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BsegeHue

CnoKHble CUCTEMbI, B OT/INYME OT NMPOCTbIX,
nmetoT 6onblioe YUCNO B3aMMOCBA3AHHbIX
KayectB. [loaTOMy aHanUTMYECKMe mogenu
OTAENbHbIX MX KayecTB He afeKBaTHbl MM, a
MMUTALMOHHbIE MOAENN AOCTAaTOYHO 60/1bLLIOWM
COBOKYMHOCTM MX KayecTB BECbMa C/OXHbI! ©
HeA0CTaTO4YHO 06w,

Tpu napaanrmbl (y4eHUs) «NPaBAT MUPOM»
(Ha puc. 1 cxemaTMYHO NpeacTaBNeHbl TPU Na-
paaurmbl nosHaHus mupa (PoseHbepr, 2022,

1 MuoHepbl KNBEPHETUKU, MEKCUKAHCKUI dusmnonor
n Bpay A. PoseHbntoT (Arturo Rosenblueth Stearns;
1900-1970) u amepmKaHCKUIM matemMaTuk H. BuHep
(Norbert Wiener; 1894—-1964), BBenn B 061x0/, TaKoW
0bpas: «The best material model for a cat is another,
or preferably the same cat — J/lydwana matepuanbHan
MoAe b ANA KOWKK — 3TO ApYyrasd, a /Iy4Lle Ta XKe KolLl-
Ka» (Rosenblueth, Wiener, 1945, c. 320).

c. 36)). NepBas —anaacosckuli 0emepmuHU3M
(nonHaa onpepeneHHOCTb NoBeAeHMA ObObEK-
TOB YXMBOW NPUPOAbI) — YBEPEHHOCTb B TOM, YTO
BCE Npoucxoasaliee MMeeT NPUYNHY B YenoBse-
4eCKOM MOHATUWN M €CTb HEMO3HAHHAA Pa3yMOM
HeobxoAMMOCTb (Ha NpuHUKUNEe AeTepMUHU3MA
NOCTPOEHa, Hanpumep, Knaccmyeckaa ¢usu-
Ka (MexaHWKa)). BTopas — cayualiHocms, cmo-
xacmusm (BepOATHOCTHAA onpeaeneHHOCTb
noBeAeHUA 06BEKTOB XMBOW Npupogbl). Ma-
TEMATUYECKM 3TO 03HA4aso HeobXoaAMMOCTb
Pa3BUTUA TEOPUM BepOATHOCTel (npouecc 3a-
faetca  dyHKuMeln pacnpegenexus). Umeet
MeCTO W TpeTbA Mapagurma, Kotopas Havana
CKNaAblBaTbCA BO BTOPOM nonosBuHe XX B., —
xaoc-camoopzaHu3ayus (HeonpeaeneHHoCTb
B AMHaMUKe noBeseHMA 06bEeKTOB KMBOM NpU-
poapl). MPUHAB Ty AN MHYIO Napagurmy, mbl
HensbeXKHO nonagaem B O4HY M3 CUTyaLUR,
npeacrtasneHHbIX Ha puc. 1. CtaHoBeHNe ma-
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Puc. 1. CooTHOLWeHMe BEKTOPOB COCTOAHUA CAOMHbIX CUCTEM
ONA Tpex napagmMrm no3HaHWAa mupa

Fig. 1. The ratio of state vectors of complex systems for three paradigms of world cognition

TEMATUYECKOM TeopUn AUHAMMKWU MONyAAuuUin
HAYyaN0Cb C AONYLWEHMA O PABHOMEPHOCTU pac-
npeaeneHua ocoben nonynsaLmMm No NPOCTpaH-
CTBY (MIOTHOCTb NONYAALMN OANHAKOBA BO BCEX
TOYKax apeana). O4eBUAHO, YTO 3TO KCAULLKOM
CUIbHOEY» YTBEPXKAEHME, U NPUPOLHbBIM NOMy-
NAUMAM CBOMCTBEHHA MO3AaUYHOCTb CTPYKTY-
pbl B npocTpaHcTee (Po3eHbepr, 2013). Kpome
TOro, NPOCTPAHCTBEHHAA reTeporeHHoCTb A0-
NOJIHAETCA U BPEMEHHOW HeOoAHOPOAHOCTbIO
— pacnpegeneHve nepBOHAYASIbHO BO3HUK-
wer GAyKTyauMm nonynauMoOHHOW MAOTHOCTM
no apeany (3TOT npoLuecc Ha3blBAOT pacrpo-
cmpaHeHuem ronyaayuoHHeix 8osaH (Ceupe-
*eBs, 1987)). Mpumepom TaKoro COBMECTHOrO
«AEeNCTBUA» BPEMEHHON U NPOCTPAHCTBEHHOM
OVHAMUKU MOTYT CAYXKWUTb BCMbIWKN YNCNEH-
HOCTWU W ONYCTOLWMUTENbHbIE Ha/IETbl CapaH4n
(Schistocerca gregaria, Locusta migratoria,
Nomodacris septemfasciata v ap.) Ha noce-

Bbl CE/IbCKOXO3AMCTBEHHbIX KynbTyp B Adpuke
n Asuun. Tak, Hanpumep, obnacTb, B npeaenax
KoTopoun BcTpevatotca ctam N. septemfasciata
(Serville, 1839), B 1500 (!) pa3 npesbiwaeT no
naowaan obnactb NOCTOAHHOrO 0bOWUTaHMA
oaMHOYHOM ¢asbl aToro Buaa (cm.: Mnapos,
1990, c. 110).

Bce BMAbI KUBbIX OPraHMU3IMOB B Npupoae
npeAcTaBneHbl He OTAEeNbHbIMKU 0CcObAMM, a B
dbopme COBOKYNHOCTEN Ymncna (MHOr4a OYeHb
6onbworo) ocobeli-nonyasayuli. 3T0 noso-
XeHue npegnoxeHo C. C. YeTrBepuKoBbIM B
1903 r. MOXHO Bbl4eNUTb caegyrouwimMe Tumbl
pa3meLLeHna ocobeli B npocTpaHcTBe (No ocaAm
CTOXaCTUYHOCTb-AETEPMUHNPOBAHHOCTb U PaB-
HOMepPHOCTb-HepaBHOMepPHOCTb (MupKKH, Po-
3eHbepr, 1978; Po3eHbepr n ap., 1999, c. 198;
CM. puc. 2):

e [eTepMUHUPOBAHHOE  pPaBHOMEpPHOEe
(a; perynapHoe — pacnpegeneHue A0CTaTOYHO



Posenbepr . C., KoctuHa H. B., Po3enbepr A. I. O moaennpoBaHnmn MeTanonynaumoHHbIX npoueccos // MpuHUMUNbI 3KO-

norun. 2023. Ne 2. C. 4-29. DOI: 10.15393/j1.art.2023.13742

BbICOKMX [lePEBbEB B /1€CY, KPOHbI KOTOPbIX 06-
pa3ytoT YacTb 06LLEero Noaora Nan UCKYCCTBEH-
Hble IeconocaaKkm);

e  CTOXacCTM4eckoe paBHomepHoe (b; cay-
YyallHoe — pacnpegeneHue monntocka Mulinia
lateralis (Say, 1822) B nnAucTbix HaHOcax Npwu-
NMBHOM 30HbI (Jackson, 1968));

e  [EeTepMWHUPOBAHHOE HepaBHOMepHoe
(c; NOXKHOKOHTArMo3Hoe — «rHesfoBble Nocas-
KK necay);

e  CTOXAaCTMYECKOe HepaBHOoMepHoe (d;
KOHTArMosHoe — pacnpegeneHve nabasHuKa
obbikHoBeHHoro (Filipendula vulgaris Moench,
1794) Ha ocTenHeHHbIX nyrax KOxHoro Ypana
(MupKkuH, PoseHbepr, 1977)).

MpuHyun aepezayuu ocobeli Onau (Mwup-
KMH 1 ap., 1989; Peiimepc, 1990; Stephens et

al., 1999) — ckonneHue ocober nonynauumy,
C OOHOW CTOPOHbI, YCUINBAET KOHKYPEHLMUIO
MEXKAY HUMMM 33 MULLEBbIE PECYPCbl U MKU3-
HEHHOe MPOCTPAHCTBO, C APYron — NPUBOAUT
K NOBbIWEHNIO CMNOCOBHOCTM rpynnbl B LEJOM
K BbIXKMBaHMIO. TakMm 06pasom, Kak «nepe-
HaceNeHHOCTb», TaK U «HeJOoHaceeHHOCTb»
MOMKET BbICTyNaTb B KayecTse NMMUTUPYOLLE-
ro ¢aktopa. Tak, rpynna pacTteHuit cnocobHa
6onee 3pHEKTUBHO NPOTUBOCTOATL BETPY UK
YMEeHbLLUATb NOTEePU BOAbI, YeM OTAENbHblE OCO-
61, a C ApYroin CTOPOHbI, B rpynne ycunmBaeTca
KOHKYPEHLMA 33 CBET U 3N1€MEHTbl MUHEpPab-
Horo nutaHua (Oaym, 1986). MpuHumMn coop-
MY/NIMPOBAH amMepUKaHCKUM aKkonorom Y. Onnu
(Warder Clyde Allee; 1885-1955) 8 1931 r.
Bonblioe 4Mcno NPUMEepPoB BO3HUKHOBEHMA
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Puc. 2. Cxema TMNoOB pa3smelleHns ocobeit B npocTpaHcTee
(nosicHeHwus B TekcTe)

Fig. 2. Scheme of distribution types of individuals in space (explanations in the text)

MO33aM4YHOCTN (arperMpoBaHHOCTU ocobel W
HEeOAHOPOAHOCTEN TFOPU3OHTANIbLHOFO CNOXKe-
HWS pacTUTesIbHbIX coobuwecTs) NpUBOAMUTCA
. Xapnepom (Harper, 1973) n T. A. PaboTHo-
BbIM (1983, c. 161-166). HazoBem 1 UHTEpEC-
HOe TeopeTMYecKoe NOCTPOeHME — «MO0esb Ka-
pyceau», npegnoxeHHyto 8 1991 r. 3. BaH-gep-
Maapenem? (cm.: MupkuH, Haymosa, 1994,
1998). CyTb ee cBOAUTCA K ME/IKOMACLUTabHbIM
UMKINYECKMM M3MEHEeHMAM COCTaBa pPacTu-
TeNIbHbIX COOBLWECTB B «LLEHOMONEKYNAX», YTO

2 3. BaH-gep-Maapensb (Evert «Eddy» van der Maarel;
1934-2021) — paTckuit akonor, pUToLeHoNor.

obecneuymBaeT cTabuabHOCTb BUAOBOMO COCTA-
Ba BCcero coobuiectsa. Mpu 3ToM No xapaktepy
noBeAeHMA BUAOB B «KKAPyCeNn» pasinyatoTt

e yCTOMYMBbBIE «BUAbl-HaceaKn» (aHra.
sitter),

e «naptm3aHbi» (aHrn. guerilla) ¢ manbim
PafNyCcoOM «HanafeHWs» Ha OKpyKalllee
«UueHoMosekyny» coobuwectBo (Hanpumep,
Hypericum maculatum),

e  BUAbI, CnocobHble nepemelLaTb-
CA Ha 3HauuTenbHoe paccrosaHue (Achiellea
millefolium, Poa pratensis) n

e «BWUAbI rMbKMe» (aHen. phalanx; Nardus
stricta, Festuca rubra v gp.
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MexaHusmamm GopmupoBaHUA NPOCTPAH-
CTBEHHOMW HEOAHOPOAHOCTU B pPaA3MELLEHUM
ocobeit nonynAuMKM pacTeHuit moryt ObiTb
pacceneHne cemsH, Cnop u np., 0cobeHHOCTH
pa3pacTtaHnA AOMMHAHTA (ManOpPOTHUK-OPASAK
Pteridium aquilinum (L.) Kuhn, 1879), nsmene-
HWe coAepaHWA NUTaTeNbHbIX BELLECTB B NO-
4yBe, B/IUAHME CYTOYHbIX M CE30HHbIX U3MEHe-
HMUM NOTrOAHbIX YCNOBUM, NOKA/IbHbIE Pa3nnymnA
B MmectoobutaHuax u ap. (Oaym, 1986). Bce aTto
NPUBENO K BO3HWUKHOBEHUIO U PA3BUTUD KOH-
uyenyuu memanonynayud.

