


O O O O 0O4d

MNJIAH YPOKA

UcTopua TepMuHa

[ToHATUE IKOCUCTEMbI

CTpoeHue 3KOCUCTEMbI

MexaHn3mbl PYHKLUOHMPOBAHUSA 3KOCUCTEMbI

[IpoCTpPaHCTBEHHbIE FPAHULLbl SKOCUCTEMbI

(XOPONOrM4YECKMU aCNeKT)

BpeMeHHble rpaHuLIbl SKOCUCTEMBI

(XPOHO/IOTMYECKUM aCNEKT)

PaHIru akocuctem

UCKVCCTBEHHbI@ YKOCUCTEMbI




MCTOPUA TEPMUHA

Maen eAMHCTBa BCEro XMBOro B NpUpoJe, ero B3auMoJeNCTBUA U
00yCnaB/IMBaHUA TNpPOLIECCOB B NMpuMpoae BeayT CBOE Havano C
aHTMYHbIX BpemMéH. OpaHako npuobpeTaTb  COBPEMEHHYIO
TPAKTOBKY MOHATME CcTasio Ha pyoexe XIX—XX Bekos. Tak,

HEMELKMU rmapoéuonor K. Méobunyc B 1877 roagy
OMUCbIBa/1 YCTPUYHYIO BaHKY KaK Ccoob6LEeCcTBO OpraHM3MoB M Aan
eMy Ha3BaHMe  «bumoueHo3». B KnaccuyeckoM  TpyAe
aMEePMKAHCKOro o6uonora C. ®opbca 03epo co BCEM
COBOKYMHOCTbIO OpraHuU3MOB onpeaenseTca Kak «MWUKPOKOCM»
(«O3epo Kak MMKpoKocM» — «The lake as a microcosme», 1887).

CoBpEMEHHbIM TEPMWUH BMEpPBbIE ObIN npep,no>|<eH AHTIMIACKUM
skonorom A.  TeHcime 1935 roay. B. B. [loky4yaeB TaKke
pa3BmMBasl npeacTaBNeHUME O 6mou,eHo3e KaK O LEeJIOCTHOM
cucteme. OJHAKO B PYCCKOM HayKe O6LENPUHATBIM CTaJlo
BBeZéHHoe B. H. CykayéBbIM NMOHATME O buoreoueHose (1944). B
CMEKHbIX HayKax CYLIECTBYIOT TaKXKe pa3/iMyHble onpejie/ieHus, B
TOWU MM MHOM CTEMEHMU COBMAAAOLLME C NMOHATUEM «3KOCUCTEMA>,
Hanpumep, «reocMctemMa» B re03K0JI0rum Unu BBep,eHHble
NPUMEPHO B TOT e nepuoj ApYrMMM YYE€HbIMM «rosioleH» (P.
KnemeHtc, 1930) n «6MoKocHoe Teno» (B. . BepHaackum, 1944).



[IpecHoBOOHOEe 03epo0 Ha OOHOM U3 OCMPOBOA
KaHapcko2o  apxunesiaza  Kak  hpumep
3Kocucmemsl (cocedcmsyem u
s3aumodeucmsyem C 3Kocucmemamu

OKpyKarwwezo eé Jsieca U  odpyaumu
3Kocucmemamu)



OMNPEAE/TEHNA

® Jlloboe enMHCTBO, BKJlOYalOllEe BCE OpPraHM3Mbl Ha JlaHHOM
yqyacTKe U B3aMMOJeUCTBYloLlee C (M3MYECKOM CPeJon TaKMM
06pa3oM, YTO TMOTOK 3SHEPrMM CO3JAET YETKO OrpeaesEHHYI0
TpocbmquKyro CTPYKTYpY, BMAOBOE pasHOObpasme M KpyroBopoT
BELeCTB (0OOMEH BELLeCTBaMM U SHEPrUEen MeXJy 6MOTUHECKOU U
abMOTMYECKON YaCTAMM) BHYTPMU CUCTEMbI, NpeACTaBAAET CO60M
3KO0JIOrMYECKYI0 cncTemy, mam skocmctemy (K0, Oaym, 1971).

® JKOCUCTEeMA — cucTema (PU3NKO-XUMMKO-OMONIOrMHYECKUX
npoueccos (A. TeHcan, 1935 roa).

© Coo6LLECTBO >KMBbIX OPraHM3MOB BMECTE C HEXMBOM YacCTblo
cpefibl, B_KOTOPOM OHO HaxoAMTCA, M BCEMM Pa3HOO6Pa3HbIMM
B3aMMOJENCTBUAMM HasbiBaloT 3Kocuctemon (. ®. OyaH.).

® JIlobylo  COBOKYMHOCTb ~ OPraHM3mMOB M HEOpPraHW4YecKMx
KOMMNOHEHTOB OKpYKalolWen MX Ccpedpl, B KOTOPOU MONKET
OCYLLEeCTBATLCA KPYroBOPOT BELECTB, Ha3blBalOT 3K0/I0MMYECKOM
CMCTEMOM UM 3KocucTemoM (B. B. JleHmcos.).

® buoreoueHo3s (B. H. CykauéB, 1944) — B3aMM0O0OBYC/0BAEHHbIM
KOMMJIEKC KMUBbIX M KOCHbIX KOMIMOHEHTOB, CBSiI3aHHbIX MEXAY
CO60M 0OMEHOM BELLLECTB M SHEPTUM.

® MHorga o0cob6o noAYEpPKMBAETCA, YTO JSKOCMCTEMA — 3TO
MCTOPMYECKU CJIOXKMBLLAACA CUCTEMA.




