIABHBIX a0MOTUYECKUX (PAKTOPOB B BOJHOU Cpejie sB-
nseTcsa cBeT. KonndecTBO COJIHEYHOW DHEPTrUM, NOXOAsIIee A0 IO-
BEPXHOCTU BOJIbl, 3aBUCUT OT reorpauyecKoi MUpOoThl U U3MEHSET-
Cs B CBSI3U C MOTOJHBIMU YCJIOBUSIMU. CHIIbHEE BCErO MOTJIONMIAIOTCS
Jy4Yd JUIMHHOBOJIHOBOW YacTH CIIEKTpa, MO3TOMY IMPU JAOCTATOYHOM
TOJIIIMHE BOJIa COBCEM HE MpOITycKaeT 3Tu Jiyuu. Ha Tex rimyOuHax,
r7€ BOJOPOCIU ONIYIIAIOT HEJOCTATOK KPACHBIX JIyueul, a JJisi HOp-
MaJbHOTO X0/1a (POTOCHHTE3a HEOOXOIUM BECh COJIHEUHBIN CIIEKTD, Y
HUX BbIPaOaThIBAETCS AOMOJIHUTEIBHBIA KPACHBIN MUTMEHT.

CuHe3seneHble BOJIOPOCIIH, BbIpAIlIUBAEMbIE B KYJIbTYPE B YCIOBU-
X OCBEIICHUS 3€JIE€HBIM CBE€TOM, CTAaHOBWJIUCh KpPAaCHOBATO-
KOPUYHEBBIMH, a B YCIIOBUSIX OCBEILICHUSI KPACHBIM CBETOM — CHHE3E-
JICHBIMHU. JTO OOBSICHSETCS MU3MEHEHUSIMU COOTHOIIECHUS BbIPAOATHI-
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BAa€MbIX UMM MUTMEHTOB ((DUKOIpUTpHHA U (HUKOIIMAHMHA) U Ha3bIBa-
€TCAd XpOMAaTHYECKOW aaanTanueil. BoepBble 3T0 0OHApYyXwin OH-
resibMad U ["aigykos.

[IpucyTcTBHE B BO/IE BOJOEMA OKpAILIEHHBIX TTpUMecel (TyMyCOBBIX
BEIIIECTB), MPUIAIONINX €M JKEJIITOBATYIO MM KOPUUHEBATYIO OKPACKY,
OOyCJIOBIIMBAET JOTMOJIHUTEIBHOE TMOIJIONIEHHE KOPOTKOBOJHOBOM
YacTH CHEKTpa.

MyTHOCTh 00YCITOBIMBACTCS HAJTUIUEM B BOJIC B3BCIIICHHBIX Yac-
THUI[ OPTaHUYECKOTO U HEOPTraHWYECKOro MpoucxoxiacHus. B 3aBucu-
MOCTH OT MPO3PAYHOCTH BOJIOEMA pacIpeieieHUs] BOAOPOCIEH UJIET
OT MOoBepXHOCTHOro cios 10 10—15 M Brayos. Cambie TpeOOBaTEIIb-
HbIE K CBETY — 3€JICHbIE U CUHE3EJICHBbIE BOJOPOCIH, JTUATOMOBHIE
OOBIYHO OIYCKAITCS 10 00Jiee rITyOOKUX CJIOEB. 3€JIE€HbIE BOJIOPOCIIH,
KUBYIIIME B 3BOOTUUECKON 30HE HA IIIyOUHE, CoepKaT OOIbIIE XJIO-
poduia b, yeM KMBYIIHE Ha MEJIKOBOJIbE. YPOBEHb CBETOBOTO Ha-
CBIIICHHS 3aBUCHUT OT TOTO, K KAKOWM MHTCHCHBHOCTH CBETa aIallTHPO-
BaHbBl BOJOPOCTU. MHOTHE BUABI BOJOPOCTEH MOTYT CYIIIECTBOBATH B
YCJIOBUSIX HU3KOM OCBEIICHHOCTH U JIa’K€ B TEMHOTE, MEPEXOs Ha Te-
TepoTpodHoe mutanue. Ilpu cimabom cBeTe OTMEUEHO, YTO CyMMa
BCEX XJIOPO(PUIIIIOB M OTHOIICHUE XJI0pOhUIIIOB b/a OobIIe, YeM IIpU
CHWJIBHOM CBETE, a MPU CUILHOM CBETE€ OTHOIICHHUE KapOTHHOUIOB K
xJiopoduity a 0oiblIe, 4eM MpU c1adboM CBETE.

Baxnas xapakrepuctuka 3(pPeKTUBHOCTH padOThl (POTOCUHTETHU-
YECKOro ammnapara — acCUMIISIIIHoHHoe unciio (AY), Beipaxkaromieecs
OTHOIIIEHUEM aCCUMMIJIMPOBAHHOM 3a 1 4ac yriIeKHCIIOThI K KOJUYECT-
By xJiopoduiiia. ITa BeIMYMHA 3aBUCUT OT TAKCOHOMHUYECKOTO IMOJIO-
YKEHUSI BOJOPOCIIEN.

OnTumuzupyeT npouecc (POTocHHTE3a y BOJIOPOCIEH CIOCco0-
HOCTb XJIOPOILJIACTOB K MEPEMEIICHHIO, a TAaK)K€ U3MEHEHUE PacIojo-
AKEHUS TUIakoua0B. CBETO3AIUTHYIO POJIb Y CUHE3EJIEHBIX BOJIOPOC-
JIeli MOTYT BBITIOJIHATH T'a30BbIC BAaKyOJH, KOTOPBIC MPU CHIBHOM OC-
BEIIICHUU pacroyiaratoTcs no nepudepun KIeTku, oopasyst 3aiUuTHBIHN
CJIOM, a MpU c1a00M CMEMIAIOTCS B TOJITY KJICTKU. [Ipu cIUIIKOM BBI-
COKOM HMHTEHCHBHOCTH CBETa Yy BOJOpPOCIEH, adanTHPOBAHHBIX K
MEHBIIIEH OCBEIIEHHOCTH, MPOUCXOAUT MHAKTHUBAIIUS MOJIEKYJ XJIO-
poduia 1160 CBETO3aBUCUMOE HAKOIIJIEHHE KapOTUHOUIOB.



MHorue BoAopocian 0071adal0T CIIOCOOHOCThIO PACTU M CHHTE3U-
poBaTh XJ0opodUIUT U B TeMHOTE. Tak, KylnbTypa Scenedesmus acutus
B T€YCHUE BOCHMH JIET MOJHON TEMHOTHI COXpaHMIIA 3€JICHBIN I[BET, a
IpU TIEPEHECEHUHU Ha CBET COXpaHuia (POTOXUMUYECKYIO AKTUBHOCTb.

B Hacrosiee Bpems 10Ka3aHO, YTO Y HU3IIUX PACTEHUM MPOIIECC
oOpa3oBaHus XJOpopUIIIa MOKET ObITh 3aBUCHMBIM OT CBETA, & TAKXKE
MOYET OCYIIECTBIIATHCS criennupruuecKuMu hepMeHTaMH 0€3 yJacTusl
CBETa, XOTS ICTAJIbHBIA MEXaHU3M TTOCJICHETO HE YCTAaHOBJICH.

dakyiapTaTUBHAs TeTEPOTPOPHOCTH [JIi MHOTHUX BOJOPOCIEH
npu3HaHa OOBIYHBIM siBIeHHEM. CIOCOOHOCTH K TreTepoTpohHOMY
POCTY SIBJISIETCS MPOTUBOABAPUMHBIM MEXAaHU3MOM MPOIYKIIMOHHOTO
npoiiecca, TeM 0oJiee, 4TO B BOJOEMaxX Ha BCeX IIyOHWHAX MPUCYTCT-
BYET PaCTBOPEHHOE OPTaHMYECKOE BEIIECTBO, HICTOYHHMKOM KOTOPOTO
SIBJISIIOTCSI CaMU TIJIAHKTOHHBIE BOJIOPOCIIH.

Conneynast ynbTpaduoneroBas paguaius sSBISIETCS CTPECCOBBIM
(akTOpoM, KOTOpPBIA BIHSIET Ha (POTOCHUHTE3, POCTOBBIE MPOIECCHI,
HakoIuieHne nurMeHToB. CoJjiHeuHas yiabTpaduoieToBas paauarus
MOKET BBI3BIBaTh Kak 00patnumMoe (HOTOMHTMOMpPOBAHHUE, TaK U HEOO-
paTUMoOe C TOBPESKJACHUEM KIIETOUHBIX CTPYKTyp M 4yacto JIHK kier-
KM, YTO NPUBOJUT K MOSABJICHUIO MYTaHTHBIX ¢opMm. Oco0o omacHo
xpoHudeckoe ¢hoTonHruoupoBanue. Ytodsl CHU3UTH d3(PdeKT ynabTpa-
dbuoneToBOM pagualuM, B XOJIe IBOIIOMHU Y BOJAOpPOCEH BbIpaboTa-
JUCh TPUCTIOCOOUTETBHBIE MEXaHM3MBI. Y CTAHOBJICHO, 4YTO (puTO-
IJIAHKTOH B YCJIOBHUSX YJbTPa(uOJIETOBOM paguanuyd MPOAYLUPYET
CTPECCOBBIC OCIIKH, a TAKKE MEHSIET aMUHOKHUCIIOTHBIN CTaB.

BaxxHbIM 3K0I0TrM4ecKUM (DaKTOPOM, BO3/ICHCTBYIOIIUM Ha MPECHO-
BOJIHbIE BOJIOPOCIIH, ABJISIETCS TemnepaTrypa. Ee BiausiHue yacTto cBs3a-
HO C TIPSIMBIM JICHCTBHEM TEILIa, a TaK)KEe JACHCTBUEM uepe3 TepMuye-
CKYIO0 CTpaTU(HUKaALMI0 BOJHOM Macchl. PacciioeHue BOJHOM MaccChl
IPUBOJUT K TOMY, YTO OOOTallleHHbIE HEOOXOAUMBIMU ISl Pa3BUTHS
BOJIOpOCIIel OMOTEHHBIM 3JIEMEHTaMU TIIYOMHHBIE BOJBI M30JUPYIOTCS
OT 30HBI, B KOTOPOM MPOUCXOIAT POTOCUHTETUIECKUE TTPOIIECCHI, TEM
caMbIM pa3BUTHE BOJOpPOCIEH 3aMETHO CHUKaeTcs. Bopopocnu He
OJIMHAKOBO OTHOCATCS K TeMreparypHoMmy (akTopy: OJHH pa3BHUBa-
I0OTCSl B IIUPOKOM TEMIIEpaTypHOM HHTEpBaje, APyrue — B Mpoxjai-
HOE WK Teruioe BpeMsi roja. Ce30HHas CyKIeccHs BUIOB BOAOPOCIEH
B BOJIOEME YacTO OIpeAeIsieTCsS H3MEHEHHeM Temmeparypbl. OgHako
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U3Y4YEHUE BOJIOPOCTEH B KyJbType MOKa3ajo, 4YTO «XOJOAOII00U-
BOCTB» HEKOTOPHIX (hOpM 0O0YCIIOBJICHA KOHKYPEHIIMEH 3a AJIEMEHTHI
MUTaHMS B TEIJIOE BpeMs roja ¢ ApyrumMu ¢hopmMaMu, a X0JI0Jd0yCTOM-
YUBOCTh MO3BOJISIET Pa3BUBATHCA B XOJIOJHOE BpPEMsI, KOIJla KOHKY-
PEHTBI OTCYTCTBYIOT.

Anantanuu BOJAOPOCIIEH K pa3IuyHbIM TEMIEPATYPHBIM YCIOBHU-
M yAUBUTEIBLHO pa3zHooOpa3Hbl. TepMo(duiibHBIE CHUHE3EJICHBIE U
JIMaTOMOBBIE BOJIOPOCIIM MOTYT aKTHBHO Pa3BUBATLCSI B TOPAYMX HC-
TOYHHUKaxX mpu Temieparype 10 85°C. KpuoduibHbie BOAOPOCITH pa3-
BUBAIOTCS Ha TIOBEPXHOCTH JIbJIa M CHEra, OKpaIllUuBas UX B 3€JICHBIM,
KOPUYHEBBIM U KPACHBIM I[BETA. JTO YaIlle BCErO IMPEICTABUTEIN OT-
nena 3elieHble BOJOPOCIU u3 MOpSAKoB Volvocales, Desmidiales,
Ulothrichales. Hexoropsie npencrasutenu p. Dunaliella He TepsaroT
cBoerl noaBwxkHOCTA M npu —15°C. Cpenu BOIOpOCIE €CTh 3BpH-
TEPMHBIE BUJIbI, CIIOCOOHBIC MEPEHOCUTh KOJICOAHUS TEMIIEPaTyphl,
HarpuMep auaroMoBas Nitzscia putrida (ot —11 go +30°C). Hamie Bo-
JOPOCIIA CTEHOTEPMHBI U Pa3BUBAIOTCS B Y3KOM JMAIla30HE TeMIEpa-
Typ. TepMOyCTOMYHUBOCTh OPraHU3MOB Yallle CBS3BIBAIOT C TEPMOYC-
TOMYUBOCTBIO X (PEPMEHTHBIX CHCTEM. PoJjib OMOJOTHMYECKUX aHTH-
Gpr30B  NpU  HUBKUX  TEMIIEpATypax  MOTYT  BBINOJHSATH
BHYTPHUKJIETOYHBIE JIMOUABI. 3alATA OT 3aMOPAKUBAHUS JOCTUTAETCS
TaK)Xe U CIIOPOOOpa30BaHUEM, KOTJIa KJIETKU TEPAIOT BOAY U BbIpada-
THIBAIOT IJIOTHYIO 000y104KYy. [Ipy n3yueHnn TeraoBoi aKKJIMMaTH3a-
My aAuaToMoBoit Bojopociau Chaetoceros ipu U3MEHEHUSIX TeMIIepa-
Typsl OT 6 10 15°C u ot 15 no 25°C TtemMn KIE€TOYHOTO JEJICHHS YBeE-
auyuBaiicss ¢ Temneparypoil. C  MOBBIINICHUEM TEMIIEPATYpPhI
YBEIUYUBAIIOCh U OTHOCUTEJIbHOE OOMIJINE CBETOIOIJIONIAIOIIUX TTHT-
MEHTOB, YTO OTPakajoCh Ha YMEHBIIICHUU OTHOIIICHUSI KapOTUHOUJIOB
K XJiopodumny a.

[Ipu HU3KKMX TEMIIepaTypax CKOpPOCTh (PUKCAlUU yriepoaa
YMEHBIIIAETCS U3-3a CHUKEHUSI aKTUBHOCTU (POTOCMHTETUUECKUX DH-
3UMOB. [[JIs1 3a10UTHI OT MOBPEKICHUS KIETOK HU3KOU TeMIIepaTypour
MHOTME BOAOPOCIY HAKAIUIMBAKOT TJIMILEPHH, Caxapa, 4TO MPOTHUBO-
NEeUCTBYET 00pa30BaHUIO B KJIeTKax JibAa. OOBIYHO HAKOIUICHUE ITUX
BEIIIECTB HAYMHAETCS C MoXojoAaHueM. HakomieHue TUnumioB Takxke
3AIIMUIIAET KJIETKHA OT MOBPEXKICHUS XOJIOIOM.



Agnanrtanus K BBICOKOM TeMIlepaType MPOUCXOAUT Yy TepModu-
JIOB — MPEJICTABUTENICH CUHE3EJICHBIX M JIMATOMOBBIX 3a cUeT (hU3MO-
JIOTUYECKUX U3MEHEHHUH B KJeTkaX. OTMEUYeHO, YTO HUKAKUX OCOOBIX
MOP(OJIOTHYECKUX U3MEHEHUN y HUX HeT. DOTOCUHTE3 00Jiee YyBCT-
BUTEJICH K BBICOKOU TemIiepaType, 4eM JbIXaHue. beicTpoe BO3IeicT-
BHUE BBICOKOW TEMIIEPATYPHI BBI3BIBAECT Y BOJOPOCIIEH TEIIOBOM IIOK,
IIpU KOTOPOM 3aMmeiisieTcs nporiecc HakorieHuss AT®, Heooxoaumoit
JJIs. OTBETa Ha CTpeccoBhIil pakTop. OMHAKO 3TOT IpoIecC 00paTHM,
€CJIM BO3JEHUCTBUE KPATKOCPOUHO.

OTMeueHa 3aBUCUMOCTh Pa3MEPOB KIIETOK BOJOPOCIEH OT TeMIle-
parypsl, Ipu 3TOM Oo0Jiee MEJIKUE KJIETKHM OJTHOTO M TOTO K€ BHUA
BCTpeyaroTcsl B OoJjiee XOJOAHBIX BOJAaX, a 0oyiee KPYIMHbIC — B TEIl-
JeIX. B nuTeparype mMeroTcs CBEACHUSI U O BBIPAOOTKE CTPECCOBBIX
OCJIKOB TIpM BO3JICHCTBUM TEIUIOBBIM WM XOJIOJIOBBIM IIOKOM.
Ctpecc-0e1Kd B MUTOXOHAPHUSIX U XpoMaTopopax MOTYT COCTaBIATH
20 % ot obmero 6enka. OHM BBIMNOJHSIOT (DYHKIMIO IIANEPOHOB:
TPAHCTIOPTUPYIOT MAKPOMOJIEKYJIbI OEJIKOB uepe3 MeEMOpaHsbI, MPeI0T-
BpalaoT o0pa3oBaHHe HEMPaBUJILHON KOH(UTypanuu OeIKoB, Ipe-
MATCTBYIOT arperaiy 4aCTUYHO J€HATYPUPOBAHHBIX OEJIKOB.

OnHUM U3 TIaBHBIX 3alATHBIX MEXAHU3MOB MOMYJISINU SIBJISIET-
Csl €€ TeTepOreHHOCTh, MO3BOJISIONIASI COXPAHUTh BUJI 34 CUET BbI-
YKUBIIIMX PE3UCTEHTHBIX KJIETOK. [Ipy 3TOM BO3MOXKHBI TTOSIBIICHUST KaK
MOJU(PUKAITMOHHBIX U3BMEHEHUH, TAK U TCHOTUITUYECKUX.

TemnepaTypa oka3bIBaeT BIUSHUE U HA BEPTUKAIBHOE pacipee-
JI€HUE TJIAHKTOHHBIX, OEHTOCHBIX U MEPUPUTOHHBIX Boaopocieil. C
MOHWKEHUEM TEMIIepaTypbl WHTEHCUBHOCTBH JIBIXaHUSI OCjIa0eBaeT
ObIcTpee, YeM MHTEHCUBHOCTH (POTOCHHTE3A. Y CIIOBHUSI, IPU KOTOPHIX
3TU (PYHKIIMU YpPaBHOBEIIMBAIOTCS, OMPEACISIOT KOMIIEHCAIMOHHYIO
TOYKY JUIsl BUJla. B XOJI0OAHBIX BOJIaX OHA JJisi MHOTMX BHUJIOB HaXo-
JUTCS Ha OoJbIlIeH riyOnHe, YeM B YMEPEHHBIX WM TETUIBIX BOAAX.

TemnepaTypHblil peKUM BIUSET U Ha reorpaduyueckoe pacrpeze-
JIEHUE BOJIOPOCIICH, MOCKOJIbKY MHPU 3TOM OJHU BHUIbI BBITECHSIOT
Ipyrue, MeHee MPUCIOCOOJIEHHbBIE K TEMIIEPATypPHOMY PEXUMY JlaH-
HOT'O PETHOHA.

KucnotHocTh cpeibl UMEET OOJBIIIOE 3HAYCHUE JJIs pacrpesere-
HUsA Bojopociei. [lo OTHOIIEHHIO K KUCIOTHOCTH CPENbl BBIICISIOT
BUJIbI, JKUBYIIUE B IIEJIOYHBIX BOJAX, — alKaIUu(WIbI, KUBYIIUE B
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KHUCJIBIX BOJIax — auuaoduiibl. Ankanuuibl MOTYT XOpPOULIO pa3BH-
BAaThCS NpU BbICOKHX 3HaueHUAX pH mo 9—-11. K Hum oTHOCSTCS U3
CUHE3EJICHBIX BOJIOpOCieH npeacTaButenu poaa Spirulina, Dunaliella,
HEKOTOphIe U3 posia Anabaena. OHu Xopoiio ce0st YyBCTBYIOT U B yC-
JIOBUSIX HEUTpalbHBIX BOJA. Auunoduinamu sBIsSE€TCS OOJBIIMHCTBO
npeactaButeneid nopsaka Desmidiales. OHu 6oratbl MO BHJIOBOMY
pa3zHoo0pa3rio B 3BTPOPHBIX U ME30TPOdHBIX 00J0TaxX, IJe MoKa3a-
Tesb pH Bcerma cMemeH B CTOPOHY KHCIOTHOCTH. CuuTaercs, 4To
anua0(UIbLHBIE BOJOPOCIU B COCTOSSHHMH OOECIeYMBaTh BHYTPHUKJIC-
TouHbld pH, Onu3kuil k 7, naxe npu BHemHeM, Onu3koM K 1. [lpu
3TOM KJIETKa 3aTpadynBacT oaHy Mmonekyiry ATO.

Cpenau MHOTHX (DaKTOPOB, OMPEICISIFOIIMX WHTEHCUBHOCTh Pa3BU-
THS BOJIOPOCJICH, Ba)KHEHIIIEe MECTO 3aHMMAIOT TPOPUUECKHUE YCIIO-
BUS, U TJIaBHAs POJib, KOHEYHO, OTBOJAUTCS a30Ty W docdopy. A3oT
SBJISICTCS HEOOXOIUMBIM KOMIIOHEHTOM CHHTe3a Oejika, a ¢ocdop
BXOJIUT B COCTaB sJICPHOIO BEIIECTBA U yYaCTBYET B MPOIIECCaX CUH-
T€3a U JbIXaHUS.

Ecnu B Bogoeme npeobiaaaroT HUTPaThI, TO IIBeTeHue Microcys-
tis aeruginosa He HACTYIAET, T. K. 3TOT BUJ] HE MOXKET KOHKYPUPOBATh
C 3€JIEHBIMHU BOJIOPOCIISIMA B UHTEHCUBHOCTH BOCCTAHOBJICHUSI HUTpA-
TOB U MPEUMYILIECTBO B PA3BUTHUU MOJIYYaIOT 3eJIeHble Bojopociu. Ec-
U npeobiiaiaeT a30T B aMMOHUMHON opme, TO, Kak MpaBUJIo, MOJIY-
4al0T MacCOBOE Pa3BUTUE BUbI CUHE3EJICHBIX, BHI3BIBAIOIIUE «I[BETE-
Hue». IlorpeOHOCTH B a30Te y MpeACTaBUTEICH pasHBIX OTJEJIOB
BoZopociel paznuuHa. Hanbosnee TpeOoBaTenbHBI K a30Ty 3€JICHbIE
BOJIOPOCJIM, MEHEE TPeOOBATEIbHBI CUHE3EJICHbIE U HAaUMEHEe TpeOo-
BaTeJIbHBI TMaTOMOBbIC. BooeMbl 3amacaroT a3oT no-pasHomy. Tak, B
KJIETKaX 3€JICHBIX COJEPKUTCA 2,5—8 % a30Ta, y CHHE3EJICHBIX HE Me-
Hee 9 %, a y quatomoBeix 1,5-3 %. B 3aBUCMMOCTH OT yCJIOBUU THU-
TaHUsI BOJOPOCIICH MEHSETCS HAMpaBJICHHOCTh UX QoTtocunHrtesa. [Ipu
a30THOM TOJIOJIaHUW BOJIOPOCJIEH CHUIKAETCSI CUHTE3 Oelika U BO3pac-
TaeT 00pa3oBaHUE YIJIEBOJAOB, a 3alac a30Ta JAaeT BO3MOXXHOCTb BO-
JOPOCISIM BBIKUTh U Pa3MHOXAThCS B MEPUOJ HEXBATKU 3TOTO 3Jie-
MEHTA.

CuneseneHble BOJOPOCIH 00JIalaloT €I1le CIIOCOOHOCThIO YCBOE-
HUS MOJIEKYJISIpHOrO a30Ta. ClIoKHBIM MEXaHU3M a’poOHOHN a30T(hUK-



Calliy PEryJupyeTcsi 0COOBIMU KIIETKAMU — TeTePOLUCTaMU TIPU yya-
CTUU (PEpMEHTA HUTPOT€HA3bI.

[lepexon BEreTaTUBHBIX KJIETOK B T€TEPOLMCTHI OCYIIECTBIISAECTCS
Py HEXBATKE a30Ta, a MPU €ro J00aBICHUU B HUTPATHOW UM aMMO-
HUWHOW opme TeTepolucThl ucyezator. CUMTaeTcsi, YTO YCBOCHHE
MOJICKYJISIPHOTO a30Ta y Oe3reTepOIMCTHBIX IITAMMOB MPOUCXOIUT
TOJILKO B aHa’poOHBIX ycioBusax. Hegoctatok asora B cpejie MpuBO-
TUT K TOAABICHUIO (DOTOCMHTETUYECKONW aKTUBHOCTH, YMEHBIIICHUIO
coJiepaHus XJI0po(Puiia, K MOBBIIICHUIO YPOBHS KAPOTUHOUJIOB, YTO
SABJIAETCA 3AlUUTHON peakUMen OT COJHEYHOM paaualuu B YCIOBUIX
a30THOrO rojojaanus. IIpu XpoHHUECKOM a30THOM TOJIOJIaHUU (POTO-
CUHTE3 Majaet A0 Hys. KpoMe Toro, a30THOE rojiojlaHue y BOJOPOC-
Jel SIBJISIETCS TOJIYKOM K TaMeTOO0Opa3oBaHUIO, TIPU KOTOPOM, OUe-
BUJIHO, AKTUBU3UPYIOTCS TE€HBI, PETrYJUPYIOIIME 3TOT Mpolecc. 3a-
BEpIIEHWEM 3TOTO Tpoliecca SIBIsSETCS 00pa3oBaHUE 3UTOT, KOTOPHIE
YCTOWYUBBI HE TOJIBKO K M3MEHEHUIO TEMIIEPaTypHOTO pexXrMa, HO U
nepeKuBaHuio nepuojia azotHoro rononaa (B. WM. Unartosa, 2005). A
BHEIIIHUM IPOSIBIICHUEM a30THOTO TOJI0a Y BOJOPOCIIEH, TaK Ke, Kak
U y BBICHIUX PACTEHU, SIBJISIETCS XJI0PO3.

Bogopocnu MOryT MCnoJib30BaTh BCE (DOPMBI a30Ta, BCTPEUaro-
mmecss B npupoje. CuHe3eaeHble BOJIOPOCIH 00JaJaloT CIOCOOHO-
CThIO YCBaMBaTh a30T U3 BO3/yxa. Bce BOIOpOCIN yCcBauBalOT aMMO-
HUWHBIA U HUTPATHBIN a30T, MPUYEM, KaK MPaBUIO, ObICTpEE yCBau-
BaeTCs aMMOHMUHas ¢dopma, TIOCKOJbKY aMMOHHHHBIA  a30T
dbusznonornuecku 00Jiee€ aKTUBEH U JIETKO MPOHUKAET 4Yepe3 KIIeTO4-
HbIe MEMOpPaHBI.

N3ydenue moTpeOHOCTEM BOJAOpPOCICH B JJIEMEHTaX ITHUTaHHS
MPOBOJUIIOCH B YCIOBHSX JIaDOpAaTOpHOIro KyjiabTHBUpOBaHus. Iloka-
3aHO, YTO MOTPEOHOCTh JUATOMOBBIX B HUTPATHOM a30T€ COCTABIISICT
0,01-08 Mr/a, BOJIBBOKCOBBIX — HE HWXKE 2—5 MI/J, NPOTOKOKKO-
BbIX — okoyio 5 mr/n (B. W. Ycnenckas, 1966). Onnako B mpupoje
4acToO HAOJIOAEeTCsl MAacCOBOE PA3BUTHE BOJOPOCIEH W Ipu Oojee
HU3KUX KoHleHTpanus azota (JI. A. Cupenko, 1978).

Baxuetimuii OnoreHHsIil snemedT — pocdop. OH ycBauBaercs Bo-
JOPOCIISIMA B MUHEPAJIBHOW U OpraHudeckor ¢opme, ogHaKo ObIcTpee
MOCTyIaeT B KJIETKY MUHEpaJbHBIN Pocdop. [Ipu BICOKOM cojaepixa-
Huu docdaToB B cpene BoAopociu 3amnacaroT Gocdop cBepx moTpeo-
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HOCTEW HOPMAJIBHOTO MeTaboJM3Ma. ITa OCOOECHHOCTh OOECIEeUrBAET
HENPEPHIBHOE DPA3BUTUE BOJOPOCIICH W TMPU CHIDKCHUHM KOJIMYECTBA
docdatoB B cpene (I'yceBa, 1966). Baxxnocts pochopa onpeaensercs
TE€M, YTO OH BXOJIUT B COCTaB OEJIKOB, HYKJIEHHOBBIX KHCIIOT, (pocdo-
JUTIAOB, YYaCTBYET B PETYISAIMUA BHYTPUKIETOUHOTO pH, BBITTONHSSA
poib Oydepa. B mouse dochop nHaxomaurcs B dopme docharton. B
MPECHBIX BOJAOEMAaX €ro MOCTYIUIEHHE BO3MOXKHO C OE€peroBoil JIMHUH,
a TakXKe 3a cueT MOCTyIUieHHs (OChOPHBIX YIOOpEeHUN C MOJIeH U
dbochopocoaepkaImx 1eTePreHTOB.

KonuuectBo ocdopa, HE0OX0aUuMOE sl pa3BUTUSI OOJIHIITMHCT-
Ba BOJIOPOCJTICH, JIGKUT B TIPe/esiax JACCATHIX U JaKe COTBHIX JOJIeH MT
Ha juTp. Tak, cuHeseneHbM Bogopocisam goctatouno 0,03 mr/n (I'y-
ceBa, 1966). [lnsa HUX xapakTepHa akkymyJisanus pocdopa u3 cpeasl u
UCIIOJIb30BaHUE TOT/A, KOT/Ia B CpPElie €ro CoJep)KaHuEe CHIDKACTCS.
Yem menbitie hocdopa HaXOAUTCS B cpejlie, TeM C OOJbIICH HWHTEH-
CUBHOCTBIO OH aKKYMYJIUPYETCS KJIeTKaM1 BOJOPOCIICH.

CnocoOHOCTh KJIETOK 3amacath (pochop uMeeT Pru3noaoruieckoe
3HAUYEHHE, TOCKOJIBKY morjomenue Gocdopa u Apyrux MUHEPATbHBIX
U OPraHMYECKHX COJICH MOXKET HUIATH C TepepbiBamMH, a (POTOCHHTE3
npoucxoauT HernpepbiBHO. [Ipu 3amace ¢pocdopa B KileTKax coueTaHue
3TUX MPOLIECCOB 00ECIeUNBAET aKTUBHOE Pa3BUTHE BOJOPOCIIEH, UTO
1 HaOJIFOAaeTCsl B TMEPHOJIBI «IIBETCHUS» MPU Ka3ajJoch Obl HE3HAUM-
TeJIbHOM cojiepkaHuu docdopa B cpeje.

["omogubie U HeroJoaHbIe 0 Pochopy KIETKH UMEIOT MOP(OII0-
TUYECKue W IuTojorudeckue paznuuus. Knetku, obeaHeHHbIe (oc-
dbopoM, yBEeIUUUBAIOTCSA B 00beMe, MEHSIOT (popMy (U3 BJUTUIICOBU-
HBIX CTAHOBSITCS IIAPOOOPa3HBIMU), TPU 3TOM BO3MOKHBI U3MEHEHUS
yucia xpomatopopos, Mutoxouapuid. [Ipu orcyrctBuu B cpene ¢oc-
dbopa konmdecTBo xjopodumna cHuxkaercs B 2—10 pa3. IlokazaHo u
uHruouposanue Gorocuntesa kiaetok (B. M. Umatora, 2005).

Kpome munepanbhbix Gopm dochopa Bogopocian MOryT ycBau-
BaTh U (ochopoprannyeckue coeauHeHus (raunepodocdar, aaecHU-
JIOBY10, TYaHUHOBYIO, HYKJICMHOBYIO M JpYyrue KHUCIOTHI). B 3aBucu-
MOCTH OT BHJOBOW MPUHAIICKHOCTH W yCIOBHUH Cpenbl mpeobiagaeT
notpebnenue ¢ochopa MHUHEpPATBLHOTO WM opraHuyeckoro. Ho
OOJBIIMHCTBO BOJOPOCIICH XOpPOIIO Pa3BUBAIOTCA, KOTJa B CpEAe
MPUCYTCTBYIOT KaK MUHEpAJbHBIE COJHM, TaK U OpraHUYecKue 100aB-
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KM, KOTOpPbIE CITy>KaT MCTOYHUKOM MHUTaHUSA, a Tak’Ke BUTAMHUHOB U
(U3MOTOTUUECKHA AKTUBHBIX BEIIECTB.

He oanHakoBa mOTpeOHOCTH Yy Pa3HbBIX MPEICTABUTENEH BOJOPOC-
JeH K kene3y. B Bomax ¢ BBICOKHMM cojiepkaHueM kenesa (1-3 mr/m)
Pa3BUBAIOTCS TUATOMOBBIEC, IECMUJIUEBBIE, YIOTPUKCOBBIE, PYTHUE KE
MPEACTABUTENH B )KEJIE3UCTHIX BOAAX MOTUOALOT.

Kpemnuii B 60JbIINX KOHIIEHTpAIUAX (710 25 MI/JT) BBIICPKUBAIOT
XapoBkle, knagodopa. B konnuecTBe HE MEHEE 5 MI/I KpeMHUM HEOO-
XOJUM JUATOMOBBIM BOJIOPOCJISIM MPU UX MHTEHCHUBHOM Pa3BUTHUH B
BoJi0oeMe. PacxomyroT OHU €ro Ha MOCTPOSHUE CBOETO MAHITUPSI.

Mukpo3sieMEeHTbl HE0OOXOIUMbI BOJOPOCIISIM, TaK KaK OHU BXOJST
B COCTaB (pEPMEHTOB, a TAK)KE BIUSIOT Ha aCCUMUJISAIMIO MaKpodJie-
MeHToB C, N u P. Jlns ¢horocunresa Heooxoaumsl Mn, Fe, Cl, Zn, ais
azotrHoro oomena — Fe, Mo, B, Co, mna apyrux MeTaOoJIM4ecKux
dbyukiuit — Mn, B, Co, Cu, Si (C. I1. Baccep u np., 1989). Ux Hegoc-
TaTOK, TaK e, KaKk U U30bITOK, TP AaHTPOIIOTCHHOM 3arpsi3HEHUU BOJ]
MPOMCTOKaMHU TMPUBOJUT K HApyHIeHUIO (OTOCHUHTE3a U JApYyrux u-
3UOJIOTUYECKUX (PyHKIIHI.

Kpome abuotnueckux (pakTopoB Ha pa3BUTHE BOJOPOCIEH B BO-
n0eMe BIUSAIOT U Ouotudeckue (aktopel. Tak, cpeau Bojopocieit
Pa3HBIX CHUCTEMATUYECKUX TPYII MOCTOSHHO MPOUCXOJIUT KOHKY-
peHTHast 0opb0a 3a JIEMEHTHI TUTaHUs, CyOCTpaT, €Clii ATO BOJIOPOC-
U AHA Wiu oOpactaHui. Buabl, pasMHoOkaronmecs ObICTPO, BBITEC-
HSIOT MEUICHHO pa3MHoxkarouuecsa. Kpome toro, mpoaykTsl MeTado-
JU3Ma, BBIACISIEMbIE BOJOPOCIISIMA B OKPYKAIOIIYIO Cpeay, MHOTAa
OKa3bIBAIOT HEOIAronpusiTHOE BO3JACHCTBUE HA COCEHUE BUbI 1ICHO-
3a. bosblioe 3HaueHUE UMEET U MPUCYTCTBUE B IIEHO3€ OPraHW3MOB
KUBOTHOTO TPOUCXOXACHUSA. JKUBOTHBIE YaCTUYHO BBIEAAIOT BOJIO-
pOCIH, a TAKXKE B PE3yJIbTaTE SKCKPEIIUU BBIJICISAIOT OMOTEHHBIE dJIe-
MEHTBI, OKa3bIBaIOIlME BIIUSHUE HA (DU3MOJIOTUYECKYI0 aKTHUBHOCTh
BoJlopociieil. B otaenbHyto kaTeropuio (HakToOpoB BBIJACISIOT aHTPO-
noreHHbie (akTopsl. X BIMsIHUE HA BOJIOPOCIN MBI PaCCMOTPUM OT-
JEIBHO Ha MPUMEPE NPECHOBOIHOTO (PUTOTUIAHKTOHA.
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JNekunsa 2. ®UTonnaHKTOH NpecHbIX BOOOEMOB

TepMUH «IUTAHKTOH» BIEPBbIC ObLT BBEJECH B HAayKy HEMEIIKUM
yueHbIM ['eH30M B 1887 T. 1 MPOUCXOOUT OT IPEUYECKOTO «ILUIAHKTOCY,
YTO O3HA4yaeT «Oay>XKAaroImui BOKpYyr». I'€H3eH Mo/ MIaHKTOHOM TI0-
HHAMAaJl BCE, YTO HECET BOJA, )KUBOE WJIM MEPTBOE, NMPUYEM BCE, UTO
MAaCCUBHO YBJIEYEHO BOJIOW, TOATOMY PhIO OH OTHOCHJI K IIJIAHKTOHY B
cTaauu UKpbl Wim monoau. Heckonbko nosxe IlIperep octaBui B Ka-
YECTBE IJIAHKTOHA €T0 MACCUBHOCTh, HO OTHOCHUJI K HEMY TOJIBKO KH-
BbI€ OpraHu3Mbl. KOJBKBUII BBEN IMOHITHUE «CECTOH», OTHOCA K HEMY
BCE KMBOE W HEXMBOE B TOJIIE BOJBI. TOrjga MIaHKTOH OKa3bIBAJICS
yacThlo cectoHa. Kpome Toro, Bce, 4To akTUBHO I1aBaeT, KoJbKBUIL
MPEUTIOKUWI CUATATh HEKTOHOM. OJIHAKO TPYJIHO pa3rpaHUYUBATH Op-
raHW3Mbl, aKTUBHO IUJIABAIOIIHAE M IMACCUBHO YBJIEKAEMBIE TECUEHUEM.
Tak, cpeny BoIOpOCIIe MOKHO yKa3aTh Ha DBIVIEHBI U CUHYPBI, KOTO-
pBI€ YBJICUYCHBI TEUCHUEM, OyAyT MPUHAMJIEKATh K IJIAHKTOHY, a B TH-
XWX 3aBOJSIX, CAMOCTOSITENBHO IUIABAIONIINE, — K HEKTOHY. JlenieHne Ha
IJIAHKTOH U HEKTOH HOCUT YCJIOBHBIN XapakTep.

B Hacrosiee BpeMs K IUIAHKTOHY OTHOCST OPraHW3Mbl HEMOJ-
BIDKHBIE WJIM HEIOCTATOYHO MOJBH)KHBIC, JIMIICHHBIE BO3MOYKHOCTH
MPOTUBOCTOATH Jaxe ciadboMy TeueHuto. K (GUTOIIIaHKTOHY OTHOCAT
OJTHOKJIETOYHBIE, KOJOHUAIBHBIE U HUTYATHIE BOJOPOCIU TOJIIM BO-
IbI.

CylecTBYIOT BOJIOPOCIN MCKIIOUHUTEIBHO OEHTOCHBIE, pPa3BH-
BAIOIIMECS TOJBKO Yy JHA, U €CTh IUIAHKTOHHBIC, PA3BUBAIOLIAECS HA
BCEX CTaJUsIX B TOJNIIE BOJBI. OQHAKO UEbIN P BOJOPOCIEN MOKET
CYIIIECTBOBAaTh B OEHTOCE U B IUIaHKTOHE. Cuntasi ux akyJbTaTUBHO-
IUTAHKTOHHBIMH, UX BCE-TAKH YUUTHIBAIOT, ITIOCKOJIBKY UX B3aUMOJCH-
CTBHE C IPYTMMU OOUTATEISIMU BOJIOEMA HECOMHEHHO, U VISl XapaKTe-
PUCTUKH IJIAHKTOHA U3YYCHUE CTEIICHU UX PAa3BUTUA HE MEHEE BAXKHO,
YeM TUIUYHBIX MIIAHKTOHHBIX Bojopociei (M. A. Kucenes, 1969).

