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BBEJIEHUE

AKTYaJIbHOCTh JUCCEPTALMOHHOH TeMBbI COCTOUT B MCCIIEIOBAHUIX
Xa0TUYHOTO COCTOSIHUS MOMYJISIIIUU KaK MOIMYJISIIIUOHHONW TypOyJI€HTHOCTH, KOTOpas
OMKCHIBACTCS TPU TOMOIIM TMOMYJAIHUOHHBIX MOJENEeH C Y4eTOM BpPEMEHHOM -
BO3PACTHOM M MPOCTPAHCTBEHHBIX CTPYKTYyp. ClelyeT OTMETUThb, YTO METOIbI
MPOTHO3UPOBAHUS  COLIMAIBHO-D)KOHOMHYECKHUX  CHUCTEM  OOBIYHO  TpeOyroT
MPOTHO3UPOBAHUSI JUHAMUKH TIOMYJISIIUH, a TakKe CBSI3aHHBIX C BOIPOCOB
GYHKIIMOHUPOBAHUS SKOHOMUYECKHX CHCTEM, W TPOTHO3UPOBAHUS COCTOSHUS
€CTECTBEHHBIX DJKOJIOTHUYECKMX CHCTEM OHMOJOTHUYECKHX Momyusnuii. OdeBumaHO,
peanbHBIC IKCIIEPUMEHTHI HA HUX HEBO3MOXKHBI M BeChbMa JOPOTH. B CBS3M ¢ 3THUM
BO3HHUKAIOT TPOOJIEMBI KOMIBIOTEPHOTO MOJICIMPOBAHUS W TPOTHOZUPOBAHUS HX
COCTOSIHUM. SICHO, YTO MCIMOJB30BaHWE METOJOB MAaTEMAaTUYECKOTO MOJICTUPOBAHUS
MO3BOJIIET MCCIIENOBATh WACHTUYHOE (PYHKIIMOHMUPOBAHUE COLMAIBHBIX CHUCTEM, B
YaCTHOCTU, OMOJIOTMYECKUX TMOMYJISIHUN, MPSMbIE SKCIEPUMEHTHl HaJ KOTOPHIMHU
CJIOHO OCYIIECTBUMBI. [{uccepTaius nmocssieHa pa3padboTke, GopMyIupoBaHUIO U
00OCHOBaHUIO MaTeMaTUYECKUX 3aJ1a4, CBA3aHHBIX C 00pa30BaHUEM MOIYJISIIMOHHON
TypOyJICHTHOCTH. B CBSI3M ¢ 3TUM, MBI PACCMOTPUM OOIIIYIO MOJIETh MOMYSIIUOHHOM
TypOyJICHTHOCTH C YYETOM BPEMEHHBIX, BO3PACTHBIX U MPOCTPAHCTBEHHBIX CTPYKTYP
U MaKCUMHU3HpYyEM IpaByl0 4acTb Ju(PdepeHIIMaibHOr0  ypaBHEHHUS  I10
ko3 dunmrenTam qudPpy3un U3 HEKOTOPOU 3aJaHHONM HETMHEHMHOM 00J1acTH.

Hacrosimas nuccepraiuoHHasi paboTa BbINOJHEHA B PaMKaX MPOeKTa
“KOMIBIOTEPHOE MOJAEIMPOBAHUE COCTOSHUS DKOCHUCTEMBI 3alloBeNHMKa “JlamTu -
Jxym™” (rocpeructparus NeQ115TJ00748).

Hear» wu 3amaya wucciaegoBaHMid - pa3paboTka u  00OCHOBaHUE
MaTeMaTUYECKOW MOJENN TMOMYJISIUOHHOW TypOYJIEHTHOCTH HW30JUPOBAHHOMU
MOMYJISAIAA W TIOMYJISAIAN, BXOASIIEH B OHOCHCTEMBI,  CO3/JaHHWE YHCICHHBIX
QITOPUTMOB W KOMIUIEKCAa TMpOrpaMM C Iebl0 TMPOBEJACHUS KOMIIBIOTEPHBIX
AKCTICPUMEHTOB JIJIs CaJIOBBIX dKocucTeM Pecnybnmuku TamkukucTtad. s aToit memu
B JIUCCEPTAIIMOHHOMN pabOTe peatoTcs CISAYIOINNEe OCHOBHbIE 32/1a4M
»  paspaboTaTh MaTeMaTHYECKOEC YpaBHCHHE, OIMCHIBAIONICE COCTOSIHHE
MOMYJISIIAA C YYETOM BPEMEHHBIX, BO3PACTHBIX U MPOCTPAHCTBEHHBIX CTPYKTYp C
COOTBETCTBYIOIIMMH HAyaJbHBIMM W TpaHUYHBIMU yclIoBUAMH. Ha ocHoBe
MaKCUMHU3allMM TPAaBOM YaCTH TOJYYCHHOTO YypaBHEHUS 10 auddy3noHHBIM
napameTpam, IPUBOJIAIIEH K YPAaBHEHUIO TOMYJISIIMOHHOW TYpOYJIECHTHOCTH, PEIIUTh
PSAI HENMMHEWHBIX MHTETPO-Iu(PepeHIMATBHBIX 3a71a4, CBSI3aHHBIX MPEACTABICHHEM
pEIICHUS YHCIICHHOCTH TOMysIuu. [locTponTh MaTEMaTHYECKYIO MOJICITh TUHAMUKH
TOMYJISIIIAN B PEKUME TYPOYJICHTHOCTH.
> IIOCTaBUTh W HCCJICNOBATh 3aJadd OIECHKH W TPEJCTABICHUS PCIICHHUS
YUCJICHHOCTH TIOMYJISIIAY B BHJIC PABHOMEPHO CXOJSAIIUXCS psioB Dypre.

»  TIOCTaBUTh MW UCCIICOBaTh MaTeMAaTHUYECKHWE 3aJa4dl  TOIMYJISSIIHOHHON
TypOYJIEHTHOCTH.
> 000CHOBaTh  QJITOPUTMBI  ONPENETCHUS  HEU3BECTHBIX  KOIPPHUIIMEHTOB
MOJENBHBIX TOMYJISIMA Y WX YUCICHHOCTH Ui 3a7a4  MOIMYJISIMOHHON
TypOYJIEHTHOCTH.



»  pa3paboTarh KOMIIBIOTEPHBIE TIPOTPAMMBI C TEJBI0 TPOBEICHHS psla
KOMIIBIOTEPHBIX JKCIIEPUMEHTOB C KOHKPETHBIMH TMOIMYJISUUSIMUA B Pa3IMYHBIX
pexumax ux (yHKUMOHUpOBaHUS. OMNpeAeiauTh pElICHHE 33Jayd MOMYJSIHMOHHOMN
TypOyJICHTHOCTHU B Pa3jIMYHbBIX peKUMaX €€ PYHKIIMOHUPOBAHMS.

Hayuynasi HOBM3Ha JHMCCEpPTAlMOHHOW pabOThl 3aKIOYaeTcs B pa3paboTke
MozieNied  TOIMYJSIMUOHHOW TYpOYJEHTHOCTH B OKCTPEMAJbHBIX pPEXKHUMAX M
MOJYYEHUH HX PEIICHUWH B BHUJIE IOJIMHOMA M PABHOMEPHO CXOASLIUXCS PSAOB
@ypbe. Hayunas HOBH3HA IIPOBEACHHBIX MCCIEAOBAaHUN  ITOATBEPKIACTCA
CBHUAETENBCTBAMU O PETUCTPALMM HAYYHOIO, JIMTEPATYPHOLO MW MPOU3BEICHUS
nckycctB Ne71, Ne72 u Ne73.

IIpakTHyeckass  3Ha4YMMOCTh  padoTbl.  OOLIHOCTH  HCCIEAYEMBIX
MaTEMaTUYECKHX 33/a4 U UX CIIOCOOOB HCCIEI0BaHUS MMO3BOJISIET HCIOIb30BATh 3TH
MOJIEJIN JIJISl UCCIEAOBAHUS HE TOJIBKO B U3YYEHHH OMOJOTUYECKHUX MOMYJIALMMI, HO U
JUISL PELeHUs] WISHTUYHBIX 33/1a4, KOTOPhIE BO3HUKAIOT B cepax XUMHUH, (PUZHKH,
DKOHOMUKA W  Jp. [3ydyeHme MoJeneil  BPEMEHHBIX, BO3PACTHBIX W
IPOCTPAHCTBEHHBIX CTPYKTYp OHOJOIMYECKHX MONYyJISUUNA U OIpeleieHHe UuX
YUCIEHHOCTU TpeOyeTcs sl CO3JaHUsl METOAUKU €CTECTBEHHBIX HCCIENIOBaHUM, a
TaK)K€ UX ONTHUMH3ALUN I IPOLECCOB €KEJHEBHOIO MOHUTOPHUHIA PACIIPEACIICHHUS
YUCIEHHOCTU OMOJIOTHYECKUX Momyisiiuil. TeopeTnueckue BBIBOMBI, MOIYYEHHbIE B
JUCCEPTALMOHHON paboTe, HOCAT OOLIMM XapaKTep U CYIIECTBEHHO OOJIEryaroT U
YCKOPSIIOT CO3/aHHE OOJBIIMX MOJEIEH KOHKPETHBIX OMOJOTMYECKHX IOIMYJIALIHA.
[Ipy 3TOM BaXKHO NPAKTUYECKOE HCIOJIB30BAHHE CO3JAAHHBIX MPOrPAMM C LIEJIBIO
MPOTHO3UPOBAHUS COCTOSIHUS MOMYJIALIMOHHON TypOYJIE€HTHOCTH.

JKOHOMMYECKAasi 3HAYMMOCTb MOJYYeHHBIX pe3yJbTaroB. B ycioBusax
Pecny6nuku Tamkukucran, rae 93% TeppUTOpHH COCTaBISIIOT TOPBI, BOMPOCHI
BBIPAIIUBAHUS CaJOBBIX M CEIbCKOXO3SIMCTBEHHBIX KYJIbTYp HMEIOT OOJIbIIOE
DKOHOMHMYECKOE 3HAdyeHHWE. /[ yaydlmeHus COCTOSIHMS CYIIECTBYIOLIMX CAaIOBBIX
HKOCHCTEM, 3allOBETHUKOB OOJIbIIOE 3HaYEHUE NpuaaeTcs (akTopaM BbIpalllMBaHUs
(GPYKTOB M OXpaHbl PEIKUX M MCUE3AIOIIMX BUJOB, CO3JaHUI0 HOBBIX MHTEHCHUBHBIX
caZioB M 3alOBEIHUKOB. Pe3ynbTaThl, MOJy4YEHHBbIE B JAUCCEPTALIMOHHOW padoTe,
MOTYT OBbITh IPUMEHEHBI AJI MPOTHO3UPOBAHUS U TJIAHUPOBAHUS MEPOIPHUITHH 1O
3alIdTE ypoxas OT Bpeautese. Ha 3ToM OCHOBE CO37ar0TCs MPEAIIOCHUIKA JIs
COXPAaHEHHUS UHMCICHHOCTH PEIKHUX M HCYE3alolIMX BHJOB, 00eCIeuynBaloTCs
WHTETPUPOBAHHBIE MPOLECCHI 3alIUThI CEIbCKOXO3SIMCTBEHHBIX U CAJIOBBIX KYJIBTYp U
pocTta ypoxaiHoCTH. Takue uccie1oBaHus UMEIOT 5KOHOMUYECKYIO 3HAUMMOCTb.

