2 [1Ipe3eHTauns
YyeHunka /«A»Knacca
[TnnodeHok denopa.



® BOﬂOPOCﬂ%MCTbIe CMOPOBbIE pacTeHUs, coaep kallme B KneTkax
xnopounn n, cn bHO, CrOCOBHbIE K POTOCMHTE3Y.[loHSATHNE
DOC/IN» B HAYYHOM OTHOLWEHUN HeonpedeneHHo. CnoBo «BOAOPOCN

AYaET JIMLLb TO, YTO 3TO PACTEHMS, mmsymv;‘ghl;égae; OOQHAaKO He
1111 B BOAOEMAX MOXHO € Hay4YHON TOYKM 3PEHN BaTb
, TaKne pacteHus, Kak TPOCTHUK, KaMblLl, poro3, KyBLUMHKM,
_,—wr- 3€JIEHbIE NNIACTUHKM PACKK U Ap., SBNSIOTCA CEMEHHbIMY

bIMK) pacTeHnsMu. K 3TMM pacTeHmsM Ha L|H|>|14Tep|\421__r_|_

PUMEHUM, UX HA3bIBAOT BOAAHBIMU Pc CHUAMV

B p,opocnm» — He cuctemMaTuyeckoe, a buonornyeckoe. Bogopocniu

TO cOOpHas rpynma opraHM3MoB, OCHOBHas! YacTb KOTOPbIX,

&j BPEMEHHbIM NPEACTABNEHUAM, BXOAUT B LAPCTBO PacTeHnmn

), B KOTOPOM OHa COCTaB/IsSIET AIBa NOALAPCTBa: 6arpsHK1, UK KpacHble
— Rhodobionta n HacTosLme BOAOPOCIN — Phycoblonta CRIETE

[@PCTBO LiapcTBa PacTeHMin BXOAAT BbICLLVE (3apOAbILLIEBLIE MW

' 1;.f§i‘,,= 0enbHble) pacteHns — Embryobionta). OcTarnbHble OpraHuU3Mbl,

E==OTHOCKMbIE K BOAOPOC/IAM, CEMUAC Y)KE HE CUNTAIOTCSA PaCTEHNAMM:

== - CUHE3ErEHbIE U nyoxnopocbmosue BOZIOPOC/IM YaCTO CUUTAIOT

~— CaMOCTOSTENbHOM rPYNMoN UK OTHOCST K 6aKTepUsiM, a 3BrIEHOBbIE

= BOJOPOCAX MHOrAA@ OTHOCAT K NOALIAPCTBY >XMBOTHBIX — NPOCTEMLLINM.
_PasnuuHble rpynnbl BOAOPOC/EN BO3HUKIN B pa3HOE BpeMS U, No-BUAMMOMY, OT
pa3Hb|x npeuKOB HO B pe3yanaTe SBOJIOUMN B CXOAHBIX YCIIOBHSIX 06MTaHM;|




® Y Bogopocnen bonee npocroe (N0 CpaBHEHMIO C BbICLUIMMM
DACTEHUSMM) AHATOMMYECKOE CTPOEHNE — HET NPOBOASILLEN
g AUETON) CUCTEMBI, MO3TOMY BOAOPOC/IN, OTHOCUMBIE K
CIEHUSM, SBNSA0TCA 6eccocyanCTbIMU PacTEHNSIMM.
AOPOC/ N HMKOraa He obpasytoT LIBETKOB N CEMSIH, a

—

3SMHOXXalOTCA BETETATUBHO W1 CITIOPaAMM.

. T

Xvin-1
XVii-2
XVII-3
XVl -4
XVl -s
XVil-o




* B knetkax B A CoOpepXnTcsa xnopodwunn,

Hnaro apﬂ’m-wn CrocobHbI aCCUMUNMPOBATb Ha : -~
CJ'IbIM ra3 (T.e. NIUTaTbCs NPU NOMOLLM .. )
O MpeuMyLLECTBEHHO 0buTaTe { ——
defibl, HO MHOrne NPUCROCOBUINCE K YKN3HU

ee NoBEpPXHOCTU, Ha CKanax, Ha CTBOMax
3 D buoTonax.

~ -
HOCUMbIE K BOAOPOC/IAM Ype3Bbl4alHO pa3HOpoAHbI. Bogopocnu
@K K npokapuoTtaM (AosaAepHbIM OpraHn3Mam), Tak U K 3yKapuoTaMm
OHbIM OpraH13Mam). Teno BOAOPOC/EN MOXKET BbiTh BCEX UETLIPEX
j'- '6CTM BOOOLLE M3BECTHbIX A/11 OPraHN3MOB: OOHOK/IETOYHbIM,

HBIM, MHOTOKNETOYHbIM W HEKNETOYHbIM, Pa3Mepbl MX KOMEBNOTCA B OYeHb
” peL nax MenbYanLine comsmMepuMbl ¢ 6akTepmnanbHbIMU KIeTKaMn (He

-

SBBILLAIOT 1 MKM B AMAMeTpe), a Hanbosnee KpyrnHble MOpcKue bypble BOAOPOCN

a

30—45 M B /INHY.

- e —

Boaopocenn pasaensoTcsl Ha 60/blloe KOIMYECTBO OTAENO0B M KaCcCoB U pasaeneHne nx
Ha cucTeMaTuyeckue rpynmbl (TakCoHbI) MPOU3BOANTCS MO BUOXMMUYECKUM
ocobeHHOCTAM (Habop MMrMEHTOB, COCTaB K/IETOYHON 060M0YKM, TUM 3aMaCHbIX
BELLECTB), @ TaKXXe Mo CyOMUKPOCKONMMYECKOMY CTpoeHuto. OAHaKo AN COBPEMEHHOM
CUCTEMATUKM BOAOPOC/EN XapaKTEPHO MHOXECTBO pPa3HOObpa3HbIX CUCTEM. [axe Ha
CaMbIX BbICOKMX TaKCOHOMUYECKMX YPOBHSX (HaauapCTBa, NoauapcTea, otaenb U
KNaccbl) CUCTEMATUKN HE MOIYT MPUATU K €AUMHOMY MHEHMIO.