B HacTosiiee BpeMsi alibroJiory, u3dydas (GUTOIIAHKTOH, YUUTHI-
BAIOT BCE BCTPEYAIOIIMECS BUBI BOJOPOCIIEH, OLICHUBAS UX WHJIHNKA-
TOPHYIO 3HAYUMOCTb, OOMJINE U KU3HEHHYIO (popmy. Bce Bogopocau
IJIAHKTOHA YYaCTBYIOT B IPOIIECCAX CAMOOYUIIEHUS BOJIBI, 4 TaKkKe
MOTYT OBITh MOKA3aTEJISIMU CTENEHU 3arpsi3HEHUsI TOTO WJIM HUHOTO
y4acTKa BOJIOEMA.
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B psnae paboT ykaszaHO Ha POJCTBEHHBIE CBA3U MEXKAY IMJIaHK-
TOHHBIMU U JOHHBbIMU dopmamu. [Ipenmonaraercs, 4ro Mopdoaoru-
YECKHE MPU3HAKK HACTOAIIMX TJIAHKTOHHBIX BOJOPOCIICH MOTJIHM BO3-
HUKHYTH JIUIIb TOCTENEHHO, MyTeM O0TOOpa B MPOLIECCE 3BOJIIOIUU
OBIBIIMX OCHTOCHBIX. VIMEIOTCS MpUMEpHl BXOXKICHUSA B IUIAHKTOH
OCHTOCHBIX (DOPM U aKTHBHO B HEM pa3BUBAIOIIUXCA. Tak, KyJabTypa
BOJIOPOCIHN Asterionella Ha arapu30BaHHOM cpeje yXe He oOpasyer
CBOMCTBEHHBIE IS IJIAHKTOHA 3BE3/14YaThie KOJOHHUH, & PACTET 3Ur3a-
rooOpa3HbIMU JICHTaMU. AHAJIOTUYHO BeJET ce0sl 3Ta BOJOPOCHb U B
IpUPO/JIe, Pa3BUBAsICh KaK B TOJIIIE BOJABI, TAK U y JIHA BOJOeMa. ITO
CBOMCTBEHHO U Py APYTUX BOJOPOCIICH, OTHOCAIIUXCS K 3€JICHBIM
U cuHe3eNeHbIM. [IpeobiiaatoT B MIIaHKTOHE OJHOKIJIETOUYHBIC UITH KO-
JIOHUAJILHBIE OPTaHU3MbI, COCTOSIINE U3 KIETOK C MaJIbIM YACITbHBIM
BecoM. OTCYTCTBYIOT 37€Ch KpPYIHBIE BOJOPOCIIH, TaKHUE KaK Xapo-
BbIe, Oypble, KpacHBIE, PEIKO BCTPEUYAIOTCA HUTUYATHIC 3ejIeHbIe. Pas3-
BUBaeTCs (PUTOIUIAHKTOH IMOYTH BO BCEX IPECHBIX BOJOEMax, Oyb
TO paBHUHHAs PeKa, 03€pO0, BOAOXpaHWJIMINE, KaHAaBa WU Jyxka. B
MEJKHUX U OBICTPOTEKYIIUX BOJOEMaX K IUIAHKTOHY MPUMEIINBACTCS
OOJBIIIOE KOJMYECTBO JOHHBIX (opm u oOpacrareneil. TUNHUYHBINI
TUTAHKTOH XapaKTepeH JJII KPYIMHBIX PEK, 3TO TaK Ha3bIBaeMbIH pPeo-
IUTAaHKTOH. PEOIIaHKTOH XapaKTepusyeTcsl TeTepOreHHOCThI0. ABTO-
XTOHHBIN IJIAHKTOH — COOCTBEHHO PEYHOM MJIAHKTOH, aJIJIOXTOHHBIN —
IJIAHKTOH, BBIHOCUMBIM W3 CTOSYMX BOJOEMOB, BCTPEUAIOIIMXCS Ha
nyTH peku. [lomanas B HOBbIE YCIIOBHS, OH 4acTo u3MmeHsercs. OgHu
MPEAICTaBUTENHN AJUIOXTOHHOTO IUIAHKTOHA B YCJIOBHUSX MPOTOYHOMN
BOJIbI OTMUPAIOT, IPYTUE MPUOOPETAIOT HOBBIC UepThl. BumoBoe pas-
HOOOpasue (UTOIJIAaHKTOHA OOBIYHO MEHSETCS OT PeKH K ycThio. Du-
TOTUTAHKTOH PaBHUHHOW PEKH MOTOJHACTCS (PUTOIIAHKTOHOM €€ MPH-
TOKOB, POJTHUKOBBIX M OOJOTHBIX BOJI.

B noporax pek, a Takke npu IPOXOKJIECHUU BOJ Yepe3 TUIIPOTEX-
HUYECKHE COOPYKCHHS, BO3MOXKHO pPa3pylIeHHE HEKOTOPHIX (HOpM U
yYMEHbIIIEHWE YHCa KJIETOK WIM MOJIHOEe BbinageHue. [lo coctaBy
IUTAHKTOH PEK B Pa3HBIX YYaCTKax B 3aBUCHUMOCTU OT CE€30HA, ITyOHHBI
HENMOCTOAHEH. | TyOnHa, HA KOTOPO MOXXHO OTMETHUTh pa3BUTHE (DU-
TOTUIAHKTOHA, OOBIYHO paBHSETCS IIyOnMHE (POTHUECKOTO CJIO0sl, Ompe-
nensiemoro no aucky Ceku (rryOuHa IpenenbHON BUAMMOCTH JTUCKA).
Ota riayOuHa 3aBUCUT OT THIIA BOJOEMa U MPO3PAUYHOCTH BOJBI B HEM.

13



DUTOIUIAHKTOH 03€p, B OTIWYUE OT (UTOIJIAHKTOHA PEK, HOCHUT
aBTOXTOHHBINA XapakTep, M0 COCTABY OH BEChMa OTJIMYAETCS OT PEUHO-
ro.

Bosora — 0coObie BOJIOEMBI, XapaKTEPU3YIOIIHUECS BBICOKOW KH-
CJIOTHOCTBIO BOJI, B KOTOPBIX HE MOTYT CYIIECTBOBATh (JOPMBI C H3-
BECTKOBBIMU 0000uKaMu. bonora GeHbI MO BUIOBOMY pa3HOOOpa-
3ut0 anbroduiopel. OOBIYHO 37€Ch BCTPEUAIOTCS JAECMUIUEBBIC, TUa-
TOMOBBIE, 30JI0TUCThIE BOJIOPOCIH.

DUTOTUIAHKTOH BOJOXPAHUJIUIL TOXKE HMEET CBOU OTIUYHS OT
PEYHOT0, MOCKOJIBKY €ro (DOPMHUPOBAHUE CBSA3AHO C PEKUMOM HCKYC-
CTBEHHOT'0 BojoeMa. B BojoxpaHWIMIAX 4acThl KOJeOaHUs ypOBHS
BOJIbI, MPUOPEKHBIE 30HBI BHICBIXAIOT W MpoMep3aroT. Bereranus Bo-
JOpOCyel, KaK U JPYTrux TMAPOOMOHTOB, 3aBUCUT OT 00beMa BOJO-
XpaHWIMIIA, TOJIOBOrO CTOKa, Koadduimenta BogooomMeHa. UYeM BbI-
e Kod(ppuueHT Bog00OMEeHa, TEM MPOTOYHEE BOJAOXPAHUIIHIIE, TEM
OJIKE ero pexuM K peuHomy. [Tpu Manom BoJ10o0OMEHE pEXUM BOJIO-
XpaHUJIUIIA NPUOTINKAETCS K O3EPHOMY.

Bomopocnu miaaHKTOHA B XOJ1€ SBOJIOIMHU BbIpabOTanu psijl Mpu-
CIOCOOJIEHNUH, KOTOPBIE JAl0T BO3MOXXHOCTh UM TapUTh B TOJIIE BO-
IIbI, @ HE OMYCKAaThCs Ha JHO. MHOTHE TJIaHKTOHHBIE BOJOPOCIIH UME-
10T Tra3oBbIe Bakyonu (Microcystis, Aphanizomenon v Ap.), IpeaCTaB-
asifone co0OM MONOCTH B IIUTOILIA3ME, 3alOJHEHHBIE ra3oM. JTO
yMEHBIIIAeT YACIbHYIO MAacCy KJIETKH U MPUBOJUT K BCIUIBIBAHUIO Ha
MOBEPXHOCTh BOJBI OOJBIIOTO KOJIWMYECTBA KOJOHUN CHHE3EJICHBIX
BOJIOpOCEn. JInaTOMOBBIE BOJOPOCIIA HAKAIIJIMBAKOT B CBOUX KJIETKAX
Kaluyli Macjia, KoTopble oOserdaroT ux. OOpa3oBaHUE CIHU3UCTHIX
00epTOK BOKPYT KJIETKU WU TPYIIbI KIETOK TakKe CIOCOOCTBYET
obneruenuto psaa popm. Cama Gopma KIETOK Y HEKOTOPBIX MPEICTa-
BUTEJICH IJIAHKTOHA WTJIOBHJIHAS, YTO CIYKUT XOPOIIUM MPHUCTIOCO0-
JICHUEM s 1ieJied mapeHusi. BbIpoCThl, IMIMIBI Ha O0O0JIOYKE TaKkKe
CIIOCOOCTBYIOT ATOMY.

[Tpumepom MoryT ObITh BUIBI poaoB Ceratium, Stephanodiscus,
Chaetoceros, Pediastrum, Scenedesmus. Y HEKOTOPBIX KOJOHUMN pac-
MOJIOKEHWE  KJICTOK  HAllOMHHACT  MApalllOTHYI0  CHUCTEMY
(Asterionella) wim 3ur3ar (Tabellaria), aTo Takke cIocOOCTBYET Ma-
peHuo. BwIpocThl, MMEHyeMble poramu, y MpeACTaBUTENIeH poja
Ceratium MEHSIIOT CBOM pa3Mepbl y 0co0eil 0OJIHOTO M TOTO K€ BUJA B
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3aBUCMMOCTH OT CE30HA roj/ia, YTO CBSI3aHO C U3MEHEHHEM BSI3KOCTH
BOJIbI 1 HEOOXOJUMOCTBIO MMPOTUBOCTOSITH OCEAAHUIO HA JHO B TE Tie-
PHOJIBI, KOTa OHA CHIDKAETCSI.

[IpecHOBOAHBIN (DUTOTUIAHKTOH MPEACTaBICH 0OraTo M Pa3sHO00-
Pa3HO CHHE3EJICHBIMU, TMATOMOBBIMH, 3€JIEHBIMHU, 30JI0TUCTHIMH, TH-
POGUTOBBIMU, €BIIICHOBBIMU BOJOPOCIISIMH.

B miaHKTOHE MPECHBIX BOJOEMOB OOBIYHBI MPEICTABUTENMN KJlac-
ca Bacillariaphyceae (Buawl ponoB Asterionella, Navicula, Tabellaria,
Fragilaria w np.). JluatomoBble BOJOPOCIIH IJIAHKTOHA HAYMHAIOT BE-
TeTUPOBATh PaHHEW BECHOM, a MHOTJA Pa3BHUBAIOTCS M B 3UMHHE Me-
cslbl MO0 JibAOM. Buasl ponoB Melosira n Diatoma HauuHAIOT ak-
TUBHO Pa3MHOXaThCsl yke Tpu Temneparype +6°C. Asterionella, Fra-
giliaria, Tabellaria 6onee Temnomo0OUBLl U pa3BuBaroTcs npu +15°C.
B GonbIIMHCTBE BOJIOEMOB JIETOM JUATOMOBBIA KOMIUIEKC TECHST 3e-
JICHbIE W CHHE3EJICHbIE BOJOPOCIH, OJTHAKO TeriofitoOussie Melosira
granulata w Fragiliaria crotonensis O4€Hb 4YacTO BXOJST B COCTaB
neTHero ¢uroriaHkToHa. OCeHbI0 B OOJIBIIMHCTBE MPECHBIX BOIO-
€MOB Ha0JII0/IaeTCsI BHOBb MAaCCOBOE Pa3BUTUE TUATOMEMN, XOTS CHUHE-
3€JICHBIC BCE €I1I€ COCTABJISIOT OOJIBIIYIO YacTh OnomMacchl. Takum 00-
pa3oM, IBYXBEpIIIMHHAS KPUBas B PA3BUTHH JTUATOMOBBIX BOAOPOCIIEH
TOBOPUT O HU3KOM TEMIIEPATyPHOM ONTUMYME MPECTABUTENEH 3TOTO
KJacca.

JIJist cBOero pa3BUTHS JUATOMOBBIE BOJOPOCIU HYXKIAIOTCS B
HUTpartax, (pocdarax, kpeMHUH. YacTo JTUMHUTHUPYIOMIUM (HaKTOPOM
JUTSL HUX SIBIIIETCS COZACprkaHHMe B Bojae KpemHus. [lo MHeHHIO 00JIb-
IIMHCTBA UCCJIEAOBATENEH, I TOTO YTOOBI HACTYMHIIO «I[BETCHHUE
BOJIOEMA 3a CUeT OYypHOrO pa3BUTHUS AUATOMOBBIX, HEOOXOIUMO CO-
JepKaHue KpeMHHUsS B Boje He MeHee 4—5 mr/in. OIHaKO B MPUPOJIC
9acTO W MPU MEHBIINUX KOHIICHTPAIMSIX KPEMHHUS TUATOMOBBIC BOJO-
POCIIY MPOAOIKAIOT pa3BUBATHCA. [10 OTHOIIEHUIO K KUCIOTHOCTHU Cpe-
JTbI TAATOMOBBIE OOJIBIIIE MPUYPOUCHBI B CBOEM MHTCHCUBHOM Pa3BUTHUU
K KHCITBIM BOJIaM.

B uenom cykueccus BUAOB (PUTOIIIAHKTOHA 3aBUCUT HE OT OJI-
HOTO, a OT psAna ¢pakTopoB. B cBs3U ¢ 3THM, U3y4ass TMHAMUKY JTHATO-
MOBBIX BOJOPOCJIEH B MPHUPOJE, UCCIEAOBATEIN OTMEYAIOT 3aBHUCH-
MOCTbH Pa3BUTHS BUJIOB OT TEMIEPATYphl, CBETA, OMOTEHHBIX JIEMEH-
TOB, BBICJAHHS 300IJIAHKTOHOM, MEXKBHIOBBIX OTHOIIEHUH. OgHAKO
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BJIMSTHUE OJHOTO U3 (haKTOPOB MOKET OKazaThCs onpeaesionum. Cyk-
IIECCHUS BUIOB KOHTPOJIUPYETCS COOOIIECTBOM.

B miaHKTOHE MPECHBIX BOJOEMOB 3HAYUTEIBHYIO POJIb WUIPAIOT
MPEJICTABUTEIN 30JI0TUCTHIX BoJopocield. HekoTtopbie M3 HUX BBI3bI-
BAIOT «IIBETCHUE» BOJIbI )KENTO-0ypol okpacku. BecHoii, yacto Ha 1o-
BEPXHOCTH BOAOEMOB, pa3BuBaetcsi Chromulina rosanoffii, ob6pa-
3yI01Ias 30J0TUCTBIC TIJICHKU. JTHU MOBEPXHOCTHBIC IJIEHKU B THAPO-
OMOJIOTMM  Ha3bIBAIOT  HEWCTOHOM.  Jlpyroi  mpenacTraBUTENb
30JIOTUCTBIX BOJIOpOCIIEH IUTaHKTOHA — p. Mallomonas. IIpakTuueckoe
3HAUYCHHE UMEET BUI Prymnesiym parvum, BBIISISIONIANA TOKCHUH, TY-
outenbHbIA 111 pbi0. M3 KOMOHWATBHBIX 30J0THCTBHIX B IUIAHKTOHE
PEK, MPYJ0B, O3€pP BECHOW U OCEHBIO BETETUPYIOT KOJIOHUH p. Synedera
u Dynobryon.

[IpeacraBurenu otnena Dinophyta, Kak MpaBWiIo, pa3BUBAIOTCS B
MIPECHBIX BOJIOEMAaX BECHON M OCEeHbI0. DTO BUbI p. Ceratum u Peri-
dinium. HexoTopele U3 HUX B HEOOJBIINX BOJOEMAX BBI3BIBAIOT «IIBE-
TEHHE» BOJIBI.

B HeOoapIINX MPECHOBOIHBIX BOJOEMAaX, a TAKXKE B IPUOPEKHOMN
30HE PEK, B MECTax, 0OTraThlX OPraHUYECKHM BEIIECTBOM, B COCTaBE
MJJAHKTOHA BCTPEUAIOTCS MpeACTaBUTENN oTaena Fuglenophyta (Bujbl
ponoB Euglena, Trachelomonas). B 4ucThIX Bojax pa3BuBaeTcs Pha-
cus. B IJIaHKTOHE MPECHBIX BOJOEMOB OOJIBIITYIO POJIb UTPAIOT MPE/I-
crtaButenu otaena Chlorophyta (p. Volvox, Eudorina, Pandorina, Go-
nium). B MaleHbKHUX, YaCcTO MEPECHIXAIOIIUX BOJOEMAaxX WM Ha MeJl-
KOBOJIb€ PEK B MACCOBOM KoJinuecTBe 00bIUHbI p. Chlamydomonas. 13
XJIOPOKOKKOBBIX BOJIOPOCIICH pacmpoCTpaHEHbl BUABI poJioB Pedias-
trum, Scenedecmus, Ankistrodesmus, a taxxke Chlorella n3 xnacca
Treobouxiophyceae. MHOTO B IJIAHKTOHE KOHBIOTAHTOB, OCOOCHHO U3
nopsinka Desmidiales. JlecMuaneBble BOJOPOCTU XapaKTEPHBI IS
TUCTPO(PHBIX BOJIOEMOB C BBICOKHM COACPXKAHUEM TYMHHOBBIX Be-
IIECTB, a TaK)KE y4acTKOB, TJ€ €CTh MOATOKH ¢ 00j0T. CHHEe3eIeHbIe
BOJIOPOCTH JOBOJIBHO PEAKU B MOPCKOM IIJIAHKTOHE, a B TIpec-
HOBOJTHOM TIPEJICTABJICHBI OJTHOKJIETOYHBIMHU, HUTYATHIMU U KOJIOHUAb-
HeIMH (hopMamu. CaMBIMH PacCIpOCTPAHCHHBIMU B IUJIAHKTOHE IIpe-
CHBIX BOJI SBJISIIOTCS BUIBI pojioB Microcystis, Aphanizomenon, Ana-
baena,  Oscillatoria, Gloeotrichia, = Merismopedia, = KOTOpbIE
Pa3BUBAIOTCSA B OYCHBb IMIUPOKOM JHAINa30HE KIMMATHYECKUX U Ie0JI0-

16



rM4ecKux ycioBuil. OgHAKO TEMIEpaTypHBI ONTUMYM y OOJIBIINH-
ctBa cuHe3eneHblx B mnpeaenax 20-30°C, mosTtomy CBOEro MakcCH-
MaJIbHOTO Pa3BUTHUS OHU JOCTHUTAIOT B JeTHUE Mecsalbl. Ho He TonbKo
TeMIlepaTypa JHUMHUTHPYET pa3BUTHE CHHE3EJECHBIX BOJOPOCICH
MJIaHKTOHA. VX 4MCIEHHOCTh CHMKAET Takoi (pakTop, Kak MyTHOCTb.
[Ipu 3TOM Hambosiee YyBCTBUTEIbHBIMHU K IIOMYTHEHHUIO BOJIBI OKa3a-
JTUCh BUABI poaoB Anabaena w Microcystis, a 60nee yCTOMYUBBIMU
Aphanizomenon flos-aquae. TypOyJieHTHOE NEpeMEIIMBaHUE BOJIbI
TaK)Xe CHI)KACT YMCICHHOCTh CUHE3EJICHBIX, OHU MPEANOUYUTAIOT PEKU
CO CITOKOMHBIM T€UEHHEM, 3aBOJIU M 03epa. B meTHee BpeMs Ipu J10c-
TaTOYHO BBICOKMX TEMIIEpAaTypax MacCOBOE Pa3BUTHE CHUHE3EJIEHBIX
BOJIOPOCJICH MOXET JIMMUTHUPOBAThCS a30ToM U (ochopom. OMbITHI,
npoBe/icHHbIe BanenTaitHom B Kanasne, moka3anu, 4To ONBITHBIE 03€-
pa, yaoopeHHble a30ToM U (hochopoMm, «3a1BeIn» OT MaCCOBOTO pa3-
BUTHSI CHHE3EJICHBIX, B TO BpeMs KaK HEYJIOOpEHHBIE 03epa OCTaBa-
JIMCh BU3YQJIBHO C MPO3padyHoi BoAoW. OJHAKO CHHE3ENICHBIE, a 0CO-
OCHHO TIPEJCTABUTEIM TOPMOTOHHUEBBIX, O00JIAIAIOT YAUBUTEIHHOM
CIIOCOOHOCTBIO HakamuBaTh (ocdop, a MOTOMY «IBETECHUE» BO-
JIOEMOB MOXET HACTYIIUTh M MPHU HEJIOCTATKE ATOTO AJIIEMEHTa B Cpe-
ne. OTMEUeHO, YTO CHMHE3EJICHBIE BOJOPOCIH TUIAHKTOHA Pa3BUBAIOT-
csl Ipu HelTpanbHO-1enouHoM nokaszatene pH (7-8). Ilpu cBoem un-
TEHCUBHOM Pa3MHOKEHHHM OHH BBITECHSIOT IMPEJCTaBUTENEH IPYTrHUX
OTJZIEJIOB U3 cocTaBa (puToruiankToHa. Bo3M0OXXHO, UX TMPOAYKTHI Me-
Ta0OJIM3Ma OKa3bIBAIOT WHTHOWpYIOIEe NEeHCTBUE Ha JPYrUe BOJO-
pociii. DTO MOKHO OTHECTH K aJICJIONAaTHYECKUM SBIICHHSIM, pac-
MPOCTPAHEHHBIM B pacTUTeIbHOM mupe. [Ipn oTMupanuu Guomacchl
CUHE3EJICHBIX BOJOPOCIICH B BOJAOEME B Pe3ysIbTaTe JACHCTBUS ayTO-
TOKCHHOB, BUPYCOB WJIK (haroB HAYMHAIOT PA3MHOKATHCS MPEICTaABU-
TeJU JPYTUX OT/IEIIOB.

SIBICHUE «IIBETEHUS», BEI3BAHHOE CHHE3EJICHBIMU BOJIOPOCIISIMHU,
B HACTOsIIIee BpeMsl IIPUBJIEKACT BHUMaHNE YUEHBIX, TIOCKOJIBKY OCTa-
€TCsl aKTyaJIbHOW TpoOjeMa YHUUYTOXXCHHUS WU XOTS Obl CHUKCHMUS
pa3BUTH BOAOPOCIEH, MPUYMHSIONINX CYIIECTBEHHBIN Bpesa Hapo-
Homy xo03siicTBY (JI. A. Cupenko, M. 4. ['aBpunenko, 1978).

N3 cruHe3eneHbIX TOKCUYHBIMU MOTYT OBITh BUIBI Microcystis ae-
ruginosa, M. toxica, M. flos-aquae, Anabaena variabilis, An. limmer-
manii, Gloeotrichia echinulata, G. pisum, Rivularia fluitens, Coelos-
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paerium dubium, Lyngbya majuscula, Nostoc rivulare, Hapalasiphon
fontinalis. HekoTopble W3 HUX ObUIM M3y4€HBI B KyJbType. Tak, ka-
HAJICKUE ucclieqoBares bumon u AHHET nokasanu, 4to Microcystis
aeruginosa CONEPXKUT PHAOTOKCHH, BBIJCISIOMIUICST B CPEy TOJIBKO
MIpU CTAPEHUU WU PA3PYIICHUU KIETOK. Y KUBOTHBIX MOJI BIUSIHUEM
3TOT0 TOKCHHA Pa3BUBAJICA Mapajiiy KOHEYHOCTEH, HAOIIOJaIiCh Ta-
TOJIOTUYECKHE U3MEHEHUS B NeueHu. HekoTophie mTaMmMbl cCuHE3ele-
HOU Bojopocnu Anabaena flos-aquae npoIyIUPOBAIN SK30TOKCUHBI.
CHUMIITOMBI OTPABJICHHUS], BBI3BIBAEMBIE UM MPU BBEICHUU KUBOTHBIM,
CXOJIHbl C CHUMMOTOMaMH OOTyJIM3Ma. YCTAaHOBJICHO, YTO KOJUYECTBO
TOKCHUHA, BBIJICIIIEMOE BOJOPOCIIbIO, 3aBUCUT OT TEMIIEPATypPhI, YCIIO-
BHI1 OCBEILECHUS], BO3PACTA KYJIbTYPHI.

[ITammbl Aphanizomenon flos-aquae POIYyIUAPYIOT SHIOTOKCHH,
KOTOPBIN, OCBOOOXKASCH TOCE Pa3pylICHUs] BOJAOPOCTH, OKa3bIBAET
ryOuTeNnbHOe JEeHCTBHE Ha PhIO, B TO BpeMs Kak MPOCTEHIITNE K HEMY
okazanuch HeuyBcTBUTENBHEI (C. B. I'optonosa, H. C. Jlemuna, 1974).

Tokcudeckne BUABI BCTPEUAIOTCS U Cpeld AUHODUTOBBIX, 30J10-
TUCTBIX U 3eJIeHBIX Bojopociei. Cpenu AMHOPUTOBBIX OOJIBITUHCTBO
TOKCUYHBIX BUJIOB OTHOCUTCSI K MOPCKHUM, KOTOPBIE BBI3HIBAIOT THOECIIH
PBIOBI U APYTUX MOPCKUX KUBOTHBIX, Y JIIOJIEH — pa3/ipaKeHUE KOXKH,
rjia3, CIU3UCTBIX 000JI04eK. YNOTpeOJeHWe B MHUILY MOJIIIOCKOB U
pBIOBI, B KOTOPBIX HAKOMUWJIUCH TOKCUHBI BOAOPOCIEH, BBI3BIBAIOT OT-
PaBJICHUS Y JIIOJICH, COMTPOBOXKIAIONINECS HAPYILICHUEM JbIXaHUs, CYy-
Joporamu, mapajinyoM, U3MEHEHHUSIMU B cocTaBe KpoBu. M3 mpecHo-
BOJIHBIX JUHO(MUTOBBIX TOKCUYECKUM BHUJIOM cuutaetca Peridinium
polonicum. V3 3010TUCTBIX BOJOPOCIICH MIPECHBIX BOJ MOKHO Ha3BaTh
JIOBOJIBHO PacipoCTpaHeHHBIM BUA Prymnesium parvum. V3 3en1eHbIX
BOJIOPOCJIEN — HEKOTOphble IITaMMbl Scenedesmus quadricauda w
S.obliquus OKa3aJIuCh TaKke MPOAYIICHTAMHU TOKCHUHOB
(C. B. I'opronona, 1974).

SBieHUE «IIBETEHHUS» BOJIOEMOB MOPOM mpuoOpeTaeT OEeACTBEH-
HBIE pa3Mephl, 0COOCHHO B I0KHBIX paiioHax. B 1ensx nu3ydeHus 3Toro
SBJICHUS M Pa3pabOTKU METOJOB CHI)KEHHUS €ro aKTUBHOCTU B Ha-
CTosIIIIee BpeMsi OOBbEAMHEHBl YCWJIMS YUYEHBIX Pa3HbIX CHEIUAIBHO-
creit. Ilepen umcciaegoBaTeNsiMU CTOMUT 3ajada — OCIA0UTh Pa3BUTHE
CHUHE3EJICHBIX 3a CUET CTUMYJISIIUU PAa3BUTHS JIPYTUX OTIEIOB BOJIO-
pociieil, He TOKCUYHBIX M JIETKO YTWJIU3UPYIOMMUXCS B TPOPUUECKUX
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nensax. s 3Toro HeoOXOAMMO M3ydaTh OMOJIOTHIO CHUHE3EJIEHBIX B
CBSI3U C THUJPOXMMHUYECKAMU H METEOPOJIOTUYECKUMU YCIOBUAMHU,
B3aUMOOTHOIIICHUS UX C IPYTUMH TUIPOOUOHTAMH.

HccnenoBanus B HATYPHBIX YCIOBUAX JOJKHBI COYETATHCSA C JIa-
OOpaTOPHBIMU UCCIICAOBAHUSIMU HA YUCTHIX KYJIbTypax U MOJICJIbHBIX
ouorieHo3ax. Takue Wccien0BaHUs MOMOTYT pa3o0paThbCsi B MPUPO/I-
HBIX 3aKOHOMEPHOCTSX, KPOME TOTO, PACIIUPAT IEPUOJ H3YUECHU,
MTOCKOJIbKY BCIIBIIIKA PAa3BUTHSI CUHE3EIICHBIX B MIPUPOAE MPOUCXOIUT
JIIIb B TEUEHUE HECKOJIBKUX MECSIIEB.

B xome ucciienoBaHnil BBIICHWIOCH, UTO JAXKE€ CUCTEMATUYECKOE
MOJIOKEHUE BUJIOB, BBI3BIBAIOIINX «IIBETCHUE» BOJbI, HE JOCTATOYHO
ONPENECIICHO, MTOCKOIBKY B PA3JIMYHBIX SKOJIOTHYECKHUX YCIOBHUIX Ja-
K€ TaKue pacIpOCTpaHEHHbIE BUIBI, Kak Microcystis aeruginosa,
Aphanizomenon flos-aquae 0051a1al0T 3HAYUTEILHON U3MEHUUBOCTHIO.
[Ipeactoutr u3y4uTh, sABIAETCS OHA (DEHOTUIMUYECKOW WM TE€HOTHUITHU-
YECKOU.

[IIupoko TPOBOAATCS  HUCCICAOBaHUS U B (PU3UOJIOTO-
OMOXMMHUYECKOM HAaINpaBieHUH, 0€3 KOTOPHIX HEBO3MOKHO Pa3o0paTh-
Csl B CJIOKHBIX MPUPOJHBIX SIBIICHUSX. A Takue UCCIETOBaHUS TPeOy-
10T pa3pabOTKHU JIOBOJIBHO TPYAHBIX METOJIMK BBIICIICHUS BOJOPOCIICH
U3 MPUPOJBI U BBEACHUS UX B KyJIbTypy. Hacto B ycnoBusx jiadbopa-
TOPHOT'O KYJIbTUBUPOBAHUS BUJI 3HAYUTEIBHO MEHsSETCsS Kak Mopdo-
JIOTUYECKH, TaK U OMOXUMHYECKHU. BCe 3TO HE0OX0AMMO CBSI3aTh C €T0
IIPUPOIHBIM COCTOSIHUEM.

Oco0oe 3HaueHHe MPUOOpPETAET MOCTAHOBKA MHOTO(AKTOPHBIX
DKCIICPUMEHTOB, a TAKXKE BBIJICIICHUE B3aUMOCBA3U IUIAHKTOHHBIX BH-
JIOB, BBI3BIBAIOIIMX LBETEHUE, C JAPYTUMU LUEHOTUYECKUMHU T'PYNIIH-
poBkaMH. Tak, yCTaHOBJIEHA CBSI3b MEXIY JIOHHOW K IUJIAHKTOHHOWU
dazoii passutus Microcystis aeruginosa. Panee cuyuTalioch, 4TO B
OCEHHUM MEPUOJ KOJOHUU 3TOTO BUIA ONYCKAIOTCSA HA JHO U B YCIIO-
BUSIX HU3KHX TEMIIEpaTyp U OTCYTCTBHUS CBE€Ta MEPEXOMST B MOKOS-
HIyocs CTaauio nepe3uMoBku. OHAKO Tenephb JO0Ka3aHO, 4YTO O€H-
TocHast popma Microcystis — 3TO OJUH U3 3TANOB €ro XKU3HEHHOTO
nukia. B miax BomoemMa B 3UMHUU NEPUOJ MPOJOIKACTCS, XOTSA U
3aMEIJICHHOE, JICJICHUE KJIETOK.

JleToM B mepuoJ aKTHBHOW €r0 BEreTallud BCS 3Ta Macca BOJO-
POCIIEBBIX KJIETOK, COOpaHHas B 0ecOpMEHHBIE CIUZUCTHIE KOJOHUH,
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nogHUMaeTcs co aHa. [Ipu 01aronpusTHBIX SKOJIOTUYECKUX YCIOBUSAX
Nepe3UMOBaBIIIasl Macca BOJOPOCIEH HAYMHACT JICIUTHCA U MOITOMY
MPOILECC «I[BETEHUSD B MPECHBIX BOJIOEMAaX Pa3BUBAETCS TaK CTPEMH-
TenbHO. Ha Gonbmmx riayOuHax B pekax M BOJAOXPAHWIMINAX Y 3HU-
MYIOIIUX Ha JHE BOJOPOCIEH YCIOBUS 3HAYUTENBHO JIy4Ille, YeM Y
BOJIOPOCIICH TPUOPEKHBIX MEIKOBOJHBIX 30H. JI[MaTOMOBBIE Tak ke,
KAaK ¥ CHHE3EJICHbIC, 3UMYIOT HA JIHE, @ HHOTAA U aKTUBHO BETE€TUPY-
0T B TOJIIIE BOJABI BOJAOEMA B MOJICAHBIA Nepruol. BecHoM oHU mep-
BBIMU BCIUIBIBAIOT, 32 HUMU MOKHUIAIOT JTHO 3€JIEHbIE, 3aT€M CUHE3ElIe-
HEIE.

AJbrosioru, uzydas OHMOJIOTHIO BOAOPOCIEH «IIBETCHUS», MPOCe-
KUBAIOT BECh IIMKJI Pa3BUTHUS UX OT OCHTOCHOU (pa3bl K TUIAHKTOHHOMN
U gajnee K gaze OTMUpaAHUS U yTUIU3AIMU UX MUKpoOpraHusmamu. B
MPOIECCe YTUIN3AIMU TPUHUMAIOT y4acThe OaKTEpUU U BUPYCHI BO-
noeMa. Pa3BuBasch B Macce Ha OTMEPIIHMX BOJIOPOCIEBBIX CKOIUICHU-
SIX OHU OCYIIECTBIISIFOT MPOLIECC OPOKEHMS, THUCHUS U YHUUTOXKCHUS
PACTUTENBHBIX OCTATKOB.

MaccoBoe pa3BUTHE BOJOPOCIIECN CO31AET 3HAUYUTEIbHBIE TOMEXHU
B paboTe NpeanpusiTuidi BOJOCHAOXKEHHS, OOOpYJOBAaHUS SIIEKTPO-
CTaHIIMM, TPYJHOCTH B AKCIUTyaTalluu KaHayioB. Pa3paOoTanbl Mexa-
HUYECKUU, (PU3NYCCKUN, XUMHUUYECKUM U OHOJOTUYECKUM METOIbI
OOpbOBI C «IBETEHHUEM» BOJOEMOB. MexaHuueckas (QuibTparus —
OYCHb TPYJAOEMKUM IIpoIecc, TpeOyIomM 4acTol 3aMeHbl (DUIIBTPOB
IIPU UHTEHCHUBHOM «IBETCHUM». DU3NUECKUE METOJIbI 0OpPHOBI OCHO-
BaHbl HA MPUMEHECHUU YJIbTPAa3BYKa U 3JIEKTPUUECKOTO 000pY10BaAHMUSI.
Ho 3T Merona TpeOyroT OOJBIIMX 3aTpaT AJAECKTPOIHEPIHUU, & TIOTOMY
JOPOTOCTOSIINA U OTPAHUYEHBI B IPUMEHEHUMU.

buonornueckuii MeTos1 00PLOBI C BOJOPOCIISIMUA UCIIOJIB3YETCS B
KaHajJaXx MU OPOCUTEIBHBIX CUCTEMaX, IJI€ BO3MOXKHO BBIPAIIMBAHUE
PACTUTENBHOSIHBIX PBIO, TAKUX Kak OebIi amyp, ToJicTosio0uK. Mc-
MOJIb3YETCSI U METOJ OMOJIOTrMYecKOr (PuiIbTpalu, pa3paboTaHHBIN
CkaloBCKUM. DTOT METOJ MPEAINOoaaracT HECKOJbKO 3TamnoB. [lep-
BbII — OYUCTKA BOJIBI C TIOMOIIbIO OMOJIOrMYEeCKUX (PUITBTPOB, UMU MO-
T'yT OBITh ABYCTBOpYATHIC MOJUIIOCKU, HanpuMep yHuu. [Ipu miaoTHo-
ctu 70 000 ocobert Ha 1 M OHa KaHanda OHU OT(PUILTPOBHIBAIOT
200 nutpoB BoABI B CYTKM. Ha BTOpOM 3Tame BBICEBAIOT BBICIIHE
BOJIHBIC PACTEHUs, TaKUE KaKk OCKMaHUs, KAaHAPECUHUK U APyrue, u3-
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BJIEKAIOIIME W3 BOJIbI WJIM CBOJSIIME A0 MHUHUMyMa a3ot, ¢ocdop,
XKeJe30 U Jipyrue 3aeMeHThl. O0e/IHeHEe BO/Ibl OMOTeHAMU 3aMe IS
€T pa3BuTHE BoJoOpocier. Ha TperbeM 3Tane B KaHajnax yCTaHABJIU-
BAIOT CHUCTEMY OHMOMOTJIOTUTENEH W3 IMJIACTMACCOBBIX PEIIETOK, Ha
MOBEPXHOCTH KOTOPBIX OCEMAET MHOTO BOJOPOCIEH U JOBOJBHO OBI-
cTpo dopMuUpyeTCs 1eH03 oOpacTaHmi. Takue pereTku oO0pacTaHHMA
CHIKAIOT KOJUYECTBO KJIETOK B Boje /10 70 %. Ognako TpeOyercs ux
nepuonueckas (uepe3 S—7 nHel) 3aMeHa HOBBIMU.

HaunbGonee pacmpocTpaHEHHBIMHU SIBJISETCS COUYETAHHWE MEXaHUYe-
CKOT'O0 M3BJICUCHHS BOJOPOCIEBOM MAcCChl C XMMHUYECKUMHU METOJaMHU
OOpbOBI. AJIBTUINIOB, MPUMEHSIEMBIX Ha BOJOEMaX, JOBOJIBHO MHOTO.
DTO XJIOPOPraHWYECKHE COCIMHEHUS, XJIOpUCTbIe, MeaHble. CaMbli
pacpOCTPAHEHHBIM aJbIULU — MEOHBIA KYIIOPOC, MEHEE pacIpo-
CTpaHHbIC — (PPUTOH, TEKCUIIOBHBIN 3(pUp, reKCoXI0pOyTaaueH, MOHY-
poH, muypoH. J[ns G0prOBI ¢ BOAOPOCISAMH HCIOJIB3YIOT BEIECTBA,
JIETKO TIPOHUKAIOIIUE B IIUTOIIA3MY KJIETOK, TOKCUYHBIE JIJI1 BOAOPOC-
Jed U CTOMKHE K XMUMHUYECKUM COCTUHEHMSIM, HaXOJSAIIMMCS B BOJIO-
eme. Bogoemsl, rae uaet Boao3adop s MATHEBBIX LEIeH, albI U IbI
UCIIOJIB3YIOT B 103aX, O€3BPEAHBIX ISl )KUBOTHBIX U UEJIOBEKA.
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NNekuma 3. NMepBUYHaAa npoayKuus
douTonNaHKTOHa

buotnyecknii KpyroBOpoT BELIECTB B BOJAOEME OCYLIECTBIISETCS
Yepe3 B3aMMOJICMCTBHE TECHO CBSI3aHHBIX MEXKIY COO0O0M MPOIECCOB
MPOAYLUHUPOBAHUSI OPTaHUYECKOr0 BEIIECTBA, €ro TpaHchopMauuu u
MUHepanu3anuu. IlpoaynupoBaHne OpPraHUYECKOIro BEIIECTBA, WU
nepBUYHAs MPOIYKIMS, OCYIIECTBISETCS B BOJOEME 3a cyeT (oTo-
cuHTe3a (QUTOIUIAHKTOHA, (puToOEeHTOCa, duTonepudruTOHa U MAKPO-
¢utoB. Ho mockonbKy (PUTOMIAHKTOH 3aI0IHSET BECh 00BEM BOJIHOU
MaccChl, TO NEPBUYHOE MPOAYLIMPOBAHUE ATOr0 AIbrOLIEHO3a B BOJO-
eMe JIeKUT B OCHOBE (POPMHUPOBAaHMS KauyecTBa BOJl U MPOLIECCOB Ca-
MOOUYHILIEHHS, OCOOCHHO €CJIM BOJIOEM IOJIBEPraeTcsi aHTPOIOT€HHO-
MY 3arpsi3HEHUIO.

