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Momusayus u yenv: B padote 0000IICHBI TEOPETUUECKUE U IKCIICPUMECHTAIBHBIC HC-
CJIeJIOBaHMsI aBTOPOB, HANPABJICHHbBIC HAa N3yYEHUE 3aKOHOMEPHOCTEH yCTOWYMBOTO CO-
CYLIECTBOBAHUSI B3aUMOJCHUCTBYIOIIMX MHUKPOOHBIX MOMYJALMI B Ipelenax OXHOIO
Tpoduueckoro ypoBHs. llomyssiunm B3aMMOIEHCTBYIOT B OTKPBITBIX HEIPEPHIBHBIX
KYJIbTYpax MOCPEICTBOM PETYIUPYIOIUX (HaKTOPOB.

Memoovl u ancopummer: B MaTeMaTHIECKUX MOJEIAX MHKPOOHBIX coobriects [1, 2]
HCCIIEAYIOTCSA CBOMCTBA AMHAMHMKH BUAOBOI'O COCTABa, M3YYaIOTCSl 3aKOHOMEPHOCTH U
0COOCHHOCTH yCTOWYHMBOTO COCYIIECTBOBAHMS MOIMYJISIMN, B3aUMOACHCTBYIOIINX MO~
cpenctBoM perynupyromux gakropos (RF). [Tox perynupyrommvu gpakropamu OHH-
MAaloTCsl CyOCTpaThl U MeHee OOBIYHBIE OMONIOTHYECKHE M (DU3UKO-XUMUYIECKUE XapaK-
TEPUCTUKH: METaOOJIMThI, HMHIHOUPYIOUIHME POCT; YpoBeHb PH cpexpl; Temieparypa
Cpellbl OOMTaHUS U T. II.

Pe3zynomamur: Ananu3 MaTeMaTHYECKUX MOJIEJICH CMELIAHHBIX MUKPOOHBIX IOTOKOBBIX
KYJIBTYp, B3auMopaeHcTByromux depe3 RF, ycTanaBmuBaeT mpaBuio: B paBHOBECHH
YHCJIO COCYIIECTBYIOIIUX MOMYJISINIA He mpeBblaeT uncia RF, ypoBeHb Bxona KoTo-
PBIX KOHTPOJMPYET cocTaB coolliecTBa. Perymupyromme GakTopsl AEMOHCTPUPYIOT
3¢ eKT aBTOCTaOMIN3alMU: UX PABHOBECHBIC YPOBHHU B CHCTEME HE CBA3aHBI C MX BXO[-
HBIMHU YPOBHSMH. DTOT 3G PeKT 0OHapyKuBaeTcs yepe3 KodpPHUIMeHTh YyBCTBUTENb-
HOCTH. 3aKOH JIJIsl BCero cOoOOIIeCTBa B WCaIbHON OJHOPOJHON MMOTOKOBOM cHCTEME
IJIACHT, YTO CyMMa BceX K03(p(PHUIMEHTOB YyBCTBUTEIBHOCTH MIPEACTABIAET COOO0I 11e-
JI0€ YUCIIO, PABHOE Pa3HOCTH MEXIy uyiciioM RF U koim4ecTBOM cOCyIIECTBYIOMINX MO~
yJsinyi. B mpupogHBIX 9KOCHCTEMAX € UX U3MEHSIONIMMUCS YCIOBUSIMH 3D (EKT aBTo-
cTa0MIIN3aIK IPOSIBIIIETCS B BU/IE TEHACHLIMHI K OTCYTCTBHIO KOPPEJISLUN MEXIY $o-
HOBOI1 KoHIEeHTpanuel RF 1 4MCIeHHOCTRI0 KOHTPOIUPYEMOH MOIYJISILUU H3-3a 00BIY-
HOT'O OTCYTCTBHUS JIAHHBIX O BXOJHBIX YpoBHsX RF. Teopernueckue ycioBus cocyie-
CTBOBaHUsI BUOB JIOCTATOYHO CJIOKHBI, & UX pealn3alys B MPUPOJIC COMHUTENbHA: B
pabortax [3, 4] «XxaoTHUECKOE» COCTOSHUE JTUHAMHKH TOITYJISAIUH HMUTHPYETCS CIIOXK-
HOM KOMOWHAIMEeW TUCKPETHBIX U CIyYalHbIX MpoleccoB. [ly1a Moaeneil, SsBHO yUnTHI-
Baromux RF, B camom 001ieM ciydae Juis IPOU3BOJIbHBIX (DYHKIIMK M THUIIOB B3aMMO-
JeHCTBUI CTPOTrO JOKa3aH «IPUHLUI UCKIIIOUEHUS: TaXKe TUHAMUYECKOE COCYILECTBO-
BaHUE JIBYX BUJOB ¢ oHUM RF 111000# pupo 16 HEBO3MOKHO [5].

