Oo0Owaga akonorms
30pHas nekuuns



Bonpockl nekyun:

[MpeaMeT 3KOJSIOrMnU U CUCTEMA IKOJ/1I0rM4yecknx Hayk. Metoabl
9KONOInn.

AyTakonorus. Knaccudpumkaums akonorm4yeckmnx gaktopos. 3aKOHbI
ANeNCTBMA aKonornyecknx akrtopos. Agantauuun. NoHSATNE KUBHEHHOW
dopMbl OpraHn3mMoBs.

[ToHATMe o0 nonynauun B aKonormm, Ceomncrtea nonynsaummn. CTpykTypa
nonynsaunn. FlomMmeocrtas nonynsauunu.

[JeMmorpadpunyeckmne nokasartenm nonynsaumun. Poct nonynsaumn,
AVWHaMNKa YNCIEHHOCTU nonynaunn. YnpasrieHne npnpoaHbiMum
nonynsaunamn,

CuHakonorunda. Buaosasi CTpykTypa buoueHo3a. Mepbl BUAOBOIO
pa3Hoobpasus. MexBnaoBbie OTHOwWeHNS B buoueHose,
JKosorm4yeckas Huwa suaa.

DyHKUMOHaANbHAA CTPYKTypa bnoreoueHo3a. DHeprms B 3KOCUCTEMaX.
[MpoAYKTUBHOCTb 3KOoCcUCcTEM. OCHOBHble BUOMbI 3eMN,

YyeHune o bnocdepe. ObLime 3aKOHOMEPHOCTN OpraHmn3aumnmn
buocoepesl.

Buonormyeckmim KpyroBopoT BellecTB. buoreoxmMmmyeckme Unkibl U nUx
aHTpPONOreHHoe N3MeHeHue.



B Hanbonee npoctoM (MCXOAHOM) BapuaHTe
onpeaesieHns 3KoIormm ee npeamMeToM MOXHOo
0603HaUYNTb B3aMMOOTHOLUEHUSA OpraHnusmos (m
CUCTeM HaAOpraHU3MEeHHOro YpoBHSA) C
oKpy>amwwen (abnornueckomn, 6MOoTNYECKON n
AQHTPONOreHHOM) cpenomn.

YunTtbiBad napagamrmy CMCTEMHOro noaxoza B
COBPEMEHHOM eCTeCTBO3HaHuM,
3KOJIOrMI0 MOXHO onpeaennuTb

KaK HayKy O CTPYKType u
(PYHKLIMOHNPOBAHUMU
3KOJIOFrMYEeCKMUX CUMCTEM Pa3JIMYHOIoO paHra.



NMpeamMer

' IKOJIOrMM
OpraHusmsbl B UX O6uwme 3aKOHbI
OTHOLIEHUAX C Cpepa obutaHus (bYHKLUMOHMPOBaHMS
OKpYyXawuwewn 3KOCUCTEM
cpeaom
O6uwan
BMO3KONO PERoJic 3KOﬁLFM
s ris
(3HBUPOHUK S

METFASKONOIuA



KYJIBTYPA

aKocoPus;
HKOJIOTMYECKOE TPaBO;
SKOJIOTUYECKOE 00PA30BAHHE
U BOCIIUTaHHUE

I'EOT'PA
DOUA

Ir¢03K0J1
orusi

OBLLAA

AyTIKOJIOT U
(aKo0JIOTHST 0COOM, OpPTraHU3Ma);

NONYJASINMOHHAS IKOJIOTHSI;
CHHIKOJIOTHS
(?KOJIOTHS COOOIIECTB

an OpraHu3MOB);
IKOJOIMS CHCTEMATHYECKUX
PO CPYIIIl OPraHU3MOB
(Harpumep, 3003KOJIOTHS,
HKOJIOTHSI PACTEHUM U T.IL.);

OMOreoEeHOJIOT HSI;
ouochepoJiorusi

(rmoOanibHas YKOJIOTHS )

SKONoruA

3K
on
or
47

conajibHas
IKROJIOIus

COonx
NOJI
Oorus

HMHXXCHCPHAA 5KOJIOT'HA;

CCJIBCKOXO3sAHNCTBCHHAA 3KOJIOI'UA,

MIPOMBIIIJICHHAS SKOJIOT U,
pEKpearoOHHas YKOJIOTUsl;
MEIUIIMHCKAS DKOJIOTHUSI

IPUKJIAIHBIE HAYKH




MeToabl DKOJ0ruM

OoO01eHay4Hblie CnenuajbHbIEe

IKOJOTHYECKOe MOACJTUPOBAHUE
(I/IMI/ITaI_II/I}I SKOJIOTMUYCCKHUX HBJ'ICHI/Iﬁ C
TeopeTrnueckue IMIUpUYEeCKUe ITOMOIIBIO JIAGOPATOPHBIX,

JIOTUYECKUX, MATEMaTUYECKUX WIIH
HaTypPHBIX MOJIEJICH)

aHaJIu3 U CUHTE3R HAOITIOIEHUE

IKOJOTHYECKUH MOHUTOPUHT
OETYKIUS U 5 .
MH Ty KIHS SKCTIEPUMEHT (cucteMa HaOMIOJEHUH, OLIEHKH,

KOHTPOJISI ¥ IPOTHO3a COCTOSTHUS
y OKpY>Kalolleil Cpeibl)

MeToAabl CMEeXHbIX HaYK:
dbun3nkn, xmummnn, reorpadunin, reOXmMMnUn u

ap.



BnnaHune cpeabl Ha OpraHmM3Mm
OCYLLECTBJ/ISIeTCA Yyepe3 BO34eNCTBue
ee KOMMOHEHTOB — 3KO0JIOFNYeCKunx

(PaKTOpPOB.

JKoJsiormyeckmm dakrop -
nobon aneMeHT cpeabl, CMOCObHbIN
oKa3aTb NpssMoe UM KOCBEHHOE
BO34EeNCTBME Ha OPraHm13M.



IKOJTIOTM4YECKME

PAKTOPDI

| TV

AOMOTHYECKUE buornueckue AHTPONOreHHbIE
Kanmarudeckue (CBeT, CpE€llOBbIC
BayTrpu-
BJIQKHOCTb, TABJICHUE U MUIICBHIC
BU/I0BbIE
Ip.) MOJIOBBIE
I'eorpajpuueckue
elbed), IPUPOTHBIC CpellOBbIC
(p b, mpupor MexBua0BBIC peA
Oapbephl — PEKU, JICTHUKU MUIIEBbIC

U T.II.)

