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A. A JIATIYHOB



Hoceawaercs naxaru
Auerces Andpeesuua
JlanyHnosa

HNPEINCJIOBIE

Buosors u mMareMaTHKM [aBHO yike OHTAKOTCA paboTaTh BMecTe.
Jlemo aTo HempocToe m Ha OHICTPHIA yCIeX PAaccYHTHIBATH He NPUXO0-
autesa. [[na omenkw macmrafa TPyAHOCTeH IIOJ€3HO BCIOMHHUTH He-
KOTODHE BIH30JH TAaKOI'0 B3aUMOJEHCTBIIA.

Vixe B pBagmareix rogax nosasssores crarei C. H. Bepmrreitna.
ITepBas u3 mux «O npuruaokenmn maTematurkd K Ouoiormm» («Hayka
ra Yxpaumey, 1922, swmn. 1, ¢. 14). Caegyiomue fiBe ero paboTsl 3Ha-
KoMAT ¢ upobaemoit 3amajpuoro dmratensi (Comptes Rendus, 1923,
177). PaGora 1924 r. naswBaetca «Pemenne ojHo#l MaTeMaTHIeCKOR
npoGieMbl, CBA3aHHOW ¢ Teopueil gacieqcTBeHHOCTHY. B manbmeit-
meM TeHeTmdeckas Tema mpocaemBaerca B pabore A. C. CepeGpos-
croro ([loxn. AH CCCP, 1934, 2, 33) ¢ HenpuBHIYHO B3BYYam[IM Ha-
3BaameM «0 cBoiicTBAaX MEH/IEIMCTHICCKHX pPABEHCTBY U CTaThe
B. 1. TamBenko «Menpneneescras aareGpa» (Jorx. AH CCCP, 1936, 13,
371). 9Ta TemaTMKa pPa3BHBAJACH flajdee M WHOCTPAHHBIMH aBTOPaMM
(Etherington, 1939—1941; Reiersol, 1962; Holgate, 1967 —1968).

Iloyamrenbra cynn6a samegarennsoit paborsr A. H. Kommoroposa,
M. T. Merposcroro, H. C. Ilmckynosa «WccmegoBanume ypaBHeHUS
auddysun, coeMHEHHONE C BO3pacTaHMEM KOJHIECTBA BemeCTBA W
ero mpuMeHesive K OgHOU Guomormaeckoir mpobGaeme» (Boan., MI'Y,
1937, 1, Brim. 6, 1—26). B meit nccnenosano BHTeCHeHHe HEYCTOIH-
BOTO TeHOTHMHA ycToigmBeiM. PaforTa uMesa MHOTO WOAPaKaHU B
APYrHX 00JacTAX MATeMaTHIECKOTO ecTecTBo3HauAA. Ee wpomorswanm
m3yyaTh W NUTHPOBATH M B Te BPEMeHAa, Korjga fajke yIOMUIIAHIE O
TeHe OBIIO HEBO3MOIKHBIM, YeMY B HEMaJjioil ¢TemeHM cnocoGCTBOBANO
yAagHOe HasBaHme pPabOTH.

JKoJOrHYeCKOe HAmpaBiIelie B MaTeMaTHMdecKo#l Omoiorum, Ha-
gatoe Boxpreppa B 1931 r., npopmomseno coBmecTHOH paboToi
I'. ®. Tayse u A. A. Burra (zs. AH CCCP, 1934, 10, 1551—1559).
9ra paboTa ABIAETCA XaPAaKTEPHBIM IPUMEPOM IJIOZOTBOPHOIO B3aH-
MonelicTBHA 6HoTOTa M HA BTOT pa3 PuamKa-TeopeTHKA. 3aTeM IOCIe-
mosana monorpagmsa I'. @, Tayse («The struggle for existence». Bal-
timore, 1934), a mocae crareu A. H. KoamoropoBa B HTaIBAHCKOM
JRypHale npobiema ofpesa n COMNAHOE (MATeMaTHIECKOe obecneTeHney.

K cosxkaneHuio, c¢J0KHLIe BHENIHHE HOPHIMHB, B TOM 4YHCIe H
Beauraa OreuecTBenmnas Boliila, Hag0JdT0 pa3opBaiM CYACTIMBO Ha-
YNHABUINACA B Hameil cTpaHe coio3 Guosormm u maTemaTuru. OgHAKO
B rofbl Bo@HH deTadera Onrra mopxBadena H. Bumepom. Ero anassie
BKYCHI, a Tarkke paboTa mo BOEHHKIM KOHTPAKTaM ONpefewiIN 3a-
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METHBIA WHKEHEPHO-TeXHUYECKHH Kpen OpMUPOBABLIEroCA HaYyIHO-
ro nampaniennd. Crabee cTan m MaTemaTudyecKuir motenmmaia. Iloka-
3aTeJbHO B HTOM cMbiche BrickaspiBanue H. Bunepa (mo mnosogy ero
kuurn «Extrapolation, Interpolation and Smoothing of Stationary
time series». N. Y., 1949): «Cnenyer, omHako, OTMeTHTh, 4TO REKO-
TOpPBIe MOM M3BICKAHHMA B 9TOM HANpaBJeHMM CBA3aHul ¢ Gollee paHHeH
pabotoit A. H. KoayoropoBa (mMeeTcst B Bujy cratha «MHTepmonn-
pOBaHNe M DPKCTPANOJAPOBAHME CTAIIHOHADHHIX CJAYIAHHLIX WOCIEI0-
BaTenbHocTeiy — M. AH CCCP, 1941, 5, 3—14) B Poccun, xorsn
3HAuYMTEIbHAS 9acTh MoOed paboTel OBIAa coelaHa 10 TOTo, Kak
A o6paTuicd R TPyAaM PYCCKOH LIKOIBD.

Mpesxesperennas akcMoMaTU3aUA He oHpaBjajla BO3IaraBIInX-
¢ Ha Hee ype3MmepHHIX Hage:kn. Ilocae Brxoga ruurm Bumepa («Cy-
bernetics or Control and Communication in the animal and the ma-
chiner. N. Y., 1948), kak rpmbm mocie H0skafA, BOSHHKAIT MHOIO-
YUCJHEHHBE (IPHCTPOiiKkmy: Teopus wWHOOPMALMH, AUHAMUUCCKOE
NpOrpaMMUpOBaHIe, ONTHMAIBHOE YyHpaBIeHue, TeOpHUA WIp, pac-
no3HaBaHue 00pa3soB, UMHTAIHOHHOE MORETHPOBaHUEe H ApPYrHe eie
Gostee uacTunie Hanpasaenus. CuopapejiiABoe HeJoBepHe CEPHE3HBIX
OMOJOTOB K MOCHENIHBLIM IPETEHUHO3HEM MaTeMaTHYeCKHM moCTpoe-
HUAM He3aMeTHO NEepPeHOCHTCH Ha MaTeMaTuky Boolmie.

B mameil cTpane mepBOHAYAJNBIBIA IepHoOJ OTpUIlaHUA KubepHe-
THKH 3aKROHYIICA ¢ BuxoloM crated A. A. Jlanynosa u C. JI. Co-
GoseBa («Bonp. ¢unocoduur», 1958, Ne 5, 127—138). C aroro Bpemenn,
B HeMaloi crenenn Grarofaps kanyuei sgepruu u.aen-kopp. AH CCCP
A. A. JlanyHoBa OpraHU3YIOTCA CUMIO3MYMb W KOHQPEPEHIWH MO
KubepHeTHKe, [eJaTalTcs CTaThM, BHXOAAT cOopumku. Ilpm aTom
«yTBep;rgamoch 6ogee ectectBernoe (gem B CIUA u 3anagmoit EBpome)
I cojiep;KkaTeqbHOe HOHAMaHWME KHOepPHeTMKH, BKJIIOUNMBINEE B Hee
JTOCTHKEHMA, HAKOIJIEHHHE K TOMY BpeMeHH B Teopuu mpeofpasoBa-
Hus mHpopManuu u yopasiswomux cucTes» (B. M. Tuymkos, BCO,
usn. 3, 1. 12, craten «KubGepuernkar).

Ho B3envonetictsne Ouolormm M MaTeMaTHKH He YKJIaJbBaeTcHd,
KOHEYHO, W B 9TH PAMKH — HYKHO, 9T0o0m OHOJIOr ¥ MaTeMaTHK
paGoTtamu BymecTe najg OHONOTHYECKHM OOBEKTOM. A Kakue MaTeMaTH-
4eCKHe MeTONbl HaJ0 NPHMEHHTH, BHIACHUTCA B mpoiecce paboOTH.
U Anexceit AnjgpeeBud JIamymos maeT ofpasunl Takoro COTPYHHU-
yectBa. Ho A. A. JlanyHoB He TOJNBKO y4Yempiif, HO H OpPraHH3ATOP.
O manpar:aser paGoTy B macmTaGe Bce# CTpaHbl, CO3[aB CEKIUIO Ma-
TeMaTHIECKOoTo MojennpoBanma Hayunoro cosera mo mpo6:remam Guo-
cpeper AH CCCP. Tpyam I mions mo mMaTemaTudecKoMY MOREIHPO-
BAHWIO, CO3BaHHOW 1m0 WMHuNuaTHMBe Anercea AHjapeeBuda, JeRaT
Hepe; yuTaTeseM

Buesannasg cmepTh Adexces AHApeeBMda mpepBajia MHOTHWE mJa-
HHl ¥ HAYUHAHHWA, KOTOPHE €ro YYeHWKA M COTPYAHHKH OYAyT CTpe-
MATBHCA UPOJOLKATH B MEPY CBOMX CHJI M cmoco0HOCTei.

A, M. Moavanos



O METO/JOJOTNYECRKRIX BOITPOCAX
MATEMATHYECKON BHOJIOTHN

A. A. JANIVHOB L T. II. BATPUHOBCKAA

BBEJEHHIE

Kampas ecTecTReHHasd HayKa COCTOMT W3 Tpex dgacTeil: sMmupu
9eCKOil, TeopeTHYECKOM M MaTeMaTHIeCKOH. OMOmpAdecKas dacThb
coep#uT (aKTAIECKUe CBeNeHMA, JOOBITHE B dKcmepmMeHTaX M Ha-
GIaofleHnAX, a Takyke M3 WX NMePBAYHON cmcTemartmsanmu. Teoperwmde-
cKas YacTh PasBHBaeT TeopeTHIeCKUe KONMNENIUH, MO3BOISIMEe 06%h-
eIMHUTL ¥ OOBACHUTH C e[IMHLIX HO3UNUN 3HAYATETHHHIN KOMILIEKC
ABieHnii, 1 GOPMYIUPYeT OCHOBHBIE 3aKOHOMEPHOCTH, KOTOPHIM HOJ-
qIHAETCA HMIHPAYECKUN mMartepman. MaremaTmueckas d9acTh KOHCT-
pyupyer MaTemMaTHIeCKUC MOJENH, CJIY;KaIlue [IA IPOBePKH OCHOB-
HHX TeOpeTWIeCKNX KOHIENNWH, XaeT METOXH JiA NepBHIHOH 06-
pabGoTKE SKCIEepPHMEHTAaNbHEIX JAHHKIX € TeM, 9TO6H WX MOKHO GBLIO
COMOCTABATH C pe3yJdbTATAMH MoOfelieil, W paspabaTLiBaeT MeTOLI
ITAHAPOBAHNS HKCOEPHUMEHTA ¢ TAKEM PacdeToM, 4To6n IpH HEGOMb-
nmoi 3aTpaTe CHJ IO BO3MOJKHOCTH MOJKHO OBITIO M3 BKCIEPIMENTOB
DONYYATH MOCTATOYHO HANEKHLIE AHHbBIE.

Hawm raskeTcs, 9To Takas CXeMa OTBEYAeT CTPOEHMIO MHOTHX HayK,
HampmmeDp OHM3UKW, XWMHAH, OMONOTHH, SKOHOMUKH W faske JNHTBH-
ctugn. OfHAKO B pasHBIX 007acTAX BHAHEX 3TH 9ACTH PAa3BHTH
HeoAMHAKOBO. B (usmke, acTpoHOMMUM, MEXAHHKE TeopeTHYECKAS W Ma-
TeMaTHYeCKAas YacTW Pa3BUTH OCHOBATEIbHO. DoJsiee TOTo, MaTe MATH-
9ecKue MOJeNIN TeX WIH APYIHX IPUPOAHHIX SIBJCHHI HACTOJbKO IPH-
BHIYHEL B KPYTY CIEIAAJIHCTOB, 9TO OHM 9aCTO He NMPOBOJAT YETKOTO
pasTpaHHYICHUS MEMKTY CBEIEHUAMM, IIOJIYIAEMBHIMA O ABJIEGHHH THUCTO
SMIOMPHIECKAM HYTeM WM TyTeM H3ydJeHHs MaTeMaTHUeCKO MOMes.

dra ofmas cxeMma IOJHOCTHI0 mpumeHMMa K Gmoaornm. Ommaxo
pa3BATHE Pa3HBIX YacTeil TAKOIl cxeMbl B OGUONOTHM CHIBHO OTIMYA-
eTCA OT TOTO, YTO MMeeTCs B acTpoHoMmH 1 ¢usumre. Poab TeopeTn-
9eCKHX KOHIeNIui, a Tem Gojee mMaTeMaTHIECKMX Mojeleil B HACTO-
mee BpeMfA B OMOJOrMEM COBEPIIEHHO HeCpaBHUMA ¢ UX POJBI B PH-
3AKe, MeXaHHKe, acTPOHOMHH. ATo 00CTOATEILCTBO 00YCIOBICHO,
C OIHO#l CTOPOHBI, TeM, YTO paspaboTKa TEOPETHYECKUX KOHIEemI[Hi
W MaTeMaTHYeCKMX Mojieseli B Omosornm Hadalach HAMHOTO TO33Ke,
9eM B Ha3BAHHBIX HayKax, a ¢ JPyroil,— TeM, 94T0 XapaxKTep I3ydae-
MBIX GHOJOTHIECKUX SIBICHMII 3HAYUTEABHO CJIOMKHEe W 3amyTaHHee,
B CHJIY 9ero INPHXOAHUTCS MIPUHAMATH BO BHEMAaHIe ropasio 00Jbire gak-
TOPOB IPH HOCTPOEHUM MOJeNell OMOJIOTrHIeCKUX sBIEHUH, geM ¢usn-
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gecknx. B ofmxogme 3To mocienHee 0GCTOATEAbCTBO OOLIYIHO HMEHY-
eTcs cmenUIecKoil CIOKHOCTBIO LPOLECCOB KH3HENEATEIHHOCTH.

Kpome Toro, mocrpoesme maTeMaTHUECKHX Mojeleir B Ouomorun
CHJIBHO 3aTPYAHEHO TeM, 94TO OUYeHb HeMHOIHEe GHOJOTH B JOCTaTOYHOM
Mepe BJIajeloT MaTeMaTHKON, a cpefy MaTeMaTHMKOB TaK:Ke HEMHOTHE
06120aI0T COOTBETCTBYIOIMAMHI HHTEPECAMH H 0CTATOYHHIMA 3HAHHA-
MH B o0macTu Guogoruu. B cBg3m ¢ 3THM DOCTpPOEHHEM MaTeMaTHYe-
CKHX MOMeJedl HPOIECCOB KUBHENeATeJbHOCTH MOJKHB 3aHUMATHCSH
KOJIJIEKTUBH HCCJegoBaTeneil, B cOCTAB KOTOPHX BXOMMIM OBl KakK Ma-
TeMaTHKH, Tak m OGumoxoru. Heo6xogMMmo, KoHeUHO, UYTOOH MeRIY
HUMH YCTAHOBIICA JOCTAaTOYHO TeCHBIY HayuyHeil KOHTAKT, T. €.
91068 OHU OBLIM B COCTOSIHIE BCECTOPOHHE 0GCy:KiaTh maydaeMoe AB-
JIeHHe W IPH 9TOM HOHHMATh Apyr apyra. OrTmeruy, 9To BO MHOTHX
TeXHHYeCKUX HAYKaX M B S9KOHOMHKE TaKOI'0 DOJa KOJJIEKTHBHl yCTOM-
9mB0 QYHKIHOHMDPYIOT. B Ouojoruu oHM HAXOHATCA B 3a4aTOTHOM
COCTOSAHNM, a B JHMHTBHCTHKE MIM B reorpadmm Takoro poja [des-
TEJBHOCTBIO 3aHMMAKTCS OYeHb HEMHOTHEe TPYIILI MCCIeIoBaTeIei.

PaccyoTpum Tenepb HeKoTOpbie (QAKTHI, OTHOCAIIIECST K Teope-
THYeCKO Ouoaormu. 3ajada TeopeTHIecKod 6GuoJorHu COCTOUT B TOM,
9T00B OOBACHUTH C ©AMHBIX NO3MINI 3HAUHTEJbHBIH KOMILUIEKC (aK-
TOB, Kacawmuxcsa ;kuBoi mpuponsl. HaubGotee obmeidl u Bceobbe-
Jomell TeopeTHYecko#l KoHUeHitied OHOJOTHH ABISETCA TEOPHS 3BO-
moruu. B obmmx ueprax oHa jgaeT oOGbsicHEHHme TOrO, IOYEMY 0Y€Hb
MHOTIie IPOLeCCH B ;KUBOU IPHPOJie IPOTERAIOT medecoodpasuo. Buo-
Jorudeckne ocoGeHHOCTH TeX WJIM WHBIX CYIIeCTB, a TaKyKe HX B3ali-
MojelicTBHe Meskay co0oil ompemeleHHBIM 0OpasoM COTJIACOBAHHI C
VCJIOBUAMEU MX cylmecTBoBauus. Hpoame Toro, B camom ofmem Buje
TEOPUS 9BOJIOIMM BHIFCHAET «MEXaHHU3M», MOCPEICTBOM KOTOPOLO
OCYIIECTBJAETCA NpHCHOCcobiIenne: HaCIeACTBEHIIOCTh, HACJIeACTBEH-
Hag M3MEHYMBOCTL M 0TGOP.

Ianee caemyior riaaBsl TeopeTmdeckoli 6uosorum, KoTophie o6BAC-
HAIOT MEXaHU3M HACJIeNCTBEHHOCTH W HACTEeJCTBEHHOU M3MEHUYHBOCTH:
TeHeTHKa U DS TeopeTIIeCKUX pasfeqoB IUTOJOTHH, OHOXMMUA U
MOJIEKYJIAPHOI Go0THUA. 3aMeTHM, UTO IIUTOI0THA, OHOXHMHA U MO-
JIeKyJAsApHaA OHOJIOTUS COOEPsKaT CBOH SMINPUUIECKHIl MaTepHay, Ko-
TOPBI Xe cIeayeT OTHOCUTH K TEOPETHYECKOM OGHMOJOTHM, HO HA KO-
TOPBII OMHPAIOTCA TeOopeTHIeCKHe pasfess 3Tux obsacTeil Gmoraordm.
B cBomo odepens reHeTura Kak ydueHHe 0 HacJeAcTBeHHON mH opMaI(mu
omupaeTcsA Ha TeopeTHYECKHEe pa3me]bl HA3BaHHKX ob1acTeil 6u0A0-
rmm. YTo racaercsa orGopa, Gosee AeTalbHOE H3ydeHUE €T0 MeXaHH3-
MOB OTHOCHTCH K TEOPUH MIOMY.IAIHI.

Oguako Teopus SBOJIOIUU M 00JACTH HayKH, HA KOTOpLIE OHA
onupaeTcd, OTHIDL ¢ IICIePILIBAIOT MAaTePHAIDI 'I‘(‘Ol)E"['II‘IQCKOfI 610~
moran. 'nyGokue TeopeTHuecKNe KOHUENIIMH Pa3BHBAIOTCS B paMKax
yuenns o 6mocdepe B pPa3IMIHBIX €ro 4acTAL. 3iech HYKHO OTMETHTH
OHOreoIeHo0J0INI0, & TAKKE BCe, 4TO 00BbEeTUHACTCH B HECKOJABKO pac-
ILUIBIBIATOM TOHSATHHM «HKOJIOTHSAY. 3aTeM BO3HHMKAIOT BOTPOCHL Tepe-
paboTKH MaTepU: M DHEPTMH B NPOIECCAX, NPOTeKAlIUX B pasiamd-
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X coolmecTRax opramu3MOB, a TaKké BOOPOCH 00 H3YUYeHuH mnpo-
LeCCOB YIPABJIGHNA B RMBOH IPIPOJie. OTH MOCJIE/HIE NPeJcTaBIAI0T
co0oll rubepHeTnmueckue mpobG.IeMbl GHOJOTMHM, WIH HPOILECCH KOLH-
POBaHMsA, mepegadu, mepepaboTRA M XpaHeHwss HHPOpPMANMH B XOJE
JKE3HENEATeJbHOCTH, a TaKske BO3JelcTBHE NOTOKOB 3Toll muHOpMA-
IMH HA OpoTeKalHe CAaMHX IIPOIECCOB yRU3HEAEATEIbHOCTH.

H3 ckasannozo caedyem, wmo npobiemamuka meopemuyeckoll 6uo-
L02UL ecnecmeeHHblM 06pasom pacnadaemces Ha 0se uacmu: MoAeKy AP~
Ro-6uoa02uMecKyI0 U mamemamurko-kubeprHemuyeckyio. IlepBas cocTont
B pacmu@poBKe ¢ (H3MKO-XHMHUYECKHUX IO3UIHH HEKOTOPHX aKTOB,
BXOJAIHX B COCTAB KU3HEAEATENBbHOCTH I NPHHHMAEMHX 3a 3Jje-
MeHTapHble. BTopas uaydaeT cTpoeHue u (YHKIMOHAPOBAHUE CJIOK-
HBIX CHCTeM, ONHpasch Ha »dJeMEeHTapHble AaKThl, KOTOpHEe B HEX
OPOUCXOJAT, M PesKUM BLIMOJNEHHSA dTHX aKToB. llpm atom BHABIA-
IOTCA: a) CTPOEIHe CHCTeMBI, T. €. ee YIeHeHUue Ha OTHOCHTEJbHbIe aBTO-
HOMHBIE BJeMeHTHhl, H CBA3M HIH B3aUMOJEHCTBHA MEMy HHUMU;
6) pyHKIUOHUPOBAHUE CHCTEMHl B IEJIOM U B) H3MEHEHHE CTPOEHHS
CHCTeMbl IIOf, Jie#cTBUEeM ee COOCTBEHHOr0 (YyHKIMOHHMPOBAHHS M BO3-
JNeHCTBNA Ha Hee BHEIIHEH CpesHl.

OB AIIIIAPATE MATEMATHYECKON BMOJIOTUN

Jl1s MaTeMaTMKM XapakTepHo, 9To (opMEpOBaHMe HOBBIX HAIPAB-
JeHHMil 3a9acTyl0o BO3HMKaeT HA NOYBe HOBHIX 3ajmad. B gacTHoCTH,
BeCb KIACCHYECKHMH aHaJuM3 BO3HUK HA IIOYBE 3ajad (M3WKH, Mexa-
HUKH M reomeTpuu. IlpaBga, B maabueiimmeMm oKasaloch, 4To cgepa
NPEMEHEHHA MaTeMaTHIeCKOTO0 aHaJjiN3a 3HAYMTeJbHO Immpe. MHorme
3a/laYU, OTHOCAMMNECHA K XUMHHM HJIA TEXHOJOTHH, K PA3JIHIHBIM pas-
JeJiaM TeXHHKH N eCTeCTBO3HAHHA, B TOM YHCJIE MHOTHE 3ajaud OHO-
JOTMH M [a)Ke DHKOHOMHKH, pemalTcsa MeToJaMH MaTeMaTHYeCcKOTo
agaamsa. OJHAKO [JIs pelleHHMs I[EJIOTO psga 3amgad u3 o00JacTH
OHOTIOTHH, IKOHOMHUKM, TeXHHKHM, MMEIOMMX KHOeDPHETHIECKYIO IPH-
POAY, T.e. CBA3AHHBIX C IIOTOKaMu WHQOPMAUMY M YyIpPaBJIeHHEM,
METO[(Bl KIACCHMYECKOTO aHAJH3a HEeNPUMEHHMLI. 3aja4d TAKOTO THOA
CTUMYJIHPOBAJIY pPA3BUTHE HOBHIX Ppas3fejoB MaTeMAaTHKH, TaKHX,
Kak Teopusi MH(popMmammu, ygeame 00 yOpaBIAOIMUX CHCTEMAax,
a Takyke TeOpHsA aBTOMATOB, TeOPHA WD, Pa3IHIHbIE Pa3lesbl MaTe-
MaTHYeCKOr0 HIPOTPAMMHUPOBAHHA H T. I.

O6meii wepToit 5THX HOBHX 00JacTeil MaTeMATHKH ABJISAETCA TACK-
perHocTs. V1 mo-Bumumomy, 3To mMeeT riayGokuil cmeici. [leao B ToMm,
470 151 QUBMKM, MEXaHMKHM M JPYTUX HAyK, NPHBOJAMEX K IOCTa-
HOBKE 33/]a4 KJIACCHMYECKOT0 AaHAJIM3a, XapaKTepHO IeJecoo0pas3sHoe
HCOOJb30BaHNE HENPEPHIBHBIX MOJeJlell n3yJaeMbiX AsjeHui. B camom
neJie, HEIOCPEACTBEHHBIM 00beKTOM MATEMATHIECKOTO H3yUeHH A OKA3hI-
BalOTCA HeNPEPHIBHEE Cpefbl, HeIpepPHBHBIE TPAeKTOPHH, HelpepHB-
HBle (PU3WIECKUe MOJS U T. .

B 1o sxe Bpess nias Guosoruu MJIM YKOHOMHKM XapaKTepHA CTPYK-
TYyPHPOBAHHOCTh M3ydaemMoro o0bektra. B KieTKe BBIgeNAIOTCA AHCK-
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peTHBIe OprameNnsl ¢ BechMa pPa3sHOOOPA3HBIM UETKO OUePUeHHBIM
¢yurnuonnposBanmeM. Ilpuuem upomeccs ;KU3HENEATENBHOCTH KJIET-
KU CRJIAJBBAIOTCA U3 QYHRIMONIPOBAHIIA JTIX opraneat. Opranuss
CTPOUTCSA U3 PA3JIIYHBIX CHCTEM OpPranoB, Te — H3 OTjeIbHBLIX OpPradHOB
u T.n Croabro-uHuGyab CI0:KHAS DKOHOMHUYECKAs CHCTeMa Toke
CTPOHUTCA M3 OTHOCHTEJIbHO ABTOHOMHBIX dYacTed, COBEpPIIEHHO CIe-
nudUIeCKd B3aWMOAEHCTBYIOINX MeKAY coboil. Bee 370 mpuBoguT K
HeoOXo/MMOCTH ydYeTa PasHOKAYECTBEHHHIX  3JE€MEHTOB CHUCTEMHI,
CIeIHPUUYECKAX II 1IOJYAC CTPOTO MHAHBUAYAIBHHX B3auMoJelcTBHI
MEIRAY HHMH, 8 TakyKe ydeTa NMepecTpoilku CHCTEMBl R I[€JOM B IIpO-
Lecce ee PyHKUuHONMpoBaHuA. Bce HTo MIOXO TOAAETCH OINCAHHIC
MeToJaMHi KJIACCUIeCKOTO aHaIn3a W MPHBOIUT K 00pa30BaHHIO COBCEM
HOBBIX ITOCTAHOBOK BOIPOCOB, a HOTOMY ¥ IOBHIX IJIaB MaTeMAaTUKH.
Budumo, neckoavko zunepboausupys, MOHCHO ckaszamv, umo ecau @Hu-
BUKQ 8 WUDOKOM CMBICAE OP2AHUYECKU CEA3AHE ¢ MaAmeMamukol He-
npepuigroll, mo Ouosio2us 6 WUPOKOM CMBICAE CTOAL Hce OPZAHUHECKL
c643ana ¢ mamemamuroll Ouckpemuoi.

KIACCUOUKAIUA MATEMATUYECKUX MOJEJIEN

OG6sr9H0 B GHONIOTHH IPUXOUTCS HMETh AeI0 ¢ 00BeKTaMU CHCTEM-
HOIl IpHpOIH, T. €. ¢ 06bEeKTaMH, COCTOSAMMMA I3 MHOTMX B3aMMOJeH-
CTBYIOImMUX yacTeir. Hpome Toro, 2T 00BEKTH MMEIOT HePAPXHIECKYIO
CTPYRTYDPY, TaK KaK UX MOKHO DAcUJeHUTHh HA 4acTH, Ka/kjas U3
KOTOPBIX B CBOI0O Ouepelb MOKeT PaccMaTpPUBATBCHA KAaK CJOJKHASA
cucTeMa. ITO pasliosKeHHMe Ha YacTH MOKHO TNPOBOJAMTH OTHIOAD e
onHo3HaYHo. Hampumep, coobIecTBO MO/KHO YJ€HHUTH HA IOIYJIHA-
MY, a TaKyke Ha CHHY3WH; MOMYJANUH — Ha OPTAaHM3MBI MU jKe Ha
ceMbu nub0 cTaja; OpPTaHM3MLI — HA CHCTEMBl OPTAHOB WU jKe Ha
OT[elbHBle OPTAHBI, TRAHW, KJICTKH M T. .

Ommnnien B ofmux Teprax, B YeM COCTOUT CHCTeMHBI MOAXOH K
M3y4eHHI0 00BEKTOB CJO0KHOM mpmponbl. IIpese Bcero AosskHo GHITH
BEISICHEHO, 0 KAKOM 00beKTe HJeT PeYb W KAKOBA IIeJb HCCIeTOBaHUA.
YauTniBas aTy medb, HaJJleKAT PacuIeHnTh o6beKT Ha COCTABIAIHE
preyMentsl, (QYHKIMOHMPOBAaHME KOTODHIX H DB3auMoOfeiicTBie MEERAY
KOTOPBIMU OIPENeS AT uaygaemsrit npouecc. Hepenko aro mpuxoanres
JelaTh HyTeM MocIefoBaTe bHEX nupubmmrenni. Jlaee Bo3HHKaeT
Bonpoc 00 oOMCAHUM (PYHKIMOHMPOBAHUA HTHX 3IEMEHTOB M B3AUMO-
NeNCcTBHN MKy HUMHU ¢ TOH CTeNeHbIO JIeTAJBHOCTH, KOTOpasd HY/KHA
AJisA pelleHHs OCHOBHOTO Bonpoca. HysKHO Takske BBHIACHHTL DERHM,
B KOTOPOM OCYIIECTBIAIOTCH aKTHl B3BAUMOJEHCTBUA M KaK 9TH AKTH
CKA3LIBAIOTCH HA COCTOSHIE 9/JeMEeHTOB, ydacTBylomux B Hux. Bee
9T0 B COBOKYHDHOCTH COCTaBJIfieT OCHOBY MaTeMaTwdecKoit Mopenu
cooTBeTcTByIOmel cuctembr. Cama MaTeMaTHUeCKas MOJeNdb ABJIAETCA
abCcTparkTHON CHCTEMOI, KOTOP&SA COCTOUT U3 a0CTPAKTHBIX 2JIEMEHTOB,
opuveM BBOAMTCA upejcTaBieHue 00 abcTpakTHOM (YHKIIHOHUDOBA-
HUM U abCTpaKTHOM B3aumomeicTBnu oTux siemenron. OmucwiBaercs
Pe/KEM B3aHMOJEHACTBHA MeKLY OSTUMH aOCTPaKTHHIME JIeMeHTaMH



H Jalee TeMA WX JPYTMMA abCTPAKTHBIMM CPeNCTBAMH BHISACHAETCSA
raobaibHoe ToOBeleHHe uaydaemMoil abcrpakTHoll cucremer. Cymiect-
BeHHBIM ABIAETCA OCHOBHOE IPEAINOJOKEHHE 0 TOM, 4To B abcTpakT-
HOIl CHCTeMe He TPONCXOAMT HUYEeTo APYTOTo, KPOME TeX TPOIecCoB,
KOTODHE TOJBKO UTO IIePeTHCIAIUCD.

MaTeyaTudecKkue »ojie OMOTOTHIECKHX CHCTEM MOZKHO CHCTEMa-
TH3UPOBATh H KJIACCHPHUIINPOBATH pa3IUIHBIMH CIHOCOGAMH ITPeKie
BCETO II0 TeM eCTeCTBEHHOHAYUHEHIM 3ajadaM, OTKYJAa OHM IPUXOAAT.
OTcroqa BO3HUKAET MpeACTABTEHIE O MaTeMaTHIeCKON OHOJOrHH Kak
0 BCIIOMOTATeJbHOM cpejicTBe TeopeTudeckoit 6moaoruu. Taxkoro popa
crcTeMaTH3anusl MaTeMaTHKO-0HOJOTHIECKOTO MaTePHala COBEPINeH-
Ho Heobxommma /I €ro HPAKTHYECKOTO NCIOJB30BAHUA B CaAMOI
ouosornu. Wsiosxkenune B 3TOM ciydae MOKET HOCHTH HECKOJBKO JOT-
MaTHueckuil xapakTep. Ileo6xonmyo odeHBp oT4eTIMBO ommcaTh ec-
TECTBEHHOHAYIHYI0 IOCTAHOBRY 3afa4il W II0Ka3aThk, KaK HA I0YBe
3TOl TOCTAHOBKU BO3HHMKAeT MaTeMaTHdeCKas 3afada M Kak oOHa
dopMyIupyercs Ha MaTeMaTHIECKOM SI3bIKe.

Bpsan nu menecoobpasHo m3iaraTh BO BCeX NOAPOGHOCTAX MaTe-
MAaTHIECKUI MYyTh DPeIIeHds 3adadm, 0COOEHHO B TeX cJaydasx, KOTAa
OH TsReJ, 3aT0 0cofoe BHIMAaume 0RO OLITH COCPEHOTOYEHO Ha
ONMHUCAHII Pe3y.IbTaTOB, K KOTOPBIM NHPHBOIHT MaTeMaTHKa, HX COIO-
CTaBJIEHUI ¢ PeaJbHON KapTUHOI SIBIEHHA, BHIACHEHHH TOTO, B KaKOM
CTeIIeHN pe3yJbTATHl, MATEMATHYECKOT0 AHAJIM3A COOTBETCTBYIOT (HIH
He COOTBETCTBYIOT) KapTHiie SBJIEHHs, HA0TIONAeMOH B TeHCTBUTENb-
HocTd. B pesyapTare meo0XOAHMO MOJIYIHTH B3aKIIOUEHHE O TOM,
HACKOJBKO BpIOpaHHAs MaTeMaTudeckas QopvMaamsalus ajeKBaTIO
ONHUCHIBAET M3yYaeMoe sIBJIeHHEe W B KaKUX HPefeIax COOTBETCTBYIO-
H[aA MOJEeNb MO;KeT OBITh MCIOJAb30BaHA I HNPAKTUICCKUX Ieied.
B ciydae mecooTBeTCTBHSA MaTeMATHICCKON MONEIH MEeHCTBHTEIHHOCTH
Ba/KHO BBISCHHTH, KaKHWe VCOBEPIIEHCTBOBAHHUA HAJJIEKUT BHECTH B
MaTeMaTHIeCKYI0 MO/JAeJb.

Ha sToMm nmyTn jjist ompefeleHHBIX pa3feldoB TeopeTHIecKoi Ouo-
J0ruH HeoOXOQUMO CO3KaTh HAGOP MaTeMaTHYeCKUX MOJeNeill M BEIAC-
HUTh, B KAKHX CJIYYasAX HaHJME/KUT I0Jb30BAThCA TeMH WM [PYIHMA
MOJeJJTAMIH. OIIHOBpeMeIIIIO HaJd0 BHIACHUTH, KaKH€ MCXOJHBbIE [JAaHHbIE
CJeAVeT MOJIYUHTh M3 DKCIePIMEHTOB IS TOro, 9TOOKI COOTBETCTBYIO-
mas MOJeJb IPABHIBHO OMNHCHIBAJIA OLPEJeICHHBIH KPyr ABICHUM.
OTH JTaHHBIE, U3BJIEKAEMbIC H3 3KCIIEPUMEHTOB, BOOO e rOBOPA, COCTOAT
3 [IBYX COBOKymuocTeil (OBITH Mo:keT, nepeceraomuxcs). Ilepmas
CILYsKUT JJISL OIIpe/ieIeHHs PANQ KOJIMIeCTBEHHBIX [apaMeTpoB caMoit
MOJeJNH, HampuMep B3HAYEHHH pa3INMIHBIX KOdPPHIHEHTOB ypaBHe-
Huit. Bropas faeT navaabHble JaHHBIE [IS KOHKPETHBIX IPOCIETOB.
Hanpuyep, ecau MaremaTHdeckas MoJedb OIMCHIBAET (YHKIIHOHH-
poBaHMe CHCTeMBI BO BpeMeHU, TO 3TO MOKeT ObITh ONUCAHMe Hadalb-
HOTO COCTOSTHHSI M3ydaeMmoil CHCTeMHl, a TAK)Ke ONCalHe ee B3amMo-
}IBI‘/'I(‘,TBI’IH C BHEIIHHM MHDOM.

Buogormgeckad  cHCTeMATII3aIA  MATEMATHKO-OHOJIOMHIECKOTO
MarepHajia JoJKHa CTPOUThCA B COOTBETCTBHH C YPOBHAMH OpraHH3a-
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num xmBod upmpons. Cormacwo H. B.  Tumodeeny-PecoBckomy,
TPAHATO BHAEIATH CieAylomue oCHOBHbe ypoBHH: 1) KJIeTKH H cy6-
KJIETOYHBIE CTPYKTYPHI; 2) OPraHm3M, CHCTeMa ero OpraHoB M X
CTpoeHue; 3) MOMyIANUN KAk B TeHETHIECKOM, TAK H B IOBEIEHICCKOM
acnexTe; 4) Gmomormaeckie co06UECTBA OT 3JeMEeHTapHBIX OHOLEeHO30B
no 6mocepr B medom. B mpemesmax KaykIoro ypOBHsS OPraHM3aNHU
MOJKHO paccMaTpuBaTh pAx moaypoBHeit. Tak, HA ypoBHe KIETKH H
CYOKJIeTOYHBIX CTPYKTYp MOKHO paccMaTpHBaTh MaTeMaTHYeCKHe
momenu pmbocom M cuHTe3a Gelka, METOXOHADHIl u Gajamca SHepPIHA
B KJIOTKE, XJOPOIMIACTOB K JOTOCAHTERA, PA3HBIX THIHOB BHYTDHKIETOU-
HHIX (ePMEATATHBHBIX NPOUECCOB, & TAaK/Ke NPONECCOB pemIuRanuy
XPOMOCOM, Pa3jMYHBIX THIIOB KOAMPOBAHWA HACHECTBEHHON HHOD-
Manuu ¥ Jp.

Ha yposme oprauumsma mexecoofpasno paceMaTpuBaTh MaTeMaTH-
gecKue Mofedd (YHKIMOHHUPOBAHHA pa3luIHBIX CHCTEM OpraHOB,
HAaIPUMEP CUCTEM [LIXaHWs, OANIeBAapeHUWs, KPOBOOOpANEeHUs, HEPB-
HOI ¥ 3HEOKPUHHO/I CHCTeM, MBI, a TakKKe MOJAeJd OTHEeJbHEIX
OpPOTECCOB TepepacupefieieHds W WCHOJL30BAHAA TEX WJIM MHEX
BEeIECTB B HpeAesax OpPraHABMa, HAIPHUMep KHCJIOPOJA, NHEIIeBHX
NPOAYKTOB, TFOPMOHOB HMJIM BUTAMHHOB, 8 TAaK}Ke MHKPODIEMEHTOB.
HexoTopsie m3 aTuX NPOIECCOB HYKHO M3ydaTh BO B3aMMONEUCTBHUY,
K IpUMEpY LUDPKYJIANWI0 Hoga W THPEOMIHHIX TOPMOHOB, caxapa
U MHCYJHHA, PEHAHA W aHTHOTeH3WHA ¥ T. . Hpore T0r0, HEOGXOZUMEL
Gonee JeTaibHEIE MORENE (QYHKRIMOHMPOBAHHUA OTHEIBHHIX OPTAHOB
WJIW TKaHeN: cepala, JerKWX, NedeHM, IIOYeK, KUMIETHAKA, a TaKiKe
JOBEKEHASA KPOBHK IO PAa3JMIHBEIM OPraHAM M COCYHaM, PasMHOMERHA
KJeTOK B IpefiejiaXx TKaHeU, spUTPONOd3a H T. . AHaJOTWIHEE BOI-
POCHl BOBHMKAIT M B OTHOIIEHHM pacTeHH#, TAe ocobeHHO 60.bIIoe
3HAYEHNE MMEIOT NPOTeCCH CHAHTe3a TeX WM WHEX BemlecTB B pas-
JHYHHIX YaCcTAX PAacTeHHH M IIPOIecch TPAHCHOPTUPOBKH BTUX Be-
IIeCTB B pacTeHusAX W Mx HaxomleHus. CiemyeT Taxske paccMaTpUBATh
MaTeMaTHIECKAE MOMEJHM IIPOIECCOB PA3BUTHA OPTaHU3MOB HOM Jei-
CTBHEM HX HacxefcTBeHHO# wuPopmaruu. Ilo oTHONIEHUIO K 1OIYIsA-
oEAM HEeoOXO0MHMO MOJEIUpPOBATH NPONECCH Iepefaul M BHAOU3Me-
HeHHA HacJeACTBeNHON HHQopMamuM B MaciiTa0ax NONYJIANNH. ITO
HEeTOCPeACTBEHHO CBA3aHO KAK C CeNeKIMOMHBLIMH, TaK M C 3BOJIO-
I[MOHHBIMA 3ajfadaMH. HpoMme TOT0, OYeHbL CVLICCTBEHHBI MaTeMa-
THYECKHe MOJEeNH NOBeJeHNst 0coOH B Ipenesax NONYJAANUA U II0-
BeJieHYeCKoe CTPYKTYDPWPOBAaHHWe IONYJAANME: ceMbH, cTaga M T. I.

IIpn n3ydennmu coo6mecTB HYRIO HAYUHATL ¢ dJIEMCHTAPHHIX OHO-
I[eH030B B TpakToBKe BoabpTeppa u silementapHbix GHOTEOLEHO30B B
nopumaEnn H. B. TmvogdeeBa-Pecosckoro m komerpyuposarh Mate-
MaTAYeCKAe MOJeNn 0aJaHCOBHIX COOTHOMEHHA B 3TUX COOOMIECTBAX.
Ilasee npm mepexome K coolmectBaM 0oJiee BHCOKOTO YPORHA HYKHO
paccMaTpHBaTh B3AUMOJAEHCTBIE COOTBETCTBYWINHX Co00ECTB u
CTPONTH (aJaHCOBLIE COOTHOIIEHIISA JIJIA MOCTENCHHO YKPYMHAKIIXCH
coobmiecTB BIIOTH 10 Gmocdepmr B 1esonM. Ilpu nocmpoenul smou
uepapxul, moleneli HYICHO CMPEMUMbCH K MOMY, YMO6GH 066eKMb)
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MOJeAUPOBAHUS HUBWESO YPOGHS CAYHCUAU dAeMEeHMAMU Modesupye-
ML cucmen eviciuezo Yypoens. 11pu 3ToM XapaKTePHCTUKH dTHUX 00Dbek-
TOB KaK BAEMEHTOB BBICIIMX MOAeNell MOJKHB MOJYy4aTbCA B Pe3yib-
TaTe PaboTHl MOIEIH, OMMCHBANOMER 3TOT 00bEKT Ha HU3LIEM yPOBIHe.
Tax, HATACKAT COYCTUTHCS J0 MoJeseil d1eMeHTaPHEX QU3MKO-XNMHU-
YeCKHUX AaKTOB, KOTOpbie ABJMIOTCA OCHOBOM WLPOIECCOB ;RU3HeHed-
TeJdbHOCTH. M MeHHO MaKas UePAPIUMECKAL CUCTIEMA MAMEMAMULECKUL
Modeaeli QoaxcHa npedcmasiamy U3 ceds 0CHOsHoe codepicanie mamema~
muneckoll 6uoaozuu kKax ocoboli eemeu GUOA02UYECKUX HAYEK.
MaremaTudeckue MoAedH GHOJOIHMICCKHX SIBIEHWI IjerecoobpasHoO
TaK;ke CUCTeMAaTA3MpoBaTh MO MCIOJb3YeMBIM MaTeMaTHIeCKHM MeTo-
ZaM. OTOT HOAXOJ TIO3BOJMT HPUAATH MaTeMaTHIeCKOH OmoJIoTHH
dopMy IeNbHOK MaTeMaTHICCKOM AMCHMIVIMHEI, 94TO OYeHb BAYKHO 1A
BLIABJEHHA €AUHOOGPA3HEIX IOJAXO/0B K B3agadaM, OOMEX DOCTAHO-
BOK 3a7a4 M obImux MeToT0B ux pemeHusd. Ia mepBrix mopax Hy;kHO
BBIABJIATD Te XapaKTepHbIC UePThl dTHX MoJe’dell, KOTOPEe ABIAITCH
KJII0YeBLIMH [JIf YCTaHOBJIEHHA CBA3UM C TeMH WM APYTUMH MaTe-
MaTH9ecKMMH AucuunimHamu. Hirke faeTcsa cmHMCOK TaKHX Xapak-
TepHHIX 9epT B BHJe Iap THOA Te3NC — aHTHTE3NUC, TAaK UTO KaxKpas
KOHKpeTHas Mofienb o0lajgaeT ONHMM H3 OPA3HAKOB KaKmO# maphl.

JeTe pMuUHIIPOBAHHbIE — BepoaTrocrHLIe

Bpems gnckperHoe — BpeMss HempeprBHOE

NurepBan BpeMeHH OrpaHHIeHHHIM —- VHATepBan BpeMeHN HEOrDAaHMYEH-
HBl (aCHMIOTOTHYECKIe HORAXOAHI)

BeckoopaunarHte — HKoopaunaresie

Bes mocaemcremit (MaproBcKHe 1) — C nocieneficTBAAMII (EeMapPKOBCKIIE)

Bes ynpasunemus — C ynpasieEHeM

Mopean, mnepecrpauBarommuecs B 3a- — Mopjeau, aHAJINTHIECKAA GopMa KO-

BIICIIMOCTH  OT  (OYHKI[IIOHHPOBAHIISA TOPHX OCTAaeTCA HEA3MOIHOI

(mampumep ¢ JAEMETHpPYOIMIMH Pak-

TOpaMH)

Mopean, ofnamarommue  meworopoit .— Mopmennm, XapakTep (yHKIHNOHIIPO-

(LI JKOCTBHIOY», (byHKILHOHHpOBaHHe KO- BaHUA KOTOPLIX PE3KO MeHAeTCd B

TOPHIX JOIIyCKaeT IIPOCTOe AHAJIUTHYE- 3aBUCIMOCTH OT yciuoBmii. B armx

CKOe OIHCAHuEe caydasaX OPHXOAMTCS Ipuberath K

MOOeasM aBTOMAaTHOI'O THIA

Boamoskusl Mozienn, aHaniu3 QyHKIUOHHPOBAHHA KOTOPHIX JOCTY -
OeH YHCTO aHaJMTHYeCKHM MeTogaM. Bo3Mo/KHEI H Takme Mojend,
QyHRIMOHHPOBAHHE KOTOPHIX peainusyeTcs MamIMHHLIM nyTesm. Ha-
KOHel[, CYLlecTBYIOT CUTyalHH, KOTJa B peajn3alud YacTHYHO HC-
[I0;1b3YeTCA aHAJUTHYECKUU anmapar, 4acTHIHO sKe HA OCHOBe 3TOTO
anmapaTa NPOBOJUTCH MAIIMHHBII cdYer.

Ha artoym ¢yumamente nmocrenenso gopMupyeTcs ammapar maTema-
THYeCKOH O6uoigornu. B 3HaduTenbHOI Mepe HCHOJIB3YIOTCA yike HME0-
muecA MaTeMAaTHYECKHE MeTofapl. JTo Mo/keT OpiTh anmapat pudde-
PEHIHAJIBHBIX MJIH KOHEYHO-PA3HOCTHEIX YypaBHeHHMH UAH KaKHX-
HuOyAb APYIUX (QYHKIUOHANBHHIX YypaBHeHW# (WHTErpasibHHX, ome-

t Hajio nmetn B BIJTY, YTO MapKOBOCTH ILJIII HEMAPKOBOCTL €CTDb cBoiicTBO omIrca-
Hud, a HEe CBOMCTBO CaMOro rporecca.
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paTopumx), anmapaT TeopMH CIYHalHHX MPONECCOB MIH, HAKOHELl,
TOT WM HHOM anmapaT alrOPUTMHYECKOH IPHPOJBI, KOTOPHH MOKHO
peanu3oBaTh aHaJNTW9ecKH wmam MammEHo. OpgHaro B psane cay-
9aeB BO3HUKAIOT I OYAYyT BOSHHKATH HOBHIe MaTeMaTHUeCKHe 3amad,’
KOTOpHIE BbI30BYT CO3JaHHE HOBHIX TJaB MaTeMaTHKH.

OTmeTHM 07HO OGCTOATENHCTBO, BeChMa CYIECTBEHHOE MJIf IIONT-
poeHnsa MaTeMaTHYeCKUX MOAeNed IIPOIeCCOB ;KU3HEJeATeJbHOCTH.
Peap mper o Taxk HasHBaeMOM NPHUHIMIEG HOJHOTH: NpH IOCTPOCHHH
MaTeMaTHYECKOI MOJeJH HEeKOTOpOTo peaJbHOTO IIPOIecca HM B Ka-
KO BO3MOKHOM CHTyallMlm He JOJyKHO BO3HMKATh HeoIlpefeeH-
HOCThH, T. €., T Ka;KAOH CATyaumH HOMRHO OHITH sCHO, YTO B Heil
npousoiier. Hpose TOro, oTHOCHTEJNBHO KasKgOH KOMIOHEHTHl H3Y-
9aeMoil cHMeTeMB! JOJKHO OHTH SICHO, KaKoBa ee cyjabba B JanHOH
curyanuu. Ilpu 5TOM BO3MOKHBI CBefeHUs BePOATHOCTHOTO Xapak-
Tepa, T. e. 9YTO TO WINM HHOE NPOHCXONUT B MOJEJIM C TOH MJIM MHOMH
BePOATHOCTHIO. TOMTBKO HPH COOGNIONEHAH YCJIOBHII HOJHOTH MORHO
HCCIefoBaTh (QYHKIMOHMPOBAHHE CHCTeMbl M CJeJUTh -3a TeM, Kak
MeHseTcsl ee CTPyKTypa co BpemeneMm. Hy:rmo 3amerurs, 9To Tpebo-
BaHHEe MOJHOTH ONMCAaHMA Ipoliecca OTHOCUTCA B IIePBYI0 odepedb K
HMOHPUIECKOMY H3VIeHHIO HaHHOTO mpoHecca. Ecau sro TpeboBanme
He cobJaiomaeTcs, T.e. €CJIM ONHH KOMIIOHEHTHI PaccMaTpPUBAEMOTO
mpolecca I3ydanTcs moApoOHO, a JAPYrHe YIYCKAKTCA U3 BHAY, TO
TIOCTpOEHHEe 3aMKHYTOM MaTeMaTH4eCKOM MOJeJH IpoIlecca OKa;ReTcs
HEBO3MOJKHEIM: JAJIA 3TOr0 HE XBATHT CO/epsRaTeJBHBIX CBeJeHHI.
K cosanennio, sMIupHYeCKoe M3yYeHHe NPHPOIHBIX IPOIECCOB YACTO
OKa3bIBAETCA KYCOYHBIM, & 3TO CHIBHO JHUMUTHDPYET BO3MOKHOCTH
MCIOJB30BAHUA MATEMATHYECKOFO MOJEIUPOBAHNSA B €CTECTBO3HAHIII.
IlpencraBisiercst o9eHb BaKHEM 0OpPATHTH BHHUMAaHHME eCTECTBOMCIHI-
TaTeledl Ha HEOOXOJUMOCTH COONIOIEHHA UPUHINOA [OJIHOTH IpU
H3y9eHUN NMPHUPOJHBIX ABJEHHH, eCaU B JaJbHeHIIeM Ipefmojaraercs
HX MaTeMaTHIeCKOe MO/eJTHPOBAHHE.

B xkagecTBe mpmvepa MBI MOGeM COCJAThCs Ha TO, 4TO NPH H3Y-
geHnH 6aJTaHCOBLIX COOTHOIIEHHMH B BOJHBIX CHCTeMaX, a Takke NpH
H3y4eHHH IIPOIeCCOB I0YBOOOpa3oBaHUA WJIM NUPH HM3YUeHHH CTpPOe-
HHAA CYXOUYTHEIX OHOreoneHo30B yhedseTcsa 6oablioe BHUMAHUE
KOCHBIM COCTABJISIOIMIMM NPOIECCOB, MPOTEKAIOIHIX B PACTATEILHBIX
U SKUBOTHBIX OPraHM3MaX, BOJHEIX PACTBOpax U B armocdepe, M 0UeHb
HeJOCTAaTOYHOE BHHMAaHHUE YAeNsieTCA IIPOIleccaM, CBA3AHHBIM € MHK-
poopraHmsMaMu. IT0 00CTOATENAHCTBO CHJBHO 3aTPyHHAET BO3MOK-
HOCTH MaTeMATHYeCKOT'0 MOMeNMPOBAaHUA Ha3BAHHLIX IIPOIECCOB.

Ilo-BupmMoMy, 3HAUMTEJIbHOE MECTO B MaTeMaTH4ecKo# OGmonormu
JOJ/KHB 3aHHMATh pasHBE «IPeMOJIeNM», T. €. IOCTPOeHue 0TH-
JeCcKHX cXeM Oyaymux Mojeseidl, KOTOPHE JOJKHB NPeJIecTBOBaTh
camuM MojensAM. Hasmagenme Takumx «upejMojeleily COCTONT B TOM,
4T0o0Bl B YCAOBMSAX HEXBATKM MHGOPMAIMU 1A TOCTPOCHHA MOAEIH
B I[eJIOM 110 BO3MOKHOCTH CBfI3aTh BOEJHMHO IMEIOIMINecH NpeIcTaB-
JeHHs O TeYeHUM SBJIeHUS W BBHISICHHTH, KaKWe JOIOTHUTEeJIbHBE MC-
ClIeJIOBAaHMA HY/KHO TPOBECTH JUIA IOJy4YeHUsA HeoOXOAMMHIX JaH-
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HHIX OPH IOCTPOeHHH ToaHOM Mmomenu. IIpu sToM ciaejpyeT cHHTaTHCA
C TpC6OB8HHHMH IIPAHIUIIA ITOJHOTHI. B IeJqaon psAjge CJIy4acB CJ0/RHBIE
LpOILeCcCHl RU3HENeATeNbHOCTH OPTaHU30BAaHBl HEPApPXHYECKH. ITO
03Ha4YaeT, 4TO MMeeTCA PAJ B3aUMOJEHCTBYIOMUX, HO OTHOCHTEILHO
aBTOHOMHBIX 00J€e IPOCTHX HPONECcCcoB, IPHIEM Te HJIH HHbe 0C00eH-
HOCTH TeYeHWs OJHUX INPOIECCOB CYIMECTBEHHHIM 00pa3oM H3MeHSIOT
TedeHHe APYTHX npoieccoB. OKasmBaeTcs IPH BTOM, 9TO BCIO COBO-
KYIIHOCTh 3THX NPOLECCOB MOKHO YyOOPAXOIUTH (YaCTHIHO) IO TaKO-
My OPH3HAKY: OFUH IIPOLECC CIATAETCH HOAIMHEHHBIM APYTOMY, €CIH
HEKOTOpble O0COGEHHOCTH BTOPOTO MEHAIT TedeHHE IepPBOTO.

Hanpumep, I0sBIeHHe ONpeNeNeHHOr0 CHTHATIA OT HEKOTOPOTOo
oTJle;1a HEPBHOM CHCTEMBI 3aCTABIAET HEKOTOPYH SHIOKPHHHYIO jKe-
Je3y BHIOPOCHTH B KPOBb 9acTh HAKOMJAEHHOT0 B He# ropyoHa. ITo
o3Hagaer, 4T0 QYHKIHOHHPOBAHHE [AHHOW HHIOKPHUHHOMN jKese3n
MOMYMHEHO COOTBETCTBYIOEMY OTHedy HepBHoIi cucTemsl. [TosBiaenne
TOPMOIIOB B KPOBH MeHseT pe;kuM paGoThl Toro opraHa, B KOTOPBIH
nocTymaer 3Ta KpOBb. JTO 03HayaeT, yTo QYHKIMOHHDOBAHHE [aH-
HOTO oOpraHa INOLYHHEHO ODHIAOKRPHHION ;keie3e, BHIpabaTsBalomeit
BTOT TOPMOH.

ITpu maTeMaTHIECKOM MOJEIMPOBAHUE NPOIECCOB ;RU3HEEATEIb-
HOCTH, OPTAHH30BAHHBIX MePapPXMYECKH, NPUXOJATCH CTPOUTH HMepap-
XHYEeCKH Opragi3oBaHHbEIE MaTeMaTudecKue Mojean. B Taxkux momensx
BBIAENAIOTCA DJIEMEHTHI, KaKABIH M3 KOTOPEIX B CBOIO oUepenb Xapak-
TEepHU3yeTCA JOCTATOYHO CJIOKHHM ¢ynxnuorupoBanmeM. Ilpuxopurcs
CTPOUTH MOJEIH OTAEIBHBIX 3JIEMEHTOB M MOJEJb CHCTEMBI B I[EJIOM.
IIpu aToM: Moe] M 3I€MEHTOB HYKHO BCTaBJIATH B II00ATBHYI0 MOJENb
H COTJIACOBBIBATH Me:RAY c000# MX coBMecTHOe QYHRIMOHHPOBAHHE,

Boio 61 ype3BHIYARHO IIEHHO HA OCHOBE M3JO0KEHHON TOUKH 3pe-
HHA co6paTh M KaTaJOTH3MPOBATH PABIHIHBIE MaTEMAaTHKO-OMOJIOTH-
geckue mojenn. Hampumep, wiaccmaeckas BOJbTEPPOBCKAsA MOJEIb
(XHIOHUK — ;KRePTBa» ABIAETCA AeTePMHHUDPOBAHHON ¢ HeNpepHB-
HEIM BpeyeneM. OHa 00BHYHO paccMaTpuBaeTcs Ha GeCKOHETHOM HH-
TepBase BpeMeHH. ITO MOJeNb GecKoopjMHATHASA, MapKOBCKas, 0e3
yopasiaenus. OHa wcclefyeTcst 4MCTO aHAIUTUYICCKAMM METOHAMM.
Moper»  oKeaHHMYeCKOHl  IeJJIarMasiy, KoTopasg Obia u3ydeHa
B. ®. Hpanusuusiv [1], sBasercs peTepMHUHHDOBAHHON, ¢ Hempe-
PHIBHBIM BpeMeHeM, KOODAMHAaTHOH, 6e3 mociejeiicTBAs M ympasie-
HUA U U3ydaeTcs Ha OTPAaHUYCHHOM OTpe3re Bpemenum. Mccaemyercs
0OHa B OCHOBHOM IIOCDE/ICTBOM MAaWIMHHOT'O cdeTa. Moseab momyasmmu,
noctpoerHasa I'. II. Kapeswiy [2], sABaseTcs BeposaTHOCTHOM, ¢ KHCK-
PETHEIM BpeseHeM, GeCKoopAMHATHOH, 6e3 mociefelicTBHA U yIpaB-
JeHHUA I u3ydaeTcs Ha Heor paHMYEHHOM HMHTepBaie BpemeHu. Mojesn
X03AHCTBEHHBIX TONYJIANHNA (CTaJ pOraToro ckora), KOTOpPble H3Y-
vaooresa JI. P. TunsGyprom [3], sBasiorcs nerepMHHHDPOBaHHBIMH, C
AUCKPETHHIM BpemeHeM, OecKoopgumuaTtHeiMu., OHU H3yYalOTCA Ha
HEOTPAHHYEHHOM IIPOME}KYTKEe BPEMEHH, B HMX YYUTHIBAETCHA YIPaB-
JleHre, a B HEeKOTODBIX cxeMaX M mociepeiicrsue. Mogeab sugorpui-
HOU cHCTeMBl, KOTOpaa paspabaThlBaeTcs COBMeCTHO JabopaTopusamu
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sugoxkpuaoaoran Mncturyra muToq0run 1 reHeTUKH B TeOpPeTHIECKOo
knGepuetukn Wueturyra rupposunamMukn CuOGHpPCKOTo oTHeNeHHA
AH CCCP saBasercAa OBYXDBLAPYCHOH: BepXHHI ApyC — MoJelb pac-
OpefeJuTeNbHEX (QYHRIMA KPOBEHOCHOW CHCTEME, HIKHUE ApyC —
MoJesim npeofpasoBaHUA KPOBHM B PA3IMIHEIX opraHax. B xavecTse
mpeqMoe I MOSKHO cocllaThesi Ha pabory A. A. JlanymoBa u
A. A. Tarnauoroit [4], B koTOpoil ommcana CTPYKTYpa BO3MOMKHBIX
Mofnelell OMOreolleHO30B CYXHX CTemei.

EctectBerHHas mporpayya paGoT B 9TOM HAOpaBJIGHHH COCTOUT B
cienyomem. Hy:KHO 110 BO3MO;KHOCTH coOpaTh pasHooOpasHbidl Habop
CYIIECTBYOIIAX MaTeMATHUYECKHX MOJENeldl IPOIeCCOB SKU3HEJeATeTb-
HOCTH, CHCTEMATH3MPOBATh HX II0 HCIIOJB3YEMBIM MaTeMaTHIeCKIM
MeToflaM M JAaTh CBOJHOE W3JI0/KeHMe OCHOBHON MACCHI 2TOT'O MaTe-
pHajga; nIpu 9ToM MaTevMaTHYeCKHe MeTOIbl, o0mEe NJsS psga pasamd-
HHIX 3a7aY, [0 HeKOTOpOH CTemeHM BHIHOCATCH 3a cKoBKy. Tawxoe ms-
JIOJKeHNe ABUIOCH OBl mMepPBBHIM IIAroM K CHCTeMATH3AITuN MaTeMATHRO-
OHMOJIOTHYIECKOT0 MaTepualda Kak TIJaaBpl MareMaTHrd. (CoBepHIeHHO
AICHO, 9TO CTPYKTYPHPOBAHHE M3yJaeMEX CHCTeM W HHEIHBUYAIBHEE
CBA3M MEXAY PAa3JIAYHBIMH 3JEeMEeHTaMH H3y9aeMbiX CTPYKTYD 31echb
OyayT UIpaTh ompefejeHHYIO Poiab. Takas cucTeMaTH3aIus MaTeMa-
THKO-0MOJIOTHIECKUX MOJEIed [IOJMKHA HpeacTaBIATh coboil wu3ldo-
AeHHe MaTeMaTHIeCKOo! OHOJIOrMm KaK BETBH MATeMaTHYECKHX HAYK.

AHAJIN3 XAPARTEPHBIX OIINBOK

Ho cux mop MBI cTapaJmch OYepPTUTH HAYYHYI0 YacTh MaTeMaTH-
yeCKO# 6M0JI0THH B MO3MTUBHOM miiame. Myl Bmomme otgaeM cefe oT-
9eT B TOM, YTO BCE 3TO NMPOUCXOAHMT Ha yPORHE 0Jarmx mosKelaHMil.
Peanuzanus ounmcanumoro sameicaa TpebGyeT KOJOCCAIbHOE PaboTH.
B ro e BpeymsA yie ceiidac B pa3sHMX KOJJICKTHBaX BEAETCS MHOIO
PAa3IUIHEIX MaTeMATHKO-6Hmoa0THIeCKEX paboT, mpHYeM HEKOTOPbLIe
H3 9THX paboT HUKAK He YKIAABBAIOTCA B ONMCAaHHbIe paMku. B csasm
C 3TUM HaM Xo09eTcA BHCKa3aTh HEKOTOpHEe KpHTHIEeCKUHe coobpa-
JKeHusi, Kacaouecs COBPEMEHHOTO COCTOSHMA MaTeMaTHKO-OMOJIOrH-
9eCKO# MpofaeMATHKHA H CKa3aTh, 9TO ¢ Halleil TOYKHM 3DeHHS, 9acTh
TOTO, 4TO ceilac fexaeTcs, MPEACTABIAECTCS HaM He HMEIOMUM OT-
HOINeHUA K MaTeMaTIYeCKOMY ecTecTBO3HaHUK. Mbl paccMoTpuM paj
TAKUX HANPABIeHWIT ¢ OOH[HX MOBIIIN I e Gy/eM IIUTHPOBATH KOH-
KDPeTHHIX padoT.

Sagaun onTuMuzannn B KuBoil mpupope. IlosBiaercs mmoro pa-
00T, MCXOAAMMHUX H3 TOTO, YTO Te VI MHbIC NPOLECCHl sKIM3HedeaATe I b-
HOCTH NPOTEKAIOT TaK, 9TO OHH 00ecmeuynBalOT ONTHUMHU3ANII0 HEKOTO-
pux (pyHEIoHaT10B. IlpH sT0oM BHA QyHRIHOHATIOB Gepercsa JOCTaTOI-
HO HPOU3BOJBHO 110 HEKOTOPOM aHAJOTHM C TEMH UJIH MHBIMU 33 adaMu
¢u3nkun unm MexaHuku. Takue pabGoThl ¢ eCTeCTBEHHOHAYIHOH TOUKH
3pPEeHHA BHOCAT TOJABKO IYTAaHHLY.

MaremaTunyeckas NpHPoma ONTHMHU3AIMOHHLIX 3a7ad COCTOUT B
caegyiomenm. IlycTs umeeTcs HeroTOpHIL mpomecc, KOTOPHIE MOKeT
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pa3BUBAThCA IO-PAa3HOMY, M €CTh BO3MOMKHOCTH BHIGOpa TOTO HIH
HHOTO BapHaHTa TedeHus 3Toro mpormecca. Ilpm srom pmosmsxuo OHITH
TBEpIO M3BECTHO, YTO MOKHO BapbupoBaTh W 4T — measss. C mpy-
Toif CTOPOHHI, ecTh HEKOTODPHII KpHUTepHil, MO3BOJAIOMMA CPABHUTH
Me#Iy Cco00f pasHble BO3MOKHBIE BAPHAHTH TedeHHA H3y9IaeMoro
upoiecca. B OyKBanbpHOI HOCTAHOBKE 3aj1a9a ONTHMHU3AIAM COCTOUT
B TOM, 9TOOBl BHIACHUTL, CYIIECTBYET JII BapHAHT TeU4eHUsA IpoIlecca,
Opu KOTOPOM BHIOpPAHHHIHA KpUTePHI NPHHNMAET ONTHMAlbHOe 3HAYe-
HUe, M eCJM TaKOM BapHaHT CYIeCTBYeT, TO CKOHCTPYHUPOBATH €ro,
T. 6. HAUTH ONTHMMAJbHOE TedeHHE peaJbHOro mporecca. IlomyTHO
BO3BHHKAET BOMPOC O E€AWHCTBEHHOCTH ONTHMAIBHOTO HpoIecca H O
HAXOJKJeHAN 3(PPeKTUBHHX cH0oco60B ero mocTpoeHus. B ciydae eciu
ONTAMAJBHOTO IIpoliecca B CTPOrOM CMEBICIE He CyIecTBYeT, Hepeaxo
OPAXOAATCS OrPAHMYMBATHCS TAKMM BapHAaHTOM TeYeHHs IIpoIiecca,
IPE KOTOPOM KpUTePHil IPHHHUMAET [OCTATOUHO «BJIarompUATHOE»
3HAYEHHE.

B mexanuke miam ¢usmxe mMel0TCA TBePAble OCHOBAHUA AJIsA TOTO,
9ToOB CYMTaTh, 9YTO B ONpeJeJeHHBIX IPOIeccax OCYIIeCTBIAETCH
ONTHUMHUBAIMA TeX MJIM WHHX (QYHKIMOHAJIOB (IPUHITMO HAUMEHbBIIEro
JecTBUA, MEHUMH3ALUA MHTerpasa oHeprum u ap.). C apyroit cro-
POHEI, COBEPILIEHHO SICHO, 9TO TAKHE TOAXO0/H B OHOJOTHH TAKKE HMMEIOT
LIOJHBIM CMBICJ, €CJAM peYb HMAEeT O IpoIeccax, yIpaBIseMbIX Yelo-
BEKOM, HAIpPAMep KOTHA delOBeK YHpaBIseT OHOJOTHIECKOH MOmy-
aamueil wim 6MOJOTHIECKIM COOOMECTBOM B CBOMX MHTepecax. B atux
cayuasx MMEHHO YelJ0oBeK, a He caMa ;KHBad Ipupoaa GopMyaupyer
KpUTepuil KadecTBa, B COOTBETCTBHH C KOTOPHIM OH yIpaBjifgeT IpH-
POJHBIM IIPOIECCOM, & OTCIOa €CTeCTBEHHEIM 00pasoM OmpejesseTcs
TOT QYHKIMOHAJ, B ONTUMI3AAN KOTOPOTO JeJI0BeK 3aMHTEPECOBAH.

B 10 ke Bpems Takme mMOAXO0/s K OPHPORHEIM IIpolleccam beccomep-
JRAaTeJBbHBI, €CTH HeM3BEeCTHLI 3aKOHHI, TaPAHTHPYIONMUe, YTO IIPOIECC,
npoTeKalmuil cav mo cebe, JOJKeH of0ecHednBaTh ONTHMH3AMMIO
HexoToporo ¢pyHrmumonaita. Ecian ke Takas 3ajava Bce ;Ke CTaBHTCA,
TO pelleHHEe ee, KAK INPAaBAJIO, TOJBKO JE30PHEHTHPYET OHOJOTOB.
B 3agaue 06BYHO MOABIAETCA HEKOTOPOE UMCIO HEM3BECTHHIX Iapa-
METPOB, CMBICI KOTOPHIX HOAYAC ocTaeTcst HescHbnM. Ilocoae amamtuTm-
9eCKOTO pelleHHs 3aJadl HHOTAA yHaeTcsa Tak MmogoHpaTh 3HAYeHHe
9THX IapaMeTpoB, 9TO JAJIA HEKOTOPOTO YHCJIa BKCIIePHUMEHTOB (BechMa
He(OJIBIIOr0) MOJAyIaeTcs HeYTO BPOXE coraacus ¢ Teopmeit. OgHEAaKo
3TOTO [AJeKO He JO0CTATOYHO IS HOATBED;KAEHHS TEopHH.

BriBaloT caygam, Korga mM3ydeHMe TeX WM APYTrux OHOJOrHIe-
CKUX fABJIEHUII mpUXOAWICA BecTH ¢ OpHMeHeHNeM o6mEx coobpa-
JKeHUH# W MeToJ0B, MCXOAAINX M3 APYIHX HAYK (MeXaHUKH, QUBUKH,
XMMUH), ® 9TH METOXH CBA3AHH C HCIOJH30BAHUEM MATEMAaTHIECKHAX
mopene. Torga cooTBeTCTBYOIHE MaTeMaTHYeCKWe MOMeAH aBToMa-
THYECKH HCIOJb3YIOTCA B OMOJOIMM, XOTS M B 06IeMeTORHIeCKOM
IraHe OHH 0oJiee KECTKO CBA3AHLI ¢ TeMH HAYKaMH, Ha Io4Be KOTO-
PHIX OHM BO3HUKAIT HENOCpEeACTBEHHO. B WacTHocTm, HMIIOrja HEKO-
TOPHI GHONOTHYeCKHHE OOBEKT MOKHO paccMaTpmBaTh Kak ¢usmde-

19



CKHH WIN XUMAYECKH npmbop, MOTIHHAIANACA COOTBETCTBVIONINM
(QUBMYECKAM WM XHMHAYECKMM 3aKOHOMEpPHOCTAM. BB Takoy ciydae
npolecce, mporeKaponiyme B OmosormueckoMm o6mexTe, 6GymyT momum-
HATBCS TeM jKe CAMBIM KPHTePHAM ONTHMAJbHOCTH, 9TO M IPOIECCH
B cOOTBeTCTByIOmuX npubopax. OfgHarko Takume CHUTyainud B Goabuielt
Mepe OTHOCATCA K QHU3HKe, deM K OHOJOTHH.

3aMeHa CTPYKTYPHBIX MOJXOJ0B CTATHCTHYECKHMH (HampuMep, IpH
U3YYEeHHHN CTPOEHNWA W (QYHKIMOHHPOBAHUS HEpPBHOM cmcTembl). MHo-
rae OMOJOTHYECKUE MPOLECCH Pa3BEPTHBAKTCA B TOHKOCTPYKTYPH-
POBAHHBIX cHCTeMaX. JTo 00YCIOBIEHO TeM, YTO HEKOTOPHIE DIEMEHTHL
OTHX CHCTeM CBSB3AHBL ME/KAY CO00H WHIMBUAYAIbHBIMU CBA3SIMH.
N3ygenne QyHKIHOHUPOBAHHSA TAKUX CHCTEM COCTOUT B BBHISCHCHHH
TOro, Kak B HUX mpeolGpasyeTcs mHOpMAIIUNA, KAKOBO MX IOBEJIeHME
M KaK{e W3MEeHEeHWs BHOCAT B HUX UX coOCTBeHHOe (yHKIMOHUPOBA-
HUEe U B3auMoOfeiicTBHe ¢ BHeIHe# cpefoil. B To ke Bpems mccaemo-
BaTeIN HePeJKO NBITAITCA HM3y4aTh MOBEJEeHHE 3THUX CHCTeM HCXOMA
U3 TOTO, UTO CBA3H ME/RAY 9JEMEHTAaMH HOCAT CIYIAUHBIA XapaKrTep.
Ilpm arom dopmymmpyrorcst, a 4ame He GOPMYIAPYIOTCH, & HCIOIb-
3YIOTCH HEABHO IPEAIOTO/KEHAS O TOM, YTO IO OTHOIIEHHI0 K STHM
CBA3AM BHIOJHAITCA [AJEeR0 HAYIIHEe TUIOTe3b O B3aMMHON Hesa-
BucumocTH. [Ipm Takom moxxome 3amaua o mepepaboTke HHPOpPMALUH
B TaKUX CHCTeMaXx pemeHa OBTH He Mos;ikeT. Tawkoro poma CTaTHCTH-
YeCKHe IOAXOABl K HM3yUeHHI0 (QYHKIMOHUDPOBAHUA CJIOKHBIX YIPaB-
JIAOMUX CHCTEM COBEPINEHHO HeOOOCHOBARHHBI, M BHIBOJB, K KOTODHIM
Takofl aHanmW3 HPHBOJHUT, HE BaCTYKUBAIOT JOBEPHS.

3aMeHa BepOATHOCTHBIX Mojeneil, K KOTOPbIM €CTeCTBEHHBIM 0o0pa-
30M NPHBOJHT €CcTeCTBEHHOHayYHas 3ajadya, MOJENAMH JeTepMHHH-
POBaHHBIMH (TaK HepeJKO ImoCTynawT B MaTeMaTHYeCKoi TeOpHH 1omy-
asnui). Ipu Takoit 3amMeHe mpoucxonuT npeHebpekenrne QuyKTyanus-
MH OpPH M3YYEeHHH IIPOIECCOB CYIECTBEHHO CJIYYailHOW IPHPOIHL.
B ciayuyae nmHedHBIX 3a7ad TaKasg 3aMeHa CBOAUTCA K TOMY, YTO M3Y-
geHHe CJAY4YalHOTO IMpolecca 3aMeHAETCH IM3yYeHHeM IOBeJeHHSA ero
MaTemaTndeckoro onuganud. Ilpu mHemune#iHex mnpormeccax —9To,
BooOIme roBops, He Tak. /[MCKpeTHBIE CXEMBI HE COOTBETCTBYIOT Jarke
vaTemMaruueckKuM o:kuganuay !, B caydasx korpga JoBepHTeNbHBIE
HHTEPBAILI OKA3BIBAIOTCA JOCTATOYHO MAJBIMH, TAKAas 3aMeHa MOikeT
uUMeTh IIPaBO Ha CYINeCTBOBAHHE, TAK KaK JleTePMUHUPOBARHHEIC MOJEIH
9acTO HEMHOTO Hpolle, YeM BepoATHocTHHe. OmHaKo, eciw 3TH IOBe-
puTesbHble MHTEPBAJBL He ABIAITCA MaJbIMM, HCIOJIb30BaHUE JAeTep-
MHUHUPOBAHHBIX MOJeJeil BMeCTO BEPOATHOCTHBIX HEXOIYCTHUMO.

3aMeTuM, 9TO B MHTYHTMBHOM ILIaHE €CTh HEKOTODHle pas3Indusd
MeRIY 3afladaMH MONMYJIANHOHHEIME ¥ 3aJadaMd, OTHOCAMUMUCH K
coobmecTBaM. OOBIYHO H3YJYAIOTCHA MOAETH TaKHX Cc000mIeCTB, KOTO-
pele camMu 00ecmeumBalOT YCTOMYMBOCTH CBOEro MOBeleHHMs. B Takmx
caydasix MOKHO OyMaTh, 4TO YIOMSHYThHe JOBepUTEJIbHBIE UHTEp-
I Tyt 60JbTIYI0 POAB NTPAIOT AOBEPHTEILHEIC HHTEPBAJLI, B KOTOpPhle MORHO 3a-

KIYHTH OCHOBHLIC I1apaMeTpsl 9THX MPOLCCCOB € BbICOKOII /(OBePHTEILHON Be-
POATHOCTBIO.
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BaiBl JIEHCTBUTENBHO OCTAIOTCH HEGOJIBIIMMA B paMKaX TPHHATOTO
omucanua mpomeccca. UTo ke KacaeTcs MOMyJsAumil, TO HX BePOAT-
HOCTHBIE MOJeJIH ONMCHBAIOT DEeKUMH, COOTBETCTBYIOIIHWE IOBEpPHU-
TeIbHBIE MHTEPBAIB KOTODPHIX C TeYeHHMEM BDEMEHHM CYIIeCTBEHHO
pacmupsoTca. PeanbHas ycTOMYMBOCTD MONYMANMN oOHpemeaseTc s
BOBCE@ He BHYTPUHONYJIAINOHHBIMA IIPOTECCAMH, a B3aMMOOTHOIIE-
HAAMHE 3TOH TONYAAIUA ¢ TeM coo0IecTBOM, B PaMKaX KOTOPOTO OHA
cymectByer. IlooToMy momyJismum ciepyeT MOAeANPOBATH HA Bepo-
ATHOCTHOM IIyTH, TOJBKO HY;KHO OTHaBaTh cefe oTgeT B TOM, €TO
HECOOTBETCTBHE MKy MOBEACHHWEM O3THX MOJeled W pealbHHX II0-
oyaAnui gadg GoJbIIMX OTPE3KOB BpPEMEHH 00YyCIOBJIEHO TeM, YTO
9UCTO NONYJAAMMOHHBIE MOJAGNH He YYATHBAOT B3amMoJeicTBHM
NAHHOW MONYJALMH ¢ IPYTMMH KOMIIOHeHTaMu 6moreonenosa. Bcee 210
Ba/KHO JJIsT TOTO, 4TOOBI BEIACHUTH, B KAKHX Hpejenax IelecoobpasHo
HCIIOJIB30BaTh MOJEJHN HONYJIANMA WIN OHOreoneHo30B TOro WIKR
HHOTO THIA.

3ameuanue. Brickasaunrsle B BYX OpeJBIAYLINX NYHKTax coofpa-
JKEHHA OTHIOND He CJAefyeT MOHHMATh TAK, 9T0 Mbl B IPUHIUIE IPOTUB
CTATHCTHYECKMX METOJ0B B MaTeMaTudeckoit Oumosorumu. HaoGopor,
3TH METOJH BechMa IIOJOTBODHEI M UPE3BHITANHO IIOJIE3HBI, HO Kaik-
O pas Hajo BHHMATEJBHO CJIEIWTH 3a TeM, COOTBETCTBYET JIHM IIPH-
MEHEHHe CTATHCTHIECKHX METOMOB ITOCTAHOBKE pelIaeMOR 3ajaun.

Nammuaa peranmsanusa. PacmpocTpaneHa ToYka 3peHHs, 4To,
yeMm Goibime ocoGeHHOCTeN U3y4aeMOT'o IPOILEeCCa HAXOAUT CBOe OTpa-
JKeHHe B MOMeJH, TeM 3Ta MoJelb Oiau/ke K AelicTBUTeabHOCTH. [Ipm
3TOM YOYCKAIOT M3 BHAY, YTO CJIO0KHASA MOZEJIb HMeeT MHOIO CTemeHe:
normueckoi ¢BoGogsl. C OZHOM CTOPOHBI, IPH HECOOTBETCTBHHM MOIENH
neACTBUTENHHOCTH TPYAHO BHIACHUTH, KaKNe M3 3THX CTeleHed CBO-
00l MCIIOIb30BAHE HEOPABIIBHO M II03TOMY SABJIAKTCA OTBETCTBEH-
HEIMHU 38 HEYBABKY Me:KkAy Teopueil m Habmomermamu. C gpyroi cro-
POHEI, MMEHHO 3T0 O0uJIHMe cTemeHeit cBOOOALI Ipu HEGOJBIIOM THCIe
DKCIEPHAMEHTOB MOJKET HPUBECTH K JOKHOMY COOTBETCTBHIO TEOPHUM
HabaiomenmamM. ITo o0YCIOBJIEHO TeM, YTO B Ipejeaax BbOpaHHOM
MOJleTH OAHM OGCTOATENbCTBA MOIYT KOMIEHCHPOBATH J(pyTHe, H
pabaoaeMoe COOTBETCTBME Ha CaMOM [ejle HeJ0CTaTO4HO A TOTo,
9TOOH CYATATH TEOPUI0 HPOBEPEHHOM.

Bcezeda caedyem nawunamo ¢ 803moxcro 60aee NPOCMbLL Mamemamu-
ueckur Mmodesell peasbHvlr npoyeccos. Brauase yenecoobpasno cuabHo
oepy6./mmb ugjuaemsvie A6AEHUSL U, NMOJALKO GbIICHUB, UeMm oapy6./tennble
Modeaw naoxu, ésodumv ux YycaoxcHerue. IlocaeqoBaTesbHOCTD MOfE-
Ie¥, Bce Jydile W JydYOie ONICHLIBAONIIX JeHCTBUTEIbHOCTH, caMa
mo cefe MosKeT IpeJCTaBIATh MHTepec. B To ke Bpeyms mpu mocTpoe-
HAHR CJIHIIKOM CJOKHOM MOJeJHW JerKo 3alyTaThCs M cTaTh Ha JIOIK-
HEA myTh. Ilpm MomeauMpoBaHMN CKOJIBKO-HHOYAb CJIO/KHBIX CHCTEM
He00X0UMO CUIHTATHCA C MX CTPYRTYPOU, T. €. CIEHOBATh CHCTEMHOMY
moaXogy.