OcHOBHBIE N10JI0KEHNSI, BBIHOCUMbIE HA 3AIIUTY
»  pazpabotaH u 000CHOBAH METO]] MATEMAaTHUYECKOTO MOCITMPOBAHUS OIMCAHHMS
SBJICHUI TOMYJISIMOHHONW TYpOYJIEHTHOCTH M30JIMPOBAHHOTO BUJAA M OMOCHUCTEM Ha
OCHOBE MaKCHUMH3allMd CYMMApHOTO KoJn4yecTBa AU(P(GY3UOHHBIX H3MEHEHHH IO
koddurmentam muddy3un U3 3a7aHHON HETUHEHHOM 00IacTH.

»  TONY4YeHO JalibHeWIee pa3BUTHE KAUYECTBEHHBIX W MPUOIMKEHHBIX
AaHAJIMTUYECKMX  METOAOB  JuUIsi  pa3paOOTaHHOM  MOJENW  HOMYJISALMOHHON
TypOYJEHTHOCTH OMOJOTHYECKHX MOMYJSIUN C yU4eTOM BPEMEHHBIX, BO3PACTHBIX U



MPOCTPAHCTBEHHBIX CTPYKTYP COCTOUT B MOJIYYEHHH MPEACTABICHUS YHMCICHHOCTH
KaK PEUICHUs MEPEOIPENECIEHHON CUCTEMBI B BUJE TTOJIMHOMOB.

> MOJIYYEHO TIPEJICTABIICHUE PEIICHUS 3a/1a4d TOMYJISIUOHHON TypOyJIEeHTHOCTH
OrocucTeM B BUJIE PABHOMEPHOM cxoasmuxcs psgoB Dypbe.

> MOJIyYEHO Kaue€CTBEHHOE o0ocHOBaHUE WHTEPIIPETAUN MOJENH
NOMYJSIIUOHHON TYypOYJIEHTHOCTH B BUJIE CXEM JIEPEBO YHUCEI U 1EJICH.

»  paspaboTaH u 000CHOBAH YHCIICHHBIM METOJI PEIICHUS 3a]]a91 MOMYIISIIHOHHOM
TypOyJICHTHOCTH B BHJIC TIOJMHOMOB W PAaBHOMEPHO CXOJSAIIUXCS PSAJAOB W Ha WX
OCHOBE TPOBEACHBI TECTOBBbIC AKCHEPUMEHTHI JJIi  Pa3IMYHBIX PEKUMOB
GYyHKIIMOHUPOBAHUE OMOTOTUYCCKUX TOMYJISITUH.

> MPEJIOKEH U 000CHOBAH AJITOPUTM MPECTABICHUS YACICHHOTO ONPEICIICHUS
COCTOSIHUE TOMYJISIUNA B BUJIC MOJTUHOMOB U PAJIOB, a TAKXKE YUCICHHBIA allTOPUTM
OTpeIeJICHUs] HEU3BECTHBIX MapaMeTPOB, AITOPUTM JIOKAJIbHO-OJHOMEPHOTO METOAa
pelieHus 3aa4 MOIMyJISIIIUOHHONW TypOyJIGHTHOCTH B BUJIE KOMIUJIEKCA MPOrpamM C
LEJIBI0 IPOBEACHUS BBIYUCIUTEIbHBIX YKCIIEPUMEHTOB C MOAEIbHBIMU JAHHBIMHU.

»  pa3paboTaHbl KOMIBIOTEPHBIC MPOTPAMMEI C IICJIBIO OTPECIICHUS COCTOSIHHS
MOJCIUPYEMON  TOMYJAIMOHHON  TypOyJIEHTHOCTH C yY4E€TOM BpPEMEHHBIX,
BO3PACTHBIX W TMPOCTPAHCTBEHHBIX CTPYKTYp [JIs Pa3JIMYHBIX MOMYJISAUUA H
OouocucTteM (HampuMep, BPEAUTENd CaJOBBIX DKOCUCTEM, arpoleHO30B U Jp.).
OcyliecTBIEHbl pAl KOMIIBIOTEPHBIE SKCHEPUMEHTBHI C MOJEIBbHBIMU JIAHHBIMU
ounonornyeckux cucteM Pecryonuku TamkukucTaH.

JIuuHbld BKJIAA couckares. [lomydeHHbIE pe3ynbTaTbl MPEICTABICHHBIE B
JIMCCEPTAIMOHHONW padoTe M MMEIOIIME HAyYHYIO HOBU3HY, TOJIyYE€HBl aBTOPOM
JMYHO TIOJI PYKOBOJICTBOM HaydHOro pykoBojutens FOnycu M.K. B coBMecTHBIX
paboTax Hay4YHOMY PYKOBOIUTEIIO MPUHAJJIEKAT BOMPOCHI MOCTAHOBKH 3aJadydl U
BbIOOpa MeToa e€ pemieHusi. B coBmecTHoM pabote ¢ OnunaeBoii C.A. 1 A3UMOBBIM
C.: mpu uucneHHbix padoTtax Bkiaa aBropa ['anmeBa Y.T. cocraBmser 50%, BKian
OnnnaeBoit C.A. coctasisaet 30% u Bxiiag A3zumosa C. cocraBiseT 20%.

AnpobGauust pe3yabTaToB PadoThbl. (OCHOBHBIE TIOJIOKEHHS  PabOTHI
JOKJIa/IBIBAIIUCH M 00CYXIAINCh HA HAYYHBIX cemMuHapax Kadenpsl «ubopmaTrka
THY (2008-2017rr.), Ha MEXKIYHApOJHBIX HAYYHO — METOJUYCCKHAX W HAYYHO —
npaktndeckux KoHpepenmmsx (ymanbe: 2013 — 2018rr., Kyprautiobe: 2013r.,
Xymxkanan: 2014r., Kyna6: 2015r., bopucorneoek: 2017 r., Mocksa: 2017-2018rr,
Canxkrt-IletepOypr: 2017r.) u ap.

Iy6auxamun. OCHOBHBIE pe3yJbTaThl JUCCEPTAIMU  OMYyOJMKOBAaHBI B
JIBaJIIIaTH CEMH paboTax, u3 HUX / B U3JaHUsAX, pekoMeHaoBaHHbIX BAK PecnyOnuku
KsIprei3cras.

Ctpykrypa u o0bem padorbl. PaGota cocTtouT u3 BBeneHus, 4-x TJIaB,
3aKJTIOUCHHS] M CIHMCKA WCIOJIb30BaHHOM JuTeparyphl. OOumii o0beM auccepTaiuu
cocrapisier 196 crTpanwi, BrIOYarOmMX B ce0s 23 pucyHka, [/ Tabnui, 8
MPWIOKEHUN U CIHCOK MCTIOIB30BAaHHON JUTEPATyphl U3 148 HauMeHOBaHMIA.



OCHOBHASA YACTbH

Bo BBeneHmu 000OCHOBaHA aKTyaJlbHOCTb TE€MbI JUCCEPTALMOHHON pabOTHI,
c(opMyJIUpOBaHbl L€Nb, 3aJa4d M BOMNPOCHl MCCIEAOBAHWM, HayyHas HOBU3HA,
IIPAaKTUYECKass M TEOPETUYECKAas 3HAYMMOCTb PE3YyJbTaTOB HCCICHOBAaHUM, TAKXKE
c(OpMyJIMPOBAHBI OCHOBHBIE MOJIO’KEHUSI, BLIHOCUMBIE Ha 3aIIUTY.

B nepBoii riiaBe caenan 0030p CyHIECTBYIOLIUX MOJENEH TypOYJIEHTHOCTH,
CBSI3aHHBIX C JHUCKPETHBIM MOBEAECHUEM YHMCIEHHOCTH MOIMYJSILMA B OMOJIOTHYECKUX
CUCTEMAax, a TaKXke JAuHaMuueckue mojenn tuna Kommoroposa, DepxroibCra,
®eiirendbayma u ap. OTIMYUTENBHON YepPTON MOCTPOSHHOW HAMU MOJIENH SBISIOTCS
onmucaHue, OOOCHOBaHME W AaHAIW3 MOMYJSIUOHHONM  TypOyJNIEHTHOCTH B
OMOJIOTMYECKUX CUCTEMAX.

Bropas rinaBa mocBsIleHa ONMUMCAaHUIO OOBEKTA MCCIENOBAHMS, B YaCTHOCTH
U3JIOKEHbl ~ MOJAPOOHOE  OMHMCAHWE  JKOJOTMYECKHX  cucTteM  PecryOiauku
Tamxukucrad. IIpuBeneHsl METOBI, METOJOJIOTUS M1 METOJUKH MAaT€MAaTHYECKOTO U
KOMITBIOTEPHOI'O MOJEJIMPOBAHUS, a TAKXKE IPUKJIAAHOTO IPOTHO3UPOBAHUS
BO3HUKHOBEHUS IPOLIECCOB MOMYJISIIUOHHON TYypOyJIEHTHOCTH B €CTECTBEHHBIX HU
UCKYCCTBEHHBbIX 3Kocuctemax Pecnyonmuku Tamxukucradn. Oco0oe BHUMaHME
yIETSETCSl WCCIENOBAaHUIO BIMSHUSA, KOTOPOE OKa3bIBaeT pa3paboTKa Hay4dHO
O0OOCHOBaHHBIX METOJOB MOJEIMPOBAHUS W MPOTHO3UPOBAHUS HA OXpaHy
CTPYKTYPHBIX IIaPAMETPOB 3KOJOTMYECKOIO Pa3BUTHS PETMOHAIBHBIX 3aII0BEHUKOB
Y UCKYCCTBEHHBIX OMOJIOTHYECKUX CHUCTEM.

Tperss riasa nocssinieHa GOpMyIHPOBKE U MATEMATUIECKOMY 0OOCHOBAHHIO
3a/lay, TOCTAaHOBKM 3a7ay MOMYJSIIUOHHOW TYpOYJIEHTHOCTH U OOOCHOBAaHHUIO
pEIIeHUs] COOTBETCTBYIOIIMX JU(PPEepeHIMATBHBIX ypaBHEHUH 2-T0 MOpPSAKa,
UMEIOIINX NPUMEHEHUE B TEOPHUM MOMYJALMOHHON TYpOYJIEHTHOCTH, KOTOpas B
MOCJIEHEE BpEMs 4YacTO HCIOJIb3YyeTCsl MpU MPOTHO3UPOBAHUM  COCTOSTHUS
OMOJIOTMYECKUX MOMYyJSAUUNA B 3aBUCHUMOCTH OT H3MEHEHMs IapaMeTpoB HX
oOTekaHusl. 3/1eCh paccMaTpUBAIOTCA BOIPOCHI HCCIEJOBAHMUSI OJHOW MOZENN
HOMYJISIIMOHHOW ~ TypOYyJI€HTHOCTH ¢  y4€TOM BpPEMEHHBIX, BO3PAcCTHBIX H
IPOCTPAHCTBEHHBIX CTPYKTYp, CBSI3AHHON C HM3MEHEHHMEM MapaMeTpoB (2 HMMEHHO
kodpdunmenta muddy3ur) B HEKOTOPOM 00JACTH 3aJaHHOTO HEJIWHEHHOTO
ypaBHeHus. IIpuBomuTcs  TakKe JIEpEeBO  4YMCEN, CBA3aHHOE C  3aJade
HOMYJISILIMOHHON TypOYyJIEHTHOCTH.

