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B crathe mpuBOAUTCS KpaTKUii 0630p COBPEMEHHBIX MTPENCTABICHU O TPUPOAE KIMMATUUYECKUX U3MEHEe-
Huit. PaccMoTpeHbl o6ocTpsitoluecs pobieMbl 0MochepHbIX UCCIIeIOBaHMI, KOTOPbIE KacaloTcs, B YacT-
HOCTH, JeduuMTa JaHHBIX U YHUKAJIbHOCTU 3KocucTteM. OmnpenesieHo KIIIoUueBoe OTIMuue 0uochephl OT
MPUPOAHBIX SKOCHUCTEM, obecrieunBalollee IIMTEIbLHOE, B Mpeaesie 0eCKOHeUHOoe, CyllleCTBOBaHUEe OHO-
cepbl — cbamaHCUPOBAHHOCTh KPYTOBOPOTa OMOT€HOB WJIM 3aMKHYTOCTb IIOTOKOB BelllecTB. OxapaKTepu-
30BaHbl IOCTOMHCTBA JIAOOPATOPHBIX 3aMKHYTBIX 3KoJornyeckux cucreM (39C) Kak MHCTPYMEHTOB 3KC-
MepUMEHTaJbHO-TEOPETUYECKOTo U3ydeHus: omocepnl. O0cyxmaeTcsl BKiaa Hanbosee n3BecTHbix 3DC
(BHUOC-3, mukpokocmbl ®Dojnicoma, buochepa-2, Mukpo-39C) B moHUMaHUe GMOChEPHBIX TTPOLIECCOB.
OO0cyXIaroTcs BBIIBIEHHbBIE IPU MaTeMaTUUeCcKoM MoaearupoBaHuu 3D C npobiieMbl U HapagoKChl (apa-
nokc BepHanckoro—/lapBuHa, orpaHU4YeHUsT MoJiesiei XKECTKOTO MeTaboiM3Ma), UMEIIIe OTHOLIEHUE K
U3BECTHBIM 3KOJIOTMYECKUM MapanokcamM Mas u XarunHcoHa. [Ipennaraercst moaxoa Ha OCHOBE TMOKOTO
MeTaboIM3Ma, MO3BOJISIIOIINI CHU3UTh OCTPOTY 3TUX napanokcoB. C mo3uuum “ounocdepa kak 39C” 06-
CYXIaIOTCSI MEPBI, TIpenjaraeMble B paMKax Tak Ha3bIBaeMOM 3eJIEHOI MHUIIMATUBBI, B TOM YUCJIE COKpa-
IIEHWE YIJIEPOIHOTO Clie/la JOMAIIHUX XXUBOTHBIX, TTIEPEeX0/l Ha JIEKTPOMOOWJIM U BO3OOHOBJISIEMbIE HC-
TOYHMKM BHEPTUHU, CBsI3bIBaHUE yriepona nepeBbsiMu. [lomu€pkuBaeTcsi cepbE3HOCTh MpPOOJeMbl OMO-
chepHO-KIMMaTUYECKUX M3MEHEHMI, KOTOopash He MOXeT ObIThb paspellieHa 0e3 yuyéra 3aMKHYTOCTH
BEIIECTB B Ouocepe.

Karoueswie cnrosa: 3aMKHYTOCTb OMochepbl, Moaie I OMochepbl, 3aMKHYThIE 9KOJIOTMYECKHE CUCTEMBI, ITPO-
GJ1eMbI SKOJIOTUHU, TTAPaJOKCHI 9KOJIOTHUU.
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3a nociaeaHiA BEK TEXHOJIOTUYECKAS MOIIb YeJIO-
BEUECTBAa JOCTUINIA YPOBHS, OTKPBIBAIOIIETO BO3-
MOXHOCTbH OKa3bIBaTh IJI00aJIbHOE BIUSIHUE Ha GUO-
chepy B 1ienmomM. HambOombmiyio TpeBOTY BBI3BIBACT
m1o0aJibHOE TIOTEIUICHUE, 3aTparuBaloliee CUCTEMY
“onocepa—knumar” (CBK). B aToit cBsI3M co cTo-
POHBI pa3/JIMYHBIX KPYIOB YBEJINMYMBACTCA aJlapMUCT -
CKO€ JaBJIeHUME Ha HaceJieHue pa3HbIX CTpaH C UC-
MOJIb30BAaHUEM CPEACTB MaccoBOM MH(oOpMaluu, a
HaceJeHMEe B OTBET HAUYMHAET OXUAATh OT PyKOBOI-
CTBa CBOMX CTPaH KOHKPETHBIX Mep OOPhOBI C KITMMa-
TUYECKUMU U3MEHEHUSIMMU.

Ha stoM (poHe BO3HUKIIA TaK Ha3bIBaeMasl 3€J1€-
Hag WHULMATUBA, KOTOpas HAaBSI3bIBAeT CTpaHaM
TpeboBaHue TpaHC(HOPMUPOBATL MPOU3BOACTBEH-
HYI0 UH(PPACTPYKTYpPY, YTO COIPSIKEHO C CEPhESHBIMU
(GMHAHCOBBIMU 3aTpaTaMM, BICUET 3a COOOI OCIOXK-
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HEHUS B BKOHOMUKe. Kak TpencraBiisieTcs, mpexie
yeM cJieoBaTh B MPEIIOXKEHHOM PYKOBOICTBOM Be-
IyIIUX cTpaH 3amnana papBarepe, HEOOXOIUMO TIIA-
TeJIbHO IIPOAHAJIM3UPOBATh CUTYALIUIO C OMoCchepHO-
KJIMMaTUIEeCKMMU U3MeHeHUsIMU. TpyaHocTH e€ mo-
HUMAaHUSI BO MHOTOM OOYCJIOBJIEHBI TEM, UTO ITPUXO-
JIUTCS UMETH JIEJIO ¢ KOHIIoMepaToM (haKTOB Pa3HOIA
CTeTIeHU JOCTOBEPHOCTU 1 HEIOCTATOYHO ITpopado-
TaHHBIMU TIPEANOIOKEHUIMN O MPUYMHAX HaAGIIO-
JTaeMbIX TeHaeHIuii. [IoaToMy B IIepBYIO 04epeab Mo-
MbITaeMCsI TPOBECTU PEBU3UIO UMEIOIIUXCS (PaKTOB.

q)aKTbI, C KOTOPbIMM IIOYTH HUKTO HE CIIOPUT

1. [ToBepxHOCTHasI cpegHerogoBasl TeMmIiepaTypa
3emiin moBbIIIaeTcsa. OTMEUeHO, YTO 3a ITOC/IEIHUE
2000 net Tosbko B XX u XXI BB. HaOM0maeTcs 6ec-
MpeLefeHTHOe KorepeHTHoe (oxBaThiBatolee 98%
PETMOHOB 3€MHOTO IlIapa) MOBbIIICHIE TI00ATBLHOIM
TeMIiepatypsi [1].

2. Konuenrpauus CO, B atmocdepe pacTeéT. Kak
npsimble U3MepeHust KoHleHTpauuu CO,, mpoBoau-
MBbIC Pa3INYHBIMU KJINMaTUUYECKUMU 00CepBaTOPUSI-
Mmu (Harpumep, MayHa-Jloa Ha ceBepHOM CKJIOHE Y
BEpIIMHBI ByJIKaHAa Ha ocTpoBe laBaiin), Tak U uC-
cJieqOBaHUS IPEHJIAHACKUX U aHTAPKTUYECKUX JICOsI -
HBIX KEPHOB MOKAa3bIBaIOT, 4TO ¢ Havaia XVIII B., To
€CTh C Hayvajia IPOMBIIUICHHON PeBOJIOIMNU, KOH-
ueHtpauus CO, MOHOTOHHO YBEJIMYUBAIACH U TOJIb-
KO B IIOCJEAHME TOObl HAMETWIOCH 3aMelJIcHUE eé
pocra.

3. I[IpuuuHa nosbiieHus coaepxanusi CO, B ar-
Mocdepe — aHTpOIOTeHHasi SMUCCUS. DMUCCUS yT-
Jeponaa B arMocdepy IIpUOIMKaeTCs, 1o OlleHKaM, K
10 I'r B rom, 4TO cocTaBisieT 4yTh MeHee 20% romud-
HOM YMCTOI IIEPBMYHON MNPONYKIUU (POTOCHHTE3A
Ha3zeMHbIX pacteHuid. Ha To, 4to 31O yriepoa UMEHHO
U3 UCKOIMaeMbIX TOILJIMB, YKa3blBaeT 3apeTUCTPUPO-
BaHHOE YMEHbIIIEHWE COepXKaHUs PaauoaKTUBHOTO
usoromna C!4, KOTOpOro HeT B UCKOIAEMBIX TOILIMBAX.
Y100BI yOeIuThCI B TOM, YTO BKJIa[ YEJIOBEYECTBA B
SMUCCHIO YIJIEKUCIIOTO ra3a Aaxke MpeBhIlaeT BKIIaI
BYJIKAHOB, IOCTaTOYHO IOCMOTPETb Ha KPUBYIO aT-
MocdepHoii koHueHTpauuu CO,, TOJYyYeHHYIO 1O
ITaHHBIM oOcepBaTopun MayHa-Jloa, U MONBITATHCS
OOHaApYXUTb B HEM MOCIENCTBUSI U3BEPKEHUS ByJIKa-
HOB Dib-YnvoH u [IuHOTY6O.

YTBep)KI[eHPIﬂ, C KOTOPBIMHA HE BCE€ COINIACHbI

1. IToBreIIIIEHUE TEMIIEPATYPhl BEI3BAHO YCUJICHU -
€M JeiCTBUS IMTapHUKOBOTO 3 eKTa BCIAEACTBUE aH-
TponoreHHoi amuccun CO, U APYrux NapHUKOBBIX
razoB. OIHAKO MOMNBITKM OOBSICHUTH HAOIIOIaeMOe
MOTENJICHUE €CTECTBEHHBIMU IIMKJIAMHU HE TT0JIy4aloT
MOATBEPKASHMS — ceityac JOJDKHO HaOIIoAaThCs Ha-
Jajo nmoxojgoganus [2, 3].
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2. [Ipoucxongiue ceifyac B pe3yJibTaTe aHTPOIIO-
T€HHOI'O BO3JEMCTBUS M3MEHEHUS KJIMMaTa IO CBO-
UM MaciuTabaM HeCONMOCTaBUMBI C €CTECTBEHHBIMU,
HaIMpuMep, NePUOIUISCKUMU OJCACHEHUSIMU 3eM-
1. DTO He coBceM TakK. Ha MpoTskeHUM 4YeThIpEX
JIETHUKOBEIX IIEPUOI0OB, UMEBIINX MECTO 3a MOCJIEI-
Hue 400 TeIc. €T, aTMocdepHas KoHlleHTpaiusa CO,
BapbupoBasiachk ¢ amruiutygoi ~120 ppm [3]. Ilpm
5TOM aMIUIUTYyJa U3MEHEHUI IJT00aIbHOM TeMIlepa-
Typhl cocTaBisiia ~12°C. Takux usMeHeHUIA TeMIIe-
paTypbl MBI IOKa He HAOJI01aeM, a BOT IPUPOCT KOH-
LEeHTpaluuu yriuekucaoro rasza 3a 300 jeT npoMBbIII-
JIEHHOI peBOIIOLIMH cocTaBui ~ 140 ppm.