MeTanonynauua — 3TO NPOCTPAHCTBEHHO
CTPYKTypupoBaHHaa nonynaums (d Ha pwuc. 2),
KOTOpasA COXpaHAEeTCA BO BpemMeHM Kak Habop
NIOKaNbHbIX B3aMMOZEMNCTBYIOLWMX MONYAALMA
C OrpaHMYEHHbIM pacCceneHnem Mexay HUMMU
(cm., Hanpumep: CanmeHkoBa, 2018). Cam
TEPMUH «meTanonynsumna» bbin BeeaeH P. Jle-
BuHcom? (Levins, 1969) ans onncaHmns moaenmu
OVHAMUKM  YUCNEHHOCTM HACEKOMbIX-Bpeau-
Tenen CeNbCKOXO3AMCTBEHHbIX NOCEBOB (Mo-
AeNb «rnonyaayuu nonyaayuli»), XoTa cama 31a
naea WUPOKO 0b6CyKpanacb NPUMEHUTENBHO
K BMAAM B €CTECTBEHHbIX WM UCKYCCTBEHHO
bparmeHTMPOBAHHbIX cpeaax obutaHma. Y Hac
B CTpaHe 3TM npeacTaBieHUA Haubonee no-
cneposatenbHo passusan C. C. LWeapu (1963,
1965, 1967, 1968 u ap.). «<HenpemeHHoe yc-
NoBME  MoAAeprKaHuA  KM3HecrnocobHocTu
nonynAaLMM B MU3MEHAIOLLMXCA YCNOBUAX Cpe-
Abl — BbICOKaA CTeneHb ee reHeTUYecKomn pas-
HopoaHoCTU. [logaep’KaHue reHeTUYecKomn
Pa3sHOPOAHOCTU nonynsaunii obecneymsaertca
3KOJIOTMYECKMMM MeXaHM3MaMK (PasINYHbIM
06pa3 *KU3HU Pa3HbIX BHYMPUNOMyAAYUOHHbIX
2pynmn ¥UusomHsix, <..> 1 ap.). <...> AuHamu-
Ka MPOCTPAHCTBEHHOM CTPYKTYpbl MONyAALUR
(unn epynnel cmexcHoix nonyaayul) — oAWH
M3 BAXXHEWWMX MexaHu3moB npucnocobne-
HUA BMAA K M3MEHAIOLWMMCA YCI0BUAM Cpe-
Abl. CnoXKHas npoCTpaHCTBEHHAA CTPYKTypa
CTpaxyeT Nonynaumio oT cnyy4amHoro obeaHe-
HUA ee reHopoHAa, U, BMecCTe C TeM, CO34aeT
ycnosua gna GoicTporo npucnocobutenbHoro
npeobpa3oBaHUA ee reHeTUYEeCKOM CTPYKTYpbI
(sblaeneHo Hamun. — Aemopei)» (LBapu, 1973,
c. 55, 58). A BoT 60o/s1ee paHHee BbiCKa3biBaHME
(LWBapu, 1968, c. 61): «lepexoxy K paccmo-
TPEHUIO 3KOJIOTUYECKUX MEXAHU3MOB 3BOIO-
LMOHHOrO nNpoLecca, OCHOBAHHbIX Ha Npeobpa-

3 P. NlesuHc (Richard «Dick» Levins; 1930-2016) —
aMepPUKaAHCKUIA MaTeMaTUUYECKUIA 3KOOT, TFeHEeTUK,
NonNynAUNOHHbIN 6uonor. No npoHuU cyabbbl OH BbiN
3aMHTEpPEecoBaH B KOHTPO/JE YMCIEHHOCTM HaCeKo-
MbIX (MX YHUUTOXKEHWUK), @ HE B COXPaHEHUWN NOoNnyns-
LU,

30BaHMW He BO3PACTHOM, @ MPOCTPAHCTBEHHOM
CTPYKTYpbI nonynaumn. B npupoge nonynauunm
npeAcTaBAeHbl OTHOCUTENIbHO MEIKUMU CTPYK-
TYPHbIMM eANHULAMM (S Ha3bIBalD UX MUKPO-
nonyaAayuaMU), KOTopble CyLLeCcTBYIOT CamMo-
CTOATE/IbHO B TeYeHWe HenpOAO/IKUTENIbHOTO
nepuoga, a 3ateM 06bEAMHANTCA B eAUHYI0
KPYMHY Nonynaumio. XopoLwo U3y4yeHHble me-
XaHM3Mbl, OCHOBAHHblE MPEUMYLLECTBEHHO HA
noBeAeHYECKUX PeaKLUAX }KUBOTHbIX, BpEMEH-
HO M30/IMPYIOT BHYTPUMNOMNYAALMOHHbIE FPYNMbl
ocobeinn parke B Tex Cay4vasnx, Koraa HUKAKMX
du3nyeckmx nperpag mexagy HuUmu Het. [lo-
CTAaTOYHO CKa3aTb, YTO MbIWKX NOABANMA U Yep-
[laKa [BYX3TaXKHOro AOMA UM ABYX COCEAHUX
AOMOB NpeacTaBAAldT coboii BpeMeHHO M30-
NIMPOBAHHble MOCeNeHnaA. IT0 NPUBOAMUT K BO3-
HWUKHOBEHMUIO FeHETUYECKUX PA3NIUUYUIA MeKaY
cocegHMMM NOCENEHUAMM KUBOTHbIX». U elue
OAHa umuTaTa: «loa 3K0ONOrMYecKom CTPYKTYpPOM
nonynauMmM MOHUMAIOT OnpeaeneHHoe CooT-
HOLIEeHMe BO3PacCTHbIX rpynmn, onpeaeneHHoe
COOTHOLLEHME NONOB, COMETAHNE OCEA/IbIX KU-
BOTHbIX C YKMBOTHbIMU-MWUIPAHTAMW, HanUune
CeMeMHbIX, CTaAHbIX U T.M. TPYNNMPOBOK. Yem
CNOXKHee CTPYKTypa NONynsauuun, Tem Bbllle ee
npucnocobuTenbHble BO3MOMKHOCTU... EAUH-
CTBO NPMCNOCOOUTENbHbIX peakuuii nonyna-
UMIA OCYyLLeCcTBAAETCA C MOMOLLbI C/IOXKHOWN
CUCTEMbI CUTHANM3aALUKM U CBA3U, UHOOPMU-
pyloLLen oTaenbHbix ocobert o coCTosHUKU No-
nynauMmM B Lenom. 3ta cuctema MHGopmaumm
OCHOBaHa Ha 3KO/MIOTMYECKUX U pusmonormye-
CKMX PeaKUMAX MKUBOTHbIX HA BHELUHWE CTUMY-
Jibl CAMOM pasIMYHOM Npupoapbl (xumuyeckue,
usmeHeHue eHewHel cpeldbl, UsMeHeHUe 4a-
cmomel U cmeneHu 8HympunonyaAayUOHHbIX
KOHMAKMOo8, 38yK0o8ble U 3pumesibHble CU2Ha-
A6l U m. n. — Aemopsi). COBOKYMHOCTb 3TUX pe-
aKuWii cnamBaeT ocobert nonynauum B eQUHYH
yHKYUOHUpYyrOwyto cucmemy, obecne4usaro-
wyto nodoepxcaHue YucaeHHocmu 8uoa 8 pas-
Hoobpa3HoUl cpede obumaHua» (LWeapuy, 1969,
c. 14-15).

B pasBuMTME KOHUenuuuM MmeTanonynauui
MOYHO paccmMaTpuMBaTb U TaKuWe npeacTaBie-
HuA 0. M. Ceuperkesa (1987, c. 12): «/lioban
0Ccobb NonNynsaLMM B NPOLLECCE CBOEM KU3Heae-
ATENbHOCTU NepemMeLLaeTca No apeany — UMeeT
CBOW paguyc WHAMBUAYANbHOM AKTUMBHOCTMU.
3710 NoHATHe Hbino Bnepsble BBeaeHo H. B. Tu-
modeesbiMm-Pecosckum ((Timofeeff-Ressovsky,
1940). — ABTopbl), a cam paanyc MOXKeT bbITb
M3MEpPEH 3KCNEePUMEHTANbHO. <..> 3aMeTum,
4YTO ecnu 3ToT paaunyc H6onblue, Yem XapaKTep-
HbIX pasmep apeasia, TO NONYAALUIO MOMKHO
CYMTATb XOPOLLO NepemMeLlaHHON M Npu ee onu-
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CaHUM MOXKHO HEe Y4YMTbIBATb MPOCTPAHCTBEH-
HbiX 3pPeKToB. ECnn e Mbl UMeem 06paTHYHO
KapTUHY, TO PacCMOTPEHWE MNPOCTPAHCTBEH-
HOro pacnpefeneHua Nonyasaunn CTaHOBUTCA
NPOCTO HEOHXOANUMbBIMY.

AHanutnyeckaa mogesb, MOCTPOEHHasa Ha
ocHoBe Hebo/bLIOro Yncna AOCTaTOYHO Mpas-
A0N0A06HbIX TMNOTE3, NONHOCTbIO HAXOANUTCA B
pyKax uccneposatens. Ee KayecTBeHHbIN aHa-
13, nNpoBoAMmbii 6e3 mMcnonb3oBaHua IBM
(unun, B KpaHem cnyyae, IBM BbICTyNaeT B Ka-
yectBe «bHbonbworo apupmomeTpa», obnerya-
tOLLLErO TONbKO YUCNEHHOE peLleHNe MOAENN),
npeTeHAyeT Ha BbIMNONHEHWE 0HBACHUTENbHOWN
bYHKLMN Teopun MOLENNPYEeMOro Kiacca Cu-
cTeM. A TaK KaK 3Ta QyHKLMA ABNAETCA OAHOM 13
Hanbonee BaXKHbIX, TO MHOTMEe UCCAef0BaTENN
CYMTAIOT, YTO aHAIMTUYECKME MOAENU U Npea-
CTaBNAKT CO60M COBCTBEHHO MaTeMATUYECKYHO
TEOPUIO U3yvyaemMbix 06beKTOB. KOMMNAKTHOCTb
npeacTtaBneHns nmerowenca mHbopmaumm —
3TO ogHa M3 Hanbonee CUbHbIX CTOPOH aHANN-
TMYyecKkoro mogenuposaHus (PoseHbepr, 2013).

B ToYeuHbIXx Mogenax napameTpbl MeHSIoT-
CSl TO/IbKO MO OAHOM NepemeHHON (Hanpumep,
BO BPEMEHW WAW MO KOOpAWMHATE (IKOKAWH,
TOMOK/INH)); TaKMe MOoAEeNU Yalle BCEro ume-
0T BUA OObIKHOBEHHbIX AndpdepeHUManbHbIX
ypaBHeHUI. B mogenax c pacnpegeneHHbiMu
napameTpamm napameTpbl MEHSAIOTCA MO ABYM
n 6onee nepemeHHbIM, TaKMe MOAENN UMEIOT
BMA, YPAaBHEHWUI B YACTHbIX NPOM3BOAHbLIX. Mpwn
MaTeMaTUYECKOM MOAENNPOBAHMM  MeTamno-
NYAALMOHHbBIX MPOLECCOB YYUTbIBALOTCA NpPO-
CTPaAHCTBEHHblEe M3MEHEeHMA, 4YTO BAeYeT 3a
cobol NnpumeHeHne moaenen c pacnpenenenx-
HbIMM MapameTpamu. Ho 1 TouyeyHble moaenm
MOTyT OMUCbIBATb HEKOTOPblE 3/1€MEHTbl He-
OAHOPOAHOCTW pacnpeseneHuns NoNyaauniA no
NPOCTPAHCTBY.

AHanuTnyeckmin 063op

ToueuHble mogenu

OfHa 13 OCHOBHbIX 3aZa4 CTPYKTYPHOM Op-
raHM3auMn Nonynaunin — 3To onucaHue mexa-
HM3MOB ¢GopMUpPOBaHMA arperaumn ocoben
(NPOCTPAHCTBEHHO CTPYKTYPUPOBAHHAA Mo-
nynaums). 3Ta 3agaya BO3HMKAA [aBHO, HO
Hanbonee o6pasHO oHa cPopmynnpoBaHa B
He3ac/Ny>KeHHO 3abbITON Hay4yHO-NOMNyAAPHOM
6powtope . JdoxmaH-Fapmusa (1927, c. 11-
12): «Bbl CTanKMBaeTeCb, ObITb MOXKET, C 3TUM
ABneHnem (arperaumnsa ocobeir. — ABTopbl) MHO-
roa B Takon ¢dopme. Bac npusneKkatot nsganu
3apocan 6enoro nonoBHWKa (Leucanthemum
vulgare Lam. (1779); nnn Kakoro-Hnbyab Apy-
roro uBeTKa). HanpaBnaacb K HUM, Bbl NO A0OpPO-

re HaTa/IKMBAETECh Ha 3TU pacTeHMA 1, cobupasn
LBETbl, HEMPEpPbIBHO Harnbaetecb. Koraa co-
6paH 60nbloON BYKEeT NONOBHWKA, U Bbl HA4YU-
HaeTe YyBCTBOBATb Y)Ke HEKOTOPYIO YCTaNOCTb
— nepepg, Bamu Brepsble NOABAAETCA 3apPOC/b
6enbix, NpeKkpacHbix HO/bLMX LBETOB MOMO-
BHMKa. Tak M CBepKaloT Ha conHue benbie ne-
NEeCTKW U KeNnTble cepeanHkm! Bbl cpaBHMBaeTe
MX C BaWMM ByKeToMm, U HEBONbHO CTAaHOBMUTCA
0bmaHo. HapBanu GyKeT MeNKnx KopsaBbIX Mo-
NMOBHMWKOB, YCTa /M, @ BOT 34,€Cb TONbKO bObl U Ha-
4YMHaTb cobupatb. Ecam Bbl NpeanpUUMUYMBLI U
He nagaete Ayxom, — BYKeT NEeTUT B CTOPOHY, U
Bbl CO6MpaeTe HOBbIN». MIHbIMW CIOBaMM, B yC-
NIOBUAIX BHYTPMBUAOBbLIX B3aMMOAENCTBUIA Ha-
b6ntopaeTca 3PpPeKT yayyleHna YCIOBUN KU3-
HW NONyAALMMN.