KOHLEMNLUMS 3KOCUCTEMb

JKocucmema — C/IOXKHaA CaMoopraHu3yrLasacs,
CaMOpEry/IMpyloLLaaca M camopa3BMBalOLLAACA CMCTEMA. OCHOBHO
XapaKTEPMCTUKOM 3SKOCUCTEMbI SIBAAETCA Ha/M4ME OTHOCUTE/IbHO
3aMKHYTbIX, CTaObM/IbHbIX B MNPOCTPAHCTBE U BPEMEHM MNOTOKOB
BelLlecTBa 7 3Heprmm Mexay O6UOTUYECKOM
M abMOTUYECKOMN HaCTAMM 3KOCMCTEMbI. M3 3TOro cnefyet, 4to He
BCAKAA 6MOJIOrMYecKas CUMCTEMa MOXET Ha3BaTbCA 3KOCMCTEMOM,
Hanpumep, TaKOBbIMM HE ABAAITCA akBapyMyM MWAM TPYXASABbIU
neHb. JaHHble OMOoNIorM4yeckme CuUCTeMbl He  ABAAITCA B
JOCTaTO4YHOM CTEMEHU CAaMOZOCTAaTOYHbIMU U CAMOPETY/IMPYEMbIMM,
ec/M nepectatb peryimposaTb YC/JI0BMA U NOALEPKMBATb
XapaKTEPUCTUKM Ha OJAHOM YPOBHE, [AOCTAaTOYHO ObICTPO OHa
pa3pywmTtca. Takue coobuwectsa He (POPMUPYIOT CAMOCTOATEIbHbIX
3aMKHYTbIX LIMK/IOB BELLECTBA U SHEPIMU, a ABNAIOTCA /IMLLIb YaCTblo
60/blieN  CUCTEMbI. TaKMe CUCTEMbI CneayeT  HasblBaTb
coobliectBaMM 0Oonee HU3KOro paHra, MM Ke MUKPOKOCMaMM.
MHorga [Ana  HWMX  YnoTpebnAlT  noHATHe —dauma (Hanpumep,
B F€03K0O/I0MMM), HO OHO He CMOCOBGHO B MOJIHOM MEpe onucatb
TaKMe CUCTEMbl, OCOOEHHO MCKYCCTBEHHOro npoucxoxaeHus. B
o6LeM cslydae B pasHbIX HayKax MOHATUIO «@daumna» COOTBETCTBYIOT
Pas/inyHble onpeaesieHMA: OT CUCTEM CYBIKOCMCTEMHOrO YPOBHSA [0
MOHATUM, He CBA3aHHbIX C 3KOCMCTEMOM, JIMBO MOHATHE,
o6bep,l4Hmom,ee OAHOPOAHbIE  JSKOCUCTEMBI, nly NnoYTH
TOXAEeCTBEHHOE onpeAe/IeHMNI0 SKOCUCTEMBI.




tOoxxuH Odym (1913—2000). Omeuy
3KocucmemHou 3KoJs102uu




BUOIEO L'|E H O33KOC|/|CTe|\/|a ABMNAETCA OTKPLITOW

B. H. CykauéB (1880—1967).
ABTOp TepMuHa 6GuoreoueHo3

CUCTEMOWN U XapakTepusyertcs
BXOOHbIMWU 7 BbIXO4HbIMU
NOTOKaMU BELLLECTBA U 3HEPIUM.
OcHoBa CyLLleCTBOBaHUSA

npakTn4yeckn nNobon 3KOCUCTEMbI —
NOTOK 3HEPrnm COJSIHEYHOro CBETa,
KOTOPbIM  SABMAETCA  CNeacTBUEM
TepmMmoagepHou peakuuu, — B
NPAMOM (poTOCUHTES) nnm
KOCBEHHOM (pasnoxeHwue
OpraHWYecKoro BellecTtBa) Buae, 3a
NCKMNOYEHNEM rMyOOKOBOAHbIX
9KOCUCTEM: «YEPHbLIX» U «BenbiX
KYPUNbLMKOB, UCTOYHUKOM 3HEPIUK
B KOTOPbIX ABMSAETCA BHYTPEHHee
TEMNNO 3EMIN U SHEPTUA XUMUYECKNX
peakuun.




BUOI'EOUEHO3 1 SKOCHUCTEMA

B cooTtBeTCTBMM C onpeAesieHUAMU MeEXAY MNOHATUSAMM
«3Kocucmema» 1 «buo2eoyeHo3» HET HMKAKOM pasHULbl,
OMOreoueHo3 MOXKHO CYMTaTb MNOJIHBIM  CMHOHMMOM
TepMUHa 3KOCUCTEMA. OaHako cylwecTasyeT
pPAacNpoCTpaHEHHOE  MHEHMEe,  COrnacHoO  KOTOpOMY
OMOreoLeHO3 MOXKET CJIYKUTb aHA/IOrOM 3KOCMUCTEMbI Ha
CaMOM  Ha4ya/lbHOM  YpOBHE, TaK KaK  TEepMMH
«OMOreoUeHo3» JenaetT OO/bLMM aKUEHT Ha CBA3b
6UMOLEHO3a C KOHKPETHbIM YYaCTKOM CyLUM WM BOJHOM
cpejfbl, B TO BpEMSA KaK 3KOCMCTEMA NpeanonaraeT aoboum
abCTpaKTHbIM y4yacToK. [o3aTtoMy 6MoreoLeHo3bl 06bIYHO
CYUTAIOTCA YaACTHbIM CJIy4aEM 3SKOCUCTEMBI. PasHbIMM
aBTopaMM B ornpejeneHMn TepMuMHa 6uoreoueHos
nepevynucnaTca KOHKpETHbIE oMoTH4ECKUue 7
abMOTMYECKME KOMIMOHEHTbI OMOreoLeHo3a, B TO BpeMS
KaK ornpeaesieHne 3SKOCUCTEMbI HOCUT 6onee o6LLMM
XapakKTep.



CTPOEHME SKOCUCTEMDI

B 3KocucTEME MOXHO BblAEUTb JIBa KOMIMOHEHTA —
OUOTUYECKMMU U abUOTUYECKMU. BuMoTmMyeckun aenmtcs
Ha aBTOTPOMHbLIK M reTepoTPpOdHbIM  KOMMOHEHTHI
dbopmupytome TpPoPHUUECKYIO CTPYKTYPY SKOCUCTEMbI.

