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baxvimorcan JKYMAIL'Y/IOB,
axaoemux HAH PK,
npe3udenm Hayuonanvnoii unswcenepnou akaoemuu PK

9PA UH/)KEHEPA

AHanu3 MUPOBOIO pa3BUTHUS MOKA3bIBAET, YTO B MOCJEIHNUE MATHAALATh — ABAALATH
JeT 0co0yI0 3HAYMMOCTh TPUOOPEN TPEH YCHIEHHOTO BHUMAaHHS K HHXCHEPHOMY [y,
BBIBOJly €r0 Ha HOBbIe KauecTBeHHbIE ypoBHU. [Ipe3unent Kazaxcrana Kaceim->Komapr
TokaeB 3aKOHOMEPHO CTaBUT Mepes cTpaHoil 3anauy: «...Ilpuopurer Hy)HO OTAATH TEX-
HU4ecKuM npodeccusm. [IpeacTout B3pacTUTh HOBOE MOKOJIEHUE HHKEHEPOB, MTPOMBIIII-
JIEHHUKOB.

006 aToii TeHaeHIUU cBUIETENbCTBYIOT Aokiaasl FOHECKO no pa3BuTHio MHKXEHEp-
soro aena 2010 u 2021 rogos. B wacTHOCTH, B HUX OTMEUEHO, UTO «...Ha3peyia ocTpas He-
00XOJIMMOCTh B HOBOW MapaJrMe HHKEHEPHOTO JieNa, TaKoH, KOTopasi 110 CBOeMY TIOAXOAY
OyZeT MeX- U MyJbTUANCHHUIIMHAPHOMN, 1aBasi BOSMOYKHOCTH PeIlaTh BBICOKOCIOXKHBIC 3a-
naum». X XI BEK 4aCcTO Ha3bIBalOT BEKOM HOBBIX TEXHOJIOTUH, OCHOBAHHBIX HA CUHTE3€ KIIIO-
4eBbIX (PAKTOPOB COBPEMEHHOCTH — MH(QOPMAIIMOHHBIX TOTOKOB, CPEACTB 00pabOTKU 00ITb-
HIMX JaHHBIX, BKIIOYas HCKYCCTBEHHBIN HHTEIIEKT, HOBBIX IPOLIECCOB, HOBBIX TEXHOJIOTUI
yIpaBlIeHHUS U CTpaTeruil pa3BuTUs. Bee 3TH GakTopsl TpeOyIOT HOBBIX WHKEHEPOB, OTBE-
Yaromux TpedboBaHUsIM BpeMeHH. Kak yke U3BEeCTHBIX, TaK U HOBBIX CIelHaIbHOCTEH.

Ho ato nena obmemuposeie. Uto ke y Hac B Kazaxcrane? A Beflb U Iepe]] HAMH CTOSIT
LIeJIH, BBIBOZSAIIME Ha OA0OHYIO ke TpaekToputo. I[locTaBineHsl 3ajauu cTaTh FOTOBBIMH K
COBEPILIEHHO HOBOW KOHBIOHKTYPE MUPOBOTO PBIHKA, CO3AaTh MO-HACTOSIIEMY TUBEPCUPH-
LUPOBAHHYIO, TEXHOJIOTMYHYIO SKOHOMHUKY C OTIOPOI Ha POCT MPOU3BOAUTEIBHOCTH TPY/Ia,
YCKOPEHHOE pa3BUTHE 00padaThIBAIOIIEr0 CEKTOPA, MOBBIIICHUE J00aBICHHONH CTOMMOCTH,
Oonee BBICOKHE TIepelesibl. DTO MOKHO Ha3BaTh HACTOSIIMMHU Cylep3ajadyaMH, KOTOpbIe
TpeOyIoT CyIepcrenuanicToB. A B 3TOM y Hac MOKa CEPbe3HbIE TPYIHOCTH.

Ha ugem jxe, M0 MOEMy MHEHHIO, CIIelyeT COCPEAOTOUUTHCS B PEIICHUH JaHHOM Mpo-
011eMb1? 31ech BUIHBI IISTH KIIOYEBBIX HAIIPABICHU:

[lepBoe — cucTeMHas OleHKa 00ECIIEYeHHOCTH M MTPOTHO3HBIX MOTPEOHOCTEH HKOHO-
MHUKH U €€ OTpaciei B crenuagucTax-uHKeHepax; BTOpoe — 0co00e BHMUMaHHUE CTaTycy
WHKEHEPHOTO TPYJa; TPEThe — HOBBIA ypOBEHb OOYyUEHHS M MOATOTOBKU CHELHAIHCTOB;
YEeTBEPTOE — HOBASl CUCTEMA MOBBILICHNUS KBATM(HUKALIUH 1 TICPETIOITOTOBKH ICHCTBYOIIIX
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WH)KEHEPOB KaK YacTH «00Pa30BaHMUS B TEUEHHE KU3HI»; MSATOE — CUCTEMHAs U MaccoBast
Mporarasja 1 Nonysaspu3anns TEXHUYeCKUX 3HaHUN U WH)KEHEPHO J1eATeIbHOCTH.

[To mepBOMY HampaBIIEHHIO Y HAC €CTh MPOCTO BOMUIOMIKE (HAKTHl HET000ECICUeHHO-
CTH KaJ[paMU HE TOJIBKO OTAEIbHBIX MPEANPUATHH, HO U LENbIX OTpaciei 1 mojaoTpaciei
9KOHOMHUKH. TaK, 3aciyKuBaeT 0cOO0r0 BHUMAHUS CTPOUTENIbHAS OTPACIIb, U IPEXKIIE BCETO
cepa ceiicMOCTOWKOTO CTPOUTENIBCTBA, BOIOCHAOKEHUE U BOJIOCOSpEIKEHUE, TEIIOCHA0-
JKEHUE TOPOJIOB U TOCENKOB cTpaHbl. [IpobiaeMbl oTcyTCcTBUS NPOdeCcCHOHATBHBIX HHKe-
HEPHBIX KaJ[pOB B 3TOM JIeJie U MTOCJIEACTBUN yKe MOJHUMAIIUCH B IEMTyTaTCKUX 3allpocax.

AHaNOrMyHbIN CiIy4ail — MUHEpaJIbHO-CHIPHEBON KOMIUIEKC U I'e0JIOTHYecKasi OTpacilb,
rje Hama crpaHa B Hadaje 90-x rogoB umena Bemymue no3uuuu B Coerckom Coroze.
WHxeHepoB-Te0JI0roB Y HaC HACUUTHIBAIOCH OKOJIO cTa ThIcsid. CeroHs ke B 0Tpaciu ou-
LIUAIbHO KOHCTATHPYETCsl «CIa0blii MHKEHEPHO-TEXHUYECKUI M yIpaBIeHUECKUH MMOTEH-
LMai Ha BceX ypoBHIX» (!).

U st10, emie He roBOps O MEPCTIEKTUBHBIX HANpaBlIEHUSAX pa3BUTHs cTpaHbl. [loaTomy
BOIPOC CHUCTEMHOI'0 U TOCTOSIHHO OOHOBIISIEMOTO (KU3HB-TO HE CTOMT Ha MECTE) aHaJIN3a U
MIPOTHO3a KaJpoBOr0 MHXKEHEPHOTO obecrieueHus B Kazaxcrane, o Halueil oueHKe, sBIs-
eTCsl CBepXaKTyalbHbIM. IMEHHO ero pe3yabTaThl 1OJKHBI 33/1aBaTh KIIOYEBbIE OPUEHTHPHI
B peaJln3alliy BCeX OCTAJbHBIX HAIPABICHUI.

[To BTOpOMY HampaBIEHHIO Y HAC B COMOCTABIEHUH C TIEPEAOBBIMU CTpaHAMH UMEIOT-
csl cepbe3HbIe MPOOJIEMBI CO CTaTyCOM HHXEHepHOoro Tpyaa. Hanpumep, Snonus nedpunur
pa3paboTUYMKOB MPOrPaAaMMHOTO OOECIICUCHHS TNIAHUPYET TIOKPBITh 33 CYET 3apyOesKHBIX
CHEIMATUCTOB. BeposATHO, W HalMX corpakJaH TOXKE, MOCKOJIbKY B 3TOW CTpaHe HHKe-
HEPHBIH TPY UMEET BBICOKHUI CTaTyC U BO3HATPAKIAETCS HEIUIOXO (B CPEIHEM 5,5 ThICSUU
JoiapoB B Mecdn). CpenHsis 3apriara y MHXeHepoB B I'epmanun — 4,6 TeIcAYM €BpO B
MecHll, UyTh MeHbIIIe B Apyrux crpaHax EC. A y alTHIIHUKOB — e1ie Bble: B M3panse — 7
Teicsy, B lIBeitnapun — 8 Teicsy, B CIIA — 10 Thicssy monnapos. B Kazaxcrane — 360 Thic.
TEHTe, 4TO 10 Kypcy cocraBisieT $0,8 Toicsun. Jlaxke KOPpEeKTHPOBKA HA MAPUTET MOKYIIa-
TEJILHOW CTIIOCOOHOCTH HE ITOMOTAET, YBBI.

I'ne xe OpaTh Kajpbl MUPOBOTO Kiiacca? 3aMaHUBATh OOJIBLIMMH CTaBKaMH BPsT JIX
cMokeM. OcTaeTcsi TOTOBHUTD, YBIEKATh MPSMO CO IIKOJIBHOW CKaMbH. A Ui 9TOTO 00s13a-
TEJBbHBIM YCIIOBHEM SBJISIETCS CO3/1aHNE MPUBIEKATEIBHOCTH MHKEHEPHOTO TPY/a, ITOBBI-
LIEHHUEe cTaTyca HHkeHepa. ToNbKO Mociie 3TOr0 B MHKEHEPUH MOSIBUTCS HYKHBIH MTPUTOK
kazapoB. U 3apruiata — He €IMHCTBEHHBIN KPUTEPUM, HAJI0 yMaTb U O KAPbEPHOM POCTE, U
0 COIMAJIBHBIX YCJIOBUAX. BceM 3TUM Ha0 SKCTPEHHO 3aHATHCS, B TOM YHCJIE U 3aKOHO/1a-
TENBHO.

TpeTbe HampaBieHHUE — HOBBIH YPOBEHb MOATOTOBKU CIIELUAIMCTOB TpeOyeT Mmpekiae
BCEro CaMOW YETKOM OpMEeHTAlM Ha KOHKPETHbIe TPEOOBaHMS MPOM3BOICTBA, paboTOqa-
Teneil. B 9ToM nene moyKHBI OBITH 33/I€HCTBOBAHBI M yueOHBIH MpoLecc, W MPaKTUKa, U
TPYAOYCTPONCTBO BBIYCKHUKOB.

Jist esteBoi NOArOTOBKY MHXKEHEPOB HY)KHO CYLIECTBEHHO YCUIIUTh B3aUMOJCHCTBUE
MIPOM3BOACTBEHHON M 0Opa3oBarenbHOl chepbl. 31ech ykKe ecTh IepBble MOABMKKH. Ha
(hoHe HexBaTKK MHKEHEPHBIX KaapoB B 2023 roay Ha Oa3e Baitursynov university ObL1 cO3-
nan Koncopuuym B 001acTi MAaIIMHOCTPOCHHUS, B KOTOPBIN BOIUTA MTHCTUTYT MEXaHUKH U
MallMHOBeIeHUsT MeHH akajemuka Y.A. JlxongacoekoBa, TOO «Capbiapka ABTOIIPOMY,
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«ArpomamXonguar KZ», «KAMLIT KZ», Kocranaiickuii KOJUIEDK aBTOMOOUIBHOTO
TpaHcnopra. B pamkax Koncopiuyma, B 4acTHOCTH, peanusyeTcs npoekt «mxenepHas
aKaJIeMusi», MPeayCMaTpUBAIOIIMI PaHHIO MPO(QOPUEHTALIUIO IIKOJILHUKOB.

B cBete naymei nudpoBuzaniy Hago 0OpaTUTh MOBBIIIEHHOE BHUMAHKIE HA Ka4eCTBEH-
Hyto nionrotoBky uHxeHepo IT cdepsl. Tem Gonee uto ona (B Tom uncne Llentp Astana
Hub B Actane) yxe npunocut Kazaxcrany peaibHbIi 10X0] B COTHH MIJUIMOHOB J0JIIAPOB
3a roa. U Ilpesunentom Kaceim-Komaprom TokaeBbIM mocTapiieHa 3aada B Onmkaiiliee
BpeMs BBIATH Ha romoBoit qoxox $1 mups.

Hano 3amymarbest 1 0 KBann(UKaMy By30BCKHX KaJpOB IJIsl IOATOTOBKH MHKEHEPOB,
0 TIporpaMMax U METOANKaX, MPUOIMKAIOIINXCS K PeaIbHBIM IPOU3BOJICTBEHHBIM MTPOIIEC-
caM. Hy)xHa moAroroBka He TOJILKO HHKEHEPOB, HO U OyIyIIMX PYKOBOAUTENEH, MEHEKe-
POB ¥ HOBATOPOB JUIsI JAHHOW C(ephl.

[To yeTBepTOMY HANpPaBIEHUIO HAI0O OCHOBATEIBHO B3STHCS 33 CUCTEMY «00pa3oBaHHe
B TEUCHUE KU3HW» JJIsl HHKEHEPHOTo Kopiyca. [loroMy 4To OypHBIil HayuYHO-TEXHUYECKHUN
nporpecc W ocTpeilias TeXHOJIOTHYecKass KOHKYPEHIIMSI Ha MUPOBOW apeHe TpeOyloT oT
CIEUAIMCTOB MOCTOSTHHOTO CaMOCOBEPIICHCTBOBAHUS, MPOPECCHOHATIBLHOTO POCTa, 00-
HOBJICHUS 3HAHUH 1 MHpOpMaLnH.

W oveHps BaxkHOE 3HaueHHe, OE3yCIOBHO, UMEET MATOE HAIpaBIeHUE —polnarania u
MO/ pU3aLMs TEXHUUECKUX 3HAaHUHN U NHKEHEPHOH J1eATeIbHOCTH.

Ona A0/KHa HOCUTH HEOBIBANIBIN €Ille y HAC CHCTEMHBIH U MacCOBBIA XapakTep, 4eT-
KYyIO LI€JIeHaINPaBJIeHHOCTh Ha MOIbEM MH)KEHEPHOTO JIeja, BOBJIEYEHHE B HETO MOJIOAEKHU
W B3pOCJBIX, O3HAKOMIICHHE OM3HEeca ¢ HOBEUIIMMHU pa3pabOTKaMH, METOJAMH Pa3BUTHS
WHHOBATUKH, YIIPABICHHS U KaJpOBOro 00eCiedeHusl.

[Toyuwurenen emie He 3a0bITHI COBETCKHIA OIBIT HAYYHO-TEXHHYECKOH TOMYIISIPU3aLIUH.
Jlist mupokoli mponaraH/ibl TEXHUYECKUX 3HaHUH yxke ¢ 1920-X romoB ObUIO OpraHU30Ba-
HO M3[aHMEe TeMaTHYeCKOH mepronuku. Hemano crenuann3upoBaHHBIX KypHaJIOB OBLIO
OpPUECHTUPOBAHO HA NIKOJHHUKOB M MOJIOAEXKb, YTOOBI BBI3BATh MHTEPEC K WHIKCHEPHH U
KOHCTPYKTOPCKOMY /Iy C PaHHUX JieT. BrieuaTssirorumu ObLTH TaKKe KYypHabl, Kak «3Ha-
Hue — cunay, «Hayka u sxu3uby», «Texuuka mononexm», «HOHbBIN TexHUK», «Moaenuct-
KOHCTPYKTOPY... O0 UX MOJIb3€ MOXKHO CYIUTH 110 TOMY, 4To B 1991 roay SInonHus BeIKyuIa
MOJTHBIN apXuB KypHaNoB «FOHbBIN TEXHUK» U «MOAETUCT-KOHCTPYKTOPY.

Takasi meproanKa MOCIyKuiIa 06a30i i1 QYHKIHOHUPOBAHUS BCEBO3MOXKHBIX KDPYK-
KOB IOHBIX TEXHHKOB U KOHCTPYKTOPOB, CEKIMI Mojienu3Ma U T. 1. B By3bl puxoauan He
TOJILKO TEXHUYECKH I'PaMOTHBIE, HO M YMEIOIIUE yXKe MHOI0O€ JejaTb CBOUMH PyKaMH BbI-
MYCKHUKH [IKOJI, IMEIOLIHE CEPhE3HYI0 MOTHBALIMIO YUUTHCS, & 3aTeM B paboTaTh B JaHHOU
ctepe. BecbMa tocToifHas )KU3HEHHAS MTO3UIIHS, KOTOPOH Tak HE XBaTraeT cerogus. B atom
HanpaBJIeHUH 00s3aTeNIbHO HA/l0 BO3POXKAATh CaMble HACTOWYMBBIC YCHIIHMS TOCYIapCTBa,
OuzHeca u 00IECTBA.

B nienom ke, yBepeH, Hy)KHa rOCylIapCTBEHHAs MOJIUTHKA CUCTEMHOMN MOJIEPKKU HH-
JKCHEPHOM JIeSITETILbHOCTH, €€ HalpaBlieHHs B Hy)KHOe pycio. 1 ata monutuka nomKkHa ObITh
MOAKpeIieHa COOTBETCTBYIOLIMM IPAaBOBBIM, HHCTUTYLIMOHAIBHBIM M HHQPACTPYKTYPHBIM
obecreyeHneM.

B ycniexe 3amymMaHHOTO HE COMHEBAIOCh, BEAb HAJIMIIO ONPEACISIIONNA GakTop — mo-
Has nojep:kka pykoBoacTBa Kazaxcrana u auuno Ilpesunenta. KimroueBsiM Ju1s peHeccaH-
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ca MHXeHepHOH npodeccuu ctano BeicTyruieHue [masel rocynapersa 11 staBapst 2022 rona
Ha 3aceiannu Maxwiuca [lapnamenta PK. B Hem 0b110 00BsIBIIEHO 00 YIBOSHUM 4YHUCIIA
TOCY/IapCTBEHHBIX 00pa30BaTeIbHBIX I'PAHTOB /IS TEXHUYECKUX CHEeIMaIbHOCTEH, ITepeHa-
CTpoliKe mporpaMMsbl «bonamaky B MOAIEPKKY HHKEHEPHOTO 00pa30BaHuUs U paclIupeHNN
B pecyOnuke ceTr (GUIManoB NepeioBbIX TEXHUUECKUX By30B. boree Toro, [Ipe3uaenT cam
CTaJl MPOBOJAHUKOM OOBSBIEHHOTO UM Kypca Ha YKPEIUIEHHE OTeYeCTBEHHON WHKECHEPHHU.
B xoze rocynapcreennoro Buzura B KHP B mae nponutoro roga Kacsim-Komapr Kemene-
BUY JIOTOBOPHJICSI C KUTAWCKUM PYKOBOJICTBOM O co3ganuu ¢uimana CeBepo-3amnagHoro
MOJMTEXHUYECKOTro yHUBepcuTeTa Ha 0aze KasHY umenu anp-dapadu. B Tom xe rony ¢u-
JIMal MPUCTYITWI K paboTe.

Msoroe Moxer caenarh 1 HanmonanbHas mH>keHepHas akanemust Pecryonuku Kazax-
cran (HUA PK), xotopoii B HosiOpe 2023 rona UCroaHUIoCh 33 Tofa U KOTopasi BECh 3TOT
MepUOJ KOHCOIMIUPUPOBAIa HHKEHEPHOE COOOIECTBO.

OcHoBa akajeMuu ObUIa 3aJOKeHa KPYMHEHIIMMH yaeHbIMH, wieHamu [lapiamenTa u
[IpaBuTensCTBa, pYKOBOAUTEISIMHU NpeANpHaTHii, o0benunennii, HUU, By3oB. Ceromss Mbl
¢ 0co0ol OJaroJJapHOCThIO BCIIOMUHAEM €€ yupeautenei — ux Owbuio 26. [Ipexae Bcero
9T0 akageMuk Y. J[onmacOekoB — ONMH M3 BJOXHOBHUTENICH MHKEHEPHOIO IBHKCHUS Ha
MeXayHapoJHO! apeHe U B KazaxcraHe, BBIJAIOIIMIACSA yUEHBIH U OpraHU3aTop BbICIIEH
LIKOJIBI.

VY0exeHre B TOM, 4TO BBIMTPATh KECTOYAHIITYI0 KOHKYPEHLIMIO HA MHPOBOM DPBIHKE
MOYXHO TOJIBKO MPU aKTHBHOM YYacTHH TEPEJOBOM HAayKH, TEXHOJIOTHYECKOM MpeoOpazo-
BaHUU MPOU3BOACTBA U PEIINTEILHOM MOBBIIIEHUH TBOPYECKON aKTUBHOCTH UHKEHEPHOTO
KOpIIyca peciyOIHKH, CTalo OCHOBOW co3qanus akaaeMun. [lepen Haykoil 1 HH)XeHepamMu
OTKPBUINCH NIMPOKKE TOPU3OHTHL. Bblta 0003HaYeHa IMaBHast IeJb — CTaTh «MOCTOM» MEX-
Iy HayKOW ¥ MPaKTUKOM, CHCTEMHO COJeCTBOBATh pa3paboTke M BHEIPEHUIO TOCTHKEHHH
HayKH B IIPOM3BOJICTBO, HANIPSIMYIO Y4acTBOBaTh B ((OPMHUPOBAHHU U PeaTH3alUui HAYIHO-
TEXHOJIOTHYECKOM MONNTUKHU cTpaHbl. C Tex mop 3Ta 1eab HeU3MEeHHa.

Bo Bcex pernonax, rje HaXoJsATCsl KPYITHbIE MPOMBIIIJIEHHBIE TPEIIPUATHS, CO3/1aBa-
JIUCh MH)KEHEPHbIE M HAyYHO-TEXHUYECKUE LIEHTPHI, B HUX BOILIM OpraHU3allli, KOTOphIE
MTO3BOJIMIIA 3aMKHYTh IIMKJI «HAyKa — IIPOU3BOACTBO»: aKIIMOHEPHbIE HAyYHO-TEXHUYECKHE
o0IIecTBa, aHATUTHYECKHE LIEHTPBI, TEXHOMIAPKHU U Ipyrue npennpustas. Toraa ke poam-
Jach Uest co3AaHusi MexoTpaciaeBoro HayqHO-TEXHHYECKOTO COBETa IO MpodieMaM pa3Bu-
THUS IPOMBILIUIEHHOCTH, SHEPTeTUKH, TpaHcnopTa u kommyHukarmii (MHTC) npu Ilpasu-
TeNbCTBE. BayKHBIM penieHrneM ObII0 ONpeaeuTh pabodrM OpraHOM COBETa MHKEHEPHYIO
akagemuro. MHTC mozBonmun coxpanuth psin otpacieBsix HUU n npodeccuonansubie
HayYHO-TEXHUYECKHE KaJlpbl, CKOHIICHTPUPOBAB OIpaHHUYCHHbIE OIOKETHBIE CPEICTBA Ha
HanboJee aKkTyaJbHBIX HAy4YHO-TEXHHYECKHX pazpaborkax. M riaBHoe — Omaromapsi 3Toi
nHunaruBe Kazaxcrany ynanoch BO MHOTOM COXPAaHWUTB MOTEHIMAN OTPACIEBON MHKe-
HEPHOU HayKH.

CerosiHs B CTPyKType AKajaemMuu JEUCTBYIOT 13 oOmacTHbIX (uimnaioB, 35 Hay4HO-
TEeXHUYECKUX U MHKEHEPHBIX LIeHTpoB, 10 orpacnesrix otaenenuit HUA PK, oxBaTsiBato-
LIMX BCE OCHOBHBIE HANPaBJIEHUS SKOHOMHUKHU CTPAHBI.

HUA PK corpynuuuaer ¢ MextyHapoHOH HHKEeHEepHOH akafemuel, Penepanneis nH-
KeHepHbIX MHCTUTYTOB Hcnamckux crpad (FEIIC), EBponelickuM cor030M MHKEHEPHBIX
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akaneMui, siBsieTcst accounnpoBanHbiM wieHoM CAETS — BecemupHoro coBera akageMuit
MHXEHEpHBIX U TexHonornyeckux Hayk (CIHA), nMeeT HaydHbIE KOHTAKTBI C JI€CATKAMHU
ABTOPUTETHBIX MEKIYHAPOIHBIX M HAIMOHAJIBHBIX OpraHU3alui MUpa.

WnxeHepsl U ydeHble AKaJeMHH TOCTOSHHO BHOCST 3aMETHBIN BKJIAJ B COBEpILEH-
CTBOBaHHE 3aKOHOJATENILCTBA O HAyKe M KOMMEPLUAIU3AIMH €€ JOCTIKEHHUH, 00 00pa3oBa-
HUH, 00 MHHOBAIIMOHHOW M MMaTEHTHOM AEATELHOCTH 1 110 MHOTUM JPYTHM HalPaBIICHHSIM.
Unenst HUA PK mpuBnekaroTcsi K 9KCIEepTHU3€e Hay4dHBIX MMPOEKTOB, MPOBOAUMBIX Harmo-
HanbHBIMH HayuHbIMHU coBeTamu (HHC).

C y4eToM COJMIHOTO OTBITA AEATEIHHOCTH U UHTETPUPOBAHMS HHKEHEPHOTO KopIryca
AKkazeMusi TOTOBa B3SITh Ha ce0sl POJIb KOOPAMHATOpA OOBEANHEHNSI YCUIIUI B ITOJTOTOBKE
COBpPEMEHHBIX KOHKYPEHTOCIIOCOOHBIX CIIEIIHATHCTOB.

Cunraem, 4To CTOSIIUE 3aJa49H TPEOYIOT TPUHIHUITHAIFHOTO COBEPILICHCTBOBAHUS MO/~
XOJIOB M TIOBBILIEHHSI OTBETCTBEHHOCTH OCHOBHBIX aKTOPOB CHCTEMBI MOATOTOBKHM U HC-
MOJIb30BaHMS CIIEIMAIMCTOB MHXEHEPHOTO Mpoduist — opraHu3auid BBICIIETO W MOCTe-
BY30BCKOTO 00pa30BaHUs, C OJIHOM CTOPOHBI, U TPEANPUITHI-padoTOIaTECH — C JPYTOH.
HiMeHHO B Takoil cBsi3Ke TEHEPUPYIOTCSI OCHOBHBIE (haKTOPBI — MaTepUaTbHO-TEXHUYECKAs,
KaJpoBasi U MeTojoJoruyeckas 0aza MOArOTOBKU CHEIUAINCTOB, COACPKaHUe X 00pa3o-
BaHHA ¥ 3PPEKTHBHOE €ro MCIojib30BaHue. [Ipu 3ToM KiltoueBbIe 3a/1auu Lenecoodpa3zHo
pelaTh Ha OCHOBE FOCYAapCTBEHHO-YACTHOTO B3aUMOAEHCTBUS C ITMPOKUM KPYTroM ydacT-
HUKOB. Benb akTyanbHble MUPOBBIE MApagUrMbl HHKEHEPHOTO 00pa30BaHUs OJHO3HAYHO
MOKAa3bIBAIOT HEOOXOAMMOCTb PE3KOTO IMOBBIIICHHS KauecTBa MOJATOTOBKH HWH)KEHEPOB B
COOTBETCTBHH C 3aIPOCaMH PHIHKA, KPUTEPUSIMH COBPEMEHHBIX U MEPCIEKTUBHBIX TEXHO-
JIOTH{ TIPOM3BOJCTBA U YMpaBJieHUs. A 3T0 TpeOyeT 0ObeIUHEHUs YCHINA OpraHu3alui
oOpa3oBanusi U paboTopaTesne, MOAKIIOYEHHUsI TOCYAapCTBA U HAyYHO-MHKEHEPHOTO CO-
o0rmiecTBa, 0CBOSHHS HOBBIX (POPM M METOJIOB COBMECTHOM PaOOTHI.

B uncne Takux (opM BayKHO OTMETHTH (DMIIMANIBI BY30BCKHX Kadeap Ha MepeloBbIX
NpeanpusATUsIX. PyKOBOJACTBY YHUBEPCHUTETOB WH)KEHEPHO-TEXHUYECKOW HarpaBieH-
HOCTH TIOJNIE3HO OyneT oOpaTuTh BHHMaHHE W Ha CO3JAaHUE HA MPEANPHITUSX HAy4IHO-
00pa3oBaTeNbHBIX IIEHTPOB Kak 0a3bl ISl IPAKTHKH CTYIEHTOB M MPOBEICHMS LIEIEBBIX
HayYHO-MHXCHEPHBIX pa3pad0TOK B MHTEpecax KOHKPETHOTO MPOU3BOJCTBA. B Takux 1eH-
Tpax HeoOXoAUMO OyleT CO3AaBaTh yCIOBUS AJIsl OOyUSHHS U IPOKUBAHKSI HATIPABIISIEMbBIX
B HUX CTYAEHTOB M COTPYAHUKOB. CerofHs B 3TOM HaNpaBiIeHUN aKTUBHO NPOABUIAETCS
CarnaeB yHUBEPCUTET.

Eute omuH BakHBINM acleKT B3aMMOJICHCTBHS TOCyAapcTBa, OM3HEca U 00pa3oBaHUS
— pa3paboTKa U COBEpUICHCTBOBaHHE NMPO(ECCHOHANBHBIX CTaHJAPTOB, KOTOPHIE OMpeie-
JISIIOTCSL ¢ y4acTueM paboTojaTesieii U CTAaHOBATCS OCHOBOW y4eOHBIX ITPOrpamMm By30B. B
sToM maHe HammonanbHas manara npeanpuHumareneir PK «Arameken» U oTpacieBble
o0beanHeHHs paboTofareneil JOMKHBI YCHIINTh KOOPIMHALIMIO JESITEIBHOCTU M0 paspa-
00TKe MpoQecCHOHaTbHBIX CTAHAAPTOB MHKCHEPHO-TEXHHUYECKUX HaNpaBlIeHUH, Y4TOOBI
MaKCHMaJIbHO 00€CIIEUUTh HX COOTBETCTBHE COBPEMEHHBIM TPEOOBAHUSIM M OJTHOBPEMEHHO
3ampocaM KOHKPETHBIX Ka3aXCTaHCKUX padoToaaTeseH.

HUA PK umeet B cBoeM cocTaBe MOIIHBIN OTeHIIUAN — cBhITIe 300 BeAyIUX YICHBIX
U CHENUANTHCTOB-NIPAKTUKOB MHKEHEPHO-TEXHUYECKOTO U MPOU3BOJACTBEHHOTO MPOMUIIA,
B ToM 4uciie 6osnee 200 JTOKTOPOB HayK, PYKOBOIUTENICH U CICIUATUCTOB KPYITHEHIIINX
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MPEANPHUITAN W BBICIIMX y4eOHBIX 3aBeficHUH cTpaHbl. Cpean WICHOB akaJleMHHU HeMa-
JIO BBITYCKHHKOB BEIYIIMX TEXHHUUECKUX BY30B MEPEIOBBIX 3apyOCKHBIX CTpaH M HBIHE
MOAJICPKUBAIOUIMX TPOYHYIO CBSI3b C ABTOPUTETHBIMH IIGHTPaMHU OOYyYEHHsI M Hay4HO-
TEXHUUYECKOTO mporpecca. B cuiry 3Toro akagemus ciocoOHa CTaTh CBS3YIOLIMM 3BEHOM B
KOOpAMHAIIMY YCUIINH By30B U NPEANIPUATHI-padoTONaTe e, HallpaBICHHBIX HA Pa3BUTHE
WH)KEHEPHOTo 00pa3oBaHMsl, B3aUMOJCHUCTBHSI C TOCYIAPCTBEHHBIMU CTPYKTYypaMmH, 3apy-
OCKHBIMH ¥ MEKTyHApPOTHBIMH LICHTPaMHU B TaHHOH cdepe.

Takoe nmapTHEPCTBO NpU CUCTEMHOMN IOAJAEPHKKE FOCYIapCTBa HE TOJIBKO BO3MOXKHO,
HO ¥ HEOOXOZMMO B KITFOUEBBIX M CUCTEMOOOPA3yIOIINX HAPaBICHUAX TEXHOIOTHYECKOTO
pa3BUTHS, IOATOTOBKH U UCIIOJIb30BAHUS COBPEMEHHBIX MHKEHEPHBIX KaJIPOB CTPAHbL.
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MPUHSATHUS PEINEHUM JIJI51 3AJTAYA PACTIPEJIEJIEHASA PECYPCOB
CTOPOHBI BAIUTHI THOPOPMAIIMU HA OFBEKTAX HH®OPMATU3ALIUN

B cmamve paccmampusaemces cucmema no00epicKy npuUHAmMuUs peweHull 8 npoyecce pacnpeoene-
HUsL Pecypco8 CIopOHbL 3auunmbi UHGOPMAayuy OJisi KOHKPEMHO20 00beKma UHGopmMamuzayuu, Komopas
co30aemcs ¢ Yenvlo ee UCNONb308aAHUSA TIOOBIMU 3AUHMEPECOSAHHBIMU TUYAMU B0 6CEX YUPEHCOCHUAX ULU
npeonpusimusix, OJis KOMopPwiX AKMYAIbHA 3a0a4d NOUCKA PAYUOHAILHOU CIpame2uil pacnpeoeieHus pe-
CYPCO8 CMOPOHOU 3aUUMbL 8 YCI0BUAX POCMA KOTUYECBA U CIOHCHOCIU 0eCMPYKMUBHBIX 6030€UCM UL
HA UHGOPMAYUOHHbBIE PECYPCbl CO CMOPOHbL KOMNbIOMEPHBIX 310YMbIULIEHHUKOS. Boibop payuoHanbHoll
cmpame2uu OUHAMUYECKO20 PacnpedeneHus pecypcog CmopoHbl 3auumsl 00beKmos UH@opmamuzayuu
Peanu308an ¢ NOMOUbIO: NPOSPAMMHOU Peanu3ayuu AHATUMUYECKUX MOOeLell, UCNONb3068AHUs IKCepm-
HbIX NOOCUCIEM CUCIEM, 2eHepayuu CyeHapues nymem KOMOUHAYUY PA3TUIHbIX MOOelel, 3a0aHHbIX JU-
YOM, NPUHUMAIOWUM PeuleHue, LIl 835MblX U3 6a3bl SHAHUL CUCIEMA NOOOEPICKU NPUHAMUSL PEULeHUL.

Kntoueswie cnosa: cucmema noooepixcKu npunsmus peuleHutl, Kubepoe3onacHocms, 00beKmul UH-
dopmamuzayuu.

Benenune. CricremMa NOAJICPKKH PUHSTHSL PEIICHUH MPU3BaHA PEIIUTh CIICTYIOIIUE
3amaun: co3manue 6a3 3HaHUH U 0a3 TaHHBIX, 0a3 TI0 Pa3TUIHBIM CUTYAITHUSIM, CBI3aHHBIM C
BBIOOPOM CTpATETHUH PACTIPEACIICHAS PECYPCOB CTOPOHBI 3aIIUTHI HH(POPMAITUH, pa3padoT-
Ka TIPOTrPaMMHOTO 00ECTIeUeHUs! [T BEJACHUS SJIMHOTO 3JICKTPOHHOTO apXUBa CTPATETH
JIMHAMUYECKOTO PaCIpE/IeNICHHs PECYPCOB CTOPOHBI 3aIUTHI 00BEKTHl HHPOPMATHU3AIH
C pasrpaHMYCHUEM JIOCTYIIA MOJIh30BaTEICH; CO3/IaHle SMHOTO HHPOPMAIIMOHHOTO TPO-
CTpaHCTBa B cepe ydera parroHabHBIX CTPATerwid pacTpe/ieNIeHHs] PECYpCOB CTOPOHBI
3anmThl HHpOpMAIUK, obecriedeHUs MHOOPMAIIMOHHOTO B3aUMOJICHCTBUS MEXKAY TOA-

* E-mail xoppecronnupyromero apropa: asaltanat81@gmail.com
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CHCTEMaMH, CHCTEMaMH TOAJEPKKH MPUHATHUS PEUICHUH 3a cUeT BHYTPEHHEH CTaHIapTH-
3anun (HOpMaToOB JaHHBIX M MPOTOKOJIOB OOMEHA; 00eCreyeHne CUCTEMHOCTH, KOMILIEKC-
HOCTH M COIVIACOBAHHOCTH pa3BUTHs MH(OpMATU3AIMK 33/1a4l paclpeelieHHs PecypcoB
CTOPOHBI 3alIMTHl MH(OPMALINU C UCIIOIB30BAHMEM TPAJAULIMOHHBIX (OPM M METOJIOB CO-
MIPOBOXKICHUST M KOHTPOJISI.

Metoanka u pe3yJbTarhl HccjaenoBaHust. OCHOBHbIC (QYHKIIMH CUCTEMbI TIOIICPIKKH
MPUHATHS PEIICHUH AJIsl TpOorpaMM HH(OPMALMOHHON M KHOSPHETHYECKOH Oe30MaCHOCTH
OOBIYHO PErIAMEHTHUPYIOT UCXO/Sl U3 HEOOXOIUMOCTH COOMIOACHUS: MPUHIIMIIOB KOMITJIEKC-
HOTO aHaJIu3a Mpo0JieMaTHKU KuOepOe30MacHOCTH; BO3MOYKHOCTEH KOMOUHUpOBaHUs (Hop-
MaJbHBIX U HEe(OPMaJIbHBIX METOAOB, HCIOJIb3YEMbIX B MPOLECCe MONICPKKHA MPUHATHS
pELIeHNH; TPUHIMIIOB JOCTOBEPHOCTH M aKTyaJbHOCTH MH(OPMAIINH, KaCAIOIICHCs TeKy-
LIETO COCTOSHUSI MpoOaeMbl. [Ipu 5TOM Kak MpaBWIIO MCIIONB3YIOT BCEBO3MOXKHBIE OTYE-
TBI, CTATUCTHYECKHUE AaHHBIC, aHATUTUYECKHE 0030PbI, @ TAKXKe JaHHbIE, TIOIy4aeMble OT
MOACHUCTEM MOHUTOPHUHTA; IPUHIUIIOB aBTOMAaTH3UPOBAHHOTO BEIOOPa METOJI0B M MOACTICH
JUISl MHTEIJUICKTYaIN3alliH TIOAJCPKKH IPUHATHUS PELICHNH; TPUHIHUIIOB JaJbHEUIIero pas-
BUTHSI COCTOSIHUI CUCTEMBI MOJACPKKU NPUHATHS PEIICHUH; TPUHIUIIOB JUHAMHYECKOTO
yIpaBICHHUsT CUCTEMBbl TOAJCPIKKH MPHUHATHS PEIICHUH C LEJbI0 MOBBIIICHUS d()(HEKTHB-
HOCTH ee ()YHKIMOHUPOBAHUS U 000CHOBAHHOCTH MOTYy4aeMbIX PEKOMEHIALNH U BHIBOJIOB,
KOTOpPBIE MOTYT OBITh HCIIOJIb30BaHbBI JIMIIOM, IPUHUMAIOLINM pelleHHe, B POLIECC BhIpa-
OOTKH YIPaBJISIONIUX BO3ACHCTBUIN; IOTEHIMAIA MOYJIEH aHaIn3a, ONIEPAaTUBHOIO yIpaB-
JICHUSI ¥ KOHTPOJIS HAJ perraeMoit 3aaaqeit [1].

Jist obecriedeHus MOTHOIEHHOTO ()YHKIIMOHUPOBAHUS CUCTEMBI ITOJICPIKKU TPUHATHS
peleHnid JOKHA, Kak MPaBHiIo0, BKIIOYATh B ce0s CIeAyIOe OCHOBHBIE MOIYJIH U IOJ-
CHUCTEMBI (CM. puc. 1).

1. Monynu 6a3bl JaHHBIX, 0a3bl 3HAHUIA, 0a3bl MOZIEICH U TIPABUII, UCTIONB3YEMbIX IS
MPUHSTHS PELICHUSI.

2. Cucremy ynpasiieHHs HHTEp(hEHCOM, KOTopasi IPOEKTUPYETCS UCXOAS U3 apXUTEKTY-
PBI cHCTeMa TOAJCPIKKH MPUHATHS PELICHUH — JIOKAIbHAS MM KIHMEHT-CepBEpHasl.

3. JIpyrue Moy 1 IOCUCTEMBI, HEOOXOIUMOCTh, KOTOPBIX MPOANKTOBaHA CIeUU(pH-
KO TIpeIMETHOM 00JIACTH.

CucreMa MOAJICPKKH NPUHATHS PEIICHUH JTOJKHA 00EeCTeurnBaTh CIETYIOLIHE BHIbI
MOAJICPKKU MPHUHATHS PELICHUI: dKCIepTHAs MOJEPIKKa; aBTOMAaTH3UPOBAHHBIH BBIBOJ
peleHns; KOMOMHUPOBAHHOE PEIICHHE.

Snpom cucTeMbl OAJCPKKH TPUHATHS PELICHUH sBisieTcs 0a3a 3HaHWA. B naHHOI
MpeAMETHOH Oa3e 3HaHUI OyayT aKKyMYyJIHPOBAThCsl 3HAHUS SKCIIEPTOB B 3a7a4ax JHHAMU-
YEeCKOT0 pacipeaeIeHUs] PeCypcoB CTOPOHBI 3aIIUThl HH(pOpManuu. 3HaHus Lenecoodpas-
HO MIPEACTaBUThH B JOpMaTe IBPUCTUUCCKHUX MTPABUIL.

OOyueHue 1 HAKOTUICHUSI HOBBIX 3HAHHI B 0a3bl 3HAHUH MPOUCXOJUT CIISYOIIUM 00pa3oM:

MIPU paCCMOTPEHNN KOHKPETHOM 3a/1au JJUHAMUYECKOTO PACIIpeIeNIEHUs PECYPCOB CTO-
POHBI 3K THl HHQOpManu GopMHUPYETCsl TPABUIIO0, KOTOPOE 00ECIIEUUBACT €€ PEIICHUE;

pa3paboTaHHbIE TIPaBUJIA B 3aBUCUMOCTH OT CIIEUU(PUKH KOHKPETHOM 3a1a4u MOMela-
I0TCs B 0a3y MpaBuilL.

[Tonck HeoOXomUMOro mpaBuiia B 0aze MpaBUl CUCTEMBI MOJICPIKKU MPUHSATHS pellie-
HUI peanu3yeT, HalpuMep, Ha OCHOBE CEMaHTHYECKUX MOJICICH.
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Pucynok 1 — ApxuUTeKTypa CUCTEMBI TOJICP’KKY IPUHATHS PELIeHUH, Kacaloluxcs BeIoopa
palMoOHAIBHOM CTpaTerny pacipe/ielieHus: PeCypCcoB CTOPOHBI 3aIUTHl HH(OpMaIK
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Brok-cxema anropurma (yHKIHOHUPOBAHUS MOACUCTEMBI «AHAIIN3 TPOOIEM U PHCKOB
JUHAMHUYECKOTO PACHpe/ICCHUs] PECYPCOB CTOPOHBI 3aIIMTHl MHPOPMAUK 00bEKTa WH-
(hopmaru3anum» npejacTaBlicHa Ha puc. 2.

CymiecTByeT 4eThlpe Kilacca Hanbosee pacpoCTPaHEeHHBIX MPOOJieM MpH AMHAMHYE-
CKOM PAacIpeieIeHUH PECYPCOB CTOPOHBI 3aIUThl HHPOPMAIHH:

1. Crannaprabie mpobnemsl. [IpobaeMbl 3Toro Kinacca, Kak MpaBwiio, TpeOyroT mpume-
HEHHS UHCTPYKIHH, YCTAHOBICHHBIX JIMIIOM, IPUHUMAIOIINM PEIICHHS.

2. XopomIo CTPyKTypUpOBaHHBIE TPoOeMbl. [IpobiaeMbl 5TOro Kiiacca UMEIOT KOJHYe-
CTBEHHBIE XapaKTEepPUCTUKU U MoKa3arenu. [ pemenns nogoOHOro Kinacca npoodiem, Kak
MPaBUIIO, UCTIOJIB3YIOT IKOHOMUKO-MaTeMaTHIECKIE METOIbI.

3. [lnoxo crpykTypupoBanHbie pobnemsbl. [IpobnemMsl 3Toro Kiacca UMEIOT HE TOJIBKO
KOJIMYECTBEHHBIE, HO M KAUECTBEHHBIC XapaKTepUCTHKH. J{iist pereHns mogoOHbIX mpodieM
HEOOXOIMMO 3aJIeiiCTBOBAaTh B CHCTEMa MOJACPKKU MPUHATHUS PEIICHUH METOMbI CHCTEM-
HOTO aHaJH3a.

4. HectpykrypupoBaHHble ipoOiieMbl. Pemenne nogoOHbIX mpodieM BIeYET 3a coOoi
HEOOXOJMMOCTb MPUBJICUCHUS DKCIIEPTOB B KOHKPETHOU MpeIMeTHO obnactu [2].

[Togcucrema «AHanu3 npoOsieM H PUCKOB Ul AMHAMHYECKOTO PaclpeaeIeHus pecyp-
COB CTOPOHBI 3alUThl MH(OpMAIMK 00beKTa WH(POPMATU3ALUUY JOJDKHA 00eCIIeunBaTh
MOUCK ¥ (HOopMyITUpOBaHUE MPOOIEMBI C LIENbI0 ee JanbHelnero pemenns. K oCHOBHBIM
HanpaBieHUAM YHKIMOHUPOBAHHS JAHHOW MOICUCTEMBI MOKHO OTHECTH:

MOHHUTOPUHT OOBEKTOB TUHAMHUYECKOTO PACIPEACICHUs] PECYPCOB CTOPOHBI 3alUTHI
WHPOPMAIHH;

OIpe/ieNieHne KOJMYECTBEHHBIX KPUTEPUEB W IMOKa3aTeNei A AMHAMHYECKOTO pac-
MIPEJICJICHNUS] PeCypPCOB CTOPOHBI 3aIUThI HHpOpMaIuKu 00beKTa HH(POPMATHU3ALINY;

OIpe/ieNieHne MCTOUYHUKOB MPoOIeM ¢ peann3anueil TMHAMUYECKOTO paclpeesieHHs
PECYPCOB CTOPOHBI 3aIUThl HH(POpPMAIUK 00beKTa HHPOPMATHU3AIMU HA OCHOBE apryMeH-
TOB;

BBIOOP MeTO/1a (hOPMYITMPOBKH MPOOJIEMBI, CBI3aHHOW C JTMHAMHUYECKUM pPacIipe/ieie-
HUEM PEeCypCOB CTOPOHBI 3alIUTHI HHPOPMAIMK 00BEKTa HHPOPMATHU3ALUH;

(hopmynupoBKa 001IeH MPOOIIEMBI;

OIpe/IeNICHNE CTENICHN HEOMPEIeIEHHOCTH MPOOIEMBL;

OIpeJICIICHNUE OTACIbHBIX 3a/1au B paMKax 00Iel mpo0ieMsl.

[Tocne ompenenenus: mpoOiieMbl HEOOXOAUMO cHOPMUPOBATH NEPEUCHB IieNiel U CH-
CTeMy KpUTepHeB dPQEKTUBHOCTH pealn3alii JMHAMUYECKOTO paclpeieieHus pecyp-
COB CTOPOHBI 3alIUThl MHPOPMAIMU 00beKkTa MH(OPMATU3AMH. ITO HEOOXOIUMO ISl
MOCJIEAYIOUIEH OLIEHKH TPOOIeMbl U MIOUCKa ITyTel ee AanbHeiero pemenus. s 3toro
B CHUCTEMa MOAICPKKH MPUHATHUS PEUICHUH CYIIECTBYeT OTAeNbHas nmoacuctema — «Dop-
MHUpPOBaHUE IIeJIell U CUCTEMBbI KPUTEPUEB I OLCHUBAHUS CTPATErHMH JTUHAMHYECKOTO
pacrpelencHusi PeCypcoB CTOPOHBI 3alUThl HH(QOpPMALUKU 00bEeKTa HHPOpPMATU3AIUNY,
cM. puc. 3.

B xone ¢hopMupoBaHus Lien WM MHOKECTBA 11eJIel, KOTOPBIX HEOOXOAMMO TOCTUTHYTh
B X0ZIe IMHAMHYECKOTO PacIpeieIeH s PeCypCOB CTOPOHBI 3alIUThl HHQOpMaluu 00beKTa
nHPOPMATHU3ALUK, MOTYT BO3HHKATh Pa3IMYHbIC 3a1a4i. DTU 3aJa4d MOTYT: O0bEAHHSTh-
Csl; IPOTUBOPEUUTH OJ[HA JIPYTOii; OBITh B3aUMOUCKITIOUAIONIUMHU U T.J. [3]
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Pucynok 2 — biiok-cxema aaroputMa (yHKINOHUPOBAHUS TOJICHCTEMBI «AHAIN3 TPOo0OIeM
U PHCKOB ISl 33/1a4K TUHAMHUYECKOTO PACIIPEACIICHUS PECYypPCOB CTOPOHBI 3aLIUThI
nHpOpMaNH 00BEKTa HHPOPMATH3AIIAN

Jnst cTonb caokHOW MPOONIEMAaTHKH KaK MOWCK PalMOHAIBHON CTpaTerud TUHAMU-
YEeCKOTO pacrpeiesieHHsI PECypCOB CTOPOHBI 3alUThl HHPOPMau 00beKkTa HH(HOpPMATH-
3anuu, (POPMHUPOBAHKE LENICH U CUCTEMBl KPUTEPHEB OLEHKH 3()(PEKTHBHOCTH, IEIECO0-
Opa3Ho pa3ienaTh Ha: MPUHLIUIIHAILHO HOBBIE HOBATOPCKHUE LIEJIH, KOTOPBIE (POPMYIUPYIOT
9KCTIEPTHI; TUITMYHBIE [ENH, TI0 AHAJIOTHH C LEJISIMU, KOTOPbIE BOSHUKAIN B aHAJIOTUYHBIX
CUTYyalUsIX; KOMOMHUPOBAaHHBIE LIETTH, TeHEPALUs KOTOPBIX JAOCTYIHA AJIsi KOHKPETHON CH-
cTeMa MOAJEPKKU NpuHsATHs pemiennid. Hanbonee s dexTuBHBIM criocodoM GopMupoBa-
HUS 1eeld U KpuTepueB d(P(GEKTUBHOCTU SIBISIOTCS MPOrPAMMHBIE CUCTEMBI BO B3aHMO-
JEHCTBUM C IKCIIEPTaMHU.

s manpHeimero ananusa npoOieMbl BEIOOpa pallMOHANBHONW CTpaTeruu JHHAMHUYE-
CKOTO paclpeeNieHus PecypcoB CTOPOHBI 3alIUThl MH(popMannn o0beKTa HH(pOpMAaTH3a-
uH, Heo0XoAUMO c(HOPMHUPOBAThH AJITEPHATHBHBIC BAPUAHTHI PELICHUH.

OTH anbTepHaTUBHBIC BAPHAHTHI OynyT (GopMHpOBaThes B moacucteme «Dopmuposa-
HUE pelIeHUH, IPUHUMAEMBIX B Ipoliecce TUHAMHUUECKOTO paclpeesieHHsl pECypCoB CTO-
POHBI 3aIKTH HHQOpMaLuu 00bekTa HHpopMaTu3aumy. [4]
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@opMUPOBAHUE BO3MOXKHBIX PELICHUIN MJIs 3a/1a4 MMOUCKA PAaLlMOHAJIBHBIX CTpaTeruit
JIMHAMHYECKOTO PACIIPEIICIICHUs] PECYPCOB CTOPOHBI 3alllMThl 00beKTa MH(OPMATU3AIINH,
B HACTOSIILIMI MOMEHT PEAJIM30BaHO HAa OCHOBE NMPUMEHEHUS MATEMaTHUYECKOro amnmnapara
TEOPUHU UTP WIH JUHAMUYECKOTO TPOrPaMMHUPOBAHMUS.

Pucynok 3 — brok-cxema anroputMa (pyHKIIHOHHPOBAHMUS ITOJCHCTEMBI
«DopmupoBaHUe 1eNei U CUCTEMBI KPUTEPHEB IS OLIEHUBAHUS CTPATEIUH THHAMHYECKOTO
pacnpesiesieHHsl peCypcoB CTOPOHBI 3alUThl HHQOpMaK 00beKTa HH(POPMATHU3AIUN
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[Tpouecc hopmupoBaHHs pelIeHUH B cUCTeMa TOAJCPKKH MIPHHATHSI pellieHuid pasie-
JICH Ha JIBa BUJA:

HOBAaTOPCKUE PEILIEHUs, KOTOPBIE 10K CUCTEMA IOJACPKKH IIPUHATUS PELICHUN pas-
paboTarb He B COCTOSIHUY (HaripuMep, MOJEIb ISl CUTYallui OTCYTCTBYET MOKa B Oa3e 3Ha-
HUK);

peLIeHys], OCHOBaHHBIE HA TUIIOBBIX CLIEHAPUSX, T.€. UCIOJIb3Ys AHAJIOTHUIO C U3BECTHBI-
MU pELIeHHUSMHU.

OKcIepTHas MOACHCTEMA CUCTEMA TOAJIEPKKH PUHATHUS PEIIeHU SIBISETCS OHUM M3
OCHOBHBIX NPUJIOKEHUM UCKYCCTBEHHOIO MHTEJUIEKTA U IIPEIHAa3HAYEeHa JUIsl PEILICHUS 3a-
Jlad, OTHOCSIIMXCSI KOHKPETHOM MPEIMETHON 00J1aCTH, 3HAHUS O KOTOPOH XpaHATCs B 0a3bl
3HaHUN.

OCHOBHBIM Ha3Hau€HHEM JKCIIEPTHOH MOJCUCTEMBI, KAK OCHOBBI CUCTEMA MOACPKKU
IMPUHATHUS PELICHUN JUIsl IOUCKA PAlMOHAIBHON CTPaTeruu AMHAMUYECKOIO paclpeselie-
HUSI PECYpCOB CTOPOHBI 3AIIUTH 00BEKTOB HHPOPMATHU3AIMH, SBISICTCS OPUEHTALIUS Ha pe-
IIeHHE Pa3JINYHbIX 33/]1a4, Ha OCHOBE paHee OMUCAaHHBIX B [5] Mozeneil.

DKkcnepTHas HoficucTeMa 00ecieuuBaeT BRIPaOOTKy U OLIEHKY BO3MOXKHBIX allbTEPHATHB
CTpaTernuy AMHAMHYECKOTO PaCHpe/eiIeHUs] pECYyPCOB CTOPOHBI 3aIIUTHI 00BEKTa HHPOP-
MaTU3alHH T0JIb30BaTENIEM 3a CUET 3HAHUH, KOTOpbIe ObLIHM TOJyUeHBI OT CIIEIHATNCTOB-
JKCIIEPTOB.

OKcrepTHasi MOACHCTEMa COCTOMT M3: 0a3bl 3HAHMI, KOTOpas NpeAHa3HauYeHa IJis
XpaHEHHsI HCXOJHBIX U IPOMEKYTOYHBIX (DAKTOB, HAKOTIJICHHBIX B XOJI€ PEILICHUS 3a/1a4H.
Taxoke B 6a3bl 3HAHHUH XPAHATCS MOJEIN U MPaBUIIa MAHUITYIUPOBAHUS MoJesiMH. Bos-
MOYKHO TaK)Xe MPOECKTHPOBAHUE OTACIHHON 0a3bl MPaBHJII, €CIHM MPABHI, UCIOIb3yEMbIX
B TIpOIIeCCe PeIIeHHs 3a/1aul BHIOOpa palroHalbHOM CTpaTernu TMHAMHYECKOTo pacipe-
JIEJICHUS] pECYPCOB CTOPOHBI 3aIUTHI 00bEKTOB MH(POPMATU3ALUHU, CTAHOBUTCS 10CTATOY-
HO MHOTI0;

0JI0Ka pelIeHus 3a/1a4, CBA3HBIX ¢ BHIOOPOM pallOHABHON CTpaTeruy AMHAMHYECKOTO
pacripeieNieHrst peCypcoB CTOPOHBI 3alIUTHl 00beKTa HHPOpMaTu3auun. JaHHbli 6ok Oy-
JeT o0ecreunBarh peaqu3alnio MOCIeA0BaTeIbHOCTH BBIMOIHEHUS IPABHJI JJIsl PEILICHUS
KOHKPETHOH 3a7ia4i JUHAMHUYECKOTO paclpeesieHHs PeCypCOB CTOPOHBI 3alIUThl 00bEKTa
WH(POpPMATHU3alMH HA OCHOBE KPUTEPUEB M MPaBUII, XpaHsIIEHcst B 0a3bl TaHHBIX M 0a3bl
3HAHUIM;

MIOJICUCTEMBI MOSICHEHUS], KOTOPAsl MO3BOJIUT JIMLY, IPUHUMAIOLIEMY DPEILIECHUE, pa3o-
OparbCsi B IPUYMHE TAKOTO PEUICHUS, KOTOPOE MPEUIOKEHO CHCTEMOM MOIACPKKU MpH-
HATHUS PEILIECHUN;

MOAYJIb GOPMUPOBAHUS TPABHJI, KOTOPBIN TpeHa3Ha4YeH Al 1o0aBieHus B 0a3bl 3Ha-
HUH HOBBIX MPaBJI H/WIH UX MOAU(PUKALINH;

JIMaJIOroBOTO HHTEpdelica, KOTOPHIH MPU3BaH peann30oBaTh yA0OHBIN TUaOT MOJIh30Ba-
TeJsl C MOACUCTEMON U CUCTEMA MOANEPKKU IPUHSITHS PELIEHUH B LIEJIOM.

[TocnenoBarenbHOCTD ACHCTBUH (PyHKIIMOHUPOBAHUS aJrOpUTMa, IIOKA3aHHOTO Ha PUC.
4, 3aKIII0YACTCS B CICIYIOIIEM.

[Tpu mony4yennn uHGOPMAIMK O 337a4aX MPOUCXOAUT MOUCK PELICHHUS B CYIIECTBYIO-
nied 6a3bl JaHHBIX. Ecny aHanmorudHas cUTyalusi BCTpeyaiach paHee W ONpeIeieHbl mpa-
BUJIA IPUHSTHS PELIEHUH, TO OAHO3HAYHO OIPEIEISETCS PEIEHUE U 110 JaHHOU 3a/1a4de.
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Pucynok 4 — briok-cxema anroputMa GyHKINOHUPOBAHHS YKCIIEPTHON TTOJCHCTEMBI JIIIST
MIPOEKTUPYEMOI CHCTEMBI MOAAEPIKKN IPHHATHS PEIICHUN

Ecymm periienust /171s Ha9ambHOM MOCTAHOBKH 3319 OTCYTCTBYET, TO (DOPMUPYETCs IIPOOIEMHO-
OPUEHTHUPOBAHHBIN KCIIepTHAs IpyIa. J{anee MPOHCXOIUT pacchlika SKCIepTaM BOIPOCOB, KO-
TOpbIE TIOMOT'YT B JIAJTbHEHIIIEM C(HOPMHUPOBATH HOBOE pellaroIIee MpaBuiio. JKcrepThl (HOpMUPY-
0T peliaroiiee MPaBIIIo TS BBIOOPA JTyUIero aTepHATUBHONO BAPUAHTA U COOTBETCTBYIOIICH
TOJICUCTEMBI CHCTEMBI TTOICPIKKH NPHHSTHS perieHnid. Ha cremyrommem srare onpenensercs
BBIOOP HAWITYUIIIETO pellieHusl. B cityuae cOOTBETCTBHS PEIICHHUS HCXOIHOM TIOCTAHOBKH 3371491
MPABUJIO 3aITKCHIBACTCS B 0a3bl JAHHBIX TIPABILI, & PeleHNe — B 0a3bl 3HAHUIA.

JlaHHbIN anroput™ (yHKIIMOHUPOBAHHUS CUCTEMA MOJICPIKKU MPHHATHS PEelIeHuit 00e-
CIIEYMBAET BO3MOXKHOCTh aHAM3a M HAXOXKICHUS PEIICHHS JUTs JIF0OOH 3a/1a4H, CBA3aHHON
C BBIOOPOM CTpaTeruv JUHAMUYECKOTO PACIpEeNICHHs PECypCOB CTOPOHBI 3alUThI 00b-
€KTOB MH(POPMATH3AIINH.
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TYKBIPBIMIAMAJIBIK )KOBAJIAY AKITAPATTBI KOPFAY TAPAIIBIHBIH
PECYPCTAPBIH AKITAPATTAH/IBIPY OFLEKTLIEPIH/IE BOJIY MIHJIETI
YIIIH HEIIM KABBLIIAYABI KOJJAY )KYHUECI

Maxkanaoa benzini 6ip aknapammarobipy 00beKmici yuwin aknapammsl Kopeay mapanbiHbll pecyp-
cmapwvin 6011y npoyecinoe wewindep Kadvlioayovl Ko10ay Hyleci Kapacmulpuliadbl, OHbl KOMNbIOMEPIIK
3UAHKecmep mapanviHaH AKnapammoli pecypcmapea 0ecmpykmueni acepnepoily canvl MeH Kypoeninieiniy
ocyi HcagoabiHOa KOP2AHBIC MAPANbIHLIY pecypcmapobl OOYOiH YmbiMObl CMPAMeUsCHIH i30ey MiHOemi
63eKkmi OonbIN MAdLLIAMbIH OAPILIK MeKeMellepoe Hemece KaCINopblHOapoa Ke3 KejleeH My00eii mya2aiap
navoanamy mMakcamvlHoa Kypolidobl. AKnapammanowlpy oObekminepinoe KOpeamblc mapanvlibiy pe-
CYPCMapvli OUHAMUKATILIK OOYOIH YMbIMObL CIMPAMeSUsICbIH MAHOAY MbIHAAAPObIY KOMEZIMEH Jcy3ece
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acLipvLIadbl: AHATUMUKATLIK MOOenb0epdi 0a20apiamManvlK icke acblpy, Jcyuenepoiy capanmamansli
iwKi orcytienepin Konoany apkbulivl OPbIHOANAO0bL, Weuim Kabblioayuwl bepeen nemece Oiim 6a3acbiHaH
ANBIHEAH dPMYPIE MOOETbOEPOIH HCUBIHMBIEbL APKLLIbL CYeHapuiiiepOl KYpy apKblibl uewim Kabblioayosl
Konoay acyiieci.

Tyitin co30ep: wewindepdi Konoay srcyieci, Kubepkayincizoik, aknapammanowvlpy oovekminepi.
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CONCEPTUAL DESIGN OF A DECISION SUPPORT SYSTEM FOR
THE TASK OF INFORMATION PROTECTION RESOURCE ALLOCATION
AT INFORMATIZATION OBJECTS

The article considers a decision support system in the process of allocating resources of the
information protection side for a specific object of informatization is created for the purpose of its use by
any interested persons in all institutions or enterprises for which the task of finding a rational strategy for
resource allocation by the protection side is relevant in conditions of increasing number and complexity of
destructive impacts on information resources by computer intruders. The choice of a rational strategy for
the dynamic allocation of resources on the part of the protection of informatization objects is implemented
using: software implementation of analytical models, performed by using expert subsystems of systems; by
generating scenarios by combining various models set by the decision maker or taken from the knowledge
base of the decision support system.

Key words: decision support system, cybersecurity, informatization objects.
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TEXHOJIOT'HsSI UCITOJIb30BAHUS CIEIUAJIBHBIX ®YHKIUI
NN PPOBAHUSA B POSTGRESQL

Obcyscoaromes Kpunmozpaguueckue mexanusmvl wudposanus 6 cepeeproti CYB/[ PostgreSQL
C OMKPLIMBIM UCXOOHBIM KOOOM. AHANUUPYIOMCS CHeyuanbHble 6blCOKOYPOGHEeBble U HUZKOYPOGHEBbIe
DyHKYUU CUMMEMPULHO20 wWUGposarusi Mooyist Pgerypto ons obecneuenus ungopmayuontotl 6esonac-
HOCcmu Oaunwlx. Buinonusemcs ananuz cneyuanvHulx Qyukyutl cmoponneti npoepammol GPG, xomopule
N038OIAIOM BLINOTHUMb ACUMMEmpUUHoe wu@posanie 6 cepgepe 6as oannvix PostgreSQOL. Ilpednaeaem-
€51 KOMOUHUPOBAHHASL MEXHON02US WUDPOBAHUs OAHHBIX @ MAOIUYax 6a3 OAHHLIX, UCTOIL3YIOWAsL Uepap-
Xuro Knouell (acumMmempuyHoe u CuMmempuyHoe wu@dposanue) ¢ NaporbHoU Gpasotl, KOmopas maxoice
wiugpyemces Ons obecnevenus ayyuell 3auumsl 3auu@posantbix oannvlx. Beinonnsemcsa anpobayus
OAHHOU MEXHONO2UU HA npumepe papadbomru GyHKYuY 015 3auudposaniuss OAHHbIX, KOMOpas 3anycKa-
emces mpueeepom npu 8CHagKe CMpoK 8 madnuyy 6asvl OAHHbIX, U QYHKYUU PACUUDPOBAHU OAHHBIX NPU
umeHuU 3auUPPOSAHHBIX OAHHBIX U3 MAOTUYDL.

Knrouegvie cnosa: cepsep 6asz oannvix PostgreSQOL, ghynkyuu wugposanus u pacuiugposanusi.

Beenenue. BonbIMHCTBO AaHHBIX, B TOM YUCIIE IEPCOHANBHBIX U APYTHX KOH(QHUACH-
OUalbHBIX JaHHBIX, XpaHUTcA B cepBepax 0a3 manHbix (BJ). Mcxoast u3 atoro, B memsax
obecrieueHus1 ”HPOPMAIIMOHHOM 0€30MacHOCTH AaHHBIX, XpaHsIuXxcs B cepsepe b/l, Heoo-
XOJMMO MCTIOJIb30BaTh KpUNTOrpaduueckrue MeXaHH3Mbl IIH(POBaHHS, KOTOPBIE SBISIFOTCS
3 PEeKTUBHBIM CpeACcTBOM olecrieueHus: HHpopMannoHHoi Oe3onacHocTH. PazpaboTunku
cepBepoB b/l 3anokuiam B CBOM MPOAYKTHI Pa3HbIE BO3MOKHOCTHU B IUIaHEe MIK(POBAHUS
naHHbIX. Hioke 00cykIaroTcss BOSMOXKHOCTH MCTIONB30BaHus mHdpoBanus B cepsepe bJ]
PostgreSQL, xoTopslii B ociegHee BpeMs Bce OoblIe NpUBIEKaeT BHUIMaHUE pa3padoT-
YHMKOB pa3IMYHOro Macmrada B kadecte 0azoBoro 10 ms cBoux mpoaykroB. PostgreSQL
ABJSIETCS. OOBEKTHO-PENSIIMOHHON cucTeMoil ympasienus: 6azamu naHHbix (ORDBMS),
HaunOojee pa3BuToit n3 oTKpbITEIX CYB/l B Mupe. IMeeT OTKpBIThINA HCXOAHBIN KO U SIBIISI-
€TCsl aJIbTepHaTUBOM koMMepueckuM cepsepam b/l [1,2,3].

Hy>kHO 3aMeTHTB, 4TO caM MOAXO0 B pealn3auuy IH(ppoBaHNUs CAMMETPUYHBIMU U aCHM-
MeTpu4HbIMU Kitouamu B PostgreSQL ommnuaercs ot apyrux cepBepHeix CYB/l, Tak kak B
PostgreSQL oTcyTcTBYeT XpaHUIIUILE MacTep-KIIroua, CO3aHNe U UCIIONb30BaHUE CO3aHHBIX
CHUMMETPHYHBIX KJTI0Uel Ir(poBaHus OCYLIECTBIAETCS B €JMHOM IpoLecce. DTO CrpaBeii-
BO U OTHOCHTEIILHO aCHMMETPHYHBIX KiTfouel mmdpoBanus. Be€ 910 co3maer onpeneneHHbIe
TPYIHOCTH TIPH BBINOJHEHUH MHU(POBaHUSI TaHHBIX U TpeOyeT pa3paboTKu APYroil TeXHOOo-
THU UCTIONB30BaHMs (PYHKIMI MU(POBaHKS [0 CPABHEHUIO C TEXHOJIOIHEH, MPUMEHIEMON B
cepeepax b/l Oracle u MS SQL Sever, rae co3nanue 1 UCTIONb30BaHUE KITIOUeH MU(PPOBAHMS
MIPENICTABIISIIOT COOOM pa3HbIe nporiecch [4,5,6]. Chnenyer 3aMeTUTh, 4TO UCTIOIB30BAHUE KPHII-
TorpaIecKix METOIOB B cepBepax b/l siBrsieTcst SKkcnepTHO 00macThio.

* E-mail xoppecnonnupyromero apropa: akdaurend@gmail.com
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B PostgreSQL mpeaycMOTpeHO HCIOJIb30BaHUE CUMMETPUYHBIX KaK OJIOYHBIX aJiro-
pur™oB mmppoBanus ¢ kmodamu pasnoil anunsl (DES, 3DES, 3DES ¢ tpems kmtouamuy,
DESX, AES), Tak 1 moToKOBEIX anropuTMoB mmdposanus (RC2, RC4), a Takke acnMMe-
TpuuHOTO anroput™Ma RSA ¢ xirouamu pazHoi AnuHBL. Tem He MeHee, U3 MpeaaraeMbIxX
QITOPUTMOB CUMMETPHYHOTO UG POBAHUS PEKOMEH/IYETCSI NCTIOJIB30BaTh OoJiee KPHUITO-
croiikuii anroput™M AES ¢ anuHOo# kimoua 256 OUT, a U3 aCUMMETPUYHOTO IHU(PPOBAHUS
pEKOMEH/TyeTCs NCTIOIh30BaTh anroput™ RSA ¢ amuHo# kiroda 4096 Out.

MeTtoas! u pe3yabTarhl. [IpeaMerom ncciieoBaHus ABISIOTCS METOABI U CYLIECTBYIO-
e MEXaHU3Mbl 00ECTICUCHUST KPHUIITOrpaguyecKoil 0e3011acCHOCTH JaHHBIX B cepBepe b/]
PostgreSQL.

Ha ceroausimununii nens PostgreSQL siBnsieTcss 0IHOM M3 caMbIX HOMYJSPHBIX U J10-
cTynHbIX cepBepHbIX CYDB/I ¢ OTKPBITHIM HCXOIHBIM KOJJOM, YTO IO CPAaBHEHUIO C APYTHUMU
cepBepamu B/I, naeT BO3MOXKHOCTh MOACTPOUTH CUCTEMY T10]] CBOM HYXK/IbI U TPEOOBaHUSI.
besycnoBHO, 1aHHOE MPEUMYILIECTBO SIBISETCS IUIFOCOM, HO U MMHYCOM OJTHOBPEMEHHO,
TaK KaKk He UMEET ITOCTOSHHON TeXMOAJCPKKH, OOHOBIEHHH U Moaudukaunu. Ho HyxHO
YUIUTBIBATh, YTO JAHHBIH MHUHYC KOMIICHCHpyeTcs 3a cdeT Community permenmid. Taxoke
HYKHO y4ecTb, uTo PostgreSQL He mpourpsiBaeT B miiaHe MPOU3BOAUTEIHHOCTH, Oe30mac-
HOCTH, MacIITaOUPyEeMOCTH U CTOUMOCTH, TAKAUM BOCTPEOOBAHHBIM KOMMEPUYECKHM CEpBE-
pam BJI, xax Oracle u MS SQL Sever.

