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JIABOPATOPHBIE BHOMOJEJIH CEPHOT'O
AJIbTOBAKTEPHAJIBHOI'O MATA H KOJIEL]

CEPHI (KOJIBIIA KAPIIOBA)

Haywens! ipa cepHLIX 06pa3OBAHMA HA TEPMATLHEIX NO/IAX KA/bephi Byixana Yion (Kamwarxa):
1 — cepHiii, H amkrob HEIH MaT, 2 — rop ie, Ha P BOJIBI, KONLIA CEPRI
(xosmua Kapnosa), GopMupyrommecs okosio pacTylHx i P i DH

6: pocToM P P H  OyIbCHP BHIOp cepel M3

PHAPOTEPMATLHEIX HeTouHkKoB. [lomydennsie » )PATOPHBIX Y 6 no croeit Mopd HHE
AHATIOTHYHE! NPHPOAHEIM obpasiam.
Knwueswe canoea: ambrobakTepHAIEHBIA MAT, CepHble TIHApOTEp GopaToprsie G
Cyanophyta.

Beeenne

Brinenenne cepel HA TEPMANBHBIX NMOMAX — OBOMBHO PACIPOCTPAHEHHOE
senenne (Kapnos, 1988; Kamsaepmwie ..., 1989; Epomes-Illak, 1992). Ha ceprbix
TePMANBHBIX HCTOYHHKAX KaJbJepsl Bynkana ¥Y30H (Kamuarka) HAMH GbUIH NPOBEACHBI
HMCCNENOBANHA CrieUHHYeCKHX 00pa3oBaHHif CIOHCTBIX CEPHBIX ANBroGAKTCPHANBHBIX
MATOB M CEPHBIX KOJEL OKONO PAacTyIMX KOJMOHHI CHHe3eNneHIX Bomopocneil. Takxme
TOPH3OHTANBHEIE  KOMbIEoOpasHeC (JODMHPOBAHHS Cephl  PAa3HOTO  JHAMETPA,
BIOMCHHBIE APYT B ApPYra, BCTPEHAIOTCA HA TNOBEPXHOCTH CEPHBIX MHHEDANBHBIX
HMCTOYHHKOB, B POCCHM 3TH CTPYKTYPBI ONHCaHbi BriepBhiec Ha KaMuaTke ByIKaHOTOrOM
I''A. Kapnoseim (1980). Cpeanm poccuiickux GHomoroe Takod ¢eHOMEH MOMY4HI
HajBaHHE «kombla Kapnosa». 10T TepMHH COXpAHEH M B JaHHOI pabore,

Llens HAUMX SKCTIEPHMEHTOB - B 1aGOPATOPHBIX YCIOBHAX IOTYYHTH
OHOMO/IENH ~ AHAJIOTH NPHPOAHBIX 06pa3LoB.

MarepHaibi 1 METO/IBI

Hannas pabora ABAACTCH NMPONO/UKEHHEM PAHES HAYATHIX HCCHEJOBAHMH IO
TIONYHEHHIO CIOHCTHIX 006pasoBaHHii — AHANOTOB HCKOMAEMBIX CTPOMATONHTOB, MO3TOMY
Mbl HMCHONB30BAJIH METOABL, Pa3pabOTAHHLIE paHee NPH TNONYYCHHMH AHANOTOB
HCKOMAeMbIX kapOonatheiX H (ocdaTHeix obpasopanmii (Opreanckwii, Paaben, 1998;
Opuneanckwmii u ap., 2000).