Pasnen 1 Tperbeil ruaBbl MOCBSIIEH BOMpPOCAaM MOJACIHUPOBAHUS 3a1ay
NOMYJISIIUOHHON TYypOYJIEHTHOCTH HAa OCHOBE HCXOJHBIX MOJIENel OMOJIOrMYecKuX
nonyinauui. B mpocredmmx - ciaydasx — pelleHHe  3axad  IOIYJISALUOHHOU
TypOyJICHTHOCTH OBLIO MOJTYYEHO B BUJE MOJMHOMA.

PaccMoTpuM MOJENbHYIO MONYJSLUIO ¢ YYETOM BPEMEHHBIX - BO3PACTHBIX U
IPOCTPAHCTBEHHBIX CTPYKTY

1 l’OHyCM M. MaremaTnyeckne MOl YnpaBJ/ieHUd arpoueHO3aM1 U OXpaHAeMbIMHU OHOJIOTHYEeCKUMH nomyJsiusiMu.

Juccepramusi Ha COMCKaHNe YYeHO#i cTeneHn 10KTopa pu3HKo-MaTeMaTnyeckux Hayk, BIl AH CCCP, Mocksa, 1990. -313.
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poxkmaemoctd, N, = N,(X,a)—4UCICHHOCTh TOMYJSAIUA B HAYAIBHBI MOMEHT

BpeMenn. Ecii BBecTH 3aMeHy”, IPELIOKEHHYIO B paboTax mpodeccopa FOmycH:
a=a, t=a+r, o(X,a,7)=N(x,a,a+7),
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Hcnonb3yst UCXOIHbIE MOJIEN Orosiornyeckux nomyssinui (1) Oyaem
MOJICJIUPOBATH SIBJIEHUE MOMYISIHUOHHON “TypOyJIeHTHOCTH .
Onpedenenue: TlonynssuMOHHON “TypOYJEHTHOCTBIO B paMKax MOJIENIH
(1) (mnmu(2)), Ha30BEM TaKOE COCTOSHHE TOIYJISALHH, B KOTOPOM IPH HEKOTOPOM
3HAYEHNH BeKTOpa o, a =(a;,..,a, )€ M, BelmmunHa

1/s

S
m o%u
Zaj 5 , S$>0, (3)
j=1 an
IIPUHUMAET CBOE MAKCUMAJIbHOE 3HAUYEHUE, T.€. yPABHEHUE
au m o%u
= maxZ e (4)
aeM Xj

Amax

u(x,0,7) = [By(&u(x & 1dé,

ou
_ =0.
an X;j=0
Xj=L;




1
HMCCT CIMHCTBCHHOC KJIIACCUYCCKOC PCIICHUC N3 C2

BEog HCXOSHBIX TAHHEIX! HAWAIREAN
YHCITeHHOCTh, Ko dHaiHmeaThE

POFEIACMOCTH, CMePTHOCTH H JHG Gy IHH

lr ar S - -
Kracc HCXOQHELDE MOZe Teis ET=E)E= G;“: —f2 O<a=q,,,0<r=r
(Tama ¥OmycH) ~— e .
I [ QD= [BErocsids
=1
OmpeaeTeHHE 3KCTPEMATEHBIX EXns =0
MOTETEE T
l \h ,"cu Z D, ] a_rl
Onpememderiae pPelleHHE Ha ©Xy
HIacce MPOCTBIX QENIEHEE B BHIE
MO THEGNA
R D =
e Dex =

l " et

CosgaHHa aJropHETMa H
P 0T PAMMA

!

IIpoEeTeHHA KOMMLETEDHBIX
IR CITePHAMEHT ME

!

BepaHKALTHA MOJETH

| - e

Brison
PeEIVABTATA

x*, + ‘6-“ Z ; ): r=f—a

&x,8x

w{x. vy = {0 a. 7Y+ Zg
G O

Puc.1. KonnenryaibHas MOJIeTTh B3aUMOICUCTBUI OMOJTOTUUYECKHUX MTOMYJISIIUA arpolieHO30B

CnpapeyiiBa ciaeayoIias Teopema:
Teopema 1. Vpasnenue z — nax(a,X® )" U ypasienuez» — STX D OKGUBANEHINHY.

aeM j=1
PaccmoTpum ypaBHEHUE
ou 5
— max> «, ()
oa aem Z ’ax
IIpouecc MOCTPOCHUSA MATeMATUYeCKHUX MojeJien SIBJICHUM

NOMYJISIIUOHHOM TYPOYJIEHTHOCTH COCTOMT W3 CJIeYIOIIUX HIAroB:
Hlaz 1. Vpasnenue nonynayuonrot TypOyJIeHTHOCTH

ou) & o2u )
Ll S ) 6
(aaj ,Z—;‘ X} (®)

C YCJIOBUSAMU

u(x0,7)= | By(Eu(x,&,DdE,

ou
an xj:O
Xj=



Ha OCHOBE MHJICK0 METOJa pa3JeicHUs MEPEMEHHBIX OINpeesieMbIX B  KJaccax
BO3MOYKHBIX PEIICHHUM THUTIIA:
1. Knacc npocThIX peleHui:

2. Kracc sKCIoHEHITMaIbHBIX PEIICHUIN:
<o a
L5, =i —<
¢ =1
rae D onpenensiercst U3 nmpeacTaBiICHHUS:
Pemnm ypaBHeHuE (6) B KJ1acce BO3MOKHBIX MPOCTHIX PEIICHUN:

<o b B m
—— —€ > —€ . yyeToM YCJIOBHUSI COrJIACOBAHUS G =C
& S y Y ; )

Takum oOpa3zoM, ypaBHeHHE (6) SIBISETCS ypaBHEHUEM “‘TYpOYyJIE€HTHOCTH , T.€. B
pEIEHUSIX KOTOPOro (pyHKIMoHA (3) MpUHUMAET MaKCUMaJIbHOE 3HAYEHUE.

Hlaz 2. Ilosmanno pewas cucmema ypasnenutl (6) coomsemcmasyroujemy Kiaccy

B03MOICHBIX NPOCMbLX PEUEHUll U NOJYYUM 00ujee npedcmasienue uod

m, AU mox?
y Ay = 01 ] — i iNi PN :t_ . 7
u(x,a,7)=u(0,a,7)+ > x1+;aXian x,xJ+JZ:i:cJ o 7 a (7)

i1 OX;

1 lx=0
20e Koappuyuenmol (7) onpedensiomes uz 08yx nocieonux epanuynvlx yeaosuti (1) u
U HAYATILHBIX YCIIOBUL UCXOOHO20 VPABHEHUSL.

OT0 cremyeT U3 MOJACIBHOTO YPAaBHEHUSI U CMOJIEIMPOBAHHOTO Kilacca BO3MOMXHBIX
pemeHuii. [ mpocTOThl MPOIEMOHCTPUPYEM OOBSICHEHHS M3JI0KEHHBIX JIEHCTBUMA
mara 2 B cllydae, Korja m=2.
PaccMoTpuMm Kitacc mpOCThIX pelIeHUN

aAa Soa___Foa

e es s
@& T FE T HE

2

x=0

ou
JIerko BUAETh, YTO U3 4 2 =C, BpITEKaET

X,
>

o’u
[Toxcrasisist 3Ty hopMyiy B yCIOBHE —5)(22 =C,, nomyuum popmyay (7).
[Tomydyennast ¢popmyna (7) COOTBETCTBYET PEIICHUIO 33aJa4yll MaKCUMU3AIUH
(3) T.e. cymMMa BTOPBIX MPOU3BOAHBIX, YTO COOTBETCTBYET «IIOMYJISIIMOHHOMN
TypOyJICHTHOCTHY». Terneph pacCMOTPHUM CTydaid, KOT/ia B IIPOIecce MOMySIIMOHHOM
TypOyJICHTHOCTH OTPEIEISIETCS, B KaKOW TOYKE OOJACTH JOCTUTAETCS MaKCUMyM

YUCIIEHHOCTH nonysisiuuil. U3 ycmoBus
NMMES<ad
G

T.€. u3 popmyssl (7) umeem:



e

O O

e,
CLO CL>O

C%B% -@022324
Teetz) T =)

Brerauciaum MaTpuly BTOPBIX IIPOU3BOIHBIX!

Otcrona:

Takum oOpazom, eciu
(G&:G)=a u (G:6)=a

0 0
TO B TOYKE (Xl , X2) dyukmms  UFEOLS, 3 Z, onpenensemast (7), zocTHraeT
CBOETO MaKCHMyMa.

ou o%u R
B mpencrasnenun (7) Bce kodhUIMEHTH — , j=1,23aBUCAT OT
ily OX; X,
(a,t—a), T.c. (AaKTHUYECKH OHHM SBISAIOTCS (QYHKIUAMH M OMNPENEISIOTCS W3

HA4aJIbHBIX YCIOBHIA (u|t:O, ul,_, )

IIpencraBnenue (7) nepenuiueM B BUAE CIEAYIOIIETO MOJIMHOMA!

u=u0+u1x1+u2x2+u3x1x2+21xf+czzxzz, (7’)
2
rae u, =u(0,a,7), ulza—u , 1:a—u Zza—u Szaiu ,C+C,=C", n>1.
1l 0% |, 0%, |, O%,0X, | o

W3 monmydyeHHOr0 TOJWHOMA CJEAyeT, YTO B Ciy4ae TypOyJICHTHOCTH
MTOBECHUS TIOMYJISAINHN «3a0BIBAIOTCS» HAYaJIbHBIC YCIIOBUSI.
Llaz 3. Hcnonvzyem npedcmasnenue (1) ¢ ussecmuoimu enudunamu U, j=0123

u ¢C, G, kak  peutenue ypaeuenus C; +C; =C" npu nexomopwvix n>1 u
Kaoc0o20 C > 4uZ", npu onpeoeneHuu Cywecmeoeanus seieHue maxk HA3bIEAeMOM

kamacmpogol  (bugypxkayus u enaokue npeoopPaz’08arus ¢ 0COOEHHOCMAMU).
Boluucnenue npoyecca nonyisyuoHHou mypOyieHmHOCMU, ONUCHIBAEMOU (DYHKYuUel
(7 ) mepnum xamacmpo@y na aunuu ¢ moukamu (c;, c;) u (c;, C; ), 20e

1/n 1/n
uz Cn+ Cn _4u2n u2 n_ n_ 2n 2 2
cr =Y c*:{ \ 3J ot T el ol ’u3:6u‘_6u‘

c; 2 oy 2 X, 0%, |, OX,0% |,
Bbluncirm MHOKECTBO KaTacTpod Kak pelieHus: Cleayoueld CUCTEMBI:

N _0 =12, detK =0,
ox
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A€ OIpEeNesiMM KAaK MaTpula BTOPBIX MNPOU3BOJHBIX MPOLECCAa MOMYJIAIMOHHOU
TypOyJIEHTHOCTH, T.€.
o’u
K — OX,0X, |,
o%u
OX,0X,

1

2

[o]

W cnegoBaTenbHO, peliasl BBINIE HAMCAHHYK) CUCTEMY YPABHEHUMN IOIYYUM, YTO
MHO’KECTBO KaTacTpo( MpeACTaBIIsAETCS B BUIEC BETBEH TUNIEPOOITIHI.