Inaduyeckue (CBOMCTBA
MOYB, CyOCTPATOB)

I'maposornueckue
(BogHasI cpefia)




Mo NnpoaoMHKUTENIbHOCTU AENCTBUSA

IKOJTIOTM4YECKME
PAKTOPDI

/\

Paszospie  IlocrosiHHbIE N3MeHYUBbIE
(mageHue (cuna
METEOpUTa, TTOTEHHUS, peryJjasipHo-IiepuoauYecKue

CHapia)  COCTaB OKEaHa, (cyTouHasi, CE30HHAs] PUTMHKA)

atMoc(epbl)  HeperyJspHO-IepUOAUYECKHUe
(moromHkIe YCI0OBUS, OypH, JIMBHU,
0OBaJIbl, 3€MJICTPSICCHMS )

AMU0AUYECKHUE
(MHOTHE aHTPOIIOTCHHBIC)

NJUTEIbLHO HANIPpABJIEeHHbIE
(3apacTaHue BOJOEMOB, IOTCIICHUE
KJIMMAaTa)



HemMeuknm xmMmmkom HO.
JInbnxom

B 1840 r. cpoopMynmnpoBaH
3aKOH MMHMUMYMa

Ypoxan (ero BennynHa u

BLICWMAH YPOKAH
YCTOMYNBOCTb BO BPEMEHM) "
onpeaensieTcs i
NnUTaTeNbHbIM BELLECTBOM, gl “E‘
HaxoAsIWeMcs B NOYBeE B -HE § §3s 5
MWUHUMASIbHOM KOJINYECTBe g8 5

CaeY
Tehe




[lo3gHee 6b1/10 ycTaHoBMIeHO (P. bnekMaHOM),
YTO He TOJIbKO MMHUMANIbHOE, HO U
MaKCMMasbHOE BO34ENCTBME KaKoro-mb6o
dakTopa cpeabl AENCTBYET YrHeTatoLe Ha
OpraHun3Mbl.

CorsiacHo 3aKOHyY naMmMmuTupyowlero gpakropa,
3KoJIornyeckmne akTopbl, MPUCYTCTBYKOLWME KaK B
HeaoCTaTKe, Tak U B U30bITKe (MO OTHOLUEHUIO K
onTUMasnbHbIM TpeboBaHUSAM OpraHmn3Ma),
OrpaHN4YMBAlOT UM NPeKpalwlalT ero pa3BuTme n gaxe
CyllecTBOBaHue.




3aKOH TonepaHTHoctTm (B. Wendopa, 1913 r.)
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Crenenb
01aronpUsATHOCTH
(akTopos
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KU3HEAEATENBHOCTH
30Ha | | |

| YTHCTEHUS, | |

['ubenn ['nbenn
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WHTEeHCUBHOCTD
neicreus Gakropa

CornacHo AaHHOMY 3aKOHY, KaXxAbli aKTop XapaKTepusyeTcs
30HOM ONTUMAJZIbHbIX 3HAYEHMMWN A9 AaHHOro B1UAa OpPraHnM3MoB U
nMeeT npeaesibl MNoNoOXNTeNIbHOro BInsaHus. NMpmnbnmnxexHune
MHTEHCMBHOCTU AENCTBUSA paKTopa K KPUTUYECKUM TOYKaAM —
npeaesnam BbIHOC/IMBOCTU, NPOUCXOAUNT YrHETEeHue

XN3HEeAesaTebHOCTU opraHu3Ma (30Ha neccMmMymMma).



3aKOH KOMMEeHCaLuMmn 3KOJNTIOrm4YecKmnx
cdakTopoB chopmynmpoBaH 2. Probenem B 1930
r.: OTCYTCTBME UIN HEeOO0CTAaTOK HEKOTOPbIX
3KOJI0rnMyecknx akTopoB MOryT ObITb
KOMMEHCUpPOBaHbI APYruM BJIN3KUM
(aHaNoOrnM4yHbIM) PakKTOpPOM.

OAaHaKo oTcyTCTBME (PYHAAMEHTAsIbHbIX
dakTopoB (cBeTa, BOAblI, OBMOreHHbIX 3/71EMEHTOB)
He MOXeT OblTb 3aMeHeHOo APYIrMMU (paKTopamu
(3aKOH HeE3aMeHMMOCTUN (PYHAAMEHTAaJIbHbIX
cdakTopoB - B.P. Bunbamc, 1949 r.)

NMpaBunno B3anMoAeNCTBUA U KOMINEeHcaumm
(baKTOPOB: BCe 3KOJIorm4yeckne pakTopbl
NEeNCTBYK COBMECTHO, U MOryT nnbo ycunmeaTb,
nmMbo KoMrneHcupoBaTb AENCTBME APYr ApYyra.



N3meHeHne ycnosum obntaHns BO BpeMeHHOM
(MCTOPMYECKOM) U NPOCTPAHCTBEHHOM
(reorpadmnyeckoM) acrnekTe Bbl3blBaeT
npucrnocobuTenbHble peakumm opraHmsMa
(apantauvm)

AganTtaumm

/\

[ToBeaeH4yeckune Mop@onormnyeckue

dusmonornyeckume



TepMUH «XMN3HeHHad opmMma»
npensioxxeH B 1884 r. AaTCKUM
6oTaHnkom E. BapmuHrom. lNMopa
XXN3HEeHHOWU dbopMon BapMUHT
NOHMMan «POopMy, B KOTOPOW
BereTaTuBHOE Teslo pacTeHus
(MHOMBMAAQ) HaxXoaAUTCA B
rapMOHWU C BHELWLIHeN cpeaou B
TeyeHune BCEN ero XU3Hu, oT
Konblbenn no rpoba, oT ceMeHun Ao
OTMUPAHUSA>.