Jlns ONBITOB MCTIONB30BANH COOOMIECTBO BOJOPOC/CH, BBUIEIEHHOE H3 TEpMa-
JbHBIX HCTOYMHHKOB 3T0i Kaibaepsl. B HeM JOMHHHDOBANH CHHE3SICHBIC BOJOPOCIH
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Oscillatoria terebriformis (Ag.) Elenk. emend. u Phormidium angustissimum W. et G.S.
West (Oscillatoriaceae). Bonopocnesyio KynsTypy BRIDAIMBAIH HA cpele 3aBap3HHA,
HMHTHPYIOUIYI0 ~MHHEPaNbHBIH COCTAB OJHOTO H3 TEPMANBHBIX HCTOYHHKOB
(Opnearckuit, ['epacumenko 1982). Oceemenne — ot 200 nk Housro o 2000 ak gHeM
(HCTIONMB30BANH JNaMILl HakamuBaHus). Coo0mECTBO KyJIBTHBHPOBATH B HeGOMLIIHX
KPHCTAZIN3ATOPAX, IIe OHO OGpPAsOBBIBANO MiEHKY Ha aHe. Cepy B IKCHEPHMEHTAX
HCTIONB30BANAH B BHAE PACTEPTOrO B CTYNKE MOPOIIKA, MOIY4MEHHOIO H3 PEAKTHBA «Ccepa
HEiTpaIbHAS, KPHCTALTHYCCKAD).

Pesyantarel u oficyxnaenne

Cepwulii_anvzobakmepuanehvii mam. TIPHPOAHELT cepHbIil ansrobakrepuans-
HEIii MaT MpeACTABIAET cOGOI CIOMCTOE 0Opa3oBaHHe, COCTOAMIEE H3 YepeayIOIHXCA
NPOCNOEE TOHKOJMCNIEPCHOTO HJIA, CONEPAALISro CAMOPOIHYIO cepy, H GHoMacchl
CHHe3eCHBIX Bomopocneil. OOHApYEHO OHO Ha TePH(EPHIHHON YACTH TEPMAIBLHOIO
HCTOUHHKA 3aBapsuHa, rae riyOMHAa Cios Boabl cocTaBmsuia moura 10 My (puc. 1).
Mexaniriv 0OpasoBaHHA TaKOro AMbroGaKTEepPHANBHOTO MaTa 3AKTYANCA B MyTbCHPYIIEM
pekHMEe TOCTYNIeHHA cephl [IpekpamieHue e¢ NOCTYIUICHHS B BOJHYIO CHCTEMY
CONMPOBOAJANOCH AKTHBHBIM POCTOM CHHE3EICHBIX BOJOPOCHEH, pacTymmx Ha
BhINABIIEM MHHEPATBHOM OCAJIKE.

[Ty BCHpYFOIAH PEKUM JCATCTBHOCTH B TEPMANBHBIX HCTOMHHKAX KAJIbACPHI
BYIKaHA Y30H XapakTepeH M JUIA APYIHX NApaMeTpOB. TeMIepaTypa, coctas rasos, pH
(Epowes-I1lak u ap., 1985). Ha puc. 2 mokazaH neproj aKTHBHOTO POCTa BOAOPOCHEH,
KOI/Ia MOBEPXHOCTh MaTa ObLTa MOKpHITA NMpeIMETHEIMH creknamu. TMocme Toro, kak
TPOH3OMmEN BRIOPOC CEPBI H BCA TNOBEPXHOCTb MATA TOKPHUIACH OENbIM HIMCTHIM
0CAAKOM, ONHO CTEKI0 ObLIO MPHMOAHATO H IOA HEM OTHCTAHBO GBUTH BHIHBI CIEMIbI
pocTa  CHHe3eNeHBIX Bomopocieil. OcCoGEHHO XOpOWIO TAKOS MEPHOIHYECKOS
MEePEAOBAHHE POCTA BOAOPOCHEH (TeMHBIH MpoCnoi) H MHHEpANTbHOrO ocagka (Gembiit
TpPOCOif) BHAHO HA BEPTHKANBHOM Cpe3e MPHPOZHOTo MaTa (pHc. 3).