Mepo#i nepBUYHON NPOAYKIMH CITY>KAT CKOPOCTh HOBOOOpa3oBa-
HUSI OPraHUYECKOrO BEIIECTBA U BBIJCIICHUS KUCIOPO/Ia 33 CUET MpoTe-
KaeMoro mporiecca (GoTocuHTe3a MpHu yyacTuu xjopoduia. CKOpocTh
NOCTYIUICHHUS B BOJHYIO Cpelly KHCIOpPOJa ONPEAEIseT CKOPOCTh IMPO-
LIECCOB MUHEPAJIM3ALMUA U TpaHC(HOPMALIMA OPraHUYECKOTO BEIIECTBA,
MOCKOJIBKY 3TH MPOLECCHI UAYT C UCIIOJIb30BaHUEM Kuciaopoaa. [lomor-
HEHUE KUCIOPOAOM BOJHOM Cpe/bl OCYIIECTBISIETCS 3a CUET MOCTYILIE-
HUS €ro U3 arMocdepsl U 3a cueT (POTOCUHTETUUECKOU aspariui.

B OBICTpOTEKYIIMX XOJOJIHBIX pEKaX, IJe TMOYTU OTCYTCTBYET
pPacTUTEIBHOCTD, MOCTYIVIEHUE KUCTIOPOJa B OCHOBHOM OIPEAEIISETCS
mpoleccoM razoooMeHa ¢ arMocdepoil. B MeajaeHHO TeKyIux u
CTOSIYMX BOJIaX (POTOCHHTETHYECKAs a’pallysl 3aHUMAET Beayllee Io-
noxenue. 1 TonbKo B cllyyae HaKOIUICHHs OOJIBILIOTO KoJnuecTBa (hu-
TOI€HHOM MacChl MOXKET YXYJIIUTHCS Ta30BbIM PEXKUM BOJOEMA, KO-
r71a MPOLECCHl PA3JI0KEHUST MOTUOIINX PACTEHUN CHUKAIOT COJIEepKa-
HUE€ KUCJIOPOJia B BOJIE U MPUBOAAT K TaK HA3bIBAEMOMY BTOPUUYHOMY
3arpsAI3HEHUIO BOJIOEMA.

Haunbomnee ymoTpeOUTENbHOW €IMHUIICH H3MEPEHHUS IMEePBUYHOMN
MPOAYKIIUM BOOOIIE U MEPBUYHON MPOAYKIMHU (PUTOIIIAHKTOHA B Ya-
CTHOCTHU MPHUHITO CUUTATh KOJUYECTBO BBIAEIECHHOIO KHUCIOPOAA WIIH
MOTJIOMICHHOW YTJIEKUCIOTHl MpU (HOTOCUHTE3E. DTU C€AUHULBI U3MeE-
pEHUS B3aUMOSKBUBAJICHTHBI.
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Hawunbomnee pacnpocTpaHeHHbIE METOABI ONPEICICHUS TEPBUYHOMN
NPOAYKIUM (PUTOIJIAHKTOHA B HACTOSIIEE BpPEMs — CKJISHOYHBIA (B
€ro KHUCIIOPOJHOW W PaaUOyTICPOJAHOM MOAU(DUKAIUAX) U XJIOPO-
bunabHBIA. Y 100HBIM, OCOOCHHO B YCIIOBHSX AKCIEIUIINH, SBIISICTCS
CKJISHOUYHBIM METOJ| B KHUCJIOPOJHOW MOJU(HUKAIIUM, TO3BOJISIONIUN
OLICHUTh KaK MPOJYKIHOHHBIE MPOLECCH B BOAOEME, TAK U JIECTPYK-
LIMOHHBIE, CBA3AHHBIE C TPATOM KUCJIOPOJa HA JABIXaHUE BOJOPOCIIEH,
OakTepuil U 300IJIaHKTOHA.

PaznuyaroT BajoByr0 1 YUCTYIO (WK 3G (HEKTUBHYIO) MEPBUUHYIO
npoaykKiuo. Banosas nepBuuHas NpoAyKIUs SIBISIETCS MEPOU KOJIH-
YeCTBa BHOBb CO3JaHHOTO OPTraHMYECKOIO BELIECTBA B PE3YJbTATE
dboToCcUHTETHYECKOTO TIporiecca. YacTh BaJIOBOW MPOIYKIIMH HECO-
MHEHHO PacXoAyeTCsl Ha >KU3HEHHBIE MPOIECChl TUAPOOUOHTOB, CBS-
3aHHBIE C IOTEPEN OPraHUYECKOTO BellecTBa B Bogoeme. Hucras mpo-
TYKIUST TIPEACTaBIsseT cO00i pa3HOCTh MEXAY BajJoOBOM MPOAyKIIUEH
U JIECTPYKIMEH, CBI3aHHOW C TpaTamMy Ha JbIxaHue. BanoByro mnep-
BUYHYIO MPOAYKIMIO MPUHATO 0003HAYaTh CUMBOJIOM A, YHUCTYIO
(wu 2¢dexTruBHY0) Tpoaykimio — P, a nectpykiuio — R . Torga A =
P + R. Yucras, wiu 3¢ dexTuBHas, NPOAYKIUI — peajbHas OCHOBA
BCEX MOCIEAYIOUX MPOLECCOB TPaHCPOPMAIIUU BEMIECTB B BOJOEME,
3TO TO KOJUYECTBO OPraHMYECKOIrO BEIIECTBA, KOTOPOE MOXKET OBITh
MCTOJIb30BAaHO KMBOTHBIMU BOJIOEMA.

OrnpeneneHue NMEPBUYHOM NMPOAYKIIMU BOJOEMA, OTHECEHHOE K
JaHHOMY 00beMY BOJbI WJIM IUIONIAA MOBEPXHOCTU BOJAOEMA, OCHO-
BaHO Ha M3MepeHuH (oTocuHTe3a GUTOIUIAHKTOHA. CKISHOUYHBIM Me-
TOJOM OIpeJieNieHne (POTOCHUHTE3a MPOBOJSAT B M30JUPOBAHHBIX IPO-
0ax BOJIbI, KOTOPbIE PKCIOHUPYIOTCS HA TOM ke riyOuHe, e B3STHI,
a100 B MHKYOATOpe ¢ MCKYCCTBEHHBIM OCBEIIICHUEM B TEUYEHHUE OIpe-
JEJIEHHOTO TPOMEXKYTKA BPEMEHHU.

N3mepenne (HOTOCHHTE3a METOJOM CKJSHOK BIEPBBIE OBLIO
npeioxkeHo Pyynom B 1926 rogy. DToT MeTon ObUT NMPUMEHEH B
1932 rony BunOeHrom jyisi omnpenesieHuss NEPBUYHOU MPOAYKIIHH.
Kuciopoaaeii METOT ONPEACIEHUS IEPBUYHON MPOAYKIIMA MPOCT U
MO3BOJIIET U3MEPUTHh HE TOJBKO BEIWYMHY MPOAYKIMHA, HO U JECT-
PYKLIIMHM B JJAaHHOM OOBEME BOJIbI, a CIEJOBATEIbHO, PACCUNUTATh KaK
BAJIOBYIO, TAK U YACTYIO TPOAYKIIHIO.
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BanoBas nepBu4Has NpOAYKIHS ONPEACISIETCA KaK Pa3HOCTh Me-
Ky COJIEp’KaHUEM KHUCJIOpPOJia B CBETJIBIX CKJISIHKAX U TEMHBIX 3a OIl-
pEeIENeHHbI NEPUO BPEMEHH:

t
A= %MF O, /n. gac,

rae A — BaJoBasg INMEpPBUYHAS MPOAYKIHUS, V, — KOJIHYECTBO KH-

CJIOPOJa B CBETJIBIX CKIISTHKAX MOCJIE SKCIIOHUPOBAHUS, V¢ — KOJIMYE-
CTBO KHUCIIOPOJAa B TEMHBIX CKIIHKAX IIOCJIE 3KCHOHUPOBAHUS, t—
BpeMsl DKCTIO3UIINH (B Yacax).
Yucras npoaykiusi P Oyet BeipakaTbCcs TaK:
V.-v'!
P= ST O, /n. gac,

rac¢ BBCACH IIOKA3aTClIb Vf — KOJIMYCCTBO KHCJIOPOJa B CBCTIILIX

CKJITHKAX 10 DKCIIOHUPOBAHMS.
Torga gecTpyKIuo MOKHO PacCUUTHIBAThH MO opMyJie

R = V-V, mr O, / n. yac ummm R=A — P mr O, / n.gac.

B 1moseBbIX yCIOBUSIX 4acTO MEPBUYHYIO MPOAYKIIUIO ONpPEesi-
10T IIPU CYTOYHOM AKCIO3UIINU CKIITHOK, TOT/Ia BEIMYUHBI BHIPAKAIOT-
CSI B MT' 02M3/CYTKH, mr O,M>/4ac u T. 1.

KoHIeHTpanus KUciopoja, paCTBOPEHHOTO B BOJIE, PACCUMTHIBA-
eTcs 1o Mmetoay Bunknepa no ¢popmyie

O, mr/n = (nxkx0,08x1000)/(V-V)),

r7I€ N — KOJUYECTBO TUIOCYIb(UTA, MOIIEANIETr0 Ha TUTPOBAHUE
npoObl, K— MOIMpPaBKa HA HOPMAJIBHOCTh rumnocyibdura, V — o0beMm
poObl, V| — 00beM npuOaBICHHBIX B CKIISIHKY PEaKTUBOB il (PUKCH-
poBaHMs KHcJIopoaa (00beM yTepsiHHOM vacTu mpoOsl), 0,08 — 3KBu-
BaJICHTHBIA Bec kuciopoaa Ha 1 mu 0,01 HOpManbHOTO pacTBOpa,
1000 — nepecyet Ha 1 autp.

Pagnoyrnepoasiii meTon, npemioxeHHbii Ctumanom-Hunbconom
B 1951 romy, nmpenmnosiaraer BBEACHUE IINIPUIIEM B CKJISIHKA PacTBOpA
paanoakTUBHOTO KapooHata Na (2 ckiisiHKH). B TpeTbel CKIISTHKE ompe-
JEJISIFOT 00I1Iee KOJIMYECTBO yriepoza (B OukapOoHaTe U B CBOOOJIHOM
yraekuciiore). CKISIHKA C U30TOMOM SKCIHOHUPYIOT B OINPEACICHHBIX
YCIIOBUSIX. 3aTeM IpoObl (PUKCUpPYIOT (PopMaiiHOM U (DUIBTPYIOT Ha
MeMOpaHHOM ¢GunbTpe Ne 5. 1o paanoakTMBHOCTH (PUTOTIAHKTOHA Ha
bunbTpe CyIaT 00 MHTEHCHUBHOCTU (POTOCHMHTE3a. DTOT METOJ[ UMEET
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OYeHb OOJIBIIYI0 TOYHOCTh M MOKET ObITh MCHOJIB30BaH B BOJAX, IJE
OYeHb HeOoJbIas Omomacca uroriaHkToHa. OJIHAKO 3TUM METOJIOM
HEJb3S PACCUNUTATH BAJIOBYIO U YUCTYIO MPOAYKIUIO, IOCKOJBKY CBSI3bI-
BaHHe paguoakTHBHOro yriepoxa (C'*) MoXkeT MpPOMCXOHTH Kak Ha
CBeTy, Tak M rereporpodHo. IlorpentHocTs omnpesaeneHus MEepBUYHOM
MPOIYKIHUHA C MOMOIIBIO PAAUOYTIIEPOHOIO METOJIA CBSI3aHA B OCHOB-
HOM C BbIjIeJIEHUEM (DUTOIJIAHKTOHOM PACTBOPEHHOT'O OPraHHUYECKOIo
BemecTBa (POB) npuku3HEHHO WK NPU OTMUPAHUU KIIETOK, & TAKXKE C
MEXaHUYECKUM pPa3pyIIeHHEeM O0O0JIOUEK KIJIETOK U MOTEper MX cojep-
AKUMOTOo Tpu PuiibTparu npoo. IIpyu Bcex orpaHMYEHHUAX PaauOyIJie-
POJIHBI METOJI UMEET HEOCTIOPUMOE MPEUMYIIIECTBO MEPE]T KUCIOPOI-
HBIM OJIarofapsi TOMy, 4TO yJIaBIUBAET HUYTOKHO MATYI0 CKOPOCTh (o-
TOCUHTE3a U, TAKUM 00pa3oM, OCTACTCs €IMHCTBEHHBIM, ITO3BOJISIOIIIM
ONPEJICINTh MEPBUYHYIO MPOIYKIHUIO TUIAHKTOHA B YCJIOBHSIX OJIUTO-
TpodHBIX BogoeMoB wiu ux 30H (B. B. bynson, 1983).

CylecTByeT eiie U XJIOpOQWIIbHBIM METOJ| ONpeeeHUs nep-
BUYHOM MPOJAYKIMK, OCHOBAHHBIA HA YYETE MEPBUYHOTO IIPOIYIIAPO-
BaHUS U COJICPKAHUS MTUTMEHTOB B KJIETKaX (PUTOIIAHKTOHA, & TAKKE
METO/I TI0 U3BMEHEHHUIO0 OMoMacchl (UTOTUIAHKTOHA, HO OHU UCIIOJb3Y-
IOTCSI TOPA3/I0 PEKE.

N3yueHne nepBUYHON MPOAYKIMK BOJOEMOB JA€T BO3MOXXHOCTD
OLICHUTh (DYHKIMOHAJIBHOE COCTOSIHME (DUTOIUIAHKTOHA, IOJIHEEe IO-
HATH MPUYMHBI HApyIIEHHs OallaHCa B 3KOCHUCTEME JJIsI TOTO, YTOOBI
OKa3blBaTh Ha HEE aKTHUBHOE BO3JeHcTBHE. llepBUYHAs MPOTYKIHS
(UTOINIAHKTOHA 3aBUCUT Ipexae Bcero ot ouomaccsl. [IpoaykunoH-
HBIE MPOIECCHl HAPACTAIOT MO MEPE HapacTaHus OMOMAacChl BOJIOPOC-
7€, HO J0 ONpEACICHHOro mpejnena, moka (U3UKO-XUMUUYECKUE YC-
JIOBUSI B BOJOEME HE HapyIIalOT HOPMAJIBHOTO XoJa (POTOCHMHTE3a.
Conepxanue xjiopopuiiia B KJIETKaX BOJOPOCIIEH MIAHKTOHA, OT KO-
TOPOro 3aBUCUT (POTOCMHTETUUYECKHUI MpOLIeCcC, 3HAYUTEIBHO KOJIEO-
JIeTCS B BOJIaX Pa3HOIO THIIA.

Bun6epr, nsydass (HOTOCUHTETUYECKYIO aKTUBHOCThH (DUTOILIAHK-
TOHA Pa3HbIX 03€p, NPEIIOKUI ACIUTh UX HA 4 TUTA:

1. HaubGosiee nPOAYKTUBHBIE, OJUTOTPO(HBIC, XapaKTepHU3y-
IOIHECS BRICOKUMH BenmmauHaMu hotocuHTe3a: 5—10 u 6omee mr O,/n
B CYTKH B JIETHEE BPEMS B IOBEPXHOCTHOM CJIOE.
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2. O3epa 3BTpOHBIC, OOBIYHO MEJIKOBOJAHbBIC, IJie BeJIruunHa (o-
TOCHUHTE3a B TOBEPXHOCTHOE cioe 1—5 Mr O,/11 B CYTKH.

3. Ozepa me3o0TpodHbIe, I KojaeOaHus NepPBUYHON MTPOTYKIINH B
MOBEPXHOCTHOM cJioe JietoM B mpenenax 0,5-1 mr O,/n B cytku. B
ATHUX O3epax Omomacca (PUTOIUIAHKTOHA HEBEJIMKA, a MOTOMY HH3Ka
nepBuYHasg npoaykiusa. OaHako B HUX OoJibllIas MPO3PavyHOCTh U J10-
BOJILHO TJTyOOKO 3aX0JUT 3BGOTHUYECKas 30Ha, a IOTOMY B CTOJIOE BO-
JIbI TPOTYKIIMOHHBIE MPOLIECCHI MPOTEKAIOT aKTUBHO.

4. O3epa MagonmpoayKTHBHBIE. B HUX H3-3a ci1aboro pa3BUTHS
IJIaHKTOHA BEJIMYMHBI npoaykuuu B npegenax 0,1-0,5 mr O, /1 B cy-
Tk (I'. I'. Bunbepr, 1960).

Takoe ke JeeHne MOXKHO OTHECTH K PEKaM, BOJOXPAHUIUIIAM U
npyjaaM OHOJIOTUYECKON OUYMCTKH MPOMBIIIJIEHHBIX CTOKOB. B mo-
CI€AHUX, U3-3a OOJBIIOr0 KOJWYECTBA OMOIrEHOB, MEPBUYHAS TPO-
TyKust MoxkeT gocturate 60 mr O, /1 B CyTKH HpH YCIOBHH, €CIIH
MPOMBIIICHHBIE CTOKM HE TOKCUYHBI JIJ11 (PUTOIJIAHKTOHA.

VY enbHy0 CKOpOCTh (POTOCHMHTE3a WJIM TaK Ha3bIBA€MbIM KO-
bunneHT (HOTOCHHTETUUECKON aKTUBHOCTH MOKHO OINPEIETUTh Kak
OTHOLIECHUE BAaJOBOW IEPBUYHOU NMPOAYKIUU HA ONTUMAIBHOU TIIy-
OuHe K OmoMacce (PUTOIUIAaHKTOHA. Y JIeJIbHAsI CKOPOCTh (hOTOCHHTE3a
(UTOINIAHKTOHA 3aBUCUT OT MHTEHCHUBHOCTH CBETA, TEMIIEpPaTyphl,
HaJIM4Yrsi OMOTEHHBIX 3JIEMEHTOB, CUCTEMATUYECKON MTPUHAIIC)KHOCTH
KJIETOK, UX (PU3UOJIOTHUYECKOTO COCTOSHUSI M B3aMMOOTHOIICHUN C
300IJIAHKTOHOM U OaKTEpUOIIJIAHKTOHOM.

JInst XapakTepUCTUKHU MPOTYKIIMOHHBIX IMPOILIECCOB HCIOIB3YIOT
Takoil mokaszarelsib, kak P/B kxosdduureHT (oTHOIIEHHE MakCUMalb-
HOW MHTEHCUBHOCTU (DOTOCHMHTE3a K OMOMacce BOAOPOCHEH) WIH OT-
HOIIICHUE aCCUMUJIMPOBAHHOM 3a Yac YIVIEKUCJIOTHl K KOHIICHTPAIlUU
xjopoduiiia — «a» (acCuMIISIIIMOHHOE unciio AY).

AHanu3 cykieccu (PUTOIUIAHKTOHHOTO COOOIIECTBA MOKA3hIBALT,
YTO U MPOJIYKIIMOHHBIE XapaKTEPUCTUKU BOJOEMa CIICAYET IOJIy4YaTh
B JUHaMuKe. Takou moAxoj MO3BOJISIET MPOCIEAUTH CMEHSIOIIMECS
da3pl €IMHOr0 MPUPOAHOrO IMHUKJIA MEPBUYHOIO MPOAYLIUPOBAHMS,
aHajJoru4Hbie (azaM IUKJIA YUCJICHHOCTU KJIETOK Bojaopociei. [Ipu
U3YUYEHUU TIEPBUYHON MPOMYKIIMU BaXKHBI KPYTJIOTOAUYHBIC HAOJIO-
JIEHUS C YY€TOM M3MEHEHHUS MapaMeTPOB Pa3MHOKEHMUs, CMEPTHOCTH,
W3MEHUYUBOCTH Pa3MEPOB KIJIETOK U T. .
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JlaGopatopHble  HICCACMOBAHMS  MPOAYKIIMOHHO-IECTPYKIIMHHOTO
MpoIEcca Ha MPUMEPE ATTbIOKYJILTYP OJAHOIO WM HECKOJIBKMX BHUJIOB J1a-
10T BOBMOXKHOCTB OLIEHHUTH BIIUSHUE PA3IMYHBIX (PaKTOPOB (TEMIepaTyphbl,
OCBEIIIEHHOCTH, OMOTEHHBIX 3JIEMEHTOB U T. JI.) Ha BOJOPOCIH IJIAHKTOHA.
OpHako pe3yJsibTaThl KX BECbMa OCTOPOKHO CJIETYET MEPEHOCUTh Ha IPo-
IIECCHI B MPUPOJIC, TaK KaK MPUPOJA CTABUT MHOTO(AKTOPHBIN IKCIIEPH-
MeHT. [la 1 B MOJIENTbHBIX SKCIIEPUMEHTAX HE BCET/Ia YUUTHIBAIOTCS CIIOXK-
HbIE BHYTPHOUOIICHOTUYECKHE B3aMMOOTHOIICHUS BUJIOB.

HccnenoBanuss MEPBUYHOM MPOAYKIMU MPU3BAHBI HE TOJIBKO
OIICHUTH CKOPOCTh €€ 00pa30BaHUsI, HO U BBISCHUTH MPUUYUHBI, OIpe-
JEJSIONIME TOT WIM WHOW €€ YPOBEHb B BOJOEME. TOJBKO MOHMMAsA
3TH TMPUYUHBI, MOKHO HAWTH IMyTH aKTUBHOT'O BO3JICHCTBHS Ha TEp-
BUYHYIO MPOAYKIIUIO ¥ TIOBBICUTH 3(()EKTUBHOCTH €€ UCIIOJIH30BaHMS.

OmauM n3 O6moTHYecKuX (haKTOpPOB, OMPEACISIONIUX BEIUYHHY
MIEPBUYHON MPOIYKIIUH, SBIISIETCS OnoMacca (UTOIUIaHKTOHA. B nm-
TepaType UMEIOTCS TPOTUBOPEUUBBIC CBEJCHUS OTHOCUTEIBHO CKOPO-
CTH MPOAYKIIMOHHBIX MPOIIECCOB MIPH Pa3HBIX OMomaccax (PUTOTIIaHK-
ToHa. ECTh CBelleHMs O MPSMON 3aBUCUMOCTH MEXKAY HHTEHCHBHO-
CTBIO (DPOTOCHMHTETUUYECKOIO Mpoiiecca U buoMaccoil (PUTOIIAHKTOHA.
Ho OOJBIIMHCTBO aBTOPOB YTBEPKIAET, YTO CKOPOCTh (DOTOCHUHTE3A
HE BCerja MpomopIuoHagbHa KOJIUYECTBY (UTOIIaHKTOHA. OQueBu-
HO, YTO (D)OTOCHHTE3 BO3PACTAET TOJBKO J0 OMpPEACICHHON OMOMAacCCHI,
nanee UJeT yrHeTeHHe (POTOCMHTETHUYECKOW aKTUBHOCTH KJIETOK BO-
JOPOCIIeH, MMOCKOIBKY OO0JbIIHI 3PHEKT MPOAYKIIMOHHOMN JIeSITEIbHO-
CTH 3aBHCHT OT OOIIMX YyCJIOBHH B BoJoeMe (KOHIIEHTpAaIlMHd IUTa-
TEJIbHBIX BEIIECTB, COCTaBa (PUTOILJIAHKTOHA, TEMIIEPATYPhI, KOJIUYE-
CTBa BBIJICJICHHBIX MPOYKTOB MeTabOIMU3Ma U T. 1I.).

OTHolIIeHHE MPOAYKIIMU K OMOMacce — HE YTO MHOE, KaK yJesb-
Hasi CKOpPOCTh (poTOCHHTE3a (DUTOIIAaHKTOHA. CUMTaeTcs, 4TO B €cTe-
CTBEHHBIX HE3arpsi3HEHHBIX BOJIaX CYTOYHOE OTHOIICHHE MPOMYKIIUU
K OmoMacce Ha ONTUMAJILHOM IITyOMHE PEIKO BHIXOJIUT 32 3HaAYCHUE 2
una 3. B MecrTax 3arps3HEHHBIX, B OCOOCHHOCTH B OHMOJIOTHYECKHUX
npyaax JOOYMCTKH CTOKOB, ATOT MOKa3aTelb 3HAUYUTEIbHO 00Jiee BBI-
cokuii (1o 15 u Oonee 3a CyTKH).
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Jlekumnsa 4. BnusiHne aHTpoONoOreHHbIX (pakTopoB
Ha NPeCHOBOAHbLIN (PUTONNMAHKTOH

B s1oxy Hay4yHO-TEXHHUYECKOW PEBOJIOIMU BCE OOJIBIIE BO3pac-
TalOT MacIITa0bl aHTPOIIOTEHHOT'O BO3JICHCTBUS Ha OKPYKAIOIIYIO HAC
npupoy. CTpOUTENbCTBO BOJOXPAHWIMIL, COPOCH B BOJOEMBI IO-
JOTPETHIX BOJ TEIJIOBBIX 3JEKTPOCTAHIMN, 3arps3HEHHE BOJIOEMOB
CTOKaMH MPOMBIIIUICHHBIX MPEANPHUATUNA, CETHCKOTO XO035UCTBa, Obl-
TOBBIMHM CTOKaMHM BJIMSIIOT Ha MEPECTPOUKY IKOJIOTHUECKUX CHUCTEM, U
qarie BCEero 3Ta MepecTporKa OKa3bIBACTCSI HEOJArOMPUSTHOM.

B cBsi3u ¢ 3TUM B HacTosIIee BpeMs yemseTcs: 00yIblioe BHUMa-
HUE WCCJEIOBAHUSIM, IMOCBSIICHHBIM BO3JACHCTBUIO aHTPONOTEHHBIX
(akTOPOB Ha PA3IMUYHBIE OPTraHU3MbI SKOCUCTEM.

Oco000 BaxHOE 3HAYCHUE AHTPOMOTECHHBIM (haKTOp MMEET Ha BO-
J0eMax TMHUThEBOIO HA3HAYEHWs, TJI€ W3MEHEHUuss B (pusmko-
XUMHYECKOM PEXHUME MOTYT MPUBECTU K BCHBIINIKAM PAa3BUTHUSI TEX
WM WHBIX TUJIPOOMOHTOB, U3MEHUTH OPraHOJCNTHYECKUE CBOWCTBA
BOJIbI U €€ Ka4eCTBO.

BnusiHue 3apeza2ysiupoeaHusi Cmoka pek
Ha NpPecHoO8O00HbIU humonsiaHKmMoOH

3aperyiaupoBaHue CTOKA peK U ABTpodUKalMs IPECHBIX BOJI B pe-
3yJbTaT€ XO3SUCTBEHHOW JEATEIIbHOCTH YEJIOBEKA CIOCOOCTBYIOT
CO3/IAHWI0 BO BHYTPEHHUX BOJOEMAaX YCIOBUU I HHTCHCUBHOU BeE-
reTaluu OTACNIbHBIX MpEACTaBUTENICH albroaopbl — «IBETEHUSD BO-
B,

J10 3aperynmpoBaHusa CTOKA B PEKE HET YCIIOBUU JJIs1 HAKOTUICHUS
HU MUHEpaIbHBIX, HU HU30BITOYHOTO KOJIMYECTBA OPraHUYECKUX Be-
IIECTB, IPUHOCUMBIX CO CTOKOM WJIM CO3J]JaBa€MbIX B Ipollecce Ono-
JIOTUYECKOTO MPOIYLUPOBaHUA. B peke CylecTByeT TPaH3UTHBIN THII
KpYyroBoporta BeuiecTB. Ilpu 3aperynmpoBaHuM CTOKa 3aMEIIAETCA U
OCTaHABJIMBAETCS TEUECHUE, IPOUCXOIUT OCEIAHUE HA THO, AKKYMYJIs-
M 3HAYUTEIHHOTO KOJWYECTBA OHMOTEHHBIX W OPraHUYECKUX Be-
niecTB. Boga B 30He mojmopa pazivMBaeTcsi, BOZHUKAET OOLIMpHAas 30-
Ha 3aromuieHus. [Ipu BeIlIeIaYMBaHUY U3 TIOYBBI U PA3JI0KEHUU 3aTO-
MJICHHOM PacTUTENBHOCTH BOJAa 00OOram@aercs JAOMOJHUTEIBHO
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OMOTEHHBIMU Y OPraHUYECKUMU BelllecTBaMu. BO3HHUKAIOT 30HBI MEJI-
KOBOJIbSI C PEKUMOM, OTIIMYHBIM OT OCTaJIbHON BOAHOW TOJIIM BOJO-
xpanunuma. [Ipyu cTaHOBIEHUH BOJIOXPAaHUJIUINA PE3KO MU3MEHSIOTCS
ero OomorieHo3sl. [IpubOpexHoe MeIKoBOAbE HaAaYMHAET OBICTPO 3apac-
TaTh MAaKpO(PUTAMH U 3€JI€HBIMA HUTYATBIMU BOJIOPOCIISIMU, TOTAA KAK
B IeJIarMajy HaKarIMBaeTCsl CHECEHHBIN TJIAHKTOH, U CO3/1atoTcs OJia-
TONPUATHBIC YCIOBUSI JJIsl Pa3BUTHUS OTJAEIBHBIX KOMIIOHEHTOB TUTAHK-
ToHa. Yalie BCero MacCOBOE Pa3BUTHE MOJy4alOT CUHE3EIICHbIE BOJO-
pocCIH.

Haxonsch B IIIAHKTOHE, CUHE3€JIEHbIE BOAOPOCIH B MEPUOJ] Mac-
COBOT'O Pa3BUTHS MOJIBEPKEHBI SIBICHUIO arperaluu, B pe3yiabTaTe ye-
ro BO3HUKAIOT IUICHKH, IIAPOBUIHBIE CKOIUJICHUS M «IIATHA IIBETE-
HUS». B 3TO BpeMs OHM MOKPBHIBAIOT MOBEPXHOCTh BOJIbI CIUIOLIHOM
Maccoil, TOHUMOM BETPOM M BOJIHAMH, BbIOpachlBaeMOM Ha Oeper u
YaCTUYHO MOJIBEpPraromencs MUKpPOOHOJOTHUYECKOMY U BUPYCHOMY
pa3pyuieHuto. CKOIJIEHUs UX HACBILIEHBI TPOJIyKTaMH pacnajia, B TOM
4yuCJIe TOKCMYECKUMU. BrIOpollleHHbIE HA Oeper OHUM HE MOTrudaroT, a
IPEBpALIAIOTCS B IEJIEEBUIHYIO MAacCy, a 3aTeM B cyxue Kopku. [Ipu
OTMOKAHWHU OHU MEPEXOJAT B aKTUBHOE COCTOSHHE.

JIOTIOJTHUTENBHBIM HUCTOYHUKOM 3apa)K€HHSI MOTYT OBITh TaKXe
MOMMEHHbIE BOJOEMbI U MPUTOKHU BOJIOXPAHUIINILA, TIPEXK]IE BCETO 3a-
pEryJIupOBaHHbBIE MaJlble PEKU CO CBOMM COOCTBEHHBIM OHMO(OHIOM
CHUHE3EJICHBIX BoJiopociiecl. OTMHpaHHE CHHE3EJICHBIX BOJOPOCIEH
npeAcTaBiIsieT co00 0COOEHHO BaXKHBIN 3Tal KPyroBOPOTa OpraHuye-
CKOT0 BenlecTBa. PaznokeHue CUHE3eIeHOM MacChl OCYIIECTBIISIETCS B
pe3yabpTare aBTOJIM3a, OPOKEHUS M THUEHUA. Beiaensdronuecs npu
TOM MPOIYKTHl YTHIU3UPYIOTCA MPEICTABUTEISIMU MHUKPOOPTraHU3-
MOB, KOTOPbIE PA3MHOKAIOTCA Ha pas3jararolIencs Macce BOJIOPOCIIEH.
Bo3Bpamias B mporecce pa3inoKeHUs: OpraHnuecKoe BEUIECTBO B BO/I-
HYI0O MaccCy, CHUHE3€JICHbIE BOJIOPOCIH, TaKUM O0pa3oM, 3aMbIKAIOT
LUKJI KPyTOBOPOTA.

OdeHp 00JIbIIIOE 3HAUEHUE UMEET U3yUEHHUE TIIaHKTOHA BOJIOEMOB
Ha Tpaccax CTPOUTENbCTB OyAyIIUX BogoxpaHwiuil. [Ipu crpoutens-
CTBE BOJIOXPAHWJIMILA 3HAYUTEIHHO TOBBIIIAETCS YPOBEHb BOJBI, UYTO
OPUBOAUT K U3MEHEHHMIO THAPOXUMUYECKOTO pEKHMa PEKU, HA KOTO-
POl CTPOSITCA BOJOXPAHUIIUIIA. 3HAYUTEIBHO MU3MEHSIOTCS COCTaB U
pacnpezeneHre (pUTOIUIAHKTOHA BHOBb 00pa30BaHHOrO BojgoemMa. Mc-
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CJIEIOBATEIISIM-JIBI0JIOTaM HEOO0XOJIMMO COCTAaBISATh MPOTHO3 aJIbro-
JIOTUYECKOTO PEXHUMa BOJOXPAHWIHINA B CBA3U C AKTYAIBHOM MIPO-
0JIeMOI «IIBETEHUS» BOJbI B HEM.

HccnenoBanus 1o M3MEHEHUIO cOCTaBa (DUTOIJIAHKTOHA TIPH 3a-
pETyJIMPOBAaHUM CTOKA MPOBOJIWINCH HAa BoJre mpu CTPOUTEIBCTBE
[llexcuunckoro, MiBanbkoBckoro, Yebokcapckoro u Apyrux Bojgoxpa-
HwMi Boipkckoro kackanaa, a takxe Ha Jlony. I[IpoBeaeHo cormoc-
TaBjicHUE (DIOPUCTUUECKUX CIHCKOB MO (PUTOIIAHKTOHY Ha MEPUOJ
cTpoutesbcTBa MIBaHBKOBCKOTO BOJOXpPAHUIIUINA C JAHHBIMU MO (u-
TOIUIAHKTOHY TPUAUATH JIET ciycTs. OKazanoch, YTO 3a TOJbI 3KC-
IUTyaTalMd BOJOXPAHWIMIA UCYE3N0 67 BUIOB U PA3HOBUIHOCTEW,
XapakTepHBIX I (PUTOIIAHKTOHA peku Boaru. 9To moarBepkaaet
MOJIOKEHUE O TOM, YTO B IIPOIECCE CTAaHOBJCHUS (DUTOIUIAHKTOH
M BaHBbKOBCKOTO BOJOXPAHUJIUILA IIPOLIEI, 10 BCEM BEPOATHOCTH, HE-
CKOJIBKO 3TaroB (OpMHUPOBaHUS. AHAIOTMYHOE SBJICHUE HaOIIO/a-
jock u Ha lllekcHuHCKOM BojgoxpaHwiuiie. M3mMeHeHue cocraBa Qu-
TOIUIAHKTOHA U €T0 pacCIpeIesICHUs] OTMEYAI0Ch HE TOJBKO Ha Boure,
HO U B BOJOXPaHWIMINAX, OOPAa30BaHHBIX B PE3yJIbTATE 3aperyJIHpO-
BAHUS IPYTUX PABHUHHBIX PEK.

Biusinue 3aperynupoBaHusi Ha cocTaB (DUTOILUIAHKTOHA BbIpaka-
€TCA B MOSIBJICHUU PSJia HOBBIX BUJOB U POJIOB CUHE3EJIEHBIX, IUATO-
MOBBIX, 30JIOTUCTBIX, €BIJICHOBBIX W 3€JIEHBIX BOJIOPOCIIEH, XapaKTep-
HBIX JUIS 03€p U BOAOXpAaHWIMLI. UMCIIO NMpEeACcTaBUTENIEN CHUHE3eIe-
HBIX MPH 3apEryJMPOBAHUH YacTO BO3PACTAET 3a CYET MOCTYIUIEHUS
Y3 BbILIEIE)KAEro Bogoxpanmnuia. Tak, ais Huxnaero Jlona orme-
YEeHO YBEJIWYEHHE 4Yucia BUIOB Anabaena, Anabaenopsis,
Oscillatoria, Merismopedia. MaccoBbIMM CTajqy TaKW€ BHUIbI, Kak
Anabeaena scheremetievi, Microcystis pulverea, Pseudoanabaena ca-
tenata, Oscillatoria limnetica, He OTMEUYECHHBIC HA OJTHUM W3 HUCCIIEIO-
Baresie B JIOHy mpu €CTECTBEHHOM pexuMe. Pe3ko yBeIM4miioch
paszHooOpa3re XJIOPOKOKKOBBIX, CPEN KOTOPHIX TMOSBUIUCH OOIIUE C
[{umisiTHCKMM ~ BOJOXpPaHWIMINEM  BHJABI  poAoB  Treubaria,
Micractinium, Schroederia. VI3 €BIJI€HOBBIX IOSBUJINCH BHUIBI .
Strombomonas, Lepocinclis, w3 puatoMoBbIX Stephanodiscus,
Coscinodiscus, panee orcyrcTBoBmme. OO0Iee KOJIMYECTBO BHIOB U
BHYTPHUBHUJIOBBIX TOKCOHOB Bogopociier B HuxkHem JIoHy OKa3aiocs B
JIBa C JIMIIIHUM pa3a O0JIbllie, YeM JI0 3aperyJIUpOBaHUSI.
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MaccoBoe pa3BUTHE CHHE3EJICHBIX MPU 3apEeryIMPOBaHUU CTOKa
OIMaCHO ¥ BO3MOXKHOCTBIO MOSABICHUS TOKcM4eckux popm. Celuac yc-
TAHOBJICHO, YTO U3 CHHE3EJICHBIX TOKCHUYHBIMU MOTYT OBITH MpEJICTa-
BUTENH ponioB Microcystis, Aphanizomenon, Anabaena, Rivularia,
Gloeotrichia, Nostoc, Coelosphaerium u np. (C.B.T'oproHoBa,
H. C. lemuna, 1974), (C.II. Baccep u np., 1989). buoxumuueckas
MpUpPOa TOKCUHOB ceiiuac MHTCHCUBHO M3Yy4aeTcCsl, 0COOCHHO TEX BH-
JI0OB BOJIOPOCIIEH, KOTOPBIE Pa3BUBAIOTCS B MPECHOBOIHBIX BOJIOEMAaxX
nuTheBoro HasHaueHus. Coelosphaerium dubium OBIT BBIICICH W3
BOJbI PBHIOMHCKOTO BOAOXpaHWIMINA M HM3y4YeH HAa TOKCHYHOCTH B
KyJabType. B skcnepumeHTe OBLIO YCTAHOBIIEHO, YTO 3Ta KYJbTypa
BBIJICISICT TOKCUH, O€3BPEIHBIN JJIs1 OOJBIMMHCTBA OCCITO3BOHOYHBIX H
ryOUTENbHBIN JIJI1 MOJIOIM PHIO. SIBIICHHE OTpaBIICHUS PHIO UMEIIO Me-
cto B KaxoBckoM, KpeMeHUyTrcKOM U JPyTHX BOJOXPAHWIMINAX, TIC
HAOI0JATIOCh  «I[BETEHHE» BOAbl Aphanizomenon floe-aquae n
Microcystis aeruginosa. Ilpruunnbl ruOenn pelObl: HEJOCTATOK KUCIIO-
pO/ia, HAKOIUICHHE B BOJIE aMMMaKa, KOTOPBIHA, MPOHHUKAs B KPOBb,
camxkaer ee pH. Ilpupoma TOKCHYECKMX BEIIECTB MHOTOOOpasHa.
Cpenu mpoayKTOB pacmnajga oOHapyKeHbl (PeHOoIbl B KOIu4YecTBe 14—
16 mr Ha 1 Kr cbiporo Beca. AJITOTOKCHHBI OOHAPYXKEHBI Y pa3iny-
HBIX MPEJCTAaBUTENICH CUHE3EICHBIX, TUHOPUTOBBIX, 3€JICHBIX U 30J10-
TUCTBIX BOAOPOCIIEH.