IMocnencTBust 3TUX BLIOPOCOB MOTYT OBITh yCYTyO-
JIEHBI HEHYJICBOM BEpOSITHOCTBIO IIepexoa yepe3 Mo-
por ycroitunBocti CBK. ABTOpHI ImaHHOI CTaThH,
MO-BUAMMOMY, OJHUMM U3 MNepBhIX [4—6] ykazanu,
YTO BMECTO MEIJICHHOIO POCTa IIOOAJIbHOM TeMIIe-
paTypbl BO3MOXHO pa3BUTHE KaTacTpO(pHIECKOIo
HeoOpaTUMOro mpoliecca Iocie Imepexoaa yepes Tak
HaspIBacMble JaThl HeoOparmmoctu. Ilo3gHee mo-
JTOOHYI0O BO3MOXHOCTh Hayajlu OOCYyXIaTb ApYrue
aBTOpHI [7—9], cTan ynoTpeoasiTbes TEpMUH “TIOBO-
pOTHBIE MOMEHTHI” (tipping points), 4TO yKa3bIBaeT
Ha POCT aKTyaJIbHOCTU MCCIIETOBAHUIT BO3MOXKHBIX
pexumoB CBK.

C kakuMu npodJeMaMu NPUXOAUTCA UMETH JieJio?
Cl0XHOCTb HabOMIOAAEMBIX CETOAHS TPOILECCOB CO-
CTOUT B TOM, 4TO JJisi 9(PEKTUBHBIX A€HCTBUI IO
MpenoTBpalleHU IO HEraTUBHOM TMHAMUKH, a (haKTu-
YeCKU IS YIIPaBJIEHUST CUCTeMOI “Omocdepa—Kim-
MaT”, HEOOXOAUM aJIeKBaTHBII MPOTHO3 OXKUIAEMbIX
mI00aJIbHBIX M3MEHEeHM M nporHo3 peakuun CBK
Ha 9T neiictBusi. Ero MOXXHO TTOCTPOUTH TOJBKO Ha
OCHOBE aJeKBaTHOW MaTeMaTUYeCKOW MOIENIHu, KO-
TOpasi HEeBO3MOXHa 0e3 MOHMMaHUs yCTPONCTBA CU-
CTeMBI “Omocdepa-KanMar” 1 MEXaHU3MOB, 00ecIIe-
YMBAIOIIMX €€ CTaOMIbHOCTh. Kakue TpyaHOCTH CTO-
SIT Ha TTyTU 3TUX UCCIIeNOBaHUI?

HexkoTtopbie mpo6aeMbl, CBI3aHHBIC C N3YydCHUEM
ouocdepsl, SBIASIOTCI OOIIMMU ¢ TTpobieMaMu 00-
mesKkoJiorndeckumMu. K ¢pyHaaMeHTaIbHBIM IIpo0Jie-
MaM 9KOJOTMM OTHOCSTCS IBe: Ae(dUIINTa TaHHBIX 1
YHUKAJIbHOCTU 3KOJIOTUYECKUX cucTteM. [lepBast us
HUX OOYCJIOBJIEHA TEM, YTO JUIMTEILHOCTb HAayYHBIX
HaOIIOACHMM 3a 9KOCUCTEMOIT Hecon3Mepuma ¢ IjIn -
TEJIbHOCTBIO CyllleCTBOBaHUs e€ camoii. [Ipu 3ToM
HEBO3MOXHO OCYIIECTBIISITh BCECTOPOHHUIA MOHU-
TOPHUHT MIPUPOTHON IKOCHUCTEMBI, TO €CTh OTCJIEXKMU-
BaTh U3MEHEHUST YUCICHHOCTHU WM OGMOMACCHI BCEX
cocTapisgomux e€ BuaoB. OcTpora 31Ol HpoOIeMbI
5KOJIOTUU MOXET OBITh CYLIECTBEHHO OclabyieHa, ec-
JIV TIOSIBUTCSI BO3MOXHOCTb COIMOCTABJISITh U 0000-
IIaTh JaHHEIC, TTOJIyYeHHEIE B pe3yJIibTaTe HaOoae-
HUS 3a MpolieccaMM B pa3HbIX 3KocucTeMax. OmHakKo
COTMOCTaBJIEHUIO TaKOro poia AaHHBIX MelllaeT BTO-
pas pyHIaMeHTalIbHasl IIpobjieMa 3KOJIOTUU — YHU-
KaJIbHOCTb 9KOJOTMYECKMX CUCTEM: KaXaas U3 HUX
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€OIMHCTBEHHA B CBOEM poe, B IIPUPOAEC HET OMMHA-
KOBBIX. boJjiee Toro, aKocucTeMbl CO BpeMEHEM U3Me-
HSIIOTCSl M HEe BOCIIPOU3BOASIT COOCTBEHHOE TOBeIe-
HUE AaxKe IIpY COBHAIeHUU ITIOTOOHBIX YCIOBUiA. TeM
caMbIM TpeOOBaHNE BOCIIPOU3BOAMMOCTU IKCIIePH-
MEHTaJbHBIX TaHHBIX, JieXalllee B OCHOBE HAYYHOTO
moaxoAa, B OTHOIIEHUM SKOJIOTMYECKMX CHUCTEM B
3HAUYUTEJIbHOU CTEeNeHU He BhiNojHsieTcsa. O0e aTu
MpOOJIeMbI MPOSIBIISIIOTCS €€ 00JIee OCTPO B OTHO-
IeHUN 6nocdepHl.

BreimemuMm centmdmudeckyio 0COOEHHOCTh OMO-
chepbl, OTIMYAIOIIYIO €€ OT 9KOCUCTEM, UCHOIb3YS
MIpPU 3TOM NPOCTYIO MPUOIMKEHHYIO OLIEHKY. ATMO-
cthepa 3emmm comepxut ~700 I't yrimepoma. Macca
Ha3eMHOI OuoMacchl B YIJIEPOOHBIX EIMHUIIAX
~500 I'tC. Ilpu aTOM exxeromHasi YncTasi IepBUIHASI
MpoayKIiiusi (POTOCUHTE3a Ha3eMHBIX pacTeHUid (KO-
JIMYECTBO TOMIOIIEHHOTO YIJIepoaa, Mepeliealiero B
6uomaccy) coctasiser ~60 I'rC. Ecinu 661 GOTOCUH-
Te3 pacTeHUi ObLI €IMHCTBEHHBIM IMPOLIECCOM, TO
oHu 3a ~10—15 net noBenu 661 KOHUEeHTpauuto CO, B
atMocdepe n1o 10% cymecTByiomero. ToT ypOBEeHb
COOTBETCTBYET KOMITeHCallMOHHO# Touke C;-pacte-

Huii! (OHU cOCTaBISIOT ~95% BCeX Ha3eMHBIX pacTe-
HUI1), TO €CTh IPEKPAIISHUIO X POCTa, a 3HAYUT, TU-
oeJu.

CKOpOITIOCTUKHOTO KpyIlleHusT Ouocdepbl He
IIPOMCXOAUT, IIOTOMY YTO B IIPUPOJIE HMPUCYTCTBYET
HaIpaBJIeHHBbII1 0OpaTHO B aTMOcdepy MOTOK yrje-
pona, o6pa3yeMoro B pe3yjbTaTe Pa3jloKCHUs MOY-
BEHHOM OPTaHMKM, TO €CTh OCTAaTKOB BCEX YMEPIIINX
OpraHM3MOB, a TaKXKe JbIXaHUs (KMBOTHBIX. (K aTOMY
SIBJICHUIO MBI BEPHEMCS MIPU OOCYKIEHUU “3eJEHON
nHuIaTuBbL”.) EmeE pa3 momuepkHEM KIII0UEBOE OT-
JIM4re 3KOCUCTEeMBbI OT O1ocdeprl. JloJroBpeMeHHOE
CYLIIECTBOBaHME IIOCJIeNHeil obOecrieunBacTcsl cOa-
JIJAHCMPOBAHHOCTHIO IIOTOKOB BEIIIECTBA B HEl, OHA
Ha3beIBaeTcs 3ambikanueM. I1o B.M. BepHanckomy,
MMEHHO 3aMKHYTOCTh KPYrOBOpOTa BEIIEeCTB 00ec-
MeYMBaeT JIMTEIbHOE, a IMOTeHIUAIbHO — OECKO-
HEYHOe, CYIlIECTBOBAHME 3eMHOIT OnMocdephl.

BepHémcs Kk mpobiieMaM MccliefoBaHUSI 3€MHOM
ouocdepsl 1 CBK B neinom. BaxHeiimmii Boompoc —
KaKyIo MoJieJIb Onocdepbl MOXHO CUUTATh aaeKBaT-
Hoi1? OOpaTuMcs BHaYajie K OoIIpeaeICHUI0, KOTOpoe
HIKe HaM Ipurogutcs: “Ecim MexXxny IByMsT 0ObeK-
TaMH1 MOXET OBITb YCTAHOBJIEHO CXOICTBO XOTsI OBbI B
KakoM-JIMOO OJIHOM OMNpeNeIEHHOM CMBbICIE, TO
MEXAY 3TUMU OOBEKTaMM CYIIECTBYIOT OTHOIICHUS
opurnHana n Mmogemm” [10].

