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A. A JIAITYHOB



Hoceawaercs navaru
Auerces Andpeesuua
JlanyHnosa

HPEINCJIOBIE

Buosors m MaTeMaTMKH [JAaBHO yike WHTawTCA paboTaTth BMmecTe.
Hemo aTo mempocToe W Ha OHICTPHIN yCIEX PACCYMTHIBATD HE TPHX0-
nares. Jlaa omemkum macmrafa TPYAHOCTEH ITOJME3HO BCIOMHHTE He-
KOTODHE B3HH30IH TaKoI'o B3aMMOJEHCTBIA.

Yixe B aBapmaTeiX rofgax nosasasoTes craren C. H. Bepmrreitna.
IlepBas m3 nux «O mpuiomeHmm maTemMatTurkd K Oumoxorumy («Hayka
Ha Yxpausey, 1922, suu. 1, ¢. 14). Crenywmue 8¢ ero paGoTu 3Ha-
KOMAT ¢ mpoGiresoit samaguoro gurtatens (Comptes Rendus, 1923,
177). Pabora 1924 r. nasmBaerca «Pemenune opimoit maTemaTudeckoi
mpofieMbl, CBSA3aHHOW C Teopmed HaciaeACTBeHHOCTH». B nanbmeii-
ImeM TeHeTHmIeckada Tema mpocaekmpaerca B pabote A. C. CepeGpos-
croro (Jlorn. AH CCCP, 1934, 2, 33) ¢ HenpuBsYHO 3BYydYamaAM Ha-
spaameM «0 CBoOICTBAX MeHWENIHCTHIECKHX PABEHCTBY U CTaThe
B. W1. TormBenro «Menpgeneencran aare6pay (Howa. AH CCCP, 1936, 13,
371). 9ra TemaTmKa pasBHBAJACH [ajee ¥ WHOCTPAHHBIMI AaBTOPAaMH
(Etherington, 1939—1941; Reiersol, 1962; Holgate, 1967 —1968).

IMoyautenpna cyunba saveuarenpsioit paborer A. H. Kommoroposa,
M. T. Herposcroro, H. C. Mucxkymosa «WccnenoBanme ypaBHeHHS
nnddysun, coeTMHEHHOHR C BO3pACTAHMEM KOJHIECTBA BEIECTBA W
ero mpuMmeHesme K oguoil Gumomormgeckon mpobaemes (Bwan., MIY,
1937, 1, Boio. 6, 1—26). B meit nceaeqosano BHITeCHEHHE HeyCToNYn-
BOTO TeHOTHHA ycToiamshiM. Pabora mmena MHOTO UojDa)kaHuil B
APyrux o0JNacTAX MaTeMaTHIeCKOTo ecTecTBozHauusa. Ee mpomorswann
H3y4aTh W IUTAPOBATH W B Te BPEMEHAa, KOTHA Hake YIOMUNIAHHE O
TeHe OBUIO HEBO3MOJKHBIM, 9eMy B HeMaljioli cTeneHu Crnoco0CTBOBAIO
yaadHOe Ha3BaHMe pPaGoTHI.

JKojmorMYeCKOoe HATpaBienne B MaTeMaTHdeckoit Owoiorum, Ha-
gatoe Boxrreppa B 1931 r., mpopmommeno cosmecTHO@l paboToi
T'. ®. Tayse u A. A. Burra (Uss. AH CCCP, 1934, 10, 1551—1559).
Jta pafoTa ABIAETCA XapaKTEPHBIM IPHUMEDPOM ILIOJOTBOPHOTO B3aM-
MoflelicTBHA GHoNOra M Ha 9TOT pa3 (HU3MKA-TeopeTHKA. 3aTeM Ioclie-
mosana momorpagma I'. @. Tayse («The struggle for existence». Bal-
timore, 1934), a mocne crateu A. H. Hoamoropoea B HTambaHCKOM
JRypHatXe npobiema o6pesa i cOINIH0 ¢MATCMATHICCKOE 00eCTIeICHIE.

K coskanenumio, cloKHBle BHENIHHEe NPHIUHBE, B TOM YHCIe U
Beaurasa OreuecTBennas Boitira, Hag0JTo pa30pBAJIM CYACTIHBO Ha-
UNHABIIMACA B Halle#l cTpane coio3 Guosormm u maTemaTuxkd. Opmako
B TOAH BO#HB 3cTadera Gvima mogxBadena H. Bumepom. Ero amgnbie
BRYCEH, & Tak:ke pafoTa 0O BOEHHBIM KOHTDAKTaM oOHpefeduin 3a-
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METHHH WHKEHEPHO-TeXHUIeCKUH KpeH GOopMHPOBABUIETOCH HAYIHO-
ro nanpasiaenus. Caabee cTaml m mMareMaTHudecKMil mortenmmad. Ilora-
3aTeJPHO B DTOM cMbiche BrickassiBanume H. Bumepa (mo mosoay ero
kauru «Extrapolation, Interpolation and Smoothing of Stationary
time series». N. Y., 1949): «Cnenyer, ofHako, OTMETHTh, 9TO HEKO-
TOPBIe MOYM H3BICKAHUA B DTOM HANpaBJIEHHM CBH3aHul ¢ Gosee paHHeH
paboroit A. H. HommvoropoBa (mMeetcss B Buny craTes «VInTepunonn-
pOBaHNe U HKCTPANOJHPOBAHHE CTAILMOHAPHBIX CXYYaMHEIX [OCIETO0-
paTenbHocTeiy — WUae. AH CCCP, 1941, 5, 3—14) B Poccuu, xors
AHAUMTENbHAS 9aCTh Moed paboTsl ObLIa chelaHa g0 TOT0, Kak
A obpaTuicsa R TpyJaM PYCCKO# IIKOJBIY.

Mpespesperennad akcmoMaTH3aNA He ompasgala BO3TAraBUIMX-
c¢A Ha Hee upe3mepurrx Hame:kx. Ilocoe Brxoga rumnrm Bumepa («Cy-
bernetics or Control and Communication in the animal and the ma-
chine». N. Y., 1948), xkax rpmOm nocie Mo/KAA, BOSHHKAKT MHOTO-
YUCTAeHHbIE «IPUCTPOMKMY: Teopusi WHPOpMAmuMK, JTHHAMHYCCKOE
NPOTPAMMUDOBAHUE, ONTHMAIBHOE YIpaBIeHHe, TEOpUA HIP, pac-
no3HaBaHHe 00pa3oB, HMATAIHOHHOE MOReINpOBaHHe M ApPyrHe eIde
Hosee uacTueie Hampasienus. CnpamBeqInBoe HegoBepue CEPLE3HEIX
OHOJOTOB K MOCHEINHBIM HPETEHIMO3HBIM MaTeMATHYeCKHM MOCTpOe-
HUAM He3aMeTHO NepPeHOCUTCH Ha MaTeMaTuRy Boobiure.

B nameit crpade mepBOHAYATIBIBN IepPHOR OTPUIAHUA KubepHe-
THKH 3aKORWICA ¢ BwxoIoM crathu A. A, Jlamymosa u C. JI. Co-
6oaeBa («Boup. ¢unocodum», 1958, Ne 5, 127—138). C sToro BpeMeHn,
B HeMallo# cTenenu Gaarofapsa kunydei sueprun uaen-gopp. AH CCCP
A. A. JlanyHoBa OpPTaHM3YIOTCHA CHMIIO3BMYMbl M KoH(EpeHI[HH IO
KubepHeTHKe, WeYaTATCA CTaThH, BHX0OAAT cHopumru. llpm asTom
«yTBep:xaanzoch foinee ectectBertoe (gem B CIUA n 3ananmoit Espome)
U cojep:;RaTelbHOe MOHMMaHMe KHOSPHOTHKU, BRJIIOYMEINEE B Hee
JOCTH;KeHU s, HAKOIJICHHBIE K TOMY BpeMeHH B Teopud mpeobpasoBa-
Hus pHOopranuu u ynpasisomux cucTesy (B. M. Taymros, BCI,
usn. 3, 1. 12, crarea «Kubepnernrar).

Ho B3amvoneficrere Oumodoruum W MaTeMaTHKH He YKJIAHIBAETCH,
KOHEYHO, W B 3TH PAMKH — HYKHO, UTo0b OHOIOr W MaTeMaTHK
paGortamu BMmecTe 1ajy OMOJOTHYECKHMM 00BEKTOM. A Kakue MaTeMaTH-
qecKue MeTOJbl Hado IPHMEeHHTh, BHISCHUTCA B uporecce pabGoTh.
U Axexceit AnjpeeBuu Jlanyuos gaeT oGpasunl Takoro COTPYAHU-
yectBa, Ho A. A. JlanynoB He TONBKO yYeHBIH, HO H OPraHU3aTOP.
Ox manpasasier paGoTy B mMacmTabe Beell cTpambl, CO31aB COKI[UI Ma-
TEMAaTHIECKOTO Moperuposauua HayaHoro cosera mo mpofiaemam 6Ho-
cpeppt AH CCCP. Tpyaer I mwroas mo maTeMaTHIecKOMY MOJEMHPO-
BAHUIO, CO3BaHHOW mo wmuuunmatuBe Ajexcesa Auapeesmda, JerKar
Hepen uuraTeseM

Bresannas cmepTh Aserces AHpeeBHda mpepBajia MHOIWE ILIa-
HHl ¥ HAYMHAHKWA, KOTOPHE €ro YYOHHKA M COTPYTHUKH OYAYyT cTpe-
MUTBCA UPONOJKATH B MEDPY CBOMX CHJ U CIOCOOHOCTEH.

A. M. Moauanos



O METO/JOJOIHNYECKHIX BOIIPOCAX
MATEMATHYECKON BNOJIOTNN

A. A. JATIVHOB l T. II. BATPMHOBCKAA

BBEJIEHUE

Hampan ecTecTReHHasA HAayKa COCTOMT W3 Tpex dacTel: symmpnm
9eCKOil, TEOpPEeTHYECKON W MaTeMaTHUeCKOH. IMumpmIccKas dacTh
comepxuT QaKTAIeCKUWe CBeleHUA, NOOBLITEIE B DKCIEpMMEHTaX M Ha-
GII0TIeHAAX, a TaKyKe M3 WX TePBHUHON cucTemarmsanmu. Teopertmde-
CKag YacTh PAa3BHBAET TEOPETHIECKNE KOHHENTIUH, I03BOJSOMEe 06h-
eIUHATL ¥ OOBACHUTH € eIMHHX IO3SWIWH 3HAUYATEILHHIH KOMITEKC
AsieHnii, 1 GopMyANPyeT OCHOBHEIE 3aKOHOMEPHOCTH, KOTOPHIM TIOJ-
qUHAeTCSA SMIUpPAYecKHil Martepmain. Maremarmdeckasa 9acTh KOHCT-
pyupyer MaTeMaTHYeCKHUC MOJeJH, cly;Kalue NJIA TPOBEPKH OCHOB-
HBIX TEOPeTHIECKNX KOHIENIWH, faeT METONH NiafA MNepBHYHOH 06-
paboTKE DKCHEePAMERTANPHBIX JIAHHHEX ¢ TeM, 9TOGH HX MOKHO GLHLIO
COIOCTABATH ¢ pe3yiIbTaTaMW Mofelleil, W paapabaTwBaeT MeTOIH
ILTANAPOBAHNSA YKCIEPUMEHTA ¢ TAKAM PAacueToM, 4To6H NIpPH HEG0Ib-
moit 3aTparte CHJI N0 BO3MOKHOCTH MOKHO OBLTO M3 DKCOEPHMEHTOB
NOMYYHTh JOCTATOYHO HANe;KHLIE JIAHHBIE.

Han raskeTcs, 9T0 TaKas cXeMa 0TBeYaeT CTPOCHHMIO MHOTHX HaVK,
HanpuMmep (OM3WKKM, XuMOH, OWMOTOTWH, 3KOHOMWUKH M jaske JHHTBH-
crurn. Opnmako B pasHEIX o0JacTsx BHAHAN 3TH 9ACTH PAa3BHTH
HeoAwHaKoBo. B (uzMKe, acTPOHOMHUH, MEXaHHKE TeopeTHUECKAs W Ma-
TeMaTHYECKAas YaCTH PAa3BUTH OCHOBATEAbHO. Dollee ToTo, MaTe MATH-
JecKue MOJeJdd TeX WIH JPYTHX OPUPOJHBIX ABASHAH HACTOJIbKORIPH-
BLIYHEL B KPYTY CIENHAIACTOB, YTO OHU TACTO HE HMPOBOAAT UCUKOTO
pasTpaHUIEHUS MEKIY CBeJICHUAMA, TOJXYIAEMEIMA O HABJEHHY NUCTO
HMIMPHISCKHM TYTeM H ITyTeM W3ydIeHHs MaTeMATHUeCKON MONJH.

dra ofmas cxeMma MOMHOCTHI0 mpuMmenmMa R Omoaormu. OpgHako
Pa3sBHTHE PAa3HBHIX YacTeHl TaKo# ¢xeMbl B GUONOrHM CHIBIO OTINYA-
eTCsl OT TOTO, 9TO MMeeTCH B acTpoHoMmu 1 ¢usure. Poab Teopern-
YeCKMX KOHIENIni, a Tem 6oJlee maTeMaTHYeCKUX MOfAeldell B HacTo-
mee BpeMsA B OMOJIOrUM COBEPUNIEHHO HecpPaBHMMA ¢ UX POJIBK B PH-
3MKe, MeXaHHKe, acTPOHOMHM. ITo OGCTOATEILCTBO  06YCIOBICHO,
C OIBO#l CTOPOHBI, TeM, UTO paspafoTKa TeOPeTHMYECKUX KOHIENI[HA
¥ MaTeMaTHYeCKUX Mojlenell B OMOIOTHHM Hadajach HAMHOTO II03Ke,
geM B HA3BAHHBIX HayKaX, a ¢ IPyToi,— TeM, 4To xapawkTep I3ydae-
MBIX 6HOTOTHIECKUX SBIGHAN 3HAYATENBHO CIOMHEe H 3amyTaHmee,
B CHIY Yero NPHXOJUTCH IPHHAMATH BO BHIMAaHHE ropasjio 00JIbile Qak-
TOPOB UPH HOCTPOEHHHU MOJeNiell OHOJOTHIECKUX ABJEHUH, TeM PH3HA-
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gecknx. B ofmxosme aTo mociennee 06CTOATENBCTBO OOLITHO MMeHY-
eTcA CHemuPHuIecKoil CI0JKHOCTBIO ILIPOLECCOB ;KU3HENEATeILHOCTH.

Kpome Toro, mocrpoenue MaTeMaTHIeCKUX Mojelieil B Ouomorun
CHIBHO 3aTPYTHEHO TeM, YTO OYeHb HEeMHOTIHMe GHOJOTH B HOCTATOYHOMH
Mepe BJafeloT MaTeMaTHKOW, a cpegu MaTeMaTHKOB Tak:Ke HEMHOTHE
06122107 COOTBETCTBYIOMUMH HHTEPECAMU H MOCTATOYHHIME 3HAHMA-
MA B obgactu Guosgornd. B ¢BA3W ¢ STHM HOCTpoeHHeM MaTeMaTHye-
CKHX MOMEJIeH IPOIECCOB FKMBHENeATEIBHOCTH JOJKHE 3aHUMATHCH
KOJJEeKTUBH HCCIefoBaTeNneil, B COCTAB KOTOPHX BXOZUIH OBl KaK Ma-
TeMaTHKH, TaKk m Ouonoru. Heob6xogmmo, Komeuno, 4ToOL Me:RAY
HUMH YCTAHOBHJCH [OCTATOYHO TECHBIE HaydHBd KOHTAKT, T. €.
97066 OHHM OBJIM B COCTOSIHUM BCECTOPOHHE 00Cy;KAaTh M3ydaeMoe fB-
JeHMe W Npu 9ToM HOHUMATh apyr apyra. OTmermy, 9To BO MHOTHX
TeXHAIECKMX HAYKAX M B DKOHOMHUKE TAKOTO POJa KOJJIEKTHBEL yCTOMH-
9uB0 QYHKIHOHUPYIOT. B 6GHoNormM oHH HAXONATCA B 329aTOTHOM
COCTOSSHHH, 8 B JHMHTBHCTHKE HMAH B TeoTpagum TAKOro poja mAes-
TeJBHOCTBIO 3aHHNAIOTCS OUEeHL HeMHOTHe TPYIILI MccaexoBarteliei.

PaccayoTpuM Temepb HeKOTopwsie (AKRTH, OTHOCAIIECSA K Teope-
THYeCKOU OmoaoTHH. 3a7ada TeopeTHIeCKol 6UoJOTHH COCTOUT B TOM,
97066 OOBACHUTE C eJWHBIX HO3WIUA 3HAYUTEJbHHIH KOMILUIEKC (ak-
TOB, Kacawmuxcs RuBoi mpuponsl. Haubolee ofmeir m Beeobnerr-
aomel TeopeTuveckoil KoHuemuuel GHOJOTHH ABIAETCA TEOPUA DBO-
moruu. B obmux wepTax oHa gaeT o0BsACHEHHmEe TOTO, IOYEMY OYeHb
MHOTHE LPONeccH B ;KUBOH IPHpoje OmPoTeKaloT medecoobpasuo. Bro-
Jorudeckne ocolGeHHOCTH TeX WM WHBIX CYIIecTB, a TaKyKe WX B3an-
MofeficTBre Mekay cobolf ompemedeHHEIM 006pasoM COTJIACOBAHH C
VCI0BHAMHU UX cyIecTBoBaHUA. Hpome Toro, B camorn obmem BHje
TEOPUA OBONIOUMM BBISCHIET «MEXAHH3M», MNOCPEHCTBOM KOTOPOIO
OCYHIECTBIAETCA NPUCHOCOBIeHNe: HACHeACTBEHIIOCTH, HACJIeICTBEH-
Hasg M3MEeHIUBOCTH W 0T6OD.

Lanee cueayror riaBe TeopeTmueckoil Guogorum, KoTophie o0bac-
HAIOT MeXaHU3M HACJeJACTBEHHOCTH ¥ HACIeJCTReHHOH WM3MEeHIHBOCTH:
TeHeTHKA W P TeoPeTHIeCKMX pPAa3deloB IUTOJOTHH, OHOXMMHA U
MOJIeKYJAAPHOIT Gmo;ToTHE. 3aMETHM, UTO TUTOI0THA, OHOXAMHA U MO-
JeryadapHasd GHOJOTHA COAEPIKAaT CBON SMIMPUICCKHI MaTepHai, KO-
TOPHI e cilIeXyeT OTHOCHTH K TEOPETHYECKOH GHONOTUM, HO HA KO-
TOPBII OMUPAINTCA TeopeTHIecKue pasfelsl 5THx obsacTell GmodorHH.
B ¢Bo0 odepenb reHeTHKA Kak y4eHHE 0 HACHEACTBEHHON HmHGOpMAIUH
OHHPAeTCA HA TeopeTHYecKHe pasfelbl Ha3BAHHKX o0.1acTeil 0H0Jd0-
rom. YUTo racaercsa orGopa, Gosee HeTaIbHOE M3yYeHIE €T0 MeXaHH3-
MOB OTHOCHTCS K TEOPHUM MOMY.IANUN.

OfgHako Teopus HBOJIIHM M 00JacTH HayKH, Ha KOTOpPHIe OHa
onupaeTcsd, OTHI/IL HE HCYEPHOBIBAKT MaTePHAIDLI 'I‘COPGTII‘IQCKOﬁ 610~
aoram. I'ny6orue TeopeTHUeCKHUe KOHUEMLIMH pa3BUBAIOTCH B paMKax
yvaenus o 6mocepe B PaABTHIHEIX €T0 YACTAX. 37ech HYKHO OTMETHTh
fUOreoIeHog0TNI0, a TAKMKe BCe, 9To oObeAuHgercsa B HECKOJABKO pac-
IIBIBYATOM IOHSTHU HKOJOTAA». 3aTeM BO3HMKAIOT BOMPOCH LEpe-
paboTKH MaTepWH W HHEPTHMH B IPOIECCaX, IPOTeKAKIUX B pasand-
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Hhix coolmecThax opraHusMOB, 4 TAKME BOIPOCH 00 H3YYeHUH PO~
LeCCOB YVIPABIAGHMNA B yKUBOH IpHpoAe. ITH MOCIE[HIE TPeACTaBIAIT
c06oll rubepHerngeckue npoOIeMEl GHOJOTHH, WIH LPOLECCH KOMH-
pPOBaHHA, Iepefadu, mepepaboTRH U Xpanenusa HHOOPMALUU B XOJie
/KE3HENEsITeJbHOCTH, a Takyke Bo3fleiicTBHe NOTOKOB 3Toil mH@OpMa-
IMA Ha OpOoTeKaHHWe CAMHUX IIPOIECCOB FKU3HeAeATeIbHOCTH.

H3 ckasannoeo caedyem, wmo npobiemMamuka Mmeopemuyeckoll Guo-
L02UL eciecmeeHHuM 00pason pachadaemes HA 0se wacmu: MoAeRyAap-
Ro-6uoaceudeckyio u mamemamuko-kubepHemuyecryio. IlepBaa cocTout
" B pacmu@pPoBKe ¢ (PUIBNKO-XAMHUYECKHUX NIO3UIHII HEKOTOPHIX AaKTOB,
BXOAAIIMX B COCTaB ;KU3HENeATEIbHOCTH ¥ NPHHMMAEMBIX 3a dJje-
MeHTapHble, BTopas usydaer cTpoeHue M PYHKIHOHHDPOBAHHE CJOJK-
HBEIX CHCTeM, ONHpAasCh HA dJeMeHTapHBE AaKTH, KOTOpHe B HUX
OPOHCXOMAT, M pe;KUM BLIMONEeHUSA 9TUX akToB. Ilpu sTom BhIsABIA-
IOTCA: &) CTPOeNHe CHCTeMEl, T. e. ee YIeHeHUe HA OTHOCHTENbHEE aBTO-
HOMHBIC BJIeMEeHTHI, H CBA3M HIN B3aKMOAECHCTBUA Mey HUMH;
6) pyHKIUMOHUPOBAHNE CHCTEMH B I[eJOM U B) H3MEHEHHE CTPOCHHH
CHCTEMBI TOJ NeiicTBMeM ee COOCTBEHHOrO QYHKIMOHMPOBAHHA M BO3-
JeficTBNA Ha Hee BHeNIHEH cpemsl. -

OB AIIAPATE MATEMATHYECKOM BUOJIOTHH

JJIs maTeMaTHKM XapakTepHo, 9To $OpMEPOBAHHE HOBBIX HANPAB-~
JAeHni 3a9acTyl0 BO3HMKAeT HA [I0YBe HOBBIX 3ajad. B gacTHOCTH,
BeCch KJI8CCHUECKWHA aHajm3 BO3HOK HA I0YBe 3a1ad (M3WKH, Mexa-
HUKH B TeomeTpuu. IIpaBma, B gaabueiiurem okasanoch, dTo cgepa
NpUMEHeHHA MaTeMaTHIeCKOTO AHAJNN3A 3HAUHTeIbHO Mupe. MHorue
3a/la9y, OTHOCAIMHMECH K XWMHUY WJIH TeXHOJOTHMH, K PA3IHIHBIM pPas-
AellaM TeXHUKHN M eCTeCTBO3HAHMA, B TOM YHCJe MHOTHME 3ajadu Omo-
JOTHH W [a’Ke SKOHOMMKH, PemAaloTcsA MeTOJAaMM MaTeMAaTHYeCKOTro
agaamsa. OjHako IJs pelleHMA IeJOTO psAga 3agad u3 obJIacTh
OHOJIOTHH, JKOHOMHKM, TeXHHKU, WMEIOMMUX KHOepHeTHIECKYIO IPH-
PORY, T.e. CBA3AHHBIX ¢ TOTOKAMH HHPOPMAIUU ¥ YyIpaBIeHHEM,
METORBl KJIACCHIECKOTO AHATM3a HENPUMEHHMMBI, 3agadd TAKOro THIA
CTHMYJIHPOBAJH pAa3BUTHe HOBHX pAa3feloB MaTeMaTHKU, TaKHX,
Kar Teopus wuHQpopmarum, ydeHue o006 yOpaBIfoIUX CHCTEMAx,
a Takyke TeopHUA aBTOMATOB, TEOPHA HUID, pa3iuuHbie pPasiesbl MaTe-
MaTHYeCKOT0 DpOTPAaMMHPOBAHHA W T. I.

O6meit 9epToit 5THX HOBHX ofJacTell MATEMATHKYN SABIAETCS JHCK-
peraocTs. M mo-Bupmmomy, 3To mMmeeT TiayGormit cmuica. Heaxo B Tom,
970 sl QUBWKM, MeXaHMKH M APYTHX HayK, OPUBOAAIEX K IocTa-
HOBKe 3a/1ad KJIACCHYECKOr0 aHaIm3a, XapaKkTepHO meaecoo0pasHoe
HCHOIb30BAHNE HENPEPHBHBIX MOfeieil m3ydaembx aABienud. B camom
neje, HeIOCPEACTBeHHBIM 00HEKTOM MaTeMaTHUeCKOT0 H3yUeHHA OKA3KI-
BawTCA HeNMPEpHBHEE Cpefbl, HeNpPePHBHEIE TPAeKTOPHH, HeUPEePHB-
Hble (QH3NTeCKMe MOJS M T. .

B To jxe Bpesst piisi GHoSOTHH MM S9KOHOMHKM XapaKTepHA CTPYK-
TyPUPOBAHHOCTL m3y4daeMoro o0bexra. B KieTke BegenAnTCA THCK-
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peTHBIe OprameJUiHl ¢ BechMa pPasHOOOpA3HBIM YETKO OUepPUeHHBIM
¢yaKnmoHnpoBanmeM. Ilpumuem npoleces jRU3HEACATEIBIOCTH KIET-
KU CRIaNHBaTea U3 GyHRIUONUPOBaHHA dTHX opTraHema. Oprammss
CTPOUTCSH U3 PA3JAUYHLIX CHCTEM OpraiioB, Te — U3 OTIelbHLIX OpPLdHOB
u 7.7 Croabro-uuOyjb CIOKHAS OKOHOMIIUECKAs CHCTeMa Toke
CTPONTCHA U3 OTHOCUTENbHO aBTOHOMHBIX dYacTedf, CoOBepIMEHHO CIIe-
nu@uIeCKH B3aWMOJIEHCTBYIOMUX MEKAY coboil. Bce 370 npuBOguT K
HeoOX0AMMOCTH ydeTa Pa3HORAUYECTBEHHHIX  OJIeMEHTOB CHCTeMBI,

cmelHUIECKNX I 1I0IAC CTPOTO HHIUBUAYAIBHHYX B3aumodeilcTsuii |

MCIR/TY HUMH, & TakjKe ydeTa HepeCTpoﬁKYI CHCTEMBl R IIeJIOM B IIPO- .

Lecce ee QyHRUMONHpoBaHusA. Bce DTo M0X0 MOJAHAETCH ONHCAHHIC
MeTOoJaMU KIaCCUYeCKOTO aHalm3a M NPUBOAKHT K 00pa3oBaHHIO COBCEM
HOBBIX TOCTAHOBOK BONPOCOB, a MOTOMY M HOBBIX TJIaB MaTeMATUKH.
Budumo, neckoavko sunepboausupys, MoxcHo ckazams, umo ecau @Hu-
BUKQ 6 WUDOKOM CMBICAE OPZAHUYECKU C6A3AHA ¢ MameMamukoll He-
npepuienotl, mo Ouoao2us 6 WUPOKOM CMLICAE CIOAbL HE€ 0PSARUHECKL
C6A3GHA ¢ Mmamemamukoli Ouckpemuoii.

RIACCUOUKATLUA MATEMATHYECKUX MOJAEJIEN

O6praH0 B GMOJIOTHH HPUXOAUTCHA HMETDH Jiello ¢ 06beKTaMU CHCTeM-
HOU IPUPORH, T. €. ¢ 00beKTaMH, COCTOAIMMA U3 MHOTAX B3auWMOAeN-
CTBYOIMUX dacTeil. Kpome Toro, aTu 06HEKTH NMEIOT HepPApXHIECKYIO
CTPYRTYPY, TaK Kak WX MOKHO PaCUYJeHHTb HA JacTH, Karkgasd U3
KOTOPHIX B CBOI0 OYepeIb MOKeT PAacCMaTPHBATBbCA KAK CJO/KHASA
cucTeMa. ITo pPasiosKeHMe Ha dYacTH MOKHO NPOBOAUTH OTHIOOL He
ofHOo3HaYHo. Hampmmep, cooBLIecTBO MO;KHO YJI€HHTH Ha NONYJdA-
IMH, a TaKdAe Ha CUHY3WUW; NONYJAIUHA — Na OpTaHUSMBL MU ke Ha
ceMby nnbo cTaja; opPraHm3MLI — Ha CHCTEMBl OPTAaHOB WY jKe Ha
OT[leJibHBIE OPTAHDLI, TKAHN, KJIETKH M T. [I.

Onumey B ofmux geprax, B 4eM COCTOMT CHCTEMHBIH MOAXON K
‘A3ydeHHI0 00BeKTOB caoykHoi mpupossl. Ilpeskae Bcero momskHo GHITH
BHIACHEHO, 0 KAKOM 00'beKTe HEeT pedb U KAKOBA IeJb HCCIeXCBaHUA.
YanTnBas 9Ty meab, HaJTe;KHT PacuJeHHTh 00BeKT Ha COCTABIAIIME
sxexMenTs!, (GYHKIMOHMPOBAaHWE KOTODPHIX W B3auMofelicTBie MEERAY
KOTOPBIMU OIpeNesIAIT u3yTaeMpiil nporecc. Hepenko aTo mpuxoanres
HeJaTh IyTeM MOoCJAefoBaTeabULX npubammennit. [lamee Bo3HUKaeT
Bonpoc 00 OOMCAHUN (PYHKIMOHWPOBAHUS DTHX HJIEMEHTOB W BIAUMO-
JNeNACTBUY MeRAY HUMH ¢ Toil CTeNEHBIO [eTAJbHOCTH, KOTopas HY/KHA

I pellleBHA OCHOBHOIO BoIipoca. Hy}i{HO TaK/Re BBIACHHUTDL DEKHUM, -
B KOTOPOM OCYIIECTB.IAIOTCA aKThI BBanMOI{eﬁCTBHH U Kak 9THU aKThI -

CKA3LIBAIOTCH HA COCTOAHHWE DJEMEHTOB, y4acTBYI[UX B Hux. Bce
9TO B COBOKYIHOCTH COCTaBJIfieT OCHOBY MaTeMaTwWdecKOH Mojeln
cooTBeTcTBYIOIEl cucTembl. Cama MaTeMaTHYeCKAasd MOJeJdb ABIAETCHA
abCTParTHOH CHCTEMOMH, KOTOPad COCTOUT W3 afCTPAKTHBIX DIEMEHTOB,
mpuYeNM BBoAHTCH lpejcTabienue of abcrparTHoM (YHKIMOHUPOBA-
HUH U aGCTpPAaKTHOM B3aMMOLEHCTBHMH dTHX odiementoB. OnucweiBaercs
PeKEM B3aNMOJEHCTBHA MEXAY 5TUMH aOCTPAaKTHHIMH dJeMeHTaMH
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H falee TeMH HJIM APYyruMm abGCcTpaKkTHBIME CPeNCTBAaMH BHACHAETCH
rnobaibpHoe IoBejeHre maydaemoil aberpaktmoin cmeremu. Cymect-
BEHHEIM ABJIAETCS OCHOBHOE IIPEANOJOKEHHe 0 TOM, 4T0 B afcTpakT-
HO#l cucTeMe He ITPOMCXOAHWT HUYETo APYIoro, KpoMe TeX TPOIECCOR,
KOTOPHE TOJBKO 4YTO NepedHcasJuch.

MarteyaTideckne »ojeds GHOIOTHIECKHX CHCTEM MOZKHO CHCTeMa-
TH3UPOBATh M KIacCUPUIHPOBATH pa3JIUIHBIMH CHOCOGAME ITperkie
BCEr0 II0 TeM eCTeCTBEHHOHAYUHBIM 3afaday, OTKYJA OHU IIPHXOMAT.
OTcroqa BO3HUKAET NMPEACTABICHHE 0 MaTeMaTHYECKON OMOIOTHH Kak
0 BCIIOMOTATeJBHOM CPEICTBe TeopeTudeckoit 6monorun. Tarkoro popa
cHCTeMATH3AMs MaTeMaTHRO-0HOJOTHIECKOTO MaTepHuasa COBEPIIOH-
Ho HeoOXomwMma A eT0 IPAKTHYECKOTO HCIOJb30BAHHA B CaMOi
6uosornu. VIzmoskenme B 3TOM caydae MOKET HOCHTHL HECKOJBKO JOTI-
martmueckuit xapakTep. Heobxopimimo o9eHb OTYeTIHBO omNHCATh ecC-
TeCTBEHHOHAYYHYIO MOCTAHOBRY B3aJa4l M ITOKa3aTh, KAK HA ITOYBE
3ToH TOCTAHOBKU BO3HHRAET MaTeMaTHUeCKas 3afgada ¥ KAk oHa
dopMyIupyeTCA HA MaTeMaTUIeCKOM S3BIKe.

Bpsag am 1mesecooGpasHo M3iaraTh BO Beex IOXPOGHOCTAX MaTe-
MATHIECKHN myTh pellleHUs 3afadw, oCOGEHHO B TeX CAy4Iasx, KOTMa
OH TAKReI, 3aTo 0co0oe BHHMaume J0J/KI0 GHTh COCPETOTOYEHO Ha
ONMMCANINH Pe3yJbTaToB, K ROTOPBIM TPHBOIUT MaTeMaTHKa, HX COIO-
CTaBJEHUN ¢ peaJbHOH KapTHHON ABIeHHUSA, BHACHEHNH TOTO, B KAKOH
CTOIEHN pe3yanTaTH, MATeMATHIOCKOTO aHAJIM3a COOTBETCTBYIOT (wiIH
He COOTBETCTBYIOT) Kapruie SBJIeHHA, HabaonaeMoi B MefcTBHTETb-
Hoctu. B pesynprare ieobx0ofmMo TOAYIHTH 3aKIIOYEHHE O TOM,
HacKOJIBbKO BhIOpaHHAsT MaTeMaTHdeckas ¢opuaausanus agexBaTHo
OMUCHIBaeT M3ydaeMoe fABJIEHNE M B KAKHUX Ipeaelax CoOTBeTCTBYIO-
masa MOJEIb MOKeT ObITh MCIOIB30BaHA I HNPAKTHIECKHX Ieiael.
B caydae mecooTBETCTBHA MaTeMATHICCKONW MONeAM JAeHCTBHTEIBHOCTH
Ba/KHO BLISACHUTH, KAKHE VCOBEPIIEHCTROBAHHA HAAJNE;KUT BHECTH B
MaTeMaTH4YeCKYI0 MO/eJib.

Ha sToM myTu mist onpelJeleHHHX Pas3felioB TeopeTHueckoil 6mo-
Jorun HeoOXxoquMO c037aTh Habop MaTeMaTHUIECKUX MoJeseil M BEIAC-
HATh, B KAaKUX CJIY9asaXx HaMJMERUT I0JB30BATHCH TEeMM HIKM APYTHMET
MOIOeJAMH. OI[HOBpeMeHIIO HaJg0 BBHIACHUTL, KaKNe HMCXOIHBIE JaHHBIE
caeAVeT MOJIYIHTE M3 DKCIePHUMEHTOB IS TOro, 9TO0BE COOTBETCTBYIO-
mas MOJeJb TPAaBHJIBHO ONHCHIBAJIA ONpEeAeTeHHBIE KDPyT ABJIEHMUI.
ITu JaHHBEE, U3BJIEKAEMbIe H3 DKCIePUMEHTOB, BOOOIIe TOBOPS, COCTOAT
U3 [ABYX COBOKyHuHocTell (6HITH MoykeT, mepecexkawomumxcsa). llepsas
CILY;RUT JJIA oupe/eleHNs PsAfa KOJIMIeCTBEHHEIX ITapaMeTpoB CaMoH
MOMeJIH, HAUpuMep 3HAYEHHU pasJIWIHHIX KOd(QQHUIHMEHTOB ypaBHe-
uuit. BTopas maeT HavaabHble JaHHBE [JIf KOHKPETHBIX MPOCIETOB.
Haupuyep, ecaum maTeymarpiecKas Mogedb ONNCHBaeT (GyHHIMOHH-
poBAHHE CHCTEMBI BO BPEMEHH, TO 3T0 MOKeT ObITh OIMCaHWe HAdaldb-
HOTO COCTOSTHHA HM3YyJaeMmMoil CHCTeMbI, a TAKKe OmIcalme ee B3aMMO-
ﬂeﬁCTBHH C BHEIIHHUM MH]DOM.

buogsormgeckasa  cucTeMaTH3aIHsg  MATeMATHKO-OMOJOTHIECKOTO
MaTepHala ZOJKHA CTPOUTHCA B COOTBETCTBHH ¢ yPOBHAMH OpraHH3a-
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num wmsoit wpmpomel. Cormacwo H. B. Tumodeeny-PecoBekomy,
OPAHATO BHACAATH ClAeNyIOMie OCHOBHHNE ypoBHH: 1) KIeTKH H cy6-
KJIETOYHBIE CTPYKTYDPH; 2) OpraHu3M, CHCTeMa ero OPraHoB W WX
cTpoenre; 3) MOMYJIAIMYE KAK B TEHETHIECKOM, TaK H B IIOBEeJCHIECKOM
acnerrte; 4) Gwomormaeckyue coobHlecTBa OT dJeMeHTapHHX 6HOLeH030B
no Gmocdepsr B medoM. B mpememax KajKIoro YPOBHSA OPraHM3aHH
MO;KHO paccMaTpMBATh pAA mopaypoBHed. Tak, HA ypoBHe KJIETKH U
CYOKIIeTOYHBIX CTPYKTYP MOKHO paccMaTpuBaTh MaTeMaTH4eCKHe
momeau pubocoMm M cunTesa Gerka, METOXOHADH u Oasaxnca SHEPTHH
B KJIETKE, XJI0POMIACTOB  HOTOCUHTE3a, PABHHX THLHOB BHYTPHKIETOU-
HHIX (epMEHTaTHBHBIX NPOUECCOB, a TAK/Ke HPOIECCOB pPemImRanau
XPOMOCOM, Pa3JMYHBIX THIIOB ROZWPOBAHWA HACHeACTBeHHOH mHOD-
MaMuKM ¥ JP.

Ha ypoBme oprammsma IerecoofpasHo paccyarpuBaTh MaTeMaTH-
gecKMe Momean (QYHKIHOHHPOBAHAA PAa3IWIHBIX CHCTEM OPraHOB,
HaIPUMEp CUCTEM JBIXaHWsA, ONAMEBAPEeHUs, KpoBooOpaImleHUs, HEPB-
HOH ¥ 3HAOKPUHHOI CHCTeM, MBI, a Tawk/Ke MOJeJu OTHEeJbHEIX
OPONECCOB  TepepaciupefiefieHHss W WCHOIb30BAHMA TeX WM MHEIX
BOHIECTB B IPeAeNaX OpPTaHm3Ma, HANPHUMep KHCJIOPONA, NBDIeBHX
MPOJAYKTOB, FOPMOHOB HJM BUTAMHHOB, a TaK/Ke MHKPODIEMEHTOB.
Hexroropsie w3 »THX mpPOIECCOB HYIKHO M3yYaTh BO B3aWMOReHCTBUH,
K IpUMEePY UUPKYJIANNIO Hoga W THPEOMJHHLIX TFOPMOHOB, caxapa
U MACYJHHA, PEHAHA W aHTHOTeH3nHA ¥ T. K. Kpoae 7010, HEOGXOXUMEL
fodee meTalbHbIE MONenW (QYHRIMOHHPOBAHHMA OTJENBHBIX OPTAHOB
WJIH TKaHeH: cepjlla, JeTKNX, TeJYeHH, NOUEK, KUIMIEYHHKA, a TaKike
ABIJKEHOS KPOBK TO PA3NTHIHBIM OPTaHAM M COCYAaM, Pa3MHONKENUs
KJIeTOK B IpefieiaX TKaHel, spUTPOMOD3a ¥ T. [i. AHAJOTWIHBIE BOI-
POCH BOBHWKAIOT W B OTHOUIEHWM PACTeHWH, rme ocofeHHO 60.JabINOE
BHAYEHNE HMEIOT IPOTIECCH CHHTe3a TeX WJIH WHLX BemiecTB B pas-
JHYHHIX YaCTAX PACTEHHH U NpoljeccH TPAHCIOPTHPOBKHM OTUX Be-
TiecTB B pacTeHusIX W ux Haromienns. Cielqyer Takske paccMaTpuBarh
MaTeMaTHIECKHEe MONENH IPOIECCOB PA3BHTHA OPraHU3MOB IO IeH-
CTBUEeM WX HacaefAcTBeHHo# wuHpopmanuu. Ilo oTHOIIEHUO K LHOMyisd-
OHAM HeoGXOAMMO MOIEAUPOBATH TPOMECCHl IIepeqavil i BHIOM3Me-
HeHHS HacJe/[CTBeHHOH HMHpOpMAIuM B Macmrabax NONYIALHH. ITO
HeNnoCPeACTBEHHO CBA3AHO KAK ¢ CENEeRIHOHHBIMH, TaKk W ¢ 3BOJIO-
IMOHHBIMA 3ajadaMu. Hpome TOTo, OUeHL CVIICCTBOHHLI MaTeMa-
THIECKHe MOMEJNH NOBefeHUust ocobH B Tpejenax NOOYIANUH M IO-
Be/leHYeCKoe CTPYKTYPHPOBaHHWE HONYJAANME: ceMbH, cTaga M T. I

IIpn nmaydennmu coofmecTB Hy:KHO HATMHATL ¢ BIEMEHTAPHLIX GHO- -
I[eHO30B B TPaKTOBKe BoJbTeppa M aIeMenTapHbiXx GHOTEONEHO030B B
monumaEun H. B. Tnmodeesa-Pecosckoro m womeTpympoBath Mate-
MaTAYeCKHe MOJeIN GaiaHCcOBHX COOTHOMEHUHE B »THX CoOBMIecTBAX.
Haiee npm mepexofe & coobmecTBaM 0§oJee BRICOKOTO YPORHA HYIKHO
paccemMaTpmBaTh B3amMojeficTBHEe  COOTBETCTBYIOMUMX CoOOMmIECTB ¢
CTPONTh (alaHCOBBIE COOTHOIMECHHS A MOCTENCHHO YKPVIHAIIIXCH
coobIiecTB BIIOTE 0O Gmocdeps B TenoM. [ pu hocmpoenun smoii
uepaprul, Mmoleneli HYICHO CMPeMUmbcs K MOMY, 4mobs 00eKmy)
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MOGEAUPOBAHUSL HUBWLE20 YPOSHS CAYHCUAU deMenmamu Modeaupye-
MuZ cucmem gvicuezo ypoens. 1lpn 3TOM XapaKTePHCTHRKH 9THX 00BeK-
TOB KAK 27EMEHTOB BHICIOIUX MOJeTeHdl MONKHB mOJAYy4aThCA B Pe3ydb-
TaTe PaGoTHI MOIENH, ONUCHBAIOMEH 3TOT 0GBEKT Ha HU3NIEM yPoBHe.
Tax, HATJICKAT COYCTUTHCA 0 MOJeIeil BJieMeHTAPHHX QUBMKO-XUMH-
YeCKHX AaKTOB, KOTOpbie SBJISIOTCA OCHOBOM IPOIECCOB ;Ru3Hexed-
TeabHOCTH. M MeHHO MaKAsL UEPAPIUMECKAs CUCTEMA MAMeMAMULECKULEL
Mmoderell Doascna npedcmasiams U3 ceds 0CHOGHOe co0epIcanie mamema-
muueckoll 6uoaoczul Kak 0coGoll 6emeu GUOLOZUMECKUL HAYE.
MaremaTndeckne Mofgequ GHOTOTHIECKUX ABIEHMI IeaecoobpasHo
TaK/Ke CHCTeMAaTH3MPOBATh TO HCHOAb3YeMEIM MAaTeMaTHIeCKAM MeTo-
maM. OTOT HOAXO[A IO3BOJUT NPHUAATH MaTeMaTHUeCKo# Omoorum
dopMy IeabHOH MaTeMaTHIeCKOM ANCIUIIUHE, 4TO OY4eHb BAaYKHO JIA
BBIAABJTEHHS eAUHOO0pA3HBIX IOJX0Z0B K B3agasaM, oOmEX HOCTaHO-
BOK 3a7a4 H obImMUX MeTo0B uX pemreHuA. Ila meperix mopax Hy:;kHO
BBIABJIATH Te XapaKTepHble WepPTHl 9THX Mojesdeil, KOTOPHe ABIAITCA
KJIOYeBLIMH JJIA YCTAHOBJIEHWS CBABM C TeMH WJN APYIMMH Mare-
MaTHYecKHMM Auchunanmamu. Huske gaeTcsa cuHCOK TakHX Xapak-
TepPHBIX YepT B BUJe Iap THOA Te3UC — aHTHTE3HC, TaKk UTO KasKAas
KOHKpeTHasA Mofedb oblajaeT OJHHM U3 IPH3HAKOB KasKZOH Iaphl.

JleTepMuUHIPOBAHHEIE — Bepoarrocrazie

BpeMs pnckpernoe — Bpems HempeprIBHOe

WnaTepBan BpeMeHH OTpaHIYeHHEIH —- WATepBan BpeMeHM HEOTDAHNTEH-
Hpll (aCHMITOTHYECKIE IOJXOHEI)

Beckoopannarusie — HKoopauHarHse

Bes mnocaemersmii (Maprorckie 1) — C nocxeneficTBASMII (EeMa pKOBCKIE)

Bez ynpasnerunsa — C ynpasieEHeM

Mopean, mnepecrpauBafomuecs B 3a- — Mogean, apaiaTuIeckas gopma Ko-

BICIMOCTY  OT  (YHKIIIOHHPOBAHIA TOPHIX OCTAeTCsI HEM3MEIHOIT

(RampuMep ¢ AMMHTUPYIOMIMH (ax-

TOPaMH)

Mopexan,  obmagarompie  HexoTopoil  — Mogexn, XapakTep ¢yHKIIOHIpO-

(TIIKOCTRIOY, PYHRUMOHIIPOBAHUE KO- BaHUA KOTOPHIX PE3KO MeHseTcd B

TOPHX [OIycKaeT IIPOCTOe AHAJIHTAYE- 3aBACHMOCTH OT yclIoBmil. B aT1mX

CKOe OIlHCaHue ciy4agaXx OPHXOAUTCA Ipuberatb K

MOJeIaM aBTOMATHOI'O THHA

BoamoskHB Mofenn, aHAIN3 QYHKIMOHEPOBAHHA KOTOPHX OCTY-
HeH YHCTO aHAJMTHYECKHM MeTojam. BoaMoKHEL M Takue MofesH,
QYHKIMOHHPOBAHHE KOTODHIX DeanmsyeTcs MallHHHLIM mnyTes. Ha-
KOHel[, cyIlecTBYIOT CATYalHd, KOTAAa B peajin3anuid JacTUIHO HC-
[0Jb3YeTCH aHAJUTHICCKUH amnmapaT, YacTHIHO /Ke HA OCHOBe HTOTO
anmaparta NTPOBOJAATCS MAUIMHHBIA CYer.

Ha artoy ¢ymgamente mocTemenno gopMupyeTca ammapaT marema-
THYecKoll Omosorny. B 3HadnTenbHO Mepe HCIOJB3YIOTCA yiKe HMEI0-
muecAs MAaTeMATHUECKME MeTOAH. JTO MoskeT OpiTh amnapar pudde-
PEHIUAJBLHEX HJIH KOHEYHO-PA3HOCTHHIX ypaBHeHHMHA WNAH KaKAX-
Hu6YAb APYTUX QYHKIMOHANBHEX ypaBHeHWH (MHTErpajibHHX, ome-

1 Ha;io nmets B BlY, UYTO MapKOBOCTH ILJIII HEMAPKOBOCThL €CTDb cBoOiicTBO omica-
HIsA, a He CBOMCTBO CaMOTO Hpomnecca.
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paTopuEX), ammapaT TeopUHM CIYHaHHHIX OPOMNECCOB WMIH, HaKOHEIl,
TOT WM MHOH anmapaT aJTOPUTMUYEeCKOU IIPHPOABI, KOTOPHH MOKHO
pealu30BaTh aHANAMTHYecKN WiIH MamuHHOo. Opmnako B psne cay-
9aeB BO3HMKAIOT o OYAYT BO3HUKATH HOBHEIE MATeMATHYECKIe 3aiad,’
KOTODBIE BbI3OBYT CO3JaHHE HOBBIX IJaB MaTeMAaTHKU.

OTmeTHM 07HO OGCTOATENBCTBO, BEChMAa CYNIECTBEHHOE [JIA IIOCT-
poeHmsA MaTeMaTHUeCKUX MoOfelel IpoleccoB KU3HeOeATeNbHOCTH.
Peap wmper o Tar Has3HBAEMOM UPUHIHUIE IOJHOTH: HpH MOCTPOEHHH
MaTeMaTHYeCKOll MOJeNH HeKOTOPOTO peaJbHOTO IpoIecca HH B Ka-
KO BO3MOKHOW CHTyalHH He J[0JRHO BO3HHKATh HeoIpejelieH-
HOCTH, T. e,, ANl KaykA0fl cuTyauun AOoJKHO OHTH fAcHO, YTo B Heil
npousoiifer. Hposme Toro, OTHOCHTEIBHO KajK[{OH KOMITOHGHTH H3Y-
9aeMoil cHMuTemb JoaHO OHITH sICHO, KakoBa ee cyiapba B HaHHOH
curyanuu. Ilpw srom BO3MOIKHBL CBefeHHs BePOATHOCTHOTO Xapak-
Tepa, T. €. 9YT0 TO WM HHOE IPOHCXOAUT B MOJAEAM € TOH uIu HHOH
BePOATHOCTBIO. TO0JBKO HpPH cOONIOeHAH VCIOBHH HOMHOTH MOKHO
HCClefoBaTh (QYHRIMOHMPOEAHHE CHCTEMBl M CIHEIUTH -3a TeM, Kak
MeHseTCsi ee CTPyKTypa co BpemeneM. Hyswumo sameTmts, uTo Tpebo-
BaHWe LOJHOTHL ONMCAHUA MPOLECCA OTHOCUTCSA B IEPBYI0 OdePedb K
HMOUDPUIECKOMY H3YYeHHIO JaHHoTo npolecca. Kcam sTo TpeboBanme
He cobalofaeTcst, T.e. €CIU OJHH KOMIIOHEHTH PAcCMaTPUBAEMOTO
mpoliecca H3ydalorTcs 1oApobuo, a JApyrHe YOycKaloTCA U3 BHAY, TO
IOCTPOCHKE 3aMKHYTON MaTeMaTHIeCKOH MOJeJH Ipolecca OKakeTcsA
HEBO3MOKHEBIM: AJIS DTOT0 HEe XBAaTHT COAED/RATEeJBbHBIX CBeZeHHI.
K coskanennio, sMuupnvecKoe M3y4yeHue NPHPOJHBIX IIPOLECCOB YACTO
OKa3blBAaeTCH KYCOYHBIM, a 3TO CHJIBHO JIHMHUTHDYeT BO3MOKHOCTH
MCIOIb30BAHKUA MaTeMaTHIeCKOT0 MOJEeNUMPOBAHUA B €CTeCTBO3HAHIH.
IlpepcraBasercss oveHb Ba)kHBIM 0OpAaTUTH BHUMAHHNE eCTECTBOMCIILI-
TaTeqell Ha HEOOXOZMMOCTL COOGNIOZEHUS LPUHIMIA NOOJIHOTH IIpU
H3yYeHWH NMPUPOJHBIX ABJeHHH, ecial B JalbHeillem Ipejnosaraercs
X MaTeMaTH4YeCcroe MOLeJTHpPOBaHIE.

B kadecTBe mpmyepa MbI MO;KEM COCAATBCA Ha TO, YTO HpH H3Y-
geHnH 6aJaHCOBLIX COOTHONIEHHII B BOJAHBIX CHCTEMAax, a Tak:ke NpH
H3y4eHMH UPOIECCOB I0YBOOGpPa30BAHUA WIM LPU H3YUEHHN CTpPOe-
HAA CYXOUYTHHX OHOTeO0meHo030B yHeaseTcAa 60.1blIoe BHHMAHHE
KOCHBIM COCTABJIANIAM TPOIECCOB, IPOTEKAWINNX B PACTHTEILHLIX
U JRUBOTHHIX OPTaHM3MaX, BOJHEIX DAacTBOpax W B arsocdepe, ¥ oUeHb
HeJOCTaTOYHOe BHUMaHUe yjelseTcs IpolleccaM, CBA3AHHBIM ¢ MHK-
poopraHuaMaMu. IT0 06CTOATEABCTBO CHABHO 3aTPYHHAET BO3MOK-
HOCTH MaTeMaTHIeCKOTO MOJeJMPOBAHUA HA3BaHHBIX INPOIECCOB. ’

Ilo-Bupmmomy, 3HAYUTEIbHOE MECTO B MaTeMaTHUecKoidl OGHoJoTmU
AOJIKHBI 3aHHUMATDL pa3Hbie <«IIpeaMojeany, T. €. IMOCTPOeHHue /JI0oru-
9ecKHX cxeM Oyjaymux Mojesedl, ROTODHE JOJSKHBI HpeNIIecTBOBaThk
cammy ojendsM. IHasragenme Tarkux «unpefMojeneil» COCTOHRT B TOM,
4T0o0Bl B YCJIOBHAX HEXBATKM MHPOPMAIMH A IOCTPOSHHA MOACIH
B I[eJIOM O BO3MOYKHOCTH CBsBaTh BOEJMHO HMEIOMMecH NpPeIcTaB-
JeHHs 0 TeYeHUHM SABJEHUST H BBHIACHUTDH, KaKWe JONOTHUTEeIbHBIE HC-
ClleflOBAaHUA HY;KHO IIPOBECTH [jifd IojyueHHda HeoOXONAMMEIX JaH-
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HLIX IPH IOCTPOeHWH TMOAHON Momeau. Ilpu oaToy ciefyeT cumTaThes
C TpC6OB8HHHMH OpUHIHIIa IIOJIHOTHI. B IIeJqaonM psAajge caydacn CJOsKHBIC
HpoIecchl RU3HENEATENbHOCTH OPraHH30BAHBL HepapXuyecKd. ITo
03HAUaeT, 4TO MMeeTcA PAJ B3aHMOIEeHCTBYIOIMUX, HO OTHOCHTEILHO
aBTOHOMHEIX 00J7ee TPOCTHIX NPOIECCOB, IPUTEM Te HJIH HHbe oco0eH-
HOCTHI TeUeHHA OAHHUX IIPOIECCOB CYHIECTBEHHBIM 00PasoM H3MEHAIOT
TedeHHe APYTHX npoieccoB. OrasLBaeTCs mpH 3TOM, 9TO BCIO COBO-
KVIIHOCTH JTHX IPOLECCOB MOMKHO YIOPAAOIHUTH (IaCTUIHO) MO TaKO-
My OPHU3HAKY: OJWH IIPOLECC CIUTAETCH MONIMHEHHEIM ADPYTOMY, €CJIu
HEKOTOpble O0COGEHHOCTH BTOPOTO MEHSIOT TedeHHe IepBOTo.

Hanpumep, nosiBlIeHHe ONpEEIeHHOTO CHIHAJIa OT HEKOTOPOTo
oT/le;1a HEPBHOM CHCTEMBI 3aCTABIAET HEKOTOPYIO SHIOKPHHHYIO jKe-
7Me3y BHIOPOCHTB B KPOBb YacTh HAKOILIEHHOro B Heil ropsona. 3To
o3gavaer, 4T0 QYHKINOHHPOBAHHE JAHHOH DHIOKPUHHON jiKeJes3sl
HOJYMHEHO COOTBETCTBYIOIIEMY OTaedy HepBHoii cucTembl. [losaBaenue
TOPMOIIOB B KPOBH MEHseT pPe:KHM PaboTnl TOro OpPraHa, B KOTOPBIR
nocTymaeT 3Ta KpOBb. JTO o3Hadaer, 4To (PYHRIMOHUpOBAHHE HaH-
HOTO oOpraHa HOAYHHEHO SHAOKPIHHOH skexese, BHpabaTsBalomeit
BTOT TOPMOH.

IIpm mareMaTHYECKOM MOIeJIMPOBAHUU TPOIECCOB RU3HEIEATENb-
HOCTH, OPraHH30BAHHBIX MePaPXUYECKU, NPHUXOMHTCH CTPOUTH Hepap-
XHYeCKH OPraHM30BAHHLIE MaTeMaTHYeCKHe MoAenu. B Taxkux momenax
BHIEAAOTCA 5JIeMEHTH, KajKAplll U3 KOTOPHIX B CBOIO 09epefb Xapak-
TEepPU3yeTCA MOCTATOYHO CIO:KHHM ¢ynrmumonupoBanneM. [Ipuxopurcs
CTPOUTD MOJEJIH OTHEIBLHBIX 3JEMEHTOB M MOJE]b CHCTeMBI B I[EJIOM.
Hpu aToM aogequ 3IeMEeHTOB HYH<HO BCTABJIATH B I06aJbHYI0 MOIEdb
H COTJIACOBHIBATE MeRAY €060l WX coBMecTHOe QYHKIMOHHMPOBAaHHE.

Buiio 61 upespmuaiiHo EHHO HAa OCHOBE W3JI0KEHHOH TOYKH 3pe-
HUA co0paTh M KATAJOTH3HPOBATH pPas3JudHBIe MaTeMaTHKO-OHOIOIH-
geckue mofpenu. Hampumep, Kiaccumueckas BOJbTEPPOBCKAsaA MOJEIb
(XOMHUK — KePTBa» ABJIAETCA AeTePMHUHHPOBAHHON ¢ HempepHB-
HBM BpesmeneM. OHa 06BYHO paccMaTpHBaeTCA HA 0GECKOHETHOM HH-
TepBajie BpeMeHH. ITO MOJeNb OecKoOpjUHATHAH, MapKoBckad, 6e3
yopasienuna. Ona wucelenyercsi umMcTo aHAANTHIECKHMH METOJAMH.
Monens oxeaHmdYecKofl — Heasarman¥, KoTopas OHia u3ydeHa
B. ®. Hpanusunueim [1], sBiasercA neTepMHHHpPOBaHHON, ¢ Hempe-
PHBHBIM BpeMeHeM, KOODAHHATHOH, 6e3 mociefeiicTBhs M ympasie-
HHIA U U3ydaeTcs Ha OrpDaHHYEHHOM oTpesxe Bpemenm. Wccnemyercs
OHA B OCHOBHOM IIOCPEJCTBOM MAalIHHHOI'O ¢9eTa. Mojenb monyadmuy,
noctpoenHas I'. II. Kapesry [2], aABaseTca BepoATHOCTHOMH, ¢ AUCK-
PeTHEIM BpeseHeM, GeckoopaumHaTHOH, §e3 mociaemelcTBUA M yIIpaB-
JeHHMsA U u3ydaeTcs Ha HeorpaHNMYEeHHOM HMHTepBaJje Bpemenu. Mogenn
XO3AHCTBEHHBIX NONYJIAUMI (CTaj poraroro CKoTa), KOTOphE H3Y-
vaiotcs JI. P. Tuns6ypron [3], sBasworcs neTepMMHHDOBAHHBIMH, C
AMCKPeTHHIM BpeMmeHeM, OecKoopauHaTHbiMu. OHM H3YYalOTCA Ha
HEOTPAHHYEHHOM IIPOMEKYTKE BDPEMEHHM, B HHX YIUTHLIBAGTCHA YIPAaB-
JleHne, a B HeKOTOPBIX cxeMaX M mocxefeiictsue. Mojgens sumoxpui-
HOU cHCTeMBbl, KoTopad pa3pabaThiBaeTcsi COBMECTHO JabopaTopusaMu
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SHoxpuuoaorun MHcTaTyTa MUTOJOTHII H MCHETHKYM H TeOpeTHUeCKOH
kunGepuerurn WueTuryra rujpomunaMukn CubHpPCKOTO oTHeTeHHs
AN CCCP saBasercsa OBYXDBAPYCHOH: BepXHHUIl APyc — MOjedb pac-
OpefeduTeIbHEX (GYHRIUA KPOBEHOCHON CHCTEMEI, HIDKHUN sApyc —
Mojenn npeobpasoBaHUA KPOBM B DA3THMIHBIX OpraHax. B KavecTse
mpegMogead MOSKHO coclaThes Ha pabory A. A. JlanyHosa 1m
A. A, Taraanosoit [4], B KoTopoil omucana CTPYKRTypa BOBMOMKHBIX
MofieJieil OUOTeOIeHO30B CYXHWX CTerei.

EctecrBenHaa mporpayya paGoT B 9ToM HaOpaB.JIeHHHA COCTOHT B
ciaenyomenm. HyyxHo o Bo3MoskHOCTH coOpaTh pasHooOpasuuiit Habop
CYIIECTBYIOMAX MATeMATHYECKUX MOJeNell MPOLeCcCOB JRU3HEAeATeTIb-
HOCTH, CHCTEMATH3HPOBATh HX N0 HCHOJL3YEMBIM MATeMATHIECKIM
MeTOZaM M JAaTh CBOJHOE M3JI0KeHHe OCHOBHOM Macch 2TOrO MaTe-
pra;a; Mpu 3TOM MaTeMATIHYeCKHe MeTojn, ofmue s DsAxa pasamyd-
HEIX 3a7a9Y, [0 HEeKOTOPOIl cTemeHH BHIHOCATCH 3a ckoBRy. Takoe na-
JOKeHNe ABUI0CH OB MePBBIM IMAaroM K CHCTEMATH3aIMH MaTeMAaTHRO-
GHONIOTUYIECKOTO MaTepHalia Kak riaaBel maremaTniu. CoBeplieHHo
AICHO, UTO CTPYKTYPHUPOBAHIE M3YUaeMEIX CUCTeM W HHAHBHUIYATIBHEE
CBA3M MEXAY DPA3IHAYHBIMIL 3JIEeMEHTAMK H3YyYaeMbIX CTPYHTYD 31echb
0ynyT urpaTth ompefeleHHYI0 poiab. Taras cucTeMaTH3aIlHs MarTeMa-
THKO-0MOJOTHIECKUX MOZeNell OoJKHA HpemcTaBiATh coboil u3ido-
JKOHHMe MaTeMAaTHIeCKo# 6MoJOTHH KaK BEeTBH MaTeMAaTHIECKHX HayK.

AHAJIN3 XAPAKTEPHBIX OIINBOR

Ho cux mop MBI cTapaiumch O4epTHTH HAYUYHYIO YACTh MaTeMaTH-
yeCcKo# OMOJOTHH B MO3WTHBHOM IulaHe. M Bmoame orgae cebe oT-
9eT B TOM, 9TO BCE ITO IPOHCXOAAT HA ypOBHE OIarmx HoKedaHmil.
Peanuzanus onmcanmoro sameicaa TpebyeT KoxoccalbHOH paBoTH.
B ro e Bpeya yme cefidac B PasHHIX KOJJIEKTHBAX BENETCHA MHOTO
PAa3IUIHEIX MATeMATHMRO-OHOTOTHYeCcKHX Pabor, NpHueM HEKOTopble
H3 3TiX PaboT HMKAK He YKIaJbIBAIOTCSA B ONHCaHHbIe paMkn. B csasm
C 3TUM HAM Xo0YeTCA BHICKa3aTh HEKOTOpHe KpPHTHIECKHe coobpa-
JKeHus1, Kacaloluecsl COBPEMEHHOTO COCTOSHMA MaTeMaTHKo-GHOIOrH-
9ecKO MpofieMaTHKE H CKa3aTh, 9T0 ¢ Hallell TOYKH 3PCHHSA, 9acTh
TOTO, 4To cefi9ac [exaeTcs, MPeACTABIACTCA HAM He HNMEIOMUAM OT-
HOIDeHHUA K MaTeMaTHIeCKOMY ecTecTBo3Haumiw. Mbr paccMoTpuM pAR
TaKUX HAIpaBIeHHH ¢ 00X mo3miini 1 me OygeM IMUTHPOBATH KOH-
KDeTHHIX pabor.

3agayu omTummzamuu B kuBoil npupoge. [lossaaercs mHoro pa-

00T, MCXOAAWMX M3 TOTO, YTO Te MM HUHBIE MPONECCH ;KU3HEIeATeIh-
HOCTH IPOTEKalOT TaK, YTO OHM 00eCIeUNMBAIOT ONTHMUBALMIO HEKOTO-
prix $pyHKREHoHAT0B. IIpH 2T0M BEJ QYHRIHOHATOB GepeTca JOCTaTod-
HO IPOU3BOJLHO 10 HEKOTOPOIl aHAJOTHHU ¢ TeMH N MHBIMH 3aJadaMu
¢HU3MKE MIW MexaHHKU. Takwe PaBoTH ¢ €CTeCTBEHHOHAYYHOH TOYRH
3peHHs BHOCAT TOJBKO TYTAHHILY.

MaremarnyeckaA NPHPONA ONTHMHUBAIMOHHBIX 33784 COCTOAT B
caegywomenm. IlycTe mieeTecs HeRoTOpPHI mpolecc, KOTOPHE MO;KeT
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pasBHBAaThCH IO-PA3HOMY, M ecTh BOBMOJKHOCTH Bnfopa TOro WHIH
HHOTO BapHaHTa Teuenus dToro mporecca. Ilpm sroMm mgomsxuo OHITH
TBEPIO M3BECTHO, UTO MOKHO BapbHpOBaTh M 4T6 — mHeawss. C mpy-
roif CTOPOHBI, ecTh HEKOTOPHU Kpurepnif, HO3BOAAMMEA CPABHUTD
Me:ay co00H pasHble BO3MOKHBE BADHAHTH TedeHUA H3YIAeMOro
npoitecca. B GykBaabmoil mocTaHOBKE 3a][a9a OLUTHMH3AMAM COCTOUT
B T0oM, 9TOOH BEIACHHTD, CYIECTBYET JH BADHAHT TedeHHA OpoIlecca,
OpU KOTOPOM BBHIGPAHHHIN KPUTePHH NPHHAMAET ONTHMAalbHOE 3HAYE-
HUe, M eCIH TAKO¥ BapHaHT CYyHmEecTByeT, TO CKOHCTPYHMPOBATH €To,
T. e, HAWTH ONTHMAJIbHoe TedeHNWe pealdbHOTO mpomecca. IlomyTHO
BO3HUKAET BOMPOC O EAMHCTBEHHOCTH ONTHAMAJNBHOTO Hpolecca U 0
HAXORJeHAN 3(JeKTUBHEIX cOOoCO00B eT0 MOCTpoeHus. B ciaydae ecau
ONTHMAJIBHOTO IpoIecca B CTPOTOM CMEICJIe He CyINecTBYeT, Hepearo
OPUXOAUTCA OUPAHUYMBATRCSH TAKUM BAPHAHTOM TedeHHUs IpoIiecca,
IpE KOTOPOM KPHUTePHH NpHHEMAeT 0CTATOUHO «0IarompusaTHOE»
3HaYeHHE.

B MexaHuKe niau ¢uanKe MMelOTCA TBepjble OCHOBAHHA AJIA TOTO,
9T00K cUMTaTh, UTO B OIPeeJeHHEIX NIpoHeccax OCYINECTBIAECTCH
ONTHMHUBAINSA TeX WM WHHX (YHRIMOHAIOB (IPWHIMI HANMEHbBIIEro
nmedcTBIH, MMHUMH3ALUA WHTerpaza sHepruu ¥ ap.). C mpyro# cro-
POHBI, COBEPIEHHO SICHO, 9TO TAKHE HOAXO0/H B GHOJIOTHH TAK/KE MMEIOT
HOJHHEH CMBICJH, €CJU pedb HaeT 0 UPOIeccaxX, YIpaBIsgeMbIX Yelo-
BEKOM, HaIlpUMep KOT[Ja 9elOBeK YHpaBiaseT OuOJOTHIECKON HOmy-
asanmedl win 6HOTOTHIeCKUM COOOMECTBOM B CBOMX HMHTepecax. B srax
caydasx WMeHHO delJOoBeK, a He caMma >KUBafd Ipupoga (GopMyampyer
RpUTepuil KadecTBa, B COOTBETCTBHHM C KOTOPHIM OH yIpaBjseT IpH-
POJHBIM IIPOIIECCOM, & OTCIO[a €CTeCTBEHHEIM 00pasoM Ompejessercs
TOT (YHRIMOHAJI, B ONTHMHU3AINK KOTOPOTO YeJ0BeK 3aMHTEPeCOBAH.

B 10 jxe Bpemsa Taxkme HoaXo[bl K IPUPOAHEIM IIpolieccaM Oeccomep-
JKATEIBHBI, €CIM HEM3BECTHLI 3AKOHEI, TAPAHTHAPYIONINe, YTO IIPOILECC,
npoTeramomuit caM wo cebe, oMKeH o6GecueINBATH ONTHMH3ALUIO
HexoToporo ¢pyurnquonata. Ecam e Takas 3ajava Bce ;Ke CTaBHTCA,
TO pelleHHe €e, KAK NPABAJIO, TOJIBKO AE30PHUEHTHPYET OHOJOTOB.
B sagage 06BYHO HOABIAETCA HEKOTOPOE UHCJIO HEM3BECTHHIX IIapa-
METPOB, CMBICJ KOTOPHIX IIOTIAC OCTaeTcs HeAcHbM. Ilocie adaauTn-
YecKOTO pelleHNs 3ajadyl MHOTJA yAaeTcA Tak HojofpaTh 3HAYeHHE
9THX HapaMeTpPOB, UTO JJIA HEKOTOPOTO UHCJIA 9KCIepUMEHTOB (BechMa
HeGOJBIIOTO) HmMOJAyTIaeTCs HeYTO BPOAe coTIacufa ¢ Teopueir. OpgHako
9TOTO [(AJAeKO He JOCTATOUHO A HOATBEDSKACHHSA TEOpPHH.

BrBalor caywam, Korma ma3yueHHe TeX WIH JPYyTux OWOJIOIHIe-
CKHX fABJEHAI OpPUXOAHTICH BecTH ¢ IPHEMEeHeHHeM o0mux coobpa-
JReHNH W MeTONOB, MCXOAAMMX U3 APYIEX HAYK (MexaHUKH, (MBURH,
XVMUHM), W 9TH MeTOAHl CBA3AHH ¢ HCIOJB30BAHWEM MATEMAaTHIECKHX
momeneii. Torma cooTBeTCTByIOmMUE MaTeMATHYECKHe MOMEIH aBTOMa-
THYECKH WCHONBL3YITCA B OHMOJOTHHM, XOTA B B 06meMeTOAHIECKOM
rraHe oHN 0oJiee 3KECTKO CBSA3AHBI ¢ TEMH HAyKaMH, Ha IIOY4BE KOTO-
PHIX OHM BO3HUKAIOT HeIOCpeAcTBeHHO. B JacTHocTH, MIIOrja HEKO-
TOpHI OHoNOTHIeCKNH OOBEKT MOMHO paccMaTpuBaTh KAk (uamde-
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CKUH WIM XUMIYeCKUH npmbop, MOTIAHAKNIAACA COOTBETCTBVIOMUM
QUBMYECKEM WM XHUMHUIECKAM 3aKOHOMEPHOCTAM. B TaxkoymM caydae
npolecchl, IOpoTeKawIue B OMOJOIMYECKOM o0bekTe, GymyT mogdm-
HATHCH TeM jKe CAMBIM KPHUTePUAM OUTHMATbHOCTH, YTO M IPOIECCH
B COOTBeTCTByOmMuX npubopax. OmgHako Takue cUTYalMH B Doiablueil
Mepe OTHOCATCS K (HU3HKe, deM K OHodoTHIH.

3aMeHa CTPYKTYPHBIX IOJXOJ0B CTATHCTHYECKHMH (HAallpUMe]p, IpU
N3YyYeHHH CTPOeHHA M (QYHKIUOHHUDPOBAHUS HePBHOH cucTemsl). Muo-
rAe OMOJTOTHYECKHE ITPOIECCH PA3BEPTHIBAIOTCA B TOHKOCTPYKTYpPH-
pPOBAHHBIX CHCTEMAaX. ITO 0GYCIOBIAEHO TEM, UTO HEKOTOPHIE DJIEMEHTH
OTHX CHCTeM CBA3AHBL MeRAY CO00H HHIUBHAYAILHBIMH CBA3SIMU,
Usyuenne ¢YHRIHOHUPOBAHUA TAKUX CHCTEM COCTOUT B BHIACHCHWH
TOT0, KaKk B HUX mpeoOpasyerca mHPOpPMAI[HA, KAKOBO WX MOBECHHe
U KaK{e W3MeHeHWs BHOCAT B HUX WX cobCTBeHHOE PYHKIIMOHHPOBA-
HUe M B3auMoJelicTBHE ¢ BHemHel cpemoil. B To ;xe Bpems mcciaeno-
BaTeI HepeJKO NBITATCH M3yJaTh TOBeJeHHE HTHX CHCTEM HCXOMA
U3 TOTO, 9TO CBABHM ME;KIY 2JEMEHTAMH HOCAT CJIYYaliHBIA Xapaxrep.
Ilpm arom dopmymmpyloTes, a 4ame He QOPMYJIHPYIOTCH, & HCOOIb-
3YIOTCA HEABHO IPEIONOLeHHA O TOM, YTO IO OTHOIIGHHIO K JTAM
CBA3AM BHIOOJHAKTCA [JaJeKo HAYIIHe THIOTe3H O B3aMMHOU Hesa-
BucuMocTH. [Ipm TakoMm moxxome 3ajmada o mepepaboTxe mHGOpMALHUH
B TaKHX cHcTeMaX pemieHa OHTbH He MoskeT. Takoro pojga craTmcr-
YeCKHe Hnoaxoabl K H3Y4YeHHNIO q)yHKIIHOHHpOBaHI/IH CJOKHBIX yIOpaB-
JIAOIMAX CUCTEM COBEPITIEHHO He0GOCHOBAMHBI, M BBIBOJH, K KOTOPHIM
TaKoH aHaNlu3 MPHBOAAT, HE 3aCHYKHBAOT JOBEPHUSA.

JaMeHa BepoATHOCTHBIX MoJexeil, K KOTOPHIM €CTeCTBEHHBIM 00pa-
30M NPHBOJHT ecTeCTBEHHOHayUHasA 3ajava, MOJEIAMH JeTepMHUHH-
POBaHHBIMHI (TaK HEepeJAKO IMoCTynawT B MaTeMaTHIeCKOn TeOpHUM 1omy-
asuui). Ilpu Taroi 3amene mpoucxoauT npeHebpexenue GayKkryanus-
MH TpPH H3YUYEHHMH IIPOIECCOB CYINECTBEHHO CJIYYANHOW NIPHPOAHL.
B caydae JnmHeHHBIX 3a7ad TaKas 3aMeHa CBOAUTCA K TOMY, 4TO H3Y-
JeHHe CJIy4YaiiHoro mpoifecca 3aMeHAETCA H3YUYEHHWeM HOBeJeHHA eTro
MaTeMaTHIeCKoTo o;Ruganusa. Iipm HelmHeHHHIX mpoueccax  3To,
BooOmme ToBops, He Tak. [MCKPETHBIE CXeMBL HE COOTBETCTBYIOT Jaike
MaTeMaTauIecKuM oskRumanuaM 1. B caywasx wkorma [oBepUTelbHBIE
HHTEPBAILI OKa3bBIBAIOTCA OCTATOUHO MAILIMHM, TAKAS 3aMEHA MOKET
HMeTh IPaBO Ha CYIECTBOBAHWE, TAK KaK JeTePMUHHPOBAHHEE MOJENN
9acT0 HEMHOTO IIpolne, 4eMm BeposTHocTamie. OpHaKo, ecad 5TH JOBe-
puTelbHbBle WHTEDPBAJH HEe ABIAIOTCS MaJbIMM, HCITOJb30BaHUE AeTep-
MHHHUDOBAHHBIX MO]IBJIBfI BMECTO BePOATHOCTHBIX HEJOIIyCTHUMO.

3aMeTuM, 9TO0 B MHTYHTHMBHOM ILTaHe ecTh HEKOTOpbHle Pa3iIndus
MeRIY 3afaJaMH NONYJIAIMOHHEIME W 3afadaMil, OTHOCSIIUMHUCH K
coobmecTBaM. OOBYHO MBYTAIOTCH MOMETM TAKHX COOOHIECTB, KOTO-
phle caMu ofecmeunBal0T yCTOMYMBOCTD CBOEro IoBejeHns. B Takumx
CcIyJadx MOJKHO AyMaTh, 4TO YIOMAHYTHE [OBepHTEJbHBIE WHTEp-
1 TyT 6OJIF)IIIyIO POJbL HNTPAIOT A0BepPNTEJLHBIC HHTEPBAJLI, B KOTOpHIE MORHO 3a-

KJIYITb OCHOBHDLIC IHapaMeTpsl HTIX IPOICCCOB € BbICOKOIT ILOBQpIITeJII)HOi;I Be-
POATHOCTEBIO.
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Baill JIefiCTBUTENBHO OCTAIOTCH HeGOIBIIMMA B paMKax TPHHATOTO
omucauna mpomeccca. UTo ke KacaeTes MOMyNAumil, TO WX BEpPOAT-
HOCTHBIE MONENIH ONNCHBAKT DEKUMEI, COOTBETCTBYIOIIHE JOBEPH-
TeIbHEE MHTEDPBATH KOTOPHX ¢ TeUeHHEM BDPEMEHH CYIIeCTBEHHO
pacimupsoTca. PeanpHass ycTOWYMBOCTH HONYAHIHNA OIpPeIeNsAeTC A
BOBCe He BHYTPUMNONYJAIUOHHBIMH IPOIeCCAMH, a B3aWMOOTHOIIe-
HOAME DTOM IONYJASAIME ¢ TeM coOOIMecTBOM, B paMKax KOTOPOTO OHA
cymecTByer. IloaTonmy monmyismmym ciegyeT MOAEAMPOBATH HA BEpO-
ATHOCTHOM IYTH, TOJBKO HYKHO OTZaBaTh cefe oTdeT B TOM, 4TO
HECOOTBETCTBME MEKIY NOBejeHWEeM DTHX Mojeled M pPeajbHBX IO~
oyasaoaid gaAa GoabiHX OTPe3KOB BpeMeHH 00yCIOBIEHO TeM, 4TO
9UCTO DONYJNAMMOHHBIE MONENH HE YYUTHBAOT B3auMOeHCTBHIMA
MAHHOH mMOmyJ AU ¢ APYTHMHU KOMOOHeHTamMu 6uoreonenosa. Bee ato
Ba;KHO JUIs1 TOro, 9TOOB BHACHUTE, B KAKHX Hpeferax IelecoobpasHo
HCIIOIB30BATh MOJAEIN MOWYISNui WA OMOreoleH030B TOr0 WIH
HHOTO THIIA.

Jameuyanue. BrickasaHHBIE B ABYX IpPEBAYIIHX NyHKTax coofpa-
JREHHA OTHIOAb HE cjeyeT MOHMMATh TaK, 9YTO MBI B NPHHIUIE IPOTHB
CTATHCTHIGCKUX METOJ0B B MaTemMaTudeckoil Omosoruu. HaoGopor,
BTH METOAH BechMa IJIOJOTBOPHE W UPE3BHYANHO IMOJE3HBI, HO Kad-
OBH pas Hamo BHUMATENLHO CJAEAHTL 3a TeM, COOTBOTCTBYET JHM MpHU-
MEHEHHE CTATHCTHUECKUX MeTO/0B IIOCTAHOBKE peuIaeMOH 3ajadu.

Maanmuuaa peranmsanuA. PacmpocTpaneHa To4xka 3peHHs, 4TO,
4enm Goibie ocoBeHHOCTEH H3YyYaeMOTo IIPOIfeCcca HAXOMMUT CBOE OTpa-
JKeHHe B MOJieJH, TeM dTa Mofgeldb Oamme K Aelictsureasmoctn. Ilpm
3TOM YHOYCKAoOT U3 BHAY, 970 ¢IOKHASA MOJENb HMeeT MHOTO cTemeHeil
Jormueckoil cBobojasr. C 0JHOE CTOPOHE, IPH HECOOTBETCTBHHU MOEIH
IefCTBUTENILHOCTH TPYAHO BHACHUTH, KaKWe M3 3THX CTeleHeH CBO-
6OBl MCI0Mb30BAHE HEOIPABIIBHO W IIOITOMY SABIAIOTCH OTBETCTBEH-
HBIMH 34 HEYBABKY MeaIy Teopueil m Habmiogerwsyu. C gpyro# cro-
POHEHI, MMeHHO 3To obuame cTemeneil ¢BOGOAB! TP HEGOJBIIOM THCIE
DKCIEPAMEHTOB MOJKET IPHUBECTH K JOKHOMY COOTBETCTBHUIO TEOPUH
Habmogenuam. ITo o0yCIOBIEHO TeM, UYTO B mpejenax BbOpaHHOI
Mofiedn ofuu o0OCTOATeIbCTBA MOTIYT KOMIEHCHPOBATL Jipyrue, H
pabaoaeMoe CoOTBETCTBHE Ha CAMOM Jeide HeTOCTATOUHO [ TOro,
9T00B CYNTATH TEOPUI0 HPOBEPEHHOMH.