EAMHCTBEHHbIM MCTOYHMKOM 3HEeprmu ana
CYLLECTBOBAHMSA 3KOCMUCTEMbI M MNOAAEP!KAHUA B HEM
pPa3/IMYHbIX  MNPOLUECCOB  ABJAKTCA  MNPOAYUEHTHI,
yCBamBalllee 3HEepru cosHua ¢ 3PPEKTUBHOCTbIO

0,1— 1%, peako 3 — 4,5% oOT nepBOHa4ya/IbHOro
Ko/iM4ecTBa. ABTOTPO®bI npeacTaBaAlT
nepBbiM TPOPUYECKMMU YPOBEHb 3KOCUCTEMBI.
[Mocneaywowme TpodpUYECKME  YPOBHM  DKOCUCTEMBI
(popMHpYyIoTCA 3a CYET KOHCYMEHTOB U
3aMbIKAOTCA peAlyueHTaMu, KOTopble nepeBoaAT

HEXMBOE OpraHMYeCKoe BeLleCTBO B MMHEpPasIbHYIO
popMy, KOTOpaAa MOXeT OblTb YyCBOEHa aBTOTPOMHbIM
3/IEMEHTOM.
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OCHOBHbIE KOMMNOHEHTbI SKOCUCTEMbI

C MOYKU 3peHusa CmpyKmypbi 8 IKocucmeme B8bI0e/ISm:

©®

KJIMMATUYECKUMN PEXMM, Onpelensowmum TemnepaTypy,
BJIAXKHOCTb, PEXMM OCBELLEHMA M Mpoume dusmyeckme
XapaKTEPMCTUKU cpeapl;

HEOpraHMYecKMe  BeLlecTBa, BKAlOYalOWMecs B
KpYroBOpOT;
OpraHM4yeckmMe COEJIMHEHMA, KOTOpblE  CBA3bIBAIOT

OUOTUMYECKYI0O M abUMOTUYECKYID 4YacTuM B KpyrosopoTe
BELLLECTBA U SHEPIUM;

npoAyueHTbl — OpraHu3Mbl, co3jallme MNepBUYHYIO
NPOAYKLUMIO;
MAKPOKOHCYMEHTbI, UAMN paroTpodbl, — retepoTpodel,

noejawolme Apyrue opraHusmbl MM KPYMHbIE YaCTMLbl
OpraHM4YeCcKoro BELLECTBa;

MUKPOKOHCYMEHTbI (canpoTpodbl) — reTtepoTpodbl, B
OCHOBHOM rpubbl M BAaKTEPUM,  KOTOpble  paspyllatoT
MEPTBOE OpraHM4YecKoe BeLeCcTBO, MUHEpasM3ya ero,
TEM CaMbIM BO3BpaLlaa B KpyroBopoT.

[lochegHue Tpu  KOMMNOHEHTA
(hOPMMPYIOT BUOMACCY IKOCUCTEMBI.




B/IOKA OPTAHU3MOB

C TOYKM 3peHUA  PYHKUMOHMPOBAHMA  SKOCMUCTEMDI
BblAENAIT cneaywoume (YHKUMOHAbHbIE 6.,10KU
OpraHM3mMoB (MOMMMO aBTOTPOOB):

»buopaau — oOpraHusmMbl, Moeaalowme ApYyrux KMBbIX
OpraHM3moB,

canpoaz2u —  OpraHu3mbl,  noejawlme  MEPTBOE
OpraHM4yecKoe BeLecTBO.

JaHHoe pasgeneHue noKasblBaeT BPEMEHHO-
(PYHKLUMOHAJ/IbHYIO CBSI3b B 3KOCUCTEME, (DOKYCUPYACb Ha
pasgeneHnnm BO BpPEMEHM 00pa30BaHUA OpPraHUYeCKoro
BellecTBa M nepepacnpeieneHmm ero BHyTpU SKOCUCTEMDI
(6uoparn) wu nepepaboTkn canpodaramm .  Mexay
OTMMPAHMEM OpraHM4YecKoro BellecTBa UM MOBTOPHbIM
BK/IlOYEHMEM €ro COCTAB/ANLMX B KPYroBOPOT BeLleCTBa
B DKOCUCTEME MOXKET MPOMTU CYLLLECTBEHHbIM MPOMEKYTOK
BpEMEHMU, HaNpMMep, B CJly4ae COoCHoBoro 6pesHa, 100 u
6onee ner.

Bce 3TM KOMMNOHEHTbI B3aMMOCBA3aHbl B MPOCTPAHCTBE M
BpEMEHM 7 o6pasytoT e AUHYI0 CTPYKTYpPHO-
(DYHKUMOHAIbHYIO CUCTEMY.



SKOTOI

Y

N3nuearowasics
8 OKeaH Jiaea Ha
ocmpoee [asal
u gpopmupyem
Ho8bIU
npubpexHbIU
3Komori



SKOTOM U K/IMMATOI
O6bIYHO MOHATWE 3Komon onpeaensnoch
KaK MECTOOBUTAHUE OPraHU3MOB,
XapaKTepusywlleecs OnpeAenéHHbIM  COYETaHMEM

3K0JI0OrMYECKMX YCJIOBMU: noys, rPYHTOB,
MMUKpPOK/IMMaTa M Ap. OJHaKo, B 3TOM CJiydae 3TO
NOHATHE MdaKTnyYecKkmn NoyTH MAEHTUYHO

MOHATUIO KluMamon.
Ha JaHHbIM MOMEHT MNoJ 3KOTOMOM B OT/MYME OT

6rnoTona NOHMMaeTCA
onpeaenéHHaa TEPPUTOPUSA UM aKBATOPUA CO BCEM
HaboOpOM 7 OCOOEHHOCTAMM NOYB,