1 C3-doTocuHTE3 — OAUH U3 TPEX OCHOBHBIX META00IMYECKUX
nyreit dukcauuu yriaeponaa, B KOTOPOM TEPBbIM TMPOAYKTOM
SIBJIIETCSl TPEXYTIEPOAHOE CoeNMHeHUEe — (hochomniiepuHO-
Bag Kucaorta. C4 — MyTh B KOTOPOM 0Opa3yeTcsl YETBIPEXYTIIE-
pomHOE coeIMHEeHre — IlaBesieBO-yKcycHas kuciota. CAM —
MyTh B KOTOpOM pasieneHue accumwiauuun CO, u nukia
KanbBrHa MPOMCXOIUT BO BPEMEHM, a HE B IIPOCTPAHCTBE, KaK
B ciyyae Cy.
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Jasg omopm3nkm xXapakTepHO MMOCTPOCHHNE KOH-
LIENITYaJILHBIX MOJEJei, IpeaHa3HauyeHHBIX He IS
TOYHOTO BOCHPOU3BEACHMS CBOMCTB OpuUTMHaNa, a
TOJIBKO €r0 CYIIHOCTHBIX CBOMCTB, 3HAYMMbBIX B KOH-
TeKCTe IpoBoAMMOro wuccienoBaHus. I[loiae3HoOCTb
TaKOro IIOAXOJa WJUIIOCTPUPYET OOIIEeU3BECTHHIN
LIKOJIBHBIN pUMep — MaTeMaTU4IeCKIU MasTHUK.

B ¢dusnke crtpouTcsd MaTeMaTWyeckass MOJEIb
HUIeaJIbHOTO 00BbeKTa: MaTepruaibHas ToUuKa (0OOBEKT,
MMEIOLIUI Maccy, HO HE UMEIOLLUIi pa3Mepa, — TaKO-
ro He ObIBaeT!) moaBellIeHAa HA HEBECOMOIt, HepacTsi-
XKMOi1, 0ECKOHEYHO TOHKOIl HUTH C HYJIEBBIM CO-
MIPOTUBJIEHUEM M3rn0y (Takoii He ObiBaeT!). ITpu ma-
JIOM yTJIe OTKJIOHCHMSI Ol OT MOJIOKEHUSI paBHOBECHUSI
(sin0t = Ol) MOXHO IIOJYYHUTh IIPOCTOE ypaBHEHHE
CBOOOIHBIX KOoJIeOaHM 3TOoro MmagTHuka. Ho, uto ca-
MO€ UHTEPECHOE, ITOJIyYEHHOE BEIpaxkeHUE 1151 3aBU-
CHMMOCTH Mepuoia KoJieOaHW OT IIMHBI IoABeca U

YCKOpEeHHST CBOOOMHOTO TTameHus: T = 21 \P IpruMe-

4
HNMO K p€aJIbHbIM (1)I/I3I/I‘-ICCKI/IM MasdTHHUKaM " I103-

BOJIACT paCCUUTBIBATDb UX ITapaMETPhI.

DTOT HpUMeEp IIpeIcTaBiseT co00il 3BpUCTUYE-
CKOe 00OCHOBaHME ITOCTPOCHUSI JOCTATOYHO MPO-
cThix Mopeiieit ounocdepsl u CBK B 11enoMm, rimaBHoe,
4TOOBI OHM BOCIIPOU3BOIMIIN CYIIITHOCTHBIE XapaKTe-
PUCTUKU MOJETNPYEMOM CUCTEMBI.

Ho naxe oOpamieHue K NpoCTbIM MaTeMaTuye-
CKUM MOJEISIM HNPUHECET MAJIO MOIb3bI, €CJIM Y Hac
OTCYTCTBYET BO3MOXKHOCTh IIPOBECTHU MPOIIEIYyPY Ba-
JIMAU3al MOACIM, YTOObI OHA MOATBEPAMIIa CBOIO
CIIOCOOHOCTbH IIPENICKA3bIBaTh ITOBEACHUE pPealbHOM
CUCTEMBI. A JIJisi 3TOrO0 HEOOXOAWMBI JOCTATOYHO
JUINTEJIbHbIC BpEMEHHKIE PSIIbl HAOJIOAEHMI, YeT0, K
COXaJIeHWIO, Mbl HE UMEEM HU IJisi DKOCUCTEeM, HU
11 Omocdeprl B 11eoM. [TomoxkeHne mpeacTaBIIsIeT -
cs1 6e3BBIXOMHBIM. OgHAKO He BCE Tak 11oxo. [Tomu-
MO MaTeMaTUYECKMX MOTYT CyIIIeCTBOBATh U (pru3mye-
cKure Monenu ouocdepbl — NCKYCCTBEHHBIE 3aMKHY-
Thi€ DKOJIOTUYECKUE CUCTEMBI, DKCIIEPUMEHTAJILHBIN
MMOJIUTOH IJIs1 pa3paboTKM MoJiesieli OmocdepHbIX.

3aMKHYTbIe IKOJIOTHYEeCKHE CHCTeMbl KaK MHCTPY-
MEHT MCCJIeIOBAHUS 3eMHOi Ouocdepbl. MIckyccTBeH-
HBIe 3aMKHYTBHIE 3Kojormdeckue cucremol (3DC)
BBICTYITAIOT B POJIM YHUKAJILHOTO HAYYHOTO MHCTPY-
MEHTa, MO3BOJISIIOIIETO eC/IM He 00eCIeuuThb, TO Cy-
IIECTBEHHO OO0JICTYUTh MPOABIDKEHNE B MCCIEIOBA-
HUU BBIIIEYITOMSTHYTBIX ITPOOJIEM.

Bo-niepBrix, akcniepumeHnTanbHbie 39C 110 orpe-
JIeJIEHU10 00J1a1al0T 3aMKHYTOCThIO, TO €CTh BOCITPO-
W3BOISIT KJIIOYEBOE CBOMCTBO OMOchephl, a 3HAYUT,
BOCHPOU3BEIEHUE YCTOMYMBOIO KPYyrOBOPOTa B DKC-
NeprMEHTE U OOBSICHEHME 3TOM YCTOMYMBOCTH B Ma-
TeMaTUYECKOW MOIETMW TO3BOJISIT MPOABUHYTHCS B
MOHUMaHUU MEXaHU3MOB 3aMKHYTOCTH TTOTOKOB Be-
IIECTB M CTAOMIILHOCTH OMocdepHl.
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Bo-BTopnix, 39C 10CTaTOYHO ITPOCTHI 1 OTKPHITHI
K UX MOApOOHOMY OOC/IeA0OBaHUIO, YTO MO3BOJSET
IOJYYUTh IIOYTU IIOJIHBIA MOHMTOPUHI COCTOSIHUS
CHCTEMBI, YeTO HEBO3MOXKHO JOOUTHCS B CIIydae IIpr-
ponHbIX 3KocucTeM. Ilpm stom 3DC mocTatoyHO
CJIOXXHBI, YTOOBI OTOOpaXKaTh CYILIECTBEHHbIE CBOI-
CTBa 3KOCHCTEM, B YACTHOCTH HEJIMHEWHOCTh B3al-
MOAEUCTBUSI U OOpaTHBIC CBSI3U, BIMSIOIIME HA UX
YCTOUYUBOCTb.

B-Tperbux, BO3MOXHOCTb BApbUPOBATh YCIIOBUS
SKCIIEpUMEHTA 1 OKA3bIBATh B XOJIe HAOTIONEHUI Te-
CTOBBIE BO3MYILEHMsI YHMKaJlbHAa cama Io cebe, B
MPUPOIHBIX BKOCHUCTEMAX 3TO HEOCYILECTBUMO.
Kpome Toro, oTKpbIBaeTCsI BO3MOKHOCTh ITOBTOPSITh
SKCIIEPUMEHTBI, UCXO/ISI U3 HAYaJIbHBIX YCIOBUIA, UTO
Ha YPOBHE NPUPOTHBIX SKOCUCTEM HEAOCTUXKIMO.

KoneuHo, B mpocTtoit 3DC ¢ MajibIM KOJIUYEeCTBOM
BUIOB HEKOTOPBIE BasKHBIE HETPODUUIECKHE B3aUMO-
neicTBus (OoIbUICHUE, ajuiejonarus, (puandeckoe
BBITECHEHUE — BhITAIITBIBAHME) OYIyT yIyllIeHbI. Pe-
3y/IbTAThI, MOJYYECHHBIE B XOAE SKCIIEPUMEHTOB C
npocteiMu 3DC, 3amaloT HeOOXOAUMBbIE, HO HE JIO-
CTaTOYHBIC YCJIOBUS YCTOMYMBOCTU CUCTEMBI, CBOETO
poa cKelleT yCTOMYMBOCTU.

TeopeTuko-sKcnepuMeHTaIbHOE KCCIeqOBaHue
39C MOXeT CTaTh KJIIOYOM K pa3pelIeHUI0 YIIOMHU-
HaBIIMXCS BbIIIE TpoOiaeM skojioruu. Crenyst uU3-
BECTHOMY BBICKa3bIBAaHUIO BBIJAIOIIETOCS aMepu-
KaHcKoro usuka, OJHOTO U3 co3laTesieil KBaHTO-
Boii anekTpoanHamMuku P. @eiitHMmaHa “Yero He Mory

BOCCO3gaTb, TOroO HE HOHI/IMaIO”Z, YPOBE€HbL HaIICTO

MMOHMMAaHMS IIPOLECCOB, IMPOUCXOMAIINX B Orocde-
p€, MOXHO OLIEHMBaTh Ha OCHOBE YMEHUS CO3/1aBaTh
35C ¢ 3amaHHBIMU cBoiicTBaMU. UMeOMIUIICS OIIBIT
KOHCTPYUPOBAHMS 1 TEOPETUIECKOTO aHaJIM3a 1a00-
patopHBIX 3DC yxXe MO3BOJIMII TOHSTh HEKOTOPHIC
0COOEHHOCTU OMOoChEpHI.

DkcnepuMenTtajibibie 3DC U HX BKJIAA B OHMMA-
HHe OuocepHbIx mpoueccos. COMTaCHO IIMPOKO pac-
MPOCTPAaHEHHOMY TIPEICTABICHUIO, YCTOMYMBOCTh
ouochepsl 0O6ecneunBaeTCsd OYEHb CIOXHOU CETHIO
Tpo(pMIECKNX HIUKIOB, B3aMMONEHCTBHE KOTOPHIX
MPUBOIUT B UTOTe K JOCTMKEHUIO 3aMKHYTOCTU. To
€CTh, B COOTBETCTBUMU C 3TOI TUIIOTE30i1, 0OMIIE BU-
JIOB €CTh HEOOXOIMMOE YCIOBHE pealn3allii MeXa-
HM3MOB 3aMbIKaHUs Owuocdepsl. as mpoBepkm
CIIPaBEMJIMBOCTU 3TOIO MPEACTAaBICHUS €CTh TOIBKO
OIWH MYTh — MOMBITAaTHCS CO3IAaTh MCKYCCTBEHHYIO
39C, nng Hayajga — MaJOBUIOBYIO.