Knaccuueckas mogenb CUCTEMbI KXULLHUK —
KepTBan:

dx _
ar = @-By)x o
dy
dt
rae X — KOIMYECTBO XKEPTB, ¥ — KOINYECTBO
XWULWHKUKOB, t — Bpems, a, 8, y, 6 — Koadpuuu-
€HTbl, OTpakarwme B3aUMOLENCTBUA MEXKAY
BMAAMMU (BCE MONOMKUTE/bHbI); CTaLMOHAPHOWM
TOYKOM 3TOM CUCTEMbI YpaBHEHWI ABnAeTCA ;
3Ta CTaUuMOHapHaA TOYKA yCTOMYMBA, ABASETCA
LEeHTPOM, B €e OKPeCTHOCTU MPOUCXOAAT rap-
MOHWYECKME KonebaHua YMC/IEHHOCTU 0beunx
nonynauun ¢ yactoton (PusHmnuyeHko, PybuH,
2004).
lMycTb uMMmeeTca HeKoTOpaa HeogHopoa-
HOCTb MPOCTPAHCTBA — «YKPbITUEY, [AE MONXKET
COXPaHATbCA YacTb MONYAAUMM KepPTBbl. Tak,
YCNOXKHAS OMNbITbl MO 3KCMEPUMEHTA/IbBHOMY
NOATBEPMKAEHUIO TeopeTndeckon mogenu (1),
. ®. layse (Gause, 1934) yctpauBan ybexu-
e A5 KepTBbl, UICNONb3Ys B KayecTBe NuTa-
TEeNbHOM cpeapbl OBCAHbIN OTBAP C «OCAAKOM»
n «6e3 ocagka» MAn BHOCA B NPOBUPKM C UH-
dy30pnAMM HEMHOTO CTEKNAHHOM BaTbl. Cpeam
HUTEN BaTbl MOIM CBOOOAHO nepemellaTbea
XepTBbl-napameunun (Paramecium caudatum),
HO He MOMN XULWHUKU-AUAMHUYMbI (Didinium
nasutum). B Takom BapuaHTe onbITa AUANHU-
YM Ccbegan BCeX Napameuui, nnaBarowmx B
CBOOOAHOM OT BaTbl YaCTU NPOOBUPKU, N BbIMU-
pan, a nonynsuua napameummn 3aTem BOCCTa-
HaBAMBaNacb 3a CYET Pa3MHOXKeHuA ocoben,
yueneswux B yoexuue. Hekotoporo nogobus
KonebaHUM YNCNEHHOCTU XULLHUKA U KepTBbl
Fayse yganocb 4OOUTLCA TONBKO B TOM C/y4ae,
Korga OH Bpems OT BPEMEeHM BHOCU/ B Ky/b-
TYPY U XKepTBY, U XULHMUKA, UMUTUPYSA TaKUM

=(-y+6x)y,
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obpaszom mmmurpaumio. Ewe oguH npumep
«YKpbITUA». Pbibakn Ha o3epe banatoH (BeH-
rpus) ¢ YyCNexom NIOBUIU KKPYMHYHO NAOTBY B
3aBoau, 06pa3oBaHHON HEPaAbOUYMM NAPOMOM,
KOTOpbIW cTosin y 6epera 3aamMBa, a BAONb 3TO-
ro 6epera 6exano TeyeHue oT Bnagarouen pe-
YyyWwKK. Buammo, nnotea B 3aBOAM Haxoamuna
YKPbITUS OT XULLLHWKA, TaK KaK mexay bopTom u
b6eperom B 0o4HOM MeCTe BbIpOCNa Lenas nnaH-
TaumA rycTblx Bogopocnen. A Ha BOogopOCAAX,
OYEeBUAHO, OYEeHb WMHTEHCMBHO pPa3BMBANUCH
BOAAHbIE OPraHM3Mbl, KOTOPbIE CYXKUAU pblbe
Kopmom» (AHTOHOB, lopaiHos., 2010, c. 202).

70T 3P PEKT NErKO YUMTLIBAETCA B MOAENM
(1), Hanpumep, cnegyowmm obpasom (basbi-
KuH, 2003):

dx
rrie (a - By)[x-L] 2)
dy
5 = (v +8lx =Ly,

roe L — 3TO 4acTb MOMNyAsiLuM XKepTBbl, CO-
XPaHAILWENCA B «YKPbITUM»; CTALMOHAPHOM
TOYKOM 3TON CUCTEMbI YPaBHEHWUIN ABAAETCA

x, =(@L+y)/5 y.=a/b , (echmL=0(T. e.

HeT YKpPbITMA), TO ocoban TouKa ypaBHeHUsA (2)
coBnagaet c ocoboit TouKoM ypaBHeHus (1).

JleTepMUHUpPOBaAHHbIE MOAENn C pacnpe-
AeNeHHbIMMU nNapameTpamm

bunokanbHaa nonynayuoHHAA Mmooesnsb «3¢-
¢dekta Onnm» (Jombposckuii, MapkmaH, 1983,
c. 78-80; Po3eHbepr u ap., 1999) — moaenb
KOHKYpeHUMn ¢ yyetom andpdysnmoHHoro ob-
MeHa MeXay ABYMA UAEHTUYHbIMM MO CBOMM
3KONIOTMYECKMM XapaKTepUCTUKaM MecToobu-
TaHuAM. Mogenb onucbiBaeT HEKOTOPbIEe Kaye-
CTBEHHble 3aKOHOMEPHOCTM pacnpeneneHms
M NPOCTPAHCTBEHHOW CTPYKTYPUPOBAHHOCTH
(arpernpoBaHHOCTM) nonynauuii B npegno-
JIOXKEHWUU, YTO nepemelLeHne ocoben B npo-
CTPaHCTBE NoAUYnHAETCA NpocTerwemy anddy-
3MOHHOMY 3aKOHY:

dN_:'A’{.N—L]tK—NI+Dd2N (3)
dt K dzt '’

rae L — HUXKHAA KPUTUYECKAna YMCAEHHOCTb
nonynsauumn; K — emkocTb cpeabl; D — Koaddpu-
umeHT amddysmmn, onpenendaemblit NOABUNK-
HOCTbIO ocobelt (Hanpumep, B pamkax moode-
AU «Kkapycenn» d. BaH-gep-Maapens). B atoi
bopmynmMpoBKe OrpaHUYeHHOe, YCTOMYUBOE,
NPOCTPAHCTBEHHO HEOAHOPOAHOE peLleHue
[AAHHOIO ypaBHEHMA HOCUT Ha3BaHWE «ANCCU-
naTUBHOM CTPYKTYpbI» (MpuroxmH, 1985) — co-
CToAHMe, obnagatowee MPOCTPAHCTBEHHOM M

BPEMEHHOW ynopsA04YeHHOCTbI, B OpraHu3a-
UMM KOTOPOM MPUHMMAET aKTMBHOE y4yacTue
npouecc andpdysnm (pU3nMYecKknii CMbiC TaKon
CTPYKTYPbl «COCTOUT B HE3aMKHYTOCTU CUCTe-
Mbl, NOAKAYKe B Hee 3Heprun mssHe» (dom-
6poBckuii, MapkmaH, 1983, c. 8)). 3ameTum,
yto KO. M. CBupexes (1987, c. 144), coxpaHssn
B 9KONOTMM NOHATUE KANCCUNATUBHAA CTPYKTY-
pa», XOPOLIO U3BECTHOE B XMMUKN, TEOPUN MOP-
doreHe3a, HepaBHOBECHOW TepMoOAUHAMUKe,
cymTaeT, yto «bonee NPaBUAbHO ObINO Bbl KUX
Ha3blBaTb NMPOCTPAHCTBEHHO HEOAHOPOAHbIMM
CTaLMOHAPHbBIMWU CTPYKTYpPaMM».

MNpoBeaeHHbIM  aHanu3  (Jomb6pOBCKMN,
MapKkmaH, 1983; Csupexkes, 1987) nokasan,
4yTO NPU Manom Koadduumente audpoysnmn D B
BO/IbTEPPOBCKON Mogenu (3) cywiecTBytoT ABe
TOYKM YCTOMYMBOrO pPaBHOBECUS, B OAHOM U3
KOTOPbIX NAOTHOCTb 0coben CTpemuTca K Ha-
CbILWEHUIO, @ B APYron NpoucxoauT BbiIMUpa-
Hue. C poctom D HabnogaeTcs BbipaBHUBaAHUE
pacnpeneneHus, U AUCCUNATUBHAA CTPYKTypa
ncyesaer. B pamkax mogenn «kKapycenm» aToT
pe3ynbTaT ONWUCbIBAET MPOCTPAHCTBEHHO-Bpe-
MEHHOE U3MEHEHNE «BUAO0B-NAPTU3aHY.

Moodenb «usemeHus 800bI». B mopensx c
pacnpegeneHHbIMM NapameTpamm nepemeH-
Hble 3aBWUCAT OT MPOCTPAHCTBEHHbIX KOOPAM-
HaT M onucbiBalTca AudpdepeHunanbHbIMK
YPaBHEHUAMMW C YAaCTHbIMM MPOM3BOAHBIMKU. B
KayecTBe npumepa PacCMOTPUM aHanUTUYe-
CKYIO MOAeNb Ce30HHOro pasBUTUA coobuie-
cTBa ¢uMTONNAHKTOHA (T. H. agpdhekm «yseme-
HUA 800bI»), KOTOPOE TaKKe UMeeT NPOCTPaH-
CTBEHHO-KoNebaTenbHbIN xapaktep (KpecTtuH,
PoseHbepr, 1996, 2002; Rozenberg, Krestin,
1997).

Mopgenb BONLTEPPOBCKOro TUNa npeano-
NlaraetT  KOHKYPEeHTHble  B3aMMOOTHOLLEHUSA
«06bluHbIX» (X,) M CMHE3eneHbIX BOAOpPOC/ei
(x,), Nnpuyem nocneaHne HaxoAATCA NOA BO3-
AEeNcTBMEM 300MN1aHKTOHa (z). MNMpeanonaraert-
A, YTO:

e KO3®OPMUMEHTbI SKCMOHEHLMANbHOIO
pocTa 0bObIYHbIX M CMHE3eeHbIX BOAOPOCAEN
NPAMO NPONOPLMOHANbHbI KOHLEHTPaLMK
docdopa (P);

e KOJIMYECTBO MOrnbLLIEero 300Mn1aHKTOHa,
33 UCKNIIOYEHNEM €CTECTBEHHOM CMEPTHOCTH,
NPSAMO NPONOPLMUOHANBbHO KOHLEHTPALMN 30-
ON/IAaHKTOHA M KOHLEHTPALUMKN TAXKENbIX MeTan-
nos B Boge (M);

e  KONMYECTBO cbpacbiBaeMoro B Boay
docdopa 3a eaMHULYY BPEMEHU NOCTOAHHO U
paBHoO &,;

e  Konuyectso ¢ocdopa, notpebaaemoro
obovmun BUAAMKM BOAOPOCAEN, NPAMO Nponop-
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LMOHANBbHO UX KOHLUEHTPAUMAM M NNOTHOCTH
docdopa;

e OTHOCMUTE/NIbHO TAMKE/IbIX MeTaN0B
[AEeNatoTcA aHaNorMYHble AoNyLWeHUs (Konu-
4ecTBO cHpacbiBaeMbIX TAXKE/bIX METANINIOB B
eMHNLY BPEMEHM NMOCTOAHHO — ¢ );

e  KO3QOUUMEHT €, 3aBUCUT OT Temnepa-

Typbl (T) cneayowmm obpasom:
0, ecauT <1,

E-'\ - - e
gy, eciul 2T, ;

e  BbINOJIHAETCA «TMMNOTE3a IKBUBANIEH-
ToB» (BonbTeppa, 1976) — 6Momacca KepTsbl
NONHOCTbIO NepepabaTbiBaeTca B Guomaccy
XULLHUKA.

3TV NpeanoNoKEeHUsA NO3BONAIOT 3anNmcaTb
CNeAytoLLyo CUCTeMY YPaBHEHUI ans aHan3a
deHOoMeHa «LBEeTeHUA BOAbI»:

r.f.\]f(f.r' = gx1 P = rxix
dxs/dt = ex:P — raxixa — oz
d=ldt = yxoz — ez — 01zM
dP/dt = & — piaP — P
dMdt = &y — azM .

3Ta cuctema UMeeT ABa CTALMOHAPHbIX pe-
LWEeHMA, YCTOMYMBOCTb KOTOPbIX 3aBUCUT OT CO-
oTHoweHuA ee KoadpdpuumneHTos (KpecTtuH, Po-
3eHbepr, 1996). Pe3ynbTaTbl MOAENUPOBAHMUSA
XOPOLIO COrNacytoTcA C SMNUPUYECKMMMU [aH-
HbIMK: ObINO OTMEYEeHO HannuymMe ABYyX MUKOB
«LBeTeHnsA» (BECEHHEro 1 IeTHero) ana x, u
Z YTO XOPOLLO COrnacyeTca ¢ pesynbraTamum no-
NeBbiX HabnogeHU (cM., Hanpumep, AaHHble
no GUTONNAHKTOHY AnA ce3oHoB 1989—-1991 rr.
8 MpunnotnHHOM nnece n 1982 r. B YnbAHOB-
cKom nnece KynbbiweBCKOro BOAOXPAHUANLLA
(MayToBa, HomokoHoBa, 1994, c. 70) u no 300-
NNAHKTOHY — B YacTHoCTK, Bromacce Konospa-
ToK (TumoxmHa, 2000, c. 60)).

HabntogeHuns rugpobuonoros (cm., Hanpwm-
mep: HKapukos, 1998; dUTonnaHKTOH HUKHeM
Bonru..., 2003, c. 54, 56, 70) cBUAETENbCTBYIOT
0 TOM, YTO A5 KLUMPOKUX» U KAJIMHHBIX» BOAO-
XPaHUAUL, (TaKuX, Kak, Hanpumep, Kyiibbiwes-
CKO€) MMeeT MecTo peHOMEH, KOTOPbIA MOXKHO
onpeaennTb Kak «BOJIHY LiBETEHMA» NO Mpo-
CTPaHCTBY BOAOXPAHUANLLA (HE TO/IbKO «CBEpPXY
— BHM3», HO U OT ogHOro bepera K Apyromy).
Ona obbACHEeHUA 3TOro ABNEHUA PACCMOTPUM
cneaylowyo MoAenb, B KOTOPOW yYMUTbIBAETCA
NPOCTPAHCTBEHHAA HEO4HOPOAHOCTb NPWU ONK-
CaHUM Nepmogmyecknux U3sMeHeHnn coobuuecTs
anbropaopbl B BOAOXPAHUANLLLAX.

PaccmoTpum KBagpat [0, Y]e[O, Y]. YpaBHe-
HUe nepeHoca U TypbyneHTHON anddy3nn ru-

(4)

apo3ons (B ABYXMEPHOM BapuaHTe U Npu no-
CTOAHHOM Ko3ddpuumeHte andodysumn D) umeet
cneaytowmii Bug (Mapuyk, 1989):

d®/di - D-AD + o, @ +v, -d®/de+ v, -d@/dy=0-w(r-r1,),
dvlde+dvidy=0,

rae @ — KOHUEHTpaLUMA 3arpaAsHAIOLLErO MU-
ApP030/18, Q — MOWHOCTb UCTOYHMKA, W(r —r ) —
GYHKUMA UCTOYHWMKA, I = r(X,y), r, — TOYKa npea-
noJsiaraemoro cbpoca, v — CKOpOCTb Te4eHuMA No
KoopauHaTam x 1 y. byaem cumntatb, 4To cbHpoc
rmagpo3ona uaeTt ¢ beperos BogOemMa pPaBHO-
MepHo no Bcen ux anunte [0, Y]. Toraa ¢pyHKUMA
NCTOYHMKA MMEET BUA,:

&, y=0. =¥
wr=n)= 0, 0<y<Y

Kagoe ypaBHeHME «TOYeyHOW» MOoAenu
«LBeTeHUs Boabl» (4) MOXKHO AOMNONHUTb Yne-
HaMu BUAa:

[)(x; ”_\[ v V(xi ”.\E Vo,

rae D — koappuumneHT TypbyneHTHOM aud-
dy3mn, v — CKOpPOCTb TeYEHUA B BOLOXPAHUIN-
Lie; BMECTO X, B COOTBETCTBYIOLLMX YPABHEHUAX
cuctembl byayT ctoAaTb z, P, M. Mpu onpegenenx-
HbIX TPAHUYHbIX N HAYaNbHbIX YCOBUAX U COOT-
HOLWeHMN K03 PULMEHTOB, a TaKKe NpU YeTbl-
pex pexxumax copoca P n M B Bogoem (paBHoO-
MepHO BAONb 6eperos, pa3Hble BApUAHTbI paB-
HOMEPHOro n «ToyeyHoro» cbpoca (Kpectuh,
PoseHbepr, 2002)) nony4aeTca pexkum «BOJHbI
LBETEHUA» MO A/IMHE BOAOXPAHUAMLWA (puc. 3).