[DYHTOB, MMUKPOKJIMMATa U APYrux QaKTopoB B
HEM3MEHEHHOM oOpraHuM3mMamn Buge. [lpumepamm
3KOTOMA  MOTYT  CAYXWMTb  HAHOCHble  TPYHTHI,
HOBOOOpa30oBaBLUMECSA BYJIKAHUYECKUE MM KOPAJIJIOB
ble OCTPOBa, BbIpbITble YE/I0OBEKOM Kapbepbl U
Apyrne 3aHoBO oObpa3soBaBliMeca Tepputopuu. B
3TOM CJ/lydae KiuMamon ABJIAETCA YacCTbio 3KOTOMa.
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ONPEAE/NIEHUE K/IUMATOIA

MN3HayasibHO «Kaiaumamon» 6bin onpeaenéx

B. H. CykauéBbiM  (1964) Kak BoO3aywlHaA 4acTb
o6uoreoLeHo3a, OT/IMYaKOLLAACA oT
OKpyrKawuwen atMocdepbl CBOMM Tra30BbiIM COCTABOM,
OCOOEHHO KOHUEeHTapuen YrieKMcaoro rasaB
NpM3eMHOM OWMOropm3oHTe, KMUCJopoJa TaM e M B
OMOropm3oHTax POTOCUHTE3a, BO3AYLUHbIM PEKUMOM,
HaCbIWEHHOCTbIO OMOIMHAMM, YMEHbLUEHHOU 7
M3MEHEHHOM COJIHEYHOU pagMaumen U OCBELLEHHOCTLIO,
Ha/IMYMEM JIIOMMHECUEHLUMMN PpacTEHMM M  HEKOTOPbIX
YXMBOTHbIX, 0COObIM TEenJI0BbIM PEXMMOM 7
PEXMMOM BJIAXKHOCTU BO34yXa.

Ha AaHHbIM MOMEHT 3TO MOHATHE TPAKTyeTcsa YyTb 6onee
LLUIMPOKO: KaK XapaKTEPUCTHKA 6uoreoLeHo3a,
coyeTaHMe PUBNYECKNX Y XUMUYECKMX XapaKTEPUCTMK
BO3/YLUHOM WAWM BOAHOM CpeAbl, CYLUECTBEHHbIX AJ1S
HacenswLlmMX 3Ty cpeay opraHu3moB. KnmMmarton 3a4aéTt
B JO/IFOBPEMEHHOM MacLUTabe OCHOBHble dU3MYECcKUe
XapaKTEPUCTMKU  CYLLECTBOBAHMS  XMBOTHbIX WU
DacCTEHMWU, oOnNpeaenas Kpyr OpraHM3mMoOB, KOTOpbIE
MOTYT CYLLLeCTBOBATb B JAHHOM SKOCUCTEME.




34AOTONN

[Mog adagpomonom 06bIMHO NMOHMMAETCA NOYBA KaK
COCTaBHOM 3N1eMeHT 3Kotona. OpaHako 6onee
TOYHO 3TO MNOHATUE caeayeT onpeaenATb Kak
YaCTb  KOCHOM  cpeabl  nNpeobpa3oBaHHOM
OopraHmM3mamM, TO €CTb He BCHO OYBY, a JIMLIb €é
yacTb. [MoyBa (34adoTon) ABAAETCA BarKHEULLEU
COCTaBAOLWEN IKOCUCTEMbI: B HEM MPOMUCXOAUT
3aMblKaHME LMKJIOB BewecTBa M  SHEPrum,
OCYLLEeCTB/IAETCA nepesojg U3  MEPTBOro
OpraHM4yecKoro BellecTBa B MMHeEpaJibHble U UX
BOBJIeYEHME B XMBYKO Oumomaccy . OCHOBHbIMM

HOCUTENAMM 3HEeprun B 3aadoTone
BbICTYNAKOT OpraHUYeCcKme coeIMHEHUSA
yraepoja, Ux nabusbHble U CTabubHble (DOPMblI,
OHM B HamMbonbLueEN CcTeneHu

onpeaensaT N1040poJME MOYB.




MOHATUA

buomon — npeobpasoBaHHbIM  6MOTOM  3KOTOM WM, Gonee
TOYHO, Y4aCTOK TEPPUTOPUM, OAHOPO/HBIM MO YC/IOBMAM KU3HM A1
onpe,qeneHHblx BMJIOB PACTEHUMU WM KMBOTHbIX, MM Ke ANA
(popMHpoBaHMA onpeaenéHHOro GMoLeHo3a.

buoyeHo3 — UCTOPUYECKM CNOMKMBLUAACA COBOKYMHOCTb PACTEHWUM,
XMBOTHbIX, MWMKPOOPraHU3MOB, HaCeNAWMX Y4aCTOK CylWu UM
BogOEMaA (6uoTon). He nocnegHww posib B (POPMUPOBaAHMM
6UOLIeHO3a UrpaeT KOHKYPEHLMA U eCTeCTBEHHbIM 0T60p. OCHOBHAS
eAnH1La b1oLieHO3a — KOHCOPLIMA, TaK KaK J1tobble opraHm3mbl B TOM
MU MHOM CTEMNEHM CBA3aHbl C aBTOTpocbaMM M 0OpaA3YHOT CJIOXKHYIO
CMCTEMY KOHCOPTOB pa3/IM4YHOrO MopsAfKa, MPUYEM 3TO CeTb
ABNIAETCA KOHCOPTOM BCE 6O0/IbLUErO MOpsSAKAa U MOXKET KOCBEHHO
3aBMCETb OT BCE 60/IbLLErr0 YNC/IA JETEPMUHAHTOB KOHCOPLMM.