BHOC-3. Tlepsoii skcriepuMeHTanbHO 3DC,
KOTOpasi MpoJeMOHCTPUPOBaja BO3MOXHOCTb M-
TEJBLHOTO, Ha MPOTSIKEHUU 6 MeCsIIIeB COOCTBEHHOTO
(byHKIIMOHMPOBAHMSI C BHICOKMM YPOBHEM 3aMbIKAHUS,
Obuta 6ropereHeparrBHas cucremMa bMIOC-3 [11], co-

2 ®paza “What I cannot create I do not understand” Obl1a HanK-
caHa P. @eitHMaHOM Ha ero paboueil JOCKe M OKa3ajach MO-
CJIETHEN B €ro KU3HU.
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3naHHas B 1972 1. OTa cuctemMa oo6béMoM 315 M3 o3-
BOJIMJIA OOECIEYNUTh B aBTOHOMHOM PEXMMeE XXU3Hb
9KMMaxa 13 3 4eJOBeK B TeUSCHME IMOJIYToJa 3a CUET
3aMbIKaHUS LUKJIA 110 Boje W rasy rmoutu Ha 100%,
nuie — 6oiiee yeM Ha 50%.

MoxxHo 1 Ha ocHOBe 3KcnepumMeHToB ¢ BUOC-3
OTBEPrHYTb TUMOTE3Y O TOM, YTO YCTOMYUBOCTD 3a-
MKHYTOTO COCTOSIHMSI Ouocdepbl obecrnedyrnBaeTCs
pa3BEeTBIEHHOM TpoduuecKkoit ceTbo? OouH 13 I1aB-
HbIX pe3yabraToB BUOC-3 MoXXHO cdhopMyInpoBaTh
TaK: J0Ka3aHO, YTO TIPU YIIPpaBJICHUU TTOTOKAMU Be-
ectB B Maj1oBUIOBOM 3D C BO3MOXHO JOCTUXKEHUE
CTAalIMOHAPHOTO COCTOSIHUS C JOCTATOYHO BBICOKUM
YPOBHEM 3aMbIKaHMSsI IOTOKOB BEILIECTB. DTOT BBIBOI
He OYeHb ITPOJBUTaeT HAC B IIPOBEPKe BEICKA3aHHOM
TUIOTE3bI, HO 3aTO UMEET OTPOMHOE 3HAYeHUE ISt
MpaKkTUYecKoro wucrojib3oBanuss 3DC, B MepBYyIO
odepeab B KOCMOHABTUKE.

Muxporxocmor Poscoma. DKCIEPUMEHTHI C MUKPO-
KocMaMu — MasrbIMu 3D C, TIpoBeIEHHBIE aMEpUKaH -
cKuM Mukpoouosorom K.9. ®@ojacomom [12], umeror
MPSIMOE OTHOIIIEHUE K OLIEHKE CIPaBEIJIMBOCTU BbI-
CKa3aHHOI TUITOTe3bl. MUKPOKOCMBI MIPEACTABISLIN
00011 CTEKJISTHHBIE COCyIbl 00bEMOM OT 1 10 5 11, 3a-
MOJIHEHHBIE MOPCKOI BOAOM U MOPCKUMM OpraHU3-
MaMH. DKCIIEPUMEHTHI TI0Ka3ajiud, YTO 3TU MWHU-
SKOCHUCTEMbI MOTYT CYILIECTBOBATh ITPOHOIKUTEIb-
HOE BpeMs, YTO CIIYKUT MPSIMBIM YKa3aHUEM Ha TO,
YTO IIJISS BOBHUKHOBEHUSI 3aMKHYTOIO KpPyroBOpOTa
BEILIECTB COBCEM He TpeOyeTcsl CUJIbHO Pa3BETBIIEH-
Hast Tpodudeckas ceTb. OmHAKO cocTaB MUKPOMIIO-
PBI 3TUX MUKPOKOCMOB OBIT BECbMa pa3HOOOpa3eH.

CeromHs KaxKIbIN KeIarolInii, MpOYNTaBIINMN CO-
OTBETCTBYIOIIYIO CTaThIO B MOIMYJIIPHOM KypHaJie [13],
MoxkeT co3gatb MuHU-39C. Ho ecinm moboii 11060-
3HATEJbHBI YEeJIOBEK MOXET IIOCTPOUTH MOIEb
ouocdepbl, TO HE O3HAYACT JIU 3TO, YTO MEXaHU3MbI
3aMKHYTOCTU Omocdephbl MOHSATHL 1 MOXHO CO31a-
Bath 3DC 11 KOCMOHAaBTOB M YIpPaBIATh Onocoe-
poit? BeinonHeH nu Kputepuii P. ®eitnmana? K co-
XajeHuto, HeT. Bo-1mepBbIX, MUKPOKOCMBI C Oora-
ThIM HaOOpPOM OpraHu3MoB He BbikuBaiau co 100%
HaJEXHOCThIO. BO-BTOPEHIX, KaK IIpaBUJIO, B CUCTEME
yCTaHaB/IMBajach aTMocdepa C OTIIMYHBIM OT 3E€M-
HOM cocTaBOM. B-TpeTbux, OTHOCUTEIBHO YCIEITHOE
BOCHPOU3BEIEHNE Ha MpakTuke (hparMeHTa CIOX-
HOM CHCTeMbl HE O3HAYaeT, YTO MBI YXE HOCTUIIA
MOHMMAaHUS €€ YCTPOMCTBAa M MOXEM IIpencKa3aTh
MOCJEACTBUSI TOTO WIM WHOTO BO3ACHCTBUSI, a 3TO
HeoOXoauMo IJis pellleHUs 3asiBJICHHOM 3amayud —
yIpaBlieHUsI onocdepHBIMU TTponeccamMu. Mcropus
coznaHus rurantckoit 39C “buocdepa-2” (CIHA) B
JTaHHOM KOHTEKCTE OYeHb IIOYYUTEIbHA.

buocgpepa-2. E€ cosgaTenu Ha MPOTSKEHUU IBYX
JIET OBITAJIUCh CMOAEIUPOBATh XWU3Hb MOCEIEeHYE-
CKOM KOJIOHMM, COCTOSIIIEI U3 JIIOAEN U XKMBOTHBIX,
Ha Mapce. IIpoeKTUPOBIIMKHU, BIOXHOBJIEHHBIC
omnsiTamu DojicoMa, HaEsUTMCh, YTO TIPU OOBeIHE-
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HUU OOJIBIIIOrO KOJWYECTBA OPTAaHU3MOB MPOU30ii-
LléT X coopraHusanuvsd, Ipru 3TOM HEMaJIOBaXHYIO
pOJIb OHM OTBOIWJIM MHUKPOOPraHM3MaM. YIUBHU-
TEJIbHO, HO UX He HACTOPOXWIO UMHU K& CAaMUMU
YIIOMsSIHyTO€ 00cTosITenbeTBO [14, p. 13, 14], yTto B
MUHM-6nochepax PojicoMa ycTaHABIMBAJIACh AaTMO-
cdepa, CIIBHO OTIMYAIOLIASICS IO COCTABY OT 36MHOIA.

B 39C mwiomaneo 1.27 ra u oosémMoMm 203760 M3
pa3MellaIiCh MITh JaHmIaTHBIX cucteM (O0Mo-
MOB): OKe€aH C KOpaJlJIOBbIM pudoOM, caBaHHA, TPO-
MMAYECKUI JOXKAEBOM JieC, ITyCThIHS 1 0010T0. Kpome
TOTO, OHA BKJIIOYasia B Ce0s1 CEJIbCKOX0351iICTBEHHBIN
0JIOK 1 oM A1d kmnbs. [Tomumo 8 ucnibiTaTeneii cu-
CTEMY 3aCeININ YeThIPbMS ThICSTYaMM BUIOB Pa3HO-
00pa3HbIX IpeacTaBuTe et (paophl U (PayHHI.

Bckope mocne Hayajna SKCIEepUMEHTAa HAYaloCh
rajgeHue KOHIEHTPpallM KUCIopoJa B aTMocdepe, K
KOTOPOMY 3aTeM N00aBMIOCH MOBBIIIEHNE KOHIICH-
tpauuu CO, [15]. OgHa u3 npuyrH O6LICTPOrO Taje-
HUSI KOHLICHTPALIMM KUCIopoaa Obljla CBsI3aHA C UC-
IOJIb30BaHUEM JJISI IEKOPATUBHOIO CKAJIbHOIO Mac-
CcUBa MOJIOIOro 0eToHAa, KOTOPHIM MPU CO3pEeBaHUU
nomioaeT Kucjiopon u3 atMocdepsl. KoHieHTpa-
USI KUCI0pOoaa IMPUOIM3mIach K KPUTUIECKU HU3-
KO, U TIPUIILTOCH JOOABISATH KUCIOPOL 13 OAJTOHOB.

IloBbllIeHWEe KOHILIEHTPALIMM YTJEKUCIOro rasa
OBUIO BBI3BAHO HapyllleHHeM OajlaHca MOYBEHHOIO
IbIxaHus U ¢poTocHMHTe3a pacTeHuit. Ha 3emie Bapu-
alMy MOTOKOB IMTOYBEHHOTO AbIXaHUS U (POTOCUHTE3A
CIJIaXKMBAIOTCSI OOIBIION EMKOCTBIO aTMOC(HEpPHI, a B
“buocdepe-2” cioit MOUBbI UMeT TPUPOIHYIO TOM-
ILIMHY, YeTO HeJIb3s1 CKa3aTh MPO TOJIIIMHY aTMocde-
pbl. OT TaKuMX UBMEHEHUI aTMOChephI TIEPBLIMU BbI-
MEpJU ONBUIMTEIU pacTeHUi (KOAuOpu, MYENDI).
3aTeM pa3MHOXWJIUCH BpEAUTEN PACTEHUI, HEMa-
TOJbI, KJIEIIU Y TapaKaHbl, KOTOPbIE CTAJIN MOXUPATh
MOCEBBbI UCIIbITaTeeii. B KOHEYHOM CU€Te CUJIbHO
MOXYJEBIINE UCTObITATENIN €Jie JOTSIHYJIU [0 3ara-
HHUPOBAHHOTO CPOKA OKOHYAHMS IKCIIEPUMEHTA.

K coxaneHuio, TeXHUYECKHUE U TEXHOJIOTUYECKUE
OIMMOKW, MAOIYIICHHBIE MpU IIPOSKTUPOBAHUU
“buocdepni-2”, He TTO3BOISIOT pacCCMaTPUBATh 3TOT
SKCIEPUMEHT KaK IIPOBEPKY T'MIIOTE3bl O CTATUCTU-
YeCKOM MeXaHM3Me O0eCIleYeHUSI 3aMKHYTOCTU U
cTabmIbHOCTH 3eMHOM 6nmocdeprl. [Tomydaercs, aro
IIPOCTOE KONMUpOBaHUE (PPAarMeHTOB IPUPOTHBIX
9KOCHCTEM B 3aMKHYTOIl 3KOJOTMYECKOIl cucTeme
XK13HeoOecIIeYeHUsT He TapaHTUpyeT ycrnexa. Hemo-
CTaTOYHO 3HaTh YCTPOMCTBO OTIEJIbHOIO Ouoma (B
BOCIIPOM3BEICHUM OMOMOB y4aCTBOBAIM U3BECTHEIC
Y4€HBIE), BaKHO MTOHMMATh IIPUHIIUIIEI YCTPOMCTBA
ouocdepsl B LICJIOM.