Takum 006pa3oM, 37ech MOJNydeHbl (POPMYNBI AJSl OMpeNeieHHus] TOUEK KaTtacTpod
nporecca MonyJasuOHHON TypOyJIeHTHOCTH.

Paznen 2 Tperbeil ruaBbl TIOCBSIIEH TMPEJICTAaBICHUIO  COCTOSTHHUIA
NOMYJISUMOHHON TYypOyJIEHTHOCTH B DJKCTPEMAIbHBIX pEXKUMAX C IOMOILIBIO
COOTBETCTBYIOIIMX alreOpanueckux MPeJCTaBICHU W MOIMHOMOB. Cnpagednuso
ymeepoicoeHue

Ymeepircoenue 1. Ilycms n0b6ou 06vexm (unu npoyecc) yHKyuoHupyem max,
ymoodvl 6 CReOVIOWUll MOMEHmM 8pPeMeHU e20 COCMOsHUe No HeKOMOpPbIM
napamempam maxkcumusupyemcs. Toeoa e2o cocmosnue onucvldaemcs npu noMowu
HEKomopo2o aneeopauieckoco npeocmasieHus u HOAUHOMOS.

OTOT pe3yibTaT HCIOJIB3YETCA HAMU IPHU MTOCTPOECHUU IOJMHOMOB COCTOSTHUS
NOMYJSUUOHHON TYypOyJIEHTHOCTH.

B pasgesie 3 Tperbel IJIaBbl PAaCCMOTPEHBI MOJENIBHBIE YPABHEHUS IEPBOTO
NOpsJIKa B 3KCTPEMAIIbHBIX PEKMMAX U MaTeMaTH4ecku 000cHOBaHkbI. [lokazaHo, yTo
BO MHOIMX [pPaKTUYECKHX 3a/Jayax J3TH YpPAaBHEHHsI OIHCHIBAIOT TIOBEACHHE
NOMYJSIUUOHHBIX TYpOYJIEHTHOCTEH.

B pa3nene 4 Tperbeii ri1aBbl IPUBEICHB NPUMePbI MOAeJIeH MOMYJISIIIUOHHBIX
TypOyJICHTHOCTEH B OJKCTpEMaJbHBIX pEXKHMMax, a TakKe COOTBETCTBYIOIIHE
anredpandyecKMMU NPEJICTABIICHUS B BUIE PABHOMEPHO CXOJSIIUXCS PSIIOB.

Pa3nes 5 Tperbeil riaBbl MOCBSIIEH MOJIEIUPOBAHUIO MPOIIEcca ONpeaAeIeHUs
obnacTeil ycTOMYMBOTO (DYHKIIMOHUPOBAHUS MOJIEIBHBIX TOMYJISIIUNA B OCPEAHEHHOM
COCTOSIHUM C Y4YE€TOM BpPEMEHHBIX, BO3PACTHBIX M IMPOCTPAHCTBEHHBIX CTPYKTYP.
Paccmotpum COCTOSTHUE MOJEIBbHOU MOMYJISALAU
N =N(x,at), xeGcE? 0<a<o, 0<t<t,

YAOBJICTBOPAKOIICTO YCIIOBUAM

N oN &, oN 2, 92N

E+£+§3].a_ﬁ)(a)n\| WLZ;Dj o (8)
N|_, = No(xa), ©)

N(X’O7t) = IBO(é)N(X’g’t)dg (10)

oN

&_aj N|xj:(o,Lj) =0 (11)

0o<x, <L

rne S=S,+S,-TpaHunia o0OJacTu G = (4, %,);
0<x,=<L,

}, Bj, DJ-ZO—BaI[aHHBIe

KoHcTaHThl, F,(a)<0, B,(a)>0, N,(x,a)—3amanapie (yHKIHH CBOUX apTryMEHTOB,
11



G=G/S, t—BpeMs,a—Bo3pacT, X = (X, X,) — TPOCTPAHCTBEHHbIE KOOpIMHATHI.
OcpennéHHoe cocmosinue npoyecca  TONYJISIUOHHON  TypOYyJNEHTHOCTH 8
CMOOENUPOBAHHOM — 8Ude  cywecmeyem 6  cledyroujemM  npeocmasieHuu

M (t) = ” o(@N(x 2 t)dxda, o = p(a) > 0,

3necb GyHKUUS  @(a) OMUCHIBAET MMOTEHIMAN TMOMYJSIUN, OTBEYAIOUi 3a
YCTOMYHUBOCTH U

dp B _
1o =0p(a) B, (@)p(0) - Fy(@)e(@) (12)
Ha,,, )=0,

5: [B(&He ¥de =1
° (13)
[Fo(oras

B(a) = By (a)e’
Otcrozia, B 3aBUCUMOCTH OT 3HaKa KOPHsS XapaKTepUCTHUYeCKOoro ypaBuenus (13),
CJIEIYIOT 00J1aCTH CTAOMIIBHOCTH PACCMOTPEHHBIX MOJIENIEH MOMYJIIIIMOHHBIX
TypOyJIEHTHOCTEH.
Teopema 2. Ilpu xasxcoom 3a0anHom @,ud ocpeonennoe peuwenue 3aoaqu (1) — (4)

npeoCmasisIomcs 8 Cledyioujem euoe

M) =M()e*, O0<t<t . Mozjamf(p(a)No(x,a)dadx.

B pa3sgene 6 Tperbeil riiaBbl PacCMOTPEHbI BOMNPOCHl MOEIWPOBAHUSA
JIEpPEBbEB YMCE HAa OCHOBE Ipolecca TypOyJIeHTHOCTH OMOJIOTUYECKUX MOMYJISIUN B
KJIaCCE MPOCTBIX U SKCIIOHECHIIMAIBHBIX PEIICHUN IIPUBEIECHHOIO B IIEPBOM pasleiic B
BHJIE MOMYy4YEHHOTO B MyHKTaXx 1 m 2 anreOpamdeckoro ypaBHeHHs Z" = x| ,(umu

m
KOOPJMHALIMOHHOIO yPaBHEHUS >'C, —C.). 3mech TakXKe MPHUBEICHBI MPUMEPBI
j=1

MOCTPOEHUSI JIEPEBbEB YMCENl Ha OCHOBE METOJAUKH, pa3paboTaHHOU mpodeccopom
23
FOnycu™ . CaMbIM POCTHIM PUMEPOM MOXKET OBIThH CIIEAYIOIIEE JEPEBO.

98 =1* + 2% +3* @ Kopens

4 4
(1.2.3) e VYpoeeHs 1

2 2
(1.4.8) YpoBeHB 2

Te. 98=1" +2% +1*% +47 +8*

Puc. 2. Mopaenb pacTyiiero aepena

2 FOnycu M. luddepennmnanbubie ypaBHeHHsI ¢ IKCTpeMaJIbHBIM cBolicTBoM. Bectnuk THY, 2012, 1.1(77).c.3-11.

3 YunusiM. ModelofNumbersTree. ProceedingofICM 2010. Hyderabad, India. 2010. p. 531-532.
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B pasgene /7 Tperbell riaBbl PacCMOTPEHbI HEJIMHEWHbBIE YPaBHEHU,
KOTOpbIE TOPOXKAAIOT SIBJICHUE TOMYJAIHMOHHON TypOyleHTHOcTU. [IpuBeneH psia
MIPUMEPOB, TOATBEPKAAIOIINX ITHU SBJICHHUS.

YerBépTasm ri1aBa IMOCBsIIEHa OOOCHOBAHMIO MAaTEMAaTHYECKONM MOJETu U
YHUCJIICHHOTO aJiITOPUTMA SIBIICHUN MOMYJISIITUOHHON TypOyJIEHTHOCTH, a TaKXKe OI[CHKU
YUCJIECHHOCTU TOMYJISIUU JUIsl MUCXOIHBIX MOJENEW. 31ech Takke C ULEJbIo
YUCJIEHHOTO PEUIEHUsS PACCMOTPEHBI  BOMPOCHI  NPEACTABICHUA  COCTOSHHS
MONYJISIIIUNA B PEKUME MOMYJISIITUOHHON TYpOYJIEHTHOCTH C MOMOIIBIO PaBHOMEPHO
cxonamuxcs psaoB Oypwe. s MOAETBLHBIX OMOJIOTHYECKUX MOIMYIISIHUMN, BXOMSIINX
B JKOJIOTUYECKUE CUCTEMBI, C YUYETOM BO3PACTHOIO COCTABAa U IMPOCTPAHCTBEHHBIX
pacnpeneneHuii  pa3pabOoTaHa  METOJAWKA  YCTAHOBJIEHUS  HEOOXOOUMBIX W
JIOCTATOYHBIX YCJIOBUW CTAaOWJIBHOTO CYIIECTBOBAaHUS CPEIHEN YHUCIEHHOCTHU
OMOJIOTMYECKUX TOMYJISIUA B 3aJaHHBIX JIMaMa30HaX W YyKa3aHbl aJrOpPUTMBbI
ONPEAEITICHUS YUCIECHHOCTH OCTAJIbHBIX BUIOB.