* [lo ogHOMU U SHHbIX CUCTEM, BOAOPOC/ N AenaTcs Ha 12 oTaenos:
CUHE3eEHBIE, MPOXNOPOMUTOBbLIE, KpacHble, 30/10TUCTbIE, AUATOMOBbIE,
ATQ ble, ,EI,VIHOd)VITOBbIe, bypble, XenTo3eseHble, 3B ble,
ble. Bcero ussectHo okoo 30 T opopocnei.

OPOCNSAX Ha3bIBaewaOﬂOFM$I nnn pukonorus, ee

Ba 0T Kak CaMOCTOFIT,erIbeIM paspen 6oTaHnku. Bogopocnu

1A NE =) 1) ol ()1 HO)( & /] A K U /11V]
(MMUN, BNOMPU3NKKN, TEHETUKN N Ap.) [aHHbIE anbrosornm
pm pa3paboTke o6u4e6monorwqecn<mx npobnem n

IHbIX 3a4au. Pa3Butne NpuKnagHou anbronorum UAET B TPeEX
NpaB/ieHnsX: 1) ncnosb3oBaHne BOAOPOCNEN B MEAULIVHE U B
nacmx XO39UCTBA; 2) ANs peLlleHns NPUpoa0OXPaHHbIX

) HaKornsIeHe AaHHbIX 209V NN NAUIOHIS A NG
> Jpacnem e - S o

g
e~

—

—

J_.—_
—

=

- — —




CTpoeHue Boaopocnemn.

| CTPDYKTYPHOW eAnHULEN Tena BonopoeﬂeM-nﬂﬁ'c?aBneHHb'&
OYHBIMU N MHOTOK/IETOYHBIMU (hOpMaMK, SBNSAETCA KNETKA.
/10T pasNnIHbie TUbl KIETOK Bo.u,opocnem NX pa3nensoT no

b€, CNOCOOHbIE N HE CMOCOOHbIE K (DOTOCUHTESY U Ap.),

EHUI0 1 np. Ho Hanbonee NPUHLMNMANBHON B HALLW HW

) ;f accuduKaLmna KNeToK No 0COBEHHOCTAM UX TOHKOIo CTPOEHWS,

dEMOro C NOMOLLbIO 3NEKTPOHHOIO MMUKpockona. C 3ToM TOYKM

nmqaroT KNETKKU, coaepXalune TunuyHble 9apa, (T.e. 94pa,

ble aaepHbIMK 06OJ'IOl—IKaMM MeMbpaHamm), 1 KNETKHU, He

IMEL A€ TUMWUYHbIX aaep. MepBbiv CydYan — 3yKapMOTUUYECKOE CTPOEHME

—KJIET ‘ '—BTopOM 0 NpokapuoTuyeckoe. NpokapnoTnyeckoe CTpoeHmne

== MMEIOT CUHE3ENEHbIE U NPOXI0OPOPUTOBLIE BOAOPOCN,

~— 3yKapuoTMyeckoe — NpeAcTaBUTENN BCEX APYrUX OTAEN0B BOAOPOC/IEN.

= BerertatuBHoe TeNno Bogopocnen (CNoeBuLLEe) OTINYAETCS

~MOpPMOnornyeckMMm pasHoobpasnem, BoAOpPOC/IN MOryT ObITb

OAHOKNETOYHbIMU, KONTIOHMATbHbIMK, MHOIOK/IETOYHBLIMU N HEKNETOYHbLIMMU.
Pa3mepbl Ux B npeaenax KaxabiX n3 3Tux gopM KonebnoTcs B LUMPOKUX
npegenax — oT MUKPOCKOMUYECKNX A0 OYEeHb KPYMHbIX.

AHNDU (DYHKUMSAM (MNOJIOBbIE, —



OcobeHHOoC OKJIETOYHbIX (DOPM BOAOPOC/IEN
DIPEAENAETCA TEM, YTO UX OPraHN3M COCTOUT U3

eTKH, noaTomy B ee CTpOGHMW3MOMVI
I0TCA KIIETOUHBIE U OpPraHM3MEeHHbIE YepTbl. 3TO
OMHas CUCTEMa, cnoco6Ha;| pacTu v

L JUJ ¥ WU Z 1V » ) SVIZLIVIIVIC

IM r1a30M OLI,HOKJ'IETOLIHaFI BOIOPOC/1b SIB/ISIETCS

a3Hom chabpurkon, KoTopas [0ObIBAET Cbipbe

1las 13 OKpYXKatoLLen cpeabl pacTBOpbI

r_,. YanbHbIX CONEN 1 YrNEeKNCNoThbl),

-Aepe pabaTbiBaeT 1 NPOU3BOAMT TaKue LiEHHbIE

g":@e;EIMHEHMFI Kak 6erku, yrnesoabl 1 xxupbl. Kpome

— TOTO, BaXXHbIMV MPOAYKTAMU €€ XXU3HEAEATENTbHOCTY
“SBASIETCS KMCNOPOA U YINEKUCNBIN a3 U, TaKUM
0bpa3oM, OHa aKTMBHO YYaCTBYET B prrosopOTe
BellecTB B npupoae. OQHOKNETOYHbIE BOAOPOC/IN
MHorAa obpasyroT BpeMeHHbIe UK NMOCTOSIHHbIE

cKkornneHnst (KoOoHUN).

a -



o MHoromeqrcrhgoprl BO3HMKJIN MOCNE TOrO, Kak K/IETKa

ipoAenana AJITENbHBIN U CI0XKHBIA NYTb Pa3BUTUSA KaK
e/IbHbIN OpraHn3M. epexos oT nt’g'weTSqHQm—

IETOYHOMY COCTOSIHMIO COMpPOBOXAANCA NOTEpEN

lYanIbHOCTU N CBA3AHHBIMU C 3TUM U3MEHEHUSMUN B

)€ U PYHKUUAX KINETKW. bHYTPU TaJ/1JIOMOB i

"OYHbIX BOAOPOCIIEN CK1aAblBAOTCA KayveCTBEHHO

OLIJEHVIFI yeM Mexnay KIeTKaMu OAHOKIETOYHbIX

nen. C BO3HUKHOBEHWEM MHOTOKIETOYHOCTM

’b AncbdepeHLMaLIMA 1 Ccreumanmsaums KIeTok B

OMe. C 3BO/OLIMOHHON MO3MLMK 3TO CrieayeT

accMa pVIBaTb KaK MepBbIN Lar Ha NyTU CTaHOB/IEHUS TKaHEW

"--;'::-":‘»‘ dHOB.