KnsHeHHas popMa oTpaxaeT
npnucrnocob1eHHOCTb pacTeHnsa Ko
BCEMY KOMMEKCY (paKTOpOB
BHELLHeW cpeabl BO BCe Nepuoabl



N.I'. CepebpsakoB aaeT cneayrllee pa3BepHyToe
onpeneneHne: «XXU3HeHHYI0 (pOpMY Y BbICLLNX
PACTEHMNN C 9KOJIOro-MOpPEdOSIOrMYEeCKON TOUKU 3peHuns
MO>XHO onpeaennTb Kak cesoeobpasHbin 06wmnm ob6nK
(rabuTyc) onpeaenieHHOW rpynnbl pacteHnin (BK/to4as
MX NoA3eMHble OpraHbl), BO3HUKAOLWNNA B UX
OHTOreHese B pe3y/ibTaTe pocCcTa U pa3BUTUA B
ornpeaeneHHbIX YCIoBUAX cpeabl. MCTopnyecku aToT
rabutyc pa3Busica B AaHHbIX NMOYBEHHO-
KIIMMaTUYECKUX YCNIOBUAX KaK BbipaXXeHue
NpnucnocobsIeHHOCTN pacTeHn K 3TUM ycnosuam», o
N.I'. CepebpsaKkoBy, XU3HEHHYIO (POPMY pacTeHus
COo34a€eT CUCTeMa ero BeretaTUBHbIX OPraHoB.
XunsHeHHada popma — KaTeropmsa Mmopdonormyeckas u
3KoJ1ornyeckas.



XN3HEHHAA ®OPMA

1) B 60TaHuKe - BHeWwHUm obnuk (rabutyc) pacrteHud,
oTpa)karowmm NnpnucrnocobneHHOCTb K ycnosusm cpeabl. XK.@.
TaK>Xe Ha3blBalT eauHULY 3KON0rM4yeckon Knaccmpukaymm
pPacTeHUN - rpynny pacTteHuUn co CXOAHbIMU
npucrnocobuTenbHbIMMN CTPYKTYpaMun, HeobA3aTelbHO CBSA3AaHHbIX
POACTBOM (Hanp., KakTycbl 1 Monoyaun obpasytoT XK.o.
cTebneBbIX CYKKyneHToB). XX.@d. Yy paCTeHUN N3MEHSETCS B Xo4e
MHAMBMAYanbHOro passuTtnsa. OAMH N TOT Xe BUA pacTeHus B
Pa3HbIX YCIO0BUAX MOXeET nMeTb pasHble X.d. CuH.: bruomopda;

2) B 300J10ruun noHaTne XK.@d. cTano NpUMeHaTbCsa Nub B XX B.
N ele He A0oCTaToYyHO pa3paboTaHo. MNpu BbliaeneHun X.d. n
Kaccudumkaumm no HUM OpPraHM3MOB UCMOJb3YHOT HaInumne
CXOAHbIX MOPdO3KONOrMYeCcKnx, Mn3nonornyecKkunx,
noBeageH4YecKkux n 1.4. npucnocobneHmnm ansa obutaHma B
oaAnHakoBoW cpepe. Tak, .H. Kawkapos (1944) npeanoxun
crieayowyto cuctemy @opM XMBOTHbLIX: NaaBalowme, porowue,
Ha3eMHble, ApeBeCHble na3atowme, BO3AYyLIHbIE.
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NMHoveuabl noboro Buaa XKMBOTO
BCeraa npeacraB/ieHbl B MpUpoOAHOU
cpene He N30/TIMPOBAHHbBIMU
OTAENIbHOCTSMMU, a TOJIbKO nx
onpenenéHHbIM o6pa3oM
OpraHM30BaHHbIMU COBOKYMHOCTSAMU -
npasuio obbeanHeHun B
nonynsaumm, cpopmynmposaHHoe C.
C. YeTBepukoBbiM B 1903 r.

Monynsiumnsi (HaceneHne - naT.) — 3TO rpynna

OpraHnU3MoB

OoAHOIO BAAQ, 3dHNMaoLa4d

oripenesieHHYy TeppuTtopuito U 06bIMHO B TOW WU
MHOW CTerneHun M30NMPOBAHHAA OT APYrnUX CXOAHbIX

rpynn.

TepMnH BRepBble wucnonb3oBan B 1903 .
NATCKUN reHeTtuk WMoraH3eH, 4yTtobbl 0603HaAUUTDL
rpyrnny cxXoaHbIX no Habopy reHoB ocobewn.



[NaBHble KpUTEpUn BblaeneHnd nonynsauum -
crnocobHocTb K cB0O60OAHOMY O6OMEHYy reHeTu4yeckou
MHpopMaumem - naHMUKCUA. B CBA3M C 3TUM
BO3MOXEH TaKOW BapuaHT onpeaersieHnss TepMUHa
«MoNynaunsa»:

[Moa nonynsdumenm TMOHMMAETCs COBOKYMHOCTb
ocoben onpeneneHHOro Buaa, B Ted4eHne A0CTaTOYHO
ANUNTENIbHOro BpeMeHu (6bonbLioro ynucna
NOKOJIEHUN) HacenanLwmnx onpeaenieHHoe
NPOCTPAHCTBO, BHYTPU KOTOPOro OCYLUECTBJISETCS Ta
NN UHasl cTeneHb NaHMUKCumn.



BbiaendoT 3 KaTeropmu

1. Fed}Bgyvﬁl'é@K'Me nonysasiumMuvm — 3aHUMaloT TEPPUTOPUID
O6LINPHBbIX reorpadmnyeckmnx 30H, HO COXPaHSAT CMOCOOHOCTb K
NAaHMUKCUN., XapaKTepU3yoTcsa 0bLWHOCTbIO NpMcnocobneHnm K
KAUMaTy U naHawagTy.

2. DKoslorMyeckKkume — HacensawT onpeaesnieHHbIn buoTon;

3. 3OneMeHTapHble (JloOKanbHble) - HacendwT 4acTb
6unoTtona (Hanpumep, onyLleYyHble nonynsumn,
«rapuenngapHblie»).
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[Tonynauna xapakrtepusyeTca cnegyrwmmm

OCHOBHbIMU CBOUCTBAMMWU:
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nonynaunsa npeacrasnser cobon popmy
cywecrBoBaHuUA BMAA;

LLeJZIOCTHOCTb (TepputopunanbHast 06LHOCTb,
reHoTunnyeckas u peHoTnnnyeckas obwHoOCTb);
pPa3HOKa4yecTBEeHHOCTb 0cobeun B nonynsayuuu;
camMoperynsiums.