Hrpossie Mmogenn. Bpemsa ot Bpemenn NOABAA0TCA paboThl, B KO-
TOPHX HHITAIOTCA TPAKTOBATH LPONECC HBOJIOIHUH ¢ IO3HIUN TEOPHH
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Hrp. 3TO COOTBETCTBYET NPEIION0KEOHNI0, 9T0 PEAKINA SKOBHX CYy-
oeCTB HAa BHENIHHNE BOB}IeﬁCTBHH AOJKHA COOTBETCTBOBATH HAHXY/-
meMy BO3MOMHOMY TPOTHO3Y M MMEHHO TaKafg pearnua AKOOH 3a-
xpemasercss ot6opom. IHecocTosATeabHOCTE TaKoifl TOYKH 3peHHA" He
BHI3HBaeT coMHeHHA. Hamxyamuit mporzos ocymiecTBASETCH PEAKO.
MaccoBasa srmmuEanna ocobeit Gaaromaps TeM WIN MHBIM BHEITHHM
BO3EHCTBAAM 0UeHb MAJ0 3aBHCUT OT HAMXYANIAX BO3MOJKHEIX BHEIN-
HAX Bo3afeficTBuil. IloaToMy coBepmieHHO HEHMOHATHO, KaKAM o6pasom
aToT HaI/IXYILIHI/Iﬁ IIpOTHO3, & CJejjoBaTeJbHO N MHIHHUMaKCHad cTpa-
Terusg, MOIryT 3aRpeILIATLCA B 3BOAIMK U UrpaTh JOMUHHDYIOIMYIO
PONBb B MEKIONYIANHOHHEIX OTHOWEHHSX B Ouoreomenosax. Crpa-
Termy UTPOBOTO THIIA B TOH W7IH MHOH Mepe MOryT BO3HUKATh B CBA3MN
C 9RCTPanONATUOHHBIMU pe(i)JIeKCHMI/I Ha Io4YBe IpecjieaoBaHUA 1106LI-
qg. OgHaxo 3T0 JaJdeKOo He J0CTaTOYHO IJIS TOTO, YTOGH HA BTOH oc-
HOBE ONHCHBATL II00aJbHBIE B3aI/IMOI[6ﬁCTBVIH MeRy NOIyIAIUAMMI
B coo0mecTBax.

B zaxaodenue Mol X0oTuM caesaThb ele OJHO 3aMedaHHue, Kacalo-
meecsa JICOOJAb30BaHMIA MaTeMaTUIeCKNX MeTomoB B Owmosoruu. Hepen-
KO eCTeCTBOMCILITATeNM CoOMpaloT GoabImOd dMOUpPHIECKUN MaTe-
pHaa, HeJOCTATOYHO MPOAYMAB 3apaHee IIOCTAHOBKY 3afadu M He OT-
naB cefe 0TZeTa B TOM, KaK 3TOT MaTepualx GymeT obpabaTsiBaTheA.
3arpaTuB Ha cfop 9THX MaTepma’noB GoJbIIme CPeACTBA M TPYA, OHU
NPUXOAAT K MaTeMaTHKAaM M IIPOCAT mOMOYb B o6pafoTke mMaTepmamia.
Tarkasa cATyauusa npeBOCXOgHO ommcanma B Kumre Xypruma «Hy m
g10?» B mogaBasiomen GoJbMIMHCTBE caAyYaeB TaKOi MaTepuas HOJ-
HOIleHHON 06pafoTKM He [OIyCKaeT, CJIeZOBATEIbHO, JoXbIuue Cpef-
CTBA ® TPYQ 3aTpadeHH IIPocTo 3pA. B ¢BA3M ¢ aTHM MBI X0THM 00pa-
TATBCA C UPUBHIBOM K OmoioraM: mpeskae UeM cobupaTh sMIUpHIe-
CKHil MaTepmal, HeoOXoguMo O0OCYAWTH 3afady C MATEMATHKAMH H
BHIAACHUTB, KaK co0HpaTh 9TOT MaTepmas, 9TOGH BIOOCIEACTBHE €ro
MOKHO ObLIo 0Opa6GoTaTh. 37ech HEOGXOOMMO CYMTATHCA CO CTATH-
CTHIEeCKNMH MeTOoqaMHd NIaHUPOBAHUA NI 06pa60THH 9KCIIePNMEHTOB,
opHYeM IIPpA COBMECTHOM 060y}R}IeHHH IOAXON0B K 3ajgade mMaTeMaTH-
KaMu H OHoJoraMIi o4eHb 9acTo yJaeTcd TaK CINIAHMPOBATH DKCIEPH-
MeHTHI, 4TO HPH CPaBHUTEJbHO HeGOJbIION 3arpaTe Tpyna obpaboT-
Ka MX JaeT OTBeT Ha MOCTABJEHHHIH Boupoc. Bo BcAKoMm ciaydae
Gopmme 3aTpaTel TPyAa Ha cOOP OMIMPUIECKOTO MaTepuaaa UpH
HEeZ0CTATOYHOH NPOIYMAHHOCTH 3a7aY 09EeHb 9acTO MPUBOAAT K TOPb-
KHUM pa30dapoBaHMIM.
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HOIYJIAINI, BHOTEO(IEHO3bI
1 BHOCOEPA 3EMJIN

H. B. TUMO®EEB-PECOBCKHNHI

C ¢denomenonornaeckoit 1 QyHmRIHOHANBHON TOUER 3peHHsA BCe
MHOT000pasye ;KHBOTO HA Halllefl miIaneTe mpH COBPEMEHHOM COCTOS-
HIHM HAUIHX 9YBOJIOLHOHHBIX B3HAHHE MO;KeT OBITH MOJPAa3fiejeHo HA
Y4erpipe IJIABHLIX YPOBHs: MOJEKYJIAPHO-FeHEeTHYECKNH, OHTOTeHEeTH-
YeCKH, NONYyJAIHOHHO-BIJIOBOH (COOCTBEHHO OBOJIOIMOHHBIN) M
6uoreoneHoruveckuil, mrn 6uocdepuniii. Ha moxexyaspuo-rexern-
9eCKOM YPOBHE OCYINECTBIseTCs Ji00asg KoHBAPMAHTHAS peqymnKa-
IHA, JeKanlasg B OCHOBE BCEI'O DBOJIOHIOHIOTO LpOoMecca, U HOITOMY
3TOT yPOBeHb C IIOJIHBIM HPaBOM MOJKIO CIHTATh DIEMEHTApHOI OC-
HOBOHl sBoaronuu. Ha oHToremeTmuecKoM ypoBHE DPOMCXOAUT pea-
JH3anuA TeHeTHIecKod HHPOPMAIHMH OJHOBPEMEHHO C HPHBEICHHEM
aTo# WHPOPMAIUK B COOTBETCTBHE C TPeGOBAHMAMHI DIEMEHTAaPHBIX
9BOJIOIIHOHHBIX (JAaKTOPOB M (DpeKie BCEro) ecTeCTBEHHOTo oThopa,
OKAa3BIBAIOMIET0 CBOe HAmpaBJIslgee BIMSHNE Ha BeCh IPOIECC 3BO-
Jonun uMeHHo deped (exormn. Ha momyaammonmo-BHI0BOM ypOBHE
H3MEHeHHA, IOPOUCXONANMe HA ABYX HEPBHIX YPOBHAX, MOTYT «BH-
XOJHUTb» HA YPOBEHDL 3BOJIONMOHHO 3HAYUMBIX NpeoGpas3oBanmii: Bo3-
HUKHOBEHUE 3JIEMCHTAPHBIX 9BOJIOMHOHILIX M AJANTUBHBIX SBICHUH,
paboTa IyCKOBHIX MEXAHH3MOB IIPOIECCA DBOJIONUN, 3aBEPIIAKIIUXCA
Ha ompejeleHHOM KadeCTBeHHOM dTame BugoobpasoBaHmeM M IPO-
RO/KAIOMUXCSA HENPEPHBHO AaJjblile, UTO HPHBOAMT K (HUIO- U OHTO-
TeHeTHIeCKHM JupdepeHNUPOBKaM, BO3HHKHOBEHWIO ajanTanuii #
nporpeccy xmusoro. Ha mociaemsed, OGHOreomeHOTHISCKOM, I OHO-
cpepHOM, YpPOBHE ULPOTEKaeT ClOKHelmee B3auMOIpPHUCHOCOD.IeHHEe
Pa3JIUYHBIX TPynm M BugoB APYr K 1Apyry (dopmupoBamme OGmoreo-
IeHOTHIECKAX PpPaBHOBECHII).

Moskno BHIETH, 4TO HEMCTBYIOMME eJUHUIK HA Ka;KEOM H3 yPOB-
Hell COBepUIEHHO pPA3JHUHBI; COOTBETCTBEHHO PA3IUIHEI M B3AHMO-
AeiicTByOmHe cHIbl. Bmecre ¢ TeM scHO, 4To 10060l ypOBeHb TECHO
CBA3AH C COCEHUMH{, OLPEHEJIACTCA MMH H OIpefie’sieT B CBOW Ode-
peip HpoTeKaHwe OpoIeccoB B HHX. PaccmoTpum Gomee mogpo6HO
KayK[Bli U3 BBIJIEJEHHHIX YPOBHEH.

Ha monerynsipHo-reHeTHIeCKOM YPOBHE OCHOBHBIE BHYTPHKIETOU-
HBIE YIPAaBIAKIIHE CUCTeMBl (XPOMOCOMEI M HEKOTOpHIE ApyrHe opTa-
Heanbl M OHMONOTHYECKM AKTHBHBIE MAaKpOMOJEKYJb) obOecreduBaior
pasMHO}KeHHe KJIeTOK H OPraHm3MOB U NePeJaloT HAcJeJCTBeHHYIO
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nHGOpMANUIo o HoKoJeHM: K mokodeHuo. Ha aTom ke ypoBHe depe3
U3MEHEHNe CTPYKTYPHBIX BIeMeHTOB (MyTaIlHmn) ompejeseTcA dJje-
MeHTapHas HacJejJCTBeHHAs H3MEHYHBOCTH, Je;kallad B OCHOBEe 9BO-
JIOIHOHHOTO mpoiecca. HOHBapHAHTHAs peAYyNIUKAIUd, SABIAACD
BajKHelime#l XapakTepHCTHKOH MOJeRyJIAPHO-TeleTAYECKOT0 YDPOBHA
JKUBHH, 00BACHAET OTHOCHTEIBHYIO CTaOMIBHOCTh NMCKPETHHX ¢opM
HuBoro Ha 3emure. OgHAKO mepefaromiasgcsA IMoCpPeJcTBOM KOHBapHAHT-
HOH pegymiImKanuu TeHeTHYecKasd MHPOPMaUHA, MHpe:kjge deM I0-
AIBUTBCA Ha SBOJIONUHOHHON apeHe, M0J/KHA OBITh KaK-To pacmudpoBana
H peasi3oBaHa; dTa paciiuM@poBRa NPOMCXOAUT HA CJeJyIomeM, OHTO-
reHeTHYECKOM, YpOBIe.

OnTorenes cosepuracTcs, MO-BHIUMOMY, BCJIeJCTBHE CYIIecTBOBA-
HHEA CaMODPETyJIHPYIOIeHcs HepapXUIeckoil CHCTeMBl yIpaBIAIIUX
IIOJICHCTEM, ONpeeIsAnINell COTTACOBAHHYI0 pealu3aldi0 HacJIelcT-
BeHHBIX IIPU3HAKOB H CBOHCTB II KOOPAMHALMIO 9THX IIO/JCHCTEM BO
BPEMEHH M IIPOCTPAHCTBE B mpefenax ocobu. OHTOreHeTHIECKHH ypo-
BeHb IOKA TeOpPeTHYECKHM HAWMeHee MOHATEH BCJIe/CTBHE HeL0CTaTo4-
HO#t paspaboramHocTH oOIell TeopUH MHANBHAYAJIBHOTO DPa3BUTHA.
MeTopudeckn ¢osRIIOCH TAKOe HOJOKEHIE, IPH KOTOPOM B HAacTod-
miee BpeMs MBI, BEPOATHO, JydYlle IIpe/CTAaBJAeM IIPOLECCH, mpoTe-
Kaoll#e HA MOJEKyJIAPHO-TeHeTHIeCKOM YpOBHe, dYeM IPOIECCH,
OPOUCXOMAANAE B IEPHOJ pealm3aruy HacJae/(CTBEHHOH HMHQOpMALHU
B KOHKDEeTHHIH ¢eHoTHO (mpollecc OHTOTeHe3a B IIHPOKOM CMEICIE).
Heo6xopuvocTs paclimpeHus TeopeTHYeCKHX ICCIEOBAHUE B OTOM
HampaBdeEuy Heusd6e)kHa, TaK KAaK HMEHHO ¥a OHTOIeHETHIeCKOM
YPOBHe OpraHU3alU{d OPOTEKaeT 0TOOP, HPOUCXOAUT OINEHKA B KOH-
KPEeTHBIX YCJOBHMAX CYHIECTBOBAaHUA OuoCepsl KA4eCTBEHHOTO CIEK-
Tpa pasiuYuil, IOCTABISAEMBIX C MOMONIBI0 TeHEeTHIECKUX MEeXaHH3MOB
(MyTanmuit 1 ux rRomOumamiii). JTa OLEHKA SABJIAETCA B CBOI oUepenb
pelralonieii oCHOBO¥ TpaHc(OpPMAIlHKM ;KMBOTO y:Ke HA COOCTBEHHO
9BOJJIIOINOHHOM, HJIH OOOYJAOHOHHOM, ypPOBHE.

Ha nonynammorHOM yPoBHE B COBOKYIIHOCTAX 0Cc00el 0fiHOTO BUAA,
HaceJAIIUX onpeAetedHBd yuacTox Ouocdepst (momyasanus), B paLy
MMOKOJEeHUIl MPOTeKaeT HCTOPHYECKUH Tporecc M3MeHeHHUA GopMm opra-
HU3MOB, IPHBOJSIINE K 00pa30BAHII0O NYCKOBHIX MEXaHH3MOB 3BO-
monun, auddepeHmiPoOBRe, BOSHIKHOBEHHIO afanTalini, Buroodpaso-
BAHUIO 11 B KOHEIHOM HTOre K 9BOJIONUOHHOMY mporpeccy. llonynsmus,
ABIAACH COCTaBHOM YacThI0 OHOreOLIeH03a, XOTA M IIPeACTaBIser
co60il caMOCTOATENBHYIO dBOJIONHOHHYIO eHHHIY, CIIOCOOHYI0O K K-
TeJIBHOMY CYIECTBOBAHHIO M TpaHCHOPMAIWH, BCerja HAXOAUTCA B
ompe/leneHnoi cpefe, BRIKUAINEH Kak 6GMoTHYeCKHe, TaK U abuoTH-
9ecKHe KOMIIOHEHTH. DHOTeoneH03 BrICTymaeT TpU 3TOM PaccMoTpe-
HUM KaK KOHKpeTHasA Cpeja IPOTeKaHUA Ipoliecca 3BOJIONHAA (MAY-
mero B OTAeNbHBIX NONYJIANNAX) M KAK eJWHHIA ciaeylomero, 6o-
Jlee BEICOKOTO YPOBHSM, KOTODPHIM caM IOJBEPIKEH OIpe/eJeHHBIM dBO-
JIONMUOHHBIM IpPeodpasoBaHMmAM.

Ha 6uoreonenorudeckonm, uiau 6uocdepHor, ypoBHEe OpraHM3aNu
HONYJSAIMH OPraHM3MOB PAa3HHIX BUAOB 06pasyioT coofhmecTBa, KOTO-
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pHie HaXOMMTCA B CHOMKHBIX B3aMMOOTHOMIEHMAX KaK MeXmy coboi,
TaK U ¢ KOCHBIMH KOMIIOHEHTaMUu Cpe,D;])I. BTH B3aHMOJIef;ICTBHH O6YCJIOB‘
JUBAIOT OHOTEOXHMMYECKH KPYrOoBOPOT BeIIECTB M DHepri B GHO-
cgepe Haumeil miiadersl. B 6uocdepe 3eriau ;xu3Hb npeAcTaBIeHa 6ojee
HJIA MeHee CIOKHBIMEI coobmiecTBaMu (6HMOIeHO3aMu), HACEAAMUMHA
omnpeenennsie MecroobuTanusi. Bupbt BHyTpu OHOIEHO3a CBS3aHBI
JAPVT ¢ APYTOM TPOPHUECKUME, XUMUIECKHMU M 3TadUIeCKUMU CBA-
samu. G gpyroil cTOPOHBI, OPraHM3MbI, BXOAAmHE B OHOIEHO3, CBA-
3aHBl ¢ KJIHMATOM, THAPOJOIMYECKMMH YCJIOBMAMHU, IOYBOH, XHUMH3-
MOM Cpe/Ibl M APYTUMM afuorHdecKuMm PakTopaMu. B 3THX CJI0/KHBIX
KOMOJEKCAX JRMBBIX I KOCHBIX KOMIIOHEHTOB II€PBHYHBIMIL IIPOAY-
HEHTaMHI OPraluyYeckoro BeHiecTBa ABIAIOTCA ayToTpogiinie opranums-
MBI pacTCHUA-QOTOCHHTETHKI )M XeMOCHUTesupyomue OarTepuu.
B umesom 6uocdepa, ABIAACH CIUIOMIHON 000T0YKOM 3eMIH, COCTOUT
u3 GoJbIIOTO YHCia B Pa3Hoil cTenmenu OTIMYAIOMUXCA APYT OT Apyra
MecToOGHTaHMHE U HAaceJAKmux ux OGHOIeH030B, T. . OHOTEOLEeH030B.
Heopnopoaaocts Guocdepsl B OHMOTEOXHMHIECKOM OTHOINEHHM SBIM-
@TCA PEe3yAbTaTOM CJO/RIEHIINX BellecTBEeHHO-9HePTeTHIeCKHX KPYyro-
BODPOTOB, IPOTEKAKIIUX B Hiell 110/ BAMAHUEM ;KHBOTO. B cBolo ogepens
HEOAHOPOAHOCTh ITHX KPYIOBOPOTOBR 00YCJIOBIEHA CTPYKTYpPHOR He-
OTHOPOAHOCTHI0 Omocdepsl, upoABasgomeiics B CyNeCTBOBAHHYN B IIPH-
pofe pasiauIHbIX OHOTEOI[eHO30B, WA AUCKPETHHIX eUHAL O6Hocepsl.
Buoreonenosst — »ro Te 6J0KM, M3 KOTOPHIX COCTOMT BeA Ouocdepa
H B KOTOPBIX NMPOTEKAKT BEeHICCTBeHHO-9HEPTeTHIeCKHe KPYTOBOPOTH,
BHI3BAHHBIE JRUBHECATEIbHOCTHI0 OPraHM3MOB H B CyMMe COCTAaBIA-
fomue 6Goaburoit GmocdepHBll KpyrosopoT. BuoreomeHos mnpeacras-
JaseT cofoil He3aMKHYTYIO CHCTeMY, XapaKTepPH3YHIYHcs cTaduib-
HOCTBIO CTPYKTYPH BO BPEMEHH U IPOCTPAHCTBE, MMEIOH[VIO BeIecT-
BEHHO-9HEPreTUYECKHME «BXOHL» I «BBIXOJBIY, CBS3LIBAIONIHE MEKIY
coboil cMe;KHble OHOreOIeHO3bl B Liend, 00beIuHAEMbIe CTOKOM B INH-
POKOM cMEIcae aToTo mouATnA. OOMeH BemecTs Me;KIy OMoreomeHo3aMu
oCyIIecTBISAETCS B Tasoo0pasHoH, KHAKOM, TBepHoil ¢asax u, ITO
0cO0eHHO BayKHO IS HALIEr0 pacCMOTpPeHHA,— B CBoeoOpasHoi
dopme skEBOro BelllecTBa (JHHAMMKA MONYJALMH pacTeHHU H KUBOT-
HBIX, MHTPAIMU OPTAHHU3MOB M T. m.). C TeoXHMHUUECKOH TOUKH 3pe-
HUA MHUTPaIMs Bem[ecTBA B IlensX OHOreolleHO30B MOKeT paccMart-
PUBATHCSH KaK CepHsA CONPS;KREHHBIX ITPOIECCOB PACCEMBAHUA H KOH-
IEHTPUPOBAHUS BeN[eCTBA B OpPTAaHH3MaX, II0YBAX, BOJaX, IPyHTax
u atmocdepe.

W3 »Toro KpaTKoro paceMoTpeHus OuocdepHOro YpoBHA opra-
HU3AIMH UBOTO BHAHO €ro OFPOMHOE 3HAYEHME B SBOJIONHH RH3HU:
[0 CYHIeCTBY OHOTeolleHO3H ABJAIOTCA peajbHOM CpeJoil mpOoTeKaHHA
IPOIECCOB IBOJIONIN, a KPOoMe TOTO, B CBA3H € 3BOJIOMIEN cocTaB-
JAIMHEX WX BHAOB CaMmil OMOTEOLEeH03bl MpeTepIeBaloT 3BOJIOIHOH-
HbIe H3MEHEeHHdA, HaXOAfACh B IOCTOAHHOM AMHAMUIECKOM PABHOBECHH.

Heo6xoaumo BeIgemunTh Takue pieMeHTapHEE €NUHHIE H dJAeMeH-
TapHHIe MX M3MEHeHUS, 0e3 KOTOPHIX HERO3MOXKHA KaKag OB To HH
ObliI0 MHMIHANUA HBOJIOIIMOHHBIX IpoueccoB. Hamo cpasy ixe oro-
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BOPHTHCSI: 3JIeMEHTApHAS YBONIONHMOHHAA CTPYKTyDa H 3IEMEHTAPHOE
9BOJIIOLUOHHOE SIBICHHAE OTHIOAB HE IPEACTABISIOT co60H 9BOJIIONUOH-
HBHI mporece, a JAAIb HEOOXOAMMYIO IPEAUOCLUIRY TaKkoBoTo. H .one-
MEHTapHOH 9BOJIONUOHHON eUHAIE MH [OJKHHE IPEIbABHTH Cle-
nyiomue TpeboBaumsa: 1) oma posKHA OHTH Kak TakoBas jajkee
HEMOJApAa3fejdMa, T. €. HACIEACTBEHHO M3MEHATHCA B DALY OHOJOTH-
9eCKHX TMOKOJEHHU; 2) OHAa MO/GKHA PeaiibHO M KOHKPETHO CYHIecTBO-
BaTh B UPHAPOAHHIX YCIA0BHAX. Tako# emmHUIE, KOHEIHO, HE MOJKET
GHITh MHAHBHU[, BO BCAKOM CJydYae y OGOJBIIMHCTBA ;KABEIX OpPTaHH3-
MOB, DAa3MHOKAIOMMUXCA IOJOBBIM IYTEM.

Mur 3HaeM, 9TO NPAKTHYECKHM BCEe BHUAH KMBLIX OPraHH3MOB B
mpefiefiax CBOETO apeajia pacHpefe]eHsl HepaBHOMePHO: OHH nXubo
pacnafanTca Ha TePPHTOPHANBHO (HA CyHie IIH B BoJe) pasobmieH-
HEIe TPYyOObl WHAUBHAYYMOB (Hampuvep, Gepe3oBble KOJKH B JeCO-
cremn), ambo, eCaM HMHAMBHAL PacHpefeleHbl II0 BCeil TeppuTopHH,
IJIOTHOCTh HaceJeHHA CHIBHO BaphHPYET OT MeCTa K MeCTy (mpd 3TOM
TePPUTOPUU TI'YCTOHACEJEHHBIe OTHEIAIOTCS APYr OT APYra TeppuTo-
pusavn ciaabonacerennnimu). IlosTomy, a Takske B ¢BA3M ¢ orpoMHOR
YHICAEHHOCTHI0 W BHYTPEHHEH TIeTePOTeHHOCTHIO 3JIeMEeHTaPHON 3BO-
JIONMOHHON elNHUIEH He MOMKET GHTh BCA COBOKYIHOCTH ocobeil (Ha-
celeHHe) NAHHOTO BHMA, BMAA B HEJOM. JTa HEPABHOMEPHOCTh pacmpe-
JeleHus ocobeil BuAa B Lpejieliax apeaja BeleT K TOMY, Y4TO BCA CO-
BOKYUHOCTE 0c00eil KajKZOro BHAA B LPHUPOAHHIX ycaoBuax Ooxee
IO MeHee SICHO MOLpa3feldseTcA Ha PAX OTAEIbHHIX 0ojiee WA MeHee
H30JHPOBAHHEIX APYT OT /Pyra COBOKYNHOCTell, 0OBIHO HMEHYEMEIX
monyxAanuAMA. UMCI0 TaKHX HOUyJsAOWiA B Ipefenax BHIA MOJKET
OBITh O09eHb PAa3JUTHHIM: OT OTHOCHTEJHHO HEGOJBIIOTO, HANIPHAMED Yy
OCTDOBHBIX BHU/OB H BH/IOB ¢ BeChbMa HeDOJBLOIMM apeasoM, IO OTpPOM-
HOTO (y MHAPOKO PacOpPOCTPAHEHHHX, 9BPUOMOHTHEIX BHAOB ¢ 00JibIION
IACIEHHOCTHI0 0C00e).

Odgenp cymiecTBeHHO, 4TO TaKHe HOOYJANMH BCETAA OTHENAIOTCH
0T COCeAHUX TOH HJIM WHOA CTemeHbI0 M30JAMAU, BCEra HEMOJIHOM.
CwMBICT 9TOTO B TOM, UTO BHYTPH HODYJAAMUH (mpefcTasiAiomeir coboi,
KaK TOBOPHIOCH BHIUie, JHOO TePPHUTOPHAILHO OTAEIEHHYIO OT CO-
ceHNX, JUOO OTIEJNeHHYI0 TEPPATOpHEd ¢ MEHbUIEH IJIOTHOCTBHIO
gaceleHHA, COBOKYOHOCTh ocobell) ciydaiiHoe CKpelimBaHHe H «IIe-
peMemnBaHme» 0Co0edl OCYmECTBIAETCA Jjerde W dalle, 4eM MeKAY
cocegHEMHU momyiasanuamA. VTark, nonyasiusa peajbHO CYIMECTByeT B
IpHEpojie, OHA BHICTyIaeT BO BpeMeHU M B IPOCTPAHCTBE KaK oNpeeaeH-
HOe eMHCTBO, M 0Ha, RAK MBI YBAMHM flaliee, CIOCOGHA U3MEHATHCH B
TedeHHe moKoJeHmi. Takmm o0pasoM, OOy ALUsA SABIAETCA dIeMeH-
TapHO! 3BOJIOIIMOHHOM CTPYKTYpPO¥#, YAOBJIETBOpAIOIENR moCTaBJIeH-
HBIM TpeboBaHUAM,

IIpu aToM monyasAmuEM MOMKHO AATH CJIENYIOIee JOCTATOUYHO TOY-
HOe U cTporoe oupeneinenue. I[od nonyasyueld Mmv, NOHUMAEM C080-
Kynrocmv ocobeli onpedesenHnozo euda, 8 meuerue Aocmamouho Oau-
meavrozo epemenl (60AbULOZ0 HUCAQ NOKOAECHULL) HACeAAOWUX onpede-
AEHHYI0 MEpPpUmMopulo, 6HYmMpPuU KOmopoli NDPAKMUMECKU OCYUjecm-
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ensemMes Ma UAU UHAS CMEnerb RAHMUKCUU, 4 MAKH#e OMCYmcmeyom
3aMemHble USOLAYUOHHYE 6apLeps. U KOomopas omoeieHa om CoceOHUX
makux Jce nonysayull moit uau uHol cmenenbvio (uHozda 6oaburoil,
a uroz0a manoii) dagrernus usoasyuy. KpuTepumit BpemeHM CVIIECTBO-
BaHUSA NONYJIANUM BHECEH C TeM, YTOOH HCKIIOIATH HE HMeIOIHne
OPAMOr0 HBOJIONHOHHOTO 3HAYEHWS MAJOIHCIEHHEIE IPYNIH 0C00eH,
BechMa KDAaTKOBPEMEHHO HACeJs0IHe KaKo#-ambo yIacTOK TeppH-
TOpUH WaAW akBaTopmu. Takme Tpynnsl ocobeil IPH CIHIIKOM MAaJoi
TIHCIEHHOCTH B CBS3U ¢ HeM3GeKHBIMH (PIYyKTYaumsIMU 3TOH IUCIEHHO-
CTH TI0 3aKOHY MapPKOBCKUX Iierieil GpICTpoO 1Cc4e3aloT (€CIH NX INCIeH-
HOCTh HEe Bo3pacTaeT U He BejeT K 00pa30BaHMIO HOBHX «HACTOAMUX»
HOIYJIANAN).

XapakTepHHIM OpPHAMEPOM TaKOTO poja HM3MEHEHHH MOTyT Cly-
JKATH BpeMsA OT BPeMeHH IPONCXOASAIAE BBUIETH OTAEIbHBIX CTaek
Ca[)KM MIH KONBITKH JlaJleKO 3a IIpeJeJsl CBOEro IeATpajibHO- M
cpeHea3smaTCKOTO apeaia, BILIOTH 10 nobepesbs ATIAHTAIECKOTO
OKeaHa Ha 3amajie m 3aballKaibsg Ha BOCTOKe, TJle OHM JlepsKaTcHd He-
KOTOpOe BpeMs W Jajke THITAIOTCH THE3JUTHCHA, OJHAKO CKOPO HMCIe-
3aloT. J[pyrEMm npmMepaM@m MOTYT CHYKATH MHIDafUd IECIOB W
BELIETHl HYCTHHAOH CapaHYW, He OPHBOAAMME K 3aCEIEHUIO HOBHX
TeppuTOPHil B o0pasoBaHmio nmonyaanuii. [lonynsanusa B FaHHOM BEHIIIe
OmpefeNeHNN MOJKeT, CJIEJ0BATEJIBHO, CINTATHCA DIEMEHTapPHOH 3BO-
TIONIOHHOA CTPYKTYPO#, a BieMeHTAPHBIM DBOJIOIUOHHEIM SBIeHHEM
HOKHO GHITH HacJeJCTBEHHOE II3MeHEeHHe TON 3BOJIOIMOHHON CTPYK-
Type. 1A ero ToYHOTO ommcaHWs HEOGXOAMMO PACCMOTPETh WM ACHO
cefe TIPENCTABHTH TEHETHIECKYIO CTPYKTYPY IOOYIANHUIL.

Y BceX JKHBBIX OPPaHM3MOB NOCTOSHHO NPOTeKaeT CHOHTAHHEIR
MYTAIMOHHBI TIPOLlecC, I03TOMY BCSAKAasg CymMecTBYIODAs B TedeHHe
psAfa TOKOJEHHHA COBOKYHHOCTH 0COGedl mo CBOeMY TeHEeTHIECKOMY
cocTaBy Hems0e;KHO OyneT reTepoTeHHON; TOMOT€HHBIMEA MOTYT OBIThH
JAOIb «CBEKHE», TOJABKO 9TO 06pa30BaBIINecs YACTHE JUHIN U KJIAHH.
IMonynamum, ma;e ecay OHUM (JeHOTHONYECKH OTHOCHTEIBHO OJHOPOI-
HEl, NPeJCTaBIANT coboil, TakmMm o6pa3oM, BecbMa TIeTePOTEHHYIO
CMeCh DPA3IMIHHIX TEHOTHIOB M OTJEeJbHHIX pPEAKAX MYTAaHTOB, OCO-
§eHHO DENECCHBHHIX, COJeP/KAIUXCA B JaHHOM INOOYJIANHA B Te-
TePO3MUTOTHOM COCTOSIHAM B PAa3IMYHBIX KOHMeHTpammax. Ilpm moc-
TOSHCTBe W HEBBICOKOI MITEHCHBHOCTH JaBIEHUA DPA3IMIHLIX (PaKTo-
pPOB Ha TIONYIALHUIO ee TeHOTHIMIECKAR COCTaB, HeN30e;KHO PIYKTyU-
Py, MOKeT O0CTaBaThCA B CpegHeM CTAaTHCTMYeCKH JTOBOJIBHO HeM3-
MEHHEIM B TedeHme 6Gollee MJIM MeHee JIUTeNbHOTO BpeMeHnum. Ecim,
OLHAKO, IONYJIANNA WCHHITHBAeT NHTEHCHBHO HANpaBIeHHOE HaBIe-
HHe KaKoTo-1mbo (axTopa (A JOCTATOYHO [IUTEIbHOE HEMHTEHCHB-
HOe faBieHHe 0e3 M3MEHEHHA ero BeKTOpa), To HEeH30eKHO TOJIKHO
HaCTyHOWTh CMeIeHNe WM M3MeHeHHe B TIeHOTHIHYECKOH CMeCH,
obpasyomeil monyuasamuio (B reHogoHge). Eciam nosaBieHHe HOBBIX
(mn;m W3MeHeEWe HHTEHCHBHOCTH CTApHIX) AaBJeHHH TeX WIN HHBIX
¢$aKTOpPOB HA HOOYJIALNIO OyAET TOCTaTOIHO HHTEHCHMBHO W JIHATENBHO,
TO TeHO(OH[, HIN TeHOTHNHWIECKHHA COCTaB, HONYJANWHM H3MEHATCH
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TaK;Ke Ha HOCTaTOTHO AJNHTEIbHOE BPEMA: IPOH30iNeT 5BOJIONAOHHO
3HAQYMMOE TeHeTH4eCKOoe M3MEHEHHWe NOmyJSAImu.

Takum o6pasoM, dIeMEHTAPHHIM DBOJNIOIMOHHBIM SBJCHHEM ME
MOKeM CYHTATh JJINTeIbHOE€ M BEKTOPHW30BAHHOE W3MEHEHHE TeHOTH-
nmyeckoTo cocrtaBa momyasnun. CoBepmenno fAcHO, uTo Ge3 Tak@x
reHeTHYeCKNX H3MeHeHHHl DOUyJAAUAH HEeBO3MOKHO HATal0 W Opo-
TeKaHHe 3BOJIOIMOHHOTO IpoIecca, XOTA 3jIeMeHTapHOe 3IBOIIOIMHOH-
HOE SBJIEHHE B TOJILKO YTO CHOPMYIMPOBAHHOM CMEICTE CaMo o cebe
eme OTHIONb He ABJIAETCA 3BOJIONAOHHBIM IIPOI[ECCOM.

3nechk ciaefyeT 3aTPOHYTh OfMH JIOOOMEBITHHIN M MOKA OJHO3HAYHO
HepaspewnMblil BOIpPOC: 0 AAUTEAbHOCTH CYMIECTBOBAHUA MOMYIANUH
BO BpeMeHW. B cucTemMaTHKe MBI HPUBBHIKIH Pa3TPaHIYABATD TAKCOHEI
B IPOCTPAHCTBE M BPEMEHHOH NPOEKIMA B COBpeMeHHOCTh. OgHaKo
COBEepPIIEHHO fCHO, 9TO HPOHMCXOAT HE TONbKO AupdepeHIupoBKa
OJHOTO TAKCOHA B J[Ba WM HECKOJIBKO (B CBS3H C 9BOJKI[HOHHO IOSB-
JIAOMUEMUCSA OTIHYHAMA), HO ¥ W3MEHECHWE BUAOB U IPYIHX TAKCOHOB
Bo Bpemenu. IlameoHTomornsa faer HaM TOALKO KpalHWe HpPHMEpPHI Ta-
KOTO pona, M MBI, KAk NIPaBHIO, JHIMIb B 09eHb HEMHOTHX CIyIasx
MOJKeM Ha OCHOBAHHM KOCBEHHBIX IIOKa3aTeljeil cyauTh o rpaHmmax
BHJa M JPYIMX TAKCOHOB BO BpemeHu. B cBA3HW ¢ s3TuM gaske 6es0t-
HOCHTEJIBHO K WX BO3MOKHOH ruH0erd HONyJIAHH OLpeae]eHHOro
BHJA HE MOTYT CyIIeCTBOBaTH GecKoHedHo [0Jro. Mer KocHyiameb
BTOTO BOIpOCA JHUIIb ¢ TeM, YTOOH WOTIEPKHYTH, ITO BHIICOMUCAH-
HBle dJIeMeHTapHble YBOJIONWOHHLIE ABJIEHHS IPH COXPAHEHHH He-
OPEePHBIOCTH HOMYJIAINUA BO BPeMEeHHM W NPOCTPAHCTBE He SBIAIOTCH
«OOOYJIANMOHHBMYA IPpaHUOAMHAY» H He HAPYNIAI0T HEOpPepHIBHOIO CY-
IMEecTBOBAHUA TOM ke IONMyJAANMA BO BPEeMEHH, B IIpejieaX IpaHuln
CYIMeCTBOBAHUA BHAA B IENOM.

Tarkum o6pazoM, s71eMEHTAPHON 9BOJIONUOHHON CTPYKTYPOIl ABIA-
eTCH NONMyJNAN’s, a 3JeMEHTAPHHEIM SBOJIONHMOHHHIM SBJICHHEM — HU3-
MeHEeHHe ee I'eHOTHIMYecKoro cocraBa. J{ymaercst, 9To gaHHBIE BEIIIE
QOPMYINPOBRU LOHATUN «IONYNANUA» M «A3MEHeHHe ee TeHOTHIIU-
YeCKOr0 COCTaBa» TEOPeTHIECKHM JOCTATOYHO CTPOTM U OJHO3HAYHH U
B BTOM CMBIC]IE YAOBIETBOPUTEALHBH HA HEPUOX IPEABHIUMOTO pas-
BUTHA MHKDO3BOMIOHHOHHOrO yduenus. OHHAKO yike 3HeCh MBI CTAJ-
KHBAeMCA C SBJEHHEeM, C KOTOPHM OyaeM HMeTh [JeJ0 M jgajtee: B KOM-
IJIEKCHBIX IIPUPOAHBIX ABJICHHAX MBI BCerja BcTpedaeMcsl ¢ HeueT-
KOCTBI0 U «pasmasamniocToion rpaumi. OcofeHHO DdTO Kacaercs Beex
TeX CTPYKTYP U ABJICHMIl, KOTOpHIE 110 CAMOM IIpUpPOAe CBOeH MUHAMUY-
HEBI, NOCTOSHHO (QUIYKTYMDYIOT M MEHSIOTCH B IIDOCTPAHCTBE M Bpe-
MeHHU. A 3TO XapaKTepHO U A MONYJNANAH, W AJIA U3MEHEeHNWH HX Tre-
HOTHUNHAYECKOTO cocTaBa. IloaToMy, HEeCMOTPS HA JOCTATOYHYIO CTPO-
TOCTHh TEOPETUIECKUX ONpefleleHnd W (POpMYJIMPOBOK, HEOOGXOAUMO
§0JbUIOe YMCAO TOIHHIX ODHMCAHMEA WOOYIAALHUI, UX TEHOTHOUIECKOTO
cocraBa, (QIYKTyalMii M BEKTOPU3OBAHHHIX H3MEHEHMIl 3TOr0 TeHO-
THIIMYECKOTO COCTaBa BO BPEeMEHH B KOHKPETHBIX IPHPOJHBIX YCJIOBU-
ax. Ilpu oToM Henb3s 3a0HIBATH, YTO B KAMKIOM JAHHOM OTDe3Ke Bpe-
MEeHH M IONYJANNU, IOJOOHO BHAAM, MOryT HAXOZHTBCA «in statu
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nascendi»: KOHKpeTHAs HMONYJSANUA MOKET HAXOAUTHCA B COCTOAHHH
pasfiejeHua HA JBe MJIM HECKOJBKO NMOUYJIANUN, OTAENAOMUXCA JPYT
OT Apyra CymecTBYHMUMHA HJINW BO3HHRAOIMHKAMNA MU30JIAIMOHHBIMHA
Gaprepamu. To ke caMoe MOKET KacaTbCA M NPOTERAHUA BO BPEMEHH
M3MEeHEeHUH UX FeHOTHIUYIeCKOTO cOcTaBa, KOTOpOe, KCTATH, Heusberk-
HO OyIeT COMpPOBOKIATH U BCAKOe MONYJIAIMOHHOEe HOBOOGpa3oBaHHUe.
IToaToMy, HECMOTPA HAa €CTECTBEHHYIO «TEKYdeCTb» IPAaHMI[, NPU M3Y-
YeHWU ¥ aHAJIN3e KOHKPETHHX IPUPORHBIX CUTYAUuil HeoOXOZUMO HC-
XO/iMTh U3 CTPOTHX TEOPETHIeCKUX (POPMYIMPOBOK.

Brire Gruto nokasawo, uto Guochepa Ha BCeM CBOEM NPOTHREeHUR
COCTOUT M3 0oJlee WU MeHee JMUCKPETHLIX KOMILIEKCOB OMOTHYCCRUX
¥ abDMOTUIECKMX KOMIIOHEHT — GHoreoieno3oB. MHage roBops, Guo-
TeOI[eHO3HI M ABIAITCA TOM KOHKPETHOI Cpesloif, B KOTOPOR IpoTeKaer
IpOIece 9HBOJIONMHM T000r0 BHAa KUBEIX opraHumsmoB. Homeuno,
JRUBBle OPTaHM3MB BCErJa MCHOBITEIBAIOT BIUAHUA HEe TOJIBKO Ompefie-
JeHHBIX A0MOTHIECKMX YCIOBHUI, HO M CJIOKHOH COBOKYIHOCTH ADY-
TUX BUHOB, ¢ KOTOPHIMA OHU HAXOJATCS BO B3BAHMOOTHOIIEHUAX B3aH-
JeiicTBUA M KOHKYDEHIUN; NMEHHO T COBOKYIHOCTH BHI0B — 0HWO-
I[EHO3H — ABJAIOTCA CpPeJod TPOTeKAHUA Me;KBHUHOBOA 6GopubH (B
LITPOKOM CMBICJIE DTOrO CJI0BA) M CBSIBAHHBIX C HEH 0eCYMCIEHHBIX
NposABJIenHd ordopa.

BaammocBsizanubie B GHMoOIleHO3€ BH[bI, €CTECTBEHHO, OKa3HIBAIOT
BCEr/[a NeJHHA psAJ BO3eACTBAR Ha a0uoTHIecKUe PAKTOPH B Ipefeaax
61oreoneHo30B. JTO B CBOI0 0Yepenb HeM3Ge;KRHO BIedeT 3a co0oi 06-
paTHEe U3MEHEHUs BIMAHUS a0MOTHIECKUX (aKTOPOB HA Te MIM MHEIE
JKUBElE KOMIIOHEHTH OHOTeoIeH030B. Takue MOCTOSHHEIE B3aMMOei-
CTBUsI OMOIEHO30B C KOMILIEKCOM abMOTHIeCKHX (AKTOPOB CO BpeMe-
HeM Hem30e;KHO BeIyT K OIpefeeHHEIM HM3MEHEHHSM B GHOreoIeHo-
3aX; yiie I0OTOMY GHOTEOI[eHO3Bl — IIOHSATHE IMHAMHUYECKOE.

Haree B usuro-reorpaduveckoil cpege MOIyT B CHAY Ie0J0rH-
YeCKUX IIPOIECCOB B IIMPOKOM CMHICJIE HTOTO CIOBA IPOUCXOUTH
foxee MU MeHee CYINIECTBEHHbIe U3MEHEHWs, OTPAKAIONIMECS HA Ha-
CeJIAIOIUX COOTBETCTBYOMUIT 6notnun opranuamax. Co cBoeil CTOPOHI
Ha MOCTAaTOYHO JUTHTEJIBHBIX OTPE3KAaxX BpEMEHH ;KHBHIE OPTaHU3MBHI,
o0pasyloniue GHOLEHO03, IIPETEPIIEBAIT OIPeedeHHbIE 9BOTIOIMOHHDIE
1Ipeo6pa3oBaHUsA; TO ONATH-TAKM HA IYTSX B3aMMONEHCTBHA MERIY
JRUBBIMH M KOCHBIMH KOMIOHEHTAMHE IIOBJIEYeT 32 COGOI0 OMpefelIeH-
HBle HI3MeHEHUs U upeobpasoBaHus GmoreomeHoszoB. B sToM cMuicte
MOJKHO U JIOJKHO TOBODPHUTH 06 3BOJIONUN OMOreomeH030B.

ITpexpacHBIME DpHAMEPAME HOCTATOTHO CYMECTBEHHBIX 3BOJOIUOH-
HEIX npeobpa3oBaHMil OMOTeONeHO30B SABIAITCA W3MEHEHUA OTHOCH-
TeJbHO HeOOJbIIMX KOHTHMHEHTAJIBHHIX BOM0EMOB, 3a00J0YEHHBEIX
y9aCTKOB, HEKOTOPHX CTENHHX U IOYCTHIHHBIX PErMOHOB, CABHIH 30-
HaJBHHX T'PAHUI M CyKIeccuil ¢uromenosoB. CiaefcTBHeM 3BOJIOLUU
6MoreoIeH030B ABIAITCA B KOHEYHOM cUeTe TPaHAMO3HBIE Ipeobpa-
3oBaHUA Ouocdepr 3eMau.

ITourn nonBeka Hazag KPYyNHEHIINH HATYPAIMCT HAMIETO CTOJETHA
B. 1. Bepuagckmii ykasal Ha T0, 9TO OPOMBINLIEHHO-TEXHAIECKAS
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HeATeNbHOCTh COBPEMEHHOTO YeI0BEKa HACTOJIHKO CHJIBHO BIMSET HA
JHK 3eMJIH, 4TO €€ MOKHO CYHTATH «HOBHIM TE0JOIHMIECKHM (aKTO-
pom». B mociennee BpeMs GHICTPO pacTeT He TOABKO THCIEHHOCTH JIIO-
e, HO W pasmax, 00beM M MOIb TEXHHYECKON M NPOMHIILIEHHO-
X03AHCTBEHHOH [AeATeNBHOCTH dYedoBedecTBa. llosTomy cpegum 6onb-
IIOTO YHCJIa COBPEMEHHBIX HAYYHO-TeXHHUICCKUX IpPOGIIeM, KOTOPHIME
Tak forara Hama 3m0Xa, B3AHMOOTHOMmenue GIoc(epsl X deJoBedecTBa
ABAAETCA HPO6GIEMOd HOMeD OJUH, KOMIJIEKCHOE DPEeHIeHWe KOTODOoi
COCTaBIsAET 33JaYy BCEr0 €CTECTBO3HAHUA, BKII0OYAsA MaTeMaTHKy. Te-
meps nompobyeM chopMyaUpOBATE 9Ty IPo6IeMy HECKONbKO MHAde M
HAUTH IyTH ee I0JO/KUTEIHHOTO PeIIeHus.

Hama 3emns — ;xmBas nuanera, Ha KOTOPOU pas3BUJiach TpaH-
JIHo3HaA OO cBoeobpasmio, o6miauio gopM 1 obmielt cBoeil Macce ;KU3Hb.
Bo Bceneunoit cymiecTByer, HO-BHIUMOMY, LEJHIA PAJ «MEePTBHIX»
IOIaHeT, JTUIIEHHBIX }KU3HH. X apaKTepHOM e 0COOEHHOCTHIO JeMiIn
KaK KUBOH» mIaHeTH ABJIAETCA 0co0as 060J09Ka, HOTYIUBIIAS Ha3-
BaHue Omocdepri. Bumocdepa unpexpcrasiser coGoil mpesrae BCero
(IUIEHKY KU3HW», TOKpHBalomylo semmoil map. Obmas Macca KH-
BEHIX OPraHH3MOB, HMiu obmas Guomacca 3eMad, Oblia HOACIUTAHA
B. 1. Bepragckum u ero yyemukamu: oHa cocraBaser okouo 10 T,

Bnocgpepa — cymectBenuefimias cocraBHas 4acTh o0IMeir JKU3HK
3eMiIM KaK HIaHeThl, YHepPreTUIecKMil skpad Mexpy Jemuedr u Hoc-
MOCOM, KOTODHI IIpeBpamaeT ONPEeIeNeHHY YacTh KOCMHYECKOI,
B OCHOBHOM COJHEYHOH, 9HEPIUH, HocTynaomell Ha 3eMiIi0, B IEeHHOe
BBHICOKOMOJIERYJISDHOE OPTaHNYIeckoe BemecTBo. llocTynaenue conHed-
HOM dHEPruMu — 9TO dHepreTHdYecKuMit Bxox B Ouochepy. B Gumomacce
IPOTEKAI0T LPOIleccHl oOMeHa BeMmEecTB, ONHE OPTaHM3MBI OTMHPAIOT,
JpyrHe HAPOKIAITCA, OHM NHTAKTCA APYr APYToM U Tak jajee.
IIpoucxogur orpomMub# BeYHHII GHOJOTHIECKHUIT KPYroBopoT B 6moc-
¢depe: medslil PAJ BEMECTB, MeJHd pax GopM SHEPTUY TOCTOAHHO IHED-
KyJqupyeT B 9T0M OOJBIIOM KpPyroBopore. YacThb OpraHm4ecKoro
BemecTBa M3 9TOT0 KPYroBOPOTA IOCTYHaeT B IOYBY, Ha J[HO BOJOe-
MOB, B BOJHEIE PACTBOPHI, HUCIOJb3YeTCA MUKPOOPraHU3MAMU-MHAHEDA-
JU3ATOPAMU M T. Ji. ITH OPOAYKTH MUHEePaIHM3aNUU OTMUPAIIETo Op-
TraHUYecKOoro BemecTBa, He HNCIOJAb30BAHHEIE B GHOJIOIHIECKOM KPYIo-
BopoTe Guocdepsl, BKIOYAITCA B [OPHbIE MOPOAL. [ pyruMua cloBaMi,
U3 KUHBOIO Kpyrosopora Omocdepsl Ijisg dWacTH BeOmeECTB M SHeP-
THH €CTh BHIXO][ B T€OJOIMI0 myTeM (OPMHPOBAHHA OCaJOYHHX TOp
HHX TIOPOZ.

Bosamkaer Bompoc: 4ro Mo;keT 3TOT GONBIION OMONOTHIECKHR
KpyroBopor B Gumocdepe nmaparh Jgiogam? PaccMOTpuM ero mo TpeM
OCHOBHBIM IYHKTaM: HA JHEPreTUIEeCKOM «BXOJ€»; B GHOIOTHIECKOM
KpPyroBopoTe 6Moc(epsl; HA «BHXO/e» U3 GUOIOrUIECKOr0 KPYyroBopo-
Ta B T'e0JOrHI0.

Ha nosepxmocrs 3emnm namaer onpefeleHHOE KOJIUYECTBO COJI-
HEeYHOH sHepru:m. HoHedno, Guomorumueckd cpaboTaTh MOKET TOJBKO
Ta 9acTh ee, KOTOPAsA IOIJOMAETCS B OCHOBHOM 3€J6HBIMH DacTeHHA-
MH, cnocoGHHME K ¢oTocuHTedy. V3 Bceil mocTynaiomei Ha 3eMiio
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COMHEYHOU ODHEePTHH JHIMb OIpeieJeHHOe KOJIUIeCTBO (IIOICIUTATD
ero TOYHO HEJErKo, M B Pa3HBIX permoHax oHo cocrapjisger oT 1 mo
10%) worsomaercs 3exeHsIMH pacreHusMHu. llorionieHHas sHeprus
TaKske He BCA uperT Ha gorocuuTe3. Hark B TexHHUKe, TaK ¥ B JKEBOH
[PAPOAE MBI MO;KeM TOBOPHTHL 0 Ko3(puImente 1moJe3HOro aeAcTBUA
(x.m.1.). IIpomeHT moriomeHHON COJHEYHOH HHEPIHM, WCIOIb3YyeMOi
pacTenusiMy (OUATH-TAKYM MONCIWTATH €0 HEJNETKO), COCTABIseT npH-
MepHO 0T 2 mo 12. IIpm aToM OYeHB CYUIECTBEHHO 3aMETHTh, ITO pas-
HEEe BUAE U TPYUUL PAcTeHUit 06JamaiT pPasHBEIMI K.ILJ. Tarum
o6pa3oM, y:;ie Ha DHEPreTHIeCKOM BXOJe YeJ0BEIECTBO MOJRET Koe€-
4T0 CcHeIaTh HIA TOro, 4TO0H PAaCTHTEIbHOCTH IIOIJIomalta (oiablle
mocTymapmell Ha 3eMI0 COTHEYHON 9HEePIHUH, a I8 3TOT0 HeoOX0JuM0
HOBBHICUTH IIOTHOCTE 3€JI€HOr0 IIOKPOBAa 3eMIH.

Ho cux mop B X03AHCTBEHHON [eATEIBHOCTH 4eJOBEK HIOHMKaeT
3Ty ILIOTHOCTH, HEOPEKHO 00pamasch ¢ JecaMmMy, JYTaMH, IOJSIMA.
HepocTaTtodno oseliensis NMYCTHIHY U CTENHW, MH TaK/e CHIDKaeM ee.
Ho kak pa3s coBpeMenHas TeXHUKA W YPOBEHb COBPEMEHHOH IPOMBINI-
JIEHHOCTH TEOPETHIECKH MO3BOJAKT HaAM UPOAeNaTh O00PATHYI pa-
60Ty, T. €. BCEMEPHO IIOBBICUTH ILTOTHOCTH 3€JEHOr0 ITOKPOBA Ha BCEX
OPHUCOAHHIX IJIOIMMAAAX 3eMHON IOBEPXHOCTH M BOJOEMax, 0COOeHHO
OPECHOBOTHEIX. OTO M YBEAWYIUT HPOIEHT IOIJIOIEHHON paCTeHMsIMHA
COJIHEYHOU DHHEePTrHM M, KaK IIOKAa3BBAIOT PACYeTHl, IOBBICHT ILIOT-
HOCThH 3€JeHOr0 HOKPOBa, BO3MO;KkHO, mummmysm B 1,5—2 pasa. Tem
CAMBIM YJACTCHA COOTBETCTBEHNHO IIOMHATH OMONOTHIECKYI0 HPOHUBBO-
AUTEIBHOCTD 3eMIu. ECin ke BHASIUTD s DTUX Tieseli Goee «pous-
BOJMTeNbHLIE» PACTEHNd, TO yike Ha dHEpPTreTHIecKOM BXoje B GHOC-
depy MOKHO IOBHLICUTH GWOIOrAIeCKYI0 UPOM3BOMUTEIBHOCTH 3eMiIH,
craskeM, B 2—3 pasa. Hamommuio, 4To 570 maM OyHeT cOBEpPIIEHHO
HEOoOXO0aUMO dJepe3 CTO JIeT.

Tenepp mepeiiiemM K 0CHOBHOMY, GOJBIIOMY KPYTOBOPOTY B 6moc-
depe. Tyr ousaTh-TaKW YeJ0BEIECTBO PACHOPS;KAETCS ITOKA 9TO OYeHb
HEOPEKHO: YHUYTOKAET MJIM NOAPBIBA€T BOCIPOU3BOJMMEIE 3aITaCH
/KABOTHBIX W PAcTEHUI HA Haulell mjiaHere. ¥ 3ke TOJBKO IYTEeM OXDPAaHbI
U PANHOHANUIANAN UCIOAH30BATINY «IHKOIY KUBON NPHPOABL MOYKHO
cmenarh o4eHb MHOroe. Ilpwm obuieM MOBBIIEHHH ILTOTHOCTH 3€JEHOTO
moKpoBa 3eMIu Jerko OyneT MOBHCUTH IUIOTHOCTH W ee JKUBOTQ Hace-
JIGHHAS, KOTOPOe B KOHEYHOM cYeTe NPAMO HMJIM KOCBEHHO NHTAETCA 3a
CYeT PACTUTEJIBHOr0 mOKpoBa. IlyTeM TOYHOro M3yUeHHS BOCHOPOM3-
BeJeHNsA MacC pAacTHUTeIbHOCTH, 3a0acCOB IOJE3HBIX JJIA YelOBeKa
JKUBOTHBIX — OYIUHBIX 3Bepeif, KOOBITHBHIX, MOPCKHUX 3Bepei, HTHII,
pHO — U megoro paAga OeCIO3BOHOYHBIX, OCOOEHHO B OKeaHe, M
CMOKeM Pe3KO IOBHICHTH IIOJE3HYI0 [AIf 9YeT0BeKa NPOJYKTHBHOCTH
JTOT0 TUTAaHTCKOTO KPVroBopoTra B Omocdepe.

Ho MBI MOkeM Tak;ke MOBHIIATH NPOXYKTHUBHOCTH CEJIBCROXO3SM-
CTBEHHBIX KYJABTYP, KYJABTYDPHBIX PACTEHUH M JOMAINHHUX JKMBOTHLIX.
Toapko 3a mocienee JecATHIeTHe B eHeTHKe MBI BCe IJIy0;Ke mpo-
HUKaeM B CTPYKTYDPY ¥ paboTy reHOTHIIa, HACIEACTBEHHOIO KOJa HH-
dopmange, mepegaBaeMoro OT HOKOJEHHWsA K MOKOJEeHWI0 B JKHBOMH
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npupoze. Horga Mpr Gyaem 3HaTh Gojlee MJIM MeHee TOYHO CTPYK-
TYPY UM HEATeNIBHOCTHh 3THX [EHOTUIIOB, MBI CMOKEM PE3KO IIOBHCHTD
3QPERTHBHOCTD U YCKOPUTH CEIEKIHI0 CeThCKOXO03AMCTREHHBIX KYJb-
TYyp ¥ JOMAIIHUX ;KRUBOTHHIX.

He ciaenyer safriBaTh, 4TO HMCHOJb3yeMble Cefdac KYJIbTYpHEE
pacTeHMs W JOMAlIHUE >KMBOTHHEIE — JHINB 9acTh «obmero ¢oHmar
BHIOB SKUBOTHRIX, PACTEeHMHI U MHKPOOPraHU3MOB, HACEJAIUX
3emao. UYemoBer MokeT U3BIeYb U3 3TOro (JOHAA M MHOKECTBO
APYT4X BH/JOB, BEPOATHO, Jaske 6oJee MOJE3HBIX, 60Jee BHICOKOIPO-
NYKTUBHHX, 9eM Te, KOTOPHE OH HCmodb3yer cefgac. Ilosromy B
60sb1IOM OHOCHEPHOM KpPYroBOpoTe dUYelJOBEK HA OCHOBAHHH YjKe
cefl9ac IPeJBUAUMLIX HAYYHO-TEXHUIECKUX BO3MOKHOCTEHl MOKeET
YBEJIUYUTH HPUPOCT NPOAYKIUN NOJE3HBIN 115 cebs BemecTs B 2—3,
a MO;ReT OHTh, U B GOJbINee TUCI0 Pa3 MO CPABHEHHUIO C TeM, 4T0 OH
noaydaer cerogusa. B fAnouum, Hanpumep, y:ke ceifdac HCIOIb3yeTCA
6onee 20 BUZOB BOMOPOCHEH IJIs NUIEBBIX M KOPMOBBIX IeJel.

Tarkum ob6pasom, ec.id Mbl Ha 3HEPreTHUECKOM BXOJ€ 3a CIeT yBe-
JUYeHUA IPOLEHTA MOTJIOMAaeMoil pacTeHUAMHI COTHEYHON DHEPTUU M|
DOBBILICHNUA CPefHero K.I.J. PACTEHUI CMOKeM YBeJIUYUTH IPOIYKTHB-
HOCTh, CKakeM, B 3 pasa m Ha Goabmom OMocPepHOM KPYroBOpoTe
HOBBICHTEL e¢ eme B 3—4 pasa, TO PealbHO O:RHIATH 00IIEro yBejd-
YeHUA NPOAYKTHBHOCTH Ouochepsl 3eMIM HPUMEPHO HA UOPANOK.
1 Bce 3TO0 MOMKHO OCYI[ECTBUTH Ha OCHOBAHUM TOTO, 4TO Yike ceHgac
HAYYHO TIOHATHO W aIpoOWpPOBAHO.

Ects eme opgHa Ba;kHadg, HO HepelieHHAA GHOTOrATecKas 1pobie-
Ma. Ileno B ToM, uro 3emIs HaceleHa 0oliee HIM MeHee CIOKHBIME
KOMITJI@KCAMH MHOTMX BUOB KUBLIX OPTraHU3MOB, CIIO;KHBIMA COO0DTecT-
Bamu. M»l 40 cUX DOp He 3HAEM, II0UeMY B TeUeHWE JIMTEAbHOTO Bpe-
MeHH — 60Jbmoro 9YucJIa IOKOJeHUH >KHBEIX ODPraHU3MOB — TaKHe
CIIOsKHBIE COODIecTBA, €CaM Y4eI0BEK HX He IIOAPHBAET W He BUJOM3-
MEHsEeT, CIOCOOHH HAXONHUTHCS B COCTOAHUU DAaBHOBECHS MEHIY CO-
CTABJIAIOMAME UX BugamMd. [IpHumHA BOSHUKHOBEHUS TAKOI'0 PABHO-
BecUsa HaM moHATHa. Ho MexaHHW3Mbl, yDpaBJIAIONINE STUMY PaBHO-
BECHBIMI CHCTGMAMU, ITOKA HEM3BECTHBHL.

CremoBaTenbHo, KOIJa YeJIOBEK paspeurnT mpobiaeMy paBHOBeCHA
B ;KUBOI mpupoje, on u3 6uochepHOro KPyroBopoTa CMO;KeT U3BJIEUb
HAaMHOI'0 60JbIIe, TOTOMY UTO TOIZAa OH JEHCTBUTEIBHO CO3HATENBHO,
HAYYHO, HA PANUOHATBHBIX OCHOBAaX CMOKeT B CBOIO IIOJL3Y M IO
CBOEMY YCMOTPEHMIO M3MEHATH M YIYyIilaTh GUOJOTHYECKHE coodme-
CTBa, HaceadAomue 3eMio. KCaIu ¢ mOMOIBI0 BeeX dTHX Mep NMOSABUTCA
BO3MO;KHOCTh YBEJIMYUTH HPOU3BOAUTENBHOCTH Omocdepr eme B 1,5
pasa, TO MBI YK€ IOJAYIAM BMECTe ¢ TPEeNbAVIIUMY BO3MOKHOCTAMH
6ollee UeM ECATHKPATHOE YyBOIMUEHUE OMOJOTMICCKON NPOAYKTHB-
HOCTH 3E&MIIH.

U naxomnew, nocienHee — BHX0 u3 6uocdepri. Ceituac Mol 3raeM,
9T0 B pAge MeCT Ha 3emie, HANpUMep B HEKOTOPHIX 03epax, BMeCcTO
W1, KOTOPHIM MHUHEPANIU3YyeTcs ;RUBLIME OPTaHU3MAMM J0 HEOpraHu-
YEeCKHUX coJel, mocTeneHHO 00pasyercs campoleib — YPEe3BHIYARHO
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WHTEPECHOe ¥ I[eHHOE OpPraHMYeCKoe BEemIeCTBO, COCTOAMEee W3 yrJe-
BOZOB, G€IKOB U KUPOB, B flmonumm BrICHmIMe copTa campomeis mpe-
BpaIlajoT B NHINEBBe MNPONYKTH, 6GojJee HU3KUE COPTA — B KOPM
I CKOTA, a CaMble HU3KHe COpPTa — B OpranWdeckue ynobpeHus.
B apyrmx crpanax campomedh ynorpebiserca B KOHIUTEPCKON Lpo-
MBIOIIEHHOCTH KAaK 3aMEeHHTeNb skejaTwHa u arapa. Ho tem He menee
obmee morTpebieHMe €ro JYeT0BEKOM He3HAUYHUTeJbHO.

Hemo, ognaro, He B campomele, Kar TaKoBOM. B Oynymem Ha
BHIXOfle M3 OOJBLUIOIO0 KPYrOBOPOTAa B3afMyT IOCTH HH/KEHEPH-OGUO-
XHMUKH, 3agadeil KOTOPHX OyOeT He AONyCKaTh Nerpajauiy BemecTs,
BEIXOJAMUX U3 OOJBIIOr0 KPyroBopora Oumocdeprl, A0 COCTOAHUA
MaIOIEHHbIX, MEJKHX MOJeKyJ, HeopraHmdueckux codei. Ouum 6ymyr
JOBUTH HTH BemlecTBa B (JopMax 3HAYUTETHbHO 60J€e IeHHHX: B BHJE
6ONBIIAX OPTaHUIECKUX MOJEKYJ YTJIeBOJOB, 6eJKOB U ;KHPOB, Oec-
KOHEYHO Gojiee MOJE3HHIX AJAA Jdofei. ITO TpeTHil NYHRT, Tie JI01d
CMOI'YT IOBBLICUTH IPOXYKTUBHOCTD 3EMIH.

B saxawouenue MHe xodeTcA 0CO0EHHO IOJ4epPKHYTH, obpamasch
HEeIOCPEeJICTReHHO K MaTeMaTHKaM: Jazke U306parkeHHAass MHOH cXe-
MaTHIHAA KapTHHA KpailHe CJI0;kHA, TOITOMY CaMOe OHacHoe A
MaTeMaTUKa — NpoBejenue ARo0bl «TOYHOTO» aHall3a U MOCTPOoeHHe
(CTPOTHX» MaTeMAaTHYECKHX MOZeJedl HeI0CTaTOUYHO M3YIEHHBIX, ONMU-
CAHHBIX M MOHATHHIX MATeMaTHKaM NPHUPOAHHIX 00bEKTOB M ABJICHMHIA.



0 MATEMATUWYECKUX MOJEJAX BUOJOI'MYECKUX
COOBUHIECTB 1 CBA3AHHBIX C HUMHI 3AJJAYAX
YIIPABJIEHUA W ONITUMHU3ALNN

0. M. CBUPE/KEB

1. BBEJJEHUE

K macrosmiemy BpeMeHH B mpofiieMe MaTeMaTHdecKoro MOAeIupo-
BAHWA TUHAMUKU IIOMY.IAINANA, GMOJOTHIECKUX COOGMECTB, DKOCHCTEM
u OUOreoneHo30B CIO/RIJIACH MOCTATOYHO JOGOMBITHAS CUTYALHA:
CymeCTBYeT W BCE BPEMA PACTET OTPOMHOE YACI0 PA3IMIHBIX MOJeIelH,
MCHOJB3YIOMAX CaMHIl Pa3HOOOpA3HHIM MaTeMaTHYeCcKUH ammapar.
IIpnuem Brifop ammapaTa ompeensieTcsi B OCHOBHOM JHYHBIMH BRY-
caMM ¥ OpHCTpacTHAMU aBTopoB. Ecnwm, HaupuMep, B MaTeMaTH9eCKoOR
IO YIATUOHHON reHeTNKe W3BeCTHH KOJIMNIeCTBeHHBIe 3aKOHOMEPHOCTH
(3axoust Menpens), oupepmelsiomue BHGOD aAeKBATHOTO MAaTeMaTH-
TECKOT0 ammapara, TO HTOTO HeJAb3s CKa3aTh 06 HKOJIOTHH, Gmoreone-
HOJIOTHY W TEODPHU NONYIANWN, e CYMECTBYIT JUIUL o0Ique KOH-
Oennurd, a UMellHecs 3aKOHOMepHOCTH CPOpMYJIHPOBAHKE TaKHM
00pasoM, 4TO OHM JOUYCKAT PA3IMIHYI0 (POPMATIM3AIMUI0. '

Mo/xHO BHIZEINTH ABA KIacca MOMENEH: MOMIeNW IIPAPOJHHIX N
HCKYCCTBeHHHIX €000ImecTB. EcaIm B MomensaX IPHPOAHHIX COOOIIECTB
TJIaBHEIM SIBIISIETCSI ONMCAHUE PEATBHO CYMECTBYIOIINX ANHAMAIECKHAX
3aKOHOMEPHOCTeIl, OCHOBaHHOE Ha HAOIIOJEHWAX, W JHIOb MOTOM
uoyTess (HO He BCerga HAaXOAATCA) HEKOTOpHe ofmuwe Xpurepnwd,
mosBoJstiomae cHOPMYIAPOBATH YHOOHBIE IS HAC BKCTPEMAJbHER
OPHHOANG, TO B MOJIeJSX MCKYCCTBEHHBIX dKocucreM (coobmecTs) 3a-
pamee 3aJaHHble KPHTEPHU KIAAYTCH B OCHOBY MOJI€NHW, OUPEHETAS
ee CTPYKTYpPY U IOBeJleHNeE,.

[ npakTHYecKMX NpPHMeHeHHiT HanbGoee Ba;RHEIM KiaaccoM (Vine
O Apyroit KiIaccupURAIUU) ABJIAETCA KIACC LMOPTPETHHIX MOJENeH,
MOCTPOEHHBIX UPH B3HAYEHMAX NapaMeTpoB, OIMBKNUX K PeATIbHEHIM.
IIo cBoeit cyTu 9T MOJENH ABIAINTCA EHOMEHOTOTHNICCKAMA U NPHH-
OUNEanbHo MAUHHLIMA. COrJacHO TepMUHOJOTUKE COBPEMEHHOTO
CHCTEMHOTO aHajW3a, UX B KAKOW-TO CTemeHU MOKHO CYUTATH WMU-.
TANMOHHLIME MOJEISMI HPOIECCOB, NMPOTEKAIONUX B PEATBHBIX CO-
obmecTBax. YI0OHBIE A MAIIMHHOTO SKCIEPUMEHTA M [HMajora «de-
JIOBEK — MallWHa», OHUM OOLIYHO HEeYyMOOHBI AJH aHAJIUTUIECKOro MC-
caemoBanus. IloaToMy npencraBlseTcA pa3yMHEIM CO3[aBaTh YIpO-
MeHHble MOJEeNN IIOMCKOBOTO THIA [JA 3JeMEeHTAPHHX CHTyamdid B
mpegenax NPOCTHIX COOGmECTB M GMOCHCTEM C JajdbHeHIIuM UX Hc-
MOJIb30BAHUEM IS IOCTPOEHHs CHOMHBIX MOJIeJNe# IIOPTPETHOTO TUHA.

Ilpobiema skemryaTagum coofmecTB M OHocHCTeM IPMBOJUT K
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PARLY HMHTepeCcHHIX 3ajau ontumusanum [1], oGaamarmux csoeit cme-
nupuroii. Bosee nogpobHO Ha BTOM BOIpPOCE MBI OCTAHOBHMCS B
naiprefiimem. Ho HeoGxouuMo 0TMeTUTH, 9YTO TpebOBANMA MAKCHMAJb-
HOI NPOAYKTUBHOCTH CHCTEMBI WJIHM cOOOIECTBA ¥ TPeOOBAHUA MAKCH-
MalbHOI YCTOWYUBOCTH 3a9aCTyi0 NpoTWBOmONoKHE. Haupumep,
oréupas 6MoMacCy HEKOTOPOIO BHJA, MBI TeM CAMBIM PE3KO CHH/KaeM
JaBJeAne eCTeCTBEHHOI'0 oTGopa M HOBBINIAeM BEPOATHOCTH 3aKpel-
JeHUsT ¢BPEIHBIX» MyTanui.

2. MOJIEJIN COOBIIECTB H CHCTEMHBIM AHAJIU3

IKOCHCTEMBI, OGHOTEOI[€HO3H M OHMOJOrMYeCKHe cOoo0IecTBa mmpe-
CTABIAIT COOOM THOUYHEIN mpuMep Goapmux cucreM. Ilo oroil mpu-
yuHe MeTOAn, paapaGOTaHHme AJisi aHaJu3a 0ONBIINX CHUCTEM B KO-
HOMUKE, IDPOMHIJIEHHOCTU, MHAYCTPHMAJIBHON [UHaMAKe H T. I.,
npuMeHuMbH ¥ 3gech. Hampumep, texuura @oppecrepa [2] 6es oco-
ObiX M3MeHEHMH Mos;keT OLITh MCHOAbL30BAHA M NPK AHANHWSE U MOje-
JupopaHuu (B KjIacce IOPTPETHHX Mojenedl) GuocucTeM HIE (oiee
CIOKHEX CTPYKTYD, BRINIAKNIUX B ceba Guomormdeckue (Guocdep-
HHE, feMorpadudeckue), SKOHOMHIECKME ¥ TeXHOJOTHWUYeCKHe (ak-
Topel. Ilpumep sToMy Mo:kHO HaliTH B H3BecTHO# kKmEMre Mexoysa
«IIpegmeis pocrar, Tae GOppecTePOBCKAA TXHUKA OBIa MCIOIb30BAHA
IO TNOCTPOGHMS (MUDOBOM MOREIM».

Paspa6oranunit QoppecTepoM rpaguueckuit A3HK IpecTaBie-
HUA OOTOKOB MOsKeT OBITh JIErKO MCIOJb30BAH [JIA ONHCAHUA IIOTO-
KOB MAcCH, DHEPTMM M MHPOPMALEM, Pa3JIMYHHX BPEMEHHHX 3ajiep-
JHeK, HAKONmJIGHMA M yxoja. BmosHe BeposATHO, 9TO 9TOT A3EIK HOJ-
sKeH GHTH MOAU(HIIAPOBAH M TOIOJHEH ¢ YIeTOM XapaKTepa HaIIuX
KOHKpeTHHX Mopeneii. Ha oTofl mepso#t cragum mOCTPOEHUsA MMUTa-
MUEOHHOE MOMETH MH MOKeM MCIOJbL30BATH 06IUEe 3aKOHOMEPHOCTH
W KaUeCTBEHHOE ONUCAaHNe GMOCHCTeMH B BHAe TPOPHUIECKUX, dHEp-
TeTHIeCKUX U mHPopManuoHuHX rpagon. [locie Toro kKar cucreMma
onucaHa rpadm‘lecxn, MOJKHO IOepexouTbh K IOCTPOEHHI0 JAUHAMUIYe-
cxoif Mogenm. VM 3neck BOSHHKaeT BechbMa BajKHas M CIOKHAs 3ajada
BepHQUKaIM ¥ OPOBEPKM MOJEJNH, T[e ysKie HYKHH KOJIMYeCTBEH-
Hhe faHEBe. TeM caMBIM CTPYKTYpPA M LOBeeHUe MOJENTH OUPeResoT
XapaKTep 9KCIEePHMeHTOB ¥ HabJIoJleHUH B pealbHO# OmocmcTeMe.

ITosBnenue B Hamedl cTpaHe BBHIYMCIUTEIBHBIX CHUCTEM TPETHETO
HOKOJeHMA IO3BOJHUT IIMPOKO MCHOJIL30BATh B MOAEJHUPOBAHMHU omo-
CHCTeM MMHUTAIIMOHHBIE MOJEJH, B KOTOPBIX IIPeJYCMOTpEH /Juajor
«gem0BeR — Mammua». IHo 3mech BosHEKaer BechbMa BasKHAH 3a7adga
pa3paloTKH MaMIMHHOTO A3HKA, OPHEHTHPOBAHHOIO HA 3TH mnpodJie-
MBI ¥ JOCTATOIHO IIPOCTOTO AJISA MCIOJH30BAaHUA €r0 HeMaTeMaTHKaMH
(runa ssmka JUHAMO).

Hocratouno moapo6Hoe ommcaHHe OHOCHCTEMH TpefyeT BechbMa
00JIBIIOTO YHCAA (i)a3OBLIX IIepeMeHHbIX, IO3TOMY Jake UpH HAJUINU
copemeHHRX OBM noprpernoe mopmeamposanme GmocmceTeM 0CTAETCA
TpysHOU 3agaueid. Il pegcraBasierca BecbMa npHUBAEKATENBHBIM OCTPO-
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€HUEe HEeKOTOPHX 00O00IEeHH X XapaKTepUCTUK, ONUCHBAIOMUX X IJI0-
falpHble HapaMeTpPH,— HOCTPOGHHE HEKOTOPOTO AaHAJIOra CTATHCTH-
geckoil Mexanuku. Tarue moumTkM OBlIU cpenanst [3). Mg Boss-
TePPOBCKUX CHUCTEM (XMIIHUK — ;KePTBa» HA OCHOBe pas3paboTaHHBIX
XUHYHHOM MeTOJOB YAAJOCh NOIYYUTh AaHAIOTH (TeMIepaTypH,
«faBiaeHUs» U T. M. K coyRaleHWio, 3TUM XapaKTePUCTHKAM TPYTHO
JaTh KaRYyl-TH6O COHep:KaTeJqbHYI0 HHTepIpeTauuio.

Ouenp HHTEpECHHIM U BayKHBIM SIBJIAETCA BOLPOC 00 yCTOMYUBOCTH
coofimecTBa. Kciam Mbl HMeEM «XOPOHIYI» MATEMATHICCKYID MOJICNb,
TO Ha DTOT BOHNPOC MOKHO OTBETUTh IPH HCCIEMOBAHWUU €¢ HA YCTOM-
IUBOCTE OOBItbiMH MeTogaMu. OgHAKO IPAKTUYECKU 9TO PEIKO yIaeT-
Csi: OilATH «HPOKJATHE pasMepHoCcTHy. IlodToMy BechbMa 3aMaHYMBO
HallTi Takylo QYyHKIUL (U1K YHKIMOHAT), PU BHIYUCIEHUN KOTOPOH
JUISL KOHKDETHOT0 CcO00mecTBa MORHO OBLIO 6B CYZHTH O CTENEHH €ro
YCTOMYUBOCTH WAH CTa0UIBHOCTH.

3. NCIIOJIb3OBAHHIE 3AKOHOB COXPAHEHUA
IIPU IMOCTPOEHNN MOJEJEN

WUcnonbaoBanue pas3iuaHbiX 3aKOHOB COXpaHeHHs (Macchl, pHep-
THH ¥ T.1I.) ABJAETCA IIMPOKO PACIPOCTPAHEHHBIM NPHEMOM HPH
IOCTPOEHMU PA3IMYHEIX MeXAaHMYECKMX U (QU3UYIECKHX Mofeseil.
IlockoabKy 2TH 3aKOHB YHUBEDCAJbHEI, TO BIIOJHE eCTECTBEHHO HC-
I0b30BAaTh MX K IPH LOCTPOSHMHM OMoJOrmIeckuXx Mopenei. Pac-
CMOTPUM ORHMH IPHAMEP, B KOTOPOM 33KOH COXDAHeRUA 9HCJIA TaCTHIL
OpPUMEHAETCH JJIA IOCTPOEHUA HEKOTOPOH IonyJaalUOHHOM Mojend.

IlycTs HaM 3ajaHa MOMyaAlUA GUOTOTHIeCKIX 06HeKToB (0c0obei),
Kask/Jblil M3 KOTOPHIX XapaKrepuayeTrcs HabopoMm n LapaMeTpos, 3a-
BUCAIIMX OT BO3PACTa 06BEKTA: Ty, Tg, + . +y L. ITO MOTYT OHITH pas-
Mepsl ocobeir, mx GmoMacca, HOABU/KHOCTH M T. I. KcTecTBeHHO, 9TO
6mosoruueckoe BpeMsa (BO3pacT) AIs KaKmoH ocobu M acTPOHOMH-
geckoe ppeMs (obmiee Jiis Bcex ocobeill) MoryT He coBIajaTh XOTs
OBl mOTOMY, 9TO OCODM OTJAMYAXOTCA BPEMEHEM CBOEIO POKACHHA.
IlycTp 3aKoHD UBMEHEHUST 3TUX HAPAMETPOB ONHCHBAIOTCH HEKOTOPOM
JMHAMIYECKOI CHCTeMOi, I/le B KadecTBe BpeMeHU BBHICTyHNaeT BO3-
pact ocobu T (UpeAnoNo;KeHue JO0CTATOIHO OUEBH/HOE, IOCKOIBKY Xa-
parTepucTHRU 0co0eil 3aBHCAT OT MX BO3pacra):

dx, 1T,
—==fi(tn . ) i=1n (3.1)
x; (1: = O) = ;-

Ho mockoabry BO3pacT — MHIMBHAYATIbHAA XapaKTepHCTHKA 0cobd,
TO, B OTJIMYME OT ACTPOHOMHYECKOTO BPEeMEeHM £, OH sABIAeTCA (a3o-
Boit mepemennoii. Ilo aroit mpmumue cucrema (3.1) He 06A3aTeaBHO
MOMKHA OHThH NUHAMAYECKON — T MOYKeT BXOJAWTH B IpaBhe dacTH
OoTHX ypaBHenumit. Ilpumem camoe mpocToe upexrnoldosKeHHe O CBI3H
BospacTa u Bpemenu: dr/dt = 1. ITo 03HAUAET, UTO CKOPOCTH H3Me-
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HEHNs BO3pacTa paBHA CKOPOCTH u3Merenus Bpemenu. Torpa, pacmu-
psA Halle n-MepHoe daszoBoe HpocTpaHcTBO Ho (7 - 1)-mMepHOTO BBe-
TeHMeM KOODAMUATH T, MBI IIOJNyIaeM ReHCTBUTENBHO AUMHAMUUECKYIO
CUCTEMY MJIs ONMCAHHA NOJNOKeHHs 0co0M B mOJAHOM ()a3oBOM IIPO-
CTPAHCTBE {T}, Zyy « . + 1T, T}

dz

i Y
W:f'i(xl’--"xm T),z:’l, n (3 2)
dt

7= 1.

ITyeres N(zy, . . . \2,, T, ) — auca0 ocobeit ¢ XapakTepUCTHKAME
Ty, Lgy + + Ty, T B MOMeHT BpeMenu f. Ilo cytu mena ¢ymrmus N —
NIOTHOCTE pacupefelenns ocofedl mo $aszoBoMy HPOCTPAHCTRY. M
npejguoJaraeM, 4TO 0COOM C XapaKTEePUCTHKAMHU Ty, Loy - « oy Tpy T

rubuyr ¢ Bepositaocteo D(N, z;, T, 1), TaK 9T0 B CpPeJHEM B OIpeje-
TeHHOH ToYKe $a30BOTO MPOCTPAHCTBA B HEKOTOPHII MOMEHT BpeMeHH:
¢t rubner DN ocobeit. OueBujgHo0, BCe POKIAONIHECH OCOOH {OJIKHBL
OHTH pacmonoReHH Ha dazosoit rumepunockoetu T=0. Torma, ecan
OIIPeJIeJNUTh BEPOATHOCTH PA3MHOKEHUA 0COGH ¢ XapaKTepUCTHKaMH

Zis Tay « . %, T (¢ yUueTOM YHCHa moTOMKOB) weped F(N, z;, T, 1),
ofImee 9HCIO0 HOBOPOKACHHBIX € XaPAKTePHCTHRAME Uy, Yz - - -1 Yn
paBH)
a
N(yh s Yo Oa t) = SF]VdT' (33)
0
3nechb Yy, . . .,Yn — HadaJbHbIE yeaoBua cuctemsl (3.1). Koapdunnmen-

1 D 1 F 6ygeM Ha3HBaTh COOTBETCTBEHHO KODQPUIMEHTAMU PORAaAe-
mocta m cmeptrocTH. Ha camom mese 910, KoHETHO, HE K02 PPUIMEHTHI,
a ¢ynrymu. BeiuunmHa @ — mpefeIbHO BO3MOKHOE 3HAUeHHWe BO3pac-
Ta. JTa omepanuA IPOM3BOJUT IO CYTH JeJa NPOEKTHPOBAHUE BIOJb
TPAeKTOPHI Halleil [MHAMHYIECKOH CHCTeMH HA THIEPINIOCKOCTD
T = 0. Camo peipasrkenme (3.3) Oymer B mambueilnieM BEICTYIATh B
KagecTBe TPAHMIHOIO YCIOBUA IS MOAETBHOM 3afadud. 3aMeTHM, 9TO
BMECTO BeDXHero0 Ipefela @ MOKHO B3ATh 0o W COOTBETCTBYIOMIMM
o6pasoM ompeneldTh KO3YPUIMEHTH POKTAEMOCTE M CMEPTHOCTH.