==

?-—-’éﬁmanwyro rpynny COCTaBnsioT CMPOHOBLIE BOAOPOC/N: Y

~ HUX Ta/u1OMbl HE NOAENEHbI HAa KNNETKU, OAHAKO M Y HUX B LIMKIIE
- Pa3BUTUS €CTb OfHOK/IETOUHBIE CTAANN.

e Okpacka Bogopocsen MHoroobpasHa (3eneHas, po3oBas,
KpaCHasi, opaH>keBasi, No4Tn YepHas, puonertosas, ronybas u
ap), o6ycn03neHo 3TO TeM, YTO O4HM BOAOPOCIN coaepKaT
TOJIbKO XJ10poui, a npyrl/le elle psia NMrMeHToB,
OKpaLUMBaOLWMX UX B pa3/inyHble LBETa.







KpaCHble 3eJieHble XapoBbie

Boaopocn MHOIOKJ1eTOYHbIe




15 ommel-me BOAOPOC/IEN.
- ‘("' I

POVICXOKAEHNM 1 SBOSTIOLMIA BOAOPOCTEN OUeHb CIIOKEH M3-3a pa3Hoo6pasus

-n , OCOBEHHO MX CyOMUKPOCKOMUYECKOro CTPOEHMS N BUOXMMUYECKUX

¢POMe TOro, 6ONbLUMHCTBO BOAOPOC/IEN B UCKONAEMOM COCTOSIHUM He

/IOLLI (Y COBPEMEHHbIMU OTAENAMU PaCTeHUN B

MOB npomemyTquoro CTpoeHua.[1polie Bcero pewaerca Bonpoc o

VIVI NpoKapnoTn4eckmx (AosAepHbIX) BOAOPOCNEN — CUHE3ESIEHbIX, UMEIOLLIMX
L'lpVI3HaKOB C poTOCMHTE3NPYIOWMMN bakTepuamMn. BeposTHee Bcero,

‘: 'BOAOPOC/M NMPOU30LLIM OT OPraHn3MoB, 61IN3KUX K NMYpPrypHbIM 6a|<Tepm:|M

Kallinx xnopodunn (cM. Takxe CDOTOCI/IHTEB)

ACXOXACHNN 3YKap1OTUYECKNX (SAePHbIX) BOAOPOCTEN ceivac HET €ANHON TOUKM
5. ECTb iBE rpynnbl TEOPUM, MCXOAALLMX UM N3 CUMBMOTMYECKOrO, UK U3
= SMMOBUOTNYECKOrO NX MPOUCXOXAEHUS!, OAHAKO NMPOTMUB KaXX/I0N U3 3TUX TEOPUI ECTb

e — 4 B
= _ BO3paXKeHus.

= = ﬁG'T‘eopMM CUMbBuoreHesa, x10ponnacTbl U MUTOXOHAPUM KNETOK 3YKapMOTUYECKNX

~ OpraHuM3MOB Hekora 6bIM CaMOCTOSTENbHBIMM OpraHu3Mamm: xs0ponnacTbl —
“NPOKapuoOTUYECKMMIN BOAOPOC/ISIMU, MUTOXOHAPUN — a3pObHbIMK B6akTepuaMKn (CM. Takxke
- BAKTEPWI). B pe3synbTaTte 3axBaTa aMeboNAHLIMM 3YKapUOTUYECKMMIN OPraHn3Mamm
a3pobHbIX bakTepuii 1 NPOKapUOTMYECKNX BOAOPOCNEN BO3HUKIM MPEAKN COBPEMEHHbIX
FPYnn 3yKapuoTUYECKUX BOoAopocsen. HekoTopble nccneaoBaTenv npuUnucbiBaloT
CMMBMOTUYECKOE MPOUCXOXKAEHNE TAKXKE XPOMOCOMaM W XIyTUKaM.

® [lo TEOpUMN HECUMBUOTMYECKOrO NMPOUCXOXAEHUS SYKapUOTUUECKME BOAOPOC/IN BO3HUKIN
OT Npefika, 06Llero ¢ CMHe3eNeHbIMM BOJOPOCISIMUA, UMEIOLLIEro X10poduni U GOTOCUHTES
C BbIA€/IEHNEM KMC/IOPOAA, B 3TOM C/TyYae COBPEMEHHblE (DOTOCUHTE3UPYIOLLNE
MPOKAPMOThI (CUHE3ENEHBIE BOAOPOCN) — 3TO HOKOBAs, TYNMKOBasl BETBb PACTUTENLHON
3BOSOLIMMN.




JKOJTIOFUYECKMe rpynnbi

My LLapy W BCTPEYAIOTCA B Pa3nnyHbIX
~ Ha3eMHbIX U NOYBEHHbIX BUOTOMNAX.

-f-,'.,o » 2) HEIICTOHHbIe BOAOPOC/N;

T T e

T ——

= 376eHTOCHb|e BOAOPOC/N; 4) Ha3eMHble
-BOAOPOC/N; 5) NoYBeHHbIE BOAOPOC/N;

6) BOAOPOC/ N ropssunX NMCTOYHUKOB;

/) BOAOpOC/n CHera U nbaa; 8) Boaopocnn
COMEeHbIX BOA0OEMOB; 9) BoAoOpoC/n,
CYLLEeCTBYIOLLIME B N3BECTKOBOM cybcTpaTe.



Mpocnu BOAHbIX
CTooﬁuTaHuu. T

! le Bo.qopocnn.