Takke BO3MOMHO pasjenieHme 6MoLeHo3a
Ha duTOLLeHO3 M 300LeH03. PUTOLEHO3 —  3TO  COBOKYMHOCTb
pacTUTEe/IbHbIX MONYNAUMM OAHOro  coobljecTsa, KOTOpble M
hOpMMPYIOT  A€TEPMMHAHTOB  KOHCOPUMM. 300L€HO3 —  3TO

COBOKYMHOCTb  MOMNYNAUMU  KMBOTHbIX, KOTOpble M  ABNAKTCA
KOHCOpPTaMM  pa3/IMYHOrO nopAfka M C/yXaT  MeXaHM3MOM
nepepacnpegeneHus Bewectsa 1 3HEPrnMmu BHYTPMU SIKOCUCTEMbI (CM.
(PYHKUMOHUPOBAHME SKOCUCTEM).

broTon 1 6uoLeHo3 BMecTe (DOPMUPYIOT BUOreoL,eHO3/ 3KOCUCTEMY.



YCTOMYUBOCTb DKOCUCTEM

JKocMcTeMa  MOXET  OblTb  OMMCaHA  KOMMJIEKCHOM
CXEMOM NPAMbIX U 06pPaTHbIX CBSI3eM,
NoAJAEPKUBAIOLLMX FOMEOCTA3 CUCTEMbI B HEKOTOPbIX
npeaenax napameTpoB OKpyxKawuwen cpeabl. Takmm
o6pa3oM, B HEKOTOPbIX Mnpejenax 3KOoCMCTeEMa CMOCOOHa
NpM  BHELWHMX BO3AEUCTBMAX MOAAEPXKMBATbL  CBOLO
CTPYKTYPY M (PYHKLMM OTHOCHMTENIbHO HEM3MEHHbIMM.
O6bI4HO BbIAENAIOT ABA TMMNA FOMEOCTAa3a: PE3UCTEHTHbIN —
CMOCOBHOCTb 3KOCMCTEM COXPAHATb CTPYKTYPY U (PYHKLUUM
NPy HEraTMBHOM BHELWIHEM BO3JEUCTBUM M YNPYrum —
CMOCOBHOCTb 3KOCMCTEMbI BOCCTAHAB/AMBATb CTPYKTYpY M
PYHKLUMM NpU yTpPaTe YaCTM KOMMOHEHTOB 3KOCUCTEMBI.



Peakipiga cicTeMBI

CXEMA TOMEOCTA3A CUCTEMBbI 10 0. C4YMY

T'ndems

BepxHini ripe ge1 1o 10KHTe TbHOH
00paTHOI CBA3H

T"'omeocTaTITUECKO ITTIATO

O6nacTh OTpHLIATETLHOIT 06paTHOIT
CBST3H

HickHini npe e ros10AKHTe T HOH
00paTHOH CBSI3H

Tdenms




Koparnnossie pugpbl — npumep xpyrkocmu buopasHoobpa3sus



MPOYHBIE U XPYNKUE COOBLLUECTBA

MHOrAa  BbIAENAT  TPETMM  acneKT  YCTOMYMBOCTM —
YCTOMYMBOCTb IKOCMCTEMbI MO OTHOLWIEHUID K M3MEHEHMAM
XapaKTEPUCTUK Cpedbl U MU3MEHEHUIO CBOMX BHYTPEHHMX
XapaKTEpPUCTUK. B cnyvyae, ecnm 3Kocuctema YCTOMYMBO

MdyHKUMOHUpPYeET B LLUMPOKOM
JManasoHe napameTpoB OKpYrKatoLLEM cpeapl 7 B
3KOCUCTEME npucyTCTBYeT 60/bLLOE 4Ynucno
B3aMMO3aMEHAEMbIX BUIOB, TaKoe CO00LEeCTBO

Ha3blBalOT JUHAMU4YeCKU npoYHbiM. B ob6GpaTHOM caydae,
Korga >KOCUCTEMAa MOXET cyulectBoBaTb B BeCbMa
OrpaHMYEHHOM Habope napamMeTpoB OKPYKaloWeN cpebl, M
60/IbLLUIMHCTBO BUAOB HE3aMEHMMbI B CBOMX (DYHKUMUAX, TaKoe
COOOLLECTBO Ha3blBaeTCs JUHAMU4YecKu XPYNKUM .

Heob6xoAMMO OTMETUTb, YTO JaHHaA XapaKTepucTuMKa B
o0WEeM Cayyae He 3aBMCUT OT 4Yucia BMAOB U CAOKHOCTMU
coooLLlecTB. Knaccuyeckmum NpMMEpPOM MOXKeT
CNyXuTb bonblion bapbepHbit pud y 6eperos ABCTpanum,
ABNSOLWMMCA OAHOU U3 «FOPAYMX TOYEK>» BMOPA3HOOBpa3UA B
Mupe — CUMOMOTUYECKME BOOPOC/IU
KopannoB, AMHODIArennatbl, BeCbMa 4YYBCTBUTEJIbHbl K
Temnepatype. OTK/IOHEHUE OT ONTMMYMa OYKBa/IbHO Ha Mapy
rpalycoB BeAET K rmoenn Bogopocnen, a Ao 50-60 %
nUTaTeNbHbIX BELWECTB MOAMMNbI NOJy4YalT OT (POTOCUHTE3a
CBOMX MYTYaJIUCTOB.
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yCTOﬁLMBOG nonoxeHwe HeyCTOﬁNMBOG nonoXxeHwme 6e3pa3nmuHoe nonoxeHwe
PaBHOBECKUA PaBHOBECKUA PaBHOBECKUA

PA3/IMYHBIE T10/10KEHWA PABHOBECHMA CUCTEM (U/1I/IIOCTPALMA)

Y 9KOCUCTEM CYLLECTBYET MHOXECTBO COCTOSAHUU, B
KOTOPbIX OHa HAaXoAUTCA B AMHAMNYECKOM PaBHOBECUM;
B Clly4ae BbiBE€AEHUA U3 HEMO BHELLHUMU CUNamu,
9KocMcTeMa COBEPLLUEHHO HEODA3aTeNbHO BEPHETCS B
N3Ha4vyanbHOe COCTOSHME, 3a4acCTYyIo e€ NpuBMNeYeT
brninxkanwee paBHOBECHOE COCTOSIHME, XOTA OHO MOXET
ObITb O4EHb DNM3KNUM K NepBOHaYaribHOMY.