Jst peanmzarun KpanTorpaduecKuX MeXaHu3MoB mudpoBanus B PostgreSQL rcnonb3y-
torest pyHkmu mmdposanust PGP kpunrorpaduaeckoro Moyt Pgerypto, KoTopbie peainsyror
yactb mudposanus cranaapra OpenPGP (RFC 4880) [7, 8]. s koppekTHoii paboTel Pgerypto
TpeOyeTcs KpunTorpaduyueckast OndIMOTeKa ¢ OTKPBITHIM UCXOIHBIM KogoM OpenSSL.

[onnepsxuBaercs muGpoBaHUE CHMMETPUYHBIMU U aCUMMETPUYHBIMU Kirouamu. Lnd-
pOBaHME CHUMMETPUYHBIM KJIFOYOM peau3yeTcs Ha OCHOBE BBICOKOYPOBHEBOW (DYHKIHH
mmgposanus Pgp sym_encrypt (), KoTopasi H(pUHUMAET Ha BXOA I (pyeMble JaHHbIC, METOJ
mrppoBaHKUS U MAPOIBbHYIO (pasy, Ha OCHOBE KOTOPOH FeHEPHPYETCsl CHMMETPHYHBINA KITI0Y
11t ngpoBaHys JaHHbBIX. JlemudpoBaHne 0CyeCTBISIETCS C IOMOILIbIO BHICOKOYPOBHEBOH
dbysxmum Pgp sym decrypt () aHOIOTMYIHO, TaK YK€ Ha OCHOBE ITAPOIBHOMN (ppaskl.

[TomMumo BrICOKOYpOBHEBBIX (pyHKIMH mudposanusi, PGP naet Bo3MOXXHOCTB HCITIONb-
30BaHMsl HU3KOYPOBHEBBIX (YHKUUH mu¢poBanus, Takux kak encrypt () u decrypt (). Ho
9T1 (QyHKUMU HE padoTalT ¢ TEeKCTOBbIMHM NaHHbIMU. llludpoBanue n aemmdpoBanue
OCYILECTBIISIETCS TAKXK€ HAa OCHOBE MaposibHOU (pa3bl. JlaHHbIe QYHKIMH MOACPKHUBAIOT:
anroput™bl mudpoanus AES munoi kiroua 128, 192, 256 6ut u Blowfish; pexxumer
cbc (wmdpoBanue crueayomero 6J0ka 3aBUCHT OT MPEbIAYILETo (M0 YMOIYaHHUI0)) U ecb
(kaXx 1A 010K MHQPYETCs OTAETHHO (TOIBKO ISl TECTUPOBAHUS)) U TapaMeTPhI JIOMYCTH-
MOTO Jo3arnoiaHeHus pkes (IaHHbIE MOTYT OBITH JTIOOOW ITMHBI (ITO YMOIYAHWIO) U none
(pa3Mep JaHHBIX JOJDKEH ObITh KpaTeH pa3mepy Ojoka mmmdpa) [7,8].

Jiist peanu3anny aCHMMETPUYHOTO U (POBAHUS HCIIONIb3YETCS CTOPOHHSISI IporpaMma
GPG (raxxe u3BectHas kak GnuPG), koTopasi MO3BOJISIET CTEHEPUPOBATh MTyOIUYHBIC U
npuBatHbIe Kiroun. [udpoBanne peannsyercs Ha OCHOBE (QyHKIMHU pgp pub_encrypt (),
KoTopas mudpyeT qaHHbIe MyOIUYHBIM KIF0YoM u QyHKIMu pgp pub_decrypt (), koTopas
JaemudpyeT X NpuBaTHBIM Kito4oM. [1pu 3ToM ncnonb3yercst maponbHas (pasa.

[lepeuncnennpie MeXaHU3Mbl MU(PPOBAHHUS MOYKHO NPUMEHATH HAa PA3NYHBIX YPOBHSX
OpraHu3aliy JaHHBIX. MOKHO IUQpoBaTh 0a3y JaHHBIX LEIUKOM, OTIACIbHBIC TaOIMIIbI



Aumxooicaesa E. JK., Axmemwapinos /]. C. Texronoeus ucnonb306anus CReyuaibHbixX YHKYUI ... 23

(cylIHOCTH) MM JKe IPUMEHATH MIN(pPOBaHKE K OTAEIbHBIM cToNOnaM (arpudyram). [Tpume-
HsieMasi OOBIYHO [IPU ATOM OJJTHOYpPOBHEBAS UITH ABYXypPOBHEBAs HEpapXusl KITtoUeH mudposa-
HHSI HE CMOXKET 00eCTIeulTh BEICOKYIO Ha/IS)KHOCTD 3aIIUThI OT Jer(poBaHusl JaHHbIX.

Hwxe npenyaraercs KOMOMHHPOBAaHHAS TEXHOJIOTHSI MHOTOYPOBHEBOTO HCIIOIb30Ba-
HUS crielMaIbHbIX QyHKIMN mudpoBanus monyns PGP u nporpammel GPG B cepsepe 6a3
nauHbIX PostgreSQL mis mudpoBaHus cToj0nOB TaOMUIBl (aTpUOYTOB CYIIHOCTH) TpPU
BCTaBKE HOBBIX CTPOK B TaOnuILy 0a3bl JaHHBIX. [Ipu 9TOM HCIOIb3yeTCst nepapxusl KIroden
(acumMMeTpHYHOE M CHMMETpUYHOE LH(poBaHKe) ¢ MapoibHON (pa3oi, KoTopas Takxke
mmpyercs A odecnedeHus Tydiei 3aiuThl 3ain(poBaHHbIX TaHHBIX.

[Mpeanaraercs cremyromasi TEXHOIOTUS 3aIIUPPOBAHUS:

— nporpammoit GPG renepupyrorcst myOIMYHBIN U IPUBaTHBIN KiMtoun. B xadecTse ai-
roput™a mmdpoBanus BeiOUpaercs anroputM RSA amunoit kitoda 4096 u ykasbiBaeTcs
€ro Cpok rogHocTH (pucyHOK 1, ykazan cpok roguoctu 100 gueit). Ilpu renepanum Kito-
Yeil MPUBATHBIA KJIHOU JUIs OOJIBIIECH 0S30MacHOCTH U KOH(UICHIIMATBLHOCTH U(PyeTCs
3aJjaBaeMOi MapoJIbHOW (pa3oid, KOTOpas mepenaeTcs B Ka4ecTBE MapaMeTpa Mo 3amnpocy
CUCTEeMBI (PUCYHOK 2, 3a/1aHa mapojibHas (pasa daurend157@,);

Pucynox 1 — I'enepaiius acuMMETpUYHOTO KiIroda mporpammoit GPG
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— Janee, JJsl CO3JaHMsI CHMMETPUYHOTO KiTtoua mudpoBaHus, HEOOXOIUMO CTeHEPHPO-
BaTh NCEBIOCTYYaliHYIO NapoibHYIO (pasy;

— HA OCHOBE CT€HEPHPOBAaHHOH MCEBIOCTYYallHOW MapoibHON (pas3bl co3maeTcs CUM-
METPUYHBIN KITFOUY, KOTOPBIH MU(QPYET TEKCT C UCTIOIb30BaHUEM BHICOKOYPOBHEBOH (PyHK-
UK pgp_sym_encrypt() UMEOLIeH Takue mapameTpbl, Kak HASHTU(PHUKATOP MU PYyeMOTro
TEKCTa, MapolibHast (hpasa, alropuT™ UG POBAHNUS;

— CO3ZIaHHBIM paHee MyOIMYHBIM KIF0YOM aCHMMETPHUYHOTO IU(PPOBAaHUS MIUPPYyETCsI
HCIOJIb30BaHHAS TIApOJIbHAs (Ppasa;

— MOJyYSHHOE 3HAYCHHUE 3alIU(PPOBAHHON MApOJILHOW (pa3bl, TOBTOPHO MIU(PPyeTCs
HU3KOYpOBHEBOH (yHKumei mmdpoBanus encrypt (), U 3allMCHIBACTCS B 3apaHee CO3/aH-
HyI0 Tabnuiy master_symkey ¢ ykazaHUEM JaTbl, BpDEMEHH 3allUCH U HICHTU(PHKATOPA.

Pucynok 2 — 3ajanue napoibHoil (hpasbl 111 aACHMMETPHYHOTO KITIoua

Jnist paciindpoBaHus JaHHBIX HEOOXOIMMO BBITIOJIHUTH CIEAYIONINE IaTH:

HeoOxoauMo pacidpoBath mapoiabHyto (pa3y u3 Tadnuibl master symkey:

a) CAMMETPUYHBIM KJIFOYOM HHU3KOYpPOBHEBOH QyHKIMHU paciudpoBanus decrypt ();

b) mpuBaTHBIM KIIFOYOM BBICOKOYpOBHEBOW (yHKuuH pgp pub_ decrypt (), KOTOpHIi
Mepes TUM pacIIupPOBHIBACTCS;

— pacumdpoBaHHYIO MapoibHYIO Qpa3y nepenars B GyHKuio pgp_sym_decrypt () amst
pacmu(poBKH JaHHBIX.

CdopMynanpoBaHHbIE BbIIIE MTOTOKEHNS ObUTH alpoOHpPOBaHbI HA IPUMEpE U 3audpo-
BaHU U paclM(poBaHus JaHHBIX B Tabmuie customers 0a3bl nanHbIX Delivery cepsepa Post-
greSQL. bwut ucrnonb3oBaH si3bIk plpgsql. [yist mrdpoBanust qaHHBIX Obla CIIPOSKTUPOBAHA U
peanm3oBana GyHKLMA 3ammppoBanus encryption. B ¢pyHKImu encryption ucnonb3yercst omnu-
CaHHasi BBIILIE TEXHOJOTH 3aiudpoBaHus ¢ maponbHoil (pasoit “daurend157@”. Komanna
Update, npu 3ameHe Hezamr(poBaHHOTO TEKCTa Ha 3alIM(POBAHHBIN, UCTIONB3YET (BYHKIHIO
pgp_sym_encrypt() [uist nomy4eHus 3ammndpoBaHHbIX AaHHBIX. [Ipy 3anucy B Tabnuiry master
symkey 3aimmQpoBaHHON TAPOJILHOM (Ppas3bl B Ka4ecTBE UICHTU(UKATOpPa UCHob3yeTcs 1D
nokynarenst. CoznanHas (yHKIHS encryption 3aIycKaeTcsl TPUITepoM encryption_trigger Tuma
After npu BbINOJTHEHUU UHCTPYKIMH Insert, To €CTh BCTABKH JIAHHBIX B TA0JHILY (PUCYHOK 3).
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Pucynok 3 — Cxpunt peanuzanun GyHKINH encryption ¥ TpUrrepa Jurs 3amupoBaHus

Ha pucynke 4 nokazana HHCTpYKIMs Insert (BBIITOIHSIETCS BCTaBKa JaHHBIX B TaONUIy
customers 0a3bl gaHHbIX Delivery — deTbipe 3ammcu), KOTOpas 3alycKaeT TPUITep encryp-
tion_trigger, 4To0ObI 3ammppoBaTh BeTaBiusiemble qaHuble. [ndpyrorcs Bce naHHBIE, KPO-
Me napamerpa ID mokymnarens, KOTOpbIM sIBIseTCS WACHTH(PUKATOPOM U HEOOXOOUM JUIs
UACHTH()UKALMK KaK 3aliCH, TaK U COOTBETCTBYIOLICH 3TOH 3amucy 3amu@poBaHHOM Ha-
ponbHOM (pas3sl B Tabnuie master symkey. Ha pucyHke 4 Takske BUIIHBI 3Tallbl IIpoLiecca
mHU(pOBaHMS B BUJIE MTOCIIEI0BATENILHOCTH UCTIOJIB30BAHUS KITIOUEH.

Ha pucynke 5 nmoka3zan pesynbTar padoTsl GpyHKIHH encryption: B TaOnuiy customers
3aMUcalich YeThIpe 3an(pOBaHHbIE 3alIUCH (CTPOUKH TAOIMLIBI), HACHTU(PHUKATOPOM IS
Ka)X/I0H 3amucy sBisieTcs HezamudpoBanabiil [D nokynaress.

Pucynok 4 — 3anyck Tpurrepa encryption_trigger Jist 3auiu@poBaHUs TaHHBIX
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Pucynok 5 — Pesynbrar paboTsl GpyHKIMH encryption U Tpurrepa Juist 3amu(poBaHus

Jnst pacumdpoBanust 3amdpoBaHHBIX JaHHBIX ObLTa peanu3oBana (GyHkIiwms decryption,
KOTOpasi MPUHUMAET B KadecTBe mapamerpa ID mokymnaresis, o KOTOpOMY BBITIOJHSIETCsT 00par-
HBII Tporiecc pacimdposans. [Iporecc pacmmppoBaHus TaHHBIX COCTOUT U3 ABYX JTAIOB.

Ha nepBom atarie, ipu KOTOpoM paciinpoBbIBacTCs apoibHas (pasa, UCIoIb3yeTcs
3amnpoc Select ¢ BIOXKEHHBIM BHYTPEHHHUM 3aripocoM Select, Tak kak maposibHast ¢ppasa obuia
3ammdpoBaHa cHayasIa MyOJIMYHBIM KIFOYOM, TIOTOM CUMMETPHYHBIM KiTIo4oM. OCHOBHOMN
3anpoc Select ucnonb3yer QyHkiuo pgp pub decrypt () 1 3anmchiBaeT pe3yabTarhl AaH-
HOTO 3ampoca B nepeMeHHyto priv_deckeyvalues. @ynxmus pgp _pub_decrypt () B kauecTBe
MepBOro MapaMeTpa IPUHUMAET Pe3yJIbTaT BIOKEHHOTO 3ampoca Select; B kauecTBe BTOPO-
ro TlapaMeTpa MPUHUMAET TPUBATHBIN KITFOY; B KAYECTBE TPETHETO MapameTpa MaposibHyI0
¢pasy k npuBarHoMy Kirouy (dauren4157@,). Bnoxxennsiii 3anpoc Select BBIOTHSET HU3-
KOypOBHeEBYI0 (yHKIUIO aemmdpoBanus decrypt (), KoTopasi B KauecTBe [IEPBOTO mapame-
Tpa MpUHUMAET 3amrch cTonoma key values u3 Tadmmiet master symkey (3ammudpoBaHHYIO
CUMMETPUYHBIM KITIOYOM MAapoJbHYyIO (hpasy), uacHTuunupyemyro mno 1D mokymnarens; B
KauecTBe BTOPOTO MapaMeTpa MPUHUMACT MapoSibHYI0 Qpa3y sl CAMMETPUYHOTO KITIOoYa
(pass), KOTOPBIM OyZeT IPOBOAUTHCS PacCIIH(POBKA 3aITH(PPOBAHHON MApOIILHOH (pa3sl; B
KauecTBE TPETHETO NapamMeTpa NPUHUMAET aITOPUTM paciudpoBaHus (aes).

Ha Bropom srare, BoinoiHseTcs 3anpoc Select, KOTOPbIA UCTHONB3YET PYHKIIUIO pac-
mudpoBanus pgp_sym_decrypt() u Bo3BpamaeT TabIuIy ¢ paciiinpOBaHHBIME JTaHHBIMHU
(pucynok 6). ®ynkmus pgp_sym_decrypt () B KauecTBe MEpBOro mapamerpa MpHHAMAET

Pucynok 6 — Cxpunr peanuzaiuy GyHKIUH pacindpobiBanus decryption
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3amuQpoBaHHbIC JAHHBIC WK 3aMCU CTOJOIOB U3 Tabiuibl customers (last name, first
name " T.1), uaeHTuupyemMsie o ID mokymnareis; B kauecTBE BTOPOTO MapaMeTpa MmpH-
HUMaeT 3Ha4YeHus nepemeHHou priv_deckeyvalues.

Ha pucynke 7 nokasan pe3ynbrar padoTsl pyHKIMHU decryption mpu BEIOOpKE U3 TaOIu-
bl 3anucH ¢ ID mokynarens paBHbIM 1.

Pucynok 7 — Pesynprar paboTsl GpyHKIUH pacmudposbeiBanus decryption

3akiouenne. Ananu3 QyHKUMHA 3amudpoBaHus U pacum@poBaHus Kpunrorpadu-
yeckoro monynsi Pgerypto B PostgreSQL u mporpammbl GPG u anpoOupoBanHas npea-
JIO)KEHHAsl TEXHOJIOTHSI WX HMCIOJIb30BAaHHS MO3BOJISIET CAEIATh BBIBOJ O XOPOIICH (QyHK-
moHasbHOCTH PostgreSQL B obnactu mmdpoBanust AaHHBIX. Kpome mpeacTaBieHHBIX
BhIIIIe BO3MOKHOCTEH, B PostgreSQL mmerorcst ctanmapTHble QYHKIUH XCIIUPOBAHUS U
crienranbHble (PYHKIIUN XEHNIMPOBAHUS Mapoiield, MOKHO 3amn(poBaTh Maposid YIEeTHBIX
3amucelt (mapoiy MoJb30BaTeNeld XpaHsaTCs B BHJIE Xellel), mudpoBark KaHal Mepeaadn
JaHHBIX MEXIY CEPBEPOM M KJINEHTOM. [IpucyTCTByeT HECKOJIIBKO METOIOB ayTeHTHU(HKa-
1Y, YIpaBJIeHUE NpaBaMU AOCTyIa KaK Ha YPOBHE CTPOK, TaK M HA YPOBHE CTOJOLOB,
(YHKIIMY TIOTYYeHHS CITy9aifHbIX JaHHBIX. Jlo HegaBHero Bpemenu B PostgreSQL He Obuo
BCTpOeHHOro po3padnoro mmdposanus (Trasparent Date Encryption - TDE), kotopoe uc-
nonb3yercs B Oracle u MS SQL Sever. Ho B 2023 roay xomnanust EnterpriseDB peanu3o-
Bana TDE nns PostgreSQL [9]. B nacrosamee Bpems PostgreSQL MokHO pekoMeH0BaTh
MCIIOJIB30BATh AJIsl PA0OTHI C KOH(PHUICHINATBHBIMU JaHHBIMH, HAPSILy C BOCTPEOOBaHHBIMU
komMepueckumu cepsepamu b/, Takumu kak Oracle u MS SQL Sever.

udposanue mMo3BOJSIET CKPHITh UCXOAHBIC AaHHBIC M ABJSECTCS NPU3HAHHBIM METO-
JIOM oOecTieueHUsl 3aIUThl JaHHBIX. Ho cienyeT y4uThiBaTh, 4YTO TpOLECcCh MHU(POBaHUS
1 pactuppoBaHus TPEOYIOT PECYPCOB M TIOATOMY HETaTUBHO BIMSIOT Ha MPOU3BOIUTEIb-
HOCTh cucTeMbl. [IpumMenenue mudpoBanus TpeOyeT oNnpeaesieHHsT KpUTHYHOCTH JTaHHBIX
W pellleH s, KaKue JaHHbIe TPeOYIOT MU(pPOBaHUSL.
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POSTGRESQL-JIE APHAWBI HIU®PIAY ®YHKIUSJIAPBIH KOJJIAHY
TEXHOJIOI'UACHI

Awwvix  6acmankwvl  ko0mut  PostgreSQOL  cepsepnik  JIKBXK-0a kpunmoepaghusneix wugpray
Mexanuzmoepi MmankuliaHaovl. [lepekmepdiy aknapammuolx Kayincizoicin Kammamacwl3 emy YuliH
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Pgcrypto mooyniniy apraiivl scogapesl sicone momenei Oeeetini CUMMEmpUsiil WUdpay QyHKYusIapol
manoaraowl. PostgreSQL depekkop cepsepinoe acummempusiiblK uugpiayea MymKiHOIK Oepemin yuinuii
mapan GPG 6agdapnamaceiibiy apHailbl GYHKYUSLAPLIHA MAL0Ay dcacanaosl. Manimemmep 6asaculioly
Kecmenepinoe Kinmmepoiy UepapXusiCbli (ACUMMEMPUSLIBIK HCIHE CUMMEMPUSILIK UUPPIAY) KOTOAHA
OmbIpbIN, WUGpPIanean 0epekmepol HCAKCbl KOpeayobl KAMMAMACHL3 emy VUliH WUGPIaH2an Kynus
co3 mipkecimen Oipee Oepexmepdi wupprayoviy Oipikmipineen mexHoI02UACHl YCbIHbIIAObL. [lepekmep
0a3acelHblY KeCmeciHe Jcondap CAalblHEAH Ke30e MpUeepmMeH icke KOCbLlamulh depekmepoi uiugpray
DYHKYUACHIH dHcaHe KecmedeH wugpranzan depekmepoi oKy Ke3iHoe depekmepoi oeuugpray QyHkyus-
CbLH 23Ipiey MbLCAIbIHOA OCbL MEXHONOSUSIHbL COLHAKMAH OMKIZY JICy3e2e dChiPbliaobl.
Tyitin ce30ep: PostgreSQL Oepexkop cepsepi, wudpnay sxcane oewudpray QyHKYusIapbi.

Y. ZH. AITKHOZHAYEVA, D. S. AKHMETSHARIPOV

Kazakh National ResearchTechnical University named after K.1.Satbayev,
Almaty, Kazakhstan

TECHNOLOGY FOR USING SPECIAL ENCRYPTION FUNCTIONS
IN POSTGRESQL

Cryptographic encryption mechanisms in the open source PostgreSQL server DBMS are discussed.
Special high-level and low-level functions of symmetric encryption of the Pgcrypto module for ensuring
information security of data are analyzed. The analysis of special functions of the third-party GPG
program is performed, which allow performing asymmetric encryption in the PostgreSQL database
server. A combined data encryption technology in database tables is proposed, using a hierarchy of keys
(asymmetric and symmetric encryption) with a passphrase, which is also encrypted to ensure better
protection of encrypted data. This technology is being tested on the example of developing a function for
encrypting data, which is triggered by a trigger when inserting rows into a database table, and a data
decryption function when reading encrypted data from a table.

Key words: PostgreSQL database server, encryption and decryption functions.
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ANALYSIS OF MULTI-FACTOR AUTHENTICATION SOLUTIONS

This article analyzes open-source multi-factor authentication (MFA) solutions. Research on adapting
the MFA solution is given, this research will help businesses to provide security in the implementation
of remote work. This article discusses 5 open-source MFA solutions, functionality, advantages and
disadvantages. For Small and Medium-sized Businesses (SMBs), using a multi-factor authentication
(MFA) solution is an important element of security. MFA is an authentication method that requires several
forms of authentication before a user can access a system or application. For SMBs, using MFA helps
protect their business from cyberattacks, including phishing, network traffic interception and password
cracking. In addition, the use of MFA helps to comply with regulations such as GDPR and HIPAA, which
require companies to ensure data security.

In general, the use of MFA helps to protect important information and reduce the risks of security
breaches, which can lead to financial losses, reputational problems and loss of customer confidence.

Key words: MFA, 2FA, LDAP, AAA, RADIUS, authentication system authorization and event
accounting, multi-factor authentication, open source solution.

Introduction. This article focuses on the top 5 open-source MFA solutions. Technology
is changing rapidly, so we will need to adapt open-source MFA solutions. Multi-factor
authentication (MFA) is a method and technology that will be used to verify the identity
of the user. At least two or more types of credential categories are required for users to be
able to log in or perform a transaction. A successful combination of at least two independent
accounting data is a requirement of the MFA method. It usually combines one of the
following three categories of credentials:

What the user knows: the password or the passphrase?

What a person has: a security badge, a key fob or a SIM card?

What the user is: biometric data such as fingerprints, retina or iris, voice or facial
recognition?

MFA requires a user to provide two or more verification factors in order to access a
resource, such as an application or an online account. MFA requires one or more additional
verification criteria in addition to username and password, which reduces the likelihood of
a successful cyberattack. Publicly available code is considered “open source”. In addition,
open-source tools and solutions are more secure because the code can be checked and veri-
fied by anyone.

Experimental. Gluu Casa. Gluu Casa is an open-source, self-service multifactor au-
thentication to enhance your digital identity. It’s revolutionary. Casa provides a single con-
trol point for end users to view, log and delete MFA credentials. It also comes with hardware
tokens, software tokens, commercial services (such as Duo), social media login, biometrics
and mobile devices. It is also expandable. When any new authentication technologies be-
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come available, you can download plugins to use in your organization with Casa [1].

Gluu Casa provides advanced multifactor authentication, such as adaptive authentica-
tion, location-based authentication, and trusted browser.

Benefits of Gluu Casa:

1. Deploying cloud technology

2. Casa is the right choice for you if you like Kubernetes or services like Amazon EKS,
Google GKS or SUSE Rancher. Casa supports cloud deployments using standard tools such
as Helm. It also supports several server databases, including LDAP, Couchbase, RDBMS,
Amazon Aurora and Google Spanner.

3. Apply strong authentication

4. Only the right person on the right device can have access to the apps. By locking your
front door, you can increase the security of your business. Casa offers the OpenID Connect
API as an interface, as well as the standard JWT «id_token». It can also be used to enforce
policy.

5. No more password resets

6. Even without contacting customer support or compromising account security, users
can seamlessly register, manage, and delete passwordless credentials on all their devices.
The organization's MFA is as reliable as the weakest working account recovery process!

Ory. Ory is the largest open-source MFA solution community in the world of cloud soft-
ware application security. It will manage and authenticate users, set, and check permissions,
protect your APIs, applications, data, and more. It has an ecosystem of services with clear
boundaries that address authentication and authorization issues.

Advantages of Ory:

1. Solid protection

2. Ory offers strong protection against hacking attempts, such as keyloggers and brute
force attacks. If an attacker manages to compromise credentials, this information will not be
enough to gain access to the account.

3. Convenient user management

4. It provides seamless user management by providing identifiers, storing user informa-
tion, customizing authentication methods, and using a headless API.

5. Fully flexible

6. It is flexible enough in terms of authentication, authorization, access control and del-
egation to meet the changing needs of your business [2].

ForgeRock. ForgeRock is an open-source identity solution provider that offers MFA
capabilities. It is a digital identity platform designed for any cloud environment that gives
users the freedom to perform identification and access activities themselves. This solution
improves user interaction and productivity while delivering results without compromising
cybersecurity threats. This solution can reduce organizational costs by providing the right
level of access to all systems and users at the right time, allowing users to control their pro-
file, password and privacy settings.

Benefits of ForgeRock:

1. Implementation of a wide range of authentication measures

2. Various authentication measures, such as secure multi-factor authentication (MFA) or
two-factorauthentication(2FA)methods,areimplementedby ForgeRockAccessManagement.
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Solutions range from simple, password-free options to social media login, to the most se-
cure biometrics and NIST 800-63 assurance level requirements.

3. One platform, any cloud

4. ForgeRock offers a variety of flexible options, such as on-premises, cloud or hybrid
deployments. It also provides a variety of DevOps tools so that developers don't have to
spend the effort of creating their own tools to move configurations between environments
[3].

5. API Security to protect against malicious activity.

6. Cybercriminals are also targeting unsecured APIs. Its Identity Gateway is used to
monitor API traffic, limit traffic volume, and detect anomalies to keep services running and
protect against hacks and distributed denial of service (DDoS) attacks.

PrivacyIDEA. PrivacyIDEA is an open-source solution that provides a wide range of
different authentication technologies, including MFA. It comes with a powerful and flexible
policy structure that allows you to tailor PrivacyIDEA to your needs. Unique event handler
modules allow you to build PrivacylDEA into existing workflows or create new workflows
that best fit your scenario. It also works well with others and integrates with identity and
authentication solutions such as FreeRADIUS, simpleSAML, Keycloak or Shibboleth. This
flexibility may be the reason why organizations such as the World Wide Web Consortium
and companies such as Axiad use PrivacyIDEA [4].

Benefits of PrivacyIDEA:

1. Cloud Protection

2. PrivacyIDEA offers various flexible options, such as on-premises, cloud, or hybrid
deployment. It protects your organization's data by preventing the wrong users from access-
ing it. Only the right person can provide access to the right device.

3. Accelerate the payback time

4. PrivacyIDEA supports several geographic regions around the world. Increase
speed and simplify your organization's response to global service needs with automated
deployment. This will reduce the complexities associated with geographic compliance. To
achieve performance and operational goals for development, testing, or production, you can
customize, and scale deployments as needed. It even has regional configuration options to
help you comply with geographic or regulatory restrictions.

5. Ease of use and operation [5]

6. PrivacylDEA realizes that the initial purchase costs are only part of the total cost of
implementing the solution. So, they designed the deployment architecture for scalability
and ease of maintenance. Upgrades shouldn't stop you in your tracks and require operating
budgets far more than your initial investment. No questions should arise, technical specialists
are always available and guarantee a timely response.

Authentik. Authentik is an open-source identity solution provider that offers MFA ca-
pabilities. Particular attention is paid to flexibility and versatility. Even in an existing en-
vironment, you can use authentik to add support for new protocols, implement logging/
recovery, etc. in your application to avoid problems with it and more.

It has some useful features, such as a proxy you can use in a cluster to add authentication
to services, or things like monitoring panels without a password (Longhorn, etc.) [6].

Benefits of Authentik:
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1. Suitable for changing business needs

2. Authentik is highly flexible, which means you can easily adapt to the changing needs
of your business. It can be configured for all users, including employees, customers, and
partners. This eliminates the need for multiple passwords, simplifies the login process and
improves user interaction.

3. Enhances security — Authentic's open-source multifactor authentication is the most
effective security tool for protecting local and public cloud data.

4. Easy to use — Authentic has simplified the authentication process by providing easy
access control [7].

Result and discussion. After a brief review, let’s delve into the architecture of one of
them, more specifically about PrivacyIDEA.

PrivacyIDEA is a system used to manage devices for two-factor authentication. Using
PrivacyIDEA, you can enhance your existing applications, such as local login, VPN,
remote access, SSH connections, access to websites or web portals, with a second factor
during authentication. This increases the security of your existing applications. Originally
OTP tokens, but other means of authentication such as SSH keys have been added. Other
concepts emerge, such as machine processing or certificate registration. PrivacyIDEA is a
web application written in Python based on the flask micro framework. You can use any
wsgi web server to run PrivacyIDEA. For example, it could be Apache, Nginx or even
werkzeug. The device or item used for authentication is still called a “token. All information
about tokens is stored in an SQL database, and you can choose which database you want to
use. PrivacylDEA uses SQLAIchemy to map the database to internal objects. So, you can
choose to run PrivacyIDEA with SQLite, MySQL, PostgreSQL, Oracle, DB2 or another
database [8].

PrivacylIDEA provides a clean REST API. Administrators can use the web interface or
the command line client to manage the authentication devices. Users can log into the web
interface to manage their own tokens. Authentication is done through API or certain plugins
for FreeRADIUS, SimpleSAMLphp, Wordpress, Contao, Dokuwiki ... either provide default
protocols such as RADIUS or SAML or integrate directly into applications. Because of this
flexibility, there are also many ways to install and configure PrivacylDEA.

As already mentioned PrivacylDEA can be integrated with a Directory Domain, using
the LDAP protocol, so it can add users directly from AD(Active Directory). Figure 1 shows
an example of adding an LDAP Resolver. LDAP is used here, but you can also use a secure
version of LDAPS. Then you have to import the certificates. Here you need a user account
with read privilege for domain users. At the bottom you can select an entire domain or filter
them by group.

Figure 1 shows all the available authentication methods, and here we usually use TOTP
and HOTP methods in production. The most used method is TOTP, which calculates OTP
(One Time Password) based on time. And it changes by default every 60 seconds. This
method is now considered relatively safe.

PrivacyIDEA has a module FreeRADIUS, and with it he can integrate different network
devices and NAD (Network Access Device). Figure 2 shows adding the RADIUS client to
FreeRADIUS. Only after adding PrivacyIDEA will work with it, it’s like adding to trusted
devices.
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Figure 1 — Adding remote users

Figure 2 — Available methods in PrivacyIDEA

As an example of a RADIUS client, we took the next generation firewall (NGFW)
FortiGate, and Figure 3 shows adding the RADIUS server FreeRADIUS to the FortiGate.
FortiGate can further use this RADIUS server in the Remote Access VPN settings or in
policies, etc.



Alimzhanova Zh. M. e. a. Analysis of multi-factor authentication solutions 35

Figure 3 — Adding a RADIUS client

After adding a RADIUS server, you can use various built-in utilities to test the connection
between the RADIUS server and the client. In Figure 4 you can see that the connection status
is set, but in the bottom field shows incorrect credentials. It shows this way because after the
first authentication login and password, our RADIUS server asks for a second factor for this
user, because multifactor authentication is already configured for this user.

Figure 4 — Adding a RADIUS server
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Figure 5 — Checking communication with the AAA server

Therefore, the answer is incorrect OTP is normal, because, it is a graphical utility only
allows you to send the first factor login and password (Figure 5).

Conclusions. This article analyzed several open-source multifactor authentication
solutions to evaluate their advantages and disadvantages. It was found that each of the
considered methods has its strengths and weaknesses, as well as certain limitations that
may reduce its effectiveness in certain conditions. The use of multifactor authentication
generally improves system security and recommend choosing the most appropriate and
effective methods based on specific requirements and needs. Thus, the article provides
valuable information for developers and information security professionals who are
interested in using open multi-factor authentication solutions to improve the security of
their applications and systems. All the open-source MFA solutions mentioned above are the
most popular MFA solutions available on the market and are widely used.
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KOII ®PAKTOP/IbI AYEHTU®UKALNA LHEINIMIAEPIH TAJLIAY

Makana awwlx 6acmanksl koovl doap Multi-factor authentication (MFA) wewimoepin manoayza
apHanean. MFA wewimin 6etiimoey OotiviHuia 3epmmeyiep KeimipineeH, Oy sepmmeyiep KacinopblHoapea
KAQUIKMAH JICYMbLC [cmey KesiHOe Kayincizoikmi kammamacwvls emyee komekmecedi. bByn maxanada
5 awwiy b6acmanxbr MFA wewimnoepi, GyHKyuonanovievl, apmulKWbLILIKMApbl MeH KeMuinikmepi
Kapacmoipwiiaowl. [llazein ocone opma ousnec ywin Small and medium-sized Businesses (SMB) xon
gaxkmopner aymenmuurayus wewimin (MFA) natidanany kayincizoikmiy mMaybiz30bl 1eMeHmi 601bin
mabwiiaovl. MFA — natidananywsl gicytiece Hemece KOnOanbaza Kipmec OYpoiH aymeHmMupUKayusHbly
OipHewie mypin Kaxcem ememin aymenmugpuxayus a0ici. SMB ywin MFA natidanany onapoviy 6usHecit
Quwune, dsceninix mpagukmi ycmay dcane Kynusi co30epoi 6y3y cuskmol KUOepuadyvblioapoan Kopeayea
rkemexmeceodi. Convimen kamap, MFA-nvl navioanarny GDPR scane HIPAA pemmeynepiniy caiikec kenyine
Komexmeceoi, Oy 63 Ke3e2inde KOMNAHUSAAPOaH depeKkmepoiy Kayincizoiein Kammamacsls emyoi manian
emeoi.

JKannvl, MFA Konoany manwi30bl aknapammel KOp2ayea JdcaHe Kayincizoikmi Oy3y Kaynin azaimyea
Kemexkmecedi. Byn Kapicolnblk wbl2blHOapa, 6edendi macenenepee i caHe KIueHmmepoiy CeHiMiH
2ACO2ANMYea IKENYi MYMKIH.

Tyitin co30ep: MFA, 2FA, LDAP, AAA, RADIUS, oxuzanaposi aymeHmu@ukayusiay sHcoHe ecenke
any Jcytieci, kon haxmopnvl aymenmuurayusl, auiblk OACmMankpl wewim.
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AHAJIN3 PEIIEHUI MHOT'O®AKTOPHOM AYTEHTU®UKALIUA

Cmamus nocssiwena ananuzy pewenusm Multi-factor authentication (MFA) ¢ omkpoimvim ucxXooHviMm
kooom. IIpusedenvt ucciedosanus no adanmuposanuto peuwienuii MFA, dannvie ucciedosanus nomo2ym
npeonpusimusam obecneuusams Oe30naACHOCHb NPU peanu3ayuu yoaieHHou pabomsel. B cmamve paccma-
mpusaiomesi 5 pewenuii MFA ¢ omKpbimslm UCXOOHBIM KOOOM, (IYHKYUOHALbHOCb, NPEUMYWECmEd U
Hedocmamxku. [{na manvix u cpednux ousnecos Small and Medium-sized Businesses (SMB) ucnonv3osanue



38 Becmnux Hayuonanvhoti unsceneprou akademuu Pecnyonruxu Kazaxcman. 2024. Ne 1 (91)

pewenusi mnozogpakmoprou aymenmudurayuu (MFA) sigrisiemces 6ad)cnvim snemenmom 6e30nacHoCmu.
MFA — smo memoo aymenmugurayuu, Komopwviti mpedyen HecKOIbKUX hopm nposepKu NOOTUHHOCMU,
npesicoe uem nonb308amenb CMOJiCem Noayyums 00Cmyn K cucmeme unu npunosicenuio. /s SMB ucnono-
306anue MFA nomoeaem sawumums ux OusHec om Kubepamar, Ku0UAs UULUHS, NEPEXean Cemeozo
mpacgpuxa u e3nom naponei. Kpome moeo, ucnonvsosanue MFA nomozaem coomeemcmeogams pecyiu-
posanuam, makum kak GDPR u HIPAA, komopbie mpebytom om KomMnauuti obecnederus: Oe30nacHocmu
OAHHBIX.

B yenom, ucnonvzosarnue MFA nomocaem 3auumums 6axCHy0 UHGOPMAYUIO U CHUSUMb PUCKU HA-
PpyuteHust 6e30nacHOCmL, YMo MOAICEN NPUSECTU K (PUHAHCOBLIM NOMEPSIM, PENYMAYUOHHbIM NPOOTIeMam
u nomepe 006epusi KIueHmos.

Knruesvie cnosa: MFA, 2FA, LDAP, AAA, RADIUS, cucmema aymenmugpurxayuu asmopusayuu u
yuema codvimuil, MHO20GAKMOPHAs AYMEHMUDUKAYUS, peuleHUe C OMKPbIMbIM UCXOOHBIM KOOOM.
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KOMIIbIOTEPHOE MOJEJIMPOBAHUE HEJITMHEMHOM BOJITHOBOM
MO/JIEJIA SIBJIEHUM NEPEHOCA B CPEJJAX
C HEJIOKAJIbHBIMHU D®OEKTAMUA

OcHosHoll 6K1a0 nPedcmasnieHHOl CIamuil COCMOUm 6 mom, 4mo Obliu YCMaHos1eHbl 00CMamoy-
Hble nPeOnoaoceHUs: 0151 MOOUDUYUPOBANHO20 YPAGHEHUs Yu3ema, Onuchleaiowe2o HeluHelHoe pacnpo-
cmpareHue 6oNH OA AGIEHUL NepeHoca 8 PusuKo-xumuieckux cucmemax. Iloxazano, 4umo npu 6vigooe
YypasHenuti muna Yusema nanuuue npocmpaHcmeeHHOU HelOKAIbHOCIU CPedbl Modcen uspams GyHoa-
MeHmAanvHylo poib. B cmamuve makoice paccmampusaiomes 60npocsl husu4eckoli unmepnpemayuu uccie-
oyemotu modenu. Ipunyunuaivnoe nanudue HENOKATLHBIX APHEKMO8 68 UCCIeOYeMbIX CUCIEMAX MOXMCcem
OblMb 060CHOBAHO U NOYYEHO 6 pe3yNbmame HANUYLUs OOMEHOB8 CO CLONHCHO OP2AHUZ08AHHOU NPOCMPAH-
CMGEHHOU CMPYKMYPOll, a MAaKdice HATUYUs UCTOYHUKOS menia u maccel. IIposedeno komnviomepHoe
MoOenuposaniie u NOLYy4eHbl pesyibmansl ¢ UCHOIb308aHUEM A3bIKA NPOZPAMMUPOsanus Java.

Kniwouegwie cnoga: s0po, unmezpanvublii onepamop, penakcayuonHoe ypasHueHue, oecyujas 601Hd,
KOMNblomepHoe MOOelUuposanue, HeloKabHble dgeKmaol.

BBenenmue. [Ipo6aemsr yuera BpeMeH pelakcaiui U JaTbHOACHCTBYIONTHX B3aUMOICH-
CTBUH CTPYKTYPHBIX JIEMEHTOB CPEJ IMPH MaTeMaTHudeCcKOM ONMCAaHUH SBJICHUH MepeHoca
MAacChl, TETUIa ¥ KOJIMYEeCTBA ABMKEHHS TTPECTABISAIOT OOJBIION HAyIHBIH 1 TPAKTUIECKUI
WHTEepec. AHAJIOTHYHBIE MPOOIIEMBI BOSHUKAIOT M MIPH OMUCAHUH PAa3BUTHS BHYTPEHHHUX
HaIPsHDKCHUH B 00pa30BaHMS TPEIIUH B TBEPABIX TEIaX. ITH BOIPOCH 0COOCHHO aKTyallb-
HBI TIPU CO3[aHUH aJIEKBaTHBIX MaTEMATHIECKUX MOJIENel BRICOKOMHTEHCHBHBIX OBICTPBIX
TEXHOJIOTUYECKUX TPOIECCOB B YCIOBHSX, KOT/Ia KOPPEKTHOCTh HCIIOJIB30BAHUS METOIOB
PaBHOBECHOH TEPMOIWHAMUKH CTAaHOBUTCS MPOOJIEMAaTHIHON. B TO jke BpeMst M3BECTHBIC
METOIBI HEPABHOBECHOW TEpMOAMHAMHKH [1-3] mpH MOJHOM WX TIpUMEHEHUH [4] CIToX-
HBI KaK C TOYKHU 3PEHHS pacyeTa MmapaMeTpoB, HEOOXOAUMBIX ISl ONITUMAIBHOTO KOHTPOJIS
WHTEHCHUBHBIX MPOIIECCOB U C TOYKH 3PEHUS aHaJIM3a KadeCTBEHHOTO COCTOSHUS CHCTEMBI
[5]. Hampumep, st OBICTPBIX MPOIIECCOB BEIOOP MEPEXOTHON CTATUN W CTAANH yCTaHOB-
JISHWsI YTPABISIONNX MTApaMeTPOB CTaHOBUTCS HeompeneleHHbIM. [Ipn MomenmpoBaHun
MIPOIIECCOB TIEPEeHOCa B HAHOCHCTEMAaX HEJIOKATFHOCTH 3aKOHOB IEPEHOCa CTAHOBUTCS
Hen30exxHo. [IpuHIMMManbHas poTh HENOKANBHBIX 2(P(PEKTOB B UCCIEAYEMBIX CHCTEMAaX
MOYKeT ObITh 0OOCHOBAHA W IMOJTydeHa KaK B pe3yabTaTe HATNYHS IOMEHOB CO CJIOXHO Op-
TaHU30BaHHOM MPOCTPAHCTBEHHOW CTPYKTYPOH [6], 0COOEHHO ¢ yUeTOM BO3HUKHOBEHHS U
TpaHCcHOPMANINHU KIIACTEPOB B PA3IUIHBIX MOMEHTHI M pa3IUYHbIE TIOJ0KEHUS B KOCMOCE, a
TaK)Ke HATMYMEeM UCTOYHUKOB TETIa M MACCHI .

HuTterpanbpHo-muddepeHnraIbHOe YpaBHEHHE YH3eMa — OTHA U3 MojelieH, 3P pexTus-
HO ONMCHIBAIONINX HEIWHEIHBIE BOJHBI B CHIIBHO TUCTIEPTHPYIONINX Cpeax. YpaBHEHHE

* E-mail xoppecmonnupyroIero aBropa: sevam@mail.ru
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COJIEPKUT XapaKTepHYIO0 HETMHEHHOCTh KOHBEKTUBHOI'O THIIAa B COYETAHUU C JTUCTIEpCHUEH
npousBoibHOro Tumna. OmHako I Yuzem mpeaniokui cBoe MHTErpo-IudQepeHnnanbHoe
ypaBHEHHUE, COUeTaroIlee HEIMHEHHOCTh, THITMYHYIO [T THAPOANHAMUKH, H 0000ILCHHBIH
3aKOH JHCIIEpCUH, Oe3 BHIBOJA U CHENMATBHON HHTEepnpeTanuu. Panee Oblsio 00HApYKEeHO
[7], 9TO ypaBHEHHUE TAKOTO THIIA MOKET OBITh MOJyUYEHO TPU OMUCAHWUH PACTIPOCTPAHEHHS
HEJIMHENHBIX BOJIH B CPENAX C POCTPAHCTBEHHON HEJIOKAJIbHOCTBHI) METOIOM PEJIAKCALIH-
OHHBIX siJiep MepeHoca B Cilydae JIMHEHHOW (DYHKUUH pellakcanuu. DTO MPeIoNoKeHne
BpSsiJ JIU COIIACYeTCs C O0IIeH HeTMHEHHOM MPUPOJI0i pa3padoTaHHBIX MOJIEIICH.

OcHOBHas HOBH3HA U BKJIaJl 3TOH pabOThl COCTOUT B TOM, YTO ObUTH YCTaHOBIECHBI J10-
CTaTOYHbIE MPEATONIOKEHHS U1 BbIBO/Ia BO3MYILIEHHOTO ypaBHEHHUs! YH3eMa, OIMCHIBAIO-
LIETO HeJIMHEHHOE pacipocTpaHeHHe BOJH IS SIBJICHUH MepeHoca B (PU3NKO-XUMHUYECKUX
cHcTeMax B cilydae KBaJpaTHUHON (QyHKIMH penakcaunu. [lokaszaHo, 4To Ipyu BBIBOJE YPaB-
HEHM THIA YH3eMa HajJu4yHhe Cla0od MpOCTPaHCTBEHHOW HEJIOKAIbHOCTU Cpellbl UTpaeT
(dyHIaMEHTaIbHYIO POJIb.

MeTtonosorusi M pe3yJbTarsl uccaegoBanusi. Marerpo-anddepennmaisHoe ypaBHe-
HUe Yu3ema — 3TO MOJIellb, KOTopast 3 (HEeKTHBHO OMMChIBAET HETMHEWHBIE BOJIIHBI B CHIILHO
aucrieprupyromux cpegax. C Ipyroil CTOpoHBI, 3anasbiBaromias GopMa siapa mo3BoJsieT
HHTEPIPETUPOBAThH 3TO YpaBHEHUE KaK HellOKaJbHYI0 Gopmy [8-9].

uy +uu, +TK(x—S)45(S,t)ds=0 (1)

st ynponieHnus (popMaibHBIX MaTeMaTH4YECKUX Peo0pa3oBaHuii 1ie7iecoo0pa3HoO BBe-
cTi 0003HaUYCHNUE JIOKAIBFHOTO OTKJIOHEHHUS YIPABISIOLIETo IapaMeTpa, XapaKkTepu3yolie-
T'0 COCTOSIHUC PAaBHOBECHUSA CUCTCMBI. Taxum napamMeTpoM TCIUIOBLIX IMPOLECCOB ABJIACTCS
TEMIIepaTypa; /Ul IPOLECCOB MAaCCOINIEPEHOCa — XUMUUECKUIT TOTEHIIHMAT; JUTS PaclipocTpa-
HCHUS BHYTPCHHUX I[e(beKTOB TBEPABLIX TCJI — 3TO PABHOBECHBIC BHYTPCHHUC HAIIPSAKCHUA.

Av=u. (2)

Torma BeIpaXkeHUE )11 TIOTOKA BEIIECTBA ITPU HEOOIBIIX OTKJIOHCHUSIX OT PABHOBECHS,
HO C y4€TOM HEJIOKAJIbHBIX 3PPEKTOB Pa3IUIHOTO POJIa, B YACTHOCTH, B CPE/Iax C MaMSAThIO,
MOYKET OBITH 3aIIMCAHO B BUJE:

- [Nl 0. 3)

3nech N — po UHTErpaJIbHOTO olieparopa, &=x—s
WHTerpupoBaHue MO 4acTSIM NPUBOAUT K BBIPAXKEHUIO

I N(6,uVu(s,t)ds =uN (8, u)l +j Md “4)

e Q, I' — o0racTe MHTETPUPOBAHUS U €70 TPAHUIIBI.

JanbHelme BeIUUCIIeHHs OYy/IyT MPOBOJUTHCS B TIPUOIMKEHUH CIIa00# HEeloKaIbHO-
CTH, TIOCKOJIbKY 0€3 Takoro mpuOIMKeHus Hen30eKHO MOTpeOyeTcsl MCTI0Nb30BaHNE WH-
CTPYMEHTOB HEpPAaBHOBECHON TEPMOJMHAMHUKH, YTO BBIXOAWT 3a PaMKH IIeJei TaHHOTO uC-
CJIEZIOBAHUS.
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OTO OrpaHMYEHNE MOXKHO 3aIMCaTh CICAYIOIINM 00pa3oM

lim N(6,u)=0. Q)

6] o0

0O0603Ha91M TTPOU3BOHYIO AJIpa B MHTETPAILHOM oTleparope ypaBHeHus (4) kak
G(0,)= NO1). (©)
00

Paznoxenne omneparopa (6) B psg Teitopa B OKPECTHOCTH PAaBHOBECHBIX 3HAYCHUI
YIPAaBJISIONIErO HapaMeTpa UMEET BU/T

G(ga”):ZbZG(k)(g)“k . (7

OOmmii BUI 3aKOHA COXPAHCHUSI UIMEET BH/T
ou
—+VJ=0. 8
m ®)

r7e / — ICTOYHHK TIOTOKA BEIIECTBA B CHCTEME.
Hcrnonp3oBanne 3aKkoHA COXpaHEHHS C Y4eToM (5) MPUBOAWT K CIEAYIONIEMY ypaBHE-
HUTO

u, =Vu, I(Z G(k)uk+l )ds =1. 9
o\ k

Jlis yenelmHol peanu3anuy JanbHeimx npeodpa3oBaHuil He0OX0AUMO 3aJaTh YCIlo-
BH€ KOMMYTAIMX JUIs orieparopoB auddepernnpoBanus u cBepTku B ypaBuenud (9). Ilo-
CKOJIbKY Ha JaHHOM 3Tarle MpeoOpa3oBaHuil BU SAEp WHTETPAILHOTO OIllepaTropa Heu3Be-
CTEH, OTO YCJIIOBHE HEOOXOIUMO Oy/IeT JOTIONHUTEIHHO POBEPHUTH Il KOHKPETHOTO THIIA
(bu3nyuecky 3HAYMMBIX sjiep. Torna ypaBHeHHe (9) MOXKHO IepenucaTh B BUIC

u+ i(zk:(kH)G(k)u"}sds s (10)

JanbHeiliee pa3zButue Teopun TpeOyeT YTOUYHEHHS BHJA sJep OIleparopa B ypaBHE-
Huu (10). s pemeHns 3Toi mpobiaemMsl eecooOpa3Ho NCIOIB30BATH PETAKCAMOHHOE
ypaBHEHHE TMEPBOTO MOPAIKA, XapaKTepHOEe IS PelaKCallMOHHBIX 3a7ad TEOPETHYECKON
¢usuku. YToOBI HE HAPYIIATh JIOTUKY HEJIMHEHHOT'O MMOIX0/1a, 3/1€Ch, B OTJIMYHE OT PabOThI
Bpenepa [10], ypaBHEHHE peakcaryy 3aiucaHo B 00IIEeM BHIIC.

%G(k)(e)_'_B(k)(D(G(k)(g)):0‘ (11)

®(s) 10JKHA OBITH MOJIOKUTENLHON HeyObIBaromeit Gynkuumeit [11].
[IpencraBum 3Ty (pyHKIHIO B BHI€ CTETIEHHOTO Psia:

d < i
%G(k)(aﬁ B(k)gziqk)(e):o. (12)

OrpanudeHue 1ByMs MEPBBIMHU YWICHAMH PAa MPUBOIUT K BBIPAKESHUIO
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d
@Gm)(ﬁ)w(k)(%G<k>(9)+ﬂaG<zk>(9))=0 (13)
TOFZ[a MOXHO HOKa3aTB, qTO0 (bI/I3I/IquKI/I 3HaAYUMasa (I)OpMa ypaBHeHI/ISI BBITTIAAAUT CJIC-

JTYTOIITIIM 00pa3oM:

d
20 G (0)+Y, )G (0)£Y, 4G, (0) =0, (14)

TIE Y, 4,20, H Y, 20.

PaccmoTpum ciyuaii 1, korga Yy =0.
YpaBHeHUE U1 SApa pejakcauuy MPUHAMAET BU:
d

d—eG(k)(H)+Y(k)G(k)(9): 0. (15)

[Ipocteiimias 3BpucTuueckas popma kodddunuenta B ypaBHenuu (15) rmacur:

Yo :@. (16)
®

31ech 7, — XapaKTepHbI NPOCTPAHCTBEHHBIN MaciuTad i K-ro mopsaka, a ¢, —
HEKOTOPBIA K03 PuuueHT anst K-ro mopsaka. s cornacoBaHusl €O ClIabOHETMHEHHBIM
NpUOIIKEHUEM U IPUHATOH (opMoil ypaBHEHHsI TIOToKa (ypaBHEHHE (3) MocenoBaTesb-
HOCTb XapaKTEPHBIX MPOCTPAHCTBEHHBIX MAcCIITa0OB JOKHA 00Pa30BBIBATh YOBIBAIOLIHIHA
psia. OTi MaciuTabbl MOTYT TaK)Ke OLIEHHBATh XapaKTEPHbIE pa3Mephbl JOMEHOB CO CIOKHO
OpPTaHM30BAaHHOM MPOCTPAHCTBEHHOH CTPYKTYpOH M, HAapUMep, ONMUCHIBATH BOSHUKHOBE-
HHUE ¥ peoOpa3oBaHe KJIACTEPOB B pa3Hble MOMEHTHI BPEMEHHU U B Pa3HbIX MOJOKEHUIX
MIPOCTPAHCTBA C yYETOM NepeKPeCcTHBIX APPEKTOB.

HerpynHo nokasath, 4yTO yciIOBHE KOMMYTallUU OINEpaTopoB AU (GepeHIpOBaHUS H
CBEPTKH JJIS SIACP BCEX PACCMOTPEHHBIX (hopM BeIMONHsIeTCs. B cooTBeTCTBHM € BBHIOpaH-
HOM CTpaTerreil HCKJIIOYEHHsI YICHOB 0ojiee BHICOKOTO, YeM BTOPOM MOPSIOK, cleaylomiee
ypaBHEHHE MOXKET ObITh ToIy4eHo u3 ypaBHeHus (10).

Hanee, mocne psiia TPOMO3KUX, HO HECJIOKHBIX B MaTeMaTHYECKOM TEXHHUKE peodpa-
30BaHUH, OBUIO MOYYEHO CieyIoliee OOBIKHOBEHHOE MU PepeHInaNTbHOE ypaBHEHUE

d? u’ u’ c c
(c—u, ) Uy _ Poto | Lot N ,HG(%)— 2‘/’«)) bty + 2‘%) _G(OO) , (17)

2
dé To | %o To) "0y

e mapamMeTpsl a, B 3aBHCAT OT THIIA PelakCcallMoHHOH QyHKIWYU B ypaBHeHuH (11)

[Mocnenyrommii aHamu3 ¢ UCMOIB30BAaHUEM MeTOAa (Pa30BOI TIOCKOCTH TMOKA3bIBAET,
YTO YPaBHEHHUS TAKOTO TUIA UMEIOT PEICHUsS B BUJEC YEIUHEHHON OeryIlnel BOJHEI, CIO-
COOHOI pacpOCTPAHATHCS Ha 3HAYNUTEIBHBIE PACCTOSIHUS C HEOOIBIITUM N3MEHEHUEM TTPO-
¢dunst (Newell, 1987).

s pemenwust ypaBHeHus (17) ObUT HarmmucaH MpOTPaMMHBIN KOJT Ha SI3BIKE MPOTPAMMHU-
poBaHus Java 1 IOJTyYeHbI CIEAYIONINe pe3ynbTarkl (puc. 1, puc 2):
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Pucynok 1 — I'padmueckoe n3o0pakeHne HENMHEWHON BOTHOBON MOJIEIIH SIBIICHHUH ITepeHoca
B Cpeliax ¢ HeJIOKaIbHBIMU dddexramn

Pucynok 2 — I'padmueckoe n3o00pakeHHe HEMMHEWHON BOTHOBOM MOJICIIH SIBIICHUH IEpeHoca
B Cpeliax ¢ HeJIOKIbHBIMH A deKTamMu pu U3MEHEHNH [TapaMeTpoB

BouiBoabl. BriepBrie ObuM M3y4yeHBI M ONMUCAHBI CBOMCTBA HEJIOKAJIBLHOTO WHTErPAJIHHOIO
COOTHOIICHHUS ISl TEUCHHS BEIIECTBA B (PH3UKO-XUMUYECKON CHCTEME C MaJIbIM OTKJIOHEHHEM
OT COCTOSIHUSI PABHOBECHS JJIsl HENIMHEWHOM (PyHKITUH peJTaKkcalliy, yCTaHABIMBAIOIICH 3aBUCH-
MOCTb Si7Ipa pelaKCallii HHTETPAIBHOIO ONepaTopa OT OTKIIOHEHMs YIIPABIISIOIINI TapaMeTp.
[MompoOHO paccMOTpEHBI CiTy4Yau KaK JIMHEWHBIX, TaK U KBaIPAaTUYHBIX (DYHKIWH peaKcarum.
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Beuto oOHapyxeHO, 4TO Ui KBaJApaTUYHOW (DYHKIIMU PEIaKCallid MOYKHO TAKXKE IPUBECTH
YpaBHEHHUE NIEpEHOCAa K BUAY BO3MYILEHHOIO YPaBHEHUs YHM3€Ma, ONMCHIBAIOIIEIO Pa3BUTHE
HEJIMHEHHBIX BOJIH MIEPEHOCA BEIIECTBA B PEAKIIMOHHOMN CpeJie ¢ HEJIOKAIbHBIMU 3((eKTamH.
B T0 %€ Bpemst ocTaeTcst OTKPBITBIM BOIPOC 00 00ILeM BHIE AP UHTErPaJIbHOTO ONeparopa
B HEJIOKAJIbHOM 3aKOHE MIEPEHOCA, IPU KOTOPOM MOKHO ITPUBECTH YPAaBHEHUE TEUECHUS K TUITY
Yuzema. DTOT BOIIPOC JOIKEH CTATh MPEAMETOM JATLHEUIINX UCCIICIOBAHUI.
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KEPI'UIIKTI EMEC OCEPJIEP BAP OPTAJATBI TACBIMAJIJIAY
KY¥BbBIJIBICTAPBIHBIH CbhI3BIKTBIK EMEC TOJIKBIHABIK MO/EJITH
KOMIIBIOTEPIIK MOAEJIBAEY

Yevinvinean maxanada @uauka-xumusnelx oicyiienepoeci  macvblmandday Kyooliblcmapsl  yulin
MONKLIHOAPObIY ~ CLI3LIKMBIK  eMec Mapaiybli CUnammanumul  o032epmineen  Yuzem menoeyi  yulin
arcemkinixmi Goaxcamoap sHcacandvl. Yuzem munmi menoeynepoi ubieapean Ke30e OpmaHvlly KeHICmikmix
JIOKAU3AYUACHIHbIY OONYbl He2i32i poll amKapyvl MyMKiHeKkeHOiel kopcemineen. Maxanada zepmmenemin
MO0enbOl PuzuKanblK mycindipy macenenepioe Kapacmuipbliaobl. 3epmmenenmin dcyienepoe rHcepeinikmi
emec acepiepOiy mybezeiini 601ybl Kypoei YubiMOACMbIPbLIZAH KeHICMIKMIK KYPbLIblMbl Oap 0oMeHOepOiy
6OYbl, COHOAU-AK JHCHLLY MEH MACCA KO30EPIHIY OOLYybl HOMUICECTHOE HEe2I30eYi JHCIHE ATIbIHYbL MYMKIH.
Komnwromepnix modenvoey awcypeizindi scane Java 6azoapiamanay minii KoIOAHy apKblibl HIMUNICELED
ABIHObL.

Tyiiin ce30ep: 50po, uHmMezpandblk ONepamop, pelakcayus meHoeyi, icyzipmeni MONKbIH,
KOMNBIOMEPIIK MOOenbOey, IOKANbCIZ0IK acepiepi
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COMPUTER SIMULATION OF A NONLINEAR WAVE MODEL OF TRANSPORT
PHENOMENA IN MEDIA WITH NON-LOCAL EFFECTS

The main contribution of the presented article is that sufficient assumptions have been established
for the modified Witham equation describing nonlinear wave propagation for transport phenomena in
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physicochemical systems. It is shown that when deriving Witham-type equations, the presence of spatial
nonlocality of the medium can play a fundamental role. The article also discusses the issues of physical
interpretation of the model under study. The principal presence of non-local effects in the studied systems
can be justified and obtained as a result of the presence of domains with a complexly organized spatial
structure, as well as the presence of heat and mass sources. Computer modeling was carried out and the
results were obtained using the Java programming language.

Key words: kernel, integral operator, relaxation equation, running wave, computer simulation,
nonlocal effects.
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MODERN APPROACHES TO INFORMATION SECURITY: ANALYSIS
OF INTRUSION DETECTION, FIREWALLS AND AUDITING IN THE
CONTEXT OF ORGANIZATIONAL DATA PROTECTION

Today s business environment presents organizations with growing information security challenges.
The threats posed by cyber-attacks and the leakage of sensitive information require effective and
innovative approaches to data protection. This paper explores a combination of tools and techniques,
including intrusion detection system (IDS), firewalls, and information security auditing, as key elements
of organizational data protection.

The paper provides a detailed overview of each of these components and discusses their roles in
information security. For an intrusion detection system, its ability to detect and respond to different types
of attacks in real time is investigated. For firewalls, consider how they restrict access to network resources
and regulate traffic. Finally, information security audits act as a means of assessing the effectiveness
of security measures and identifying weaknesses. Statistical data and best practices are presented to
support our recommendations. This article discusses the integration of these systems in a comprehensive
information security strategy and provides tips for maximizing data protection in today's digital world.

This article provides valuable guidance for organizations seeking to maintain top-tier information
security and effectively protect sensitive information from ever-changing cyber threats.

Key words: IDS, firewalls, information security audits, networks, cyber threats.

Introduction. Today’s world of information technology has brought many innovations
and opportunities but is also accompanied by increased threats to information security. Ev-
ery day, organizations face increasing risks of cyberattacks, data breaches and other threats
that can significantly damage their operations and reputation. In such a context, securing
data and infrastructure becomes the number one priority for organizations of all sizes.

Intrusion Detection Systems (IDS) are one of the key components of an information
security strategy. These systems are an integral part of protecting information and network
infrastructure. In this article, we examine the nature and importance of intrusion detection
systems and evaluate the current approaches they use to identify potential threats.

Result and discussion. Intrusion detection systems: Intrusion Detection Systems
(IDS) are a set of technologies and techniques designed to detect suspicious activity and
potential intrusions into computer systems and networks. The primary purpose of IDS is to
monitor network and host-based activity to detect anomalies that could indicate potential
security threats.

* E-mail koppecnoraupytomiero aBropa: ziyatbekova@mail.ru
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Network Intrusion Detection Systems (NIDS) focus on monitoring network traffic and
analyzing data packets transmitted on a network. They can detect attacks, such as introduc-
tions through network vulnerabilities, as well as anomalies in network traffic that indicate
potential security incidents.

Host-based intrusion detection systems (HIDS), on the other hand, are installed on spe-
cific hosts, such as servers and workstations, and monitor their local logs and activity. HIDS
can detect host-specific attacks and anomalies, as well as monitor changes to system files
and settings.

Modern approaches to intrusion detection. Intrusion detection systems are constantly
evolving and improving to counter increasingly complex and sophisticated cyber threats.
One of the most important areas of modern approaches to IDS is the application of machine
learning and artificial intelligence.

Research in machine learning and IDS indicates the potential for these techniques to
detect anomalies more accurately and quickly. Machine learning models can analyze large
amounts of data and identify unusual patterns that might have gone undetected by tradi-
tional detection methods [1].

Modern IDSs also actively use Big Data analysis techniques, which allow efficient pro-
cessing and analysis of massive amounts of information [2]. This is particularly important
in the context of modern networks, were data flows in huge volumes. Processing and ana-
lyzing such data can help identify irregular patterns and anomalies indicative of potential
security incidents.

In addition, modern IDSs are increasingly integrated with other components of infor-
mation security systems, such as firewalls and auditing systems. This allows for a com-
prehensive security system that can not only detect incidents but also respond to them in
real time [3].

Applying advanced intrusion detection approaches can help organizations improve their
ability to respond to cyber threats and protect valuable data. However, it is important to
remember that information security is a continuous and multifaceted process that requires
constant monitoring, analysis and updating of approaches and technologies.

Firewalls: Information security advocates. In today’s digital world, where data and
information play a key role, information security is becoming increasingly important. The
security of data and computer systems comes first, and one of the main tools in this area are
firewalls. In this section of the article, we will look at what firewalls are, what role they play
in information security, and compare different types of firewalls. A firewall is a software
or hardware tool designed to control and monitor the flow of data between computers or
networks. Its purpose is to secure data and computer systems by filtering network traffic and
enforcing access rules.

Roles of firewalls in information security

1. Protection against external threats

Firewalls play an important role in protecting computer systems and networks from
external threats such as hacker attacks, viruses, and malware. They act as a barrier, controlling
and filtering incoming and outgoing network traffic. This prevents unauthorized access and
protects valuable data.

2. Access control and security policies
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Firewalls allow you to customize security rules and policies for your network.
Administrators can determine who has access to network resources and what actions are
allowed or denied. This provides granular control over the network and enhances overall
security.

Figure 1 — Firewall vendors

Figure 1 demonstrates the important role of firewall vendors in providing information
security to organizations. These vendors provide specialized firewalls and network traffic
controls that limit unauthorized users’ access to critical resources and provide a first line of
defense against cyber threats [4]. Their solutions play an important role in creating strong
network barriers and securing an organization’s data.

Comparison of different types of firewalls

There are several types of firewalls, each with its own features and benefits:

1. Network firewalls:

Network firewalls are typically installed at the individual computer or device level.
They control traffic at the level of a particular machine and can be software or hardware
based. Network firewalls are suitable for protection against localized attacks and have a low
entry threshold.

2. Firewalls:

Firewalls sit between different networks and control traffic between them. They are
typically used at higher layers of the network architecture and provide centralized control
of traffic between different parts of the network.

3. Hardware and software firewalls:

Hardware firewalls are physical devices that are installed between networks. They
provide high performance and can handle high traffic volumes. Software firewalls, on
the other hand, operate at the operating system level and can be installed on ordinary
computers [5].
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Figure 2 — NGF market in the USA

The 2-figure figure presents statistical information about the intrusion detection system
(NGF) market in the United States. This graph shows data on the market share held by NGF
and its dynamics in the global information security industry [6].

Information security audit. An information security audit is an important tool
in securing an organization’s data and networks. This process is a systematic and
independent review of the security system to identify vulnerabilities and verify
compliance with the organization’s standards and policies. Important aspects of
information security auditing are threat detection, risk assessment and the development
of remediation measures. Let’s take an in-depth look at how auditing helps in ensuring
data security in an organization:

1. Identifying vulnerabilities and weaknesses

The main purpose of an information security audit is to identify vulnerabilities and
weaknesses in the system. According to the Verizon 2021 Data Breach Investigations Report
(DBIR), more than 85% of data breach incidents were due to vulnerabilities that were known
to the attackers ahead of time [7]. This includes analyzing network device configurations,
checking for necessary patches and updates, assessing the quality of passwords and accesses,
and many other aspects.

Identified vulnerabilities can be immediately remediated, which significantly increases
the overall level of security. Through auditing, organizations can ensure that they are not
leaving unexplored holes in the system that could be a target for attackers.

2. Assessing compliance with policies and standards

Compliance with internal security policies and standards, as well as external regulatory
requirements, is an important aspect of ensuring data security. According to the PwC Global
State of Information Security Survey 2021, information security breaches related to non-
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Figure 3 — Verizon 2021 Data Breach Investigations Report (DBIR)

compliance with standards and policies account for a significant portion of all security
incidents [8].

An information security audit helps ensure that all necessary regulations and standards
are met.

3. Unauthorized access detection

One of the most important aspects of information security auditing is detecting
unauthorized access to data and systems. By monitoring audit logs, analyzing network
traffic, and identifying unusual user activity, auditors can detect security incidents in real
time.

According to IBM’s Cost of a Data Breach Report 2021 study, increased to $4.24 million.
With this approach, organizations can respond to threats quickly and effectively, preventing
potential incidents that could have had serious consequences [9].

4. Improved security system

The results of an information security audit can serve as a basis for improving an organi-
zation’s security system. Based on identified vulnerabilities and auditors’ recommendations,
organizations can develop specific action plans to strengthen data protection and prevent
future incidents.

This process involves not only technical aspects, but also employee training and aware-
ness. Since an organization’s employees may be its greatest vulnerabilities, training them
to follow secure practices and recognize threats is an important step in keeping data secure.
In conclusion, information security audit plays an important role in ensuring data security
in an organization. It helps to identify vulnerabilities, comply with standards, detect unau-
thorized access, and improve security. It is an integral part of a comprehensive strategy to
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Figure 4 — IBM Cost of a Data Breach Report 2021

protect an organization’s data and networks. Adequate auditing helps to reduce risks and
increase the confidence of clients and partners.

5. Employee training and awareness

The audit may also emphasize the need for information security training for em-
ployees. An organization’s employees may be its greatest vulnerabilities and training
them to follow safe practices and recognize threats can significantly reduce the risk of
incidents.

Conclusions. In this article, we looked at the important role of information security au-
diting in ensuring data protection in an organization. Various aspects of information security
are explored, presenting an analysis of intrusion detection systems, firewalls, and auditing
in the context of organizational data protection.

Intrusion detection systems help identify potential threats and attacks, providing a real-
time response to them. Firewalls play an important role in filtering network traffic and
protecting the perimeter by preventing unauthorized access. An information security audit
identifies vulnerabilities, assesses compliance with policies and standards, and helps detect
unauthorized access so that security can be strengthened.

According to recent statistics, data breaches and information security breaches are be-
coming increasingly common and can lead to serious financial and reputational losses. This
emphasizes the importance of using up-to-date security tools, including intrusion detection
systems, firewalls, and information security auditing.

All data security efforts are critical to maintaining the confidentiality, integrity, and
availability of information. In today’s world where threats are constantly evolving, ad-
hering to data security best practices, and conducting regular audits is a necessity for
organizations looking to protect their valuable resources and ensure long-term sustain-
ability.
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'Kazaxcman Pecnybnuxacet Folnvim dcane arco2apsl Oinim munucmpiiei Aknapammolx
Jicone ecenmeyiul mexHono2usALap uncmumymol, Armamol, Kazaxcman,
Yan-@apabu amvinoasel Kazax yimmuix ynusepcumemi, Aimamol, Kazaxcman,
‘«Typany ynueepcumemi, Anmamoi, Kazaxcman

AKIAPATTBIK KAYIIICI3AIKTI KAMTAMACDI3 ETVIIH 3AMAHAYU
TOCLIJEPI: YIBIM/BIK JEPEKTEPII KOPFAY KOHTEKCIHJETT
UHTPY3USIHbI AHBIKTAY, BPAHIMAYJP KOHE AYIUT KYUECIH TAJIIAY

Kasipei 3amanzel ickepiix opma yublmoapobly aioblHa aKnapammaolk Kayincizoik caiacblHod 6cin Keie
Hcamyamn covlH-mezeypinoepoi Kotivin omoip. Kubepuiadyvinoap men Kynus aknapammoly agvln Kemyine
batlnanvicmel Kayinmep oepekmepoi KOpayObly MUiMOi HeaHe UHHOBAYUSILIK MACIIOePiH Kadicem emeoi.
Byn maxanaoa yiivimowix depekmepoi Kopeayovly Heeizei diemeHmmepi peminoe UuHmpy3usHvl AHbIKIMAY
acytiecin (IDS), 6panomayspnepoi sicane aknapammolk Kayincizoik ayOumin Koca aneanod, Kypanoap mex
20icmepOiH HCUBIHMbBIZbL 3epmmeneoi.