Beeada caedyem navuname ¢ 603MOHCHO 6048 NPOCNBLE MAMEMAMU-
ueckux Mmodeaell peasvrbvix npoyeccos. Brauase yeaecoo6pasno cuibHo
02pY6aImb UB HaACMBlE AGAEHUS U, MOALKO GHACHUE, ueM o2pYbienHble
Mmodeaw naoxw, ssodumb ux Ycaoxucuerue. IlocaeqoBaTe bHOCTH MOME-
IeHl, Bce Jydie W Jydlle ONNCHBAWINNX AeHcTBHTENHHOCTEH, cava
o cebe MoReT MpeACTABIATH MHTepec. B To ke BpeMsa mpu mocTpoe-
HOA CJIUIIKOM CJIOJKHOM MOJENH JerKo 3alyTaTbCA W CTATb HA JIOMK-
eI myTh. Ilpm MojeanpoBaHMH CKONBKO-HUOYAbL CJIOKHBIX CHCTEM
1e00X0UMO CYMTATHCS C HX CTPYRTYDPOH, T. . CIeRoBaTh CHCTEMHOMY
IOIXO0TY.

Hrpossie mogern. Bpemsa or Bpesenn noABIAwTCA paboTh, B KO-
TOPHIX HHTAOTCA TPAKTOBATH IPONECC IBOJIOIHU ¢ NO3AOUN TEOPHH
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urp. 9TO COOTBETCTBYET HPEANMOTIOMEHWIO, 9T0 PEAKINA KHBHX CY-
meCTB Ha BHEIIHHE BO3AeHCTBHUA JOJIKHA COOTBETCTBOBATH HaHXY/-
IHeMy BO3MOJKHOMY TIDOTHO3Y M MMEHHO TaKafd Peaknua AKoOH 3a-
KpemaseTcsa oT6opoM. HecocToATeABROCTE Takoil TOYKE 3peHAA He
BH3LIBaeT coMHeHHA. Hamxymmmuit npoTrHO3 OCYINECTBAAETCH PEAKO.
MaccoBass smmmuHAIHA ocobell Gmaromaps TeM WIM MHBIM BHEIMHAM
BO3JICHCTBHAAM OYeHb MAJ0 3aBHCUT OT HAMXYAINEX BO3MOYKHEIX BHeI-
HEX BozfelicTBuil. [loaToMy coBepireHHO HENOHATHO, KAKHEM 00pasom
9TOT HAUXY/IIUN OPOTHO3, a CJejloBaTeJbHO W MUHHMAKCHAA CTpa-
TerusA, MOI'YT BAKPEILIATHCA B 3BOJIONAK U MTPATH NOMUHHDYIOMYIO
POIb B MEKIONYIANMOHHBEIX OTHOIEHHsX B Guoreomenosax. Crpa-
TEeTWH HTPOBOTO THTA B TOW MM MHOU Mepe MOryT BOBHWKATH B CBA3H
C DKCTPANONANMOHHEME pedieKcaMu Ha 1I0YBe HpecaeloBaHusa A0GbH-
. OgHaxo 3T0 JAJEeKO He JOCTaTOYHO AJMA TOTO, 9ToOH Ha 3TOH oc-
HOBE ONMCHBATL II00ATbHBIE B3aMMOAEHCTBYS MEMMIY LOIYJIAIISMI
B coofmecTBax.

B zaxaioueHme MBI X0oTUM C¢egaTh eme OHO 3aMedaHue, Kacalo-
meecs MCMOJb30BAaHUA MaTeMaTHIeCKHX MeToxoB B Oumosxoruu. Hepen-
KO eCTeCTBOHCIBITATETH cobuparT O00JbINol SMIUpHYECKUN Mare-
pHan, HegoCcTATOYHO MPOAYMAB 3apaHee IIOCTAHOBKY 3afadd WM He OT-
naB cefe oTu4eTa B TOM, KaK 3TOT Marepwalx Oymer obpabaTniBaTheA.
3arpatuB Ha cbop ATHX MaTepuanoB GOJbINNE CPEACTBA M TPY/, OHH
NPEXOAAT K MaTEeMAaTHKAM M IPOCAT MOMOYb B o0paboTke maTepmaia.
Taxasa cuTyaumsi upeBocxofHO onmcanma B Kuure Xyprupa «Hy m
910?» B nomaBasiomey GoJbOIMHCTBE CAYYaeB TAKOM MATEPHAN WOJ-
HOIleHHON 00paboTKU He [OUYCKaeT, cIeI0BaTelbHO, GOMbIIMe Cpefi-
CTBA W TPYX 3aTpadeqE upocTo 3ps. B e¢Ba3m ¢ sarum Mul XoTuM ofpa-
TATHCHA C LPHUBHBOM K OMoJoTaM: Ipeskue TeM cobupaTh syOupunde-
CKUUl MaTepHal, HeoOXoguMo oOCYIUTH 3aflady C MaTeMaTHKaMu i
BHISICHUTh, KaK co6WpaTh »TOT MaTepmal, YTOOH BIOCTEACTBHE €ro
MokHO OBLIO of6paGoTath. 3aech HEOOXOMWMO CUATATHCA CO CTATH-
CTHYECKIME METOJAMHA INTAaHUPOBAHNA N 06paboTKH HKCIEPHMEHTOB,
OpIYeM IPH COBMECTHOM 0OCY:RIeHUH MONXONOB K 3ajade MaTeMaTH-
KaMu ¥ 6HOJoraMI OYeHb JacTo yJIaeTcd TaK CINIAHUPOBATH SKCIEPHU-
MEeHTHI, 4TO IPH CPABHUTEJIbHO HeOOJbIION 3arpaTe Tpyda obpabor-
Ka ¥X JaeT OTBeT Ha IOCTaBJEHHHI Bompoc. Bo BcAKoM ciydae
Gospmue 3aTpaTH TPyAa Ha c00p 9MIOMPHUIECKOT'0 MaTepHaja IpH
HeJ0CTATOIHOH MPOJYMAHHOCTA 3a7ad 09eHb TacTo npnBoaHT K TOPB-
KEM pPa30dapoBaHMAM.
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HOIIYJIALMH, BIHOTEOEHO3bI
1 BHOCOEPA 3EMJIH

H. B. TUMO®EEB-PECOBCKHUH

C denomenonorngeckoif m QYURIUOHANBHON TOUER 3PEHHA BCE
MHOTOOOpa3ye ;KRHBOTO Ha Halle#l miaHeTe MPH COBPEMEHHOM COCTOS-
HHH HAUIUX 3BOJIOLNUOHHBIX 3HAHWHU MO:;KeT OBITH MOApPasleacHO HA
4eTHIpe TJaBHLIX YPOBIs: MOJIEKYISAPHO-FeHeTHYECKHE, OHTOreHeTH-
YeCKHH, DONYJIANUOHHO-BHJ0BOH (coOCTBeHHO DBONIONHOHHBEIA) H
fuoreoneHoTHYecKN, wiaum GmocdepHeit. Ha wmomeryiaspuo-remeTn-
9eCKOM YPOBHE OCYILECTBIsieTcs J06asdA KoHBAPHAHTHASA pPeyIHKa-
IUA, JeKANAA B OCHOBE BCETO SBOJIONIIOHIOTO TIPOMECcCa, W IMOITOMY
3TOT YPOBEHb ¢ NOJHBIM HIPAaBOM MOGKIO CIATATH DJAEMEHTApPHOH OC-
HOBOH vBomionuu. Ha oHToremeTmuecKoMm ypoBHE HPOMCXOJUT pea-
Ju3andsd TeHeTHIecKoidl HHYOPMALHH OXHOBPEMEHHO C HIPHBEIeHHEM
5To#l MHQPOPMAIMH B COOTBETCTBHE ¢ TPeGOBAHUAMM DJIEMeHTAaPHHIX
3BOJIIUOHHEIX (AKTODOB M (mpeskjae Bcero) ecTeCTBEHHOTO 0T6opa,
OKa3BIBAIOIETO ¢BOe HAUpaBIAOlNee BIAMAHNE HA BeCh IPOIECC DBO-
JOIUKR MMEHHO deped ¢enoTun. Ha momynammonmo-BHI0BOM ypOBHE
H3MEHeHUA, OPOUCXojdnide HA ABYX HEPBHX YPOBHAX, MOTYT ¢BH-
XOAWUTbY HA YPOBEHb 3BOJNIOIUOHHO 3HAYUMBIX IpeoGpa3oBaHmil: BO3-
HUKHOBEHHE 3JIeMEeHTAPHEIX SBONIOMIOHNBIX M aJanTHBHEIX fABIeHUH,
paboTa IYCKOBBIX MEXAHH3MOB IIPOIECCA DBOJIONHU, 3aBEPHIAIONMXCHA
Ha ompedesleHHOM KadecTBeHHOM »dTame BHIooOpasoBammeM H IPO-
ROTKAIOMUXCA HEeIPEePHBHO Jajbiile, YTO OPUBOAMT K (MI0- U OHTO-
reHeTHIeCKUM aupdepeHNUpoOBKaM, BO3HNKHOBEHWIO ajamTanuil o
nporpeccy uBoro. Ha mociaegneM, OHOreomeHOTHISCKOM, HIHM OHO-
cPepHOM, YPOBHe OpOTEKaeT CHOKHeWIee B3aMMOTPHUCIOCOOIeHNe
pasIMYHBIX TPynn W BupgoB APYr K Apyry (dopmmpoBanme Omoreo-
MeHOTHIeCKAX PABHOBECHIL).

Mosxio BHAeTH, 4T0 jeHCTBYIONUE eUHUML HAa Ka;KIOM H3 YPOB-
Hell coBepIIEHHO pPAa3JHYIHKI; COOTBETCTBEHHO PA3SIMYHEL M B3aWMO-
AelicTByOImNe CHIB. BymecTe ¢ Tem scHO, 4To A000d ypoBeHbL TECHO
CBA3AH C COCEJHUMH, OmpefeaseTcA HMH H olpefieiiseT B CBOI Ode-
pefb HpoTeRaHMe HpoleccoB B HUX. Paccmorpum 6Goxee moapobHO
Ka;i[Ibf U3 BHIETeHHBIX YPOBHeH.

Ha moneryasipHo-TemeTuveckoM yPOBHE OCHOBHBIE BHYTPHKIETOU-
HEIE YOPaBIAKIIHe CHCTEMBI (XPOMOCOMEI M HEKOTOpHIEe Apyrue opra-
Heanbl ¥ OMOJOTHYeCKH AKTHBHEE MaKpOMOJEKYJIBb) 00ecrneduBaior
pa3MHO)KeHHe KJIeTOR 1 OpPTaHH3MOB U MepPeJaloT HAcJeICTBeHHYIO
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UHPOPMAIHIO 0T HOKOJEeHM: K mokodeHmo. Ha aTom ke ypoBHe depes
H3MeHEHNe CTPYKTYPHbBIX 3J€MeHTOB (MyTallnu) ompefeaseTca dJje-
MeHTapHasl HAacJeJCTBeHHAS H3MEHUYHMBOCTDL, JejKallldd B OCHOBe .9BO-
JIOIHOHHOTO mponecca. HoHBapHaHTHAS peIyIIUKALHA, ABIAACH
BajKHeHIe## XaparkTepUCTHKON MOJeKYJIAPHO-TeHeTHYeCKOT0 YPOBHA
JKUBHH, 00BACHAET OTHOCHTEIBHYI CTaGMIBHOCTD AHCKPETHHX (OopM
AUBoro Ha 3emue. OfHAKO MepefaloNiasics MOoCpPeAcTBOM KOHBapHaHT-
HOI peRYNIMKAIIMH TeHeTHYecKas HHPopMalud, Hpexje UeM HO-
ABATBCA HA HBOJIONHOHHON apeHe, JOJKHA OBITH KAK-TO pacmndpoBana
H pealiu30BaHa; dTa pacIM(POBRA MPOHUCXOAUT HA CJeAyHOMeM, OHTO-
reHeTHYECKOM, YPOBHE.

OHTorenes coBepmiaeTCda, HO-BHIMMOMY, BCIEACTBHE CYIecTBOBA-
HHA caMoperylIupywoileiics HepapXHYCCKOH CHCTeMBI YIPaBIAIOMNX
IOJICHCTEeM, OTpeReIAnINeil COTTACOBAHHYI peaTNu3alui0 HaclelcT-
BeHHBIX NPU3HAKOB H CBOMCTB H KOODJUHAIHMIO 3TUX HOJCHCTEM BO
BPEMEHH M IpOCTpaHcTBe B mpefenax ocobu. OHTOreHeTHIECKHH ypo-
BeHb II0OKA TeopeTHYeCKH HaHMeHee TOHATEH BCIeJCTBHE HeZocTaTo4-
HOi paspaborannocTn obUiefl TeopuM WHAHBHAYAJILHOTO Pa3BUTHA.
NeTopugecku ¢I105RHI0CH TAKOE I1I0JOKEHIe, IPH KOTOPOM B HacToA-
miee BPeMs AB, BEepPOATHO, JYUIIe TIPeICTABJIAEM IPOIECCH, mpoTe-
Kalae HA MOJeRyJIsSpHO-TeHeTHIECKOM YPOBHe, YeM IPOIecCH,
OPOUCXOASAMMe B IIePHOJ Pealn3anun Hacle[cTBeHHOH HHQopMaIlUK
B KOHKpeTHHI ¢eHoTHn (mpoliecc OHTOTEHE3a B INHPOKOM CMBICTE).
Heo6xommiocTh paciumpeHuss TeOPeTHIECKNX HCCTETOBAHHNE B 9TOM
HaOpaBJIeEMHN Nems3bekHa, TaK KaK HMEHHO HA OHTOTeHEeTHYECKOM
YPOBHe OpraHHU3aOu OpoTeKaeT 0TOOp, NPOMCXOAHUT OIleHKA B KOH-
KDPOTHBIX VCIOBMAX CYHIECTBOBAHMA OHOCHEPH KAYECTBEHHIOTO CIEK-
Tpa pas3in4uil, IocTaBIAEMbIX C TIOMON[bI0 'eHETHUECKUX MeXaHH3MOB
(MyTanmit m mx KoMOmWmamiii). JdTa OI@HKA ABJIAETCA B CBOI odepelb
pelaoIEeil 0CHOBOH TpaHCPOpMaIUu KIBOTO y:Ke HA CoBCTBEHHO
9BOJIOIMOHHOM, HJM NOOYJIANHOHHOM, YpPOBHe.

Ha nonyasanuorroM ypoBHe B COBOKYIHOCTAX ocolell ofHOTO BHAA,
HaCceIsIIMKX ONpeeTedHbIl yuacTox 6uocdepsl (ouyadanus), B paAgy
MOKOJNeHUI! IpOTeKaeT HCTOPWIECKHH mporecc u3MeHeHHA GopM opra-
HU3MOB, IPHBOASLINI K 00pa3soBaHHI0 NYCKOBHIX MEeXaHM3MOB 3BO-
mionun, auddepeHIIpoBre, BOSHUKHOBENIID aJanTariti, Burgoobpaso-
BAHMIO H B KOHEYHOM HTOTe R 3BOJIOIHOHHOMY mporpeccy. [lonynanus,
ABJAASCH COCTABHOI dYacThI0 OHOreoLeH03a, XOTA M INpeicTaBiIseT
coB0ll caMOCTOATEAbHYIO DBOJIIMOHHYIO UHHUILY, CIIOCOBHYI0 R JUTH-
TeJbHOMY CYIIECTBOBAHHIO H TpaHCopMammu, Bcerja HAXOAUTCA B
onpejleneHnoll cpejie, BRIWUAKNIIEH Kak OMoTHYeCKHUe, Tak U abnHoTH-
JeCcKHe KOMIIOHEHTH. DHOoTeolleH03 BHICTyIaeT TIPU HTOM PaccMoTpe-
HHM KaK KOHKpeTHas cpejga HPOTeKAHHA Tpollecca 3BOJIONAN (MAY-
mero B OT/EJNbHBIX TOIYJISAHNUAX) W KAK eMHUIA ciaexylomero, 6o-
Jee BEICOKOTO YPOBHs, KOTOPHIH CaM IOABEpP:KeH ONpeeTeHHLIM dBO-
JTIOMMOHHEIM IpeofpasoBammsa.

Ha 6uoreonenoruueckom, uam 6uochepHOM, ypoBHEe OpraHM3aNRH
HOMYJSNUN OPTaHM3MOB PA3HHX BHUI0B 00pas3yioT coofIMecTBa, KOTO-
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pHie HaXOJSITCA B CIHOMKHKX B3aUMOOTHOMIEHMAX Kak MemAy coboi,
TaK 1 ¢ KOCHBIMH KOMIIOHEHTAMHM Cpebl. BTH B3aIIBIOHeﬁC’I‘BIIH O6YCJIOB‘
IUBAOT GHOTeOXHMHYECKHI KPYroBOpPOT BemlecTB H DHeprun B Guo-
cfepe Hauedl miianetsl. B Guocdepe 3emiau jKU3HDL npeacTaBiaena 0oiee
HJM MeHee CIOKHBIMU coobniecTBaMu (OMOIMEH03aMuU), HACESIOUIMMHA
ompesenennsie Mecrooburtanus. Bupsr BuyTpm OHONEHO03a CBA3AHBI
APYT ¢ APYToM TPOPMYECKUMH, XUMHIECKUMHU H SaduUecKUMU CBA-
aamu. G gpyroif ¢TOpPOHBI, OPTAHU3MBI, BXOAsAN(e B OHOIEH03, CBA-
3aHBl ¢ KJIHMaTOM, THAPOJOTHYECKUMH YCIOBUAMHU, IOYBOH, XHMH3-
MOM Cpejibl M APYTruMu abuotudeckuMu garkTopamMu. B 9THX CIOKHBIX
KOMILIEKCAX JRUBHIX I KOCHBIX KOMIIOHEHTOB IEPBHUHBIMH IPOAY-
MEHTAMH OPTalyvYecKoro BeMiecTBa ABAAITCH ayToTpodiinie opranms-
MBI  pacTeHHA-QOTOCHHTETHKI M XeMOCHHTesupyioIiiue OGarTepuu.
B mexom 6uocdepa, ABiasgsgch ciomuoi 060J0YKOH 3eMIH, COCTOUT
13 GoJBILOTO YMCIA B pasHoil cTemebu OTIHYAIOIHUXCA APYT OT ApyTa
MecToOGHTaHN I HACEJIAKIINX X OGHOIEeH030B, T. €. GHOreOIEeH030B.
Heoprnopoaaocts Gmocdepsl B OHOTEOXHMUUECKOM OTHOIMEHHH SBIA-
@TCSA pe3yabTaTOM CJORIEHININX BeIecTBeHHO-9HEPIeTHIECKAX KPYyTo-
BODOTOB, HPOTEKAILIMX B fieil 11071 BAMAHEEM ;KHBOTO. B ¢Bo10O ouepens
HEOJHOPOAHOCTh JTHX KPYTOBOPOTOB 0GYCIOBIEHA CTPYKTYPHON He-
OMHOPOHOCTHI0 GHocdeps, UPOABISAIOMeHCS B CYNIeCTROBAHAKN B IIPH-
pome pasauaHbBx OHOTEOeH0308, IR JUCKPETHHX equuni 6nocepsl.
Buoreonenoss — 510 Te 6J0KH, U3 KOTOPHIX COCTOMT BcA Guocdepa
H B KOTOPHIX NPOTEKAT BEMICCTBEHHO-2HePTETHIECKIe KPYTOBOPOTHI,
BHI3BAHHbIE RU3HEAEHATeIbHOCTBI0 OPrAHU3MOB W B CYMMe COCTaBIA-
fomue 6oapuroil Gmocdepuniit Kpyrosopor. Buoreomeno3 mnpejcTas-
JasgeT co0ofl He3aMKHYTYIO CHCTEMY, XapakTepH3yWmylocs cTabusib-
HOCTBIO CTPYKTYPHl BO BPEMEHH M IPOCTPAHCTBE, MMEIOH[YVIO BeEIIeCT-
BEHHO-DHEPreTHIECKNEe «BXOMABI» H «BBIXOABDY, CBA3HBAIOMINE MEKIY
coboii cMeskuble OGHOTEOICHO3b B Hend, o0belnHseMble CTOKOM B IIH-
POKOM CMBIce 9TOT0 HouATHsA. OOMeH BemecTs MesKIy OHoreoleHo3aMu
OCYIIeCTBAACTCS B TazoobpasHoll, KHAKOH, TBepjoil ¢azax u, 49TO
0cO0EGHHO BasKHO [T HAUWE'0 PaccMOTpeHHA,— B cBoeobpasdoil
dopme ;ERBOre BellecTBa (JMHAMHMKA HNONYJIANUHA pacTeHHH U KHBOT-
HBIX, MHTpAIlMU OpraHusMoB u T. m.). C TreoXmMUYecKOH TOYRHU 3pe-
HUs MHPpailia BemecTBa B Ilelsix 6GHOTeoIeHO30B MOKeT paccMaT-
PUBATBCH KAK CepusA CONPS:KEHHHX TPOIECCOB PAcCeMBAHUA W KOH-
IeHTPHPOBAHNA BenleCTBA B OPraHH3Max, IIOYBAX, BOJAX, TPYHTAX
u armocdepe.

M3 »roro wpatkoro paccmorpenus 6mocdepHoro ypoBHA opra-
HU3ANAN AUBOTCO BUIHO €r0 OTPOMHOE 3HAYCHME B JBOJIONUN JKU3HU:
0 CYINEeCTBY GHOTeOL[@HO3H ABIAIOTCH peaJbHOM Cpeloil mpoTeKaHusA
IpOLECcCOB IBOJIONMH, a KPOME TOTO, B CBS3H C DBOJNIONHEHR cocTaB-
JAIMX MX BHJ0B CaMi OMOTEOIeH03sl IpeTepleBaioT 9BOJOIHOH-
HBle M3MEHEHHs, HAXOASCh B IOCTOAHHOM JHHAMIYCCKOM DAaBHOBECHH.

Heobxoauvo BrpeauTs Taxue bdIeMeHTapHbE €IWHUIH W 3JeMeH-
TADHHIE MX U3MEHEHUs, (e3 KOTOPHIX HEBO3MOMKHA Karag OB To HH
OLLIO HMHUIHANNS HBONIOIHOHHBX mpoueccoB. Hamo cpasy sxe oro-
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BOPUTHCA: aneMeHTApHAA HBoJOUHOHHAA CTPYKTyDa W DJIEMEHTAPHOE
9BOJIIOLUOHHOE fABJEHHe OTHIOABL He NPeACTaBIAIOT cofoil 9BOMIOIHOH-
HHI mpomnecc, a JAIIL HEOOXOAUMYIO HPEeANOCLIIKY TakoBoTo. K ane-
MEHTApHO# 9BOJNIOIMUOHHON eAMHEUIE MBI [OJKHHE IPELbABUTH Cle-
nyiomme TpebGoBanma: 1) oma pommHa OHTH Kak TakoBas jalee
Hemogpasgeamdya, T. €. HACJIEACTBEHHO H3MEHATHCA B PANY OHOMOTH-
9eCKHUX NMOKOJEHHUH; 2) oHA [JO/JKHA PeaNbHO M KOHKPETHO CYNIecTBO-
BATh B UPHPOAHLIX YCIOBHAX. Taroél equHUIEl, KOHETHO, HE MOKET
GEITh WHAWBHJ, BO BCAKOM ciaydae y OOJBIIAHCTBA KUBHIX OPraHH3-
MOB, Pa3MHOKAIOIMUXCA LOJOBLIM HYTeM.

Mer 3HaeM, 9TO0 NPAKTHIECKH BCe BH/SN JKMBHX OPraHH3MOB B
mpefiefiaX CBOETO apeasa pacmpefeJeHb HePaBHOMEPHO: OHH NXubo
pacnafarTcAa HAa TePPUTOPHANbHO (HA cylie WIH B BojJe) PasobmeH-
HEIe TPYOIOH NHAWBHAYYMoB (Hampidep, Gepe3oBble KOJKH B Jeco-
cremn), Jambo, eCoWm MHIUBHIB pPacHpededeHbl IO BCell TeppuTopHH,
IJIOTHOCTH HAacCeJeHNs CHJIBHO BapbuUpyeT OT MeCTa K MeCTy (Ip# TOM
TePPUTOPHUU TYCTOHACEJNEHHEIe OTHEIAIOTCH APYL OT APyra TeppuTo-
prsavn craboHacexeHHnMH). 1looToMy, a Tak:ke B ¢BASH ¢ OrpOMHOH
YACAEHHOCTHI0 W BHYTPEHHEH TeTepOTeHHOCTHIO 3JIeMeHdTaPHOU 5BO-
JOOUOHHOR eInHumedl He MOKeT OHTH BCA COBOKVIHOCTL ocoGeill (Ha-
celleHHWe) JaHHOIO BHJA, BHIA B IEeJ0oM. JTa HepaBHOMEPHOCTh paclpe-
Jererusi ocofell BUAa B Lpefelax apeaja BeieT K TOMY, 4TO BCA CO-
BOKYUOHOCTb 0co0ell KaKgoro BHAa B OPHPOJHBIX yeJaoBusx Goxee
HIN MeHee fSICHO NMOAPA3/eldseTcsA Ha PAJ OTHeIbHHIX 0ojiee KA MeHee
HU30JNPOBAHHBIX APYT OT APYra COBOKYHHOCTell, 0OBITHO HMMEHYEMBIX
monyxanusyd. UHcaIo TaKWX NoUydAsAOuUA B Lpefeaax BHIA MOJKET
OBIThH 09eHb PA3INTHBIM: OT OTHOCUTEJIBHO HeGOMBIIOT0, HANDHMED Y
OCTDOBHBIX BHJO0B H BHUOB ¢ BechbMa HeGOJBOIMM apeasoM, OO OTPOM-
HOTO (y MAPOKO pacupocTpPaHeHHBIX, S9BPHOAOHTHHX BHI0OB ¢ 00abmoi
IACIEHHOCTLI0 0Co0el).

Ogenp cymiecTBeHHO, YTO TaKWe IOMYJANAN BCETHA OTHENHIOTCH
‘OT COCeJHUX TOH WJIM HMHOH CTeHeHBIO H3OJNANAU, BCEIAA HEMOJIHOM.
Cuplca aToro B ToM, 4T0 BHYTpM mounyJsuuu (mpefcrasisiomeil cobol,
KaK TOBOPHIOCEH BHIMe, JUG0 TeppHUTOPHAILHO OTAEIEHHYI OT CO-
cegHUX, JUGO OTJAEeNeHHYI Teppuropueil ¢ MeHbUIEH MJIOTHOCTHIO
gaceleHHA, COBOKYIOHOCTb ocofeif) cayuaiiHoe cKpellmBaHUe H «IIe-
peMelinBaHme» o0cobell OCYMECTBIACTCA Jerde W dalle, IeM MEKIY
COCeTHHMH HOOyJIAnuAMA. JITak, nonyIAlNA peajbHO CYIECTBYeT B °
IPHEDPOZe, OHA BHICTYIAeT BO BpeMeHH I B IIPOCTPAHCTBE KaK oIpeeaeH- |
HOe eAWHCTRO, M 0Ha, KaK MBI YBAAUM fallee, CUOCOOHA HMB3MEHATHCH B
TedeHne mokodenmid. Taxmm o6pasoM, HoOyJIAnus SABIACTCA IEMEH-
TapHO! JBOJIONUOHHON CTPYKTYPOH, YHOBJIETBOPAOMENR NOCTaBJIEH-
HpIM TpeboBaHUAM,

IIpu aToM momyasimumu MOKHO [ATH CJEAYIONMEe JOCTATOYHO TOY-
HOe W cTporoe ompemernenme. [[od nonyaayueld Mbl ROHUMAEM C080-
Kynrocmv ocobell onpedeaennozo suda, 8 meuernue 30cmamouho OAl-
Mmeavro20 épeMeHy (604b1020 HUCAL NOKOACHULL) Hacessowux onpede-
AEHHYI0 MEeppumopulo, 6HYmMpPU KOMOPOL NDPAKMUHECKU OCYUyeCm-
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8AAEMCR MA UAU UHASL CMENeHb NAHMUKCUU, 4 MAKH#E OMCYmcmeyom
3aMEmMHbe UB0AAYUOHHBE 6apbepsl U Komopas omdeieHa om coceOHUT
MaKux e RONYAAYul moll usu uHol cmenenvio (uHozda Goavuioil,
a unoz8a maaoli) dasaenus usoasyul. HpuTepuit BpeMeHU CVYINECTBO-
BaHUA NONYJIANUN BHECEH C TeM, YTOOH HCKIIOIATH HE HMeIOmue
IPAMOr0 SBOJOUOHHOTO BHAYEHWS MAJOUHCIeHHBIe I'DYNNH ocobeii,
BeChbMa KDATKOBPEMEHHO HACeJIANINne Kakoi-ambo yTacTor TeppH-
TOPHA WIAX aKkBaTopuu. Takue Ipynnsl ocofell IPH CIWIMKOM MAaloit
9HCIEHHOCTH B CBA3U ¢ HeM30e)KHBIMH (JIYKTyaudmsaMU 3TOH YHCICHHO-
CTH TI0 3aKOHY MapPKOBCKUX Ilereil HEICTPO HmCcIe3aloT (eCqIH NX MHCIEH-
HOCTh He BO3pacTaeT W He BefeT K 06pasoBaHUIO HOBHX «HACTOAIIAX»
HOIYJIANRMR).

XapaxkTepHHM NpAMEpPOM TAKOTO pOAa H3MEHEHWil MOTYT CiIy-
JKATH BpeMsa OT BpPeMeHH NPOUCXOJANIAE BBLIETH OTAENBHBIX CTaek
CafKM HMJIM KONBITKH JaJeKOo 3a IIpeJelbl CBOero IeATpajbHO- M
cpeHea3smaTcKoOro apeana, BIAOTH 0 Hobepesmbsa ATIAHTATECKOTO
OKeana Ha 3anajie W 3abalikalbs Ha BOCTOKe, T/ OHU JIepKaTCA He-
KOTOpOoe BpeMs M [jaske OBITA0TCA THE3AHTHCH, OJHAKO CKOPO HMCIe-
3a10T. [pyrumMum npmMepaMm MOTYT CJOYKATh MHIDAalUH IECIIOB X
BELIETHl HYCTHHAOW CAPaHYM, He HPHBONAMEE K 3aCeJIeHNI0 HOBHIX
TeppuTopHit 1 06pasoBanmio nonyaanuit. [Tonynsanusa B JaHHOM BHIIE
ompefeleHNN MOMKeT, CIefOBaTeIbHO, CINTATHCH DIEMEHTapHOH 3BO-
JNIONAOHHOR CTPYKTYPOH, & DIeMeHTAPHBIM DBOJIOIHOHHBIM ABJIeHHEM
TOJKHO GHITH HACJHe[CTBEHHOE H3MeHEeHHe HTOH HBOJIIMOHHON CTPYK-
Typs. 14 ero TouHOTO oumcaHms HeoGXOAMMO PACCMOTPETH U ACHO
cefe MpeACTaBUThH TEHETHYECKYIO CTPYKRTYPY HOOYIANUI.

Y BCeX JKHBBIX OPTaHA3MOB IOCTOSHHO TPOTERaeT CHOHTAHHBIN
MYTAIIHOHHBII TpoIlecc, I109TOMY BCAKAf CYIMEeCcTBYIONAA B TedeHHe
PAfa TOKOJIEHHH COBOKYHHOCTh 0Co0eil mo cBoeMy TeHEeTHIECKOMY
cocTaBy Hem30eyKHO OyjleT reTepOoTeHHOHN; IOMOTEHHBIME MOTYT OBITh
JAIIb «CBeKHE», TOJbKO 9To 00pa30BaBIINeCs UUCTHE JUHNM U KJIAHH.
Ilonynanum, pame ecau oHE PEHOTHONYECKH OTHOCHTEIBHO OHOPOH-
HBl, OpeJICTaBJIAIT co000i, TakmM o00pasoM, BecbMa TeTEPOTEHHYIO
cMech Da3JWYHHX TeHOTHHOB H OTAENBHHX pPeJKNX MYTaHTOB, OCO-
feHHO DENmeCCHBHEIX, COMEPIKAIMUXCH B JaHHOU HOHYIANMM B Te-
TePOBUTOTHOM COCTOSIHUM B Pa3dmunsix RoumenTpanmax. Ilpm moc-
TOSIHCTBE M HEBBLICOKOH MIITEHCHBHOCTH JIaBJEHUA DPA3IMIHLIX (aKTO-
poOB Ha MOOYIALHAIO ee TeHOTHNMIECKHIT COCTAR, HeN30e;KHO QIYKTYH-
pyd, MOsKeT OCTaBaTbCA B CpegHeM CTATHCTUYECKH JOBOJIBHO HEM3-
MeHHBIM B TedeHHe (ojlee MM MeHee IATENbHOTO BpeMeHnm. Ecuam,
OJHAKO, NONYJIANNA WMCHBTHBAeT NHTEHCHBHO HATPAaBIeHHOE [aBle-
HAe Kakoro-ambo ¢axropa (MW JOCTATOYHO [TUTEIbHOE HEHHTEHCHB-
Hoe faBieHme 0e3 M3MEHEHHA €r0 BeKTopa), To Hem3be;KHO MOJIKHO
HAaCTYINThL CMeIeHHe NN H3MeHeHHe B TeHOTHOHYECKOH CMecH,
obpasylomell momyaanmioo (B rexmodomge). Ecam moABieHne HOBHIX
(mnm m3MeHeHWe WHTEHCHBHOCTH CTAapHIX) [aBIeHWH TeX WIJIN WHEIX
$aKTOpOB Ha IOmyJIANNIo GyeT [OCTATOIHO HHTEHCHMBHO W JUIATENBHO,
TO TeHOQOH/, WM TeHOTHIHYeCKHH COCTaB, HONYJAOUN HW3MEHATCSH
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TaKKe Ha JOoCTaTOYHO JJIHTEeNbHOE BPEeMA: IPOH30H1eT 5BOJIOMAOHHO
3HAYMMO€ TeHETHIECKOe W3MEHEHWEe NOmyJSIuu.

Taxum o06pasoM, 5IEMEHTADHBIM DBOIIIHOHHBIM ABJEHHEM MEH
MOKEeM CUYHTaTh [JNTeJbHOE N BEKTOPU30BAHHOE W3MEHEHHE IeHOTH-
OAYecKNTo cocTaBa monyisnmn, CoBepiieHHO fACHO, 4TO 0e3 TaKHEX
reHeTHYECKHX M3MeHeHWil DOIYJAUNH HEeBOSMOKHO HAZalo H Opo-
TeKaHNe 9BOJIOIMOHHOTO IIpollecca, XoTA diIeMeHTapHOoe HBONIONIIOH-
HO€ SABJEHWE B TOJBKO YTO CHOPMYIMPOBAHHOM CMBICTE caMo 1o cebe
enie OTHIONb He ABJIAETCA DBOJIONMOHHEIM IIPOIIECCOM.

3meck ciaefyeT 3aTpPOHYTHh OAWH JIOGOTMHITHHIE W MOKA OMHO3HAYHO
Hepa3pemimMblil BOTIPOC: O NJIHTEJIBHOCTH CYMECTBROBAHWA MONYAANUE
BO BpeMeHH. B cucTemaTHrRe MBI IPUBHIKJIN PA3TPaHHYNBATE TaKCOHEI
B HpPOCTPAHCTBE W BpeMEHHOH MPOERIHUM B COBperMeHHOCTh. OpHaKo
COREPIIEHHO SACHO, 9T0 INPOUCXOAHNT He TOJNbKO AupdepeHmupoBKa
OJHOTO TAKCOHA B [IBa MJIM HECKOJBKO (B CBA3H C 9BOJKIHOHHO IOSB-
JOMEMUCH OTIHYAAMA), HO ¥ W3MEHEHWEe BUAOB M IPYIHX TAKCOHOB
Bo Bpesenu. llaneonToTorna gaer HaM TOJILKO KpadHUEe NPHMEPH Ta-
KOTO pPOnNa, M MBl, KaK IPaBUIO, JHNIIb B OYeHb HEMHOTHX cAyIadx
MOKeM HAa OCHOBAHMHM KOCBEHHBIX IIOKasaTejedl CyauTh 0 TpaHATax
BHJa M JAPYTHX TAKCOHOB BO BpeMeHM. B cBA3H ¢ 3TuM pgaske 6e3or-
HOCATEIBHO K WX BO3MOKHOH Irubend MONyJAMUH ONpeaeJeHHOro
BUJA He MOTL'yT CYyI[eCTBOBATH GeCKoHEYHO HAOJATO. Mbl ROCHYIHMCDH
HTOTO BOIpOCA JHIIH ¢ TeM, YTOOBI MOTIEPKHYTH, UTO BHINCOINMCAH-
HBle DJIeMeHTapHble DBOIINMOHHEIE ABICHHA IIPM COXPAaHEHUN He-
NPEePHBHOCTH LONYJAAIHI BO BpeMeHHM M HPOCTPAHCTBE He SABIAITCH
«OODYJANMOHHBIMA T'PAHWIAMHA» H He HAPYNIAI0T HENpPepBIBHOTO Cy-
IecTBOBAHUA TOHN ke IONYJNAIMH BO BPEMEHH, B Ipefeiax TIpaHUI]
CVYIMeCTBOBAHHA BHAA B IETOM.

Tarkum obpasoM, saerMeHTapHOH 9BOTIOINOHHON CTPYKTYPOIl SBMAA-
eTCH NOMyJANHA, a JIEeMeHTAPHBIM HBOJIOIMOHHHM SBIGHUEM — H3-
MeHeHNe e€ I'eHOTHNMYeCKoro cocraBa. Jlymaercs, 9To maHHBE BEIIIE
QOPMYIUPOBRY MOHATHI «NONYJANUA» U «A3MeHeHHe ee TeHOTHIIU-
YEeCKOT0 COCTaBa» TEOPETUIECKM AOCTATOYHO CTPOTH U OJHO3HAYHH U
B OTOM CMBICJIE YIOBJIETBOPHUTENBHB HA IEepHOJ IPEABUAMMOTO pPas-
BUTHA MEKPO3BONIONHOHHOTO yueHUs, OgHAKO yike 3[eCh MBI CTaJ-
KHBAeMCHA ¢ ABJIeHHEeM, ¢ KOTOPHIM 6ymeM MMeTh JeJ0 U fajee: B KOM-
IJIEKCHBIX TIPUPOAHBIX ABIEHHAX MEl BCerja BecTpedaeMcsa ¢ Heder-
KOCTBI0O M «pPaszMa3anuocThioy rpaudi. OcoleHHO 3T0 Kacaercs Beex
TeX CTPYKTYP M ABICHMII, KOTOpHle 110 caMoll IpUpoAe CBOeH JUHAMUY-
HEBI, TMOCTOAHHO (QIYKTYUPYIOT U MEHSTCHA B IIPOCTPAHCTBE M Bpe-
MeHU. A 5TO XapaKTepHO U AJId NONYIANHWH, H AJIA M3MeHeHHWH WX re-
HOTHIIAYECKOTO cocTaBa. [loaToMy, HECMOTpPA HA JOCTATOYHYIO CTPO-
TOCTH TEOPETHIECKUX ompeJielleHUii M (POPMYJIHPOBOK, HeoOXOZUMO
00JbUIOe YHCAO TOYHEIX ONMUCAHMN HONYIAUHUI, UX TEHOTHNUIECKOTO
cocraBa, GIYKTyanuii W BeKTOPH3OBAHHHX H3MEHEHMIl 9TOTO TeHO-
THIHYECKOTO COCTABa BO BpeMeHH B KOHKPETHBIX NPUPOHBEIX YCIOBH-
ax. Ilpu pToM Henbss 3a0bBIBaTh, UTO B KaXKIOM JAHHOM OTDE3Ke Bpe-
MEHH ¥ MONyJANUUd, moZoOHO BHUAAM, MOIYT HAXOLHTBCA «in statu
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nascendi»: KOHKpeTHas LONYJAIMA MOKET HAXOQUTHCA B COCTOAHHM
pasfeeHusA HA JBe WIN HECKOJIBKO HONYIANUH, OTAEAAIOMUXCA TPYT
OT [pyra CyIecTBYINUMHA HWJINW BO3HHRAWIMUAMA HN30JIAIUNOHHBIMHA
gapeepamu. To ke caMoe MOKET KacaThCs U TIPOTEKAHHA BO BpPeMeHH
U3MEHEeHUN WX FeHOTHNHMYIECKOT0 COCTaBa, KOTOPOe, KCTaTH, HeusOesx-
HO 6yIeT COMPOBOK/IATEL ¥ BCAROE MONYIANUOHHOE HOBOOOpa3oBaHme.
IlosToMy, HECMOTPA HA eCTECTBEHHYIO «TERYYecThb» I'PaHMl], NpH H3Y-
JeHUN U aHAIW3€¢ KOHKPETHHX MPUPOJAHEIX CHTYANUil Heo6XomuMo HC-
XOQUTh W3 CTPOFUX TeOPeTHIECKUX (POPMyJAUPOBOK.

Briute 610 mokazaso, 4To 6mocdepa Ha BCeM CBOEM HPOTA:KeHUN
COCTOUT M3 6oJlee WU MeHee AUCKPETHLIX KOMIIIEKCOB OMOTHUYCCKUX
¥ abHOTUIeCKUX KOMUOHeHT — OHoreonenos3op. Vuage roeops, 6Guo-
Te0I[eHO3bI U ABIAIOTCA TOM KOHKPETHOMH cpeioii, B KOTOPO# mMpoTeRaeT
OpOI[ecC HBOJIOIUHE N1060T0 BHAA KEBHX oOpraHumaMoB. Homeuwo,
JRUBBIE OPraHU3MEl BCETAA MCUKITHBAIOT BIUSHUA He TOJIBKO OUpee-
JeHHBIX A0MOTUIOCKUX YCIOBHU, HO W CIOKHOR COBOKYDHOCTH APY-
TEX BUHOB, ¢ KOTOPHMN OHU HAXOAATCS BO B3aMMOOTHOIIEHUAX B3au-
OeifCTBUA I KOHKYPEHIMM; MMEHHO 3TH COBOKYIHOCTH BHIOB — OHO-
IEHOSH — SABJIOTCA CPeNo¥ NPOTeKAHUA Me;KBHIOBOH GopbbH (B
HWIMPOKOM CMBICIE DTOTO CJI0BA) UM CBA3AHHBIX C HE 6ECYUCIeHHBIX
nposBlenui orbopa.

BsaumocBsazanusie B 6HOIEHO3e BHIBI, €CTECTBEHHO, OKA3BIBAIOT
BCerJia eNblid pA Bo3/eAcTBAN HA abuoTHYecKe PAKTOPH B Tpejeaax
6HOreoneno3os. JT0 B CBOI oUepenh HeMm30e;RHo BiIedeT 3a cob6ol 06-
paTHBe U3MeHEHUs BIMAHUA a0MOTHIeCKUX PAKTOPOB HA Te MIM HHEE
JKUBEE KOMIIOHEHTH OMoTeoIeHo030B. TakWe mocTosiHHble B3amMOfeii-
CTBUs OMOLEHO30B ¢ KOMIOIEKCOM abMoTHMUecKuX (HaKTOpPOB CO BpeMme-
HeM Hew36e/KHO BelyT K ONPeIelNeHHHM HM3MeHeHHUs M B OHOreolieHo-
3aX; y:ie m03TOMYy GHOTeoIleHO3H — MOHATHEe AMHAMHYECKOE.

Haree B ¢usuro-reorpadugeckoil cpejge MOTYT B CUIY Te0J0rH-
YeCKUX IIPOIECCOB B IMHPOKOM CMBICJIE 3TOr0 CIOBA IPOUCXOIUTH
folJee MU MeHee CYIMECTBOHHEIE M3MEHEHNA, OTPA;KAMI(UECT HA Ha-
CeJAIIUX COOTBeTCTRYMOmMUil 6uoTun opranusmax. Co cBoeil cTOPOHE
Ha JOCTAaTOYHO [INTENABHEIX OTPe3sKax BPeMeHN ;KUBHE OPTraHU3MEHI,
ofpasyolne GMOLeH03, IPeTepPUeBAIOT ONPEeNeIeHHbe 9BOTIOIMOHHEE
npeo6Pa30BAHESA; 9TO OMATH-TAKH HA IYTAX B3aUMOJEHCTBUA MEHILY
JRUBBIME M KOCHEIMH KOMIIOHEHTAMH LOBJIEYeT 334 C000I0 ompepeideH-
Hble HM3MeHeHUd U mpeobpasoBamusa GMOTeOIeHO30B. B pTOM cMBICTe
MOJKHO M JOJKHO T'OBOPUTH 00 9BONIONNKM OHOTEOIMEHO30B.

IlperpacHEIME IPUMEPAMHE [OCTATOYHO CYHMIECTBEHHEIX 3BOJIOI[UOH-
HHIX npeobpa3oBaHMA OGHOTEOIEHO30B SBJIAIOTCS W3MEHEHUA OTHOCH-
TeJIbHO HeOOJIBIINX KOHTHHEHTAABHEIX BOH0EMOB, 3a00J0YEHHBIX
V9aCTKOB, HEKOTOPHX CTENHHX ¥ NYCTHIHHHX PEerMOHOB, CABHTH 30-
HaJdbHBIX TPAaHUIl M CcyKImeccHi ¢uromenoson. CiemcTBHeM DBOJIOLMM
6MOreoleH030B ABIAITCA B KOHETHOM CYeTe TpaHAUO3HBIE npeobpa-
30BaHUA Ouocdepsl 3emian.

IlouTn monBeka Hasza[ KPynHeHIIW HATYPAIHCT HAINETO CTOJETHA
B.1l. Bepuaackmii ykasal Ha TO, 9TO IPOMBIIIJIEHHO-TeXHATECKAS
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HeATeNbHOCTh COBPEMEHHOTO HeJIOBeKAa HACTOIBKO CHIBHO BIMSIET HA
JUK 3eMJH, YTO €€ MOMKHO CUYUTATH «HOBHM TEOJIOTMIeCKHM (aKTO-
pom». B mocuennee BpeMsi GHICTPO pacTeT He TOJIBKO IHCIA@HHOCTE JH0-
geif, Ho m pasMax, o6beM M MO TeXHUYECKOH M NPOMHBIILIEHHO-
X03AUCTBEHHON ResATeIbHOCTH dYedoBedectna, llosTomy cpemum Gonb-
IIOTO 4MCIa COBPEMEHHHX HAYTHO-TeXHWYECKUX IpobieM, KOTOPHMHU
Tak Horara Hama sm0Xa, B3aHMOOTHOIMenne GHoc(epsl X TeJ0BeYeCTBA
ABIAeTCA uPOBIEMOH HOMED OAWH, KOMILIEKCHOE pelleHHe KOTopoi
COCTaBJAET 337aYy BCETO eCTECTBO3HAHMSA, BKII0Yasg MareMaTHRy. Te-
neps noupobyeM chopMyIHPOBATH 9Ty UPOOIeMYy HECKOJNBKO HHA4Ye U
HalTH IyTH ee HOJORUTEJHHOTO PEHIeHUS.

Hama 3emna — ;xuBas nmamera, Ha KOTOPOI paspHjiach TpaH-
JUOo3HAA MO cBoeobpasmio, obunuw Gopm 1 oOmel cBoeil Macce ;KU3MHb.
Bo Bcenenmoil cymecTByer, MO-BUUMOMY, LEJIBHE DAL ¢MEDPTBBIX»
IJaHeT, JUIIEHHBIX JKU3HHA. XapaxkTepHOH ke 0CO0EHHOCTBIO 3eMIH
KaK GKUBOH» ImIaHETH ABJIAeTcA ocobas 06010UKa, MOTYIHBINAS HA3-
BaHMe Omocgeprl. Bmocepa npexgcraBaser cobofl mpeskige BCero
(INIEHKY KU3HHU», DOKPHBapIyIo seMHoll map. O6mas macca KH-
BBHIX OPraHmsMoB, miam obmas Ouomacca SeMad, Oblla HOACIUTAHA
B. 1. Bepuagckum U ero yuemuxamu: oHa cocTaBiser okxoio 10 .

Bunocgepa — cymecrBenneiitnas cocraBHas dacth o0meil JKU3HK
JeMiIM KaK HIaHeTH, dHepPreTHYecKuil skpan Mexpy Jemued m Hoc-
MOCOM, KOTODHIl NpeBpamaeT ONpeIedeHHYI0 YacTh KOCMHUIECKOH,
B OCHOBHOM COJIHEYHOI, 9HEPTUY, MOCTYNAWE! Ha 3eMiI, B IEeHHOe
BBHICOKOMOJIEKYIAPHOE opranmdeckoe Bemectso. IlocTynnenne conned-
HOH BHEPIMH — »TO PHepreTHieckuil Bxoj B Omocdepy. B Gmomacce
IPOTEKAT LPOI[eCCH O0MeHa BEIEeCTB, OMHE OPTAHM3MEI OTMHpAIOT,
JpyTHe HAPOKIAITCH, OHM NUTAITCA APYr APYTOM U Tak jalee.
ITpoucxogur orpomukbii BedHwit 6mosorudecKuil Kpyroeopor B 6moc-
depe: IeNEN pAX BemecTB, Heabil psay ¢opM dHEePIUH MOCTOAHHO IHUD-
KyJqupyeT B 3ToM 0o0JbIIOM Kpyroopore. dacTb opranmgeckoro
BemecTBa M3 5TOr0 KPYroBOPOTA HOCTYHAaeT B IOYBY, Ha JHO Bojoe-
MOB, B BOJHEIE PACTBOPH, HCIOJIH3YETCA MUKPOOPTaHU3MAMU-MUHEDAa-
IU3aTOPaAMK M T. 7. ITH HPOTYKTH MHHEPAIM3amUH OTMMPAION[Ero op-
TaHUYECKOr'0 BemecTBA, HE HCIOJb30BAHHbE B GHOJOTHIECKOM KDPYIoO-
BopoTe 6mocdeprl, BKIKOYIATCA B TOPHEE TOPOAH. [l pyruMH CIOBAMHE,
U3 KHBOIO Kpyropopora Omocdepsl HAJasi TacTH BeOeECTB U sHEP-
THH eCTh BHIXO][ B TeoJOTHI0 myTeM (OPMHPOBAHMA OCAJOYHHEX TOp
HHX HOPOJ.

Bosamkaer Bompoc: 4ro MOsReT 5TOT (O0ABHION OHONOTHUECKHR °
KPyroBopoT B Ouocdepe maBarh JdoogaM? PaccMOTpEM €ro IO TpeM
OCHOBHBIM DYHKTAM: HA DHEPreTHYECKOM «BXO0je»; B OHOIOTHIECKOM
KpyroBopote 6mocepsl; Ha «BHX0je» U3 GHOJIOrMIECKOro KPYroBopo-
Ta B TEOJOTHI,

Ha mnosepxmocts 3emanm magaer ompefefeHHOe KOJHYECTBO COJI-
HeUHOH smepruu. Homeuno, Gumosorudeck:m ¢paboTath MOJKET TOJBKO
Ta 9aCTh ee, KOTOPAs IMOTJIOMAETCHA B OCHOBHOM 3€JeHBIMH DacTeHH:A-
MH, crnoco6HHME K ¢orocuHTedy. M3 Beeit mocTynamomein Ha 3eMiIo
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COMHEUHOIl DHEPTUM JHMB OIpefedeHHOe KOIWIECTBO (IIOCIUTATH
€r0 TOYHO HEJerKo, W B PA3HEIX PErHOHAX OHO cocTaBisger oT 1 mo
10%) norxomaercss 3eseHbiMH pacTenmsimu. [lorinomiennas sHeprums
TaK;ke He Bes uper ma ¢orocuntes. Haxk B TeXHHUKe, TAK M B JKUBOH
NPHPOAe MBL MOKEM TOBOPHTH 0 Kop(QuUIMeHTe I0JE3HOro eHCTBUA
(¢.n.1.). Ilpoment morsomenHo# CoNHEYHON HHEPIHH, HMCIOIBL3YeMOR
pacTenusMz (ONATH-TAKY HOJCYNTATH 70 HEJETKO), COCTABIAET NpH-
mepro o1 2 mo 12. IIpm aroM odedh CYUECTBEHHO 3aMETHTh, ITO pas-
HE® BUAB U TPYONBl pacTeHUil o6IagalT PazHBIME K. IL.g. Tawum
o0pasoM, yike Ha DHEPreTHIECKOM BXOJ€ TeJOBEUeCTBO MOJKET Koe-
970 CcHedaTh HAA TOro, 4To0H PACTHTENHHOCTH IHOTJIOmata (oIbiIe
HOCTYManmell Ha 3eMII0 COMTHETHOH PHEPTHH, a 174 3TOT0 HeobX0JIMo
HOBEICATH ILIOTHOCTH 3€JIEHOTO HOKPOBA 3EMIH.

Jo cux mop B XO3AHCTBEHHOH [eATENBHOCTH 4eJ0BeK INOHMkaer
3Ty ILIOTHOCTH, HeOpEesKHO ofpamasch ¢ JecaMM, JYTaMH, HOJSMA,
HepocTatouno osedernsis MYCTHHYU M CTENHW, MBI TaK/Ke CHUKAeM ee.
Ho rak pas coBpeMenHas TeXHHRA W YPOBEHb COBPEeMENHON ImpOMEIII-
JIEHHOCTU TeOPeTHIeCKHN MNO3BOJAKT HAM UPOReNaTh 00PaTHYIO pa-
60Ty, T. €. BCEMEePHO IOBBHICATH MIOTHOCTH 3eJeHOI0 MOKPOBA Ha BeCeX
OPUTONHBIX INIOIMAAAX 3€MHONI MIOBEPXHOCTH ¥ BOJoOeMaXx, ocobeHHo
OPECHOBOJHEX. JTO M YBeJMYUT HPONEHT IOTIOMIEHHON PaCcTeHMsIMHA
COJHEUHON B3HEpPrMU M, KaK NOKA3BIBAIOT PACYETH, IIOBBICHT ILIOT-
HOCTH 3eJeHOT0 MOKPOBA, BO3MOmHO, MuHEMyM B 1,5—2 pasa. Tem
CAMEIM yIaCTCSA COOTBETCTBEHHO NOAHATH OMOJOTHYECKYI0 NPOH3BO-
JUTEIBHOCTD JeMiIn, Ecin ske BHAEIUTD 0 9TUX Tesell Golee «pous-
BOAUTEIBHBIEY PACTOHMA, TO YIKE HA dHEPreTHMYecKOM BXofe B OHOC-
depy MOJKHO HOBHICHTH OWONOrMIECKYI0 UPOU3BOMUTEIBHOCTH 3eMIU,
cra:keM, B 2—3 pasa. Hamomuto, uTo sT0 maMm OyHeT cOBepHIEHHO
HEOOX0UMO depes CTO JeT.

Tenepp mepeiifieM K 0CHOBHOMY, 00IBIIOMY KPYTOBOPOTY B 6moC-
depe. Tyr ouATh-TaKHU Ye0BEUECTBO PACHOPASKAETCS ITOKA UTO O0UEHB
HEOPE;RHO: YHHYTOKAeT MJAHM TOJPHBAaeT BOCHPOM3BOIMMBIE 3aIlachl
JKUBOTHBIX W PACTeHU Ha Hammel miamere. ¥ ke TONBKO IYTeM OXPaHb
U PaNHoOHAJHU3aNWA UCIONH30BANNU «ANKONY JKUBOH NPAPOABL MOYKHO
cllesaTh O4YeHb MHOroe. Ilpm ofLieM IMOBHIIEHHU ILTOTHOCTH 3EJEHOIO
TOKPOBA 3eMIU JIerko GYAeT MOBHICUTH IIIOTHOCTE U €6 ;KUBOTO Hace-
JIeHUsA, KOTOPOE B KOHEYHOM CYeTe MPAMO HIM KOCBEHHO HUTAETCA 32
cUeT PACTUTEIBbHOr0 moKpoBa. IlyTem TouHOTO H3YUYEHHA BOCIDPOU3-
BeJleHWsI MacC pPACTHUTENBbHOCTH, 3aNACOB IOJE3HBIX JJIS YeJOBeKa
JKUBOTHBIX — TYIIHBIX 3Bepeil, KONBITHHIX, MOPCKUX 3BepeHd, INTHII,
pHO — U medoro paga 6GeCmo3BOHOYHBIX, OCOGEHHO B OKeaHe, MH
CMOKeM PE3KO IIOBHCHUTH TOJE3HYI0 AJA 49eT0BeKa HNPOIYKTHBHOCTH
5TOTO TUTAHTCKOTO Kpvromopora B Omocgepe.

Ho Mbl Moskem Tarike TOBHIIATH NPONYKTHBHOCTH CEIBCROXO3H-
CTBEHHBIX KYNLTYP, KYABTYPHHX PACTEHUN M JOMAITHUX KMBOTHHIX.
Tonsko 3a mocaefnee HecsaTUIeTHe B IeHeTHKe MB Bce Iay0ike mpo-
HHKaeM B CTPYKTYPY M pa0oTy reHormna, HacJeZCTBEHHOTO KoJa HMH-
dopmanEm, nepegaBaeMoro OT HNOKOJEHHS K NOKOJIEHWI0 B JKHBOMH
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upupope. Horma mmi Gymem 3HaTe 6Gosee MJIM MeHee TOYHO CTPYK-
TYPY ¥ HeATeNIBHOCTH 3THX TEHOTHIIOB, MBI CMOYKEM PE3KO IIOBHICHUTDH
3QPERTHRHOCTD U YCKOPHUTH CEJAERI[HI0 CeMbCKOXO3ANCTREHHBX KYlb-
TYP ¥ JOMALIHUX ;KUBOTHBIX. ,
He ciaemyer safunBarh, 9T0 MCHOAB3yeMBIe cefiuac KyJAbTYpPHHE
pacTeHHsA W [OMAaUTHUE JKUBOTHBIE — JHINB 9acTh «obmero (oHpma»
BHJIOB SKRUBOTHRIX, pACTeHWH U MHUKDPOOPLAHU3MOB, HACEIAKIMEX
3emap. YemoBer Mo:keT U3BIeYb W3 3TOro (GOHAA M MHOKECTBO
APYIUX BWIOB, BEPOATHO, Ja:ke (oJee mOJe3HHX, 00Jee BHICOKONPO-
NYKTUBHHX, YeM Te, KOTOpbie oH Hcmoxnayer cefrgac. ITostomy B
6onpinoM OmocepHOM KpPYroBOpoTe dYeloBeK Ha OCHOBAHUH Yike
cei9ac IPeJBUAUMBIX HAYIHO-TEXHUYECKUX BO3MO:KHOCTEHl MOMKeT

YBEJIUYUTH MPUPOCT MPOIYRIUHA MOTe3HBIX 115 cebst BemecTs B 2—3, !

a MoO;keT ObITh, W B 0OJbIlee YUCI0 Pa3 HO CPABHEHHUIO C TEM, 4TO OH:
nomydaer cerogusa. B flnonum, manpuep, yme ceifuac WCIONB3YeTCA

Gomee 20 BUOOB BOAOpOCHEH AN NUMIEBHIX M KOPMOBBEIX IeJed.

Tarkum o6pasoM, ecam MBI HA 9HEPIreTHIECKOM BXOJ€ 34 CUET yBe-
JUYEHUA NPOLEHTA IOTIONAEeMON pacTeHUAMH COTHETIHON HHepPruu W
IMOBBILICHAA CPEHEero K.I.J. PACTEHHH CMOeM YBeIUIUTH TPOIYKTHB~
HOCTh, CKa)keM, B 3 pasa M Ha OoxabioM 6HuochepHOM KPYTOBOPOTE
HOBBICHTE e¢ eme B 3—4 pasa, TO PeajbHO OKUIATH 00IIero yBead-
YeHHUA NPOIYKTUBHOCTH Omocheps 3eMIW LPUMEPHO HA UOPALOK.
1 Bce 370 MOMKHO OCVIIECTBUTH Ha OCHOBAHUK TOTO, UTO Vike cedgac
HAY4YHO TOHATHO M ampoGHpOBAHO.

Eerp eme oxna BaskHadg, HO HepelieHHaA GHoIOTHTIeCKaA NpoGie-
Ma. [deno B ToMm, uro 3emuasu HaceleHa Goliee HIM MeHee CIOKHBIMHI
KOMILI@KCAMHI MHOTHX BHOB jKUBHIX OPTAHM3MOB, CIIO;KHEIMA CO06IIeCT-
pamMu. MuI 4o cux mop He 3HaeM, 1I0YeMy B T€UeHUE AIMTEALHOTO Bpe-
MeHH — GOoXpmoro wueaa IOKOJeHHUH JKUBHIX ODPraHM3MOB — TaKHe
CIO0HBIe coobmiecTna, ecayu 4eT0BEK HX He NOApPHBAaeT W He BUTOW3-
MEHSeT, CIOCOGHN HAXOAUTHCS B COCTOAHUU DAaBHOBECHA MERIY CO-
CTABNAIOMAME WX BUAamMu. IIpHudHa BOSHUKHOBEHUS TAKOr'0 PaBHO-
‘Becma HaM mnousaTHa. Ho MeXaHW3MH, yIpaBIAoOIIHe DTHMU PaBHO-
BECHHIMU CHCTEMAMM, TOKA HEW3BeCTHEHI.

CremoBareabHO, KOrjJa YeJOBeK paspelruT npobiemy paBHOBecHs
B SKUBOI mpupoje, on u3 6mochepHOro KPpyroBopora cMosKeT U3BJaedYb
HAMHOTO GOIBIIe, IIOTOMY 4TO TOTHA OH JeHCTBHTEIBHO CO3HATENIBHO,
HAYYHO, HA DPAUOHANHHBIX OCHOBAX CMOJKeT B CBOIO IOJL3Y U IO
CBOEMY YCMOTPEHHIO M3MEHATHh U YIydYilaTh OUONOTHYECKHe co0lm[e-

CTBa, HaceJgAomue Semir. Ecan ¢ IOOMOINBI) BCeX 3THX MeD IOABUTCA

BOBMOKHOCTh YBEANMINTh HPOUIBOJUTEINBHOCTH OHocdeps eme B 1,5
pasa, TO MBI YK€ HOJYYHM BMeCTe ¢ IPeIBAVIIUMY BO3MOKHOCTAMHE
Gollee 4eM JeCATHKPATHOE YBeIHUeHNe GUOMOrMIecKON IPOXYKTHB-
HOCTH 3eMiIH,

W uaxomen, mocieaHee — BrX0/ u3 Guocdepwn. Ceituac M 31naeM,
9T0 B pAJe MecT Ha 3eMie, HaNpUMep B HEKOTOPHIX 03epax, BMeCTO
WA, KOTOPHIA MHHEPAJIU3YeTCA ;KUBLIMH OPTAHH3MAMM [0 HEOPTaHU-
TeCKUX CoJell, mocTeneHHO ofpasdyeTcsa campoueib — TIpe3BHYaiiHO
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VHTEpeCHOe U LeHHOe OPTAaHMYeCKoe BeN[eCTBO, COCTOAMEe W3 yrie-
BOIOB, GenkoB U ;kuUpoB, B Amonum Beicmue copTa campomneis mpe-
BpallaloT B NUINEBBe INPOLYKTH, 0ojJee HU3KUE COPTA — B KOPM
IIST CKOTa, a CaMbie HH3KHe COpPTa — B OpraHdYecKHe ymofpenus,
B agpyrmx ctpamax campomneinb ynotpeblserca B KOHIUTEPCKON mpo-
MHIIIEHHOCTH KaK 3aMEHHTENb ;kesatuHa um arapa. Ho rem He menee
obmee moTpebieHMe €ro 9YeJ0BEKOM HE3HAYUTEIILHO.

Hemo, opnako, He B campome’xe, Kak TaxkoBoM. B 6yxgymem Ha
BHIXOJe M3 6OJBLIOr0 KPYroBOpOTa 3alfiMyT mOCTH HH:KeHepH-6Ho-
XHUMHOKH, 3aa9eil KOTOPHIX 6yIeT He AONycKaTh qerpajaldi BelnecTs,
BHIXOJANIUX M3 OOJBIIOT0 KPyropopora OGuocdepsl, M0 COCTOAHUS
MaTOIEHHbIX, MEIKUX MOJEeKyd, Heopraumdeckux coieil. Ouu Gyayr
JOBUTH HTH BemlecTBa B (opMax 3HATMTEILHO $oJee IeHHHX: B BHe
GOoABIINX OPTAaHUIECKUX MOJOKYJ YIIeBOAOB, 6eJIKOB H ;KNpoB, Oec-
KOHeYHO 0oJiee NOJE3HHX IIA Jofed. ITo TpeTuil NYHKT, TAe JIOIU
CMOI'YT IOBBLICUTH NPONYKTUBHOCTH 3EM.IHU.

B saxiiouenue MHE XodUeTcHa 0COOEHHO HOJIePKHYTH, obpamasch
HemoCpPEJCTBeHHO K MaTeMaTHKaM: Jazke H300paskeHHas MHOH cXe-
MaTHYHAS KapTHHA KpaifHe cCJ0:kHA, MOITOMY CaMoe OIacHoe A
MaTeMaTHKa — TpOBeJlenue AKOOLL «TOYHOTO» aHalW3a W MOCTPOeHHE
«CTPOTHX» MaTeMATHYECKUX MOofeldell HeJ0CTAaTOUHO M3YYEHHHIX, OIU-
CAHHBIX ¥ TIOHATHBIX MATeMAaTHKAM HPUPOLHEIX 00BEKTOB U ABJCHMIA,



0 MATEMATHYECKUX MOJIEJIAX BUOJOTMYECKNX
COOBLIECTB N CBA3AHHBIX C HUMH 3AJJAYAX
YIIPABJIEHHA 1 OINTUMHU3ALNI

10. M. CBUPE/REB

1. BBEJJEHUE

K macrosamemy BpersenHm B mpobiieide MaTeMaTHIeCKOTO MOJZEIHPO-
BAHUSA TUHAMAKN OOMY.IANAHA, 6MOTOTHIECKIX COOOIIECTB, DKOCHCTEM
B OUOTEOMEeHO030B CJIOKHIACH JOCTATOYHO JOGOMHITHAS CHTYARAA:
CymecTBYeT M BCe BPEMA PACTET OTPOMHOE 9HCI0 PA3TUTHRX MoJelen,
HCIONB3YIMAX CcaMbIil pPaszHooOpasHmlii MaTeMaTHUYeCKWA ammapar.
Ilpumuem BmGop ammapaTa ompeleldseTcss B OCHOBHOM JHYHBEIMH BRY-
caMHU W TpUCTPacTHAME aBTopoB. Ecnn, HanpuMep, B MaTeMaTAIeCKOM
MONYAATUOHHON reHeTHKEe U3BECTHH KOJINIeCTBEHHbE 3AROHOMEPHOCTH
(3axoust Menpens), oupemexsiomue BHGOpP aJeKBATHOI'O MaTeMaTH-
TEeCKOTO ammapara, TO 3TOTO HeJIb3s CKa3aTh 00 HKOJOTHH, OMOoreone-
HOJIOTAY W TEOPUU TONYIAAIHI, Te CYUECTBYIOT JUIOL 00INHe KOH-
Oeunud, a HMEIHecs 3aKOHOMEPHOCTH CHOPMYJIHPOBAHE TaKHM
006pasoM, 4TO OHH JONYCKAKT DPA3IMIHYI0 (OPMANHM3AMMIIO.

MosHO BHIJEIWTH ABA KJIACCA MOMeNedl: MOJeId IPHPOJHHX M
HCKYCCTBEHHHIX coobmecTB. Ecam B Momersax NpWpOHBIX CO0BmecTs
TIABHBIM ABJIAETCA ONUCAHWE PEaNbHO CYMECTBYIOIMX AHHAMAYECKHX
3aKOHOMEPHOCTeH, OCHOBAaHHOe HA HABGIIOJEHHMAX, W JHIIL HOTOM
noyTesa (HO He BCerga HAXOIATCA) HEKOTOPHe 00Iue KpUTEPHH,
MO3BOASAIOMAE CHOPMYTUPOBATh yHOOHBIE NI HAC DKCTPEMAaJbHELIC
OPWHOAOG, TO B MOJEIAX MCKYCCTBEHHEIX dKocucreM (coobmects) 3a-
pamee 3amamHBle KPHUTEPHU KIAAYTCS B OCHOBY MOJ€NW, OHpENeNAs
ee CTPYRTYpPY U TOBeJeHHe.

Jus npakrTnyeckux pHMeHeHHUI Hanbojee Ba;KHBIM RKiaccom (Ve
mo apyroit xKiraccupUKamUU) ABISETCA KJIACC MOPTPETHHIX MOJENei,
MOCTPOGHHHIX UPH 3HAYCHAAX MapaMerpoB, OIM3KNX K PEaJbHEIM.
ITo cBoedi cyTH 3TH MOTeIU ABAANTCA PEHOMEHOTOTHISCKAMA W MPHH-
munuanbHo MamuHHEBIMA. COTJIACHO TePMHUHOJOTHE COBPEMEHHOTO
CHCTeMHOTO aHanu3a, MX B KAKOW-TO CTEMeHM MOKHO CUMTATH AMIH-.
TAUMOHHLIMI MOJIeISIMA IPOIEeCCOB, MPOTEKAWIIUX B PEATBHHIX CO-
obmecTBax. Y HoOHBIe IJIA MAITUHHOTO DKCIIePUMEHTA M JUANOTa «de-
JIOBEK — MamnuHa», OHUM OOLIYHO HEeyZOOHH IIA aHAJIUTHIECKOTO HC-
caepoanusg. IlosToMmy mpepcraBismercs pasyMHBIM C0O3[aBaTh YHOpO-
MEenHbe MOJeJAW HOUCKOBOTO THNA HNJsA 3NEMEeHTAPHHIX CHTyaundi B
mpegenax MPOCTHIX coo0mecTB W OGUOCHCTEM ¢ JalbHeHIIUM WX He-
MONB30BAHUEM [JIA MOCTPOCHUS CJAOMRHBIX MOfiefelt MOPTPETHOTO THHA.

IIpobaema »srcumyaranmmm coolmecTe u GHOCHCTEM NIPUBOZAT K
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PANLY MHTEpecHHIX 3ajau outHmuszanum [1], o6mamaromux cpoeit cme-
nupuroii. Boxee noppobHO Ha 3TOM BOHPOCE MH OCTAHOBEMCS B
najipuedimeMm. Ho HeoGxouMo 0TMeTUTD, 4TO TPeOOBANUA MAKCHMAb-
HOIl NPORYKTUBHOCTH CHCTE€MBI MJIM cO00INEecTBa M TPe0OBAHUSA MAKCH-
MaNbHOW YCTOMYMBOCTH 3adacTyio npormpomoio:kun. Haupumep,
orOupas OMoMacCy HEKOTOPOTO BHIA, MEL TeM CaMBIM De3K0 CHUKaeM
JaBlIeHHe ecTeCTBEHHOIO OTOOpa M IIOBBHIIAeM BEPOATHOCTH 3aKperl-
JNeAus ¢BPeJHLIXY» MyTamuii.

2, MOJIEJI1 COOBIECTB H CHCTEMHBIN AHAJII3

IrocucTeMsl, 6GHMOreoljeHO3s M OHOJOrHYeCKHe coobliecTBa mpes-
CTABIAIT CO00N THOHYHHIM mpumep Goasmux cucrer. Ilo proil npu-
yuHe MeTofH, paspaboramHBle MiIs aHaausa GONBIINX CHCTEM B HKO-
HOMWKE, NPOMHIIIeHHOCTH, HHAYCTPHANLHON JUHAMAKe M T. I.,
nprMeHuME U 3geck. Hanpumep, texuura Qoppecrepa [2] 6es oco-
Onx USMeHeHMH MosReT OHIThH MCUOABL30OBANA ¥ HPHU aHAIN3e W MOJE-
AupoBaHmM (B RJacce MOPTPETHHIX Mojeseil) OHocucTeM HIU (olee
CIOKHEIX CTPYKTY]D, BRINYAKWMUX B ceGa Oumomorudeckue (Guocdep-
HHe, JeMmorpaduyeckiue), SKOHOMUYECKHE M TeXHOJOTHYECKMe dak-
topsl. Ilpumep sToMy MokHO HaHTH B H3BecTHoH xHHre Mejpoysa
«IIpemesisi pocrar, rge POppPEcCTEPOBCKAA TeXHUKA OEIIa HCIOIL30BAHA
OJsi DOCTPOSHWUsSI (MHUDOBOI MOJENM».

PaspaGoranusit Moppectepom rpaduuecKuil A3BIK IpeACTABIe-
HUA LIOTOKOB MOMeT OBITH JeTKO MCIONP30BAH [AJAA ONHCAHUA IOTO-
KOB MAacCH, pHePTMU ¥ WHOOPMAIUHU, PasiUvHBIX BPEMEHHEX 3alep-
JHeK, HAKOMJIeHHA ¥ yxoja. Bmoxme BeposaTrHOo, 910 3TOT SA3BIK HOJI-
sKeH OHTh MOAMQHUIIADPOBAH M TOMOJHEH C YUETOM XapaKTepa HaIOux
KOHKPeTHHX Mopedeit. Ila oTo#l mepBoit cragum mocTpoeHWs MMHUTA-
OUOHHOX MORENW MBI MOKeM JMCIOJbL30BATH O0IMUe 3aKOHOMEDHOCTH
U KadeCTBeHHOe ONHCAHNMe OMOCHCTeME B BHe TPOHIeCKHUX, dHep-
reTMUeckuX ¥ MHQOpPManuoHHHX rpados. [locie Toro rak cucrema
onucaHa rpaguIecKd, MOKHO IEePEXOHUTH K IOCTPOSHHI [(MHAMIIIe-
cxoif Mogenn. VM 3mechk BOSHHKaeT BecbMa BasKHAfd M CIOKHAA 3ajada
BepHQUKAIMKN ¥ OPOBEPKM MOJAENH, Iie yiKe HYKHH KOIMYeCTBEH-
HEle faHHEE. TeM caMEIM CTPYKTYpa M HOBeJeHHe MOJeNH OLPeIeAaT
XapaKTep 9KCIEePHMEeHTOB ¥ HabIo[eHUil B pealbHOH OHocHcTeMe.

HloaBnenme B mame#l cTpaHe BLIYUCIUTEIBHHX CHUCTEM TPETHETO
HOKOJeHHs HO3BOJHT IIMPOKO MCHONBL30BATh B MoJeaupoBanum O6@O-
cHcTeM MMHUTANHOHHBIE MOJEJM, B KOTOPHX NIPEJYCMOTpPeH AHalIorT
«9e10BeK — Mammuua». Yo 3jech BosHEKaeT BechbMa BajKHAA 3a7adga
pa3paloTKH MAaIIMHHOTO A3HKA, OPHEHTHPOBAHHOIO HA 3TH Ipobie-
MH H JOCTATOYHO IPOCTOrO I MCHOJB30BAHUA €T0 HeMaTeMaTHKaMH
(rmma sasmka HUHAMO).

Hocratogno mofpofHoe omHcaEWe GHOCHCTEMBI TpefyeT BecbMa
60nbIUIOro YHCIA (A30BHX HEePEeMEHHBIX, I03TOMY Ha/ke UPH HANWINU
coBpeMeHHEX JBM noprpermoe mopeaupopanme fuocmcTeM 0CTAETCA
TpygHOL 3agmadeii. Il pegcraBnsercsa BechMa MPHUBIEKATEIBHBIM LOCTPO-
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€H7Ee HEKOTOPHIX 0006IMEeHHEIX XapaKTePUCTUR, ONUCKHBAIOMUX UX 110~
fadpHble mapaMerpH,— IIOCTPOEHME HEROTOPOTO aHajora CTATHCTH-
qecko# Mexanwmku., Takme mouHTHM OulIM cmedannt [3]. Haa Boan-
TePPOBCKUX CHUCTEM (XHIHUK — ;KEPTBa» Ha OCHOBe paspaboTaHHBIX
XUHYMHOM MeTO/[0B YAAJ0Ch NOIYYHTH aHaJXOr¥ (TeMIepaTyphly,
«laBiaenus» ¥ T. n. K CO/RAIEHU, THM XaPaKTePHUCTHKAM TPYAHO
JaTh KaRYIO-IH60 COZePHaTeJIbHYI0 HHTEPIPETAUHI).

Odens muTepecHbiM M BAsRHEIM SIBJAETCSA BOUPOC 006 yCTOMYMBOCTH
coobmecTBa. Keam Mpl mMeeM «XOpOIIYIO» MATeMaTHYECKYH) MOJIeINb,
TO HA DTOT BOMPOC MOJKIIO OTBETUTh HPHM HCCIEOBAHUU €¢ HA YCTol-
TUBOCTE OGBIIHLIMEI MeTogaMu. OZHAKO IPAKTHYECKY 3TO PEIKO YHaer-
Csi: OIlATH (IPOKJATHE pasMepHocTH». llosToMy BecbMa 3aMaHUUBO
HalTH TaKyl0o QYHKIMIO (HIU YHKIIMOHAM), IPU BEIYUCIEHNH KOTOPO#
JJIs KOHKPETHOTo coo0mecTBa MORHO OBIIO 6B CYANTH O CTENEHH ero
YCTONUMBOCTH HAH CcTAOUIBHOCTH.

3. NCIIOJIb30BAHIIE 3AKOHOB COXPAHEHUA
IIPU MOCTPOEHHU MOJEJEN

Wcmonp3oBanme pasiMYHBIX 38KOHOB COXPaHEHHs (MacChl, BHEp-
U0 ¥ T. II.) ABJAAETCA IMMPOKO PACIPOCTPAHEHHBIM HIPUEMOM MPH -
[IOCTPOEHHE PA3JIMYHBIX MEeXAaHUIeCKHX U (QU3UYECKAX MOJeeH.
Ilockoapky »TH 3aKOHB YHHBEPCATBHEL, TO BIIOJIHE €CTECTBEHHO MC-
NOJB30BATh X M NPH LOCTPOeHUHM OHoJormueckuUx Mmomerdeir. Pac-
CMOTPHM OfMH NPHMEP, B KOTOPOM 33KOH COXDAHEHUA THCTA TACTHIL
OPUMEHAETCH A HOCTPOEHUA HEKOTOPOH LOnyJAUHOHHON MOJend.

Ilyers maM sajama nomyaanusa Guojornieckux o6nerTos (ocobeit),
Kask/plil M3 KOTOPHIX XapaKrepusyerca HabopoM n LapaMeTpoB, 3a-
BHCAMMUX OT BO3pPAcTa 00BEKTA: Iy, Xgy « . .y Tp. ITO MOTYT OHITH pas-
MepH ocobeit, nx OGHoMacca, HOABM;KHOCTH ¥ T. n. KEcrecTBenHo, 4TO
Omosoruueckoe BpeMs (Bospact) Ais KamAod ocobm H acTpOHOME-
dgecrkoe Bpema (obmee ias Bcex ocobeil) Moryr He coBLHAJATH XOTHA
OB HOTOMY, 9TO 0OCOOM OTAWYAITICA BpeMEHeM CBOEro DORAEHHA.
Ilycrs 3aKkoHb H3MEHEHUA 3THX HAPAMETPOB ONHECHBAIOTCA HEKOTOPOH
IMHAMHIECKOH CHCTeMOM#, Tjje B KadeCTBE BPEMEHH BHICTYIAaeT BO3-
pact ocobu T (IPeAmoNo;KeHe JOCTAaTOTHO OUEeBH/HOE, IOCKOIBKY Xa-
pPaKTepucTURE ocofei 3aBHCAT OT MX BO3pacra):

dz; P =1
.:i?.:fi(x]_,--wxn)v =1, n (3.1)
x; (T = O) = ;.