Mukpo-32C. B otiinure oT MUKpoKOocMOB DoJi-
coMa U TT0JJOOHBIX aKBACUCTEM BUIOBOIT COCTAB MUK-
po-3DC [16] KOHTPOIUPOBAJICS MOJTHOCTHIO — HEKO-
Topble U3 MUKPO-3DC comepxkaau, HallpuMep, Of-
HOKJIeTOYHYI0 Bomopocib (Chlorella 21901) u nBa
Buma penyueHToB (Pseudomonas sp., Mycobacterium
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rubrum). BaxxHo, 94T0 IpH ONpeaeIEHHBIX COOTHOIIIE -
HUsX OuoreHoB (yriaepona, a3ota U ¢ocdopa —
C:N:P) B Mukpo-39C ycTaHaBIMBaJIOCh CTallMOHAP-
HOE COCTOSTHHE Y OHU MOTJIU CYILIECTBOBATD AJINTEb-
Hoe BpeMs. CaMbIil TTOCTIEIHUN KUBOW 3K3eMILISIP
MUKpo-3DC ObL1 clydyaiitHO pa3pyllleH BCIeNCTBUE
HeKOHTpoaupyemoro maaeHus ciyctsa 30 ner(!) mo-
cJie 3aMycKa 9TUX 9KCIIEPUMEHTOB.

DTOT pe3yJbTaT OJHO3HAYHO CBUACTEIIbCTBYET,
4TO IJI 3aMBIKAHUS IIOTOKOB BEIIECTB COBCEM HE
HYXXHBI CJIOKHBIE TPODUIESCKNE CETU — OPTaHU3MBI
00JI1alaloT JOCTAaTOYHOM MeTab0OoJIUYEeCKO TIMOKO-
CTBIO, YTOOBI 3aMKHYTh ITOTOKHU BEIECTB, IIPUUEM C
O4YeHb BBICOKOI1 TOUYHOCTHIO.

OCo0EHHOCTH MATEMATHYECKOr0 MOJIEeJIMPOBAHMS
39C u BO3HUKAIOLIHME MPOOJIEMbI U APATOKCHI. Teope-
TUYEeCKOoe M MaTeMaTmdecKoe paccMorpeHme 3DC,
UX CIeIM(MUKU 10 CPAaBHEHUIO C OOBIYHBIMU 3KOCH -
CcTeMaMU ITO3BOJISIET BBISIBUTH CBOMCTBA OHOCdeEpHI,
KOTOpEIE paHee He ObLTIM OYEeBUIHBLI HA (hOHE €€ 1Mo-
Tpsicarolleii CIOXKHOCTH.

Ilapadokc Bepnadckoeo-Zlapsuna. BriepBbie Ha Cy-
IIECTBOBAaHME 3TOTO MapagoKca 00paTUI BHUMAaHNE
K. Bapnoy u T. Boak (CIIIA) [17], KoTopble Ha3BaIu
ero nmapagokcom BepHanackoro. ABTOpbl (popMyJINpy-
10T ero B (popme Borpoca: “Kak ke mojrygaercsi, 4To
BXOJIbI VI BEIXOJBI MUPUAT0OB OTKPHITHIX CUCTEM 00pa-
3YIOT JKU3HEHHYIO CETh TAKUM 00pa3oM, UTO MaTepu-
aJibHasl 3aMKHYTOCTh, KaK TPaHUYHOE YCJIOBHE TIJ1a-

HETBI, HE pa3pyIlaeT OPraHU30BaHHbIE TIOACUCTEMBI >,

IMponmmocTpupyeM cyTh mpobiaemMbl. Kaxknprii
BUJI OPTaHU3MOB XapaKTepU3yeTCsl CBOMM COCTaBOM
OMOIreHOB — XUMMNYECKMX 3JIEMEHTOB, HEOOXOINMMBIX
IUIST HOPMAaJIbHOM >KM3HEEeSITeIbHOCT OpraHu3Ma.
Hamnpumep, B ruipoOMOJIOTUM UCIIOIb3YIOT CTEXUO-
MmeTpuyeckoe coorHomeHue C:N:P B opranmamax
TSI OITMCAHMSI pa3HBIX OPraHU3MOB 1 X COCTOSTHUIA.

PaccMOTpyM TUNIMYHBIN TIpollecC: ONWH Opra-
HU3M, OOIYCTUM 3KEpTBa, TMOIIOLIACTCS NPYTUM,
xulHUKoM (puc. 1). [Ipu 3TOM OHU UMEIOT pa3HbIe
CTEXMOMETPUYECKNE COOTHOIIIEHUSI, TO €CTh pa3jind-
HBbIl cocTaB 6MOreHoB. JonmycTuMm, O0JIsI OMHOIO U3
O6uoreHoOB (OMOreH A) y XUIITHUKA B TPU pa3a OOJIbIIIE,
yeM y KepTBEl. B aTOM ciydae it obecriedeHUs
HY>XHOTO KOJIMYECTBa JAHHOTro OMOreHa B CBoeit
61omMacce XMITHUK JOJDKEH CheCTh B TPU pa3a 00J1b-
e OGMOMAacChl, IIPU 3TOM OCTaJIbHBbIE OMOTEHBI eMYy
yKe He HY>XKHbI, OHU YXOIST B OTXOJIbl — MOTEHLINAJIb-
HBII TYIIMK BEIIeCTBEHHOTO KPYTOBOPOTA.

MacmTabHOCTh TIPOOJIEMBI CTAHOBUTCS ITOHSIT-
Hee, eCJIY IIPEeACTaBUTh CXeMy IBMXKEHUsS OMOreHOB
IO HECKOJILKUM TPOGUUECKUM YPOBHSIM, BKIIOUAIO-
IIMM HECKOJIbKO BHAOB (cM. puc. 1). Ecam npuHITh

3 “How is it, then, that the inputs and outputs of a myriad open-
system forms a life mesh in such a way that material closure as a
boundary condition of the planet does not destroy the organized
subsystems?” [17, p. 372].
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Puc. 1. YcnoBHasi cxeMa nporecca 00pa3oBaHMsl OpraHMYecKoro Tyrnuka B akocucrteme. bruomacca 1
1 6uomMacca 2 — 6MoOMacChl OPraHM3MOB, YYACTBYIOIIUX B TPOOUYECKOM B3aMMOICHCTBUY (HAIIpU-
Mep, TPABOSIAHOE XKMBOTHOE M XUITHUK). A, B, C — 6uoreHs! (Hampumep, ¢pocdop, a3ort, yriiepon).

BO BHMMAaHHE, YTO BBICOKO3AaMKHYTOE COCTOSTHHME
6uocdepbl, ¢ KOTOPbIM OHa BCTYMUJA B MPOMBIII-
JICHHYIO PEBOJTIOIIHNIO, CTAJIO PE3YIHTAaTOM €€ 3BOJTIO-
IIMOHHOTO U 9KOJIOTUYECKOTO Pa3BUTHSI, TO OTOT Ia-
PagoKC MOXHO c(hOPMYIUPOBATh CJIEOYIOIIMM o0pa-
30M: 3aMKHYTOCTb Omochepbl He SIBISETCS
aIarTUBHBIM CBOMCTBOM OCOOM (MJIW MOMYJISIIIUN ).

[elicTBUTEILHO, B XOIE €CTeCTBEHHOro oTbopa
BBDKMBAET Ta 0COOb, KOTOpasl 3aXBaThIBAeT OOJIbIIIEC
PECYPCOB 1 OCTaBJISIET ITOCJIe ce0s1 Ooee XKM3HECIIO-
CcOOHOE MOTOMCTBO, TO €CTh B XOJI€ €CTECTBEHHOTO
0oTOOpa OpraHM3MBbI MTOOEKIAIOT C TPEUMYIIECTBOM,
KOTOpOe Ma€T BBIMIPHIII 31ech U ceityac. Ilocuen-
CTBUSI HapyIIEHUs] 3aMbIKaHUS Ouocdepbl OydyT
MPOSIBJISITECS TOPA3a0 MO3XKe, YeM HEIOCPEeNCTBEH-
HBIe pe3yiabTaThl 0TOOpa. IToCKONBKY 3aMBIKaHUE
onocdepsl IIPOUCXOIMIIO Ha (POHE eCTeCTBEHHOTO
oTOOpa, TO TPEICTABIISICTCS JIOTUYHBIM PACIIUPUTH
Ha3BaHME 3TOro ITapagoKca M Ha3BaTh €0 napadok-
com Bepnadckoeo—/Japsuna.

Oepanuuenus modeneil Hcécmioeo memaboausma.
Kaxk cirenyer 13 mapagokca Bepranckoro—/lapsuna,
npu moaeaupoBaHuu 3DC HEOOXOAUMMO YUYUTHIBATh
KPYTOBOPOT BCEX CYIIECTBEHHBIX OMOTEHOB M 00ecC-
MEeYMBATh BBIIIOJIHEHNE 3aKOHOB COXPaHEHMs II0O
BceM OuoreHam. B To ke BpeMs1 TpaIUIIMOHHBIE MO~
JIeJ I DKOCUCTEM CTPOSITCS IO aHAJIOTUU C MOIECIISIMUA
XUMHWYECKOM KMHETHUKM. B 3THMX Momessx KaKmblil
BUI (DaKTUUECKM MIpaeT poJib aBTOKaTalM3aTopa,
MOTPEOJISIONIETO CTPOro OIpeAcAEHHBIE IPOIIOPILINU
MUTATEJIbHBIX BEIIECTB, aHAJIOTUYHBIE CTEXHOMETPHU -
YeCKMM KO3(M(PUIIMEHTAaM XUMUYECKUX peaKLUid.
Bynem Ha3bpIBaTh TaKye MOAEIN MOIECIISIMU XKECTKOTO
MeTaboaImn3Ma.