JKymvicma ocvl komnonenmmepoiy apKalCbiCoiHa e2oiceli me2dicelini WOy AHCacanaobl Jicone 01apobly
aknapam Kayincizoiein kKammamacwiz emyoezi ponoepi Kapacmulpliadsl. HHmpy3usHsl AHbIKMAy Hcyiect
Vit OHbIY Wadybii0apobly pMypi mypiepin aublKmay Jicone o1apaa HaKmbul YaKblm pejcuminoe jHcay-
an bepy xabinemi sepmmendi. bpanomayspaep sceninik pecypcmapaa Ko scemkizyoi Kaiau uwekmeuminin
Jicone mpaghukmi Kanau pemmeiuminin Kapacmoipaowsl. Convimen, Axnapammulk Kayincizoik ayoumi
Kayincizoik wapanapelibly muimMOiniein 6azanay s#ane aacis Heepiepoi aHbiKmay Kypaivl peminoe apexem
emedi. bi30iH ycoiHblcmapbimbl30bl KOIOAUMbIH CIAMUCTIUKALILIK MATIMEmmep MeH y30ik macipubenep
yevinviazan. Maxanada ocul Jcytienepoiy unmezpayusianean aknapammuol Kayincizoik cmpameeusicolia
UHMe2PAYUACHL MATKBLIAHAObL JCIHE KA3Ipel YUGpivlk anemoe depekmepoi Kopaayovl 6apblHuia apmnivl-
Py botiviHwa kewecmep bepineen.
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byn maxana aknapammuix Kayincizoikmi dco2apvl deneeiioe ycmayea JicoHe KYnusi aknapammol
yHemi e32epin omulpameil KubepkayinmepoeH muimoi Kopeayaa YMMuLIAmMblH YUbIMOAp YUiH KYHObl
HYCKQYIblK YCbIHAOLL.

Tyitin ce30ep: IDS, bpanomayspiep, aknapammuli Kayincisoik ayoumi, dceninep, Kubepkayin.
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' Auemumym ungopmayuonnuvix u eviuucaumensuvix mexronozuti KH MHBO PK,
Anmamel, Kasaxcman;
’Kaszaxckuil HayuoHaniwuwlll yHusepcumem umenu anv-Papabu, Aimamol, Kazaxcman;
SVnusepcumem « Typany, Anmamer, Kazaxcman

COBPEMEHHBIE ITOAXOAbI K OGECIIEYEHUIO TH®OPMAIIMOHHOM
BE3OINACHOCTH: AHAJIN3 CUCTEMbBI OGHAPY KEHUSA BTOPKEHU,
BPAHJIMAY3POB U AYIUTA B KOHTEKCTE OPTAHU3AIIMOHHOM
SAIUTHBI JAHHBIX

Cospemennoe 0enosoe oKpydcenue Cmasum neped Opeanu3ayusamu pacmyuue 8bl308bl 8 001acmu
ungopmayuonHol besonacnocmu. Yeposvl, céazaumvie ¢ KUbepamaxami u ymeykou KOHOUOeHYUarbHou
ungopmayuu, mpedyiom 3phexmusHbix U UHHOBAYUOHHBIX NOOX0008 K 3auume OaHHbIX. B dannou cma-
mbe ucciedyemcs Co80KyNnHOCHb CpeoCcme U Memooos, GKII0UAs CUCmeMy OOHAPYICEHUS GIMOPICEHUL
(IDS), bpanomayspel u ayoum uHGOpMaAyUOHHOU 6E30NACHOCTIU KAK KIIOYEBble dNEeMEHNMbl OP2AHUZAYU-
OHHOU 3aUumvl OGHHBIX.

B pabome npedcmasien noopodubiil 0030p KaicO020 U3 IMUX KOMIOHEHMOS U PACCMOMPEHbL UX
ponu 6 obecneuenuu dezonacnocmu ungopmayuu. s cucmemsvlt 0OHAPYIHCEHUS BMOPIHCEHULL UCCTIE006A-
Ha €€ cnocooHOCMb 0OHAPYIHCUBATL PAZTUYHBLE MUNbL AMAK U PeAsUpo8antb Ha HUX @ PEalbHOM 6PEeMEHU.
Hns bpanomayspos paccmompensl, KAk OHU 02PaHUMUBaIom 00CHyn K CemesbiyM pecypcam u pecyiupyiom
mpacgux. U, nakoney, ayoum ungopmayuonHoi 6€30nacHoCmu blCmynaent @ Kayecmee cpeocmed OyeH-
Ku 9phexmusnocmu mep 6e30nacHocmu u evisAgaeHus cradbvix mecm. Ilpedcmagnenvt cmamucmuiecKue
OaHHble U Tyuuiue NPaKmuki, NOOKpensowue Hauu pekomenoayuu. B cmamve obcyscoaemes unmezpa-
Yust DMUX CUCMeM 8 KOMNJIEKCHOU cipamezuit UHGOpMayuoHHO 6e30nacHoCcmu U NPUGede bl CO8embl No
MAKCUMUZAYUU 3AUWUMbL OAHHBIX 8 COBPEMEHHOM YUDPOBOM MUpe.

Haunas cmamos npedcmasnsem yennoe pykogooCHeo Olisl OPSAHU3AYUL, CMPEeMAWUXCs K nodoep-
JHCAHUIO UHPOPMAYUOHHOT DE30NACHOCIIU HA BbICULEM YPOBHE U IDPeKmueHoll 3awume KOHGUOeHYUaTb-
HOU UHGoOpMayuy 0m NOCMOAHHO MEHAIOWUXCA KUDepy2po3.

Kntouesvie cnosa: IDS, 6panomayspui, ayoum ungopmayuonnoil 6e3onachocmu, cemu, Kubepyeposa.
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CYAPY 'KYHUEJEPIHJETT CYAbI HANIAJTAHYABI JKOCHAPIAY )KOHE
'KEJIEJI BACKAPY AJITOPUTMIH KYPY

Maxkanaoa cyapy oacyiienepinoe cyovbl naudanianyobl dHcaHe dcedel OACKapy YuliH UMUMAYUSIIbIK-
OYMAUNAHObIPY MAMEMAMUKAAbIK, MOOENiH 23ipaey Jkconoapul Kapacmulpbiigan. Kazipei manoa ayuln
WapyamslivleblHoa 0aHOI —0aKbIIOApObL OCIPYy MAKCAMbIHOA dHeepdi muimdi cyapy bacmuvl macene 6o-
At maobwvinaovl. On ywin dcepdi cyapy dcyiecin mayoan any eme manvizowl. [1] Convimen xamap,
cyapy ocyiieciniy muimoi api vlcblpancelz 60ayel Oipinwi Kezekmeei MiHOem 00bin madwvLiaobl.
Conovikman, Hezizei 6a2vim peminoe ¢y pecypcmapbii OYpublc NAOANany, Cyapmansl sxcepoily canacol MeH
MAMeMamuKaivlk MOOeIbOey HCoNOAPbIH NAUOAIAHBIN, MEXHOLOSUSIBIK KYObLIbICMAap MeH npoyecmepoi
backapambvii KOMRbIOMeEPIIK MeXHOI02UANAPObL iCKe aCbIpambvlH 6a20apiamanap JHcocnapian, 0aublHoay
Kapacmuipwiiovl. Homuowcecinoe cyapy srcyiienepinoe cy nanoaianyovl HoCnapiay iame sxcedel 6ackapy
ywin DELPHI mininoe umumayuanvlK-oymaiianoblpy MameMamuKanslk MoOenin asipney ycoiuliovl. On
Yuiin Hoican peminde Tacemren macucmpanvbowik kananwl (TMK) manoanowi. [2]bagoapramarsviy scymvic
iCmeyiniK JHCaanbl an20pummi KYpollbli, MAMeMamuKaiblk ecenmeyiep MeH uapyaulbliblKIWILIK cyapy
arcenici apnanapvinoiy IIOK manoepi ecenmenin, kecmeze ap mypii 0axvlioapobly yiec camnbl nauvizoen
ecenmenin, 3epmmendi. blnean 3apsomavimoin cyapyoul ecenke aia omulpbin, Cyapy HOpMAcull Kecmeoezi
Manimemmepoi natloanansvin, ap atudvly OIPiHULE OHKYHOIZIHOE2] Yllec Canbl MeH CY HCUHAY MOTIULEPIH ecen-
mey apnaiivl YopmMyna apKblivl ecenmenoi.

Tyiiin co30ep: cy oucyiienepi, cyapy HOpMacsl, 0epekmepoi eneizy, blaai0anean cyapy.

Kipicne.byriari Tapma aybpll IIapyallbUIBIFBl JTAaKbUIIAPBIH KOJIAHBICTAFBl Cyapy
JKyHenepiMeH cyapy 63eKTi Macese OOJIbII TaObLIa bl BYJT CY/IBIH KOIT )KOFaTybIH, TAOUFU CY
KO3/IepiHiH JIaCTaHYbIH, Cy/IbI Al lalaHy JKoHE Cy 061y IpOIeCTEePiH canalibl OacKapyablH
JKOKTBIFBIH, OJapAbsl MaigalaHy THIMIUIITI TOMEH OOJFaH Ke3[e JHEPTreTHUKAJBIK JKOHE
MaTepHaIIbIK-TEXHUKAIBIK PECYPCTapAbIH IIBIFBIHIAPBIH KATKbI3yFa OOJIATBIH OCHI IPO-
LIECKe 1JIecin ®KypeTiH Oipkarap cedenTepMeH 0alIaHbICThl OOJIBINT TA0bLIA b,

Cyapy xyHenepiHiH THIMJIUIITIH apTThIPyFa KOHE 9JICTTC TEXHOJIOTHSIIBIK BICHIpAIl-
Tapael a3aiiTyra OaFeITTAJIFAH ic-THapayiap KEIICHIH 93ipJiey OCHI MOCEIJICHI IIETTyaeri
OipiHm Ke3ekreri MiHAETTepAiH Oipi peTiHae Kapactoipputanbl. Cy pecypcTapbiH
OHTAIIBI Mainananyapl, KaObUIAaHATEIH OacKapy MISHIIMAEpiHIH KOFaphl carmachl MEH
JKENIENIITH, CyapMaibl JKepJIepAiH >KaKChl MEIHOPALMSIIBIK JKal-KyHiH KaMTaMachl3
€TeTiH €CeNTey TEeXHUKACHIH MaMBITYyIbIH Ka3ipri JeHIeiiH, MaTeMaTHKAJIBIK MOICIIBICY
QJIiCTEPiH, TEXHOIOTHSUIIBIK MTPOLecTepAl 0acKapyablH KOMIIBIOTEPIIIK TEXHOJIOTHSTIaphIH
€cKepe OTBIPHII, Cyapy JKYHelepiHae Cy maijaiaHy MpolecTepiH )Koclapiiay MeH icKe
aCBIPY/IBIH JKaHa dJ[iCHaMaJapblH FEUIBIMU HET13/IeY KOHE 931pJiey MaHbI3/1bl OarbIT OOJIBII
TaObLIA .

* E-mail xoppecnonnupytomero apropa: zhakash58@mai.ru
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Cyapy xylienepinjie cy naiiananybl )Kocnapiay xoHe xezen oackapy yurin DELPHI
TUTIHIC IMUTAISUTBIK-OHTAMTAHIBIPY MaTeMaTHKAJIBIK MOJICITIH 931pJIey YCHIHBLUIATBI.

3epTTeieTiH MWIOTTHIK HBICaH peTiHne TaceTken maructpanbaplk kKaHaiasl (TMK)
tagaanapl. TMK skyMbIC pexXUMIHIH €peKILIeNiri TipeK ydyacKelepiHiH 00Iybl OOIBIT Ta0bI-
JIaJ1bl, COHBIH CaJlJapbIHAH KaHAJ yYacKeJePiHiH TOJBIN KETyli MEH oCyl MYMKIiH eMec.

BarmgapinaMaHblH KYMBIC iCTEYiHIH KaJlbl anropuTMi l-cyperte OCiHEIeHreH, OHbI
KaJIBIITACTBIPY/IBIH OIpiHINI Ke3€HI MarrcTpasibJblK KaHAJ aTayblH TaHJAy, ©CIMIIKTEpI
TaHJay JKOHE Cy MaijanaHyasl >Kocrapiay NpOLECiHAe NaijadaHbUIaThlH IHAPTThI-
TYpPaKThl aKmapaTKa XaTKbI3yFa OONaThIH OacTamkpl JIEpeKTeplli eHri3y OOJbIl TaObl-
naznpl:  apyallbUIBIKILIIIK cyapy kesici apHamapbiablH [IOK Monzaepi, Tombipak-
THIPOTeONIOT HSUIBIK JKaFqaiiap skoHe Oackaiap.

CoHpIHJa BUIFAJl KyaTTAlThIH Cyapyabl €CKEpe OTBIPBII, Cyapy HOPMAachIH (OpyTTO) K-
riere 0eJIeTiH OOIaMBI3.

blnran 3apsaTaliThIH Cyapyabl €CEIIKE ajla OTBIPHII, Cyapy HOpMachiH (OPYTTO) OHKYHIIK
OOMBIHIIA 06ITY/Il KAJBINTACTHIPY AITOPUTMI.

Cypem 1



Kpaxmanesa IO. P. scone m.0. Cyapy scyiienepinoezi cyobl naudanianyobl HCoCnapiay ... 57

«AyBUI HIAPYalIBUIBIFbI JAKBULIAPBIHBIH Cyapy HOpMalapblH TAOUFH aliMaKTap OOMbIH-
1112 JKBUI 11IiHETI 06JTy» JIel aTaJlaThlH 0a3a/iaH KoFaphlia KeATIPIIreH aIrOpUTMIe COKeC
1-xecTe TonThIpBUTALL. [3] ¥ ChIHBICTapFa COMKEC aybll IIaPYyallbUIBIFbI JAKbUITAPBIHBIH CY-
apy HOpMaJapblH MayChIMIIIIK 061y% -0eH ecenTel/i.

1-kecme — Cyapy HOpMaJlapbIH MayChIMIIILTIK 6oy
YCHIHBIMIAPFa COMKeC aybll MIapyallbUIBIFbl JaKbUIIAPHI Yo -OCH

KaTICY Cayip Mawmsip Mayceim Hlinge | Tamez | Kpipkyiiek Kazan
MOJICHUET :

Yreer b2 131 (231|231 |2[3|13]2]3|1]2[3[1(2]3
Cos 0,3 416781011 (12|11 (10{8] 6 | 4 |3
Kanr 0,15 314(4(6[7 (910 8 [10(9]| 7 |6 |6[4|3]|2]|2
KBI3bITIIACH
Ken 0,1 3144|666 |67 |8|T7T|7|7]6|6[5(5[4]3
HKBUIIBIK
mentep
Jouni 0,25 315(6(7[6 (516719919 ]9]|7(6|4]2
Kyrepi
KekeHnicrep 0,2 2013 (3(4(5|5|17191919]9 (8|7 (716|322

Keneci kamam «BeretanmsuiblK Ke3eHJE SpTYPl KaMTaMachl3 €TUITeH KbULAAp MEH
OPTYPITi TONBIPAK-THPOT€OI0T MSUTBIK alfMaKTap YIIiH ay bUT APyl bUTBIFbI JaKbIIIapBIHBIH
HETTO-Cyapy HOpMaJIapbIHBIH MOH/IEPI» JIeT aranaTbiH 0a3anaH 3-0araHHbIH MoHI - «CynaH-
JIBIPY HOPMACHI (HETTO)» -2-KecTe/le Maiqananbuiaabl.[4].

2-xecme — Cyapy eNiCiHJIer allaH/IaFbl Cy/IbIH CO3Ci3
BICBIPA0BIH €CKEePE OTBIPHII, KeJeci KeCTeHI Kypambi3.

Cva blnran blnran
Manerer Karsicy | Cyapy HOp- Ho yMng 3apsaray 3apsaray JKubIHTBIK
yieci | Macel (HETTO) (6p 170) HOPMACHI HOPMAacCHI Cy TYTBIHY
py (HeTTO) (6pytTO)
Cost 0,3 6550,0 7510,7 0 0,0 7510,7
KaHT KbI3bLIIIack 0,15 9650,0 11065,3 1100 1261,3 12326,7
Kemn xbnasik 0,1 10450,0 11982,7 1100 1261,3 132440
IernrTep
Jonre xyrepi 0,25 7200,0 8256,0 1100 1261,3 9517,3
Kexenictep 0,2 8800,0 10090,7 1100 1261,3 11352,0
Ericrikreri 8017,5 9193,4 770,0 882,9 10076,3
HOpMa,, M°

4-6araHHbIH MoHIH — «Cynanaslpy HOpMachl (OpyTTO)» MbIHA (opMysia OOMBIHINA asa-
MBI3:

M -K
M _ Cy..Hemmo IHCK

cy.6pymmo ~ K
cK
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MyHIaFbl M, 5, - CYITAH/BIDY HOPMAChI (nerTo); xepai makinanany K -’Kepai naina-
naHy kodbduuunenti; K, — cynsl naiianany ko3GQpuineHTi;

S —mmi 6arannarsl MoHZAEp — «bliFan 3apsnray HopMachkl (HETTO)» /eIl aTaiaThlH Oa3a-
naH anbiHapl. « Taburu alimakTap OOMBIHINA BereTalys apaiblK cyapy OpyTTO CYIaHIbIPY
HOpMaJIapbIHBIH MOHI». «bliFannanyneiH HopMmace! (OpyTTO)» eTeH 6-0araHHBIH MOHACPIH
ecenTey MbIHa QopMysia OOMBIHIIIA eCenTeNe/Ii:

Mbwﬁpymmo : 45 k ' M

+
100 100

bL1.O6pYyMmo

MyHaarel K —1-kectemeri | ysimbIKTarsl MOH OOJBIT TAOBUTABL. [5]
Coyip aibIHBIH €KIiHIIl OHKYHJIK OOHbIHIIA ecenTey Keieci (QopMyna apKbUIbl
CCeNTeNiHel:

Mbm.ﬁpymmo : 15 k : M

+
100 100

cy.bpymmo

MyHaars! K — 1-kectemeri | ySMIBIKTAFBI MOH OOJBIN TaOBLIA/IBI.
Coyip allHBIH COHFBI OHKYHJIITIHEH KBIPKYHEK aliblHa JICHIHT1 ecenTey Keneci Gpopmyrna
ApKBLUIBI €CEITEIIHEII:
k : M cy.6pymmo
100

Tex Ka3aH aifbIHBIH OipiHII OHKYHIITI Keneci popMyra apKbUTbl €CenTeNHeI:

Mbm.6pymmo : 40 k -M

+
100 100

cy.6pymmo

3-kecme — OpicTeri OHKYHAIK HOpMa (MBICANBI, OipiHII OaFaH) KbI3BLT KOHE JKaChLT
TYCTepAi KOOCHTY apKbUIbI KOPBITHIHABI COMaJia aJIbIHAIbI.

3-kecTeHiH OacTanysl

Monenuer Karbicy Coyip Mawmpip
yect 1 2 3 1 2 3

Cost 0,3 0,0 0,0 300,4 450,6 525,7 600,9
KaHT KbI3bLIIIIACH 0,15 567,6 189,2 332,0 442.6 442.6 663,9
Ker KbIIAbIK 1IenTep 0,1 567,6 548,7 479,3 4793 719,0 719,0
Jonre xyrepi 0,25 567,6 189,2 247,7 412,8 4954 577,9
KexeHnicrep 0,2 769.,4 491,9 302,7 403,6 504,5 504,5
Ericrikreri HopMma, M*/ra 437,7 228,9 310,3 4334 520,8 597,1
Ericrikreri aiibIK HOpM, M>/ra 976,9 1551,3
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3-KEeCTEHIH asKTaIybl

Maycbim TambI3 Kpipkyitex Kazan
1 2 3 1 2 3 1 2 3 1 2 3
751,1 826,2 | 901,3 | 450,6 | 300,4 | 225,3 0,0

774,6 | 9959 | 1106,5 | 774,6 | 663,9 | 663,9 | 442,6 | 332,0 | 221,3 | 725,8
719,0 | 719,0 | 838,8 | 838,8 | 719,0 | 719,0 | 599,1 | 599,1 | 479.3 | 864,0
4954 | 412,8 | 4954 | 743,0 | 743,0 | 577,9 | 4954 | 3302 | 165,1 | 504,5
706,3 | 908,2 | 908,2 | 7063 | 706,3 | 605,4 | 302,7 | 201,8 | 201,8 | 504,5
678,5 | 754,0 | 825,7 | 662,3 | 588,6 | 504,6 | 310,7 | 232,6 | 162,8 | 422,3

22582 706,1 4223

Cy *uHay MeJIIEpiH ecenTey MblHaIai opmyna OOWBIHIIA JKYpri3ineni:

OHKYHOIK HOpMA

n., = 0,65KII/] cynanovipy dncytieci

Cyapy keniCiHiH THIPOMOAYIIbIABIH rucTorpaMmmackit any yira « DELPHI» xyiiecine
Oarmapnamanay Ty3iaai. OHBIH KelOip HOTHKENIepl TOMEHIET1 CypeTTe KOpCeTIreH:

Cypem 2

Enpai xom xaspurran OerimMzaepre as3man TOKTAJIAWBIK. MBICabl, KOATHIH Keeci y3iri
Tepeseneri popmarapasl OacTamKhl IEPEKTEPMEH TONTHIPYFa MYMKIHIIIK Oeperti.
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DELPHI CODE

stringgrid1.Cells[0,0]:='ApHaHbIH aTaybl ’KoHE OHBIH TapMaKTapsl'
stringgrid1.Cells[0,1]:=' Benriney HOMEHKIIATypachI';
stringgrid1.Cells[0,2]:='Tlatimananyra OepinreH >KbUTH ;
stringgrid1.Cells[0,3]:='Cy ke3nepi';
stringgrid1.Cells[0,4]:='OTki3y kabineri, m3/c';
stringgrid1.Cells[0,5]:= 'BapybIFbl Y3bIHABIFB, KM';
stringgrid1.Cells[0,6]:="Kep, km";
stringgrid1.Cells[0,7]:= 'Kanranran, km';
stringgrid1.Cells[0,8]:=' To3y maiib3sr %';
zcolorstringgrid2.Cells[1,2]:="TBX-1";
zcolorstringgrid2.Cells[ 1,4]:="TbX-2";
zcolorstringgrid2.Cells[ 1,6]:="TBX-3'";
zcolorstringgrid2.Cells[ 1,8]:='Tpy0a -1';
zcolorstringgrid2.Cells[1,10]:="Tpy0a -2';
zcolorstringgrid2.Cells[1,12]:='blaTansr’;
zcolorstringgrid2.Cells[1,14]:="THX-1a";
zcolorstringgrid2.Cells[ 1,16]:="Tpy06a-2";
zcolorstringgrid2.Cells[ 1,18]:='"Toran6ait’;
zcolorstringgrid2.Cells[1,20]:='THX-16";

Temenze aybul mapyallblUIbIFbl JaKbUIAPBIHBIH aiIapbl OOMBIHILIA Cyabl 0Oy KOIBI

KeNTipireH

DELPHICODE

zcolorstringgrid1.Cells[6,3]:=floattostr(m*7/100);
zcolorstringgrid1.Cells[7,3]:=floattostr(m*16/100);
zcolorstringgrid1.Cells[8,3]:=floattostr(m*20/100);
zcolorstringgrid1.Cells[9,3]:=floattostr(m*24/100);
zcolorstringgrid1.Cells[ 10,3]:=floattostr(m*19/100);
zcolorstringgrid1.Cells[11,3]:=floattostr(m*12/100);
zcolorstringgrid1.Cells[ 12,3 ]:=floattostr(m*2/100);

AT Kemeci Kog MHTePHET CAaThIMEH OailIaHbICKa XKayar Oepeti
DELPHICODE

WebBrowser2.Navigate('https://sites.google.com/d/InxFO13qQMeHK1VMO8Mpcv

- 0i0cDYB-8w/p/1tkzm2iWi5So8PTLUbgX28MPLuzWo kx5/edit);

Kecreni kypyra MyMKiHJIIK O€peTiH KOJ.
DELPHICODE

tl:=timer]l.Interval;

v:=tl *strtofloat(edit7. Text)*sqrt(2*9.8)/2;
series2. AddXY(tl,v);

end; }
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[TaiibI3ABIK KBICKAPTYAbl OPBIHAANTHIH KO
DELPHI CODE
if RadioGroup1.ItemIndex=1 then
begin
for j:==8 to 21 do
forI:=2to 57 do
begin
try ;
: zcolorstringgrid2.Cells[j,i]:=floattostr(strtofloat(zcolorstringgrid2.Cells[j,i])-
strtofloat(zcolorstringgrid2.Cells[j,i])*Strtofloat(edit3. Text)/100);
except //on E: Exception do
zcolorstringgrid2.Cells[j,i]:=";
end;
end;

KopbiThinabl. JKypriziireH axmapaTThIK-TajJaMalblK Tajjay HOTHKeJIepl OOWbIH-
ma TaceTken MarucTpanbIblK KaHadbiHBIH 1975 xbuiman 2022 xpuira JCHIHTT Ke3CeHIET]
Cyapy jKyHhenepi KbI3METiHiH HEri3ri KepceTkilTepi OOMBbIHIIA aKHapaTThIK Jepekrep Oa-
3achl KYpPBUIIbl, OHBIH HETi3iHJIE Cyapy >KYHelepiHiH TeXHUKAIBIK ACHreliHe KeleHai Oara
oepini. JKylenik Tannay, MaTeMaTHKAIbIK KOHE MMUTALIUSIIBIK MOJICIIB/ICY S/IICIH MaijaiaHa
OTBIPBII )KSHE aybUT HIAPYalIbUIBIFbl JAKBULAAPBIH Cyapy/bl sKkefien 0acKapyablH YChIHbIIFaH
JKaHa MOJIETIbJICPiH JKOHE €Ki JEeHreisli eHIMII ecKkepe OTBIPHIN, Cyapy >KYHWeciH Kypaeni
aKnaparThlK TaOMFH-TEXHUKAIBIK Oackapy OOBEKTICI peTiHae Kapay HeTi3iHIe CyIaHAbIpY
JKYHENEpiH/Ie Cy NaiallaHy/IbIH TEXHOJOT HSIIBIK IIPOIIeCTEPiH OaCKapy/IbIH 0a3asIbIK KEIIeH 11
(YHKIMOHAIABIK KYPBUIBIMBI QJIFaIll PET TEOPHSIIBIK HETi3/ICNTeH KOHE 31pIICHTeH.
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10. P. KPAXMAJIEBA, A. T. Z/KAKAL, 11l. K. ETEMBEP/]I

Tapa3zckuti pecuonanvwuili yHugepcumem umenu M.X. [{ynamu,
2. Tapas, Kazaxcman

CO3JAHHE AJITOPUTMA IIVTAHNPOBAHUA UCITOJIB3OBAHUSA
W YIIPABJIEHUS BOJOM B OPOCUTEJBHBIX CHCTEMAX

B cmamve npedycmompensvt nymu paspadomku UMUmayuoHHo-OnmMuMU3ayuoHHolU mMamemamue-
CKOll MoOenu 0151 ONepamuHO20 YNPAGIeHUs U UCNOTb308AHUs 600bl 8 OPOCUMENbHBIX cucmemax. B na-
cmosiuyee 8pems OCHOBHbIM BONPOCOM 8 CeNbCKOM XO03AlCmEe AGNACMcs dPhexmusHoe opouienue 3emeib
€ Yenvlo BLIPAuUBANUs 3ePHOBLIX KYAbmyp. [l 3moco oueHb 8adiCHO 8blOpamv cucmemy opouwenus. B
mo J#ce 8pems nepeoouepeOHoll 3a0auell A6isaemcs IhGexmuenasn u 6e3ynpeyHas cucmema OpoUleHUs.
Tloomomy 6 kauecmee OCHOGHO20 HANPAGIEHUA PACCMAMPUBANOCH NAAHUPOSAHUE U PA3PAOOMKA NPo-
2PAMM, Peanu3ylouux KOMnvlomepHvle mexHoI02UUu YnpasieHus mexHoI02U4eckKUMU A6IeHUSMU U NPo-
yeccamu, UCNONL3YS NPAGUTLHOE UCNONbL308ANUE BOOHBIX PECYPCO8, KAYeCME0 OPOUACMbIX 3eMelb U Nymu
MAmMeMamu4ecko20 MoOeIupOBatusl.

B pezynemame 6v110 npeonodceno pazpabomams uUMUmMAayUOHHO-ONMUMUZAYUOHHYIO MATEMAmu-
yeckyto modens Ha azvike DELPHI ons naanuposanusi u onepamusHo20 YIPAasieHus 6000N0Ib308AHU-
em 6 opocumenvHulx cucmemax. O6vexmom 015 3Mo2o OvL1 GblOpan mazucmpanvhviil kanan Tacomkeny
(TMK). Bvin co30an obwuii ancopumm yHKYUOHUPOBAHUS NPOSPAMMbL, PACCHUNAHBL MAMeMamuiecKue
svruucaenus u snavenus IAK kananoe 6Hympuxo3aicmeeHublx opocumenbHulx cemell, @ maonuye yumeHo
U UCCTIe008aN0 YOelbHOe KOTUYECMBO paIUUHbIX KYIbmyp 6 npoyenmax. Pacuem yoenvnozo konuuecmea
U pasmepa 60003a60pa 8 nepeoll 0eKade KanicO020 Mecsayd ¢ UCHONb308AHUEeM OAHHbIX MAOIUYbl HOPMbL
OpoulenUs ¢ y4emom 61a203apsoH020 OpOUIEeHUs PACCUUMbIBATICS NO CReYUANbHOU hopmyiie.

Kniouegvie cnosa: 600nvie cucmemvi, HOpMbl OPOULEHUS, 6600 OAHHDIX, VELANCHEHUE.

YU. R. KRAKHMALEVA, A. T. ZHAKASH, SH. K. YEGEMBERDI
Taraz Regional University named after M.H. Dulati, Taraz, Kazakhstan

CREATION OF WATER USE AND CONTROL PLANNING ALGORITHM
IN IRRIGATION SYSTEMS

The article provides ways to develop an imitation-optimization mathematical model for operational
control and use of water in irrigation systems. Currently, the main issue in agriculture is effective irrigation
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of land for the purpose of growing grain crops. For this, it is very important to choose an irrigation
system. At the same time, an efficient and flawless irrigation system is a top priority. Therefore, the
planning and development of programs implementing computer technologies for managing technological
phenomena and processes, using the correct use of water resources, the quality of irrigated land and ways
of mathematical modeling, was considered as the main direction.

As a result, it was proposed to develop a simulation-optimization mathematical model in the DELPHI
language for planning and operational management of water use in irrigation systems. The Tasotkel Trunk
Channel (TMK) was chosen as the object for this. A general algorithm for the operation of the program
was created, mathematical calculations and PAK values of channels of internal irrigation networks were
calculated, the specific number of different crops in percent was taken into account and studied in the
table. The calculation of the specific quantity and size of the water intake in the first decade of each month
using the data from the irrigation rate table, taking into account water-charge irrigation, was calculated
using aspecial formula.Keywords: water systems, irrigation standards, data entry, humidification.

Key words: water systems, irrigation standards, data entry, humidification.
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THE USE OF THE STEERING BEHAVIOURS METHOD IN ROBOT
MOTION CONTROL

Potential applications for autonomous navigation of mobile robots include automatic driving, guiding the
blind and disabled, exploring dangerous regions, transporting objects in factories or offices, collecting geographic
information in unknown territories, such as unmanned exploration of a new planetary surface, etc.

Navigation strategies of mobile robots can be broadly divided into two categories: global trajectory
planning and reactive navigation. In the first approach, a collision-free trajectory is designed to guide
the robot to a given target through a known environment. But, the real world environment is subject to
change over time. Thus, it is expected that an autonomous robot may encounter uncertain environmental
situations, and reactive navigation capabilities are required. Especially during the initial exploration
of an unknown environment to create a preliminary map of the environment, which can later be used to
optimize the path. An autonomous robot must react to the surrounding situation in its immediate vicinity
in such a way as to achieve the goal without colliding with obstacles.

This article discusses the application of the Steering Behaviours method in simulating natural robot
movement. In modern computer graphics and animation, the concept of Steering Behaviours refers to a
set of algorithms and methods used to create controlled behaviour for virtual objects. These algorithms
allow for modelling various types of behaviour, such as flocking, obstacle avoidance, object following,
and more. These behaviours allow virtual objects to exhibit intelligent and realistic movement in virtual
environments.

In an attempt to simulate the process of avoiding obstacles when moving, a combination of basic
reflex actions and higher-level logical decisions is implemented. It is shown that for reflexive navigation
of autonomous mobile robots, the ability to reflexively avoid obstacles on only one side (left or right)
is sufficient to avoid obstacles on both sides. The use of such a behavior model provides the basis for a
compact representation of reflex behavior.

The goal is to first explore all the individual behaviors, moving from the truly simple to the more
complex, and eventually combine and apply them to control robot motion.

Key words: robot motion, robot contol, steering behaviours method, intelligent control

Introduction. The main idea behind Steering Behaviours is to create controllable objects
that can react to their environment as well as user actions. This is achieved by applying a
set of algorithms based on principles of physics and mathematics that allow for modelling
various types of behaviour.

One of the earliest and most well-known approaches to Steering Behaviours was
proposed by Craig Reynolds in his paper “Steering Behaviours for Autonomous Characters”
[1] in 1999. In this work, Reynolds introduced a set of simple algorithms that can be used
to create controllable behaviours, such as following, flocking, evading, and more. Reynolds
also suggested modelling the behaviour of virtual objects based on the principles observed
in animal behaviour, such as birds and fish.

* E-mail xoppecionaupytomero apropa: adiljan@mail.ru
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Indeed, Steering Behaviours have found wide application in various fields, including
computer games, virtual reality, robotics, and animation. They have also become an
important component in research on animal and bird behaviour.

Methods. Within steering behaviours, several main types of control behaviors are
distinguished, each corresponding to a specific task:

Seek behaviour: the agent moves towards a target located at a certain distance from it.

The Flee behaviour involves an agent moving away from a threat that is at a certain
distance from it.

The formula for calculating the direction of movement is the same for the Flee behaviour
as it is for the Seek behaviour, but with the inverse sign for the steering vector:

— the Collision Avoidance behaviour involves an agent avoiding collisions with other
objects that are in its path.

— the Wander behaviour involves an agent moving in a random direction within a
specified area. The formula for calculating the steering in this case also depends on the
specific implementation.

— the Pursuit behaviour involves an agent moving towards a target that is also moving
at a known speed.

In addition, within the framework of steering behaviours, additional rules are also used,
such as speed and acceleration limits, direction control, and so on. These rules allow for
obtaining more realistic and smooth movement of agents.

Since then, numerous other approaches to Steering Behaviours have been developed,
including more complex algorithms based on artificial neural networks and genetic
algorithms. Some of these approaches are presented in the works of K.V. Reddy’s “Steering
Behaviours for Autonomous Navigation” [2] and L.K. Erman’s “Autonomous Steering
Behaviours for Interactive Virtual Creatures™ [3].

For instance, in one study published in the journal “Nature” [4], researchers utilized
steering behaviours to study the behaviour of bird flocks. The study demonstrated that the
behaviour of bird flocks can be explained by just a few simple rules, such as alignment and
separation. By employing these rules in modelling using steering behaviours, the researchers
were able to successfully replicate the behaviour of bird flocks in a realistic simulation.

In another study [5], published in the journal “Animal Behaviour,” researchers utilized
steering behaviours to study the migratory behaviour of sea turtles. By using various aspects
of steering behaviours, such as target following and obstacle avoidance, the researchers
created models of the migratory behaviour of sea turtles, which were successfully tested in
the real world.

Indeed, Steering Behaviours are also used in studies of fish behaviour. In one study [6],
published in the “Journal of Fish Biology,” researchers employed steering behaviours to
investigate the behaviour of fish in complex environments such as reefs and seagrass beds.
By using these models, researchers can examine how changes in the environment impact
fish behaviour and how they can adapt to new conditions.

Results. Pursuit Rule-based Imitation (PRBI) is a method in machine vision and
robotics [7] that utilizes the principles of pursuit rule to create autonomous agents capable
of imitating human movements and actions. It represents a comprehensive approach to
modelling human behaviour and controlling robots in various scenarios.
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The idea behind PRBI is that the movement of an object pursuing another object can be
represented as a combination of the velocity vectors of the pursuer and the target object. The
angle between these vectors determines the direction of the pursuer’s movement.

The main idea of the method is that the movement of the pursuer can be represented as a
combination of the velocity vectors of the pursuer and the pursued object. Thus, the velocity
vector of the pursuer changes according to the velocity vector of the pursued object. The
angle between the velocity vectors determines the direction of the pursuer’s movement.

The formula for calculating the velocity vector of the pursuer in PRBI is as follows:

Vp = Vimax (Vt | |Vt + k(Pt —Pp) / ||Pt - Ppl)) (1)

where Vp — the velocity vector of the pursuer,
Vmax — maximum speed of the pursuer,
V't — the velocity vector of the pursued object,
|[Vt|| — the magnitude of the velocity vector of the pursued object,
k — proportionality coefficient for controlling the scale of the pursuer’s speed.
Pt — the position of the pursued object.
Pp — position of the pursuer.

This method is widely used in computer graphics and robotics, including obstacle
avoidance and object tracking tasks. PRBI is also applied in scientific research studying the
behaviour of animals, such as insects and fish, in their natural environment.

To create autonomous agents capable of replicating human movements, PRBI utilizes
data from known human movements recorded in videos to train a motion model and control
robots in real-time. During the training process, the model aims to minimize the difference
between its own movement and the human movement represented in the video.

PRBI can be applied in various fields such as robotics, gaming industry, medicine, and
technical design. For example, in robotics, PRBI can be used to create autonomous robots
capable of replicating human movements and actions. In medicine, it can be used to develop
systems that facilitate the rehabilitation of patients after a stroke. In the gaming industry,
PRBI can be used to create realistic characters and scenes.

One of the main aspects of Steering behaviour is simulating obstacle avoidance. This
is achieved using the “Avoidance” rule, which involves changing the object’s direction of
movement if it is too close to another object to avoid collision. To determine this, the vector
from the object to the obstacle is calculated, and then the object’s current direction of movement
is rotated by a certain angle relative to this vector. The angle depends on the distance to the
obstacle and is set using a function that provides a smooth transition from obstacle avoidance
to straight-line movement when the object is far enough from the obstacle.

Formula for calculating the new direction of movement for an object based on the
distance to the obstacle can be written as follows:

NeW jiveciion = direction + avoidance,,,., * avoidance_vector 2)

where direction — the current direction of movement of an object
avoidance_strength — the coefficient that determines the magnitude of the avoidance angle
avoidance_vector —the vector that points from the object to the obstacle.
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One example of applying the Steering behaviour method using the avoidance rule is
a robot capable of moving around a room and avoiding obstacles in its path. In this case,
the avoidance rule allows the robot to avoid collisions with other objects and move safely
around the room [9].

The Steering behaviour method with the avoidance rule is an effective way to simulate
natural behaviour of objects in a system, allowing them to avoid collisions with other objects
and move safely in their environment. This method has found wide application in various
fields, including robotics, computer games, and virtual reality.

The Steering behaviours method with the dispersion rule is one example of simulating
natural behaviour in robotics and computer animation. It is used to describe the movement
of objects that strive to evenly distribute themselves in space.

The main idea of the method is to create a dispersion effect of objects within a given
area where they should be located. To achieve this, each object determines a direction vector
pointing towards the central point of the area. Then, each object adds a random vector to
its current velocity vector, which is directed in a random direction [10]. As a result, objects
start moving in random directions, leading to a more uniform distribution of objects within
the designated area.

Mathematically, the dispersion rule can be represented as follows:

steer = randomVector() * weight 3)

where randomVector() — random vector,
weight — weight of a random vector.

An example of the application of the dispersion rule in robotics is a system used for
robot distribution on a production line. In this case, the robots need to be evenly distributed
along the line to avoid collisions and ensure efficient operation. To achieve this, each robot
uses the dispersion rule to distribute its position along the line.

Additionally, the dispersion rule can be used to create realistic effects in computer
animation, such as simulating the distribution of celestial objects in a galaxy.

Thus, the Steering Behaviours method with the dispersion rule is an effective tool for
creating realistic and controllable movements of objects in various fields, including robotics
and computer animation.

The Accumulative Imitation Rule (AIR) method is an algorithm used for solving
optimization problems, based on the principle of evolutionary imitation in nature. In this
method, each potential decision-maker (individual) has its own genome, which represents a
set of parameters that can be tuned.

The idea of the method [11] is to create a population of decision-makers, each of which
is randomly tuned based on a genetic algorithm, and then evaluate the effectiveness of
everyone in solving the optimization problem. Then, the best decision-makers are selected
to create a new population of decision-makers.

The accumulation rule involves each new individual inheriting genetic characteristics
from the best decision-makers of the previous population, and these characteristics are
added to its genome. This allows for the preservation of the best genetic traits and leads to
a gradual improvement of the population of decision-makers.
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When using the AIR method in robotics, the best decision-makers can be selected
based on the effectiveness of their behavior during task execution, such as robot movement
towards a target point. Then, these best decision-makers can be used to create new decision-
makers whose genome will contain both the best characteristics of the best decision-makers
from the previous population and randomly generated parameters.

An example of applying the formulas of the AIR method in robotics could be as follows:
let’s say a robot needs to learn how to deliver pizza to offices in different parts of the city.
To achieve this, we can use the AIR method to train the robot to perform new tasks based
on the genetic characteristics of the best decision-makers from the previous population. For
example, at each iteration of the algorithm, we can select several best decision-makers from
the previous population who can efficiently deliver pizza to different parts of the city and
use their genetic characteristics to create a new robot.

Thus, the new robot will have the best genetic characteristics that will allow it to
efficiently deliver pizza to offices in different parts of the city, even if it has not been
specifically trained for this task.

The formula of the AIR method can be used to calculate the genetic characteristics
of the new robot:

xi' = xi+8* I {=1kwj(xj — xi) “4)

where x_i — genetic characteristics of robot i in the previous population,

x_i' — the genetic characteristics of the new robot i in the current population,

6 — The coefficient that determines how strongly the new robot will depend on the
genetic characteristics of the best performers.

W_j —The weight coefficient that determines how strongly the genetic characteristics

of solver j affect the genetic characteristics of the new robot i.

The imitation method based on the clustering rule can help robots achieve optimal
performance in task execution by efficiently tuning their control parameters.

The Imitation based on Divide and Conquer Rule method is a method [12] used for
training robots to perform tasks that can be divided into smaller subtasks. This method is
based on the principle of dividing the learning task into several simpler ones, performing
each of them separately, and then combining the results to obtain the complete solution.

Mathematical formulas of the imitation method based on the divide and conquer rule
can be described as follows:

Let T denote the training dataset, and let X and Y be the sets of input and output variables,
respectively.

By dividing the training dataset T into several subsets T1, T2, ..., Tn, such that each
subset Tj contains only those examples that have the same values for certain input variables
Xj.

For each subset Tj, train a model Mj that takes input variables Xj and returns the
corresponding values of output variables Y]j.

By combining the models M1, M2, ..., Mn, we obtain the final model M, which takes
input variables X and returns the corresponding values of output variables Y.
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The imitation method based on the division rule in robotics can be used for:

— for industrial assembly tasks, a robot can be trained to perform individual steps of the
process, such as picking up and moving parts, and then combine the results to achieve the
complete assembly task.

— for automatic navigation tasks, a robot can be trained for various subtasks, such as path
planning, obstacle avoidance, and target search, and then combine the results to achieve the
navigation goal.

Conclusions. In conclusion, it can be noted that Steering Behaviours are a powerful tool
for creating controlled behaviours in a virtual world. This method can be used to model the
movements of real robots.

However, even though Steering Behaviours are a simple set of algorithms, their
application can be challenging, especially when dealing with many objects or when using
more complex algorithms. Therefore, developers should carefully choose and configure
Steering Behaviours algorithms for specific tasks.
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POBOTTAPIBIH KO3FAJBICHIH BACKAPYJIA STEERING
BEHAVIORS DJICIH KOJIJAHY

Mobunvoi pobommapoviyy A8MOHOMObL HABUSAYUACHIHBIY KOAOAHY OONbICHLIHA ABMOMAMMbl
Jcyp2izy, 3agunmap mMen myzedexmepee JIcon Kopcemy, Kayinmi aiumakmapovl 3epmmey, 3aybli-
mapoa Hemece Keyceiepoe o0b6vekminepdi macelmanoay, 6enciciz aymakmapoa 2eocpapusiblk
aKnapammul HCUHAY, MbICAIbL, JICANHA NIAHEMANbIK Oemmi YUKbIULCbL3 3epmme) Jdcane m.o. Jcamybsl
MYMKIH.

Mobunvoi pobommapoviy Ha8UeAYUATLIK CIMPAMESUALAPbIH eKi canamya 66yee 601a0bl. HCahAHObIK
MPAEKMOPUANDBL JICOCRAPAAY JACIHE Peakmusmi nasueayus. Bipinwi macinde cOKmvl2biccbl3 MpaeKmopus.
pobommul Genzini opma apkwlivl bepineen Hvicanaga bagvimmayza apuanear. bipax, wvinaiivl Kopuwazan
opma yaxvim ome o32epedi. Ocvliatiuid, agmoHoMObl poOOm KOpulazan opmarnuly 6en2icis JHcagdaiapbina
Kesoecyi mymkin. Ocol cebenmi peakmuemi Hagueayusi MyMKinOikmepi Kasicem. Ocipece beneiciz opmanbvi
bacmanxvl bapnay Kezinde KOpulagan opmanvly an0blH aia Kapmacwll Jdeacay Yulii, KeuiHipex icondbl
OHMAUNAHOBIPY YIMIH NANOANAHY2A 601a0bL. ABMOHOMObI POOOM 63IHIH HCAKLIH MAHLIHOASLL Kedepeliepee
COKMBIZLICNALL MAKCAMKA JIcemyi muic.

Maxkanaoa pobommapoviy mabuzu K032anvlcoll umumayusiayoa Steering Behaviors 20icin konoamy
Macenenepi Kapacmulpwliaosl. Kaszipei komnviomepinik epaguka men anumayusoa Steering Behaviors
(«backapy mine3-KyaKbl») Y2blMbl 8UpNYandvl 00bekminepoin apekemin 6ackapyoa Kol0aHbLIAmbIH an20-
pummoep MeH a0icmep HCublHmuleblH 0indipedi. byn areopummoep apmypini Mine3-KyablKmapobl MOOe/b-
deyee MyMKIHOIK Oepedi, Mblcalbl, MONmMazsl KO3&Aabic, KedepeliepoeH scarmapy, backa oovekminepoi
yemany dcone m.6. Koszanvic kesinde kedepeinepoi 6010bipMay Npoyecin uUMUumayusiay apekeminoe
Hezisei pehieKmopivlK apekemmep MeH HCo2apbl 0eHeelesi 10UKANbIK UeiMOepoiy, KOMOUHAYUACH
Jicy3eee aculpbliaobl. ABmMoHoMObL MOOUTLOL pOOOMMAPObIH PeLeKCUSMI HABULAYUSCHL YULIH POOOMMbLY
KeoepeiHi Oip (con nemece OH) dHcagvlHAH pedrekcudmi aunanbln 6myi Ke0epeiti eKi HcabIHaAH auHALbIN
omyi sicemkinikmi exeni kepceminedi. Mynoail Mine3-KyavlK MOOeNiH NAUOALany pe@ieKmopivik MiHes-
KYIIbIKMbL WARLIH Mypoe YCbIHY2dA Hezl3 601a0bl.

3epmmey maxcamvi — andviven KapanaubiMHaH Kypoenice Kapail JHCbLINICLIN, OApiblK Mine3-
KYIbIKMapobl dceKe 0apa 3epmme) #CaHe COHbIHOA 01apobl poOOM KO32AIbICbIH OACKAPY YWMIH OIpikmipy
Jicane KONOamy.

Tyitin ce30ep: pobom Kozeanwicwl, pobommyl backapy, steering behaviors a0ici, unmennexkmyanovi
backapy
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HUCITIOJIB30BAHUSA METOJA STEERING BEHAVIORS B YIIPABJIEHUU
ABU/KEHUAMU POBOTOB

Tomenyuanvuvle obracmu npumeHeHus. AgMOHOMHOU HABULAYUU MOOUTLHBIX POOOMOG BKIIOUAION
asmomamuueckoe 8odicoenue, OPUCHMUPOBAHUE CIIENbIX U UHBAUO08, UCCTe008aHUe ONACHBIX PeSUOHO8,
MPAHCIOPMUPOBKY 00beKmo8 Ha (habpukax unu 6 oghucax, coop eeoepaguueckoli uHGopmayuu Ha Heus-
BECMHBIX MEPPUMOPUSAX, HANPUMED, DECRUTOMHOEe UCCIe008aHUe HOBOU NOBEPXHOCIU NIAHEmbl U M.O.

Hasueayuonnvie cmpamezuu MOOUTLHBIX POOOMOE MOJNCHO 8 OOWUX YepmaxX pasoenums Ha 08e Ka-
mezopuu: 2100a1bHOe NIAHUPOBAHUE MPAEKMOPUU U PeaKmueHas Hasuzayus. B nepeom nooxooe mpaex-
mopust 6e3 CMOIKHOGeHUTl NPEeOHA3HAYEHA 0151 HANPABIeHUs. pOOOMA K 3A0AHHOU Yelu Yepe3 U38eCTHYIO
cpedy. Ho cpeda peanvroeo mupa noogepoicena usmMeHeHuam ¢ medeHuem gpemenu. Takum o6pazom, odxcu-
oaemcst, umo agmMoOHOMHbII POOOM MOAICEN CMOIKHYMbCA ¢ HeONPEOETeHHIMU CUNYAYUSMU OKPYIHCATO-
wetl cpeovl, U BO3MONCHOCU PeakmusHol Hagueayuu Heoodxooumsl. OcobeHHo 60 6pems nepeoHaAudNb-
HO20 UCCLED08AHUSL HEUZBECMHOU CPedbl OJisl CO30AHUSL NPEOSAPUMENbHOU KAPMbl OKPYJHCaroujel cpeovl,
KOMOopas 6nocieocmeul Modicem Obims UCNONb308AHA 0N ONMUMUAYUU NYMU. ABMOHOMHbIN podOmM
00/12ICeH Peazuposams Ha OKPYICAIOWYIO CUMYAYUIO 8 HeNOCPEOCEEHHOU OIUZ0CHIU OM He20 MAKUM 00-
pasom, umobsl docmuub yenu Oe3 CIMoaKHOGeHUs ¢ NPENAMCNBUAMU.

B cmamuve paccmampusaromes sonpocwl npumenenus memooa Steering Behaviors 6 umumayuu ecme-
CMBEHH020 08UdICeHUs pOOOMOS. B cogpemennoil komnvlomepHoll epaguxe u anumayuu nowamue Steering
Behaviors («nosedenue ynpagienus») omuocumes Kk Habopy aneopummos u Memooos, UCHOIb3YeMbIX O
€O30anusl ynpasgnaemo2o noeoeHuss GUPMyaibHuIx 00bekmog. Imu aneopummul no380aAI0M MOOeIUpo-
6ambv paziuuHvie 6U0bl N0GEOEHUs, MaKue KaKk 08udCeHe 6 cmae, YKIOHeHUue om Npensmcmesull, ciedo-
sanue 3a opysumu obvekmamu u m.0. B nonvimke umumuposamv npoyecc 006xo0a npenamcmeul npu
nepeosudicenuUl, peanu3oeana KomMouHayus 0A308bIX peprekmopublx 0eucmseull U 102UYeCKUX peweHull
bonee gvicokozo ypoens. Ilokazano, ymo 015 peghnekcusnoul Hagueayuu a6MOHOMHBIX MOOUTbHBIX POOO-
moe cnocobHOCmU peqhiekCusHo uzbezams NPensimCcmeaull MoibKo ¢ 0OHOU CIMOPOHbL (Cle6a Ul Cnpasa)
docmamouro 015t 06x00a npensmcmeutl ¢ 0beux cmopot. Mcnonvzosanie maxkotl Mooenu nogederus ooe-
cneyugaen 0CHO8Y 05l KOMNAKMHO20 NPeOCMAasNeHus pephieKmopHo20 NOGeOeH s

Lenv cocmoum 6 mom, umoodbl CHAYANA UCCIE008ATNb BCE OMOETbHblE MOOENU NOGEOCHUsl, NePexo0s
om OelicmeumenbHo RPOCmulx K 601ee CIONCHbIM, U 6 KOHEUHOM Umo2e 00beOUHUNb U NPUMEHUMb UX @
VAPABLEHUU OBUNCEHUAMU POOOMOS.

Knrwoueswie cnosa: osudicenue poboma, ynpagienue pobomom, memoo steering behaviours, unmen-
JIeKmyanvHoe ynpasienue.
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MYHA# BIFBICTBIPY MOCEJIECIH INEIIYAE T'MBPUATI (MPI+CUDA)
MMAPAJIVIEJBAI ITPOI'PAMMACBIH /KOBAJIAY K9OHE KYPY

Byn 3epmmeyoe napanendi ecenmey mexHoI0SUACHIH KOLOAHIN MYHAUObL bI2LICIBIPYObIY CAHObIK
Mmooerni Kapacmulpblnosl. JKozapvl onimoi ecenmey a0ici euobpuomi (MPI + CUDA, 2 GPU) napanenvoi
ecenmey cmanoapmmapuvl NANOAIanbLIObL. 3epmmeyoiy neeizei maxcamel MPI apxvinel ynecmipineen
Odepexmepoi depoec exi GPU 0e ecenmey npoyccin dcyzeze aceipy, COHOAt-aK, napanenvoi aneopummoepoiy
ecenmey YaKblmMblHA JicaHe YOeyiHe CANbICMbIPMAbl manday xeacay bonvin maowiiaowt. Iubpuomi (MPI +
CUDA) napanenv0i ecenmey ancopummoepi kypulnovt sxcane MPI, CUDA owcone MPI + CUDA cubpuomi
napanendi 6a20apiamanapsl Hcyse2e acbliPbliblil HAMUICEIEPiHe Maiday HeacaibiHObL.

Tyiiin co3oep: EOR, HPC, CUDA, MPI, cubpuomi napanenoey.

Kipicne. CoHfbl OHXBUIIBIKTA MYHAUIBIH KahaHIBIK alIbUTy KOJIEMiHiH IPOrpeCcCUBTI
ecyl Oaiikanjpl. bys HeriziHEeH TEXHOJOTHSHBIH KETICTIKTEPIMEH Tikejel OalIaHbICTHI
Oonaapl. MyHail eHIipy cTpaTerusuiapbl 9feTTe OacTamnKbl CapKblIy, €KIHII PETTIK KoHE
YLIHII peTTiK KaiTajama anxy mpoLecTepiHeH Typansl. bactamkel omictepni maimana-
HY HOTIIKECIHJ/IE MYHAMIbIH JKajlmbl KOpbIHBIH mamameH 30% - 40% -Ha neiiin raHa an
annel, an Karad 60% - 70% -Fa nelinri MyHai OacTarkbl OPHBIH]IA Kb KOSITBIH. MyHait
KabaTbIHa CyIbI aiay dfici KadaT KbICHIMBIH YCTal TYPY YILiH jKOHE MYHAWIbI BIFBICTHIPY
MPOIIECIH THIMAIPEK OpPBIHAAY YILIIH MaHBI3AbI 9aicTepasiH Oipi [1]. By omic Kapamaiibim
KOCAJIKbI 9JIiC PeTiH/e KONTereH KabaT Ty3imimMaepinae KeHIHeH KojiaHbuiaabl. by amic
apKbUIbl MyHait enaipcinig 40% -60% xamTamachI3 eTyre Oomazbl.

Exi ¢azanbl cyWbIKTHIKTApAbIH apajaciail aFy MeXaHHM3Mi KeNTereH Makalanapia
KapusiianraH. bip enemai apanacnaiTeiH eKi (pazasbl aFbIHHBIH €peKIe xKaFaanbiH 1942
xbuTbl bakiau men JleBepeTt [2] TeopusuibIK TyprbIIaH 3epTTeni. baknu-JleBepert Moneni
0ip exmem/i HemMece KBa3u-0ip eJeM Il KOJUIEKTOPAarhl apajaclaiThIH bIFBICY IPOLECiH
cUnarTaiibl )koHe OipHele KabarTapra OesiHe.

Kasipri 3amanna sxorapsl eHimai ecentey TexHomorusuiapbl (OpenMP, MPI xone
CUDA) eHepKacCinTiH Ke3-KelIreH cajlaiapblHaa KeHIHEeH KOJJaHbUIabl, dcipece MyHail
OHJIIpy OHEPKICiOiH/Ie HeTi3r1 TeHIeHusFa aitHanFaH. Keneci sxymbic [3] aBTOpapsl mapa-
nenapl Oaraapramanay eceOiHiH eCenTey yaKbIThIH YChIHIBL. ABTOpIIAp OYI1 JKYMBICTapbIHIA
napaiesi ecenTeyaiy yAeyl MeH THIMIUTITIHE Tanjay *acay apKblIbl MyHail Mocemnenepin
ecenTeyie KOFapbl OHIM/I1 €CeNTey TEXHOJIOTHIIapbIH KOJIaHy apKbLUIbI €CENTEY YaKbITBIHBIH
ecelien KbICKapybIHa aJlbIll KeJEeTiHIHE KO3 )KETKi3IeH.

MPI - xabapnama xibepy KiTanxana uatepdeiicinig cneunpurauuscs [4]. 1994 xpuisl
MambIp aiibiaga MPI-gpiH anramkbl Hyckacel sxapusiangsl. MPI xabapnamansl xibepymni
OarnmapiaManay ofici nmapayenb/i OaraapiamanaydblH KeH TaparaH cTaHAapTTapbIHbIH 0ipi
Oounbin Tabbiaael. bys cranmaptra opOip TYHiHHIH ©3iHIH jKeKe KeHICTIiri 0oiaibl KoHe

* E-mail xoppecionaupytomero apropa: erlanmahimut@gmail.com
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Oy TYHiHIep apachIHIaFbl OaliJaHbIC CHHXPOH/BI TYP/E aHbIK JKY3€re achlpbliaibl. Opoip
nporecte OipJieckeH onepanusIapAbl KOJJIaHy apKbUIbl JIE€PEKTepAl MPOLECTIH agpecTiK
KEHICTITiHeH 0acka rpouecke xoiiaainel. bip xabapiama Oip mpoIECTeH eKIHII MPOIECKe
COTTI Xi0epinin xoHe KaObunanys! yiriH Send sxoHe Recv onepauusiiapsiaaa terrepi (tag)
napaMeTpiHiH MoHi Oipyelt 6onysl kepek. MPI na xabapiama xiOepyi xoHe KaObuUIIay/Ibl
KypyFa OaFbITTaiiFaH OarjapiaManap MOpPTAaTHBTI, TUIMAI XKOHE HKEeMJIi OOJybl Kepek.
Comnpaii-ak, MPI Tit Hemece icke acklpy emec, o crenudukaius 6osbin Taobutaasl. MPI
oneparusuiapsl oaraapinamanay tiraepi (FORTRAN, Cxone C++) yinin ¢pyHKUMsIIap, ki
OarnmapiaMa Hemece ojicTep peTinae kepcetineni. MPI-ainH OipHele jky3ere acblpy »oJi-
napel 6ap. Aramn aiitap 6oscak, OpenMPI [5] sxone MPICH [6] cusIKTBI allbIK A€PEKKO3IIED
skoHe IBM Spectrum MPI [7] sxone Intel MPI [8], MS MPI cusikThl KOMMEPITUSUIBIK JKYy3ere
achIpyJIap/ibl O3 illliHEe KAMTHJIBI.

CUDA - GPU pne »xanmel MakcaTTarbl OarpapiamaliayFa MYMKIiHIIK OepeTiH
Oarpapiamanay crangaptbl. MPI crammaptsl cuskret CUDA cranmaprteiia Kasipri
TaHJa mapalielipji OarjapiiamalayiblH KEH TapaFaH CTaHJAapTTapbIHBIH Oipi 0OJIBII
tabbutaasl. byn cranmapt CPU men GPU apaceinaa kemipiik pen atkapanasl. CPU-re
kaparanna GPU onaekaiina s>xorapbl MapMeH/Ii OPBIHAAY MEH KaJFa Te3 KOJ JKEeTKi3iy
MYMKiHAiriH kamtamachi3 erefi. CUDA-HBIH HEri3ri KypJiabIMABIK KOMIIOHEHTTEP1
[9] siapo, OOk koHE arblH OOJBIN TaOBUIANBL. SIpo — MaljaaHylibl aHBIKTAUTHIH
¢ynkuus, on N typai CUDA arbpiHOapeIiMeH Hapajuielib KYMBIC iCTeWli; aFblHIap
CUDA-na mapauiesibjii OpbIHIAYbIH HEri3ri 3jieMeHTTepi O0oJibin TaObutajbl. Biok
Oip Mesringe opbIHAANATBIH aFrblHAApAAH Typalbl. biokTap kin OJOKTapbIHBIH Oip
eJIIeM/li, eKi enmeM/i HeMece YII eJIIeMAl TOpbIHa YHBIMAACThIpbuIFad. Top — Oip
SAIPOHBI OPBIHAANUTHIH aFbIHABI OJ0KTapAbiH MaccuBi. Kaswiprel Tanga CUDA TexHo-
JOTHUSICBIH MYHa# ecernrteyiepinene *ubl KojagaHaael. Meicanra, [10] sxymbic aBTOp-
napsel pezepByap yiriH CUDA TexXHOJIOTHSCHIH MaijadaHbll, YII eJIIeM/Ii MOJICJIbIIH
napajuiesib/l adrOpPUTIMiH YChIHFaH.

By 3eprTeyne myHaii pIFbICTBIpY Macenecin menry ymid GTX 1080 i GPU ranganasr.

MPI+CUDA, 6yn xorapsl eHimai ecenteyae MPI xwone CUDA TexHONOTrUsiIapbIHBIH
apTHIKIIBUIBIKTAPBIH ~ KOPCETY  VIIIH  KOJNJAHbUIATBIH €Ki  MapajjieNbai  ecentey
CTaHJApTTapbIHBIH KoMOMHanusichl. Ol apKbUIbI €Ki TYPJIi TEXHOIOTHSUIapAbIH OipiryiMeH
napaelb/i Oarnapiamanap Kypblll OHTaIbl OHIMIIUTIKKe Ko keTKi3mi. [11] XKymbic aB-
TOpiaphl e3/epiHiH eHoeringe OipHenie GPU maiijanaHeill ecenrtey >Kypri3reH jKoHe Ol
ecenTey XbUIIAMIBIFBIH JiepiikTed apTteiprad. [12] XKymeic aBropnapsl 6ip GPU, exi
GPU, ymr GPU xone topt GPU nen naiiganansli, op TYpIi eJmeMIeri Top Ke3aepi 00MbIH-
11a ecentey xKyprisreH, ecentey HoTHx)eci GPU caHbIHBIH apTybIiHa OalIaHBICTHI €CENTey
OHIMJILIITT KOPHEKI JKOFapJiaraH.

Byt skymbIcTa, MyHail BIFBICTBIPY MOCEJIECIH HIeHTy[e KbIChIMABI ecentey yuin MPI,
CUDA xone MPI+CUDA ru0puiri TeXHOJIOTHSICBIHBIH €CENTEY YaKbIThl MEH OHIMIUIIT]
TaJKbUIAH/bI, COHAAN-aK, COHFbI HOTHKECIHE TalAay sKaCaJbIHIbI.

Ecentin koliblibiMbl. Cy MEeH MyHall KeyeKTi opTa KadaTbhlHAa CBHIFBUIMAWTBHIH
CYWBIKTBIK peTiHae Kapanaibl. KapacTelppuiaTeiH Monenb exi (azanbl (Cy, MyHail) aFblH.
Cy oHe MyHall YUIIH MacCaHbl CaKTay 3aHJBUIBIFBIH €CKEPEe OTBIPHIN, MYHAW BIFBICTHIPY
MOCeJIECIHIH MaTeMaTHKAJIBIK MOAEIIH TOMEHIETIIEN CUIIaTTaliMbI3.
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Cy (a3acbeiHbIH TeHILYI: maai:’ +div(v’,,) = 0. (D)
MyHaii (hazachIHBIH TEHACYI: m% + div(v’,) = 0; 2)
So+Sy =1, 3)

MYHJIaFbl m — KEyeKTilK, S, and S,, MyHall MeH CyIbIH KaHBIKTBUIBIFBI, U, and v,
Cy MEH MYHail (a3anapblHbIH KbUIIamMablFbl. COHBIMEH Kartap Kburmamiabikrap Jlapcu
3aHBIMECH OPHEKTEIIC/I:

vi= k20 i=ow, 0

MYH/IaFbl K — aOCOMIOTTI OTKI3TITIK, W, (I = 0, W) — MyHail M€H CYIbIH TYTKBIPJIBIFBI, f;(S)
KeJeci TeHJCyMEH OPHEKTENEeTiH CalbICThIPMaIIbl (ha3aibl OTKI3TIIITIK:

fw(Sw) =S4, fo(So) = (1 —5,)2. )
(1) >xone (2) TeHeyiHEH MIBIFATBIH MYHAM/IBI BIFBICTBIPY KBICHIM TEHJICY1 KeJIeCiIen:
div(v'y,) + div(v,) = 0; (6)

Bacrankel maprrap: S|;—o = So, Pli=¢ = Py
. das
Ilexapanblk maprrap: S|,_, = Sinjr a|x=1 =0, Ply= = Pinjv Ply=1 = Pprod-
XKorapbinarel (1) - (5) MyHail BIFBICTBIPDY MaceleciH memy ymiH bakmm-JleBepert
Mozeni [2] konnansuiasl. baknu-JleBepert Moneninae keneci Oomkamaap KapacThlPbULIbL:
— aFbIH CHI3BIKTBI, TOPU30HTAJ KOHE TYPAKThI KaJIbIHJIBIKTA;

— aFpIH TYPaKThl TEMIIEpPAaTypaHbl CAKTaWIbl, CHIFBUIMalbl jkoHe Jlapcu 3aHbIHA
OarbIHABL

— Cy MEH MYHaii apajaciaisl;

— rpaBUTALNS )KOHE KaMJUIAPIIBIK KBICHIM SCepIepi IaMabl;

— KEYEKTUIIK TYPaKThI eIl eCenTeNei.

EcenTi memyxnin canasik Monedi. XXorapsiga kentipinres (1) - (5) MaTeMaTHKaIIBIK
MOJIeTIi apKbIJIbl CHINATaIaThlH MYHal BIFBICY eceOiH CaHIbIK TypAe memry yuriH Sxoou
QMIicl KOIIAHBIIIBL.

t t
K i (6 L. Pt+1 — Mi+%Pi+1+Mi_%Pi_1. 7
BICBIM TeHJEY1 (6) ymiiH: P/ = EEVETvE— @)
i+ i->
Mi+M; Mi+M;_
M¥H,Jla, Ml'+l_ l+2 L+1; Mi_l: L+2 i 1; Mi — [_ku(S)] + [—k f:/(s)];
2 2 o w
. At
KanbIkTeuibik yurin: SFH = S+ —= [KH%(PLF+1 - P - Kl._%(Pl-t - Pl-t_l)]; (8)
_KitKitq, _KitKiq, e g fw(S)
MyHna, Ki+% Pa— Ki—% P Ki=—k |

EcenTi memyne ru6puari napaaenaai aaroputiMai naiinanany. Kapacteipsuiran
MyHa# BIFBICTBIPY ece0i yuiH xanmbsl MPI, CUDA xone MPI+CUDA (2GPU) napamieni
QITOPUTIMJIED Kelleci TOPT KaJJaMHaH TYPaJIbl.
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1. EcenTeynin OacTarnkpl )koHE HIEKapalIbIK IIapTTapbiHa ColiKec OepiireH n HyKTe JepeK-
Tepi opTYpai aepektepanl ecenteyini pecypbicbina (CPU nemece GPU) yrnecripineni.

2. OpOip ecenTey pecyphic ©3iHE YICCTIPUIreH KEeKe JACPEKTEPIMEH €CelTey KYpri-
3eqi.

3. Ecenrenren nepekTepi HEri3ri mpoICceccop KUHAI ajiajibl.

4. Jlepektepre BU3yasu3allysl xKacauajibl )KoHe TaJliay Kypri3iie.

MPI+CUDA (2GPU) TtexHonoruscel OOWBIHIIIA TUOPUATI Mapajlielii ecenTey
anroputmi e3iHik epekmenikrepre ne. Exi GPU KypbUIFbICH MaiiiananFaHIbIKTaH ecell-
teyne anjaeiMen aepekrepai CPU-nan exire 6emin exi GPU-ra kemripmeci xonganaet. Exi
CPU sxone exi GPU apaceiHIarsl qepekTepliiy anMmacybl 1-cyperre kepceriinren. MyHna
Kepin oTeIpranbiMbI3ail nepexrep CPU-nap apacsinaa MPI apkbuis! anmvacassl.

MyHaii BIFBICTBIPY eceOiHiH TMOpWATI mapajuleNiai ajJrOpUTMIHIH JKajIbl Mpolecci
6-cypette cunartayiead. CypeTTeH KopreHimizael ecenTey TOMEH/IEeT! Kagamap OOHbIHIIIA
JKY3€re achIpbLIa/Ibl.

I-kagaM: ecenTeyre KaXeTTi MapaMeTpliep HHHLIUATN3AHsIaHa bl

2-kanam: MPI niporieci nHUIIMATH3AIHSIIAaHA b,

3-xkagam: CPU-napra exi OeJiHreH AepeKTep yJaecTipiiesai.

4-kamam: Exi CPU-men exi GPU xypburFbutapel  1-cypeTte KepceTiareHaei
JKYITACTBIPBLIA/IBL.

S5-kamam: GPU-na nepexrep yiuriH xaataH opbi Oemineni xone CPU-nan coiikec GPU-
Fa JIEpeKTep Kolipinaeni.

6-kamam: Op GPU-ma anroputm OOWMBIHINIA KE3EKIEH KBICHIM, KAHBIKTBUIBIK YKOHE
KOHIICHTPAIIUS €CENTEIIIHE/II.

7-kagam: EcenTeyniH op TepalusChIHBIH COHBIHA iepeKTepai napamtenai Typae GPU-
naH CPU-ra, CPU-naH Ty0ip npolieccopra sKajibl JepeKTep/l KuHar (haiiFa sxa3buiajbl.

8-kamam: MPI-niporiecci askranaubl.