EMOPA3HOOBPA3UE M YCTOUYUBOCTD B
YKOCUCTEMAX

Jloxkdesble neca AMA30HUU, KAK U BJIG)KHble 3KBAamMopua/ibHble
Jjileca, ABaAmMca Mmecmamu Haubosibwez2o buopasHoobpas3us



BIMOPA3HOOBPA3UE

O6blMHO  YCTOMYMBOCTb  CBA3bIBA/IM M CBA3bIBAOT  C
6uopasHoobpa3mMeM BMAOB B 3KOCUCTEME TO €CTb, YeM Bblle
61opa3Hoobpasme, Yem CNOoXKHee opraHu3aums COO6LL|,eCTB 4yem
C/IOXKHEe NULLEBbIE CETU, TEM Bbllle YCTOUUYMBOCTb SKOCUCTEM. HO
y:xxe 40 u 6onee neT Hasaj Ha AaHHbIM BOMPOC CYLECTBOBA/IM
Pa3/IMYHbIE TOYKM 3PEHUA, M Ha JAaHHbIM MOMEHT Haubonee
PacnpocTpaHeHO MHEHWe, YTO KaK JIoKaj/ibHadA, Tak M 06Liaf
YCTOMYMBOCTb 3KOCUCTEMbI 3aBUCAT OT 3HAYMTENbHO 6OJIbLIErD
Habopa (aKToOpoB, 4YeM MpOCTO CJ/IOXKHOCTb COOOLECTB U
6uopasHoobpasme. TaK, Ha AaHHbIM MOMEHT C MOBbILUEHUMEM
61opasHoobpasua 06bIY4HO CBA3bIBAIOT MOBbILIEHME CJIOXKHOCTMH,
CU/bl CBA3EU MEXJY KOMMOHEHTAaMM 3KOCMUCTEMbI, CTabUABHOCTD
MOTOKOB BeLLECTBA U SHEPIrUU MEXKAY KOMMNOHEHTAMM.

Ba)KHOCTb GMOpa3HOO6pa3nA COCTOMT B TOM, YTO OHO MO3BOJAET
(popMMpoBaTb MHOXKECTBO COOOLLECTB, pasnqublx Nno CTPYKTYype,
dopMe, (DYHKUMAM, M obecneynBaeT YCTOMUYMBYHO BO3MOXKHOCTb
NX CI)OpMMpOBaHIAFI Yem Bbllwe 6Mopa3HooOpasmne, TeM GoJbliee
YMC/I0 COOOLIECTB MOXET CYLEeCTBOBATb, TEM 6ONbLLEE UMCIO
Pa3HOO6pa3HbIX peakuum (C TOYKU 3PEHMS BUOreOXMMMM) MOMKET
OCYLeCTBAATbCA, obecneynBaa cCylecTBoBaHMe 6Uocdepbl B
LIE/IOM.



[NIOTOKW BELLIECTBA 3HEPFMI/I B
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lNpuHyunuansbHas cxema roMoKo8 gewecmea U 3Hepauu 8 aKkocucmeme,
Ha rpumepe cucmembi pyydbee Cunebeep CripuHe . [No Odymy, 1971.



MPOCTPAHCTBEHHbIE T'PAHULLDbI
SKOCUCTEMDI

B npupose He cyuwectByeT YETKMX TrpaHUL Mexay
pPa3/IMYHbIMU IKOCUCTEMaMU. Bcerga MOXKHO yKasaTb Ha
TY UM MHYIO DSKOCUCTEMY, HO BbIAENUTb AMCKPETHbIE
rpaHuUbl, €C/IM1 OHM He npeACTaB/IEHbl pPa3/IMYHbIMMU
NnaHAwadTHbIMK paKTopamMK (0OpbIBbI, PEKU, pas/IMYHbIE
CKJIOHbl XOJIMOB, BbIXOJbl CKa/ibHbIX MopoA U T. N.), He
npeacTaBNAeTCA BO3MOXHbIM, Bcerga CywecTBYIOT
njiaBHble Nepexobl OT 04HOU SKOCMCTEMbI K ApPYrou. IT0
00YC/I0BJIEHO OTHOCUTE/IbHO N/1aBHbIM
M3MEHEHMEM FpaJMeHTa (aKTOPOoB Cpefibl (BN1aXKHOCTb,
TemnepaTtypa, YBAAXHEHHOCTb W npoyee). WMHorga
nepexofbl M3 OJHOM 3KOCUCTEMbI B _JpPYrytl0 MOryTt
(paKTUYECKU ABNATLCA CAMOCTOATE/IbHOM SKOCHUCTEMOM.
O6blyHO  coobllecTBa, oObpasyllwmMecs Ha  CTblKe
Pa3J/IMYHbIX SKOCUCTEM, Ha3bIBalOTCA SKOTOHAMM.
TepMHH «3KOTOH» BBeZEH O. KnemeHTcom B 1905 ropay.



JKOTOHDI

JDKOTOHbl  UrpalT  CYWECTBEHHYHO  poJib B
nogaepxaHmMmM  GUONOrMYECKOro  pasHoobpasus
3KOCMCTEM 3a CYET TaK Ha3blBAaEMOro KpaeBoro
3pdeKkTa — coyeTaHUa KOMMJeKca akTopoB cpe/bl
Pa3/IMYHbIX 3KOCUCTEM, o6ycsiaBauBatoLLee
b6o/bluee pa3Hoob6pa3une yCJIOBMU cpeapbl,
cNlejoBaTe/IbHO, JIMLLEEH3UM U SKOJIOTUYECKMX  HMLL.
TeM caMbiIM BO3MOHO CYLLECTBOBaHUE BUAOB KaK
M3 OJHOMU, TaK M U3 APYron SKOCMCTEMDI, a TaKKe
cneun@UYHbIX ANe 3KOTOHA BMOB
(HaNnpUMep pacTUTENIbHOCTb NPUOPEKHO-BOAHbIX
MECTOOBUTAHUM).