- D B ACAN410 / OJ BOﬂ,b|
/IbHBIX U MOPCKUX BOJOEMOB N HE CMOCOBHbBIX NMPOTUBOCTOSATH
equMﬂMM (T.e. kKak 6bl Napswmx B BoAe). B cocTtaB niaHKTOHA
TO-, 6aKkTEepno- 1 300M1aHKTOH. ODUTOMNNAHKTOHOM Ha3bIBalOT
CTb csoGouHonnaBaromwx B TOJILLIE BOAbI MEIKUX,

TBEHHO MUKPOCKOMNYECKMX PACTEHMN, OCHOBHYIO Maccy KOTOPbIX
AIAIOT BOAOPOC/IN. OUTOMNIAHKTOH HAceNseT ToNbKO 3BMOTUYECKYHO
30HY E ﬂoeMOB (NOBEPXHOCTHbIM CNOWN BOAbl C OCTAaTOYHOWN ANs

—  thoToCMHTE3a OCBELLIEHHOCTbIO).

?‘-"%HKTOHHHG BOAOPOCNN 06UTAIOT B CaMbiX pa3HOObpa3HbIX BOAOEMAxX — OT
—  ManeHbKOW Ny>un A0 OKeaHa. VIX HET nuwb B BOAOEMAX C PE3KO
“aHOMasbHbIM PEXMMOM, B TOM UKUC/e B TepManbHbIX (NpU TemnepaType
- BoAb! Boilwe +80° C 1 3aMOpHbIX (3apa)eHHbIX CepoBOAOPOAOM) BOAOEMAX,
B YMCTbIX MPUIEOHUKOBbLIX BOAaX, He coaep Kalmx MUHepPanbHbIX
nUTaTeNbHbIX BELLECTB, a Takxe B nellepHbIx o3epax. CyMMapHasa buomacca
UTOM/IAHKTOHA HEBE/IMKA MO CPaBHEHWNIO C B1OMAcCon 300MNNaHKTOHA
?ZOOTBETCTBGHHO 1,5 n 6onee 20 mnpa. T), HO n3-3a 6bLICTPOro
PAa3MHOXEHUSA ero I'IpOD,YKLl,VIFI B MnpoBoM OkeaHe cocTaB/ISIET 0ko10 550
MJIPA. TOHH B rod, 4to noyt B 10 pa3 60osblue CyMMapHOW NpoayKLUK
BCEro XMBOTHOIO HacesfieHMs okeaHa.

—






: | HEMCTOHOM. HENCTOHHbIE OpraHM3Mbl 0bUTatoT
NIKUX BogoeMax (npyaax, 3arnosfiHeHHbIX BOAOM
He00/1bLUNX 3anMBax 03ep), Tak U B KPYMHbIX, B TOM
cne B Mopﬂx B oTAenbHbIX cnyyasdax OHu pa3BMBaloTCA B
=TakOM KOJIMYECTBE, YTO MOKPbIBAIOT BOAY CM/IOLLIHOM
;E{HEHKOM .B COCTaB HENCTOHA BXOASAT OAHOKNETOYHbIE
- BOAOPOC/N, BXOASLLME B COCTaB pPa3HbIX CUCTEMATUYECKUX
rpynn (3010TUCTbIE, 3BI/IEHOBbIE, 3eNieHble, OTAESNbHbIE
BUAbl XXEeNTo3eMeHbIX U ANaTOMOBbIX). HekoTopkle
HENCTOHHbIE BOJAOPOC/IN UMEIOT XapaKTepHbIE
npucnocobneHns ans cywecTsoBaHUs y noBepxHOCTU BOAbI
(HanpuMep, CNU3UCTbIE NN YeLlyn4aTble napaLutoThl,
YAEPXKNBAIOLLME UX HA MOBEPXHOCTHOWU MNEHKE).



~ugl
-

BeHMocHbIe 000pPOC/IU. —
’ - L J I

.;A_" n v
BeHTOCHbIX (AOHHbLIX) BOAOPOCEN
CAH BOAOPOCHIU, TIPV DCOBOTIeHHbIe K

CTBOBaHMlO B MPUKPENIEHHOM U
¢DEMEHHOM COCTOSIHUM Ha AHE BOLOEMOB
-pa3Hoo6pa3Hblx npeaMeTax, X1BbIX U
= '[BbIX OpraHM3Max, Haxo4ALWNXCS B BOE.

—=:_‘:=~:'T
—
: I'Ipeo61_'ta,u,arou.|,|/|M|/| OEHTOCHbLIMWN BOAOPOCHAMU KOHTUHEHTamNbHbIX BOAOEMOB ABMSAOTCH
NVaTOMOBbIE, 3eMeHbIe, CYHE3erNeHble 1 XeNTo3eneHble MHOrOKNeToYHble (HUTYaTbIe)
BOOOPOCIN, MPUKPENIIEHHbIE UMK
HENPUKpPenneHHble

K cybcTpary.

OCHOBHbIe BEHTOCHbIE BOAOPOCIN MOPEN N OKEAHOB — Dypble U KpacHble, MHoraa
3eNneHble MakpOCKOMMYecKkne NpuKpenneHHbie cnoesullHble hopmbl. Bce oHM moryT
obpacTaTtb MEMNKMMU ANATOMOBbLIMW, CUHE3ENEHBIMWU U APYIMMX BOAOPOCIISIMU.



B 3aBMCMMOCTI OT MeCTa Npou3pacTaHusl, cpeau .
)CHbIX BOIOPOCNEN pasnnyaloTca: 1) SAmMinTsi,

M€ Ha NoBEpPXHOCTU TBEpAOoro rpyHTa (CKanbl,
2) 3MUNeInTbl, HacensoLwme I'IOBerHOCTb

§1%(0) bl, LIJ,Vle -
XHOCTM upyrmx paCTeva 4) 3H,£lO/7MTbI 7l
yme BOAOPOC/M, BHEAPSIOLMECS B

Tl OBbIl/I cybcTpaT (ckan, pakoBMH MOJIITHOCKOB,
HaHLMpeln pakoobpasHbIX); 5) aHA0GDUTBI U

=€ pa3I/ITbI nocensiowmecs B CNoeBULLIAX APYrmxX

?

'Bﬁaopocnem (3HOOMUTLI UMEIOT HOPMaslbHbIE

~  XJI0pOnacTbl, @ Napa3nTbl TAKOBbIX HE UMEIOT);

/) 3HAOCUMOUOHTBI, OBUTAIOLLIME B KNETKAX APYrux
OpraHn3MoB, 6€Crno3BOHOYHbIX UM BOAOPOC/IEN;
8) ann3onTel, obUTAKOLLIME HA HEKOTOPbIX AOHHbIX

XMUBOTHDbIX.