Ha 3TMx pucyHKax XopoLwo BUAEH npoLecc
NOABNEHUA W ABUXEHUA BOJIHbl «LBETEeHUA
BOAbI», KOTOPbIM COrnacyetca ¢ UHTYUTUBHbI-
MW NpeacTaBAeHUAMU CNeumanncToB-rmgpoa-
KOMIOroB. 3aK/OYEHHbIN B MOAE/Ib MEXaHU3M
HECKOJIbKO OT/INYAETCA OT NPUHATOrO B rMAP0-
6uonornm (B OCHOBHOM TONbKO Yepes BO3Ael-
cTBMe buoreHos (3amoHacoH, 1998)) B cTopo-
Hy 6onbliel «pPeannucTUYHOCTU», YTO AenaeT
MOZENb NONIEe3HOM KaK ans uenen obbAcHeHUn
Habntoaaemblx GEeHOMEHOB, TaK U 415 CUHTe3a
Ha ee OCHOBE MPOrHO3UPYHLWMX UMUTALNOH-
HbIX MOAEeNen.

Moodens  npocmpaHcmeeHHO-8pemeHHOoU
OUHAMUKU nonyaayuu ¢ 803pacmHol CmpyK-
mypol u OanbHooelicmsyrowumu 83aUMo-
Odelicmsusamu. Eule oanH, 6onee CNoOXKHbIN Ba-
PUAHT MoZenn NPOCTPaHCTBEHHO-BPEMEHHOW
AWHAMWKM MONyAAUMKM UCCNefoBaH B paboTe
M. N. Kynakosa n E. . ®Ppncmana (2018, 2019).
PaccmoTpeH noaxosn K MOCTPOEHUID U uccne-
AOBAHUIO MOAENU C AUCKPETHbIM BpeMeHeMm 1

10
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2. il
25,

Puc. 3. 3aBUCUMOCTD KOHIIEHTPAILUY CHHe3eTeHbIX Bofopocieii (a) u KonueHTpaunu docdopa (6)
OT IIPOCTPAHCTBEHHBIX KOOPAVHAT IIpY 3Ha4eHuy Bpemenu t = 90 cyT

Fig. 3. Dependence of the concentration of blue-green algae (a) and the concentration of phosphorus (6) on
spatial coordinates at a time value of t = 90 days

ANCKPETHbIM MPOCTPAHCTBOM, NpeaHa3HaYeH-
HOM ANA ONMCaHMA N UCCNef0BaHNA NPOCTPaH-
CTBEHHO-BPEMEHHOM AMHAMUKN [BYXBO3PACT-
HOM MONyAAUMW, NPOXUBAIOLWEN Ha ABYymep-
HOM apeane (CTPYKTYpMpoOBaHHOW MeTanonyns-
umnm). Mpw 3TOM Nonaraetca, 4To 0cobu pasHbIx
NMOKOJIEHWNI B3aMMOAENCTBYIOT MeXay cobom m
MUTPUPYIOT Ha BonbluMe paccToAHMA (murpa-
uMa ocobelt BO3MOXKHA B HEKOTOPOM OKpecT-
HOCTW, @ UHTEHCUBHOCTb MOTOKA MUIPAHTOB Na-
[AeT ¢ yaaneHnem ot cybnonynsauum). ABTopbl
N3y4nnm ycnosma GpopMMPOBAHUA TPYNn CUH-
XPOHHbIX NoNynaAumMi (Mnn Knactepos), obpasy-
IOLLMX B MPOCTPAHCTBE CTPYKTYPbl TUMA NATEH
AW NONOC, NepeMeLlaHHbIX C YeANUHEHHbIMM
COCTOAHMAMMW. [INHAMMKA NOCNeAHUX «BMOHE
BMMCbIBAETCA B TEPMMUH «BCMbILLIKA MacCOBOro
Pa3MHOXEHMUA», XapaKTEPHOrO 418 HEKOTOPbIX
HaceKombIx (Hanpumep, ansa cMbupckoro wen-
Konpaaa, capaHuu u ap.)» (Kynakos, Ppucman,
2019): yeAMHEHHble COCTOAHMA XapaKTepu-
3ytoTca ObICTPbIM HapacTaHMEeM YUCEHHOCTU
OAMHOYHOW cybnonynsummn, nocae KoToporo
cneayet peskuit cnad. Kpome Toro, no pesysnb-
TaTam MOZENNPOBAHUA TaKME «BCMbILKU» NPO-
NCXOOAT KOrepeHTHO Ha ApYrux TeppuUTopuUAx,
4YTO CO343aeT NPUHLUNUANBHYIO BO3MOXHOCTb
NPOrHO3a TaKNX ABMIEHUN.

UmutaumoHHble mopenu. UHamusuayanb-
HO-OPUEHTUPOBAHHOE MOAeINPOBaHMe

Mo ogHOM M3 BO3MOXHbIX KnaccudpuKaLnii
Mmogaenen cnoxHbix cuctem (Posenbepr, 2013)
BbIAENAOT «KAACC» MMUTALMOHHbIX MOZenemn
(aHrn. simulation) (LWeHHoH, 1978; Moy, Kenb-

TOH, 2004). M. CtpawKpaba* Ha KoHpepeHUMH
Nno MOAENMPOBAHUIO BOAHbLIX CUCTEM, MPOXO-
avswen B Mpare B 1992 r., TaK oxapakTepuso-
BaN UMUTALMOHHOE MmoaennposaHue (UuUT. no:
MeHwyTKkuH, 2010, c. 357): «MmuTayma cuctem
ecTb cneumduyeckan popma npouecca NosHa-
HUA. MpegMeTomM UMUTALMN MOTYT ObITb CUCTE-
Mbl PeasibHO CYLLECTBYIOLLMNE, NMPOEKTUPYEMbIE
WU O3aXKe He MMetoLWMe HenocpeacTBeHHOro
OTHOLWEHMA K peasibHOCTU. OCHOBHOM MPUHLMN
UMUTaALUU CUCTEM — NOJIYYEHUE CYKAEHUN 00
UMUTUPYEMOWN CUCTEME NPU NMOMOLLM SKCNEPU-
MEHTOB C MOAENbl. MIMEHHO 3KCMEPUMEHTDI
C MOAENbI0 OTINYAKT MMUTALMUIO OT APYrux
dopM MoO3HaHMA». B MmMUTaUMOHHOM MoAe-
NIMPOBAHUM CYLLECTBYET HECKO/IbKO Mapaaurm
(noctaHOBOK npobnem M NOAXOA0B K UX pe-
LLUEHUI0, UCNONb3YEMbIX B KaUeCcTBe «KapKaca»
npu NOCTPOEHUU U aHanuse moaenein). Yauwe
BCEro BblAENAT YeTblpe AO0CTAaTOYHO Pa3/Iny-
Hble CMCTEMbl B3MIALOB: AMHAMMYECKME CU-
CTEeMbI, CUCTEMHAA AMHAMMWKA, OUCKPETHO-CO-
ObITUMHOE MOAENUPOBAHUE, MYNbTUATEHTHbIE
mogenn (bopwés, 2007; PoseHbepr, 2013).
3TV Napaaurmbl PasNYatoTCA He CTONIbKO 06-
NacTaAMM NPUMEHEHMA, CKONbKO KOHLENUUAMM
M B3rNSgaMmn Ha npobnemy, noaxogamu K ee
peweHnto. «OYeHb YacTo MPUBEPIKEHLbl Of-
HOM MapagurMbl CYMTALOT, YTO «MPaBU/bHbIEY
NMOCTaHOBKAa U pelleHne npobaem mmutaum-
OHHOro MOAE/NIMPOBAHNA BO3MOXKHbI TO/IbKO B
pPaMKax KOHUEeNuUMMn U MeTOAMK MMEHHO 3TOM
napagurmbl. <..> B AeNCTBUTENBHOCTU, Kax-
0AA N3 Napagurm MMeeT NPaBo Ha XMU3Hb, UX

4 M. Ctpawkpaba (Milan Straskraba; 1931-2000) —
YeLUCKUIN MaTeMaTHK, 3KOAOr, rnapoburonor.
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MCNONb30BaHME ONpeaenaeTca TONbKO LEeNbto
MOZENIMPOBAHUA U CBA3AHHbIM C 3TOWN LLe/bIO
BbIOpaHHbIM ypoBHEM abCTpaKuumn npu pelle-
HUKM npobnem» (Kapnos, 2008).

Bbiwe 6blM onucaHbl HeKkoTopble bHonee
0606ueHHble (aHanuTMYeckne) noaxodbl K
MOZENIMPOBAHUIO MEeTanonynAUMOHHbIX MNPO-
ueccoB (WMpe — nNpPOCTPaHCTBEHHO-pacnpe-
AeneHHbIx cuctem). Cpean metTonoB mMoaenu-
POBaHMA MMMUTALUMOHHOIO naaHa Haubonee
NPUrogHbIM ANA 3TUX Lenewn asnseTca MHAMBU-
Aya/NibHO-OPUEHTUPOBAHHOE MOAeIMpoBaHMe
(MHANBMAYYM-OPUEHTUPOBAHHOE WAW areHT-
OpUEHTUpPOBAHHOE; OT aHr. individual-based
modeling [IBM] nnu agent-based simulation
[ABS]) — oTHOCWUTENbHO MONoAOEe Hanpas/e-
HWE B MMUTALMOHHOM MOAENNPOBaHUM (nep-
Bble paboTbl B 3TOM 061acTM nosasunamce 50 net
Has3aa)’. WHAMBMAYanbHO-OPUEHTUMPOBAHHOE
MOZENMPOBaHNE CneayeT paccmMaTpuBaTb Kak
JIOTMYHOE Pa3BUTME CTABLUMX KIACCUYECKMMU
MeToA0B CMCTEMHOWN AMHaMuKkn [I. doppecTe-
pa® (1978), KoTopble OCHOBaHbI Ha UHAUBUAY-
aflbHOM noBeAeHUN 06beKTOB-areHToB U one-
PUPYIOT YCPEeAHEHHbIMM ANA TPYNNbl CXOAHbIX
06BEKTOB 3HAYEHUAMM MNAPAMETPOB. ITOT NOA-
X0, NO3BONAET yYecTb BANAHUE PpparmeHTaLmm
MeCTOOOUTAaHUI HA CYLLECTBOBAHWE PACTEHWM
N XMBOTHbIX. TaK, «MO3au4HbIi TUN pasme-
WEeHNs OCeA/bIX KMBOTHbIX BO3HWKAET B TOM
C/lyyae, ecun NpurogHble gns 3aceneHuns buo-
TOMbl pacnpeaenieHbl B MPOCTPAHCTBE PE3Ko
HepaBHOMePHO. Hanpumep, noceneHma mano-
ro CycNMKa B BOMO-ypasnbCKOM MOMYNyCTbiHE
NPUYpPOYEHbI TONIbKO K NATHAM CTEMHOMN pacTu-
TENIbHOCTW, BCTPEYAIOLWMMCA Cpeam CrNOLWHbIX
neckoB. O6bIKHOBEHHbIN XOMAK B NONYNYCTbIHE
06MTaeT TONIbKO B TPOCTHUKOBOM MOACE 03ep U
Ha CK/IOHAX 03epHbIX KOT/10BMH» (YepHoBa, bbl-
nosa, 2004, c. 234).

5 daKkTUyeckm WHAMBUAYANbHO-OPUEHTUPOBAHHOE
MOAE/NMPOBaHNE CTaNo Pa3BMBATbCA €Lle B KOHLe
1940-x rr. BMecTe C BbIYUCAUTENbHbIMU MaLUMHAMM
O. ¢oH HelmaHa (co3maHue TOYHbIX KOMWUIM Cammx
cebs), pasBMTUEM K/eTOYHbIX aBTomatoB C. Ynama)
W, raBHoOe, co3gaHMem Ha 3Toi ocHoBe /1. KoHBeem
B 1970 r. KOMnNblOTEPHOW UrpPbl «HKK3HbY («Game of
Life» nnm «Conway Game») — IByXMePHOMN KNETOUYHO-
aBTOMATHOW MOAENM C ABYMSA COCTOAHUAMM KNETOK.
. Heliman ¢oH (John [Jdnos Lajos] von Neumann;

1903—-1957) — BEHrepcKkuii, amepuKaHCKUii maTema-
TUK.

C. Ynam (Stanistaw Marcin Ulam; 1909-1984) —
NOJIbCKUI, aMepPUKaAHCKUIA MaTeMaTUK.

. Kongeit (John Horton Conway; 1937-2020) —
OpPUTAHCKUIN, aMEPUKAHCKUA MATEMATUK.

6 [1. doppectep (Jay Wright Forrester; 1918-2016) —
aMepPUKAHCKNI MHXKEHEpP, CUCTEMOOT.