BrimuimeMm 3aK0H COXPaHEHHUs 9Hcaa ocobeil IS HEKOTOPOU Lpo-
H3BOJIBHOU 06xacTu $azoBoro mpocTpaHcTBA. IIpH 9TOM MBI [OMNKHBL
ydecTh, 9T0 KpPoMe IOTOKA 9epe3 I'PAHUIE (BEI3BAHHOIO M3MEHEHHEM
XapaKkTepHCTAR 0cofell ¢ BO3PacTOM M BpeMeHeM) CyIIecTByeT yOHUIb
ocobeit 3a cueT CMEPTHOCTH, KOTOPYI0 MOKHO PacCMaTpHUBATh Kak
pacmpefelIeHHEe IO Beeli 00JacTi CTORU ¢ pacupefeleHHeM, 3afaBa-
embiM D. Torga K MoMeHTYy BpeMeHH ! B paccMaTpuBaeMoM oGmbeme

¢asoBoro mpocrpancTBa {2 Oymer SN(xl, e Zn T, t)do ocobeil.
Q

Ilockoabky o6beM He HOJKEH 3aXBATHIBATH rpaHuObl $as3oBOro Ipo-
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¢
CTPAHCTBA, TO ITA BENWUUHA JOJ;KHA OBITH pPaBHA ~—S SDNdwdt

0 Q
ocobeit, T. e. ofmemy gucay ymepmux ocobeir. VI okoHuareawHO,
nuddepennupys oba 9TH BHIPA;KEHMA N0 !, MBI JJIA J1000r0 MOMEHTA
BPEeMEHH [OJydaeM CIeAYIOMee BEIPaKeHUe A 3aK0HA COXPaHeHHA
yHcaa ocobeii:

< §Ndm - — §DNdm. (3.4)

Hepenocsi onepanmio juddepeHIUPOBAHNA ION 3HAK HMHTerpala H
TIPOU3BOJA HEKOTOPHIE CTaHAAPTHHIE oIeparud, Mb IodydaeM (ydud-
THIBaA IPOU3BOJIBHOCTH Bhifopa obiactu £2):

B ¢ div(N) = —DN;  [=T{h - fw - (3.5)

Buoane ecTecTBeHHO IPEANONOKUTH, 9T0 IpU T = oo N = (. ¥Ypas-
nenme (3.9) ¢ rpammuyubM yciaosueM (3.3) — JOBOJIBHO CBoeobpas-
HBIM — M € HEKOTOPBIM HAYAJIBHBIM YCIOBHEM

N(xl’ ey, T, O) = g(xl’ .+« 1T, T) (36)

IONHOCTHIO OUpefeNser 3amgavy.

Paccyorpus ofun 9acTHHIE npuMep — TONYIAANUIO ¢ YIETOM BO3-
pactHO#l ¢TpYKTYpH. B aToMm caydae cucrema (3.2) BHPO/KRFAeTCH B
ofHo ypaBHeHue: dt/dt = 1 m u3 (3.5) cpasy moxydaem

N oN -

Buipasienue (3.7) — 10 mUpoKo M3BecTHOe YpAaBHEHMe, ONMCHBAIO-
I{ee IMHAMUKY TONYJANHE C Bo3pacTHO cTpykrypoit. Uz (3.3) mo-
JydaeM I'DAaHWYHOE YCJIOBWE [IA 3TOT0 YPaBHEHHUA:

N0, 2)=\ FN(x, t)dr, (3.8)

0
a m3 (3.6) — HavaapHOE ycJoOBHE:
N (7, 0) =g (7). (3.9)

HKpome toro, N(oo, t) = 0.

OueBuyiHO, MOMMMO BO3PACTHOM CTPYKTYDPHI MBI MOKeM yYecTh I .
Apyrue napamerphl, XapaKTepH3yloIque OpTraHU3Mbl B NONMYIALUH,
HampuMep pasMep MJIM MMMYHOJOTHYECKUe CBOHCTBA OpraHusMa Hpu
3apasKeHHU KaRUM-Iu00 Goje3HeTBOPHBIM areHToM. B aTom ciayuae
MBI IIOJIYYUM MOJEJb PACHPOCTPAHEHMS HEKOTOPOro 3aboieBaHUA B
OOUyJAUUE (MOJEIH DUUIEMUIT).

Hpome 3aroma coxpamenua uwumcia dactui, (ocofeif) MEI MoOjKeM
BOCIOJIL30BAThCH B3aKOHOM coxpaHeHms BemectBa. [Ipumep rakoi
Moziean 0ypeT LPHUBEfeH HUKE.
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4, 3AKOH COXPAHEHHA MACCHI 1 YPABHEHUA
MMPOIIECCA MUKPOBHOJIOTHNYECKOI'O CHHTE3A

Pacemorpun equuugnsit o6sem W, B KOTOpPOM MHKDPOOPraHW3ME
n BUAOB ¢ KOHIEHTpamuamu z; (i — 1, n) O0CYImecTBIAIT IpOLece
MHKPOOHOMOrMYeCKOro CHHTe3a. B 06beM ¢ MHTEHCUBHOCTHIO IIOTOKA
Q mocTymaloT m pAacTBOPEHHHIX CyGCTPaTOB ¢ KOHLEHTPALUAME C;
(j =1, m). Nz obpeMa ¢ Tol ke WHTeHCHBHOCTHIO ( orfupaiorcs
6uomacca z; U HeBHEIeHHHEe cy6cTpaThl ¢;. T'eM caMBIM MEL CJIOBECHO
ONHCANY TAaK Ha3bIBAEMBIH HPOIlECC HEempepHBHOTO KyJbTHBAPOBAHUA.

Ilpesne uweM mNepeXoAWTh K BHIOUCHBAHUI 3aKOHOB COXpPaHeHHUA,
BBeeM HEeKOTOpHe ITOHATHA, Bo-mepBhiX, IPeANONOKUM, 9TO BUAH He
B3aUMOJEHCTBYIOT MeAKAY COG0H ¥ ME:RBHIOBAS KOHKYPEHIUS 33
cy6eTpaTsl OTCYTCTBYET, T. €. HET HWKAKUX DHEPTeTHYECKUX 3aTpar
Ha ME:RBHIOBYI0 KOHKypeHIHUIO. Bo-Bropmix, 6ymeM cuurarh, 49TO
eqWHUIA GUOMACCH (-T0 BHJA BEIEfaeT j-i cyGcTpaT €O CKOPOCTHIO
V;;. B obmem caygae V;; = Vjile;, x;, t). U3 enunumn cvepenuoro
cyberpata tuma j (OHH MOTyT o0IafaTh pa3HOIl HHEpPreTHIECKON IleH-
HOCTBIO) k; Toas mjaeT Ha oOpasoBaHWe HOBON GHOMAcCH, a OCTAJIBLHOE
pacxogyercsa Ha IOAeD/KaHUE KUBHEHHOTO ITUKJIA (IbXaHHe W T. I.).
OuweBuaHo, Bhleganme V;; eAUHHI] cyGceTpara eZWHHIEHd OHOMAacCH

m

BHUga i obecmednWBaeT IOCTPOEHHE M; = ijyﬁ HOBBIX eJIUHUI] 3TOI
j=1
6uomacesl 3a eguEuny Bpemenu. Ilo cyrm nmema k; — sT0 HeKOTODHIH
AHAJIOT CTEeXMOMETPHYECRUX K03()PUIuenTos.
Brlnnmem 3akoH coXpaHeHHsa AnA j-ro cyberparta. Bcero r Mo-
t

MEHTY BpemeHH ¢ B ofbeMm HOCTyIIPI.HOS Qcddt  epmmmy  j-ro cyber-
0

t
para. U3 nux BbiBefeHO U3 00'beMa HPOTOKOM SQdet e[[UHUH, BH-
0

t n
e1eHo MI/IKpOOpFaHHBMaMPIS 2 V;2;dt equANLD 1 HAXOQATCA B 06beMe
0 i=1
¢; eIWHHI. YUHTHBAafg, 9TO JTA Macca MOJKHA COXPAHATHCA, MBI
IO YIHM:
t t t

n
§Qavat = § Qedt + ¢+ § 3 Vi, (4.1)
0 0 0 i=1
ITepexonuyM K 3aKOHY COXPAaHEHMS HJIA i-T0O BUAA OPraHW3MOB.

K momenty ¢ na ofpasoBanme GHOMACCH i-TO BHAa GBIIO 3aTpaveHO
t m
S Z k;V jiz;dt equunn Bcex cyberpaToB. VI3 sTOTO KOTMUeCTBA B 00be-
0 j=1

t

Me HAXOAMTCA Z; eAWHNAI GHOMAaCCH W BHIBOGHO C IPOTOKOM S Qux;dt
o

" #®



equanIn 6GmoMmaccel i-ro smma. OueBupmo,
m t

t
\ D kVizidt = i + { Q. (4:2)
0

j=1 0

Iuddepennupys coornomernus (4.1) m (4.2) mo Bpemenu, MH moxy-
9aeM HYKHEIE HAM MOJIeIbHHE ypPaBHEHHA:

de, <
7 =0@—e— IV
" B (4.3)
dz,
%zxi (ZkJV.‘M—Q) .

j=1
Yd4er pasadHYHEIX JTEMETHPYIOMEUX (AKTOPOB MOKET LIPOW3BOAUTHCSH
amGo BBefeHMeM 3aBUCHMOCTH V;; oT BpeMenm, Ju60 3aBUCHMOCTH
k;(t). Haubomee mpocroe IPeJI0JI0ReHHe O BIje dyuroun V;; (a pis
TOro 4T06H MOAeNh OBITA NMONHOH, HeOOXOAMMO ABHOE HX 3aJaHue) —
9TO IPeAmoJIOKeHNe O JUHEHHOCTH, T. €.

Vi = ajc;. (4.4)

3amerny, gro npr Q = 0 u opm mobux V,; cucrema (4.3) mmeer
mETerpat. [isa 5TOro YMHOMKEM ypaBHEHHUA [IA ¢; HA kj; a 3aTeM,
CYMMHDYA 0O j, a YPaBHEHUA IJA Z; — L0 [ U CKJIAJHBAA ITH BhHI-
PasKeHUs, HOIYIHAM:

D\ x; + D) kjej = const. (4.5)

i=1 j=1

ITo cyTm mena MH DONYy9IMJH MHOTOMEPHHE AHAJOT H3BECTHOTO HH-
terpana Mouo (y Moo m =n = 1).

5, NPHUMEP «OAWH BUAT — OAUH CYBCTPAT»

Ilyectse m =n =1, T. e. MH UMeeM JIeJI0 C ONHEM BHIOM MUKPO-
OpranusMoB, nuraomuxca oguum cybcrparom. Oyrxnua V nmmeitno
3aBHCUT OT ¢, TaK 970 V = Ac. Torga ypasuenus (4.3) saammyTrcs B
BHjE:

de dz
{E =Q(—c)—hez, 2 —z(khe— Q). (5.1)
Uccnenyem ary cucremy nmpu Q= 0, T. e. B OTCYTCTBHE IPOTOKA.
O=na nmeer nmaTerpan (zarerpanx Momo): # + k¢ = const = P. Torna

OIS 2 ME II0JIy9aeM JOTHCTHYeCKoe ypapHenwme: dzr/dt = Az(P — z),
KOTOpPOE ONHCHBAeT JOTHCTHYECKHH BaKOH pPOCTA C IPEAeNbHEM
yposHeM P = z(0) + kc(0), roe 2(0) m ¢(0) — HaganbHbEle KOHIEHT-
panmm GEOMAacCH H CyGCeTpaTa.

Ouesugro, Gomee ciIoKkHAg 3aBUCEMOCTh V(c) (ERampumep, 3aBH-
CEMOCTH C HACHINEHHEM) acT KPHBYI POCTa, OTIUIHYIO OT JOTHCTA-
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deckoit. Ilycrs, maupumep, V = ac/(b - ¢) — saBmcumocTs, Giamskas
K JIHHeAHOX NpUM MaJWX ¢ U HMelomasa Hacumenuwe V., = a mnpm
¢ — oo. Torga

dx akx (P — x)

AL (P—2) (-2)

W MBEl mOJy4YaeM KJacCH4IecKyio Moxelab Mouo ¢ Goxbuieil CKOpOCTHIO
HapacTaHAA GHOMAcCCH IO CPAaBHEHWIO ¢ JOTHCTHIECKON MOMENBI0.
Bepremca k monenn (5.1). B meit yno6ro mepeiiTu K HoBOMY Mac-

mraby BpeMeHEN T = Af, ¢ = Q/A. B HOBHX mnepeMeHHBIX
d d -
{E—:zx(kc—q), d—i.—_q(co——c)—c:c. (5.3)

dTa cucTeMa MHTerpupyercsa. Beenes HoBylo mepemenHyio P = ke 4
-+ z. Torga:

dP dz
[F=ate—p), T—@-—gr—a (5.4)

IlepBoe ypaBHEHHE 9TOH CHCTEMBI NHTEIPHPYETCA Cpasy:
P(1) = ke® — P(0) exp (—qr). (5.5)

ITopcraBiusia 9T0 BLIpasKeHHe BO BTOPOE YpaBHEHHE U BBOAA HOBYIO
mepeMeHEYK § = 1/z, moayumm:

%-{-(P(T)E:i, ¢(t)= P (t)—q. (5.6)

JT0 ypaBHEHMe TaKiKe Jerko WHTerpapyercsa. Ul oKOHYATEIHHO:

2 (1) = z (0) efp[N(r)]
1 42 (0) Sexp [N ()] dt
0
¢() = co— =[P (0) exp (— qv) + 2 (1)] 5.7)
V(@)= (keo— )t + =2 [exp (— g7) — 15 P (0) =2 (0) + ke (0).

9T0 BEIpajKeHHE [OCTATOYHO CIOMKHO, MO3TOMY OIEHHM BeIHIHHY
z (t) mpu Goabmux t. IIpeme6peras amernom P (0)/g [exp (—gt) — 1]
mo cpaBHeHUIO ¢ (kc® — ¢)T, momyam:

z (0) exp [(kc® — g) 7] . (5.8)

o [exp [(k — ) ¥11= 1]

x(‘c)z1+

Jlerko BHEETH, 94TO 9TO BHPAKEHHE OLOMCHIBAET JOTHCTHIECKMIN 3aKOH
pocTa ¢ UpefeIbHEIM 3HaYeHHmeM Z. = kc® — ¢g. Taxmm o6Gpasom, n
OPH HATMINK OPOTOKA 3aKOH DPOCTA HOMYJANUM MHEDOODPraHH3MOB
61M30K K JIOTECTHIECKOMY (H0 KpailHelt Mepe npm 60JIBIIAX BpeMeHAX).

IToctpoum ¢asoBsiit moprper cmeremu (5.1). Ona mmeer ABe cra-
pUoHApHHe ToukH; 1, z7 = ke® — q, ¢1 = qlkn2, z; = 0, c; = c°.
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Ecam kc® > g, To mepBas TOYKa — YCTOWYMBEIA y3ex, a BTopas—
cemto. IloCKOOBKY Hac HHTEPEeCYIOT TPAaeKTOPHM, Jes;Kalllle B II0-
JMO/KUTEJBHOM KBajgpanTe, a kc® — g = ], TO eCTeCTBEHHO CYATATh,
uto kc® > g. Ecan ke kc® < g, To BTopas ToYKa CTAHOBHTCS yCTOHIH-
BEIM y3JoM U momyssanus BumupaeT. Ha pue. 1 n 2 usobpaskens: obe

/

e I
|
J I
|
—~ I
|

- I Puc. 1. dasoBHii HOpPTpET CH-

e I cremsr (5.1)

~ |
!

(_T kc® > q. Ha npamoii I dx/dt = 0, Ha
ﬁ\ kpnpoit IT de/dt = 0. 1, 2 — craumo-
L 7 Hapnele TOYKH. IlonyaammaA coxpa-
J > HAeTCA
c*e= g/% D\ c
’
z \ I 7/
o
|
|
| )
Y u
| Pne. 2. @aszonril moprper cm-
r | —~ creMbl (5.1)
| ))//‘ ko < g. OGo3HAYeHHA Te Ke, 9TO B
7 4 z’,'=y/k wa puc. {, Ilonynanua BHMOpaeT
c? ¢
V4
N

arn curyanuyu. Takmm oGpasos, mpd BHIIOJHEHHMH OTDAHMYCHAA HA
CKOPOCTh XPOTOKA — § < kc® — momyaamusa coxpauserca. Daso-
Bhlil mOpTpeT cucTemul (D.1) (pmc. 1) HaBOAUT Ha MBICIb, YTO 37€Ch
MO’KeT CYMEeCcTBOBAThH mpefenbHbl muky. O1HaKko 5TO He TaK, U B WH-
Tepecylomel Hac 0671acTH OpefelbHOTO IWKIA HeT.

6. MOAEJb «XIIIMHUAR — JKEPTBA» I EE OBOBIIEHIE

PaccMoTpeHHEIH Bhle IpEMEp CHCTEMBI «OWH BIJ — OJHH CY6-
CTpaT» MOXKHO JIeTKO HHTEPOpPeTHPOBATh KaK MOJEJb CHCTEMBbI «XUII-
HHAK — ;KepTBay. Heoﬁxonnmo TOJBPKO BBECTH B IPaBYIO 9acCTh ypaB-
HEHHUA 1A XHIMHHKA 116H, ONACHBAIINAN eCTeCTBeHHYI0 CMEPTHOCTD,
a CKOpPOCTh poCTa »XepTBBEL CIATATH npouoprmona.anoﬁ ee YHUCJIeHHOC~
T, Tarmy o6pasoM, BAL — 9T0 «XHITHEKY, & «Cy6CTPaTy — (KEPTBAY,
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Torga, ecau He KOHKpeTH3HPOBaTh BH QYHKOUN Buieganus V @ HE
paccMaTpuBaTh HPOTOK, CHCTEMa MOJEJIbHEIX ypABHEHHU GymeT mMeTh
BHT;
de
{ET =ac —Vz
(6.4)

dx
5= kKVz — mzx.

Ecau ousats cietaTh npocToe NPeIoTosKeHne O JMHeHHON 3aBUCHMOC-
TH QYHRI[HU BHIEJAHUS OT YUCIEeHHOCTH }RePTBH: V == A¢, TO MBI HOJY-
gpM KIaccmieckune ypasHenmsa Boabreppa:

de

5= 0 — Acx

dxr

5 = khcx — mx.

Hanucano ouenb MHOIO 0 HeZOCTaTKaxX BOJBTEPPOBCKOM MOJeIH, HO-
3TOMY He CTOHT 3TOTO 3jech HOBTOPATh. OCHOBHOU HEJOCTATOK — OT-
CYTCTBIIE B MOJIeJM YCTOHUNBOTO IIpejelbHOTO LHKJIA. BoabTeppos-
CKHE IIKIbl NOJYYCTOUYHBLI, I IPH CKOJIb YTOAHO MAaJIbIX BO3MYyIIe-
HHAX CHCTEMa HepPexXojuT ¢ IHKIA Ha IHKI.

Homeuno, mpepmoioskeHne o JHMHeHHOH B3aBHCUMOCTH QYHRIUA
BHIeJAHUSA MOBOJBHO YCIOBHO, XOTA Gl IO TOH mpHUIMHE, ITO CHOCOG-
HOCTh XHIIHAKA K HoINoleHuo nuimy He Gesrpanmuna. IToatormy Goree
peaqHCcTHIHBIM OyAeT ciaemylomiee IpeJUoNO/KeHHEe O BHAe QYHRIUAA
V (c):

{M‘, 0Le<L

Ac*, c>c. 6.2)
Bup aToit ¢pyHknun usobpasker Ha puc. 3. MoskHO maTh m Apyryo mu-
TepnpeTanui nojgo0Ho# saBucinioctu. Hanpusmep, myers xeprsa 06-
nXagaer xopourei coco6HOCTHIO HAXOAUTH yOeRHUIIe HIAH OXOTHUYbA
aKTHBHOCTH XMILHUKA HEJOCTaTOYHA JIIA HOMMKH xepTBHl. Torma HacH-
H[eHIe MOJKeT HACTYIaTh JOBOJBHO OBICTPO NP MAJLIX 3HAYCHHAX ¥,
OpHYeM HTOT0 KOJHMYECTBA MHUIU MOKeT OHTh HeZOCTATOYHO A HOJ-
Aep/KaHdsl KUBHEHHOH AKTHBHOCTH XHIIHHKA.

Boiomies  MopedbHMeE ypaBHEHHSA, COOTBETCTBYIOIIUE TAKOMY
BuAy (QYHRIUU BbeJaHUA:

{ZTC = ac — Acx, [i—f = khex — maz, (6.3a)
{s—f— = ac — Ac'z, (fi-f = (kAe* — m)x. (6.30)

Ncenenyem ¢das3oBoil mopTper aTol cucTeMbl, 3/ech BO3MOKHE /Ba
BapuaHTa: HEPBHIH — KOTAA TPaHHYHOE 3HaUeHHEe C¢* [OCTAaTOIHO Be-
amko u ¢* > m/kM m BTOpO# — Ipu JOCTATOYHO MAJIOM 3HAYEHHH C*,
rorpa ¢* < m/kh. Mccienyem mepswiit cayuait (puc. 4). Jlepee mpsamoit
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¢ = ¢* cucrema (6.3) Beger ce0st KaK BOJIBTEPPOBCKAA, W TPACKTOPHUU
CHCTeMBl — 3TO BOJBTEPPOBCKHE HHKIL. PaccMoTpuM HNUKI, KOTOpHIit
mepecekaeT upAmywo ¢ = c¢* (Tpaexropusa A,B,C,). Hoiiga 1o Touxu
Cy, m3obpasralomasn ToYKa MePeXOANT B obiacTh mpaBee mpAMOil ¢ =
= c*, rfle ee ABU/ReHAe ONNCHIBAETCA yske cmcremoit (6.3 6), m masee
ABHKETCA IO TPAaeKTOPUH, OTAMYHON OT BOJBTePPOBCKOM (TpaekTopua
CyDyA). Boupoc coctour B ToM: GyjeT Jerath Toyka A, Billle HIH
HiRe Togku A,? OT oTBeTa Ha 3TOT BONPOC 3aBHCUT THI HOBEIEHHA

vic)

Puc. 3. KomkperHsit Bug Qynk-
urn Bhieganua V (c)

a/A Puc. 4. dazosrit moprper cI-
cTeMHl (6.3)

¢* > m/kA. TpaeKTOpMsA, HaAUMHAK-
M1afCA BHE BOJBTEPPOBCKOTO IUKIIA,
KOTODBI}t KacaeTCA NpAMOl ¢ = c*,
HaMaTHIBAeTCA Ha HEro

z ; ‘lreac/Act
() /J/

! sl L Pne. 5. ®asoBhit mOpTpeT CH-
/o7 creMsl (6.3)

¢* < m/kh. OGO3HAYeHHAs MNYHKTA-
POM KpuMBasi — 9acTh BOJIBTEPPOB-
CKOr'0 OuKia, Jieskaniasd DpaBee IpA-
MO ¢ = ¢*. B sTOM cilyyae BCe Tpa-
EeKTOPUY He 3aMKHYTH — IpelebHOro
NUKJIa He cymecTByeT. Ilonylaanua
[ L «XUIHUKOB» BBIMMpAET.

m/RA c

a/A

Beeit cucTeMnl: 6ymeT aM m3o0paskalomas TOYKA MNepexoflTh HA BOJIb-
TeppoBcKHe UKL Bce Gosbmell 1 6oi1bineil aMOauTyAsl, HJIH €e Tpa-
eKTopus OyaeT HaMaTHIBAThCA Ha BOJbTEPPOBCKHE IHKJ, KacaTeldb-
HHI K npAMol ¢ = ¢*. B mocienneM caydae sToT UK ABIAETCA Ipe-
JeJIBHEIM YCTOMIUBHM LHAKJIOM JAA BCeX TPaeKTOpHH, HAYMHAIOMHUXCA
cHapy;KH. Mo/KHO TOKa3aTh (mocje MOBOJIBHO IPOMO3TKMX BHIKIAJIOK,

40



KOTOPHIe He WMMeeT CMBICIA 37eCh NPUBOAWUTH), UTO IIPH HEKOTOPHIX
FOMOJIHUTENLHEIX  TIPEAMOJIOKeHIAX CHPABEJTHBO BTOPOE YTBEpIKIe-
HEe, @ CJIef0BATENbHO, CHHMAETCA OJHO W3 OCHOBHHIX BO3paKeHHi
OPOTUB BOJBTEPPOBCKOI MOJEIH ~— OTCYTCTBHE NpeNelbHOTO IHKJA.
BHyTpH Ke UpefeqbHOTO MUKIA MOBECHHE CHCTEMbI OCTA@TCH BOJb-
TEPPOBCKUM.

[TepeiineM ® mccaemoBaHmIO BToporo BapmanTa (puc. D). B arom
cy7ae JeBee UPAMOR ¢ = ¢* mM300pasKaInas TOIKA ABH/KETCH 1O He-
3aMKHYTHM OTpe3KaM BOJXbTEeDPOBCKHEX OUKIOB. [lepexons ke depes
OpAMyl0 ¢ = c¢¥*, OoHA [BWKETCA IO TPAEKTOPUH, ACEMOTOTHIECKH
opubamKanmeica K upaMoil £ = 0, T. e. B 3TOM cJyJae HOIYJIANAS
XPITHHKOB BBIMAPaeT. JTOMY BapHAHTY MOKHO AaTh CJIeIYIOMYI0 HH-
TEPOPeTanuIo: OPH HAJIXINH Y JKEPTBH XOpOommero y0e;Kuma Wil Oopu
MaJoii OXOTHHYBeil AKTUBHOCTH XWIHAKA ero IomyiAnusa obpedeHa
Ha BEIMOpaHu@e.

B paccmoTpennoit Mofeqim MBI He TpEAUOJIATaNM, YTO PEeCYPCH IH-
TaHOA ;KePTBH OrpaHmdeHb. B obmeM jke c:1ydae 5TO IpeIoIoKe-
HHe BIOJHe PeatbHO, W MBI HON/KHBI CIUTATh, 9T0 KOIPPUIMEnT pas-
MHOJKEHU A sKePTBH a ecTh QyHrus (y6sBatomasn) ee gucaennocTu. Ca-
MOe NpPOCTOe HPeNIoNoKeHue: @ = a, — a,c. MoskHO @mOKasaTh, 4TO
Torga cucreMa Gymer mMerh ambo ycToiuuBHil ¢orye, smbo ycToM-
9uBH# y3ea (IpH CHJIbHOH BHYTPHBH0BOH KOHKYPEHIHH cpeid
wepTB). Hag sroro meobxommmo, 4robnl ¢* > m/kh. ITH cuTyanmmm
n3o6paskenst Ha puc. 6, a, 6.

4

Puc. 6. ®a3oBblit DOPTPET CIHCTEMBI «XHIHUK — KEPTBA» C YUeTOM BHYTDHBHLO-
BOIl KOHKYPEHLHA CPeIH «KepTB»

a — cnafaf KOBKYPEHOUA; 6 — CHJIbHAS KOHKYDEHIH

Tax ke Kak m B pasferne 4, 3Ta MOJeIb MO;KeT OMTH 00o0meHa Ha
caydail n XUIHAKOB U m kepTB. IlycTh a; — rRo3pPuIMeHTH pasMHO-
JKeHHA j-X KepTB (B ofbmiey ciaydae 3TO MOTYT OwWTh QYHRIMH ¢; HC-
JeHHOCTEeH ;KepPTB, HAIPHMeD KOTAa €CTh KOHKYPEHIMA 3a MeCTO pas-
MHOKeHHs HIN TPH OTPAHIIEHHOCTH pecypcos); Vj; — dynrmuu
BBIGJAHNA J-if }KePTBH 0COOBIO I-T0 XWIMHUKR; ky—g0xH OmoMaccH j-it
JKepPTBHI, UAYHNIAe Ha BOCHPOH3BOJCTBO XWIMHUKOB (B obmeMm ciydae
k; = k}, T. €. YYUTHIBaeTCA THN XBIIHAKA); m; — KO2PPUIEeHTH
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CMEePTHOCTH [-X XHANHHKOB, KOTOpPHE IPM ydJeTe KOHKYDEHIIMH MOTYT
OBITh QYHKRIAAMH IUCIEHHOCTeH XMIMHHKOB. Torza MojelbHbIe ypas-
HeHHuA GyAyT uMeThb BHJ (¢; — YACIEHHOCTD j-il sKEPTBHI, ¥; — THCIEH-
HOCTb -0 XWINHAKA):

dc]. < . T . —
dt = a;C; — 2 Vjixit i=1n j=1m
i=1
(6.4)
dx e
. G
——d; = E kjl) Vjixi — m;x;.

=1

Ecnm npeanosoxuts, aro Vj; = @j;¢j, T. €. QYHKINHW BHEJAHHSA JH-
HeilHO 3aBHCAT OT YHCJIEHHOCTEH KepTB, To cucrema (6.4) mepexour
B BOJBTEPPOBCKYIO:

dc]- >
25 — a3 s
i=1 -
(6.5)
dz <
i (i)
—d_;— = — Mm;x; + Z kj ;€575
j=1

7. YYET BPEMEHHOI'O 3AMA3/{bIBAHUA

o cux mop Bce paceMOTPEHHBIe HAMHM MOAETI Npefnoaarain, 4To
noTpebiasgemas numa (BepHee, ee 9acTh) HEMEIJIEHHO PacX0gyeTcA Ha
Ipom3BOACTBO moToMcTBA. Ha caaom jese sTi mporeccs! 0GHYHO pas-
JeTeBbl HEKOTOPHIM WHTEPBAJOM BpPEMEHH, T. €. CYIIeCTBYeT BpeMeH-
mbe 3amas3gpiBaHMe OJHOTO Hpolecca OTHOCUTETbHO jppyroro. Hambo-
Jee 1pocTo OOBACHUTH BIMAHHE ITOTO 3amA3ILIBAaHUA HA TUHAMUKY
OOMyNANNYN, TOJB3YACH OFHOM M3 CAMBIX HPOCTHIX IOMYJISIHOHHBIX
Mofeneil — JorucTudeckoil., B cBoeM mepBoHAYaIBHOM BHEe 3Ta MO-
IeJb WMeeT BH:

x rxr

(K —q) (7.1)
31ech & — UHCIEHHOCTb, r — PENPOXYKTABHEIN Kosdduipent, K —
MAaKCHMaJIbHOe 3HAUeHNe PABHOBECHOHN IHCIEHHOCTH, TAK Ias3hiBaeMmas
€MKOCTh cpejsl. UJeH, CTOAMUN B CKOOKAaxX, yIUTHBaeT BIUSHHE KOH-
KypeHIHA Ha yBeJmdeHHe cMePTHocTH B mouyianuu. Ho Bmoame ec-
TECTBEHHO NPEANOJOKATh, UTO OCHOBHAS CMEPTHOCTH IPHXOTUTCH
Ha aKTHl B3aMMOJeiiCTBHA MOJOIHX M CTapHIX 0cobelf, B pe3yIbTaTe
gero yReamuuBaerca ofmas cMepTHOCTh. MOKHO IpeIoskuTh U Apy-
Irylo HHTepmpeTammio, TAK:Ke CBA3aHHYIO ¢ pasHHUIeH B Bo3pacTe Mo-
JIOABIX U cTaphix ocobell (3aMeTHM, YTO B 9TOH TPAKTOBKE MBI IO CYTH
Jlella paccMaTpHBaeM HEKOTOPHIA YacTHHIHM BapuWaHT MOJEIH ¢ BO3pacT-
HO# cTPYKTYypoil). B aToM cayuae BermamHa x B CKOGKAaX J0/KHA BaBH-
CeTh yiKe He OT apryMeHTa f, a oT aprymenTa ¢ — A, rge A —BpeMmen-
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Hasf pasHUNA B BO3pacTe MOJOAHX M cTapux ocobeir. Torma

dx(t)
dt

YK — 2t —A)). (7.2)

ITpr mocratoyno Madeix A pemeHme 3TOro ypaBHeHHA (PHC. 7)
K0JIe6IeTCA 0KO0JI0 YPOBHSA, COOTBETCTBYIOIEI0 «eMKOCTHY Cpesl. BroJ-
He MOKHO HpeJI0T0/KUTh, 9TO HEKOTOpPHE KoiaeGaTelbHHIE IIPOIECCH
B NONYJIANUAX OOBACHAITCA HANWINEM PA3NUYHHIX BPEMEHHEIX 3a-
Hep:KeK MeKIY KOUKYPHDYIONMMU mpomeccaMu. B paccMoTpeHHOH
MOJEIH — 3TO 3afep;KKa MeAAY IpoleccaMd PempoiyKIUM M KOHKY-
peHTHO# rHbenu.

z
______ AN ——f— N &
Puc. 7. JuBaMika nomyJasanuH
IIPN yueTe BPeMeHHOTO 3ala3jibl-
BaHHNA
K — «eMKOCTb» Cpexbl P

Mosxro GbLto GbI paccMOTpPeTh W 0oJiee CIOMKHBIC MOJENH, HO ME
37eCh BTOTO jieaaTh He OyJeM, HOCKOJIBKY yiKe B LmpocTeilieM ciaydae
BHJIHO, KaKoe BJIMSAHNE Ha AWHAMHMKY IOIYJANME MOTYT OKa3aTh Bpe-
MEeHHble 3ama3fblBaHHA.

8. Ob YCTONYNBOCTH COOBIIECTB

Cpean 5KOJIOTOB CUNTAETCA IMOYTH AKCHOMOI, 4TO GoJee CIOKHEIS
oo CTPYKType coobmecTBa Oosee ycToiuuBel. OTclofa cpasy Hampa-
WABAETCA BBIBOJ, YTO M3MEPATH CTENEHb 3TOM YCTOWIHBOCTH, CpPaBHH-
BaTh II0 BTOMY IIOKa3aTelI0 KaKme-TH6O ABA COOOIIECTBA MOKHO He-
KOTOPoil Mepoii, xapaKkTepusyloneil pasHoobpasue ancambiaa. VI3 mep
Takoro Tmma Hambojee m3BecTHa (M HamboJee mmomyispHa) mHGOpMA-
OUOHNAsl SHTpomiA (MIM pasandusie ee amaiaorn). Buepsrie nmau6osee
9eTKO 9Ta mpes Obura cdopmynmpoBasa Mapramedon [4], koropwiit
OpeJToKAI UCIOIb30BaTh JJIA XapPaKTePUCTHKH CO00INecTBA Tak Ha-
3pIBaeMoe pasHooOpasme:

D=—NZPilnpi, (8.1)
n i=1
rie p; = Ni/N; N = ZNi; N ; — 9ACIIeHHOCTH [-T0 BHja B COO0mECT-
i=1

Be, n — umcJo BumoB. IHeTpyaso BmmeTh, uTo pasHoobpasue OTaH-
gaercA 0T HHPOPMANUOHHOM DHTPONMHE TONBKO MHOMHTedeM N — 06-
el 4HCAeHHOCTHIO Cco00IMecTBa.
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Corstacio Max-Aprypy [5], erabuabHocTb (yCToH4mBOCTH) €006-
mecTBa MOKHO OXapaKTepPH30BaTh CileAyOmed BeJHINHOI:

S=— D\ p(s)Inp(s), (8.2)

i=1

rae p (s;) — BepOSITHOCTh IepeHOCA SHEPTHH IO OIPENeJIeHHOMY IIy-
TH ;. Uem Goabime BenwdmHa S, TeMm 0olee yCTOWIABEIM CIUTAETCA CO-
obmectBo. Ilo aToif Mepe ycTOHIMBOCTE COOOHIECTBA ONPEAENACTCS
CIOKHOCTBI0 CTPYKTYpH Tpodmaecknx cBsseit. Camm p (s;) B CBOIO
ogepefb 3aBUCAT 0T YACJIEHHOCTEH COCTABIAIOMHUX COOOIIECTBO BHIOB.
13 Bcero BHIIECKA3aHHOIO CJIeAyeT, 9T0 YCTOHYHMBOCTH W PasHoobpa-
3me coo0mecTBa CBABAHH MEKAY co00if, Tak uTo Gmocmcrema ¢ 60ib-
muaM pasHooOpasuem Gojiee cTabHIbHA, T. e, BeIAYAHY [ MOMKHO OBLIO
65! HCIOTB30BATH B KA9eCTBE MePH YCTOUIMBOCTU cOOOMIECTBA.

Hakmm ke JO/KHO OHITh MaKCHMAalIbHO yCTOHYABOE ¢OOOMIECTBO,
€CJIM B KauecTBe KPUTEPHUA MCIOIH30BaTh Beamdmunl D u S? [pyramu
CJOBaMH, IPY KAKWX BHAUEHUAX [V; M OpPH KaKOH CTPYKIype Tpodmae-
ckmx cBsaseit D mrm § pocrmraior maxcmmyma? Ilocre moBompHo He-
CJIOKHBIX BHIKJIAZOK MOYKHO IIOKa3aTh, 94To pasHoobpasue coo0mecTRa
MaKCHMAJbHO, €CJIH: a) CYMMAapPHAS YHUCJIEHHOCTh COOOMEecTBAa mpH 3a-
JaHHHIX YCJIOBHAX CpPeJhl MaKcAMaibHa W 0) BCe BH/B B COOOIIECTBE
IIPeACTaBJIeHH ¢ OJMHAKOBOM 4acToTod. Ilockoasry [V pano wim mosa-
HO cTabmiamsupyercs, To COOOMMECTBO MOJKHO SBOJIONHOHHPOBATH K
COCTOAHUIO p; = const #JadA BceX BUAOB (eCaH CIMTATh BEpPHOH TIHIO-
Te3y, 9T0 CO00IIEeCTBO BCeTfa CTPEMUTCA K COCTOAHMIO ¢ MAKCHMAaIbHOR
ycroitumpocThio). Tarmm o0pasoMm, Hambodee YCTOHYMBHIM SBJISETCA
€0006D1ecTBO, B KOTOPOM He CYIIECTBYeT MepapXuyu BHJOB U BCe BHIH
npejcTaBIeHs B ofumHaKoBo# mpomoprmus. Ho mabaogeHms Hajg pe-
aJIBHEIMA CO00INEcTBAME TOBOPSAT COBCEM O APYroM: Jio6oe J0CTaTOIHO
IOJITO CyIecTByIollee, & 3HAYAT U YCTONYMBOE, COOOINECTBO IMe-
€T TeTKO BHPa)KeHHYI0 HEpapXHIeCKyo CTPYKTypy. Bce ckasamHOe
npepmoyiaraer, 4T0 MCHOOJIb30BAHME B KaYeCTBE MEPH YCTOUIMBOCTH
ero pasmoofpasus He coBceM ompaBmamHo. To ke camoe MOIKHO CKa-
3aTh B O MaKapTypoBoi Mepe S.

3amernM, 0JHAKO, 9TO BO MHOTHX CO00mEcTBaX Ha CTAJHH CYKIleC-
CHH OpH [JBH)KeHHH K KJIUMaKCcy HeicTBHTeJsbHO Habilofaercd yBeld-
geHme pa3HoobGpasus. B uem jke mpuumHa BOBHEHKHOBEHHA ITHX @Ha-
panokcoB? Ilo-Brmumomy, OHa cocTouT B (OpPMAIbHOM IpHMEHEHHH
SHTPOOMITHONA Mephl. JTa Mepa HMeeT CMBICI JHIIb I aHcamMOiad
c1abo B3aMMOMEHCTBYIOMMX OOBEKTOB, rie o0mas XapaKTepHCTHKA
aHcamM0aA ABIAETCA aNAETABHON QyHKI{MeH MHIUBUAYANBHBIX XapaK-
TePHCTHK 00BEKTOB. A c0006mecTBO, Ifie KOHKYPEHTHLIe B3aMMOJeHCT-
BuA Hambosee CHJIBHO MPOABIAIOTCH BOJIM3HM LOJOKEHMs PaBHOBECHA
H BCA €T0 CTPYKTypa B OCHOBHOM OIpefesisieTcsI He XapaKTepHCTHKA-
MH, OPHCYIUMM COOCTBEHHO BHUAY, a4 0COGEHHOCTAMH MeKBHFOBHIX
B3aMMOOTHOLIEHNH, OPEACTaBIA0T C000H UMEHHO CHCTEMBI ¢ CHIbHEIME
B3amMogeiicTBuAMU. Bosee Toro, ycToHYMBOCTE HeTPHBHUAJILHOIO DaB-
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HOBECHA 3aBHCHT TOJBLKO 0T MapaMeTpoB KOHKYDeHOHH (IS BoOJbTep-
POBCKUX Mojenei).

C aToif TOUKY 3penus HOHATHA HPHMEHMMOCTH YHTPONUAHOM MepLl
Ha pPaHAMX CTAAUAX CyRIeccuu. Bce Jleo B TOM, 4To Ha 3TOH CTaguH
BJAJHA OT IOJIOKEHUS PaBHOBECHA KOHKYPEHIUA emie ciaba # coolme-
CTBO BIOJIHE MOJKHO PaccMaTpHUBATh KaK CHCTEMY €O cIabhMH B3amMO-
MeACTBHAMM.

PaccmoTpum focTaTouno o0miyio BoJIbTEDPOBCKYIO MOLEIb coobme-
CTBa, COCTOAMETO0 M3 BHI0B, KOHKYPHPYIOIHX MeRAYy coboit 3a pe-
cypc. Mcnounpayss HecKoabKo apyrume o6o3madenus, eM Te, KOTOPHE
M5Bl HPHMEHSIIH PaHbIIE, MOJEIb TAKOT'0 COOOIEecTBA MOJKHO 3aOACATh
B BHjE:

k13
dx, —_—
2= (a— dvw), i=Tn, (8:3)
=1
rge ; — YHCIEHHOCTH BHJOB, 7V;; = yj; — K03PQUIHMEHTH KOHKY-
pennua. Matpuny || v;;|| MbI GygeM HaseBATh MaTpPHNeEd KOHKYDeHIHN,
KonedHo, OpeAnono/KeHEe 0 CUMMOTPHIHOCTA MATPHIH || v;5| — Beckb-

Ma CMJIbHO® YIOpoNleHHe, B pPealbHHX C000mecTBaX B3aMMOJeHCTBUA
e Bcerga CHMMETPUYHEL. Ho xrauectBennas KapThHHa COXpaHAeTCHd,
a pafoTaTh ¢ CHMMMETPHUHBIMM MaTpHLaMu ropasgo yaoGmee. Cpemaem

npeobpasoBanme mepemenHmx &; = 2} z;. Toraa MOJENbHYIO CHCTEMY
MO;KHO 3alHCaTh B BHNE YPaBHeHHH I'DaJMeHTHOro (HamCKopeiniero)
mopbeMa If HeKOTopol ¢ynxmumm W:

d&; oW . —
@ =g b (8.4)
rme
n 1 n
N\
W= 2 &Ly — TZIZ TijT3%je
i=1 §, =1

Ecau rospdunuents: e; u y;; ABHO He 3aBHCAT OT BPeMeRH, TO

dw < oW dg; W 2
= EIEW——_ El(g) > 0. (8.5)

Ho otciona cnepyer, uro W, BraucisiemMas BJ0Jib TPAaeKTOPHH, BCErnia
BO3pacraeT, M ecjid CcoOOI[ecTBO MMeeT HeTPHBMANHLHOE YCTONIMBO®
COCTOSIHHE, TO B BTOM COCTOAHuK W JfocTHTaeT MaKCAMyMa.

n
Bennguna V = Zﬁﬂi XapakTepuayeT [0 CYTH fdeja CKOpPOCTh
i=1
mpupocTa OmoMaccs coo6mecTBa B Ciaydae, KOrja KOHKYPeHIHA H
Karoe-1nm60 JUMHTHPOBAHME @O pecypcaM oOTCyTCIBYIOT, T.e. V
ompefensieT MAKCHMAJIbHYI0 DPENPOAYKTUBHYIO CKOPOCTH coobmecTBa.
YuuTeHBasg Bce 5T0, Ha30BeM V penpodykmueHblM nOMEHYUaioM Co-
obmectBa. Takmm oGpasom, BospacTaHue V' B mpollecce BONIOINH CO-
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o6mecTBa MOKHO MHTEPOPETHPOBATH TaK, 4TO COOBINECTBO CTPEMUTCH
MAKCHMHU3UPOBATh CBOW pPENpOAYKTHBHHEA moTeunuaix (wien V) u
MUHMMHI3HDPOBATL  CpeJHHEe  3aTpaThl Ha KOHKYpeHUHuI (4ieH

;—Zz Ti;%:%; MOJKHO paccMaTPHBATh KaK HEKOTOPOe OCPefHeHue Koad-
ij=1

$UIUEeHTOB KOHKYpPEHIHH 7y;; TI0 BCeM BHJAM COOBIIECTB).
Paccyotpiny moens coobiecrsa 6oaee obmero suga. llyers | v;;] —

HOpMAJbHASL MATpHNA, T. €. AOMKHH GHTH BHIOJIHEHH CJeyONlHe

n n
yemopms: X YT = 2 ViTww b J= 1, 1.

k=1 k=1
Hanpumep, MaTpuua KOHKYPEHIMM JJAA PAcCMOTPEHHOTO BHIIE CIy-
gag HOPMAJbHAfA; HOPMAJIbHON OymeT MaTpuma KOHKYPeHUHMH M .15
c000mecTBa, mpeacTaB/IAIIero co6oit 0606meHyI0 BOABTEPPOBCKYIO
cHCTeMY (XHIIHMK — /RepTBa». B mocmemmem caydae y;; = —yj;.

Ilycrp Hame co00LIECTBO MMEET HETPHBHAJBHOE IIOJOMKEHHEe pa-

HOBecHA M Bce paBHOBeCHHe 3HadeHHA r; > 0. [Ipu Kakumx ycaoBmax
3TO moJosieHue OyaeT ycToHumBeiM? BrimuchiBas ypaBHeHHs, JMHea-
PHBOBAaHHbIE OKOJO OTOTO COCTOAHIA DAaBHOBECHA, HOAYIHM (¥; =
= z; — Zy):

n n
dyl * # *
= — 2 DV — ) =7 2 iy (8.6)
=1 =1
Iua yeroiumBocTd HEOOXOAMMO M JOCTATOYHO OTPUILATENBLHOCTH Be-
IeCTBEHHBIX YacTell COOCTBEHHBIX 3HAYeHMH MaTPHUB | —zi v;5].

Jlazee MokHO mOKa3aTh, 9TO JIA YCTOHYMBOCTH HETPUBHAIBHOTO 110~
TosKeHHNsA PaBHOBecHs HeOOXOAMMO M JOCTATOUHO, YTOGHI Bee BeliecT-
BeHHbBI® JaCTH COOCTBEHHBIX 3HAYEHHH MaTpHIBI |y;;| Obuim momosku-
TeabHbl. Takuy 06pasoM, MOMKHO cfedaTh BHIBOJ, UTO YCTOHYUBOCTDH
HeTPUBUAIBHON pPaBHOBECHOH CTPYKTYPHI Co0OIiecTBA /0CTATOYHO
OPOMB3BONLHOIO BWA ONPeReNfeTCs TONDKO NAPAMETPAMH KOHKY-
PeHIUHM M}y BUAAMM U BHYTDH HX.

Cremaenm caegyiomee mpeo6pa3oBaHHMe IepeMeHHBIX: 1); = In
(z;/x3), TAe &x; — MOJOKHTeJbHOEe pellleHHe CHCTeMB YypPaBHEHHI:
n

2 Tiit; = &, i=1, n.

j=1
Torma (8.3) mosxHO 3ammcaTbh B Bupe:
n

in. —_
B N\ PV R (8.7)

dt ij m.?
j=1 n]
n

N o o
rie G = 2 x; (M —e i), B uem ybesr/iaencsi HeIoCPeICTBCHHO po-

i=1
BepKoIl. Brruumeamm modHylo mpomsBoiHy0 (G IO BPeMeHH:
n n
dG oG o o oG 3G
4G _ DG i 960G (8.8)
dt b an; dt S Y om; o,
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Ho B ToM caywae, xorga MaTpmma [ vy;;| HopmambHa (B YacTHOCTH,
HOPMAJBHLIMM  MaTPHI[AMU  ABIAIOTCA CHMMETDPHYHBIE M KOCOCH-
MMETPHIHEIE MATPHIBI — CJYyYal KOHKYDEHIINI BHJOB 3a pecypc
M cucTeMa THIA (XWIOIHHK — yKePTBa») W BeI[EeCTBEHHHIE YaCTH
COOCTBEHHBIX 3HAYEHMH MATPUIB KOHKYDEHIHUN | y;;] IOM0KUTETb-
HHI, KBajpaTugHas doprya (8.8) nodoxuTeabuo oupejetena u 0G/dt >
> 0. PaBencTso mmeer aectTo TOTbKO B TeX caydasax, korga 0G/on; = 0,
i=1,n, T.e.B IN0JOKEHAW PaBHOBECHA WIH HPH y;; = —7Y;;, HO
rorga dG/dt = 0 Bclogy Ha TpaeKTopuH, W G B B3TOM CJIy9ae ABISETCH
HHTerpatoM cucTeMmsl (8.3).
B unepemenumX z; QyHKIHA G 3amuIleTcs B BHJE:
n n n
G = Z x Inx; — 2 z; — 2 x; Inx.
i=1 i=1 i=1
ITockoabKky G MOJKHO OUPEAENHTh ¢ TOYHOCTHIO [0 amAHTHBION moc-
TOAHHOHA, To B KadecTBe G Mbl Bribupaem ¢yHKuuio G = S— M, rue
n

S = Z x; Inz; — 4nen, no cBoeli CTPyKType RamomMuHaomuit ungop-
i=1

MANMOHHYI0O SHTpouMio (Miu MapraitedoBckoe paszmoobpasme), ¢ ToOi

TONBKO pasHuLei, 4To B S BXOAAT KPOMe TeKyNIUX 3HAUEHHI I; H

HX CTaIHOHApPHbIE 3HAYENNs. Y INTHBasA BCE BTO, MBI GyjgeM HasbBaTh
n

S «kBasmomTpOnHmeii co0GmecTBay. Bemmanna e M = D) x; ecTh He UTO
i=1

mHOE, KaK cyMMmapHas Omomacca confmiecTsa.

Tax xax dG/dt = dS/dt — dM/dt > 0, To orcloma ciegyeT, ITG
OPH 2BOJIONAH CO00HIECTBA CKOPOCTh YBEJANYEHUS €ro «KBa3HPaszHO-
o6pasusy (B maibHeHIICM HMEHHO DTY BeTWIHHY MBI GyAeM Ha3HBaTh
pasnooGpasuem) Aoi:KHa OBITH TIO Kpaiiiielt Mepe He MeHBIIe CKOPOCTH
opupocta cymmMapuroi émovacest M, nockoasry dS/dt > dM/dt. Ec-
JH ke cyMMapHas OGuomacca coo0mecTBa YMEHBIIAeTCsA, TO MPI 9TOM
MOKeT YMEeHBIIAThCA H pasmoobpasme coobmiecTBa.

TMockoasky dG/dt > 0, To B COCTOAHNA YCTOMINBOTO PAaBHOBECHA
G* = ;za‘G. Orcoga cpasy cilefyer, 4To (QYHKITHIO

n
L=G—G = D z;In

i=1

X,
2
*

— -z

MO;KHO paccMaTpUBaTh Kak (yHKOUI0 JIAmymoBa HIJIA CHCTEMBI MO-
AeJNbHHX YPaBHEHUIl c00OmEcTBa BOJBTEPPOBCKOTO THHA. B caMoM
nene, L < 0, dL/dt > 0 (upmueMm paBeHCTBO MMeeT MeCTO TOJBKO B
cTanuoBHapHO! TouKe) M L HempephHBHA BMeCTe CO CBOHMY YaCTHBIMHA
IPOU3BOIHEIMH IO ;.

z
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9. 3ATAYN ONITUMU3AIIMU N TEOPEMA
O MARCHMAJIbHOM YPOJRAE

Ilycts mame mcciaenyemoe cooGINECTBO COCTOUT M3 K BHAOB U OOH-
cHBaeTcH cueTemoil auddepeHHWANLHHIX ypaBHEHMIA:

dz; R — —_—
=l &), i j=Ln k=1 m, (9.1)

Ifie aj — HEKOTODHE [apaMeTPhl MOJEIH.

IIyers B pamHOi cucTeMe HpoM3BOAWTCA cOOp yposkas myrem of-
6opa gacTu GuoMacchl PAa3TUIHBEIX BHJOB 1 BEIBEICHHA €€ U3 PENPOLYK-
TABHOTO IuKIAa. llpomece c6opa yposkaA OpexmoaraeTcss JUCKPETHBIM
IO BpPeMeHH C PABHBIMH BpPEMeHHEIMH HHTepBajgamu. l[Ipegmoioskmm,
9TO HaM 3aJaHH TEHH eJIMHAIL 6HOMACCH Kayka0ro Buaa ¢; (i = 1, n).
Torja MOKHO NMOCTAaBUTh 3a7ady 00 ONTHMAIbHOM YIpABJICHHH DTOH
cucTeMoi, T.e. 00 ompedeleHHH BEJIMIMHEL OTOHpPaeMOil GHOMACCHI
KaJk7I0T0 BUfA ¢ TeM, YTOOH CyMMapHAs CTOMMOCTH Bcell coOpaHHOM K
KOHIy mpouecca I' Gmomacch! OblIa MakCHMAadbHOHW. B KOHEYHHIH Mo-
MeHT BpeMeHH IpoliecC IPeKpamaeTca myTeM MOJHOTO oT6opa Gmomac-
CH (3T0 TpeGoBaHMe HE NPHUHINIMANBHO: MOKHO HOCTaBHTHL Ji06oe
orpanumdenue). IIpegnonoxunM TaryKe, 4TO WHTepPBaALl MEKAY clopa-
MU MaJIbl, TaKk 9TO M3MeHEHHe IHCICHHOCTEeH Ha H5TOM MHTEPBalle MOJK-
HO CYUTATh JHHEHHBIM [0 BpPEMEHH:

af () = 27 () A filo7 (Bh)s ol hs b =kh, (9.2)
ihj=1,n, s=1, m; k=0, p; T = ph.
WUnpercom « 4-» mer 0603HaTaeM COCTOAHME CHCTEMH B MOMEHT cOopa
YPOsKasA clieBa oT ¢, MHAEKCOM «—» — cupaBa oT £;. CToOEMOCTH co0u-

PaeMoro yposkag Ha Iare mporecca paBHA:

n

g(ty) = 2 ¢iq; (Ly)- (9.3

i=1

3necy ¢; (¢,) — mOmyCTAMEe YHPABIEHHUS (KOJIMIECTBO OTOHpaeMoil
B MOMEHT {; GmomMaccsl i-ro BUfa). EcTecTBeHHO, ITO §; AOMKHBL YIOB-
JeTBOPATh OTPAHUIEHUAM THOA:

0<C g (Br) < 2 (%n) (9.4)
i=1,n k=0, p.
Kpome Toro, mo cMmbicay 3axadu:
x; (8,) > 0. (9.5)

M oxomwarenpmo 3amada CBORHTCA K OTHICKAaEMIO QYHRIUA ¢; (i),
yA0BIETBOPAKMEX orpaEmyeHmsM (9.4) H ZOCTABIAIOIHUX MAKCUMyM
dyHKOIOHATY

P p n
G = 21 gt = 2 2 ¢iqi (tk)s (9.6)

k=0 k=0 i=1



OpEYeM TPAeKTOPHA CHCTEMH HOJIKHA JeKaTh B IOJOMKATEIBHOM KO-
nyce (9.5).

Jlaa pemenmsa sToll 3ajaum MBI OyfeM WCIOIb30BATh METON JHHA-
MHYecKOTo mporpammupoBanus Bemmmana. Beemem ¢yurmuo goxona
F, (z;), paBuyo pmoxony, moxydeHHoMmMy 3a [ maroB cGopa yposkad,
IPHA YCJIOBHM, 4TO HA IPEIHAYIIUX IMarax MCO0Ib30BAJINCH ONTHMAIb-
HHe ympasienusa. CopaBeqIunBo Clefylomee PEKYyPPEHTHOE COOTHO-
meHne Jas 3TOH QYHKI[HH:

Fy(x;) = max [ 2 CiQi]
2 “i=1
1 S (9.7)
Fy(x;) = max {2 ¢iq; + Fia [P (x)]}
a; i=1
xX; = .’L':'

3nech P (z) — omepatop, ONUCHBAIOMEA mepexoy m3 Touku {z; ({4)}
B towky {2 (6,0} Hocromsy zi () = i (6) — g (ta), 70
Piozf (tie)) = xf (8) — @ (8) + filz] () — g (i), as]-he

Tark xkak
n n
Fl(xi) = max [Z Ciéli] = 2 CiZyy i = Ty
qi i=1 i=1
TO

Fy(z) = max{Zciqi + DMw— i — g %) h]'ci} .
a; i=1

" ie=]

31ech BO3MOJKHBL [[Ba CJydYas: KOTHA MAKCHMYM JIEKHAT BHYTPH J0-
OyCTHMOM 00/IaCTH IS ¢; X KOTHA OH JeUT Ha Tpanmne. B mocaeqHem
ciydae ympaBieHHe HyJieBoe, T. €. ¢0op ypoKas sampemieH (mo Tem
BHIAM, 1A KOTOPHX 3HAYEHUA ¢; JesKaT Ha rpanune). Heo6xommmeuie
YCIIOBUA MaKCAMYMa [JIs HEPBOTO CJIydas MMEIOT BH:

Zcim=0, §J=x‘+——q1, i, j= 1,_72. (9-8)
=1 %; ’

1 oromgarenpHO:
¢, = a} (t) — B (t) wpm o} > 7
(9.9)

*

q; =0 npu z} L 7}, q; = {q; ({})}our-

n

af. (x;, o)

3nech 7} — pemenme cEcTeMHl )| c; ——
j=1 J

OPOJIOJIKaeM Mo HHAYKNuH. JII000UKITHO, 9T0 €C/IM HA KAaKOM-JInbo mare
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mpolecca yupaslieHne HeHyJeBoe, TO OHO OyMeT HeHY/IeBHIM & Ha Beex
nocjeyIIMuX Ilarax.

Ecan mpepnoio:xuth, 4To ympaBjieHHe Ha BCell TPaeKTOPHH HEHY-
JeBoe (a 9TO BCErJa MOKHO CJ/le1aTh COOTBETCTBYIONIMM BEIGOPOM HAa-
YaJlbHBIX YCJOBUH), TO cHCTeMa YypaBHEHHH 1A HaXOKIEHHA ONTH-
MaJbHHX 3HaUeHmi ecTh cueTema (9.8).

CyMMapHYI0 «CTOMMOCTEY BCEro COOGIIeCTBA MOKHO 3amUCaTh B
:3:91CH

M= D ez;. (9.10)

i=1

IlpoguddepennupoBaB 3TO COOTHOLIEHUE IO £, MBI HOJYYHM ypaBHe-
HHOe, ONICHIBAIOIlee W3MEHEHWe CTOMMOCTH HEIKCIIyaTHPYeMOro Co-
o0miecTBA BO BPEMEHH:

n

dM dr; » i~ 1 n
G=2Gg = defil a)  i=Tn @4
i=1

i=1

Herpyamo maiitm Touxky, B KoTopoit di7/d¢ mocTHraer MaxkcuMyma.
Ity Toury {¥;; i = 1, n} Me OGymeM Ha3HBATh ONTUMAJIBHKIM COCTO-
HEeM coolmecTBa. B 3Toit Touke

n

af, (x;, _—
Zci f1£39;] a8) = O! i, ] = 1’ n. (912)
=1 J

Ho cucrema (9.12) npm 3amene z; BHa §; To:xzecTBeRHA cmcTeme (9.8),
W3 KOTOPOM HAXOAATCA ONTAMAJIbHEE S8HAYHUA ynpasiaeHus. 113 Tox-
HeCTBEHHOCTH CJIAYeT, 4TO

- *
=& =x; — ¢i» i=1,n

s = () gy = 4 (1) —

IT0 03HA4aeT, YTO ONTUMAJIBHBIM ABJIAETCHA COCTOAMLE, B KOTOPOM IIPH-
POCT CTOMMOCTH coobmecTBa (IPUPOCT OLPEHETIEHHBIM 06pasoM B3Be-
UIeHHO# GMOMAacCH) MaKCHMAaJeH. B KadecTBe ypo;Ras CHAMAETCH BCA
6momacca, npupociast HaJ yPOBHEM, ONpeflesieMbIM 9THM COCTOSHUEM. -
Ecan ;xe Guoryacca HEKOTOPOTO BHJA HHKE 3TOTO YPOBH:A, To cHop ee
BOOOIIle 3amperneH 0 Tex mMop, IOKa OHAa ero He pocTurueT. TaxuMm 06-
Pa3on, Mbl JORKa3aJIH «TeopeMy 0 MAaKCHMAJAbHOM YyDOsKaey: ona noay4e-
HUS MaKCUMAAbHO20 doxoda om cGopa Ypoxcas coobujecmeo 00axcHo 6uims
npueedero 6 cocmosnue, 6 Komopom npouseodnas di/dt makcumarvna
(MakcumaavHa cropocmb npupocma CMOuMOCml co00wecmea), U 3a-
mem 00axHCHO YOepHCUBAMBES 8 IMOM COCTNOAHUU 3a ciem cbopa ypowcaﬂ
do komya npoyecca.
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10. ONITUMAJIBHEIN CBOP YPOKAA
B OJIHOPOJHOII TIONYJAINI

B ragecTBe mpuiosKeHUS K pPaccMOTpPeHHOM Bpiie TeOPHI IoApo0-
HO pasbepeM 3amavy 00 onTHMAaTIbHOM cOope YposKasd B IOIYJISIUH,
IUHAMOKa KOTODOW OIMCHIBAaeTCsA ONHOU IepeMenHoil — ofuieil wme-
JIeHHOCTBIO.

Ilycrs maMm samana QyHKnuA f (), Tak 410

@) (10.1)

Torga onNTUMAABHBIM COCTOAHMEM IONYJIANUH OyIeT cOCTosHHE, B KO-
Topom 8f/0x = O u f (z) mocTuraer makcumyma. QmrurmaabHBIM yIpas-
nennem Oymer cGop Bcell GuoMacch, NpeBBINAKMENR 3TOT yPOBEHb.
Houkpernsupyem Bupg ¢yuruuu f (z):

[ = ax —Ba? (10.2)
9To ecTh He 94TO MHOE, KAK JOTMCTHYCCKHH 3aKOH POCTA IONYJAINHA.

OTcioma cpasy cJjegyer, 4TO ONTHMAJBHBIM COCTOSHHEM IIOILYJIAIHH
Oyger Togka T = /2P, a onTHMalIbHoe yIpaBJenue

g )=z () —a/23; x> a/28.
" (t)y=0, x<o/2B.

JlocTaTouHO JTeTKO ompesesseTca M CyMMapHBIN yposKail, m0oJIyYeHHBH
3a BpeMs I’ (4Js IPOCTOTLL MBI IIPEJIIONORUIN, YTO YIpPaBleHHe BCIO-
Iy HeHyJeBoe):

(10.3)

2
G(I) =z (t)+33 -

3mech MBI IIPEIIOJAradl MAJXoCTh mara cGopa /i, T. e. o cyTu je-
Jla paccMaTpUBaJH HEHPEPHIBHHIE mpornece cbopa yposras. Ecau or1-
KasaThCs OT 9TOT0 MPEJIIOJIOKeHHA, TO 3a4a9a YCJAORHITCA, HO M OHA
HMeeT aHATHTHIECKOoe pelneHme. Xo0j ee peuleHus OyaeT TakuM ske,
KaK W Bolmie (CHOBA HpUMEHSIEM MeTOJ AUHAMHYECKOIO IPOTPaMMHUPO-
BaHHA), HO Pe3yJabTaThl HeCKOJIbKO oTiaudaiorcA. He npuBogs noapo6-
HOCTell pellleHus, BRHIOHIIEM OKOHYaTeJIbHBII pe3yabTar.

Ontumanbmoe yupaBieHHE:

¢ (tx) = a* (ty) — /B (A 4 1) mpm «* (t) > /B (A + 1) (10.4)
{q' (t) =0 mpu 2* (t) <oB (A + 1), b= e '
DOyHKONA T0X0XA:
z+(to aAT N A —
Fp(a®) = ozt (to) L g 1)m.x+1.(1o_5)

a + Bat (t) [*2T — 1]

3mecy [ = E (AT/L) 1, E (z) — nenas wactb uuciaa z, AT — Ko-

peHb ypaBHEHUA:
a az+ (to) *AT

BA+1) a4 Bat(tg)[*2T — 1]
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3ameTnm, uTo ¢* = ( TosbKO Ha mepsHIX / IMarax mpomecca, TaM, /e
He BHIOJHAETCA ycaoBue z* > o/f (A -+~ 1); Ha mociefyomux marax
yopaBleHne OTIUYHO OT Hy’aeBoro. Takum o0pasod, IPH onpejesieH-
HHEIX YCJIOBHAX ONTUMAJIBHON IOJHTHKON SBJISETCS MOJHOE 3ampelle-
HHe cOopa ypo:waa. Hak aro Bupmo us (10.5), cymrapHas Bennmgmua
cOOPAHHOTO YPOKAsA 3aBHCHT OT BEIMYHHH HIara mporecca. MosxHO
[MOKa3aTh, UTO OHA JOCTUraeT MaKCHMyMa IIpH HempepHEBHOM cOope
(apu 7 — 0).

3xeck MBI pasoGpaiu 09eHb He6OJbBIIOE YHCJIO MOCTAHOBOK H pe-
TeHNH oNTHMalIbHEIX 3a/{ad, KOTOPHIE MOTYT PACCMaTPHBATBCS IS Pas-
auaHbx 6umocucTeM. MojkHO HAJeATHCHA, YTO NMPUMEHEHHE HOCTaTOYHO
xopomo pa3paboTaHHOTO ammapaTa TEOPHH ONTHMAJIbHHX IIPOIECCOB
K TAKUM HOBBIM I ITHTE@PECHBIM O00LEKTaM, KaK MOAEJNH OHOJIOTHMIeCKHX
HONYJIANHIT I COOBIeCTB, JTaCT HaM MHOTO€ /[JIA HOHUMAHHA CTPYKTY-
Pl HaIIHX B3aMMOOTHONIEHWI ¢ MPUPOJON, KOTOPLIE, HO-BHAUMOMY,
JOIKHBl CTPOUTHCA ONTHMAaJbHBIM 06pasoM (HpuIeM KPUTEPUH HOJK-
HHl YYUTHIBaTh He TOJBKO HAIIM TeKYIIHe HHTEPECH U JOKAJIbHYI BEHI-
rogy, HO II HWHTepechl 0olee OTHAJeHHOro Oymymiero).

% k%

To, 4To MH 37i€Ch M3IOKUIN, HE B Koell Mepe He MOJKET IPETeHNO-
BaTh Ha KaKoe-1u00 0000menne Win CymMecTBeHEYI0 HOBA3HY. MEI mons-
TaJIMCh YHCTO (parmMeHTapro oGpUcOBATh CUTYaLHI0, KOTOpPAs OGBIIHO
BO3HMRAeT IPH IONBITKEe HOCTPOGHUA TeX HIM HHHX Mojenell 6uoxo-
rggecKux mnonyaarnuit u coobmects. OO6rYHO y HAcC ecTh KaKHe-TO
OpeficTaBIeHUA O (QYHKIMOHMPOBAHUH CHCTEMBI, MBI MOMKEM UTO-TO
CKa3aTh 0 xapakTepe B3aMMOOTHOIMIEHUI MeKAy Bupamu (rpybo roso-
PA, KTO KOTO ecT), 0 CTPYKType coolmecTB. /I MH 3amucniBaeM 3TH
cBefieHuA Ha ApyroMm, Goiee ¢opmanpHoM s3hike. G APYroit cTOpOHH,
y Hac ecTb HEKOTOpPHIe (PyHAaMEeHTAIbHEIE 3aKOHOMEPHOCTH (THMOA 3a-
KOHOB COXPAaHEHHU), KOTOPHE COpaBeIMBH AIA JTIOOHX cuctem. HoM-
GUHAIUSA BTUX CBeIeHUH M 06pasyeT MOTeIb.

WM maxomen, Hanle MHeHHe, 9T0 B MaTeMaTHIeCKOM MOJEJHNPOBAHUH
6HOCI/ICT8M BayKHO He CTOJBKO HCCJEe0BaHUe HOCTpOBHHOﬁ MOJe/n (XO—
TA BTO TOKe HeoOXO0AUMO), CKOIBKO paspaboTKa TeXHOJOTHH IOCTPOe-
HAA MOILe.Heﬁ, oﬁecneqHBanmeﬁ OBJaleBIIEeMy €I0 YeJIOBEKY BO3MOK-
HOCTBb CTPOUTH JI000H HaGop MOjesell, ¢ y4eToM JIOOBX KOHKPETHHIX
3aKOHOMEpHOCTeHl W mpu MCHoJb3oBaHMM He(Goabmioro Habopa cTaH-
JApPTHRIX TIPHEMOB.
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YPABHEHHA TEOPUU
BHOJOI'NYECKHUX COOBIIECTB

J. P. THH3BVYPI

1. BBEJEHUE

Matemarnueckas TeopHsa OHOTOrHYECKHX COOGIIECTB — COBOKYI-
HOCTell B3aWMOEHCTBYIOMMX MONYJNANNI PasiIWIHbIX BHEAOB — IIpel-
cTaBaseT cob0il cpaBHUTENBHO PasBMTHII pasfes MaTeMaTHYecKoit 6mo-
aornu. 3apopusmuch eme B 20-x rogax B paborax B. Boabreppa [2,
43] u ero mocnemoBateneir [33, 40, sT0 MmampaBieHme IpHUBIEKaeT B
HacTosMee BpeMs Bce (osibllee BHHMaHHE, B 0COGEHHOCTH B CBSA3H T
npo6:IeMoll pasyMHOM SKCIIyaTad® ODPHPOAHHX pecypcos [26]. Teo-
pud coolImecTB pa3BUBajJach B OCHOBHOM B [BYX HampaBieHuax. Ilep-
BOe U3 HUX CBABAHO C PABIMIHEIME MOAMPUKAIUAMA ypaBHEHHH BOJb-
TeppoBcKoro Tuna [1, 6, 7, 29]. Bropoe HanpaBurenue, Gepymee Hada-
10 ot pabor A. H. Koamoroposa [16, 39], mocBsAmeHo KaleCcTBEHHOMY
M3YUEHMIO TPAEKTOPH COOTBETCTBYIOIMUX cHCTeM AuPdepeHIAaTD-
HHX ypaBHeHU# npH oUeHb OOMEX HPEANOI0KEHHAX OTHOCUTEIBHO
XapakTepa MERIODYIANMOHHHX BaammogmeiiecTsmir [31, 32, 42].

Tak Kak OCHOBHBIM amOapaToM HCCJIEHOBAHUA B HOCIEXHEM CIY-
gae ABIAETCA KauecTBeHHAA Teopus nmddepeHNMUATBHHX ypaBHEHHUH,
pasBuTasg Golee BCero AIA ABYMEPHHX AMHAMMIECKHAX CHCTEM, TO U
60TBIIMHCTBO pafoT 3TOr0 THHA aHAAMBUPYET MOBEJEHHE dJIeMeHTap-
HBIX ABYXBMIOBHIX COOOMMECTB IPW PABIMIHEIX THIOAX B3AUMOJICHCTBHA
MERAY TONYAANASMHA (XHITHOK — ;KepTBa, KOHKYpeHIus, cuMOmo3
u T. o.). Bo Bcex masBaHHBIX paforax Raskaas OONYIANAA OINCHIBA-
€TCA TOJNBKO BEIHMUUHOR ee IMCIACHHOCTH (Ham GHoMmaccesl), T. e. He IPH-
HEMaeTcsd BO BHUMAaHHWe BHYTPHIONYJIAIMOHHAsA cTpykTypa. Ocoboe
IOJIO}KEHNe 3aHMMAIOT HEKOTODHEe HCCJIeTOBAHUA NOCJIENHOX JeT,
B KOTOPHIX YDAaBHEHWA IONYYeHHI ¢ YUeToM Oosee TOHKHX OuOJIO-
IHYeCKHX oco0eHHOCTell onmMchiBaeMblX siBleHuil. I aTmy paforan oT-
HocATCA, Haopumep, mcciaemoBamusi A. A. Jlanymosa mo rmapo6uo-
nenosornu [17] u HOBOe Hampasienme, passusaemoe M. A. Ilomerae-
BEIM, OCHOBAHHOe Ha Hjee JmMuTHpylomux ¢axropoB [23]. Bee arm
paboTel, a Tak;Ke HCCJIETOBAHHA IO MALIMHHOMY MOJEIHPOBAHHIO JH-
HaMHKM  OHOJOTHYECKHX coo0mecTs, paspuBaeMsie B. B. MermyTku-
ueM [20], A. I1. Ilaoupo [28] m gpyrumu, BHIXOIAT 3a PaMKH HaIIero
paccMOTpeHns, HAIPABIEHHOTO Ha mocTpoenue Goxee IpyGoil m oTHO-
CHTeJBHO NPOCTON TEOPHH AHAIUTHYECKOTO THIA.

Matemarmaeckoil OCHOBOI pasBUBAeMON 37eCh TEOPUH CIYIKHT,
TaK jxe kak y B. Boxsreppau A. H. Koimoroposa, cucrema 00HKHOBEH-
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HHX JnddepeHNHATHEHHX YpaBHEHMHIL:

dnN, -
-d—tl=fi(fV1,..., N’I’H 9)-]Vl-, l:l,n (11)
rge N; — 9HCIEHHOCTD i-# NONyIAUMH, BXOAAMell B coo0mecTso;
n — 9HCN0 NOnyaAnuil, obpasywomux coobmecTso; 6 — dopmaaTbubIit
mapayMerp, CHMMBOIMBWPYOUIMII COBOKYTHOCTh XapPaKTEePHCTHK CPeH,
B KOTOpOif ofuTaer co0BIECTBO; fi — PA3HOCTH MEKAY Koappu-
IMEeHTOM DOEIAeMOCTH M CMepTHOCTH (-fi IOWyJAINNH, 3aBUCALNIAS OT
cocToANUA cpedsl O u, BooOlle FOBOPs, BCEro OHOJOTIYECKOTO OKPY-
skeHuss Ny, ..., V,.

HocryiaupoBanne ocHOBHOM Mopesdm B Buje cuctemsl auddepeH-
IHaJAbHEIX ypaBHeHn# (1.1) HaKIagpiBaeT PAX eCTeCTBOHHBIX OTpaHide-
HHII Ha KPyI OHHCBIBAeMBIX MOJeNbI0O ABJIeHMit. IIpesrae Bcero merep-
MAHHCTHYICCKNHA XapaxTep Mojeau TpebyeT, 9ToGH IPOMEIKYTKH Bpe-
MEeHH, Ha KOTOPBIX pacCMaTpPHBAIOTCA Te WMJAW WHEE 3ajadl, OBLIH He
CAMIDKOM BeJMKM, 4YroObl Iony:Isuuu, obpasyoliue CO0OIIeCTBO,
MO/KHO OBLIO CUNTATH HEI3MEHHBIMHU B 9BOJIOIIOHHOM ILTaHE, & CaM
mpornece IepecTPoilku coodmecTBa — OJUBKUM K CBOEMY MaTeMaTige-
croMy o:ruganuio [18]. C gpyroit cTOPOHE, 9TH HPOMEKYTKH BpeMe-
HHP JOJKHE OBITh HE CIHIOKOM MAaJjhl (BO BCSAKOM CJIydYae 3HAUUTEIBHO
Gonbme BeIWIMH PENpPOAYKTUBHLIX IIEPHOIOB IS BXOJAMMUX B C006-
MeCTBO MOMYJIANUIT), 4TOOH MOKHO OBIIO He MPHHEMATH BO BHUMAaHHe
BO3PACTHYK U JpYyTHe CTPYKTYDPHl NONYJANWU K NIPUJIATH €CTECTBEH-
HBEIA CMbICT mpou3BOIHHM dV;/dt. HakoHel, 9uCIeHHOCTH IOy IALUT
JOJ/KHBL OBITh JOCTATGIHO BEJIMKH KAaK A TOTO, YTOGH MOIB30BATHCA
JleTepPMUHUCTHIECKUMY COO0PaKeHUAMM, TAK X JJIA TOTO, YTOGH MOYKHO
6BIIO CYUHMTATh BEANYUHLL /V; HENpPePHIBHLIMH.

Ilens HacToAme# °TaThU COCTOMT B IOCJIEIOBATENBHOM pPa3BUTHH
TeOPHH C000IecTB, 3aHMMAIOMEH mpPOME;KYTOIHOE IOJIO0KeHHe MeRITY
Teopueit BoabTeppa u ypaBuenusamn tuoa Komamoroposa. [eao B ToM,
9T0 yPaBHEHUS BOJBTEPPOBCKOTO TUNa, B KOTOPHX (YHRINU f; mpU-
HATHl JNHEHHBIMH, ABAAIOTCA B G0JBIIOH CTENEHH IePeyIpPOIeHHLIMI
¥ He 00DLACHAIOT IeI0T0 PAfa 9KcmepHMeHTadbHLIX fakToB. ITo-BImm-
MOMY, 9TH ypaBHEHHs 06IamgaloT FOCTATOYHO Y3KOi 00JaCTBI0 mpiMe-
HEHUA B TeX CJAyYasX, KOTJA H3MEHEeHIsI YHCICHHOCTeH He CAHUIKOM Be-
IMKHM U JAHeHHAA anopoKcHManus QyHRIui f; onpasganHa. G gpyroi
CTODOHEI, IPH Ka4eCTBEHHOM ITOJXo[e Ha QYHKIUH f; HAKJIAABIBAIOTCH
OFpaHMYeHHMsA OUeHb 0OImero THHA, HANpPHMEP TOJbKO HA 3HAKH 4acT-
HBIX Opou3BoAHBIX 0f;/0.V;. Taroe paccMoTpeBue ILTOZOTBODHO HPH
OoJIydeHuy O0LIeTeOPeTHIeCKUX Pe3yabTaToOB AIsI COODMECTB CO CPaB-
HHATeJIbHO HeGOJbIINM YMUCIOM BUIOB, HO IPH OMUCAHUN PEAJBHHIX DKC-
IePHMEHTAIBHEX JAHHBIX OTCYTCTBHE SIBHOTO IapaMeTPUIECKOro B/
QYHKIUE HY)KHO CUUTATH CKOpPEe HeJOCTATKOM, YeM IIPEeHMYHIeCTBOM
Iloatomy B HacToAmeit paGoTe HemaeTcA MONBITKA NMOCTPOEHUS ypaB-
HeHUH, KoToprle 0006maT ypaBHeHus Boabreppa, BXOAAT Kak dacT-
HHi# caydait B ypaBHenmsa HoamoropoBa M B KOTOPHX QyHKIUH f;
EMeIoT ABHBIH uapameTpuieckuil Buj. IlapameTpsr ¢ymRIuE f; HOoCAT

54



SICHBIA OMOJIOTHYECKHIA CMBICJ, W WX UYHCJEHHHE 3HAYeHAA OIpeelis-
OTCA TIPH aHajJu3e KOHKPETHHIX OHOJOTAYECKHX DKCIEPHMEHTOB.

YceranoBuM HeKoTophle 00m(ue cBoiicTBa cuctembl ypasHenui (1.1),
ICXO0As M3 GMOMOTHIECKOT0 CMBICIA OMMCEIBaeMoro siBieHns. llpesxne
Bcero BeauuuHBl [N; HEOTPUUATENbHHI, H TpaekTopus cucTeMsr (1.1),
HAYABIIACH, B HEOTPHUIaTeXbHOM opTaHTe {N; > 0, i = 1, n}, He H0I-
JRHA MOKUAATH ero ¢ TedenueM Bperenu. ClegoBaTeNbHO, €CIN IHCICH-
HOCTh KaKoH-um6yab monmyasmum V; — 0, TO BeaIWIWHA CKOPOCTH
d.N;/dt nomxna GHITH HEOTPHIIATENLHOM, T. €.

lim/; (Nq, ..., Ny, 0)-N;>0, i =1, n. (1.2)
N0

Mol mpumem 6oJjiee ;KeCTKOe YCJIOBMe, BHITEKAION[ee M3 HPERImoJio-
FREHIIS M30JIHPOBANHOCTH MCCIEHyeMOro coo0mecTBa, T. €. OTCYTCTBAA
mpuToKa ocobeil M3BHE:

limfi(Nl,...,Nn, 6)'1’\71:0, i:1, n. (13)

N0 .
MareyaTudecku mocilefHee ycJaoBHE o3HAadaeT, 9To TpaekTopus NV (i),
omaB Ha rumeprtockocTs V; = 0, ocraeTca Ha Heil majee ¢ Tedenu-
em Bpemenn. MDynruuu f; 6ymeM cYNTaTh TIAAKAMH HACTOJNBKO, Ha-
CKONBKO 9TO moTpebyerTca AJIA IIPOBeJEHMS TeX HIAH HIBIX paccy:k-
nenuii. Bmpouem, o6ber4mo OvBAET A0CTATOYHO MOTPeGoOBaTh, UTOGH
OHE OLIIM ABaYKAH HENpPepHIBHO AuddepeEOupyeMbl BCIOAY B HEOTpH-
IaTeJbHOM KBajpaHTe, 3a HCKIYeHHEM pas3Be JUMb TOIKA [V, =
= ... = N, = 0. Ilo 61010rAIECKOMY CMBICAY BEeIANIUHH f; — yIeIb-
HBIE CKOPOCTH POCTa UYHCIEHHOCTH MONYIANUI — OTPAHHYEHBI CBEp-
Xy MAKCHMAJIbHO BO3MOKHOM UIA JAHHOH HOIYISIMH CKOPOCTHIO
paamuosrenusi. Ilosromy QyHKIUN f; orpaHMIeHEl PABHOMEPIIO BO BCEM
HeOTpUI[aTeJIbHOM KBaJpaHTe:

FilNyy oy Ny, 0)<lgg, i=1,n. (1.4)

ITocaemnee ycaoBue, HECOMHEHHO MMeIOmee OTYETIMBBIR CMBICT, HAPY-
uraeTcs, HampuMep, B Moaexax tuna Boapreppa, rae QyHKIUE duneii-
HBI [10 YUCJEHHOCTAM U cpegu KoahPUUUeHTOB IIPUCYTCTBYIOT 100K~
TeJbHBIE. JTO 00CTOATENLCTBO CY:KAeT 06JaCTh IIPUMEHHMOCTH 3TUX
MoOjieneif, XOTsI B PeaJbHBIX YCIOBHUAX BENHYHUHBI f; BEChMa CHIBHO
OT;IMYAOTCA OT CBOMX IIPEAeTbHHIX 3HAUCHUHA. JTHM HCYEPIBIBAIOTCH
npeanoos;KeHus o0Iero xapakrepa, He CBA3aHHEIE ¢ KOHKPETHH MU TH-
maMu Me;KIONYIAANUOHHBIX B3aMMOeHCTBUIA.