AHOrAa BOAOPOC/V, pacTylume Ha npeaMeTax,

B BOAY LlenoseKOM_(cy@r-nnow

HOCAT K nepm UTOHY. Bblaenexnune 3ton
JCHUDDIbAC / J bXOOAAL eB-

aB OpFaHl/I3MbI (Bonopocnm 7

THbIE) XXMBYT Ha MPEAMETAX ABVKYLIMXCA

ATl '06TekaeMbIx Booi. KpoMe Toro, 31K

;., ' U3Mbl YaaneHbl OT AHa W, creoBaTeNbHO,

Tf-ﬁaxonﬂTc;l B YC/TOBUSIX MHOIO CBETOBOIO W
“TEMNEPATYPHOIro PeXXnMoB, a TaKXke B ApYyrnx
YCIIOBUSIX MOCTYMEHNS BUOreHHbIX BELLECTB.

-







- e
JOL CHM ropss4mx UCT O‘IHMAIS'.Q_Q;W

B a

—

cnu Bbmepx(msaromme BbICOKME TEMMNEPaTYpbl,

] T ADUADOIE OHIA MO }OTCHB_‘
UCTOYHMKAX, ren3epax 1 ByIKaHMYeCKMX 03epax.
OHVI 0BUTAIOT B BOJAX, KOTOPbIE KPOME BbICOKOM

VYPbl XapaKTepusyoTCA NOBbILLIEHHbIM COAep)XaHNEM
7 VI OpraHM4ecknx BeLLECTB (CU/TIbHO 3arpPsA3HEHHbIE
yme CToYHbIe BOJbl 3aB0A0B, (PabpuK, 371EKTPOCTAHLIM
—uam a ATOMHBIX CTaHLMN). I‘Ipe,qeanble TeMnepaTtypbl, Npu
KOTOPbIX YAaBasioCb HaXoaUTb TepMOMUIIbHBIE BOAOPOC/H,

Ciﬂtﬂ 10 pa3HbIM UCTOYHMKAM, Konebntotca oT 52 ao 84° &
~ Bcero obHapy>xeHO 0K0J10 200 BNAOB TePMOPU/IbHbIX

-BOAOpPOC/en, 0AHaKO BUAOB, XXUBYLLMX TOMBbKO MPU BbICOKNX
TeMnepartypax, cpean HUX CpaBHUTENbHO HEMHOIO.
BOMBLUNMHCTBO U3 HMUX CNOCOBHO BblAEPXXMBATb BbICOKUE
TeMnepaTtypbl, HO 0bunbHee pa3BmMBalOTCA NPU OBbIYHbIX
TemMnepaTtypax. TMNMYHbIMU 0BMTaTENAMM ropAYMX BOJ
SIBASIOTCS CUHE3€eNEHbIE, B MEHbLUEN CTENEHN — ANATOMOBbBIE U
HeKoTOopble 3e/ieHble Bonopocnm



.Pnc. 41. Cume-zenembie BOJAOPOCHM TOPAIMX HCTOYHHKOB:
macturoknanyc (Mastigocladus' laminosus), EuTH THOAY-
HOTO CTPOEHHA.




.

-

Bozo M CHera u ibga.
S

s
- —
A CHEra v /ibJia COCTaBMAIOT NnoAasnsioLlee 60bLMHCTBO
TOCENAOLMXCS Ha 3aMep3LUmMx cybcTpaTtax (kpuobunotonax). —
10 BNUAOB BOAOPO 2, OOHAPV>XXEHHL "-'.70070 orax,

4

350, HO UCTWUHHbIX KPMOMUIIOB, CMNOCOBHbLIX BEreTMPOBaTh TOMbKO

| Typax 6nm3kmx K 0° C, 3HaUnTE/IbHO MEHbLUE: HEMHOIMMM

Mp,os STO MUKPOCKOMUYECKne BOAOPOCN U3 KOTOPbIX

-}:‘ ee 60/1bLIMHCTBO OTHOCUTCS K 3eneHbiM Bogopocnsm (okono 100

’.CKOﬂbKMMVI BUaaMu npeacraBneHbl CUHE3eseHble,

e/IeHbIe, 30/10TUCTbIE, MMPOMUTOBbLIE U AMAaTOMOBbIE BOAOPOCNU. Bce

=—ul BUL bl 06UTAIOT B NMOBEPXHOCTHbIX CNOAX CHera unu noaa. Mx

-- OBEAUHSAET CNOCOOHOCTh BbIAEP)XMBATb 3aMep3aHne 6e3 HapyLLEHUS]

-f'*wm(wx KJIETOYHbIX CTPYKTYP M 3aTeM, Npu OoTTanBaHuu, 6bICTPO

=~ BO30OHOBNSATb BEreTaLuio, MCnosib3ys MUHUMAbHOE KOIMYECTBO TEM/OThI.
_JInib HEMHOIrMe U3 HUX UMELOT CTaaun MNOKOos, 6ONbLUIMHCTBO JINLLEHDI
Kakux-nmbo cnewunanbHbiX NpUcnocobneHnn ans nepeHeceHns HU3KMX
TeMnepaTtyp. Pa3BnBasicb B MacCoOBOM KOJINYECTBE, BOAOPOC/IN CrOCOHOHbI
BbI3bIBaTb 3€/IEHOE, XeNToe, ronyboe, KpacHoe, KopnyHeBoe, bypoe nnu
yepHoe «LBEeTeHue» CHera 1 fbaa.



Puc. 43. Bomopocam, BhI3bIBAIOIUe «IIBeTeHUE» CHEra:

1—9 — xnamupomMosaga cmexxnada (Chlamydomonas nivalis), Bu-
BHBAIOIIAaA KPaCHYI0 OKPAaCKY CHera, 10 — padmooHeMa CHeHAA
(Rhaphidonema nivale), Bm3mBapomas 3ejeHYIO OKPacKy CHera,
11 — aHuuioHema Hoppenmeasna (Ancylonema nordenskioeldii),
BHISHIBAIONMIAA KOPHYHEBYIO OKDACKY CHera HM Jibga.