Panee ObL1O0 moKa3aHO, YTO €CJIM OpPraHU3MBI B
39C moTpedIIIoT CyoCcTpaThl MM IPYTrUe OpraHmu3-
MBI (1151 KOHCYMEHTOB) B (DUKCUPOBAHHOI Mporop-
LUH, TO €CTh C (PUKCUPOBAHHLIMU CTEXMOMETpUYE-
CKNMU Ko3dPULIMEeHTaMHU U TIPU KOJIMYECTBE Pa3HBIX
OHMOTECHOB CBHBIIIE ABYX, TO YaCTO B 3TOI CUCTEMe He
MOXET peaJ30BaThbCsl CTAallMOHAPHOE COCTOSIHUE,
OHa camMa He MoxeT cymiecTtBoBaTth [18]. [IpmunHa B
TOM, UTO KOT/Ia Mbl YYUTHIBAEM 3aMKHYTOCTb I10 HE-
CKOJILKMM OMOreHaM, TO YMCJIO YpaBHEHUII CTaHO-
BUTCSI PAaBHBIM YMCJTY BUAOB (ITOITYJISILIMIA) TLIIOC KO-
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JIMYECTBO OMOIeHOB, a BOT YMCJIO IIEPEMEHHBIX B
ypaBHEHMSX (CTAallMOHAPHBIX CKOPOCTEU pocTta Io-
OYJISIIMIA) OCTAETCsI paBHBIM YKCJTy BUIOB B CUCTEME.
ITo 3akoHam anareOphl cucTeMa JIMHEMHBIX OTHOPOI -
HBIX YpaBHEHUI UMeeT HeTpUBUAIbHOE (HEHYJIEBOE)
pellleHre TOJIbKO B TOM ClIy4ae, €CJIM paHT MaTPUIIbI
K03 GUIIMEHTOB CUCTEMBI MEHBIIIC YUCJIa TIEpeMeH -
HbIX. MOXHO MPOWJITIOCTPUPOBATh 3TO OrpaHUYe-
Hue Ha mpoctoii Momenn 3DC [19]. Bo3MoxKHBII
MOAXod K PEIICHUIO 3a1a4i KOPPEKTHOTO OITMCAaHUS
CTeXHOMETPUHN DKOCHUCTEM MOIBbITaeMCsI CHOPMYI-
poBaTh MOCJIE PACCMOTPEHMS JOIOJIHUTEIbHBIX IIpe-
TEH3UI K MOJEJISIM XKECTKOI0 MeTa0oIn3Ma.

Ilapadokcor M35 u Xamuuncona. OOHUM U3 Bax-
HEHUIMX OpeIsITCTBUIA Ha IIyTU UCIOJIb30BaHUS MO-
JleJieid KECTKOro MeTaboa3Ma BhICTYHAET IMPOTUBO-
MOJIOXKHBIN XOJ 3aBUCUMOCTEN YCTOMUYMBOCTU KO-
CHCTEMBI OT YMCJIa BXOISIINX B HEE€ BUIOB B CIydae
peaJibHbIX 9KOCHCTEM U X KJIaCCUYECKUX MaTeMaTU -
yecKux Mopeiieii. JeliCTBUTEILHO, B TPAAUIIMOHHBIX
MOIEJISIX DKOCHCTEM IIPU YBEIWYEHUM KOJIMYECTBA
B3aUMOJICMCTBYIOIIMX BUIOB YMEHbIIAETCS 00/1acTh
YCTOMUYMBOCTU B IPOCTPAHCTBE ITapaMeTPOB MOJE-
g [20]. JdanHble HAOMIOOCHWI ITOKA3BIBAIOT, YTO
yBEJIUYEHUE YCTOMYMBOCTM 3KOCHUCTEM C POCTOM
YyucJia BUAOB BCTpedyaeTcs B IIpUpPOJIie Topas3ao Jaile,
yeM e€ ymeHbmenue [21]. MHpIMU cmoBaMu, cylie-
CTBYET IPOTUBOpPEYUE MEXIY TPEHIAMU U3MEHEHMS
YCTOIYMBOCTH pPeaJIbHBIX SKOCHUCTEM M X MaTeMaTH -
YeCKMX MOJEJIeld, YTO yKa3bIBaeT Ha HEIPUMEHMU-
MOCTb YKa3aHHbIX TOAXOA0B K MOJSIMPOBAHUIO KO-
cucteM. Kpome Toro, XopoIo u3BeCTHbBINA IIPUHIIAIL
KOHKYPEHTHOTO MCK/IIOYEHUS IJIaCUT, YTO KOJIU4Ie-
CTBO BUJIOB, CTAOMJIBHO COCYIIECTBYIOIINX HA OMTHOM
1 TOM Xe TpO(PUUECKOM YpOBHE, HE MOXKET IPEBbI-
mIaTh KOJWYECTBO ITOCTYIMHBIX MM pecypcoB [22].
BriocnencTtBuu nNpuHILIMIT KOHKYPEHTHOI'O UCKJTI0UYe-
HUS OBLI pacIIMpPEH U ObLIO IIOKAa3aHO, YTO HECKOJIb-
KO BHIOB MOTYT COCYIIIECTBOBAaTh Ha OMHOM 1 TOM Xe
MUTaTeIbHOM CcyOCTpaTe, €Clii MX KOJIMYECTBO HeE
MPEeBBIIIAeT KOJMYECTBO IIJIOTHOCTHO3aBUCUMBIX
KOHTPOJIMPYIOIIUX POCT (paKTOPOB B cucteme |23, 24].

B mpupone, onmHako, HaOIOdalOTCS CHUTYyallMU,
KOIJa TMPOSIBIIIETCS TaK Ha3bIBaeMbIid MapamoKC
niaaHkToHa (mapamokc XatuuHcoHa) [25]. CyTh ero
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3aKJII09AETCS B TOM, YTO CYIIECTBYIOT 9KOCUCTEMBI, B
KOTOPbIX KOJMYECCTBO BHAOB IPEBHIIIACT KOJIMYC-
CTBO 3aperiCTPUPOBAHHBIX IMJIOTHOCTHO3aBUCUMBIX
KOHTPOJIMPYIOIINX POCT (paKTOpOB B cucTeMe. Takas
CUTYyalMsi MOXET HabJII0JaThCs KaK B BOTHBIX, TaK U
B Ha3eMHBIX 3KocrcTeMax [26]. DTU JaHHbIE 3aCTaB-
JISTIOT IIPUMTU K BEIBOAY, UTO IS MOAEIMPOBAHUSI 3a-
MKHYTBIX 9KOJIOTUUYECKNX CUCTEM BOOOIIIEe ¥ Orocode-
pbI B YACTHOCTU TPEOYIOTCS MaTeMaTUIEeCKUE MOJIE-
JIM, KOTOPHIE €CJIM HEe pa3pelialoT OKOHYATEIbHO, TO,
no KpalHeil Mepe, CHUXKAIOT OCTPOTY MEPEYUCIICH-
HBIX IapagoKCOB U IIPOTUBOPEYMIA.

Mogeau ¢ ruOkuM MeradomsMoM. B cBete 1epe-
YUCJIEHHOTO BBIIIE MEPCHEKTUBHOU aJIbTEPHATUBOM
MOJEJISIM XHMIKOI0 METa00/IM3Ma BBICTYIIAIOT TaKUe,
B KOTOPBIX CTEXMOMETPUUYECKME COOTHOIICHUS, a
BepHee, MPOMNOPLUUM TTOTPeOIeHUsI CyOCTpaTOB WU
HYTPUEHTOB, MOTYT MEHSTHCS — MOJIEIM TMOKOIO
MeTaboau3Ma. BuasTces Bcero aBa BapruaHTa rTMOKOTO
MeTaboyim3Ma: 1) opraHu3M, UCXOIsl U3 HEKOTOPOIO
KpUTepusl, BBIOMpaeT, KaKoil cyOCcTpaT mpeumylle-
CTBEHHO ITOTPEOJISATD; 2) U3MEHEHNE IIPOIIOPIIMIA Op-
TaHUYECKUX BEIIEeCTB ONpeAeIEHHOro Turma (0enKku,
XKUPHI, YITIEBOABI), HAIIpaBIsSIEMbIX 110 aHaOOIM4Ye-
CKOMY MJIM KaTabOJIMIECKOMY ITyTSIM MeTaboIn3Ma.

BeruncnuTenbHble 3KCIEPUMEHTBI C MOIEISIMU
rubkoro Mertabonausma mokasanu [19, 27—29], urto
IUTS TAKUX MoJieJieit: 1) BBIMOHSIIOTCS HabIo1aemMble
B TIPUPOJe 3aKOHOMEPHOCTU POCTa YCTOMYMBOCTU C
POCTOM KOJIMYECTBA BUAOB; 2) XapaKTepHO OOJIbIlIee
KOJIMUECTBO COCYIIECTBYIOIIMX BUAOB B pe3yJibTaTe
MOSIBJICHUSI TOTIOJHUTEIbHBIX TJIOTHOCTHO3aBUCH-
MBIX KOHTPOJIMPYIOIINX POCT (paKTOPOB; 3) OTKPHIBA-
€TCs BO3MOXKHOCTD CYIIIECTBOBAHUS CTAIlMOHAPHOTO
COCTOSIHUSI B YCJIOBUSIX TIOJTHOTO 3aMbIKAHUS M y4€Ta
HECKOJIBKIX OMOT€HOB.

Bo3HMKHOBEHNE MTOMTOJHUTETBHBIX TUIOTHOCTHO-
3aBUCUMBIX KOHTPOJUPYIOIIMX POCT (haKTOPOB IIPHU
repexoe K MOAEJISIM THOKOTo MeTaboIu3Ma CBSI3aHO
C TIOSIBJICHIEM HOBBIX CTeTIeHell CBOOOIBI O1aromapst
yIIpaBJIECHUIO META0OIU3MOM U IOTpebieHeEM. Ypo-
BEHb MEXXOPraHU3MEHHBIX B3aUMOIECCTBUIA TOTIOJI-
HSETCS BHYTPUOPTaHM3MEHHBIM yITpaBieHueM. [1pu
3TOM TeopeTnudeckuit aHaau3 39 C MO3BOJISIET OMpe-
IEeIATh HeOOXOMUMBbIe (HO HEIOCTATOYHEIE) YCITOBUS
CYIIIECTBOBAHMST CICTEMBI.

Mopenu rubkoro Meradoau3Ma MpeacTaBsIoOTCs
HanboJiee aleKBAaTHBIM WHCTPYMEHTOM OpTaHU3a-
IIMA U OOBEMMHEHUS KOMIUIEKCHBIX MCCIeTOBAHUMN
ouocdepsl ¢ ToMolIbio JadbopaTopHbix 3DC u pellie-
HUsI YIIOMUHABIITXCS IIPOGJIEM SKOJIOTHH 1 61ocde-
PUKH.