B naGopaTOpHBIX 3KCNEPHMEHTAX, AHANOIHYHO NPHPOAHBIM YCIOBHAM, ObLT
HCTIOMB30BAH TPHHIMN TEPHOAMYHOCTH, T.€. 3Tambl AKTHBHOIO POCTAa BOJOPOCIEH
YEPENOBANTHCh C TEPHOJAMM AKTHBHOTO OCAAKOHAKOIIeHHA. Jlia asrmoro B
IKCICPHMEHTANBHBIA COCYA, KpucTamusarop obsemom 200 Ma, Ha JHE KOTOPOro
Haxoauaca cnoii 2 %-ro BOAHOrO arapa (HCTIONb3YEMbIH B KAYCCTBC IOAJIOKKH H
HMHTHPYIOIHI [JHO BOJOEMAa), BHOCHIH BOJOPOCNEBBIH MOCeBHOM Martepuan. Korma
BOAOPOCTH pa3pacTaiuch H YKPEIULUIMCh HA JHE COCyAa, 00pasys Xopoumo
BRIPAKEHHYH) BOAOPOC/IEBYI0 MOBEPXHOCTB, B NMHTATENBHYK) CPEy THIETKOH BHOCHIH
B3BECh MOPOMIKA Cephl. YaCTHYKH CEpPhl OCEJATH HA JHO COCYAA, 00pasys MHHEPATLHbIH
CIHOH, TOMIMHA KOTOPOrO B IKCICPHMEHTAX ONPENE/IANACh BHIYANBHO, [0 Mepe
NOKPHITHA MHHEPATBHBIM OCA/IKOM BOJOPOC/IEBOH MOBCPXHOCTH. 3aTeM COCY[ CHOBA
MOMEMIATH B YCMOBHA OCBEIICHHMA. YJKE B TCUCHHE HACA AKTHBHBIE HHTH (FOPMOrOHMHM)
OCUH/IIATOPHEBBIX BOAOPOCTICH NPOHHKAIM “epe3 HAHECCHHBIH CNOH MHHEPANLHOIO
0Cajka M HAYMHATH Pa3pacTaTeCd Ha ero moBepxHocTH. C ofpa3oBaHHeM HOBOTO,
XOPOIIO BBIPAMKEHHOTO OPraHW4EeCKOr0 CNOf, WLMKA BHECCHHA CEPHOTO 0CamKa
nostopsin. Kak Bumso u3 puc. 4, Takux wukioB Guuto Gomee 10. Mexanusm co3manus
nabopatopHoii GHOMOZENM COOTBETCTBYET NPHPOAHOMY, A MNOJYYEHHAs OOpa3oBaB-
AACA CTIOMCTOCTH MOP(OIOTHYECKA AHAJOTHYHEA TIPHPOTHOMY MATEPHALY.
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B ormrune or kapGonaTHO#H HmH (ocdaTHoill CIOHCTOCTH, CAOHCTOCTE CEPHOTO
MaTa #BJCHHE BPEMEHHOE (CKOpee BCEro, CE30HHOE), TAK KAK Cepa MOJBEpraeTcs
npoueccy cCyns(aTpenykusH, BOAOPOCNCBRIC HHTH NPH 3TOM JH3HPYIOTCH H
PacmiajaloTCA, 4 YETKAA CIOHCTOCTB HCYE3aeT.

Cepuie _xonvya _(xonvya Kapnoea). Kpome CIOMCTBIX CEePHBIX ambrofakre-
PHANBHBIX MATOB, B TEPMANBHBIX HCTOUHHKAX KANBJCPHI BYNKAHA Y30H BCTpEHaeTCs
eme OfHO ABJICHHE, CBA3AHHOE C CEPOH W CHHE3ENECHBIMH BOJOPOCIAMH, KOTOpOE
Ha3kIBaeTCA «Komblia Kapmosa».

