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MYKAJJINMA

My6Opamusitu MaB3yHm TaxXKMKOT. [IpoOieMaxou H5KOJOTE COIT TO COM
YMYMHUYAaXOH Ba OOBEKTH cuécaTu OallHaIMWIAIA TapAuaa MCTOAAaH]I.
Hctudonan a3z xan 3uéau capsarxou Tabuii nap AyHé¢ Oa OH oBapja pacoOHHIAACT,
KU KUCME a3 OHXO Jap XoyaTu 0Oe0o3ramT Ba OapKapopHalliaBaHaa Kapop JAOpaH/I.
Jlap cuctemaxou 3KoJIoTH 0ab3e HaMyIu XalBOHOTH HOIUP Ba HAOOTOT KaMIIIyMOpP
ramira, 0ab3€alloH J1ap capXaau HECTIIABI Kapop JOpPaH/I.

Xud3u 3axupaxod TaOWUU CHCTEMAXOM JKOJOTH, XyCyCaH HaMYyIXOH
OMOJIOTUY HOJAUP Ba HECTIABaHJA Jap MaMHybroxxou Yymxypuu TOYMKHUCTOH a3
yyMJlad MYXMMTapuH Ba3u(axou [aBiarT Ba 4YoMead IIaxpBaHAd 0Oa MIymop
MepaBajl, KU OH JIap XOJIaTXOM I'YHOTYHHM aHTe3aXOd aHTPOINOreHi Oa Memryi Ba
ap3€0uM AUHAMUKAW MOMYJIATCUSXO0, YOMEaxou OHOJIOTH Ba CUCTEMAaxOH JKOJIOTH
(axocucTeMaxo) HUE3 gopan. Jlap acocu amcuiiaxom MaTeMaTHKil Ba KOMITIOTEPUU
COXTalllyJja, Ty3apOHHMJIAaHU O3MOMIIXO Ba Taypubaxoum OEBOCHUTAU WIMHA Jap
HPKOCUCTEMAX0 OarosT rapoOHap3HIl Ba BAKTU TYJOHUPO TUpU(PTa, Iap akcap
MaBpuJ| FaiipuuMkoH act [11-M]. BoGacra 6a rydraxou 6omo, qoumo 3apypatu
OaHaKmIarupi Ba ry3apoOHUAAHM HAMYIXOU F'YHOT'YHHU YOpaOMHUXOM HUTOXJI0pPi 0a
MUEH MeOosi[, KM OHXO0 Oa HaTu4yaxou NEHIUIM KapopXou KaOylaBaHIa
ayokamaH; 1 MeOoIan. Xamau UH JaJeIixou oBapiaalnyaa a3 MyoOpaMHsITH MaB3yu
MaTpaxuryaa maxofaar MeaIuxai.

Kopu nucceprarcMoHMM Ma3Kyp JAap MapTaBUu JOAacTypy CYHOPHIIXOU
Acocry3opu cynxy Baxzaatu mwuiid — [lemBou mumnar, Ilpesunentn Yymxypuu
TouukucTton Myxrtapam OMmomanii Paxmon Ba Taxtu (apmonu No 1445 a3
31.01.2020 >bnon rapaunanu conxou 2020-2040 «buctcoman omMy3uil Ba pymiau
(dbaHxon TaOWATIIMHOCH, JAaKWUK Ba PpUE3N Jap coxau WiIMy Maopud» HYpo
rapauaaact. UH pactypy CymopuIIXo XaUIM SIK KATop MachalaXxOdM MyXUMHU
UKTHCOJI# Ba dKOJIOTUpO (haporup Oyna, 6a BocCUTan METOJIXOU aCOCUM MaTEMaTHKiA
Xayu xyapo édra MmeTaBoHaH.

ba uH ryHa macpanaxo:



— aMCHJIACO3MM PAaBAHIXOW XaMJIy HAKIM HaTy ras, Ku 6apou UKTUCOTUETH
MUJUIA Ba DHEPIETUKA aXaMUATH KaJIUId JOpaHd;

— cucTeMan OaHaKIIardpi Ba MJIOPAKyHHH YaMbOBAPUHU XOCHII Jap XO4yaruu
KHUIIUIOK, KM 0a TabMHHM aMHHSATH O3YKaBOPH Ba PYIIAU KHUIIIOBAP3UHM YCTYBOP
MyCOUJaT MEKYHA/T;

— Taxusu aMcwiiaxo Oapou Xud3 Ba HUTOXJOPHUU HABBXOU HOIUP, KU 3EpH
XaTapy HEeCTIIaBaHIari 1ap MaMHYBIroxxo Kapop JOpaH/I;

— TaxXJWIK JWHAMUKAW OOIIAaBHHM THPSAXXO0, KU OeBocuTa 0a aMHUSATH
3axupaxou o0n BoOacTa acr.

Xammd WH Machajgaxo Oe uctudonan yCylIxXod MYOCHPHU aMCHIacO3uu
MaTE€MaTHUKHd, TaxXJIMJIM OMOpPH, ONTUMHU3ATCHUS Ba TEXHOJOTHUAXOU 3€XHU CYHBU
FalpuuMKOH acT. Max3 00 poxXu Taxusd aMCWIaXOM aMUKU WM METaBOH
paBaHIX0M MypakkaOu TaOuil Ba MKTUCOAUPO JAKHUK IEIITyi HaMyJ Ba KapOpXOH
caMapaHoK KalyJ1 Kap/I.

Jap aMcuinaxoum MaTeMAaTHMKUM COXTalllyJlah sIK KaTop OJMMOHM BaTaHil Ba
XOpUYd Machaliaxou jaap Oosio 3ukpinyna aapy €draann. lap Oapobapu uH, 60
JlapHa3apJIOITH CUHHY COJI Ba TaKCUMOTH (pa3oil aMCHUJIaXOM MaTeMaThkii 00

uctudosa a3 myoamnaxou guddepeHcuanii coxra nrygaaH.

Xuh3y HUTOXJOPUHM HAaBBXOW HOJHMP Ba HECTIIAaBaHA Jap Xama KHIIBapXOu
JTyHE a3 YCTYBOPUU MaMHYbroxxo Bobacrarii nopan. [lac, 6apou Taxusiu METOIXOU
xu(}31 HABbXOM HOJMP Ba HECTIIABaHIA 3apyp acT, KU MEIryWuu JTUHAMHUKAU
MONYJIATCUSXOW OMOJIOTH, XaHTOMHU TabCUPPACOHUXOM aHTPOIIOTeH 0a Machaliau
acoCuu yCTYyBOpHUH (habOJIUSATH MaMHYBIOXX0 TaOmui jgoaa masaj. CaHYUIIXOU
amMaJii 1ap HU30MH aMCHJIaCO3UMM MaTe€MaTHKA TO MMpPY3 HUIIOH N0JaaH], KU
HaBUINTH 0Oab3e a3 Machajlax0 KMMar0axo Ba BaKTH 3UEnepo map Oap rupudra,
nap O0ab3e MaBpuUJl aMallii TapJIOHKUIaHU OHXO FalpuuMKoOH acT. [lac, 6a Mo 3apyp
acT, KU TaX¥sIM METOJIXOM T'YHOTYHH aMCHJIACO3UH MaTeMaTUKUHA MyOCUPPO ouJl 0a
HUTOXJIOPUU HABBXOM HOJHMP Ba HECTIIaBaHJa Jap COXTOPXOM CHCTEMaxou

skojiorid uctudoaa OapeMm. bo  Epum MeTonXOM TaxuslIyla Ba aMCcHIaXou



MaTeMaTUKil WMKOH TaiJ0 MelIaBaj, KM HaTU4YaW HakKia — 4Y0paOWHUXO Ba
baboIUATH HU30MXOH IKOJIOTHPO Memryin HamoeM. Kaiin kapman 6a MaBpuj acr,
ki 0a Machajiam aMCUJIaCO3MM MATEMaTUKUM JMHAMUKAW  MOMYJIATCUSIXOU
OuoNorii KOpXou xene 3uénae a3z tapadu OJMMOHI BaTaH@l Ba XOpUYHM PyWH YoM
OMaJlaaH/I.

AMcHUIIacO3UM MaTeMaTUKd Jap COXah OJKOJOTUSl XYCyCcaH OMY3HIIH
TUHAMUAKAW MUKIOPH TOMYJSATCUSAM OWOJOTH Tabpuxw HHUCOATaH Iypyaapo3
JIOIIITA, ap WH paBaH] 3aMUHAHU acoCUpo aMcuiiau MareMatukuu T. Mantyc, ku 0a
a(30UIITH SKCTIOHCHCHAIINY aXOJIMH Kypau 3aMUH OaxIuaa IIyJaacT, Ty30IITaacT.
Omumu mamxypu benrus  II. ®epxronct Ooman oHpo 00 JapHa3apAOLUTH
MaxJayausiTd ad30UIlId TMOMYyJIATCUS TaKMUJI J0JaacT. Myojwinan JOTUCTUKUU
@DepxroJCT MMKOH J10J1aacT, KM aMCHWJIal KJIACCHUKHUU <«Jiapa”aa-caiia»-u JloTka-
Bonteppa noup 6a tabcupu myTtakoOuiaum a1y HamyJ Takmui €hra map osHIa
cababu wuHKUIIOPU MUHOABAAM XyApPO Jap KOpXOWM WIMHHM Oucépe a3
MYXaKKUKOHM JYHE Oapou coXxau OMY3HUIIU TUHAMUKAW PYLIIU MOMYJISITCUIXOU
TYHOTYH &0aj.

Jlap TaxKMKOTH oOBapjanlyjJa CaMTH acoCUpO TaxXaBBYJIOTH CHUCTEMaxoH
HKOJIOTA — Machallal yCTYBOpA Ba cu(araH yCTYBOPHUM aMCHJIAXOM HYKTariu
tamkuia meauxan. [lac a3 kopxon HaxyctuHu onauMmoHu ampukon P. Men Ba K.
Yebdpuc, menépxou ycTyBopit Ba cudaraH yCTyBOpH MEIIHUXOAHAMYZAW OHXO
Jap TaXKUKOTH MyaUTM(POHU T'YHOTYH UCTU(O/Ia ITy1a, TAKMII HU3 ETaan.

Hap Yymxypun TOUYMKUCTOH Jap OXUPH acpu ry3aiuta a3 Tapapu OJIMMOHHU
mmHoxTtan Tounk M.K. FOnycm Ba YcmonoB 3.J[k. aBBaluMH IIyJla TaxXKUKH
HU30MXOM JIaxJIIOPH OMY3UINK yCTYBOP Ba cHU(daTaH yCTYBOPHUU MaMHYBIOXXOHU
MUHTaKaBi 00 vcThdoaa a3 aMCUIaXOM MaTeMaTUKi BoOacTa 6a CHHHY COJl Ba
TaKCUMOTH (Ha30# TMEUTHUXO/ ITy/a, Jap amai TaTOuKH Xyapo EdTaaHs.

Jap kopu auccepTaTCMOHN aMmcuiaxo ousl 0a Xxud3y HUTOXJIOPUH HABbHXOHU
HOAMP Ba HECTIIABaHJAA Jlap MaMHYbroXM KaMHIIWK OUEOOHW muaa Oapomajna
MmeraBaj, ku 6a kopxon M.K. FOnycii MoHaHa Ba Ha3IWKaHA, aMMO JIap MyKouca

00 OHXO Jap MH YO aMCHJIaXOW HHCOaTaH yMyMil — aMcuiIaxo 00 JapHa3apIOILTH
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byHKcusxon Tpodukin, MaBpuau Oappacii Kapop rupudrTaann. Kaing kapmax
O0aMaBpuj acT, KM Jap OMY3UIIM SKOCHUCTEMaxo Bazudaum acocit MH MyaisH
HaMy/JaHU YCTyBopi Oyna, nap HaBOaTH Xya OH 0a Jy KMUCM TaKCUM MelIaBa/l.
Basudan sxym uH Bobacta 0a MabiIyMoTH OamacTomana OaprapadkyHUH XaTapu
YCTYBOPMM MaMHyBIox Ba Jap ¢ocuwiaxou pojamryga Xud3y HUTaXJI0pUu
caplIyMOpH TOMYJIATCUSIM HaBbU «HOAMP Ba HECTIIaBaHAa» mebomaa. Basudau
IYIOM UH, Jap MauMyb MyailssH HamyaaHud ¢ocuiaxo 6apou HaBbXOM HOAHUP Ba
HEeCTIIaBaH/a Jap SKYaH] T€hJIOAN YMyMUU MAMHYBIOXX0 MeOOIIa.

Xud3u 3axupaxou Tabuil, XyCycaH HaMyJIXOM HOAMpPH  Ouonoris  Ba
KMMaT0axo, a3 Yyymjiau MyXUMTapuH Bazudaxou MHCOHUAT Oa LIymMop MepaBa,
KM OH JIap XO0JIATXOM MyXTaJIM(Pu aHre3axou aHTPONOoreHi 0a memryi Ba ap3eouu
JMHAMHUKAU TOMYJATCUSXO Ba CUCTEMAaxOM AKOJOTH (IKOCUCTEMAax0) HUE3 JOpal.
['y3aponuganu o3MmouInry Tadypubaxou O€BOCHTaM WIMM Jap 3KOCHUCTEMAaxo Ba
MapBapUIITrOXXOH BOKEH OarosIT rapoHap3uIll Ba TYJIOHI 0a JacT omaja, ap akcap
MaBpuJ FallpuuMKoH MeOoman. Bobacta 0a uH, J0OMMO 3apypaTH COXTaHU
aMCUJIaXOM MaTeMaTHKid ouj] 0a OMY3UIIU YCTYBOPHUU CHCTEMaxOW SKOJIOTH,
OaHaKmarupi Ba T'y3apOHUJAHU HAMYAXOM T'YHOT'YHU 4OpaOMHUXOM MyXo(u3aTii
0a MuéH meosq MyOpaMusSITH MaB3yd TaXKUKOTHM WH PHCOJIA, TSI a3 Xama, 0a
Machanaxou 3ukpiryaa Ba 6o Kapopu Xykymarn Yymxypun TOYMKHCTOH BJIOH
rapaunann  conxon 2020-2040 «bucrcomam omy3uIn Ba PYUIAM  HIMXOU
TaOMATIIMHOCH, JaKUK Ba PHUE3N Jap coxau WIM Ba Maopud» Ba SK KaTop
OapHOMaBy CTpATETUAXOM Jap WMH caMT Kalyirapauja, ajloKkamaHAuu OeBOCHTA
Jopa.

Japayan TaxKuKH MaB3yHm M. COXTaHU aMCHJIaXOM MaTEeMaTUKHUH
ap3é0MM HABbXOM HOJMP Ba HECTIIaBaHAa (Jap MHUCOJIM JlapaHjia-caiii) aap
CHUCTEMaxOM 3KOJIOTH, SIKe a3 Machajaxou Kanuai Oyaa, OuayHu xamty daciu
oHX0 0a pox MOHIaHM XU(3U MYXUTH OHXO, 1ap MAaYMyh, a3 UMKOH OEpYH acT.

Jlap maiigouin Ba TallakKyJd TacaBBYPOTH 3aMOHABi OuJl 0a aMCHJIacO3UU

MaTeMaTHKi 0apor CHCTEMaXOH SKOJIOTH 00 HOMH MYXaKKUKOHH Xopu4il — Oqym

10.[84], May R.M.[12], Auslander D.M.[1], Blasio G.D.[2-3], Brokate M.[4],
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Chipot M.[6], Gurtin M.E., Gushing J.M., MacCamy R.C. [7-8], Busenbery S.,
lannelli M. [5], Oster G.P.[1], uHuyHHH 0O HOMH MYXaKKHKOHH POCCHUSTHA Ba
Batanii — MowuceeB H.H., Ceupexes H0.M.[66-67], Jloroder /1.0.[48], Tapko
AM., JlyksaoB H.K.[49], AnekceeB B.B.[20], ['opctko A.B.[36], JloMOpoBCcKmii
10.A.[42], Menmytkun B.B.[52], Bun6epr I'.I'.[34], Hosocensues B.H.[70],
JleonoB A.B.[47], FOnycin M.K.[103], Unono M.[89], Komumuén ®.C.[106],
OmunaeB P.H.[72], Mup3oeB C.X., OgunacBa C.A.[55] Ba maurapoH ajmokamasn
acr.

AMCHIIaCO3MH MaTeMAaTUKHH JIMHAMUAKAW MHKIOPH TOMYJISTCHSIH OHOJIOTH
TabpUXU HUCOATAH TYJOHH AOLITA, Aap MH 40Ja aBBalIMH Iryga 1. Mantyc map
Oopan amcuian ad30WIIN AKCIIOHCHCUAIMH axOJUU Kypauh 3aMHH CaxXMH XYAPO
ry3omraact. Pepxronct II. Oomax oHpo 00 [KapHa3apAOLITH MaxAyIUATH
a(30UIIH MOMYIIATCHS TAKMIIT J101aacT. Myoauman JIOTUCTUKuA DepxrocT 6oucu
naiIo IIyJaHu aMCHIal KIIACCUKWU «JapaHja-caili»-u Jlorka-Bonreppa ouny Oa
TAbCUPH MYTaKOOWJIAaW Iy HaMyJ TapAuja, nap OsHAa OOMCH KOPXOHW HIMHH
Ooucépe a3 MyXaKKUKOHH COXaW OMY3UIIHM JWHAMUKAW PYIIA TOMYJISTCHUIXO
rapau.

CaMTH acocupo Jap TaXKUKH TaXaBBYJOTH CHCTEMAaxOH JKOJIOTH — Machajau
YCTYBOpi Ba cH(aTaH yCTYBOPHH aMCHJIAXOHM HYKTari Tamkwi MekyHan. Ilac a3
Kopxou HaxyctuHu P. Meii[12], mebépxou ycTyBOopi Ba cudaraH ycTyBopi
MENTHUXOTHAMY/Ial OHXO Jap TaXKUKOTH MyaJTU(GOHHM T'YHOTYH MCTH(Oa IIy/a,
nap ostaaa ouxopo J1.0. Jloroder Ba M. FOnyci[48] 60 Mebépxon HaBH YaBOOTY
nyppa rapIOHUIaH]I.

bapon momyssSTCHAXOM alloXyia HUTOXJAONITAllaBaHia, 00 JapHa3apIOIITH
CHHHY COJIy XailaT Ba TakCUMOTH (pa3od Machajaaxou TYHOTYHH YCTYBOPHH
XQJIXOW CTaTCHOHApi Ba FaWPUCTATCHOHAPA MAaBPUAM TaxXKUK Kapop Joja
mrymaact. Jlap Taxkukotu mpodeccop M. FOnycim [103] ©Oomran, machanaxou
MaBYYIUATH XaJIXOM KJIACCHKA Ba yMyMHKapJallyJa MaBpHIA OMY3HII Kapop
rupudTa, a3 Tapadu y§ 60 €pum Katopxou Dypile ycynu Xamim Machaiaxou

MaTeMaTUKUU MYBO(DUK MEIIHUXOJ Trapauja, aBBaJuH MapoThda Machaiaxou
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Xu(h3U TOMYyJIATCUAXOM YOMean CHUCTEMaxOW OJKOJIOTH Taxus Ba Xall Kapna
1Iy/1aani.

Madxymu noreHcuain (MKTHAOPU) OMOJIOTH aBBAIMH MapoTuOa a3 Tapadwu
A. Jlotka[10] OGapoum amcwiaxoWm HYKTarud TOMYJIATCHUSXOW  aJOXHJIa
HUTOXJOIITallaBaHAa BOpPUA Kapja Inynaact. bapou amcuinaxom ymymMHu
CUCTEMaXOU HKOJOrd, 00 AapHa3aplIOIITH CUHHY COJI Ba TaKCUMOTU (as3oit a3
tapadu M. FOHyCch nap KOpXou WIMHAI YOPid Ba aCOCHOK Kap/a IrygaaH .

PoOutran TaxKuKoT 00 0apHOMAax0 (JIOMXaX0) Ba € MaB3ybX0HU HJIMIl.

MyxTaBo Ba CaMTH TaxXKUKOTUM KOPU JUCCEPTATCHMOHUU Ma3Kyp 00
OapHOMaxou CTpaTETUH JIaBJIaTil Ba HAKIIAXOU WIMHIO KOPTYKOBUH YYMXYpPHSBii
pobutau 3u4 Ba OPraHUKA J0pajl. A3 qymiia, HU30MU KOHCENTYalil Ba MaXKyXUIIH
amanuu kop nap mexpapu tatouku @apmonu Ilpesunentn Yymxypun TOUUKUCTOH
a3 31 suBapu comu 2020, Nel445 [lap Gopau "buctconan omy3uiln Ba pyULAH
dbanxon TaOMATHIMHOCUMN, JAKUK Ba puUE3id Jap coxauw uiaMy Maopud" 3bJIOH
Hamyaanu conxou 2020-2040 cypar rupudra, 6a pymaun tadpakKypu TEXHUKHA Ba
PaKaMUKYHOHHH PAaBaHIXOU TabJIMMI HUTAPOHH/IA 1Ty /1aacT.

XamM3aMOH, 3aMUHAXOW Ha3apUsIBUI0 METOAOJIOTMH TaXKUKOT a3 OaHaXou
acocun Kapopu Xykymaru Yymxypuu Touukucton a3 28 deBpanu comu 2025, Ne
114 «/lap 6opan camTxon ah3aMHATHOKA TAXKUKOTH HIIMI Ba UJIMUIO TEXHUKHA 1ap
Yymxypuu Toyukucton Oapou naBpau 1o cosu 2030» Ba Kapopu Xykymatu
Yymxypun Touyukucron a3z 30 gexadbpu comu 2019, No642 «KoHcencusyu UKTUCOIN
pakamit nap Yymxypuu ToOUuMKUCTOH» MaHIIab TUPUPTA, BOCUTAXOM MYOCUPH
TEXHOJIOY/l Ba ”THHOBATCUOHUPO Aap O0ap Merupas.

Maymyn KOpXou TaupuOaBUIO TaxJIWIWKA JUCCEpTATCUs Jap Joupau
JypHAMOM HAKIIaXOW WIMIA-TaXKUKOTUM Kadelpan TEXHOJOTHSU UTTUIOOTH Ba
METOJMKAaW TabdUMU uHPOpMaThkam Myaccucam JaBlaTUU  TabIUMUU
«lonnmroxu masmatuu boxtap 6a Homu Hocupu XycpaB» Gapou comxou 2021-

2025 Tapxpesit Ba 60 myBadpakusT HYpo Kapaa myaaact.



TABCU®U YMYMUU TAXKUKOT
Maxkcaam TaXKHKOT COXTaHHM aMCHJIal MAaTeMAaTHKA Ba KOMITFOTEp# Oapou
TaXKUK Ba TCIITYUd AWHAMHKAW TOMYJISATCUSIXO, HIOPAKYHUIO HHUTOXIOPUHU
HAaBbXOM HOJIUPY HECTIIaBaHaa Ba Oapou  0oyiobapuu  caMapaHOKUU
IKOCHCTEMaxOW MHHTAaKaBHM Jap MucoIM 3Kocucteman «beman Ilamanron»

(6apou KECcMaTH KaMUIIHIO OMEOOHIT) MeOoIIa.

Ba3sudaxou Ttaxkukor. Basudan TaXxKUKOT map AUccepTaTCHs a3 TaXHsd
anroput™M Oapou ap3éOMM HATHMYaW aMCHJIACO3MM MATeMATHKUU MHKIOPHA Ba
NEMTYHHH CapUIyMOpPH TIOMYJATCUSXOW OHWOJOTHA Jap MECOJIH DKOCHCTEMAaxOu
Kamuim Ou€bonit meboman. bapou pacupman 6a Makcaaud Ty30IITallya

Ba3upaxou acocuu 3epuH Xamty daci Kap/ia MeIIaBaH/I;

— OMY3MILIM acoCXOW HaszapusiBi 00 Makcaad COXTaHH aMCHIIaXOH
MaTeMaTHKin Oapon Xu(3y HHUTaXJIOpWM HABHXOW HOAWP Ba HECTIIABaHIA Jap
acocu MabIyMOTH Oamacromana aap Oopau skocucteman «beman mnasaHroH»
(KAuCcMaTH KaMHIINI0 OUEO0HN);

— COXTaHU aMCHUJIau KOHCENTyallid 6apon HaBbXOW OMOJOTUH MAMHYBIOX Ba
MyaiisiH HaMy/IaHH YCTYBOpP#, cu(daTaH yCTyBOPi Ba HOYCTYBOPHH COXTOPH OH;

— 00 uctudona a3z myonunaxou auddepeHcuanii 60 XOCUIAXOU XyCyci
HAaBUIITAHW aMCWJIad MaTeMaTWKil Oapou MyalsH HaMmMyJaHH JUHaAMHUKau
HOMYJIATCHSIXOM MaMHYBroxu «berran majsaHrony (KMCMaTH KaMHIIHIO OnE00HT)
00 mapHa3apAOIITH CHHHY COJI Ba TAKCUMOTH (a3oil;

— Taxus Ba aCOCHOK HamyJaHHW Ba3udaxou acocuu xud3 Ba Aap MIyMOpau
3apypili HUTOXJIOPUHM HAaBHXOM HOJUP Ba HECTIIABAHJAU CUCTEMAXOH SKOJOTUHU
MaMHYBIOX Jap pedaxou TYHOTYH 00 JAapHa3apAOIITH CHHHY COJ Ba TaKCUMOTH
dazoii;

— 00 uctudona a3 aMCHIaXOW COXTAalllya TaxHs Ba AaCOCHOK KapAaHU
«KAMaTH MakcuMaiii» 00 Tariup &dranu kumatu Qazon, Oapou xud3y

HUTaXJ10pHUH HABbXOHW HOJHUPY HCCTIIaBaHAaAn CUCTEMANU 5KOJIOTHUH MaMH}_/’BFOX;
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— COXTaHUW AJITOPUTM Oapou MyailstH KapaaHu Kod(pPuTCueHTXon amcuian
MaTEeMaTUKUHU HyKTaruu sKocrucreMan MamHybroxu «bemran [Tamanaron» (kucmatu
KamuIuo 6uéooHii) BoOacTa 6a 6eTapTuO YO JOIITaHU aJOKaXx0H TPODPUKIi;

— COXTaHM JlacTa 0apHOMau aMallii Ba ry3apOHHUJAHU K KaTOp O3MOMIIXOU
xucobbapopit 00 sKocucTemaxoun myrnaxxac. [laitno kapganu poxu xamry dacim
Bazu(an Xud3y HUTAXJOPUHM HABBbXOW HOJAHMPY HECTIIABaHAAW MaMHYbIOXU
«bemau [Tanmanron» map pe4yaxou ryHOTyHU (PaboIUsT;

— WYPOU TaXJIUIN MAaBIyMOTH KOMITIOTepUH 0anacTomMana, MHIYYHUH, aHIOM
JoJaHu XUCOo0y Kopkapau Basudaxou OaHakmarupudramyna oun 6a xud3 Ba
HUTaXJOpUHU HABBXOM HOJMPY HECTIIABAaHJAW CHUCTeMan »JKojioruu «beman
[Tamanrony.

O0beKTH TaxXKHMKOT — CUCTEMaW »JKOJIOTMHM MaMHybroxu «beman
[Mananron» (KUCMaTH KaMUIIAi0 OWEOOHM)-U BHJIOATH XaTIOHH YyMxypuu

ToynkucToH.

IIpeamMeTn TaXKHKOT — Taxys Ba TaXKUKU aMCHJIaXOM MaTeMaTHKi Oapou
ACOCHOK KapJlaHW Machallaxou (papKil Ba COXTaHM aITOPUTM 00 JTapHA3apIOIITH
CHUHHY COJl Ba TakcMMOTU (Da3oi ouj 0a Xud3 Ba HUTAXJIOPUU HaBbXOU HOJIUP Ba
HecTIIaBaHAau cucrtemau skojorun «beman Ilananron» (KucMaTu KaMHIIHIO
O6u€OoHM)-u BII0ATH XaTiaoHun Yymxypunu TOYUKUCTOH.

Ycyaxou TaXxKUKOT. bapou Houn mryaaH 0a Xanadu TaxXxKUKOT MyOCUPTApUH
Hazapusau Mmyoawnaxon auddepeHcuanii, cudataH yCTYBOp, aMCHIACO3UH
MaTeMaTHKil, 0apHOMACO3UN OOBEKTrapo, TEXHOJIOTUSXOU UTTUIIOOTH Ba YCYJIXOHU
azaain, MaBpuau uctudoaa kapop rupudraanm.

HaBronum njMum TaXKHKOT.

1. TaXMsIM Ha3apusid aMCUJIAaCO3MM MaTeMaTHKid 00 uctudojam a3z Hazapusu
YCTyBOpii Ba cudaTaH yCTYBOPHU 3KOCHCTEMAaxOW MOHAHII Ba MYOIMJIAXOH
uHTerpanuio auddepeHcuanin 00 XOCWIAXOW XyCycil Ba TapTuO JOJaHH
AITOPUTMXOHU Mylllaxxac O0apou xamty daciu Machanian xXud3 Ba HUTAXJIOPUHU

HAaBBXOM HOAMD Ba HECTIIAaBaHJau MaMHybroxu «bemau [Tananrony;
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2. TaXUsii aMCUJIal MaTEeMAaTUKUMHM WJIOPAKYHWHM ONTUMAJIMW JUHAMUKAH
cucteman dkonoruu «beman I[lamanron» (KucMaTth KaMmuImuo OWEOOHH) 00
MakKcaJd Machajgau Xu(3 Ba HUTaXJIOpUU HABbXOHW HOJUP Ba HECTILIABAH/IA;

3. MyalisH HaMyJaHU MHKIOPY 3apypUH 3aXHUpaxOd BOPHIIABaHIA Oapou
MyalssH kapaaHu kodit OymaHu cyOOTy yCTyBOp#, nap cuHpu dyHKCHUsIXOH 00
KBaJpaT XaMrUpoullIaBaHja 0axo Joja IIyja, TapTUOM MYOJUJIaXOU HHTETpo-
mubdepencuann MyToOMK O6a mapameTpxou (azoir 60 Makcagu Xamy Qaciau
Machanan xud3y HUTAXJOpUU HABbXOM HOAMP Ba HECTIIAaBaHAAa MACT Kapnaa
ITyTaaHT;

4. Gapou XaJTi Machallad MyIIaxxacu Xu(3y HUTAXTOPUH HaBBXOW HOIWP Ba
HecTIIaBaHau MaMHYbroxu «beran [lananron» (kucMaTu KaMUIIHIO OUEOOHT)-
1 BwioATH XaTioHu Yymxypun ToyukucTOH a030pu KOMITIOTEPH Ba O3MOUILIXOU
KOMITIOTEPH T'y3apOoHUIa IIydaaH .

AXaMHMAAITM Ha3apusiBi Ba aMaJuM TaxXKUKOT. Hartudyaxoe, ku nap
aucceprarcust 0a JacT oBapaa IMygaaHn, MHUKECH HCTH(OMAd TaxXKUKOTH
HA3apUABUM aMCWIAXOM MaTEeMaTUKi, O3MOHUIIM XUCO00apopil, TaxJIwiu
KOMITIOTEpHd Jap Xauty (acid Macowid HHTHUXO0O0M (aboJMATH CaMapaHOKU
MamMHybroxu «beman Ilaganron» (KucMaTH KaMmuIui Ou€OoHN)-u YyMmxypuu
TouukucToHpOo Oa TaBpU Hazappac Baceb MerapjoHaa. XyJocaxou HazapHUsBUU
JUCCEPTATCHSI, TEITHUXO0IX0, HHIYYHHH MyHOCHOAT Ba TaBCHUAXO METaBOHAHI, 0a
xalicu ab3op Oapou Taxmwin Basudaxou Ty3OlITallyJa Ba WHTUXOOW Tap3u
caMapaHoOKu Xauny ¢aciau Bazudan Xud3y HUTAXJOPUM HABBXOU HOIUP Ba
HECTIIaBaHAa Jaap pedyaxou MyxTaaudu (aboiusaT MaBpuaud ucTUdOIA KaApop
rupan. Tabby Hampxo moup 6a aMmcunaco3uu Xxud3y HUTAXTOPUU HABBXOU HOIUP
Ba HECTIIaBaHJA Jap PEYaxoW T'YHOTYHH (DaboNHAT Ba XyJIOCaW OHXO, KU Jap
auccepTarcusi MaBay ] MeOorana, 6a KOpXoHa Ba UI0PAX0e, KM COXaW IKOJOTHAN
Uymxypun ToyukucToHpo 0a yxjaa nopaHia, 0a Xaicu TaBCUS TENTHUXOJ Kapia
MeIaBaH/. Y CyIH 34OJIITy/1a UMKOHUAT MEAUXAl, KU XaHTOMHU XOHJAaHU KYPCXOHU
Maxcyc 0Oapow  JOHUINYYEHH  MXTUCOCXOM  MYBOPUKH  «AMCHIIACO3UU

MaTEMaTUKM, «AMcuitaco3uu KOMITIOTEPUU CUCTEMAXOH DKOJIOTI»,
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«AMCHUIIACO3UM HMHUTATCUOHUU CHUCTEMAxXOM SKOJIOTHMI0 HUKTUCOi», WHUYYHHUH
XaHroMH a3 Tapadu JTOHUIIYYEH HABUINTAHU KOPXOU KypCH Ba KOPXOH JAMUILIOMIA
MaBpuIU UCTH(Oa Kapop rupaj. Jlacra GapHOMaxou amalivM COXTallyaa JOPOU
axaMHsaTH Maxcyc Oyma, nmap ©OoOatu xamry ¢dacid Macowidl WHTHUXOO0H
UCTEXCOJIOTH caMapaHOK Ba OexTap KapJaHW Ba3bUSITH CHUCTEMaxOu 3SKOJIOTH
KyMaK MEKyHaJ.

AxaMusATH aMaJauu TaXKUKOTH TUCCEPTATCUOHM a3 OH HOOpaT acT, K1

— HaTU4Yaxoum acocur OH a3 4voHuOu Kymuram xudsu Yymxypuu
Toyukucron  GapoM HHUTOXJOPHUM  HAaBbXOM HOJIMP Ba HECTIIABaHAa Jdap
MaMHYbroxu «bemran majgaHron» (KHCMaTH KaMHUIIHIO OWEOOHM)-U BHUJIOSTH
Xatnoun Yymxypun Toqukrcton uctudona mrynaans;

— Oapon MaMHybroxu «beman mMmamaHroH» COXTOPXOM YCTYBOp Ba
HOYCTYBOp MyalsiH KapJa Ily/1aaHm,

— Jap JAucCcepTaTcus YCYJIuM yMyMHUKapAallyJahd TaXHsd aMCcuiIaxou
MaTeMaTUKUM  HAKOCHUCTEMaxOM MHUHTAKAaBUM HaMyId YMyMid MEIIHUXO]
rap/iu1aacr;

— YCyJM DBYOAILIYyJa HWMKOHMAT Menuxad, Ku 00 wuctudoman OI0KXO,
HAaKIIIax0 Ba Yy3bXOHM TaxXMIIy[a, aMCHIIAXOW KOMITFOTEPHUH MaMHYBIoxxo, 00
TaxJIWIM TAKUKY TIeMIaKUU OHX0, 0a TaBpH (aBpit TapTHO 1072 IIaBaH/T;

— YCyJIM MYHa33aMco3uu ad30pXOM TAXKHUKHA CHUCTEMaxOM MHUHTaKaBUU
DKOJIOTH NEIIHUXO0/ IIyaacT.

Jap aifHu X0/ a3 TaXKUKOTH JUCCEPTATCUOHI JOHUIIYYEHU COJM CEIOM Ba
yopymu uxtucocu «Mudopmarukan-u Jlonumroxu muwuinu Touukucton (IIMT)
XaHFOMHU OMY3HUIIN KYpCH MaxCycu «AMCHIJIACO3UMM KOMITIOTEPUU CHUCTEMaxXou
HKOJIOTA» Ba JOHUIIYYEHU COJM CEIOMU HXTUCOCHM MH(GOPMATHKA, CUCTEMaXOU
aBTOMATHUKYHOHUJAIIY/la, HU30M Ba TEXHOJIOTHUSIXOM HUTTWIOOTHH JloHUIITOXH
nasnatuu boxrtap 6a Homu Hocupu XycpaB XaHTOMH OMY3WINHM KypCH Maxcyc

uctudoaa medapan.
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Hykraxou 6a XumMosl NeIIHUXOAIABAH/IA:

1. Mogenu KOHceNnTyalld Ba MaTeMaTUKUHU Machalan XU(3y HHUIaxJ0pUu
HaBbXOM HOJIMp Ba HECTIIaBaHJau 3kocucteMan «bemran IlanaHron» map maxkiau
cucteMan myoawnaxow auddepeHcuanii 60 XOCHUIaX0u XyCYCHd, KU JTUHAMUKAH
NOMyJSATCUAPO 00 JapHa3apAOIITH COXTOPU CHUHHYCOJM Ba TaKCUMOTH (ha3oi
TaBCcH(p MEHAMOSI ACOCHOK Ba Taxus Kapja IIyAaacT.

2. Ycynau TaxKMKH MOJENH MaTeMaTukit 00 JapHa3ap[OLITH COXTOPH
CUHHYCOJI, TaKCUMOTH (pa30i Ba 3axuUpaxod BOPHJIIIABAH]A, KA HWMKOHHUST
MEAMXaJ XOJIaTU JKOCHCTEMa Ba caMapaHOKWW dYopaxow xud3 ap3eoit kapra
11aBajl, MEIHUXO] Ba aCOCHOK Kap/a IIyaaacT.

3. ANropuTMXOHM aiaaii Ba MaYMyu O0apHOMaxou KOMITIOTepid 0apou Xauiu
MOJICIM TEIIHUXOJIIy/1a, KU TMeMryud JAWHAMUKAaW HaBbXOM HOJIUP Ba
HEeCTIIaBaHAapo Jap skocucreman «beman [1anaHron» TabMUH MEHAMOSIHI, Taxus
Ba TaTOMK Kap/a IrygaaH.

JbTUMOJHOKA Ba ACOCHOKMH HAaTUYaXOM MJIMUHU 0agacTomaza, XyJiocaxo
Ba TABCUAXOM Jap IHUCCEPTATCUSI OBapAally/la TaBaCCyTH TaXKUKOTH KOMILIEKCUU
capyaliMaxou 3U€IM WIMHUHU OJUMOHM BaTaHil Ba XOpWUYHA TAKBUAT J0Ja IIyaa, 00
METOJOJIOTHSIN OapXypaAu CHUCTEMaBil, KOHCEIICUSN WIMHU CAHYHIIN KOMITIOTEPH,
Taks 0a yCyJXoW Ha3apusSBHUIO aMallM TaxXKUKOT, TaXJIMJIM IIAPOUTH OOBEKTXOU
TaxKUKIIaBaHAa Ba HATUYau O3MOMIIXO, JIap aMall TACAUK LIyJaHU TPUHCUIIXOU
acocur aMmcuiacosii 00 wuctudojgam 1acTroXM Ha3apUABUU  MYOIMIAXOH
mupdepeHcuanii  6apom HHUraxJOpud HAaBbXOM HOOUP Ba HECTIIABAHJAU
MaMHYBIOX, Ki 0a Machajgaxou TaXKUKIIaBaHJa MyBOMUKaHA, MHUYHUH TaypuOan
[IaXCUM JTUCCEPTAHT 0a XaliCl aMCHIaco3 TAabMUH Kap/ia 1Ty 1aacT.

MyToOuKaTH aucceprarcusi 00 IMMUHOCHOMAU UXTHCOCH WiMil (00 mapx
Ba coxau Taxkukor). Kopu naucceprarcronii MyBOGUKH OaHIXOU 3EPHUHH
mrHocHoMan mxtucocu miamun  1.1.10 — Mogenco3un MaTeMaTHUKHA, METOOXOH
aja/iid Ba KOMILIEKCH 0apHOMax0 aHYOM J10/1a 1y/1aacT:

banou 1. Kopkapay ycynxou HaBU MaTEMaTHUKUU aMCHJIACO3UU OOBEKTXO,

CHCTEMax0, PaBaHIX0 Ba XOIUCaXO0.
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banou 2. Vuxumod AomaHu yCynXOM TaxXJIWwiM cudaTii Ba TaKpuOUH

TaXKUKH aMCHJIaX0U MAaTEMAaTUKH,

banou 6. Taxxukyu KOMIUIEKCMM MacbhallaxOW WIMI-TEXHUKHA Ba IMOWTOXi-
TaTOMKiA, 60 UCTU(OMA a3 TEXHOJOTUIXON MYOCHPH aMCHUJIACO3UU MAaTeMaTHKi Ba
TaypuOary3apoHuXou xucoooapopi.

banou 7. Kopkapnu ycyJixou HaBM MaTEMaTUKil Ba alrOpPUTMXOU CaHYHUIIH
TyPYCTHH aMCUJIaXOM MaTEMAaTUKUHU O0OBEKTX0, CHCTEMAX0, PABAHIXO Ba XOAUCAXO0
Jlap acocH JA0J1axou TaypruOaBUK BOKEH.

Banou 9. Kopkapau cucteMan aMCHIIACO3UM KOMITIOTEPH Ba TaKJIH/IA.

Caxmu maxcuu J0BTa1a0M JapéTu Japavyad WIMid Jap TaXKMKOT a3 OH
ubopaTr acT, KM JAMCCEepTaTcus a3 YOHMOUM § MYCTaKWJIOHAa HABHUINTA MIyJAacT.
Hatuyaxou G6amacToBapaan YHBOHUY, OMHOOAp MaBUYIUSITH aJlOKaMaHIUU MUEHU
HATUYaX0 Jap dYaxopuyOau TaxXKUKOTH Ha3apusBi Ba TaxHUsd aMCHIAXOH
MaTEMaTUKHUIO KOMITIOTEpid 0apou TaxKUKOT, MEHITyil Ba UIOPAKyHUU JUHAMHUKAU
skocucteman «bemran najgaHron» (KUCMaTh KaMHIIHKO OMEOOHI) Ba MOHAHIU WH
HKOCHUCTEMA CaxMHU MyaisiHepo Jap WHKHUIIO(MU Hazapus, MEIIryin Ba aMaiusiu
XYJIKOPCO3UHU (aBTOMAaTUKYHOHH)-U Machajlaxou HIOPAKyHA TAIKUI MCIUXAH]I.

Hartnyaxonm wiMum gap QuccepTaTCUsii Ma3Kyp MEIIHUXOUIY/1a MOXHSTH
WIMA-aMallid  JIOINTa, Jap MaMHYBroOXXOM MyXTaau(d 3UMHH XaJlTd MacOWJIU
UJIOpAaKyHIl Ba KOpKapau UTTWIOOT UCTUdOAA IIyJa MeTaBoHaHA. MyKappapoTu
acocMM WJIMH Ba XyJ0ocax0 AaCOCHOK Kapjaa IIyJaaHj Ba 00 amcuiIaco3uu
MaTeMaTUKil Ba KOMIIOTEPid, MHUYHUH 00 Jacta 0apHOMau aMalluM TaXHsIIyia, Ku
JIOpOU CaHaJXO0u TaTOMK, IaxoJaaTHoMan Myauindu Basopatu pyuiaum UKTUCO Ba
capaon Yymxypum Touukucton Myaccucam npasnatun  «Mapkazu MHUILIAA
nareHty urtwioo™», Ne 3272600578.-06.05.2026, JoHWIITOXHW MHLIAU
Touukucton Ba Jlonmmroxu mpaBmatuu boxtap 6a Homm Hocupu Xycpan
MeOoIIIaH/I, TAaCAUK TapAuIaan/I.

TacBub Ba amManmco3uMu HaTUYaxou AuccepTatcusa. llap amcceprarcus
Bazudan aBBAIMHAApaya WH COXTAaHM aMCWJIaW MaTeMaTtukin Oapou xXudzy

HUTaXJIOPUU HABbXOW HOJWP Ba HECTIIABaHJau MaMHybroxu «bemaun [lananron»
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(KucMaTH KaMUIIHi0 On€OOHM)-M BWIOATH XaTioHu Yymxypun TouukucTtoH Oa
urymop padta, nap 6apodapu COXTaHH aMCUJIACO3MHM MAaTeMaTUK, MyHa33aMCO3UU
dabvonuaT AUHAMUKAW MaMHYBrox Hu3 xamwry dacn édraana. ap ymym
MachallaxOu 3epHH XaJIH XyIpo &dTaan:

1. AMcunan KoHcenTyaidin BoOacta 0a MyHOCHMOATH HaBbXOU OHMOJIOTHH
MaMHyBbroxu «Kamuiinio 6uéooH» -1 BUIIOSATH XaTJIOH Ba Jap acOCU OH COXTaHU
aMCHJIa MAaTeMaTHKid Jap IIaKid MYOAWIaxou wuHTerpo-muddepencuanii 60
JapHa3apJOlITH CUHHY COJ Ba TakcuMoTH (a3oi coxrta mrynaact. Taptubu
Myoamiaxo 00 Makcaau coAarapJOHHHM XaUld Machaja Hucbar 6a amcuiian
HYKTari KOXMIII JIoja IIyJia, COXTOPU YCTYBOPi Ba cudaTaH yCTyBOPU MaMHYBIOX
MyailsiH Kapja IyaacT;

2. Jlnana3oHxon caMapaHOKH TaFMUpEOHNH TEBHIOM Ba CApIIyMOPH HaBBHXOU
HOJMpP Ba HECTIIABaHAau OMOJIOTH 00 JapHa3apIONITH CHHHY COJ Ba TaKCUMOTHU
dazoii 6a nact oBapjaa mIyn;

3. ATopuT™MH  YCTYBOpH MUKAOpA Oapon Xamwny ¢aciau Basudaxou
TYHOTYHU Taxusmynaan mapOyT 0a Xud3y HUTaxJIOpuu HaBBXOM HOIUP Ba
HECTIIIaBaH/a MEIIHUX0]] Ba ACOCHOK Kap/ia IIyAaaH/I;

4. Myyramabu OapHomMaxo Oapou Xamty daciau Bazudaxoud amMCHUIACO3UH
MaTEMaTUKUU Ba3bMSTH CUCTEMAW HKOJOTHUHU ce caTxu Tpodukuu ubopar a3 16
MYyOJIMJIa COXTa IIyAa, SK KaTop 03MOUIIXOU Xucob0apopit 6apou 3KocHUcTEMaxou
MyIaxxac 00 MakcaJy MeImryiny Ba3bUsITH OHXO JOUP Kapja myd. Xamty (aciu
Machanan Xu3y HUTaxJ0puH HABBXOW HOJIUP Jap pPeUaxou TYHOTYHU (abOIUATH
MaMHybroxu «Kamuiimio 6MEO0HN»-1 BUIIOSITH XaTJIOH 0a 1acT oBap/a IIy/I.

Hatnyaxou paucceprarcus pmap dYamacaxoum kadenpan «TeXHOTOTHUAXOH
UTTAJIOOT  Ba  METOJMKaW  TabiuMu  uHpopMatukay, «Cucremaxou
ABTOMATUKYHOHHAIIya KOpPKApau axO0opoT Ba miabakaxou  aJloKayn-u
Jonumroxu nasnatun boxtap 6a Homu Hocupu XycpaB Ba ceMUHapXOW WIMUU
kadenpaxou «UHpopmaTukay Ba «Mojenco3un MareMmaTukii»-u JloHUITroxu
vuwninn Touukucron (2013-2024) nap koHGPOHCXOM HIMHH XapcojaW XahaTu

npodeccopony ycroonu Jlounumroxu nasnatuu boxrap 6a nomu Hocupu Xycpas
16



(conmxou 2013-2024), nap KOHPPOHCXOU WIMHU YyMXYypHUsBH Ba OaillHaIMUIATUH
«Hakmm Jlonumroxu nasiaatuu maxpu KynoO 6a nomu A.Pynakii nap Ttaiép
HaMyJaHU MyTaxaccucoH Oaxmmaa 6a 70-comarum ponumroxy» (Kymo6, 2015),
«Taxmau KOMIIOTepH, MYUIKWJIOTH WIM Ba TexHomorus» ([ymanbe, 2015),
«Pymau wnmy wmaopud Jgap 3aMOHHU  MYOCHPY» (Kypronremnma, 2016),
«IIpobnemaxon oxaHrynosit nap TOYMKUCTOH Ba poxXxou Xaui ony» ([lymanGe,
2016), «Myoaunaxon (pU3HKUIO MATEMATUKUHU KJIACCUKHA Ba MachalaXOU I'YHOTYHHU
taxauiu matematukin ([yman6e, 2016), «70-comarun tabcucéoun JloHumroxu
muwutun Touukucton» (Hyman6e, 2018), «Ycyan MyHa33aMCcO3Ud MaMHYyBrOXH
bemran mnamanron» (Ayman6e, 2022), «KoHuenTyajibHas MOJENb PEIKUX U
HAXOJSAIIUXCS MO/ Yrpo30M MCUYE3HOBEHHUS BHUJOB >KHUBOTHBIX 3allOBEIHUKOB
PecniyOnmukn  Tamxukucran» (Munck, 2023) Ba «TexHonorus pa3paObOTKu
KOMITBIOTEPHOTO  MHCTPYMEHTApHsi 10 TMPOTHO3MPOBAHUIO U  YIPABICHUIO
JUHAMUKH THUIOBBIX PETHOHAIBHBIX JKOCHUCTEM (Ha TMpUMEpe 3aroBEIHUKA
TurpoBas 6anka)» MyXoKuMa Ba Oappacil Iry1aasi.