NHAnBMAYaNbHO-OPUEHTUPOBAHHOE  MO-
AeNMPOBaHUE UCMONb3YeT NoAXon, B PaMKax
KOTOPOro OCHOBHbIM OOBEKTOM (3/1eMEHTOM)
MOAEeNn sABAAeTca UHAMBMA (areHT; ana no-
nynsunmM — ocobb), npeactaBaArOWMA cobomn
YHUKANbHYIO, OUCKPETHYI eAWMHULY, Y KOTO-
PO ecTb HEeKOTOpbl HAabop XapaKTePUCTUK,
M3MEHAIOLWMXCA B TEYEHME XKMU3HEHHOTO LIMK-
na. Kaxkabih U3 MHAMBMAOB B3aMMOAENCTBYeT
C ApyrMuMun nHausmagammn. Mogenm storo Tmna
CTPOAT «CHWU3Y BBEPX», HAYMHAA C 3/1EMEHTOB
cuctembl. Moaenbep onpeaenset TONbKO MNo-
BegeHMe uHaMBMAoOB, a obuiee noseaeHue
CUCTEMbI ABNAETCA PEe3y/IbTAaTOM COBOKYMHOM
[eATeNIbHOCTU BCEX areHTOB, KaXAbli U3 KOTO-
pbIX cnenyeT cBOMM COBCTBEHHbLIM MpPaBU/IaM
B3aMMOAENCTBUA CO CPEAON U APYTMMWN UHOM-
BMAAMM (NOSIHOE COOTBETCTBME C ONpeseneHu-
eM «3KocucTembl»). Llenbio moaennposaHus
B 3TOM C/ly4ae ABNAAETCA NMOHMMAHMWE TOro, Ka-
KMM 06pa3om MHTerpasbHbie (3MeparKeHTHbIE)
CBOWMCTBA CUCTEMbl BO3HMKAIOT M3 MHOXECTBA
JIOKaNbHbIX B3aMMOAENCTBUI Mexay ee 3ne-
MeHTaMK (nHamsmayymamm) (LewnH, PbixkoBa,
2016, c. 34).

NHAMBUAYaNbHO-OPUEHTUPOBAHHAA (areHT-
HasA) MoAenb, KaK y»Ke 0TMeYanocb, NpeacTas-
NAET peanbHbI MUP B BUAE MHOTUX OTAENbHO
cneundUuMpyemMblX aKTUBHbIX NOACUCTEM, HA-
3bIBa€MbIX areHTamu (MAn MHAMBUAYYMAMMU).
Kak nogyepkusaet nHbopmatuk 0. . Kapnos
(2008), «Kaxablit U3 areHTOB B3aMMoAenCcTByeT
C APYrMMW areHTaMu, KoTopble 0b6pasyroT ans
Hero BHeLHOW cpeay, U B npouecce GyHKUM-
OHMPOBAHMA MOMKET U3MEHUTb KaK BHELLHIOH
cpeny, Tak u ceoe nosegeHne. OBbIYHO B TaKUX
cUCTeMax He cyulectsyeT r106anbHOrO LeH-
TPA/ZIN30BAHHOIO YNpaB/AeHUA, areHTbl QyHK-
LWUOHMPYIOT NO CBOMM 3aKOHAM aCUHXPOHHO».
AreHT-MHAMBMA' B paMKax 3TUX moaenen pac-

7 O6LLenpU3HaHHOrO OnpeaeneHNA NOHATUA KareHT»
He cywecTsyeT (Schieritz, Milling, 2003); ogHaKo ecTb
HeyTo, YTo obbeauHAET BCe UHAMBUAYANbHO-OPUEH-
TUPOBAHHbIE MOZE/IN: OHU CYLLECTBEHHO AeLeHTpa-
nusoBaHsbl (Bopuwés, 2004; Borshchey, Filippov, 2004).
B otmanume ot mopenei «doppecTtepckoro Tunan
(MMMTaUMs B pamMKax CUCTEMHOM AWHAMMWKM), 34€Cb
HEeT TaKoro MecTa, rae LeHTPanan30oBaHHO onpeaens-
Nocb 6bl NoBegeHMe (AMHAMMKa) CUCTEMbI B LLE/IOM.
«BmecTo 3TOro aHaNUTUK onpeaenaeT noBeAeHUe Ha
WHAMBUAYANbHOM YPOBHE, a rnobanbHoe noBeaeHne
BO3HWKAET (emerges) Kak pe3ynbTaT AeATeNbHOCTU
MHOTUX (AeCATKOB, COTEH, TbICAY, MUAIMOHOB) areH-
TOB, KaXAbll U3 KOTOPbIX cneayeT CBOMM COBCTBEH-
HbIM MpaBuUaam, XUBET B 0bLLel cpeae U B3auMogel-
CTBYET CO Cpeaon U C ApYyrMMun areHTamu. Moatomy
areHTHOe MOZeNMpOoBaHMEe Ha3biBAOT ewWwé mMoaenu-
poBaHuMeM cHM3y BBepx» (bopuiés, 2004, c. 42).
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CMaTpPUBaETCA KaK YHMKaNbHaA, OUCKPeTHas
eQMHULA, Y KOTOPOM eCcTb HEeKOTopbih Habop
XapPaKTEPUCTUK, MU3MEHSAIOWMXCA B TeyeHue
KM3HEHHOro uMKna. Mogenu, OCHOBaHHble
Ha AAaHHOM MoAaxoAe, CTPOAT KCHU3Y BBEPX»,
HauMHaA C «4yacten» cuctembl (MHAWMBWAOB),
onucbiBasA B Utore BCto cuctemy. Lienbto nccne-
AOBaHMA 4YAaCcTO CTAHOBUTCA MOHWMMaHWe TOro,
KakMm 06pa3om CBOICTBA CUCTEMbI BO3SHUKAIOT
M3 B3aMMOAENCTBUA Mexay YacTamu (Grimm
et al., 1999). IBM — 3T0O UMUTaLMOHHbIE MOoAe-
N1, MOCTPOEHHbIE ANA U3YYEHUA UHTETPAJIbHbIX
XapPaKTEPUCTUK CUCTEM, COCTOALLUMX U3 CXOn4-
HbIX OOBEKTOB (Hampumep, NOMNYNALWUK), KaK
pe3ynbTaTa MHOXEeCTBa JIOKa/IbHbIX B3aMMO-
AEeNCTBUIN YneHoB 3Tux cuctem (ocoben-mHam-
BMAYYMOB). B 3TOM HaxoAnuT cBoe NposBaeHue
NpUHYUN peKyppeHmHoz2o obvacHeHusA (Po3eH-
6epr, 2013), Koraa cBOMCTBA CUCTEM AAHHOIO
YPOBHA MepapXMYecKom OpraHM3auuMm Mupa
BbIBOAATCA B BUAE TeopeM (0b6bAcHATCA), UC-
X04A M3 MOCTYAMPYyEeMbIX CBOMCTB 31€MEHTOB
3TOM cucTembl (T. €. cUCTeM HenocpeacTBEHHO
HUXKECTOALWEro YPOBHA Mepapxumn) u CBA3en
MeXKAY HUMU.

TeopeTuyeckoit ocHoBow IBM asnstotca me-
To4, MoHTe-Kapno (B 6bonee WMPOKOM niaHe
— 3BO/IIOLMOHHOE MPOrPaMMUPOBaHKE), TpU
«noBefieHYeckme» 0cobeHHOCTU CBOWMCTB MH-
ANBNAYYMOB-areHToB?®:

06BbEKTHAsA OPUEHTUPOBAHHOCTD,

oby4yaemocTb (MK nUx aBoAOLUSA),

[OCTAaTOYHaA NPOCTOTa NoBeaeHuA

N BblYMCNIEHME HA KA*KOAOM LLare MoAenu-
pOBaHMA pPaBHOBECMA WU NCEBLOPABHOBECUA
CUCTEMbI, coaep)Kawen B cebe MHOMKeCTBO
MHAWBMAYYMOB-areHToB. KoHeyHaa uenb IBM
— oTcneguTb BAMAHME GAYKTyauui B3auMmo-
AENCTBUA NO onpeaeneHHbIM NpaBuaam UHAN-
BMAYYMOB-areHTOB, AEWCTBYIOLMX HA MUKPO-
YPOBHE, Ha NOKa3aTe/M CUCTEMbI B LLeJIOM HA
MaKpOoypOBHe.

OCHOBHbIMM CBOMCTBAMW MHAMBUAYYMOB-
areHToB ABNAOTCA:

8 «CyliectByeT MHOXECTBO OMNpeaeseHnin NoHATUA
areHTa. O6LWMM BO BCEX 3TUX ONpeaeneHnsx ABsAeT-
€A TO, YTO areHT — 3TO HEKOTOPaA CYyLLHOCTb, KOTOpasn
obnagaeT aKTMBHOCTbIO, aBTOHOMHbIM MOBEAEHUEM,
MOXET NPUHMMATb PELUEHMA B COOTBETCTBUM C HEKO-
TOPbIM HABOPOM NPaBUJ/I, MOXET B3aMMOAeNCTBOBATb
C OKpYKEHMEM U APYTUMU areHTaMM, a TaKKe MOXKeT
N3MeHATbCA (3BONOLMOHMPOBATL). Lienb areHTHbIX
mogenei — nony4uTb npeacrasneHne ob 3Tux rno-
6aNbHbIX NpaBMaax, obOLLEM MOBEAEHUM CUCTEMDI,
ncxodAa M3 MPeAnosioKeHuin o6 MHAMBMAYANIbHOM,
YacTHOM MNOBeAeHMU e€ OTAe/bHbIX aKTUBHbIX 06b-
€KTOB M B3aMMOAENCTBUMN ITUX OBBEKTOB B CUCTEMEY
(Kapnos, 2005, c. 291).

e (MHTENNEKTya/lbHOCTb» (0Bby4aemocTb;
3TO CBOMWCTBO [O/MKHO ObITb «yMepeHHbIM»
Ans TOoro, 4tobbl MHAMBUAYYMbI-areHTbl He
MOT/IN «NO3HaTb» HeYTo 6onbluee, BbIXoasLLEe
33 paMKu NpaBua Urpbl),

e  PacnofiodeHue BO BPEMEeHM W npo-
CTpaHcTBe (3a4aeTca HekoTopas «cpeda obu-
TaHMA» (MOXKeT ObiTb NpeacTaBaeHa u B BUAE
PeLleTK, KakK B Urpe «K1M3Hb», U B BUAE ropas-
[0 bonee cNoXHOM CTPYKTYpbI)),

e HaNMuMe KU3HEHHOM Lenn (3To moxeT
6bITb KOHKPETHbIN pe3ynbTaT B3aMMOAENCTBUA
WHOVMBUAYYMOB-areHTOB B cpege obuTaHuA
(Hanpumep, paBHOBeCKE), HENPEKpPaLLLAOLWMIA-
CA npoLlecc 3BoNOUMK, a MHOorga — BeckoHeu-
HbIW UMK 6e3 onpeaeneHHoro peweHus).

Cuutaetca, 4yto IBM pononHAeT craBluve
y)Ke TPagMUMOHHBIMU MMUTALMOHHbIE (MeTo-
Abl CUCTEMHOM AMHAMMUKM) U aHANUTUYECKUE
meToapl. [ocneaHMe NO3BONSAIOT OXapaKTepu-
30BaTb paBHOBECUE CUCTEMbI, @ MHAMBUAYANb-
HO-OPMEHTUPOBAHHbIE MOAENN — UCCNEA0BATb
BO3MOYHOCTb NONYYEHUS TAKOTO COCTOAHMSA. B
naeane WHAMBMAYANIbHO OPUEHTUPOBAHHbIE
MOZENM MOryT MOMOYb MAEHTUOULMPOBATL
KPUTUYECKME MOMEHTbI BPEMEHMU, MOC/AE Ha-
CTYNNEHMA KOTOPbIX NOCNeaCcTBUS ANA CUCTEMDI
B LE/IOM byayT UMeTb HeobpaTUMBbIN XapaKTep.
CpaBHeHMEe MEeTOA0B CUCTEMHOM AMHAMUKU U
IBM (Schieritz, Milling, 2003; Bopuwgés, 2004;
Garifullin et al., 2007) aaHo B Tabn. 1.

ObcyKaeHMe MHAMBUAYANIbHO-OPUEHTUPO-
BAaHHbIX MoAenen skocnuctem obneryaercs ony-
6aukoBaHMem 3a nocnegHue 30 net paga ob-
3opoB (DeAngelis, Gross, 1992; Hanski, 1999;
DeAngelis, Mooij, 2005; Grimm, Railsback,
2005; XaHcku, 2010; Roughgarden, 2012; Po-
3eHbepr, 2013, c. 259-289; DeAngelis, Grimm,
2014; James, 2014; lpabapHuk u ap., 2019
n ap.). Mogenn IBM paspabatbiBatotca Ana
pelleHns Tex BONPOCOB, rae UHAMBMAYaAbHaA
M3MEHUYNBOCTb, JIOKa/lbHble B3aWMOAENCTBUA
M afanTMBHOe noBegeHuWe Heobxoaumbl AnA
Nnosy4YeHusa npaBuibHbIX OTBETOB. CyLLEeCTBYHOT
(8 cBobogHOM pgocTyne) crneumnanbHbie Npo-
rpamMmHble 6MbanoTekn M nnatpopmbl Mo-
AennposBaHmA ana peanmsauum IBM B Buae
KOMMbIOTEPHbIX Nporpamm — Repast, Swarm,
Net Logo, Mason, NEW-TIES, SOARS, ArtiSoc,
EcolLab, Cormas, Any Logic n ap. MNocnegHsa
cpega — Any Logic — noaaeprKMBaeT areHTHoe
W apyrve Buabl MMUTAaLMOHHOIO MOAENMNPOBa-
HuA (Bopwés, 2004; Kapnos, 2005).