Ho mocKOXLKY BO3pacT — MHAMBHAYAJIBbHAA XapakTepHCTHRA 0colH,
TO, B OTJIWYME OT ACTPOHOMUYIECKOTO BPEMEHM £, OH sABIfAETCA (a3o-
Boit mepemennoii. Ilo aroii nmpumumse cmcrema (3.1) He oGaA3arennpHO
moM;EHA OHTL JUHAMAYECKON — T MOKeT BXOJMTH B IpaBHe 9acTH
DTHX ypaBHenwmii. [IpmmeMm camoe TpoCToe NPEANON0KEHHe O CBSA3H
BozpacTa u pemenu: drt/dt = 1. Jro o3HadaeT, UTO CKOPOCTL H3Me-
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HEHHsI BO3pacTa PaBHA CKOPOCTH MameHennsa spemenu. Torga, pacmu-
pad Halle n-MepHoe gazoBoe NpocTpaHcTBo Jo (r -+ 1)-mepHOTo BBe-
TeHMeM KOODAMIATH T, MBI IOJydaeM [efiCTBUTENBHO JMHAMHIECKYIO
CHCTEMY IJIA ONMCAHMA IOJOKEHHs 0co0M B mOJHOM (a3oBOM IPO-
CTPAHCTBE {T}, Tgy + + « ,&p, TH

dz

i Y
W:]‘i(xl,...,xn, T, i=1,n 5.2)
dt
- = 1.
dt
Ifyers N(zy, . . . ,2,, T, {) — qaucyio ocobeil ¢ XapaKTepHUCTHKAMIE
Ty, Zgy + . T, T B MOMeHT BpeMenu {. llo cyrtu mena ¢dymrmus N —
WIOTHOCTE paclpefenenus ocoGeit mo ¢asoBoMy HPOCTPAaHCTBY. Mt
opejguojgaraeM, 4T0 0COOHM € XAPaAKTOPHCTHKAME Ty, gy « - oy Lpy T

rubuyr ¢ BepodaTHocTsI0 D(N, z;, T, ¢}, TAaK 94T0 B Cpe[HEM B oIpeje-
TeHHOH TOoYKe ()a30BOTO MPOCTPAHCTBA B HEKOTOPHIH MOMEHT BPeMEHH
¢t rubner DN ocobeit. OueBupno, Bce POsRAAIONUECH 0COGH [OJIFRHEBL
OHTH pacuonoikeHs! Ha ¢azonoll rumepniockoety T=0. Torpga, ecnu
OIIPejeaNTh BEPOATHOCTH PA3MHOKEHHA 0COOH ¢ XapaKTepHCTHKaMU

Zis Ty « .+ %y, T (C yIeTOM YmCIA mOTOMKOB) uepes F(N, z;, T, ),
ofImee 9HCI0 HOBODOKIEHHBIX C XapPAKTEPHCTHKAMHA Yy, Yoy » - 1Y
paBH) '
a
N(yh s Yn 07 t) = SF]VdT' (33)
v 5 )
31echb Yy, . . .,Yn — HauanbHble yeaopua cucTems (3.1). Hoaddunumen-

el D 1 F 6yneM Ha3wHBaTh COOTBETCTEEHHO KO3PQHUIIUEHTaMU POsLaae-
MocTE 7 cMepTrocTH. Ha camonm mese sTo, KoHeTIHO, HE KOBYPHUITHEHTEI,
a ¢yurnuu. BeiudmEa ¢ — mpegedbHO BO3MOJKHOE 3HaUeHHe BO3pac-
Ta. JTa omepalyA IPOM3BOJUT IO CYTH [ela HPOEKTHPOBAHHE BROIb
TPAeKTOPHIl Hallell JAHHAMHYIECKO# CHCTEMEI HA THIEPILIOCKOCTH
v = 0. Camo peipaskenue (3.3) Oymer B gaiabHeidiieM BHICTYIATh B
KadecTBe TPAHMYHOTO YCIOBUA IS MOAeNbHOM 3afladd. 3aMeTUM, 970
BMECTO BepXHero Ipefea @ MOMKHO B3ATH 0o W COOTBETCTBYIOH{UM
06paszoM ompeneldTh KOIQQUIMEHTH DPO/KIaeMOCTH H CMEpPTHOCTH.

BrmummeMm 3aKOH COXpaHeHHs 4HcIa ocobeil s HEKOTOPOU upo-
M3BOJBHOH ofnactu asoBoro mpocrpaHcTBa. 1IpW BTOM MBI JIOIKHbL
ydecTh, 9TO KpoMe IIOTOKA depes I'PAHUIB (BHIBBAHHOIO H3MEHEHHEM
XapaKTepHCTAK 0cofell ¢ BO3PacTOM U BpeMeHeM) CYIIecTBYeT yOblIb
ocobeif 3a cueT CMEPTHOCTH, KOTOPYI0 MOKHO PpacCMAaTpUBaTh Kak
pacmpefieeHHbIe IO BCell 00JaCTH CTOKM C paclpejelenueM, 3ajgaBa-
embiMm D. Torga K MoMeHTY BpemeHHm ¢ B paccMaTpmBaeMoM ofbeme

dasoBoro mpocrpaHcTBa £ Oymer SN(xl,...,xn, T, t)dw ocobeii.
Q

IlockoabKky 06beM He HOJKEH 3aXBATHBATH IpaHUOb ($as30BOTO HPO-
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!
CTpaHCTBA, TO DTA BEJUYUHA HOJKHA OBTH paBHA ——S SDNdwdt

0Q
ocofeit, 1. e. obueMy gucay ymepmux ocobeit. ll okxonwaTenasbHo,
nudpepennupysa oba oTH BHIPA;KEHHA 0O #, MBI JJIA M:060T0 MOMEHTA
BPEMEHHU LOJYyYaeM CJIeJyIONlee BHIPaKeHUe IUIA 3aKOHA COXPaHeHHA
yHcjaa ocobeii:

< §Ndco - — §DNd_go. (3.4)

Hepenocss onepanmio puddepeHUPOBAHNA IO 3HAK HHTerpala Hu
TIPOU3BOJA HEKOTODHE CTaHJAAPTHBIE ONepardd, Mb ModydaeM (ydu-
THIBAA INPOU3BOIBHOCTH BBIGODA obiacTH (2):

R divN) = —DN:  F=T{fu -/ ) (3.5)

Boosie ecTecTBeHHO NPeqioNokUTh, 9T0 NPH T = oo N = (). ¥pas-
menne (3.5) ¢ rpaHmYnbM yciaosueMm (3.3) — HoBoJABHO cBoeobpas-
HBIM — H C HEKOTODHIM HAYANLHBIM YCIOBHEM

N(zy o oovzn, T, 0) = g (21, .. ,2T0, T) (3.6)

HOJTHOCTHIO OHpefedseT 3amady.

Paccyorpusm ofud wacTuulil mpuMep — TONYIANNIO ¢ YUETOM BO3-
pacTtHO#l cTPYKTYpH. B orom caydae cucrema (3.2) BHpOKAaeTcA B
oJlHO ypaBHeuue: dt/dt — 1 m m3 (3.D) cpasdy moiydaeMm

N 4 N _ _ pN. 3.7)

ot ot

Buipasxenue (3.7) — oT0 WHPOKO U3BecTHOE YPaBHeHMe, ONMMCHBAIO-
Imee AMHAMUKY IONYJSNUHA ¢ BospacTHou cTpykrypoil. Uz (3.3) mo-
JydaeM I'DAaHHYHOE YCJIOBUE JNA 3TOP0 YPaBHEHHUA:

oo

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

1]
a u3 (3.6) — HavaapHOE yCJIOBHE:
N (t, 0) = g (7). (3.9
Hpome toro, N(oo, t) = 0.

O‘IBBI/IHHO, IIOMHIMO BOBpaCTHOﬁ CTPYKRTYPBL MBL MOKEM Yy4UeCTb M .

Apyrume mapaMerpsl, XapaKTepH3yoi(ue OpTAHU3MB B NONYIALHRH,
HampHEMep pasmMep WIM MMMYHOJOTHYecKUe CBOHCTBA OPraHM3Ma HpH
3apasKeHHU KaKUM-Iu60 GoJe3HeTBOPHBIM areHToM. B »ToMm ciyuae
MBI IOJYYUM MOJeNh PACIHpOCTPAHeHMs HEKOToporo 3aboieBaHUA B
OONyNANUY (MONEIU DIUIeMHUI).

Hpome 3aroma coxpamenmus umceaa dvacrur (ocofeil) MBI MOKeM
BOCIOJIB30BATECA 3aKOHOM CoOXpaHeHms Bemectsa. IIpumep Takol
Mofienn OyAeT UPUBECH BIKE.
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4. 3AKOH COXPAHEHUA MACCHI 1 YPABHEHUA
MMPOIIECCA MUKPOBHOJOTNYECKOI'O CUHTE3A

Paccaorpunm equnugsniii o6bseM W, B KOTOPOM MHKDOOPTaHM3ME

n BUAOB ¢ KOHIUEHTpamuMsaMu z; (i — 1, n) OCYmeCTBIAIT Ipomece
MHKPOOHOMOTMYECKOT0 CHHTe3a. B 06beM ¢ WHTEHCHBHOCTHIO IIOTOKA
o

Q mocTymaT m PACTBOPEHHHIX CyGCTPaToB ¢ KOHLEHTPAUHUAMHE C;
(j =1, m). N3 obvema ¢ Tol ;Ke WHTEHCHMBHOCTLIO  orbHpawTcs
6umoMacca z; U HeBbleleHHble cyGceTparsl ¢;. TeM cadbIM MBI CIOBECHO
ONHCANY TAK HA3HIBAEMBIH NPOLECC HEMPEPHBHOTO KYJAbTABUDPOBAHUA.
IIpe:xme uweM mepeXoqnTh K BHINCLIBAHUIO 3aKOHOB COXpPAaHEHHA,
BBeJeM HEKOTOpHle MoHATHA, Bo-mepBrix, IpefmonoRuM, 4T0 BUALL He
B3aUMOJEHCTBYIOT MeAAY €060 U ME;RBUZOBAS KOHKYDPEHIHA 3a
cy6eTpaTel OTCYTCTBYET, T. e. HeT HMKAKHX JHEPreTHYeCKUX 3aTpar
Ha MEABHIOBYI0 KOHKYypeHIHI. Bo-BTophix, 6ymeM CYuTaTh, dTO
eq@HUNA GUOMACCH i-TO BHJAA BBleJaeT j-H ¢y6cTpar €0 CKOPOCTBIO
V;;. B obmem cayzae V;; = V;i(c;, z;, t). U3 exunun crvegennoro
cyberpata THma j (omM MOTYT 00JaJaTh PAa3HON sHepreTHYECKOll IeH-
HOCTBIO) k; HoJs UAeT HAa o0pa3oBaHMe HOBOH OMOMACCH, a OCTATHHOE
pacxofyerca Ha MOAZeD KRaHMe KUSHEHHOTO IUKIA (NHXaH@e U T. 11.).
OueBupno, Bheganme V;; efmHUI] cyGcrpara egumumuneill OGHOMAcCHI

m

Buga i obecmedynWBaer IOCTPOGHUE W; = ijyﬁ HOBBIX eIUHAI] 3TOM
=1
6uomaccsl 3a equEUNy Bpemenu. llo cyrm gena k; — 5To HekoTOpHH
AHAJIOT CTeXHOMETPHYECKUX K0d(PPUIUEHTOB.
Brinnmem 3akoH coXpaHeHMA Adsa j-ro cyberpara. Beero ® mo-
t

MeHTY BpemeHu ¢ B ofbeM HOCTyHI/I.HOS Qcddt  epmumy  j-ro cyber-
0

t
para. 3 Hux BHIBefeHO M3 06’beMa MPOTOKOM Schdt e[UHUI, BH-
0

t n

eleH0 MHKpOOpTraHH3MaMi S 2 V2;dt eqmAND 1 HAXOZUTCA B 06beMe
0 i=1
¢; eAWHHI. YUWTHBAasg, YTO 5Ta Macca MAOJIKHA COXPAHATHCH, MH
O YIUAM:
t 4 t n
\ Qctdt = § Qedt + ¢; + § D) Vjiiae. (4.1)
0 0 0 i=1
ITepexogum K 3aKOHY COXPAaHEHHWS MIA I-TO BUAA OPraHHU3MOB.
K momenty ¢ na obGpasoBanme OHOMAaccH i-ro BUga GBIIO 3aTpadeHo
t m
S 2 k;V jix;dt emunnm Bcex cyberpartoB. Vs sToro Koamdecrsa B o6ne-
0 j=1
‘ t
Me HAXOAMTCA Z; eAMHAI] GHOMACCH W BHIBEIHO € IPOTOKOM S Qux;dt
0
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epuAnn 6moMaccel i-ro supma. OdeBHOHO,

m t

t
S D) bV sidt = @i + S Qu;dt. (4:2)
0 j=1 0

Muddepennupys coormomernns (4.1) m (4.2) nmo BpeMeHH, MH moxy-
qaeM HYKHHE HAM MOJelbHEE ypaBHeHHA:

ar =@ —e)— 2V

m (4.3)
7} =T (gulkjvji - Q) .

Yder pasnmUHEIX JEMUTHPYOIMUX (AKTOPOB MOMKOT IPOUBBONHTHCH
nmfo BBefeHWeM 3aBHCHMOCTH V;; 0T BpeMend, nmGo 3aBHCHMOCTH
k;(t). Haubomee mpoctoe IpPeJIoIosHeHue o BUje ¢yurmun Vy; (a gus
TOTO 4TOGH MOJeNb OBIa MOJTHOM, HEOGX0UMO ABHOE MX 3aJaHMe) —
3TO IPENmoJIOKeHne O IMHEeHHOCTH, T. €.

'Vji = 0j;iCj. (44)

3amerny, gro upn Q = 0 u mpm xb6ux V;; cucrema (4.3) mmeer
mHTErpat. [asa sTOr0 YMHOKHM ypaBHEHHA 1A ¢; Ha kj, a 3areM,
CYMMHDPYA 0O j, a yPaBHEHHA [NIA r; — 10 [ U CKIAAKBAasg 2TH BH-
pasKeHusa, MONy9IdAM:
n m -
D\ 2+ D) kje; = const. (4.9)
= 1

i=1 j=

Ilo cyru genma MBI DONYYMTH MHOTOMEPHHH aHAJAOT H3BECTHOrO HH-
terpana Moo (y Moro m =n = 1).

5, IPYMEP «OJRH BUI — OFHH CYBCTPAT»

Ilyete m = n =1, T. e. MH HMeeM [I€J0 ¢ OJHEM BUAOM MHUKDO-
OpraHusMoB, nuraomuxca ogaum cyberpatom. Oyrxnusa V nmeeitno
3aBHCHUT OT ¢, Tak 910 V = Ac. Torma ypasmenus (4.3) saummyrcs B
BHJIE:

{‘i”-:o(co—c)—xcx 9 _ 2 (khe — Q) (5.1)
dt 7 ‘ :

Uccnenyem ary cucremy mpu Q= 0, T. e. B OTCYTCTBHE IPOTOKA.
O=na nmeer maTerpai (murerpaia Momno): & + k¢ = const = P. Torga
A 2 MH IIOJyd9aeM JOTHCTHYeCKoe ypaBHenme: dx/dt = Az(P — z),
KOTOpPOE OIMCHIBAET JIOTUCTHUECKUII BaKOH pOCTA € IPEAEIbHEM
ypoeaem P = z(0) + kc(0), rme 2(0) m ¢(0) — maganpHble KOHIEHT-
panmm GmomacchH M cyGcTpara.

Ouesuguo, Gomee cioKHAsg 3aBUCEMOCTH V(¢) (HampEMep, 3aBH-
CHEMOCTh C HACHIeHHeM) J[aCT KPUBYIO POCT, OTIUIHYI0 OT JOTHCTH-
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YECKOH. HyCTL Hanpumep, V = ac/(b - ¢) — 3aBHCUMOCTD, GaM3KaA
K JNIWHeWHOW NpU MAaJNHX ¢ U UMEIIMAas Hackmerue V., = a npH
¢ — oo, Torga

dz __ akx (P —1x) -
TR (Pq) (5-2)

m MBI HOJy4aeM KJIacCcHuuecKyio Mopaedb Momo ¢ Goabuiell CROpOCTHIO
HapacTaHNA OHMOMACCH DO CPABHEHWIO ¢ JOTHUCTHIECKOM MOMENEIO.

Bepremca k monenn (5.1). B meit yno6uo mepeiiTn K HoBOMY Mac-
mraby BpeMeHE T = Af, ¢ = Q/A. B HOBHX IepeMeHHEIX

{ggza:(kc—q), Z—i:q(co——c)—cx. (.3)

IdTa cucTeMa MHTeTpupyercs. Beepmes moByw mepemenuyio P = ke +
-+ z. Torpa:

dP d
{E =qke—P), TP _gr—2 (5.4)
[lepBoe ypaBHEHHE 9TOH CHCTEMBI HHTETPEPYETCA CpPasy:
P(t) = kc® — P(0) exp (—qr). (5.5)

ITopcraBisisa 310 BHIPasKeHHE BO BTOPOE ypaBHeHHe U BBOJA HOBYIO
nepeMeHHEYIO § = 1/r, moayaum:

Ztomi=1, om=P®m—q (5.6)

JTo ypaBHeHHe TAK)Ke JerKo WHTerpHmpyerca. I oKOHYATEJNBHO:

z (1) = z(0) efp[N(r)]
1 42 (0) Sexp [N ()] dt
0
¢() = eo— =[P (0) exp (— g1) + z (¢)] 5.7)
V(@)= (hey— )7+ 2 [exp (— qv) — 1; P (0) = 2 (0) + ke (0).

JTo BHIpajKeHHE MOCTATOYHO CJOMKHO, MOITOMY OIEHHM BeJHIHHY
z (1) mpu Gompmux 7. Ilpemebperas anenom P (0)/g [exp (—qt) — 1]
mo cpaBueHuIO ¢ (kc® — ¢)t, momydmar:
(1) ~ 950(0) exp [(kc® — g) 7] . (5.8)
1+ 2O fexp (o0 — g) 71— 1]
—q

Jlerko BHZeTH, 9TO BTO BHPAKEHUE OOMCHIBAET JOTHCTHYECKMH 3aKOH
pocTa ¢ mpejeJbHBHIM 3HAYEHWEM L., = Ac® — ¢g. Tawxmy obGpasoM, 1
NpH} HATHIAN LDPOTOKA BAaKOH POCTa HOOYJAANUM MHKPOOPTAHH3MOB
6AM30K K JOTECTHIECKOMY (1m0 KpalfiHelt Mepe npm OOJIBIIAX BPeMeHAX).

ITocTpomm ¢asosuit moprper crmcremur (5.1). Oma mmeer fBe cTa-
nuosapuele Toukm; 1. z{ = k¢’ —¢q, ¢f = g/lcnz, z; =0, ¢; =
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Ecam kc® >> ¢, To mepras TOYKA — YCTOHYMBEIA y3ex, a BTopasg—
cegio. IlockombKy HAc MHTEPECYIOT TPAeKTOPHH, JeKallllie B II0-
JTO/KATeJBHOM KBajgpaHrte, a kc® — ¢ = x7, TO eCTeCTBEHHO CYHTATh,
uto kc® > g. Ecan e kc® < g, To BTOpas TOIKA CTAHOBHTCS yCTOXII-
BEIM y3J0M H momyianusa Bumupaer. Ha pme. 1 u 2 msobpaskenst ofe

| .
T /ﬂ / ) | .
| N
) ‘
l I3
—~ }
. / }
: Pnc. 1. dasosHil Hoprper cu-
e — : cremul (5.1)
| (_T ke® > q. Ha npamoii I dx/dt = 0, na
. ﬁ\ kpHBOit IT de/dt = 0. 1, 2 — craumo-
L 7 Hapuele TOUKH. IlonyasndA coxpa-
7 > HAGTCA
creg/k N
s
z k | /
e
| .
l
|
Ty
| Pnec. 2. DaszoBrIfi mOpTpeT CH-
r I —~ creMBl (5.1)
| ))M ke < g, Q6GO3HAYEHWA Te e, 9TO H
7 2 ! z’,"=y/ﬁ ua puc, {, Ilonynaona BHMHpaer
c? ¢
V4

arm curyanun. Takum oO6pasos, mpu BHIOJTHEEHH OTDAHMYCHASA Ha
CKOPOCTh HpPOTOKA — ¢ < kc¢® — monmyaammsa coxpauserca. @aszo-
BEI mOpTper cucTeMbl (9.1) (pmec. 1) HaBOZUT Ha MBICIb, 9TO 3ech
MO3KeT CYIeCTBOBATH HmpefebHBIT nuKy. OfHAKO 5TO He TaK, ¥ B HH-
Tepecylomei Hac 00JacTH IpeAe bHOro IHKJIA HeT.

6. MOEJIb «XITIMHIK — jKEPTBA» H EE OBOBIIEHHNE

PaccMoTpenHEIA BB mpmyep CUCTEMBI «OAWH BILT — OJHH CY6-
CTpaTy MOKHO JerKO MHTEePHPeTHPOBATh KAaK MOJENb CHCTeMBI «XHII-
HHAK — epTBay. HeO6XOI{Y[MO TOJBKO BBECTH B IpPaBYyI 49acTb ypaB-
HEHHUA [IA XUIMHAKA 9I6H, ONHCHBAIOIINI eCTeCTBeHHYI0 CMEPTHOCTD,
a CKOPOCTBb DOCTA KEPTBHI CYUTATH HpO]IOpIIPIOHElJIbHOfI e YUCJICHHOC-
. Taxmy o6paszon, BUA — 3To «XMIHAKY, & «CyOCTpaTy — KEPTBAY,



Torga, ecau He KOHKpeTHAUpOBaTh BUJ QYHKIII Bueganug V u mHe

paccMaTpUBaTh IPOTOK, CHCTEMAa MOJeJIbHEIX YpaBHeHHH OymeT mMeTh
BU/T:

de

¥

% = kVz — mz.

=ac — Vz

(6.1)

Ecau ouats cretaTs mpocToe IpeaIoNosKeHne 0 JHHeHHOW 3aBHCHMOC-
TH QYHRI[HH BReJAHHAA OT YHCIEHHOCTH ;KePTBE: V == A¢, TO MBI LOJY-
9uM KJIacCHIeCKHne ypasHeHHs BoabTeppa:

de
5 = ac — Acx

%f = khcx — muzx.

Hanwucano ouenb MHOTO 0 HeJOCTATKAaX BOJBTEPPOBCKOM MOEIH, HO-
3TOMY He CTOHT 3TOT0 37eCh mOBTOPATH. OCHOBHOM HENOCTATOK — OT-
CYICTBIE B MOJ(€JM YCTONYUBOTO IIpeleIbHOro HuKIa. BoabTeppos-
CKHe IUKIB MOJYYCTOMYHBLI, H OPH CKOJIb YTOJHO MAJBX BO3MYIIe-
HEAX CHCTEMa IIEePeXoAuT ¢ IHKIA Ha ITHKI.

Homeuno, mnpeanmososkerue o JIHHEHHON 3aBUCUMOCTH (YHRIHH
BHIEJAHUA JOBOJBHO YCIOBHO, XOTA OBl MO TOH mpHIMHE, YTO CHOCOG-
HOCTh XHIHHKA K TOIJIOIeHNIo iy ue Gesrpanmuna. IlosTomy Gosee
peanucTHUHBIM OyHeT ciaegyiomiee IIPeIOTOKeHHe 0 BHAe PYHKIHH
V (c):

he,  0<<e< ¢
= 6.2)

.
Ac”, c>c.

Buy sToit pyurmun nzobpaken Ha puc. 3. Momuo faTh m APyryKw HH-
TepnpeTanuo nojgo0HOU 3aBucmMocTH. Hampmumep, mycts smeprBa 06-
Aajaer xopouredl cIocofHOCTBIO HAXOAUTH YOE/RUIIEe WM OXOTHUIBA
aKTHBHOCTH XMIHUKA HeJOCTATOUHA [T NOUMKH #epTBHl. Torga HacH-
HieHHe MOKeT HACTYIATh JOBOJBHO GHICTPO NPH MaJHIX 3HAYCHHAX c¥,
OPHYEM HTOTO KOJIMYeCTBA MUINU MOs;KeT OHTH HEJOCTATOYHO A IOJ-
Aep/aHdsl KUBHEeHHOR AKTHBHOCTH XHIHHUKA.

Buinmmies MofedbHHE YPaBHEHHA, COOTBETCTBYIOIUE TAKOMY
BUAYy QYHRIHH BheJaHusA:

{ZTC = ac — Aex, lfi—f = khcx — mux, (6.3a)
{g—?— =ac — A"z, %f = (khc¢" — m) . (6.36)

Uccnenyem dasoBoil mopTpeT sToll cucTeMsl. 37ech BO3MOMKHE [Ba
BapHaHTa: LEPBHH — KoIJa I'DAHMIHOE 3HATeHHe ¢* JOCTATOYHO Be-
amko # ¢* > m/kA m BTOpO# — upH XOCTATOIHO MAaJjoOM SHAYCHHH C*,
rorpga c* < m/kh. Ucecaemyem mepBuiii cayqait (puc. 4). JleBee mpamoit
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¢ = ¢* cucrema (6.3) Bejier ce0s Kak BOJBTEPPOBCKAA, ¥ TPACKTOPHH
CHCTeMBI — 3T0 BOJBTEDDOBCKME IHEJEL. PaccMoTpum IUKI, KoTepHIi
mepecexaeT upAMyo ¢ = c* (Tpaextopus A4,B,C,). Hoiina mo Touxm
Cy, m300pasRaloman TOYKA mePeXOANT B 06iacTh mpaBee IPAMOI ¢ =
= ¢*, rfe ee [|BU;KeHHe ONMCHIBaeTCA ye cmcTemoit (6.3 6), m manee
ABUKETCA MO TPaeKTOPHH, OTIHYHON OT BOIBTEPPOBCKOH (TpaeKToOpHsA
CyDyA;). Boupoc coctout B Toy: GyHer JeRath Toyka A, Boille MIR
HibRe Toyru A,? OT orBeTa Ha 9T0T BOOPOC 3aBHCUT THII HOBENEHHS

vic)

Puc. 3. KomkperHslil Bug QyRKR-
i Bhiefanusa Vo (c)

a/A Prc. 4. dazoswlit moprper CI-

creMbl (6.2)

¢* > m/k)h, Tpaexkropuda, HaUYNHAK-
mIasCA BHE BOJBTEPPOBCKOTO IHMKIA,
KOTODBI{ KacaeTcsa OpAMOl ¢ = c*,

HaMaTbIBaeTcAa Ha HEro

z : " lreac/Ac”
1 /j/

l /L1 Pmc. 5. Masomwit MOpTper CI-
/o TN cTeMsl (6.3)

¢* < m/kh. OG0sHA9eHHAA NYHKTA-
POM  KpHBasg — 4YaCThb BOJILTEPDOB-
CKOTO OuKJa, JeKanad Upasee OpA-
MOt ¢ == ¢*, B sTOM cllyyae BCe Tpa-
EeKTOPUH He 3AMKHYTH — NIpeledbHOro
NUKIa He cymecTByeT. Ilonynsanusa
< L «XMIIHHKOBY BBEIMUDAET,

m/RA r

a/A

Bcelt cucTeMnl: 6ymeT Ay m300paskaiomas ToUka mepexoauTh HA BOJIb-
TeppoBCKMe IMIKILL Bee Gopmell 1 Goabmeil aMIIHTYOB, HIH €€ Tpa-
exTopuA OyaeT HAMaTHBATBCA HA BOJAbTEPPOBCKHI IUKI, KacaTeldb-
HHI K npaMoit ¢ = ¢*. B mocaegHeM coydae 5TOT IMUKJ ABIAETCA Ipe-
JeJbHBIM YCTOHTUBEIM IIHKIOM AJAS BCEX TPAGKTOpHH, HAYHHANIAXCA
cHapy:;xH. Mo:KHO TOKa3aTh (OOCJe JOBOABHO IDOMO3JKHX BEIKIANIOK,

40



KOTOpBle He HMeeT CMBICIA 3[eCh IPUBOJUTH), UTO MPH HEKOTOPHIX
FOMOTHATEILHBIX  HPETIONIOKeHHAX CHPaBeAIABO BTOPOE YTBOpIKIe-
HUe, W CJIeJOBATEJIbHO, CHHMAETCA OJHO W3 OCHOBHBIX BO3pakeHmi
IPOTHB BOJHTEPPOBCKOI MOIENN ~— OTCYTCTBHE NpPeNedbHOTO IHKIA.
BuyTpu ke mpefebHOT0 HUKIA HOBEIEHHE CHCTEMBI OCTaeTCA BOJb-
TEPPOBCKMM.

[lepeiimesr ® mecaemoBaHMIO BToporo BapmadTa (puc. 5). B arox
¢cTyuae JdeBee UPAMON ¢ == ¢* m300paskaiomas TOIKA ABIKETCH L0 HE-
3aMRHYTHM OTpe3KaM BOIXbTEePPORCKEX HUKIOB. llepexons ske gepes
OpAMY0 ¢ = ¢*, o0HA [IBUKETCS II0 TPAeKTOPHUH, ACHMIOTOTHIECKH
nprbamkanmeiica kK upamoid £ = 0, T. e. B 2ToM ¢Jaydae HOMYJIANAA
XHITHHKOB BEIMHPAaeT, JTOMY BapHaHTY MOJKHO JaTh CAETYIOIYIO WH-
TePIPETALNI0: IPH HAIXIUH Y KEPTBH XOPOIero y(e:Kumia mid UpPH
Maxoii 0XOTHHYBEH AKTHBHOCTH XHITHHKA €ro HOmyJIANHuA obOpevena
Ha BEIMHpaHue.

B paccmoTperno# Momeam MBI He OPEAUONATANH, UTO PeCYPCH IH-
TaHUA JKePTBH OrpaHudeHs. B ofImem jre caydae »TO HpeANONOKe-
Hue BIOJHe PealbHO, M MBEl JHOJ/KHBI CIUTATh, 9T0 K030PUIHEnT pas-
MHOKEHU S yKePTBH a ecTh PyHruua (y6uBalomast) ee gucaennoctu. Ca-
MOe HpPOCTOe IPEeIIONOMKeHue: @ = @, — dy,¢. MoskHO DOKasaTh, 4TO
Torga cucreMa Gyger mMerh amGo ycrodamBmi (Qoryc, ambo ycToi-
9uBBIH y3ea (OpH CHALHOM BHYTPHUBHJ0BOH KOHKYDEHIIUH Ccpeid
sepTs). Juasg sroro meobxomuvo, grobsl ¢* > m/kh. ITH cmyamm
m3obpa:KeHst Ha puc. 6, a, 6.

4

Puc. 6. Pa30BLIi TOPTPET CHCTEMB! «XIIMHNK — KEPTBA» ¢ YyIeTOM BHYTDHBHAJO-
BOIl KOHKYDEHLHH Cpefil (KepTB»
a — cnafad KOEKYpeHnusA; 6 — CAIpHAA KOHKYDEeHIHA

Tar e Kak m B pasgene 4, dTa MOJeIb MOKeT GHTH oHol0meHa Ha
crydail n XHIMHHKOB B m ;kepTB. IIycTh a; — xoaddunnents pasyuo-
AeHnsA j-X kepTB (B obmlem caydae 3TO MOTYT ObIThb QYHRUIMH ¢; THC-
JeHHOCTE! ;KePTB, HAIPHMeD KOIJa €CTh KOHKYPEHIMA 3a MecTo pas-
MHOKEHAA WIH TPH OlPAHIIeHHOCTH pecypcos); Vi, — dynriuu
BEIGZAHHA J-H ;KepTBH 0c00BI0 {-T0 XMIGHHKA; ky~—goan OumoMacc j-#
MRePTBEl, WAYIIAE HA BOCHPOU3BOJCTBO XUIMHUKOB (B ofmeM ciayduae
k= k}, T. €. y4YUTHBaeTcA THN XHIDHAKA); m; — Kod)PUIMEHTH

4
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CMEePTHOCTH [-X XAHIHHKOB, KOTOPHE IPHM yIeTe KOHKYDPEHIHH MOTYT
OnTh QyHRUEAME duCIeHHOCTeH Xmmuuros. Torga MopedbHBE ypas-
HeHuA 6y,qy'r UMeTh BHJ (¢; — YHCJIEHHOCTD j-I /KePTBH, &; — THCTeH:
HOCTb {-T0 XMIIHHKA):

de; . .
=7 = ;¢ — 2 Vi i=1,n j=1m

dt
} (6.4)
dx. ,
1 (1)
- =2 KV — ma;.
=1
Ecam npegnonoxurs, ato V;; = a;;¢j, T. €. QYHKIUA BHETaHAA 1TH-

HelHO 3aBHCAT OT WHCIeHHOCTell 3KepTB, To cueTema (6.4) mepexommr
B BOJBTEPPOBCKYIO:

de;

_dt] = a4y — ZI %5iC55
e} 3
1 - (6.3)

— = — myr, - 2 100,51,

7. YYET BPEMEHHOT'O 3ANA3/IbIBAHNSA

Ho cux mop Bce paceMOTpeHHBIE HAMM MOHeNH OPEANOTaraid, dTo
moTpebiasemMas numa (BepHee, €€ 4acTh) HeMeJJIeHHO PAcXOoAyeTcA Ha
IPOM3BOACTBO moToMCcTBa. Ha camom pene aTH mpoueccesl 0GHIYHO pas-
JeleHbl HEKOTOPHIM WHTEPBAJOM BpPeMeHH, T. €. CYIIeCTBYeT BpeMeH-
mbe 3amasgblBAHMe OJHOTO Tpoliecca OTHOCUTeNbHo apyroro. Hambo-
Jee mpocTo OGBACHUTH BIAWSHME JTOTO 3ama3gbBaHUA HA JIHHAMUKY
OOOYJASANHNYN, TOJAb3YACH ONHOW I3 CAMBIX IPOCTHX IOMYJIAIHOHHBIX
MoJesell — JIOTHUCTHYECKOi. B cBoeM IepBOHAYATIBHOM BUJe dTa Mo-
Zedb WMeeT BHI:

x rx

LK ). (7.1)
3mecs & — 9YACIEHHOCTH, F — PEOPONYKTABHBIN HKoaddumment, K —
MaKCHMaJbHOe BHAYeHNe PABHOBECHOW IUCIEHHOCTH, TAK NMa3hIBAEMAst
eMKOCTh cpenpl. Uiuen, croamuil B ckobKrax, yIUTHBAET BIUSHIE KOH-
KYpeHIHH Ha yBeJmIeHHe cMmepTHocTH B moumynanuu. Ho smonme ec-
TECTBEHHO NPENNmOJOKATh, UTO0 OCHOBHAS CMEPTHOCTH UIPUXOIUTCSH
Ha aKTH B3aWMOIedCTBHSA MOJOABIX M CTapblx ocobell, B pe3yiabrare
yero yReamauBaercs ofmas cMepTHOCTh. MOJKHO UPEANOKUTE W OAPY-
Iy HHTepupeTamuio, TaKjke CBA3AHHYIO ¢ pasHHUIEH B BospacTe Mo-
JONHX U CTapHIX ocobeld (3ameTuM, 9TO B 9TOH TPAKTOBKE MBI IO CYTH
Jlella paccMaTpHBaeM HEKOTODHIA 9acTHHI BapHaHT MOJEIH ¢ BO3pacT-
a6t cTPYyKTYpoil). B sToM ciayuae BerwunHa z B CKOOKAX KOT;KHA 3aBH-
ceTh yiKe He OT apTyMeHTa f, a 0T apryMeHTa ! — A, rie A —BpeMeH-
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Hag pasHUOA B BO3pacTe MOJOAHX U cTapux ocobei. Torxa

dx (t) _r= ®)

dt K

(K —z(t — A)]. (7.2)

ITpr mocraroumo Maidnix A pelleHme 9TOro ypaBHeHHS (PHC. 7)
K0J1e61eTCA 0K0JI0 YPOBHA, COOTBETCTBYIOMIEr0 ¢8MKOCTHY CcPefibl. Biosi-
He MOKHO HOPeANOJI0UTh, UTO HEKOTOPHe KoiaeGaTelbHBIE IPOIECCH
B UOUYyIANUAX OOBACHATCA HANUIHEM PABNUYHHEIX BPEMEHHEIX 3a-
JHepsxeK Me;KIy KOHKYPHPYIOOIMMHU mpolleccayvu, B paccMoTpeHHOHR
MOJEIH — 3T0 3aJieP/KKa Me;RAY IpoIlleccamMd PeImpoAyKIUN H KOHRY-
peHTHO# THOeNH.

z
______ A —— AL N ¥
Pue. 7. Aunammka TIONyJsALNI ,
IIPI yueTe BPeMEeHHOTO 3alra3jibl-
BaHRA
K — «€MKOCTb» CDPexnl Z

Mosxro Gbi10 GBI paccMOTpeTh M 00Jiee CAOMKHBIC MOMEAH, HO ME
371eCh BTOr0 HeaaTh He 6YAeM, HOCKOJIBKY ysKe B LpocTeiineM cjaydae
BHUAHO, KaKoe BIHWSAHWE HA AUHAMHKY HOUNYJAAINK MOTYT OKasaThb Bpe-
MEHHLIE 3ama3/[bIBAHUA,

8. OB YCTOUYUBOCTH COOBIIECTB

Cpenn 5K0JOTOB CYUTAETCH IIOYTH AKCHOMOM, 4T0 GoJiee CIOKHEIS
oo CTPYRType coobmecrBa Gosdee ycToiausnl. OTciona cpasy nampa-
WIMBAETCA BBHIBOM, UTO H3MEPATH CTeNeHb BTOH YCTOUIHBOCTH, CPABHH-
BaTh II0 HTOMY IIOKa3aTell0 Kakme-Tubo fABA COOBIIECTBA MOKHO He-
KOTOPOi Mepoil, xapaxrepuaylomell paznoobpasue ancambaa. W3 mep
Taroro Tmoa Haubomee m3BecTHa (I Hambodee momyisgpHa) mHPOpPMA-
OUOHHAsI SHTPONNA (MMM pasJudHble ee aHaixoru). Bmepsrie manGoiee
9eTKO 9Ta upesa 6eura chopuyrampoBasa Maprazedom [4], woropsiit
OPeNIO/RUI UCIOJNB30BaTh JJAA XapPaKTePUCTHKH CO00INecTBA TaK Ha-
3EIBaeMoe pasHoobpasme:

D=—N2pilnpi, 8.1)
i=1 .
n
rie p; = NJN; N = ZNi; N; — UACIeHHOCTH [-T'0 BHa B COOOIMECT-
i=1

Be, n — umcio Bugos. HeTpynao Bmuers, uTo pasmoobpasue OTIH-
gaerca oT AHGOPMAIUOHHONA YHIPONUU TONBKO MHO;HTENeM N — 06-
el YHCJeHHOCTHIO coo0IiecTBa.
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Cornacio Max-Aprypy [5], crabmabuocts (ycToWdmBOCTH) C00G-
mecTBa MOKHO 0XapaKTepH30BaTh CAeAYyIOmMe#d BeJmINHOI:

S=— D p()Inps), (8.2)

i=1

rge p (s;) — BePOATHOCTh IePEeHOCA BHePIHA IO ONPEeReJIeHHOMY HY-
TH ;. Uem Goabmie BermamEa §, TeM GojJee YCTORIABHM CIUTALTCA CO-
obmectBo. Ilo 3Toit Mepe yCTOHIUBOCTH COOOHIECTBA OHpEAEIACICH
CJIOJKHOCTBI0O CTPYKTYDPH Tpodmdeckmx cBaseil. Camm p (s;) B cBoIO
ogepenb 3aBUCAT OT UHCIEHHOCTeHl COCTaBAAIMUX COOGIECTBO BHIOB.
W3 Bcero BhIIECKA3AHHOTO CIEAYyeT, 910 yCTOHIMBOCTL M pasHooOpa-
3me coo0mecTBa CBABAHE MEKAY co0oi, Tak uTo GmocmcTema ¢ 60Jb-
muM pasnoobpasuem Gosee cTabuabua, T. e. BeIMUIUHY [ MOMRHO OBHLIO
OBl HCIOJIB30BATH B KAYECTBE MEPH YCTOMTIHBOCTH COOOHIECTBA.

HagmM ke possxHO OHTH MAaKCHMAJbHO yCTONYHBOe cOOGIIECTBO,
€CIH B KauecTBe KPUTePHA MCIOAB30BaTh Beamamuul [ u S? [pyramu
CJI0BaMH, OPHU KaKWX 3Ha4eHUAX /V; M IPH KAKOHA CTPYKType Tpodmue-
ckmx cBaseil D maum § pgocraraor maxcumyma? Ilocie moBompHo He-
CJIOMKHEBIX BHKIAJOK MOKHO IOKA3aTh, 970 pasHoobpasue coobmecTsa
MaKCHMAaJIBHO, eCJH: a) CyMMapHas TUCJIEHHOCTh coo0mecTBa IpH 3a-
JaHHHX YCJIOBHSAX CPeIbl MAKCHMajbHa U 0) BCe BH/HI B COOOINECTBE
IIPeACTaBIEHH ¢ OJMHAKOBOM gacToToi. Ilockoabry /V pano wim mosg-
HO cTabmiamaupyercs, To COOOMIECTBO AOJMHO SBOJIOMHOHHPOBATH K
COCTOAHUIO p; = const AJasA Bcex BHNOB (ecay CIATATL BePHOH THIO-
Te3y, 9T0 coo0IIecTBO BCera CTPeMHUTCH K COCTOAHMIO ¢ MaKCHMAJIbHOR
ycToftumBocTeio). Takum oOpasom, Hamboiaee YCTOHYMBHIM SBISETCA
€000611eCTBO, B KOTOPOM HE CYIECTBYeT MEepPApPXUH BHIOB W BCE BH[H
npejfcTaBAeHs B ofmHaKoBod uponopmum. Ho Habmiogennma Hag pe-
AJIBHEIMA COOOIECTBAMHI TOBOPAT COBCEM O Apyrom: Jio6oe JOCTATOIHO
Jl0ITO CyImecTByMOIlee, 2 3HAYUT U ycToHd4iBoe, COOOMECTBO HMe-
eT TeTKO BHPayKEeHHYI0 MepapXmuecKylo cTpyKTypy. Bce crasamHoe
IpejmosNaraeT, 4ro MUCOOJNB30BAHHE B KAadecTBe MEPH YCTOUIHBOCTH
ero passoobpasus He coBceM ompaBiaHHO. T0 ke carMoe MOKHO CKa-
3aTh M 0 MakKapTypoBoid mepe S.

3ameTuM, 0/HAKO, YTO BO MHOTHX COOOIIeCTBaX HA CTAHH CYKIleC-
CHUM IPH [JBIJKEHUU K KIUMARCY AelicTBHTenbHO HabmiomaeTcA yBeJH-
4eHne pasHooOpasus. B dem ke mpuuwHa BO3HHKHOBEHHA 3THX Ia-
pagorcoB? llo-BmOomMoMmy, OHa COCTOHT B (OPMAJIbHOM I DHMEHEHHH
SHTpONUIHOA Mephl. JTa Mepa HMeeT CMBICJH JHINh IJaA aHcaMbias
ciabo B3auMOAENCTBYWOMUX 00HEKTOB, rae o0masd XapaKTepUCTHKA
aHCambia ABIAeTcA aJAUTUBHON QyHKI[MeH BHAUBUAYAILHEIX XapaK-
TePHCTHK 00BEKTOB. A c000mecTBO, IJe KOHKYPEHTHHRE B3aHMOJeHCT-
BuA Haumbojdee CHUILHO OPOSBAATCH BOJIU3H LOJOMKEHMS PaBHOBECUA
E BCS eT0 CTPYKTYpa B OCHOBHOM ONpefessAeTcd He XapaKTepHCTHKA-
MH, OpHCYMHMHM cOGCTBEHHO BMJY, & 0COOEHHOCTAMH ME/KBHAOBEIX
B3aMMOOTHOIIEHU Y, IPEJCTABIAIOT CO00H HMEHHO CHCTEMBI ¢ CHIbHHMHE
B3auMogeiicTBuAME. Boxee Toro, ycToHunBocTh HETPHBHAJILHOTO PaB-
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HOBCCHA 3aBHCHT TOJLKO 0T IapaMeTpOB KOHKYPeHOHH (I BoJbTep-
POBCKHX Mojeneit).

C 3Toii TOYKHU 3PeHUs HOHATHY MPHMEHHMOCTb DHTPONUKHOR MepLI
Ha pPaHHUX CTAAWAX CyKIeccumu. Bce meao B Tom, 94To Ha 9TOU CTagUH
BJAJH OT IOJNOMKEeHHS PABHOBECHS KOHKYPEHIUA eme caaba U coolime-
CTBO BIOJHE MOYKHO PacCcMATPHBAThL KaK CHCTEMY €O CAabBIMU B3amMO-
MeACTBHSAMM.

PaccmorpuM focTaTouso o6mIy0 BOJBTEPPOBCKYIO MOMENb coobme-
CTBa, COCTOSMEro #3 BHUJOB, KOHKYPHPYIOIUX Memmy coboit 3a pe-
cypc. Ncnonpaysa Heckombko npyrue o0o3HadeHmst, deM Te, KOTODHE
MBI HPIIMEHSJIN paHblle, MOJENb TAKOTO COO6MecTBA MOSKHO 3amdCcaTh
B BHjE:

’ll
dx, —_—
Z= (a— Drm), =T (8-3)
=1
Ifie ; — YACIEHHOCTH BHOB, V;; = ¥j; — KOdDPUIHEHTH KOHKY-
pennua. Matpuny |y;;| Mef 6ymeM Ha3HBAaTh MATpPHUNEd KOHKYPEHI[HH.
KoHedano, npefnoso/keHne 0 CUMMETPUYHOCTH MaTPHUH || v;;]| — Bech-

Ma CHJPHO® YOPOIIeHHE, B PeaJbHHIX COOOMIECTBaX B3AHMOAEHCTBHA
we Bcerga cumMeTpuuHel. o xagecTBenHas RapTuHa coxpaHsercHd,
a paGoraTh ¢ CUMMETPMUHBIMH MAaTpHIjaMu ropasjgo ymobmee. Cmemaem
upeofpasoBaHue TepPeMeHHBIX §; = Zin. Torma MOJEIBHYIO CHCTEMY
MO;KHO 3allHCaTh B BHAE YPaBHEHMH I'DaJHEHTHOrO (HAMCKODEHINEro)
mogbeMa s HeroTopoil ¢yuxkmunm W:

dii ow . —
Wza_é,;’ i=1, n, (8.4)

rae

n

n
W= 2 e — —i—ZZ TijTi x5

i=1 i, j=1 .
Ecau rosddurimenTs g; ¥ y;; ABHO He 3aBUCAT OT BpeMeHH, TO
n

- ima-A(E) e o

Ho orcroga caepyer, aro W, BrauciasieMas BoJib TPaeKTOpUU, BCeraa
BO3pacTaeT, M ecju COOONMECTBO MMeeT HeTPHBHANbHOE YCTOHIHMBOE
COCTOSHHE, TO B 3TOM COCTOAHUY W [OCTHTAaeT MaKCHEMyMa.
n
Beanmguna V = Zeixi XapaKkTepH3yeT W0 CyTH [eja CKOPOCTH
i=1
mpupocTa 6GmoMaccsl coobimecTBa B CJaydade, KOTJa KOHKYDeHIAS H
Karoe-1nm60 JTHMATHPOBAHME 10 PECYPCaM OTCYTCIBYIOT, T. €.
ompegesiseT MAKCHMaJIBHYI0 PEeOPOIYKIMBHYIO CKOPOCTH COOOITECTBA.
YuuTeiBasg Bce 3To, HazoBeM V penpodyEmushuim nOMeHYLAioM CO-
obmectBa. Takum obpasom, BospacTaHme V B mpoitecce 3BOJIOINU CO-

45

RS VPO T P



o6miecTBA MOKHO MHTEPOPETHPOBATH TAK, YTO COOGMIECTBO CTPEMUTCS
MAKCHMHU3UPOBATH CBOA peHNPOAYKTHBHHEA mnoTeHnuada (wied V) u
Mnﬂmme.npOBaTb CpPeIHHE  3aTpaThl Ha KOHKYpDeHHIHIO (4ieH

—22 T:;T;T; MOZKHO PAacCMaTPHBATh KaK HEKOTOPOE ocpegHeHne Koad-
ij=1
$UIMEHTOB KOHKYPEHIHHI y;; II0 BCEM BHAM COOBINECTB).
Paccyotpiny mogent coobmectsa 6osaee obmero suza. lyets | y;;]| —
HOpMAaJIbHAs MATpHUNa, T. €. JOUKHH OHTH BEIOJHEHH CJIENYINHe
n k1

ycioBHUA: 21 Tie Ve = 2 VikTris ihj=1,n.
k=1 k=1

Haunpumep, MaTpuma KOHKYPEHIUM A PacCMOTPEHHOTO BHINIE Cay-
qag HOPMAJbHAA; HOPMAJABHOH GygeT MaTpuUIa KOHKYpPeHHUMH H I1A
c000mecTBa, mpeacTaBIAmero co0oll 0006IeHIYI0 BOABTEPPOBCKYIO
cHCTEMY (XHIHMK — /RepTBa». B mocmeamem caydae v;; = —vj;.

IIyctb Hame coo6I0ECTBO MMeeT HETPHBHAIbHOE NOJOKEHHE pa-
HOBecHA M Bece paBmHoBecHHe 3HadeHus x; > 0. Ilpu rakux yciaoBmsax
8TO moJosKeHne OyfeT ycToiduuBbIM? BrinnchiBad ypaBHeHHA, JuHea-
PU30BAHHEIE OKOJIO dTOTO COCTOSHHA PABHOBECILA, HOAYTHM (y; =
= z; — x3);

n
dyl *
—gt—:_—xiZ%’j('—x)*x ZTUZ/] (8.6)
=1 =1
Ina yeroumBocTn HeOGXOMHMO M JTOCTATOYHO OTPHUIATENLHOCTH Be-
INECTBEHHBIX dacTeil COBCTBEHHBIX BHaTeHHH MaTPHUB | —zi v;5]

Ilamee MoHO moKasaTh, 9TO AAA YCTOWYMBOCTH HETPHBHAIBHOTO I110-
J0sKeHIA paBHOBecHs HeoOXOAMMO H ZOCTATOUHO, YTOGHI Bee BeIlmecT-
BeHHBI® JacTH COOCTBEHHBIX 3HAYeHHI MaTpHUBI ||y;;|| OBLIM mOTOMKM-
reabusl. Taxumy 06pasoM, MOMKHO clenaTh BBIBOJ, 9TO YCTOUYHBOCTH
HeTPUBHAIBHONH PABHOBECHOH CTPYKRTYPH coofIecTBa [0CTATOYHO
IPOMBBONLHOTO BWAA ONPEJLIAETCSH TONBKO IIAPAMETPAMH KOHKY-
PeHIIUM MeRAY BUJaMH H BHYTDH HX.

Cremaem caegyiomee IpeofpasoBaHie IePeMeHHHX: 1); = In
(x;/xi), THe i — NOJOKHTeNbHOe peNIeHHe CUCTEMbl YDaBHEHUH:
n

Z Ti%; = &, i=1,n.

=1
Torga (8.3) moswHo 3ammcaTsb B Buje:
n
an, N\ aG . E—
= Z"r” e i=1, n. . (8.7)
j=1 J
n
rie G= Z x (M — e"), B denm yBe:raeMcs HemocpecTBeHHOM Ipo-
i=1
BepKoii. Brramemmm HO.TIHYIO opom3BOAHYI0 G IO BpEMeHH:

n
4G dn; 8G 0G
Z o, at %Em an, on; ° (8.8)

46



Ho ® TtoM cmywae, xorga matpmma |v;;| HopmambHa (B YacTHOCTH,
HOPMAJBHEIMH ~ MATPHIIAMH ~ ABJIAIOTCA CHMMETPHYHBIE M KOCOCH-
MMETPHYHEIE MATPHIBI — CIyJaM KOHKYPEHIHHM BHJ0B 34 DPecype
M CcHUcTeMa THNOA <XUO(HOK — ;KePTBa») W BeIIECTBEHHHe YacTH
COOCTBEHHBIX 3HAUEHWIl MATPHUIE KOHKYDeHIOHUH |v;;]| Iomo:KHUTENB-
HBI, KBajipatuaHas gopma (8.8) moromuTeabuo oupeneaera u 0G/di >
> 0. PaBencTBO MMeeT MeCTO TOILKO B TeX caydaax, korma 0G/dn; = 0,

i=1,n, T.e. B IOJOKEHHH DABHOBECHI WIH OPH y;; = —YVj;, HO
torfia d(z/dt = 0 Bciogy Ha TPAeKTOPHWHU, W (G B 3TOM ¢JIydae ABISAETCH
gHTerpazoM cucreMsl (8.3).
B nepemenmnx z; ¢pyEkmng G 3anuimercsa B BHUjE:
n n n
* ® *
G = Z xInx; — Z x; — 2 z; In 7.
i=1 i=1 i=l
ITockoabKy G MOKHO OUPENENNTh ¢ TOYHOCTHIO M0 AXJHTHBHON IOC-
TOAHHOHN, To B KadecTBe G MBIl BHOUpaem ¢yHRuuio G = S— M, rae
n

§ = 2 x; In x; — 4men, mo cBOel CTPYKTYype HamoMuHaomuit ungop-
i=1

MAIMOHHYIO HHTpOUMIO (MW MaprajledoBcKoe pazmoobpasme), ¢ Toil

TOABKO pasHuiieir, 9o B S BXOAAT KpPoMe TeKYIMIUX 3HATCHUU Z; |

7X CTANEOHADHLIC 3HAYEHHA., Y IHTHBaA BCe DTO, MH GyneM Ha3HBaTh
n

S «KBa3HOHTpONMeH coobmecTBay. Beamanma sxe M = ) z; ecTh He 4To
i=1

mHOe, KaK cyMMapHasg Omomacca confmiecTsa.

Tar warg dG/dt = dS/dt — dM/dt > 0, To orcoma ciaemyeT, TG
OpH 3BOIIONAYN coOBIECTBA CKOPOCTh YBEJIWYEHHA €ro «KBAa3MpPazHO-
o6pasum (B gasibHefiieM UMEHHO BTY BeJWIHHY MBI GyfeM HAa3HBATh
pasnoofpasuem) goiaskna OBITH 10 Kpaiinell Mepe He MeHblile CKOPOCTH
mpupocta cymmapiioit 6mozacest M, nocroanry dS/dt > dM/dt. Ec-
Im ke cymMapHag Guovacca coo0MIecTBa YMEHBIIAGTCS, TO HMPI dTOM
MOKET YMEHBIIAThCA U pasHoobpasue coofIecTBa.

Mockoasry dG/dt > 0, T0 B COCTOAHNE YCTOWINBOTO PABHOBECHA
G* = ;za‘G. Otcoga cpasy cieayeT, 49To (QyHKIIUIO

n

L=6—-6 =D zIn2%t — 3 (2, — )
i i=1

i=1 i

MO;KHO paccMaTpHBaTh Kak QyHKNUIO JlAamyHoBa /g CHCTEMBI MO-
HeJbHHIX ypaBHEHHN coobimecTBa BOJBTEPPOBCKOTO THma. B camom
nene, L < 0, dL/dt > 0 (upudyem pPaBEHCTBO HMeeT MECTO TOIbBKO B
CTaNHOBApPHO! TO4YKe) M [ HeIpephHBHA BMeCTe CO CBOUMU YaCTHBIMH
IPOM3BOJHBIMA O ;.
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9. 3ATAYN ONTUMUSAUNN 1 TEOPEMA
0 MARCHUMAJIbHOM YPO’SRAE

Ilycts mame mccieqyemoe coobINEcTBO COCTOMT M3 1 BHAOE U OIM-
cHBaeTcH cueTeMoll guddepeHIHANLENX ypaBHCHAH:

dx; L —
a =hi@, %), L j=1n k=1 m, (9.1)

Tfie_Gj, — HEKOTODHe HAPAMETDPHL MOJIeIH.

Ilyers B pamHO# cucTeme mpomsBomwmTes cOOp ypomas myrem oT-
Gopa 7acTu GHOMACCH PA3THIHBIX BHAOB W BHBEJCHHA €€ M3 PEeHPOIYK-
TABHOTO MuKIa. llpomece cbopa yporxaa npeIIoaraeTcsl JUCKPETHEIM
II0 BPEeMeHH ¢ DABHHIMH BPEMCHHLIMH HHTepBadamu. [Ipemmomorkm,
9TO HaM 3aJaHH TeHH eMHUIH GHoMaccH Kaskaoro Buaa ¢; (i = 1, n).
Torja MOKHO MOCTAaBHTh 337434y 00 OUTHMAIBHOM YIpPABJICHUH ITOR
CHCTEMOH, T. €. 00 oupeeJeHUH BeTHIUHH OTGHpaeMoil GHOMACCH
KaK/J0ro BHUIA ¢ TeyM, YTOOH CyMMapDHAs CTOMMOCTE Beeil co0paEHOH K
KoHImy mpouecca I Gumomacchkl Oba MakcHMaldbHoll. B komednwit Mo-
MEHT BpeMeHH IPoliecC IPeKpamaeTcs nNyTeM IMoTHOTo orGopa Gmomac-
cHl (pTo TpefoBaHMe He NPUHONIHATHHO: MOYKHO NOCTAaBHTH I0Goe
orpannuenne). IIpeguonoKuM Tawske, 4TO WHTIEPBANH Me:kny cGopa-
MH MaJH, Tayk 4TO M3MEHEeHHe YUCICHHOCTEH Ha HTOM HHTEPBaJe MOK-
HO CYHTATh JHHEUHHIM 110 BPEMEHH:

a} () = o7 (0) + i l2; (B)s sl ty =k, (9.2)
ihj=1,n, s=1,m; k=0, p; T = ph.
Unpercom « 4-» mpr o6o3HagaeM cocTogHMe CHCTEMEL B MOMEHT clopa
YPOIKas cJIeBa OT #;, HHAEKCOM «—» — CIpaBa oT ¢. CToEMOCTh coGH-

paeMoro ypo:Kad Ha mare mporecca paBHA:
n
g(ty) = 2 ¢iq; (Ly)- (9-3)
R Q=1
3necy ¢; (¢,) — momycTMMEle yupaBieHus (KOIHIeCTBO OTGHpaeMoi
B MOMEHT ¢, Gmomaccel i-ro Buaa). EcTecTBeHHO, 9TO ¢; AOIKHEL YIOB-
JeTBOPATh OTPAHMICHHUAM THIOA:

0<< qi(t) << 5 (t)s 7 (9.4)
i:rn-:; k=90, p.

HKpome TOrO, HO cMBICTY 3ajadum: _

1 oxomuartenpmo 3amada CBOJUTCA K OTHICKAaHHIO QYHROHWE ¢; (i),
VIOBJIETBOPAMAX orparmueHusM (9.4) M AOCTABIAIOMEX MAKCHMYM
dyHKIIOHATY

P p n
G= 2 gity)= X 21 % (tk)s (9-6)

k=0 k=0 i=1
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npadeM TPAeKTOPHUA CHCTEMEl JOJKHA J€KATh B IOJOKHATEIBHOM KO-
myce (9.5).

Jlaa pemenms oToill 3agaTn MBI Oy/eM HCIONbB30BATH METON JHHA-
MHYeCKOTo mporpamvmpoBanus Demnmana. Beemem dynrnmio moxoma
Fy (x;), pasuyw Joxonmy, molydeHHoMy 3a ! maroB cGopa yposkad,
IOPHA YCIOBHM, 9TO HA UPEIBAYIIAX UIarax MCHOIb30BAINCH OOTHMAIb-
uple ynopasienns. CopaBegimBo cieayiolmee PeKYyPPEHTHOE COOTHO-
mIeHne AnA 9Tod PyHKIAR:

Fy(r;) = max [iciQi]

2% “i=1
1 S (9.7)
Fy(x;) = max {2 ¢iq; + Fra [P (»’C)]}
9% ti=1 .
xr; = .’L‘:’

3nect P (z) — omeparop, ONUCHBAKIAA NEPeXoj W3 TOUKH {Z] (L‘k)‘}
B TOURY {xi ((r,1))- Hocroabry i (2,) = @i (8,) — ¢i (L), TO
P:oxf (th0) = @} (t) — @ () + filx (t) — q5 (%), o]+

Taxk rar
n

n
Fl(xi) = max [Z ciQi] = Z CiTss i = Ty
a; i=1 i=1
TO

'i:l 1=

Fy(x) = maX{Eciqi + Do — @ i@ — g ) h]'ci} .
Qi 1

3mech BO3MOJKHBL [[Ba CJIyYas: KOT[Ja MAKCHMYM JEKHT BHYTPH J0-
OyCTHMOM 00/IaCTH UTA ¢; ¥ KOTHA OH JIeMKUT HA TpaHmne. B mociaexnem
cilydae ympaBieHHe HyJeBoe, T. e. ¢fop ypoikasa sampemieH (mo Tem
BHJAM, JIA KOTOPHX BHAYEHUA ¢; JekaT Ha Tpanune). Heobxomgmmure
YCAOBHA MAKCHMYMA IS MEPBOTO CIAydas MMEeIOT BHA:

o 01 | . —
Zci—((’é.—lzo’ gjzx;-—qj, i, j=1,n. (9.8)
J=1 7

1 oromgarexnHo:

#

q; = xf (ty) — T (¢) npm x}f > %}

i _ . (9.9)
q;, = 0 mpm 1‘:’< 3-1 q; = {g; (tk)}om-
n
af. (x;, o —
3nech ¥ — peleHme CHCTEMEI ¢ -i(a;——s)- =0,1i, j =1, n. Qanee
j=1 J

HPOJIOJIKaeM o MHAYKOAA. JIFI000UEITHO, 9T0 C/IM Ha KakoM-11ubo Tmare
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mpolecca yupanjedne HeHyJIeBoe, TO OHO OyMeT HeHYJeBHIM I Ha BCex
MOCHeAYIOIMNX IIarax.

Ecan mpeamonoskuth, 9T0 yupaBieHHe Ha BCEH TPaeKTOPHE HEHY-
JeBoe (& 9TO BCETJa MOJKHO CJeJaTh COOTBETCTBYIOLIMM BHGOPOM HA-
YaJIbHBIX YCIAOBHUI), TO CHCTeMa YPaBHEHUI IiA HAXOKIEHHSA ONTH-
MaJIbHHIX 3HAYeHHE ecTh cucTema (9.8).

CyMMapHYI0 «CTOMMOCTBY BCero CooOINECTBA MOMHO 3amHMcaTh B
BHJE:

M = D) ¢z, (9.10)

i=1

Ilpoguddepennuposas 9T0 COOTHONIEHWE IO f, MBI TOJYYHM ypaBHe-
HHe, ONICLIBAIONECe M3MEHEHWe CTOMMOCTH HEIKCIAYAaTHPYEMOIO COo-
00miecTBA BO BPEMEHH:

= § —i = 2 afilz, o),  i=1, n (9.11)

1—1

Herpynno maiitm Todury, B KoTopoil d#T/d¢ pmocturaer MaxcuMmyma.
Aty Toury {%;; i = 1, n} M1 OygeM Ha3EBaTh ONTHMAaJBHBIM COCTOf-
HHEeM coobmecTBa. B aToil Todke

n

af (x:, .
Sle, Hiltin %) _ o T (9.12)

Ho cucrema (9.12) npu samere z; Ha &; To:rzecTBeHHa cucteme (9.8),
U3 KOTOPOH HAXOMATCA OMTHMAJbHBIE 3HAYCHNA ynpasiaenns. 113 Tosk-
IZECTBEHHOCTH CJIe[yeT, 4T

L= () g = % (0) —

JT0 03HA4Yaer, YTO ONTUMAJIBHBIM ABIAETCS COCTOALNE, B KOTOPOM NPH-
POCT CTOMMOCTH coofmiectBa (MPUPOCT OUpPEHeNeHHBIM 00pazoM B3Be-
mIeHHON GMoMacchH) MaKcmMalZeH., D KadecTBe ypo:Ras CHEMAGTCH BCA
6momacca, mpupocias HaJ YPOBHEM, OIPeeNsIeMBIM DTUM COCTOTHUEM.
Ecan se Guormacca HEKOTOPOTO BHR HHKE TOro YPOBHA, To c6op ee
BOOOIIe 3ampeinen /[0 TeX I0p, MOKa OHa eT0 He HocTurHeT. Tarum 06-
Pa303M, MBI IOKA3ATH «TEOPEMY O MAKCUMAaJBHOM yposKkae»r: d4a noayye-
KU MARCUMAAbHO20 G0200a om cGopa Ypoxas coobujecmseo 00axcHo bums
npueedeno 6 cocmosHue, ¢ Komopom npouseodnas dM/dt marcumasvia
(MakcumasvHa cropocmb RPUPOCMA CIMOUMOCIMU coobujecmea), U 3a-
mem Goancho YOepHcUBaMbCS 8 IMOM COCMOAHUL 3a ciem cbopa ypowca;z
Jdo komya npoyecca.

=4
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10. ONITUMAJILHBIIL CBOP YPOJKAA
B OJJHOPOIHOM IIONIYJIAITNII

B xkagecTBe mpuio;keHUA K PACCMOTPEHHON BhIIIE TeOPHH II0Ap06-
HO pasbepeM 3ajgady 006 ouTnmMaabHOM cbope yposkas B IOIYJIAIUH,
JUHAMIKa KOTOpOoH# omucHBaeTcsd OJHOU mepemenHoil — ofuieil wme-
JIeHHOCTBIO.

Ilycre HaMm sagana Qyuxmus f (x), Tar 4To

e f @), (10.1)

Torga onTHMAJBHBIM COCTOAHMEM TONYJIASINH Gymer cocTosHue, B KO-
TopoM 8f/0x = O u f (x) mocTuraer makcumynma. QnrTumajapHBIM ynpas-
nenneM Oyaer cOop Beceil Ouoyacch, MPeBBHINAKINEN 3TOT YPOBEHD,
Houkperusupyem Bug ¢pyurmun f (z):

f = ox — Ba”. (10.2)
STO ecTh He 4TO HHOe, Kak JOTHCTUYECKUH 3aKOH pocTa monyJaAnny.

Orcioma cpasy cJaegyeT, YTO ONTHMAJBHBIM COCTOSHUEM IOIYJIANHH
Oygzer Touka ¥ = a/2f, a onTHMaJIbHoe yIpaBlieuue

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

HlocTaTouHo JerKo onpepensieTcsa W CyMMapHBIRA yposxail, mosy4eHHBIT
3a BpeMs I (IJIf IPOCTOTHL MEL IPEJLIOIOALUIN, YTO YIpaBlIeHHe BCIO-
Iy HeHyJeBoe):

(10.3)

2
G(I) = x(t)+35 .

3mech MBI IpeAnoJaraim MaJocTh mara c¢bopa /i, T. e. HO CyTH Je-
JIa paccMaTpPUBaJH HeNpepwBHHE npomecc cbopa yposwas. Ecam or-
Ka3aThbCsda OT 3TOTO opegnoJyio;renmnd, TO 3ajga4da YyCIORHIITCA, HO U OHA
HMeeT aHATUTHIECKoe penreHme. X0 ee peileHus OymerT TakuM ke,
KaK U BLIUIE (CHOBa HpH)IeHHeM MeTO[ OJUHHaAMHIYIeCKOTO nporpaMMHpo—
BaHHA), HO Pe3yabTaThl HeCcKOJbKO oraudaiorcA. He mpuBoga moapo6-
HOCTe!l pellleHWs, BHIHHUIIOM OKOHYATeJbHBIH peayJnTar.

OntumadbHoe yopaBleHUe:

G ) = () =3B A D) mpw ) SORG Y
{q* (t) = 0 mpu 2* (1) < @B+ 1), A= exhz, '
DyEKDUA 10X07a:
L azt (t) 24T (p—I—"1Ha Ar—1
Fy@x")= T B ) T -+ 3 AT .(10.9)

3mecs [ = E (AT/lh) 1, £ (z) — nenas gacth wmciaa z, AT — ko-

peHb ypaBHEHW:
a azt (to) *AT

BA+1) o Bat(to) [T — 1]
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3amerum, uto ¢* = (0 ToabKo Ha mepBHIX / IMarax mpormecca, TaMm, TJie
He BHTOJHAeTCA ycuaosue z* > o/f (A 4 1); Ha mociaeAyoOIUX Imarax
yOpaBleHne OTIHYHO oT Hy:IeBoro. Tawum o6pasoym, OpH ompenesreH-
HBIX YCJHOBHAX OUTHMAJIBHOH HOJUTHROM SIBISETCS MOJIHOE 3ampeire-
HHe cOopa ypomxaa. Kar ato Bujguo us (10.3), cymyapHas Benngmua
co0paHHOTO YPO/RAaA 3aBUCHT OT BeJIWYIHHHI IIara mporecca. MokHO
IIOKa3aTh, 4TO OHA JOCTUTaeT MaKCHMyMa NPH HempephHEHOM cOope
(upu o — 0).

3aechk MBI paszobpaad odeHb HeGOJBITOE YACIO HOCTAHOBOK H pe-
THeHN# ONTHMATLHEIX 337189, KOTOPEE MOTYT PACCMATPIBAThCSA NI Pas-
AUYHEIX 6mocucTeM. MoskHO HAZEeATHCH, YTO HpIMeHeHHe J0CTAaTOUHO
xopomo paspaboTaHHoro ammapaTta TEOPHH OUTHMAIBHHX IPOIECCOB
K TAKUM HOBHIM H HHTEPECHBIM 00DLEeKTaM, KaK MOAENH OMOJIOTHIECKHX
monyaAanuil  cooburecTB, JAacT HAM MHOTOe /A HOHUMAHHA CTPYKTY-
PBL HAITHX B3aMMOOTHOMIEHHUH ¢ HNPUPOAOU, KOTOPHE, IMO-BHAKMOMY,
JOIKHEL CTPOUTHCA ONTHMAIBLHLIM 06pasoM (mpudeM KPHTEPHH TOJK-
HBl YIATHIBATH HE TOJbKO HAHIM TEKYI[He MHTePECH W JOKAJIBHYIO BHI-
TOoy, HO I HHTepDechl 0ojee OTHNAJeHHOrO OyAymIero).

% k%

To, 4To MH 3/leCh HM3IOKUIM, HU B Koell Mepe He MOKeT MpeTeH[o0-
BaTh HA Karoe-nbo 06o0menne Win cymecTBeHHYIO HOBH3HY. Mbl momst-
TATHCh YHCTO QparMeHTapuo o6pucoBaTh CUTYAILUIO, KOTOpas 0GBYHO
BO3HMKAET LPHN IONBITKE HOCTPOHUS TeX I HHHEX Mofedeill 6morxo-
rodecKHX HomyaAruii # coobmects. OO6HYHO y HAc ecTh KaRHe-TO
OpeACTaBIeHNSA O (QYHKIMOHNPOBAHMH CHCTEMBI, MBL MOJKEM UTO-TO
CKa3aTh 0 xapakTepe B3amMOOTHOIIEHHI MeKAy Bujgamu (rpybo roso-
P, KTO KOTO €CT), 0 CTPYKType coolbmecTs. Ml Mbl 3ammcriBaeM 3TH
cBefleHUs Ha Apyrom, Goiee ¢opmanbuonM ssbike. G Apyroit cTopoHH,
y Hac ecTh HEKOTOPHe (QyHFZAMEHTANbHEE 3aKOHOMEPHOCTH (THOA 3a-
KOHOB COXPAHEHH), KOTOPHE CIPaBeIUBH i1d J00bX cucTem. Hom-
6uHAIMA THX cBeJenuil H 06pasyeT MOIeIb.

U naxoner, Halie MHEHHE, YTO B MaTeMATHIECKOM MOJEJHDOBAHUM
OmocmeTeM BAKHO He CTOJBKO HCCHE[0BAHTE IOCTPOeHHOE Mogean (Xo0-
TA 3TO Toke HeoOXOAMMO), CKOJIBKO paspaboTKa TeXHOJOTHH HOCTpOe-
HEA Mojenell, obecnedHBaIOIel 0BJIaJeBIIeMY €10 YeJOBEKY BOBMOJK-
HOCTB CTPOUTH JI000#t Habop Momesell, ¢ y4eToM JIOOHX ROHKDETHBIX
3aKOHOMEpHOCTell W mpu McHoJb3oBammE He6OJbIDOre Habopa CTAaH-
HapTHBIX TIPHEMOB.

JUTEPATVPA

1. Coupexces 10. M., Eausapoe E. A. Maremarnieckoe MojleInpoBaHAe GUOIIO-
rndecknx cucreM. M., «Haywra», 1972.

. Forrester J. W.— Principles of systems. Cambridge, Mass., Wrightallen
Press, 1968.

. Kerner E. H.— Bull. Math. Biophys., 1957, 21, 121.

. Margalef D. R. — Invest. Pesquera, 1956, 3, 99.

. Mac Arthur R.— Ecology, 1955, 36, 533.

[Sa SRt Do



YPABHEHHA TEOPUU
BHOJOrMYECKUX COOBIIECTB

JI. P. THH3BYPT

1. BBEJEHHE

Matesmariueckasg TeopuA 6HOTOTHUECKHX COOGIMECTE — COBOKYIL-
HocTell B3aWMOJeHCTBYIOMMAX MOOYNANUN pPasidIHBIX BH/JOB — Hpef-
cTaBasAeT coboll cpaBHUTENBHO Pa3BHTHIT pasfes MaTeMaTHIeCKOH OHo-
aormu. 3apoxmemuck eme B 20-x rogax B paborax B. Boabrteppa [2,
43] u ero mocmemoBatenmeit [33, 401, 70 HampaBieHme HpPUBIEKaeT B
HacTosIMee Bpemsl Bce Gosbllee BHHMaHUE, B 0COGEHHOCTH B CBA3U ©
npo6:eMoil pa3yMHOMN dKCOIyaTadn NPUPOAHBIX pecypcos [26]. Teo-
PHA coo0ImecTB pa3BuBajach B OCHOBHOM B [[ByX HampaBienusx. llep-
Boe M3 HUX CBA3aH0 ¢ PA3IHIHLIMU MOAUPUKAIUAMA yPABHEHMH BOJID-
TeppoBcroro Tuna [1, 6, 7, 29]. Bropoe naupasaenne, 6epymee nada-
10 ot pabor A. H. Romvoroposa [16, 39], mocBsmeno KadecTBEHHOMY
NBYUYEeHMIO TPAEKTOPHA COOTBETCTBYIOIMUX cucTenm jauddepeHmmaib-
HBIX YPaBHEHHH LpH odeHb OOCIHX UPeNoJI0KeHNAX OTHOCHUTEIBLHO
XapakTepa Me:RIONYIANMOHHEX B3ammogeiicremit [31, 32, 42].

Tak Kak OCHOBHBIM ammapaToM HCCJIEIOBAHHS B HOCTEIHEM CIY-
4qae ABIsfeTcA KadecTBeHHAA Teopus auddepeHONaNbHHIX ypaBHEHHI,
pasBuUTasg 0ojiee BCETO IMA JIBYMEPHHX JHHAMHYECKHX CHCTEM, TO H
GoJBIMIHUHCTBO PaboT HTOTO THOA AHAJMBMPYeET IOBeJeHHE DIEeMeHTap-
HBIX ABYXBH/JOBBIX COOOIECTB NPH PA3IMYHBIX THOAX B3AUMO/IGHCTBHA
MeWAY HONYNANAAMA (XUIIHIK — ;KepTBa, KOHKYpDeHIu:A, cum0bmo3s
u T. o). Bo Becex masBaHHHIX paborax Rasaas HONYIANAA ONUCHBA-
£TCHA TONBKO BEIHYMHON ee UHCACHHOCTH {uau GHoMAacchl), T. €. He MPH-
HUMaeTCHd BO BHMMAHHE BHYTPHIONYJIAIMOHHAs crpykrypa. Ocoboe
HOJOKEHHE BaHEMAIOT HEKOTOPHe UCCJHeMOBAHUA IIOCIETHHAX JeT,
B KOTOPHIX YpAaBHEHHUA IOJYYEHBI ¢ yderoM Oojiee TOHKHX GHOJIO-
IudecKux ocofeHHoCTedl ommeniBaeMHX sBiIeHuil. K s1mm paboTayt oT-
HOCATCs, HampuMep, uccaemosanuss A. A, Jlanywosa mo rmgpo6uo-
nenosormu {17] u HoBOe Hampasienue, passuBaemoe M. A. Iloxerae-
BEIM, OCHOBaHHOe Ha mjgee JmmuIupyiomux ¢daxropoB [23]. Bee arm
paborel, a TaKk:Ke MCCIETOBAHEA IO MAIIHHHOMY MOZEIHPOBAHMIO J(H-
HaMHKH  OmoJormyecKmX coolImecTs, paspmBaemeie B. B. MenmyTru-
uem [20], A. 1I. Hlanupo [28] m gpyruss, BEIXOJAT 3a PaMKH HaIIero
paceMoTpenns, HANPABIEHHOTO Ha MOCTpoeHue Goxee Ipyboi m oTHO-
CUTeJTBHO NPOCTOW TEOPUH AHATHUTHIECKOIO THIA.

MartemaTudeckoil oCHOBOH pPa3BUBAeMOH 37eCh TEOPUH CIAYKHAT,
TaK yxe kak y B. Boapreppau A. H. Kosmoroposa, cucrema 00HKHOBEH-
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HHX JupdepeHNNANBHEX YPaBHEHHI:

dN; N —
=WV Ny, 0) N, i=1,n (1.1)

rge V; — YUCNeHHOCTh i-# MOmyIALWH, BXOAAmeil B coolmecTso;
n — 9UCI0 MONYJAANHUA, obfpasyomux coodmectso; 0 — dopyaTbubi
mapayMerp, CHMBOJIMBMPYIOUME COBOKYTHOCTH XapaKTepHMCTHK CpefEl,
B KOTOpoil ofmrTaer cooBIecTBO; f; — PA3HOCTH MeKAY Koaddu-
OHEeHTOM POMIAeMOCTH M CMepPTHOCTH i-f MOUYJIANHH, 3aBHCAIAA OT -
cocToANNA cpefasl O m, BooGule FOBOPA, BCEIO OHOJOTHYECKOTO OKPY-
skeHusA Ny, ..., V.

HocrymupoBanune oCHOBHOH MoJejsm B Buie CucTeMul JuddepeH-
IHaJbHBIX ypaBHeHni (1.1) HakIagpBaeT PAX ecTeCTBEHHBIX OT paHUTe-
HHII Ha KPYI OHNUCBIBaeMBIX Mojenblo aBiaenuit. [lpesrme Bcero jmerep-
MEHHCTHYECKHH XapakTep Mopmean TpebyeT, 9To0B IPOMERYTKU Bpe-
MEHH, Ha KOTODHIX paccMaTpPHBAIOTCA Te MJIW WHLIe 3afauu, OLIIH He
CAMIDKOM BeJMKH, uro0bl Nonyiaanuu, obpasyioumue coolIecTBo,
MOKHO OBLTO CYNTATH HEN3MEHHBIMH B 9BOJIOMMOHHOM ILTaHe, a CaM
mporece IepecTPOHKK co00ecTBa — GAM3KUM K CBOBMY AaTeMaTmyue-
cromy osxmganuio [18]. C gpyroil cTopomHn], aTH HPOMeKYTKH BpeMe-
HY JOJKHEI GBITH He CIMITKOM MAJLI {BO BCAKOM CJIyUae 3HATHTEIBHO
fonbIle BeJIMYMH PENPOJYKTHBHBIX IIEPIOJAOB JUIS BXOAAUIMX B CO00-
HIeCTBO MOTYIANUIT), YTOOBL MOKHO OBIO HE NPUHUMATH BO BHIMAHHNE
BO3PaCTHYI0 M [ApyTHe CTPYKTYPHl HONYJANWH H NPHJIATh ecTeCTBeH-
HBlE cMEpiea mpousBouusy dV;/dt. Haxonen, YHCIEHHOCTH TOMYIAIUT
JDOJKHEL OBITH JOCTATGIHO BEJIMKH KAaK IJIA TOro, 9T00B TOIb30BATHCH
JeTePMUHUCTAIECKHMHY cOO0pasKeHUAMH, TAK | JJIA TOT'0, YTOOH MOYKHO
OBLTO CUMTATH BENWIWHBL [V; HenpepHIBHEIMH.

Ilens macrosimedi ~TaTbu COCTOMT B IOCIEOBATEILHOM pa3BUTHH
TeOpUH COO00IEecTB, 3aHNMAKMIEH MPOME;KYTOTHOE TOJ0KEHHEe MeKIY
reopued BoapTeppa u vpasmenusmn Tuna Hoamoropopa. Jeao B ToM,
9T0 YPaBHEHHWA BOJBTEPPOBCKOIO THIA, B KOTOPBIX (YHRIMM f; NpH-
HATH JWHEHHBIME, ABJAITCA B 00JbLIOH CTONEHH HePeYIPONIeHHBIMII
¥ He 00DLACHAT IeJ0T0 pAZa 9KCIepHMEeHTaIbHLX PakTos. llo-Brmm-
MOMY, 9TH ypaBHeHHUs o6IafaloT A0CTATOYNG y3KOH 06IaCTBIO mpie-
HEHUA B TeX CJAYyUYasX, KOT/a W3MEHCHM YHCAeHHOCTeH He CAMIIKOM Be-
IUKH U JAHEeHHAs anmporcuManus yHRIMIE f; oupasganna. C apyro
CTOPOHEI, HPY KaYeCTBEHHOM IOAXole Ha QYHKIINHU f; HARJAAHBAICTCH
OrpaHH4YeHUs OdYeHb O0Iero THOA, HANPHMED TOJBKO HA 3HAKH 4acT-
HEIX Opom3BogHHIX Jf;/0.V;. Taroe paccmoTpeHHe IJIOZOTBOPHO NIPH
noJydenuy o6ImeTeopeTHIeCKHX Pe3yIbTaToB A1 COOOIECcTB ¢O CpaB-
HHATeJIbHO HeGOJbIIHM 9MCJIOM BHAOB, HO IIPH OMUCAHUH PEAJIBHEX DKC-
IepUMEHTAJIBEX JAHHBIX OTCYTCTBHE SBHOTO IapaMeTPUIECKOTO BHAA
OYHRIIHA HY)RHO CUYMTATh CKOpEe HeTOCTATKOM, 4eM IPeHMyH[eCTBOM
IloaromMy B HacTosmeil paGoTe HemaeTcs MOOBITKA MOCTPOEHUS ypas-
HeHHH, KoTophle 0600IMa0T ypaBHenus BoabTeppa, BXOAAT Kak 9acT-
HHI ciaygail B ypaseennsa HoamoropoBa m B KOTOpHX (yHKIUH f;
HMe0T ABHBIH uapamerpudeckuil Buy. llapameTpsr ¢yHROmE f; HOCAT
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ACHEIH OMOJOTHMYECKHE CMBICT, W WX YACJIEHHHE 3HAYEHAA OIpeetsd-
0TCA TpU aHaJNN3e KOHKPETHLHIX 6GHOJOTHYECKHX DKCIEPHMEHTOB.