HNutumopor a3 pyiin maB3yu aucceprarcus. Harnyaxou acocum TaxKUKOT
map 22 MakoJjlah WM, a3 gymia, 9-TOM OH Jap Madaulaxou TaKpHU3IIaBaH/Iau
Komuccusiu onuu arrecrarcuonuu Haszau lIpesuaentn Yymxypuu TOYUKUCTOH
cap mryaa a3 kopu [1-M, 9—M] 0a Hamp pacumaana. [lap koHPEepeHCUIXOU HIMUAN
caTXamoH TyHoryH Ooman 13 Makomna Ba (umrypman Makojia pyd 4ol OMaJlaaH/I.
Nuuynun 1-mmaxomatHoMa nap Oopau Kaiau naBiaTuyd 6apHOMau KOMITFOTEPA.

CoxTop Ba xauymu aucceprarcus. Jlucceprarcusa a3z 06axmxou MyKajaauma,
TaBcU(U yMyMHUU TaXKUKOT, 4op 000, Oaxim Xyjocaxo 00 HATUYAXOW acCOCHUU
WJIMHUH JUCCEPTATCUSI Ba TABCUAXO oM 0a ucTUOaan aMalny HAaTUYaxo0, pyruxaTu
anabuér 60 ¢expuctu capuyammaxou uctudoaamyaa Ba GEeXpUCTH UHTULIIOPOTH
WIMHUM JOBTanabu napéhTu napadan wWiMid HOOpaT acT. Xa4yMu yMYyMHH
nucceptarcust a3 167 caxudam MaTHU KOMMIOTEpH, KU 00 Epum mpoTCeccopu
MatHuu Microsoft Word xypyduunurapauna, néopar 0yaa, daporupu 4 yaasai
Ba 40 pacm act Ba pyiixatu amabuéru uctudomamymaa 123 HOMryipo Tamkui

MEIUXas.
17



BOBU 1. MACBAJIAXOHU YCTYBOPH BA CUDATAH YCTYBOPUU
IKOCUCTEMAU «bEIIAU MAJIAHT'OH» (KUCMATHU KAMHUIIINIO
BUEBOHN)

1.1. llapouTH UKJIUMIl, TACBUPH OHOJIOTHM COXTOPU MaMHYBbIoxu «beman
NAJAHTOH» (KUCMATH KAMMIINIO 0Mé0O0HIT) Ba COXTAHM AMCIWJIAH KOHCENTYaJIi

Ba pUE3N

Mamuyeroxu «beman mamaHron» (KUCMaTH — KaMUIIMIO  OWEOOHW)
KyXaHTapuH MaMHYbrOXy KaMUIIUI0 OMEOOHH pap OallHM  MaMHYBrOXXou
Touukucton 06a xuco0d wmepaBaa. Mamuaybsrox map acocu Kapopu [Iypou
Komuccaponun PCC Toyukucron, taxtu Nell163, a3 04.11.1938, tabcuc épraacr.
MaMH{Brox nap KucMmatu yanyoin-rapoun Yymxypuu TOYUKHCTOH Kapop JOIITA,
00 mapéu Baxm xamcapxaa Oyna, TO MakoHM 00 XaM SIK4Os IIyJaHW JapEXou
Baxir Ba [1any To Mmap3u Adronucton Tyn mekamaz [ 12, 27, 45, 46].

Basudan acocunm maMHybrox xud3u ojaMu XalBOHOT Ba HaOOTOTH OH
meOomaa. Kamumsopxo macoxatu 24,1 xa3op reKTappo TAlIKWI HaMyja, SrOHa
MaKOHE Jap pyilu 3aMuH MeOolIaHia, KU Jap IIakiau Tabuit 00K MoHjaacT. ba
qy3b a3 KaMUII30pX0, 02 COXTOpU MaMHYBIOX, KucMate a3 0uédonu Kamkakym Ba
Kyxxou ApykTOoF Ba Oaxmie a3 kyxxoum Xoua - Kos3uén Ba byputor moxmi
MelaBaHI.

Hap mamuysroxu «bemaun Ilamanron» 3mué€na a3 250 HaBbM XaMBOHXOHU
HOJMP, a3 yymiIan Oy3u KyXid, 0Xyu OyXopoi, Fu30i, rychanam Kyxuu 0yxopo,
KaTopu pax-pax, ryp0an KaMmuili, KoOpau OCHEMMHUEHATH, MOpHU Typ3a, XHpC,
XYK, Xapryi, rypbau namTi, pyoox, rypr Ba raiipa 00 xam ymp 0a cap mebGapani.
ba mapannaronn myxodusatimaBangan 6enasup Oomnaa — kKaOKu AT, TapaHian
TOYMKUM CUEXY TWJUION JOXWJI MemaBal. Jlap OaliHM XallBOHXOM oOBapjallyjia
coxubumrtuésam oxyu Oyxopoit Ba Oy3u kyxid Oyna, mMax3 MakKcaaul TallIKHUI
mynanu MamMHybroxu «bemram Ilamanron» nap kamampaBu coOuxk WtTuxoau

[llypaBii a3 HeCTIIaBi HUTOX IOIITAHUW XAMUH T'yHa XaWBOHXOU HOIUp Oy

(pacwu 1.1.1) [ 12, 27, 45, 46].
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Pacmu 1.1.1. I'ypr Ba oxyu Oyxopoi.

«Slke a3 Makcaaxou HaBUIITAH Ba KOPKapAW aMCUJIaXOW MaTeMaTHKil 6apou
Machalaxou HJIOPAKYHHHM TOMYJSTCUAXOM OHOJIOTH HWH TMENIIHUXO0J HaMyJlaH!
paBaHau Xxu(d3u XaWBOHXOM HOJUPY HECTIIABaHAauM OHUOJIOTUU CHUCTEMaxoH
HKOJIOTA a3 Yymylal MaMHYbrOXXO Ba IMapBapUIIroxxo uobopar MmeOoman. [lap
O0apobapu wH, OapoWm HaMyAXOW HOIUP Ba HECTIIABAHIA XYIyIXOH MYBO(DHK
Oapou Tariip NOJAaHM OHXO MyKappap Kapjaa MeimiaBaja. MabiymM acT, KU UH
XyIyAX0 a3 KUCMAaTXOW cHcTeMau Ouoyiormu OappacuiliaBaHja BoOacTaaHs Ba
capXaaxod TaFWMp MOJAHW JAUTAp HAMYIXOW Owojorit 00 mapHa3apAOMITH XAl
WH Machanan Xu(d3u XallBOHOTH HOAMP Ba HECTIIABaHIA Kapop MOIITa, MyausH
Kapaa MemaBana» [15-19].

«Slke a3 Basmdaxom acocuM aMCHUIACO3WM MaTEeMaTUKA WH JypHAMOM
XO0JIATH CHUCTEMAaxOM KOJIOTH Ba WJIOPAKYHUU OHXO Jap aCOCH MEBEPXOU HKOJIOTH
MyaisHIyaa meboman. Jlap 6apobapu wH, 003 Baszupaxoe 0O0a MHUEH Ty3oIITa
MeIIaBaH]l, KU OHXO TaBOHAHJ pPaBUIIXOU aHBAHABUPO a3 HaB Auaa Oapomaja,
YCYJIXOU HaBpO Taxus HaMy/JaH 3apyp act» [55-65].

lapoutn ukauMii Ba TaBcuu OMOJOTMM COXTOPXOM MAMHYBIOXH
«beman nmamnanron». «Mamuybsroxu «beman magaHron» gap KMCMaTH 4aHyOuu
Yymxypuu ToqukucToH nap koopauHataxou 3epuH 37015' - 68030' a3 catxu 0axp
yoirup act. 3aMHUHXOM OO0JOMM MAaMHYbBrOX Tajuly TEeNmaxou Baceb [OIITa

XaHTOMH Ha3ap KapJaH AUKKATH Maxcpo 06a Xy qyand MEeKyHa.
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[Mloxan yanyOum katopkyxu OxTor (kyxxom Xoya Kos3uéH), ku 1O 0Oa
JOXWJIM MaMHYBIOX TyJ MEKallaJ, Jap CaMTH COXWJIM pOCTH Aapéu Baxin yoiirup
Oyna, 6ap acapu 00y OOpOH HUMAaTaxTy HUMaxXxaMBop ramrraani» [12, 27, 46].

HNxnumun MmaMHYBrox. «MknmmMu MaMHYBrox WIAJWIaH KOHTHHEHTAJIN Ba
XylmK wmebomaj. 3UMHUCTOHAIl XyHYK Oyna, JoumaH Ooaud capje MeBasal.
ToOucronam Oomrag rapMuM TPONMKHA JOIITA, XapopaTh MHUEHAW cojoHa +14,
+17°C-po Tamxun Mekynan. XapopaTH IIaCTTapMH Jap MOXM SHBAap 0a XucoO
papra a3 +2 To -0°C mact memasan. Jlap MOXU MIOa GOMIAJ, XapopaTH rapMo
+28, + 32°C-po tamkun memuxaa. ToOMCTOH a3 MOXM Mall OFO3 INyga TO
MUEHAXOM MOXHU CEHTSOp JaBOM MEKyHal, Jap WH JaBpa XaBOM JaMH TapMoO
XykmbapMo MmeriaBaj. XapopaTu OalaHau rapMo Jap MOXHU HIOJ Tell MEOsi, Ku
Gab3aH py3xo To +46, +48°C-po Tamxun mMemuxan. Xapoparu rapmo gap 0ab3e
MaBpHAXO Aap Gonou catxy 3amuH 1o +70, +75°C Mepacan Ba XaéT 1ap UH COaTXO
nap O6u€OoH Memupaa. Xamau MaB4yJIOTH 3MHJA 3€pH 3aMHH, 0a JIOHAXOU XY]
MepaBaH/ Ba € XyApo 3epu KyM MEKyHaH], € nap cosiu OyTa € JapaxTe XyJIpo a3
rapMii maHox, MeKyHaH/I. Jlap MOXH HIOJ - aBI'YCT XapopaTu XaBo Kapuo, Ku Jap sk
catx, Ookii MemoHaja. Py3 00 mabu HucOaTaH MybTaJuil MBa3 MelllaBaja. XaBou
XYHYKd acocaH Jap caxapuu OapBakT Kabn a3 Tynyu opTod IXCOC MelIaBaj.
Yaxumu xapopat gap Moxu uron a3 +35°C cap memasan. OXUpU MOXM CEHTSOD,
sSbHE Jap JaXau OXUPU MH MOX XaHTOMeE, KM XaHy3 XaBo rapmy cod wmeOomasn,
nac a3 OOpHIIOTH aBBAJIMHHU HA OH Kajap 3uéj cad3axo MenaMman], 0ab3e HaMyIu
cab3umm anapxo Ba OMCEP PACTAHMXOM JUrapu THPAMOXY 3UMHCTOHI OFO03
merapaan. Jlap gagsamm 1.1.1 kumaTn MuéHan MOXOHA Ba COJIOHAM XapopaTu XaBo,
MUKJIOPH COJIOHaW OOpUIIOT aap MamMHybroxu «bemiam mmamaHron» osapja
mrygaact» [12, 27, 46].

Yaasaau 1.1.1. Kumatu Muénau xapopaTtu XaBo Ba MUKI0PY GOpHILIOT

Kumarn MuéHan MOXXOHA Ba COJIOHAM XapOpaTH XaBo

I I 11 \Y/ \Y VI VIl | VI IX X Xl | Xl roj

-90 )02 | 156 | 226 | 30,2 | 36,0 | 383 | 385 | 338 | 238 | 132 | -2,1 | 204

YaMbH1 MUKJIOPH COJIOHAW OOpUIIOT, 00 MM CYTYHYau CUMOOH

102 | 140 | 210 [ 185 [ 145 | 37 | 1 | 2 | 3 | 47 | 97 | 100 | 89,08

20




Xoku MaMHVBIrox. «Mamuysroxu «bemau namaHron» JOpoHM  XOKXOH

TYHOTYH 0a MOHaHAM: cadeaxoK, MapF30phi0 OOTIIOKH, MIYPaxOKxo MeboImma.
Kyxxou mact Ba Tenaxon mamHybrox (kyxu Xouda-Ko3uéH) a3 xokxou caden Ba
cuéxy XOKHCTapuu xoc wubopar wmeOoman. YapaCHu WIYpHIABUA XOKXOHU
MaMHyBIrox, a3 o00Xou 3epu3aMuHil BoOactrarii nopana. Jlap kucMatu mno€HUU
MaMHYBIoX, 00XOU 3epU3aMUHI Jap YyKypUdu 2 METpP Kapop JOIITa, Jap KUCMaTu
Oosjom oH Ooman map uykypuu 2,5 Tto 5 wmerp uvourupana. Hazmuxku 60%
KaJlaMpaBU MAMHYBIOX a3 00X0HU 3epU3aMUHIl 110100 MelIaBai, K1 Aap yyKypuu 4
MeTp Kapop aopanmy» [12, 27, 46].

Pacranuxo. /[apaxToH Ba pacTaHMXOM MaMHYbIOX ap3WIIM KaJOH JOUITa,
KHCMU 3UENN OHXO pacTaHuXou Hoaupu TouukucToH Oyna, ouxo 6a Kutobu cypx
JOXWJI MeIIaBaH. «/Jlap KaramMpaBu MaMHYBIroxX MacoXaTH TyFal30pX0 Ha3IUKHU 24
Xa30p TeKTappo TamKwi Meauxaua. Jap ainu 3amon nap Yymxypun ToqukucToH
a3 xaMau TyFail30pu KaJloHe KU 00K MOHIAacT, UH TyFaizopu «bemran mamanron»
mebommamy [45].

«MyTtobuxk 0a mabiymorn WHCTUTYTH OOTaHMKaW AKaJAEMHUSU WIMXOU
Yymxypuu Touukucron (FO. N. MoynoToBCKuUii), TyFa30pXou MaMHYbrOXH
«beman mananron» 438 HaBBM pacTaHUXOPO JOpPo Oyaa, a3 WH MHUKIOpP Aap

KUThaxon On€0oHNM MamMHybrox 120 HaBBM WH pacTaHUXO MEpysHI (Hurapes Oa

pacmu 1.1.2)» [46].




Pacmu 1.1.2. MaiiioHX0H YaHTaJ130pu MaMHYbroxu «bemau najaHron.

Pacranuxoun kamursop [12, 27, 45, 46].
. Canyupn;
. Typanra;
. Cadenopu nomupii;

. 'a3u Gucépmoxa;

1

2

3

4

5. lupuHOUsH TyXT,

6. Uneparoun cunuuapi;,
7. XocTtaku pyci,

8. SIBmioH;

9. lyGapran amyaapéi.

OJgamu xaiiBOHOTH MaMHVBrox. Onamu xallBOHOTH MaMHYBroxu «beman

najaHroH» MyTaaJulMK Oa MuHTakau TypoH, Boaun Ocuéumuénarin Oyna,
Oexrtapail oHpo 00 HOMHU TyFal30p, HOXUSIU 300rpaduu TOYUKA HOM MeOapaH.
(KysnercoB, 1950; KpwxanoBckuii, 1965). 3uén OymaHu HaBBU SHIOMHKHA Ba
owian OOJICAXTOH TYBOXH a3 OH MEIUXaJ, KM UH Maymaa XeJie KaJuMil MeOoIa
[12, 27, 45, 46].

«A3 xamaporxou Hoaup 0a Kutobu Cypxu Yymxypuu TOUHMKHCTOH Ha
KamMTap a3 15 HaMyau OHXO BOpHUJ Kapjaa IMIygaaHa: O0y3axypu TypaHri,
NynuHAMYpFU TyFailil, O0y3axypu KaHaupil, Fy3akOodu TypaHTH Ba MOIHIAU
Tyrani. Jlap MamHybrox Ha3guku 20 HaBbU MOXH, 30 HaBbU Xa3aHAaX0, 34 HAaBbU
HIUPXYPOH, 2 Hamyau oO0Xxokuxo Ba 150 HaBbM mapaHmaroH 0a kain rupudra
wrygaanmy [12, 27, 45]:

XamapoTu MaMHYbIOX.
Takpuban 17-18 Hamyau xa3zanaarou [12, 27, 45, 103-121]:

1. Canrmymrty JamTi.

2. Oromau TypkucTOH.

3. OromMam XUMOJIOH.

4. boxtyp.

5. Ilonm Hukomnbckwii.
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6. Xomno-yammu Ocué.

/. Carbavau 1apo3noi.

8. Kypmop.

9. Xankamakiu mapKi.

10. Mopwu 001i.

11. JlangoHM TYpPTH paxHaIop.

12. Mopu yunopu 6e3axp.

13. Mopu paHropar.

14. JlaBannan HaMyHaBil.

15. Tupmop.

16. Mopu Ocuéun Muéna.

17. Kotroumyt. (Cumnapiiaxn).

«/lap MamMHyBrox  mapaHjaroHd MYKUMI Ba MaBCHUM#l  Xele 3HuéH
mebomana. Kapu6 120 xazop HaMmyau MapaHJaroHd TYHOTYH Jap XyAdyJIuu
MamMHybroxu «beman namanron» ymp 6a cap mebapann. Hasbxou acocue, ki gap
aMCHJIaM KOHCETITyaJIfl paKaMI'y30pil Iy1aaHa HHX0 Mebomanay [12, 27, 45].

1. XoprymTi KaJOHTyIII.

. Mypfu xypaakaxk.

. Habpnu xanony xypa.

. YiaH.

. Kypmabnapaxk, My mapon

. Kypmabnapaku cepanra.

. Kypurabnapaku rymbopuk, CUXTy1I.
. Kypmrabmapaku myiinadmop.

. Xaddormr.

O© 00 N O O B~ W

HaBbu XaiiBOHXOM MaMHYBIOX:
10. ba6bpu 6apdii &€ ubpuc.

11. Xupcu Tu€nmon.

12. T'ypr.

13. Py6ox.
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14. KadTop.

15. MupumMyIoH.

16. Cascop.

17. CunoBcuH.

18. Xobak (HaBbH MyIII).

19. My1m yaHramii.

20. XOMsKHM XOKHCTappaHr.

21. Apuaxou caxpoil.

22. Kamnamymm TypkucToH.

23. My XoHarm.

24. by3u xkyxuu Cubupi.

25. Oxyu moxaop (Haxuup).

26. OXy™ mariri.

27. XyK.

28. Oxyu byxopo.

Mamuybroxu «bemiau majaHroH» TaHXO MaMHYbIroxe Jap AyHE meOola,
KM XaMYyH MaMHYbroxu TyFalllio OMEOOHMM MAHOTHUKHU XYLIKA-TPONHKA XU(3
mrynaact. Conmxou oxup 0a XOTHpU HapacuaaHu qapE6oaxo Ba 6a TaBpu Kodit myp
HaITyJJaHu KYJIXOM JOXWJIM MaMHYBrox a3 o0 TabCUpH Hazappacu maHbi Oa
IKOCHCTEMan TaOMHUHM MaMHYTOX 0a TaBpW paBIllaH 3XCOC Kapja MeIIaBall, KU UH
xoJiaT 6a xalaTu ojlaMd MaMHYBIOX - PaCTAaHUXOU JapaxTuio OyTrarii Ba anadxo
TabCUPU MaH(# JOIITAACT.

Jlap HaTUYau MIypUIAaBUM 3aMUHXO0 TaFrdUpEOUN XaaTh pacTaHUXO 0a yaim
Mepacan. ba doiim pactaHmxon KaOnaéi pacTaHuxoe Mecab3aHI, Kd 0a XOKH
HIypurya MyToOuK MeOOIIaH]I.

Capdu Hazap a3 OH KM Jap XOJM XO3Up XaTapu KajoHH wMapr Oa
HKOCHUCTEMan TaOWWW MAMHYTOX Jap 3€pU TabCUPU OMUIXOW TaOWil TaxJau]
HaKap/la WCTOJAaacT, Machalal Xu(p3u MaMHYBroxX XaM4yH MAaKOHH 3axupau
HOJMPHU TeHO(DOH/, KU Jap MyXocHpau JaHamadTi aHTPOIIOTeHI Kapop 0pajl Ba

MaILIFyJId TAbCUPHU aHTPONOTEHN HU3 MeOoIIaj, Mypakkady oucépyanba MeMoHaI.
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Cababxou acocuu Taxauj Oapou HHUTOXIOPW Ba MaBYYIUATA MaMHYbroxX HHXO
MeOomraHa: 6a TaBpu Baceb a3 XyA KapJaHW 3aMUHXOHW Jap Ha3JIUKUU Map3u
MaMHYBrox0yzaa, Byqdya HaJOIITaHH MUHTaKau Oydepit, CYXTOpPXOHU CHCTEMaBi,
FAUPUKOHYHI YapOHJAHM 4YOPBO, NACT IIyJaHW caTxd oOm mgapém Baxi,
FAUPUKOHYHI OYypHIaHU JapaxTOHH YaHTaI30pX0 Ba 0a IMUKOPH XAlBOHXO Ba
napaHJaroH MalFyil IIyJAaHd oAaMoH. Mackanan QaBKyrnojae, KU To 0a Xoi
MyXHM OOKi MEMOHAJ WH BOPHJ IIyJAaHH 00XO0 a3 3aMUHXOM KHINT 0a KaJlaMpaBU
MaMHYBIOX Ba 0a XaB3XOM MaMHybrox MeOOoIaja, Ku XaB3XOM MaMHYyBroxpo 00
Xap TyHa 3aXpXUMHUKATXOHW Jap TapKUOW XyJ JOIITA 3aXpoyl MEKyHaHI. AKHYH
aMCHJIal KOHCENTYyaJlud HDKOCHUCTEMal MaMHYBIOXXOHM MHUHTaKaBUU YyMmMXypuu
TOYMKUCTOHPO MEMIHUXO MeHamoeM [8-M].

AMcHian KOHCETITYaJIMH YKOCHCTEeMal MaMHYBIOXXOHM MHUHTaKaBil (pacMu
1.1.3.) nap namynu cxemaBit udona &pra Ba Jap acocuk OH MO METaBOHEM

CXEMaxOoH JUrap MaMHybroxxopo 0a ocoH# co3em [8-M].

2 l | E :._ .....
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Pacvu 1.1.3. AMcniian KoOHCenTyaJuH 3KOCUCTEMAd MAMHYBIOXX0H MUHTAKABIA.

25



Hakman ymymum Tabcupu OalfHMXaMIUTapuu HaBBXOM OHOJOTH, Jap
MaMHybroxu nojamyna, nap pacmu 1.1.3. oBapma miygaact, kU amMcuiau
KOHCENTyalud yMYMHU HaMyAXOH OHOJIOTUM MaMHYBroxpo BoOacTa a3

MyHOcHOaTh MyTakoOuIaamoH udoaa mexkyHaa. Jlap acocu amcuian oBapaainya

amcuian KoHcentyanuu MamHybroxu «Kamuimmio OMEOOHI» coXTa MIyJaact

(pacmu 1.1.4.).

Pacmu 1.1.4. AMcuian KoHcenTyaaun MaMHybroxu «beman najanron»
(KucMaTH KaMUIIUI0 OMéOOoH).
Hap amcuiian koHcenryani (pacmu 1.1.4.) 60 N;— 6uomaccau HaboTOT, N2

- buomaccau oxyu Oyxopoii, N3 — Ouomaccau xaprymxou Tyna, Ns — Guomaccau

oy3xou namtid, Ns — OGuomaccan oxyu namtii, Ng — Onomaccanm moxuxo, N7 —
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omomaccan Typrxo, Ng — Omomaccau rypbaxom kamumzopit, Ng — Onomaccam
my1ixo, Nig — Ouomaccau canrmymrxou gamti, N1 — Ouomaccam mopxo, Niz —
Oumomaccad TmapaHjgaroHu kynxo, Niz — OMoMaccam mapaHmaroHu cydakyxxou
oucoonit, N1y — Omomaccam xykxou rypo3, Nis — Omomaccaum py06oxxo, Nig —
oromaccan 6aOpXOH TYPOHIT UIIOPA IITyTaaH]I.

1.2. baxoauuu ycryBopum 3kocucTeman «beman najganron» (KucMatu
KaMuiuio 0uéooHni) 6o ucrudoaa a3 ycyJixoum ycryBopu Ba cudaran
yCTyBOpH

Madxymu yctyBopii Ba cudataH ycTyBOpH, KU a3 Tapadu OJIMMU aMPUKOW
PobGept Mpii [92-96] 60 ycynxou myalissH 0axoauxit Kapjaa mrymaact. bo ycynxoun
P. Mbii MO Me€TaBOHEM YCTYBOpPH Ba HOYCTYBOPHHM AUIXOX CHUCTEMaH 3KOJIOTHUPO
MyailsiH Ba 0axoAuXid HamMoeM. YCTYBOPHH IWIXOX MaMHYbroX a3 MyHocuOaTu
paBoOMTH OallHM HaBbXOUM OMOJOTMM CHCTEMaW SKOJOrid BoOacTarii mopap.
Cudaran ycryBop OyaaH MabHOM OHpPO J0paj, KU Oa HECTIIABUU CHCTEMau
DKOJIOTA YHW3e TaxJauJ HamekyHaa. babman 0Oa ycynxou yctyBopuu P. Mbdii
onmumonu aurap K. JIxxedpdpuc Ba JI. Jloroer xampox rapauaa, UiIoBaxou Xyapo
ouJ1 6a yCTyBOpi BOPHU HAMY IaaH/I.

«Menépu cudaran ycryBopuu P. Meit, K. Jxxeddpuc Ba /1. Jloroder a3
UYPOU IIAPTXOHU 3epHuH nbopar medboman [1-M, 3-M, 5-M, 71, 103-121]:

1. a; <0, Gapon xamam i=1,m, map cypatd ax < 0 Gapom Gabse k.
[[laptu nonamryna MabHOM OHPO JOpPaj, KU CHUCTEMau HKOJOTUM MaMHYBroX
cudaran ycTyBop OyJa HaMeTaBOHAJ, arap HAaBbXOW OH Jap HU30MHU 3UEIIABH
Kapop HaJIOIITa Ba aKalaH SIKE a3 HaBbXOW ACOCHM CHUCTEMau SKOJIOTH XOCHUSTU
XyJIMaxayJaKyH (XyTHECTKYHI)-po J0po Oorra.

2. a;jra; <0, GapomxapryHa { #jBa [,j= 1, m . lllaptu Ma3kyp a3
OH IIIaX0JIaT MEIUXaJ, KM Jap CHCTeMan 3KOJOrii MyHOCHOAaTH pakoOaTHOK (— —)
Ba MyTyaju3M (+ +) Ha0os1 By4y1 Jo1ITa O0Ia.

3. bapom xap ryHa Mauymymu a3 ce Ba 3uéna WHJIEKCXOH

TYHOTYHJIOINTA i1, I5,*, i),  3apOW 3epWH XOCUJI Kap/a IIaBa/;

Qi * Aigiy "o Ay " Pigiy = 0-
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4. det(4)20. HWu mapt cobut mecosan, ku Bobacta 0a rpadu camri
anomatii ['CA mymopan Kyimaxo 0a IIymMopad HaBbXOM CHCTEMaxOW JKOJIOTH

Oapobap acr.

5. Uctudoman mmopaxou mapaHaa gap rpad paBaHIu CaHUUIIN JYPYCTH
PaHTXOPO XaJIaII0p MEHAMOS:

a) xamau Kyyuaxou ['CA (BobGacta 6a HaBbXOM MYBO(PHKHA MaMHYBIOX) 00
XyIHECTKYHH ( s’TbHE XyIMaXIyIKyHid) -paHTd CHEXPO TOPO MEOOIIIAHT;

06) nap I'CA xymraxom caden MaBuymana (OWmyHU XyZHECTKYH#), Hap
MaBpHe, KU KyJJlaXxOu paHrd caden AomTa aap HaTH4a Oa sKe a3 KyJulaxou
cadenu nurap naBacT MeOoIIa;

B) Xap fK KyJuiau cuéxe 0o saxe a3 Kyyuian cadpenu 'CA anokamann Oyaa,
xanau akan 6a Kyinau cadenu aurapu I'CA anokamanauepo 10po MeOoIIal.

Kaiin kapnan 6a maBpua act, Ki IapTu

h = Al <1,
nap uH 40 h — 3axupam yomeauw SKocucTeMa Oyna, HopMma Oomiaa 6a MabHOH
maptd Kuposruu  cudaraH yYCTYBOPHU ACHMIITOTHH  CHUCTEMad JKOJIOTH
oMasaact [15-19].

XaMHH TapuK, MebEpxou oBapaamyga Bobacta a3 amomarxou ['CA
METaBOHAHJ] acoc 0apoM TaXJIWJIU TEHMIaKHH COXTOPXOHW TPOMHUKUU CHCTEMAaXOH
DKOJIOTH a3 HYKTauW Ha3apu aMcujau JUHAMHKA Oa xuco0 paBaHI. YcCynxou
MENTHUXO/ITYJa METaBOHAHI 0a HaBBXOM XYATAaH3WMKYHaHIa Oaprapit goma a3

YCTYBOPHUM MaBYYIUATH COXTOPU CUCTEMAXOHU PKOJIOTH T'YBOX JTUXAH.
1.3. Taxiuau yCTYBOPHM MAMHYBIOX Jap ACOCH MYOAMJIAH XapaKTepPUCTUKIA

«Myoaunau
det(81 — A) = 0, A= B,(0) + [," e7%*dB(a) (1.3.1)
MYyOJIAJIau XapaKTePUCTUKUU CUCTEMAXOU IKOJIOTH 00 JapHa3apAOIITH CHHHY COJI

Ba Takcumotu (¢azoi Oyna, 6o | — maTputcau Boxuai, 4 — MaTpuTCcau yoMeau

28



MaMHyBIOX, B — MaTpuTcan 3MHIAMOHUN HAaBbXOW MAMHYBIOX HIIOpa IIyJaaH )
[15-19].

Hap acocu amcuiau KOHcenTyanu coxTamryna (pacmu 1.1.4.) Ba menépxou
ycryBopuu cuaruu P. Meii Ba K. Ixepdpuc cudaran yctyBop Ba HOYCTyBOp
Oynanu MaMHYBroxu «bemran nananron» (6apou KHCMaTH KaMUIIIHIO 0MEO0H)-po

MyaiissH MeHamoeM [1-M;16-M]:

a) 6)

Pacmu 1.3.1.: — a) 'CA -u cucreman cecarxa; 6) 'CA -u cucreman yopcarxa.

Cucreman yopcarxau 'CA-u gap pacmu 1.3.1 (6) oBapaamryapo nap acocu
YCYJIXOHM oOBapjallyla MyKoOWcCa Hamyaa MeOMHEM, KU CHUCTEeMah MyTTaxujau
«yomeau pACMAHUXO0-XAUBOHOMU 2UEXXYP-0APAHOAX0-X0AHOAX0», CHU(aTaH
yCTYBOp HameOo1a.

AKHYH cucteMan MypakkaOtappo auaa mebapoem. «bapou skocucreman
oucépcarxau «onamu_pacmanuxo (1) - xaiteonomu_anaghxyp (2) - oapan-
oazon_(3) - napanoazon_(4) - moxuxo (5) - xazanoazon_(6) - xamapomxo (7) -
xosanoazon_(8) - xamapomxypon_(9) - mopmanaxwmaxnxo (10) - odoxoxuxoy,
rpad 60 amokaxom Tpodukum nap pacmu 1.3.1 oBappamryga HU3, IIAPTXOU
yCTYBOp# Ba cudaTtaH ycTyBOpH WYpO HaMerapaaHja. Arap MO aJlOKaXxOH «pax-
pax»-po MUEHW HaBBXO Oa IBTUOOpP HATUPEM, OH TOX CHCTEMaW 3SKOJOTHUU
TaxTWJIIIIaBaHa METaBOHA O0a cucteMan cudaran ycTyBop MyOazaman rapaan. A3
WH JMX03, Oapon 0a JacT OBapJaHU COXTOPXOHM YCTYBOp Ba cudaTaH yCTyBOpHU

XapryHa MaMHybrox 0a TaBpH CYHBH LIyMOpau HaBbXOU MYBO(MUK O0sii TaBpe
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TaFAup J10/1a aBaH[l, KU MaiBacTaruxou «pax-pax»-u ['CA a3 6aiiH paBangy [15-

19].

Pacmu 1.3.2. TCA-u 3xocucTemMan 6ucépcarxa «0J1aMu pacTaHuXxo - 1, onamu anagxypxo -
2, TappaHJIaroH - 3, mapaHaaroH - 4, MOXHX0 - 5, Xa3aHJIaroH - 6, xamapoT -7, X0sTHIaxo - 8,
XamapoTxypxo - 9, TopraHakmakJixo - 10, 06xokuxo - 11, kaHoTaacToH - 12».

Cucreman skonoruu 60 10 catxu Tpoukit MyTTaxualrygad MaMHYbroxu
«beman nmanauron» (1 — nabomom; 2 — xawmapom; 3 — karmakaioc, azama; 4 —
MUPUMYUIOH, CAGCOD, MYUIU YAH2AI, XOMAKU XOKUCMAapanz, 3apzyul; 5 — cazyp;
6 — pyoox; 7 — oxyu woxoop, oy3u kyxuu Cuoupii; 8 — xyku eaxwit; 9 —zype; 10
— wazonu paxoop, 2ypoau Kamuuiii) Hu3, 00 cababu MaBuya OyJaHH THPEXXOH
capbacTau 1apo3HallloH a3 1y KajaoH aap rpad, cudarad ycTyBop HameOomaa. A3
WH 40 OapMeosii, KA Jap YyHUH dKOCHCTEMaxo Jap XaMma T'yHa IIaJuTap 1IyJ1aHu
MYHOCHUOATXOM JOXWIA MHUEHM HaAMyJIX0 YCTyBOpAH Xoc HecT. Mucon

(»2—53-55-4-1,158-59-57-1,15>75>9-55->3->2->1, 1-58-59-56—>4->1,

158—-59-55—-4—-1, 95554569, 4>6—>10>5—4). AMmo, nap aifHH 3aMOH,
3epcoxTopxoe €pT MemaBaHl, KU cudaTaH ycTyBop Oowani. Mayyn OynaHu
coxTopxou cudaran ycryBop 0a ¢aboausaTi OOHU30MH CUCTEMAW PKOJIOTH UIIopa

MEKyHas.
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AKHYH MHUCOJIM MypakkaOTapepo auaa mebapoeM, KA Jap OH SKOCHCTeMau
«beman manaHron» (KUCMaTH KaMUIIHIO OMEOOHH) a3 pyilM 3aHYUpU TPOPHUKA
MyTTaxyjakapjamnryaa noopar a3 15 HaBp Oyna, 00 ce carxu acocuu TPOhUKA —
pacranii (Oybapzau amyoapéi, caxcayau cageo, mapyymax, XyulaoopoH,
yopyoaxk, A6UWIOH); KOHCYMEHmMXOou oapayau AKym (Xawapom: manaxu 00,
manaxu cadozu myiunadooapos, 2amoycKu cuéxoaoan, mypua, Xauupax, wWanaiax;
Kaoymapu KaaoHu KyXi; OyMCYPXAKXou «peziop» 6a «Hucqupyzin; 3apzyuiu
monoii; oxyu Oawimii); KOHCYMEHTXOM Japadad ayloM (XalapoT: Mypuau
Te3rapi, TaMOyCKH BU3-BH3aK, TOPTAHAK; KAJITAKaJIOC; KYKKapFa; pyoox), Ku 1ap

pacmu 1.3.1 TaBcu( mrymaact, Hu3 cudataH yCTyBOp HameOoIa.

Pacmu 1.3.3 - 'CA-u 3kocucTeMaun ducépearxa «ojaMm pacTaHuxo - 1, osamu anadxypxo -
2, mapaHaaroH - 3, MOXHXO - 4, Xa3aHJaroH - 5, Xamapor - 6, X0sIHAaX0 - 7, XalIapoTXypXxo
- 8, TopTaHakmakiaxo - 9, 06xokuxo - 10, KaHOTAACTOH - 11, MMIIAKH KaMUII30pi - 12,
maroJ - 13, py6ox - 14, rypr - 15»

«MaBuyn HaOylnaHu COXTOpPXOU cudaTaH yYCTyBOPM MaMHYbroX a3
ocebmnazup OyaaHu (PaboausITH OOHU3OMHU CHUCTEMaM DKOJOTH Ba Jap XoJaTu
BalipOH Kapop JOIITAHU AJTOKaXOU MUEHU HABBXOU DKOCHUCTEMA, UIIOpa MEKYHA]T.
Mucon, arap xamMman BOOAcCTarmxou MyBaKKaTHW paxHaIIy1apo MO HECT KyHEM Ba
dap3 KyHeM, KU HaMyAu / TaHXO a3 pyu HaMyIu 5 Fu30 Merupan (sbHE poOuTan
Oaitin 7 Ba 6 a3 Hamyam — {0, -} € {+, 0} do¥ mopan), Jap HaTHYa COXTOPH

cudaTaH yCTYBOPH dKOCHUCcTeMapo 0a gact meopem» [15-19].
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MaBuyausaTi XyAMaxXIyAUsITKyYHUH HAMYJIXOU CHUCTEMad DKOJIOTH  XaJIu
akkan map sike a3 rupexxon 10, 9, 6, 8 'CA  xudos acT.

bo oconft auna MemaBaa, Ku MaBUYAHMSITH COXTOPXOH CH(aTaH HOYCTyBOPH
CHUCTEMau SKOJIOTH a3 oce0masuphH cUCTeMa, S’bHE BalpOH IIylaHh POOUTaXoH
0aifH1 HAMYIX0 Jap YKOCHCTEMa IIaxo1aT MeIUXal.

A3 WH JHMX03, 3apyp acT, KM pOXXOH Oa YyCTyBOpW OBaplaHU CHCTEMau

9KOJIOTHUPO IICHIKAIIl HAMOCM.

1.4. Ycyan MyHa33aMcO3UM COXTOPH OMOJIOTMH MAMHYBIOX

«bapon cucTeMaxoW OKOJOTMH HOYCTYBOpP YCYJIM MYHa33aMCO3UHU
COXTOPXOHM OHMOJIOTUU HOYCTYBOpH «belan nmajgaHroH»-po MENIHUX0]] MEHAMOEM.
MoxusiT paBaHj a3 OH MOOpaT acT, KM Jap CHUCTeMaHu HSKOJOTMHU Jojamryaa &
TaHOCYOM OaliHM ITyMOpan HaBBXO TaFHUP J0jJa MeliaBaj, € HaMyaX0H HaB MJIOBa
KapJia MelaBaH]l («BacebIIaBi»-U CUCTeMau HKOJIOri), € 0Oab3e a3 HaMyAXo, KU
O0a ycTtyBOp OyJaHuW cucTeMa Xajajl BOpUJ MEKyHaHJ HECT Kapja MeIlaBaH]l
(«TaHTIIaBA»-U CHCTEMaW »JKOJOTH), TO KH CHCTEMal HaBU DKOJIOTHHU
tamakkynédra ycryBop Ba cudaraH rapaaa. MabHOM MaTeMaTUKUU paBaHIIU
MyHa33aMco3il uH a3 mMaymyu U 4qyno Hamynanum zepmaumyu U™, ku nap o
CHCTEMaH KOJIOTH aCUMIITOTH YCTyBOp rapaamn [10-M].

bury3op Matputcan yomean MaMHybrox [8-M]:

N = f(N,t) + Bu,0 <t < t,
Jap HaMyJIU 3€pUH

_9f

A =—=
ON |y

Ba aMcuJiaxo 00 JapHa3apAOIITH CHHHY COJI Ba TAKCUMOTH (Da3oit UyHUH MyaiisiH

kapna masana [8-M, 9-M, 10-M]:

ON ON r
E_'_ Fri f(N,t) + Bu, N(0,¢t) = f By(E)N (&, t)déE 0<t<tga>0, (1.4.1).
0

«ap (1.4.1) N — BekTOpH Maccau OHOJOTHHA M HAMYAHU CUCTEMaH SKOJIOTH,

f = f (N, t) — BekTOp-QyHKCHsIM M-yeHaKau cCypbaTH Tariupéoun N, B —
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MaTPUTCaW aHJ03aall MXr, KA CaMTH TabCHPPO 0a CHUCTEMaHW DKOJIOTHA TaBCH()
MeKyHaq Ba U=U(t) — BekTop-GyHKCHsAN I-YeHAaKaW TabCUPPACOHN 0a cucTeman
OKOJIOTH TaBacCyTH TaFWMp M0JaHU (MIOBaKyH! Ba KaMKyHH)-H IIIyMOpau UH € OH
HaMyxou omosora Mebomanay [13-M, 15-19]:

®dap3 MEKyHeM, KU J1ap dKOCHCTEMau DKOJIOTA M HaMyIXOU OHOJIOTH yMp
0a cap mebapaH Ba arap K MHKIOpP HaBbXOHM T'YHOT'YH Ba SIKXEJaW dKOCHCTEMa
OaitHn Xyn 0a pakoOaT maiBacT OOIIaH7, OH roX WH MyHocuOar 0a HECTIIaBHH
matputrcau A Oypaa mMepacoHan. A3 WH JMX03, 0051 ycTyBopit Ba cudaran
YCTYBOPHH CHCTEMaW JKOJIOTH Jap JWIXOX MaBpHJ BoOacrta 0a 3JIEMEHTXOH
HUIIOHUH MAaTPUTCa gjj HUTOX JomTa Imasaa. 3epo aap amcunan (1.4.1) cunny
CoJ 06a oprubop rHpupra mysa a=t+1,¢;(t,T) =N(t+1,t), Oa
Tariup&OaHIan 3epUH MBa3 Kap/ia IIIy1aacT:

d¢
=@ +Buy,  0<t<t

Tavpugp. Bexmop-pynxcuau u=u(p,t), ku 6a xap sk eexkmopu mysopuxu N=N(t)-
po oap eakmu t 60 xumamu u=u(¢p (NO,t),t), NO=N(0) oowma 60owad, KoHyHU
yeynu cugpaman mynazzamcosuu amcunau sxonocuu (1.4.1) nomuoa mewasao,
azap sxocucmemau 6a uH 6eKmMopu My8oghux cughamar ycmysop 60uao.
S5 <0,
v(¢,0) = $(#), ¢ >0 (14.2)
¢0)=0, ¢@)>0, ¢>0
OHn rox paBanau cudaraH MyHa33aMCO3UH dKocucTeMa 00 (hopmymau 3epuH

MYyausiH KapJa MelIaBaJ;

u= —lBTa—v (1.4.3)

2 0¢
Hap (1.4.3) B wMarpurcam TpaHCIOpoHMjallyaa 0Oa Marpurcan B
meOoman. Arap, 6a you HoOapoOapuu auddepercuanmu (1.4.2) myonuaan

v

nudepeHcuanun 2—: + (f, ﬁ) = fO(¢,t), xu nap un yo f °=f %(¢,t) — po rupem,

OH TO0X MO MacChbajlal MYHA33aMCO3MHU OINTHUMaJIMKU aMCHUJIal 3SKOCHUCTCMaun

HUTOXJOPUU NOMYJISATCUAPO XOCUI MEKYHEM.
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AKHYH MHCOJIXOpO J0oup 0a TaTOMKK aMCHIIad Ma3Kyp auaa MmedapoeM:

Mucouu 1. bo ocoHil 1ua Memasaj, Ki aMCHIau KOJIOTUN 3EpHH
N1=-aN1 + bN, + CN;,
N2='dN3,

N3=eN2,
KA Jap OH a,8,cde — JAOUMUXOUM MycOar MeOomania, cudaraH HOYCTYBOP
MeOomang. AKHYH 0a BOCHUTaum YCyJIHM COXTalllyJa aMmcuiau OBapJalryaapo

MyHa33aM Meco3eMm [8-M, 10-M,14-M]:
le-aNl + bN; + cN3+au;,
N, =-dNs +A;,
1§/3:GN2+7U3,
Jap UH 40 «, [, y — agaaxou mycodar mebomana. bapou amcuiian gopanryna

byukcusu Jlsmynospo V=V(N,t) nap Hamyau 3epuH meco3em [8-M;10-M;14-M]:
3

v = Z a;N?,

=1
map uH 4o a, [ = ﬁ TOMMHUHM MycOaTh mxTuépn mebomanm, 3umHaH 0<a,<l.
®dyukcnsu  Ui=Ui(N,t), | =1,3 BobGacra 6a (1.4.3) uaTHX00 MEHAMOEM, KH

maptxon (1.4.2) nypo masany. [lac

=2 =2aiNiN; +28,NaN, +2a5NsN; = -281 aNZ+2a1bN;No+2a; CNiNs
-2a,dN,>N3 +2a3eN,>Ns + 2a; auiN1 + 2a2,8u2N2 + 2&37U3N3,
__2 __a3e—a2d _ _ac
Oyna, KUMaTXxou  U; = aNZ’ U, = " N;, uj - N;, ry3omta

dv dv
XOCHJI MEKYHEM —- < 0, oH 10X E:—Zal aN12 MeEIIaBasl.

A3 uH py, amcuiian MyHa33amiiyaau 3eput [8-M, 10-M,14-M]:

N;=-aN; + cN3,

N,=-(d+aze-a-d)Ns,
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N3ZEN2- a1cN;
yCTyBOp Ba cudaraH yCTyBOp Tapauaa Jgap HaTHYa MaTPUTCad OXHUPOHH

MyTaKoOWIan 0aliHM HaBbXOH SKOCHUCTEMA HAMYAU 3€pPUHPO METUPAL:

—-a 0 c
A= 0 0 —[aze+ (1—ay)d]
—a,c e 0

Ba 00 OH Xamau MApPTXOU cudaTaH YCTYBOPUPO KAaHOAT MEKYHOHaJ. Xaiu

rpaduKUU CUCTEMau Ma3Kyp YyHHUH acT (Hurapes 6a pacmu 1.4.1):

1207

100{ /—\/

S0t

ool //

a0t /

o 10 20 30 40

Pacmu 1.4.1. — Pacranuxo, — xaiiBouxou ajadgxyp, — 1appaHjiaroH.

Mucouu 2. Cucteman HOyCTYBOPPO JK1a MeOapoeM:

Ny = —N,

N, = —N; + Ny,

N3 = N; — N3 — N,,
N4 = N3 — N5,

Ns = N,.

bo oconii numa MemaBag, KA CHCTEMA MIAPTXOU YCTYBOPUPO KaHOAT
HaMeKkyHOHa7. HoycTyBopum cucrema nap Xauau rpaduKdd OH HU3 HHBUKOC

&braact (aurapen 6a pacmu 1.4.2):
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[ S9]
wT
I

— 101

— 20

Pacmu 1.4.2 — PacTanuxo, — XaiiBOHX0H ajaxyp, — 1apaHIaroH, — Xa3aHJaaroH —
NapaH/IaroHx.

Yeynu  MyHaszzamcosupo uctudoaa Oypna 00 wioBa HaMmyJaHU
Uy, Uy, Uz, Uy CHCTEMA HAMYIU 3€PUHPO METHUPAL:
N, = =N, + ayuy,
N, = —N; + N; + a,u,,
N; =N, — N3 — N, + azus,
N, = N3 — N5 + a,uy,
Ng = N, + asus
Ba Oapou cucreman oBapjamyaa GpyHkcusu JlsmyHoBpo MecoseM [8-M;10-M;14-

M]:

Jap UH 40 @) — ajaau mycoar oyna, [ = 1,5.