B3mian Ha “3e1€Hy0 MHUIIMATHBY”, UCXOISIIMA U3
npenacrapjiennii o0 ouocdepe kak 3DC. Korma Mmu1 pac-
cMaTpuBaeM ouocdepy kKak 3DC, To ¢ HEOOXOTMMO-
CThIO MPUXOIUM K TIOHUMAHMIO, YTO J1000E pacco-
IacoBaHUe, TI00oe MpeHeOpeskeHe TeMU MU UHBI-
MU IIOTOKaMHM BEIIECTB B Ouochepe paHO WIU
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MO3THO TIPOSIBUT cebs1. Takoit B3mIsAn Ha O0mocdhepy
MPEKPACHO COIJIACyeTCsI C 0COOEHHOCTSIMU SKOJIOTUU
KaK HayKu, KOTOPYIO XapaKTEePU3YyeT:

* KOMILUIEKCHBII TIoaxon (HeoOXOomMMO MaKCH-
MaJIbHO MOJIHO YYUThIBATh B3aMMOCBSI31 OPraHU3MOB
SKOCUCTEMBI, IIOTOKU U JAeiCTBUE (haKTOPOB BHEIII-
HEW cpemnl);

* 00s13aTeNbHBIN YYET JOJTOBPEMEHHBIX ITOCTIE/I -
CTBUM.

OrTcrona cienyeT, 9TO BO3IeHCTBUE TOM MM MHOM
TEXHOJIOTUU WU MPOAYKTa MOJKHO OLICHUBATHCS
BCECTOPOHHE M Ha JUIUTEILHOM BpEeMEHHOM MHTEP-
Basie. PaHee OBII IIpemjIoXXeH ITOOXOd K MHTETPaIb-
HOIl OILIEHKE BKOJIOTMYECKOTO Bpeda BHEIPSeMbIX
TEXHOJIOTM1, HAMOMUWHAIOLINWIA MOJIENIb MEXOTpacie-
poro Oamanca B.B. JleonteeBa [30, 31]. Mu1 mpowni-
JIIOCTpUPYEM 3Ty UACI0 Ha MpUMepe BHEAPECHUS
2JIEKTpOMOOWMJIEI, HO CHavasa IIpeaIpruMeM HOIbIT-
Ky OTBETa Ha OUYE€Hb BaxKHBII BOIIPOC 00 NCTOYHUKAX
YIJIEPDOTHOU DMUCCUU.

06 yenepodnom caede domauwHux ncueomuuix. Pac-
CMOTpeHne 6mocdepHOro MUKIa yriaepoaa, ImMpoBe-
JIEHHOE B pas3iesie cTaTbH, o3aniaBieHHOM “C KaKu-
MU IIpo0IeMaMU IIPUXOIUTCSI UMETh J1eJ10?”, TI03BO-
JISIET TIPUUTU K OYE€Hb Ba*KHOMY BBIBOIY, KOTOPBIM
BOOOILIE HE YIIOMMHAETCSl pa3paboTyukaMu “‘3eyé-
Hoii mHunmatuBbl” (m EGS-crparerun): He Bce
WCTOYHMKH yIIepoaa BpeaHbI, HE BCE OKa3bIBaIOT HE-
raTMBHOE BIMSHME Ha KiauMaT. OpraHu3Mbl, KOTO-
pbie TIOTPEOJISIIOT OpPraHUKY, CHUHTE3MPOBAHHYIO B
npouecce (OTOCUHTE3a, ECTECTBEHHO, BBIIEIISIIOT Y-
JIEKUCJIBIA ra3 B Ipolecce ObIXaHWs U B XOAC IO-
CMEPTHOTO pa3loXKeHUs — IIPOCTO BO3BPAIIAIOT YI-
JIepon B IMKJI, o0ecrieunBas JajbHeIee CyIlecTBO-
BaHMe Ouocdepbl. TeM caMbIM IIOJy4YaeTCsl, YTO
BOIIPOC 00 YIJIepOIHOM CJIeNIe JOMAITHUX XKUBOTHBIX,
KoTopbIii obcyxknaercst B CMU u compoBoxmaeTcs
IIPU3BIBOM COKPATUTh ITOT0JIOBbE JOMAILITHUX XKUBOT-
HBIX 1 IIEpeiiTy Ha BEreTapuaHCTBO, BOOOIIE HEe Me-
€T CMBIC/IA. YIJICPOIHBIN CJIe] TIOOBIX JKUBOTHBIX Ca-
MMUX I10 cebe — HYJIEBOI, a CKOpee — OTpULIATEIbHBIIA.

B TO ke BpeMms1s AHaIMTUYECKOE KPEAUTHOE peii-
tuHroBoe areHTcTBo (AKPA) mon “BeiOpocamu map-
HUKOBBIX Ta30B [IOHUMAET UX MPSIMOii BEIOPOC 13 UC-
TOYHMKOB, HAXOISIIMXCS B COOCTBEHHOCTHY WJIM MO
KOHTpoJIeM onleHuBaemoro auua” [32, c. 13]. IIpo-
61ema B ToM, uTo AKPA yuuTthiBaeT itoobie BHIOPOCHI
13 UICTOYHUKOB 0e3 y4€Ta IIPOUCXOKICHUS yIiIepoaa.
Otcloga ciemyeT, YTO HIEOJIOrd W OpPraHu3aTophl
“3esiéHoM nHMuMaTuBbl” 1 AKPA Kak areHT ux BoJiu
He NOHMMAIOT POJIM 3aMKHYTOCTH B 00€CIIEYeHUH Cy-
mecTBoBaHUs 6uocdeprl. Mnn moHnMaroT, HO Torma
BO3HHUKAET BOIPOC O TOM, KaKue eI OHU TIpeciie-
nyi1oT. [TokazarensHo, yro AKPA [32, c. 9] u3 ciucka
MOJIOXKUTEIBHBIX MOAM(DUKATOPOB OLEHKHU IIpel-
MPUSITUSL Ha TIEPBOE MECTO CTaBUT “Hajluuue y olie-
HUBAeMOIO JIMIA OOJMraluii yCTOMYMBOIO pa3BU-
THs1”! O 9€M 3TO TOBOPUT?
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Cpenu NoJoKUTENbHBIX MOIU(DUKATOPOB OLIEHKU
npeanpusatuii [32, c. 10] B mepBoii MOJIOBHUHE CIIMCKa
HaxoauTcsl “BbIpabOTKA 3HAUYMTEIbHON AOJU DHEp-
TMU U3 BO3OOHOBJISIEMbBIX UCTOYHUKOB”, PETYJISIPHO
YIIOMHUHAETCSl MePEXo]l Ha BJIEKTPOMOOMIIN KaK BaxX-
HBII 11ar Ha TIyTU K nekapbonusanuu. [losaTomy cTo-
UT yIEJIUTbh BHUMaHUE TUM BOIIPOCaM.

06 arexkmpomobunsx. Camu 1o cedbe OHU II0YTU
WUIIeabHbI, UX MPUMEHEHUE OEUCTBUTEIBHO YIyd-
IIIUT COCTOSTHUE BO3AyXa B OoybIMX ropoaax. OnHa-
KO IIOITBITaEMCSI OLIEHUTh BKJIaZ 3JICKTPOMOOMICH B
pelIeHne TOM MPo0IeMbI, KOTOpas 3asBieHa B “3ey1e-
HOM MHULIMATUBE” — coKkpalleHue Biopocos CO,.

DJIEKTPOMOOMIb UCTIONIB3YET BTOPUUHBIN MCTOU-
HUK SHEPTUU — aKKYMYJISITOP, KOTOPBIM Hy>KIaeTcsl B
nepuoandeckoit 3apsake. OTMeruM, uto 6onee 60%
MPOLICHTOB 3JIEKTPO3HEPTMU Ha 3eMiie TIPOU3BOISIT
TeruioBble anekTpocTaHumu. OueHuMm KITI nukina
“TOC—anexrpomobmnp”. Cpemuuit KIIJI TOC —
35%, aneKTpoaBUTaTENS IIOCTOSTHHOIO TOKA MOIIHO-
ctbio MeHee 100 kBt (100 kBt = 140 n1.c.) — 82%, nu-
THUEBOTO aBTOMOOWJIBHOTO akKKymyiagTtopa — 97%.
ITepemHOXaeM U mojiyyaeM ~28%, a 3TO CpemHUit
nokaszatenb KIT/1 6en3uHoBoro apurateiisi. C ToukKu
3peHusi BbiopocoB CO,, 2JIeKTpOMOOUIIb HEe JAET HU-
KaKOoTO BBEIMTpHIIIA!

Hob6aBuM, uto Ha TeppuTopuu Poccun, ocobeHHO
B Cubupu, 0OJbIIYIO YaCcTh BPEMEHU roja HeoOXxo-
M 00OrpeB cajoHa aBTOMOOMJISI, OCOOEHHO B MOPO-
3b1, gocturarmoiue 35—40°C. Ecnum oborpes caiaoHa
OOBIYHOTO aBTOMOOMJISI HE CBSI3aH C JOIOJHUTEb-
HBIMU (PMHAHCOBBIMM 3aTpaTaMU — IIOTOK TEILIOTO
BO3ayxa IIPOCTO HampaBJIsIeTCs Ha TEIUIOOOMEHHUK,
TO B cliyyae BJIEKTPOMOOWIIS I oOorpeBa cajioHa
IIPUXOOUTCS UCIIOJIb30BAaTh SHEPTUIO aKKyMYJIITOpPA,
€MKOCTb KOTOPOT'O B MOPO3bI U TaK IIOHIKAETCSI. DTO
3HAYUT, YTO MpH 3uMHel aKcruryaTaumun KIT amex-
TpoMoOwst Oyner eiié MeHsbliie, a Beiopocos CO, Oy-
JIeT OOJbIlle, Y4eM Y OOBIYHOro aBToMOOMIsI. B Takom
cliydae 11eJIecO00pa3Ho JIM CTUMYINPOBATh KUTEJIeH
Poccuu K nepexony Ha 3jieKTpoMoOuIn?