[leHTpadbHBIM BOIPOCOM AMHAMUYECKONH TEOPHUH COOBIIECTB [B paM-
RaxX mocryiampoBaHHoil 6asoBoit Mopmenu Bupga (1.1)] saBasercs pa-
3YMHBLI BEIOOP ABHOIO BUAA MIAM XOTA OBl HEKOTOPHIX CHEIUPUIECKUX
CBOIHCTB QYHRUMA f;, OTPA/RAIOIINI M3BECTHBIE THIEl MERIONYJIALTOH-
HBIX B3aUMOJENCTBUIl, OTHAKO HEROTOPHIE PE3YIBTATHI MOKHO IIOJY-
9HUTh ¥ B JOCTATOYHO 00IUX caydaax. [losTomy, nepBrit pasgesn mocBs-
IeH Ka4ecTBEIHOW TeOpUH, a flajiee, BO BTOPOM pasfgelie, HpegIo;iieH
OyTh IIOCTPOEHHA ABHOTO mapaMeTpPMYecKOro BHAA QYHKIHE f;, T. e.
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BHIJIEI€H KJIACC Mofieseil, MoCTaTOYHO IIPOCTOM W B TO jKe BpeMs [0CTa-
TOYHO OOmUIl, OTPA;KAIMUIT GOJIBIIUHCTBO U3 U3BECTHHIX THIIOB M-
HOnyJIAMNOHHEIX B3aWMMOAEHCTBUE. B paMrax 3Toro riacca Mopgeneit
dopMyIMpyeTCT W pemaeTcs PAX 34144, KACAWMUEXCA CYNIECTBOBa-
HUA, CTPYKTYPH M YCTOWYMBOCTU paBHOBECHHIX cocTossHUil. OcobeH-
HO TIOIPOGHO MCCIEeqYIOTCA MOJASIN ABYXBUMOBHIX coobmects. Maywe-
HHOe 3THX MoJelell WIIIOCTPUPYETCA COIOCTABIEHUEM TEOpPETHIECKUX
Pe3yIbTATOB ¢ H3BECTHHIMEA SKCIEPUMEHTAIbHBIMU JaHHBIMU. -

Hecaorpa ma cpaBuuTesHO 60IbIIOE THCIO MyGIHKANAH, MaTe-
MaTHYeCKas TeOPHs coolmecTB HAXOAUTCA ceiivac eme B CTAaud CTa-
HoBJIeHUs. [lopTOMY 0OCHOBHOE BHMMAHNE B HACTOAINECH CTAThLE OTBOUT-
cs1 POPMYJIUPOBKE U TOTHOMY OIIpENleIeHUI0 HeKOTOPHX OCHOBHBIX IM0-
HATHH TEOPUH, eCTECTBEHHOHAYUYHOMY OOOCHOBAHIIO DTHX ONpejeie-
AU ¥ DOCTAaHOBKe HOBHIX 3ajgad. Jia ymobcTBa YTEHHsI CTATHHU DAL
JoKasareJlbcTB mepenecern B Ilpmmoskenume.

2. KAYECTBEHHOE HCCJIEQOBAHHNE

Ms1 HauHeM HCCIeZoBaHMe C BBeSHUSA PAAA HOBBIX IOHATUH U OCT-
POEHUSA MOJe3HON B JanbHelmeM riaccu@umRanmu Mofenel coolimecTs
IIO THIIAM ONZCHIBAeMHIX 3TUMHI MOAeIAME B3auMopedcTBui. [lenTtpans-
HHM DOHATHEM TEOPHH! ABAAETCA IONATHE IPHACUOCOOJEHHOCTH IOIY-
JANUY W COOGMmecTBa B IEIOM.

O KonmuecTBEHHOM ompeesIeHHN TOHATHA
IPUCIIOCO0IeHHOCTH

Ongro W3 OCHOBHEIX HOHATHH GHOJIOIMH — HOHATHE NPHCIOCO0-
JIEHHOCTH — HECeT PasIWIHyI0 CMEICIOBYIO HArPY3KY, KOTIA OHO YIIOT-
pebasercs mias XapaKTePUCTMKM 00BEKTOB, IPHHATIE:KAMUAX K pas-
JIMYHEIM YPOBHAM OPraHH3anU¥ KUBEIX cHcTeM. Tak, Hampumep, mo-
HATHE NMPUCIOCOGICHHOCTH NONYIANNYE He CBOTUTCH HEIOCPEICTBeHHO
K HMOHATHIO OPHUCIOCOGJEHHOCTH COCTaBIAKMAX ee ocobeit. Ilomymna-
1A, cocToAMAA U3 «Gojee NPUCIOCOOIeHHBIXY 0cobell, BOOOIEe MOKeT
0Ka3aThbCcsA MeHee IpHCHocobaennoil kak menoe [34, 38]. IloaTomy mo-
HATUE NPUCHOCOOIEHHOCTH Tpebyer mpH ero o6CY;KIeHUH YeTKOTO OI-
penesenns Toro o0beKTa, K KOTOPOMY OHO OTHOCHTCH. 3/€Ch Pedb UIET
TOJIBKO 0 MPUCHOCOGIEHHOCTH MONIYJANMA W COOOIIECTBA KaK IeI0To
¥ 0 BO3MOKHOH KOJHIECTBEHHON Mepe BeJWIMHBI TPHACIOCOOIEHHOCTH.
3apaHee IIOMYEPKHEM, 9TO NPEIJIOKEHHAA Mepa MPUCHOCOGIEHHOCTH
HU B KOEM CJIy4ae He OXBATHIBAET TOTO MHOTOIPAHHOTO CMBICIA, KOTO-
PHI BRIAJHBAeT B 5TO MOHATHE cOBpeMeHHas Gmoiorda. Peup mper
aEmb 06 OMHONE IPAHM, O TOH (IPOEKIUM» HTOTO TOHATHA, KOTOPasa He-
ob6xoxrMMa HaM B mpejeaax JaHHOW TeOPUU HA MPUHATOM B Heil ypoBHe
abcTparnuu.

Haske B mpegenax MONMyJIANAOHHONR NPOGIeMaTHKA BONPOC O KOJH-
9eCTBEHHOM ONPEe/eNeHAr BEIWYUHLI IPUCIHOCOOJEHHOCTH OCTAeTCs
AACKYCCHOHHBIM. B Goubinoil cTeneHd 370 CBA3aHO ¢ HEKOTOPOil HedeT-
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ROCTHIO TIOCTAHOBKY BONIPOCA, a MMEHHO, CHOD ¥acTo uier He of ompe-
JZeJeHUU MOHATHSA, a O TOM, OT Yero 3aBMCHUT BeJINYMHA MPUCHOCOBIEH-
HOCTH, WM, APYTMMHA CIOBAMHU, HY;KHO JU NPHU ee ONpeJeieHHU yIH-
THBaTh, HANIPHMepP, BO3PACTHYH0, II0J0BYI0, TeHETHYECKYI0 CTPYKTY-
pH monyasuuu u T. K. Ha camon gere HeoGXxoquMo BHAENUTD IBA BOI-
poca: 1) Kakas BeJMYUHA MOJKeT CJIY/KUATH KOIIUeCTBeHIOM Mepoil npu-
CIOCOONEHHOCTH monyaAnuu (PeHOMEHOJOTMIeCKOe OmpefeleHNe) HI
2) oT "Wero sTa BeJAMIMHA 3aBHUCHT (OMOJOrHYecKas 3aKOHOMEDHOCTH).

IIpu pasymHoMm ompefgeldeHUN BeIWTINHA HPHCHOCOGIEHHOCTH IIO-
DYJIALUA JOSKHA, NO-BUAUMOMY, 3aBUCETH OT BO3PACTHOI, I0JIOBOIA,
reHeTHYECKOW M APYIUX MBICIAMMBIX BHYTDHIOOYJIATMOHHHX CTPYK-
Typ. Xapakrep 9TOH 3aBHCUMOCTH GYAET CHeNU(GHIHKIM JJA Pas3iIdi-
HBHIX IONYJAANUNA U GYHeT ONpefeNAThCA KaK OHOJOTHYECKHMEH 0CO-
GeHHOCTAMHA CAMOM LONYJAIWA, TAK U CPEIOH, B KOTOPOil oHa obuTa-
eT. 3[eCh ;ke Mbl B OCHOBHOM PaccMaTpHMBAaeM TOJBKO HEPBHIT M3 ABYX
BOLIPOCOB, T. €. mpobieMy BHOOpa KOJHIECTBOHHOH MepH NMPHCIOCO6-
JeHHOCTH.

JunaMuKa 9UCIEHHOCTH MONYJSAIMHA MOJKET PacCMATPUBATBHCA KaK
0000LIeHHAs XapaKTePUCTUKA W3MEHEHMsI €€ BHYTDPEHHEr0 COCTOSHUS
Bo BpemeHu. HpuBas quraMukm 4mcieHHOCTH BOUpaeT B ce6s1 B HEKO-
TOpoil 0606ImenHo# fopme MHGOPMALNIO O TeX MM MHBIX BHYTPEHIHMX
nepecTpoiiKax MOMYNSANMOHHOH CTPYKTYpPH, OyAb TO TeHETHIeCKasd,
BO3pacTHas, MOJOBAasg, TEPPUTOPHATIbHAA MJIM MHAasA cTpykrypa. llo-
3TOMY H3 BCeX BO3MOKHBIX XaPAKTePUCTHK COCTOSHUSA BHIOEpeM caMylo
OPOCTYIO U B TO 7Ke BpeMs 00MmyH — KPHUBYIO U3MEHEHHs YUCIeHHOCTH
mony:;anuu Bo Bpemenu N (f). Ha npuasaTom yposHe abcTpakmuu UH-
TepecywInas HAac Mepa IPHUCIOCOOTeHHOCTH (/jallee — «OpPHCIOCOG-
TeHHOCTHY) f (¢) AOMKHA OLpefesAThCH HEKOTOPHM IPeobpa3oBaHueM,
gefictByromuyM Ha dynriuo N (f):

J(@)=F[N(@)] 2.1

Taxkum obpa3oM, 3ajada IOCTPOEHUS MepPHl NPUCHOCOOIEHHOCTH
CBOAUTCH K HaXOKJEHUI0 HEKOTOpOro npeobOpasoBanms (omepaTopa),
33aHHOI'0 HA MHOKECTBe KDMBHIX AUHAMHKHM gucieHnoctd {/N (f) >
> 0}. Ilonnraemcs Teneps, ZCX0AA U3 OHMOIOTHIECKOT'O CMBICTIA YOHHA-
THA NPUCIOCOOIEHHOCTH, CHOPMYIUPOBATH OCHOBHEIE CBOMCTBA 3TO-
ro mpeoOpasoBaHHA.

1. llousitme WpPUCHIOCOGIEHHOCTH — JOKANbHOE IOHATHE BO Bpe-
MeHu. Mepa mpHCHOCOOJIEHHOCTH MOOYJIANUA B MOMEHT BPEMEHHU I
onpeeNAeTcH JULIb € JUHAMAKOM B MOMEHT BpeMeHH f.

2. IlouaTtne mpucocoGIeHHOCTH CTAIlMOHAPHO B TOM CMEIC]IE, 9TO
Mepa IPUCHOCOOIeHHOCTH MONYJAINU 3aBUCHT TOJABKO OT ee COCTOs-
HUA U He 3aBHCHUT OT TOrO, B KaKO¥ MOMEHT BPeMEHU IONYJALUA Ha-
YOIUTCA B 3TOM COCTOSHUH,

3. IlouaTne mpucnocoBIEHHOCTH HENPEePHIBHO B TOM CMBICIE, YTO
OIU3KUM COCTOAHMAM IONIYJANAN COOTBETCTBYIOT GJAM3KMe 3HAUCHUSA
BeJIMYUHE €€ HPUCIOCOOIeHHOCTH,
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4. Jlas GopMyaupoOBREM UeTBEPTOTO CBOUCTBA MBICAGHHO PaccMOl-
pHEM caemyloWuit srenepument. Ilycrs ABe momyaAlUH Pa3BUBAIOTCSH
HEe3aBUCIMO Py OT APYra, W MYCTh KPUBHIE TUHAMUKY HX YHCICIHOCTH
pasusl V; (¢) 1 N, (¢), a nupucuocobIeHHOCTH COOTBETCTBEHHO f; (Z)
u f, (¢). [Ipeqmomoskun, 970, HECMOTPA HA OTCYTCTBHE B3aUMOjecT-
BUS LONUYJNANMA, Ml XOTHM pacCMATPUBATH 3TH JBE NOIYJIALME
Kak oguy. HpuBas nuHaMuKy 9UCI@HHOCTH TAKOHA CyMMapHOM momyJIs-
nuu O6yaer, oueBURHO, cyMmoit Ny (t) 4+ N, (). Kaxosa sre 6yzer Be-
amauHa ee npucmocobiaennocTH? ColepskaHue CBOMCTBA 4 M 3aKIIO-
9YaeTcsA B TOM, YTO MBI IOCTYJIHPYEM COOTHOIIEHUE:

Ny (t) , Nz (t)
I0=wmrme O+ ogrme O @22
Jdpyrumm crosaMu, nprCNOCOGIEHHOCTh CYMMapHOH NOUYIALNH eCTh
CPeRHEB3BEUICHHAA IPUCNOCOGICHHOCTh €€ YacTel.

W3 cpoitete 3 u 4 caepyer (memma 1) !, wro mpHCHOCOGIEHHOCTh
MONYJANUE He MEHAETCH, ©CIM KpUBasg [UHAMHKHA €€ JUCIeHHOCTH
YBeJINYMBAETCS MM YMEHBIIAETCA B HEKOTOPOE HOCTOAHHOE YUCTI0 Pas,
T. e. Opu Bcex ¢ >0

FlcN ()] = F [N (1)l (2.3)

IT0 06CTOATEABCTBO MHTYWTUBHO MOHATHO, TAK KaK Mepa HPHCIOCO6-
JNEeHHOCTH NONYJISI[UM, NO-BUAUMOMY, He€ J0JskHA OBIThH CBA3aHA He-
TOCPEJCTBEHHO C abCOMIOTHHIM YPOBHEM €e YHCJICHHOCTH, a CROpee
IOJKHA XapaKTepHM30BAaTh TEHEHIIMI0 K M3MEHEHHIIO DTOr0 YPOBHA.
W3 (2.3) cmegyer, uro npucnocoGIeHHOCTH HONYNAHUK OPUHUMAET
HEKOTODOe NOCTOSHHOE 3HAYeHHWe IIPH NOCTOAHHBIX YHUCJIEHHOCTAX
HOIYJISIUH

FIN (f) = Ny —a = const (2.4)

upH Beex auadenusx N ,. [lanee u3 cBoHCTBA 4 HEIOCPEICTBEHHO Cile-
AyeT, YTO HOHATHE OPUCIOCODIEHHOCTH ONpeeeH0 ¢ TOTHOCTHIO A0
amHeiiHOro mpeo6pa3oBaHuA, T. €. ecau F — omeparop, yA0BJIeTBOPA-
I0Muii cBOWCTBY 4, To onepatop aF -+ P Tak:ke yXOBIETBOPsSET CBOM-
cTBY 4 npu BceBo3MO:kHEIX o ¥ [ (nmeyya 2). Hax 6yzer BUAHO U3 HaTb-
Heitlero, Mepa IpHCIOCOOIEHHOCTH oOupejeieHa IIePedncIeHHBIMH
CBOMCTBAME ¢ TOYHOCTHIO 0 BHIGOpa Hadala OTCIETa IPHCIOCOOIeH-
HOCTHM [ M eJJMHUIIEI U3MePeHus npucunocobiaennocty o. Havazo orcue-
TA TPHUCIOCOOJIEHHOCTU eCTeCTBEHHO BHIGPATh TaK, YTOOH BeJIUYHHA
OPHCIOCO0IEHHOCTH OBLIa OTPUNATEIBHOR JI7isd THOHYHIeN TTony AIUH,
TOJ0KUTEIbHON JJIA pacTyuieil ¥ paBHOM Hy 10 A IONYJIAIMNE ¢ T0C-
rosgHHOIl wucIenHocThi0. CoorHomenne (2.4) HABOAMT HA MEHICIL 00
YCTpaneH HEOAHO3HAYHOCTH B BbI60pe HavaJa orcuera npyu nmoMomn
CIHE/VIOWET0 ITPeANON0KeHUA, KOTOopoe Mbl OyjpeM CYHTATh NATHIM
CBOMCTBOM Mepbl HPHCTOCOBIEHHOCTH.

1 3jech I Jajiee JOKA3aTeILCTBA BCCX JEMM II TeOpeM, YKAa3aHHBIX B CKOOKaX, CM.
B [Ipnnosenumn.
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5. [prcoocofIeHHOCTh MONY IAGAR PABHA HYII0 TOTHA ¥ TOJXBKO
TOr/Ia, KOTHA ee YUCJIeHHOCTh HOCTOAHHA. [l pyruMy ci1oBaMi, KOHCTAH-
Ty a B cooTHOoineHuN (2.4) GymeM CIATATH PABHOU HYTIO.

Ilepeuncaenntie BEIIE NATH CBOMCTB NOHATHA NPUCIOCOOIEHHOCTH
MO3BOJISAIOT KOHCTPYKTHBHO IIOCTPOMTH TpebyeMoe mpeoOpas3oBaHme.
Mo:rHO MOKa3aTh, 9TO J.15 BHIIOJHEHUS BCEX IATH CBOMCTB HeoOXomMn-
MO ¥ {0CTATOYUIO0, YTO0H oneparop & mmen Bug (Teopema 1)

1 dN

F[N(t)]zaw' ik

(2.5)

Taxmm o6pas3omM, IPHACIOCOOGIEHHOCTD MOUYAANUA [ €CTH BeIUYNHA,
OPOMOPUUOHATPHAA €€ Y/AeNbHOH (OTHOCHTEIBHOH) CKOPOCTH pocTa:

1 dN
f:drw'—d—t-. (2.6)

IIpucnoco6ieHHOCTE TOMOMKHTENIbHA, KOTJa IONYJIANHA pacTer,
OTpUIaTe;IbHA, KOTAA YHACIEHHOCTH NONYJANWH yOHBaeT, I paBHA HY-
A0 NpH mOCTOAHHOW uuciaepmocTH. Hanwume B ompegeneHun Meps
OPHCIOCOOIEHHOCTH MHO;KATENsI, PABHOTO YHEIBHON CROPOCTH HM3Me-
HeHUud quciaenHocTH nouyiaumud 1/N - dN/dt = d/dt In N, ne asia-
eTCA HeO:RUMAHHEIM, VIMEHHO Tak ONpeesANach BeJIUIHHA IIPUCIOCO0-
HeHHOCTH eme B KJIACCHYECKHX NONYJIAIMAOHHKIX paforax, XOTH JTOT
TePMUH HCIOJIH30BAICA HE BCEraa.

Ecam Mb mosiosuum o = 4, To TeM CaMBIM OIPEIeINM Mepy IpHc-
T0COGNEeHHOCTH [ KAK BEIWYMHY OTHOCUTEIBHON CKOPOCTH W3MEHEHUS
qmeaennHocta nmounyasiuun f = 1/N - dN/dt.

C ydeToM BBEJEHIOr0 MOHATAS 3aJaHAe MOJeIH COO0IIeCTBA B
Buge (1.1) ecTb He 4TO WHOe, KaK 3afaHAe 3aBUCHMOCTed mpmCIIocos-
JIGHHOCTEH BCEX MONYJNANWH OT XapaKTePHCTUK CPedsl 0 U YuciaeHHO-
cTeil mMONyJNANWil, BXOJAMMAX B COOOIIECTBO:

1 dN. , T
—#=fi=fi(N1""’Nm ), i=1, n 2.9

N;
Q6man YUCIERHOCTh 0cofel, COCTABAAMUX COOGMECTBO, eCTh, QUe-

n
B0, cymvMa N = N
i=1
Bo MHOrEX caydasax cyMMHpPOBATbh HYKHO He YUCIHHOCTH, a Guo-
MACCH NONYIANUA., B paMrax NPHHATHX NPEeuolo;KeHuil 3To H3Me-
HEHWe CBOJHUTCA K BBEICHUIO AOMOJHUTEIBHHX K0oQPUIUueHTOB, HME0-
IMUX CMBICK CpepHell GmoMaccH ocobH i-if momyaamuu. YrTo6n He 3ar-
POMOKIATH TEKCT, OygeM CYATATh, YTO COOTBETCTBYIOIIWH Ilepecder
clleNaH, W COXPAHUM jajee Besxe Goyiee MPUBLIYHEI TEPMUH (IUCIEH-
HOCTB», XOTS B HEOOXOOAMHX CIydafaX IOJ HAM MOKHO pPasyMeThb GHo-
Macey WiAm A00yI0 APYTyl0 XapaKTePUCTHKY, NPONOPIUOHAILHYIO
aucinennoctd. [locrynas mo amagormm, oupemesnuM Mepy HPHUCIOCO6-
JeHHOCTH C000IEecTBa KaK OTHOCHUTEJBHYI0 CKOPOCTh H3MEHEHWMS ero
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CYMMapHOﬁ YUACJIEHHOCTH

/= = X N 2.8)

Ilpnenvas Bo BHuManMe (2.7), HETPYAHO BAMETHTD, UTO ONpPE/EICHHAA
TAaKUM 06pPa3oM IPUCHOCOGIeHHOCTE COODIIECTBA €CTh CpegHsAA NpH-
CIOCOBIEHHOCTE COCTARIAIOINAX €ro MOmYJNAMMIA:

f= 2 g, (2.9)
P R

j=1

Hua panpHeiimero HaMm moTpebyercs Apyradg ¢opMma samucu HC-
xonuoit cucremsr ypapuennit (1.1). Jlns Toro urofm monyunts ee, me-
peiizeM ¥ HOBHIM mepeMeHHEIM. OmpeielIEM 9acToTy i-H MONYJIANUE B
coofmecTre

_ N
pi= —
2'N;
=1
u mepeiiieM oT nepeMeHHBIX Ny, ..., N, K HEPEMEHHHIM Dy, ..., Pp,

N. Ypenuuenue 4ncie NepEeMEHHHX CBA3AHO ¢ TeM, 4TO 9aCTOTH IOJ-
n

YUHEHH YCIO0BHI0 HOPMHEDOBKHE Z p; = 1. Nuddepennupys gactorst
i=1
¥ YHCIEHHOCTH IO BPeMeHHM, ¢ ydetroM ypasHenmi (1.1), momygmm:

dp, . —
"th =p(fi—/i=1n
. (2.10)
dN
- =1/N
3nech mpmcmoco0IeHHOCTH f; M f BHPayKeHH KaK (yHKIUHE JacToT X
YUCIeHHOCTH:

fi=fi(Pu - Pny N, b, i=1n
n

f = D pifs
i=1

CrregoBaTesbHO, Mbl BHIAM, 4TO CKODPOCTH U3MEHEHHs 4aCTOTH i-i
OONYJANUA B c000miecTBe NPOIOPIHOHATBHA CAMOM JTOK 4YaCTOTE M
OTKIOHEHHUI0 NPUCIOCOOIeHHOCTH NONYIANNA 0T CPefiHeidl mpHCcIocol-
TMeHHOCTH coobmecTBa. TpaexTopua cucreMsl ypapuenuit (2.10) xe-

muT Ha MEOMECTBE (p;>0; ) pi = 1; N >0}, Bexrop wacror py, ..,
i=1
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...s Pp OymeM Ha3HIBATH «CTPYKTypoiy coobmecTra. Tarkmm obpasom,
B HOBBIX IIePEMEHHBIX COCTOSIHEE COOOIMECTBA XaPAKTePU3yeTCA He Ha-
6opoM YHCIEeHHOCTeH monyasanuil, a ero CTPYKTypoil ¥ ofmeil IuCIeH-
HOCTBIO.

BBepgenuble 37ech MOHATHA IPACIOCOGIEHHOCTH MOOYIALVA U CO-
ofmecTra, a TaK:Ke HOHATHA CTPYKTYPHL ¥ 9UCICHHOCTH II03BOJAAIOT IO~
CTPOUTH UHTEPECHYI0 KiaccuPUKANUK Mofedel COOGIMECTB MO THmaM
ONUCHIBA@MBIX WMH B3aWMOJEHCTBHM,

Tann BsanvopeiicTeuilt m Kiaccnduranusa
Mopesei

Hagnem ¢ kmaccmpuramue THIOB B3auMogeiicTBHA coofmecTBa co
cpefoil, OCHOBAaHHOX HA XAapaKTepe 3aBHCHMMOCTH HPUCHOCOOIEHHOCTH
0T UHCJIeHHOCTH. B »sKoJormm oOmMenpuHATHIM ABIACTCA eJIeHHe
$aKTOpOB cpefibl Ha aKTOPH, 3aBHCAIMNE OT ILIOTHOCTH, M PAKTOPHI,
He 3aBUCAMYE 0T MIOTHOCTH [26]. 3mech OX IIOTHOCTHIO MOHUMAIOT
TEPPUTOPHANBHYIO INIOTHOCTH YUCIEGHHOCTH H3y9aeMOro coo0IecTBa,
rycrory naceixenus. [lockoabry MBI Gy/ieM BecTH pedb TOJABKO 00 W30-
JMPOBAHHLIX CO00IMECTBAX, HACEIAWINUX HOKOTOPHM (UKCHPOBAHHBIM
apeay, TO Mbl MOJKEM MJS YHoGCTBA OTKA3aThCA OT TEPMUHA (ILTOT-
HOCTBH» I TOBOPHUTE 0 aKTOPaxX CPeIsl, 3aBHCANNX U He 3aBUCANINX OT
queneEHocTH. K dakTopaMm cpensl, He 3aBUCAMUAM OT YUCIEHHOCTH, OT-
HOCATCA, HANPUMEp, METEOpPOJOTMIeCKHe: TeMIepaTypa, [aBjeHHe,
BIRHOCTh ¥ T. A. K dakTopaM, 3aBHCAIMAM OT YHCJIEHHOCTH, OTHO-
cATcAa pasmep 1 gopMa apeasa, 06ecneyeHHOCTh NHUMmeil, CBEeTOM M T. II.
Paccmorpum mociepnue 6osee moppoGHO.

IIposemeM ciaepyomuii MEICAEHHEI dKCuepUMeHT. IlycTh 4yucieH-
HOCTH coobmecrBa /N, pa3sBMBAIOIMErocs B HEKOTOPoil cpeme O, MrHo-
BEHHO YBEJIUIEHA B ¢ Pa3 NPH HEM3MEHHON CTPYKTYPe Py, ..., Pp. UTO
npom3oiifer ¢ mpHcIocobIeHHOCTRIO coobmecTBa f? Pasymeercs, aTo
3aBUCHT OT HIeJOro pAga 06CTOATENBCTB: OT 00eCHEYeHHOCTH COO0OIe-
cTRa numeil, TeppATopueil u T. . Ec1dm Bce KOMIOOHEHTHl CpEXbl IPH-
CYTCTBYIOT B JOCTATOYHOM KOJHIECTBE, TO YBEJIHYEHHUE YHCICHHOCTH
He W3MEHMT BedmIuHH npucrocobmensocrn. Takyo cpeny 6ymem Ha-
3RIBATh «HeATpanbHOI». Ecam B cpepe, OTCYTCTBYyer B HOCTATOYHOM
KOJIMgecTBE XOTA OBl OJWH W3 HeOOXOMUMBIX IS KUA3HENeATeJIbHOCTH
coo0mecTBa KOMIIOHEHT, TO €ro HeAOCTaTOK Oyner JEMHTHPOBATH
pocr gucnennocTd. CeoBATENbHO, B 3TOM Cilydae YBEAWJICHUE TUC-
JIEHHOCTH LOHU3UT UPHCIOCOGIeHHOCTh. TaKyio cpeny OymeM Hash-
BaTh «1amMuTEpyomeiy. [loMEMO paccMOTPEHHHX ciaydaeB BO3MOMKHA
CUTyamus, KOIla YBeJUYEHNe IMCACHHOCTH MOBHIIAET NPHCHOCOGIeH-
HoCTh coobmectsa [19]. fABienmsa Takoro poga BO3MOJKHEI, KOTHA
BCTYOAIT B JeHCTBUHE TaK HaskBaeMele (GAKTOPH COTPYAHHIECTBA
ocobeit, cOCTaBIAIMUX COODMECTBO NPH OCBOGHWMM CPEIEH OOHMTaHWA
{19, 26]. B aToMm caydae GymeM HAa3BBATH CPEAY «CTUMYJIUDYIOMENy,

Hanum remeps Goiee cTporoe onpeenenne BBEIeHHBX TPeX THIIOB
QUHUCHIBAEMEIX HaIUeH MOJeNbl0 B3amMOJEUCTBHE CooGIIeCTBa CO cpe-
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mo#t. Bymem HaswBaTh cpegy JIUMATHPYIOUeld, HefATpanbHOW WA CTH-
MyJIUpyIomeil I0 OTHONIEHUWIO K JANHOMY COOBINeCTBY, eclu MPHU BceX

P1s --.. P ¥ IDH JTI060M ¢ > 1 uMeeT MeCTO COOTBETCTBEHHO:
F(Pr- s Py Ny O)f(P1y - o0 Py NS 6)
[Py PN, O =f(p1,-.s Pun N, 0 }, (2.11)
(D1 Py Ny O) >/ (p1y - oy P NV, 6)

npnuey HepaBeHeTsa B (2.11), Xora 6u mpm 0gHOM Habope pq, ..., Pn,

¢, N sBasiotca crporumd. BBepenmBle Tpum Kiaacca Mojeaeil, KOHEY-
HO, He HCUEDPNHIBAIOT BCEX BO3MOKHHIX THHOOB IIOBEIEHHMA QYHKIOMA f
NPUCIOCOBIeHHOCTH co0B1IecTBa ¢ PocToM ero auciaenHoctu. [Ipm pas-
JIUYHBIX CTPYKTypax coobmecTBa py, ..., P, ¥ TPH pasHBX 3Hade-
HNAAX 9UCIEeHHOCTU HpHCHOCOﬁ.’IeHHOCTL MOREeT BecTu 0665[ pas3inygHo.
Ho mo:xHO0 mokasarh, 4TO BBeJeHHbIE TPHU TUIA SIBIATCH 0ABUCHBHIMU
B TOM CMEICJIE, 9TO JTIOGYI0 QYHKIUIO f MO/KHO IPEACTABATH B BUAE CYM-
MH f = f_ - fo - f,, TaK 9TO Kaskgoe cjaraemoe GymeT yaOBIETBO-
PATH OXHOMY M3 TpexX yciopuit xiaccudpuranmu (2.11), 1. e. at; caa-
raemble UrpParT POJNb TUMUTHUPYIOHISH, CTEMYJINPYIOMENR 1 HeHTpadL-
HOH «COCTAaBAAWMUX» CPeasl (TeopeMa 2).

AHaJI0THYHbIe IOHATHA MO;KHO BRECTH 1 HA YPOBHE OTAEeIBHOM To-
OyJANANA, CIeIA 32 H3MEHeHHeM IPHUCIOCOBIeHHOCTH HTOH MOy AT
C POCTOM WHCJIEHHOCTH coobmecTBa. JIerko mokasaTh, 9TO B CUIY BBe-
JEHHBIX IOHATHHA MMEeT MECTO CJeAyIOIee: eClIM Cpefa I KasKAoH
MOMYJIATUN OTHOCUTCA K OJHOMY M3 TpeX 6Ga3HCHBIX THHOB, TO X ¢000-
HIECTBO B IIEIOM OTHOCHTCH K 9ToMy TUmy. Takmm ob6pasoM, kixaccudu-
KaIliA Ha YPOBHE OTHEABHOIl TONYJIALNHA W COOGIIECTBA B MEIOM COT-
JaCOBAHKI MeRAY c06oil.

Ilepeiiiem Teneps k KIaccUUKAIUE Mopeleil IO THIY OIMCHIBaE-
MBIX HMHI ME;RIONYIANUOHHBIX oTHomienui. s sToro mposejem cie-
AYIOIAH MbICTenHbIT skcnepuMenT. O6pequuanM Ba coobInecTBa ¢ 9uc-
sennoctaMu N’ u N” m CTpYKTypaMmd pi, ..., Pn B Pi, ..., Py COOT-
BETCTBEHHO B OJHO TeJ0e W MPOCHeguM 3a BeJIMYNHAMHI IPHCIOCOD-
JIeHHOCTH YACTHYHHIX M cyMMapHOro coobmectB. Ilpm atom Oynmem
CUYUTaTh, 4TO 00a MCXOAHBIX COOOIIECTBA PAa3BHBAJNCH B OJHOH M TOM
e cpede 0 ¥ HMEHHO B 3Ty ¢peAy IOMELIeHo ¥ CyMMapIiioe coobmecTBo.

YucrennocTs o6beqAHEHHOTO coobmecTBa OygeT, 04eBUAHO, CYM-
Mot N = N’ -~ N". Beenem mapaMerp A, XapakTepuUsyONUH yHeIb-
HBHIA Bec 1mepsoro coobmecTsa B 00beIEHEHHOM COOGmecTBe:

A = N'J(N' + N") = N'/N.

OueBupno, A mamensierca or 0 go 1. Yacrots py, ..., p, Honyasanuii B
00'beJTUHEHHOM COO00LIECTBE BHIPA/KEHbl CIHELYIOIIUM 00pasoM:
pi=hp,+(1—Ap, i=1n (2.12)

WIM B BEKTOPHOW 3ammch p == Ap’ + (1 — A)p”. Ecau mpucmoco-
JeHHOCTh HOBOTO COO0IIECTBA MEHBIIE CpPeJHEB3BEIICHHOR MPHCIOC0Q-
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JEHHOCTH YaCTUIHHIX coobmects, T.e. f (p, N, 0) < Af (p’, N/, 0) +
4+ (1 — X)f (p”, N”, 0), To coegunenne gacreil B 1{€70e TOPMO3UT POCT
M MbI OyZeM FOBOPHUTH, YTO B3aUMOJeHCTBUE Me;KY IOIYIALHOHHbBI MU
OTHOCHTCA K KOHKYpenTHOMY THNY. Ecam mpmemocof:reHHOCTH npu
00 beJUHEHNH TIOBHIIAETCS, TO COGAMHEHHe YacTeil B Iel0e CTHMYIH-
pYyeT POCT YHCIEHHOCTH, M MBI OyIeM OTHOCHTH B3aMMO/eHCTBHE Mejk-
Ay DoOyJIAIAMA K CHI\IﬁI/IOTH‘IeCKOI\Iy TULLY. HHKOHBII, ecJid yKa3aH-
HBEIl DKCIHePUMEHT IPUBOJUT K ToMy, 3To f(p, NV, 0) = Af (p', N,
8) -1 — A/ (p", N, 8), To o6beauHeHNE He IPUBOJUT K U3MEHEHHIO
TeMIa POCTa, M MBI OyJeM TOBOPHTH O KOHCEPBATHBHOM THIIE B3aMMO-
meficTBUA Me:RAY nonyasauusamu. Bosee Toumo GymeM TOBOpPUTH, 4TO
ME;RIONYIANUOHHLIE B3aUMONEHCTBUA OTHOCATCA K KOHKYPEHTHO-
My, KOHCEDBATHBHOMY HJIW CHMOMOTHYECKOMY THIIAM, €CIU IIPH BCEX
BeKTOopax p’ u p” unpu Bcex N’ m N” (npu mo6om 0 < A < 1) BHIDOI-
HEHO COOTBETCTBEHHO:

70p+ (1 —RP N OSHEL Ny D=0 (% N0
/P +@3A—=MNp N, 0 M@, N, 0+ —NF@, N, 0 ,

f(}"p + (1 - }\t)p N 9) f(p ]V', 9) -+ (1 - }»)f(p"’ ] T//, 6)
(2.13)

IH

HpHYeM HepaBeHCTBA XOTH OBl OPH OJHOM Habope MEePEeMEHHHIX CTAHO-
BATCA cTporumu. BBemeHHble TPH Kiacca, Tak ke KaK M B IPeJBIIY-
meM ciaydae, He MCUEPIHIBAIOT BCeX BO3MORHBIX THIIOB IIOBEJEHUS
GyHRIUY f, 1O IBIAIOTCA GABHCHBIMEA B TOM CMbIC/]€, 9TO J06VI0 yHK-
IHI0 MO/KHO IPeJICTaBHTL B BUAe CyMMbL f = f_ - f, -+ f,, Tar d4To
ciaraeMele 6yIyT YHOBIETBOPATH OJHOMY M3 TpeX YCJIOBHIl KiIaccH-
¢uxanuu (2.13). DTH ciaraeMeie MOKHO HHTEPIPETHPOBATH KAK KOH-
KYPEHTHYI0, KOHCEDBATHUBHYI0 U CHMOMOTHYECKYIO «COCTABJIAIOIME)
Me/RIONYIANMOHHBIX B3aWMOJeicTBUil (caefacTBHe Teopembr 3). Ama-
JTOTMYHEIEe MOHATUA MOKHO BBECTHM M Ha YpOBHEe OTJeJbHOU momy.s-
IOWA, BXOAsAIIeH B coobimecTBo. B aToM ciyuae pedp UJeT O THIle B3au-
MOIeHCTBUA OJHOM i-il momyJamuyM co BceMm coobmectBoM. Ilpu mpoge-
JEHUH TOTO ;K€ MBICJIEHHOTO DKCIIePUMENTAa HY;KHO CJIeUTH TOJBKO 3a
NPACIOCOGIEHHOCTHIO (- MOMYJSAIIA,

B pesyabrate mpuaeM K aHAJOTHYHBIM YCJIOBHAM KJACCUPUKATUH,
HepaBeHncTBa (2.13) 6yayT BHOGIHATHCA N QYHKDHAEA p;f;, T. e.

A+ A=) iR+ (=M piy Ny O) = hpifi (07, N, 0)+
+ @ =N pifi (0", N, 0.

MoskHo mOKa3arh TaKKe, YTO HMOHATHA KOHKYPEHTHOTO, HeATpaJIbHO-
ro #W CHUMOMOTHYECKOTO THIIOB B3aMMOJEUCTBUA IPUMEHUTEJBHO K
OTHEJIbHON IOMYJIANUHE U K COOOMmMECTBY B I[EJIOM COTJIACOBAHEL PYT C
OPYTOM, T. €. eCJM KasKAas HONYJANHSA B COOOIECTBe OTHOCUTCH K Of-
HOMY U3 Tpex Ga3HCHEIX TUIOB, TO BCE COODMIECTBO B I[eJI0M OTHO-
CHATCA K TOMY ke THOY.
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OcraHoBHMCH Ha HEKOTOPHIX OCOGEHHOCTAX HOCTPOEHHEHIX KJIACCH-
¢uranuii. Ilpe:xae Bcero 0TMETHM, 9T0 OHU He ABIAIOTCA HE3aBUCHMBI~
MO. 3aBHCUMOCTH ME/RAY STUMH ABYMA RJIACCUQURAUMAMH MOIeTeil
c000INeCTB OTpPaskaeT TOT €CTeCTBEHHOHAYTHHIA (aKT, ITO XapakTep
Cpelsl, B KOTOPOIl 00uTaeT co0bmecTBo, MpejonpeiessieT B HEKOTOPOi
creneHu (pazyMmeercs, He ONHO3HATHO) CBOMCTBA MERNOMYIANAOHHEIX
B3aUMOJeHCTBUI, T. €. MO/KHO ITOKa3aTh cilenyiomnee: 1) B auMurapyo-
mei cpejie Me;KUIONYJIANUOHHLEIE B3aUMOMEMCTBUA MMEIOT HEHYJIEBYIO
KOHKYDEHTHYIO COCTaBIAIMYIO; 2) B CTUMYJIUDYIOMEH cpefie BHYTPeH-
HYUe B3aUMOAENCTBUA UMEIT HEHYIEBYI0O CHMOUOTAIECKYIO COCTABJAIO~
IMyI0; 3) KOHCEPBATUBHLIA THUII B3aMMOJEHACTBUA BO3MO€H TOJBKO B
He#lTpanbHoil cpefe (TeopeMa 4).

Taduauua

Kaaccndurauusa ypapaennii JHHAMHKY CO00IECTB

Cpepna
BHyTpeHHAA
CTPYKTYpa JHMHTHDYIO- .
maf HeHTpalbHadA | CTUMYJIHpYOman IpPON3BOJIbBHAA

KoaKkypenTHas ><
HonceppatnsHast >< > ><
CuMobuornaeckas ><
I[TpousBonbHan

OxonuaTenbHas cXeMa KIacCHPUKAIUU IpeACcTaBIeHa B Tabamie.
HpecroMm HaMedeHH HEBO3MORHbIE KOMOMHAIMHA THIOB CPEJBbl X THUIIOB
Me;RIONYJIANMOHHBIX B3auMofeiicTBuit. Bbasucusie THOR 3aKJIIOYIEHE B
pamky. Bce ocraiabnBle — cyTh cymeprosmnum GasucHuX Tumos. Cie-
JIyeT MOAYepKHYTh, UTO BCEBO3MOKHBIE THIL MEKIOIYJIANHOHHBIX
B3aMMOJIEHCTBHEA BO3MOKHBL TOJIBKO B HeATpaabHoil cpeme. Jlo0bie
OTK/JIOHEHUA CpeIbl OT HeATParbHOH OrpaHmYmBaoT pasHooOpasme
THIIOB MEKUONYJIANUOHHBIX B3aUMOLEHCTBHIA.

OTMeTHM B BaKIOYeHHe, YTO mepBas KIacCUPUKanus niaa aud-
¢depeHrupyeMux (GyHKumi f osHavaeT mpocTo pasbueHHe HO 3HAKY
gacTHO#l mpomsBogHoit df/dN (p;, ..., pn, N, 6). Bropaa xnaccupu-
Kauaa g1 HefirpanbHoil cpensl (9f/0N = 0) ects Kaaccupuranus mo
CBOHCTBY BBIOYKJIOCTH — BOTHYTOCTE (YyHKIWH NPUCIOCOGIEHHOCTH
mo wactoram [Hepasenctea (2.13)]. [Ipu KOHKYpeHTHOM THOE B3aKMO-
JdeiicTBUA QYHKIUA f BHIDYKJIAsA, OpH CUMOMOTHYECKOM — BOTHYTAHA,
a OpU KOHCepPBAaTMBHOM — HpeJCTaBiIseT €000l JUHEHHYI0 3aBUCH-
MOCTb.



PasHoBecue n poct B HeiiTpaspHON
U JMMHTHPYIOUIEi cpejax

IlepeiireM Teneps K UCCJAEMOBAHUI) HEKOTOPHIX CBOMCTB IOBEJEHUS
TPAeKTOPUH Mofeseil coo0mMecTB B HEUTpaJbHOH M JIUMUTHPYIOIMeH
cpegax. HaunmeM c¢ paccMorpenuss caydass HEHTPAJbHOM CpeJHL.
ByneM cumrats cpefy HeHTpaJdbHOM Kak AJsA co00mMecTBA B EIOM,
TaR M QA Ka/KRA0H cocTaBasAomei ero monyiasuud. Takoe paccMoTpe-
HUe MMeeT CMBICT TOJBKO B TOH CHUTYyaIud, KorJa OTCYTCTBYeT JHU-
MUTHPOBAHME YO RAKOMY-au60 m3 (PAKTOPOB Cpefbl, 3aBUCAINUX OT
uncaennocT. [loaTory 061acTh IPHMEHMMOCTH TARUX MOJeJel orpa-
HAYeHa HAaYaJBHBIMH CTAHUAMM Pa3sBUTHs COOOHIECTB, 3aCeNAMAX
HOBBIH JJIA HUX apeaj, KOoT/[a YUCJICeHHOCTH IMONYJAIIHM He CIAMUIIKOM
BEJIUKH.

Hasosem TpaexkTopmamu cHamaHCHPOBAHHOTO POCTA TPAGKTOPHH
cucremn (2.10), o6nagaromue cBOXCTBOM

{ Di = p; = cons ©.14)
N =N (t) == const.

ITpu kagecTBEHHOM HM3YIEHUM TPAEGKTOPHWI ypaBHEHHH TeopUH CO-
o0mmecTB MHTEPECHBIM SBIAETCH BONPOC O CYNIECTBOBAHWM, YHCIE U
YCTORYMBOCTH HOMOGHBIX TPaeKTOPHH, ONUCHBAIOIIAX POCT cO0bmEecT-
Ba C COXPAHEHHEM ero CTPYKTYpPHl. ¥ CTAHOBHM HeOOXOHXMMOE yCJIOBHUE
cyiectBoBauus y cucremsl (2.10) TpaexrTopusm c6aTaHCHPOBAHHOTO
pocta. U3 ycnosuii (2.14) umeem B obmem caygae p; (f; — f) =0, 1. e.
aubo p; = 0, 1u6o nprucmocobaeHHOCTD (-il MONYJIALUUE DaBHA Cpej-
Heli npucmocobiennocTn coobirectBa. B mociaegnem ciaydae, nudde-
peunupys wo N, moayuaem Jf;/0N (p*, N, 0) = df/ON (p*, N, 0).
Taxum o6pasom, AAsA BCeX NOMYNANUN, YMCIEHHOCTH KOTODHX OTIAMY-
Ha OT HYJIsA Ha TPAeKTOPUU cOaTaHCHPOBAHHOTO POCTA, HEOOXOIHAMO,
97065 BIAMAHAE (AKTOPOB CPejibl, 3aBHCAINUX OT YUCIEHHOCTH, GbLLIO
paBunM. [us nefirpanbHOfl cpembl 9TO yCJIOBUE 3aBeJOMO BBIINO.IIE-
HO, Tak Kak Jf;/ON = ... = df,/oN = 0.

Y paBHeRHWA [UHAMUKZ 9aCTOT B 3TOM CJIydae OTAEIANTCA, H CyHie-
CTBOBaHME M BCE CBOICTBAa TPAEGKTOPHiA c6aJalCHPOBAHHOrO POCTA CBO-
JIATCA K M3YYEeHUI0 CBOUCTB PABHOBECHBIX COCTOAHHMU 3aMKHYTOH CH-
CTeMBl YPaBHEHUU AJA 9acTOT:

- =p(i—=1 i=1n (2.15)
Kasxgomy m3 1mososkeHHi PaBHOBECHA dTOU CHCTEMH pi , ..., Pn CO-
f(p *,...,p*)-z
OTBETCTBYET TPAEKTOPHA pocTa UYHCIeHHOCTH N (f) = Ny

PaceMOTPEM [O3TOMY IOJO'KEHHs DPABHOBECHA CHCTeMH (2. 15)
IIpesxme Bcero cmcreMa ypaBHenuit (2.15), odeBmjHO, obaagaer TpH-
BUAQJBHHIMU IOJO;KeHWAMH pPaBHOBECHA BHAA:
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ATH COCTOAHMUA COOTBETCTBYIOT BHIPOKEHHUI0 COOOIECTBA B OJHY IO-
nysianuo. Jluneapusys ypaBHeNHMe JMHAMHKM B OKPECTHOCTH PaBHO-
BECHOT0 COCTOAHHUA, MOKHO IIOJYYHTH JOCTATOYHBIEe YCIOBUA YCTOIi-
9UBOCTH HTOTO CocTosiHUsA B BHAe (n — 1)-ro HepaBencTna: f; (p*) <
<f@* (j=£1i,j =1, n), T. e. 114 yCTOHIUBOCTH /[OCTATOYHO, YTO-
OBl CpeHAs MPUCIOCOONEHHOCTH f OBIIA B PABHOBECHOM COCTOHHWH
BHIINEG 3HAYEHUI MPHCIOCOOIEHHOCTH BCeX MONMYJIANUI, 9aCTOTH KOTO-
pyix pasusl Hyaio. Hapyniennme xoTs 65 0OJHOrO M3 DTHX HEPaBEHCTB
ABJAAETCA TOCTATOYHBIM YCJIOBHEM HEYCTONUYMBOCTH.

PaccmorpeM Termeps o6myio 3a4a4y 06 YCTOMIMBOCTH HETPABHAA b-
HOTO 10JIokeHusa pasHoBecus p* == 0. Momno nmoxasars, 4To 3amada
VCTOWYHBOCTH NOJYTPUBHAJIBHBIX PABIOBECHLIX COCTOAHMEA (JacTh
KOOpPAMHAT BeKTOpa p* paBHA HYN0, & OCTAJILHblE HEHYJIEBHE) CBO-
IUTCA K paspe’bHOMY aHAJIU3Y TPHBUANBHBIX M HOTPUBUATHLHBIX KOM-
MOHEHT paBHOBecHOro cocrosguus. Mrak, nycrs Bce p; > (0. Beegem B

n

KagecTBe Pynriun JIanynosa QyHKIUIO V:~Z p; In p;. Ira pynrunus

i=1
Boepshle GblIa mpejpnoena aBropoM [12] kar mepa «pasHooGpasus
npucnocobaenHocTed» AAA Mopgesdeill MaTeMaTUYECKO# TIEHETUKH B
clydae OTHOTO MOJMANIENBHOTO JOKYCa. ITa yke QYHKIUA IpPejso-
mena 0. A. Imxom [25] B ravecTse ¢pynrnuu Jlanmymopa gisa ana-
nmsa ycroiumsocT: ypaBHemmit Tuma (2.15). IIpomssonmas aToit

n
av
¢yrxoum B cuny cucremst (2.15) umeer Bua: - == Z pi(fi—1).
=1
IIpepcraBuM GyHKONH f; B OKPECTHOCTH TOUKK p* IUMHEAHEIMU de-

n

HaME pasloxenua B pax Teimopa: f; = fi Z o (p; —p;) + ...

j=1
Onyckas BHKJIAJKH, BRIOUIIEM OKOHYATENBHHIN pe3yabrarT:
n
av « «
= 2 (bi—P) % (P — p)- (217)
i, j=1

Ecnm kBanpaTHanasa gopMa B IPaBoOd TacTH OTPUI[AaTENbLHO Ompeeie-
HA HA CHMILIeKce ! B OKPECTHOCTH TOUKH p*, To, mo Teopeme Jlanmymo-
Ba, 10JoKenye paBHoBecHa p* ycroitumso. Iloso:xurenbHas smako-
OIpefelieHHOCTh KBagpatuaHoit dopmsl (2.17) sasisercs mocTaToIHBIM
yeaxosHem HeycroiumsocTu. He BHOHCHBag yciosme suHarkoompepe-
TeHHOCTH GOPME Ha CHMIUIEKCE B TePMUHAX IIApPaMeTpPOB O, ;, OTMETHM
0COBEHHO CYIIEeCTBEHHYIO I HAC CBA3H NONYIeHHBIX YCIOBHII ¢ Kiac-
cupuKanueil TUIOB MERIONYJIANMOHHEIX BaaumopeiicTsumit. [lefict-
BHUTEJBHO, YCIOBHA 3HAKOOmpeaedeHHocTH ¢opmsr (2.17) mpu HekoTo-

1 CuMOieKcoM 37ech U jalee 6yneM HA3bIBaTh MHOMKECTBO
n

G: {Pi>0’ 21’121, i=1, n}-
d==1
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PHIX JOMONHATEAbHHX OTPAHHICHMAX €CTh HE UTO MHOE, KaK YCIOBHA
BEIOYKJIOCTH — BOTHYTOCTH CpejHeil MPUCHOCODIEHHOCTH f B OK-
PECTHOCTH TOYKU p*, T. €. YCIOBHA KIACCHUPUKAIMU Mojedeld €o00-
OIeCTB T0 THIY MEKUOMYJAIIMOHHEIX B3auMojeiicTBui.

YuoMAHyTHE [ONOIHUTETLHEE OTPAHUYEHUsS CBA3AHH ¢ THIOTE-
30#f joeTarouHod MaloCTH BTODHIY YaCTHLIX IIPOM3BOAHEIX Of;/0p;0p4,
KOTOpasA MMeeT SCHBIE OMOJIOTHYIeCKMH CMBICH, YKA3HIBasg HA TO, 4TO
TJIABHE(I BKIAJ B AWHAMAKY OpOIeccCa BHOCAT HapHBIE B3aUMOJEHCT-
BUs (MX HHTeHCUBHOCTHU Jf;/0p;), a B3AUMOKeHACTBUAMI BHICIIMX HOPAL-
KOB MO;KHO IpeHeOpedb. Bropwie mpomsBogusie 0f;/0p;0p;, Xapakre-
PHU3YIOT, HAHPUMED, UHTEHCUBHOCTE BIAMAHUA k-U HONYJIANWHE Ha B3aW-
MojeicTBUA MesRay i-i # j-i. llocaexgmee craHeT GoJee SICHBHIM TMOCTe
H3JI0KeHUsT aKCHOMBI NApHBIX B3ammojencTBuil (cm. mmke). Hamm
IoIydeHs!, TaKUM o6pasoM, claenylomue yrBep:rfenus: 1) ecam B3au-
MOJMEHCTBUS MEKAY HONYJISHUAMH JOKATBHO CUMOUOTHYECKHE B OK-
PECTHOCTH PAaBHOBECHOTO COCTOSHUSA p*, TO 9TO paBHOBECHE yCTONIH-
B0, 2) eclIU MERNONYJIAIMOHHbIE B3aMMOJGHCTBUA TOKAIbHO KOHKY-
PEHTHBIE B OKPECTHOCTH 3TOTO COCTOSIHMS, TO OHO HeyCTOHIMBO. ITH
pesyibTaThl ABIAITCA BaskKHBIM HOJATBEP;RIAEHMEM OCMBICIAEHHOCTH
ITOCTPOEHHOM KIacCHPMKANUU; OHM YKA3LIBAIOT, KAKUM 06pasoM THI
B3aUMOJIEMCTBUA BIUSAET HA YCTOMYMBOCTH PAaBHOBECHBIX COCTOAHUI.

Mgel 0CTaHOBHIKMCH HA CPABHHUTEIBHO NIPOCTHIX XOCTATOYHBIX YCJIO-
BUAX YCTOMYUBOCTM M HEYCTOMIUBOCTH, IIOJNYIaeMbIX NPH TOMOIU
¢ynkoua Jlanynosa. MerogoM JuHeapH3anmyy MOKHO MOJYYATH Go-
liee MONHbE VCI0BUA. A MMEHHO MO/KHO TTOKAa3aTh, YTO YCTOMYHBOCTE U
HEYCTOMYMBOCTH CBSI3aHBI CO BHAKAMHU BEIMIECTBEHHBIX dacTeil cobcerT-
BEHHBIX YHCE]I MATPUNE HEPBOTO NPHOIMREHUA, KOTOPYI IOCTE He-
KOTOPHIX BHIKJIAJ0K MO/KHO IIPEJICTAaBHTH B BHjE MATPHUBl HaCTHHIX
_t
Bupno, ato monydenHoe Hamu ycaoske (2.17) cBsasaHo ¢ HaJOKeHHEM
CBOMCTB 3HAKOONPEJeNEHHOCTH MMEHHO HA MATPHUIY B3aMMOZEHCTBUIA,
BHUUCIAEHHYIO B TOYKE PABHOBECHSA.

ITycts Temepr cpema Oymer numurHpymomei, T.e. Af/0N < 0.
EcrecTBeHHO cYUTaTh, 9TO B 3TOM CJydYae NPH AOCTATOUHO GOJABMION
9IICIeHHOCTH CMEPTHOCTDh IIPEBOCXOAUT POsKAAEMOCTD, T. €. IPUCIOCO6-
JEHHOCTH f CTAHOBUTCA OTPUUATENBHON, WU CYmECTBYeT Takoe N*,
uyro npu Bcex N > N* u npu mioboit ctpykrype p f(p, N, 0) < O.
B aT10oM cydae Bce Tpaexropuu cucrems (2.10) BXogAT ¢ TedeHuEM Bpe-
MeHH B KOHEUHYIO 00JacTh (azoBoro mpocrpanctsa. IlosTomy Tpaek-
TOpUHA ¢6ATAaHCHPOBAHHOrO POCTA, €CIH OHU CYIIECTBYIOT, CTPEMATCA
K HEKOTOPOMY IOCTOSAHHOMY YPOBHIO YHCJIeHHOCTU. Eciu yeuanrs He-
o6xoxuMoe yCIOBHE CYMECTBOBAHHS TAKMX TPAEKTOPHH u moTpeGo-
BaTh, 9T06H HHTEHCHBHOCTD JUMATHPOBAHUA Of;/ON paBHATIACH HYIIO
JJISL BCeX IIOIYJANME He3aBUCHMO OT CTPYKTYPHI c006IIecTBa, TO ypaB-
HEeHHA INHAMUKM YacTOT, TAK K€ KaK ¥ NJId HeATPaJbHOH cpemsl, OT-

Aeasirca, Tak Kak 9/ON (f; — f) =0, i =1, n,

I POUBBOJTHBIX| . ITy MaTpUIy Ha30BeM MATPHUIEN B3aNMOAEACTBHL.
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3agmava HccIegOBAHHA TPAaeKTOPUE cOasaHCHPOBAHHOTO POCTA
TOTJa CBONMTCS X IpeALIAyIIe#, 3a MCKIOYCHHEM TOTO, YTO BMECTO
9KCIIOHEHIMATBHOTO POCTA YHCJIEHHOCTH €e AWHAMUKA IOAYAHEeHA
ypasHenuwo: dN/dt =f (p*, N, 0) - N.

B ofmem jxe caydae, KOrga ycIoBHMsS OTAEJHMOCTH U HeoOX OgAMEIE
VCIOBHSA He BHIIOJIHAITCA, TPASKTOPUM cOAaHCHPOBAHHOTO POCTa B
JUMHTHPOBAHHOM COO0IMECTBE OTCYTCTBYIOT 32 MCKIKYEHUEM TPUBHU-
JBHEIX:

pi=1, pi=0(=1nj+i
dN "
TZT:/(p’ N, 6)'N’

T. €. UMeeT CMBICJI TOBOPHTH O IIOJOEHWAX PABHOBECUA HJA WOJHOK
cucreMsl yparHenuii (2.10), umes B BUAY HOCTOAHHYI CTPYKRTYPY M
YnCAeHHOCTh. Fenm Hac MHTepecyioT paBHOBECHEIE COCTOSHAA ¢ HEHYIe-
BOHI 9YHCJIEHHOCTBIO, TO M3 cucTeMbl ypaBueHWH (2.10) momyuaem ai-
refpamdecKyI0 CHCTEMY OIS OUDPEJeNeHHs PABHOBECHBIX COCTOSHMUIA:

pifi (p, N, 0) =0, i =1, n, (2.18)

KOTOPYIO ClIeiyeT MOTMOMHUTE YCI0BAEeM HOPMAPOBKHA 9acTOT.

PaccMorpum Temeps 3afayy yCTONYABOCTE PABHOBECHOIO COCTOSI-
gus (p*, N*) nns cpefbl, oTIHYHOM OoT HedTpanbHor. s BEIpOKIEH-
HHX NOJO/KeHU# PABHOBECHs 3TH YCIOBUA He OTIMYAIOTCH II0 CMBIC-
Iy OT TeX, 4TO MOJIYIEHH ANA HeldTpaibHOH cpexsl. [losToMy paccMmoT-
puM cpasy caydaii, koraa Bce p; == 0. Marpuga numaeiiHOro upmOIZ-
JKEHHS HMeeT BH[:

0(fi—1f) .« O0(fi—1) _a» 6(f1—‘f)p~3(f1—f) "

o 11 am Pv T apn P an B
An—f + ln—0 + (n—f +3(fa—1f | Z19)
opm Pn T am  Pnt T op, PnT N Pa
61‘ * _a_f_ ’v* i_f_ * ﬁ *
ap N apa A 3pn N N N

HEprlIHO nmoKrasaTh, 4T0 Yy 3TOH MaTpHUIEI HMEeTCA HYJeBoe co0-
CTBeHHOE 3HAYeHHe. JTO CBABAHO C TEM, YTO TPAaeKTOPHHU JIeKaT Ha

n
CUMILIIEKCE ( Z D= 1) . Jlaa ycTOHYMBOCTH [OCTATOYHO, 4TOOBI BCe
=1
OCTaJIbHHE COOCTBEHHEE 3HAUCHHA JE;KAIU B JIeBOH IMOAYIIOCKOCTH,
B ofmem cirygae g5 0CMBICTEHHON MHTEPNPeTALUN 3THX YCJIOBHM He-
00XOAUME KOHKpDETHBIE UpPeAUOJO;REHUA OTHOCHTEIBHO XapaKTepa
B3aMMOJIEACTRUN. Y KaykeM 37eCh TOJBKO JBa 9ACTHHIX CJIyYasd, KOrja
HCCIENOBAHME YCTONIMBOCTH B OoOmeEM ciaydae CBOTATCH X IIPEIRAY-
me# 3agave. Bo-mepBrIX, €CJH BRIDOJHEHH YCJAOBHA CYIIeCTBOBAHUA
TpaeKTOpEX cGaJIaHCEPOBAHHOTO pOCTa, TO B HOCHENHEM CTOIOO®



BCE@ DJIEMEHTHl, KPOMe TOCJIeJHero, PaBHHE HY/0, U TOrga NI yCTOM-
9HUBOCTH AOCTATOYHO, YTOOK cpefa 6blaa IAMATHPYoWasd, T. e. df/ N <
<< (0, ¥ UMela MeCTO YCTOMYHBOCTH B COOTBETCTBYIOWeH 3ajgade AIA
HeHTpanbHOU cpearl. Bo-BTODHIX, €CclI¥ B PAaBHOBECHOH TOYKE NPHCIO-
cOGIeHHOCTh f QOCTHraeT JKCTPEMyMa II0 IEPEeMeHHBIM pPp, ..., Pn
(0f/0p; = 0 m B mocmegHe CTPOKE BCE DIEMEHTHI, KPOME IIOCIEHErO,
PaBHH HYJI0), TO HMEETCs aHAJIOTMIHOe cBelgéHue. B cmay HempepsiB-
HOU 3aBHCHMOCTH COOCTBEHHBIX YHCEJ OT 3JIEMEHTOB MATPUIIH BCe CKa-
33aHHOE OTHOCUTCA U K HEHYJIEeBBIM, HO JOCTATOYHO MAJbIM 3HAYCHIAM
npousBogHHX 0 (f; — f)/ON mam 0f/0p;. JApyrmmu ciaoBamu, ecam
MHTEHCUBHOCTH BIAUAHUA CPENBl NJIA Pa3HHX NONYJANUA J0CTaTOYHO
6nm3ku amb0 ecan PaBHOBECHAsA TOYKA JOCTATOYHO OJM3KAa K TOYKE
SKCTpeMyMa NpUcnocob;eHHOCTH f, TO 3afada YCTOMYMBOCTH JUMATH-
POBAaHHOTO COOOIECTBA CBOJUTCA K 3ajade s HeHTPaJIbHOH Cpekl.

CTuMyIdpyomas COCTABIAKMAA CPeIl HMeeT CMHICJ JUIIL IPH
OOCTaTOYHO MalHX 3HAUCHWAX YHCIEHHOCTH, TAK KAaK C yBeJIUMYCHHEM
YHCIEHHOCTH JUMUTHDYIOMUe GaKTOPH HeHu30e:Ho BCTYymalT B CUIY.
HecyoTpss Ha To 4TO CTHUMYJUPYIOIAs COCTABAAIMAA TPOABIAETCH
B CPaBHHUTEJIBHO MAJ0M AMANA30HEe UHCICHHOCTH, OHA HMEeT HCKII0-
QUTeIHHO BAyKHOE 3HAUEHUE NPU KAYEeCTBEHHOM aHaIU3e TPaeKTOpHi
OUHAMUKHE cooGmecTB. IIpuMepoM TOMY MOJKET CIVMUTH yKazaHHAA
eme B pabote A. H. KoaMoroposa BO3MO/KHOCTE HAaTUYUA B CUCTEME
(XHUIHAK — yKepTBay MpelelbHOr0 UKJIA NP YCIOBHU TOTO, 9TO Cpe-
ma ABIAETCS CTUMYJUPYIOMEH AJAA XUIMHUKA U JUMHTHDPYIOMENR a4
JKEePTBH.

KagecTBeHHHIT aHAJW3 TPAaeKTOPHA coobmecTB B ofmeM ciIydae
mpelcTaBaseT cofoil BaHYIO U IOKA eIe 09eHDb Malo UCCIeTOBAHAYIO
o6macTs Teopum. I'opasgo Gonbme pe3yabTaTOB HMOJYYEHO MIA ABYX-
KOMIIOHEHTHBIX COOGINECTB ¢ MCIONh30BAHNEM DA3BUTOH TEOPHH IBY-
MepHHIX puEaMmueckux cuctem [8—11, 31, 32, 42]. MccuaemoBanme
Mojenell JABYXKOMIOHEHTHHIX COOGIIECTB B PaMKax OOBLIYHBIX IIpef-
MOJIO;KeHTI mpefcTasiser cofoit mamboiee PasBUTYIO W B OOJbIIEH
CTCNEHH WMCUYePHAHHYI0 dYacTh Teopuu. HoBee uHTepecHme 3amayn
BO3HHUKAIOT Mu60 ¢ YBEAWIEHUEM Pa3MEPHOCTH, aub0 ¢ YCJIOKHEHHEM
caMoil Mofiend ¢ y4eToM 6ojiee TOHKUX OHMOJIOTHYECKHUX CBOMCTB MOje-

JADPYEMHIX B3aUMOJEHCTBHHA.

3. ITAPHBIE B3ANUMOJIENCTBUA

B asroM paspmene Mbl IpegIosKUM ABHHHA IDapaMeTpUYECKH BHUJ
¢yuknmii npucnocobaennocTy f;. OcHOBO# BriGopa 3TOro ABHOrO BHIA
CIIY;KaT ABe IJIaBHBe aKCHOMEI, KOTODLIE HA30BEM «aKCUOMOM MAPHHIX
B3auMopeicTBuily 1 «o6obmenHo# rumore3od Bouasreppar. Jamee Gy-
IyT HCCIE[OBAHKE HEKOTODHE O0MUe CBOMCTBA ypaBHEHWUIl TEOPUH CO-
ofmecTB ¢ ydJeToM BHIGPAHHOTO KiIacca GYHKIME OPHCIOCOG.IEHHOCTH.

69



Axcuova mapubIX B3anMojeiicTBuii
1 oGo0meHHas ranore3a Boabreppa

IIpexmonoxum, 9T0 ocobH, obpasyiomue coo0IMECTBO, BCTYIAKOT
MeKAY co00if TONBKO B mapHble B3amMojeHcTBUA. X OPOMO HW3BECTHH
ABIEHUA, HalpuMep, Tpo#HOro cuMbro3a 1 gpyrue nogodbuse sddex-
TH[, B KOTOPHX CYMIECTBEHHYI0 PONb MTPAIOT B3AUMOIEHCTBUSA Oomee
yeM ABYX momyasmuit., Ho MBI co3HATeIhHO OTPAHMIMMCS PaccMoTpe-
HUEeM TOJBKO ITaPHBIX B3aUMOIeHCTBUH KaK B CBA3H ¢ TeM, 4TO OHM HAH-
foJee MHUPOKO PACHPOCTPAHEHH, TAK W C IENbI0 VIPOIIEHUA PACCYH-
NeHuni,

Bypem BecTw peup cHadama TONBKO O HEeHWTpaldbHON cpele M pac-

CMOTPHM IpHcuocobIeHHOCTH coobmecTBa B meiaoMm f (p, 0). OO0nenn-
HEM MHICIEHHO JIBa coobmecTBa ¢ ancneHHocTaME N u N” u cTpVKTY-
paMu cooTBeTCTBeHHO p’ U p” B otgo mexoe. Cpefy mas Becex TPeEX co-
ofmecTn OyaeM cauTaTh OFHOR U Tol ;ke. O0o3HAUYMM depe3 A oTHOIe-
une (N'/(N' + N") = N’/N. llpucuoco6iaennocts mepBoro coobmect-
Ba papHsercs f(p’, 8), Broporo — f(p”, 0), a npmcmocoGieHHOCTH
cymmapeoro coobmecrsa ectb f(p, 8), rme p =Ap' + (1 — A)p”.
ITockoabpKky mpUCIOCOGIEHHOCTE COO0MECTBA 06pasyeTcsa B pe3yabTa-
Te TAPHHX B3aMMOJEHCTBUN KaK BHYTPH JACTHIHHIX COOOIECTB, TaK B
MeXJY HUMH, TO IIOIHITAeMCsT BHIHCJINTL f (p, 0) wepes f(p',0) u
f (p”, 6). llpm yeroBum coydaifiHBIX PaBHOBEPOATHHX BCTPEY TPOIEHT
map, o0pa3oBaHHHX WHAWBHAAMM NepBOTO COOGINECTBA, eCcTh A2,
mpomeHT unap, oGpasOBaHHHEX WHIWBUIAMHM BTOPOro cooliiecTsa,
— (1 — A)?, a mpomenTt map, B KOTOpPOM OJHA 0CO6b W3 MEPBOTO CO-
obmecTBa, a ogEa u3 Broporo,— 2A (1 — A). Owuesmgmo, A% -+
+ (1 =2+ 20 (1 —A) =1. Ha ocHOBaHNH 3TOro IojcueTa IO-
CTYJAPYEM TOMIECTBO:
(P, 0) =27, 0) + (L = AP/ (P, 0) + 2 (1 — Mg (', ', 6), (3.1)
MMelolee MeCTO TP BCeX BEKTopax p’ W p” W3 cUMIeKca ¥ NPHA Bcex
0 A< 1. Buecs g (p’, p”, 0) — meussecTHan QyHKIHA, Xapak-
TEPU3YIAsA B3AMMOJEHCTBEE MEKIY YaCTHIHBIMA COOOMECTBAMH.
Toxpectso (3.1) HapaAAy ¢ yCIOBHEM HEUIPEPHIBHOCTH M ABAK/IBL He-
npephBHO# auddepenuupyemoctu pyarnuu f (p, 6) u mpepcraniser
c000it TOUHYI0 GOPMYJIUPOBRY AKCUOMBI NAPHHIX B3aUMOZEHCTBUM [JIs
HefTpanpHOH# cpeAbl. OCHOBHIBAsgCh Ha 9TOH AKCHMOME, MO/KHO lIOKa-
3aTh (TeopeMa J), 4To QYHKIUIO f MO;KHO MPEACTABUTH B BAfE KBajpa-
THIHOH (OPMEL TACTOT: ’

n
f= 2 fi®pp: (3.2)
i, j=1
IIpoBensa Bce amaNOTHYHEE PACCYKACHUS MJA IPHCIOCOGICHHO-
CTH OTHEJNbHOH mONyJANNM, MBI MOJYIUM, UTO OPOU3BeReHHe p;f; AB-
JAeTCA TaKKe KBAafipaTHUHON (opMoil 4acror:

pfi= 2 ik (0) pips- (3.3)

i k=1



Yenosue msonuposanmoctn coobmectBa B8 ¢opye (1.3) maer Ham
limpy/; =0, i=1, n. Orciona cpasy caenyer, uTo KBajpaTHIHAs
P ;0

dopma B mpasoit gacru (3.3) ecrTh UPOU3BEACHUE p; HA NUHEHHYIO
¢popmy. OKoOHIATETHHO HMEEM:

f'i'—’: Z/ij(e)pjv i=1,n, (34)

i=1

rak 4o dopnyast (3.2) u (3.4) cormacoBaHs ¢ onmpefeNeHEeM cpeHeit
NpUCHoCO0NIeHHOCTH.

ME npoBed® paccy:rjeHUs AT ciIydaeB, KOrga coobImecTBo pas-
BHBaeTCsA B HeliTpaibHo#l cpeje. Ecam cpega orinmuna or mefiTpadiib-
HOW, T. . QYHKIUY f; ¥ f 3aBUCAT TaK;Kke M OT OOUEH YUCIEHHOCTH, TO
HY/KHO HECKOJIBKO U3MEHUTH CIOBECHYI0 QOPMYIUPOBKY AKCUOME,
HCKJIIOUYNB BIAUAHUE YUCIEHHOCTH HA TPHUCIOCOOIEHHOCTh YaCTHYHBIX
u cymMmapHoro coobumects. MaTemaTudeckas 3aluch TO:RIECTBA IAA
f 6yzer umerh TOT ke B, 4ro # (3.1), HO B 4HMcae apryMeHTOB QyHK-
IUY OPUCOOCOGIeHHOCTH OyaeT KpoMe IacTOT NMPUCYTCTBOBATH M YHC-
desHocTs N. OKOHUATEIBHHI pe3yJabTaT NpUMeT BUA:

fi= 2 fii (N, 0)-p;
= (3.5)

f= 2 1N, 6) pp;

i, j=1

PacemorpuM Temeph 3aBUCHMOCTH NPUCHOCOGIEHHOCTER NONMyds-
nuu or yuciennocty N. IIpeamonoxuam, 9T0 UHTEHCUBHOCTE BINAHUSA
$aKTOpPOB CpeiHl Ha IPHUCIOCOOJIEHHOCTh HApacTaeT IPOmOPIAOHAIb-
HO POCTY YHCIEHHOCTH TaK, KaK 3TO HMeeT MEeCTO, HampuMep, B MO-
menu Boawreppa, T. e. mpu BegroM ¢ > 1, N u p:

filp, eN, 0) — fi(p, N, 0) = (¢ — 1) ri(p, N, 0), (3.6)

rjie r; — HeKoTopas (QYHKIUSA, XapaKTepU3yIOMas CKOPOCTh H3Me-
HEHUA UHTEHCHBHOCTH BIMAHUA (AKTOPOB CpPENBl C POCTOM YHCJIEH-
HOCTH; I'; XapaKTepu3yeT B COOTBETCTRUMU C IIePBOH KiaaccuuKanueil Tan
cpejibl, B KOTOpO# pasBuBaercs coobmectBo. Tosxxaecto (3.6) Hapaxy
C YCIOBHEM [Bayk[sl HempeprBHOil ampdepennupyeMocTd §yHKImi
fi GyneMm HasmBarh 06obmenHoil rummore3oit Boabreppa. Ha ocmose
3TOH THmOTE3H MO0 moKazarh (TeopeMma 0), uro QYHKOEU f; npej-
CTABUMEI B BHJE:

fi :li(ps 6) +mi(p7 B)N’ i :‘_HY (37)
a cpegHAA HpHCIIOCO6JIeHHOCTL { nmeer BUI:
f=1(p,6) +m(p, 6)-N. (3.8)
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ConocraBaaa mpexcrasaenne (3.5) ¢ (3.7) n (3.8), merpynuo Bu-
JeTh, 4T0 KO(PPUIUEHTH f,; ¢ HeoOXOAUMOCTBIO IPEACTABISIOTCH
B Buge: f;;(NV, 0) = a;;(0) 4 B;(0)-N, 1. e. npucmocobmeHHOCTA II0-
OyJANWHA OKOHYATEIBHO UPUHUMAIOT BHJ:

filp, Ny 0)= 2 (:;(0) + Bi; 0)-N)- pj, (3.9)
j=1
a TpPHCHOCOONEeHHOCTH BCEIO COOOMECTBA:
n

f(o, Ny 8)= 3 (; -+ BiN) pips. (3.10)

ij=1

Ilpunumas a;; = ¢; (j = 1, n) u Bcuomunasa, uro p;N = N;, nouy-
YuM B 9TOM YacCTHOM ciaydae QyHKIUM f;, COOTBETCTBYIOIMUe HauboIee
obmeit Momenu tuma BoasTeppa

n
fi=¢& 4 ZBH’N}" i=1,n.
i=1
Wrak, MBl MOCTPOMIN HA OCHOBE NMPHUHATHIX INPEANOJO/KEHUI AB-

Bl BUA QyHKOUME npucnocob:aenHocTu. [IpuuATHIE KIace comepsRUT
JiBe MATPUILGl TapaMeTpoB o M . ITH MATPUIBI MBI YCIOBHO HA30BeM
MaTpUIeidl Me;ROIONYIANAOHANX B3aUMOAeHCTBHI U MATPHIeH BIHAHUA
cpennt (MMess B BHAY, KOHEYHO, TOJABKO (PAKTOPHI Cpeibl, 3aBUCAIINE
ot ynciennoctu). Camu ;ke pIeMeHTsl MAaTPHOL o B B ABasiorcs GynK-
nusiMu, BooOmie roBops, OT BCeX HapaMeTpoB CPejibl, He CBA3AHHHIX
¢ ugcaeHHocThior o = o (0), B =P (6). B nanpmeitmen, nmpeamosa-
ras cpegy craimoHapHo#l, OyJeM OmyCKaTh IPU HAUMCAHMM Iapa-
Merp 0.

3ajjaua OTBICKAHIsI PABHOBECHBIX COCTOAHMA.
CrpyKTypa ROMHHIpPOBAHMSA

U3 cucrempr ypasunenmit (2.10) ObliM moNydeHBl ypaBHEHUA A4
OTBICKAHUA PABHOBECHHIX cocTosHuid (2.18). B nammom ciaywae oHH

HAMeoT BUT:
n

P 2 (% + BNy p;=0, i=Tn (3.11)
j=1

Ecau MBI m0JI0KIM D0CIEe0BATENIBHO PA3IHYHbIE KOMIOHEHTH BEK-
TOpa p PABHEIME HYJII0, TO M moyduM (2"— 1) 3agad HA OTHICKAHUE
PaBHOBECHBIX 3HAYEHHII HA TPAHAX CHMIIIEKCA O DPa3lHMYHOM pasmep-
HocTw. Haskigas M3 HTHX 3aflad COOTBETCTBYET OTBICKAHHI PaBHOBEC-
HHX COCTOAHUI COO0NIeCTBA UPU YCJIOBHH BBITECHEHHSA JaCTH IONY-
1 YnTepecHo, uro mpi f;; = 0, T. e. B cirydae HeilTPaJbHO{ CPeIBI, MBI IPHXOJIM

K H3BECTHHIM MOJIEIAM JeTepMHHICTIYEeCKO TeHeTIKI 1A O(HOTO JIOKyCa, MO~
CTpOEHIIe KOTOPHIX TaK/ke OCHOBAHO HA Iljee mapHHIX B3amMogeiicTsuii [36].
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aanuii. Pacemorpum 3agavy obmero upa: nyctb p; = 0 (i =1, m),
ap; =0( =m -+ 1, n). Torga n3 (3.11) nmeem

D (@ BN p;=0, i=T,m (3.12)
j=1
WIA B BEKTOPHO-MATPUIHHIX 0003HAUCHUAX.
(@ + NB) p =0. (3.13)

NcroMule COCTOAHUA DPABHOBECHS NPEICTABJIAIT, TAKUM 06pasoM,
HEOTpHIIaTeTbHEe COOCTBEHHBIe BEeKTOPHI mydka marpum (a + N B),
COOTBETCTBYIOINME HEOTPHUIATeIbHOMY BHAaUeHWI0 mapamerpa N —
9UCIEHHOCTH COOOMEecTBa. 3a c4eT OJHOPOAHOCTH ypaBHenus (3.13)
YCAOBAA HOPMUPOBKH YaCTOT BHIMOJHAIOTCA aBTOMATHIECKH,
Tpe6GoBanue OTpaHUIEHHOCTH CBepPXY (QYHKOUE HPUCIOCOOIEHHO-
et f; (cM. BBegenne) uckiIowaer paccMoTpeHne HOIORUTEIBHHIX B;;,
T. €. B paMKax IPHWHATOTO SIBHOTO BHUJA MBI JOJKHE OTKasaThCS OT
PACCMOTPERUA CTAMYJAMPYHINell cocTaBiAmomeil cpegs. Ha mepsmix
mopax 5TOT OTKA3 HE CIUINKOM OTPAHMYUTENeH, TaK KaK CTHMYJIH-
PyIOMAasa COCTABIAKMAA MMEeT CMBICH OOBIYHO TOJIBKO NPH MAailhIX
YUCIEHHOCTAX, T. €. B ¢Iydae, He OXBATHIBAGMOM HAIIUM paccMoTpe-
mreM. Taxkum o6pason, cauras f;; < 0, oboszmagnym y;; — — f;; > 0.
Ecru det|y|=~0, To paBHOBecHEle YHCJEHHOCTH IIOIYIANMA
CYTh COGCTBEHHBIC UHCJIA MATPUIH Y loo — HEOTPHIaTeIbHEIE KODHH
ypaBrenus det (yloo — NI) = 0. Ilocaegnee ypaBHeHme sABIAeTCA
ecTecTBeHHBIM 06o0menueM GopMYyJBl paBHOBECHON YHCIEHHOCTH AJNA
JordctrIeckoro ypapuesansa N = a/y. Homuomasn (3.12) Ha p; u cym-
MHEDYsi, HOJYYMM B HaleM CJydae
2 * %
; Z . %jPiPj
¥ » J=
N' = — —.
2 TijPi Pj
1, j=1
OgHEM M3 [[0OCTATOYHLIX YCJAOBMH CYI[eCTBOBAHUS PaBHOBECHSA
(p*, N*) saABIserca  HeOTPUNATENBHOCTH  DJEMEHTOB  MATPHUIH
vla. Teopema @pobenmyca rapaHTHpPYeT B 9TOM Clydae CYIIECTBO-
BaHMEe HEOTPHUIATEIBHOr0 COGCTBEHHOrO YHCIa 11 COOTBETCTBYIOIIETO
eMy HEeoTPHIATeIbHOI'0 cOGCTBEHHOro BekTopa. JpyruM KOCTaTOIHEIM
VCIOBHEM CIYKAT HEOTPHOATEIBHOCTH MAaTpuipl o 1. B sToM ciaydae
marpuna a~ly Heorpumartenbna upu Bcex 7y >0 m ypaBHeHme
det («™y — 1/NI) = 0 Bcerga uMMeeT HEOTPHIATEIBHHIA KOPeHb €
COOTBETCTBYIOMIM HEOTPHI[ATEAbHBIM COOCTBEHHBIM BeKTOpOoM. B 06o-
ux cayuasax Teopema (Dpofenmyca rapaHTHpyeT TaK:Re eQUHCTBEH-
HOCTH OCMBICTTEHHOT'O DEMIeHUsI, TAK YTO YHCIO PABHOBECHBIX COCTOS-
vl He mpeBocxomuT (2" — 1).
[Tonyunm Temeph mpocToe HEOOXOXHMOE yCIOBUE CYIECTBOBAHUS
HWCKOMOI'0 PABHOBECHOI'O COCTOSAHUA, Aaiomiee OAHOBPEMEHHO OLEHKY
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UHTEPBAJa, B KOTOPOM Je:RAT PABHOBECHAA YWCJIEHHOCTH. BBejgeM B
paccymoTpenite Marpuny §;;, cumras, 4T0 y;; == 00 §;; = o;j/y;;. U3
(3.12) caexgyer, 9T0 CpeAM 3JIEMEHTOB CTPOKM (&t;; — ’YijN)_JEﬁO BCO
Hya#, 1u60 JOMKHH OHTH 3JeMEHTHl PasHHX 3HaKoB (j = 1, n). Cie-

moBaTelbHO, BeamduHA N JeHT B uHETepBate: min §;; < N <
i

< max §;;.
J

Jast Toro uroGmr cucrema (3.12) mMmenxa ocMBICAGHHOE pellenne,
BTH HepaBeHCTBA JOJKHBl BHOOJHATHCS OFHOBPEMEHHO IJISA Ka:RIOH
CTPOKHM, T. €. UMeeM OKOHJYATEJIBHO:

max min §;; < N <{ min max §;;. (3.14)

1 7 1 J
Brimonnenme »Toro HepaBeHCTBA ABIAETCH HEOOXOMUMBIM YCIOBHEM
CYIECTBOBAHUA paBHOBecHd. ETo MOSKIO HCIONB30BATh 15 MCKIIO-
geHUA Tex u3 (2"— 1) 3ajgad, B KOTOPHIX OHO 3aBeJOMO HAPYHIEHO,
T. e.
min max §;; > max min §;;.
i i 1 7

B cnygae paBemcTBa min max = max min 0CTaeTcs NpPOBEPHTE, AB-
JAETCA M 3TO B3HAUeHMe COOCTBeHHHIM UMCJAOM NYIKa MATPHI
(¢ — N ¥) ¢ HeoTpUUATeAbHHM COGCTBEHHHIM BeKTopoM. Hapyime-
HIe HeoOXO0JMMHIX YCJIOBHU, HAmpHMeD, A1s Bcell mcxogHoi (n X n)-
MaTPHIEL 03HAYaeT, 4TO COOOLIECTBO HECOBMECTHMO B TOM CMEICIE,
9T0 PaBHOBECHE MO;KET HMETh MECTO TOJbKO IPHM BEIMUDAHHWH OIHON
WM HEeCKOJABRUX momynasanuit, Ha ocHoBe 3TOro HepaBeHCTBA MOMKHO
IIOCTPOUTh DPEryJdsApHHI aJropuTM, KOTODPHIH IIEIOCPEACTBEHHO IO
pIeMenTaM MaTpHuubl Oyxer BHOPAKOBHIBATH MONYIAIUN, 3aBEIOMO
OTCYTCTBYIOI}e B PABHOBECHOM coo0miecTBe. JTOT M NOZOOHLINE emy
aJTOPUTMEl IMEIOT, KOHEYHO, HeMajsllf TeopeTHdecKuil MHTepec, OX-
HAKO OHM IpeAnoJaraloT 3HaHWE IapaMeTpoB o U . C ecTeCTBeHHO-
HaydJHOH# TOUKM 3peHHA ropasgo OoJiblnee 3nadyeHUe mMMeeT obpaTHas
samada. lug ee opMyIUpPOBKY BBEIEM XOPOINO M3BECTHOE B YKOJOTHH
[MOHATHE JOMUHUPOBAHUA MONYIANNH WA TPYINL TONYIANURE B co-
obimecTBe.