XAaMUH TapuK,

% =231N1(-N2+0!1U1) +23.2N2(N1—N3+0!2U2)+2&3N3(N2—N3—N4+0[3U3)+
+28.4N4(N3—N5+ CZ4U4)+28.5N5(N4 +a5u5):2(a2—a1)N1N2+2(a4—a3)N3N4+2(a5—
—a4)N4N5—2a3N32+2a1u1N1+2 s UsNo+2a303N3+2 anasusNa+2 osasusNs -po

XOCHJI HaMy/1a, KHMaTXOou
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—_ Qa4 — a3z—a;
U]_—_ NZ; u2__ 3
@144 [¢5125)
— a4—as — G5—04 —
u3__ N4-l u4__ NS) u5 - N51
azdasz AyQy
ry3omTa XO0CHUJI MGKYHeM:
dv
— <0,
dt

—_ _Q
Nl - __NZJ
ai
L] a3
NZ = N1 - a_N3,
2

Ns = N, — asNs,
KM OH XaMaM IapTXou cudaTaH YCTBOPUPO KaHOATMAH MEKYHAI.
[Tac a3 myHa33amco3ét Xawd TpadUKUU CHCTEMa IAKId 3EPUHPO JOPO

MemaBaj (Hurapes 6a pacmu 1.4.3):

1007
sof
60t
a0
20
1 15 5 55 i

Pacmu 1.4.3 — PacTanuxo, — XaiiBOHX0M ajaxyp, — 1apaH/IaroH, — Xa3aHJaroH —

MapaHJIaroH.
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Jlap XaKuKaT MaTpUTCaW MyTaKOOUIan

a;

/o ~2 0 0\
aq

1

a
0 ——= 0 0
a;
_ a
A=lg 1 o =2 o

a
o o 1 o0 -=

\ o,
0 0 0 1 —a

XaMmau mapTxou cudarad yCTyBOPUPO KaHOAT MEKYHOHA/T.

Mmucoan 3. AkHyH 6HocucTeMan HaOOTOT-OXY-Typru MaMHybroxu «berran
NAJIAHTOH»-pO O€ UIITHPOKH HAMYJIXOU XyJIHECTKyHaHaa aujaa MmebapoeM. OH rox
MaTpUTCan YoMea Ak 3epuHpO Merupan [55-65, 79-83, 103-121]:

0 —aq 0
A= (a21 0 —a23>, a > 0.
0 as, 0

bo oconii MyaifssH KapiaH MyMKHH acT, KM CHUCTEMaW TaxXTH OMY3HII
KapopoliTa mapTxou cudaTan ycTyBopupo KaHoat HamekyHoHan (detA=0). [dap
uaoMa YHKCUSAXOU 3ePUHPO BOpUI MeHamoeM [55-65, 79-83, 103-121]:

a) Uui=—e&1 N1, U= uz=0,
€ UH KU

0) U1=uUy=0, U3=—¢2 N3,
€ UH KU1

C1d1p — Codyy U= Codp3 —C3d3p
1, Uz2—
201051 202@2

8) u1= Ny, Us=- esns,

Jap HWH 490 &, «;, G, 1 =13 — aganxou mycbar Oyna, cababu cudaran ycTyBop

rapJMJIany cucteMa MemaBasa. Jlap muconu oBapnamyaa ¢yHkcusd u;,i = 1,3
Kumamu acapu «IiKoppo» XaHTOMHU

€101 — C2031 < 0,

Cy0y3 — C303, < 0. (1.44)

MyaussH MEKYHA/I.
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Xynoca, MaBpuAX0€ Maiijio MerapJaHa, Kd XaHTOMH OMY3HII Ba TaXJIHIJIU
CHUCTEMaxOM SKOJOT# HOYCTYBOPUM OHXO OIIKOp Merapjaa Ba Oapou Oa mact
OBapJlaHu cUCTeMau cudaTaH yCTyBOp, OMOMaccan pacTaHUXOpO MyTaHOCHOaH Oa
nIrymMmopan XalBOHXOM anadxyp YaMboBapil KapAaH JIO3MM acT (XOojlaTH a) Ba
IIUKOPU Typr — MyTaHOcuOaH 0a capirymopu ryprxo (xosaru 0). XojgaTd B)
MabHOM OHPO JI0pajl, Ku Oapou O6a JacT oBapAaHU HU30MHU YyCTYBOPH DKOCHUCTEMA
kudosi GuoMaccan pacTaHUXOPO YaMBbOBAPA HaMy[a, SIK KUCMH OXYXOU OyXOpoil
Ba Typrxopo TaBpe MIMKOP Kap/aH JIO3UM acT, KU OHXO0 0a mapTxou 00JI0 UTOAT
KyHaH/I.

XyJiocau 0004 IKYyM

TanOupxou mnemHuxoarapauaa ouja 0a xud3y HHUTaxJOpuud HaMYyAXOU
HOJIMpP Ba HECTIIABaHJAa HUIIOH MEAMXaHA, KU Oapon TabMHHH (HabOIUATH
YCTYBOPU JKOCHUCTEMa Ba HHUTOX [JOIITAaHU TYHOTYHUHU OHOJIOTH XaJUld Oy
Machajgau acocii 3apyp mebOomnaj. ABBajlaH, MyailsiH HaMyJaHU Ba3bU BOKEUHU
CHUCTEMaHl JKOJIOTH Ba OMY3HUIIM XYCYCHSTXOM aCOCHHM OH, Ba IyIOM, TaXHsH
TaOMPXON MYHAa33aMCO3i Ba 6a X0JIaTh MyBO3MHAT OBapJlaHu cucTemMa. Macbhalian
OMY3MILM Ba3bU CHCTEMAaM SKOJOril Aap 000M sikyMu aucceprarcus 00 myppari
MaBpUIU TaXKUK Kapop rupudra, 6apou MyaiissH HaMyJaHU ap3UIIXOM MYyXUMMH
MOMYJISITCUAX0 Ba KOHYHUSATXOU (PabOJUSATH dKOCHCTeMan MamMHybroxu «bemran
najaHroH» (KUCMaTh KaMHIINI0 OMEOOHI) HATUYaxoM Myliaxxac 0a JacT oBapja
ITyTaaH]T.

Humon noma mrymaact, KM arap ImMapTXOW MaBUyIUATH XaUd Macbhallau
OMY3WIIIN Ba3bU CHCTEMaW JKOJOTH HMYpO IIABaHA, Mac Machajau O0a XOJaTH
MyBO3WHAT OBapJaHu CHUCTeMa HU3 XalmaBaHjga wMerapaan. [lap wH xonar
KUMAaTXOW ONTHUMAJIMH TapaMeTpXou HAOPAKyHiH, a3 dymiyia HUIIOHINXaHIaXOH
BoOacTa 0a TaH3WMHU CapUIyMOpPH JapaHnaxo ¢ KypOoHWEH, MyailsH Kapja
MemaBaHg. UyHWH MyHOCHMOAT MMKOH MEIMXaJ, KA TaBO3YHH OWOJIOTH HUTOX
JOIITa IIyJa, a3 KoXuin € a3 xaa 3uén ad3oum €hraHu capiryMopu HaMyAXou

aJloxXyaa Memrupy Kapaa masa/.
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MyaiissH kapaa MIygaacT, KM Jap X0JIaTX0€, KU CaplIyMOPH XalBOHOTHU
xud3maBagaa a3 XyayAxoW AWIX0X OepyH Mebaposii, mMachaidan HAOPAKyHUU
ONTUMAJ aXaMHATH MaxCcyc Naiao MeKyHai. Jlap 4yHUMH WIapoOuT TaBacCyTu
TAaH3UMHU capuIiyMopu AapanHaaxo € amadxypoH, MHUyHHH OO0 poxu 0Oa TaBpu
ONTUMAJ BOpPUJ HAMYyJaHHM HAMYIOXOM a3 YMXAaTH DSKOJOTHA Ba HWKTUCOMM
ap3ulIMaHj, UMKOHUATH OapKapop HaMyJaHW TaBO3YHU 3KocHcTema (apoxam
oBapJla MelaBaJ.

Jlap acocu TaxKMKOT aMcCuiau KOHCENTyajluh MaMHybroxu «beman
najaHroH» (KUCcMaTh KaMuImuio OuEOOHN) Taxus rapamma, 0o wuctudomga a3
MEBEPXOU YCTYBOPH Ba cu(]aTaH YCTyBOpPH COXTOPXOU YCTYBOpP Ba HOYCTYBOPH
HKOCHCTEMA MYallsiH Kapja IIyJaaHIl. AMCHJIal KOHCENTYalluh MEIIHUXOAIIYa
poOuTaxon acocuu OaliHU Yy3bXOHU CUCTEMau 3KOJOTUPO MHBUKOC Hamyja, bapou
TaxXKUKM MHHOAabJau XyCycHsITXOM (aboJUATH OH 3aMUHAW Ha3apusiBil dapoxam
MEOopa.

bo ncrtudoaa a3 myoauian TaBcun (XapakTepUCTUKIA), THUYHHUH MEBbEPXOU
ycTyBOp# Ba cudaran yctyBopuu nemnuxoanamynaun P. Meit, K. Jxxepdpuc Ba
M. Jloroder x0naTxou yCTyBOp Ba HOYCTYBOPU CHUCTEMAW 3KOJIOTMM MAMHYBIOX
MyailsiH kKapja myaaana. TaTOuKu WH MEBEPXO Jap MUCOJIXOM MYIIaxXac HUIIOH
J0]I, KM OHXO Oapow ap3&OMM Ba3bu SKOCHUCTEMa Ba MEIMITyuH padTopu OH Hap
IAPOUTHU TYHOTYH UMKOHHUATXOM Baceb (papoxaM MEOpPaH/I.

XaHroMH OMY3HUIIN COXTOPU IKOCHCTEMa MYyaWsH TapJuj, KU nap Oabie
X0JIATXO CHCTeMa a3 HyKTau Hazapu cudaraH ycTyBopid 0a TanaboTu 3apypi
yaBoOry HameOomaja. bo mapHazappomtu WH Xo0JaT aMCHJIAXOM MaTEeMaTUKUU
Maxcyc 0apou MyHa33aMCO3MHM CHUCTEMau SKOJIOTH MEUIHUXOJA Ba aCOCHOK Kapja
mynaang. MH amcuinaxo MMKOH MeOuxXaHa, KU pPOXXOM CaMapaHOKU HUTOX
JIOIITAaHA MYBO3WHATH DKOJIOTH Ba MEIMITUPUN BAaUPOHIIABUU POOUTAXOU TPODUKi
MyailsiH Kapja ImaBaHA. TaTOMKM aMaldyd aMCUJIaXOW TMEeNTHUXOIIyaa Oapou
CUCTEMau »HKOJIOTMM MaMHybroxu «beman mnamaHron» (KUCMaTd KaMMILIUIO
OuEOOHM) Map MUCOIXOM MYyIIaxxac HUIIOH J0/a Iyaa, CaMapaHOKUU OHXO a3

YUXaTU Ha3apusIBU Ba aMallld TaCOUK rapauaaacT.
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Hatnuaxou OamacToMaza Ba MHCOJIXOM MyIIaxxXacu nap 000M MasKyp
oBapjallya UMKOHUAT MEIUXaHJ, KU K KAaTop XyJocaxou MeTonail OapoBapra
maBaHa. MH Xynocaxo METaBOHAH]I XaHTOMH HWIOPAKYHHH 3aXUpPaxou TaOwi,
OaHaKIIarupuu YopaOMHUXOM XU(3HM MYXUTH 3HUCT, JIOUXAKAIIMH HHU3OMXOHU
9KOJIOTH Ba XU(3y HUTOXJIOPUHA HAMYAXOHW HOAWP Ba HECTIIABAHIaW XaWBOHOT J1ap
MaMHYBroxxon Yymxypuun TOYMKHUCTOH Ba JAWrap MHUHTAKaxod JOPOHU
XYCYCHUATXOM IMa0deX MaBpuIu UCTU(OIa Kapop THPAH]T.

XaMmuH TaBp, Aap 000K Ma3Kyp Ha TaHXO Machaiaxod BobacTa 6a OMy3HUIIU
Ba3bU CHCTEMau HKOJIOTH, OaNKK Machalaxou O0a X0JIaTh MyBO3WHAT OBapJaHH OH,
MyalisiH HAMyJaHH POXXOM MYHa33aMCO3@l Ba TaxXUsU TaBCUSAXOW amanii ouja Oa
X3 TYHOTYHHMH OHWOJOTA Xauld WIMHH Xyapo &draaHa, KH axaMUSITH

Ha3apusBA Ba aMallMK Ha3appac TOpaH/I.

41



BOBU 2. AMCUJIAU MATEMATUKHUU HUT'AXJ1OPUHN
MNONYJATCUAXOU BUOJIOI A BOBACTA A3 BAKT, CAHHY CO.JI BA
TAKCUMOTHU ®A301

Jap 600u 2-foM TaxusiMi aMCWial MaTeMAaTUKUM  HUTaXJOpUU
MOMYJIATCUSXOHN OUOJIOTH BoOacTa a3 BaKT, CHHHY COJI Ba TAKCUMOTH (ha3oit Gapoun
cucrteMan 3Koyiorun «bemad manaHron» (60apow KUCMaTH KaMHIIHI OUEOOHH)
oBapJa MemaBajg. Makcaau acocii HMH CcOoXTaHM cxemau (apkii Oapou
ANMPOKCUMATCUSIKYHOHHH Machajal IIyMOpaW MOMYJSATCHs 00 JapHa3apIOIiTH
BaKT, CHHHY COJ Ba TakCUMOTH (a3oil Ba MyalsH HaMyJaHW YCTYBOPHUHU
Ha3IUKIIABUM XM Machallad KaHopuM (Qapkid 0a Xauid Macbhaliau
nuddepencuanii medoIa.

2.1. AMcniian MaTeMaTHKUM HUTAXJI0PUM MOMYJISITCUAX0U OHOJIOTH BodacTa
a3 BaKT, CHHHY COJI Ba TaKcMMOTH (pa3oit 6apou mamuybroxu «beman
NAJAHTOH» (0apOHM KMCMATH KAMHUIINIO OUEOOH)

Hap acocm amcuiaam KOHCENTyaIMH OBapally/a amMCHIaln HYKTaruu
BoOacTa a3 BakT, CHHHY COJI Ba MaBKeu (hazounpo O0apon mamHybroxu «Kamuiiumio

ouéooni» mecozem [1-M; 13-M]:

10

dN1 al'N'

T =00 ) T M
i=1

1+ (X?le'
dN;  Kipai,NiN, a7N; N7 a15N;Nis  Az16N2N16
At 1+a° — My — YA 0 - 0 ;
dN,  Ki,a;4N1N, a47NyN7 a415N4N1s  a416N4Nig

At 1+a° — MalVy — 0N 0 - 0 ;
dNs  Kijsa;5NiNs asyNsN;  asisNsNis  asisNsNys
= 0 — MsiNs — 0o N 0 - 0 ’

dNe  Ki6a16N1Ng a611N6N11  612NeN12 2

— MelVg — &6N¢;

dt — 1+ a%N; " 1+4a%,Ng 1+al,Ns
dN; _ Ky7a57N;N7  Kzza37N3N;  Ky7a47N4N; — Ks7a5,NsN;
dt  14ad),N, 1+4a3,N; 1+4+al,N, 1+4a2Ns

Kgyag;NgN;  Ki17a117N11N;  Ki37a457N1,N;  Ki37a437N13N5 _
1+ ad,Ng 1+ af;;Niy 1+ a?,;Ny, 1+ afy;Ny3

—m;N; — @16 7N7Ny6;
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dNg _ K3gaszgN3Ng  KogogNgNg  Ki28a126N12Ng  Ky38a138N13Ng _
dt 1+ adgNs 1+ adgNy 1+ ad,gN;, 1+ adsgN;5

azgN7Ng a158N15Ng a168N16Ng

—mgNg — — - ;
14 ajgN; 1+ adsgNis 1+ afeghig
dNy _ Ki9a19N; Ny —m _ a9gNgNg _ Q911 NoN1g _ A913NoNy3 2.1.1)
dt 1+ a%N, P 1+ayNg 1+al,Nyy 1+ad;5Ny; o
dNyg _ Ki01@101N1N1g  @1013N10N13
= —mqoNyp + 0 - 0 ;
dt T+ajo,MN; 1+ ajp13N10

aq117N11N7

dNy; _ K611a611N6N11  Kg11Q911NgNyq
1+ a(1)1 7N11

—my,Ny; — &1N% —
dt 14 a2, Ng 1+ al,,No 1oL T

et 15N11Ny5 _an 16N11N16
0 0 ’
1+ay;45Nie 1+ay;,6N1

dN1z  K1120112N1N1; | Kg 1206 12N6N1p ayz 7N12 Ny a17gN12Ng
= 0 0 — M1zl — 0 - 0 -
dt 1+aj,,N; 1+ ag,,Ne 1+ aj, Ny, 1+ aj,gNg,

1z 8N12Ng Q12 15N12 V15 _ Gz 16N12NV16
0 0 0 ’
T+a;;gNiz 1+apsNiz 1+ ag;160N12

dNy3 _ K113a113N1N13 Kg13A913NgN13  Ki013@1013N10N13 e Nea — a137N13N;
dt 14 al 5N, 14 ad 3Ny 1+ aly 13Ny e als ,Ny3

_ a3 8N13Ng ek 15N13Ny5 ek 16N13N16
0 0 0 ’
1+ajsgNis 1+ aj345Ni3 1+ ag346Ni3

dNyy  Ky1401 14NNy a147N1aN7  @1415N14N1s  A1416N14N16
ar 0 — MyyNiy — 0 - 0 - 0 ;

t 1+ay14M 1+ajy7N1s 1+a3415Ns 1+ a3,16N1a
dNys  K;15a315N;Nis | K3150315N3Nys | Ky 1504 15Ny Nis | K5 1505 15N5Nys
Kg15ag15NgN1s  Ki115Q1115N11N1s | Ki21501215N12N1s | Ki3 15043 15N13N35
0 0 0 0
1+ ag,5Ng 1+ ag; 15N 1+ ay; 15Nz 1+ ay315N53

K141501415N14Ns5 a1516N15N16

— m —
0 151V15 0 ;
1+ay,15N14 1+ai516N1s

dNig  K; 1602 16N2 N6 N K3 1603 16N3 N6 N Ky 1604 16N4Nie N Ks 1605 16N5N16

Kg16a316NgN1s  Ki11601116N11N16 K12 16@1216N12N16 .~ K13 16013 16NV13N16
0 0 0 0
1+ agq6Ng 1+ aj;16N11 1+ aj;16N12 1+ aj316N13

K141601416N14N16 + K1516a1516N15N16
0 0
1+a14 16N14- 1+a15 16N15

—My6N1g — A167N16N7 -

Jlap myoaunaxou oBapuaamynaa (2.1.1) % BoOacTa Oa TaxjIMi Ba Oappaci

Machaja METaBOHAJ sIKe a3 HaMyIXOH 3epuHpo rupana [8-M, 9-M, 10-M, 72-78]:
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d _a , 0
1) Aeap cunny con 6a unobam cupugpma wiasao, on 20x == T 50

2) Aeap maskeu youeupwiasupo 6a Hazap eupem, ou 20X

d_6+6+z a ZD ik
dt ot oa L dx Tox?

Kaiin mekyneM, ku a3 amcuian (2.1.1) map xoiaTu Xycycd, amcuiian 0a
TaBpU MaKCHUMaJIil YMyMHUKapAaly1au cudaTad yCTyBOppO Uya0 KapJaH MyMKHUH

aCT, KM OH HAaMyH 3€pHUHPO JOpO MCIIaBal.

N
d—to =Q+ FO(NO;Nl); NO(O) = N(;)

N;
a NiF;NgN;N;,  N;(0) = N?
a 0
a 0
(a_ ) N3F3 (NZ’ N3)’ N3 (a, 0) = N3 (a)
Amax

NZ(O,t)zj B,(a)N,(a,t)da.
0

Kaiin xapman 3apyp act, map cucreman (2.1.2) F,=F(), i=03
CYypbaTH XOCH CaTXW (YHKCHUAXOM TPODUKHU I-FOMpO HHUIIOH MEAMXaa Ba Jap
HaBOATH Xy OH 0O0s] MIAPTXOU 3EPUHPO KaHOAT KYHOHA/:

<0, arap [ >]
=0, arap i =j
>0, arap i =>].

oF,
oN;

AMcuiaxou HaMyu MaBkeu (pazoujonira, 0apou MaMHYbIroXXou cexadaTan

Tpodukit Hamyau 3epuHpo Merupans [1-M;14-M]:

_aijN%i

d

Bmo+auN‘7

(2.1.3)

d
dt

Ny(0) = N(?, N;(x,a,0) = N?,

GtV — 2D iaixi)

0x;

N;(x,0,t) = [ B;(a)N;(x, a,t)da
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N;(x,a,t) =0,
DizDi (N) > 0.
2.2. Cxemamn (apkin 6apou annpoKCUMATCUSAKYHOHUN MAChaJIau IyMopau

MONyJsITCHUS 00 HazapaomTu BaKT, CHHHY COJI Ba TAKCUMOTH (1)33017[

bo nmapnazappomTu mapamMeTpXou BakT, CHHHY COJI, TAKCUMOTH (a3oii Ba
BoOacTa 0a MaBKEM YOWIUpIIaBi OapoW COXTaHW MOIMYJSITCUSM aMCUIaBid a3

cucreman (2.1.2) I/ICTI/I(l)OI[a Oypna xocun mexkyrem [1-M;14-M, 72-74]:

%N
-+ a+2]19 = Fy(a)N + X, K; Tt

N(x, a,0) = No(x, a), 0<x;<Lj, x=(x,%),x€G,0=<a< ang, (2.2.1)

faN G=[0<Xj<Lj]; 0 <a<akpgy

G
N(x’ a, t) = foamaxf k BO
a_N
\9x

— alexj=(0'Lj) = 0.

Hap cucreman (2.2.1) N = N(x,a,t) - urymopau MOMyJISATCUSU CHUHHY COJIH
a jomra jgap HyKraum X jgap Jjax3au Baktu i, Fy = Fy(a) — xoaddurcuentu
¢ast, B = B(a) — xoaddurcuentn TtaBamwnyakyuit, Ny, = Ny(x,a) — urymopau
TOITYJISITCHSI JIap JlaX3ad aBBaJIal BaKT MeOoIman. Arap MO TaOIWIINXUU 36pPUHPO
JOXHJT HAMOEM:

a =at' =a+¢(xa)=N(xaa+ i),
u(x,a,7) = p(x,a,A) exp f Fo(&)dE + Zﬁ,—— oa)
2K - 4K;

OH rox 0a yoiu Machanan (2.2.1) macbhaniau 3epuHPO XOCHII MEHAMOEM:

0 0%
%: Z}ZKja—x}‘,O <x <L;,0<a<aknpa
maxf
lu(x,0,7) = [ B(E)u(x,é, 0)dE, (2.2.2)
ou
a—xj szo - 0
N x=L

«Arap xamwmu cucteman (2.2.2) Gapoun MO MabiyM OoIaa, oH ToX 00
uctudona a3 TaOIUIIUXUK Jap OOJIO OBapjaallyJa, MO METaBOHEM XaJlld

Machajgad Ma3Kyppo Aap MAaKIH 3epruH X0CHI HamoeM» [55-65]:
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N(x,a,t)zu(x,a,t—a)exp( fFO(E)dE %0 ]ZK +Z]4K2>. (2.2.3)

Bapou xamm Machanau Maskyp, mmopaxou h = 7(hy, h,) > 0, t=a, x=x!

P=x2-po 10X HaMy/ia, cxeMan (papKuK OXMPHOKH 3€PHHPO XOCHJ MeHamoeM [1-

M, 19]:

X =ih _
Gh:{(x,r): , 'hl’ i=1N,, j:j0+1,N2}, "=G \G",

0 =lt:t=nz,n=0,N,t, =Nz} 0" =0 \(t=0),

Q“=Ghm91,(_2h=G nO', T, = {x x=ih,i=0,N +1}

Y=Y"=V(xrt) (xr,t)eQ’, Y, YO =VE(x ), (xr)eG,
X.+%:Xii%hl’ I’jiz_l’ +}/h2 ey _t +}/T -V o :Yijnil’

?ij:Yij”*z, Yt:V_Y’ Yt:YA_?’ §:§(X)—§(X—A)’ §X:§(X+A)_§(X)’ A>0
0.57 0.5¢ ™ A A

a:K(Yij%), azrj%K(Yij”%), AY =(Y;),, AY =(aY;) .

1. bo noXWUIKyHUM omnepaTopxou (apKuu paBULIXOU TardupEOaHIaIop

dbopmyran HaBOATUPO XOCUIT MEKYHEM:

AY =(a v.)x (t=t’+%)+(§1Y;)r(t:t')1 AY =(av =t +ot (av )x

t=t'+74)

Bapou myxTtacap udoaa HaMydaH anmpOKCUMAaKCHIN (apKuKU Machaia 3apyp
act, ku ¢ynkcusu Y =Y ((x,p,t) maprxou map No€H oBapralryaapo 0osi
KaHoat KyHoHas [19]:

Y, =AY, t=t'+7/,,
{ . /2 (x,7,t") € QM, (2.2.4)

Yl':A2Y, t:t,+T,
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Y(x, 7, 00=Y, (2.2.5)

aoYy = 2bYzx =0
“h t=t'+1/,, (2.2.6)
a, Yy = —be;,x =1
_ hZ h ’
CZOYVO = 7bYt)/0’ Ya=0 = T ) t=t + T,
L (2.2.7)
_ 2
a.Y, = 7bYt, Y=V
a2 maxy,
Y(x,0,t) = TR, Th(x,t) = 2 B(@)Y (x, a, t)hs (2.2.8)
a0

KH JIap WH Y0
ag = K(¥)lx=0, a1 = KV ly=1,@0 = K(¥)lpy, a1 = KXY lp,.

dap3usu acocupo Oapou (yHkcusixonm 00 ryzopuixou (2.2.4) — (2.2.8)
JIOXUJIIIaBaHIa MEOPEM:

a) xamam (Qyakcusxou K,V,, f MyalisH Ba HucOar 0a MayMmywH
Tariupédanaxoun Xy oedocunaan/;

6) a® < (a(Y),a(Y)) <a',i=0,1;

B) QyHKCHsIX0oHM UXTUEpUU Maxayairyaan Ky Ba |Ky| < K, < oo mona mryna

OomIaun;

la(p) — a(g)] < azlp —ql,
r)§lalp) —a(@)| < azlp —ql,
a, = const > 0,|p,q| < co.

2.3. baxou anpuopii 6apou Mmacbajian kanopuu gpapki

Teopeman 2.3.1. bury3op maptxou a) Ba 0) Oapou QyHKCUIXOH 00

rysoputixou gap (2.2.4) — (2.2.8) opappamiyga wypo IIaBaHi, OH TOX Oapou
nuixox 0a kaapu kudosu xypan h>0 6axon
IYllcony < Ma, 1Y [lyy(ory < Mo,

2.3.1
I¥ell,, gny < M. 1l oy < M, (2.3.1)

YO JTOIITa METaBOHA, KU Jap oH M; = const > 0 byjmai = 1,4 act.
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Hcoot. bapou nucbot Hamynanu teopeman 2.3.1 3apyp act, ku MmyBopukan a3
(2.2.4) myonunau 1-ympo 6a tY7 Ba a3 (2.2.4) myoaunau 2-tompo 0a TY; ckanspi
3ap0 Hamoem [16]:

(Y, Yr) =1(4Yy, YY), t=t'+ T/Z' (2.3.2)
T(Yt, Yt) == T(AYZ, Yt)' t = t, + 7. (2.3.3)
Hap dopmynau (2.3.2) dhapKusTH HaBbH SKYMU Tapadu pocTH
t(4,Y,Y7) = —t(aYe, Y] + 7< a¥, Y >|l —1<al,, Y >|x=0 -po 0a mHOOAar
rupudTa, altHUITH
v 2
272 =72 - 272+ 7,
, G 2 ? (2.3.4)
1 1 72
77 =-7*+-7? ——Z;
2 2 2

-po uctudoa Oypna, XOCUI MEHAMOEM

\Y
T(YEZ) +%(a,YEZ] = %(a, vZ] - —(a ] +1< aq Yy, Y >| — < agYy Vel _,.
Jlap HaTHYa [IAPTXOU CapXaJud HaMYIH 3€PHHPO
Thy
1< apYy, Y >| = 7< Yz Yz >,

Thy
(A ale, Yf >|l = T< Yf' Yf >|l'
-pO XOCHIJI MCKYHEM Ba alHUSATH MHTUXOH HaMYyI1
2 \V] \
fe(b ) + 2250, < b,Y2 > + S (@ V2] +3@¥E] =1 (a. %] @35)

nopo Merapaan. Jap kamamu HaBOaTh a3 pyitu t' Xxap ay Tapadu alHAATPO a3 T TO

t yaMb HaMyJ1a, XOCHJI MeHamoeM [16]:

TS, YR + TS0, < b ¥E >) + 54, V2] +1a 2] = 13 (4,v2]

A3 cabadu OH KU

%Z(’“] zz(“ T2 (“

T

t=0
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acT, MO MMKOH JOpEM, KM alHUATH a3 XaMa OXUPPO Jap HaMyIu 3€pUH HABUCEM
[16-19]:

(13400, ¥2) + 8554800 < b,¥2 >) + 540, V2] +1 (0, V]

= 1@¥]|t=0, (2.3.6)

bapou 0a mrakim  (2.3.3) MoHaHA XOCWI HamyzaH, 0a Tapadu pOCTH OH
bapkusati skymu Gopmyiaan ['puHpo TaTOMK Hamyzda, (OpMysTan 3epHHPO XOCHI

MCHaMOEM.

(b, Y2) + = (a ¥ + = (a, Yil=1<a,¥Y, >, —1<a,Y, Y >, +

\
+3(@r?]

bo I/ICTI/I(bOI[a a3 MapTxXou capxaz[ﬁ XO0CHUJI MCHaMOEM.

h — h?
2 ,T<a0,Yr,Yt|ro=TT<b,Yt2> +

&1 To

T<a, Y5 >, =——<b, Y2 >

1< <aY, Y, >, —t<aT,Y, >|
0
Ba MyBO(DHMKAH aifHUATH OXUPOH HAMYIU 3CPHHPO METHPAI;
2 2 Th? 2o _1(= 2] _
(b, Y2) + - (aY]+ (,rt] — X, <b Y2 >=-a ¥
—1<al,Y, >, +t<aT"Y, >|r
0
AWHUSATH XOCHIIIIYAapo a3 pyiiu t'a3 T To t yamb HaMya, bapodapuu
1 v, 1 — 21, 1/—
- 2o (a; vz ] =X (@R +;@%

t

1 Y
r2< aY,Yely, = Ez (< a,Y?>—<a V2> +1% < q,V? >)
T

T

To
-po 6a apTHOOp THpUdTA, XOCHI MEHAMOEM:

t
h T T 1
rZ{(b, Y?) +722 <aY¥?>+s@Yil+s < >| }+§{(E,er] +t<a Y’ > },_ =
To -

T ToT1
1(/—
= {@¥]+<a 2> }| _ +rIi<aT™ Y, >,
Jlap HaTH4YaW YamMb HaAMyJaHH aWHHATH Xocwiyna 0o aifHusTH (2.3.7)

HaTUYau 3epUHPO MeEOeM:
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+H@2] 2@+ <@ vt sl )| =@+ @R+ <@y sl + (2.3.8)

!(125{(b,Y?2+Yt2)+};—120‘1<b,YEZ >+ 2% <bYE>+I<aV? >| +2(avg] + @Yz ]}
|

+ryi<aTh Y, >, .

A3 (2.3.8) aitHusITH 3epUH XOCHII MEIIaBajl.

[t

h h 8. alt
TZ IYE + Y2, +§ZIIYEIIL2 +722||Yt||%2 + ;””‘Znytu%o e+ v, ot
T ' Oj Oj 2
] a_g 2 2 .Bmm
+ o 1V2 + |, 1e+ =R Y112, < max(a?, amax) [|Y21y, (2.3.9)
L +Y,§+Y;||L2|t=0+12|< aTh Y, > |, |-
T

Uo = const >

A3 xucobkynnxon 6omo mebaposin: |T"| < u+ uo|Y g, =0
0.

Jlap HaTUYau TY30pHUIIX0 Ba XUCOOKYHUXO

( t t
Y ISTNY >l |g <Y < IBLIY >+ < IYLIYGI >Ha = 0 <
a=
T . ¢ (2.3.10)

U
< max(eop, extto)t ) 1Velyol?, +—rZ||Y||2 +2—lIBIE
0
T

\
xocusl MemaBaj. Kaiin kapaan 3apyp act, KU &p, &— alaJIXou MycOaTu UXTHEPH
MeOOLIaHI.

A3z aitnusarxou (2.3.9), (2.3.10) ucrudoma Oypaa XoCHa MEHAMOEM:

( t
[bo — max(uey woeo)le Y. [V + VA, + 2 Z{hlzllytn +hy D IV} +
T ro,"1

A

0 t
a }: 2 2 aQ 12 2 @i ?
+7T2 ”Ya‘cf‘l‘YFE“Lz+7||Y9‘C+Y?”L2|t=t+ ;m ”YlTo L,

T

2 t
T Umin ||Y| 2
2 z Hrolly,

T

< max(a}, tnax) s

Lo+ 3g i, + ZIIYIIL“ (23.11)

\ Lzl
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Hap Ooso kaiin Hamyma OyneM, KU &y, & aAaaaxod MycOaTu HXTUEpH
MeOoran, Bobacta 6a WH, KUMAaTH OHXOPO TaBpe MHTUX00 HaMyzaH 3apyp acT, Ku
waptu by — max(eol, £11y) = by > 0 Gosiy HYPO Tapaz.

OH rox HIIopaxou 3epUHPO JOXUI HaMY/a, XOCHI MEHAMOEM:

2 0
RO:a ) [max(ay, @max)]
min
Co === [max(@l . V2 +Y2 + Y7 |+ el
amin T 80
2
Co=g— cw=|vl[] -
glamax =t

A3 HOOapobapuu (2.3.6) HOGapoOapuu 3ePHUHPO XOCHI HaMya

t
§0) < Ro+ Ry ) £(eN,

OHPO XaJIl MEHAMOEM:
£(6) < Roy(1 = RyD)" /5, vt € (1,3)
¢un ku é(t) < Ry exp(R;t,) = R-po meébem.

Jlap HoOGapoGapuu (2.3.6)  wmmopan &(t)-po IOXHI HamyJda XOCHII

MCHAaMOECM:
( t b . t TZ t
DN L B T 1 I A A A T S (AT
T T 0, To,T1 T min
< t
adt? A
N < T min (2.3.12)
2 Ly Sy 12 Ly + y2 t=to,
\ 7 Y1l 22 1Y + Y2, 022

A3 Hatnyan (2.3.12) Ba Oaxom xocwmmynau (2.3.4) teopeman gap 00J10

oBapJairyia ucOoT Merapaal.

2.4. YcTyBOpaH HA3AMKIIABUH XaJJIM MacbhbaJjian KaHopuu ¢apkii 6a xauiu

Macbasau a1 depencuani
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Teopeman 2.4.1. «Arap mapTxou a) Ba 6)-u nap 3epoboom 2.2. oBapjaamya

HYpo rapAaHj, OH IoX XaUId Machallaxoum KaHopuu auddepencuanuu V €

C 4'2(5) XaHTOMH « € A MaB4yJl OyJa METaBOHAJ Ba Ha3JUKIIABUU XaTOU

Myonunaxon auddepeHcuanuu (apki gap HaMyAu 3€pUH TEUTHUXOJ Kapia

MmerraBa» [15-19]:

O(t + h? + h2), (x,7,t) € Q™
{O(T(hl +hy) + hZ +h3), (xr£) € Q \QM
Hcoor. Dap3 mexynem, ku V(x,r,t)-xammum myoauidan auddepeHcruanin
kaHopii Ba Y (x,7,t), (x,7,t) € Q" xannm mMackanam dapkum KaHOp# Oommam, Aap
WH MaBpuj Oapobapuu 3epyH YOH J0IITa METaBOHA/!
bY; — bV, = bil — bV, = 0(1),

1) y-¥
bYt - th = bE - th = O(T).

2) XaHTOMH

hi

Yivyij - Yij=hV + 7Vxx + 0(h}),

h? 5
Yij - Yi—1j =—hV, + 7Vxx + 0(h?),

K (Yi+1/2j) —K (Yi_l/zj) = K, hy, + O(R2),
_ 2
K (Vi) +K (Y1, ;) = 2K + O(hD).
Oynan 6apobapuu 3epUHPO XOCUIT MEKYHEM:
AtY — (KV)x = KoV + KV + O(h1) — (KV,), = O(hD).
XUCOOKYHHXOM OOJIO3MKPPO TaKpopaH HW4YpPO HamyJa a3 paBaHIH

HUTTCPATCUOHUM:

h2
Vijer =Yy = halh + =2V + O(R),

h3
Yij - Yij—1 = —h,V. + 7Vrr + O(hg);
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K (Y.. 1) —K (YU_Q = (K), + O(hD),

I.]2

— 3
K (Yij+%) + K (Yij—%> = 2K + O(hz),

HATUYau 3epuHpO Xocua meHamoeM A,Y — (KV,.), = 0(h3).

3) a3 HaTnyaxou OajacTomana ObapMeosiI, Ku Jap sKe a3 HyKTaXOd MayMyu

Qh XaTON HazJUKIIaBaHIAW alIIIPOKCUMATCHAN 3CPUH

Yo = 0(z + hi + h3) doii nopa.

Xarou Ha3[MKIIaBaHAau allpoOKCUMATCUSIPO Jap HYKTaXou capxaii 00 1P, uiopa

MCHaMOCM:

bh il
3) Y, = (aOYx o lef) — KV, + (alYE t TIYE) — K|+
=y10 x=0 =Yu o
bh
K@) ah(v-Th) |- [Kv,—a(v-1)] bh
_ 2
+ L e
=113 -
Jlap cypaTtu
hl 2
Ve=Ve+0(0), Yy = Vi + —Vir + 0(hi),
hZ 2
Vo=Vt Vo + 0(hD),

2

hy 5
ag = Kl] + ?KX + O(hl),
2

hq 5
Nl_%j = J _EKx + O(hl);

— 2

51:K+ (K)rlr +0(h )

0axou 3epUH YOU JTOpaI:

Y10 = O(thy + h%)ﬂ/)n = O(Th% + h%);l/hz = O(th, + h%)
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XaMuH TapuK, Jap Oapobapuu XOCUJIIYy/Ia y3BH OXHPOHPO Oapou P, 0axo
MeXeM, OHpo 60 P, umopa Hamyna,
9 = {[@oh — 2| - KV} + @, (Y = %) = 0G2 + thy + ) + @, (T" - T,)
XOCHJI MEHAMOEM.

A3 Gapobapuu XOCWIITYa abh30H (Th — Tp)—po 0axo mona, MyaWsTHKYHUH
dynaxcusu T"-po 6a 3pTHOOp THpUdTA, X0cHT MeHaMoeM [17-19]:

T T, =¥ AY,h—[ pTda=0(") (Y = Ny)|, = O(thy + h}),

(Y =N,)|__, = 0@, ¥f; = 0(x(hy + hy) + hi + h3).
A3 Hatn4yaxo O0apMeosHI, KU aap Hykraxou capxagn Y, = O(t(h,; + h,) +
h? + h2) 6apo6ap nryzia, TeopemMan aap 6010 oBapianlyaa MCOOTH Xyapo Meéba.

Tanpudmu 2.4.1. Xammu macsanan myoamwiaxou papkuu (2.3.4) — (2.3.10)-u

cucreman (2.3.1) yctyBop HucOar Oa Xauld Machayian JUPPEpeHCHATUN YOPi

MeOolmaj, arap — MIAPTXOU 3€pUH ||?—Np|| — 0 xanromu (t,hq, hy) =

c(e™
0, |4yl = 0, uypo rapman. Jap ux 4o Y = V(x, r,t) Oyma, Mmachaiaxou (apKuu

«MyBO(DHK oBapAalIyga»-u ||7 — NP”C (o) — 0 xauromu (7, hqy, h,) = 0, || 4AY]|| -

0. Y = Y(x,7,t) Gyna, Macbanaxon Gpapkun «MyBO(QHK OBapAALTyLan-H

Y, =AY, t=t’+T/2. n
x,v,t") €Q", 2.4.1
{Yz=AzY. f—t 41 (x,7,t) €Q (2.4.1)
Y[t=0=Y, (2.4.2)
h.Y;
agY, = %x =0,
[ T
h.Y, t'=t+1/, (2.4.3)
alY,z = T,X = l,
= hZYt
apY, = - Y=Yo
t'=t+r1, (2.4.4)
- hZYt
a, Yy = T,V =Yo

-po KaHoaT MekyHoHand, map mH 40 N = N(x,7,t) Ba |4¢]| < C(llAYollf2 +

||A[>)||12,2); AYy =Yy — Yy, 4B = E — B,i = 1,2 meboma.
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Teopeman 2.4.2. ®ap3 MeKyHEM MIAPTXOW a) - T) Aap § 2.2 u4po maBaH,

OH TOX Xauth Macbhaiaxou (apkum (2.3.4) — (2.3.8)-u § 2.2 ycryBop HOMHIA
MEIIIaBaHJI, arap ||f||C(Qh)—>O Xanzomu ((T,hl,hz),||A1,l)||,||Aﬁ||)—>0 U4po
maBaua [16-19].

Hcbotu Teopeman 2.4.2-po meTaBoH Oa MOHaHau Teopemau 2.4.1 oBapz.

2.5. MaBuyausiTH Xa/LUId Machajlau KaHOpuU papKi

Teopeman 2.5.1. ®ap3 MekyHeM, KU IIapTXOH a) Ba 6)-u map 3epoodu 2.2

-0

T

Oyma wypo miaBaHn, oH rox kudos act, ku h = (hy, h,,T) Ba hl—> 0, -
i 112

xauromu (hy, h,) - 0,7 - 0 OymaH, Machajan KaHOpUU Myoawaan (GapKuu
FAMPUXATHA XAJIH TOHAPO JIOPO MEIIaBa/l.

Hcoor. bapom wucdbor nHamymanu teopeman (2.5.1) paBaHau Xamum
TaKPOPHPO OApOU XAJUIM Machaiau FaipuxaTTuu KaHopuu dhapkuu (2.3.4) — (2.3.8)

nuna mebapoem [17-19]:

YES+1 — Aiys+1’ t’ =t+ T/Z’
(xy,t) €Qh, (2.5.1)
{Yt”l = A3YSt, t'=t+7, Y ¢
Y”ﬂt_0=np(mw66h (2.5.2)
aﬁfﬂzlﬁn”lxzo
2 gt =t+T/,, (2.5.3)
SyS+1 _ h S+1 .. _
a Yy = —7Yf ,x =1
C_l§Y5+1 — QYtS+1 Y =70
g ’ ‘. , t'=t+y (2.5.4)
aly]_f+1 = —fYtSH' Y ="
YS*1(x,0,t) = T((x,t). (2.5.5)

n
T(x,t) = zk_l p@Y*(x,a,t)h,s =0,1,2,...

YS+1

«Arap Y° MyaiisH Goman, oH rox 6apou Machallal XaTTUU KaHOPUPO

XOCHJI KapAaH MYyMKHH acT.Y-po 0a cudaTd Ha3AUKIIABUU aBBajia KaOyll

VSt =yS*1 —yS popun Hamyma, HMIIOH

MEHAMOEM Ba MIIOPAM 3EPUHPO
MEAMXEM, KU IIapTH 3epuH 4ok mopam» [15-19]:
VSY L a S SV, —ny, 0 < 8 < 1.
V5 < OVl
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A3 paBanau uteparcuonun (2.5.1) — (2.5.4) 6apmeosin, ku VSmaprxon 3epHHpO

KaHOaT MCKYHOHAa/:

V_S+1 — ASVS+1 + ﬂS+1, th=t4+ T , ,
{ S+1 ; S+1 S+1 ' /2 (x,y,t) € Qh: (2.5.6)
Vet = Ay +0°7, =t 4+,
V3 =0 = Yo, (2.5.7)
VS+1 hz VS+1 + ‘u5+1, =0
h ' =t+7/,, (2.5.8)
afv}??l 2 VS+1 +,US+1, =
o S+1 — h, S+1 S+1
aOVY 2 V + a ) Yy = yO
h ) (2.5.9)
SySH = 22 VS 495y =y,

KW Jap UH 490

‘uS+1 — AA.;'Ys+1’AAS — (Aas,f)x,AaS — aS _ aS—l'

_s _ s —s-1
951 = AASYSHLAAS = (0’ 7) 0@ =a —a
Ty
ustt = —Aa3 Yot x = 0,Aay = aj — ay?,
pitt = —Aas 2t x = 1, Aaf = af — ai7?,
05t = —AGW Y5t r =1y, MGy, = Ay — ad7?,
S+1 _ S+1 _ - _ = S—1
07 AalY 7‘—7‘1,Aa1—al—a1 :

Myoaunau (2.5.9)-po ckansipii 6a TVt xanromu t’' =t + T/Z t'=t+1
3ap0 Hamy/a, MyBO(HKAH XOCHUI MEHAMOEM:

{T(VES+1, VS+1) — T(AfVS-'-l, VS+1) + T(#S+1Vs+1), t'=t+ T/Z

2.5.10
T(Vts+1,VS+1) — T(A§VS+1, VS+1) + T(aS+1’VS+1)’ t'=t+7 ( )

Jlap aBBau aitausty (2.5.10) -po Tabaun Meauxem.

Azb0acku

1) T(VS+1 V5+1) . (VS+1 V5+1) ( S+1’ VS+1) +§(st+1,vts+1)’
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h h
2) T(AfVS-{_l, VS+1) — —TCLSVES-FI, VES+1 _ :1< VS+1, VS+1 >|l _ :1<

—S+1 —=S+1
>
l

)

2

T“h
+Tl< VESH' st+1 >|l — < AaSYSHL, VSt >|l

h

4
+1< Aag Y2t VSt >|0,

hy —s+1 —s+1 th
0

3)r(uSt, Vs = —T(YES+1, VSt —zAaSYE L VST + 1<
AafYy ™, VST S| — < AYS, VS
qOi TopaH, Aap HaTH4a aiHuATH siKyMu (2.5.10) HaMmy U 3epuHPO METHPA:

1 S41 S+1y 4 T (17S+1 1,5+1\ _ T°ha S+1 ,S+1 Sy S+1 1, S+1
SWSHL VST + — (L V) = 2 o < VP T VT > 4 waS VT T +

hy 1/—s+1 —s+1 My —S+1 —S+1
_- < VS+1,VS+1 =—(V ,V _x )
* 4 ; > 2( ) 4

0,1
. SyS+1 1,5+1
TAa” Y, Ve

AlHus T Aofamygapo Hucoar 6a t'as T To t yampb Hamyda, Hobapodapuu
T 2
S+1 y/S+1 S+1
t(QaSEL ) < ¢ [ [ 12+ vsiz)]
hl hz L2

h
-po nopo memasem. Unuynnn a) < a(Y) < af, (VESH, VESH) _ :12 <

VES 1 VES“ > const = 0-po 0a Hazap rupudTa, XOCHUJI MEHAMOEM:

(G-cofm)mwsmie o+ (ao—c o)Vl o+

2 hih; L, hih, L,(Q)
1 G T
-2 h ZHVS“HZ ]
4 2 |hh, 101 Lz(Qh)
<Cy |—— VS| + (2.5.11)
—_ 0 hlhz LZ o
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+0 [ [V + o /h - Zuvsan

A3 Hatuyaxou (2.37) 6Gapmeosi, Ku

{||VS+12 + V)ZS+12||L2 + hl ZO,I”VS-I-l”iz < q (”VSZ + V;ZHEZ n

+hy ZoIVEIZ,.), (2.5.12)

actrBamapuHuot' =t + T/Z’

T T
max{c"\/ haho' J hahy CZ\/ hlhz}
X by T bo T -
mm[(z CO\’hth)'<ao BN h22( G hz))}

«Yn TaBpC MCIOOHCM TI/I6KI/I mapTu TCOpCMa

q1 =

T
— 0 xauromu 7 — 0,
1hz

h; — 0 4oit gomra, on roXx Oapou 0a Kaapu kudos xypau (7, hy, hy) 0< g, < 1-
PO XOCHUJ MeKyHeM. MyToOuWKM alHusATH AytoMm (2.36) 0axou 3epUHPO XOCHII

MekyHem» [15-19]:

(
[lv=er v o DV < @ | VI, + 1T ke D VS, ) gy
b~ Yo¥1 .

kt’=t+r, 0<qg,<1.