YeranosuMm HeKoTophle ofImue ¢BONCTBA cmcTeMbl ypasHeHwi (1.1),
MCXONH M3 GHOMOTHIECKOTO CMEBICJA ONMCHBaeMoro simenmsa. llpesxpme
8CEro BeJMIHHBL /V; HEOTPHUATENIBHH, W TpaekTopua cmeTemsr (1.1),
HAa1aBIMNUCH B HeoTpuilaTenbHoMm opTante {/V; > 0, i = 1, r}, He Koi-
JRHA MOKUIATH eT0 ¢ TegeHueM Bpemenn. GIeoBaTeXbHO, €CTN YNCICH-
HOCTh KaKoB-unbyah momyasnmu N; — (0, To BeiWIMHA CKOPOCTH
dN;/dt nomwma 6HITH HEOTPHUIIATEAbLHOM, T. €.

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

Mo mpumes 6oliee sKeCTKOe YCIOBHE, BHITEKAWIee W3 IPeRImoso-
JREHIIA H30IHPOBAHIOCTH WCCIEyeMoro coo0mecTBa, T. €. OTCYTCTBASA
mpuToKa ocobeil H3BHe:

lim]’i(Nlﬂ""N’n’ 6)-]\&20, i:1, n. (13)

A‘i-—>0 .
MareyaTndecku mocTefHee ycaoBHe 03HadaeT, 9To TpaexTopusa [V (1),
momaB Ha rumepmiIockocTs V; = (, ocraeTcs Ha Heli Janee ¢ TedeHwu-
eM Bpesmenn. Dymruuu f; 6ygeM cUHTaTh INIAJKUMH HACTONTBKO, Ha-
CKOJIBKO 5T0 norpedyeTcA IS IPOBeIeHHSA TeX WM HHBIX Paceyii-
genuit. Bmpodewm, o6vpramo OwiBaeT jgocTaTodHo moTpeGoBaTh, YTOOH!
oHU ObLINM ABAKIH HEHPepHBHO pudpdepernupyeMsl BCIOAY B HEOTpPH-
IATeTBHOM KBajJpaHTe, 3a HMCKINUeHHEM pasBe JIdMNb TOIKH [V, =
= ... = N, = 0. ITo 6#0a0rm9ecKOMY CMBICIY BEIWTHHH f; — yIeldb-
HBIE CKOPOCTH POCTA YHCJIEHHOCTH MOIYJANHIE — OTPAHIYEHBl CBEP-
Xy MaKCHMAJIbHO BO3MOKHOM [JIA AaHHOH OIYIAIME CKOPOCTBHIO
pasmuoskenns, IlosTomy GyHROUA f; OTpaHUIEHE PABHOMEPIIO BO BCEM
HeOoTpUI[aTeJIbHOM KBampaHTe:

FilNyy o s Ny, 0<lg;, i=1,n. (1.4)

[Tocnegnee ycaopue, HECOMHEHHO MMEIOIMee OTIETAUBHIH CMBICJ, HAPY-
IraeTcA, HaupuMep, B Mogedax Tuna Boxbreppa, riae ¢yHKIUH Juneii-
HEL 10 TUCTEHHOCTAM U CPeJu KOdPPUIUUEHTOB NPUCYTCTBYIOT MOMOKH-
TeJbHBe. JTO 00CTOATENLCTBO CY;RAeT 00JACTh IPHMEHHMOCTH JTUX
Mojenell, X0Ts B PeaJbHEIX YCJIOBHAX BeJIHYHHS f; BECHMA CHUIBHO
OT;IMYA0TCA OT CBOUX HpefelbHHX 3HAUEHUH. JTUM MCIEPIEIBAIOTCH
OpeqoiosseHusa obmero Xxapaxrepa, He CBA3AHHbIE ¢ KOHKPETHRMH TH-
maMid Me;RUOMYJIATMOHHNX B3auMojelcTBHil.

LlerHTpanbHBIM BOIPOCOM TUHAMUIECKON Teopwn coobInecTs [B pam-
Kax mocryiampoBannoil 6asoBoil Momenm Buma (1.1)] aBmsercs pa-
BYMHBIE BEIOODP ABHOTO BHAA WU XOTA OH HEKOTOPHX CIeNUPUICCKUX
CBOHCTB (YHRIHAN f;, OTPa/RAIOIMUI M3BECTHEIS THIIH ME;RIONYIAINOH-
HHIX B3aMMOJEHCTBUN, ONHAKO HEROTOPHIE PE3YIBTATHEL MO:KHO IIOIY-
9HUTH U B IOCTATOYHO ofmux caydaax. Ilosromy, nepssiit pasges mocsg-
e KadecTBEeHHON TeOPMH, a jlajee, BO BTOPOM pasmeie, HPefiIoskel
OYTh IIOCTPOEHHA ABHOTO apaMeTPUIeCKOro BH/a QYHKIHE f;, T. e.
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BHIJIEI€H KIIacC MOJesIell, MOCTATOYHO MPOCTOM U B TO jKe BPeMs J0CTa-
TOYHO 06U, OTpA:KAIMUI OOJBLIMMHCTEO W3 U3BECTHHIX THIIOB MEK-
MONyJIATAOHEHX B3amMmogeiicTsuit. B pamrax sToro rmacca Mopgeaei
dopMyIupyeTCA W pemaercs PAA 3a4ad, KACAOMUXCA CYI[ECTBOBA-
HUA, CTPYKTYPH U YCTOWYMBOCTU paBHOBeCHHX cocTosHuii. Ocoben-
HO TIOAPOGHO MCCIEAYIOTCA MOIEIU JBYXBUAOBHIX coobmectn. Wayue-
HEe 3THX Momeldell WLIOCTPUPYETCS COMOCTABIGHHEM TEOPEeTHYECKUX
Pe3yAbTaTOB C M3BECTHHIME HKCIEPUMEHTAZBHBIMU JaHHBIMU, -

Heenmorpa Ha cpaBHuTeNsHO GOMBLIIOe TUCHO NYGIHKAMUN, MaTe-
MaTHYecKasi TEOPUsa coobIMecTB HAXOQUTCA ceiivac eme B CTagud CTa-
HoBIeHUsA. [[0oTOMY OCHOBHOE BHUMANME B HACTOAINGH CTAThe OTBONUT-
¢ GOPMYIUPOBKE W TOYHOMY OIIPEIeNeHHI0 HEKOTOPHX OCHOBHBIX 10~
HATHAH TEOPUH, eCTeCTBOHHOHAYIHOMY OBOCHOBAHHUIO HTUX oupeele-
AU ¥ mocTaHOBKe HOBHX 3agad. Iuasa ygobcTBa 4TeHUs CrarThbd DAL
OOKa3areJscTB mepenecen B llpuioskenne.

2. KAYECTBEHHOE HUCCJEIOBAHUE

Mer magneM IccaeqoBaHNe ¢ BBOIEHUA PALA HOBLIX IOHATUN U IOCT-
POEHUS MOJIe3HON B JalbHeHIIeM KJIacCUQUKAIIAA Mojesell coobimecTs
IO THIIAM ONHUCHIBAEMEIX 3TUMH MOJeJ AMYU B3anMopeiicTBuii. [enTpain-
HHM OOHATHEM TeOPHU ABIACTCA MOHATHE npncnoco6neHHocm momy-
JANUU ¥ co00ImecTBa B IIeJIOM.

O KonumdecTBeHHOM OnpeReeHHN NOHATHA
HPHCIOCO0IEHHOCTH

OnHo W3 OCHOBHHX NOHATHH OHOJOTHH — HOHATHE IPUCHOCOG-
JeHHOCTH — HeceT PasIndHYI0 CMBICIOBYIO HATPY3KY, KOTJAa OHO YIIOT-
pebasiercs I XapPAKTEPUCTHRU 0HBEKTOB, NPUHAIIE;KAMUX K Pas-
JUIHBIM YPOBHAM OPraHm3amMUub ;RUBLIX cicTeM. Tak, Hampumep, mo-
HATHE NMPUCIOCOGIEHHOCTH NONYISIHH He CBOAUTCH HEIOCDEHACTBEHHO
K HOHATHIO HPHUCIOCOBJIEHHOCTU cocTaBIArmux ee ocobeit. Ilomymsa-
A5, COCTOAMAA U3 «Goiee MPUCHocobIeHHbIXy 0cobel, BOOOIIE MOKET
0Ka3aThbCsa MeHee MpHemocoGaennoil kak mexoe [34, 38]. Iostomy mo-
HATHEe npHcrocobilernocTy Tpedyer mpl ero o0CyKIeHUU IeTKOTO OII-
pefeenna Toro o6peKTa, K KOTOPOMY OHO OTHOCHTCH. 3/(eCh Pedh MeT
TOJBKO 0 MPUCIOCOGIEHHOCTH LONYJIANMEA W COO0IIECTBA KaK IeI0ro
¥ 0 BO3MOYKHON KONMIeCTBEHHON Mepe BeJMYUHEBI TPUCIOCOBIeHHOCTH.
3apaHee IOQYEPKHEM, YTO IIPEMI0O;KEHHAA Mepa HIPUCHOCOGICHHOCTH
HH B KOeM cJIyiae He 0XBaTHBAET TOIG MHOTOTPAHHOTO CMBICIA, KOTO-
PH# BRJIajBBaeT B 3TO MOHATHE coBpeMeHHas Omomormsa. Peus mmer
aumb 00 OfHON IPAHH, 0 TOW «IPOEKI[UE» HTOTO MOHATHI, KOTOPAA He-
obxonmMa HaM B Upegenaax NAHHON TEOPUU HA MPUHIATOM B Hell ypoBIe
abcTparnouu.

Jaske B mpeerax monyJaaMOHHON Npo6IeMATHKA BOOPOC O KOJH-
9eCTBEHHOM ONpeleeHAr BeJIWYUHLI IPUCHOCOOJIEHHOCTA OCTAETCH
AACKYCCHOHHEIM. B GoupiIoil cTeneHn 970 ¢BA3aHO ¢ HEKOTOPOH HedeT-
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ROCTBI0 TIOCTAHOBKY BOIPOCA, a MMEHHO, CIIOp YacTo muer He ol ompe-
HeleHUK MOHATHUS, & O TOM, OT 9eT0 3aBHCUT BeJINYHMHA IPHCIOCOOIeH-
HOCTH, WUIN, APYTUMMM CJIOBAME, HY;KHO JIU ODPH €€ ONpelelIeHHH yIH-
THBATh, HAIPEMEP, BO3PACTHYIO, IOJOBYI0, TeHETHUECKYI0 CTPYKTY-
psl monyasuu u T. 1. Ha canox gese #eo6X0aMM0 BHAEIUTD ABA BOI-
poca: 1) KaKas BeJIMYUHA MOKET CAY/KUTH KOINIeCTBeHHOI Mepoll mpH-
coCOONEeHHOCTH HOnyiAnuHu (PeHoMEHOJIOrHIecKoe ompefelleHNe) H
2) oT "4ero sra BeJWYMHA 3aBUCHT (6MOJOrMYecKas 3aKOHOMEDHOCTH).

IIpu pasymuooM ompefieeHHM BeJIWIHHA IPHUCIOCOGIEHHOCTH IIO-
OyJIsUUN TOKHA, H0-BEJUMOMY, 3aBUCETH OT BO3PacTHO, MOJ0BOM,
FeHeTHIeCKOH M JAPYIUX MBICIUMEIX BHYTPHIONYIANHUOHHBIX CTPYK-
Typ. Xapakrep 3TOH 3aBHCUMOCTE OyaeT CHeMUQUIHBIM IS PasiImi-
HHX IONYJNAIUNA U GyAeT OompelelNAThCHA KaK OHOJOTHIECKHUME 0CO-
OeHHOCTAMHA caMoif mOUYIAIAA, TAK M cpejfoil, B KOTopoil oma obuTa-
eT. 37ech ;ke MBL B OCHOBHOM paccMaTpHBaeM TOJBKO MePBEIT M3 ABYX
BOLPOCOB, T. €. HpobieMy BHOOpa KOJIHIeCTBOHHON MepH IPHCIOCO6-
JAeHHOCTH.

JduoaMuka 9UCIeHHOCTH MONYIANNM MOKeT PacCMATPHUBATBCA KaK
06o0meHHaA XapaKTepPUCTUKA M3MeHeHNs ee BHYTPEHHEr0 COCTOMHHUA
BO BpeMeHN. KpuBas QWHAMUKE 9HCIEHHOCTH BOUpaeT B cels B HeKO-
Topoil 0606menHoll Gopme MHGOPMALNIO O TeX MJIHM MHEIX BHYTPEHHUX
nepecTpofiKax MNOUYIANUOHHON CTPYKTYpH, Oyab TO reHeTmdecKasd,
BO3pacTHasi, LOJOBas, TEPPUTOPHAIBbHAA MM HHas cTpykrypa. Ilo-
3TOMY M3 BCEX BOBMOKHEIX XaPAKTEPUCTHK COCTOAHUSA BHOEpEM CaMyIo
HPOCTYIO U B TO jKe BpeMs 00IyI0 — KPHUBYIO H3MeHeHHA YHCIeHHOCTH
mony:anuu 8o spemenn N (¢). Ha npunstom yposue aberpakmum uH-
TepecymwImas Hac Mepa IPHUCIOCO0IeHHOCTH (falee — «IpHCUOCO0-
TeHHOCTHY) f (¢) MOJKHA ONUpeNelAThCH HEKOTOPHIM npeobpa3oBaHueM,
JeficTByromuM Ha ¢yHKNuo N (1):

jy=FIN @] (2.1)

Taxkum o6pasoM, 3ajjada TOCTPOEHUA MepPhl TPUCIOCOGIEHHOCTH
CBOIMTCSI K HAXOIKJEHUWI0 HeKoToporo mpeobpasoBauus (omeparopa),
3aJaHHOI0 HA MHOKECTBE KPHUBLIX RMHAMHKH JuciIeHHocTH {N (f) >
> 0}. llonHTaemcs Teneph, ZCX0AA U3 OHOJTOTHIECKOTO CMBICIA IIOHA-
THA TpHUcIocobaeHHOCTH, ¢cHOPMYIUPOBATH OCHOBHEIC CBOWCTBA DTO-
ro mpeoGpasoBaHUA.

1. loHsaTHe HpPHUCIOCOBIEHHOCTH — JOKAIbHOE IMOHATHE BO Bpe-
menu. Mepa mpucnoco0JeHHOCTH MONYJANAM B MOMEHT BPEMEHHU t
onpefiesieTCs JUNIb ee TUHAMHKON B MOMEHT BpeMeHH £,

2. Housartne npucmocobIeHHOCTH CTAMOHAPHO B TOM CMHICHIE, 9TO
Mepa MpPUCHOCOO0TEeHHOCTH MONYNAIUA 3aBUCHT TOJIBKO OT €e COCTOsA-
HHA ¥ He 3aBUCHT OT TOTO, B KAKO# MOMEHT BpeMeHH IONyAAHA Ha-
¥OIOUTCH B 9TOM COCTOAHUU,

3. Ilouarne nmpucmocobIeHHOCTH HENPEPHBHO B TOM CMbICJIE, YTO
OIU3KEM COCTOAHMAM HONYJIAIMH COOTBETCTBYIOT OJM3KHe 3HAYEHU
BEJIMYHHE ee NPHCHOCO0IeHHOCTH.
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4. Jlasa opMyaTUPOBRH 4eTBEPTOTO CBOUCTBA MBICJIEHHO PACCMOT-
pEM clenylomuit srciaepument. llycTs gBe mOnyaAAINU PAa3BUBAIGTCH
HEe3aBUCIMO JAPYI OT APYyra, ¥ NyCTh KPABHIE JUHAMMKY HX YHCIEIHOCTH
pasasl &V ({) m NV, (f), a upucHocoGIeHHOCTH COOTBETCTBEHHO f; (1)
u f, (¢). [IpeanonoskumM, 4T0, HECMOTPA HA OTCYTCTBHE B3aMMOjeHCT-
BUS LOLUYJNANMNA, MBL XOTHM paccMaTPUBATh 3TH JBE IIOIYJIAIUN
Kak oguy. HpuBas quHaMUKM 9MCIEHHOCTH TAKOW CYyMMAaPHOHN MOy~
nuu 6yger, oueBUAHO, cymMolt IV () 4 N, (¢). Harosa sre 6yzer Be-
amauHa ee npucrocobaennoctu? ConeprhkaHMe CBOMCTBA 4 M 3aKIO-
YaeTcsA B TOM, YTO MBI NOCTYJIHNPYEM COOTHOIIEHHe:

N () , N2 ()
JApyrumm crosaMu, IPHCIOCOGIEHHOCTS CYMMapHOH NONYJIANHI eCTh
CpepHEB3BEUIEHHAA TPHUCIOCOBICHHOCTh €€ dacrell.

W3 cpoitcts 3 u 4 cuegyer (aesmya 1)1, wro npucnocobaeHHOCThH
HONYJNANNE HE MEHSeTCH, eCHM KpPUBasg [UHAMUKH €€ YHUCIeHHOCTH
YBeJINYHBAETCH MIHM YMEHBIIAeTCHA B HEKOTOPOe HOCTOAHHOE YUCI0 Pas,
T. e. upu Beex ¢ >0

FleN ()] = F [N (1)) (2.3)

IJT0 06CTOATEIBCTBO MHTYHTHBHO NOHATHO, TAK KAK Mepa HPHCIOCO6-
JEeHHOCTHM IONYJANLUM, IO-BUAUMOMY, He JoJykHA OHTH CBA3aHa He-
MOCPeACcTBeNHO ¢ abCONIOTHHIM YPOBHEM €e UYHCJICHHOCTH, a CROpPee
NOJKHA XapaKTepU30BaTh TEHAEHIMI0 K M3MEHEHHIO DTOr0 YPOBHSA.
N3 (2.3) cmenyer, uro npucnocofIeHHOCTH NONYNAUUN OPUHHEMAEST
HEeKOTODOe NOCTOANHOe 3HAYCHHe IPH NOCTOAHHBIX YHCIEHHOCTAX
HOMyJISIUH

FIN (@) = N, —a = const (2.4)

upn Beex suadenusnx N,. lanee H3 cBOHCTBA 4 HeIOCPEICTBEHHO CJIe-
AyeT, YTO NOHATHE IPHCIOCOGIEHHOCTH ONPEfeieHO ¢ TOYHOCTHIO [0
AuHeHHOTO mpeocdpa3oBanusa, T. e. ecau F — omeparop, YAOBIeTBOPA-
10Ut cBolicTBY 4, TO omeparop aF -  Tak;ke yAOBIETBOPSET CBOM-
cTBY 4 npu BecenoamMomHEHX o ¥ P (memya 2). Kax 6yaeT BUAHO U3 HaTXb-
Helflulero, Mepa NpPUCHOCOGICHHOCTH onpefeleHa IIePeYnCIeHHBIMH
CBOCTBAME € TOYHOCTHIO 0 BHOOpa Hadala OTCIeTa IPHCIOCOOIeH-
HOCTH § ¥ efiMHUIBI U3MepeHUusd npucnocodiennocty o. Hagaao orcde-
T4 UPUCIIOCOGIEHHOCTH €CTEeCTBEHHO BBHIGPATH TAK, YTOOBI BeIHYMHA
nprcenocodaeHHocTH ORJIA OTPUIATENbHON N7 rubnyigeil monyaanuy,
NOJ0RUTEIbHON A8 pacTylied U paBHOU HYAI0 JJA DONYJANMN ¢ ToC-
rosguHoll wucrenHoctsio. Coornomrenne (2.4) HABOZWT HA MEHCIB 06
YCTpaHeHul HeOJHO3HaIHOCTH B BIJI5OI)6 HayaJda oTcyera Opy NOMOIIH
CAEAVIOWEre IPENOIOHEeHUA, KOTOpoe MbI OypeM cUHTaTh NATHM
CBOMCTBOM MePHl HPHCHOCOBIeHHOCTH.

1 3ech M laliee 10Ka3aTeIbLCTBA BCEX JdeMM If TeopeM, YKA3aHHEIX B CKOOKAX, CM.
B [Ipnaomennn.
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5. IprcnocofIeHRHOCTs MONY NAGUK PABHA HYNIO TOTAA ¥ TOIBKO
TOrfla, KOTJA €6 YHCJIeHHOCTL MOCTOANHA. [lpyruMu croBamMu, KOHCTAH-
Ty @ B cooTHoureHnu (2.4) GygeM cUATATH PaBHON HYJIIO.

IMepeuncaennsie BHIIe OATH CBOHCTB MOHATUA IPICIIOGCOOIEHHOCTH
MO3BOJAKT KOHCTPYKTHBHO IOCTPOUTH Tpebyeyoe mpeofpasoBadue.
MoskHO ITOKa3aTh, 9YTO I'I BHIIOJHEHHUS BCeX IIATH CBOMCTB HeoOxoam-
MO ¥ J0CTaTouio, aTolul oneparop £ umex Buf (Teopema 1)

1 dN

F[N(t)]:aw' m—.

(2.5)

Taxmm o6pasoM, HPHACIOCOOTEHHOCTh NOUYIANNHA { €CTh BeJIUYHHA,
OPONMOPIMOHATbHASA €€ Y/edbHOH (0OTHOCHUTEABHOH) CKOPOCTH pocTa:

1 dN
f:aw'—d—t'. (26)

IlpucnocobieHHOCTh MOJTOKHTEABHA, KOTOA NONYJAANHA pacTer,
oTpHNaTe;IbHA, KOTAa THCIEHHOCTh NONYJIANNHE yOHBaeT, W paBHA HY-
A0 OpH TMocTosAHHOW uucaennoctH. Hanudgue B ompefesfeHHE Mepn
OPHCIOCOOIEHHOCTH MHOKHATEN, PABHOTO YIEIBHOH CKOPOCTH M3Me-
HeHus uuciaenHocru nouynanun 1/N - dN/dt = d/dt In N, ne gasiaa-
eTCA HeoRATAHHEIM, VIMeHHO Tar ompeesadach BeINdNHA IPUCIOCOH-
HEHHOCTH eIe B KJIACCHYECKMX HONYJIAIMMOHHHX paborax, X0TA 3TOT
TePMUH MCIIOJB30BANCA HE BCETIA.

Ecam Mpl mosomud o = 1, T0 TeM CaMBIM OIPEfeIUM MEpy TIPUC-
HOCO0NEHHOCTH [ KAK BEIWYUHY OTHOCUTENBHON CKOPOCTH M3MEHEHUS
quedeHHocTH mouyasiuu [ = 1/N - dN/dt.

C ydJeroM BBeJEHIIOrO0 IOHATHA 3aJaHUe MONeIH coofmecTBa B
puge (1.1) ecTs He 4TO MHOe, KaK 3aJaHde 3aBUCUMOCTeHd LPHCIIOCO6-
JIeHHOCTEH BCeX MOOYJANWHA 0T XapaKTepHUCTUK cpedsl O u wmciaeHHo-
creifl momyJaAINud, BXOAIMMEX B COOOMECTBO:

1 dN;

, —=ri=fi(Vy, - N, ), i=1, n. (2.7)

Ofmana YUCIeHHOCTEh 0c06el, COCTABIANIMHUX COOOMECTBO, €CTh, 0Ye-

n
BugHO, cysma N = D N;.
i=1
Bo MHOrEX cayYanax cyMMHpPOBATH HYIKHO He JUCIAOHHOCTH, a Ouo-
MaccH monyaAnui, B paMaX UpUHATHX IPEJUONOKEHWH 3TO H3Me-
HEHWe CBOJUTCSI K BBeIEHNI0 HONOIHUTOAbHHEX K0oQOUNUEeHTOB, HME0~
muX CMEICK cpenHeil 6moMaccel ocobHd i-if monyiaamuu. YTo6H He 3ar-
POMOKIATH TEKCT, OyfeM CYMTATh, UTO COOTBETCTBYIOIMI Iepecder
clenaH, U COXPAHUM jlaree Besde 60Jee MPUBRIIHHI TEPMUH (IUCIEH-
HOCTBY, XOTSI B HEOOXOJAMEIX CAYIaAX IIOJ HUM MOKHO pasyMeTh 6Ho-
Macey mam Ao0yio APYrylo XapaKTepUCTHKY, NPONOPIUOHAILHYIO
uncinernoctE. [locrymas mo amamormm, oupemenuM Mepy HPHCEIOCO6-
JEeHHOCTH cO00mecTBa KaK OTHOCHTENBHYIO CKOPOCTh U3MEHEHWS €ro
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CYMMapHOfI YUCJI€HHOCTH

n

1 d
J=5— 7 2 N (2:8)
N’l i=1

.

ihe

IIpuanmasn Bo BuuManue (2.7), HOTPYAHO 3aMETHTD, YTO ONpPEEIEHHAA
TAKUM 06pPa3oM IPUCIOCOGIEHHOCTE COOBIIecTBA €CTh CpefHAA NpH-
CIIOCOBIEHHOCTH COCTABIAAINUX €r0 NOMYJIAMMIA:

f= 2 (2.9)
3w

j=1

Haa paxpHefimiero HaM HoTPeGyeTCA Apyras (opMma 3ammcH HC-
xonuolt cucremn ypasuenuit (1.1). Ilas Toro urofm monyuurs ee, me-
peiigeM K HOBEM nmepeMeHHEHM. OmpefiellEM 9acToTy - HONyJIAINE B
coobmecTee

N
pi= —
2N
=1
u mepefifeM oT mepeMeHHHIX Ny, ..., N, K IEeDEMEHHEIM D, ..., Pp,

N. ¥Ysenuuenue gncie IIepeMEeHHEIX CBA3aHO ¢ TeM, YTO YaCTOTHL IIOM-
n

YWHEHH YCIOBUI0 HOPMHDOBKHA Z p; = 1. Nuddepennupys gacToTh

i=1
¥ YHCIEHHOCTEH IO BPeMeHH, ¢ yIeToM ypasHenumi (1.1), momywmm:
dp, . —
"El=pi(fi'_f)’l=1rn’ ﬂ
. (2.10)
dN
Sr=1N ;

X

3necs npECcHOCOOIEHHOCTH f; W f BHpakeHH KaK (yHKIHH 9acToT X
YHUCJIEHHOCTH:

Li=hPyapw N, 6, izm '

n
f = pifi ' :

i=1
CregoBaTenpHo, Mbl BUIAM, 4TO CKOPOCTH U3MEHEHHs 9acTOTH i-U
HONYJANUA B coo0mecTBe NPONOPIHMOHANBHA CAMOM 3TOH wacTroTe H
OTKIIOHEHNI0 IPHUCNOCO0IeHHOCT NONYJIANNN 0T CpefHell mpHCcuocos-
TeHHOCTH coobmecTBa. [paexkTopua cucTeMsl ypaBuenuit (2.10) xe-

wuT Ha MEOKeCTBE {p; >0; D pi=1; N >0}, Bexrop wacror py, ...
i=1
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..oy Pn OyZEM HA3HBATEH (CTPYKTypOil» coobmecTBa. Takmm ofpazom,
B HOBBIX IEPEMEHHEIX COCTOAHHE COOOIMECTEA XaPAKTePU3VEeTCH He Ha-
G0POM UHCIeHHOCTEH MOMYyIATHN, a ero CTPYKTypoil u obimeit 9ucIeH-
HOCTHIO.

BBegenusle 37ech MOHATUA OPUCIOCOOIEHHOCTH HOOYJIAUUH U CO-
o0IecTBa, a TakKe MOHATHA CTPYKTYPH X 9UCISHHOCTH O3BOIAIOT 110~
CTPOMTH UHTEPECHYO KIACCHPUKANUI MOFeleHd coofuiecTB mo TumaM
ONUCHIBAEMBIX MMH B3amMofeilcTBHE, -

Tunm BzanvopeficTeuit 1 knaccndurannsa
Mopesei

Hagnem ¢ xrmaccmuramuy THIOB B3aUMoOAeHcTBHA coobmecTBa ¢o
cpemoil, OCHOBAHHON HA XaparTepe 3aBUCHMOCTH HPUCIOCOGIEHHOCTH
0T YHCJIEHHOCTH, B 3KoJorum OOMENnpUHATHIM ABIAETCH [eJeHHe
$akTOpoB cpeast Ha GaKTOPH, 3aBUCAMMUE OT ILIOTHOCTH, M PAKTOPHI,
He 3aBHUCAIEE 0T IWIOTHOCTA [26]. 3gech MoJ HIOTHOCTHIO MOHUMAIOT
TEPPUTOPHAIBHYIO IMIOTHOCTh YUCIEHHOCTH H3yYaeMOro cooDIIecTBa,
rycrory Haceienusa. IIocKOIBRY MBI Oye€M BECTH peub TOJLKO 00 M30-
ANPOBAHEKX Co00IMECTBAX, HACEIAIMUX HOROTOPHU HUKCHPOBAHHLIM
apeajs, TO MbI MOKEM OIS yHoOGCTBAa OTKA3aTBCA OT TePMUHA «IIOT-
HOCTB» U I'OBOPHTH 0 aKTOPaxX CpPeIbl, 3aBUCAIAX ¥ He 3aBUCAIIUX OT
qucrenHocTH. K darTopaM cpefnl, He 3aBHCATHNM OT YHCICHHOCTH, OT-
HOCATCsA, HANPUMEpP, MeTeopoJOTHIeCKHe: TeMmepatypa, AaBjieHne,
BiIamHOCTh U T, 1. K (akTopaM, 3aBACAIUM OT UHCIECHHOCTH, OTHO-
cATCA pa3Mep U popma apeasa, 00ecleYeHHOCTD NHINE, CBETOM ! T. .
PaccmorpuM mocregume 6oxee mompoGHO.

IIposemeM cuaenyiomuil MBICAEHHHIA dKCHepUMeHT. IlycTh YuciaeH-
HOCTE coobmecTBa [V, Pa3sBHBAIOMErocsa B HEKOTOpPoil cpeme O, Mruo-
BEHHO YBEJIWYeHA B ¢ Pa3 IPU HEU3MEHHONH CTPYKTYPE Dy, ..., Pp. UTO
opousoiifieT ¢ HPHCIOCOOIeEHOCTHI0 coobmectBa f? Pasymeercs, sT1o
3aBUCHT OT IeJOro psaga 00CTOATENbCTB: OT 00eCHeYeHHOCTA COOGmIe-
cTBa mmmeil, TeppHETOpHel I T. H. Ecinm Bce KOMIOHEHTH CpPeIH IpPH-
CYTCTBYIOT B JOCTATOYHOM KOJHYECTBE, TO YBEJINYEHHE YHCICHHOCTH
He M3MEHMT BeIMIUHEl npHciiocobnensoctn. Takyw cpeqy GyageMm Ha-
3BIBATHL «HeHTpasbHOiy. Ecam B cpege, OTCYyTCTBYer B HOCTATOYHOM
ROJNWYECTBE X0TA OBl ONVH W3 HeOOXOMUMBIX A KA3HEACATe]NbLHOCTH
c000ImecTBa KOMIIOHEHT, TO ero HeJOCTATOK Oyher JIHMHTHPOBATH
poct uucienuocTd. ClaemoBATeNBHO, B 3TOM CIydae YBeAWJdEHHE TUC-
JEHHOCTH LIOHM3UT upmcnocobmennocts. Takyo cpexy GymeM Hash-
BaTh «IAMHUTEpyoOmei». JloMEMO paccMOTpeHHEX ciaydaeB BO3MOMKHA
CUTyalUs, KOIla YBeJWIeHHEe YNCIeHHOCTH MOBHIIIAT HPHCHOCO0IEH-
Hocth coobmecrsa [19]. fliemma Taxoro poga BO3MOKHEI, KOTHA
BCTYOAT B flefiCTBHe TaK HashBaeMele (DAaKTOPH COTPYAHUICCTBA
ocobelt, cOCTABIAIOMAX COOOMECTBO IPHE OCBOGHUH Cpemn oOHTaHmsA
{19, 26]. B arom cayuae GyJemM HassBATD CPEY «CTUMYJIHDYIOmMEi,

Hanum Temeps Gonee cTporoe onpepelenne BBeJeHHHX TpeX THIIOB
QNUCHBAEMEX HaIlel MOJeNblo B3amMOJCUCTBHE coolimecTsa €O cpe-
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moit. Bynem maswBarh cpegy JUMUTHpyIouedl, HefiTpanbpHO#l WA CTH-
MyJUDYIOUeH IO OTHOIEHHWIO K JANHOMY C0O0OINeCTBY, eCau MpHU BCex
P1s «.s Py M 1pH J1060M ¢ > 1 HMeeT MecTo COOTBETCTBEHHO:

f(plﬂ cey Py C‘T\‘r’ 9)<f(plv <o Py Na 9)

f(plv AR ) pnv CNv e)——_:f(plv CECERE ) an N! O) ) (211) :

f(ph oty pnv CAT, 9) >f(p17 MRS pru [V'Q 6)

npugey Hepasedcrsa B (2.11), Xora 6p1 npu o1HOM Habope py, ..., Py,
¢, N sBasgiorTcsa crporumu. Beegennnie Tpu KJIacca Mojeseil, KoHed-
HO, HE MCYepPIHIBAIOT BCEX BO3MO;KHHIX TUOOB MOBEJeHHA (QYHKIHN f
nprcIocobIeHHOCTH Co0bIecTBa ¢ pocToM ero wuciaendocru. [Ipu pas-

JWYHBIX CTPYKTypax coobmiecTsa pi, ..., p, ¥ IPH Da3HbIX 3HaUe- :

HUAX IUCJTICHHOCTH HpI’ICHOCO(SJ'[eHHOCTb MORET BEeCTU CG6H pa3nunu4guo.
Ho mosHO0 moxkasaTs, 4T0 BBejleHHBIE TPY THUIA SBIATCH 0A3MCHBEIMU
B TOM CMEICJIE, 9T0 JIO0YI GYHKIHIO f MOSKHO IPeACTaBUTE B BUAE CYM-
M f = f_ - f, 4 f,, TAR 9TO KaKmoe ciaaraemoe GyaeT yAOBIETBO-
PATE OXHOMY U3 TpeX ycaosmit kaaccuduranmu (2.11), 1. e. artn cxa-
raeMble UTPAIOT PONE TUMUTHPVIONeH, cTUMYJINDYiomeil n HellTpasib-
HOHI «COCTABAAIOIMUXY cPersl (Teopema 2).

AHaJloTHYHbIe NOHATHA MORHO BRECTH W HA YPOBHE OTIeIBHOH Mo-
NyJAHUHA, ¢Iefs 3a H3MeHeHHeM IIPUCIIOCOGIeHHOCTH HTON NONyIANuY
¢ POCTOM YHCJEHHOCTH coofmiecTBa. Jlerko moKasaThk, 9T0 B CHIY BBe-
JeHHBIX HOHATHH HMeeT MeCTO CJIeAyiomee: eCAU cpefa IId Ka:xAol
IMONYJIARUN OTHOCHTCA K OJHOMY M3 TpeX Ga3WCHEIX THIOB, TO U c006-
HIECTBO B I[EIOM OTHOCHTCS K aToMy THmy. Takmm obpaszoM, riaccudn-
KalllA HA YPOBHE OTHeJBbHO MONYIALNN I COODIIeCTBA B IEIOM COT-
JTacOBaHK MeKIY coboit.

Iepeiiem Teneps & KIaccUuUKAIUA Mojeaeil MO THUIY OIMCHIBAe-
MBIX HMH ME:RIOTYIANUOHEEX oTHomenui, Ilas aToro nposefeM cle-
AYIOIMA MECTeRuki asrkcmepuMent. O0mefuHAM Ba coobmecTBa ¢ 9UC-
nennoctamMu N’ u N” m cTpykrypamMm pi, ..., Pn @ Diy ..., Pn, COOT-
BETCTBEHHO B OHO IEJ0e W TPOCIeNAM 3a BeINYAHAMH IIPHCIOCOG-
JNeHHOCTH 9AaCTHYHKX ¥ cyMmMmapHoro coofmectB. Ilpm stom Gymem
CIUTaTh, TT0 06a MCXOJHHX co00mMecTBa Pa3BMBAINCE B OJHOH M TOI
e cpege 0 1 UMEHHO B 3TY cpeAy IOMEIIeHo B CYMMapioe coobmecTBo.

YucaennocTs 00befUHEOHHOTO coofmecTBa OymeT, 09eBUIHO, CYM-
Mot N = N’ -+ N”. Bpegem mapaMerp A, XapaKkTepU3yOH[HN yIeTIb-
HHIl BeC mepBoro coofmecTsa B 00be{AHEHHOM COO6mecTBe:

A = N'JN' + N") = N'/N.

OueBupio, A uamensercsa ot 0 go 1. Yacrors py, ..., p, HonyIanui B
00'beJUHEHHOM COO0IIeCTBE BHIPA/KEHBI CJAeLYIOIIAM 06paszoM:
pi=M,+ 1 —Np,i=1n (2.12)

WIN B BeKTOpHO# 3amumcu p == Ap’ + (1 — A)p”. Ecam npucmocol-
JEeHHOCTh HOBOTO COO0IECTBA MEHBINe CPeJHEB3BELICHHOH IPHCIOCOG-
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JEHHOCTH 9aCTHYHKIX coofmecTs, T. e. f (p, N, 0) < Af (p’, N’, 0) +
4+ (1 — M)f (p”, N7, 0), To coeguuenNe YacTeli B 1[eA0€ TOPMOZHUT POCT
¥ MBI GyjieM TOBOPHUTDH, YTO B3AUMOJEHCTENE Meskly TONYIANNOHHBIMA
OTHOCHTCH K KOHKYDeHTHOMY THmy. Eciam npucmocof:aeHHOCTH TpH
00 beJUHEHNH NOBHIAETCA, TO COETUHEHHE YacTei B LeI0e CTHMYIH-
pyer pOCT YHCIEHHOCTH, U MBI OyJeM OTHOCHTH B3aHMMOJIEHCTBUE MerK-
Iy HONYIANAAME K cHMOHoTHIecKoMy Tuny. HawoHen, ecam ykasam-
HBIH DKCHePHUMEHT IPHUBOJUT K ToMmy, 1910 f(p, N, 0) = Af (p’, N/,
8) - — Af(p", N", 0), 10 06begunenue He TIPHBOIUT K U3MEHEHHIO
TeMIa pocTa, W M5l 0yJeM FOBODPUTH O KOHCEPBATHBHOM THIIEe B3AUMO-
HeHACTBUA MERAY HOnynAnuamMu. Bonee Touno GyxeM TOBOpPHTH, 4TO
MEKIIONYJIANMOHHDIE B3aUMOIEHCTBUA OTHOCATCA K KOHKYPEHTHO-
My, KOHCEDBATHBHOMY MM CHMOHOTHYECKOMY THUIIAM, €CIH IIPH BCEX
Bekropax p’ u p” mnpu Bcex N’ u N” (npu mwobom 0 < A < 1) Boinot-
HEHO COOTBETCTBEHHO:

JO0 + =N PN, <M (P, N, 9+ (1= (' N, 0
0P+ =R Py N =M@, N 0+ (L= N8

FAP + L= WF, N ) SH N, 0+ (=@, N, 0)
(2.13)

npHYeM HePABEHCTBA XOTH OH IPU OJHOM HaGope IepeMeHHHX CTAHO-
BATCS CTpOruMH. BBefeHHBIE TPH Kiacca, TaK jKe KaK M B IPeRBIIY-
meM cJaydae, He MCUEPIHIBAIOT BCEX BO3MORHBIX THIIOB IIOBEEHHA
GYHRIUA [, HO IBIAOTCA DABUCHLEIMA B TOM CMBbICJE, 9TO JI00VIO QYHK-
IIHI0 MO/RHO IpPeJCTaBUTh B BUAe CyMMB: f = f_ - f, -+ f,, Tak 9TO
ciaraeMsle 6yIyT YAOBIETBOPATEH OJHOMY M3 TpeX YCIOBHI KIaccH-
¢uranuu (2.13). ITu craraerble MO/RHO MHTEPIPETHPOBATH KAK KOH-
KYPEHTHYI0, KOHCEDBATUBHYI0O M CHMOHOTHYECKYIO «COCTABISAIOIIE)
Me/RIONYIALNOHHEX B3aumMomedcTBUil (caegcTBue Teopemsr 3). Ama-
JTOTWYHbIE MOHATUS MO:KHO BBECTH U Ha YPOBHE OTAeIBHON momyis-
IWE, BXOfAMmeil B coobmectBo. B aToM caydae peup HOeT O THIe B3au-
MomeicTBUA 0HOM i-if momyaAIUA co Bcem coobmecTBoM. Ilpu mpore-
IOEHHH TOTO ;K€ MBICIEHHOI0 DKCHEPUMENTa HYRHO CJIEJUTH TOIbKO 3a
HNPHCHOCOOJIEHHOCTIO - IOmYJIALNH,

B pesyaprare IpHUAeM K aHAIOTMYHBIM YCIOBHAM KJIACCHPHUKATINY,
HepaBeHcTBa (2.13) 6yAyT BHOQIHATHCH AN QYHKIEA p;f;, T. e.

AP+ A —=MNp) AP+ (=N pj, N, O =hpfi(p's N, 0)+
+ (1 - }") p:fl (p”a *’V”ﬁ 6)

MoskHo noKasaTh TaKike, YTO MOHATHA KOHKYPEHTHOTO, HEHATPaIbHO-
ro W cUMOMOTHYECKOTO THIIOB B3aWMOJEHCTBUY HPUMEHHUTENBHO K
OTHEJIBHON MONYJIANMHE U K COOOIHIECTBY B I[€J0M COTJIACOBAHE JIPYI C
IPYTOM, T. €. €CIU KasKIas MONYIANUS B cOOOIMEecTBe OTHOCUTCH K Of-
HOMY U3 TpeXx 0asHCHHX THIOB, TO Bce COOOHIECTBO B 1eJ0M OTHO-
CHATCS K TOMY ke THIY.
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OcraHoBUMCH Ha HEKOTOPHYX 0COGEHHOCTAX HOCTPOEHHHIX KJIACCH-
¢uramnuii. Ilpesxge BCero oTMETUM, UTO OHHU HE ABIAIOTCA HE3aBUCHMEI~
MH. 3aBMCHMOCTb ME/RAY STHMHA [JBYMA RIaCCHQUKAUUAMHE MOIeIel
c00DIMECTB OTpaskaeT TOT €CTECTBeHHOHMAYYHBIA (GaKT, ITO XapPAKTep
Cpefibl, B ROTOPOil o6uTaeT coobmecTB0, Npefonpeneasaer B HEROTOPOi
cTeneHN (pasyMmeercs, He OJHO3HAYHO) CBOHCTBA ME/RIOMYIANAOHHHIX
B3aUMOJeHcTBHI, T. . MO/KHO II0KA3aTh cilefyiwormee: 1) B AIMUTHDYIO-
mell cpefie Me;ROONYJIATMOHHLIE B3aUMONENCTBUA HMEIOT HEHYJIEBVIO
KOHKYDEHTHYIO COCTABIANINYIO; 2) B CTHMYJIUDPYIOMel cpeje BHYTPEH-
HYUE B3aMMOJEHCTBAA MMEIOT HeHYIEeBYI0 CUMOMOTHIECKYIO COCTABJAIO-
IYI0; 3) KOHCEPBATUBHEHII TUII B3aMMOMEHACTBHSA BO3MOKEH TOJBKO B
HefiTpanbHOIl cpefe (TeopeMa 4).

Tatuauuma

Kaaccupurauusa ypapaenuit JUHAMHKH COOGIECTB

Cpena
BHyTpeHHAA
CTPYKTYpa JNHMHUTUDYIO- oo
manf HeHTpaJbHAA | CTUMYJIHPYOIIAA IPON3BOJILHAA
Koakypenraas >
Honceppatneuas >< >< ><
Cumounoruveckas ><
[TpouseonbHan

OxoHuarenbras cXeMa KIacCHQUKAIUMU mpeJCcTaBiIeHa B TabawmIie.
HKpecroMm HaMedeHH HEBO3MORHEIE KOMOMHAIMN THUIOB CPefsl M TUIIOB
ME;RIOIYIANTOHEEIX B3aumMoelictsuil. Basncusie THOH 3aKIIOYEHE B
paMry. Bce ocraapHbie — cyTh cymeprmosunun GasucHuix tHnoB. Cie-
IyeT OOJIePKHYTh, ITO BCEBO3MOKHEE THIB MERIOIYIANNOHHBIX
B3aMMOJIeiCTBUI BO3MOKHH TOJNBKO B He#lTpanbHoil cpene. Jlobne
OTKJIOHEHHsI Cpembl OT HelTpajibHOH OrpaHUYMBAIOT PAa3zHO0OPA3He
THAIIOB MEKIONYIANUOHHBX B3aUMOTeNCTBHIL.

OTMeTHM B 3aKIOYEHHE, YTO HepBaA KIacCHUKALHs IIf AU-
depeHnupyemMux (QyHEUu# f osHavaeT mpocTo paszbueHHe IO B3HAKY
uacTEOil mpomssommo#rt df/dN (py, ..., p,, N, 0). Bropaa wruaaccudu-
Kaiad s sefirpanabrHoil cpepbt (0f/0N = 0) ecTp KIacCHQUKALHAA IO
CBOMCTBY BHINYKIOCTH — BOTHYTOCTH (PYHKOWHU IIPHUCIOCODIEHHOCTH
mo gactroraMm [mepasencrsa (2.13)]. Ilpu KOHKYpeHTHOM THHE B3aKMO-
geficTBEA QYHKIOMA [ BHIYKIAag, Opu cUMOMOTHIECKOM — BOTHYTAH,
a Opu KOHCepBAaTHBHOM — IpejicTaBiser co0oil JNHedHY0 3aBHCH-

MOCTb.




Pasnosecne u poer B HeHTpaspHOM
H JMMHUTHpYIOUlell cpenax

IlepeiineM reneppb K MCCJAENOBAHUIO HEKOTOPLLX CBOHCTB IOBEXEHUS
TPAeKTOPHH MoJesell coobimecTB B HEATpaAbHOH M JUMHUTHpPYOIeHR
cpegax. Haumem ¢ paccMorpemusa ciaydas HEHTDPAJIbHOM CpejH.
Bynem cumrate cpemy HedTpadbHOH KAK AIA cO06MeEcTBA B IENOM,
TaK M ANA KaEMOM cocTaBiagmmei ero nonyasnud. Taxoe paccMoTpe-
HUE MMeeT CMBICJI TOJBKO B TOH CUTYyaIUU, KOTJA OTCYTCTBYeT JH-
MUTHPOBAHUE 10 KakoMy-aubo m3 (akTOpOoB CpeAn, 3aBUCAMUX OT
gncaeHHoctd. Iloaroay ofiacTs NpUMEeHMMOCTE TAKMX MOjeneil orpa-
HUYeHa HAYalBHBIMU CTAJAUSAMH Pa3BUTHA c000MECTB, 3aCeJARIInX
HOBBII AJA HUX apeajl, KOrjla YHCJIEHHOCTH HOUYJIATINH He CAMNIKOM
BEJIUKH.

Hasosem Tpaekropuamm cOaJaHCHPOBAHHOTO POCTA TPAeKTOPHUHA
cucremu (2.10), ob6ramammue cBORCTBOM

{pi = p; = const
N =N (t) == const.

(2.14)

ITpu kavecTBeHHOM M3yIeHUH TPAeKTOPWH ypaBHEHWH TeopHH CO-
obmecTs MHTEPECHHIM ABIAETCH BONPOC O CYMECTBOBAHUM, YHCIEe U
YCTOMYMBOCTH HOJOGHBIX TPAEKTOPH, ONMCHBAIOIIAX POCT CO06MmecT-
Ba C COXPAHEHHEM ero CTPYKTYPH. Y CTaHOBHM HeOoOXONHMOE yCIOBHE
cyiecrBoBauusa y cucremel (2.10) tpaexropuum c6araHCHpPOBAHHOIO
pocta. Ws yenosnit (2.14) myeem B o6mem cayuae pi (f; — f) =0, 1. e.
aubo p; = 0, a1ubo nmpucnocobMeHHOCTD (- HNOIYyJAANWH DaBHA cpejl-
Heli upucrocobaennocTd coobmecTsa. B mocaegunem caydvae, mudde-
peunupysa uo N, momyuaem df;/ON (p*, N, 8) = 0f/ON (p*, N, 8).
Taxum o6pasoM, ANA BCeX MOUYIANUHA, IMCICHHOCTH KOTODHX OTIHY-
Ha OT HYJA HAa TPRGKTOPHUHU cOATAaHCHUPOBAHHOTO POCTA, HEOOXOIHUAMO,
97068 BANAHAE AKTOPOB CPebl, 3aBHCAIIMX OT YUCIEHHOCTH, GLLIO
pasuny. [as melitpanbHOH cpeisl TO YCIAOBHE 3aBEOMO BHIIO.IIE-
HO, Ta® Kawr df;/ON = ... = df,/dN = 0.

YpaBHeRHA fUHAMUKYE TaCTOT B 3TOM CIAydae OTHEAATCH, U Cylie-
¢TBOBaHYE U BCE CBOMCTBA TPAaeKTOPHH cHATAHCHPOBAHHOIO POCTA CBO-
IATCA R M3Y4YEHUIO0 CBOUCTB PABHOBECHHX COCTOAHMYI 3aMKHYTOH CH-
CTeMBl YPaBHEHWHA [JIA FaCTOT:

dp, —

i . -

T =pni—N i=1n (2.15)

KasgoMy u3 mono;keHHN DABHOBECHA dTOH CHCTEMH pi , ,pn co-
f(p . .p )¢

OTBETCTBYET TPAeKTOPHA pocTa YHCIAeHHOCTH N (f) = Ny

PaceMOTPUM [OJTOMY MOJOKEHWS DPABHOBECHSA CHCTeMH (2. 15)
IIpe;xme Bcero cmcrema ypasHenmit (2.15), ogeBmpno, obaagaer TpH-
BUAJBHHME TOJOMEeHEAME PABHOBECHS BHUA:
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ATH COCTOAHHUA COOTBETCTBYIOT BHIPOKIEHHIO CO0OBIIECTBA B OJHY HO-
nyaanumo. Jiuneapusys ypapHeHHe THHAMHUKUA B OKPECTIOCTH PaBHO-
BECHOTO COCTOSHHA, MO/HO HOJYYUTH JOCTATOYHHE YCIOBHA YCTOI-
9UBOCTH BTOr0 COCTOsHMA B Buue (n — 1)-ro Hepasenctsa: f; (p*) <<
< f*(G=+=1ij=1,n), 1. e. g1A yCTOHIUBOCTH J{OCTATOTIHO, UTO-
OB cpenHAs NPUCHOCOBIOHHOCTE f OHIa B PABHOBECHOM COCTOSHWME
BHINE 3HAYEHUH TIPHCIOCOGIEHHOCTH BCOX HOMYJIANUMA, YaCTOTH KOTO-
peiX pasawel Hymo. Hapynienme xora 65 0QHOro M3 3THX HEPABEHCTB
ABIAETCA JOCTATOYHBIM YCIOBHEM HEYCTOHUUWBOCTH.

PaccaorpuyM Temeps o6myo 3aga4y 06 YCTOUYMBOCTH HETPHBAA b-
HOTO TOJo;keHNA paBnosecus p* == 0. Momno mokasars, uro 3agaua
VCTOMYHBOCTH TOJYTPUBHAJNBHBIX PABIIOBECILIX COCTOAHME (4acTh
KOOpAMHAT BeKTOpa p* paBHA HYJI, & OCTAILHBIE HEHYJIEBHE) CBO-
OUTCA K Pasje/IbHOMY aHAJINU3Y TPHBUANLHHIX M HETPUBUATLHBIX KOM-
MOHEeHT PaBHOBeCHOro cocTosHMa. Mrak, mycrs Bce p; > 0. BeegeMm B

n

KadecTBe fyHKuun JIsnymosa pynrnumno V= ~Z p; In p;. Ira Ppynxrnus

=1
BuepBeie ObuTa mpemno:kena asropom [12] kar mepa «paszHoofpasus
npucIocobMeHHOCTeH» A  MOgeell MaTeMaTHYCCKOM TIeHeTURH B
caydae OTHOTO MOIMUAIJIENBHOTO JOKyca. Ira sie QyHKIUA Ipeaso-
;xema 10, A. IHmixom [25] B kagvecrse pyHrnuu Jlamynosa pis ana-
nmsa yerodumsocTu ypasHenmit tuna (2.15). Ilpomssommas »Toill

n
1%
$yarnum B cuay cucremst (2.15) nmeer BU: - = Z pfi— 1.
=1
IIpejcraBuM QYHKIUU f; B OKPECTHOCTH TOUKH p* NTMHeHHHIMA die-

T

. i oa . .

Hamu pasioskenus B pap Teimopa: f;=f 4+ 2 o;(p; —p)+---
=1

Onyckas BEIKIAJKYN, BHINIIEM OKOHUATeJLHLIH pPe3yIbTaT;

dVv <
P 2

i, j=

(p: — p}) 045 (P — P))- (2.17)

Ecam kBampaTnagas ¢opMa B MpaBoH TacTH OTPHUIlAaTENBLHO Ompefeie-
HA Ha CHMINIeKce ! B OKPECTHOCTH TOUKE p*, To, m0 Teopeme JlanyHo-
Ba, IIOJIO}KEHNe paBHOBecHA p* ycroiumBo. llomomurensuas sparo-
onpe/eseHEOCTE KBagparnanoil gopmer (2.17) asisercs mocraTovHbM
ycaosneM Heycroiigmpoctd. He BEIOHCHBAaA yciaoBme 3HAKOOHpENe-

JJEeHHOCTH q)OpMLI Ha CHMIJIEKCE B TepMHUHAX IIapaMeTpOB ¢ ;;, OTMETHM ~

0COBEHHO CYNIeCTBEHHYIO A HAC CBA3b HONYIEHHBIX YCIOBHHA ¢ KiIac-
cupuKanMell TUNOB MERIONYIANMOHHEIX B3aumopeiicTsmi. J[leiicr-
BHUTEJIBHO, YCIAOBHA 3HAKOONPeJeJIeHHOCTH dopmul (2.17) mpu HeKoTO-

1 CuMnsieKcOM 3fiech I manee GyeM Ha3HBATH MHOMKECTBO

n
G:{pi>0, 217121’ i=1, n}

i=1
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PHIX JOMOJHATEJIHHHX OTPAHHYEHHAX eCTh He U4TO HHOE, KaK YCIOBHA
BEIOYKJOCTH —— BOTHYTOCTH CpejHell TPHCHOoco0JIeHHOCTH f B OK-
PEeCTHOCTH TOYKKH p*, T. e. YCIOBHA KJIACCHPUKAIMM Mojexell c000-
IIeCTB 110 THIY ME;RIONYJANMOHHEIX B3auMMojelicTBMA.

YroMAHyTHe JOMOTHUTENbHHIe OTPAHUYEHUS CBA3AHB ¢ THIOTE-
30if J0CTATOYHON MaJOCTH BTOPHX JacTHHIX IPOM3BOAHHEIX Jf;/0p;0p4,
KOTOpas MMeeT ACHHIH GMOTOTMYeCKMil CMBICJ, VKasbBas Ha TO, UTO
TIABHEI BKIAJ B AUHAMAOKY Ipoilecca BHOCAT HapHBE B3auUMomeicT-
BUsA (MX HHTEHCHBHOCTY 0f;/0p;), 8 B3aUMOJeACTBIAMH BBHICINUX HOPAL-
KOB MOkHO npeHe6pedb. BTophle mpomaBogHbe 0f;/0p;Op, xapakre-
pHU3YIOT, HAIpUMep, HHTeHCUBHOCTh BIUAHUA k-ii HOMYJIANNY Ha B3aH-
MogelicTBHA Mesruy i-# # j-it. Ilocaenmee cramer 6oaee siCHHM Hoce
H3JI0KOHUA AKCHOMBL HMAapHBX BaammojelicTBuil (cm. umxe). Hamn
IT0;Ty9eHH, TAKUM 00pasoM, clefylomue yTBep:;kpenus: 1) ecam B3au-
MOJEHCTBHS MEKIY HONYIANHUAMH JTOKATBHO CUMOHOTHYECKHE B OK-
PECTHOCTH PABHOBECHOIO COCTOAHHUA p*, TO 3T0 paBHOBeCHe yCTOUUH-
BO; 2) ecad Me:RNOMYJANUOHHBIE B3aMMOAENCTBHA TOKAIBHO KOHKY-
PEHTHBIE B OKPECTHOCTH HTOTO COCTOSHUS, TO OHO HEyCTOHIMBO. ITH
pe3yJabTaThl ABAAIOTCA Ba;KHBIM TOATBEP:RIAEHMEM OCMBICIEHHOCTH
IOCTPOEHHOM KIacCH)UKAINY; OHM YKA3EIBAIOT, KAKUM 06pa3zoM THO
B3aUMOJEACTBUA BINUAET HA YCTOHIWBOCTH PAaBHOBECHHX COCTOSHUM.

MEl ocTaHOBHANCH HA CPABHUTEIHHO TPOCTHIX JOCTATOYHBIX YCJIO-
BUAX YCTOHUMBOCTH M HEYCTOMYUBOCTH, IOJIYIAE€MBIX TIPH TOMOIIK
¢yurknun Jlanynosa. MeTogoM JuHeapH3anuy MOMKHO MOJYYATH Go-
7iee TONHBE VCIOBUA. A HMEHHO MOMKHO ITOKA3aTh, 9T0 YCTOMYMBOCTD U
HEeyCTOWYMBOCTh CBABAHEI CO 3HAKAMM BENMECTBEHHBIX uacTell cobcrT-
BEHUBIX UHCeN MATPUNEl EePBOr0 WPHGIMEKEHUA, KOTOPYH Hocie He-
KOTOPHIX BHIKJIAJ0K MOKHO LIPEACTaBHTH B BHe MATPHOE HaCTHHEIX

TIPOUBBOIHBIX . ITy MATPUOY HA30BeM MaTpHUileil B3anMOAeACTBHIM.

_i

J
Bupno, uro nonygennoe Hamu yexosue (2.17) cBA3aHO ¢ HaXOMLEHHEM
CBOMCTB 3HAKOOIPeIeJeHHOCTA UMEHHO Ha MATPHIY B3aMMoIeicTBUiA,
BHYUACIEHHYIO B TOYKE PABHOBECHSA.

[Tycts Temepsr cpema OypeT JUMHTHpyoomei, T.e. Jf/dN < 0.
EcrecTBeHHO cYMTaTh, YTO B HTOM CIAy4ae NPH AOCTATOUHO OONBINON
9ICIeHHOCTH CMePTHOCTH HIPEBOCXOANUT POKIAEMOCTD, T. €. IPUCIOCOH-
JIEHHOCTh | CTAHOBUTCA OTPUIATENBHOM, WU CYIECTBYeT Tarkoe N¥,
uro opu Bcex N > N* u npu awboit cTpyrrype p f(p, N, 0) << 0.
B aT1oM crydae Bce TpaekTopuu cucreMsl (2.10) BXxomsar ¢ TedeHHEM Bpe-
MeHH B KOHEUHYIO 06JacTh (pa3oBoro mpocrpaHcTea. IlosroMy Tpaek-
TOpHA c6aJaHCUPOBAHHOrO POCTA, €CIH OHHU CYIIECTBYIOT, CTPeMATCA
K HeKOTOPOMY LOCTOAHHOMY YPOBHIO YHCIeHHOCTH. Ecuu yeuwnanTs He-
ofxoxuMoe yCIOBHe CYNIeCTBOBAHHA TAKUX TPAeKTOpHH u morpebo-
BaTh, 9TOOK MHTEHCHBHOCTh JHMATHPOBAHUA 0f;/0N paBHATACH HYJIO
JJIA BCeX ITONYIANUI He3aBUCHMO OT CTPYKTYPH cooblnecTsa, To ypas-
HeHHA JMHAMMKHE YacTOT, TaK ke Kak M JIg HeATpaabHOH cpems, OT-

AexranTca, Tak Kak 0/0N (f; — f) =0, i =1, n,
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3agaga WHccaeOBAHWA TpaeKkTopuid cOadaHcUpOBaHHOTO POCTa
TOTIA CBOIMTCH K NpeAngyniedl, 3a MCKIIOYeHHEM TOTO, YTO BMECTO
9KCIOHEHIUNANBHOTO POCTA WHCHCHHOCTH € JHHAMHKA NOJIHHEeHA
ypasHenuw: dN/dt =f (p*, N, 0) - N.

B o6mem ke cayvae, Korga yeaoBUa OTIAeIUMOCTH U HeoOX oqAMEIe
VCIAOBHA HE BHIOAHAITCA, TPAOKTOPUU cOaTaHCHPOBAHHOTO pocTa B
JUMHTHPOBAHHOM COOBMECTBE OTCYTCTBYIOT 32 HCKAIYEHHEM TPUBHU-
AJNBHBIX

pi=0(="0Tnj+i
dN "
_IT_:f(pv N, 6)'N1

pi=1,

T. €. UMeeT CMBICI FOBOPHUTH O IOJNIOKEHUAX PABHOBECHA AJA WOJHOK
cucreMel ypakHenu#i (2.10), uMes B BHUAY IOCTOAHHYI CTPYRTYPY M
YUCAEHHOCTh. K.CIW HAC HHTEPECyIOT PABHOBECHEIE COCTOSHAA € HeHyIe-
BOH YHCIEHHOCTBIO, TO H3 cucreMbl ypaBuenwmi (2.10) monmyuaem ai-
re6pandecKyI0 CHCTeMY XAJIs ompefqeleHUs PAaBHOBECHEIX COCTOAHMIL:

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

KOTOPYIO ClefiyeT AOMONHKUTh YCI0BAeM HOPMAPOBKHA 9aCTOT.

PaccMorpuMm Temepb 3ajauy yCTOHYMBOCTE PABHOBECHOTO COCTOS-
gEa (p¥*, N*) nas cpensl, oranuuoll oT HelTpanbuoi. s BEIposRIeH-
HHX IOJ0/KeHUH PABHOBECHA HTU YCIOBUA He OTJIMYAIOTCH IO CMBIC-
Ay 0T TeX, 9TO MOJYIOHH A HelrpaabsHoH cpexgsl. [losToMy paceMmor-
PHM cpasy ciaydaii, xorjga Bce p; 5= 0. Marpuna nmaefiHOro npmOIH-
JKOHWS MMeeT BUp:

0(h—1f) «o(fi—1§

8 (fL— 1) O(fi—1) _» .
om 11 o Pv T ap, P av P
n—f + 0ln—0 —+ lfa—h 00n—1 | &19)
gpl by, Op2 Py - O0pn p, oN by,
of f e B e Bf e
ap1 o apn v Y

Herpynno nmokasats, 410 y aToM

MaTpUIK HMEeeTCA HYyJIeBoe c00-

CTBeHHOE 3HAYeHHe, JTO CBA3AHO C TeéM, 9YTO TPaeKTOpUH Je;KaT Ha

n
CUMILIEKCe ( Zpi = 1) . lasg yeTOHIMBOCTH MOCTATOYHO, UTOGH BCe
=1
OCTAJbHEE COOCTBEHHHE 3HAUEHWS JEKANU B JIEBOU MONYIIOCKOCTH.
B o6meMm caygae fias 0CMBICIEHHON MHTEPHOPETAUUN ATUX YCJIOBUU He-
06XO0AUMEl KOHKpETHBe NPeImOJ0KeHNA OTHOCHTEABHO Xapakrtepa
B3AAMOJIEHCTBIIA. Y KaskeM 37ech TOJBKO IBa WACTHHIX CJIyYad, Korjga
HCCIeNoBaHUE yCTOAIMBOCTH B o0meM ciaydae CBOTUTCH X IPEIHTY-
me#l 3agave. Bo-mepBEIX, ecIM BEIIOTHEHH YCJIOBHA CYIIeCTBOBAHUA
TpaeKTOpHEZ cOaNaHCHPOBAHHOIO pOCTA, TO B HOCAENHEM CTOIOIe

[



BC@ DJIEMEHTHI, KPOME TIOCIEHEr0, PABHH HY.I0, W TOrJa AIA yCTOH-
9HBOCTH AOCTATOYHO, YTOGH cpefla Ori1a TUMUTHpYyoWwas, T. e. 0f/ N <
<< (0, ¥ EMeda MeCTO YCTOHYMBOCTH B COOTBETCTBYIOIIeH 3ajgade Aid
HEeHTpanbHOH cpeasl. Bo-BTOpHIX, ecIE B PaBHOBECHOH TOYKE HPHCIO-
COGIeHHOCTH f [MOCTUTAeT JHKCTPEMyMa II0 HEPEeMEHHEIM Py, ..., Pn
(0f/0p; = 0 m B nmocaexHeil CTPOKe BCE BIEMEHTH, KPOMe IIOCIeHEro,
PaBHH HYJI0), TO UMeeTCsI aHAJIOTHMIHOE cBeléHme. B cuay HenpepsiB-
HOH 3aBUCHMOCTH COGCTBEHHBIX THCET OT 3JI6MEHTOB MATPUIIH BCe CKa-
33aHHOE OTHOCUTCA U K HEeHYJEBHIM, HO [JOCTATOYHO MAaJBIM 3HAUEHUAM
npousBoguHX A (f; — f)/ON wmam 0f/0p;. Hpyrmmu caoBamu, ecanm
MHTEHCUBHOCTH BIAMAHUA CPENBl [JIA PASHHX NONYJIANMHA J0CTATOYHO
6nm3ku ambo ecaW paBHOBECHAS TOYKA HOCTATOYHO OJAM3KA K TOTKE
3KCTPeMYMa IPHUCIOCO6IeHHOCTH f, TO 3aja49a YCTOWYMBOCTH JAUMUTH-
POBAHHOTO COOGMECTBa CBOAMUTCA K 3a7a4e s HeHTPaJTbHOH CPeHH.

CTUMyJIHPYIOIMasA COCTABIAIOMAA CPEeAbl UMeeT CMBICA JUIIL IPH
HOCTATOYHO MaJHX 3HAYEHWSAX YNCJIEHHOCTH, TAK KaK C yBeJIHYCHHEM
YHCACHHOCTH JUMUTHPYIOmMUEe GakTOPH HeM30eMHO BCTYIAKT B CHIY.
HecyoTps Ha To 4T0 CTUMYJUPYIOINAA COCTABIANIMAS HPOABIAETCA
B CPaBHUTEJABHO MAJOM OHANA30HE YHCICHHOCTH, OHA HMEeT HCHII0-
TUTETHHO BA)KHOE 3HAUEHUE HPYU KadeCTBOHHOM aHanU3e TPAaeKTOpHi
AHHAMIKHE coo0mecTB. IIpuMepoM TOMY MOKeT CJOY:RUTh yKa3aHHAA
eme B paGote A, H. KoaMoroposa BO3MOKHOCTE HaJdW4Us B CUCTEME
¢XUIMHAK — KepTBa» NPeledbHOTO IUKIA IPK YCIOBUH TOrO, 9TO Cpe-
fa ABJAETCHA CTUMYJUPYIOIIEH IAA XWOIHUKA U JUMETHDPYVIOMeH AId
JKePTBH.

KauecTBeHnnil anaiaus TpPaeKTOPHA coofImiects B ofmeM ciaydae
mpelicTaBiser co0od BaKHYIO U MOKA eie 0YeHD Majlo UCCIeI0BAHAYIO
obxacts Teopum. ['opasmo Gonbmre pe3yiabTaTOB MOJNYYEHO A ABYX-
KOMIIOHEHTHHIX COOGINECTB ¢ MCIOTh30BAHNEM DA3BHUTOH TEOPHA JBY-
MepHHX nummamMmdeckux cucteMm [8—11, 31, 32, 42]. Uccaemosanme
Mofeneil BYXKOMIIOHEHTHHX COOGIEeCTB B paMKax OGBIYHBIX Hpej-
IOJNIOKEHTI IpeAcTaBiser coboit Hamboiee PaspuTyl W B OOJbIIEH
CTCHMEHH WMCYePHaHHYI0 dYacTh Teopuu. HoBble umuTepecHnie 3amadm
BO3HHKAIOT JAGO ¢ YBEIWICHHEM Pa3sMEPHOCTH, Aub0 ¢ YCAOKHEHHEM
caMoil MoJiend ¢ yd4eToM Gojiee TOHKHX OMOJIOTHYECKHMX CBOMCTB MOje-

JAPYEMHX B3aumMojeHcTBHH.

3. MAPHBIE B3AUMO/IEMCTBNA

B sroM pasgmesne MH npemio:KMM ABHHN HapaMeTpudecKHid BUf
¢yaknui npucnocodiaennoctu f;. OcHoBoll BriGopa 3TOr0 ABHOTO BHIA
CILy;KaT OBe TJIABHEE aKCHOMLI, KOTODLle HA30BEM «aKCHOMOR HapHBIX
B3amMopelicTBui» u «obobmenHoi rumore3odl Boasreppar. Jamee Gy-
IyT MCCIELOBAHH HEKOTODHE OOIMHEe CBOHCTBA YDaBHEHUH TEOPHH CO-
ofmecTB ¢ y4eroM BHOPAaHHOIO Kiaacca QyHKIHME OPHCIOCOG.IeHHOCTH.
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Axcrova mapHBIX B3anmMoOjeHCcTBHIA
n oGobmenuasn ranore3a BoabTeppa

IIpexmonoxuM, 910 ocoGH, ob6pasymmue cooGIECTBO, BCTYIAIT
MeKAY co00f TOJBKO B mapHble B3amMomeiicTBUA. X OPOMO W3BECTHEH
ABIEeHUA, HAIpDUMep, TpolHOro cuMOMo3a ¥ gpyrie nogobusre >ddex-
TE[, B KOTOPHX CYOIeCTBEHHYIO POIb MrparoT B3amMmojeiictsua Gomee
geM AByx momyasanuit, Ho MbI co3HATENHHO OTPAHUIMMCS PACCMOTpE-
HUEM TOJBKO MaPHHX B3aUMOeACTBUI Kak B ¢BA3H ¢ TeM, 9T0 OHU HaW-
foJee MUPOKO PACIPOCTPAHEHH, TAK W C IeJdbI0 VIPOIIEHAA PacCy:x-
neHuni,

Bynes Bects pedsr cHadama TONBKO 0 HeHATpalbHOU cpeme M pac-
CMOTPHUM HpHCUOCOBIeHHOCTH coobmecTBa B 1eaom f (p, 6). O6nean-
HEM MBICJIEGHHO IBA coobmecTBa ¢ gncaennoctaMa N u N’ u cTpVKTY- .
paMu; cooTBeTCTBeHHO p’ U p” B ofHO mexoe. Cpexy [ias Bcex Tpex co-
ofmecTs 0yaeM cauTaTh OfHOM u Tol e. O0o3HAYMM Yepe3 A oTHOIIe-
ume (N'/(N' + N") = N’/N. lHpucuoco6aennocTs mepBoro ¢coobniect-
Ba pasHsercs f (p’, 6), Broporo — f(p”, ), a npHCEOCOOIEHHOCTH
cymmapeoro coobmectsa ects f(p, 8), rme p =Ap’ -+ (1 — A)p”.
‘Ilockonbky mpucnocobIeHHOCTh coobmiecTBa o6pasyeTcsa B peayabTa-
Te TAPHHX B3aWMOXEHCTBUHA KAK BHYTPH TACTHIHHIX COOBIIECTB, TaK A
MEeRJY HUMH, TO IIONHTAeMCs BHIHCANTH f (p, O) wepes 7 (p’,0)

f (p”, 6). IIpu yexoBUM cAyIafiHEX PAaBHOBEPOATHHX BCTPET TIPOIEHT
nap, ofpa3oBAaHHEX WHAUBUAAMHI TepBOro Ccoo0mecTBa, ecTh A,
mpomeHT unap, o0pasoBAHHLIX WHAWBHIAMM BTOPOro coobiiecTsa,
— (1 — A)?, a mpomenT map, B KOTOPOM OfHA 0C0Gb H3 mEPBOTO CO-
obmectBa, a ogHa u3 Broporo,— ZA (1 — A). Owuesmguo, A2 -+
+ (1 —A)?+ 201 —34) =1. Ha ocHoBaMZ 9TOr0 NOACIETA IO-
CTYJUPYEM TORIECTBO:

(o, 0)=AF (P, 0) +- (L — AP/ (p", ) + 2A (L —R)g (P, P, ), (3.1)
UMeIolee MeCTO NPH BCeX BeKTopax p’ W p” W3 cUMIIeKca B NPHA BceX
0 A< 1. 3recy ¢g(p’y, p", 0) — memssecTHan QyHKIMA, Xapak-
TEePA3YHMAA B3ANMONEHCTBHE MEKNY 4YacTHIHBIMEH COO0IMEecTBaMH,
Toxpectso (3.1) HapAAY € yCI0BHEeM HENPEPHIBHOCTH M IBAKIBI He-
npepuBHO# nuddepenyupyemoctun dynrnuua f (p, 8) u mpemcraBiaser
c0060ii TOIHYI0 POPMYINPOBRY AKCHOMH MAPHEIX B3aUMOJAeHACTBUI mis
HellTpanbHO# cpefbl. OCHOBHBAsACH HAa JTON aKCHMOME, MOKHO [OKa-
3aTh (TeopeMa J), YTo OVHKIUIO f MOKHO OpPEJCTaBUTH B BHAE KBaupa-
THYHOR (OPMEI HACTOT:

n
f= 2 /i ® pps. , (3.2)
i, j=1
Tlposesss BCe aHANOrHYHEE PACCY:RACHUA IJid HPHUCIOCOGICHHO~
CTU OTHENBHOR HONYJAANWU, MH HOIYIAM, YTO HPOU3BeHCHIE pJf, AB-
JAETCA TaKKe KBa}IpaTHt{HOH éopMOH qacToT:

pifi = Z Rl (9) pis- (3.3)

jr k=1




Yeanosue msomuposarnocTu coobmectsa B dopye (1.3) maer mam
limpf; =0, i=1, n. Orciona cpasy caepyer, 9T0 KBapaTHIHAA
P;—0

dopma B mparoit gacrm (3.3) ecTh UpoOU3BeeHHE pP; Ha IUHEHHYIO
popmy. OKOHIATETBHO HMeEM:

fi=25i®p, i=17, (3.4)

i=1

rak 4o opmyas (3.2) u (3.4) coracoBaHH ¢ ompefeNeHEEM CpeHei
npucHocobIeHHOCTH.

MEer npoBexn paccy:;reHUA IJIs cIydaeB, KOTJga coo0INecTBO pas-
BUBaeTcsa B HeliTpaiabvHoi cpepme. Ecam cpepa oramuna or HefiTpaib-
HOW, T. . QYHKIAY f; U f 3aBUCAT Tak:Ke W 0T OOILeil YUCIEHHOCTH, TO
HY/KHO HECKOJbKO WM3MEHUTH CJIOBECHYI0O (GOPMYJIUPOBRY AKCHOME,
WMCKJIYNB BJAIAHUE YUCIEHHOCTH HAa TPHCIOCOOIEHHOCTh YaCTHIHBIX
u cyMMapHoro coofimectB. MaremaTHYeckas 3aluch TORAECTBA IAA
f 6ymer uMeTs TOT ke B, 4To U (3.1), HO B 4HciIe apryMeHToB yHK-
NUY OPHCOOCOOTEHHOCTH OyaeT KpoMe 4aCTOT MPUCYTCTBOBATD U UHC-
JennocTs N. OROHUATEIBHBEIA pe3yJabTaT MPUMET BHJ:

fi= 2 1 (N, 0)-p;
- (3.5)
= 2 Ju(N,9) pip;

i, j=1

~

PaccmoTpuM Teneph 3aBUCHMOCTD ITPUCIOCO0IEHHOCTEN mOmyas-
rnuu or yucaenuoctu N. IIpennononsius, 970 MHTEHCHBHOCTL BIAMAHUA
$aKTOpPOB Cpe/E Ha HPHUCHOCOGIEHHOCTh HAapPACTaeT IIPOLOPIAOHANb-
HO POCTY THCJCHHOCTH TaK, KaK 3T0 MMeeT MecTo, Hanpumep, B MO-
peau Boabreppa, 1. . npu BesroM ¢ > 1, N u p:

filp, eN, 6) — fi(p, N, 0) = (¢ — 1) ri(p, N, 6), (3.6)

rfie r; — HeKoTopasa (VHKRIONA, XapaKTepH3yIas CKOPOCTh H3Me-
HEHUs WHTeHCHBHOCTH BIMANUA (AKTOPOB CpPERH ¢ POCTOM IHCIEH-
HOCTH; I'; XapaKTePHUayeT B COOTBETCTRUU ¢ TepPBOH KiIaccupuKanmueis Tan
cpeabl, B KOTOpod passuBaercsa coobmectso. Toxnectso (3.6) Hapany
C YCIOBHEM JBAJKIH HeNpepHBHON auddepeHIUpyeMocTH (YHRIIHT
fi Gynem mHasmBarhs 0600mennoil rumortezoii Boxawsreppa. Ha ocmose
BTOH THIOTE3H MO0 moKasaTh (Teopema 6), uro $yHKUuu f; mpen-
CTABUME B BHE:

fi = Lp, 8) + myp, 0)-N, i = mv (3.7
a cpefHAA NPUCHOCOOIEHHOCTDH [ MMeeT B! '

"
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Conocrapnsaa mpexcrapiaenne (3.5) ¢ (3.7) m (3.8), "erpynuo BH-
neTh, 4TO KO2YUIUeHTH f;; ¢ HeoOXOAUMOCTHIO UPEACTABIAITCA
B Buge: f;;(NV, 0) = «;;(8) + B;;(0)-N, 1. e. npucnocobaenHocTH IM0O-
OyJIAnuid OKOHYATeNbHO LPWHHMAIOT BHA!

file, N, 0= D) (; ) + Bi; 0)-N)-pj, (3.9)
j=1
a TpHUCHOCOONeHHOCTh BCero Co00mecTBa:
n

F(ps N, 8= (4 + Bi;N) pips- (3.10)

i=1

Ilpunumasn o;; = ¢; (j = 1, n) u BcuommHasa, 4ro p;N = N;, noxy-
YUM B 9TOM YAaCTHOM ciaydae QyHKIUHU f;, COOTBeTCTByIomUe Haubolee
obmeit Momenu tuna BoasTeppa 1

n
fi=¢& -+ ZBU’NJ" i=1,n
i=t
Wrax, MB TOCTPOMIM Ha OCHOBE NPUHATHIX NpeN0JIOKeHUHA AB-

HBIH BUA QyHKIUE upucuocob:ienHocTu. [IPpUHATHIE Kiace cOmep:RUT
JIB€ MATPHIBI MapaMeTpoB & A . ITH MAaTPHUIEL MBl YCJIOBHO HA30BeM
MaTpRUEH Me;RIONyIARAOHHENX B3auMOAeHCTRBHI H MaTpuiielt BANAHUA
cpepet (UMes B BUAY, KOHEYHO, TOABKO (PAKTOPBL CPeXLl, 3aBICHAIINE
ot yHciaeHHocTH). CaMH ;Ke 3JIeMEeHTH MaTPHIB @ U f ABaA0TCA GYHE-
IUAMY, BooOmle TOBOPA, OT BCEX IapaMeTpOB CPeJH, HE CBA3AHHEHIX
¢ gncaeHHocThio: o = a (8), B = P (6). B gaabmeitmenm, npegmoda-
raa cpegy CranuoHapHo#, OygeM OnNYCcKATh NPU HAWMCAHUM Iapa-
Metp 0.