Takum 00pa3om, HHTEHCHUBHOE Pa3BUTHE CHHE3EIICHBIX, KOTOPOE
HaOJII0IaeTCs MPU 3apPEryIMPOBAaHUU CTOKA, MOXKET MPUHECTU HECO-
MHEHHBIH Bpesd 4YenoBeKy. KoCBeHHBIN Bpel CHHE3EIICHBIE MOTYT
NPUHECTH, CTUMYJHUPYS pa3BUTHE IPYTUX BPEIHBIX OPraHW3MOB.
[IpenmnonaraioT, 4TO BCIBIIIKH XOJIEPHI MPUYPOUYCHBI K TEM MEPUOJIaM,
KOrja HaOJIIOJIaeTCsl «IIBETEHUE» BOJOEMOB CHHE3EJICHBIMH. XOJEp-
HbI BUOpPUOH OBICTPO pa3BHBAETCS B ILEJIOYHOM cpelie, a CUHE3ele-
HbIE BBI3BIBAIOT IPH CBOEM PAa3BUTHUH 3HAYUTENILHOE MO/IIeIauyrBa-
Hue, nosoas pH no 10—-12.

BrniusitHue Ha ¢poumonnaHkmoH nodozpesa eod

B cBsi3u co BCeBO3pacTaroIier poyiblo TEIIOBBIX AJIEKTPOCTAHIINI
B SHepreTudeckoM OanaHce Poccuiickoit denepannu O00IbIION HAYyY-
HBII U MPaKTUYECKUN MHTEpEC MPUOOPETAET M3YyUEHUE THAPOOHOIIO-
ruu Bogoxpanwiumi-oxaaaurenen ['POC.
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B BopoxpaHuiMIax 3TUX TUIIOB BOJIAa HAXOJUTCS B MOCTOSSHHOM
nerkeHud. Camasi BbICOKas TeMIlepaTypa BOJIbl COXPAHSAETCSl B Tede-
HUE BCEro Tojia B pailoHe YCThsi COPOCHOTO KaHasa, [0 Mepe oTjiaje-
HUS OT HErO0 OHA MOHMXKAETCs. B paznuuHble nepuoabl rofa CpeaHss
TeMIrepaTypa BOJIbl IPEBBIIIAET TEMIEPATypy €CTECTBEHHBIX BOJIO-
eMoB Ha 4—6°C. D10T (hakTop MOAPOOHO M3yUalca Ha MIBaHBKOBCKOM
BOJIOXPAHUJIUIIE, HAXOAIIEMCs O/ BJIMSHUEM cOpoca MOJIOTPEThIX
Bosi Konakosckou ['POC. UccnenoBanus mnokasanu, 4TO yMEpPEHHBIN
MOJIOTPEB BOJ B YCJIOBHUSX JAHHOTO Teorpaduyeckoro paiioHa CIo-
coOcTByeT 3BTpoduKanmu BogoemMoB. C 0qHON CTOPOHBI, MOBBIIIICHHE
TeMIEPaTypbl YCKOPSIET JEATEIIbHOCTh MHUKPOOPTaHU3MOB U TEMIIbI
MUHEPAIN3AUN OPraHUYECKUX BEIIECTB, a C JPYrOoll — IOBBIIIAET
KUZHEJEITEIBHOCTh U MPOJYKTUBHOCTH OOJIBIIIMHCTBA BUJIOB JKUBOT-
HOT'O M PAaCTUTEIIbHOTO HACEJIEHUS BOJOEMOB, OCKOJIbKY UX TEMIIEpa-
TYPHBIN ONTUMYM JIEKUT HECKOJBKO BBIIIE CPEIHUX JIETHUX TEMIIEpa-
TYyp BOJOEMOB YMEPEHHOM 30HBI.

OIHUM W3 TPOSBJICHUN OTPULIATEIBLHONW PEaKIMA BOAOPOCIIEN Ha
MOCTYIUICHHE JTOMOJHUTEIHHOTO TEIIa MOXKET OBITh OcCliabJeHue UX
dboTOoCHHTE3a U, KaK CJICICTBUE TOTO, — HapylIeHUEe (POTOCUHTETUYE-
CKOM a’pallid BOJHBIX MAacC, KOTOPOE€ MPHU BBICOKUX TeMIepaTypax
CTAHOBUTCS OCOOEHHO 3HAYMUMBIM. Y CHJICHHOE pa3BUTHE (PUTOIIAHK-
TOHA B MECTE COpOCa TEIJIOBBIX 3JIEKTPOCTAHIINI OCOOEHHO 3aMETHO B
3UMHEE BPEMS U OCEHBIO, KOT/la TEMIIEpATypa ABISETCS JIMMUTUPYIO-
M ¢dakTopom. JlokazaHo, YTO KpaTKOBPEMEHHBIM, XOTS M BEChbMa
cuibHBIN nogorpes (Ha 8—10°C) B arperatax 3J€KTPOCTAaHLIUM, a TaK-
K€ B IMOTOKE OTPaOOTaHHOM BOJbI HA MPOTSXKEHUU BCErO MyTH €€ Cie-
JIOBaHUS J0 BOJAOEMA, HE OKa3bIBAET 3AMETHOTO BJIMSHUSA HA BOJIOPOC-
mu. Tepmudeckuit 3¢pHEKT XOpOIIO MPOCIEKUBACTCA HA YUaCTKE BO-
0eMa, MPUJIETAIIIEro K MECTy cOpoca TEIJIOBBIX BOJ, U BbIpaXKaeTcs
B yBeIWYEHUU OHMoMacchl (PUTOIJIAHKTOHA M M3MEHEHUU COOTHOIIIE-
HUSI COCTaBJISIIOIIMX €T0 BHUIOB BOJOPOCICH. DKCIEPUMEHTAIbHBIM
yTeM OBLJIO YCTaHOBJICHO, 4TO MojiorpeB B mpejaenax 10°C He okasbl-
BAa€T CUJILHOTO BIIMSAHUS Ha >KU3HEIEATEIbHOCTHh (DUTOIUIAHKTOHA B
neiaoMm. TonbKO B JIETHEE BpPEMsl, KOT/Ia HarpeBaeTcsl Boja ¢ TeMIiepa-
Typo# Bbiie 25°C, BO3MOKEH OTPULIATEIIbHBINA d(PEKT.

CrnenyeT OTMETUTh CTUMYJIMPYIOLIEE BIUSIHUE TEIJIa Ha pa3BUTHE
3eJIeHbIX BoJiopociel. CleCTBUEM UX MOSIBICHUS U YCUJIEHHOTO pa3-
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BUTHSI MOKET OBITh YCKOPEHHBIN Mponecc 3BTPOPUPOBAHUS BOJOEMA.
B oTnenbHBIX ciydasiX, KOrjla B BOJIOXpaHWJIHUIIA COPachIBarOTCS
CTOYHBIE BOJbI OOJIBIIMX TOPOJOB, OHHM MPEBPAIIAIOTCS B OYUCTHBIC
OMOJIOTUYECKUE TIPY/IbI U B UX BEPXOBbSIX PACTUTEIBHOCTh MpPaKTHUYE-
cku oTcyTcTBYyeT. C mpuOJMKEHUEM K TUIOTMHE BOJa OYMIIAETCS, U
3/16Ch HAYMHAET MHTEHCUBHO Pa3BUBATHCS BBICIIAS W HU3IIAS BOJHAS
PaCTUTENBHOCT.

DUTOIIAHKTOH BOJOXPAHWIUII-OXJIAUTENICH M0 KAaYeCTBEHHOMY
COCTaBy Ype3BbIYAliHO pa3HOOOpa3eH. DTO, OYEBUJIHO, CBSI3aHO ¢ 0O-
jee TPOAOJDKUTEIBHBIM THAPOJOTMYECKUM JIETOM U JOCTaTOYHBIM
KOJINYECTBOM OMOTEHHBIX BEIIECTB, KOTOPbIE HECYT CIOJa CTOYHBIC
BOJIbl. Y CTAaHOBJIEHA OMpeeNieHHas] MePUOANIHOCTh Pa3BUTHUS (UTO-
IJJAHKTOHA B BOJIOXPaHUJIMIIAX-OXJIAAUTENSAX: BECHOM M TO3IHEH
OCEHBIO OH KpaliHe pa3HOO0pa3eH, HO KOJIMYECTBEHHO O€/ICH, JIETOM B
OOJIBIIIOM YHCIIe Pa3BUBAIOTCS BOJIOPOCIIH, BBI3BIBAIOIINE «IIBETCHUE
BOJIbI, IPOJOJDKAIOIIEECS U B HaYasie oceHU. OOBIYHO «IIBETEHUE) BO-
Il BBI3BIBAIOT CHHE3EJICHBIE BOAOpPOCIU pp. Aphanizomenon,
Microcystis, Anabaena. B 3HaYMTEIHPHOM KOJHWYECTBE Pa3BUBAIOTCSA
XJIOPOKOKKOBBIC, X YUCICHHOCTh 3aMETHO YBEIUYUBACTCS IOCTE OT-
MUPAHUST YACTU CUHE3EJICHBIX.

[Ipu MHTEHCMBHOM pa3BUTUMU (UTOIUIAHKTOHA YCHUJIIMBAETCs 00-
pactanue Tpy0ok koHaeHcatopoB 'POC. DTo NpuBOAUT K CHUKEHUIO
ko3 duIIMeHTa UX MOJIE3HOr0 JAEUCTBUS U, KaK CIEJCTBUE, K CHUXKE-
HUIO BakyyMa (B oTheibHbIX ciydasx Ha 0,5-1,0 %). YuuteiBas, 4To
cHibkeHne Bakyyma Ha 0,5 % COOTBETCTBYET CHUIKEHUIO MOIIHOCTH
Ha TaKyl K€ BEJIIMYMHY, MOJCYUTAHO, YTO JIEKTPOCTAHIIUU MOIIIHO-
ctbto 100 000 kBT npu npoyux paBHBIX YCJIOBHUSIX HEIOJAIOT 3a TPU
JeTHUX mecsia okoiao 1,08 miH kBT/4 aeKkTpo’HEpruu, 4TO IPUHO-
CUT 3HAUYMTEIbHBIN MaTepHUabHbIN yIIepO.

Kpome Toro, B pe3ysibrare KU3HEACITEILHOCTH (DUTOIIAHKTOHA
PE3KO CHUXKACTCS COJIEpKAHUE YIJIEKUCIOTHI B BOjJ€ (B JHEBHBIC Ya-
Chl), UTO CHOCOOCTBYET paclajay OMKapOOHATOB U OOpa30BAHHUIO Ha-
KUIY Ha BHYTPEHHUX MOBEPXHOCTAX TPYOOK KOHJACHCATOPOB.

B nepuoa MaccoBOro pa3BUTHs BOAOPOCHEH IUIAHKTOHA (Tak Ha-
3bIBAEMOI0 LIBETCHUS) B BOJAE YBEJIMUMBACTCSI COJICPKAHUE OpraHnye-
CKUX BemecTB. [Ipy MaccoBoM oTMupaHuH BOJOPOCIEN COAEpKaHUE
OpraHUYECKHUX BEIIECTB B BOJIOEME OCTACTCS BHICOKUM, HO TIOCTEICH-
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HO YMEHBIIIAETCS B CBSI3M C MHTCHCUBHBIM pa3BUTHEM OakTepuil. Pes-
KO€ BO3pacTaHHE KOJIMYECTBA YIIIEBOAONON00HBIX COCAMHEHUN OTMeE-
4aeTcsl MPU MacCOBOM OTMHUPAHUU BOJOPOCIIEH, YTO CBUAETEIBCTBYET
0 MpeobIIalaHuy Mpoliecca MOCTYIJIEHUS 3TUX BEIECTB B BOAY B pe-
3yJibTaTe pasnokeHus dutoriankroHa. Korga ke Bo3pactaeT OMo-
Macca M MPOAYKIUS OaKTepHil, YBEIMYUBACTCS COJIEpKaHUE CBOOO/I-
HBIX Caxapos.

3a c4eT UHTEHCUBHOT'O PAa3BUTHUS 3€JICHBIX BOJOPOCIEH yBEIUYU-
BaETCsl COJIEPKAHUE CIOXKHBIX A3(DUPOB U OPTraHUYECKUX KHUCIOT. [Ipu
MacCOBOM Pa3BUTHUU CHHE3EJICHBIX, TUATOMOBBIX U JKT'yTUKOBBIX BO-
JIOpOcCiie B BOJIE MOBBIIIAETCS COJIEpKaHUE KapOOKCUIIbHBIX COEIU-
HEHHI. 3HAas 3aKOHOMEPHOCTh HAKOIUICHHS T€X WJIM MHBIX COEJUHE-
HUM B BOJIOEME B 3aBUCUMOCTHU OT Pa3BUTHS BOJIOPOCIICH, MOXKHO TIPO-
THO3UPOBATh U3MEHEHUE TUJIPOXUMUYECKOTO PeXKUMa BOJOEMA.

[IpoBeneHsl McclieOBaHUs BIUSHUS MOJOTPETHIX BOJ TEIUIOBBIX
NIEKTpoCcTaHIMi Ha pekax benmopyccun m Ykpaunsl (duemnp, Cesep-
Hbii Jlonel). MHTEeHCUBHOCTh (POTOCHMHTE3A IIAHKTOHA, KOTOPYIO OII-
pEeNeNsii CKISTHOYHBIM METOJIOM, OKa3aJlaCh B MPSIMOW 3aBUCUMOCTH
OT TeMIEepaTypbl, KOJTUYECTBO K€ ACCUMUIMPOBAHHON YTJIEKUCIIOTHI,
OTHECEHHOE K €JIMHHUIIE Beca XJIopoduilia, HaXOAWIOCh B 0OpaTHOM
3aBUCUMOCTU OT TemmepaTypbl. OTMEUYEHO TakKe, YTO MPU BBICOKUX
TeMIieparypax, nopsjaka 29°C, npoucxouT yraerenue (pOTOCUHTETH-
YECKOW JeATeIbHOCTH HECMOTps Ha 00Jie€ MHTECHCHUBHOE KOJIMYECT-
BEHHOE pa3BUTHE (DUTOIJIAHKTOHA.

Ha ocHOBaHUM TpPOBEICHHBIX MHOTOJICTHUX HCCIEIOBAaHUN Ha
BOJIOEMAX-OXJIAJUTENSX TEIUIOBBIX 3JICKTPOCTAHIIMN H3Yy4YE€H THUJPO-
XUMUYECKUH U alblrOJOTUUECKUN PEKUM ITHUX BOJOEMOB 0COOOTO TH-
na, T€ 3a CYET MHOTOKPATHOTO MPOXOxkaAeHUs BoAbl uepe3 TOL npo-
UCXOJUT 3HAUUTENbHOE €€ HarpeBanue. Pa3paborana kinaccudukanus
BogoeMoB-oxaaautTene TOL;

1) cnabo HarpeBaemble (IIOBBIIIEHUE TEMIIEPATYPHI JICKUT B TIpe-
JieJaX YCTaHOBJICHHOW CAaHUTAPHOU HOPMBI);

2) yMEpEHHO HarpeBaeMble (TOBBIIICHHE TeMIEpaTypbl BOABI B
1,5-2 pa3za GosbIlie HOPMBI);

3) cunpHO HarpeBaembie (TemIiepaTypa BOAbI B Tpu U Oosiee pas
BBIIIIE JIOMYCTUMOIO MO CaHUTApHbIM HOopMam). [Ipu cumbHOM MOAOT-
peBe HapyuaeTcsi OajlaHC MEXJy NEPBUYHOM M BTOPUYHOM MPOIYK-
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e, YTO MPUBOIUT K OHOJIOTHUUECKOMY 3arps3HEHHUIO BOJIOEMOB,
YXYAIICHUIO Ka4yeCTBa BObI M YTHETCHUIO Pa3BUTHS THIPOOHOHTOB.

BriusitHue npombiweHHbIX c6pocoe
Ha ghumonsiaHKMOH npPecHbIX 8000eMO08

[IpoOseMa OIEHKH BO3JACUCTBUU PA3IMYHOTO POJAA 3arps3HUTE-
Jel Ha MPOAYKTUBHOCTb MPUPOJHBIX CUCTEM CTajla OCOOEHHO OCTPOM
B CBSI3M C 3ajJa4eil OThICKaHHUS A(DPEKTUBHBIX CIIOCOOOB MPEIOTBpa-
HICHUSI CUTyallUid, CIIOCOOHBIX HEOOPATUMO U3MEHUTh WJIU Ja)Xe pas-
PYLIUTH TPOPHUUECKYIO CTPYKTYpPY OMOLIEHO30B.

K ognuM u3 Hanbojee omacHBIX 3arpsi3HUTECH OTHOCSTCS MPO-
MBIIUICHHBIE CTOKH Pa3JIMYHbIX NPEANPUITHI, OCOOEHHO COlepika-
e TspKenble MeTauibl. [IOBBINIEHHBIE KOHIIEHTPAIIUU TSDKEIIBIX Me-
TaJUIOB CHUXAIOT OMOMPOAYKTUBHOCTh BOJHBIX SKOCHCTEM, YTO MPHU-
BOJIMT MHOT/Ia K HICUE3HOBEHUIO IEHHBIX KOPMOBBIX 0OBEKTOB.

Mertamisl MOTYT TTONIaJIaTh B BOJOEMBI B pE3YyJIbTaTe€ PEUYHOTO BhI-
HOCa C TOPHBIX MOPOJI, a TAKXKE 32 CUET aHTPOIOIEHHOTO 3arpsiI3HEHUS
BOJIOCTOKOB M aTMoc(epbl U MOCTYIUICHUs ¢ ocaakaMmu. B BomoeMbl
nonajaloT TaKue METAJIJIbl, KaK CBUHEII, KaAMUN, XpOM, HUKEIb, MEIb,
KeJe30, [IUHK, 0JIOBO, MBIIIbSK. MeTalljibl BOBJIEKAIOTCS B KPYTrOBO-
pPOT, HAKAIUIMBAIOTCS B JOHHBIX OTJIOXKEHHUSAX, COXPAHSS Ha BCEX 3Ta-
nax TOKCHUYHOCTb, MOCKOJIBKY HE pa3pylIaloTCs MUKPOOPTaHU3MaMHu.
MeTtasibl MOCTYIAIOT B BOJAHYIO CPEAY B PE3YJIbTaTE MPOMBIILICHHBIX
COpOCOB CTaleIIaBUIIbHBIX MMPOU3BOJICTB, ATOMHBIX 3JIEKTPOCTAHIIUM,
IPEANPUATUHN TEJUTI0IO3HO-0yMaKHON MPOMBIIIUIEHHOCTH, TTPOU3BO/I-
CTBa KPACoOK, a TaKKe B pe3yJibTaTe nepepadbotku HedTH u HedTenpo-
nykToB. [Io Mepe ynaneHus OT UCTOYHUKA 3arps3HEHUs] COJEpKaHUe
METaJUIOB B BOJHOU Cpelie CHMKAETCS, OJHAKO M Majble KOHIIEHTpa-
IMA MOTYT OBITh TOKCUYHBI ISl BOAOPOCJEH B 3aBUCUMOCTH OT (pop-
Mbl COEAMHEHUs METalla, TEMIEPaTypbl, COAECPKAHUS KHUCIOPOJa B
BoZ€E, pH, OCBEMIEHHOCTH, CKOPOCTH TEUYEHUS. Y CTAHOBJIEHO, YTO JIe-
dbuuut Kucnopojaa, cHukenue pH, moseillieHHEe TemMIepaTypbl yBeEIuU-
YMBAaET TOKCHYHOCTh METAJLJIOB.

Bonopociu 061a1a0T cnocoOOHOCThIO HaKaIrIMBaTh B CBOEM TEJIE
MeTaJuibl, a Oypble Bomopociu Fncus vesiculosus n Ascofbyilum
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nodosum Jaxe WCHOJb3YIOTCA B KadyeCTBE HMHAMKATOPOB Ha LMHK,
MeJlb, CBUHEII, PTYTh, JKEJIE€30.

N3ydeHa akKyMyJsUsl CBUHIIA MUKPOCKOITMYECKON BOAOPOCIBIO
Platimonas subcordioformis. JlokazaHo, 4TO0 O€3KT'YTUKOBBIC MYyTaH-
ThI, WU KJIETKU C OTPE3aHHBIMU KI'YTUKAMU, HE U3BJICKAIOT CBUHIIO-
BYIO COJIb M3 MUTATEIbHOW cpelbl. BO3MOXKHO, MOCTYIJIEHUE CBUHIIA
IPOUCXOJUT HE Yepe3 000JIOUKY KJIETKH, a 4yepe3 KryTuk. MoH nuHka
B KOHILIEHTpaluu 4 MI/1 MOAABISET POCT ajJblOJIOTUYECKH UYHUCTOU
kyasTypbl Chlorella vulgaris va 50 %.

DKCMEPUMEHTAJIBHO HW3y4Y€Hbl W3MEHEHUs1 (UTO- M OaKTepuo-
IJIAHKTOHA, a TaKXe MEPBUYHOW MPOAYKIMU MO BIUSHUEM pa3iny-
HBIX 3arpsi3HUTENICH, XapaKTEePHBIX IJis YUYWUHCKOTO W PhIOMHCKOTO
BOJIOXpaHWIuII. B 4uciie oxkugaeMbIx 3arpsi3sHUTENICH ObUIM O0TOOpa-
HbI: HUTPATHBIA a30T, ¢ocdaTel, Mapraven, XJjop, [IUHK, XpOM U Kaj-
muid. [Ipu 3TOM IMHK ¥ XpOM ObLIIM OTOOpaHbI Kak peajbHBIC 3arps3-
HUTEJIU, TOCTYMHAIOIIME B BOJIOEM (CTOYHBIE BOJBI YepemoBelKOro
METAJLUTYPTUYECKOro KOMOMHATA U JIp.), a KaJAMUN KaK OJIUH U3 Hau-
OoJiee pacrpoOCTPAHEHHBIX MU TOKCHYHBIX 3arpsi3HUTEINICH, BCTpedaro-
IIUXCS B MPOMBIIIJIEHHBIX CTOYHBIX Bojax. Haubosbiiee otpuiia-
TEJIbHOE JCHUCTBUE IIMHKA W KaJAMUs HaOII0JAI0Ch B SKCIEPUMEHTAX
P MAaKCUMAJIbHBIX 3HAYEHUSX MEPBUYHOM MPOAYKIHMHU, KOTJa B BO-
J0eMe ObLIO OTMEYEHO 3HAYUTEJbHOE YBEJIMUYCHUE YHUCICHHOCTH CH-
He3eJlleHbIX Bojopocieid. C yMEHbIIICHHEM YHMCICHHOCTH (PUTOILIaHK-
TOHA OTPULIATEIIBHOE JIEUCTBUE 3TUX METAIIIOB 0CJIabeBalo.

[TokazaHo Tak»e, YTO TOKCUYHOCTh METajia CUJILHO KOPPEIUPY-
eT ¢ pH unu monoxuTenprHo, WK OTpUliaTeabHO. [Ipy HU3KKX 3Ha4e-
Husax pH (xorma Bojgopocield Mano) MeTauibl UMEIOT TEHACHIUIO CY-
IIIECTBOBATh B BUJI€ 00JIE€ TOKCUYHBIX CBOOOJIHBIX MOHOB, B TO BpEMSI
KaK MpU HEUTPATbHOW pEakIMu Cpelibl OHU MOTYT OBITh OCAXJCHBI
KaK HEpaCTBOPUMBIE COCTMHEHUS.

B naGopaTopHOM 3KCIIEpUMEHTE ObLUIO YCTAHOBIIEHO, YTO CUHE3E-
JeHast BOAOpocib Anabaena spiroides 00aee 4yBCTBUTENIbHA K JOOAB-
KaM IIMHKa, 4YeM K J00aBKaM XpoMa, a COBMECTHOE MPHUCYTCTBUE B
cpede 3TUX METa/UIOB MPUBOAUT K HEKOTOPOMY OCJIAOJICHUIO UX OT-
PHULIATEIBLHOTO JICHCTBUSI.

N3yuena tokcuyHocTh coeauHeHuss meau (CuSO,4) mpu pasHbIX
HAYaJIbHBIX INIOTHOCTAX CYCHEH3UM BOAOpPOCiEH. Bo Bcex BapuaHTax
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MEIb OKa3zajaach TOKCUYHOM ISl BOJOpociiel. He3HaunuTenpHbIE KOJIe-
0aHUs TOKCUYHOCTHM HEOPTaHWYECKUX COJIEH MeIU OOBSICHSIOTCS He-
OOJBIIUMHU OTIUYHUSAMU MPOHUIIAEMOCTH MEMOpaH KJIETOK BOJAOPOCIIEH
st noHoB Cu++. MoH mMenu sBasieTcsl SsHOBUTHIM 71 BOJIOPOCIIEH, a
CTEIICHb €r0 TOKCUYECKOIro JEHMCTBUs 3aBUCHUT OT pH cpenbl. Ycra-
HOBJICHO, YTO MEJIHBIA KyIOpoc Haubojiee TOKCUYCH B KUCJION cpeie.
[TonmuMerainaeckue pyabl, COAEpKAIIUE MEb, IUHK, CBUHEL], OJIO-
BO, TAKXE OKA3aJIUCh TOKCUYHBIMU JIJIs1 BOJOPOCIEH. DTH XUMHUUECKUE
AJIEMEHTHI BBIIIEIAYUBAIOTCS U3 Pyl U HAKAIUIMBAIOTCS B TEJI€ BOJO-
pocnei 1o 1 % Ha cyxou Bec.

B omnbiTax ¢ XJTOPOKOKKOBBIMU BOJOPOCISAMHU 3a KPUTEPHUI TOK-
CUYHOCTH MPUHUMAIN HapYLICHUE PENpPOAYKTUBHOW (DYHKIUU, WH-
TEHCUBHOCTH (DOTOCUHTE3A U JIBIXaHUsI, & TAK)KE U3BMEHEHHE COJIepkKa-
HUs xJIopoduiia «a» U «B». HanboJibiliee TOKCMYECKOE BIUSHUE OKa-
3a]Id  TIOJIMMETAUIMYECKUe  PYIbl:  CyJb(QUIHBIA  KOHIEHTpAT,
cojiepKalluii Meab, IIMHK U CBUHEI B KoHueHTpauuu 4,0-4,5 mr/m.
OTH pyJbl CHUXKAIIA YUCJIEHHOCTh KJIETOK BOAOPOCIIEH 3a 28 nHEHW Ha
95-99 % ot konTpoisis. [lon BIUMSIHUEM MNOJMMETANIMYECKHX PYH B
nepBbie 2—3 JHA HaOI0AaIach CTUMYJSLMS (OTOCHMHTE3a, a 3aTeM
pe3koe cHmwxkenue ero ao 0. Hapymenue mponecca ortocuHTesa y
XJIOPOKOKKOBBIX BOAOPOCIEH TMOJ JEUCTBUEM MOJIMMETAIIINYECKUX
Py CONMPOBOXAATOCh YCUJIECHHUEM MHTCHCUBHOCTH AbIxaHus 10 12 %
110 CPABHEHUIO C KOHTPOJIEM.

Cunraercsa, 4TO MPU B3aUMOJICVCTBHM PACTUTENBHBIX KJIETOK C
TOKCUYECKUM BEIIECTBOM B OPraHU3ME BO3HUKAIOT 3alllUTHBIEC (HU3HO-
JIOTUYECKHUE PEAKIIUU: TOBBIIIAETCS UHTEHCUBHOCTD JIbIXaHUS U aKTH-
BU3UPYIOTCSL JPYTUE€ NPOLECCH JKU3HEAESITEIbHOCTH, B PE3YJbTATE
KOTOPBIX MPOUCXOJUT JIETOKCUKAIIUS SITOBUTHIX BEIIIECTB.

OO0 yrueTaroiieM ACHCTBUU MOTUMETALINYECKUX Pyl MOKHO CY-
TUTh W TIO COJICPKAHUIO XJIOPODUIITIA, KOTOPOE CHIXKAETCS TeM OBICT-
pee, 4eM JuIuTeabHee Bo3/iecTBre, a Ha 30-e CyTKH XJ0poduiul pas-
pylaeTcs U BOoJIOpociu odeciiBeurBaroTcsi. KOMOMHUPOBAHHOE BIIMSI-
HUE€ TaKUX 3JIEMEHTOB, KaK M€Jlb, IMHK, CBUHEL, OJIOBO HA BOJIOPOCIIH
pU COOJIIOJICHUN OJIMHAKOBBIX YCJIOBUN OCBEIIEHHOCTH, TEMIepaTy-
PBI M KUCJIOTHOCTH SIBJISIETCS O0siee TyOUTEIbHBIM.

[Ipu kpaTkoBpeMeHHOM BoO3jaeicTBUHU (10 8—10 mgHEN) momaume-
TAJJTMYECKUX PyJ Ha MHUKPOCKOMUYECKHE BOJOPOCIU HApyIICHUS B
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nporeccax (OToCHHTE3a M JBIXaHUS OOpPATUMBI, XPOHHUYECKOE JKE
BO3JICUCTBUE TTPUBOIUT K THOCIM OPTraHU3MOB.

C pa3BuUTHEM WHIYCTPUH W BOJHOTO TPAHCIOPTA 3HAYUTEIHLHYIO
JIOJIIO 3arpsI3HEHMI HAIIMX MPECHBIX BOJ cOCTaBisieT HEQTh U HedTe-
npoaykThl. Biusinue Hetn 1 HeTENPOyKTOB HA MOPCKHE BOJIOPOC-
7Y, TJIaBHBIM 00pa3oM Ha JUATOMOBBIC, U3YUEHO TOBOJBHO XOPOIIIO.
['opa3go MeHbIle padOT IO BBISIBJICHUIO JEUCTBUS HepTH U HedTe-
MPOJAYKTOB HAa MPECHOBOHBIE BOJIOPOCIIH.

[IpoBeneno  HaOdIOJEHHE 3a  POCTOM  MHKPOBOJOPOCIEH
Chloreilla vulgaris, Scenedesmus obliquus B Bojilax cTOKa TPaKTOPHO-
ro 3aBOjia MOCJi€ HePTETOBYIIEK. DTU BOAOPOCIU BBIAECPKUBAIHN CO-
nepxanue HepTenpoaykToB 10 40 /1. Jlpyrue aBTOphI yKa3bIBalOT HA
HapyIICHHE PENPOAYKTUBHON ()YHKIIMH Y MUKPOBOJOpOCIel pu 60-
Jie€ HU3KUX KOHIICHTPAIHIX HEPTENPOAYKTOB. Y CTAHOBJIEHO, YTO MPHU
KOHIICHTPAIMK He(PTEIPOTyKTOB BBIIIE 5 MI/J yTHETAIOIIEe IeUCTBUE
Ha KYJbTYpPbl XJIOPOKOKKOBBIX BOJOPOCIIEH OTMEUAIOCh Ha BTOPHIC
CyTKH. B mocnenytomue cyTku AeUCTBUE UX OciabeBaio, Ha MSAThIC —
IPU KOHIIEHTPAIUK 5 MT/J1 OBUIO OTMEUEHO YK€ YBEJIMUYECHHUE KOJIhYe-
CTBa T'€HEpalMil MO CPAaBHEHUIO C KOHTPOJIEM. DTO CTUMYJIHUPYIOIIEE
JEUCTBHUE HCCIEA0BATEIN OOBICHSIN TEM, UTO BHOCUMBIE HeDTEIpo-
IYKThI ObUTM CUJIBHO 3arpsi3HEHBI MOOOYHBIMU OPTaHMYECKUMHU Bellle-
CTBaMHM, KOTOpBIE NMpU TeMIeparype noctaHoBku ombiTa (20-25°C)
OBICTPO MHUHEPAIU30BAJIUCh, YTO CHOCOOCTBOBAJIO PAa3BUTHIO BOJO-
pocieil. CruHe3eneHble BOAOPOCIH OKa3aIUCh 00Jiee YyBCTBUTEIIbHBI-
MU K HedTenpoaykram. OHM yrHETaJIUCh Yepe3 CYTKH IPH KOHIICH-
Tpauuu 0osnee 0,5 Mr/i, a Ha NOSAThIE CYTKU MOJHOCTBIO JIU3UPOBAIIUCH
JaXe TIPU CaMbIX MaJIbIX KOHIIEHTPaIUsX.

HcnbiTanbl aJIbroJIOTMUECKH YHUCTBIE KYIbTypbl Melosira italica,
Stephanodiscus hantzchii, Anabaena spiroides, Scenedesmus quadri-
cauda na cpene Uy 10 ¢ nobasienreM ma3yta u coiigpa. OnbIThl MOKa-
3aJld, YTO MCHBITAHHBIE BOJIOPOCIM Ha COJISIp pearupoBajiv ObICTpee,
yeM Ha MazyT. Melosira italica nipu BHeceHur 1 Mr/i consipa MOJHO-
CTBIO MOrubaa uepes CyTkH, a Anabaena spiroides — uepe3 Tpoe CyTOK.
Ha ceapmbie cyTku morudana OT cojisipa U Ma3yTa u Scenedesmus qua-
dricauda. OpHako cieayeT OTMETUTh, YTO, BO3MOYKHO, JIaJICKO HE BCE
BOJIOPOCIM OJJUHAKOBO PEArvpyroT Ha COJISIP U Ma3yT, O YEM CBUJICTEIIb-
CTBYEeT HUHTEHCUBHOE pazButue Chlamydomonas sp., ciy4ailHO 3aHe-
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CEHHOT'O B MCXOJHBIM (PUILTPAT, OCTABIIMKCS MOCIE TTOCTAHOBKU OIIbI-
TOB.

Pe3ynbTaThl OMBITOB MO UCIOJIB30BAHUIO JIBYX HEPTEIPOMYKTOB
JIU3EJIbHOTO TOIIMBA U MOTOPHOTO Maciia — Ha (PUTOIUIAHKTOH TMOKa-
3], YTO HA YETBEPTHIC CYTKH SKCIO3UIIUU B CTEKIISIHHBIX OYTBHUISIX
eMKOCThI0 20 71 B 3aBHCHMOCTH OT JOOABJICHHBIX KOMOWHAITUN yKa-
3aHHBIX BEIIECTB YCTAHABIMBAINCH CYIIECTBEHHO PAa3JIMYHBIE COOT-
HOIIIEHUSI YMCJICHHOCTH BUJOB, BXOJAUBIIHNX B COCTaB (PUTOTIIAHKTOH-
HOro cooOiecTBa. B pe3ynbrare skcnepuMeHTa OTMeYalics MapaaoK-
calbHBI (akT: B ONbITaX C OJHOBPEMEHHON J100aBKOW JBYX
HEe(PTENpOaYyKTOB 00IIasi YUCIEHHOCTh BOJOPOCIIEH OKa3aiach BbILIE,
YeM Mpu J00aBKe KaxA0ro W3 HUX B OTAEIbHOCTH. OZHOBpPEMEHHOE
OPUCYTCTBUE OOOMX HEPTEMPOIYKTOB BIMSET HA YUCIECHHOCThH JUa-
TOMOBBIX MPUMEPHO TaK K€, KaK M KaXJbli U3 HUX B OTJICJIIbHOCTH.
Kpome toro, no6aBku HedTENPOAYKTOB YKa3bIBald SIBHO CTUMYJIHU-
pyroliee JeCTBUE Ha CHUHE3EJIEHbIE BOJAOPOCIU. B Hammx skcnepu-
MEHTax OBbLIM HCIIOJIB30BAHBI KYJIBTYPbl Bojopociel Scenedesmus
acutus n Chlorella pyrenoidosa xak TecT-0OBEKTHI JISI W3YUCHUS
BJIMSIHUSI paCTBOPUMOM T'yCTOM (DPpakiuu OTXOA0B HedTernepepadoTKu
Ha HEKOTOPBIE (PU3HOJIOTHUECKUE MTOKA3ATEIN JaHHBIX BUIOB.

B skcrnpecc-aHann3e Ha TEPMOIIOMUHOCTATHPYIOIIEN YCTaHOBKE
ObLJIO TOKAa3aHO, YTO MpPU KOHILEHTPALMM B CpEle OTXO0A0B 6,25—
40 MI/n MPOUCXOIUT YTHETEHHE PENpPOJYKTUBHOU (PyHKIMU B 1,4—
3 pa3za Mo OTHONIIEHUIO K KOHTpouto. [Ipu aToM paccuntanHbie K03d-
dbunmentsl TokcuuHoctH (KT) )y 0,2 Bo Bcex BapuaHTax OIbITA, YTO
TOBOPUT 00 MHTHOUPYIOIIEM JEHCTBUU OTXOJ0B Ha BOJAOPOCIH B HC-
CJI€JOBAaHHBIX KOHIIEHTparusax. M Tonbko koHueHTpanus 3,12 mr/n He
OKa3aja TOKCUYECKOrO JAEHUCTBUSA HAa KYJIbTYyphl. B XpoHUYeCcKkoM 3Kc-
nepuMenTte (15 cyTok) uHruOupyomee IeCTBUE HA PEHPOTYKIIHIO
okazana u KoHmeHTpauus 3,12 mr/a. CHuxaercs U POTOCUHTETHYE-
ckast PyHKIUs Bojopociei, a mpu 50 MI/J oHa MOJHOCThIO OJIOKUPY-
€TCsl; PU ATOM YBEIMYMBAIOTCS TPaThl KUCIOpPOAAa B CpeAe Ha AbIXa-
TEJIbHBINA MIPOLIECC.

[lonydeHHbIE TaHHBIE TIO 3TOMY BOIPOCY YKa3bIBAIOT HA 3HAYU-
MOCTb 3arpsi3HEHUs! BOJ HEPTENPOIyKTaMHu Kak OJHOTO U3 (paKTOPOB,
CHOCOOHBIX PEryJMPOBaTh YHMCICHHOCTh ajdblO(IOpbl BOJOEMA, UTO
0COOEHHO CYIIIECTBEHHO JJISI BOJIOEMOB MUTHEBOI'O Ha3HAYECHUS.
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Bonpmioi ymiep0d angproreHo3aM OPUYUHSIOT COPOCHI CTOYHBIX
BOJI LIEJUTIOJIO3HO-OYMaXHBIX MPOU3BOACTB. COBpEMEHHbBIC OUHUCTHBIC
COOpY)KEHUs paccurTaHbl Juilb Ha 90-95 % ouuctku. OcraBuivecs
5—-10 % mpeacTaBistOT 3HAYUTEIBHYK) OMACHOCTh, TaK KaKk B COCTaB
COPOCOB 1IEJTI0JI03HO-0YMa)KHOTO IIPOM3BOJICTBA BXOJIAT TaKUE CTOM-
KHE COCAMHEHN, KaK JUTHOCYIb(POoHATHI. BoJblilyt0 0MacHOCTh Mpe/I-
CTaBJISIIOT TAaK)K€ HAKOIUICHUS! B JIOHHBIX OTJIOXKEHHUSX PEKHU OTXOOB
HEJUTI0JI03HO-OYMa)KHOTO TPOU3BOJICTBA, BCTPEUAIONIMECS Ha BCEM
NpOTsDKEHUU peku. Hamm rugpoOuonsornueckue MCCiaeoBaHUs Ha
CeBepHoli /IBUHE B paillOHE MPOMCTOKAa APXAHTEIbCKOTO LEIUII0IO3-
HO-OyMaXHOT0 KOMOMHATa MOKa3ajiu, YTO CTOK OKa3bIBAa€T OTpHIIA-
TEJIbHOE BJIMSIHUE Ha aJbIOLICHO3bl. B 30HE 3HAUUTEIBLHOIO 3arpsi3He-
HUSI PEKH JOMHUHHPYIOIIEE MOJ0KEHUE 3aHUMAIOT BOJOPOCIH TOJIH-
canpoOHBIX 30H, B OCHOBHOM 3TO CHHE3eleHble pp. Phormidium u
Oscillatoria. Ha cTaHIusX, HaXOIAIIUXCA BHE 30HBI HEMIOCPEICTBEH-
HOT'O BJIUSIHUA CTOKa (Ha MPOTHBOIIOJI0XHOM O€pery, a TakKe BBIIIIE
MPOMCTOKA), IIEHO3 MPEACTABICH BHUIAMH, XaPAKTEPHBIMU I yMeE-
PEHHO 3arpsi3HEHHBIX U YUCTHIX BO/I.