——
JOPOC/IH CONEHbIX BOAOEMOB. ..

2/IN BEFETUPYIOT MpW I'IOBbIIJJEHHOVI KOHLI,EHTpaLI,VIVI B BOAE
[ Tmraromem 285 r/n B 03epax C npeo6nap,aHV|eM
03epax.
s VBEMNYUEHMS! CONMEHOCTY KOMMYECTBO BMOB BOAOPOC/EN
deTCs, OYEHb BbICOKYHO CONIEHOCTb NMEPEHOCAT NNLLb
j S U3 HUX. B KpanHe 3aconeHHbIX (rmnepraavHHbIX)
vax nNpeobnaaatoT OAHOKIETOUHbIE NOABMXXHBIE 3e/1eHble
CNW. Hepeako OHM Bbi3bIBAOT KPACHOE UK 3eNeHoe
ESHBETEHVEe>» COJIEHbIX BOAOEMOB. [JHO runeprannHHbIX BOAOEMOB
’::‘ CM/AOLLb MOKPbITO CMHE3eNIeHbIMM BOAOPOCNSMU. OHU
g-' -~ UFpaoT OOnbLLYIO POSb B XXM3HW COMEHbIX BoaoeMoB. CoyeTaHne
-~ OpraHu4yeckon Macchl, 0bpa3yemMon BoOAOPOCNSAMU, U HOMbLLOro
_KONMMYECTBa paCTBOPEHHbLIX B BOAE COJEN o6ycnaan|BaeT psa
CBOe0bpa3HbIX BMOXMMMYECKMX MPOLIECCOB, CBOUCTBEHHbIX 3TUM
BoAgoeMaM. Hanpumep, xnopornes capunHonaHas (Chlorogloea
sarcinoides) n3 cMHe3eneHbIX, B OFPOMHbIX KONUYECTBaX
PasBKBaloLLAACA B HEKOTOPbIX COMIEHBIX 03EpaX, a Takxe psaa
ApYrMX MaccoBO pacTyLinX BOAOPOC/IEN, YHACTBYIOT B NMpoLiecce
o0bpa3oBaHms nevebHbIX rpssen.

-



Tabauya 29 Bow | np P

1—7 — K8pOTHHOHOCHBIC BH/Ib BONLBOKCOBRIX (/—5 — Dunaliella salina, Berevaruprsie KAcTKM ¢ KannsmMu rematoxpoma (/. 2)
¥ crainu obpasopannn uwer (3—5): 6, 7 — Haematococcus pluvialis, BEreTaTuphan Knertka M amnanocnopsel); §—/1 — npoto-
KoxkkoBbie (8 — Chlorangiopsis cpizootica, MONORAA KAETKA W 300CNOPaHInit; 9 — Apiocystis brauniana; 10 — Korschikoviclla
gracilipes; 11 — Protosiphon botryoides).

® James Watanabe



Boaopocsiu BHEeBOAHbIX
D6UTAHUMN. S

1€ BOJIOPOC/N HEI'IOCpeD,CTBEHHO KOHTaKTmperT C OKPY>KaloLLIMM UX
“TunnyHoe MecTtoobuTaHME TaKUX BOAOPOCIEN — MOBEPXHOCTb Pa3fNyHbIX
HHbIX TBEP/IbIX CY6CTPaTOB, HE OKA3blBAOLLMX Ha MOCENEHLIEB ACHO
HOro (hMU3UKO-XMMUYECKOr0 BO3AENCTBUS (CKanbl, KAMHW, KOPa /1IEPEBLEB U
_f CUMOCTW OT CTEMEHU YBNAXXHEHUS, X NOAPA3AENsOT Ha ABE rPpynnbl:
LIHE 5/€ BOAOPOC/Iv, 0BUTAIOLLIME B YCNOBUSIX TOSTIbKO aTMOC(EPHOro YBNaXHEHUS
€A0BaTe/IbHO, VCMbIThIBAOLLIME NOCTOSHHYIO CMEHY YBNaXXHEHWUS U BbICbIXaHUs;
‘.-s =BO3/1yllIHbIE BOAOPOC/M, NMOABEPraloLLMECs NOCTOAHHOMY OPOLLEHMIO BOZOM
' sI3FamMit Bozionazaa, npubos 1 T.4.).YCNoBus CyLecTBOBaHWs BOAOPOC/IEN 3TUX
=~ COODLIECTB OYEHb CBoeo6pa3Hbl U XapaKTepU3YOTCS, NpeX/e BCEro, 4acton u
~— PE3KOW CMeHOM TeMnepaTypbl U BNaXHOCTU, [IHeM aapocbvlanble BOJIOPOC/IN CU/bHO
= [POrpeBaloTCs, HOYbIO OXNAXAAOTCS, 3MMON NpoMep3atoT. CMeHE YClIoBUI
_YBR@XHEHNS 0COBEHHO NoABEP)KEHbI BO3AYLLHbIE BOAOPOCN, NMOCKOJIbKY OHM YacTo
BbIHY>KZAEHbI NEPEXOANTDL U3 COCTOSAHUS U3ObITOYHOIO YBNaXKHeHUs (Hanpumep,
FOC/E NIMBHS) B COCTOSIHUE MUHMMAJTbHOW BNaXXHOCTW (B 3acCyLLNIMBbIE NEPUOAbI),
KOrla OHW BbICbIXalOT HACTO/IbKO, YTO MOIyT 6bITb pacTepThl B NOPOLLOK. BoagHo-
BO3/1yLLUHbIE BOAOPOC/IN XXMBYT B YC/IOBUSIX OTHOCUTENIbHO MOCTOSSHHOMO YBNAXXHEHWS,
OZIHAKO W OHM UCMbITbIBAIOT 3HAUMUTENbHOE KonebaHue 3Toro daktopa. Hanpumep,
BOZIOPOC/IM, XXUBYLLIME Ha CKa/laX, OpoLlaeMbIX 6pbl3ramMy BoIONaZ0B, B IETHEE

BpEMA, KOrda CToK CylecCtBeEHHO YMEHbLUAETCA, UCTbITbIBAKOT ,El,eq)VILI,VIT B/1aru.



e K TakuM He UATHbLIM YCITOBUSIM CYLLLECTBOBAHMS
npucnocobunoc HUTEeNbHO HeMHOro Buaos (ok. 300).
ible BOAOPOC/IM NPEeACTaB/IEHbI MUKPOCKONMUYECKNMU

NSAMW U3 OTAEN0B CUHE3ENEHbIX, 3e/eH , B 3Haqué1ﬁ—|'5
i CTENEHN, AMAaTOMOBBIX U KPacHbIX BOAOPOC/IEN.