ONHCBIBAEGMEBIC CTPYKTYPhI OGHADY/KMBAIOTCA B BHIAC KOHUCHTPHYECKHX
CepHBIX KPyroB AuaMeTpoM 1-5 cM (pHc. 5, 6). D10 ABNCHHMe KpaifHe HeycTOHuMBO.
Maneiimee ayHoBenue BeTpa, a TeM Gonee N0#Ib, MPHBOAAT K €r0 YHHYTOMKCHHMIO.
OBHApy/XeHHe TAKHX CEPHBIX KOJIEN BO3MOKHO JHIb B NMEPHOM YCTOABIUEHCA XOpomei
GeaserpeHHOM morompl. CepHele o6pasjoBaHHA BCTpeualoTcs no mepHpepuiinoi wacTn
CEPHBIX MCTOYHMKOB, B «3a/MBAX», rae cnoii Bomel cocraBmier 1-2 M. JIHO Takmx
JANTHBOB JI0JDKHO GBITH 3apOCINHM CHHE3eNCHBIMH BOOpochsmu (puc. 7, a). Korma B
TAKOH 3aJHB TMOMAJACT 3AHECCHHAA BETPOM BETOUKA MIH [JAKE MEPTBOE HACEKOMOE,
HHTH OCLH/ITATOPHEBHIX BOJOPOCHEH OMIETAIOT 3TOT 00BEKT H KAK «IO ITCCTHHIIE»
NOJAHHMAIOTCA K MOBEPXHOCTH BOJbI, HAYHHAA Pa3pacTarsCA. BruiendeMmas MCTOYHHKOM
TOHKOIMCTIEPCHAN KO/UIOWIHAs cepa obmamaer ruapodoOHBIME CBOHCTBAMHA, H HacTh
BBUIE/AEMOH Cephl TIABAET MO TOBEPXHOCTH BOABL HaTkHyBmMCE Ha pacTymryo
KONIOHHMIO BOAOPOC/EH, OHA CKATUIMBAETCA OKOJIO BOJOPOCIEBBIX HHTEH (pHc. 7, 6, 6).
IMynbcupylomee BBIICNCHHE CEPBI, 0 9YEM YKA3BIBANOCH Bhime, (PHKCHpyeTCH B BHIE
TOPH30OHTAMBHBIX KOJEL], CKATUTHBARONIHXCA OKOJIO PACTYIHX KONOHHIT BOZIOPOCTCH.

Jlnsi naGopaTOPHOrO MOZCTHPOBAHMA HAGMONAEMOro B NPHPOAC ABICHHSA
Hcnonb3oBand damku [letpn. B ueHTp uyamkn nomemann HeGoNbIIME arapoBbie
cronfukn M3 2 %-r0 BOJHOrO arapa, Ha KOTOPHIC HAKIAJBIBANH KOMOYKH XOpOLIO
pacTymeii KynbTypsl. [TOMEIEHHYI0O HA arapoBbIX CTONOMKAX KyNBTYPY NOIPYkaid B
Cpedy, TONBKO BEPXHIOK) 4ACTH KOMOYKA OCTABIINIH Ha mMOBEPXHOCTH. Komommsa
OCUM/LTATOPHEBBIX BOAOPOCHEH, KAK M B NPHPOIHBIX YCIOBHSAX, HAMHHAET PA3pacTaThCs
HA NOBEPXHOCTH CPEJbl, BOZHMKAET OPEOJI rOPH3OHTAMBHOro pocra (puc. 8). Ecom B
COCY BHECTH YACTHYKH CEphI (THIATENBHO PACTEPTYI0 CEpYy BHOCHIH HA KOHYHKE
NPENapHPOBANBHOM HINBI), OHH, KAK H B NPHPOJE, MOTYT YAEPKHBATHCA BOMH3H HHTEH
Bozopocneii (puc. 9). Ilnasaromme YaCTHYKH CEPhl HE ABJIAIOTCA NPENATCTBHEM JUIA
JanbHeimero paspacranka komouu (puc. 10). HHTH ocIHINATOPHEBBIX PAcTyT MO
STHMH YACTHYKAMH CEpBI, MIABAIONIHMH HA TUICHKE MOBEPXHOCTHOTO HATHKCHHA BOJIBI,
a pacTyLIHE HHTH BOAOPOCICH NMPHKPEIUMIOTCH K HIDKHEH YACTH 3TOH IUICHKH KAaK K
TeepaoMy cybcrpary. YacTHukH nnaBaromied cepl 3aCTPEBAOT B HHTAX BOJOpocneii,
HATHIKAACh HA CBOEOOPA3HYH MeNb. DTHM H 00BACHAeTcA TOT (JaKT, YTO B NMPHPOZE
HebONBINOE YCHIICHHEe BETPA PAsPYIIACT 3TO ABJCHHE, CAYBAA CEPY C HATEH BOXOPOCIEH.
Tepromueckoe Yepe/IOBAHHE B IKCIICPHMEHTE «ITATIOB» POCTA BOAOPOCHEH H BHECEHHSA
Cephl  MPHBOAMT K OOPA3OBAHMIO KOHUCHTPHUCCKHX KOMEI OKOMO  KOJOHHMIA
OCIMUIATOpHEBLIX Bogopocneit (puc. 11). B nabopaTopHeIX yCIOBHAX, KAK H B MPHPOJE,
obpasyrommiics pHIXTBIH OpeoN HAYAMBHOIO POCTA OCUH/LTATOPHEBBIX BOAOPOCHEH CO
BPEMECHEM YIUIOTHAECTCS H CKHMACTCsd, cONMmkas KoMbLA cepbl Mexay coboif u
npuOIHKAA HX K LUEHTPAIBHON YACTH KOJOHHH.