JlecHana 3KocucTema OKasanacb OAHUM U3
Hanbonee yaobHbIX OOBEKTOB ANA UHAMBUAY-
aNIbHO-OPUEHTUPOBAHHOIO  MOAENUPOBAHMUA
(He et al., 1999; Matejicek et al., 2011; Seidl et

13



Posenbepr . C., KoctuHa H. B., Po3enbepr A. I. O moaennpoBaHnmn MeTanonynaumoHHbIX npoueccos // MpuHUMUNbI 3KO-

norun. 2023. Ne 2. C. 4-29. DOI: 10.15393/j1.art.2023.13742

Tabnnua 1. CpaBHUTENbHbIV aHaNU3 METOAOB CUCTEMHOW ANHAMUKM U UHAUBUAYA/IbHO-OPUEHTUPOBAH-
HOro MO4ENMPOBAHMA

Kputepuii CnctemHan AMHaMMKa IBM
HOBHOW KOHCTPYKTUBHbIN 610K .
OcHoBHOM KOHCTPY Bno MeTns obpaTHOM CBA3K UHanBmnayym-areHT
MOZEeNNPOBAHMA
EanHunua aHanusa CTpyKTypa Mpasuno
YpoBeHb MoAe/IMPOBAHMA Makpo MwuKpo

MNepcnekTnBa CBepxy — BHU3 CHusy — BBepx (bopuiés, 2004)
N3meHeHMe goMUHMpYLOLLEei
AganTtaums CTPYKTYpb! N3meHeHune CTPYKTypbI
Bpema HenpepbiBHOE AunckpetHoe
MaTemaTUYeCcKnin A3bIK MHTerpanbHO-AMGdEperLmanbHble Norunka
ypaBHeHUsA
NCTOYHMK ANHAMUKN YpoBHU CobbITns

al., 2012; Kono6os, 2014; Shuman et al., 2014;
Kolobov, Frisman, 2016 n ap.). Kpome necHbix
aKkocuctem, IBM ncnonbsyetca npm mogenmpo-
BAHWW APYrMX TUNOB pacTuTesbHocTM (Mony
et al., 2011; Komapos u ap., 2015), mnekonu-
Tatowmx (Kynakos, Pesyukasa, 2011; BoHaapb,
2015), rnMAapO3KONOTMYECKUX (MXTHMONOrMYe-
ckux) cuctem (M. Clark, Rose, 1997; J. Clark
et al.,, 2011), nanawadToB (Rebaudo et al.,
2013), aBontoumoHHbIX npoueccos (DeAngelis,
Mooij, 2005; Haythorne, Skabar, 2013; Romero-
Muijalli et al., 2019) n gp.

Ons 6onbluei yoeantTenbHOCTU PAaCCMOTPUM
Mmogenb ueHononynauuu Plantago major L.
(nopoporKHUKa 6onbLIOrO).

OHTOreHeTMyeckasn NoJIMBAPUAHTHOCTb
onpegensetr cneunduKky AUHAMUYECKUX MpO-
LLeCCOB HEe TONbKO OPraHM3MeHHOro, HO U no-
NYyAALMOHHOTO YPOBHA M MO3BO/AET BbIABUTb
cneumdUYHOCTb BO3AENCTBUIM PA3IUYHbBIX PaK-
TOPOB Ha AaHHyto LeHononynauuo (Komapos,
2004). Ona noaTBep:kAeHUA 3Toro Tesmca bbina
NOCTPOEHa AUCKPETHAA WMHAMBUAYANbHO-OPU-
eHTMpOoBaHHaA moaenb Plantago major, KoTo-
pan ABNAETCA NPOCTPAaHCTBEHHO-pacNpeaeneH-
HOM (pa3mepHOCTH 2), ANCKPETHOM, NPOCTPaH-
CTBEHHO-MODBUIBHON, C YY4ETOM UHAMBUAYA/b-
HbIX Pa3InYMin, cpeaHero macwTaba (Mykosa,
Komapos, 1990; Komapos, 2004).

Mogenb pabotaet cnegyowmm obpasom.
Ha «nnowaake» pasamepom 300 x 300 cm cay-
YyalHbIM 06pas3om (no 3akoHy lNyaccoHa) «BblI-
ceBaeTca» 300 pacTeHUI NOAOPOXKHUKA, HKUBY-
wmx B TedeHme 50—100 AMCKPETHbIX LWAroB no
BpemeHMU (Ha Karkablii BEreTaluuoHHbIM nepuog,
npuxoguTca TpW Wara no spemeHun). Kaxpgoe
pacTeHMe npeacTaBneHO B Mmoaenu 8 Bo3pacT-
HbIMW COCTOSIHUAMM, PU3NYECKMM BO3PACTOM
(B Wwarax mogenu), KNaccom NAOTHOCTU U ps-
AOM APYrMX XapaKTepuctuk. [na vmmutauum
aghpekma pozemku BBeLEHO MOHATUE «MepT-

BOM 30HbI» (NPOCTPAHCTBO BOKPYr pacTeHus,
BHYTPM KOTOPOrO HE MOTYT NPUXKMUTLCA NOTOM-
KW; OaHHblEe O BEPOATHOCTU rMbenu pacteHui
MAWN Nepexofa M3 04HOro BO3PACTHOrO COCTO-
AHWA B ApYyroe nosy4yeHbl 3KCNepUMeHTaNbHO
(*ykoBa, Komapos, 1991)). B pe3synbrate npo-
BEAEHHbIX MMUTALMOHHBIX 3KCNEPUMEHTOB
6b110 NokasaHo (Komapos, 2004, c. 97):

e  MOZe/lb BMOJIHE afEeKBATHO OMNUCbIBaET
AVNHAMUKY NPUPOAHbIX LLeHONONyAAUMNA;

e UCKNHOYEHME BO3MOXKHOCTM Kak 3amen-
NIEHHOTO, TaK WU YCKOPEHHOro Temna pasBuUTUA
BCEX PaCTeHMI LLeHoNnonyaAauMn NPUBOAMUT:

o K HapYLWEHUIO CPOKOB MOJIHOFO
OHTOreHe3a pacTeHuUn,

o K npeobnagaHuio «pasopBaH-
HbIX» BO3PACTHbIX CMEKTPOB (BO/HbI
BO30OHOBNEHUA NMBO NepeKpbIBatOTCA
OYeHb He3HayuTenbHo, MO0 COBCEM He
nepekpbIBatoTCA),

o K bonee yactomy nepexoay Le-
HOMOMYNALMN B KPUTUYECKOE COCTOSHUE
(HeT nnhogoHOCAWMX pacTEHUN);

e BapbMpoOBaHWE WHTEHCUBHOCTM WU ne-
PUOAMYHOCTN CEMEHHOIO BO30OHOBNEHUSA Bbl-
3bIBAaeT CYLLECTBEHHbIE M3MEHEHMA pPa3Maxa
KoniebaHMA NNOTHOCTU M BO3PACTHOCTU LLEHO-
nonynaumMn (peaKoe U HU3KOMHTEHCUBHOE Cce-
MeHHOe BO306HOBNEHWE MPUBOAMUT LEHOMO-
NyNAUMI0O B KPUTUYECKOE COCToAHMe, a bonee
4yacToe U MHTEHCMBHOE CeMeHHOe BO306HOB-
NeHWe NOBbILLAET ee YCTOMYMBOCTb).

Takum 06pasom, Te3UC O TOM, YTO ANHAMMU-
YyecKkasa OHTOreHeTMYyecKas NoSMBAPUMAHTHOCTb
ABNAETCA OAHUM U3 INaBHbIX MEXaHU3MOB AM-
HaMMKW PacTeHUM Ha NONYAALMOHHOM YPOBHE,
Hall/aa cBOe NoATBEPXKAEHME.

PaccmoTpum elle ogHy moaenb, KoTopas
NO3BO/IUT HaM MEPEKUHYTb MOCTUK MeXay
aHAIMTUYECKUMN U UMUTAUMOHHBIMU (MHAMU-
BMAYaNbHO-OPUEHTUPOBAHHbIMW) Mmogaens-
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Tabnnua 2. OHnaliH-pecypcbl (NporpammHoe obecneyeHne gaa MHAMBUAYAIbHO-OPUEHTUPOBAHHOIO MOAe-
JIMPOBAHUSA B 3KOIOTMM) U HEKOTOPbIe MOoZeNM Nonynsaumii n askocuctem (PoseHbepr, 2013)

Ha3sBaHue

Appec

KpaTkuii KOMMeHTapuii

Swarm

http://www.santafe.edu/projects/swarm

Maket nporpamm aaa MHoOro-
areHTHoro mogennposaHuA
C/IOXKHbIX CUCTEM

http://www.santafe.edu/projects/echo/echo.html

Maketr nporpamm pJna WH-
ONBNAYAaNbHO-OPUEHTUPO-
BaHHOrO  MoOAEeMpPOBaHUA
CTPYKTYP B ABHO 3aJaHHOM
OVCKPEeTHOM MPOCTPaHCTBe,
pa3BMBAIOLWMXCA NO reHeTu-
4YeCKOMY afiropuTmy

XRaptor

http://www.informatik.uni-mainz.de/~polani/XRaptor/

XRaptor.html

MakeT nporpamm Ana 3Kono-
rMYecKoro MOoAEe/NMPOBaHMUSA
HenpepbIBHbIX BUPTYabHbIX
MHOTrOareHTHbIX CUCTEM

SKocucmemol

ATLSS (Across
Trophic

Level System
Simulation)

http://atlss.org

MMuTaumMoHHaa moaens o6-
WKnpHoro  3abonoyeHHoro
palioHa B toXHOW ®nopu-
Oe K tory ot 03. Okuyobu
(Okeechobee) u pesepsauymm
Bbur-Cannpec (Big Cypress),
roe MpoMKMBAaeT HECKO/IbKO
COT 4Ye/NioBEK WHAOEWNCKoro
NNeMeHU CEMUHO/IOB

Facilitating
Mobile Objects
within the
Context of
Simulated
Landscape

http://blizzard.gis.uiuc.edu/htmldocs/Entity/paper.html

Mogenb B3ammogencTema c
PacTUTE/IbHOCTbIO  MOnyns-
UMK TpaBoOAAHbIX M NA0TOAL-
HbIX YMBOTHbIX B YCA0BMAX
NaHgwadTa, onncaHHoro re-
orpadunyeckon MHbopmaLm-
oHHOW cuctemoli (GIS)

Evolution and

Spatial Structure

Interact to

Influence Plant-

Herbivore
Population and

http://www.eeb.princeton.edu/~gregg/fwproc.htm

Community
Dynamics

NHAMBMAYaNbHO-OPUEHTU-
poBaHHas moAenb B3auMO-
[ENCTBMA M KO3BOMOUMK B
CUCTEME «paCTEHUE — XKU-
BOTHOE»

Insect/Plant

Interactions
Program

http://www.ctpm.ug.edu.au/virtualplants/InsectPlant.

html

Mopenun pocTta OTAeNbHbIX
ocobei pacTteHM nop BO3-
OeNCTBMEM OTAENbHbIX OCO-
6ei HaceKoMblIX

15
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Tabnuua 2. MpogonxkeHue

Ha3sBaHue

Anpec

KpaTkuii KOMMeHTapuii

Mogenb B3aumo-
OencTBma «au-
MEHb — TAA»

http://www.cs.ukc.ac.uk/pubs/1996/42/

Bonbluas npocTpaHCTBEHHAnA
MHAWBUAYANbHO-OPUEHTU-
POBAHHAA MOoAENb AYMEHHO-
ro noss, HaxoAsweroca nog,
Bo3aencTemem Barley Yellow
Dwarf Virus, pacnpocTtpaHsie-
MOTO T/Iel

http://peaplant.biology.yale.edu:8001/

NMpocTpaHcTBEHHO-pacnpe-
AefleHHana mofens Ana onu-

Gecko
gecko.html caHMA OMHAMUKM SKOCUCTe-
Mbl
lonynayuu
Odepesbs
Mopaens ona nccnegoBaHMA
http://margay.sscnet.ucla.edu/~reb/arborweb/ B/IMSIHMA MOXapOB Ha BUAO-
Arborgames .
arbormain.html BOe pasHoobpasue B necax
MenoyctoHa [Yellowstone]
dnanorosaa mogenb ana pe-
SmartForest http: // www.imlab.uiuc.edu/smartforest WeHMA Npobaem  /1ecosoA-
CTBa Ha YpPOBHE WHAUBUAY-
a/IbHbIX AEPEBbEB
CToxacTuyeckas WHAUBUAY-
aNbHO-OPUEHTMPOBAHHanA
Scaling from http://www.sciencemag.org/feature/data/deutschman/ mogens npocTpaHCTBEHHO-

Trees to Forests

index.htm

pacnpefeneHHon AUHAMUKK
pocTa fieca, B KOTOpPOI aepe-
BbSA KOHKYPUPYIOT 3a CBET

pbibbI
Mogenb nonynaumm mano-
FPM (Fish Wicrapterus dolomict) s
Population http: // www.esd.ornl.gov/iab/iab7-7.htm P . A
Model) OLEHKM BO3JENCTBUA Ha Hee

CpPpOKOB Ha4asna pb|6au,|<oro
Ce30Ha

Mogenb murpa-

http://rebar.bpa.gov/Environment/

Mopgenb murpaunm nonyna-
UMM n10CocCA Nno AaHHbIM nac-

LM nococs AIWP/1997/5500500.html CMIBHOTO paaVoManKa
Mogenb murpaumm nony-
NAUMK N10COCA NO AAHHbIM,

NerkaSim http://www.eos.ubc.ca/salmon/nerkasim/nkaindex.htmlnonyyeHHbim ¢ nomouwpto

ynpaBnsieMblX MOMEHTa/lb-
HbIX doTOorpaduii
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Tabnuua 2. MpogonxkeHue

Ha3sBaHue

Appec

KpaTkuii KOMMeHTapuii

Individual-Based
Trout in Stream
Flow Model

http://www.stream.fs.fed.us/streamnt/jan99/jan99a2n.

htm

Mogaenb nonynauumn dopenm
B NOTOKe

MsieKonumarnuwue

Gorilla Simulation

http://www.cs.ukc.ac.uk/people/staff/ms3/gorillas/

simulation/

Mopgenb nonynaumu ropun-
Nbl

Mogenb nonyna-
UMK 3aiLa-be-
NAKa

http://userzweb.lightspeed.net/~jpthomas/research.

html

MpOCTpaHCTBEHHasA MOAENb
AVHAMUKM NonynauuMm ame-
pUKaHCKOro  3aiua-benska
(Lepus americanus)

MOAB (Model of

http://www.usgs.gov/tech-transfer/factsheets/FS-056-

Animal Behavior)