Bo3pacTHas CTPYKTYpa nonynasaummn -
onpeaeneHHoe COOTHOLUeHME BO3pacTHbIX rpynn u
reHepauunm nonynsumm  (reHepaumm -  ocobuy,
pOAMBLUMECS B pa3Hble CE30HbI).

Bo3pacTt ocobun NpuUHATO AeSinTb Ha CTaaunn:

e npeapenpoayKTUBHbIN (BUPTUJIbHbIN);
e pPENnpoaAyKTUBHbLIN (reHepPaTUBHbIN);
® MOCTPEnpPOAYKTUBHbIN (CEHWUJSIbHbIN).

Y PACTEeHUN: NMPOPOCTKMU, tOBEHUNbHbIE,
MMMaTYpPHbIe, BUPrubHble, MONOAble reHepaTUBHbIE,
CpeaAHeBO3pacTHbIE reHepaTuBHbIE, cTapble
reHepaTuBHbIE, cybceHunnbHbIE, CeHWUJIbHbIE,
oTMuMpatrLuue.

BblaensaoT TakXe naTteHTHbIM nepuos (ceMeHa).



1 Boapacr: 2 3

NOCTPENPOAYKTUBHbIA

Ty
L

...m
r—-—
e —
-_—
——
e ————
hy p—
o ——
b ]

l
:mxvponm(m:ﬁ

OTHOCHTENLHOE KONMYECTBO MHAWBUAOB (B %) B pasHbiX BOIPACTHLIX rpynnax

Puc. 2. Tunel nonynayMin:. 1 — pactywaa (Nonon3eHk), 2 —
cTabunbHasa (bapcyk), 3 — CoKpaWak Waaca (TUrp amMypCKMiA)




NMonoBas CTPYKTYpa NONynsiumm -

COOTHOLIEeHUe ocoben MY>XCKOIro U XXeHCKOro rnoJsa.
3Ha4yeHune NnoJsIoBON CTPYKTYPbI:

e Ounonormyeckoe, cBss3aHHoe C pekoMbuHaumnen
reHeTn4yeckom nHdpopmauumu;

e 3aJanTauMOHHOE, CBSI3@aHHOE C
PA3HOKAYeCTBEHHOCTbIO 0CO6en MY>XCKOro u
XXEHCKOro nosia Ha 6MOXNMNYECKOM,
dn3nonornyeckoM ypoBHe;

e pasaefieHne posien B obecneyeHunmn
BbIXXKMBAEMOCTM MOJIOOHSIKA.






foMeocTa3s - 3T0 AMHaAMU4yecKoe paBHoOBecue
npoueccoB, NpoOTeKawwWwmMx B OpraHumaMme,
nonynauuu, bnoueHo3e, sKOCUCTEME.

B OCHOBE noaaep>XaHus YCTOMYNBOCTU
3KOJIOTMYECKMX  CUCTEM  JieXXaT  MexXaHU3Mbl
NonynsLMOHHOI0 roMeocTasa.

NX MOXHO pa3aennTtb Ha 3 MYHKLMOHAbHbIE
KaTeropum:

nogaep>xaHme aganTUBHOW TMPOCTPAHCTBEHHOW
CTPYKTYpPbl nonynsumu.

nogaep>XaHme reHeTu4Yeckom CTPYKTYpbl.
perynsumga nnoTHOCTU HacesieHus.



K _aemorpadumnyecknmMm nokasaTteasaM nonynsunm
OTHOCATCS:

e TEMM NOJSIOBOro pa3MHOXEHUS;

* JI04OBUTOCTb 0coben;

® CKOPOCTb OTMUPAHUSA W NPOAOIKUTENBHOCTb
XXU3HW B NONyNauuu;

e obuwasa yncneHHocTb (obuwas bumomacca - Ans
pacTeHun).

Echn npm  He3HayuTenbHOW  3MuUrpaumm u
MMMUTPALUN POXAAEMOCTb MPEBbLILLAET CMEPTHOCT,
TO nonynauua 6yaetr pactn. PocTt nonynsumm
ABNAETCA HENpepbIBHbIM MPOLECCOM, €C/INM B HEWM
CYLLECTBYIOT BCE BO3paCTHbIE rpynnmbl.



YpaBHeHne pyHKLUNH,

N -
£ onucCbIBaloLWen pocCT:
g
= _ rt
: N =N,-e
CKoOpoOCTb pocTa:
dN
—_— — NO ° I/'
Bpewms t dt

N — NNOTHOCTb NOoNynaunu;

N, — HayanbHasa NAOTHOCTb NONYASAUNN;

N, — NNOTHOCTb HA MOMEHT BpeMeHMU t;

I — CKOpPOCTb pocTa nonynsauumn, obycroBsieHHas
CBOMCTBaAMM opraHmsMa (noTteHuumasibHad CKOPOCTb

poCTa)



Takasa MoAdenb

DOCTQ, Ha3blBaeMas

3KCMOHEHLMaNbHONU, WAM J-06pa3HOMN, XapaKTepHa
ansg nonynsauun, He WUCNbITbIBAKOWEN OrpaHM4yeHnn B
pocTte. CUMTAlOT, 4YTO No4yYTn Nb6OM BUO TEOPETUYECKMU
cnocobeH yBennMYUTb CBOK YUCIEHHOCTb [0 3acesieHus
BCEM 3eMnun npu A0CTaTKe MULlM, BOAbl, MPOCTPAHCTBQ,
NOCTOSIHCTBE YCNOBUN Cpeabl U OTCYTCTBUU XULLHUKOB.