3ajaua OTHICKAHHA PABHOBECHBIX COCTOAHMIA.
CrpyKTypa AOMHHHPOBAHHSA

N3 cucremn ypasuenuit (2.10) 6bi1M mOJy4eHBI YpPaBHOHHA 1A
OTBICKAHUA paBHOBecHBIX cocrosuuid (2.18). B pammom caywae oHm
HMeIOT BUL: ,

n

b Z(“ij—f‘Bw’N)Pj:O, i=1,n. (3.11)
j=1

Ecau Mp moo:KuM mocieoBaTeNbHO Pa3IHUYHbe KOMIOHEHTE BEK-
TOPA p PABHBIMY HYJII0, TO MBI noiy4mM (2"— 1) 3amadg €A OTHCKAHUE
PABHOBECHBIX 3HAYOHMIA HA TPaHsIX CHMILIeKca O Pa3JIMYHON pasMep-
HOCTH. Kamnaﬂ A3 3THX 3aJa9 COOTBETCTBYeT OTHICKAHHWIK paBHOBeC-
HBX COCTOAHUK coo6n1ec'rBa Opd yCJHOBYWHA BBITECHEHHA YacTH Iony-
1 YnrepecHo, uro upi ;5 = 0, 1. e, B cryyae HeHTPaTbHOA cpefsl, M DPHXONM

K H3BECTHBLIM MOJENAM /[eTepMHHICTHYCCKOH TeHeTHKN A OJHOTO JIOKyCa, IO~
CTPOEHIIe KOTOPHX TaksKe OCHOBAHO HA IIlee NapHLIX BIamMOJeHCTBHIl [36].
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aanuii. Pacemorpua 3agawy obmero supa: uyers p; == 0 (i =1, m),
ap; =0( =m+ 1, n). Torna u3 (3.11) numeem

Do +BuyN)yp; =0, i=T,m (3.12)
j=1
WIA B BEKTOPHO-MATPHYHHEIX 0003HAUEHUAX.
(@ + NB)p = 0. (3.13)

WcKkoMEIe COCTOSTHUS PABHOBECHS NPECTABJAIOT, TAaKHM o00pa3oM,
HEOTpHUI[aTeIbHEEe CcOo6CTBEHHBIe BEKTOpH mydxka Marpmm (o + N B),
COOTBETCTBYWIHE HEOTPUIATETHHOMY 3HaYeHWI0 mapamerpa N —
9UCIeHHOCTH CO00MmMecTBa. 3a cIeT OJHOPOAHOCTH ypaBHenus (3.13)
YCAOBAA HOPMHUPOBKH 9aCcTOT BBHIIOJHSIIOTCH aBTOMATHIECKH,
TpeGosanue OTPpAaHUTIEHHOCTH C¢BepXy PyHROUEA npHcmocobiIeHHO-
ctu f; (cM. BBefenne) nckmaodaeT paccMOTpPeHUe NOJ0RATETBHHX [ ;,
T. €. B paMKax OPUHATOTO SBHOTO BHUIA MBI JOJLKHEI OTKa3aThes OT
PACCMOTPEHHsA CTAMYJUpPYIOUel cocTaBiamoniell cpexm. Ha mepBHX
mMopax HTOT OTKA3 He CJAMNIKOM OTPAHWYNTENeH, TAK KaK CTUMYIH-
PyIOMAA COCTABIAKINAA HMEET CMBICI OOBIYHO TOJIBKO HPH MAalHX
YUCIEHHOCTAX, T. €, B CIydae, He OXBATHIBAGMOM HAIIMM PaccMOTpe-
mnem. Taxum o6pasom, cauras f;; < 0, obosmaanm y;; — — f;; > 0.
Ecru det|y]==0, 1o paBHOBecHBe YUCJIEHHOCTH IIOIYIANTA
CYTh COGCTREHHEIC WHCIA MATPHIH Yy~ lot ~— HEOTPHIATEIbHLIE KODPHHA
ypaBrenus det (ylo — NI) = 0. lloctegnee ypaBHeHHe sBIAETCH
€CTeCTBeHHBIM 0000ImenneM GOPMYIE PABHOBECHON 4HCIEHHOCTH HJISA
JorucTrieckoro ypapuenusa N = a/y. Homuomasn (3.12) Ha p; # cym-
MHEDYsl, HOJYYUM B HalieM ciydae
' n
* %
‘ * i ;1 aijpipj
- N' = — —
2 TijPi Pj
1, =1
OIIHI/IM N3 OJOCTATOYHBIX YCJIOBHﬁ CylecTBOBAHUA pPaBHOBECHUA
(p*, N*) sBaserca  HeOTPHOATETBHOCTH  HJIEMEHTOB  MATPHIH
vla. Teopema (Dpobennmyca rapanTHpyeT B 5TOM CIydae CYIHECTBO-
BaHME HEOTPHUIATEIBHOr0 COGCTBEHHOTO YHMCN« 11 COOTBETCTBYIOMETO
eMy HEeOTPHI[ATeTbHOT0 CO0CTBEHHOTO BewTopa. I pYruM H0CTATOIHHEM
VCIOBHEM CJIYIKAT HEOTPHMATEIBbHOCTH MATpHIBl oo f. B aToM ciaydae
marpuna o~y Heorpumateanma upm Bcex y > 0 M ypaBHeHHe
det (o™y — 1/NI) = 0 Bcerga mMeeT HEOTPHIATEJIBHEI KOPEHL C
COOTBETCTBYIOIUM HEOTPUIATEIBHBIM COGCTBEHHBIM BeKTOpPOM. B 060-
ux cayuasax Teopema (Dpobenmyca rapauTHpyeT TarsKe eJUHCTBEH-
HOCTH OCMBICIEHHOTO peIIeHWs:, TAK YTO YHCI0 PABHOBECHHIX COCTOM-
guit He mpepocxoxuT (2™ — 1).
[loayanmm Temephb mpocroe HEOOXOAHMOE YCIOBME CYIMIECTBOBAHUS
HCKOMOT'0 PABHOBECHOrO COCTOAHHs, Aamiiee OJHOBPEMEHHO OLEHKY
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WHTEPBAaJda, B KOTOPOM JE:RAT PABHOBECHAS WHCJIEHHOCTL. DBBegeM B
paccMoTpenne mMarpumy §;;, cuuras, 4to y; == 0 8;; = oy;/y;;. Us
(3.12) caenyer, 9TO Cpeam dJAEMEHTOB CTPokHM (o;; — y;;V) A1ubo Bce
HyaHd, 1ubo TOJKHE OHTDH 3JTeMeHTHl Pa3HHX 3HakoB (j = 1, n). Cie-
moBaTelIbHO, BeJMMYMHA [N JeKAT B uATepBate: min 0;; < N
i
< max ;5.
i
Aas Toro urobmr cucrema (3.12) mmema ocMEICIeHHOEe pelneHme,
BTH HePaBEHCTBA JIOJKHHEL BHIOTHATHCS OJTHOBPEMEHHO s Kaykmod
CTPOKH, T. €. MMeeM OKOHYATEIBHO:
max min §;; <C N <{ min max §;;. (3.14)
i i
Brimonnenme »Toro HepaBeHCTBA ABIAETCS HEOOXOMMMBIM YCIOBHEM
CYI[ECTBOBAHUA paBHOBecHA. Kro MOMKHO HCMONB30BATH [T UCKIIO-
geHNd Tex u3 (2"— 1) 3ajad9, B KOTOPHX OHO 3aBeJOMO HapYyHIEHO,
T. e.

i 7

B ciydae paBeHcrsa min max = max min 0cTaerca IpPOBEPUTH, AB-
JAeTCsH M 3TO 3HAYeHWe COGCTBEHHBIM UYMCJAOM IYIKa MaTpHI]
(¢ — N 9) ¢ meorpuiaTeapHbM cobcTBeHHHIM BexTopoMm. Hapymre-
HUe HeoOXOJUMEIX YCJOBHH, HanmpuMmep, Aas Beell mexoguoit (n X n)-
MAaTPHUIEL 03HA9aeT, ITO COOOIIECTBO HECOBMECTHMO B TOM CMBICIE,
9TO PABHOBECHEe MO;KET MMeTh MecTO TOJIbKO MPM BLIMUDPAHHHA OJHOMN
WM HEeCKOJBKUX monyisnui. Ila ocHoBe 3TOro HepaBeHCTBA MOKHO
TMOCTPOUTE PEryJIfApHBIN aJTOPUTM, KOTOPHIH MHemocpefcTBeHHO I10
aIeMeNnTaM MaTpuisl Oyjaer BHOPAKOBHBATH IIONYIAIUH, 34BEIOMO
OTCYTCTBYIOIIME B PABHOBECHOM c000IecTBe., JTOT M IOA00HBI eMmy
aJTOPDUTMBI HMeIOT, KOHEYHO, HeMAaJIslll TeopeTHYecKuUil MHTepec, on-
HAKO OHHU TpeAno;araloT 3HaHume mapaMerpoB o U y. C ecTecTBeHHO-
HayYHO# TOYKM 3peHHs ropasgo 0oJbllee 3HaueHHe mmeeT ofparHas
sagada. Jdnsa ee GopMyTHPOBKE BBeEM XOPOIIO M3BECTHOE B DKOJIOIUH
MOHATHEe JOMUHUPOBAHUA MONYAANNE WIH TPYIIE TOOYIANUI B Co-
obimecTRe.

Bynem rosopurs, 4To monyasnus (MIM IpynOoa IOMYJIANUR) sB-
JNAeTCA JOMUHAHTHOH, €CNH €6 HCKIUeHNe U3 COOBImecTBa IPUBOIMT
K TH0eJH BCeX OCTAJBHBIX mouyiasnuit. [Ipumepor goMumaur cay:;xar
OOMYJNAIHY, BHOCAMINE DHEPIHI0 B COOGmMEcTBO: (OTOCHHTE3UPYIOIITE
BOTODOCJM B MOPCKOM COOBMIECTBE, JETYIAe MHINIA B HEKOTODPHIX TH-.
max melepHBIX coobmecTB U T. I. B TepMHHAX HALIeHl MOJENH TOMH-
HHUDPOBAaHHUE 03HATAET, 9TO OPY UCKIIOICHNN NOMUHAHTHHX BUIOB B 0C-
TaBIIeHCA IMOZCHCTEME OTCYTCTBYIOT HEOTPHUIATEIBHHIE DPABHOBECIIbE
COCTOSHHUA, T. €. JIA IeJoro pAna mogMarpmi Marpumst (@ — N v)
pemieHnit ypapuenni (3.12) saBegoMo He cymecTByer. Moxmo chopmy-
JIAPOBATH M HOHATHe CYGIOMHUHAHTH, II0J KOTOPOH OyaeM IOHMMATh
TONyAANUI0 (MMM UX TPYNIY), U3BATHE KOTOPOIl BegeT K rubeln psaga
APYTUX TONyJIAnui, YkKasanme cyOZOMHHAHT Takme orOpakyeT Ile-

min max §;; > max min §;;.
i P
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IB# pAf 33734 Ha OTHICKAHWE PABHOBECHEIX COCTOAHWII, KOTOpHIE 3a-
BEJIOMO He JOJKHBl MMeTh pemenuil. Boolmie 3ajanme Bcell CTPYKTY-
PH AOMHHHDOBAHHUA B cOO0IeCTBe, KOTOPas 4acTO XOPOUIO M3BECTHA
COEeIUAaNNCTy-9KOJIOTY M3 YHCTO KAaUYeCTBEHHHX coobpajkeHHil, 3Ha-
9UTEIBHO CY/KaeT KPYT Mojexeil, onucrBammux coobmecTtBo. B gacT-
HOCTH, B TeDMHHAX Hamle# MO/elH 3HAUUTEIBHO OPAHUYMBAIOTCA HH-
TepBaJibl I3MEHEHN A IIapaMeTrpoB, YTO objerdaer B HaJILHBﬁI.HGM ompe-
AeleHMe MX 4YHCJAEHHHX 3Hadenmi. Hpome Toro, M3 ecTecTBeHHO-
HAYYHEIX CcOODDaKeHMH 9acTO M3BECTHHI 3HAKY DHIEMEHTOB MATpPHUIIH
B3anMogelicTBuii 9f;/0p; (T. e. B HameM ciaydde 3HAKH HJIeMEHTOB MaT-
pUILE o), 9TO eme (ollee cyykaer sagagy.

COBOKYIHOCTh PaBHOBECHHIX 3HAUEHWH YHCIEHHOCTH coolmecTBa
N* MoKHO Has3BaTh CIEKTPOM dHcHeHHocTn coobuiecTBa, Haskmoi
TOUKM CIEKTPA COOTBETCTBYET BEKTOP p* paBHOBECHOH CTPYKTYPH.
Yame Bcero 5T0 COOTBETCTBHE ONHO3HAYHOE, HO BO3MOKHBI CIYJAH
BHIPOJKJEHHUA CHEKTPa, KOIZa OJHOMY B3HAa4YeHHI0O YHCJIEHHOCTH COOT-
BETCTBYET HEKOTOPOe TOJIPOCTPAHCTBO PABHOBECHHX CTPYRTYp. U3y-
YeHHe CBOHCTB CHERTpPA pPaBHOBECHOH YHCJIEHHOCTH HMeeT 0GoJblmoe
3HAUeHUe, Tak Kak HalJloflaeMble B Tipupoje coo0IIecTBa 4acTo Ha-
XOIsITCsI MMEHHO BOIM3M PABHOBECHBIX COCTOAHME U BO3MYINEHNsd, BH-
3bIBAEMBIE BHEIIHUMY YCIOBUAMY (B TaCTHOCTH, Y€JIOBEKOM), IIEPEBOJAAT
c006IIeCTBO M3 OJHOTO PABHOBECHOTO cocTosHHsA B gpyroe. Hua onen-
KU HHTepBaJa, B KOTODPOM JI€KHUT CIEKTD, MOKHO B3fATh 00beUHeHUE
mHTEepBaNOB (3.14) MO BCeM IJIABHEIM TOAMATPHIAM MaTpPHI(El §;;.

B cmekTp 4MCIEHHOCTH MMeET CMBICH BKJIIATH TOJBKO YCTOHUYH-
BBle paBHOBeCHHEe cocTostHHA. IlosToMy BaskHYI0 POJB MIPAamT YCJIO-
B yCTOUYMBOCTH DaBHOBECH:, IoJydaeMble B TepMHHAX 2JIEMEHTOB
Marpum o ¥ Y. OTMeTHM, 9T0 IPH NPUHATOM HaMU ABHOM Buxe GyHKIMH
fi Bropme mnpousBogume 0°f;/0p;0p, = 0, T. e. TUNOTe3a IapHHX
B3amMofeiicTBRIl IPUBOJUT K TOMY, 94TO cHOPMYyINPOBaHHEE B pasjeie
2 peayampTaTHl 00 YCTOMUMBOCTH crpaBeiiuBi 6€3 JOMOIHUTEIBHBIX
OrpaHNYEeHHI Ha MaJOCTh B3aMMOJEHCTBUN BHICIIMX MOPAJKOB. OTO
CBABAHO ¢ TeM, YTO B HalleM clydae TeccHaH HpHcrnocobieHHOCTH f
COBIIaflaeT ¢ CHMMETDPH30BAHHOH MAaTpHUIleHl B3aMMO/eHCTBMIi:

02 _1(8.& 0f;
- 3 (5D

op;0p; op; 9p;
910 U mo3BoJger GOPMYJIUPOBATE PE3YNBTATHI 00 YCTONUYHMBOCTH Cpa-
3y B TepDMHHAX NpHcIoco01eHHOCTH f.

+]

CummeTpusi B3aumopeiicTsnii

PaccmorpuM 3ajmayy paBHOBeCHA UM YCTONYHMBOCTH RIS clydas,
KOTJa MATPHIH o U p cuMMeTpuyHel, CucTeMa anrebpaniecKHX ypas-
HOHZH Vi OTHICKAHNA PAaBHOBECHHX cocToaHui (p*, N* > () umeer
BHJ:

pifi (p, N) = 0, i=1, n. (3.15)
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Ecnu nac murepecyer paBHOBeCHe, B KOTOPOM YACTOTHI BCEX MOMYMs-

nu# oTAMIHE OT HYJIsA, TO ypapHeHUs (3.15) cBogares k Bumy f; = 0,
WIK B MATpPWIHHX 0003HAYEHHAX:
(@ — N9)p =0. (3.16)

K cucreme (3.16) cnenyer npucoefuunTh eIie yCI0BAe HOPMAPOBLKHI
YaCTOT, HO MBI €ro He BHIIHCHIBAEM, TAK KaK OHO BCEr/la MOskeT GHITh
YIOBIETBOPEHO 3a CYET ORHOPOAHOCTH ypaBHEHHWA. 3ajada OTHICKa-
uusa pasHoBecus (N > 0, p > () ceemack, Takum 06pasoM, K OTH-
CKAHUIO NOJOKUTENBHHX cOOCTBEHHRIX TUceN nyaxa MaTpuy (o — N v),
KOTOPHIM  COOTBETCTBYIOT IOJORUTEIbHEE COGCTBOHHBIE BEKTO-
pHl. Ecau OTHICKMBATE PABHOBECHEIE COCTOAHUSA, B KOTOPHIX HEKOTOPHIE
9acTOTH 06PaImaioTcs B HYIb, TO IJiA HEX cucTeMa (3.15) mpusopurcs
K BHAY, aHanoruyuoMy (3.16), HO AiA HEKOTODON IJIaBHOH mOAMAT-
pEOE MaTpunsl. B KpaiiHeM ciayd9ae [JIA HOJIHOCTHIO BHIPOIKIEHHOIO

coobmectsa (p; =1, p;* =0,j==1i,j =1, n) umeem N* = a;;/y;;.
Taxum 06paszoM, myeeT CMHICA paccMaTpUBaTh ¢pasy 3ajgady obmero
Buza (3.16).

IToxasxeMm, 910 Aag nmydKa MATPHI & — Ny npH HEO6PEMEHHTEN b~
HOM YCJOBHH OPOCTOTHI CIEKTPA 3a7ada Ha OTHCKANHE DAaBHOBECWS
He MokeT EMeTh Gotee oguoro pemenusg N >0, p > 0. Byaem pac-
CY;RIAaTh OT MpoTHBHOro, llyeTh MMeloTCa ABA pasiuIHBIX OCMEICIEH-
HEX pemenusa (N; >0, p; >0) = (N, >0, p, > 0), ynoBaerso-
psatomux ypasHeHuio (3.16). B cuay ecrecTBEHHOTO NPEINOIOKEHHSA
IPOCTOTHL CIEKTPa, KOTOPOE OmpaBIbIBAETCA COOGPaKEHHAMH rpy6o-
cTd Mogenn, N, == N,. lMrak, 00 OpeAmONOKeHUIO:

ap; = Ny pl}
ap, = Nyy ps) . (3.147)

YMHOKAA mepBOe PABEHCTBO CRANADHO HA D, & BTOPOE HA Py, HOIb-
BYACH CAMMeTPHUEd MaTpHIl, BHYTEM BTOPOe COOTHOIMeHNE M3 TMePBOTro.
Ilonyuaem:
’ (Ny — Ny) (p1, v p2) =0. (3.18)

CremoBaTentHo, (py, ¥ po) = 0. U3 nosnemedTHON mOMO/ENTEIBHOCTH
MaTPHIE Y CAeAyeT, 9T0 X0TA OBl OLHWH U3 BEKTOPOB — p; WIH Py —
ZOJKEH HMeTH OTDPHIATeNbHEe KOOPOUHATHL. JTO HPOTHBOpeUMe NI
JOKasHBAET eIWHCTBEHHOCTH MOJO;KHTENBHOT0 paBHoBecHsa. OKoOH-
9aTeNbHO: GUCJI0 DABHOBECHBIX COCTOAHUI CHCTEMBI He ITPEBOCX OJUT
(2" — 1) — 9@cna TIIABHEIX MOAMATPUI] MAaTPHIH Y BCEX IMOPSAIKOB,
TAK KaK [IA KOKToH MogMaTPUIH OCMEICJIEHHHX PeIleHAH ypaBHeHHH
paBHOBecHs He 00IbIie OTHOTO.

Paccmorpum rtemeps Bompoc 06 ycroifumBocTH paBHoBecus. A
BTOT'0 HYIKHO PAacCMOTpPeTh MATPHIy VDaBHEHUIl mepBoro upubamsxe-
HUSA, HOCTPOEHHLIX BOIM3W paBHOBecHOTo cocrosuma (N*, p*). Omy-
CKas BHIYNCICHHs, HpEBedeM 0e3 JoKasaTelsCcTBA CJAeNyIOHUHA pe-
3YABTAT: IS TOTO YTOGH pamsHoBecHoe cocrosume (N* > 0, p* > 0)
ObLI0 yCTOMIMBHEIM, HOCTATO9HO, WrToOB y Marpupel (o — N*y) Bce
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coGCTBeHHEIe YUCIA 33 HUCKJIIIeHAEM OXHOIO 1 Gprim oTpHUIaTeIbHEMHA.
I[JIH yOTOﬁ‘IHBOGTH PaBHOBECHOI0 COCTOAHHA, B KOTOPOM YacCcTh IIO-

nynanuil orcyrersyer (p; = 0, i = 1, k), qocrarogno, 9ro0s HMEIH
MeCTO HepaBeHCTBA:
n
filp's N7y= 2 (o — N'v)) pj < 0,0 = 1K (3.19)
=1

¥ TIaBHAA MOAMATPHIa MaTpHusl (o — N* y), mojydeHHas BHYep-
KNBaHWeM COOTBETCTBYIOUHX A CTPOK U cTOuOI 0B, HMexa (B — k — 1)
oTpunareapnoe cobcrBennoe smagenue. llpm & = 0, oueBmagno, mo-
mygaerca mpeabymuil pesyasrar. OTMeTHM, 4TO pedb HAeT 31ech 06
ACHMIITOTHYECKON YCTOHIMBOCTH IO LEPBOMY IPUBIMEKEHHIO.
O6osHauuM uepes ¢ (p) OTHOUIEHWE cpefqHell MHTEHCHBHOCTH B3a-
uMofefcTBUH K cpefHell MHTEHCUBHOCTH JIUMUTHDOBAHUA:

. (p. ap) 3.20
0 (0) = (B2, (3.20)
B nameil Mofean BOHPOCH CYLIECTBOBAHHMA H YCTOWYHBOCTH PaBHO-
BECHIl TeCHO CBA3AHHI CO CBOUCTBaMH QYHKIUM ¢ (p), K paccMoTpe-

HHUI0 KOTODHIX MBI W mepeiileM. YMHOKasg ypaBHEHHs DaBHOBECHS
(3.16) crkaxspro Ha p, 3amedaem, 9o N* — ¢ (p*). Bynmem ucrars
7n

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

asaa ¢yrxuuio Jlarpamka L = ¢ (p) |+ A (1 — sz) u puddepen-
i=1

HHPYA, HOJTYIHM:

op R
e i=1, n. (3.21)

Oyaknus ¢ wo oupepgenenuio (3.20) yaoBIAETBOPAGT TORILECTRY
7

. " a
Jfinepa AisA OXHOPONHHX (GYHKITHIA Z%pi: 0. Orcroga Hemem-
i=1 0t
JeHHO caefyeT, uTo A == (. Brumcasas mpousBomHble, HONYYHUM He-
06X 0IMMEIe YCIOBUA DKCTPEMyMa B BHJE:

(a—9 (@ v =0. (3.22)

Wrar, Bcsaras paBHoBecHaa touka (N* >0, p* > 0) apasercsa
TOUKO# oKcTpeMyMa ¢yuknum ¢. Haobopor, Besikas To9Ka 9KCTpe-
MyMa ¢yExouu ¢ : p* > 0, B xoTopoil ¢ (p*) > 0, ecTdb monoskeHue

1 Marpnna (o — N*7) Beerga muMeer ofHO HyJIeBoe cOOCTBEHHOE YICIO, TAK KAaK
3 (3.16) caepyer, uro det (¢ — N*y) = 0. Hynepoe cobcrBenHoe uIcao He
IPUBOSHT, OJHAKO, K HeoOXOMIMOCTII pPaccMaTpuBaTh KPNTHYECKIN clydai,

n
TaK KAK CHCTEMA HMeeT HEepRBll NATErpat 2 pi= 1.
i=1

n”
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paBnoBecus. PaBuopecwsle Tourm (N* > 0, p* > 0), memamue Ha
rpaHax cummiaexca (n — k)-fl pasMepHOCTH, ecTh, OUEBUIHO, TAKIKE
TOUKHE DKCTpeMyMa ¢ (p), HO IPH JOUOJIHHTEIBHOM ycaosBuu p; = 0,
i =1, k. JJazee MosxHo mokasark, 4To Marpuna lecce GyHRIun @
B PaBHOBECHOH TOUKe MMeeT BUX:

8%

2

= (o0 — Ny, (3.23)

p*

T. €. OHA ¢ TOYHOCTBIO [0 WOJO:RUTENBHOTO MHOMKUTENA COBIAIAET C
MATpHUIed CHCTeMbl JuHeHoro npubanmnenus. Kpose Toro, HeTpyaHo
3aMeTHTh, UTO IJis KpaliHUX paBHOBecHil nepasencts (3.19) ecth yc-
JIOBU MAKCHMyMa Ha TPaHule, a OTPUIATEIbHAA ONpPeleJeHHOCTh Mat-
panet (o — N* 9) (ma cuMmmzekce!) ecTb yciIoBHe MaKCHMyMa (yHK-
MM BO BHYTPEeHHeHl pPaBHOBECHON TOYKE.

Mu npumnm K cleyiolesMy pea3yibTaTy: HoJosKenHe PaBHOBECHS
(N*, p*) cucteMbl yCTOHYURBO Torja M TOJBKO TOrAa, Korjga GyHKuug
¢ (p) umeer B Toure p* noranpHeM MarcHMyM. OTCi0/a JieTKO BUETH,
YTO, HANPUMEpP, HOCTATOYHHIM YCJIOBHEM EIUHCTBEHHOCTU YCTOHYH-
BOTI'O PAaBHOBECHA ABIAETCH BhIIYRIOCTh QYHRUUHA ¢ (p) HA CHMITERCE,

Hecummerpuunpie MaTpRUBL @ M Y UPeCTaBIAIT 0OABIIYI TPYI-
HOCTD Il UCCAEHOBAHUA. 37eCh MOr'yT OBITDH ClydaM, KOrjga Ha OJHOR
IrPaHH CHMIIJIEKCA PACHOJIATaeTCsI HBCKOABKO PAaBHOBECHHIX COCTOSHUM .

1

T'pybas omemra wux umcaa 910 — ZiC; — 1. Ilpoxsm:;kenue B

1==1 i
HanopaBJeHUUd HIYIeHHUA ITUX MOI(eJIGﬁ MO;ReT OHTh OOCTHTHYTO Ha
OyTd pPa3yMHOTO Cy;keHUuss IMOCTaHOBOK C'y‘{eTOM OMOJOTHYECKOTO

CMBICJIA MOJENHPYEMBIX SABIEHWI.

JIByXRKOMIIOHEeHTHbIE COO0IIecTBa

IlpoBegeM K&a4eCTBEHHHIH aHAAM3 Mojeneil [ABYXKOMIOHEHTHHIX
coobIecTE B paMKaX OPHUHATHX upepmoiokenuit. [Ipm atom Gymem
B ocHOBHOM cixegosaTh paGore [11]. Ilagnem co caygas mefiTpanbroR
cpemsl, T. e. DOJIOKEM v;; = 0. B cuny ycnosua HopMHPOBKH QyHK-
WU IPUCHOCOGIEHHOCTH fi ¥ fy, BABUCAINIME OT YaCTOT Py U Py, MOIKHO
OpeJcTaBUTh B BHJe:

f= 31+@1P2}
fa== € -+ tUopy ’

T/e &, €, — MHTEHCHBHOCTH PasMHOKeHHs (rubesin) MOmyJ Ayt B or-
CyTCTBHE LApTHEDA, O, Cl, — NAPAMETPH UHTEHCMBHOCTH MEKIIOHY-
JANMOHHOTO B3amMogedicTBUA. PaccMoTpuM crmavana 3agayy KOHKY-
peHuun Gauskux BugoB. [lusA mpocToTH npumem g, — &, =& > 0,
Q= &y = & < 0. MoxHo mOKazarhb, 970 3TH HPEIUOIOKEHUS HE
MEHSIOT Ka4eCTBEHHOTO IIOBENEHUA TPAGRTOPHHA B CiIyuae Pa3IHIHBIX
e m o. Omyckas BHYHCJIEHWS, NpPHBeleM o0mjee pemeHHe COOTBET-
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CTBYIoIIelt crueTeMul MUddepeHnuaaIbHEX ypaBHeHH:

N () = %est <-—1 + V@) '

Vo =Fet (14 ) 14 Tew),

rge A — pasHOCTh HAYANBHHIX 3HAYEHUN YHCIHeHHOCTed, a B — mx

IIpou3BECHUE:
= 2i0) — M)
B — N(0)-N,(0)

Pewenue sanucano B npeguodnoskennn, uro A > 0, T. e. B HAYAIB-
HHI MOMEHT YHCJeHHOCTH BTOPOTO BUjA NMPEBOCXOIUT UYUCIEHHOCTH
IepBOTO. JTO NPEJIOJ0KeHEe B CHAY CUMMETDUY He yMeHblaeT obI-
HoCcTH paccmorpenus. Ecam sxe A = 0, To Jerko BUmers, urto N, =
"Ny, =exp {(e — a/2) t}. W3 pemenus Buano, 410 00a KOHKYpH-
PYOIMUX BUAA HEOTPAHHIEHHO PACTYT, €cJAU Kodxdpduimuent cobeTBeH-
Horo pocra Gonbuie Koagdumumenra BaaumojeiicTsus (e > a), T. e.,
HeCMOTPsT HA KOHKYPEHIIWI0 COXPAHSETCS MOJOKUTEeNBHAA CKOPOCTh
pocra 4mciaeHHocTH BHoB. KEcam ;ke myeer mecro obparmoe (o0 > €),
TO MepPBHI BHJ mormbaer, a GUCIEHHOCTH Broporo pacrer . Teope-
THIECKH MHICANMA CUTYAIHsA, KOTaa KoS(QQUIINEHTH POCTAa U B3AMMO-
neiictBus onuHakoBH (¢ = o). [Ipu pTOM wmcIeHHOCTH MEPBOTO BHUA
JIOCTHTAaeT HEKOTOPOTO PAaBHOBECHOTO YPOBHA, ONMpeaeaseMorTo Ha-
YadbHEIMU wHcIeHHocTAME., OJHAKO TaKoil clIydail MaJoWHTEpPeceH,
TaKk Kak TpebyeT BEIIIOJHEHUS CTPOTOTO PABEHCTBA, W TPYIHO OKH-
JaTh, IT06H BTO YCIOBHUE MPAKTHUECKH CODNIOIAIOCH B TEUGHHE BCOTO
Xoma Tponecca.

N3 crazaHHOr0 MORIO CHEJNATH CAEAVIOMMe BHIBOJABL: BO-TIEPBHIX,
ecJIM OJIMH U3 BUIOB MOrubaer, TO 3TO TOT BUI, HAYATbHOE KOJINIECTBO
KOTOPOTrO Melblle; BO-BTOPHX, MOJe]Nb JaeT HeoTpaHHYeHHBIH pocT
OHOTO WaK 000uUX BUAOB. ITO OGBACHACTCA TEM, YTO THIOTE3a Heil-
TpaAbloil cpelEl, Jajke ecad OHA CHPaBe/1MBA Ha HAYAJBHOM DTaIle
KOHKYPENIUH, He MO;KeT OCTAaBAaTLCS CIpaBefIHBO# GeCKOHEYHO TO0JI-
roe Bpeysa. CaeToBarelIbHO, MOJETb MOKET [aBaTh 00'bsICHEHNE HKCIE-
PUMEHTAJIBHBIX Pe3yJAbTATOB JHUIb Ha OTPAHUYEHHOM HHTEpBAaJe Bpe-
MeHHU. Y4eT TUMATHPOBAHUA YCTPAHHT 9TOT HEZOCTATOK.

B Momenu B3aumofeiicTBHA XWIMHHKA M JKePTBH UPHUCHOCODIIEH-
HOCTH f; U f, HomyAAIUi peLcTaBUM B BHJe:

f1= 81— ap,
fo= — &+ apy,
! Pccaenopanie pelieHHs MOKA3KBACT, 9T0 KPUBASA AMHAMIIKH BEITECHSIEMOTO BH-

Aa 6)’}191‘ B 3TOM cayvdae IIMeTh JAOKATbHHI MaRCOIMyM B MOMEHT BpPeMeHHN

yaxe (@ &, A, B), eCHIl BLoJAeNH! yesoBHA cymectBopamusa € < a uw B/A >

> ¢ (o — e)/(4e? + a?).
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T/le BCe KOHCTAHTH MONOKATENbHb. SJHAKK KOHCTAHT & M €, BHOpPAHH
T4K, 9T0 B OTCYTCTBHE XHMHWKA KEPTBA DPAa3MHO:;KAeTCA GeCKOHEeUYHO,
YTO eCTeCTBOHHO B paMKaX [PEAIOIO/ReHNA HeHTPaAbHOM CpefH.
XHmHNK B oTcyTeTBEE ;RePTBE rubuer. O0mee penlenue 3Tol cHCTEMH
YpaBHeHUH HMeeT BH[:

Ny (t) = N1 (0) es'(py (0) - py (0) e-tersesaptytes—

b

2,

[ Na)) = Na(©est (py (0) + L2 etwrerans
rae pp (0) m py(0) — HawadbHBHIe TPONOPIHEE monyiasnumi p, (0) =
= N (O)/(N,(0) + No(0)), pyf0) =1 — py(0).

AHanwsmpys dTO pelleHye ¢ TOYKH 3PEHNS KOHETHOTO pPe3yibTaTa
mporecca B3auMOAeACTBAA, MOYKHO BRIEIUTD Tpu caydaa: 1) o6a Buga
rubuyT; 2) o6a BEIA COCYIMECTBYIOT 6ECKOHEUHO A0AT0; 3) HIONYIATHA
XUIHWKA TUOHET, a >KepTBa BBIKUBaeT. JHTepecHoil 0CoGEHHOCTELIO
npolecca B3aUMOJEHCTBUA ABAAETCA TO, UTO CYIIECTBYIOT MOMEHTH
BPEMeHHU f; U Iy, B KOTOPHE KpPUBbe YUCTeHHOCTH momytanuit N,(¢) n
No(t) MOoryT HMeTH JOKAJBHBIH MAKCHMYM HJIH MHHEMYM. Ilpwdaem
t, > t;, T. e. HabIOAaeTCH 3aMa3TEIBAHNE PEAKIUM IONYIANNN XU~
HUKA HA BCUOBIIKY WA NOHI;KEHWe YPOBHS YHUCACHHOCTH HKePTBHI.

PacemorpuM BO3MOKHEIE THINB KDPHBHX JHHAMAKH OHoIeHo3a
6oxee moapobHO.

1. Ecay B3anMHOe BIHAHWE NONYJIANNN XOCTATOYHO Beauko (o0 >
> g; -} &,), TO XUIOHAK YHUITOKAET ;KEePTBY, a 3ateM rubuer cam. O6e
KpPUBLIE NUHAMHKA YHCIEHHOCTU MMEIOT JOKANBHHIEA MaKCHMYyM, OpH-
YeM MaKCHMYM ;KePTBH HAaCTymaeT pPaHbIle MaKkcMMyMa XWINHUKA.

2. Ecam wuHTEHCHWBHOCTL B3aMMOJEHCTBAA HECKOIBKO MCHBIIE
(max (g, &,} << a < &, - &,). To HONyIANUNA cocymecrBytor. Oxna-
KO Ha mavajJbHOM 9Tame B3aWMOAeHCTBHA MOKeT mabImoparThesa HEKo-
TOpOe yMeHBIIeHHEe YHCIeHHOCTH XHIIHMKA, KOTOPOEe, HOCTUTHYB
HEKOTOpOH MUHUMAIBHON BeJWYNHH, flajlee CHOBA HAadUHAET PacTH.

3. Ecan mHTEHCHBHOCTH B3anMoIeHcTBUA elife MeHbBINE (&, < & <
<< &), TO TMONYIANMH IIO-IIPEKHEMY COCYIIECTBYIOT, HO HA HAYaTBHOM
aTame Impomecca MOKHO Ha0MI0[aTh BPeMEHHOe IOHMKEHUE YHCIeH-
HOCTH ofGemx momyusnuit. IIpu sTOM MOHHUMYM ;KepPTBHI HACTyIaer
pamblle MUHAMYMa XAIMHUKA.

4. Ecim mMeer MecTO HEPaBEHCTBO, IIPOTHBOIOJOMKHOE IIPEIh-
aymemy {g; << o < €,), TO NONYAANNA XHIMHAKA rulHer, a IOMyJad-
IWsi JRePTBH COXPAHsAETCA, XOTA HA HAUATBHOM 3Tame MOKeT HabIio-
MaThCA HEKOTOPOE MOHMKEHNe ee YHCIeHHOCTH.

5. Ecam HWHTeHCUBHOCTHL B3aWMOJEHCTBUA OYeHDL HHU3KA (o <
< min {&;, &,}), T0 TONYIANNA XUIMHEKA THOHET, a YHCIEHHOCTH II0-
NYAAIAA ;ePTB MOHOTOHHO BO3pacTaer.

Takum oGpasonm, COOTHOUIEHAE HAPaMETPOB €, &, M ¢ MOJHOCTHIO
ompenenadgeT MCXOj Mpolecca B3aWMOMCHCTBUA NONYJIANNA XUINHAKA
u sxeprssl. Mexop aToro mpomecca, B OTIWINE OT PACCMOTPEHHOTO pa-
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paHee Iponecca KOHKYDEHOUH, He 3aBHCHUT OT HA4YaJbHEIX YHUCJEH-
HOCTeH moIwyAAnui.

Mu co3HATEIBHO HE PACCMATPHBANA CIAYyIall TOYHOIO PABEHCTBA:
O = By, 0L == &y, O == & - €, TaK KAK OHH BPAJR JH MMEIOT HHOTOTU-
qecKHi cumbica. OGmMEM HEJOCTAaTKOM PACCMOTDPEHHBIX ABYX Mojenei
ABIsAETCA GECKOHEUHBIA POCT BRUKUBINUX mmouyiasmuit, OH, 04eBHIHO,
MOJKeT OHTH yYcrTpanen Yy4YeTOM JHMHUTHDYIOINETO BJIHUAHWA CPEIBL.
Paccmorpum npocrefimiyio Momedbh KOHKYPEHIHH OIH3KUX BHIOB
¢ yueToM auMuUTHpoBaHuA. IIpmcmocobiernocrn f, u f, mpumem pas-
HHEIMH:
fr=e—op,— kN |

fo=¢e—oap; — kN )’

Kourypentioe cooOmECTBO WMeeT [(Ba YCTOWYUBLIX CTAI{MOHAPHBIX
COCTOAHHA, B Ka:KIOM W3 KOTOPHLIX OJUH U3 KOHKYPUPYIOMUX BULOB
normfaer, a APyrofl JOCTUrAET PABHOBECHOIO YPOBHA UYUCTEHHOCTH.
JTOT YpOBeHB, TAKUM 00pas3oM, onpeessercaA TOMbBKO IapaMmMeTpamu
BHKHMBINGTO BHJA, W COCTOAHWA PaBHOBECHSA HAXOJATCH TakK:

N1=0 Nl:_z-
e nin
No =+ Ny=0

Ecnu yaBoeHHEH Kos(PUIUEHT cOOCTBEHHOTO POCTA HOMYJAANHAN 5ONb™
me Ko3dPummenTa MuMUTHPOBAHUA 2¢ > o, TO CYMECTBYET elme OHO
cranmounapuoe cocrosume: N, = N, = (2e — a)/4k. Opmaxo »sT1O
cOCTOAHIE HeycTOHUHBOe, T. e. Jae ciaaboe HaApyUIeHHe PaBHOBeCHSA
B HOJIB3Y OJHOTO M3 BHAOB HPUBOAHUT COOOIIECTBO B OLHO M3 YKa3aH-
HHX paHee yCTOHYMBHIX COCTOAHHIA,

HauecTBenusiii aHanua cUCTEMB YPaBHeHTH HO3BOAAET YCTAHOBUTD,
4T0 B 3aBUCHUMOCTH OT HAYAABHOTO COOTHOIIEHWA YHCIEHHOCTEN BIIOB
BO3MOJKHBL  CJ€[YIOMIIe TUIH TeUeHUs Opolecca KOHKYPEHIIHU:
1) N1 (0) > N,(0). Bropo# Bmg mormbaer, a THCIEHHOCTh IIEPBOTO
MOCTHraeT paBHOBecHOH Beamumubl: N, = e/k; 2) N,0) > N, (0).
B sToM cryuae Bcerga mornfaeTr HepBHA BUA, a YACIEHHOCTH BTOPOTO
ycTaHaBAMBaeTcA K ypoBHIO N, = &/k; 3) N{(0) = N,0). B stom
HCKIWYUTEIBHOM CJydae, KOTAa HadaTbHble JYHCIeHHOCTH pAaBHHI,
MO;KHO ITOJTYYUTH PeIleHle CHCTOMB B SABHOM BHUE:

Ni(t) — Ny () =

OJT0 H3BECTHOE yPaBHEHMe JOTUCTHIecKol KpuBoii. Ecnum 2 ¢ > a,
TO CYIIECTBYeT CTANMOHAPHOE COCTOSINE, W YNCICHHOCTH BMIOB G Te-
9eHMEM BPeMeHH CTPeMATCA K 9TOMY COCTOSHHUIO; B MPOTHBHOM CIydae
o0a Bupma norubatwor. [lo-BupumoMy, Tperuit U3 PaCCMOTPEHHHIX THIOB
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IoBeIeHUA COODIMEecTBa He MMeeT 0O0JBMOoro GMOMOTHIeCKOro CMEICIA.
OTMmeTHM, 9T0 BO BCEX OCTAJBHLIX CIydasX, TAK jKe KaK U paHee, BH-
JMUBAET TOT BHUJ, KOTOPHIH MMeeT B HAYAJIBHBIH MOMEHT 6OJABINYI0 THC-
JICHHOCTD. :
PaccmaTpuBan coofmecTBo THRA «XMIMHUK — SREPTBa», MB 6y/eM
mpejanoaararh, 9To cpefa JUMUTHPYET TOJbKO YHCIEHHOCTH MOMYIA-
LU KepPTBH, M XUIMHIKA OHA ABJIAETCA HEATpadbHOW. JTO mpejmo-
Jo;KeHre ONPABHAHHO BO MHOTHX CJYYIafAX, KOT[A YUCICHHOCTH XWUII-
HUKa HaXOJUTCA HA 3HATUTEIbHO Goliee HU3KOM YpPOBHE, €M TUCJOH-
HOCTH ;KkepTBH. lIpucmocobaennocTn f; U f, B 5TOM cIyUae UMEIOT BHX:

{f1:81—apz—kN

fo=—¢& +ap;.

B saBmcuMOCTH OT COOTHOIIEHWH Me;KAY BXOAANIAMU B ypaBHe-
HAA KooddumueHTaMu B coo0HIECTBE MOTYT HUMeTh MECTO IIPOIeCCH
TpeX pasJINdHHIX THIOB.

1. Ilycts xosdoumuent B3aumMomeiicTBus OGolblre Kosdduuuenrta
c0GCTBEHHOTO POCTA XUITHUKA &, < & < &,, JU00 IIPU IIPOM3BOIBHOM
COOTHOLIEHTH MERIY IapaMeTpaMu € M &, KOdPOUIMEHT B3auUMOIei-
CTBHA MeHBLIe Ka;KI0r0 M3 HHUX o < min {g, &}. Torga cymecrByer
€IUHCTBEHIIOe YCTOUINBOE CTalliOHapHOoe COCTOAHNE, B KOTOPOM XHII-
HUK 110rufaeT, a IUCIeHHOCTD ;KePTBH YCTAHABIMBAETCA K PABHOBEC-
HOMY YpPOBHIO, paBHOMY €,/k. HakoBsl 6 HH OBLIM YHCIEHHOCTH BH-
OOB B HAYATBHHEA MOMEHT, GMOIEHO3 NPUXOJUT B YKa3aHHOE COCTOA-
HUe.

2. Ilycrs wooddunuent BzaumopeiicTeua Gompie abCoIOTHONR Be-
JIUYIUHE Ko3pdHImenrTa coOCTBEHHOr0 POCTA XHIMHUKA, HO MEHbIIe
koo duIueHTa pocTa KEPTBHL €, < & << &;, AN60 IpH J060M COOTHO-
HIEHUH Me:KAY Koo(QPUIHEHTAME &, 4 £, KO3(QPUIIMEHT B3AUMOIeHCTBAA
60abIe Ka:kI0r0 M3 HAX, HO MEHBIIe MX CYMMBI mMax {g;, &,} << a <
< g, - &,. B aToM cnyuae o6a BUIA BELRUBAIOT U COCYLIECTBYIOT Gec-
KOHEYHO [0JIT0, & YUCAEHHOCTH MX BCErjla cTPeMATCS K PaBHOBECHBIM
BEJUMIMHAM, KOTODPHE OUPEeNeNAnTcAa 110 dopiyia:

p 2 -— —- €2 gy — A
Ny = 2 (&1 —Z:x o) . Ny— (oL — €2) (E;lk‘?‘ e )

3. Ecau coorHomenue MexAy KOd(PHUIUEHTAMH COOCTBEHHOTO PO-
CTa XUIOIHHKA U KePTBH MPOUBBOJIBHO, HO KOIPPUIMEHT B3aMMojel-
cTBUA GoJbINe CYMMBL @ > £ -+ &, To 00a BHAa Bcerjga morubamor.

OrMernM B 3aKJIOYEHNE, 9TO BeJHYUHA KOIPPUIMEHTA THMUTHPO-
BaHUA k He BAHMSET HA TO, KAKOTO THOA Hpoliecc OyAeT mpoTekars B
coobmecrse. Tpebyerca numb, 91005 9TOT K03OOUITUEHT GBI OTIHICH
0T HYJs, T.e. B JAaHHOM Cjydae BaykeH caM (aKT HAJAWIHA JHMUTHDO-
BaHuA.

IIpoBejem cpaBHenme paccMOTpeHHBIX Mofededl ¢ peaylbTaTaMu
RIaccugeckux sKcuepumentos I'. . 'ayse mo XHmMHUYIECTBY U KOHKY-
pennun y npocreiimux (3, 4, 37]. Ha puc. 1 npeacrariens sxcnepn-
MeHTaJIbHREe JaHHbe, H300pasRapNIe X0 KPUBBX JUHAMHUKH IHCICH-

.
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Puc. 1. Poctr wm3onmpoOBaBHBIX 7L
nonysaanuit P. aurelia n P. cau- o
“datum (Tayse, 1934)
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1 1 J
Jg oz 4 5 & 4 K K S

e

Puc. 2. Xog KOHKYpeHIIIT MeK-
ny momyasanusMmu P. aurelia m 7
P. caudatum (Tayse, 1934).

Pt J 72 76 Jww

Puc. 3. Xox B3aumomeicTBus
MERILY TONYJAANMAMI XNIMHDKa 47
(D. nasutum) 1 sxeprssl (. cau-
datum) (Tayse, 1934).

5
V(74

moctH momyasiuii Paramecium aurelia mw Paramecium caudatum
B HpoOlieHTaX K paBHOBecHOMY ypoBHO. IIpH pasgenpuoM KyJbTHBH-
POBAHUHU YHCJIEGHHOCTH 0GeuX NONYJIANUN ¢ TeUeHHEeM BPEMEHH BHXO-
HIAT Ha paBHOBecHHH ypoBenb. TeopeTHyeckas KpUBAs, MOJydYeHHas
M3 ypaBHeHMH KoHKypeHiuu upu ¢, — 0 1 o, = 0, gaer ymon:iaeTso-
pUTeNBbHOE COBHAJeHHEe ¢ dKcmepumeHtom npu & — 2,0; k = 0,02,

Ha puc. 2 npegcrasier Xof KOHKYPEHIIUH ME:RIY STHUMM BUIAMU.
Kpupasa paccumranma no ypaBHeHHsAM KOHKypeHnmuum npu o = 0,6.
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ITapamerpst & A o BHOUpaNMCh MCXofA U3 TPEABAYIEro OMBITA
XapakTepHo HaJaM4Ue MaKCHMyMa YHCIEHHOCTH Y BBITECHAEMOR
HONYJIALUHR,

Ha puc. 3 maobpakeHa xaparrepHas KpUBas JIHHAMHKH 9HCIEH-
HoctH Paramecium caudatum (skeprsa) m Didinium nasutum (xmmni-
uuk). Hpusas paccamrana mo ypaBHEHHAM JUHAMHRE 1npH £; = 3,0;
€, =4,0; a =7,5; k =2,6-10"2, Bupno kadecTBeHHOE COOTBETCT-
BUE TeoperTWdeckoil KPUBOH DKCHEePUMEHTaJbHBIM mamueiM. He-
CKONBKO Gosee ORICTPOE BRMUpAHHUE XUIMHUKA, CIeyIOlee U3 TEOPUH,
CBSI3aHO € TEM, 9TO B MOJENM He YITeHnsl GUONOIudYecKue 0COGeHHOCTH
nonyaanuu Didinium, 3akIo9aoIuecss B TOM, TTO OHA MOKeT IIPo-
JOIRATh HEKOTOPOe BPEMA PasMHO/RAThCA B OTCYTCTBHMe nuimm. Xa-
paKTepeH CABUTI MaKCUMyMa YUCJIeHHOCTH XUIMHUKR OTHOCHTEIBHO
MAKCHMYMa YHCIeHHOCTH ;RepPTBH.

OTMerHdM, UYTO, XOTS pPe3yAbTATH BHYUCICHHAN IIpejCTABIEHLl B
YUCIEHHOCTAX, Pacyer BeJCs Ha OCHOBE BeIWYUH GHOMACCH MOMYJs-
Ui,

ITpu atoM MB MCXOAWIN M3 TOTO, uTo 6MoMacca opHoit ocobu Para-
mecium caudatum pasna B cpeguem 0,002 mr, a 6uomacca Didinjum
nasutum — 0,0009 wmr {27]. I'mnotesa meHTpaabHoOll Cpeabl [IA XHOI-
HHKa onpapjana TeM, YTo UucJeHHOCTh nmomynanuu Didinium fanera
0T HACHILEHUA, B TO BPeMsa KaK HONYIANHUA KePTBHl JOCTUraeT yPOB-
HS 9YHUCJeHHOCTH, OJU3KOTO K PABHOBECHOMY.

Y ooBaeTBopuTeNbHOE COBHAACHUE TEOPHU W JSKCHEPAMEHTA [e-
MOILCTPUPYET NJA0JOTBOPHOCTD NMPUMEHEHUS HPEIIOREHHBIX THIOTE3
K ONHUCAHUIO AUHAMHYECKUX IPOIECCOB B BJIEMEHTAPHLIX ABYXKOMIIO-
HEHTHHIX coo0ImecTBax. 3aMeTuM, 9T0 ypaBHEHHS THna Bojxbreppa He
AT BCEX TexX TUIOB JUHAMUTIECKOTO IIOBEHEHUsA, KOTOPHIE CIEAVIOT
W3 TIpejilaraeMbIX HaMM Mojeieii. B wacTHocTH, XOJ nKcIepuMeHTa,
IPEeACTABICHHBIN Ha PUC. 3, He MOsKeT ObITh 00bACHEH HA OCHOBE BOJb-
TeppoBCcroil Teopuu. MHTepecHo, UTO HEKOTOPHIM W3MEHEeHHEM TUCTIeH-
HEIX 3Hav9eHni mapaMeTpoB mociefHedl MOAeNTM MOKHO HDHATH K CH-
Tyaluu, KOTHa B3aWMOJEUCTBME HpuUBeAeT K YCTAHOBIEHUIO PaBHO-
BECHOTO YPOBHA, COOTBETCTBYIOIIETO COCYII@CTBOBAHHIO NMOMYJIAIMIT,
T. €. B 9KCICPUMEHTaX, OAU3KUX K ONUCAHHOMY, [IO-BUIHUMOMY, MOK-
HO HOJYYNThL VCTOMYHBOE COCYIECTBOBAHUE MONYIANWIA XWIMHWKA U
;KePTBHL.

Moswuo mokazaTh, 4To Hebo0abITIOE BUAOW3MEHEHHe IapaMer-
pOB MOZeIM NPUBOJAUT K BO3MOSKHOCTH BO3HHKHOBEHHA B CHCTEMe
¢XUNHAK — ;RePTBa» YCTONUUBOTO HpeAeTbHOT0 IHKIA. .

CyMMHDPYA Pe3yJNbTaThl UCCIeJOBAHUS NABYXKOMIOHEHTHBIX CO-
00ImecTB B paMKaX NPUHATOFO0 HAMM SBHOTO BUAA (QYHRIHUEA OPHUCHO-
COBJEHHOCTH, MBI MOKEM MOAUEPKHYTH, 9T0 TOCTPOCHHbIE MOMEdN Ha-
o7 Goabuioe pasHoobpasye THUNOB JUHAMHYECKOTO IOBEAEHUA C006-
mecTB. [IpakTuuecku Bce 3hPEKTH, KOTOPHE MOKHO 0MUCATH OOIMUME
ypaBHeHMAME THia ypaBHenuit Hoamoropoma, MoKHO KadeCTBEHHO
MOeIWPoOBAaTh W B IIPefenaX OpPeIosKeHHOro, MOCTATOUHO Y3KOTO,
Kaacca momeneii. IIpm 5ToM, WMOCKOJIBKY HapaMeTphl MOJEIH HMeEHT
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SICHYI0 HHTepHperanioo, YAaeTcsa 9YeTKO Pa3fe]nTh pasjuquble THOEL
NIOBEeJleHUA TPAERTOPUN B TEPMHUHAX WHTEHCUBHOCTEH TeX WJIM WHEIX
B3aMMOMeCTBHA, WMeOIUX ACHBH Omojoruyeckuit cmpica. Tarkum
o0pasoM, MOCTPOEHHHI 3/lech SABHEIA IapaMeTpPHYeCKUI BUN ypaBHe-
HUH Teopuu COOOIECTB 1MO3BOIAET HAAEATHCA HA TOCTPOGHUE B [ANb-
HelIeM JOCTATOYHO IPOCTOH M OCMBICACHHOU ¢ GHOJOTUYECKOM TOIKHU
3peHud Teopuu, uMepmmell CpaBHATENIBHO YeTKO 04ePUYEHHYIO 00J1aCTh
IPUMEHEHUA.

4. 3ARJIIOYEHHE

Hexognsle OpequnocHIKM, HA KOTOPHIX OCHOBAHA HUOes ONMUCAHUA
NUHAMUKY cOOOIEcTE B TePMHHAX YMCJEHHOCTEN momynaruii opH mo-
momu juddepennnansusx ypaBHeHpit Tmna (1.1), BecbMa KeCTKH.
MMosToMy TpYJAHO HafeAThCA HA TO, YTO MOJAEIA TEOPHEU COOBGMECTB
B TOTOBOM BM/& MOTYT WMCIOJIb30BAThCH [Isf PEIIEHUS COPHE3HBIX 3a-
JaY yIpaBJeHHA ecTeCTBEHHLIMU coobmecTBamu. Pacemorpenme kask-
Joit KOHKPETHOH 3ajaud 9acTo TpedyeT ropasno Gojiee MOIHOTO ydIeTa
coenudurn 6GMOIOTHYECKNX ABJIEHUH, 663 KOTOporo Moiuehb Oblia O
HEeyIOBIETBOPUTENbHOM, JdTa cuenudHka (HampumMep, yUeT MOJOBO3-
PACTHOM, TEeHOTHOUYECKON ¥ TeppPUTOPUANBION CTPYKTYP HONYJIA-
nuit) He BCErJA YKIAJLBAETCSA B DAMRH HAIIMX HCXOJHBIX MOCTAHO-
BOK. Mcwimgenwe cocTaBisioT (ojiee NIPOCTHIE 3aladd yIPaBIeHHS
HCKYCCTBEHHO KYJIBTHBHPYEMBIMEM HOLYIANMAMH M cOOOIIECTBAMH.

U Bce :xe Teopus coobmecTs THOA TOH, 0 KOTOPO# MjaeT peyb B Ha-
croameil pafore, coepiieHHO Heo0XO0/MMA, TAK KaK OHA BeIpabaTh-
BaeT o6mMy0 TOYKY 3peHMA Ha IMHPOKMU KIacc ABIEHUI, I03BOIAET
HOJAYIATH BAYKHBIE KaueCTBEHHEIE pe3yIbTaThl, IMEIOMNe YeTKYI ecTe-
CTBeHHOHAYIHYI0 HHTepuperanaio. [IpH IOCTPOEHUN CIOMHBEIX MOJe-
neit ¢ yuerom Goabioro aucia GakTOPOB TAKNE TEOPUM MIPAIT POIb
OTHAeNBHLIX OIOKOB, AalIIHX B mapaMerpHdeckoll ¢opme HeoOXomu-
MBI KOJNAYeCTBEHHbIE COOTHOIIEHHA. :

IIPILVIOJKEHIIE

JlokazaTesbcTBa TeopeMm pasgesna 2

Jdemma 1. llyers HenpeprBHEIL onepaTop F, saganuplil Ha MHOske-
ctBe {N (f)}, obmamaer CBOHCTBOM

FINy+ Nol = i IV + i FINS] ()

npu Beex Ny, Ny = {N (£)}). Torna mpu Bcex ¢ > 0 umeem F [eN] =
= F [N].

Jokasameavcmeo. Ilonomum N, = N,. Torna umeem: F [2N] =
= F [N]. llo mpayknum ycramasiampaeM, aro F [kN] = F [N] npn
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Bcex HaTypadbHEX k. Bri6upaa N = m/k, nonyuaem u3 mocieguero
COOTHOLIEHTE, ITO PABEHCTBO CIIPABEIIABO LA BCeX PAUOHANBHEX C.
B cuny menpepHBHOCTH HpefeNbHEM IePEX0H0M yCTaHABINBAEM, TTO
9TO CBOMCTBO COPABENINBO I OPH BCeX BENeCTBEHHBIX C.

Jdemma 2. Ecam F — onepartop, YVIOBIETBODPAMHUI CBOHCTBY
(%), To aF 4 B ramike YMOBIETBOPAET ITOMY CBOHCTBY HPH BCeX
onf.

Horaszameavemso. JloMHOKRUM cooTHoMmenHe (%) Ha o M TPUGABUM
K ofeuM gacTaAM paBeHcTBA . B cHIy 09eBUIHOTO TOKAECTBA

N1 NZ \
B:(NHFNZ + 1v1+1v2)B
HMeeM:
OF [Ny Nol + B = (oF [Nl + B) -0 -+ (@F (Nl + B) L5

970 U TPefoBANOCH T0KA3aTh.

Teopema 1. Jloxanbupil, cTaUOHAPHBIA, HENIPEPHIBHLEIA OmEPaTOp
F, ob6napatomuit csoiicteoM (*) M MMeIMUl B KaYecTBE AApPA MHOKE-
cTBO0  BCex ¢Qymrmmit Buaa N (t) = N, = const, wumeer BHI:

1 dN
F[N @)] =o e

Horaszameavcmeo. Jlomuo:xas ofe 9acTl 9TOT0 COOTHOMEHUSA (*) Ha
N, + N, umeem: (Ny + N,) F [N, - N,]== NF [N;] + N, F N,
Kpome toro, B cmny aemms 1 npum Beex ¢ >0, ¢NF [eN] =
= ¢NF [N]. Taxum ofpasom, ycTaHaBiuBaeM, dYIO0 OIEPATOP
N:F [N] — nuueiiunit, Ho JMHe#HBI HempepLIBHBIA O0IEpPaTOP
JOKaJXBHOTO jeiicTBHs ecTh Audpdepentmansumii omeparop [30]

NFINI =B +aT 15, 20 p TN

B cmny mocunemmero mpepmonomenusa Teopemn mmeeM f =0, b, =
= by = ... = 0. CuemgoBareaspno, F [N]= o 1/N dN/dt, uro m Tpe-
GoBanoChL OKA3aTh. )

Teopema 2. Besaxylo nenpeprBHO auddepeHnupyeMylo QyHKIHEIO

f(p1, . . ., pn, N), 3ajiauny®0 B 06:1aCTH {p.i> 0, 2 pi=1, N> 0}.
i=1

MO)KHO INPeACTABHTL B BHfe: f=f_-- f, + f,, Tak uTo OpH BCex p;y, ...
ees Pn, N mMmetor Mecto coorHomenma: df_(ON < 0; 0f /0N = 0;
of JON > 0.
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Horaszameavcmeo. Oupenesnm IPOU3BOHBIE OT UCKOMBIX QYHKIHMA
caegyiomuM o6pason:

8_f ecan %<O

af. | N’

o 0, ecanm % >0,
o,

o, _ 0, ecanm _V<
o ;T]:” ecyIu 1{,}0

B cuay onpegenenus meoOXopuMEe COOTHOUIeHUA BoimoiaHeHEl. Ompe-
melisieM fiajiee Mckomele pyHKnuuA f_, fo, f., HHTETpHPYs TPOU3BOJHEIE.
mo V:

s [7}
fo= S 65de Jo=7Puv- o Pu 0), fo= S b%dN.

0 ) 0

Herpynuo Buners, uto f = f_ -+ f, -+ f,. Teopenma 2 ngorasana.

Teopema 3. BeARY0 aHATUTUIECKYIO | B KOHYCE HEOTPHUIATEIBHBIX
nepeMeHHHX Ny, . . ., N, ¢yaknua ® (N, . . ., N,), o6pamaomyocs
8 0 B HaYa/le KOOpAMHAT, MOKHO HpeAcTaBUTh B BHge: O —= O~ 4
+ ®% - @OF, Tak uTO IPH BCEX Ni, ey Noy N;, c N,"1 UMEIOT Me-
CTO COOTHOIIEHUSA:

O (N, Ny, Ny NSO (Ny oo, No) + @7 (N, .., NY)
DONy =Ny oo, N - ND)Y =D (N, .. ., No) = @O (N, ., N3 (%%)
(@ (Ny -+ Ny, oo, N - Ny > @ (NG, ..o, No) - @ (N7, - - -, N

Horasameavcmeo. Ilpegcrasum ¢yarumio @ abcomorHO CXO0fsA-
IIAMCS CTEHEHHBIM PALOM:

@ =a, -+ Z a;N; - 2 a;IN;N; 4 Z @ NiNN + .o

i, 7=1 1, §, k=1

1 TpefoBaunA aHAJNTHYHOCTI He NPHHINNINTATLHO, HO OHO CYImeCTBeHHO yIpoIa-
£T JOKAa3aTeNhCTBO.
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TTockoasry @ (0, . . ., 0) =0, 10 a, = 0. Onpenennm paree
n

DO = ZaiNi
i=1

= X NN+ 2 ap NN+
i, j=1 o
n n
@"' = 2 a%"ViNj + Z a:jkNiNij + .

i, j=1 4, =1

3necs wepes ¢~ 0603HAYEHH TOALKO OTPUIATETIhHEE K03POUIUCHTH

paga @ mpu wIeHax He HUKe BTOPOMU CTENEHH, a Yepes a* 0603HaqeHsl

BCe IOJO;RUTeNbHHEe Koapdunmentnr paga . B cuay abeomiorHoi

cxoxumocty dactuanste pAgsl @~ u MF raw;ke cxopsres. Hemocpen-

CTBEHHOII NPOBEPKON yOe:RaaeMca, YTO MOCTPOeHHble QYHKITUH YI0B-

JeTBOPAIOT TPeOyeMBIM B Teopeme cooTHomendsAM. Teopema gqorasana.
N;

k1%
Caedemsue. Crenas 3aMeHy IePeMEHHEIX p; = -~ N = 2 N;

=1
7 obosuauus f = 1/N @, npugem BMECTO COOTHOMIEHMH (#%) K]ycno—
BusM Riaccupuramuu (2.13). Taxum o6pasod, HojdHoTa RIacCHPuKa-
IUHN TATOB MERNONYIATUOHHEX B3aHMONEHCTBAN JOKa3aHA.

Teopema 4.

1} B ammmtHpyonieii cpepe BHyTpeHHHEe B3aMMOJLEHCTBUS HMEIOT
HEHYIEBY0 KOHKYPEHTHYIO COCTaBIAIILYIO.

2) B crmmynupyome# cpefie BHYTPeHHWMe B3aHMOJEHCTBUA MMEIOT
HEHY/IeBYI0 CHUMOMOTHIECKYI0 COCTABIAINIYIO.

3) KoHcepBaTHBHHEE B3aMMOJEHCTBUA MOTYT HMETh MECTO TOJBKO
IpH HeHTpalIbHOU cpefe.

Hoxrasameavcmeo. 1. Brbupas B ycinosuax KiacCuUKaLUA MEKIIO-
OYJANUOHHHX B3aUMOJGHCTBUHE Py = pi, . - «» Pn = Pny A =1/2
mveem F (p1, -, pp, NY=F (py, - ., Pn, 1/2N). Ecau cpega numm-
TEPYIOMAas, TO XOTA OBl IPU HEKOTOPOH CTPYKTYpe p U 9HCICHHOCTH
N B 5TOM COOTHOUIEHUU ¥Meem cTporoe Hepasencrso (7). Ciegosa-
TEXbHO, IPY YKA3aHHBIX CTPYKTYpax p’, p” u A BaauMogedcTBHA KOH-
KYPeHTHbIe,

2. Bropoe yrBep;kjeHHMe HOKA3HBACTCA AHAJOTHYHO HEPBOMY.

3. lycert B3aMMOMENCTBAN MERITY NONYIATUAMM KOHCEDBATHBHEL.
Brifepes cTpyKTyph coobiiecTs Tak ;ke, Kak B IyHKTe 1, Torga moay-
yum f (p, N) = A f(p, N') 4+ { — A) f(p, N"). Bubupaa N’ = N’,
moayanM f (p, 2N') = f (p, N'). Ilo mHAYKUMM yCcTaHABIHBAEM, UTO
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s Bcex Harypansuwmix k f (p, kN) = f (p, N). BuGupass N B Bupe
apobu m/k, MOTYIUM, 9TO IIPHA BCEX PAIHOHAIBHEIX N npucnocodien-
HOCTh [ Takske NPUHUMAaeT OJHO U TO ;Ke 3HaueHme. B cmay npepuo-
JI0;KeHUA HeNPepHBHOCTH (YHKIHH f 3T0 yTBeD:kJAeHHe pacopocTpa-
HAETCA W HA BCe BellecTBeHHHE wucia, TaxuMm ofpasoM, ML jJoKkasa-
aum, 9ro cpena Hefitpanbna. Teopema 4 pgowasana.

JlorazareabcTBa TeopeM pasgena 3

Teopema 5. Ilycrp gBaswan HempepwBHo quddepenqupyemas QyHK-
nus f (p) 3agana Ha CUMILIEKCE:

c={pi>0, ipi:1}

i=1

¥ Y/IOBIETBOPAET Ha HEM TOKIECTBY: ‘
FO0 4 (=M p) = A (B) 4 (L — WY () -+ 20 (L — Wy g (P, p)

npu Beex p’, p' & o unpuawbom 0 < A < 1,rae g (p’, p") — Heko-

TOopas [ABaskAB HENpepHBHO IHUPPepeHHMpyeMas QGYHKIUA CBOHX
nepemennnix. Torma ¢yarius f Mosker OHTL npejcrapieila B BUAES
n

KBaJpaTuuHof ¢QopmMer: f = Zfijpip]-.
=1,
Horasameavemeo., BBRYUCIUM BTOPYI0 INPOU3BOJAHYIO OT JeBOH W
TIpaBoif YacTel TOR/ECTBA TI0 Pj, p;-:

- A= A2 l + 20 (1 — %)
dp,9p; P (1) 3/ 0p 01 ap

Pasgenaus obe wacTu Tommecta Ha A%, moaydmM:

otf
dp;0p;

a2 I (1 —\) oy

T op.ap,| A ‘9.
Ap'+H{1-N)p” 11 P] p’ 8pi6pj
ITo Teopeme BellepmTpacca, yHKIME B JIeBOH gacTm paBHOMEPHO
OrpaHWYeHs KAaK HenpephBHBIE, 3aJaHHBIE HA 3aMKHYTOM MHOKe-
ctBe ¢. ITpaBym :Ke yacTh MORHO cejdarh CKOJIL yromuo Goabmioif,

BEOHUpas A moctaTouno ManasiM, ClIegoBaTeNbHO, A TOIO YTOBH TOMK-
02

_g_ =0,

ap 6

a pas Taxk, TO U3 IEPBOTO COOTHOUIGHHS nMeeM

JeCTBO MMEJI0 MeCTO, HeoOX0auM0, YTOOH

0%f oy
OPPP; |y prorrypr OPOP; |
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Yerpemasia A ® mydio, B CHAY HOIPEPHIBHOCTY IIOJydUM!

9*f .o
op,0p; P op;0p; |
82
Hocronpry Touru p’ u p” BHOGUpAOTCA HA G HE3ABUCHMO, TO r afp =
(]
= f;; = const. CaenoBaTenabno,
n n
f=lo+ A+ D Fapipi-
i=1 i, j=1
n
Beujy ycaoBMa HOPMUPOBKH TOMHOREM CBOOOZHEBIN 4meH f,Ha Zpi,
. i=1

n

2
a JHHeHHB YIeH Ha ( Zpi) . [Ipusexss momoOuble 9IeHH, MONYIUM

i=1
n

OKOHYATENIbHO TpelyeMoe IpeACTaBIeHHe. [ = 2 fi;PiD;-
Teopema 5 moxasamna. A

Teopema 6. Ecin nBaswiE HempepHBHO Audpdepennupyemas GyHK-
nua f (V) ymnosiaerBopser upu Bcex N >0 u ¢ >1 TosmrgectBy f (¢N)—
— f(N)= (¢c— 1) r (N),rge r (N) — Heroropas mpoOM3BOJbHAA PYHK"
nusa, To f (N) — aubeiinasgs QyHRIHA.
Horasamenvcmeso. luddepenunpysa To:RZeCTBO TBAKAH 110 ¢, TOIYINM

2 2N,

N aN?2 cN

Yerpemuag ¢ k epudune, no HenpephBHocTH npu N == O mmeem §°f/
JON = 0. B citly nenpepHBHOCTH 5TO HMeeT MecTo Takke n nupu N = 0.
CrnemoBatenbro, f — nAuHeHHasg QYHROUA, 9T0 U TpeGOBAJOCH JOKa-
3aTh.

B TompmecTBe (3.6) BeKTOpP YACTOT p U CHMBOJ cpefsl O urpaioT poas
[apaMeTpoB, IOITOMY OHHM W BXOHAT B OKOHYATEJBHBIH Ppe3yabTar

(3.7).
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MATEMATHYECKHME MO/JE/N BUO/IOTHYECKUX
COOBUIECTB 1 3AJAYN YIIPABJEHUA

A. U. BPEJKHEB, J. P. THH3EVPI, P. A, IIOJIYIKTOB,
U. A, IIBRITOB

IIpn BepaboTke pPanmUIOHATBHHX METONOB JKCIIYyaTALlMH BOCHPO-
M3BOJUMEIX NPUPOAHHX PECYPCOB BO3BHHKAIOT JBA THMA 3a7ad yIpaB-
JeHUsi, B KOTOPHX JOJ;KHA YIATHBATHCA cHeNUAPWHKA BHOIOTHIECKOTO
3BEHA, OTBETCTBEHHOTO 34 BOCIIPOM3BOJCTBO TOL0 HJIH HHOI'O pecyp-
ca. 3ajagu mepBOTO PojAa OTHOCATCH K ONMCAHWIO TAaKOH CHTyaiui,
KOT/[a 0COOHM KOHTPOJUPYEMON MONYIANAU caMH 10 cebe He UMEIT X0-
3AICTBeHHOU I[eHHOCTH ¥ B TO ;K€ BpeMs IOAJeps;kaHue pasMepa aToH
MONyJIAMAY HA ONPefeleHHOM YpPOBHE HEOOXOTUMO AJsA HOPMATIBHOTO
OPOTEeKAHUA TeXHOJOIMIeCKNX IPOILeccoB B CHCTeMe MJIU JUIA cOaJaH-
CHpPOBAaHHOTO PasBuTHA OHoumenosa. llpmmepaMm Takoro poma MOryT
CAYKUTH TEXHOMOTAIeCKHe IIPOIecCH OGHOTOrMIeCKOX OYUCTKH 3a-
IPA3HEHHHX OPraHmYeCKIMI BeMecTBAMU CTOYHHX BoX, 60pbOHI ¢ Bpe-
JUTeIAMH CeJIbCKOTO XO03AHCTBa W T. II.

Hpyroit Tum 3amad BOBHMKAeT TOT/A, KOTJA COCTABIAIINE HOMY-
AAMU0 0co0W WM BEIpafaThHBAEMEIe MMHU OPONYKTH 06JafanT Hemo-
CPeACTBeHHOH moTpe0UTeIbCKOM HEHHOCTRIO, a CaMa MONYIANUSI KyJIb-
THBUDPYETCA C IeJbI0 HOJYyIeHHS 3THX mpoayKToB. BocmpomssomcTso
W DKCIIYyaTamus KPYIHOTO DPOTATOTO CKOTA, BHLIOB PHOB WIH OT-
CTpeJ AUYHM AAT HAM TaKOTO POJa HPHMepH, IePeYeHhb KoToprix Oea
TPYAA MOKHO IPOZOJLKHUTE.

Od4eBwHO, MOAXO] K HOCTAHOBKE 33/1a4 YIPABIEHUs B 9THX ABYX
CcIy49asax RoJKeH OHTH CYMEecTBEHHO pas3amduuBIM. Fciam B mepBoM H3
HAX B Ka9eCTBe KPUTEPWsI HOPMATIHHOTO QYHKIMOHUPOBAHNUA CHACTEMEI
BRICTYIIaeT ee YCTOHIHUBOCTE, TO IPH PeIleHWH 3a7a9 BTOPOI'0 THIIA MEL,
KaK IpPaBHJIO, MOMOJHHUTENBHO CTpeMEMCA HOJYYUTH MAKCHMaJbHBIA
OOXON MIM MaKCHEMAJLHHIH BEIX0JX I'0T0BOH mpomgykumm. OrmerwM, Ox-
HAaK0, 9TO OPH ONMCAHUN 00'bEKTA YIPABIEHAA, A B IaCTHOCTH ero Guo-
JIOrMIeCKOT0 3BeHA, B 00OMX CJaydasX KMeeTCs, LOKalyid, Goxsblie
cxoacTBa, deM pasaumaus. M B ToM m B mpyroM caydae Heofxommmo
ONUCATh OCHOBHHEIE TPOPUIECKUE CBA3H, YyIECTh CHeNUPHKY GHOIOTH-
TecKUX B3amMomelcTBuil 0coGell, yIAaCTBYIOMUX B MPOIECCE BOCIPON3-
BozcTBa, U T. 1. [T0aTOMY MOXHO TOBODHUTH O BO3MOMKHOCTH CO3IaHUA
eZMHON TeopHH — MaTeMaTH4eCcKOH TeopHH yOpaBlIeHHA SKCUIyaTH-
PYEMBIMHE H u0JaBJIseMBIME HNOOYIANHAMHU, B PaMKax KOTopoid Ha
Oaze oOmmx Mogesdell MOMIKHE CTAaBHTHCA M PeIIaThCS PAas3IMTIHLIE
saagnl yopaBieHAs. Mccle0BAaHUI0 HEKOTOPHX KOHKDETHHIX 33734
TaKOI0 Poja W mMOCBAMIeHa HacToAmasA pabora. B ee mepBHX paspenax
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COePIKUTCA MATEeMATHIECKHMiA AHAIN3 OBYX BeCHMA [EPCHEKTHBHBIX
TEXHOJOTHISCKAX IIPHEMOB: OMOIOTHIECKOTO Cloc00a OYUCTKHE CTOU-
HHIX BOJ M GHOTOTMYECKOT0 ¢1rocoba GOphOH ¢ BpeauTeIsiMI CeIbCKOTO
xo3giicTea. B OByX mocaexyommx pasferax paboTH JAHBE IOCTAHOB-
Ka U peulenwe psfa 3agad ONTHMAJLHOTO YIPARIEHUS HKCITIyaTHPYe-
MBIMJ O YJIALUAMUA,

1. MATEMATUYECRKUA MOJEJIb ITPOITECCOB
BUOJIOTHYECKON OYHCTKI CTOYHBIX BOJL

IIpomece 0YMCTKE NMPOMHIIIEHHBIX CTOYHBIX BOJ 3aKIIOYAETCS B
MocIefoBaTeIbHOM YAAJEHHN CONepP;KRAMMUXCA B HUX Pa3zHoo0pasmbx
sarpasuenuii. [lpy sToM MeXaHHIECKUMI METOJAMU YIAIANTCA KPYII-
HbI€ B3BENIEHIIbe TACTHUIH, & GMOIOrMIeCKAMA ~— TOHKUE CYCICH3UH,
KOJLUIOMIE] U PACTBOPOHHELIE BemecTBa. [[JIA OYUCTKM CTOYHLIX BOJ B
GOJBIINX KOJIUYECTBAX IIMPOKOEe MNpUMeHEHHe NONYYUIH a3POTeHKH,
B KOTOPHIX M3'bsITHE PACTBOPEHHHIX BEIHECTB OCYMIECTBIMAETCS GHOMIO-
TNY9eCR AaKTHUBHBIM HJOM, COCTOAIINM H3 XJOIIBeBUIHBIX CKONJCHUN
GaxTepuit w npocreimnx. Ha XjompaXx arTHBHOrO WiIa COPGUPYIOTCA
OpraHHYeCKHe BEIEcTBa, KOTOPHe B MAJBHEHIIeM ORUCIAITCA MUK-
pobumm mero3oM. 3 a3poTeHKOB cMeCh CTOYHHIX BOJ ¥ AKTHBHOIO WA
HOCTYIIAeT B OTCTONHUKW, TJe WJI 0CefaeT M BHOBDL MOCTYHAET B a3po-
TEHKH, a OYMMEHHAsa BOJA CIYCKAETCHA B €CTECTBOHHBIE BONOGMEl HMJIHA
cHemuaIbHble IPYA — OTCTONHUKT, B KOTOPHIX IPOUCXONHUT €€ OKOH-
yaTeapHag oumcTra. llpupacrawomas 9YacTs GHoMaccH HJIa IepHOH-
4eCKH YAANAeTCA H3 OYHCTHOTO COOPY:KeHHsS, B Pe3yibTaTe Wero B
a’POTEHKAX YCTAHABAWBAETCHA IMOCTOSIHHAS CPEIHAS MIOTHOCTD AKTUB-
HOTO WIIA.

CremeHb 3arpsA3HEHHOCTH CTOYHEIX BOJ YAllle BCErO OIpPeeliseTcs
0 BeIMYWHe MHTerpaJbHEX IOKa3arejel OMOJOTHICCKOT0 B XHMHYe-
cxoro morpebnennit kucropona (BIIK u XIIK), uucaenso paBHLIX Ro-
JHTECTBY KHCAOPOHa, HEOGXOAHMOMY COOTBETCTBEHHO AMA IHOJHOTO
OHOJIOTAYECKOr0 WJIM XUMHIECKOTO OKMCISHUA OPTAaHUKH, COMep-
mamelics B egunmile o0peMa crodHOM wuakocTu. HepmoerarkoMm aTtux
moKasaTeNel ABIAETCA TO, UTO OHU HE IMO3BOIAIT CYAHTbH O XHMUYe-
CKOM cOcTaBe opranmdeckux 3arpsasHenuit. llosromy mpm mpoertu-
POBAHUH CHCTeM OYHCTHOTO COODYHEeHHS Ha HeDBHH I1aH BHABHIAeT-
CA 3HAHWE THOA TOr0 IPOW3BOICTBA, NS KOTOPOTO LPOEKTHPYETCHA
coopy:erue. OCHOBHBIMM WCXO/HHIMH [aHHBIMO OPH ITOM CIYKAT
BIIK u XIIK crounmx BOJ, THH OPOU3BOACTBA, PAacXoy BOAH B efH-
HHUITy BPEeMeHH M 3HadeHWe BepxHed rpauunsl mo BIIR mam XIIK =»
OUKIMeHHOM KUIKOCTH, ONpeeIsgeMIe CYIeCTBYOMUMIE CAHUTAPHBIMU
HOpMaMu. B 0CTaIbHOM IPOEKTHPOBMINK I0XAaTAETCA HA TPeIIIeCTBYIO-
A ONBIT U CTApPAaeTcA MEHUMH3HPOBATh TAKOH BayKHBIH IOKAa3aTeldb,
Kak o0mas CTOMMOCTh COOPYKeHuA. ITa 001as CTOMMOCTh, BO-IEPBHX,
3aBUCHT OT 00beMa a3POTEHKOB, a BO-BTODHIX, OT BLIGOPA TEXHOJOTH-
YeCKO# CXeMbl, ONpeReddIoMel CTOEMOCTD eIAHHIE 06beMa a’poTeH-
Ka. EcTecTBeHHO, 9T0 KOIHYEeCTBOHHAA MOMEIb IPOIEcca OTHCTKHE MO-
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JKeT OKazaTb CYIECTBEHHYIO IIOMOMb KaK NIPU NPOCKTHPOBAHHMH, TaK
M IpH BbIBOpe Pe:RMMa DKCINIYATAI[Hil OYHCTHOTO COOPY/KeHHA.

Ilpu nocrpoernu Mofenu Iporecca HeoGXOAUMO y4ecTh TaKHe ero
0Cc0o0eHHOCTH, KaK TeTepPOreHHOCTh OpraHumdyeckoro cybcrpara, mpef-
CTaBJAINET0 c060if cMech 6OJLIIOr0 9YHcia PA3NMIHHIX OpraHmde-
CKUX cOeJHHEHHI; MHOTOBHAOBOH COCTAB MHKPOQIODEL B a3pOTeHKe
¥ OTCTOWHUKE; OTHOCHTEIBHO BHICOKYIO IIOTHOCTH AKTHBHOTO HJa.
OTH 0cO0eHHOCTH Jen1a0T HeBO3MOKHBIM HpsMOe IepereceHle HA pac-
cMaTpHBaeMBIiil cydail ujeil m MeTOZOB, Pa3BUTHX HPH MaTeMaTHde-
CKOM MOJeJHPOBAaHNYM ONHOBHOBHX KYJIBTYD, Pa3BHBAIOIMXCA HA MO-
HocybeTparax.