Cypem 1 — GPU nepaplH apachIHIAFbI AEPEKTEP/IiH ajIMacy Mporceci

I'ubpunrti anropurm OokibiHma eki GPU-ma KeIChIMABI ecemTeyuiH Tnapajuieni
anroputmi 3-cyperrte cunarranraH. Cyperre KepCeTUITeHJIEH KBICBIMIIbI €CENTeyae op
uTepauus cablH JepeKTep 2-cyperrerigei anmacansl xoHe “Call kernel” npouecci opbin-
nanbein oTeipael. COHBIMEH Katap max-ThiH MoHiI eki GPU-ja ecenrenre yiikeH MOHHIH
[100aJIIbl €H YJIKEH MOHI aJIbIHAJ(bl. AHBIKTAJIFAH MaX MOHIH €CeNTEY/IiH JAJIri eps KOH-
CTaHTBIMEH CaJIBICTBIPY HOTIDKECIHAC TMOPUITTI ecenTey apblKapail yKaJracThIpiaibl He-
MecCe asgKTaIajbl.
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>

| Allocate memoryto eachparameter I | Set block size and block num I
| Initialize parameter | | Copy data host to device |
L {
| |”£MP| | | Call kernel |
| Allocate mem to each processor | ]
X | Synchronous device |
Scatter data to each processor )
Copy max value from device to eacl
x processor
Map GPU device to each processor *
" Copy data from device to host
| Allocate device memory | *
3 | Synchronize processor |
| Copy host to device | *
™Y
Ld
L | Exchange data |
Time control<Thresh .
Synchronize processor
y N \
I Call Pressure | | Update pressure |
| call Sai‘”a“"” | | MPI_AlIReduce max |

Gather data from each processor

+ Y

| Result | N
Deallocate memory Deallocate memory
Cypem 2 — MPI+CUDA-ga ruOpuirti ecenteynin Cypem 3 — KbICBIMIBI €CENTEyIiH
JKYMBIC aFbIHbI THOPUATTI aNropuTi

Mapanaeanai ecentey HoTH:Kesepi. JKorappina KapacThlpiFaH MYHail BIFBICTBIPY
MOCeJIeCiHIH apauies i OarqapiaManapbl )Ky3ere aCblPbUIJIbI XKOHE MapauIesjli eCenTey IiH
HOUTKEC] aJIbIHbL.

4(a)-cyperae KapacThIPbUIFaH €CENTiH Cy KaHBIKTHUIBIFBI MEH IMOJUMEp KOHLIEHTpa-
LUSCHIHBIH Tapaiysl, all 4(b)- cypeTiHae KbIChIM e3repici KOpCeTireH.
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Cypem 4(a) — Ilonnmep xoue Cypem 4(b) — KpICBIMHBIH Tapamysl
CY KaHBIKTBUIBIFBIHBIH TapaTybl

Temenperi 1-kecrene dKCIEpUMEHTTEpC KoJaHbLUIFaH bakimu-JIeBepert mMopeniHig
Kipic mapameTpiiepi KOpceTireH.

Kecme 1 — Mopens mapameTtpiepi

[Tapametpriep MoHi
K (abcomoTTi OTKI3riImTIK) 0,001
CYIIBIH TYTKBIPIIBIFBI 0,09
MYHAaMIbIH TYTKBIPJIBIFbI 0.3
KEYeKTLITIK 0.2
Py, 0,5
P 0.3
P,oa 0.1
S 1.0
St 0,001

Kemeci 2-kecteme MoOmENbACYmiH Ti30CKTEH OpPBIHAAY VaKBITHIHBIH HOTHXKEIEpi
KepceTireH (KpICHIM YIIIiH). HykTenep caHbIHBIH KoOetoiHe 0aiIaHbICTHl OPBIHIAY YaKbITHI
Jla apTajpl.

Kecme 2 — Ti30exTeli OpbIHIay YaKbIThI (KBICBIM YIIIiH)

Hyxkrenep cansl VYakpIT
16384 (2'%) 5.03899
65536 (2'9) 20.6046

262144 (2%) 90.1417
1048576 (2%) 397.866
4194304 (2*) 2522.03
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Keneci 3-xectrene MPI TexHOJOTHSICBIHAH TMalJJaIaHbI €Ki TPOICOPIa KBICHIMJIBI
€CenTeyY/IbIH YaKbIThl MCH Yyl KOPCETIreH.

Kecme 3 — 2 nponieccopa MPI napasutensai opbIHIay yaKbIThl MEH Y€yl (KbIChIM YIIIiH)

Hyxkrenep canbt YaKbIT yaey
214 7.113 0.71
216 28.310 0.72
218 114.696 0.79
2% 468.402 0.85
2% 1945.474 1.3

Keneci 4-kecrene CUDA Texnonorusiceian naiigan 6ip GPU na KeICBIMIBI €CETTEYMiH
VaKbITBl MEH Yyl KOpCETUITeH, arbiHmap caHbl 128, 256, 512 sxome 1024. Hyxrenep
CaHBIHBIH apTyblHa OaiNIaHBICTHI aFrblHAAp CaHbl 256 OONFaH Ke3/Ie TEeCTiiey HOTHXKECI
xaxcapa 6actaasl. CUDA crannaptel 6ovibiama 0ip GPU-ze anbiaFan nmapauienisl ecen-
Tey HOTHKECIHIH Yeyi eH a3 6onranaa 19.1, en kemn Oosnranga 24.7-re )KeTTi, SIFHA Ti30€KTi
ecernreyre Kaparanua 25 ecere KybIK T€3 €CenTe i AeTeHl OuTaipei.

Kecme 4 — CUDA napasuienbii OpbIHIay YaKbIThl MEH Y/ieyi (KbIChIM YIIIiH)

AFBIHJIAp CaHbI
128 256 512 1024

Hyxkrenep canbl | yakpiT | Yaey | YakwIT | yaey YaKbIT yIaey YaKbIT yzaey

214 1.623 3.1 1.6624 3.0 2.061 2.5 2.882 1.75

216 2.8093 | 7.33 | 2.8203 7.31 2.826 7.31 2.998 6.9

218 7.5144 12 7.6939 11.7 8.130 11.1 9.186 9.8

2% 25.9973 | 153 |26.0143 | 15.3 28.051 14.2 | 34.2965 11.6

2% 101.971 | 24.7 | 101916 | 24.7 | 108.815 | 23.2 132.243 19.1

Keneci 5-xkecrene CUDA-+MPI rubpuari mapaneni anroputiMaeH nainatansm eki GPU
JIe KBICBIMITBI €CETITEYIBIH YaKbITEI MeH yaeyi kepcerinreH. GPU ne arpramap canb 512.

Kecme 5 — CUDA+MPI napasuienbii opbIHiay yaKbIThl MEH Y€yl (KbICHIM YIIIiH)

Arpiaaap (256) / IIponeccop cansl (2)
Hyxkrenep canbl YaKbIT yaey
oM 8.838 0.57
21 27.436 0.75
218 102.782 0.88
2% 367.184 1.1
2% 1481.90 1.7
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6-kectrene Kapacteipburad Macene yiniH MPI, CUDA skone MPIHCUDA rubpunari
napasuielibi alrTOPUTMIEPiH NaliAaIaHbI apauieNbii OarqapiaManapbiH )Ky3ere aCbIpyablH
HOTIXeNepi kepcerireH. Hykrenep canbiabiH apTybiHa Oaitnanbictl, CUDA mer MPI b1y
rHOPUATI MOJIENI ©3 pejiH alKblH KepceTin Oepi. Anaiijia, OepuireH HYKTEIep CaHbl a3
oonran caitbtH CUDA men MPI-nbiH rubpuari mogeni CUDA MeH calibicThIpFaH/ia ecerl-
TEy YaKbIThI CallbICTBIPMAIIBI TOMEH KOPCETKIIITI KepceTTi. MyHnarel ceber, OipiHIIiaeH
KBICBIMHBIH 9p ME3CTTerl jKaHa MOHIH €CeNTey YIIiH MPOLEeccCOp MEH KYPBUIFbI apachlHa
e3apa JIepeKTepAbl Kolipy Omnepanuschl OpblHAaNaaAbl. EXiHINIeH, ecenTenreH KbICHIMHbBIH
MOHIHIH AYPBICTBIFBIH CaKTay YIIIH aJropuTMIe ColKec mpoleccopiiap apachlHAaa KaKeT
MOHJIEp/Ii aJIMACTBIPY TPOIIECI OPBIHAAAbL. Y IIIHIIIIICH, 9p KYPbUIFbIIA ecenteireH Max-
TBIH MOHIH nporieccopiapaan xuHar any yiid MPI_AllReduce() onepanusicsl opbiHAaIaIbL.
Jlecene, HYKTeNnep CaHBIHBIH Y3/IKCi3 apTyblHA OaMJIaHBICTHI €Ki HE OJIaH Jia Kell TYHiHJep
apacsina ecenrteyiep xkyprizreszie CUDA men MPI ab1H rubpuri napasuiesii airOpUTMIiHIH
ecenrey HoTHXec Ti30ekreil ecentey meH MPI-ra kaparanza skakcapa TYCTi.

Kecme 6 — I1apannens opblH/IAy YaKbITBIHBIH HOTHXKEIEPIH CANBICTHIPY (KBICHIM YIIIiH)

Hykrenep | Tis0exreii | MPI (2 processor) CUDA (256 arbIn) prgclés%({)\;—lir\gPIG(PgU)
camrl YaKbIT YaKbIT yaey YaKBIT yaey VYakpIT yrey
214 5.03899 7.113 0.71 1.66135 3.0 8.838 0.57
216 20.6046 28.310 0.72 2.82025 7.31 27.436 0.75
218 90.1417 114.692 0.79 7.69395 11.7 102.782 0.88
2% 397.866 | 468.402 0.85 26.0143 15.3 367.184 1.1
2% 2522.03 | 1945.474 1.3 101.916 24.7 1481.90 1.7

5(a) cyperTe opTYpIIi MapajjIeNbli €CEnTey MOACIBICPIHIH OpPBIHAANY YaKBITHIHBIH
CaTBICTRIPBUTYHI KopceTiareH. 5(b) cypeTTe opTypili mapaieNnb/i eCenTey MOJACIbACPiHIH
VICYiHIH CaBICTBIPY KOPCETIITCH.

Cypem 5(a) — [apaiens MoaeIbICPIIH Cypem 5(b) — [Napanens MOIEIbIIH YICY1
€CeNTey YaKbITHI
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HykrenepaiH caHbIHBIH apTyblHa OaiilaHBICTBI OacTamKkel Ti30€KTi YJATiHIH OpbIHIA-
Jqy yakbITBl 0acKa mapaijienbai MOJENbACPMEH CAIBICTBIPFaH/a T€3 OCEel JKOHE IpTypIi
napauIesibIl ecenTey MOACIbACPIHIH YCYyl apTabl.

KopobiTbinabl. by xyMmpicTa MyHail BIFBICTPY MOCENIECIH ILEIly YIIIH Hapaiesji
ecenreynig MPI+CUDA(2GPU) rubpuaTTi TEXHONOTHSICH KapacThIpbULAbl. bip emxmemii
Baxnu-JleBepeTT MaremMaTukasblK Moziesi KYpbUibl. CaHJbIK aiCTeH alKbIHAaIFaH SIkoOu
9/1Iici TaHAAJIIbI, COHBIMEH Karap Tiz0ekTenreH xone MPI, CUDA xone MPI+CUDA(2GPU)
napajuiesyi anropumMepi Kypsuiibl. [lapannensi OaraapiaManap »xKy3ere achlpbUIbII YIII
TYpJIi cTaHaapT OOMbIHINA mapavienai OaraapiaManapra 2'4 — 222 gykrenep caHbl OOWBIH-
mia tecriney kyprizinai. Tecriney anasiMeH Ti30ekTenreH OarnapiaMa OOWBIHIIA SPTYpPIi
HYKTeNepe ecenteyliH yakplThl anbiHasl. Conan keiin MPI napamnenni Garmapnamacsl
OPBIH/IAJIBII €CenTey yaKbIThl albIHAbl. HoTnxkeci 3-kecrene kopcetinai. 3-kagamaa CUDA
napayutenai 6armapiamackl 0ip GPU-na xxone exi GPU-na Gepinren arbiHAap CaHbIHBIHA
ColiKec OpBIHJAIIBIN €CENTey YaKbITBIMEH Yaeyl 4-koHe S-kectene xepcerinni. Tectiney
Hotmxkeci OoiibiHmIa CUDA OapibIk HyKTenepae arsiHaap cansl 128, 256, 512 xone 1024
OoJFaH/1a eH J)KaKChl ecentey yaeyid kepcetti. MPI Hamap HoTroke Oep/ii, ce0edi cambICThIp-
MaJIbl HOTHXKE ally YIIiH TeK KaHa eKi npoueccop naganansuiasl. An MPI+CUDA(2GPU)
opramia HOTHXKe KepcerTTi. HykrenepiiH caHBIHBIH apTyblHA OaiaHBICTBI, MapauIeii
ecenTey alrOpUTMIEpiHiH yIeyi OapraH cailbH ocTi.

AarwicTap. by 3eprreyni Kazakcran PecryOnukachiHBIH FBUIBIM JKOHE JKOFAphI OUTIM
MUHHCTPAIriHIH FutbiM koMMuTeTi Kapkpitanapipasl ([pant Ne AP14871644).
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E. MAXMYT, T. C. HMAHKYJIOB, b. MATKEPUM
Kaszaxckuii nayuonanohvlll yrusepcumem um. ano-@apabu, Armamei, Kazaxcman

MMPOEKTUPOBAHUE U PA3PABOTKA TMBPUIHOI (MPI+CUDA)
MAPAJLIEJIBHO MPOT'PAMMBI JIJIS1 PEILIEHUS 3AJJAYM BLITECHEHUS
HE®TU

B dannom uccredosanuu paccmompena yuciennas Mooeib blmecHenus Hemu ¢ UCNONb308AHUCM
MEXHON02UU NAPALTENbHBIX gbluUCTeHUll. FICnonb3068aiucy cmanoapmel 6blCOKONPOUIE0OUMENbHBIX 2U-
opuonwix eviuucnenuit (MPI + CUDA, 2 GPU) oas napannensvusix gviuucienuid. OCHO8HAA Yelb UCCedo-
BAHUs — PeanU3068aMb NPOYECC Pacuema pacnpedeiensvlx 0annvix ¢ nomowvio MPI nezasucumo na 08yx
epaghuueckux npoyeccopax, a maxice nPposecmu CPAGHUMENbHbLIL AHAU3 BPEMEHU PACYemd U YCKOPEeHUs.
napanienbHvix aneopummos. boiuu cozoamst eubpuonvie (MPI + CUDA) ancopummsl napanienvuvix Gul-
yucnenuu u peanuzoeanvt MPI, CUDA, cubpuonvle napannensvuvie npoepammol MPI u CUDA u npoana-
TUBUPOBAHDBI PE3VILINATNGL.

Knwouegwie cnosa: EOR, HPC, CUDA, MPI, eubpuonuiii napanienusm.
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E. MAKHMUT, T. S. IMANKULOYV, B. MATKERIM
Al-Farabi Kazakh National University, Almaty

DESIGN AND DEVELOPMENT OF A HYBRID (MPI+CUDA) PARALLEL
PROGRAM FOR SOLVING THE OIL DISPLACEMENT PROBLEM

In this work, a numerical model of oil displacement was developed using parallel computing technology
through the Buckley-Leverett method. Used the hybrid (MPI + CUDA (2 GPU)) high-performance parallel
computing technologies. The main goal of this work is by using these two GPU to implement computing
processes of distributed data through the MPI, as well as to make a comparative analysis of the computing
time and acceleration of parallel algorithms. The MPI, CUDA, hybrid (MPI + CUDA) parallel computing
algorithm and the parallel program were realized, and the results were analyzed.

Key words: EOR, HPC, CUDA, MPI, Hybrid parallel.
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NMHTEPAKTUBHBIE PABOUYME TETPA/IU KAK CITOCOB PA3BBUTHUSA
MO3HABATEJBHOM JEATEJBHOCTH B IPOLIECCE OBYUEHU S
POBOTOTEXHHUKH

B cospemennom  obpaszosamenvnom — npoyecce  MEXHONOUU — AKMUBHO — UHIMEZPUPYIOMCA.
Ilocneonue medncOyHapoOnvle omuemsl AHANTU3UPYION Kio4uesble mMeHOeHYUl GHeOpeHUsl MexHON02uUll
6 00pazosamenbhbvlil KOHMEKCM, GblOeIsI0m pOOOMOMEXHUKY KAK OOHY U3 NePCHEeKMUBHBIX HOBbIX
mexHonoeull Ol NPUMEHEHUs 8 OOyYeHuu u 6 Kayecmee OuoaKkmuyeckoeo uumcmpymenma. ILlens
HACTOAW €20 UCCIe008AHUSL — BbIACHUMNb, KAK UCNOTb308AHUE UHIMEPAKMUBHBIX Mmempadell 6 pobomomex-
HUKe 6 npoyecce obyueHus oemell HA4aIbHbIX KAACCO8 GNUACH HA UX NO3HABAMENbHYIO OesimellbHOCb,
Momugayuio u gocnpusmue yueobnozo mamepuana. Hcciedosanue npogedeHo 6 pamkax yuebHo2o npeo-
mema «Pobomomexnuxay ¢ yuacmuem 108 yuawuxcsa navanvnvix xnaccos (8-9 nem). Ilpumenen xeasu-
IKCNEPUMEHMATbHBI OU3ALH, OCHOBAHMBIIL HA QOPMUPOBANHUL 08YX eCIMECTNBEHHbIX ePYNN. KOHMPOIb-
HOUl U dKcnepumenmansHou. Omaudue mexncoy epynnamu 3aKa04aemcs 8 UCNONb306aHUU MPAOUYUOHHBIX
MEmo008 ¢ KOHCIMPYUPOBAHUEM 8 IKCHEPUMEHIMANbHOU epynne U Jullb NPAKMUKY KOHCMPYUpOBaHus 6
KOHmMpoabHoll. Pe3ynomamul ucciedosanus ceuoemenscmeyiom 0 mom, 4mo Ucnonb308anue pobomomex-
HUKU ¢ MPAOUYUOHHBIMU MEMOOaMU 8 Y4eOHOM npoyecce CyWecmeeHno nosvluaen Momugayuio, ooy-
4aemMocmob U pa3eueaen NONOACUMENbHbIe KOMMYHUKAMUBHbLE U COYUATLHO-DMOYUOHATbHBIE OMHOUEHUS
cpeou yuawuxcs. Ilonyuennvie 66160061 NOOUEPKUBAION BAMCHOCHIL COBEPUIEHCTNBOBANUS NOO2OMOGKU
npenoodasameneti N0 OGHHOU MeMOOUKe C Yebl0 MAKCUMATbHO20 UCNONb306AHUSA ee NOMeHYyuald 6 0o-
pasosamenvHom npoyecce.

Knroueswie cnosa: neoazozuxa, obpasosanue, pobomomexHuka, KOHCMpyuposauue, npoyecc ooyue-
HUSl, NO3HABAMENbHAS OesIMENbHOCHb, paboyue mempaou, paspadbomxd.

BBenenune. PoboToTexHHUKA TIPEACTABIAET COOOH OTHOCHTEIHLHO HOBOE M CTPEMHUTEIh-
HO pa3BHBAlOIIeeCs] HAyYHOE HAIPABJICHNE, KOTOPOE BOSHHUKIIO B OTBET Ha HEOOXOANMOCTh
OCBOCHHS HOBBIX c(hep M 00macTelt MesaTeIbHOCTH YeJIOBEKa, a TAKXKe MOTPEOHOCTH B IIIH-
POKO aBTOMAaTH3AIH COBPEMEHHOTO MTPOU3BOICTBA C IENBIO TOBBIMIEHHUS ero 3(h(exTnB-
HocTH. Ha ceromgusimauii nens aucuuiuimHa «PoO0TOTEXHHKa YCIIENTHO HHTETPUPYETCS B
00paszoBaTeBHBIN MPOIIECC, BKITIOYAs KaK CHCTEMY OCHOBHOTO 00IIIero 00pa3oBaHus, Tak U
CHCTEMY TOTIOTHUTEIFHOTO 00pa3oBaHus. ITO MHHOBAIIMOHHOE HAIIpaBJICHHE 00yCIIOBIIC-
HO 3aIpoCaMH MIKOJIEHUKOB, 00JIaaf0IINX HaBBIKAMH aJTOPUTMHYECKOTO MBIIIUICHUSI.

OOyueHne poOOTOTEXHUKE CTAHOBUTCS BCEe OOjiee aKTyaJdbHBIM M BOCTPEOOBAHHBIM
B JIETCKOM 00pa30BaHWM, HE TONBKO (POPMHUPYS TEXHHUECKHE HABBIKH, HO M CIIOCOOCTBYS
Pa3BUTHIO TTO3HABATENBHOM NEATENBHOCTH Y ydamuxcs. [ aToro nucnoib3yrores pooo-
torexundeckue miardopmel LEGO, mpemocTaBisioniie BO3MOKHOCTh OCBOSHHUS METOIOB
KOHCTPYHPOBaHHUS pOoOOTOTEXHIUECKHX cucTeM. Ha odunmansaom catite LEGO moctymHb!
MIPOEKTHI, TIO3BOJISIONINE U3y4YaTh IPOCTHIE MEXaHU3MBI M 0a30BbI€ AIITOPUTMBI YIIPABICHUS
poOoTOM, Takre Kak OpraHU3aIis ABIKEHHS, OCHOBBI KOMITBIOTEPHOTO 3PEHHUS U IPYTHE 3a-

* E-mail xoppecnonupyroiiero apropa: mussina23d@gmail.com,
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Jla4H, PaCKPHIBAIOIIME HE TOJIBKO B POOOTOTEXHUKE, HO U B CMEKHBIX 00JIACTSX, TAKUX KaK
¢usuka, marematuka 1 TexHosnorur. OOydeHue B 00JacTH POOOTOTEXHUKHU MPEICTABISIET
€000 KOMIUICKCHBIH MOJIX0]], HATIPABJICHHBIN HA PA3BUTHE KPEATUBHOCTHU, AaHATTUTHYECKUX
HaBBIKOB, MPOTPAMMHPOBAHUS M AJITOPUTMHUYECKOTO MBIIUICHUS y yHalIUXcs. DTH MeTO-
JIbl CITIOCOOCTBYIOT AOCTHKEHHUIO MAKCUMAJIbHBIX PE3YJIbTaTOB B 00y4eHUH POOOTOTEXHUKE,
MOJITOTABIINBAs YUAIIUXCs K COBPEMEHHBIM TEXHOJIOTHSAM U Pa3BUBasi MX MO3HABATEIbHYIO
JeSITeTbHOCTb.

OnHako, HECMOTpPsI Ha aKTUBHOE pa3BUTHE POOOTOTEXHUKH, B HACTOALIEE BPEMs OT-
CYTCTBYIOT IIUPOKO pacHpOCTpaHEHHbIE YUeOHO-METOINYECKHEe MaTepHallbl, BKJIIOUas pa-
Ooume terpaau. B koHTeKCcTe 00ydeHUs] pOOOTOTEXHHUKE TPAJUIIMOHHBIC TETPaIH, MpeIHa-
3HauUEHHBIC JJIs1 Y4eOHBIX TIPEIMETOB, OKa3bIBAIOTCS HEYAOBIECTBOPUTEILHBIMH, TOCKOJIBKY
HE MPEIOCTaBIISIOT CIeHUABHBIX Pa3/IeJIOB WM MECT JIJIsl 3aMnceil 0 poOOTOTEXHMYECKUX
MpoeKTax u uccienoBaHusx. OHU TakKe OrpaHHMYMBAIOT IMPOCTPAHCTBO JJISI PUCYHKOB U
CXeM, 3aTpy[IHss BU3yall3alHio U MOHUMaHKe nponeccoB. Takum o0pa3zom, OCHOBHOH I1e-
JIBIO HACTOSIILIETO MCCIIE0OBAHUS SIBISIETCS pa3paboTka yaeOHO-METOAMYECKOTO MaTepHara,
BKJTIOUasi paboyrie TeTpaau, OXBaThIBAIOIINE PA3IMYHbIC ACTIEKThI POOOTOTEXHUKH U 00e-
CIIEYMBAIONINE CTPYKTYPHPOBaHHE y4eOHOTo mpolecca Uis MOCIeJ0BATeIbHOTO U3YYCHHUS
Marepuana, 4To CoAeucTByeT 3(h(HEeKTHBHOMY Pa3BUTHUIO MO3HABATEIBHBIX AEATEILHOCTEH
yyaluxcsl.

Metoasl. /i1 7aHHOTO HCClie0BaHUs ObIITM MPUMEHEHBI CIIETYIOIIUE METO/IBL:

e lccnenoBanue comepkaHus y4eOHO-METOIUYECKUX MaTepHajioB IO JIPYyTUM Mpel-
MeTawm;

o CpaBHUTENBHBIM aHAJN3 PAa3TUYHBIX METOJUK M MaTepHalioB C YYETOM UX BIMSHUSA
Ha TI03HaBaTENIbHYIO JIEATEIIbHOCTh YUEHUKOB;

o [IpoBenenne HabMONEHNH 32 YPOKaMH, Ha KOTOPBIX UCTIONB3YIOTCSl paboune TeTpaju;

o OuKcanus, KakuM 00pa3oM yUeHHKH B3aUMOJICHCTBYIOT ¢ y4eOHBIMU-METOTUYECKUMH
MaTepuasaMu B IIpoliecce BHITOTHECHUS 3aJaHUH 1 yUeOHBIX TPOEKTOB;

o AHanu3 pe3yJbTaToB HAOIIONECHUI U BISIBICHUE 3aKOHOMEPHOCTEIH;

e lI3yueHre U aHAIN3 3all0JTHEHHBIX Y4eOHO-METOANYECKUX MaTepHalioB, BKIIOYas 3a-
IIMCH, PUCYHKH, TMarpaMMbl U JIpyrue MaTepHabl;

e PasneneHue Tpymnibl ydaliuxcsl Ha JBE MOJATPYIIIbI: SKCIEPUMEHTAIbHYI0 M KOH-
TPOJIBbHYIO;

o CpaBHEHHUE PE3yIbTaTOB O0YUYCHHUS,

e COOop 1 aHaN3 KOJMYECTBEHHBIX JJAHHBIX O MPOIPECCE U YCIIEBAEMOCTH YUaIIUXCS.

MeTtoaosorusi uccjieioBaHusl. YCIEmHoe 00yd4eHHEe — 3TO MPEKIE BCErO OTIUYHOE
YCBOCHHE MaTepualla, MHTepeC K HOBBIM 3HAHUSM, MOTHBALIUS, OOpeTeHHe HOBBIX HAaBbI-
koB. UenoBek Jyuiie ycBauBaeT HH(QOpMALUIO, €CIIH ISl 3aIIOMUHAHHS UCTIONB3YIOTCS BCE
BUBI TAMSITH, BKIIIOYAs IBUTATeNbHYI0. BocnpruHiMas nHQOpManuio Ha clyX (CJIoBa y4H-
TeNsl BO BpeMsl YpPOKa), BU3yajbHO, MUCIOJIb3Ys JABUraTeIbHYIO NMaMATh B BHJE MPAKTHKH,
U C 3aKpeIyieHHeM MarepHaia Ha padourx TeTpaasx peOCHOK ropasio JIydlle OCBauBaeT
HOBBIW Marepual.

Jiist 53 PeKTUBHOTO Pa3BUTHUS IO3HABATEIbHOW aKTUBHOCTH YYSHUKOB 3 Ki1acca B Ipe/-
MeTHO# 00acTu «PoGoToTexHHKay ObLITH pa3padoTaHbl CIeUATN3UPOBAHHBIC padoUne Te-
Tpaju.
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Crienpanu3upoBaHHbIE CEKIUH B pabouell TeTpaau: BHYTPU TETPaI CO30aHbl pa3HbIEe CeK-
LUM JUIsl pa3HbIX BUJOB 3amuceid. Harpumep, oqHa cexuus Jjisi TEOPETUYECKUX 3aMETOK I10
POOOTOTEXHHUKE, YepTeKeH MPOCKTOB M MOHWMAaHHsI TEPMHUHOJIOTUH. YUYEHHK HE MPOCTO Me-
XaHUYECKH YUUTCSl MaTepHally, & CAMOCTOSITENIbHO MCCICAYET U HAXOAUT OTBETHI, UCHIONB3Ys
ynoOHbIe TeTpay. B pesynbsrare pedeHOK 3aKperuisieT MolyYeHHbIE 3HaHHsI 10 POOOTOTEXHUKE,
4TO CIIOCOOCTBYET OOJIee ITyOOKOMY YCBOCHHUIO HOBOTO Matepuaia. Pa3zienurenu u Hymepanus
CTpaHHL] 100aBJICHBI JJIsl OpPraHU3all1 3aiuceil U OBICTPOro ToMCcKa HH(OPMALIUH, YTO YITyd-
IIaeT OpPraHu3aIrio yueOHoro mporecca. DHHEKTUBHOCT pabOThl YUAIIUXCS TOBBIIIACTCS
Onaronapst 5)kOHOMHUH BPEMEHH Ha BBITTOIHEHHUE 3aaHHUH C UCTIONB30BAHIEM TETPa/IH.

B TeTpaasx mpencraBieH CUCTEMHBIN MOIXOJ, HAUYMHAs C 3aad, [esb KOTOPBIX pac-
HIMPHUTH TPEACTABICHHS YYAIIUXCSl O KIIIOYEBBIX TEPMUHAX U MPUHLIUIAX POOOTOTEXHHUKH.
3aganus mo pa3paboTKe aJropuTMOB CIIOCOOCTBYIOT Pa3BUTHUIO aJTOPUTMUYECKOTO MBIII-
JICHUS1 ¥ IOTHYECKOTO MBIIIJICHUS. Y YEHUKH COOMPAIOT U POTrPaMMHPYIOT CBOMX POOOTOB
JUTSL pellieHus 3a/1a4, pa3BUBasi MO3HABATEIbHYIO0 aKTUBHOCTH (puc. 1-3).

TBOpuecKuii TOIXO ¥ MPOEKTHI MO3BOJISIOT ACTSIM IPOSIBUTH MHKEHEPHYIO (haHTa3HIO U
KpPEeaTUBHOCTH NPU CO3JIaHUU POOOTOTEXHUYECKHX NMPOEKTOB. MccnenoBarenbckue 3aqaun
BOBJICKAIOT YUYCHUKOB B aHAJIM3 Pa3IMYHbIX AaTYNKOB U UX MPUMEHEHUE B POOOTOTEXHHKE
Yyepe3 MpakTHIecKyro padoTy. CpaBHeHHE Mojieneld poOOTOB crlocOOCTBYeET Ooliee TITy0oKo-
My [OHUMAHHUIO TEXHOJOTHUI.

B KoHIe Kaka0# TeTpaan MpeayCMOTPEHbI pa3ieibl Ui aHAIn3a OUIMOOK ¥ CaMOCTOsI-
TEJILHOW OLIEHKH MPOJIeIaHHON paboThl, pa3BHBasi KPUTHUECKOE MBIIUICHUE. SpKUe WILTIO-
CTpalK U KAPTUHKHU UCTIONB3YIOTCS ISl BU3yalM3aliy KOHLEIIIUN 1 ueH 1Mo podoToTeX-
HUKe, enast yuyeOHBIH mpolecc Oonee MPUSTHBIM U TPUBJICKATEIbHBIM IS ICTEH.

Pucyuox 1- HpHMep 3aJaHus Ha COOTBCTCTBUC J1JIsI O3BHAKOMIICHHUS C Ha60pOM
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Pucynox 2 — 3ananus 1o teMe aBTOMaTHYECKUX JABepel

Pucynox 3 — 3aganne Ha IPOSKTUPOBAHUE U IPOTPAMMHUPOBAHNE
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PesynbTarel. J{71s1 onieHKH 3QQEKTHBHOCTH METOAOIOTHH Pa3BUTHSI NO3HABATEIbHON
JIeITEeNIbHOCTH B TIporiecce 00y4deHHsI pOOOTOTEXHUKE ¢ IPUMEHEHHEeM pado4unx TeTpaaen
OBLJT TPOBEJICH MTEAATOTHUECKUNA DKCTIEPUMEHT.

B xone uccnenoBanus ObUTA BRIOPAHKI JIBE TPYTIIBI YYAITUXCS ¢ 3 TapajliebHbBIX Kiac-
coB B o0OmeM konunuectBe 108 ¢ oMMHAKOBBIM YypOBHEM HavajbHBIX 3HAHHH MO POOOTO-
texHuke. [lepBas rpymnmna u3 3 KiaccoB (IKCIEpPUMEHTAIbHAsA) NCIOIB30BaIA TETPATH A
CHCTeMaTH3aIliy ¥ aHalli3a MONydeHHOH WH(popMamuu B Tporecce oOydeHus. Bropas
TpyIIa, cocTosmas u3 3 KiIaccoB (KOHTPOIbHAs ), 00ydanack 0e3 MpUMEeHEHUs JaHHOW Me-
TOAMKH. B KoHIIE 00y4eHUsI IPH cAaue KOHTPOIBHBIX paboT ObUT POBEJCH aHaIN3 0aIoB
IByX rpynn (Tabmuna 1).

Kpurepuit CthiomenTta (t-Kputepuii) MO3BOJISET HAWTH BEPOSTHOCTH TOTO, YTO 00a
CpeIHMX 3Ha4eHUs B BEIOOPKE OTHOCSTCS K OJHOW M TOW e COBOKYITHOCTHU. J[aHHBIH Kpu-
Tepuil HanboJIee YacTo MCIOIb3YeTC s ISl MPOBEPKU TUIOTE3bl: «CpeHue ABYX BHIOOPOK
OTHOCATCS K OJTHOM U TOM k€ COBOKYNHOCTW». [[03TOMY C 11€JIbI0 CpaBHEHUS PE3YJIbTAaTOB
OBLJT MCTTONTB30BAH t-KPUTEPHIA.

Tabnuya 1 — ONeHKN KCTIEPUMEHTATBHON M KOHTPOJIBHOHN TPYIIIBI

[epBas rpymma (IKCIIepIMEHTAIbHAS )
N, = 54 genoBex

Bropas rpynma (KoHTpOIbHAS)
N, = 54 genoBex

1718161518201613 171517172020 18 15
191817161820151919131517181619 13
17192014161417191913 1918151611 17

1611101618171613 16141911916 14 15
9171315121713 1310111516913 16 14
11121513 111811 171115141813 15710

1820171917 17 115141210 14

O011ee KOJIMYESCTBO WICHOB BHIOOPKH: 7, = 54,
Pacuer cpennux apudmernyeckux: X, = 17,08, X, = 13,28
CranpapTHoe OTKJIOHEHHE: G, = 2,19, 6, = 2,93

ITo dopmyne paccuuThIBaeTCs CTaHTApTHAS OIMWOKAa Pa3HOCTEH apH(PMETHICCKUX
CPEHUX:

o = [0+ Xy -y
e (n—=1)xn

X -
Craructuka kpurepusi: t= %o Vo _ 3,6

x=y

3HaueHue t-CTAaTUCTHKN COCTaBIIIO TIpuMepHO 3.6025. [[ist onpeieieHns CTaTuCTHYe-
CKOM 3HAYMMOCTH Pa3IHUMs MEX]Ty JByMsI TPYIIIIAMH C HCIIOIb30BaHHeM Kpurepusi CTbio-
JIEHTa, HEOOXOJIMMO OBLIO CPAaBHHUThH PACCUNTAHHOE 3HAYCHHUE t-CTATHCTUKHU C KPUTUICCKHM
3HAYCHUEM t-CTATHCTHKHU TIPH 3aJaHHOM ypoBHE 3HaunMocTd (00braro 0.05 wmm 0.01) u
YHUCie cTereHel cBoooans! (B manHoM cirydae, df = 106 mist o6enx rpymm).
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Hust ypoBast 3HauumocTs 0.05 u 106 creneneit cBoOob! (MpUMEHsIsE Ta0IUILy KpUTHYE-
CKUX 3HAUYEHHH t-CTATUCTUKU WIIM CTATUCTUYECKUN KaJbKYJSTOP), KPUTHUECKOE 3HAYCHUE
t-CTaTUCTUKU COCTaBUT IpumepHo 1.984.

Teneps cpaBHUM paccuuTaHHOE 3HadeHHeE t-cTaTuCTUKH (3.6025) ¢ KpuTHYEeCKUM 3Ha-
yenueM (1.984). PaccunranHoe 3HaueHHE t-CTaTHCTUKHU OOJIbIIIE KpUTHYECKOTO 3HAUEHHS (B
JaHHOM ciydae, 3.6025 > 1.984).

Pesynbrarhl MMEHOT CyIIECTBEHHBIE pa3jnyus. Ydallluecs U3 SKCIEPUMEHTAIBHON
IPYIIBL IPOIEMOHCTPUPOBaK OoJiee BHICOKUH ypOBEHb aKTHBHOCTH M MH(OPMHPOBAH-
HOCTH B yuyeOHOM mporecce. X 3anmucu B TETpaisix CBUACTEIBCTBOBAIH O OoJiee ITyOOKHX
HapyLIEHUAX POOOTOTEXHUKH U CHCTEMAaTH3MPOBAHHOM IOJXO/E K H3yUYEHHIO MaTepraa.

Kpome Toro, B 9kCriepUMEHTaJILHOW IpyIilie OTMEUEH 0ojiee BHICOKUH YPOBEHb CaMo-
pErysaLuu U OTBETCTBEHHOCTH 3a Iporecc o0ydyeHus. Yuammecs: 6ojiee OpraHn30BaHHO
MOAXOMIIN K BBITIOJTHEHHIO 331aHUH, YTO B KOHEYHOM UTOTe OBUIO CKa3aHo B KauecTBe Gop-
MYJIHPOBaHHS MaTepuaa.

Takum 00pazoM, pe3ysbTaThl SKCIEPUMEHTa MOATBEPAMIN YPPEKTUBHOCTH METOA0JIO-
MM pa3BUTHS MO3HABATENLHON AEATEILHOCTH B O0YYEHHH POOOTOTEXHUKH C HCIIOJIB30-
BaHHEM TeTpaael. ITOT moaxon obecreunBaeT Oonee rTyOOKOe MOHMMAaHWE W CHUCTEMa-
TU3AIMIO 3HAHUH, a TaK)Ke Pa3BUTHE CAMOPETYJSIHUU CpeAd ydamuxcs. B cBa3u ¢ aTuM
PEKOMEHAyeTCs IMPOKOE BHEAPEHNE TaHHBIX METOJMK B 00pa30oBaTesIbHBIN MPOLECC, 0CO-
OeHHO B chepe 00yueHus: pOOOTOTEXHHKE.

Oo6cy:xkaenue. Po6oToTexHUKA B IIKOJIBHOM 00pa30BaHHUM MIEPEKUBACT YIUBUTEIBHOE H
3axBaThIBalollee pa3BuTHe. HecoMHEHHO, OHa IPUXOAUT HA YPOKH, YTOOBI OCTAaThCs, U 3Ta
9pa BHEAPEHUSI pOOOTOTEXHUKH B HIKOJIBHBIE IPOTPaMMBbI CBUCTENBCTBYET O IITYOOKHX H3-
MEHEHUsX B 00pa3oBaresibHOM Mporiecce. Jlonroe BpeMs poOOTOTEXHHKaA OCTaBajlach BCIIO-
MOTaTebHBIM CPEICTBOM, IPU3BAHHBIM HAIVISIIHO WILTIOCTPUPOBATh HAYKY U MHIKEHEPHIO.
Uto moxHO 3aMeTuTh B cTarthsix Kymepmana /[I., Bepuepa U.M. [1], Jlonec-Kaynana 3.,
[Monce I1., Cepepa JI. [2] u banene A. [3], rae poOOTOTEXHUKA MIPUMEHSETCS B KaueCTBE
MOIITHOTO MHCTPYMEHTA JJIsl U3yUCHUS U YIITyOJICHHOTO TOHUMaHHUS IPYTUX MPEIMETOB KaK
MaTeMaTuka, Ouonorus u Gu3nKa u Jip.

Bce ynoMsiHyThIe aBTOPBI TOAYEPKUBAIOT, UTO B 00JIACTH POOOTOTEXHUKH 0CO00€ BHU-
MaHHe yIensieTcs PEeHICHUIO 3aa4 ¢ MPaKTUYEeCKOW HapaBIeHHOCTHIO. (ISl JOCTHKEHHS
peleHus Toi 3a1aun TpedyeTcst mpruoOpeTeHne ONpee]eHHBIX 3HAHUH, IPOBEJCHUE IKC-
MEPUMEHTOB C MOCIEAYIOIMM aHaJIH30M Pe3yJbTaTOB W BBIBOAOB. YUUTEIb HE JOIKCH
MPEAOCTABISATH TOTOBBIE perieHust. OCHOBHOHM aKIIEHT clieqyeT AeNiaTh Ha Pa3BUTHU Yy yue-
HUKa HaBBIKOB MIOCTAHOBKH BOIPOCOB, (DOPMYIMPOBAHMSI THUIIOTE3 M MOMCKA PEUICHUH, a
TaKKe aHaJM3a MOJTy4YEeHHBIX PE3yJIbTaTOB.

Jlo cux mop He MPOBEICHO MHOXECTBO JIPYTMX HCCIIENOBaHUH, MOCBALICHHBIX 00pa-
30BaTesIbHON POOOTOTEXHUKE. B OCHOBHOM aBTOpBI (DOKYCHPYIOTCSI Ha aHAJIN3€ METOJ0B
MOJICTTUPOBaHUs, CO3/1aHUsI U COOPKU MPOCTBHIX POOOTOB C HMCIOJIB30BAHHEM OTpE/eIieH-
HBIX Y4eOHBIX HA0OPOB. BOJBIIMHCTBO HAYYHBIX U METOIUYECKUX IMyOIMKAIMNA MMOCBSIIIE-
HBI MCTIOJIB30BAaHHUIO KOHCTPYKTOPOB Lego B mpouecce o0ydeHust podororexHuke. Hampu-
Mep, HoBoposmoBa [4] paccmarpuBaeT BO3MOXKHOCTH MpuMeHeHus «Lego» mpu pabote ¢
MJIQJIIIMMK TIKOJIbHUKAaMU, 371aKa3oB [5] yaenseT oco00e BHUMaHUE KOHCTPYUPOBAHHUIO
KaK MHCTPYMEHTY pa3BUTHs MH)KEHEpHOro MbIieHus, a Ckopoxojosa [6] aHanu3upyeT
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0CcoOeHHOCTH 00y4YeHHUs1 pOOOTOTEXHHUKE BO BHEYPOUHOH NESTEIHHOCTH U €T0 BO3ACHCTBHE
Ha KOMIUIEKCHOE pa3BUTHE YMEHHHI B MPEIMETHON 00IacTH.

B s1moxy coBpeMEeHHBIX TEXHOJOTHI U HUPPOBOI MH(DOpMALIUU TETPaal KaK CPECTBO
3alicy U XpaHeHHs: HHPOPMAIMK MOTYT MTOKa3aThCsl yCTapeBIIMMU. TeM He MeHee, TeTpa-
JI1 OCTAIOTCSl BAYKHBIM HHCTPYMEHTOM B 00pa30BaHUM M HAYYHBIX UCCIIEIOBAHUSIX.

Bomnpockl, cBsizaHHBIE ¢ TPUMEHEHUEM padounX TeTpaell B yueOHOM mpouecce, Obuin
WCCIIEZIOBAaHbl B Pa3IMUYHBIX HayuHBIX paborax, BKmiodas Tpyasl E.A. Bepxunckoii, E.A.
Kproukosoit, A.M. Jlukapuyk, U.I'. Maiioposoii, O.A. Hunbcona u N.2. YHT. Ananu3 ux
MCCIIeIOBaHUM IMOKAa3bIBALT, YTO YUCHBIC HE HMEIOT OOLIET0 MHEHUSI OTHOCHUTENLHO THUIIOB
pabouux terpaneii. Hanpumep, E.A. KproukoBa pasznensier paboune TeTpaju Ha JIBE Ka-
TErOpvH B 3aBUCHMOCTH OT MX (DYHKIMOHAJILHON HArpy3KH: MHOTO(QYHKIMOHAIBHBIE (CO-
JieprKalue pa3HooOpa3Hyto yueOHy0 HH(GOPMAIIMIO U Pa3InYHbIC BUIBI 331aHU) H OJTHO-
¢byHKIHOHATBHBIE [7].

Hccnenosarens M. D. YHT pasrpaHUunBacT ABa THIA pabounX TeTpajael, UCIOIb3Ys
KPUTEPUHU YPOBHS CAMOCTOSTEIBHOCTH LIKOJBHUKA M CBSA3H ¢ ydeOHukoM. [lepBbiii TH
BKIIIOYAET TETPaaX JJIsl HHIUBUAYAIbHON paboThl, BTOPOW — AJisi paOOThI MO PYKOBOJ-
CTBOM yuuTens (10 MepBoMy KpuTepuio). Bropoil tum terpanei, mpsiMo CBS3aHHBIE C
OTpe/ieTICHHBIM Y4eOHUKOM, U T€, KOTOpPbIE HE UMEIOT MPSIMON CBSI3U C HUM (110 BTOPOMY
Kputepuio) [8].

Hccnenosanue, nposenenHoe Papunoir Xanum, Perno J[u Cysutu u daysueit Xa-
paxam B 4YeTBEpTHIX Kiaccax B ropoge TeOuH TuHrrH, ObIO HAlpaBICHO HA HM3yueHHE
BJIMSIHUS MCTIOJIb30BaHUsI pab0yMX JIMCTOB y4YallUMHCS Ha Pa3BUTHE HAyYHBIX HABBIKOB U
MOTHBALMIO K 00y4eHuto. MccnenoBanus nokasaiy, 4YTO HCIOIb30BaHHE PA00UNX JIHCTOB,
OCHOBAHHBIX Ha HAay4HBIX HaBbIKaX, 3HAYUTEIBHO YIyYIIAeT pe3ysbTaThl 00y4eHHus yda-
HIMXCS IO CPABHEHHIO C TEMH, KTO UCIIOJIb3YeT OOBIYHBIC Pa0OUHe JIUCTHI. DTO TONTBEPK-
JlaeT BaYKHOCTh HHTETPALlMH AKTUBHBIX METOI0B 00YUEHHUsI, OpPUCHTUPOBAHHBIX Ha HAYYHBIN
MPOIIECC, B YUEOHYIO MPAKTHKY [9].

Pabora Pucresckoit M., Kokomiku J[x., ['pamatkoBckoro b. u Cusakosoii J[. 2015
rojia MOCBsIIIEHa PO padOYMX TeTpajel B HadaJbHBIX IIKONax Pecnyomukun Makeno-
Hus. MccnenoBanue nMeNno 1elb BBISIBUTH BIMSHUE DTHX TeTpajael Ha 00pa3oBaTelbHbIN
nporecc. ABTOPBI MOTYEPKHYIH, YTO pabovHe JIUCTHI, KaKk ydeOHoe mocobue, Urparot
BRXHYIO posib B 00yueHHH ydammxcs. OHU TPEAOCTaBISIIOT TEOPETHUECKYI0 0a3y 1o
MPEeIMETy B CIOCOOCTBYIOT PEIICHUIO U YCBOCHHUIO Pa3HOOOPa3HBIX KOTHUTHUBHBIX 3a/1a4.
OTH TeTpaau TakkKe CIOCOOCTBYIOT PAa3BUTHIO MBILIUICHUS Yepe3 pasHooOpa3Hble BUABI
nestenbHOCTH [10].

B cratbe Yyk T., Aknenus A.P., Humep C.O. u ['ypOy3 @. aBTOpBI aKIEHTHPYIOT BHU-
MaHHe Ha He0OXOAUMOCTH YYUTHIBaTh COBPEMEHHBIE TEOPUH 00YUEeHHS, OPUEHTUPOBAHHbBIE
Ha ydanierocs. 3To yKas3bIBaeT Ha BaKHOCTh IIEPEOCMBICIICHHSI 00pa30BaTeIbHBIX METOI0B
Y TIOIXOJIOB C YYETOM COBPEMEHHBIX TpeOOBaHMI, HO BMECTE C TeM NoxdepKuBaet dpdek-
TUBHOCTB MCIIOJIB30BaHMs pabounx Terpanaei. [11]

Bri0op maHHOH TeMbl A7 KccleoBaHusl 00YCIIOBIIEH PSOM BECOMbBIX MPUYHH, OCHO-
BaHHBIX Ha MPEbIAYILEM OIBbITE B UCIIONB30BaHUH TETPajei B APYruX OONacTIX 3HAHHM.
Cy1ecTByeT MHOXKECTBO MCCIIEIOBAHNM, MPOBEICHHBIX B Pa3IMYHBIX TUCIUILIHHAX, KOTO-
pble YCIELTHO MPOAEMOHCTPUPOBAIN () (HEKTUBHOCTh MPUMEHEHHUSI TETPaaei B yueOHOM
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mponecce. Cvit HCCJICAOBAHUA JOKa3alin, YTO TETpaau ABJIAKOTCA MOUIHBIM MHCTPYMEHTOM
JUTSL OpraHM3allMK U CTPYKTYPUPOBAHUS 3HAHUI, a TAaKkKe CIIOCOOCTBYIOT OoJiee ITyOOKOMY
Y CHCTEMHOMY TIOHHMaHHUIO MaTrepuaa.

Takum o0Opa3oM, pa3zpaboTaHHbIC paboune TETPAIU MO POOOTOTEXHHUKE TPEACTABICHBI
JIOTUYHBIM II1aroM, KOTOPbIE 000TraIialT 00pa3oBaTeibHbII MPOIECC U CIIOCOOCTBYIOT 00-
siee 3P PEKTUBHOMY YCBOSHHUIO 3HAHUN U PA3BUTHIO MIO3HABATEILHOW JIEATEIBHOCTH B 00-
JIACTH POOOTOTEXHUKHU.

3akiarouenune. B maHHON cTaThbe MBI pacCMOTPEIM Ba)KHBIE acleKThl MPEIOKEHHON
METOJIOJIOTHU ¥ OTMETHJIN, YTO TETPaaAHd KaK MHCTPYMEHT OOyuYeHHs POOOTOTEXHUKE IPH
Pa3sBUTUHU M03HaBaTEIbHOMN ACATCIIBHOCTU NPCAHA3HAUCHDBI JJId CUCTEMAaTU3allun 3HAHUU U
HaBBIKOB ydamuxcs. [1o pe3ynsraTaM TeTpaan MO3BOIMIHN CTPYKTYPUPOBATh HHPOPMAIIHIO,
YTO CIIOCOOCTBOBAJIO JIyUIlIeMy MIOHUMaHUIO Matepuaina. [IpuMeHeHne terpajei B o0yue-
HUH POOOTOTEXHUKE CIIOCOOCTBOBAJIO Pa3BUTHUIO TIO3HABATEILHON aKTUBHOCTH yYaIMXCSL.
3aﬂaHI/IH, NpEACTAaBJICHHBIC B TETPAAAX, CTUMYJIHNPOBAJIN MBIINIJICHUE, aHAJIMTUYCCKUEC CIIO-
COOHOCTH, a TaKXKe KpeaTHBHOE MBIIUICHUE, TOCTYXWIN 3PPEeKTUBHON OLEHKOW YPOBHS
3HAHUM 1 HaBBIKOB ydamuxcs B pO6OTOTeXHI/IKe.

Pe3ynbrarsl HOATBEPIKAAIOT BAKHOCTD MPEIOKESHHOI METOI0JIOT MU B 001aCTH pOOOTO-
TEXHUKH ISl Pa3BUTHS TIO3HABATENILHOM JEATEIBHOCTH U 0003HAYAIOT XOPOIIO 0hopMIICH-
HbIE Y4eOHO-METOIMYECKHE MaTepHabl Kak 2(p(eKTUBHBII HHCTPYMEHT U1l ONTHMHU3AIH
00pa30BaTeIbHOTO MPOIIECcCca YUSHUKOB, CIIOCOOCTBYIOT OoJiee TITyOOKOMY TTIOHUMAaHHIO Ma-
TepHaja, MOBBIIIAIOT MOTHUBAILIMIO U CO3JAI0T yIOOHOE MPOCTPAHCTBO VISl MPAKTHYCCKOTO
OIIbITA ITOBBIIIAsA UX aKTUBHOCTbD.
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. MYCHUHA, JI. PAXUM7’KAHOBA

an-@apabu amvinoasvl Kazax ynmmuolx ynueepcumemi, Aimamol, Kazaxcman

HUHTEPAKTUBTI ’K¥MbIC IS TEPIEPI POBOTOTEXHUKAHBI OKbITY
NPOLHECIHAE TAHBIMIBIK BEJICEHAIJIIKTI JAMBITY TOCIJII PETIHAE

Texnonocusi oKy npoyecinde 6apean cailbli Oeicenoinicin apmmoipyoa. Texwonoeusnapovl Oinim
bepy xoumexcmine OipikmipyOiy Heei3ei MeHOeHYUANAPbIH MAl0AlumblH COHEbl XANbIKAPANbIK ecen-
mepoe pobomomexHuKa OKblmyod JdcaHe OUOAKMUKALBIK KYPAl PemiHoe KOLOAHy MYMKIHOIZI dco2apbl
JHcana mexnono2uAnapoviy 0ipi peminde kepcemineen. bByn sepmmeyoiy makcamol dacmaybwiil CoblHbIN
OKYUbLLAPbIH OKbINY Npoyecinoe pobOmomexHuka naHin oKulmyoa Oanmepiepli KOIOaHA OMbIpbin,
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OKYULBLIAPObIY MAHBIMOBIK OeNCeHOINICIH, OKY MA3MYHbINA KAMbICIbL MOMUBAYUSIAPBIH, MAMEPUAIobl
JICAKCHI U2epy2e bIKNa emy, emneyin anvikmay. 3epmmey « Pobomomexnuxay nani aacvlnoa mexmenmezi
oinim anamoin 108 okywwimen, 8-9 sicacmazol 6ananapovly KamvlCyblMeH HCYpizindi, 6aKwbliay HcoHe
9KCNEPUMEHMMIK MONKA MONMAcmulpbliean exi mabusu monxa necizoenzen Kea3udIKCnepumMeHmmix
ouzain navdaranwiiovl. Exi monmoly Oip-0ipinel aublpMaublivlebl — Madcipubenix mon 0acmypii
a0icmepmeHn, dcodanay maxcipubecin nanoananca, 6aKwviiay moovl mex xcobanay mypiHoe maxcipuderi
natioananovl. Homuoicenep mexkmen mapoueci cabaxmapvlHoa 0acmypii a0icmepmer pobomomexHuKa-
Hbl KONOAHY OKYUbLIAPObIY MOMUBAYUACHIH, OKYbIH HCORAPAAMA OMBIPYIN, ACAZLIMObL KOMMYHUKATNUGTT
aneYMEMmmiK->MOYUOHATObL KAPLIM-KAMBIHACHIH APMMbIPAHbIH Kopcemmi. Anvlnean mamudicenep oKy
npoyecinoe onapobl OapbiHua NAUOAIAHY MAKCAMBIHOA 0Cbl 20IC DOUBIHUUA OKBINYUBLIAPObL OASAPIAY Obl
JHCEMINOIpy Kaxcemmizin Kopcemeoi.

Tyitin ce3dep: neoacoeuxa, Oinim 6epy, poOOMOmMeXHUKa, KYpbliblc, OKY Npoyeci, MaublMObIK ic-
apexem, dcymulc Oanmepiepi, azipiey.

D. MUSSINA, L. RAKHIMZHANOVA
al-Farabi Kazakh National University, Almaty, Kazakhstan

INTERACTIVE WORKBOOKS AS A METHOD FOR DEVELOPING
COGNITIVE ACTIVITY IN THE PROCESS OF LEARNING ROBOTICS

Technology is increasingly present in the learning process. In recent international reports analyzing
the main trends of technology integration in the educational context, robotics is indicated as one of the
new technologies with the greatest potential for application in teaching and as a didactic tool. The purpose
of this study is to find out whether the use of notebooks in robotics in the process of teaching elementary
school children, increases students’ cognitive activity, motivation, in relation to the content of learning,
whether it contributes to a better learning of the material. The study was conducted in the subject of
Robotics with 108 students, school education, 8-9 year old children, and used a quasi-experimental design
based on two natural groups grouped into a control group and an experimental group. The only difference
between the two groups was that the experimental group used robotics with traditional methods, while the
control group used only practice in the form of design. The results showed that the use of robotics with
traditional methods in school education classes increased students’ motivation, learnability and positive
communicative socio-emotional relationships. The results indicate the need to improve teacher training in
this method in order to maximize their use in the teaching process.

Key words: pedagogy, education, robotics, engineering, learning process, cognitive activity,
workbooks, development.
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MYP 3AHBIH DAJIAJTAHBII AKHAPATTBIK TEXHUKAHBIH IAMY
KYBbLIBICbIH KOMIBIOTERIIK MOJEJBJAEY KOHE CUMIATTAY

Muxponpoyeccoprapowr a3ipaey bapvictinoa Intel xopnopayusaceinvly Hei3iH Kaiayulbliapobly
6ipi Topoon Myp mukponpoyeccop KpucmanblHOAbl MPAH3UCMOPLAPObIY CaHbl 0ipa3  yaKvlm
apanvigbinoa exi ece ocedi Oezen Oondcam anummol. bByn smnupuxanvix 3ay Kapanaiviv 0pexcenix
(aKCcnonenyuandvl) epHexnen oOepinedi. Myp 3anvin Hakmuliay 0ip KapacaHoa MexHUKAIwlK ecen 0o-
uin Kepinyi mymkin. Bipax oyn myndem onail emec, o1 masa mexHUKAIbIK 3aHObIILIKMAP2A Kapazanoa
MUKPOITIEKMPOHUKAHBIY OAMYbIHbIY 21eyMemmiK acnekminepin cunammaiiovl. Conovikman Myp 3anvin
bazanay aneymemmanywbliap, dKOHOMUCTED JICIHE KA3IPel 3aMAaHebl aKnapammoslx, mexHuKauovly ma-
PUxvl MeH 0amy MeHOCHYUACLIHA Kbl3bleYWbLIbIK MAHLIMAmell a0amoap Yulin yiKeH MablHaed ue.
Maxanaoa aknapammuix mexuuxanvly oamy Kyoviivicvin Myp 3anvl apxuliel cunammay yuin Mathcad
KOMNbIOMEPNIK MAmMeMamuKa Jicyueci opmacbiHoa aneaul pem Koiauabl Konoanbansl dagoapiamanap
Kypbolizat. Byn 3aynoly Kanwaneikmoel 20in ekeHin anvikmay yuin 1971 ocolnvl Oipinwi 4004 muxponpo-
yeccopbl natioa bonzan commen dacman Intel Kopnopayuacvinbly MUKpOnpoOYeccopiap KpucmanblHoazsl
MPAHZUCTOPILAD CAHBIHBIH (MbLH OaHa OIpiiciHOe) 6Cy OUHAMUKACHL MYpPaibl MYCIHIK Oepemin depexmep-
Oen natidanauviazan. /lepexmep Intel kopnopayusicvinely npoyeccopiapovl a3ipreyoiy 0mbvl3 HCbliObIK
Kezenin Kammuovl. Makaniada ocvl depexmep Cul3bIKmbl emec pecpeccusi, CHAAUHObIK UHMepNonayls
20icmepi apkviibl oHoenin, Myp 3aHblHbIY KAHWATLIKMbL OYPbIC eKeHOIZIHe HCAH- HCAKMbL MAnoay
orcacanean. [lepekmepoiy 632epy OUHAMUKACHIH CUNAMMAMbIH OUphepeHyuanrovly meyoeyiep icyieci
catikec wiekapanvlk wapmmapoa Mathcad xomnvlomepnik mamemamuxa dcytieci Opmacelnoa wewimin
MAanKam scane epapuranvik mypoe oetineneneen. Kypviizan Konoanbansl 6azoapnamanapobl UHICEHePIIK,
EbLTLIMU-MEXHUKANBIK, ecenmeynepoe KeHinen Konoanyea 60a1aobl.

Tyuin ce3zdep: Myp 3anvl, MUKponpoyeccop Kpucmanvl, mpausucmop, pecpeccus, UHMepnoasyus,
Komnviomepuix mooenvoey, Mathcad ocyiieci.

Kipicme. Makanana akmapaTTbIK TEXHHUKaHBIH daMmy KyObuibicblH Myp 3aHbl [1,2]
apkbutbl cumartay yurin Mathcad kommbroTepnik MaremaTtuka skyieci [3-6] oprachiH-
Jla ajfail peT KoJaiiabl KonganOanbsl OarmapiaManap KypbuUiradH. byn Oarmapnamanapaa
KOPHEKUTIK YIIIH KOMITBIOTEPIIiK rpaduKka KeHiHeH KojaaHbUIFaH. Kypburan KonganOansl
OarmapiaManapisl HHXEHEPIIiK, FHUTBIMU-TEXHUKAIBIK ecenTeyieple KeHIHeH KONJaHyFa
Gonasl.

OMnupuKanbsik Myp 3aHbl Keleci TopekeiK (IKCIIOHEHIMAN bl) OpHEKIIeH Oepineni:

F(y,N,yy)=N-22
yy

Byn xepae N — y KbUTbl KPUCTAIIAAFbl TPAH3UCTOPJIAPABIH caHbl, F(Y) - y KbUIIaH
KeHiH KpHcTalJarbl TPAaH3UCTOPIIAP CaHbI )KOHE Y)Y - TPAH3UCTOPIIAP CaHbl €Ki ece apTaThlH

* E-mail xoppecnionnupytomero apropa: kemel zhan@mail.ru
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Mep3iM (KBLT JK9HE Kbl yieci). [laiinanansuiatein gepekrep Intel kopropanusiChIHBIH
MpOLECCOpIapbl J31pJIeyAiH OThI3 KBUIABIK KE3€HIH KaMTHIBI oHE kacanraH Intel
OyHBIMIapbIHBIH IOIIHEH TEK LIaFbIH 1PIKTEyAl FaHa ychiHaAbl. byn gepexrep TemeHne
1-kecTene kentipinreH. bepinren 1-kecTeHiH AepeKTepi TaH KaJIapiibIK dcep KalbIpabl.
Bipak onap yceiHbUIFaH GopMysara KaHIIATIBIKTHL colikec keneai? Ochl cypakTapra xa-
yar Oepyre ThIpbIcaMbI3.OKiHIIIKe opaid, Oy KecTelepAiH AepeKTepi Y yakbIT (JKbLi-
nap) OolbIHIIA OIpKENIKI eMec YJECTIPUITeH KOHE eAQYip JIopexkene Ke3JeHcokK, Oy
CBI3BIKTBIK €MEC PErpeCcCUsIHBIH KaparmaibiM 9icTepiH skoHe Mathcad skyliecinneri pre-
dict pyHKUMSACHI CHSAKTHI CHI3BIKTHIK (13/1€TiHETIH mapamMeTpiepre KaTblCThl) O0IKaMHBIH
KapanaibiM (QyHKOMSUIApbIH KOJJaHyFa Keaepri kentipedi. MyHaail TypAeri ChI3BIKTHI
emec perpeccust Maple CHUSKTBI KOMIIBIOTEPIIIK MaTeMaTHKaHbIH 11e0ep Kyhenepinae ie
icke aceIpblIMaraH. bipak, KyaHbIlbIMbI3Fa opaii, Mathcad skylieciHne yikeH ecentey
KaTenikTepiH xoHe 10°%®-re nmeifiHri mekTik MoHI Oap caHIapMEH KYMbIC iCTeil aixaThiH
KYWHEHIH pa3psaIThIK TOPBIHBIH TOJBII KETYy MYMKIHZITIH caHaMaraHga, OHbI ©TKi3y
SIIKaHal Kelepri TyIbIpManIbl.

1-xecme
Mukporpoccop Typi TDCZ}S;IE;OHPPJII)GD [IsrFapplTFaH SKbUTBI y mapamerpi
4004 NO=23 1971 0
8008 35 1972 1
8080 6 1974 3
8088 29 1979 8
286 134 1982 11
386 275 1986 15
486 1200 1989 18
Pentium 3500 1993 22
Pentium PRO 5500 1995 24
Pentium II 7500 1997 26
Pentium III 9500 1999 28
Pentium 4 42000 2000 29
Pentium 4 M 75000 2001 30

OJaicrep MeH Marepuajgap. Coiikec mmekapalblK Mmaprrapbl Oap OipiHmi perTi
xkail auddepeHmanaplK TeHASyIep Kyiecin ey yiria Mathcad oprachIHBIH CaHJIBIK
9IiC, a TYHKIPUOETIK JAEPEKTEPAl OHACY YIIIH OHBIH PErpecCus, MHTEPIONSLHUS dicTepi
JKOHE aJIbIHFAH HOTIDKENepHAl TpauKalblK Typae OeifHeney YIIH OHBIH TpagUKaIbIK
MYMKIHIIKTeP1 KOJITaHBUIIEL.
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HaTmKe.nep MEH O0JapAbl TAJKbLJIAY.

Cypem 1 — Intel xopriapalMsIChIHBIH TPOLIECCOPHI KPUCTANIBIHAAFbI TPAH3UCTOPIIAP CAHBIHBIH YaKbIT
OOMBIHIIIA apTyBIH CHITATTANTHIH TOYEN/IUTIK YIIiH ChI3BIKTHI €MEC perpeccus

1-cyperTe Myp 3aHBIHBIH MaTeMaTHKAJbIK WILTFOCTparusicel 6ap Mathcad xyliecinig
OarnmapiaMachl YCBHIHBUIFAH. bargapmamMaHblH COJI JKaK >KOFapel OypblmbiHAa Myp
3aHBIHBIH (hOpMyNackl OepisireH KoHe aHATMTUKAIBIK TYpJe OHBIH N JKoHE Yy 13[eNiHEeTiH
napameTpiepi OolibiHIIa JepOec TybIHABLIAph! ecentenreH. ComaH KeHiH CBI3BIKCHI3 pe-
rpeccHs alrOPUTMIH OpbIHJAyFa KaXeT (PyHKIHMS >KOHE OHBIH TYBIHJBIIAPBIHAH KypaslFaH
F1 Bexropnapsrl, 1971 sxpuigan 6acTtan eTKEH KbULAAP caHbl Vy, MPOLeccop KPUCTAIBIHIAFbI
MBIH jgaHa Oipiirinaeri TpansuctopiapabiH canbl VN OepinreH. Ockl AepekTepi maia-
nanateiH genfit pyHkuusicel apkeiisl NO skoHe yy mapameTprepi ecentenred. Perpeccus
JIOIAIriHE KaTThI 9cep eTeTiH OacTanksl mapTTap VS BEeKTOpBIMEH Oepiiesii )koHe oIl mapa-
metpsiep N MeH yy-TiH OacTankbl MOHAEPiH (MBIH JaHAMEH) KAMTHIBI.