97.html

Mogenb nepemelleHns B
MPOCTPAHCTBE XWMBOTHbIX B
npouecce KOPMoZ06bIBaHUA

Mopgenb nonynsa-

http://lutra.tamu.edu/dms/dms.htm

Mogaenb-TpeHaskep Aaa OT-
PaboTKM HaBbIKOB  yMpas-

LUK ONeHsn NleHusa  nonynaumen oneHsa
(Cervidae)
nmuuysi
Mogenb nonynsumMmM  Kpac-
HOM LWOTNAaHACKON KyponaT-
The. e http://bamboo.mluri.sari.ac.uk/~mattie/test.html KM B BEpeckosou mycTowm
Project LWoTnaHauKn, HanpaBaeHHas
Ha MOMWCK CTpaTermm BoOCCTa-
HOB/IEHMA ee YNCNEHHOCTH
Mogenb Ana u3yyeHus peak-
LMWK OpraHM3MoB Ha 06paso-
) http://virtual.dcea.fct.unl.pt/~pedro/papers/birds/ Barine rpyrm ¢ yaerom 1 6e:°,
Flocking yyeTa NPOCTPAHCTBEHHOW

paper.html

HEeoAHOPOAHOCTU (BKAtOYaEeT
Mmoaens craeobpasoBaHusA
nTmu,)

Mogenb nonyna-
LuuM NTUL,

http://www.cgs.washington.edu/~gordie/gordie.bird.

html http://www.pwrc.usgs. gov/research/sis98/
bosettls.htm

Mogenb nonynauuii benoro-
nosoro opnaHa (Haliaeetus
leucocephalus) w cancaHa
(Falco peregrinus) Ha Hop-
MaHACKMX OCTPOBax W cnas-
Ku (Sylviidae) B paiioHe aBu-
abasa KwuptneHg [Kirtland]
B wWrTaTte Hblo-MeKcuMKo He-
haneko oT . AnbbyKkepke
(Albuquerque)

17



Posenbepr . C., KoctuHa H. B., Po3enbepr A. I. O moaennpoBaHnmn MeTanonynaumoHHbIX npoueccos // MpuHUMUNbI 3KO-

norun. 2023. Ne 2. C. 4-29. DOI: 10.15393/j1.art.2023.13742

Tabnuua 2. MpogonxkeHue

HassaHue Appec KpaTKuii KOMMeHTapuii
Hacekomble
Honey Bee . . MHoroareHTHaa moaenb no-
Y http://www.ma.umist.ac.uk/dsumpter/beesim/ A
Colonies BeAeHMA pos nuen
- MHAnBNAYaNbHO-OPUEHTU-
http://www-poleia.lip6.fr/~drogoulResearch/Manta/ A AY P
Manta poBaHHas Mogenb noseje-

manta.htm

HWSA KONOHUW MYpPaBbeB

Model of Survival
and Social

http://scifunam.ifisicacu.unam.mx/mir/termite.html

KneTtoyHo-aBTOMaTHas HeAn-
HelHaa mofenb noseaeHun

Facilitation in
Termites

KOJIOHUUN TEPMUTOB

MOPCKUe b6ecrno380HOYHbIEe

Ship Fouling

http://turtle.gis.umn.edu/people/yc/foul/foul/

Mopenb Ha A3blke nporpam-
MUpoBaHuA Java applet gna

AEeMOHCTpaLnn B3aMMO-
[EeNCTBUS U BO3MOMKHOCTEN
6MONOrMYECKOrO  KOHTPOASA

MOJIIIOCKOB Mpu obpacTtaHum
Kopnyca cyaHa

Pelagic Tunicate

Mogenb BWpPTyanbHOrO Me-
30KOCMa AN UCCNeaoBaHUA
ycnosuit obpasoBaHUs CKoO-
NAEHUA OpPraHM3MoB NOA-
TMna O6ono4yHukos (Salpa

fusiformis)
6akmepuu
Mogaenb AnA onucaHuA po-
BacSim http://www.eeb.yale.edu/ginger/bacillus/ CTa KO/IoHUYU baKTepuiA; no-

CTpOeHa Ha OCHOBe moAenu
Gecko

MW, B YAaCTHOCTU, 3TO MOAENb CUCTEMbI «XMLL-
HUK — »epTBa»; cM. Bbile (1). Knaccuyeckan
ONA 3KONOTMU CUCTEMA MPOAHANIN3NPOBAHA C
ncnonb3oBaHMem fA3sblka Any Logic (Bopuiés,
2004). B paccmatpuBaemMon moaenu:

e 3alUbl N PbICK UMEIOT KOHEYHYH NMpPO-
AOMKUTENBHOCTb XKU3HU, TaK YTO OHU YMUPAKOT
TaKXe M OT CTapOCTH, a He TONIbKO Byayun cbe-
AEHHBIMW WU OT FON0A3;

e 3alUbl U PbICK }KUBYT B 4BYMEPHOM NpPO-
CTpaHCTBE (B TEPMUHONOIMMU areHT-OPUEeHTUPO-
BAHHOrO MOZENNPOBAHMA FOBOPAT, YTO AreHTbI
«space-aware»);

e MNOTHOCTb 3aliLLEB OrpaHuyYeHa (Hanpu-
Mep, HEKMM NPOCTPAHCTBEHHbIM PECYPCOM, TaK
YTO 3aMLLbl PA3MHOXAIOTCA, TONIbKO €C/I1 BOKPYT
[0CTAaTO4HO cBOBOAHOro mecTa);

e PbiCb MOXET NOoMMaTb 3alLa TONbKO No-
6/11M30CcTM OT MecTa ee 0buUTaHUS;

e PbICb OXOTUTCA NEPUOANYECKH;

e  €C/In BO BpPeMA OXOTbl 3aAL, HE MOMMaH,
PbICb NepemeLLaeTcs;

e €C/IN PbICb TaK U HE HAaxXo4MT 3alLa B Te-
YyeHue onpeaesieHHOro BpeMeHu, OHa yMUpPaeT.

Ha puc. 4 nokasaHO pelueHne Knaccnuyeckom
mozenu JIoTKn — Bonbteppa c HOpMUPOBAHMEM
K03 PULMEHTOB NoOA cpeaHUe BEAUYUHBI pe-
aNbHOWM cUCTeMbl «3anubl (Lepus americanus)
— pbicu (Felis canadensis [Lynx lynx])» B KaHag-
CKOM ApPKTWKe, NpeacTaB/ieHHble NO pe3y/bTa-
TaM CTAaTUCTUKM 3aroTOBOK NyLWHMHbI Komna-
Huel lya3oHoBa 3anuBa (aHrn. Hudson’s Bay
Company) ¢ 1845 no 1935 r., KoTopble ycnew-
HO nepeKo4YeBbIBAOT M3 OAHOr0 y4vyebHUKa
aKkonoruun B gpyron. Cnegyet otaatb JONKHOE
Y. dnToHY®, KOTOpbIM B cepeamHe 20-x roaos

9 4. 9nT0H (Charles Sutherland Elton; 1900-1991) — 6pu-
TaHCKWUIM 300101, 3KO/IOT, OAMH U3 OCHOBaTenei
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npoLnoro croneTns, pabortana B Ka4ecTBe KOH-
cynbTaHTa KOMNaHWKM, COXpaHWUA ANA HAaYKKU 3TK

AaHHble U NepBbiM BBE/ UX B IKONOTMYECKYHO
nutepaTypy.Ha A3bike Any Logic «areHT-pbiCb» U
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0
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Puc. 4. Knaccnyeckas (a) 1 areHT-opneHTUpoBaHHasn (6)
MOAENb CUCTEMbI KXMLLHUK — KepTBa» (BEPTUKaIbHOM YePTON OTMeYEeHbl TPY BOJIHbI, COOTBETCTBYOLLME
puc. 4a)

Fig. 4. Classical (a) and agent-based (b) model of the "predator-prey" system (three waves corresponding to
Fig. 4a are marked with a vertical line)

«areHT-3aau» MMeLOT NnepemeHHble «Location»,
rAe XPaHUTCA MX TeKyliee MecTOMONOXKeHue
(BHayane oHo cny4yaitHo). OHO meHseTca npwm
nepemeLLeHMN areHToB U BAMAET Ha UX Nnose-
AeHue. Y pbicel n y 3aliueB ¢ onpeaeneHHom
4acTOTOM MOABAAKOTCA pbICATA U 3aM4aTa — 3TO
MOAENNPYETCA  LUMKAMYECKMMM  «Talimepa-
MW POXKOEHUN» — «Births», KoTopble co3aatoT
HOBbIX areHToB, MPUYEeM B C/lyyae 3aMueB 3TO
3aBMCUT OT MX /IOKaNbHOM naoTHocTU. KapTa
COCTOAHMM 3alLa COCTOUT BCEro M3 ABYX CO-
CTOSIHWUIA: KuB «Alive» n mepts «Dead» n aByx
nepexofoB MeXAy HWMW, COOTBETCTBYHOLLNX
ABYM Pa3IMYHbIM NPUYMHAM CMEPTU: BO3pacT
N cbefeHue pbicblo (nocnegHee moaenupyet-
CA «COODbLLEHNEMY», KOTOPOE PbICh HaNpPAMYH
nocbinaet 3anuy). Y pbicu nosegeHue bonee
CNOXKHOE: OHa OXOTUTCA Yepes3 Kaxkable «Lynx
Hunting Period» wn, echu OHa He HaxoAWT 3a-
Mua (3To BEPOATHOCTHO 3aBMUCUT OT UX IOKab-
HOM NNOTHOCTK), TO NepemellaeTca (M3meHseT
«Location»), ocTaBanacb B ro/I0OAHOM COCTOSAHUU
«Hungry»; B cnyyae, ecnu 3asu, youT (pbicb no-

cblnaeT eMy coobuieHue «s Teba cvenal —«/ ate
you!»), OHa BbIXOAUT U TYT K& BHOBb BXOAMUT B
cocTosaHue «Hungry», 4to (B COOTBETCTBUM C Ce-
MaAHTUKOM KapT COCTOAHMI) BbI3OBET «nepesa-
MYyCK» ee «TalmayTa ronogHon cMepTmn».
Pe3ynbTaTbl MMUTALMKW MO areHT-OPUEHTU-
pPOBaHHOM mMoaenn gatot ropasgo 6onee «6o-
raTbld BbIXO4», YEM aHANUTMYECKaA MoAesb
JToTKM — BonbTeppa nam faxe «KCKOPPEKTUPO-
BAHHAA» C y4eTOM MNOrOAHbIX YC/0BUA Camo-
OPraHM3yoLWAACs MOAENb CUCTEMbI «3aMLbl —
pbicn» (Bpycunosckuii, PoseHbepr, 1981). 310
Nony4yaeTca 3a CYeT HEOAHOPOAHOCTM pasme-
weHuns ocoben 3alLeB M pbiCeM NO NPOCTPaH-
CTBY — B MPOLECCE aHMMALMM KaXKAOro Lara
MOAENNPOBAHUA XOPOLLO BUAHbI «aTakKu» pbl-
ceW, X BbIMMpPaHWe Tam, rae CbefeHbl Bce 3ai-
Lbl, M BbICTpOE 3anosHeHne 3anuammu ceobos-
HOro OT pbICe NPOCTPAHCTBA. AreHT-OpUEHTHU-
POBaHHAA MoOAe/b, KaK M aHaMTU4YecKas, no-
Ka3blBaeT MHTepnpeTMpyemoe KonebatenbHoe
nosegeHue (MMKKM NONYyNSLUKN PbICEN cneaytoT
3a NMMKaMu nonynauuu 3anues). B 3aBucumo-
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CTU OT MApPaMeTPOB PbICM MOFYT MOJHOCTbIO
BbIMEpPETb (MHOrA4a BMecCTe C 3aluamu), Yyero
HWKOr4a He C/y4yaeTcsa B aHA/IMTMYECKON moze-
M n3-3a ee HenpepbiBHOCTU (Bopuiés, 2004).
KonebaHunA cToxacTUYHbI U3-3a CTOXACTUYECKO-
ro xapakrtepa mogenu.

Ewe oaHa areHT-opueHTMPOBaHHAA MOAENb
CUCTEMbBI «XWULHUK — XepTBa» NpeasoXKeHa
M. TepHa'® (Terna, 2007). OHa BKAOYaET TpuU
B3aMMOZAENCTBYHOLLNX YPOBHA:

e TpaBa (KopmoBaa 6asa ANA KepTBbl;
pacTeT C NOCTOAHHOM CKOPOCTbIO Ha «cBoboa-
HbIX» MECTax «BOKPYr» y¥e CyLLeCTBYHOLLINX
ocobeit);

e KepTBbl (B MOAENM OHM Ha3BaHbI KPOU-

10 M. TepHa (Pietro Terna; r. p. 1944) — uTanbAHCKUI
MaTemaThK, 3KOHOMMCT, Npodeccop yHMBepcuTeTa B
TopuHo (Utanus).

Uit Space 0 Lin# Space 1

KaMU; YNCNEHHOCTb TUMUTUPYETCA HaNUYMem
TpaBbl, NPECCOM XULHUKA U PA3MHOXKEHUEM,
KOTOpPOE TaK»Ke OCYLLECTBASETCA C NOCTOAHHOMN
CKOPOCTbIO Ha «CBOBOAHbIX» MecTax «BOKPYr»
y}Ke cylecTBytoLwmx ocoben);

e XWWHUKM (B MOAENUN OHM HA3BaAHbI NU-
CMLAMU; YNCNEHHOCTb IMMUTUPYETCA HaINYn-
€M KPOJIMKOB M pa3MHOXEeHUEeM, KOTopoe Tak-
e OCyLecTBAAETCA C NOCTOAHHOW CKOPOCTbHO
Ha «CBODOOAHbBIX» MECcTax «BOKPYr» y»Ke cylle-
CTBYIOLUX 0coben).

Mpu 3atom «B3ammoaencTeme» (noegaHue
TPaBbl KPOJIMKAMU U KPOJIMKOB /INCaMM) Npo-
NCXOAMUT TONIbKO B TOM CNyYae, Koraa ocobu Ha-
X04ATCA B «npeaenax BUAMMOCTUY» (napameTtp
mogenu). Kak u ana mogenn A. B. Bopuiésa
(2004), Bn3yanusayma npouecca MoaennpoBa-
HMA OCYLLECTBAAETCA C MOMOLLbID aHMMALMK
Ha Kaxkaom Lware (puc. 5).