11 @3pOPuJIbHBIX BOAOPOC/IEN B MAaCCOBOM KONIMYECTBE
AMEKOT B NMOPOLWKOOODA bIX UV N3V b X aﬂeTOB
pa3Hb|x Macc, MATKUX U TBEPAbIX MNEHOK U KOPOYEK.
06MﬂbeI pa3pacTtaH1s BOAOPOCIEN Ha NOBEPXHOCTU
cKkan. OHK 06pa3ytoT MAEHKU U HAPOCTbl Pa3/INYHOro
'Kak npaBumo, 34ecb 0BUTAIOT BUIbI, CHABXEHHbIE TONCTHIMY
UCTbIMU O6BepTKaMVI B 3aBMCMMOCTN OT MHTEHCUBHOCTM
)cBe ’. s, Cnu3b ObIBAaET OKpalleHa bonee nnmM MeHee MHTEHCUBHO,
= UT0 onpeaenser useT pa3pactaHun. OHM MOryT ObiTb APKO-3€/NEHbIE,
?‘é,eﬁcﬂmcme Oypble, OXpUCTbIE, NMMNOBbLIE, KOPUYHEBBIE U/ MOYTY
= YEpHblE B 3aBUCMMOCTM OT o6pa3y+ou4mx X BUOOB.

 TakuM 06pa3oM, aspodubHble COOBLLECTBA BOAOPOCE OYEHb
pa3HO0bpa3Hbl M BO3HMKAIOT Kak Npu BrnosiHE 61aronpusaTHbIX, Tak U
B 3KCTPEeMa’sibHbIX YCNOBUSAX. VIX BHELLHWE U BHYTPEHHUE
NpUcnocobneHns K TakoMy o6pasy »u3HU pa3HoobpasHbl U CXOAHbI C
O0BbHapy>XMBAaEMbIMU Y MOYBEHHbIX BOAOPOCAEN, OCOBEHHO
Pa3BMBAOLLMXCA Ha MOBEPXHOCTM MOYBbI.




P v :

achod Mﬂbele BO.LIOPOC”_!"!-..-' —

O JKN3HEHHOW cpenom 30adodnnbHbIX BOAOPOCTEN

NAYHLE ’ VecToobuUTaHnga — nosep HOCTb

Ol-IBeHHOFO C/1051, OKa3blBaloLL[as Ha BOAOPOC/IN

HHoe (PU3UKO-XMMUYECKOE BOBLI,eVICTBVIe B

; MOCTW OT MECTOHAaXOXAEeHNS BOAOPOCEN 1 nx obpasa

B [ipefiesiax 3Toro TMna pasnuyaloT Tpu rpynmbl

~—€0C ECTB STO Ha3eMHbIe BOAOPOC/IM, MAaCcCOBO

Ha3BUBAIOLLIMECS HA NOBEPXHOCTW MOYBbI B YCIOBUSIX

:”aTMoccl:)epHoro yYBNaXXHEHWUS; BOAHO-HAa3EMHbIE BOOPOC/IN,

~MaCCoBO paspacTaloLimecss Ha NoOBEPXHOCTM MOYBbI, MOCTOSAHHO

fponuTaHHON Boaon (B 3Ty rpynny BK/IHOYAKOTCA U BOAOPOC/ N
feLep) U rnoYBEHHbIE BOAOPOC/IN, HACENSIOLWME NMOYBEHHYIO
TOALLY. TUNUYHBIE YCNIOBUS — XWU3Hb Cpean NMOYBEHHbBIX YacTuLl
noA B/AUSHUEM CpPeibl, OYEHb C/TIOXXHOW MO KOMIIEKCY

(baKTOpOB.

JH1Dd. Y/




® [loyBa Kak 6 €ET CXOACTBO C BOAHbIMM U BO3AYLIHbIMM

MECToobUTaHNS 1 eCTb BO3AyX, NPUYEM OH HacbILLEH BOASIHBIMU

2 o6ecneLw|BaeT OblXaHue aTMOCCbeprIM BO3yXOM 6€e3 yrpo3bl
AHAaKO NoYBa KapauHasibHO ommqagca,gmmeH&

“BOEM HENPO3PaYHOCTbIO. ITOT (hAaKTOP OKa3bIBAET pellatollee

€ Ha pa3BUTUE BOAOPOCNEN. MIHTEHCMBHOE pa3BUTUE

e Kak (DOTOTPOHbIX OPraHn3MoB BO3MOXHO TOJIbKO TaM, KyAa

HOCTHbIV OU MOYBbI -

100 1 CM O,CI,HaKO B TaKMX NO4YBax BOAOPOC/IN BCTPEUAOTCA N Ha

OJbLLEN rny6V|He (no 2 M). 210 06BACHSETCHA CNOCOOHOCTLIO

Bop,opocnem B TEMHOTE NepexoanTb K reTepoTpodpHOMY

AHOrne BOAOPOCNN COXPaHAIOTCA B NOYBE B COCTOSIHMM MOKOSI.

bl MBaHVIFI MOYBEHHbIE BOAOPOC/N A0SIKHBI MMETb CMOCOOHOCTD
IEPEHOCUTD HEYCTONUMBYIO BI1IXKHOCTb, pE3KMe KosiebaHns TemrnepaTtyphbl U