Br1600b1: DPdekt aBrocTabMIIM3aIUuKl — 3TO PEIKUN IPUMEP TEOPETUUECKH TOYHO BbI-
BEJCHHOIO MHBApUAHTA WM «3aKOHA 3KOJOTUW» IJIsl BCEH 3KOCHCTEMBI, KOTOPBIH ObLI
MOJIYY€eH JJ1sl cOo01IecTBa C OOMIMPHOM U CIIOXKHOM CEThIO «3aBUCUMBIX OT IUIOTHOCTHY
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B3auMozeicTBui. Mcnonp3ys Ha mpakTuke (pOpMysbl KBAaHTOBaHUS, MBI MOXKEM OIIC-
HUTH TMOJHOTY HAIIUX 3HAHUN O CUCTEME B3aUMOJICHCTBUS MOIMYJIALNN B COOOIIECTBE B
pamMKax TOCTATOYHO OOIIMX MPEIOI0KEHHNA O «POCTE» M BO3PACTHOMN CTPYKTYPE KaXK-
IOV TIOMYyJSIUHA. Pe3ynpTaTel SKCIIEPUMEHTOB TO3BOJISIOT HEMOCPEICTBEHHO CTpe-
MUTBCS K TIOUCKY HEYUYTCHHBIX THIIOB MMUTATEIbHBIX BEIICCTB WU KOJIHYECTBA MUKPO-
OpTaHU3MOB TI0 CTEMIEHH MPHUOIIKEHNS K BBIITOIIHEHUIO YCIIOBHUS KBAaHTOBaHU. Perymm-
pyromue (GakTopsl IEMOHCTPHPYIOT 3P GEKT aBTOCTAOMIM3AIMA: MX pPAaBHOBECHBIE
YPOBHH B CUCTEME HE CBS3aHBI C UX BXOJHBIMU YPOBHSIMH. B IPUPOTHBIX IKOCUCTEMAX
C MX U3MEHSIONIMMHUCS YCIOBHSIMH 3P(PEKT aBTOCTAOMIM3AIMK MPOSBISLCTCS B BUJC
TEHICHIINY K OTCYTCTBHIO KOPPEISINA MeKAy poHOBON KoHIIeHTpatueil PO u uncnen-
HOCTBIO KOHTPOJIMPYEMOH MOMYJISIINY.

Qunancuposanue:  Pabora  mommepxkana  rpantom  PH®,  Ne 23-44-00059,
https://rscf.ru/en/project/23-44-00059/.
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Motivation and Aim: The paper summarizes the authors' theoretical and experimental
studies aimed at studying the patterns of sustainable coexistence of interacting microbial
populations within the same trophic level. Populations interact in open continuous cul-
tures through regulating factors.

Methods and Algorithms: The properties of the dynamics of species composition in
mathematical models of microbial communities, and the patterns of sustainable coexist-
ence of populations interacting through regulatory factors (RF) are studied [1, 2]. The
regulatory factors are substrates and biological, physic, and chemical characteristics:
growth-inhibiting metabolites; pH level of the environment; habitat temperature, etc.
Results: Analysis of mathematical models of mixed microbial flow cultures interacting
through RFs establishes the rule: the number of coexisting populations in equilibrium
does not exceed the number of RFs, the level of entry of which controls the composition
of the community. Regulating factors exhibit an unexpected autostabilization effect:
their equilibrium levels in the system are not related to their input levels. This effect is
detected through sensitivity coefficients. The law for the entire community in an ideal
homogeneous flow system states that the sum of all sensitivity coefficients is an integer.
It is the difference between the number of RFs and the number of coexisting populations.
In natural ecosystems with their changing conditions, the autostabilization effect will
manifest itself as a tendency for there to be no correlation between background RF con-
centration and monitored population size. The theoretical conditions for the coexistence
of species are quite complex, and their implementation in nature is questionable: in the
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works [3, 4] “chaotic” coexistence of population dynamics is imitated by a complex
combination of discrete and random processes. For models that explicitly consider RF,
in the most general case, for arbitrary functions and types of interactions is strictly
proven: even the dynamic coexistence of two species with one RF of any nature is im-
possible [5].

Conclusion: The autostabilization effect is a example of a theoretically rigorously de-
rived invariant or “law of ecology” for an entire ecosystem that has been derived for a
community with a vast and complex network of “density-dependent” interactions. Using
quantization formulas in practice, we can assess the completeness of our knowledge
about the system of populations interaction in a community within the framework of
fairly general assumptions about the “growth” and age structure of each population. The
results of the experiments allow us to directly strive to search for unaccounted types of
nutrients or the number of microorganisms according to the degree of approximation to
the fulfillment of the quantization condition. Regulating factors exhibit an unexpected
autostabilization effect: their equilibrium levels in the system are not related to their
input levels. In natural ecosystems with their changing conditions, the autostabilization
effect will manifest itself in the form of a tendency towards a lack of correlation between
the background RF concentration and the size of the controlled population.

Funding: The study was supported by Grant of the Russian Science Foundation No. 23-
44-00059, https://rscf.ru/en/project/23-44-00059/.
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