Bricokaa HaganpHasg KOHIIEHTPAIMH OPraHUKH, a Tak:ke 3arpyp-
HeHHHH MaccooOMeH B XJIONKaX aKTHBHOIO MJIa IPHBOJAT K TOMY, 49TO
IIOKOMIIOHEHTHOe U3BATHE cy6HceTpata uAeT 10 JWHEHHOMY B3aKOHY
(KOHIleHTpaLMsA OPraHMKN B MMPOKHX INpejelaX ee U3MEHeHHA He
JAMMHUTHDPYeT CROPOCTh mpouecca Guoorucaenus). Coopmyraupyem oc-
HOBHEIE KadeCTBeHHEBIE NOCTYJIaTH, B PaMKaX KOTOpPHX OypmeT crpo-

HTbBCA MOJIeJb: NMIPOIecC IMMOKOMIOHEHTHOI0 OKHCJAeHNA UIeT 110 JNHeR- ;

HOMY 3aKOHY; MOPSANOK U3BATHA KOMIOHeHT (HUKCHDOBAH, BUIOBOM

COCTaB MI/IKPO(i).TIOpLI aKTHBHOTO MJIa MO}KEeT MEeHATbCA IIpH HU3Me- :

HeHHWI pe;kiMa O4HCTKH. BBemeMm cuenymomue ofosnagenmnsn: X, ; —
HagaJbHafA KOHIEHTPAUNHd MHKPOOPTAHHM3MOB j-TO THIA B YIJIEpOA-
HEIX eguHHNAX; 8); — KOHI[eHTPALHA j-T0 OPTAHWIECKOTO BeIeCcTBa
B YIJIEPOXHHX eJUHUIAX B 3arPA3HEHHOHR Boje; Yy — KodpOUIueHT
YTUIM3anUW; @;; — YAeNAbHAS CKOPOCTH POCTA MHKPOOPTAHH3MOB
j-ro THma Ha i-M cy6erpare. Ilponymepyem opranugeckue KOMIOHEHTH
B HOPAIKe BO3PACTAHHA HX YCTOMYMBOCTH K OMOJIOTHICCKOMY ORHUC-
aean. Torga g, — xoHmenTpamusa Hambodee JTeTKOOKHCIAMOMH
dparuum, a Sy, — HanbGoxee rtpyaHookucasemoii. Marpuny A, xa-
PaKTePU3YIOIYI0 WHTEHCMBHOCTh IIPOLECCOB POCTA MHKPOOPTAHU3-
MOB, BhflepeM B CIeVIOMEM BH/E:

a1 Q1. - . Qyp

a22- . . a2n
A: O O . P a3n . (11)
0 0 ...ty |

Taxoil B MATPHULE A COOTBETCTBYET CJIEAYIOINUM OGHOTOTHICCKUM -

npegctaBaeHuaM: 1) IIA KaKAOr0 OPraHMYECKOTO BemecTBa ecTh THI
MHUKPOOPTaHU3MOB, KOTOPHE CHOOCOOHHEI OKHCIATH 3TO COEJUHEHHE;
2) KJIeTKH, OKHCIAIINNE -6 COeJHHOHNE, CIHOCOOHEI TaK:ke yTIIA3H-
poBaTh u Bce GoJiee JeTrKOOKHCJIAeMbie KOMIOHEHTH, T. €. OKHCJIAIT
COeJMHEHNA ¢ HOMepoM, MeHbmuM deM j. Llexmit pag pasamuHsIX
MUKPOOHOJIOIHIECKNX WCCJAEHOBAHHI MOKA3bBaeT, 4T0 Yy MHKpOO-
HHX KJIETOK CYMECTBYIOT pPeryIATOPHEE MEXaHH3MbI, IO3BOJANIITE
BEM HepeKaovaTh CBOI (epMeHTAaTHBHYI CHCTeMY ¢ IOTpeGJeHAs 0f-
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soro cybcrpara ma mpyroii. Hawk mpasmio, cuawama morpeGisercs
Hanbolee TeTKOOKHCIAAeMOe COCHHEHHE, a 3aTeM — TPYAHOOKHCIAe-
moe. Tak, HanpuMep, B CTOYHBIX BOZAX LEJII03HO-0yMaskHOTO TIPO-
M3BOJICTBA B HEPBYK OuUepeab MEKpOdaopa moTpebiser npocTee ca-
Xapa B HOCJIeSHII — HauGolee TPYZHOOKHCIAEMYH (parmmo —
aurHAH. [loaToMy B Mogeny npumeM cTpoTo GUKCHPOBAHHEIN HODATOK
YTHIH3AIVHE KOMIOOHEHT MCXOJHOTO cyfberpara oT mepBoit ;o mocief-
Hell T0 HOPHAKY Bo3pacrandda uX HoMepoB. ITocKoIBKY 3a BpeMs mpo-
XORJACHIA eJNHHUIE 00beMa JKUAKOCTH Tepe3 adpOTeHK-BHTECHHTENb
npupoctT GHOMACCH AKTHBHOTO WJIA COCTABIMAET JHIIb HECKOJBKO
HPONEHTOB MePBOHAYAIBLHOTO KOJHYECTBA, OyfeM C4uTaTh, 4TO B Te-
9eHHEe 3TOT0 BpPeMeHH

- 1
Sj = — T Zdnxgl, (12)
E -
rre ¥,; — KOHUeHTpaluia omoMaccsl [-ro Buja MHUKPOOpPranm3aMoB B
HadaJ/Je aapoTeHKa. TOI‘}I& IJisT BpeMeH U3BATUA 1-fl, 2-f 1 mocJaeayro-
WHAX KOMIIOHEHT cy60TpaTa nmoJydyaeMm CJaeyloilue BbIPparkeHUsd:

Y-S p y-Soz . Y-Sk q e
Ty= -2 o, e = TN (1)
D 215%0j by 295%0j 2 2ki%o;
j=1 =2 : =k

O6o3raunm wepes [ = Z B;-S;, nHTETpaNbHK NOKa3aTeldb 3a-

rpsasHeHUA (HampuMep, XHH) Torna hOS(b(bnuneHT f; uncrensno pa-
BeH PacXoJy KUCIOPOAa UPH OKUCICHUA OFHOHN YITIePOJHOH e MHHUIIbE
OpPraHUIeCKOTO BemecTBa j-ro tMoa. s cToka ROHerTnoro Hpous-

BOOCTBA MOJKHO 3ammcaTh S,; = gj 0y Tnie [y = ZB] So;8, ij = 1.
j=1 j=1

Byngem paccmarpuBarh cucremy JIMHIb B JHCKDETHBIE MOMEHTEI
BpeMeHH, COOTBETCTBYIOLHe IIOJHOMY H3BATHIO aKTHBHHIM MJIOM COOT-
BETCTBEHHO OfIHOI, IBYX, TpeX OPraHHYECKNX KOMIOHEHT ¥ T. 1. Ye-
pes3 v (t) = 1 (¢)/I, o6o3HaTuM mOKa3aTeNb CTeNEHH OYHCTKH, JOCTHT-
HYTOH K MOMeHTY Bpemenu ¢. Boobuoie-1o ¥y (¢) B mpomecce OYACTKH He-
OpepHBHO M3MeHseTCs1 0T 1 1o 0, a MOMEHTY BpeMeHH ¢, (BpeMeHH H3BA-
THA K HePBHX KOMIOOHEHT) COOTBETCTBYET OIpeJeleHHoe 3HAUYCHHE Vy:

n n
D BeSoy Lo X e
k=g 1 k=j+1
Te = ]+10 = 130 “—‘2 my. (1.4)
=jt1

[laa gocTHsKeHMA M3BATAA y; Tpebyercsa BpeMs mpebLBAHUS eJH-
HAIE 060beMa CTOYHOH KUAKOCTH B a3pPOTEHKe I;:

3
t;= DT, (1.5)

=1
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Ilpeguonoxum, 4T0 B Havale adpoTeHKA BMECTEe CO CTOYHOH JKHJKO-
CThIO TOCTYTIaeT HEKOTOPHIIT PUKCHUPOBAHHEIA TOHOPHEIH HJI ¢ HOCTOAH-
HBIM BHOBHIM cOCTaBOM MuKpodaopsl. Torga

n .
.I‘sz poj'.To, 2 p09: 1.- (1.6)
=1
3Hech p,; — 4acTOTa MHMEPOOPraHM3MOB [-TO THNA, a X, — KOH-
OeHTpanuda 0MOMAacCCH aKTHBHOI'O WJIa. HJIH t]' MeeM cjaefyroniee Bupa-
JKeHue: .

=T, =2t D (1.7

Tenepb M0kHO cHOPMYTHPOBATE HeKOTOPoe obiee yTBEDIKACHHE.
Heiicteuteasno, us Beipaskenus (1.7) cxeayer, uro
tjl‘()

7~ = ¢j = const. (1.8)

Taxum o6pasoM, MHOMECTBY BCEX PemHMOB paboTH OYNCTHOTO CO-
opysreHus (IpH YCIOBHH HOJAYM B A9POTEHK (UKCHPOBAIHOIO JO-
HODHOT'0 WJa), YA0BiIeTBOpAWMEX yeixosuio (1.8), coorBercIByer oaun
H TOT ke 9PPeKT OUMCTKH Y;. ITOT BHIBOJ COIVIACYETCA C IPAKTHKOR
BKCIe PUMEHTAIBHLIX HCCAeJOBAHUE PafoThl OYMCTHEIX COOpPY REHMI.
Henocpegcreenno us surpaskernisa (1.7) BugHO, 970 1pu GUKCHPOBAH-
HOM 3arpssHeHnd [, 1 GUKCHPOBAHHON KOHI[EHTPAI[NH GHMOMACCH ax-
THBHOTO MJIa BpPeMA OYHCTKH CYMIECTBEHHO 3aBHCHT OT BHAOBOTO CO-
cTaBa MEUKPOJIOPEH, T. €. OT BEKTOPA P,.

Ofoznaunm gepes v pacXoj BOJBI Yepe3 a’pOTeHK B eJUHUIY Bpe-
Menn. llockoapky o6BeM aspoTeHKa HEMOCPEACTBEHHO 3aBUCHT OT
Bpesmenn I', He0OXOUMOTO IS OUYUCTKY 3aFAHHOA CTeNeHH

V=2vT, T (1.9)

TO CHI)KEHHE BpeMeHHM 04McTRHM I BIeder 3a co6oit yMeHbIHeHHE 0065-
€Ma OYHCTHOTO COOPYReHHA.

PaccmorpuM masee cmcTeMB OUHCTKM ¢ PEUPKYJIAmuei, T. e. cH-
CTeMHl, B KOTOPHIX AKTHBHBIN MJI 1OCHe IPOXOKACHUA depe3 aspOTeHK
oceJaeT B CIIEMUANbHBIX OTCTOMHMKAX M OOATH BO3BPANAeTCa Ha BXOH
aspoTeHKa. B 3TOM ciydae B paBHOBECHOM pesREMe PaboTHl BRIHYKICH-
HEIM 00pa3soM yCTaHABIWBAETCH HEKOTODbIi BMJOBOH COCTAaB MUKPO-
¢dxopor akrueroro Maa. llpum navenenun pesruya paboThl COOPYIKEHIA
BHAOBOH COCTAB, KAk MPaBUJIO, HBMEHAETCA. B paBHOBeCHM Id Kajk-
JOTO THIIa MUKPOOPTAaHU3MOB JOJKHO BHIIONHATHLCA YCIOBHE:

Az; = Az;, (1.10)
rie Axr; — opupocT GHOMACCH j-Io BUJia 32 BpeMs OJHOKPATHOTO HpO=-
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XO/KACHAA eIMHHMLOBl 00beMa JKHIKOCTH UYepe3 aspoTeHK, a Ax;—
KO.TI4ecTBO OHOMACCH j-ro BUAa, YAalseMoe 34 5TO BPeMs M3 OYHCT-
uoro coopyskeuus. Ilockonpky mpu ypmanenuu npupacTawmei dacTm
OuoMaces HJIa BHIBI MUKPOOPTAHNI3MOB He pasnlqa}oT T. €. UMeeT
MecTO paBHOMEpPIHIH oT6op, TO

i D Axy. , (1.11)

CaenoBaTesIbHO JA KOMIIOHEHT aBHOBECHOTO BeKTOpa 4YacToT
’
JOJHO BBIIOJINATLCA YCIOBHE

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

OmpeneanM OpHpOCTH OTHEABHHEX BHAOB MHKDOOPTRHA3MOB 1A
coOpy:xeHud ¢ dPPeKTOM OIHCTKHA Y;:

Al’l — allTlp]_Io
Ary = (4351 -+ 020T2) P2 %o
‘ (1.13)
A.Tj = (alel —|— a.ijz + e —l—- aj]-Tj)p]-;ro
A-Tn - (alnTl + aznT‘z + v + a]'nTj)pn"IO'
Cysympys Bee Axy, ans Ar = 9 Ax; nOTyIHM
i=1
Ax = y-Ty-m;(1 — o), (1.14)

J
re m; = ’;—i, a o 03HAYAeT AOTK BHXOAHOTO MOTOKA FKHIKOCTH,
i=1 i
BO3BpAmaeMoOii n3 OTCTOHHMKA B asporeHK. Mcemoassdya (1.12) =m
(1.13), nonyanm cacremy ajire6pandecKuX ypaBHeHHI JAA OTHICKAHAS
BEKTODOB PABHOBECHEIX 1ACTOT P:
4

, ~ ]
1111[,[)1 = y'/ﬂj%—(1 — d)‘pl
(a1 Ty - agoTy) po =y~ m] T(1 — a)- Py

Lo
(s 4 ayTs + oo+ ayT) py=y-m; 0(1—0‘)P

) P

(amTl -+ a2'11T2 + ...+ a'jnTj) Prn=1Y" ';2]'

4 Daxaz M 1485 97



[Mockoasry 7'y, Ty, . .. I'; 3BaBHCAT OT KOMOOHEHT BeKTopa P, o (1.15)
opegcTaBider co00ll cCUCTeMY 7 HeJIUHEeUHBX YyPaBHEHHHU OTHOCUTENb-

HO n HeusBecTHHX F,, P,, ..., P,. Ha sieMeHTH MaTpums A MOK-

HO HAaJO0KATh CJAGAYIOIINe YCIOBHA: :
a;; > a5, HOpH MOOHX i, /, (1.16)
@;; >> @iyqp,; OpH JMIOOBIX I, ]. (1.17)

VYeaosue (1.16) oTpaskaer ot dhakt, 4To HA 11060M QHKCHPOBAHHOM
cyGerpaTe B MHKPOODPTaHM3MOB C Y3KOH cHemuannusanueil pasMHO-
maerca 6omee 3PeKTUBHO, 9eM BHJ C MHPOKOH cuenuanusanueir. He-
pasenctso (1.17) yxaselBaer, UT0 KOHKPETHEIH BMJ MHKDPOOPTaHU3MOB
ObiCTpee PasMHOKaeTCA Ha JIETKOOKHCHAsAeMBIX OPTaHMYeCKHX Belme-
CTBax, 46M HA TPYAHOOKHCIAEMBIX. JTH COO0pPaKeHNA BIOJHE OIPAaB-
NaHLl B MMEIOT ompeeleHHHH Omoidormuecknil cMeca. Temeps JeTko
AOKAa3aTh, 9TO B TAKOIl CHCTEMe B PAaBHOBECHII He MOTYT OJHOBDPEMEHHO
CYmecTBOBaTH ABa BHIA C HoMepaMmm, OOJLIIHMH WJIH DPaBHHIMH J.
CrmegoBatensHo, B paBHOBeCcUH P = P, =... =P, =0.
Teneps cucrema ypaBuennit (1.15) mmeer Bua:

J .
b DN ai;i-Tl-:y-nAlj-:{—‘Z—(l—oc)P,‘., k=T,1 (1.18)
i=1

Ecam mpegnmoaosxurh, uto Bce P,==0 npu 1 <k<j, 7O
OOJIYIHM CHCTeMY JHHEHHEIX ypaBHEHWH OTHOCHTEJIBHO BpeMeH LO-
ClIe[0BATEIBHOTO M3BATHSA KOMIOHEHT cyGcTpara

* ~ Jo
A -T:y-ij(l—ot). (1.19)
daecs A* — TpaHcnmoHmpoBaHHAag MaTpuia, a I' — BeKTop, i-s1 KOM-
MOHEeHTAa KOTOPOTO 03HAYaeT BpeMs U3bATHA - Qparmum cyberpara.

Onpepenue us avoit cucremut Iy, . . ., I';, DOIYIHM BTOPYIO CHCTEMY
IuHe{HHX ypaBHeHHH JJa oHmpefelieHHst PAaBHOBECHOTO BekTopa P
A-P = B, (1.20)
3mecs B — BeKTOp ¢ KOMOOHeHTaMu Bj:
[0 II‘LK ' S

He BmaBasce B m0gpoOHOCTH peINGHHA M MCCIAeOBAHHS THX JIH-
HeHHHIX CHCTeM, OCTAHOBHMCA Gosee moApo0HO Ha TeX HPAKTHIECKHX
BOIPOCAX, KOTOPBIE MOYKHO HCCIe0BATH, HCIOAb3Y A NPEIBAYINUE pac-
cy)KOeHusA. B mepByI0 odepenhb MOCTPOEHHYIO MOJGNDL MOKHO TpPHUMe-
HUTH [UId HOJYYeHHs KadeCTBEIIHHIX BHIBOJOB IO CPABHEHHIO Kak
Pa3JHYHBIX TeXHOJIOTHUECKUX CXEM OTHCTHHX COOPYIKOHHHA, TaK M pas-
JUYHHX DPE)KUMOB MX dRcuayaranud. OQamM M3 BO3MOJRHBLIX Hallpas-
JeHNHA [anbHeluIero PasBHTUA MOJLEJH CJHYKUT Y4eT 3aBHCHMOCTH
3J1eMEHTOB MaTpPULb A OT KOHIEHTPAaOHH PacTBOPEHHOTO KHCJIOPOAA.
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Jra 3aBHCHMOCTD MOJKET HOCHTH JOCTATOUHO CJOKHBIN XapaKTep, Tak
KaK y MHOTEX GaKTepHAJBHBIX KJETOK, KaK IPaBUIO, CYLIECTBYeT Me-
XaHA3M NEPeKJYeHUS C adpoOHOTO THOA KU3HeNeATe]HLHOCTH Ha
agaspobHH m ob6partHo. Il03TOMY HOCTOAHCTBO 3IeMEHTOB MaTPHIH
B X0/i¢ OTHUCTKHM MOKeT OBITH BBIOIHEHO JIHIIE NP JOCTATOUHO XOPO-
medl 00eCHETEHHOCTH CHCTEME! PACTBOPEHHEBIM KUCIODPOAOM.

Usnomxennass MOmedb nponecca OUOMOTMIECKONW OYHCTKE Kade-
CTBEHHO XOPOUIO COIJIACYETCH ¢ H3BECTHBHIMY J[AHHHIMHU IOBEICHUA Ha-
Tpy:KeHHHX asporeHKoB. Tak, Hampumep, MHOTIHe HCCJEJOBATENH
OTMedYaTH, YTO OCHOBHBIE XaPaKTePUCTHUKU IIPOIEcca OIUCTKH 3aBUCAT
ot orHomeHus [,/x,, a He or I, u ry B oTgeabHocTH. MoskHO Haue-
ATHCA, YTO HOCTPOEHHAA MOMEJD OKAYKETCHA MOJE3HBIM HHCTPYMEGHTOM
B PYRaX WH;KEHEPOB, 3AHMMAWIINXCH NPOEKTHPOBAHHMEM H SKCIUIY-
atanueil OYHCTHBIX COOpY:KEHHH,

2. 3OOEKTUBHOCTh METOJA CTEPNIAM3AIIUY B BOPHLBE
€ BPEJUTEJISAMHU CEJBCKOTO XO03AHCTBA

Cpenz 6H0T0THYECKHX COCOGOB GOPBOH ¢ BpeauTe N AMA CeJIbCKOre
X03AMCTBA MeTOJ TMOJ0BOH CTePHINBAUUE HACEKOMHX ABIACTCA ONHAM
u3 Hambonee npdertupHEX. Brickaszamnas A. C. CepeGposcrum [1]
Ujed dTOT0 MeTOA 3aKJI0YAeTCA B TOM, 9TO B IPUPOJHYIO NONYIAMRIO
no6aBIAITCA cTePHABbHBIE 0CO6H. JTO HMPUBOAUT K CHIUMKEHIIO POk~
JAeMOCTH M, KaK CJeJCTBHEe, K YMEHBIIEHHIO pasMepa MONYJIAIHH.
MaremaTnueckoMy ONMCAHUIO HPOIIECCa PA3BUTHA TIONYJILSNUNE B CBA3H
¢ OpuUMeHeHUeM MeTOqa CTePHIAN3ANUN HOCBAMEHE CPAaBHATEIBHO He-
MHEOTOYHcaennse pabors [2—5). Humme gaoTesa mocranoBka u pemenne
3agaq 00 OMeHKe HOPM BHIOYCKA B MOOYJAINI MOJHOCTHIO CTEPUIb-
HBIX CaMIOB,

OnnmeM guHaMUKy YMCAEHHOCTH JABYIOJOH HOOYJAANEH Hace-
KOMHBIX yDABHEHHSIMHA:

dG

46— F (G, M, 8)—~C

. (2.1)
L F(G, M, 8—1M

roe G (t) u M (f) — 9UCIIeHHOCTH HOPMAJBHBIX 0co0eil }KEHCKOro m
MY;KCKOTO HO0Ja B MOMeHT Bpemenu ¢; F (G, M, §) — ¢dyHEIuA pomx-
maemoctd; S — YpPOBEHD UHCIEHHOCTH CTePHIBHBIX ocobei, KoTOpHId
B fajpHelfimem §ymeM CUHTATH HOCTOSIHHBEIM; Y — Koa(pduiueHT ecre-
CTBOHHO CMEPTHOCTH. 3/lech HPUHATO, 9T0 PYHKIMA poxgaeMmoctd F
7 Ko3(pPHUIueHT CMEePTHOCTH Y OAWHAKOBH AdsA 060uX IOJNOB W He 3a-
BHCAT SABHO OT BDEMEHH.

Herpyguo supgets, aro ma (2.1) caegyer, uro G (t) — M () =
= A, tne A, = G (0) — M (0) — pasHOCTH HaJaAbHHX YHC-
JeHHOCTed caMIOB W caMOK B nomyaanmu. [loaToMy ecam gomycTaTs,
4r0 B Hauaabuuii Moment Bpemenu G (0) = M (0), To Torma G (1) =
= M (t) B m1060ii MOMEHT BpeMeHH ¥ BMecTo cucTeMn (2.1) MOHO HC-
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0b30BATH OJHO YPABHCHHUE AJS CYMMapHOH YMCIEHHOCTH HOPMAalb-
HBIX caMIOB H caMoKk N = G -+ M:
dN .
DyHEIMI0 0c00eil 0XHOrO HoAa F NI HONYAANNR, B KOTOPJIT CaMITH
DOJATAMHE, a CAMKH — MOHOTAMHE, Kak H B pabore [5], mpeacraBum |
B BHJE:

M 1 N2 .

rae o — Ko3ddunuent obmeit pommaeMocti, [} — KodQPHIUEHT Ko~
KYpeHTOCIIOCOOHOCTH CTePHIBHBIX CAaMI[OB (10 CPABHEHHIO ¢ HOPMAb-
HEIMH), T. €. MBI HPEANOJOKAIM, ITO DPOKIAEMOCTh IPONOPIHOHAIL-
Ha 9iCcIy HOPMAJbHBIX CAMOK H OTHOCHTEJIBLHOH H0J€ HOPMaabHBIX
caMIoB cpeau Bcex cammoB momyasmuu. Hogcerasaaa (2.3) B ypas-
menme (2.2) u obosuaums V = 2 B .5, moayunm:

dN _ (a—7)N — vV ;
= ey (2.%)

Jdr1o ypaBHewue uMeeT HHTErpa

PYTT - T

a

ByNett = [(a — ()N — qV]=+, (2.5)
rae B, — upoms3BoibHas NOCTOSHHAS, OIpeaeiseMas H3 HAYajlb' LIX
yeaosmit, [l1a maganbuoro Momenrta Bpemenn (== 0 umeem: ?
; ,
BolV(): [(d-'_T) NO—‘A"VJ =Y, (2.6)

3mecs N, — HatalbHag 00mas YACIGHHOCTh HODPMAIBHHX ocobei

B TOOYJISIHN,
Ilycrs B KoHeUHHIA MOMEHT BpeMeHH [ = [ 9MCIEHHOCTH HOPMAJIh-

HHX ocoleii qomsuna OHTh yMenbnieHa B k pas (Np = N,y/k). U3 ypas-
HeHud (2.5) A1a MoMeHTa BpeMeHu [ mmeeM:

BoNp e [(o— ) Nf— V] . (2.7)
Torpa, mogeaus coornomenue (2.7) na (2.6), moaydgmm: )

(2 ~1) Np—1V ~(N‘>

@—NNo—1V  \ &

A=Y

2.8)

OTKYJa mocie HeCJOKHHX npeo0pa3oBanmil HalgeM:

. V=N . 2.9)

N =)

u ' L. - i —
k
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J17151 HOPMEI BEHIIYCKA CTEPUIBHBIX caMIoB p = S/N ¢ vieToM 0603-
Hauenusa V =2 B § oKoHYATENBHO MOJYUHM:

1

1 — —

o= 2= LE— (2.10)

23 )
" 1 ("YT )
(5

Takum ofpasomM, 3a[aBasACh apaMeTpaMu o, ¥ H P, XapakrTepH3y-
OUMA DONYJAAINI0, U BpeMeHeM 7', 3a KOTOpOe HAZO YMEHBIINUTH THC-
- JIGHHOCTb TMPUPOAHOH momynsmuu B k pas, no coorHoumenumo (2.10)
MORHO OIPEJICNUTH HCKOMYI0 HOPMY M flajlee YUCJIEHHOCTDL ITOJTHOCTHIO
CTEPMIBbHBIX caMIOB § = p-/V 3, KOTOPYI0 HeoOX0NMO I 3TOT0 HOJ-

TepPRUBATD.
Ecnu y9ecTh CMEPTHOCTD CTEPHIBHHIX CAMI(OB M PaccMOTpeTh Jo-
HoJHHTeNBpHOE ypasHende dS/dt = — 7 S -+ u (£) (Y — RoappunmenT

CMEPTHOCTH), TO NJIA TNOMAEKAHEA HMX [OCTOSHHON HGHCJIEHHOCTH
S (f) = const He06X0aMMO BEHIIYCKATH B €AWHUIY BPeMeHU

~ —7 > k
u:xsz%#mo fme — % (2.11)

L a-Y
- 1 <€Y7 a
“\ k

OOJHOCTHI0 CTEPUJIBHBIX CaMIOB 1,

IlpegmecTBOBaRIIee pacCMOTPEHHe OTHOCHJIOCH K TOMY cClIydal,
KOTJa mapaMeTpsl POKIaeMOCTH O M CMEPTHOCTH Y 0CO00eid MOKHO
CYATATH HMOCTOAHHHEIMM W 3apaHee H3BeCTHHIMH. IIpH 3ToM mo Ji00BIM
IOBYM U3 TpeX WHTepPeCYININX HAac BeJWYHH (HOpMa BHIVCKA 0, KO-
a¢PAIUeHT NOHMKeHHA UIUCIEHHOCTH & M HpOMEKYTOK BpeMmeHm T')
TpeThd HaxoguTcA opgHosHauHo. Ha camom ke pmese mapamerpsi, xa-
paKTepusyiomne pasBUTHEe NPUPOAHON TONYIANUH, B 3HAYHTEILHOH
cremeHn Hecrabmiapuel. MXx mpaktudeckoe ompejeleHle SBIACTCA
OTeNBHOR JOCTATOYHO CIOKHOMH 3aiadedl. B ayumeM ciydae Ha mpak-
THKe MEl MOKeM TOJYIUTD JHIb HEKOTOPbIe OIIEHKYU 9THX IaPaMEeTpOB,
OpuYeM OHAna3oH HX M3MeHeHHs 0OyCJIOBJIeH KaK HeCTaOMIBHOCTHIG
[0 BHEHIHHM YCJOBHSAM, TAK M OOTPEITHOCTHIO HCIIOIH3YEMOTO METOJa
A3MepeHu .

Bumecre ¢ tem B 60IBIMMAHCTBE clydaeB H3 OHOTOTMIECKUX coobpa-
JREHHH A KayKJOH KOHKPEeTHOH HOmyJIaANuM MORHO yRazath (¢ jo-
CTaTOYHO BLICOKOH MOCTOBEPHOCTHIO) BEPXHIOIW M HUKHIOKW TPAaHHIH

|’ ‘

T OrmeriM, uto Beamunusl V, p it v B dopmyaax (2.9) -— (2.11) mo camoit nocra-
HOBKE 3anaun (cTepuiabHBIe 0coBmr TOALKO HOGABAAIOTCA B TOIYJIANHIO, a HE
OTIaBINBAIOTCS) AOIKHE ORITL HOJOKNTeNbHBIMEH. HeTpyAHO BIETh, 9TO ITO
YCAOBIe BWIOIHseTCs TPl k <7 7. CMBICI 9T0T0 OTPAHIYEHNA 3aKIIOYACTCA
B TOM, 4TO [a;Ke NP HEOTPAHIYEHHOM BLIIYCKe CTepUAIBHBIX 0COGeil MB He B
COCTOSIHHII TIPEeBHCHTL CKOPOCTh €CTECTBEHHOII CMEPTHOCTH (CTEpHAJIbHLE 0CO-
611 BJAISAIOT TOIBKO Ha POIKIACMOCTE).
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A3Menenng mapaMerpos momyndnuu. [Ipeanonos;xuM, 9TO 3TH TPaHA-
(bl M3BECTHH:

Olyvun < & < Araxcy
Braurr << B < Baare s
Yo Y S Tmaxe

Torgma, npoBe/st Bce pacueTH IBAKABI: AT CAMOTO GIarONpUATHODO CO-
geTAHUS HAPAMETPOB — Oyum, Pannes Vwaxe (3QHIDKEHHEHE OmoTHde-
CKON TOTeHHuAaJI) M JIA €aMOTro HebHIaTOUPHATHOTO — OQyaxes Pumm,
Yvun (3aBHIMICHHHN OHOTHISCKHH MOTEHIUAN), HOIYINM WHTEPBAT,
HAOPHMEp, AT HOPMBL BEIIYCKA: O,yun <o 0 << Opanc, KOTOPHIT 11 Oy et
ABIATHCA Tpebyemoi orenxoit. I[lupuHa mOIyIeHHOr0 HWHTEpPBaIa
ompeeasieTcsA, KOHeYHO, TeM, HACKOJbKO BEJUKH TPOMEIKYTKH H3Me-
HeHHA MCXOMHBIX gaHubiX. O7HaKo He B MeHbIIel creneHn oHa Oyaer
3aBUCETHh U OT 3ajJaBaeMBIX 3HAYeHHH Beguund k u I, 9TO MO3BOIAET
HcecaeqoBath 3QOeKTHBHOCTh o OIEHHTh HaAEe;KHOCTh NpHMeHEHUS
METO[A TOJOBOM CTePUIN3AIMH HACEKOMBIX,

3. OHTHMAJIBHOE YIIPABJIEHHE YHCJIEHHOCTBIO
I MPOIYKTUBHOCTHIO HONYJJIAIUIT ’

Kaxr yxassBasioch BO BBeJeHHN, B IPUMEHEHHHM K GHOJIOTHICCKIM
CHUCTEMAM, KAaKHMH ABIAITCA MONYJIANUA (COBORYIIHOCTH ocobeit
OAHHOTO BHJa) W OHOIMEHO3H (COBOKYIHOCTH IONYJIAINHIA), 3ajadn
ONTAMANBHOTO YHPAaBIeHUS POPMYITHPYIOTCS B OCHOBHOM KaK 33734l
0 MAKCIMATHHON HPOJYKTHBHOCTH MOy IH60 OHOIEH03a HIH
o cbope MakcHMaIpHOro yposkaa [7—9]. B panHoMm pasgere mpeiia-
FalOTCA MOCTAHOBKA M peNIeHHe Ha OCHOBe NPHWHI[AIIA MARCHUMYyMa
Honurpsaruua [10, 11] samaum cuHTesa ONTUMANBHOTO YIPABICHUAA
YHCHAEHHOCTHIO Moy adanuii [8].

M3Menenne 4HCIEHHOCTH MOMYISANHE, OTPasKalODiee eCTeCTBEHHO-
6roI0TIIHeCKIIe TWPOIECCHl PasMHOKeHHd un ruberu ocobelt, oOHYHO
ONmUCHIBAIOTCA ypaBHenneM Buga: dN /dt = g (N, t)-N = f (N, t), rne
N (t) > 0 — guciaennocrs unomyismuu B MoyMeHT spemenn [. Cxo-
pocTh CBOJ0THOTO pasBuTHA mwonyaanum f (/V, t) npuHIMaeTcs mpo-
AOPIUOHATBHOW wuciaeHHocTH [V (¢), a yHAelIbHas CKOPOCTB pOCTa
g (V, t) yIursBaeT 3aBHCUMOCTD DOKIAEMOCTH K CMEPTHOCTH 0co0eil
OT pa3JuIHEIX (ARTOpPOB (BJIMAHHE cpejbl, BIHAHHWe (PAKTOPOB, 3a-
BHCAMAX OT YMCACHHOCTH: KOHKYDPEHIINK ocobed 3a HUMIly, OrpaHM-
YeHHOCTH TeppPUTOPUU U T. A.). B Komrperhwx, Hambosee YacTo WC-
moab3yomuxcesa momenax ¢yurmus g (N, {) mmeer Bum: g (N, f) =
a — f = & — sKCHOHEHUUANbHOE DPA3BUTHE, g (N, t) =0« —y-N —
paaBI/Ime ¢ HachlmeHueM (10 «IOTHCTHIECKOU» Kpusoil), g (N, t) =
o — %/ (8§ — N) — passutue ¢ HacwimenueM, g (N, ?) =a —y-In N
H Jap. 31ech @, f, & — KO3QPUINEHTH PO/KIAEMOCTH, €CTeCTBEHHOM
CMEPTHOCTH W BBLKHBAEMOCTH COOTBETCTBEHHO, Y, % — Koapdnmu-
€HTHl KOHKYPeHTOCIOCOOHOCTH.
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Beoms ympasaenme! u (f) — CHOPOCTH MCKYCCTBEHHOTO M3bATHA
ocobell U3 MONYJNANNU, MOJYIUM:

aN
el g(N,t)-N —u (). (3.1)
Orpanu9eHHOCTh MMEIIIUXCA PECypPCOB, NCIOAB3YEMbIX HIpH cbope
Vposkasi, ompegenseT o6mactb U MONYCTHMEX yupaBleHHII:

0<{u<Cut, (3.2)

Toe ut — MaKCHMAaJbHAsd BO3MO:KHA#d CROpocTh cBopa yposmas.

[Tog TPOAYKTHBHOCTHIO HMOMYJAANME OyAeM IOHEMATb OGIUA 10-
xo7 (B HEHEKHOM WJIH HATYDPAJIbHOM BHIPA;KGHHWH), IOJYYaeMbil OT
¢6opa yposkas 3a BpeMs f, KOTOPHIT MOKHO TIpeJIcTABUTH B BUAE PyHK-
nuonaal

t

. Pt)= Sc(t)u(t) dt, (3~3)

0

TIe Beauuuna ¢ (f) mMeeT CMBICT IEHH eIHHHULGH cOOMPAeMoil NpOJIyK-
nuu uiu GHoMacchl, cojiepskamjeiici B eAMHMIE NPOAYRIUU. 3ajgada
ontumusanun cbopa ypoykaa (B TOM 4HCJIe H 3a7ada MaKCHUMU3AIUH
NPOAYKTHBHOCTH UONYJIAIMHE) CBOAMTCH K OTHICKAHWIO YIPaBIEHUA
u (¢) m3 obnacTH JONYCTHEMBIX 3HaZeHm (3.2), mepeBOJAMETO B CILTY
(3.1) momyasammo M3 3amaHHOTO HadaxeHOro cocrosiEma IV (0) = N,
B 3agamHoe KoHewHoe cocrogaue N (7) = Ny u obecneduBarpmero
DKCTpeMyM (YIKIMOHATA B 3afaAHHBI KOHEYHHH MoMeHT Bpemenu 7.
B caygae korga kpurepuem aBiaserca max P (7), BBemeHHeM HOBOH
nepemennoit I (¢) = — P (¢) monygmm tpedosanue I (I) = min.

Huodepenmupyst (3.3) mo BpemeHH, IOJYyYHM DHKBHBAJIEHTHYIO
CHCTEMY:

I=—c()u,
. (3.4)
N=g(N,ON —u
¢ TPAHUYHBIMH YCJIAOBHUAMU HA IEePEMEHHbIE:
1(0)=0, 1(T) = min,
(0) () 1 55
N(@O)=Noy NT)=Ng | :

I orpaHmieHmeM Ha yupapiaenue (3.2).

B caydsae xorga yupaBaenue w (f) He sBasieTcs Ge3bIHEPIIHOHHEBIM,
3TOT (aKT MO/KHO Yd4ecTh IIyTeM BBeJEHUs AONOIHUTEIBHOTO ypaBHe-
Hug du/dt = v ¢ orpaHmieHHeM HA HOBOe ympasienue v (f):

v v (f) < vt (3.6)
Thae v* U ¥ — MAaKCHMAJIBHOE ¥ MUHEMAIBHOE ONYCTEMHE YCKOPEHUA
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npu cbope ypo:kaa. Torpa prBUBaJdeHTHas CHCTeMa TDHMET B

' [ = —c(f)u,
N=gN,O)-N—u (3:7)
LU= v.

I'panmasbie yeaosua GymyT CIeayoIaMu:
I0M)=0, I = min,
NO)y=Ngy NT)=Np, ¢. (3.8)
u(0)=0.

Ecnu ;re ycaosusa (3.2) u (3.6) pmeiictByror ogHOBpeMeHHO, TO (3.2)
coBMecTHO ¢ HepaseHcTBoM N (¢) > 0 orpaHMumBamT 3madenus ¢a-
30BBHIX KOOPAMHAT II0JOCOH B IIOJOKUTEIBHOM KBajgpamTe.

Chopmyrupopannble 3agadyl ONTHUMAIBHOI0 YOPAaBIeNHUA LPORAYEK-
THBHOCTBIO IIOLVIAIANA B TAKOH MOCTAHOBKE MOTYT GEHITH pelleHsl ¢ Mo-
Mompbl Tpuumuna makcmmyma Ilomrpsarumma [10, 11]. OcoGennoctu,
BO3HHKAIONME W3 PAaCCMOTPEHMS PA3iIMIHBIX KOHKDETHBIX 3agad (3a-
JaHWe TPaHMYHBLIX YCJIOBHI M orpaunvenuil Ha $asoBile KOOPIMHATH
M yOpaBJIeHUSA, aBTOHOMHOCTh WM HEaBTOHOMHOCTH DKBHBATEHTIION
CHCTeMBl, 3ajlaHune BpeMeHU cOopa yposkas U T. A.), 00yCIOBIMBAIOT
HCIOJB30BAHAE NPHHIUNA MaKCHMyMa B COOTBETCTBYIomiel ¢opmy-
JUPOBKE.

Ocranosumesa Gosaee moupobrno Ha cayuasx, Korya c (f) = const
ng(N,t) = g(N), r. e. cucrenmst (3.4) u (3.7) ABIAITCA ABTOHOMHBI-
MU,

Orpannyennc ua cropocts. PaccMoTpHy BHayajde CHCTEMY

[ =—cul
N=gWN)N—u

¢ yeaopuaME (3.5) u (3.2). VMenoapsys NPUHIUD MaKCHMyMa IJis aB-
TOHOMHBEIX CHUCTeM € 3aJaHHBIM BPEMEHEM U 3aKPeNJIeHHBIMH KOHIAMU,
cocTaBEM QyHENRUI0 [aMuabpToHA:

H = —ypeu + 9, [g (V)N — u] =918 (N)N — u ($oer + ).

(3.9
Qyaxgun () o §,(f) YIOBIeTBOPAIT CONPSKEHHOHR CHCTeMe:
. ol ) . . {
o= — =0y —comst <0, ¢,
““(\,T'“ b (3-10)
- ol o ai °
wlz_W:—,qle Uy (8) = Ay? !

Ws (3.9) Bugmo, uro H — iuneilHana gyHKUMA 1, TOITOMY OOTHMAIb-
max
HBEIM yIpaBieHueM u (), onpejelseMbiM W3 YCJOBMA oA H, aB-
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IAeTcH YyOpaB/JIeHUE PeJedHOro TUIA ¢ YHCJI0M IepeRTIOIeHUHA PaBHbIM
YUCAY HepeMeH 3Haka (QYHKIMH IepeKIIodeHns:

P () =oe + P1(2). (3.11)
NIOMG‘HTH HepeKJIIO‘IeHIH{ HAXOgATCA M3 yCJIOBI/IH
o (t) =0, (3.12)

3Har (yHRUAHE TepPeKJIIUeHHs ONIpejelseT yOpaBleHHe:

[u* npu ¢ (¢)< 0
“O=10 mpn g0, (1)

Yenorue u (t) =0 cooTBeTcTBYeT CBOOOAHOMY POCTY HOMYJIALUU; HPH

u () = u® ocymecTBageTca ¢6op YypO:Kas ¢ MaKCHMAIbHOH BO3MOM-

HON CROPOCTHIO.
IlpoBepuM HajiuuHMe B cucteMe OcOOBIX ynpaBJeHHid, T. e. ympag-

JeHnid, IPH KOTOPHIX cooTHomenue (3.12) BHIIONUIETCSA HA HEKOTOPOM,

OTITUYHOM TO JUTUTEIBHOCTH OT HYJAd HEUPepHhlBHOM HHTePBajle Bpe-
Mern (¢, t,). duddepennupya (3.11) ¢ yaerom (3.10) u (3.12), moay-
YHUM JIA BTOTO HHTEPBAJA BpPEeMeHU
) . 0 y
¢=i=—tro = o o =0. (3.14)

ockogbKy mo OCHOBHOM TeopeMe IPHHUUNA MAKCEMyMa (YHKIUN
P, X P; He MOTYT OJHOBPEMEHHO O6pAINATHCH B HYJD IIPU ONTHMANb-

HOM yupaBiaeHmHu, To P, 7= 0. IeficTBUTenbHO, B IPOTUBHOM cjIydae

w3 (3.12) exegyer, aro u ; = 0, 4T0 OPOTHUBOPETUT YKaA3aHHOH TeO-
peme. CxegoBarenpHo, aubo 9f/dN =0, nubo ocoboe ynpaBieHHe
OTCYTCTBYeT. B mepBoM ciiyuae Mbl HONYYUIK YCAOBHE HEHDPEPEIBHOTO
cbopa ypokas B Touke N* — const, cooTBercTBYyIOmEeil aKCTpEMalb-
HOWt ckopocTu cBoGogHoro pocra pouyasananm u* = f (N¥), roe N*

0
OIpefesAeTCsi U3 YCIOBUS afV ~=v+ = 0. Bo Bropom caydae, Korga
df/ON == 0 um npn Kakux N, onTUMAJAbHBEIM OyeT peleiHOe yIupas-

geHne (3.13) He 6oJee deM ¢ OAHUM NEPEKIIYSHHEM, MOMEHT KOTODPOTO:

onpefeasercs us (3.12).

Ecnm B KagecTBe JOMONHUTENLHHIX OIpaHMYEHUN B 3aJa9e OUTH-
MHU3AMWY HPOAYKTHBHOCTH NONYJIALWUM BHCTYIAKT 3aJaHHOE YHCIO
Y9acTKOB HeNnpepHBHOTO c6opa ypoyRaA n WIN CyMMapHas MIHTENh-
HOCTh 9THX VIACTKOR, TO, pa3bUBas PacCcMaTpPUBASMbIH IPOMEKYTOR
Bpemenr (0, 7) Ha HMHTEDPBAIH INUTEABHOCTBIO T; = f; — t;_;, U3
(3.12) m (3.10), omyckas BHIKJIAJKW, DOJMYYHUM 1A MOMEHTOB Iiepe-
KIIYeHns [; YpaBHCHUA:

\' I @ = 1n ]“’;O . (=T, n). (3.15)
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Briunrag us Ragoro mocaeAymmero ypaBHeHUA IIpeasayniee, Imo-
JAy9YuM s HOCJeT0BaTEJIbHBIX MOMEHTOB HGpGI(JIO‘IGHHfIZ
ly

Saf dt = In 'W

oN Lo
N : (3.16)

T .
'\ _(;Tdt:() (L:?_,’S,...,n)

i-1

Tar war ma morepsaiax pasduenua w — const ¥ YUCIAEHHOCTH AB-
TseTCA MOHOTOHHOR (yHKIHeid, npomarerpupyem (3.16). Coormoure-
HUSA MEKAY 3HaUeHHeM CKopocTH cBoOomHOoTo pocrta f(N) B Kowmie

1t B Hadaje Kajykgoro yuacTka (c0opa yposKas HId CBOGOJHOTO pOCTa)
HMET BHA:

FOV () = [ 5|7 (vo)
N =7(N(tiy) (E=2,3,...7n)

Tarum obpasom, Toukm mnepecedenus npsavoir f(N) = const =
= |[Poc/dy |- f(N,) ¢ 3agannoll pyHKITEID {‘(N) OUpened 0T INCIEHHOCTD
NONMyJIANUH B MOMEHTH meperidiodenuii N (¢;). Momuo moxasars,
gro yciaosHe (3.17) mpu n — oo SKBHBAJIEHTHO HAJMHYHUIO B CHCTeMe

8( ‘\v -V: —= = (.

Haa cnydas worga f(N) = a N — pN* (pocT 4HCHEHHOCTH II0
«ITOTHCTHYECKOH» KPHMBON), ycaosms meperdwdenui (3.17) mpuBogsT
K CHMMETpHM KpaluuX sHadeHmi wuctennoct N (f) (0THOCHTEIBIIO
ypoBHA N* = a/2 y) Ha KaKAOM yIacTKe, KpPoMe IIePBOT0 U IOC]Ie]-
Hero:

(3.17)

ocoboro ynpasieHus B Touke N*, rme

oL N '
Mi—}—-!lj_l: T, (l:2, 3,...,”), (318)
rge p; = N (¢;). YCIoBHA COIPSKEHHUA COCERHMX YHYacTKOB HPUBO-
OAT K OURIAA9ecCKoMYy c6opy ypomasgs (i = Uy = ... = Wpy;
My = Wy = ... = ,) Ha HHTEpPBaAJE BPEMEHH OT f; MO t,, TAe I

u t, — TepBHIi U DoCTeHII MOMEHTH meperJodeHusd. [Ipu aToM Ta1-
TeJAbHOCTh OMHOTO TIURJAa TY = 1P -+ ¢, rie TP — JIUTEeIbHOCTH
ygacTka ¢cBoOoHOTO pocTa, a T¢ — AIUTEABHOCTEh yaacTKa cbopa ypo-
mwas. IlpuBegem oxkongateapHble GopMyabl Aa8 TP U TC:

) = (5 )

e[ ()

e A =4y ut —a? > 0.
Kaxk sugmo u3 (3.19), ycaosna gusngeckoit peaqusyemoctn T > 0
TONYCKAIT HaJIHuMe yIacTKOB cGopa yposwas B ONTHMAJIBHOM LUKIN-

’tp: iln(
o
. (3.19)

TC:—
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YeCKOM peREMe TOJIBKO HPUM HATATBHBIX 3HAYEHUAX YHCJACHHOCTH
Uy =g = ... =N, > Q/2y U Yy4acTROB cBoGogHOr0 pocTa mpu
U = Py =+ .. = Wy < /2. JLonodHATEABHBIMU YCIOBHUAMU [
onpefeleHNA 3HAUYEHUA YUCIGHHOCTH NONYJIAOWM g ({;) ¥ MoMeHTA
BPeMeHU [, ABJIAITCA cooTHoirenue t® + 2nt" + 17 = T w rpannd-
Hoe ycaosue HA npaBoM kouie N (7) = Np. [lepsuit ygacrtoxr (0, ¢,)
H6yger ygacTkoM cBoOogHOTO pocta mpu Ny <7 /2 v UIN YYaCTHOM
cbopa ypomasa upu N, > «/2y.
Orpannyenne ua yeropenne. PaccMOTpHM CHCTemy

I=-—cu
N=gN)N—u BT
u=v

¢ yenopmamu (3.8) m (3.6). Cocrapum ¢pyrknmio 'amunsrona:
H = —Yocu + Y1 [g (N) N — u]-+pv="118 (N) N — u (Poc --9y) -+ vy,
(3.20)

rae QyHrROEU §q(2), Py (1) 1 Pe(t) yHAOBIETBOPAOT COUPSIKOHHON cU-
creMe:

: oH

bo = — 5 =0

. oH 0 .
h=— =ty b (3-21)
- 01[

Py = “1P00+‘1«1

Orryma ¥, = const (<{ 0 — 1o yCcJI0BUAM UPUHOUIA MAKCHMYMA),

of
N dt

oa,,“

Yo (f) = Aoe
(3.22)

Py (2) = Poct +

Y1 (t)dt + Dy

S

rie A, m D, — npousBoibHHE TOCTOSHHbIE.
YuopasiaeHue v BX0AUT B /] nuHeiiHo, I09TOMY, KaK B paHee, OITUMA b
HEM Oyger ynpaBieHHe peJeHHOro THOA:

o pi s (1) >0
o]
v™ mpu P, (1)< 0
¢ QyHKOUeil nepexrgoTeHMs P, (f). B yMoMeHTH nepermoueHud
Py (2) = 0. (3.23)

Ycaosue v () = v* coOTBETCTBYyeT YCKOPsAIOMEeMycs cHopy ypoas
¢ MaKCHMAaJbHOH BO3MO;KHO# CHOPOCTBIO pasroma; npu v (f) =
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= ¥~ — OCYMeCcTBIAETCH 3aMelIarmuiicas cbop ypoKas ¢ Makcu-
MaJIbHO BO3MOKHOH CKODPOCTLIO TopMmosrenus. Herpyauo morasars,
9T0 HAJXWIUe ydacTka 0coforo yupaBienus, KAk M paHee, COOTBET-
CTBYeT YCJIOBMIO HEHNpepRBHOTLO cHopa ypomast ¢ HOCTOSHHON CKOpO-
CTBI0 B TOUKE BKCTPEMAILHON CKOPOCTH CBOGONHOTO POCTA HOMYIIAIIAM..
B caywae ke worma df0N = O uu mpu rarux N, B cucreme Gyjger
KOHEUHOE YHCI0 [ePEeRIIeHUN, MOMEHTH KOTOPBIX OIPEeNArTCsHE

u3 (3.23).

4. OMITHMUBAIIA HOTOBO3PACTHON CTPYKTYPRI HOIYJIAIMIl

B Hacrosmewm pazjene o6cyRAaeTCH MATEMATIIECKAS MO b JINHA ~
MHUKH BO3DAacTHOI'0 COCTABA U YHCIEGHHOCTH IOMYJAIUU, OTPAKA0MAsA
NIpoTexapInue B Hell ecTeCTBEHHOOMONOTHUECKHE NPOIECCH (pa3MHO-
JKeHHUe, cTapeHHe, TH6GeNb), I Ha ee OCHOBE TaeTCH IIOCTAHOBKA M pac-
CMATPUBAETCA METOJ peIleHWsA 3aJa4M OLTHMH3aUH BO3PACTHOL
CTPYKTYPH NONYIANUH.

B ragecTBe KpuTepusa ONTHMAIBHOCTH NPH YHOPaBIEHUH E€CTECT-
BeHHHIMH (pas3BHBaiomuMncs 0Oe3 BMeIIaTeJbCTBAa 9YeJ0BeKa) M HC-
KYCCTBEHHHIMH TONYIANAAMN (CTaffaMH) MOTYT OBITH HCIIOJB30BAHEL
KaKk DKOHOMMYECKNE NMOKA3aTeal, TaK U IIOKa3aTeJH ¢BAJOBOTO THIIAN.
K bpKOHOMHMYECKHM HOKA3aTEIAM NONEHE OBITh OTHECEHH TAaKHe,
KaK NpUOHIIB, ToJydaeMas OT HKCIIYATAIIMHE NMONYJIAHUE 3a pac-
cMaTpHBaeMEIH IepHo] BpeMeHHW, ce0ecTOMMOCThE HOJYyIaeMOTo OT
MOOyJANUM NPOAYKTa, 3aTpaThl Ha CcoJep/RaHMe IONyJADUH o
T. o. «Baroprley mokasareqH XapakTepH3yIOT BLIXOJ ONPeeIeHHOTo
BHJA HNPOAYKTA, I[IPOU3BOAMMOIO MOIy.l1AlNeil, HaIpHMEp IIEpCTH,
MACA, MOJOKA, SIMI[, MKYPOK U T. xX. VIMeHHO 3aBHCHUMOCTDL 3THX HO-
RKazaTelxeil oT Bo3pacTa W rojga ocobeil npUBOIUT K HEOOXOTUMOCTH MC-
NONb30BaHUA MOJEJH AMHAMURHE HOJ0BO3PACTHOH CTPYKTYPH HONIY-
IAIMK Npu pemmenum 3amadu onrtmmmsanuu. lHlpm aTom cama 3agada
ONTHUMHU3ANuU, cHopMyIUPOBAHHAS KaK HEROTOpasd 3ajada MaTeMa-
THYECKOr0 INPOrpaMMHMPOBAHUSA, BRJIWYAeT B cefsAd Kak COCTABHYIO
4aCTh, a TOYHee, B KauecTBe OIlPaHUYEHUIl YpaBHeHHsd IipefiaaraeMou
mofenn. O APYIUX AONOJAHUTEABHLIX OrpaHMYeHHAX HeOMOJIOTHIEeCKO-
ro xapaxrepa 6yaeT ckazaHo HIKe.

Bremem ¢yurnmio f (x, {) — OI0THOCTL UMCIEHHOCTH ocobell Bo3-
pacTa r B MOMEHT BpeMeHU {, OlpeJeeHHYI0 TaK, 4TO YHCIEHHOCTH

]
ocobeil Bo3dpacTa OT z; 0 T, B MOMEHT BPEMEHH ! eCTh S/(x, t)dx

X1
L5 BCeX z, > z, > (. Ilpoiuecc crapennst 1 cMepTHOCTH MOTYT OHTBH
ONniicaHH ypaBHEHMEM THIA YPABHEHUs HePa3pPLIBHOCTH!

a] + % - — dl (.’L’,t) —u (.l',t), (41)

B

rae d; (z, 1) — KoadHIMEHT ecTeCTBEHHOH CcMepTHOCTH, u (x,t) —
HHTEHCHBHOCTDb, M3DATHA ocobell us momy.smquu (u > 0). Has pom-
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JaeMOCTH HMeeM:
B .
£(0, t) = \ alz, t)f(z, t) dz, (4.

A

(A

)

rae f (0, f{) — OIOTHOCTH HOBOPOKAEHHBIX B MOMeHUT BpeMeHH i
o (z, t) — rRoodpdunment posrpaesoctu; A, B — Havallo W KOHeT
penpogykrusioro nepuoga. Cmeremst (4.1) u (4.2) moaHOCTBIO OmH-
CHIBAIOT AMHAMUKY BO3PACTHOTO cocTaBa 6ecmno:loil MOMYISIAM, ecIH
3ajlano HadanwpHoe pacupemernenue f (x, 0).

Ilaa psynojo#t momyaamuu cooTHomends (4.1) u (4.2), orHocs-
muecs K 0cobsaM JReHCKOTO 11074, OCTAHYTCH B CHIe, ecay IPHUHATH,
4TO TPOIECC Pa3MHOKENUA He JUMUTHPYeTCA HeLOCTATROM CaMI[OB,
T. €. KO3QPHIUEHT PO IAeMOCTI ¢ He 3aBUCHUT 0T YHCJIeHHOCTH ocoleil
MY;KCKOTO I[0Ja.

YpaBgeHNA, ONHCHBAIOMINE [IMHAMAUKY BO3PACTHOH MIOTHOCTH
caMor g (7, {), WMeoT auajoruaHsil Bug 1

g oy
Gt = —d(m g D —u( )

K , (4.3)
g0, )=\ B(z, 1)/ (z, 1) dx

A

Tme d, (x, t) — KoapPHUIUEHT eCTECTBEHHOH CMEPTHOCTH CAaMIIOB;
g (0, ) — nI0THOCTH HOBOPOKAEHHHX; B (x, {) — KodQPUIIEHT pork-
maexoctd; v (z, {) — MHTEHCUBIIOCTH UsbATHA caMios (v >> (). Muor-
A MOSKHO NPHHATL HE3aBUCUMOCTH ROIPOUIUEHTOB POIRIAEMOCTH I
€CTeCTBEHHOH CMePTHOCTH oT moda (d, = d,, o= f).

B ofmemM ciydae paccMaTpHBaeMyI0 3aJaTy ONTHME3AMAHA MO/KHO
¢opMyIEPORATE ClIeAyIomuM o6paszom: Tpedyercs HANTA TAKYIO IIOJIO-
BO3PACTHYIO CTPYKTYPY NOOYIAIHH, Koropas obecrednBaeT sanaH-
HBII XapaKTep BOCHPOW3BOACTBA IMONYIAAINU, VAOBIETBOPAET HEKO-
TOPHIM QOHOJHMUTEIBHHM YCIOBHAM, BHTEKAKMUM U3 KOHKPETHOH mo-
CTAHOBKHE 3aZa4M, U ABIAETCSA ONTAMANBHON 110 OTHOMEHUIO K OJHOMY
M3 KPATePHeR, NePEeYNCIeHHEX BHme. ['0BOpS 0 RONOMHUTEILHEIX yC-
JOBUAX, MBI 371eCh IMeeM B BULY ONPAHMYEHUA, He OTHOCAINECH HEelo-
CPEeJICTBEHHO K OPOIECCY BOCIPOM3BOJCTBA, HANDHMED OTPaHUUCHHE
Ha o0mym IMCIeHHOCTh HONYNANNH, Ha 3aTPaThl IO COMEPIKAHUIO HO-
OyJIsIuY, OrPAaHndenus 0 KOPMoBoMY OalaHcy M T. K. ITH YCIOBUSA
IJIA KasKIOTO THIIA MCUOJIb3YEeMOT'0 pecypca MOMKHO NpPEACTaBHTH
B BHAE:

]

W=\ \ (o -+ psg) dadt S W, (4.4)

Sty

<

1 Bosnee mogpofHLii BHIBOL H KAUeCTBEHHOE HCcCAefOBaHHE Moxenm cM. B [12].
,IIlz[[cerTHylo MOeJb JUHAMHKII BO3PACTHON CTPYKIYpH H ee HCCIe[OBaHIe CM.
B [13, 14].
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rie oy (z, t) M p, (2, t) — HHTEHCUBHOCTH MOTPeOJICHHA pecypca 0co-
6AMHU KeHCKOro M MYIKCKOr0 ToJia BO3PAacTa T B MOMEHT BPEMEHH {;
W#* — o6muit sanac pecypca Ha paCC’\IanI/IBaeMHH mepuoj BpeMeHn
maurexbHocTbio 1'; D — mpemenbHE Bosdpact ocoleil.

OnruMmusupyeMelii QYHRIIMOHAN ABIAAETCA JHHERHBIM, €CIH B Ka-
9eCTBe KDPUTEpHA BHOPAHEHI MAKCHMYM OPHOHAM 0T 3KCOAYaTamum
HONYJANMM, MAHEMYM 3aTpaT HA ee COLep;KaHue W MAaKCHMyM X0y~
JgeMoro npopykra. Hanpumep, mias npubGoiiau mmeem:

o

I=\ \ lep (e ) -+ e, (0] o) — e+ @ dadt, (55)

& 0 .
rfie Bce BENMYMHB 1107 3HAKOM WHTErpajia 3aBUCAT, Boobme rosops,
OT BO3pPacTa Z M BpeMeHHU I; KodPOUIUEHTHE [y, [ly, V4 M Vo — HOKa3a-
TeJu HPOAYKTUBHOCTH; C, M ¢, — COOTBETCTBYIOINME I[EHH; ¢, — KOd-
dUmueHT 3aTpar Ha colepyKaHuUe MONYAAnuu. BumHo, 4To BeJIHYEHA
byurnmonana I criagsiBaerca u3 JOX0MAA, NOIYIaEMOTO OT YKCITYa-
TaOUU RUBYIUX ocofiell m ocofeil, H3HIMAEMbIX U3 IPOIECCA BOCIPO-
m3pofcTRa. Bupg ¢yHrumomama AiA APYTHUX YHOMAHYTHX KPHTePHeB
MoskeT GBITH IOJIyYeH COOTBETCTBYIIMUM BHGOPOM Ko0dQPHIMEHTOB c.
YnpapiaennsMu B JaHHOU 3a7ade ONTHMUBAIUU ABIAIOTCS (YHKINH
u(z, t) m v(x, t). Xapakrtep BOCIPOUBBOJACTBA TMONYIANAN NMPHBOSUT
K PasIWIHBIM pPe;RUMaM TUHAMHKY HOJOBO3PACTHON CTPYKTYpbHI, H3
KOTOPBIX MBI pacCMOTPHUM TPH HAW0O0;1e€ THIUTHEIX.

Onmumusayus 6 cmayuonapHom pexcume. B sroMm cayuae Bce
BeJIUYHHB, BXomAmuae B QYHKOUOHAT, W OTPAHNIEHUSA He 3aBHCAT OT
Bpemenn. ¥ pasuenus (4.1) — (4.3) npumyr Bum:

d de
_d—;:t = —dif —u, dr
B B}

0.0 =\ @)/ @ dr, m&wzﬁauwwwx
A A

ng — U,

Onmunmusayus 6 nepuoduueckom pexcume. 3ech YIATHBAGTCA TO
006CTOATENBCTBO, YTO BCE MapaMerpsl MOJENH ONTUMHMBAIMA MOTYT
OHITD HePHOIUYECKUMY (YHKIEAMHE BPEMEHH (CE30HHOCTH PAa3MHOe-
HHOA, IeH, npopykrusxocTw u T. A.). llpu arom ciemyer B cmcTeMnl
(4.1—4.3) BBecTn momomHUTEenBHBIe orpanudenus: f(z, 0) = f(z, T),
g(x,0) = g(z, T), tne T — paccMaTpHBaeMHIl LEPHOL.

Onmunusayus nepexodnozo npoyecca. Takag mOCTAHOBKA 34149l
COOTBETCTBYeT BHOGOPY ONTHMAJILHOTO VIPABIEHHS, NEPEBOJAMErO
TOUYJSANHUI0 C OJHOTO PEKEMA SKCIIYyaTAlWM (CTAHOHADHOTLO MIIH
DepHOgUTIECKOT0) HA APYroil 8a 3ajaHHoe BpeMsa. 37ech B KadecTBe
HOTOJIHNATENBHBX OrPAHUTEHWH B3ajJal0Tcd HadajbHag M KOHEUHAA
NnOJI0BO3PACTHRE CTPYKTYDPH HONYIANMA:

f(2,0) =fo(2), [z, T) =fr(2), g(z,0) =g, ()
gz, T) = gr (2).
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ChopMynupoBaHHasi BHINE MOJENDb ONTHMUZAIUHA MOKET OLITH
cBeeHA K KOHEUYHOMEpHOH 3ajade IHHEHHOTO IIPOTPAMMUPOBAHUH
npudAMKEeHHOH 3aMeHOH HHTerpajdbHBIX BHPa/KeHHIl KOHEUHBIMU CYyM-
Mam#, a guddepeHIUATBHHX YPaBHEHUI — KOHEYHO-Pa3HOCTHRIMU
coornomenusmu. Bubop cnocoba puckpermsanuu Kak IO BO3pacry,
_ TAR U 1O BpeMeHU 00YCAOBIUBAETCH TPeOOBAHUAMHN TOYHOCTH pemie-

HHUA H XapaKTepoM H3MeHeHHsA mapaMmerpos mojenu. [Ipu atom, ectect-
BEHHO, BHIIENAIOTCA Hambolsiee XapakTepHBe A AAaHHOH HONYIANUN
BO3pacTHEIE T'PYHibl. Pasymeercs, IUCKPETU3ALUA OCYHIECTBJIAETCH
 TAK:KE HA OCHOBE BO3MOSKHOCTEd MCIOIB3YeMOIl mporpaMMmbl AJs pe-
HIGHWA 3aja4dl JUHeHHOT0 HporpaMMHPOBAHU.

B radecTBe mpuMepa OCTAHOBUMCS HA BO3PACTHOHM CTPYKType HC-
KYCCTBEHHON HONyJANUH — CTajla KPYOHOTLO poraToro ckora. flcmo,
YTO 3ajava OOTHMM3aHU CTPYRTYPHI ¢Taja ABIAACTCA TOIDKO O,IIHOﬁ
U3 3afad BHYTPUXOBANCTBEHHOTO INIAHUPOBAHHA, TECHO CBABAHHON
¢ pelreHHeM BONPOCOB ONTHMATILHOTO COYETAHMA OTPACHeH, OnTH-
MH3AIUH  Pa3BATHA KOPMOBOU 0as3sl M pPAJOM JAPYTHX BOIPOCOB
HIAHAPOBAHUA CeIbCKOXO3AMCTBEHHOTO IIPOH3BOJACTRA., Pazaudmnie
KOHKPETHEE MOCTAHOBKYU IO03BOISAIT ONPENEINTh ONTHMAIBHYIO CIIe-
MUAATH3ANUIO X03HCTE (MOJI09HOE I MACHOE HAIPABJEHUEe U 1P.), Ol-
THMaJILHBIH 060pOT cTaja B 3aJaHHBIX YCIOBUAX, T. €. ONTHMAJILHO
VIPaBAATh BO3PACTHON CTPYKTYPO#H H uMcIeHHOCTHIO cTaga. Iloay-
YeHHBe pelieHua (OONTHMAJBHAA CTPYKTypa CTafa) manee MOTYT OHTL
HACUOJb30BaHbl NPHU TMOCTPOSHUN MOJETIEH ONTHMUBANUU COYeTAHUA
oTpacieil B X03AHCTBe, W NyTeM NTEPATHBHOTO pelleHuns oGeHX Moje-
Jeil MOryT GbITh MOIYIeHb OKOHYATENbHEIE JAHHEE 0 CTPYKTYPE CTa-
A4 ¥ KopMOBoll Gasze. 3afaaM OOTHMUBALMY BO3PACTHON CTPYKTYPH
cTafa MOTYT NMPEICTABIATH IPAKTHYECKUII WATEpeC He TOJIBKO B PaM-
RKaX cHCTeMBl Mojejell BHYTPUXO3AHCTBEHHOIO ILIAHWUPOBAHUA, HO M
npU TAAHWDPOBAHUM Ha Goidee BHCOKUX YpOBHAX (pafion, obnacTs).
IT0 0CO0EHHO CYIECTBEIHO NPA O PEIeIeHUN IePCOeKTUBHBIX IJIAaHOB
PA3BUTHUA KMBOTHOBOICTBA B JAHHOM DKOHOMHYECKOM pailoHe M mpu
JOCTATOUHO KECTRMX OTPAHHYEHWAX HA NPOU3BOACTBO MPONYKINM.

Pacuersr mo upejiiaraeMofl MOJeNU ONTHMHU3AIHNYM B JABYX IIOCTA-
HOBKAX (CTANUOHADPHBIM ¥ UEPUOAUYECKWH PERUMEL) MPOBOAWIUCH
mo JaHHBIM coBXo3a uMm. [lzepsuncroro JleHmHTpamackoil obGmacrw.
Vaursppanuch OrpaHuvYenysa N0 OIaHy OPOM3BOJCTBA MACHOH H Mo-
JT0YHOI TPOAYKIIMM, [0 3aTpaTaM Ha cofep:kauue crama. OurumMusa-
OUsA TPOBOAWJAACH 1O KpUTepHI0 Makcmmyma npmbwinu. fas omru-
MUBalUd INePeXOJHOTO Ipolecca — HA YpOoBHe o0xacTH — 3agada
pemranach 0o JanHHM JleHIHIpagcKoro o6IacTHOTO YOPABIECHUA Ceb-
ckoro xossalicrsa. I1pa pemenun nocaenneil 3ajadn B Ra4eCTBe KOHEU-
Ho#t CTPYRTYpH craga obnactu B 1975 r. nupmamMatach CTPYRTypa,
ONTUMAJIbHAA B CMBICIE CTAHUOHAPHON IOCTAHOBKH.

Pacuerst mposogmnmes mo mporpamme «Cumimmexc-metomy [15] ma
mamunuae BICM-4. PasmepHocTh MaTpuil B 3agagaXx JWHEITHODO Tpo-
rpaMMUpDOBAHUA B TpPeX MOCTAHOBKAX IPHU Pas3JIMYHBIX BapHaHTax
JUCKpeTHsamuyu Haxommiaach B mpemeraax or 30 X 50 mo 150 x 300
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{nepBas uudpa — 9UCIO orpaHNUenHuil), a Bpems cdeTa OJHOIO BapH=
aETa — OT 2 MMHYT 0 1 waca COOTBETCTBEHHO. Pe3yanTaTsl pacueToB
[PH CPABHENNH MX C PEATBHO CIOKUBIIEHCH I0J0BO3PACTHON CTPYK-
Typoil cTaja HoKasadM, 4TO ONTHMU3ANHA MOKET NATh yBelUueHMe
npUOBLTE OT DKCIVIYATalUy cTaga Ha & = 7% . Taxum ofpasom, npej-
Jaraesadg MOAeIL ONTUMHU3AIMUH MOALET OHTHL peadH3oBana B IPHEMe-
HeHUH K DA3JIHIHBIM 3a7adaM YIpPaBJIEHHA HOJ0BO3PacTHOI CTPYK-
TYpOH ¥ YHCJACHHOCTBIO JKCIAYATHPYOMBIX MONyIAmuUil, R 3agadaM
OIpPeJeNeHUA Ce30HHEIX HeH HAa NPOAYKIHUIO 1 UX BJIWAHHSA Ha CTPYK-

TYypy MOUYyJIAUMUA U T. II.

© 0 Nomos wies

_— e i [N -
»J-\CJOE\) (=S o

S
[

JUTEPATVYPA

Cepebposcruii A. C.— 3oo0u. k., 1940, 19, o, 4, 618,
Berryman A. A.— Canad. Entomol., 1967, 90, 858.
Knipling E. F. Principles of insect chemosterilization, G. C. Labreque, °
C. N. Smith (Eds). N. Y., 1968.

Basurun A, JJ.— M. odow. 6mon., 1967, 38, 463.

Aaerceee B. H., T'unsbypz JI. P.— K. o6m. 6nox., 1969, 30, 616.

. Bponcwuzr M. JA.— K. obm. 6noa., 1971, 32, 287.

Yamm K. DRoJOTHsI II yOpaBJeHIi€ IPHPOIHEIMII pecypcami. M., «Mupy,

1971.

Ceupewces FO. M., Eausapos E. . MareMaTHdeckoe MofelnposaHne Gio-
Jormyeckix cmereM. M., «Hayra», 1972, -

Menwymrurn B. B. MareMariueckoe MOJeJUPOBAHINE IONYJIANIN T c000-
meCTB BOJHBIX KHBOTHHX. M., «Hayra», 1971.

Boamarncruit B. I'. MartemaTndecKkile MeTOAB ONTHMAJILHOTO YHpaBJeHHA.
M., ®usmarrus, 1966.

Jdeiimman Jac. Bbegenne B Teoplro ONTHMadbHOro ympasieHmda. M., «Hay-
Ka», 1968.

Tuns6ype J. P.— IIpo6aems kiGeprernri, 1970, suim. 23, c. 261.

. Leslie P. H.— Biometrica, 1945, 1, 30.
. 3ybep U. E., Koarep 0. I., IToryssmos P. A.— TlpobaeMbl KufepHernki,

1972, B, 25, c¢. 129.

. Andpeesa M. M.— B ¢6.: Onrumadpioe miasEnponanne, soin. 4. Hosocu-

éupcr, 1966, ¢. 5.



MATEMATHYECKHE MOJEJINA
POCTA YHNCJIEHHOCTH
RIIETOYHBIX NMONYJIANUN

1. A. LIBBITOB

1. 0 CBOIICTBAX KJETOYHBIX MONMYJIANMNN

B macrosimee BpeMsa Hamio MUWPOKOe ONPU3HAHUE OPENCTABIEHNS O
TOM, YTO BCe OJHOKJETOYHHE OPraHHM3MEl, B TOM 4YHcie H OakTepuH,
o61afaioT MeNHM PAXOM NOPH3HAKOB W CBONCTB, CXONHHIX C KJeT-
KAMH BHRICIIMX Oprammsmos [4, 18—19, 25—26].

M 6ygeM ynooTpeGisTh TepMHHBI (KJIETKA» B OTHOIIEHWH Kak'

COMATHYIECKUX KJeTOK, TaK W MHKDPOOPraHU3MOB, ¢KJIeTOYHas mOOy-
JANASY — OPUMEHHUTEIBHO K COBOKYHOHOCTH OZHOTHUOHHX KJIETOK.
B mactosmeit pabore paccMaTpPHBAIOTCA JIHUINF HONYJIANUHA KIETOK,
B3BEMIEHHKIX B NHTATEIHLHOM DacTBOpE.

Clegyer pasamdaTh pOCT B TOYHOM CMBICIE HTOTO CJIOBA, BEIPAIKAID-
mANCA B YBeJIAUEHAM PA3MePOB KJIETKH, W POCT HEJI0il KyIABTYyPH (Kie-
TOYHOW MOMYJANWH), MOX KOTOPHIM HOJpa3yMeBaeTCsH yBeJHYenue ee
cyMMapHO# 6HoMacch He TOJIHKO 3a ¢4eT PocTa KIETOK, HO W 3a cUer
HX pasMHOMKeHAA (myTeM [ejeHHs, MOYKOBAHHSA, CIIOPOOGPA3OBAHAA
u 1. 1.) (14, 48]. Tlox passurHeMm KiIeTKM DOHWMAlOT W3MEHEHHE ee
MOp$HOoPHA3MONOTHISCKAX CBOWCTB B IPOIECCE NPOXO:KACHUA KH3HEH-
HOT'O ITYKJIA.

OcHOBHRIM HOKAa3aTeieM POCTa KYJIBTYPH CIATAIOT BeIWYHHY OpPHA-
pocra OmomaccH (yposkail). Bmomaccy KYJIBTYDPH H3MepsioT W BE-
PajHaIOT NO-PABHOMY: BECOBHIME eAWHUNAMN, KOINYECTBOM a30Ta WIAN
yriepoga, Cofep;Rameroca BO BCeH Macce KJIETOK, W YHCICHHOCTBIO
KJIETOK,

MoskHO BHOEIHTH [Ba X2PAKTEPHHX THOA KYJIBTABAPOBAHHA
KIETOYHON NOUYIANHNH: IMeproguvecKoe W HelpepuBHOe. llepmogude-
CKO€ KYIBTUBHPOBAHEE COOTBETCTBYET OGHIYHOMY BHPAMABAHEIO
KIeTOR B 3aMKHYTOM o0beMe. B rewemme mar-dasw, HacTymarome
Iocjie BHICEBA KJIETOK B CBEJKYIO CPELY, y/eJdbHAas CKOPOCTh POCTa YHC-
JIEHHOCTH (OTHOLIEHNE CKOPOCTH POCTA K 00INEMY IHCIY KIETOK) HoCTe-
HeHHO moBHIaercA. JloCcTHTHYB MakcHMyMa, OHA B TeUeHHe HEKOTO-
pOTO BPEMEHU [ep;RUTCH II0YTH HA ONHOM YDPOBHE, m fWomacca momy-
JANMM BO3pacTaeT MO SKCHOHEeHIWalbHOII KpHBOI, JTOT mepumoj Ha-
3BIBaeTcA JMorapudmmueckoil gasoit pocra. B mansmelimem yiensHan
CKOPOCTh POCTA HAYNHAeT IOCTeIeHHO YMEHbBINAThCA, TOKA He HOCTHT-
HeT HYJA,

OrcyreTBue BEAWMOTO pOCTAa B 3TOM HOBOH ¢ase BHI3ZBAHO, € Of-
HOil CTOPOHH, IEePeXoJoM KJIETOK B MOKOsAMIeecs COCTOAHUE, a ¢ APY-
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roif,— yCTAaHOBJIEeHHEM MOJIBU;KHOTO DPABHOBECHA MEKIY DOKICHEEM
H OTMHDaHHWeM KJIeTOK.

B sarawuautenbHoil ¢asze KIeTKH OTMHpalT U GHoMacca KYJIBTY-
pol ymenbmaerca. TakuM o6pasoM, pocT KYJIBTYPH pacmagaercd Ha
9eThIpe OCHOBHEIE (aswl: nrar-gasy, dorapudMudecKyio, cTaquoHap-
Hy©0 # (as3y BHIMAODAHUA.

IIpm HempepHBHOM KYJIBTHBHDOBAHHH o0mas YHCIEHHOCTH Kie-
TOK B OONyJSAOUH ocTaercA Oojee HIN MeHee HOCTOAHHOH. ITO CBA-
3aHO ¢ TEM, 9TO 9aCTh KIETOK HEIPEPHBHO yAAJIAETCA, a YORID AX KOM-
meHCHEpyeTcsa ofpasoBandeM HOBHX KieToK. Ha kKoporxuit cpok Taxoe
paBHOBecHe yCTaHaBJIMBaeTCA BO BpPeMsA CTanHOHADHOE ¢(ase pocta
OOHYHBIX KYJBTYD.

B smaumrtensHo Oolee gweTkoil Qopme sTO0 HabmOgaeTca B WPO-
TOYHHX KYJBTYpPax ¢ HempepuBHO oGHOBIfAeMo#l cpemoit. Hewro mo-
no0HOe OPOHCXOAWT W B OPHPOAHBIX YCJIOBHAX (B moYBe, BOZOeMax),
rjle HapALY ¢ pa3MHOKeHHeM MAKPOOPraHN3Mbl BEIMAPAIOT AW MOeHAa-
oTcd nporucraMn. Eciam npu aToM 4HCIEHHOCTS KJIETOK B He OCTAeTCA
CTPOro DOCTOSHHOH, TO H3MEHAeTCA KpaiiHe Me[JIeHHO B CBA3ZH ¢ Ce-
30HHON MJN CYTOYHOM NUKJIHMYHOCTHIO YCJIOBWilI 00HTAHUA.

ITepefizeM K pacCMOTPeHHMIO MAaTeMaTHYECKHX MOJeJdeH AMHAMHAKH
9HCIeHHOCTH KJIeTOYHHX MONYJIANUH, ONMCHBAIOIIAX MPOIECCH POCTa
OpU DepHOAUYECKOM H HeIPepHBHOM KYJIbTHBHPOBAHUH.

2, IJETEPMUHUPOBAHHBIE MOJEJU POCTA
KJETOYHOH MONYJ/JAIINN

[Ipm mocTpoeHNMM MaTeMaTHYECKUX MOfejell pocTa KIETOYHOH Ho-
OyJAAQuUE oOGHYHO BBOTAT B PACCMOTDEHHE NEPEMEHHYI BeJIHYAHY
X (2), 3aBHCAUYIO OT BPEMEHHA, KOTOPas 03HAYAET YHCIO KIETOK B MO-
MEHT { B GaKTepHaJbHON KOJOHUM UIM KOHIEHTDPAINI B3BECH KIETOK
B nH@rTaTelbHOM pacTsope. Ilpocreiimee nud¢epeHnuanpHoe ypaBHe-
HEe, ONUCHBAWIee THHAMUKY HONYJIALHA B JorapndMuieckod gase
pocta, mmeer sag [70]:

dX
rge k — ymenibHAas CKOPOCTH POCTAa YHCIEHHOCTH.
Jlaa cMEXPOHHON HONYAANAN AMEeM:

X = (L +k-40)- X, - )

rge X, — 9NCIEHHOCTh B 7n-M IOOKOJEHHH, a Af — BpeMa reHepa-
nun. HpaBas pocTa 9UCACHHOCTH MONYJANUN — pellieHHe YPaBHEHHSA
(1) — umeer BHI:

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

Takad 3aBHCEMOCTh, KaK OPAaBUJIO, ONACHIBAET PEANBHYI CHTYAIHAIO
U Ha OrPAaHMIEHHOM IIPOMe:KyTKe BpeMeRu — B ¢ase Jorapupmu-
geckoro pocra. ¥ pasHenue @epxroascra — Ilmpaa [55, 82] asngerca
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gamoliee pacHpocTpaHeHHEIM o0o0meRreM MNOpeJHAymel MOmeNn.
Opo yYATHEBAeT BINAHWE JIHEMHUTHPYIOIMAX (AKTOPOB HA IWHAMHKY
YHCJAEHHOCTH KJIETOYHOH NOmyJisimum.

dX

7=(k—8-X)-X. (4)
Yepes e > 0 oGosnagen koddppunmenr, XapaKTepuUsyomMAN cTeneHb
BIWARNA NEMUTHPYIODUX ¢arropoB. Pemenme aTtore ypaBHerus

“MeeT BUI;

ol '
X (0)-k-ef 3)

X0 =7—30 T X (0)-eeht”

dTo CcOOTHOMIEHWME oTpasKkaeT YepTH HAYAJIBHOTO JOTapuPMAIECKOTO
pocra, ¢asn JuHeHiHOTO pocTa H ¢dasH HACHIICHHA.

B paGore Kanmepora [52) gna ondcanms guHaMEKE pocTa MEAKDO-
OPTaHU3MOB HpPHU OTpaHAYeHHOM 3allace OUTAHUA HCHONB3YeTCA ypas-
HeHHe BHJA!