ComnkakTarbl rpadMK TPaH3UCTOPIIAP CAHBIH CHI3BIKTHIK MACIITA0Ta Yy MapaMeTpiHiH (€Ki
eceeyyakpIThl) QyHKIUSCHIpeTiHAekopceTeai. bynperreecentey rpadurisKCOHEHIUAT b
TypzeH aymaiabl. On eTKeH rFachIpAbIH 90-KbuiapeiHaH 6acTan MUKpPOIPOIeCCopIapaarsl
TPaH3UCTOPIAP CaHBIHBIH KYPT ©cyiH kepceteni. Ocbl yakbITKa JIeiin rpadukTeri e3repic
TeiM a3. Ecenrtey rpadwuri norapudmaik MaciutadTa KbI3BIKTBI KepiHeni (TeMeHri OH
sakTa). O Ty3y ChI3BIKKa alfHalaabl, OHBIH KeJ0eyl yy mapaMeTpiMeH anbikranaasl. la-
MaMmeH anramksl 20 KbpUT iMIiHAE ecenTey rpaduri MEH HakThl JISpeKTepAiH HYKTenepi
OoiibIHIIa KyphUTFaH rpaduK ic Ky3iHIe Mapajiens KYPIil KaTblp, OYJ1 OCHI YaKbIT OOMbI
Myp 3aHBIHBIH SIUIITIH KyanaHabIpaabl. KepiHin Typranaaid, MUKpOIpoIeccopiapaarsl
TPaH3UCTOPIAPIABIH HAKTHI CaHBl €CenTey caHblHaH Oipuiama Ker. TaObUIFaH yy YakKbIThI
1,769 *KbutIBl KYpanusl, SFHU TPAaH3UCTOPJIAp CAaHBIHBIH €Ki ece 6Cyi IIaMaMeH op €Ki KbLI-
na Oonael. Anaiina 22 xkoHE 28 MIApTThI JaMmy JKbULIApbl apaibiFbiHIa (Hemece 1993-
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1999 k. apaiblFbIHAA) KPUCTANIAFbl TPAH3UCTOPIIAP CAaHBIHBIH 6Cy KapKbIHbIH/IA alKbIH
TYpaKThl KyiasIpay Oafikana Oactaasl. On HAKTHI AepeKTep HYKTEIEePiHiH OipTiHACT TOMEH
aybITKYbIHAH KOpiHil Typ. Anramksl 20 KbUIAAH COJl aCTaM yaKbIT MPOLECCOPIap/IbIH Aa-
Mybl 4004 mponeccopeiHan Pentium-re aeiiHri MEKpOITpolieccopiiap TeXHOIOTHSCHIHBIH
IBOJIOLMSUIIBIK 1aMy KOJIbIHA ColiKec Kenai. Pentium nmpoueccoprnapblHbIH naina 00mybiHa
0alIaHBICTBl APXUTEKTYypa MEH MpPOIeCcCOpNapblH KYpACTIiri KypT ocTi, aTan aiTKaHaa
MYJIBTHMEINA KOMaHAadapbl alTapiblKTail yiraiasl. Kpucrannarsl TpaH3UCTOPIAp CaHbI
0ip MWUIMOH JlaHaJaH acThl. HoTHKeCiHIe HaKThl TEXHOJIOTUSHBIH Myp 3aHbIHAH eneyii
aprTa Kajysl maiga Oomabl. Ochl Ke3eHJe OHBIH MPUHIUITI SJUIMITIHE KYMOH €peKIIe
kymeiini. bipak conrbl xkbuigapel Intel xoprmopamnmscel jkaHa apXuTeKTypaibl Pentium
4 MUKpPOTIpOLIECCOPIapbIH IIBIFAPYFa KOLIy apKbLIbl TEXHOJOTHSHBI KYPT KETUIAipyre
Ko xketki3ai. CoHbIMeH, Myp 3aHBIHBIH MaTeMaTHKAJIBIK Tajijaybl Myp ToyeNIiiriHiH
OAUIAIriH pactaiiabl. Pac, TpaH3ucTOpIIap CAHBIHBIH YaKbIT OOWBIHINIA 3KCIIOHCHIIUAIIbI
ecyl yy rmapaMeTpiHe eTe ce3iMTall SKeHIH aTall oTy KepeK. bip KbUIIaH eKi KbUIFa JIeHiHT1
OHBIH JXYBIK MOHJIEPi KaTe ecenTeyiepre okeiei. Mo, MyHIai ToyeIuliK YIlliH ChI3BIKTIK
eMec perpeccusi Ipoueaypackl MaIIMHAIIBIK €CEeNTeyIepIiH KaTeliKTepiHe oTe ce3iMTall.
Byran Oacrankel gepexrep Hemece N MEH y mapameTpiiepiHiH OacTankbl MOHJCPIH a3/1ar
©3TepTy apKbLIbl KO3 JKETKi3y KUbIH eMec. bipre sakpIH koppensuus koddduiumenTi corr =
0.955, NO MeH yy-TiH alblHFaH MOHJEpIH/IE TOYeNALTiK OacTanKbl JepeKTep JKYNTapblHa
Oipmama colikec keneTiHiH kepceTei. ChI3BIKTHI €MeC PerpeCCHIHBIH 031HE TOH epeKIIeiri
OacTarnkpl ecenrey aiMarblHAAFbl YIKEH KaTeliK, SIFHU aFallKbl KbUIIApAarsl €CeNTeNTeH
N mapaMeTp MeH ajFaliKbl MUKPOIPOLECCOPIAPAbIH KPUCTAIAAPBIHIAFEl TPAH3UCTOPIIAD
CaHBIHBIH HAKThl MOHI apachbIHJIaFbl KYPT albIPMAIIBUTBIK OOJIBIN TaObIIa bl

Byt xericnieyniiyiikTi Kejeci KOJIMEH JKOrFa 00Jajibl - JIorapuMIIiKk MacmTadTa Ty3y
CBI3BIK IpadriHiH COJ KaK HYKTEC] peTiHae OacTankbl AepeKTep i OipiHIli HYKTECIH ajIbll,
TY3Y CBI3BIKTHIH €HICTITiH 0aCTarKbl HYKTEJIep JKUbIHTHIFBIHIAFbI €H JKaKChl MO3HIIUS OOii-
bIHIIA TaHAay KaxeT. bipinmi 4004 MUKpONPOIeCCOPABIH TPaH3UCTOPIAPBIHBIH CaHBIHBIH
HOJTIK KbUTbl petinge 1971 sxbuiapt sxone NO = 2,3 MbIH/BI ecKepe oThIpbin, 013 Mathcad
[7-9] xemeriMeH mpoleccopiiap JaMybIHBIH aJIFalllKbl JKbUIIAPBIHIAAFEl MOIIIMETTEpPIe
ColiKec KeJeTiH JiorapuMIiK Ty3yi TaHIayFa Thipbicambl3 skaHe ol (0, NO) HykreneH Oa-
crananpl. HoTmkeci 2-cyperte TyTrac KiHilmKe chi3biKneH Oepinred. [Ipoueccopnap arays
rpaduKalbIK peJakTOpIbIH KeMeriMeH KoWbUIFaH. HoTike TaHKamapiblK. 22 KbUT iLIIHAC
TPaH3UCTOPIIAPIBIH CaHbI 9p Yy = 2 KbUIAA €Ki ece apTThl. byt arnaiina Oactankel HyKTenep
oJIap/ibl KOPCETETIH TOyeIUTIKKe IamMaMeH coiikec keneni. Ocpuiaiiina, Intel mamanmapbt
kacaraH Myp 3aHbIH TY3€TY ©T€ OPBIHJIbI JKOHE HaKThl Ooibl. Anaiima, Pentium kmacts
MIpoLIeCCOpNapAbIH Maiina 60mysIMeH Myp/bIH TY3€TiIreH 3aHbIHBIH 031 OpecKen Oy3bUIIbL.
Ocbl Ke3eHHEH KEHIHT TPaH3UCTOPJIAP CAHBIHBIH OCY IIIBIHJIBIFBIH JKAKChI TYCIHY YIIIH TY3Yy
CBI3BIKTBI TAHAYFa THIPBICANBIK, TIpEK HYKTecC1 eTin Pentium nporneccopiapsl mbira 6actaran
yakbITTHI, siFHE (22, 1200) gen anambi3. Exi eceneny yakpITBI €Ki ece apThil, Yy = 4 KblI-
Ibl Kypazpl. Bysn MuKponpolieccopiapibiH )KoHE OJIap/IblH TEXHOJOTHSCHIHBIH TaMybIHIaFbl
JIAFIapbIC JKaFJaibIHBIH oeni 0omnel. by kannaii-na Oip nopeskene Intel-niH keneci OybiH
MIPOIIECCOPIIAPBIHBIH JKaHa arayjapblHaH 0ac TapTyblH HETI3Neil - e3lepiHi3 OuneTiHaen
Pentium II >xone 111 Gecinmmi yprakTeiH Pentium mporieccopiiapbIiHbIH KePEMET aTayblHa Jie-
r'eH KO3KapacThl cakTaiabl, OyJ1 Myp 3aHbIHIa OYpBUTBIC OOJIIBI.
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Cypem 2 — Myp 3aHBIH JOrapu@MIiKk MacmTadTa Ty3yIiH KeCiHIIepi peTinie
KOepCceTy HOTMXKecl

Amnaiina, e3nepiHi3 OieTiHael, OHEepKaCITer1 KYJIAbIpay Ke3eHi opIalibM KYPT KOTepity
Ke3eHIMEH, all oJjaH 9pi KYJAblpay Ke3eHiMeH aybichil Typaabl. 1999 sxputer Pentium 11T
MPOIIeCCOPBIH MIbIFapyaan Pentium 4 mporeccopbiH IbIFapyFa eTyre 0aliIaHbICThl TPaH-
3UCTOpJIAp CaHBIHBIH yakKbIT OoWbIHINIA ocy rpadwuri (28, 9500) HykreneHn Oacram KypT
KorapbuIaznel. byn,opune, npoueccopiapablH Kypaenirine, VIHTepHETTI KongaynblH KaHa
KOMaHJJaJIapbIHbIH aiina 60ybIHa OaiiaHbIcThl. OCYyiH €Ki eceleHreH yakbIThl 0,6 Kbuira,
SIFHU PEKOPJITHIK TOMEH MOHTE JICHiH KbICKap/Ibl, Oipak oHbI Oaranay 1999 xbiinaH KeiiHri
JIepeKTepli 1piKTey MOJIIEepiHiH a3/blFblHa OalIaHBICTHl MaTeMaTHKAIBIK TYPFBIAAH T
ceHiMi emec - 6ap OoiFaHbl 3 HYKTE.

JKanmpl anranga, MUKPONPOILIECCOPIbI TAMBITYABIH OYKIJI OTBI3 JKbUIIBIK KE3CHIHJE
Yy IapaMeTpiH OpTa €CEelIEH aliFaH/a, ChI3BIKTBIK €MEC Perpeccus IepeKTepi eTe Ayphic
nen tanyra Oonanbl. bi3 Intel capammpurapsina inecin, Myp 3aHbIHA HETi3/I€IT€H MUKPO-
cxemajap KpUCTaJbIHAAFbl TPAH3UCTOPJIAp CaHBIHBIH O©CyiH OoirkayFa ThIpbIcambl3. by
3-cyperTe OipiHIII OHXKBUIIBIKTA (COJI KAKTarbl CYpeT) JKOHE Kejleci OHXKBbUIIBIKTA (OH
JKaKTarbl CypeT) KOPCETUIreH. AJIFalllKbl OH JKbLIFa OOJDKam OipiliaMa HaKThl KOpPIiHIC
Oepeni. MukpormporeccopiIapAslH MHUKPOCXeMalapblHAa 3 MIUDTHApAKA NEHiH TpaH3U-
ctop Oomybl MYMKIH Jlen KyTyre Oomansl. Kenmeci OHXKBULABIKTAFBI OOJDKAM IITBIHIBIKKA
KaparaHia Qanractuka Ooibim kepinemi. CoraH Kaparanma, 2020 >xpUFa Kapait
KpHCTaJIaFbl TpaH3UCTOPIApAbIH caHbl mamaMeH 140 muinmuapnaka sxkereai! OKiHimike
opaii, MyHzai 60JKaMFa KYMOHJaHYIbIH ce0enTepi )KeTKUTIKTI. MaTeMaTHKalIbIK TYPFbIAaH
anFraja, onap Myp 3aHBIHBIH €Ki €Ce OCY YaKbIThl Yy MapaMeTpiHe KaTbICThI TYBIHIAMIbI.
3-cypeTTiH TOMEHTI KarbslHaa Myp 3aHBIHBIH (Gopmymace! 6obiHIIa 10 sk0HE 20 KBUTIBIK
0orpkay Ke3eHJIEepiHiH COHBIHAA op Typmi y = 1; 1,5 'kxoHe 2 XbuFa ecenTenTeH MbIcall-
nap KenripinreH. baramaymarsl colikecci3ik coiikecinmie mamamen 32 sxone 1000 ecenen
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acanpl! By sxarnmaiiza OODKaMHBIH JTONJIITIHE KeMiIik Oepiimeiini, anx Myp 3aHbIHBIH
TYKBIPBIMJIAPBI ©T€ CaKTHIKICH KOJAaHbUTYybl Kepek. CoHbIMeH, Myp 3aHbIHBIH TOKbIpay
cebebi-Kyienep AUCKPETTIICH TapaThlIFaH KyHesiepre aiHanysl MyMKiH. Hotmxkecine,
©Te KyaTThl KaJIFbI3 IPOIECCOpIIapFa KAKESTTUTIK KOFaIa Ibl, all Myp 3aHbl MAaTEMaTHKAJIBIK
MarbIHaJ/Ia HAKThIJIaH €9yip e3rellie CaHHAH caraFra aybICy Typajibl 0acKa 3aHra OarbIHyFa
MaxOyp 6omnanbl. 2003 sxbUTIBIH KekTeMiHae [opmoH Myp/biH €31 OHBIH 3aHBIH 9pi Kapai
TY3ETY KOKET EKEHIH MOMBIH/Ia bl ATall aiiTKaH/1a, MYHJIal TY3€Ty KaHa TeXHOIOT HsLIap IbIH
JlaMybIHa OailJIaHBICTBI MUKpOCXeMaJjap, aTal alTKaHJa KbICKA TOJKBIH Y3bIH/IBIFBIHIAFbI
PEHTIeH CoyJeNiepiH KOMAaHAThIH AJIEKTPOH IbI-MOH bl TEXHOJIOTHsIAP OHAIPICIHIE KaXKeT.
Ochl TOyeNIUTIKKE KaTICTBI 00JKaMIap Ja CoJl JKepJie CUITaTTaJIFaH.

Cypem 3 — CBI3BIKTHI €MeC perpeccus AepeKTepi OOMbIHIIA ColiKec OipiHIII )KOHE KeJIeCl OH )KBUTIaFbI
MHUKPOCXEMa KPUCTAIIBIH/IAFbI TPAH3UCTOPIIAP CAHBIHBIH O6CYiH OomKay

bi3 Myp 3aHpIHa coiiKec nepeKTepAiH OOJKaMbIH JKaKcapTyFa ThIPhICAMBI3 JKOHE OJ
YILUiH ©3iH KaKChl )KaFbIHAH KOPCETKEH aBTOPErPeCcCHsUIBIK Bypr omiciH KonganyFa ThIpbI-
CBIN KepeMi3. MyHbI )kacay YILIiH AepeKTepl aJbIH-a1a CIUTaliHAapMEH HHTEPIIOJSIIMIAI
a;y MYMKiH. MyH7a jKOFapblia KeNTIpireH KecTeleri AepeKTep YII THIITI - CHI3BIKTHIK,
KBaJpaTTHIK >KOHE KyOTBIK CIUTaHIAPIbIH JKalfacbIMEH MHTEpHosIIMsAianrad. Tamaia-
CBI COJI, MHTEPIIOIALUSIAY KECIHICIHIH IMIiHAEe OHBIH KUCBIK CHI3BIKTaphl Oipiril KeTei,
SIFHM MHTEPHOJISILUSHBI CIIAMHAAPABIH Ke3 KeJIreH TUIIMEH XKYprizy MyMKiH. byn taburu
Hopce, eTKeHI KyOThIK CIUIaiiHIap SpaaiibIM HHTEPIONSLMA YIIIH KOJIIaHbUIAAbI KOHE TEK
OJapIbIH JKaJIFachkl FaHa dPTYp:i OOTybl MYMKIH.

Ocpiran OaiinanplcThl 013 CITAMHABIK MHTEPHOJISLUSIHBI TEK TCH apajbIKTarbl TYHiH
HYKTeNepi TYpiHJIeri JepeKTep YIIiH aBTOPETPecCHUsIbIK bypr oiciH OpbIHIANTHIH
predict dynaxmusicer [10-12] KonmaHy apKbUThI KaKET HYKTENEp CaHBIH KeOelTyne maii-
JalaHaMBI3. 4-CypeTTe OCBI OIpIKTIpUIreH oJICTICH albIHFaH OOJKaMHBIH KOPBITHIHIBI
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rpaduKanbk ToyenaiIiri oepinred. by xarnaiina 6omkaM Jepekrepi eTe KbI3bIKThL. Myp
3aHbl K€M JIeTeH[ie Tarbl 6-7 >Kbl1 OOWBI KyIIiHIe OONMaThIHABIFBIH Kopyre Oonaabl, Oipak
OCBIJIaH KEWiH TPaH3UCTOPJIApP CAHBIHBIH KOOl TOKTal bl by skaFmaliia KpucTaiiarbl
TPaH3UCTOPIAPABIH MAKCUMAJIJIbI CaHbl 420 MUJUTMOHFA JKETEII.

Cypem 4 — Bypr 6omxkay oniciMer Myp 3aHBIH O0inKay OaFaapiaMachbIHBIH HOTIKEC]

KopbIThIHABI. AKNApaTThIK TEXHUKAHBIH JaMy KYObUIBICBIH Myp 3aHbI apKbUIbl CH-
matTay yurid Mathcad koMIbrOTEpITik MaTeMaTHKa JKyHeci OpTachbIHAa ajiFall PeT KOJanIbl
KOJITaHOabel OarmapiaMaiap KypbUIFaH. byl 3aHHBIH KaHIIAIBIKTBI 9T €KEHIH aHBIKTay
yria 1971 xeutel Gipiammi 4004 Mukporponieccopsl maiiga OonraH coTrTeH Oacram Intel
KOPIOPAIHSICHIHBIH MUKPOTIPOIIECCOPIIap KPUCTAIIBIHIAFBI TPAH3UCTOPIIAP CAHBIHBIH (MbIH
naHa OipJiriHae) ecy JUHAMHUKACKHI TYpaJlbl TYCIHIK OepeTiH AepeKTepACH Mmai1aaaHblIIFaH.
Jepexrep Intel KopropamwsICBIHBIH MTPOIIECCOPIIAPABI d3IPIICYAiH OTHI3 KBUIABIK KEe3CHIH
KaMTHJIbL. Makaaa ochl IEPEKTEP ChI3BIKTHI EMEC PErPECCHsl, CILTANH/IBIK HHTEPITOISIINS
omicTepi apKbBUIBI OHIETIN, Myp 3aHBIHBIH KaHIIAIBIKTH TYPHIC CKEHIITIHE JKaH- JKaKThI
Tanay kacanraH. Jlepekrep/iH e3repy NMHAMUKACHIH CHIIATTAUTBIH JTUPPEepEHIIUATIBIK
TEeHIEYIep JKyieci colikec IMeKapasblk Imaprrapaa Mathcad KOMITBIOTEpITIK MareMaTHKa
JKyHeci opTachIHIa MICMIIMIH TalKaH jkKoHe TpadUKalIbIK Typae OcitHerneHreH. Kypburran
KOJI1aHOaIeI OaFaapaaMarapasl HESKEHEPITiK, FRUTBIMA-TEXHUKAIBIK €CenTeyiepac KeHiHeH
KOJITaHyFa 0O0JIasIbl.
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KOMIIBIOTEPHOE MOJEJIMPOBAHUE U OITMCAHUE SIBJIEHUSA
PA3BUTHS HTHOOPMAIIMOHHOM TEXHUKH C UCOJb30BAHUEM
3AKOHA MYPA

Bo epems paspabomku muxponpoyeccopog ITopoon Myp ooun uz ocnosameneii kopnopayuu Intel
npeocKasa, ymo KOIU4ecmeo mpamusucmopos 6 MUKpocxeme MUKponpoyeccopa co epemeHem yosoum-
¢, Dmom aMnupuYecKull 3aKoH 3a0aemcs NPOCHbIM CIMEeNneHHbIM (IKCHOHEHYUATbHBIM) GbIPAIICEHUEM.
Ymounenue saxona Mypa na nepauiii 6327150 Modicem nokasamvcs mexuudeckoil 3adayeil. Ho amo coscem
He MakK, OH ONUCHIBAEM COYUATbHBIE ACNEKMbl PA3GUIMUL MUKDOITEKIMPOHUKLL, A He YUCMO MeXHU4ecKue
3akonwl. Tlosmomy oyenxa 3axona Mypa npedcmasnsem 6016uiol unmepec ONig COYUON0208, IKOHOMU-
€Mog u 0oell, UHMePeCyIoWUXcst UCIOopUell U MEeHOEeHYUSMU PA3GUMUSL COBDEMEHHBIX UHPOPMAYUOHHBIX
mexHonoeuil. B cmamve 011 onucanus Anenus pazeumus uH@OpMayuoHHOU MEXHUKU ¢ NOMOUWbIO 3AKOHA
Mypa snepevie Oviiu paspadbomanvl 3phexmushvie NPUKIAOHbBIE NPOSPAMMBL 8 CPede CUCEMbl KOMNbIO-
mepnot mamemamuxu Mathcad. J[na moeo, umo6vl onpedenums, HACKONbKO CNPABeOIUE JMom 3aKoH, Mol
UCnONL306aNU daHHbLe, Oalowue NPedCnagieHie 0 OUHAMUKE POCA KOTUYeCmEa mMpaH3ucmopos (8 mol-
CAYAX WMYK) HA MUKPONPOYECCOPHOM Kpucmaiie kopnopayuu Intel ¢ momenma nosasienus nepgoco mu-
kponpoyeccopa 4004 ¢ 1971 2. Jlannvie oxeamuléaiom mpu decsimuiiemus paspabomku npoyeccopos Intel
Corporation. Omu 0arusie 06pabOMAaHbl MEMoOamMU HeNUHEUHOU pecpeccuu u cnaatH-unmepnonsyuu. Ha
0CHOGe dMmux 00pabomoK cOenan GCeCMOPOHHULL AHAU3 MO0, HACKOTbKO Koppekmen 3akon Mypa. Cu-
cmema Oup@epeHyuanIbHbIX YPagHeHUll, ONUCHI8AOUas OUHAMUKY USMEHEHUs OAHHbIX pelleHd u epapu-
yecku omobpagicena @ cpede cucmemvl Komnviomeprou mamemamuxu Mathcad npu coomeememeyowux
epanuunblx ycnosusax. Paspabomannvie npuxkiaonvie npozpammsl Mo2ym 6bimb WUPOKO UCHOTb308ANBL 8
UHIICEHEPHDIX, HAYYHBIX U MEXHUYECKUX PACYEmax.

Kniouesvie cnosa: 3axon Mypa, Muxponpoyeccopulii KpUCMAil, mpausucmop, pezpeccusl, uHmep-
noAYusl, KOMnbIOMepHoe mooenuposanie, cucmema Mathcad.
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COMPUTER SIMULATION AND DESCRIPTION OF THE PHENOMENON
OF THE DEVELOPMENT OF INFORMATION TECHNOLOGY USING
MOORE'S LAW

During the development of microprocessors, Gordon Moore, one of the founders of Intel Corporation,
predicted that the number of transistors in a microprocessor chip would eventually double. This empirical
law is given by a simple power (exponential) expression. Refinement of Moore's law at first glance may seem
like a technical problem. But this is not at all the case, he describes the social aspects of the development
of microelectronics, and not purely technical laws. Therefore, the assessment of Moore's law is of great
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interest to sociologists, economists and people interested in the history and development trends of modern
information technologies. In the article, for the first time, effective application programs were developed
in the environment of the computer mathematics system Mathcad to describe the phenomenon of the
development of information technology using Moore's law. In order to determine how true this law is, we
used data that gives an idea of the growth dynamics of the number of transistors (in thousands) on an
Intel microprocessor chip since the introduction of the first 4004 microprocessor in 1971. The data covers
three decades of development of Intel Corporation processors . These data were processed by non-linear
regression and spline interpolation methods. Based on these treatments, a comprehensive analysis of
how correct Moore's law is is made. The system of differential equations describing the dynamics of data
changes is solved and graphically displayed in the environment of the Mathcad computer mathematics
system under appropriate boundary conditions. The developed application programs can be widely used
in engineering, scientific and technical calculations.

Key words: Moore's law, microprocessor crystal, transistor, regression, interpolation, computer
simulation, Mathcad system.
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PASPABOTKA UHTEJJIEKTYAJIbBHOM CUCTEMBI 110 IIPUMEPY
JIOKAJIBHOI'O OLAP KYBA

B cmamve npusooamcs pesynomamol ucciedosanus no paspabomre cucmemsl YnpasieHus 3HAHU-
AMU HA NPEONPUAMUU HA OCHO8e KOHYenyuu ynpasienus snanuamu. Paccmompenvi doeadku no ¢hymk-
YUOHANLHOU cxeme 6 KoHyenyuu cucmemvl. IIpednodcena cxema cucmemvl N0 AHAIOSUU C JOKATbHbIM
OLAP (online analytical processing) kyoom. Ilocmpoen 38pucmuieckutl aneopumm 0OHAPYHCeHUs: 3HA-
HUll 8 OaHHbIX. [IpUBOOUMCs MamMeMamuyeckoe OnuUCanue ai2opummd, OCHOBAHHO20 HA MEMOOaxX 0SUKU
nepeo2o nopsoka, NPOOYKYUOHHOU MOOeNU NPeOCHABIeHUs 3HAHUL U MemoOoax OOHAPYIHCeHUs 3HAHUL &
OGHHBIX U UHMELIEKMYAIbHOM aHanuze. JJaHHOe Ucciedo8anue onupaemcs Ha npeovioyujue padomel no
paspabomke mMemoo08 usiiedeHus 3HaHUll U3 OAHHBIX, NPEOJIONHCEHHBIN MEMOoO MaKHce NPUMEHsenm dma-
JIOHHbIE AI20PUMMBL NPU NOCMPOEHUU YOPMATLHOT CUCIEMbL, KOMOPAsi npu oopabomre mabiuy dopmu-
pyem 6a3y sHanus. Mawuna 6v18600a 8binoaHsem poib opmanbHol cucmemsl no K. I'edento u nposepsem
YmeepacoeHue(2unomesy) 8 NOIYYEHHOM 3anpoce om ucmoyHuka sanpoca. Ilpu smom 6 pesyismame 00-
Ppabomku 3anpocos Gopmupyiomcsi ROGEPXHOCMHbLE 3HAHUS, NPOOVKYUsL POPMATLHOU TOSUYECKOU MOOe-
. Tlokazana nPUHYUNUAILHAS. B03MONCHOCTb NOCMPOeHUs: T0KalbHo2o «Knowledge» kyba. Takoice 6
cmamve NPUBOOAMCs pe3ynbmamsl padomuvl ar2opumma Ha U38eCMHOM npumepe aHaIu3d OaHHbIX Ou-
onuomexu Seaborn python, Tabauyst «tipsy.

Knroueswvie cnoea: cucmemvl ynpasieHus: 3SHAHUAMU, OOHAPYHCeHUE 3HAHUU 8 OAHHBIX U UHINEILeKIM)Y-
AIbHOM GHANU3E, TOSUYECKOe UCYUCTICHUE, UCYUCTEHUS I02UKU NPEOUKAm, UHMELLEeKMYalbHble CUCIEMbL.

Beenenne. B 80-90-x ronax XX Beka aMepuKaHCKHUE, STOHCKUE U 3aI1aJTHO-EBPOIEHCKIE
skoHOMUCTHI M. AnaBu, H. boutuc, V. bykouu, K. Buur, T. J[ssennopt, 1. Honaka, I.
[IpoOcr, 178 Pyyc, K.-D. Cgeiion, X. Takeyun, /1. Tuc, JI. DOBUHCCOH 3aT0KIIIH KOHIICTITY-
aJbHBIC OCHOBHI yIipaBieHus 3HanusMu (Knowledge management). Ceifgac 3Ta KOHICTIITHS
CYMTAETCS OTHOW M3 MHHOBAIIMOHHBIX TTOIXO/IOB YIIPaBICHUS MpennpusaTieM. JlaHHO# KoH-
[ENINeN JTOKa3bIBaeTCs, YTO YIpaBIeHHEe HA OCHOBE MPHUHIIMIIOB KOHIIEMINH MTPUBOIUT K
Pa3BUTHIO MPEANPUATHS. B KOHIIETIIINY TaKKe YIOMUHAETCS TIPUMEHEHHE JITST HEKOTOPBIX
MIPOIIECCOB CHCTEMBI YIIPABJICHHS 3HAHUSIMH. DTO HHPOPMaIlMOHHAs cucTema.B gacTHoCTH,
B paborax Honaka u Takeyuu nmu Jlaenmopra [ 1, 2] yrroMmuHaeTCssaHaIOTHIHAS HHGOpMAa-
nmoHHas cuctema. O cucTeMe ynpapJieHHs 3HAHUSIMH TOBOPUTCS U B IPYTUX UCTOYHHUKAX.
CyIecTBYIOT TOIBITKH MTOCTPOSHHUE TAKOH CHCTEMBI, HAPUMep, B ITyONUKaNNAX TeX JEeTH-
IeT peub 00 apxurekrype 31oi cucteme (Tom Iloprt, crapiuii KOHCYJIBTAHT MO YIIpaBJIe-
Huto 3HanusMu B IBM Global Services). CriegyeT OTMETHTB, UTO CYIICCTBYIOT U HAyJIHBIC
paboThI, HarIpuMep, Kak padora [3]. OgHako, Kak IMOKa3bIBACT MPAKTHKA, TIPEIIOKCHHBIC
pelIeHusT HeMmody4YiIId IUPOKOTO MpUMEHEHHUs. B HacTosmee BpeMs, ¢ pOCTOMHHTEpeca K
COBEPIICHCTBOBAHUIO aHAJUTHYECKON JESTENTFHOCTH MPEANPUATHS, C OAHON CTOPOHBI, U
pa3BUTHEM HAYYHBIX HJIEH M TEXHOJOTHH B 00JacTH MOCTpOeHHE WH(OPMAIIMOHHBIX CH-
CTEM — C JIPYTOH CTOPOHBI, BOMPOC O Pa3padOTKe CHUCTEM YIIpaBIICHHUS 3HAHUSMHU BHOBH
MOYKET CTaTh aKTyalbHBIM. CIlelyeT Tak’Ke pacCMOTPETh TaKyl0 CHCTEMY, KaK HHCTPYMEHT

* E-mail xoppecrnionnupyrormero apropa: ermekramazanovra@gmail.com
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HUHTCJUJICKTYAJIbHOI'0 aHaJIM3a AJAaHHBIX HNPEANPUATHA,KOTOPAass MOIJIa OBl JOIIOJIHATH HJIN
MPOBEPATH BbIBOJbI aHAJIM3a UJIHU BI/ISyaJ'II/BaHI/II\/'I JaHHBbIX.

Pucynox 1 — OynxmonansHas cxema OLAP cuctemsr [4]

3amaguMcs BOIPOCOM O MOCTPOCHUHUCUCTEMBI YIIPaBICHUS 3HAHUSAMHM, KOTOpasi, co-
[JIaCHO TOW >K€ KOHLEHIMH YIPaBJICHHUS 3HAHUSMHU,MOKET OOHAPYXKUT «HOTCHIMAIBHO
SIBHBIC 3HAHMS», IPEOOPA30BBIBATh UX B «SIBHBIC». B MaHHOH cTaThbecocperoTounMCBOE
BHHMaHHE Ha PACCMOTPEHHUH IO/IX0/a MO peann3auuu Takod cuctembl. O030p auTepa-
TYpBI MTOKa3bIBACT, YTO MpPH pa3paboTKe MOJOOHBIX CUCTEM 3aAadya OOHapyxkeHus, 00o-
rameHne0aspl «IBHBIX» 3HAHMN SIBIISIETCS OCHOBHOHM 3ajaueil /Uil CHCTEM yNpaBJICHHUS
3HaHUsAMHU. Peub naer 06 obecrneueHnu mpouecca «KOMOWHAIIUMM SIBHBIX 3HAHUN» B MO-
nenn Honaka u Takeyuu.Paccyxnas Ha ocHOBe MMeOLIErocsi 0030pa mpu MpOEKTHPO-
BaHUU(YHKLINOHAIBHONW CXEMbI CUCTEMBbI YIIPABICHUS 3HAHUAMH, MOKHO 3aMETHUTb, UYTO
CHCTEMY MOXKHO PeaJIn30BaTh KaK SKCIEPTHYIO CUCTEMY, KOTOpasi OTJIMYAaeTCs OT KIacCh-
YEeCKOH CHUCTEMBI TeM, 4TO 0a3za 3HAaHMH MOXKET 000TraIaThCsl NPOIYKIHEeH U3BICUCHHBIX
u3 AaHHBIX. HemocpeacTBeHHO M3 MCTOYHHMKOB JaHHBIX. Ha cTopoHe B3ammopeiicTBue ¢
KJIMEHTOM CHCTEMa BBeJIeT ceOsl Kak KilaccudecKkasl HKCIepTHasi cucTeMa, OTBedas Ha 3a-
npoc. Hanbonee ynoOHOM B Takoil MHTepHIpeTaliy (PyHKIHOHAIbHAS CXeMa MOXKET OBITh
cxema jokansHOoro OLAP ky6a. Kak nmokazano Ha pucyske 1, cienys gorajake, QyHKIHO-
HaJbHAs CXeMa CUCTEMbI MOXET ObITh IPEACTaBleHA M0 aHAJIOTUH ¢ JioKkanbHbIM OLAP
kyooMm (Pucynok 2).

Pucynok 2 — OyHKIIMOHANbHAS CXeMa CUCTEMBI YIIPABICHUS 3HAHUSAMU.
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Kak mokazaHo Ha pHCyHKe, B paccMaTpuBacMoOi (yHKIHOHAIBLHOHCXEME KIIIOUEBYIO
pounb 3anuMaet «Knowledge ky0», KoTopasi MO MPEANONOKEHUIO COTIIACYETCsl ¢ MOJIEINBIO
Hownaka u Takeyun[5] «kOMOMHAIIMY SIBHBIX 3HAHUN JIOJIKHBI [TOPOXKIATh HOBBIC 3HAHUS,
YTBEPKICHUS TOJyYCHHbIE HA OCHOBE CYIIECTBYIOIINX BBICKA3bIBAHMM WIIM JAaHHBIX, I10-
JYYEHHBIX U3 APYTHX UCTOYHUKOB, HAIPUMEP, BHEITHEH 0a3bl TaHHBIX.

MeToasl U MaTepuabl. PelieHus Mo mocTpoeHUIO CHUCTEMBbl yNpaBiCHHS 3HAHUS-
MH MBI CBOJMM K MOCTPOCHHIO MHTEJICKTyaJbHOH cucTeMbl. [Ipy 3TOM MBI onmmpaemcs
Ha paboThl B 00IaCTH MPUMEHEHHsI METOJI0B OOHapykeHus 3HaHui B JaHHbIX (Knowled-
geDiscoveryinDataBasesandDataMining) U MHTeIICKTyaJlbHOM aHaiu3e. B dacTHocTH,
onupaemcst Ha paboThI[6, 7], B KOTOPBIX MOCTPOEHBI IBPUCTUYECKNE CHUCTEMBI C IpHUMe-
HEHHEM TEXHOJIOTUI OOHapy>KeHMs 3HaHUH B JaHHBIX. OHAKO B TaKuMX paboTax M3BJede-
HUE 3HAaHWI U3 TaOIUI] OCHOBBIBAIOTCS Ha OTIPENEIEHHOM alloHe POpMYIT MPEAUKAT WK
JIOTHYECKOH (popMyrie, KoTopast TpeOyeT KOHKPETHBIH THI CTPYKTYpBI TaOauLbl. pyrumu
CJIOBaMH, METOJ] ITPOBEPSIET CTPOKH TaOIUIIBI C IPUBEACHHON 3apaHee U3BeCTHOU (opMBbI
THIIOTE3bI (JIOTHYECKOH (GOopMyIie), C TIOMOIIBIO KOTOPOH M3BJIEKAIOT CTPOKU U3 TaOIHIL CO-
OTBETCTBYIOIIEH ATOM Jlornueckoit Gopmyse. B nanHoii paboTe paccMarpuBaeTcsi KOMOU-
HUPOBaHHBIH MOJXOJI, KOTOPBIH 3aKIIFOYaeTCsl B TOCTPOSHHUHU JIOTHUECKUX (POPMYII, YTBEPIK-
JeHUH Ha 0a3e pa3InuHbIX Cpe30B Tadnubl. CaMma HHTEIUIEKTyalbHasi CHCTEMA BBITTOHSET
POIb POpPMaANEHON CUCTEMBI, KOTOPAst COCTOUT M3 MHOXKECTBA aKCHOM W MHOKECTBA IIPABHUII
BbIBOjIa. CTaHOBUTHCS OUEBUIHBIM, YTO AIIEMEHT JokaibHOro Knowledge kyba — 310 TOXKE
(dopmaibHas cucrema, KoTopasi 00JaiaeT COOCTBEHHBIM MHOKECTBOM aKCHOM M TpaBUIIa-
MU BBIBOJA.

[MpeacraBum nokanbubI «Knowledge» ky0 kak (opMaibHYIO CHCTEMY B JIOTHKE TIep-
BOTO TIOpsIIKa, HA 0aze cpe3oB Tabnuil. B GyHKIIMOHATBHON cxeMe TaOIHIIbl SBISIFOTCS MC-
TOYHUKAMHK 0a3bl 3HAHUS, KOTOPAasi B HALLIEM ClTy4yae Mpe/ICTaBIsETCS MHOKECTBOM aKCHOM.
[MokaxkeM OOIIMI MOIXOM U3BJICYCHHUS YTBEPKICHHS U3 TaOIMI Ha OCHOBE cpe3oB. JlocTa-
TOYHO MPEJCTaBUTH Cpe3aMu POPMYITbI UCUUCIICHHUS IPEANKATOB.

ITycth 3amana Tabnura table (pi, s, ... , Pn), TAE P; €CTH aTPUOYT CYITHOCTH TAOJIHIIB.
Torna, mpencTapisis KaxIblid aTpuOyT NPEAUKATHON B JIOTHKE, MBI MOYKEM TTOCTPOHUTH MHO-
JKECTBO akCHOM (DopMasibHOM cucTeMbl WK 0a3y 3HaHHH B (PyHKIIMOHAIBHOM cXeMe, Mpe-
JIO)KEHHOM BBIIIE:

VxP(x)~ {[table[table[p]  al, len(table[table[p] * a]) ~ len(table)} (1)
3xP (x)~ {[table[table[p] * a], len(table[table[p] * a]) ! = 0} )
P(x)&Q(y)~ {[table[(table[p] » a)&(table[q] * b)]} 3)
P(x)|Q(y)~ {[table[(table[p] * a)|(table[q] * b)]} “4)
Vx—P(x)~ {[table[(table[p] * a)], sum(table[p] * a) ~ len(table)} (5)

dx—P(x)~ {[table[(table[p] * a)], sum(table[p] * a)! = 0} (6)
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—VxP(x)~ {[table[(table[p]! = a)], sum(table[p]! = a)! = 0} 7
P(x) » Q(y) = =P()|Q() (®)
VxP(x) = P(y),P(y) = 3xP(x) ©)

dopmyna (8) cienyer uz dpopmyin (4), (5) u (6). Cienyer oTMETHTb, 4TO B (hopMyiax
(1)—(9), cumBon @, b — arperarusie GyHKIHMH, * — JIOTHUECKOE BRIpaXkeHue. B dopmymax
(1)—(9) ucnonezyrorest Koasl Ha si3bIke python komaH Bl MOy pandas. X, Y — 9K3eMIUIIPBI
CYITHOCTHU TaOJIHIIBI.

Dopmynst (1)—~(9) ABISAIOTCS TaKKe OCHOBOM JUISl MOCTPOCHUS apuPMETHKH (HopMaib-
Hoit cuctemsl 1o K. ['enento, KoTopbie Jar0T BO3MOXKHOCTH IEPEUTH HAa YPOBEHD SI3bIKA JIC-
JTYKTUBHOM JIOTMKH M CTPOUT JIOTHYECKHE BBIBOJIBI HA OCHOBE MHTEpIpETaropa MpaBull.
31eck B OCHOBE MHTEPIIpETaTopa JISXKHUT METO/ MPOAYKIIUU U HEKOTOphIE IIPaBUJa 10 THITY
modus ponens.

[IpuBeneM HECKOIBKO MPUMEPOB (POPMYII MHOKECTBA TIPABUIT BBIBOJIA.

VxP(x)->VyQ(y),VxP(x) VxP(x)-3yQ(y)VxP(x)

) (10)
vyQ () 3yQ(y)
F-3xP(x) VxP(x)—F "
F-VYxP(x)’ 3xP(x)—>F an

®opmyna (11) npencrasisier npaBuia 0000meHNs U KoHKpeTH3anuu. @opmyna (10) u
JIpyTHe TpaBuia peain3yloTcsl Ha OCHOBE MOJAENH NMpoAykuuu. [IpuBeaem mpumep como-
cTaByieHus ¥ cpabatbiBaHus npasuia (10):

If len(table[(table[p] x a)&(table[q] * b)]) > 0: print('IyQ(y)") (12)

Pe3yabTaThl U uX o0cy:xkaeHne. B pesynaprare paccMOTpeHHUs 3a/1a4d MOCTPOCHUS
CHUCTEMBI YNPABJICHHS 3HAHUSIMU HaM Y1aJIOCh TOCTPOUTHAJITOPUTM HHTEIUIEKTYalbHOM
CHUCTEMBI, KOTOpas MOXKET pa3pelinTh3ajau NpelyCMOTPEHHBIX B KOHLENIUU YIpaB-
JIeHUs! 3HAHUSAMH TPEINPHUATHS. A UMEHHO, B YacTH «KOMOWHAIIUU SIBHBIX 3HAHUI.
[Ipu sToM ynanoch MpeAsIoKUTh CAMOCTOSATENbHYIO CUCTEMY, KOTOpas MOXET MpuMe-
HATHCS B AHAJIUTHYECKOM AEATEIBbHOCTH HpeanpusTus. IIpoayKkToM Takoi CHUCTEMBI
SIBJIFOTCS] YTBEPKJICHUS, CIeIaHHBIE HA OCHOBE 00paboTKM TabiuIl U OOHApYKEHHS B
HUX 3HaHUI. DTH YTBEPKJIECHHUS MOTYT KOPPEKTHPOBATh MJIU JIOIMOJHATH BBIBOJBI aHa-
nn3a, HalpuMep,c/ielaHHbBIX Ha OCHOBE MHTEJJIEKTYaJbHOTO aHajdu3a U BU3yaJlU3alluu
JaHHBIX. B pe3ynbrare ncciieoBaHus HaM yJAajJoCh MOCTPOUTH AJTOPUTM MOTYyUESHUS
3HaHWH U3 TAOIUIl U TOCTPOCHHUE JIOTHUECKUX BBIBOJIOB IO 3alpocaM, B IMOJTHOU Mepe
coBeTyIOIUN (PyHKIIMOHATLHON cxeme.DparMeHT ajnropuTMa, peajusyomuil OJuH OT-
YeT JOKaIbHOTO KyOa, IPUBOJAUTCS B KadeCcTBE MpUMepa Ha pucynke 3 a)-0). 3mech
mokasaHsl MpuMepsl peanu3anuu Gopmyn (1)—(9), Ha ocHoBe si3pika Python npumenus
monynu Pandas u Prolog.
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Pucynok 3 — ®parmMent paboThl aIrOpUTMa JIOKAJIBLHOTO Ky0a, a)

Pucynok 3 — ®parmMeHT pabOTHI aNTOpUTMA JIOKAIBFHOTO Ky0a, 0)

Ha paccmoTpenHoM 3Tane npaktuyeckoe npumenenue «Knowledge» kyba orpannuena
JIOTMKOW TepBoro nopsiaka. CymiecTByeT HEOOXOAMMOCTb PAcIMPUTh MOJENb HpPEICTaB-
JICHUS 3HAaHUH CHCTEMBbI, IPUMEHHB METO/Ibl HEUETKOM JIOTHKH, a TAKKE BO3MOXKHO MHIIYK-
TUBHOH JOruku. Cremyer Takke OTMETHTh HeoOXOAMMOCTh rpaduueckoro uHrepdeiica.
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ANTOPUTM MMEET BO3MOXXHOCTh HHTETPUPOBATH B 00PAOOTKY 3ampoca MEeTO/[bl 00paboTKH
€CTECCTBCHHOTI'O A3bIKA. Pe3yJ'II)TaTI)I HCCIICA0OBaHUSA MOTYT 6I>ITI) MMpEeACTAaBJICHBI KaK aJIbTCP-
HATUBHBIM UCTOYHUK BBIBOJAOB aHa/IM3a JaHHBIX, B OCHOBEC KOTOpOﬁ JIC)KHUT JIOTHYECKOE HUC-
YHCIICHHE.

33Rﬂm‘leHHe. HOHy‘IeHHI)Ie PE3YyIbTaTbl UCCIACAOBAHUA MMOATBEPAWUIIN Ha4YaJIbHbIC
MPEAIIOJIOKEHUA O TOM, YTO IMPCIJIOKCHHAA aPXUTCKTypa CUCTCMbI YIIPABJICHUSA 3HAHUSA-
MU paspelnaeT psij 3a7ad, KOTopble ObLUIH MPEyCMOTPEHBI KOHIICTIIIUEH YIIPABICHHsI 3HA-
HUAMU. HpOTOTI/IH TAKXKC UMECT NNOTCHLIMAJ TPUMCHCHUSA B aHAJIMTUYECKOM ACATCIBbHOCTHU
HPEANPUSATHUS.
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E. T. PAMA3AHOB, C. E. CHBAHBAEBA, H. B. KOPOJIEBA
Anmamer Meneosicmenm Ynusepcumemi, Aamam , Kazaxcman

BIJIIMMEH BACKAPY )KYWECIH JOKAJIBII «<KKNOWLEDGE»
KYBbI PETIHIE K¥PY

Makanaoa enepkacinme Oinimmen 6acKkapy Hcyecin KypymeH Oailanblcnmul 3epmmeyiep Hamuxicenepi
Kapacmuipsinean. Kyiieee xouviiamein mananmapovt Knowledge management Kowyenyuscvlnbly
Hezi3iHOe KypaceipblizaH. 3epmmey Ke3iHOe HCACAN2AH IBPUCTIUKANLIK AN2OPUMMHIY MAMEMAMUKAIblK
cunammamacwl KenmipineeH. Aneopumm OepexmepoeH 0OiNimOI wwvizapy a0icmepi dcane Oinimoi Kypy
MOOeniHiy He2i3iHOe NPOSPAMMANLIK HCADObIKMbIY 20iCi Kapacmulpvlizan. Aneopumm KemcenepoeH
6iniMOI wbleapvin, OiNiM KopulH opmansoi dcylie peminde dcacaiiovl. Epedcenep unmepnpemamopbi
aunomesanapobl mexcepin, KopmulHovl wivleapaovl. Popmanvoi xcyiie K. I'edenvoiy akuomanvlx meopusi-
aap catikec keneoi. JKyiie oHiMI hopmanbOi 102UKANLIK MOOENbOIH HCYMBICHIHbIH HIMUMNCECT. Aneopumm
Python npoepammanay mininoe scazvinean. Makanaoa noxkanv0i Kyomol Kypyovly KOHYeNnMiniK He2izi
KopceminzeH.

Tyitin ce30ep: binivmen backapy acyieci, depekmepoe dHcine UHMELIeKmyaniobl maioayoa oOinimoi
AHBIKMAY, Wbl2apy, T02UKATLIK ecenmeyinep, npeouxam JI02UKACBIHbIY ecenmeyiepl, UHMeN1eKmyanobl
acytienep.
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E. T. RAMAZANOYV; S. E. SIBANBAEVA, N. V. KOROLEVA
Almaty Management University, Almaty, Kazakhstan

DEVELOPMENT OF LOCAL «kKNOWLEDGE» CUBE OF KNOWLEDGE
MANAGEMENT SYSTEM

The article presents the results of a study on the development of a knowledge management system
in an enterprise based on the concept of knowledge management. Considered guesses on the functional
scheme in the concept of the system. A scheme of the system is proposed by analogy with a local OLAP
cube. A heuristic algorithm for detecting knowledge in data is constructed. A heuristic algorithm for
detecting knowledge in data is constructed. A mathematical description of the algorithm based on the
methods of first-order logic, the production model of knowledge representation and methods of knowledge
discovery in data and intellectual analysis is given. Based on previous studies on the development of
methods for extracting knowledge from data, a combined method is proposed that, when processing tables,
forms a knowledge base. The inference engine checks the statement (hypothesis) in the received request
from the request source. The algorithm is written in Python.

Key words: knowledge management systems, knowledge discovery in data and data mining, logical
calculus, predicate logic calculus. intelligent systems.
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UNITY OPTACBIHJIA KIPIIIII OMBIHJIAPBIH K¥PACTBIPY

Kasipei yakermma Unity 3D, UnrealEngine sicone CryEngine cusxmul otlblH RAAMPOPMATAPbIHOA
OliblH 23IpReyutinep apacelod YaKeH MaHbIMAni0blIbIKKA Ue JHCIHe OCbl cand UHOYCMPUACLIHOA KeHiHeH
KOIO0aHbL1a0bl. By olibiH 23ipieyde CYpaHblCmbly Jco2apbl OeHeetioe eKeHin Kopcemeoi.

Byn maxanaoa kasipei samanea caii ocone Unity naam@opmacviven Kypulizan OUbIHOGPObLIH
APMBIKWBIIBIKMAPLL  MeH  epeKuienikmepi, olblH  KYpyouly Hezizei KOHYenyuaiapul, —epeoicernepi,
bazoapnama Kypwlibimbl Kapacmoipuliean. CoHbIMeH Kamap KYpulieaHn OliblH KOCLIMUIACLIH ICKe acbl-
PV YWIH KOTOAHBLIAMbIH KYpandapovl manoay HeeizoenceH. Ocvl CyeHapull ascblHOa MonblK manoay
JACYp2i3indi, onoa nezizei Kypamoac snemenmmep, 01apobll 03apa dPeKemmecyl, 0epeKmep aeblHbIHbIY
Koizmemmepi anvixkmanovt. Unity naam@opmaceinvly Komeimen OlblH KOCLIMULACHIH J4#co0anay dcone
oMbl ICKe ACblpy MONLIKMAL CUNAMMANAOLL.

Byn macindiy maxcamoi - Kypuliean 6a20apiamansvi oHiMOI KOIOary OolblHWA HYcKayiap, 6agvlm
bazoapnap bepineen, convimmen Kamap « Unity naiameopmacvinviyy unmep@ericin cunammay.

Tyitin ce30ep: komnwvromepuix ouwin, Unity niamgopmacsl, olibiH, Kiaccugurayus, MoOUIbOl
KYPbLIEbLIApP, Na3Jl.

Kipicne. Ka3ipri yakpITTa skactap apacblH/ia €H TaHbIMaJl AEMaJbIC TYPi KOMITBIOTEPIIiK
oiibIHIap, on 0i31iH eMipiMi3diH axkelpamac OeJjiriHe aifHannel. BupTyanabpl onem 0Oisre
YJIKEH MYMKIHZIKTEp aluaabl KoHEe Jie OpTYpil penjepAi TaHaayFa MYMKIHAIK Oeperi.
CoHBIMEH KaTap, >KblJI CallblH OWBIH acaylibliap KY3AereH KaHa OWBIHAAD LIBIFapabl.
Kommnbrorepiik olibIHAap naiiga OonraHHaH KediH OipaeH Oananap MeH epeceKTepre TUTi3eTiH
3USIHBI Typajibl oHriMenep naiina 6onapl. Con yakpITTaH Oepi Oyl TaKbIpbIITa MBIHAAFaH
MaKaJianap ’Ka3bUIblIl, KY3IETeH 3epTTEYIIep KYPri3inai, Oipak a1 KyHre AeliH HaKThI Kay-
an koK. KenrereH oiibIHAap aKbLI-OHIBIH, 3eHiHHIH, pEAKIUSHBIH, KCHICTIKTIK Oaraap MeH
JIOTHKAJIBIK OMJIay/IbIH JaMybIHA, MOHOTOH/IBI )KYMBICKA OHall OeliMaemyTe, aFbUIILBIH TiTiH
yipeHyre, KapTaHbl LIapiayabl YHPEHyTre, opTYpil agaMAapablH TOKipHOeciHeH KONTereH
JKaHa JKOHE KhI3BIKTHI OKHFaIap bl OLTyTre, KeHICTIKTIK KaAThI TaMBITYFa )KOHE T. 0. bIKIAI
eTel.

XX FachlpIbplH asfbIHOA KAPKBIHIBI JaMbIFaH FBUIBIMU-TEXHUKAJIBIK TPOrPECTiH
JKBUTIAMIBIFbI, KOMITBIOTEP MEH KOMIIBIOTEPITIK TEXHOJIOTHSIAP CUAKThI3aMaHaY U FaXKal bINTHIH
naiiga 6omybiHa ceben 0ombl. KoMnbroTepriep AamMbIiFaH caiiblH KOMIIBIOTEPIIIK OMBIHIAp /A2
ke0eiiin, agaMaapablH KbI3bIFYIIBUIBIFEL apTa OacTaasl. ByriHr KyHI KOMIBIOTEPIIIK TEXHO-
Jorusi GaFapiamManibuiapra *Kakchl TpadUKachl )KoHE IBIOBICTBIK IU3aiHbl Oap eTe MIbIHANWBI
OWBIHAAPBI XKacayFa MYMKIHIIIK OepeTiH KOFapFbl ICHIEHUTe JKEeTTi.

Kaszipri TaHza KoMnbloTepIIik OMbIHIApAbI Oanajgap FaHa eMec, epeceKkTep e OiHaii-
TBIHBI aHBIK. OJIETTE OJap JKYMbIC YaKbIThIHAA Ja oiHaiabl. Kaszip nepbec koMIbroTepiep

* E-mail xoppecnionnupyromero apropa: Balzhan 14@mail.ru
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OapiblK dkepAe TapanraH. KoMmbroTepiik odbIHAApAbl OHHaraHIbl YHATHAaWTBIH Oipae-
Oip Oama oK IIbIFap, KeHOipeynep KYHII3-TYHI OWHAyFa MaillbiH. ATa-aHayap, KepiciHiIe,
KOMITBIOTEPIIIK OMBIHAAPIbI OHAYFa THIMBIM calla/ibl HeMece OifHayFa 0Te KbICKA YaKBITTHI
Oenrineiini, 6ipak onap keiiie e3/1epi Jie OlHayFa Kapchl eMec.

Kommnbrorepe naiinananybira bIHFaiIsl HHTEpdEc )koHe MHAMKATOPIapIbIH OPHBIHA
an(aBUTTIK-CaHBIK TUCIUICHIEp naiiia 00 Ibl. AJIFallibIH/Ia CIIKAH/IAl TpapuKabIK YFbIM
Oommampl, Oy amaMaapIblH KOMIIBIOTEPIIEPIC KYMBIC ICTEYiHEe eIl KeNepTiCiH KeITipMeTi.

Komrmbtoreprik rpadukaHblH KoHE HaFbl3 YH KOMITBIOTEpJIEpiHiH Maiaa OoMybIMEH
OWBIH HHAYCTPUSICHI Te3 6cTi. Kazip oibIH HHIYCTPHUSCH 1epOeCc KOMIBIOTEP HHIYCTPHUSICHI
TipeKTepAiH 0ipi OOJBIT TaObLIAIbI.

Op oWnmbIH e3iHmik Oip TyWiHi Oap, al erep KOMIBIOTEPIiK OWBIHAAp OoiMmaca,
«KOMITBIOTEPIIIK PEBOJIOLMSHBD» 3JIEM TaHBIMAC €Ii.

Marepuanagap MeH Tacinaep. KomnbroTeptik oibIH — Oy TAHBIMABIK KbI3BIFY IBUTBIKTHI
BIHTANAHABIPYIaH TYpPaThIH MaHBI3IbI OUTiM Oepy osieyeTi 0ap eMIpiiK JKoHE KHSUIIAarbl
JKaFmalmapasl BHPTYalAbl KEHICTIKTE CMIKTEHTIH MaimamaHymbl MEH KOMITBIOTSPIIiH
JAMBITYIITBUTBIK KOHE OMBIH-CAYBIK ©3apa dpeKeTTecyiHiH Oip Typi.

Beiine oitpranapasl mardopmanapra 0exyablH HEri3ri caHarTapsl Oenriii Oip oifbIH-
Ibl Kall KYpBUIFBLIA iCKe KOCyFa OonarhlHBIH Kepcereni. Erep maiimanmanymibiia oWbIHFa
apHayFaH wiatdopma Ooamaca, IIPOHIA OJT OHBI OifHA# ayMans [1].

Hepoec komnvromep ([K, noymbOyk, HemOYK)

Kommnbrorepnep — OeliHe oibIHAapAblH Herisri miardopmacsl. KommberoTepnepain
OacTankbl MiHAETI KYpJeli FhUIBIMH ecenTeyiaepai )Kypri3y 0oiuel, Oipak KeiiHipek onap
ANIEKTPOH/IBI Oacna MalllMHACKIHBIH POJIiH, COJaH KeHiH OWBIH IuIaTGOpMachIHBIH POiH
KaMTbLabl. ONbIHFAa OaFbITTANYBIHBIH apKachlHIa AepOec KOMIbIOTEpJIep BUIEOKapTaiap-
Ibl1, ABIOBICTBIK KapTasapbl, IPOLECCOpIapAbIH KyaTbIH KbULIAMIBIFBIH apTTHIPABL, OJ1ap
Ka3ipri yakbITTa OTOpEannucTiK rpad)ukaHbl KOpPCeTe anabl.

Mobunwoi Kypulaeviiap: menegon, nianwem, Ko komnviomepi (KIIK, PDA)

Kanra nepoec xommerorepiepi (PDA) Hemece jkeke MUQPPIBIK KOMEKIIIJIEP € OWBIH
ardopmanapsl OO TadblIaIbl. TOMEH OHIMIUTIKKE KOHE MIaFbIH eJeMaepre Oaina-
HBICTHI Kiwiripim oiibiaaap PDA - na xui ke3neceni.

¥snbl tenedonnap. MoOHIBII KYPBUIFBUIAD JKYMBIC YCTENiHIETT KOMIIbIOTEpIep-
re KaparaHaa TEXHUKAJbIK JKaFblHAH QJIIe Kalila QJci3, COHABIKTAaH MOOWIbII OMbIHIAD
KaparaiibIM OWBIHJapFa KaparaHja OiplmaMa KapamaibiM KepiHefi, Oipak skarmail 0ipre -
Oipte xaxcapsin keneni. Kebinece ysmbl Tenedonaapna 5-10 but Oy pbIHFbI KOMIBIOTEPIIIK
OMBIHIAp KMl IIbIFapbUIaJbl. EckipreH tenedoHapaa obIHIAp java KOChIMINATAPbIHIA
yKacaJFaH, an Kasipri tenedonmapnaa oisiaap Mmoomibai OX-na sxymsic icreriai: Windows
Mobil n Android. MoOunbai oiteiHapae! Tapaty yimH App Store, Google Play cusxTs
FalaMJIbIK KOCBIMIIIAJIap JKacallbl.

[Tnanmet, ceHcopnbl ysnbl TenedoH. [lnaHmerrep MeH TenedoHAAP CEHCOPIBIK
€HT13y MYMKIH/IT1 0ap jKeKe caHar (dKpaHa cayCarbIHBI3IBI 0acy apKbUIbl). ApHA €HTi3y
omici ochl MYMKIHAIKTepAl MainanaHaTeiH Oipereil redMIuIeiii 6ap OMBIHAAPIBI Kacayra
MYMKIHJIK Oepei, MbIcalibl, SKpaHa CypeT caily, OWbIHAAFbl TPABUTALIMAHBI ©3TePTY YIIiH
KYPBUIFBIHBI OypY KoHE T.0.
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JKanp 6otivinwa knaccugurayusiay

OfibIH sxaHpBI — OYJT YKCac OMBIH MEXaHMKAChl MEH YKcac OWBIH epexeriepi 6ap oibIH-
nap To0bl. OWBIH )KaHPIAPBIHBIH KONITETSH TYpJiepi Oap ®oHEe oJap blH SPKaNUChICHI 0T
0ip KacueTTepMeH cumartaiaasl. Kes-kenreH OMbIH KaHAal KaHpFa JKaTaTbIHBIH TYCiHY
YIIiH OWBIHJBI OHBIH Kypamjac OeJjiktepine Oeutir, ojapiabiH Oip-OipiMeH OaiiylaHBICHIH
aHbIKTay Kepek. OWbIHmap 3 Heri3ri Tonka OeJiHeIl: peJjiK, KIIH, CTparerus OOJIBIIL
XKocnapnay ke3eHiHae, cXeMaHBIH Op DJIEMEHTIH KapacThipa OTBIPBHIN, OOJIAlIaK OWBIH
cTpareruschiHbIH "JIOruKabIK" SKIIH 3JIEMEHTTEPI 0ap jKaHPbIHA KATKbI3yFa 00Jajbl. by
aKIMapaTThiH IILIHAWBUIBIFBIH TEKCEPY VIIIH KOMIBIOTEPIIIK OWBIHAAP/bLI KaHp OOWBIHIIA
Oacka OemimjiepiH Jie KapacThipambi3 [2].

OiibiHHBIH Oenrini Oip jKaHpFa jKaTy KpUTepuiiepl OipKeski aHbIKTaaIMaraHbIKTaH,
KOMIBIOTEPITIK OMBIHIAPABIH KIKTEIyl JKETKUIIKTI Typle XyHeleHOereH »oHe apTypii
JepeKke3aepae oenrini 0ip )k00aHbIH KaHPBI Typallbl MOJIIMETTED OPTYPIIi 00TYbl MYMKIH.

OubiHOapObiy mapany mypine Kapai KidacCuGUKAyusiiapolh CUnammay

Axvinvt otvinoap. OU3NKaNBIK TaChIMAIIAFbIIITAFbl OWBIH (TUCKLIEP, KapTPUIKACD).
OfibIH HHIYCTPUSICHI NTaiia OonFaHHaH Oepi KOJIIaHBUIBII KeJle )KaTKaH OWBIHABI TapaTyIbIH
KJIACCUKABIK o1ici. DU3MKaNBIK TaChIMAIIAFBIITAP — KapTPUIKACP (FKalbl MOLYIBACPI),
oprypai Tunreri aumckinep: CD, DVD, BluRay. OiibiH kapTpupkaepi MeH IHcCKinepi
MaMaHAaHABIPBUIFaH KOMITBIOTEPITIK )KOHE OWBIH AYKEH Il apKbUIbI Taparbiia isl. CoHai-
aK OWBIH AMCKIJIEpiHE MOIITA apPKbUIbI, HHTEPHET-TYKEHIEP apKbUIbI TalChIpbIC Oepyre 00-
najel [4].

OUbIHHBIY CAHOBIK KOulipmeci (UHmepHem apkblivl oublHOaposl camy). VIHTepHeT -
TEXHOJIOTUSIIAP/IBIH IaMybl skoHe IHTepHeT - KabebepAiH 6TKi3y KaOleTTUIIriHIH apTybl
FaJlaM/JIBIK JKeJi apKbUIbI YIIKEH KOeJIeMJIeT1 (ainaap/sl )KYKTeN alry MYMKIH/ITiH JaMbITTHI.
CaynarepaiH Be0 - caiiThIHAH )KYKTEJITeH OWBIHHBIH KOIIipMeci HUQPIIBIK KOLIipMe AeT aTa-
najpl. MyHall cary mporieci udpIibIK TapaTy Jer aTajiajbl.

Ouivin yaxpimul yuiin menem. KerOip sxarnainapia OHbIHHBIH KOIIipMeci eMeC, OUbIH
yakbIThI caThuta bl. OWBIHFA JKa3bUTy KSHOIp OHJIAMH OMBIHAAp/Aa KOJMIAHBUIA b, OJETTE,
OlibIHFA Kipy aibIHa Oip peT TeJIeHEe .

Tezin ouvinoap. [llapmmur mypoeei meein ouwvin (shareware). bipa3z yakpIT Heme-
ce aJiFallKpl OipHeIIe JeHrelIe TeriH oWHayFa OOJaThiH OWbIHApP. TOJNBIK OWBIHFA KOJ
JKETKI3Y/I1 allly YIIiH OHBI CaThII ally Kepek. byt ieMo - Hycka uiesichlH IaMbITY/IbIH Oip Typi
(OMBIHHBIH aKbIChI3 HYCKACHI). AWBIPMAIIBUIBIFBI, OVJI JEMOHCTPAIUSUIBIK HYCKAIaFblIai
OMBIHHBIH 06JIIri eMec, JIeMO PEXHMI YaKbITIIAa FaHA KOCBUIFAH TOJBIK OWbIH. OWBIHHBIH
OYJI IPUHITUITI ©TE BIHFAMIIBI, OJT OMBIHIIIBIFA aJ1ILIMCH OMBIH/IbI OaFajiayFa, ColaH KeHiH OHbI
CaThIN ajy-aJMay TypaJibl IemiM KaObulIayFa MyMKiHIiK Oepei. Kesnelicok ofbIHaapAbIH
KOIIIUIIT 1o OChIHal shareware npuHIUIIIHE colikec TapaThlialbl. ByKin oWbIHFa KOJ
JKETKI3y YIIIiH OIpJICH allbUIaThiH KONTEreH Oarnapiamanap 0ap, Oipak OWBIH YIIiH aKiia
TeneHOece, SKpaHa JKapHaMa HeMece OMbIH aBTOpIIapbIHa KAPKBIIBIK KOMEK CYpaybl YHEMI
naiiga 6onapl.

Muxpompancaxyusnapmen meein ouvit (free to play, free2play) (MMO otivinoapvinbly
Ken 6oniei). IHTepHETTEe TETiH )KYKTEeI ajiyFa O0JIaThIH OMBIHIAP - OYJI SIIKaH /1l IEKTeYCi3
OpHATy¥a XoHE OifHayFra OoJiaThiH oWbIHAp. Erikim TeneM i Tanan erneii. bipak, olibiH-
Jla HAaKThl aKlIara KOCBhIMINA 3aTTapAbl, OOHYCTap/Abl, KaKcapTylIap/bl, OWbIH BaIOTACHIH
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carein a;my MyMKiHziri 6ap. CoHbIMeH KaTap, Tefmiieil keOiHece OWbIHFa HAaKThI aKiia
JKYMcay apKbUIbl JKyMcaJlFaH OWBIHIIBI (KaWbIPBIMJIBUIBIK) KapamailbiM ONBIHIIBUIApIaH
apTHIKUIBUIBIKKA W€ O0NaThIHAaN eTill OPHATHUIAIbI.

Tecin otivin (prnew-otivin, Opayzeprix oubiH, Jcykmenemin otvi). OUBIH YIIIH aKbl
TOJISYIIH Ka)eTi )OK. byJl ofieTTe emikimM akiia )KyMcaMalThIH carachl TOMEH OWBIHJAP.
Bipak kefizie TOJBIFBIMEH TET1H TapaThLUIAThIH JANBIKTHI OUBIHAAP Oap.

Hotu:xkesiep MeH TauakplLiay. byn SKyMmbpIcThl ko0anay HOTHIKECIHIAE OWBIH
KoceiMIIaceiHbiH, UML-nuarpammacs! skacangsl. Unity - 6y Windows, Linux sxone OS
X omepauusuibIK KyHenepiHae »KYMBIC ICTEHTIH €Ki JKOHE YII eJIeM/i KOChMINANap MeH
OWBIHIAP/IBI JAMBITY Kypaibl 0oJbIn Tadbutaabl. Unity KeMeriMeH xKacajFaH KOChIMIIaiap
Windows, OS X, Windows Phone, Android, Apple iOS, Linux onepanusibIk xyienepine,
conpnaii-ak Wii, PlayStation 3, PlayStation 4, Xbox 360, Xbox One »xone MotionParallax3D
OWBIH KOHCOJIBJIEPIH/IE )KYMBIC icTeiai [3].

Unity 3D »xo6aceinbiH apxutekrypacsl Entity Component-System yariciHe HeTizenreH.
Ocpl yiirire colikec Oarmapiama (GyHKIIMOHAIIBIFBl MAMAHaH IbIPBLIFAH KOMIIOHCHTTEPIIH
KOMeTiMEeH KeHEUTUICTIH HeTi3r HhIcaHAapiaH TYPaJbl.

Unity 3D sxo0acsl OipHerie kepiHicTepaeH (Scene) Typalibl, oiapia OWbIH HbICAHJaphI
(GameObject) onapra kypamuaac 6emikrepi (Component) opHanackan. Op0ip oiibIH 00BEKTIC
MiH/IEeTT] Oip OOBEKTIHIH caxHa/la OpHaANIacybIHa jkayar OepeTid Transform KOMIOHEHTiHEH
Typanasl. COHBIMEH KaTap, JaiblH KOMIIOHEHTTEP/1 Jie (MbIcalibl, PU3UKAIBIK MOJCIIBACYTE
xayanThl Rigidbody) *oHe xeke KOMIIOHEHTTEP/II Jie KocyFa Oonazabl. Unity3D-ne Tikenei
Oarmapiiamasay, eH ajJIbIMeH, Kypamac 0eJlikTep peTiH/Ie OibIH 00bEKTiJIepiHe KOChLIAThIH
JKEeKe KilacTaplbl skoOanaynaH Typansl. bapnbik ockiHgai xinactap MonoBehaviour kia-
ChIHaH Mypa OOJyblI KepeK. byl KaTbIHACTBI KOpPCETy quarpaMMaHbl €1dyip aybIpiaTajsl,
COHJBIKTaH Kypamaac OelikTepai Oenrifiey yiliH oJap/blH arayiapblHa«Scripty KypHaFbl
JKanFaHasel [5].

KocpiMiara KOWBLIATBIH TaJIAaNTap/Ibl Tajnay OapbIChIHAA Maiianany HYCKaJlapbIHbIH
UML-nuarpammacs! a3ipien/i (1 - cyper).

1 cypem — OHBIH KOCBIMIIACBIHBIH KYPY AWArpaMMachl
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KochiMInansIg Keieci Kyiaepi aHbIKTalabl.

"Ma3ip" — OlibIH KOCBIMIIIACBHIHBIH aJIFailKbl 0ejimMi. OFaH KipreH Ke3jie Herisri Ma3ip
alllbUIAJIbI )KOHE OMBIH IMapaMeTpIIepiH ©3repTy KOJI JKeTiMal 0oaspl. OUBIHIIB KOMaH /1a-
ChIHaH KeHiH "OHBIHHBIH OacTanysl"0eJiMiHE aybICybl )KY3€Tre achblpbUIaIb.

"OiipIHHBIH OacTanybl" — Oyl OemnimMre eTy Ke3iHIe OWbIHFA Ka)XKETTI HBICAHIAp iCKe
Kocbutaasl. Keneci OemimMre Ty OMBIH HbICAHAAPBIH OaNTaraHHAH KEeiiH aBTOMATThI TYpAE
JKY3€re achIpbLIa/Ibl.

"O#bIH" — OMBIH KOCBIMIIIACKI OCEI OoIiM/e OOaFaH Ke3/1e, OMBIHINGI OMBIH aTaHbIH/A
naspUiapap! 0ackapa anasl. JKeHIeH Ke3/ie Keleci dTanka Koy ’Ky3ere achblpbliabl.

"OHBIHHBIH COHBI" — OCBI 0OJIIMIe OTKeH Ke3Jle OMBIH HOTHMXKEJIEPl CaKTallajbl, OUbIH
00BbeKTiIepl KONBLIBII, "MA3ip" OeiMiHe aybICalbl.

bBarnmapnamanblk >kacakrama JKYHECiHIH COHFBI 0eJliMi KapacThIpbLIMaraH, OWTKEHI
OMBIH KOCBIMIIIACHI OWBIHIIBI KE3-KEITeH YaKbITTa OHBIMEH JKYMBICTHI asKTayFa IICHIiM
KaObUIaybl MYMKIH €Tl eCenTeiyi kepek [6].

OiibiH Oip OWBIHIIBIHBI TaijanaHyra apHairan (2-cyper). OWBIHIIBI anMa3aap/sl
Oackapaypl. Kipminn oifbIH aJlaHbIHJIa TITIHEH KO3FaJIaThlH OUBIHIIBI 0ACKapaThiH OOBEKT.
Oiibiaapl O6ackapy HepHeTaKTa KoMETiMeH jKy3ere achipbuianbl. WS mepHenepabl (KbLi-
JKBITY), THIIIKAHHBIH OaFbITHIH (TIa3bUT OAFBITBIH OYpY) COJ KaK OaTbpMackl 0acy apKbLIbI
Oackapy.

Herisri Ma3ipze OfBIHILBI KeJIeCi 9peKeTTepAl OpbIHAaN aabl.

bazoapnama napamempnepin o3ecepmiyiz: OWBIH KONJaHOACBIHAA My3bIKa MEH
s peKTTepain AbIOBICH, My3bIKa MeH 3P QEKTiIep i oipy MYMKIHAIr 00Tybl KepeK.

Enorcaxcor namuoiceni kapanwi3: 0ibIH OapbICBIH A OMBIHIIBI OMBIH COHBIH 1A CAKTaIaThIH
yrnainapsl >KkuHaiapl. KaHa ofbIHAbI OacTaMac OypbIH, OMBIHIIBI €H KOIl YIai )KHHAaFaHbIH
Kepyi Kepex.

OuibiHObl bacmay: OWBIHFA Kipicy.

2 cypem — barnapnama Kypy aqroputmi

OiiblH OapbhICHIH/Ia OWBIHIIBI TA3bLIJBI SKPAHHBIH COJI JKaFblH/Ia OpPHAIACKAH OWBIH
aJlaHbIHA )KOFaPhI )KOHE TOMCH Kapal )KbUDKbITA ajaj(bl. DOHHBIH OHHAH COJIFAa TYPAKTHI
KO3FaJlybIHbIH HOTI)KECIHJEC KA3BIKTHIK OOWBIMEH allFa KO3FaIYbIHBIH OCEPIHCH
OipiHIII JAeHTrel i asKTaiabl. BipiHIIl JeHTeial coTTi asKTaraHHAH KeHiH OWBIHHBIH
eKiHIII JEHreiiH OWBIHIIBI OWHal amaawl. ExiHINI JeHrel e Je OWBIHIIBI yKcac Ia-
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3BUIAAPBI )KHHAY )KOHE aJlIbIHAH IIBIKKAH KeJAepriiepAeH oTy apKbUIbl OMBIHIIBI COTTI
asKTal anajbl.

OiipiH KongaHOackl €Ki KOpIHICTEH Typaabl: Ma3ip KoHe OWbIH anaHbl. OHBIH epici
OOBEKTIIEPiHIH HepapXuschl 3-cypeTte kopceTinreH. ONbIH HbICAHAAPBIH APTTHI TYPIe
ylI caHatka Oesryre Ooialbl: 0OOBEKTLIEpl KypyFa skoHe xotora xayanthl (LevelSelect,
LevelSelect Canvas, Event System), rpadukansik uatepdeiic (Canvas jxoHe KipiCTipiareH
HBICAH/Iap) JKOHE OMBIH opici ((POH, OpPTaHFbI, AJIBIHFBI )KOHE KipiCTIpiIreH HbICAHAAP).