BPEMEHHbIE MPAHULLbI
SKOCUCTEMDI

Ha ogHOM 1 TOM e 6uoTone C TeYEeHMEM BpeMEHMU
CYLLECTBYIOT pa3/IMyHble 3KocucTeMbl. CMEHa oA HOM
SKOCUCTEMbI Ha ApPYryl0o MOXET 3aHMMaTb Kak
[JOBOJIbHO  AJINTE/IbHbIE, TaK  OTHOCMTEJIbHO
KOPOTKME (HECKO/IbKO J1eT) MPOMEXYTKM BPEMEHM.
ANMMTEeNbHOCTb CyWecTBOBaHUA JKOCUCTEM B TaKOM
c/iydae onpegenderca 3Tanom cykueccmn. CmeHa
3KOCUCTEM B OMOTOME MOXKEeT ObiTb 00YC/I0BJIEHA M
KaTaCTpo(pUYECKMMU npoueccaMM, HO B TaKOM
c/lyyae, CywecTBEHHO U3MEHAETCA U caM buoTon, U
TaKyl0 CMEHY HE MPMHATO Ha3biBaTb CYKLIECCUEM (3a
HEKOTOPbIMU UCKJIIDYEHMAMM, KOrga KaTtacTpoda,
Hanpumep, noxkap — €CTECTBEHHbIN 3Tan
LUMKJIMYECKOM CYKLECCUM).



CYKLIECCUA

CyKyeccusa — 3TO NocC/iefoBaTe/ibHas, 3aKOHOMEPHAss CMeEHa
OJHUX COOOLIEeCTB JpYrMMM Ha ONpeAenéHHOM  Yy4yacTKe
TEPPUTOPHM, 0BYC/I0BJIEHHAS BHYTPEHHMMM (DAKTOPaMM Pa3BUTMHS
3KocucTeM. Kaxzoe npeapbiayliee cooblectBo npeaonpeaenser
YC/I0OBMS  CYLLECTBOBAHMS  C/eAylollero M COBCTBEHHOro
MCYE3HOBEHMSA. ITO CBA3AHO C TEM, YTO B SKOCMCTEMAX, KOTOpblE
ABNAIOTCS NEPEXOAHbIMU B CYKLLECCMOHOM psay, MPOMCXOAMUT
HaKOM/IEHME BELWeCTBAa M 3SHEPrMM, KOTOpPblIE OHU YXKEe He B
COCTOSIHMM BKJIIOMMTb B KPYroBOpOT, MpeobpasoBaHMe 6MOTOMNA,
M3MEHEHWE MMKPOKIMMATa M APYrux (hakTopoB, M TEM CAMbIM
CO3JaETCS BeLlEeCTBEHHO-JHEpPreTMyeckaa 6asa, a TaKkKe M
yCJ/10BMS cpejpbl, HeobxoaMmble AN dhopMMpPOBaHUA
nocneaywwmx coobwects. OJHAaKoO, €CTb M JApyraa MOJE/ib,
KOTopas 06bACHAET MEXaHM3M CYKLLECCUM ClieJyIoWmMM 06pa3oMm:
BMAbl KaXoro npeAbiAyLiero cooblecTBa BbITECHAIOTCA JMLb
nocaefoBaTe/IbHOM KOHKYPEHLIMEN, MHIMBUPYS 7
«COMPOTUBNAACL» BHEJPEHMIO TOCAeayoWMX BUAOB. TemM He
MEHee, 3Ta Teopuss pPacCMATPUBAET JIMLLIb KOHKYPEHTHbIE
OTHOLIEHMA MEXJY BMJAMM, HE OMUCbIBas BCHO KAPTMHY
3KOCUCTEMbI B LEJIOM. be3ycnoBHO, Takue npoueccbl MAYT, HO
KOHKYPEHTHOE BbITECHEHME nNpeablayWMX BMAOB BO3MOXKHO
MMEHHO M3-3a Npeobpa3oBaHMs UMM OMOTOMA. TaKMM OGPA3OM,
o6e MOJE/NIN OMMCbIiBalOT pasHble acneKTbl Mpouecca M BeEPHbI
0/JJHOBPEMEHHO.




BUAbl CYKLLEECCUM

CyKueccua 6biBaeT aBTOTpPopHOM U reTepoTpodHoM. Ha
PaHHUX CTaamaAX aBTOTPOHOM CYKLLECCMOHHOM
nocnenoBaTe/IbHOCTUM cooTHoweHne P/R  MHoro 6osblue
eMHULbI, TaK KakK O0OblMHO nMepBMYHbIE COO6LIECTBA
061a4aloT  BbICOKOM  MPOAYKTMBHOCTbIO, HO CTPYKTypa
3KOCUCTEMbI elé He chopMupoBasaCb MOJIHOCTbK, U HET
BO3MOXXHOCTH YTUIN3NPOBATb Ty o6Momaccy.
[lochepoBaTtesibHO, C  YC/JIOXXHEHMEM  coobwectB, C
YC/IOXKHEHUMEM  CTPYKTYpPbl  JKOCUCTEMbI, pacxogbl Ha
AblxaHne (R) pacTyT, TakK Kak nosBnaetcA BcCEé 60siblie
reTepoTpodoB, OTBETCTBEHHbLIX 3a nepepacnpeneneHue
BELWEeCTBEHHO-3HEPreTMyeCcKMX MNOTOKOB, COOTHoweHue P/R
CTPEMUTCA K eaMHMLE U (PaKTUYECKU ABJIAETCA TAKOBbIM Y
TEPMMHAJIbHOro cooblecTtBa (3KocucTembl). 'eTepoTpodHas
CyKLeccms 0671aZaeT 06paTHbIMM XapaKTeEPUCTUKaMMU: B HEM
COOTHOoWweHMne P/R Ha paHHMX 23Tanax MHOro MeHblle
eAuHULbl U MNOCTEMNEHHO YBEeJIMYMBAETCA TIOo  Mepe
NpoABUXKEHUA MO CYKLECCMOHHbIM CTaAUAM.