Paznen 1 4eTBépToii riaBbl MOCBAIIEH OOOCHOBAHUIO YMCICHHOTO CIOcO0a
pelieHus 3a/1auu, CBSI3aHHOM C MOMYJIAIMOHHON TypOyJIEHTHOCThIO. B mpocTeimx
JMHENHBIX CIydasiX pelieHus 3aja4 MOMyJISIUOHHON TYypOYJIEHTHOCTH TMOJIYyYECHbI B
BUJE IIOJMHOMOB. PacCMOTpUM MOJENBHYIO NONYJSIIUK C YYETOM BPEMEHHBIX-
BO3PACTHBIX-TIPOCTPAHCTBEHHBIX CTPYKTYp U3 I1aBhbl 1 (cM. 3amauy (1)). Ecu BBecTH
3aMEeHy MEPEMEHHBIX U3 pa3nena 1 riassl 1:
a=a, t=a+7, o(x,a,7)=N(x,a,a+7),

u(x,a,7) =(p(x,a,r>exp@ FIOLERD ) 2X5j -3

9ra
4D,

TO BMecTO 3aAauu (1) moxydum 3agavy:

ou o%u

—=)>D.—-, 0<x;<L;, O<ac<a,,, O<t<t

da ZJ: " ox? = X

u(x0,7) = [By(&u(x, & b)de, (14)
0

al

8Xj x;=0 l

xJ:LJ

n
Ipeanonoxum, uto D; =Da;, «;eM, rae M :{a:ao =(cty ety ), D) :1}.
j
Jns 4YHCIIEHHOrOo pelleHHs] 3aJayd  HCIOJIb3yeM HACI0 METOJa pa3fiesieHus
nepeMeHHbIX I 3afaud (14) U MOAETMPOBAHHS MEPEONPEACICHHON CHCTEMBI.
Chopmynupyem nBa Kiacca BO3MOKHBIX PEIICHUN:
1. Kiacc nmpocThIX pernieHuit

o%u ou
72 =Cp - =C
OX; oa
2. Kitacc SKCIOHEHIIMANIbHBIX pelIeHUI
2
p, Y —cu M-cy,
0] oa
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rae D omnpenensaeTcs U3 npeacraBieHus D i = Da i j=12, 0<a i <1.

Ha ocHoOBe ompeneneHusi MOMYJSIMOHHON “TypOyJeHTHOCTH B paMKax
momenu (2) (wm (1)), cBegeM MojJelb MNOMYJISLIHUOHHOW TypOYJIEHTHOCTH K
YPaBHEHUIO

n m 2 n
[GUJ ~3[p, 2y
oa = OX;

Takum  oOpa3om, MojenbHOE ypaBHeHHE (6)  SABISETCS  MOJEIBIO
“TypOyJICHTHOCTH’, T.e. Ha pEHIeHUAX KoToporo ¢yHKuoHan (3) npuHUMAaET
MaKCUMaJbHOE 3HAUCHUE. W TOTNA pelleHUue NOoCaeoHe20 YPAGHeHUsl 6 Kidcce
B03MOMNCHBIX NPOCMBIX PeUleHULl NPeOCMAasnaemcs 6 uoe

I, ou ?
U(X,a,T)Zu(O,a,T)_i'zi Xj +Z
o) oo

m XZ
XiX; +ch oo Tet-a

20e KoaghPuyuenmol onpedensiromces uz 08yx epanuunsix ycaosuil (1). ITo crenyer u3
MOJICILHOTO YpPaBHEHHUS M CMOJICIMPOBAHHOIO KJlacca BO3MOXHBIX pelieHui. B
o%u

j =12 3aBUCAT OT
OX, Xy |,

ou

MOJIYYCHHOM TPEJICTaBICHUN Bce KOA(DPUIIMEHTHI Pl
X .

110

(a [ a) T.C. (baKTI/I‘IeCKI/I OHH SBJIAIOTCA q)YHKIII/I}IMI/I " OIIPCACIIAIOTCA M3 HAaYaJIbHBIX

YCJIOBUI (u|t o Ul O).. [TonydenHoe npencTaBiICHUE MEPENUILIEM B BUJE CIEAYIOIIETO
MOJIMHOMA!

u=u,+u Gy, Gy
- Y0 1X1+u2X2+u3X1X2+?X1+7X2’

rae u, =u(0,a,7), u, = u

1

ou ou o%u
T, Tk T e,
0 1 X2 Xl 20
W3 momydyeHHOro TMOJMHOMA CJEIyeT, 4YTO B Ciy4dae TypOYyJICHTHOCTH
MIOBE/ICHUS TOMYJISIIIK «3a0BIBAIOTCS) HadaJbHbIC yCIOBHS.
Jns  ucxomHoW MojAeNM MOMyJSIIMOHHOM TypOynentHoct (1) B oOnactu
Q =Gx[0,t, ]x[0,0),0<t, <oo,THE G =G +S,
G={x=(x,x%):0<x <L, L, <o, i=12}, S—rpanmna obmactu G,  mOIy4eHO

,C+C,=C", n>1.

’
0 0

MPEJCTABICHUE B 81O€ PABHOMEPHO cX00sue2o psaoa Dypve

2 *© max(t-a i : j f
N(X,a,t)=L1LZcie5 ( )+chje“"’(“a)~cos(con1)t—a))*

2 n=1 j=2

X, GX M, X 7N, X
* @ A.a+|F(&)d 272 Loos 272 cos 272
xp{ I (S)de+ 2D, ZDZ} L, L,
2.1 9%k mn )
Tae A, =D |~ + Dk(kj , n=(n, ny),n =123.., k=12,
x| ND, L

¢!, j=12.34,..a61a0mcs Ko3ppuyuenmamu paznoxcenus QyHKyuu

LL JAx %% —_[ F($)dS+4a

=~ 2D, 2D 7m, X m, X
Nﬁ(a)zﬂNo(x,a)e Lo -€0s — 2"t cos 272
00 Ll LZ
8 Ps10 N0 IKCNOHEHMAM ¢ NOKA3amensamu Bl =0+ A, Bl=5)+ A,

14



sl =a) +iw), n=(n,n,)n =123.. k=12 j=234,..
5 max’ 5

n;,n,

, AGIIAIOMCA KOPHAMU YPABHEHUA

n,n

® - —An a+TF(§)d§
IBn (a)e™™da,B,(a)=B(a)k 0 :
0

n=(n,n,),n =123.. j=234, k=12

B pa3zgesie 2 4eTBEPTOM IJ1aBbl PACCMOTPEHBI BOMPOCH! CO3/IaHUS AJITOPUTMA
NpEACTaBICHUS] Ui OLIGHKM U OXpaHbl YHUCJICHHOCTH MOMYJSALMHA Mpoiecca
MNOMYJISIIUOHHON TypOYJEHTHOCTH B paMKax CHUCTEM TMOMYJSAIUA U € Yy4eTOoM
BPEMEHHBIX - BO3PACTHBIX U MPOCTPAHCTBEHHBIX CTPYKTYpP. B MaHHOM paszzene Takxe
UCCJIEIOBAHO  XAOTMYHOE  COCTOSIHME  TOMYJISIUM  Kak  MOMYJISILIUOHHOM
TypOyJICHTHOCTH. PaccMOTpUM MOCTAHOBKY W aJTOPUTM PEIICHHS 3aJadd OICHKH
YUCJIICHHOCTH MOJICIBHBIX CHCTEM B3aMMOJICHCTBYIOMINUX IOMYJISAINN, KOTOPBIA OBLI
npeio)keH u obocHoBaH mpodeccopom IOnycu: 3adaem owcenaemsiii duanazow
UBMEHEHUsl YUCTIeHHOCMU HEeKOMOpo2o OUOIO0SUYECKO020 6U0d, HAX00AWe20cs 8
COCMOSAHUU NONYIISIYUOHHOU MYPOYIeHMHOCMU (Ul 6U008), A Ol OCMAIbHBIX 8UO08
ouocucmemsl  onpeoensieM  coomeemcmeyiowue  OUANa3oHbl  UBMEHEeHUs  Ux
YUCTIeHHOCTU.

PaccmoTpuMm  anropuTM  OmpeneNieHHus  COCTOSIHHS —~ MOJENBHBIX — CHUCTEM
OMOJOTUYECKUX MOMYJISIUN, TPUHAIJICKAIINX K TUpaMuUie TPeX MUIIEBBIX CBs3el. B
ATy CHUCTEMY HM3BHE MOCTYIAIOT MUIIEBBIE pecypchl ¢ Maccot Ny co ckopocThio Q.
CymMMapHble YHUCIEHHOCTH PAa3JIMYHBIX YPOBHEH NUpamMuAbl MHUIIEBBIX CBs3EH B
PaBHOBECHOM pEXHMME MOXKHO OIKUCATh TpPH TOMOIIM CJIEAYIONMEH CUCTEMBI
anredpanvyecKux ypaBHEHUM:

Q-+ FO(NO’ Nl) =0,
N, -F (Ny, N, N,)=0, (15)
N, -F,(N;, N;,N;) =0,
N;-F(N,, N;) =0,
rae F=F(), i=03 - yAeJIbHbIC CKOPOCTH I-TO TPOPHUECKOTO YPOBHSI, IPUUEM
oF,

oF <0; ok <0 xorma i< j; ' >0 korma i>j. (16)
oN, oN, &N,
[lpenmonaraercs, YTO  N™, N™— OKEJaeMble JMANa30Hbl W3MEHEHUS

YHUCJICHHOCTH I-T0 BHUJA MOMYJISIIUOHHON TypOynenTHoctH (15), B KOTOpBIX
HEO0OXOJIMMO ATy YUCIICHHOCTh COXPaHUTh, T.€.
N™ <N, <N™, i=123 (17)
Bemmaunbl NJT“‘”, N{™ Ha30BeM KPUTHUYECKMMH 3HAYEHUAMHU JJIS J-bIX BHUIOB
(1=1,2,3), ecmu 11t BceX 3TUX BEJIWYMH, Ya0BICTBOpstoIuX (17) u
N™ <N; <N™, (18)
IpU i+ jIMEET MeCTO HepaBeHCTRO (18).
3amaua HaxoxaeHus seamanH N, NT™ wu3 (15), (18), kotopsie obecreunBaroT
BBITIOJTHEHHWE HepaBeHcTBa (17), Ha3bIBaeTcA 3ajladyeld COXpPAHEHMs Juana3oHa

WU3MEHEHUSI TOMYISIUMOHHOW TypOyJIEHTHOCTH B pPa3HOBECHOM pexume. Hrak,

CIPABEMJIMBO CIEAYIOLIEE :
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Teopema 3. Ilycmb menepe NJ™, NJ™ - coomeemcmeyrouue 6 Kakom -mo
CMbICAE HAUIYHUEMY 3HAYEHUN) HYUCIEHHOCMU OUOI0UYeCcKo20 6UOd 8MOopo2o
YPOBHs, 6 npedenax KOMOpo2o Mbl XOMUM COXPAHUMb €20 KOAU4ecmeo, m.e.
NI <N, < N™,.  Tozoa (N™, N™, N™, NI™)—pewenue 3adauu oyenxu
YUCTEHHOCMU — NONYIAYUOHHOU — MYpPOYIeHMHOCIU — OYEeHUBAEMC sl  CedyIouWuMU
Gdopmynamu:

min I(oaoQ max koaoQ
Nl = max ’ Nl = min ?
o, N +m, o, N +my
: 1 k. k 1 .
N?:nln = max<{ —(m, + © n%aoxloal Q)a*(kzazszm +my) ¢,
o, oy N +my &g

N — min{l(m2 + %Q). l(kz%l\'émx + m3)}'
o, o N +my £

Pa3nesn 3 4eTBépTOi I1aBBI TOCBSIIEH CO3/IAHUIO AJTOPUTMOB OMpEACIICHUS
Mana3oHa M3MEHEHUs YHCIEHHOCTH HECTAallMOHAPHBIX CIIy4aeB IPOIECCOB
NOMYJSIUMOHHON TypOyneHTHocTH. PaccmaTtpuBaeTcst Mosienb OMOCHCTEMBI BUJIA:

N, =Q+ FO(NO,Nl)’
N, =N, -F(N,,N,N,),
N,=N,- Fz(Nl,Nzi N,),

\Ns = N3 . Fs(N21 Ns)’

(19)

Pa3nen 4 4erBEpTOil rJIaBblI IOCBSILIAETCS BONPOCAM OLIEHKH DELIEHUS 3a/ladyu
NOMYJSIUMOHHON  TypOyJIEGHTHOCTH B  Cllyyae BPEMEHHBIX, BO3PACTHBIX U
MPOCTPAHCTBEHHBIX OMOJIOTMYECKUX CTPYKTYP.