Linit Space 2 EE&E
=
=
-
.1
™
|

H |

0

Puc. 5. TpaBa (a), Kponuku (6) u nuncel (B) B mogenm TepHa (bparmeHT); TemHas 061acTb — 0cobu (areHTbl)
Tpex 3TUX rpynn opraHM3moB, cBeTnad 061acTb — 30Ha BO3MOMXHOI0 pocTa TpaBbl (a) M «BUAMMOCTUY (6 U B)

Fig. 5. Grass (a), rabbits (6) and foxes (B) in Terna's model (fragment); the dark area is the individuals (agents)
of these three groups of organisms, the light area is the zone of possible grass growth (a) and "visibility" (6
and B)

3aKnouyeHue

Ona mopgennpoBaHMA MeTanonynALMOHHbIX
NPOLECcCOB MOXHO MCMNONb30BaTb KaK Toyeu-
Hble Mogenu (TpaguLUMOHHbIE MONYAALMOHHbIE
MOAENN) C pacnpeseneHHbIMU MnapameTpa-
MW, TaK WU WHANBUAYANbHO-OPUEHTUPOBAH-
Hble UMUTALMOHHbIE moZenun. BTopon noaxog,
TpebyeT 6onblue ycunnii, bonee ANUTENbHbIX
BPEMEHHbIX PaMOK W 6onbluiero Konmyectsa
HaBbIKOB, YeM TPaAULMOHHOE MOAEeNNpPOoBa-
HMe nonynsauun. EcTb No KpalHel mepe ABa
YyC/IOBUA, BbINOJIHEHWE KOTOPbIX MO3BONAET
KOMMNEeHCUpPOoBaTb Kaxylwuecsa 6onee BbICOKUE
ycunua gna IBM, yto genaet atoT noaxop, 60-
nee 3¢deKTUBHbIM U aelicTBeHHbIM (Bridle et
al., 2010; Stillman et al., 2015).

Bo-nepsbix, IBM co3gaeT mogenu, KoTopble
aBnatoTca 6onee ob6WMMM U NPUTOAHBIMU ANA
NMOBTOPHOIO WCMONb30BaHUA, YEM MOAENM,
OCHOBAHHbIE WCKAKYUTENbHO Ha aIMnupuye-
CKMX napameTpax (yxo4 oT AeTEPMWMHM3IMA K
cToxactusmy; cm. puc. 1). JeTepmMUHUpPOBaAH-
HbIX (3MNMpUYecknin) noaxon TpebyeT, 4TobbI
pasmep MONynauuMM U YCIOBUA OKPYXKAIOLLEN
cpeabl 4OCTAaTOYHO PAa3/INYaINCL B TEHYEHME Nne-
puoaa uccnegoBaHuA, U 4YTobbl OHM He bblan
CUIbHO CKOPpPEeNInpOoBaHbl APYyr C APYrom; Ans
MHOTUX BUAOB TPYAHO (MM HEBO3MOMKHO) U3-
MepuTb Heobxoaumble napameTpbl NONyAALU-
OHHbIX NPOLLECCOB 33 AOCTAaTOYHO ANUTENbHbIN
nepuog spemeHu. Hanpotms, mogenn IBM,
OCHOBAHHbIE Ha YCTOABLUENCA TEOPUM UHANBU-
[ya/NIbHOTo YPOBHA, MOTyT ObITb Peasin30BaHbl,
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noaTBEPKAEHbBI M UCNOb30BaAHbI 33 400 Bpe-
MeHU, Heobxoanmmoro gna pas3paboTkM smnu-
puyeckon moaenun HaceneHums (Stillman, Goss-
Custard, 2010). Btopoe ycnosue noBbllEeHMUA
3pPEeKTMBHOCTM NPOEKTOB 3TOro NoAxoAa — Bbl-
COKas oThaya, T. K. IBM obecneyeHo co3aaHu-
eM TMBKUX MPOrpaMMHbIX MHCTPYMEHTOB, YTO
No3BOAET NPUNTU K MOAENSAM, KOTopble fB-
naTca bonee rMGKMMMU U NPOTHOCTUYECKUMMU,
yem TPagMUNOHHbIE NONYAALUNOHHbIE MOAENN.
Bo3amoxkHa UM TpeTbAa npuumHa (Hanski,
Gaggiotti, 2004; XaHcku, 2010, c. 306). B knac-
CMYECKOM MeTanonynsuMoOHHOM TeopUU Yuc-
NIEHHOCTb KaxkAoM NonynaumMm M3MeHaeTca He-
3aBUCUMO OT YNCNEHHOCTU COCEAHMUX Nog, Aen-
CTBMEM Cny4valiHbIX ¢aKkTopoB (aemorpadpuye-
CKasA CTOXaCTUYHOCTb). MHbIMK cnoBamMu, meTa-
nonynauma — 3To KCOBOKYMHOCTb AUCKPETHbIX
NIOKaNbHbIX Monynsunii BuAaa, obnagarowmx
ACMHXPOHHOW AMHAMWKOM YUCNEHHOCTU U CBA-
3aHHbIX MexXay cobolt HebonbWMMNU MUTPaLLN-
AMMW; OTAENbHbIE NOKA/IbHbIE MONYAALUM MOTYT
BbIMMpPATb M 3aMeLLaTbCA HOBbIMM 33 CHET MU-
rpaummn M3 OCTaBLUMXCA Nonyaauui (npu sTom
ACUHXPOHMA BMONOrMYECKON AUMHAMWKKU NO-
Ka/ibHbIX (Cy6)nonynsumin UCKAOYAET UX OOHO-
BpeMeHHoe BbiMMpaHue). Takmm obpasom,
meTanonynaums cnocobHa cyw,ecTtBoBaTb He-
n3mMepumo gonblue, yem ntban U3 NoKanbHbIX
nonynauymn» (CanmeHkosa, 2018, c. 7). Yem
MeHbLUe nonynaums, Tem 6o/blue WaHCOoB, YTO
OHa ucyesHeT. HecmoTpsa Ha To, YTO NONyAALUK
YyA3BMMbI, Cama MeTanonynauua 6Gnarogaps
NOCTOAHHBIM  UMMMUIPALMOHHBIM NpPOoLLeccam
yCTOMYMBA. DTO NO3BOSAET COBEPLUEHCTBOBATD
MOAENNPOBAHME METANONYAAUMOHHbIX MNpPO-
LLeCCOB 3a CYET PACCMOTPEHUA MeTacoobLecTs
(metacommunity) — coobLuecTB, COCTOALLUX U3
HECKONbKMX B3aMMOAEMNCTBYHOLWMX MeTanony-
NAUUN, UAM COBOKYMHOCTM NOKaNbHbIX CO06-
LLLeCTB, CBA3AHHbIX MeXAay COO0N MHOXKeCTBeH-
HbIMWU MUTPALUAMM CNararoWmx nx BUA0B.
HakoHel, MOXHO MocrneKkynaMpoBaTb U Ha
TaKoM npumepe. B HekoTopbIx ropogax (Takmx
Kak TonbAaTTn, Qumntposrpag, HuxHuin Hosro-
poa, U Ap.) oTaeNbHble PaMoHbl HAaXOAATCA Ha
paccToAHMM Apyr oT Apyra (pasaeneHbl ropoa-
CKUMWU NlecaMn MU pPeKamu), 4To nossonset
paccmaTpuBaTb MX HaCe/NleHME KaK ropOACKYHO
meTanonynauuio. bonee Toro, B Kayectse Ta-
KOBbIX MOHO paccmMaTpmMBaTb U KPyMHble ro-
poackue arnomepauuu (Tutos u ap., 1996; /io-
60BHbIM, 2011; KpynHble ropoackue..., 2015;
JKOHOMMKA POCCUMCKUX..., 2020; E. AHTOHOB
n ap., 2022). TpyaHo cebe npeactaBuTb, YTO
BCE palOHbl TakoM camoi 60nblION B MUTpE
arnomepaumu, Kak YyHumH (Kutain; Hacenenue

— 52 maH yen. (bonblie Bcen McnaHnu; TONbKO
4 cTpaHbl 3anagHon EBponbl 6onblue No Hace-
NleHnio), naowaab — 83 Tbic. KM? (bonblue Bcel
ABCTPUM)), KaK-TO HE M30/IMPOBaHbI (cybnony-
NAUMKN) N OAMHAKOBO Nocelaemsbl (Mmurpaymsa).
MoaobHbIM yyeT «NPOCTPAHCTBEHHOM COCTaB-
NALWEN» No3BONMNT Bonee KOPPEKTHO moae-
NIMPOBaTb CTPYKTYPY U pasBUTUE TaKUX Teppu-
TOPUMN.

B kayectBe npumepa (puc. 6) npoaemoH-
CTPpUpyeM pasmelleHne HaceneHuma r. TonbaTtu
(bnaro, Mbl B HEM KMBEM U XOPOLUO 3HAEM).
Hacenenwne (2021 r.) — 6onee 690 Tbic. yen. (20-
M B CTPAHE MO YNCNEHHOCTU HaceNeHua u nep-
BbI Cpean He 061aCTHbIX LLeHTPOB; NAoLaAb —
315 Km?); Tpu paioHa ropoaa (ABTO3aBOACKOM
(HaceneHue 425 Tbic. Yen., naowanb — 89 Km?),
LUeHTpanbHbi (155 Tbic. yen.) 1 Komcomonb-
ckuit (110 TbIC. 4yen.)) pasgeneHbl NECHbIMU
maccuBamm (OueHKa coctosAHuA..., 1995) ob-
e naowaabo okoso 8 Toic. ra (25 % ot Bcen
Tepputopmun). 3To AenaeTt noesgKy M3 o4HOro
paloHa B APYroi CPaBHMMOM C NOE3AKON MEXK-
Ay ropogamu («ropaple» utenu ABTO3aBoA-
CKOTO palioHa OYeHb PEAKO, ECIU 3TO TONbKO
He CBA3aHO C paboToM, NOCELLAT OCTaNbHble
paloHbl, @ ANsa HeKoTopbix XuTteneh Komco-
MOJIbCKOFO pailoHa nerye nonactb B MocKsy
nnn Typumtio, yem B ABTO3aBOACKON PaMoH).
MHbIMM cnoBamu, A4 ONUCAHUA CTPYKTYPbI U
ANHAMUKM HaceneHusa Bcero r. TonbATTn npu-
MEHWMbI, Hanpumep, MeToAbl UHAUBUAYASb-
HO-OPMEHTMPOBAHHOIO MOAENIMPOBAHUA.

3aBepliaa 3ToT 0630p U oTaaBas cebe oOT-
4yeT B TOM, YTO HEKOTOpPblE U3 OMUCAHHbIX Me-
TOO40B MOAENNPOBAHUA METanonyAALMOHHbIX
npoueccoB byayT A5 3KONOroB OTHOCUTENIbHO
CNIOXKHbl U He BCeraa NOHATHbI, NPMBEAEM 3a-
6aBHbIl cnydait ¢ T. doH KapmaHom™ — mate-
MaTMKOM, MPOC/AABMBLUMMCA aspogMHaMuye-
CKMMU ypaBHeHUsMU (Teopua Buxpei Kapma-
Ha). OH 6bin npodeccopom B AxeHe (Aachen,
lepmaHuA), W, MOCKONbKY KOHCYAbTUPOBaAN
HECKONIbKO aBMaKOMMaHuIi, eMmy b6bina npeao-
CTaB/IeHa BO3MOXHOCTb 6ecniaTHo netatb AN
yTeHua nekumin B MNacageny (KanmdopHUiicknia
TexHonornyeckui yumsepcutet, CLLUA). OgHax-
Abl OH NpubbIN Ha nekumto B MacageHy, Havan
€e 4YnTaTb, HO Yepe3 HEeKOTopoe BpPemMA YBU-
[eN, «YTO BbIPaXKeHWe Ha /iIMLax He CTONb OC-
MbICNEHHOE, KaK 06bl4HO. U Toraa oH noriman
ceba Ha TOM, YTO TOBOPUT MO-HEMELKWU. ITO
ero cMyTnno. «Ho noyemy e Bbl MONYUTE?»
— obpatuncs oH K caywartenam. CTygeHTbl He

11 T. KapmaH ¢oH (Theodore von Karman; 1881-
1963) — aMepUKaHCKUI MaTeMATUK, UHIKEHEP, MeXa-
HWK BEHIepCcKoro
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Fig. 6. Population distribution of the city of Togliatti (three subpopulations)

OTBEYaNM, HaKOHEeL, OAMH U3peK: «He paccTpa- HageATbCA, YTO YUTATElb OTHECETCA K OMUCaH-
nBanTecb, npodpeccop. MoxeTe roBopuUTb MNO- HbIM METOAAM C YBaXKeHUEM, YNblOKoW 1 paao-
HEMELKM, MOKETe NOo-aHIMTMACKN, Mbl MOMMEM  CTblO NO3HAHUA.

He 6onble»» (Mona, 1965, c. 48—49). XoveTca
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Keywords: Summary: Three paradigms of cognition of the world are presented: Laplacian
diffuse models determinism (“Laplace’s demon”), stochasticism and chaos-self-organization
agent-oriented (uncertainty in the dynamics of the behavior of wildlife objects). The formation
migration of the mathematical theory of population dynamics within these three
competition paradigms is discussed. A metapopulation is a spatially structured population
heterogeneous that persists over time as a set of spatially separated, local, interacting
environment populations with limited settlement between them. The principle of migration
population waves is the main mechanism that distinguishes the theory of metapopulations from

the standard theory of population dynamics, which analyzes mortality and
fertility within a single population. The compromise between competition
and colonization allows competing species to coexist in a heterogeneous
environment. Quantitative approaches make it possible to take into account
other mechanisms and more general spatial variations. Stochastic and
deterministic models of the dynamics of metapopulations are discussed. They
are point model (parameters change only in one variable), diffuse one (taking
into account the diffusion exchange between two habitats identical in their
ecological characteristics) and agent-based models (based on the individual
behavior of agent-objects and operating with parameter values averaged for
a group of similar objects), etc. The main properties of individual agents are:
“intelligence” (learnability), location in time and space (a certain “habitat” is
set), and the presence of a life goal.
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