BypeM rosopurh, 9ro momyiasanus (MIM CPyIOOA IOMYJIAIHEA) AB-
JseTCA JOMUHAHTHOM, €CHHM ee MCKIIOUeHUe U3 COOOIIecTBa IPUBOUT
K rubesH BCeX OCTAJBHBIX mounyiasanui. [Ipmmepor moyumanT caysxar
MOMYNANMY, BHOCAIIHE YHEPTHI0 B COOOIMECTBO: (POTOCHHTE3UPYIOMHE
BOJOPOCIM B MOPCKOM €O00mIECTBE, JIeTydne MBIIIA B HEKOTOPHIX TH-
1ax HeIepHbIX coo0mecTB u T. I. B TepMuHAX HAIICH MOAENH JOME-
HUPOBaHUE 03HAYAET, YTO IMPHU UCKIOICHUN JOMUHAHTHHIX BHIOB B OC-
TaBIIEHCA MOACHCTEME OTCYTCTBYIOT HEOTPUNATEJIBHLIC PABHOBECHLIE
COCTOAHUSA, T. €. JIA LeJoro psjga mogMmarpmi Matpumst (@ — N y)
pemenuit ypasuennii (3.12) 3aBegoMo He cymectsyer. MoxHO cdopyy-
JIIPOBAaTh M IMOHATHE CYOMOMUHAHTHI, IO KOTOPOH OyaeM IIOHHMATh
MONMyJANUI0 (MIM UX TPYNNYy), H3BbATHE KOTOPOil BeleT K rubean psaga
JAPYIUX IONYJIANUN, YKasaHme cyOJOMHHAHT Takke OTOpaKyer Ije-
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JHHA pAQR 3ajad Ha OTHICKaHWE PAaBHOBECHBIX COCTOSHWM, KOTOPHE 3a-
BEJIOMO He JO0JKHEL MMeTh pemtenuit. Boobme 3aganme Bcell CTPYKTY-
PH AOMHHUDOBAHHA B CO0OOMmMECTBE, KOTOpPas 9acTO XOPOUIO M3BeCTHA
COEIUAJHUCTY-3KOJOTYy M3 YHCTO KadeCTBEHHHIX coobpakeHWi, 3Ha-
YUTeIBHO CY’/KaeT KPYr Mojelel, onmMCHBAOMUAX coobmecTBo. B wacT-
HOCTHU, B TePMHHAX Halleill MOJleJU 3HAYATEIbHO OTPAHUYUBAIOTCA HH-
TepBAJBl I3MEHEeHHUs ITapaMeTpoB, 4To obieriaer B JajbHeHIIeM onpe-
JelleHMe MX YHUCJIeHHHKX 3Hadenuil. Hpome Toro, m3s ecrecTBEHHO-
HAYYHHEX CO00pPaKeHUN YacTO M3BECTHHI 3HAKM DJIEMEHTOB MATDPHIIH
B3amMopeiicTBuit df;/0p; (T. e. B HameM clydae 3HAKU DIeMEHTOB MaT-
pumst o), 910 emie Gomee cy;kaer 3amady.

COBORYIIHOCTh PABHOBECHBIX 3HAUYEHHUIl YMCIEHHOCTH coobmecTBa
N* MOKHO HA3BaTh CHEKTPOM WHCJIEHHOCTH cooOuiecTBa. Haskpoi
TOYKM CIIEKTPA COOTBETCTBYET BEKTOD p* PaBHOBECHOU CTPYKTYPHL.
Yame Bcero sT0 COOTBETCTBUE OMHO3HAUNOE, HO BO3MOKHBI CAyIAH
BHIPORIEHHUA CIHEKTPa, KOTZAa OJHOMY 3HAUYEHHIO YUCIEHHOCTH COOT-
BETCTBYET HEKOTOPOe TOAMPOCTPAHCTBO PaBHOBECHHX CTPYKTYp. M3y~
geHle CBOMCTB CIIERTPA PaBHOBECHO! YHCIEHHOCTH MMeeT 06oJblmoe
3HaueHUe, Tak Kak Habawpaemsie B mpupoje coobmecTsa 4acTo Ha-
XOJATCSH MMEHHO BOJINBY PAaBHOBECHBIX COCTOAHMM ¥ BO3MYIIEHHSA, BhI-
3BIBaeMBIe BHEIIHUMM YCIOBUAMMU (B TACTHOCTH, Y€JOBEKOM), I€PEBOAAT
CO0GIIeCTBO U3 OJ(HOT0 PABHOBECHOTO COCTOsAHUA B apyroe. Ilus omeH-
KU UHTEePBaJa, B KOTOPOM JIE/RKUT CIEKTDP, MOKHO B3fTh 00'befUHEHHe
unTepBasnoB (3.14) mo BceM TiIaBHHIM TmopMAaTpHIAaM MaTpHI(sl O;;.

B coekTp 4HMCIeHHOCTH MMeeT CMBICJ BKJIOYATH TOJBKO yCTOWYH-
Bble PABHOBECHEIE COCTOSHHUA. [109TOMY BasRHYI0 POJbH MIPAnT yCIO-
BHUs YCTONYIMBOCTH PABHOBECHA, IOJyJaeMble B TePMUHAaX 2J€MEHTOB
MaTpuIm o ¥ Y. OTMETHM, 9TO P NPUHATOM HAMU SIBHOM BUAe GYHKINH
fi Bropme upousBoaHme 0%f;/0p;0p, =0, T. e. THHOTE3a IAPHEIX
B3aMMOJeHCTBUI IPUBOAUT K TOMY, 9T0 chopMyIUpPOBaHHEIE B paspeie
2 peaynsTaThl 06 YCTOMYWBOCTH CIpaBeqIuBHE 0€3 AOMOTHUTEJIBHHIX
OrpaHWYeHNl Ha MajJOCTh B3aMMOJEMCTBUM BHICHINX IOPAAKOB. OJTO
CBABAHO C Te€M, WTO B HAIIeM Clydyae TeCCHaH MPHCIOCOGIEHHOCTH f
COBIaflaeT ¢ CHMMETPH30BAHHONH MaTpuIleidl B3aMMOJeHCTBMIA:

62f_1<af1- of;
el s 152

0p;0p; op; qp;
970 U mo3BOJAET (OPMYNHPOBATH Pe3YIbTATH 00 YCTOHYMBOCTH Cpa-
3y B TePMHHAX IPUCIOCOGIEeHHOCTH f.

+]

CummeTpusa B3aumopeiicTBuil

Paccmorpum 3ajjauy paBHOBECHA M YCTOMYHMBOCTH MJIA clydas,
KOTJa MaTpUUH & U  cuMMeTpuunH. CHucTeMa ajnrebpauuecKuX ypas-
HOHHAH [JIA OTHICKAHHMA PaBHOBECHHX cocroammd (p*, N* > 0) umeer
BHJ;

pifi, N) =0, i =1, n. (3.15)
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Ecau nac matepecyer paBHOBeCHe, B KOTOPOM MaCTOTH BCEX MOMYMs-

nui oTIAMYHH OT HYJAsA, TO ypaBHeHHUs (3.15) eBogarcs k Bugy f; = 0,
WIK B MAaTPHIHHMX 0003HAYEHHAX:
(@ — Nvy)p =0. (3.16)

K cucrenme (3.16) cnexyeT npucoeuHUTD eIie YCI0BHE HOPMUAPOBKYU
9acTOT, HO MBI €ro He BHIIMCHIBAEM, TAK KaK OHO BCErja Mo;KeT OBITh
YIOBIETBOPEHO 3a CUET OJHOPOJHOCTH ypaBHEHMs. 3ajiada OTHICKA-
HHMA paBHOBecus (N >0, p > 0) ceenmach, TakuM 06pas3oM, K OTH-
CKAHMIO HOJOKUTEJbHEIX COOCTBEHHEIX YMceN myara MaTpur (o — N y),
KOTOPHIM  COOTBETCTBYIOT IOJOKHTEJNBHEE COGCTBEHHBIE BEKTO-
pH. Ecau oTHICKMBATE PABHOBECHEIE COCTOAHUS, B KOTOPBIX HEKOTOPHIE
9acTOTH 06pamanTcsa B HydAb, TO JiiA HEX cucteMa (3.15) mpusogutcs
K BuAy, aHaisorumunoMy (3.16), HO mis HEKOTODOH IiIaBHOE mOAMAT-
pEOH MaTpumbl. B KpaiiHeM ciydae AJS HMOJHOCTHIO BBHIPOIKIEHHOIO

coobmectBa (p; =1, p;* =0, j==1i,j =1, n) umeem N* = a;;/y;.
Taxum o6pasom, mieeT CMBICT pPaccMaTpUBATh cpasy 3ajgady oGmero
Buzga (3.16).

IToxkaskeMm, 4T0o ;I mydKa MATpPuUL & — Ny IPH HeobpeMeHUTeIb-
HOM YCJOBHE LIPOCTOTHl CIEKTpPA 3ajlada Ha OTHICKAHWE DaBHOBECHS
He MoskeT mMeTh Goxee ogHoro pemenns N > 0, p > 0. Bygem pac-
cy;RIaTh OoT mpoTuBHOro. IlycTs mMeoTCsT 1BA pa3IMYHBIX OCMEICTEH-
HEX pemenud (N, >0, p, >0) m (N, >0, p, > 0), ygosierso-
palomux ypasHeruio (3.16). B cmay ecrecTBeHHOTO HPEANOIOKEHUA
IPOCTOTHL CHEKTPa, KOTOPOE OIPaBIBIBAETCA COOGpakeHUAMH rpydo-
cta Mopmean, N, == N, WMrak, mo mpefumoNoKeHHIO:

ap; = Nyy pl}
apy = Nqy paf - (3.17)

YMHO«KAA mepBOe PABEHCTBO CKAJNAPHO HA Py, a BTOPOE HA Py, HOJb-
3YACH CAMMETPUE MaTpPHI[, BEYTEM BTOPOE COOTHOIIEHHE M3 TEePBOro.
Ilonygaem:

(Ny — Ny) (p1, vy P2) =0. (3.13)

CueroBaTenbHo, (py, ¥ po) = 0. 113 moasieMeHTHOI HOJI0/RATENBHOCTH
MATPHIEL Y CIEAYeT, YTO XOTsA OB OfMH M3 BEKTOPOR — p, HIU Py —
DOMKeH HMMeTh OTPHIIaTeNbHbHEe KOOPAUHATH. ITO OPOTUBOpPEUMEe H
JIOKa3BBAaeT eJMWHCTBEHHOCTH IOJOKATENBHOro paBHoBecHs. OKom-
9aTeIbHO: WHCJI0 PABHOBECHHIX COCTOAHHN CHCTEMBI He IPEBOCXOJHT
(2" — 1) — umcna TIABHKX IOAMATPHUI[ MATPUIE Y BCEX HOPSJKOB,
TaK KaK A Kaj[oi MOJMATPHI[El OCMBICJIEHHBIX PeIleHNil ypaBHeHUH
pPaBHOBecHsA He 00JIbIIe OHOTO.

Paccmorpum Temepb Bompoc 06 ycTOWYMBOCTH paBHOBecus. [lius
BTOTO HYJKHO PACCMOTPeTh MATPHUIy YPABHEHUN MEPBOrO mpHOIMsKe-
HHs, OOCTPOEGHHHIX BOIW3H paBHOBecHOTo cocrosHusa (N*, p*). Omy-
CKas BBHIIMCIEGHHUA, OpHBedeM 06e3 J0Ka3aTeJbCTBA CJIERYIOIHUHA pe-
3YJABTAT: JJIA TOTO 4TOOH paBHOBecHoe coctosinme (N* > 0, p* >> 0)
ObLIO yCTOMYWBEIM, HOCTaTOYHO, YroOH y Marpunmu (o — N*y) Bce
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co0cTBeHHbIE YHCIA 3a UCKJ/II0YeHHEeM OXHOI0 1 61 oTpHUIaTeJbHEIMH,
J.IJIH yOTOI‘/JI‘IHBOGTPI PaBHOBECHOro COCTOAHHA, B KOTOpPOM YacTh IIO-

nynanmii orcyrersyer (p; =0, i = 1, k), gocrarodno, 9ro0H HMeNH
MECTO HepaBeHCTBA:
n
fi@', NYy= 2 (i — N1j) ;< 0,0 =1k (3.19)
i=1

¥ TJIaBHAasA pmojaMarpmma Matpmisl (o — N* y), mosnydeHHas BEYEp-
KMBaHMeM COOTBETCTBYIOIIMX & CTPOK M cToubnoB, umena (n — k — 1)
orpunareapnoe cobcrBennoe suagenue. Ilpm &k = 0, ouermauo, mo-
Jydaerca upembayinuil pesyabrar. OTMeTnM, 970 peds HAeT 3iech 00
ACHMIITOTHYECKON YCTONYUBOCTH IO LIEPBOMY HPUOIHKEHHIO.
O6osHaunm wepe3 ¢ (p) OTHOIIEHMe cpefqHeil MHTEHCHBHOCTH B3a-
MMOJEHCTBUH K CpeJHeld HHTeHCUBHOCTH JUMUTUDOBAHUA:

. (p. ap) 3.20

(P(p) (1]’ ’Yp) ¢ ( = )

B nameil MojeaH BOIPOCH CYIECTBOBAHHA M YCTOMYHBOCTH DaBHO-

BeCHil TeCHO CBA3AHHI CO CBoUcTBaMu QyHKUUM ¢ (p), K paccMorpe-

HEI0 KOTOPHIX MBI ¥ TepeiifeM. YMHO)Kag ypaBHEHHS PaBHOBECHA

(3.16) crkamxspro Ha p, 3amedaeMm, aro N* — ¢ (p*). Bymem uckars
n

DKCTpeMyM QYHKIUU ¢ (p) HA CHMILIEKCE {p >0, Z D= 1} . Cocras-
i=1

asa pymaxnuio Jlarpamxa L = ¢(p) + A (1 — Zpl) u puddepen-
i=1

LHPYSA, MOJYIHM:

6@_}"

a—pi == y i = 1, n. (321)

Oyaxnua ¢ mwo onpemenenuo (3.20) yAOBAETBOPAET TORIECTBY
7

“ “ a
diziepa AAs OXHOPOAHHIX (QYHKIUI Z%pi: 0. Orcoga Hemen-
i=1 0t
JeHHo ciaexyer, 410 A = 0. Buiunmcias mpousBomHble, HOIYIUM He-
00XOIUMEIe YCIOBUA DKCTPEMyMa B BUJE:

(a—9¢ (@ v =0. (3.22)

Wrak, Bcaras pasHoBecHaa toyra (N* > 0, p* > 0) asaserca
TOUKO# skKcTpemyMa ¢yHknuu ¢. Haobopor, Becskas Todka dKeTpe-
Myma ¢yHrouu ¢ : p* > 0, B Koropoii ¢ (p*) > 0, ecrb noxosreHme

1 Marpnna (& — N*y) Bcerga umeer OfHO HyJeBOe COOCTBEHHOE HIICIO0, TAK KaK
3 (3.16) cmexyer, yro det (@ — N*y) = 0. HyneBoe cobcrBeHHOe Yncio He
IPUBOJMT, OJHAKO, K HEOOXOANMOCTH paccMaTpuBaTh KPHTHYECKII ciaydait,

n

TaK KAK CHCTEM& HMeeT MepRbIil IHTErpal Z pi=1.
i=1



paBrHoBecHs. Pasuopecmsie Togkm (N* > 0, p* > 0), aexamume Ha
rpaHax cuMmmiexca (n — k)-ii pasMepHOCTH, ecTh, OUEBUIHO, TAKIKE
TOYKHE dKCTpeMyMa ¢ (p), HO NPH JONOJHHATEIBHOM ycloBud p; = 0,
i =1, k. Jlazee Mo/kHO IORa3aTh, YT0 Marpuma lecce QyHKIUH @
B PaBHOBECHOH TOUYKe MMeeT BUJ:

e

2 « .

T

pt

T. €. OHA C TOYHOCTBHIO O IOJOKUTEJBHOI0 MHOKUTEIH COBIAAET C
MATPUIEA CHCTeMbI JUHeHHOro npubamrenus. Kpome Toro, HerpyaHo
3aMEeTHTh, YTO AJsi KpaHUX paBHoBecuil mepasencTs (3.19) ecth ye-
JIOBHA MAKCHMyMa Ha IPaHulle, a OTPUIaTeJbHAA OIpeIeJeHHOCTh Mat-
punsl (o — N* v) (Ha cuMmIexce!) ecTh ycilaoBHe MakcuMyMa QyHK-
MK BO BHYTPEHHEH pPaBHOBECHOH! TOUKe.

My npumnm K ciaemyiomeMy pesyibTaTy: I0Joeinine PaBHOBECHA
(N*, p*) cucTeMbl yCTOMYMBO TOTJa U TOJBKO TOrfA, Korja GyHKnUA
¢ (p) mmeer B Touke p* norkanbupd MakcumyM. OTcioja JIeTKO BUAETD,
YTO, HAIPUMEp, FOCTATOYHEIM YCJOBHEM ENUHCTBEHHOCTH YCTOWYH-
BOTO PABHOBECUHA ABIAETCA BRUIYRIGCTh QYHKIIUHA ¢ (p) Ha CHMILIEKCE,

Hecummerpuunbpie MATPHUBL @ M y NPEACTaBAAIOT 0OIBUIYIO TPYI-
HOCTH JIIfl UCCAeNOBAHUA. 3ech MOTYT OBITH ClydyaM, KOTrjfa Ha OHOR
IPaHE CHMILIEKCA PACHOJAraeTcsa HECKOJIbKO PaBHOBECHBIX COCTOSHUM .

k3
T'pybasa omeHxa mx umciaa »T0 — Zial) — 1. Ilpoxsumenue B
i==1
HAUPABJIEHUU H3YYEHHA ITUX MOZTeNei MOIKET OHTH JMOCTETHYTO Ha
OyTH pPa3yMHOrO CY;KEHUsI I[OCTAHOBOK € Y4YETOM OUOJIOrHYECKOTO
CMBICJIA MOJEJUPYEMBIX ABIEGHUI.

JIByxKoMIIOHeHTHBIE CO0OUTeCTBA

IlpoBegeM Kad4eCTBEHHHII aHANH3 MOfenell HABYXKOMIOHEHTHHIX
coo0ecTB B paMKaX HPUHATHX upepnoioskenuil. IIpm atom Gymem
B OCHOBHOM cienopaTh pabore [11]. HagueMm co cayuas meiirpanbHoit
CPefH, T. e. Hod0KuM y;; = 0. B cuny ycmoBus HopMHDOBKE QyHEK-
MM TPUCTOCOGIEHHOCTH fy H fo, 3ABUCALIHE OT 9ACTOT Py U Py, MOIKHO
UPEACTaBUTH B BUJE:

fi= 31+G1P2}
fa== & 4 Uepy ,

TJie &, € — UHTEHCHBHOCTU PAa3MHOKeHUsA (rufesin) monyaauuii B or-
CYTCTBHE NAPTHEPA, g, Oy — HAPaMeTPH HMITEHCHBHOCTH ME;RIONY-
JAMMOHHOTO B3AaUMOJEHCTBHA. PaccMOTPUM cmayaia 3afady KOHKY-
peHuun Gnus3kux BHUAoB. HJIA HPOCTOTH npuMeM g, =&, =& > 0,
o, =&y, = & < 0. MoxHo mokazsaTh, UTO STH HPEJUOJOKEHHS HE
MEHSIOT KadeCTBEHHOTO IIOBEIeHUS TPAEKTOPHA B Clydae PasiHIHBIX
e m o. Omyckas BHYHCIEHHs, TpHUBeeM o0ilee pemeHHe COOTBET-
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CTBYIOIIEH cHcTeMBl TU(depeHnnaJbHbX ypaBHeHH]:

Voo =ge (14 Y14 Be)

N, (2) —_—%ezt (1 I V1 + i_fie-ar>’

rge A — pasHoOCTh HAYANBHHIX 3HAYEHUA YHCJIeHHOCTe#, a B — mx

IIpou3BeeHAE:
A = N,(0) — N,(0) }
B — N(0)-N0)

Pewenue sanucano B npeanonoxennu, yto 4 > 0, 1. e. B Havaab-
HEIE MOMEHT YHCJIEHHOCTH BTOPOTO BHjA NPEBOCXOJUT YUCIAEHHOCTH
IIePBOTO. JTO NMPEANOIOKeHNe B CHAY CHMMETDHY He yMEHbIIaeT ofur-
HocTH pacemorpenus. Ecau sxke A = 0, 1o Jerko Buaers, uto N, =
N, =exp {(e — a/2) t}. W3 pemenus BAAHO, 4YTO 00a KOHKYpH-
PYOIIUX BHIa HEOTPAHMIEHHO PacTyT, €caHM KodPPHuueHT coGCTBEH-
HOro pocra 6onbmie Koddummenra B3auMopeiicTBUA (& > a), T. e.,
HECMOTPSI HAa KOHKYPEHIMI0 COXPAHSAETCH NOJO:KUTeNbHAS CKOPOCTH
pocTa 4MCIeHHOCTU BHoB. Kciau ;re myeer Mecto oGparnoe (o0 > €),
TO IepBEII BHJ morubaer, a IHCIEHHOCTH Broporo pacter !. Teope-
THYECKN MBICAMMA CHUTYalHsa, KOTAA Kod(PUIMeHTH POoCcTa U B3AUMO-
neiictBUs onMHAKOBH (¢ = a). Ilp:m 5TOM YmCIeHHOCTH IEPBOTO BHAA
JIOCTHTAaeT HEKOTOPOTO PAaBHOBECHOTO YPOBHS, OIPEIeNAEMOTO Ha-
9aJIpHEIME gncIeHnocTAMu. OFHARO TARKOM ciaydail MaJoMHTEpeceH,
TaK KaK TpeGyeT BHIIOJHEHUsI CTPOTOTO PABEHCTBA, W TPYIHO OKH-
JaTh, ITOGH HTO YCJIOBHE NMPAKTHYECKHU COBJIIOIANOCH B TEUEHHE BCETO
XO0fa HpoIlecca.

N3 ckazaHHOrO MORIO CAeNaTh CAEAYIOMIeE BHBOABL: BO-TIEPBBIX,
€cJIM OAMII U3 BUJOB 1Morubaer, TO 3TO TOT BH/, HadalbHOE KOJINIECTBO
ROTOPOrO MelbIle; BO-BTOPHIX, MOJENb JaeT HeorpauMyeHHBI pocT
OJ(HOT0 WU 060UX BUAOB. ITO OOBACHAETCA TEM, YTO TUIIOTe3a HeM-
TPAIBUON CPeIH, JAaKe eCJM OHA CHPaBeJNMBA HA HAYAJIBIOM JTAane
ROHKYPEHIIMH, He MO;KeT OCTABATHCH CIPABEAJIMBON GECKOHEYHO TO0JI-
roe Bpeysa. CieToBaTelbHO, MOJENb MOKET aBaTh 00bsICHEHHE JKCIIE-
PHUMEHTAJbHBIX Pe3yJbTATOB JHUUIb HAa OTPAHHYEHHOM MHTEpBaJje Bpe-
MeHU. Y4ueT JUMATHPOBAHUA YCTPAHHUT HTOT HEJOCTATOK.

B Mopmenu B3aumomeHCTBUA XWIMHWKA M JREPTBBHI NPHCHOCOGIEH-
HOCTHU f; U f, HOMyIANUI IpeACTaBUM B BHUfE:

(1= o —opy
lfz = — &y + dpy,
! PceaegoBanne pelieHHA TOKA3HBaeT, YTO KPNUBAA [IHAMIIKH BEITECHAEMOTO BH-

fa 6ymer B 9TOM caydae IMeTh JNOKAJBHBIT MAKCIIMYM B MOMEHT BPeMeHN

take (e, &8, A, B), ecann BLIIOJHEHBI yCJ0BHsA cymectnoBanusa € < o I B/A >

> ¢ (o — &)/ (42 + a?).
79



rae BCé KOHCTAHTHI MOJOKUTEIABHBI. 3H3KH KOHCTAQHT €1 U &, BblﬁpaHH
T4K, 9TO B OTCYTCTBHE XHUIIHAKA }KEPTBA DPA3BMHO;KAETCA GECKOHETHO,
YTO eCTeCTBEHHO B paMKaX NPEANONOKEHWS HeRTPaJIbHOH CpemH.
XHIMHEAK B 0TCYTCTBHE »epTBhl TrOHeT. O0mee pemenne aTOH CHCTEME
YpaBHeHUH HMeeT BH:

Ny (t) = N1 (0)es'(py (0) + pa (0) e-terreraymte
ete—a

. 2.(0)
Na(t) = Na Q) et (pa(0) + L e ) 7

rae p; (0) m py(0) — HagadbHEEe NPONOPIHAM HONYIANEA p, (0) =
= N1 (0)/(N:(0) + No(0)), po(0) = 1 — py(0).

AHanusWpysA 3TO PelleHUe ¢ TOYKA 3PEHHA KOHETHOrO pe3yJabrara
npoIecca B3aNMOJeHCTBAA, MOKHO BHJIEIUTH TpH ciaydasa: 1) o6a Buna
rubuyT; 2) 06a BAJA COCYMECTBYIOT GECKOHETHO A0JIT0; 3) NONyIANua
XHUIHWKA TUGHET, a ;KepTBa BhUKMBaeT. VHTepecHoil 0COGEHHOCTHIO
npolecca B3aUMOJIEHCTBUA SBIAETCH TO, YTO CYINECTBYIOT MOMEHTH
BpPEeMeHH f; U {,, B KOTOPHE KPUBHE YUCIEHHOCTH monyasanuit N(i) u
Ny(t) MoryT mMerh JTOKATXBHBIA MAKCHMYM HMJIH MHHEMYM. Ilpmaem
t, > t;, T. e. HAOJIOMaeTCA 3amMa3AsBaHAe PEAKIUM MONYJIALNHA XWIN-
HUKA HA BCUBINIKY ¥JIM IOHUKEHWE YPOBHA YHUCJIGHHOCTH FKEPTBHI.

PaccMorpuM BO3MOJKHBIE THIB KPWBHX JHHAMAKA OWOIeHO3a
6omee mogpoGHoO.

1. Ecim B3auMHOe BIUSHWE HONYJIAIUHE TOCTATOYHO BeIuro (o >
> &1 + &,), TO XMIOIHAK YHEITOKAET }RePTBY, a 3ateM ruGuer cam. OGe
KpPUBHIE AUHAMUKY YHUCAEHHOCTH MMEIOT JOKANBHEIA MAKCHMYM, IPH-
YeM MAKCHMYM KePTBBI HacTymaeT paHblle MAKCHMYMa XUITHHKA.

2. Ecam UHTEHCHBHOCTL B3aMMOJCHCTBAA HECKOIBKO MeEHBIIe
(max {g;, &,} < a << & - &,). TO MONyJIANNNA cocymecTByior. OxHa-
KO Ha mavaJIbHOM JTale B3aWMOJEHCTBHA MOKeT HabIIOHaThCA HEKo-
TOpPOEe yMeHbIeHWe YHMCIEHHOCTH XHUIMHUKA, KOTOpOe, NOCTUTHYB
HEKOTOpO# MUHUMAJIBHOH BeJMIMHE, [lajllee CHOBA HAYMHAET PACTH.

3. Ecan mHTEeHCHBHOCTH B3aMOJEHCTBHUA ene MeHbINE (£, << o <<
<< &), TO MONYJAIUH MO-TIPe;KHEMY COCYIECTBYIOT, HO HA HAYalbHOM
aTame Impomecca MOSKHO HAaGMIOTATh BPEMEHHOE MOHHU/KEHHE YICJIeH-
HOCTH oGe:mx momynasmuit. IIpm sTOM MHHHMYM ;KepPTBH HACTYIaer
paHbllle MUHAMYMAa XAIMMHAKA.

4. Ecim mMeeT MeCTO HEPABEHCTBO, IPOTHBOLOJOKHOE IPe/hl-
aymemy (g; << o0 << &,), TO MOOYJAANHUA XHOIHAKA THOHET, & HOWyJsA-
IFA KePTBH COXPAHAETCs, XOTA HA HAYAJIBHOM dTame MO;KeT Haburo-
IaThCA HEKOTOpOe MOHUKEHNe €€ YHCIeHHOCTH.

5. Ecam MHTeHCUBHOCTH B3aWMOJENCTBUA odYeHb HHU3Ka (o <<
<< min {&g, &,}), TO MONYIANAS XUMHHUKA IUOHeT, a IUCIEHHOCTD II0-
NYAANUA ;KePTB MOHOTOHHO BO3pacTaer.

Taxkum o6pasom, COOTHOmEHAE MAPAMETPOB €, €, U O IMOJTHOCTHIO
ompefesidgeT MCXOML Ipollecca B3aWMONECHCTBUA NONMYJIANUA XHUIIHAKA
M ;kepTBel. Mlexom aToro mpomecca, B OTJIHYNE OT PACCMOTPEHHOTO pa-
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paHee Ipomecca KOHKYPEHOWH, He 3aBUCUT OT HAYaJXbHBIX YHCJIEH-
HOCTeH nomyasanui.

MHu cosHaTelIbHO HE PACCMATPHBAJIH CJIYYall TOYHOI'O PABEHCTBA:
O = &1, 0L = €y, & == & + €,, TAK KAK OHHU BPSAJ] JH MMEIOT OHOTIOTU-
qecKHiA cmpici. O6GmMuM HEZOCTAaTKOM PACCMOTPEHHBIX JBYX Mojeneil
ABJAAETCS 0ECKOHEYHBIA POCT BLUKUBINUX monyiasnuil, OH, 09eBHAHO,
MO;KeT OBITh YCTpaHEH Y9eTOM JUMHUTHPYIONIETO BJIUAHUA CPEJEHL.
PaceMorpuM mpocreiimryio Mogelb KOHKYpeHIMEM OIH3KUX BHIOB
¢ yderoMm gumuTupoBarusA. llpmemocobiernocTH f, u f, mpumem pas-
HHIMH:

fr=e—ap,— kN |

fo=¢—oap; —kN ]’

Kouxypeurnoe coo0miecTBO mMeeT JBa YCTOMYMBHIX CTAL{MOHAPHBIX
COCTOAHNSA, B RAKAOM H3 KOTODPHLIX OJUH U3 KOHKYPUPYIOMUX BHIOB
moruGaer, a APYrod MOCTUTAeT PABHOBECHOTO YPOBHA TUCITEHHOCTH.
JTOT ypOBeHb, TAKHM 00pasoM, OmpeelsdeTcs TOMBKO IapaMeTpaMu
BRKUBINETO BHJa, W COCTOAHHUA PaBHOBECUS HAXOOATCA TaK:

Ni=0 Ny =+
e ( WK .
Ne =5 Ny=0

Ecnu yaBoeHHHH K0a)PUOUEHT cOOCTBEHHOr0 POCTA HOMYJIANAKN 60Nb™
me KoappurpentTa IUMATHPOBAHUA 2g > o, TO CYMECTBYET eIe OJIHO
cranmonapuoe cocroguue: Ny = N, = (2¢ — a)/4k. Opuaxo »T0
COCTOSIHNE HeycToiumBsoe, T. e. gaske ciraboe HapyIIeHNe PAaBHOBECUA
B HOJB3Yy OJHOTO M3 BUAOB OHPUBOTUT COOGMECTBO B OJHO U3 YKa3aH-
HHX paHee YCTONYMBEIX COCTOAHHI.

HagecTBenHHit aHAINS CACTEME YPaBHEHNI I03BONAET YCTAHOBUTD,
9T0 B 3aBHCHMOCTH OT HAZAJIBHOTO COOTHONIEHWS YUCIEHHOCTE! BHIOB
BO3MOSKHBL  CJEAVION[HE THUIH TeUeHHs [ponecca KOHKYPEHI[HU:
1) N1(0) > N,0). Bropoi Bmxg normbaer, a TUCIEHHOCTb IIEPBOTO
MOCTHraeT paBHOBecHOH Bexwuunsl: N, = e/k; 2) N,(0) > N, (0).
B »sroMm cayuae Bcerga moruaer mepBHI BHI, a YACIEHHOCTH BTOPOTO
yceramapauBaercsa k yposuio N, = e/k; 3) Ny (0) = N,0). B asrom
ACKIIOYUTEJABHOM CJydae, KOTJa HAYaJIbHble YHWCIeHHOCTH paBHHI,
MOKHO IIOJYYHTh PEIIeHNe CHCTeMH B ABHOM BUIIE:

Ni(t) — N () =

OT0 U3BECTHOE yPaBHEHME JIOTUCTHIeCKoit Kpusoit. Ecin 2 ¢ > a,
TO CYLUIECTBYeT CTAHOHAPHOE COCTOSHUEe, W YUCJICHHOCTH BMIOB C Te-
YeHMEM BPEMEeHU CTPEeMsTCA K 9TOMY COCTOSHUIO; B IPOTUBHOM CIydae
o6a Bupma uorubawr. [lo-BugumMomy, TpeTuil U3 paccMOTPEHHBIX TUIIOB
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IOBeJeHNA cO0GmecTBa He MMeeT GOIBIMOro OMOTOTHIECKOr0 CMBICIA.
OTyeTHM, 4TO BO BCeX OCTAJBHHIX CJIydasx, TAK yKe KaK U paHee, BH-
JKUBAeT TOT BHJ, KOTODHIH MMeeT B HA4aJdbHBIH MOMEHT GOJBINIYI0 THC-
JIEHHOCTB.

Paccmarpusas coolIiecTBo THIA «XWIMHUK — JRePTBa», MH OyjeM
MpeanoJIaraTh, 4T0 cpejfa JIAMUTHAPYET TOJBKO YHCIEHHOCTH HONMYyMd-
MM ;KePTBH, IJIA XMITHHKA OHA ABIsETCA HeHTpalbHOU. JTO mpejmo-
J0;KeHMe ONPABIAHHO BO MHOTUX CJIy9YasX, KOI/la YHCJIEHHOCTH XMII-
HHKa HaXO[HTCA HA 3HAYUTEIbHO 0oJiee HU3KOM YPOBHE, YeM IUCIeH-
HOCTH ;xkepTBH. lIpucnocobnennocTn f; u f, B 5TOM ciyuae HMEIOT BHX:

{f1:81—a172—kN

fo = — &+ ap;.

B 3aBHCHMOCTH 0T COOTHOLIEHWH Me;KHY BXOJAIAMH B ypaBHe-
HEA KodPPUIUEeHTaMH B cooOmEecTBe MOTYT HMMETh MeCTO NPOIleCCH
TPeX pasJMIHBIX THIOB.

1. llycts wo3punument B3auMmopeiicTBus Goxblle Ko3pdUIHeHTa
COGCTBEHHOTO POCTA XHUITHUKA €; < & << &,, JNG0 NPH IPOU3BOJIBHOM
COOTHOLIEHUH ME;KIY MmapaMeTpaMH &, U &, KodpUImeHT B3auMoei-
CTBHUA MeHbIIEe Ra:KTOT0 M3 HUX o < min {ey, &}. Torga cymecrByer
€/IMHCTBEHIIOe YCTOHINBOE CTAllMOHAPHOE COCTOAHNE, B ROTOPOM XWHII-
HUK mormGaer, a IMCIEHHOCTH REPTBH yCTAHABINBAETCA K PaBHOBEC-
HOMY YpPOBHIO, paBHOMY &,/k. KakoBsl Gbl M GBIIN 9HCIEHHOCTH BH-
IOB B HAYAJBHHIH MOMEHT, 6HOIEHO03 MPUXOAUT B YKa3aHHOE COCTOA-
HHe,

2. Ilycrb rospduuument szaumopeiicTeusa Gonpine aGCcoTOTHON Be-
JUYHE Ko3dduIiuentTa coOCTBEHHOIO0 POCTA XHIMHHUKA, HO MEHBIIe
K03 (UIeHTa POCTa sKEPTBH &4 << o << &, JUOO IpH TH060M COOTHO-
LIEHUM ME:KAY Koo pPUIHeHTaMU &, U £, K03PPUIIMEHT B3aUMOeCTBAA
6osblIe Ka/RIOTO U3 HUX, HO MEHBIIEe X CYMMBI INax {g;, &} < o <<
<< &, + &,. B aToM cayuae o6a BUAA BEIRUBAIOT M COCYLIECTBYIOT Gec-
KOHEYHO [0JITO, a YUCIeHHOCTH HX BCErjia CTPEMATCA K PaBHOBECHBIM
BEJMIMHAM, KOTOPHE ONPEAeNHIOTCA 10 GopMyaaM:

leﬁz(ﬁx-{—&z-‘—d), N,— (o0 — €2) (81 82 — Q)
ak ak

3. Ecau coorHomenne Memxay KodQOUIUEHTAMH COOGCTBEHHOTO Po-
CTa XUIIHUKA ¥ KEPTBHl MPOU3BOILHO, HO KOIPPUIMEHT B3aMMoOJe-
CcTBHUA GOJIBIIE CYMMBI @ > & -+ &,, TOo 0o6a BHAA Bcerga morubamr.

OTMeTHM B 3aKJIIOYEHHE, YTO BeJIHYUHA KOIYPUIUeHTA TUMHATHDPO-
BaHUA k He BIHWAET HA TO, KAKOr0 THOA HpoIecc OyJeT ImpoTeKarh B
coobmecTse. Tpebyerca Jumb, 9T06H 3TOT K03PHUIHEHT GBI OTIHIEH
OT HyJs, T. €. B HaHHOM CjIydae BaykeH caM (aKT HAaJINIMA JHMUTHDPO-
BaHUA.

ITpoBesenm cpapHeHH® pPACCMOTPEHHBIX MoOjeldell ¢ pesyJbraTaMu
kaaccugeckux sxcnepumentoB I'. . 'ayse mo XMmMHUYIECTBY B KOHKY-
peunua y npocreiimux [3, 4, 37]. Ha puc. 1 npesacrariensl sxcnepn-
MEHTaJbHHe JaHHble, H306paskaiomue X0 KPUBBIX JUHAMUKH 4HCIEH-
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Puc. 3. Xoa B3anMogeicTBHA
MEKIy MONYJIANUAMHE XHIHNRA 27
(D. nasutum) 1 sxeprsw (P. cau-
datum) (Tayze, 1934).

V(74

moctd monyasimuit Paramecium aurelia m Paramecium caudatum
B HpPOIEHTAX K paBHOBecHoMY ypoBHIO. IlpH pasieabpHOM KyJbTHBU-
POBAHHM YHCJIEHHOCTH 00eHX NONY/JIANUN ¢ TeYeHHEeM BPEeMEeHU BHIXO-
HAT Ha paBHOBECHHH yposenb. TeopeTudeckasa Kpusas, MoJydeHHas
U3 ypaBHeHUN KoHRypenuuu npu o, = 0 u a, = 0, gaer ymos:ieTso-
pHTENBHOE COBDAJeHMe ¢ dKcumepuMmenToM npu & = 2,0; k = 0,02,

Ha puc. 2 npegcrasien Xof KOHKYPEHOUM MERAY 3TUMHU BUJaMHU.
HpuBas paccunmrana mo ypaBHeHHUAM KoHKypeHmuu npu o = 0,6.
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ITapamerpnt & B o BmOHpaauch HCXOfA W3 TPEABIAYIEro ONBITAa
XapaKkTepHo HaJIMYMe MAKCHMYMa WUHCJHEHHOCTH Y BHTECHAEMOR
nonyJaAun,

Ha puc. 3 uzobpaskeHa xapakrepHas KpPUBas IUHAMMKH 9HCJIEH-
HoctH Paramecium caudatum (sreprsa) m Didinium nasutum (xmug-
uuk). Hpusas paccumrana mo ypaBHeHHSAM JUHAMURA npu &, = 3,0;
e, =4,0; o =7,5; k =2,6-10"2, Bujno kagecTBeHHOE COOTBETCT-
BHEe TeopeTHYeckoll KPUBOA OKCHEPUMEHTAJbHBIM HgaHHBIM. He-
CKOJBKO Gosiee ORICTPOE BHIMUpPAHHUE XUIOIHUKA, CIeAyIoliee U3 TEOPUH,
CBSI3aHO € TEM, UTO B MOJENH HEe YUTeHhl OMONoIuyecKue 0co6eHHOCTH
nonyasanuu Didinium, 3akaiogaomuecsi B TOM, UTO OHA MOKET IpoO-
JOJKATh HEeKOTOpPOe BpPeMd pPasMHO:KAaThCA B OTCYTCTBHMe nuinu. Xa-
pPAKTEpPEH CABUI MAKCUMyMa YHCJIeHHOCTH XUIIHUKA OTHOCHUTEJILHO
MAKCUMyMa YHCJEHHOCTH  RePTBHI.

OTMBTHM, 4TO, XOTA pe3yJdbTaThl BHYUCICHAN Hpe}ICTaBJIeHLI B
YICJEHHOCTAX, PacyeT BeJICs Ha OCHOBE BeIUYyn GHOMAacehl MOMyJIs-
LU,

IIpu aroM MBI HCXOAHIN U3 TOTO, 4TO OMOMacca ojHoil ocobu Para-
mecium caudatum pasna B cpeguem 0,002 mr, a 6uomacca Didinium
nasutum — 0,0009 sr [27]). Tunoresa HeATpanbHON Cpedsl MIA XHII-
HHKAa oIpaBjalia TeM, YTO YUCJIeHHOCTh nmonyisaunuu Didinium garera
OT HACHIILEHUsA, B TO BPeMA KaK IONYJIALMUA ;KePTBH AOCTUraeT yPOB-
HA 9YHACJIEHHOCTH, GIM3KOI0 K PaBHOBECHOMY.

Y noBaeTBOPHTENbHOE COBIAfEeHUE TEOPHH U 3KCOEPUMEHTAa [e-
MOIICTPHUPYET MJI0JO0TBOPHOCTh NPUMEHEHHA NPEAJIOKeHHBIX [HIOTE3
K ONMCAHMI0 TUHAMUYECKHX IPOLIECCOB B BJIEMEHTAPHLIX IBYXKOMIIO-
HEHTHBIX coofmecTBaXx. 3aMeTUM, 9T0 ypaBHEHHUsA THna Boabreppa He
AT BCeX TexX THUIOB JUHAMUIECKOLO ITOBENEHHA, KOTOpbLIe CHeAVIOT
K3 NpeAJaraeMelX HaMHd Mofeleil. B 4acTHOCTH, XOJ DKCIepUMeHTa,
[IPeACTaBICHHEIN Ha PHUC. 3, HE MO;KET OBITh 06bACHEH Ha 0CHOBE BOJb-
TepPPOBCKOM Teopuu. JIHTePECHO, UTO HEKOTOPLIM M3MEHEHHUeM YUCIeH-
HBIX BHAYeHMHE IapaMeTpoB mocjegHedl MOJENM MOKHO HDHATH K CH-
Tyanau, KOTAAa B3aUMOJEHCcTBHEe HpuBeAeT K YCTAaHOBJIEHHUIO PaBHO-
BECHOTO YPOBHH, COOTBETCTBYIOIIEr0 COCYLIECTBOBAHIIO IOMYJIAIMIA,
T. €. B 9KCICPUMEHTAX, OANBKUX K ONUCAHHOMY, IIO-BHIUMOMY, MO~
HO HOJYYNThL YCTOMUYMBOE COCYIECTBOBAHWME NONYIANW XHIMHUKA ¥
JKePTBHI,

MoskHo moOKaszaTh, uYto He0OJbIOE BHIOM3MEHEHHWE IapaMer-
pOB MOJeIM NPUBOAUT K BO3MOSKHOCTH BO3HUKHOBEHHA B CHUCTEMe
¢XHIMHAK — ;REPTBA» YCTOWYUBOTO IIPEJeJbHOIrO IHKIA.

CyMMHDPYA Ppe3yJbTaThl MCCIEHOBAHUA JABYXKOMIOHEHTHBIX CO-
0o0mecTB B paMKax HPUHATOTO HAMMU ABHOTO BUAA (QYHKIHEA IPUCHO-
COBJIEHHOCTH, MBI MO;KeM MOJIePKHYTD, YTO MOCTPOCHHbIe MOJIeAN Ha-
0T Gonbiroe pasHoofpaswe TUIIOB JUHAMHYECKOTO MOBEIEHUSA C000-
mecTB. [IpakTudecku Bce dPPEKTH, KOTOPHIE MOMKHO ONUCATH OOIMUMA
ypaBHeHUAMH THma ypaBHeHund Hoamoroposa, MOKHO KadeCcTBEHHO
MOjeAWpoBaTh W B IpefeaaX NIPeIIosKeHHOro, MNOCTATOYHO Y3KOro,
riaacca Mmopeneit. Ilpu 5ToM, HOCKOIBKY mapaMeTPH MOJEIH KMMEIT
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AICHYI0 HHTepHperanuio, yAaercs 4eTKO pas3fes]UTh Pa3aWYHble THIEH
IOBeJeHUA TPAEKTOPUI B TePMHHAX MHTEHCUBHOCTEH TeX HIM HMHEIX
B3aUMOMeNCTBUE, MMEIOIMX sAcCHH#E OHomormueckuit cMmeica. Tarumm
o6pasoM, MOCTPOEHHBIH 37eCh SIBHEIM IapaMeTpPHYeCKUil BHU ypaBHe-
HH Teopuu coolINecTB I03BOJIsAET HAEATHCA HA TOCTPOEHUE B JAJb-
HeHIIeM J0CTATOUHO ITPOCTOH M OCMBICJIEHHOU ¢ OGHOJOTHYECKOU TOIKH
3peHud TeOpHHU, HMelole#l CPaBHUTEJIBHO YeTKO OUYePYEeHHYI 00J1acTh
TPUMEHEHUS.

4. 3AKJIIOYEHUE

Hcexoauble OpeqmoChIKM, HAa KOTOPHIX OCHOBaHA HOeA OMUCAHUSA
AUHAMUKY cOO0IMEeCTB B TePMUHAX YMCIEHHOCTEH mONyIAIuil npH mo-
momu nupdepeHuuaIbHEIX ypaBHeHHUil THma (1.1), BechbMa KeCTKH.
IMostomy TPyHHO HAmeATHCA HA TO, 9TO MOAENHW TEOPWHU COOOMECTB
B TOTOBOM BHE MOI'YT MCIOJb30BATHCS [JIs PEUIeHUs CePbe3HBIX 3a-
a4 yIpaBJIEHUA eCTeCTBEHHLIMU coobmecTBamu. PaccMorpenne Kask-
oM KOHKPETHOH 3ajjaud 9acTo TpeGyeT ropasno fojee MOIHOTO ydeTa
coenuukn GMOTOTAYECKAX ABJIEHHUA, 63 KOTOPOTO MOAeNb OhIIa OB
HEeYJ0BJIEeTBOPUTENbHON, JTa cuermupyukra (HampuMmep, yUeT HOAO0BO3-
pacTHOil, TIeHOTUHUYECKOH M TepPUTOPHUAIBHOA CTPYRTYP LOMYJISA-
nuit) He BCETAA YKJIAJHIBAETCSA B PAMRH HAIIMX MCXOIHBIX IIOCTAHO-
BOK. VcKiaodeHHe cOCTaBIAIOT 6ojiee IPOCTHIe 3aJaydl yIpaBIeHUA
HCKYCCTBEHHO KYJIBTHBUDPYEMBIMU HONYJIALMAME MU COOOLIECTBAMU.

U Bce ke Teopusa coobmecTs THMA TOH, 0 KOTOPOH# HAET pedb B Ha-
cToameit paboTe, coBepUIeHHO HeoOXOJMMa, TaK KaK OHa BhpabaThl-
BaeT oO0ImMYy[0 TOUKY 3peHMsA Ha IMHPOKMI KiIacc fABIeHHH, IO3BOJAET
MO YIATh BasKHbIE KAYeCTBEHHEIE Pe3yIbTaThl, UMEIOMUe YeTKYIO ecTe-
CTBeHHOHAYIHYI0 HHTepUpeTanmio. [IpH ITOCTPOEHUH CIOMKHEIX MOJe-
jeit ¢ yueroM Gonbmioro auciaa GarToPOB TaKHMe TEOPHH UIPaioT poib
OT/HEJbHBIX OIOKOB, JAIHX B mapaMeTpHdeckoil ¢opyme HeoOXomu-
MEI€ KOJAHYeCTBEHHBIE COOTHONIEHHS.

IIPIJIOJKEHHE

oxasaresbeTBa TEeopeM pasgesia 2

Jemma 1. Ilycrs HenpepuBHEIN onepaTop F, 3afaHHbli Ha MHOKe-
ctee {N (f)}, oburamaer CBOHCTBOM

M

M N.
N1+ Vs :

F[N1]+_2F[N2] (%)

F]N1+N2]: Nl‘f‘A,2

npu Beex Ny, N, &= {N (¢)}. Torga npu Bcex ¢ > 0 umeem F [¢N] =
= F [N].

Horasameavcmeo. Ilonomum N, = N,. Torma umeem: F [2N] =
= F [N]. Ilo uagykuum ycramasampaeM, uro F [kN] = F [N] npm
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Bcex HATypadbHBX k. BeiGupas N = m/k, monydaeM m3 mocjegHero
COOTHOLIEHHE, ITO PABEHCTBO CIPABEIIUBO JI51 BCX PAI[HOHAJBHHIX C.
B cuny menpepsBHOCTH IpefIeJIbHEIM IEPEX0JI0M YCTAHABIUBAEM, TTO
9TO CBOMCTBO COPABEANNBO ¥ NPH BCEX BeU{eCTBEHHHIX C.

Jdemma 2. Ecam F — onepaTop, YIOBIETBOPAKIIUN CBOKECTBY
(%), To aF 4 P rarxwe ygOBIETBOPSAET BTOMY CBOMCTBY LpPH BCEX
o uf.

Horasameavcmeo. JoMHORUM COOTHOMmeHHe (%) HA o M mPUOABUM
K ofeuM gacTAM paBeHcTBa . B cmiy 04eBMIHOTO TOMKIECTBA

. Ny Ny
B= (Nx-l—Nz Twrw )P
HMeeM.

OF [Ny -+ Nyl + B = (@F [N1] + B) = + (aF [Nl + B) -2

gT0 M TpeGOoBaJOCh [0KA3aTh.
Teopema 1. Jloranbumii, cTanMoHapPHLIA, HeIPEPHBHHIA omepaToOp
F, ob6naparomuit cBoiicTBoM (¥) M MMEHIIUI B KavecTBe sApa MHOKe-
cTBO Bcex ¢Qymrnmii Bmga N (¢) = N, = const, mmeeT BHJ:
1 dN
F[N )] |=axp—.
Hoxasamesvcmeo. JloMHORas 06e 4aCTH 9TOT0 COOTHOMEHHA () Ha
N, 4+ N,, nmeem: (N; + N,) F [N, + N,|= NF [N,] -+ N,F IN,].
Kpome Toro, B cumny aemmr 1 npum Bcex ¢ >0, ¢NF [eN] =
= ¢NF [N]. Tarkum o6pasoM, ycramaBiuBaeM, 4dYTO OIepaTOp
N.F [N] — nuueitumii., Ho /IuHeiiHBI HempepubiBHHIA 0IepaTop
JOKAJIBHOTO HedicTBUA ecTh nudpdepennuanbubii omeparop [30]

AN
(dt + b2 dt2 + b3 des +

NF[N]=B+a

B cmny mocaegmero mpemmonoskends Teopemsl mmeeMm f =0, b, =

= by =...=0. CaegoBarensno, F [N]= o 1/N dN/dt, uaro m Tpe-
00BaJOCh HOKA3aTh.

Teopema 2. Besikylo HempeprBHO AuddepeHIUpyeMyio QYHKIHIO

f(p1, . . ., pn, N), 3aianuymo B oGaacru {p.i >0, 2 pi=1, N> O}.
i=1

MOKHO IIPeICTABUTL B BHUje: f=f - fo + f,, TaK 4To IpPH BCeX Py, ...
«ees Pp» N umeror Mecro coorHomenma: df /0N < 0; df, /0N = 0;
of,/0N > 0.
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Hokaszameavcmeo. Oupegesnm MpoU3BOJHBIE OT UCKOMBIX (yHKIUI
caenyomuM o6pason:

a1. %, ecan %<O
o 0, ecau %/O,
o

o, 0, ecanm %<0
o ;T):” ecyIl ;—f>0.

B cuay onpemenenus HeoOXxoguMble COOTHONIEHUA BHmoJdHEHE. Ompe-
JelseM fajdee McKoMble ¢yrknun f_, fo, f,, HHTerpUPYA DIPON3BOLHEIE
mo NV:

—-N

o 0
f S afde f0=f(p1a-°-’ Dn, 0)’ f“‘: S .af_&dN.
0

0

Herpyauo Bupmers, uto f =f_ -+ f, + f,. Teopema 2 moxasa=na.

Teopema 3. BeAkyo aHAIUTUIECKYIO 1 B KOHYCE HEOTPHUIATEIBHBIX
nepeMeHHHX Ny, . . ., N, dyskmua ® (Ny, . . ., N,), ofpamaomyocs
B 0 B Havalle KOOPAMHAT, MO'KHO IPEACTaBUTH B BHge: © = @~ +
-+ @° + D+, tak aro up; Bcex Ny, + v oy Npy Npy o v oy Ny, EMeIOT Me-
CTO COOTHOLIEHMA:

O (NT+ N1 N+ N KD (N ooy No) + (N, -, N
DNy 4+ Ny, ooy N Np) = @O (N, ..oy No) = @° (N, - .y Ny (%)
(@ (Ny+ Niy oo, Ny = Ny > @F(Ny, ., Np) - @ (N, - .., N3

Horasameavcmeo. Ilpeperapum Qyurmmio @ abCcoaoTHO CXOgA-
IMUMCS CTEIEeHHEIM PALOM:

—ao-{—Za]\—{— ZaUI\N—}— 2, ;5 NiNiN, + . ..

i, j=1 i, §, k=1

t Tpeﬁonaﬁnﬂ AHAJIHTHYHOCTII HEe MPAHINITNANIRHO, HO OHO CymeCcTBeHHO ynpoma-
€T AORa3aTeqbCTBO,
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TTockonsry @ (0, . . ., 0) =0, t0o ¢, = 0. Onpeaennm fanee

n
DO = ZaiNi
i=1

&~ == 2 G;N:N; + 2 a5 NilViNi + . ..
i, j=1 i, 7, k=1
n n
O = 2 aj]N,N]—i— 2 a«;'jkNiNij-}-. ..

i, j=1 i) =1

3necs depe3 a” 0603HAYEHE TONBKO OTPUIATEIbHBIE K03POUIUEHTH
paga @ mpu wiemax He HU;Ke BTOPOI cTemeHI, a yepes a* 0603HaTeHbl
BCO IOJO;RUTeJIbHbIe Koddpduumentst paga @. B cuay abcoioTHol
cxoxumocTy vactuansie pagsl O~ u @+ rakke cxomarca. Hemocpepn-
CTBEHHOIl MPOBEPKO# yOe:kaaeMca, 9TO IMOCTPOEHHbIE QYHKIMHE YI0B-
neTBOPAIT TpeGyeMEM B Teopeme cooTHomeHnHuAM. T'eopeya norasaHa.
N; |

i N=2N

=1
m o6osHawuB f = 1/N @, mpugeM BMeCTO COOTHOIIEHHIl (#%) K ycIo-
BuaM raaccupuranuu (2.13). Tarum o6pasoM, IOTHOTA KiIaccupuka-
OUY TEIOB MEKIOMYJIANUOHHEIX B3aMMOJAEACTBHH HOKazaHa.

Teopena 4.

1) B auMmutupyrome#l cpexe BHYTpeHHHe B3aUMOAEHCTBUA HUMEIOT
HEHYJIEBYI0 KOHKYPEHTHYIO COCTaBJIAII[YIO.

2) B cramyanmpyomei cpefe BHYTPEeHHHE B3aEMOJEHCTBUA MMEIOT
HEHYJIeBYI0 CHUMOMOTHIECRYI0 COCTABIAKILYIO.

3) KoHcepBaTWBHbIE B3aUMOAEHCTBUA MOTYT HMETH MECTO TOJBKO
IpU HeHTpPAJIBHOU cpefe.

Hoxrasamearcmso. 1. Brbupas B ycloBuAX KIacCAQUKAIME Me/RIIO-
OYJANUOHHHEIX B3AUMONEHCTBHA pj == Py, . - «» Pn = Pny A = 1/2
mveeM F (py, ..., Py NYZ2F(py, ..., Pn,1/2N). Ecau cpega mummu-
TEpyIOmMAs, TO XOTA Obl HPH HEKOTOPOH CTPYKTYpe p U YUCIEHHOCTH
N B 5TOM COOTHOIIEHWM UMeeM cTporoe nepasencTBo (<). CiegoBa-
TEIBHO, IPU YKABAHHBIX CTPYKTYpax p’, p” u A B3auUMOJeHCTBHA KOH-
KYPeHTHEIE,

2. Bropoe yrBep;kieHHe [JOKA3HIBAETCA AHAJIOTHMYHO HEPBOMY.

3. Ilycrs B3auMOmEHCTBUA MEKAY TOMYIATAAMA KOHCEPBATHBHEL,
Brifepes cTpyKTypEL COOOIIECTB TaK ske, KaK B MyHKTe 1, Torga moay-
yum f (p, N) = A f(p, N') 4+ (1 — 1) f(p, N"). Bubupaa N’ = N’,
noayanM f (p, 2N') = f (p, N'). Ilo mHAyKUHH ycTaHABJIUBaeM, UTO

Caedcmeue. Cuenas 3aMeHy IEpPEMEHHBIX p; =
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o Becex HatypauabHeix £ f(p, kN) = f (p, N). Bubupas N B Bupge
apobu m/k, moJy4UM, 9TO NPU BCEX PAIMOHAIBHBIX N nmpucmocofien-
HOCTh [ Takyke NPUHUMAET OJHO U TO yke 3HAaUeHMe. B cuiay mnpepio-
JIOKEHUS HEeNPePHBHOCTH QYHKIHUH [ 5TO YTBeD)KJAeHHE pacnpocTpa-
HfETCS W Ha BCe BellecTBeHHBIe yuciaa. TaxmMm ofpasom, MH J{OKaza-
au, 9To cpefa Hefirpansna. Teopema 4 norasana.

JokazaTeapcTBa Teopev paspgeria 3

Teopema 5. Ilycrs gBaskas HempepHuBHO fuddepennupyemas fyHK-

nusa f (p) 3agana Ha cUMIIEKCe:

G={Ih>01 ipi:1}

i=1
¥ VIAOBJETBOPSAET Ha HEM TOMIECTBY:

JOp -+ (1 —=MNpP)=8 () + A =1 (p)+ 201 =N g (P, p’)
npu Beex p’, p” & o nnpnawbom 0 < A < 1,1ae g (p’, p’) — Heko-
Topas J[BaKAB HenpepeiBHO [uddepeHIUpyeMas QYHKIUA CBOUX
nepemennnix. Torga ¢yEknusa f Mosrer OBITH Tpejcrapiena B BHE

KBaJpaTHuHOH ¢opMEL: [ = Z [i;PiP;j-
ij=1,
Horasameavcmso. BHYHCINM BTOPYI TNPOU3BOAHYIO OT JEBOM U
IIPaBoO# YacTeil TO/RAeCTBa 110 P, p;-:
af

——— '7\2 =
op;0p;

1P +(1-N)p”

8]) 01’ 01 8p

l 20 (1 — 1)
Pasmenus ofe uacTH TomAeCTBA HA A%, MOJIydHM:

o2 f
ap;0p;

a2f l 2, (1 —1) o
T Bp.op. A

7\P'+(1—7\)p" 11 P] p’ aPlaP]
ITo Teopeme Beitepmrpacca, QyHKIUM B JIeBoil gacTH paBHOMEPHO
OrpaHUYeHs KAK HempepsBHBIE, 3aJaHHBe HA 3aMKHYTOM MHOKe-
ctBe 0. lIpaBylo ke 4acTh MORHO cfe’]aTh CKOJIb YrogHo 6OJBmION,

BHOUpas A gocrarodno MadbiM. CIemoBaTONBHO, AU TOTO YTOOH TOMK-
a2g
ZIeCTBO MMeN0 MecTo, HeoOXO0auMo, YTo0H =7, 7+ —
Op;p;

a pa3 Tak, TO U3 IEpPBOro COOTHOIIEHWA HMeeM:

orf 0%t

OPOP; |y prornypr OPiOP; [
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Yerpemasaa A k HyA10, B CHIY HEOPEPLIBHOCTH IO ydUM!

0%f 0¥
ordp; |pr  9P0p; |pr
62
Hocroapky Touku p’ u p” BHOMpPAWTCA HA G HE3ABUCHMO, TO 3 ajp =
i
= f;; = const. CregoBareanHo,
n n
f=lo+ A him+ 2 Fapipse
i=1 i, j=1
n
BBugy ycaoBUS HOPMUPOBKY JOMHOYKUM CBOGOIHKII TreH f,Ha Zpi,
i=1

n

2
a JHHeHHBIA YIEH Ha ( Zpi) . ITpuBens nogoOmHEle YI€HH, MOAYINM

i=1
n

OKOHYATeIbHO TpeGyeMoe LmpejcTaBlieHHe: [ = 2 J:iPiPj-
Teopema 5 moxasana. A

Teopema 6. Ecum aBasrsl HenpepuBHO Auddepennupyemas GpyHK-
nus f (V) ynoaersopsier upu Bcex V>0 u ¢ >1 tosupectBy f (¢N)—
— (V)= (c— 1) r (N),rue r (N) — HexoTOopas npou3BOIbHAHA PYHK"
nua, 1o f (N) — auneiinas QyHKIUA.
Horasameavcmeo. [updepeHiupys To;REECTBO ABAYKABL 110 €, TOTYINM
&y
ON? [cN
Yerpemuaa ¢ ® equnune, no HempephiBHocTH npud N == 0 mmeem §°f/
/ON = 0. B cu1y HenpepHBHOCTH 3TO UMeeT MecTo Tarske u npu N = 0.
CrnegoBaTensro, f — auHeliHas QyHKuusA, 9To u Tpe6OBaNOCh JlOKa-
3aTh.

B roskpmecTBe (3.6) BEKTOP HacTOT p M CUMBOJ cpejsl O UTPAIOT POID
mapaMeTpoB, I0ITOMY OHU M BXOJAT B OKOHYATENBHBIH pe3ylnbTar

(3.7).

N? = 0.
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MATEMATHUYECRKHE MOJEJ/I BIOIOTMYECRUX
COOBIIECTB M 3AJAYN YIIPABJIEHUA

A. U. BPEKHEB, JI. P. THH3BYPI', P. A, I[IOJIYIKTOB,
N. A. IIBBITOB

ITpu BripaGoTKe pamMOHAJBHBIX METOMO0B JKCIIyaTalli¥ BOCIPO-
H3BOJUMBIX OPUPOAHEIX PECypCcOB BO3HHKAIOT JBAa THMA 3a7ad yIpaB-
JeHUs, B KOTOPHIX JOJKHA YYUTHIBATHCH cHelHAPUKA 6MOJIOTHIECKOro
3BEHA, OTBETCTBEHHOTO 33 BOCIPOM3BOJCTBO TOI'0 WM HHOI'O pecyp-
ca. 3ajagu mepBOro poja OTHOCATCA K OMMCAHOIO TAKOU CHTYyamuw,
KOT[a 0COOM KOHTPOJUPYEeMOil HOMYIAMAHK caMH 10 cebe He MMEIOT XO-
3AHCTBEHHOU IIeHHOCTH ¥ B TO ;Ke BpeMsa mojfep;raHue pasMepa 3Toi
MONyJsANAY Ha OIpefeeHHOM YpPOBHE HeoOXOJUMO IS HOPMAJIBHOTO
IPOTEeKAHNA TOXHOJOTMIeCKHX IMPOIECCOB B CHCTeMe MJIM JUIA cOalIaH-
CHPOBAaHHOI'O0 pa3BuTHsa OmoneHosa. IlpmmepamMm Takoro poma MOryT
CIYKHTH TEXHOJOIAIeCKHe ITPOIECCH OMOJOTHIECKONX OYHCTKHU 3a-
IPA3BHEHHBIX OPraHAYeCKAMI BeHIeCTBAMU CTOYHHIX BoJ, 60pBLOHI ¢ Bpe-
JUTEIAMH CeJIbCKOrO X03AHCTBA W T. .

Jpyro#t Tum samad BO3HMKAeT TOTAA, KOrJa COCTABIAMIINE MOMY-
JAQUI0 0CO0W WM BHIpAOATHIBAEMEE MMH NPOXYKTHL 06afaloT Hemo-
CPe/CTBeHHOM MoTpe0uTeIbCKOY HEHHOCTHIO, a CaMa IONYJIANUAA KyJIh-
THBUDPYETCA C IeJbI0 IOJYJeHHs 3THX HpPOAYyKTOB. BocmpousBomcTBo
M DKCILTyaTanmWA KPYOHOTO POTATOr0 CKOTA, BHUIOB PHIOBL WIH OT-
CTpeJ AUYHM JA0T HAM TaKOr'o pPojia IPMMEpH], IepedeHb KOTOphx Oe3
TPYAA MOYKHO IPOJOJIKUTh.

Od4eBHAHO, MOAXOR K HOCTAHOBKE 337a4 yOPAaBJIEHUS B 3THX ABYX
cIydasax ROJKeH OHTH CyMecTBeHHO Pas3iWIHHM. Hcim B mepBoMm U3
HAX B Ka9eCTBE KPUTePHUs HOPMAJIBHOIO QYHKIMOHUPOBAHUSA CHCTEMEI
BRICTYIIA€T €€ YCTOWIABOCTH, TO IPU PEIIeHAU 3a7ad BTOPOTO THIA MEI,
KaK OpaBHUJIO, MAOMOJIHHUTENBHO CTPEeMHEMCA NOJIYIUTh MAKCHMalbHBIH
JOXOJ{ HIM MaKCHMAaJbHHH BHIXOJ roToBodl mpoaykuum. Ormerwm, of-
HAaKO, 9TO A ONACAHNE 00'bEKTA YOPABJIEHHS, I B IaCTHOCTH €ro Guo-
JIOrMI6CKOT0 3BeHA, B O0OMX CJAydasX HMeercd, IIORaXy#, Goibine
cXxo0cTBa, 4eM pasauaus. VI B ToM M B qpyroM ciaydae HeoOXO0q@EMO
OnmcaTh OCHOBHEIE TPOPHUIECKHE CBA3M, ydIecThb cHenudUKy OMOJIOrH-
JecKUX B3amMmomeiicTBUH ocobelf, yIacTBYIOMUX B IPOLECCE BOCIPOU3-
BOACTBA, M T. A. [[03TOMYy MOKHO TOBODHTH O BO3MOKHOCTH CO3JaHHA
eQUHON TeOpHH — MaTeMaTHIeCKOX TEOPHUH YIPaBIeHHA HKCIIyaTH-
PyeMBIMH U DNOJABASEMBIMA HONYAANUAMA, B PaMKaX KOTOPOH Ha
f6aze o0mMEX Momemell MOJIKHE CTABUTHCA U PpEIIATLCSA DPAas3iIMIHEIE
3afagyl yOpaBieHWs. VccleToBAHUI0 HEKOTOPHIX KOHKDETHHX 3afad
TaKOI0 POjia M mMOCBAMIeHA HacToAmMadg paGora. B ee mepBHX paspgenax



COMEePIRUTCS MAaTeMaTHIeCKHHA AHAJHM3 OBYX BeCbMa [EPCHEKTHBHBIX
TEXHOJNOTHIeCKAX IIPUEMOB: GHOMOTHIECKOTO Croco0a OIUCTKH CTOY-
HHIX BOJ M GHOJTOTHYECKOro crroco6a G0puOEI ¢ BpeauTe.IsIMI CeIbCKOTO
xo3giicTea. B OByX mocaefyiomux pasjgerax paboTHL JAaHB HOCTAHOB-
Ka ¥ penieHme psijia 3agad ONTHMAILHOTO YyIPARIEHWUS JKCIJAyaTHPYe-
MBIMH TOTYIALUAMY.

1. MATEMATHYECKUSI MOJEJIb NPOIECCOB
BHOJIOTHYECKON OYHCTRII CTOYHBIX BOJ

IIpoiecc OYMCTKE TPOMHIIIEHHRX CTOYHHIX BOJ 3aKJIIOYAETCS B
MOCIEOBATEIBHOM YIANEHAM CONEP/RAMUXCA B HUX PasHO00pPasHBIX
sarpasHenuii. I1pu 3ToM MexXaHHIeCKUMH METOJAMH YIATAKTCA KPYII-
Hble B3BEUIEHHbIe JACTUIEI, a OMOJTOTHIECKHMI ~— TOHKUE CYCIEH3UH,
KOJLIOM/IbI M PACTBOPEHHEIE BemecTBa. [[JIA OYMCTKHM CTOYHHIX BOJ B
GONBINAX KOJIMYECTBAX IOHPOKOE MpUMEHEHWE NOJYYUIU a3POTeHKH,
B KOTOPHIX M3bSTHE PACTBOPEHHLIX BEN[ECTB OCYMIECTBISAETCS GHOI0-
FUYECKE AKTUBHBIM HMJIOM, COCTOAIIUM M3 XJONBEBUJHHIX CKOIJIEHUR
Gaxrepuii m mpocteimmnrx. Ha XJompAX aKTHBHOTO UJIa COPGUPYIOTCA
OpraHMYeCKUe BemEecTBa, KOTOPHE B NAJbHEHIIEM OKHCIAITCA MAK-
pobHEM HeHo3oM. V13 a3pOTeHKOB CMeCh CTOYHHX BOJ ¥ AKTHBHOTO MIa
mOCTymaeT B OTCTOMHUKH, THe HJI OCefaeT X BHOBB IIOCTYHAET B aspo-
TeHKH, a OYUMEeHHAA BOJA CIIYCKAeTCsA B €CTECTBOHHHIE BOJOEME UM
CHEenMaNbHEe IPYAB — OTCTOMHWKM, B KOTOPHX NMPOUCXOIUT €€ OKOH-
gaTeabHasg oumctka. Ilpmpacraromas acTh GMOMACCH HJIa NEPHOAH-
9eCKM yaalAeTcA U3 OYUCTHOTO COOPY:KeHHS, B DPe3yJbTaTe Uero B
a?POTEHKAX YCTAaHABJIMBAOTCA IOCTOSHHAA CPeJHAA HIOTHOCTH AKTUB-
HOTO HJIa.

CremeHb 3arpA3HEHHOCTH CTOYHHIX BOJ HJalle BCETO ONPEAeNAeTCs
00 BeIMYHHEe MHTErpaJbHHX IIOKa3aTeNeil 6MOIOraIecKOro ¥ XHMHYe-
croro morpebrenuit kucropoga (BITK z XIIK), uncrenso paBHHX Ko-
AUTEeCTBY KHUCAOPOAa, HEOGXOMHMOMY COOTBETCTBEHHO HAJIA IIOJHOTO
OHO0JOrAYeCKOT0 WIM XUMHIECKOTO OKMCIEHUA OpPTAHHKH, COdEep-
mamedics B eguunile od6veMa cTodHON mugrocTu. Hemocrarkom stux
moxasaTesell ABJIAETCA TO, YTO OHU He HO3BOISIOT CYAUTH O XHMHYe-
CKOM cocTaBe opranmdecknx 3sarpssuenuil. Ilosromy mpm mpoextw-
pPOBaHHHA CHCTEM OYHCTHOIO COODY’ReHNS Ha HeDPBHIHN I1aH BHIBHTAET-
CA 3HAHMe THHA TOr0 IIPOM3BOJCTBA, /s KOTOPOrO LPOEKTHPYETCH
coopyskerue. OCHOBHBIMUM MCXOJHBIME TaHHBIMU HPH ITOM CIysKaT
BIIK u XIIK cToYHHX BOJX, THI OPOM3BOACTBA, PacXxoj BOXLI B eu-
HUIy BpeMeHH M 3HadeHme BepxHeil rpamunsl mo BIIK mmm XIIK B
OUMIeHHOM ;KHAKOCTH, ONpeeldseMde CYyMeCTBYIOIMUMU CaHATAPHBIMU
HOpMaMd. B 0cTaIbHOM MPOEKTHPOBIIMK 1101aTAeTCA HA MPeJIIeCTBYIO-
A ONKIT U CTApPaeTcsa MAHUMH3HUPOBATh TAKOH BasKHBII IIOKA3aTelb,
Kak o0mas CTOAMOCTb COOPYKeHU . ITa 00asa CTONMOCTh, BO-IIePBHX,
3aBUCHT 0T 005eMa a3POTEHKOB, a BO-BTOPHIX, OT BLIGOPA TeXHOJIOTH-
9eCKO# CXEMbl, ONpefeldsiomeil CTOMMOCTh eXMHHUIK 00heMa adpPOTeH-
Ka. EcTecTBeHHO, 9TO KOJHMYECTBeHHAS MOJEJb mpPOIlecca OIMCTKU MO-
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JKeT OKaszaTh CYIECTBEHHYVIO IIOMOINh KaK IPH IPOEKTHPOBAHHH, TaK
¥ Tpu BI6Ope peskuMa SKCILIyaTalMil OYHCTHOTO COOPY/KEeHUA.

IIpn mocTpoeHuu Mofedu Tpolecca HEOGXOAUMO YYeCTb TaKue ero
0CO00EHHOCTH, KaK TeTepOTeHHOCTh OpraHuyecKoro cybcrpaTa, Ipef-
craBiasionero coboii cMech GOJBIIOTO YHCAA PA3JIUYHBIX OpraHMYe-
CKUX COeJHHeHHI; MHOTOBHIOBOH COCTaB MHKPO(IOPH B a3poTeHKe
M OTCTOWHHUKE; OTHOCUTEJHHO BBICOKYIO IMJIOTHOCTH AKTHBHOTO HIA.
ITH 0COGEHHOCTH JIeJal0T HeBO3MOYRHBIM HpsAMOe IepeHeceHlle Ha pac-
CMaTpUBaeMBlil cIydail maeil ¥ MeTO[O0B, Pa3BUTHIX HPH MaTeMmaTyde-
CKOM MOJeJHpPOBAHUHM OJHOBHIOBHIX KYJbTY]P, PAa3BHBAIONMXCA HA MO-
HocybcTpaTax.

Bricokas mauanbHasg KOHIEHTPALMA OPTraHUKU, & TaKke 3aTPy.d-
HeHHBHI MaccooOMeH B XJIOMKAX aKTHBHOTO MJIA IPUBOJAT K TOMY, 4TO
NOKOMIIOHEHTHOE WU3bATHE cyGeTpaTa WAeT IO JHHEHHOMY 3aKOHY
(ROHIeHTpaU¥s OPraHMKM B INMPOKMX IpefelaXx ee WU3MEHEHHA He
JUMHTHPYET CKOpocTh mporecca Ouoorucaenus). Copmymupyenm oc-
HOBHBIE KadeCcTBeHHBIE NOCTYJaThl, B PaMKaX KOTOPHIX OymeT cTpo-
MTBCA MOJIeNb: IPOIecC MOKOMIOHEHTHOTO OKUCISHUA UAeT MO JHHeH-
HOMY B3aKOHY; HODPAXOK U3BATHA KOMIOHEHT QMKCHDOBAH, BHUI0BOR
COCTaB MHUKPOQJIODPH AaKTHBHOTO HIA MOKeT MEHATLCA IIpH M3Me-
HEHHUN pe:RHMa OYUCTKH. BBegeMm ciaenyiomue obosrnawenmsa: X,; —
HaYaJbHAA KOHLEHTPAOUA MHUKPOOPTAaHHM3MOB J-TO THIA B YIIepoAd-
HEIX eJUHHNAX; Sg; — KOHIEHTPAUWA j-T0 OPTAHWIECKOTO BEILECTBA
B YIJIEPORHHIX eJMHHUIIAX B 3arpA3HeHHON BoJe; Yy — KodQOHUIIUEHT
YTUIM3aOUHA; a;; — YAEJAbBHASA CKOPOCTH POCTAa MHKPOOPTaHU3MOB
j-ro tama Ha i-M cy6erpare. IIponyMepyeM opraHngecKne KOMIOHEHTH
B IOPAJKe BO3PACTAHHA MX YCTOMYMBOCTH K OHOIOTHIECKOMY OKMC-
aenuio. Torma §¢; — KoHIeHTpanusa Haubodee JIErKOOKUCIAEMOR
¢paknum, a Sy, — Hauboxee TpymAHOOKHMcaAsemon., Marpuny A, xa-
PAKTepU3YIOMYI0 MHTEHCHBHOCTh IPOLIECCOB POCTA MHKPOOPTaHH3-
MOB, BHGepeM B CIeAymeM BHIE:

211 G1z- - - Qip
a22- . . a2n

A: O 0 . o a3n . (1'1‘
0 0 ... am

Taroit Bug MaTpuipl A COOTBETCTBYET CJeAYIOINMM OMOJIOTHIECKUAM
upegcTaBIeHuaM: 1) IIA KamI0r0 OPraHMYeCKOr0 BemecTBa €CTh THI
MHOKPOOPTaHU3MOB, KOTOpPHlEe CIOCOOHEI OKHCIATH 3TO COeJUHEHHE;
2) KJIeTKH, OKHCIAKINNE j-¢ COeJHHEHME, COOCOOHHBI TaKKe yTILIA3H-
poBaTh u Bce 0ollee JErKOOKUCIAEMBbIe KOMIOHEHTHI, T. €. OKHCJIAIOT
COeJIMHEHNA ¢ HOMepoM, MeHbmmM dweM j. Llexbrit pag pasdmyHBIX
MUKPOOHOMOTHIECKUX HCCIAeJ0BAHHA MOKa3bBaeT, 9T0 y MHUKpPOO-
HHX KJIETOK CYIMEeCTBYIOT PeryJATOPHEE MeXaHHW3MBI, DO3BOJAIMME
HM DEepPeKJIIYaTh CBOK (ePMEHTATHBHYIO CHCTeMy ¢ HoTpebieHHA Of-
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moro cyberpara ma papyroii. Kak mpasmio, cuagana morpebisercs
Haubolee TETKOOKHCIAEMOE COeJIHHEHHE, a 3aTeM — TPYAHOOKHCIAC-
moe. Tak, HampuMep, B CTOYHBIX BOJAX LEJIII03HO-0yMaskHOTO TPO-
M3BOJICTBA B NEPBYI0 0Yepelb MuOKpodaopa moTpebiser HpocTsie ca-
Xapa ® B IOCIENHIK — HauGolee TPYJHOOKHCIAEMYH (PAKIHIO —
aurHEH. 1losToMy B Mojeny mpumeM CTPOTO GHKCHPOBAaHHEBIA ITODAIOK
YTHIH3AUMH KOMIIOHEHT MCXOMHOTO cyGeTpara OT mepBodl M0 mOcJiefi-
Heil 10 NOPSAAKY Bo3pacTaumsa uX HoMmepoB. IlocKoaBKy 3a BpeMs upo-
XO/RJCHUA eJUHUIB 00beMa JKUIKOCTH depe3 adpPOTeHK-BHITECHHTENb
npupocT OHOMACCH AKTHBHOIO MJIA COCTABAsAET JIMIIb HECKOJBKO
HPOLEHTOR LEePBOHAYAJIBHOTO KOJIMYECTBA, OyfeM CAMTATh, 4TO B Te-
9eHHe TOTO BPEeMEeHH

M =

c 1
SJ = — T . A1 %oy (12)

il

l=j

TIe ¥, — KOHUEeHTpaimus OmoMaccel [-ro Buja MHKPOOPTaHU3MOB B
Hagaje aaporenra. Torma ans BpemeH uavaATust 1-if, 2-if u mociaenymo-
mMHUX KOMIOHEHT cyfcTpara moiydaeM CJAeAyIOIHe BHIPasKeHU:

y-So p y-Soz 1 Y-Sk .
Tl = T—_ 9 [2 e T-_— PRLEL Y ] /,‘- = 'n__' . (1 -3)
D150 2 295%0j 2 2% 05
j=1 =2 =k

n

OGosnagum uepes [ = 2 B;-S;, NHTErpaNbHBIA IOKa3aTelb 3a-

J=1
rpasuenus (Hanpumep, XIIK). Torna rosddunuent f; uuciaenno pa-
BeH PacXoay KHCJIOPOJa UPH OKUCIEHMH OJHON YIJepPOXHOH e HMHHUIIbI
OpPTaHMYECKOr0 BemecTBa j-ro Tuma. [l CTOKa KOHKPETHOIO MpPOM3-

n n
mi
BOIOCTBA MOJKHO 3aNHCATh S ; =—B~?-[0, rpe [y = ZBySOJ-a, ij = 1.
] s .
=1 =1

By;[eM paccmatpuBarb CucTeMy JHHIb B AUCKpPeTHbIe MOMEHTEI
BpEeMeHH, COOTBETCTBYIOLINE TIOJIHOMY M3BATUIO AKTHBHBIM HJIOM COOT-
BETCTBEHHO OJHOM, ABYX, TPeX OPraHHYECKMX KOMIOHEHT u T. i. Ye-
pe3 y (t) = 1 (t)/1, oboznadgmy mMoKazaTeb CTEMeHH OYHCTKM, JOCTUT-
HYTOM K MOMeHTY Bpemenu ¢. Boobmie-To y (¢) B mpomecce OYHCTKH He-
npepuBHO m3MeHseTcs1 oT 1 10 0, a MOMEHTY BpeMeHH ¢, (BpeMeHM H3BA-
THA k DePBEIX KOMIOOHEHT) COOTBETCTBYET OIDEeJeNIeHHOe 3HAYCHHE Ypi

n n
D) BeSo Lo X omy m
k=j+1 k=j+1
Te = ]+10 = IJO =2 my. (1.4)
k=j+1

Iliaa poctmskeHud uabaTHA y; Tpebyercs BpeMsi npeGrBaHUA egu-
HuOE 00BeMa CTOYHOM JKHM/KOCTH B adpOTeHKe [j:

i
t;= DT, (1.5)

=1
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ITpepmonoskum, 4T0 B Hadasle aspoTeHKAa BMeCTe CO CTOYHOH JKHJKO-
CThIO IIOCTYIIaeT HEKOTODHI PUKCHPOBAHHBIA JOHOPHBIA HJI ¢ TOCTOAH-
HBIM BHOBBIM COCTaBOM MUKpoQIopsl. Torga

.I‘sz poj‘.To, 2 p09: 1.- (1.6)

=1
31ech ; — YACcTOTa MHMKPOOPILAaHM3MOB [-TO THIA, a X, — KOH-
A Poj 0
IeHTpaIua 6uoMaccH akTUBHOrO nia. [ ¢; uMeeM cilefyloniee BRpa-
JKeHue:!