- . yw UHCONSALINIO. DTW CBOMUCTBA 06ECneUnBatoTCS Y HUX pAOOM

; hONOruYeckX 1 dumsmonornyeckmux ocobeHHocten (bonee menkue

~— PasMepsbl M0 CPaBHEHWIO C BOAHBLIMKU (POPMaMM 3TUX K& BUOB, 06U/bHOE

-0bpasoBaHue cnmsn). O nopasnTesibHOU )KI/I3H€CI'IOCO6HOCTVI 3TUX

~BOAOPOC/AEN rOBOpUT cneaytowee HabntoaeHne: Koraa NoYBEHHbIE
BOAOPOC/IN, XpaHSLLUMECS AeCATKN JIET B BO34YLLUHO-CYXOM COCTOSIHUU B
NOYBEHHbIX 06pa3sLax NOMeCTUIN B NUTATENbHYIO Cpeay, OHU Havanwu
pa3BuBaThCs. [104UBEHHbIE BOAOPOC/N (MPENMYLLECTBEHHO CUHE3ENEHbIE)
06/1a4atoT YCTOMYMBOCTBIO MPOTMB YNbTPA(MONETOBOIO 1 PaANOaKTUBHOIO
N3TyYeHus.
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o XawTeQHoquEHHbIX BOAOPOC/EN ABAETCS CMOCO6HOCT
ObICTPO Nep OCTOSIHUSI MOKOSI K aKTUBHOM YKU3HEAEATENbHOCTU U

)T. OHM TaKXKe CnocobHbI NEPEHOCUTL pasHble KosiebaHnusa
0YBbI. [lnanas3oH Bbl)KMBaeMOCTMmW nexwT B

oT —20° no +84° C. U3BecTHO, YTO HAa3eMHbI€ BOAOPOC/ U

3HAUMTESIbHYIO YaCTb PaCTUTENBHOCTU AHTAPKTUbI. OHM

bl [IOYTM B YEPHbIN LIBET, NO3TOMY TEMrepaTypa ux Tena -

SODILL Jalilvyubl URU A rULLICY JCLIDI. JUHDCHIF DIC

GBNAIOTCA TakXKe Ba>KHbIMl/I KOMMOHEeHTaMu 6VIOLI,€HO3OB apuaHou
Ol—IBa B /IeTHee BpeMs HarpesaeTtcsa Ao 60—80° C.

HHbIE CBOMCTBA MOYBEHHbLIX BOAOPOC/Ei NO3BOASIOT UM 06UTaTh
6naror|pV|9|THb|x MECTOO0OUTAHUAX. ITUM 0OBACHAETCS UX
pacnpOCTpaHeHMe 1 BbICTPOTa paspacTaHu Aaxke npu
_ ,z DEMEHHOM MOSBIEHUN HEODXOAMMbIX YCNOBUN.
==Fl¢ "nmou.lee 60MbLIMHCTBO MOYBEHHbIX BOAOPOC/IEN — MUKPOCKOMNYECKNE
_,.f@pmu ‘0HaKO HepeaKo NX MOXHO YBUAETb HA MOBEPXHOCTM MOYBbI
— HEeBOOpPY>XEHHbIM r/1a30M. MaccoBoe pa3BUTME MUKPOCKOMNYECKNX (POpM
“BbI3bIBAET MN0O3esIeHeHMEe CK/IOHOB OBParoB U 0604YNH NIeCHbIX AOPOTr,
~ «LIBEeTeHne» MaxoTHbIX MOYB.

® Yycno Bcex BUAOB NOYBEHHbIX Bogopocnen npubnmxkaetca k 2000. OHu
npeAcTaB/ieHbl CMHEe3esIeHbIMK, 3e/1eHbIMKY, ANAaTOMOBbLIMU Y
XXeNnTo3eneHbiM1 BOAOPOCNAMM.




N
OWIbHbIE BOAOPOCA. . ..
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ULl < Ul » DULAVIVJU

AIX X Henpo3paqum MAOTHbIN VIBBECTKOBbIVI cyGCTpaT Kak
HU 06UTaloT B rnybuHe TBepAbIX NOPOA onpeaeseHHOro
ro COCTaBa, OKPY>XEHHbIX BO3yXOM (T.e. BHE BOAbl) UK
HHBIX B BOAY. PaznuyatoT ABe rpynnbl IMTOPUAbHBIX COOOLLECTB:
ISLe Boaopocnu u Tygoobpasytolune sogopocnn.Ceepnsuime
_ M — OpraHu3Mbl, BHEAPSIIOLLMECS BHYTPb M3BECTKOBOrO CybcTpaTa.
- ;" 30/10POC/IN MO KOMIMYECTBY BUAOB HEMHOMOUMUCNIEHHbI, OAHAKO
= PpacnpoCTpaHeHb! Yype3Bbl4YalHO LUMPOKO: OT XOMOAHbIX BOA, CeBepa A0
= TJQC'IOHHHO TensblX Bo4 TPonMkoB. OBUTAIOT OHM KaK B KOHTUHEHTasIbHbIX,
— TakK U B MOPCKMX BoAoeMax, Yy NOBEPXHOCTM BOAbl U Ha rnybuHe 6onee 20 M.
TloceasoTca cBepasmMe BOAOPOC/IN Ha N3BECTKOBLIX CKanax, KaMHsIX,
~ U3BECTKOBbIX PaKOBMHAX XXWUBOTHbIX, KOpaniax, NPoOnUTaHHbIX N3BECTbIO
KPYMNHbIX BOAOPOC/SX U T.4. Bce cBepnsiwme BoAOPOC/IN —
MUKPOCKOMNYEeCcKmne opraHm3Msl. MNocenmBlLUnCh Ha MOBEPXHOCTYU
N3BECTKOBOro cybcTpaTta, OHM MOCTEMNEHHO B HEr0 BHEAPSIOTCS 3a CYET
BblAEIEHNSA OpraHNYecKMX KMCNOT, PACcTBOPSAOLLMX HAaxXo4sLWYyCs no4 HUMK
N3BeCTb. BHYTpK cybcTpaTa BOAOPOC/IN pa3pacTatoTcs, obpa3ys npu 3ToM
MHOIOUUC/IEHHbIE KaHa/lbl, NMPU MOMOLLIM KOTOPbIX OHM COXPaHSAOT CBSA3b C
Hapy>XHoW cpeaow.
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