T == =) X (6)

OpOBOJUTCA cpaBHeHWe ypaBHeHWi (4) m (6) u gemaeTcsa BHIBOJ 0 BO3-
MOsKHOCTH §oJiee TOUHOM aNNPOKCAMATMHE BKCOEPUMEHTAJNBHHX KpH- -
BHIX pPOCTa NpH ACIOJL30BAaHHE ypaBHeHHs (6).

[Ipm yuere camooTpaBieHHs KIETOYHOH HONYJANNA NPOLYKTAMH
cobereeHHOr0 MerafoamaMa B ypapHenme (4) moGaBinsercsa emme OXHH
WieH, OTPAMKAIOMMiIl 33aBUCHAMOCTH OOmEro KoXMuecTBa MeTaboJHATa
B HONYJAANHAY OT Beell ee mpeRncTopud. B aToM ciiydae ypaBHeHHe OI4
OMHAMUKA Pa3BUTHA KIETOYHON momyasnum umeer sup [68):

t

o

‘fTX=(k_a-X)-X—c-X.y(z—r)-X(r)dr, (7)
0
rae f (z) xapakTepuayer HaKOIJIEHHe W pacHaj] BpefHbIX MeTaloIuTOB.
PaceMorpuMm Mopenn JAHAMAKH YNCIEHHOCTH, YIUTHBAIOIUe BO3-
pacTHYI0 CTPYKTYpPY, T. €. pacopefelieHHe KJIETOK [0 BO3pacTaM.
Nayuaercs nuoammka moBefenusa Qyuxmun u (z, ) Az — dmciIo uim
KOHIIEHTPANHA KJIETOK BO3PAacTa oT x A0 £ + Az B MOMEHT BPEMeHH L.
ITog BospacToM Kierkm OyJeM HOHHMAaTh BPEMA, OpoMenllee ¢ Mo-
MeHTa ee posxnenms. OCHOBHas cucTeMa YD4BHEHHOH, ONMUCHBAIOINAA
BO3PAacTHYIO CTPYKTYPY HU30JMPOBAHHON DONYJIANHMM B CTallMOHAPHBIX
BHEIIHHUX yCJOBHAX, mMmeer pup [7—9:

ou (x, t) ou (z, t)

e T = —d@u,t) .
u(0,t)= 3 b(z)u(z,t)dz : 8)
uf{z, 0) = g(x),
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rge d (z) — roapdunmenTy cmepTHOETH ocobel sospacta zy b (T) —
KospPULNEHT porkIaeMocTH; g () — BO3pacTHOEe pacupenenenye B Ha-
qanpHb MoMeHT Bpemenn. O6Imee pemenue DEPBOTO ypapHEHHS €W
cremul (8) MOMKHO 3anmcaTb B BHIE! :
x
—{d@ae
w(@z, ) =Q¢ —zx)-e ° , 9

roe Q — FAeKoTOpas MOpPOM3BONBHAsA QYHKIHA. Y paRHEAVe OJA Ha-

xoskfenns Qyarkoun Q (f) cBOLHTICA K XOpOLIO M3BeCTHOMY ypasHe-
HHI0 BOCCTAHOBIEHUA!

Q)= /() + Sk(x)-Q(t— odr. (10)

B sakmouenme paccMOTPUM AMCKPETHYI MO/ENIb AAHAMAKEA BO3:
PacTHO# GTPYKTYDH, HepBOHAYadbHO nocTpoeduyio Jlecam (13, 69].

Ilyets z, — 4mcaeHHOCTh n-i#f BO3pacTHOH rpyuum B k- MOMeHT
BpeMeBN; b, — KoapPUOUEHT POKITaeMOCTH n-T1 BO3PACTHOH rpynnHj;
¢, — K03dpduOEeHT BEIKUMBaeMocTH npu uepexoge B (n + 1)-10 rpyo-
oy. Torga cacrema ypaBRenmit uMeer BHI:

2D = 4.2, 1qe (1)
by by bma bm
o O 0 0
A=|0 ¢ 0 0 |, (12)

L S S TR S )

0 0 emy O

a =™ — pertop ¢ _xommomentamu zy°, 29, ..., 2. ;s wacrEOTO
CAYIAA KIETOYHOW MONyNANWN, PAasMHOMAIOMENCs nyTeM OJHOKpart-
Horo OHHADHOIO Jeldenms, MaTpuma A WMeeT CIeRYOOHMHA sHI!

0 0 0 2

A |Co 0 0 0 ) (13)

0 0 €my 0O

Ecan pasbnTs MATOTHYECKHI MAKA KIEGTKH Ha KaKAe-Tu60 dhass i 0603-
Ha4dThL gepes ¥ — gueno KieToOR, HaXoTAmMAXCA B n-i dase paspuTHA
8 k- MOMEHT BpeMeHH, TO IJid ONNCAHNA MUAAMIKH TAaKOW HONyJAOUN
MOKHO BOCIOJBL30BATHhCA AHAJMOTHIHON cHCTeMOH ypaBHeHHWH.
PacemoTpennrie B aToM pasfene MOJOIHW POCTa YHCIEHHOCTH Kie-
TOYHEIX DOOYJIANNHE OTHOCATCA K KJIACCY TAK HA3HBaeMHIX NeTeDMUHH-
POBaHHHX Momedeid, T. e. Momeledl, He YIUTHIBAIOIMUX cAydafiHOroO
XapaKTepa fBJieHUA. BmoiHe ecTecTBEHHO, 9TO TaKO# mogXoJ ompas-
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fan JHIb 8 TOM clydae, ecIW ecrh PealbAHe NPEJUOCEIIKA, M03BO-
If0MKe He IPAHAMATH BO BANMAaHMe CIYJalHHA XapaKkTep mpomecca.
B upoTmBHOM ciyuae TOABLKO cTOXACTHYECKHe MONENH, T. ©. MOMIEJH,
YYNTHBaMmAe cIyIafinnil XapakTep NPOM3BOLAMEX ABJennid, 6ygyr
BOOJIHG afleKBAaTHH OOMCHBAaeMOMY IpoIleccy.

3. CTOXACTHYECKHAE MOJEJN POCTA
9UCJEHHOCTH

BepoaTtaocTart nogxog K MaTEeMaTHIECKOMY  MOTENAPOBAHUIO
OpomeccoB pasBHTHA OHONOTHMUECKHX HOUYAANHWH BoobIme # KIETOY-
HEX OOOyJIAQH# B 9acCTHOCTH HPEKPACHO W3JO0MKEH B MOHOrpadmm
Xappuca [41] # kaurax Bapywa-Puna, Bapriaerra, @enmepa (2, 3, 40].
Huske manmaramoTesa TOJABKO Te OCHOBHEE Pe3yNbTATE TEOPHM CAydaii-
HHX IPOUECCOR B NPAJOKEHWH K OWMOJOIHIeCKHM MOOYIAANMUAM, KOTO-
pHle MCOONBAYIOTCA B gaHRnOW pabGote. Bynem paceMaTpuparth TONBKO
TaKHe MPOUECCh, B KOTOPHX MpPeIodaraercsa, 9TO pasiudHble 9acTu-
OH (KIeTKH) He3dBUCUMO IDPYT OT APYra OPOM3BOIAT APYTHE YacTHAIH
(riaeTku), HATpUMep, AeJeHUeM WAW mMoukoBanueMm. Taxue mpomecch
HABBIBAIOTCA BeTBAmMMMUCH. PaccMOTpUM KpPAaTKO OCHOBHEE pPe3yilb-
TaTH TEOPHY NACKPETHHX BETBAMMUXCH MPOIECCOB ¢ KOHETHRIM TUCILOM
runos dacrtun 120—22, 35, 36, 46, 47, 54]. [lyere T asasercs MHoMe-
CTBOM BceX K-MEePHHKX BEKTOPOB-CTPOK ¢ HEOTPUUATENbHBIMH [{SJILIMHA
romoouenTamn. Yepes e; (1 < i < k) 0603BayAM BEKTOP, i-1 KOMIO-
HEHTa KOTOPOro paBAa eIWHUNeE, a OCTaJdbHbie — Hyadw. Pacemorpum
OIHOPOAHKI BO BpeMeHU MapKOBCKHH npomece Z,, Z,, Z,, . |,
COCTOAHHAMA KOTOPOTO ABJAIOTCH BeKTOPH-CTPOKUM MHOkecTBa T,
MpexuonokmM, 910 BeKTOP Z ,BeErga 3alaH; i-10 KOMIOHEHTY Z; -BeK-
topa Z, Oymem paccMaTpHBAaTh KAaK YWCJIO 9aCTHI i-TO THIIA R n-M
noxoneaun. Ecan Z, = e;, T0 Z, nMeeT npousBogAmyn ¢GyHRIUIO
seposTHOCTeN fi (sy. . . Sg)

o0
¢ — i T T
[i(s1.. 08 = 2 Py ..org) st .5k, (14)
T]u.?‘k=0
rge Pi(ry...ry) — BepOATHOCTE TOTO, YTO YACTHIA THNA i 83 ONHO
DOKOJeHAe faeT r; NOTOMKOB THma 4, r, MOTOMKOB THIA 2, ..., Iy

poromkos thoa k. Ilyets M = (m;;) aBigercAs MarTpumeill nepsuX
MOMEHTOB, T. €.
oL

my; 95 2
J

Toraa anA MaTeMAaTHYECKOT0 OKUJAHWA BeKTopa Z, HMeeM BmIpa-
KeHne!

i, j = 1k. (15)

E(Z,]Z)=2Zo M". (16)

B paanpmefimem gepes E 6ygem 0603Ha9aTh MATEMATHYECKOE OKH-
panme, & depes D — pucmepcuio. Yepes V, ob6osmaumm gucmepcuwo
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DZ,, smuncrennyio npu Z, =ey, a qepes C, — marpuny E (Z1.Z2),
BEIIMCIEHHYIO OpH J1000M Ha‘IaJIbHOM Berrope Z .. una C, nmonyuen
CHefyImMAl pes3ynrbpTat:

C,=M"CoM™" + 2 M*‘”‘”[Z Vv, EZH] M, (17)

i=1 i=1

sfeck M* — TpaBCHOHWPOBaHHAA MaTpHOA.

Snaa C, n EZ,, nerxo HafiTA ¥ KOB4APUANNOHHYIO MATPUILY KOMIIO-
HEHT, B KOTOPOH [gUaroHAJIbHHE WIGHH JaAyT ANCHEPCHI0 YHCTA
9ACTHIL {-r0 TANA B 72 M LOKOJXeHmH, T. e. DZ .

Pacemorpum Bompoe 0 BHYHCIEHHH BEPOATHOCTH BHPOKICHAA
nonyaanun. Ilycrs marpmma mepsrix momentoB M Takas, 9TO OHA
HEOTpUUATeTbHA, W CYOIECTBYET TaKoe HATypalbHoe gmcao N, 4T0
matpuna M N conosmrensraa. Torna M MMeeT DONTOKUTENbHEIN Xapak-
TepUCTHIECKUH KopeHb P, KOTODHI ABAAETCH HOPOCTHIM M KOTOPHA
foanme abCcoMTHOW BEeIWYUHH JI060T0 APYroro XapawrTepHCTHYE-
cxoro xopud. Torga copasegnuBa cilenyiomas TeopeMa: ecanm p < 1,
TO BEPOATHOCTH BHpPO:KIeHNA ¢ = 1, ecm p > 1, 10 0 g <1
YAOBIETBODAET ypaBHEHUIO

q=rf(q) (18)

rie @ — BeKTOpP ¢ KOMIIOHEHTAMH ¢, ..., (r, §; — BEPOATHOCTh
BHIPORAEHNA MPOLEcca MPA YCAORUHM, YTO O HAYANACA ¢ ONHOH 9acTd-
oe i-ro TROoa, f (s) — BeKTOp ¢ woMmmomermTaMm f'{s; . ..sp) ...

.f®{(sy...sz). Crenosartenbro, ecim pacCMaTPUBATL Pa3MHOMKEHNE
KIETOYHON NOMYAAMEN KaK JUCKPETHHIH BeTBHIMUACH NPOIece, B HPUH-
[AIe MOMKHO HAWTW CPelHee M JUCIEePCHIc 9UCJA KIETOK B R-M MOKO-
JEHHHU, 8 TAK:Ke BEPOATHOCTH BBIPOIKICHUA.

Hceneayen nenpepsiBRbie BO BPeMeHU # JHCKPETHBIE B 1POCTPAHCT-
8@ COCTOAHNA CTOXACTHYECKHE TPOHECCH B NPMMEHEHMH K OOHCAHUIO
pocta OmonorumtuecKux nonyasnui. PaceMOTpEM Mozenm, HCmolb-
ayomue guddepennmanbHO-PasHOCTHHe ypaBHeH:Hs Hoamoropora
(12, 201. B 1939 r. ®enaep (56] mccnenosan zanaqu pocra momyaAnua
B paMKaX TEOPHA BePOSATHOCTHHIX mpoueccoB. B aToit paGore Buepshe
CHCTEMATHSRCKA PAacCMATPUBATNCE CTOXACTNYECKA® MOZETH HPOIMECccos
pocra nomyiaanuu. llenodmcsesnas cayuaiinan sexrmanmua X (f) wuc-
I0IB30BAIACh s 0003HAYEANs pasMepa UHONYJIANUN B MOMEHT Bpe-
MeHH f, 8 DOCTYJAMPYEMHH MeXanmaM pocTa HOMYIAHAH BHPAsKalCH
Tepe3 BEPOATHOCTH OLpefeleHHBIX dIeMEHTapHbIX coObiTHil, mpomc-
XOMAMUX 3a Majnle IPOMEKYTKHU BpeMenH. DOJBIMIUHCTBO TAKUX MO-
gellefi MCOONB3yeT MHPOIECCH IYACCOHOBCKOTO THHA, SABIAIIAECH
OpoCTeANUME N3 RJIACCA PA3PHIBHBIX MAPKOBCKHX IIPOIECCOB.

OcuoBHOII MOCTYJIAT NYAaCCOHOBCKOTO HpoIleccd B MPHMEHEHHH K
610I0rNIecKOH MOUYAANKA MOKHO cPOPMyTUPOBATH TAK: OYCTH TUC-
JeHHOCTH IONYIANNA B MOMEHT BPEMEHH { PABHA ¥, TOTJIa BEPOSTHOCTH
TOro, 4ro B uATepsaie (f, ¢ -+~ A¢) anmcmo ocobeit B momyasannm Bo3-
pacTeT Ha eIWHMILY, paBHa A (Z, t) At + O (A®), roe A (2, ) >0 —
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BePOATHOCTH TOTO, 9TO B WHTepBale BpemeHn (£, ¢ + Al) uncjaennocTh
YMEHBIIMTCA HAa efMHUIlYy, paBHA W (%, £) At + 0 (A#?), p (z, £) > 0.
BepoatHocTe oTcyTeTBUA HW3MeHEHMH B 8TOM WHATEpBAJe BpPEMeHH
paBEa 1 — (A (z, ¢) + p (z, ©)] At + 0 (A?). Cumcrema nuddepen-
NuaJbHO-PAa3HOCTHHX ypaBHeHWE Hoxmoroposa mmeer Bmn:

dP_(t)
—ar t?\(x— 1, t)'Px-l_ [7\,(.2, L)+ Wiz, t)JPx+

+ n(z + 11 t)‘PxH

dPo (t
#() ~u(l, 1)-P,

PO)=1, z=1,2,...

3necw P, () — BepoOATHOCTH TOrO, YTO K MOMEHTY f GHCICHROCTH [0-
OyJAQON paBHA x, a A (z, ¢) B p (x, {) XapaKTepPU3ywT COOTEETCTBEHHO
HMHTEUCUBHOCTH DasMHO;KeHWS u rmfennm B monyismud. B npegmoio-
JKCHUH JAUHEHHON 3aBUCHMOCTH A U L OT Z, T. €.

Mz, )=r(@)-x
{l’l’(xi t) = p‘(t)'xr

(19)

(20)

cuctemy (19) mecnenoran Kerpann |66].0m namen s’ apnom sume Brpa-
MeANA OJsA NpomsBofAmell pyEKUMU BepoATHOCTeN npouecca F (s, t),
MaTeMaTHYeCKOTo OKUJAHUA E, IHCIEPCHN 4ucaa ocobed B mOmyJs-
[¥A, B §JIA BepOATHOCTH BHpOMkAernsa P, (f)

F s,y =[O m o0l I, @1)

EA{X (1)} = o+, (22)

D (X (t)} = zoe-2"0. S[x (¥) L1 (1)] & d (23)
0

¢
fr@e® ar
Pity=| =—/——1- (24)
1+ fpmePdr
0

,IIJIH oapaMeTpoB UMeI0oT MeCTO COOTHOINeHNH!

e—v(t)
a@) =1~ g BO=1— -, (25)
, |
v =\1n@ =2 @1 dr, ~ (26)
1]
t
W) =01+ g p ()0 dr]. (27)
0
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Muorwe aprops ananmsnpoBann pasiWvAEe YACTHRE CAYYAH CHCTEMH
(19). Tax, nanpumep, sxom [63, 64] mcememosan csoficTBa KBagpa-
THYHOTO OPOLEecca POKIeHHs W rufem:, T. e.

Az, t)=A-(22+ a-2) ('28)
((2:0) = (24 o2,

cae A >0, p >0, a > 0. Kapapu [(65] opuBogur peranbHoe pac-
CMOTPORM® JTUHEHHHX UPOHOECCOB POKOEHUs U Tubenn ¢ KoapGHIE-
earamn A.z + o u p-z -+ B. Natepecuo, 4ro BO BCeX »THX MOIETAX
koopPUIMMEHT BapWAIUA, OlpefeNsdeMuil KAaK OTHOIIEHHe KOPHSH
KBaJpPATHOrO U3 [ACOcPCHA K MaTeMaTHUeCKOMY OIKHIJAHUIO, C Te:
ueHMEeM BPeMeHH He CTPeMHTCsa K Hydo. IlpenenrsHoe sHadeHme K0d(-
Punuenta papmallW¥d OPAMO NPONOPHHOHAIBHO 1/]/;::0, rge r, — Ha-
YaJIbHAA YHWCJIEHHOCTh TOUYJIANWHA, T. €. Koapdummenr sapmamum
y6rBaeT ¢ pOCTOM HAYAABbHON YHCHeHHOCTH. ITOT GaKT MOKET CIYKNATH
KpuTepueM eseco00pPasHOCTA CTOXACTHYECKOro HOJAXOHA K KOHKDeI-
apIM  Opobaema.

4. JETEPMHIHUPOBAHHBLIE II CTOXACTHYECKHUE
MOJEJIN HEINPEPLIBHOIO KYJbTUBUPOBAHUA

OcnoBuble DpHHOHNE HEOPEPHBIBHOrO KyJjbrasupoBanud. [lpo-
[ect HEeNPEePHBHOr0 KYJILTHBUPOBAHHA MOKET OPOTEKATh HEOI'PAHR-
4eHHOE BpeMA TOJBKO B TOM CJIydae, €CJN YCIOBHA, APH KOTOPHX 08
OCYILECTBIACTCA, COXPAHAIOTCH MOCTOAHHHIMM B TeYeHUE BCEro ero
xoma, amexenwe ycJOBHA OPHUBOGAT K YCTRHOBJIEHWIO HOROFO paBs-
HOBECHOTO COCTOSHWSA WMIN e Ipoiecc mpephBaerca. [locrosHCTBO
yCIOBHA KYJABTHBHPOBAaHHA JAeT BOBMOKHOCTE CQPOPMYIHPOBATH
MaTeMaTHYeCKHAe SAKOHOMEPHOCTH [OCTWKEHWS DABHOBECHKIX COCTOA-
auit B gocrarodso npocrolt dopme. OCHOBH MaTeMATHYECKOUW Teopum
HenpepHBHOIT pepMEATAINN DePBOHAYAIBHO DBIIN paspadoTan Mono,
‘Hosurom u Cuumaapmom {72, 81], a B ganeseiimemM pasBuTH LPYTEME
apropamu (15, 16, b7, 59, 61].

MartemaTHdecKas TeOpPHs HENPePHBHOTO KYNHTHBUPOBAHMA MO-
CTPOeHa HA OCHOB® MAYYeHMA KPHBOH poOCTa YHGJICHBOCTH upy ob6HY-
HoM nepropmdecrom npodecce. Ha kpunsoil pocTa pasamiarT HECKOMs-
k0 $as B BaBHCHMOCTA OT CKOPOCTH pocTta: (asdy apucoocobiaeHus
(mar-gasy), $asy sKCHOHEHIHANBHOIO pOCTa, $ady pocTa ¢ oTPUHA-
TeABHKEM YCKOpeHHeM U cTauymoHapuyo ¢asy. Pasa sKcooHemmmans-
HOrO POCTA ABJAETCA DEPUOAOM CAMOrO GRICTPOrO PasBHTUA MHUKPOOP-
FAaHM3MOB, KOr[Aa BCe HNUTATENbHEe BEI[¢CTBA NPUCYTCTBYIOT B HU3-
OnTke H pasBUTHe HEe TOPMO3HTCA NPOIYKIaMH o0MeHa BeImecTs.
B samrxmyToBl cHcTeMme mHMTaTesbHEE BemecTBA (HAH OJHO U3 HHAX)
B KOHI¢ KOHIIOB HCYEPOHBAIOTCH U HEJOCTATOK HX (ero) cTaHoBHATICH
aumaTUpyOIMuAM GakTopoM pocta. KpoMme Toro, HakanJuBaTCcs Opo-
AyKTHl ofMeHa, TOpMO3Amue pocT Kiaerox. [IpAEOAN HempepwHBHOro
KYJIbTUBHPOBAHUA B8aKJII09d4€TCA B KHCHOOJbSOBAHUA UPHATOKA CBemKed
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tpenqh 0 OTTOKA OPWpAcTalonlell 4acTH MONYIATHM, Tak UTO KOHIEHT-
pan¥a OATaTeNbHHX BENISCTB W HPORXYKTOB 06MeHa HeM3MeRHO DoAfAep-
'KEBAeTCHA Ha OIpefelJeHHoM MOCTOSHHOM YDOBHE, 0GecmedmBaioiieM
rpefyemnle (PH3MOTOTHUSCKHE CBOHCTBA KYJbTYPEHL.

Mono [72] sammmancs nccllefoBanMeM BaBHCHMOCTH yIelbHOM
CKOPOCTH pOCTA YHUCJIEHHOCTU Y OT KOHIEHTpalum cyberpata S, m emy
yAAJOCh YCTAHOBHTH NPHOIMKEEHOE MAaTeMaTHYeCKOe BHIPAYKenNe
3aBHCHMOCTH 9KCIOHZHIMAILHOA CKODOCTH POCTa OT KOHIEHTDALHR
cyberparal

s , .
B = P * 75y , 29

dra fopmyna ofmapysxuBaeT ompeleleHHYI0 AHAJIOTHIO ¢ YPARHEHR-
eM Muxasnnca — Menrten fAas ¢epMeHTaTHBHMX peaxkumit, Ha rpa-
Prure moxydaercs rmoepGOTMYECKAA KPHUBAA, ¥ BEIWUAHA [lyaxe
apiasierca ee acamuroroii. Korcranra nacrimenua Kg pasnderes Kos-
neaTpanguy cybcTparta, UPY KOTOPOH yHeldbHAs CKOPOCTH pOCTa paBHA
MOJOBWHE MAKCHMaNbHON ckopoctd. Howmentpamus cyberpata —
HE eIWHCTBeHHHH & (arTop, JAHMHTAPYIOMAA CKOPOCTh pOCTA:
H. . Hepycaanmcrait (14—17) B cBomx paborax no sHpamusa-
auie Propionibacterium schermani opuimea & BHIBOZY, YTo yHedbHaA
CKOPOCTB POCTA 3aBUCHUT OT LJOTHOCTH NONYIANUN U OT KOHICHTPALAR
OpOAYKTOB Kierounoro merabonmsma. [lo peayanbraram skcmepumen-
T0B uM paspaboTana smompudeckas ¢(opmysa, oOTparkarIias aTy
sapacamocts [17). Har 6yner mokasaHo HIDKe, OMeHHO BWJA BABHCH-
MOCTH YHENBHOI CKOPOCTH POCTa OT PasiIHYHHX XAMUTHPYIOMHEX DaK-
TOPOB HTpaeT OupPelJeleHAY0 PONb B CHOCODHOCTH KJILTOIHOH KYIb-
TYPH K CaMOperyJupoBadUic OPW HeOopepwBHOI ¢epmenramun. Pac-
CMOTPHM WOCJTeJORATeNbHO OCHOBHHE THIL HENPEPHBHOTO KYJIBTH-
BUDOBAHNA.
llepexod om noaynenpepuleroz0 KYAbMUSUDOSAHUS K HENpepuls:
wnomy. [Ipn peryasipmom ymaneHunm gepes ompelesenHbe MPOMEKYTKR
BPEMEHHT YacTH MCUOJBBOBAHHONW cpelnl W BaMeHH ee CBEKHM cyGor-
paTOM KpHUBad UBMEHEHHA UACICHHOCTH MWUKDPOOPTaHH3MOB B 3aBUCH-
MOCTH OT BpeMeHu B pafoueM ofbeme KyIbTHBaTOpa 6yaeT MMeTh IA-
noobpasamit eug. IlyeTs Af — QNUTETBHOETH OJHOTO HEPHUONA, TOLM:
M3MeHeHHe YHCAEeHHOCTW Ba NEPHOJ MOKHO BHPASHTH ypPAaBHEHHEM
(57):
X (o + A1) = X (t5)-e*2t- (1 — DALY). (30)

3mech @ — ymelpHas CKOPOCTh pocTta, a D — yneasHas CKODOCTb
pasbapiennd, oUpeHeiseMas OTHOMEHUEM CKODOCTH LHOTOKAa Cpepn
k paGogemy obneMy kyapTHBaTOpa. 18 yeaosma X (f, + Af) = X (¢,)
HAXOQUM 3aBECAMOCTE [ OT | M BeNWYNMHE mepuoga Al

1 — g Hat
D=—7—.
At
- Yerpemasa At~ 0, mepexoauM OFf DONYHENPEepHIBHOTO mpoHecca
KYJLTHBUPOBAHUA K HenpepniBHOMY. A #@empepmiBHOro mpomnecca

@H
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ponyuaeM, uro D = p. CiaemosaTeqbHO, PABEHCTBO YAEABLHHX CKOPO
cTeil pocra m pasbamiennsa obecmedWBaeT HENPEPHBHOE IPOTEKaHUE
pponecca ¢epMeHTaInAM.

Camopezyauposanue npu HenpepwieHom npoyecce. PaccmoTpnm He-
UPepPBIBHLIN IPOIece, T. €, OYCTh BHIOMHEeHO ycilosue D = p. Kaxwme
N3MEHEHNs OPOUBOUTYT B CHCTeMe, eCIH YCTAHOBHBIIMIACA pesREM
fymer HapyuleH mn3MeHenueM cropoctu pasbaBiuennsn? [loppoGuuiii
pasbop atoro Bonpoca 6ua nposemen Mono n 'epGeprom 159, 61, 72).
Horma ckopoctes pasbaBaenys cramoBATCA 0oJiblle YHENBHON CKO-
pocrm pocra, T. €. D > p, 9MCA0 KIETOK B KYTBTHBAaTOpe Hadmigaer
YMEHBIIATHCH, T. . MEKPOOPTaHU3MEl [IOCTENEeHHO BHIMEIBaioTCA. B pe-
3yJbTaTe 9TOr0 TOBHIIAETCA KOHIeHTpanmua cy6Gerpara B fepMenTepe,
NOCKOJBRY YyMEHBINAETCHA CKOPOCTH €ro yTHAM3Auud (yMEHBbIIAeTCA
9HCA0 MHEKDPOOPraHusMOB). II0CKONBKY P < Plyaxe; TO MHORBHIIEHU®
KOHIEHTPaIMn ¢yOCTpaTa MOMOKUTENBHO BJIHsIeT HA YACABHYIO CKO-
pOCTH pocTa, W BeIWYMHA €e BO3pacraer COTNACHO ypaBHeHuI0 {29).
Korga p cramer pasuoit D, B cucTeMe YyCTAHOBHTCA HOBOE IOJIOKEHHE
paBHOBecun. B cayuae ymMenbmenna ckopoctu pasbasiaenusa D, gucmuo
KJIeTOK B pearrope OymeT BO3pacTaThb, a KOHIGHTpAnHMA cyGcTpaTta
ymenbmaTbes. CienoBarensHo, p 6yHer yMeHbIIATBCH KO TeX HOP,
OKa He cTaHeT paBdniM D, W TOTHA OUATH YCTAHOBHUTCH HOBOE LOJO-
sxeHne papaopecusi. M3 9ToTO BpITeKaeT, 4T0 HeNPEPHBHKE OPOLECCH
o6aagaT cmocobHOCTRI0 K camoperynsiuun. OTsmermM, 49T0 9TH pac-
cy:kneHnsn BepHH OpPH D < plyage, B IPOTHBHOM ciydae, T. €. KOIZa
D > Myane, MEKPOOPTAHW3ME BCOTHA BHIMEIBAIOTCA H3 KYJBTHBATOPA.

Xemocmam u myp6udocmam. B saBucuMocTH OT cmocoba, KOTOPBIM
LOCTHTAETCSA BHIIOJIHEHUE PABEHCTBA [ = i, OPOIECCH HENPEPHEBHOTO
KYJIBTUBHPOBAHUSA TENATCA HA XeMOCTATHEIA W WIOTHOCTATHBIA (Typ6H-
pocraTHHH), TepMad «xemocrary 6811 npeanoxen Hopukom n Cromaap-
mom [80, 81]. B xemocrare ckopocts pasGapiaenusa [ samaerca mpo-
HU3BOJBHO, 8 MUKPOOPraHH3MBI CaMH BHIOMPAIOT CBOK KOHIEHTPALMIO
1 NOJIePKUBAKT CBOK YAEIbHYI CKOPOCTH pocta W pasHOH D (B c00T-
BETCTBHH C BBHIMEH3J0KEHHOT CIOCOGHOCTHIO K CAMOPEryJIupoBauuio).
Typb6unocratr (miormoctar) 6mu1 paspabGoran Bpaiicomom [49—51],
Hoprponom [75—78] m Amnaepconom [44]), cospasmuvu npubop #
paspaboTaBIIuMu TeOPETUIECKYID OCHOBY MJIOTHOCTATHOTO KYJbTUBH-
poBanua. B TypGunmocTaTe 3amaeTcd MOCTOSHHAsS KOHIEHTpAInA Kie-
TOK ITPA NOMOIIH PeryJupyoImero ycTpoilcTBa, KOTOpoe aBToMaTHue-
¢KA BEIOMpPAaeT COOTBETCTBYIOMYIO CROPOCTh pasbaBiuenus D. Hommen-
Tpauus MHUKPOOPTaHH3MOB B TypbugocTaTe ofBYHO permcrpupyercs
HEeTOCPEACTEeHHO B KyJAbTHBATOpe NPA OOMOMY (QU3HYECKHX @M
¢usHKO-XuMUIeCKHX MeTogoB. Haubosee wacTo msmepsieTcsa omTude-
¢Kasl MIOTHOCTh B3BeCH KIETOK, MHOTIA IPUMEHSOT KOCBEHHBIN METOA
a3MepeHuA, Hanpumep waMmepenue pH mawm apyrux seamumd, ceaAsa-
BHX ¢ KoamenTpanwedl mukpobueix riaetox [30, 31]. Ckopocts upm-
TOKA CBeKed MUTATeJbHOM cpensl peryJlnpyeTcs CoenuaIbHBIM yeTPOH-
zTBoM. HaK TOJBKO KOHIEHTpamMs KIETOK JOCTHTac: 3apaHee BHOpaH-
HOH BeJIWYMHE, aBTOMATHIECKO® YCTPOHCTBO OTKPHIBA€T NPHTOK

122




cBexell cpensl. HommeHTpanuA KIETOK CHMIKACTCH [0 BeJIMIMHE, IPH
KOTOpPO#l aBTOMaTHYECKOE YCTPOHUCTBO BaKpPLIBA®T TPHTOK Cpejibi.

Muozocmynenwamuie cucmems. llocnemoearensaoe coeJunenne He-
CKOJBKHX KYJbTHBATOPOB NPUBOAUT K MHOTOCTYNEHYATOMY Hempe-
pEBHOMY KyabTmBupoBaHmio. Ilonobmag cmcTema masBana lepGep-
tom [61] mMuoromorouHo#t Mmorocrymemdartofi. B mammom depmenTtepe
HMEIOTCS CBOH yCJHOBHS YCTAHOBHUBINErOCS PeMEMA.

Cucmema ¢ wacmuunotl peyupryaayuet. Onncannbie BHINE CHCTE-
MH MOTYT OHTH HOIOJHEHH PEHAPKYJIALEeH ompejeleHHOH YacTH
o0meil TuCiieHHOCTA KIeTOK. B3Beck RICTOK, BLIXONAMAA U3 Ompefe-
JIeHHOHW CTYIeHH, KOHIEHTPHPYETCA B HENPEPHIBHO-MOTOYHOM IEHTPH-
fyre unm B ocamoanoM cocyme. UacTh KIETOK perUpKyIdpyer (Bo3-
BpallaeTcA U3 UeHTpu(yrm) B Ty ke HJIM B APYryio (mpejamiecTBYIO-
mymo) crynens. OcraBmuiica B mentpudyre cybeTpaT BMecTe ¢ OCTaB-
DIEMACA KJAeTKAMH BHITeKaeT [if mainbHeiimeii o6paborku [80, 85].

Moneny guHaMHKA 9HCIEHHOCTH MHKPOOPraHM3MOB NpPH IPOTOY-
HOM KyiabruBupoBanun. OCHOBHBIE MOJENA [HHAMHKM YHCJICHHOCTH
MHKDOOPraHH3MOB IIPH HEIPePHBHOM OJHOCTYHEHIATOM KYJIbLTHBUPO-
BAaHWM DOCTPOCHH W YacTUYHO HCCIAETOBAHE BO MHOTHX paboTax
[24, 30, 31, 38, 39, 67, 71, 83, 86, 88]. Bo Bcex 3THX MogeaAX HCOOIb-
3yeTcA MaTeMaTHUecKH# ammapaT oOBIKHOBeHHBIX AuddepeHIAaTbHHX
ypaBHeEn#i. Mosxkno Boimmcarh cucTemy ouddepeHOUaIbHRX ypaBHe-
BHH, 0600MAaKIIyI0 BCE 3TH MOMEJHU:

LY e DX 4p(Si...S)X
as,

: 1
d_t=D'(Si0_Si)_I WSy .. Sp)- X,

(32)

3nech mpuHATH cieayomme o6o3Hadennsa; X — KOHINEHTPAIlAA MOK-
poopraEmaMoB B (QepmeHTepe; §; — KOHIEHTPAUHA (-Io BEMIECTBA B
depmenTepe (3T0 MokeT GHITH cyGCTpaT, TPOAYKT MA3HEAEATEIbHOCTH
MEKDPOOOB MJIM OPOCTO KAKOM-TO XuMmdYecKuil sjaement); D — ymeanb-
Hag CKOpocTb pasbaBienwms; §;, — KOHOEHTpanus [-ro BeMIECTBA B
mojapmenca cpefe; y; — K0dQPHIMEHT yTUAH3amUM (-T'O BeINEecTBa
mmkpobamu; B (S; ... Sy) — yAerbHAas CKOpPOCTH pocTa THCIEHHO-
¢TH, KoTopas 3aBHCHT OoT Sy, Sy, ..., S,. JoMuoxas i-e ypaBHeHue
Ha Y;, CKI&JbIBad BCE YPaBHEHHA MONAPHO C IEePBHIM W WHTETPUPYA,
HAXOAHM 7 HE3aBHCHMEIX HHTErpajoB cucTemsl. OHH MMEIOT BHI;

X () + S (1) = (X 0) + 4: [S: (0) — Siol} e + yiSiy ~ (33)
rie X (0) — HavaspHAs KOHOEHTpanmmA KJIETOK B JepMeHTepe; a
S; (0) — HavanbHas KOHIEHTPANA I-TO BemEeCTBA. JTH MHTETPAJH
ABIAKTCA YyPaBHeHASAMH MaTepuanbuoro Gazanca. Brpaskags wus
Kaskgoro i-ro ypasmeHmsa (33) §; wepes X @ momgcraBiasd B mepBoe
yPaBHeHEe CHCTeMH (32), MOKHO HONy4HMTh ypaBEemme mus X (i)

%;=_D.X+®(x,t).x. o (34)
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Bce. msBecTERe AmHaMUIeCKWe MOJENH [AJA XeMOCTAaTa OTJIMIAOTCA
Ipyr oT apyra Bugom ¢ysrmua p (S, ... S,) n HabopoM mepemen-
Bex 8, T. e. HaGopoM paccMATPHBAEMHIX BemEeCTB.

Hora [67] wucciemosam [UHAMHYECKYIO MOAENb MJisA XeMmocTaTa
B NPELOJIOKeHNHA, 9TO

S :
B (S) = Puaxe - DT (35)

Cucrema (32) cBomgmmack K aByM nuaddepennuaiTbHHM ypPaBHEHHSIM
¢ mepemenasiME X (¢) u S (f), KoTopble aBTop H3ydaa Ha (asoBoi
IJIOCKOCTH MeTOJaMI KadecTBeHHOH Teopnn AuddepeHINaIbHEX ypaB-
nenui. Taxkumm e MeTogamu ncceienyerca JHHAMHKa IIOBEICHHA
OONYJIANNA MHUKDOODTaHM3MOB B XeMocTaTe B IPEANOJIOMEHHH, 4YTO
HCIOJb3yeTCsT MHTHOMTOPHLIA cybeTpar, T. e.

p(8)= _*;“3“0___5_ (36)
Tt +x; |

H. B. CrenanoBa ¢ coaBTopamm [38, 39] mccmemosama Monenn nu-
HAMHKH HENPEPHIBHOINO KYJbTUBAPOBAHUA aHAZPOOHBIX IPOOUOHOBO-
RucInx OGakTepuil, CKOPOCTH pPa3MHOKEHHA KOTOPHIX 3aBHCAT He
TOJBKO OT KOHIeHTpanwuu cybeTpara S, (TakraTta), HO I OT KOHIIEHTpa-
ouy LPOoAYKTOB Oposkenus S, (amerara), OKasHBAIOOX AHIHOHPYIO-
mee nefcTBHe Ha KyabTypy. Msygamack cmcTeMa TpexX ypaBHEHHH
¢ nepemerHnME X (¢), S, (f) 1 S, ({) B OpeNmoOTOKEeHAN, ITO

oy
" (S17 Sz) — Unaxe * 91

(Kg, + 81)-(Kg, +82) ° 37)

Cuctema ypaBHeHHH HCClefoBalach Ha aHAJ0ToBo#t Mammue. Hawr
BUJHO W3 NODPHBEJeHHHX UPHMePOB, B3HAHMEe BHUAA 3aBUCHMOCTH
p (S ... 8, ABIAETCA HEOOXOAMMBIM YCIOBHEM IJIA MOCTPOEHHA M
mccIe0BaHNA [UHAMAYECKHX Mojedell HempepHBHOH QepMeHTammi.
Bomopocamm onpenenenns koapPuIneHToB, BXOAAMHUX B ypaBHEHHA,
ONUCHBAIOMAE IPONECCH HEeNPePLHIBHOTO KYJIBTHBUDPOBAHASA, HOAPOGHO
sagnmannck [1. . Hakonaer, [I. II. Cokonor m ppyrme [28, 29].

Ilpm naorHOCTaTHOM CHOCOOE HEUPEePHIBHOTO KYJIbTHBHDOBAHWA
DOTKHO BHOOAHATbeA yeuoBme dX/dt = 0, X (1) = X (0). Iloatomy
cucrema (32) B 8TOM caydae OpuMer BHA L

X (t) = X (0)
=D
" (39)
ds,

1 ,
= D-(S; — i)"y_i’”'X’ i=1...n.

1 Jlpepmonaraercd, 4TO HA OLHH H3 cyGCTpaToB He JUMHTHDYeT YAeJIBHOH CKO-
pocTH pocTra W.

124




Wnterpupysa kaxgioe i-e ypaBHeRWe CHCTEMbI, HAXOIAM

(8= S = 93 [S1(0) = S — =X (O) [P X(0) 39)

nIH B Iipejelie Npu ! —- 00 ,

Yi (S: — Si) = X (0). - (40)
Tarue cooTHOIMEHNA MaTepHaJdbHOTO 6anadca /A TypOumocTaTa m3y-
gagm M. WU. T'urennson u coasropsr [10].

Pacemorpun Kpartko 0000IeHHYI0 MOAeIb OANOIIOTOYHOIO MHOIO-
CTYHNEeHYaTOr0 KYJBTHBHPOBAHUA (MOCJefoBaTelbHOE COEJHHEHIe m
dpepmentepo). Hepes X (1), Sz (1), Dy (f) obosmaunm cooTser-
CTBeHHO KOHIICHTPAIMI0 MHUKPOOPTAHU3MOB, KOHIEHTPANWIO I-TO De-
H[ecTBa M YAEJIBHYI CKOPOCTh pa3baBieHHA B A-M (epieHrepe.

Cucrena ypaBHeHHI /ISl MHOTOCTYIIEHYATOTO IPOLECCa MMeeT BH:

ax

- ._dtk :Dk.(Xk_l—Xk)+“(Slk"'S'n,k)'Xk
ds, 1 (41)
dtm = Dy (Sig-r — Six) — y, B Stk Spp)- Xpo

CranuoHapHBEE COCTOAHMS TAKOH CHCTEMBI /I HEKOTOPHIX FaCTHBIX
cayuaeB uzydenst Maxcononm [71]. B pesynbrare mccrenobammit moy-
9eHH COOTHOINIEHHA [ PABHOBECHHIX KOHIEHTPAIUN IINTATEIbHHX Be-
IeCTB ¥ MUKPOOPTAHMSMOB B IPENBIIyIIeM H HOCIefylomeM gepMeH-
Tepax.
IIpoecchl BOCCTAHOBJIEHHA TONMYJANMM Ha nporoke. B mpouecce
HempepsBHOI (epMeHTAIMH B XeMocTaTe WM IUIOTHOCTaTe, KAk Ipa-
BUI0, BCEe TapaMeTphl KyJbTHBUPOBAHMA MOJIED/KHBAIOTCA HA  MO-
crosuioM ypobHe. OfHako B CHIY KaKHX-THO0 PH3MKO-XHMHIECKHX
i cyry6o TeXHHIeCKHX NPAYHH HEKOTODPBIE IIapaMeTPHl MOTYT H3-
MEHATBCS, 4TO eCTeCTBEHHO NPHUBOJHUT K HapyINeHHIO mpolecca dep-
mentarmu. Muormyu asropamu [33, 73, 87] skcmepmmentanbho we-
CJIe0BAJICA BOIPOC O XapakTepe IIOBe[eHHsI KyJIbTUBHPYeMOH momy-
JSIUIH IPH PE3KOM, CKAIK006Pa3HoM M3MEHEHHA OHOTO HIHM HeCKOJb-
KIX [apaMeTpoB, TaKHX, KaK Y/eJbHas CKOPOCTh pasbasiuenus D),
KOHIeHTpanusa cyberpaTta S, TemmepaTypa, HHTEHCHBHOCTb OCBEIe-
Hua (RaA GoTOCHHTeSHPYIOMHIX OPTaHH3MOB). B pesyabrare mecaeno-
BaHHWH HOKA3aHO, UTO MOCJe CKAaYKooOpa3HOr'0 H3MEHEHMS KaKoro-
760 mapaMeTpa BO3HHKAeT IePeXO[HBIH IPOIeCcC, BCIeACTBHE KOTO-
pOTo cHCTeMa MePeXofuT B HOBOE CTALMOHADHOE COCTOSHME (WM ke
npoiecc (epMeHTAIHN TPEeKPAIaeTCA BOOOIIE).

pu peskoM HM3MEHEHHH YHCJIEHHOCTH KYJIBTHBHPYeMOR momy.ia-
LU CHCTEMA, KaK NMpaBHUJIO, BO3BPAIaeTcsl B MCXOAHOE CTALHOHAPHOE
coctosinne. llpomecc BO3BpAIlleHMA HA3HBAKT IPOLECCOM BOCCTAHOB-
nenus. Peskoe yMeHbIIeHHe YHCIA KIETOK (B pesylabTaTe mX rubei)
MOKeT OBITH BBI3BAHO, HANpUMeD, CHJIBHOH 10304 DpaJH0aKTHBHOIO
H3Ty9eHAA WIH KaRMM-HEOYAB HApPYIMM Bo3meidicTBmem [5, 32, 34].
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Martematugeckne Bompocs Tpomecca BOCCTAHOBICHWS MOMYJIAIHE
B xemoctate paccymorpesnl H. C. Ileayprumine. OcHoBHas cucTeMa
YPaBHeHHH UMeeT BUI:

dX

—at—:—D-X—{—#(Sl-..Sn)'X

aX ¥

= =-D.X (42)
dsS,

-——dt‘L :D'(S’iO_S’l)——y—i_!‘l‘(Sl‘"S’ﬂ)'X? Z=1.n-

C yuerom ypaBHeHHS (34) MORHO HOJYIUTH CHCTEMY [BYX ypaBHe-
HOH, OOHCHBAIOMY H3MEHEHHEe ¢ TedeHHeM BPEMEHH 9HCia KABLIX N
MEpPTBEIX MHKDPOOPTaHU3MOB:

”;_tXZ_D.X+q>(X, 0)-X
X = (43)
'Ft—: ‘_'D-'X.

3mech X — KOHNEHTPANHUA SKUBBIX KJIETOK, a X — KOHIeHTpAUUA
MepTBHX KiaeToxk B gepmertepe. H. C. Ileayprun mcciaepoax Haubo-
Jee mpocTHe ciIydam BEAa ¢ymknun W (S;...5,), a UMenno:

u = const,

S
U = Umaxc —KS 5 - (44)
Hus caydaeB Gordee cao:xHOTO BHAa Qymrumm U (S5) mccaegoBamuch
TOJBKO cTamuonapubie coctoanng. 1lokasano, 4To ¢ TedeHmeM BpeMeHH
sesmauna X (2) -- X (¢), Kak OPaBHIO, TIPOXOJAWT depe3s MIHHMYM,;

X
OTHOCHTeJbHAA [0JiA MePTBHIX KJIETOK — —(LN———>O, a or-
. (X )+ X @)
X
HoCHTeJIbHAA JOJSA EABHX KIETOK — @ —1

(X {8y + X (1)

Ilo pesysnbTaTaM NPOBENCHHEX TEOPETHIECKUX M HKCIEPHMEHTATb-
HEIX HCCIEJ0BAHMI MOFKHO CHeNaTh chaejylomue BRIBOXEL 1) mpu we-
IOpepHBHOM KYJIbTHBHPOBAHUU IPOMCXOJUT  (CAMOBOCCTAHOBIEHHE)
nomyafgmuu B GIarONpHATHHIX [JIf POCTa YCIORHAX WLOCHE CHATHH

neitcTeua me6aaronpuATHOTO Gaxropa; 2) OCHOBHEE 3aKOHOMEPHOCTH -

npoliecca BOCCTAHOBICHHA OUpPeeNAITCH TPH IOMOIMH IPOCTOH Ma-
TeMaTiueckoit mojexnm (32), wucmoxbaywmedl auddepeRnnanbHbe
ypasaenusa. Mojeib TO3BOJAET OIEHUTh BpeMS BOCCTAHOBICHHA
B 34BUCHMOCTHI OT HAYAJIBHOTO COCTOSIHUA IONYJSANUH M CTelleHH ee
mopajked®si; 5) MPoIect BOCCTAHOBICHHA TPOUCXOTUT UPU D < Wyaxe-

ABToCeIeKIIA Ha IPOTOKE., B Nnonyrsnuu MHKPOOPTraHU3MOB IT0Y-
TH BCeTJa NPHUCYTICTBYIOT MYTAaHTHEe $opmbl. Teopermdeckne oCHOBH
AMHAMAKYA YACIEHHOCTH MAKPOODPTaHH3MOB IPH HEHPEePHBHON (epMeH-
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TamAE ¢ y9eToM MyTanmit ommmx dopm B apyrme jgamoTcs B paborax
Mosepa, Hoprpona, H. C. lewypruna, Kynura [30, 31, 74, 79].

Cucrema puddepeHnmalbHEIX YpPABHEHMU, ONMCHBAIOMAsg JMHA-
MAKY MHOTOKOMIIOHEHTHON MONYJANMA B XewmocTaTe, MMeeT Cjedylo-
MU BHU:

dX,
=D Xi— X+ pu(Sr. . S) Xi - Z Y X
7
(45)
ds
d—tk-:D'(ShO_Sh Z y]h 1"'S177.)'Xj'
3nech X; — KOHIEHTpAUWA KJIETOK (-T'0 MYTAHTHOTO IMTaMMa; «o; —

yAembHASA CKOPOCTH MYTHDOBAHUIA [-I0 TNTaMMa BO BCe OCTAIbHEBIE;
Y;; — YHAeldbHas CKOPOCTL MYTHDOBAaHHUA KJETOK [-TO IITamMMa B J-if
mMTaMM; Y;, — Kosdduiuenr yrunmsanuu k-To BeliecTBA j-M HITaM-
MoMm. llompo6ro ¥cciaeoBaHa TOJABKO MOIEeNb ¢ ABYMS IITAMMaMH,
OTHHUM JHMHTHPYIOTUIM cyGCTPaTOM H CIeMyIoImuM BPI/IO’\I 3aBUCHMO-
CTH YAGHBHOK CKOPOCTH POCTA YUCHEHHOCTH QT S:

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

B xemocraTte KOHIEHTpALIsA JUMATHPYIONIEro cyGeTpaTa, KaKk IpaBuio,
HeBelIWKa, TaK KaK Y/JeJbHbIE CKOPOCTH pocTa MIA o0OHX INTAaMMOB

3HAYATENHHO MEHBINe yanc, T. €. W () z% -S.

8
Hccnenopanne cuctemsl (45) B yKazsaHHOM 4aCTHOM CJIydYae NOKa-
3HIBAET, 4TO C TeYEHHEM BPOMOHH B KyJbTHBATOPE aBTOMATHYECKH
TPOMCXOAAT 0T00P B CTOPOHY YBEANUEHUSA [yawc/Kg, T. €. IITaMM
¢ MAKCHMANDBHBIM [yayo/ K 'g BRITeCHsET u3 flepMenTePa BCE OCTAIBHEIE,
KOHIIEHTPAUU KOTOPHX B KOHIE KOHIOB YCTAHABIMBAIOTCA HA HU3KHX
PABHOBECHBIX YPOBHAX. IT0 CJIEACTBHE W3 MOJEIN MOATBEPKIAETCS
IeJABIM PAZOM BKCHEPHMEHTAJNbHBIX JAHHHIX.,
TeopeTuuecKHe BOIPOCH ABTOCEJEKIUM B TypOHEOCTaTe PaccMoT-
penst B paGorax B. E. Cemenenxo, B. A. Jlapra, JI. H. Iornmma
[6 11, 42, 43]. RyapTuBupoBanme MUKpPOOPTaHH3MOB B TypOupocTaTe
IIPOU3BONUTCS HA HEIMMUTUDYIOMIMX cpeflax, H YAeIbHAS CKOPOCTH
pPOCTa YACTEHHOCTH MUKPOOPTAHM3MOB OJM3Ka K MAKCHMAJIbHOM BO3-
MOKHOM, T. €. W = Wyare- IAaK OyJeT morasaHo HUke, gepMeHTanus
B IJIOTHOCTaTe HPHUBOINT K TOMY, YTO aBTOMATHYeCKHU oTGop wHuer
B CTOPOHY YBeJIUYEHUS Myape, T- €. IITAMM € MAKCHMAJIBHEINM 3HATCHIEM
Uyare BBITECHSET U3 fepMeHTepa Bce ocTanbubie, CHCTema ypaBHEHHH,
OOHUCHIBaKIiasas MTAHAMHKY MHOTOKOMITOHEHTHOA nonmyJaAnun B Typ6H—
mocTaTe ¢ y4eToM MYTHPOBAHUS ONHAX INTAMMOB B JPYTHe, UMeeT BH:
dX.
— = WX — DX, — o, X; - D 11X (47)
j¥Fi
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3necy X; — KoOHmMeHTpanma MHKpoopranusmoB i-ro mrtamma. Cria-

ABIBAA BCe YPABHEHUS M HCMOJB3YS ToT PaxT, 9To 00mMasa TUCIEHHOCTh
n

IOCTOAHHA, T. €. 9 X; = const, moaydaenm:
i—1
- X,
D — 211_1 , (48)
2 %;
J
T. €. VAeJbHasg CKOPOCTh pa3baBieHUs pPaBHA cpefiHell VAeJbHOU CKO-
pocTH pocTa YUCACHHOCTH BCeHl MHOTOKOMIIOHEHTHOH NONYJALMH.
Bes ygeta MyTupoBaHHs pelleHHe CHCTeMBL (47) myeeT BUA:
Wt n
X, (0)-€ .
1 7
Xi() = ————- 3 X,0), (49)
¢ e J j=
5 X, 0)-e j=1
=1

T. €. ¢ TeYeHWeM BPEMEeHU KOHIEHTpPAIuA MHKPOOPTaHH3MOB LITaMMa
" .

C MaKCHMAaJBHBIM | CTPEMHTCA K Z X;(0), a xonmentpanua Beex
=1

OCTAJBLHKIX IMTAMMOB CTpeMP[TCF[HHyJI]IO. Taruy o6pazoM, IPOUCXOTUT
aBTOMAaTHIECKHH 0T6OD B CTOPOHY yBeamdeHud (. G y4eTOM MyTHPO-
BaHUA A cAydas JBYXKOMIOHEHTHON Hmomynsanuu cmcTemy (47) mc-
camegoBax H. C. Ileaypknu. B aToMm ciaydae He mpPOMCXOAWT IOIHOTO
BHITECHEHHA OJHOTO MITAMMa JPYTHM, & ROHIGHTPAOUA KJIETOK IITaMMa
¢ MeHbInelt yﬂeJH)HOﬁ CROPOCTBIO pocTa yCTaHaBJUBaeTCA HA HH3KOM
PABHOBECHOM YDOBHeE.

0 BEPOATHOCTH BBIPOKICHIIA MYTAHTHOrO IITaMMa Ha IIPOTOKE.
BeposaTtnocTanil aHAMN3 npomecca BHIMBIBAHMA WJIH COXPAHEHHS MYy-
TAHTHOIO WITAMMa HA TPOTOKe TPOBejleH NepBOHAYAIbHO B paboTe
[Taysama m gaizee B pabote B. A. Jlapra ¢ coasropamu [11, 84]. Pac-
CMOTPHUM CTOXACTHYECKYI0 MOJAENb PA3BHTUA MYTAHTHOTO INTAMMa
Ha OpOoToKe NPH yCJOBHHU, UTO IPOIece HAadascs ¢ OFHOM MyTaHTHOR
raetkd. Ilyete NV, — o0Imas 9THCIEHHOCTH KJIETOK B KyJbTHBATODE,
OOCTOAHHAA A A1060TO MOMEHTA BPEMEHH, a T, U T — BpeMeHa Te-
HepamHl COOTBETCTBEHHO MyTaHTa H MCXOJHOTO IITaMMa. YHCIO
KJETOK, yIaJddeMblX H3 KyJbTHBaTtopa 3a t;, obosmagzmy wuepes Q.
Torga mis BepoOATHOCTH COXPAHEHUA MYTAHTHOM KieTKu B (epmeHTe-
pe 0 ee mepBOTO [EJNEeHUS D HMEeM:

p=<1— ! )ng—ﬁ’ (50)

No

Tak Kak [V, Ha OpPaKTAKe JOCTAaToRHO Benauro: No ~ 102, Ecau wepes
m ® m,; 0003HaYHTh IUCTO IIOTOMKOB 33 OfHY IeHepamuio, JaBaeMbIX
COOTBETCTBEHHO OCHOBHON M MYTaHTHOH KIeTKAMH, TO IS YHEIBHEIX
CKOpOCTeHl POCTa OCHOBHOW M MYTAHTHOH KyJbTYyp HOJYYHM:
K — Inm K, — In mll- (51)
T

] o
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VanreBasg, uto ) =K-N,-1,, LI p HoAydmMm ¢JIEXYIOIee BLIpasKe-
HHE:
Inm
e

p=ce T = m—Y, ¥ = TI/T. (52)

Byney paccymaTpuBaTh pa3BHTHE MYTAHTHOTO MITaMMa, HAYaBIMeecs
¢ O7HOH MYTaHTHOH KJIeTKH (T. e. IpeAmoIaraeTcs, ITo B IPoIecce pas-
BATHA HOBHX MYTAHTOB 9TOT0 THHA He ofpasyercsd), Kak TUCKPETHHIN
BETBSAMNUACA IPOECC ¢ OfHMM THMOM TaCTHI[ ¥ ¢ OJHOIIATOBOH npous-
Bojsamed ¢yurimeir 7 (s):

f=q+ps™ g=1—p (53)

U3 ofmeit Teopnn BeTBAMMIXCS IPOMECCOB caemyeT, 9To npu /s (1) < 1,
T. e. my/m* < 1, mau, 4ro To ke camoe, mpm K, < K mpouecc Bcerna
BeIpOsRaeTca. B caywae f; (1) > 1 BeposATHOCTH BHIPOKIEHHS paBHA
KOpHIO ypaBHeHHs s = f(s) w3 muTepsaxa (0,1). IIpnbGamwennoe
3HAYEHHE JTOT0 KOPHS HAXOMUTCA o (opmyie:

mi

A =exp] —2 mlm:
(mY> =1

Jlerxo oIeHHTH TO KPUTHIECKOE 3HAYEHUE UMCIa MYTAHTHBIX KIETOK
B QepmeHTepe r¥*, HAIWHASA C KOTOPOTO C BEPOATHOCTHIO 1 — & My-
TAHTHAA KYJbTypa BGLITECHUT OCHOBHYIO:

my \2
(" —1)
P <’"Y> In-L, (55)
e

ms |
2. < - 1)
OcHoBHBIE BHBOAH MOKHO CHOPMYJAHDPOBATH TAK: €CIA yHeNAbHASA
CKOPOCTH POCTa MYTAHTHOTO HITAMMa MeHbINE MW PaBHA YAeIbHON
CKOPOCTA pOCTa WCXOAHOTO IITAMMAa, TO MYTAHTHHIA MTaMM Bcerga
BEIMBIBAETCA U3 (epMeHTepa, eClH jKe y/elbHas CKOPOCTH PocTa My-
TQHTHOTIO IITaMMa 6oJbIlle 9eM Y OCHOBHOTO, TO BEPOATHOCTH BBHIPOFK-
IOeHUs AJAs MYyTAHTHOTO IITAMMAa MEHbBINE eJHHHOL ¥ BHIHCIAETCA IO
dopmyae (54).

OnruMu3anusa OponeccoB HENPEepPHIBHOrO KyabTHBHPOBaHiA. Pas-
BUTHE TEODPWM ONTHUMU3AIAM NPONECCOB HENPEePHIBHOTO RYJIbBTHBHPO-
BaHOA OPOUCXOAUT B TpexX OCHOBHHIX HAIPABIEHNAX, COOTBETCTBYIO-
MHEX TPeM pAasiUIHGIM KPHTePHsM: VBEIHUYCHHIO IMIPOYKTHBHOCTH
CHCTEeMBl IO BHIXOAY OWOMACCHI, YBEJAWYEHHK) BHIXOJa KAKOTO-I1HBO
TUPOAYKTA KJIETOUHOU (epMEeHTANUN M, HAKOHEI[, MHHIMM3AIUH CTOH-
MOCTH HPOHM3BOJACTBA, OIPEAEJACMOM Kalk Pas3HocTh MeKIy 3aTpaTaMu
(ma cy6erpar) u joxomon (oT moxywaemoro mpoaykra) [1, 23, 24, 27,
45, 53, 58, 60, 62, 891.

PaccymoTpuy ofHOCTYOeHUATHIE mponece HempepHBHOH (epMeHTa-
nau ¢ JAMATHPOBAHHEM CKOPOCTH Pa3MHOKeHHA KIETOK OJNHEM CyO-

—1

(o4)
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crpatoM. Ilockonbky mpogyxkTuBHOCT P = DX, To, ACOOAB3YA CH-
cremy (32), mmeem:
R .So— D-(Kg + Sa)

D

. (56)
Paare — i
B ofmeM cay7ae Touka MaKCAMAIbHON NMPOAYKTABHOCTH He COBIANAET
¢ TOTKOI MaKCHMyMa OTHOMIEHHA BBIXOAA GHOMACCH K KOHI[EHTpPAIAn
cyberpara. Tarxmy o6pasod, MaKcHMATbHAS IPOIYKTHBHOCTH BCETJa
CBfI3aHA C TOBHINIEHHOW KoWIeHTparmeir cybeTpaTa B BHTeKawmei
cpefe. IlooToMy caemyer pasimdaTs MAKCHMYM NPOAYKTHUBHOCTH H
DKOHOMUYECKHN onTuMyM. OOTHMYM 3aBUCUT OT CTOMMOCTH CHIPBS, OT
BOBMOKHOCTH MCOOJB30BATH B JATbHeHIIeM BHTEKAIODMH BMeCTe CO
cpefioit cyGeTPaT U OT SKCINTYATAIIMOHHBIX PACXOH0B.

B upomecce 0oaHOCTyImEHYaTOTO HeMpPEpPHBHOTO KYJIbTHBUDPOBAHUA
OpPU HEKOTOPHIX YCIOBHAX 9acTh KIETOK HOABEPraoT PeqUupKYIAIAN
C IETBIO TMOBHIITEHUS NX KOHIEHTPANUU B KYJIBTHBATOPE U YBeJINIeHAH
OPOAYRTIUBIOCTH. HOHIEHTpamuo MUKpOOGHOTO MaTepHaia B pPeIup-
KyJAupyeMoil YacTH Cpen NUOBBINIAIOT MPH NOMONIM cemapanmuu (B
NPOKEBOM MPOM3BOACTBE) U IyTeM ocaxiieHus (B cmuprosoy) [1].

Jns yaydlleHmsa HCIOJB30BAHUSL cyGCTpaTa IPHMEHAIT CXeMY
MHOT'OCTYIIeHIaTOT0 KyabTuBupoBamus. Ilpm sTom ne mcIonb3oBam-
HEH B niepBoy PepymenTtepe cyGeTpar mocTymaer B caeayomuit depyen-
Tep, TAe eme pa3s YacTHIHo yTuaudupyercs. Jlokasazo, 9To Taroi
cnoco® KyJIbTUBHPOBAHAA (ojee SKOHOMHIUYEH.

Taruy 06pasod, HaYATBbHBIA HTan HOCTPOSHHS NETEPMIHHPOBAH-
HO# TEOPHH MPONECCOB KYJIBTHBHPOBAHHA OJM30K K 3aBePIIEHHIO.
OjHako pemeHue IeJ0TO PALA MPAKTHYECKH BasKHBIX mpobiaenM Tpefy-
eT PAacCMOTPEeHHST KYJAbTHBUPYEMON KICTOYHON [ONYIANNA KAaK CIy-
4aifHoil ynpaBiasaemoii cucTeMsl. CTOXacTHIECKOM Ke TEOPHH IIPOIECcCOB
KYIbTHBHPOBAHUA NPAKTUIeCKH He cymecTByeT. MokHo Hamedrves,
9T0 JaHHEBI 0630p B KAaKOW-TO cTemeHm OyIeT CTHMYJIHpPOBATh CKO-
peiiliiee moCTpoEHTE CTOXACTHIECKOH TEOPHH IPOIECCOB HEMPEPHBHOTO
KYJIbTHBHPOBAHUA W JiaJIbHEHIIee COBEPIIEPHCTBOBAHME [eTepMHHUPO-
BaHHOH TeopwH.
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MATEMATHYECRHE MOJIE/JU B 3KOJ/JIOTIHN.
POJIb RPUTIYECKUX PEXRINMOB

A. M. MOJIYAHOB

BBEJIEHUE

IKroJgorasa — ojaHAa U3 Haubojee CAOKHEIX OMOJOTAIECKAX JHCIIHI-
JHH. JROCHCTEMEL e/[Ba JIH He CaMble TPYAHDBIC I H3YICHUSI CHCTeMBI
H3 BCEX, C KOTOPBIMHI IPUXOJUTCA UMeTh neqao B mayke. Carya mocTanos-
Ka Bompoca 06 H3YUIeHI BKOCHCTEM cTaJa Bo3MoKHOR Torbko B XX B.
Yie 5T0 [0CTATOUHO BHPASHUTEIBHO XapakTepH3yeT o00BEMHOCTB
npobIeMHL.

B aw6yio 3skocucTeMy BXOMAT KaK OHOTHYeCKHMe, TAK W KOCHEIE
(abuoTnaeckie) diaeMeHTH. [loaToamy m3ydenme 9KOCHCTEM HEBO3MOK-
HO 6e3 caMOTo MPAMOTO YIacTHA HAYK TeoJ0THIecKOTo M reorpadude-
CKOTO IUKJIA (IPH OOHCAHWH M M3YIeHNH [eoJoTHIECKHUX, TaHamadr-
HBEIX, THAporpaduIecKuX U KIAMATHIECKUX XapakTepucTuk). MeToms
XxpMuH B QH3HKA afcoroTHo HeoOXoAuMEl (HO, K COKATIEHHIO, COBEp-
MIEHHO HeTOCTATOYNL) TPH U3YIEeHHWHM COCTABHHIX DJIEMEHTOB KOCHOH
KOMIIOHEHTHI dKocucTeMsl. CyTh M cofepsKaHue dKOCHUCTeMBl — KHBLIe
CYIEecTBa, PacTeHHS M MHKPOOPTAHM3MEL — MpefMeT H3y4eHHA BCEero
KOMILIEKCa HayK GHOJIOTHUECKOTO THKJIA.

[Tpm usyvenny SKOCHCTEM HEBO3MOKHO 000HTHCH M 663 COLMaJIbHO-
SKOHOMHYECKHX HAYK, MO0 OCHOBHAS I[]Ib HKOJOTHH — HCHOAL30Ba-
uie 6mocdepr ANA HYKHA desoBedecTBa. Cromr, BHAUMO, HOGABHTE —
VI 9eoBedecTBA, MOTHHMAIOMETOCA HaJ YHCTO OHTOHCTHICCKHM
«HCIOJB30BAHMEMY H BHEIPACTAIOIEr0 [0 OOHEMAHHA CBoeil PO
rpanumeas Ouocepsr. HempocTo BaamvonmeficTBme sKocucTeM ¢ GHICT-
PO pasBuBalomelicA TeXHHKOH, 0CTpo Hymjaiomedcs B pas3Hoob-
pasHBIX THOAX CHPbA, KOTOpPOe 0HA depmaer B akocucTemax. G apyroi
CTOPOHH, yiké CTAHOBUTCS «OPOTHBONOJOKHEM OOIMEM MECTOM»
MEICIE 00 OmacHOCTH HeOoOpaTHMOTo 3arpAasHEHHA OKPY:Ralomein
CpernH.

Hayxu mMateMaTHdecKOro IIMKJIA TaK:;ke MOJKHBL HANTH ¢BOE MeCTO
B 9To# BajkHo#l mpobieme. MoskHO ykasarh, mampuMep, Ha CTATHCTH-
9eCKUe METO[H IPH KOMNYIeCTBEHHHKX OMEHKAX CTPYKTYPH IKOCHCTEM,
HA CHCTeMHHI ITOJXO/ IPH ONNCAHWHM W KJIACCHPHKAIIII MHOrooGpas-
HBEIX BHENIHIX H BHYTPEHHHX CBsBeil sxocmcTem M Ha Gojee Tpamgnmu-
OHHEIE ACTIEKTH M3YTEHUS M3MEHeHHA CHCTEM BO BPEMEHHU KaK B DBO-
JIOOMOHHOM ITape, TaKk M B INIaHe CYKIECCHOHHOM (BO3PacTHOM).

IToT Geramit mepeTeHh HATJAANHO FEMOHCTPIPYET BCIO IPOMAHOCTE
npoGaesul. Bo3HuKaeT naske meBoTbIOe coMuenye: a ToToBa JH Ce-
TONHANHAA HAyKa, COCTOAINAS W3 BechbMa DPasoOMEHHEIX pasieloB,
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¥ PEeNeHHI0 MOJOOHEIX KOMIIeKcHLIx npobiaem? Ha asto mMoxHO cra-
3aTh TOJBKO OJHO: BOIPOC IIOCTABIEH CAMON M3HBIO, 1 CTUXHUIIHOE ero
pemenne goporo ofoififeTcsa u wexoBedecTBY, u Guocdepe. Haubomee
upaBaiAbHA, IO-BUJAMOMY, TOCTAHOBKA BONPOCA O BHIJEJCHHH CaMBIX
OCTPHIX, KABOTpeOEmMymux mpobaem.

OCOBEHHOCTH BUOJIOTHYECKHX OBBEKTOB

IlpaBmabHOEe BHIieTeHWe IJIABHBIX HANPABICGHHH HMCCAEJOBAHUA H
MOJICTUPOBAHUA TPe0yeT JeTKOTO OHUMAHNA cnenuduuecknx ocoben-
HocTell Gumonormaeckmx cucrem. Odend 0G0OMIEHHO MOKHO YKa3zaTh
Ha d9eThpe BakHeHmue ocofeHHOCTH ;RMBOTO: 1) CIOMHOCTH BHYT-
PeHHEr0 CTPOSHHA KaKAoH oTHenbnoil ocobu; 2) moaudaxTopHOCTH
BHeImHeH cpegsl (yCIOBHI KU3HeAeATeNBbHOCTH); 3) HE3AMKHYTOCTD
(IPOTOYHOCTB) KAK B JHEPTETHIECKOM, TAK W B CTPYKTYPHOM WJIH
nHPOPMAIITOHHOM CMbICJAe; 4) CyI[ecTBEHIAH HENIMHEHHOCTH — OrI-
POMHBIH AMana3oH BHEITHNX XaPaKTePUCTHK, OPU KOTOPHX COXpa-
HieTCA JKA3HECIOCOOHOCTh cucteM. llpmBegem HecKoabRO 3avedanmid
0 KayKAOMY W3 3THX Pa3feioB.

1. CaokHOCTH BHYTPEHHErO CTPOEHHMA. ITOT pasfes] MOMKHO GHIIO
Ob — IPHE ;KEJTAHAK — 03alJaBITh HHATe: «YBa:keHHe K OHOJ0THIE-
croMy o6berTy». CrROABKO-HHOYOb MOJHOE ONMMCAHWe Jayke MPOCTel-
mero OMOJOTHIECKOTO 00BeKTa TpebyeT Bcell CYMMEI 3HAHIN, HAKOI-
NeHHHIX B «IPefi0MO0M0THIECKOM» eCTeCTBO3HAHUM. [lofgcHAM TPOCTHEIM
IpuUMepoM 3Ty MHCIb. B momyasapHoil auTeparype Bcerma OPUBOJAT
upuMep Kojeca, KOTJa XOTAT HOJBCTATH CAMOJIOOUI0 TeJI0BEUeCTBA
U ToKa3aTh, 4TO OHMONOTHA «J0 Koleca He moayvamacky. Ho ecam
TIOHUMATD IO/ «IPUHITHIIONM KOJecay HAE 3aMEHBl TPEHIUA CKONbReHU
TpeHUeM RadeHWsA, To J00ble IDarammue, Hpuraomuge # Gerawomime
JKUBOTHEIE PEalM3yIOT HTOT IPHHIHI HAMHOTO 6Goiee rmOKo, uem He-
yrobHOE I TPOMO3JIKOE TeXHAIECKOE COOPYIKeHIe, MMEHYeM0oe KOJIeCOoM.
Ecaun e 1mocTaBUTH Bompoc OGoxee TJIYO0KO — 0 IAKIHYECKHX
nponeccax npeobpasoBanus sHEPTHH, TO OMOTOTHS «IpHUyMaiay CoBep-
MIEHHO BEJTMKOJNEHHBI NPUHIUN «XHMIIECKOTO KolTecay — upeobpaso-
BaHWEe XHMHYECKOH HHEDPIMH B MEXaHWIECKYH BO BceX Iporeccax
MBIIIeYHOro cokpamenud. O takoMm npeobpasoBaTtesie B TeXHIKE MOK-
HO NOKA TOJABKO MeYTarh. .

C wmeto MmareMaTWIecKOH TOYKHU B3PEHHS CJAO0KHOCTH CTPOEHHUS
CHCTEeMEL 03HAaTaeT, 9T0 ONMCAHUE ee WY 3aJaBue ee COCTOAHUS TPedy-
T 3aj[aHAA MHOTHX umced. Ha MaTeMaTHTeCKOM SM3BIKE 9TO MOSKHO
¢POPMYIUPOBATE TaK: (fa3060e NPOCMPAHCME0 GLOA0SUHECKOT CUCTREMBL
MHOZ0MEDHO.

2. HoaudarropHocrs BHemHeil cpenbl. Buosornyeckue 06BEKTH
CIOKHEL He TOXBKC BuyTpeHHe. OHE QYHKIMOHHDYIOT B CJOMKHOIM,
Hepeqro OwCTPO MeHsAMmelics cpene. Bolee Toro, ects cepheaHble
OCHOBAHMS IyMaTh, 4TO CaMAa CIOKHOCTh UX CTPOOHHS HOCHUT «KOMIIEH-
caTopHHIiy xapaxkrep. OHH WMEHHO IOTOMY M CJOKHBI, YTOOF B OTBET
Ha Ja06oe Bo3gelicTBHE CPebl PA3BITh BHEIIHIOKN BAIUTHYIO PeaKiUi0
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TaxiM ob6pasoM, 9100k COXPAHHTH MAKCHMAJIBHO HEM3MEHHOM CBOIO
BHYTPeHHIOIO cTpyKTypy. OcofeHHo TmaTeldbHO ofeperaercs, KoHed-
HO, TeHHas, HaclelcTBeHHAas cTpyKrypa. Moskuo crasarb, uTo ceroj-
HSINHASA CIOJKHOCTh OMOJIOTHIECKOH 0cobH — aTo 3amaceHHLId BOPOK
«omeIT OOmMEHUA co cpefoiy ee «vaMby, «0abymkmy m «mpampa...6a-
OYIIRIY.

Mamemamuueckoe caedcmeue: MaTeMaTHIOCKAA MOJeab OHoJOTHAYE-
CKOH CHCTeMBI JOJI’KHA COREP/KAaTh MHOTO HapaMerpoB (HempepHIBHBIX
d JUECKDPETHBIX), 3aJal0IHX CIOMKHYI CPeAy, B KOTOpOil (JyHKIIMOHH-
pyeT u3ydaeMas CHCTEMa.

* 3. HesaMkHyTOCTB., BHONOTNIECKHNE CHCTEMEl HUKOIZA HE ObIBAIOT
3aMKHYTHIMH JHEpPreTHYeCKH — 3TO 3HAKT celldac pgasKe IMKOJLHOKH.
CymecTBYIOT, OJHaKO, U 0oJiee TOHKIE ACHEeKTH STOro Ba;KHOTO CBOHCT-
Ba. Tar, Hampmmep, y GOJBIIMHCTBA BHICHINX pacrenuit opram ¢oro-
cnuTe3a — 310 aucT. Ho B cpeqmell monoce Aeperbsa Ha 3uUMy cOpach-
BAIOT JHUCTBY, KOTOPas CTAHOBHUICA TacThio cpennl. Eme 6Gogee caosk-
HO B3aUMOJEHCTBHE CO CPeNoil y HACeKOMBIX, IIPOXONAMKX, HAUpPH-
Mep, CTAfHN TYCCHHOH M KYKOJKM. JTy 0CO0EHHOCTH ;KHBOTO MOKHO
HAa3BaTh «<MOPPOIOrUIECKOH, CTPYKTYPHON IPOTOTHOCTHION, HIH HE3AM-
kayTocThio. llouTm odeBuzHEI mpEMePH HHPOPMAIHOHHON IPOTOTHO-
CTH, CKAMKEeM «XHMmYecKoe OOIeHNe» y CONWAIBHLIX HacekoMmbix. Ho
OTCIO/IA BEITEKAeT NPUHOUNWAIBHEIN (XOTs W TIPYCTHLIA IJA MareMma-
THKA-(MOeIbepa») BHBOM: Heobxodumo coemecmuoe Modesuposanue
Kak OUO0A02UYECKOLL cucmeMmbl, Mak U cpedv ee PYHEYUOHUDOBAHUA.

4. CyvuiecrBenHasi HeanHeitHoeTh. [lMamas3oH um3MemeHMs yCaoBuil,
B KOTOPHX HOPMaabuo padoTaioT GHONOTHYECKHE CHCTeMbl (Hampuiep,
OpraHbl 3peHHA WM CIyxa), 3HAYATEAbHO GOJbINe JHANIA30HA, K IpIME-
Py, aMIUINTYJ ® HacToT (U3UYeCKUX NPHOOPOB WM TEXHHYECKUX
yerpoiictB, Bo MHoOrmx ¢usmdeckHX TeopHAX BmoaHe 3POeRTHBHO
JuHeHnoe NpUOIMIKeHHEe, ONHUCLIBAIONIEe MATBIE OTKJIOHEHHS OT II0J0-
JKeHHS PaBHOBeCHs. YUeT KBaAPATHIHHX HOLNPAaBOK OOHYHO CYINecT-
BEHHO NOBHIIAeT TouHOCTHL Mopenu. HeobxomumocTs BBepenma Heau-
HefiHOCTH 60J6e BHICOKOTO LOPATKA HEYACTO BCTPeYaeTCHd B «Ipeaduo-
JOTUIECKOM» €eCTeCTBO3HAHHNU.

CoBcem mHOe moJoskeHne B Owonorum. Tas HeBO3MOKHO OTPaHH-
YATLCA TasKe CROJb YTOJAHO BLICOKHMH creneHaymu. HemumeinocTs B
fHOJOTHU MMeeT dKcnoneHyuarvhuil raparmep. Hauboaee AcHBIM BEI-
paskeHneM 3T0ro sBAsercs ¢uamodormiecKuil «3aron Bebepa — Dex-
Hepay, YCTAHABIMBAWIING JOFapAPMAYECKYI0 3aBUCHMOCTD peak-
U 0T BO3ACHCTBUA. JEONIOYUOHHBLIL CMBICA CMOAL MOWHOI HeAuHel-
HOCMU  6ROAHE ROHAMEH: HA00 YCAMWAMb Wopor nodnoasaiowel
ameu U He oclenHymov npu 6auskol scnviwre moahuu. Te OGuosormue-
CKHMe CHCTEMLI, KOTOpHe He CMOIIH OXBATHTL TPOMAIHBIN JHANA30H
JRMSHEHHO B3HAYHMMBEIX BO3JeliCTBHIl Cpejr, IONpOCTy BHMepIH, He
BHIAep:aB Goppber 3a cymecTBoBaHue. Ha mx ayormrax Mmoo GbLIo
6pl HammcaTh: «OQHH OBUTH CAMINKOM JTHHEIHHH I atoro mupay., Ho
makas e cydvba oxcudaem 1 mamemamuieckie Modesu, He YLumulea-
wue amoll 6axcHol 0COGEHHOCMU HCUSHU.
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CHOKHBIE MPEJBHOJOTHYECKUE CUCTEMBI.
T'PAHUIIBI BO3MOKHOCTEH BLIYHCJIHTEJABHOII TEXHHRIL

B ecrecTBO3HAHUU CYIMECTBYIOT 0OBEKTHI, LIS KOTOPHIX MOCTPOE-
HH JOCTAaTOUHO TOJHBIE MaTemarmdeckue Mmojenwm. Taxr, Hampumep,
mefecHas MeXaHUKA UPEJCKA3BIBAET JBUKeHHE IIAHET CO Beel Tou-
HOCTBI0, Ha KOTOPYIO CIIOCOGHBI COBPeMEHHLIE CpejicTBa HabMI0neHms.
B arom cMEICIe MOMKHO I'OBODPHTE 0 TOIHOM Mopenu sBienus. Jlpyroi
KpadHuil caydgail — KBaHTOBAS MEXaHWKa, ONMCHLIBAIOMIAS CTPYKTYPY
atoMa. B npunnume HeT oCHOBaHWI COMHeBAThCA, 9TO ypPaBHEHHE
Mlpegunrepa onuceiBaeT IOBeJeHHE MOJIEKYJ ¢ BecbMa BHICOKOI
TOYHOCTBIO. JTO0 BO BCAKOM CJIydYae JOJKHO OBITH CHpaBeIMBO [
HeQONBIIMX MONEKYI, TAKUX, HaupuUMep, Kak Genazoxsnoe kousio CyH,.