[Tycte N™, N™ --HEKOTOpBIC MOJIOKUTEIBHBIC YHCIIA, O3HAYAIOIIUE KETACMbIC
Jarna3oHbl M3MEHEHUs UYHUCJICHHOCTH HEKOTOpPOM MOomyjasuuud U (QyHKUIUA
N = N(x,a,t) - YACIICHHOCTh TOI MOMYJISIIUHU B TOYKE x € G BO3pacTa a, O0<a<oo,
B MOMEHT BpeMeHH t,0<t<t,.

3agady OLEHKM YHCICHHOCTH NONYJALMN Ipouecca MNOMYJIALMOHHOU
TypOyJIGHTHOCTH  COPMYJIHpPYEM  KaK  HAXOXKJICHUHU  YCIOBUH,  KOTOpHIE
00ecreunBalOT BBIIIOJHEHUE HEPABEHCTBA
N™ <N(xt)<N™, xeG, 0<t<t, (20)

nim N“’“‘sj N, )dx<N™, >0, rae N(x,t):jP(a)N(x,a,t)da, IpuIeEM
G 0
P@)>0, 0<a<m, ]Ep(a)da:]_. Ecnu Halimytess nonoxurensHele uncia N™, N™ pu
0

bynkuust P(a) Takue, 4YTO OCPEIHEHHAs YMCIEHHOCTh MOJEIbHON MOMyJsIUU
ynoBietrBopsieT ycnoBuio (20), To nomynsauus 60yaeT CyIecTBOBaTh CTAOMIBHO.
Ymeepacoenusn 2. Ilycms cywecmeayom

Ny Ny e & (vy_ [
e 06 No0)=[PEN,(x.£ds

i
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Tozeoa Onst mozo. umobvl pewenue 3adauu nonyaayuonnou mypoyrenmuocmu (19)-
(20) cywecmsosano  cmabunvho, HeOOXOOUMO U OOCMAMOYHO,  HYMOObL
MAKCUMATIbHBLU 8eUeCMBEHHbII KOPEHb YPABGHEHUS.

| Fondn—as

[ Bo(&)e? d& =1 PaBHANCA YUCTY 5, — Vi
(o]

2 i

' 4D,

Cnenys STOMY YTBEP)KICHHUIO TPEMIOKHM aJITOPUTM PEIICHUS 3aJaddl  OIEHKH
YUCJICHHOCTHU TOMYJISIIUOHHON TYypOYICHTHOCTH OOIINX TapaMeTPOB C

N=(N, N, ...,N,),G=G+S, G={x,x): 0<x<L,i=12}, S—TrpaHuLa oonacTu G.

AnroputM OyneM CTPOUTb HA OCHO8e NPUHYUNA MAKCUMYyMA Ol  3a0ay
nonynayuonHou mypoyrenmuocmu. IIpeanonoxum, umerom mecmo yCciogus:

a). u3 mo2o, Ymo F(N)=o0, creoyem N <O0.

0).D, >0, a<0  (eciu «=0,m0 COOMBEMCMBYIOUlel 3aMEHOU MONCHO O000UMbCH,

ymoobwvl a<0);
8). B(x,a,t)N <B(N)<B,(x,a,t)N + B (x,a,t),

O<min, J'ﬂda <1, max J'ﬂoda <1, B =max J',Blda < o0,
0 0 0

2). Ny(x,a)=0, xeG, 0<a<oo.

Toz20a cnpasednuser oyenxu: -N(x,a,t)>0, ons 6cex (x,at)eG x[0,0)x(0,t,]=Q

2L
IN] :

o

< max<||N, ||, .
1— max_[,BOda
o

c(Q)

Pasnen 5 4erBEéPTOM TryIaBbl TIOCBAIICH TMOHSATHUIO TOMYJSIIHOHHON
CTa0MJIBHOCTH CHCTeM momysssuuid. [IpuBOASTCS yCAOBHS HEOOXOIMMOCTH W
JOCTATOYHOCTH YCTOMYMBOCTH PEIICHHS 3a7add MOMYJISIIHOHHONW TypOYJIEHTHOCTH
JUIS BPEMEHHBIX, BO3PACTHBIX W MPOCTPAHCTBEHHBIX CTPYKTyp. CKakeMm, dTO
nonynisyusi CymieCTByeT CTaOWIbHO, €CIM HaWAyTCS TIOJO0XKHUTEIbHBIC YHCIIA,
N™ N™wu BecoBas ¢yHkius P(a) Takue, 4Yro ocpeaHEHHAS YHUCICHHOCTh

MO/ICJIBHOM MOMYJIAIUHU YAOBICTBOpsieT ycaoBuio (20).

B 6 pa3gese 4erBépTodl TryIaBbl PAcCMOTPEH YHCJIEHHBIA  CIOCOO
ONpENeNeHUs] HEU3BECTHBIX KOA()(PUIMEHTOB BBIYMCIUTEIBHON MOAENN  JJIs
OTNpEAeNCHUs] YHUCICHHOCTH TOMYJALUUA W MPHUBOIATCA HEKOTOphIE pPE3yJbTaThl
BBIUHCIUTEIBHBIX JKCIIEPUMEHTOB, MPEAJIOKEHHBIX B JHUCCEPTAMOHHOW pabdoTe.
OOOCHOBaH aJIrOPUTM  OMNPEACICHUS] HEU3BECTHBIX KOI(PPUIMEHTOB 3aaauu
MOMYJISIIIHOHHON TypOyJIE€HTHOCTH.

PaccMoTpeH 4mcneHHBIH CIMOCOO OmMpeeNeHus HEAOCTAIONMX IapaMeTpOB
HEU3BECTHBIX KOI(PQPUIIMEHTOB M CO3JAaHUS BBIYUCIUTEIBHOW MOJEHH IS
OTIpEeAeNICHUs] YUCICHHOCTH Tomynsanuid. CreayeT OTMETHUTh, YTO MPEAIOKEHHBIN
AJITOPUTM SIBJISIETCSI pELICHUEM OOpaTHOM 3a7aud MOMYJISIIIMOHHON TypOyJIEHTHOCTH
B OMOJIOTMUECKHUX cucTeMax. Pa3paOoTaHbl U pelIeHbl HUXKECIEIYIOINe YUCICHHBIE
aJITOPUTMBL
- YuCleHHBI  QITOPUTM  pEHIEHHs OOpaTHOW  3aJayd  MHOIYJISILUOHHOU
TypOYJIEHTHOCTH.
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- Uwucnenaple aqrOpUTMBbI PEIICHHS 33a4 MMOMYJISIIHOHHON TypOyJIeHTHOCTH.
- AJNTOpUTM YHCIECHHOTO PEIICHUs THUIMA JIOKAJIBHOTO OAHOMEPHOTO METOoJa IS
HEJIMHEMHOU 3aa4u.

B pa3znesie 7 4eTBépToOii r1aBbl pa3paboTaHbl U 0OOCHOBaHBI KOMITBIOTEPHBIE
IporpamMMbl pEUICHUE 3aJlay, CBA3AHHBIX C MOMYJAIMOHHON TYpOYJIEHTHOCTHIO
OMOJIOTUYECKUX MOMYJSIUA C YY4ETOM BO3pPAcCTHOTO COCTaBa M MPOCTPAHCTBEHHBIX
pacrpeiefieHui B KOHKPETHBIX CIIy4asiX PEeKUMOB €€ (PyHKIIMOHUPOBAHUSI.

L nouepHa
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PI/IC.3. I/ICXOZ[HaH KOHICIITyaJIbHAad MOJCIIb BSaHMOHCﬁCTBHﬁ 6I/IOJ'IOI‘I/IIICCKI/IX HOHYJISIHI/Iﬁ B O6IJ_ICM
ciydae

C HSTUMH  MOACHSIMH TOMYJSIMOHHON TYypOYJIEHTHOCTH € HUCXOJIHBIMHU
MOJENAMHA OHOJIOTUYECKHX TIOMyJSIuid B (opMe MNPUBEICHHOTO BHIIMIE PSIOB
MPOBEJCHBIX MHOTOYMCIICHHBIE KOMIBIOTEPHBIE 3KCIEPUMEHTHI JJII KOHKPETHBIX
pexuMoB ux (GyHKIMOHUpOBaHMSA. HaiineHbl YuCIEHHBIE pEIICHUS 3aaady
COOTBETCTBYIOIIUMHU MOJICTISIMH TOMYJISILIMOHHOW TYpOYJIEHTHOCTH JJIsI MOJEJIbHBIX
JMaHHBIX. J[7s 9TOH IenM WCMOJB30BaHBI CPEACTBAa MporpamMmupoBanus C++ u
Matlab. [ToneBbie HATYPHBIE JAHHBIE SBJISIOTCS] CPEHErOIOBEIMU B TeueHue 10 et
C MHTEPBAJIOM S JIET, NMTOJYYEHHBIE B CaJOBBIX SKOCUCTeMaXx TamKuKuCTaHa.

004 20
i
e
30 4 204
%0 1 U0 .Je““ A |
J/ o4
/
IR Y /
/e \
wlml 4 .\.‘
Puc. 4. Pa3Butne si010HHO# III0J0KOPKH, Puc. 5. I610HHas I0X0KOPKA M XUIITHAKAMH —
¥ XUIITHUKOB - €€ CCTECCTBEHHBIX BParos €€ eCTeCTBEHHBIC Bparu (MOJICIbHBIC ,
(MonenbHbIE , HATYpHBIC ® ® ® @) HaTypHbIC ® ® @ @), [10 roj1aM
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N - Turbulence

\ - x2-axis 2 2

x1-axis

il N
Puc. 6. [TonymsaamnonHas TypOyIeHTHOCTD Puc.7. Brruncinenue 3Ha4eHAS TIOJTMHOMA
B CaJI0BBIX AKOCHCTEMaX TPEX TPOPHUESCKIX HOIYJISIIUOHHON TypOYJICHTHOCTH
ypoBHEH (SI0JIOHHO TIIONOXKOPKH, 1

XHUIIHAKOB- €€ €CTECTBCHHBIX BParos)

OCHOBHBIE PE3YJIBTATBI U BbIBO/IbI
OCHOBHBIE PE3YJIBTATBl PA0OTHl MOYKHO KpPAaTKO OXapakTEepU30BaTh CIEIYIOLUIUM
obpazom:
v mocTpoeHa W MareMaTHYeCKH OOOCHOBaHa MaTeMaTHuYecKas MOJIENb
NOMYJSUMOHHON TypOyJneHTHOCTH. IIpuBeeH NOIIAroBbI aJIrOPUTM MOJYyYEHHS
ABJICHUSI TYpOYJIEHTHOCTH B OMOJIOTUYECKUX CHCTEMaX.