Ho »10 emé He BcE. Ecam mpomomkKuTh WHTE-
rpaJibHOE PACCMOTPEHUE ITOCIEACTBUI BHEAPEHUS
2JIEKTPOMOOMJIEH, TIPUAETCSI YYMTHIBATH CO3MAaHUE
CETU CTAHLIMU MOA3apSIaK1A aKKyMYJISTOPOB, IJIS Ye-
ro IOTpedyeTcsl pe3KO M CYLIECTBEHHO YBEJIUYUTh
IIPOM3BOICTBO MEOHBIX Kabeiei, a IPOU3BOIACTBO
MeIM, BKIIIoYasl 1OOBIYY MEIHOI pyIbl, OYeHb SHEP-
ro3aTpaTHbIA IPOLIECC, CBI3aHHBIM C BBIICICHUEM
HE TOJILKO YTJIEKUCIIOTO ra3a, HO U pgdaa APyTrux 3K0-
JIOTMYECKU BpeIHbIX BellecTB. Kpome Toro, mpous-
BOJACTBO (OISTH XK€ BKJIIOYAsI JOOBIUY JIMTUEBOIT py-
IIbI) ¥ YTAJIM3ALMSI COBPEMEHHBIX TUTUEBBIX aKKyMY-
JIATOPOB TOXE JHEPro3aTpaTHBLIA U SKOJOTUYECKU
BpPEOHBINM TIpOLIECC.

O 60300H0615eMbIX UCMOYHUKAX SHepeuu. TTpous-
BOJICTBO KPEMHUSI [JIsI COJTHEUHBIX OaTapeil — 3KOJI0-
TMYECKM BPEAHBII IPOILIECC, HO U caMa MX 3KCIUTya-
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Talus He IIPEACTaBIISIET COO0I SKOJIOTMYECKUA uae-
ain. s Toro 4toObl MOXHO OBLJIO MCIIOJIb30BaTh
COJIHEUHYIO 6aTapero B ObITY (KCTAaTH, TOYEMY HUKTO
HE TOBOPUT O IIPMMEHEHNM 3TUX OaTapeii B IIPOMBIIII-
JIECHHOCTM, CKa)KeM, JUISI BBIMIJIABKU aJIOMUHUS, Ha
KOTOpYIO UAET, Harpumep, 95% momHoctn KpacHo-
sapckoit 'DC?), HeoOxoauM aKKyMYJISITOP IUISI CHA0-
JKEHUS JoMa SHEeprueil B BeuepHee 1 HOYHOE BpeMs,
KorIza oHa 6oJjiee Hy>XKHa, YeM B THEBHOE. A IIJIS YCITO-
Buif Poccnn Hy:KeH aKKyMyJIsITOp, KOTOPEIiT o0ecIie-
YUT KUJIMILE B T€YEHUE TOJIrOro 3MMHETO TEMHOIO
BpPEMEHM CYTOK IIpU ITaCMYPHOM HeOe M 3aCHEXKeH-
HOM KpBhIllle, YTO, KaK OYEBUIHO, HepeaabHO. Tak
CTOUT JIY C DHTY3Ma3MOM BHEIPSITh COJIHEUHbIE OaTa-
peu, korama peyb uaet o Poccumn?

HMHTerpanbHblil aHAJIM3 TTO3BOJISICT IIPUIATH K 3a-
KIIIOYEHHWIO, YTO TIpemiaraeMble BUIBLI “3eJ€HOM”
BJIEKTPOreHepallii He MOTYT OBITh MCITOJIb30BaHBI
KaK OCHOBHBbIC HE TOJILKO JIJISI IPOMBIIIJIEHHOCTU,, HO
U 1JIsT HaceJieHusl. To ecTh Ipo6JieMa SHEepreTUKU To-
pas3ao ciIoXkHee U TpedyeT Oosiee cepbE3HOM ITpopa-
060TKH, 4eM 3T0 npeacrasiieHo B ESG-cTparerum.

O cesa3vieanuu yenepooa oepegvsamu. CylieCTBYIO-
IIMe Jieca B OCHOBHOM HaXOASITCS B KITMMAaKCHOM WJIU
OJIM3KOM K HEMY COCTOSIHUU, TO €CTh OOMEH yIJIepO-
JIa ¢ atMocepoil y HUX MOYTH cOaJlaHCUPOBaH, U
OHU HE B COCTOSTHUU MOITIOTUTH OOJIbIIE YTIACKHUCIIO-
ro rasa. [loHumast 310, CeuMaauCcThbl MUAIIYT 00 MH-
TEHCUBHBIX TTocankax [33], HO, K COXaJleHUI0, U
3lIeCh He BCE TaK MPOCTO.

ITocanku HOBBIX IEepPEBBEB CAMM IO ceOe He pelna-
10T IPOGJIEMY CBSI3bIBaHUS YIJIepoAa, MOCKOIbKY Ae-
PEBBSI — 3TO BpEMEHHBIE pe3epByaphl yrjepoaa 1 I1o-
cJie MX OTMHPaHUS BECh YIJIepOI BO3BpallaeTcs 00-
patHo B atMocdepy. C OmHOI CTOPOHBI, MOCAIKU
MO3BOJISIT 3aMEIJINTh TEMIIbI HapacTaHUsl KOHIICH-
tpauuu CO, B atMmocdepe, HO, C IPYroi — rociieny-
I0llleE MacCOBOE€ BBICBOOOXIEHME yrjiepoia U3 OT-
MEPIINX JePEeBbEB MOXET CYILIECTBEHHO YCYTyOUTb
cutyanuio [34]. KpoMe Toro, mjist opraHM3aluy Mac-
COBBIX JICCOIMOCANOK M TIOCJIEOyIolIeit oO0padoTKM
OoJIBLINX 0O0OBEMOB IPEBECUHBI TTIOTPEOYIOTCS CyILIe-
CTBEHHBIC 3aTpaThl SHEPIUM, KOTOpasl OyIeT ITOCTY-
naTh OT CXKWUIaHUs MCKOIIA€MbIX TOIUIMB, TO €CTh
OITSITh XK€ conpoBoxaarbcsd amuccueit CO,.

Toyka 3peHHs aBTOPOB CTATbH OTHOCHTEJHHO IVIO-
0aIbHBIX M3MEHEHMil KaMMaTta. MBI BOBce HE yTBEp-
XIAeM, 4TO TPOOAEMBI U3MEHEHHUS KJIMMAara M €ro
IMOCJIEACTBUI He cyiecTByeT. Hao6opoT, 0 ToM, 4To
MOCJEACTBUS CKUTAHUA UCKOIMAEMBIX TOTUIMB MOTYT
MMETh caMble KaTacTpodUIECKUE TTOCTEACTBUS, MBI
nucanu, HauuHas ¢ 2003 r. [4—6, 35].

IIpobiema KIMMATUYECKUMX W3MEHEHUI OYeHb
cepbE3Ha, BeChbMa BEpOSITHO, UYTO OHA Iaxe GoJiee ce-
pBbE3HA, YyeM e€ IpeacTaBiIdoT padpadotdynku ESG-
crpateruu. OHa TpeGyeT BCECTOPOHHETO UCCIeI0Ba-
HUS IS (QOPMUPOBAHUSI aJeKBaTHOM CTpaTeruu
MPEONOJICHUsI YIpo3bl 3TUX M3MeHeHui. Hwukakue
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2JIEKTPOMOOMJIM 1 COJTHEYHBIe OaTapen Hac He cra-
CyT, TpeOyeTcsI KOpeHHasl TepecTpoiika TeXHOJOTUM
1 9KOHOMUKU, COIPSDKEHHAsI ¢ OOJIbIIMMU 3aTpaTa-
MU Ha IIpakTudeckue Meponpusartusi. IlepcriekTuB-
HBIM pellleHreM ObITIo ObI, TT0 aHajoruu ¢ 39C, co-
30aHUe HOBOM “KpyroBOPOTHOM”’ 3KOHOMWUKHU, HE
uMeroleil Tynukos [36]. Ho, K coxajieHuio, pyKo-
BOJICTBOM CTpaH pelleHUsI IPUHUMAIOTCS Ha OCHOBE
JIOXKHBIX KOHLICHIINKI, JIUIIb MACKUPYIOIINXCS IO
9KOJIOTUYECKUE.

dyHaaMeHTalbHas HaydyHasi, oopa3oBaTebHas 1
mpakTuyecKkas 3amadya 3aKJIlo4yaeTcsl B pa3bsiCHEHUU
CUTyallMd JUlIaM, TIPUHUMAIOIIUM pelIeHUs, |
BHEJIPEHUU BCECTOPOHHEIO 3KOJOrMYeCKOro odpa-
30BaHMs. B mmpoTuBHOM ciydae “3eJIEHBIM” LIBETOM
OyIeT pacuBeTaTh 9KOJIOrMYeckoe MU(pOTBOPUYECTBO
(B CMM nocTOSIHHO YITIOMUHAIOTCS 3€JIEHOE TIPOU3-
BOJICTBO, 3€JIEHOE CTPOUTEIBCTBO, 3eji€Hble MT-Tex-
HOJIOTMH, 3eJI€Has SHepreTuKa, 3eJIEHBINA BOOOPOd U
Jaxe 3eJieHoe (PMHAHCUPOBaHUE U 3eJE€HbIE LICHHbIE
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CLOSED ECOLOGICAL SYSTEMS: FROM THE BIOSPHERE
TO LIFE SUPPORT SYSTEMS AND BACK

S.I. Bartsev'”* and A.G. Degermendzhi'-**

!Institute of Biophysics, Siberian Branch of the RAS, Federal Research Center “Krasnoyarsk Science Center
of the Siberian Branch of the RAS”, Krasnoyarsk, Russia

#E-mail: bartsev@yandex.ru
# E-mail: nn1947@yandex.ru

The paper provides a brief overview of the available facts and ideas about the nature of climate change.
The problems of ecological research, which are becoming more acute in relation to biosphere research, are
considered: this is the problem of data deficit and the problem of the uniqueness of ecosystems. The key dif-
ference between the biosphere and natural ecosystems is highlighted, which ensures the long-term, in the ul-
timate perspective infinite, existence of the biosphere — the existence of a balance of biogen cycles or the clo-
sure of the flows of substances. The advantages of laboratory closed ecological systems (CES) as tools for ex-
perimental and theoretical study of the biosphere are considered. The contribution of the most well-known
CES (BIOS-3, Folsom microcosms, Biosphere-2, micro-CES) to the understanding of biospheric processes
is discussed. The problems and paradoxes identified in the mathematical modeling of CESs (Vernadsky-Dar-
win paradox, limitations of models of rigid metabolism), which are closely related to the well-known ecolog-
ical paradoxes of May and Hutchinson, are discussed. A flexible metabolism approach is proposed to reduce
the severity of these paradoxes. The measures proposed within the framework of so-called “green initiative”
are discussed from the position of “biosphere as a CES”. Among these measures are reducing the carbon
footprint of pets, migration to electric vehicles and renewable energy sources6 and carbon sequestration by
trees. The seriousness of biosphere-climatic changes problem is emphasized, which cannot be resolved with-
out accounting the closure of substance flows in the biosphere.

Keywords: closure of the biosphere, models of the biosphere, closed ecological systems, problems of ecology,

paradoxes of ecology.
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