B TepManbHBIX HCTOMHHKAX YAacTO 2-3 KONOHHH, PACTYIIME CHAYANA OTAENBHO,
PaspacTaimch M COMKANHCH, OOBEIHHACH B OHY. TOraa YACTHYKH CEPhl OKPYHKAIH
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(kanenepa By Yaon, Kamyarka). Crpenkoil ykazawo

Puc. 1. O6mmit BHA McTOUHMKA 3:
MECTOHA. cepHOro ankrob: p HOro MaTa.
Puc. 2. YuacTox MaTa KpynHeM nuamoM. CTpekofl ykataua TEppHTOPHA POCTA CHHESNICHRIX BOJOpOCred,
CEPHBIM (1), muxp HYECKOE CTEKNO € CCPHBIM OCAIKOM
p HAJ ATk p HoM MaToM (2).
Prc. 3. Bepruxansneiii paspes KepHa NPHPOJHOIO CEPHOTO ANbroGAKTEPHANLHOTO MaTa.
Puc. 4. Bep i paspes mabopatopuok G 7 anprobakrepuankioro mata. Pasmep

KPHCTA/UIOB  Cephl B onbime xoneGanca ot 30 10150 MKkM, paiMep YacTHYeK Ceph B MPHPOAHBIX
HeTodHHKax (puc. 3) cocraranr 1-3 MM,

Pue. 5. CepHile KOHIEHTPHYECKHE KOJIBIIA B TEPMANILHEIX HCTOWHHKAX KAThACph BYJIKaHa YI0H.

Prc. 6. Konibiza M3 cephl Y Kpas cepHOro HCTOYHHKA.

Puc. 7. Cxema ofpasosanms cepubix konenl (konen Kapropa): @ — poct Bofiopociieli Ha J1He HCTOYHHKA H

NofHATHE HHTel no oy ¥ T K 7 W BOMM, 6, 6 - pazpacTanHe
Ha T BOAW H HOe Ha CEPHBIX HACTHYCK HA HHTH
P X P fi mocne « 1X» BhiGpocon cephl (/ - BosopociH WA ame

, 2 ~ paspac pocicH; 3 — cnoil Boawt;, 4 — MACTHYKH cephi).
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Puc. 8. Paspactanue oc1HiUIaTOPHEBOH KOMIOHHH Ha NIOBEPXHOCTH MHTATENLHON CPekl.
Puc. 9. IlpuiMnanie wacTHYeK Cephl K Kpalo PacTYMIeH KOJIOHHH.

Puc. 10. Poct ociinaToprentix Boaopocedi Noa 9acTHYKaMK Npuimmed cepil

Puc. 11. JlaGopatopuaa Gromoaent cepHrix xonei Kapnopa.