3 cypem — ONbIH KOPIHICIHIH HEPaPXUACH

4 cypem — OUBIHHBIH HHTEpDEHC]

OfipiH  KochIMIIAachIHAA A deKTep JKYy3ere achbIpbUIaJbl: JKapBUIBIC JKOHE YKcac
KipImmTepai Koo Ke3iH/e, COHai-aK KeAeprijepre TUTEH Ke3/e JKONBIIAIBL.

Kapputeic meH yKcac KipIimTepai Koo Ke3iHJeri acepi OenmexTep/iH KeMeriMeH
JKy3ere achIpbuTaibl. bemmmekTep - KbICKa YaKbIT iTiHIe KalTalaHaThIH KOHE KOPCETUICTIH
KaparaifibM crpaitrap.
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5 cypem — Kipnimreppai naiina 6oy ke3inzaeri 3¢ dekr kepiHici

6 cypem — KipmimTepi )00 Ke3iHmeri 3pPexTi KopiHici

7 cypem — AHMMaToOpa NaiaanaHaTelH aiMas3aap KYpPhIIbIMbI
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Byn sddexrinepain OapibiFbl aHUMAIMSAHBIH KOMETIMEH JKy3ere achlpbUIabI.
Oddexrepnin 6apIbIFbl aHUMAIHSI KOHTPOJUIEP] KOMET1H KOJIJIaHa OTHIPBII JKaCaJIbIH/IbI.

Oi#1bIH KOCBHIMILIACHI Oip OMBIHIIIBI OHAYFa apHANBIIN jkacanrad. OWbIH, OMbIH allaHbIHAH
Oacrasa/ibl, OHBIH COJI JKaFbIH/Ia OacKapblUIaThiH 00BEKT opHaiackaH. OHFa, COJIFa, KOFaphl,
TOMEHIe, OWBIHIIBIHBIH TaHJAaybIMEH KO3Fajia ajlaThlH ajMas3JapMeH OacKapbUIajibl.
OUBIHIIBIHBIH MaKcaThl - OWBIHIIBIFA Kapail KO3FaJlaThlH KEACPriulepi JKOK apKbUIbI
MYMKIHITIHIIE KOl yiaii xuHay. OHbIHIIBIHBIH aJJIbIHAH IIBIKKaH KeJepriiep/ieH oTe OT-
BIPBII, YAl )KUHAI, YKCAC ajMa3aap/ibl )KOUBII KEHICKe KeTe OTBIPHIN OWBIHABI asKTay.

OfibiH OapbICHIHAA YKCAC Ma3bLIIap/ibl )KOIIBIH HOTHKECIHJIE YIai >KMHANH OTBIPHII
OMBIHINBI AJJIbIFa Kapai skbUDkubl. ObiH OactamranHaH 10-15 cekyHI ©TKEHHEH KeiliH
OMBIHINBIHBIH aJIJIBIHAH [IBIKKAH KeJepriiep/ii )KOFa MYMKIH/IIK Oepe/i.

O¥ibIHHBIH 0apBICHI 2 ICHTeUICH TYPaJIb.

1 — neHretine ofibiara 6 xxypic, 600 anmas OepisreH. OMbIH apKbUIbI OYKLIT KeAepriiepIcH
©Te OTBIPBII XKIHE JIe YIIai )KUHAM Keeci ieHrelre keiny (8-cyper).

2 — neHredae Oenrim Oip yakbIT OEpUIreH coJl yakbIT apaibiFbiHaa S000 anMassl Kos
JKOHE JIe YIail )KuHAy apKbUIbl )KEHICKE XKETIIl OUBIH]IBI asiKTay (9-cyper).

Erep oibIHIIBI OENriNeHTeH yaKbITTa Keaepriiepae dKoMbI THICTI anMa3iapabl )KUHaH
anmMaca, OHJla Kepi KaiiTy OaThIpMachl apKbLIbl OWBIH]IBI OaChIHHAH OacTal/Ibl.

8 cypem — Anmasnap x0st apKbLIbI 9 cypem — 2-neHrel KepiHici
ymaii CaHBIH apTTHIPY

9 cypem — OUBIHABI )KaHAPTY.
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KopsiTeinabl. Kazipri komnbrorepiik oiibinaap XXI racepJarbl akmaparThiK ayano-
BU3YyaJlJIbl TEXHOJOTHUSTIAPABIH KAPKBIHIBI JaAMYBIHBIH JKapKbIH MBICAJIBI OOJIBIN Ta0blia-
Il Kb caliblH KOMITBIOTEPIIIK OMBIHAAPABIH TAaHBIMAIBUIBIFBI apTHIN KeJleai, Oananap
MEH JKacecHipiMJep YIIiH XKall FaHa OWBIH-CAybIK OOJIBIN KaHa KOMail, KOMIIBIOTEPIIiK
oMbIHApFa Ka3ipri KYHIE Kol agaMIapiblH KbI3BIFYLIBUIBIFBI apTa Tycyle. 3aMaHayu
KOMITBIOTEPIIIK OMBIHAAP KOPIIijec KOFaMIbIK )KOHE MOJICHH callajapra - eHepre, oisimre,
ITHKaFra, TICHXOJIOTHUSAFA, 9JIEYMETTIK KOMMYHHUKAIUsUIapFa jKOHE TIiNTi OipHemie >Kbul
OYpBIH KOMITBIOTEPJIIK OMBIHIAP PECMHU TYPJIE )KaHA TOJILIKKAHJIBI CIIOPT TYP1 pETiH/e Ta-
HBLIIBL.

byn makana OGapbIChIHIA OWBIH KOCHIMINAJIAPBIH 93ipiiey Tacuiaepi KapacThIPbUIIbI
JKOHE KOMITBIOTEPIIIK OMBIHIAPABIH KiIaccu(UKanusIchiHa Taijnay xacainabl. Hotmxkecinge
naianaHyIblH KapanaibIMIbUIBIFBI MEH OHIMJUIII, KOJJIay KepceTUIeTiH riatdop-
MaJIapJiblH YJIKEH CaHbl, KyaTThl KipiKTipiIreH aHUMalus Kyieci, Koanay aiayFa OonaThiH
YJIKEH KaybIMJIACTHIK CHUSIKTBI KacueTTepre Herizaenren Unity mardopMackiHaa OMBIH KO-
0achIH Kacay eH THIMJII HYCKAChl OOJIBII TaObLIA b
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B. A. TAJIIIAKOBA, /1. M. YHIIAJIAKOBA,
A. H. AK)KOJIOBA, K. T. AHTYTAHOBA

Anmamunckuii mexnonocuweckuil ynusepcumem, Aimamol, Kazaxcman

CO3JAHME HUI'P-ITA3JIOB HA IIVIAT®OPME UNITY

B nacmosuyee epems Unity 3D, UnrealEngine u CryEngine ouenv nonynapuul cpeou pazpabomuuxos
uep Ha USPOBLIX NAAMPOPMAX U WUPOKO UCNOTLIVIOMCA 8 UHOYCTPUU. DMo noKasvieaem, ymo cnpoc Ha
Paspabomxy uep 8blCoK.

B oannoti cmamue onucanvl npeumyujecmea u 0COOEHHOCMU CO8PEMEHHBIX Up, CO30AHHbIX HA NAAM-
Gopme Unity, ocnosHble noHAmMUS, NPAGUAA U CIMPYKNYPA NPO2PAMMbL co30anust uep. Kpome moeo, 060-
CHOBAH 8b1OOP UHCTNPYMEHIMOB, UCNONB3YEMbIX OISl Peanu3ayuu co30a8aemo20 uespogo2o NPUuLodiceHus. B
PAMKAX OAHHO2O CYeHapusi ObLl NPOGEOeH NOMHbBIL AHAU3, 8 XO0e KOMOPO20 Dbl ONpedeleHbl OCHOBHbLE
cocmagnsaoujue NeMenmyl, Ux 63aumooelicmsue u cepeucsl Nomokog dannvix. I100pobro onucano npo-
EeKMUpPOBaHUe U Peanu3ayusi Uepo6020 NPUNLOJICEHUsL C UCNOb306aHuem niamaeopmul Unity.

Lenvio 0anno2o noodxoda AGIsAEMcs npedocmagienue UHCMPYKYUull U YKa3auutl no ucnoib308aHuI0
CO30AHHO20 NPOSPAMMHO20 NPOOYKIMA, a makice onucauue unmepgetica nrameopmuvr Unity.

Kniouesvie cnosa: xomnviomepuaa uepa, niamgopma Unity, uepa, xkiaccuguxayus, moOunbHvie
ycmpoticmaa, nasi.

B. TALPAKOVA, D. UIPALAKOVA,
A.AKZHOLOVA, ZH. AITUGANOVA

Almaty Technological University, Almaty, Kazakhstan

CREATE GAMES FROM PAZYL IN UNITY PLATFORM

Nowadays, Unity 3D, UnrealEngine and CryEngine are very popular among game developers on
game platforms and are widely used in the industry. This shows that the demand for game development
is high.

This paper describes the advantages and features of modern games created on the "Unity platform",
the basic concepts, rules and structure of the game creation program. In addition, the choice of tools used
to realize the created game application is justified. Within this scenario, a complete analysis has been
carried out, in which the main constituent elements, their interaction and data flow services have been
identified. The design and implementation of the game application using the Unity platform is described
in detail.

The aim of this approach is to provide instructions and guidelines for the use of the created software
product, as well as to describe the interface of the "Unity platform”.

Key words: computer game, Unity platform, game, classification, mobile devices, pazyl.
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INTOBAJIBHOE ITPAKTUYECKOE OTCJIEXKUBAHUE BbBIXO/JHBIX JTAHHBIX
JIJISI KTACCA HEOIIPEAEJEHHBIX HEJITMHEMHBIX CACTEM

B amoii cmamve paccmampusaemces npobnema 21006anbH020 NPAKMUYECKO20 YRPABIEHU BLIXOOHbIX
OaHHBIX ¢ NOMOWLIO OOPAMHOUL CEA3U NO BbLIXOOY OIS KIACCA HEONPEOeNeHHbIX HeTUHEUHbIX CUCTIEM C U3-
MeHAIuelics 80 8peMeHl 3a0epiicKoll. Bo-nepeuix, 00HOpoOHbIll KOHMPOLIep C 00PAMHOLL CEA3b10 NO 6bi-
X00y pazpaboman 0151 HOMUHATILHOU HEONPEOEeTIeHHOU No C80ell Cymu cucmemul O1a200aps 000as1eHUIo
MeXHON02UU CUTL0B020 UHMEZPAMOPA. 3amem ¢ NOMOWubI0 coomeemcmeayiouje2o gyuxyuonana Jlanynoea-
Kpacosckozo u nabniodamens hOHUICEHHO20 NOPAOKA, UCHONB3YS NOOX0O 00HOPOOHO20 OOMUHUPOGAHUS
U 000a61A5 MEMoo UHMe2pamopa MOWHOCMY, YCNeuHo paspadamoléaemcs KOHMpouiep ¢ 0opamuotl
CBA3bI0 NO BLIXOOY, 2APAHMUPYIOWULL, YMO BCE COCIMOANUA 3AMKHYMOU CUCIEMbl OCIAIOMCSL 02PAHUYECH-
HBIMU U OOHOBPEMEHHO 0eNalon OUUDKY OMCIeNCUBAHUS CKONb Y200HO MATOTL.

Kniwouegwie cnoga: nenumetinvie cucmemvl ynpasienus, ycmouuusocms no JIanynogy, obpammuas
C6A3b, MAMeMamuyeckoe MooenuposaHue.

Beenenue. [Ipobiaema oTcrexnBaHNs BBIXOAHBIX NAaHHBIX HEIMHEHHBIX CHCTEM TpH-
BJIEKJIa OOJIBIIIOC BHUMAHHME 3a TIOCIIeqHue AecaTmwieTus [ 1-16]. M3-3a oTcyTcTBHSA 001I€TO
1 3G PEKTUBHOTO MOAX0AA K IPOEKTHPOBAHUIO HETMHEWHOTO HAOIIOMaTeNs OTCIS)KNBAHUE
BBIXOAHBIX JAHHBIX C OOPATHOM CBS3BIO JUIA HEONPENETCHHBIX W3HAYadbHO HEITHMHEHHBIX
CHCTEM SIBIIAETCS OYEHBb CIOKHBIM IO CPAaBHEHHIO CO CIIydaeM ¢ OOpaTHOH CBS3BIO IO CO-
crosiHUIO. [loaTOMy pa3paboTka TeOpuHu yIpaBIeHHs ¢ 0OpPaTHOW CBS3BIO MO BBIXOAY IS
pelIeHus 3Toi MpoOIeMBI I OTHOCUTEIHHO MENJICHHO. MHOTHE MCCleToBaHus Tpedy-
FOT TOYHOTO 3HAHWS HETMHEWHBIX (DYyHKIIHHA, KOTOphIe HEOOXOAMMEI /Il TIOCTPOCHHUS He-
TUHEHHBIX HaOmromgaresneil. Korma HemuHelHbIC YiIeHBI HEW3BECTHRI, HAOMIOOATEITH, TIPe-
JIO)KEHHBIE B BBIIIE YKa3aHHBIX pa0d0TaX, TEPSIOT CBOIO aKTyaIbHOCTh. YTOOBI CIIPaBUTHCS C
HEOTPEICICHHBIMI HETMHCHHBIMI WICHAMH, B UCCIIeIOBaHUH [ 17] OBIT pa3paboTaH METO
JIOMAHUPOBAHUS 00paTHOM CBS3M IS AOCTHYKEHHUS TII00ATFHONW CTAOMITN3AINH CHCTEMBI C
00paTHOM CBS3BIO IO BEIXOMY. B 3TO# paboTe moka3aHo, YTO HAOIIOMATEb U KOHTPOJUIEP
MOTYT OBITh CKOHCTPYHPOBAHBI 03 3HAHUS HEJIMHEWHOCTEH, a TI0OaNbHAS CTA0MITH3AITNs
MOYKET OBITh JJOCTUTHYTA MIPH YCIIOBHUH JTMHEWHOTO POCTA.

B cratesax [3, 5-7, 9-11] coobmmaercst 00 OTHETBHBIX Pe3yabTaTax, KOTOPHIE MTOMOTAOT
PEImnTh MPOOIIEMY OTCIIEKUBAHUS BEIXOAHBIX JAHHBIX C 0OPAaTHON CBSI3BIO ISl N3HAYAIHHO
HEJIMHEHHBIX CHCTEM C TIOMOIIHI0 METO/Ia OAHOPOIHOTO JOMUHUPOBAHUS, TIPEIIOKEHHOTO
B [17]. [IpenmMyIiecTBO MeTOIa JOMUHUPOBAHUS C OOPATHOM CBS3BIO 0 CPABHEHHIO C IPY-
TUMH METOJIaMH 3aKIJIF0YaeTCs B TOM, 9TO KOHTPOIJIEp W HAOIIOAATeNb MOCTPOEHBI TOIBKO

* E-mail xoppecnionnupyromero apropa: tasbolatuly@gmail.com
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Ha OCHOBE HOMHHAJIBHON CUCTEMBI UCCIENYEMOU HEJIMHENHON cucTeMbl. HUKaKkoi TOUHOU
nH(pOpMAIMK O HETUHEHHOCTSIX (PyHKIUK HEe TpeOyeTcs. J{pyriumu ciioBaMu, OJIMH U TOT JKe
JIMHAMHYECKUAN KOHTPOJUIEP MOXKET ObITh IPUMEHEH K PAa3JINYHBIM HEJIMHEHHBIM CUCTEMaM
JI0 T€X TOp, MTOKa OHU YJOBJIETBOPSIOT MPEAIoioxkeHHto B padore [17]. DTo cBoOHCTBO MO-
3BOJISIET UMETH JCNIO C HEIMHEWHBIMU CUCTEMaMH C HEM3BECTHBHIMU BO3MyIleHusMu. He-
JIaBHO 3Ta mpobiieMa Oblla PaclpoCTpaHeHa Ha CTOXACTHYECKUE HEJTMHEHHbBIC CUCTEMbI U
HETTUHEHHBIE CUCTEMBI C KOMMYTAIIMEH BBICOKOTO mopsaska [14-16].

B pa3nuuHbIX MHKCHEPHBIX U (PU3MYECKUX CUCTEMaxX M T.J. YacTO BCTPEUAOTCS Bpe-
MEHHbBIC 3aJiepKu. TeM He MeHee, B NPUBEJACHHON BbIlIe Pad0Tax HE PacCMaTpPUBAIOTCS
MOCJIEICTBHSI BPEMEHHBIX 3a/iepikek. Kak BceM M3BECTHO, SIBICHHE BPEMEHHOM 3aIepKKU
YXYIIINAT TPOU3BOAUTEIEHOCTh CHCTEMBI U Ja)Ke OKAKET HETaTUBHOE BIUSHUE HA CTAOMIIb-
HOCTh cHCTeMbI. [103TOMy OYEHb Ba)KHO HCCIIEIOBATh MPOOIEMBI CTAOMIBHOCTH WA OT-
CJICKUBAHMSI BHIXOJTHBIX JTAHHBIX HETMHEHHBIX CHCTEM C BPEMEHHOM 3a1epkkoit. B mocnen-
HHUE To/bl OBUIO TIOBOJILHO MHOTO JIOKJIAJIOB IO BOMPOCAaM CTaOMIIU3AIMU, HO €CTh BCETO
HECKOJIBKO CCBUIOK, KOTOPBIE TIOXOXKHU Ha CUCTEMY, PACCMOTPEHHYIO B ATOM UCCIIEIOBAHUU
[18-27]. CymiecTByeT He TaK MHOTO pa0dOT 00 MCCIIEOBAHUSAX MPOOJIEMbl BPEMEHHOM 3a-
JEPKKU YIPABICHUS C OTCICKUBAHUEM BBIXOIHBIX JAHHBIX [0 CPABHEHUIO CO CIydaeM
poOiiemMbl cTabunu3auu. HegaBHo OBUIO TIOTYYEHO HECKOJIBKO HHTEPECHBIX PE3YJIBTATOBR
HCCJICJIOBAaHUH 10 TPOOJIeMaM OTCJICKUBAHUS BBIXOJHBIX JIAHHBIX C IOMOIIBI 00paTHOMN
CBSI3M 1O BhIXOMy [28-31].

B nanHoi#1 cTaTthe paccMaTpuBaeTcs mpoodaeMa r1o0aabHOrO MPAKTUYECKOTO OTCIICKHU-
BaHUs BBIXOJHBIX JAHHBIX C MOMOIIBIO OOPATHOM CBSI3U 1O BBIXOJY JUIA KjlacCa HEompe-
JICJICHHBIX HEIMHEWHBIX CHCTEM C U3MEHSIOUICHCS BO BpeMeHH 3aepkkoil. C mOMOIIBIO
COOTBETCTBYHOIIEro (hyHKIMOoHana JIsmyHoBa-KpacoBckoro u HabmonaTessi MOHMKEHHOTO
TOPSIAKA, UCTIONB3YS TOXO]T OJHOPOIHOTO TOMUHUPOBAHUS U T00ABIISISI METO UHTETPaTO-
pa MOLIHOCTH, YCIIEHIHO pa3paboTaH KOHTPOJUIEp ¢ 00PaTHOI CBA3BIO IO BBIXOY, FAPaHTH-
PYIOIIHIA, 9TO BCE COCTOSHUS CUCTEMBI C 3aMKHYTHIM KOHTYPOM OCTaIOTCSI OTPAaHUYCHHBIMU
Y OJJHOBPEMEHHO JICJIAI0T OIIUOKY OTCJICKUBAHUS CKOJIb YTOJHO MaJIOH.

B naHHO# cTaThe Mbl pacCMAaTPUBAEM KJIACC HEONPEIETIEHHBIX HETMHEMHBIX CUCTEM C
M3MEHSIONTUMCS BO BPEMEHH 3ama3iblIBaHUEM CJICIYIOLIETO BUIA:

E (1) = 0%, () + &, (L X(0), %, (t = dy (1)),... X, (= d, (£), u(D))
E (1) = a,u(t) + ¢, (t,x(t), x, (t = dy (1),..., x, (t = d, (1)), u(t)) (1)
y(t) = apx (1) -y, (1)

snech  X(t) = (X (t),....x,(1))" eR",u(t)eR, wu y(t)eR cocrosume, ympaBicHHE H
BBIXOZ cHCTeMbI, coorBercTBerHO. O, (t)=0,i=1,...,N SBISIOTCS H3MCHSIOMMMHUCS BO
Bpemenn 3anepxkkamu. 0< d,(t) < d; koncranter s di, HauanbHOE cocTOSIHEE CHCTEMBI
x(6)=,(0), 6e[-d,0] cd>max,,., {d;}.9;().i=1,...,n , Heu3BeCTHbIE HEMpPePLIBHbIE
dynxmum u 0,,i =0,1,...,n HemsBecTHHBIE KoHCTAHTHL. IIpeanonaraeTcs, 4To eMHCTBEHHBIM

>1

M3MepseMbIM CHrHaIoM B cucteme (1) sisercs BeixoaHoi curuan Y-Py € Rygqy-
OcHOBHOW BKJIaJ 3TOH pabOTHl MOJKHO BBIACIUTH CICHYIONIAM 00pa3oM: BO-TICPBBIX,
paccMarprBaeMble HEJTMHEHHBIC CHCTEMBbI SIBISIFOTCS HEOMNPEICICHHBIMU 110 CBOCH CyTH
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CHCTEMaMH C N3MEHSIOIIMMUCS BO BPEMEHH 3a/iepsKKaMu. V3-3a MOsIBIIEHHST HEOTpeIeNIeHHBIX
M0 CBOEH CyTH HEIMHEHHBIX YWICHOB M U3MEHSIOIINXCS BO BPEMEHH 3a/IepikKeK HaOonaresn
n ¢yakuronans! JlsmynoBa-KpacoBckoro Hempumennmbl Kk cucreme (1). Tlostomy BbIGOp
nonxozsmero gynkumonana JismyroBa-KpacoBCKoro v mocTpoeHne JOCTYITHOTO HaOmoaaTerst
—Henpocras padota. B 3Toii pabote Mbl BBOJMM HOBBIi (hyHKIHOHAN JIsmyHOBa-KpacoBCcKoro u
MCTIONB3YSI OXO/] OJJHOPOJHOTO IOMUHHUPOBAHUSL, TIPEOIOIEBAEM Pl TPYAHOCTEH, BOZHHKIIINX
NPH QaHAJIM3E U IPOSKTUPOBAHUH, HAITPUMED, N3-32 HETMHEWHBIX YWICHOB, HE SBIISIFOLIMXCS TOYHO
W3BECTHBIMH, WK (yHKIOHaNoM JlsmyHoBa-Kpacosckoro. Kpome Toro, n3-3a MHOTOKpaTHBIX
3a/IepiKeK, M3MEHSIOLIMXCS BO BPEMEHH, HEN30€KHO BOSHUKHET MHOKECTBO 00JIee CIIOKHBIX
HEJIMHEWHBIX TEPMUHOB. BO-BTOPBIX, U1 paccMaTprBaeMOM CUCTEMBI IIPEIIAraeTCsl KOHTPOILIED
00paTHOM CBSI3M Ha BBIXOZE C HAOMIONATENIEM C HCIIOJIBb30BAaHMEM PEKYPCHBHOTO MOAXOma K
MPOEKTUPOBAHUIO, M TapaHTHPYETCsl OTCIIEKUBAHWE BBIXOAHBIX JAHHBIX COOTBETCTBYIOILECH
CHCTEMBI C 3aMKHYTBIM KOHTYPOM.

Obosnauenue: R"  06o3Hauaer aeliCTBHTENBHOE N-MEPHOE MPOCTPAHCTBO W
R* = [0, oo) . Jns moboro Bekropa X = (Xl, ce Xn) TeR", ||X|| 0003HavaeT
eBKITHIOBY HOpMY x. Dynkims | 1" = R HaswBaercs ¢bynkuueii CX, ecm ee yacTHbIE
NPOU3BOJIHBIE CYIIECTBYIOT U HENpepbiBHBI 10 mopsaka K, 1 < kK < oo | ®Oynkmus C°
03HavaeT, uTo oHa HempepbiBHA. Dynkums C* 03Ha4aeT, YTO OHA IIajKas, TO €CTh OHA
UMeeT HeNpepbIBHBIC YaCTHBIC MPOU3BOAHBIEC JTI000T0 mopsinka. Kpome Toro, aprymMeHTh
¢GyHKIMA (MM QYHKIIMOHAIOB) MHOTJA OIyCKAIOTCS WM ynpomarorcs. Hampumep, Mol
uHora 0003Ha4aeM QyHKIuto f (x(t)) yepes f (X) , f () W f.

Onpeoenenue u 1emmul.

Onpeoenenue. Jinsa neiicreurensupix uncen ; >0, 1 = 1...N y duxcuposanmsix Ko-
opmusar X = (X, X,) €R", Ve >0

« A{(X) pacmmpenue onpeaensercs ¢ momopsio Ag (X) = (s™%,,.,S™X.) s Ve>0
, UTO Ha3bIBaeTCS BeCaMH KOOPAWHATHL JlJIi MPOCTOTHI OMpENETNM BEC PACHIUPEHHS
A=(r,..1) .

* OyHkuusa V e C (R” , R) Ha3bIBACTCS OAHOPOJHOM CTETEHU 71, €CIIH CYLIECTBYET JeH-

creutenbroe yucio M2 0 | rakoe, uto Vx e R"/{0},V (AQ1 (X)) =€"V (X, X, ) -

* Bekropuoe mnone f = (fl,..., f n)T I:C:@R", R”) Ha3bIBAETCS OJHOPOJIHBIM CTe-
IEHH M, €CIIU CYIECTBYET JAeHCTBHTENbHOE uncino MeER | rakoe, uro mma 1=1,...,n
VxeR"/{0}, f, (eﬁxl,...,er" xn): €™, (X, X, )

* OHOpOAHAs P-HOPMA ONPEENAETCS KaK ||X|| Ap = (Z "% PP, Wxe R st kon-
crautsl P =1 . [lnst npocToTh BeIOepeM P = 2 U 3amuiieM ”X”A Uit ||X||A,2. .

Jlemma 1. YuuteiBast Bec pacumpenus A, MperonokuM, 4to V, (X) u V,(x) sBIsIOT-
Cs1 OMTHOPOAHBIMU (YHKIUSIMUA CTETICHH 71, U m, cOOTBeTcTBeHHO. Torma V (x), V,(x) mo-
MIPEeKHEMY SBIISICTCS OAHOPOIHON (PYHKIIMEH OTHOCHTEIBHO TOTO K€ Beca pacIiiipeHus A.
Bonee Toro, onHopoaHas creneHb V,(x), V,(x) paBHa m, + m,.

Jemma 2. Tpeanonoxum, uto V : R" — R sBiseTcst oMHOPOIHON QyHKIMEH cTerne-
HU 1 OTHOCHUTEIILHO Beca paciupeHus A. 3aTeM BBITOTHSIETCS CIeIyolee:
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(i) OV /0% sBnsercs OMHOPOIHBIM MO CTEHEHH M — 7|, IPUYEM 7| ABJISETCA OXHOPO-
HBIM BECOM X;. —

i) C c>0 V(X)<o|x[}. B Vv

(i) CymecTtByeT Takas KOHCTaHTa , 4TO s , - boiee Toro, eciu V(x)

nonoskuTesHo onpexenero, 1o S|X|" <V (X) s xoncranTs 6> 0 |

Jlemma 3. lna X€R, yeR u P 2 1 pemonnsercs cnegyromee:

ey < 2220 yPf (X YIS T T 20 (Y )
Ecau p > 0 HeyeTHBIM LIETBIM YUCIIOM, BBIONHSIETCS CIEAYIOIIEE:
’X_y|pS2p-1|Xp_yp|,|xllp_yl/p|S2(p-1)/p|X_y|1/p.

Jlemma 4. 1ns X e R, y € R u neiictBurenbHoOro uncna P > 0 BBIMOIHIETCS CIENyO-
mee: | XP = yP < p|x—y|[x""+ y*? < x—y|(x=y)P "+ yP . Tnec=pam 1 <p<2

uc=2"pnsp>2.
Jlemma 5. TlycThb X, y — BelIeCTBEHHbIC epeMeHHbIe. Torna Aust JII0OBIX TOI0KUTEIb-
HBIX BEIICCTBCHHBIX YUCEN ¢, b, m 1 N BHIIOIHICTCS CIEAyOIIee:

-m/n
alxPlyPsblx I (MER) gy

ITocTanoBka 3a1a4u, HeJn, HCTOPHsL. L{enbio TaHHOI CTaThy SBIISETCS PELIeHHe MPo-
011eMBI TII00ATBHOTO MPAKTHYECKOTO OTCIICKUBAHUS BBIXOAHBIX TAHHBIX C IMTOMOIIBIO KOH-
TpoJuiepa 0OpaTHOM CBSI3W Ha OCHOBE HaOmoatens i cuctemsl (1). Ommcanue chopmy-
JMPYEM CIEAYIOIINM 00pa3oM.

[Tpobnema r06aIbHOTO MPAKTHIECKOTO OTCIICKUBAHUS C TIOMOIIBIO BBIXOIHON 00paTt-
HOM CBSI3W: TIPH JIOOOM 3alaHHOM JI0TTycKe € > () KOHCTPYKIHUS KOHTPOJUIEpa BBIXOIHOM
00paTHOi1 CBSI3M UMEET BUJT

¢=o(y), {eR"
u®)=9(@y)

TaKWe, YTO BCE COCTOSHHSI CHCTEM C 3aMKHYThIM KOHTYypoM (1) u (2) xoporio orpeserne-

2

HBI M TII00AJILHO OrpaHuuensl Ha [0, ), U IS JF000ro HayaabHOTO yCIOBUS (X(O), Z(O))
CYILECTBYET KOHEYHOE BpeMst T (e, x(0), C(O)) > 0, 9TO JenaeT OMMOKY OTCICKHUBAHHS

cucreM (1) u (2) yaoBneTBOpsIrOLIEH

YO Fx®) -y, (O <e Vt=T>0 3)

MeToabl HCCJIeI0BAHUS.
JIJis TOCTHKEHNUS TIOCTABJICHHOM 11eJTH HEOOXOIUMBI CIICAYIOIIHE FHITOTE3a.
Tunomesa 1. lnst i = 0, 1, .. ., n CymECTBYIOT HOJIOKHUTEIbHbIE KOHCTAHTHI L M OL

Takue, uto oL <[ o [ o .
T'unomesa 2. CymectBytot koHcTanTbl C;, >0, C, >0 ut > 0 Taxue, 4ro
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|(Pi(t,X(t),Xl(t - dl(t))v'"ixn (t - dn(t))vu(t)) <

G| @1 +31x -, @) |+c, @
j=1
e
h=L.r,=(r+1)/p>0 i=1...,n (5)
u pn =1 .
Tunomesa 3. Bpemennbie 3agepxku di(1) nuddepeHuupyemMbl U YIOBICTBOPSIOT
0 <d(t) <d, d(t) <v,<1 mmaxoncranrd;, v, i =1 ..., n

T'unomesa 4. Onopusiii curaan Y,(t) Henpepsisao auddepenmnupyercs. bonee toro, cy-
y, () = M, |y, (O™, O3-d.

IECTBYET MocTosiHHAsL M > 0, Takas, 9To

3ameuanue 1. B pabotax [3-7], naxe ecnu Bce ynpasisiione Ko3(hOUIMEHTH! PaBHBI
eIMHNIIE, KOHCTPYKLUS YIPaBICHUsI ¢ 00paTHOM CBSI3bIO MO BBIXOAY cucteMbl (1) Goiee
cnoxHas. [unore3a 1 ocmadnser 3ty ynpasistomme kodhunuentsl. [lo cpaBHeHUIO C
[2-4,6,7] runotesa 2 sBnseTcs Oonee MATKUM ycinoBueM; Korma di(t) = 0, 3To cTaHOBUTCS
rUIoTe3amu B [3-8], KOTOpbIe HTPAIOT BAXKHYIO POJIb B PEILICHUU TPOOIEMbI OTCIIC)KUBAHHUS.

Koraa BpeMeHHBIE 3a1€PKKH SBISIFOTCS TIOCTOSIHHBIMU U P; = 1, TUmoTe3a 2 CTAaHOBUTCS J10-
nymenusmu B [28], axorma d;# 1 u P; > 1, 510 yMeHbIIaeT q0MyIeHns B CyIIECTBYOMINX

pesynbrarax. OnnHaxo, xorna d, (t) # 0 , D00aIbHOE OTCIICKMBAHUE BBIXOHBIX JIAHHBIX CH-
cteMbl (1) ¢ moMoIIbI0 00paTHOH CBS3U TIO BBIXOMY SIBISICTCSI OTHOCHTENILHO HOBOM MpooIie-
MOH M3-32 U3MEHSIONICHCS BO BPEMEHH 33JICPIKKU, BXOJ B COCTOSIHUSI CUCTEMBI YCIOKHSCT
KOHCTPYKIIMIO YIIPABJICHUS, IOCKOJIbKY Hanmn4ue 3Pdekra BpeMEHHOM 3aJIepKKH JIeNiaeT 00-
11ee IPEANOIOKEHUE O BHICOKOM-HEIMHEHHOCTH CUCTEMBI MTOPSIKA HEOCYIIIECTBUMBI M KaKHe
YCIIOBHSL JIOJDKHBI ObITh TIOCTABJICHBI JJIsl HEJIMHEHHOCTEMH, ocTtaetes 6e3 orBera. [umnoresa 4
MPEJICTaBIsICT COOOH yCIOBHE OMOPHOIO CHI'HANA, KOTOPOE YK€ MOXKHO Ha3BaTh CTaHAAPT-
HBIM YCIIOBHEM JUIS PEIICHUS 3a/1auu CJICKESHUST HeMMHEHHBIX cucteM (cMm. [3-8,28]).

B coorBeTcTBHH ¢ THUIIOTE3aMu -4, OCHOBHO# 11€JIbIO 3TOM CTAThU SBJISIETCS pa3padoT-
Ka CUCTEMBI YIIPABJICHUSI OOPATHON CBSI3bIO JUIS PEILICHUS MPAKTUYECKOM 3a/1a4uu OTCIICKHU-
BaHUS BBIXOJHBIX JAHHBIX JIJISI HEOMPEACICHHBIX HEIMHEUHBIX CUCTEM C U3HAYAIBHO U3Me-
HSIOIUMHUCS BO BpeMeHu 3afepkkamu (1). I 1ocTrKeH s 9TOM eI MBI OCYIIECTBIISIEM
cieaylolee npeodpasoBaHue:

ZO=ax(®, zO=ax®), i=2..n ©

=2 (P gPis)
j=10(‘1' !

e Oy = P, =1. Hcnonw3ys HoBble KoopauHaThl (6), cuctema (1) Mo-

JKET OBITh TIepenucana CIeyIuM 00pa3oMm:
2.(t) = zP () + @, (t, 2(t), z,(t = d,(¥)),.... z, (t = d_ (), u(t)), i=1..n-1,
2, (t)=a,ut) + W, (t,z(t), z,(t - d,(t)),....z, (t - d, (), u(t)), (7
yt) =z, () -y (1)
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e,
Vi (t, Z(t), Zl(t - dl(t))” Z, (t - dn (t)),U(t)) =
0y (t,2(t), z, (t = d, (1)), 2, (t = d, (1)), u (D)),

~ N1 1(Pjampyq)
we, =([T 5o ),
Ucnons3ys rumoresy 1, MOXKHO JIETKO JA0Ka3aTh, YTO THIIOTE3a 2 TaKKe CIPaBEINBa
i Vi,

(5+1)/1

NACHORAEIAG) A (SN G) Bl le,-(t)}r“*””" +2|Zj(t—d,-(t>)| +C, (8)

e C;,i=1,2 HoBBIe TeMIIbl pOCTa.
B nanpHelineM Mbl cHauana pazpaboraeM cTabWIM3aTop ¢ 0OpaTHON CBS3BIO 1O BbI-
XOJy JUTSI CHCTEMBI:
n ) =nt), i=1..,n-1,
N, (t) =&, u(t), €)
y(®) =n,(t)

MB&I UCTIONB3yEeM METO, aHAJIOTUYHBIN B padoTe [8], KOTOpHIi 103BOJISIET HOCTPOUTD CTa-
OnM3aTop ¢ 00paTHOMN CBS3BIO MO COCTOSHUIO ISl CHCTeMEI (9), Kak orucaHo B ¢axTte 1.

@axm 1. Ilpennonoxxum, 4To CyIIECTBYET CTaOMIN3aTOp C OOpaTHOW CBSI3BIO MO CO-
CTOSTHUIO JIJIsl cucTeMbl (9) Buia

u(n):_Bné;rnM)/o__B (nc/rn +B6/r”1(nc/r”1+...+B2/r3(n2/r2 +Bc/r2nf)m))(rn+r)/c (10)

C MOJIOKUTENILHO OIPEACTICHHON U MPpaBUIbHOM (yHKUUel JIsamyHoBa,

V ZJ' (sclr _ *G/r)(20 - r)/cds (11)

TaKOH 4To,
v, S—géf, (12)
e & =" - =-B_ET.n, =0,62max,,, {t+r} uB;i=1..n ssusmorcs momo-

KUTEITHBHBIMU KOHCTaHTaMI/I. Torma cucteMbl ¢ 3aMKHYTBIM KOHTYpoM (9) 1 (10) TimobansHO
ACUMIITOTHYECKH YCTOWYHBHI.

Korma cocrostaus 72, . . ., 7, HEU3MEPUMBI, OH MOKET 3aMEHUTH 1); Ha (9) ¢ TOMOTIBIO
TIPUHIINATIA YKBUBAJICHTHOCTH OTIPEICTICHHOCTH ¥ C TOMOIIIBIO TTOIX0/1a, AaHAJIOTHYHOTO [ 8],
KOTOPBI MOYKET IMMOCTPOUTH CTa0MIIN3aTOP C OOPATHOM CBS3BIO MO BBIXOAY JUIS CHCTEMBI
(9), xak ommcaHo B haxme 2.

@arxm 2. [IpeanonokuM, 9To CYIIeCTBYET OCHOBAHHBIN Ha HAONMIONEHUN CTAOMIN3aTOp
BBIXOIHOM 0OpaTHO CBSI3M TSl CHCTEMEI (9) CIIeyIomero Buaa
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C =_|lﬁ51,ﬁ§1 :(Cz +|ln1)rzm/r1

13
— /\Pnl ’\p|1_ | fioy /T '=3 ( )
C —1 i (C + _1n| 1) ,I ,...,n

u(n)_ B (/\<5/rn +Bc/rn (m/{“_i_m_i_ﬁzlg(nzlrz+Bc/r2nf)m))(rn+r)/c (14)

C TIOJIOKUTEITEHO OTIPEICIICHHOH, HEMPEephIBHO AU(GEpeHITIPYSMON 1 TIPAaBIIIBHON (DyHK-
uueit JissmyHoRa,

n

Q = Vn + Ui (15)
11 (20-1-r)/c e
i c/r c/ri _ i i-1/(20-1-1j_
V ZJ. i - ) ds’Ui B J.(Ci*"iaﬂi 1)(26 i (S ! (g * I 1n|_1))d5
TaKOM, 4TO
n n
A 2 2
Q<-2 & -2¢ (16)
j=1 j=2
ol rlc 06> apia Ap \OPy
e & =" - n =B, &M =0,0 > max,. {t+r}e =(nP -t )T
L,Bi, 1 =1, ..., N —nonoxuTenbHBIE KOHCTAHTHL. TOra CHCTEMBI C 3AMKHYTBHIM KOHTYPOM

(9), (13) u (14) sBastrOTCS II00ANTBHO ACUMIITOTHYECKH YCTONUNBBIMH.

JokazarenbcTBa ¢haxmos 1-2 aHaIorn4Hbl Kak B padore [8], Teopema 1, ¢ HEKOTOPBIMH
u3menenusvu, ¥ mapamerpst by | = 1 ..., N gng ma6monarens (13) Takxke MOTyT GBITH
BBIOpaHBI METOIOM, TPEJIOKCHHBIM B [8]. [Toatomy B 3T0i paboOTEe MPOIYCTUM JaHHOE
JIOKa3aTeIbCTBO.

OO6paTtuTe BHUMaHWE, YTO U3 MOCTpOeHHUs () HETPYAHO NMPOBEPUTH, 4TO () SBIAETCS
MOJIOKUTEIBLHBIM, ONPECIICHHBIM U NMPABUIIBHBIM OTHOCHUTEIEHO

H =[Ny, e 17 (17)
Cucremsl ¢ 3aMKHYTBIM KOHTYpoM (9), (13) u (14) MoryT OBITH IEpenucaHbl Kak
H = F(H) = B GO e M oo s B (18)

rz[e _sz _Z3' 2nl Zn'
Bonee TOr0, ITyTEM BBEIACHUS BECA PACIIUPEHUS,

A=, 0, 1 [ e Ty, (19)

forn, i forrf2 el

Io onpedenenuro MOXKHO IPOBEPUTH, YTO UMEET OJHOPOAHYIO CTENIEHB T, M TOCKOJIBKY
cuctema (18) rmobanbHO ACHMIITOTHYECKH YCTOHYNBA MO ¢haxmy 2, TO CyIECTBYET (PyHKITUS
JIsmryrosa Q(H) OMHOPOIHOM CTEmeHH 26 —T ISk BeCca PACIIUPEHHst A U YIOBIETBOPSET

O(H)|as) = “’Q(H) F(H) <

-¢,|H[* (20)
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/2
o _ 2n-1 2/
e ¢, > 0 sBastercs koncranToit |H| = (z |H; | r) . U, Gonee Toro, cymiecTByer
KOHCTAHTA ¢, > 0, Takas, YTO BBIIOJIHACTCS CIEAyIOLIee:

dQ(H)

oH <-¢ ||H ||2(H_ri ,c,>0 (21)

3areM OyJeT CKOHCTPYHPOBAH KOHTPOJLIEP C OOPATHOM CBS3BIO MO BBIXOMY IS pellie-
HUS TPOOIEMBI TI00aTBHOTO TPAKTHYECKOTO OTCIICKUBAHHS BEIXOTHBIX JaHHBIX.

PesyabTarel u 006cy:xaenust. Teopema 1. CornacHo runore3am 1-4, mpodiema rodanbHo-
'O IPaKTHYECKOTO OTCIICKUBAHMS BHIXOJHBIX JAHHBIX JUISl CUCTEMBI (7) MOJKET OBITh pelieHa ¢
MIOMOILBIO YTIPABJICHHUS C 00OPATHOM CBSI3BIO 0 BBIXOMY C UCTONb30BaHueM GopM (13) u (14).

Jloxkazamenvcmeo. OCHOBaHHBIA Ha HAONIOAEHUHM KOHTPOJUIEP BBIXOAHOW 0OpaTHON
CBSI3U CKOHCTPYMPOBAH ITyTeM BBEJICHHS MACIITAOHOTO YCHIJICHHS B KOHTPOJUIEP BBIXOTHON
00paTHOM CBsI3M, MONY4YeHHBIN B QakTte 2. [Ipexe 4eM npoJoKUTh, MBI BBOAUM CIIETYIO-
1iee npeodpa3oBaHUe KOOPIUHAT:

X, (1) = y(1),
Lz, (t) = x (1), i=2,..,n, (22)
L 9(t) = u(t)
mek, = 0, K, = (k_,+ 1)/p_,,i= 2, ...,n uL>1sapngercs KOHCTAHTOMH, HOJIEKAILE
ONPEAEIICHUI0. B COOTBETCTBUU C KOOpAUHATAMU (22) cuctema (7) UMeeT cieayomui Buj
% (t) = LxP () + W,/ L,i=1,...,n-1,
X (t) = Lau(t) + g, (QU L, (23)
y(®) = x(t)

Hcnonw3ys aemmy 3 u TOT ¢akt, uto L > 1, HETpyaHO J10Ka3aTh, YTO BBIMOJIHAIOTCS
CJIelyIOLIME HEPABEHCTBA:

LK| |‘~|f O)]=S LK ((| Xl(t))+ y, (t) |(r +1)/1 +2| [ iy (t) |(r+1)/r

+ | X (t —d (t)) +, (t —d (t)) |(r+r)/r1 +z| LKJX (t d. (t)) |(r+‘r,)/r

j=2

c, (24)
LKI
Janee, ucxomst U3 TUIIOTE3aM 2, MBI MOJKEM JIETKO BBIYHCIIHTH

fitt n+T 4T —

LK'|W()|<C Ll“z % (t)] " +‘Xj(t—dj(t)) X (t=d; )] +%,i=1,...,n (25)
j=1

C,7T K uM

T V= Min, e, {1 k,(r+7)/r;+k }>0 n C ;>0,i=12 ToNBKO B 3aBHCHMOCTH OT
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Janee MbI cTpouM Habmrogaress ¢ kKod(hQUIMEHTOM MacIITaOUpoBaHus L,
. _ P _ rLp/rl
Z;z - _I—le\zlyxﬁp1 - (C,z + I1X1) o

. 26
G, =—Ll_x* = (G + li—1)°i—1)ripi1/rifl- i=3..,n (20

Y KOHTPOJIJIEP, UCTIONB3YIONINH Ty e KOHCTpyKmmio (14), T.e.,
U(t) LK"+1U(X\) - LK +lB (X\o/r +Bc/r Xsa/ 4 Bcr/r3 (%o/r2 +B0/r3Xf)...))(r"”)Ic. (27)

Od4eBHUIHO, YTO, UCTIONB3YS Te ke o0o3HadeHus (17), cucrema (23), (26) u (27) moxer
OBITH 3amKCaHa CIEAYIONIM 00pa3oM

K=LF 0O 0k, 010,01 - 0,00...03 28)

rae F(X) sBisieTcst TakuM ke, Kak orpezneneHo B (18).
CnenoBaresbho, npunumMas Gyrkiuio JIsmynosa Q(X), kak B (15), ee mpousBogHast o
(28) ynoBnerBopsieT

Q00 = L2 £ 0x) + B 1y, (1 24, (R, 0.0, (10, OF
: (29)
e . 9900 W, ()
Le,|[X]| +Zl X L5
Hanee, ucrionsays (25), momydaem
Q(X) < —Lg, | X[ +
|'+T B |'+T 30
ZL”BQ(X)[EJ 1+ |x(t d(t))l’J chK 009 D

0Q(X)

CornacHo emme 2 u [35], —OX SABIISETCS ONHOPOIHBIM IO CTereHn 26 —T— I

(r+1)/r;
ZI |
j=

CTEIEHU 20, U MOATOMY U3 JIEMM 1 1 2 CJIEYET, UTO CYIECTBYIOT O;,®; MOJOKHTEIbHBIE

a x (F+1)/7;
Q( ) aQ(X) 2| (t—d. (t))| SABJISTIOTCS OJTHOPOIHBIMH IO
j=1

WICHBI | vy

koHcTauThl st | = 1,..,N , TaKue, 4To
aQ(X) (2‘ |

KpOMe TOTO, U3 JICMM 2, 4mus CJICAYCT, UTO CYHICCTBYIOT MOJIOKUTCIBbHBIC KOHCTAHTBI

(F+1)/7;

i (i +1)/7
+ Z\xj (t—d;(0)| Js ®, X O+, ||X ¢t - d, )]

b,.b, b2 Takue, 4YTo

9Q(X)
X,

26-1-1 26-1-1

<b1||x||26 Tn bl(Lch ”x” )2(‘5 T rl(L 26(1+I’1))‘E+|’1 < L”X” +52|_7 o

€2))
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1 BQ(X) o-1-h (1 K M(r+r) \* _ < S Xy 20K [(tHr)
X <C X[ (L) < X B, =2,

. C . - d ~ o
Q(X (1) < _L(El —(n=D5,L" - LC Y. o, )||X ®|f
i=1
o o ) ) (32)
+(|_1-"01263i )||x (t—d, )] +b,L " +b,L " +b,(n—1)L K
i=1

TI€ K,y = Min{ic}.

Urto0b1 ycTpaHuTh d(h(heKT BpeMEHHBIX 3a/IepPKeK, Mbl BRIOpau GpyHKIMoHaN JIssmyHOBa-
KpacoBckoro ciemyromum oopa3om:

V(X)=Q(X)+S(X), S(X)= Zl—j IX(9)]"ds (33)

d; (t)
rae A > 0 3To mapaMeTp, KOTOPBIN Oy/IeT ONpeeeH Mo3Ke.

IMockonbky Q(X) > 0 HenpepbiBHO TuddepeHInpyeMo 1 MPaBUIbHO, CYIIECCTBYIOT Ba
knacca K, QyHKIWH, 7T, ¥ T,, TAKHE, 9TO

(I X )<Q(X)<m, (| X]) (34)
CoracHO OHOPOIHOI TeopuH, CylecTByIoT KocTanThl O; >0, i= 1,2 | takue, uto
20 20
8 [X[” <W(X) <3, |X] (35)

e W(X) > 0 — dyukius, oqHOpojaHas CTeneHb KOTopoil paBHa 2c. ClieqoBarelibHO,

CIIPABEIIINBO CIICAYIOIIEE:
(| X ) SW(X) <T,( X ) (36)
¢ 1ByMs QyHKIMSIMH Kiacca K.,

C nomompio 0 <d(t) <d; ud;(t) <y, <1 crenyer, uro

LA
2y b X <3 mOX@I S J“zﬂX@*t)'d@*”

(37)
<3, sup n2|X(g+t)|<n2(X| c+t |)

Omnpenenssa T, =T, + T, u3 (33), (34) u (37), cnemyert, 4To

(X ) < SX ) < my(sup |X(G+1)]) (38)
—d<g<0
DY 2% & B 20
V=Q+ ;1_—_||X(t)|| Z)\”X(t d ()
i - - A 2

‘_LET (n-Yc,L' -L"m - L lel v X ()™ (39)

(0= L m,) X (¢ - d @) + By (L + L)
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1—-
CnenosarensHo, BeIoupas A=M,L ™" u ¢ gocraroyno 6omsmmM L, OH YIOBIETBOPSET

a4, - 1 c
Torna HepaBeHCTBO (39) cTaHOBUTCS (n-1c,L +L° (m +m 2 1— < El
i=1

i
. C, L 26
V(X(t) < _THX(t)” +p (40)
B (33) V,(2) u S(z) stBisiroTCst OTHOPOIHBIMHU CTENEHH 26 — T M 26 110 OTHOIICHHUIO K BECY

pacmmpenus A coorBercTBeHHO. ClieZloBaTeNbHO, U3 JIEMMBI 2 CIEIyeT, YTO CYIIECTBYIOT
KOHCTAHTBI A, > 0 u v; > 0 mis i = 1, 2 Takue, 4To

X O QOO <2, X O (41)
o X O <S(X®) <o, X O (42)

Bonee Toro, u3-3a 26 —1< 20, L(t—20)/1< 1, 17— 26< 0, L> 1 u no nemme 4
MBI UMEEM

oot o\ ot 2 - L(‘c 20)/t ol
MaXOF =L (") IX O < S SLXOF + =2 @)
Jlanee, MBI UMeeM
o Tl ol
V(X (1) < p,L|X ) + o xz / (44)
1 o L(t 20)It o
VXS L|IX @) + =—— a2’ (45)
2
CrnenoBarenbHo, u3 (33) u (44) cnemyer, 4To
V)< LIX O+ aime |+ 2 e < Sy (x o)+
<=5 200, 200, P1 2, P (46)

(1-20)/t 26/t
X 2290% 4 _ CTA;,

e Py = 2 = Lo 4, L7t 4+ b, L7 + B, (n— 1)L <,
4op, 4op,

%(etcl/(sz N (X (t))) < etcl/(ZPZ)ﬁl 47)

MIPUHAMAs MHTETpajl ¢ 00euX CTOPOH,

e/20\/ (X (1)) — V(X(O))< ; (euwpz) 1) (48)

1

CrnenoBarenbHO, CylIeCcTBYeT KoHeuHoe Bpemst 1> 0,
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VOXO) eV (X )+ 2P 1-e )< e @9)
1 1

3 sore 60,0,  B(N=1)b,p,
sz + oL + Gk

DTO MPHUBOIAMUT K |X1 ®-vy, (t)| = | X (t)| <
o0bIX ¢ > T.
Taxum 00pa3om, 1151 I0O0T0 33JaHHOT0 JI0ITyCcKa € > () CYHIECTBYET JOCTATOUHO OOJIBIION

L, Takoi, 4yTo |X1 (t) -y, (t)| <g¢, [E* T > 0. Dro3aBepuraer 10Ka3aTenbCTBO HAIICH
[JIABHOM TEOPEMBIL.

Hexortopsie unTepecHble mpobIeMbl BCe ellle 0CTaBAINCh; HAIIPUMEp, €CIIU CKOPOCTh
pocra B rumnoTese 2 sBISETCS HEU3BECTHON KOHCTaHTOM, KaK Mbl MOXKEM CITPOSKTHPOBAThH
AT TUBHBIA KOHTPOJUIEP ¢ 00paTHOM CBA3BIO 1O BBIXOAY 1T cucTeMsl (1)? HemaBHo ObLTO
MOJTYYEHO HECKOJIBKO PE3yJIBTaTOB 110 EPEKITIOYaeMbIM WIIM CTOXACTUYECKUM HEJIMHEHHBIM
CHCTEMaM BBICOKOTO IMOpPsAKa C BPEMEHHOH 3amepxkkoi (Hampumep, [14-16]), HO B 3THX
paborax paccMaTpUBaOTCS TOJIBKO CUCTEMBI C HEJIMHEHHBIM POCTOM BBICOKOTO IOPSAIKA.
BaxxHblil BOIIPOC 3aK/II04AETCs B TOM, MOT'YT JIM 3TU PE3YJIbTaThl ObITh PACIPOCTPAHEHBI HA
MEPEKII0YaeMble WIIM CTOXACTHUCCKUE HEIMHEHHbBIE CUCTEMbI C HEJTMHEHHOCTAMU HU3KOTO
MOPSI/IKA MM HA BBILICYTIOMSHYThIE KJIACCHI HEJIMHEHHBIX CUCTEM B LIEJIOM.

BoiBoabl. B 3101 cTtarbe penieHa mpodieMa NpakTHYECKOTO OTCISKUBaHUS ITI00aIbHO-
IO BBIXOIHOI'O CUTHAJa JUIs KJlacca HEONPEAEICHHBIX HETMHEHHBIX CHCTEM C M3HAYaJIbHO
H3MEHSIOIIMMHUCS BO BPEMEHH 33€PKKaMH C MOMOLIBIO YIIPABICHUSI ¢ 0OpaTHON CBSA3BIO
Ha ocHOBe HaOmomarens. C MOMOIIBI0 METOa OJHOPOIHOTO AOMHHHUPOBAHUS U HOBOTO
¢ynkmonana Jlsmynosa-KpacoBckoro B mpezsiaraeMblii KOHTPOJUIEp C 00paTHOH CBSI3BIO
M0 BBIXOJY BBOAMTCS MaclITaOUpylollee YCHUICHHE, FrapaHTUPYIOIIEe, YTO BCE COCTOSHHUS
3aMKHYTOW CHCTEMBI OCTAIOTCS OTPaHUYECHHBIMH, M OJIHOBPEMEHHO JIejatoliee ONIMOKy OT-
CIIeKUBAHMS CKOJIb YTOAHO Majio. [loydeHHble pe3yabTaThl MaTeMaTHYeCcKOTO MOJIENINPO-
BaHUsSI TIOATBEPIKAAIOTCS JOKA3aTeIbCTBAMH M TUIAHUPYETCSI Peai30BaTh MPeIIOKEHHbIH
MOJIXOJT BBIYUCIUTEILHBIMU METO/IAMH.
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AHBIKTAJIMAFAH ChI3bIKTBI EMEC ) KYWEJEP KJACHI YIITH ITTOBAJIIBI
IMPAKTHUKAJIBIK IIBIFbICTbI BAKBIJIAY

Byn maxanaoa yaxeim ootivinwa o32epemin Kidipici 6ap anblKmaimMagaH Col36IKMvlK emec Jcyiienep
KIACbl YWIH WbI2bIC Kepi OAUIaHblC apKblibl Wbl2yObl HCAhAHObIK NPAKMUKAALIK OACKapy maceneci
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Kapacmuipwiiaosl. Bipinwioen, 6ipmexmi wibley Kepi 6auianblc KOHMpoLiepl Kyam uHmezpamopsl mex-
HONLOCUSICLIH KOCYOblH APKACBIHOA HOMUHANIObL AHLIKMAIMAa2aH dcytiece oasvimmanaosl. CooaH KelliH,
Jlanynose-Kpacosckuiioiy catikec QyHKYUOHANObIZLI MeH MOMeH pemmi OaKblIayWbIHbIY KOMe2iMeH
Oipmexmi ycmemoik macilin KOIOAHA OMbIPbIN HCIHE Kyam UHMeZpamopwl 20ICiH KOca OMbIpbin, HcaObIK
Jicyieniny 6apuvlk Kyiliepi uiekmeyni 601bin KATyblH Jcate Oip yaKblmma OaKbLiay Kamecin Kaia2anblHbl3uld
a3z emyin KamMmamacwls ememin wvl2blC Kepi OAtlLanHblc KOHMPOLLEPE COMMI HOOANAHObL.

Tyitin co30ep: cvi3pikmulK emec backapy dcyiienepi, JIAnynoemoiyy mypaKmolivlesl, Kepi 6auianvic,
MAMeMaAmuKaIblK MOOenbOey.
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Global Practical Output Tracking for a Class of Uncertain Nonlinear Systems

This paper addresses the problem of global practical output control using output feedback for a class
of uncertain nonlinear systems with time-varying delay. First, a homogeneous output feedback controller
is designed for a nominally uncertain system by adding power integrator technology. Then, with the help
of an appropriate Lyapunov-Krasovsky functional and a reduced-order observer, using the homogeneous
dominance approach and adding a power integrator method, an output feedback controller is successfully
designed to ensure that all states of the closed-loop system remain constrained while simultaneously
making the tracking error arbitrarily small.

Key words: nonlinear control systems, Lyapunov stability, feedback, mathematical modeling.
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HWHHOBAIUSJIBIK DKOHOMUKAHBI BACKAPY YIITH IIEINIMJIEPII
KOJIJIAY )KYWECIH MOAYABIAIK YUBIMIACTBIPY

Makanaoa 5KOHOMUKAHBL UHHOBAYUARA AUHALOBIPY Ke3iHOe MeMIeKemmik oamy 0az0apilamaniapbii
backapy macenenepi Kapacmuipbiniaovl. bazoapramanvik-uvicananvl 6ackapyoan 6a20apiamanvly-
AHCOOANBIK OACKAPYEa KOWLY YCbIHbLIAObL. DKOHOMUKAIGIK JHCYUenepOiy Ka3ipei 3aMaHebl MeopusiCbiH
Memaexkemmik 6agoapaamanapobi Kaiblnmacmulpy #CaHe icke acblpy KeHiCmi2iniy OyKin xcyliecine Konoany
apKbLIbl MYHOQl ayvicy Hezizoenedi. OcbiHOAll aybicy He2isinOe 6acKkapyObiy Hezizei KoMNnoHenmmepi
mepm oamy Hezizei bonikmepine anHanadvl: 0OveKkminep, npoyecmep, opmanap xcawe sxooarap. byn
backapy makcammapvl MeH Kpumepuiiiepin pecimoeyee dcaHe wewimoepoi Konoay icyuecin Kypyea/
damwimyea Koulyee MyMKIiHOIK Oepedi. Kymvicma memnexkemmik damy 6azdapiamanapvli 6ackapyobsi
niam@opmanviy icke acvlpyovl KYpyovlH Heeizel maciii OepiieeH.

Tyiiin co30ep: memnekemmix Oamy 0OaAOApIaAMANAPbl, MOOEIbOey, AHATUMUKAILIK KOL0AY,
wewindepoi Kabvlioayowvl Konoday dicyiieci, niamepopma, MOHUMOPUHE.

Kipicme. Ka3ipri yakpITTa ofleMHIH OapiibIK eJepi oJl-ayKaT MOAETBIACPiH KaliTa Kypy
’KOHE 63 DKOHOMHKACHIH HHHOBAIUSIFA allHAIIBIPY MTPOIIECTEPiHEH OTiM *kaTbip. KazakcTan
Jla IIeT KAJNbI KAJFaH eMec. DKOHOMHKAHbI MHHOBAIMSIIBIK SKOHOMHUKAFa aifHaJIbIpyFa
KaObIITaHFaH OaFbITKA JKOHE KahaHIBIK MHHOBAIVSUTBIK WHACKCIICH COWKEC KeNeTiH AaMy
CTpaTerusyiapbiHia KOWbUIFaH KOPCETKINITEpre KapaMacTaH, XaJbIKThIH dJ-ayKaThIH KaK-
capTyra OarpITTalFaH MEMJICKETTIK JaMy OaraapiaMajiapblH ic KY3iHIE iCKe achIPyIbIH
triMaitiri TemeH [1, 10]. ConsIMeH KaTtap, 6Cy TPacKTOPUSACHIH OaraiiayFa MyMKIHIIK Oe-
PETiH KeTKUTIKTI JaMbIFaH GOpMaTbIbI ammmapaT JKOK.

Y ITTHIK SKOHOMHUKAJIAPILIH TaMybIH O0acKapyablH HETI3Ti KYPajbl dJIEYMETTIK-DKOHO-
MHUKAJIBIK JaMYIBIH MaKCaTThl OaFmapiiapbIHBIH KEIICHII JKyHeci peTiHAe CTPaTeTHSIIBIK
KoHE OarmapiaMaiblK Ky>KarTap OONbIT TaOsIaasl. bysr peTTte MeMJIeKeTTIK maMy Oarmap-
nmamaapeH (M/IB) KanpImTacTeIpy TOCUTACPIMEH, COHAAN-aK OarmapiaMaTblK-HbICaHABI
Oackapy karumartapsina (Oyman opi — BHB) OarsiHaTeIH OCBIHIAl OarmapiiaMamapsl icke
achIpy HOTIDKEIEPiMEH mpobiemaliap opsiH amagsl [S5; 11].

«¥ITTHIK JXYHenep MEH OHBIH JICHTeIIepiHiH (Me30-, MHKPO-) JaMybIH OacKapy *oHe
KYHEIiK MOZIEbACY MPoOIeMalapbIHBIH TCOPHSUTBIK JKOHE 9/TiCHAMAIIBIK aCTICKTLIEPIH Tall-
Jlay MHHOBAIIASIIAPIBIH I KOMITOHEHTTI KCHICTITIH/IE J)KY3€eTe aChIPhUIATHEIH HHHOBAITUSITIAD
eceOiHeH MHHOBAIMSIUTBIK TaMy/IbI 9KOHOMHKAIBIK 6CYy PETiHAC KapacThIPy MYMKIHIITI Ty-

* E-mail xoppecnionnupyrormero apropa: mafura.uandykova@narxoz.kz
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paJibl KOPBITBIHABI KacayFa MYMKIHAIK Oep/ii: TEXHOIOTHSUIBIK — HAKTBI CEKTOP/a, BaJIIOTa-
JIBIK-KapKbUIBIK — Kap)Kbl CEKTOPBIHJIA KOHE QJICYMETTIK — casicu-0acKapy CeKTOpbIH/A'.
Byn conpaii-ak "MUKpPO-, Me30- )KOHE MaKpOIKOHOMHKAJIBIK KOPCETKIIITEPl 3epTTeyneri
OKILIayJTaHFaH TOCUI/L JKeHY YILIIH KaKeT, OyJI oJap/blH e3apa MIapTThUIBIFBIH eCKepMeHi,
OyJ1 Ka3ipri SKOHOMUKAIBIK xkyhenep Teopuschina (KOXKT) Heriznenren kem ASHIeII xKy-
HeiK TOCUIAl KaskeT eTeTiH OChIHIAl OaillaHBICTBI KOPCETETIH peciMIeNTeH KOpCeTKill-
TepAl i3Aeyal Tanam eteni»[2].

3eprTey amicTepi. Macesienin KoiibLibIMBI. Kazakcran 2020 sxpuiaad Oacrar Memiie-
KETTIK JKOCIapJIay/IbIH JKaHa KYHeCiHe KOIIITi, MeMJICKETTIK JJaMy OaraapiiaMaiapbl YITTHIK
x)obanapra Kaiita opmarranasl [8-9]. Anaiina, yiaTTeik sxobanapra (¥2K) ey, onapabt
KaJIBIITACTBIPY KOHE iCKE aChIPBUTYBIH MOHUTOPUHTLIEY sk00aap/sl 0acKapy MHCTHTYTHI
(PMI) 6enrineren epexenepeH, aramn aintkanaa ANSI PMI PMBOoK (Project Management
body of Knowledge) crannapTsiHbIH jk00anap/sl 6ackapy Karuaaiapbl )KHHAFBIHAH aJlbIC.
MewmutekeTTik Oarmapiamaiap MEH VITTHIK OarnapiamMaliap[blH HOTHXKENEpl TYpiHIEe ca-
NaJbIK KOPCETKINITeP-UHIUKATOPIIAP KAPACThIPbUIAbI, OipaK aJIeyMETTIK-3KOHOMHUKAIIBIK
WH/IMKATOPJIAPJbIH HAKTHI JKal-KYHi Typaibl KOPCETKIIITEPMEH CalIbICTBIPYFa KeJIMEHTiH
HakThl HOTHXKE eMec. KP Ipesunentinin 2023 xputrbl 1 Kpipkyliekreri XKonmaysinaa [11]
"OromkerTi OackapynaH" "HoTHKeIepAl Oackapyra "Kellly HeTi3iHJe ko0anap/pl KapiKbl-
TMaHIBIPYABl OacKapy KaxeTTiliri Typaisl xkapusianasl”". byn ¥b sxone Mb Gackapynbia
caraJbl )KaHa TOCIUIIH Taian eTes.

MemJiekeTTik Oaraapiamaiapabl KaIbIITACTHIPY JKOHE iCKe achIpy TOCiiepiHiy Ka3ipri
KaM-KYHIHIH KeMIIUTIKTEPIH erKel-TerKeii cunarramaii, 1ambirad enaep Mmen TMJ] en-
JICPiHIH YKOHOMHUKAJBIK KYPICIUIIK WHICKCIHIH JUHAMHUKAChIHA FaHA Ha3ap ayjapambl3.
SIFHU, oNeMJIiK HapbhIKTa SKOHOMHKAHBIH KOFapbl OoCeKere KaOULICTTUIIriHE KOJI KETKI3Y,
JIEMEK, MEMJICKETTIK JiaMy OafFaapiiaManapbl MEH YIITTHIK jK0Oaap/ibl iCKe achIpyFa YIJIKEH
OIOKETTIK MIBIFBIHAAPMEH SKOHOMUKAHBI HHHOBAIHMsIFA allHAILABIPY 111 MYMKiH emec. Co-
HBIMEH, Ka3ipri Ke3eHae KaJbIITaCKaH jKoHE 1CKe achIPbUIBII JKaTKaH AaMy Oarapiiamarna-
Pl OaFaapiaManapblH KaKETTI HOTHKEIUIIriH OepMeii Il Iet CeHIMII Typae ainTyra Oona-
JIbl, OUTKEHI 25 )KBUIJIaH acTaM YaKbIT IIIHJIE TepiC TUHAMHKA HEMECe IaMalibl e3repicTep
Oaitkanansl [1, 7].

Byt Heri3ri TYKbIpbIMIap HHHOBALMSUIBIK AaMy MapagurMachlH, HHHOBALUSUIBIK AaMy
MOJICTIB/ICPIH KaiTa Kapay, MHHOBALMSUIBIK JaMy OaraapiamaiapblH KaJblTACTBIPY JKOHE
iCKe achIpy YILIiH MakcarTap MEH OJIIEHETIH HOTHKENIEP/l TYKbIPBIMIAY Ka)KeTTUIIr Ty-
paJibl TUIIOTE3aHBl KaJBINTACTBIPYFa MYMKiHIIK Oepai. Ocbuiaiiima, ochl KypangapablH
HETi3iH/Ie MHHOBALUSJIBIK JJaMy OaFapiiaMasapblH KaJIbIITACTRIPY/IBI [1a, ICKE aChIPYIbI J1a
YKOHE MaiilaaHblIaThIH PeCypcTapAbIH (OIOKETTIK) alllBIKTHIFBIH KAMTaMachl3 eTeTiH Oac-
Kapy KypaJIapblH XKETUIAIPY Taslal eTuUIeI.

bi3 nHHOBaUMSIIBIK TaMyIblH WHHOBAIMSJIBIK 1aMy MOJIENIH FalbIMIap YChIHFAH 9KO-
HOMUKAJIBIK JKYHEIepIIiH Ka3ipri 3aMaHfbl TEOPUSIChIHA COWKEC WHHOBALMSUIBIK JaMYJIbIH
arajraH YII OarbIThl (BEKTOPJIaphl) OOMBIHIIA TOPT CIUPaJb peTiHae KapacTbipambi3. PEA
OpTaJiblK 9KOHOMHUKAIIBIK-MaTeMaTUKAIIBIK HHCTHTYT [3-4; 6] OackapyablH 4 HEri3ri imki
KyHeciMeH-0apibIK JAeHreiiepre TapanaTblH 00BbEKTIIIK, KOpLIaFaH OpTa, MPOLECC JKOHE
XKo0aJbIK dKOHOMHUKA. byn, OipiHmrigeH, OarnapiaManbIK-KOOanblK Oackapyra KeInyre,
SKIHIIII/IeH, 93IpJICHII JKaTKaH 0apJibIK MEMJICKETTIK OaFaapiiaMaiap/ibl )KoHe oJiapibl 0ap-
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JBIK JeHreinepae icke achlpynbl Kapayra MyMKiHaik Oepeni. Ocplnaiima, 0i3 H”HHOBaLUS-
JIBIK AaMY/IbIH SKOHOMHKAJIBIK KEHICTITIH JKYHel KypblUIbIMAaybIH KapacThIpa ajJaMbl3.

emim KaObUAaYABI KOJAAYABIH 3aMaHay ! JKyielepi TypiHae MeMIIeKeTTiK gamy Oar-
JapiamMaliapblH KaJIbIITACTBIPY MEH iCKE achIpy/bl aKIapaTThIK JKOHE aHATHTHKAIBIK KOJI-
JlayFa Kellle OTBIPBII, OHBIH MOJYJIbJEPI MUKPO, ME30 JKOHE MaKpoO JICHrelre JeHiHT1 maii-
JaaHylIbUIapFa aKnapaTThIK )KOHE aHATMTUKAJIBIK OarbITTalybl KEPEK eKeHIH aTarl 0TeMis.
Jlamy OarnapiamaliapbiH KaJbIITACTHIPY XKOHE ICKE acChIpy Ke31H 1€ MmelnMaepIi Kaobuiaay-
1l Kosay skyienepin (CIIIIP) azipney, "0ackapy OOBEKTiIEpiH CHUIIATTAY/IbI, SKOHOMHUKA
KYPBUIBIMBIHIAFbl SKOHOMHKAJIBIK JKaFJaiIbl CUTIATTAUTHIH HET13T1 (akTopiap-napamerp-
JIep/l aHbIKTaynbl, Eneyni kepceTkimTepi Oaranayibl, MEMJICKETTIK JlaMy OaFraapiiaMaria-
PBIH THIMII iCKe achlpy YUIIH OacKapylIbl dcepiepi TaHaayabl Tanan ereai. MyHbIH 0opi
JlaMy OarbIThIH aHBIKTAY KaKeT JereH Il Oiiipeni: OacTankpl Kyl Oaranai Oury, Kail 6a-
FBITTA KO3Faly KEPEKTIT'iH, KaHAal KOPBITBIHABI KYHTe KBUDKY KEPEKTIriH Oiy: OacTanKsl
JKOHE COHFbI HOTHXKE HYKTeepi'.