Mpeasiménne nonynauneu
NOAJEPXUBAKUEN EMKOCTH

K OaaePKUB AR

eMKOCTh Cpe/ibi

Kpax
nonynaunu
NnonynauuoHHLIN
BIPLIB

OAHaKO HeorpaHM4YeHHbIN poCT
BeAeT K nonyssuMoHHOMU
HecTabunbHocTK. locne
OOCTUXXEHUS HEKOTOPOro yYpoOBHS
K (nogaep>kmBaroLlen eMKoCTH
cpeabl Uu npeaesibHoun
Harpy3Kku Ha cpenay), nocne
SKCMOHEeHUManbHOro pocra
(«byMa») HaAcTynaeT pe3Kkum
crnag YMCNEeHHOCTU — «KKpax»
nonynaunmn>» (Mmoaenb «6yma u
KhaXxa>»):



Bo3MoxeH M aopyrou cueHapum POCTa
NnoNyndaununm: CKOPOCTb  pPOCTa CHMXaeTca W
CTA@HOBUTCH HYNEBOWU MpU AOCTUXEHUU NpeaesibHOW
yucneHHocTn nonynsaumm (yposeHb K). Takown pocTt
nonynsaunm OonucbiIBaeTCs CUIrMOUAHOWU KPpUBOM
(S-o6pasHon), Hanpumep, JIOFTMCTUYECKOM

dbyHKLUMEN:

Nébk‘ ----------------------- Nt: K
= 1+ K=N, e
5 N

Bpems t dt



B 40-x rogax C.A. CeBepuUOBbIM NpoOaHaIn3npoBaH
MHOIOJIETHUN XO[ YNCNEHHOCTU Y 60/bLLIOIo YKncsa
MaekonuTarwmx n ntmy,. OKaszanocb, YTO CYLLECTBYIOT
pPa3/INYHbIe TUMbI ANHAMUKN YNCNEHHOCTU NONYASALUUMN.

A

II1

YNCNEHHOCTb

/-

rogbl



I. CtabusbHbIN TUMN: Manas amnNanTyaa u
ANNTEeNbHbIA Nepuoa KonebaHMmnm YNCITIEHHOCTHU
(10-20 neTt). XapakKTepHO ANd KPYMHbIX XUBOTHbIX C
601bLION NPOAOJIKUTESIbBHOCTbIO XXWU3HWN, HU3KOW
N1040BUTOCTbIO N BbICOKMM YPOBHEM adanTauunm
(KntoobpasHble, KOMbITHbIE, KPYMNHbIE PENTUINN).

L R ; LI B & o »

1937 1941 1945 1949 1952
Fonpbt

Yucno nap B KOAOHUU



II. JlTabunbHbIN TMN: 60/1€e BbICOKAs aMNNnTyaa,
nepuopa 5-11 nert. XapaktepeH angd XUBOTHbIX C
MEHbLUMMW pa3MepaMmn, MeHbllueun
NPOAO/IKUTENbHOCTbLIO XXWU3HU. HOpMa CMepTHOCTHU
TaKNX XXMBOTHbIX Bbllle, 0bumne nosBbILLAETCs B
nepmnoabl pasMHOXeHud. NpuMepom MoryT ObITb
KPYMHble rpbi3yHbl, 3anueobpa3Hblie, HEKOTOpbIE
XULWHWKN, NTULbI, pbiObl, HACEKOMble C AJINTENIbHbIM
LUKIIOM pa3BUTUA.

A

Yucno nap Ha 10 ra

1948 1950 1954 1958 1962
Mopb



III. 3deMepHbIN TUN: BCMNbIWKN POXAAEMOCTH
CMEHSI0TCA nepunogamMmuy aenpeccumn, amnanTyaa
O4yeHb Bbicokasd. [lnnHa umkna oo 4-5 ner.
XapaKTepHO AN KOPOTKOXUBYLWMX BNOOB C
HecoBeplleHHOW aaanTaunen, o4eHb NMIoA0BUTHIX,
HO N C BbICOKOW CMEPTHOCTbIO (MeJIKne rpbi3yHbl,
HaceKoMble).

»

i

i

i

Yucno 3nMyrwmx nm4nHok Ha 100m

1880183019001910192019301940
Foabl



YnpasneHne npupogHbIMM
nonynaumMamMm

KOHTpPOSb YACNEHHOCTH

MogasneHue [lopgoepxaHue ObecrneveHune
(oxpaHa) pocTa




Mepbl 60pb0ObI

Buonornyeckme Hebunonornyeckue

e [@eHEeTU4YeCKnmn

NCMosib30BaHmne « TONOrO-
chuTodaros, bU3N0NOrMyYecKmii
XULWHWNKOB, * ArpoTeXHNYeCKNn
NnapasnTonaos, « XMUYyeckum
NapasnTos, « MexaHn4yeckunm
NaToOreHoB

« KapaHTunH



BMoLeHO03 — NCTOPUYECKN CNOXUBLLUNECS
rpyNnUPOBKN XUBOIro HaceneHmnsa bnocdepesl,
3acensowmne obwme Mmecta ob6UTaHnd, BO3HUKLLME
Ha OCHOBEe 6MOreHHOro KpyroBopoTa U
obecneymBaroLmMe ero B KOHKPETHbLIX MPUPOAHbIX
YCJIOBUSX.

AbunoTtnyeckasa cpena,
dopMupyroLas
yCJ10BUS
CYyLLeCTBOBaHUS
6buoueHo3a — 3T0
3KOTOnM.

buoLeHo3 + dkKoTon
= buoreoLeHo3
(3kocucrema)

\\JKOTOII//




BunaoBasa CTpyKTypa 6uoueHo3a
onpeaensieTcs pasHoobpasnmeM U 3HAYNUMOCTbIO
BMAOB OPraHM3MOB, KOTOpble ero cfaratort.

Buaosoe pa3Hoobpasmne — 310 pe3ynbTaT
3BOJIIOUMKN coobLecTB, B KOTOpoU «paboTaeT» 2
«OTOMpaWnUX» MexaHmnsma:

eCnocobHOCTb BMAda K agantaumm K AaHHbIM
YyCJIOBUAM 0OUTaHUS;

eCnocobHOCTb BMAA BbIMONHATL OnpeaeneHHyro
GYHKUMIO B JaHHOM coobuiecTBe
(COBMeCTMMOCTb, CO4YEeTaeMOCTb BUAOB).



BuaoBoe pa3Hoobpasne NoBbIWAETCS NPU YAy4YLlEHNN
ycrioBn o6UTaHUSA, Tak Kak BOo3pacTaeT
3KO/I0rnyecKkasa eMKoCTb cpefibl, MO3TOMY
6buopa3Hoobpa3me noBbIAEeTCH OT apKTUYECKUX U
AHTAPKTUYECKNX YCSIOBUIN K TPOMUYECKUM.

B aKOoNnormm Ucnosib3yrTcs Mepbl BU4OBOIO
pa3Hoobpa3uns coobllecTs.

S S
— d —
log A log N

d

roe S — Ko/im4ecTtso BMAOB B ONUCAHUM Ha
nnowaake ctaHAapTHOro pasmepa,

A - nnowaab yyeTHon nnaowaaku (M2);

N - obuiee uncno ocoben B onncaHum.