[OJy4Y€HO U OOOCHOBAaHHO NPEJCTABICHHUE PELICHUS MOJENIbHBIX YpaBHEHHIA,
CBSI3aHHBIX C MOMYJSIIUOHHOM TypOYJIEHTHOCTBIO B BHJE alreOpandyecKkux
ITOJIMHOMOB B OKCTPEMAJIBHBIX PEKUMaX.

v\ mpuBeleHbI  NPUMEPHI  MOJENCH,  CBA3aHHBIE € HOMYJISIHOHHON
TypOYJEHTHOCTBIO B BUJIE alireOpanyecKux MOJIMHOMOB B OKCTPEMaIbHBIX PEKUMAX.

MPEJIOKEH CIIOCO0 MPEACTABICHHSI MOJIEIIU MOMYJIALIMOHHON TypOyJI€HTHOCTH
C IIOMOUIBIO IEPEBO YUCEIL.

v\ mpuBeleHbl  TPUMEPHI  JEPEBHEB  YHCEN,  CBA3AHHBIX C  MOJICIBIO
HOMYJISILIMOHHON TypOYyJIE€HTHOCTH.

v’ MmaremMaTtMuecku OOOCHOBAaHBI  MOJyYCHHBIC MPEICTABICHHS B  BHIE
paBHOMEpHO  cxopsumxcss psagoB Dypse I8  MOAENEHd  MOMYJSIHIUOHHON
TypOYJEHTHOCTH U aJTOPUTMBI JIJIs1 YUCICHHOTO PELIEHUS HA OCHOBE 3TUX PS/I0B.

v\ TOJydYeHbl JBYCTOPOHHHE OIEHKM YHCJICHHOCTH MOMYJSIIUN  MOJIEINECH
NOMYJISIUUOHHON TypOyJIEHTHOCTH B Pa3UYHBIX PEKUMax CIIEHapHEB BPEMEHHOIO,
BO3PACTHOI'O ¥ IIPOCTPAHCTBEHHOI'O PACIIPEIEIICHNUS.

v\ IOCTPOEHBI 1 060CHOBAHBI AJITOPUTMBI YCTOMYHUBOCTH COCTOSIHYS TIOTYJISIINIA B
3aBUCUMOCTH OT YCJOBHUSl BBDKMBAEMOCTH C MCIOJIb30BAHUEM KOA(D(UIIMEHTOB
POXKAAEMOCTH M CMEPTHOCTH, a TAK)KE MOTEHIMAJA TOMYJIALNHM.

v’ mpemiokeH W 0OOCHOBAH YHCICHHBIM AJTOPUTM OINPEIEICHUS HEM3BECTHBIX
KO3 UIIMEHTOB MOJAEIHHONW MOMYJSLMH 33Ja4d MOMYJISIMOHHON TypOyJIeHTHOCTH
Ha OCHOBE MOJIyYEHHOI0 MoJuHOMa U pAnoB Pypee. [IpuBeneH yncaeHHbIl cnocoo
peleHus 3aa4 MOMyJISIMOHHON TypOyJIeHTHOCTH JIOKaJIbHO-0THOMEPHBIM METOIOM.
v' paspaboraHsl ¥ OOOCHOBAaHBI KOMIIBIOTEPHBIC MPOTPAMMBI PEIICHUs 3ajad,
CBS3aHHBIX C MOMYJISIMUOHHOW TYpOYJIEHTHOCTbIO OMOJIOTMUECKUX MOMYJSIUN ¢
Y4ETOM BO3PACTHOTO COCTaBa M MPOCTPAHCTBEHHBIX PACIPENECIEHUN, B KOHKPETHBIX
Cllydasix PEeXHUMOB UX (PYHKIIMOHUPOBAHUS.
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v\ OCYILUECTBIICHbI KOMITBIOTEPHBIE OKCIIEPUMEHTHl B KOHKPETHBIX CIIydasx
peXUMOB (YHKITMOHUPOBAHUS OMoJormueckux momymsuuii. HalineHo yucneHHoe
pelIeHre 3a]a4y MOMYJISIIUOHHON TypOYyJIE€HTHOCTH JJIs1 MOJEIbHBIX JaHHBIX.

INPAKTUYECKHUE PEKOMEHJALIMN

1. C mnomompl0 MaTeMaTHYeCKUX ¥ KOMIBIOTEPHBIX METOJIOB  TOJIYYCH
WHCTPYMEHT  OMNpEACICHHUs]  SBICHUS  TOMYJISIMOHHOW  TypOYJIEHTHOCTH,
BO3HHKaIOIIEH BO (DPYKTOBBIX, 3€PHOBBIX arpolieH030B. [locTpoeHa MareMaruyeckast
MOJIe]Ib B BUJE HEIMHEHHBIX AU epeHIInanbHbIX YpaBHEHUH BTOPOTO MOpSJIKa C
HAaYaJIbHBIMU 1 HEJIOKATHHBIMHA TPAHUYHBIMHU YCIOBUSAMH. B OCHOBE MaTeMaTHIECKOM
MOJICNIA JISKUT TMPUHIUAN MaKCUMH3alud Ju(PQGy3NOHHBIX UYJICHOB IMPABOW YaCTH
ypaBHeHHS 110 Kodhduimenty auddys3un. M3ydyeHue Takoi 3a1auu uMeeT O0JIbIIIOe
MPAKTUYECKOE 3HAYCHHE, T.K. TAKOE SBJICHUE BO3HUKACT MPAKTUYCCKA BO BCEX
3aJa4ax, CBSI3aHHBIX C PAaCTEHHUEBOJCTBOM M CaJOBOJCTBOM. Pa3paboTanHas MoJelb
MO3BOJISIET U3YYUTH TYPOYJIECHTHOCTH BPEAUTENEH CEIbX03 KYJIbTYP U OMPENETUTh UX
BCIIBIIIKH.

2. B kayecTBe WUIIOCTpallMu pa3padOTaHHOW MOJETH PACCMOTPEHO SIBJICHHE
MOMYJISIIAOHHON TYpOYJECHTHOCTH HW30JMPOBAHHON TMOMYJIANNKM, OWOCHCTEM W
DKOCUCTEM Tpex Tpoduueckux ypoBHeH. [ »Tux Mopeneld NpeNIoKEeHb U
000CHOBaHBI MOJICIH 3aIIUTHI YPOKasi OT BPEIUTEICH U CBSI3aHHBIC C HUMU 3a/a4d
COXpaHEHHUS BHJIOB B PETHOHAIBHBIX 3aloBeqHUKaxX PecnyOnmkm TamkukucTaH.
OTnuuuTenpHas yepTa PacCMOTPEHHBIX 3a7a4 COCTOMT B TOM, YTO ONPEIEISIOTCA
KPUTUYECKUE 3HAYCHUS] KOJUYECTBO HACEKOMBIX JIJISi arpolleHO30B (3allluTa yposKas
CaIOBBIX KOCHCTEM) U COXPAaHEHUS YUCICHHOCTH PEIKUX BUIOB TS 3aITOBETHUKOB.

3. OOocHOBaHa CTaOWJIBHOCTh TOMYJSIHA PETHOHATIBHBIX 3allOBEIHUKOB C
y4€TOM BPEMEHHBIX, BO3PACTHBIX M TMPOCTPAHCTBEHHBIX CBsizeil. [lomyueHbl
HEOOXOJMMBbIE U JIOCTATOYHBIE YCIOBUSA [UJIi yCTOWYMBOCTH CTallMOHAPHBIX
COCTOSIHUW YMCJICHHOCTH M30JIMPOBAHHBIX MOMYJIAINA B OMOJIOTHYECKUX CHCTEMaX, a
Tak)ke OMOJIOTMYECKUX BHUJIOB 3amoBeTHUKOB PecryOnmuku TamkukucTaH.

4. OcylIeCTBICHBl BBIUMCITUTEIBHBIC JKCIEPUMEHTHI. [IprMeHeH 4YuCIeHHBIN
METOJI JJIs1 ONIpeIeTICHUSI HEU3BECTHBIX KO3(P(DUITUEHTOB.

5. IlpennoxkeHa TeXHOJOTHUS OOYYEHHMS pEIICHUIO 3ajJady  OWOJIOTHMH ¢
WCIIOJIb30BAHUEM MATEMAaTUYECKUX M KOMIBIOTEPHBIX MOJIeNIeH, HEOOXOIUMBIX TSI
dbopmupoBaHus y4eOHOTO 3HAHHS W MPAKTUYECKUX HABBIKOB B PEIICHUM 3a7a4 IO
TucuIinHaM «MaTeMaTHuecKoe MOJISIUPOBAHUE B OMOJIOTHIECKIX CUCTEMAX).
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N3naneenyHn oobekTucu — TP Gakya skocucTeManapbiHia KaHa OUOJOTUSIIBIK

cucTeMaliapJarsl 00090JIOHTOH MOMYJISIUSIIAPABIH TOTYJISTUSITBIK
TypOyJICHTTUTUHUH MaTEMaTHUKAIIBIK MOJCIIIEPH.
N3un1e6HYyH MpeaMeTH — DKCTPEMAIIbIK IIapTTapAa MOMyJsIUsIapIbiH

KYPYM-TYPYMYHYH TYpPYKTYYJIyTyH HETrH3/ee »aHa OoJylly, >aHa ap KaHaau
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23



JuccepTanus/iblK HIITHH MAKCATbl: OOOYOJIOHTOH MOMYJISILHSUIAPAbIH KaHa
Oup 6UO-TyTymMaapra KUpPreH MOMmyauUsIapAblH HOMyISIUSUIBIK TypOyIeHTTUT MHUH
MaTeMaTUKAIBIK MOJAEIUH WIITEN YbITYy >KaHa HEru3lee jkaHa  TakukcTal
PecnyOnukacelHbIH ~ 0aK4a SKOCHCTEMAallapbl YIYH KOMIIBIOTED SKCIIEPHUMEHTTEPAU
UIIKEe  allblpyy  MaKCaThlHJAa, CaHIBIK  AJITOPUTMICPIAH,  OLIOHAOW  dJIe
porpamMMasapAblH KbIMBIHIBICHIH TY3YY.

N3ua100HYH MeTOAA0PY. Huccepramusuiblk  umre  auddepeHnnanbk
TEHJEMeNepAd MaTeMaTHKaIbIK MOJENIe6HYH 3amMaHOal METOJJOopY >KaHa aiap
MeHEH OaillaHbIIKaH MOMYJSIUSUIBIK — MaceleNepaud  YbllTapyyHYH  CaHJIbIK
METOAJIOPY, OIIOHAOM 53JI€ 3CeNnTee SKCIEPUMEHTTEPHH KOKY ClLeHapuiliepu
KOJIJIOHYJINTY.