Ha sTom mpuMepe MoyKHO HaTIAIHO HPOAEMOHCTPHPOBATH TPAHU-
IBl BO3MOKHOCTEH BBHIUMCJIHTEJ]bHOM TeXHHKH. llombiTaemcst (MBICJIEH-
HO) mpocuurath Ha IBM mpocreilmiyo KBAHTOBOMEXAHHIECKYIO MO-
mendb 6Geusona — ypasuenme lllpemuurepa mug 24 osmexrtponoB. Mal
6epeM TOXBKO IO YeTHIPE BAJICHTHEIX 3JIEKTPOHA HA KasKIBH #3 IecTd
aTOMOB yIJepoJa, OTKUALIBAS BHYTPeHHUE (CHAPEHHEE SACKTDPOHE)
m upenefperas ABM;KeHHWeM syiep. Jlaske OpH TAKOM YOPOIIEHHM BO3-
HEKaeT ypaBHeHHE B WACTHHIX NPOHZBOJAHHIX MJf Y-QYHKIMH, 3aBH-
cameit o1 72 nepesmeunnix (24 x 3). llpusmenss cTaHgapTHHE BHYHC-
JATENbHBIE METONH, HCHOAb3YeM PA3HOCTHYIO CXeMy, B3AB TOJBKO
JWOTE JecATH ToYeK (a 9TO OYeHb Majo, Haxo OBl CTO) MO Kaskmoil m3
mepeMeHHBIX, Bcero y HAC TONYIUTCH BHYNIMTENbHOE THCIO TOIEK:
N = 1072,

Yr00sl OHEHUTH BCIO TPOMATHOCTH DTOFO YMEJIA, 3aMETHM, 4TO COB-
pemenusie OBM c¢mocobupl npomsBoauth He Oosee MHIIHAD/A
(n = 10%) ouepanmii B cekyuay. Ecau npenono uTh, 9T0 MHKEHEPaM
VHACTCA MOBBICUTH MomHOcTh IBM ewne B mummumapy pas, o n = 1018
omepaiuil B cexyuay. [lasike u B oToM (HbiHe coBepuienHO (aHTacTHIE-
CKOM) upennodosenun morpedyercs spesmsa 7 = 10% cer, mesoobpa-
3UMO IpeBHIIalomee BpemA cymecrBopauusa deman To: 7> T, =
= 5.10° der = 1,5-10"7 cek, Jaa TOTO TOJIbKO, YTOOH cAeIaTh OXHH-
e[IMHCTBEHHKIH MIaT N0 pacuery Ge3BOIBHOTO KONBIA MPAMBEIM METOLOM.

(TOYHBIE, NPUBJIMKEHHBIE 11 3JIEMEHTAPHLIE MOJEJIN

Texnudeckn mpAMOA HPOCYET TOTHON MOAETN KAKOTO-HAOYIbL AB-
JIeHNA HEeOCYMeCTBUM, KOHOYHO, HE TOXbKO B GHONOTHHM, HO 3HeCh 3TO
cliydaeTcsa 0co0eHHO acT0. JTO HE B Malelnleil cTeneHM He 03HATAET
feconesnocTr ToUHHX Mozedeit. Ho oTo mpeamosaraer neobxomu-
MOCTBb TECHOTO B3auMoJefiCTBUA ¢ IUCTOM M UPURIAIHON MATEMATHROM,
Xopowo orpaboraHHas OPUOIUIKEHHAS MOJETb HEPeJKO PaJmKalbHO
yMeHbIIaeT 00beM BHIACAUTEIbHON paborbr. Tak, mampumep, KBaH-
TOBAasI XUMHS €CTh He 4TO WHOe, KaK NPUOAMKeHHHUA MeTo] penteHus
ypasnenus Hipepunrepa gas monerya. Hpairosas XuMuA m03BOJAET
BHTHC.THTH BayKHHE (00BUHO 3HepreTHIeCKHME) XapaKTePHCTHKH HO
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CIUIMKOM CIOMKHLIX, HO JOCTATOYHO THOWYHKBIX MOJEKYJ U AKTHUBHKX
rpynn. XoTA MBI M He MOYKeM HaHTH pellleHHe TOUHOM KBAHTOBOMeXa-
HUYeCKON 3ajayd, HO 3Hamne Tounoro ypasueunss Ulpegumrepa maer
BO3MOKHOCTh OI@HUTH TEOPeTHYECKH TOYHOCTH OPHGIMIKEHHOTO De-
HIeHHA.

Tounas, mycTh fAaske KpaiHe CJIOKHAsI MareMaTW4ecKas MOJENb
ABJIeHUsI TO3BOJNAET CTPOUTh NPHUGIMIKEHHBIE MOMEJNH, OTBEYAOMHINe
Ha wacTHHle Bompockl. llpoHcXomuT cBoeoGpasHaA «IMAUCHIAILAN
TEOPHM OT dKCOepHMeliTa. Pemaiolmee clioBo ocraercsi, pasyMeercH,
3a grcunepumenToM. Ho «Ero BeamuecTBy OxcmepuMeHTy» HPeJOCTaB-
JsAeTCA BO3MOKHOCTh [aTh OJHO3HAYHBIN, «He3aMyTHeHHEIH» OTBeT.
CnpaBeIMBOCTE KBAHTOBOH MeXaHUKHU, HANPUMEP, He HY/RHO IIPOBe-
pATh Ha MoJeKyrtax. IIpoBepka Teopum HueT Ha sIeMEHTAPHOM 00BEK-
Te (B AQHIOM clydae Ha aToMme), M IPHUTOM JAOCTATOUYIIO IIPOCTHIMH M
TOUHBIMM SKCIEePHMEHTAMH.

Mopaav 0an mamemamura: wacmusie U npedesvrble cAYLAL MEOPUL
BAJCHBL HE MOALKO caMl no cebe, HO U KAK cnocod 9ncnepumenma./zbnou
nposepkl NOAHOU, MOYHOU Moamu

BO3MOKHA JH AKCHOMATHKA BHOJI0Mn

Lo mocnemHero BpemeHH pPAa3BHTHC MATEMATHKH CTHMYJIdpOBAIA
ITaBHBIM 00DPa30M 3anpochl MeXaHWKH, QU3MKU U TexHuku. BosHuKIa
maske meradopa «TodHoe ecrTecTBO3HAHWE»., VIMEHHO B paMKax 9TOTO
CPaBHUTENbHO Y3KOTO IUKIA JUCHUILINH CHOPMUPOBAICST AKCHOMATH-
geckufi mpeald mocTpoenms mayku. Cyrs maeana — ycTaHoBIeHHE
(mycTs majke DKCHEPUMEHTAJIbHOE) OCHOBHEIX IOCTYJIaTOB, HO 3aTeM
CTPOTO JTOTHUECKOe MOCTPOeHHE BCEH OCTaIbHOU Teopuu. ITOT HIeas
OyKBaJbHO BEICTPAfaH Bceil MCTOPHEH CTAHOBICGHHSI €CTeCTBOSHAHMA
Rar o0ImecTBeHHOW M AyXoBHOW CHIb. llpuBierarelIbHOCTH €T0 OUe-
Buana. TImarenbHOMY YTOYHEHHMIO M CKPYOYJIE3HOH dKCIePHMEHTAIb-
HOl mpoBepke NOAJNE;KUT JHINIb CPaBHUTENBHO HeGoabimoit Habop
nmocrysaroB. CoejcTBus M3 HUX (MOAeNIN WACTHHX sSBIeHUH, XKak
cefidac TPHHATO TOBOPHUTH) ABTOMATHYECKHM YIYIMAIOTCH L0 Mepe
YTOYHEHHA IIOCTYJIATOB.

B naunboiee npospaunoil, ki1accuueckoi fopme 3TOT HeAN pealu-
30BaH B 9aamHCKON (EBRIumoroil) reoMerpuu. 3HAUHTENBHO CJI0KHEe
aKcHMOMaTHUYeCKas CTPYKTYyPa CJAEAYIOMEero KPyHmHOIO jTala HAYIHOHN
MBIcTH — HebecHOH MexaHWkd. B Heil poib aKcHOM HIrpaloT ypaBHe-
HUs ABILKEHHA, ONMMpAIOmecs HA 3aKOH BceMHpHOTO TaroreHmsa. [a-
JIeKo He Bce CIeACTBUS Jerxo obospmmel. Tak, maupumep, «upobrena
Tpex Teld» A0 CHX IIOp He HMeeT YIOBIETBOPHUTEIBHOTO peIleHHsd,
X0TA J1060e 4acTHOe JABW/KEHHe HETPYAHO HANTH COBpEMEHHBIMU BHI-
YACJAHTEIBHEIMA CPEACTBAMH.

Eme cioskuee akcmomMaruka KBAaHTOBOI MexaHUKH. Ee OCHOBHOH
nocTy:1aT — ypasHeHue lllpexunrepa — ABIgeTCH ypaBHeHHEM B dacT-
HBIX npousBoiHbX. OHO [JomycKaer TOYHOE PeIlIeHHE TONBKO B HPOC-
TeAIuX (XOTH M BayKHeAIMMX) YaCTHHX cAydasx. YHCTO BLIMHCIMTENb-
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HHIe TOAXOMB, Kak yike OBLIO CKazaHo, Wpe3BHYAiiHO TPYHOEMKH H
mOKa HepeaJbHEL.

Bce aro, mo-BupuMony, MOKa3bIBAaeT, 9TO aKCHOMATHIECKUIl Hpeal
XaparTepeH, K CORMAICHUIO, AIf «HpeabnosorudecKoro» ecTecTBO3HA-
ausg. OfHaKo BTOT TPYCTHHH BHIBOJ OTHOCHTCH TOJBKO K GHOIOTHH
B IeoM. (06epuuenno HECOMHEHHO, YO ee SHAYUMEAbHbE O0MPacau
(v npumom coscem ne 0613amesvHO GAu3KUe K ee HbHewHemy nodpas-
Oeseruio Ha uacmuble OUCYUNAURB) He MOALKO MOYM, HO U J0AJHCHbL
bumy NOCMPoeHs. UMEHHO no arcuomamuieckomy udeasy. Hmwe mpn-
BO/IATCA HEKOTOPHE co00paskeHHA B HOJB3Y 3Tod TOUKN 3pEHHA.

«MEPAPXUA» U MAJIBIN MMAPAMETP

B mpomom Beke Opula co3/jaHA KIETOYHAS TEOPHA CTPOEHHS KU-
BOTHHX H pacTeHHuit. 3To, BePOATHO, Hambolee TPYAHHNH U NpUHOUON-
QJIBHHI IIar K «aToMusMmy» B 0HOIOTHH, MCTOPHIECKHH CABAT B HOHU-
MaHOU HePapXUIHOCTH, NHCKPETHOCTH, «HEeKHCeAbHOCTH» (QOpM cyIme-
cTBoBanus ;rusHu. llomymnsiua cocrouT w3 opraHu3moB. Opranusm
cocrouT n3 rJerok. llpm Bcem rayGodaiimem pasimIuy MeKITy MOLy-
aanuedl M OPraHU3MOM OHH HMeIOT M I'TyGoKoe CXOACTBO, IO3BOJIAI~
mee ynorpeburh oba pasa OZUH M TOT 3Ke [Iaroi «coctoutyr. Hierkn
opranma (MJIH TKAHW), KOHEYHO, B3aUMOJEHCTBYIOT JPYT € APYTOM.
OpgHako 5Ta CBA3D 3HAYUTENBHO ciafee BHYTPHKIETOUHLIX CBsaseil.
OtHocuTenbHAS ¢1a60CTh MEKKICTOUHBIX CBA3el 3PPeKTHBHO HCHOTb-
3yerca B pKeunepuyeHTte. MceienoBaTeab mopbupaerT BHelIHIe BO3fAel-
CTBHA (MeXaHUYeCKHEe, XUMHIeCKHEe HIN (u3nYecKe) HACTOIBKO CHJIB-
HBIMH, YTOOBI OHM MOTJIHM BbI3BaTh Pacmaj TKAHU Ha OTAeNbHBE KIETKH.
3aMeTaTeqbHO, 9TO DKCHOEPIIMEHTATOP MOKeT 3TOTo Jo6mIbesA, coXpa-
HHB IOJIHOCTHI0 HEUOBPE:RICHHLIMH CTPYKTYPHI A QYHRINU KaRIoH
OT/eABLHON RIIETKH.

OTHolmenne BeJWIUHB! (HEBA;KHO, WeTO MMEHHO — CHUJIB WM KHC-
JOTHOCTH, HAPAKEHNS WIH TeMIEePATY Pbl) BO3AeHCTBUA «Pa3beHHAIO-
mero» K BeJNYNie «Paspymiaiomero» BO3AEHCTBHA eCTb, KaK TOBODAT
B MaTeMarHKe, «GeapasmMepHBII Mausiii mapamerp» €. Ilogobnee maase
ImapaMeTpPH XapaKTepHU3yoT KOJIMIECTBEHHO MepY HHIUBUAYAIbHOCTH
riaerkn B TRaEM. O6GobImenne dTOH Waenm «BBepX WM HApPYKy» — K OHO-
reonenosaM u Omocdepe, a TaKKe «BHH3 T BHYTPbY» — K KIETOYHBIM
oprafelsaM H MAaKpOMoOJeKylaMm oueBugHOo. HesoamonHo nepeoye-
HUMb 3HAYEeRUEe MOl 3aMeLAMeNbHOU  0CcOGeHHOCmUL JHeugo2o 0as -
ermusnocmu MamMeMAMUYecKUX Memodog 6 OUoA02ULL.

COCEJJTHHE YPOBHU

MareMaTURa HMeeT JeJo € Tofl jKe peanapHOCTBIO, 4TO U BCE 0C-
TalbHOE ecrecTBo3Hanme. OTIMHAIOTCH, OJHAKO, METOAH, IIOAXO[,
To4Ka 3peHHA. MaTemarnmka dame u3ydaeT CBA3I, OTHONIEHWHA, aHa-
JloTuy ABIEHHH, Hededn HX (QaKTIYecKoe BOMJIOMIeHNE, Dealn3aluio.
HensGesxen, KoHeyHo, mpodrpsim B KoHKperHocTd. Ho oH ¢ m3bmiT-
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KoM {(a TOJBKO TaKhe TeMB W CTOAT TPYyHa) KOMOEHCHPYETCH BEHIUIPHI-
meM B OOIIHOCTH M KoJM4YecTBe Hpwiokenmit. Mxtmonor, naupumep,
UPOrHO3UPYOINMIA YHUCIEHHOCTh HEROTOPOro Bmma pei0, paboTaer
00BIYHO HA YPOBHE HOIYIAINIOHHOM, He «ONYCKAACHY J0 MOJEKYISIPHOTO,
HO U He (IOAHHMASACHY K0 6uochepHOTO YPOBHH., JTa BO3MOKHOCTDH HE
YUYATHIBATE coceqHIe (BBepX M BHU3) YPOBHHU ¥MmeeT oOmMUIl XapaKrep
¥ TecHO CBfA3aHa C M/eeil MAaJOT0 HapaMeTpa, ToYHEe, ABYX MAJIEIX
mapaMeTpoB, HpPHYeM STH mapamMerphl HpuobpeTarT UHYI — KHHETH-
YeCKYI0, BPEMEHHYI) — HHTePLPeTaIfiio.

Cpeay MOKHO CUMTATL HOYTH HOCTOSIHHOH: OHA MEHAETCS BechMa
MeJIeHHO B Macmrabax BpeMeH W PACCTOSHHHN, XapaKTePHHX I
H3y9aeMoT0 00BeKTa. JT0 M €CTh HHOe — KMHeTHYeCK0e — 06aHIbe
MaJIOTO mapamerpa, Meps HWHAWBUAyadbHOCTHA. BHyrpeHHOIO cpemy
0o0beKTa TaKyKe MOJKHO CYHTATH IIOCTOAHHOM, TOUHee, 3aBUCHIICH TOIb-
KO OT CYIOIECTBEHHBIX IIEPEMEHHBIX, OIMCHBAIOMNX H3yYaeMblil 0GbeKT.
Oguako mpUYMHA B HEKOTOPOM CMEICIe OpoTtuBonoxo:kHa., Cy6mb-
e[UHUOE (Haupuyep, ocobu B MONMYIANNHA HIH KJISTKH B 0oco0um) ABH-
TATCA, W3MEHAITCH, KOJNeOIIOTCs CToJAb OBICTPO, UTO HMEKIT 3HAYEe-
HUF TOJbRO cpefuie 3HAYCHHS HTHX OHCTPHX mepemennbix. Hambo-
nee Tay0OROe BHIpaskKeHWe 3Ta HAEeA HAXOAUT B W3BECTHOH Teopeme
A. H. Tuxonosa 06 ypaBHeHHAX C MAJBIM LapPaMeTpOM IPH crapiei
mpou3BoJHOE. Bripouenm, ee gacTHBE NPHIOKEHUA GOPMYINPOBANUCE,
mO-BUMMOMY, W HE3aBHCHMO: HAIPHUMep, <METOJ CTAHOHAPHEX KOH-
meHTpanuily B XUMUIIECKOH KUHOTHKE.

CTouT JU «IOMHTBCA B OTKPHTYIO IBEPb» M «OKA3KIBATH MaTeMaTH-
YeCKI» BO3MO;KHOCTH WCCIEMOBAHWA B mOpefiesax OJHOTO ypPOBHA?
Paszymeertcs, ue crommo G, ecim Gt He aBa oOcrosArenbeTsa. Bo-nep-
6bLT, HEB03MONCHO OCTMABATNLCA 8 PAMEAX 00H020 YpPOGHS, HYICHO 3HAMb
2PAHUYbL RPUMEHUMOCIU «0JHOYpOsHesol» cxemsr. Hembssa, naupm-
Mep, MOHATH B3aKOHOMEDHOCTHM BAKHENNINX MUrPAI[IOHHHX ABJIEHUI
TOJIbKO Ha MONY.ISANUOHHOM ypoBHe Ge3 U3NOJOrMUecKOTo (M JazKe
OUHOXMMUYECKOT0) aHAIM3a CTpeccoBelx ¢QarropoB. Mamenamura
nomozaem nNOHAMb O00WYI0 NPUHURY «MPOPHIBA» COCeOHE20 YPOSHS —
nomepio yemoiuugocmi, udywaemoti cucmemoii. Bo-smopuix, Mamemamu-
ueckue aHAL02ULL NO360ARIOM UH020a cmodeauposamsv UBYUAEMOE  AG-
JAeHue Ha Opycom (Ooaee docmynmom Ikcnepumenmy) yposne. ¥ixe
OJIHO YUOMHHAHHE O «IABHHHOM» XapaKTepe HeKOTOPHIX MHIPAI[HNOH-
HBIX TPOIECCOB €CTH YKazaHWe HA BO3MOKHYIO PU3MYECKYI0 MOAedb —
aHAJOTHIO.

KPUTHYECKHUE PERNMbI, B YACTHOCTH KOJIEBATEJBbHBIE

Cl10’KHOCTH GMOTOrHYeCKUX ABIAeHUN 00LIIHO odenb Benmka. [laske
B PaMKaX OJHOTO YPOBH, [aKe «3aHYJINBY BCE NOTOIHUTETLHBIE Ma-
JIble IapaMeTpPH, YIPOCTHB 1 OTKHHYB BCE, 9TO TOIBKO MOKHO yIPOC-
THTH B OTKHHYTH, PEAKO MOTYIalT 0603PIMYIO Mogedb. B Takux cay-
gaAax MOKET HOMOYb CJAeJyIOMNN MeToJoJoTHYecKmil mpmem. Isme-
HeHHeM TapaMeTpOB MoJenn (HIH YCIOBHHA dKCIePHMEHTA, a Jydme I
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«yCIOBHIl 9KCIEPHMAMEHTA)) COBHATRNBHO M I@JeNanpaBIeHHO BHIBOXAT
cHCTeMy HA TPAHHUIY YCTOHIHBOCTH. B TAKHX KPUTHYCECKHX CUTYAIHSIX
YHCJI0 CYIMIECTBEHHBIX IePEMEHHBIX 00BLYHO HeBeIHKO, 9acTO MX BCero
TOJBKO jBe. PasyreeTcs, B APYruX YCJIOBHAX (KPUTHYHBIMUY MOTYT
OKa3aThCH COBCeM [pyTas mapa WiIm HeCKOJbKO mepemenHbix. Ho ecam
YAa10ch KOOMTHCA BHIXONA HA IHHHIO HEHTPAIBHOCTAY, TO CTPYK-
Typa I CBOHCTBA M3yd4aeMoOIl CHCTEMBI BO MHOTOM IIPOACHAITCH.

MoskHO yke WMCTO MaTeMATHIECKH HANTI BCe BO3MOGKHBIE THIIbI
KHHETHKM JI0G0A CHCTeMBl, IonaBmedl B mogofHyH0 KPUTHIECKYIO CH-
Tyanuo. 3To (Xopolmio M3BeCTHEE ¥3 PaJWOTeXHWKH) MATKUA W KecT-
Kuil pemmael Bo30y:RaeHuA aBroxonebaumit. Boswmoskunr, Kpome Toro,
peJaKRCcaHOHHbII aHATOr 3THX PERUMOB (B3PHIB WM MOHOMOJGKYIAD-
HBH pacnaj), a Take KoMOWHAHHA HTHX pPeLmMoB (maupmyep, aud-
depennupoBKa TKameidl B oMOpmorenese). Bce 3TH PerRUMBI, KOIEUHO,
IABHO ¥ XOPOIIO U3Y4eHbl TEOPETHICCKHU.

CymecTBeHHo, OAHAKO, UTO B J10601 KaKoi YyrogHo caoskHol cucte-
Me HpOoCTefimuil THH MTOTePU YCTOHIMBOCTH CTAIMOHADHOTO DPEKHMAa
HempeMeHHo 0yaeT mpoTeKaTh IO OJHOMY U3 4eTHIpex YKasaHHbIX THIOB,
Mamemamuueckue modeau paduoarkmusnozo pacnada (saxcneiiwuil
npuMep MOHOMOACKYAAPHOIL DEaryul) WAl AAMNOB0Z0 2eHEPAMOpA —
MO He NpuUMepHl, d MUNUUHBE npedcmasumenrtt, KAHOHUYECKUE BOpMbL
camvir caoxcuvix cucmem, OUeBHAHO, HACKOJIBKO BO3PAacTaeT ¢ YyCBOEe-
HEeM 2TOH ujen Halle yBaskeHHE K NOJOGHBIM MOIEIAM.

IKOJOTrNYECKUNT ACHEKT METOJ{A
KPUTHYECKUX PERIMOB

IKOJOTHICCKAC CHUCTEMEl OTHOCATCH K TaKHM OODEeKTaM, THe cle-
OOBaJNo OBl 3aKOHOJATEIBHO 3aIPETHTh HIPHUMEHeHHe MeTOJOB, CTOlb
COUYBCTBEHHO OIINCAHHEIX B NOpPeABAYINeM pasgerde. B cymHocTH
B DTOM M €OCTOMT OfHa M3 BajkHeWmmx Ueneil Beedi mporpammbi «Yeno-
Bek u Gumocdepay — HAYYMTHCH He BBHIBOAUTE DKOCHCTEMEBl Ha Kpai
ruberu. VIMeHHO 11 9TOTO HAJO HAYIUTHCS «3aTOHATHY B KPH3UC HX
Mogean. «3Hal Kpaii, ga e magaitly Xoporio m3BecTHO, YTO HEMAaso
Pa3IHYIHBIX DKOCHCTEM IOCTABIEHBl KAK Pa3 B KPUTHIECKUE YCIOBUSA
(m cefivac ys;Ke HECYMECTBEHHO, TI0 HEBEKECTBY WM IO JPYTHM IIPH-
gunasm). [Ipmxogurcs mosTomy mpeBpaiarh HYMAYy B ao0pojerenp H
CTaBUTHh BOIPOC O MEePBOOYEPEHOM ¥ TIIATENHHOM, MAKCHMAaXbHO 00D~
€KTUBHOM M3y4yeHWW, cfope MaTepHANOB, HAOGIIONEHAE W Pa3syMHOM
BMEIATeIbCTRBE B KPUSHCHBIX cuTyanuax. Hmak, memod modesupoea-
HUS KDUMUNECKUX pencumMos Hauboaee spgexmuser UMEHHO 8 MAKUX
cumyayuax, koeda modeauposanue écezo 6oaee HeoGxoduMo.

ITopxoasr cucTeMHOTO a@adusda, TIATEIbHMIH ydeT BCEBO3MOKHBIX
CIOKHeHMUX, TPYAHOOOHAD y/RIUBAGMBIX CBs3ell JOJKHLI OBITH ONOJ-
HeHBI KOJIYECTReHHEIMH OTeHKAMu OTHOCHTeAbHO BKIAaa 9THX cBa3eil.
Heofxonpuvo comocTasnTs pasnmunbe MOIETH, HCXOJAMHE W3 adbTep-
HAaTHBHEX THIOTE3 O BeAYIQUX IePEMEHHLIX, I CPABHUTb MOZEILHEIE
BHIBOJBI € YKCIEPHMEHTAJIbHBIMHI, HOJEBBIMH JaHHBIMHE,
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«Y3KOE MECTO» 1 PETYJIANINA

Tlocie cosganus [lapBuHOM TEOPHH DBOJIOMHH MEL yike JOBOJIBHO
ACHO mpejcTaBifeM cebe mpoIecc BO3HAKHOBEHUWS PeryIATOPHHX
MexanmsMoB. Mpmes mainoro mapameTpa, He3aBUCHMO BO3HAKMAS W B
xuMuH (2 ocofeHHO B GHOXHMWM) HOX Ha3BAHUEM «y3KOe MeCTO B pe-
aKI[UW», [OMOT'aeT NOHATh KapPTHHY B5BOJIIUOHHOTO CTAHOBICGHHSA
YOPaBIAIIMNX CHCTEM, BO BCAKOM cllydae HOKOTOpPHX u3 Hux. [lepso-
HA49aJIbHO 9T0 — «HAambodee obmasKeHHOE», «CaMO€ YA3BEMOE» MecTo
miad cTagmsi. 3areM cucrema aubo BrMupaer (Kar Bup), aubo «beper
B CBOM PYKH» KOHTPONBL HAJ Y3KMM MeCToM (TaK, HANpUMEpP, IOBH-
meHne KOHOEHTPAMH YIAEKHCTIOro Trasza Bo30y:xmaeT AHXaTeIbHEIA
nenTp). Boolme saxpenmeHme 6HBUIETO «OTPABUTENSA» M TMOCTEIEHHOE
OpeRpaliedne ero B HEHENIHET0 «yNPABHTEJNS» €CTh, HO-BULHMOMY,
OIHO M3 CAMHIX YIMBHTEJILHHIX M306pETeHUN HBOJIONUM.

MoskeT OBITE CTOUT LO3TOMY HPENOCTABHTH BCe 6IarodeTelbHOMY
Bo3fedicTBuI0 Bpemenu? Tak, KOHEUHO, MOCTYNHTH MOKHO. Bompoc
TOABKO B IeHe, KOTOPYI 3amaatar Gumocdepa, 94eIoBEUeCTBO U 0OCO-
feHRO NUBHAU3ANMA 3a CTHXWIHOe peryiamposanme. K coxcasenuio,
8 9KOA0ZUMECKUT CUCTEMAX MBL He DPACNOLA2AeM 260/H0YUOHHBLM 8peMe-
Hem. Mul evhyncOenst 3ameHums nocaedosamesbHyo 2804104UI0 NAPAL-
AeabHuM aHaausom. Ecan, omHaxo, MB XoTHM (a MB 8TOTO X0THEM!),
9T00b K MOMEHTY OKOHYRHUA aHain3a OblIO umd peryianposBaTh, a
caMoe TJIaBHOE, OLUIO KoMy PeryJIupOBaTh, — BTOT AHAJN3 HEMUHYEMO
JOJIeH OBITh MOJe/IbHBIM.

IlpuBegennsie coobpaskeHHs TPH3BAHLL OCBETHTL POIb W MECTO
MaTeMaTHIeCKOTO MOACIHPOBAHUS B 9ROJIOTMYECKHX BONPOCAX.




RPUTHYECRUE TOYKI BUOJOTNYECKUX CHCTEM

(MaTeMaTHuecKne MOXesIn)

A. M. MOJIYAHOB

ITocaegame HecKo:IBKO JieT xapaKkTepH3yoOTes GYPHBIM DPa3BHATHEM
MCCAe0BAHMIT, TOCBSMIEHARX KodeGaTeIbHBM ABJICHUAM B OHOXMMIA
[1]. Onnaro mHTepec K HeCcTAHAAPTHOMU (B YacTHOCTH, KouebaTeabHOil)
KAHeTHKe HepeJKO NPUHUMAeT HeCKOJIBKO CEHCANMHOHHBIA Xapaxrep.
HouebarenpHprii xapakTep NIpPOMECCOB BOCHPHHEMAETCA CKOpee Kak
CBHJIETEABCTBO M3O0MIPEHHOCTH aBTOPA odYepepHoit craThu (Gespasimd-
HO — DKCIIEPHMEHTATOPA WM TEOPETHKA), & He KaK MpoABJIeHne IJy0mm-
HHX CBOHCTB HM3yudaembx 00berToB. Taroe orHomennme X mpofieme
CBOMCTBEHHO HE TOJIBKO OHOXHMHKAM. AHAJOIMYHOE OTHOINEHHE MaTe-
MATUKOB 3a(HKCHPOBAHO HA3Ke TEPMHHOJOTHMIECKM: MCKIIOIHTEIbHbIE
CATYATAH HA3BIBAIT CJIYYaAMU <«BHIPOKICHHA. TePMIHOJIOIMN COOT-
BETCTBYeT M TOUKA 3PEHHA: TAKHE CHCTEMEBl PacCMaTpPHBAIOTCA KAK
J0CagHble TPENmSATCTRUA, MeIIaline IPUMEHATh IPHBHYHBIE 00MUe
METOJIBI.

Mesxay TeM KpUTHYECKHE CHTYallum — 9T0 He TONBKO pybesxd,
OTAENAKIINe OAWH THH IOBEICHHA OT APYTOTO, XOTA OJHOTO DTOTO
OpL10 OB JOCTATOYHO JIJIA CePbe3HOTO UX W3ydenus. Bmoaormieckoe
3HATeHWE KPUTUIECKUX CHTyamni, MO-BUAHMOMY, eme Tay0:;xe: 2T
«PEAHKTHY BASKHLIX JTamoB OHoJOTHYeCKON sBosiomuu. Ilomxesew,
BEPOATHO, CIeAYINMIl sBpucTHIecKWi npuunun. Feau nocmenernwoe
yecuaenue eosdeticmeus, Ha Ouorumudeckyrw cucmemy (Hopmaivro,
in vivo, pabomawwyyo 6 CMAYUOHAPHOM HEK0AeOaMesbHOM DeXcUMe)
6BL3BLEACT 3AMAZUSAHUE €€ 6 KOAeOAMeAbHbIL pexcuM, mo Koiebamenb-
HWMU CIAHOEIMCS hpexcde écez0 napamempsl, rapakmepusyroujue 26o-
AWYUOHRO Haubogee noddHiow ceasv cucmembl. I'pybo roBops, SBOII-
IMHEOHHO HHAS CHCTeMA paclajaeTcs HA HBOJIIUOHHO Gojdee peBHHE
LOCHCTEMEL.

JTOT «upHHOHUI ciaboro 3BeHa» BHTERaeT m3 Oojee oOIMel HMIeH
0 POaM KHHETHYECKOT0 Pe30HAHCa B IPOLEeccax yCIoKHeHu s GHOCTPYK-
typ [2]. Ecan cucrena 9BOMIOIUOHHO BO3HHMRJIA B Pe3yIbTaTe pPe3o-
HAHCHOTO O0BeAMHEHHA MOePBOHAYANBHO HE3aBHCUMHIX IIOZCHCTEM,
TO ecTecTBeHHO UPEeAN0JI0KATD, 9T0 «00pamenney 9BOJOIANA YCHICHIEM
BHEIIHETo BO3/eCTBNA UpHBemeT K BHIICJIEHHI0 MCXOJHBIX IMOJCHCTEM.
BoapmuuerBo cucrey yrpaTmio, pazymeercs, B IpOIecce 3BOIIOMAR
Ty «PBIXJI0CTBY CTPOEHHA, KOTOpas IeobXonmmMa NI 3aTATHBAHHS
B KoJebaTeJbHBIH pesRUM M PacHielienys Ha HoACHCTeMHl. TeM HH-
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TepecHee ¢ OTOM TOYKHM BpPeHHs Kask[Abil ciaydail KoaebaTelnbHOI
KAHETHKH.

C apyroit cTopoHsl, GuWoJoTHYECKHEe CHCTeMb! JaTeKo He Bcerja
cTpeMAaTes H30aBUTBCA 0T KodebaTeabHeIX cBoiicTB. MmewTes, mo-Bu-
AHMOMY, CJOYYdad, KoTja KojgebaTejlbHas KUHETHRA ABIAETCA CyHIecT-
BeHHEM (yHRIUOHAABHHIM siaeMenToM. Mo:kHo BhickasaTs pabouyw
TUIOTE3Y, 9TO MMEHHO TaK 0GCTOMT JeJO B COKPATHTENbHEIX CHCTEMAaX.

Muananapasl JdeT SBONIIAN UPHUBEIH K 0T60PY TOHKOTO (epMmeH-
TATEBIOT0 MEXAHH3Ma —(XHMHUUYECKOTO KoJjeca». ITOT MEXaHH3M,
HeHcTBYIONHI, BEPOATHO, B IHKIAICCKOM DPe;KUME, PEeaTH30BAH MOP-
$onormYecK CHCTeMON AKTHHOBBIX W MHO3UMHOBHIX cyOneguumiy [3],
00pasyoIUX OCHOBY COKpAaTHTeIbHOrO ammaparta. HoHeuHo, cKaszaH-
HOoe ecTh He 0oJiee deM MOCTAHOBKA BOMPOCA.

1. COOTHOMIEHHE CTPOEHIIA 1l RUHETHKIL

B pabore [4] malinen wanmonmveckuit Buj Ai000H cucteMnl BOIHM3N
KPHTHIECKOHW TOYKH. BhiACHeNo, 9T0 KUHETHKA CHCTEMBI, ONIpejeJse-
Masi AMIVIMTYAHBIM ypaBHeHueM

d
= Pz - q2* -+ az?, M

HE BABHCUT OT HPOMCXOKJeHMs (cTpoemusi, MOPPONOTHH) CHCTEMEH
I TOJHOCTLIO OHpejelsieTcs XapaKTepoM KPUTHIECKOH CHTYaI[HH.
IMo-Bramionmy, oTo wacTHOe uposiBiaeHue oOmell 3BaKOHOMEPHOCTH,
Kunemura ssasemcsa asoaioyuonno nepsuunoll kamezopueti. Tar ®ar
9BOJIONUA COCTOUT B OTGOpE YCTONUHMBHIX 0GpasoBAHUE, HA KayKIOM
ypoBHE OpTaHH3aIlUN CHOBaZ H CHOBa BO3HHKaeT mpobiaema crabuansa-
nun cmeremil. Mexommprii marepuan MeHseTcs Ha RayKAoM IIary
DBOTIOIUE, W COQTBETCTBEHHO eTO HOBHIM CBOHCTBAM BO3HHKAeT HOBAf
roMmbuHaTopuKa (MOP(OIOTHA) BiIeMeHTOB, 00ecneInBAIOMAn JANHYIO
RuHeTHRY. Pasnoofpasue cTpoeriist CHCTEMH ABJIseTCA QANTOPOM,
KOMITEHCHDYIOIIIM pa3toofpasne CTPYRTYPHHX 3IeMeHTOB L.
ManosreHHble cooDpa;ReHHA YTOYHAKIT POJb H MECTO MaTeMaTH-
9eCKHX Mojledell B GHoxmMUIecKHX HcciefoBaHusax. B ramjolt npob-
Ieme BHIENAIOTCA ABAa BOIPOCA, HOUOJIHAIOIMIHe APyl apyra. OjpuE
BOIPOC — KAK0GA KuHemuka OarHOl cucmems — AOOYCKAET YUCTO
MareMaTH9ecKoe H3ydyeHHe, He3aBHCHMOE 0T CTPYKTYPH H3ydaeMon
cuctemul. [ pyroil Boupoc — Kakoéa cmpykmypa cucmemsi, obecnewu-
saouas UMeHHO OQHHYI0 KUHEMUKY, CYLeCTReIHO OOHPAaeTCA Ha 3HA-
HHe KOHKPETHHIX CBOMCTB COCTABJIIIOMUX 9iaeMeHTOB. OgHaro gaske
B 9TOM cJIydae mpefBapuTeJbHOe M3yYeHwe KUHEeTHKHU ITO3BOJsAET yKa-
3aTh Haubojee BePOATHRIE THUO cBsA3ell B cmcrteyme. Boaee Toro, Taroe
OpejCKA3aHHe OLMPAETCs BO MHOIOM OISATH-TAKH HA KHHETHYECKHE
XapakTepPUCTHKN DJIEMEHTOB, a He HA JeTajdd UX CTPOEHMU.

1 Xopoiuo I13BeCTHRE MeXaHHKO-DICKT PIYECKIEe, DIEKTPHKO-AKYCTIIYeCKIe 1 {PY-
THe aHAJOTHH [5] MOKHO pAcCMaTPHBATHL ¢ HTOH TOUKI 3PEHHA KaK PasiiyHbe
peasinsanun ogHOI 1 Toil yRe TpocTeiimiell KUHETHKII, 3aJjaBaeMOil JIWHeIBHIMNA
YPpaBHEBHAMIL.
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2, CTPYRTYPHBII NOPTPET CHCTEMBI

B teopuu xomeGaunit [6] BecbMa 1moe3H0 modsATHE $A30BOF0 TOPT-
pera cuctembi. Tak Ha3bIBAT DOBEEHNs MOJIHOTO CeMeiicTBa TPAeK-
TopHil B a30BOM UPOCTPAHCTBE. JTO MOHATHE NONYCKAeT DPa3TudHbIe
MommpuUKAuuM. B  HEKOTOPHX caydasgx JOCTAaTOYHO u300pasuTh
OpOeRIHI0 (a30BOTO HopTpeTa HA mommpocTpanctso. Muorga ypobmo
BH/IEJHUTH OOACHCTEMY W ee (a30oBHI IOpPTpeT Ha3HBATL (a3OBBIM
mopTpeToM Beell cHcTeMmBl. B Hames ciayyae, KorTAga OT BpeMeHH
3AaBHCAT TOJIBKO JABE TePeMeHHBIEe, a OCTATbHbple COXPAHAIOT IOCTOAH-
HOe 3HadYeHue, 11eJIec006pa3H0 IIOCTYIUTL HMEHHO TakK.

OpHaxo »T0 HOHATHE OTHOCUTCA K WHIUBUAYAJLHONK CHCTEMe,
a B OPWJIOKENUAX, 0c00eHHO GHONOrHIeCKUX, cucTeMa OOLITHO cojep-
sKAT mapaMeTpH. MX eMpIca MOsKeT OBITH Bechyma pasiaudeH (HampuMep,
KOJMYecTBO (lepMeHTa, CKOpocTh mocTymieHus cybeTpara, AIHHA
peakTopa, HmaBleHHe, TeMIeparypa ® T..), HO B MareMaTHYeCKO
cxXeMe H3NUUIHAA JeTadusallusA npoTUBonorasama. llpemmosmosun
IJIS ONPeNeJeHHOCTH, WTO0 CHCTEMAa BaBHCHT OT [ABYX HAPAMETPOB
au . Torga Koapdumuents: KaHOHHIecKOR Poparsl (1) 6yayT PyHKIIA-
MH 3THX LapaAMeTPOB:

p= p(av B)’ q=9q (OC, B)7 a = a(“’ B) (2)

B nnockoctn mapameTpoB ¢, 3 Kaskjiad Touka wu300pasKaerT WHIH-
BUAYAINBHYI0O CHCTEMY ¥ KaKIOH TOYKE COOTBeTCTBYeT (HasoBHIl IOpT-
per cucremel. Ho Tak kar #306pas3uTh BCe 9TH MOPTPETH HEBOZMOKHO,
TO HPHUXOJUTCH BBECTU €IME OfHO NOHATHE — CTPYKTYPHLIA HOPTPer
cucreMbl. [Ipum aToM ciemyeT HOHMMATH B LIMPOKOM CMEICJIE CJI0Ba,
a WMEHHO KAaK JAByXmapaMeTpudeckoe cemelictBo cucrem (KOHETHO,
9UCJI0 TTapaMeTpoB MoxeT OuTh U 0oabwe). [lox cTpykTypusiM noprpe-
TOM [ejiecoolpasiio MOHUMATH H300paKeHHe KPUTHYCCKAX JHHHI
B mpocTpaHcTBe (B HAlleM cJydae IVIOCKOCTH) mapaMeTpos. B Hamem
KOHKDeTHOM cJy4ae TAKAMH JWHMAMH OyayT JHHMA HeHTDaTbHOCTH

p=0 )
B JIHHAN KPATHHX KOpHeH
hap — ¢* = 0. (4)
Orcioga cpasy BUAINO, 4TO 0COOYIO POJB HTPAET TOURA MAKCUMALLHOL
EDUMUYHOCIU.
p@B) =0 } &)
g, B) =0/

Jeaman Ha MepecedeHuH JTUX [BYX KpHTHdecKuX JuHuit, Bmoxne
eCTeCTBEHHA MBICAB O lepexofe OT CPAaBHUTENbHO CIYYAMHBIX «dCIe-
PUMEHTAJTBHEX» MaPaMeTPOB ¢ 1 [ K CTPYKTYPHHIM «KaHOHMYECKAM)
mapaMeTpaM p u g.

Bosnuximas curyanus BecbMa XapakTepHa IJisi MaTeMATHYECKOTO
mopenupoBanusa. Ucxopuusie mapaMerps a u  o6ndH0 BechbMa HaTJAL-
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i, DKCHEePHUMEHTATOp B8HaeT, UTO HYIKHO fledaTh, 4TOGH H3MEHUTDH
a uin 3, OH moHMMAeT uX «pu3uYecKuity (LA XUMPYECKHH, WU eme
KakoHd-HuGyAb) cmbica. ObpryHo Heserxo OniBaer ybeaurb, uTo «dop-
MaJbHO» BBEJIEHHLIE KOHOHUYECKEE HAapPaMeTPH p M ¢ MMEIT 3HAYU-
TeqbHO Gonee Taybokuii, Gonee amexBaTHBIl 3ajaue cumuica. [lomesno
OpPOCACIUTH 3TY KOJMJIM3AK HA M3JIATAEMOM KOHKPETHOM HpHMepe.

IIpegnonoxkum, 9to Gyrnuu p (o, p) 1 ¢ (¢, B) yCTpoeHH Tak, 4TO
CHCTeMY ypaBHEHHH

p=p(aqa B) :

g=q(a ) (6)

MORHO peIIIHTB OTHOCHUTEJBbHO BKCHepHMeHTaJIBHLIX HapaMeTpOB a1 ﬁ:
a = a(p7 q)’ ﬁ = B(P’ (]) (7)

[ia mam|x meneit KOCTATOYHO, YTOOH HTO YCJIOBHE ORIIO BBHINIOJIHEHO
B HEKOTODOH OKPECTHOCTH TOYKM MAKCUMAALHOU  KDUMUYHOCINU.
TogHoe ycaoBHEe COCTOMT B TOM, UTO AKOOHMAaH He paBeH HYJIIO

v o
d(p, gy | 9+ 083
5@ ® | o og |7 ®)
o1 93

HMEHHO B camMoil Kpurmueckoii Touxe. O6pamenue Axobmana B HYJb
OPAXOJUTCA PACCMATPHBATL KAaK «BHIPORACHHBINY caydait, W TOrAa
BCe Hero/0BaHMe, BHICKA3aHHOE BHAYANE, OKA3BIBAETCH OrHEM, BBI3-
BaHHBIM Ha cebs.

Brixox sawiouaercs B TOM, UTO KayKAas 3alada JOJKHA CTABHTHCA
Ha OmpejielIeHHOM VPOBHE CJO0KHOCTH, HCKIIOYAIONEeM Li00be TOTOTHH-~
TeJIbHBIE YCJIOBHUSA MUNA PAGEHCMER,— MPHUHIAIL «0OMEro N0 T0;KOHEAN.
Ho nmemnno sTu «Memaionime» PaBeHCTBA P IePexoie K 50iee BHICOKO-
My YPOBHIO OpraHM3aIuu (BRINYAIOMEM, B 9aCTHOCTH, 60abIIee YHCI0
mapaMeTpoB W HmO3TOMY OOJBIIYIO aJalTHBEYI cB06OJY) CTAHOBATCH
VCIOBHAME, ONpPeJeNAIONUMA HOGYH MOUKY MAKCUMAADHOU KDU-
MuYHOCUL.

CTpyRTypHHIT DOpPTPeT HAIIeHd CHCTEMH B KAHOHHYECKHX IIePEMeH-
HHX ompefeaaeTca ¢yuxmueit

a=al(p,qg), : ' (9)

BO3HHKAWIIel Ipy mojcTaHoBKe B @ (o, f) BMecTo a ¥ § HX BHpaKeHHH
uepes p u ¢. OlHAKO B OKPECTHOCTH KPHUTHUYECKOU TOYKM UMeeT 3Ha-
deHHe TOJIBKO BeJHIHHA a: _

@ = a(p, q) |p—o, ¢—0» (10)

KOTOPYK COI'JTAaCHO OPUHLUOY 061.[{81‘0 OOJIOKeHusA, HamJIeRKUT CUIU-
TaTh OTINIHON OT HyJad:

a 0. (11)
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IMooromy eTpyrrypmeii moprper (pme. 1) cocromr u3 mpAMOi
p = 0u racawuieiics ee mapabousi 4ap — ¢* = 0. ITH IAHUH ABIAOT-
¢d, KOHEIHO, KPUBBIME JHHIAMI B 9KCHePHMEHTAJALHBIX TapamMerpax
H o, 1 B, HoO PAaKT KacaHHA COXPaHAETCA.

F= I// .
HEA AEU-

c / TPALBRILTY
0% -

KITTIHEIL

YUTET s

Z
’
2%
=7 a

Puc. 1. CrpyKrTypHUII HOPTPET CUCTEMLI B KATIOHUYECKIX 11 DKCIEPIMEHTANBHBIX
mapaMerpax

H300pamens! rpaHIIEl BKCIepUMeHTaNbHON peasmayeMocty (uHmM ¢ = 0 u = 0). Cay4aii
a<0

3. YCTONYNBHIE U HEYCTOIHYUBLIE KPUTHYECKHE TOYKU

Hajinennsle JMHAH JeIAT MIOCKOCTh IapaMeTPOB Ha deTHpe 00-
JIaCTH, B Ka;RA0H M3 KOTOPHIX CHCTEMa COXPAaHAET OmpejpeleHHBIH THO
kuHetnkH. Jl3yeHeHHe THIA TPOMCXONHT HPH IepecedeHHE IapaMer-
pamu KpuTtudeckux Jaunuii. OcHOBHBle, IpyOble YePTHL CHCTEMBL OIpe-
JeJAI0TCA CBOHCTBAMY KpuTHIecKoH Toukn * p = 0, ¢ = 0. Aymanryn-
HOe YPaBHEHHE B ITOH TOUKe CTAHOBHUTCA OCOOCHHO IIPOCTBIM:

dz
— 3
- =4 % (12)
H CPa3y BBIEASIOTCH ABA MPOTHBOIOIOMHEX CIydas COOTBETCTBEHHO
o 3HAKy YHCIA d.
B caywae monosxurenbHoro xosdduimenta

a >0 (13)

aMIIATyRa KolebaHmit z obpamaercs B GeCKOHEYHOCTH, IpHUeM,
KaK 95T0 BH/JHO H3 pemlennd

Zo
VAR By ——————— '14
V1= 2ak 4

1 Crpenxn gByx mpHOOPOB («p-MeTpay I «g-MeTpa») APOKAT Ha KpacHoi gep-
Te, a MBI CMOTDHM, B30PBETCH IJIH HE B30PBETCA.
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HapacTaEme pasvaxa KoJebaHmi no GECKOHEYHHIX PAa3MEpPOB IIPOUCXO-
JUT 32 KOHEYHOE BpeMsA
1
T =

2 ’
. 2az0

(15)

OIpeneasIeMoe BeIWIMHON HAYATIBHOTO BO3MYMEHHUS Z.

Korpa dopmyraa maer oTBet «GecKoHedHOCTEY, BTO BCOrxa 03HaYaeT,
YTO MBI OEITAEMCS DPUMEHHUTH ee 3a I'paHanaMu npuMenmvoctu. B Ha-
et 3amade aMILTITYIHOE ypaBHeHHMe OBIJIO HONYIEHO pa3iioyReHmeM
B PSR B ombpacvisaruenm IIeHOB 6oJee BEICOKOTO IIOPAIKA MATOCTH.
Has orpunare bHBIX @ KoaebaTeNbHEI PEKUM, HA KOTOPHIA BEIXOIAT
pemenne, ocTaeTcs BOIM3M CTaNHOHApHOW Todru (B (asoBOM mpocT-
pabcTBe). PasmoskeHne B pPAL MO3TOMY 3aKOHHO.

Ecan sxe (mpu a > 0) pelenne BHIXOIUT 3a MPeAedIs MaJoll OKpecT-
HOCTH, TO 3aMEHA CHCTEMBI AMIUINTYIHBIM VpaBHeHHeM He3aKOHHA.
ITosromy yxon pemeHHs Ha 0ECKOHETHOCTH He CIeyeT HPHHAMATH
CIUMEKOM OJUM3KO K CEPANY: CBOMCTB peajbHOI CHCTeMHI OH, KOHETHO,
He oTpaskaeT. JTO He BHAUHT, OAHAKO, 4TO KIKUeBoe ypaBHeHHe
OeccymelcTenHo. HampoTns, oHO CoOBepHIeHHO HPAaBHIABHO ONNCHBAET
He TOABKO GaKnT yXO0Za W3 MATOH OKPECTHOCTH, HO W JETAIN KHHETHKHA
3TOTO yXofa (Hampmmep, 4mciao ofopoToB). Ho ¢umaTbHOE ABWAReHHE
OHO ONHCHIBAET COBEPIIEHHO HeBePHO. JTO KAk pas To, 4ero cIeT0BaT0
oskugaTh. CHcTeMa yXOmMT KYJAa-TO JaleKo, Ha «6oIbmioiy upemesb-
HEI IWKI ATA B APYTYI0 CTAINOHAPHYIO TouKy. Haf aMmiuTyamoro
YPABHEHHAA, «pPaccMaTPHBAIONET0» OKPECTHOCTb [JAaHHON CTalmoHap-
HOH TOYKHM B MHUKPOCKOm ¢ OecKoHeIHO OOJBIIAM YBEJIWICHHEM
(e = 0), aTH ToYKM HaXOOATCA Ha GECKOHEYHOCTH, O YeM ypaBHEHHe
H «Ccoo0ImaeTy eTUHCTBEHHO JOCTYHHBIM €My CIocoGoM.

Corygaili orpmiareldbHOro KosddumueHTta

a<0 (16)

XapakTepusyercs YCTOHYMBOCTBIO CTAMOHAPHOH Touku. Pemmenme

mMeeT B TOYHOCTH TOT ke BUA (14), 9To B A1A cAydas MOTOMUTENBHOTO

a. Ho cMplca pemeHIS coBeplIeHHO WHOM: HadaJbHOE BO3MYIIeHHE
7, 3a Bpemsa T

1 -

r=——— (17)

2{a|z2

yvenbuiaetcs B )2 pas. I10aToMy pelmenue mpu BCexX ¢ 0CTACTCH B 06-
JacThu OPUMEHUAMOCTH aMIJIATY/IHOTO ypaBHEHHUs, KOTOpoOe OoInuChiBaeT,
CIeI0BATeIbHO, ACHMITOTUIECKH TOYHO TOBEJEHHME CHCTEMHI.

4 MATKUN K JKRECTKHUU PEKUMBI
BO3BYKAEHIA KOJEBAHNI

Ananms, nposegenuwii 8 paborte [4] u npuBemmuil K BHIBOAY aMILIH-
TymHOTO ypasHenusa (1), mo3Boaser 3aRTIOYATH, UTO XAPAKTEDP BO3-
OymaeHusa Kole0aHNMH ¢ KAHETWYECKON TOYKH 3PeHHS OIMHAKOB BO
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Pnc.' 2. Touka 4. HecTRuit CpPHB
KoJebaBnit

Puc. 3. Toura B. #ilecTkoe BO3=
Gymmedme KoaeOamiri

Pue. 4. Touxka D. Coxpanerue
CTAI[IIOHAPHOTO peRAMA

Puc. 5. Toura . Msarkoe Bo3-
6yxeane xKoieGanmit

V// R

\ \\\\ \\ /1
A -
RN

SR NN

BCOX CUCTOMAX, HE3ABHCUMO OT UX CTPOCHHUA M mpomcxo:kmennd. Mox-
HO II09TOMY OKURATh, YTO TOHATIE MATKOTO H JKECTKOTO PERUMOB
Bo30y)KJeHUA KoJeOaHWI, BO3HHKIEee IIPH HCCHCTOBAHAHE [7] mam-
LIOBLIX F¢HEPATOPOB B PAIUOTEXHHAKE, IMPUMEHUMO K JIOOHIM CHCTEMAaM.
dTo oskEganHe onpapigsBaetcs. Herxoropoe oTnudme ofycimoBneno e,
4T0 ofmme CHCTeMH HMEIT MHOTOMepHbe (azoBple IpoCTPAHCTBA,
B TO BPeMA KAaK YPAaBHOHUA B PafHOTeXHUKE 0ORITHO BTOPOTO MOPANKA

148



# $a3oBHil MOPTpPET MOM(HO pHCOBaTh Ha miockoctu. Ho B Mamoii
oKpecTHOCTH KpuTuiecko#t (p = 0, ¢ = () Touxm goUmOJHMTETBHEIE
cTemeHH cBOGOAB He TPOABJIMIOTCA M KApTHHA Bo30yaeHnsa Koaeba-
Huit Mo;KeT GBITh OMUCAHa B MPHUBHIIHAX TEPMHHAX MATKOIO U #KECTKOTO
PESKUMOB.

Uspecrnniil rpaduueckuii MeTol M3y9IeHAA ONHOTO ypaBHeHus [8]
cocrout B mocTpoenmy rpadura mpasoil wacTu. Ilepecedenne KpuBoit
€ OCHI0 Z JlaeT CTal[MOHADHBIC TOYKH, a B3HAK (QYHKIMH yKasbBaeT
HampaBJeHHWe [BHieHAA. B HameMm ciaydae JOCTATOYHO NOCTPONUTEH
geThipe IpaduKa, COOTBETCTBYIOMME TIIMIHBIM TOIKAM KPHUTHIECKHX
ausuit A, B, C u D puc. 1. Ha upupegennnix rpagukax (puc. 2—>5)
00JacTh 0TpUIATEJBHBIX Z B3alITPHXOBAHA, TAK KaK [JIA HCXONHOH
CHCTEMBl 3TH BHAYEHHS HE MMEIOT CMBICIA, 9TO He Meliaer MM ObITh
BeChMa HOJEe3HEIMU IPH N3YYeHHA aMILIUTYAHOTO ypapHeEuA. ToxcTee
CIUIOIIHEIE JIMHEM Ha 9THX rpadUKax [alT HOoBefleHHe NPABOH 4acTH
(2) kak QyHKIMHE 2z B TOYKAX HA Kpurudeckux nuHuAx. ToHKHe cuom-
HBle JIMHUM OOKABHBAIT Pe3yabTar 1meGoJbIIOro CABHIA IapPaMeTPOB
B 00sacTh MexAy napabosoit m KacarenbHON K Hell ocbo g. IlyHKTHpOM
JaH CcABUI BHYTPHh DapaboJel, UM, HAKOHEI, IWTPHX-HYHKTUP HCHOJb-
30BaH IPH CABUIe B 3akpurudeckyio (p > 0) obnacte. Byxsoit H
0003HaYeH BO3HMKAIOIIMA NpPH CHBHTE HeyCTOWYuBH HHKI, Yer,—
ycToliumBele IEKIBL. [[BoMHBE CTpeJKM HOKA3HBAaKT HampaBieHHe
ABHKEHHA B CHAY aMIOIMTYJHOTO ypaBHeHHA n300pasRalomiell TOUKH 2.

5. HEU3BEKRHOCTH I'HCTEPE3HCA
B JKECTKOM PEJKUME

HauGonee sapxum (M sKenepmMenTalbHO JIerde Bcero o6HapysKuBae-
MBIM) OKa3HIBaeTCs ABJEHME IECTEPe3Nca B JKECTKOM pekuMe Koaeba-
HHA#. JTO ABJEHHWE BHIBHBAOTCA «HAOYXaHHmeM» W «CMOPILHBAHHIEM)»
(Dpu HM3MeHeHHM NIapaMeTpPOB) HeYCTOMYMBOTO HpEeeJbHOTO LHUKIA,
CauBasch ¢ OXBATHBAMNIIMM €0 YCTOMYHMBHIM IPEeJIBHBIM IMKIOM,
OH 3aCTaBJAeT CHCTEMY «(CBAJIMTBCA» B IOJOKeHWe pPaBHOBECHA.
Haobopor, ¢:kuMasgch B TOYKY, OH JeNaer HeyCTOMUMBEIM [IOJIOKEHIe
DaBHOBeCHs, BRIHYKJAfA LEPEXON CHCTEMBl B KolebaTelbHBIH pPeKUL.

Ha rpagurax, u3o6paskaoImux 3aBHCHMOCTD % 0T z (CM. puc. 2—95),
JKECTKOMY PEKHMY COOTBETCTBYIOT fiBa IOJOKUTEIbHHX KODHA.
HBuxenne MeHBIIET0 U3 HAX (OH [aeT aMIUIATYAy HeYCTOHYMBOIO
IpejleJbHOTO IUKIA) Iepepacupegenser (puc. 6) obracTu IPATAKEHHAS
OOJOKeHAST DPaBHOBECHH H KoJe0aTeNbHOTO DPEyKHUMA.

6 SOKCIIEPHMEHTAJIBHOE ITIOCTPOEHHME
CTPYRTYPHOI'O IIOPTPETA CUCTEMBI

lIpoBefeHHH aHaNM3 NO3BOJAAET YKABATh IJIAH NPOBEACHUSA CcepHH
9KCIEPHMEHTOB II0 IOCTPOEHUI0 CTPYKTYPHOTO IOPTPETa CHCTEMBI
(puc. 7). OcHOBHAA IENb — HRCHEPUMEHTANBHOC OTHICKanme Touku O
MAKCUMaJbHOH XKDHUTHUYHOCTH H NOCTPOCHHE KPUTHYECKHX JIHHHN
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OA, OB u OC. Nlpeanonaraercs, KOHETHO, 9T0 TeXHUKA DKCIIEPIMEHTA
ob6paforana HACTOABKO, 9TOGH [OCTATOYHO YBePeHHO (GHKCHPOBATH
DHCIePUMEeHTAJIbHEEe mapaMerpsl o H P ,
dileMeHTADHEIA AHATN3, HA KOTOPOM HET CMBICJa OCTAHABIHBATBHCA
mogpofHee, mMO3BOJAET MOCTPOUTH CEPHIO IPAPHKOB, LIOKA3HBAIOMIAX
H3MEHEeHHEe AaMILIHTY/Bl KoJeGaHH{ BROJb KPHBBRIX HA ILIOCKOCTH
mapamerpoB. Ha puc. 8—12 mpusegeHs THUMYHbBIE (IKCIEPHMEHTANb-
HEley» Kpusue., [[pUHAIEKHOCTE TOUKA K Kparuueckoit gummm OC
IPOARJIAETCH HM3J40MOM B dECIepmMeHTanbHoON kpupoil (pme. 8). llo
Mepe mpubamkeruss Toukn C K Toure O msioMm yeenmauBaercs. Mar-
KU pexuM cTaHOBHTCA Bce Goree skecTKIM. MaxcmMaJbHOTO 3HaYe-
HUS M3JI0M ZOCTHTAeT IpH ABMKEHUW BHoas quunu 0’0", npoxopsamei

Puc. 6. ®a3oBblii HOPTPET CHCTOMLI € KECTKHM BO30yrKImeHueMm

Puc. 7. Pasamysanle BO3MCHCTBHNA HA CHCTeMY, OTHCHIBAeMBIe H3MEHEHIEM dKcCIle-
PHMEHTATBHNX 1apaMeTPOB

Cayuail a < 0. OC — IHHHMA MATKOTO BO30YiKAeHudA KoleGanuii; OB — JIMHUA JKeCTHOrO BO3-
Oymnennda KoJeCaunii; OA — JIMHUA YKECTKOr0 CpPHIBA KoneGanmii

gepe3 Kpuruueckyo Touky O (puc. 9). I'mcrepesuc B KeCTKOM peRmMe
MO3BOJSAET MOCTPOUTE HE ToabKo auumio OB, Ho u anauwo OA4. lleproe
DKCIEPHMEHTANbH0e (CONPHKOCHOBEHHE» ¢ SABJIEHUEM THCTEPe3mca
0CTABIET OMIyIeHWe HEOOPATHMOCTH, €CJIH W3MeHEHHE NapaMeTpPOB
Upom3BOANTh mgocrarodHo maaBHo (pme. 10). Jlumk Bosspamenue
HOCTATOYHO MNANOKO HA3aJ, 3a TOYKY A, BOCCTAHABAHBAET COCTOSHHE
paBHOBecHs — Toike CcRagxonm (pume. 11).

Taxum ob6pasos, Touka B oOGHapy:xmBaeT ceba CKaIK000pa3HbIM
Boa3bymaennen wouaebauuil npm nasuskenum A’ABB’. Ouenn cyimect-
BeHHO, 9T0 JIBH:KeHME HaunHaercs myeHHo B Touke A’. Ilpu oGparnonm
OBUWJKEHHN Tourka B HUIeM He BBHICTAETCS, 3aTO NPOUCXOMHT CPHIB
koxebauuil B Touke A, mepexox depes KOTOpYIO Obli He3aMmeTeH IIPH
pemxennn 4 — B, O0muil KadecTBeHHHIN pemenT SKCIePHMEHTANb-
HOTO OfOHapyskeHusa TOUKH () COCTOHT B TOM, YTOGBI MATKHIA PesuM
CTapaThes ceNaTh Oojee SKECTKHM, a JKeCTRHNA — 6ojee MATRHAM.

B 3aRJI0YeHne II0Je3HO YHKa3aTh Ha BO3MOA{HOCTb HHBEPCHBIX
curyainuii. HopmaabHo cprIB KojeGaHmii B Toure A DPOMCXOHHUT IIPU
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magapomei aMmiaTyge. MoskHO, OgHAKO, HOOATHCA CPHBA KojdebaHmit
UpH HOCTOAHHON wiamM pame pacrymeil ammiautype.

s aToro Heo6xoaMMO {SCHO, 9TO HKCIEPHMEHTAIBHO 9T0 TPYAHAA
3ajaua) MeHATH mapamMeTpsl BIOJIb Takoil KpuBoit AB”B, xoropas
B IJIOCKOCTH KAHOHMYECKHX IAPAMETPOB JERUT Me:RIY mapabGomxoit 40
u xKacarteabHoll 4B”, mposenesHoit k mapa6oxe B Touke 4 (pme. 12).
JBH/REHUIO TOTHO TIO KACATEJAbHOI COOTBETCTBYIOT COXPAHEHHE aMILIH-
TYAHL W BHE3AMHLIH cpblR Koaebanmit B Touke A (cy. pue. 12). Onmaro
AKCIEPHMEHTAIbHOe 0bHapy KeHNe 9THX WHBEPCHBIX ABIeHMH Tpebyer
HOIICTITHE I0BOANPHON TeXNMKH, TaK Kak paGoTaTh IPUXOJATCS B 09CHD
maxoii obaactu AB"A.

7. OBUINE 3AMEYAHUA

Pasobpannnii npumep Bo30y:jeHUs KoXebawuit momMoraeT IIo-
HATH 00Mee 3HAUCHHE MATEMATHYECKUX Momeseil. BEBOJ cmcTeMH Ha
JAUHWI0 HeHTPATLHOCTH OKA3HBACTCSA HACTONBKO BAJKHHIM COOLITHEM
B €@ HCTOPHU, ITO CTPOSHHE MJIH HPONCXOKICHNE CHCTOMBl OKA3hIBAIOT-
¢Sl BTOPOCTEMEHHBIMU  «IO/PDOOHOCTSAMIY: 8 KPUMUUECKUT ICAOSUAX
Ao02uKa nosedenus Jukmyem ao2uky cmpoeHus. Bpaim oT KpumsMcHON
CHUTYaIlu! HA TMePBHI IUIaH BRICTYNAIOT CHelMPHKA CHCTEMH I ocolen-
HoCTH yHEIUOHNpoBaHnA. OJHAKO KadeCTBEHHAA CXeMa COXPAHACTCS
MOJMHOCTHIO W MO;KET MBMEHHUTHCA TOJNBKO IPH Hepexofie depes 0Iepei-
HYI0 TPAaHANY YCTOMIMBOCTH.

HagecrBemunii cKadok cIoMHOCTH (BO3HHKHOBEHHE Kosebareib-
HO# cTemeHd ¢BOGOAH B HAIIEM IpHMepe), IPOUCXONAMAN B KPATHAYE-
CKOU TOYKe, HEBOJNBHO HABOAUT HA MEICIH O BayKHEWIIEM BBOIOIUOH-
HOM noHATHE — apomopgpose [9]. Torma menneHHBIe KOIMYECTBEHHBIE
W3MEHEHHA MEEAY JABYMS KPUBHCAME €CTECTBEHHO COIIOCTABIAIOTCS
¢ uduoadanmayusmu.

Pasymeercs, npsvoe oTOKIeCTBICHWE STHX HOHATHA ObLIO O
syabprapusanmeii. OpHaxo TPOTHBONOJIOMKHAA KpPaifiHOCTH — OTpHIlA-
HAE KAaxoro 6 To HE OBLIO CXOXCTBA B OTHX ABYX PAHAX DOHATHH —
HempocTHTeNbHoe JerkoMpicame. CaMoe pasyMHOE MODTOMY NpHU KJjac-
cupuKagud pasnoo6pasHedAX THNOB IePeXOOB 4epes KPUTHIECKHE
TOYKHE HCKATh YePTH CXOACTBA M pa3JW4ms ¢ Teopueil apomopdosa
d EMeTh B BUAY OOCTPoeHWe B OyaymeM mpocTedmell mareMaTHIecKo
Mogenum apomopdosa.

B zaxiouenne CTOUT MOAYEPKHYTH, YTO M3YICHHE CIOMKHBIX CUCTEM

CTAMYJIHPYET NOCTAHOBKY 3a7a¥, BeChMa HENPHUBHMYHYIO A MaTeMa- .

tuKa. ECIm mOHWMAaTh CIO0KHOCTH (B CAMOM IPOCTOM BapuaHTe) Kak
9UCN0 MapaMeTpoB, OT KOTOPHIX BaBUCUT CHCTEMA, TO, UeM CIOKHEe
CHCTEOMa, TeM «BHIPOKICIINEe» €€ TOTKA MaKCUMANLHON KPHTUIHOCTH.
Ipunercs, manpmvep, m3ydgaTh crallHoHapHHie TOUKM, TAe ecTh JiBa
HYJEeBHIX KODHS, TPH KOPHA — THUCTO MHHMBIE ¢ JBYMS PE30HAHCHBIMA
COOTHOMIEHUWAME MEKIAY HOMH H, KPOMe Toro, OfXWH U3 Kod(YPUInenToB
(TEDa @ B HameM mpmMepe) KaHOHMIeCKOM ¢opril paBen Hymwo. Mare-
MaTHK CKIOHEH CBHICOKA OTHOCHTBCS K TakuM 3agagam. He mcrimoue-

152



HO, OOHAKO, 9TO KJIaCCH(bI/IKaIlI/IH THUIIOB KWHETHKHA B KPHTHYECKHUX TOY-
Kax Hens0exHo npuBegeT XU K TaKUM «BBIPO/RACHHEIM» CHCTEMaM,.
BOBMO}RHO, YTO TEepPMHH <«BBIDOKIEHHOCTH» MOJE3HO B 3THX BHAAX

3

AMEHHUTH TePMHUHOM «CJHOKHOCTDHY.
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VIOK 57.001.57

O MeTOo010rnYecKHX BONPOCaX MaTeMATHYCCKOIT G1oTorune [A.A. JlauyuHos|, I'. TI. B a-
rPUHOBCKaAaA. B ¢0. «MaTeMaTudeckoe MOJeAHpPOBAHKHE B Ouosorum», M., 1975.

BBICKA3HBAIOTCA 00IUe COO0OPAKCHHMA O METONONOTMK IIOCTPOeHHS MaTeMaTude-
CKUX Mopeneli B (HONOIMY ¥ IPWBONATCA IPHMEDH IPUENMINANBHO KeJaTeIbHHX Mojie-
neit. Ocolo NoAYepKUEaeTCA HeoOXOANMOCTh CHCTEMHOTO, KHGePHETHYecKOTo II0IXoIa
K NOCTPOeHUID MaTeMaTHWdecKMX Modeneii. IIpUHINONATIBHAA AUCKPETHOCTL OHOJOTH-
YeCcKOoro o0beKTa npeparnoslaraeT, Kaxk NpasHylo,  THCRPETHOCTDH COOTBETCTBYIOWIETQ Ma-
TeMaTHYeCKOI0 annapara MogeJaupoBaunsa. OTHelbHBIE MOAEIN KOHKPETHBIX GUONOrH-
YeCKUX NPONECCOB M ABJCHUI JOMHKHBL HONYCKATh BO3MOKHOCTH MEPAPXMYECKOTO YIIO-
panoucHNA B GoJiee CI0:KHBIe MOl CIIe[ YIOIUX YpoBHel. TIDUBONATCA IPUMephl IIPUH-
IUINAJILHO HellpaBUJIbHOIO NOLX0AA K NOCTPOEHHD MaTeMaTHIeCikilX Mofeseit B GHoJ0~
THUH.

Bubn. 4 uass.

VAR 577.4

IMonyaanuu, OuHoreomeHoanl 1 GHocdepa 3emau. H. B. Tumodeenr-PecoB-
c K u i B c0. «MaTeMaTudecKOe ModeJupoBaHue B Huosgorum». M., 1975,

BBIIEICHO 9eThipe CTPYKTYDHBIX YPOBHA OPTaHH3aLlNy JKUSHU: MOJIEKYIIAPHO-TeHe-
THYeCKNil, OHTOreHeTWUdeCKHIt, NOMYyJIANNOHHO-BUNOBOI m OMOreonmeHOTMYECKHUil, ujm
6uocdepHbiil. IIpoaHanu3NpPOBAHEl OCHOBHEIE UEePTHl CTPYRTYDPH M (YHRHUOHUPOBAHUA
onoreoneHo3oB, IlonpofHO pAacCMOTpPEHB! ¢BA3L M B3ANMO3ABHCHMOCTH  MEKIY
TIONVAANAOHHWMM ¥ OVIOTCORSHOTMWECHNIM YDPOBHAMI, CHOPMYIANPOBAHL TPENCTABIE~
HUA 0 HNONYJIADMM KaK 8ieMeHTapHoll eguHUINe 3BoMWUNH, 00 YCTOHINBOM H3MeHeHHN
TeHOTMIINIEeCKOro COCTABA IIONYJIANUM KAaK BJIeMEeHTAPHOM BBOJIOHMOHHOM ABJIEHHHM U O
OUOTeONeH03e KAk Cpefle POTeRAHUA 3BOJHONUN TlonyAnuil, HaMedeHsl IPUHINIUIAIb-
Hble TTYTH penleHuA IIpo0iemsl «JenoBeK B Ouocdepar» 3a c4eT VBeJHYeHHS ILLIOTHOCTH
3eJIEHGIO IOKPOBA 3eMIM U NPOIYKTHBHOCTH AUKUX M JOMAIUHUX BUIOB DacTeHN U ;K-
BOTHBIX, YJIABJIWBAHUA K UCIOJIb30BAHMA IEHHBHIX OPraHUYeCKNX BeIlecTB HA BhIXOZAX
01oreoneHOTHIECKUX KPYTOBODOTOB.

VIR 572.4.001.57

O MareMaTHUECKHX MOJeIAX GHOIOrmieckHX coobIMecTs M CBA3AHHBIX ¢ HHMH 3ajadax
yoparienud H onrtuMuzanmim. 0. M. CBup e e B, B ¢f. «MaTeMaTudeckoe Moaean-
posanue B Oionoram»s. M., 1973, .

@parMeHTapHO 06pUCOBANA CHTYAONA, OGRYHO BOSHUKAOIIAA IIPH IOMBITKAX HOCT-
DPOEHHS TeX MM HHHX Mofeseil GHONOrHIecKUX MOTVARUNE U cooliiecTB. Mogenns ofpa-
3yeTcsa KOMGUHANHeH HEKOTODHIX QYHIAMeHTAIBHAIX 3aKOHOMEDHOCTell (THIA 3aKOHOB
COXpaHEeHUA), CIPABENTUBLIX OJA J100BX CHCTeM, M HalUNX MHTYUTHBHBIX IIPefCTaBJIe-
Huil 0 QYHROHOHUPOBAHNN KOHKPETHBIX CHCTEM, O XapaKTepe B3aWMOOTHOWIEHHWIT MexK-
OV COCTABIAKIIUMH CHCTeMy KOMIIOHeHTaMH, OCHOBHOe BHMMAaHHe YHeJAeTCA paspa-
00TIie TEXHOJOTHH IINCTPOEHMA Mojesell, ofecrneduBaiolieii BOSMOKHOCTE CTPOMTh JI0-
601t Habop Mo eseil ¢ HCTIONB30BAHUEM HeGOJIBIICTO JUCIA CTAHOAPTHREIX NIPUEMOB,

Puc. 7. budi. b Ha3B.

YIOK 572.4.001.57

YpasHeHusa Teopun Guosoruueckux coobmeers. JI. P, Tuu 36 y pr. B ¢6. «MaTtema-
THYEeCKOE MOeanpoBaHue B 6nosornm», M., 1975.

TIpenupHHATA HOILITKA TOCTPOEHUA TeOPHH AHHAMIKN GHOJOTMYeCKNX CO0DIIeCTs,
3aHUMA0MAA TPOMEKYTOTHOE OJIOKEeHe MY Teopuell BoJibTeppa, ¢ OXHOIT CTODOHSH,
u pa6oramu A, H. KoaMoropoBa H ero nociegoBareseif 1o CHCTeMe «XUIHHK — KepT-
Ba» — C APYroft. AKCHOMATHIECKM BBOMWTCA IOHATHE NPRCIOCODICHHOCTH TTONYIALNN B
0 aHAJIOIMU — IPUCIIOCO0JIeHHOCTH coobiiecTBa. JaeTcsa cOOTBETCTBYIOMIAA KIIACCHPH-
KaIllA B3aMMOAENCTBUIl coo01ecTBa CO cpefoil u nonynanueii BHyTpu coobiecrsa. Ha
OCHOBE DUIIOTE3BI TIaPHKX B3auMomeilcTBuil U ofodleHdHol runoTe3bl BonbTeppa npef-
JaraeTca SBHbIA mapaMmeTpMdecKuit BUA (yHKuum mpucrocolbiennoct. IIpu atoMm, B
YACTHOCTH, OKA3KBAETCA BOSMOMHBIM NPHAATh (QOPMAbHBIH CMBICH  9KOJOTHIECKOMY
TOHSTHI NOMAHUDYONEH IOMYAALNN, CYIeCcTBOBAHNEe KOTOPOH ABIIeTCA HeO0X OMUMEIM
YCIOBAEM CYLECTBOBAHUA COO0IIeCTBA, IIPUMEHHWMOCTH [IOCTPOEHHOIl Teopnu NoAPOOHO
NPOMINIIOCTPUPOBAHA HA NIPUMeEpe IBYXKOMIIOHEHTHOro OuMONEH03a W CpABHEHUA Teope-
THIECKUX KPHBBIX AUHAMUKU YHCJIEHHOCTH C 9KCIEePUMEHTAJIbHBIMM RAHHBIMU.

Puc. 3. Tada. 1. Buda. 43 Hass.
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VIK 577.4.001.57

MaTteMATHYECKHE MOJETH OHOJOIMMYECKHX coofuiecTs 1 3ajaum ynpapiaehus. A, M.
Bpexnes, JI.P, Tuns6ypr, P.A. TonyskToB, IILA IBmTOBS,
B c¢6. «MareMaTu9ecKoe MOmelupoBaHHe B Onosiormm», M., 1975,

Ha ocHOBE ONTEMH3AMUU NMPOIECCOB B PASIIMIHBIX €CTECTBEHHEIX H MCKYCCTBEHHKLIX
MONYJAMIMOHHEIX CUCTEMAX IOCHENOBATENBHO PacCMOTpeHBl [eThpe MaTeMaTHiecKue
Modenn: 1) O4UCTRA CTOUHBIX BOX ¢ MHOTOLGMIIOHEHTHRIM 3arPA3HEHUEM B A3POTEHKAX C
AKTUBHBIM MJIOM, CONEePMHAlINM MHOTOBUOBVIO KYJBTYPY 6aKTepmii; 2) mopmepskanue
Ha 3aJaHHOM YDOBHE YHCJICHHOCTH BpeAuTeself IyTeM BBeleHud B NONYIALNI CTePHIb-
HBEIX CAMIIOB; 3) MaKCHMHM3alMA ICHBI M3BJEeKaeMON 13 BKRCINIYaTHPYEeMOIl IONYJIANMK
NPONYKINN IPU 3aJAHHON TMHAMIEE YHNCACHHOCTH NONYJIANNY U ee HA9aNbHOM U KOHeq-
HOM COCTOAHUAX M 4) ONTUMU3ANMA TI0JI0BOI It BO3PACTHON CTPYKTYD SRCIITIYATUDYeMol
NOIYJIANUHA (B YACTHOCTH, CEMbCKOXO3ANCTBEHHDIX RUROTHBIX) ¢ TOYKH 3PeHUdA ee [po-

LYKTUBHOCTH.
Buba. 15 Hass.

YIOH 576.4.001.57

MareMaTHYeCKHE MOJEJIH pPOCTR YHCISHHOCTH KIETOUHBIX nonyaapuii. M. A. III B u-
T 0 B. B ¢0. «MaremaTH4eckoe Momeauponanne B onosormm. M., 1975.

Copep:kuTea 0030p AeTePMHHHCTUIECKUX U CTOXACTUICCRUX MaTeMaTHIeCKUX Mofe-
Jelfl OUHAMUKHM YUCIEHHOCTH KJIETOYHBIX NONYJIANUWA — B OCHOBHOM MHKDPOODPraHN3-
MOB — IIpM BBIPAUIMBAHWH B 3aMKHYTOM o0beMe (IepHOIUYeCKOe KYJAbTUBUDOBaHUE)
M B NpPOTOKe (HeNpephiBHOE KYJIbTHBHPOBAHME). YKa3bBaeTcs, UTO HadaJbHBIA BTan
IIOCTPOCHHUA [eTePMUHHCTHIECKOH TeOPHH NPOIECCOB KYJIBTHBUPOBaHMA OJM30K K 3a-
BePIIeHMIO, TOTTA KAK CTOXACTHYECKOIf Teopud IPOHeCCOB KYJbTHBUDPOBAHNA MpPaKTH-
gecKH HE CYHIECTBYET.

buba. 89 HasB.

YOK 577.4.001.57

MaTreMaTHYECKHE MOAEIH B ROJOrud. Poabh KpHTHUYeCKHX pesuMoB, A.M. M omd a-
H 0 B. B 0. «<MaTeMaTHuecKoe MomenupoBaHue B Ouogormm». M., 1975,

Hae npefenbHo yIpomleHHAd MGAeNb CJAOKHOR OHONOTHIecLoll CHCeTeMH, Hak
IIPABIJIO, OCTaeTcA NpaKkTHIecKN H20003puMOi. B Takoil cUTyanuy MHOTOE MOMKET IATh
uceaenoBaHue GYHKONOHWPOBAHUA MONRJIH HA rpaHume o0JacTH YCTOHYUBOCTH, Korma
CYIIeCTBEHHBIMI 9acTO OCTAIOTCA BCETO HABe NepeMeHHble —— PA3NUYHbIE B DASIHYHEIX
KPUTHYECKHX PernmMax. Oco0eHHO INIONGTBODHRIM 3TOT MeTOH MOKeT OBTh B 9KOJOIHH,
rge Hac NDPHHRUNHAIBHO HHTepecyloT TDAaHUOK YCTOHIUBOCTH U IOBeNeHNEe CUCTeMbl B

MX OKpPEeCcTHOCTAX.

YIOK 57.03.001.57

Kpuruaeckune TOYKH OGHOAOrHIECKHX CHCTeM (MATEMATHYECKHE mMofaecan). A. M. M o .
9aHOB., B c6. «MareMaTudecKkoe MofgeJaMpoBaHue B Guonormu». M., 1975,

Ha npumepe 6MOXHMUYeCKNX CHCTeM NOAPOJHO MPOaHaAJN3UPOBAHE HEOOXOMMMOCTE
M IINOOOTBOPHOCTD U3Y9€HMA KPHTHIECKUX PEHIMOB B CJIOH{HBIX TUHAMMYECKNX CHCTe-
Max. Hoxasano, qTo BOSGyH\'HeHHe Kone6aHuil B GHOXMMHIECKUX CUCTEeMax O CBEIBAETCA
TEeMH e 3aKOHOMEPHOCTAMMK, YTO M B paIHOTeXHHIEeCKMX ycTpoiicTBax. Ilpemyiomen
cnocod TUIAHUPOBAHUA SKCIEPHMEHTA HA OCHOBE NPEeaCTABIAEHHA O MATKUX M KEeCTKHUX
pexruMax BO3OYywaeHusa Kosebanuii.

Puc. 12. Buba. 9 Hase.
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