Mepa gomMuHupoBaHua (MHAeKC CUMMMNCOHA) —
NnoKa3blBaeT, KaKyl 4010 B BUAOBOM COCTaBe
6buoueHo3a 3aHMMatoT 06bl4Hble, «(POHOBbLIE» BUAbI.

C:ZS:Pf F=—
i=1

roe C — KOHUEeHTpauma AOMUHNPOBAHUA;

P. — oTHOCMTENIbHAA 3HAYNMMOCTb BUAOB (404 1),

n. — abcontoTHas, pakTnyeckas 3Ha4MMOCTb BUAOB,
BbipaXeHHas B 6uomacce, naoTHOCTU nonynsauum,
NPOEKTUBHOM MOKPbITUM U T.1.

N — cymMMa paKTnyeckom 3Ha4YMMOCTU BCEX BUOOB.

3Ha4YnMoCTb Bu/a — 3TO ero yyactue B
dopMmnpoBaHnm coobLlecTtsa, oOHa MOXeT 6bITb
Bbipa>eHa B NJIOTHOCTU nonynsunmn, buomacce,
NPOEKTUBHOM MOKPbITUN, NPOAYKLUNN U T.A.



Mepa paBHOMEPHOCTU pacnpeaeneHuns
(MHAaekc WeHHoHa-BuHepa)

S
H' = —ZPilogPi
i=1

- NMoKa3blBaeT, HACKOJIbKO paBHOMEPHO
pacnpeaeneHbl 3Ha4YNMOCTU BUAOB, T.€e. OLueHUBaeT
BMAOBOe pa3Hoobpasmne C yyeToM BKJlaaa, KOTOPbIN
AenaeT AaHHbIA BUA B cooblecTBo.



Tpodunueckyro CTpyktypy 6monLeHosa
obpa3ytloT 3 aKo0ornyeckue rpynnol

OpPraHuU3MOB: NMPOAYLIEHTHI,
peayLeHThl.

NH,

BUOTEHHbIE
BELLECTBA

?xr ‘ ‘ ‘“ J‘i
NPOAYUEHTbI
' (pacreuml)

PEOYUEHTbBI

(6akTepum m rpubni)

KOHCYMEHTbI U

KOHCYMEHTbI
(KMBOTHBIE)



Knaccmpunkaumo MeXXBnaoBbiX OTHOLWEHUN MOXHO
npeacTtaBuTb B cneayrouleM Buae:

MeXBUAoBble OTHOLEHUS

/\

[TnweBble HenuweBble

4//////ﬁ\\\\\\‘\\\$ l

AHTAroHmcTunyeckKume

HeaHTaroHmcrnyeckue CpeposBble

s

= =

[IpaAMble

KocBeHHble| | MyT

KBa CTBO
(CMHOUKKA)

KoMM

Map

CoTp
XULWHNYECTBO KOH-—ILI,VIFI MpoTokoon CyﬁcnVl -

3M

KOHI.LI,MFI

paH auMOHHHe

MNacTbba —» [lepBUYHbIE ®ab

- dop
A—H_r— - —— BTOpUYHbIE -
AMeHcan_ |



[ToHATNEe  «3KoJlormyeckas  Huwa»  BBe
amepukaHckun 3oonor MAxo3zed IpuHHenN
(1914 r.), HO noa HuWEW OH MNOHUMan
NnoJsiIoXXeHme BUAOBOU _ nonynsiLium B
NPOCTPAHCTBE, T.€. KakK «aapec» nonynsaymu
— 3TO ayT3KOJIOrM4yecKnmn noaxon K
060CHOBaAHMIO NOHATUS «3KOoJlornyeckas

HULLa>.

Yapna 3ntoH (1927 r.) npeacraBun
KOoHLUenuuio, COrJIaCHO KOTOpOu
5KOJiormyeckasa Huwa - 3TO MEeCTo Buaa B
TPpOodUMYECKUX Lensax. ITO COoBpeMeHHasd
TpaKTOBKA AAaHHOI0 MOHATUA.




[>xopax XaTUMHCOH (1957 r.)
cdhopMynmnpoBas MOHATUE DKOIOrnM4YecKoun
HULWLNW, KaK BCEeU _CYMMbl ___ CBA3eM
OpraHm3MoB AAHHOro BMAaa C
abunoTnyeckmMu ycgioBusMU cpeabl U C
APYIrMMU BUAAMU XXUBbIX OPraHM3mMoB.

JTO ‘
«FMNeprnpocTpaHCTBO» @8’&/
BUAA BHYTPWU ,@‘?‘

buoueHo3a, rae Kaxaasd

BAQOYKHOCTbL
|

OCb MPOCTPAHCTBA y _7]',;’;’/
onpeaensieTcs i 27
TpeboBaHMeM BUAA K .
Pa3HbIM 3KO/IOTMYECKUM TeMnepartypa

dakTopaMm.



JKoormyeckas

ﬂ—ua\

dyHAaMEeHTaJIbHaA PeannsoBaHHas
(bnonormnyeckune (peanbHOe NosoXXeHne Bnaa
noTpebHoOCTn BMAa, ero B 6uoueHo3e, 06bIYHO
TpeboBaHUA K cpeae) MeHblle pyHaaMeHTalbHOW)
JTO TOXe BO MHOIOM = «3KO0J10rn4yeckoe
ayTIKOJIOrMYECKNI NPOCTPAHCTBO BMAa» - B
noaxodn. KOTOPOM BUJ HE UMeEeT
NepekpblBaHUE HULI f KO

— COBMeELLEHUE
XXN3HEHHbIX MHTEPECOB
Pa3HbIX BUAOB,
npuBoasLlee K
KOHKYPEHTHbIM
OTHOLLUEHUSAM.




DYHKLUMOHANIbHYIO CTPYKTYpy ©OmoreoueHosa
dbopMupyrotr Tpopuyeckme ypoBHM, HaA KOTOPbIX
npoucxoamTt nocrnepnoBaTesibHoOe npeobpasoBaHue
BellecTBa U 3Heprum.