AJIBIHTaH KBIHBIHTBIKTAP KAHA AJAPAbIH KAHBLIBITBI: AJBIHTaH KbIMBIHTHIK
HOMYJISIIHSUIBIK TYPOYJICHTTHK MAaCEJISCCUHUH MOJIENIUK YeKUTTUK TOMYJIAIHSICHIHBIH
oenrucu3 KOIPQPUUUEHTTEPUH aHBIKTOO QJITOPUTMHH HINTEN YbITYyAa jKaHa
OMOJNOTHSUIBIK ~ TOMYJIALUUAJAPAbIH  MOMYJSIIMSUIBIK ~ TYpOYJIEHTTUTM  MEHEH
OaiiaHbIIIKAH Maceleaepad 4Yblrapyy Y4YH KOMIIBIOTEPAMK IporpaMmmaiapibl
TY3YYA® Typart.

N3unieeHyH KOPYTYHAYJapblH  KOJIOHYY: /luccepramusuiblk — WIITe
QJIBIHTAH HETU3TU KbIMBIHTBIKTap TaKUK yIyTTYK YHUBEPCUTETHUHAE OKYY
IPOLECCUHE KHUPTU3WITEH JKaHa KOJIJOHYIyyJla (dymanbe m., Tamxuk
PecnyOinkacher).

Koanonyy tapmakrapsel: JluccepTanusulblk MINTHH SKBIMBIHTBIKTAPBIH  JKaHA
alapapl  alyy bIKMajapblH MaTeMaTUKabIK JKaHa KOMIIBIOTEp MOJIEJ/I00
MaceJIeTIEpUH YbITapyyJa >XaHa MaTEeMaTHKAIbIK jKaHa KOMIBIOTEPAUK MOJIEII00
OOIOHYa W3UJIEONIep JKYPTY3YJATeH WINMHUN-U3WII0e WHCTUTYTTapbiHAA >KaHa
KOTOPKY OKyy KailnapeiHaa, TaXuK YIYTTyK YHUBEPCHUTCTHHWH  MEXaHHKa-
MaTeMaTHKa (aKyJIbTETUHAE OKYY MPOLECCUHIE KOJIJA0HCO 0OJIOT.

PE3IOME
nuccepranmu  ['anmeBa Yanmma TaraiiGekoBuya Ha TeMy UccnenoBanue u
pa3paboTka MaTEeMaTHYECKOM MOJENU MOMYJSIUOHHOW TYypOyJIeHTHOCTH B
OMOJIOTUYECKUX CHUCTeMaX~’ Ha COMCKAaHME YYEHOW CTENeHW KaHaujaTa (PU3HUKO-
MaTeMaTH4ecKux Hayk 1o crnemuaibHoctd 05.13.18 — “MaremaTuueckoe
MOJICITUPOBaHUE, YUCICHHBIE METOAbl U KOMIUIEKCHI ITPOTrpaMm”.

KarwueBsbie cioBa: [lomynsinnonHas TypOyJeHTHOCTh, AuddepeHImairHoe
ypaBHEHHE, 4YaCTHbIE TPOU3BOJHBIC, OCPEAHECHHOE pEIICHUE, IOMYJISIHs,
YUCJIEHHOCTh, BpeMs, BO3pacT, MPOCTPAHCTBO, MaTeMaTU4yecKass  MOJIEJb,
OuoJIorM4ecKasl cucTemMa, MaTpulla B3auMOACHCTBUS, KOI(POUIIMEHT POXKIaeMOCTH,
KO3 PUITMEHT CMEPTHOCTH.

O0beKkT WHcCIeI0BAHUSL — MAaTEMaTUYECKUE MOJEIM  MOMYJSLIMOHHOM
TypOyJICHTHOCTH W30JIMPOBAHHON TOIMYJSAIUNA OHOJOTUYECKUX CUCTEM M CaJlIOBBIX
skocucteM PecriyOnuku TamKukucTaH.
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IIpeamMer wuccjieq0oBaHUsl — CYIIECTBOBAHME W OOOCHOBAaHUE YCTONYHBOTO
MOBEJICHUST TOMYJSIIIMA B 3KCTPEMalbHBIX PEKHMAX W OINpeAeSieHUE CTaOMIBHBIX
PEXHUMOB ee GYHKITMOHUPOBAHUS B PA3IMUHBIX CIICHAPHSX.

Heab Hay4YHBIX HCCJI€I0OBAHHI COCTOMT B pa3paboTke W O0OOCHOBaHHWE
MaTeMaTHYECKON MOJIENH MOMYJISIIMOHHON TypOYJICHTHOCTH OMOJIOTHIECKUX CHCTEM
Y arpoleHO30B.

MeTtoabl ucciegoBaHus. B JguccepTalMoHHON paboTe  HCIMOJIB3YIOTCA
COBPEMEHHBIC METOJbl MaTEMaTUYECKOTO MoJeaupoBanus AuddepeHInaIbHbIX
yYpaBHEHUN W CBSI3aHHBIE C HUMH YHCJICHHBIE METOJbI PEIICHHS IOIMYJISIIHOHHBIX
3amady, a TakKe TIOCTAaHOBKA  CIIEHApPHUS  MPOBEACHUS  BBIYMCIMTEIBHBIX
AKCIIEPUMEHTOB.

[HosyyeHHble  Ppe3yabTAaThl  3aKIIOYAIOTCI B pa3pabOTKe  alropuTMa
OTIPEICTICHUS] HEU3BECTHBIX KOA(PPUIIMEHTOB MOJEIHPHOM TOUYECYHOW TIOMYIISITUN
3a/1auy MOMYJISIIIMIOHHON TYpOYJIEHTHOCTU U B CO3JJaHUU KOMIBIOTEPHBIXX MPOTpamMm
JUISL  pelIeHHs]  3ajlad, CBSI3aHHBIX C MONYJSIHUOHHON  TypOyJIEHTHOCTBIO
OMOJIOTUYECKUX MOIYJISIUH.

HUcnoan3oBanue pe3yabTaToB ucciaeqoBaHusi: OCHOBHbIE Pe3yJIbTaThI,
MOJIyYCHHBIE B XOJ€ JTUCCEPTAIIMOHHONW paboThl, BHEIAPEHBI M HCIIOJIB3YETCS B
yueOHOM mporecce TamKUKCKOro HalMoHAJIbHOTO yHHBepcuTeTa (r. [lymianOe,
Pecny6nuka TamkukucTan).

O6JsacTh nmpuMeHeHusi: Pe3yapTaThl quccepTaliid M METOAUKA WX TOTyYCHHUS
MOTYT OBITh MPUMEHEHBI TIPU PEIICHUH 3a7a49 MaTeMaTHYECKOTO U KOMITBIOTEPHOTO
MOJICTUPOBAHUS B HAYYHBIX YUPESKICHUAX, B By3aX, I BEAYTCS MCCICIOBAHUS TI0
MaTEeMaTHYECKOMY ¥ KOMIIBIOTEPHOMY MozenupoBanuto. OHH HCIONB3YIOTCS B
yueOHOM TpoIlecce MEXaHMKO-MaTeMaTH4ecKoro Qakynbreta TapKUKCKOTO
HAITMOHAIBPHOTO YHUBEPCUTETA.

SUMMARY
Thesis of Ganiev Chalish Tagaybekovich on the topic “Research and development of
a mathematical model of population turbulence in biological systems” for the degree
of Candidate of Physical and Mathematical Sciences in specialty 05.13.18 -
“Mathematical modeling, numerical methods and program complexes”

Key words: Population turbulence, differential equation, partial derivatives,
averaged solution, population, number, time, age, space, mathematical model,
biological system, interaction matrix, fertility rate, mortality rate.

The object of the study is mathematical models of population turbulence of
isolated populations and biological systems of agrocoenoses and reserves of the
Republic of Tajikistan.

The subject of the study is the existence and justification of stable behavior of
populations in extreme regimes, and the definition of stable modes of its functioning
In various scenarios.

The obtained results consist in the development of an algorithm for
determining the unknown coefficients of the model point population of the population
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turbulence problem and in creating computer programs for solving problems
associated with the population turbulence of biological populations.

The obtained results are included in the development of the algorithm for
determining the unknown coefficients of the model point population of the population
turbulence problem and in the creation of computer programs for solving problems
associated with the population turbulence of biological populations.

Methods of research. In the thesis, modern methods of mathematical modeling
of differential equations and associated numerical methods for solving population
problems are used, as well as setting the scenario for carrying out computational
experiments.

Use of the results of the research: The main results obtained during the thesis
work are implemented and used in the educational process of the Tajik National
University (Dushanbe, Republic of Tajikistan).

Area of application: The results of the thesis and the methodology for
obtaining them can be applied to solving problems of mathematical and computer
modeling both in scientific institutions and in universities where research is
conducted on mathematical and computer modeling and in the educational process of
the Faculty of Mechanics and Mathematics of the Tajik National University. Design
organizations, Tajik National University.

CIIUCOK OCHOBHBIX OGO3HAUYEHU

t— Bpems, te[0t |t =const<oo.
a- BO3pacT, O0O<a<ww
X— IMPOCTPAHCTBCHHAA KOOpPJAHWHATA,

xeG cE%G ={x:x=(x,%)0<x <L.i=12}

G =G+S,S—rpaauna G,R=G *[0,:0)*[0,t, ]

N, =N,(t)- Macca BHELIHETO pecypca B MOMEHTA t.

N, =N, (t)— Guomacca pacTeHuii Cenbx03 KyJIbTypbl B MOMEHT t .

N, = N, (x,t,a) - YMCIeHHOCTH BpeIHbIX (1 =2) 1 moae3HbIX (i = 2) MOMYJIsSIHii

BO3pacTa a, B MOMEHT BpeMeH { U B TOUKe X.

F = F(a,t),B=B(a,t)- cOOTBETCTBEHHO KOIP(PULUEHTHI CMEPTHOCTH M POXKIAEMOCTH

HOMYJIAIMIA BO3pacTa & B MOMEHT BpeMeH .

F =F()- COOTBETCTBEHHO y/CIBHBIE CKOPOCTH POCTA i -TO TPOPHUIECKOTO YPOBHS i

=0,1,2,3.

Q —CKOPOCTh TOCTYILIEHUs BHEINHETO pecypea, Q =Q(t).

N,” —IUTaHOBBIN yPOBEHb OMOMACCHI PACTEHHSI, HE MEHEE KOTOPOTO MBI XOTHM
COXPAaHUTH YPOXKaU.

N,”,N,” —KpUTHYECKHE 3HAYCHHUS YMCIIEHHOCTH BPEIHBIX U TOJILE3HBIX HACEKOMBIX

U — IOIyCTHMOE MHOYKECTBO YIIPaBiIeHUS (KyCOYHO-HETPEPHIBHbIE U

orpanndeHHbie pynkuun), U= (P, D, Q) € U,
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