«Kumatn q = maxq;-po ry3omTa, a3 Oaxom (2.5.12) Ba (2.5.13)
l

WYPOIIABUM PABAHAM WTEPATCUOHUM HATUYal HHBUKOCH («GUYUN»-U MaAXITYIHST

MeOaposig. XaMUH TapuK, paBaHIUd UTEPATCUOHI 0a
|YS —Yllalzr — 0,5 - oo myBopuk Oyna, Y - Oomaj Xauld Machbajad YOPHUH

railpuxattun Qapka memasan. Hatudaxom rupudramryna ucOOTH OH acT, KU
XaJUTH SITOHaW Machallad KaHopuu raiipuxatuu dapkuu (2.3.4) — (2.3.8)-u § 2.2
MaByyn act» [15-19].
2.6. Taxusiu ajaropuTMHU aaUM XaJLUIM Machajlau KaHopuu gapki
AKHYH 0a amaixou uypolryjaaud 3epoodu 2.5. Taksi HamyJna, XaJlIu aaaauu

Macbhajlau KaHOpUU GapKUpO MEOPEM.
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Macwanaxou (2.2.4) — (2.2.6)-u § 2.2-po gap WIaKIM 3€pUH TACBHP

MEKYHEM:
a;jYije1 — CijYyj + byYije = —fij t' =t +7
KH J]ap ¥UH Y0
T e YT T v NT = T
a;; = mK(YH_%]),b” = Z—h%K(Yl’_lj),Cij = Q;j + bl] +1,
_ T .
fij = Yij aij 2_;15 r] ( ij+1>'fif =Yij,
r Tj-L
_ 2 (v _
bij = %TK(YU—Q’CU =a;; + bl'j +1,
i - 1,N1’j =j0 + 1’N2’aoj = 1,501' = 1IEN1+1]' = O’E?N1+1j = 1;
Coj =1+ : Chyp1j =1+ i
0j = ——ln+1j T = ,
2tK(Yy;) 2K (Y, 417)
T = o0, Ty = o7
0j ZTK(?OJ') 077 Ni+1] 2TK(7N1+1j) iy
L — . _ . h2 ahlhz
J=Jo N2 + 1,45, = 1,b;j, = 1,65, =1+ 21K (Yijo) =~ K(Yijo)'
0,C 1+ h b 1
ain,+1 = Y lin,+1 = = yOin,+1 = L,
HVa 2 ZTK(YiN2+1) e
h2 _ hs  — athy —h,
finy+1 = = Ying+1 fij, = ——==<Yij, +t ——==<T; ,
2K (Yinea) 0 2tK(Yy) 7 K(Yi,)

Bal = 0,N; + 1 4oii nopa.
PaBumm xammu macweaman gap 6oso oBapaarnygad (2.6.1)-po 60 ycymu

KaJgaMm 0a KaJaM Jap HaMyIu 3€pUH MeYyeM:

Vij = HigqVierj + 0irjpt' =t +7/5,
Vij = tijeaYijur + 0jjur, t' = L+ 7, (2.6.2)
Yij t=0 = YOij’

KM J1ap UH YO
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) B _
H bij Y b U +fl]
. _ ) 1
< 1+1j Cl] ‘Ll ]al] t+ ] C #l]al]
) b;; b; au + fij
1 ) 1=
TGy — ey YT Gy — wgjay”

MeOora.
Jlemmau 1. Yapaéuu xucoOkyHi#i a3 pyiiu cucteman (2.6.2) ycTyBoOp acT.

Ucbot. bapou ucb6otu semma kudos act, Ki MapTXOH 3€pUH:

1)0<m; <1,

2)0 < i <1, i=1,N;+1, j=j,+1,N, + 1 n4po rapaann.
bosn wcbor Hamynm, Ku ﬁi ; Aap 0< ﬁi i <1 wmexobaxn. Meromn

UHAyKCcusipo ucTtudona meHamoeM. Jlap maBpuau i = 0 a3 mapTxou KaHOpH

;70 i = 1-po xocwI MeHaMOeM Ba Jjap HaTHYA,

T
_ 2zky

(CRTT

2h2K1
= <1l-po

[(1 o) 352 TR T 2h2 K (Y1 )]

XOCHJI MEKYHEM.

®dap3 wmekyHem, ku O0<pu..<1 Oapom xamam i =1,N;,j=j, N, +1

HOOapoOapu 4ot 10paa, OH IoxX

T
—K|Y
2h? ( Ny "'%f )
T

<1
27 (1-7y,)K (YN1+2]> +14-——s th LK (YNl%j)

0 <y .i1j=

memasa. ([Ilaptu qyrom 60 XaMuH TaBp MOHAHJI UCOOT Kap/aa MeIaBa).
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Hatnuaxou xocummmryna ucOOT MekyHaHn, ku (opmymnan 2.6.2 ycTtyBOp
MeOomai.

TaBpe mecOuneM, kodpdurcuentxon Macwvanan (2.2.4) — (2.2.8)-u § 2.2 a3
XaJa BoOacrarét JjopaHj, oH rox maap 2.6.2 pobacta a3 BakTu t uTepaTcus KapjaH
J03uM acT. YapaéHu UTepaTCUSKYHOHI TO 3aMOHE JaBOM JI0]1a MEIIIaBaJl, KU SKe a3

HH IIapTxo
S+1 S
”Y -Y ”C(Qh) < €0, ”YS+1 _ YS”WZ’(Qh) < &1,

uapo rapaany ( €y, £- 6ab3e aIaaxon MycOaTH Joanryaa MeOOIIaH ).
XyJsocau 0004 1yroM

Slke a3 HATUYAXOM MYXUMTApUHU 000U TYyIOMHU JUCCEPTATCHS OMY3UIIH
HU30MH DJKOJIOTMM MaMHybroxu «beman mnamanron» (KucMaTtd KaMUIIHIO
OuEOOHM) Map XOJaTXOU CTaTCHOHApi Ba rallpucTarcroHapi 0a Xxucod MepaBaj.
Jap acocu TaxJuiaM ajabuéTu WIMI Ba HATMYAXOM TaXKUKOTH MaB4yyJa HHIIOH
J10/1a IIyAAaacT, KK arap MoTeHCUaan OMOJIOTHH MOMYJISATCUSXOH OJIaMU XaiBOHOTH
CUCTEMau SKOJIOTH a3 BOXMJ XypJ Oomraa Ba MaTpuTCcad 3WHIAMOHN MycOaT
Oomaza, mac MyBO(PHKM KOHYHM JISyHOB XOdaTH CTaTCHOHApUU CUCTEMa a3
YUXaTH aCUMITOTHKA YCTYBOp Merapaaa. A3 UH py, Oapou ap3éOuu Ba3zbu
HKOCUCTEMA, TAlIKUJ Ba TY3apOHUJIAHM MOHUTOPUHTH JOWMid, MHUYHUH TaxXusid
TaIOMPXON MYHA33aMCO3MH HU30MH HKOJIOTH, COXTAaHU aMCUJIaXOM MaTeMaTuKi 00
JapHa3apAOIITH BaKT, CUHHY COJI Ba TaKCUMOTH (a3ouu HaMyAXxou OHOJoTi
aXaMHATH MYXUM JTOpa.

Hap noupan 600M Ma3Kyp aMmcuial MaTeMaTUKUU Mypakkad, ku a3 16
myonunau auddepeHcuanii ubopar meOoIaa, Taxus Ba aCOCHOK Kap/a ITy/1aacT.
Hap uH aMmcuia Tardup&0aHIaxou BaKT, CUHHY COJ Ba TaKCUMOTH (ha30il BOPHU/I
rapauaa, Machaigam xXud3y HUTAxXJIOpUM HAMYJIXOM HOJUP Ba HECTIIAaBaHIAU
MAaMHYBIOX XaM Jap XOJaTh CTATCMOHApH Ba XaM Jap XOJIATH FAaUPUCTATCUOHAPH
MaBpUIU OMY3UII Kapop THpH@TaacT. AMCHIAW TMEITHUXOJITY/Ia HMKOHUST

MCcIuXald, KU XYCYCHUATXOHU aCOCHUHU I/IHI(I/II_HO(I)I/I IOMMYJIATCUAXO Ba KOHYHUATXOU
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TardupéONU OHXO Nap NIAPOUTH TYHOTYHH MYXHUTH 3UCT 0a TaBpU MyKaMMall
Tax,TAJI Kapja IIaBaH/I.

bo wucrtudoma a3 cxemaxoum (dapkid ycylid MyalssH ~HaMyJaHH
KO(O(PUTCHEHTXOM HOMAabJIyMH CHCTEMaW »JKOJOTHHM MaMHybroxu «berman
najaHroH» (KMcMaTH KaMuIni OUEOOHH) Jap MapOUTH T'YHOTYHH HIUAATHOKUH
MyHOcHOaTxou TpOoUKIl MEIIHUXOJ Ba aCOCHOK Kapaa IyaaacT. MH ycyn
UMKOHUST MEIUXad, KH TapaMeTpXOW AacOCHH TabCUPU OalHUXaMIUTapyn
HAMYJXOM TYHOTYHHM OWOJOTH MyailsitH rapauaa, XyCyCUsITXoU (DaboiHsITH
IKOCHCTEMa 00 caxeXxwu 3apypit ap3E0i Kapaa 1maBaH/I.

TaBaccytu Teopemaxou jgap 000 oBapjaiiy/ia Ba UCOOTH LIAPTXOU 3apypit
Ba KU(OSITUA OHXO UMKOHUSAT (papoxam oBapja IIyaaacT, KU MIapTXOH YCTyBOpaH
Ha3AUKIIABUU XaJUIM MachallaxOM KaHOpuu ¢apkii 0a Xamim Machalaxou
mubdepeHcuanii MyaiisiH Kapja IIaBaHI. Xam3aMOH, MaBUYIUST Ba STOHATUU
XaJTM Machallaxon KaHopuu (Gapkid a3 yuxaTh Ha3apusBiA aCOCHOK Trapiufa,
IAPOUTXOHU TATOMKH OHXO 0apou CUCTEMaXOU PKOJIOTH MyalsH Kapja IIyJaaH/I.

Hap 600 MHUYHUH Macbhajlad Ha3JUKIIABUM PaBaHIXOU UTEPATCUOHI Oapou
Machagaxou FanpuxaTTuu (apkKi TaxXKWK rapauaaact. HumoH moma mrymaact, Ku
uctudosan ycyiaxou HWTEpPaTCHOH HMMKOH MEIAuXall, KU XaUll Machalaxou
MypakkaOu ralpuxartii 60 caxexuu 3apypit 6a JacT oBapja IIyAa, yCTYBOPUHU
paBaHaIM XUCOO0Oapopil TAbBMUH rapaal.

Harngaxon OamacTtomamam O0oOM JylOM axXaMmMHUsTH Ha3apusBi Ba amMalil
Jo1Ta, 0apou COXTaHW AITOPUTMXOHM aJaJiMd CaMapaHOK 3aMHHAW OO0IBTHUMO]T
dbapoxam meopana. bo uctudoaa a3z anropuTMXOM TaxusIIyaa MyalsiH HaMyJaH!
KOO (PUTCHEHTXOM HOMABJIIyMH MATPUTCAW 3aXHUpaxo Ba OaxXOAUXUH XOJaTH
BOKCHHM CHCTEMaHW OKOJOTHHU MaMHYBroxm «beman TamaHroH» WMKOHITA3Up
Merapnan. U HaTu4axo MeTaBoOHaH] 0apou MEMTyUU TUHAMHUKAW TTOMYJISTCHIXO,
ap3€0MK caTX¥W YCTYBOPHH PKOCUCTEMA Ba TAXUSIU TAIOMPXOU WIMIT-aMatid ousi 0a
X3y HUTAXJOPUM HAMYJIXOM HOJHWP Ba HECTIIABaHIAW XaHWBOHOT MaBpPHIU

uctudoa Kapop TUpaHI.
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Jlap 600u AayromMu guccepTarcus 3aMUHAXOW Ha3apHusiBid Ba XHCOOOapopwu
OMY3WIIN CHCTEMad SKOJOTHU MaMHYBIroX 00 JapHa3apAOIITH XYCYCHITXOH
CHHHYCOJI Ba TaKCUMOTHU (Da30MKM HAMYAXO TaxXus rapjujia, Machajlaxou acoCHH
YCTYBOPH, MaBYyIUATH Xa/UIH Machajlax0 Ba MyailsH HaMyJaHH I[TapaMETPXOU
HOMabJIyM XaJUTH WIMHHU XYJAPO TaiI0 HaMyJdaaH]l, KU O0apou pyuiiu MUHOabIau

TAaXKHUKOT Oap COXau MOJCIICO3NH MAaTEMaTUKHA Ba DKOJIOTHUAU HaBapI/ISIBfI axXaMUsATH

MYXHUM JIOPAH]I.
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BOBM 3. AMCUJIACO3UM MATEMATHUKNY XUD3N
NONMYJSATCUSIXOU BUOJOTMU DKOCUCTEMAM «BEIIAU
MAJAHTOH» (KHCMATH KAMUILIMIO BUEBOHN)

bobu cetom 6a ry3opuil Ba TaxKMKH MachalaxoW XU(3H MOMYISTCUSIXOU
HOAWP Ba HECTIIABaHAaW MaMHybroxw «bemian mamaHron» (KACMaTH KaMHIIHIO
OucOoHi1) Oaxmuaa memaBag. MoXusTH Machana MOOpaT a3 TabMHH HaMyJaHU
YCTYBOP# Ba paBaHIW MHKUIIO(PHU IKOCHUCTEMa MeOOIIa I, Ki Jap HUTAXJIOPHH OH
TeBJOAM HaMYJIXOM MaxcycaH KumaTOaxo (a3 4yymia, HaMyJIXxOH HOIUD Ba
HECTIlIaBaHAa) Jap Mopyau KoOwiaM KalOyn 0osiq HUrox jgomra masafn. Jlap
I'Y30pHIIIA Machayia IyMOpau HaBbU «HOJUP» Ba (€ HABHXOM HECTIIaBaH[a) J0]a
MellaBaja, 0apou HaBBXOM OOKMMOHIAW SKOCHCTeMa OOsi KUMATH TaruupéOuu
TepAOAN €PTa MellaBaa, KA YCTyBOpi Ba cu(aTaH YCTYBOPHUH MaMHybIOX OOKM
MoHaJ. Mackanan xud3y yCTYBOpMHM MaMHYBIOX Jap MaBpUIXoe Xaly daciu
Xyqapo Me&baa, KM DKOCHUCTEMa Jap pedyau CTaTCHOHapi € FalpucTaTCHOHApH
Kapop JOIlTa, IIyMOpau MOMYyJSITCUSAXO BoOacTta a3 CHHHY cOJ Ba (azou

TaKCUMIIIaBi 06a Ha3ap rupudTa MemaBai.

3.1. Macbajian yMyMuu Xu@3u HOnMyJIATCHUAXO
bapou coxrtanum amcuiram MaTeMaTUKUM cucTeMau HsKosoruu «beman
najaHroH» (KMCMaTH KaMHIIWio Ou€OoHi) O0a MO 3apyp acT, Ku a3 rumnore3au B.
Bonteppo wuctudona Oapem. Myonunaum Oamancpo Oapou Ay TOMYJISTCUS
uctudoma medbapem. Jlap Kamamu HaBOaTi, CHCTEMad MYOIUIAXOHM JTUCKPETUH
xocuiynapo 6a At takcuMm Hamyqa, nap Baktu At — 0 6a xXynya Merysapem Ba
Jap HaTUYa aMCUIad MaTeMaTWKUHM JapaHjia Ba CaWapo Jap HaMyAu CHUCTEMau

Myoauaaxon AuddepeHcranuy TapTuOou 1-yMH KBa3WXaTTH XOCHJI MEKyHeM [7-

M;8-M]:

N, _ SN, — aN,; N

dc 1 — ANV
dN,

W = —mN2 + kCZNlNZ
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bo oconii auma MeTBOHEM, KM CHUCTEMau MYOJIWIAXOHM AOAallyaapo 00
ycynu OWinep Xall HaMmyJaH HMKOHIa3up acT. bapoum uH anmpoKCUMaTCUIH

3epUHPO

an; zNj(ti‘l'h)_Nj(ti) _ Njivr = Ny
dt h h

uctudoaa Oypaa, GopMyaaxou peKKYPEHTHH 3€PUHPO XOCHUT MEKYHEM:
Nijy1 = h(6N-y; — aNy;Ny;) + Ny;
Njiv1 = h(—mNyy; + kaNyNy;) + Ny;

|t = ih

Hap acocu cucreman myomwnaxou nuddepeHcrainu TapTHOW SIKyMHU Jap

00110 oBapamya 0a TaBpu reOMETPA aMCUIIaM «J1apaHzia Ba Caliu y»-po TacBHP

MEKYHEM.
Kalin xapman 103uM act, KM XOJIATH N,

YMYMHH aMCUJIaXOU OMyXTalllaBaHAa YyHUH M-
act [8-M]:

dN,

dt = 6Ny, — u(N;) - N,

dN,

dar —mN, + ku(Ny) - N,

>
.

1
Pacvmu 3.1.1. TacBupu reomerpuu

aMCWJIau «1apaHjaa Ba caigu y».

Kaiin xapaaH J103UM acT, KM XO0JaTH YMYMHUM aMCHJIAXOM OMYyXTallaBaHIA

qyHHUH acT [6-M;9-M]:

dN;

dr 6Ny — u(Ny) - N,
dN,

ar —mN, + ku(Ny) - N,

s 0, u(N) =LNP, U(N;) - dyHkcusm Tpodukid Ba M-KOdPOUTCHEHTH
dN Uui+NP

MYpHILY TaOUil MEOOIaH .
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«AKHYH 0a COXTaHM aMCWJIah CHCTeMaW JKOJOTHH 3-caTxau TpoduKi, KU a3
oepyH 3axupau N, 60 cypbatu @ Bopu Merapaj, 0appacit MEHaMOEM.

Jlap xonaTu crtaTrcHoHapi Onomaccan cecarxau tpopukuu N; (i = 1,2,3) —
po 60 myonunaxou Bonreppa taBcud mexkyHem (N; — 6uomaccau pactranuxo, N, —
ryMopau XaiiBoHOTH aylapxyp Ba N, — mrymopau jJapanaaron)» [8-M, 9-M, 10-M,

15-19, 74]:
dN,

dr = _fo(No)Nl
dN
d_tl = N1 f1(NoN;Ny)
3 v, (3.1.1)
dr = N, f,(N;N;N3)
dN
d_: = N3f3(N2N3),
N;(0) = N?.

PaBannpo upoma gona 6apou xocwi Hamynanu amcuian 3.1.1 myoaunaxou
Oamancpo Oapou xap sk caTxu Tpodukit nap nopyau At coxra, 6aba Japo3uu UH
nopuapo 6a 0 Maiin KyHOH1a

No(t + At) = No(t) = Q4At — fo(No) Ny - At,
XOCHJI MEKYHEM.

Hap cucreman 3.1.1. mapTxom 3epuH, KU MyHOCHMOaTH OailHU
NOMYJATCUAX0PO UPoaa MEKyHa 1, 00sIT MYPO TapIaH/;
<0,i<ji=123,

gﬁi =1=0,i=jj =123, = T
>0,i >], == y
[ = |
[ =~ = |

Pacmu 3.1.2. TacBupu xud3u monyJassTCUsIX0 Aap X0JaTH CTATCHOHAPIA.

3.2. Macbajiaxou Xu(3u NOMyJIATCUAXO AP X0JATH CTATCHOHAPT
«AKHYH aMCcWial MaTeMaTUKUW CHUCTEMau JKOJOTUU MYyalstHepo Iuja

MeOapoeM, k1 udopat a3 ce catxu Tpodukii Oyaa, a3 sroH manO6au 6epyna N, 60
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cyppatd @ Bopua MmemaBaHd. Jlap Hamyau ymyMmii OuMomaccam  HaMyIXOH
ouosiorupo nap carxu Tpodukuu MyBohuK O6a Bocutam N;, i = 1,2,3 wumopa
HaMy/Jla, 3apyp MEIIyMOpeM, KU 1ap HU30MH MyBO3WHATH KaHOATKyHaHa OoIram)
[10-M, 55-65]:

Q + Fo(No, Np) =0,
Ny - F;(No, Ny, Np) =0,
Ny - F,(Ny, Ny, N3) = 0,
N3 - F3(Np, N3) = 0,

(3.2.1)

map ue 4o Fi=Fi(.), i=0,3 cypbpati Mymaxxacu TpopuKnH | — yM MeGomaz Ba
dF;
<0,
dN;

aFi<0 o
an, =0 xauromia i < j,

oF: >0, xaumeomi 1>]. (3.2.2)
aNj

Cucteman (3.2.1)-(3.2.2) nuHaMuKan XaiiBOHXOW HOJUP Ba HECTIIIABAHIAPO
udoma mexkynaa, 60 N — KuMaTH MHEHAW OHXOPO Jap HMHTEPBAIU T HILIOpPa
MCKYHEM:

NP == [ N(Dat.

AxnyH 0a Machanau Xu(3u XalBOHXOM HOAWP Ba HECTIIABAHAA IIYPYh
mekyHeM. Bo N™" pa N/ xumarxom capXaJuy IIyMOpal XaiBOHXOU HOIMP Ba
HECTIIAaBaHIAW HaMYIU I-yMpO HIIOpa HaMyja, 3apyp MEUIyMOpeM, KH IIapTH
3€pPHMH HYPO Tapaa;

N/M™ < NF < N, (3.2.3)

«Mo xomaTepo muma MebapoeM, KM Jap MaMHYBHTOX XaMad HaMyIXOH
OMOJIOTH WINTUPOK MEKyHaHI. MIH MabHOM OHPO J0paj, KU IIyMOpauh OHXO Xama
BakT Mycoar meboman, skhe N = (N;, N,, N3) > 0. On rox a3 cucreman (3.2.1)

XOCHJI MeKyHeM» [55-65]:

Q — agNoN; =0,

-my + koaogNy — a;N, =0,
-m, + kya;N; — ay,N; = 0,
—ms + k,a,N, — eN3 = 0.

(3.2.4)
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Tabpud 3.2.1. Macranau édranu Kumarxou Oy3ypruxom N™" pa N/m4*

a3 (3.2.3), ku mupon HoOapobapmm (3.2.1) Ba (3.2.3) Macwkangam HHTAXJIOPUH
XaBOHXOM HOJIUpP Ba 3€pH XaTapy HECTIIABUM HAMyAH I-IOMH  CHCTEMau
9KOJIOTHPO Jap HU30MHU CTATCHOHAPA HOMHJIA MEIIaBa.

Mmucoau 1. buryzop nmap cucreman cekabatam TpodUKUU «HaAdomom-
xaiigonomu anagxyp-oapandaxo» noja iyna Oomaa Ba 06a cudaTd HaMyIU
HOJHUP Ba HECTIIABAHIA «XAUBOHXOU A1ApXyp» XUCOOMIA IIaBa, szin , N (
i=2 anaxypxo) 6oman, spHe NJ¥" , N3 nona myna Gomrajg Ba Iac 3apyp acr,
KU IIapTHU 3€PHH

Nj""™ < N, < Nj*e*
WYpO Tapaal.

[Tapamerpxou Nlmi", N, Ng”i", % map X0MaTH yMyMid MUCITH MHCOJTH
nap O0oJ0 oBapjamrya MyalssH KapAa MemaBaHA. AKHYH KUMaTXOM HWH
napaMeTpxopo  XaHTOMH  «IIWAJNATHOK»  OymaHu — MyHocwOatu — OaiiHu
naniBacTaruxou TpoPukKin Me€oeM.

Hap un maBpua ocunam matiyou tariupéOun 6ruomaccan HaBBXO 00siy Oa
caTxxou Tpopukuu MyBOGUK Taa/UTyK JOpaHJ Ba Jap XOJIaTU MYyBO3WHAT
CUCTEMaH MYOIUIIaXOH ajareOpaBupo KaHoaT KyHoHay (3.2.1).

Jlap uH 4o HOOapoOapuum (3.2.3) 4oit jgomita, a3 ce MyOJWJIad aBBaJIH

cucreman (3.2.2) XOCHJI MEKYHEM:

Ko, Q <N, < Ko, Q

o, NS> +m, aN™ +m,
(3.2.5)
Koctoki,Q i m, . N. < Kook, Q 4 m,
max - 3= min :
(N, +m)  «a, (N, +my)
A3 HOGapobapuu (3.2.3) Ba myoauian oxuporu (3.2.1) XocHs MeKyHeM:
Kep ymin Mo oy < Koo ymoc M (3.3.6)
& & & &

Jlap natuua 6apon Kumarxou Oyxponuu a3 (3.6) Ba (3.7) 6apmeosin
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NP = max{i(M + mzj, 1(I(ZO‘zN;‘in +m, )}’
&

max
o, \ a;N,” +m,

N = min{i[WJr mzj, 1(kzoczszax +m3)}
a,\ aN," +m, &£

ba TaBpu cxemaBit uH BoOacTari aap pacmu 3.2.2.-3.2.3. oBap/a mIyaacr.

Mucouu 2. bur3op nap cucteMan 3KOJIOTH HaBbU HOJIWP Ba HECTIIABAH/A

Nmin max

«pacTaHuxo» 6a xuco0 paBaj, spHe Kumatxou Ny, N{*** nona mryna Oorman, Ku

HoOapobapun (3.2.3)-po KaHoaT KyHOHana. Taya® kapma MemaBaj, KA KAMaTh

iji", N{"*, j=2,3 6apou 6ab3e HaBbXO HOOAPOGAPUH 3EPUHPO:

min max -
N <N, <N/, j=23
KaHOaT KYHOHAanu.
3epo Q — agNoN™™", spHe Q = agNoN™™ B2 N, < oy A3

Myouiau ayromu cucreman (3.2.4) 6apmeosin

k,Q m

0 1 _ max

N2 S—min —— = N2 .
N, a,

XaMHH TaBp,

i#; |=1,2,3 N2 Zko—Q_ﬂ: N;nin .

alNlmaX a,
i k,Q m k,Q m
A3 uH py NJ"=—U25——1 g3 N®=—02"___1 ypymaTxon OYXpOHUU
py 2 alNlmax 051 2 alNlmln 051 K X ny

MOMYJISTCUAN XalBOHXOM anapxyp xucoduaa memanas. lap acocu myonwnaun 3-
tomu cucteman (3.2.4) XOCUJI MEKyHEM:

ko, N™ — a,N, —m, <0,

ABHC
k.o coom,
141 min 2 _ min
Ny, >2——N " ——==N,;"",
a, a,
XaMWH TaBp,
k.o m, —
141 ) max 2 Nymax
N, <—=—=N ——==N;",
a, a,

A3 Myoausian OXupoHu cucteMau (3.5) 60 Tap3u aHbaHABH XOCHJI MEKYHEM:
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N, > Ke% ymin _Ma _ G < Koo ymoc M Jmax
& &

&
XamuH TaBp, KUMaTX0M OYXpOHUU JAapaHAaroH 00 Tap3u 3€pUH MYyailsiH

KapJa MCIIaBaH/I.
N?:nin = max {N3min ’ ﬁsmin }’
NJ™ = min{ﬁ?,”‘ax, ﬁsmax}.
Mmucoin 3. Bapon TaT6I/IKH aMCcuJIaul MaT€eMaTUKH Jap CUCTEMAHN SKOJOTHUH

«beman mananron» (KhucMaTH KaMuiuioo OuE¢OoHM) Ba rupudTaHu Hathda 00

KHMAaTXOH Jojanryaan ymymun 3epun [60, 71, 79, 121].

Q = 22891, k,=0462, k, =0484, k,=0.1925,
m; =6-830/r, m, =3256/r, m;=4-20/r,
a, = 1.0956/r%, a, =1.0516/r%, a, =1.39/r2,

KM Jap OH carxu Ouomacca 00 rpaMm Ba3HU XyIIK HMdoja Kapja MeliaBaja Ba
yapaéHy SHeprus 60 KUIOKaIopus I OMHIM MUKECH Ty3apHIl a3 ouomacca 2/m?
6a «Ouomacca» 6a kxa/m?> MyBopUK MeGoLIa, Au1a MebapoeMm.

®dap3 mekynem, ku € = 0, NJ'¥* = 66, szin =22 OH TOX Nlmin =
1145/(62 + 9r), Nj***480/(28 + 11r).

2. Arap map cucremau dKojori 0a cudaru HaMyau HOAMP Ba HECTIIaBaH/AA

N min max

«pacmanity xucobmma masam, oH rox N{™"%, N 707a MeIllaBajg Ba Jgap HUH
MaBpuJ (ocuiaxo Oapou IIyMOpaw THEXXYPXO szm , NJ*** Ba xumaTxou
GyxporuH napangaxo NI, N4 vyajisH kapaa MelIaBaHI.
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N,(e=0)

N;(e=0)

> N R

Pacmu 3.2.1. Tariinpéouu KumMaTxou OyxpoHnii 6apoun yomean ajadpxypxo Ba
napaunjaroun N¥.

18,3

/_ "

17,2

Pacvmu 3.2.2. Bobacrarum KuMaTxou OyXpoHHH NP, NP .

Mucosu 4. Mo 6uocucteMan «pacTaHuXo0, OXyu OyXopo#, Typr»-po Oapou
MaMHybroxu bemran najganron» (KACMaTH KaMUIITHI0 OMEOOHIT) 00 104aX0H 3eprH
nuna medapoem [7-M, 55-65]:

Q = 450000, ky,=09, k;=0.75 k,=0.3
a,=03, a =045 a,=12, m; =105
m, =15, m3;=7, &=0.0001
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Jlap acocu KUMAaTXoH J0/ally/1a Ba HATUYAH XUCOOKYHI KUMATXOU HUXOUPO
6apoM pacTaHMXO Ba TYprxo0 XOCHI MekyHem: N{™" = 17000, NI*%* =27
N/ —15000, N —32 . AJIQJIXOM XOCWIIIy/Ia CapXaau TaFrMupEONHN HABBU  OXYH
Oyxopoupo 6apou 3UHAATUU MYbTAIUII HUILIOH MEINXA/I.

bury3op map cucTtemMam DSKOJIOTE 3apypaTH HHUrOX JOIITAHH IIyMOpau
napannaxo N map xymyam [NV, NI9X] G6a MuéH 0sI, OH TroX KHMAaTXOH
OyxpoHnn OuomMaccal pacTaHMXO Ba XaMBOHOTH THUEXXYppO MyBO(MHKaAH aap
Xynayaxou [N™M", NJ"¥] ga [szin, ¥ MyalisiH Kap/iaH JIO3UM acT.

A3 pyitn maprxon N, N™3* a 60 uctudona a3 Myoxunan (3.4) meéGem:

m o ; m (94 m a
2+ 2lensN: 2+ ZNS 2+ 2Nmax
ka, k ’ ok k Tk k 0
a, 104 104 104 104 104
) m a .
Nlmln — 2 + 2 N;mn ’
ke, ko
N.mex — mz + a, N mex
T = 3 -
ki, ko

A3 myonunau (3.2.4) N2 —po meébem:

Nl_m3+ £ N3,

kra,  kaap

min max
NI <N, <N

min o
N >€N3 +m3 _Nmin
2= =Ny
K,
NS +m, =
N, <—=— 3 =N,™
k,a,

A3 myonunau (3.2.6) 3axupapo MyaiisiH MEKyHEM:

m a
N, <—+—N,
ke, Koo
m m i m m
1+0[1(3+8N3[”'”)£N0£3+‘9(3+‘9N3[“ax
ke, koo, k,a, K,a, k,a, k,a, k,a, K,a, ’
m, g ,m €

Nmax_
o =
k,a, ka, kKa, kya,

max
N3
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; m a m & i
N(;mn — 1 + 1 ( 3 + N:;mn )
ke, koo, K,a, Kk,a,

Ng™ <N, <Ng*™
A3 myonwmian (3.2.1) XocHI MenIaBa:
Q=a,N,N, sa
NI N™ < or < ag NP™NS™
Mucoam 5. AKHYH OMOCHCTEMaW HaBbU «Xapryul, Typr, XyKH BaxXIIn»
MaMHybroxu «bemran najganron» (KUCMaTh KaMUIIH0O OUEOOHI)-po 60 KUMAaTXOU
nojnaryaa auaa Mmeoapoem [8-M;11-M, 55-62]:
Q =4875, ky=135 k;=0.75 k, =043,
a;=a,=1, m; =m, =m3=0.01, &=0.001
A3 cababu oH kU gap MaMHyBroxu «bemran mamanron» (KHCMaTH KaMHIIHTO
O6ucoonnn) xamarii /0 Xyku Baxiiid 3UHAAri# MEKyHaj, 0apou HUH JIO3UM acT, KU
IIyMOpau OHXO Jiap XyAyau a3 57 To 72 Hurox jgoiita masaji. bapou oH ku gap ux
IyMopa Xykxou €00upo HUTOX JOpPEM, 3apyp acT, KM capXaad IMIyMOpau Xapryiil
Ba ryprxo uyHuH Ooman [14, 27, 45]:
N™M™ = 1266, N"**=9376.
NMn = 428, NI"a* = 2304,
bapou xomarxou FralipucTaTCHOHApii HWH Machaia HU3 0a OCOHU Xai

memiaBaja. A3 myonunau (3.2.1) meédem:
d
—m1 + koaoNO - alNZ = E (ln Nl) Ba

d
_mz + klalNl - a2N3 - E(lnNz)

Nu myoaunaxopo HucOat 6a t MenHTerpoHeM Ba 0a T TaKCUM MEKYHEM:

- - 1 Ni(7)
-my + koagNg —a;N; = ;ln 5
1

_m2 + klale - 0(2N§ == %lnNIZV_(gT)
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230x. Arap MO Machanan xud3u XalWBOHOTH HOAWP Ba HECTIIABAHIAPO 0O
JapHa3apJ0LITH CUHHY COJI HABUCEM Oapou MO 3apyp acT, KM IIAapTXOU 3€PUHPO

0a »bTHOOpP THpPEM.

1% r®
N/ = —f J N;(a, t)dadt
TJo Jo

N =— N;(x,a,t)dxdadt
2 [msa s

G € E? —xamBopil. Z

Jap xonare, ki G-pOCTKYHYA acT, XOCHI MEKYHEM:
1T oo Ly Ly
Nf = ;fo Jo J7 J7 NiCxyxa, a, t)dxydx,dad t.

3.3. Macbajaxou Xxu(3u nonyJasiTCUsIX0 1ap X0JIaTH FalpucTaTCHOHAPTA

AKHYH aMCHWJIal CHCTeMaHd 3KOJIOTHH 3epuHpo auma medapoem [60, 75, 81,
115]:

(No = Q + Fy(No,Ny),
N1 = Ny - F1(Ng, N1, N7),
Nz = Ny « F,(Ny,N;, N3),
LN3 = N3 - F5(Ny, N3).

(3.3.1)

Hap amcwman oBappamynan (3.3.1) MyHocmbaTu MyTakoOwia OaiHU
HaBLXOM MAaMHYBIOX TaXTH KOHYyHH Bosareppa xapop rupudra, (ynxcusu F;(+)
0a Epun hopmyian 3epuH

Fo=-aoNoN1, Fi=koaoNo- caN3 - m;y,
Fo= kiaaN1- aoN3 - my, Fs=koaN2 - eNs— ms,

MyaiisiH kapaa memasaj. [laptu 3apypi Ba KOQUATHUM MaBUYAUSATH XAl XU(P3U
XalBOHXOM HOJMP Ba HECTIIaBaHIapo Meco3zeM. Tawpudu madhxymu Ouomaccau
MUEHAaU pacTaHMXO Ba IIyMOpau MHUEHAW HABBXOpPO BoOacTta a3 BakT T 00

uctudoaa a3 hopMyiia nmenHUXxo1 kynem: [116-117]:

17 _
NT == [N (tdt, i=123, 0
. T!.(ﬁ i 7> (33.2)
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AxHyH 06a Mackanan xu(3u XaiBOHXOM HOJIUP Ba HECTIIABaHJA Jap X0JaTu
FaiipuCTaTCHOHApA IIypyh MekyHeM. bo N™™ Ba N/™%* kumartxoum capXamuu
HIyMOpau XalBOHXOW HOJUPHU HAMYJU 1-yMpO UIIOpa HaMyJia, 3apyp MEUIyMopeM,
KU IIAPTH 3€PUH UYPO Tapaa:

N/M™ < NF < N™*, i =1,2,3 (3.3.3)
Macbanan Xu3u TOMYNHMATCHAM i-yM gap &pranm Kumatxom N pa NJ™X
meborman, ki napoumn maptxou (3.10) Ba xanroma |1 HoGapobapuu 3epuH
N/M™ < NF < N™* i =1,2,3
(3.3.4) xak Oorma.

Mmucoa, arap i=1, a J=2,3 6omiaa, oH TOX MO Machaian Xud3u Onomaccau
pacTaHuXOpo XOCHJI MekyHeM. [lap wH MaBpua, KaOyn KapJaaH MyMKHH acT, KA
szin = 0, NJ*** = oo, N/*** = oo mmaBag Ba 6a 4om Macpbanau (3.3.3), (3.3.4)
Machajaal 3epPHHPO XOCHII MEKYHEM:

UynuH kuMmatxom N NIMM  &dyra masag, Ku HOGApOGAapHH 3epPHHpO
KaHOAT KyYHOHA/I:
Nf = N
N < N
NI > Njun
nap uH 4o N/™" nona MemraBaj Ba KMMarail 0a IIOpYad 3epHH [Nlmi”, ﬁlmi”]
Taautyk nopan. Jlap wmaoma 0osim Tabcupu MyTakoOuiaum OallHM HaMyIXou

CUCTEMau IKOJIOTH TaXTU KOHYHU Boureppa Kapop rupasz.

Teopeman 3.3.1. buryzop N,(0)= . OH rox Oapoum pamnxox T >0

aoanin
YO mormrra ooran N7 >N™, N™e My ! In NZ(T), keQ ,
kay oz N0 e Ni(@)

tor N, (0)

3apyp Ba kudos act, Ku Ho0apoOdapuxou 3epuH YOU J01ITa OOIIaHT

Ny () <—2 . t>0

min ! '
a,N,
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koQ m 1 N, (7)
a,N™ o, a7 N(0)
m, i In NZ_(T)

Nmin___ )
a, a, a,r N,(0)

T max max __
NS <N, NI =

) . K.c
T min min _ ™%
NI>NM N =

A3 ucboTH TeopemMaxou aurapu Jap 000 oBapalrya MabiyM Merapia,
KU UCOOTH TEOpEeMan Ma3Kyp MYIIKHIIAE 340]1 HAMEKYHa/I.

XaMuH TaBp, XojaTepo MeOuHeM, KU 1=2, J=1,3, map WH MaBpH] HaBbU
HOJIMP Ba HECTIIaBaHIa XaWBOHXOMW anadxyp 06a xucob padra, xanromu 1=3, j=1,2
Oy/laH HaBbM HOJUP Ba HECTIIABaHJA JapaHaaxo 0a xucod mepaBania. ba oconi
JM1a MEIIaBaj, KU CHCTeMau JKOJIOTH Jap XoyiaTu 0a Hamynu Boisrepa oBapnan

HaMyJY 36pUHPO JOPO MEIIaBa;

—aole(é)df t *“oj‘Nl(n)dn

N, (t)=N,(0)e ° +Q_[e Fde
Koo | _ﬂt _ 1 N, (t)
t !No(é)dcf t‘([Nz(f)df—ml+t|n et
klalt _ﬂt _ 1 N, (t)
t ! N,(£)dé t! No(£)dz =m, + i 235
N, (t) = N, (0)
3 _'t[(_m3+k20-’2N2)d§ t —j(—m3+k2a2N2)dn

e o +aNy(0)]e ° dé

XaMuH TaBp, Machanan Xu(3u XalBOHXOM HOAMP Ba HECTIIABAHIAPO AMAA

MebapoeM:

min
N <

N |-

[N, @©)de<Ng™, (3.3.6)

nap uH 4o NJU™ Ba NJ*@*- thocunau TariinpE6HH IIyMOpaH XalBOHXOH HOIUPHU
anapxyp Oyaa, Kumatu oHxo moja Mmemaaa. OH rox gap acocu (3.3.5) Ba (3.3.6)

XOCHJI MCKYHEM!
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N,(0)

N (1) < 0
expim '[ k a-N ml”t + 3 [1 e (my—koa, NIt ]
kN k%
N, (t) > N;(0) _
(mz—kzazNénax)Hd\l?’(o)m{l_e(mz—kzazNz )t}
e m,—kaa,N;

Ba OMHOOap WH,
N;(0)
N,(0)

‘c"N3(O) . 1_ eN (O) e(mz—kzazNg]m)t
m, —k,a,N™ Ky, N

<N, (1) <

IA

Buryszop M, —K,a,NJ" >0, m, —k,a,N;™ <0,

1— 5N3(0) — 20’ 1— €N3(O) — 20’
m, —K,a, N, m, —K,a, N,
oormrajg, OH rox
kzazNZTnax - mz m2 - kzazNzrnin

< N;(0) <

Nu nHobapobapit nypoutum 6apodapuu J01anry1apo KaHOAT MEKYHOHA]T

—k,a,NJ™
I|mJN (©)de < e
T—>0 0 (9
_(Nm|n+NmaX)< m
raiip a3 uH o,

XamuH TaBp, a3 (3.3.5) 00 oconit Gapow OMOMaccaud OJIaMH PaCTaHUXO

XOCHJI MEKYHEM

lim; jN ©)de ="

T—>0 lal
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Xynoca, MO METAaBOHEM paBaHIU aMCHUJIACO3UPO TaKpop Hamyna, Oapou
HUTaXJIOPUH XaWBOHXOHW HOAUP Ba HECTIIABaHAA HU3 TaTOMK HaMoeM. A3 cabalbu
OH KM paBaHM aMCHJIACO3# Takpop Me&daj, MO OHPO HAMEOPEM.

3.4. lllapTu 3apypii Ba kudosirum MaBUyIMATH XaJLJI1 Macbajau Xug3u
NOMYJATCHAX0H YYAOKApPAANIIY/a JaP X0JIaTH YMYMd

Burysop N™" Ba N/"%* — ananxou Myc6aT GOLIAH, Ki TAFHHPEOHH Xy TyIH
MaBpUId HHE3M 0ab3e MOMYJATCHSIM XalBOHOTPO Jap Hasap joinra OoIIaHz Ba
dyukcust N = N(x,a,t) — IryMOpan HH MOMYJISTCHS Jap HYKTan X € G, CHHHY

comma, 0<a<oo pamaxzau t (0 <t <t,) 6oman Hap ux 4o G =G +

S, G={(xy,x): 0<x;<L; i=12}, S capxamu coxau G 0a xwucob
MepaBajl.
«®Dap3 MEKyHEM, Kd IIyMOpaH MOMYJIATCHAXO MYOIWIaW 3€PHHPO KaHOAT

KYHOHAaJ!

02N

Loxt’

ON ON ON
E"’%‘I'Zizﬂvia_xi = Fy(a)N + X7, D (3.4.1)

XEG, 0<a<ow, 0<t<t,.
00 mapTXou aBBaja Ba capXaauu

N(x,a,0) = Ny(x,a), x€G, 0<a<o

N(x,0,t) = [" Bo()N(x, ¢, )d¢, (3.4.2)

ON N
N _anN| =0 E_an| =0
axi x;=0 axi xi=L;

Hap wH 4o V; Ba D; — agaaxom mycbatu nonamyna, «; = V;/(2D;), i =
1,2, N, By, F, - dyHKcusaxou pojamyaan MHUKIOpi Oyma, MyBoduKaH
KUMAaTH KO3(PGUTCUEHTXOH TaBaJUTy 1 Ba (haBTPO HUIIIOH Meauxaay [55-65].

Hlaptu macwajga. Macpaian HUTaxJIOpUHU TONMYJATCHUSIXO a3 IManao

HAMy/JaHW IHapTxoe uoOopaT MeOomran, Ku HOOapobapum 3epUHPO  KaHOAT
KYHOHaH]I:
N™n < N(x,t) S NM™ x€G, 0<t<t, (3.4.3)

Ba €

78



N™m < [ NQx,t)dx < N, >0 (3.4.4)
Jap UH 90
N(x,t) = [ OOO P(a)N(x,a,t)da, P(a) - dyakcusu Ba3Hi MeOOIIaI.

ba Tap3u nurap,
P(a) =0, 0<a< o, f P(a)da = 1.
0

Tabpudu 3.4.1. Xonatu yCTyBOPUHA MYBO3UHATUH IITyMOpan XalBOHOT J1ap

CUCTEMaMu 3KOJIOTW YOH JIOoIITa METABOHAJ, arap a3 YyHWH UIyMopau mycOaTu
v min max

xaBoHxo N;"", N; Ba ¢yHKCHSAU BazHMM P(a) Byuynd pomra Oamana, ku N

capIIyMOpy MUEHAH MOMYJIATCUAXO mapTXxou amcuinan (3.4.3)-po KOHEb KyHa/I.

Teopeman 3.4.1. bury3op xocuiaxou XyCyCHH 3epyuH MaBYy]l OOIIaH/T;

oN, 92N,

)

i=12xumaponuo No(x) = [ P(§)No(x,&)dE.

0x; 0x,0x, "
OH BakT Oapou yCTyBOpHH MomyiaTcusu amcuiaxou (3.4.1)—(3.4.2) 3apyp Ba

KI/I(bOH 4aCT, KM pCIland XaKUKNH MAKCUMAJINU MYOIUJIaU

fy Bo(§)els Foman=s g — q (3.4.5)

41’) , 6omma, sspHE 8™ = §° magag.

i

O0apobapu agagn S, =

i

2 V2
=1

Hcoorn kudosirii. Myoaunau (3.4.5)-po 6a dhyHkcusiu Bazuuu P(a) 3apo

kKapaa, a3 pyium a € [0,00) wmeumHTerpoHeM. Kowmpan muddepeHcuponnn
UHTETpaJIpo, KU a3 MapaMmeTrpxo BobacraacT, MaBpuau uctudoaa Kapop 10Aa,
KOUJIal MHTETPOHUPO OoIIaj, a3 pyilm xuccaxo TaTOMK Ba 0a (PyHKCUSIM Ba3HUU
P(a) maptu 3epuHpO WJIOBA HAMY/AQ, XOCHJ MEKYHEM:

da

{d_p = —[6 + Fy(a)]P(a) + By(a)P(0), 0<a<oo (3.4.6)
P() =0,

Jlap HaTM4a Machanaum 3epuHpO HUcOAT 0a capmrymopu MuéHa 0Oa mact

MeopeM:
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9%N

(2457, v, E = 5N +32,D XEG, 0<t<t,

i 5x7”
{N(x, 0) = Ny(x), x€G, (3.4.7)
k% —a;N=0 npu x; =0, x;=L;; i=12

Jlap upomMau Kop Tariupéoanmaxopo nBa3 Hamyaa Machanau (3.4.7) -po nap

LIAKJIA 3€PUH

_ 2 Vi%i g2 ViXi o
N(x,t) = Ux, t)e> =120 “i=2p,*% (3.4.8)
Ba Machainau (3.4.8)-po O6a TaBpH 3ailyi MECHaBUCEM:
2 -
f‘;—'Z= l?:lDiZT?, xe€G, 0<t<t,
v _Zlg= ﬂ

JU@,0) = Upy(),  Up(x) = Ry(me 201, (3.4.9)

ou ou

—| =0, —| =0, i=1,2.

kaxl x; = 0 dx; X; = Li

ba oconil 1u1laH MyMKHH acT, KU (PyHKCHUSU

P(a) = P(0) j " Ba@)elt Fman-a-oge

P(0) = 1/J j BO(f)eijo(n)dn—fs(E—a)dgda
0 Ja

Macwhanan (3.4.6) Ba maptxopo Oapowm (GyHKCHSM Ba3HUW JOAAIIYAApO KOHEH
MerapAoHas.

Yyn P(a)|,, =P(0) acr mac a3 popmynam oxupun myomunau (3.4.5)-po 6a
nact meoBapeM. Metonu ®ypiiepo 6apou macwanau (3.4.9) uctudona Hamyna,

XOCHJI MCKYHCM:

(oe]
2 TN, X mn,Xx
o _ 1X1 2X2
T: ., e AMm2t cog cos )
v L{L 1 L, L,
1 an,n2=0

Ulx,t) =
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KM J1ap UH YO
2

n;\?
tns = 0 00T
l

i=1

TNy X4 TN, X,
cos ——dx,dx,.
Ly L,

Ly Ly
To n, =j; j; Ny(x) cos

ITac, xanmu machanau (3.4.7) maKkiu 3epuHPO METHPA:

N(x,t) =
) y2 Vit 2 V%t+5t
i= = i=1ao o _ TNn,{Xx N, X
= e~i=tap; SEhap;TTR Yo e eTAMMt og 172 0o —22  (3.4.10)
[LiL, 1.M2 1M2 Ly

2 v
bury3op peman makcumanuu Myoaunan (3.4.10) 8,0 = i=175 ooma,

2

OH I'OX IIapTXOHU

L L,
N™ = | [ Ny (x)dx,dx,,
00
o Viki
N M — gid 2D; N min
-po Bopuz Hamyna, a3 Gopmyna (3.4.10) xanromu O6a TaBpu Ko# KaJlOH OyTaHH
t,, HoOapoOapuu (3.4.3)- po 0a gacT MeoBapeM.
Hcooru maptu 3apypii. buryszop 6apou 6a xucobu mMu€Ha maapoBapaaHu
capirymMopu monyJstcus Hobapooapun (3.4.3) maBuyn Oomran. HumoHn Menuxem,

2
ku myomwian (3.4.5) pemran makcumanuu Oapobap 6a ?:1:—;2 = §y-pO Jopas.