Tpounyeckme YpOBHM  DKOCUCTEM  TrpadUyecKu
NpeAcTaBNAlOTCH B BUAe 3KOJIOrMYEeCKUX nupamua, B
KOTOPbIX LUMPUHA OTAENIbHbIX YPOBHEN-
NPAMOYroSibHUKOB NnponopunoOHasibHa eMKOCTWU
COOTBETCTBYKLWMNX YpPOBHEN. BbiaenawT nupamMuabl
yucesn, nupamugbl 6uMoMaccbl W nMpamMuvabl
SHEeprum.
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[lepexon BeuwecTBa U
SHeprum C o4HOro
TpOodPUNYECKOro ypoBHS Ha
Apyrou CBs3aH C
noTepsamum. CuuTaercy,
4yTo Ha Ka>kaoM
nocneayouleMm ypoBHe
ycBamBaeTcs Wb
10% BellecTBa "
SHeprmm npeabiaywiero
YPOBHA.

JTa  3aKOHOMEpPHOCTb  NoJslyynusa  Ha3BaHue
npasuna 10-tn % (npaswuno JinHaeMaHa).



peBpalleHns SHeprun B s

3KOCUCTEME MOAUYMHSETCS {j} \ / e
3aKOHAM TEPMOANHAMUKN: B -, <\ /
COOTBETCTBUM C NepBbiM §°:

3aKOHOM (3aKOHOM ¢ e ~
COXpPaHEeHUs SHepruun)
NPOUCXOANT NepPEX0] dSHEPIUU / e
COMTHEYHOr0 U3JTYYEHUS e / e
(31eKTPOMAarHUTHOW) B 3HEPIruto b oiicfgm;;,. o
XMMUNYECKNX CBA3EN, KOTOpas

3aTeM MOXeT 6biTb NpeBpalleHa A =5+ B - nepseoiii 3aKoH

TEPMOAVUHAMUKMU;

B pa6OTy N TEnJo. B < A - BTOpOW 3aKOH

TEPMOANHAMUKN

B coOTBeTCTBMM CO BTOPbIM 3aKOHOM
TEpMOAMHAMMKUN, TMOTOK OSHEPrmm B ISKOCUCTEME
XapaKTepnlyeTcs OoAHOHANpPaB/IEHHOCTbIO: Mepexoss
C OAHOro TpoPUYecKoro YpoBHA Ha APYIroW, SHEpPrud
NOCTOSAHHO TEPAETCH.

-y

B
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NMPpOoAYKTUBHOCTb — 3TO CMOCOOHOCTb XWBbIX
DFrAHN3MOB W 3SKOCUCTEMbl B LUEJIOM TMpPOU3BOAUTb
DraHn4yecKoe BellecTBo. M3mepseTcsas B KOJIMYECTBEe

poayKumn, obpasyemMonm Ha eauHuue  3eMHOMU

NOBEPXHOCTU 3a eauHuuLy BpeMeHu (r/M?-roa unu
KKan/m2-ron).

NepBuyHasn npoaykuus — pe3ynbTaT

doTOoCHMHTE3a pacTeHMU, a TakKXKe @EOOTOCUHTE3a WU

XeMoCcunHTe3a 6akTepun.

3% LT o\ ] .;-"'1‘ i\




Obuwee KOIMYECTBO 3HEprun, CBA3bIBAEMOUN B
OpraHM4YecKoM BellecTBe pacTeHussMM — BasoBas
nepsuyHaa npoaykuua (BMM).

Unctas nepBuYHaAda nMpoayKuus npeacraBnsieT
cobon pas3HocTb Mexay Bl wn 3arpataMu Ha
AbixaHve (4): 4N = BN - A.

BropuuyHas npoayKUuus - npoayKuus
XXMUBOTHbIX. Ee yueT ewle 6onee cnoXxeH. TO CBA3aAHO
C OCOOEHHOCTAMM XKUBOTHbIX: OHWM pacTyT Ao
onpefesieHHOro BO3pacTa, 3aTeEM JHeprus TpaTUTCH
Ha AbIXaHWe N pa3MHOXeEHUe.






BMOM - 5TO rpynna Ha3eMHbIX 3KOCUCTEM AaHHOrOo
KOHTUHEHTa, KOTOpPble UMEIOT CXOAHY CTPYKTYpPY WUaun
MOU3NOHOMUID pPaACTUTENBHOCTM U O0BbWMN  XapakKTep
YyCNOBUN cCpeabl, 4YTO HaxoAUT OTpaXXeHne B 3TOoU
CTPYKTYpE W B XapaKTepuctukKax ux XWUBOTHOIO
HaceneHus.

Ans BblaeneHns tmnos 6MomMoB HeobxoanMMo YYNTbIBATb HE
TOJ1IbKO CIJVIBVIOHOMVILIeCKVIe NMPpM3HakKn, HO U CXOACTBO YCJ'IOBVIIZ
cpenbl. Bcero BbiaengaroT 6 OCHOBHbIX Ha3eMHbIX
CIJVIBVIOHOMVILIeCKVIX TUTMOB.

- Neca;

- 31aKOBHUKWU;

- peakonecbst (HeBbICOKME JAepeBbs C HECOMKHYTbIM
NOKPOBOM N XOPOLLUO Pa3BUTbIM HUXHUM SPYyCOM);

- KyCTapHUKN (NpOEKTUBHOE MOKpPbITUE KyCTapHukamm > 50
%),

- ceMuapugHble (NONYyNyCTbiHHbIE) KYCTapHUKN
(MONyKyCTapHUKHU);

- nycTbiHM (OIIM He 6onee 10 %).



30HE!

I rynapuin
NecoTyHApbl

. X20iiHbLIX Necos
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| WHPOKONKETEEHHbIX
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| nonyNycTesHb W NYCTLIHL '\\_‘A
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Il casasm u peakonecii

. BNAHHLIX TPONNYECKUX NecoB =

. OBnacTi ELICOTHON NOACHOCTH




TepMnH 6unocdepa (oT rpeu.
«bnoc» — XNU3Hb N «cdepa» — wap)
BBeJST B HaAyKy reosior, npodgeccop
BeHCKOro yHuBepcuteTta SABapa
3tocc B 1875 r. ana ob6o3HayeHus
obnacTtu 3eMHOM NOBEPXHOCTH,
HaceneHHOW >XXN3HbIO.