[emrim KaObLUTIAYFa HETI3EITEH poliece 1-CypeTTe KopceTiareH, Oy op Ke3eHHEeH/
(dazamaH eprepek Ke3eHIepre opaixy MYMKIHIITIH kepceteai. [lemim KaObLIaayabIH Ka-
HOHJIBIK IPOLEC /eI arajaThlH CXEMaHbIH erKeH-TerKeHI cumarramachl MbIHAIapaa
[12-13] Gepinren. llemim kabpuigay kebinece menriM KaOblIAay HYKTEC] A€l aTtaiaThiH
JKaF/Iaii/la HeMece yaKbITTa HICIIiM KaObULIayIIbIFa KOJI KEeTiM/I1 OajiamMaap >KUbIHThIFbI-
HaH MICNIIM TaHJayFa JediH a3zasibl. TaHaay KemnTereH O0OKaMIapibl, KpUTepUiIep/l,
MakcarTap/bl, aTpuOyTTapibl, MEKTEYAep/Ii ®oHe OeNrici3 mapTrapabl eCKepe OThIPHII
JKY3€re achlpbLIaIbl.

v |

Maceneni menry

A\ 4
A

MoceneHi aHbIKTay [lenriMHIH OpbIHAATYBI

1 | |

Cypem 1 — lllemrim KaObuIAY TIpOIIEC

Horm:xenep xoHe tauaxspliay. XKyiieni mogeasaey. Llemimaepai kadbuiaaybslH KO-
Jay KyHeciHiH Kypamaac Oelikrepine 2-CyperTe KepceTlreHaeH qepexrepai dackapy, Mo-
Jenpaepli 6ackapy, maiaananymsl nHTepdeiici, 6iimMai 6ackapy *oHe HaiiganaHymbuiap
Kipei.

a) [epexmepoi 6ackapy. Jlepexrepai 6ackapy KOMIIOHEHTI IeIIiM KaObuiaay YILIiH 9p-
TYpJIi JepeKTepAl CaKTaWTbhIH MajliMeTTep Oa3achlH, COHIAi-aK MajiMeTTep 0a3achl MEH
Oimimai Oackapy xyiecin kamtuapl. Llemim kadbuinay xyiecingeri ABBXK dynkuumsicor
nrenriM KaObuiay YIIiH JepeKTepi cakTay sKoHE YChIHY OOJIbII TaObLIaIbI.

0) Moodenvoepoi backapy. Monenbiep/i Oackapy KOMIIOHEHTI HIHIiM KaObljiayFra Ka-
JKETTI OpTYPJIi MOAENbIEPAl CaKTalThIH MOAEJbICP Oa3achlH, COHOaM-aK Mozeibaep Oa-
3ackIH Oackapy xkyiecin kamtuabl (MBBXX). Aran aiitkanna, MBBX memrim kaObuinayra
KaXeTTI MOJeNbACpal 93ipiey, e3repTy koHe Oakpuiay (QYHKUUSUIAPBIH YChIHA OTBIPBIIL,
nrenriM Kaobuiaayisl KoJaayaa eyl peJl arkapaibl.

¢) latioananywer unmepdeiici (nemece depexmep xopmeci). Ilaiinananymsl nHTEp-
¢eiici — gepeKTepi UMIIOPTTAY KOHE HKCIIOPTTAY KOHE SPTYPJIi aHAIUTHKAJIBIK [TPOLICTY-
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panap/bl OpbIHIay YIIiH NailaTaHyIlbl MeH XYle apachlHIaFbl HHTEp(ENcTi KaMTamMachl3
€TEeTIH MOIYJIBJIIK skyiie. O coOHJlali-aK qUalIOTThI Kypy oHe Oackapy OaraapiaMaibiK Ky-
paJiel petinae Oenrifii, efTKeHi 01 Ma3ipiep HeMece rpaduKaNbIK OHACY MilliMaepi apKbl-
JIbl TYCIHYT® JKOHE MaiananyFa oHall maianaHylbFa bIHFAiIbl IHAIOT MYMKIHIIKTEPIiH
KaMTaMachI3 €TeIl.

n) binimoepdi backapy. By Moyl KypJeli JepeKTep apachIHIarbl KaTblHACTAp Typa-
JIBI CaHJIBIK aKnapar Oepeni. bimimui 0ackapy HaKThl IEPEKTEP/iH OOKAMJIBI MOHICPACH
ayBITKYBIH KOPCETe OTBIPBIN, HIeHIM KaObUinaylbsliapra, OiiMre skoHe Oanama macere-
JiepAi mIenryre MyMKiHIiK Oeperi.

e) lauoananywwvinap. lemiM KaObLUIAAYIBI KOIAY XKYHWECIH MaliiaaHaThIH Maaasna-
HyIIbLIAP, €H ajJIbIMEeH, Oeriai Oip MIHACTTEP Ky3ere achlpyFa *ayar OepeTiH IKOHO-
MUKaJIbIK KYHCHIH MePapXUsIChIHBIH dp JSHIeHiHIH TyIFagapbl Ooubin Tadbuiazpl. Onap
MOJIeJIbJIep 0a3achIHAH €H KOJIaIbl MOJICIIb/I1 TAH A IbI, IEPEKKOPIaH KAXKETTI JepeKTepIi
€HT13e]li HeMece OHbI TIKeJIel MOJIEIbre UMIIOPTTAN/IbI, COJaH KEHiH €H JKaKChl OajamMaHbl
AHBIKTAY YILIH HYCKaJapbl Oarayiaiijibl )KOHE TallJai Ib.

H Bacter Mmacene ‘

Binimaepnui TIBBXK
KUHAY
Bimimaepnai
Geii ACPR LI Pecimuenren
CHHECIICY 1
v
H Monenbaepai

TEKCEpY j BBBX

B |

4 KopsiTbin,
1130t} -
\ MerabimiM
| R " eTaoin
i ' Y CbIHBICTBI
_________________________ - YCBIHY

'

Cypem 2 — llemimnepyai Kosay *KyHeciHiH KOMITOHEHTTepi

Courbl JKbULAAPHI XKYHenepre aepoec 1memiM Kadbuaayra MyMKiHIIK Oepy ypaici Kyue-
e Tycri. Hlemim KaObU1AAYIBI ABTOMATTAHABIPY/Ibl HEMECE aBTOMATTaHIBIPbUIFAaH HICHIIM
kaobunaynsl (ALLK) Tapary >koibIHIAFbI HETIi3r1 KUBIHABIKTAp MblHAJApMeH OaiilaHbIic-
TBI: iC-OPEKETTEp MEH KOCHapiapablH THIM1 KOHE TOJIBIK HETi34eMeCiH KaMTaMachl3 €Ty;
aJIaMHBIH KaJlayblH CeHIMII ecerke ay [18-20].

BacTbl Macesne — MeMIIEKETTIK 1aMy OaFiapiaMaiapblHblH IICIIiM KaObU1aay TeTiKTepi
XKYHe Ky3ere achlparblH LICIIiM KaObulaay NpoLeciH (HeMece MpolecTiH 0eIiKTepiH) aa-
MBITY JKOHE KOJIZIay YLIIH )KETKUTIKTI HEeT13/1eIMEreH TEOPHSUIbIK HEeTi3epMEH JKoHE ILeIIiM
KaObUIAAY/IbIH 9J{iCHAMAIIBIK TOCIIIEPIMEH d31pJICHEl JKOHE JKy3ere achipbliasl [14-16].
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MaceneHiH QyHKIIMOHAJIBIK, TPOLEAYPATBIK )KOHE KYPBUIBIMBIK aCIIEKTiJIepi >KoHEe OHBIH
canajapsl MoJienib/ie OeKiTiin, Tannanysl kepek. Llemimuaepai 6ackapy acrekriiepi, Mbl-
caJibl, MemiMAePIi a3y, IcKe achIpy/bl OaKbUIay, OPBIHIATY MOHUTOPUHT, Kepi OaiaHbIc-
THI )KUHAY JKOHE CaKTay, €CenTep MIBIFapy ’KoHe YIIYIbl Tanaay — OyJ1 mienriM KaObuiaay sl
KOJIJIay/IblH MHTEJICKTYaJ/Ibl )KYHECiIHIH, OHBIH TYKBIPhIMIAMAJIBIK MOJICITIHIH O6iKTepi.
bi3 Gapnbik OemiKTepliH e3apa opeKeTTecy MYMKIHAIMIMEH JKYHeHi jkoHe MeliM KaObli-
Jay/abl Kypa OTBIPBIN, TYXKBIPBIMIAMAaJIbIK MOACTBICYIH PECMH CEMAaHTHKACHIH KOJAaHa-
MBI3. BYJT TOCUIIIH YIII apTHIKIIBUIBIFEL Oap:

a) memiMIepl Tajjay CEeMaHTUKAChIHA HETI3JENINeH MICHIM KaObUIIayblH HAKThI
aHBIKTAJIFaH MOJEII;

9) HEri3ri *KyHeHIH (YHKIMOHAIABIFBI MCH IICIIM KaObuiaay (yHKIIMOHAJIBIFBIHBIH
WHTEeTrpalysIanfas, OipTyTac MoJei;

0) memiM KaObULIAYBI KEHIJICTY, cypakTapra sxkayan Oepy: Kanait? Kaiina? sxone
Kannait pakropmap meminyi kepek?, Onapibl KiM KaObLIaybl kKepek? (ajaM Hemece Ma-
mvHa) sxone Kanpaii sxarnaiina? lemrim kaObuigay MpolecTepin xobaayFa ®KoHe Ky3ere
achIpyFa )KYHeIiK TOCUII KOJIZIaHa OThIPBII, 013 KeJeci aCeKTUIep/Ii aHBIKTAIl, HAKThLIAY bl-
MBI3 KE€peK:

1) wemiM KabbUIAayFa KOMBUIATHIH (YHKIIMOHAIIBIK )KOHE TEXHUKAIBIK TaJIaNTap;

2) coliKeCTiK, JKoHe IIeliM KaObuIay MPOoLEeCiHiH MeXaHU3MiHEe KbI3MET KopceTy, Oacka
JKyHesnepMeH OaiiylaHbIc )KHE JKYHEIiK MpolecTepl KopyiMi3 Kepek;

3) CBIPTKBI KYyiienepre, naijanaHybUIapAbIH PEO3UTOpHUiiiepiHe nHTepdecTep;

4) memnrim KaObU1IayFa OaliIaHbICThI JICPEKTEP/Ii, aKIapaT MmeH OUTiMIII, eCenTey pecypc-
TapbIH, TalIaTaHy bl €HT13€TIH IepeKTep/i, HIONyJIap MEH apThIKIIBUTBIKTAP/IbI KOCA aJFaH-
Ja, meiM KaObliaay IpOLECiH COTTi OpbIHAAY YILIH JKYyie KOJI )KeTKi3e aJaThH pecypcTap;

5) HaKTBI peakLus KoHe Kepi OaiiaHbIC;

6) neri3ri kypbutbiM OPM Gomnbin Tabbuiaasl, 6yt — 00beKT-Tiporecc aaicremeci. Kyp-
JISJTi )KOHE IMHAMMKAIIBIK KYHEIep Il MOCIbICY XKOHE K00aay YIIiH KYPbUTBIMJIBIK TYXKbI-
pBIMIaMaJIBIK HET13 OOJIBIT Ta0bLIa b,

[emnrim KaObUIIAY TPOIECTEPIH J3ipIIeyTe JKOHE KY3€re achlpyFa KyHesi ToCUIl KO-
JIaHy apKbLUIbI 013 Kelleci acleKTiep/Ai aHbIKTaMBbI3 )KoHE HAaKThUIAHMBI3:

1. Hlenrim kaObuiaayFa KOHBUIATHIH TananTap (pyHKIMOHAIIBI )KOHE TEXHUKAIBIK 00-
JIBIIT TAOBUIAIBL.

2. Backa xy#enik nmporecTep KOHTEKCTIHET] HIeniM KaObliiay MexaHu3MiHiH Oaiina-
HBICBI, COUKECTIT1 %KOHE KbI3MET KOPCETYI.

3. ChIPTKBI XKYHeaepMeH, pero3uTOPUIICPMEH KOHE MMaliJaiaHyIIbUIapMeH OaiyiaHbIC-
ThI UHTEpdEHcTEp.

4. Memim KaObIIay MPOLECIH COTTI JKY3€re achlpy YILIiH JKYHe KO KETKi3e alaThblH
pecypcTap, COHBIH ilIiHAe IIemiM KaObljayFa KaThICThl JIEpPEKTep, akmapaT MeH Oimim,
naianaHynibl JePEeKTEPIMEeH CHTI3LIreH eCenTey pecypcTapbl, Kepi OailylaHbIC KoHE ap-
TBHIKIIBUTBIKTAP.

5. HakThl yakbITTaFbl peakius )KoHe Kepi OaiiIaHbIC.

Kypneni sxydenepni sko0anay mienriM KaObULIayAblH aJIbIHAAa MiHE3-KYJIbIK-Oacka-
PYLIBUIBIK KOHE aHAJIMTUKAJBIK CUIATTarbl MiHaeTTepAl Kosiwl Illemimaepai kommay
MYMKIHJIKTEpi HIemiM Ky)KaTTaMachlHaH jKacaH (bl HHTEJJICKTKE JICHIH 03repyii MYMKIH.
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Memimaepai KoJaaay skyiiecin xyiienai Typae KypyFa KoWbLJIaThIH Heri3ri Tajan-
Tap. 3epTTeymiH HETi3ri Ke3eHaepi (3-cypeT): MoceneHiH ayKbIMBIH aHBIKTay, MYAIeTi Ta-
panTapMmeH OaiiaHbic, Oaranay KpUTSPUUIIEPl )KOHE caTMaKTapabl aHBIKTAY, Oamamanapiasl
AHBIKTAY JKOHE CY3Y, OaCBIMIBIK KOPCETKIITEepiHe HeTi3aenreH O6anama memriMaepai oara-
Jay, HOTHOKETIEpl Tanay JKoHe eH JKaKChl OallaMaHbl TaHay, TaHJIay/Ibl IOy KOHE KaiTa
Oaranay, iCKe achIPYIBIH OCEPIH Taaay KOHE TECTIIeY JKOHE OoKaMaapasl TEKCEPY.

JKyiiere op TYpii KUBIHIBIK ITEH COMKECTIK JEHTEHIHIETr1 OChI TallChIpMaapIblH Ke3-
KEJITCH KUBIHTBIFBIH TanChIpyFa 6omanbl. lllenrimM KaObUTIaynbIH MaHBI3IBUTBIFEI JKOHE OHBI
JKYHel MakcaTTapra KeTy YIIIiH aKmaparThl JKeHUIACTUITCH OacKapyaaH *KoHe CBIPTKHI Oa-
JlaMajapasl KaJIBITACTRIPYTAH THIMIII ICKEe achIpy aBTOMATTAHIBIPHUIFAH, KO OJIIIeM/I
JKOHE YaKTBUIBI IIETTM KaOblaayFa Kerryre TypTki 6omans: [17, 21].

banama memrimai 6aranay ke3inge Oenrici3ik meH Toyekemnai eckepy Kaxer. [Iponectin
€H JKOFaphl JeHTreinme OenTici3miKTiH OOMYBIH aTaml Ty Kepek, oWTKeHI Oenrici3mik Ke3
KEJIITeH IIeNIiM KaObuIIay MOCeNeCiHiH akpIpamac Oediri 6omein Tadsuiansl. [lenriMHIK
TYNKUTIKTI TaHAAyBl 9pTYPJli Ke3KapacTapsl MEH MYIAENepi, aKnapaTThlH KOJKETIMITIT]
JKOHE KapacThIPBUIBIN OTBIPFAH MACEJIeHI TYCiHyi 6ap Gipkarap menriM KaObUIaay IIbIIapabl
OMJIapbIH eCKepyi Kepek.

Tannay/6aranay MpoLeciHe KaTaTbIH
TEXHHUKAJBIK MaceJelepai paciMaeyin

Heri3ri TaJanTapblH/KaFUAaTTapbIH
alfKpIHAAY
Op JieHreiieri npouecrep
Y=
Baprbix nenreitnepre Banama memimaepai 6aranay
»  banama tTannay

KPUTEPUIIIEPiH aHBIKTAY

OOMBIHIITA YCBIHBICTAP
JKOHE OJIapABIH dcepi

Ecentepai mermy
MOJeIbACPiHIH
KUBIHTBIFBI, GaamMa

HYCKalap/IbIH Mecenenep)li IJ.IeI.HleiH Gaama
MOJIEIBICP], KAKETTE HYCKAaJIapbIH aHBIKTAY N
MoiMeTTep, Tanaay Op JieHrel yiin

Mozenbaepi

Baranay oxicrepi MeH KypanjaapbiH ewim kabpu1ayaet

Bapabik fneHreitnepaex Konay OoiibIHIIa
YCBIHBICTap MEH
Gomkamzaap

Tagaay

Tannaynsl Konnay
cypaynapsl Tanganran onicrep MeH Oaranay
KpuTepuiinepi Herizinzae 6anama
nrenriMaepi Oaranay

Jlenreitnep nepexrepin
Gackapyra

Hlermimaepai
Tangay/IblH KYMbIC

Hormxenepai tanaay, yChbIHbICTap,
00IDKaM JKOHE TY3€Ty dpeKeTTepi

HOTIKEIEpi

KopsITeinasiiap

Cypem 3 — llletiMaepai KOJIaayabIH KYHEIIK ®KyHeCiHAer MemiMaep/ai Taujay mpoieci
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KopsITbinabl. JKymbicTa MEMITEKETTIK AaMy OaraapiaMaapblH KaJbINITACTHIPY KoHE iCKe
achIpy, OJapIbl KYHel Tajay TOCUIIEPIH KoHE (IKOHOMUKAJIBIK JKYHeIep/IiH Ka3ipri 3aMaH-
FbI TEOPUSICBIH) KOJIZIaHY HETi31H/Ie TUIMIII iICKE achIpy MACceJIeliepiHe KaThICThI HEri3ri mpooiie-
Masiap KapacthipbUiibl). Llenriv KaObUTAay bl KONIAY/IbIH UHTEIUICKTYaJ/Ibl JKYHecl Heri3iH-
JIe OCBI TIPOLIECTEP/Il MIAT(GOPMAIIBIK iCKe aChIPY/IbIH TY>KbIPhIMIAMAITBIK MOJICII YCBIHBLIFaH.
DKOHOMHKAIIBIK JKYHeNep/IiH 3aMaHayd TEOPUSIChIH KOJIaHy KaKETTUIIr TypaJibl KOPBITHIH B
JKacall/ibl JKOHE MIeIIMACPAl KOy sKYHeCiHIH MOIYIIBIIK apXUTEKTYPaChl YCHIHBULIBI.

3eprrey Kaszakcran PecnyOnmukacel FeutbiM jkoHE jx0Faphbl OUTiM MUHHCTPIIIT FhuThIM
koMuTeTiHIH (TpaHT Ne AP19678174) KapKbUIBIK KOJIJIAybIMEH JKY3€Te achIPbUIIBL.
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MOJIYJIBbHASI OPTAHU3AIIMA CUCTEMBI HOJJAEPKKH IIPUHATHSA
PEINEHUM 1151 YIIPABJIEHUSI THHOBAIIMOHHOM SKOHOMUKOMN

B cmamve paccmampusaiomes npobaemvl ynpasnenus 20Cy0apCcmeeHHblLMU RPoepaMMAMU PA36Umus
npu mpaucgopmayuy SKOHOMKU 6 unHogayuonnylo. Ilpeonazaemcs nepexo0 om npocpammHo-yeneso2o
VIpagaeHus K npoepammuo-npoexmuomy. ObocHo8vi6aemces maxoil nepexo0 npumMeHenuem co8pemMenHoll
Meopull IKOHOMUUECKUX CUCTEM KO cell cucmeme npoCmpancmed opmMuposanus u pearuzayuu 20cyoap-
cmeennwix npocpamm. Ha ocrnose maxozo nepexooa 6a306vimu KOMNOHEHMAMU YRPAGLEHUS CIAHOBAMCA
yemovipe CnUpanu pazéumus; 00beKmbl, HPOYeccel, cpedsl U NPoeKmul. Mo NO360JAem OCYuecmeiAns
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Gopmanuzayuio yenei u Kpumepues YnpasieHus i nepeimu K ROCmpoeHuo/pazpadomke cucmemvt noo-
Oepoicku npuHamus peuwleHuil. B pabome 0an 0CHOBHOU NOOX00 NOCMPOEHUs. NAAMDOPMEHHOU peanu3a-
YUl YRpasieHust 20CyOapCmeeHHbIMU NPO2PAMMAMU PA3GUINUSL.

Knrouesvie cnosa: 2ocyoapcmeennvie npocpammvl pasgumusi, MOOEIUPOSAHUE, AHATUMULECKOe CO-
npogodicOerue, cucmema nOOOEPICKU NPUHSIMUSL PeULeHUTL, NIam®opma, MOHUMOPUHL.
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MODULAR ORGANIZATION OF A DECISION SUPPORT SYSTEM
FOR MANAGING AN INNOVATIVE ECONOMY

The paper examines the problems of managing state development programs during the transformation
of the economy into an innovative one. A transition from program-target management to program-design
management is proposed. This transition is justified by applying the modern theory of economic systems
to the entire system of space for the formation and implementation of government programs. Based on this
transition, four spirals of development become the basic components of management: objects, processes,
environments, and projects. This allows you to formalize management goals and criteria and move on
to the construction/development of a decision support system. The work provides the main approach to
constructing a platform implementation of management of state development programs.

Key words: state development programs, modeling, analytical support, decision support system,
platform, monitoring.
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CREATION OF A SOFTWARE AND HARDWARE COMPLEX FOR
FINGERPRINT IDENTIFICATION

In this paper, we have studied the following biometric identification of a person by fingerprints. The
methodology of the experimental studies is considered, the process of processing the results of identification
is described. This paper develops a system of human recognition by fingerprints. The recognition system
is designed for data storage, further processing, identification and display of fingerprint images. FPM10A
scanner and Arduino microcontroller are used for biometric human identification by fingerprints. The paper
considers the Distinguishing features of finger papillary patterns by their structure. Fingerprint matching
results with different rotation through the scanner. The article deals with image processing algorithms
for biometric identification by fingerprints. Distinguishing features of finger papillary patterns by their
structure were investigated, considering different pressures, velocities, directions, ambient temperatures,
humidity, etc. levels result in different images. Thanks to various algorithms for Digital image processing
and analysis, represented by the SIFT and SURF descriptors, allows for quick characterization of each
image.

We used a photographic database obtained from public sources — Fingerprint Verification Competition
2004 (FVC2004). As a result, the graphical representation as well as the number of matching keypoints
by fingerprints were investigated. The search for key points is performed using the Hesse matrix. The
determinant of the Hesse matrix (Hessian) is maximal at the point where the change in luminance gradient
is maximum. Fingerprints were acquired using the "Cross Match V300" optical sensor. In the experiment,
the software developed system is invariant to image rotations.

Key words: Biometrics, fingerprints, identification system, papillary patterns, fingerprint comparison.

Introduction. There are many ways to protect both information and physical objects,
which are used depending on the required level of security for a particular object. One of
these methods of protection are biometric systems [1-2], more specifically fingerprint-based
identification systems. Such systems have become widespread and have good prospects for
further development due to their adaptability. The introduction of biometric technology,
and in particular fingerprint recognition, greatly enhances the degree of object security, and
significantly increases the quality of identification by eliminating the need for a special card,
badge, key, you only need a unique fingerprint, which cannot be forgotten or lost. Systems
based on fingerprinting compare the memory print obtained with other prints stored in the
system's databases or with the print of a particular person, the method of comparison also
depends on the application of this technology [3]. Fingerprints were first addressed in 1877,
when the Englishman William Herschel hypothesized the uniqueness and immutability of
the papillary pattern on the palms of men [4]. The first mention of the use of fingerprinting
techniques for criminal identification dates back to 1902 in Great Britain.

* E-mail xoppecnionnupyromero apropa: tt007@mail.ru
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There is evidence that dactyloscopy was of interest to people long before 1877, as an
example of this is chiromancy (an ancient type of divination by the papillary and flexor lines
of the palm of a person). Thus, historically, at the initial stage, fingerprints and fingerprints
found the greatest use in forensics, and are still relevant, but already on a larger scale.

Research methods

As authentication information in this case are taken into account the original and inher-
ent characteristics of the person. Authentication methods based on the measurement of hu-
man biometric parameters provide almost 100% identification, solving the problem of lost
passwords and personal identifiers.

The most commonly used ones are:

1) Fingerprints. It is known that they are unique to each person, and do not change
throughout life. To scan fingerprints is used the cheapest equipment (compared with other
methods of biometric authentication), besides, this method is familiar to users and does
not cause any worries. However, it is believed that inexpensive fingerprint scanners can be
fooled by a specially made artificial finger.

2) Improving the reliability of identity authentication systems is an urgent scientific and
technological challenge. The accuracy of identification (establishment) and identification
(confirmation) depends largely on the adequacy of the mathematical model implemented.
Theoretical studies of the problems under consideration are devoted to the works of [5-6].

Main part

Algorithms of biometric identification by fingerprints. Due to its forensic value,
traces of human hands occupy the first place in the group of methods of identification
of persons. This is explained as its frequency of detection, the fact that with its help one
can quickly enough identify the person who left the fingerprints, as well as identify the
relationship of this person with other incidents in which the same fingerprints were found.
Such possibilities are due to the peculiarities of the structure of the skin on the fingers of
the hand, namely the uniqueness of the papillary patterns. Fingerprints or parts of the palm
provide many opportunities for identification and for limiting the list of suspects.

Identification signs of finger teat patterns are usually divided into global and local
signatures [7].

Global Signatures you can see with the naked eye include. Such features include Type
and type of capillary pattern, direction and steepness of capillary line flow, structure of the
central pattern, structure of delta, number of capillary lines from center to delta, and many
other features.

Another feature is that local. Also called minutiae (features, special points). Unique
features that are unique to a particular print and determine the points of change in the structure
line's (termination, division, breakage, etc.), the direction of the line, and the coordinates at
these points. A single print may contain up to 70 or more miniatures.

Several types of descriptors were used in this study: SIFT, SURF, and ORB [8]. An
analysis of the effectiveness and speed of technologies and algorithms for facial biometrics
leads to the following conclusions.

Using the approach based on the allocation of key points in the image for biometric
identification by fingerprints, allows to create on its basis a software system for rapid
recognition of fingerprints and the subsequent search.
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SURF/SIFT algorithms have better classification abilities when solving domestic search
problems on textured images. Both algorithms require more hardware and are suitable for
other computer vision tasks. Both algorithms are patented, and commercial use is prohibited
without the consent of the copyright holders. "Overpowered" in the fingerprinting task.

ORB algorithm has higher speed compared with the above algorithms SIFT / SURF
methods and is more suitable for fingerprint biometric identification tasks. The ORB
algorithm descriptor is a binary descriptor and checking for a match for such descriptor,
the sum of the Hamming distances for each byte of the descriptor is. The application
of this algorithm is suitable for search tasks due to the fact that it is not a complete
fingerprint.

Analysis based on comparison of local features - minutiae are the most common
approach for identification due to the widespread belief that they are the most legible and
reliable features [9-10]. However, this method creates serious problems related to the large
distortions caused by matching fingerprints with different rotations. An example of such a
match is shown below (Image 1) Distortions from the FVC2004 DB1 database (102_3.tif
and 102_5.tif). Fingerprints look too similar to each other to fit standard image searches.

Fingerprints of the same person never look the same on two readings. Different pressure,
speed, direction, ambient temperature, skin moisture/humidity, etc. will result in different
images. Also, in [11] there is an example of age-related changes in fingerprints, with age
fingerprints become less clear and can change.

Image 1 — Results of matching fingerprints in different rotations

The task of biometric identification by fingerprints refers to one of the problems
solved by modern image processing algorithms. We used a photographic data base
obtained from public sources — Fingerprint Verification Competition 2004 (FVC2004)
[12], and the result of the work: a graphic image of matching number of matches between
keypoints and fingerprint keypoints. In FVC2004, the emphasis is on distortion, and
on imaging dry and wet fingerprints. Fingerprints areacquiredwith an optical sensor
"CrossMatch V300".

There are certain correlations between discriminative features of the structure of the
nipple pattern of the same person obtained at different times, which need to be established.
For this purpose, we use a so-called precedent, i.e., a set of fingerprint images that have
already been identified using this algorithm.
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Such a precedent is called a training sample. Based on them, the most appropriate
processing and classification algorithm is chosen. Several types of descriptors were
considered and used in this study, including SIFT, SURF, and ORB descriptors.

Analysis of search algorithms and identification by image showed that for the task of
identification by fingerprint is effective to use the key point descriptors, due to the fact that
they provide a high degree of accuracy fingerprint classifier (descriptor), and also have
a good function of identification by partial fingerprint, an example of displays a 30-item
evaluation in Figure 2.

Experimental study of biometric identification by fingerprints, the developed software
system, created based on the proposed method of finding key points, was shown to be
invariant to image rotation. Capable of operating in a wide range of light varies up to
50-70% of the light intensity in the image and is invariant to changes in scale and minor
distortions.

Figure 2 — Evaluation of 30 keypoint descriptors ORB (left), SIFT (center), SURF (right)

Discussion

Practical implementation. Secure systems can be accessed through passwords and
keys, both of which can be inconvenient and easily forgotten. FPM10A module with Adafruit
Arduino library was used to create a block of biometric system for human identification by
fingerprints [13-14].

Figure 3 shows the elements of the image acquisition and fingerprint identification unit.
The specified unit is implemented based on the Arduino UNO controller.

1 — FPM10A optical fingerprint scanner; 2 — Arduino UNO;
3 — wires to connect the scanner to the Arduino; 4 — USB cable for Arduino
Figure 3 — Fingerprint scanner
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Arduino is a device based on the ATmega 328 microcontroller [15-16]. It contains
everything needed for simple microcontroller operation: 14 digital I/Os (6 of which can be
used as PWM outputs), 6 analog inputs, a 16 MHz crystal pickup, a USB connector, a power
connector, an on-chip programming socket (ICSP) and a reset button. To start working with
the device, simply power it up with an AC/DC adapter or battery or connect it to a computer
via a USB cable.

Optical fingerprint scanner - a module that can be used with Arduino and other
microcontrollers [15]. Capable of storing fingerprints (1000 fingerprints) with their further
identification. Used in places of strict secrecy, as a kind of password key access, based on
scanning and verification of fingerprints from a database.

Another function of fingerprints is general matching. Like everything in the human
body, the finger pattern is formed through a combination of genetic and environmental
factors. The genetic code in DNA forms the general basis of skin patterning [17].

FPM10A Fingerprint Scanner Specifications:

- power supply voltage from 3.6 to 6 volts DC.

- operating current up to 120mA, peak current - 140 mA.

- fingerprint scanning time of up to 1 second.

- scan window size: 14 x 18 mm.

- interface: UART (TTL logical level) or USB2.0/USBI.1.

- interface: UART (TTL logical level) or USB2.0/USBI.1.

- temperature working environment from - 20C to + 50C.

- relative humidity 40 % RH to 85 % RH (no condensation).

- size: 56 x 20 x 21.5 mm.

- weight: up to 40 gr.

- Chinese production.

When using the fingerprint sensor, there are two basic steps. First, the data is written to
the sensor memory, that is, a unique ID is assigned to each fingerprint, which will be used
for comparison later. After recording, you can proceed to "Search" while comparing the
image of the current print with the image recorded in the sensor memory [18-19].

To record fingerprints included software for Windows (this is the easiest and most
convenient option because can see in the pictures that are taken) or sketch for Arduino
(relevant for those who do not have Windows).

Recording new prints through a Windows program

As mentioned above, the easiest way to write new data to the optical fingerprint sensor
memory is through a Windows program. Unfortunately, there is no software for other
operating systems.

First, the sensor must be connected to the computer using a USB-to-serial converter
(Figure 4). Loading the "blank sketch" on the Arduino:

// this sketch gives us a way around the Atmega chip

// and connect the fingerprint sensor directly to the USB/Serial converter
// Red is connected to +5V

// Black connects to Ground
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// white is connected to Digital 0
// Green is connected to Digital 1
voidsetup() {}
voidloop() {}

Figure 4 — Diagram for connecting the scanner to the Arduino

Using the SFGDemo program (Figure 5) and ArduinolDE, new fingerprints are loaded,
assigning each one a new ID #. All uploaded fingerprint images are encrypted (Figure 6).

Figure 5 — SFGDemo program
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Figure 6 — Uploading fingerprints to the database

After loading the fingerprints into the base, disconnect the green and white contacts
and connect the green conductor to contact digital 2, and the white conductor to digital 3.
Using the "Adafruit_Fingerprint" library, load an example "fingerprint" sketch onto Arduino
IDE. Open the serial monitor window by setting the baud rate to "9600 baud" and, when
prompted, put your finger on the fingerprint sensor [20].

In Figure 7 you can see the percentage of matching. Fingerprints that do not match the
fingerprints stored in the database are ignored by the scanner.

Conclusion. During this work the following tasks were investigated: the methodology
of the experimental studies was analyzed, the process of processing the results using a
biometric scanner for human identification by fingerprints was described. A promising area
of use of the FPM10A module with the Adafruit Arduino library is the addition of software
products for search by non-full fingerprints are often only part of the actual fingerprint to
be searched for a match. Using the approach based on the allocation of key points in this
image is for biometric authentication by fingerprint, allows to create on its basis a software
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Figure 7 — Fingerprint recognition

system for rapid recognition of fingerprints and the subsequent search. SURF/SIFT
algorithms have better classification abilities when solving domestic search problems on
textured images. Both algorithms require more hardware and are better suited to other
computer vision tasks, and both algorithms are patented and prohibited for commercial
use, without the consent of the copyright holder. For fingerprint identification tasks, they
are "overpowered". ORB algorithm has higher speed compared with the above algorithms
SIFT / SURF, and more suitable for the task of biometric identification by fingerprints.
The descriptors of the ORB algorithm are binary descriptors, and the check for matching
such descriptors is the sum of the Hamming distances of each byte of the descriptor. The
application of this algorithm is suitable for search tasks by not a complete fingerprint.
Numerical studies performed on the model problem showed the effectiveness of human
recognition by fingerprints.

This study used a photographic database-Fingerprint Verification Competition 2004
(FVC2004)-obtained from a public institution. In this context, we examined the graphical
display of matching key points and the number of key points matched by fingerprints. The
search for key points is performed with the help of the Hesse matrix. The determinant
of the Hesse matrix (Hessian) is maximal at the point where the change in luminance
gradient is maximum. Fingerprints were acquired using the Crossmatch V300 optical
sensor. Experiments showed that the developed software system is invariant to image
rotation.

Funding. The work was carried out at the expense of the Research Institute of
Mathematics and Mechanics at Al-Farabi Kazakh National University and grant funding
for scientific research for 2023-2025 under the project AP19678157 “Development of
a hardware and software complex for monitoring the state of the occupancy level of a
reservoir’.
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CAYCAK 131 BOMBIHIIIA COMKECTEH/IIPYTE APHAJIFAH
BAT TAPTAMAJIBIK-AIIITAPATTBIK KEIIIEH KY¥PY

Maxana caycax i30epi apKwiibl a0aMHbIY OUOMEMPUSIBIK CIUKECMEHOIPYIH 3epmmeyee apHAleaH.
Dxrcnepumenmmix 3epmmeyiepoiy adicmemeci Kapacmulpulivli, CIUKeCEHOIPY HIMUdicelepin oHoey
yoepici cunammanzan. bByn sicymvicma caycax i30epi apkwiivl adamowl mamy cyiieci scacanean. Tany
Jcytleci depekmepoi cakmayea, OHbl api Kapail eHoeyee, caycax I30epiHiH cypemmepin aHblKmayad
Jlcane Kopcemyee apnanzan. Aoamowl caycax izimen oduomempusiivl anvikmay yuin FPMI10A ckanepi
Jicone Arduino muxpoxonmponiepi Konoamnwvinaovl. JKymvicma caycaxmapoagvl nanunisapivlx opHekmep
KYDbLILIMbIHbIY  ColikecmenOipy bencinepi kapacmuipvinean. Caycax i30epin ap mypui auHAIOupy
ApPKBLIbL COUKECMEHOIPY CKaHep Hamudicecinoe natioa 6onadvl. Maxkaiada caycak isin GuoOMempusiivlK
calikecmeHnOipyze apHanean KecKiHOi oHoey aneopummoepi Kapacmuvlpuliadvl. Op Mypii KblCblM,
JACHLINIOAMObIK, 0aAgblM, KOPUIARAH OPMA MeMnepamypacvl JcIHe bli2AN0blIbIK OeHeelli anyan mypii
KecKiHOepee aKeleminin eckepe OmuIpblN, Caycakmapoagvl NANUIIAPILIK YA2epOiy KYpblIbLMbIHbIHY
catikecmeHipy benzinepi sepmmendi. Keckinoi canovlk oyoey meH manoayobiy apmypii aieopummoepiHin
apkacuvinoa, mvicanvl: SIFT mymxkacel (Oeckpunmopwi), conoau-ax ey scaxvin 6acexenec SURF mymxracuwi,
ap KeCKIHHIY Oipecell Cunammamanapbii HCollOAM ary MyMKIHOIZl natioa 6010bl.

Byn sepmmeyoe autblk Ko30epieH anvinzan homocypemmep bazacel Kondauwviiovl — Fingerprint
Verification Competition 2004 (FVC2004). Kymvic HamudicecinOe catikec Kelemin He2izei HyKkmenepoin
epaguranvlk betineci, conoaii-ak caycax iz0epi OolublHUIA CaliKeC Kelemin Heeizei Hykmenepoiy
canvl sepmmendi. Heeizei nyxmenepoi izdey Iecce mampuyacsl apkvlivl dcyzeze acvipuliaowvl. 1ec-
CUaH Mampuyacelibly OemepMUHAHmMbl HCAPblK SPAOUEHMINIY MAKCUMALObl 032epy HyKmenepinoe
akempemymea sicemeoi. Caycax iz0epi "Cross Match V300"onmuxanvik ceHCOpbIHbIY KOMEIMEH ANIbIHObL.
Oxcnepumenmmix 3epmmey Hamudcecinoe a3ipiencen O0az0apiamanblk HCACAKMAMA Heyueci KecKiHOI
OYpy2a UHBaAPUAHMMbL eKeHOI2l AHbIKIMAIObL.

Tyitin co30ep: 6uomempus, caycax iz0epi, calkecmeHOIpy Heyiect, NanuuisPIblK OPHEKmep, Caycax
i30epin canvlcmuipy.
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!Kaszaxckutl Hayuonanvhslll yHugepcumem umenu anv-Papabu, Armamet, Kazaxcman;
’Hayuno-uccinedosamensCKutl uHcmumym mamemamuxu u mexanuxu Kazaxckoeo nayuo-
HAIbHO20 yHUsepcumema um. ano-Papabdu, Arimamol, Kazaxcman

CO3JAHME IMPOI'PAMMHO-AIIITAPATHOT'O KOMIIVIEKCA JJI51
NIEHTHO®UKALIIUU 110 OTIIEYATKAM ITAJIBIIEB

Cmames nocesiuiena uccnedo8anuo 6140M€mpu‘l€ck’012 udeHmL@uKauuu uejloeeKka no omnedamkam
najivyes. PaCCMOmpeHCZ MemoouKa IKCnepumenmailbHblx MCC‘]ZQ@OBCZHMLZ onucan npoyecc 06]7(160}7’”{14 pe-
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3yIbmamos udenmugurayuu. B dannoi pabome pazpabomana cucmema pacno3nasanus 4eiogeka no
omneyamkam nanvyes. Cucmema pacno3Hasaniis npeonasHaiena 0 Xpamenus OanHslx, OanvHeluel eé
06pabomxku, udenmugurayuu u omoodpPadICceHUl CHUMKO8 OMNeYamKos namvyes. /s duomempuieckoll
UoeHmupuKrayuu yero8eka no Omneuamrkam nanivyes ucnonv3oéan ckanep FPM10A u mukpokonmponiep
Arduino. Paccmompenvt uoenmu@urayuonnvie RPUHAKU CMPOEHUs. NANUISIPHBIX Y30PO6 HA NATbYAX.
Ionyuen pe3ynomam cognaoenHuu Omnevamrxo8 NaIbyes ¢ pasiuiunbl;M epaujenuem yepes ckarnep. B cma-
Mbe paccMampusames: aieopummvl 00padomru u306paxjcenutl 0 OuomMempuieckoll udeHmupurayuu
JUYHOCMU NO omneyamxam nanvyes. Hccnedoganvl uoenmugpukayuontvle NPUsHAKU CMpoeHus nanui-
JISIPHBIX Y30PO8 HA NATLYAX C YUEeNOM MO20, YMo pasiuyHoe dasienue, CKOpoCny, Hanpasienue, mevne-
pamypa okpydicaioujeli cpedvl U ypogeHsb GLANCHOCMU NPUBOOAM K PA3HLIM uzobpasicenusam. bnacooaps
PA3IUYHBIM ANCOPUMMAM YUPPOBOT 06PabOmMKU U aHaIu3a u306padicenuu maxum kax deckpunmop SIFT,
a maxoice baudcatiuuii Konkypenm — deckpunmop SURFE, noasunacs 603moocHocms 6bicmpo2o noay4eHus
VHUKATbHBIX XAPAKMEPUCTNUK NO KAICOOMY U300PANCCHUIO.

B 0anHom ucciedosanuu UCnonvb308a1ack 6a3a OaHHbIX U3 pomozpaguil, NOLYUEHHAs U3 OMKPLLINbIX
ucmounuros — Fingerprint Verification Competition 2004 (FVC2004). B pesynbmame pabomsi ucciedosa-
Hbl 2paguueckoe uzobpasicenue cognaoarouux Kiouesblx moyex, a maxaice Konuvecmeo coO8NAGUILX Kiio-
yegblx Mmouex no omnedamxam nanvyd. IIouck Kaouesvlx mouex npouzsooumcs ¢ NOMOWbIO MAmpuybl
T'ecce. [lemepmunanm mampuyul I ecce (eeccuan) docmuzaem dKCmMpemyma 8 moukax MakCUMaibHo20 u3-
Menenus epaouenma spkocmu. Omnevamxu nanvyes Obliy NOIYYeHbL ¢ NOMOWBIO ONMUYECKO20 OAMYUKA
«Cross Match V300». [Iposedernoe s3xcnepumenmaibHoe Ucciedo8anue noKasanio, 4mo paspabomantas
npoepamMmHas cucmema oonadaem uHeAPUAHMHOCIbIO K NOBOPOMAM U300PAINCCHUSL.

Kniouesvie cnosa: 6uomempus, omneuamku nanpyes, cucmema uoeHmupuxayui, nanuiispHule y30-
Pbl, CpasHeHue OMneuamros naubyes.
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ALONG THE PATH OF THE GREAT KAPREKAR:
A-FUNCTION, REPUNITS AND THEIR PROPERTIES

Following the famous Indian mathematician D. Kaprekar, in the paper[5], the author presented a
new method for obtaining integers A(n) = %(n — S(n)) where S(n) - is the sum of digits of the number
N In decimal notation. This A-function turned out to be related to a remarkable class of numbers - the
class of integers R, repunit. In the paper, new properties are found R,. The properties A-function. It
is proved that the set of a-self numbers is infinite and each a-self number has exactly 10 generators.
The hypothesis about the distribution of a-self numbers is justified and formulated. The hypothesis
about the distribution of the number of chains of «neighboring» a-self numbers is justified and for-
mulated and the complete consistency of the two hypotheses is proved. Formulas for the chains of
«neighboringy a-self numbers are found. The multiple relations between the Kaprekar function K(n)
and the function introduced by us A(n). We studied and found all solutions of the functional equation

A(an) = gA(n).
Key words: D.R. Kaprekar, self numbers, repunits, A-function.

1. Introduction. Indian mathematician D.R.Kaprekar discovered several remarkable
classes of natural numbers such as Kaprekar’s Constant[1], Kaprekar numbers[2], Harshad
numbers, Demlo numbers[3].

Another outstanding discovery of D. Kaprekar is the class of self-generated numbers.
It is described by the famous popularizer of science Martin Gardner in his book “Time
Travel”[4]. Let’s choose any natural number n and add to it the sum of its digits S(n). The
resulting number K(n) = n + S(n) is called the generated number, and the original number
is called its generator. Following D. Kaprekar, the author in the paper[5] introduced a new
way of obtaining integers. The difference of a number and the sum of its numbers n — S(n)
is always divisible by 9. Therefore, let us define the new function for obtaining integers as
follows: A(n) = %(n — S(n)) . Similarly to Kaprekar, for the case of the function A(n) the

* E-mail xoppecnonaupyroiiero agropa: zharbolov@gmail.com
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classes of a-generated and a-self numbers are defined. The values A(n) are directly related to
the class of numbers R, - repunit. Properties of the class of natural numbers R, - repunit are
well studied[6], [7], [8], [9]. In this paper, 2 more new properties are proved R, (Theorems
3-1 and 3-2), and these new properties R, will be necessary for further investigation of the
properties of the function A(n) and classes of numbers: a-generated and a-self numbers.
During the work, 4 hypotheses are formulated.
2. Notations. Let N = {1, 2, 3, ...} - is the set of natural numbers. Let us denote by
N, = N U {0} - the set of non-negative integers. Throughout this paper the number system
is decimal. Let n € N and
k
n=ay+a;- 10+ -+ a; - 10* =Zal~10", where aj # 0.
i=1

Further, the number d(n) = k + 1 let us call the order of the number n. Hence, the order
of a number n shows the number of digits of the number n in the decimal system. The sum

of digits of a number n denote by
k

SMm)=ag+a; + -+ ay =Zai.
i=0

In the work, the Greek letters o, B;, i to denote numbers:

0<a;<9; 0<B; <9 0<y;<9, where i€ N,.

3. Repunits and their properties. Repunites are natural numbers, the record of which
in the decimal number system consists of only one unit.

n_
General view of the repunit R, = %, n=1273,..
Repunites are related by a recurrence relation:
R,=10"R,_1 +1, n=2734..
or (3-1)
R,—10-R,_1 =1, n=2734..

Repunites are a very interesting class of numbers that have been investigated by many
famous mathematicians [6], [7], [8], [9] and studied for their remarkable properties.
Consider the following numbers, which we will need in our further work.

where n=2, 3, ..., 1< [ <n-1.
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It's obvious that

By 4Gy =9 Ry =9-L2 =107 -1, (3-2)
Let’s define some properties of these numbers.
Motion 3-1.
n-1
Bnlan_g'zRi _ , Wheren=2,3, .. (3-3)
i=1

The proof is carried out by induction on n.
Using the results of Proposition (3-1) we prove the following theorem (3-1):

Theorem3-1. B, ; =R, +n—1, where n=2,3,..., 1<l<n-1
Proof.
n—1 n-—1 -1
Bn,l=Rn_9.ZRi=RTL—9.ZRi+9.ZRi=n+9.(R1+R2+.“+Rl—1)=
i=l i=1 i=1
4o 10_1+102_1+ +1ol-1—1 3
-n 9 9 9 =
10- (101 -1
=n+(10 4102+ + 10" (- 1)) = n+ (9 ) _141-=
=n+10-Rl_1+1—l=n+Rl—l=Rl+n—l.
Theorem 3-1 is proved.
Theorem 3-2.
Chy=10"—R, —n—1+1, wheren=2,3, ..., 1<l<n-1.

Proof. Let’s use formula (3-2) and theorem (3-1):

Coi=10"—=1-By; =10"-1- Ry +n—-D=10"-R —n—1+1

Theorem 3-2 is proved.
The following follows from Theorem 3-1

Corollary 3-1. B, =n+9

Proof. By, =R, +n—2=114+n-2=n+09.

From Theorem 3-2 we easily obtain the following

Investigation 3-2. C, ; < 10™

Proof.Cp; = 10" =R, —n—1+1=10"-1-n < 10™

Proposal 3-2. For any s,t € N the following identity holds:
Rgyr = 10° - Ry + R,
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Proof. Resp = 11...1 =11...100...0 + 11...1 = 10¢ - R, + R,.

s+t N t t
Proposition 3-2 is proved. From Proposition 3-2 we obtain the following
Corollary 3-3. Ry,; — 10 - R, = R,. (3-4)

4. Function A(n) and its properties. The difference of a number and the sum of its dig-
its n — S(n) is a multiple of 9. Therefore, a new function for obtaining integers is introduced
in the paper[5].

A(n) = %(n —S(n)) where n € N, A(n) € N,

Then K K
1 ;
A(Tl) =§ zai- 10‘—zai =
i=0 i=0
k k . k
1 i 10t -1
=§Zcxl(10 —1): a; - 9 =ZaiRi.
i=1 i=1 i=1
Then,
k
An)=aj Ry +ay R, + -+ aj Ry :Za’iRi (4-1)
i=1

From this formula we formulate a property of the function A(n):
Proposition 4-1. The value A(n) does not depend on o units of the number n.
Let’s note that.

A(10%) = R; and A(a;10%) = a;R; i=1,2,..

Now using formula (4-1) we note one more property A(n).
Proposition 4-2. The function A(n) is additive on the digits of the number n € Nj:

A(a'k 10K+ -+ - 10+ ao) =agRy + -+ a Ry =
1
= A(ak . 10") +-+A(a;-10) + A(ay), where A(ay) = 5((10 —ay) =0.

Theorem 4-1. Let d(n) =k + 1. Then Ry < A(n) < Ry, —k—1.
Proof. By formula (4-1)

k
A(n) = Z ai Ry . Therefore

i=1

1) R, < A(n)
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k
i k
2) A(n)S9-ZRi=9- E 109 1=Z(10i_1)=
[ - i=1

i=1
=1

k
—210‘ . 10- (10 —1) ~ 10%*1—-1-9 r -
B - 10-1 - 9 B
i=1

10k+1_1

=<T>—1—k=Rk+1—k—1.

Theorem 4-1 is proved.
Proposition 4-3. Let n = a5 - 105, m = - 10°. Then

1)if as+ s <9, then A(n+m) = A(n) + A(m).

2)if10 < a, + B, < 18, then A(n+m) = A(n) + A(m) + 1.
Proof.

1) Let ag + Bs < 9. Then

A(n+m) = Aas - 105 + B - 105) = A((as + Bs) - 105) =
= (aS+.BS)'RS=as'Rs+.Bs'Rs =
= A(ag - 10%) + A(Bs - 105) = A(n) + A(m).

2) Let 10 < ag + 5 < 18. Then
An+m) = A((as + Bs) - 105) = A(10 - 10° + (a5 + Bs — 10) - 10%) =

= A(105*! + (ay + Bs — 10) - 105) = Ryyq + (a5 + Bs — 10) - R,
= (10Rs+1) + a5 - Ry + Bs - Ry — 10 - R, =

=AMn)+ A(m) + 1.

Proposition 4-4 is proved.
Theorem 4-2. Forany n,m € N

A(n+m) = A(n) + A(m).

Proof. Let dnm)=k+1, m<n.
Then
k

n = z a; - 101, Where a # 0,
i=0
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k
m= 10/, Then
j=1

k k

An+m) =4 Zai-1oi+Zﬁj-101 =
j=1

i=0
k

=A Z(C{i +181) . 10l .
i=0

Let's study the sums of digits at corresponding digits (powers of 10) of numbers n and m:
(243} +Bo, aq +ﬁ1, ey A +ﬁk
If all sums are less than or equal to 9, then according to proposition (4-5)-(1)
A(n+m) =AMn) + A(m).
If at least one sum is greater than or equal to 10, then according to proposition (4-5)-(2)
A(n+m) > A(n) + A(m).

Theorem 4-2 is proved.
Proposal 4-4. For any nq,n,,n3 € N the inequality holds:

A(ng +ny, +n3) = A(ny) + A(ny) + A(ng)
Proof. Let us use Theorem (4-2) twice:
A(ny +ny+n3) = A(n1 +(n, + n3)) >A(ny) + A(ny +n3) = A(ny) + A(ny) + A(ng).
Proposition (4-4) is proved.
Similarly to Proposition (4-4) the following is proved
Theorem 4-3. Let nq,ny, -, ng € N. Then the inequality holds:
A(ng +ny+...4ns) = A(ny) + A(ny)+... +A(ny)

5. A - generated and a — self-generated numbers. Let A(n) = m, where m, n € N,. A
number m is called a - generated number, and the number n is called its a-generator. An a
-generated number can have more than one generator. If a number p has no a - generators,
it is called a-self number. Examples of a-self numbers are: 10, 20, 32, 109, 110, 1108, 1109,
1110 and others. It follows from formula (4-1) that any a — generated number m can be

represented in the form:
k
m= Z al-Rl-
i=1

i
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Theorem 5-1. The set of a-self numbers is infinite.
Proof. Let us show that all numbers of the form

k
p= 2 a;R; —1  are a-self numbers
i=2

Let's prove the opposite. Let a number m is a generator of a number p. According to
Proposition (4-1), we can assume that 3, = 0. Then

k
m = z B; 107
=1

k k
Then, A(m) = p = Z @R —1< Z aR; = A(n), (5-1)
i=2 i=2
k
Where n= Z a;10¢, ay=0a;=0
i=2

From the paper[5] and inequality (5-1) it follows thatm < n.

Given that @y = a; = 0, we obtain.

I(mm)=1=2
It follows from the paper[5] that
An) —A(m) = 1>2 (5-2)
So, p=A(m) and p—A(m)=0.
Then.
k k
Z aiRi -1]- A(m) = O, Z aiRl' - A(m) = 1,
i=2 i=2
A(n) — A(m) = 1. (5-3)

The obtained equality (5-3) contradicts the inequality (5-2). This contradiction proves
theorem (5-1).
Theorem 5-2. Every a-generated number m has exactly 10 a-generators,

Proof. Let
k
m = Z aiRi -
i=1

- is an a-self number. Let the numbers n, and n,, n, < n, be a-generators of a number m:
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m = A(n,) = A(n,).

Then A(n,) — A(ny) = 0. It follows from Theorem (5 — 1) that d(n, —ny) = 0. This
means that the numbers n; and n, in the decimal notation differ from each other only by
digits in the unit digits.

Thus, the following 10 numbers are a - number generators m:

k

nS:Zai10i+s, where 0 <s <9

i=1
Theorem 5-3. Let wy = 9-10% +9, wherek = 1,2, ....
Then A(wy) = 10 — 1 and A(wy, + 1) = 10k,
Proof. Let’s use formula (4-1):
1 A(wr) =A(9-10°+9)=9 R, +9-Ry =9 R, = 10" - 1.
2. A(wrg + 1) =A(9-10F+1-10) =9 R, +1-R; =10 -1+ 1 = 10%,

Theorem (5-3) is proved.
From Theorem (5-3) and the paper[5] the following follows
Proposition 5-1. Let a number n such that

d(A(n)) = p, where p = 2,3, ...
Then
min{n} = w,_1 + 1, {n} =w,
Therefore
9-10P"14+10<n<9-10”+9.

6. Distribution of a-self numbers. The number of digits in the decimal notation of a

number n let us call the order of the number n and denote by d(n).
1041 < < 104V

With the help of a program in Java and Python language, having investigated all num-
bers up to 10® made the following table of distribution of a-self numbers.

Table 1.
Number of all The number of a-self 0
d(n) numbers of order d(n) | numbers of order d(n) % a-self numbers
1 2 3 4
9 0
2 910 9 10
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1 2 3 4
3 9-10? 9-10 10
4 9-10° 9-10? 10
5 9-10* 9-10° 10
6 9-10° 9-10* 10
7 9-10° 9-10° 10
8 9-107 9-10° 10

Based on the results of the table we can formulate the following hypothesis.

Hypothesis 1. Among all numbers of a given order. d(n) =¢, t > 2, there are
9-10¢1, the number of a-self numbers is equal to 9+ 102, Thus, the number of a-self
numbers of the order t is exactly 10% of the number of all numbers of order t.

7. Distribution of the number of chains of “neighboring” a-self numbers.

Definition. A-self number p; is called a unary a-self if the numbers p, — 1 and p, + 1 are
a-self numbers.

Definition. If all numbers of the set

P = {ps1, Ps1t1, vy Ps1ts—1}, s =2,3,..
are a-self numbers, and the numbers pg; — 1 and ps; + s are a-self numbers, then all num-
bers of the set Ps are called a chain of a-self «neighboring» numbers of length s.
Consider N, = {n € N, d(n) = t} - the set of all numbers of order t. Obviously, the
number of numbers of the set N,is equal to 9 - 10t~1. According to hypothesis 1, the num-

ber of all a-self numbers is equal to the set N, equals 9 - 10t—2,

With the help of a program in Java language having studied all numbers up to 108 made
table 2 of the distribution of the number of chains of «neighboring» a-self numbers N,where
1<t<8.

Table 2.
The number
d(n) | ofall a-self s=1 s=2 s=3 s=4 s=5 S=6 s=7
numbers.
1 1|0 0 0 0 0 0 0 0
2 |9 9 0 0 0 0 0
3 [910 72 9 0 0 0 0 0
4 19.10? 729 72 9 0 0 0 0
5 ]910° 729-10 |729 72 9 0 0 0
6 |9104 729 10?2 | 729-10 |729 72 9 0 0
7 1910° 729 -10° | 729-10% | 729-10 | 729 72 9 0
8 |910° 729 -10* | 729-10° | 729-10% | 72910 |729 72 9
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Having summarized the pattern of Table 2, we can formulate
Hypothesis 2. In the set N,, where t > 5, is the number of «neighboring» chains a-self

numbers of length s are as follows:

Chain lengths s

Number of circuits lengths s
«neighboring» a-self numbers

Numbers of all a-self
numbers, chain lengths s

1 9%.10t-¢ 1.9%.104
2 9%. 103 2-9%.10°
t—4 9%.10 (t—4)-9-10
t-3 9 (t-3)-9
t-2 72 (t-2)-72
t-1 9 (t-1)-9

And the total number of a-self numbers in the set N is equal to:

PO=0t-1)-9+t—-2)-72+(t—-3)-93+(t—-4)-9%-10+ -+
4+2-93-10°4+1-93. 104
Theorem 7-1. The following equality is true
P(t)=9-10"2, t>4

The proof is carried out by induction on t.
Theorem 7-1 shows that Hypothesis 1 is in complete agreement with Hypothesis 2.
8. Formulas for chains of “neighboring” a-self numbers.

Theorem 8-1. All numbers of the form p; = Z{;z o;Ri — 1, where a, # 0 (8-1)
are single a-self numbers.

Proof.

1) It follows from Theorem (5-1) that all numbers of the form (8-1) are a-self numbers.

2-a) Let us show that all numbers of the form

k

p1—1= ZaiRi — 2, where a, > 1,
i=z
are a-generated numbers.
Indeed,
k K
p1—1=2aiRl-—2=Zal-Ri+(a2—1)R2+R2—2=
i=2 i=3

k

=ZaiRi+(a2—1)-R2 +1-9=An,),
i=3
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k
where nl=Zai'10i+(a2—1)~102+1~10.
i=3
So, the numbers p, are a-generated numbers.

2-b) Now we show that all numbers of the form p, + 1 are a — generated numbers.
Indeed,

k k
pL+1l= Z a;R; = A(n,), where ny = Z a; - 10%,

i=2 i=2

n, are a — number generator p, + 1, so numbers of the form p, + 1 are a — agenerated.
The theorem is proved.

Theorem 8-2. All numbers of the set
R

Pz = {p2’1 ; p2,1 + 1} ) where p2,1 = Z alRl - 2! as #0

i=3

They are a chain of “neighboring” a-self numbers of length 2.

Proof.

1-a) Let us show that the number p,, is an a-self number. Let’s prove the opposite.
Let p,, be an a-generated number and the number m, — be its a -generator. Then

K K
A(my) =pyq = Z a;R; —2 =A(n) — 2, where n = z a; - 10%, as #0

i=3 i=3
Hence, we obtain that
An) —A(my) =2 (8-2)

From A(n) > A(m,) and paper[5] it follows that n > m. Since @y = a; = a, =0,
To «difference» of powers of numbers n and m1

I[nymy) =3
Now from Theorem (4-1) it follows that
An) —A(my) =2 l(ny;my) =3 (8-3)

Equality (8-2) contradicts inequality (8-3). The contradiction proves that numbers of the
form p,, are a-self numbers.
1-b) It is similarly proved that the numbers of the form p,, + 1 are a-self numbers.
2-a) Let us show that the numbers p,, — 1 are a-generated.
Indeed,
k K
p2,1_1 =ZaiRi—3=2aiRi+(a3—1)-R3 +R3—3:

i=3 i=4
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k

i=4
k

=ZaiRi+(a3—1)R3+9-11+9-1 = A(ny),
i=4
k
where n1=Zai-10i+(a3—1)-103+9-102+9-10.
i=4
So, the numbers p,, — 1 are a-generated numbers.

2-b) Now we show that the numbers of the form p,, + 2 are a — agenerated numbers.
Indeed, k k

P21 +2= Z aiR; = A(nz), where ny, = Z a; - 10!
i=3 i=3

So, numbers of the form p,, + 2 are a-generated numbers.

Theorem 8-2 is proved.

By examining all single a-self numbers up to 10° with the help of a program in Java
language we can formulate the following

Hypothesis 3. There are no single a-self numbers, except for the numbers (8-1)

k
i=2
By analogy of theorem (8-2) we can formulate the following one
Hypothesis 4. All chains a-self “neighboring” numbers of length s are completely de-
scribed by the multiplicities (7-1)
Po={ps1;p0s1+1L..;ps1+ts—1}, s=2,3,
k
where Ps1 = Z aiRi—s, a1 #0

i=s+1

The truth of these hypotheses 3, 4 is tested by a Java program for a-self numbers up to
108 wheres=2,3,4,5,6, 7.
9. Multiple relationship between K(n) and A(n)
In this part of the paper, we study the multiple relations between the Kaprekar function
K(n) and the new function introduced by us A(n). Therefore, we study and solve EQ:
K(n) = q - A(n), where n,q € N (9-1)

Let’s convert this equation to its equivalent equation:

n+S(n)=q-%(n—S(n)), 9-n+9-S(m)=q-n—q-Shn),
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@+9-Sn)=(q—-9) - n (9-2)

So, equations (9-1) and (9-2) are equivalent. Therefore, to study equation (9-1), we will
often study equation (9-2).

Proposition 9-1. Lett € N and t > 3.

Then the inequality is true:

18t < 10t71,

The proof is easily carried out by mathematical induction by t.
It is easy to establish that the following is true
Proposition 9-2. Let ¢ = 30. Then the following inequalities are true

q+9<2(g—9)

Theorem 9-1. When g < 9 and g = 30 equation (9-1) has no solutions.

1) Let g < 9. Then the left side of equation (9-2) is a positive number, and the right side
is a non-negative number. Therefore, equation (9-2) has no solutionsat g < 9.

2) Let’'ssay 9 = 30

a) d(n) =1, i.e. S(n) =n = ay # 0. Then it follows from (9-2) that

9O+q) - ap=(q—9ay,
9+gq=q-9
9 = -9, contradiction.
In the case of d(n) = 1and q > 30 equation (9-2) has no solution.
b)dn)=2,ieen=a; 10+ a, a; #0.
Then it follows from equation (9-2) that
O+q) (a1 +ag) =(@q—9(a;- 10+ ap),
9a, + 9y + qaq + qay = qay - 10 + gay — 90a; — 9y,
90,9 —99a4 —18ay =0 - a;q—1la; —2a73=0
a,(q —11) = 2a,. (9-3)
By convention g = 30, therefore ¢ — 11 = 19. Thus, the left side of equation (9-3) is
greater than or equal to 19 and the right side is less than 18. Hence, equation (9-3) has no

solution.
c) Let d(n) =t = 3. Thisimplies that S(n) <9+t and n = 10*1.

Now using theorems (9-1) and (9-2) we obtain

1 1
(q+9)~S(n)S(q+9)~9t=§(q+9)~18t<E(q+9)-10t‘1<

1
<520-9-10"1=(q-9) 107" < (g9 n.



Zharbolov A. Along the path of the great kaprekar: A-function, repunits and their properties 171

So, we obtain the following inequality
@+9)-S(M)<(@—9) - n.

This inequality contradicts equation (9-2). Hence, in the case of

d(n) =t = 3 equation (9-2) and its equivalent equation (9-1) have no solutions.
Theorem (9-1) is proved.

Proposition 9-3. Let t > 4. Then the following inequality is true:

342(t + 1) < 10%.
We prove the proof by induction on t.
Theorem 9-2. Let n > 10* and 10 < q < 29. Then equation (9-1) has no solutions.
Proof. Let n > 10¢, where t > 4. Then S(n) <9-(t + 1). Then, by proposition
(9-3)
(@+9)-SM) <(29+9)-9(t+1) =
=342-(t+1) <10t <n<(qg—9n.
So, we get the following inequality:
(@+9)-S(m)<(@—-9)n (9-4)
The obtained inequality (9-4) contradicts equation (9-2). Therefore, equation (9-2) has
no solutions at n > 10#. Consequently, the equivalent equation (9-1) also has no solutions
at n > 10*
Theorem (9-2) is proved.
It follows from Theorem (9-1) and (9-2) that the following is true
Theorem 9-3. Equation (9-1) can have solutions only under the conditions when
n<10%and10 < q < 29..

Using a Java program, | found all the solutions to equation (9-1):

q n
10 114, 133, 152, 171, 190, 209, 228, 247, 266, 285, 399
11 10, 20, 30, 40, 50, 60, 70, 80, 90

12 21,42, 63, 84

13 11, 22,, 33, 44, 55, 66, 77, 88, 99

14 23, 46, 69

15 12, 24, 36, 48

16 25

17 13, 26, 39

18 27

19 14, 28

20 29
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21 15
23 16
25 17
27 18
29 19

So, theorems (9-1), (9-2) and (9-3) give the complete solution of the multiple relation
between K(n) and A(n):
K(n) = qA(n) (9-1)

10. Investigation and solution of the functional equation A(qn) = qA(n)
In this part of the paper we study and solve the functional equation
A(gn) = qA(n), wheren,q €N, q =2 (10-1)

According to paper[5] the function A(n) is additive over the digits of the number n:
Alay - 10% + -+ a; - 10+ ap) =

= A(ay - 10%) + - + A(a; - 10) + A(ap), where A(ag) = 0. (10-2)
Similarly to formula (10-2), the following is evident

Proposition10-1.Letn = Z{-‘zo a;- 10, e 0 < ; <9, i=1k Leta;=pBi+vi
where f; =20, y; =20, i=1k. Then.

k k
A(n) = A Zﬁi-wi + A Zn-lO" . (10-3)
i=0 i

Formulas (10-2) and (10-3) will be very useful in investigating and solving the func-
tional equation (10-1).
Definition. Let
K
dn)=k+1, ie n= Z a; - 10¢, where a; — digits of the number n, i = 0, k.
i=0
Let | be the number of digits of the number n, which are greater than or equal to t,

1 <t < 9. Then the number | let us call a vertex of order t number n and denote
ve(n) =L

For example, if vs(n) = 0, then it means that all cirphs of the number n are less than
or equal to 4:

0<a;<4 i=0,k

We first study the functional equation (10-1) in the case when q = 2:
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A(2n) = 24(n), nE€N. (10-4)

Proposition 10-2. Let d(n) = k + 1. Let vs(n) = 0. Then the number n is a solution
of the functional equation (10-4).
Proof. As it was shown above, if y.(n) = 0, then

0<a; <4, i=0k.
Then. 0<2a; <8, i=0k.
Considering (10-5) we obtain
k k
A(2n) = A Z-Zai 10t | =4 Z(Z“i) <10 | =
=0 L=0

k k
= Z(Zal) . Ri =2 al-Ri =2- A(Tl)
i=1 =1

Proposition 10-2 is proved.

4

Proposition 10-3. Let n = ay, - 10¥, where 5 < a < 9. le. vs(n) = 1. Then
A(2n) =2-A(n) + 1. (10-5)
Proof. Let us note that 10 < 2a, < 18, and 0 < 2a; — 10 < 8. Further,

A(2n) = A(2ay - 10) = A((10 + 2a; — 10) - 10%) =
= A(10¥*! + (2 — 10) - 10%).
By virtue of property (10-2)
A@2n) = A(10¥+1) + A (2 — 10) - 10¥) =
= Rpyq + Qg —10) - Ry = (10 + 1) + 2ay, - Ry — 10+ Ry =
=2(ay R +1=2-A(n) + 1.

Proposition 10-3 is proved.
Proposition 10-4. Let n € N such that vs(n) = [ = 1. Then

A2n)=2-A(n) +1, (10-6)

And in this case, the number n cannot be a solution of the functional equation (10-4).

Proof. It is obvious that from formula (10-5) and from property (10-2) of additivity of
the function A(n) on the digits of the number n formula (10-6) follows.

Proposition 10-4 is proved.

Let us combine the results of propositions (10-2) and (10-4) into a theorem.

Theorem 10-1. A number n € N is a solution of the functional equation (10-3) if and
only if
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vs(n) = 0.

Thus, Theorem (10-1) completely describes all solutions of the functional equation
(10-1) in the case g=2.

Similarly to the proof of theorem (10-1) the following theorem is proved

Theorem 10-2. Anumber n € N is a solution of the functional equation (10-1), where
ge{3,4,5,6, 7,8, 9}, if and only if the vertex of the corresponding order of the number
n is zero

ve(n) = 0.
q 3 4 5 6 7 8 9
t 4 3 2 2 2 2 2

Thus, theorems (10-1) and (10-2) completely describe all solutions of the functional
equation (10-1) in the cases where 2 < g < 9.

We now turn to the study of equation (10-1) in the cases when g = 10.

Proposition 10-5. Let

k
din) =k+1, n=2ai-10i u q = 10.

i=0
Then the equation
A(10-n) =10-A(n) (10-7)
has no solutions.
Proof.
k k
A(10-n)=A 10-Zai-10i =A Zai-mi“ =
L=0 L=0
=A(ag- 10+ a; - 10% + - ay - 10¥*Y) = ay - Ry + &y - Ry + -+ &g - Ryy1-
k
10'A(n):10'14 Zai~10i :10'(al'R1+a2‘R2+"'+ak'Rk).
L=0

Consider the difference
A(lO * n) - 10 * A(n) = ao + 0(1(R2 - 10R1) + A + ak(Rk+1 - 10Rk+1)'
It follows from the recurrence relation repunit (3-1) that
R,—10R,_; =1, n=23,..

Therefore.
k

A(lO-n)—lO-A(n)=a0+a1+---+ak=Zal~>0 (10-9)
i=o

So, at ¢ = 10 and for arbitrary n € N we obtain the inequality:
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A(10n) > 10 - A(n).

This inequality shows that equation (10-7) has no solutions.
Proposition 10-5 is proved. Similarly Proposition 10-5 is proved
Proposition 10-6. Let n = ag - 10°, a5 # 0, q = 10. Then
A(gn) > q - A(n) (10-10)

For further investigation it is necessary to remember the property of the function A(n)
B (4-3):

Ang +ny, + -+ ng) = Any) + A(ny) + -+ A(ny).

Now using this property of the function and the proposition (10-6) we prove the fol-
lowing theorem.

Theorem 10-3. Letn € N and q = 10. Then the equation
A(qn) = q - A(n)
has no solutions.
Proof. It is enough to show that the inequality

A(gn) > q - A(n).