=L = D (1.7

Tenepb M0OKHO cHOPMYTHPOBATE HEKOTOPOe 0o0mmiee yTBepsKAeHUe.
HeiictButeanuo, us Boipaskennus (1.7) caexyer, uro
tjl‘o

7~ = ¢j = const. (1.8)

Taxum o6pasoM, MHOKECTBY BCeX pPEMRHMOB PaGOTH OYUCTHOTO CO-
opyskeHus (IpH YCIOBHH MOJaYd B a’POTEHK (PUKCHPOBAHHOIO JIO-
HODHOI'0 WJIa), YAOBIeTBOPsAKIuX yciaosuio (1.8), coorBercrByer onn
H TOT ke dPPEeRT OYUCTKH ;. ITOT BHIBOJ COIIACYETCA C NPAKTHKOM
3KCIEePUMEHTAJABHBIX HCCIeOBAHMEA PAOGOTHl OYHCTHBIX COOPY/KeHMH.
HenocpenctBenno us Beipaskenus (1.7) BHAHO, 9T0 npu QUKCUPOBAH-
HoM 3arpasHennu [/, u GUKCHPOBAHHON KOHIIEHTPAIHH OHOMACCH aK-
THBHOTO MJIa BpPeMsA OYHUCTKH CYIMECTBEHHO 3aBHCHUT OT BHAOBOIO CO-
CTaBa MUKPOQIOPHI, T. €. OT BEKTOPA Py.

O6o3uaunm vepe3 v pacXo/ BOJblI 4epe3 adpOTEeHK B eIMHUI]Y Bpe-
menu. llockonbky o6BeM appoTeHKa HENOCPEACTBEHHO 3aBUCHT OT
Bpemenu 7', HeoOXOAMMOTO A5 OYUCTKY 3aJAHHON CTeneHn

V=0T, (1.9)

TO CHH)KeHNe BpeMeHM 0YucTKH [ Bleder 3a coGo#l ymMeHbIIeHHe 005~
eMa OYACTHOTO COOPY HEHH .

PaccemorpuM fmasiee cucTeMB OYHCTKM C pequpKyIAnueit, T. e. cH-
CTeMHI, B KOTOPHIX aKTUBHBIH UJI 1OCHe IPOXOKICHHUA depe3 adpOTeHK
ocejaeT B CHeMHAJbHBIX OTCTOMHMKAX U OIATH BO3BpAm[aeTCs HA BXOJ
a’poTeHKa. B 5ToM ci1yvuae B paBHOBECHOM pesKuMe PaGOTH BRIHYK/ISH-
HEIM 00pa3oM yCTAaHABIUBAETCA HEKOTODPLI BHJ0BOH COCTaB MHUKPO-
¢aopsr akruBHOTro Wiaa. IIpu usMenennn pesrura paboTH COOPYIKEHMUA
BHJOBOH COCTaB, KAK IPABHJIO, H3MEHsETCS. B paBHOBECHH /1A KasK-
IOTO THIIAa MUKPOOPTAHU3MOB IOJKHO BHIIIOJHATHCS YCJIOBHE:

Az; = Az;, (1.10)
rie Az; — OpEpocT GHOMACCH j-ro BHJA 3a BpeMsA OXHOKPATHOTO HpO-
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XO04/IeHAA eJUHMOB o0'beMa KUAKOCTH UYepe3 aspoTeHK, a Ax; —
RO.IIYeCTBO OHOMAcCH j-ro BHAA, yAAIseMoe 334 5TO BPeMA M3 OUUCT-
HOTO coopymenus. Hocroabky mpu ymaneHuu npupacraoleir 4acTu
OuoMaccH MJIa BHAB MHKPOOPTAHA3MOB HE PA3aMdaloT, T. €. HMeeT
MecTO paBHOMEpHEIi 0T60op, TO

Arj=p;- > Azx;. (1.11)

1=1

CJIeJIOBaTeJIbHO, AJIA KOMIIOHEHT PaBHOBECHOI'O BekTOpa 4YacTOT p
JOJAHO BBRINOINATLCA YCJIOBHE

Az;=p; - D) Aw;. (1.12)
i=1

OmpeperuM IpHPOCTH OTHAEAHHHIX BHAROB MEKPOOPTaHABMOB [JIA
CcoOpyxeHHA ¢ DPPEKTOM OIHCTKH 7Y;:

Al’l = allTlpll'o
Axy = (32T + 22T 5) P - 9
(1.13)
Ar; = (a;Ty 4 a5 Ty + . .. + a;5T;5) p jag
\ Axn = (alnT] -+ aZnT‘z + ...+ a‘J'nTJ')pn\To'
Cymyupys Bee Az;, mua Ar = Y Ax; moaydanm
i=1
Az = y-To-m;(1 — ), (1.14)

J
e mj= | ’ai’ a oo 03HAYaeT MOJI0 BEIXOJHOI'O HOTOKA YKHIKOCTH,
i=1 ‘1
BO3BpamaeMoit m3 orcroiiHMka B asporeHK. Mcmoxmesya (1.12) =
(1.13), nonyaum cuctery ajireGpandecKnX ypaBHEHHH AJA OTHICKAHASE
BEKTOPOB PaBHOBECHBIX 4aCTOT p:
4

P ~ ]
au[,pl == y'/ﬂj%—(1 —_ J)‘pl
~ 1 .
(a:Ty 4 agoT5) po :y'mj%(ii_ %) P2

(as1y + aoiTy + o« + azTy) pj = y-my—— (1 — @) p;

. P S T T R S S Y

lo

(alnTl + a~2nT2 4.0+ ajnTj) DPn = y";z] Zo (1 - Cx‘).pn'

4 Daraz Ne 1485 97



IMockonskry I'y, Ty, . . . T'; 3aBHCHT OT KOMIOHEHT BekTopa P, 1o (1.15)
npeacTaBisger co0oil cucTeMy 7 HeJIMHEUWHHIX YPaBHEHHUN OTHOCUTENb-
HO n HeusBecTHuX £, P,, ..., P,. Ha siemenTs MaTpumb A MOx-
HO HAJOKUTh CJelyoINue yCIOBHA:

a;; > @i, TpH IMOGHX I, j, (1.16)
@;; >> @iy, OpU JIOOBIX I, j. (1.17)

Vciaosne (1.16) oTpaskaer ToT PaxT, uTo HA A1060M QHKCHPOBAHHOM
cyGcTpaTe B MHKPOOPTaHM3MOB C Y3KOW cUelManu3anueil pasMHO-
maerca 6oxee 3QPeKTHBHO, YeM BHJ{ C IUPOKOI cuerumanusanueii. He-
pasencTtBo (1.17) yrassiBaer, YTO KOHKPETHEI BUJ MUKPOOPTaHU3MOB
GLICTpee PasMHOKAeTCH Ha JIeTKOOKHCISAEMBIX OPTaHMYECKHX Beme-
CTBaXx, 4eM Ha TPYAHOOKHCISEMBEIX. JTH COO0pPayKeHNA BIOJHE OIPaB-
NaHDl H HMEIOT ompejaeJeHHHIH 6modormuecknii cMercia. Tenepb Jerke
AOKAa3aTh, 9TO B TAKOI CHCTEeMe B PABHOBECHII He MOTYT OJHOBPEMEHHO
CYIMecTBOBATL [ABa BHAA C HOMepaMmu, OOJIbBIIAMH WIAH PABHEIMA j.
CrmegoBarenpuo, B paBHOBecuH Pj ., = P, =...=P, =0.
Teneps cucrema ypaBreHdi (1.15) umeer Bua:

J .
P, D ai,,Ti:y-ﬁz,-%_(l_a)Pk, k=T, (1.18)
i=1

Ecin npegnomo:xuts, _dTO  BCE P,+=0 opu 1<k</, 70
MOJTYyIUM CHCTEMY JHHEHHHX ypaBHEHHH OTHOCHUTEIBHIO BpeMeH II0-
ClIeJOBATENIFHOT0 M3BATHSA KOMIOHEHT cyGcTpara

AT =y L (1 — ). (1.19)

3mecs A* — TpancmoHmpoBaHHas Marpura, a I’ — BeKTOD, (-5 KOM-
HOOHEHTa KOTOPOTo 03HATaeT BpeMs U3BATHA (-i Ppparmum cyGerpara.
Onpenenus u3 sroit cucremst Iy, . . ., T';, DOIYYUM BTOPYIO CICTeMY
TMHeHHHX ypaBHeHHI NJsA OmpeJeJNeHHA paBHOBECHOTO Bekropa P:

A-P = B. (1.20)
3mecs B — BekTOp ¢ KOMIOOHEHTAMH Bj:

By = —1 .y ZE (11— q). (1.21)
1!{ Ty ‘Jh‘

He BmaBasich B mojpo0HOCTH pelieHUsA M HUCCIeJOBAHMSA ITHX Jd-
HEUHHBIX CHCTEM, OCTAHOBUMCA 0osiee moApo0HO HA TeX NMPAKTHIECKHX
BOIPOCAaX, KOTOPbIe MOJKHO HCCIe/[0BATh, NCIOADb3YA HpebIy e pac-
Cy)KAeHUsdA. B mepByo odepenb IMOCTPOEHHYIO MOMACIDL MOKHO TpPHMe-
HUTh [JIA HOJYYeHHS Ka4eCTBEIIHHIX BHIBOJOB 10 CPaBHEHAI Kak
Pa3yIMYHLIX TeXHOJOIHIECKUX CXeM OTUCTHHIX COOPY’KeHHiA, TaK U pas-
JUYHHX DEKUMOB MX dKcmiayatamud. OTHEAM M3 BO3MOMRHLIX HaIlpaB-
JeHUil JaJbHemiero pPasBUTHA MOJEJNHU CJHAY;KUT YydeT 3aBHCHMOCTH
2JIeMEHTOB MaTpHIL A OT KOHLEHTPAaIHH PacTBOPEHHOI'O KHCJIOPOAA.
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Jra 3aBHCHMOCTH MO;KET HOCHTEH JOCTATOUHO CJIO/KHBII XapaKTep, Tak
KaK y MHOTHX (6aKTepHAJBHBIX KJIETOK, KAK IPaBWJIO, CYIECTBYeT Me-
XaH@E3M IEPEeKIIYeHHHT ¢ aspoOHOTO THIOA KU3HENeATeJILHOCTH Ha
aHaspobHBIl m obpaTtHo. [l0aTOMYy HOCTOAHCTBO 3JEeMEHTOB MaTPHIH
B XO€ OYUCTKH MOjKeT OBITH BBIOOJHEHO JHINE IPH JOCTATOIHO XOPO-
meil 06eCIeIeHHOCTH CICTEMBI PaCTBOPEHHEIM KHCAOPOIOM.

Usnoxennasa MomeIb Ipolecca OUOJOTHIECKOM OYHCTKH Kade-
CTBEHHO XODPOINO COIJIACYeTCs ¢ M3BECTHHIMU JaHHHKIMH NOBEeIeHUd Ha-
TPY)KeHHHX aspoTeHKoB. Tak, Hampumep, MHOTHE HCCIEIOBATENH
0TMEYAJIH, YTO OCHOBHBIE XaPAKTePHCTUKU IIPONecCca OIMCTKI 3aBHCAT
ot oTHOWeHus [,/x,, a He oT [y u ry B oTAeabHOCTH. MoskHO Hagme-
ATBCA, YTO NOCTPOEHHAA MOJIENDL OKAykeTCH HOJEe3HBIM MHCTPYMEHTOM
B pYyKax HHKeHEPOB, 3aHUMAKIINXCsH IPOEKTHPOBAHWEM H 3SKCILLY-
atanueil OYUCTHBIX COOPYIKEHIU,

2. IOOEKTUBHOCTH METOJA CTEPNJIM3AIINN B BOPBBE
¢ BPEJUTEJAMU CEJBCKOTO X03AUCTBA

Cpepn 6mosornaecKux cuoco6oB 60PEOH ¢ BpeanTeI AMHA CeIbCKOTe
X03AHCTBA MeTOJ MOJOBOMH CTePHIN3aUUH HACOKOMBX ABJIACTCA OTHUM
n3 gamboiee sdpPexruBHmX. BrickazamHas A. C. Cepebponcrum [1]
ujies 3TOT0 METONA 3aKJIKYAETCA B TOM, 9TO B IPAPOJHYIO NONYIAIAIO
no0aBIATCA CTOPHABHEIC 0COGH. TO HPUBOJUT K CHUMKEHIIO DPOK-
JAeMOCTH M, KaK CJeJCTBMe, K YMEHBIICHHI0 pasMepa MONYJIAIAH.
MareMaTHUeCKOMY OMHCAHUIO IIPOIECCA PAa3BUTHSA MONYJNANHI B CBA3H
¢ OpuUMeHEHMeM MeTOa CTePHIN3AMUN IOCBAMEHH CPaBHATEIBHO He-
MHOTOYHCIeHHEe paGoT [2—5]. Huske maotcsa nocTanoBKa M pemmeHHe
3ama4u 00 OMeHKe HOPM BHIIYCKA B HONYJALNI MOJHOCTBIO CTEPUIb-
HBIX CAaMIIOB.

OnnimeM JUHAMUKY UYHCJHCHHOCTH JABYIOJ0H HOOYJAALUH Hace-
KOMBIX YPaBHEHU AMM:

dG
S =F (G, M, 8)—+G

o 2.1)
%r = F(G,M, 8)— M

rae G (f) 1 M (t) — 9UCIEHHOCTH HOPMAJBHHX ocobeil jKeHCKOro ®
MYKCKOTO 10Ja B MOMeHT BpemeHu ¢; F (G, M, S) — PyHKOEA pOxK-
maemoctd; S — ypOBEeHb IMCIEHHOCTH CTEPHIBHEIX ocobeil, KOTOpHIH
B JadbHelfmeMm Oy[eM CUHTATh LOCTOSIHHBIM; y — KOd$PnImeHT ecte-
CTBEHHOI CMepTHOCTH. 3Jech NPUHATO, 9T0 QyHKuus pompgaemoctd F
X K03(PuImeHT CMEPTHOCTH Y OOMHAKOBH AJds 000MX IOJOB W He 3a-
BACAT SABHO OT BDEMEHH.

Herpynuo sugers, uro m3 (2.1) cmemyer, aro G (t) — M () =
= A, tne A, = G (0) — M (0) — pasHOCTP HAJaJbHHX YHC-
JTeHHOCTeH caMIOB M caMOK B nomydamed. IlosroMy ecim pomycrnTs,
qro B HadaiapHbiit Moment Bpemenm G (0) = M (0), To roraa G (1) =
= M (t) B 11060ii MOMEHT BpeMeHHR ¥ BMecTo cucTeMn (2.1) MOxHO He-
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mOIB30BATH OJHO ypaBHEHHE AJIs CYMMapHOH YMCIEHHOCTH HOPMAlL-
HBIX caMIoB u camok IV = G -+ M:
dN ‘
- = 2F (G, M, S)— 1N, (2.2)
DOyHKIH0 0c00eil 0FHOr0 MoJaa F s TOMYIANNN, B KOTOPOIT CaMITh
HDOJATAMHEI, a CAMKH — MOHOTaMHBI, KaK i B pabore [5], npegcraBum
B BH/E!

M 1 N2 .

rge o — Koagdunuent odmed posxmaeMoctH, f — KOIPPHIUEHT Kom-
KypeHTOCIOCOOHOCTH CTepPHJILHBIX CaMI[0B (10 CPABHEHUIO ¢ HOPMAJIb-
HBIMH), T. €. MBI HPeJOOJIOKHIMN, YTO DPOKAAEMOCTh MPOIOPIOHATb-
Ha TICAY HOPMAJbHBIX CAMOK ¥ OTHOCHTEIBHOW [OJe HOPMAJbHBIX
caMIoB cpefd Bcex cammoB momynsamuu. llogcrasasas (2.3) B ypas-
menne (2.2) i obosznaums V = 2 B 5, moayumm:

dN _ (a—7)N —7V ‘
R S A -N. (2.4)

1o ypasHewe mMeeT HHTETpAT
a

BoNevt = [(o.— )N — gV]a, (2.5)

rne B, — upou3BoJbHAA MOCTOAHHAS, OIpPemesseMasi M3 Hauajlb' LX
yeaosumii. [[ora naganpHoro Momenta spemenn ¢ == 0 umeem:

ByNoy=[(a—71)No— V], (2.6)

3necs N, — HadajabHasg o0mas YACIEHHOCTh HOPMAJBHBIX ocobei
B TOOYJISAIMM.

ITycTh B KOHeUHEIH MOMEHT BpeMeHnu ¢t = I UHCIEHHOCTH HOPMAJb-
HHX ocoleii fomxEa OrTh yMenbimena B k pa3 (Nr = N,y/k). U3 ypas-
HeHusA (2.5) xias MoMeHTa BpeMeHm I HMeeM:

o

BoNp e T [(0— ) NF— Vo7 . 2.7)
Torpa, mojeaus coorHomenne (2.7) na (2.6), moayanm:
@—1)Np—1V (a?‘ -
@—1No—1V T) ’ (2.8)

OTKY/[a [ocje HECJIOKHHX npeoOpasoBaHuil Haigem:

V=0 N1 ———— & ] 2.9)

Y e*{T =
t=\"%
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J1715s1 HOPMBI BEIIIYCKA CTEPUIBHEIX caMIoB p = S/N ;¢ yieToM 0603-
Havenusa V =2 f S oKoHYaTENTBHO HOJYTHM:

1

1 — —

— k
0= QZBTY f— . (2.10)

| (

()
-\ |
Takum ofpasom, 3ajaBasAch napamMerpamMud o, y Hu f, Xapaxkrepusyo-
MUME LOOYJIANUIO, U BpeMeHeM 7', 3a KOTopoe HAJ0 YMEHBIIUTh THC-
JIeHHOCTh NPUPOAHOI momyisuuu B k pas, no coorsHomenuio (2.10)

MOJKHO OLPeJeJUTh UCKOMYIO HOPMY M flajlee YHCIACHHOCTh IOJIHOCTHIO
CTEPHIBHBIX caMIoB S = p-/N,, KOTOPYI HeoOXOIMMO I 9TOTO HOA-

AeP RUBATD.
Ecau ydecTh ¢MEPTHOCTH CTEPHIBHBIX CaMI[OB M PaccMOTDPETH 0~
mo:aHUTeNbHOE ypasHenue dS/dt = — ¥ S -+ u (t) (Y — Koapdunuenr

CMEPTHOCTH), TO [ NOAJEeP)KaHUs MX IIOCTOSHHON YHCJICHHOCTH
S () = const He00X0AMMO BEHIIYCKATH B €UHUIY BpPeMeHH
1

~ — ~y 3
u=7S=a—2STT71\/O e (2.11)

a=-y

| <eYT r
T\ k
OOJHOCTHIO CTEPUIBLHBIX CaMIOB I,

IlpegmecTBOBaBmEe pacCMOTPEHWe OTHOCHJIOCh K TOMY CIydalo,
KOTIa mapaMeTpH POKIaeMOCTH O W CMEPTHOCTH Yy Ocobedl MOKHO
CYMTATh MOCTOAHHKIME M 8apaHee M3BeCTHRIMH. [IpHM 3TOM mO JI0GHIM
OBYM M3 Tpex KMHTepecyIOmUX Hac BeJWYHH (HOpMa BHIYCKA P, KO-
apPUIMeHT NMOHUWIKEHNA IUCAEHHOCTH A M OPOME:RYTOK BpeMmeHu T')
TpeThsA HAXOAMTCA OfHO3HauHO. Ha camom ke pgede mapamerpel, xa-
PaKTepH3yIOOHe pas3BATHEe NPUPOXHONR TOOYJIANUN, B 3HAYMTEJLHOR
cremeHn HecTaOuibHb., JMX mnpakTHdeckoe ompejeleHHe ABIATCA
OTAleIbHOY JJOCTATOUHO CJIOKHOI 3aqadeidl. B aywinem ciaydae Ha mpak-
THKe MBI MOKeM IMOJYIUTH JHUINb HEKOTOPHIE OI[eHKH 3THX ITapaMeTpoB,
npuueM [OUanasoH HX M3MeHeHuWsi 00yCJIOBJIeH KaK HeCTabMIBbHOCTBIG
II0 BHEHNIHHM YCJIOBHAM, TAK M HOTPEITHOCTHIO HCIT0.TH3YEMOT0 METOa
H3MEepeHN .

Bamecre ¢ TeM B GOJIbIIMHCTBE clydaeB H3 OHO.TOTHIECKHX coobpa-
JReHUU A KasKA0i KOHKPEeTHOR HOmyJsiliuu MORHO yKasath (¢ fgo-
CTATOYHO BHICOKO# JOCTOBEPHOCTHIO) BEPXHIOI M HUJKHIOK TI'DaHAIH

T OrMeruM, uro exmunusl V, p 1t u B popmyaax (2.9) -— (2.11) mo caxoit nocTa-
HOBKE 3ajauy (CTepIIbHEBIE 0COGN TOABKO 00aBJAWTCA B IOIYJAIIIO, a He
OTIABANBAIOTCS) NOKHBI OHITHL MOJIOKNTEIbHHIMH. HeTpyaHO BIJeTh, 4TO ITO
YCAOBIE BUIOIHsICTCs HPH k < e¥T. CMBICH 3TOTO OTpaHIYeHHS B3aKIIO¥ACcTCH
B TOM, YTO Ad;Ke TPIl HeOTpaHIYEHHOM BLIIYCKe CTeplaJbHBIX 0cOo0eil MBI He B
COCTOSIHIII TPeBHCHTEL CKOPOCTDH €CTECTBEHHOIl ¢MepPTHOCTH (CTepHajibHBle 0CO-
611 BAISIIOT TOILKO Ha POKIACMOCTD).
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A3Menenud nmapaMerpoB momyadanuu. [Ipenmodos;xuM, 9TO 5TH TPaHH-
(bl M3BECTHHI:

Oyvun < & < Ayraxcy
Baner << B < Baasce»

Yo <Y < Yoake

Torgma, npoBeJst Bce pacdeTsl JBasRABI: AJAA CAMOT0 BJIAarONpUATHOLO CO-
YeTAHHS MapaMeTPOB — Olyum, Paaxes Vuaxe (3AHUIKEHHHN GHOTHYIe-
CKH MOTeHHuaJ) W JJAA CaMOT0 HeOIArompPHATHOTO — Clyakcs Pauss
Ywun (3aBHIMMEHHHIH OHOTHIECKHH NOTeHIHAJ), HOJYIUM HUHTepBas,
HAOPHUMep, IJIA HOPMBL BEIOYCKA: Oup < 0 <C Onare, KOTOPHIH 11 By et
ABIAThCA Tpebyemoil ouenkoit. Hlmpwsa moaydeHHOro HMHTEpBaIa
ompeneasaeTcsaA, KOHETHO, TeM, HACKOJbKO BEJHMKH MPOMEKYTKH H3Me-
HEeHHA MCXOAHHIX gaHublx. OJHaKO He B MCHBINCH cTemeHn oHa Oy/er
3aBACETH U OT 3ajaBaeMbIX 3HAYCHMH BeJUINH k U ', 9TO MO3BOJSLT
HCCIeAoBaTh 9PPEeKTABHOCTh I OIEHHTh HAJeKHOCTh MPHMEHEHUS
MeTO/[a MOJOBOH CTePUIN3alNd HAaCCKOMBIX .

3. OHTHMAIbHOE YIPABJEHUE YHCJIEHHOCTBHIO
I MPOIYKTHUBHOCTBIO MONY JIAIHA

Kaxr yxassiBasioch BO BBeJEHUM, B MPHMEHEHAN K OGHOJIOTHIECKIIM
CHCTeMAaM, KRaKHMH ABJIAIOTCA HOOYaAnud (COBOKYIHOCTH 0C00ei
OAHHOTO BHJAA) W OGHOIEHO3H (COBOKYIHOCTM MNOIYJALMI), 3ajaun
ONTHMAJIBHOTO yIpPaBJIeHHS QOPMYTHPYIOTCSH B OCHOBHOM KaK 3a;1a4l
0 MaKCHMAJIBHOM IMPOIYKTHBHOCTH MOMYIIAIHN U060 OHOIEHO03a TN
0 chope MaKCHMalXbHOro yposkasa [7—Y]. B nanHoMm pasgeie mpejia-
FalTcsa HOCTAHOBKA I penreHue Ha OCHOBe NPHHIMIIA MaKCUMyMa
Honrpsruwa [10, 11] s3amauu cuHTe3a ONTUMANBHOLO YIIPABICHUS
YHCIEHHOCTHIO IOy 1aiuii [8].

Mssyenenne YHCJICHHOCTH OOy .JA0UH, OTpasKapmee eCTeCTBeHHO-
6HOIOTIIHOCKITe IPOIECCH PadMHO:KeHHsT I Tubean ocobeil, 0oOBIYHO
OMMCHIBAIOTCS ypaBHenmeM Buga: dN /dt = g (N, t)-N = f (N, t), rue
N (t) > 0 — gucienHocrs momyasimuu B MoMeHT Bpemenun f[. CKo-
POCTH CB0JOIHOrO pa3BuTHsa momyasauuu f (N, t) mpuHIMaeTcAa mpo-
OOpIUOHAIbHOR vucaeHHOCTH N (f), a YHeJbHas CKOPOCTH pOCTA
g (N, t) yauTsiBaeT 3aBHCHMOCTDH POKIAEMOCTH U CMEPTHOCTH 0co0ei
OT pasaMIHBIX (PaKTOPOB (BJIMAHUE Cpelbl, BIHAHUE (PAKTOPOB, 3a-
BHCAMUX OT IMCICHHOCTH: KOHKypeHIuu ocobeil 3a muory, OorpaHMd-
9eHHOCTH TePPUTOPHHM M T. A.). B KOHKpeTHHX, HamboJee TacTo WMC-
moab3ywomuxca momeadax ¢yuruusa g (N, t) umeer Bum: g (N, t) =
o — f = & — sKcmoHennuanrbHoe paspurue, g(N,t) =a — y-N —
pasBHUTHE C HAaCHINEHUeM (110 «I0rHCTHYecKoily KpuBoi), g (N, t) =
o — %/ (8§ — N) — passurue ¢ macwinesue™, g (N, t) =o — y-In N
" 1p. 31ech @, f, & — KOIPOUIUEHTH POKTAEMOCTH, €CTeCTBEHHOMH
CMEepPTHOCTU M BBI;KUBAEMOCTH COOTBETCTBEHHO, Yy % — }\'OB(i)(bI/ID;I/I—
@HThl KOHKYPEHTOCIIOCOOHOCTH.
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Beoga ynpasienue u (f) — CKOPOCTh MCKYCCTBEHHOTO M3bATHUSA
oco0eil W3 MONYJIANNN, MOJYIUM:

AT = g(N.t)-N —u (). (3.1)

OrpaHMYeHHOCTh MMEIOMUXCS PEeCYPCOB, MCHOJIB3YeMBIX IpH cGope
VvpoiKasi, ompegenser o06macTh U HOMyCTAMBIX yIpaBIeHUMH:

0<Cu<Cut, (3.2)

rage ut — MaKCHMaJbHAA BO3MOKHAA CROPOCTH cBopa yposkas.
[Tog mpOXYKTUBHOCTHIO NOUYJANUUA OyAeM HOHUMATH OOIUH Mo-
xof (B MeHe;KHOM WM HATYyPaJbHOM BRIPA;KGHHH), IIOJYYaeMbiil OT
c6opa yposkas 3a BpeMs £, KOTOPHI MOKHO IIPeJCTaBUThL B BUIE PyHEK-
nuonaJial
t

P(t) = Sc(t) u(t) dt, (3.3)

0

T7ie Beaudiia ¢ () MMeeT CMBICT I[eHBl eJUHHUNb cOOUPAaEeMOll IPOTYK-
MUK HJIM OMOMACCH, COJEP;KAIieiics B eJUHHIe NPOAYRIUU. 3ajada
onTuMu3anuK cbopa yposkas (B TOM 4YmCie M 337a9a MaKCHMU3AIUH
NPOAYKTUBHOCTH IONYJNAIAUA) CBOAUTCA K OTHICKAHUIO YIPABIEHU
u (t) m3 obmactu monmycTEMBIX 3HAYeHUH (3.2), mepeBOAAMETO B CILIY
(3.1) momyaaumo U3 3agaHHOTO HavaxbHOro cocrosrus N (0) = N,
B 3amanHoe koHeuHoe cocrosinue N (I') = N u obecueduBammero
9KCTpeMyM QYIKIHOHAJA B 3aJaHHHI KOHEUHBIH MOMeHT Bpemen:m 7.
B caygae rorma kpmrepueM spiserca max P (7), BBegenHeM HOBOU
nepemennoit I (f) = — P (t) monyamm tpebosanue I (7) == min.

Huodepennupys (3.3) mo BpeMeHH, HONYyYUM OSKBHBAJEHTHYIO
cucTeMy:

I'=—c()-u,
. (3.4)
N=g(N,t)N —u
¢ TDAHMYHBIMU YCIOBUAMHU HA IEpPeMeHHbIe:
1(0)=0, 1(T) = min,
(0) () 1 55

N(@©)= Ny N(T)=Np |

I orpaHmdYeHHeM Ha yupasienue (3.2).

B cayuae xorga yopasienme u (f) He aBisercs Ge3blHEePIIMOHHEIM,
3TOT (aKT MO/KHO Yy4ecTh IyTeM BBECHHA AONOJIHUTEIBHOTO ypaBHe-
HuA du/dt = v ¢ orpaHMYeHHEM HAa HOBOe ympasieHue v (f):

v o (f) K v, (3.6)
The vt U ¥ — MAKCHMAaJbHOE I MUHHAMAJIBHOE JONYCTEMEIE YCKOPEHUA
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npu cbope yposrnasa. Torja 9KBUBAJeHTHas CHCTEMa TPHIMET BHA:

' [ = —c(t)u,
N =g(N, )N —u (3-7)
| u=v.

I'panmanbe yciaoBus GYAyT CIEAYIOMUMA:
I0y=0, I(I)= min,
N@O)=Ny N{T)=Nrp, ;. (3.8)
u (0) = 0.

Ecan ;re ycaosusa (3.2) u (3.6) peiictByior ofHOBpeMeHHo, To (3.2)
cOBMeCTHO ¢ HepaseHcTBoM NN (f) > 0 orpanmumBaioT 3uadenus d¢a-
30BBIX KOODPAMHAT IIOJOCOM B IIOJIOKUTEIBHOM KBaIpamTe.

ChopmyrupopaHuble 3agaud ONTHMATBHOTO YIOpPaBIeHHsA HPOAYK-
THBHOCTBIO IONMY.IANUA B TaKO MOCTAHOBKE MOT'YT OBITH PelleHsl C I110-
Mompblo mpumHnuna MmMaxkcumyma Ilomrpsarmma [10, 11]. OcoGennoctu,
BO3HHKAIONINE U3 PACCMOTPEHHUsI PAa3IWIHHIX KOHKDETHBIX 3agad (3a-
JlAHWe TPAaHHIHBIX YCJIOBHMI M orpanmueHuil Ha $asoBble KOOPIHHATH
M yOpaBJIeHUA, aBTOHOMHOCTH MM HEaBTOHOMHOCTH DKBHBATEHTIION
CHCTeMBI, 3ajlaHHe BpeMeHU cfopa ypo:kas U T. A.), 00yCAOBIMBAIOT
HMCIIOIb30BaHUE NPHHOHMIA MAaKCHMyMa B COOTBeTCTByMomeil ¢opmy-
JUPOBKE.

Ocranosumess Gosee moipoOHO Ha cihyuasX, Korpa c () = const
ng(N,t) =g(N), 1. e. cucrems (3.4) u (3.7) ABIAIOTCA aBTOHOMHBI-
MH.

Orpaunuenne ma crxopocts. Paccemorpunm BHaUajde cHCTeMY

[ = —c-u,
N =g(N)N —u

¢ yeaosusamu (3.5) u (3.2). Vcnons3ysi NPUHIUD MaKCUMyMa I aB-
TOHOMHBIX CHCTEM € 3aJaHHBIM BpDeMeHeM I 3aHpeHJIeHHbIMH KOHI[aMu,
coctaBuM ¢yHKIHI0 ['aMmiabTroHa:

H = —yoeu 4 [g (N)N — u] =918 (N)N — u (poer + y).

(3.9)
Qyaxuun P(f) n ¢ (£ VIOBIETBOPAIT CONPAKEHHOH cHCTeMe:
i s . . . ¢
'lh) = — T = 0, 'q'o — COHSL< O, ' oA
~\gy i (@340
: alr LAt 0
V1= — 5y =— i35y Y1 (8) =42 ;

s (3.9) Buguo, uro H — :uueilHag QVHRUMA U, IOITOMY OLTHMAIb-

max
HBIM yIIpaBjleHueMm u (f), onpeaeldsieMbM B3 YCJHOBMA Ther H, sB-
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AAeTcs ynpamieHde PeJiedHOr0 THIA ¢ YHCI0M NepeRIIOIeHU PaBHbIM
YHCAY mepeMeH 3HaKa QYHKIUM IepeKI0JeHus:

@ (1) = boe + s (). (3.11)
MoMeHTH TepeKIdYeHns HAXOIATCH U3 YCIOBUSA
o () = 0. (3.12)
3Har QyHKOHEE TepeKJIIYEHUs OIPeAe]seT ympaBleHme:
ut  wpu ¢ (¢)<0
“O=lo  mpn c(pp<(t>)§0 (5-19)

Ycnosue u (t) =0 coorBercTByeT CBOOOAHOMY POCTY TONMYJNALMH; TIPW
u (f) = u* ocymecTBiaserca cHop ypo:xas ¢ MAKCHMAJIbHONH BO3MOK-
HOIl CKOPOCTBIO.

IlpoBepum HanM4yue B cucreMe OcOGBIX yIpPABJeHMIA, T. €. yOpaB-
JleHnit, IPH KOTOPHIX cooTHomenue (3.12) Brlnoxusercss Ha HEKOTOPO),
OTIWYHOM TI0 JIUTEJBHOCTH OT HYJs HEeNPepPHIBHOM HHTEPBaJe Bpe-
Meru (t;, £,). Hudpepennupys (3.11) ¢ yzerom (3.10) u (3.12), moxy-
9HUM JIA 9TOTO MHTEPBAJIA BpPeMeHHT

. 0
¢=ti=— ok = ey o =0. (3.14)

IlockogIBKY MO OCHOBHOM TeopeMe NIPHHIUNA MaKCAMyMa (GyHRIUA
Py ¥ P; HEe MOT'YT OJHOBPEMEHHO o0pamaThCs B HYJh NPH OOTHMAJb-
HOM ynpaBieHHH, To P, 7 0. [leiicTBUTeNbHO, B MPOTUBHOM cIydae:
r3 (3.12) eaepyer, aro u P, = 0, yT0 TPOTUBOPETIUT YRA3aHHOI TeEo-
peme. CuaegomarennHo, aubo Af/ON =0, nu6o ocoboe ynpasieHHe
oTcyTCTBYeT. B mepBoM caydae Ml HONYIUIN YCIOBHE HEIPEPHIBHOTO
cbopa ypo:kasa B Touke N* = const, cooTBercTBYyIOmEil 3KCTPEMATh-
HOW cKopoctm cBoOomuoro pocra momymasnuu u* = f (N¥*), rme N*

a
OmpeeaaeTcs U3 YCIOBUA a/;/ ~y—v+ = 0. Bo Bropom caydae, Korga

dflON == 0 HM npHu KakuX N, onNTHMAJbLHBIM Gy/eT pejeilHoe yIpaB-
adeHue (3.13) me Gostee TeM ¢ OJHHM NePEKIIOICHAEM, MOMEHT KOTOPOLO-
onpejeaserca us (3.12).

Ecam B KavecTBe AONONHUTENLHEIX OTPAHHYEHUN B 3aJa9e OUTH-
MU3A0UU IPOJYKTUBHOCTM IONVJIAINUM BHCTYNAIOT 3aJaHHOE YHCIO
Y4acTKOB HeNpPepHBHOTO cHopa yposKas n I CyMMapHas IIIUTelb-
HOCTh 3THX YYACTROB, TO, pa3buBas pacCcMATPUBAGMBIA IIPOMEKYTOR
Bpemenu (0, 7) Ha HMHTEPBAJLI MIHMTEABHOCTBIO T; = f; — t;_4, U3
(3.12) m (3.10), omycKas BHKJANKM, MONYIUM I MOMEHTOB Ilepe-
KIYeHns I; VpPaBHEHUA:

\' dt=1n | B l (i =T, n). (3.15)
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Brrauras us Ra/K[aoro mociaeaymomero ypaBHeHUs IIpeabiaymiee, Io-
JAYyYUM A HOCJeT0BAaTECJIBHHBIX MOMEHTOB Hepel\':noqelmﬁ:

ly

. 3f . ’lp()c
SﬁTdt = ln' T
0

" . (3.16)
\ af =0 (i=2,3,...,n)

tig

Taxk rar ma mETepBa’gax pasdHenusa u — const W YUCJIEHIOCTH AB-
JAseTcA MOHOTOHHOM ¢yHKIHed, nponarerpupyem (3.16). Coornomre-
HUS MEKIY 3HAadeHHEeM CKOPOCTH CBODORHOro pocra f(N) B KoHue

1t B HAayasJe KajKIOro yvacrka (c0opa ypokas HIu CBOJOJHOIO poOCTA)
HMeT BHUL:

N () = | |- (o)
FN () = (N () (G=2,3,..0m)

Tarum o6pa30\r, TOIRM NEPeCedeHHA NPAMOil f(N) = const =
= |Pc/Ay |- f(N,) ¢ 3amanHnoit pyHKumeis f(N) ONIPefeaAT IUCTAEHIIOCTD
NOmYJIALUU B \IOMeHTbI neperaoaennii N (¢;). MoxHo moxasats,
aro yciaoBue (3.17) mpu n — oo IKBHBAJIEHTHO HATHIUIO B CHCTEME

ocoboro ymnpasienus B Touke N*, rge g' ‘\, v+ = 0.

(3.17)

Haa caygas rorga f(N) =a N — pN? (pocT 4YHMCIEHHOCTH TO
«ITOTUCTHIECKON» RpPUBOIL), yeaomsa meperdiodeHuin (3.17) mpuBogsT
K CHUMMeTpUHU KpafiHHX 3HaYeHMil gucienHoctu N (f) (oTHOCHTENBIIO
ypoBHA N* = a/2 y) Ha Ka:KAOM ydacTKe, KPOMe IIeDBOTO I IOCIEI-
Hero:

o

H1+Hj—1=7r (i=2,3,...,n), (3.18)
rge p; = N (¢;). Ycaosua conpsaskeHMs COCeHHX YdYacTKOB IIPUBO-
IAT R OUKIAIeCKOMY c6opy yposkas (Mg = Ug = ... = My
Mg = Wy = ... = W,) Ha UATepBajie BPEMEHH OT !y OO l,, TAe [

¥ {, — UepBHil U moCAeHEE MOMEHTH mepeKIndenusa. Ilpu aroy 1au-
TEABHOCTH OJHOTO I(UKAa T% = TP 4 T¢, rae TP — OAUTEIBHOCTH
y4acTKa ¢BOOOJHOr0 pocTa, a T¢ — MIMTEeNBHOCTh yJacTKa cbopa ypo-
skaf. IlpuBegem okoHuaTesbHble GOPMYJbL T TP U TC:

rP:%]n( T‘; —1) :_%111(7;1 —1)

4 Py 2—Y i——
V_ awtg[ V_ (ZT p,)]
e A _4yu+—oc > 0.

Kax sugno u3 (3.19), ycaosusa ¢uamyeckoil peaausyemoctn T > 0
TOOYCKAIOT HAIWYue YIACTKOB cO6opa yposkas B ONTHMAJIbHOM LUKIN-

, (3.19)
TC —_— —
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9eCKOM pe/KEMe TOJIbKO HpPW HAYANBHHIX 3HAYCHUAX YUCICHHOCTH
Py =HPg = ... =W, > /2y U yIacTROB CBOGOJHOIO pOCTa IpH
Po =Py =+ .. = U, < /2y, JlonoIHUTENBHBIMU YCIOBUAMHU IS
ompefeleHHsA 3HAUeHUsA YHUCICHHOCTH HONYJIANWM [ ({,) ¥ MoMeHTa
BPeMeHH f;, ABIAITCA cooTHoienue 1° + 2nt® + 1T = T u rpanudg-
Hoe ycaosue Ha npaBom roune N (7) = Np. Illepsuit ygacrok (0, ¢,)
6yger ywacTkoM cBoGoguoro pocrta npu Ny <7 a/2y WIA YIACTKOM
cbopa yposwaa mpu N, > a/2 .
Orpanuuenne ua yckopenme. PaccMorpum cucremy

I=-—cu
N—g( NN —u (3.7)
u=v

¢ yexopmamu (3.8) m (3.6). Cocrasum pyrrnmio 'amunsrona:
H = —Yocu + P1[g(N) N — u]-+90=9:8 (N) N — u (Yoc+¥1) + vy,
(3.20)

rae QyHrmEH {4 (2), Py (¢) U Py(f) yAOBIETBOPAIOT COUPAKOHHONH CU-
creMe:

oH
Yo = — =0

. oH 9 ‘
h=—gy=—hgy -21)
Py = 01[ = Po¢ + Py

Otryma P, = const ({0 — 1o ycI0BHAM UPHHOUOA MAKCHMYMa),

rge Ay m D, — Opou3BOJALHEIE IOCTOSHHEIE.
Yupasmnerue v BXORUT B  NUHEHHO, II09TOMY, Kak I paHee, ONTUMA/Ib-
HHM 6GyJeT ynpaBieHHWe peleiiHoro Tuma:

vt ompu P, (¢) >0
v(t) =
v™ mpu P, (1) <0
¢ QyHKOWeil mepera0UeHUs P, (). B MOMEHTH HepeKTIeHUs

¥ (2) = 0. (3.23)

Ycrosme v (f) = v+ COOTBETCTBYeT YCKOpsAUeMycs c6opy ypomas
¢ MaKCHMAJbHOU BO3MO;KHOH CKOPOCTBI0 pa3roma; npu v (f) =
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= ¥~ — ocymecTBJIseTcs 3aMeIdomuiics cbop yposkas ¢ MaKcH-
MaJbHO BO3MOKHOI cKopocTbio TopMo:renus. Herpyguo morasars,
9T0 HalIW49ue yJacTka ocoboro ympaBlieHHs, KaK M paHee, COOTBET-
CTBYeT YCIOBHIO HeIIPepPHBHOTO cOopa yposKkas ¢ IHOCTOSAHHOHE CKOpPO-
CTBIO B TOUKe 3KCTPEMATAbHON CROPOCTH CBOGOIHOTO POCTA MOMYJIAIAN..
B caywae ke worga 9f/0N == 0 uu mpu rakux N, B cucreme OGyaer
KOHEUHOE YHCTO IePeKIIUYeHUN, MOMEHTHl KOTOPBIX ONPENeIAITCH

u3 (3.23).

4. OIITHMUBAIIA MOJIOBO3PACTHON CTPYKTYPHI NONYJIAIAIT

B HacrosmeM pasgene o6cy/RAaeTcs MaTeMaTHIECKAs MOENb JIIHA ~
MUKM BO3PACTHOT'O COCTAaBa M YHCIEHHOCTH HONYJIAINH, OTPasKammas
IpoTeKawinuae B Hell eCTeCTBEHHOOMOJOTUIECKHME IIPOLECCH (pasMHO-
JKeHMe, cTapeHHe, rufe’s), I Ha ee OCHOBE JaeTCs TOCTAHOBKA M pac-
CMATpUBAaEeTCS METOJ pelleHUA 3afadM OUTHMH3AIIMHM BO3PACTHOM
CTPYKTYPH IONYJIAIMI.

B ragecTBe KpHTepus ONTUMAJIBHOCTH NPH YNUPaBIEHUU ecTecT-
BeHHHIMH (pa3BHBRIOH[EMHUCH 03 BMeIIaTeJbCcTBAa dYesloBeKa) M HC-
KYCCTBEHHBIMH IIONYJIATUAMHE (CTaffaMd) MOTYT OBITH HCIIOJIH30BAHBL
KaK 3KOHOMUYECKNe ITOKa3aTelH, TaKk H IIOKa3aTeJlHd «BAJOBOTO THIAY.
K »KoHOMHYECKHM mOKasaTeIsM MON:EHEL OHTH OTHECEHH TaKue,
KaKk NpHUOHIb, ToJydaeMas OT DKCILIyaTalMd NONYJIANUHE 3a pac-
CMaTPHBAaeMBIl IepHWoOJ BpeMeHH, ceGecTOMMOCTh TOJIYYaeMOro OT
NOOyJAANUM IIPOAYKTa, B3aTpaThl HAa COJep/RaHHE MONYJIANUH H
T. 0. «BaxoBrle» mokazaTeaum XapakTepH3YIOT BBIXOX ONPeNeTeHHOTO:
BHfa NPOAYKTa, INPOU3BOJUMOrO IONIyIAnUeil, HaIpHMep IIepCTH,
MACA, MOJOKA, AUI[, MKYPOK X T. K. VIMeHHO 3aBHCHMOCTH STMX HO-
KasaTeJeil oT Bo3pacTa W mmoJa ocobeil mpuBOAMT K HEOOXOAMMOCTH MC-
MONb30BAHUS MOJETIH AMHAMHURHU II0JOBO3PACTHOH CTPYKTYpPH IOMY-
JAIME Npu pemenunm 3amaun onrtummusanuy. llpm sTom cama 3apmaga
ONTUMHU3anuy, copMyIMpOBaHHAS KAaK HERKOTOpas 3ajada MareMa-
THIECKOT0 IPOTPAMMUPOBAHUA, BR.JIKYAeT B cefd KaK COCTaBHYIO
9aCTh, & TOYHee, B KavecTBe OlPAHMYEHUIl YPAaBHEHHs IIpejaaraeMoit
mofiend. O APYTHX OMOIHUTETBHBIX OrpaHMYEHUIX HeOHMOJIOrUMIecKO-
ro xapaxrepa GymeT cKasaHO HIUIKe.

Bsegem ¢ynrumio f (z, ) — mIOTHOCTL YMCJIEHHOCTH 0COGEIH BO3-
pacTa r B MOMEHT BDEMEHM f, OIpeJeleHHYIO TaK, YTO HYUCJIEHHOCTb

Xe
ocobeil BospacTa OT z; 0 I, B MOMEHT BDeMeHH ! eCThb S/(:c, t)dr

Xy
I1s1 BCeX z, > 2, > 0. Ilpoiece crapenns M cMEpPTHOCTH MOTYT OBITH
ONNCAaHB ypaBHEHUEM THOA YPaBHEHUs HepaspLIBHOCTH:

D= —dy @) —u (), (1)

9z

rae d; (x, t) — KoaPHUIUEHT eCcTeCTBEHHOH CMepPTHOCTH, u (2, I) —
MHTEHCUBHOCTh H3DLATUA ocoleit us momyaauuu (uw > 0). Huas pomx-
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JaeMOCTH HMeeM:
B

£(0, t) = \ a(z, t) f (z, t) dz, (4.2)
e’
A
rae f (0, {) — nNIOTHOCTD HOBOPO'KAEHHBIX B MOMEHT BpeMeHH i
o (r, 1) — Roapdumuent poskpaemoctn; A, B — Hagalo U KOHeT]
penpopykrusroro nepuopa. Cmeremst (4.1) u (4.2) moTHOCTBIO OIM-
CHBAIOT AMHAMUKY BO3PACTHOTO COCTaBa 6ecrnoloifl IOMyJIANnM, eclIH
saflaHo HavaibHoe pacupenenenue f (z, 0).

Ilas psynosno#l momyasamuu coornomenus (4.1) u (4.2), orHocs-
muecsa K 0cobAM JReHCKOIO 10Ja, OCTAHYTCS B CHIE, eCJM IPHUHATD,
4TO HPOLECC PAa3MHOKeNHA He JUMUTHPYEeTCH HeJOCTATROM CAaMIlOB,
T. €. KOdQPHIUEHT PO:KkIAeMOCTH ¢ He 3aBUCUT 0T YMCIEHHOCTH ocodeil
MY;KCKOTO TI0Ja.

YpaepAaeHHsa, ONKCHBAIOMNINE [HHAMAKY BO3PacTHOH MIOTHOCTH
caMmor g (z, ), VIMeT auadorWaHHE BUE 1:

g oy
Tt = @ g ) —v(z, )

K , (4.3)
g, t)= S B(x, t)f (x, t)da

A

toe d, (z, 1) — KOdpOHIMEHT ecTeCTBEHHON CMEePTHOCTH CaMI[OB;
g (0, ) — mrorHOCTH HOBOPOKAEHHEIX; B (2, ) — Koopduument posx-
nmaexocth; v (z, {) — UHTEHCUBIOCTH UsbaATAA caMioB (v > (). Muor-
JIa MOKHO TPUHATH HE3aBUCUMOCTHh KOIQPUIUEHTOB POSKIAEMOCTH I
€CTeCTBEHHOH cMepTHOCTH oT mouaa (d;= d,, a= f).

B obmeM caydgae paccMaTpUBaeMyo 3ajady ONTHMH3AIUA MO/KHO
¢OpMYIEPORATH CIIYIOMUM 00pa3oM: TpedyeTcHd HATH TaAKYIO II0JI0-
BO3PACTHYIO CTPYKTYPY NONYJIAIAH, KoTopas ofecmedmBaer 3ajaH-
HBIII XapaKTep BOCIPOM3BOJCTBA MOMYJIANNM, YHOBIETBOPSET HEKO-
TOPHIM JOHOJHUTETHHLIM YCIOBMIM, BHTEKAIOMUM U3 KOHKPETHOH Io-
CTAHOBKE 3afa4M, U ABIAETCS ONTHMAJBHOU N0 OTHOMIEHHUIO K OTHOMY
W3 KPATePMER, NePEUYNCIEHHHX BHIIE. ['0BOPS 0 MOMOTHUTEIBHEIX yC-
JOBUAX, MBI 371eCh HMeeM B BUY OTPAHUIEHUA, HEe OTHOCAIUECS HEIo-
CPEJICTBEHHO K NPOIeccy BOCOPOM3BOJCTBA, HANPHMED OTPAaHHICHHE
Ha 00Iyi0 IUCIEHHOCTh MONYJIANUH, HA 3aTPATHl IO COEPIRAHUIO IIO-
NyJIANAN, OTPAHUYCHHUS II0 KOPMOBOMY 6alaHcy W T. K. ITH YCIOBHSA
JJIA KajKIOTO THIA HCIOJIB3YEMOTO pecypca MOKHO IPEICTaBUTh
B BHOE:

L]

D

W=\ \ (o + pog) dz dt < W", (4.4)

0

=1

1 Bosee mojgpoOHLIit BHIBOL H KadecTBeHHOEe HcCIefoBaHHIe Mojeanm cm. B [12].
,IIE[[cerTHylo Mo/eab AUHAMHAKII BO3PACTHOI CTPYKTYpH H ee HCCIe[OBaHIe CM.
B [13, 14].
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rae o, (z, t) 1 p, (z, {) — MHTEHCHBHOCTH IOTPeGJIEHUA pecypca 0co-
6sAMHI >KEHCKOT0 M MY’KCKOTO I0JIa BO3PAcTa T B MOMEHT BPEMeHH f;
W* — obmuii 3amac pecypca Ha paccMaTpUBaeMblil IepHOJ BpeMeHH
pamrenbHocTho 1'; [ — mpepmenbHBINT Bodpacr ocobeil.

OntuMusupyeMslii GYHRIUOHAN ABIACTCA JTHHEIHBIM, eCAH B Ra-
9ecTBE KPUTepUA BHIOPAHH MAKCHUMYM NPHOHIU OT JKCOIAyaTalunm
NOIYJIAIMM, MHHAMYM 3aTpaT HA €€ COAep KaHue W MaKCHMyM IOJY-
JaeMoro npoayktra. Hanpumep, nast npubniau nmeem:

o
= \ S [ep (Maw - Bov) -1 ¢y (vif + Va8) — o (f + @)l dz dt,  (4.5)
o0

rfe Bce BOJAWYWHBI I0J] 3HAKOM HHTErpaja 3aBUCAT, BoobIme rosops,
OT BO3pacTa & U BpeMeHH £; KOIQPUOUEHTH [y, [y, V; B Vo — IOKa3a-
TeJu TPOJYKTUBHOCTH; Cy M ¢y — COOTBETCTBYIOIIME I[@HHI; ¢, — KOd{-
¢UmmenT 3arTpaT Ha cofepkaHue MOMYIAnWH. Bumuo, 4To BejuYzmHa
dyurnmonana I crIafpBaeTCA M3 IOXOHAA, NONYIAEMOTO OT DKCILIya-
TanuM KUBYIMUX 0Co0eil M oco0eil, H3EIMAaeMbIX M3 HPOIecca BOCHPO-
u3BoACTBA. Bun ¢yHROmEOHada A4 APYIUX YHOMAHYTHX KDUTEDUEB
MOKeT GHTH IOJyYeH COOTBETCTBYMOIMUM BHIOOPOM K0d(P(PHUIAEHTOB c.
YupaBreHNAMH B JaHHOR 3amade ONTHMA3AUUH ABIAKTCA QyHRONH
u(z, t) m v (z, t). XapakTep BOCIPOUBBOACTBA TOLYIANAYN IPUBOLUT
K DPa3InWTIHKM peRUMaM IMHAMHUKM II0JTOBO3PACTHOH CTPYKTYPH, H3
KOTOPHX MBI PAaCCMOTPUM TPHU Hambo;iee TUNUTHEIX.

Onmumusayus 6 cmayuornaprom pexcume., B sToM ciaydae Bce
BeJIMYMHLI, BXONAMAE B QYHKOUOHATI, U OTPAHUYEHUA He 3aBHCAT OT
BpeMmeHH. Y pasuenus (4.1) — (4.3) npumyT Buz:

%=—d1/—u, ji;_:—d.zg—v,
2 :
/0, 1) = } 1)/ @dr, 0. 0=\ B@)](@)ds.
A

Onmunusayus 6 nepuodunecrkom pexcume. 31eCh YIATHBAGTCH TO
006CTOATEIBCTBO, 4TO BCE IApaMeTPhl MOMEAH ONTUMHM3ALUA MOTYT
OBITH mepUOAMUECKNME QYHKOUAMH BPEMEHHU (Ce30HHOCTH Pa3MHOKe-
HUfA, IeH, NPOAYKTUBHOCTE X T. X.). llpu oToMm ciemyer B cmcTeMnl
(4.1—4.3) BBecTn momoaumrenbHsie orpanudenus: f (z, 0) = f(z, T),
g(x,0) =g (z, '), rne T — paccMaTpUBaeMbIil LEPHOL.

Onmunusayus nepexodnozo npoyecca. Taxkaa mocTaHOBKA 3a4add
COOTBETCTBYET BHIOODY ONTHMAJIBHOTO YIPABIEHHs, II€DPEBOJAMETO
TOUyJIANMI0 ¢ ONHOTO PEKAMA B3KCIIyaTaruyu (CTAMOHADHOLO MJIH
IepPHOANIECKOr0) HA APYroil 3a 3afaHHOE BpeMsa. 37ech B KadecTBe
HOIIOJIHUTCJBbHBIX orpaHn‘lennﬁ 3a1a10TCA HadaJbHadAd M KOHEYHAasd
10J10BO3PACTHNE CTPYKTYPH NIONYIALHA:

f(2,0) =fo(2), f(x, T) =fr(2), gz, 0) =g, (2),
g(z, T) = gr (2).
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ChopmynupoBaHHasi BHIIE MOJeNb ONTHMU3ALUH MOJKET OLITH
cBeleHa K KOHEYHOMEDPHOI 3afjade JIHHEHHOTO IIPOrpaMMUPOBAHUSA
npUGIMKeHHOH 3aMeHOIl HHTerpaJbHBIX BRIPA/KeHUN KOHEUYHBIMU CYyM-
Mamu#, a audPepeHIHATBHBIX YPaBHEHUHN — KOHETHO-PA3HOCTHHIMU
coorHomenusMu. BpiGop cnocoba pucKperu3anuy Kak IO BO3pacry,
TAK U IO BpeMeHHM o0yCHOBIUBAETCH TPEOOBAHMSMU TOYHOCTH pemie-
HHUA U XapaKkTepoM M3MEHEHUH mapamMeTpoB Mopeni. [Ipm aTom, ecTect-
BEHHO, BBIICJAIOTCA HamboJiee XapaKkTepHble AMA AAHHON HONYIANUA
BO3pacTHBIE TPYyUmbi. PasyMeercs, AUCKPETH3AUMA OCYIIECTBIALTCS
TaK;Ke HA OCHOBE BO3MOKHOCTEH MCIIOJIB3YeMOH IPOTPAMMBI JIA pe-
HNICHWA 3374 JMHEeHHOT0 MPOTPaMMUPOBAHUA.

B radecTBe mpuMepa OCTAHOBWMCSH Ha BO3DACTHON CTPYKType HC-
KYCCTBEHHOII IONYJIAIMA — CTafia KPYIHOro poraroro ckora. flcuo,
Y70 3ajava ONTHMM3ANNN CTPYRTYPH CTaja ABIAACTCA TOIbLKO 0}1}10171
U3 3afa9 BHYTPUXO3AMCTBEHHOr0 HJIAHUPOBAHWA, TECHO CBABAHHOM
¢ pelieH’eM BONPOCOB ONTUMATBHOTO COYETAHMUA OTpACHel, ONTH-
MH3aIUd  PAa3BATUA KOPMOBOU ©assl M PHAAOM JPYTHUX BOIPOCOB
HIAHUPOBAHUA CeJIbCKOXO03AHCTBEHHOTO NPOM3BOACTRA. Paziudmbie
KOHKPETHEIE TIOCTAHOBKY II03BOJSIOT ONPEAEINTH ONTHMATIBHYK CIIe-
AANTU3ANHUI0 X03ACTB (MOJOYHOE HIM MACHOE HAIPABIEHNEe U JP.), Oll-
THMAQILHBIA 060POT cTajla B 3aJaHHBIX YCIOBHUAX, T. €. ONTHMAJIbHO
VIPaBAATh BO3PACTHON CTPYKTYPOM M WMCIAEHHOCTBIO cTapma. lloay-
qenHble pelneHds (OOTHMAJbHAs CTPYKTYypa €Tafga) gajee MOTYT OHTH
ACHOJb30BAHB NPH IMOCTPOCHWH MOJleNel ONTHMM3ALUU COYETAHHUS
oTpacieil B X03AiicTBe, U MyTeM UTEPATHBHOrO pelleHus obemx Moje-
Jell MOTYT ObITH NOJTYYEHB OKOHYATEIbHBIE JaHHEE IO CTPYKTYPe cTa-
7a W ROpMOBoil Gasze. 3aJauM ONTHMUBAILUY BO3PACTHOIl CTPYKTYpPHI
cTajia MOTYT MPECTABIATH NPAKTUICCKUI HHTEPEC He TOJIBKO B PaM-
KaX CHCTeMBI MOJeJell BHYTPUXO3AHCTBEHHOTO IJIAHHPOBAHUA, HO W
npU TIAHWPOBAHMM Ha Gosee BHICOKMX YPOBHAX (paiton, ofaacTs).
9710 0cO00EHHO CYIECTBEITHO TPHA OIPefeeHIHd MePCIeKTUBHEIX M1JIaHOB
PA3BUTHA JKABOTHOBOACTBA B JAHHOM JKOHOMHIECKOM pailoHe M mpu
JOCTATOUHO >KECTKMX OTrPAHHYEHHAX HA NPOM3BOACTBO HPOIAYKI[HH.

Pacuersr mo mpejiaraeMoii MOfeNHM ONTHMH3AIMHE B ABYX IIOCTa-
HOBKAX (CTANUOHAPHBIA ¥ UEPHOAWIECKUI PEIRUMEI) TPOBOAWIUCH
o maHHbM coBXo3a um. [[zepsrumckoro Jlemmurpagckoii o6aactu.
Yaurspanuch OTpaHNYendsA MO0 HJIAHY OPOMBBOJACTBA MACHOI H MO-
JOYHOI TPORYKIMH, IO 3aTpaTaM Ha cofep:;Kanume craga. Ourmmusa-
OUS TPOBOAWIACH 1O KpUTEpPUI0 Maxkcmmyma npubeiau. fas omru-
MH3alUi TepPeXOoJHOr0 IpoIecca — HA YpOBHe obgacTu — 3amava
peurajiach 0o JAHHHM JIeHHHTPagCKOTO 00JACTHOTO VIIPABIEHUA COJb-
¢Koro xo3siicTBa. [1pyu pemenuu nmocjeqHell 3afa9u B Ka4ecTBe KOHEU-
Ho#t ¢cTPYKTYPH crajga obnactm B 1975 r. mpumEUMAlIach CTPYKTypa,
ONTUMAJbHAA B CMBICJIE CTAIMOHAPHONK IOCTAHOBKH.

Pacuerst nporogmiucs mo mporpamme «Cmmrerc-meromy [15] na
Mamunuae BACM-4. PasmepHocTs MaTpHI[ B 3ajadaX JMHEHHOIO IIpo-
rpaMMHDPOBAHMA B TpeX NOCTAHOBKAX NPU PAa3IHIHBIX BapHaHTaX
AUCKpeTH3amuyu Haxoxuiack B mpemenaXx or 30 X 50 mo 150 % 300
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{nepBas uudpa — 4nmCI0 OrpaHUUEHUIT), a BpeMs cHeTa OJHOIO BapH-
anTa — or 2 MuHYT A0 1 waca cooTBercTBeHHO. Pe3ynnTaThl pacueToB
HpPY CPABHENIMY UX C PEANBHO CJIO/RUBIICHCH I10J0BO3PACTHOH CTPYK-
Typoll CTaja HOKA3ail, 4T0 ONTHMU3AMUA MOKET [ATh yBeJIUYeHUe
OPUOLIIR OT DKCILIyaTanly cTajga Ha O = 7% . Tarum o6pasom, npej-
Jaraesag MOMIeNIb ONTAMU3AIUU MO;keT OHTL peajiHm3oBaHa B IIPHMe-
HEHHH K pasidmgublM 3ajadaM YHPaBIGHUA IMOJOBO3PACTHOH CTPYR-
TYpOHl ¥ YHCAEHHOCTBHIO IKCILIYATHPYEMBIX IONYIANUil, R 3ajadaM
OHpeJeNeHNA Ce30HHBIX IeH Ha HPOAYKIHUIO ¥ UX BIMAHHSI HAa CTPYK-

TYypy OOUyIAUuUiA U T. II.
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MATEMATHYECKHME MOJEJIH
POCTA YHCJIEHHOCTH
RIIETOYHBIX TIONYJJIANUN

n. A. LIBLITOB

1. 0 CBOIICTBAX KJIETOUHBLIX HNONYJIAMAI

B macrosamee BpeMsa Hannio IAPOKOe DPUSHAHME IPEICTABIEHTE O
TOM, 9TO BC€ OJHOKJETOYHHIE OpraHU3MBl, B TOM Ymclie H OakTepu#,
0061a0a0T MeJHM PAJOM NOPH3HAKOB W CBOACTB, CXOOHHX C KJeT-
KaMA BHcmHMX opramusmoB (4, 18—19, 25—26].

Mm 6ymeM ynoTpeGiATh TEPMHUHE (KIETKA» B OTHOINEHHE Kak
COMATHY6CKHMX KJIeTOK, TAK W MHKDOOPTraHWSMOB, «KJIETOYHas HONY-
IAOAS»— OPAMEHUTENBHO K COBOKYOHOCTE OZHOTHMOHEIX KJOTOK.
B Bacroameit paGoTe paccMaTpHBAIOTCA JIWMB IOOYJIANUE KIETOK,
B3BEIMMEHHHX B OHTATEILHOM pacTBODE.

Cregyer pasimdaTh POCT B TOTHOM CMEICIE 3TOTO CJI0OBA, BHIpAKAID-
mufics B yBeJHIeHNU PAa3MepPOB KIETKH, W POCT HEI0d KyabTypH (Kie-
TOYHO# MONYJNANWH), DOA KOTOPEIM HOJpa3yMeB4eTCA YBeJHUeHHe ee
CyMMapHO# 6HOMAacCH He TOJILKO 8a CUST POCTAa KIETOK, HO E 33 CUeT
HX DasMHOKeHHA (OYTeM [JejeH’sd, NOYKOBAHHA, COOPOOGpPa3oBaHHA
m T. #.) [14, 48]. Ilog passuTmeM KIeTHM HOHWMANT H3MEHEHEE €6
MOpPoPHEBMOTOrMISCKAX CBOHCTB B HNpOIecCe MPOXO:KIEHUA KHE3HEH-
HOT'0 IIUKJIA.

OcHOBHEIM mOKAa3aTeleM POCTA KYJIBTYPH CIATAIOT BEIHYAHY OPH-
poctra SHmomacch (ypo:kai). Bmomaccy RyJIBTYDH W3MepAT W BH-
PAIKAIOT HO-PABHOMY: BECOBBIME EIWHHNAMY, KONUISCTROM a30Ta WIH
yrilepofia, CORep:Kalierocs BO BCed Macce KJIETOK, W YHCIEHHOCTBIO
KJETOK.

MoskHO BHIOETHTH [Ba XaPAKTEPHHX THOA KYJIBTHBUPOBAHAA
KJIETOYHON MOUYJAANHH: MepuoJudecKoe W Heupepusaoe. Ilepmoguge-
CKO€ KYJIBTHBUPOBAHWE COOTBETCTBYET OOHYHOMY BHpAMUBAHUAIO
KJIeTOK B 3aMKHyTOM o6beme. B Teuemme nar-dasw, HacTymaomel
noclle BEICEBA KIETOK B CBEIKYIO CPELY, yAeldbHasg CKOPOCTh POCTa YHC-
JIeHHOCTH (OTHOIIEHNE CKOPOCTH POCTa K 00IMeMy IHCJIY KIeTOK) moCTe-
IIeHHO T OBLIINAETCA. I[OCTHI‘HYB MaKCHMyMa, OHA B TedyeHHnue HEeKOTO-
pOTO BpPEMEHM [IeDP/KUTCA [OYTH HA OSHOM YpOBHe, m fuomacca MOmy-
JANUEA BO3PACTaeT OO0 SKCIOOHEHITMAJbHON KpHBOW. JTOT mepHoj Ha-
3BIBaeTcA Jorapupmmdeckoit ¢azoii pocra. B manpmeiimem ynensHan
CKOPOCTH POCTA HAUMHAET IIOCTENeHHO YMEHbIIATHCH, IIOKA HE HOCTHI-
HeT HYJA.

OtcyrcTBUE BEAUMOTO poCTa B 9TOH HOBO (ase BHI3BAHO, € OfI-
HO# CTOPOHH, HepPexofioM KJIeTOK B HOKOsAOeecs COCTOSHHE, & ¢ APY-
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roif,— yCTAHOBIEGHHEM MONBMIKHOrO PABHOBECHS MEXKIY POKICHHEM
E OTMHpDaHHEM KJeTOK.

B sakaogurensB0oil ¢ase KIEGTKH OTMHADPAIOT M GHOMacca KYJIBTY-
pol yMmeRbmaercA. TakEM 06pasoM, POCT KYJBTYph pacmajgaercda Ha
9eThIpe OCHOBHHIe (a3bl: Jar-gasy, JorapumpMudecKyio, cTaguoHAP-
Hyo0 0 $asy BBIMEDAHWA.

Ilpnm menpephHiBHOM KyJABTMBHPOBaRHE 00mas 9YHCAEHHOCTH Kie-
TOK B ODONyJsAnuu ocraerca 06ojee Miau MeHee HOCTOAHHOH. ITO CBA-
BaHO C TeM, 94TO 9aCTh KJIETOK HempephBHO yaajlgeTcs, a YORIb HX KOM-
neHcHpyercs o6pasoBaHdeM HOBHX KieToK. Ha koporkmit cpox Takoe
paBHOBecHe YCTAHABJIMBAETCA BO BpPeMsA CTAaOHOHApHOH ¢ask pocTa
OOBIYHBIX KYJIBTYP.

B smaumtenpHo GoJiee deTkod ¢opme 3TO HAGIIONAETCA B MPO-
TOYHHIX KYJIbTYPaxX ¢ HenpepuniBHO oOHOBIsAeMO# cpemoit. Heduro mo-
no0HOe OPONCXOLHT M B NPUPOAHEIX YCJIOBHAX (B m0oYBe, BOJOEMax),
rjie HapAAy ¢ Pa3MHOKeHHeM MAKPOOPraHNA3Mbl BEIMAPAIOT UJIA mOea-
0TCH IPOTHCTAaMA. EcJIA OpH 9TOM 9YHCIEHHOCTD KJIETOK H He 0CTAeTCHA
CTPOr0 HOCTOAHHOH, TO M3MEHAETCSA KpailHe MeQJIeHHO B CBA3H C Ce-
B80HHOI HIM CYTOYHOU NHUKIMIHOCTHIO YCIOBHIiI OOHMTAaHMA.

ITepeiineM K paccMOTpPeHHI0O MAaTeMATHYeCKHX Mojejell JUHAMAKE
YUCIEHHOCTH KJICTOYHHX MONYJIANUA, ONACHBAIIIAX OPOLECCH POCTa
OpU ODepHOJUIECKOM H HemPEepPHIBHOM KYJbTHBUDOBAHHH.

2, IETEPMUHUPOBAHHBIE MOJEJH POCTA
KJETOYHO! MONyJAIINH

[Tpm mocTpoeREE MaTeMaTHYeCKHX Mofeled pocTa KJIETOIHOR mo-
OyNIAOUE OGHYHO BBOJAT B PacCMOTPEHHE NEPEMEHHYI0 BeJHYAHY
X (t), 3aBHCAmYIO OT BpeMeHH, KOTOpas 03HA9aeT GHCJAO KJIETOK B MO-
MEHT ¢ B 6aKTepHaJbHON KOJOHUU UIHM KOHOEHTPALNIO B3BECH KJIETOK
B mmrareiabEOM pactsBope. Ilpocredimee pmpdepernmanbHOe ypaBHe-
HEe, ONHCHBAINee IHEAMHAKY HOOYJIALHAHA B jJorapupmudeckod dase
pocta, umeer smg [70]:

dX
rge k — ymenbHAdg CKOPOCTH pOCTa YHCIEHHOCTH.

Ilia cHEXPOHHOU HONYJNANUH AMeeM:

Xn+1 = (1 + k'At)'Xm (2)

rie X, — 9ACIeHHOCTs B n-M HOKOJeHHH, a Af — BpeMa reHepa-
nun. Kpueas pocra 9uCAeHHOCTH NONYJIANHYA — DelleHHe ypaBHEHHA
(1) — umeer BEHA:

X () = X (0)-ekt. 3)

Takad 3aBACEMOCTH, KaK HPABHJIO, ONACHIBAET PEATHHYI0 CHTYAIHIO
UMb Ha OTPAaEAYEHHOM HPOME}KYTKe BpeMeHM — B (ase Jorapadmu-
geckoro pocra. Y papuerne ®epxionbcra — I[lmpaa [55, 82] asngerca
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gamfoJjiee pacupocTpaHeHHHM o000mendeM NpegHAymeR MOmeNn.
Ono y9nATHEBaeT BIHAHNE JNHMHATHPYOIHAX (aKTOPOB HA AAHAMUKY
YHACACHHOCTH KJIETOYHOH MNOmyJAmuH.

‘fl—f-:(k—s-X)-X. (4)

Yepes ¢ > 0 oGosmauen koapumuenT, XxapaxkTepusyomaid cTemeHb
BIWAREA JnEMUTHPYIOIUX daxtopo. Pemenme store ypaBuerus
uMeeT BUJ:
X (0)-k-ek*t

©) ()

X0 =5= e X(0) + X (0)-g-cF®

9To COOTHOMEHME OTparkaeT YePTH HAYANBHOLO JOrapudMAIECKOro
pocra, $asn JAHeilHOTO pPocTa H ()a3H HACHIICHHA.

B paGore Kamepoma [52] gisa onmcammsa gummaMuxkm pocTa MHAKDO-
OpraHm3MOB OpPH OrpaddYeHHOM 3amace MATAHHS HCHOJb3YeTCcs ypaB-
HeHUe BHIA:

dX a N

= (k- m)‘x' 6)
OpPOBOJHUTCA cpaBHeHWe yparHeHW# (4) m (6) m memaerca BHIBOJ 0 BOS3-
MO;KHOCTH (oJiee TOIHOH aNNPOKCAMANAHU SKCHEPHMEHTANBLHHX KpH-
BBIX POCTA NPW HCIOJb30BAHHU ypaBHemnsn (6).

[Tpm yuere camooTpaBIeHHS KJIETOYHOH HONYJSANNH HOPORYKTaMA
cob6eTBeHHOTO MeraboamaMa B ypasHenme (4) mo0aBiasercsa eIme OXHEH
9IeH, OTParkalomUii 3aBHCHMOCTH 00MmEro KojaumdecTBa MeTabosHTa
B MONYJAAOHY OT BCell ee IPeARCTOPHEHE. B aToM ciiyuae ypaBHeHHe I8
NMHEAMUKA Pa3BUTHA KJIETOUYHOM momyiaamuad mmeer Bup [68):

L

dX » ¢
——=k—eX)X—cX. Sj(t—r)-X(r)dr, )

1]
rae f (z) xapaKkTepuayer HaKOIJIEHNe W pacmaj BpefHbIX MeTa0oluTOB.

PacemorpuMm Mofennm OWHAMAKH YMCIEHHOCTH, yYUTHBaloomue BO3-
pacTHYI0 CTPYKTypy, T. €. pacmpefeliedde KJIETOK IO BO3pPacTaM.
Naywaercs pguoamuka noBemenna ¢ymkmuam u (x, ) Az — 9uciao uin
KOHIEHTPAIAs KJETOK BO3pPACTa OT £ M0 £ + Ax B MOMEHT BpeMeHH .
ITon Bo3pacToM Kiaerkm OyJeM DOHHMATH BPEMsA, Lpomefliee ¢ MoO-
MeHTa ee posxneHds. OCHOBHAA cucTeMa YPaBHEHHH, ONUCHBAIOMIAN
BO3PACTHYIO CTPYKTYpPy H30JIHUPOBAHHOUA OODYIANUM B CTALMOHAPHEX
BHEINIHHX ycaoBuax, umeer pupg [7—9}:

ou (z, t)

e + aul(;' ) = —d(x)ux,t)
u(,t)= S b(x)-u(z, t)dz ()
u(z, 0) = g(x),
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roe d (xz) — woapdunmenT cmepTHOETH ocoGeil Bospacra z; b (z) —
KospPUnMeHT poxgaeMocTH; g () — BO3pacTHOe pacupefeneHne B Ha
q9anbHEA MoMeHT Bpemend. OOImee pelmeHue HEPBOTO ypaBHEHHS CB
creMul (8) MOKHO 3aNECATh B BH[E:
x
—{d@ade
u(z,t)y=Q( —2z)-e ° 9

roe Q — AexkoTopas HpOWM3BONBHAs (GYHKIHA. Y paRHeHwe IJNA Ha-
xoaenns Qyukoun € (f) CBOJUTCA K XOpPOIIO H3BECTHOMY ypaBHe-
HHI0 BOCCTAHOBIEHUSA:

Qt) = f(t) + Sk(z)-Q(t— z)dz. (10)

B sakmoueHEe paccMOTPUM MHCKPETHYI0 MOJENb SAHAMAKH BOS-
PacTHOIl GTPYKTYpH, UepBOHadYadbHO nocrpoenHyio Jlecam (13, 69).

Ilyets z, — unmciaeHHOCTH n-ii Bo3pacTHOH rpyunn B k-if MOMeHT
Bpemend; b, — KoapPUOUEHT POKTAEMOCTH -7 BOBPACTHOH IPYyOOH]
¢, — KoappummeHT BEIKEHBaemocTH npu uepexoge B (n + 1)-to rpymo-
ny. Torpa crerema ypapmenmit nmMeer BUI:

) = 4.2, rxe (1
by b by bm

¢ O 0 0

4=00 ¢ 0 0 |, (12)
00 emy O
8 z{® — BexTOp ¢ KoMmoHeHTaM: zi, 2P, ..., #%. Ilma dacTHOTO

CJIy94a KJIETOYHOW MOmyJAUMHA, PasMHOMKAIOMeHCcs oyTeM oJHOKparT-
Horo OHHADHOLO JelleHUs, MaTpuma A mMeer CIeRYHODIMA sHJ:

00 0 2
4 |G 0 0 0 ) (13)
00 cmey O

Ecan pa36buTs MATOTHYECKUN MAKI KIETKHA Ha KaKkne-1n60 hass u 0603-
HAYGATE gepes z.) — 9uciIo KIOTOK, HAXONAMAXCA B n-it hase pasBuTHA
B k-1 MOMEHT BpeMeHH, TO JJid ONHACAHNA NUHAMPKHN TAKON HONYyJIAXUN
MOKHO BOCHOJB30BATHCA AHAJNOTMIHOA CHCTeMONH ypaBHEHMH.
PaccMoTrpennme B aTOM pasfeiie MOIeJd pOCTa YHCIAEHHOCTH Kie-
TOYHHIX DONYJIANNA OTHOCATCA K KJIACCy TaK Ha3HBaeMbIX [eTepMUHU-
POBaHHHIX Mopenaeii, T. €. Mofeleil, He YINTHIBAOIOUAX CIYy4aifHOroO
XapakTepa ABJeHUA. BooaHe ecTeCTBeHHO, 9TO TAKOH HOAXOJ OIPAaB-
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fan JHIMb B TOM clydae, e€CliW eCTh PealbARe [PESUOCHIKA, HO03BO-
Af0MEe He NPHANMATE BO BHAMAAMe CAYIafiHHA XapakTep mpomecca.
B upOTHBEHOM ciIygae TONBKO CTOXACTHYCCKHE MOZENH, T. ©. MOMIeJH,
YYNTHBaOMAe CAyIafH XapakTep NPOW3BOLAMMX ABIeHnH, OygyT
BOOJIHE aJleKBATHH ONUCHBAEMOMY NpOHECCY.

3. CTOXACTHYECKHAE MOJIEJIN POCTA
9UCJEHHOCTH

BepoaTROCTHNI NOZXOA K MareMaTHIeCKOMY MOICTAPOBAHUTIO
NPOHEeccOoB PAa3BUTHA OMONOTHMYECKHX HONYJANNA BooOme # KIerod-
HHX OOOyJAsqdil B 9aCTHOCTH NPEKPACHO W3I0KEeH B MOHOrpaduu
Xappuca [41] # kaarax Bapyua-Puga, Baptinerra, @ennepa (2, 3, 40].
Huske msmaramoTesa TONBKO Te OCHOBHHIE Pe3yAbTAaTH TeopHH: cIydai-
HHX IPONECCOB B NPAIOKEHAN K OMOJOrMIECKAM MOMYIANAAM, KOTO-
phle MCOOMBBYIOTCA B gaHmou pabore. Bynmem pacemMaTpurarh TOJIBKO
TaKHe MPOUECCh, B KOTOPHX MpPeAloNaraercs, 9TO PasjUUHBEIE YACTU-
OH (KJIeTKH) He3ABUCHMO OPYT OT ApYyra dpOM3BOXAT APYILHE 9aCTANH
(rJaIeTkH), HAUPHMep, MeeHWeM WIM modkoRanueMm. Takue mpomecch
HABBIBAIOTCA BeTBAIAMUCH. PaccMOTpPUM KPaTKO OCHOBHEE pe3yilb-
TATH TEOPHH NACKPETHHIX BETBAN[MXCA NPOIECCOB ¢ KOHEYHHIM UHCIAOM
tenoB 4dactug |20—22, 35, 36, 46, 47, 54). [Iycre T apaserca MHOKe-
CTBOM BCeX A-MEPHHIX BEKTOPOB-CTPOK C HEOTPULIATEABHBHIMA IETLIMA
rommonentamn. Yepes e; (1 < i < k) obo3Havmm BeKTOp, i-8 KOMIO-
HEHTa KOTOPOro paBHa eqWHUOE, a OCTAaJbHbIe — HYMAI0. Pacemorpmm
OIHOPOAHKIH BO Bp:MeHH MapKOBCKH# mpomece Z, Z,, Z,, . |,
COCTOAHUAMA KOTOPOTO ABAAITCH BEKTOPH-CTPOKM MHOkecTBa T,
Mpexnonoskum, 970 BeKTOp Z 4 BCErHA BaflaH; i-10 KOMIOHEHTY Z), -BeK-
ropa Z, Oymem paccMaTPHBATh KAk 9UCJO YACTHL i-TO THIA R n-M
noxonenun. Ecan Z, = e;, T0 Z, nMeer NpoM3BOTAIMYI0 (PYyHRIUIO
BepOsITHOCTEH fi (sy. . . Sg)

oo
Fi(s1..085) = 2 Plry...r)esto..s)k, (14)

L8} -..Tk=0

rae Pi(ry...rp) — BepOATHOCTH TOTO, 4TO YACTAINA THIA i 8a OJHO
DOKOJIeHAE [aeT r; NOTOMKOB THma 1, r, HOTOMKOB THma 2, ..., ry
poromkos THoa k. Ilyers M = (m;;) sABIseTcs MaTpumeil mDepPBHX
MOMEHTOB, T. €.

ot

my; 95 ’
]

i, j = 1k. (15)

Torma mjia MaTEeMAaTHYECKOTO OMHAaHWA BeKkTopa &£, HMeeM BHpa-
KeHme:

E(Z,]Zy)) = Zy- M". (16)

B panwmefimem gepes E Gymem 00603HaYaTh MATEMATHYECKOE OXKU-
pasme, a depes D — pucoepcuio. Yepes V,; o6osraumm pucmepcmio
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DZ,, suuncrennyio npu Z , =e;, a 9epes C, ~ matpuny E (Z1.Z)),
BHIIHUCIEHHYI0 npu 11000M HadaabHoM Bextope Z, [ra C, momyuen
CIeqyIOMAll pes3yabTaT!

n k
Cp= M™CoM™ + J [ v.EZL M ()

i=1 i=1

sneck M* — TpaBCIOHWPOBAaHHAA MAaTpHOA.