(1831-1914)

B cBoeM rnaBHoM Tpyae «XmMmn4yeckoe
CTpoeHue buocdepbl 3eMnNn n ee
oKpy>XeHusa» (1965) B.N. BepHaackum
BbiCKa3as naer O TOM, YTO XU3Hb —
BaXXHbIN (PAKTOP pa3BUTUA HalLeW
nnaHeTbl. B co3gaHnm 3eMHOW KOPbI
aKTUBHO Y4YacCTBOBaJIN XXMUBble OPraHn3Mbl;
(1863-1945) gHM N cemyac onpeaenstT cneunpuky

eM/nn.
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Buocoepa, B.U.
BepHaackomy, 3TO
obonoyka 3emMnun, B
npeaenax KOTOpOu
CYLLECTBYET XW3Hb.

Mo

BONbLWWHCTBO Y4YEHbIX B

KayecTBe BEpXHeun
TeopeTnyecKou
rpaHuLbI buocodepsl

YKa3blBalOT O30HOBbLIU
CJZION, CpeaHAs BbICOTa

KOTOpOro cocTaBnser
25 KM. Bbllle XuBble
OpraHu3Mbl norméarT
oT YXECTKOro
KOCMMYECKOoro
N3SIly4eHus, XOoTs cnopbl
6akTepun

obHapyXuBann U Ha

BblcoTe Ao 70 KM.



PaccMOTpM OCHOBHbIE XapaKTepucTukm bmnocdepnbl.

1. bBbwuockhepa obnagaer CBOUCTBOM romMeocrtasa -
nogaep>XaHust  MNOCTOSAHCTBA  (PU3MYECKUX U XUMUYECKUX
napaMeTpoB cpeabl.

2. bnocoepa - 3To kmbepHeTnyeckas cucreMma, T.e. CUCTEMQ,
B KOTOPOM OAUNH U3 31eMeHTOB ()KMBOE BeLlleCcTBO) urpaet
onpenensitowyr posb B PYHKLUMOHNPOBAHUN BCEN CUCTEMBI.

3. bnocepa nmeet Mo3anyHoOe U nepapxmyeckKkoe CTpoeHue
— COCTOUT U3 DKOCUCTEM Pa3/IMYHOro Turna u paHra.

4. BaXXHOW XapaKTepucTnukom bmnocdepbl sBnaeTcs
6unonornyeckas MMrpaums 3J1eMeHTOB U UX 6uonornyeckKkmm
KPYyroBopor.

5. BaxkHoM xapakTepuctukom 6nocopepsbl ABMsSIETCS
6uonornyeckas Murpaumsa 3JIeMeHTOB U UX
6M0NOrMYEeCcKn Kpyrosopor.

6. >)KnBble opraHm3Mbl 3an0JIHAIOT BCe NpUroaHble AN >XU3HU
cpeabl. DTa 3aKOHOMEPHOCTb OTpakaeT «BCHOAHOCTb YXU3HWU>.

7. OTHOCMTEeNnbHbIN 6anaHc npoueccoB o6pasoBaHun
OpraHM4yeckKoro BewecrBa B buocdepe n ero pasnoxeHus
obecneynBaeT MOCTOSAHCTBO KOJIMYECTBA >XMBOIro BellecTBa.



[TocTOAHCTBO OMOMAcCbl M COCTaBa >XWUBOIO
BewlectBa Ha 3emne obecneuymBaetcsa 6anaHcom
npoueccoB bnocmHTesa M pasfioxeHnsa (pacnana)
OpraHM4yeckoro BellecTBa, a TakKXe OunoreHHou
MUrpaunen XUMUYECKNX 3/1IEMEHTOB -
6noreoxMmMmnyYeCKMMm LMKJI1aMm.

OCHOBHbIM  3aKOHOM reoxmummn  6uocodepsl
ABNSIeTCS 3aKOH 6umoreHHoM wMurpaummn B.U.
BepHaackoro: <«Murpauns XMMUYECKUX 3SJIEMEHTOB
Ha 3eMHOM MOBEPXHOCTM M B bBuocdepe B LENOM
ocyllecTBnsgeTrca wWanu npum  HenocpeacTBEeHHOM
yyacTuUM XMUBOro BeulectBa (bumoreHHasa murpauus),
UKW >XXe OHa MnpoTeKaeT B cpeae, reoxmMmmyeckue
0Cob6eHHOCTH KOoTopon  obycnoBneHbl  XWUBbIM
BelleCTBOM, KakK TeM, KOTOpOoe B HacToslliee BpeMH
Hacensetr ©6uocdepy, Tak WM TeM, KOTOpoe
AencreoBasio Ha 3eMle B TeyeHue  Bceu
reonormyeckom NCTopmmn>.
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NSC-CoOO0OARASgGHo W

Bunonormnyeckas
dbukcayms:
KNybeHbKOBble
6akTepumn
Rhizobium, c.-3.
BOAOPOC/IN
Anabaena, Nostoc;
cBob6oaAHOXMBYLLME
Azotobacter,
Clostridium

MpoMbIWNeHHas
dukcaumnsa

MoNHUKY, NPOMbILLNIEHHAd

dukcauyms

ATMOCHEepHbIN

IVZ
PacTerns, XMNBOTHbIE
MUKPOOBI
MepTBas opraHuka
BakTepum, Thiobacillus
AMMOHMUUKALMSA: aKTUHOMULETDI, denitrificans,
rpubLI Pseudomonas
denitrificans,
+ Micrococcus
NH3, NH 4
BoccTa-
HOB/E- Nitrosomonas
HUe .
5 NOZ HuTpudmnkaums
pacrte-
HUAX

Nitrobacter

NO,

NSFYOASHGST ASTOIN



PenoyueHThl OTnoxeHwune

docdop B PO, B nouse, docdaThl
YKNBbIX NpecHoun Boae, FOPHbIX
OopraHmaMax OKeaHe nopoa

[TornoweHune Dpo3us



Cepa B

opraHmamMax
nornoLleHue (S-H-
rpynnb) AHaspobHble
penyueHThbl
aspobHble
peayLueHThbl
SO42' AHaspobHble cynbdaTpeayumpytowme
6akTepuun Desulfovibrio
OkucneHue -

CMOHTAHHOE Un e Okuncnenune
cepobakTepuaMm S (Thiobacillus)

Chromatium

H,S



YPMAHCK Hl'echlBHOC’Tb BbiNageHuws 00-
wero asora B 1994 r_[kr/kB.xmM]

B - 200

[ 200-300
[_]300-400
[ 1400-600
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