lMpumep cmaduu aemompogHOU CyKueccuu — iec 8bipacmaem Ha
Mecme 3arexu
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[pumep cmaduu eemepompogHoOU cyKueccuu — 3aborio4YeHHbIU 11ye



PAHI'U SKOCUCTEM

Bonpoc paHXMpoBaHUA 3KOCMCTEM AOCTATOYHO CJIOXKEH.
BbiaeneHme MMHMMasIbHbIX 3KOCUCTEM (BMOreoLeHo30B)
M  DKOCMUCTEMbl HaMBbICLIErO0 paHra — 6uoceepsbl He
BbI3bIBa€T COMHEHMMU. [IPOMEKYTOYHbIE KE BblAE/IEHUSA

JOBOJIbHO C/IOXHbl, TakK KaK
C/I0XKHOCTUXOPOJIOrM4YEeCKOoro acnekra He BCerga
OAHO3HA4HOo NO3BOJIAKOT onpeaemTb rpaHMLUbl
3KOCUCTEM. B reoskonormm (v naHawadrosegeHMM)
cylecTeyeT cnepyroulee

PaHXXMpoBaHMe: pauma — ypouumule (3Kocuctema) — naH
awadT — reorpadmMyeckMm  paMoH — reorpaduyeckas
o61acTb — 6MOM — Buoccepa. B skonormm cyulecrtByet
CXOAHOEe paHXMpoBaHWe, OJHAKO, OObIYHO CYMTaeTCH,
4To KOPPEKTHO BblA€/IEHUNE MLLb 0JHOM
MPOMEKYTOYHOM IKOCUCTEMbBI — BMOMA.



BUOMDI

buom — KpynHoe CUCTEMHO-reorpapmyecKkoe
(3KocMcTeMHoe) nojpasfieneHre B npefenax npuUpoaHo-
KJIMMaTUYECKOM 30HbI (Permepc H. D.).

CornacHo P. X. YuTteKkepy — rpynna 3KOCUCTEM JAAHHOro
KOHTMHEHTA, KOTOPblE WMMEIT CXOAHYI CTPYKTYpYy WJIM
CI)MBMOHOMWO PACTUTENIbHOCTM M OBLLUMK XapaKTep YC/I0BUM
cpeapl. ITO ornpejesieHne HECKOJ/IbKO HEKOPPEKTHO, TaK KakK
CywlectByeT npuBA3KA K KOHKPETHOMY KOHTUHEHTY, a
HEKOTOpble GUMOMbI NMPUCYTCTBYIOT Ha Pa3HbiX KOHTMHEHTAX,
Hanpumep, TYH/ZPOBbIM GUOM UJIM CTEMHOM.

Ha AaHHbIM MOMEHT Hamnbosiee obLLENPUHATOE onpeaesieHme
3BYYMT TaK: «BMOM — COBOKYNHOCTb 3KOCUCTEM CO CXOAHBIM
TMIMOM  PacTUTE/IbHOCTM,  PACMOJIOKEHHbIX B OJHOM

NPUPOAHO-KIMMATUYECKOU 30HE» (AKMMoBa T. A., XacKuH
B. B.).

O6WKMM B 3TUX onpeaeneHUAxX ABAAETCA TO, YTO B JIOOOM
cnyyae 6MOMOM Ha3blBaeTcH COBOKyI'IHOCTb 3KOCUCTEM
0JJHOM MPUPOAHO-KIMMATUYECKOMU 30HbI.



buocgepa oxsambisaom 8c0 NOBepXHOCMb 3eMJ/lU, NOKPbIBAA €€
nnéHKol *Kuso20 sewjecmsda



BUOCODEPA

buocdepa oxBatbiBalOT BCHO MNOBEPXHOCTb 3EMJIU,
NOKpbIBaA €€ NJIEHKOU }XMBOro BellecTBa

TepMnH 6uocepa 6bin BBegEH KaHOM-baTUCTOM
JlaMapKoM B Havasie XIX BeKa, a
B reoJ1ormm npeanoxeH aBCTPUMCKUM
reoniorom Jayapaom 3toccom B 1875 roagy. OaHako
CO3/laHMe UEeNOCTHOro Yy4deHusas o ouocodepe
NPpUHAANEXUT PYCCKOMY YY4EHOMY Bragnumumpy
MBaHOBUYY BepHaaCcKoMy.

buocdepa — 3KocucTeEMa BbICWLIEro nopsajKa,
00beAMHALWAA BCE€ OCTaJlbHble 3KOCUCTEMbI M
obecneymBaollaad CyWECTBOBAaHUE  XM3HM  Ha
3emne.

B coctaB Ouoccepbl BXoAAT: aTmocdepa,
rmapocdepa, nmtocdepa, negocdepa.




VICN UL 1 DEMMDIC

SKOCUCTEMDI

lNMawHsa — munuyHas
UCKYycCmeeHHasl
3Kocucmema, HepaspbI8HO
cocedcmeyem ¢
ecmecmeeHHbIM J1y20M.




KOMMNOHEHTbI UCKYCCTBEHHbIX 3KOCHUCTEM

McKyccmseHHblIe 3Kocucmembl — 3TO
3KOCUCTEMBI, CO3/laHHble YEJIOBEKOM,
HanpuMep, arpoLeHo3bl, NPUPOHO-
XO3SIMCTBEHHbIE CUCTEMbI MK buocdepa 2.

MCKYCCTBEHHbIE JKOCUCTEMBbI MMEIKT TOT XKe
Ha6op KOMMOHEHTOB, 4To 7
eCTeCTBEHHble: NPoAYyLEHTbl, KOHCYMEHTbI U
peayueHTbl, HO eCTb CYyWEeCTBEHHble OT/IMYMA B
nepepacnpejesieHMn NOTOKOB  BellecTBa M
SHEpPruu.