BakHoe 3HaueHHEe MMEET M3YUCHHE BIUSHUSA Ha TUIPOOMOHTOB
MPOMBIIUIEHHBIX CTOYHBIX BOJ (PJIOTAIlMOHHOIO 00OTaIleHUs Py, KO-
rja B KauecTBe (PIIOTOpEareHTOB MPUMEHSIOTCS CyJb(paTHbIE MblIa U
MbLIa TaJutoBoro macnia. Ilockonbky B 3TUX (uioTopeareHTax coiep-
xutca 10 50 % HEHaCHIEHHBIX KHUCJIOT, SBISIOMUXCS OCHOBHBIMHU
MOTJIOTUTENSIMUA KUCJIOPOJIa, TO B OMBITHBIX COCYZaX CKOPO CO3AaeTCs
neUIUT ero, Mpu KOTOPOM T'HJIPOOHOHTHI, U B TOM YHCJIE€ BOJIOPOCIIH,
THOHYT.

TpeBokHBIE BBIBOJBI CAETANN JTATBUMCKUE MCCIEIOBATEIHU, U3Y-
yasi (uToruiaHkTOH peku JlayraBel U Puikckoro 3anuBa, rje UMEIOT
MeCTO COpOChI HEOUMIIEHHBIX CTOYHBIX BOJ. 3JIeCh, B Hauboiee 3a-
I'PSI3HEHHOM YacTH yCTheBOM oOsacTu peku JlayraBbl, HaOIrOgaeTCs
yrHEeTaroIlee AeWCTBUE MPOMBIIIJIEHHBIX U OBITOBBIX CTOKOB ropoja
Puru Ha ¢urormnankToH. McciaenoBanus nokasaiu, 4TO B pallOHE CTO-
ka 1 10 100 meTpoB HMKe OMomacca (PUTOTUIAHKTOHA MPAKTHYECKH
paBHsIach | Mr/M°. DTOT YYaCTOK PEKH IO TUIY (DUTOINIAHKTOHA Xa-
PaKTEpU30BaAJICSA KakK MoJuMe3ocanpoOHbiil. buoxumudeckas motpeod-
HocTh kucnopoaa (bIIK) noxomauna no 10 mr/n. MHTepecHO OTMETUTB,
YTO KOJUYECTBO HHIU(PDEPEHTHBIX BOJOPOCICH B (DUTOIUIAHKTOHE
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BCEX Y4acTKOB peku cocTaBisuio 30—40 %, 4To TOBOPUT O BBIHYKJICH-
HOM ajanTainuvu OMOIIEHO3a K 3HAYUTEIbHOMY aHTPOIOI€HHOMY 3a-
IPSI3HEHUIO.

BnusiHue necmuyudoe Ha humonsiaHKmMoH
rnpecHbIx 8000eM08

[IpumMmeHsieMble B HACTOSIIEE BPEMSI XUMUUYECKUE CPEJICTBA 3alllU-
Thl PacTEHUU — MECTUIUAbl — HAKAILJIMBAIOTCA B IOYBE, BOJOEMAX,
BIIMSISL HA OMOIICHO3bI, MPUBOJS K HEXKEJATeJIbHBIM, a MOPOl U HEMo-
MPABUMBIM MOCIIEICTBUSM. Y CHIIEHHOE MOCTYILJIEHHE B BOJOEMBI CHH-
TETUYECKUX XUMUYECKUX CPEJICTB, KOTOPBIX paHbllle MPUPOJa HE 3HA-
Ja ¥ K 3alIuTe OT KOTOPBIX BOJHBIC MUKPOOPTAHU3Mbl OKa3aJIUCh He-
MPUCIIOCOOJICHHBIMU, OpUBOJAT K  TakOMy  HapyIICHUIO
YCTAHOBUBIIMXCS B BOJHOM Cpele YCIOBUM, KOIJa CTAaHOBUTCS HE-
BO3MOXKHBIM CYIIIECTBOBaHWE THAPOOUOHTOB, Y4acCTBYIOIIUX B (op-
MHUPOBAHUU BOJIbI XOPOIIETo kKadyecTBa. OTKa3 OT NPUMEHEHUS MECTH-
IUJI0B KakK HauOojiee paJuKalbHOE CPEACTBO B HACTOSIIEE BpEMs
BpSAJl JTU BO3MOXEH, MO3TOMY TpeOYeTCsl CTPOKAMIIMK KOHTPOJIb 3a
MPUMEHEHUEM ATHUX MPENAPATOB, a TAKKE BCECTOPOHHEE U3YUCHUE UX
nercTBUA Ha skuBble opranusmsl (JI. I1. bparunckui, 1987).

MupoBoe TpOU3BOJACTBO MECTUIIHUIOB B HACTOSAIIEE BpEeMs Ipe-
BBICWJIO 1,5 MJIH TOHH B r'OJI, a IUIOWIAJb UX MPUMEHEHUS — 4 MIIP/ ra,
4/5 mupoBoro npousBojicTBa necturuaoB npuxoautcs Ha CIIIA, Be-
aukoopuTanuto, Uranutro, Snonuto, I'epmanuto, @panmuto u Poccuro.
JIOBOJIBHO MIMPOKO MPUMEHSIOTCSI, B YACTHOCTH, TepOUIINIBI B O0pHOE
C 3apacTaHHEM BOJIOEMOB, T'JI€ UX MCHOJB3YIOT sl OOpHOBI C TaK Ha-
3bIBAEMBIMH BOJIHBIMHU COpPHSIKaMU. MexaHnuecKkrue MeTOJIbl OOPBOBI C
3apacTaHWEM HE BCErJa JOCTYMHBI, IO3TOMY Yallle NPUMEHSIOTCS XH-
MUYECKHE Tpenapatsl. JIuteparypa, B KOTOpOM HU3JI0KEHBI pe3yJibTa-
Thl IPUMEHEHUS TepOUIIMI0B Ha BOJIOEMaX, JOBOJIBHO OOIIMPHA, HO B
OONBIIMHCTBE pabOT moguepkuBaetcs 3G(HEKTUBHOCTH U AKOHOMUY-
HOCTh MPUMEHEHUS TePOUIIMAOB U CIUIIKOM Majl0 BHUMaHUA YJIes-
€TCS OLIEHKE UX OTPHUIIATEIILHOTO JCUCTBUS HA TUAPOOUOHTOB.

[HIrpoKo TPUMEHSIIOTCS W aJbIULIKAbl KAK XUMUYECKUE CPENICTBA
OO0pBOBI C BOJOPOCISIMH, TPUHOCSIIIMMU [TOPOM 3HAUUTENbHBIN Bpe U
SBJISIFOIIUMHUCS «OMOIMOMEXaMU» BO MHOTMX OTpPacisix MPOMBIIIECH-
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HOCTH, 3JIpaBOOXPaHEHUH, IHEPIETUKE U PHIOHOM XO3sUcTBe. Llembrit
psazl padboT 3apyOEKHBIX U OTEYECTBEHHBIX ABTOPOB MOCBSAIICH JICUCT-
BUIO aJIbTUITUAO0B OOIIEro U N30MpaTeIbHOTO JEHCTBHS HA BOJOPOCTH.
[TokazaHo, uTo 3(pheKT BHECEHH CaMOTr0 PacCpOCTPAHEHHOTO AJIbIU-
1[MJIa — MEIHOTO KYIOpPOCa B «IIBETYIIME» BOJIOEMbl HOCUT BPEMEH-
HBIN XapaKTep U MpeBpallaeTcsi, B KOHEUHOM WUTOrE, B CBOKO MPOTHUBO-
MOJIOKHOCTh, MOCKOJIBKY TPH PAa3I0kKEHUH KIETOK BOJOPOCIEH, aK-
KyMYJIUPDOBABIIMX MEJb, OHA BHOBb BO3BpalllaeTCsi B KPYyroBOPOT
BEILIECTB, HO YK€ HE B aJbIULHIHBIX, @ B CTUMYJHUPYIOMINX PA3BUTHE
BOJIOPOCJIEN KOHILIEHTPAIMAX, YTO MHPUBOJUT K HOBBIM BCHBIIIKAM
«IIBETCHUSD.

[IpoGnemMe mnpuMeHEHHsS TEepOUIMI0B Ha BOJOXO03MCTBEHHBIX
O00BEKTaX MOCBSIIEHBI PA0OThl TOKCUKOJIOTOB-TUTHEHUCTOB. ABTOPBI
ATUX PadOT MBITAIOTCS BCKPBHITH 3aKOHOMEPHOCTH KPYTrOBOpOTa Iec-
TULHUJIOB B CHUCTEME «IOYBa — BOJA — 4YEJOBEK». JTO Oojblias u
CJIO’KHasi MpoOJieMa U PEIIACTCS OHA MO 3BEHBIM YUYEHBIMU Pa3HBIX
cnenranbHocTe. Ecnu Ouonora-pel00X03sCTBEHHUKA WHTEPECYET
KaK CJEJCTBUE MPUMEHECHUS NECTUIIUI0B CHUKEHHUE MPOTYKTUBHOCTH
U BBIMUPAHUS PbIO, TO TUAPOOUOJIOTY U ajbrojory BaKHO 3HATh, Kak
BIIUSIIOT TECTULMbI HA HUBIINE OPTraHU3Mbl, 3aTParuBarOT JId OHHU
BAKHENIIME MPOLIECCH], OTBETCTBEHHBIE 3a KPYTOBOPOT BEIIECTB B BO-
noeme (dhoTocuHTE3, a30T(PUKCAIMIO, MPOLECCH MHUHEpaIu3alud |1
T. J1.), YTHETAIOTCA WA YCUJIUBAIOTCS MPOIECCHl CAMOOYHUIIECHUS BO-
IbI.

Bonopocnu gBiIsSIOTCS NEPBUYHBIM 3BEHOM TPOPUUECKUX IICTEH,
CO3JAI0IIHUM MaTEPUAIIbHYIO OCHOBY ISl BCEU NAJbHEHUIIEH TPAHC-
dbopmanuu BEIIECTBA U SHEPIUH BOJHBIX YKOCHUCTEM, U UCCIICIOBAHMUS
TOKCUYECKUX P(DEKTOB, MPOU3BOJUMBIX MECTUIIMAAMU, CIETYET Ha-
YUHATh C HUX. DKCIEPUMEHTHI MOKA3aIu, YTO MECTUIUbI 00IaaatoT
MHOT'OTpaHHBIM OMOJOTUYECKUM JIEUCTBUEM M 3a4acTyl0 HE YOUBAIOT,
a Ha00OpOT, AKTUBU3UPYIOT KUZHEACATEILHOCTh BOJIOPOCIECBOM KIIET-
KU (0COOCHHO B MaJIbIX KOHIIEHTpaIusX). Pab0OThI 3TOro HampaBIeHUs
B OCHOBHOM BBITIOJIHEHBI B YCJIOBUSX JAOOPAaTOPHOU KYJIbTYpHI, a JJIs
MOJTy4YeHHUs1 00Jie€ UCTUHHOW KapTUHBI HEOOXOJIUMO U3y4YEHHUE BIIMS-
HUS TepOUIIUIOB HA BOJIOPOCIN B MPUPOAHBIX ACCOLMAIUAX, TAC JIeH-
CTBYIOT 00JI€€ CIIOKHBIE 3aKOHOMEPHOCTH.
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JI71s1 3aIIUTHl pacTeHUM OT BpeauTeNie n 00e3Hel UCIIOIb3YeTCs
OOJIBIIIOE KOJIMYECTBO PA3IUYHBIX SJOXUMHUKATOB, KOTOPHIE CMBIBA-
IOTCSl OCAJIKaMH C PACTEHHI U TTOYBHI U IOMNAJIAI0T B BOAOEMBI, CO3/1a-
Basl «IECTULHMIHBIEC 3arpsi3HEHUsD. [IpOBENIEHBI CE30HHBIE MCCIIEI0OBA-
HUsl Ha pexke CeBepHbld J[OHEI MO KOJUYECTBY BOJOPOCIEH Ha pas-
JUYHBIX CTAHIMSAX, BBIABICHA 3aKOHOMEPHAs 3aBUCUMOCTh UX
pacnpenesieHus: OT UHTEHCUBHOCTH 3arpA3HECHUS SI0XMMHKATaAMU pe-
ku. Haumenbinee konmdyectBo Bojgopocient (0,05-0,04 mr/n) ormeua-
JOCh B YCThE PEKHU, TJE 3arpsA3HeHUE ObLIO MaKCUMaJIbHBIM (KOHIICH-
Tpauus 3(pUpopacTBOPUMBIX BEUIECTB B Boje Kosebanach ot 120-
180 mr/n). B lony, Hmxe Bnajgenus C. Jlonna, Omomacca puTOIIaHK-
ToHa mojHsachk A0 0,089 Mr/i1 M MoOYTH Ha TOM K€ ypOBHE OCTaBa-
nack 10 ycrbsi. Cpeau 128 obHapykennbix B HikHeMm JloHy nHAMKA-
TopHbIX (GopM duromiankrona 79-83 % ortHocuTca Kk OeTta-
ME30CanpOOHbIM U OJUTO-CAPOOHBIM, SBISIOMIUMCS TOKa3aTeSIMU
YUCTOTHl pe4yHOM Boxbl. IIpucyTcTBME B IUIAaHKTOHE aybda-
Me3ocanpoOHbIX (12—15 %) u nonmucanpoOHbIX (3 %) paccmaTpuBaeT-
csl Kak aktop 3arps3HeHus peku. CamoouuiieHue Boibl peku J{oH oT
NEeCTUIMI0B HernoaHoe. KoHlleHTpalus SI0XUMHUKATOB B YCThE PEKU
paBHsutack 0,008 Mr/i1, 4To cUMTAETCs JHOBOJIBHO BBICOKMM IOKa3aTe-
JIEM.

OnbiTaMi HAa TOMMEHHBIX BOJOEMAaX TSACMHHCKOTO MOJYyOCTPOBA
BBISIBJICHO JIEVCTBHE MOHYpPOHA Ha (PUTOILJIAHKTOH B BOJOEME, IJI€ OT-
MeuaeTcsi HHruoupoBaHue (HOTOCHHTE3a, OBICTPOE HapacTaHHUE JIECT-
PYKIIMOHHBIX MPOIECCOB, CIBUT pH B IIEIOUHYIO CTOPOHY, YMEHBIIIEC-
HUE CBSI3bIBAHUS KAJIbIUS U YBEJIMUYECHUE €TO COJIepKaHus B Boje. Ye-
pe3 HEKOTOpOE BpeMsl MOcCJe BHECEHUS MOHYpPOHa HaOJI0AaIoCh
BBINIaJICHUE OOJBIIMHCTBA BHUJOB CHHE3EJIEHBIX BOJOPOCIEH U3
IJTAHKTOHA C MOCTENEHHON 3aMEHOW MX XJIOPOKOKKOBBIMHU. DTHU SIBJIC-
HUSI COMPOBOXKIaNIa «0aKTepuaabHas BCIBIIIKA», 00YCIOBICHHAs ObI-
CTpPBIM pa3MHOXXeHUEeM OakTepuii-canpoTpodoB. [lokazaHo, 4TO yeM
BbIIlIE OMOMacca (PUTOIJIAHKTOHA, TEM JUIMHHEE U TTy0)Ke KUCIOPO-
HBIN 1e(UINT, BOSHUKAIOUIUHN MO/ BIUSHUEM MOHYPOHA.

HcnbiTan ObUT U IMYPOH, rAe 3PPEKT OKazaucsa O4eHb YETKUM: B
OJIHOM U3 BOJOEMOB YHCICHHOCTh IMATOMOBBIX 32 JIBA JTHS CHU3UJIACh
Ha 57 %, XJIOPOKOKKOBBIX — Ha 87 %, B IpyromMm BOJIOEME Ha LIECTOM
JI€Hb TOCJIE BHECEHHUS UYpOHA (PUTOIIAHKTOH MOJHOCTBIO MCYE3 U
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BOCCTAHOBJICHUSI €r0 HE MPOMU30LLIO JI0 KOHIIA BEreTal[MOHHOro Te-
puona. B mepBoM ke BojoeMe MPOU3OLIIO BOCCTAHOBJICHUE (PUTO-
IJJAHKTOHA Ha [IECTHAAUATHIN JICHb.

ATpa3uH JelcTBOBa Ha (DUTOIUIAHKTOH BOJIOEMOB TaKXke T'yOu-
TEJIbHO, WCUE3/IM CHayajia CUHE3eJICHbIe BOJIOPOCIH, a 3aT€M M BECh
ocTanbHON (uTOIIaHKTOH. OCeHbIO ke HaOII0AaI0Ch OypHOE pelu-
JTUBUPYIOIIEE «I[BETEHUE» BOJbI. MOHYPOH, JUYPOH U aTpa3uH Mpe-
HA3HAYAIOTCA KaK CEJIEKTUBHBIC TepOUIIMUBI JJIsl 3€PHOBBIX KYJIBTYD,
30Ha UX PacHpoCTpaHECHUs JAOBOJIbHO OOImMpHas. Bece Tpu mpenapara
UHTUOUPYIOT (DOTOCHHTE3 IIJIAHKTOHA M BBI3BIBAIOT JJIUTEJILHOE Ha-
pYyIIEHUE MPOLECCOB MUTAHUS BOAOPOCIIECH, IPUBOISIIIEE K UX TOCTE-
IIEHHOMY OTMHUPaHK0. MOHYPOH JEUCTBYET MATYE TUYPOHA, KOTOPBIU
BBI3BIBACT Y BOJOPOCJEH OBICTphIE HApPYIICHUS, 3aKaHUUBAIOIIUECS
pacmagoM Ouomacchl. ATpa3uH MOXKET JIJIMTEIbHO MHTUOUpoBaTh ¢o-
TOCUHTE3 0€3 MOCJIeIYIONIETO pacnaaa OMoMacchl BOJOPOCTEH.

AHanu3 peakuuu pa3jIndHbIX TPYIIT BOJOPOCIEN HA BO3AECHUCTBUE
repOMIIUI0B B JIJAOOPATOPHBIX YCIOBUSIX U B YCIOBUSIX 00paOOTaHHBIX
BOJIOEMOB TOKA3bIBAECT, YTO HApSIy C BUJAMH BBICOKOUYYBCTBUTEIIb-
HBIMU MMEIOTCS BUJIbI OYEHb yCTOWYUBBICE K TOKCUHaM. Cpeau HHX
IIEpBOE MECTO NMPUHAIJICKUT BuaaMm p. Oscillaitoria (O. planctonica,
O. tenuis, O. agardii), KOTOPbIE XOPOIIO BKUBAIOT MPU BO3JAEHCTBUU
repOounnaoB. K uucny ycroiuuBbix (opM OTHOCATCA BUABI Spirulina
U psiJl TUaTOMOBBIX.

B naGopaTopHbIX 3KCIIEpUMEHTaX IOKa3aHO, YTO MaJlble 03I
MECTUITUIOB, U B YaCTHOCTU AJIbTUIIUIOB (OCTATOYHBIE TOCje 00pa-
OOTKU BOJBI JJIsi BOA03a00pa HA MUTHEBBIC HYXKbI), AAIOT CTUMYJIS-
[[MI0 Pa3BUTHUSL BOJOPOCIIEH, B TOM YHCJIE W BBI3bIBAIOIINX «IIBETE-
HUEY.

Takum 00pa3zoM, anbrodiopa Mo OTHOIIEHUIO K MECTUIIUIAM, KaK,
BIIPOYEM, U TI0O OTHOIICHUIO K JIFOOBIM APYTUM TOKCHYECKHY areHTam,
MOXET OBITh pazjesicHa Ha (OpMbI PE3UCTECHTHBIC, O€3pa3IMUHbIC U
CIIOCOOHBIE YCBAWBATh 3TH BEIIESCTBA KAaK HICTOUHUKH MUTAHMUS.
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Nekuua 5. PUTOOGEHTOC NpecHbIX BOAOEMOB

DUTOOEHTOC COCTABIISIIOT BOJOPOCIIH, MPUCTIOCOOUBIITHECS K CY-
IIECTBOBaHUIO Ha JHE Bojoema. CyOcTpar, Ha KOTOPOM OHU pa3BUBA-
IOTCSI, MOKET OBITh CaMbIM pa3HOOOpa3HbIM. PaznmuuaroT BOIOpOCIH:
SMUJIUTHI, TIOCEIISIONTUECS Ha TBEPAOM KaMEHUCTOM TPYHTE; DHIOJH-
ThI, CBEPJIAIINE TPYHT, BXOJAIME B cyOcTpar (B KaMHH, PaKOBHUHBI
MOJIITIOCKOB, TAHIIBIPU PAKOOOPA3HBIX); SIHUICTUTHI, Pa3BUBAIOIINAECS
B PBIXJIOM TpyHTE (MECOK, WJ); SHA0(MUTHI, pa3BUBAIOIIUECS Ha CJIOE-
BUILIAX JIPYTUX JIOHHBIX BOAOPOCIEH, U Mapa3uThl, YTPATUBIIHE XJIO-
pOPWILT ¥ Mapa3sUTHPYIOUIUME HAa BBICIIUX PACTEHUSAX W OoJjiee KpyI-
HBIX BOJIOPOCIISAX Yy JIHA.

Jlo HegaBHEr0 BpeMeHH K (PUTOOEHTOCY OTHOCHUIIM U BOJOPOCIH
oOpacTaHuil pa3IMYHBIX €CTECTBEHHBIX M UCKYCCTBEHHO BHECCHHBIX B
BOJy 4eJIOBeKOM mpeameToB. Ho B Hacrtosiee 3pemsi BOAOPOCIn 00-
pacTaHUil BBIJCICHBI B OCOOYIO TpyNIUPOBKY-(GUTONEPUDUTOH, MO-
CKOJIBKY ATH OPTaHW3Mbl H30JIMPOBAHBI OT JHA U HE UCHBITHIBAIOT €T0
HEMOCPEJCTBEHHOTO BIUsAHUSI. DUTOOEHTOCY TOCBSIIEHO TOpPa3ao
MEHbIIIe padoT, yeM (PUTOIUIAHKTOHY. HeT u yHuunmpoBaHHo me-
TOJUKHU U3y4YCHHsI OEHTOCHBIX OPTraHU3MOB.

JIHO TpecHBIX BOJOEMOB JAalieko He ogHopoaHo. IIpexne Bcero
pazHooOpa3zeH caMm TpyHT. OJUH y4acTOK MOXXET ObITh IECUAHbBIM,
JAPYTO MIUCTHIM WJIM KAMEHHUCTBIM, M KaXXJIOMY y4acTKy COOTBETCT-
BYIOT cBou (hopMbI Bojopociieil. KpoMe Toro, yuacTku Bojgoema pas-
JUYAOTCA MO TIyOMHAM, CKOPOCTH TEUEHMS] U JPYTUM SKOJOTHYE-
ckuM (akTopam. BomopocneBbie 3a4aTku B BUAE CIIOpP, TaMET, IUCT
3aHOCSTCS BE3/I€, HO HE BE3JIe MPHKUBAIOTCA.

Ha necke u uie TpyaHO MPUKPENUTHCS KPYHMHBIM (popMam, 3/1€Ch
OOBIYHBI MUKPOCKOTIMYECKHE BOJOPOCIU WU MUKpodurodeHntoc. 13
KPYITHBIX BOJOPOCICH JHA MOXHO Ha3BaTh MPEICTABUTEIICH XapOBBIX,
KOTOpPBIE 00pa3yIOT 3apOCid B MEIKOBOJHBIX 30HAaX, — 3TO Makpou-
ToOeHTOC. CKOIUICHME HUTYATHIX Ha JHE BOJOEMa WU KPYIHBIE KO-
JIOHUH XJIOPOKOKKOBBIX OTHOCST K ME30(PUTOOCHTOCY. DTH CKOIIJIICHUS
¥ KOJIOHWH MPU XOPOIIIEH MOToJie U aKTUBHOM TIporiecce (POoToCUHTE3a
BCIUTBIBAIOT YaCTO Ha MOBEPXHOCTH BoJoeMa U (POPMHUPYIOT TaK Ha3bl-
BacMYIO THUHY.
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MHorue BOJOpOCaN THa UHTEHCUBHO Pa3MHOXAIOTCS B YCIOBHSIX
OBICTPOTO JBMKEHUS BOJIbI. IHTEHCHMBHO BOJIa JIBMJKETCS Ha MEpeKa-
Tax peK, B 30HE MpuOO0s B BOAOXpaHWIMIIAX. [[BHKeHHE BOJBI 00ec-
neyrBaeT OJIarONpHUATHBIC YCIOBUS ISl pa3BUTHS OCHTOCHBIX (POpM.
brnaromaps ABUKEHUIO BOJBI TPOUCXOIUT HEMIPEPHIBHBIN MTPUTOK OUO-
TE€HHBIX BEIICCTB, YCHJIMBAIOTCA (DHU3UOJIOTHUECKHE Tporecchl (hoTo-
CUHTE3 M JbIXaHWE), YNAJIAIOTCA 4YaCTUILIbl HWJa U KUBOTHBIE-
anprodaru. B cBsA3u ¢ 3TUM y BOAOPOCIHEH JTHA B XOJ/€ ABOJIOIUH BbI-
paboTaIMCh MPUCTIOCOOICHHUSI, TTO3BOJISIONINE UM 3aKPEIUThCS U BBI-
XKUTh. TakKMMU MPUCTIOCOOTICHUSMH SBJISIFOTCS PU3OUJIBI Y HEKOTOPBIX
npeACTaBUTENIe YJIOTPUKCOBBIX WJIM CIM3HUCTHIC IIHYPHI TUIA IIHY-
poB Hydrurus. CiocoOCTBYyEeT pa3BUTHIO OCHTOCHBIX BOJOpPOCIEH U
yMEPEHHOE TIOCTYIUICHHE B BOJIOEM HWJIM €r0 4YacTh OMOTCHHBIX JJIe-
MEHTOB. BHOTreHbl OCOOEHHO 3acCTaMBalOTCSI Ha MEJKOBOABIX O3€ED,
MPYJI0B, BOJOXPAHUIIMII, a TAKKE B TUXUX 3aBOASX pek. McTounnkom
OMOreHOB 4allle ObIBalOT OEPETOBBIE CTOKU, KOTOPHIE AKKYMYJIUPYIOT-
Csl B JIOHHBIX OTJIOKEHUsIX. B miax, TOppSHUCTHIX ydacTKax JHA Tpe-
CHOTO BOJI0€Ma OCOOCHHO MHOTO TMOCEISETCS BOJHBIX TpUOOB U OaK-
Tepui. biarogapsa UM UIYT CIO0KHEHUIIUE MPOLECCH MUHEPAIA3ALUN
OpraHWYECKHUX BEIIECTB, MPEBPAIICHUE WX B HEOpraHudeckue (HopMel,
JOCTYTIHBIE JIJISl yCBOEHUS allbrohopoi.

Ha dbopmupoBanue BogopOCiIEBOro 1eH03a U €r0 U3MEHEHUE OKa-
3bIBAIOT BJIMSIHUE W JKMBOTHBIE OpPraHu3Mbl (pakooOpa3HbI€, MOJLIIO-
CKH, OTACJIbHBIE BUABI PHIO), KOTOpHIE MUTAIOTCSI BojgopociasiMu. Kpo-
M€ TOT'0, BOJOPOC/IH JTHA, HAXOJSACh HA OJTHON TEPPUTOPHH, BCTYIIAIOT
MEXTy COOOM B CIOKHBIC MEXBUJIOBBIE OTHOIIEHUS, MIPUBOIAIINE K
BBIMHUPAHUIO OJHUX M aKTUBHOMY Pa3MHOKEHMIO JIpyrux. Bot moue-
My B OEHTOCHBIX IIEHO3aX TaK kK€, KaK B INITAHKTOHE U NEpUPUTOHE,
MOCTOSIHHO HA0JIFOJIA€TCs CYKIIECCUS BUJIOB.

OnHUM W3 BaXHEUMIIUX DKOJIOTHYECKUX (PaKTOPOB JJIsi OEHTOC-
HBIX OPTaHU3MOB SIBJISICTCS CBET, TIO3TOMY 3acejIcHUE IPYHTOB Ha TIIy-
OWHaX JecsATKa METPOB BO3MOXKHO JIMIIIb TIPH OOJIBIION MPO3PAYHOCTH
BOJIbI TOJIKO B YMCTBIX BOJOE€Max. B 3aMyTHEHHBIX, TEKYyYUX BOJIO-
eMax (UTOOEHTOC OOBIYHO Pa3BUBAECTCA B MPUOPEKHBIX 30HAX. [ 1y0-
XKe JIPYTUX MPOHUKAIOT OEHTOCHBIE JUATOMOBBIC, JOBOJBCTBYSICH HE-
3HAUUTEJIbHBIM KOJIMYECTBOM COJHEYHOTO CBE€Ta Ha IIyOMHAax [0
60 M. HekxoTtopbie (opMbl AHMATOMOBBIX MPHUCIOCOOMWINCH K Campo-
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TpopHOMY criocoOy nuTanus. YpesmepHasi COJIHEUHAasi MHCOMSIUS Ty-
outenbHa 1711 MEe30(DUTOOCHTOCHBIX (POPM, BCILIBIBAIOIIMX CKOILIE-
HUSIMU Ha MOBEPXHOCTh BojloeMa. B 3THX yCIIOBHSX MPOUCXOAUT MO-
OypeHre U OTMUpPaHUE TaUIOMa, MacCCOBOE 00pa30BaHUE CIIOP U ITUCT,
nepexoj B MAIbMEUIOUIHOE COCTOSIHUE C 00pa30BaHUEM OOJIBIIIOTO
KOJINYECTBA CIIU3H.

TemnepaTypublii GakTop ONpenesieT CKOPOCTh POCTa, 3aKIAJKY
OpraHoOB Pa3MHOXKEHUsSA, POPMUPOBAHUE KIYOECHHKOB HAa PU3OUIAX Y
XapoBbIX. TeMreparypa MOXET OKa3bIBaTh BIMSHHUE M HA MPOHUKHO-
BEHHE BOJOpociell B riryOuHy. [Ipy mOHM)KEHMM TeMneparypbl WH-
TEHCUBHOCTH JIbIXaHUs OCIa0eBaeT ObICTpEe, YeM UHTEHCUBHOCTH (o-
TOCHUHTE3a. PaBHOBECHE ITUX MPOILIECCOB, TAK Ha3blBacMasi KOMIICHCA-
I[MOHHAsl TOYKA, YCTAaHABJIMBACTCS MPU MEHBIIICH OCBEIICHHOCTH, TO
€CTh Ha OOJIbIIEH IITyOUuHE.

['MApOXUMUYECKHI PEKUM BOJOEMA OKA3bIBAET CUIILHOE BIIHSIHHE
Ha U3MEHEHHE OCHTOCHOTO I€HO03a. BoJbIlloe KOJIMYECTBO JKejie3a B
HCTOKaxX peK (10 7 Mr/i1) TOpMO3UT Pa3MHOKEHHUE BOJOPOCIEH, 3/1€Ch
Pa3BUBAIOTCA TOJIBKO Kejnezo0akrepuu. [IpuaoHHBIE pa3pacTaHus
Cladophora u Oedogonium nauuHatotrcs ipu KoHueHtpauuu Fe 0,5
MI/1 1 HUKE. A30T U Pocdop TpeOdyroTcsi BceM OEHTOCHBIM (popmaM B
no3ax He menee 0,02 mr/n. Ecim e ux cojepskaHue MOBBIIIASTCS, Kak
MPaBWIO, 32 CYET AHTPOMOTeHHOTO BO3JICHCTBUS Ha BOJIOEM, TO CTa-
HOBSITCSI MacCOBBIMH Me30(hUTOOCHTOCHBIE BHJBI pojaa Spirogyra,
a30TOJIOOMBBIE CHHE3EJICHBIE, a U3 XJIOPOKOKKOBBIX — Hydrodictyon
reticulatum.

N3menenue cocraBa (UTOOEHTOCA KakK CJIEICTBUE AHTPOIOTECH-
HBIX BO3JICUCTBUI HA BOJOEM JIUIIL B HEJJABHEE BpEMsI CTajo MpUBJIE-
KaTh BHUMAaHUE UCCIIE0BATENCH. Y CTaHOBIEHO, UTO (PUTOOEHTOC IO
BIIUSITHUEM AHTPOIIOTEHHOTO 3arps3HEHUS] OY€HBb OBICTPO MEHSIET CBOM
COCTaB, MOCKOJIBKY JTHO aKKYMYJUPYET XUMHUUYECKUE COCIMHEHMUS, 10~
MaBIIME B BOJIOEM W BBI3BABIIKME HApPYIIEHHE B dKocHcTeMe. YacTo
HaOJII0IA€TCS YMEHBIIIEHUE KOJIMYECTBA WJIM TMOJTHOE HCYE3HOBEHHE
XapoOBBIX BOJOPOCIEH U3 TUIMHYHO «XapOBBIX» BOJOEMOB (MEJIKOBOI-
HBIX C KECTKUMH BOJAMH ), UTO OOBSICHIETCS HEMEPEHOCUMOCTBIO UMHU
MOBBIIICHHBIX KOHIIEHTpPAllUi, MUTATEIbHBIX BEIIECTB, OCOOEHHO

dbocdopa.
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[To OTHOIIEHHUIO K KUCIOTHOCTU CPEJIbl MPECHOBOAHBIN (hUTOOCH-
TOC MPEANOYUTAET HEUTPAIbHO-IIICIIOUHbIE BOJBL. Tam, rje cka3biBa-
€TCsl BIUSIHUE OOJIOT, Pa3BUBAIOTCS B OCHOBHOM MPEACTABUTEIHU JEC-
MUJIUEBBIX U HEKOTOPHIE TUATOMOBBIE.

[To daopucTuyeckoMy cocTaBy (PUTOOEHTOC MPECHBIX BOJOEMOB
OueHb pazHooOpaszeH. Ero QopMmupyroT mnpeacTaBUTENH OTIEIOB
Chlorophyta, Cyanophyta, Ochrophyta, Euglenophyta, Rhodophyta.
Benymiyo pons B popmupoBanuu Me30(pUTOOCHTOCA 3aHMMAET Kia-
nodopa, B mpoTouHbix Bogax 4ame Cladophora glomerata, B cTOS-
yux — CL. fracta, Cl. carnuta, Cl. glomerata. OHa pacnpocTpaHeHa B
PaBHUHHBIX peKax, B ME30TPOGHBIX BOJOXPAHUIIUIIAX U IBTPOPHBIX
o3epax, BcTpeyaercss B ropHbix o3epax Cpenneit A3un, KaBkasza u B
o3epe barikan. HauumnHaer cBoe pa3BUTHME OHA KakK NPUKPEIJICHHAs
dbopMa, a gajgee CTaHOBUTCS HEMPUKPEIUICHHOM, MEPEHOCHMOM BET-
poM U TeueHueM. B cKoIuieHusx KiIagoopbl MOCENSIOTCS MEJIKHE
’KUBOTHBIE BOJIOEMOB U MX JUYMHKH, a TaKXKe BOJHBIC TpuObl. Ha Hu-
TSIX Ka1ag0(opbl 4acTO pa3BUBAETCS OOJIBIIOE KOJUYECTBO Iepedu-
TOHHBIX Bogopocieil. CKOIIeHne U OTMUpaHue HUTEH Kianodopsl Ha
MEJIKOBOJHOM 30HE BOJOXPAHUJIMIL YacTO MPUBOJIUT K HAPYIICHUIO
MPOAYKIIMOHHBIX MPOIECCOB B 30HE, K YXY/IIICHUIO CAHUTAPHOI'O CO-
CTOSIHUSI BOJIOEMA.

OO6bryHbIM B Me3odurodeHntoce sBisiercs Ulothrix, pa3pacraro-
UHACS HA KaMEHUCTOM JHE U Oeperax. JIepHOBUHKU YJIOTpPHUKCA —
HEXHBIE, SIPKO-3€JI€HBbIC, COCTOST U3 HEBETBAIIUXCA HUTEH. [Ipu He-
JOCTaTKE a30Ta M MOAIICIa4YMBAHUU BOJIbI OH MEPEXOAUT B MaIbMeE]-
JIOUHOE COCTOSTHUE.

Ponwt Stigeoclonium n Chaetorhora o0pa3yroT Ha JTHE KYCTUKH U3
HUTEH, 3aKaHUYUBAIOIIUXCSI BOJIOCKOM. BUIbI ATUX poAoB Npu HebOa-
TOMPUSITHBIX YCIOBUSIX TAKXKE MEPEXOJAT B MATbMEIJIOUHOE COCTOSI-
HUE.

B MenieHHO TeKyIuX U CTOAIIMX BOJAaX PacHpOCTPAHEHBI BUJIbI
Oedogonium ¢ SIPKOOKpAIIEHHBIMU OOTOHUSIMU. B OBICTpO TEKyIIUX
Bogax Oedogonium OOBIYHO CTEPUJIEH M, TOJBKO IOIMAaB B TUXYIO 3a-
BOJIb, (OpMHUPYET IMOJOBbIE OpraHbl. B Bojoemax, cojaepkammx
OOJIBIIIOE KOJUYECTBO a30THCTHIX BEIIECTB, y AHA (OPMHUPYIOTCS KO-
nouuu Hydrodictyon reticulatum. KonoHuu o4eHb KPYIHBIE M HEX-
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HBIE, COCTOSIIIKNE U3 KJIETOK, COCIMHEHHBIX YIJIAMH B CETOUKY, MHOTIa
JOCTUTAIOT OJTHOTO METpa B JJIUHY.

[IpencraButens otaena Ochrophyta Vaucheria 9acto pa3BUBaeT-
csi B OeHTOCe OBICTPO TEKYIIUX BOJ, (GOPMUPYS IUIOTHBIE TEMHO-
3eJICHbIE JCPHOBUHKHU. B yCIIOBHSIX MEIJIEHHO TEKYIIHUX BOJ JIEPHO-
BUHKW CTaHOBSTCS PBIXJIBIMH, BaTOOOPa3HbIMH U (POPMHUPYIOTCS
OOTOHUM M aHTEepUIUU. PacmpocTpaHeHbl B Pa3aUYHBIX IKOJIOTHYE-
CKHX yCJIOBHSX M BUIBI poaa Tribonema.

M3 HUTYATHIX 3€JEHBIX BOJOpOCIe OEHTOca OYeHb paclpocTpa-
HEeHbl Spirogyra Mougeotia, Zygnema. OHU 4acTO pa3BUBAIOTCS BMe-
cte. CKOIUIeHHS X 3€JICHOTO I[BETA U Ha OIIYTh CIM3UCTHIE.

N3 xapoBbIX BOJAOPOCIECH B MEIKHUX, a MHOTJA U B IITyOOKHUX (110
30 M) BomoeMax pasBuBaercsi oowinbHO Chara crinita. Bopopocib
paszenbHOIIoNas, HO Yalle BCTPEUaAIOTCs KEHCKHE 3K3eMIUiphl. Cpe-
JIM XapOBBIX paclpocTpaHeH NmapTeHoreHe3. EcTh u ocobas qumiion -
Has paca JKeHCKUX oco0Oell. SAllexneTka y HUX JUIIOUHA 0 HA0opy
XPOMOCOM. XapOBbI€ MPEANOUYUTAIOT UINUCTHIE TPYHTHI, KAJIBIIMHUPO-
BaHHBIC YUCTHIE BOJBI.

OdyeHb OOMJIBHBI U Pa3HOOOpPA3HBI B OEHTOCE JTUATOMOBBIE BOJIO-
pocid. Y HUX BbIpaOOTAIMCh IPHUCHOCO0ICHUS K OEHTOCHOMY 00paszy
XKU3HU. MHOTHe TpeACTaBUTENM Kjacca MEPUCThIX AuaTOMER 00Jia-
JAI0T TIOABMIKHOCTBIO 32 CUET CIIM3H, BBIICISIEMOM W3 IIBa CTBOPKH.
DTO UM JaeT BO3MOKHOCTh HE OBITh 3aXOPOHEHHBIMH B TIECKE, WIE. Y
HEKOTOPBIX UMEIOTCS CIU3ZUCTHIE HOXKKH, KOTOPBIMU OHU TPUKPEILIs-
I0TCSI K CyOCTpaTy M BBIIBUTAIOTCS HAJ HUM B YCJIOBHUSAX JIYYIIIETO OC-
BEIICHUs. Y HEKOTOPBIX JTUATOMOBBIX OOpa3yrOTCs JUTMHHBIC CIIU3H-
CThI€ YEXJIbl, BHYTPU KOTOPBIX paCIOaraloTcsl 0OJHa 3a JPYyrou Kier-
ku (Epithemia, Navicula w np.). Jlpyrue, pa3smMHOXkasch B Macce,
00pa3ylT CIM3UCTBIE CKOIUICHHs Oyporo 1BeTa. Takue CIU3UCThIC
o0pa3oBaHusl YacTO IMOKPHIBAIOT MOBEPXHOCTh JHA B BUJE IUIOTHOM
IJICHKH. DTH TUICHKH CKPEIUIAIOT Mecok W wi. HexoTopele nuatomMo-
BbIE DBOJIIOIIMOHUPOBATIN B CTOPOHY YCJIOKHEHHS CTPYKTYpPBI CBOUX
naHmupen (yTosiieHre u oopa3zoBaHue auadparm), 4To JeiaaeT KieT-
KM TsDKEJee W JaeT UM BO3MOXKHOCTH CYIIECTBOBAaTH B IMPUIOHHOM
cnoe (Ropalodia, Pinnularia, Surirella, Pleurosygma).