Suaa C, n EZ,, nerxo HaliTA 4 KOBAPUANMOHHYK MATPHUIy KOMIO-
HEeHT, B KOTODOH JWATOHAJBHHE WIeHH NAAYT ANCIEDPCHI0 YHCHA
9acTHI i-T0 THIA B 7 M HOKOJeHUH, T. . DZ).

Pacesmorpum Bompoc O BHYHCIGHHA BePOATHOCTH BHPOKICHAA
nounyasnun. Ilycrs marpEnma mepBeiXx MoMentoB M Taxad, 4To OHA
HEOTPULATeTbHA, W CYUIECTBYeT TAKOe HATypajlbHOoe wmeyao N, 9To
matpuna M YN gomoskntensaa. Torna M MMeeT DOJOKUTENbHBINA Xapak-
TePUCTHYECKANT KOpPEHb P, KOTOpPHI ABIAETCH MOPOCTHIM M KOTOPHIA
founime abCOTIOTHOH BeIWYMHH J000r0 APYroro XapakTepHCTHYE-
ckoro kopua. Torga cmpaBefidBa ciefyiomas TeopeMa: ecad p < 14
TO BEPOATHOCTH BHPOKIeHNA ¢ =1, ecmm p > 1, 10 0 g <L B g
YIOBJIETBODAET ypaBHREHUIO

Q=7 (18)

roie @ — BeKTOp ¢ KOMIOHEHTaMA ¢y, ..., Jn, §; — BEPOATHOCTh
BRIPOKAEHNA MPOMecca NPA YCIOBUHM, 9TO OH HAYAICA C ONHOH 4aCTH-
OB -ro TROoa, f (s) — BEeKTOp ¢ KoMmoHeHTaMm f1 (s; ... sp). ..
... f%(sy...s3). CrenosaTenbro, ecIMm pPacCMAaTPHBATL Pa3MHOMKEHUE
KISTOYHON NOMYIAMUN KaK JUCKPOTHBIN BeTBAMUNACA 1POece, B MPUH-
[ADe MOKHO HAWTH CpelHee M NUCHEPCHI0 9MCJa KIETOK B N-M MOKO-
JEHUU, 8 TAK)Ke BEePOATHOCTb BHIPOIK/EHUA.

Hceemenyes nenpepsiBRbe BO BpeMEHH A IUCKPETHBIE B 1POCTPAHCT-
£6 COCTOAHUA CTOXACTHYECKHE IPOMECCH B [IPMMEHEHWH K ONHCAHUI0
pocta Ouodorvdeckux mnomyasnui. PaccMoTpuM Momenu, HCmOJIb-
syomue auddepennuaibHO-pasHOCTHREe ypaBHeHEHs HKoamoropora
(12, 20]. B 1939 r. ®enaep [56] ncenenosan 3aaqu pocTa DOMyIANURA
B paMKaX TEOPHHM BEPOATHOCTHHIX mpoueccoB. B aTo#l pabore BuepsHe
CHCTeMATHYRCKH PaccMaTPUBAIUCH CTOXACTHICCKAE MOZEIA MPOLMECCOH
pocra momyiaanuu. llenoumciesnas cxyuaiinas Beanmumua X (f) wuc-
noab30Bajachk Oasa 0003HAYEAMs pasMepa LONYIANNYM B MOMEHT Bpe-
MeHHO f, & DOCTYJAUPYEeMHI MeXaHW3M POCTa LONMYJISI[AN BEIPAKALCH
uepes BepPOATHOCTH OnpeleJeHHBIX 3JeMeHTapHbX coObiTuil, mpomuc-
XONAMMUX 32 Majble NPOMEKYTKH BpeMeHd. BOJBIIUHCTBO TaKWX MO-
Jellefi MCOONB3yeT MHPOLECCH IYaCCOHOBCKOI'O TUIA, ABJIANIIAECA
OpOCTeHINHME W3 KJAcCa PA3PHIBHBIX MAPKOBCKHX 0POLECCOB.

OcHoOBHOII MOCTYJAT HYaCCOHOBCKOrO MPOIECCA B IPHMEHEHUH K
6MOI0OTNYECKOR MONYJIANAA MOKHO cHOPMYINPOBATH TAK: OYCTH GUC-
JIeHHOCTD IION Y.IAIMA B MOMEHT BPeMeH! [ paBHA Z, TOTIAa BEPOATHOCTH
TOro, 4To B uATepsate (f, t + A¢) aucao ocodefl B monyrsnnm Bo3-
pacTeT Ha egIWHHIYY, paBHa A (z, t) At + O (Af*), rae A (x, £) > 0—
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BEPOATHOCTEL TOTO, 9TO B WHTEpBaJe BpemeHn (£, £ -+ Af) 4NCIeHHOCTD
YMEHBIIMTCA Ha eJMHHIY, paBHa W (z, ) At + 0 (A#), p (z, £) > 0.
BepoaTHOCTE oTCyTCTBUA H3MeHeHUWH B 9TOM HWHTepBale BpeMeHH
pasEa 1 — (A (z, ¢) + p(z, )] At + 0 (A#?). Cnmcrema npuddepen-
NUalbHO-PAa3HOCTHHX ypaBHeHHmd HonMoropoBa mmeer Bun:
aP_(t)

T =Mz —1,8)Poy — (M@, 8) + p(x, )] - Py +

4+ n(z 4+ 1,8)- Py

dPo (¢ (19)
#() ~u(l, )P,
P, 0)=1, z=1,2,...

3necy P, (f) — BEPOATHOCTH TOrO, 9TO K MOMEHTY / YHCICHROCTH 1O-
OyJA0UA PaBHA Z, a A (z, t) 1 p (2, £) XapaKTePU3YIOT COOTEETCTBEHHO
IMTHTEHCUBHOCTH DPa3MHOKeHHA W rubennm B monyisinudm. B npepmoio-
JKeHUd JHAeHHOM 3aBHCAMOCTH A ¥ [ OT Z, T. €.

Az, t)y=A()-z
(u(x, 1) =p()-z,

(20)

cncremy (19) mecnenosan Kenpgann [66].0r namex 6" sprom sune Bripa-
*ReHNA 1A npomsBojameit pyrknmu BepoaTroCcTel npomecca F (s, f),
MaTeMaTHYeCKOro o;kKMAandA E, gucnepcmn 9mcia ocofeil B momyJia-
[EA, B JIA BEepOATHOCTH BHpOxAeHHA P (f)

at)+[1—a@)—B8()]s =
F (s, t)=[ = s] , 21)
E{X ()} = 2o+, (22)

D {X (1)} = zoe D+ \ [M(T) + 1 (T)] ¥ dr (23)

ST -~

t
Sp. (v) '™ dr
Pyty=| =——1. (24)
14 fp@ede
0

JIJ'!}'I oapaMeTpoB WMeIOT MeCTO COOTHOINEHHA!

~v(t)
a(t) =1— W (t) ] B(t) =1— IV 0! (25)
v(t) = S [ (v) — A (7] dr, (26)
0
t
W (t) = e [1 + S B (T)ex dr] . @7)

0
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Muorwe apTops anaam3npoBaynl PasiANvYREEe TaCTHRE CAYYAH CHCTEMH
(19). Tax, manpumep, Ixom [63, 64] ucenegosan csoificTBa KBagpa-
THYHOTO NpPOUEcCa POKIeHHs W rubend, T. e.

Az, t)=A-(2®2 4+ a-2)
p’(x! t) = Pl'(xz“l‘ (X-flf),

cae A >0, p >0, o > 0. Kapamn [65] opuBogur neranbmoe pac-
CMOTpPEHHe JHHeHHEX UpomeccoB poskAeHUs U rubenn ¢ Koapdunm-
earamn A-z + a u p-2 -+ B. atepecHo, 9To BO Bcex STHX MOJenax
koapdunUeHT Bapuwamum, onpegexseMmulll KaK OTHOMEHHe KOPHSH
®BaJpaTHOr0 K3 JACHO:PCHA K MAaTEMaTH4eCKOMY OKUJAHUIO, C Te-
ueHMEM BPEeMeHH He CTPeMHUTCs K Hyxdo. [IpemenvHoe sHadeHme K0d(-
punenTa BapHanuu OPAMO NPONOPIHAOHATIBLHO 1/]/:::., rie r, — Ha-
YaJibHAA YWCJIEHHOCTh LONYJNsOWH, T. e. koapdunwenr sapmamum
y6rIBaeT ¢ pOCTOM HAYANBHON YUCIEHHOCTH. JT0T GaKT MOKET CIYKNATH
KputepueM iexecoo6pasHOCTA CTOXAaCTHYECKOro DOAXOHA K KOHKpel-
aplM  npobaemaMm.

(28)

4, JETEPMUHHPOBAHHBIE H CTOXACTHYECKHE
MOJEJIN HEIIPEPLIBHOI'O RYJbTHBUPOBAHUA

OcnoBable OpUMHOUNLE HeOPePHIBHOrO KyiabTusuposanusa. [Ipo-
0ec¢ HEeNPePHBHOrO KYJIHTHBIPOBAHHA MOKET OPOTEKATh HEOr'PAHD-
YeHEOE BpPeMA TOJABKO B TOM CJIydae, €CIU YCJIOBHAA, OPH KOTOPHX 08
OCYIIECTBAACTCA, COXPAHAIOTCA OOCTOAHHBIMU B TeYeHUe BCEro ero
xoga. MaMenenme ycJOBHE TPUBONHMT K YCTAHOBIEHWIO HOBOTO pasB-
HOBECHOTO COCTOAHWA WIM 3Ke nporecc mpephBaerca. IlocToAncTso
YyCIOBUA KYJIBTHBHDOBAaHHA JaeT BO3MOKHOCTH cPOPMYIHPOBATH
MaTeMaTHIeCKHe 8aKOHOMEPHOCTH JOCTM)KeHNS DaBHOBECHKIX COCTOH-
ANl B JOCTaTo¥HO npocToit opme. OcuoBE MaTEeMATHUECKOW Teopum
HenpepPHBHOIN epMeHTALNN DePBOHAYATIBHO OLIIN paspaboTanu Moko,
tHHosurom w Cumaapmom {72, 81], a B gansmeiimem passBuTn gpyraMu
asropamu [15, 16, 57, 59, 61].

MartemaTHuecKas TeOPHs HENPEPHBHOIO KYNHTHBUPOBAHMA MO-
CTpOeHa HA OCHOBE WAy4eHHH KPHBOH pPOCTa YMCJACHROCTH 1pyd o6HRU-
HoM nepaoxmdeckos nporecce. Ha kpuroif pocta pasnadanT HeCKOMb-
K0 ($as B B3aBHCHMOCTM OT CKODOCTH pocTai (asdy upucoocobiaeHds
(mar-asy), dasy sKCIOHEHIHMAJBHOrO pocTa, (asy pocTa ¢ OTPULA-
TeABHEM yCKopeHumeM u craumonapuyno ¢asy. Dasa skcoodHennmans-
HOFO POCTA AIBJAETCH MEePHOJOM CAMOrO OLICTPOro PasBHTUA MUKPOOP-
FaHW3MOB, KOF[a BCe NUTATeIbHEE BemecTBa OPUCYTCTBYIT B HU3-
OnTke W pasBUTHE HE TOPMOBHTCA OPOLYKTaMH OOMEHAa BeImecTR.
B samxmyToli cmcreme nHTaTesbHEe BemecTBa (MIP OJHO U3 HHAX)
B KOHIle KOHIOB MCYEepPHHIBAIOTCA H HEZOCTATOK HX (ero) cTaHoBHTCHA
auMATEpyOmuM dakTopoM pocra. Kpome Toro, HakanJIuBaOTCA OpPO-
AyKTH o6MeHa, TOpMO3Amue poct KIerok. [Ipmammn mempeprBHOrO
KYJIbTUBHPOBAHUA 8aKI094eTCA B HCOOJAbS8OBAHHA UPATOKA CBEKeH
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¢penH O OTTOKA OPMpAcTaloulell 9acTV MOOYIATHM, TaK 9TO KOHIIEHT-
panya OATaTeAbHHX BENIECTB W NPOXYKTOB 06MEHa HeH3MEHHO DOAMAep-
'KEBaeTcA Ha ONpejeJeHHOM MOCTOSHHOM YPORHe, 00ecuedmBaioIeM
rpebyemunle GU3NONOTHYCCKHE CBOIICTBA KYJbTYDHL.

Mono (72] sammmascs mnccllefoBanmeM BaBHCUMOCTH YAedbHON
CKOPOCTH pOCTa 9HCICHHOCTH | OT KOHIEHTpanmm cyberpata S, n emy
yAANOCh YCTAHOBATH NPHOAMKEHHOE MaTeMaTUUecKoe Bhlipakenme
3aBHCHMOCTH 3KCOOHCHIIMANLHON CKOPOCTH POCIA 0T KOHIEHTPALUN
cyberparas

S
B = Maxe * 75y 29)

dta fopmyna ofHApYKUBAET OHPENENEHHYI0 AHAJOTHIO ¢ YPABHEHR-
em Muxasnnca — Menrten ans ¢epmenTaTmBHHX peakumii. Ha rpa-
Prure moxydaercs rmnepGoNHYECKAs KPHBAaA, W BENWIFHA [yaxe
aBiasiercsa ee acamororoit. Honcranra nachmenms Kg pasHAaeTesa KoH-
neaTpanun cyGeTpara, UpH KOTOPOH yOelbHas CKOPOCTH pOCTa paBHA
MOJOBAHE MAKCHUMaJdbHOII cKopocT®. Howmentpamms cyGerpata —
He eNWHCTBeHHHH ¢aKkTop, JIEMHTAPYOWAA CKOPOCTH pocCTa
H. . Hepycaanumcxnii {14—17] B cBomx paforax 0o sepamusa-
auio Propionibacterium schermani opumen K BHIBORY, YTO yHedhHaA
CKOPOCTH POCTA BaBHCUT OT UJIOTHOCTH HOMYJIANNWN U OT KOHIEHTPALAR
OpPORAYKTOB KJIeTodHore meraboxmama. [lo pesynbratam skcmepumen-
T0B WM paspaboTana smnmpudeckan ¢opmylla, OTpaskaoImas aTy
sapucamocts [17). Kar 6yier mokasamo HUKe, HMEHHO BWA 3aBHCH-
MOCTH yAeJbHOIl CKOPOCTH POCTA OT PasjiMYHHX AUMUTUPYIOMUX PaK-
TOPOB HATpaeT OUPeJeIEeHAYI0 POJb B COOCOOHOCTH KJIETOYHOH KYNib-
TYPH K CaMOperyiupoBaddio HPY HEmpepHBHOW depmeHTanud. Pac-
CMOTPHM IIOCNeJOBATENBHO OCHOBHHE THOK HEOPEPHBHOIO KYJIBTH-
BUDOBAHNA.

Ilepexod om noayrenpeprisHO20 KYALIMUSUPOBAHUS K Henpepuls:
nomy. [Ipm peryasipnon ymaneHMm qepes olpelelNeHHbBIe MPOMEKYTKN
BPEMEHHM 94aCTH MCUHOJNHBOBAHHOU CpelOn W BaMEHH ee CBe:KHM cyGer-
paTOM KPHUBAs USMEHEHUSA YACIEHHOCTW MWKDPOOPraHM3MOB B BaBUCH-
MOCTH OT BpeMeHm B pafGodeMm ofbeMe KyJIbTHBAaTOpa Hymer MMeTh IA-
noo6pasamit eug. Ilyers Af — gauTenbHOCTH OJHOTO OEPUORA, TOTHH
M3MeHeHAe YUCJIEHHOCTW 33 MEePHON MOMKHO BHPABUTH ypPaBHEHUEM
(57h

X (o + AL) = X (tp)-e™2t-(1 — DAY). (30)

3mech @ — ymelbHas CKOPOCTh pocta, a D — ynerpHas CKOPOCTb
pasbapiennsa, oupefelseMas OTHONIeHHEM CKODOCTH LOTOKAa Cpegn
k paGodemy o6memy wynbpruraropa. Us yeaosma X (¢, + Af) = X (¢,)
HAXOQUM 3aBHCEMOCTE D OT u ¥ BenWMunmHH nepuoga At

1 — g Hat

D = — (31
Verpemnsa At — 0, mepexofmM OT OOJIYHENpepHIBHOTO HPOLECCa
KYJAbLTABUPOBaHWS K HempepumBHOMY. [lnsa sHempeprBHOro apomecca
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pnonydaeM, 9o D = u. CienosaTeibHO, PaBeHCTBO YAEABHHIX CKOPO
cTeii pocra m pasbaBienusa oGecnedyrmBaeT HeUPEPHBHOE NPOTEKAHUE
ppomecca ¢gepMeHTAAM.

Canmopezyaupesanue npu HenpepwleHom npoyecce. PaccMoTpum He-
UPePBIBHLIA mpolece, T. €. OYCTh BHIOIHeHO ycaosue D = p. Kaxwme
M3MEHEHNs OPOMBONAYT B CHCTeMe, €CIW YCTAHOBHBIIMICA pesRAM
fymer HapyuwleH m3MeHeHHeM cropoctu pasGaBrenus? [loppoGumiii
pasbop artoro Bonpoca 6ma nposenen Mono n ['epGeprom 159, 61, 72).
Horxa ckopocTs pasfaBiedHnms cramsoBATCA 6oJblue yHelNbHOI CKoO-
pocTm pocra, T. e. D >y, 9UCI0 KIETOK B KYIbTHBAaTOpEe HadmHaer
YMEHBUIATHCH, T. 6. MUAKPOOPTAHU3ME IIOCTENEHHO BHIMEIBAIOTCA. B pe-
3yJbTaTe TOr0 MOBHILAETCA KOHIEHTpanmusa cybcrpara B epMenTepe,
NOCKOJNBRY YMEHBIIAeTCA CKOPOCTh ero yTuiusauud (yMeHBIIAeTCs
4HCcI0 MHEKPOOPraHusMoB). IlockomBKY p << Myake, TO MOBHIIIEHUE
KOHIEHTPAIMN cy6CTPaTa MOJOKUTENBHO BIMSET HA YACABHYIO CKO-
pPOCTh pPOCTa, W BENMYMHA €€ BO3PACTaeT COTJACHO ypaBHeHHUI0 (29).
HKorga p cramer pasuoit D, B cucTeMe yCTaHOBHTCA HOBOE IIOJIOKEHHE
paBHOBecHA. B ciyuae yMeHbIenns ckopoctu pasbasinenusa D, gucio
KIETOK B peakTope OyxerT BospactaTh, a KOHIEHTpamusa cy(cTpaTta
ymensmareesa. CiemoBaTesnbHO, p Oyder yMeHBIDATBCA AO TeX HOP,
I0Ka He cTaHeT pPaBHHM [, W Torga oOATh YCTAHOBHTCA HOBOE LOJO-
jKeHUe paBHOBecHs. [13 9TOro BHTeKaeT, 9T0 HeNPEepPHBHHE OPOLOECCH
o61aganT cmocobHOCThI0 K camoperyiasanuu., OTMETHM, 9T0 8TH pac-
cy:xneHnsa BepEH Opu D << Uyaxe, B IPOTUBHOM CXydae, T. 8. KOTZa
D > pyaxe, MEKPOUPTAaHE3MHE BCETJa BRIMBIBAIOTCA M3 KYJBTHBATOPA.

Xemocmam u myp6udocmam. B saBucmmocT#t 0T cmocoba, KOTOPEIM
HZOCTHETAETCA BHIOJHEHUe paBeHCcTBA D = i, IPOMECCH HENPEPHBHOIO
KyJbTUBHPOBAHUA NEeIATCA HA XeMOCTATHEH W OJIOTHOCTATHELH (Typ6u-
pocraTHH). TepMad «xemoctary 6na npeanoxern Hosukom n Couaap-
mom [80, 81]. B xemocrare cxopocts pasbamnemua D 3amaerca mpo-
U3BOJBHO, & MHUKPOODPIaHMBMBl CaMH BEHOHDAOT CBOK0 KOHNEHTPAIMIO
U NOAJePKUBAIOT CBOIO YNEMBHYIO CKOPOCTH pocTa W paBHOX D (B coor-
BETCTBUHU C BBIMEH3JI0KEHHON COOCOOHOCTHIO K CAMOPEryJiupOoBAHHIO).
Typ6unocrar (maotmoctat) Opa paspaGoran Bpaiicomom [49—51],
Hoprponom [75—78] m Amnpmepconom [44], cosmaBmumu npubop u
paspaboTaBmIuMH TeOPeTHIECKYI0 OCHOBY ILIOTHOCTATHOTO KYJbTUBH-
poBanua. B TypbmpocraTe 3amaeTcsa HOCTOSIHHASA KOHIEHTpalusA Kie-
TOK TPA NOMOIIU PeryJaupyIolNero ycTpolicTBa, KOTOpoe aBToMaTmye-
¢KH BEIOMpAaeT COOTBEeTCTBYIOMYIO CKOPOCTh pasbamienus D. Komuen-
Tpauusg MUKPOOPTAHU3MOB B TypbujpocTaTe 0OBIYHO PerncTpupyercs
HEeDOCPEACTEEHHO B KYJAbTHBATOPE MOPA MOMOMHK (QU3HYECKHX HIH
¢usnKo-xmyMuIecKux meToxoB. HambGosee vacTo m3mepseTcs omTude-
CKas MJIOTHOCTH B3BECH KJIETOK, MHOTJA UPUMEHAIOT KOCBEHHBIN METON
u3MepeHns, Hanpumymep maMmepenme pH munw gpyrmx Beamumu, cBssal-
HHX ¢ KoamenTparuelt muxpobunx wkiaetox [30, 31]. Ckopocts npm-
TOKA CBeed HUTATeIbHOR CPEl PeryIupyeTcs COeMUabHEIM yCTPOM-
sTBoM. HaK TOJBKO KOHIEHTPAMHAA KJIETOK J0CTHTae: 3apaHee BHOpaH-
HOH BEJWYUHEI, ABTOMaTH4eCKOe YCTPOHCTBO OTKpHBaeT MOPHTOK
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cBexell cpensl. HoHNMEBTpam|aA KIETOK CHMIKAEGTCA [0 BeJIMUMHE, IPH
HKOTOpPOH aBTOMaTHYeCKOe YCTPOMCTBO BaKPHBaeT TPHTOK CpeJibi.

Muozocmynenwameie cucmemni. Ilocaenosarenbuoe coefnnenne He-
CKOJBKHX KYJbTHBATODOB NIPHBOAHT K MHOTOCTYIEHIATOMY Hempe-
peBHOMY KyabTmBupoBaHWIO. Ilomo6mas cmcrema massama ['epGep-
Tom [61] mMuoromorouHo# mHorocTymendaToi. B mampmom ¢epmentepe
HMEIOTCA CBOH YCJA0BHA YCTAHOBHBINETOCS PEeKHMA.

Cucmena ¢ wacmuuHoii peyupkyasyueti. Ouucannnie BHINE CHCTE-
MBl MOTyT OHTH [OIONHEHH PEeNEPKYJIANUell OnpefeJeHHOR TacTH
0o0mei TuCIeHHOCTH KIeToK. B3Bech KICTOK, BEIXOAAMAN W3 ompejie-
JIEHHOH CTYIIeHH, KOHIEHTPHPYETCH B HENPEPHIBHO-NOTOYHON MEHTpPH-
¢yre mim B ocanounoM cocyme. JacTh KIETOK peIHpPKyIdpyeT (Bo3-
Bpamaerca W3 ueHTpadyra) B Ty Ke WIM B APYryio (mpeaiiecTByio-
mymo) crynenb. OcTaBmmitca B menTpudyre cybcTpaT BMecTe ¢ OCTaB-
MIUMACA KJAeTKAMH BHTeKaeT IJig gaiabHeimeii o6pabotku [80, 85].

Mopneny AuHAMHKN YHCJICHHOCTH MHKPOOPTaHH3MOB IPH IIPOTOY-
HOM KyapTuBupoBanun. QOCHOBHEIE MOJENHA [AHAMHKH YHCJIEHHOCTH
MHEKDOOPTraHA3MOB IPM HENPEPHBHOM OJHOCTYIEHYATOM KYJIbTHBHDO-
BAaHMM NOCTPOGHH H YacTUYHO HCCIENOBAHHK BO MHOrmx paborTax
[24, 30, 31, 38, 39, 67, 71, 83, 86, 88]. Bo Bcex aTHX MOHEIAX HCIOIb-
3yeTca MaTeMaTHIeCKHA ammapaT OORIKHOBEHHEHIX AH(depeHImAIbHEIX
ypaBHeHni#. Moykno BeOHcaTh cuCTeMy nupdepeHnHaILHEX ypaBHe-
HOH, 0600MAalmyl BCe 3TH MOIENH:

L DX 4p(Si...8)-X

as,

1 (32)
——=D- (Sio_Si)_T H(S1... Sp)-X.

dt

3nmech mpHHATH cleayiomme obo3HaueRMA: X — KOHIEHTPalds MHK-
poopraHu3MoB B (epMeHTepe; §; — KOHIEHTDAUWA (-0 BemEecTBA B
¢depmenTepe (3TO MO:KET OHTH CyOCTpaT, MPOAYKT ;KH3HEAEATeIbHOCTH
MEKDPOOOB MJIH HPOCTO KAKOW-TO XMMHYECKHUil djement); ) — yneib-
Hasg CKOpOCTb pasbaBienms; §;, — KOHIEHTpanus i-ro BemecTBa B
mojampmenca cpefe; Y; — KodQPUIUMEHAT YTHIU3AMUAHM [-T0 BEIECTBA
mmkpobamm; p (S, ... S,) — yAenbHasg CKOpOCTb pocta YACJIEHHO-
CTH, KOTOpas 3aBHCHT OT S, 8, . . ., S,. JloMmHOXkas i-e ypaBHeHHe
HA Y;, CKIaAbIBasA BCe ypaBHEHMS HOMapPHO ¢ OEpPBHIM W HHTETPHDYA,
HAXOJUM 7 HE3aBHCHMEIX MHTErpajoB cucTeMsl. OHU MMEIOT BHI:

X () + yiS: (1) = (X (0) + % [S: (0) — Siol} e + yiSi0y ~ (33)
rie X (0) — HawanpHAs KOHNEHTpamusA KIETOK B (QepMeHTepe; a
§; (0) — mavanbHaA KOHIEATpAmUA i-r0 BemecTBa. OTH HHTErPaibl
ABIAIOTCH YypaBHeHASAMH MaTepmajbHOro Gamanca. Brpaskas wus
Kaskgoro i-ro ypaBmenmsa (33) §; wepes X m moicTaBisd B mepBoe
ypaBHeHHe cHCTeMbl (32), MOKHO HOJYYATH ypaBHeHHe mia X (&)

& DX 4+®(,0)X. (34)
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Bce w3BecTHBHe AUHaMEYeCKHEe MOMeNH MJISA XeMOCTaTa OTJIMIAIOTCA
Ipyr or apyra Buiom ¢ymxmum p (S, ...S,) n HabopoM nepemen-
BHx §;, T. e. HabopoM paccMaTPHBAEMEIX BemECTB.

Hora [67] wuccmemoBan pguHAMEYECKYI0 MOAENb [JiA XeMOCTaTa
B NIPEUOJIOKEeHNHA, 9TO

S
I'I'(S) = Wmaxe * __KS s - (35)

Cucrema (32) cBopmmmace K aByM nadQdepeAnuanbHEM ypaBHEHHAM
¢ mepemenasiMa X (f) @ S (¢), KoTophle aBTOp mW3ydan Ha (aszoBoi
OJIOCKOCTH METOJaMM KadeCTBEHHOH Teopud nuddepeHINaIbHEIX ypPaB-
mennit. TaxkumMm jxe MeTogaMm HCCIefyeTcs JWHAMAKA IIOBENEHHA
OONyJANAA MHEKPOOPTaHM3MOB B XemocTaTe B IPEANOJOKeHHH, 9TO
HCHOJb3yeTcs MHIHOUTOPHLIA cybcTpar, T. e.

O = —ge (36)
1+T 7{'

H. B. Crenanora ¢ coastopamm [38, 39] mccnenosama momens nm-
HAMAKHE HENpPepPHIBHOI'O KYJbTHUBHPOBAHHSA aHA3POOHHIX OPONAOHOBO-
KHCIHX O6akTepmil, CKOPOCTb pa3MHOKEHHS KOTODHIX 3aBHCHT He
TOJNBKO OT KOHIeHTpanuu cybeTpara S, (1akrata), Ho H OT KOHIeHTpa-
nuy IpoAyKToB Gposkenusa S, (amerara), OKasbBaoIUX HHTIHOHpYIO-
mee ne#cTBHe Ha KyubTypy. aywamach cucTemMa Tpex ypaBHeHHi
¢ nepemeHHnMA X (2), S, () 1 S, () B npeamososKeHAN, UTO

_ Paaxe * St
lJ'(Sl) S2) - (Ksl+51)'(Ks’+SZ) .

(37)

Cuctema ypaBHeHHWII WcclefoBallach Ha aHAJOToBo#t Mamuae. Kar
BHIHO W3 OpUBEJIeHHHIX IPHMEDPOB, SHAHHE BHAA 3aBACHMOCTH
p(S;. ... 8,) ABagercA HEOOGXOAMMEIM YCJIOBHEM IS MOCTPOEHHA H
HCCTENOBAHUA NWHAMAYECKHX Mojeldeil HempephIBHOH (epMeHTammu.
Bompocamm omnpefenennsa KoapPHIMeHTOB, BXOAAMHEX B ypaBHEHHS,
OIMCHBAIOMUE IPOIECCH HeNPEPLIBHOTO KYJbTHBHDPOBAHHSA, HOAPOGHO
sauumannch 1. . Huxonaer, [I. II. Cokonor m apyrme [28, 29].

IIpm naorHOCTAaTHOM CcmOCOOE HEOPEPHIBHOIO KYJILTHUBHPOBAHWA
HOMKHO BHOONHATBbeA yexosue dX/dt = 0, X (¢) = X (0). Iloaromy
cucteMa (32) B 9TOM ciaydae mpumeT BEA i

X(@t)=X(0)
w=2D

ds,
= D-(Sio — Sy —

(38)
pn-X, i=1...n

yi.

1 [Ipegnosaraercsa, 9r0 HA OJUH H3 CyOCTpaToB He JUMHTHDPYeT YAEIALHOH CKO-
pocTH pocTa W.
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Wnrterpupys raoe i-e ypaBHeHHEe CACTEMBI, HAXO[AM

1 (S5 = Si0) = 9:[81(0) — S — —X(0) Jer X @)

HIN B npejielle MPH ¢ —- 0O
y; (S; — Si) = X (0). (40)

Taxue cooTHomeHHsA MaTepHaJbHOTO Gajamca J1A TypGuaocTaTa uay-
gaan W. U. T'arensson u coasrops [10].

Paccyorpunm kpaTio 0000MEHHYI0 MOJedb OJNOIIOTOIHOIO MHOIO-
CTYymEeHYaTOr0 KYJILTHBHDOBAHHA (MOCJe[oBaTelbHOe COENMHEHIE m
depmentepo). Uepes X, (£), S;x (), Dy (/) obosmaumy cooTser-
CTBeHHO KOHI[EHTPAI[HI0 MUKPOOPTaHU3MOB, KOHIEHTPALNI I-T0 Re-
IecTBa M YAEJNbHYI0 CKOpOCTh pasbaBieHus B k-M ¢epymenrepe.

CucTenMa ypaBHeHHUI ST MHOTOCTYIIEHIATOTO IPOLECCA UMEeeT B

dx,
a Dy (X — X)) F 0 (S« - S)- X
(41)

as,, !
= = D (S — i) — 5 1 (Suie -+ - S) - X

CranuoHapHble COCTOAHUS TAKOH CHCTEMBI I HEKOTOPHIX FaCTHBIX
caydaeB uzydenst Maxconom [71]. B pesyuabrare nccaepopanmit moay-
9eHH COOTHOIIEHMA M PABHOBECHHIX KOHIIEHTPAIlWH IIMTATEJbHHX Be-
IEeCTB ¥ MEKPOOPTAHHM3MOB B HpEJbIIyIeM H IOoCHegylomeM (epmen-
Tepax.

IIporeccsr BOCCTAHOB/ICHHA INONMYJANUMM Ha mporoke. B mpouecce
HempephiBHOM (epMEHTAI[HA B XeMocTaTe WM IUIOTHOCTaTe, KaK Ipa-
BHJIO, BCE TapameTphl KYJbTHBHPOBAHHUS MOJJEP/KUBAIOTCA HA  IO-
crosanHoM ypoBHe. OJHAKO B CHIY KaKHX-IM60 (QU3MKO-XMMHIECKHX
I cyry6o TeXHMYeCKIX IPIIMH HEKOTOPhe MapaMeTpPHl MOTYT H3-
MEHATBCS, 4TO ecTeCTBEHHO IPHBOAUT K HapyIleHHIO mpoiecca dep-
sentauuu. Muormvu astopamu [33, 73, 87] axcmepmmenTanbHO HC-
CJIe/[0BAJCA BOIPOC O XapakTepe HOBeIEeHHS KY/JAbTUBHPYeMOH momy-
JAIIH TPH PE3KOM, CKATK000Pa3HOM N3MEHEHNH OJHOTO MM HeCKOJIb-
KHX IIapaMeTpoB, TaKnX, KaK y/JelbHas CKOpocTh pasbasienns D,
KOHIeHTpanua cyberpara §, TemMmeparypa, HHTEHCHBHOCTH OCBeIe-
HuA (18 PoTOCHHTe3UPYOMUX opranuaMos). B pesyabrare mccaeso-
BaHAH MOKA3aHO, UYTO IOCIe CKAaIKO0OPasHOr0 N3MEHEHHSI KaKoro-
auo mapaveTpa BO3HHKAeT MEePeXOJHBIH IPOILECC, BCIEJCTBHE KOTO-
pOTO CcHcTeMa IepexoiuT B HOBOe CTAlMOHADHOE COCTOSHHE (MM iKe
mpoiece (epMeHTaIMH ITPeKpamaeTcA BOOOIIE).

Ipu pe3koM H3MEHEHHH YHCIEHHOCTH KYIBTHBHPYeMOR IOIy:1A-
L{MA CHCTeMA, KaK MpPaBUiio, BO3BPAIAeTCs B MCXO/IHOE CTALHOHAPHOE
cocrosnme. Ilporiecc Bo3BpalleHHs HA3BIBAIOT ILPOLECCOM BOCCTAHOB-
nenus. Peskoe yMeHbIIeHHe YHCIA KIETOK (B peaylbTaTe MX rubei)
MOKeT OnITh BHI3BAHO, HAIpHUMep, CHJIbHOM 1030# pPaJHOaKTHBHOIO
H3JIydeHAA MU KaknmM-HEOYIb [ApyTuM Bo3sfeidcrBmem [5, 32, 34].
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Matematudeckne BompocH Tpomecca BOCCTAHOBIEHMS NOMYJIAINE
B xeMmoctaTe paccmorpenst H. C. Ileuypruniy. OcHoBHas cmcTeMa
YpaBHeHU mMeeT BU/:

dX

L DX Ap(S.. 8 X

aX <

ds, 1 .
-Tt—:D‘(SiO_Si)_y_iu(Sl".Sn).X’ L:‘l...n.

C yuerom ypaBHeHHS (34) MOKHO HOJIYIUTH CHCTEMY JIBYX ypaBHe-
HUH, OOHCHBAIOMY0 H3MEHEHHE ¢ TeYEHIeM BDEMEHH THCJIa KUBBIX N
MEpTBLIX MHKDOOPTAHU3MOB:

2 DX+OX,0)-X

- (43)
dX

= DX

3nech X — KOHNEHTPALHs SKUBHX KIETOK, a X — KOHIEHTpaluA
MepTBHX KiaeTox B Qepmertepe. H. C. Ileayprun uccienosan nanbo-
Jee mpocTHe ciIydanm BEa GyErmum [ (S;...5,), a HMeHHO:

u = const,
S
P = Hyaxe * W . (44)

Hnsi cayvaeB Godee c1o:kHOTO Bujaa QyHKOUEM W (S) mccaegoBaguch
TOABKO cTamuonapHbie cocToannsa. Ilokazano, 9To ¢ TeUeHMEM BpeMeHH
sesmauna X () -- X (), Kak mpaBuiIo, IPOXOAUT 9epe3 MUHHMYM,;

X
OTHOCUTEJIbHAA [0S MEePTBHX KIETOK — —(LN—_)Q, a or-
(X @)+ X (@)
. X ()
HocHTeJIbHAsA NMOJA JKEBHX KIeTOK — —_ 1

(X (0 + X @)

ITo pesynbpraTaM IpOBefleHHHX TEOPETHYECKUX U JKCHEPUMEHTANb-
HEX HCCJI€0BAHUI MOKHO C/eJaTh cJepylomue BBRIBOXEL: 1) mpu He-
IpepHBHOM KYJIbTHBHPOBAHUM HPOMCXOJMT  (CAMOBOCCTAHOBJIEHME)
NONYIANIH B OJArONPHATHBX AJIA POCTa YCIOBUAX ILOCHE CHATHA
neiicTsuA He6AaronpUATHOTO (YarTopa; 2) OCHOBHEIE 3aKOHOMEPHOCTH
npolnecca BOCCTAHOBIGHHA ONPeNeJAITCH UPH IMOMOIIM IIPOCTOH Ma-
TeMaTigeckoit Mmomen:m (32), wucmombsywmeil auddepennuasbHbe
ypasuenusi. MoyeJb H03BOJISET OIEHUTb BPEMA BOCCTAHOBJICHHH
B 3aBUCHMOCTI OT HAYAJIBHOTO COCTOSHHUA MOMYJIANUH U CTeIIeHH ee
nopajkeHdsi; 3) IPOLECC BOCCTAHOBIEGHUA ONPOHCXOMAT IPU D < Uyaxe-

ABTocCeIeKIIs Ha NPOTOKe. B momyasifiin MEHKPOOPTaHU3MOB IIOU-
TH BCerja TPUCYTCTBYIOT MyTaHTHEIe $opmbl. Teoperudeckme oCHOBH
AMHAMHKY 9ECJI€HHOCTH MEKDOOPraHH3MOB OPM HENPEePHIBHOA (epmeH-
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TamAE ¢ y9eToM MyTanmil ommmx ¢opMm B gpyrme gapTes B paboTax
Mosepa, Hoprpona, H. C. Ieaypruua, Kymurna (30, 31, 74, 79].

Cucrema puddepeHNUATBHHIX ypaBHeHMIN, OHUCHBAOMAsg JIHHA-
MAKY MHOTOKOMIOHEeHTHOW TONYIANHA B XemocTaTe, HMEeT Cjieqylo-
MUY BHJT:

dX.
s =—D-Xi—aXi (S Sp) X+ 21X
i+ _
as o 1 (43)
d_tk' = D'(Sko_ Sh) —_ Zl _y-]-h— ‘].L_;(Sl e Sm)-Xj.
=
3neck X; — KOHIEGHTPAUUsA KJIETOK i-T0 MYTAaHTHOTO ILITaMMa; o; —

yAedbHAHA CKOPOCTH MYTUPOBAHHA (-0 TITaMMa BO BCe OCTAIbHEIE;
Yij — YHAeJdbHas CKODOCThL MYTHDOBAHHA KJIETOK I-TO IITaMMa B j-i
mMTaMM; Yj, — KooQ@uilMeHT yTHIM3amud A-Tro BeliecTBa j-M HITaM-
MoMm. llompo6HO wWcciiefoBaHA TOJBKO MOAEIb ¢ JBYMS IITaAMMaMH,
OHHUM JMMUTHPYIOMHM CYOCTPATOM M CIEAYIOIMAM BHIOM 3aBHCIMO-
CTH YAEABHOW CKOPOCTH POCTA YUCHEHHOCTH 0T I

S
B (S) = Muaxe - K15 (46)

B xemocraTe KOHIEHTPAIIIA JUMATHPYIONEro cy6eTpaTa, KaKk DPaBIIIo,
HeBeJHMKa, TAK KaK yHeabHbIE CKOPOCTH pocTa AIA 00OMX INTAaMMOB
3HAYATENHHO MEHBIIE Wyaxe, T. €. W (S) z% .S,

s

HcenemoBanme cucreMsl (45) B yxkazaHHOM 9aCTHOM cIydae IOKa-
3HBaeT, YTO C TeYEHHEM BPEMEHM B KYJbTHBATOPe aBTOMATHYECKH
TOPOMCXONMT OTGOP B CTOPOHY YBEIMICHUSA Wyanc/Kg, T. €. IITaMM
€ MAKCHMAIBHBIM yaxe/K s BEITECHSIET U3 (lepMeHTePa BCE OCTATbHEIE;
KOHIIEHTPAIUN KOTOPHIX B KOHI[e KOHI[OB YCTAaHABIUBAIOTCA HA HUBKHX
PaBHOBECHBIX YPOBHAX. OTO CIEJCTBHE W3 MOJENH MOATBEPKIAeTCS
IeJBIM PAJOM SKCIEPHMEHTAIbHBIX JaHHEIX.

Teopernueckre BOIPOCH aBTOCENEKINH B Typbuiocrare paceMoT-
penst B paGorax B. E. Cemenenxo, B. A. Jlapra, JI. H. Iloranna
[6, 11, 42, 43]. KyapruBnpoBanne MHKPOOPTaHU3MOB B TypOmMaocTaTe
IPOU3BOAMTCA HA HEJUMUTHPYIOIUX cpefax, W YAeIbHAsS CKOPOCTH
poCTa YHCIEHHOCTH MUKPOOPTAHM3MOB OJIM3Ka K MaKCHMAaJbHOU BO3-
MOJKHOM, T. €. b = Uyane. HaK OyJieT moxasano HUKe, fepMeHTamus
B ILIOTHOCTAaTe IPHBOJHT K TOMY, YTO aBTOMATHYECKHU OTOOp HeT
B CTOPOHY YBeJIHICHHS [yape, T- €. LITAMM € MAKCHMATBHBIM 3HAYCHUEM
Wyare BBITECHsIET U3 depMeHTepa Bce ocraibubie. CHeTeMa ypaBHEHHIT,
OLMCHIBAIOMAA JUHAMHKY MHOTOKOMIIOHEHTHOH HOMYJADUH B TypoOu-
ZocTaTe ¢ y4eToM MYTHPOBAHUS OTHUX IITAMMOB B PYIIe, HMeeT BH[:

dX,
- = WX; — DX; — o X; - 21X (47)
jFi
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3necs X; — KOHNEHTpamus MHKPOOPTaHW3MOB (-To mTamma. Cria-

IOBIBAA BCe YPABHEHUS M HCHOJNB3YS TOT PaxT, 4To o0mas TUCIEHHOCTh
n

mocTosiHHA, T. €. ¥ X; — const, momydaem:
i=1
n X,
D= Z‘i_l , (48)
2 X;
2
T. e. y/iedbHAaA CKOPOCTh pa3baBieHHWs PaBHA cpejiHeil yAeJbHOR CKO-
POCTH pOCTAa YHCJICHHOCTH BCefl MHOTOKOMIOHEHTHOH NOIyJIAIHH.
Bes ydeTa MyTHpOBaHUs pelneHde cucTeMmbl (47) myveeT BUJ:
o
X, (0)-e
n v
(1
2 X, (0)-e

=1

- X(0), (49)

i=1

Xi(t):

T. €. ¢ TeYeHHeM BPEeMeHUM KOHIEHTPAIMA MUKPOOPTaHH3MOB INTAMMa
n

C MaKCHMAaJBHBIM | CTPEeMHTCA K Z X;(0), a Konmenrpanua Becex
=1

OCTAJBHBIX MNITAMMOB cheMnTc;[RHyJIJIO. Taxuy 06pasoM, DPOUCXOTAT
aBTOMAaTHIECKNI 0T6OP B cTOpoHY yBeiamdeHus (. C yuerom mMyTHpO-
BaHWA A clAydas ABYXKOMIOHEHTHOH MOMyJANUM cucTemy (47) mc-
caegoBax H. C. Ileaypxkur. B aTom caydae He mpOHMCXOAUT HOJHOTO
BHITECHEHHA OJHOTO MITAMMA JPYTHM, & KOHIEHTPAIUA KICTOK MTaMMa
¢ MeHblled yHeJIbHOU CKOPOCTHIO POCTAa YCTAHABJIMBACTCA HAa HH3KOM
PaBHOBECHOM YDOBHE.

O BEepOATHOCTH BBIPOKICHNsI MYTAHTHOTO LITaMMAa Ha IIPOTOKE.
BepoATHOCTHEIA aHAaJW3 OPOMECCA BEIMBIBAHUS M COXPAHEHUSA MY-
TAHTHOIO HITAMMA HA OPOTOKEe NPOBEJeH IePBOHAYAIbHO B paboTe
ITayanma n manee B pa6ore B. A. Jlapra ¢ coasTopamnu [11, 84]. Pac-
CMOTPHUM CTOXACTHYECKYIO MOJedb PAa3BATHA MYTAHTHOTO INTAMMa
HA OpPOTOKe IPH YCJIOBHH, YTO IIPOIecC HAYaJCs ¢ OJHOH MyTaHTHOR
riaetkd. Ilyete N, — o0mass 4MCIEHHOCTHh KJIETOK B KyJbTHBaTope,
MOCTOAHHAA IS JA1060TO MOMEHTA BpPEMEHH, a T, U T — BpeMeHa TIe-
Hepauil COOTBETCTBEHHO MyTaHTa H MCXOJHOTO miTamma. YmHcio
KJEeTOK, YHAJAeMblX H3 KyJbTHBaTOpa 3a T, 00o3magmy uepes Q.
Torpga miIst BepOATHOCTH COXPAHEHHS MYTAHTHOH KIETKH B (epMeHTe-
pe 10 ee mepPBOTO /IeJIEHUS p HMMEeM:

1 \e - <
p:(l——lvo-) ~e No, (50)
Tak Kak [V, Ha IpaKkTHKe AocTaTouno Bexmuko: N, ~ 10'%. Ecau gepes
m ¥ m,; 0603Ha9UTh YNCJ0 HOTOMKOB 33 OJHY TeHepamulo, [aBaeMBIX
COOTBETCTBEHHO OCHOBHOM M MYTAaHTHOM KIXETKAMH, TO IS yAeJbHHIX
CKOPOCTEHl poCTa OCHOBHOM H MYTAHTHOM KYJbTYD HOJIYTHM:
Inm In m
K= K, = —~. (51)
T

2 rl
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VYanruBag, ato Q =K:N,-1,, 011 p moidydmm ¢JIeRyIOmee BLIParKe-
HHAE:
Inm
Tye

p=¢ T —m, y=my (52)

Byney paccyaTpuBaTh pa3BATHE MYTAHTHOTO MITAMMa, HAaYaBINeecH
¢ 0/IHOi MYTaHTHOI KJIeTKH (T. €. IpeJmoIaraerTcs, 9To B mpolecce pas-
BATH HOBHX MYTAQHTOB 3TOTO THHA He obpasyercd), Kak TUCKPETHBIN
BETBSANIHACA IPOIECC ¢ OFHUM THIOM TACTHI[ M ¢ OJHOIIATOBOH mpoms-
Bojsamedl Qynxumen f (s):

f)=q-+ps™ g=1—p (93)

W3 ofmeit Teopun BeTBAMIXCA OPOIECCOB caeyeT, 9To mpu /s (1) < 1,
T. e.m,/m* < 1, mau, 4ro To ;Ke camoe, mpu K, < K mpouecc Beerga
BHpo;kRaeTcda. B caygae f; (1) > 1 BepoATHOCTH BHIPOKAEHHA PaBHA
KOPHIO ypaBHeHHs s = f(s) m3 muTepsaaa (0,1). IIpmbammennoe
3Ha4eHHEe 3TOT0 KOPHA HaXOAUTCA o dopmy.e:

my

Y
A =exp| —2 TR
(H‘LY> (mT =9

Jlerxo OIIeHNTb TO KPHUTHUYECKOE 3HaYeHHe YHhuCJa MYTAaHTHBIX KIETOK
B ¢epMeHTepe r*, HauMHAA C KOTOPOTO C BepOATHOCTHIO 1 — & My-
TAHTHAA KYJIbTypa BLITECHHT OCHOBHYIO:

() s
= — .In—. (55)
€

m
2. (mY — 1)
OcHoBHPIE BHIBOAB MOMKHO COPMYJIAMPOBATH TAK: €CHH yHeJbHAsAd
CKOPOCTH POCTa MYTAHTHOTO IMTaMMa MEHbINEe WK PaBHA YHeIbHOM
CKOPOCTHA POCTA HMCXOMHOIO IMTaMMa, TO MYTAHTHHA MmMTaMM Bcerga
BBIMBIBAETCA U3 (epreHTepa, ecld sKe yAelbHas CKOPOCTH PocTa My-
TAHTHOTO INTaMMa GOJbINE 9eM Y OCHOBHOIO, TO BEPOSATHOCTD BHIPOIK-
OeHHA A1 MYTAaHTHOTO IITAMMAa MEHBINE eAWHALE ¥ BBHUHCIAETCA IIO
dopmyme (54).

OornMu3anisA DpoueccoB HeNpepbIBHOrO KyapTHBHpoBaHmA. Pas-
BUTAE TEODMU ONTHMH3ALAM HPONECCOB HENPEPHBHOTO KyJILTHBHPO-
BaHHUS TPOMCXOAHT B TPeX OCHOBHHIX HATIPABAEHHAX, COOTBETCTBYIO-
MEX TpeM pAasJNIHBIM KPHUTePHSM: VBEJNYEHHI0 TNPOAYKTHBHOCTH
CHCTEME IO BBIXOJY OMOMACCH, YBEJHYEHHIO BHIX0AQ KaKOT0O-IHOO
TPOJYKTA KIETOUHOH (epMEHTAIMA W, HAKOHEI[, MIHUMHA3ALUH CTOH-
MOCTH TPOHM3BOJACTBA, OHpPEAedAEMON KaKk PasHocTh MEKAY 3aTpaTaMu
(ma cy6erpar) um jloxomom (oT moaydaemoro mpoxaykra) [1, 23, 24, 27,
45, 53, 58, 60, 62, 89].

Paccymorpny ofHOCTymeHYATHIE mpomecc HempepHIBHOR ¢epieHnTa-
OAX ¢ JAMATAPOBAHMEM CKOPOCTH Pa3MHOKeHHA KIETOK OTHEM Cy0-

—1

(o%)
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crpatoM. Ilockoabky mpopyxTaBHOCTE P = DX, To, HCOOAB3YA CH-
cremy (32), meen:
P = Dy- Py 50 — D~ (K + 50)

- . (56)

Pyake —

B o0meyM ciaydae To4Ka MaKCHMaJIbHOH MPOXYKTHBHOCTH HE COBIANAeT
¢ TOYKOI MaKCUMyMa OTHOHNIEHMA BBEIXOJa 6n01\1accm K KOHIeHTpamu|
cyberpara. Taxmyv obGpasor, mMarcHMaIbHas HPOAYKTHBHOCTH BCETTa
CBs3aHA ¢ NOBHINIEHHON KOHIEHTpalmeil cybcTpaTa B BhITeKaomei
cpeme. ITosToMmy caemyer pasiudaTh MAKCHMYM HPOAYKTUBHOCTH K
SKOHOMUYECKMH onTuMyM. OnTIMYM 3aBHCHUT OT CTOMMOCTH CHIPBS, OT
BO3MOKHOCTHU HCHOJIb30BAaTH B I[aJIbHefIIHG.\I BHTSHHIOH_U/Iﬁ BMeCTe CO
cpeioil cyGeTpaT M OT HKCIVIYATAIlMOHHEBIX PACXOHOB.

B mpomecce 0gHOCTYmeHYaTOT0 HEMPEPHIBHOTO KYyJIbTHBHPOBAHHS
OpHA HEKOTOPHIX YCIOBHAX JacTh KJIETOK IOABePrarT pPenupKyJIAIHA
C OeJbIO MOBBIMNCHNA NX KOHIEHTPAIIUH B KYyJAbTHBATOPE H YBEJIHICHUA
npopykTupnocTH. HoHIEHTpamimo Muxpob6HOTo MaTepHaia B pemup-
KYIHpPyeMOoi YacTH CpeJsl MTOBBIMIAIOT IPH IOMOIIM cemapamuu (B
IPOKEBOM IMPOU3BOACTBE) M IyTeM Oca:kAeHUsA (B cmupToBoM) [1].

Jlns ynydlleHHsa HCIOIb30BaHASA cy0cTpara IPHMEHAKT CXeMy
MHOTOCTYIIEHYATOT0 KyJbTuBHpOBanuA. Ilpm oToM He mcmoap3oBaH-
HHil B nepBoM depMeHTepe cyOCcTpaT mocTymaeT B ciaeaylomuil depmen-
Tep, IWle eme pas YacTHIHO YTHIUBHpyeTcd. [[oxkazaHo, 4TO TaKod
coocod KyaIbTHBHDPOBAHHUA 0(0jee DKOHOMIYEH.

Takuy o6pasoyM, HATAJIBHEI 3Tan TOCTPOSHHS AETePMAHHMPOBAH-
Ho#A TeOpUH IOpPOOecCoB KYJIBTHBHPOBaAHUA 6JII/IBOK H 3aBepmeHm'o.
OpHako pemreHye I[eJ0T0 PAKA MPAKTHIECKM BasKHEIX mpobiaeM Tpeby-
€T PacCMOTPeHAS KYJbTHBHPYEMON KIETOYHOM IONYIALWH KaK CIy-
qaiiHO# yupaBasemoi cucTeMsl. CTOXAaCTHIECKOM yKe TEOPHUH IPOLECCOB
KYJTBTHBHPOBAHNA NPAKTHICCKH He CYImecTBYeT. MoyKHO HafeAThCA,
9T0 JaHRBI 00630p B KAaKOU-TO cTemeH:m OyHeT CTEMYJIHpPOBATH CKO-
peiimee mocTpoeHHe CTOXACTHIECKOM TEOPHH HOPOIECCOB HEIPEPHIBHOTO
KyNIBTHBHPOBAHMUSA ¥ JalbHelimmee COBepPINIEHCTBOBAHME IEeTePMEHMPO-
BaHHOM TeOpHUH.

JUTEPATVPA

. Andpees K. IT.— 1 cummo3. 1o HeIPEePHBHOMY KYJIbTHBHPOBAHMID MHKPOOP=

rarusmoB. IIpara, 1958, c. 186.

. Eézpm/zemm M. C. BBegeHlle B TeOpHIO CJHy4aiHHX mpoueccoB. M., WJI,

1958.

. Bapyua-Pud A.T. 9aeMeBTH TeOpIIl MapKOBCKIIX IIPOIECCOB II MX NPHIO-

seHug, M., «Hayrar, 1969.

Besbopodos A. M. BrnocninTe3 OHOJOTNYECKI AKTHBHLIX BemECTB MIIKPOOp-

ragn3Mamn. M., «Megumuuay, 1969.

. Bekxwuna JA. K., Koean U. ., Kydpawoe E. H., Hameuwes J. P., Cako-
(:\}w . C.}i IlTeeuenro B. A.— Kocmmueckas 6Gmoxormss m Memgmpnaa, 1969,
Ne 5, ¢. 34.

. Baadumuposa M. TI., Cemenenro B. E. VIBTeHCHBHAsI KYJIbTypa OJHOKJE-

TOYHRIX Bogopociei. M., 3g-o AH CCCP, 1962.

=2}

130



. T'unaéype JI. P.— IlpoGaemur kudepHernru, 1970, sem. 23, c. 261.
. Tunsbype JI. P., Ifoayskmos P. A.— Tpynet 11 Beec. KOHQ. 1O GI10CHHTE3Y

u Gnodnsuke monyasiuii. Kpacnosapek, 1969, c. 236.

. T'unséypeJI. P.— Blona. Hay4s.-TexH. iiHpopm. 1o arp. dus., 1969, No 13, 23.
. T'umeavson . H., Kospos B. ., Tepcroe H. A.— WN3B. Cunb. org. AH

CCCP, cepus 6uoa. 1 Mef. Hayk, 1966, Ne 8, Bom. 2, 3.

. Mape B. A., Kospoe B. I'., Jlucosckuii I'. M. TIpobieMLl co3pamiisz 3aMK-

HYTHIX dDKoJornyecKnx cucrem. M., «Hayray», 1967.

. Bacaascruii B. I'.— B ¢6.: MareMaTityeckiie MetTofs B OHOJOTIN I arpodi-

suxre. JI., Tnjgpomeriagar, 1971, c. 157.

. Bybep U. E., Koarep 10. H., IHoaysxmos P. A.— IIpoGiaempl knGepHeTH-

ki, 1972, Bum. 25, c. 120.

. Hepycaaumeruii H. [.— B c¢6.: @usnojorus n GIOXIMIIST MIUKDPOOpPTaHA3-

moB. M., Usg-Bo AH CCCP, 1959, c. 20.

. Hepycaaumeruti H. . HenpeprisHoe SpojkeHIe 1 BrIpAamiWBAHUE MIIKPOOD-

raru3MoB. M., IInmenpomuagar, 1960.

. Hepycaaunckuii H. [[.— 1 cnMmos. 10 HempepuolBHOMY KYJLTIHRIIPOBAHHIO

MIIKpoopranismMoB. IIpara, 1958, e. 53.

. Hepycaaumeruii H., Heponosa H. — Jlora. AH CCCP, 1965, 161, 437.
. Unweneyruii A. A. CrpoeHne Gakrepmii. M., Usg-so AH CCCP, 1940.

. Hmweneyruii A. A.— Muxpobnonorus, 1945, 14, 65.

. Koamozopose A. H.— ¥Ycu. mateMm. Hayk, 1938, 3, 5.

. Koamozoposa A. H., Cesacmovanos 5. A.— owa. AH CCCP, 1947, 56, 783.
. Koamozopos A. H., Arumpues H. A.— Hoxx. AH CCCP, 1947, 56, 7.

. Makcumosa E. A., ¥Yemunnuros 5. A., Marcumos B. H., @edopos B. J].—

ITpnki. 6moxum. 1t Mukpobuoaa., 1968, 4, Ne 4, 373.

. Maaex H. HeupepblBHOE KYJbTHBHPOBaHHEe MHKpOOPraHuamoB, M., «Ilu-

nmeBas MpoM-cTh», 1968.

. Meiiceav M. H., Kopuaeun B. B.— Bionx. skcmepuM. Gmoir. 1 Men., 1952,

33, 49.

. Meiiceav M. H. OyHKHIOHANLHEAA OPraHM3alAg APONIKEBLHIX OPraHN3MOB.

M., U3x-80 AH CCCP, 1950.

. Muavro E. C., Bopucosa O. K., Pa6omnosa H.J.— Tlpuka. Guoxmm.

1 MHKpobGoa., 1966, 2, Ne 4, 409.

. Hukoaaes II. H., Coronos JJ. II.— Ilpuka. Gmoxum. I MurpobGmoa., 1968,

4, 493.

. Hukosaee II. H., Coroacsa E. A.— Tlpuxa. OmoxmM. 1t wMurpoGioi.,

1969, 5, 523.

. Heuwyprunw H. C., Hosmoeosa II. H., Tepcroe H. A.— TIpura. GuoxuM. %

Mukpodmox., 1969, 5, 158.

1. Hewyprun H. C., IHosmoeosa HU. H., Cadosckas I'. M., Tepcroe H. A.,

T'umeavsorn HU. H.— Ilpnxi. 6noxuM. 11 Mukpo6uoi., 1969, 5, Ne 4, 409.

. Poduuesa 9. K., Tumeavson H. M., Tepcros H. A.— N3B. Cub. orm.

AH CCCP, cepus Gioa. i Mex. BHayk, 1966, No 12, o 3, 33.

. Caskun B. M., Merewko I'. JI.— KocM. 6mox. m Mex., 1970, Ne 2, 124.

. Caxosuw H. C., Bevwuna J. K.— Koem. 6mox. n mem., 1969, No 3, 24.
. Cesacmuvanoe L. A.— ¥Yecu. MateM. HayK, 1951, \o 6, 47.

. Cesacmvanoe B. A.— Jloka. AH CCCP, 1948, 59, 1407,

. Cemenenro B. E., Baadumuposa M. I'., I[ozaun JI. H., ITonosa M. A. —

B ¢6.: Yupasusemslit 6nociaTes, M., «Hayra», 1966, c. 128.

. Cmenanosa H. B., Pomanosckuii 0. M., HWepycarumckuii H. J].— B ¢6.:

Vuopapasemoiit 6uocrures. M., «Haykay, 1966, c. 24

. Cmenanosa H. B., Yepnasckuii JJ. C., Hepycarumckuit H. [.— B c6.: Ko-

nebareapHLIC TIporecchl B GIIOMOTIYeCKUX H XHMHYECKIX cicreMax. M., «Ha-
yra», 1967, c. 317.

. Qeasep B. BBencHIle B TeODHIO BepOATHOCTeil I ee mpitoKenme, T. 1. M.,
. «Mup», 1967.
. Xappuc T. Teopnsa BeTBANIIXCA CIydYaftHBIX TnpomeccoB. M., «Mup», 1966.

Loeaun J. H., Baadumuposa M. I., Cemenenro B. E.— dusmon pacr.,
1970, 17, 846.

131



. Ifozaun JI. H., Cexenenwo B. E., Hoasxos A. K.— Bunopnsnra, 1967, 12,

704.

. Anderson P. A.— Rev. Scient. Instrum., 1956, 27, 48.

. Baidya T. K. N., Webb F. C.— Biotechn. and Bioengng, 1967, N 2, 195.
. Bartlett M. S.— Biometrika, 1969, N 2, 315.

. Bartlett M. S.— Biometrika, 1970, N 3, 456.

. Braun W. Bacterial genetics. London, 1953.

. Brison V., Szybalski W. — Science, 1952, 116, 45.

. Brison V., Tunevall G.— In: Recent progress in microbiology. Stockholm,

1959, p. 372.

. Brison V.— In: Atti. VI congr. internaz. microbiologia, v. 1, 1953, p. 804.
. Caperon J.— Ecology, 1967, 48, N 5, 1356.
. Elsworth R., Telling R. C., East D. W.— J. Appl. Bacteriol., 1959, 22,

138.

. Everett C., Ulam S.— Proc. Nat. Acad. Sci. USA. 1948, 34, 403.

. Feller W.— Acta biotheoret., 1940, 6, 2.

. Feller W.— Acta biotheoret., 1939, 5, 403.

. Fencl Z., Sillinger V., Nusl J., Malek J.— Folia microbiol., 1961, 6,

9.

. Gerieves R. B., Rao R.— Biotechn. and Bioengng, 1968, N 4, 510.
. Herbert D.— In: Continuous culture of microorganisms. London, 1961,

p. 21.

. Herbert D.— In: Continuous cultivation of microorganisms. I sympos.

Prague, 19538, p. 45.

. Herberg D.— In: Continuous cultivation of microorganisms. Proc. Sym-

pos. Prague, 1964, p. 23.

. Holzberg I., Finn R. K.— Biotechn. and Bioengng, 1967, N 3, 413.

. John P. W. M.— Ann. Math. Statistics, 1956, 27. 550.

. John P. W. M.— Ann. Math. Statistics, 1956, 27, 865.

. Karlin S., Mc Gregor J. L.— J. Math. Mech., 1958, 7, 643.

. Kendall D. G.— Ann. Math. Statistics, 1948, 19, 1.

. Koga S. Humphrey A. E.— Biotechn. and Bioengng, 1967, N 3, 375.

. Kostitsyn V. A.— Biologie mathematique. Paris, 1937.

. Leslie P. H.— Biometrika, 1945, 33, 334.

. Malthus T. B. First essay on population (1798). Reprinted in London, 1926.
. Maxon W.D. — Appl. Microbiol., 1955, N 2, 110.

. Monod J. Recherches sur la croissance des cultures bacteriennes. Paris,

1942.

. Mor J. R., Fichter A. Bioctechn. and Bioengng, 1968, N 6, 668.
. Moser H. The dynamics of bacterial population maintained in the chemos-

tat. Washington, 1958.

. Northrop J. H.— J. Gen. Physiol., 1960, 43, 234.
. Northrop J. H.— In: Continuous cultivation of microorganisms. I sympos.

Prague, 1958, p. 106.

. Northorp J. H.— J. Gen. Physiol., 1957, 40, 547.

. Northrop J. H.— J. Gen. Physiol.. 1954, 38, 105.

. Northrop J. H., Kunitz.— J. Gen. Physiol., 1957, 41, 119.

. Novick A., Szilard L.— Proc. Nat. Acad. Sci. USA, 1950, 36, 708.

. Novick A., Szilard L.— Science, 1950, 112, 715.

. Pearl L., Reed L. J.— Proc. Nat. Acad. Sci. USA, 1920, 6, 275.

. Pipes W. O., Konstsoyannis S. P.— Appl. Microbiol., 1962, N 1, 89.

. Powell 0.— J. Gen. Microbiol., 1958, 18, 259.

. Powell O., Lowe J. R.— In: Continuous cultivation of microorganisms.

Proc. Sympos. Prague, 1964, p. 45.

. Ramkrischna D., Fredrickson A.G., Tsuchiya H. M.— Biotechn. and

Bioengng, 1967, N 2, 129,

. Ryu D. Y., Matels R. J.— Biotechn. and Bioengng, 1968, N 3, 148.
. Saidel G. M.— J. Theor. Biol., 1968, N 3, 326.
. Wen C. Y. ,Chang T. M. Fan L. T., Ko Y. C., Knieper P. J.— Biotechn.

and Bioengng, 1967, N 2, 113.



MATEMATHYECKHE MO/JEJIU B 3KOJIOTHNA.
POJIb RPUTNYECKUX PEKNMOB

A. M. MOJIYAHOB

BBEJEHHIE

Iroygorma — OHA W3 HauboJIee CIOKHHIX OMOJOTAICCKAX JHCIIAIM-
JEH. JROCHCTEMEL €IBa JIH He caMbie TPYQHLIE JIA M3YIEHHUSI CHCTEMBI
M3 BCEX, ¢ KOTOPBIMU IIPUXOUTCA HMETh feao B Hayke. Caya mocTaHoB-
Ka Bompoca 06 M3YyYeHUI BKOCHCTeM ¢Tajla BO3MOKHOR Torbko B XX B.
Vike 5TO M0OCTATOWIO BHPASHTENBHO XapakTepH3yeT oOBEMHOCTH
mpoOIeMEL.

B a06yi0 3kocHcTeMy BXOAAT KaKk OHOTHIeCKHe, TaK M KOCHEIE
(abmoTugeckite) ameMeHTH. [103ToMy UMBydeHHe DKOCHCTEM HEBO3MOK-
B0 6e3 caMoro IPAMOTO yIAacTAA HAYK Ie0JOrHIecKOro M reorpadude-
CKOTO IHKJIA (IPIH OMHCAHWH M M3YIeHUH I'eoJOTHIECKUX, JaHAmadT-
HHIX, THApOrpa@HIecKUX M KIMMATHIECKAX XapaKTepHCTHK). MeToms
XUMHE B Qu3nKu abCcoq0THO Heo6XoauMbl (HO, K COKATEHHIO, COBep-
MEHHO HeXOCTATOTIIR) HPH M3YYeHHMH COCTABHEIX DJIEMEHTOB KOCHOH
KOMIIOHEHTHI dKocucTeMbl. CyTh M cofepsKaHue DKOCHCTEMBI — ;KUBHIe
CyIIecTBa, pacTeHHA W MAKPOODPraHH3MbI — IpefMeT H3y9YeHHA BCEro
KOMILIeKCa HayK OMOJIOTMYeCKOro IUKJIA.

[Tpm usyueHNHN IKOCHCTEM HEBO3MOKHO 06oHTHCH M 663 COLMAIBHO-
HKOHOMHYIECKUX HAYK, MO0 OCHOBHAS Ilelb HKOJOTHH — HCIOJL30Ba-
une Gmocdepsl AIA HYKA degoBeuecTBa. Cromr, BAAUMO, N06GaBATE —
VI  9eJ0BeYecTBa, IOJHHMAIOMEroCA HAJ[ YHCTO HTOMCTHISCKHEM
(UCIONB30BAHMEM» M BHIPACTAIOMEr0 10 NOHAMAHMA CBoeil pom
zpanumeas OGuoceprr. HempocTo B3ausogeiicTBHE DKOCUCTEM ¢ GHICT-
po pasBHBalomelicA TeXHHKOH, 0CTpo Hys;kjaomeidics B pa3HooO-
PasHBIX THOAX CHPbA, KOTOPoe OHA YepmaeT B srocucTemax. G apyroi
CTOPOHBI, Yyykeé CTAHOBUTCH (HOPOTHBOMOJIOKHHM OOMEM MeCTOM»
MBICIB 00 OHACHOCTH HeoOpaTHMOTo 3arpsasHEHHA OKpy:Kaomed
CperHL.

Hayxum mareMaTHdeCKOTo IUKJIA TaK)Ke JOJKHE HAUTH CBOE MECTO
B 9TO# Ba)kHoil mpob.ieme. MoskHO yka3aTh, HampuMep, Ha CTATACTH-
9ecKHe MeTOJbl IPH KOANYeCTBEHHHIX OIEHKAX CTPYKTYPH 9KOCHCTEM,
HA CHCTeMHBI{T MOAXO0/| IPH ONNCAHMM W KJIACCHOITKAI[MII MHOT006pas-
HBEIX BHENIHUX I BHYTDeHHHX CBf3eil sxocmcrTeMm M Ha Golee TpagHOd-
OHHBIE ACMEKTHl M3YJEHISA M3MEHEHHs CHCTeM BO BPEMEHH KaK B 9BO-
MIOIMOHHOM IUIaHe, TaK W B IUIaHE CYKIECCHOHHOM (BO3PacTHOM).

AToT Geramil nepedenHh HAIJISAAHO AeMOHCTPHPYET BCIO TPOMAHOCTD
npoGaemel. Bo3HHKAET jgasKe IMEeBOIBLIOE COMICHIIE: a TOTOBa JH Ce-
TONHAMHAA HayKa, COCTOAIMAA U3 BechbMa Pa3o0MEHHBIX pa3fesos,
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¥ peleHnio Mmo00HEIX KoMIIeKcHHIX mnpobsem? Ha aTo MoKHO cra-
3aTh TOJBKO OJHO: BOIPOC IIOCTABAEH CAMOIl KU3HBIO, JI CTUXHUITHOE ero
pemeHne goporo ofoiifieTca W UelomedecTBY, u Ouocdepe. Haubomnee
OpaBWIbHA, MO-BHIMMOMY, NOCTAHOBKA BONPOCA O BBIJEJCHHH CaMBIX
OCTPBIX, KHBOTPENENYIUX mpobieM.

OCOBEHHOCTH BUOJOTHYECKHX OBBEKTOB

IlpaBunbHOE BHIEIEHHE IJIABHHIX HANPAaBIEHHH HMCCAENOBAHHS H
MOJeNMpPOBaHusA TpefyeT FeTKOro MOHMMAHNA crnenudnueckunx ocoben-
HocTe#l Gumomormieckmx cucteM. Ouenb 0GOOMIEHHO MOKHO yKa3zaTh
Ha dYeTHpe BayRHeHmue 0cOo0EHHOCTH JRUBOTrO: 1) CJI0MHOCTH BHYT-
PEHHETO CTPOEHMA KaykAOH oTfexnbHoil ocobu; 2) moau@axkTopHOCTH
BHEMIHeH cpedsl (yCIOBUI ;KU3HEAEATENbHOCTH); J3) HE3aMKHYTOCTH
(TPOTOYHOCTE) KaK B DHEPTeTHIECKOM, TaK M B CTPYKTYPHOM WJIH
nHPOPMAI[HOHHOM CMbIcJe; 4) cymecTBeHHas HeJnHeHHOCTH — OT-
POMHBIN JMAnma3oH BHEITHHX XAPAaRTePUCTHK, UPU KOTOPHIX COXpa-
HSETCS RUB3HECHOCO0HOoCTh cucTeM. lIpuBegeM HECKOIbKO 3avedaHmil
M0 KayKAOMY W3 3THX Pa3[eioB.

1. CxoKHOCTH BHYTPEHHEro CTPOeHHA. ITOT pasfe] MOMKHO GHLUIO
65 — IPH KeJTAHAN — 03alJIaBNTh HHATE: «YBasKeHHe K Omogormnde-
ckoMy 06berTy». CKOABKO-HHOYIP WOJHOE OMUCAHME jayke MPOCTeli-
mero OMOJOTHIECKOT0 00BeKTa TpeGyeT BCell CyMMH 3HAHMH, HAKOI-
NEeHHBIX B «IPeI0N0I0THIECKOMY eCTeCTBO3HAHNN. [10ACHUM MPOCTHIM
IPEMEPOM 3Ty MHICIb. B momyasipHO# JmTeparype Bcermga TPHBOIAT
npuMep KoJeca, KOTja XOTAT HOJBCTHTH CAMOJIOOHI0 Ye0BeIecTBA
M IOKa3aTh, 4TO OMOJNOTHA «I0 KoJeca He moaymaiacky. Ho ecam
TIOHMMATD TOJ] «IPUHITIIIOM KOJeca» HAel0 3aMeHbl TPEHUA CKOJbKeHHs
TpeHMeM KadeHMs, To JIoOble HIaralomnue, NPLIralomue U Gerawoniue
JKHBOTHBIE Peaju3yioT STOT HNPMHIIAI HAMHOTO 6oiee rHOKO, 4eM He-
yzo6HOE U I'POMO3TKOE TEXHAIECKOE COOPY REeHIe, MMEHYeM0oe KOJIeCOoM.
Ecan e mocTaBuTh Bompoc 6Godee TIYGOKO — 0 IHKIMYECKHX
npoueccax npeobdpasoBaHus 9HePTUH, TO OHOJOTHS «OpHULyMalay COBEp-
MIEHHO BEJHKOJEHHHI IPHHIUI «XEMUIECKOTO Kolxecay — upeobpaso-
BaHWe XUMHYEeCKOIl dHePrHM B MeXaHWYECKYH BO BceX mpoleccax
MpimegHoro coxpamenusa. O rakoMm npeofpaszoBateiie B TeXHIKE MOK-
HO IIOKQ TOJBKO MeUTarh.

C umcto MareMaTWIeCKON TOYKH 3PEHHA CIJO/KHOCTH CTPOEHHS
CHCTEMEL 03Ha4aeT, 9T0 ONNCAHNEe ee WM 3aTaBue ee COCTOSHUS Tpedy-
eT 3ajaHWA MHOrmX uwmcea. Ha maremaTmdeckom M3EHIKE 3TO MOKHO
cPopMyIHPOBATE TaK: (fA3080e NPOCMPAHCMEO 6UOA02UUECKOLE CUCTEMbL
MHO20MEDHO.

2. HoaudakTopHocTs BHemHell cpenbl. Duosormyeckue 06BHEKTH
CIOKHK He TOJbKC BHyTpeHHe. OHH QYHRIMOHHDPYIOT B CIOAKHOIL,
Hepeako O6wicTpo MeHAWOMelica cpexe. Boxee Toro, ects cepnesHble
OCHOBAHMSA JyMaTh, 9T0 CaMa CIOKHOCTh MX CTPOEHHSI HOCUT «KOMIIeH-
caTopHHi» xapakrep. OHII MMEHHO IOTOMY M CJIOJKHLI, 9YTOOB B OTBET
Ha Jn060e Bo3felicTBHE cPeAbl PA3BHTh BHENIHION 3AMUTHYIO PeaKiUui
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Taikityv oOpasoM, 4Tobbl COXPAHHTH MAKCHMAIBLHO HEM3MEHHOU CBOIO
BHYTPEHHIO c¢TpyKTypy. OcobeHHO TImaTelbHO obeperaercs, KoHed-
HO, TeHHas, HacJefcTBenHas cTpykrypa. Moskmo ckasarh, uTo cerof-
HAIIHAA CJIO/RHOCTH OHOJOTHIECKOH 0coOH — 9TO 3amaceHHLIA BOPOK
«omBIT OOmMEHHs cO cpedoiy ee iaMbly, «6abymkm» m «mpampa...6a-
OyIIRIY.

Mamemamuueckoe caedcmeue: MaTeMaTAIECKANA Mofeab OHOJOrHdIe-
CKOHl CHCTEMHl IOJIJKHA COJEp;KaTh MHOT'O IapaMerpoB (HempepHIBHBIX
U JIICKPETHEHIX), 3aJalOMUX CI0KHYI CPEAy, B KOTOPOil PYHKIMOHH-
pyeT u3ydaeMas CHCTeMa.

3. HesamrnyrocTb. Buosorugeckune CUCTEMBl HUKOTIZA HE OBIBAIOT
3aMKHYTHIMH 9HEPTeTHYECKH — 9TO 3HAKT cellyac pgaske IMKOJLHIKH.
CymecTByIOT, OfHAKO, 1 (0JIee TOHKHE aCIeKTH 9TOT0 BasKHOTO CBOMCT-
pa. Tak, Hanpamep, y GOJBIIMHCTBA BHICIINX pacTeHuil oprad ¢oro-
cuntesa — 3To aucr. Ho B cpesmeil momoce AepeRbsa Ha 3uMy cOpach-
BAKT JHCTBY, KOTOpPAs CTAHOBUTCH YacThlo cpeisl. Eme Gojee ciaosk-
HO B3auMOJeCTBHE CO CPeloil y HAaCeKOMBIX, IPOXOQAMHAX, HAIpPH-
Mep, CTafHM TYCCHHIOH U KYKOJIKH. ITy OCOOEHHOCTH ;KHBOTO MOYKHO
Ha3BaTh «MOpPoI0rngeckoil, CTPYKTYPHOH IPOTOYHOCTHION, MM HE3aM-
KHyTOCTBIO. llouTm OdeBupHEI mpuMePH HHQOPMAI[HOHHON IPOTOYHO-
CTH, CKAjKeM «XHMAYECKoe OOMEeHMe» y COIMANBHLIX HaceKoMmbix. Ho
OTCIOIa BHITeKAeT HPUHIOUNHAJBHHIM (X0TA W TPYCTHHIHA IJA MaTeMa-
THKA-«MOJIeIbepar) BHBOJ: Heo6zodumo cosmecmmoe ModeauposaHue
Kak Guososuveckoll cucmemsl, mak u cpedvl ee PYHKEYUOHUDOBAHUA.

4, CyvuiecTBeHHast HeanHeiiHocTb. [Mama3oH m3MeHeHH YCIOBHIA,
B KOTOPHIX HOPMAJIbHO PaboTaloT GHONOIHYeCKHe CHCTeMBl (HampmMep,
OpTaHH 3PEHU U CIyXa), 3HATHTEeJbHO (OJbIIe AuamasoHa, K IpILMe-
Py, aMIUIATYRE u d9acToT (PU3NIeCKUX NPHGOPOB WIH TeXHHYECKUX
yecrpoiictB, Bo MHormx ¢uanvecKMX TeopHAX BHodHE 3PHERTHBHO
JAuHeinoe mpubauKeHUe, ONUCHBAIOMEe MAJLIe OTKIOHEHHA OT II0J0-
JREHHs PABHOBeCHs. YUeT KBAJ[PATHIHHIX IIONPABOK OOBYHO CyIECT-
BEHHO MOBBILAET TOYHOCTH Mojeiu., HeoGXomMMOCTh BBeJeHNA Hedl-
HeltHocTH 60Jee BBICOKOTO HOPSAKA HEYACTO BCTPeYaeTCHd B «Ipeadio-
JOTHYECKOM» eCTeCTBO3HAHNH.

CoBcem MHOe moJosieHne B Oumomorun. Tam HeBO3MOKHO OrpaHH-
YNTHCA JAasKe CKOJIb YLOJHO BLICOKMMH cremeHsmu. Heaumeiinocts B
GUOIOTHU MMEeT IKCROHeHyuaavHui zapakmep. Haunbomee ACHBIM BHI-
paskeHieM 3TOTo ABIsieTcs Guamodorniecknit «3axon BeGepa — Dex-
Hepa», YCTAHABJIMBAIOMUN JTOrapuMHAIECKYI0 3aBHCUMOCTH peak-
LUH OT BO3AEHCTBUSA. JE0NIOYUOHHBLIL CHBICA CMOAL MOUWHOL HeAuHel-
HOCMU  6ROJAHE NOHAMEH Hado yeaviuwiamo wopox nO@nOJL&’alOlL}ed
ameu u He ocaenmymb npu 6auskol écnwiuke moanuu. Te Gmosormue-
CKHEe CHCTEMbBI, KOTOphle He CMOIVIM OXBAaTHUTh IpPOMAajHEI AMANA30H
JKM3HEHHO B3HAYUMBIX BO3JEHCTBHMII Cpe/ibl, IONpPOCTY BHMEpPJIHd, He
BoIjepsaB GopuOrl 3a cymecTBoBanue. Ha ux sormimax MoskHo GbLIO
Opl HapucaTh: «OHH OBLIH CIANIIKOM TIHEHHB Ius sroro mupay. Ho
makas e cydvda oxcudaem 1 Mamemamuieckue nodeau, He Yiumulearn-
wue amoll 6axcnol 0coOEHHOCMU HCUSHU.
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CJIOSKHBIE IIPEIBHOJOTHIYECKUE CUCTEMBI.
I'PAHUIBI BO3MOKHOCTEHN BLIYHC/IAUTEJABHOI TEXHHUKII

B ecrecTBO3HAHUN CYINECTBYIOT OGBEKTHI, I KOTOPHIX HOCTPOE-
HH JOCTAaTOYHO TWOJHEE MaTemarudeckume Mmopaenu. Tak, Hampumep,
mebecHaAg MeXaHHKA HPEICKA3HIBAET JBMKEHHE ILUIAHET CO Beell Tou-
HOCTBIO, HA KOTOPYIO CIIOCOOHBI COBPEMEHHBIE CPeJCTBa HabJAIeHns.
B sroM cMEICIE MOMHO I'OBOPHTH 0 TOTHOH Mojersu siBienus. [[pyroi
KpadHuil caydait — KBAHTOBAs MeXAaHMKA, ONHCHBAOMAN CTPYKTYPY
atoMa. B npunnune HeT oCHOBaHHU COMHEBATHCH, UTO YypaBHEHHE
lpeawnrepa omumCHBaeT IOBEJECHME MOJEKYJ ¢ BeCbMa BBICOKOM
TOYHOCTBIO. JTO BO BCAKOM CJaydae JO0JKHO OBITh CHPaBeJIMBO TS
HeGOoNbIKMX MOJEKYN, TAKUX, HAUPHMEp, Kak Geuzoanuoe kKoubuo CgHg.