®dap3 mexynem, ku 8™ < §, Oomanm, o rox (3.4.10) xaHromum f—>©
N(x,t) — 0 40¥ mopana. Arap 6 > §, Oomiaa, OH TOX XaHTOMH  —> 0 N (x,r) —> o

I30xu 1. Arap machasiau Ty30IITal MO XarTid Oomia, seHe QyHKCcHsn F, =
Fy(N), By = By(N), on rox 6apou ¢pynkcusu M = N —N*, M = M(x,a,t),
map uH 90 N = N*(a) — sx4yuHca BoOacta a3 (a3zom TariimpéOaHmaxou Xajui

CTaTCHUOHApH Machajlau

dN*

——=Fy(N*), N*(0) = [,” Bo(N*(£))d§,
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Macbarnan HazgukkyHun Hamymu (3.4.1), (3.4.2)-po merwmpaxn. ap wH Xxonart
noumur N™" MyMKuH acT 6a cudp 6apodap 1maBa.

Teopeman 3.4.2. bury3op xocujiau yMyMil By4y/1 JI0IITa 001,

0N, 92N, 02N, 03N,
ox;’ 9x,0x,’ 0adx;’ 0adx,0x,’

i =1,2. On rox xamwm macbanau (3.4.1),-

(3.4.2) mamyau 3epuHpPO METHPAI:

LoV b Vi

2 JR@-) i o anX, X

N(x,at)=——8 == Z M, (t=2)€"" cos === cos =22, (3 4 11)
JLL, o L L

2

N2
Hap uwn 4o Ay, = 2 . D; (@) , Gyukcusu My . (t) — Xaum Myoauian

MHTErpanuu 0apKapopiaBaHaa MeOomal.

Mn1n2 (t) = J-OO Bn1n2 (E)Mnlnz (t—¢&)d¢ Bn1n2 (a) =

2 Via
/111 n
BO( ) 0 Fo(§)dd—Xi- 14D 1n2@ , 0<a<w (3.4.12)

Hcoor. [Jap kagamu aBBas TariinpE€Oanaxopo UBa3 MEHaMOEM

t=a+7, o(x,a,7)=N(xat), o(xar)=U(xa, r)exp[jF (&)dé - ZZDa Z%J

Hap natuga myoawiau (3.4.1) Ba maptu (3.4.2) Hamyau 3epuHpo Merupan [88]:
2

0 E Dazu EG, 0O0<ac<
_— ) — (x)
da ‘axl?' x ’ @ ’

=1

N

U(x,O,T)=j B(®u(x, & 1)dé, x€G
0

Ju ou
kaxi ’ 6xl-

=0,

xi=L;

x;i=0
2
-~ *r d&-Y?2_ Via
nap ud 4o N(a) = Bo(a)ef0 o)A ~2izizp;
Xalmm Machallad OXUPOHPO 00 €puu yCyld TaKCUMKYHUH Tariuup&oaHgaxo

Jlap HaMy I 3€pUH

u(x,a,7) =T(a,7) X (X, X,)
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qyCTy4y MEKyHeM. YCylH Xaapo MOHaHJa 0a KOpH HI0Ma 103 XOCHUJI MEKyHEM
[116]:

TN, X N, x

nin, — a 141 242

u(x,a,7) = E Toyn, (0, 7)€ 2e ™42 cos T C0s——,
1 2

Nny,n,=0

nin o
Koaddurcuentxon C; *? 60 Tap3u 3epHH MyaiisH Kap/a MeIaBaH

Ly Ly
nin 2 T[n1x1 T[Tl2x2
(c*™) J J cos? ) cos? 5 dx,dx, = 1,
o Jo 1 2

2
JLiLy'

A3 cababu oH kU ¢ = a+ 7 act 00 BOpUI KapAaHu PyHKCHUSU

nmn
spHe C; 17 =

My 7, (t) = Ty 5, (0,t) 60 napHasapmoOWITH MyOJWJIaHM TaBALTYJ MYOIMJIAXOH
(3.4.11) Ba myommnau wunHterpamuu (3.4.12)-po xocuyn MekyHeM. Myoauian

unterpammu (3.4.12)-po nap HaMmynu 3epHH a3 HAB MEHABUCEM

My, (t) = fot Brny (§)Mp 5, (t — $)dS + f(2), (3.4.13)
Jap WH YO f(t):jBnlnz (f)Mnln2 (t-5)ds byHkcusun MabayM Meboman. [ap

xakukat, arap t=0 6ommaz, oH T0X a3 (3.4.1) XOCHJT MEKYHEM

fFo(f)df z vi 2,3 Y 7 7N X
40, 2p, Z M. (-a)€ ™% cos 1% oos 22 (**)
TR L

_ 2 @
VL1L2 My, Ny = L2

A3 uH 4o 0apMeosi

No(x, @)

IFo(f)d§+Z Yiay, ZZ: ViX; 7Zn M. X
er " N e & ™ cosTA 222 (ix,d
0, (C)= _H o(X,8) L COS L x,dx, .

bo oconi auma memraBan, ku Katopu (**) Ba MHYYHHH Oapou XOCHJIAXOH

N oON oON %N
ot’  9x;’ da’ ox?

Katopxo 0o TaBpu Oapobap a3 (x,a,r) HaA3IUKIIABaHAA

MelnaBaHa. XaMuH Tapuk, ¢ynakcusu N(x,a,t) myomwnau (3.4.1) Ba mraptu

(3.4.2)-po KaHOaT MEKyHOHA/I.
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By4yn nomranu xocuian ymymukapaamyaan a3 Gynkcusiu Ny (x, a) 6apou
ucootu 6apodap HazaukmaBun karopu (3.4.11) xamromum (=0, a=0 uctudona
KapJia MelaBaj.

Ilapxu 2. Myoawian waTerpanuu (3.4.13) Xamwm sSiroHan HaMyIu 3€pHHPO

JIOPO MeEIIaBaj.

[ee]

— i Shn,t

Mnlnz (t) - z Cnlnze mn2e,
i=1

Jlap uH 4o &) ,n, DEIIAXOU MyOJIUIIaN XapaKTEPUCTHKUU 3€PHH
fooo Bu.n, (§)e %4 d& = 1 meGoman.
Ilapxu 3. Teopeman 3.4.1 Ba 3.4.2 3THOOp AOpaH, arap
Fy = Fy(a,t) € C([0,00) X [0, t])
By = By(a,t) € C([0,00) X [0, tx])
|Fol < fo, |Bol < by, fo, by =const>0
ooma.

3.5. Xaam macbajian Xu(3u HUraxJ10puu XaiiBoOHX0U HOTUP Ba
HecTIIABaHJAaW MaMHYbroxu «beman najanron» Bodacra a3 CHHHY COJI Ba
TaKCUMOTH (a3oi
Hap wH 3epbo0u Machaman xXud3u HAMYAXOHM HOJAUPU OHOJIOTHH

HPKOCUCTEMan MaMHYBIoX 00 JapHa3aplIOIITH CUHHY COJI, XalaT Ba TaKCUMOTH

da3zonm Oappacéi MelraBaja. AMCHIaW CHUCTEMaHW SKOJIOTHpPO Iuia mebapoem [3-

M,19-M, 17, 18, 83]:

ON ON ON 2 —
—— v. —=F.(a ., XeG, O<a<ow, 0<t<t
ot oa ; I@X 0( ) Z 2 k

N(x,a,0)=N,(x,a), xeG, 0<a

. B (3.5.1)
N (x,0,t) :jBO(g)N(x,g,t)dg, xeG, 0<t<t,

N‘szo’

mapua 9o N =(N;, Ny, ..., N,.)), G=G+S, G={(x,x,):0<x; <L i=

1,2} BaS— capxamu coxau G meGoma.
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Fii(a) ... Fip(a) bi1(@) ... bip(a)
Fo(a)=< >; Bo(a)=< : >,

Fpi(a) ... Eun(a) bni(a) ... bpm(a)
vy 0 - 0 dy 0 - 0
O R R I R
0 0 - v 0 0 - dyy
«burysop N/™™" pa N/™** _ pextopxom Myc6aT OomaHjy (K KHCMH

KOMIIOHEHTXOM HWH BEKTOpPXO Oapom Oab3e HaMyAxO [0/a MEIIaBaHIl, KUCMH
JUTapy OHXO Jap HaTHYaM XaJuld Macbhana édra Memasanz). Edranu maprxoe
Tanab Kapaa MmemiaBaj, K O0apou 3kocucTeMan amcuiaBuu (3.5.1) uypo urynanu
HOOapoOapuu 3epHHPO TabMUH MeHaMosH» [15, 55-65]:

N min < N(X, a,t) < N™, (352)

Xamm Macbanau (3.5.1) Gapou KUMaTH JTUIXOXH m > 1 gap HaMyAu 3€pUH

udoa kapaa MeaBa/;

N(x,a,t>=iLZ(a) S EL (@M, (-a)sin™Xesin T2 e (0, (35.3)

V Li 2 mny=1 b e Ll L2

JIap VH 40
Z@)=Y Z,(2), Z..(@)=[FR(£Z,(£)dé,
i=0 0
Z,(a)=1,
e m?o ... 0
Einz(a): ’
0 0 g e
22: Via X
ei® 2P1 0 0
EDV(X): 2... ,
Z VimXi
0 O o 2D,

M, p, (t) — Xamum MyoauIan 3€pMHA MHTETPATIMK HaBbK OapKapopIuaBi MeOorma:

t

My o () = j B(E, My, (t — E)dE + F(8),

0
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My, 5, (8) = [7 B(E)Mp, , (t — E)d, (3.5.4)

map wH 4o B(&) = By(6)Z(¢ )E,’}ln ,(§) wmarpuTcam 3MHIAMOHHM YOMEAXOU
BOoOAacTa a3 CHHHY COJI Ba TAKCUMOTHU (azoit Meboma.
Xammu (3.30)-po map HaMyIu 3epUH 4yCTYYy MEKYHEM:
My, (8) = C - exp(88),
nap uH 4o C — BekTopu MaHO#, & =const. bapou myaiisH kapiaHu KUMatu O
MYOJHIan 3€pUHPO XOCHI MEKYHEM
f(8) = det(1— [” B(§)e™%d¢§) = 0, (3.5.5)

K1 0a MyoJujIau 1ap 3ep oBapjalnryia 6apodapKyBBa act

f (o) = det(l —]O B(a)e *da) =0,

det(I —B) =0
€ UH KU1
0 = 5%
det (1 —20,+ 0, + ) =0, (3.5.6)
Jlap UH 40

E=TB(§)d§, 9, =(1-B)*Y,, szTade, j=12,---

XamuH TaBp, arap kucmu pemiaxou (3.5.5) Ba (3.5.6) mand#n Gomanm, oH
rox xaHromu t —»> oo M, , — 0 wmaiin MexyHau. bunob6ap wuH, BOOacra a3
Hazaukmasuu (3.5.3) Ba (3.5.4) xocun MeKyHeM

N(x,a,t)30, t— oo

WH MabHOM OHpPO A0pan, Ku Xawau Hyauu macbkaman (3.5.1) acumnroti
YCTYyBOP MeOOIIIa/I.

AkHyH 0a XaJ/Uld HUTaXI0PUH HAaBbXOU CHUCTEMAaH DKOJIOTH IIYPYh MEKYHEM,
SbHE IIAPTEPO UYCTYYy MEKYHEM, Ki HYpoInaBuu HoOapobapuu (3.5.7)-po kaHoar

KYHOHA/I.
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[Tati Oypman MyMKHH acT, ku Oapon Machaynan xartuu (3.5.1) map (3.5.2)

BekTopu N/™™  Ga cudp 6apobap myaa HaMeTaBOHAL.

Teopemaun 3.5.1. bapou on xku nobapobapuu (3.5.2) you dowma 60wao,

3apyp 6a Kugos acm, ku wapmxou b;(a) >0 b, () <, z E =1 h=1 uypo wasano,

1 ]
i=1
AvbHe adaou 1 Kaiowmapuum KuUMamu Xocu MAmpumcau ymMymuu 3uHOAMOHUU B
mebowao.

HlapTu kudosri. burzop Hobapobdapuu (3.5.2) 4oit gomra Ooman Ba §y >

0 peman oxmuu Myoawiau xapakrepuctukuu (3.5.5) 6oman. Onrox M, ., (t) -
00 XaHIOMH t — 00 Ba a3 WH py, pynkcusu N(x,a,t), ku ©Oapobapuu (3.5.3)
MyailssH MekyHaa  HoOapoOapupo (3.5.2) KOHEb HaMEKyHOHaJ, sSbHE MO 0a
SHIITUAT Jy40p MEIIaBEM.

IlapTu 3apypin. bur3op 6, > 0 pemau onquu Myoauiiad XapaKTEPUCTUKUN
(3.5.5) bomax Ba pemaxon OOKMMOHAAW XaKUKUKM OH MaH(p# Oorrana. OH TOX
XaHromu t — oo, M, , (t) > Cypn, >0 Ba 060 cababu Ha3IMKIIABAHIATHH
katopu (3.5.3) rydpra meraBoHem, ku N(x,a,t) maptu (3.5.2)-po KaHoat

MekyHoHaJ. ba xaiicm koMmoHeHTaxon Bektopxoum N™" pa N™M*

MYMKHH acT
KAMAaTXOM MHUHHMMAaJi Ba MakCHUMalud BekTopxou Tapadu vanu (3.5.3) xanromu
t — oo rupudra masam.

Tas3exu 4. «/lap xonatu amcunan raipuxarti, sisbhe Fy = Fo(N), By =
By(N), 60 Bopun Hamymanu ¢ynkcusiu M(x,a,t) = N(x,a,t) — N*(a), xu nap

uH 4o N* = N*(a) — xamm Hucoat 06a koopauHaTxon (a3ou SKYUHCAH Machalau

*

N . N~ TR (N
G =R(N@), 0<a<w, N(O)—QBO(N (£)de, .
~ A _ -~ N ~
N(x0) = [By(N(£,%),6)d¢, xeG, NL:O, La aNL—O]
0 S

act, nmopan N*(a) = maxN (x,a), (N*(a) < N*(a)) -po moXmunm Hamyna,

Oapou ¢yHkcusu M = M(x,a,t) macwvanan HaBbu (3.5.1)-po Xocmi MeKyHeM.
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XamuH TaBp, (3.5.1) Ha3AWKIIABUY SKYMU aMCUJIau FalpuxarTii Oyja, MaTpuTcan

3UHAAMOHA  HaMyau B = foooé(a)da—po aopan, KdoooJgap  MH 4O

Ba)=20| z@E: (@), L= 7, 7] -1
N | oa  oN|

acT.

Hap wmacpanaxom xu(3W HaMyIXOM HOIUP Ba HECTIIaBaHaa Oapou
aMCHIIaXOM FaipuxaTTii 6a cudaru N™" BexkTopH cHpPUPO rHpU(GTAH MyMKHH
act. Jlap un maBpuj Teopeman 3.5.2 1maknm 3epunpo merupan» [80, 55-65].

Teopeman 3.5.2. bapou on ku (3.5.2) 4oii gomra Gomraa, 3apyp Ba Kudos
acT, KU IIApTXOU 3€pUH UYPO TapJaH/I;

b,(@)>0, b,(8)<w, > b, <1 (k<)
J
Teopeman 3.5.2 6a MoHauau Teopeman 3.5.1 ©cOOT Kapaa MeIIaBa.

3.6. Macbajiau HUTOXIOPMHU XaiiBOHXOM HOAUP Ba HecTIIABaH/Aa 00
JApPHA3apIOIITH CMHHY COJI Ba TAKCMMOTH (a30il Jap X0J1aTH FaiipuxaTTil

«1n 3ep60o6 0Oa macwanmam xud3d HABBXOM HOJHWP Ba HECTIIABaHIau
CHUCTEMaM SKOJIOTHMH MaMHybroxu «berran mamanron» 00 JgapHa3apAO0lITH CHHHY
COJI, XallaT Ba TAKCUMOTH (pa3oil Jap X0JaTu FaupuxaTTi Oaxiimaa MemiaBa.
bapon xamam Machanid MasKyp aMCHUJlad MaTEMaTHMKHHW CHCTEMau JKOJIOTHHU

3epuHpO auaa medapoem»[15-19, 55-65]:

ON ON & ON 2 o°N
—t—+>YV.—=F(N)+>» D—, xeG, O<a<ow, 0<t<t,
ot oa ;'Gxi ();'ax2 “

N(x,a,0) = N,(x,a), xeG, 0<a<oo,

o (3.6.1)
N(x,o,t)zj (N(x,&))dE xeG, 0<t<t,

oN
Nkzo,(gﬁ—aNk:O}

map uH4o N =(Ng,...,N,), N;=N;(x,a,t), i=1m,
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Fll(N) Flm(N) Bll(N) Blm(N)

F=| . . o |, BMN)=| .. .
le(N) me(N) Bml(N) Bmm(N)
v, 0 0 d, 0 0
0 v 0 0 d 0
Vi: i2 , Di: i2
0 0 Vim 0 0 dim

Bysypru AN :N(x,a,t)—N*(a) JOXWJ MEKYHEM, KA J1ap HWH YO N*(a):

*

dN =F(N"), N*(Q):TB(N*)da Ba 0apoW XaUuli Machajaud FapuXaTrTik XOCHUI
MEKYHEM
OAN GA 2
{ ot oa Z1 j j=1 (3.6.2)

Bobacra 6a ry3zopumum macbanau (3.6.1) ry3opuinu Machanan Xu(Qp3KyHUPO
Mecosem. burysop N/™" Ba N/™@*- pexrtopxom Myc6arT Gomann (KHcMe a3 WH
BEKTOpX0 Oapou 0ab3e HABBXO JOJa MENIaBaHJ Ba KHUCMH JUTapalioH XaHTOMHU
XaJii Macbhaja &pra MemraBaHna). Tama0d kapaa MemaBaji, KU ImapTe Oapou
amcuian cuctemau skosorun (3.6.1) édrt kapaa masan, ku HOOapoOapuu 3EPUHPO
KaHOaT KyHOHAI:

N™ <AN(x,a,t) < N™. (3.6.3)
ba oconii MeraBoH mma, kv Xamad Machanau (3.6.2) xamromm m =1

HaMy/IH 3€pUHPO METHPa;

2(a) > EZ ()M, (t—a)-sin T isin T2Xe g (x), (3.6.4)

\/ L.I. mn,=1 e Ll L2

AN(X,a,t) =

Jap UH 40
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Z@=Y 2,@), Z.@)=[F(&)Z,&)ds

j=0

Z,(a)=1 j=012,...

et 0
Eénz(a): ,
0 0 g et
22: Vit X
ei7 2P1 0
EDV(X): 2... ,
O O Z 2imni]
elfl

M, 5, (t) — XaJum Myoiusiau 3€pMHHM HHTErPAIMKE HaBbU OapKapopIuasi Mebomas
M., © = [BEM,,, (t-&)dé, (3.6.5)

nap un 40 B(a) = By(a)Z (a)E,%ln ,(@) — marpurcau 3uctan meboma,
Xamm (3.6.5)-po nap mamymau M, , (t) = C - 9t qycTyqy MeKyHeM.
C — Bektopu radipumandii, 6 = const Oyna, 6apou XOCWJI HaMyJaHU KUMaTU

6 MyoauIau 3epUHPO XOCHUT MEKYHEM
f(6) =det(l - [ B(&)e *d¢) =0, (3.6.6)
0

K1 06a Myouian
det(/ - B)=0
O0apobapkyBBa O0yJ1a, MO METAaBOHEM OHPO Jlap IIaKJIW 3€pUH HABUCEM:
det (1 — 20,8 + - 956%+...) = 0, (3.6.7)

HH 490

B

[B@ds 5,=0-8)",

9, =[aldB(a), j=12..
0
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ba wH Taptn6 arap kucmm perraxom xakukmm (3.6.5) Ba (3.6.6) maHpn
OolIaHI, OH TIOX XaHIOMH t — o0 Mn1n2 — 0 wMaitn mekyHana. bunobGap wuH,
BoOacra a3 Hazaukmasuu (3.6.5) Ba (3.6.6) Xocwit MekyHeM

AN(x,a,t) - 0, t— oo,

Jlap Hatm4a Oa Xxyiocae MeoeM, Ku Xamm cudpuun Mmacwvaman (3.6.1)
ACHMIITOTH YCTYBOP acT.

Xami HUTaxJOpPUH HaBbXOHM CHCTEMal 3KOJOTUPO Me€OeM, sbHE IIapTepo
Me€OeM, ku uapornaBun Hobapodapuu (3.6.1)-po KaHOAT KyHOHA.

daxMugaH MyMKHH acT, Ku Oapou Macwanam xartuu (3.6.1) map (3.6.3)
BekTopu N/™™  Ga cudp 6apobap Gyna HaMeTaBOHAL.

Teopema 3.6.1. bapou on ku HoGapoOapuu (3.6.3) 4oii goirta Gomam, 3apyp

Ba KOs acT, KU IMIapTH 3€pUH UUPO rapaaj
B(a)>0, O<a<w, B(d)=[e™B(a)da<w,
0
det(1 -B)=0, (h=1),

sbHe 1 KUMaTu XOCH MaKCUMAJIMKM MaTpuTcau nomyisarcusxo B (& un ku 0, =0

pelay oauu Myoauian xapaktepuctukuu (3.6.5) Oyma, KUCMU JUrapu periaxou
oH MaH @) Oora.

IlapTu 3apypii. burysop nHoOapoGapuu (3.6.3) voii gomra 6omasa Ba &y >
0 pemaun oaum Mmyoawian xapaktepuctukuu (3.6.5) OGomax. ap wH Xxojar
M, 5,(t) > % xaHnromu t — o Hamyna, a3 cababu om ku ¢yHcusu N(x,a,t)
taBaccyTH OapoGapuu (3.6.4) myaiissH MemiaBaj, aap HaBOATH XyJ HoOapoOapuu
(3.5.3)-po KaHOAT HAMEKYHOHA/I, SbHE HaTHYa 0a 3UIUAT Jy4Op MEIIaBa.

Mlaptu kudosiria. buryszop §, = 0 peman Myoawsian XapakTEPUCTHKUAN
(3.6.5) Oomaa Ba KHCMH Jurapu pemiaxou oH MaHg#i oomana. OH rox

My, n, () - C, n, > 0 XaHromu t - 00  Ba YOW JOIITAHW HA3AUKIIABUH

katopu (3.6.4) dyukcusiu N(x, a,t) maprxou (3.6.3)-po kaHoat MekyHoHaz. ba
xamcu Nl-min Ba N/"™ MyMKHH acT KUMAaTxOM MHHUMAJIA Ba MaKCHMAaJHH

BekTOopr Xocu Tapapu (3.6.4)-po xaHromu t — ocorupem. OHXOpo HH3 00
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uctudona a3 TPUHCUNH MAKCUMyM OapouM Machalaxod AWTap HHU3 MYailsiH
HaMyJaH MyMKHH acT.

dap3 MEKyHEM, KU N (a) — max N(x,a), OY/a, Aap Ha3ap MErupeM, Ku Oapou
byncusu M = M(x,a,t) macvaman (3.6.3)-po mopo memaseMm. Jlap HaTthu4a
(3.6.3) amcumyam aBBaJIMHU Ha3IWKIIABaHIaW Falpuxartidi 0a xmcod padra,

MaTpUTCau 3aXUPax0 HaAMyIU 3€pUHPO METUPA/T
B= j B(a)da,
0

Jap MH 40
LT 07 dF,

Jlap maptu mMachajad HUTAXJIOPUHA HAMYJIXOM HOJMP Ba HECTIIABaHIA

IN*(@)Z, Z(0) = 1.

Gapou amcmiaxom Faiipuxarrtii kumatd N/™™-po a3 Teopemanm sK rupuQTaH
MYMKHH acT, KH OH HAMY/IH 36pUHPO METHPAI:
Teopema 3.6.2. bapou o ku (3.6.3) 4ot gomTa Oorra, 3apyp Ba Kudos acr,
KA
B(a)>0, 0<a<o, B)<ow h<l.

Jlap wH MaBpuj KHMAaTXOH BEKTOPXOH Nimi" Ba N/"** 6a Bocuran
KOMITIOHEHTaxou Bekropu N* = N*(a) Ba mapaMeTpxou HH COXa MyailsH
MEIIIaBaH/I.

Ncbotn Teopeman 3.6.2.-po MO MeTaBOHEM MoOHaHJ 0Oa teopeman 3.6.1
ucOOT HAMOEM.

XyJiocau 0004 cerom

Jlap 600u ceroMu auccepTaTcus Machaiad XU(3y HUTaxXJIOpUH HAMYIXOU
HOJIWP Ba HECTIIaBaHAaW MaMHYBIoX 00 JapHa3apIOIITH CHHHY COJ, XahaT
Ba TaKCMMOTH (a3on 0a TaBpu Mydaccaa MaBpUIN OMY3HUII Kapop rupudra,
6apou OH MOJIEIXOM MYBOPHUKH MaTeMAaTHUKHA Taxyusi Ba aCOCHOK Kapjaa
mymaadg. 3UMHHM Ty30pHMINM Machalla, 00 MakKcagu TabMHHU HUTOXJIOPHUU

IIyMOpan HAMYJIXOU HOJHWP Ba HECTIIaBaHIA, XYAYyAXOW HY03aTAOdallyaan

92



[N, NTMAX| MyaiisH rapauaa, Jap acocH OHXO MAPAMETPXOU ACOCHH HH30MH
HKOJIOTH Ba IIAPTXOU YCTYBOPUM OH MyKappap Kapaa IyaaaHs.

XaHroMu Taxusii aMcwiad XA(]3u MOMyJIATCHSIXO a3 THIOTe3a Ba FOSXOH
nemHuxoaHamynau B. Boarep uctudona rapauaa, 60 taks 6a myoawian 6anaHc
Oapou 1y HaMyau TOMYJSATCUS — JappaHia Ba caili — aMCHWJIal MaTeMaTHKUU
MyBOQUK COXTa Irynaact. MlH amcuia UMKOH MeIUXad, KH XyCYCHUATXOW TabCUPH
MyTaKoOWJIau HaMyAXOM TYHOTYHM XalWBOHOT Ba KOHYHHUSATXOHM TardupEOuun
IIyMOpau OHXO Jap MyXUTH 3UCT TaXJIMJI Kap/ia [IaBaH/I.

Jap nuccepraTcusi Machajad OMY3UIIM HU30MHU CHCTEMaW HSKOJIOTHH
MaMHybroxu «bemaum mamaHron» (KMCMaTH — KaMmuimuio — OuéOonii) 00
JapHa3apAO0LITH COXTOPH CHHHYCOJH, XallaT Ba TakCUMOTH ()a30Mu HAMYIXOH
Ouvonorii MaBpUIIM TaxKUK Kapop rupudra, aap amcwiau (3.4.1) taBcud Ba
acoCHOK Kapja mrynaact. bo mctudoma a3 mH aMcuia UMKOHHUSATXOHM MEIITYHH
TUHAMUKAW TTOMYJIATCUSIX0, MyalsiH HaMyTaHU X0JaTXOW MYBO3MHATH Ba ap3¢0uu
TabCUPHU OMUIIXOU OepyHa 06a GaboJUATH HU30MHU KOJIOTH Oappacii rapiuaaaH.

Macpanan xu¢3y HUTaxJopuud XaWBOHOTHM HOIAUpP Ba HECTIIaBaHAa 00
JapHa3apA0IITH CHUHHY COJI Ba TaKCUMOTH (Da30il XaMm Jap XOJaTH XaTTil Ba XaM
Jap XO0JIaTH FalpuxarTii omyxTa IIyjaa, Oapou SK KaTop XOJaTXOoW amMalii
aMCHJIaXOW HYKTari TMeIIHUXOJ Ba TaxJWil Kapaa mryaaann. Hatwgaxou
xocwirapauaa 00 MabIyMOTH HMOTHIOW Ba KOHYHHSITXOM BOKEHH HWHKUIIODU
MOMYJIATCUAX0 MYyBOGHUKAT HaMynaa, a3 YbTUMOJHOKA Ba aCOCHOKHHM HATHYaXOH
Oamacromasia maxoaaT MeIuxaH1I.

Nnosa 6ap uH, nap 600 Machaiaxou BobacTa 6a HUTOX, JOIITaHU TaBO3yHHU
OWOJOril, MEWTrupud KOXMIIEOMH UIyMOpau HaMyAXOM HOAWp Ba ucTtudomau
OKWJIOHAU 3axupaxow Tabwuit MaBpuau Oappacit kapop rupudraann. Harmgaxowu
OagacTomMaza METaBOHAH[ 0apoW TaxXUsHM TaIOUPXOU WiIMA-amaii ouja 6a xudsu
T'YHOTYHUH OWOJIOTA Ba TaKMWJIM HH30MH HIOPAKYHUH SKOCHCTEMaXOH

MaMHybroxxou Yymxypuu ToyukucToH nctudoa maBaH.
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XaMHH TaBp, Machalian Xu(3y HUTAXJTOPUN HAMYIXOU HOJIUP Ba HECTIABAHJAU
MaMHybroxu «bemiau namaHroH» Xam Jap peyau CTaTCHOHApi Ba Xam Jap pevyau
FallpuCTaTCHOHAPA TaxXKWUK Tap/uja, 0apoW OH YCYJIXOH MYBO(MHMKU TaxJWJ Ba
XaJUIM Machana MenHuxo myaaana. Hatuyaxou acocuu TaxXKUKOT Jap JAOUpau
000u ceroM XaulM Ha3apusBi Ba aMalil THaigo0 Hamyna, Oapou OMY3HIIH
MUHOab/1an HU30MXOHU IKOJIOTH Ba MEIITYHUU Ba3bl OHXO aXaMHUATH MyXUMU WM

Ba aMaJii JOpaHI.
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BOBMH 4. YCYJIA MYAWSTH HAMYJIAHU KOY®PUTCUEHTXON
HOMABJIYM BA TYPOU HATUYAXOU TAXKUKOT BAPOU
MAMHYBI'OXU «BELIAU ITAJIAHT OH»

Hap 600u 4-yM ycyau MyaustHCO3UM KOA(DPUTCHEHTXOM HOMabIyMHU
amMcuial MaTeMAaTHKUU PpPaBaHAXOM JUHAMUKHHM SKOCUCTEMau MaMHYBIOX
MaBpUIM TaxXJIWJI Ba OMY3WIl Kapop gona wmemasan. KoaddurcumeHTxo, Ku
pakoOat, ad3ouill Ba KaMIIaBUM IIyMOpau MOMYJIATCUSIXOPO MyaisiH Meco3a,
O0apou JAKUKCO3MM aMCUJlad MaTeMaTUKil axamusiTh xoca Jopani. Taxiumu
Ma3Kyp Jap acoCH MabJIyMOTH BOKEUH MOHUTOPUHTH OMOJIOTH Taks Hamynaa, 00
JapHa3apA0LITH XYCYCUSATXOU HKOJIOTUU MUHTaKa, MYHOCHOATXOH
OallHUXaMIUrapi Ba TabCUPU MYXUTH 3UCT 0a MOMYJISTCUSIXO aMallid Merapaal.

bo Makcaau MyalsiHCO3MM TMapaMeTpXOuW HOMAbJIyM, PABHUIIXOW TaXJIUJIH
xucob0apopi Ba MyHazzamcosii uctudomaa mynaana. Ma paBang 6o uctudonaa as
MabJIyMOTH SMIMUPHUKA Ba QJITOPUTMXOM TAaKpOpH (MTEpaTUBi) amaiil rapaunia,
UMKOH MEIUXaJ, KU ap3ulIXOh ONTUMAIUM KOI(POUTCUEHTXO Jap aMcCuiiau
MEMIHUXOAIIYJa MyailsiH Kapjaa maBadi. Jlap HaTuya, MyBo(UKAaTH Hazappacu
OaifHM HaTUYaXxOW aMCuiia Ba MabIyMOTH MYIIOXUJaBii 6a JacT oBapaa MeIaBal,
KM HUIIIOHTApU KOOWIN YbTUMOJI OyIaHu yCylu uctudoganryaa Mmeoomai.

NHuynuH Kaiin kapaadn 0a MaBpuJl acT, KM KMUCME a3 HaTUYaxOou MyaulstHu
TaypuOaxou xpcobOapopuu aHyomédra map INaKIM YaJaBaidid Ba Trpadukic HU3
MEITHUXO0 MEerapian/i.

4.1. CoxTaHu aaropuTm ouj 06a myaiisiH HAaMyJaHU KUMATH
K03 PUTCHEHTXOH HOMABJIYMH AMCHJIA MATEMATUKIA 0apou MaAaMHYbIOXH
«bemau najgaHron»
«AxHYH Oapou MyalssH HaMyJaHd KOd(P(UTCUEHTXO aMCHUJIal MaTEeMaTUKUU

3epUHU OMOJIOTHPO AUa MeOapoeMm:

dN; _ _
G Ni(b; + X7y agiN;) + Qi(t), i=1,m (4.1.1)

Hap amcunan marematukuu (4.1.1) N; — Ouomaccan HaBbM [ —I0M (€ KU caTxu

N; — toMu TpoduKi), bi — kodpurcuentu PaBr (€ kKodpPuTCHECHTH
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TaBaJUTyaaBii 00 amomaTu Oapbakc) HaBbu [ —ioM, Q;(t) — dyHKcHsIe, Ku
TabCHpOTH OepyHapo Oa HaBbu [ —toM Hupoma MekyHan, A = (a;;) — Ooman
MaTpPUTCau TabCUPH OalHUXAMIUTapil HAMYIXOU OMOJIOTUN SKOCHCTEMapo TaBCU(
meHamosi. [lo€HTap sike a3 aJropuTMXOW MyailsiH KapJaHd 3JIEMEHTXOM WH
MaTpUTCapO Jap acoCH MYIIOXHIAX0 Ba HATHYaXou Jap OOJI0 OBapjallysa,
MaBpHau Oappaci Kapop Meauxem» [15-19, 55-65, 21-M].

«bury3op MabaymoTn TaypubaBil Jap SKOCHCTeMa BoOacTa a3 Jax3al BaKTH
t,— nmoma mryma Oomrann, ku k = 1,2,---n,, Mmycrakun Oyna, a3 maiao mIygaaHu

MOHEaXOH JIaF)KUIIIH Tacoyit BobacTa Habomamy [21-M, 15-19]:
Nij = Ni () + &ij,
Jap uH 4o &jj — XaToXoW Hasappac Oyna, 3apyp acT IIapTXOH 3€pUHPO KOHEB
KyHOHA/I:
ML&, €] = AN, M [&]=0, M [&.&]1=A(t), 60 M-untuzopustu
MaTeMaTHKA Ba 0a BocWTan /A — MaTpUTCaW TUCIICPCHOHHH BEKTOPH XaTOHUXO

uIIopa nryaaacT, &j = (§ij, §mj)-
Koaddurcuentn matpurcau tTabcupu OalHUXaMaurapi 4 aap HaTu4yau
XaJIJIM Machajlal MUHUMU3ATCUSAN 3€pUH MyailsiH Kap/ia MelIaBa:
[(A*)=minl(A), AL
Jap dhopmynan oBapuaamyna ) — MyTaaiuk 0a sroH coxau (azou R™ Oyna,
00 manenu OMWIXOU BOKEW MHTHUX00 MemliaBaj. XaMUH TapuK, XaJIM CHUCTEMau

myoawiaxou muddepeHcrann 0a BocuTam KOHCTaHTH N

MaxIya Kapaa
MeIIaBa;
INi () | <N™ =7 . m.
Macamnan, N™* ananqu Makcumalive Iryja MeTaBOHaI, KU MO OHpo 0a
BOCHTAW KOMITIOTED BOPH HaMy/a, Aap HaTHYa aIrOPUTMH MEITHUXOIIYa

TaTOUKHU XyJIpo Mecba.

I(A) dbynkcuonan Oyaa, 6a TapuKy 3aiJT MyaiisiH Kapjia MeIaBa;
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1(A) = Z Pk[Nk - N(tk,A)]T A(tk )[Nk - N(tk’ A)] (4.1.2)

bapob6apuu (4.1.2)-po gap maxiy BacebKapaalryja MEHABUCEM:

I(A) = Yot P X Yit1dij [Nie — Ni(te, D] [N — N (8, 4)]
Jlap uH 4o P, — byHKCHSM Ba3H (z P = 1j 6yna, Pk>0, Adij — amemMeHTX 0N
k=1

MaTpUTCan At (’[k ) N, — HaTU4an MyIIoxXuaa Oapou HaBBH I-IOMH 3KOCHCTEMA

nap nax3aum Baktd tk Ba Nj (tk, A) Xaum cucremManm MmaTpucad Jojanrygadm A
Mebomana. bapoun éEdranum KuMaTM MUHMMYMH (YHKCHOHAI mHailjgapnaiu
Ha3[MKIIaBaHaAapo Oapou Mmarpurca A’} 00 METOAM MACTIIABUU TPaJuCHTH

MECO3€M.

0
BI/IFy30p a((w) — KHMAaTH aBBajJlak Ha3AWKIIABAHIAHW 3JICMCHTH MATpUTCaAn

(s)
. _ . . a
TabCUPH OalHUXaMIUrapi OoIlaj, OH TOX Naimapraiuu MuHEMamnu 4 } 060

€puu paBaHIY 3€PUHHA UTEPATCUOHM COXTa MEIIABA/:

(s)_,,(s-1) (s-1) _
Xig=Xip  — ps—lvdﬂ (A™™)  xu 7ap UH 40 \2 (A)— EV
45 | 5

Ba pg — JouMii Oy/a a3 MapTy 3epuH UHTUXO00 Kapaa MellaBai:

il (aas = pVap(49))

PaBaHay WTepaTCHMOHMPO Nap KaaaMu N-yM 3aMOHE KaTh MEHAMOEM, KH
arap caxexuu 3apypi 0a JacT oBapia WIaBajl, AbHE arap Ay KadaMd XaMCOSH
aMCHJIa KOMIIOHEHTH BEKTOP-TPAJMEHT a3 Py CaXEXUATH MyaisHIIyaa KAMAaTaIl
suén namemasas. bysyprum Vag(A®) 60 ucrudonan gpynxcuonanu 1(4) 6a rapuku
3aiJ1 MyalsiH KapJa MEIaBaJl;

vaﬁ(A) = _i P

k=1 i

> 2 AN N AN | RN (5, A) [N
2 [, - A2 v, 0[S

1 oa,, 5 oa, 5
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Hap un dopmyna Nj, 6a mucimm XuCOOKYHHMXOHM nap 00i0 oBapaairyna
myaiisiH kapna memraBai, Nj(t,A) — xamm cucteman myomiaxou auddepercnanii

oN,

oyna, da (t,A) xamuyn xam mMachanad Ko MyaiisH merapaan;
(04

S oN . .
+b, N, +> a;| Ny —=+N, N, L £«
d oN;, Ay A 0a ., 0,
dt o m ON .
“ |ib ﬂ+zau(6'\" N, —’NiJ+NaNﬁ,i=a (4.1.3)
8aaﬂ 7\ 0a,, 0a,,
Gac!c\l |t0—0 a=1m, B = , i=Lm
ap

33OXI/I 1. AHFOpI/ITMI/I IICIIHUXOAIIIYydda HMKOH MCIUXAHd, KH 00 ocoHn

amcuian BoOacrta a3 cuHHY cos Ba Xaiar Nj=Nij(a,t) 6a amcwian BoOacTa a3

BaKT, CHHHY coJi Ba TakcuMoTH ¢azoit Ni=Ni(x, a, t) Tabaun nona masajn. bapou 0a

d

HH MaKcajl HOWI TallTaH ONepaTopH ' Aap MyoIuIan (4.1.1) 6aa+£ 1Ba3

0 0 0 0 0
Kapja myzaa E+a_ Z 19ia——8— Diﬁ_ , Jap UAOMa MIIapPTXOM aBBaja Ba

kaHopit Oapou cucremaxou (4.1.1) Ba (4.1.3) nHaBumra MemaBaHa. Cxemau
dapkuu omkopu jgap 000u 2 Taxusirygapo Oapow Xauik Macbhanau (4.1.1)
uctudona Oypra, Xaum Machajgaud Jap OO0JI0 OBaplallyapo a3 pyuu ycynu
JIOKAJINH sIkueHaka 00 paBUIIXOHW TariupéObanaanop BodacTa 6a TUPU BAKT Jap Xap

K caTXu XucoOkyHuu meéoem [15,1-M]:

{aij?iﬂj Cu¥y + bi¥imsj = ~Fipt' = £ 47/ (4.1.4)
a;jYije1 — CijYij + bijYijeq = fl],t =t+7
a =2TT%D by = 2th C,; =ay +Dby,
71] =Yy a; = #Drfij = ?ij;
2
ajjj = ﬁD b;ij = D Cij = a;; + by,

Oapou xamau
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i=1,N;,j =jo+1,Ny 04 = 1'301' =1ay,+1j = O’E?Nﬁlf =1

B P B _ hz _ hZ J—
COj_ y CN1+1j :1+h12/21'D,f0] :$Y0])fN1+1] zﬁle‘l‘lj
S — h?
IlaPHH‘iol—JO»N2+1alJ —1bllo—1Cllo_1+_
hz h’2 v h% 1%

Ainy+1 = 0,Cinyr1 = 1+ finge1 = 55 Ying+ 1 fijo = 55 Vijo
i=0,N; + 1.

Cucreman (4.1.4) 60 ycynu ry30puIl Xai Kapaa MemaBa.

XaMuH TapuK, anroputmu EpraHu KOIPPUTCHEHXOM HOMAbIyMm 0a MO
UMKOH Menuxaj, kKu OO0 HaBWINTaHU OapHOMaW KOMIIIOTEpH Nap AroH 3a00HU
OapHOMaco3un caTxu OanaH] Aap XOJaTH peyau JAKUK OHPO KOpKap] Hamyna,
HATUYaXOoHu MyIllaxxacpo 6a 1acT opeM.

dopmynaxoe, Ku aap 600U skyM Oapou XucoOO0apOpUU HATHUYABH XOCHI
Hamyga Oyaem, Oapou Ty3apOHHAAHH TadypuOaxoWm KOMIIOTepin uctudoaa

Mebapem:

N(x,a,t) =Y"(x,a,t — a) exp( (ZoFo(f)h ) %9 1213 +2; 41))

a =at =a+r1,¢(x,a,1)=N(xaa+71),Y"'(xar1)=

k

192

= ¢(x,a,7) exp zFo(f)ha ZﬁJZD 4D;
0

4.2. Jlacran 6GapHOMAau amaJii 6apou MyaisiH HaMyIaHu KO3(PPUTCHEHTXOH
MATPUTCAH MAMHYBIOX

A3 MaTHH 6apHOMa METAaBOH Oa XyJjiocae oMaj, Ku JacTa OapHOMau aMaJiiu
coXTailyja a3 siK4aHJ 3epOapHoMaxo ubopar Oyna, xap KaaoMu OH xanadu
Mymaxxacpo jgopaa. U 3epbapHoMaxo Oapou IBJIOHM HaBBU TariupEOaHIaxo
(3JIeMEHTH MacCUBX0, IOMMUXO0, PyHKCHS Ba Faiipa), MyKappap HaMyJaHU XOJaTh
UOTHIONN SKOCHCTEMa, aHACIIMIAHA Yopa XaHTOMHU Jap XO0JIaTH OyXpOHH Kapop
JIOIITAaHA DSKOCHCTEMa Ba HAMOWII JOJIaHW HATUYaXO Jap MYXHTH BU3Yyajlud
3a0onn OapHomaco3un C++ Builder memounn mynaana [24, 26, 38, 99, 100].

baproma Gapou amcuian matematukuu (4.1.1) coxrta mymaact Ba Xxagadu OH
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MyailssH HaMyJaHH KuMaTxou OamaHau Kod(PPUTCHEHTXO, XHCOO HamyJaHU
DJIEMEHTXOW MaTPUTCAN TabCUPH OaHUXAMIUTApUN HaBbXOHW CHCTEMan SKOJIOTHH
MaMHYBroxu «beman majgaHroH» Iap acocH MYIIOXUIAaX0 COXTa Ba KOpKap.
mrygaact. MaTHu myppan 0apHOMa Ba HATHYAXOH OH Jap MOEH oBap/a IIyaaacT.

bapHoman kopii xanromu umypowuinn ¢aitnn uapomaangan Coefficient.exe,
ku gap cyporau D:\ ITamka\ Coefitsent.exe doiirup acrt, pyiu Kop MeEoOs.
ATpuOyTxom acocii 6apon pyiu KOp OoMagaHu OapHOMa Jap KOMIIOTEp HacO
Oynanu cuctemMan oMuiiii Ba 6apuoMau miargopman .NET Framework naBwu 4.5
mebomman [21,24,51].

1) Jap narnyau mypouniu daitmu Coefficient.exe map skpan popman 3epun
naiio memasan (pacmu 4.2.1.) [2-M, 6-M, 10-M, 21-M]:

e . Haru4an Mo/1e/imn MMHTATCHOHM b= I:] ><

am1 =
< & Mpaduk

gam2 = [

Ko =

h1 =

h2 =

|
|
|
|
tan = ‘
|
|
|
|

Pacmu 4.2.1. —- Hamyau ymymuu ¢opMau dIKpaHii 6apou JOXUJIKYHHH 101aX0.

bapuoma a3 ¢dopman acocit, ku Jopou Ay TyrmMau (apMoHt 00 HOMXOH
«Hisob» Ba «Clear» ubopar 0yna, sike XMCOOKYHUU OapHOMApO MYPO MEHAMOS]I
Ba Jqytomari Oomrajg 6apou a3 capu HaB 0a Kop oMoja HaMyaaHU OapHOMa Ba TOK
HaMy/JaHU KUMaTXOM KaTakxopo gap Oap merupaa. CyTyHu 6a TaBpU BepTUKAIIA
qorup Imryaa Oollla] HaTU4Yaul KOpW OapHOMapo HUILIOH Menuxan. Jlap Hazmu
CYTYHU KMMaTX0, KOMIIOHEHTX0H OapHOMa yoirup mryaaact. Jlap oobextu TChart
HaTtu4au Tpadukuu OapHOoMa TacBup Me€ban. bo Bopua HaMymaHW KUMAaTxo Ba

naxmi kapaanu Tyrmau «Hisoby Hatuda map skpan maigo merapaan.
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®aitn Mawnymor
Q=|5000 02019 < t <tkl0o  h=|1 (Xucobuynii|[ Hamsan || I'pagux ||Tosaxysi|Bapomax]
S || oo Kpwons | Kot o o
Komnonentaxo (Kumatxo |Kommonentaxo |Kumartxo |Komnomentaxo |Kumarxo |Komnomentaxo |Kmmatxo
NO 00 alfaQ 0.0000 kO 0 ml 0.0
N1 100 alfal 0,0001 k1 0.4 m2 0,3
2 45 alfa2 0,0001 2 0,5 m3 0,03
N3 30 alfa3 0,0001 k3 0,06 m4 0,3
N4 50 alfa4 0,001 k4 0.4 m5 0,03
N5 80 alfas 0,0003 k5 0,9 mé6 0,03
N6 10 alfa6 0,0003 k6 0,6 m7 0,03
N7 53 alfa7 0,0002 k7 0,3 m8 0,03
N8 10 alfa8 0,0002 k8 0.4 m9 0,03
N9 605 alfa9 0,0002 k9 0,5 ml0 0,03
N10 100 alfalo 0,0002 k10 0,6 mll 0,03
N1l 140 alfall 0,0002 k11 0,3 ml2 0,03
Ni2 2 alfal2 0,0002 k12 0.4 ml3 0,03
N13 341 alfal3 0,0003 k13 0,5 ml4 0,03
N4 10 alfald 0,0003 k14 0,6 ml5 0,03
N15 275 alfals 0,0003 k15 0,3 mlé 0,03
Nl6 10 alfalé 0,0003 k16 0.4 ml7 0,03
N17 249 alfal7 0,0003 k17 0,09 ml8 0,06
Ni8 5000 alfal8 0,00003 |k18 0,09 ml9 0,06
NI19 261 alfal9 0,0003 k19 0,09 m20 0,003
N20 9 alfa20 0,0003 k20 0,09

Pacmu 4.2.2. XucoOKkyHHMH Machajad KaHOPUH (papKil 6apou MONMyJISTCHAXOM MAMHYbIOX
00 J1apHAa3apA0IITH BAKT, CHHHY C0JI Ba TAKCUMOTH (pa3oi nap 3a60umu 6apHomaco3uu C++
Builder.