[[10THO MOKPBIBAIOT JHO M CHUHE3EJIEHbIE BOJOPOCIH, 00pasys
JEPHOBUHKH, CIIM3UCTHIE KOJOHHH WM KOHTJIOMEPATHI, CHOPMHUPO-
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BaHHbBIC MPEACTABUTEIIAMHU Pa3HBIX POJIOB U BUJIOB. TUIIMYHO JIOHHOM
dbopMOli B HayaJdbHBIX CTAJUAX CBOETO pa3BUTUA fABiIsieTcss Nostoc.
[IpeacraButenu 3Toro poaa MOryT oOpa3oBbIBaTh aMOp(HBIE CKOILIe-
HUA, CPEepUUYECKHUE KOJOHUM Pa3MEpPOM C S0, KOTOPbIE AHEM IMpHU
aKTUBHOM (POTOCHHTE3€ U 00pa30BaHUM IMY3bIPHKOB KHUCIOPO/ia BHYT-
pY KOJIOHMHM MOJHHUMAIOTCS U IUIABAIOT HA TMOBEPXHOCTH BOJOEMA.
Houbto e omyckarTcst Ha JTHO.

Hutuateie Cyanophyta vu3 ponoB Oscillatoria, Lyngbya, Phormi-
dium TIOKpBHIBAIOT JTHO TEMHOW IUICHKONW. MHOTHE W3 CHHE3EJICHBIX
MPUYPOUCHBI B CBOEM Pa3BUTHUM K 3arpsi3HEHHBIM MECTaM, a OTOMY
OOWJIbHO Pa3BUBAIOTCA B BOJOEMax Yy MPOMBIIIIEHHBIX BBIOPOCOB,
CTOKOB C KUBOTHOBOJIYECKUX (hepM U OBITOBBIX CTOKOB.

Bonmopocnun O0eHTOCa Kak CTallMOHApPHBIC IIE€HO3bI, MCIBITHIBAIO-
I[MEe XPOHUUYECKOE 3arpsi3HEHNE B pailoHaX MPOMBBIOPOCOB, SIBJISIOTCS
WHJIUKATOPHBIMUA OpPTraHU3MaMH TpPU OIIEHKE CTETECHU 3arpsi3HEHUS
BOJIOEMA WJIM 30HBI.

Pa3MHOeHUE BOJIOpOCIe OEHTOCA — BaXKHBIM MOMEHT B 00IIIEM
MPOIECCE CAMOOYMIIEHUSI BOJIOEMA, OCKOJIBKY OHU MPOAYUUPYIOT Y
JTHa KUCJIOPOJ, HEOOXOIUMBIN JUIsl Mpoliecca MUHEpaIu3aluyd opra-
HUYECKUX BemlecTB. Ho MaccoBoe pa3BUTHE BOJOPOCIEH JHA U HX
OTMHUPAHUE YCUIIMBAIOT TPAThI KUCIOPO/Ia HA MPOLIECCHI IECTPYKIIUH.

NHTeHCUBHOMY pa3BUTHIO (PUTOOEHTOCA, & C HUM M 33Tpodupo-
BAHUIO BOJI0EMa OJIArOMPHUATCTBYIOT OCIA0JIEHHOE TEUCHUE, BHICOKAS
MIPO3PAYHOCTh, OOJIBIIIOE KOJIMYECTBO OPraHMYECKUX BEIIECTB, OOJIb-
IITUE€ 30HBI MEJIKOBO/IbSI.

s hbopMupoBaHusa 1I€HO30B (PUTOMHUKPOOEHTOCA OIpEIeIIsio-
niee 3Ha4eHUE MMEET AMHAMUKa BOJHBIX Macc. [Ipu Oombiioi auHa-
MUYHOCTH BOJIHBIX MacC OCHTUYECKUE 1I€HO3bI pazpymiarorcs. boiee
CTAOMJIbHBI IIEHO3bI MUKPOOEHTOCA B MOMMEHHBIX BOJOEMax, BOJO-
XpaHWINILAX.

Bo BHOBb 00pa30BaHHBIX BOJIOXPAHUJIHUINAX PA3BUTUE ATOTO IIe-
HO3a IIPOXOJUT HECKOJIbKO craauid. [lepBas cragus HaUMHAETCA C MO-
MEHTa 3alOJIHEHUS] BOJAOXPAHWJIUIIA, KOT/Ia B OCHTOCE BCTPEUYaIOTCS
MPEJCTAaBUTENIN PA3IMUHBIX SKOJIOTMYECKUX TPYII, U BereTaius OcH-
TOCHBIX BOJIOpOCIiel 3aaepkuBaeTcsi. MHoTHe u3 OEHTOCHBIX (hopM,
CYILIECTBOBABILIUX B PEKE J0 3aTOIUICHUS JIOXka BOJOXPAaHWIIUILA, OT-
MUpPAIOT WK yrHETeHbl. BTOpas cTamus HauyMHAeTcs ¢ MOMEHTa 3a-
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MOJIHEHUSI BOJIOXPAaHWIIMILA BOJION 7O MPOEKTHOrO ypoBHs. B Hauane
Ha JIHE B Macce Pa3BUBAIOTCSA JUATOMOBBIC U CHHE3EJICHBIC, TPUYEM
Ha MEJKOBOJIHBIX Y4YacTKaxX 3TOT IMPOIIECC MPOUCXOAUT ObICTpee, YeM
Ha TyOOKOBOJHBIX. TpeThsi cTaaus — cTaaus oOpa30oBaHUs MOCTOSH-
HBIX II€HO30B — MPOUCXOJUT B MEJIKOBOJHBIX BOJIOXPAaHWIIMINAX Ha
BTOPOM ToAy, B TNIyOOKOBOJHBIX — Ha TpeTheM. [Iporecc 3ToT, oue-
BUJIHO, 3aKaHYMBAETCS MOCIEe MUHEpATU3alliu 3aTOIJIEHHOTO PacTH-
TEJIHLHOTO MOKPOBA.

[ToBrIIeHHBIE OMOMACChl OCHTOCHBIX BOJOPOCIIEH, 0COOEHHO Ha
MEJIKOBOJIHBIX 30HaX, MPUBOAAT K TaK HAa3bIBAEMOMY BTOPUYHOMY 3a-
rpsi3HeHHIO Bojoema. [Ipu »ToM yBennuuBaeTCss OMOJIOTHYECKOE TO-
TpeOJIeHHEe KHUCJIOPOJa, pacTeT OMXpomaTHas OKHUCISIEMOCTb, YBEIIH-
YUBACTCS COJICPKAHNE OPTaHUYECKUX BEIECTB, MOSBISIOTCS (PEHOJIBI
B KOHIICHTPAIIMSIX, BO MHOTO pPa3 MPEBBIIIAIONINX JTOMYyCTUMBIE HOP-
MbI. [IpoaykThl MeTaboM3Ma MAacCOBBIX BHJOB OKa3bIBAIOTCSA YaCTO
WHTUOUTOPAMH POCTa ISl IPYTHX BUIOB.

[Iporiecc aHTPOMOTeHHOTO ABTPOGUPOBAHUS BOJOEMOB 3a CUET
OypHOTO pa3BUTHSI OCHTOCHBIX (JOPM B HACTOSAIIEE BPEMS MPUHSI YT-
poskaronue MacmTadbl, 0COOEHHO B I0KHBIX pernoHax. Tak, B MajbIX
pekax KpacHomapckoro kpasi OmoMacca OEHTOCHBIX BUJOB Spirogyra
u Cladophora noxonut 10 5 KI/KB. M CBIPOTO Beca.

[Ipobmema m3ydeHus JOHHBIX (PUTOIICHO30B IPOJIOJDKAET B Ha-
CTOsIIIIee BpeMsI IIPUBIIEKaTh BHUMaHWE UCCIIeI0BATEIEH-aIbI0JIOTOB B
CBSA3U C KOMIUIEKCHBIM PallMOHAJIBHBIM HMCIOJIb30BAHUEM BOJOEMOB,
MPEATNOJIAaraloMUM YBEIHUYCHHE CTPOUTEIBCTBA THIPOTECXHUYECKUX
COOPY’KEHUM, OPOILICHUEM T0JIEH, pa3BUTHEM PHIOHOTO XO35MCTBA.
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Jlekumsi 6. DntoodbpacTaHUA NpPeCcHbIX
BOOOEMOB

duroodpacTanusi, uiu GuronepuduUToH, — 3TO0 BOAOPOCIHU, KOTO-
pble OOMTAIOT HA TBEPAOM CyOCTpaTe 3a mpesaeaaMu crenuduaeckoro
npuaoHHOro cios. CyOocTpaThl, Ha KOTOPBIX (DOPMUPYETCS ITOT ajlb-
TOIIEHO3, MOTYT OBITh €CTECTBEHHBIMU (KaMHU, BBICIITUE BOJHBIC pac-
TEHUsI, KOPSATH, PAKOBUHBI KUBBIX MOJIIIOCKOB), a TAK)KE UCKYCCTBEH-
HO BHECEHHBIMH B BOJIy YEJIOBEKOM (METAJUIMUYECKUE U JICPCBSHHBIC
KOHCTPYKIIMH, CBaM, OaKkeHbI, BOJAHBIM TpaHcmopT). o 1905 roga Bo-
JOpOCu oOpacTaHU U BOJOPOCTH AHA OTHOCUIHU K putoOentocy. C
1905 roma u3 coctaBa OeHTOCa OBLI BBIJICJICH IIEHO3 OOpacTaHUM.
Chayana K oOpacTaHUSM OTHOCHJIM TOJBKO BOJIOPOCIH Ha CyOCTpa-
TaX, BHECEHHBIX B BOJY YE€JIOBEKOM, a ¢ 1933 roga cTajim OTHOCHUTH
BCE COOOIIeCTBAa KaK Ha €CTECTBEHHBIX, TAK U Ha MCKYCCTBEHHO BHE-
CEHHBIX B Bony cyoOcTparax. [IpaBaa, u B HacTosiee BpeMsl HEKOTO-
pBI€ UCCIIEOBATEIN CUUTAIOT, YTO PA3IUYHs MEXIYy COCTaBOM OEHTO-
ca u nepuuTOHA MPU OJMHAKOBBIX SKOJIOTHYCCKUX YCIIOBHIX HE3HA-
YUTEIBbHBI U BCE COOOIIECTBA, JKM3Hb KOTOPBIX IMPOXOIUT Ha
cyocTpate, cieayeT OTHOCUTH K OCHTOCY.

Cpenu Bopopociieid, GopMupyromnmx nepudUuToH, €CTh THITUYHbIC
oOpacrareny, HO CIOjla TIOTaAa0T W MJIAaHKTOHHBIC BB U BUJIBI, Be-
yliue, Kak mpaBuiio, TOHHBIN 00pa3 skxu3HU. OJIHAKO YCIOBUS CYIIIE-
CTBOBaHHMs COOOIIECTB Ha Pa3IMYHBIX CyOCTpaTax y ype3a BOJbI WM
Ha HEKOTOPOU IIyOuHE, HEe JOCTUTAIOIEH JHA, OTIUYAIOTCS OT TaKo-
BBIX Ha JIHE, /i€ BOJOPOCIN HAXOAATCA Mo ero BiausinueMm. KoneuHo,
Ha MEJKOBOJbE ATHU YCJIOBHUS OJIM3KH, IMOCKOJIBKY COINPUKACAIOTCS
rpaHuUlIbl MECT OOUTaHUA epUPUTOHA U OEHTOCA.

N3ydenue nepruduToHa uMeeT 00JbIIOE HAyYHOE 3HaUYeHHE. Tak,
HaO/I0as B MPUPOJAE COCTaB U paclpeselieHre NepupuToHa, JIerye
PEIIUTh Pl TECOPETUUECKUX BOTPOCOB, MOCBSIICHHBIX OMOIICHOTHYE-
CKMUM OTHOUIEHUSM OpPraHW3MOB, YeM MpPU H3YUYEHUU IJIAHKTOHA U
OeHToca. DKCIEPUMEHT B JAHHOM CJIy4ae MOXHO CTaBUTh HE B J1a00-
patopuu, a B npupoje. N3ydas nepuduToH, MOKHO MPOCIECAUTH €ro
dbopMUpoBaHUE B AWHAMHKE, HAYWHAs C YHUCTOro cyoctpara. Takue
WCCJICOBAaHUS ceiyac MUPOKO MPOBOATCS Ha BOJAOEMAaX Pa3IudHOTO
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THUIIAa C UCTIOJIb30BAHUEM ILJIACTUH OOpacTaHUN U3 pa3sHOOOPA3HBIX Ma-
TepuanoB (CTEKJIO, AePEBO, METAILJI, INIACTMACCHI, OETOH U T. 11.).

N3yuenue ¢uronepudutona mMeer U OOJIBIIOE MPAKTHUUECKOE
3HAUYEHHUE, MOCKOJIbKY BOJOPOCIU-O0pacTaTeIu, MOCENssICh Ha IOo-
BEPXHOCTSAX THAPOTEXHUYECKUX COOPYNKEHUU U MPUOOPOB, IPUBOAAT
K UX TOBPEXKACHUIO U pa3pylieHuto. bruomornueckas Koppo3us omnac-
Ha JJI1 TPAHCHOPTHBIX CPEJCTB M TEM, YTO 0OpacTaTel CHUXKAIOT
CKOPOCTh TMepeBIKeHUSA. [Ipy M3ydeHHM CAaHUTApPHOTO COCTOSHUS
BOJIOEMOB BOJIOPOCTH OOpacTaHWM MOTYT OBITh HCIIOJB30BaHBI Kak
XOpOIIIHe MOoKa3aTeau canpoOHOCTH BOA. [0 COOTHOIICHWIO WHIMKA-
TOPHBIX OPraHU3MOB TNEPU(PUTOHA PACCUUTHIBAIOTCS WHJICKCHI Ca-
MpPOOHOCTH, a TPU KOMIUIEKCHOM THIPOOHOJIOTUYECKOM HCCIE0Ba-
HUW BOJI0OEMa C BKJIIOUCHHEM JIAHHBIX IO THIPOXHMHYECKOMY, MHK-
POOMOJIOTUYECKOMY aHAIIM3y U COCTOSIHUIO (DayHbl U (PJIOPHI, JaHHBIE
10 NepU(PUTOHY MOTMOTHAT OOIIYIO KAPTUHY.

B cocraB ¢uTooOpacTaHuii MPECHBIX BOJOEMOB BXOJAT MpeAcCTa-
Butenu otnaenoB Chlorophyta, Cyanophyta, Euglenophyta. TunuaHabiM
npeAcTaBUTeNIeM oOpacTaHui MOXHO cuuTaTh poa Ulothrix, obpa-
3YIOIIMK TIBIIIHBIE OOPJIOpPHI y ype3a BOJBI, TJI€ TECUCHHE JIOBOJILHO
osicTpoe. Bugel atoro pona (U. zonnta n U. tenerrima) Kpenko npu-
KPEIUIAIOTCSA K KAMEHUCTOMY CyOCTpaTy MpH MOMOIIHM JIAMYaToro pu-
3ouga. PasMHOXKEHHE yIOTpUKCa OCYIIECTBIISICTCS C MOMOIIBIO 300-
CIIOp ¥ TaMeT, KOTOphIE MPH HACTYIUICHUH HEOJArompUsITHBIX YyCJIO-
BUM B BojoeMe (POpMUPYIOTCS B OOJIBIIIOM KOJIUYECTBE KJIETOK,
CIICIYIOIIMX JAPYT 3a APYTOM, U TOT/Ia COJACPKUMOE KJIETOK CTAaHOBHUT-
Csl 36pHUCTBIM W TEMHOOKpamieHHbIM. OCHOBHBIM TPU3HAKOM ATOM
HUTYATON HEBETBAILECUCS BOJOPOCTHU SIBISETCA XpoMaropop B BHUJEC
HE3aMKHYTOT'O TOsICKa.

NHTeHCMBHO B oOOpacTaHUSX Pa3BUBAIOTCA MW BHUILI PoOJa
Claadophora ¢ 0OMIBHOBETBSIIIMMCSI HUTYATHIM TaJNIOMOM, KOTOPBIN
3€JICHBIM KOBPOM TOKPBIBACT paszinuHble cyocTpartsl. IIpu moctaTod-
HOCTH OMOTE€HOB M BBICOKUX TeMIIepaTypax OHa pa3BUBAETCSA B OYCHBb
OOJIBIIMX KOJMYECTBAX M €€ MPHUKPEIUICHHbIE K CyOcTpaty (Gopmbl
CTaHOBATCS TuIaBaromuMu. CKOIUICHHs KIag0(popbl MOKHO JIETKO Y3-
HaTh BU3YAJIBHO I10 MPABWIBHOM 3E€JIEHOW OKPACKE, TOCTATOYHOMU Ke-
CTKOCTH HUTEU, HE BBIJICTSAIOMIMNX BOKPYT CEOs CIU3b.
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B tex xe ycnoBusix, uto u Cladophora, pa3BuBaeTcsi B oOpacTa-
HUSX JIpyras HUT4YaTas BOJAOPOCHb — Stigeoclonium, y KOTOpOU MpH-
criocoOJieHneM JJia oOpacTaHusl SIBJIAETCS MOJOIIBA B HIDKHEW 4acTH
TajUIOMa, COCTOSIAsi M3 TPYNIbl KJIETOK, IJIOTHO MPUJIETAlOUIUX K
cyoctpary. OT MJIACTMHKUA WIET HUTYATas 4acTh TaJIOMa, KOTOPYIO
M0/ MUKPOCKOTIOM JIETKO y3HATh MO TOHKUM BOJIOCKaM Ha KOHIIE BET-
Ber. Boiopociib Ha OLIyIb CIIU3UCTAS.

[IpencraButenu pona Oedogonium B 0OOpacTaHMUSAX TakXke J0-
BOJILHO PacIpOCTPAaHEHBI U B OOIIEH Macce HUTUYATHIX 3€JICHBIX BOJIO-
pOCIIeH MX JIETKO OTIWYUTH M0 HATMYHMIO Ha HEKOTOPBIX KJIETKaX 0CO-
OBIX BBICTYIOB-KOJIMAa4YKOB. HUTuaThie cimporupa, 3urnema, My kKOIus
XOTSI U HE MMEIOT CIICHHUAJIbHBIX MPUCTIOCOOTICHUN NJIs 3aKpeTUICHUS
Ha cyOcTpaTe, OJHAKO Y4acTo BCTpevaroTca B oOpactanusx. Mx Tamio-
MBI BBIICJISIFOT CJIU3b.

N3 cruHe3eneHbIX BOAOPOCIICH 04eHb YaCThl B 00pacTaHUsIX Mpe-
ctaButenu ponoB Oscillatoria, Phormidium, Lyngbya, Spirulina, o6-
pasyroIye IJIOTHbIE TEMHO-3€JIeHbIE JCPHOBHMHKM Ha CyOcCTpaTax,
OOUJILHO pa3BUBAIOIIMECS OCOOCHHO B MeCTax 3arpsi3HeHHbIX. CKOI-
JICHUS CMHE3EJICHBIX CIIM3UCTHI, @ HEKOTOPHIE U3 HUX, 332 CUET BhIJICIIC-
HUS CIU3H, 00JIaJIal0T aKTUBHBIM JBMKEHHEM HUTH IO CyOCTpary.
Ota crnocobHOCTh o0ecreunBaeT paccelieHue Buaa. Kpome toro, B
KOHIIE BEreTalllM, a TaKXe MPU HEOJIarompHUsATHBIX YCIOBHUSIX pa3BH-
THS, HUTU PaCIaaloTcs Ha OTHEJbHbIE yYaCTKHU-TOPMOTOHHUH, KOTO-
pBI€ JIETKO MEPEHOCATCS BOJHBIMU MOTOKAMH B HOBBIE MECTA.

K TtunwyaeiM oOpacrarenssM M3 CHHE3EJIEHBIX MOXXHO OTHECTH
Tolypothrix, GbopMHUpYIOLINI 3€JI€HO-0Oyphle HaJeThl HA MOBEPXHOCTHU
KamMHel, OaKkeHOB, KOpAr, a TakKXKe KOJOHHUAJIbHBIC (POPMBI
Gloeotrichia v Rivularia, pa3BuBaroiyecs yaiie B MEJIKOBOJIHBIX, XO-
POIIIO MPOTPEBAEMBIX 30HAX 03€p, PEK M BOJAOXPAHWIUIL U (PopMu-
pYIOILIME CBOU KOJIOHMU Ha JIMCThIX U CTEOJSAX BBICIICH BOAHOM pac-
TuTenbHOCTU. [IprueM cyOcTpaToM IS pa3BUTHUS THX KOJOHUM MO-
I'yT OBITh KakK >KMBBIC, TaK M MOTUOIINE pacTeHus. B prucoBBIX dekax
KaK BOJOEMax 0cOOOro TUIA 3TH BOAOPOCIH Pa3BUBAIOTCS OCOOEHHO
XOpoIIO Ha cTeOnsax puca. X pa3BuTHE B YeKax MOJOKHUTEIHHO CKa-
3bIBACTCSl HA BO3JECJIBIBAEMOM UYEJIOBEKOM PACTEHHH, MOCKOJIbKY OHU
OTHOCATCS K (pukcaropaMm aTtMoc(epHOro azora M MpU OTMHUPAHUU
o0OoramaroT UM BoJly U mo4By. OOUIBHBI B OOpacTaHUSIX Ha CKaJM-
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CThIX Oeperax, Ha TaJICUHHUKE, Ha JIEPEBSIHHBIX CBasX CIM3UCTHIC KO-
aouun Gloeocapsa u Gloeothecea, a xononuu Merismopedia obOpa-
3yIOT IUIACTUHOYKHM SIPKOTO CHHE-3€JE€HOro 1Betra. Microcystis
aeruginosa, BBI3BIBAIOIINKN «I[BETEHHE» BOJbI B BOJOEMax U pa3BU-
BAIOIIMICSA aKTUBHO B OCHTOCE, TOBOJIBHO YacTO OTMEUYAeTCs U B Tie-
puduroHe.

W3 nuaToMOBBIX BOAOPOCIEH TUMMYHBIMU OOpacTaressiMu CUU-
TaroTcs npeacraButeau pojioB: Cooconeis, Cymbella, Gomphonema,
Denticula, Eunotia, Synedra Ropalodia m HEKOTOpbIE BHIBI POJIOB
Fragilaria v Tabellaria. B coctaBe putooOpacTaHuii JOBOJILHO MHO-
T'0 BUOB, OOBIYHO Pa3BUBAIOIINXCS B IJIAHKTOHE, HO OOJIBIIMHCTBO W3
HUX BCTpPEUaIOTCs B HEOOJIBIIOM KoJinuecTBe. [lpu aHanmse 11eHO30B
oOpactanuii B OHEXCKOM o3epe oOHapyxkeHo no 17 % u Oonee
MJIAHKTOHHBIX OPTaHU3MOB, 3TO MPEXKJE BCEro BUABI pojoB Melosira,
Fragilaria u Tabellaria. 1o 6buomacce, oOpazyeMoit ITUMU JUATOMO-
BBIMU Ha CyOCTparTax, OHU Yallle JOMUHHUPYIOT B IIEHO3€ HAJl IPyTUMHU
BOJIOPOCIISIMU.

[lo manHBIM HEKOTOpBIX HccienoBateneit, Tabellaria fnnestrata
UMeEeT CTaIUM MEPU(PUTOHHOTO U IJIAHKTOHHOTO OPTraHU3MOB, IPUYEM
nepu@uToHHOE CcOCTOsiHME TpeobiianaeT. OUYeBUIHO, TO K€ MOXKHO
CKa3aTh U O MpeJcTaBUTeNsIX poaa Fragilaria. Ha ¢popmupoBanue 1ie-
HO30B 00pacTaHUl CYIIECTBEHHOE BIJIMSHHE OKa3bIBAIOT CyOCTpar,
BOJTHEHHUE, TeMIIepaTypa, XMMU3M, TPO3PAYHOCTh, IITyOrHA U HAJTUIUe
B 00pacTaHMsIX )KUBOTHBIX-AIbI0(haros.

AJBroneHos3, cocTosmui B ocHOBHOM u3 Ulothrix zonata v 31u-
dbutHbIX nuatomer Gomphonema wu Navicula, pa3zBUBaETCsS XOPOIIIO
TOJIbKO B YCJIOBUSIX TE€UEHUs, BOoJHEHUs. Takum oOpa3oM, MeXaHHUe-
ckuil gakTop B GOPMUPOBAHUU ATOTO IIEHO3a UMEET PEIIaIoIlee 3Ha-
YeHHUE, a Y BUJOB, €r0 COCTABIIAIONINX, BHIPAOOTAIUCH CIEIIHaIbHbIE
MPUCTIOCOOJICHHUS: PU30OUIbI, CIU3UCTHIC HOXKKH U IIHYPHI.

Bnusinue cyOctpara Ha (popMupoBanue GpuronepupuToHa PSIAOM
aBTOPOB oTpuIlaercs. [[pyrue cumraror, 94To CyOCTpaT UrpacT Hema-
JOBaXKHYIO pOJib, U HE CTOJBKO B Kaue€CTBEHHOM COCTaBE II€HO3a,
CKOJIbKO B KOJIMYECTBEHHOM COOTHOIICHUH BHUIOB, €ro (hOpMHUPYIO-
mmx. Tak, B 9KCHEPUMEHTE ¢ TUIACTUHAMU OOpacTaHUN U3 Pa3IMYHbIX
MaTepuasoB MOKa3aHO, YTO OMOMACChl BCEX OTNIENIOB BOJOPOCIEH Ha
JEPEBAHHBIX IUIACTMHAX TOPa3/lo BBIIIE, YeM Ha CTEKISIHHBIX. Duto-
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oOpacTaHusl Ha BBICIIMX BOJHBIX PACTCHUSX TAKXKE OTIMYAIOTCS IO
COCTaBy M OMOMAacce B 3aBHCHUMOCTH OT BHUJIOBOW MPUHAJICKHOCTH
BBICHIETO pacTeHusA. [[€HO3bI BOOOPOCIEH, B3AThIE HA OJIHOM CTaHIUU
C pa3HbBIX CyOCTpaToOB, pa3dW4yHbl (TPOCTHUK, CUTHST, KYyOBIIIKa,
paect, cBau). JlocToBEpHbIE pa3ivMyMs B IIEHO3aX OOHAPYKEHbI KaK B
KaueCTBEHHOM, TaK M B KOJMUYECTBEHHOM OTHOIIEHHUU. DTO yTBEp-
KICHUE TOATBEPAWIOCH M B HAIMX HUCCIeAOBaHUAX Ha o3epe [lie-
IEEBO.

HccnenoBaHusiMu Ha PUPOJTHOM MaTepHalie, a TAaK)Ke ONbITaMU B
NpUpojie U J1abopaTOpuu YCTAaHOBJIEHO, 4TO (hOPMUPOBAHUE IIEHO30B
oOpacTaHuid 3aBUCUT OT TUJIPOXUMUUYECKOI0 PeXHUMa BoJIoeMa, OT Ha-
JUYHS B HEM OMOTEHHBIX JIEMEHTOB. PUTM CMEHBI rpynn BOJopociei
B BOJ0EME OOYCIIOBJIMBAETCS MEPUOJUUYESCKUMHU W3MEHEHUSIMH XUMHU-
YECKOT'0 COCTaBa BOJIbI, a TAKXKE COCTOSIHUEM MEPE3UMOBKH.

buorieHo3pl 0O0pacTaHuii B CBOEM Pa3BUTHHU MPOXOASIT HECKOJIBKO
craauil. IlepBasi cramus — 3TO CTaIUU MEXaHUYECKOTO MPWINIMAHUS U
3akpervieHrs. CHavajga Ha cyOcTpaTax IIOCENSIOTCS OaKTepUH, OHHM
MUOHEPHI B cocTaBe oOpacTtanuii. YacTel B 00OpacTaHUsAX TaK Ha3bIBae-
MbI€ 300IJICHHBIE OaKTepUH, 00pa3yIoIIUe CTY/ICHUCThIE CKOILICHUS U3
KJIETOK, OJIEThIX Karcysiod. Becbma OOBIYHBI B COCTaBE OOpaCTaHMIA
HUTYaThle OakTepuu pona Sphaerotilis. T OakTEepuu BCTPEUAIOTCSA B
BUJIC W3OJUPOBAHHBIX HUTEW WU (DOPMHUPYIOT CIUIOLIHON HaJET Ha
cyocrparax. CiaeayromymMu 3a OaKTEpUsIMU Ha CyOCTpaTax MOSBIISIOTCS
BOJIOPOCIIH, KOTOPhIE BMECTE€ C HUMH BCKOpPE BCTYMAIOT B CTAJUIO yCH-
JICHHOTO pa3MHOKeHUsl. BecHoil B mepuduUTOHE NMEPBHIMU HAYMHAIOT
aKTUBHO BETE€TUPOBATh AUATOMOBBIE, MPEJICTABUTENN JIPYTHX OTICIIOB
POJODKAIOT OCTABATHCA B CTAJUU TOKOS (B IIMCTaxX U cnopax). JleTHui
nepuUTOH XapaKTEPU3yeTCsl MOSBICHUEM B €r0 COCTAaBE 3€JICHBIX, a 3a
HUMU CHHE3EJICHbIX Bojopocied. OOwive JuaTOMOBBIX JIETOM, Kak
npaBwiio, magaeT. OceHHuid MepuUTOH TMPEACTABICH YyracaroluuMu
MPEACTABUTEIISIMU JIETHETO MEepU(UTOHA U TIPECHOBOJIHBIMU JUATOMO-
BBIMH, JIOCTUTAIOIIMMHU OCEHBIO BTOPOrO MUKa CBOEro paszButus. [Ipu-
4YeM Takasi 3aKOHOMEPHOCTh CBOMCTBEHHA BOJOEMAaM Pa3jIMYHOIO THIIA.
3UMOI aKTUBHOM BEreTaivu Bo1opocieii nepuduToHa He HaOIH0JaeTCsl.
OpnHako B MOCIEIHUE NECATWIETUS B PE3YJIBTATE AHTPOIIOIE€HHOTO BO3-
neictBus (cOpoca MOJOrpeThIX BOJI, BHECEHUS TOTIOIHUTEIHLHOTO KOJIH-
4yecTBa OMOTE€HOB U JIp.) OTMEYAETCSl YCUIICHHOE pa3BUTHE NepudUTOHA,
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TaK e, KaK TUTAaHKTOHAa U OeHToca, ¥ 3uMOM. Tak, ¢ HaCTyIUICHHEM I10-
CJIEIHETO «IIBETCHUS» 3WMOM, BBI3BAHHOTO MAaCCOBBIM Pa3BUTHUEM
Melosira, 3Ta ke BOAOPOCIh aKTUBHO pa3BUBAJIaCh B MEPUPHUTOHE, JI0-
MUHUPYS B 1IeHO3€¢ PHIOMHCKOr0 BOJIOXpaHMIIUIIIA.

HemanoBaxxubiM (PakTopoM, BIMSIONIMM Ha (popmupoBanue ¢u-
TonepuUTOHA, ABJISIETCA U MOCEJICHUE Ha TeX ke cybcTtparax (uto-
bunbHON ayHbI, 316Ch HAXOAAT YOCKHUIINE W THUIIY TMPEICTaBUTEIN
OJINTOXET, TUJPOKAPUH, XUPOHOMHJ, pakooOpa3Hbix. X oOuiabHOE
Pa3MHOKEHHUE TTPOUCXOIUT OOBIYHO B MECTax, TJIe 0CIabJICHO TeUeHUe
U JIOCTaTOYHAas MPOrpeBAEMOCTb BOJBI. 300MEpPU(UTOH BbIETAET BO-
JIOPOCIIA U TOJIBKO CO CHUYKEHUEM YUCIEHHOCTU (puTodaroB HauMHa-
eTCsl yBeIudeHue omomaccol purooOpacTaTesei.

Bonopociu obpacTaHuil OKa3bIBalOT OOJIBIIIOE BIMSHUE HA Kaue-
CTBO BOJIbI B Bogoeme. Ocoboe 3HaueHue 3TO NMpUOOpEeTaeT B peKax u
KaHaJlaX, TJEe OCYIIECTBIsETCS 3a00p BOJBI ISl MUTHEBBIX IIEJICH.
VYBenuuenue ¢utooOpacTaHuii 0OCOOCHHO aKTHBHO WJIET B KaHajax,
r7€ OOJMIIOBAHHBIE CTEHBI W TBEPAOE JIOKE CIOCOOCTBYIOT 3TOMY
npoleccy. JKCIUTyaTalldsl KaHajJOB 4acTO HE Cpa3y JIOCTUraeT Mpo-
EKTHOM MomrHOCTU. Boj03a00op B Hayaje SKCIUTyaTalluM KaHajia 3a-
HIDKEH B 3—4 pa3a 10 CpaBHEHUIO C TPOEKTUPYEMBIM, YTO MPUBOJUT K
CHUKEHHUIO CKOPOCTH TEUECHHS U HAPYIICHUIO THIPOOUOIOTHYECKOTO
pexuMa.

Bonopocnu nepudutoHa NpuHUMAIOT aKTUBHOE Y4YacTHE B MPO-
OYKIHUOHHBIX TpOlleccax B BOJOEME, UX Pa3BUTHE MOBBIMIACT TPOd-
HOCTh BOJIO€MAa, YPE3MEPHOE K€ KOJUYECTBO BOJOPOCIECH CIIY>KUT
npoiieccy 3BTpodrpoBaHus. M30b1TouHOE 3BTPODUPOBAHUE IPUBOIUT
K BBINAJCHUIO (DOPM, pa3BUBAIOIIUXCA B YHUCTHIX BOJAX, U HapacTa-
HUIO OMOMAacChl HEMHOTHX CTOMKHX K 3arps3HeHusiM BujioB. Ectect-
BEHHBIC aJIBTOIIEHO3bI 3aMEHSIOTCSI HOBBIMU, OCTHBIMUA B BHUJIOBOM OT-
HomieHnu. OTMupanue OOJBIIOT0 KOJWYecTBa (QuTooOpacTaTenei
MPUBOJIUT K YXYJIICHUIO KaueCTBA BOJBL. 3ajiada 3aKII0O4YaeTCs B TOM,
4TOOBI HAYUYHUTHCS PETYIUPOBATH MPOIIECC PA3MHOXKEHUS BOJOPOCIIECH
U aKTUBHO OOpOTHCS B CIly4ae MAaCCOBBIX BCIBIIIEK UX PAa3BUTHSL.
Oco0eHHO BaxKHbI Mepbl OOPHOBI C BOAOPOCISIMUA OOpacTaHUl B CHUC-
TE€M€ MUTHEBOT'O BOJIOCHAOKEHUS.

B Hauasie kaHanoB, U3 KOTOPBIX MJIET BOJI03a00p, MO MOKAa3aTeNsIM
BIIK uaer mpoliecc caMOOUHIIIEHUsI BOJI, HO Jajiee MO KaHajlaM OOHa-
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PY)KHBaeTCs BTOPUYHOE 3arpsA3HCHUE B Pe3yJIbTaTe OTMHUPAHUS M pac-
1ajia BOJIOPOCIEBBIX Macc IO BceMy pyciy KaHaja. [[ins 6opbObI ¢ BO-
JOPOCIISIMU CTPOST TaK Ha3bIBa€MbIE YTJIOBBHIC 3alajHH, IJI€ CKaruliBa-
IOTCSI BOJOPOCIIEBBIE MAcChl M MX JICTKO yaalsaTh. KpoMe Toro, 1mo pyciy
CTaBSAT IIUTHI OOPACTaHUI W TOJICEBAIOT XO3SMCTBEHHO MOJIE3HYIO BO/I-
HYIO PaCTUTEIBHOCTh, UCTIOIB3YyEMYIO BIIOCIEACTBUM Ha KOPM. Briciive
BOJIHBIC PACTEHUS CHIKAIOT CoJiepykaHne OMOreHOB B Boje. B pycie ka-
HAJIOB IS JIyYIIIeH adpaliil JeNaloT TepeKaThl, 4TO CIOCOOCTBYET
ounnieHnio Bojabl. Ha Metamuimueckux M O€TOHHMPOBAHHBIX KOHCTPYK-
IUSAX THIPOTEXHUUECKUX COOPYKEHHH, a TakkKe cylax, oOpacTaHus
YAAJISIOT MEXaHUIeCKUM crtocoooM. Kpome Toro, moBepXHOCTH MOKPHI-
BalOT COCTABOM, COJIEPIKaI[IM aHTUCENITUYECKHIE BEIIECTRA.

B 1nenom 3amaua 60pbObl ¢ 00pacTaHUSIMU CJIOKHA, U JUJIS y1a4-
HOTO pelleHus] He0OX0UMO 3HATh BCE YCJIOBUS, MPU KOTOPHIX BO3HU-
KaeT U pa3BUBAETCS yKa3aHHBIN MpoI1iecC.
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Jlekunsa 7.

Bunonornyeckoe camoouuniieHme BoOoOEMOB
U posyib BOAOPOCTIEN B 3TOM npouecce.
Buonornyeckas uHankKaumsa sop,

Nno BOAOPOCHAM

B KOHTHHEHTAJIbHBIE BOJOEMBI, KaK MPUPOJHBIE, TAK U UCKYCCT-
BEHHBIC, B PE3YJIbTATE XO3AUCTBEHHON AEATEIBHOCTH YEJIOBEKa I10I1a-
JAI0T OpPraHWYECKHUE BEIECTBa B BUJE IMPOMBIIIJICHHBIX, CEIbCKOXO-
3sTUCTBEHHBIX U OBITOBBIX CTOKOB. OJTHAKO B BOJOEMaxX MOCTOSHHO CO-
BEpILIACTCSl MPOIIECC CAaMOOYMIICHHUS, BEAylllas pojib B KOTOPOM
oTBOAUTCA THApoOHOHTaM. OHM MHHEPAIU3YIOT OpPraHUYeCKHE CO-
€IMHECHYSI, HAKAIJIUBAIOT B CBOEM TEJIE BPEIHBIE BEIIECTBA M OCAXK-
JAlOT UX Ha JHO.

B nmpouecce MuHepanu3zanyMu OPraHUYECKUX COEOUHEHUN y4acT-
BYIOT OaKkTepuu, BOJAOPOCIH, BOJHBIC TpuObl. Boma u3 3arps3HeHHOM
MpEeBpaIlaeTCsl B YUCTYI0, Oarojaps mepeBoy CIOXKHBIX OpraHvye-
CKMX COCIWHECHHH B MpOCThie (OpMBbI (YTIICKUCIBIN ra3, a30THAS KH-
cloTa, aMMHUaK u Jp.). Yem OoJjbliie B BOJIOEME THIPOOMOHTOB, TEM
CKOpE€ BOJIa MUHEPAIIU3YETCA U OUHUIIAETCS.

CrerneHb MUHEpAIM3AIMA OPraHUYECKOIO0 BEIIECTBA XapaKTEpH-
3yercst BenuuuHoi BIIK (GnoxumMuueckoe morpedieHne KUCIopoa) —
KOJIMYECTBOM KHCJIOPOJa B MI, KOTOpPOE MOTPeOIIsIETCs] opraHu3MamMu
B IMPOLIECCE OKUCIICHUEM BCEW OpPraHUKH, COAEpKalencs B 1 1 BOIBI.
DTOT ToKa3arenb OepyT MPH CUIBHOM 3arpsi3HEHWM BOJ 3a CYTKH,
nBoe, Tpoe. Ho uamie ucnonp3yroT nokaszarenb bIIKs (3a msaTepo cy-
TOK). B Bogax nHezarpssaeHHbix bBIIKs cocrapnser 0,5—1 mr/a, B Bogax
3arpsA3HEHHBIX OH MOXKET A0X0auTh /10 30—40 mr/n. Kpome Munepanu-
3aIlMOHHON CIIOCOOHOCTH THIAPOOHMOHTHI 00J1aal0T CHOCOOHOCTHIO
HaKaIuIMBaTh B CBOEM TeJIe BpEJAHBIE BEIIECTBA (paJuOaKTUBHBIE U30-
tonbl, T, menp u ap.). Ilporecc MuHepanu3auyu OpraHUYECKHUX
BEIIECTB IIPOXOJUT MTOATAITHO.