Puc. 12, 13. JlaGopaTopHbie GMOMOCTH — PEIYILTAT PAIPACTAHHA H ODLEHHEHHA OTACNLHEIX BOJOPOCEBLIX
KOJIOHHH ¢ popMHpoBRaHHeM oGLIHX KoJIel H3 Cephi TIO NepH(epH cCKOH OKPYAKHOCTH

Puc. 14. JlaGoparop p prGp 10} cepHBIX obpasoBaHHi.
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TAKYK0 KONOHMIO eHHBIM OOumM Kombuom. Takue oOpasoBaHHsA MOMYHCHBI HAMH H B
nabopaTopHBIX yCnoBHAX (pHc. 12, 13).

* Kpome 3aMKHYTBIX KOHLCHTPHYECKHX KpyroB (komen Kapnosa) wHHOrza
HaGmoaeTcs ApYras KapTHHA, KOIJA MNOBEPXHOCTHBIA POCT BOAOPOCHEH HAYHHACT
pactH or «bepera» HcTouHHKAa (cM. puc. 6). B naboparopHbix YCnOBHAX TaKyio
GHOMOZICTE MOMKHO TIONYHHTb, CIBHIAfA LCHTPHI KONOHHI HITH KOHUCHTPHPYA MOCEBHOMH
MATepHAN Yy Kpas (CTEHKH) JKCTIIEPHMCHTANBHONO COCYZAA. 30HBI POCTA BOJOpOCHEi
00BEIMHAIOTCA H TE PACTYT OAHOH MACcCOH. DT0 OTYACTH HATIOMMHACT  KAPTHHY
MOpcKoro mpuGos (puc. 14).

3akmouenne

VuHTEIBaA GHONOrHYECKHE 0COOEHHOCTH POCTa OCHHIIATOPHEBBIX BOJOPOCTEH
M cobmomas  ONpEAeNeHHYI0 «3a/MOBOCTY  BHECEHMS  Cepbl,  0Omaaonyo
riapohoOHBIMHE CBOMCTBAMH, YAANOCH B Ta00PaTOPHBIX YCIOBHAX HaOmonaTh mpoiecc,
NPHEUMITHATBHO CXOHBIN ¢ TeM, KOTOpBIi HAOMONAETCA B NPHPOAHBIX YCIOBMAX.
LpkmmEocTs  (3A/MOBOCTS)  BBUIGNEHHA CEPHI  MOMET (DMKCHPOBATECA —POCTOM
BOJOpOCNEH KAK B BEPTHKAIBHOM, TAK H B TOPH30OHTAIbHOM HanpasiaenuH. Boccosmanne
B 1a60PATOPHEIX YCIOBHAX MPHPOJHEIX MOCTPOEK JACT BOIMOKHOCTE MOHATH MEXAHH3M
NPHPOJHBIX NMPONECCOB, MPOHCXONAIHX B COBPEMEHHBIX MHAPOTEPMANBHBIX CHCTEMAX
obnacreii AKTHBHOTO BYJIKAHH3MA.
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LABORATORY BIOMODELS OF SULFURIC ALGAL-BACTERIAL MAT AND RINGS OF
SULFUR (KARPOV'S RINGS)

Two interesting sulfuric formations were studied in hydrothermal fields of the caldera of the Uzon
Volcano (Kamchatka): (1) a sulfuric stratified algal-bacterial mat; and (2) horizontal rings of sulfur on the
water surface (Karpov's Rings) formed near the growing colonies of blue-green algae (cyanobacteria). These
formations are conditioned by the growth of blue-green algae (genera Oscillatoria and Phormidium belonging
1o the family Oscillatoriaceae) and the pulsating release of sulfur from hydrothermal springs. The biomodels
obtained in the laboratory are similar in their morphology to the natural samples.
Keywords:algab ial mat, sulfuric hydrothermal springs, lal v biomodels, Cy e
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