Hap maoma xkumarxou MyBOGHUK BOPHI Kapjaa IIyJa HaTU4au OapHOMa Ba
UJOPAKYHUU JIMHAMUKAW TOMYJSITCUAXOM MaMHYBrox 0a JacT oBapjaa IIyJaaH]l
(pacmxou 4.2.3-4.2.28).

1) Harnyaxou xucoOkyH#. «bapon XHCOOKYHHXO JIO3UM acT: MAaTPUTCAU TabCUPH
MyTaKoOWJIau HSKOCHUCTEMa, BOPUAOTH 3axWpaxow OepyHa, XapopaTr, HaMi,
KOO (PUTCHEHTXON CyphaTH MYIIAXXacCHd TabCUPHU IIUKOp € BOPUA HaMyJaHU
HaBBXOHU KaMIIyMop 0a skocuctema» [2-M, 6-M, 10-M, 21-M, 15-19]:

Bapuartu I

bury3op marputcan Tabcupu OalHMXaMIUTrapii YyHUH OOIIAI:

0,0 -0,01 0,0 0,0
0,08 0,0 05 0,03
00 04 00 —1,3
0,0 0,002 04 0,0

A=
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bo nmap HazapaomTH KMMAaTu MaTpUTCau

rpaduxun pacmu 4.2.3. XOCHUI MEIIaBa.

Hap acocu wmarpurcam nojamyga Ba kumarxou Yy, = 0.01, y, =1,K, =

0.03,N, = 500,7 =0.01,h; =0.1,h, =0.1,p=1 Baqg =4

rnak[79]=145 963230963214
]
]
Er
]
]
Er
]
ma]
Er
]
ma]
]
]
ma]
]
]
ma]
]
rmax[38]=145,963230863214
max[99]=145 963230963214

80]=145 363230863214
81]=424,176677 236791
82]=385 075576467035
83]=340 533438613168
94]=292 49178572508

88]=242 700113424672
86]=193.193476326728
87]=145 963290863214
28]=145 963290863214
83)=145 363230863214
90]=145 963290863214
91]=1456 963230863214
32]=145,363230863214
93]=145 963290863214
94]=145 963230863214
35]=145 363230863214
9E]=145 963290863214
97]=145 963230863214

gamo,02
gamzz 2

KO |o.oon3
NO [g00

tau 0,01
bl o1

h2 [a 1
p= 1
=5

A=

TabcUpU OalHMXamaurapi

h2=0.1, p=1, g=5.

Marpurcan Tabcupu OalHUXaMIUTapH J10/1a ITy/1aacT:

00 -01 00 00
0,09 00 0,6 0,01
00 05 00 —1.2
0,0 0,001 05 0,0

rpagukun amMmcuiia aap pacmu 4.2.4. HUIIOH J10/1a I1y/1aacT.

mak
max
max

79
an
a1
a2

max

a3

ma;
max

a5

put

ma;

max

0)
ob

av

=145,963290863214
=145,963290863214
=424 176677336731
=385,075576467035
=340,58343861 3168
=292,491 78572506

=242,700119424678
=193,1994 76326728
=145,963230863214

ma;

oy
[=12)

=145,963230363214

ma;
mak
max
ma:

a0
el
92

max

max
max
max
max
max

93
34
95
9
97
38
99

=145,963230363214
=145,963290863214
=145,963290863214
=145,963230363214
=145 963290863214
=145,363290863214
=145,963230363214
=145,963230363214
=145,9623290863214
=145,363290863214
=145.963230363214

tau ’T
k1 ,017
o R

pe |

=

T T T T T
10 1214 16 18 20 22 24 26 28 30 3. 44 46 48 50 52

Pacmu 4.2.3. Xanromu gam1=0.02, gam2=2.2, Ko=0.0003, No=500, tau=0.01, h1=0.1,

Oynaw,

T
54 56 58
Tie-

T

Pacmu 4.2.4. Hatuvyau ag3opu kommniorepit 60 ronaxou gam1=0.02, gam2=1.8,
Ko0=0.0003, No=500, tau=0.01, h1=0.1, h2=0.1, p=1, g=5.
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A3 TaxJmiy ry3apoHyaanrya 0apmMeosia, K Ko3pPUTCUeHTH MUKOPKYHUU
xaiiBoHOTH napanna 6a 0,7 6apobap Oyma, 7ap WH MaBpu 0apow MyHAa33aMCO3HUU
HKOCUCTEMA XaAJIM akKai a3 5 To 12 gapanmapo 00 Tap3u MIMKOP Kam HamyJlaH
3ypyp acr.

Bapuantu 11

Martputcan Tabcupu OaltHUXamMaurapi:

0,0 —-01 0,0 0,0
0,09 00 -06 — 0,01
0,0 05 00 —1,2
0,0 0,001 05 0,0

HNap wuH MaBpua cypbaTd BOpHUAIIaBMM MaHOaum OepyHa @ = 1000

A=

koddputcuenTxon muénan dast 6a 0,1, 0,9, 0,8, mrymopan XalBOHOTH THEXXYD,
JapaHaa  Ba IMUKOpIIaBaHaa myraHocmOan ©Oa 12,0, 10,0 Ba 2,0 meGomman.
Kosdbdurcuentn tabcupu mukop 6a gapanna 6a 0,7 ©Oapobap acr. Carxu
TaxXMUHUM MHUKOP 0a 5 Oapobap meboman. OyHKCUSU «acapu IIMKOP» HU3 Aap

IIaKJIU XaTTid TUpUQTa IIyaaacT.

430
Elear‘ R R 'R

4603 -4--1-

44042
ma[79]=145, 96329086321 4 4203 -4--4-
mar{E]=145.96320085 3214 gam{0.02 gl di
max(B1 |=424.1 7EET7 336791 i T
max[82]=385,0755 76467035 samq2 3g0 - -1
M0 2] 340, 5094 36619168 K0 (00003 b
max[B4]=292, 491 78572506 : 3807,
maxE5]=242. 700119424678 e zemil
ma[8E]=193.1994 76 226728 b
max[07]=145, 96320086221 4 tau [0.01 320 {-4--1

max[35]=145, 96329086321 4 1.
mav{BA]=145, 953290853214 k1 o1 0093
max[30}=145, 96329086321 4 . 2804 -4--1-
max[31)=145 363290363214 0.1 Vo
max[32]=145, 96329086321 4 1 260151
max[33]=145, 963290853214 kR
max[34]=145, 96329086321 4 = I8 20 P
max[351=145, 963290563214 2204202
max[35]=145, 96329086321 4 I
max[37]=145, 963290863214 .
max[35]=145, 36329086321 4 1804 -
max[39]=145, 963290853214 | 60\: ;

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T I_
02 46 310121416182022 24262830 323436 35404244 4545350 52545653 606264 .

T Tioo -

Pacmu 4.2.5. Xanromu gam1=0.02, gam2=2, Ko=0.0003, No=500, tau=0.01, h1=0.1,
h2=0.1, p=1, q=5.

Bapuanru 111

Marputcanu Tabcupu OalHUXaMIUTapii:
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Cypbatun BopummaBuu ManOam OepyHa Q = 1000, xumatu MuEHAH
kodpdurcuentTn ¢asr 6a 0,1, 0,9, 0,8, mymopan xaiBouxou amadxyp,
muKopIaBagaa Ba gapanga 6a 12,0, 10,0, 2,0., koadduTcueHT TabCUpU MIUKOP
0a xaiiBoHxou napanga 6a 0,7 6apobap memaBai. Jlap uH XoJaT KUMaTH ITUKOP

0a 5 6apobap myna, GyHKCHUSU «acapH IIUKOP» XaTTi rupuQTa MeIaBa.

rnax[79]=145 9632308963214
max80]=145,963230063214
man81]=424.17667 7336731
max]82]=385 075576467035
rmax[33]=340,58343361 3168
max[84]=232 49178572008

rax80]=242,700113424678
max86]=193.199476326728
max[87])=145,963230063214
rmax[38]=145,963230863214
rnax[29]=145 963230963214
rnax[90]=145 963230963214
max31]=145,963230063214
max[32]=145 963230063214
max[33]=145,363230863214
rnax[34]=145 963230963214
rnax[95]=145 963290963214
max96]=145,963230063214
max[37)=145, 963230063214
rmax[38]=145,3963230863214
rmax[39]=145 963230963214

Pacvmu 4.2.6. Xauromu gam1=0.02, gam2=2.2, Ko=0.0003, No=500, tau=0.01,h1=0.1,

A=

gamln oz
gamzlzgi

K0 fn o003
MO [5p0

tau oo
k1 {a 1
h2 [n 1

1

[Z3]

p=
q=

ll

0,0
0,09

0,0
0,0

430

-0,1

0,0

0,0 00

- 06 — 0,01

05 00 -19
0,001 0,5 - 0,21

4603 -4-- 11

4404 -%-
4201 -4-
4004 -%-
3804 ---
350 4 -f-
3404 -4-
320 4 -{-
3004 ---
280 -4-

h2=0.1, p=1, g=5.
Bapuanru IV
Marputcau Tabcupu OaltHUXaMIUTapii:
00 —-—01 0,0 0,0
A= 0,09 0,0 —-0,6 — 0,01
1 0,0 0,3 0,0 - 09
0,0 0,001 0,5 - 0,23

Jlap uH o3MouIll CcypbaTh BopuAaBuu MaHOabu OepyHa Q = 1000,
KuMatu MuéHan kodddurcuentu ¢art 6a -0,1, 0,9, 0,8 G6apobap act. Lllymopau
xaliBoHXoM amadxyp, MmUKOpmIaBaHma Ba npapanga 6a 12.0, 100, 2.0
Kod(phUTCHUEHTH TabcupHU IMMKOpP 0Oa XalBOHXOW dapaHaa Oa

MemaBa. [lemHuxon HaMyJaH MyMKHUH acT, KU KAMaTH IIUKOP
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-0,7 Gapobap
-0,5 rupudra



I1aBaj, OH roX (PYHKCHUAM «acapH HIMKOp» IIAKIA XaTTH JIOTUCTHKUPO TUpUdTa,

K03 PUTCHEHTX0 MyTaHocHuOaH 0a 8 Ba 2 rupudTa MemaBa.

Pacvmu 4.2.7. Xanromu gam1=0.04, gam2=2.3, K0=0.0003, No=500, tau=0.01, h1=0.1,
h2=0.1, p=1, g=6.

Bapuantu V

Martputcan Tabcupu OaitHUXamMaurapi:

0,0 -0,17 0.0 00
0,05 00 -08-0,01
00 06 00 -—07
0,0 0,005 0,5 -0,7

Menépu 3axupaxou O0epyHa Q = 1000. Carxu muénau ¢apt 6a 0.1, 0.9 Ba

A=

0.8 6apo0bap act. lllymopau xaitBoHOTH anadxyp, MUKopIiIaBaHaa Ba aapannaa 30,
0, 20, 0 myna, ko3hdUTCHEHTH TabCcUpH MUKOp Oa xaliBoHOTH mapanaa O6a 0,7
O6apobap memaBaz. lllymopan taxmuuum mmkop - 30,0 Ba QyHkcusiu «acapu
IIMKOP» Jlap IIaKJIu XaTTH JIOTUCTHKA 00 kodddurcuentxou 15 Ba 3 rupudra

IIyaacr.
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Clear | o
440
max[79)=145. 95329085321 4 420441+
max{30]=145, 36323095321 4 gamo,02 s I
ma(31]=424.1 TEETT 326791 ; :
max{f2]=385 075576467035 game2.3 380 -4-i-
max[B3)=3405804 3851 9153 ko :
ma[84]=292 49178572505 0.0003 36015
SERERE  wE ol
mak| = A .
max[A7]=145 9F3290863214 tau [0 o1 3204 ---r-
max[B5)=145.95329085321 4 o a0l -
max(B3)=1 4595329085321 4 01 :
ma(30]=1 4596329085321 4 WG 2804 -0t

max{T1]=145 963290863214
max{92]=145,963290863214 1 :
max{33]=145 963290863214 ~ sapd 00
max[34]=145 SR3290863214 =5 '
max[35]=145, 96329095321 4 2204 ---
max{36]=145 963290863214 :
max{97]=145,96329086321 4 o
max{33]=145 963290863214 180 -
rnax{99]=145, 96329086321 4 :

L LA L L L L LA LA LA LA L L L LLALARR RAL L AR LA L L T
1001214 16 1820 22 24 26 28 30 32 34 356 38 40 42 44 46 48 50 52 54 56 58 606264 ,
The Tiaan

.:.
N
P
.
3

Pacvmu 4.2.8. Xanromu gam1=0.02, gam2=2.3, Ko=0.0003, No=500, tau=0.001, h1=0.1,
h2=0.1, p=1, g=5.

Bapuantu VI

Martputcan Tabcupu OaitHUXamMaurapi:

-0,1 -0,0 01 00
0,0 -07 00 -0,01
005 00 -08 -01
0,0 06 0,0 -0,7

A=

Menépu 3axupaxou 6epyna Q = 1000. Carxu muénau ¢dast 6a -0,1, 0,9 Ba
0,8 6apobap meboman. Kumatu mrymopan XaiBoHXOHM anadxyp, MMKOpIIaBaH/A
Ba nmapanna 6a 8,0, 10,0, 2,0 6apobap myaa, ko3hPUTCHEHTH TabCUPH IIUKOP Oa
xaliBoHOTH nMapanza -0,7 memraBaa. Kumatu TakpnOuu XailBOHXOHM ITMKOPIIIABaH 1A
6a 11,0 Gapobap myma, GyHKCHSIM «acapu IIUKOp» Jap IIAKIM XaTH Kayu

JOTUCTHKI 00 KoddduTcueHnTxou 12 Ba 5 rupudra mrygaacr.
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= SO0 -
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5 S00

S OO0

=2 SO0 -

=2 OO0 —

3 S00

3 o000

= SO0
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1 S0o00

1 OO0
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Pacmu 4.2.9. Xanromu gam1=0.03, gam2=2.3, Ko=0.0003, No=500, tau=0.01,
h1=0.1, h2=0.1, p=1, q=3.

Jlap yagBamm 4.2.1. HaTUYan O3MOMIIIXOH Ty3apOHHIAITY 1A OBap/Ia ITy/1aacT:

Yansaau 4.2.1. Hatu4yan 03MOMIIX0

Cypvamu
Bapuanm Cmpamezua HlTuxop ooxunuiasuu

oapanoa

1 2 3 4

1 [[ukopn gapaHmaxo J03UM HECT 0,0 0,0

2 [[Inkopu napaHmaxo J03UM HECT 0,0 0,0

3 [[Iukop 103uUM acT 0,21132 0,0

4 [ITukop mo3um act 1,720222 0,0

5 BapuanTtu omexta 11,636363 1,733764

6 Bapuantu omexta 7,25 1,782814

107




Hatndaxom kopu Hapmad30p HHINIOH MEAMXAHI, KU OapoW HaMyIXOu
TYHOTYH XaM IIMKOp Ba XaM BOPHJ KapJaHW HaMyJIXOH HaB 0a 3KOCHCTEMa
ONTUMAJIII MeOoIIa.

2) 3epbapHoMan aurap 60apou MyaisiH HAMYJIaHH CaTXy OMoMaccau pacTaHi
Oaxmmga wrygaacT. Hartmyam 3epbapHoMa KHUMAaTH MHHHUMAJIUH — IIMKOPH
JapaHIaxopo MyaisH Hamyzda, Aap acoCH OH MMKOHU HHUTaXJIOPHH XAWBOHXOU
HOJMP Ba HECTIIABaH/A Jap AKOCHUCTEMaA Mai0 Merapaa.

«bapou kopu wH 3epOapHOMa MabIyMOTH 3€PHUHPO BOPH] HaMyJaH JIO3UM
acT: MaTPUTCAW TAhCHPU MYTAKOOWJIAW SKOCHUCTEMaW MaMHYBroX-A, 3axHpaxou
OepyHa, xapopar, Hamil, BoOactaruu Iymopau (aBT a3 XapopaT Ba HaMi,
KO3 UTCUSHTXOH IMUKOP € BOPU] HAMYJaHH HAMYIXOH HaB 0a SKOCHCTEMA.
XHCOOKYHUXO0 0apoM MaTPHUTCAXOW TabCHPH MyTaKOOMJIaW I'YHOT'YHH MaMHYBIOX,
CypbaTH BYPYIOM 3axupaxod OepyHa Ba 0a JacT oBaplaHd HakKImiam Ouomacca
ry3aponuja mrygaact»[15-19, 21-M].

Bapuantu I

Martputcan Tabcupu OaltHUXaMaurapi:
0,0 —-01 0,0 0,0
0,09 00 -06 — 0,01
0,0 03 00 -09
0,0 0,001 05 -0,23

Cypbatu BopummaBuu 3axupaxou Oepynit 1000. Carxu muéHau ¢daBTu

A=

Tabuuu pacTaHil, XallBoHOTH anadxyp Ba napanma mytanocu6ban 6a 0,1, 0,9 Ba 0,8
O0apobap mebomaa. Carxu 3apypuud MHTUXOOW HAaKIIaBUM OMoMaccad pacTaHit O6a

28,0 6apo0bap acT.
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Pacmu 4.2.10. Xanuromu gam1=0.021, gam2=2.3, Ko=0.0003, No=500, tau=0,01,

h1=0.1, h2=0.1, p=1, g=6.

Bapuantu 11

Marputcau Tabcupu OaltHUXamMaurapii:

A=

0,0 —-0,6 0,0 00
04 00 —-06 — 001
00 05 -02 00
0,0 00 06 -0,8

Cypbatu BopuamaBuu 3axupaxou OepyHa 4000-po Tamkuia Meauxa.

Koaddurcuentn muénaum ¢paBtu Tabunm pacTaHii, XalBOHOTH anapxyp Ba JapaHia

myta"ocuban 6a 0,1, 0,9 Ba 0,8 6apobap meboman. CaTxu 3apypuu 4aMbOBapUU

ouomaccau 6a Hakma rupudranryaa 30,0 acr.

Hizob | Clear

max|
max|
max|
mMax|
max|
ma|
max|
max|
max|
mMax|
max|
ma|
max|
max|
max|
mMax|
max|
ma|
max|
max|
max|

79]=145.963290863214
20]=145963290863214
81]1=424 1 7EET 7336731
82]=385 075576467035
03]=340.53343861 9165
04]=292.491 78572506

ah]=242 700119424678
BE]=193.19947E326728
87]=145 963290863214
88]=145.963230363214
89]=145.963230363214
90]=145.963230863214
91]=-145.963290863214
92]=145,963290863214
93]=145963290863214
94]1=145.963230363214
95]=145.963230363214
96]=145.963230863214
97]=145.963290863214
98]=145,963290863214
99]=145 963290863214

gam'l,g'mi
gamZ,-]i
Ko ’W
MO ’mf
tau ’r

AT —

)
b I

o

LI M M A A L B L I L S A B M AR A LA LS L B e B R A B B B
02 46 81012141618202224262830 323436 38404244 46485052545658606264

Pacmu 4.2.11 Xanromu gam1=0.01, gam2=1, Ko=0.003, No=500, tau=0.01, h1=0.1, h2=0.1,

p=1, g=5.

Bapuantu 111
109



Matputcau Tabcupu OaltHUXaMIurapi:

010 - 0;9 0,0 0,0
08 00 -12-00
00 09 00 -06
0,0 00 0,2 -0,3

Koaddurcuentn napomanu 3axupaxou 6epynii -149. Carxu muéHau hatu

A=

Tabuuu pacTaHit, XxaiiBoHOTH anadxyp Ba mapanga myraHocuban 6a 0.1, 0.9, 0.8
O6apobap act. Carxu 3apypum yaMmboBapuu OmomMaccan 0a Hakma rupudTramnryga

22,0 acr.

Pacvmu 4.2.12. Xanromu gam1=0.02, gam2=3. 3, K0=0.0003, No=500, tau=0.01, h1=0.1,
h2=0.1, p=1, g=4.

Bapuantu IV

Marputcau Tabcupu OaltHUXaMIUTapii:

0,0 - 0;1 0;0 0)0
0,09 00 —-06 — 0,01
0,0 0,3 0,0 -0,9
0,0 0,001 0,5 - 0,23

Cypbatu BopuamaBuu 3axupaxou OepyHa 725. Koadpdurcuentn muéHaum

A=

dbaBTu TabuKu pactaHi, XalBoHOTH aagxyp Ba Aapanaa myranocuoan 6a 0,1, 0,9
Ba 0,8 6apobap mebomian. Carxu 3apypun 4yaMbOBapuHu OMoOMaccau MenouHUIITY/ 1A

40 acr.
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mnax73
tnax[80
nax[E1
max[82
ma=[53
max[54
nax[35
mnax[36
tnax[37
max[88
ma=[29
max[30
max[31
mnax[32
mnax[33
max[94
ma=[35

naR]37
mnax[33

mnax[33

=289,1623361 37975
=288,062278233571
=424, 17EE7 7336791
=285, 075676467035
=240,5394 28619168
=292 4917857 2506
=202, 69561698953
=281 648434620592
=280,6037737591
=279,579549930094
=278 557678459407
=277 544074674723
=276, 538653737261
=275.541331 038067
=274.552022114382
=273, 762514335091
=272,9945461 90024

max[36]=272, 224371 756832

=271,458001 243472
=270, 635442337483
=263,9367 03276108

ganﬂ,F
gamZ’-]i
K0 [0,0003

MO ,5007
tau ,T
T —
h2fg1

= 1

S

A B L L L L B M L L L LA LA LA L ) R L LA
10 1214 16 1820 22 24 26 28 30 32 34 36 33 40 42 44 46 483 50 52 54 565 58 60 6264

Tho Tieo —

Pacmu 4.2.13. Xanromu gam1=0.01, gam2=1, Ko=0.0003, No=500, tau=0.01, h1=0.1,

h2=0.1, p=1, g=5.

Bapuantu V

Martputcan Tabcupu OaltHMXaMIUrapii:

0,0 —-07 0,0
A= 0,5 0,0 —-08 —

0,0 06 00

0,0 0,005 0,5

0,0
0,01
0,0
- 0,7

Kumatn 3axupaxom Oepyna 1000-po Ttamkun Menuxaa. Carxu MHEHAH

HOOY/IIIIaBUM pacTaHMXOU Tabu#, xaliBoHXoHW anadgxyp Ba napanaa 6a 0,1, 0,9, 0,8

O0apobap MeOomaa. Carxu 3apypun Oa Hakiia TupudTanIyan 4YamboBapuu

onomaccau pactanin 6a 38,0 6apobap acr.

Clear
max[73)=14596329086 321 4
max[G0]=145 963290863214 gamn,01
max[21 |=424.1 FBE77 336791 ;
man[2]=385. 075576467035 gamyt
max[33)=340 53943851 9168 K0 [aos
max[84]=292.491 PE5T 2505 :
max[85)=242. 700119424575 NO [5o0
max[B5]=193139476326728
max[87]=145.96329085 321 4 tau [0,
max[88)=145. 96329086 321 4
max[89)=145.96329086 321 4 bl [a
max[90)=145.96329086 321 4
max[31|=145 963230863214 he o
max[92)=145.96329086 321 4 S
max[93]=145.96329085 321 4 -
max{34]=145 953290863214 =)
max[95)=145.96329086 321 4
max[95)=145.96329086 321 4
max[37)=145.96329086 321 4
max[35]=145.96329085 321 4
max[99]=145.96329085 321 4

R L L L L L L L L L L B L L Ly L L R Ly L s AL L) RALS LA R
8 10 1214 16 1820 22 24 26 28 30 32 34 36 38 40 42 44 465 48 50 52 54 56 58 60 62 64

Pacmu 4.2.14. Xanromun gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,

h2=0.1, p=2, g=1.
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Bapuantu VI

Martputcan Tabcupu 6aitHMXaMaurapi:

A=

0,0

0,5

0,0
0,0

- 0,7 0,0

0,0 -08—-10,01

0,6 0,0
0,005 0,5

0,0

- 0,7
- 0,7

Kumatu 3axupaxom Oepynin Q = 1000 Oyma, carxu MuéHam QaBtu

pactaHuxou Tabuil, XaiiBoHxou anadxyp Ba mapanga 6a 0,1, 0,9, 0,8 6apobGap

Meboman. Carxy 3apypud yamboBapuu 0Oa Hakiua rupudramynad Ouomaccau

pacranii 6a 30,0 Gapobap acr.

Clear

x|
maK
MaK|
x|
mak
MaK|
x|

a0
91
32

ma{79)=145,963290863214

[=145,963290863214
=424, 176677336791
[=385, 075576467035
[=340, 583433619168
=292 451 78572606

[=242, 700113424678
[=193,1934763267 28
=145, 963290963214

mak
it

[145,963290863214

it
mak
MaK|
x|
x|
mar|
x|
x|
mar|
x|
x|

Pacmu 4.2.15. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,

[=145,963290863214
=145, 963290963214
=145, 963290863214
[=145,963290863214
=145,963290963214
[=145,363290863214
[=145,963290863214
=145,963290963214
[=145,363290863214
[=145,963290863214
=145, 963290963214

Harngaxon tauypubaxom ry3apoHujamyga Oapoun Xap SK BapHaHT

gaml’m1—
gamﬁh—
Ko ’W
N
tau ’r

b o4

h2 o1
p= 4
o

480

3004 -

280
280

24041+
apdk -

200

1801 -
160 3

B0 - 4o b dodeddo b b L
440-13-
404
400-13-
380 ---
350-13-
340 -+
2044

qaJIBaJIM 3ep OBapJia IIyIaaHI;

h2=0.1, p=4, g=1
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Yansaau 4.2.2. Hatuyaxou Taypudaxo

Kumamu
Kumamu umkonnazupu
Pakamu eapuanm . _ UMKOHRA3Uupu
Xaiigonxou anagxyp
0apanoaxo

1 2 3

1 5983 7,333
2 3504 8,14
3 5919 7,889
4 79444 31,83
5 23370 31,29
6 29640 24.43

«Hatngan murapum 3epbapHoman GapHomam acocit nap pacmxom 4.2.16 -
4.2.26 oBapma mygaaHa. Akcapu Taypubaxo Oapou CHCTEMad HaBBH <«JIapaHja-
caiiy ry3apoHH/a IIyAaaHa, KA CaiId OH OXyH OyXOpo# Ba AapaHIaxo JyIIMaHU
Tabunu OH — ryp0Oau KaMuI3opi Ba rypr mebomana (pacmu 4.2.15, 4.2.26)» [15-
19, 21-M].

Jlap acocu TaxXKUMKOTH Ty3apOHMJAIIyAa, aMCHJIah MaTeMaTukii Oapou
HU3oMu dkonornu «beman mamaHroH» (KMCMaTH KaMmHIIWi0 OuéboHi) 00
JapHa3apJOITH HAaBBbXOW JapaHaa Ba cala MaBpuad HCTH(OIA Kapop
rupudraact. Jlap amcuna 6a xaiicu HaBbU HOJAUP Ba HECTIIABaHA -0XYU OyXOpoi
Ba XaMuyH JapaHjaa - rypbaum KaMuII3op Ba rypr MHTHX00 mrynaanji. bapou
Tax, TN JUHAMUKAW SKOCHCTEMa MTapaMeTPXOH 3ePHUH:

vy, = 0.01, y, =1,K, =0.03, N, = 500,7 =0.01,h; =0.1,h, =0.1,p =
1 Baq = 4 Bopua kapaa mynaanja. Hatuyam rpadukuu KOMIIOTEpid Aap pacMu

4.2.17 oBappna uryaaacr.
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Clear

man[73]=1 45, 36329086721 ¢
{30145 SE 79086321 ¢ ganifn

{1 ]-424.1 7677206791 ;

{32365 (7RG TE4GT035 i
ma{23]-340 5S4 3B6TT168 K oo

| 4]=252, 491 7O 2508 .
mas{5]-242 7001 13424678 NO [500

max[96)=193, 199476326720

raw[37]=145 963290863214 tau 10,0

max[38)=145 363230863214

man{33)<1 45 SF 29086321 ¢ i [
| 20]<1 45, 362906221 £

man{31 1 45 S 09086214 helu
] 22]<1 5, 3329086321 ¢ e I

maw]33]=145 96329086371 4
mae| 341145 36329086321 4 Rt

] 35 =145 96329086321 4

ma36)=1 45.96329086321 4

ma]37)=1 45 96329086321 4

maw]36]=145 96329086321 4

mar]33]=145.96329086321 4

T T
24262630 3234 36

T T
1404244

Pacvu 4.2.17. Xanromun Gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=1, g=4.

bapou omy3uim xonaTxou aurap Bazbu MaMHYbroxu «beman mamaHron»
(kucmaTu Kamuluio O0uEé0OHM) a3 aMCUIIacO3UM MaTteMaTukil uctudoma myaa, 6a
Xalicm «IapaHjga Ba caii» oOxyu OyXopoil XaM4yH HaBbU HOJUP Ba TypbOau
KaMUII30py Typr 06a cudartu gapaHaaroH MaBpUIM TaxJui Kapop rupudraact. bo
MaKCcaJli MyailsiTH KapJaHu JTUHAMHUKAW WH HU30MH DKOJIOTH HHUIIOHIWXAHIaXO0H
3epuH 0a acoc rupudTa mygaHI;

gam; = 0.01,gam, = 1,K, = 0.03,N, = 500,7 = 0.01,h; = 0.1, h, =
0.1,h, = 0.1 Baq =2. Haruyam rpaduxkum xommiotepin nmap pacmu 4.2.15

OBap/a IIy/1aacr.

Hisob | Clear |
man[73]=145,96329086321 4
max[30]=145.95329096321 4 gamfom
max[F1]=424.1 FEETF3I6791 ;
mar(E2]-385 075576467035 gam
max[B3]=340.53343851 9168 K0 [303
max]84]=292,491 78572506
max[B5]=242. 70011942478 NO 50
max[B6]=193.19476326728
max[B7]=145 96329086321 4 tau [0
max[B8]=145 96329086321 4
max[B5]=145, 963290863214 k1 [0
max[30]=145 96329086321 4
max(T1]=145 96329086321 4 he {01
max[32]=145, 56323086321 4 S F:
max[33]=145 96329086321 4 ~
mar[34]=145 95329086321 4 o= |2
max[5]=145 D6329086321 4
max[36]=145.96329086 321 4
ma[37]=145, 56323086321 4
max[38]=145 96329086321 4
max[39]=145 96329086321 4

Pacvmu 4.2.18. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.2, g=2.
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Taxkuxotu Ma3kyp Oapou skocucteman «beman namanron» 060 uctudogan
aMCHJIal MaTeMAaTUKA Ba BOPHI HaMylaHu mapamerxou 3epuH: gam, = 0.01,
gam, =1, Ky = 0.03, N, = 500,7 = 0.01,h; = 0.1,h, = 0.1, p=0.2 Bag =
3 Hartuyarupi mymaaact (pacmu 4.2.18). Kaiig xapaaH 3apyp act, KA Jap HH
0030pu KOMITIOTEpA  poOuTan OaiiHM OXyd OyXxopod (HaBBM 3€pH XaTapH
HECTINIaBi) Ba JapaHjarod (rypbau Kamumzop Ba rypr) 6a 3btubop rupudta

mrynaact. Hatugau 0630pu kommoTepit 1ap pacmu 4.2.19 oBapaa mryaacr.

480
Cleat R R R R R
1504 - -
40-1- i
7911 45, SRR Lol B :
mai0]<1 45 63230863714 ot wob-
mas|1=424.1 TE677336731 ; ;
menE2]<365 (7R TE46 7135 eyt o
mas|23]- 340 33435619153 K fim :
max[34}=252 49178572506 : w0y
man|5]=242,700119424678 O (50 304
as|E]-193,1 98476326728 :
as{7]-1 46,96 303085 3214 teu [0 3204-+-

max|38)=145,963230863214

ma]B<145 BE 3200853214 b fu1 2
mas[30}=1 45, 363230863214 2804-4-
mas|31]<145,96 3230853214 b2 :
max{32)=1 45, 363230853214 n [ 2804

mas]33]<145 963230863214 .
max{34]=145, 963290863214 =3 0 H
mas]35]=145 963230863214 2041
mas]36]=1 45, 963230863214 stk
mas]37]=145, 963230863214

ma#]38]-1 45, 96323088321 4 18041
ma#]33]-1 45 363230883214 ol

LSRRt sy LA B e L Ay L LA L it L A L L LA Ll Ly M LA Al Lt T T
0246 381012141618202224262830 323436 36404244 464850 52540658 606264 666870 72747675 8082064 86860052 94¢

Pacvnu 4.2.19. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.2, g=3.

bo Taks 0a aMmcuiian MaTeMaTHMKWM HAaBbH «JapaHia—caiin» Ba 00 BOpuUA
HaMy/laHi MauMyd IapamMeTpxod jaojamryna, a3 yymna y, = 0.01, y, =1, K, =
0.03,N, = 500,7 =0.01,h; =0.1,h, = 0.1, p = 0.2 Baq = 2 paBanau
TariupéOnn AuHaMuKau sKocucreMan «bemian majanron» (KMCMaTu KaMUIIUIO
OucOoHI) nap makiu rpaduki NEUTHUXOA rapauaa, poouTtan MyTakoowian 0aitHu
MOMYJISTCUAXO0 Ba TabCHUPU TAPAMETPXOM HWHTUXOOIIymapo ©0a yCTYBOpUU

HKOCHUCTEMA PaBIlIaH UHBUKOC MeHaMOaH I (pacmu 4.2.20).
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a6u
604 -

440
max{79145, 363230863214 4204
max{A}=145,363290863214 gamf of .
mas{31 =424 176677236791 ; ;
mer{E2]-385 175576467035 syt 3801 -

max{331-340,5894 33515169 K0 [omg

man{4]=292 43176572508 : %01~

mas{351=242 700113424678 N [5o il

max{B6]=193,133476326723 '
ma{B7]=145,963230863214 fau (0,01 320700
max{Ba=145, 963290863214

mer{E5}-145, 35290963214 i [ S
may{30]-145 953230963214 260] -1
mas{31]=145 953230963214 h2[o1 !
manld2]-145 953090863214 - 2
ma{35]-145 953230963214 ) ow
max[34]=145 93290963214 =4

mas{3E]=145 953230963214 20
mas{36}=145 953230963214
mas{37]-145. 953230963214
may{36]=145 953230963214 10} -1 -
mas{35]-145 953230963214

el LML R A LSRR L S L LU A A UL S
0246 810121416182022 24262830 323436 38404244 464350 5254 5658 606264 6663 T0 72747678 608284 8686908294 ¢

Pacvu 4.2.20. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.2, g=4.

XaHromMyu BOpHUJ HaMyJaHU IapaMeTPXOHU y1 =001, y, =1, K, =
0.03,N, =500, =0.01,h; =0.1,h, =0.1, p=0.2 Baqg =2 HaTU4au
amMcuiaco3m Jap Makid TpaduKid HUIIOH MeIuxal, KU JUHAMUKaW
MONYJISITCUSXOM JapaHja Ba CailJl XyCyCHUSITH JaBpi JOIITa, TAaFUUpEOUN 1ymopa

Ba poOuTau OaiiHM OHXO paBIlIaH MHBUKOC MemaBay (pacmu 4.2.21.).

suy
Clear Vol T

max[73]=145,963230863214

max]A0]<1 45.963230653714 ganf
{31 =424 1 PEETTA3E71 -
i 32)=305 I7S576457035

mak{33]=340 599436619168 K
mar{B4]=232 491 78572506

82
83
84
rnax[05]=242 700119424672 ND
max[06]=193,199476326728
a7
a8
a3
a0

T
—
T
o
ma{57]<1 45 963250863214 b foor
T
o
P
T

max[88]=145,963230863214 i
max[63]=145,963230863214 ,
max[30]=145,963230863214
max[d1]=145,963230863214
max[42]=145,963230863214
max[33]=145,963230863214 _
max[34]=145,963230863214 F
max[35]=145,963230863214
max[36]=145,963230863214
max[47]=145,963230863214
max[98]=145,963230863214
max[33]=145,963230863214

LB R e L Ly L L Ly LAy LA L LAy I A L L I T T DA
02 46 310121416 182022 24 26 28 30 32 34 35 38 40 42 44 45 43 50 52 54 55 58 60 62 64 6668 70 72 74 76 78 80 52 84 36 88 90 92 04 ¢
The Tima .

Pacmu 4.2.21. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.2, g=5.

XaHroMyd BOpUJ HaMyJaHU IapaMETPXOHU y1 =001, y, =1, K, =
0.03,N, = 500,7 =0.01,h; =0.1,h, = 0.1, p=0.2,qg = 2 Ba Taritup 10aaHH
IIyMOpal HaBbXOM <«JIApaHIa — Cail» HATU4aul aMCHUJIacO3l YyHWH IAKIA

rpadukii Merupa.
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&oU
. R U
AB0 - de L

440
ma{73)=1 45, 961290863214 420}-2-
mar{30]-145 363230863214 snjogn alli
i B1]=424,1 FEG77336791 ;
ma{32]= 365 (7EEPE4E703E femy1 350
s 33)-340. 553438613169 Ko
mak]d]=292. 431 78572506 o 5
s B5]=242. 011 3424579 HO [50g E1)

max[86]=193,193476326728 '
max[7]=145 963290963214 i 204
max[B8]=145 963290963214

(39145, 363290863214 K1 o1 3001~

s 30]-145 SET23063214 P
{31145 S63250863214 he o1

max{32]=145 963290863214 e 3 260
{33145, 363290963214 ) 240
max{34]=145 963290863214 =
ma{35]=145,36329096321 4 220
ma36]=145,363290963214
mas{37]<145, 363230363214
s 35]=145, 363290963214 1804-1
ma{33]=145,363290963214

DAL AL L L AL s s LA L Lt Ll L L LARALAA B CRRALARAL RS LAty LA LA s it LA L
6 810121416 182022 24262830 323436 38404244 4645505254 56 58 606264 666870 7274 7678 80 8284 868890 92 B4 £ |
The Tira .

T
024

Pacvu 4.2.22. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.3, g=2.

Hatuyau rpadukin nap acocu maTpuTcam MyTakoOWIau HaBBU JapaHjia Ba
caiin (60 BopuakyHuMM Kumarxou 3epuH y; = 0.01, y, =1, K, = 0.03,N, =
500,7 =0.01,h; =0.1,h, =0.1, p=0.2,9g =2) nmap pacmu 4.2.23 oBapjaa

IIy1aacT.
&0U
Hisab Clear @

44(
ma73]=145 363230863214 Ay
ma80]<1 45 363230863214 oo sl L
a1 =424, 176677336791 ;

e 2] 365 0755TBAET g )
medB240 5094 0519168 K0 [oo

e B41=252.431 73572506 ' S
max{35]=242 700119424678 O (500 3404-

max36]=193,193476326729

145,963230863214 h2
max91)=145, 963230863214

L "
man{321-145 363290863214 C 504
3

marl37)=145 963290863214 tau o 3204
max[38)=145, 963290863214 il
maxl39)<145 963230863214 At o ;
max{30}= 2804 -4

max{33]=145,963290863214 ~
max{34)=145,963290863214 i
max{35)=145,963290863214 20
max{36]=145,953290863214
max{37]=145,963290863214
max{38]=145,963290863214 1804 -
max{33)=145,963290863214

LB Lty L L L L) LA L L LA B LB Ly B A L TR T, LSSLARALARA LA LA
6 810121416 182022 24262830 3234 35 38404244 454850 5254 56 58 60 6264 666370 72747678 80 8284 B5 8390 92 941 |
Tha Tima -

Pacvu 4.2.23. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.1, h1=0.1,
h2=0.1, p=3, g=3.

T
0z4

bo unTHMX00M uwyHuH mapamerpxo y; = 0.01, y, =1, K, = 0.03,N, =
500,7 =0.01,h; =0.1,h, =0.1, p=0.2Baqg = 3, HATH4Yau 0030pu

KOMIIOTEpi  Jnap makau rpadukic O6apon skocucreman «beman mamaHron»
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HUIIOH MEAUXaJ, KM JUHAMHUKAU TOMYJSITCUSIXOHW JapaHAa Ba Cal XYCYCHSTH

naBpii 1opana (pacmu 4.2.24).

450
Clear 1
460 -

440

man(73]-145, 363230853214 201
mes[30]<"145 63290863214 i -
k(31 <4241 7EE7 73679 ; ;
i B2]- 385, 07EG 7467035 syt 30l
ma+{33]- 240 59543613168 K0 i@

max{34]=292 431 78572506 : T
mai B5]-242.700113424678 N [500 0] -
maH{36]-193.1 99476326728

maH{37]-145, 36323085 3214 tau [0 3201 -

ma{B5]=1 45 963250863214 i
mia{89]-145, 963290853214 bt [o1 0
ma{30]=1 45 963250863214 280
(1|1 45, 36329085.3214 h2 o1

max[32]<145 963290863214 N 2609~
ma{33]=1 45 963250863214 ) 24
max[34]=145, 963290863214 Rl L]

ma{35]=1 45 963250863214 220
ma{35]=1 45 963250863214
ma{37]<1 45 963250863214
ma{35]=1 45 963250863214 1809-
ma{33]=1 45 963250863214

LA L L e L L L L L L YT T YT
02 46 810121416 182022 24 26 28 30 32343538404244464350 52545653606284566870 7274767330323435&3909294‘

, The Time , i

Pacvmu 4.2.24. Xanromu gam1=0.01, gam2=1, Ko=0.03, N0=500, tau=0.01, h1=0.1,
h2=0.1, p=3, g=4.
ba napamerxou amcuia 6axmmaanu kumaTxou 3eput: y; = 0.01, y, =
1, K, =0.03,N, =500, =0.01,h; =0.1,h, =0.1, p=0.2Ba qg=4
amMcuJIal KOMIIOTEp HATU4au rpauKUK 3€PUHPO METHPAT.

Clear

man[ 731 46, 353290653214

max[30)<1 45, 353290853214 ganfo
max(1 =424 17BETTI6731 ;
(2] 75 TE45 7035 g
max(§21=H0 533430619168 KD [ooz
max[34]=292, 431 PAETI506 .
max[35]=242,70011 3424678 O f500

max{86]=193 133476326728

max{87])=145,953290863214 fau (0,01

max[38)<1 45, 353290853214
max(B3]=145 963290663214 b [0y

max(30]=145.963290663214
ma{31}=145 963290863214 h2 [0

ma{32}=145 963290863214 S
ma{33}=145 963290863214 )
max{34]=145 963290863214 =5
ma{35)=145 963290863214

ma{36)=145 963290863214

ma{37)=145 963290863214

ma{39)=145 963290863214

ma{39)=145 963290863214

T T T e e e AT R G TR Ty
10 121416 13202’224262830 323436 38404244464&50 52 54 56 58 60 6264 66 68 70 7274 76 78 B0 82 84 86 85 50 92 941
Tha Tira

Pacvu 4.2.25. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=3, g=4.

=
~
I
P
o

bo Taritup pomanm kumarxo, seHe Y; = 0.01, y, =1, K, = 0.03,N, =
500,7 =0.01,h; =0.1,h, = 0.1, p =0.2 Baq = 5, Taxyiunu rpadukii HaMyau

3epUHPO METUPA/I.
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Clear

a7 =14 6001

e 80]<145.96329085 3714 gl
(Bl =424 1 TEEFT 236731 ;
{21365 (7B TE4ET0E gyt
ma{3-340 5E34I813159 K
a{B4]-292.491 7572508 :
ma(B5]-242 700119424679 N0 [500

mak]BE]=193,199476326728

rnak]B7]=145,363290863214 tau (o

e B8)<1 45 963290863714

] 89]<145, 963290853714 hit [0

e 301 45 963290863714 "

mar{31 =145 563290863214 01
e 32)<1 45 963290863714 4
e 33)<1 45 963290863714

mar]34]=145 963290863214 =2

e 351 45 963290863714

e 351 45 963290863714

e 3711 45 963290863714

e 38)<1 45 963290863714

e 33)<1 45 963290863714

101214 16182022 24 2628 30 32 34 36 38 40 42 44 4645 50 52 54 56 58 606264 66 6B 70 7274 76 70 B0 62 54 666890 92 841
Tha Tima -

Pacvu 4.2.26. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0,1, p=4, g=2.

Hatnyam amcuma xamrommy; = 0.01, v, =1, K, = 0.03,N, = 500,71 =
0.01,h; =0.1,h, =0.1, p=0.2 Baqg =5 Harnuau rpaduKid HUIIOH MEIAUXA],
KM JUHAMUKaW TOMyJSTCUSIXOW JapaHja Ba cailj aap skocucteman «beian

NajJaHroH» XyCYCHUATH JaBpupo coxud Memanan (pacmu 4.2.24).

481
-
4604

440
mee{73]-145 363230863214 40
mex{30]-145 363230863214 gl w0k
man{31|=424,1 78577336791 ;
mes{52]- 365 (7557467035 = 2\
mex{33)-340 5343661 9163 Kool '
ma{81)=292 4317857250 o 01X
{35242, 7001 13424878 N0 [ea0 3401-

ma{A]=193,199476326728 '
mav{37]=145,95329096 321 4 tau oo 3207
ma{AB8]=145,96329086321 4

ma{A9}=145 963290863214 bt [1 3004--

mad30]=145 963290863214 0] -
a1 }=145 963290863214 h2lo;

2604 -
max[32]=145 96323006321 4 .

max[33]=145 96323006321 4 L
max34]=145 96329096321 4 F 2 20

max[36]=145 96323006321 4 204
max[36]=145 96323006321 4
max[37]=145 96323006321 4
max[38]=145 96323006321 4 180
max[33]=145 96323006321 4

B L L L L L L L Lt L L Al Lk B i YT T LA AR
02 46 810121416 182022 24 26 26 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 6668 70 72 74 76 75 80 82 84 86 85 50 92 94 ¢
Tha Tira

Pacvu 4.2.27. Xanromu gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.4, g=3.

bapHoman Busyanii BoOacTtaruum Kumatxopo Xxanromu Yy; = 0.01, y, =
1, K, =0.03,N, =500,7 =0.01,h; =0.1,h, =0.1, p=0.2 Bagq =5, 0a

9bTHOOP rEupudTa YyHUH HaTHYa Meauxan (pacmu 4.2.28.).
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Pacvmu 4.2.28. Xanromun gam1=0.01, gam2=1, Ko=0.03, No=500, tau=0.01, h1=0.1,
h2=0.1, p=0.4, g=3.

Jlap acocu Hatuyaxou a030pv KOMIIOTEpUM Taxudllyga aap 3a00HU
O0apHomaco3un catxu Oamannu C++ ©Oapow cucTeMad SKOJIOTMH MaMHYBIOXH
«beman majaHroH» Jap acocu J0/JaXOW BOKEH HHcCOAT 0a AMHAMUKAW TE€bIOIU
MUEHAU COJIOHAW XahWBOHXOM anadxyp Ba JapaHjaxou oH (Typr Ba rypOau
KAMHIIBOpH) caHyuga Inynaact. A3 HaTu4axou rpadukuu OapHOMa Auja
MelllaBaj, Ku T€hA0U MUEHAU COJIOHAW BOKEUM XAaWBOHOT XeJ€ Ha3JIUKaHJ, SIhbHE
HH TeBJ0APpO 00 caxexuu KoOWIH KaOysl MHBUKOC MEHAMOSH/I.

XyJiocau 6001 Yopym

Jlap 6001 yopyMu nuccepTaTcusi Machajlaxou BoOacta 0a TaTOMKU aMaliuu
aMCHJIaXOM MaTEeMaTUKUHM Taxusiryaa 0apou CUCTEeMau HKOJIOTHU MaMHYBrOXH
«beman namaHron» (KUCMaTh KaMmHIINI0 OWEOOHI) MaBpUIM OMY3HUII Kapop
rupu@Ta, HATUYAXOW Ha3apUsBUM OaJacToMajaa Aap MUCOJXOM MYIIaxxac CaH4u1a
Ba aCOCHOK Kapja mymaanna. Jlap mH 600 machajgaxom MyXUMMH MapOyT Oa
MyalssH HaMyJaHd TapaMeTpXOoW  aMCWJia, Ty3apOHUJIaHM  Taypudaxou
xuco00apopit Ba MyKOHMCal HATHYaXxOW Ha3apusiBii 00 MabIyMOTH BOKEH XaJlTy
dacnu xynpo Ebpraan.