KonbkBuTtiiem Mapconom (1912 r.), a nozxe [lantine-bykk B Mo-
mupukaruu Crnaneueka (V. Sladecek, 1967, 1973; A. B. MakpymuH,
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1974) npenyioxkeHo aeneHue BoA Ha 4 30HBI B 3aBUCHMOCTH OT TOTO,
KaK JIaJIeKo 3alllesl MPoIecc CaMOOUHIIICHUS.

[TonucanpoOHasi 30Ha XapakTEpU3YyeTCS 3HAYUTEIBHBIM 3arpss-
HEHUEM. 37€Ch MHOTO CBEXKEW OopraHuku B (opme OEIKOB, yCIOBHS
aHa’poOHbIE, BOJIa 3aTHUBAET, MHOTO CBOOOJIHOM YIJIEKUCIIOTHI, OaK-
Tepuil 04eHb MHOTO (B 1 CM° MHJLIHOHBI kieTok). Kpome Gakrepuii B
MOJTUCANIPOOHON 30HE Pa3BUBAIOTCS OECIIBETHBIC KT'YTUKOBBIC, HH]Y-
30pHH, U3 BOJOPOCIIEH MOTYT OBITh ABIJICHBI, Yallle 0eCXI0pOpUILIb-
HbIE, HEKOTOpPBbIC (POPMBI CHHE3EIEHBIX Bojiopociiend. OOt xapakTep
HaCEJIEHUS DTOU 30HBI — MHOT'O OCOO€EI U MaJI0 BUIIOB.

a-Me30canpoOHas 30Ha XapakTepusyeTcsl 0ojiee cl1adbIM 3arpss-
HEHHEM, CAMOOYHIIICHUE YXKE€ MPOLLIO TMepByro craauto. Kuciopon-
HbIE€ YCJIOBUS CTAJIM MOJIyaHa3pOOHBIMHU. A3O0THBIC COCIUHEHUSA — B
dbopMe aMHUHOKHUCIIOT, aMHUJOB, JIOBOJbHO MHOIO YyTJIEKUCIOTHI. Co-
neprkanne GakTepuii B 1 cM’ — COTHH THICSY, BOJA BCE CIIIE 3arHUBACT.
W3 ruaipoOMOHTOB B 3TOM BOJI€ BCTPEUAOTCA, KpOME OaKTepuid, BOJI-
HbIE TpUOBI, HPY30pPUHU, CUHE3EIICHBIE BOJOPOCIU, HEKOTOPHIE 3eJie-
Hble U JuaToMoBbIe. OOIMMKM XapakTep HACEICHUS — MHOTO OCcoOel |
CpPaBHUTEILHO HEMHOTO BUJIOB.

B B-Me3ocanpoOHOl 30HE €llle Jalbllie MOIIeN MPOIECC CaMo-
OUHUILEHUSI U BOAY MOKHO CUUTATh YMEPEHHO 3arps3HEHHOH. 311ech
HET OOJIBIIOr0 KOJUYECTBa OEJIKOB, a30T MpeCTaByieH B opMe coJieit
a30THOM M a30TUCTOM KUCJIOT. Y CJIOBUS B 30HE adpOOHBIE, YTIIEKHUCIIO-
Thl Majlo, BOJa HE 3arHMBaeT. bakTepuil B BOJE — JACCATKHU ThICSY Ha
1 cm’. Ouenp pasHOOOpasHa anbroIopa, JOMHUHHPYIOT 3CIICHBIC,
JMaTOMOBBIC, BCTPEUAIOTCSI U CUHE3EJICHbIC, XapaKTEpPHbIC NJI1 YHC-
ThIX BOJ. BOJbIII0€ KOJTUYECTBO PAKOOOPA3HbIX, €CTh UHPY30PUH, PhI-
Obl. OOIIMI XapakTep HaCEJICHUs] XapaKTEepU3yeTCs pa3zHooOpazueM
BU/JIOB.

OnurocanpoOHas 30Ha — 3TO 30HA YHUCTHIX BOJ. 37€Ch a30T Ipe/l-
CTaBJIEH B JOpME COJIe a30THOM KHUCIOThI, MHOTO KHUCIOPOJia U MaJIO
VIJIEKUCIOTH. Bojla He 3arHuBaer, OakTepuil COJEPKHUTCS COTHU-
mecstkd B 1 oM. JIOMHHHPYIOT 3€I€HBIC, AUATOMOBBIC, JUHOMHUTO-
BbI€, 30JIOTUCTHIC. V3 JKUBOTHBIX MHOTO pakooOpa3HbIX, pblObl. O0-
I XapakTep HaceJeHUs] — MHOTO BHJIOB M Majio ocoOei. B onuroca-
NpoOHOM 30HE OPraHUYECKUE 3arps3HEHUs OTCYTCTBYIOT, MPOIIECC
CaMOOYHIIICHUSI 3aBEPIIICH.
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MHorna BeIACISIOT €1l 30HY KaTapoOMOHTOB, KOTOpas XapakTe-
pUBYETCA MOJIHBIM OTCYTCTBHEM OPraHUYECKUX 3arpsi3HCHUN, HO B
HEW OTCYTCTBYIOT ITIOYTH U MUHEpaJIbHBIE cok. Kpome Toro, 3Ta 30Ha
XapaKkTepu3yeTcsl OOJIbIIUM HACBHIIICHUEM BOJBI KHUCIOPOJOM, Hace-
JIEHHUE TUAPOOHOHTOB OYEHb CKYJAHO, OOBIYHO K KaTaApOOMOHTHBIM BO-
JlaM OTHOCSIT BOJbI TOPHBIX XOJOJHBIX PEK U PYUYbEB.

Ceifuac cocTaBji€H JOBOJIbBHO OONIMPHBIM CIUCOK OPraHU3MOB,
CIIOCOOHBIX Pa3BUBATHCS B BOJIAX PA3TMYHOMN CTEIEHU 3arps3HCHMUS.

[lonsiTue campoOHOCTh BKJIIOYAET KOMIUIEKC  (DU3UOJIOro-
OMOXMMHUYECKUX CBOMCTB OpraHu3Ma, OOyCJIOBJIMBAIOIIUN €ro Cro-
COOHOCTh OOMTATh B BOJE C TEM WJIM UHBIM COJEPKAHUEM OpraHuye-
CKHMX BEIIECTB, TO €CTh C TOM WM MHOW CTENEHBIO 3arpsi3HeHus. [Ipu
W3YUYCHUHU CIIOCOOHOCTEW OpPraHM3MOB KUTh B BOJIaX, 3arps3HEHHBIX
TOKCUYECKUMHU BEIIECTBAMHM, COJECPKAIIUMUCS B OCHOBHOM B IMpO-
MBIIUIEHHBIX W CEIbCKOXO3AMCTBEHHBIX CTOKax, BBOJST TEPMHUH
«TOKCOOHOCTBY». PaznnualoT «nepBUYHOE» U «BTOPUYHOE» 3arps3He-
HUE€ BOJ0EMOB. [IepBUYHBIM CUUTAETCS 3arpsA3HEHUE 3a CUET monajia-
HUS B HErO OPTaHNUYE€CKUX U TOKCUYECKUX BEIIECTB. BTOpuuHbIM cum-
TaeTCsl 3arpsi3HCHUE, BO3HUKAIOIIEE 3a CUET OTMHUpPAHUS OOJIBIIOTO
KOJIMUECTBA BOJIHBIX PACTEHUM M PA3J0KEHUS UX, YTO UMEET MECTO
IIPU «IBETEHUW» BOJOEMOB U 3BTPOPUPOBAHUMU.

K opranndeckrumM HETOKCHYHBIM BEIIECTBAM OTHOCAT (peKajbHbIE
CTOKH, MOTHOIIYIO M Pa3JIararmllyrocsi IPEBECHHY, OCTAIOUIYIOCA Ha
JHE BOJOXPAHWIHUIL NMPHU UX 3aTOIJICHWW WM HAKaIIMBAOIIYIOCSA B
peKax MIpH JecocCIulaBe, BOJIOKHA ILIEJUIION03bl B pailoHE MPOMCTOKOB
LEJUTI0JI03HO-0YMaXKHBIX MPEATNPUSITUH.

OprannyecKMMH TOKCUYHBIMU COCIMHEHUSIMU CUHMTAIOTCS MOIO-
ue CpeAcTBa, (PEeHON U ero Mpou3BOHbIE, Kpe30J, HePTh U MPOIYK-
ThI €€ MepepadOTKU. 3arps3HEHUE KOHTUHEHTAIBHBIX BOJOEMOB HE(d-
TEMPOAYKTAMU SIBIIIETCS CaMbIM PACIPOCTPAHEHHBIM U OIMACHBIM W3-
32 MEJJICHHON YTUJIM3aIllUA UX OaKTEepUIMHU.

[TouTn He pa3pylIaAlOTCAd CUHTETUYECKUE BEIIECTBA, MOCKOJIBKY
IpUpPOJa HE 3HAJA UX U B XOJI€ ABOJIOIMU HE BO3HUKIIN AECTPYKTOPHI
ATUX COECIUHECHUI.

W3 MUHEpaIbHBIX BEIIECTB HauOOJee TOKCUYHBI ISl THIAPOOHO-
HTOB TSDKEJIbIe METaJUlbl (M€, MBIIIbSIK, PTYyTh, CBUHEN). TokcHy-
HBIMU OKa3aJuCh M paJMOaKTUBHBIC BellecTBa. Yamie B BojoeMax
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BCTPEUAIOTCSI 1 MUHEpaJbHBIC, 1 OPraHUYECKUE COCIMHEHUS, a d(-
(GEeKT ux JEUCTBUS 3aBUCHUT OT JIOBUPOBKH U COUETAHUSI Pa3HBIX Be-
IIECTB.

CreneHp 3arpsi3HEHUS] BOJOEMA WJIM €r0 30HBI MOKHO OIpejie-
JUTH TI0 COCTAaBY HaceJIEHUsI, 00OuTarniero B HeM. Meroj ouosioruye-
CKOT'O aHajii3a BOJI B HACTOAIEEe BpeMsl XOpOIIo pa3paboTaH, OJTHAKO
OH TpeOyeT KOMILJIEKCHOCTH MCCJIEAOBAHMM W JOCTAaTOYHO BBICOKOU
kBanudukauu crenuaiuctoB. CHUCOK OpraHU3MOB-UHIUKATOPOB
CTEIECHU 3arpsi3HEHUs BOJl WM, KaK UX €IIE Ha3bIBAlOT, MOKA3aTEllb-
HBIX OpPraHW3MOB, 3HAYUTEIBLHO PACHIUPHUIICS CO BPEMEH COCTABJICHUS
ero KosbkBuTiieM 1 MapcoHOM U OnyOJUMKOBaH B Psijie PyKOBOJICTB
o MeTojaM OMOJOTHYecKoro aHaiusa Boj (YHUUIMPOBAHHBIC Me-
ToAbl, 1977). DTOT CHMCOK BKJIOYAET MHOro Bojgopociei. OaHako
TpeOYIOTCS €Ile JIOMOTHUTENIbHBIE UCCIIEIOBAHUS 110 KOPPEKTUPOBKE
U PACIIMPEHUIO 3TOr0 chucka. [Ipu MaccoBOM pa3BUTHUU HEKOTOPBIX
BUJIOB B 30HAX BOJOEMA, TaK HAa3bIBAEMBIX PYKOBOJSIIUX BHJIOB,
MOXHO JIaTh OILICHKY COCTOSIHUS 30HBI, €CJIM HU3BECTHA CAnpOOHOCTH
3TUX BUJIOB. B ciydae pa3zHooOpa3Hon ambrodiopsl clieayeT MpoBec-
TH y4€T BCEX BHUJOB, ONPEICIUTh CTENEeHb UX pa3ButTus. [1o cooTHo-
IICHUIO UHJIMKATOPHBIX OPTaHU3MOB JAETCSl 3aKII0OUCHUE O COCTOSTHUM
BOJIOEMA HA JIAHHOM YYaCTKE.

OreHKka KadecTBa BOJbI MOXKET OBITh MPOBEACHA C IOMOIIBIO
0aKTEepHOJIOTUYECKOT0, XUMHYECKOT0 M OHOJOTMYECKOr0 METOJIOB.
Hanbomnee momHas olleHKa TUAPOOHMOJIOTHUYECKOTO PEKHUMa BOJIOEMa
OyJzleT Mpou3BelieHa MPU COUYETAHUU BCEX TPEX METOJ0B HCCIIe/I0Ba-
HUsA. B 3aBUCUMOCTH OT L€JIEM, MOCTABJICHHBIX IIEPE] UCCIEI0BaTE-
JISIMH, MOKET OBITh BEIOpaH OJWH W3 METOJI0B, HanbOOJIee OTBEUAIOIIIHUIMA
0 CBOMM pe3yJibTaTaM IMOCTaBJIECHHOMU 1ieu. Tak, mpu HeoOXO0IuMO-
CTH OIIEHKHU CTEIEHU BO3JICHCTBHS HA BOJOEM aBapUHOIO BBIOpOCa
MIPOM3BOJICTBA B 30HE BHIOpOCAa HEOOXOAMMO MPOBECTH MOJIHBIA TH-
poXuMUUeCcKUi aHanu3. Heckoapko mo3iHee nmoTpedyeTcs OIeHKa ero
BO3JICHCTBUSI HA THIPOOMOHTOB B IJIAHKTOHE, OEHTOCE U MEPUPUTOHE
Y IOBTOPEHUE TUAPOXUMHUYECKUX UCCIICTOBAHUM.

Ecnu TpeOyercst OlleHUTh CTENEeHb 3arpsI3HEHUS 03€pa U UCKYC-
CTBEHHOT'O BOJIOEMA B PEKPEALIMOHHON 30HE MOCIIE BBIXOJHOTO JIHS, TO
B JIAHHOM CJIyyae HauOOJbIITHE MPEUMYIIECTBA Ha CTOPOHE OaKTEPHO-
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JOTUYECKOT0 METOJIa. JTOT K€ METOJ Yallle BCEro UCIOIb3YIOT MpHU
OOHapy’KEHUU MPU3HAKOB XO3IMCTBEHHO-(EKATBLHOIO 3arpsi3HEHHUS.

XUMUYECKUM U OaKTEPHOJOTHUECKUNA METOMbl OLICHUBAIOT CH-
Tyalyio B JJaHHBIH MOMEHT, METOJ K€ OMOJIOTHYECKOr0 aHaiau3a Mo-
3BOJISIET OLICHUTH CUTYAIMIO B BOJIOEME WJIA 30HE 3a MPEAIIECTBYIO-
U B3STUIO MPOO MPOMEKYTOK BPEMEHHU.

buonornueckuit MeTo1 MpeAnogaracT u3yuyeHue BUI0BOIO COCTa-
Ba TUJPOOUOHTOB, OLICHKU UX CTENIEHU Pa3BUTHUSI MO KOJIUYECTBY OCO-
Oeil nim Guomacce, a TaKKe U3MEHEHHUIO0 MOP(HOJOTUIeCKuX U (Hu3no-
JIOTO-OMOXUMHMUYECKUX ToKazaTenei. OCOOEHHO Bak€H ATOT METOJ
MpU HE3HAUYUTEIHLHOM, Ka3aJoCh Obl, 3arpsI3HEHUU, HO XPOHUYECKOM.
Jlydmie pe3ynbTaThl MO THUAPOOHMOJIOTHYECKOMY PEXKHMY BOJOEMa
OylyT MOJIy4e€Hbl MPU MHOTOJETHEM MOHHUTOPUHIE C MPUMEHEHUEM
BCEX METOJIOB OIICHKHU KaueCcTBa BO/I.

Bomopocnu oTHOCATCS K IEPBOMY TPOPUUECKOMY 3BEHY B LICTIH
CJIO’KHBIX TMHUIIEBBIX B3aMMOOTHOIIICHUN M 3aBUCUMOCTEN B BOJIOEME.
OHu nepBble MPUHUMAIOT Ha ce0sl yaap NMpU aHTPOIIOITEHHOM 3arpsiz-
HEHHMU BOJIOEMA WJIM €0 YYACTKOB, a IOTOMY SBJISIFOTCS XOPOIIIUM HH-
JUKATOPOM KauecTBa BOJ, X CHOCOOHOCTH K CaMOOYMIICHHIO. MHO-
TMMHU aJibrOJI0raMu, U3y4YaBIIMMU COCTOSIHUE aJIbI'OIICHO30B B pailoHe
MPOMBIIIJICHHBIX, OBITOBBIX U CEIBCKOXO3IMCTBEHHBIX CTOKOB, MOKa-
3aHO, YTO KOJIMYECTBO BOJAOPOCIEH U BUIOBOU COCTAB IIEHO30B MEHS-
IOTCSl TIOJ] BJIUSHUEM 3arpsi3HEHUN. DTO SIBIICHHE ObLIO MOJIOKEHO B
OCHOBY METOJIOB OLICHKH CAmpOOHOCTH BOJ MO BOJOPOCISM, OTHOCS-
IIUXCS K METOJIaM OMOJIOTMYECKOT0 aHaJn3a.

buoTtudeckas 4aCcTh SKOCHUCTEMBI OpraHU30BaHa B BUJIE Tpoduue-
CKOM THUpaMU[Ibl, OCHOBY KOTOPOM COCTaBJISIOT MEPBUYHBIC MPOIY-
LIEHTHL. B BOJHOW 3KOCUCTEME 3TO BOJOPOCIH, KOTOPBIE AIOT Opra-
HUYECKOE BEIIECCTBO i1 (OPMHUPOBAHHUS BTOPOro TPODOHUYECKOTO
YPOBHS — OECITO3BOHOYHBIX KOHCYMEHTOB, KOTOPBIE, B CBOIO OUEpE/Ib,
SIBJISIFOTCSL 0a3MCOM JIJII PbIO — BEpXHEro 3BeHa Tpo(duyeckoil mupa-
MHJIbI B BOJIHBIX O0BEKTaX, UTO OTPAXKEHO B 00IIeM BHUEC Ha pucC. 1.
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PLI6 \

‘ becnio3zBoHoYHEIE

1‘ Bogopocn ﬁ

HuTtpatsl, hocdartsr

Puc. 1. Mooenv mpoguueckoti nupamuowvt 8 00HOU IKOCUCTEME

(Sladecek, 1973)

[Ipy aHTPONOreHHOM BO3JCUCTBUMU HAa BOJOEM C IOCTYIUIEHUEM B
Hero (WM OTACIBHON €T0 30HbI) OPraHUYECKUX COCAMHEHUN M3MEHSIET-
Csl BUJIOBOM COCTaB BOJOpOCIEH U ux oounue. Te BUbl, KOTOpbIe CBOECH
YUCJIEHHOCThIO, Mopdosoruel, (pU3HOJOTHIECKUMH (PYHKIIUSIMH pea-
TUPYIOT Ha W3MEHEHHUE CPEeJibl, OTHOCATCS K BUJaM-MHIuUKatopam. B
npecHbIX BojoeMax Poccum obutaror okosno 10 ThICSY BHIIOB MHUKPO-
CKOIMYECKUX BOJOPOCIEH, NHIUKATOpamMu cuuTaroTcs okojio 1000 Bu-
noB (C. C. bapunosa, 2000), KOTOpbIE OTHOCATCS K CaMbIM PacIpocTpa-
HEHHBIM U 4aCTO MacCOBBIM BHJiaM. I3MEHEHHEe YMCIEHHOCTU U BUJIO-
BOTO COCTaBa BOJOPOCTEH UCIHOJNB3YIOT i1 OHOMHIMKAIIMOHHOM
OILICHKH TIPECHBIX BOJl. DTOT METOJ| Yallle ObIBAET IKCIIPECC-METOJIOM,
MOCKOJIBKY PEAKIMs BOJOPOCIECH Ha U3MEHEHHE CpPEIbl MOXKET Mpo-
W30MTH 32 0YEHb KOPOTKHM MepHo/] (MHOT/Ia 32 HECKOJILKO YacOoB).

buonHuKaMoHHbIE OLICHKHU IO BOJIOPOCIISIM MCIOJIB3YIOTCS J10-
BOJIbHO UpoKo (A. B. Makpymun, 1974, YHupunupoBaHHble METO-
16l u3yueHus Boj. Muaukatopel conpooHocTu, 1977; Sladecek, 1973).
B crnpaBouHOl JUTepaType MPUBOJIUTCS JOBOJIHLHO MHOTO METOAMYE-
CKMX MOJXOJIOB [ ONPEACIICHUSI CTENECHH 3arps3HEHUS] U3y4aeMOro
BOJI0OEMa, HEKOTOpPbIE W3 KOTOPBIX TPEOYIOT JOCTATOYHO BBICOKOM
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KBaNu(UKALUKA UccienoBaTenei-anproaoros. Ho ecnu cumrarp, 4to
cucTeMa OMOJIOTMYECKOIo aHajlu3a JO0JKHA ObITh MpeIHa3HaueHa JUIs
MIMPOKOTr0 IPUMEHEHUS, TO OCHOBHBIMU METOJaMU JOJKHBI OBITh T€,
KOTOpBIE YUMTHIBAIOT BHIOBOE pa3HOOOpa3ue M IMOKazaTeIbHOE 3Ha-
YEHHE TaKCOHOB.

JUis OLIEHKH YpOBHS 3arpsi3HEHUsT MOTYT OBITh HCIIOJIb30BAHBI
MHEKCHl CXOJICTBA HACENCHUS PA3JIMYHBIX YYACTKOB B H3y4aeMOM
Bosoeme. Hambonee pacrnpocTpaHEHHBIM SIBJISETCS OLIEHKA CTEIEHU
(IOPUCTUUECKOTO CXOJCTBA MEXIY NBYMs ydacTkamu 1o JKakkapy
(uut. mo A. B. Makpymuny, 1974) no ¢popmy:ie:

C

K= P 100,

IJI€ C — YUCJIO BUJIOB OOIINX JIJIi 00OUX y4aCTKOB,

a, b — COOTBETCTBEHHO YMCJIO BHIOB, OOHAPY>KEHHBIX Ha y4acT-
Kax A u B.

CepeHCeH UCIOIb3YeT B HEKOTOPOM BUAOU3MEHEHUH K03 duiim-
eHt JKakkapa:

_ 2

K= a+b’

IJI€ ] — YUCJIO BUAOB, OOIIMX JIJI1 CPABHUBAEMbIX YYAaCTKOB,

a u b — 4nciio BUAOB Ha ydacTkax A u B.

OO6m1as 3aKOHOMEPHOCTh BIUSHHS 3arpsS3HCHUN Ha BUIIOBOM CO-
CTaB, YHCJIO BUJOB U UX YUCJICHHOCTh YCTAaHOBJICHBI HA MpUMEPE OJ-
HUX TOJBKO JMATOMOBBIX Bojopociieid. [Ipu skcno3unmu cTekos o0-
pacTaHusl Ha Pa3IUYHBIX CTAHIMUSAX BOJOeMa ObLJIO TOKa3aHO, YTO
cinaboe 3arpsi3HEHHUE BEACT K YBEJIMUYCHHUIO YMCICHHOCTH OTCJIbHBIX
BUJIOB, CUJILHOE — K CHIPKEHMIO OOIIEro YKciia BUAOB, 2 OYEHb CUJIb-
HO€ — K UCUE3HOBEHUIO TUAaTOMEM.

[To rpaduyeckomy MeToay, npeajgokeHHoMy KHenmom (LUT. 10
A. B. Makpymnny, 1974), npoBOOuTCS BBIYMCIECHUE CpPEIHEN ca-
NpOOHOCTH MO BHUJIaM, BCTPEUCHHBIM HA JIAaHHOM YYacTKE M OTHO-
CSIIUMCSL K pa3HbIM 30HaM canpoOHocTu. KonudecTBeHHas xapakrte-
pUCTHKA BUAAM-UHIUKATOpPAM JAaeTCs BU3yaJIbHO IO CEeMUOAUIbHOU
mkane (1 — equHUYHO, 2 — Mayio, 3 — OT MaJio JI0 cpeaHe, 4 — cpeaHe,
5 — ot cpenHe 10 MHOTO, 6 — MHOTO, 7 — MaccoBo). Ha BepTukanbHOU
OCH OTKJIaJIBIBAIOTCSI CYMMBI OQJIJIOB, HAOpAaHHBIE OJIUTOCANPOOHBIMH,
B-me30canpoOHBIMH, 0-ME30CaPOOHBIMU M TOJHUCATPOOHBIMH BH/IA-
Mmu. [IpuueM cymMMmbl OQJJIOB OJIMTOCANPOOHBIX U [-ME30CAPOOHBIX
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BUJIOB MPUHUMAIOTCS 32 MOJIOKUTEIBHBIC, a 0 -ME€30CaPOOHBIX U TI0-
aucanpoOHBIX — 3a OTpHUIlATeIbHbIE BeNIMYMHBL. Ha ropu3zoHTambpHON
OCH OTKJIQJIbIBAIOT PACCTOSHUS MEXAy cTaHiusMu. [Ipu coenuHenun
TOYeK Ha Tpaduke mosydaercs (Gurypa, mokasbIBaroiias COOTHOIIIE-
HUE BUJIOB — HHIUKATOPOB ISl KaXKIOM CTaHIIUU.

['paduyeckn MOKHO H300pa3UTh U TPOIIEHTHOE OTHOIICHHE
CyMMBbl  0OajyioB, HaOpaHHBIX  BHJAMH  OJIMTOCANpPoOOOB U
[-Me3ocanpo0oB, K cymMMe 0allJIOB BCEX MOKa3aTeIbHBIX OPraHU3MOB:

do+p

do+f+a+p &

100

400 300 200 100 0 KM

Puc. 2. Jlunus omnocumenvuou yucmomst pexu. Omuouenue cymmol 6aii08
01U20- U f-me30canpobo8 Kk cymme 0anni08 6cex NoKa3amebHblX OP2aHU3IMO8 8
npoyenmax (no Kuenny, yum. no A. B. Maxpywuny, 1974)

Ha BepTukanbHOi ocu rpaduka OTKJIAJIbIBAIOT MPOIICHTHOE OT-
HOIIICHUE CYMMbl OQJJIOB, @ Ha TOPU3OHTAIBHOW OCH — PACCTOSIHUE
MEXAY CTaHUHUSAMH. DTy KPUBYIO HA3bIBAIOT KPUBOM OTHOCHUTEIILHOU
quCTOTHI. ECiu B3SITh NPOLIEHTHOE OTHOIIEHHE CYMMbI OaJJIOB BUJIOB-
WHJUKATOPOB 3arpsi3HEHHBIX BOJA K CyMMe€ OaJUIOB BUJOB MHAMKATO-
POB YHCTBIX BOJI, TO MOJTYYUTCS 3€PKAITBHOE OTPAKEHNUE KPUBOM OTHO-
CUTEIIbHOM YUCTOTHL. TaKyr0 KPHUBYIO HA3bIBAKOT KPUBOW OTHOCHUTEIb-
HOM 3arpsi3HeHHOCTU. OHa BhIPaKaeTcsl OTHOLICHUEM

Catp)(Xatpt0+p)%.
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100 -

400 300 200 100 0 KM

Puc. 3. Jlunus omnocumenvHou 3a2psA3HEeHHOCIMU PEKU.
Omuowenue cymmovl 6aii08 0-Me30- U NOIUCANPOO08 K cymme OaN08
8cex nOKAa3amenbHblX OP2AHUIMO8

ITo metony IlaATine n Bykk BBIYUCIIAIOT HHASKC campoOHOCTH (S)
o hopmyJe

r7ie /1 — OTHOCUTEIBHOE KOJUYECTBO 0CO0EH, KOTOPOE OICHUBALT-
cs B Oautax: 1 — equHU4YHBIE 0COOM, 3 — yacTasi BCTPE4aeMOCTh, 5 —
Macca, O-MHAWKATOpPHAs 3HAYMMOCTh BHJOB, OJIMTOCArpoboB — I,
B-me3ocanmpoOoB — 2, a-Me3ocanpoOoB — 3, nonucanpobos — 4. M-
JIEKC canmpoOHOCTH B MOJIMCAITPOOHON 30HE OKa3bIBACTCS B MHTEpBAJIC
4,0-3,5, B a-me3ocanpoOHoii: 3,5-2,5, B B-me3ocanpoOHoit: 2,5-1,5, B
onmpocanpooHoi: 1,5—1.

[TogpoOHO HaMMEHOBAHME 30H CANpPOOHOCTH MO HMHJIEKCY ca-
npooHoctH AaroT B. JI. Pomanenko u O. I1. Oxcurok (Tadm. 1).

[Ipy BBIUMCIICHUH WHJEKCA 3arpsS3HCHUS C MCIIOJIB30BAaHHEM Op-
TaHU3MOB, PA3JIUYHBIX IO XapakTepy MUTaHUs, OepeTCs OTHOIICHUE
KOJIMYECTBA BUJIOB MPOYIICHTOB K CYMME BHOB KOHCYMEHTOB U pe-
TyIICHTOB:

J=P/(C+R),

rae J — unaekc 3arpssHenus, P — yncino npoayneHTo, C — 4ucio
KOHCYMEHTOB, R — 4HCIIO peyIieHTOB.
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Tabnua 1
IKon020-canumapnan Kuaccuukayus Kauecme no8ePXHOCHHbBIX
600 cyuiu (Pomanenxo B. /., Okcurwk O. II. u op., 1990)

Tpoduyeckne nmoxkazaresn
Buounaukanms canpoOHOCTH MO BOAOPOC/ISAM
Hupaekc canpodHoOCcTH S HanmeHoBaHuHe 30H CAaIPOOHOCTH
0-0,5 Kcenocanpobnas
0,5-1,0 f-onurocanpobHas
1,1-1,5 0-oJIurocanpoOHas
1,6-2,0 B’ -6eTa-me3ocanpoOHas
2,1-2,5 B "-6eTa-me3ocanpoOHas
2,6-3,0 o -anbda-me3ocanpoOHast
3,1-3,5 o’ -anbda-me3ocanpoOHas
3,6-4,0 B-monmcanpobHas
>4,0 o-ToJucanpoOHas

HNHorma pacder BeayT Mo OWOMAacce OpPraHU3MOB, HCTOJB3YS
bopmyny:

J =B/(A+B),

riae J — uHaekc 3arps3HeHus, B — 6nmoMacca oprann3mMoB 0€3 XJ10-
podua, A —O6romMacca OpraHu3MOB, COASPKAITUX XJIOPODUILIL.

[Iporiecc MuUHEpamu3aIuu OPraHUYECKOro BEIIEeCTBA, MOCTYITHB-
IIIEr0 B BOJIOEM, pa3pyIlaeTcs MPH Y4acTHH BCEX THIAPOOHMOHTOB, HO
BOJOPOCIN KaK (DOTOCHHTE3UPYIOIIUE OPTraHU3MBbI YCKOPSIOT 3TOT
nporecc. OTHOBPEMEHHO BOJIOPOCIH SBIISFOTCS W TTOKa3aTEIsIMU CTe-
MICHH 3arps3HEeHHs BOJ0eMOB. JlJIs mpuMepa MOXKHO yKazaThb HEKOTO-
phI€ TIPECHOBOJIHBIC BOJIOPOCIIH, MIPUYPOUYCHHBIC B CBOEM Pa3BUTHH K
TE€M WJIM UHBIM 30HaM CarnpoOHOCTH.

p-canpo6ubie: Euglena viridis, Euglena deses, Chlorella pyrenoi-
dosa, Oscillatoria chlorina, Oscillatoria putrida, Spirulina maxima,
Spirulina jennori, Oscillatoria tenerrima, O. tenuis.

a-me3ocanpobnsie: Oscillatoria princeps, Ghlamydomonas eren-
bergii, Navicula viridula, Nitzschia tryblionella, Nitzschia acicularis,
Cocconeis pediculus, Gomphonema acuminatum, Spirogyra crassa,
Synedra ulna, Vaucheria dichotoma u op.

B-mezocanpobusie: Cladophora glomerata, Scenedesmus quadri-
cauda, Pediastrum duplex, Nostoc linckia, Melosira varians, Diatoma
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vulgare, Cymbella ventricosa, Gyrosigma attenuatum, Cladophora
fracta, Spirogyra weberi, Stigeoclonium tenuis, Ulothrix zonata, Zyg-
nema stellenum, Gomphonema olivaceum, Nitzschia linearis, Fragila-
ria virescens, Navicula radiosa, Cymbella ehrenbergi.

o-carnipoOHblie: Nostoc verrucosum, Oscillatoria rubescens, Pleu-
rococcus mucosum, Ceratium cornutum, Hydrurus foetidus, Mallo-
monos coronifera, Ulothrix tenuissima, Trachelomonas planctonica,
Volvox globator, V. aureus, Phacus planctonica.

Y HEKOTOpBIX BUAOB 00Jiee MIUPOKUM AHANA30H BCTPEUAEMOCTH:
TaK, s o-B-me3ocanpoOHbIX BOJ xapaktepHbl: Closterium acutum,
Oscillatoria limosa, Phormidium autumnale, Synedra parasitica, Nitz-
schia recta; nis o-p-canpoOHbIX — Oscillatoria tenuis.

JIns MHOTMX BHUAOB BOJAOPOCJIENM HE YCTAHOBJIEHA IPUYPOYECH-
HOCTh K BOJIaM Pa3JIMYHON CTENIEHU 3arps3HEHUs, IPyTHe HE SBIISIOT-
Csl UHIUKATOPHBIMU U UMEIOT JIOBOJBHO IIMPOKHM JHMamna3oH BCTpe-
gaeMocTH. PaboTa 1Mo yrouyHeHH0 IPUHAIC)KHOCTH BUJIOB K TEM WJIU
WHBIM BOJIaM JIOJDKHA MPOOJKATHCS KaK B MIPUPOIHBIX YCIOBUSIX, TaK
U B MOJICTIbHBIX dKCIiepuMeHTax. M3ydenue mopdosoruu u hpusnono-
TUU BUJOB B KYJIBTYpPE C HCIOJb30BaHUEM (DU3UKO-XUMHUUYECKUX Me-
TOJOB, KOTOPOE MPOBOJUTCS B HACTOSAIIEE BpeMs, OC3yCIOBHO, JaeT
ooratelii MaTepual JIJis YKOJOTHYECKON anbrojiorun. OQHAKO CIeayeT
MIOMHHUTb, YTO KaK OBl JIeTaJIbHBl HU OBUTM MCCJICJOBAHUs, ITPOBE/ICH-
HbIC B Ja0OpaTOpu Ha MOHOKYJIBTYpax, OHHM HE OYIyT MOJHOCTHIO
COOTBETCTBOBATh CUTYyallUM B MPUPOE, TJAC TE K€ BUIALI BOAOPOCIEH
MOTYT OBITh MEHEE YCTOMUYMBBI K aHTPOTIOTEHHOMY BO3CHCTBHIO, YEM
B MOHOKYJIBTY]E.

Tak, MHOTOJIETHHE aJbroJIorTHYecKrue HaOmoaeHus Ha JlecHe 110-
Ka3aJM, 4TO B Mpodax (PUTOIUIAHKTOHA MPU OOMIIBHOM OPraHHUYe€CKOM
3arpsi3HEHUHN B paliOHE MPOMBIIIUICHHBIX M OBITOBBIX CTOKOB ITOCTOSH-
HO MPUCYTCTBOBAIM BUIbI Spirulina laxa w Spirulina laxisima, oTHO-
CAIUECS K OpPraHM3MaM-TIOKa3aTellsiM (-Me30CanpoOHBIX BojA. B Te
roJibl, KOTJIa 3arps3HEHHE HE OBUIO KPYTJIOTOIWYHBIM, TMOSBICHUE
yKa3aHHBIX BUJOB OBLIO CBSA3aHO C MEPUOAOM 3arpsisHeHuil. B He3Ha-
YUTEIbHBIX KOJInUecTBaX BUMbI Spirulina laxa  w Spirulina laxisima
Pa3BUBAIIUCH B yUaCTKaX PEKU, YMEPEHHO 3arpsi3HCHHbIX.

Hamm uccnenoBanua Ha p. CeBepHOUl [[BUHE B 30HE MPOMBIII-
JICHHOTO CTOKa IEJITI0JIO3HO-0yMaKHOTO KOMOHMHATa TOKAa3aJId, YTO
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Anabaena variabilis — BuJ ¢ HEyCTaHOBJICHHON CampOOHOCTBIO — JI0-
BOJILHO OOMJIBHO BCTpPEYAJICS Ha CTaHIUAX, TJ€ MO0 COOTHOIICHUIO MH-
JTUKATOPHBIX OPraHU3MOB YCJIOBUSI OLICHEHBI KaK (-Me30carpoOHbIC.
DKCIEPUMEHTHI B YCIOBUSIX JIa0OPATOPUHU HA aIbIOJIOTUYECKU YUCTOMN
KyJIbType Anabaena variabilis moka3ajid TakXe €ro yCTOMYHUBOCTb K
MPOMBIIIIJIEHHBIM CTOKaM psijia MPOU3BOJCTB, (DEHOILHOMY 3arps3He-
HUIO U 3arpsi3HCHUIO PACTBOPUMBIMU (pakiusiMU HEPTENPOAYKTOB.
Bo03MOKHO, clieflyeT OTHECTH 3TOT BUJ K OpraHu3MaM-IIoKazaTessiM
JIOBOJIbHO BBICOKOW CTENEHU 3arpsi3HEHUS BOJ JUOO BBIJACICHHBIN Ha-
MU BHJ OKa3ajcsi MyTaHTHBIM, BO3HHUKIIHM B pe3yJIbTaTe XpOHHYE-
CKOTO 3arpsi3HEHUs Cpeibl OTXOAaMH JIaHHOTO MTPOU3BOJICTBA.

HNHuTepecHbie HAOMIOACHUS B IPUPOJIC TOJIYUEHBI U B OTHOIICHUH
Ulothrix zonata. TOT BUJA MO CHUCKAM UHIUKATOPOB CapPOOHOCTH
OTHOCUTCSI K PA3BUBAIOIIUMCS B YHCTBIX M YMEPEHHO 3arps3HEHHBIX
Bogax. OHAKO JIAaTBUHUCKUMHU MCCIICIOBATEIISIMHU, W3YUYaBIIUMH aJlb-
rodopy B palloHe LEJUTI0I03HO-0yMaXXHbBIX KOMOMHATOB, U HAMU MPU
W3Yy4YeHUHU TUTaHKTOHA U Tiepudutrona CeBepHoil JIBUHBI YCTaHOBIICHO,
yto Ulothrix zonata MOXET HOCTaTOYHO XOPOIIO Pa3BHBATHCS U HA
CTaHIUAX, MPUOIMKEHHBIX K BhIOpocaM [IBK. OueBuaHo, u 31ech uc-
CJIEIOBATEIN MMEIOT JIEJ0 C BHUJOM, MPUCIOCOOUBIIUMCS K CYIIECT-
BOBAHUIO B YCJIOBHUSIX XPOHMYECKOI'O 3arps3HEHUA. DTO MOXKHO CKa-
3ath U 0 Cladophora glomerata.

HHTEepecHBIM sIBISICTCS U TOT (PaKT, 4YTO MHTEHCUBHOCTH OOpacTa-
nusa vure Cladophora glomerata >nudutasiM opranuzmMom Cocco-
neis pediculus 3aBUCUT OT CTENEHMW 3arpsi3HEHUs BOJA. B ydacTtkax
OOJIBIIIEro 3arps3HEHUS AMU(PUTOB 3HAYUTEIHHO OOJBIIE, YeM B yua-
CTKax, /i€ TMPOILLUIN MPOIECChl CAMOOYHUIIECHUS WM T/I€ HET BIUSHUS
npoMmcToka. Psiig aBTOpoB mpesmnonaraer, 4to nepu@uToHHOE cooOIIe-
CTBO 9TOT0 BHJIA, 1a U HEKOTOPHIX JIPYTUX, MOKHO MCIIOJIb30BAThH ISl
OMOWHINKALIAH.