Ha srom mpuMepe MoskHO HaIiAZHO NPOEMOHCTPHPOBATH TPaHHU-
IB BO3MO;KHOCTeil BHUMCIHNTEIbHOU TexHHKM. Ilomeitaemcst (MBICJIEH-
HO) mpocaurarh Ha IBM npocteiimyio KBaHTOBOMEXaHHIECKYIO MO-
nendb 6Geusona — ypasuenue lllpepunrepa miasa 24 siaexrponoB. Mel
6epeM TOIBKO N0 YeTHPE BANEHTHHIX BJIEKTPOHA HA Ka/KJBIN M3 IIecTH
aToMOB yIWIepofJa, OTKHAALBAA BHYTPEHHHE (CLHAPEHHEE 3JIEKTPOHE)
m openebGperas ABm;ReHHeM sjep. Jlaske mpu TaKOM YODPOIIEHHH BO3«
HEKAeT ypaBHEHMe B YACTHHIX HOPOH3BOAHBIX AJIA P-QyHKIUM, BaBHU-
cameii or 72 nepemesusx (24 X 3). Ilpumenss cTaHZapTHHE BHIHC-
JMATEJbHEI® METOXNH, MCHOIb3yeM DPA3HOCTHYIO CXeMYy, BBAB TOJIbKO
JAIB gecATh TOYeK (a 8TO0 0YeHb MaJjgo, Hamo OBl CTO) HO Kajod m3
mepeMeHHEIX. Bcero y Hac mOJYIUTCH BHYIIUTENIbHOE UACIO TOTEK:
N = 107,

UT06HI OMEHUTH BCIO IPOMATHOCTH 3TOFO YMCIA, 3aMETHM, UTO COB-
pemenusle OBM cmocoGusl mpouwsBozure He Golee MmIIHAp/a
(» = 10°) omepanmit B ceKyuay. Ecan npeamosoRuTh, 9T0 MH/KEHEpaM
YIACTCA IMOBLICUTH MomHOCTh IBM ewe B mmanuapp pas, To n = 108
onepanuit B cekyHzny. Jlaie u B 9ToM (HHHe coBepulenHo daHTacTHIe-
CKOM) mpenmoaoxkeHun morpeGyercsa Bpems T = 103 cer, HeBooOpa-
3MM6O IpeBHIIalomlee Bpemsa cymecrtBoBanus 3eman Ty T> T, =
= 5-10° xer = 1,5-10'7 cek, maAA TOro ToJbKO, 4TOOBI cAelaTh OJHH-
e[MHCTBEHHHE AT N0 pacuery Ge3BOIBHOrO KOJBNA MPAMBM METOIOM.

TOYHBIE, HPUBJIN/KEHHBIE H 3JIEMEHTAPHLIE MOJEJIN

TexHndgecku mpsAMO#E HmpoCYeT TOIHON MOJEIN KAKOro-HAOYAb AB-
JIeHN ST HEeOCYMeCTBUM, KOHEYHO, He TOABKO B GHOXOTHH, HO 3HeCh ITO
CIYTaeTCA 0COOEHHO YacT0. ITO HH B MaJjlelilleidl cTemeHH He 03HAYAeT
fecmonesnocTy ToYHHIX Mojedeii. Ho oro mpegmosmaraer meobxomu-
MOCTH TECHOTO B3aMMOJEHCTBHA ¢ YUCTON M HPUKJIALHON MaTeMaTHKOM.
Xopomo orpaboraHHas NPAUGAUKEHHAS MOJEIb HEPEJKO pPagHKajJbHO
yMeHbIIaeT 006beM BHUHCJIUTENbHOH paborsl. Tak, Hanpumep, KBaH-
TOBAsl XUMUS ecTh He 4T0 MHOe, KaK NPHOIIKEHHHI MeTo]] pelneHust
ypasuenus Hipepuurepa pas moxerysa. KsanroBasg XAMHA 1O3BOJSET
BBIUMCIHTE Baykuple (0OBIYHO JHepPreTHIECKHe) XapaKTepHCTHKH HO
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CAUIMKOM CJOMHBIX, HO JJOCTATOUHO THOMYHBLIX MOJEKYJ M AaKTUBHLIX
rpyun. XOTSA MBI M He MOKeM HAWTH pellieHHe TOYNON KBAaHTOBOMEXa-
HHYEeCKON 3ajayil, HO 3Halne Toynoro ypasuenus Hlpemmurepa maer
BO3MOKHOCTH OI€HHTH TEOPeTHYECKH TOYHOCTH OPHOGJIMIKEHHOTO pe-
LIeHHA.

Tounas, mycTh Hake KpaiiHe CJIOKHAsI MaTeMaTHdeCKas MOJENb
SIBJIeHHSI TO3BOJAET CTPOUTH NPHUOJMKEHHbIE MOJEJH, OTBEUYAIOININe
Ha dacTHHE Bompochl. IIpoucXxogutT c¢BoeoGpasHad «IMAUCHITAITIN
TEOPHU OT Ikcmepumerita. Penraiomee ciioBoO ocraercs, pasyMeercs,
sa sxcnepumenToM. Ho «Ero BesmyectBy 9xcnepumenty» mpegocTas-
NAeTCA BO3MOKHOCTH [aTh OJHO3HAYHBIN, «HE3aMYTHEHHBIH» OTBET.
CnpaBeIMBOCTh KBAHTOBOII MeXaHHKM, HApuMmep, e HY;KHO IIPOBe-
pATH Ha modekydax. IlpoBepka Teopun 1ieT Ha dIeMEHTAPHOM OOBEK-
Te (B JAQHHOM cJydae Ha aToMe), U IPUTOM JOCTATOUYIIO MPOCTHIMHU U
TOYHBIMY DKCIIEPHMEHTAMH.

Moparv 0as mamemamuka: wacmuble u npedesvhble cAyLal Meopull
BAJCHBL HE MOALEO CAMU No cebe, HO U KAK Cnocob IKCnepuMeHmaibHol
nposeprlu NOAHOU, MOLHOU MOOesl.

BO3MOKHA JH AKCHOMATHKA BHOJIOrMH

Ho moclrenHero BpeMeHH pPas3BHTHE MaTeMAaTHKH CTHEMYJIHPOBAIRA
IJIaBHEIM 06pa30M 3ampochl MeXaHWKH, QUBMKMA U TeXHUKH. BosHUKIa
ma;ke meradopa «TOYHOe eCTeCTBO3HAHHe». VIMEHHO B paMKax 9TOTO
CPaBHHUTEJBHO Y3KOTO HUKIA JUCHUIINH cPOPMHPOBAICH aKCHOMATH-
geckuil mpead mocTpoenms Hayku. CyTh Hpaeala — ycTaHOBIEHHE
(zycTh maske SKCHEPUMEHTAJBHOE) OCHOBHEIX IIOCTYJIaTOB, HO 3aTeM
CTPOTO JIOTHYEeCKOe IOCTPOeHWe Bceil ocTalapHOHE Teopmu. ITOT HMAeas
OyKBaJIbHO BHICTPAZlaH Bceil MCTOPHEil CTAHOBJIEHHA €CTeCTBO3HAHUA
RaK OOIIeCTBEHHON M OyXOBHOU cuiabl. [IpuBiIeKaTeIbHOCTH €0 OUe-
BuaHa. TImaTeNbHOMY YTOYHEHHMIO M CKPYIYJIe3HOH aKCHepHMeHTalb-
HOH mpOBEPKe DOJJIEKUT JHIIb CPABHUTENbHO HeGoabmou Habop
mocryidaroB. CuejgcTBust M3 HUX (MOJeJM YACTHHIX ABIeHUI, Kak
cefiyac NPHHATO TOBOPHUTH) ABTOMATHYECKU YIYIMIAIOTCH IO Mepe
YTOYHEHISL IOCTYNATOB.

B nauboaee npospaunoil, Kiaccuueckoit Gopme dTOT mieas pealH-
3oBaH B daimHCKON (EBRIMI0BOiH) reoverpun. 3HAUHTEIBHO CJIO/KHEe
aKcMOMaTHIecKass CTPYKTypa CJaeqyIONero KPYOHOTO sTama HAyIHOH
MBICIH — HeGecHOH MexaHMKH., B Hell poiab aKCHOM HrpawT ypaBHe-
HMSA [BH/ReHNHA, ONMPAIOI[IECs HA BAKOH BCeMHpHOTO TsaroteHums. [la-
JleKo He BCe CJEACTBUA JeTKo ob6ospuybl. Tak, Haupumep, «upobiema
Tpex Ted» [0 CHX IIOP He HMeeT Y/OBJIETBOPHTEIbHOTO peIleHusd,
X0TA J11000e YacTHOe [ABIDKeHHE HEeTPYAHO HANTH COBPEMEHHBIMU BBHI-
YHCJAHTEJIbHBIMA  CPEACTBAMH.

Eme cnoskaee akcmoMaTHRa KBAHTOBOII MeXaHMKH. Ke OCHOBHOM
nocty:1aT — ypasHenue [lIpexunrepa — siBasieTcst ypaBHeHyeM B 9acT-
HEIX nmpousBofHbX. OHO J0omycKaer TOYHOE pelleHue TOJbKO B IPOC-
TeHINX (XOTA M Ba;KHEUIITMX) YACTHHX caydasx. UMCTO BLIYHCIMTENb-
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HHIe TOAXOMB, Kak yiKe OHIO CKazaHo, YPe3BHYAilHo TPYMOEMKHR H
ImOKa HepeaJbHEHL.

Bce aro, mo-BmguMoMy, MOKa3bIBaeT, 9T0 aKCHOMATHYECKHH Hieal
XapakTepeH, K COMKAJIEHUIO, IS «mpeJGuosormdecKoTo» ecTecTBO3HA-
musg. OpHAKO 3TOT IpycTHHl BHIBOJ OTHOCHTCH TOJBKO K GHOJIOTHI
B 1esnoM. Co06epuienno HEeCOMHEHHO, WMo ee SHAHUMEALHbE OMPACAU
(v npumom coscem He o6ssameavro Gau3Kue K ee HbHeuHemy nodpas-
Oesenuio Ha wacmubie QUCYUNAUNBL) He MOALKEO MO2YM, HO U G0AXCHBL
6umy nocmpoenst, UMEHKO no akcuomamuueckomy udeaqy. Hmxre npm-
BO/IATCA HEKOTOPHIe co00pa;KeHHA B MOJIb3y 3TOil TOUKI 3PEHHA.

«NEPAPXNdA» U MAJBIII MAPAMETP

B mpomrnom Bere GhiTa €037 aHa KIETOUYHAA TEOPHA CTPOCHHA JKH-
BOTHHIX H pacTeHHit. To, BepOATHO, Hambolee TPYAHHIH ¥ NPUHIUIH-
QJIBHBIA IIaT K «aTOMU3MY» B OHOJOTHH, HCTOPHIECKUN CABUT B ITOHM-
MaHHH HePapXHIHOCTH, NHCKPETHOCTH, «HEKHCEABHOCTHY (QOPM CyIme-
cTBoBaHus kusHu. [lomynsamus cocrour m3 opraEm3moB. OpraHusm
cocrouT 13 rJeroK. llpm Bcem rayGogaiinreM pasinIuy MeKAY HOOY-
Janued M OPraHM3MOM OHH HMEIOT M ITy0oKoe CXOJACTBO, IO3BOJIIO-
mee ynorpebuth oba pasa OLUH W TOT ke IIaroi «cocrouTy. Hiaerkm
opranma (Mau TKaHH), KOHEYHO, B3aWMOJIEHCTBYIOT JPYrL € APYTOM.
Opgumako 3Ta CBS3b 3HAYMTENBHO cjiafee BHYTPHKIETOUHEBIX CBS3GMH.
OTHocHuTeNbHAS CTa60CTh MEKKICTOYHHIX CBA3el 3PHeKTHBHO MCHONb-
3yeTcs B aKcmepuMeHTe. McciaegoBarens moabupaeT BHeNIHHe BO3feli-
CTBHA (MeXaHUYeCKHe, XNMHUIeCKUe HIN (u3nIecKue) HACTOABKO CHJIb-
HBIMH, YTOOBI OHU MOTJIM BHI3BAaTh pacmajl TKAHM Ha OTAeNbHbIE RICTKH.
3ameuaTedbHO, 4TO HKCIEPHMEHTATOP MOJKeT 3TOTO JOOMTHCH, coXpa-
HUB IIOJHOCTBIO HEMOBPE;RACHHLIMH CTPYKTYPHl M (QYHKINM KasRqo#
OT/EJIbHON KJICTKH.

OTHoIleHNe BeJIHYHHB (HEBAyKHO, TeTO MMEHHO — CHJIBI HIH KHC-
JIOTHOCTH, HAILIPAKEHNSA NI TeMIEPATY Pbl) BO3/eICTBUSA «pasbeUHAIO-
mero» K BeJMUYHHE «Pa3pylIaloINeroy Bo3/eiicTBHA eCTh, KaK TOBOPAT
B MaTeMaruke, «GeapasmepHblil Manslil napamerp» €. Ilogo6ubie maabe
IapaMeTpHl XapaKTepu3yioT KOJIMIeCTBEHHO Mepy HHIHBUAYAIbHOCTH
kiaerku B TRauu. OGolmenue 3Tod MAenm «BBepX M HAPY/Ry» — K OHo-
reonenos3aM m 6Gmocdepe, a Tar:Ke «BHH3 H BHYTPB» — K KIETOUYHHIM
OpraHexsIaM H MAaKPOMOJEKylIaMm odueBugno. Heesoamoxno nepeoye-
HUmMb 3HAUEHUe Mol 3aMeLamesvHOl O0COOEHHOCU #U6020 Oas -
dermuerocmu mamemamuueckur memodos 8 Ou0A02UL.

COCETHHUE YPOBHH

MaTeMaTHKa HMeeT [eJ0 € TOHW jKe peaJbHOCTBIO, 4TO U Bce OC-
TaJgbHoe ectecTBO3Haume. OTaMYAOTCH, OJHAKO, METOABI, IOJXOM,
TOYKa 3peHHsA. MaTemMaTHKa damme m3ydvaeT CBsA3II, OTHOLIEHWHA, aHa-
Jlorum ABJIEHHH, Heskedu HX QaKTHIeCKoe BOIUIOMEHUEe, peajm3alluio.
Hewns6esxen, KoHe4HO, mpourpsim B KoHKpeTtHocTH. Ho oH ¢ maGhT-
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KoM (a TOJBKO TaKkue TeMBl M CTOAT TPYHA) KOMIEHCHPYETCH BBIUIPHI-
meM B OOIIHOCTH M KOJHMYeCTBe Ipmiokenmi. Mxrtmomaor, maupumep,
TPOTHO3UPYOIAA YHCIEHHOCTh HEKOTOPOTo BHga pei6, pabGoTaer
00BIYHO HA YPOBHE TIOMYIAIHOHHOM, He «OIYCRAACHY 0 MOJAEKYISAPHOIO,
HO U He «IOAHHMASACH» M0 0mocepHOro ypoBHA., JTa BO3MOYKHOCTH HE
YUYATHIBATE cOceqHue (BBepX H BHHU3) VPOBHH WMMeeT o0mMUU xapaktep
¥ TEeCHO CBA3aHA C HJEed MaJOT0 HapamMeTpa, TOYHEEe, ABYX MAJHIX
mapaMeTpoB, IpHYeM STH IapaMeTPhl IPHOOpeTarnT MHYH — KHHETH-
YeCKYI0, BPEMEHHYI — MHTEepIpPeTaIruio.

Cpefy MOMKHO CIMTATh MOYTU NOCTOSHHON: oHAa MEHSETCS BechMa
MeJJIeHHO B Maciurabax BpeMeH M PACCTOSHMI, XapaKTePHHIX I
H3y9aeMoro o0beKTa. JT0 M eCcTh WHOe — KMHeTHYecKoe — o0JHdIbe
MaJIOTO mapameTrpa, Mephl WHAABHNYAJIBHOCTA. BHYTPEHHIO cpemy
00BeKTa TaKske MOKHO CUHTATh ITOCTOAHHOMN, TOYHee, 3aBHCAINEH TOIb-
KO OT CYNIGCTBEHHHIX IIEPEeMEeHHBIX, ONMCHBAIONIIX H3YIaeMLIi 06 BeKT.
Oguako IpUYMHA B HEKOTOPOM CMbicie upoTuBomoxoskHa. Cy6b-
equHUIBl (HAampuMep, 0co0M B HONYJIAIMA HJIH KICTKH B ocobu) IBH-
TalICA, M3MEHSIOTCS, KOJeOII0TCA CTOMb OHCTPO, YTO HMEKT 3Hade-
HUA TOJIBKO CpeIHye 3HaYeHHA STUX OHICTPHX mepeMeHHHXx. Hambo-
nee ray6oKoe BHIpajKeHHe 3Ta HMAES HAXOAUT B HM3BECTHOU TeopeMme
A. H. TuxoHoBa 06 ypaBHeHHAX ¢ MaJIHM LDAPAaMeTPOM IPH CTapuieH
mpousBogHON. Bunpouen, ee gacTHEE MPHIOKEEUSA QOPMYIUPOBATHCE,
mO-BUANMOMY, W He3aBHCHMO: HAIPUMED, METOL CTANMOHAPHHIX KOH-
OHTpanuit» B XMMUIECKOH KUHETHKE.

CTOUT JH «IOMHTHCA B OTKPHITYIO [BEPb» H «IOKA3HBATH MATeMAaTH-
YeCKH» BO3MO/KHOCTH WCCJIENOBAHHHE B mpefesax OLHOTO YpOBHSA?
Pasymeercd, ne croumno Ger, ecam 0w He ABa oOcToATenbCTBa. Bo-nep-
8bLT, HEB03MONCHO 0CIMABAMYLA 8 PAMKAL 00H020 YpOBHS, HYXCHO 3HAMD
2PARUYBL NPUMEHUMOCINU «OJHOYpOosHesol» cxemsi. Heabss, manpm-
Mep, DOHATH 3aKOHOMEPHOCTH Ba:KHeHIIMX MUTpPAIMOHHHIX ABJICHHH
TOJIbKO Ha HONYISLUMOHHOM yYPOBHe 0e3 (PM3MOJIOruvecKoro (M [JasKe
OGHOXMMHIECKOT0) aHAIM3a CTPECCOBHIX QarTopoB. Mamemamura
nomozaem nOHAMbL 00WYIO NPUYUHY «NPOPHLEA» COCeOHe20 YpPOSHS —
nomepio ycmotinugocmu usyiaemoll cucmemoti. Bo-smopwix, mamemamu-
ueckue aHAL02ULL NO3604RI0M UH020Q CMOOCAUPOSAMb UBYHLACMOE  A6-
AeHue Ha Opysom (Ooaee JocmynHom IKcnepumenmy) Yyposwe. Y iKe
OJIHO YUOMHHAHHE O IABHHHOM» XapaKrTepe HEeKOTOPHIX MHIPAI[MOH-
HEIX TPOUECCOB €CTh YKAa3aHue HA BOBMOKHYIO QU3MYECKYI0 MOMedb —
aHAJOTHIO.

KPUTHYECKHE PERNIMbBI, B YACTHOCTH KOJEBATEJDLHBIE

CiosRHOCTH GMOJOrHYeCcKUX ABJAeHUI 00BYHO oueHb Belmka. [aske
B paMKaX OJHOTO YDOBHs, Jajske «3aHYJIHBY» BCE JOTMOJHUTEIbHEIE Ma-
JIble TIapaMeTpsl, YIPOCTHB M OTKHHYB BCE, 9TO TOJIbKO MOKHO yIIPOC-
THTH ¥ OTKAHYTH, PEJKO IOIYIaloT 0603pIMYI0 Mofenb. B Takux cay-
4aAxX MOKET IIOMOYb CJeAYyIOmuil MeTomosoTHYecKui mpmen. Fame-
HeHHeM TapaMeTpoB Mofedn (HJIH YCJIOBWI dKCNepHMEHTA, a Jydme I
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«YCJOBMIL 9KCTIEPEMEHTA») CO3HATENBHO W I@JNeNanpaBICHHO BHIBOJAT
cHcTeMy HA TPaHHIY ycToiiguBocTH. B TaKMX KpuTHYeCKHX cuTyarusax
YHCIO0 CYI[ECTBEHHBIX IIEPEMEHHEIX OOLYHO HeBeIHKO, 4aCTO UX BCEro
TOJBKO fiBe. PasyreeTcs, B APYTrAX YCIOBHUAX (KPUTHIHBIMA» MOTYT
OKa3aThCH COBCEM [pyTras mapa MiId HECKOJbKO nmepemenHbix. Ho ecim
YIad0Ch MOOUTHCA BHIXONA HA IHHUI HEHTPAIBHOCTHY, TO CTPYK-
Typa I CBOMCTBA M3y4aeMOM CHCTEMBI BO MHOTOM IpPOSCHSIOTCH.

MoskHO yske umMCTO MaTeMATHIECKH HAMTH BCe BO3MOSKHBIC TIIIHI
KAHETUKM JI060H CHCTeMbI, IOIaBImeil B MOA00HYyI0 KPUTHIECKYIO CH-
Tyanuo. 310 (XOpOomio M3BECTHHE K3 PAJUOTeXHHKU) MATKUN M IKecT-
Kuil peskmMB Bo30yskpenus aBrokonebanmit. Bosmoskusr, Kpome Toro,
pelaKCaIuOHHLI aHAJOr ITUX PE;KINOB (B3PHIB MM MOHOMOICKYIAP-
HBI pacuaj), a Takske KOMOWHAHMA HTHX PeRmMoB (mampmvep, pud-
depennupoBKa THaHeil B amOpuorenese). Bce 9TH peskmMBI, KOIIEYHO,
JIABHO M XOPOLIO M3YYEHHl TEOPETHICCKH.

CymiecTBeHHO, OAHAKO, 4TO B J10001 KaKO# yroaHo CHOKHON cucTe-
Me OpOCTeHIIMII THII MOTEPH YCTONYMBOCTH CTAl[MOHADHOTO PE;KUMA
HermpeMeHHO OyJeT mpoTeKaTh [0 OHOMY I3 YeThIpex YKa3aHHbIX THIOB.
Mamemamuueckue moleau paduoaxmusnozo pacnada (eaxcreliwwul
npumep MOHOMOAEKYAAPHOU PEAKYUU) UL AAMNO0B020 2eHEPAMOPa —
amo He npuMepbl, 4 MURUUHbE NPedcmasumert, KAHOHUYECKUE BOPMBL
camuiz caoxmcnuix cucmem, OQU4eBUAHO, HACKOIBKO BO3PACTaeT ¢ yCBOe-
HEeM 3TOH Mieu Halle yBaskeHHe K HOJOGHEIM MOIEIAM,

9KOJIOTMYECKUN ACHEKT METOJA
HKPUTUYECKHX PERIMOB

IKOJIOTHIECKAE CHCTEME OTHOCATCA K TaKHM 00BEKTaM, THe Cle-
O0BaJo OBl 3aKOHOJATEJNBHO BANPETUTh HPUMEHEHHE METOJO0B, CTONb
COUYBCTBEHHO ONINCAHHEIX B MNpeABIAYINEeM pasgene. B cymHocTA
B 3TOM ¥ COCTOMT Ofilia M3 BayKHeimux nemneii Beelt mporpamMmsl «Yemo-
Bek U Gmocdepar — HAYYUTHCA HE BEIBOUTH JKOCHCTeMEl Ha Kpai
rubenu. VIMeHHO JTA 9TOTO HAMO HAYYUTHCS «3aTOHATHY B KPHUBHC HX
Mojeau. «3Hail kpail, ga He magai!y Xopolo HW3BECTHO, YTO HEMAJo
PA3IHYHHIX 3KOCHCTEM NOCTABJEHBI KAK Pa3 B KPUTHIECKHUE YCIOBHSA
(m cefivac ysKe HECYMECTBEHHO, IO HEBE;KECTBY WJIM 11O JPYTHMM LpH-
ypnam). [Ipmxoxnrcs moatomy mpeBpamjarh HY:KAY B A00pojeTensp m
CTaBUTH BOIPOC O TMEPBOOYEPEIHOM M TINATEIHHOM, MAKCHMAJIbHO 005~
e€KTHBHOM M3y4eHHu, cfope MaTepmamnoB, HabaojeHHm M pPa3yMHOM
BMEINATeIbCTBE B KPU3HMCHBIX cuTyauuax. M max, memod modeaupoea-
HUR KPpUMUYECKUZ percumos Hauboaee sekmusen uMeHHO 8 Marux
cumyayuax, koeda Mmodeauposarue écezo 6oaee HeoOLOOUMO.

IJomxons! cucTeMHOTO aHalm3a, TH[ATEIbHBIH ydeT BCEBO3MOFKHBIX
CIOKHeHmuX, TPYAHOOOHAPY/KUBAGMBIX CBs3el JOJ/KHLI OBITH JOHOJI-
HEHBI KOJIYECTBEHHBINHE OMeHKaMU OTHOCHTEILHO BKJIALa ATHX cBA3ei.
HeofGxoanMo comocTaBuTs pasiImaHbIe MOJEIH, HCXO/ANHE N3 alabTep-
HaTHBHBIX THOOTE3 0 BEAYI[HX IIePEMEHHBIX, H CPABHHUTH MOJEJbHLIE
BEIBOJBI C JKCHOEPHMEHTAJDbHBIMU, MOJEBBIMH RAHHBIMA,
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«Y3KOE MECTO» H PEI'YJIANUA

Ilocne cosmasms JlapBUHOM TEOPHH 3BOJIOMAU MBI yiKe JOBOJHHO
ACHO mpejcTaBisfeM cebe mPoIecC BO3HMKHOBEHHUS PeryJIATOPHHIX
Mexanm3MoB. Mpes mamoro mapameTrpa, He3aBUCHMO BO3HOAKMAS W B
xpMun (2 ocobeHHO B OHOXMMPHW) IIOJ HA3BAaHHEM (y3KOe MeCTo B pe-
aKIUM», I[IOMOTaeT IOHATh KAPTHHY 5BOJIONHOHHOTO CTAHOBICHHS
YOPaBJIAIMUX CHCTEM, BO BCAKOM ClIydae HEKOTopHX u3 Hux. Ilepso-
HAdalbHO 3T0 — «Hambosee OOHAKEHHOE», «CaMOe YA3BHMOE» MECTO
mwin cTagusA. 3ateM cuerema aubo BeimMupaer (kak Bup), ambo «Geper
B CBOM PYKH» KOHTPOJbL HAJN Y3KMM MecTOM (TaK, HAIPUMEp, IOBHI-
mIeHne KOHIEHTPANMUU YIIEKHCIOTo rasa Bo30y:Kmaer ApIXaTedbHbIA
nenTp). Boolme 3akpemienne OHBLIEI0 «OTPABUTENS» W IOCTENEHHOE
OpeRpalieHre ero B HLIHEIIHETO0 «YIPAaBATEIs» €CTh, MO-BULHMOMY,
OZIHO M3 CaMbIX YJAUBHTEJbHHIX H300pEeTeHNIl 9BOJIONAN.

Mosker OBITH CTOUT 1O3TOMY IPEIOCTABUTEH BCe OGIarogeTelbHOMY
Bo3jieficTBui0 Bpemenu? Tak, KOHEUHO, MOCTYIHTH MOKHO. Bompoc
TOJABKO B IeHe, KOTOPYIO 3amiatAT Oumocdepa, €GesroBe4ecTBO H 0CO-
feHRO IUBHAM3ANUA 3a CTHXHIHOe peryimposanume. K coxcaienuio,
8 9KOA02UHECKUT CUCTNEMAL MbL HE DACROAAZAeM IGOAIYUOHHBM 8peMe-
Hem. Mul ewnyscOens 3amenumsd nocaefosamesvHyl0 9604104UI0 NAPAL-
AeabHbM aHaauson. Ecim, ogHaxo, MB XoTEM (a MBI 9TOTO XoTHM!),
9To0B K MOMEHTY OKOHYAHMA aHaIm3a OBLIO umd peryampoBaTh, a
caMoe IJlaBHOE, GLUIO KOMY PeryJiupoBaTh,— BTOT aHAJIN3 HEMHHYEMO
NOJKeH OBITH MOJIe/IbHBIM.

IlpuBenenubte coobpajyieHMsA UPU3BAHLI OCBETHTL POJb M MECTO
MaTeMaTHIeCKOTO MOJEJUPOBAHMS B OKOJOTHMYGCKHX BOIPOCAX.



KPUTUYECRHE TOYKHN BUOJOTMYECKUX CHCTEM

(MaTemaTHuecKHe Mojenn)

A. M. MOJIYAHOB

ITocnegume HecKodBKO JeT XapaKTePUBYIOTCHA GYPHBIM pPasBUTHEM
HCCJEe0OBAHUI, MOCBAMEHHLX KOJe0aTeIbHBIM ABJICHHAM B OMOXUMUE
[1]. Ognako mHTepec K HecTaHAAPTHOM (B YaCTHOCTH, KolXeGaTeabHOMN)
KHHETHKe HepeaKO NMPUHAMAET HECKOJIBKO CEHCAMIOHHLIA XapakTep.
Houebarenpuntit xapakrtep HpomeccoB BOCHPHHHMAETCA CKOpPee Kak
CBHJIETEJIBCTBO H30IMPEHHOCTH aBTOPa OdYepeiHo# crarbm (6espasnnd-
HO — 9KCIIEPHMEHTATOPA WK TEOPETUKA), & He KaK NPOABIeHHe IIyOuH-
HHX CBOHCTB HM3yZaeMplX 00BeKTOB. Taroe oTHomeHme K mpobieme
CBOWCTBEHHO HE TOJIBKO OMOXHMHKAM. AHAJTOTHYHOE OTHONICHUE MaTe-
MATHKOB 3a(PHKCHPOBAHO HayKe TEPMUHOJIOTHMIECKHM: HCKIIUHMTEIbHEIE
CATYANUd HA3HBAKT CIYYaAMH (BHPOKICHAM. TepMUHOMIOTHHE COOT-
BETCTBYeT M TOYKA S3PEHMA: TAaKWe CHCTEMEl PAcCMaTpUBAOTCA Kak
HdocajfHBe ITPEeNATCTBHA, MeNIAlOMMe IPUMEHATh NPHBHYHBE O00IUe
MeTO/HI.

Mexay TeM KpUTHYECKHE CHUTyaOudm — 9TO He TOJNBKO pyOeskH,
OTAENAONHe ONWH THI IOBEICHHA OT APYTOro, XOTSA OTHOTO BTOro
ObLI0 OBl JOCTATOYHO JIJIA Cephe3HOT0 HMX U3ydeHHS. DBHo0rmIecKoe
3HAUEHME KPUTUIECKUX CHUTYAINMil, MO-BUIUMOMY, eme Iiayl:Ke: 3To
(PEJIHKTHY Ba)RHBIX 9TamoB OHUOJOTHYECKOH »Bogioruu. IlomeseH,
BEPOATHO, CJIEAYIOIMWII »>BPUCTHYECKHH HpuHOWN. Ecau nocmenenHoe
ycuaenue eo3delicmeus Ha Ouoxumuueckyrn cucmemy (HOpMAALHO,
in vivo, pabomawowyyrw 6 cMmayUoHAPHOM HEK0Ae6amesbHOM DENCUME)
6bL3BIGACT 3AMALUBAHUE € 6 KoAeOameAbHblll pexcuMm, mo koiebamesb-
HWMU CIMAKOBAMCS npexcde 6ceco napamempul, raparmepusyouue 360-
AYUOHHO Hauboaee no3dnioln céasdv cucmembt. I'pyGo rosops, 9BOIIO-
MEOHHO 0HAs CHCTEMA paclajaeTcs HA HBOJIOMUOHHO Golee NpeBHHE
LOICHCTEME.

ITOT «uUpHHOHD ¢jaforo 3BeHa» BHTERaeT u3 Oojiee o0meir upen
0 POH KMHETHYECKOTO Pe30HAHCa B IPOLeccaX YCIOKHeHA GHOCTP VK-
typ [2]. Ecan cucreya 2BOJIOIMOHHO BO3HHRJIA B peayibTaTe peso-
HAHCHOTO O0ObeAHHEHNS I[ePBOHAYAJIBHO HE3aBUCUMEIX IOACHCTEM,
TO eCTECTBEHHO L PeAN0JI0KATH, YTO «00pameHyiey 9BOJIONANA YCUTeHIEM
BHEIIHETo BO3JeCTBIA HpHBeNeT K BEIIEJEHMI0 HCXOTHLIX IMOJCHCTEM.
BoapmunerBo cucreM yrpaTHiao, pasymeeTcs, B IPOICCe IBOTIONIH
Ty (PBIXJIOCTHY CTPOeNIA, KOTopas IeoOXOAMMa [ 3aTATHBAHUA
B KoJeGaTeJbHBIA peRUM M pacHienienys Ha nojcucreMel, Tem HH-
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TepecHee ¢ 9HTOM TOUKM 3peHus KaskAblil caydail KoaeGaTelnbHOIA
KAHETHKH.

C apyroit cropoHsl, GHmoJOTHYECKHE CHCTeMbI TAaTeKo He Bcerja
crpeMsarea u30aBUTHCA OT KoJdebaTeabHpIX cBoiicTB. HnewoTes, mo-Bu-
[HMOMY, CiAyd4aHd, Korja KojgebareidbHas KHHETHRA ABIAETCH CyIMEecT-
BeHHEM (yHKIMOHAAbHBIM 3iemeHToM. Mo:kHO BrickasaTs paboduyio
TUIOTE3Y, 9T0 UMEHHO TaK 0GCTOUT [es0 B COKPATUTEAbHBIX CHCTEMAaX.

Muaanapael JerT 5BOMONAN DPHBEIH K 0TOOPY TOHKOTO (epMeH-
TATHBIIOT0 MEXAHM3Ma —(XHUMHYECKOTO KoJjeca». OJTOT MeXaHH3M,
JefcTBYIONNH, BePOATHO, B IUKIAIECKOM DesKmMMe, DEeaTH30BAH MOP-
(OTOTrIIECKH CHCTEMOH AKTHHOBBIX I MHO3MHOBEIX cyb6negmumit [3],
06pasyoIux OCHOBY COKpaTHTeabHOro ammapara. HoHeuno, ckasaH-
HOe ecTh He 0ojiee deM IOCTAHOBKA BOMPOCA.

1. COOTHOEHIIE CTPOEHIIAL 1T RUHETHRIT

B pabore [4] maiinen wamonmdyeckuil Bup TH00OH cucTeMnl BOIN3H
KPHTH‘IBCEOEI TOYKH. BBIHCHGHO, 9TO0 KHMHEeTHRa CHCTeMbl, ompeaeJisae-
Masi AMIVIATYAHBIM ypaBHeHUEM

B~ prtga az, ()

HE BABHCHT OT UPOMCXOKAeHUs (CTpoeHusi, MOPPONOTHH) CHCTEME
I TOJHOCTBHIO ONpeReNseTcad XapaKTepoM KPUTHIECKON CHUTYaI[ilH.
Io-Bummionmy, 5To WacTHOe upoABIeHHe 00Mell 3aKOHOMCPHOCTH.
Kunemura seasemces s604104u0HHO nepsunnoll kamezopueti. Tark Rak
9BOJIIONKA COCTOMT B OTOOpE YCTOMYMBBEIX 00pa3soBAaHUE, HA Ka:KIOM
ypoBHE OpragH3allMyl CHOBA M CHOBA BO3HHKaeT mpobiema crabuimsa-
nun cucreMmsl. JexogHmii Martepuax MeHseTCs Ha KayKIOM IIATy
9BOJTIONUN, W COOTBETCTBEHHO €r0 HOBEIM CBOHUCTBAM BO3HHMKAET HOBAS
RoM6uHATOPHKA (MOp(OIOris) 2jeMeHTOB, 00ecmednBAIONAs TAHHYIO
knpetury. PasnooOpasme crTpoeHus cucTeMbl sBJIsSETCS (HanTopod,
KOMIICHCHDPYIOIIHM pasHooOpasue CTPYKTYPHHX 3JIEMEHTOB 1.
M3aosmennsle coobpaskeHHA YTOYHAT POJb M MECTO MareMaTH-
9ecKNX MOfesdeil B OHOXMMUYECKHX HCCIeI0BAHMAX. B Kagoil mpod-
JeMe BBIJENAITCS JIBA BOHpOCa, AONONHAIOIMMe APyl apyra. Opum
BOIIPOC — KAKO6A KuKemura Oawhol cucmeMmsl — TONYCKAeT YHCTO
MaTeMaTH4ecKoe H3ydUeHHe, He3aBHCHMOE OT CTPYKTYPH H3ydaeMoi
cucteMsl. [pyroit Boupoc — Kakoéa cmpykmypa cucmemst, oGecneiu-
sawwas UMenno OaHHYI0 KUHEMUKY, CYI[eCTBEHHO ONHpAaeTcs Ha 3Ha-
HUe KOHKDETHHIX CBOMCTB COCTaBJIAIOMUX diaeMeHTOB. OmHAKO Jaske
B 9TOM C/Jydae IpPeJBAPUTENbHOE M3yJeHHe KHHETHKU ITO3BOJAET yKa-
3aTh HauboJjiee BePOATHRIM THUI CBsA3eHl B cmcreme. Boaee Toro, Tarkoe
npejcKa3aHue OUUPAETCS BO MHOIOM OISTH-TAKH HA KHHETHYECKUE
XapakTepHCTHKHM 9JIeMEHTOB, a He HA JeTajd MX CTPOeHHUS.

1 Xopomo 113BeCTHbE MeXaHUKO-)JIEKT pIIdecKile, 3JIeKTPHKO-aKYCTIIYeCKIe 11 Py~
THe aHAJOIHH [5] MO/KHO pAacCMaTPHBAThL € TON TOYKII 3PEHHA KaK pasilyHhie
peasiisaniin ool 1 Toii yRe npocrteiimiell KUHETHKI, 3aJaBaeMOii JMHeBHIMA
YpaBHEHUAMIL.
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9. CTPYRTYPHBIH NOPTPET CHCTEMBI

B teopun xomebaunnit [6] Bechrma mosie3no mousrie GasoBoro mopT-
pera cuctempl. Tak HaspBAIOT LOBEJEHHS MOJHOTO CeMeHcTBA TpPaek-
Topuil B $az0BoM UPOCTPAHCTBE. JTO MOHATHE JONYCKAET DPA3NUIHbIe
Mopupuramuuu. B HEROTOPHBIX ciaydYasix [ocTaTo9HO uM300pasuTh
OpoeKIHI0 (Pas3oBOro mopTpeTa HAa MOAUPOCTpancTBo. Mumorma ymobmo
BHIJIEJHTD HOJCHCTEMY H ee (a30BEIl mOpTper HaswBaTh (a30BBIM
mopTpeToM Beeil cHcresmbl. B mamesm cidydae, Korja oT BpeMeHH
BaBUCAT TOJIbKO JBe IepeMeHHbIE, a 0CTaJAbHple COXPAHAIOT MOCTOSMH-
HOe 3HadeHue, IleJNecoo0pasHO HOCTYIUTL HMEHHO TaK.

Opuaxo 9TO0 MOHATHE OTHOCUTCA K WHIUBHAYAJAbHO# cHCTeMe,
a B IPAJIOKENNAX, 0Co0eHHO GHONOrHIeCKHX, cucTeMa OOLIYHO coep-
sKAT mapamerpsl. VX eMplca MoskeT GbITh BeChbMa pasiudeH (mampumep,
KOJHMYecTBO (epyeHTa, CKOpPOCTh TocTymienus cybeTpaTa, JJMHA
peakTopa, [gaBleHHe, TeMUeparypa ¥ T.[.), HO B MareMaTHYECKOR
cxeMe HM3IUNIHASA AeTalM3allMs MPOTHBONOKA3ama. IlpegmomsosKim:
IJIS ONPEMeJIeHHOCTH, YTO CHCTEMA BaBHCHT OT [BYX IapaMeTposB
au B. Torga xoaddunuenTs KaHOHNIeCKOH dopast (1) 6yayT yRKRIHA-
MJ BTHX UADPAMETPOB:

p=p@B), g=q(@B), a=a(p). (2)

B nmockocTu mapaMerpoB «, [ KaskIad TOuka wao0paskaerT HHIM-
BUAYAJBHYI0 CUCTEMY M KayKAONl TOYKE COOTBETCTBYeT (asoBHIL TOpPT-
per cucteMel. Ho Tak Kaxk #306pasuTh BCe 3TH MOPTPETHl HEBO3MOIKHO,
TO NPAXOJUTCHA BBECTH elle OJHO MOHATHE — CTPYKTYPHDIA IOPTpeT
cucremsl. [Ipu aToM clemyeT mMOHMMATh B IUMPOKOM CMEICJIE CHIOBA,
a WMEHHO KaK JByXIapaMeTpHUecKoe ceMeMcTBO cucTeM (KOHETHO,
THCJI0 apaMeTpoB MoskeT OuTh U Goabure). Ilox cTpyRTypHEIM mOpPTPE-
TOM Ierecoofpas3no IOHHMATh H3006pasKelile KPUTHIECKAX JIUHUK
B IPOCTPAHCTBe (B HAIleM cIydae IJIOCKOCTH) mapaMeTpoB. B Hamem
KOHKDETHOM CJaydae TaKAMO JIAHUAMH OyAYT JHHAM HeHTPaabHOCTH

p=0 3)
B JHHAW KPATHHX KOpHeH
bap — ¢® = 0. (4)
Orcroma cpasy BH/i0, 4TO 0CO0YIO POJb HTPAaeT TOYKA MAKCUMAALHOLU
Epumuurocmu.
Nwmzo} &)
g@p=0J"

Jeamasn Ha MepeceueHuy 3THX JIByX KpHTHYeckux Jauuuil. Bmoxane
ecrTecTBeHHA MBICJDB O nepexone oT CpaBHI/ITeJIbHO CJIy‘IaﬁHbIX «acHe-
PUMEHTAJBHEIX» MapaMeTPoB ¢ I [} K CTPYKTYPHBIM «KaHOHAYECKAMY
mapaMeTpaM p | (.

Bosnurkmas curyanma BechMa XapaKTepHa sl MaTeMaTH4eCKOTO
mozienupoBanus. Mexopusie napavMerpst o i B o6BYHO BechbMa HaTJAA-
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i1, JKCHEPMMEHTATOp 3Haer, 4Td HYKHO AexaTh, UTOOH H3MEHHUTDH
a win f}, on moHHMAeT HX «PUBNIECKUE» (ILTH XUMHUECKHI, WU eIme
Kako#d-HHOYAb) cmbica. OBpuHO HeJerko ObiBaeT ybeauTh, 4To «dop-
MaJbHO» BBEJeHHEE KOHOHWYECKNe HapaMeTpsl p M ¢ WMEIOT 3HAUH-
TeJbHO Oolee TuyOokuUit, Gosee ajeKBATHHI 3ajave cmeica. Ilonesno
OPOCIAEAUTh HTY KOLIM3HMI0 HA M3IAraeMoM KOHKPETHOM NIpHMepe.

IIpepnonoskum, ato ¢pynmun p (a, P) 1 g (a, f) ycTpoeHs Tak, 9TO
CUCTEeMY yDaBHEHHH

p=r(a P
g = q(a, ﬁ)] (6)
MOJKHO pPellluTh OTHOCUTEJNBHO SKCIIEPHUMEHTAJNBbHLIX MapaMeTpPpoB a K ﬁ:
a = a(p, {])’ B - B(P, Q) (7)

Jlia Hammx mejei JOCTATOYHO, ITOOH 9TO YCIOBHME OBLIIO BEIMOJIHEIHO
B HEKOTOPOW OKPECTHOCTH TOYKH WMAKCUMALDHOL KEDPUNMUYHOCINU.
TogHoe ycloBHE COCTOMT B TOM, uTO SIKOOGHAH He paBeH HYJIO

v o
a(p, gy |9 983
5@ B | o og |70 ®)
91 03

HMEHHO B CaMO# KpHTHYecKoil Touxe. OOpamenue AxobmaHa B HYJb
OPHXOJMTCA PACCMATPHBATH KAaK «BBIPO;KACHHBIA» clydail, M ToOrmga
BCe HerojloOBanue, BHICKA3aHHOE BHAYAJE, OKA3BIBAETCH OIHEM, BHI3-
BAaHHBIM Ha ceds.

Brixox sawiouaercs B TOM, uTO KasKJas 3a7jada JOJN/KHA CTABHTHCA
Ha ompeJeIeHHOM YPOBHE CJOKHOCTH, MCKITAIONMEM 1106ble TOMOIHU-
TeJIbHBIE YCHOBUSA MUNA PAGCHCMEd,— MPUHIAIL «0OMEro MoI0KEHE ).
Ho nmenno sTu «Memmaomue» paBeHCTBA IPH NePeXojie K 50lee BEICOKO-
My YPOBHIO OpraHN3aIluu (BKJINYAIONEM, B FACTHOCTH, (0IbIIee YHCIO0
mapaMeTpoB W HMO3TOMY OOJBINYIO aJauTUBHYIO ¢B0GOJY) CTAaHOBATCH
YCIOBMAMU, ONPEICIAIOMUMEA HO8YH MOUKY MAKCUMAALHOL KpU-
muunocmu.

CTpYyKTYpHHE HOPTpeT Hame#d CHCTEMH B KAHOHHIECKHX IIePEMeH-
HHX ompefenaeTca ¢QyHKIEe

a=a(p, 9, (9)

BO3HUKAIOINER IPA IOACTAaHOBKE B & («, f§) BMecTo a ¥ f§ UX BHIpaKeHU#
uepe3 p U ¢. OJJHAKO B OKPECTHOCTU KPUTHYECKOHA TOYKM UMeeT 3Ha-
deHde TOJBKO BeJIHIUHA a:

a = a(p; q)|p=o, =0 (10)

KOTOPYIO COI'JTaCHO HOPHHLUIOY O6II_I6FO IOJIOKEeHu A, HaAJIeRUT CYU-
TaTh OTAWUIHON OT HYJI:

a % 0. (11)
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ITooromy erpykrypumit moprper (pme. 1) cocromr m3 npaAmoir
p = 0 u xacawueiics ee mapadoiast 4ap — ¢* = 0. ITH AAHUE ABAAT-
cd, KOHEYHO, KPUBBIMU JUHHAMH B 9KCHEPHMEHTAILHBIX MapaMerpax
" o, 1 f, HO PaKT KacaHUA COXPaHAETCA.

4
=0 2
P J// .
R KEd-
s co ngﬂ’ﬁﬁﬂ[ﬂld
5"
7z
ol s
Z
’
X
v @

Puc. 1. CTpyKTypHLII NOPTPET CICTEMLI B KAaNOHMYECKNX 1I DOKCHIEpPIMEHTaAbHBIX
mapaMerpax

H306paKeHs! rpaHnIpl SKCMEpPUMEHTaNbHONK peanusyemMocT® (uHmu o = 0 u B = 0). Cayqait
a<0

3. YCTOMYUBLIE I HEYCTOHUYUBLIE KPATHYECKHE TOUKH

Haijigennsie JMHAE [eJaAT IIOCKOCTh IapaMeTPOB Ha deThpe 00-
JacTH, B KaKTOH M3 KOTOPHIX CHCTEMa COXPaHAeT ompejeJeHHBIH THI
KuHeTHKH. ll3)MeHeHne THIA HPONCXOANT HPH IepecedeHMH TapaMer-
paMu KpHTHYecKUX Jduuuii. OcHOBHBlE, TpyOble IEPTH CHCTEMBI OIpe-
JeIAI0TCA cBocTBAaMU RpuTHIeckoi Toaru ! p = 0, ¢ = 0. AMmanrya-
HOe ypaBHEHHE B 3TOHl TOUKe CTAHOBHUTCA OCOOEHHO IIPOCTHIM:

Z—? =a z%, (12)

H CPa3y BBHIEIAITCA JBA MPOTHBOIMOJOMHHBIX CIydas COOTBETCTBEHHO
o 3HAKy dHCIA da.
B caywae momourespHOro Kodddummenta

a>0 (13)

aMIIATYRa KoidebaHmit z o6pamaeTcsas B GeCKOHEYHOCThb, IPHIEM,
KaK 95T0 BHAHO U3 pelIeHnA

20
Zz = — 14
Vit = 2az 89

1 Crpenxn gByx npnGopos («p-MeTpa» I «g-MeTpa») APOKAT Ha KpacHOH uep-
Te, a Mbl CMOTPHM, B30PBETCS 1M He B30PBETCA.
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HapacTapme pa3Maxa KoxeGaHUil 10 GeCKOHEIHHIX Pa3MepoB IIPOUCXO-
JUT 32 KOHEYHOE BpeMs
1
T = , (15)

2
2az,

ompeneaseMoe BEIWIUHON HAYATHLHOTO BOBMYMEHHS Z,.

Korpa dopmyna maer orBer «6ecKOHETHOCTHY, BTO BCerga 03Hagaer,
9TO MBI DBIT@eMCS NPUMEHHTH €€ 3a IpaHuIaMi OpuMeHmMocTH. B Ha-
et 3aade aMIUIHTY/IHOE ypaBHeHHe OBLIO HOJIYIEHO DAasioyKeHHeM
B PSR M ombpacvieanuer IIeHOB §oee BHICOKOTO IMOPSJKA MATIOCTH.
Jlnsa oTpuHATENBHBX @ KOae0aTeIbHB PesKIM, HA KOTOPHI BHIXOAAT
pemenne, ocTaercsd BOIM3HM cTammoHapHON To4KM (B (aszoBoM mpocT-
pamcTBe). PasmoskeHme B PA DOITOMY BaKOHHO.

Ecan sxe (mpu a > () pemenne BEIXOIAT 3a MPeIEIBl MAJON OKpecT-
HOCTH, TO 3aMeHA CHCTEeMHl AMIDIUTYAHBIM ypaBIEHHEM He3aKOHHA.
ITosromy yxom pemeHnss Ha OECKOHETIHOCTH He CIeyeT HPUHAMATH
CIUMKOM OJU3K0 K CePAI[y: CBOHCTB peadTbHON CHCTEMBI OH, KOHETHO,
He oTpaskaeT. JTO He 3HAYUT, OJHAKO, YTO KJIIUEBOe ypPaBHeHHeE
feccmulcieRHo. HanmpoTms, OHO COBepHOIeHHO NPABHIABHO OINCHIBAET
He TOABKO (DAKT yXOfa U3 MajJ0ifl ORPEeCTHOCTH, HO W HEeTAIH KHHETHKHA
aToTo yxoxa (Hampmmep, duciao obopoToB). Ho ¢uranbHOE ABM:HEHHE
OHO ONMCHBAET COBEPIIEHHO HEBEPHO. JTO KaK pa3 To, 4eTo CIeT0BaTI0
ormpars. Cucrema yXoguT KyZa-To JaleKo, Ha «0OXbIION» mpeneasb-
HHl TWKI ANTE B APYIYIO CTAI[MOHAPHYIO TO4Ky. JIfd aMOImTyaHOrO
YPaBHEHHOS, «PacCMATPUBAIOIIEr0» OKPECTHOCTh MAHHOM CTaIl[HOHAap-
HOI TOYKM B MHKpPOCKOm ¢ O0OecKOHeYdHO GOJbIIAM yBeIWICHUHEM
(e = 0), 9TH TOYKH HaXomATCA Ha GECKOHEIHOCTH, O IeM ypaBHeHHUe
I «coo0maeT» eAUHCTRBEHHO MAOCTYIHHIM €My CIOoco0oM.

Cryzait oTpHI[aTeIBHOTO KoO3(pdumueHra

a<0 (16)

XapaKTepH3yeTcA YCTOMIMBOCTHI0 CTAMOHAPHOM Touku. Pemennme
mMeeT B TOTHOCTH TOT sike B (14), 9To 1 AT cayTas HOJOMUATENBHOTO
a. Ho cMBICI pemeHHs COBePIIEHHO HHOH: HAaYaJIbHOE BO3MYIIEHUE
z, 3a Bpema T
n 1 -
I=c——-- (17)

2a|z2

yvenbiiaetca B ) 2 pas. I109ToMy pelmenme mpi Bex ¢ 0CTaeTcsi B 00-
JacThu NPUMEHUMOCTH aMIJIATYIHOI'O YpaBHEHHUA, KOTOpoOe onucChiBaeT,
c1eI0BaTeIbHO, ACHMIOTOTHIECKH TOYHO HOBEIEHAE CHCTEMBI.

4. MATKUN B JKECTKUII PERUMBI
BO3BYHKJAEHUA KOJEBAHIH

Amnanus, mposejienuuit B paGote [4] n mpuBeammii K BLIBOAY aMILTH-
tTymqHoro ypasuenus (1), mosBoasier 3aKJIIOYATH, 9TO XapaKTep BO3-
Oymaennsa KoxeOaHWil ¢ KMHETHYIECKOH TOYKH 3DPEHAA OAMHAKOB BO
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\ Ly Puc. 2. Toura 4. FHecTKriA CpuIB

KoJe0aEmi

Puc. 3. Touxa B. #{ecTkoe BO3=
OymeHIe Koxebamiii

N ¥4

N
.;25‘{\
.:0" Puc. 4. Tourka D. CoxpaueHue
\\\“3*?:\\\\\\ CTAUHOHAPHOTO pe;RIMa
7
\
\

\

N

Puc. 5. Touxka €. Msarkoe Bo3s-
6yxaeHne KoxeGanmit

BCEX CHUCTeMAaX, He3aBUCHMO OT HX CTPOCHHS M mpoucxos:kneHnsa. Mox-
HO II09TOMY OKHJaTh, YTO HOHATIIE MATKOTO H KECTKOTO PEKHIMOB
Bo30y KeHuA KojdeGaHuMil, BO3HHUKIIee IPH HccaemoBannmd [7] mam-
IOBLIX F¢HEPATOPOB B PAMOTEXHHUKE, IPHMEHUMO K JIOOHIM CHCTEMaM.
JTo oskEAaHNe onpaBibBaeTca. HexoTtopoe oTandme ofycnopieno TeM,
4T0 Ofme CICTeMB HMEWT MHOTOoMeDHbe (a3oBhle MpoCTPAHCTRA,
B TO BPeMA KaK YyPaBHEHUA B PAUOTEXHWKE 0OBITHO BTOPOTO MOPAAKA
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# ($a3oBHil MOPTPET MOKHO PHCOBaTh Ha miockoctTu. Ho B Mmajoi
oKpecTHOCTH KpuTHieckodl (p = 0, ¢ = 0) TOYKM AOHOTHHTEIbHEIE
cTeneHn cBOOOAB HE NPOABIMIOTCA I KapTHHA BO30yKAeHHA Kouxeba-
HUi MOKeT GBITh ONMCAHA B NPUBHYHLIX TEPMUHAX MATKOIO M KeCTKOTO
PE/RUMOB.

UsBecTHptit rpaduaeckmii MeTO/] M3yIeHHA OFHOrO ypaBHeHHs (8]
cocrout B nocrpoermm rpadura npasoit wacTu. Ilepecedenne xpuoi
C OCHI0 z JlaeT CTALlMOHAPHbIE TOYKI, a 3HAK (QYHKIWH yKasbBaeT
HampaBJeHWe [BIDKeHWA. B HameM ciaydae J0CTATOYHO IOCTPOHUTD
9eThipe I'pPaduKa, COOTBETCTBYIONME THITMUHBIM TOIKAM KPHTHYECKHX
apauit A4, B, C u D puc. 1. Ha upusegennsix rpadgurax (puc. 2—35)
o61acTh OTPHmATENIBHBIX 2z 3alITPHXOBAaHA, TaK KaK 1A HCXOJHOH
CHCTEMBI 3TH 3HAUEHMS He HMEIOT CMbICAA, UTO He MeIIaer UM OBITh
BeCbMa MOJIe3HHIMA OPH M3yYeHMH aMILTATYXAHOTO ypapHeHUA. TonacThe
CIUIOITHEIE JIMHWHM HA 9THX rpaduKax AAlOT LO0BeJeHHe IPAaBOHl JacTH
(2) kak QyHKIMU 2z B TOYKAX HA KPUTHUECKUX IHHUAX. TOHKHE CILTOII-
Hple JUHHM DOKA3HBAIT pPe3yAbral 1eGOoJBIIOro CABUIa IapareTpOB
B 06sacTh Me:RAY Dapabosoil W KacarelbHOM K Hell ocklo ¢. IlyHKTHPOM
JaH cIBUI BHYTPb mapaloJsl, M, HaKoHeI, IUTPHX-IYHKTHD HCIOJb-
30BaH IPH CABUIe B 3aKpuTHieckyio (p > 0) obmacts. Byxsoit H
0003HaueH BOBHHKAIOMWI NpPH CABMTe HEYCTOHUYMBHIE IUKI, YCT.—
ycToliumBrle HUKJBL. [[BofiHble CTpEIKM HOKAa3HBAIT HampaBleHHe
OBHKEHUA B CANTYy aMIJIUTYAHOI'O YPaBHEHUA W300paskalomeil TOUKH 2.

5. HEU3BEXHOCTh T'HCTEPE3NCA
B JKECTKOM PEKUME

HauGonee ApruM (M BKCIEPEMEHTANBHO Jlerde Bcero o0HAPY/RUBae-
MEIM) OKa3EIBaeTCs ABJIEHHE IECTEPE3NCa B JKECTKOM pexmMe Koueba-
HE#. OTO ABJEHHe BHI3HIBACTCA (HaOyXaHmeM» H CMODIIHBAHHEM»
(opu m3MeHeHMHM HapaMeTpPOB) HEYCTOMYUBOTO IPefeJBHOTO IHMKIA.
CiuBasch ¢ OXBATHIBAIOMIHM €r0 YCTONYMBHIM IIPEIeJbHBIM IIMKIOM,
OH 3acTaBaseT CHCTEMY <«CBAalHTbCA» B MOJOKeHHE pPABHOBECHA.
Hao6opor, c:xuMasch B TOYKY, OH jleaeT HEYCTOMUMBEIM IIOJIOKEHIe
DaBHOBeCHsd, BHIHY)KNAA LE€PEXOR CHCTEMBl B K0JIe0aTEeJbHBIA PEsRUM.

Ha rpadurax, u306paskalolux 3aBACHMOCTD Z 0T z (¢M. puC. 2—35),
JKECTKOMY PEKHMY COOTBETCTBYIOT JIBa TOJOMKUTEIbHHX KODHA.
HBuienne MeHbIrero us Huox (OH faeT AMIUATYLY HEYCTOWYMBOIO
IpejleIbHOTO MUKIA) Hepepacupefesnser (puc. 6) 06aacTi NPHTAKEHHST
HOJIOKeHHA DPABHOBeCHSA M KoJe6aTeqbHOTO peKuMa.

6. ORCIEPHMEHTAJIBHOE ITIOCTPOEHME
CTPYKTYPHOTO IIOPTPETA CUCTEMBI

IIpoBefieHHBIHl aHaJM3 MO3BOJAET yKAa3aTh IJIaH NPOBEJEHUs CePUH
9KCOePHMEHTOB II0 IOCTPOEHHIO CTPYKTYPHOTO IOPTpPETa CHCTEMBI
(puc. 7). OcroBHAA LeIb — HKCHEPUMEHTAJIbHOE OTHICKanme Touku O
MAKCHMAJbHOM KPUTUYHOCTH H NLOCTPOeHHEe KPUTHUYECKHX JIHHHH
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OA, OB u OC. Tlpenunonaraercs, KOHEUHO, YTO TEXHUKA DKCIIEPHMEHTA
obpaborana HacTOIbKO, 9TOOB JOCTATOYHO YBEPEHHO (HKCHPOBATH
HKCIePUMEHTAJIbHEE mapaMeTpel o 1 f.

dJleMeHTADPHEI aHAJMH3, HA KOTOPOM HET CMBICIa OCTAHABIHBATBHCA
moapobHee, IO3BOJAET LOCTPOHTH cepHi0 TPadHKOB, IOKA3HBAIMAX
H3MeHeHHIe aMILIUTYAB KoJe0aHHU BHOJb KPHUBHIX HA ILIOCKOCTH
mapamerpoB. Ha puc. 8—12 mpusegeHH THOHYHBIE (IKCIIEPHMEHTATb-
HBle» KpuBsle. [IPUHAIERHOCTH TOUKA K Kpurudeckoit jgumuamm OC
LIPOABIAETCA M3J0MOM B JKCIEPHMEHTANbHON Kpusoil (puec. 8). Ilo
Mepe mpubamxenns Toukd C k Touxe O m3ioM yBeamguBaercs. Mar-
KMl pe;KmM cTaHOBHTCA Bee Goiee ;kecTkHM. MaxcmMaJdBbHOTO 3Hade-
HU M3JI0M KOCTHTaeT IIPH JBH:KeHWH BHoab juunu 0’0", DpoXonsmei

4

AR
LD

X %

pPetelele!

Puc. 6. Da3oBbii HOPTPET CHCTOMBI C KECTKAM BO30YKmeHMeM

Puc. 7. Pasamysanle BO3OEMCTBHA HA CHCTEMY, ONNCHIBAeMEIe H3MEHEHIIEM DKCIle-
PHMEHTAIBHKX I1apaMeTPOB

Cayvail a < 0. OC — IHHHAA MATKOTO BO30YyKAeEHMA KoNeGauuii; OB — JUHUA JKECTKOrO BO3-
Oyaenuna Kojebaumii, OA — JIHHUA }KeCTKOro CpbiBa KoleGanmnii

yepe3 Kputudeckyio Touky O (pume. 9). I'merepesuc B xecTHOM perkmme
IO3BOJISAET MOCTPOUTh He Toabko Juuuio OB, Ho u aunmio OA4. llepsoe
dKCIEPUMEHTAIbHOEe (COOPHKOCHOBEHHE) C SIBICHHMEM THCTePe3uca
OCTaBJISET OMyI[eHWEe HEOOPATHMOCTH, €CIH W3MEHEHHE IIapaMeTpoB
npom3BoAuTh jgocraroiHo IwiIaBeo (pmc. 10). Jlums Bosspamenme
JDOCTATOYHO MaleKo Hasaf, 3a ToUYKy A, BOCCTAHABIHBAeT COCTOSHUE
paBHOBecUA — Toxe CKauxkom (pme. 11).

Taxkum obpasor, Touka B oGHapymmBaeT cebsa CRAIK000pa3HbBIM
Bo3Oymaennem xonebanmit mpu apmskenua A’ ABB’. Ogenb cyimect-
BEeHHO, 9T0 JIBU:KeHNe HagmHaeTcs mmeHHO B Touke A’. Ilpu o6paTuon
OBIJKEHHH ToYKka B HHYeM He BBIIGISAETCS, 3aT0 NMPOHMCXOIHT CPHIB
KoxeGanuil B Touke 4, mepexop vepes KOTOPYK ObLI HesdaMeTeH HPH
gemxennn 4° — B, OOmuil KaYecTBEHHHI pemenT 3KCIepPUMeHTalb-
HOTO ofHapyskeHHsa TOYKH O COCTOMT B TOM, YTOOBI MATKHEA PEsKIIM
CTApaThesl cjelath 0ojiee KECTKAM, a JKECTKAN — Gollee MATKAM.

B 3aKJIOYeHHe IIOJIE3HO YHKa3aTh HAa BO3MOAHOCTD HMHBEPCHBIX
curyanuii. HopmaapHo cpuB Koxebanuii B Touke A mpoHCXOguT mpU
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Punc. 8. MArKIil pesris

IOsmKenne BIOIb Kpusoit O° 0CC’
Ha pmc. 7

Puc. 9. TpaEmma MATKOTo
M MKECTKOT'O PeKIIMOB

B To9Ke MaKCHMaJIbHOU KPUTHIHOCTH
KacaTeJbHAA BepTHHKaJIbHA
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magaomei aMminTyge. Mo;kHO, ogHAKO, MOOMTHCA CPHBA Koaebammit
UpH NOCTOAHHOA WM Ja)ke PpacTymel aMILIuTyIe.

Jlis1 9TOro Heo6x0aMMO (SCHO, 9TO HKCIEPHMEHTAIBHO 3TO TPYAHRAS
3a7jaua) MeHATH mapameTpsl BXouab Taroii kpusBoit AB” B, xoropas
B MIIOCKOCTH KAHOHMYECKHX IAapaMeTpoB Je:KHUT Me;EIY mapaboaoit A0
u xKacarteabHoil 4B”, mpoBenenHoit k mapaboxe B Touke A (pme. 12).
JBH/REHUIO TOTHO TI0 KacaTeAbHOU COOTBETCTBYIOT COXPAHEHHe aMILTH-
TYABl H BHE3ANHBIA cpLIB Koaebandit B Touke A (cM. pue. 12). Onnako
DKCIEePHMeHTaIbHOe O0HapysKeHHWe ITHX MHBEDPCHBIX ABIeHWil TpeGyer
MOICTHHE I0BEMNPHON TeXHMKH, TAK Kak paboTaTh IPUXONUTCA B 09€HD
Mmatoli obiactu AB"A.

7. OBIHE 3AMEYAHUA

Paso6pannuiii npumep Bo30Oy:raeHHs Konebaumit momoraeT To-
HATH 06IIee 3HaueH¥e MaTeMaTHYECKUMX Mojenecit. BriBox cmeTemsl Ha
JHHA HEeATPAIbHOCTA OKA3KBAETCH HACTONBKO BAyKHBIM COOBITHEM
B e HCTOPUH, UTO CTPOSHHE VITH IIPOUCXOFKICHIE CHCTEeMBI OKAa3bIBAIOT-
¢Sl BTODOCTENEHHBIMHU (IOJPOGHOCTAMMU»: 6 KDUMUYECKUT YCAO8UAT
A02uKa nosedenus dukmyem Ja02uKYy cmpoerus. Bpanm OoT KpWSHCHOM
CHTYaIlNM HA TePBHI IUIAH BHCTYNAIOT cHeNnPuKa CHCTEMH N 0cobeH-
noctu PpyurnuonupoBaruda. OMHAKO KaYeCTBEHHAS CXeMa COXPaHAETCS
MOJHOCTHIO W MO;KET MBMEHUTHCA TOJNBKO IPH Hepexofe depes odepes-
HYI0 TPaHANy YCTOHINBOCTH.

HagecTBennLii CKAaY0K CIOMKHOCTH (BO3HHUKHOBeHHE KoJebaTeib-
HOW cTemeHW CBOGOBI B HANIEM IpPHWMepe), IPOMCXOIAMMUMA B KpATHIC-
CKO#l TOYKe, HEBOJBHO HABOJAUT HA MEICIH O BAjKHENINEM SBOIONHOMH-
HOM mnoHATHE — apomopgose [9]. Torma mennenname KoaImYecTBEHHBIE
M3MEHEeHHA MEMKIAY JBYMS KPHIHCAMHA €CTECTBEHHO COHOCTAaBISIOTCS
¢ uduoadanmayusmu.

Pasymeercsa, mpssoe OTOMKIECTBIECHHE JTAX TOHATHA OBLIO 6B
Byasrapusanmeii. OfHAKO TPOTMBOMOJNOMHAS KPAWHOCTH — OTPHIA-
HHE KAaKoro Ol To HE OBLIO CXOACTBA B 3THX [IBYX pPAZAX HOHATHH —
HenpocTuTenbHoe Jerkomeiciaue. Camoe pasyMHOE IOBTOMY NpH Kiac-
cupuKanuu pasHooOpasHeHAX TANOB TEPeXON0B depe3 KpuTHIecKme
TOYKH HCKATh YepThl CXOACTBA M pasinudmsi ¢ Teopueil apomopdosa
H ¥MeTh B BHAY IOCTpOenHe B GyaymeM mpocTedmiei MaTeMaTHIECKO
Mozenun apomopdosa.

B zaxaouenne CTONT MOAYEPKHYThH, YTO N3YUEHHAE CIOKHBIX CHCTEM
CTAMYJIAPYET MOCTAHOBKY 3aHaY, BeChMAa HENPUBHIIHYIO MJIA MarTeMa- .
TaKa. Ecam DOHMMATH CHOMKHOCTH (B CAMOM IPOCTOM BAPHAHTE) Kak
9UCJI0 HapaMeTpoOB, OT KOTOPHIX 3AaBHCUT CHCTEMa, TO, TeM CIOKHee
cucTeMa, TeM (BBIPOKIENee» ee TOIKA MAaKCUMAJIHHOU KPHTUIHOCTH.
Ilpunercss, manpuvep, u3ydaTh CTAMOHAPHHIC TOTKM, TJe €CTh JBa
HYJEBHIX KOPHS, TPH KOPHA — JHUCTO MHUAIBIC C JIBYMS PE30HAHCHBIMA
COOTHOMIEHUAMY M)XKy HAMH H, KPOME TOY0, OfUH U3 Ko3(PUIIeHToB
(TEOa @ B HamieM mpmMepe) KaHOHMIEeCKOUM (opMBI paBeH Hy:o. Mare-
MAaTHK CKJOHEH CBHICOKA OTHOCHTBCA K TakumM 3ajgagam. He mcriioze-
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HO, OAHAKO, 9TO }(J'IaCCH(bHKaHI/IH THUIIOB KHHETHKHA B KPHUTUYECKHX TOY-
Kax Heus30e:KHo npuBegeT M K TaKHM <(BBIPO/RACHHELIM» CHCTEMaM.
BOBMO)KHO, 4TO0 TEepPMHH <«BBIDOMKIEHHOCTH» MMOJE3HO B 3THX BHAAX
3aMEHUTb TePMHHOM <«CJIOMKHOCTDHY?.
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VIK 57.001.57

O MeTOR0IOrMYECKHX BOIPOCAX MaTeMaTHYCCKoll G1oTorun. [A. A. JfauyHos|, I'. II. B a-
rpPUHOBCKaA. B ¢b. «MareMaTHUecKOe MOJAenHpoOBaHHe B OMosormm», M., 1975.

BbICKa3nBaOTCA 00INUe COOOpaeHHA O METOHONOrMM IIOCTPOEHHMSI MaTeMaTvye-
CKUX Mofesiell B 6HONOrUY 1 TPWBORATCA NPUMEPH IPUENMIHAIBHO yKeJIaTeIbHBIX MoJie-
neit, Ocobo nogdepKUpaeTca HeoOXONNMOCTh CHCTEMHOTO, KHOEPHETHYeCKOTO IIOAXOIa
K NOCTPOEHMIO MaTeMaTHYeCKHMX Moneneif. IIpMHOMNINAJbHAA AHCKPETHOCTh OMOJIOTH-
YeCKOTO 00beKTa NpefnoIaraer, Kak NpasHio, H THCKRPETHOCTh COOTBETCTBYION(ETO Ma-
TeMaTHYECKOI0 annapara MoxeJupoBaunA. OTHeNbHBIE MOOEIN KOHEPETHHX GMOJ0rn-
YeCKUX NPOINECCOB M ABJICHUI HOJIH(HBI JONYCKATh BO3MOKHOCTD MEPAPXIYECKOro yIo-
pAgoYeHUA B 60JIee CII0/4Hble MOJlesIn CAeRYIOIMX YPOBHel, ITTDUBONATCA IPUMepPHl IIPKH-
UIHAJIBHO HelipaBUIIBHOIO NOAXO0[a K NOCTPOEHNIO MaTeMaTHIeCkIX Mopeseit B 6100~
THH,

Bubu. 4 nass.

YAR 577.4

Ionyaanuu, OuoreonedHosnt 1 Guocdepa 3emtu. H. B. Tumodeen-Pecosn-
c K uit. B ¢0. «<MaTeMaTu9eckOe MoOeNMpoBanue B Huosgorum». M., 19875.

BbiIeI¢HO 9eThipe CTPYKTYDHBIX YPOBH/A OPTraHM3aLUK }KN3HU: MOJEKYISAPHO-TeHe-
TUYeCKMil, OHTOTeHeTUYeCKHil, NONYJIANMOHHO-BUAOBOII M OMOreomeHOTUIECKHIt, MJIn
6nocdepHbiii. TIpoaHaNN3UPOBAHLI OCHOBHBIE YePTHI CTPYKTYDPH M (OYHKIUOHUPOBAHUA
onoreoneHo3oB. IIoapofHO PpACCMOTPEHB! €BA3L M B3AUMO3aBHCHUMOCTbH  MEKIY
TIONYAANMOEHRMM ¥ OWOTCONEHOTHWUECKNM YPOBHAMM, CHOPMYANPOBAHLI NIPEACTABIE~
HHUA 0 NONYIADMU Kak gJIeMeHTapHoll equHNNeE 8BOIONMH, 00 YCTOWIMBOM M3MeHeHUH
TeHOTMIINIECKOro COCTaBa IONYJIANUM KAK 9JIeMEeHTapPHOM BBOJIOHUOHHOM ABJIEHHH M O
OuoreomeHo3e Kar cpefe IMPOTEKAHUA IBONONUN TIOUyANNi, HaMedeHs MPUHINTIANE-
Hble TIYTH peuleHuA npo0iaemsl «YeaoBek B Ouocdepa» 3a cdeT YBeJIHIEHUA ITIOTHOCTH
3€JIEHGTO NOKPOBA 3eMJIM U NPOIYKTHBIHOCTH AMKNX M TOMAIUHUX BUNOB PACTeHWI M 3Ku-
BOTHBIX, YJIABJKBAHUA ¥ MCIOJb30BAHUA NEHHBIX OPraHU9eCKNX BeIIeCTB HA BHIXOAX
OnoreoneHOTHIECKMX KpPYTroBOPOTOB.

VIR 572.4.001.57

O MaTeMaTHYeCKHX MOJEIAX GIOIOrmIecknX coo6IMecTs M CBA3AHHBIX ¢ HAMM 3amavax
yupanienus 0 ontumuaamin. J0. M. CBu p ek e B. B ¢0. «MaTeMaTu9eCKOe Moemdn~
poBanue B Ononormm. M., 1975,

MdparmMeHTapHO 00pUCOBaHa CHTYanuA, OOBIHO BO3HUKAOWAA IIPH TIOHNBITKAX HOCT-~
DPOEHHS TeX NI HHBIX MoJeielt 6NOJIOrMIeCKUX MO VALY U cooluecTs. Mogenb o6pa-
ayeTcsa KoMGMHaLuell HeKOTOPHX (YHNAMEeHTAIbHHIX 3aKOHOMEDHOCTeIl (THNA 3aKOHOB
COXpaHEeHUA), CIIPABEINTUBLIX IJIA JIOOBIX CHCTeM, M HaluMX MHTYUTHBHBHIX IIPefICTaBJIE-
HUil 0 PYHRONMOHNPOBAHMM KOHKPETHBIX CHCTeM, O XapaKTepe B3aWMOOTHOWIEHUIT Mexx-
Oy COCTABJIAKIIMMH CHCTeMY KOMIIOHEHTaMH. OCHOBHOe BHUMaHHe YHeJIeTCA paspa-
0OTIie TeXHOJOTHII IINCTPOeHRT Monesieil, obecnedyuBalolieii BOSMO;KHOCTh CTPOMTD JIIO-
60t Habop mMoneeil ¢ HCIIONb30BAHMEM HEGOMBMICTO YUCaAa CTAHAAPTHBIX IPHEMOB.

Puc. 7. bubi. 5 Hass.

YIOK 572.4.001.57

YpasHeHusa teopun Guogoruueckux coobmecrs. JI. P, Tuu36 y pr. B ¢6. «MaTema~
THYECKOE MOJennpoBaHne B 6nosornmn, M., 1975.

TIpenupiHATA HONLITKA TOCTPOSHUA TEOPHM ANHAMUKH G10JOTHYeCKNX cooduiecTs,
3aHMMAOIIAA IPOMEKYTOTHOE HOJIOKEeHNe MeKIY Teopuelt BoabTeppa, ¢ 01HOIi CTOPOHEI,
u pab6oramu A, H. KoamMoropoBsa i ero nociegoBareseif 110 CHCTeMe «XHIJHUK — KepT-
Ba» — C APYro#. AKCHOMATHIECKN BBOJNTCS MOHATHE NPUCIOCOD.IeHHOCTH ONY AN U
110 aHAJOTMH — NPHUCIOCOOIeHHOCTH coobulecTBa. JlaeTCsa COOTBETCTBYIOIIAA KJIACCH(pU~
Kalua B3aMMONeiCcTBUIt coobuiecTa O cpejloi u rnonyaanueii BHyTpi coobmecTsa. Ha
OCHOBE TUIIOTE3hl MaPHKIX B3aUMOOEUCTBUM M 0000LeHHOI TUloTe3bl BonibTeppa npe-
JnaraeTcs SBHbIA TTapamMeTpUYecKuit BuUm (GyHKuuM mpucrocobiennoctu. IIpu atoMm, B
YacTHOCTH, OKA3hLBAETCS BO3MOMHBIM NPHAATh (GOpPMAJEHBI CMBICT  9KOJIOIMIECKOMY
TIOHSITHIO NOMAHUP VIOLIei MOTTYIALNM, CYIeCTBOBAHNE KOTOPOIl ABJAETCA HeOOXOIMMBIM
YCJI0BMEM CYLECTBOBAHUA COO0ILeCTBA. IIPUMEHNMOCTH IIOCTPOEHHOIT Teopnu noaApoOHO
NPOMJNIIOCTPHUPOBAHA HAa NIPUMepe IBYXKOMIIOHEHTHOro OUONEH03a U CPABHEHUs Teope-
THIeCKUX KPUBBIX AUHAMUKH YHCIICHHOCTH C 9KCIEePUMeHTAJIbHBIMH NAHHBIMH.

Puc. 3. Tada. 1. Bbuda, 43 Hass.
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VIOK 577.4.001.57

MareMaTHUECKHEe MOgeIH GHOAOrMuYecKkuX coofumiecTs I1 3ajaus ynpapachusa. A. M.
Bpexues, J.LP, Tuasfypr, P.A . loayskToB, IILA IIBLTOB.
B c¢6. «MareMaTu9eckoe MOIelINpoBaHue B 61osiormm». M., 1975,

Ha ocHOBe ONTHMH3anUU IPOIECCOB B PAa3JIMIHLIX eCTECTBEHHBIX H MCKYCCTBEHHKLIX
TONYJIAMIOHHEIX CHCTEMaX IIOCHENOBATeNbHO PACCMOTPEHBl YeThipe MaTeMaTiecKue
Momesu: 1) O4UCTHA CTOYHBIX BOA ¢ MHOTOKOMIIOHEHTHBIM 3arPA3SHEHUEM B a3pOTEHKAX ¢
AKTHBHBIM UJIOM, CONEpHAIINM MHOTOBHIOBYIO KYJbTYPY OaKTepmii; 2) mopmepkaHue
Ha 3aJaHHOM YDOBHE 9HCJICHHOCTH BpeaNTeseil 11yTeM BBeJeHnsa B NONyJIANNI0 CTepHib-
HLIX CAMIOB; 3) MAKCHMMM3allMA ICHB M3BJIeKaeMOll M3 BHCIAYATHDYeMOH MONYJIANMK
NPONYKIMM IPY 3aZaHHON JUHAMNLE TMCICHHOCTH NONYJIANNY K ee HA9aJbHOM M KOHeq-
HOM COCTOAHHSAX U 4) ONTUMH3ANWA TI0;10BOI I BO3PACTHON CTPYKTYD 9RCILIYATUDYeMOik
NOIIYJIANNN (B YaCTHOCTH, CeIbCKOXO3ANCTBEHHLIX MUROTHBIX) ¢ TOYKK 3PeHUA ee [po-
LYKTUBHOCTH.

Buba. 15 Hass.

YHOK 576.4.001.57

MareMaTiYECKHE MOZEIH POCTA YHCAEHHOCTH K.IETOUHBIX nonyasuuit. H. A. III B b~
T 0 B. B ¢0. «MaTeMaTiideckoe MoueJauponanue B Oposorumiy. M., 1975.

Conep:kuTca 0030p HeTePMHHHCTUYECKUX M CTOXACTHYCCKUX MaTeMaTHIEeCKUX Mofe-
Jell MUHAMMKNM YHMCJIEHHOCTH KJIETOYHBIX TIONYJIANWN — B OCHOBHOM MMKDOOPraHu3-
MOB — IIpM BHIPAIIMBAHUK B 3aMKHYTOM o0beMe (IlepuofudecKoe KYJIbTUBMPOBaHUeE)
U B TPOTOKe (HeIpepeBHOE KYJbLTHBMPOBaHME). YKa3blBaeTCA, 9TO HadajbHBIA 9Tal
IIOCTPOCHUA JeTePMUHHCTHIECKOH TeOPMHM TPOIECCOB KYJbTHBHpPOBaHUA OJIM30K K 3a-
BepIIeHUIO, TOTJa KaK CTOXACTUYECKON TeopHu IIPOHEeCCOB KYJbTHBUPOBAHNA NpPAKTH-
9eCKH He CYu[ecTBYeT.

Buba. 89 HasB.

YIOKR 577.4.001.57

MaTremaTinyeckne MOAEIM B SKOJOruM. Pojib KPHTHYECKUX peskuMoB. A.M. M o xn 9 a-
H 0 B. B ¢6. «MareMaTuueckoe MojgenuposaHue B Ouosorum». M., 1975.

Haxe npefebHO YNPOICHHAA MORENb CIOMKHON OHONOrHgecroil cHCeTeMHB, Kak
NPAaBMIIO, OCTAETCA NPaKTHIeCKN Heo003puMOil. B TAKOH CUTyaluy MHOTOE MOMKET OaTh
uccieqoBanue GYHKOUOHMPOBAHKMA MOIRIH HA IpaHume 00JACTH YCTONYUBOCTH, KOTHA
CYIIeCTBEHHEIMHM 9aCTO OCTAKTCA BCETrO ABE NEpeMeHHble — PA3JUYHBIE B PA3IUYHEIX
KPUTHIECKHUX pexuMax. Oco0eHHO IJIONOTBOPHAIM 8TOT MEeTOA MOKeT OBTh B BKOJOI'MH,
e Ha¢ OPUHOHMIINAIBHO MHTEPecyIOT I'DAHUOK YCTONIUBOCTH M IIOBefleHHE CUCTeMbl B

MX OKPEeCTHOCTAX.

YIH 57.03.001.57

KpaTAYecKHe TOUKH GHOJOrHIECKHX CHCTeM (MaTeMaThiyeckme Momeau). A. M. M o Jr.
yaHoB., B c6. «MareMaTudeckoe MofmenmpoBaHue B Guonormu». M., 1975,

Ha npumepe GMOXHMUYECKNX CHCTeM MOAPOOHO MPOAaHAJIN3WPOBAHE HEOOXOMMMOCTE
M INOJOTBOPHOCTD M3Y9€HUA KPUTHIECCKUX PEKIUMOB B CJIOH{HBIX TUHAMUYECKNX CUCTe-
Max. Houaaano, qTO0 Boaﬁyﬂ\'ueﬂue Kone0aHUil B GMOXMMHIECKUX CHCTEMAx OIHCBIBAETCS
TEeMHN € 3aKOHOMEPHOCTAMM, YTO M B pamHOTeXHUIEeCKMX YycTpoiicTBax. Ilpemyoiken
€nocoo TJIAHAPDOBAHUA 3KCIEPHMEHTA HA OCHOBE IPEACTABJIECHHUA O MAIKMX H KECTKHX
pexuUMax BO3OY¥aeHUT KoJeGaHNii.

puc. 12, Buba. 9 Hass.
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