A3 d4yymna, Oapou MyalsH HaMyJaHHM KAMAaTH KO3(P(UTCUEHTXOU
HOMAabJIyMH aMCulIal MAaTeMaTHUKh, KU XOJIATH BOKEUU CHCTEMauh HKOJIOTUHU
MaMHybroxu «beiman mnamaHroH» (KUCMaTH KaMUIIHIO OWEOOHH )-po TaBcU(

MCHAMOAHA, AJITOPUTMU MaxCyC Taxus rapJanaaact. AJ'IFOpI/ITMI/I MeHIHUXoAuryaa
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UMKOHUAT MEAMXad, KU MapamMeTpxoum amcuia 00 HazapAOUITH MablIyMOTH
MYIIIOXUABi Ba XyCYCHUATXOU aCOCUU HU30MH 3KOJIOTH MyaisiH Kap/a [IaBaH/I.

Hap Hatnyau uctudojam ycyiaxod ONTUMHU3ATCHOHIA Ba MHHUMU3ATCUS
KUMAaTX0u KOI(PPUTCHEHTXOM MATpUTCau TabCUPH OalHMXaMAWTapUH Yy3bXOU
sKocucTeMa MyadsH rapaupaana. Koaddurcuentxonm OamactoMaga HMMKOH
MEIUXaH/, KU TabCHUPU MYTaKOOWIauM HaMyJIXxou OWOJOr#A Ba KOHYHUSATXOU
TaFMUpEONM IIyMOpau OHXO Jlap MIAPOUTH TYHOTYHH MYXHUTH 3UCT 00 Caxexuu
3apypil UHBUKOC Kap/ia MIaBaH/.

Humon nona mrymaact, KM aMmcuian 00 JapHa3ap[OlITH CHHHY COJI Ba
XallaTh HaMyJIxo NeHmHuXoAmyaa, sbHe Ni=Nj(at) , MeraBoHaa 0a amcuiiau
MyKaMMaJITape, K1 a3 BaKT, CHHHY COJI Ba TaKCUMOTH (pa3oil BoOacTa meborma,
sabHe Ni=Ni(x, a, ¢) , Tabgun noxa masajg. VIH UMKOHMAT (apoxam Meopas, Ku
XycycusiTxon ¢a3ouy MaxXHIIABUU HAMYJIXOM OHOJOT#l Ba TabCUPH OMMIXOU
MYXHUTH 3UCT 00 JaKUKWUU OelITap TaXJ I Kap/ia maBaHI.

XaHroMu Ty3apoHUJAHU Taypubaxoum xucobOapopit cxemaxou (HapKuu
NENTHUXOIIYJa Ba YCYJU JIOKAIWM SKYEHaKa OO paBHUILIXOM TardupEOaHIanop
uctudona mygaann. TarOMKu MH yCyJIXO UMKOHHSAT J0AAacT, KU XUCOOKYHHXO
BoOacta 0a THpW BakT 00 caxexXuh 3apypid aHYOM JioJa IIyJa, paBaHId
TaFMUPEONH MOMYISTCHIXO J1ap PochIaxor T'yHOTYHH BaKT TaXJIMJI Kap/a [IaBaj.

Jap acocu aMcuiIaxoum MaTeMaTHKid Ba aJrOPUTMXOM TaxusAIIy/na JacTau
OapHOMaxou aMajauu Maxcyc nap 3a0onu OapHomaco3um C++ coxTa NIyJaacT.
Hctudonan ab3opu KOMMIOTEPHH TaxXuAIIyJa WMKOH J0JAacT, KA HATHYaXOu
Tax) I Ba Tpadukuum Mojenxo 0a Jact oBapja Iryna, OHXO 00 MabIyMOTH
nOTHION Ba MabIyMOTH TaypuOaBii MyKouca Kapia maBaHi. Bepuduxarcusiu
aMCHJIaXOW MaTeMAaTHKi HUIIOH JIO/, KM HATUYaXou Xuco0bapopit 60 MabIyMOTH
BOKEH MyTOOMKATH KaHOATOAXII JOPaH/I.

Hatngaxou taxjmnu rpadukit Ba Taqprudaxon KOMIIOTEPi, KU Jap PaCMXOH
4.3.1 Ba 4.3.2 oBapja myaaaHj, HUIIOH MEAWXAHH, KA JIMHAMUKAW UIyMOpau

MUEHAU COJIOHAW OXyH OyXOpil Ba JapaHJaxOu acoCHU OH, a3 Yymiia TYpr Ba
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rypban KamuImizopii, 60 caxexuu KoOWIM KaOynl MHBUKOC Kapaa memasan. Jap
naBpau mymoxumaxon 9 Ba 15-coma TadoByTH OaliHM MabIyMOTH BOKEH Ba
HaTU4axou MoJeIco3ii Houm3 Oyna, MH XoJlaT a3 JAypyCTHM aMCHJIaXOu
NENIHUXO/IITY/]a Ba CaMapaHOKUHM BOCHUTAXOW KOMITIOTEPHH TaxXHsIIyaa IIaxojaT
MeANXas.

Hap ©0o0M d4YOpyM HMKOHHUATXOM aMaiuu HUcTU(dOJad aMCHUIIAXOU
MaTeMaTHKA Ba BOCHUTAXOW OapHOMAaBHH Taxusllyna 0apou OMYy3uIl, MEIIryid Ba
UJOpPaKyHUH PaBaHAXOU HKOJIOTUHM MaMHybroxu «bemian najaaHros» HHILIOH J0Ja
IIyJa, aCOCHOK Kapja IIyJaacT, KM HaTU4axou OaxacromMaza METaBOHAHJ Jap
XaJUIM Machalaxou Xu(3y HUTaxJIOpUM HaMyAXOWM HOJIUP Ba HECTIIABAHJaU

XalBOHOT MaBpuIU UCTU(OAA KApOp TUpaH.
400 | 280
380 _

360 |

340

Pacmu 4.3.1. — luHaMUKaH TebA0AU MOMYJIATCHsI Aap Tyau 15 coJr.
Oxymu O0yxopon (aMCHJIaBll —, BOKeil @ 06),
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3910 _{ 850

3820 { TOO

3730 { 550

3640 { 400

3460 4 100

3 [&] 9 T OObI

Pacmu 4.3.2. — luHaMuUKaH TebA0AU MOMYJISITCUSI 1ap TyJu 9 cour.
['ypr Ba ryp6aun kamMmuuzopi (aMcujIaBi ---, BOKel **%).

A3 Xynocau oBapjaallyia 4YyHUH OapMmeosisi, KH Oapou HIOPAKyHHUH
ONTUMAJIMK MaMHybroxu «beman mnajgaHroH (KUCMAaTH KaMUIIUIO OUEOOHIA)Y,
MaMHYBIOXXOM MUHTAaKaBUHM 0a WH MOHAHJ Ba YCTYBOPHH OH MAachYJIHHPO 3apyp

acT 4YOpaxou 3apypil aHCIIaH/.
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XyJ1ocaxo
1. Hatu4yaxou acocuu MJIMHUM PUCOJIA

AMcunaxou MaTeMaTUKUAU COXTalllya Ba JIap aCOCH OHXO HABHUIITA LIyJAaHU
nacta OapHomam amanii map 3a0onm C++, O03MOMIIXOM Ty3apOHHIAIIy/Ia Ba
CaHYMIIM JTypyCTH HATHU4axo Oapou XH(3U HaBbXOM HOJUP Ba HECTIIABaH[A
OapMeosi, KM  3apypusiTU Xauld Jy Machalla JIO3MM acT: OMoJarid Ba
MyHa33amco3i. Macbanan omojarii 0apou MyailsisH KapJaHu KUMaTXOu
MUHUMaUU (€ MakcUMaiil) MOMYyJSATCHUAXO, KU Jlap JKOCHCTEeMaul MaMHYBIOX
JTOXWJIaHd, Xal kapaa memanas. [llapTxon oBapaamryaa BakTe HYpoO Merapaan, Ku
arap TEBAOAW XAWBOHXOM XH(3MIaBaHma  (SpHE HOAMP Ba  3€pH  Xarap
KapopJomira) 6a dbocuwian Japkopid TaaUTyK HaaomTa OoIaj, OH roX Machajiau
MyHa33aMCO3i («IIMKOPU XaMBOHXO») € BaceblllaBUU CUCTEMAaW JKOJIOTH, SbHE
WJIOBa KapJlaHUu HaBbXOM «HOJMP Ba HECTIIABAH/A» XaJl Kap/ia MEIIaBaH]I.

[IlapTxou oBapnairyia 3aMOHE WYPOU XYApOo Me€OaH[, KU arap TehIOAU
XalBOHOTH MyxXodwu3armaBanaa (HOAUPY HECTIIaBaHaa) Oa XyIyad JapKopi
TaaJUTyK HajomTa OoIaj, OH roX machajan rupudTaHu 06excosid («ImKop») €
n3o(da Kap1aHu 0EXCO3MHM HAaBBXOW «HOJIUPY HECTIIaBaHa» Xal KapJa MEIIaBaH/I.

A3 HaTtmyaxou OagacTomMaaad TaXKUKOT WA MEIIaBaj, KU 0ab3ew OHXO
XapakTepy METOJ#! JOIITa, OHXOPO METAaBOH XAaHTOMH JIOMXaKalii Ba Xud3u
HaBBXOM HOJUP Ba HECTIIABaHAa MaMHYBIrOXX0M MUHTaKaBi uctudoma oypa. Uu
JACTOBApJIX0O HMKOH MEIWXaHA, KU Jap KaJaMd aBBajl METOIU OHMOJIOTUU
TabCUPPACOHUPO YOHHOK HAMy/Aa, BOPHUIKYHUHU HAMYIXOHM HABPO 0a POX MOHEM
Ba OH METBOHaJ Oa TaBpu Hazappac 0a COXTOpU OMOJOTHM CHCTEMau JKOJOTH
TabCUP pacoHan. AcocaH MIMKOPH XaWMBOHXOW JapaHma Oemrap 0a coxTopu
CHUCTEMaM DKOJIOTW TabCHUP MEpacoHaj], aMMO OoucH KOXHIl &(pTaHu TEebA0IU
MOMYJISITCUAM OHXO TaliTa METaBOHaJ. MablyM acT KaM IIyJaHu JapaH]iaroH
Ooucu 3uén nryanu 6ab3e HaMyau XalBOHXOoH anadxyp MerapaaH/.

Jlap acocu HaTMYyaxou WJIMUK 0agacToMajia JO3UM acT YOpaOWHUXO YYHOH
pOXaHJ03M Kapja ImaBaHia, Ku Oap acapu Tariup €PTaHH COXTOPH SKOCHUCTEMA

XYCYCUSATXOM XOCH MH COXTOpP a3 HyKTau Ha3zapu YCTYyBOpid Ba cudaTaH ycTyBOpi
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Jlap acOCH MaTpUTCaW TabCUPHU OalHMXaMaurapi OOKd MOHA].

Hatndaxou wnmii Ba amanuu OagacToMajan KOpPH WIMHPO METaBOH
XaHrOMH MyaMsiH KapJlaHd pe4yaxou MyHa33amco3il, UCTU(dOIau CUCTEMaXOou
TaOMMKU SKOJOTH MaBpuAu wuctudoma kKapop aoA. [lap ailHu 3aMOH HaBBXOU
OMOJIOTMM MyalsiHU SKOCHCTEMapO «HOJWp Ba HECTINABaHIa» XucoOuaa, 0osi
KYIIUII KapJd, KA TE€hJOJU MyaWsHH OHXO Jap (OCHIIaxOoW MyaWssHU AOJalryja
HUTOX JIOIITA MIaBaHJ. Arap IIyMOpau HaBbH «HOIUP Ba HECTIIABaHIa» Oapou Oa
JACT OBapJaHM MOXUAT nap ¢Gocuian AapKopi Kapop nomrTa Oomiaa, mac Mo
METaBOHEM HH HaBBPO HUTOX JOpEM, arap MH HaBbXO0 0a WH IIapT YaBoOry
Haboman, mac Mo 0a BOCHTaWl METOAM MYHA33aMCO3W WYPOUWIIH IIAPTXOU
BalipOHIIIyZapo TabMUH MeKyHeM. bosn Kailn kapl, Ku METOIu MYyHa33aMCO3UHU
TEHJOAN HABBXOHW CHCTEMaM JKOJOTH 0057 YyHOH 0a poX MOHAA IIaBaHI, KU
TaFrdupOTH OBapjallyja Jap COXTOP Ha TaHX0 MyOoJuiIau BalpOHIIYAPO
Oapkapop Hamosi, OalKu  XYCYCHSITXOM HMH COXTOPpO a3 HYKTau Hazapusiu
yCTYBODIi Ba cu(aTaH yCcTyBOpi OexTap HaMOSI.

A3  TaxJIMIXO0 Ba COXTOpPXOM Oappacuilygadl CUCTEMad DKOJIOTHH
MaMHybroxu «belan namaHroH (KUCMaTh KaMmuIIuio OuEOOHM)» 0a Xxylocae
OMaJlaH MyMKHH acT, KM HaThu4yaxou OajacTomana jap OEXCO3WU CHUCTEMau
DKOJIOTH axaMHUAT KaJOH JIOIITa, OHXOPO METABOH 0apou JuUrap MaMHYTOXXOHU
MUHTaB# uctudoaa Oyp/.

Hartuyaxon wnamum ©OamactomMaza a3 oOH  IIAX0JaT MEIUXaHN, KH
MaMHYBroxxo 00 JapHa3apJOIITH XaMad HaBbXOM MaByyJ]la yCTYBOp Ba cudaTaH
ycTyBOop Oyna HameraBoHaHa. AmMo a3 sk Tapad, HaOyaaHu cupaTHOKUU
YCTYBOPH 3KOCHCTEMa MOPO 00si1 HOyMe Haco3al Ba capy OH aHJella POHEM, KU
00 KaJloM pOXX0 YCTYBOpPHH OHpO Oa JacT opeM.

AMcunaxou MaTeMaTuKil, cxemaxou (¢apKdud OIIKOpP Ba XyJocaxo Jap
upTHOOT 0a amMCcHIIaxon BoOacTa a3 BaKT, CHHHY COJI Ba TakCUMOTH (ha3oit Gapou
HUTAXJIOPUH XaWBOHXOM HOJMPY HECTIIABaHIa, MyHAa33aMCO3#W Ba MOHUTOPHHTHU
CHUCTEMaxOoM 3KOJIOT xene 3apyp Mebomania. Mctudonanm xynocaxou HazapusBii

Ba aMaii, UMKOH MEAMXaH], K 0a TaBpW Hazappac Taxus Ba JIOUXAKyHOHHH
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CHUCTEMaxOM MYIIAaxXacu CHUCTEMaxOHM SKOJIOTW OCOH Ba OOCypbhaT aHYOM J0]a
IaBaH]I.

XaMHUH TapuK, HaTUYaXOM acoCUU KOpPpO MeTaBOH 0Oa TaBpu KyToX Oa
TapUKHU 3ails1 0a€H Kapa:

1. AMcunan KoHcenTyaiauu coxtamryaa (pacmu 1.1.4) BobacTta a3 HaBbXOHU
ympOacapbapanian MaMHYbroxu «bemiau majaHnron» UMKOH (papoxam oBapiaacr,
KM JTap acocu MebEpPXoW yCTyBopil Ba cudaran yctyBopin Yebdpuc Ba Pobdept
Mbii cOXTOpXOU YCTYBOp Ba HOYCTYBOPM MaMHYbIOX MyaWsH Kapja IIy/a,
COXTOPXOHM HOYCTYyBOp 00 McTH(]OJa a3 aMCUJIaXOM MYyHa33aMCO3{ TaH3UM Kapja
mraBaun [1-M, 6-M];

2. Macvanau wmartemMaTHKid ouJl O0a HUTOXJIOpPUM HABBXOM HOAMP Ba
HECTIIaBaHJAAa Jdap XYAyOd OKOCHCTEMaxo Jap pedyanm CTaTCHOHApA Ba
FalipucTaTcMOHapii BoOAacTa a3 TAKCUMOTU CUHHY COJI Ba ()a30 TaxHsi Ba aCOCHOK
KapAa IIyAaacT. AMCHUJIAXOM MaTeMaTHKiA Ba Jap acocM OHXO a030pxou
KOMITIOTEPUHUH COXTallyJlap0 METABOH Oapou OMY3ulll, MEWTyid Ba HIOPAKyHUU
JTMHAMHKaW CHCTEMaXOM SKOJIOTMM MHHTaKaBUU HaMyHaB# uctudoma o0ypa [4-M,
5-M, 7-M];

3. Tap3xou épranu xK0d3HHUTCUEHTXOM MaTpUTCal MyTaKOOWJIau CUCTEMau
HKOJIOTUM MaMHybroxu «bemam mamaHron», KUCMaTH KaMHIIWIO OUEOOHM map
cypaTH MyTallaHHUY OyJaHH aloKaxou TpouKi MyaiissH kapaa mygaana [3-M, 8-
M];

4. Jlap 3a0ouu 0apHomaco3uu catxu Oananau C++ nacra GapHOMaxou amaliii
TaTOMK Ba KOpPKap. IIy/Ja, sSIK KaTOp O3MOMIIIXO Ol 0a AKOCHCTEMaxOoH MyIIaxxac
ry3apoHuJa IIyJaH[. Xaud aJaJiud Machaian Xu(3u HABHXOM HOAUP Ba
HecTmaBaHga naap (Qavomuatu MaMHybroxu «bemanm mamaHroH», KUCMaTh
KaMUIIo OMEOOHT Tap pedaxou ryHOryH napédt kapaa myaasa [9-M, 12-M].

TaBcusaxo oua 6a ucrudoaau aMaJaIuu HATUYAXOH TAXKUKOT
1. Hatu4axom TaxKUKOT METABOHAH/] XaHTOMH Taxusud aMCHIaXOu

MaTeMaTUKH Ba KOMITIOTCPHH OJSKOCUCTEMAXO0H MHUHTAKaBA Ba CHCTEMaXOH
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aBTOMATUKYHOHHJIAUTyZan KaOyliu KapopXo Jdap UAOPAKyHHH 3aXUpaxou Taduii
uctrudoa naBaHm;

2. AmMcunaxou NEeMHUXOoAIyAa 0apou TaXJIwi, NEmryil Ba MOHUTOPUHTH
XO0JIaTH SKOCHUCTEMAaxo0 Jap HIAPOUTH TaFMMPEONH WKIUM Ba TabCUPH OMUIXOU
aHTPONOrEHI TaBCHs Kapja MEIllaBaH/I;

3. Haruyaxom TaxKMKOT MeTaBOHaH[ Jap (aboJIMATH MaMHYBIOXXO,
3aKa3HUKX0, 00aHOOpPXO Ba AWrap OOBEKTXOM Tabuit OGapou Hazopar Ba xud3u
HaMyJXOU HOJUP Ba HECTIIABaH/1a UCTU(O/Ia IIaBAH];

4. Bocuraxou aiaropuTMii Ba OapHOMaxoW KOMIIIOTEPUH TaxXHsLIyAa
METaBOHAH]l Jlap TAIIKWJIA HU30MXOM aBTOMATHKYHOHMJAIIYAAW HWAOPAKyHHU
HKOCHCTEMAXO Ba KaOyJiM KapOpXOU aCOCHOK TaTOMK rapJaHs;

5. Harnuyaxom OamactoMana METaBOHAHI Jap MYyacCHUCaXxOu WIIMId-
TaJAKUKOTHA Ba TaXCUJIOTU OJIi XaHTOMH T'y3apOHUJAHU TaXKMKOTH MHUHOab/a Ba
OoMOJla HaMyJaHU MYTaxacCHUCOHHM COXau MOJICJICO3UU MAaTEMaTHKH Ba 3KOJOTHUS

uctudoaa Oypaa maBaH/I.

127



10.

11.

HOMI'YIU ATABUET

1. @expucTu capuammMaxou ucrudoaanryaa
Auslander D.M., Oster G.P.,, Huffaker M. Dynamics of
interacting populations // Franklin Inst. — 1974. — No 297. — P. 345-376.
Blasio G.D., Lamb-errs L. An initial boundary value problem for age-
dependent population diffuslon//S1AM.J. Appl. Mathem., 1978. — No
35. —P. 593-615.
Blasio G.D. Nonlinear age-dependent population diffusion // J. Math.
Biology, 1979. — No 8. — P. 265-284.
Brokate M. Pontryagins principle for control problems in age
dependent population dynamics // Math. Biology. — 1985. — No 23. — P. 75-
101.
Busenbery S., lannelli M. A class of nonlinear diffusion problems in age-
dependent population dynamics // J. Nonlinear Anal. — 1983. — No 7. — P.
501-529.
Chipot M. On the equations of age-dependent population dynamics //
Lefschevs Center for Dynamical Systems. Report 82-1.
Gurtin M.E., MacCamy R.C. Population dynamic with age dependence /
ZNonlinear Analysis and Mechanics: Heriot-Watt Symposium 11, Pitman. —
Boston-London-Melbourn, 1979. — P. 190-199.
Gurtin M.E., Murphy. Oon the optimal harvesting of age-strustured
population. Some simple models // Math. Biosci. — 1981. — Ne 55, — P. 115-
136.
Gushing J.M. Model stability and instability in age structured populat ions //
J. Theoreth. Biol. — 1980. — No 86. P. 709-730.
Lotka, A. J. Elements of Physical Biology / A. J. Lotka. — Baltimore :
Williams & Wilkins Co., 1925. — 460 p.
MacCamy, R.C. A population model with nonlinear dif-fusion // J.
Differential Equations. — 1981. — Ne39. — P. 52-72.

128



12.

13.

14.

15.

16.

17.

18.

May R.M. Mathematical models in whaling and fisheries management //
Some mathematical questions in biology. Providence. Rhode Island, AMS. —
1980. - V. 13, p. 1-64.

Verhulst, P. Notice sur la loi que la population suit dans son accroissement /
P. Verhulst // Correspondance mathématique et physique. — 1838. P. 113-121.
Aobmycanomos, W. 3anoBenuuk « Turposas 6anka» [Tekcr] / M. AbnycamomoB
// 3anoBeauuku CoBerckoro Corosa. — M.: Konoc, 1969. — C. 432-437.
AzumoB, C.JI. ACOCHOKYHHM yCylu omexTau (apku Oapou MyallsTHKYHUU
IIIyMOpau aMCHJIaBuM 00 Ha3apAOIITH BaKT, CHHHY COJl Ba MaBKEHhH (a3oin
Jlap acoCH CXeMau sIkueHaka Ba paBunixou Tariupédbanga / M.K. FOnycii, C.
AszumoB, C. TymoB // BectHuk TamKHUKCKOr0O  HAIMOHAIBHOTO
yHHBEpcUTEeTa (Hay4dHbIi xypHai). — dyman6e, 2016. — Ne1/3(200). C. 3-14.
AszumoB, C.JI. MHccrnenoBanusi HMACHTUYHOCTH CTPYKTYp MAaKCHUMAJIBHO
arperupoBaHHBIX CHUCTEM PETHOHAIBHBIX 3anoBenHUKOB PT  Ha ocHOBe
KaueCTBEHOM YCTOMYMBOCTM Ha INpUMepe 3amoBeqHuka TurpoBas Oanka u
Hamrtu-JIokym / C. OpumnaeBa, C. AsumoB // BectHuk TamKHKCKOTO
HAI[MOHAJFHOTO YHUBEpCUTeTa (HAay4HbIH >KypHan).— [ymanbe, 2016. —
Nel/1(192). — C. 35-49.

AszumoB, C.JI. OOocHaBaHWE  YHCJICHHOTO  PCIICHUS  HHTErpo-
nuddepeHnanbHON 3aa4l CBSI3aHHOW C MOJIEIBI0 MOMYJSIIUU C Y4ETOM
BPEMEHHOTO BO3pPacCTHOTO W MPOCTpaHCTBEHHOTO pacmpeaenenus / C.
OnunaeBa, C. AsumoB // Becrouk TaKUKCKOro HaIMOHAJILHOTO
yHHBepcuTeTa (HaydHblil xypHan). — Hymanbe, 2016. — Ne1/3(200). — C. 3-
14,

AzumoB, C.JI. CylmecTBoBaHHE€  YHUCICHHOTO  PEIIEHUS  UHTErpo-
nudpepeHInoHaTBHBIA 3a1a4M CBSI3aHHON C MOJIEIBIO MOMYJISINA C YIETOM
BPEMEHHOTO W TpocTpaHcTBeHHOro pacmpenenenus / C. Opunaea, C.
A3umoB // BectHuk TaIKMKCKOTO HAallMOHAJIBHOTO YHUBEpPCUTETa (HAYUYHBIH

xypHan). — Jlyman6e, 2016. — Ne1/1(192). C. 26-31.

129



19.

20.

21,

22,

23.

24,

25,

26.

217,

28.

AsumoB, C.JI. YucneHnble pacy€Tbl perMOHANbHBIX 3amoBeqHUKoB / C.
Omunaesa, C. AsumoB // BectHuk TaKMKCKOro HaIMOHAJIBHOIO

yHUBEpcUTETa (Hay4dHbIi *KypHan). — yman6e, 2015. — Ne1/3(134). C. 33.
AnekceeB B.B. Uenosek u 6uocdepa. — M.: Uzn-sBo MI'Y, 1973. — 133 c.

Apabos M.K. Android Studio. bapaomanaBucii 6apou TeaehOHXOH MOOHII.
— HNyman6e: JICPT, 2018. — 380 c.

ApaboB M.K. Acocxoum OapHoManaBucii map 3a6oHum C++. — Jlymano6e:
JCPT, 2018. — 421 c.

ApaboB M.K. Acocxom OapHomanaBucit map 3abonm Pascal ABC.NET. —
Hyman6e: ICPT, 2018. — 302 c.

ApaboB M.K., Xabubymiozona K.X. C++. bapHomanaBucuu 6a 0OBEKTXO
Huraponuaamyaa. — boxrap JIJ1b, 2020. — 276 c.

Apa6oB, M.K. AHanu3 NOKaJdbHBIX OM(ypKalui JUHAMHYECKHUX CHCTEM,
cojaepkamux Hernanakue HenuHewHocTu [Tekct] / M.K. Apabos // BecTtHuk

TaI[)KI/IKCKOFO HallMOHAJIbHOT'O YHHUBCPCHUTCTA. CepI/IH CCTCCTBCHHBIX HAYK. —

2015. — Ne 1-4. — C. 45-48.

Apabos, M.K. O0 ycTOMYHUBOCTH B II€JIOM 0COOOM TOYKH KYCOYHO-JIMHEHHBIX
ypaBHeHuii Broporo mnopsaka [Texkcrt] / M.K. Apa6os, 3.1. Illapudzona //
BectHuk TaKUKCKOTO HAITMOHAIBHOTO YHUBepcUuTeTa. Ceprst €CTECTBEHHBIX

Hayk. — 2017. — Ne 1-1. — C. 37-43.

AcoeB, X. OOmias XxapaKTepuCTHKa 3alOBEIHUKOB Ta/KUKUCTAaHA U HX
skosornueckoe coctosiHue [Tekcr] / X. Acoes, C. XukmaroB. — JlymanoOe,
1999. — 74 c.

AxmenoB, JIx.T. AHamu3 TNEpUOAWYECKHUX  PEHICHUM  HETJIaJAKOH
JTWHAMUYECKOW CHUCTEeMBbl C BBIHYXIAEHHbIM KojeOanuem [Tekct] / JIx.T.
Axmeno, C.X. MupszoeB, W.JIx. HypoB // Bectauk Tamxkukckoro
HalMoHaNbHOTO yHHUBepcuteTa. Cepusi ecrecTBeHHBIX HayK. — 2016. — No 1-
3 (200). - C. 14-17.

130



29.

30.

31.
32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

AxmenoB, [x.T. VYcToluMBOCTh M MEPUOJUYHOCTH B 3aJadyax C
BBIHYKJICHHBIM KOJIcOaHHEM HETMHEHHOU crucTeMbl BTOoporo mopsinka / JIx.T.
Axwmenos, 1./1x. Hypos. // Becthuk THY. — 2017. — Bein. 1/3. — C. 45-49.
bennman P., Kyk K. luddepennmansno-pasHoctasie ypaBaenus. — M.: Mup,
1967. — 548 c.

bemnman P. Beenenue B Teoputo matpuil. — M.: Hayka, 1976. — 351 c.

benses B.U. Teopus cnoxusixreocucreM. — Kues.: HaykoBa nymka, 1977. —
186 c.

bynak Bb.W., Bacunbe @.I1. IlpubnmkeHHble METOABl pEIICHUS 3ajad
onTUManbHOrO ynpasieHus. — M.: U3a-sBo MI'Y, 1969. — 299 c.

Bunbepr, I'. I'. ®yHkiroHansHble 0COOCHHOCTH BOJHBIX 3KocucteM / I, T
BunOepr // OkcnepuMeHTalbHasE THAPOOHOTOTUsS M OMoOJIOrHYecKas
MPOIYKTUBHOCTh. Munck, 1977. — C. 5-22.

Bonbreppa B. MaremaTtuueckass teopuss 00ppObl 3a cyliecTBOBaHHE. — M.:
Hayxa, 1976. — 286 c.

I'opctko, A. b. BBegeHue B MOJEIUMPOBAHHME SKOJOT0-3KOHOMHYECKHUX
cucteMm / A. B. T'opctko, U. K. Boposuu //PoctoB Ha Jlony, 1985. — 156 c.
[Nayze P.®. UccnenoBanus Hag OopbOOi 3a CylIeCTBOBaHUE B CMEIIAHHBIX
nonymsusax // 3oonorudeckuit xypHai. — 1935. — T.2, Ne 2. — C. 243-270.
I'enbepr, . C++ bazoBwii kypc. / II. T'enbepr. — MockBa, CaHKT-
[TerepOypr, Kues, 2015. — 620 c.

['pun ML.B., Xaptou I'.C., Bect T.®. [lectuuuabsl u 3ammra pacteHud. — M.:
Komnoc, 1979. — 384 c.

HasnatoB A.C. K knaccudukanuu tyracs « Turposas 6ankay. // KH. YdeHbie
3anucku Kad. boranuku TI'Y. — lyman0e.: TI'Y, 1970. - Ne2. — C. 65-70.
Jlxeddepc x. BBenenrne B CHCTEMHBIN aHAIN3: IPUMEHEHNUE B SKOJIOTHH. —
M.: Mup, 1981. —252 c.

HomOposckuii, FO. A. MogenupoBanue NpOCTPAHCTBEHHO-BPEMEHHOM

TUHAMUKH n3onupoBanHou momymsiuu / FO. A. JlomOposckwuii, HO. B.

131



43.
44.

45,

46.

47.

48.

49.

50.

51,

52.

53.

54,

TrotionoB // M3Bectuss CeBepo-KaBka3ckoro Hay4HOro II€HTpa BBICHICH
mikosiel. EctrectBennnie Hayku. —1987. — C. 15 -23.

3anoBenHuk « Turposas 6ankay. — Cranmuaaban: Jouum, 1959. — 200 c.
3oonornueckue Hayku Tamxkukucrana 3a 60 ner. — Jlymaun6e.: Jlonum, 1985.
—245 c.

Kpacnas xuura Tamxukckoit CCP [Tekcr]. — ymanOe: Honum, 1988. —
560 c.

Kyremunckuii, B.S. IlouBbr Tamkukucrana [Tekcr] / B.S. Kyremunckui,
P.C. JleontneBa. — [lyman6e: Updon. — 1966. — 226 c.

Jleonos, A. B. MaremaTrnueckoe MOJICIMPOBAHUE B 3a7a4aX OLICHKM KayeCcTBa
Mopckux Bozi / A. B. JleonoB. — Mocksa, 2004. — 264 c.

Jloroger, J1.0. Bonpockl KaueCTBEHHOW YCTOMYMBOCTU M PETYJSpU3ALUU B
JUHAMUYECKUX MOJENAX arpoouoinieno3a xjomuatHuka [Texcr] / J.O.
Jloroger, M.K. FOnycos // Boripocsl kubepaetuku. — 1979. — Bein. 52. — C.
62-74.

JlykesinoB, H. K. MogenupoBanue JUHAMUKH SKOCUCTEM B YCIOBHSX
texHoreHHoro Bozaeiicteust / H. K. JlykbsinoB, A. M. Tapko. — Mocksa, 1993.
—48 c.

Jlorodger, J1.0. Heo6xoaumbie U TOCTATOYHBIE YCIOBHS 3HAKOYCTOMYHMBOCTU
matpul [ Tekct] / [1.0. Jloroder, H.b. Yassuos // lokn. AH CCCP. — 1982. —
T.264. — Ne 3. — C. 542-546.

Manstyc, T. P. OnbiT 0 3akone HapoaoHacenenus / T. P. ManbTyc; nepeBo ¢
aHrauiickoro. — Mocksa, 2013. — 480 c.

Menmytkus, B. B. UMuTalnOHHOE MOIEIIMPOBAHUE BOJHBIX IKOJIOTHYECKUX
cuctem / B. B. MenmrytkuHs. // Jlenunrpan, 1993. — 160 c.

Mappu, JIx. Henuneiinbie nuddepeHnmnanbapie ypaBHEHHUS B OHOJIOTHN
[Texcr] / k. Mappu. — M.: Mup, 1983. — 397 c.

Mapuyk, I'."1. MaTtemaTuyeckoe MOACIMPOBAHKUE B IMPOOJIEME OKpY Karolen

cpensl [Texcr] / .. Mapuyk. — M.: Hayka, 1982. — 320 c.

132



55.

56.

57,

58.

59.

60.

61.

62.

Mup3zoes, C.X. 3agaya OXpaHbl PEAKUX BHUIOB 3KOCHUCTEMBI 3alOBEIHHUKA
«amTu-JIxym» ¢ yaérom mepeMeHHON ckopoctu pecypca [Tekcr] / C.X.
Mup3zoeB, C. OpunaeBa // BectHuk TaaXHKCKOTO HAIMOHAJIBHOIO
yHusepcuteta. — 2010. — Cneussimyck. — C. 41-45.

Mupzoe, C.X. HccnenoBaHHE CHUCTEMBI «XHUIIHUK-)KEPTBA» C YUYETOM
Bo3pacTHoro cocrara [Tekcr] / C.X. Mup3zoeB // BectHuk Tamkukckoro

HannoHanpHOTO yHHBepcuTeTa. — 2010. — Ne 3 (59). — C. 73-78.

Mup3oes, C.X. Marematuueckasi MOJI€b SKOCUCTEM 3alloBeHUKa «JlamTu-
Hoxym» [Teker] / C.X. Mup3oeB // Bectauk TamgXKUKCKOT0 HalluOHAJIBLHOTO
yHuBepcuteta. — 2010. — Cnenseimyck. — C. 8-12.

Mupzoes, C.X. MaremaTudyeckoe MOJEIUPOBAHUE  JUHAMHUKU
skocucTeMbl 3amoBenHuka «JamrTu-/xym» / C.X. Mupsoe. -—
Hyman6e: «9p-rpad», 2018. — 148 c.

Mup3oes, C.X. Maremarndeckoe MOJEIMPOBAHUE SKOCHCTEM 3allOBEIHUKA
«damu-Ixym» ¢ yaetom Bo3pacTHbiX cTpyktyp [Tekcr]| / C.X. Mup3oes //
BecTHuk TaqKMKCKOrOo HAMOHAIBHOTO YHUBEpcUTETa. Cepusi €CTECTBEHHBIX
Hayk. — 2018. — Ne 2. — C. 16-21.

Mup3zoeB, C.X. O peryispu3alii HEYyCTOMUUBBIX CTPYKTYP PETHOHAIBHBIX
3aMOBEJHUKOB, CBSI3aHHBIX C MOJEJSIMU OXPaHbl PEIKUX MCUE3AIIINX BUIOB
[Texkct] / C.X. Mup3oe, M. nycu // Becthuk Tamkukckoro
HanroHaapHOro yHUBepcuTera. — 2011. — Ne 6 (70). — C. 11-16.
Mup3oeB, C.X. O cTaOUIBHOCTH CTALIMOHAPHBIX COCTOSTHUM SKOJOTUYECKUX
cucteMm 3anoBenHUKOB [Tekct] / C.X. Mup3zoeB // BectHuk TamgXuKCKOTO
HalKoHaabHOrOo  yHHBepcutera. — 2009. — N 1 (49). -
C. 41-45.

Mup3oeB, C.X. O cTaOuIBHOCTH CTAIIMOHAPHBIX COCTOSHUMN SKOJOTUYECKUX

cuctem 3anoBenuukoB [Tekcr] / C.X. Mup3oeB // Jloknansl AkageMun Hayk

PT.—-2002. —T. 43. —Ne 4. — C. 70-75.

133



63.

64.

65.

66.

67.

68.

69.

70.

71.

72,

73.

Mup3zoes, C.X. Pa3paborka u mucciegoBaHWe KOMIBIOTEPHOW MOAEIU
IUHAMUKH 3KOCUCTeMBbl pbeiooBogHoro mpyna / C.X. Mwupzoer, O.C.
Komunos, JI.C. llapanos— dyman6e: «Op-rpad», 2018. — 176 c.
Mup3oes, C.X. Crioco0 perymispu3aiuyd HeyCTOMUUBBIX CTPYKTYP COOOIIECTB
HKOCUCTEM PErMOHAJIbHBIX 3anoBeAHUKOB PecryOnuku Tampkukucran [TekcT]
/ C.X. Mup3soes // Bectuuk TexHonOrmueckoro yHmpepcutera. — KasaHb,
2017.—T.20.— Ne 1. — C. 158-161.

Mup3soes, C.X. CoopHUK 3az1a4 TS KOMITBIOTEPHOTO
nporpammupoBanus / Mupzoe C.X., AbaykapumoB M.®., Hazaposn
A.Il. // Yaeb6HOe mocobue. — [{ymanbe, 2019. — 257 c.

Moucees, H.H. KonnenryansHas Mmoaens 6mocdepsl [Texkct] / H.H. Moucees,
IO.M. CsupexeB // Becrmuk AH CCCP. - 1979. — Ne 2. —
C. 47-58.

Moucees, H.H. Moxaemn skonoruu u spomtonun [Tekcr] / H.H. Moucees. —
Marematuka, kubepueTrka. — 1983. — Ne 10. — 30 c.

Myxab6aroB, X. Ilpupomusie pecypcbl rTopHoro Tamkukucrana [/ X.
Myxa66atoB // Mocksa. — 199. — C. 68-72.

Mbopau, JIx. Monenu nonymsiiuii [Tekct] / Ix. Mapau // Matematuueckoe
MozemupoBanue. — M.: Mup, 1979. — C. 109-127.

HosocenwuieB, B.H. Teopusi ympasnenus u Ouocuctemnl [Tekcr] / B.H.
HoBocensiies. — M.: Hayka, 1978. — 320 c.

Onunaes, A.X. MaremaTtndeckoe MOAECIMPOBAHUE SKOCUCTEM 3aIlOBEIHUKA
«PamuT» ¢ yuerom BospacTHbIX cTpykTyp. // FOnycn M.K., JlaBnaror [I.M.
BectHuk TamkHKCKOro TOCYAapCTBEHHOIO HAIMOHAIBHOTO HUBEPCHUTETA.
Cepus ecrectBeHHbIX HayK. — 2018. — No 1. —2000. — Ne 2. — C. 66-74.
Onunaes, P.H. 3amaua 3amuTu pacTeHUWd IJIsi TOYEUHBIX MOJENEH W MOpH
Npou3BOJILHBIX Tpodudeckux (GyHkiusx. [Texct] // Becthuk Tamkukckoro
HalMoHabHOTO yHUBepcuTeTa. — 2012. — Nel/3 (85). — C. 28-36.

Omnnaes, P.H. UcciaenoBanne mareMaTHUYECKOM MOJEIM 3aJa4yd 3allUTHI

pacTeHmii B HecTanmoHapHoM ciydae. [Tekcr] // P. Onunaes, 111. Kocumos /
134



74,

75.

76.

77,

78.

79.

80.

Bectnuk Tamxukckoro HauuoHanbHOTO yHuBepcuteta. — 2014, — Nel/3
(134). - C. 6-10.

Onmnnaes, P.H. HcciaenoBanne MaTreMaTHUYECKOM MOJICIM 3aa4yd 3alllUTHI
pactenuit. [Tekct] /P.H. Onunaes, M. FOnycu. / Monorpadus. — Jlyman6e:
N3natensctBo OO0 «Capman-Komnanus», 2013. — 110 c.

Onnnaes, P.H. UccinenoBanue cucrembl tuna «llone3nrle HaCEKOMBIE
BpPE/IHbIE HACEKOMBIE» C YYETOM BO3PACTHOI'O COCTaBa U MPOCTPAHCTBEHHOTO
pacnpenenenus. [Tekct] / P. Onunae, M. IOnycu / BectHuk TamkKuKCKOro
TEXHUYECKOro yHuBepcutera. — Jlymanoe, 2012. — 1 (17). — C. 26-32.
Onunaes, P.H. KoMmneloTepHBI aHamvM3 W QITOPUTM  ONPEAECICHHUS
HEU3BECTHBIX MapaMeTpoB B 3aaaue 3amuThl pactenuit. [Texcrt] / P.H.
Onunaes // 3Bectust By3oB Keipreicrana. — bumkek, 2018. — Nel. — C. 11-
14.

OnunaeB, P.H. Maremarudeckass MoOJ€lib IpoIlecca 3alllUThl PACTEHUU C
Y4E€TOM BO3pPACTHOM CTPYKTyphl HacekoMmbiX. [Tekcr] / P.H. Opunae //
N3Bectus By30B Kbiproicrana. — bumkek, 2018. — No2. — C. 3-7.

Onunae, P.H. HeoOxoaumoe u JI0CTATOYHOE YCIOBHUE CYIIECTBOBAHUS
perrenns 3agaun 3amuThl pactenuii. [Texcr] / P.H. OmunaeB / Jlokmazip
akamemuu Hayk PecrnyOmuku Tamxukucran, Tom 58. — Jlymaun6e, 2015. —
Nel0. — C. 879-885.

OnunaeBa, C.A. O perynsipuzallud HEYCTOMYMBBIX CTPYKTYp 3KOCHCTEM
pPErMOHANIbHBIX 3alOBEAHUKOB C ydeToM Bo3pacTtHoro cocraBa / C.A.
OmunaeBa, M.K. IOnycu // BectHuk TamKUKCKOTO HAIMOHAIBHOTO
yauBepcureta. Cepusi ecrecTBeHHbIX Hayk. — 2016. — Ne 1-2 (196). — C. 71-
17.

OpnunaeBa, C.A. MaTremMaTH4YeCKHE MOJEIN OIEHKH YHCIIEHHOCTH XWUITHHKOB
sKocucTeM (Ha npumMepe 3amnoBeanuka «/lamrtu-Txym») / C.A. Onunaesa //

BecTHuk TamKMKCKOrO HAIMOHAJIBHOTO YHUBEpcUTETa. Cepusi €CTECTBEHHBIX

Hayk. 1 (65), dyman6e 2011, — C. 7-19,

135


http://elibrary.ru/item.asp?id=26941960
http://elibrary.ru/item.asp?id=26941960
http://elibrary.ru/contents.asp?issueid=1640267
http://elibrary.ru/contents.asp?issueid=1640267
http://elibrary.ru/contents.asp?issueid=1640267&selid=26941960
https://www.elibrary.ru/contents.asp?id=49251026
https://www.elibrary.ru/contents.asp?id=49251026

81.

82.

83.

84.

85.

86.

87.

88.

OpunaeBa C.A. Maremarnueckoe MOJEIUPOBAHUE OLEHKH YHMCICHHOCTH
XUIIHUKOB B 3KOCHCTEMAaX TOPHBIX 3alIOBEAHUKOB: Ha MPUMEPE 3alI0BEIHUKA
«Jamu-Jxym»: auccepranusa KaHauaata (PU3MKO-MaTeMaTHUYECKUX HayK:
14.11.2012 / C.A. Onunaea. — {ymanoe, 2012. — 105 c.

OpunaeBa C.A. Maremarnueckoe MOJAETUPOBAHUE OIEHKU YHMCIEHHOCTH
XUIIHUKOB B 3KOCHCTEMAaX FOPHBIX 3allOBEIHUKOB: Ha MPUMEPE 3allOBEIHUKA
«Jdamru-/Txym»: aBToped. IUACCepTaLUs KaHauaata ¢buznKo-
MateMatnyeckux Hayk: 14.11.2012 / C.A. OnunaeBa. — ymano6e, 2012. — 25
C.

Omunuazoma, C.A. MareMatnueckoe MOIEIUPOBAHUE IIPOLECCA OXPaHbI
OMOJIOTMYECKUX TMOMYyJsAUMA B 3aBUCUMOCTH OT BPEMEHH, BO3pacTa u
pacnpenenenuid mo npoctpaHctsy / C.A. OpunHazona //  BecTHuk
TamKUKCKOro HalMOHAJIBHOTO yHUBepcuteTa. Ceprst €CTECTBEHHBIX HAyK. —
2022. — Ne 3. — C. 135-145.

Onym, FO. OcnoBrel 3konoruun [Tekcr] / FO. Ogym. — M.: Mup, 1975. —
740 c.

Onennuk, O.A. 3amaya Komm m KpaeBele 3aJayd il ypaBHEHHs TUIA
HecrannoHapHoi gunbTpanuu [Tekct] / O.A. Omnetinnk, A.C. KanamHukos,
Wxoy-tOu-Jluns // U3Bectuss AH CCCP. Cep. matem. — 1958. — T. 22. — No 5.
—C. 667-704.

Paxum3zona, ®. AJTOpUTM YHCICHHOTO PELICHUS OJHON HEIMHEHHOU
uHTerpo-nupdepenumanbHon 3amaun / M.K. FOnycu, ®. Paxumzona //
Bectuuk THY. Cep. ectrectBennbix Hayk. — 2016. Beim 1/3(200). — C. 20-22.
Paxumsona, @. Maremarnueckue MOAECIMPOBAHUE MOMYJIALUOHHBIX BOJH B
HEJIMHEHHBIX  CUCTEMAX C  Y4YEeTOM  BPEMEHHO-BO3POCTHHBIX u
MPOHCTPAHCTBEHHBIX pacnpenencHbiii / @. Paxumzona / Bectauk THY. Cep.
ecTecTBeHHbIX Hayk. — 2021. — Ne 2. — C. 71-80.

Paxum3zona, @. IlpeacraBineHue pelieHus: OJHOW HEOIHOPOJHOW 3amadyu /
®.Paxumzona // Jlokmanet HAH Tamxukucrana. — 2024. T.67. — Ne5-6. C.

254-260.
136


https://www.elibrary.ru/contents.asp?id=49251026
https://www.elibrary.ru/contents.asp?id=49251026
https://www.elibrary.ru/contents.asp?id=49251026&selid=49251406

89.

90.

91.

92.

93.

94,

95.

96.

97.

98.

99.

Paxum3zona, ®@. Pemenne oIHONW IPOCTPAHCTBEHHO-OAHOMEPHOW JIMHEWHOU
3aaun ¢ (PyHKIHOHATBHBIMU ycioBusmu / M. Wnonos, ®. Paxumszona //
Hoxmaaet HAH Tamxukucrana. —2023. T. 66. — Ne7-8. — C. 400-408.
PomanoBckuit FO.M., CrenanoBa H.B., Uepnasckuii JI.C. Marematuueckoe
MojienupoBanue B ouodusuke. — M.: Hayka, 1975. — 343 c.

Camapckuii, A.A. Pexxumbl ¢ 000CTpeHHEM B 3a7aydax JJisi KBa3WJIMHEHHBIX
napabonnueckux ypaBHeHuil [Tekcr] / A.A. Camapckuii, C.II. Kypaiomos,
B.A. I'ataktuonos, A.I'. Muxaitnos. — M.: Hayka, 1987. — 477 c.

Cupexen, FO.M. MmurtannonHas monens 3kocuctembl 03. bamaton (BHP)
[Tekct] / KO.M. CBupexen, A.A. Bounos, A.Il. Tonkux. — Pykomnuce ner. B
BUHUTU 28.06.84. — Ne 4443-84 JTEII. — 85 c.

Cupexen, FO.M. Marematudyeckoe MOACIUPOBAHNE OMOJOTUUECKUX CUCTEM
[Texct] / FO.M. Ceupesxes, E.fl. EmuzapoB. — M.: Hayka, 1972. — 159 c.
CsupexeB, HO.M. HenuHeliHble BOJHBI, AWUCCUNATUBHBIE CTPYKTYPbl H
karacTpodsl B 3xosnoruu [Tekcr] / FO.M. CBupexeB. — M.: Hayka, 1987. —
366 c.

Ceupexes, F0.M. O maTeMaTuueckux MOAENISIX OMOJOTUYECKUX COOOIIECTB U
CBSI3aHHBIX C HMMH 3ajladax ympaiieHuss u ontummuszanuu [Tekcr] / HO.M.
CeupexeB // Matematnueckoe MozenvupoBaHue B Ouosiorun. — M.: Hayka,
1975. - 365 c.