Bonopocnes Tribonema vulgare, xoTopasi OTHOCUTCA K BHJaM,
MPUYPOYEHHBIM K YHCTBIM BOJaM, OKa3ajach IMOCTOSHHO IMPHUCYTCT-
BYIOIIIEH B IIEHO3aX OoOpacTaHWil B MpyJax JOOUYUCTKH SPOCIaBCKOTO
HedTenepepabaTbiBaroliero 3aBojia. Haiid omnbIThl Ha aIbroJOTHYE-
CKHM YUCTOM KYJIbTYpE TaK»Ke MOKa3aJIh €€ YCTOWYHUBOCTh K PACTBOPH-
MbIM (pakuusM HedTenpoaykToB. OUeBUAHO, U 37€Ch Mbl UMEEM JIe-
JO C BUIOM, YCTOMYUBBIM K 3arpsisHeHuto. [lomoOHBIE HAOMIOMCHUS
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HAKaIUIMBAIOT JaHHBIE, KOTOPbIC MOIMOJHAT CBEJACHUA 00 YCTOWYUBO-
CTH BHJIOB K XMMHYECKUM 3arpsSA3HUTEINISIM BOJHOW CpEJIbl U, BO3ZMOX-
HO, NPUBEIYT U NEPECMOTPY MOJIOKEHUSI HEKOTOPBIX BUJIOB B CIIMCKE
WHJIUKATOPOB CAIPOOHOCTH.

MUKPOCKONMYECKUE BOJIOPOCTU MOTYT OBITh MOKA3aTEISIMU CTe-
MIEHH 3arpsi3HEHUS] BOJOEMA 3a CYET aHTPOIOTE€HHOIO BO3JIEUCTBUS, a
TaK)Xe MCIOJIb30BaThCSI KaK TECT-OOBEKTHI MPU OMPEACICHUN KauecT-
Ba OYUCTKU MPOMCTOKOB PA3JIUYHBIX MPOMBIIUICHHBIX U CEIbCKOXO-
35IMCTBEHHBIX NPEANPUATUN. J|aHHBIE TOKCHKOJOTMYECKHUX DKCIIEPH-
MEHTOB Ha BOJIOPOCJIEBBIX KYJIbTYpaX WK MOACIBHBIX IIEHO3aX MOTYT
JOTIOJTHUTH JTAHHBIE XUMHYECKUX aHAJM30B IMPU PEIICHUU BOIpOca O
KauecTBe pabOThl OUMCTHBIX COOPYKEHHUIA.

buosiornueckoe TECTUPOBAHHE C MCIIOJIBL30BAHUEM BOJOpOCIEH
MPOBOJUTCS Ha aJIbI'OJIOTUYECKU YUCTHIX KYJIbTypax, yalle 3TO BOJO-
pociu poaoB Chlorella n Scenedesmus. J1j1s1 BO3MOXHOCTH CpaBHEHHS
pEe3yJbTaTOB 10 OMOTECTUPOBAHUIO OTPAOOTAHHBIX BOJ PA3TUUYHBIX
MPOMBIIUICHHBIX TPEANPUATHI SKCIIEPUMEHTBI 4YaCTO BEIYT HA OJTHOM
Buae Scenedesmus quadricauda vma Chlorella vulgaris.

Cune3seneHble BOJAOPOCIU poJioB Microcystis u Aphanizomenon
UCIIOJIB3YIOTCS B TOKCHUKOJIOTHYECKUX JIKCHEPUMEHTaX 3HAUUTEIIHHO
pexke, MOCKOIbKY B aJIbIOJIOTHYECKH YUCTBHIX KYJIbTypax OHU TPYIHO
yAAl0TCsl, 4aCTO MEHSIOT MOP(OJOTUUECKYIO CTPYKTYPY KOJOHHH.
DT BOJIOPOCIHM, KOHEYHO, ObUTH Obl MIPEANOYTUTEILHBI B PSIIC UCIIBI-
TaHW#, TaK KaK UIMEHHO OHM BBI3BIBAIOT «LIBETEHHE» BOIOEMOB. HO-
r7Ja UCTIBITAaHUS MPOBOIAT HA BOJOPOCISAX, BBIICICHHBIX U3 TOTO BO-
0eMa, TUAPOOUOIOTHUECKUN PEXUM KOTOPOI'O M3Y4daeTCsl B CBS3U C
BBIOPOCOM B HETO MPOMBIILICHHBIX BO, MPOLIEAIINX Y€pPEe3 OUNCTHbIE
COOPYKEHHUS TTPEAIPUATHSL.

KynbTypa BOJIOpOCIM XpaHUTCSI B J1aOOpATOPUM HA arapu30BaH-
HOW WJIM KUJKOW CPEJe B JIOMHUHOCTATE MPU OCBELICHUU 3—5 ThIC.
mokce namnamu JIJIC-40 u t -18-25°C, ¢ nepeoiuuecKUM NEepPeceBOM
WU B XOJIOJIMJIBHUKE MPU KPYTJIOCYTOYHOM OCBEIIEHUH JTaMIIOYKOU B
10 BT, Torna npu moAroToBKE MHOKYJISATA IS ONbITA BOAOPOCIH Iie-
peceBaroT Ha KUJKYIO MUTATEIbHYIO Cpelly B KOJOOUKU DpiieHMeepa
U CTaBSIT HA BOCbMHYACOBOE WJIM KPYTJIOCYTOUYHOE, B 3aBUCUMOCTH OT
3a/1a4 MOCIEIYIOMIETO AKCIEPUMEHTA, OCBEUICHHE B JIFIOMHHOCTAT C
oCBelIeHHOCTRhIO 3—5 Thic. mokc namnamu JIJIC-40. CocraB Hanboee
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yHOOTPEOUTENbHBIX  CpPeAd I KYJbTUBUPOBAHUS  BOJOPOCIHEH:

Cpena IIpara KNO;-0,1T
K,HPO, - 0,01 1
MgSO,—-0,01r

FeCl; — 0,001 r

vy uutpart xkenesza — 0,05 T

H,O (BomomnpoBoaHas) — 1 1
Cpena YcneHckoro

KNO; -0,025r

MgSO,_ 0,025

Cﬂ(NO_?,)Q — 0,1 r

KHQPO4— 0,025 Ir

K2CO;-0,0345r

H,0O (BomomnpoBojHas) — 1 1

TemmnepaTypa, pu KOTOpPOil OOBIYHO BBIPAIIMBAIOT BOJAOPOCIH,
paBHa 18-25°C. IlepememmBanne nepuogmyeckoe. OMBITBI MOTYT
OBITH KpaTKOCPOUHBIMU (1—7 cyTOK) U XxpoHUYeCKUMH — J10 30 CYTOK.

[Ipy poOAOIKUTENBHOM BhIpalllMBaHUU BOJIOPOCIIEN B CpPEAE, CO-
JepoKalllel TOKCUYECKUE BEIIECTBA, MPOUCXOIUT PA3T0KEHHE TOKCH-
KaHTa U ocjabieHue ero aerctBus. [[ns onpeneneHus CTENeHu BO3-
JNEUCTBUS TOKCUYECKOTO BEIIECTBA WM MPOMBIILICHHOTO CTOKA, €ro
COJIEpIKAIllero, B XPOHUUYECKOM AKCIIEPUMEHTE MPOBOASAT CMEHY Cpe-
bl KaXkable 5S—7 nHeM.

CocTosiHue KyJnbTypbl BOJAOPOCIH OIPEICTSIOT MO0 H3MEHEHUIO
OKpPAacCKu KYJIbTYPbI, MOXKEATCHUIO WIX TMOOYPEHUIO, CHUKEHUIO WJIU
YBEIIMUCHUIO MPUPOCTA KIETOK, U3MEHEHUIO Pa3MEPOB BErE€TaTUBHBIX
KJIETOK, 00pa30BaHUIO MOKOAIIUXCSA CTAIUN B BUAE CIIOP, U3MEHEHUIO
CTPOCHHUSI KOJIOHUM, 00pa30BaHUIO NMAIbMEIONIHON cTagun. CocTos-
HUE€ KYJIbTYPbl MOKHO OILICHUBAaTh U C UCIOJIb30BAaHUEM IIUTOJIOTHYE-
CKMX METOJIOB, a TAKKE€ METOJIa JIIOMHUHECHIEHTHON MUKPOCKOIWH, OIl-
PEIEISAIONIEr0 KOJUYECTBO JKUBBIX U MEPTBBIX KJIETOK MO CBEUCHUIO
UX B yabTpaduosieToBbIX Jydax. [Ipu 3TOM XKUBBIE KJIETKH CBETSTCS
SAPKO-KPaCHBIM CBETOM, YTHETECHHbBIE — OPaHKEBO-KPACHBIM, & MEPT-
BBIC — JKEITOBATO-3€JICHBIM. OOBIYHO PACCUUTHIBAIOT MPOIICHTHOE CO-
OTHOIIIEHUE KJIETOK, HaXOJAIIUXCSA B PA3IMYHOM COCTOSTHHUU, OT 0O0-
€A YUCIEHHOCTH KJIETOK W TOJYYECHHBIE PE3yJbTaThl BBIPAXKAIOT
rpauYecKH.
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MeToa JIFOMUHECHIEHTHOM MHUKPOCKOIHWU MO3BOJIAET B KOPOTKHUE
CPOKH JaTh XapaKTEPUCTUKY KYJbTYPbI, HAXOJISIICIHCS MO BO3ICUCT-
BHEM TOKCHKaHTa. ECIM 3KCEPUMEHT, NPOBOJAUMBIN Ha BOJIOPOCIISX,
XPOHUYECKUH, TO JAHHBIE MOXKHO IMOJy4aTh B TEUEHHE BCETO MEPUOAA
4yepes3 OMpe/IeICHHbIE TPOMEXKYTKA BPEMEHH.

OMBITEI TaKXKe MOTYT OBITh IMOCTABJICHBI Ha CMEIIAHHBIX KYJIBTY-
pax Wid Ha IPUPOJHOM COOOIIECTBE, COCTOSIIEM M3 HECKOIBKUX BH-
n0B. Toraa MOXHO IPOCJICANTh JUHAMUKY TOKCUYECKOTO JEUCTBUS Ha
KKIBIM OTISIBHBIA BHJ U Ha COOOMMIECTBO B menoM. CTUMYIHPYIO-
IIIUM WJIM YTHETAIOIIUM BO3JICCTBUEM Ha KYJbTYPYy MPUHITO CUUTATH
TaKo€ BO3JICUCTBUE, TP KOTOPOM OTHOIIIEHUE B YUUCICHHOCTHU >KUBBIX
U MEPTBBIX KJIETOK OT KOHTPOJS cocTaBisieT Oosiee +25 %, X0Ts 3Ha-
YUMBIMHA MOTYT OBITh U MEHBIIIE OTKJIOHCHUSL.

JI1st u3yueHns: MaKCUMAJIbHBIX O€3BPEHBIX KOHIIEHTPAIIUNA TOK-
CUYECKUX BEIIECTB JJIl BOAOPOCIEH CTaBsIT XPOHUYECKUE OMNBITHI HA
15-30, a nHOT/A M OOJIEE CYTOK C UCIOIB30BAaHUEM (PUZUOTOTUUECKUX
U OMOXMMHMUYECKHUX MOKazaTejaed. DTUMH MOKa3aTeIsIMU MOTYT ObITh
WHTEHCUBHOCTH JIbIXaHUSI U ()OTOCUHTE3a, COOTHOIIEHNE MUTMEHTOB.
N3menenus nokaszareneit B npeaenax = 5—I5 % no cpaBHeHuE ¢ KOH-
TPOJIEM CUUTAIOTCS OE3BPEAHBIMHU, & KOHIEHTPAIMU, MPU KOTOPHIX
HaOJII0IAI0TCS 3TH U3MEHEHUS, — MAaKCHUMAaJIbHO OC3BPEIHBIMU.

N3 Mmopdoiornueckux M3MEHEHHUI 4acTo MOJIb3YITCS U3MEHEHU-
€M JIMHEHHBIX Pa3MepOB KJIETOK C 00pabOTKON pe3ysibTaTOB MO KpH-
teputo CThIOJICHTa WU BUIKOKCOHA, KOTOPBIM HE TpeOyeT TUrnoTe3 o
3aKOHE pacupeaesiCHUs CIy4YalHbIX BEJIMYMH.

B HayuyHO-ucclie10BaTeILCKOM UHCTUTYTE Onosioruu npu MpkyT-
CKOM YHHUBEPCUTETE pa3paboTaH psiJ METOJUK, MO3BOJISIIOLIMX OIpe-
JEUTh CTEIEHb TOKCUYHOCTH MPOMBIILICHHBIX CTOKOB C HCMOJIB30-
BaHUEM Bojiopociieil. TecT-o0beKTaMu B3AThl BOJOPOCIU Xapa U Jy-
Hanvemna. KpUTepusiMM  TOKCHUYHOCTH  SIBIIIFOTCS  M3MEHEHHE
JBW)KCHUS TTPOTOIUIA3Mbl, IJIA3MOJIM3a U JIETUIa3MOJIn3a, HAKOIIJICHHUE
KJIIETKaMU TPWKU3HEHHBIX Kpacutenel. Mcnonb3ys 3TH OMOTECTHI,
yAQJIOCh TOJIYYUTh PE3yJIbTaThl MO TOKCUYHOCTH (PEHOJIBHBIX COEMIH-
HeHwuil. [TokazaHo, YTO TOKCUYHBI HE TOJIBKO (PEHOJIBI, HO U TTPOTYKTHI
ux TpaHchopMmanuu, oOpasyroIluecss B Ipolecce paspyuieHus ¢e-
HOJBHBIX COEIMHEHUH.
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Jlns Oosiee meTaabHOM OLICHKH NCHCTBHS TOKCHUYECKHX BEIECCTB
Ha MEPBUYHOMPOAYIIEHTH BOJOEMOB — BOJIOPOCIU — UCIIOIB3YIOT Me-
TOJ M3YyYECHUSI U3MEHEHHS MEPBUYHON MPOAYKIHM, JECTPYKIIUU U UX
COOTHOWIEHUA. OT COOTHOWIEHHS MPOAYKUMOHHBIX M AECTPYKIIHMOH-
HBIX MPOLIECCOB 3aBUCUT CKOPOCTh U 3PPEKTUBHOCTH CAMOOYUIIICHUS
3arpsA3HEHHBIX BO/I, TOKA3aTENIb 3TOT0 COOTHOIIEHUS MOXKET CIYKHUTh
OMOJIOTMYECKUM TECTOM Ha TOKCUYHOCTH 3arps3HUTENsT BOAHOU cpe-
TbI.

[Ipy m3ydyeHUM NPOAYKIMOHHBIX MPOILIECCOB B BOJIOEME Mapali-
JEIBbHO TMPOBOJAT M3YUYECHHE BHJOBOTO COCTaBa BoOjAopocield (uTo-
MJIAHKTOHA U €ro (PU3U0JIOTHUYECKOTO COCTOSTHUSI.

Ha Kpemenuyrckom m KueBckom BOJOXpaHWIHINAX TAKXKE IPO-
BEJICHBI OMBITHI [0 U3YUYCHUIO TIEPBUYHOTO MPOIYLIUPOBAHUS TIPUPOJI-
HBIX IIEHO30B (DPUTOIIIAHKTOHA B pa3JIMYHbIC CE30HBI rojia. B onbITHBIE
CKJISSHKH TOMEIIAJId TPOObI (PUTOMIAHKTOHA U JOOABIISUIM Pa3IudHbIC
KOHIICHTPAIMM TOKCHYECKUX BemlecTB. CKISHKUA C MEPUOJIOM HKCIIO-
3UIAMA OT 6 10 16 4acoB 3aKpEIUIsiiIM B MOBEPXHOCTHOM CJIOE€ BOJIBI B
3QJIMBE, UCIBITAHbl TAKHUE TOKCUKAHTHI, KaK COJIM MEIH, IIMHKA, Map-
ranua, genon, xuHonsl, CITAB. Pe3ynbTaThl 3KCIEPUMEHTOB MOKa3a-
JIA, YTO MEJIb B KOHLICHTPALIUU 10_2, 10_1, 5x107" mr/n PE3KO CHUXKAET
MPOIYKIIMOHHBIE MPOIECCH B MPOOE M OJTHOBPEMEHHO OTPHUIATEIBHO
CKa3bIBAE€TCS Ha JIECTPYKIIMOHHBIX Mpolieccax. [[MHK B KOHLIEHTpaIuu
107°-1,0 Mr/n yraeraer (OTOCHHTE3, HO TOPA3I0 OONBIIE CKA3HIBACT-
csl Ha aecTpykuuu, noseimas ee Ha 450-500 %. Xpom u maprasen B
ATUX K€ KOHIICHTpAIUSIX UHTHOUPYIOT (DOTOCUHTE3 U YCUIIUBAIOT Jie-
crpykumo. dOeHon B KoHUeHTparmu 10™ Mr/in, HHrH6Hpys (HOTOCHH-
T€3, CTUMYJIMPYET IECTPYKIIHUIO, a B 00Jie€ BHICOKMX KOHIEHTPALUIX
10 °—1,0 Mr/nm oka3bIiBaeT ryOUTEIbHOE JCHCTBHE HA COMYTCTBYIOIIUE
OakTepuu U Kak Obl KOHCEPBUPYET MPOOY, IECTPYKIMOHHbBIEC MPOLIEC-
Chl IIPH 3TOM CBOZSATCS K HYJIEBOMY IOKa3arento. [[oBepXHOCTHO ak-
TUBHBIC BEILIECTBA B MAJIBIX KOHIICHTPAILUIX (10" mr/) CTUMYJIUPYIOT
(OTOCHHTETUYECKUIN MPOIECC, HECKOJBKO 3aHUXas JECTPYKIHIO, B
oosiee BbicOKUX KoHIeHTpauusax (1,0-10,0 mr/m) uarHOUpPYIOT BoTO-
CUHTE3, TAK)KE HECKOJIBKO CHIDKAsl IECTPYKIIMOHHBIE MTPOIECCHI.

OTMEUEeHO TaKXke, UTO XapaKTep JACHCTBUS TOKCUUYECKUX BEILIECTB
Ha MIEPBUYHYIO MPOAYKIHUIO U JACCTPYKIUIO B MpOOax 3aBUCUT OT BU-
JIOBOT'O COCTaBa, KOTOPHIA MEHSETCS 0 ce30HaM roja. Tak, B BeCEH-

74



HUW MEPUOJ NPH HAPACTAIOIIEM «UBETEHHM», BBI3BAHHOM JIHATOMO-
BBIMHU BOJOPOCIISIMM, HAOJIFOJIaeTCs OOJIbIIIAas PAHUMOCTh (DOTOCHHTE-
TUYECKOU (PYHKIIUU, YEM TIPU OTMUPAHUU JUATOMEH.

N3MmeHeHne BAIOBOM MEPBUYHOM MPOAYKIIMA CUHE3EJIEHBIX BOJIO-
pociie 1Mo BO3ACUCTBUEM TOKCUKAHTOB B IIEPUOJ UX AKTUBHOIO Be-
TEeTUPOBAHUS (MIOHBb — UIOJIb) 3aKIIOYAETCA B CHUKEHUM €€ MOoKa3aTe-
JIEW, B TO BPEMS KaK B OCEHHUE MECSALIBI IIPU PA3JIOKEHUU BOJIOPOCIIE-
BOM MACChl TOKCHYECKHE BEIIECTBA MPAKTUYECKU HE JICMCTBYIOT HA
dboTocuHTeTHYECKYIO PYHKIMIO puTOIIIaHKTOHA. B mepuos pasnoxe-
HUSI BOJOPOCIIEBBIX MAacc B BOJAOEME MPeo0IagaroT TpaThl KUCIOPOaa
Ha JIECTPYKIIMOHHBIE MPOIIECCHI.

[Ipu oueHke KayecTBa BOJ MO MEPBUYHON MPOAYKIUHA U AECTPYK-
U CIIeTyeT YYUTHIBATh U (PIOPUCTUUECKUI cOCTaB (DUTOIIAHKTOHA,
MEHSIFOIIUANCS MO CE30HAM T'0Jia, MOCKOJIBKY PE3yIbTaThl TOKCHYECKO-
ro JEUCTBHS OJHHUX U TEX K€ KOHUCHTPAUUN XUMHUYECKUX BEIIECTB HA
(UTOIUIAHKTOH B IIE€JIOM MOTYT PE3KO OTJIMYAThCs APYT OT Apyra.

B SpocnaBckom roCy1apCTBEHHOM YHUBEPCUTETE
uM. [1. I'. JleMrnoBa Tax:ke NMpPOBOASATCS HATYPHBIE SKCIEPUMEHTHI C
W30JIMPOBAHUEM MPOO M MOMEIICHUEM UX JJISI SKCIIO3UIIUUA B TIOBEPX-
HOCTHOM CJI0€ BOJbI 03¢pa Hepo. DTa MeToamMKa MCHOJBb30BaHa MpH
W3YUYEHUU BIIUSIHUS OMOJ00aBOK HAa MHTEHCHUBHOCTH Pa3BUTHUS BOJIO-
pociieli, MOBBIMAIIMIMNX TPOYHOCTh ITOTO yKE MOJUTPOPHOTO BOJIO-
eMa.

Takum oOpa3oM, B KauecTBE TECTOBBIX MOKa3aTesIei Ha Hebaro-
MPUSTHOE BO3JACHUCTBHUE PA3JIMYHBIX 3arps3HUTEICH Cpellbl HAa BOJO-
pociau MOryT ObIThb HCIOJB30BaHbl TOKA3aTEId PENPOAYKTUBHOMN
GyHKIMY, TPOAYKIMOHHBIX U JECTPYKIMOHHBIX MPOIECCOB, UX COOT-
HOIIIEHHE, a TaKK€ OTHOIIEHUE (POTOCUHTETUUYECKONW aKTUBHOCTH (HU-
TOIJIAHKTOHA K Ouomacce Bojopocieil. IIpoBojasi OLEHKY CTEleHU
TOKCUYHOCTH XMMHUYECKUX BEIIECTB, & TAKKE CTOKOB IMPOMBIIIIEHHBIX
OPEANPUATHI IO COCTaBY (PUTOIIIAHKTOHA, IEPBUYHON MPOAYKIIUUA U
JNECTPYKIIMM B HEMPOTOUHBIX BOJAOEMAX, MOJYyYaroT MOKa3aTenau Oiu-
e K MCTHHE, OTOOpakarouue CyTh IMpoucxosuiero. B mpoToyHbix
BOJIOEMAX, PEKax, MPH BbIJICP)KUBAHUN OMNBITHBIX CKJISIHOK B TCUCHUE
HECKOJIBKAX YacOB WJIM CYTOK NIPU IMOCTOSHHOW KOHUEHTpalUWu 3a-
IPSI3HSIONINX BEIIECTB MPOUCXOIUT OTCTYIUIEHHWE OT MPUPOAHBIX SB-
JIeHUM, Korja (PUTOIUIAHKTOH KaK TPAH3UTHBIN IIEHO3 JIUIIb KOPOTKOE
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BpPEMS HCHBITHIBAET HAa c€O€ BIUSHUE BHICOKOTO YPOBHS 3arpsi3HEHU.
OpHako COCTOSAHHME BOJOEMA B JAHHOM MECTE MO COCTaBy BOJAOPOCE-
BBIX II€EHO30B, NHTEHCUBHOCTU IMPOAYKIMOHHBIX U JECTPYKIMOHHBIX
IPOLIECCOB MOXKET OBITh OXapaKTEPU30BAHO JOCTATOYHO HAIJISIIHO.

bronornueckoe TECTUPOBAHME KAadeCTBA BOJI SIBJISIETCS BaXKHEM-
IIMM 3BEHOM OXpaHbl BOJA. BHOJOrHYeCKUi KOHTPOJIb (MOHUTOPHHT)
BOJHBIX OOBEKTOB B HACTOSALIEE BPEMS IIPOBOIAUTCS MO BCEH TEPPUTO-
puu Poccuu, HakaminBaetrcsi OOJbIION (hakTUUECKU MaTepual, Xa-
paKkTepU3yIOUid OUOJOTMYECKOE COCTOSHUE BHYTPEHHUX BOJOEMOB
CTpPaHBbI.

[To3HaHne 3aKOHOMEPHOCTEN KU3HU BOJ TpeOyeT coueTaHus Mo-
JE€BBIX U JIA0OPATOPHBIX HCCIEOBAHUN C TMPUBICYEHUEM METO/0OB
¢dusunosnornu, OMOXUMHUHM, MUKPOOHOJIOTHH, TEHETUKU U JIPYTUX JHUC-
LUTUJIUH.
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INNekunsi 8. Bogopocnu u buonorunyeckas
OYUCTKA CTOYHbIX BOA

Cpenu CyIiecTBYIOIIMX METOJ0B OYMCTKHU MPOMBIIUIEHHBIX BOJ]
Hanbosiee A(PEeKTUBHBIM cuuTaeTcsl Ouosiorudyeckas ouucTka. OHa
SBJISIETCS] 3aBEPIIAIOLIMM 3TAllOM B OYUCTKE CTOKOB, MOCJIE KOTOPOTO
CTEMEeHb OYMCTKHU BOJI 110 MOKA3aTENIM OMOJIOTUYECKOT0 OTPEOICHUs
kucaopoaa gocturaet 90-95 %. OgHako JOBOJBHO YacTO ATOT MOKa-
3aTeNib ObIBAET 3aHMKEHHBIM, JIa U OCTaBIIIUECS MOCJIe OMOJIOTHYECKOM
ouncTku S5—10 % mpu XpOHHUYECKOM BO3JCUCTBUM HA BOJOEM MOTYT
MPUHECTHU HEMONPABUMBIN BPEJl 3KOCUCTEME.

buonornueckass 04uCTKa CTOYHBIX BOJ CKJIAJbIBACTCS U3 OaKTe-
pUATIBHOW OYUCTKU U JIOOYUCTKHU C TTOMOIIBI0 MUKPOCKOTTMYECKUX BO-
nopocJieit. PaboTbl B 3TOM HampaBJiICHUU BEIYTCS B PA3HBIX KJIMMATHU-
YECKUX 30HaX HAa OYUCTHBIX COOPYKEHUSX Pa3IMUHbBIX ITPOU3BOICTB.

OcCHOBHas poJib B OYUCTKE CTOYHBIX BOJ[ OTBOJAUTCSA OKHCIUTEIh-
HBIM MHUKPOOHMOJIOTMYECKUM TIpolieccaM, KOTOpble TPeOYyIOT 3aTpaT
KHUCJI0poJia. B3auMOOTHOIIIEHUST MEXy MUKPOOPTaHU3MaMU U BOJIO-
pOCHSIMU B TIpyAaxX JOOUYKMCTKH, KaK U B MPUPOJIHBIX BOJOEMAX, MOTYT
OBITH pa3Hble. brIBaeT, 4TO OOJIBIITIOMY KOJUYECTBY BOJIOPOCIEH COOT-
BETCTBYET U OOJIBIIOE KOJUYECTBO OAKTEpUil, HO MHOTIA NP MAKCH-
MaJIbHOM Pa3BUTHH BOJIOPOCIIEH BCTPEUACTCS MAJIOE KOJIUYECTBO OaK-
Tepuil. Bo3amMo)xHO, OaKTepru HE BBIACPKUBAIOT 3HAYUTEIBHOTO TO/I-
eJIa4YMBaHus CpeJibl, KOTOPOE MPOUCXOJAUT P MAaCCOBOM Pa3BUTHUU
BOJOpoOcCiier, a pH cpeabl B MecTax CKOIUIEHUS BOJIOPOCIICH IOCTUTAET
10-11.

Kpome nojienauynBanus cpeibl BOAOPOCTN CIIOCOOHBI BBIICIISITh
B OKPYKAIOIIYI0 Cpely aHTUOMOTUYECKHUE BEIIECTBA. Y CTAHOBJICHO,
410 PUIBTPAT PUTOIUIAHKTOHA, COAEpKAIIUMA Bogopociu poaos Chlo-
rella, Pediastrum, Anabaena, Oscillatoria oOiagmaeT aHTHOHMOTHUYE-
CKOM aKTUBHOCTHIO. [Ipy KOHTaKTE T€CT-KYJIbTYypPhl MUKPOOPIaHU3MOB
C 3TUMHU BUJAMH HA arapu3OBaHHOM cpene B damkax Iletpu BOkpyr
BOJIOPOCJIEBOI KOJIOHWU BO3HUKAIOT CTEPUIIbHBIC 30HBI.

dyHnaMeHTadbHbIe pabOThl MO MPUMEHEHHUIO BOJIOPOCIIEH B OHO-
JIOTUYECKOM OYUCTKE BOJ MPOBOMAATCS B IOKHBIX perrnoHax Poccuu, a
takxke crpaHax CHI. B nmocnennee BpeMs moiyueHa HOBas OMOTEX-
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HOJIOTHUSI OYMCTKH BOJl, B OCHOBY KOTOPOM MOJIOKEHO MpEeBpallieHHUE
3arpsA3HUTEINS] B OPraHUUYECKOE BEIIECTBO BOAOpOCiei. /(s moBsiiie-
HUA ()PEKTUBHOCTH OYUCTKH CTOKOB B OydepHble OMOJIOTUYECKHUE
MPYyAbl BHOCUTCS albIOJIOTHYECKUN MHOKYJIAT. Yalle 3To BOJIOPOCIH,
BBIJICJICHHBIC W3 OTHUX JKE€ IPYJOB JOOYHCTKH W Pa3MHOKCHHBIC B
KyJlbTHBaTopax. Hambosee ymoTpeOMTEILHBIMH BHIAMHU SIBIISIOTCS
Bosopociiu Chlorella n Scenedesmus. Ho nHora ucnosb3yoT cMeCh
IpeJICTaBUTEICH pa3HBIX POJIOB 3€JICHBIX, CUHE3EJICHbIX M JUATOMO-
BbIX Bojopocieit (JI. U. Jleonosa, 1990).

OcHOBHas 11€J1b, KOTOPYIO MPECICAYIOT IPU BHECECHUU UHOKYIIS-
Ta, — MOBBIIIICHUE (POTOCUHTETUYECKOM a’paliuy BOJbI 3a CUET BblJIE-
JIEHUSI KUCJI0pO/ia BOAOPOCIISIMU B pe3yiabTaTe YCBOCHMS YTIJIEKHUCIIO-
THIL.

bricTpoe pazBuTue BOAOpOCIE B MPy/1aX MIPOUCXOJUT, €CIU CTO-
KM HE TOKCHYHBI WJIM MAJIOTOKCHYHBI. Tak, CTOYHBIE BOABI IHUIIECBOM
MPOMBIIIICHHOCTH COJEpP>KaT MHOTO B3BEIICHHBIX OPraHUYECKUX Be-
IIECTB, XapaKTEPU3YIOTCSI HU3KOM MPO3PavyHOCThIO, OOJIBIION IBETHO-
CTbIO, 3HAUUTEILHON OKHUCIISIEMOCThIO, OHU HE TOKCHYHBI. Mccneno-
BaHUs, MPOBEJACHHbIC Ha JIHEMPOBCKOM BOJOXPAHWIIMILE B pailOHE
BBIITYCKa CTOYHBIX BOJ IMHUIIEBOTO KOMOWHATA, ITOKa3alH, 4To pa3daB-
JICHHBIC CTOYHBIE BOJIbI CTUMYJIUPOBAIIM Pa3BUTHE aIbro(IOPHI.

YcraHoBieHa yIMBUTENIbHAS MPUCIIOCOOISIEMOCTh BOJIOPOCIEH K
YCJIOBHUSIM 3HAUUTEIBLHOTO 3arps3HEHUs, a MOTOMY M CIOCOOHOCTH
BBDKHBATh B MIPY/IaX JTOOUYHMCTKH.

OaHUM U3 TPUCTIOCOOUTENIBHBIX MEXaHU3MOB BOJOPOCIIEH B yC-
JOBUSIX 3HAUUTEIBLHOTO 3arpsi3HEHUS SBIISICTCS M3MEHEHHE MOpQoIIo-
ruu. Tak, Scenedesmus B Tpygax JTOOYUCTKH YacTo U3 4—8-
KJICTOUHBIX 1IEHOOUEB MpeBpamiaeTcs B 1—2-KJIE€TOYHbIC, U3MEHSIOTCS
TaKKe JUHEHHBIC pa3Mephl KICTOK, HAPYIIAIOTCS MPUBBIYHBIC ITHKJIIBI
Pa3BUTHS, KOTJIa alIaHOCIIOPHI J0JITO COXPAHSIIOTCS MOJT 3alUTON Ma-
TEPUHCKON 000JIOUKM M HE BBIXOAST B OKpYy’Karollyto cpeny. Hapy-
IIIEHUE CUHXPOHHU3ALMHU KIECTOYHBIX IIMKJIOB CIIOCOOCTBYET, OUEBU/IHO,
BBDKHBAHUIO M TIPHUCIIOCOOJIEHHUIO OCYIIECTBICHUSI MeTaboIn3Ma B yC-
JIOBUSIX 3arpsi3HEHUS.

Y cTaHOBIEHO, YTO, KaK MPaBHIIO, U3MEHEHHE MOPGHOIOTHH BOJIO-
pociei B YCIOBUSIX 3arpsi3HEHUs SBISICTCA (PEHOTUIIMYECKUM U TIPU
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MIEPEHECEHNH BOJOPOCIEBBIX KIETOK B HOPMAJIBHBIE YCIIOBUS 3TU W3-
MEHEHUS JIUKBUIUPYIOTCS.

Hamu mnpoBoaunuck 1abopaTopHbIE HCCIIEAOBaHUS B 3TOM Ha-
paBJE€HUH, KOTJa pa3Mepbl KiIeTok Scenedesmus u Chlorella, Bbipa-
IIEHHBIC B cpejie ¢ J1o0aBieHueM peHona u HepTenpoayKTOB, JOCTO-
BEPHO MEHSUIM CBOM pa3MEPHBIC XapaKTEPUCTUKH (00pabOTKa TaHHBIX
npoBoaMiiach Mo kputeputo Buikokcona). Ho mpu mepeceBe ucmbi-
TyeMOro Marepuajia Ha YUCThIE MUTATEIbHBIC CPEbl KYIbTYPhl IIPU-
oOpeTanu HUCXOJIHbIE pa3Mepbl. ITO TOBOPUT O MOAUGPHUKAIMOHHOM
W3MEHUYUBOCTH U3y4YaeMbIX BUJIOB B YCIOBUSIX JAHHOT'O 3arpsi3HEHUS,
XOTS psifi UCCIIEAOBATENECd OTMEUANId U MYyTallMOHHbIE U3MEHEHUSI BU-
TOB.

BripamuBaHue XJ0Opesibl Ha CTOYHBIX BOJIaX KWBOTHOBOJYECKO-
ro KOMIUJIEKCa JI0Ka3aJl0, YTO KIJIETKU BOJIOPOCIHM BBIHOCST U3 CPEIbI
OpraHMYECKOE BEIIECTBO, CHIXKAsl COAEPKaHWE OPraHUKU B BOJIaxX B
2,5 pa3a, a NH4+ — B 4 pa3a. Bomopocnu B Iporecce CBOEro pa3BUTHS
U3BJICKAIOT U3 Cpeibl OMOTeHBI — a30T U dhocdop.

ConepkaHre aMMOHMHHOIO a30Ta SIBISIETCSI CAHUTAPHBIM IOKa-
3aTeseM, XapakTepu3yrouM paboTy OYUCTHBIX COOpYKeHuil. B mpu-
CYTCTBHM BOJIOPOCJICH CHHXKEHUE KOHIICHTPAI[MM aMMHUAYHOTO a30Ta B
CTOYHBIX BOAAX B TEIUIbIN nepuop roga cocrasisier 80-90 %, mo gaH-
HBIM Pa3HBIX aBTOPOB.

Ocoboe mMecTo 3aHMMaeT OUOJOTHYECKash OUYMCTKA BOJI OT OTXO-
JIOB XUMHUYECKOW U TEKCTHUJIBHOW IMPOMBIIIICHHOCTH. Y CTAHOBJICHO,
YTO HEKOTOPBIE BOJOPOCIU U BBICIIIUE BOJIHBbIC PACTCHUS YTUIIU3UPY-
I0OT U3 CTOYHBIX BOJ| KPACHUTEJM JABYX Pa3IUUYHBIX KJIACCOB — TpHUe-
HUJIMETAHOBBIX U MPSAMBIX a3okpacuteneil. Hambosiee BBICOKYIO MO-
IJIOTUTEIBHYIO CIIOCOOHOCTh OKa3alia 3JI0jies KaHaJCKasl, 3a Heil cle-
JIOBAJIA YPYTh KOJIOCUCTAs U 3€JIeHasi BOJIOPOCIb HUTEILIA.

[Ipy ucnonb30BaHWK AOMOJHHUTENBHBIX MHOKYJISITOB BOJIOPOCIEN
B OUMCTKE OBITOBBIX U )KMBOTHOBOJYECKUX CTOYHBIX BOJI MIOJYUECH SIB-
HbIN 00e33apaxuBaromnii 3¢pdexr. KoHneHTpamus KIeToK KUIIIEYHOM
najoyku cHwkaercs Ha 99,9 %. Eciaum KoIHM-TUTp Hepas3BeICHHOU
CTOYHOM KUJKOCTH TOPOACKON KaHAJIM3alWUM, MOCTyHaroue B Ouo-
noruyeckue mpyael, cocrasisier 0,000004 mi, to yepes 7-10 mHewn
npeObIBaHus B Mpyax, rje OOMIBHO Pa3BUBAIUCH 3€JIEHbIE BOJOPOC-
au, oH gocturaeT 0,004 M1 1 BbIIIIE.
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Odyenb 3PGHEeKTUBHO MPUMEHEHUE PA3IMYHBIX MUKPOBOJIOPOCIIEH
B OYKMCTKE CMEIIIAHHBIX MPOMBINUICHHBIX CTOKOB. Tak, MpU HCIIbITa-
HUW CMEIIAHHBIX KYJbTYP BOJOPOCIEH MPHU JOOUYHUCTKE CTOYHBIX BOJI
TEKCTUJIBHOTO KOMOMHATA B MATUCTYIIEHYATOM OMOJIOTHYECKOM TIPY/Ie
ObLIa TOJy4YeHa IOJHAsl OYMCTKAa OT HePTenpoayKToB, (eHosa, IOo-
BBIIIIEHO COJIEpKaHue KUCIOPOIa.

[IpenmnonararT, 4TO YCKOPEHHE OKHCICHHS HE(PTH B MPHUCYTCT-
BUM BOJOPOCJICH 3aKI0YaeTcsi B MX CIHOCOOHOCTH MPOIYITUPOBATH
CTUMYJISITOPBI U MOTPEOISATh UMHTUOUTOPHI POCTa YIJIEBOAOPOJAOKHUC-
JSIOIIUX OaKTepHil.

A npumenenue Chlorella vulgaris, BbIIeI€HHOW U3 OMOJIOTHAYE-
CKOTO TpyJa, B MOJEISIX KOHTAKTHOTO MpPYyJa YCKOPSET MPOIIECCHI
OUHIIEHUSI BOJIBI OT HE(MTENPOIYKTOB M JPYTMX OPTraHUYECKUX CO-
eIMHEHUM B 2 pa3a u 06oJee.

[Ipu HampaBI€HHOM BO3JCHCTBUM Ha OWOJOTUYECKHUE TMPYIbI
MO>XHO CTUMYJIMPOBAaTh B HUX Pa3BUTHE TUKOPACTYIIUX BOIOPOCIEH
U TIOJIJICPKUBATh B MPYyAaX T€ WIM WHbIE OMOIIEHO3BI, YTO OYyAET CIOo-
cOOCTBOBaTh MPOIECCY OYUCTKUA BOJ U 00€33apaKMBAHUIO OT MAaTO-
T€HHBIX MHKpoopraHu3moB. l[lIupokoe HCIONB30BaHHE MPUPOTHBIX
MPOIIECCOB CAaMOOYMIIICHHS B OMOJIOTHYECKUX TMPYyAaX HE UCKIIOYAET,
a B pAJE CIAydacB BBITOJHO JOMOJIHSAET WHIYCTPUAJIBbHBIE CIOCOOBI
OYMCTKH, a MMOITOMY AKTYaJIbHOW 3aJ1a4€i CETOJHSAIIHETO THSA OCTAET-
Csl MHTeHCU(UKAIMS MpoIlecca pa3BUTHSI BOAOPOCICH B Mpyaax OYH-
CTHBIX COOPYXEHHM, 4TO MOXKET CYIIECTBEHHO YBEIMYHUTh WX MPOIY-
CKHYIO CLIOCOOHOCTS.
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