Ceupexes, H0.M. YcroitunBocTs Ononorndeckux coodects [Tekct] / FO.M.
Ceupexes, /[.O. Jloroder. — M.: Hayka, 1978. — 352 c.

Cwmurt, Ix. Moaenu B sxosoruu [Texcr] / x. Cmur. — M.: Mup, 1976. —
183 c.

CokonoB, B.E.Penxkume wu wmcuesaromme KUBOTHBIC. MIICKOIMMTAIOIINE
[Tekct]. — M.: Breiciias mkona, 1986. — 280 c.

Crusen, I1. A3bik mporpammupoBanus C++ (C++11). Jlekuun u ynpakHeHUs,

6-¢ m3manue. — M.: «Buabsamcy, 2012. — 248 c.

137


https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BA%D0%BE%D0%BB%D0%BE%D0%B2,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%95%D0%B2%D0%B3%D0%B5%D0%BD%D1%8C%D0%B5%D0%B2%D0%B8%D1%87

100.

101.

102.

103.

104.

105.

106.

107.

Tapko, A. M. AHTPONOreHHbIE HW3MEHEHHUS TJI00ANBHBIX OHOChepHbIX
nporeccoB. Maremarnueckoe monenupoBanue / A. M. Tapko. — Mockaa,
2005. 232 c.

YcemanoB, 3.JI. MogenupoBaHue JIUHAMHKM —YyCTBHIHHBIX — COOOIIECTB
3anoBegHuka «Turposas Oanka» [Tekcr] / 3.J1. Yemanos, I.H. CanoxxHuKOB,
M.A. HUcmaunos, C.U. Yepenkor, C.I'. bnarosemenckas, E.Il. fxosneB //
nmokiane! ad Tamk. CCP, 1982, — T. 21. — Nel10. — C. 3-5.

®unatoB, A.H. HWHTerpasbHble HEpABEHCTBA U TEOPHUS HEIMHEHHBIX
konebanuii [Texkcr] / A.H. ®@unaros, JI.B. IllapoBa. — M.: Hayka, 1986. —
151 c.

Onycu, M.K. KonuenryanbHass MOJI€NIb CaJIOBOM SKOCHCTEMBI M €€ aHAJIN3
METO/aMH TeOpUH KauecTBeHHOU ycToitunBoctu [MatH| / M.K. IOnycu, X.C.
MaxwmananueB // BecTtHuk TaaKMKCKOTO HAIIMOHAJIBLHOTO YHUBEPCUTETA.
Cepus ecrecTBeHHBIX Hayk. — [lymian6e, 2014. — Nel/1. — C. 5-14. ISSN 2074
1847.

Onycu, M.K. HccnenoBanue camoBOd MOJEIBHOM 3KOCHCTEMBI C YYETOM
BO3PACTHOTO COCTaBa M MPOCTPAHCTBEHHOro pacmnpenenenus [Martha] / M.K.
Onycu, X.C. MaxmananueB // BectHuk TaIKMKCKOTO HaIMOHAIBHOTO
yHuBepcuteTa. Cepusi ecTeCTBEHHBIX HayK. — Jlymranbe, 2016.

Onycu, M.K. Marematudeckue Mozenu 00pbObl C BPEAUTEIIIMHU arpoiieHo3a
[Tekct] / M.K. ¥Onycu. — Jlyman6e: Jlonnmr, 1991. — 142 c.

Onycwu, M.K. MaremaTueckoe  MOJENMPOBAHUE  YIPABISAEMOMN
BBICOKOIIPOIYKTUBHOM 3KOCHUCTEeMBbl pbIOOBOAHOrO mipyaa. (CooOmienue 3)
[Texcr] / M.K. IOnycu, ®.C. Komunos, H.M. bornanos, M.C. OramoB. —
Pykonuce nen. B BUHUTU 12.03.93. — Ne 582, B-93. - 11 c.

Onycn, M.K. VcnoBus KauyeCTBEHHOM  YCTOMYMBOCTH  DKOCHUCTEM
sanoBenuuka «Jlamru-xym» [Texcr] / M.K. HOnycu, C.X. Mup3soes //
BectHuk TamKUKCKOro HaAIMOHAIBLHOTO YHUBEpcUuTeTa. Cepusi €CTECTBEHHBIX

Hayk. — Jlyman6e, 2020.

138



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Onycu, M.K. OntumansHoe ynpaBieHUE B 33/a4ax 3allUThl INIAHUPYEMOTO
ypoxasi, OXpaHsIE€MbIMH OHOJOTMYECKUMHU MONYJSIUUAMH M UX HPUIIOKEHUS
[Texct] / M. FOnycu. — lyman6e: Cuno, 2018. — 288 c.

FOnycoB, M.K. Maremarnueckas MoJelb JUHAMUKA HACEKOMBIX-BPEIUTENEH
C y4eToM uXx Bo3pacTHOU cTpykTyphl [Tekct] / M.K. IOnycos // U3Bectuss AH
Tamk. CCP. Ota. dus.-mar. Hayk. —1982. — Ne 1. — C. 103-105.

OnycoB, M.K. MaremaTuueckue MOJENH 3aIIUThl PACTEHUN WU OXpaHbl
nonyJsiui skuBOTHBIX [ Texer] / MLK. FOnycoB. — lyman6e. — 1988. — 290 c.
OnycoB, M.K. MatemaTudeckue MOACIN OXpaHIeMbIX monyisiui [Tekcr] /
M.K. FOnycos. —M: BI] AH CCCP, 1991. - 29 c.

OnycoB, M.K.  Marematuueckuii crnocod ONpeaeneHuss KpUTHUECKUX
3HaYeHUM 3KocHucTeM Tpex Tpopuueckux ypoBHeil [Tekcr]| / M.K. FOnycos //
Kypnan obmieit Ononorun. —1982. — T. 43. — No 6. — C. 836-841.

OnycoB, M.K. HekoTtopsle MaTeMaTH4YECKHE BOIIPOCHI OXPAaHbI MOMYJISLNAN
x*uBOTHBIX [Tekct] / M.K. FOnycos // {oxnamnet AH TamxCCP. — 1989. — T.
32.—Ne 2. - C. 87-92.

OnycoB, M.K. O pemenuu onHoi ontumaibHO 3amaun [Tekcr] / M.K.
FOnycos // UzBectus AH TamxkCCP. Otn. gus.-mat. Hayk. — 1982. — No 4, —
C. 106-108.

OnycoB, M.K. OG0 onHoM kiacce HenmokanbHbIX 3amad [Tekcr] / M.K.
Onycos. — M: BIl AH CCCP, 1991. -30c.

FOnycoB, M.K. OnTtumanbHO€ yrpaBjieHHE B OMOCUCTEME «XULIHUK-KEPTBA»
[Tekct] / M.K. FOnycos // U3Bectust AH TagxCCP. Otn. ¢pus.-mat. Hayk. —
1981. — Ne 2. — C. 81-85.

FOnycoB, M.K. OnrtumansHoe ympaBiIeHHE S3KOCUCTEMOUN TpeX TPOPUUECKUX
ypoBaeii [Texcr] / M.K. FOnycos // Joxn. AH TamxCCP. —1987. — T. 30. — Ne
5.—C.277-281.
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MeroaoM Dypre [Tekct] / M.K. FOnycos // Hoknaaslt AH TamxCCP. —1984. —
T.27.—Ne 9. —C. 491-494.
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2. PEXPUCTU HHTULIOPOTHU NJIMUU NJOBTAJIABA
NAPE®TU JAPAYAU NJIMIA
a) Maxkonaxoe, ku oap nawpuaxou maxpuzuasanoau KOA-u nazou

IIpesuoenmu YT uon wyoaano:

I'yaoB, C.X. AMcwian MaTeMaTHKUU XU(P3U MOMyIATCUSIH Ouonoria 60
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netuto npodeccopa H. Mcmatu u 20-1eTHio pa3BUTHS €CTECTBEHHBIX TOUHBIX
MaTeMaTtnyeckux Hayk. — [Jyman0e, 2020. — C. 106-111.
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[Tekcr] / M.K. HOnycu, C. Aszumon, C.X. I'yaoB / Marepuansl
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[14-M]TynoB, C.X. OOBEKTHO—OPUEHTHPOBAHHBIA TPOTPAMMHBIA KOMIUICKC

«MareMaTtnueckoe MOJIECIUPOBAHUE JUHAMHKUA SKOCUCTEMBI 3alOBEIHUKA
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3amumaxo
S3amumau 1.
bapnomau xomnromepuu xaniu Macvanaxou nonyasmcusy 6uonio2i 60 Hazapoowmu 8axm,

CUHHY COJl 64 MaKcumomu (azou

#include <vcl. h>
#include <math. h>
#pragma hdrstop

#include "uTurbulence. h"
#include "uProgramma. h"
#include "uRezultat. h"
#include "uGraph. h"

#pragma package(smart_init)
#pragma link "acPNG"
#pragma link "sSkinManager"
#pragma resource "*. dfm"

TfrmRamit *frmRamit;

__fastcall TfrmRamit::TfrmRamit(TComponent* Owner)

: TForm(Owner)

{
}

Form8->Caption="Hamuyau amcurau umumamcuoni';
Button1->Caption="Hisob";
Button2->Caption="Clear";
Editl->Text="gaml=";
Edit2->Text="gam2=";
Edit3->Text="Ko=";
Edit4->Text="No=";
Edit5->Text="tan=";
Edit6->Text="h1=",
Edit7->Text="h2=",
Edit8->Text="p=";

Edit9->Text="g=";
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Edit10->Text="";
Editl11->Text="";
Edit12->Text="";
Edit13->Text="";
Editl4->Text="",;
Edit15->Text="";
Edit16->Text="";
Editl7->Text="",;
Edit18->Text="";

void __fastcall TfrmRamit::FormCreate(TObject *Sender)
{

SG1->Cells[0][0] ="Eiiitidion";
SG1->Cells[1] [0] ="Cia+diey";
SG1->Cells[0][1]="N0";
SG1->Cells[0][2]="N1";
SG1->Cells[0][3]="N2";
SG1->Cells[0][4]="N3";
SG1->Cells[0][5]="N4";
SG1->Cells[0][6]="N5";
SG1->Cells[0][7]="N6";
SG1->Cells[0][8]="NT7";
SG1->Cells[0][9]="N8";
SG1->Cells[0][10]="N9";
SG1->Cells[0][11]="N10";
SG1->Cells[0][12]="N11";
SG1->Cells[0][13]="N12";
SG1->Cells[0][14]="N13";
SG1->Cells[0][15]="N14";
SG1->Cells[0][16]="N15";
SG1->Cells[0][17]="N16";
SG1->Cells[0][18]="N17";
SG1->Cells[0][19]="N18";
SG1->Cells[1][1]="100";

SG1->Cells[1][2]="100";
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SG1->Cells[1][3]="62";
SG1->Cells[1][4]="31";
SG1->Cells[1][5]="79";
SG1->Cells[1][6]="7";
SG1->Cells[1][7]="10";
SG1->Cells[1][8]="33";
SG1->Cells[1][9]="42";
SG1->Cells[1][10]="35";
SG1->Cells[1][11]="13";
SG1->Cells[1][12]="13";
SG1->Cells[1][13]="18";
SG1->Cells[1][14]="45";
SG1->Cells[1][15]="51";
SG1->Cells[1][16]="32";
SG1->Cells[1][17]="50";
SG1->Cells[1][18]="60";
SG1->Cells[1][19]="55";
SG2->Cells[1][1]="0. 0001";
SG2->Cells[1][2]="0. 0001";
SG2->Cells[1][3]="0. 0001";
SG2->Cells[1][4]="0. 001";
SG2->Cells[1][5]="0. 001";
SG2->Cells[1][6]="0. 0003";
SG2->Cells[1][7]="0. 0003";
SG2->Cells[1][8]="0. 0002";
SG2->Cells[1][9]="0. 0002";
SG2->Cells[1][10]="0. 0002";
SG2->Cells[1][11]="0. 0002";
SG2->Cells[1][12]="0. 0002";
SG2->Cells[1][13]="0. 0002";
SG2->Cells[1][14]="0. 0003";
SG2->Cells[1][15]="0. 0003";
SG2->Cells[1][16]="0. 0003";
SG2->Cells[1][17]="0. 0003";

SG2->Cells[1][18]="0. 0003";
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SG2->Cells[1][19]="0. 0003";
SG3->Cells[0][0] ="Eiitidion";
SG3->Cells[1][0] ="Cid+diéy";
SG3->Cells[0][1]="k0";
SG3->Cells[0][2]="k1";
SG3->Cells[0][3]="k2";
SG3->Cells[0][4]="k3";
SG3->Cells[0][5]="k4";
SG3->Cells[0][6]="k5";
SG3->Cells[0][7]="k6";
SG3->Cells[0][8]="kT7";
SG3->Cells[0][9]="k8";
SG3->Cells[0][10]="k9";
SG3->Cells[0][11]="k10";
SG3->Cells[0][12]="k11";
SG3->Cells[0][13]="k12";
SG3->Cells[0][14]="k13";
SG3->Cells[0][15]="k14";
SG3->Cells[0][16]="k15";
SG3->Cells[0][17]="k16";
SG3->Cells[0][18]="k17";
SG3->Cells[0][19]="k18";
SG3->Cells[1][1]="0.
SG3->Cells[1][2]="0.
SG3->Cells[1][3]="0.
SG3->Cells[1][4]="0.
SG3->Cells[1][5]="0.
SG3->Cells[1][6]="0.
SG3->Cells[1][7]="0.
SG3->Cells[1][8]="0.
SG3->Cells[1][9]="0. 4";
SG3->Cells[1][10]="0. 5";
SG3->Cells[1][11]="0. 6";
SG3->Cells[1][12]="0. 3";
SG3->Cells[1][13]="0. 4";

A a9 o /R 9 g &~ @
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SG3->Cells[1][14]="0.
SG3->Cells[1][15]="0.
SG3->Cells[1][16]="0.
SG3->Cells[1][17]="0.
SG3->Cells[1][18]="0.
SG3->Cells[1][19]="0.

SG4->Cells[0] [0]="Eiiiidion";
SG4->Cells[1][0]="Cia+aiey",
SG4->Cells[0] [1]="m1";
SG4->Cells[0][2]="m2";
SG4->Cells[0][3]="m3";

6".

SG4->Cells[0][4]="m4";
SG4->Cells[0][5]="m5";

SG4'>C9”S[0] [6] ="me6"
SG4'>C9”S[0] [7] ="m7"

SG4->Cells[0][8]="m8";
SG4->Cells[0][9]="m9";

SG4->Cells[0][10]="m
SG4->Cells[0][11]="m
SG4->Cells[0][12]="m
SG4->Cells[0][13]="m
SG4->Cells[0][14]="m
SG4->Cells[0][15]="m
SG4->Cells[0][16]="m
SG4->Cells[0][17]="m
SG4->Cells[0][18]="m
SG4->Cells[1][1]="0.
SG4->Cells[1][2]="0.
SG4->Cells[1][3]="0.
SG4->Cells[1][4]="0.
$G4->Cells[1][5]="0.
SG4->Cells[1][6]="0.
SG4->Cells[1][7]="0.
SG4->Cells[1][8]="0.
SG4->Cells[1][9]="0.

lOII_
11"

a R @ o g

12";
13";

14",
15Il_

16™;
17;

18";
03"

03":
03":

03"
03"

03":
03":

03"
03"
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SG4->Cells[1][10]="0. 03";
SG4->Cells[1][11]="0. 03";
SG4->Cells[1][12]="0. 03";
SG4->Cells[1][13]="0. 03";
SG4->Cells[1][14]="0. 03";
SG4->Cells[1][15]="0. 03";
SG4->Cells[1][16]="0. 03";
SG4->Cells[1][17]="0. 03";
SG4->Cells[1][18]="0. 03";

}

void __fastcall TfrmRamit::Button1Click(TObject *Sender)

{

double NO[1000],N1[1000],N2[1000],N3[1000],N4[1000],N5[1000],
N6[1000],N7[1000],N8[1000],N9[1000],N10[1000],N11[1000],
N12[1000],N13[1000],N14[1000],N15[1000],N16[1000],N17[1000],N18[1000];

double alpha0,alphal,alpha2,alpha3,alpha4,alpha5,alpha6,alpha7,alphas,
alpha9,alphal0,alphall,alphal2,alphal3,alphal4,alphal5,alphals,
alphal7,alphals;

double k0,k1,k2,k3,k4,k5,k6,k7,k8,k9,k10,k11,k12,k13,k14,k15,k16,k17,k18;

double m1,m2,m3,m4,m5 m6,m7,m8m9,m10,m11,m12,m13,ml14,m15m16,m17,m18;

double n,h,t0,tk,Q,eps2,eps5,eps6,eps7,eps8,eps9,epsls;
double b7,b16;

b7=1;

b16=1;

Q=StrToFloat(Edit1->Text);

t0=StrTolnt(Edit2->Text);

tk=StrTolnt(Edit3->Text);

h=StrToFloat(Edit4->Text);

eps2=StrToFloat(Edit5->Text);
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eps5=StrToFloat(Edit6->Text);
eps6=StrToFloat(Edit7->Text);
eps7=StrToFloat(Edit8->Text);
eps8=StrToFloat(Edit9->Text);
eps9=StrToFloat(Edit10->Text);
eps18=StrToFloat(Edit11->Text);

n=(tk-t0)/h;
NO[0]=StrToFloat(SG1->Cells[1][1]);
N1[0]=StrToFloat(SG1->Cells[1][2]);
N2[0]=StrToFloat(SG1->Cells[1][3]);
N3[0]=StrToFloat(SG1->Cells[1][4]);
N4[0]=StrToFloat(SG1->Cells[1][5]);
N5[0]=StrToFloat(SG1->Cells[1][6]);
N6[0]=StrToFloat(SG1->Cells[1][7]);
N7[0]=StrToFloat(SG1->Cells[1][8]);
N8[0]=StrToFloat(SG1->Cells[1][9]);
N9[0]=StrToFloat(SG1->Cells[1][10]);
N10[0]=StrToFloat(SG1->Cells[1][11]);
N11[0]=StrToFloat(SG1->Cells[1][12]);
N12[0]=StrToFloat(SG1->Cells[1][13]);
N13[0]=StrToFloat(SG1->Cells[1][14]);
N14[0]=StrToFloat(SG1->Cells[1][15]);
N15[0]=StrToFloat(SG1->Cells[1][16]);
N16[0]=StrToFloat(SG1->Cells[1][17]);
N17[0]=StrToFloat(SG1->Cells[1][18]);
N18[0]=StrToFloat(SG1->Cells[1][19]);

alpha0=StrToFloat(SG2->Cells[1][1]);
alphal=StrToFloat(SG2->Cells[1][2]);
alpha2=StrToFloat(SG2->Cells[1][3]);
alpha3=StrToFloat(SG2->Cells[1][4]);
alpha4=StrToFloat(SG2->Cells[1][5]);
alpha5=StrToFloat(SG2->Cells[1][6]);

alpha6=StrToFloat(SG2->Cells[1][7]);
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alpha7=StrToFloat(SG2->Cells[1][8]);
alpha8=StrToFloat(SG2->Cells[1][9]);
alpha9=StrToFloat(SG2->Cells[1][10]);
alphalO0=StrToFloat(SG2->Cells[1][11]);
alphall=StrToFloat(SG2->Cells[1][12]);
alphal2=StrToFloat(SG2->Cells[1][13]);
alphal3=StrToFloat(SG2->Cells[1][14]);
alphal4=StrToFloat(SG2->Cells[1][15]);
alphal5=StrToFloat(SG2->Cells[1][16]);
alphal6=StrToFloat(SG2->Cells[1][17]);
alphal7=StrToFloat(SG2->Cells[1][18]);

alphal8=StrToFloat(SG2->Cells[1][19]);
kO=StrToFloat(SG3->Cells[1][1]);
k1=StrToFloat(SG3->Cells[1][2]);
k2=StrToFloat(SG3->Cells[1][3]);
k3=StrToFloat(SG3->Cells[1][4]);
k4=StrToFloat(SG3->Cells[1][5]);
k5=StrToFloat(SG3->Cells[1][6]);
k6=StrToFloat(SG3->Cells[1][7]);
k7=StrToFloat(SG3->Cells[1][8]);
k8=StrToFloat(SG3->Cells[1][9]);
k9=StrToFloat(SG3->Cells[1][10]);
k10=StrToFloat(SG3->Cells[1][11]);
k11=StrToFloat(SG3->Cells[1][12]);
k12=StrToFloat(SG3->Cells[1][13]);
k13=StrToFloat(SG3->Cells[1][14]);
k14=StrToFloat(SG3->Cells[1][15]);
k15=StrToFloat(SG3->Cells[1][16]);
k16=StrToFloat(SG3->Cells[1][17]);
k17=StrToFloat(SG3->Cells[1][18]);
k18=StrToFloat(SG3->Cells[1][19]);

m1=StrToFloat(SG4->Cells[1][1]);

m2=StrToFloat(SG4->Cells[1][2]);
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m3=StrToFloat(SG4->Cells[1][3]);
m4=StrToFloat(SG4->Cells[1][4]);
m5=StrToFloat(SG4->Cells[1][5]);
m6=StrToFloat(SG4->Cells[1][6]);
m7=StrToFloat(SG4->Cells[1][7]);
m8=StrToFloat(SG4->Cells[1][8]);
m9=StrToFloat(SG4->Cells[1][9]);
m10=StrToFloat(SG4->Cells[1][10]);
m11=StrToFloat(SG4->Cells[1][11]);
m12=StrToFloat(SG4->Cells[1][12]);
m13=StrToFloat(SG4->Cells[1][13]);
m14=StrToFloat(SG4->Cells[1][14]);
m15=StrToFloat(SG4->Cells[1][15]);
m16=StrToFloat(SG4->Cells[1][16]);
m17=StrToFloat(SG4->Cells[1][17]);
m18=StrToFloat(SG4->Cells[1][18]);

for (unsigned int t=t0; t<=n; t++){
ListBox1->Items->Add(FormatFloat("0. 0",t));
}

unsigned int n1=ListBox1->Items->Count+1;

frmResultat->SG1->RowCount=n1;

for (unsigned int t=t0; t<=n; t++){

NO[t]=NO[t-1]+h*(Q-alphaO*NO[t-1]*N1[t-1]);
N1[t]=N1[t-1]+h*(N1[t-1]*(-m1+k0*alpha0*NO[t-1]-alpha2*N2[t-1]-alpha3*N3[t-1]-
alphad*N4[t-1]));
N2[t]=N2[t-1]+h*(N2[t-1]*(-m2+k1*alphal*N1[t-1]-((alphal6*N2[t-1])/(b16+N2[t-
1]1))*N16[t-1]-alphal7*N17[t-1]-eps2*N2[t-1]));
N3[t]=N3[t-1]+h*(N3[t-1]*(-m3+k1*alphal*N1[t-1]-alpha5*N5[t-1]-alpha6*N6[t-1]));
N4[t]=N4[t-1]+h*(N4[t-1]*(-m4+k1*alphal*N1[t-1]-alpha5*N5[t-1]-alpha7*N7[t-1]));
N5[t]=N5[t-1]+h*(N5[t-1]*(-m5+k3*alpha3*N3[t-1] +k4*alphad*N4[t-1]-eps5*N5[t-1]));
N6[t]=N6[t-1]+h*(N6[t-1]*(-m6+k3*alpha3*N3[t-1]+k15*alphal5*N15[t-1]-eps6*N6[t-1]));
N7[t]=N7[t-1]+h*(N7[t-1]*(-m7+k1*alphal*N1[t-1] +k2*alpha2*N2[t-

1]+k10*alphal0*N10[t-1]-eps7*N7[t-1]));
155



N8[t]=N8[t-1]+h*(N8[t-1]*(-m8+k3*alpha3*N3[t-1] +k4*alphad*N4[t-1]+k9*alpha9*N9[t-
1]+k12*alphal2*N12[t-1]-alpha7*N7[t-1]-eps8*N8[t-1]));
NO[t]=N9[t-1]+h*(N9[t-1]*(-m9+k13*alphal3*N13[t-1] +k14*alphald*N14[t-1]-
alpha5*N5[t-1]-alpha7*N7[t-1]-eps9*N9[t-1]));
N10[t]=N10[t-1]+h*(N10[t-1]*(-m10+k2*alpha2*N2[t-1] +k17*alphal7*N17[t-1]-
alpha7*N7[t-1]));
N11[t]=N11[t-1]+h*(N11[t-1]*(-m11+k14*alphal4*N14][t-1]+k15*alphal5*N15[t-1]-
alpha5*N5[t-1]-alpha7*N7[t-1]));

N12[t]=N12[t-1]+h*(N12[t-1]*(-m12+k1*alphal*N1[t-1] +k14*alphald*N14[t-1]-
alpha5*N5[t-1]-alpha6*N6[t-1]));
N13[t]=N13[t-1]+h*(N13[t-1]*(-m13+k1*alphal*N1[t-1]+k2*alpha2*N2[t-1]-alpha7*N7[t-
1]-alpha8*N8[t-1]));
N14[t]=N14[t-1]+h*(N14[t-1]*(-m14+k1*alphal*N1[t-1]+k2*alpha2*N2[t-1]-alpha5*N5[t-
1]-alpha6*N6[t-1]-alpha8*N8[t-1]));
N15[t]=N15[t-1]+h*(N15[t-1]*(-m15+k1*alphal*N1[t-1]-alpha5*N5[t-1]-alpha6*N6[t-1]-
alpha7*N7[t-1]));
N16[t]=N16[t-1]+h*(N16[t-1]*(-m16+k1*alphal*N1[t-1]+k2*alpha2*N2[t-1]-alpha6*N6[t-
1]-alpha7*N7[t-1]-alpha9*N9[t-1]));
N17[t]=N17[t-1]+h*(N17[t-1]*(-m17+k1*alphal*N1[t-1]+k2*alpha2*N2[t-1]-alpha7*N7[t-
1]-alphal0*N10[t-1]-alphal8*N18[t-1]));
N18[t]=N18[t-1]+h*(N18[t-1]*(-m18+k2*alpha2*N2[t-1] +k16*alphal6*N16[t-1]-
alphal0*N10[t-1]-alphall*N11[t-1]-eps18*N18[t-1]));

frmResultat->SG1->Cols[0]->Add(FormatFloat("0. 0",t));
if (NO[t]>=0){

frmResultat->SG1->Cols[1]->Add(FormatFloat(0. 0",NO[t-1]));
frmGraphik->Series1->AddXY (t,NO[t-1]);
frmGraphik->Series1->LinePen->0nChange;

}

else{

NO[t]=0;

frmResultat->SG1->Cols[1]->Add(FormatFloat("0. 0",NO[t-1]));
frmGraphik->Series1->AddXY (t,NO[t-1]);

}
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if (N1[t]>=0){
frmResultat->SG1->Cols[2]->Add(FormatFloat("0.
frmGraphik->Series2->AddXY (t,N1[t-1]);

}

else{

N1[t]=0;
frmResultat->SG1->Cols[2]->Add(FormatFloat("0.
frmGraphik->Series2->AddXY (t,N1[t-1]);

}

if (N2[t]>=0){
frmResultat->SG1->Cols[3]->Add(FormatFloat("0.
frmGraphik->Series3->AddXY (t,N2[t-1]);

}

else{

N2[t]=0;
frmResultat->SG1->Cols[3]->Add(FormatFloat("0.
frmGraphik->Series3->AddXY (t,N2[t-1]);

}

if (N3[t]>=0){
frmResultat->SG1->Cols[4]->Add(FormatFloat("0.
frmGraphik->Series4->AddXY (t,N3[t-1]);

}

else{

N3[t]=0;
frmResultat->SG1->Cols[4]->Add(FormatFloat("0.
frmGraphik->Series4->AddXY (t,N3[t-1]);

}

if (N4[t]>=0){
frmResultat->SG1->Cols[5]->Add(FormatFloat("0.
frmGraphik->Series5->AddXY (t,N4[t-1]);

}

else{

N4[t]=0;
frmResultat->SG1->Cols[5]->Add(FormatFloat("0.

frmGraphik->Series5->AddXY (t,N4[t-1]);
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}
if (N5[{]>=0){

frmResultat->SG1->Cols[6]->Add(FormatFloat("0.

frmGraphik->Series6->AddXY (t,N5[t-1]);
}

else{

N5[t]=0;

frmResultat->SG1->Cols[6]->Add(FormatFloat("0.

frmGraphik->Series6->AddXY (t,N5[t-1]);

}
if (N6[t]>=0){

frmResultat->SG1->Cols[7]->Add(FormatFloat("0.

frmGraphik->Series7->AddXY (t,N6[t-1]);
}

else{

N6[t]=0;

frmResultat->SG1->Cols[7]->Add(FormatFloat("0.

frmGraphik->Series7->AddXY (t,N6[t-1]);

}
if (N7[t]>=0){

frmResultat->SG1->Cols[8]->Add(FormatFloat("0.

frmGraphik->Series8->AddXY (t,N7[t-1]);
}

else{
N7[t]=0;

frmResultat->SG1->Cols[8]->Add(FormatFloat("0.

frmGraphik->Series8->AddXY (t,N7[t-1]);

}
if (NS[t]>=0){

frmResultat->SG1->Cols[9]->Add(FormatFloat("0.

frmGraphik->Series9->AddXY (t,N8[t-1]);
}

else{

N8[t]=0;

frmResultat->SG1->Cols[9]->Add(FormatFloat("0.
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frmGraphik->Series9->AddXY (t,N8[t-1]);

}
if (NO[]>=0){

frmResultat->SG1->Cols[10]->Add(FormatFloat(*"0.

frmGraphik->Series10->AddXY (t,N9[t-1]);
}

else{

N9[t]=0;

frmResultat->SG1->Cols[10]->Add(FormatFloat(*"0.

frmGraphik->Series10->AddXY (t,N9[t-1]);

}
if (N10[]>=0){

frmResultat->SG1->Cols[11]->Add(FormatFloat(*0.

frmGraphik->Series11->AddXY(t,N10[t-1]);
}

else{
N10[t]=0;

frmResultat->SG1->Cols[11]->Add(FormatFloat(*"0.

frmGraphik->Series11->AddXY(t,N10[t-1]);

}
if (NLL[{]>=0){

frmResultat->SG1->Cols[12]->Add(FormatFloat(*"0.

frmGraphik->Series12->AddXY (t,N11[t-1]);
}

else{

N11[t]=0;

frmResultat->SG1->Cols[12]->Add(FormatFloat(*"0.

frmGraphik->Series12->AddXY(t,N11[t-1]);

}
if (N12[{]>=0){

frmResultat->SG1->Cols[13]->Add(FormatFloat(*"0.

frmGraphik->Series13->AddXY(t,N12[t-1]);
}
else{

N12[t]=0;
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frmResultat->SG1->Cols[13]->Add(FormatFloat(*"0.
frmGraphik->Series13->AddXY (t,N12[t-1]);

}

if (N13[t]>=0){
frmResultat->SG1->Cols[14]->Add(FormatFloat(*"0.
frmGraphik->Series14->AddXY (t,N13[t-1]);

}

else{

N13[t]=0;
frmResultat->SG1->Cols[14]->Add(FormatFloat(*0.
frmGraphik->Series14->AddXY (t,N13[t-1]);

}

if (N14[t]>=0){
frmResultat->SG1->Cols[15]->Add(FormatFloat(*0.
frmGraphik->Series15->AddXY (t,N14[t-1]);

}

else{

N14[t]=0;
frmResultat->SG1->Cols[15]->Add(FormatFloat(*0.
frmGraphik->Series15->AddXY (t,N14[t-1]);

}

if (N15[t]>=0)4
frmResultat->SG1->Cols[16]->Add(FormatFloat(*"0.
frmGraphik->Series16->AddXY (t,N15[t-1]);

}

else{

N15[t]=0;
frmResultat->SG1->Cols[16]->Add(FormatFloat(*"0.
frmGraphik->Series16->AddXY (t,N15[t-1]);

}

if (N16[t]>=0)X
frmResultat->SG1->Cols[17]->Add(FormatFloat(*"0.
frmGraphik->Series17->AddXY(t,N16[t-1]);

}

else{
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N16[t]=0;

frmResultat->SG1->Cols[17]->Add(FormatFloat("0. 0",N16[t-1]));
frmGraphik->Series17->AddXY (t,N16[t-1]);

}

if (N17[t]>=0)
frmResultat->SG1->Cols[18]->Add(FormatFloat("0. 0",N17[t-1]));
frmGraphik->Series18->AddXY (t,N17[t-1]);

}

else{

N17[t]=0;

frmResultat->SG1->Cols[18]->Add(FormatFloat("0. 0",N17[t-1]));
frmGraphik->Series18->AddXY (t,N17[t-1]);

}

if (N18[t]>=0)X
frmResultat->SG1->Cols[19]->Add(FormatFloat("0. 0",N18[t-1]));
frmGraphik->Series19->AddXY (t,N18[t-1]);

}

else{

N18[t]=0;

frmResultat->SG1->Cols[19]->Add(FormatFloat("0. 0",N18[t-1]));
frmGraphik->Series19->AddXY (t,N18[t-1]);

void __fastcall TfrmRamit::FormShow(TObject *Sender)
{

AnsiString m="Skins";
sSkinManagerl1->SkinDirectory=m. c_str();
sSkinManager1->SkinName="Air";
sSkinManager1->Active=true;

}

void __fastcall TfrmRamit::N5Click(TObject *Sender)

{
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frmProgramma->ShowModal();

}

void __fastcall TfrmRamit::Button2Click(TObject *Sender)

{
frmResultat->ShowModal();

}

void __fastcall TfrmRamit::Button3Click(TObject *Sender)
{
frmGraphik->CheckBox1->Checked=true;
frmGraphik->CheckBox2->Checked=true;
frmGraphik->CheckBox3->Checked=true;
frmGraphik->CheckBox4->Checked=true;
frmGraphik->CheckBox5->Checked=true;
frmGraphik->CheckBox6->Checked=true;
frmGraphik->CheckBox7->Checked=true;
frmGraphik->CheckBox8->Checked=true;
frmGraphik->CheckBox9->Checked=true;
frmGraphik->CheckBox10->Checked=true;
frmGraphik->CheckBox11->Checked=true;
frmGraphik->CheckBox12->Checked=true;
frmGraphik->CheckBox13->Checked=true;
frmGraphik->CheckBox14->Checked=true;
frmGraphik->CheckBox15->Checked=true;
frmGraphik->CheckBox16->Checked=true;
frmGraphik->CheckBox17->Checked=true;
frmGraphik->CheckBox18->Checked=true;
frmGraphik->CheckBox19->Checked=true;
frmGraphik->ShowModal();

}

void __fastcall TfrmRamit::Button4Click(TObject *Sender)
{

unsigned int Row=frmResultat->SG1->RowCount;
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for (unsigned int i=1; i<=Row; i++){
frmResultat->SG1->Rows[i]->Clear();
}
frmResultat->SG1->RowCount=2;
ListBox1->Items->Clear();
frmGraphik->Series1->Clear();
frmGraphik->Series2->Clear();
frmGraphik->Series3->Clear();
frmGraphik->Series4->Clear();
frmGraphik->Series5->Clear();
frmGraphik->Series6->Clear();
frmGraphik->Series7->Clear();
frmGraphik->Series8->Clear();
frmGraphik->Series9->Clear();
frmGraphik->Series10->Clear();
frmGraphik->Series11->Clear();
frmGraphik->Series12->Clear();
frmGraphik->Series13->Clear();
frmGraphik->Series14->Clear();
frmGraphik->Series15->Clear();
frmGraphik->Series16->Clear();
frmGraphik->Series17->Clear();
frmGraphik->Series18->Clear();
frmGraphik->Series19->Clear();

}

void __fastcall TfrmRamit::Button5Click(TObject *Sender)

{
Close();

}
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Samumau 2

S, H. Xycpas,
{' 5 f +Kyp6on3zona M.P.
" j‘,;). coym 2025

1

/

oua 6a TATOMKH HATHYAXO0H ACOCHH TAXKHKOTH a3 pyiu KopH
nucceprarcuonun I'ynos Camanaap XacaHoBHY Aap MaB3YH KAMCHJIACO3HH
MaTeMAaTHKHH JHHAMHKAH SKocHcTeMan MaMHYybroxu «beman Ilajanron»

(bapoun KHCMAaTH KaMHIIHIO O6uEGOHN)

IIpoGiiemMaxou OSKOJOTH COJ TO COJI HHE3 Oa omMy3uIl namao Kapaa
ucronaann. Uctudonau a3 xaa 3uéam capBaTxoH Tabui map nyHé Oa oH oBapha
PAacoOHHMIAaCT, KM KHCMe a3 OHXO aap Xojatu OeGosramr Ba 6apKapopHallIaBaHIa
Kapop mopaHz. Jlap cHCTeMaxoH 3KOJord Oas3e HaMyInu XalBOHOTH HOIWD Ba
HabOTOT KaMIITyMOp ramra, 6ab3eallloH Aap capXald HecTIIaBHi Kapop JAOpaHI.

Slke a3 caMTXOH MyXMMMH HCcTHQoOmau OapHOMaxoW  KOMIIOTEpH HH
qaMBOBapi Ba UIOPAKyHHHM MabIyMOT OHI 6a MHHTaKaxou Myxo(usaTIIaBaHIa,
a3 Kabmim MaMHybroxxo mMebomazn. Jlap Xyayau 9yHUH MUHTaKaxo MMKOH BY49yX
opaz, KA MOHHTOPHMHIHM MyKaMMalld OJIaMH DacTaHUXO, XaWBOHXOHU anadxyp,
JlapaHIaroH Ba HaMyIXOH HOJUP Ba HECTIIaBaHa TapXpPe3H Kapla maBaH/l.

Bo mH caHaj TacaWK Kapaa MelaBal, K HaTU9axOHW acocHe, Ku a3 Tapadpu
I'ynoe Camanpap XacaHOBHY Jap PHCOJAd HMIMHH XyJ TaxXTH «AMcuIaco3uu
MAaTeMaTUKHAN TAHAMHUKAU 3KOCHCcTeMan MamHybroxu «bemau ITananron» (TaXxTu
poxGapuy IOKTOPH WIMXOH (PH3HKal0 MaTeMmaruka, nmpodeccop M.K. KOnyc# Ba
IOKTOPH HJIMXOH TexHuki, npodeccop C.X. Mupsoes) 6a nact omManaaHn, Oapou
TAIIaKKyIyd JOapKd MyKaMMajd MYIIKHJIOTH JKOJOIMM JOpOH XapakTepH
KOMIUIEKCH IOINTa, 6apou NOHUIIYYEH 3apyp mebomas.

Jap aitau 3amMoH, TaxkukoTu puconan C.X. I'ynos a3 YOHUOU NOHUIIYYEHU
Kypcu 4-ymu uxtucocu «MHpopMaTiKa Ba CHCTeMaxoHu aBTOMaTUKYHOHUAITY 12y
nmap Jlonumroxu nasiatuu boxrtap 6a Homu Hocupu XycpaB gap LIaKiIud KypcH

Maxcycu «Taxusim aG30pXOoH KOMITIOTEpH Gapou OMY3HIN, TaxXKHUK Ba NenIryun
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AMHAMUKAW SKOCHCTEMaxXOU MUHTAKaBA Jap MHCOJM CHCTeMau dKojoruu bermian
IlanauroH, KUCMaTH KaMUILIHIO 6uE60oHR» 60 XadaMu 64 coaT XOHIa MelIaBall.
HaTuyaxou WIMHHM OamacTomana aap KoHGbepeHCHsxou OGalHaIMMIIAIH,
YYMXYpPHSBH Ba JOXWIHAOHUIITOXH, HHIYHHH Jap CEMHUHAPXOU WIMHH JOHHUIITOX
(comxou 2018—2025) myappucdi Ba 6appaci nryaaaHu.
Jlap pHcOJaud HOM3aJaii [OAcTOBapAXOHM MYyOCHPH COXaW HH(OpPMATHKA,
MaTeMaTHKay aMajlii Ba aMCHJIACO3MH PaBaHIXOHU JKOJIOTH HCTHdOAa IIyaaaHI.

HaBoBapuy WIMHH PHCOJIa HHXO MeOOoImaHq:

— aMcuiaW KOHCENTyaJuH O3KocucTemMan HamyHaBuu «bemam Ilamanrom»
KMCMAaTH KaMUIIIHNIO OMEOOHHN TaXys IIy1aacT;

— aMcujad MaTeMaTHKid ©0apoW HHUTIOXJIOPHH XaWBOHXOM HOIMp Ba
HecTIIaBaHOau cucTemMau skojioruu «bemawn Ilamanrom» HaBUINTa IIyda,
Jlap MHCOJIXOU MyllIaXacc TaTOUKH XyaApo €dTaaHs;

— aMcwiIal MaTeMaTHKhA Oapou MyalssHKyHHH YCTYBOPH 3KOCHCTEMaxo Ba
MyHAa33aMCO3HH OHXO Jap XOJIaTXOW HOT'YyBOP IEIIHHUXOM LIy 1aacT;

— ab30pM KOMITIOTEPHH HaMyHaBdA Gapoud OMY3HII, NEerym Ba HIOPaKyHUH
nuHaMuKau sKocucreman «bemau Ilamanrom» Ba aurap 3KOCHCTEMaxoOH

skosioruu Ocuéu Mapkasi 390 rapau/1aacT.

Jexkanu paxkyITeTH

TEeXHOJIOTUSIXOU paKaMid Ba Xuds3u

urtwiaootu JIJIb 6a HOMH

H. XycpasB, H.K.T., JOTCEHT % r 2 ,:"ﬂ_'XacaHOB TR

Mynupu xadenpaun TH Ba MTHU -
(pakynTeTH TEXHOJIOTHUSIXOU paKami-

Ba xud3u urrwiootu JJIb 6a HoMH ﬂ 7y
H. Xycpas, H.A.Q.M. ALY Maxmananmues X.C.
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Samumau 3

““““““ K MEKYHAM>»
AT, M. X., Ipodeccop

oua 6a TAaTOMKH HATHYAXOH ACOCHH HJIMHH KOPH aucceprarcuonuu I'ysios
Camanaap XacaHOBHY Aap MaB3yH “AMCH/IACO3MH MAaTEeMaTHKHH JHHAMHMKAH
sxocucremMan MamHybroxu «beman Ilagsanron»
(6apou KHCMATH KAMHIIHIO GUECOH)”

CaHamy MasKyp TacIWMK MEHaMosZl, KM HaTHYaxouW WJIMHA Ba aMallu¥ TaXKHKOTH
nucceprarcuonnu ['ymos Camanzmap XacaHOBHY [ap MaB3yd «AMCHIACO3MH MaTEMaTHKHH
TMHAMHKAW SKocucTeMan MaMHyBroxm «bemawm Ilamanron» (6apon KHCMATH KaMUIIHIO
GuE6OHMA), KM TaxTW pOXOAPUH WIMHH JOKTOPH HIIMXOM (H3MKal0 Maremarhka, rnpodeccop
Onycu M.K. Ba JIOKTOpH HIMXOH TEeXHHKHA, mpodeccop Mupzoes C.X. aHqOM AoAa UIyHaacT,
JIOpPOH aXaMHsITH Ha3appacH TabJIMMA Ba amaiid MeOoma.

HaTtHyaxoW WJIMHHA WH TaxKUKOT 6a wmasmMyHH GQaHHH TabJIAMHH «AMCHIIAXOH
MAaTeMaTHKHU CHCTEMAaXOH OMOJIOTHA» Ba «AMCHIIAXOW PUE3NH CHCTEMaXOM Mypakkalby», KU Jap
Kypcu 3-tom Ba 4-ymu umxtrcocu 31030400 — Wupopmarnka nap haxynTeTH MEXaHHUKarO
MaremaTukan JIOHHINTOXYW MMJITHH TOYMKHCTOH OMY30HMIA MEIaBall, Iyppa MyTOOHK Oyna,
METABOHAHJI XaMUyH acoc 0apod XOHIaHU KypPCXOH MaxcCycC, CEMHHApXOH HIIMH Ba KOPXOH
TaxacCyCuH JOHUITIYEH NCTH(O/1a ITaBaH/I.

Jlap mowpan JMCCEPTATCHsl MOIEIH MyKaMMald MaTeMaTHKHA O0apor TaXJIHIH PaBaHIXON
JIMHAMMKHHE 5KOCHCTEMAH KHCMH KaMMINHK OWEGOHWHM MaMHyBIOX TaxXws rapawujaa, oH 0o
HA3apAOLITH XyCyCHSATXOH Owmoreorpadi, OMHIXOH OSKOJIOTH Ba MEXaAHU3MHU MyTaKoOwuIan
YHCYPXOU MYXHTH 3MCT 0a&H mymaact. MOAENCO3MH Ma3sKyp Ha TaHXO 0a TaxJIMIA YCTyBOPHAH
sKOCHCTEMa, OalIKy 6a TaApXpPE3UN CHCTEMaX0U MOHUTOPHUHT Ba HIAOPaKyHUY OKHIOHAN 3aXAPaxon
Tabui MycouaT MEKyHal.

Bo mapHazapOINTH ap3WIld HIIMH Ba METOIOJIOTHH HATHYAXOHM TaXKHKOT, IMEITHHUXOX
Merapaaj, KH OHXO Jap noupau 24 coaT JICKCHS Ba 24 coaT MaIIFyJIMSITH aMallii Oapou
Iy3apOHHIAHHN KyPCXOH Maxcyc 0a MOHWIIMyEHHW 3MHau OakamaBp Ba MAaruCTp TaBCHs Kapia
aBaH/I. )

Hctndoian UH METOIMKA Aap TahIHM Ba KOPXOH MyCTaKHMIIM JOHUIITYEH, MarHCTPaHTOH
Ba JIOKTOPAHTXO HWMKOH MeIHUXad, KW OHXO MajlakaW TaxXHusu amMCHIIaxoun MaTeMaTHKHA Ba
KOMITIOTEPHH OOBEKTXOM Mypakkabu TaOWupo a3 Xy HaMOsIHJ Ba OHXOPO Jap TaxXKHKOTH
MUHOABIAN WIMA Ba MachalaXOd MyXHTH 3UCT aMaild HaMOSAHI.

Canany MasKyp 60 MaKcaad pacMi HaMyIdaHW TATOMKHM HATHYAXOW WIIMHIO TaJKHKOTHH
HOMOYP/Ia JIap HU30MH TaXCHJIOTH OJIMU KacOH: Taxus rapAuiaacT.

Jlexanu (haKyITeTH MEXaHUKarO
maremarukan JIMT, H.U.T., TOTCEHT

.M. Caunngzona

"Paycu 1lypou MIMHIO METOIHHA -
(dakynTeTH MEXaHMKAIO MaTeMaTHKau % — III.A. Xalipyiioes

JIMT, g.u.¢d.M., JOTCEHT
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BA3OPATH PYLIIH HKTHCO/ BA CAB/IOH YYMXYPHHU TOYHKHCTOH
MYACCHCAH JIABJIATHH «MAPKAZH MUJLTUM IATEHTY UTTHIOOT»

MHHHCTEPCTBO SKOHOMUYECKOTO PA3BHTHA M TOPTOBIIH PECITYB/AMKH TA/IKMKHCTAH
TOCYIAPCTBEHHOE YUPEKEHUE «HALIHOHAIbHBIA TATEHTHO- HHOOPMALIMOHHBIA LEHTP»

[IIAXOJATHOMA

nap Gopau HakaiArHpuH 1aBIATHH 3aXHPAH HTTHIOOTH

CBUAETEJIBCTBO
0 TOCY/IapCTBEHHOI perkcTpaitii HHHOPMalHOHHOTO pecypea

Homryii OfneKTHO-OPHEHTHPOBAHIBIH MPOTPAMMELIH KoMIIeKe «MareMaTHYECKOe MOTEINPOBANNHE ANHAMHKH
HanMeHoBanye_ IKocHeTemsl sanoseannka « Turposan baakan (1% KAMLIIOBbIX H NYCTHIHHBIX TEPPHTOPHIA)»
Capzamun
Crpana Pecnybanka Taxukueran
Hopanna
Bnageneu_____ T'yaos Camanaap Xacanosuy
Taxusirap
Paspaborunk __Ty#08 Camannap Xacanosny
JJ& Kaian 1aBaatTi
P rocyzapeTBeHHON

PEerucTpaluM No 3272600578
ba Mexpucry 1aBIATHI 3AXHPAXOH HTTHAOOTHR
Yysxypun TouMKHCTON 10X Kap/ia wyaaacT

Buecen B I'ocyaapcTsenHblii peecTp HHOOPMALIHOHHBIX
pecypeos PecnyGiuky Tamkukucran 6 mas 2026r.

) ) ”/l ,/[;)
/
Jupexrop. //;/ /- Hcemonazona MLX

s
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