Let’s X
n=2ai~10i, ay # 0.
i=0
Next,
K k
Algn) = Alq- ) a;-10' | = A Z(qai) 104 | =
i=0 i=0
K K k
> ZA(qai~10i) > Zq-A(ai-wi) = q-ZA(ai-loi) =q-A Zm-lO" :
i=0 i=0 L=0 i=0

Thus, for arbitrary n € N and q = 10. inequality is proved

A(qn) = q - A(n)
This inequality proves the statement of Theorem (10-3).

So, theorems (10-1), (10-2) and (10-3) give the complete solution to the functional
equation A(gn) = qA(n) (10-1).

In conclusion, | would like to express my gratitude to my supervisor Vice-President
of the National Academy of Sciences of the Republic of Kazakhstan under the President
of the Republic of Kazakhstan, Academician of the National Academy of Sciences of the
Republic of Kazakhstan Dzhumadildayev A.S. for setting the task and for support in writing
this work.
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A. 2KAPBOJIOB

Pecnyonuxanvix puzuxa-wamemamuxa mekme6i, Armamot, Kazaxcman

YJIbl KAIIPEKAP KOJIBIMEH: A-OYHKIUS, PEIIBIOHUTTEP
7KOHE OJIAPAbIH KACUETTEPI

beneini unousnvix mamemamux /[ Kanpexapza cyiiene omuipbin Oyn enbekme OymiH canoapovl
anyouiy ocana 20ici kopcemineen: A(M) =%(n - S(n)) mynoa S(N) — n canvinwy OHOBIK Jicyiiedesi
yugprapinvly KOCLIHObICHL. A-QYHKYUACHL HAMYPAT caHOapObly MamMawia Kiacsl-R, penvlonummep cam-
0apbel JHCUbIHLIMEH MblebI3 Oatiianvicma exeHi anvixkmanovl. Maxanada R.-niy dcaya Kacuemmepi ma-
ObLI0bL. A-631HOIK MYBIHOARAH CAHOAD HCUBIHBIHbIY UWEKCI3 eKeHOiel Jcane apoOip a-myblHOA2aH CAHHbIY
0an 10 eenepamopwi 6ap exerdizi 0anendendi. A-63iHOIK MyblHOA2aH CAHOAPObly MAPALYbl HCAUBIHOAZb
2unomesa HezizoeneeH Jcone OeneiieHzeH.

«Kepwiiy mypean a-63iHOIK MyblHOA2AH CaAHOAp MI30e2iHiy MApaIybl HCAULIHOAZLL 2UNOMe3d
nezizoenzen acane Oencinencen. «Kopwiy mypean a-e3indix myvinoazan canoap mizoeiniy Gopmynacot
anvikmanean. Kanpexep gynryusicer K(N) ocane 6iz encizeen A(N) gyrkyusiapwinbiy apaceinoassl ecenix
Kamoinacmap sepmmenoi sxcane monvik wewindi. A(Qn) = qA(N) gyuxyuonanowix mendeyi zepmmenoi
JICIHE MONBIK WEiNOL.

Tyitin co30ep: /I.P.Kanpexap, 03indik myvindagan canoap, penvionummep, A -@yuxyusi.

KAPEOJIOB AJIHXAH

Pecny6/luKaHCKaﬂ qbu3uKa—MameMamuqecmﬂ wKoia, A/mambz, Kazaxcman

IO IYTHU BEJIUKOTI' O KAIIPEKAPA: A-OYHKIWS, PEIBIOHUTHI
" UX CBOMCTBA

Cnedys uzeecmnomy unoutickomy mamemamuxy /. Kanpexapy, ¢ dannoti pabome npedcmasien Ho-
. 1 .
blil cnocob nonyuenus yenvlx yucen A(n) = 5 (n—Sm)), 20e S(n) — cymma yughp uucra n 6 decsmuunoii
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sanucu. /lannan A-ghynxyus oxazanacs mecho C8A3aHa ¢ 3aMeamenbHbIM KAACCOM HAMYPATbHBIX YUCeT —
MHOMCecmeom yucen R, penvronum. Boiiu Hatidensl Hosvle ceoticmsa R, H3yuenvl ceoticmea A-gyHkyuu.
Hoxazano, umo MHONCECMBO A-CAMONOPOIICOEHHBIX HUCel OECKOHEYHO U KadcOoe a-NopoicOeHHoe
yucno umeem posro 10 cenepamopos. Obocnosana u copmyruposana 2unomesda 0 pacnpeoeneHuu
a-camonopooicoennvix uucen. OOOCHOBAHA U CHOPMYIUPOBANA SUNOME3A O PACHpedeNeHUU KOTUYecmed
yeneti «COCEOHUXY A-CAMONOPOINCOCHHBIX YUCEL U OOKA3AHA NOIHAS CO2NACOBAHHOCHL 08YX 2UNOME3.
Hatioenvt hopmynsl 0151 yeneu « COCCOHUX» A-CAMONOPONCOCHHBIX Yucel. M3yuenvt u notHOCmblo peulervl
Kpammuwvle omuouenus medicody gyuryueit Kanpexapa K(n) u esedennoii namu gynxyueri A(n). Hecnedosa-
HbL U HAllOeHbl 6ce peutenust Pynkyuonanvrozo ypasnernus A(qn) = gA(n).
Knroueswie cnosa: /[.P. Kanpexap, camonopodicoentvie Yucid, penvioHumaol, A-ghyHkyusi.
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O CBOMCTBAX OJJHOM BCITIOMOTATEJIbHOM ®YHKIIUHA 15
BBIYNCJIEHUS INIOBAJIBHOI'O SKCTPEMYMA

Hccnedytomes ceoticmea 00HOU écnomocamenvHoll. Gyukyuu (B®) onst evluucienuss 2n100aipsHo2o
onmumyma @yHKyuu MHo2Ux nepemennuvix. Paccmampusaemas B® nocmpoena nymem npeobpasosanus
yenesoul PyHKYUU ¢ nomowbro unmezpaia Jlebeea u saensiemcs Qynxyuell 00HoU hepemenHoul. Hecmomps
Ha mo, umo 6 npedvloywux pabomax sma B npumensanacy 015 naxoxcoenus 2n00anbHO20 MUHUMYMA
2NA0KUX QYHKYUL HA GBINYKIABIX 3AMKHYMBIX MHONMCECIBAX C NOMOWbIO ANOPUMMA OeleHusi ompesKa
nononam, ee ceolicmea He Obliu usyuenvl. 30ecb sma BD ucnonvzyemes O bluucienus 2n00anibHo20
IKCTPEMYMA HEeNnpepuleHbIX QYHKYUL, 3A0AHHLIX HA OSPAHUYEHHBIX 3AMKHYMUBIX MHOJMCECMEAx MHO20-
MEPHO20 eBKIUO08020 NPOCMPAHCMEA. YCmaHos1enbl OCHO8HbIe ceolicmea BD dns 11000l HenpepbiéHOU
yenegoil PyHKyuu maxue, Kax HeompuyamerbHoOCy, NOJOACUMENbHASL 0OOHOPOOHOCMb, PAGHOMEPHAS He-
npepuleHoCcmb, OUp@epeHyupyemocms u cmpozas 8bINYKIOCMb, bolee Moo, HAtl0eHbl NPOU3BOOHbBLE OO0
nexomopozo nopaoka. Cghopmynuposan Kpumepuii onmumanvrocmu. OCHOBHOU Kpumepuil oOnmumasb-
HOCMU COCIMOUM 6 MOM, 4Mo 3HaueHue c60000HOIU hepeMeHHOU, npu Komopom B® u ee npouszeoouvie 0o
HEKOMOpOo2o NOPSIOKA PAGHYBL HYIO, COBNAAem ¢ 2100A1bHbIM MUHUMYMOM yenegoll pynkyuu. M3 dannozo
Kpumepusi OnmuManbHOCmu cledyem, 4mo 015 GblYUCAeHUs 2I00ANbHO20 MUHUMYMA Yenesoul QyHKyuu
docmamouno Haumu Hyib BO unu ee kakot-HuOyob npousB00HOU 00 HEKOMOPO2O NOPSOKA.

Knrouesvie cnosa: ecnomozcamenvrasn yHKyus, 2n06anbHulil SIKCMpPemMym, 0emepmMuHupO8anHvle me-
MoOobl, MeMoObl ONMUMUZAYUU, MHO20IKCMPEMATbHOCMb, CIamuyeckue 3a0aqi, Kpumepuii Onmumaisb-
HOCMU, CE0LICMEA 6CNOMO2AMENbHOU QYHKYUU.

Beenenne. CyTh 3a7a4u HAXOKACHUS TIIO0AIBHOTO DKCTPEMYMa COCTOUT B TOM, YTO-
OBl HAWTH PEIICHWe ¢ MUHUMAJIbHBIM (MaKCUMAaJIbHBIM) 3HAaYCHHEM IIeJICBON (DYyHKIUU.
B nHacrosmiee BpeMst 0 MeTo/IaX ¥ MpodaeMax r1o0aibHON ONTUMH3AIIUU U3BECTHO U Ha-
nucaHo oyeHb MHoro [1-5]. Tem He MeHee, U3-3a UX MPAKTUUYECKOW Ba)KHOCTH, 3aJa4u
r100aTbHOM ONTHMH3AIUU HETIPEPHIBHO BOSHUKAIOT M UCCIICYOTCS BO MHOTHX 00JIacTsIX
HaykH [6-9]. Tem cambIM MOCTOSIHHO MOPOXAAETCS MOTPEOHOCTh B pa3pabOTKaX HOBBIX
METOZOB U MOAXOI0B UX PELICHHUS], TOCKOJIbKY YHUBEPCAIBLHOTO alrOpUTMa UX PEIICHUS
HE CYIIECTBYET.

Ha ceroansiiiauii eHh BCe U3BECTHBIC METO/IBI ITI00AIBHOM ONTHUMHU3AIMN MOXKHO pa3-
JIeNINTh Ha J1Be Kareropuu [1, 4, 5], nerepMuHupoBaHHble MeTOABI [1, 2] 1 cToxacTHyecKkue
metonel [10, 11]. U Taxoke 3aqa4u ONTUMHU3ALNN IPUHSATO ICTUTH HA JIBA TUIIA: CTATUYECKUE
u auHaMudeckue. K craTudeckoMy THITY OTHOCST 3a]a4H, TP PEIICHUU KOTOPBIX HE00XO0-
JIUMO OTIPENICIUTh 3HAYCHUS apIYMEHTOB, JIOCTABJISOIINX [EIeBON (DYHKIIUU IKCTPEMAITb-
HOC 3HaveHue. [[MHAMUYEeCKUM THUIIOM CUUTAIOT 33J]a4M, KOTr/Ja JOJDKHA OBITh OIpeleicHa
(hyHKIHS, Ha3bIBaEMasl yIIpaBISIoNIeH (DyHKIMEH, TPH KOTOPOH 1eIeBOl (ByHKIIMOHAI TPH-
HMMAaeT CBOE€ MaKCHMMAaJIbHOE M1 MUHHUMAaJIbHOE 3HAUYCHHE.

* E-mail koppecnoraupytomiero aBropa: kairak@mail.ru



Kavparbaes A. K., Tymxywesa K. C. O ceoticmeax 00HOU 8CHOMO2AMETbHOU QYHKYUU ... 179

[Tpu pemieHny CTaTUUECKUX 3a/1a4 C HETMHEWHON LiesieBol (pyHKIMel BOSHUKAIOT 00JTb-
e cIoKHOCTH. OCHOBHBIE TPYJHOCTH CBSI3aHBI C MHOTOIKCTPEMAallbHOCTHIO, OOJBIION
Pa3sMEpPHOCTBIO U HEBBITYKIIOCTHIO 11eIeBol (hyHKIuH. K TekymemMy MOMEHTY ormyOiInKoBa-
HO HE MaJlo€ YHUCIIO padoT, MOCBSIIEHHBIX Ha MPEOI0JICHNE BhIIICYKa3aHHBIX TPYAHOCTEH
[9, 12, 13].

B Hacrosmieii paboTe MpeiokeH HOBBIH METOA HaXOXKIEHHS I100aJbHOTO MUHHMY-
Ma, OCHOBaHHBIH Ha Wiee BCIIOMOraTeIbHbIX QYHKIHHA. [Ipr 7TOM 00BEKTOM HCCIIeIOBaHUS
ABJISIETCSL He cama IiesieBasi (DyHKLUS, a BCrioMorarelbHasi QyHKIUsI OJJHOHM TepeMeHHOM,
MOCTPOEHHAsI ITyTeM NpeoO0pa3oBaHUsI UCXOMHON (YHKIUH LIEIH C IMOMOIIBI0 MHTErpaa
JleGera. CrieryeT OTMETHTD, YTO M3yUCHHAsl B JAHHOHW paboTe BcroMorarenbHast QyHKIHs
paccmarpuBaiach B padore [14]. B Hell ¢ ee mOMOIIbIO ObLT MPEJIOKEH aJITOPUTM JICIICHUS
OTpe3Ka MOIoJaM BBIYHCICHHUS II00aJbHOTO IKCTpEMyMa Ul TIaJKUX U MHOTODKCTpE-
MaJIbHBIX (PYHKIMH HECKOJIBKUX MEPEMEHHBIX, OTIPEIETICHHBIX HA BBIMTYKIIBIX KOMIIAKTHBIX
MHO)KeCTBax. B HacTosimieil crarbe, B oTaM4yie oT padoTsl [14], mogpoOHO mccienoBaHbl
OCHOBHBIE CBOMCTBA YKa3aHHOH BCIIOMOTrarelbHOW (YHKUIUH Ul JII000W HempepbhIBHON
(GyHKIMH 1end. YCTaHOBJICH KPUTEPUI ONTUMAabHOCTH.

MocTanoBka 3amaun. Paccmorpum m3mepumoe mpoctpanctso ¢ mepoii (R™, B, u),

rne R™ — eBkanmoBo N MepHOe mpocTpancTBo, B - BopeneBckas G-anredpa B MPOCTPaH-
cree R™, 11 mepa JleGera nax B.

Iycts E — 3amMxHyTOe MHOXKecTBO poctpanctea R™ u F:E = R — menpeprisuas ue-
neBast GyHKIUS C BEIECTBEHHBIMH 3HaYeHusMu. W3 HenpepsiBHOCTH F crienyer usmepu-
mocts MHOkecTBa E(F, a) = {x € E|F(x) < a} nnakaxnoro @ € R. Kpome Toro, 6yem
nonarate, uto 3& € R muoxecrso E(F, a) xommnaktHoe, Henycroe u F € L, (E, i), ans
HEKOTOPOTO LEJIOTO MOIOKHUTEIBHOTO YrcIia M.

Paccmotpum 3anauy

@ = globmin, g F(x). (1)

Brenem BcioMorareapHy0 (QYHKITHIO

Im(F,a) = [[IFC) —al = F(x) + a]™dp, 2)

UTPAOIIYI0 BXKHYIO POJIb MPU JAbHEHIIEM HM3JI0KEHHH. 371eCh M HEKOTOpOe 3aJaHHOe
HaTypaJlbHOE YHCIIO.
Lenpro HacToOsIIEH PaOOTHI SIBIIAETCS M3yYeHNE OCHOBHBIX CBOMCTB (yHKIMH (2) 1 Ha
X OCHOBE MOCTpoeHHE d(H(HEKTHBHOTO YUCIICHHOTO METOoAa pereHus 3anaqdu (1).
CroiicTBa BcioMorarejbHoii pyHkuuu. Jlemma 1. Becnomoeamenvnas gynxyust (2)
umMeem ciedyrouue ceolCmaa:

1) gm(F,a) = 0;

2) gm(C, @) = 0 ona moboui nocmosnnoi C = a;

3) gm(kF, ka) = k™ gy (F, @),0n3 sewecmsennozo uucia k = 0, a = @;

4) gm(k + F, k + a) = g(F, ), ora nobozo éewyecmeennozo k u scex & = @;
5) gm(a + F,a) = gm(F,0), ons 6cex @ = @;
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6) Im(aF,a) = a™ gy, (F,1) ona kaxcoozo a = 0;
7) pasHoMepHO HenpepvieHa 6 NpoMedcymKe a = g, 20e Vo > Q;

8) siensiemes cmpo2co GuinyKaol 6 npomedcymie & = gy, 20e Yagy > Q.
JlokazarenbCcTBO.

D) gn(Fr) = [y pip o [IFG) = @l = FG) + al™dp + [y, [IFG) = al = () +
a]™dp = f [(F(x) —a) = F(x) + a]™du + f [-(F(x) —a) — F(x) + a]™dp =
E\E(F,a) E(F,a)

= f [2(a - F(x))]mdu > 0,
E(F,a)

ITOCKOJIBKY BBIPpAXXCHHUE 1104 ITOCICAHUM HHTETPaIOM HEOTPHULATCIIBHO Ha MHOXCECTBE
E(F, ).

2) gm(C @) = [ [IC—al = C+a]™dp = [ [(C— @) = C+ a]™du =0.

3) gm(kF, ka) = [ [|kF(x) — ka| — kF (x) + ka]™dp = k™ [ [|F(x) — a| —
—F(x) + a]™dp = k™gn(F, ).

4) gm(k+Fk+a)= [ [lk+F(x) —k—al—k—-F(x)+k+a]"du=
= [IIFGO —al =F() + @l dn = g(F, @)

5) gm(@+F,a) = [ [la+ F(x) —a|l —a - F(x) + a]™dp =

- f [IFGx) = O] = F(x) + 0]™dpt = gy (F, 0).

6) gm(aF,@) = [ [|aF (x) — a| - aF (x) + ka]™du = a™ [ [|F(x) — 1| -

— F(x) + 1]™dp =a™ g, (F, 1).

7) Boibepem mpou3BoibHBIE X1, X TaKHE, UYTO (X1 > Ay = Ag. OUEeHUM MOIYNb pa3-
HoctH |G (F, a1) — gm(F, a2)| =

- f IFGO — aul — FGO) + ag]™dy — f [F GO — agl — FGO) + a]™dy| =

- f [2(a; — F(0))]"dn— f [2(as — FCO)]"du| =

E(F,a4) E(F,a3)
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[2(ay — FGO)|™du + f [2(a, — F())|"du —
E(F,a3) E(F,a1)\E(F,a2)

[2(a, — F(0)]"dy| <
E(F,a3)

<| [ |2 -a((2@ - )" + (2l - F)" (2 - ) + -

E(F,az)

m—

+ ((2(a1 - F(x)))) (2(ez - F(x)))m_z + (2(az - F(0))) 1)] dul +

+ f [2(a;, — FO))]"du| = J1 + ..
E(F,a)\E(F,az)

3aMeTuM, 9TO BBIIOTHEHBI Clieayromue HepasencTsa. Hamnoxectse E(F, a5 ): (Z(a L -

F(x)))m_l < (20t — )" =K,
(2(0(2 — F(x)))m_1 < (2(a1 — ao))m_l =K.
U na muoxectse E(F, oq)\E(F, o):

(Z(al — F(x)))m = (2(0{1 — F(x)))m_1 2(0(1 — F(x)) < 2K|a; — a,|.

Hcnosp3ys uX, JIETKO MOJIYYUTh OLICHKH:

J1 < 2mK|ay — “2|#(E(F: az)) < 2mK|a; — ¢2|H(E) = Bilay — az|, e

By = 2mKu(E);

J» < 2Klay — ay| (u(E(F, @) — u(E(F,a,))) =

= 2K|a; — az|u(E(F, @1)) < 2Ku(E) < Bylay — ayl, tae B, = 2Ku(E).

Taxum obpasom, 11 moboro € > 0 pocTaTouHo B3aTh yucio § = &/(By + By), 4To0
JUISL TIPOU3BOJIBHBIX Xy, A5, , U KOTOPBIX |y — &fz| < § MMeeT MecTo HepaBEeHCTBO

(B + By)e

|gm(F, 1) — g (F,a)| < J; + ], < (B; + By)|a; — ay| < =¢
Im 1 Im 2 J1i+ 72 1 2)1a, 2 (B, + B,)

DTO M AOKa3hIBAET PABHOMEPHYIO HETIPEPHIBHOCTb.
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8) BribepeM mpou3BONBHBIE (1, Xz Takue, 4TO &7 > 0y = @g. [lonb3ysch HepaBeH-
crBom Komm, (ug + uy)™ < 2™ 1wl + ul"), anst mo6six  uq,uy = 0um € N. Tlo-

KaXEM CIpaBCAJIMBOCTb HEPABCHCTBA

o, t+a 1
gm( : 2 2) < E(gm(F; al) +gm(Fra2 ))

a +a a, +a a, +
gn (FE2522) = [ [|Fe0 - 252 - Peo + 2

E

— f [12F () — (@ + a2)| — 2F () + (ar + @)™ dp <

m
az] iy =

imf[lF(x) —a; +F(x) —az| = (F(x) — ) = (F(x) — ap)]™dp <

= 2mf[(ll’(X) —ar| = F(x) +ap) + (IF(x) — az| = F(x) + a)]"dp = 1.

CornacHo yTBepkeHHIO 1) 1eMMbI 1, 1Ba BEIpaKEHHsI B KPYIIIBIX CKOOKaxX MO MOCIe -
HUM HMHTErpajoM UMEIOT HEOTpHIlaTelbHbIe 3HAYeHHs, I03TOMY, IPUMEHUB BbIIIECIPHUBE-
JIEHHOE HepaBeHCTBO Koy, MoIy4ynM cIelyromlyto OLEHKY.

1
I'= z—mf 2MH(JF(x) — ag] = F(x) + a)™ + (IF(x) — ay| — F(x) + a,)™] dp =
E

1
== (gm(F, @) + gm(F, ).

JlemMma noka3zana.

Jlemma 2. Bcnomoeamenvhas ghynkyus (2) oughgpepernyupyema 6 kasxcooi mouxe a > a,
20e @ = ming F(x).

JokaszarenbcTBo. Ilycts @ + h > a > @&, paccMOTpHM HpHpalIeHHe BCIOMOIaTelb-
HOW (yHKIMH

gm(F a+ h) gm(F a)
j IFGO) = (@ + B)| — F(O) + (a + B)]™dy — f IFGO) — al — F(x) + al™dy =

= f [2(a+h—F(x))] dp — f[Z(a—F(x))] du =

E(F,a+h) E(F,0)
- f [2(c + h— F)|d + f [2(c + h - F))]dn
E(F,a) E(F,a+h)\E(F,)

j [2(a = FC)]"du =

E(F,o)
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= f [Zh ((a +h— F(x))m_1 +(a+h-— F(x))m_z(a —F(x))+ ..
E(F,a)
+ (a — F(x))m_z(a +h— F(x)) + (a — F(x))m_l)] du +
+ f [2(a +h - F()]"dp = I1h + I,
E(F,a+h)\E(F,o0)

Jlerko mpoBepUTH, YTO
}Li_rg I, =2 f m[Z(a - F(x))]m_ldu = ngm_l((F, a)).
E(F,a)

HerpynHo Buzets, uto [, siBisieTcsi 6eckoneuno manoit mpu h — 0,, mockoiabKy BbIpa-
JKEHHE I0J] MHTErPaJioM B KBaJIPAaTHBIX CKOOKaxX HE mpeBOCXomuT 2h, u B Cuily HenpepbiB-
HOCTH MEPBHI LI UMEET MECTO

0< 1, < (2h)™u (E(F, o +h) — u(E(F, a))) - 0.

Taxum oOpazom,

dg
_dc;n = ngm_l((F, a)).
Jlemma 2 mokasaHa.
Caenctue 1. Ilpu m=1
dg,
— = 2u(E(F, .
1 u(E(F, a))

CaenctBue 2. /[na 1100020 3a0aHH020 HAMYPATLHOLO YUCIA M CHPABEOIUBO PABEH-
cmeo

d™gm
da™

= (2)"m! u(E(F,)).

Jemma 3. IIyemo {a;} — yovisaiowasn nocredosamensrocms, npeoen KOmopou npu
i — oopasen ay = @ =min F(x). Toeoa umeem mecmo pagencmeo
E

lim gm(Fr ai) = gm(F' ao)-
1L—00
JlokasarenscTBo. Paccmorpum abeomoTHoe 3Hauenue pasHoctu |Gy (F, ;) — gm (F, ag)|

f IFG) — @l — FG) + ™ dp — f [F () — o] — F(&) + ao]™dn| 0.
E E

CrpemiieHHe K HYIIO CIIEAyeT U3 paBHOMEPHOH HEMpephIBHOCTH (JieMMa 1 yTBepike-
Hue 7).
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Jlemma 3 nokasaHa.
OcCHOBHOIi pe3yJIbTAaT.
Teopema 1. [Iycts E — 3aMKHyTOE€ MHOXeCTBO npocTpaHctBa R™* u F:E —» R — He-

IpepbIBHA 1ieieBast (PYHKIMS C BEIIECTBCHHBIMU 3HAUCHUAMU. [ 100anbHbIE MUHUMYM O

sadauu (1) docmueaemcs ¢ mouxe X (20e @a=F(x) u & = sup{a € R| g,(F,a) = 0}
mo20da u mobKo mozod, Ko2od

gm(F,@) = 0. 3)

JIoKa3aTebcTBO HEOOX0AUMOCTH. [IpeanonokuM — X ' Touka ro6ajibHOro MUHUMYMA,
e nmeer mecto @=F(X) u @ = sup{a € R| g, (F,a@) = 0}, , nostomy F(x) = &, nnsa
mo6oro X € E. CnenoBarensHo,

gm(F.@) = f IFGO) — @] — F() + @™ dy = f [(F(x) — @) — F(x) + al™du = 0.

Heob6xonnmocTh moka3aHa.
JlokaxkeM JIOCTaTOYHOCTE OT TIPOTHBHOTO. J[OIMyCTHM, YTO BBIIOMHEHO (3) M & HE SBISIETCS TOY-

KOl TI0OAILHOTO MUHMMYMa, e uveeT mecto @=F(X) u @ = sup{a € R| g,,(F,a) = 0}.
[TycTs 3HaYEHHE MIOOANBHOTO MUHMMyMa paBHO @. O6o3Haumm 20 = & — @ > 0 u 3a-

METHM, 4TO B 3ToM cirydae E(F,®) CTpPOro comepKuUTCsi BO MHOKECTBE E(F, @), mosromy
u(E(F, @) > u(EF, ).

Gm(F. @) = f IFCO — &l — F(x) + @™dy = f F(O) — &l — F(x) + @]™dy +
E E\E(F,@)

+ f [IF(x) —a| — F(x) + a]™dp =
E(F,@)
- [ ww-a-r@raras [ -E@-@-Fe +ara-

E\E(F,®) E(F,@)

= fyrml2(@—F)] " du

TaxuMm obpazom,

In(F,@) = fy[2(@ = FGO)]"dn (4)

Janee nmpeobpazyeM MOCIEAHEe BRIPAKESHUE U OCYIIIECTBUM OICHKY CHU3Y:
— — m _ m
Im(F,@) = fE(F,&)\E(F,&+,8)[2(a — F(x))] du+ fE(F'aw)[Z(a — F(x))] dy =

> 28 (u(ECF, @) - u(E(F,®)) > 0.

A 310 potuBOpeunT paBeHcTBY (3). Teopema nokaszana.



Kavparbaes A. K., Tymxywesa K. C. O ceoticmeax 00HOU 8CHOMO2AMENbHOU QYHKYULU ... 185

JlokazaHHas TeopeMa CIpaBeIuBa IS KaXJI0r0 (PMKCHPOBAHHOTO HATYPAJILHOTO 711,
MTOCKOJIbKY TIPH TOKA3aTEIbCTBE HUKAKUX OTPAHMUYCHUN HA M HE HAKJIAIbIBAJIH.
CaenctBue. [lycts BeimonHeHs! yeinoBus Teopemsl 1 u m=1. Torma

a= F(x) du. )

—
w(E(F®) YEF,D

ITpu m=1 paBencTBo (3) UMeeT BU

f 2(a—Fx)))du=0.
E(F,&)
Ortcrona, BeIpaxas @,, Hoxydnm (5).

3akaouenne. VccrnenoBansl OCHOBHBIE CBOWCTBA BCIIOMOTaTeNNbHOM (pyHKIHH. OKa3a-
JIOCh, YTO BCIIOMOTaTeNbHas (DYHKIHS [T BCSIKOH 11eNIeBO (PYHKITUH SBISAETCS HEOTPHIIA-
TEJIBHOH, MOJIOKHUTEIHHO OTHOPOIHOW, pABHOMEPHO HETIPEephIBHON U tuddepeHnnpyeMon.
BbruncieHpl MpOM3BOIHBIE BBICIINX MOPSIKOB. YCTAHOBICH W JIOKAa3aH KPUTEPHH OINTH-
MaJIbHOCTH.
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A. K. KAHPAKBFAEB., JX. C. TYTKYIIIEBA?

'Kasak-Opbic xanvikapansik ynusepcumemi, Axkmeobe, Kazaxcman,
2K. JKybarnos amuinoazel Akmebe onipnix ynusepcumemi, Axkmobe, Kazaxcman,

INTIOBAJIABIK DKCTPEMYM/IbI ECEIITEYI'E APHAJIFAH BIP
KOMEKIII ®YHKIUAHBIH KACUETTEPI TYPAJIbI

Byn orcymvic kon aiinbimanovl QyHKyuaHblY 2100a10bIK IKCMPEMYMbIH ecenmey Yuin Kascem 6ip
rkemexuti pynkyusanviy (K@) kacuemmepin sepmmeiioi. Kapacmuipwiivin omoipean K@ maxcammol ghyHx-
yusinol Jlebee unmezpanvimen mypieHoipy apKulivl KYpuliadbl JHcaHe OIip atHbIMAiobl (YHKYUsL O01bIn
mabwiadwl. Andviyzel scymvicmapoa oyn K@ kecinlini exice Oeny ancopummi apKblivl 0OHeC HCIHE
HCAOBIK HCULIHOAPOQ me2ic QYHKYusLapowly 2100a10blK MUHUMYMbIH Mady yulin KOLOAHbLIZAHLIHA
Kapamacmat, oHvly Kacuemmepi zepmmenmecen. Mynoa oyn K@ ken enuemoi E6knud keyicmiciniy
wiekmeyni JHcabwlK AHCULIHOAPLIHOA Oepineen Y30iKci3 GyHKyuanapovly 2no0anioblk IKCMpPeMyMblH ecen-
mey yuiin Konoanwvliaovl. Kes-keneen y30ikciz makcammul Qynkyus ywin K@ Hecizei xacuemmepi
AHBIKMANIEAH, MbLCATIbL, Mepic emec, O Oipmekminix, Oipkenxi y30IKci30ik, Ouphepenyuanobliblk srcane
Kamay OoHec, COHbIMEH KAMap ico2apebl pemmi mybiHobliapel maobwvliean. OHmainulivly Kpumepui
myarcoipvimoanean. Oymaunvlavblkmuly Heeizei kpumepuili — K@ dicone onbiy myblHObLIAPHL HOJ2e meH 60-
JAMbIH M2YeNCi3 AUHBIMANLIHBIY MOHT MAKCAMMbL QYHKYUAHBIY 2100AN0bIK MUHUMYMbIMEH CIUKeC Keleol.
Ocbl OHMAlIBLIGIK, KpUmepuine CyteHin Maxcammol yHKYusHoblY 2100ai0bli MUHUMYMbIH ecenmey Yt
K® Henin Hemece oHbiy KaHOall 0a Oip myblHObICHIHbIY HOJIH MAOY HCemKiLiKmi.

Tyuin co30ep: wromexwii Qyukyus, 2100an10blK IKCMPEMYM, OemepMuHupieneen adicmep,
oymaunanovlpy adicmepi, KON KCMPeMAnObLIbIK, CIMAMUKALLIK ecenmep, OHMAUIbLIblK Kpumepuili,
KOMeKui (hyHKYUsIHbIY Kacuemmepi.

A. K. KAIRAKBAEVY, Z. S. TUTKUSHEVA *

1Kazakh-Russian International University, Aktobe, Kazakhstan,
2Zhubanov Aktobe Regional University, Aktobe, Kazakhstan

ON THE PROPERTIES OF ONE AUXILIARY FUNCTION FOR
CALCULATING THE GLOBAL EXTREMUM

In this paper, we investigate the properties of one Auxiliary Function (AF) for calculating the
global optimum of a function of many variables. The considered AF is constructed by transforming the
objective function using the Lebesgue integral and is a function of one variable. Despite the fact that in
previous works this AF was used to find the global minimum of smooth functions on convex closed sets
using the algorithm of dividing a segment in half, its properties have not been studied. Here, this AF
is used to calculate the global extremum of continuous functions defined on bounded closed sets of a
multidimensional Euclidean space. The basic properties of the AF for any continuous objective function
are established, such as non-negativity, positive uniformity, uniform continuity, differentiability and strict
convexity, moreover, derivatives up to a certain order are found. The optimality criterion is formulated.
The main criterion of optimality is that the value of a free variable, at which the AF and its derivatives
are equal to zero up to some order, coincides with the global minimum of the objective function. It follows
from this optimality criterion that to calculate the global minimum of the objective function, it is sufficient
to find the zero of the AF or its derivative up to some order.

Key words: auxiliary function, global extremum, deterministic methods, optimization methods,
multiextremality, static problems, optimality criterion, properties of auxiliary function
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'Kasax ynmmolk Kb130ap neda2o2ukanivi yHUeepCUmeminiy 0oyenmi,
Aamamul, Kazaxcmarn,
21, Apabaee amvinoaswl Kvipeolz mamiexkemmik ynugepcumeminiy npogeccopl,
bBiwxkex, Kvipeviscman;
3 Abait amvinoaswl Kazax ynimmoix nedazo2ukaibl yHUSePCUMenmiiy, 00KMopaHmel,
Anmamur , Kazaxemarn

CEPIIIMAI ZE®@OPMALIUA )KOHE T'NIPOCTATUKA 3AHJAPBIHBIH
MATEMATUKAJIBIK BIPI3AIJIITT

Hbolomonnbiy yuiinui 3aybina catikec mabuzamma Oeneze Jcacaiambli ColpMKbl acepiep e30epine
KapculiblK kopcememin acepiepdi natioa ememin scagoatinap 0a kesoeceoi. Conapoviy iuinoezi neeiseinepi
— cepnimdi Oehopmayus dicone 2uOPOCMAMUKA 3aHOAPbI, MAOULAMbL HCASLIHAH YKCACMbIZbL JICOK
00n2aHbIMEH, MAMEMAMUKANbIK MEXAHUSMI MYpPeblcbiHaH 0Ipi30i. Makanaoa cepnimoinix sxcane Apxumeo
Kyuimepiniy, MamemamuKanolk 6pHeKmepin any macili CanblCmulpMasl Mypoe HCaH-JIcakmol Manoanbin
xoceminzen. Bipnik y3einovikmoiy cepnimoi oeghopmayuscel kesinoe dHcamne CYublKmolly OIpaik KOAEeMIiHIK
bI2ICYbL MHCAL0ALBIHOA NAOA DONAMbIH KAPCHLIbIK dCepiepiniy MaHOePi apKblilbl ICAINbLIAMA Kepi 2cepriK
Kyuimepoiy KOCbiHObl MaHOepi anvikmanean. Cepnimoi Oeopmayusnviy dHcoHe 2uOPOCMAMUKATBIK
KO3 uyrenmmepoiy Maywbi30blibl2bl MEH MAYeNOLIiKmepi Opmanvly Kacuemmepimer Oailanblcmpblid
atikbinoanean. JJepopmayuanviy #eane 2uOpOCMAMUKAILIK KAPCbl dCEpep ColPMKbL dcepiiep HaoatiblHoa
eana 6auKanamoln epeKuenikmepi capaianaa.

Tyiiin ce3nep: deghopmayis, MexaHUKanbIK KepHey, Mbl2bl30bIK, CYUbIK, CAIMAK, 2UOPOCMAMUKA, cepinne.

Kipicne. TaOurarra neHere jkacanaTblH CHIPTKbI (Oacka JeHeNEepAiH) dcepiepiHiH
HOTHIKECI JICHEeHIH KacueTTepiHe Jie OainaHbICThl OonaTbiHbl Oeriiai. HeroTOHHBIH OipiHI
3aHBIH/Ia WHEPTTI (Maccachl YIIKCH) JCHE MaHaWbIHIarbl Oacka JCHENep/iH ocepiHe
KapaMacTaH ©3iHIH KYWiH cakTam KaJlaThIHIBIFbI alThUIFaH. byn sxarmail neHenepaid
CBIPTKBI dcepiepre KapchbUIBIK KepceTe any (MHEpTTLNK) KacHeTiHeH Xabaphap eTim
Typ. Al HbIOTOHHBIH eKiHIII 3aHBIHAA WHEPTCi3 (Maccachl a3) JeHeJEpHiH CBHIPTTaH Ka-
CaJaThlH ocepiiepre Kapchbulacy KaOUISTIHIH TeMEH OOJyblHAH ©3JICPIHIH aJIFalliKbl
KYinepin e3repryre (yaey anmyra) OeiiM eKeHIIr alTbuiaabl. OcepAi KaObUIgayIibl
JeHenepIiy OacTankbl MEXaHMKAJIbIK KYHJep peTiHae oNapAblH THIHBIIITHIKTa TYPYBI He-
Mece OipKaJbINThl KO3FajbicTa OOMybl anbiHaibl. JleHeHIH KaHaall MeXaHWKaJbIK Kyhae
OOJIFaHIBIFbl OHBIH KEHICTIKTET1 OPBIHIAPBIH aHBIKTAUTHIH KOOPIUHATAIAPbIHBIH ©3repici
apKbUIBI aHBIKTANAAbl. THIHBIIITHIKTA TYPFaH JCHEHIH KOOPAWHATACHI ©3TepMel, SFHU
KOOpAMHATAaHBIH CEKYHJ calblHFa e3repici (KbULAaMIBIFbI) HOJre TeH. bipKasbInThl
KO3FaJILICTaFbl JIEHEHIH KOOpJAMHATalapbl TYPAKThl >KbULAaMABIKIECH e3repeli. ChIpTKbI
ocepisiep ACHEHIH KOOpAMHATAJIAapBIHBIH OipKABINICHI3, all KbULAAMIBIKTHIH OipKaJbIIThI
e3repyiHe ceOernkep Ooajbl (IEHEHIH yaeMeri KO3FabIChl).

Jlenere »acanaTbelH ocepiiep JCHEAE o3lepiHe KapchliacaTblH Kepi acepiepai maina
ere ananel. 1660 >xpuTbl aFbUIIIBIH FanbiMbl P. ['yk cepinmeHi co3raH Ke3zie CeprimMaiIiK

* E-mail koppecroraupytomiero aBropa: koshtybayev70@mail.ru
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KYLITepiHiH naiiga 6onareiabiH, ad M. HetoToHHBIH 1687 KbITBI JKapUsUIaHFaH YIIiHII
3aHBIHAA KE3-KeJIreH 9Cep KapChl oCep TYFBI3aThIHBIH JKaWbIHAA alTbUIFaH OOJIaThIH
[1,2]. b.3. nmeitinri 111 raceippa ambuiran ApXuMel 3aHbIHIA Ja CYHWbIKKa OaTKaH je-
Here BIFBICKAH CYMBIK TapamblHaH Kepi KOTepylli KYIITIH 9cepiHe Tam OOJIaThIHBI Ty-
panbl OasHpanran. Onaii Oosca, IeHere jkacallaThlH dcepiiep JACHere yiuey raHa Oepim
KOWMal OHBIH reOMEeTpHUsIIBIK omemMaepid (popmacsiH, mimiHiH) ae e3repre (aedop-
Manusiiai) anaael. ['yk 3aHbl GU3HKaHBIH JUHAMUKA, a1 ApXUMeJ 3aHbl THAPOCTATH-
Ka OeJiMJIepiHe KaThICThI OOJFaH/IBIKTAH OJIAPJIbIH apachiHIa elIKaHal Oip OaliaHbIC
JKOKTal KepiHei.

Anaiina, cepmiMIiiK )KOHE Kepi KOTepylll KYIITep CBIPTKBI dcepiepre KapChUIbIK
KOpCeTylIiiep peTiHae maijaa OO, ocepiiep TOKTaFaH Ke3[e JKOFaJbIll KeTeTiHAep
OONFaHIBIKTAH, OJIAPJABIH MaTEeMaTHUKaJIBIK IIBIFApPbUTY (KOPBITBULY) JKOJIApbl MEH
JKazpuly (opMmynajapblHBIH YKcacThIKTapel (Oipizmimikrepi) Oaiikana Oepmeiini.
Y CHIHBUIBIIN OTBIPFAH MaKajaaa OChl Karaaid OapbIHILA alIbIK TYPAE KaH-)KaKThl Tajaa-
HBII KOPCETUIETIH OOabl.

Herisri 6exim. Cepnimoinik meopuscoinviy nezizei 3anbl. Cepinmere xacajaTblH
CBIPTKBI 9cep CepilmeHi co3ybl HeMece ChIFYbl MYMKIH, OYJI JKardail cepilmeHin aedop-
ManMsChl (JeopMalMsiIanybl) A€l aTanaabl. OcepiepAiH bIKNalbl TOKTaraH Ke3ze
JKOUBUIATBIH (JKOFaJaThiH) JaedopMalus—cepIiMail, KoibuiMaca—ceprimci3 OoJbIn  Ta-
obutanel. P. T'yk ceprimzi nedopmanusianral cepinmene JaedopMaiusHbl 00IbpMayFa
YMTBUTBIN TYPaThIH CEPHIMIUIIK KYIITEPiHIH TMaiaa OONaThIHABIFBl Typajbl alTKaH 0o-
JaThIH. ¥3BIHIBIFE { CM, OpaMIapbIHbIH ayaaHbl S cM’ cepimmneHin Oip yiibl OeKiTiareH,
al eKiHII YIIbl JTUHAMOMETpre JKalFaHFaH OOJICBIH.  >KoHE S mamasapbl CEepilllieHiH
TeOMETPUSUIBIK eJiemiepi (mapamerpiepi) 0omnbin Tadbuiafsl. OpaMaapablH opKalChIChI
xd?

4

(meHrenekTiH) paauychl MeH amamerpi). CepinmeHiH eKiHIIi YIIbHIAFbl JUHAMOMETP
apkpUIbl cepinmeHi OX ockiHiH OH OarbIThiHIa Al cM-Te co3yFa xoHe OX OChiHIH Tepic
OarpITeIHIA Af CcM-Te ChIFyFa Oojampl (CepimmeHiH TOpU30HTamb medopmariscer). A/

JIOHTENIEK MIIHII OOIFaHABIKTBIH, OMAPIAbIH ayaansl S = 7R? = (R, d =2R—opamusIx

[IaMachIH CepimnmneniH abcomroT aedopMannsichl Aen aTaiapl )KOHE OJ1 9pKalllaH OH LIaMa
(A 0>0). lebopManusianFad cepinmneHin y3bIHABIFB {1 cM Gornca, onma Al = |£1 - €|. Ab-
conom JIeTeH YFhIMHBIH KaKCTTUTIrHe TOKTalalbIK: cepinme co3surran kesue £, > £, Gy
Karaaiiaa abcoMIoT aMalblH KOJIAHYIbIH KaxeTi )koK: Al = (, — ¢ >0; cepinme ChIFbUIFaH
kesze (, > (, Oyn xarjgail ymin Al = |€ =L | KoJlgaHblael. JJuHaMoMeTp chIpTKbI 1edop-
ManusIay el (co3ymisl) acepain F\H Monin kepceremi. Aymansl S cM?-Ka TEH OpaMIapabiH
1 cM? aymaHmianapbiHa KeJeTiH F-IiH yieci MexaHMKaIbIK KepHEY eIl aTalabl:

H _F H
om? S on?
HeMmece

2
M

o Ila =(%)-104 H
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Cepinmne 3aTblHBIH (KacalfaH MaTEPUANbIHBIH) CBIPTKBI JeopMalysiFa KapChUIbIK
KepceTy KaOineriH (OepikriniriH) kepcereTin mamanbl KOHT Moaynbi (E [la) aen arainsl

JKOHE OJI G-HbIH (7) MPOLICHTIHE TEH:

E = A O
= 0
Mpicanbl, CepilleHiH aiFfallkbl Y3bIHIBIFEI ¢ = 70 cM, am OHBIH JedhopMaIlsiChl

(y3apysr) A/ =21 cm 6oinca, onna (1)-gen:

E c=0,3c

-2 -(2)

srHu FOHT Monynbi MexaHuKaibIK kepHeyiH 30 % ynecine TeH. Cepinmere ChIpTTaH M1ama-
cbl F'\H-ra Ten ocep xacaisin, 01 A ¢ cMm-re co3buIran kesne Al -1in apbip canmumempinoe

OarbITTaphl CBIPTKBI dcepre KapaMma-Kapchl O0JIaThIH, ajl IaMachl (7) Herotonra TeH (He-
Mece F-miH opOip cM-Te KeneTiH ylieciHe TeH ) KapCBUIBIK TAaHBITYIIBI (KapChUIACYIITHI)

H y
acepiep (K —) maiina 6onampr:
M

H ES H

K= =) *)
cm { " cm
H_Fk H

kek
cn A cm e

A/ -nin mamachkl (MoHI) KeOeireH caiibiH KapchlablK oacepiepinin (KA() memmepi ae
kebeiie Oepemi. Al CHIPTKBI Ae(OpMaIMsIayIibl dcep TOKTaraHma K-aelH ma maiima 6o-
Jybl TOKTaibl [3]. ChIPTKBI acep ©3/epiHiH BIKINAJIbIH TOKTATKAH Ke3/1¢ KapChUIbIK (Kepi)
ocepyiep cepillleHi KaWTajaH ainFamksl ¢ CM Y3bIHIBIKKA KaWTapaabl. (*)-TeHairiHeH
K-HBIH cepimme »KacalFaH MaTepUalJibiH ChIPTKbI JehopMalusFa KapChUIbIK KepceTe
any KabOureriHe (CepmiMILIIK JOpEKEeCiHe HEMeCe KaTaHJbIFbIHA) JKOHE CepileHIH

. : 1
TeOMETPHSUIBIK OJIIIEMIEPiHe TOyel 1l O0MaThIHbIH Kopyre 6onaasl: K— E, S sxone K 7 Ocher

KeNTIpUIreH Karaainapra OainanpicTel K koOiHe cepmiMIinik (KaTaHabIK) KOdPPUIHEHTI
HeMece CepilmeHiH KaTaHIbIFbl AeN alThUIBIN KYp. Al (**)-TeHuirine OaiinaHbICThI K-HbI
nedopManysIay bl 9CEP/IiH ChI3BIKTHIK THIFBI3/IBIFHI JCT arayFa 0omasl. JledopMarusiibik
CaAHTHUMETPIIEPIiH KaJTbl CaHbl Al , a onap/bIH dpKaichIchiHaa K KapchUIbIK ocepiep oap
€KeH1 alThUIIBI. k -JIBIH KOCBIHIBICH (Summa) ceprimaiiik acepin (F,H) 6epeni:

H
FFH=k— Al cm (2)
M
JKOHE OHBIH Mamackl (MoH1) F-e TeH, an OarbIThl OFaH Kapama-Kapchl:

F, cos180° = F, cos 0’ 3)
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(2) xone (3)-tenaikrep ['yk 3aHbI 1en atanaapl: cepmiMai JieHere (cepimnmere) CHIpTTaH
MmoHi FH-ra TeH nedopmarusiiayibs (CO3yIbl, ChIFYIIbI) 3CEp KacallFaH Ke3/e CepileHiH
nedopmarusiianrad A¢ oM Oedmirinae mamacel FH-Fa TeH, an 6arbIThl OFaH Kapama-Kapchl
cepmimMIiTiK (Kepi KalTapylibl HeMece KapChUlbIK kepcetyii) acepi (F,H) maiina 6omasl.
(3)-tenuixre ¥ = 0° — cepinneni aepopmanusiaymsl F, acepain 6arbitel (OX OChiHIH OH
JKak OarbIThl), ant o, = 180° — cepmimuinik F,acepuin 6arbiThl (OX 0ChiHIH COJ KaK OaFbITHI).
Comnpa, (3)-TeHmIKTeH:

F, cos180” = F, cos 0°

c0s180° =—1, cos0’ =1 MoHzepiH eckepcek, OHIa
F=—F (3A)

Byn HproTOHHBIH YUIIHII 3aHBI A€M aranajbl: CepmiMIi JCHEre ChIPTTaH KacajlfaH
Ke3-KelreH Typaeri F, acep neneni aedopmanusinaiabl xoHe qedopMalisiianrad 0eIiKTe
©3iHE KapChUIBIK KOPCETETIN JCHEHI OacTamkbl KalmbIHBI (¢ CM Y3BIHJBIK JKaFIaibIHA)
KalTapyra ThIpbicaThlH F, ocepni maiina ereni. CepinmneHiH BepTHKaIb JeOpMalHsIChiHa
KOJI JKeTKi3y YLIiH oHbIH eKiHmi yibiH OY ocki OarbiThiHga ToMeH (JKepre) xkaparbir, oran
Maccachl M Kr JieHe (KYK) i1y kepek. Conza cepinme KYKTiH F, = mg caamarbiMeH A cM-
re co3putaipl. CepinmeHiH eKiHIIl YIIbIH KOFaphl KapaTklll, OFaH Maccackl M KT eHe (KYK)
OpHaacTelpca, cepimnme XYKTiH canMarbiMeH Al cM-re chiFbuiafbl. byl skarnainap yurix

(**)-reHuirineH
(1 _(m] H
em \AL) cm

HEMECE OJIIIEMCI3 Ka3aTblH 00JICAK:

kKA¢ =mg
ES
k= i KaTBIHACKHIH €CKEPCEK:
ESAC mg
1
HOHT MOmymBi
_mg/
SA/ 4)

Tuopocmamuxanwtyy nezizei 3anpl. Jlon ocCbIHIAM >KoJIJIapMEeH ApXUMeE]l 3aHbIHBIH
MaTeMaTHKAJIBIK HETI37eMeCiH KopceTyri 0omanbl. THIFBI3OBIFE 0O, ;4—23, kexemi V, cM?
’oHe Maccacel M, = pV (canmarsl MyQ) ICHEH] THIFBI3IBIFBI P CYWBIKKA CaTalblK [4—6].
Byn kesne nene V, keneminin AV, cM® Geniri cyitbikka 6arazs ga, kanran (V, —AV ) Geniri
CYHBIK OeTiHze (ayama) Kamansl. JIeHeHIH CYMBIKKA OaTKaH KoJIeMi OHBIH TOJIBIK KOJEMiHIH

(& ) IPOLIEHTIH KYpamIbl:
Yo,
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P

SIFHU, JICHE MEH CYHBIKTBIH THIFBI3/IBIKTAPBIH O1JIe OTHIPHIN ACHEHIH KaH1al 0eiri CyHbIKKa
0aTaThIHBIH aNJIbIH-a1a O0JIKayFa 00Na/Ibl €KeH. O, = O IAPTHIHAA JCHE CYHBIKKA Tyreaei
(100 %) 6aTwIm keTemi. A 0 >> P, MapThIHIA IeHe CYWBIKTHIH OSTIH/IE Y31 KYpeli, SFHU

AV = (&JVO (A)

V,>» AV, Erep jaeHeHiH ThIFbI3IBIFEl CYWBIK THIFBI3IABIFBIHAH 2 ece a3 Gonca (o, =£),

,OHJIa JIeHeHiH TeH »xapThIchl (50 %) cyiiblkka OaraTsiH Oomnanbl. JleHeHi cyiibIkKa caiFaHa
KOJIEMIHIH AV, cm? Geiri h M Tepertikke aeiin 6araTeiH 60IIca, OHIa OCHIHIAAN KOJIeM/IETI
Maccachbl Am Kr CYHBIK BIFBICBII IIbIFA/bI. backaina aiiTcak, JeHE ©3iHIH CYHBIKKA ca-
JBIHOAN TYpFaHIaFbl (ayaarsl) F, =m,g caJMarbIHBIH AM - g-Fa TeH OOoJaThIH OOJITiH
soranTtaabl. HoTrkene neHeHiH CyHbIKTarbl calMarbl OHBIH ayaarbl cajMarbiHaH AM - g
Hetoronra (H) a3 Goxnbin mweirags:: . =F —Amg. Ocer Am - g-ra TeH mama Apxumen
Kyt Oosibin TaObUIa(bl. MbICAJbI, JMHAMOMETP/IIH KOMETIMEH KaH/aii ja Oip Oip ACHEHIH
caJIMarbIH eJereH e oy 5 H-ra, ain ochl IcHeHI IMHAMOMETP apKbUIbI CyFa Tyrell OaraThiH-
Jait etin canraH kesne quHamometp 2 H-nbl kepcereni. Jlenenin ayanarsl canmarst (5 H)
MeH cynarbl canmarbiably (2 H) afibipeiMbl 3 H-ra TeH (Apxumen kymi). Conaa, IeHEHiH
CYMBIKTAFbI CaJIMaFbl OHBIH ayaJlarbl caaMarbiHbIH (2/5) 6emnirinaeii (0,4 Hemece 40 % TeH),
an Apxume Ky 0oJica ISHEeHiH ayajarbl caiMarbiHbIH 3/5 Oenirinaeii (0,6 Hemece 60 %).
Po— P

JKanme sxarmaiina, NeHeHIH CYHBIKTAFbI F. caMarsl OHBIH ayaJarsl F, caMarbHBIH

MpoleHTiHe TeH Oonaabl [7-9]: Po
Po— P
F.=| —— |F 5
[ . ] 0 (%)
Ocpiran neHe canmakTapbeiabiy 5 H, 2 H moniepin Kolicak:
2= (MJ 5
Po
blkmamayian KeiiH anaTblHbIMbI3:
5
Po = g P (5A)

Ounaii OoJica, ICHEHIH P THIFBI3BIFBI CYHBIKTHIH P THIFBI3JIBIFbIHAH 5/3 ece Ken 0oa bl
ekeH. (5A)-Hbl (A)-KaTbIHaCbIHA KOWCAK, OHJA

AVZEV:1,6V
Sp-riom,

SIFHU, JICHEHIH CYHBIKKA TOJIBIK OAThIN TYPFAaHBIH Kepyre 0omabl. (5)-hopMynaiaH qeHEHIH
TBIFBI3JIBIFBIH AHBIKTAUTHIH OPHEKTI IIIbIFAIbI:
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Ocel opuekke F =5 H, F =2 H monaepai Koibin (5A)-KaTbIHACTBI ajlyFa 00Iabl.

(5)-epHek Apxume] Kyl JCHEHIH ayajarbl CaJIMaFbIHbIH (ﬁ) MPOLICHTIHE TeH 00JIaThI-
HBIH Olnaipeni: 0

F=2F (©)
Po

ConbiMeH, Oip Oeuiri CyWbIKKa OaThlll TypraH JICHCHIH ayaJlaFbl CaliMarbl OHBIH
CYMBIKTAFbI CaJIMaFbl MGH APXUME]T KYIIiHIH KOCBIH/IBICBIHAH KYpasaJibl:

F=F+F=2"PF P

Po Po

P, = P mapTeiHaa JeHe cyibikka Tyreiaei (100 %) Oarein ketei, Oy Ke3j1e IeHeHIH
cyitbikrarel canMarsl (5)-ten: F, =0, an Apxumen Ky aeHeHiH cajMarblHA TEH, SAFHH
(6)-nan: F, =F,. Jlenenin ayanarsl F, =m g canmarein 100 % gen ancak, neHenid Oip

Oediri cyibikka OaTKaH Ke3ie Apxumen Ky madgaa Oonarbiabl ailTeuiael [7-9]. Conna,
Cy#BIKTa TypFaH AeHeHiH canmarbl 100 % emec, Mbican yiriH 75 % OombII Kaiajsl (caaMak
25 %-ra xemizi Hemece 25 MalbI3bIH JKOFAITTHI). [IeHeHIH ayalarbl CaJIMAaFbIHBIH KaJIFaH
75 % Oenenin cytivikmazol carmassl 00N Ja, KoFanFaH 25 % naiina OonraH Apxumesn
kymine TeH. Omait 6osca, ApXxuMen KyIIi ICHEeHiH ayaJarbl CaIMarbIHBIH KeMyi eceOiHeH
naija Ooiajel eKeH, SSFHU cajiMaK KaHiia HproToHFa kemice coil Apxumes| Ky 0oJaabt
Jla, CaJIMaKThIH KEMITCHHEH KaJlFaH MOHI JCHCHIH CYHBIKTarbl cajiMarbl OOJBIN TaObLIa-
Ibl. JleHeHiH cyibIKKa OaThIl TyparhiH KeJiemi (0eniri) keOeireH cailblH ApXUMea KyIi
nie kebOelie Oepeni. [leHEeHIH CYHBIKTarbl cajMarbl OHBIH ayajaFbl caiIMaFbIHAH a3 OOyl
CYMBIK TaparblHaH JICHEHIH cajiMarbiHa Kapchl (KOFaphl Kapai) OarbITTaIaThiH ApPXUME]]
KYIIiHiH nmaiina 0omybiMeH OaitnanbicThl. OHBIH Maiina 00y MEXaHW3MIH €Ki KarlaiMeH
TYCiHAIpiIeai.

bBipinwi owcazoai. wnmuaap Topi3i JCHEHI CYHBIKKA CallFaHJa OHBIH OacTarKpbl
keseMiniH AV, cm® 6eriri h M Tepermikke Aeiiin GaraTbiH OOJICHIH e anaibiK. J[eHeHiH
OaTkaH Kejemi aymaHbl S cM*-Ka TeH TabaHbl MEH N M TepPeHIIKTIH KOOCHUTIHIICIHE TEH:
AV = Sh . Cyiibik h M TepenikTe TabaHHbIH 9p0ip cM? aynaHimanapeina pgh Hetoronra TeH
9 cep Jkacaiijibl, OVJ1 ocepiiep KOraphl Kapail (JIeHEeHIH caliMaFbliHa KapChl) OarbITTaaIbl.
1 cm? aymaHrnara KeieTiH acep (KYII) CYubiKmoll 2UOPOCMAMUKANbIK KbICbIMbL JCTT ara-
nanel: P = pgh.. Opbip 1 cm® aynanmara kenetin P HpioTon ocepnepnin Hemece pgh
HeroToHIap 1bIH KOCHIHABICHI (Summa) ApxXume]1 KyIlliHe TeH:

F, =PS = pghS = pgAV

Exinwi ocazoati. JleHeHiH 0aTKaH KeoJeMiHE TEH BIFBICKAH CYHBIKTHIH opbip 1 cm?
keneminzie pg HeroToHFa TeH 0OsaThiH KOHE K apKbUIb OCJITiICHETIH Kepi KOTepyIi Ky
(acep) maiima 6omansr: K — pg. bIrbickan cy#bIkTarsl 1 cM® Kememaepiniy canbl AV, oHIa



194 Becmnux Hayuonanvhoti unoceneproi akademuu Pecnyonuxu Kazaxcman. 2024. Ne 1 (91)

onapbIH apOipineri K kymrepain canbl 1a AV -Fa TeH. K KyrrepaiH KOCBIHIBICH (Summa)
Apxumesn KyIIiH oepei:

F, =KAV =(pAV )g (7)

byn xepae pAV keOeHTiHICI BIFBICKAH CYHBIKTBIH MaccachblHa TeH: Am= pAV . Ocbl-
Hbl (7)-ke Koiicak: F, =A mg. Onaii 6o5ca, ApXuMeJl KYIIi bIFBICHIN HIBIKKAH CYHBIKTBIH
cajMarblHA TeH OoJajabl ekeH. JleHe CYWbIKKa Tyrei OaTKaH jKarjiaija bIFbICKAH CYHBIK
JCHEHIH KeJieMiHe TeH Oonazpl 1a, coi kezaeri Apxumen kyui F, = pV,g .

KopbIThIHABI. O351epiHE KApPCBHUIBIK KOPCETYIi ocepiep Taifjla eTeTiH CBIPTKbBI
ocepiepaiH TaOUFaThl 9PTYPIIi OOJFaHBIMEH OJIAPIBIH MEXaHU3MJIEPi 6TE YKCAC CKeHIHE KO3
xetkizaik. Ceprimai gedopmanus sxarnaiibiana opoip OipiiK Y3bIHIBIKTAFEI 1edopMaIus-
CBIHAH, aJl THIPOCTATHKA JKaFJalbIHa CYHBIKTBIH op0Oip Oipilik KeeMiHiH bIFbICYbIHAH Naii-
na 0oJaThIH Kapchliacy dcepiiepiHiH MoHJEpiH Oy apKbUIbI XKalbulama Kepi acepiepail
MOHJIEpiH aHBbIKTayFa Oomnaibl ekeH. bipiik kepi ocepnepain (koaddunuenTrepain) cepimnme
MEH CYHMBIKTBIH TAOUFaThIHA KATBICTHI TApaMETPIIePre TOYeI i 00IaThIHbI aKUKaT. KOpHITKBI
acepJrepl OChIHA MOJIEIbIC aHBIKTay TeK [ 'YK xoHe ApXHUMe KYIITepiHe FaHa KAThICThI
JIen oiylamay Kepek, OyJ1 MexaHu3M (pu3HMKa FhUIBIMBIHBIH Ke3-KeJreH OeJliMiH/e KCHIHCH
KOJIJIAHBIC TalKaH MPOMOPIUSUIBIK 9/1iC OOJBIT TaObLIa kI,
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MATEMATHYECKASI HIEHTUYHOCTD 3AKOHOB YIIPYTHX
JTE®OPMAILIUI U TUIPOCTATUKH

Coenacno mpemvemy s3axony Hviomona ¢ npupode oeticmsue 001020 mena Ha Opy2oe nopojicoaen
npomugodelicmsue. Mo HAUTYHWUM O00PA30M NPOAGIAEMCA  3AKOHAX YNpyeou Oedopmayuil u
2UOPOCTNAMUKU, KOMOPbLE He CXOJICU O C80el NPUPOOe, HO UOSHMUYHBL O MAMEMAMUYECKOMY MEXAHUZMY.
B cmamve nokazano cpagHumenvHulil U UOCHMUUHBIIL NOOX00 NOYYeHUS GblPAJICEHUIl CUTbL YNPY20ll
Ooepopmayuii u Apxumedosou cunvl. Cymmapuvle 3HaueHUs NPOMUBOOEUCMEYIOUUX CUT ONpedeneHbl
yepes 3HAUeHUs CUL, BOSHUKAIOWUX NPpU YRpy20tl deghopmayuil eOunuysbl ONuHbL NPYHCUHBL U BbIINECHEHUs
arcudkocmu  eOuHuuHo2o o0bvema. OyeneHvl 3HAUUMOCMU KOID@uyuenmos ynpyeux oepopmayuii u
2UOPOCAMUKY U UX 3ABUCUMOCITL OM PUBUYECKUX CBOUCNE NPYICUNBL U HCUOKOCTHU.

Kniwouesvie cnosa: oepopmayus, mexanuueckoe Hanpsijcenue, NIOMHOCHb, HCUOKOCTb, 8eC, 2UOPO-
cmamuxa, npyucuHa.
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MATHEMATICAL IDENTITY OF THE LAWS OF ELASTIC
DEFORMATIONS AND HYDROSTATICS

According to Newton's third law, in nature, the action of one body on another generates a reaction.
This is best manifested by the laws of elastic deformation and hydrostatics, which are not similar in
nature, but identical in mathematical mechanism. The article shows a comparative and identical approach
to obtaining expressions of elastic deformation force and Archimedean force. The total values of the
counteracting forces are determined through the values of the forces arising from the elastic deformation
of the unit length of the spring and the displacement of a liquid of a single volume. The significance of the
coefficients of elastic deformations and hydrostatics and their dependence on the physical properties of
the spring and fluid are estimated.

Key words: deformation, mechanical stress, density, fluid, weight, hydrostatics, spring.
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KO3TAJIMAJIBI MEP3IMJII ’)KYKTEME 9CEPIHEH
CEPIIMAI MACCHUBTEI'T KOII KABATTbBI KABBIKTBIH TUHAMMUKACHI

JKykmeme oci Ootivimen OipKenki K032anamuvli WEKCi3 Y3bli KON Kadammul 0oH2eneKk YuIuHOPIiK
KaObIKmuly iwiKi 6emine acep emy maceneci wewindi. Kabvikka acep ememin scykmeme KabblKkmulH 0ci 00ti-
bIHWUA MeP3IMOT Oonadbl. Kabuvlk srcykmememer 6AUIAHBICIbL HCHLIHCHIMATbL KOOPOUHAMMAP HCYUeCiHOe
Kapacmulpbiiameld cepnimoi Keyicmixme (opmaoda) opuanacka. Kabvlk maccusi men Kabammapowly
Ko3zeanvicol Jlame nomenyuanoapvindazel cepnimoilix meopusacbinbly OUHAMUKANLIK MeHOeyaepimMeH Cu-
nammanaowvl. Ecenmi wiewty yuin atinblmanbliaposl monvik emec 6oy a0ici Konoauvinaovl. [lomenyuanoap
@ypve — beccenv kamapnapvl mypinoe YCulHblIA0bl, 01apobly Oencicis Kodpguyuenmmepi wekapaivly
wapmmapoan maobwvinaovl. bizdiy macindeme Kkamnapivl Kabammapaa apHaiaH 6acka HeymolcmapoaH
epexuenenedi, Mynoa Maceleni wewy Ke3inoe Kabblkmuly dcexe Kabammapulubly KO32ANbICHIH CUNATN-
may yuwiH KaOblKmapowly KIACCUKATBIK MEOPUACHIHbIY HCYbIKMANZAH meHoeyiepi Koaoauwliaowl. biz
MACeNeHiH HaKmbl WeuiMin maysin aiovlk. byn wewimoi Konoany Kke3inoe apmypii HColi0AMObIKMAPbIHOA
OIpKenKi K032anamulH OCCUMMEMPUATILIK KANbINMbL CUHYCOUOATbL HCYKMEMeCi acep emKeH Kezoe may-
JICLIHBIC MACCUBIHIY OipmeKkmi 6emon KaObleblH KOpulan mypeaH KepHeyli-0e(opmMayusiaHean Kyui
(KAK) sepmmendi. Ecenmey namuoicenepin manoayoan JHCyKmeme Hcoli0aMObIRbIHbIY JHCOAPLLIAYLIMEH
MAKCUMANIObL  PAOUANObL  KO3EANLICMAPObIH, MAKCUMALObL OCbMIK JHCOHE MAHSeHYUALObl KALbINMbl
KepHeynepoil, KabblKnen beximineen Kyblcmbly 0emKi HyKmenepinoe namioa 601amuli JHcaHe ey Hcoapol
KbLCLIMObL Ce3iHemiH MaHOepOIH dco2apbliaybl Oaukanadwl. Kyvic 6emineH anplcmagan Kke30e Ko32aiambliH
JICYKmMeMeHil opmaga OUHAMUKANBIK 2cep emy canoapbl a3dsobl.

Tyitin co30ep: cepnimoi keyicmix, Maccus, YUIUHOPIIK KAObIK, MOHHELb, KYObIPIUCENICI, HCHLINCHIMA-
JIbl MeP3IMOI dHCYKmeMe, HCbLIOAMObIK, OPbIH AYblCMbIDY, KepHeyep.

Kipicne. Kenik ToHHENBAEP1, MATUCTPANBIBIK I'a3 KYOBIPIAPhI )KoHE MyHal KyObIpIapsl
CUSIKTBI JKepacThl KYPBUIBICTAPBIH MaiijanaHy ToKipuOeci KoK >KyKTeMeJlepiHiH
JUHAMHUKAIBIK 9CepiMEH onlapAa maijga 0oiaThlH TepOenicTepliH cajjapblHaH OOJaThiH
KONTereH 3aKpIMAap MeH Oy3buTynapisl Kepcereai (OChl KypbUIbICTapaa KO3FajlaThIH
OOBEKTIIEp TYABIPAThIH KYKTemesep). JKyKTeMenepaiH KO3FajbIC KbUIIAMIIBIFBl apTKaH
Ke3Jle Iipi AeHreii apTalbl KoHEe OCBhl KYphUIBIMAAP YIIiH OENrijeHreH pyKcaT eTiuIreH
HOpMaJap/iaH achlll KeTyl MyMKiH. COHABIKTaH, COHFbI )KbUIJAPbI )KEPACTHI KYPBUIbICTAPbIHA
ocep eTeTiH KoMK KYKTeMelepi »KbULAaMIbIF bIHBIH oCyiHe OaiiaHbICThI (aTamn alTKaH a, aTar
aliTKaH/a, TOHHEIbACP IIIiHJe KO3FAIaThIH KOJIKTIH KYKTEMENIepi), OChI JKYKTeMeIepIiH
oCepiHeH OJapIblH AMHAMHKAJBIK KYH-03TepiCiH 3epTTey 03€KTi 00BN OTHIP.

KaObIKneH HbIFaUTBUIFaH TOHHEJBAEP MEH TEPEeH TOCEITeH >KepacTbl MarHCTPaJibIiK
KYOBIp KeJiJIepiH KeJiK JKYKTEMECiHIH 9cepiHe JUHAMHUKAIBIK €CenTey Ke3iHAe, 9AeTTe,
OHBIH 1mKi Oeri OoibIMEeH OipKenKi KO3FajaThlH CepIiMAl IIeKci3 opTana (cepmimuii

* E-mail koppecroraupytomiero aBropa: lotarbayeva@gmail.com
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KEHICTIKTE) OpHAJIaCKaH KYKTEMEHIH OipTEeKTi JOHreNleK LMIMHAPIIK KaObIFbIHA 9cep eTy
TypaJibl MOACJB/IIK MiHIETTEp KapacThipbLiaast [1].

Anaiina, MyHIai MoOJEJbJI KOJJAaHY KaOBIKTBHIH KaOaTThl KYPBUIBIMBI JKaFJIalbIHJA
nIeKkTeysi 00Iybl MYMKIH.

JKpimKBIMaNbl JKYKTeMe ocepiHeH Ooc KabarThl (€Ki KaOaTThl JKOHE YII KadaTThl)
KaOBIKTBIH JMHAMUKAchl [2 — 4] makananapeiHjga 3eprreiareH. Ceprimji KeHICTIKTerl
KaOBIKKa YKcac 3eprreynep [S5 — 7] enOekrepine xxyprizinreH. byn eHOekTepae KaObIKThIH
Keke (KYKa) KabaTTapblHBIH KO3FAJBICBIH CHUIATTAy YIIiH, [1] - meri KaObIK CHSIKTBI,
KJIACCUKAIIBIK KaOBIK TEOPUSCHIHBIH TEHACYJIEPI KOJIAaHBIIJIBL.

Byn enOekre kem KaOaTThl NOHrENICK LWIMHIPIIK KAOBIKTHI YKOHE OHBI KOpIIaraH
IIEKC13 CepITiM/Ii OPTaHbl IMHAMUKAJIBIK €cenTey Macesieci menii. KaObIKThIH imki OeTiH
OipKesKi Kecill OTeTiH Me3TiTiIMeH KO3FallaThIH KYKTiH OHBIH iIIKi OeTi GoibIMeH OipKesKi
KO3FaJiaThlH KaOBIKTBHIH 0Ci OOWBIHIIIA KE3EHIIK )KYKTEMEHIH 9CepiHe cangapbl 3epTTeIIe/i.
[S — 7] - TeH alBIPMAIIBUIBIFBL, €CENTi MIEeNIyle KapacThIPBUIBIT OTHIPFaH KaOBIKTHIH
JKeKe KaOaTTapbIHBIH KO3FaJbIChIH CHUMATTAy YIIH KJIACCHKAIBIK KAOBIK TEOPHSCHIHBIH
JKYBIKTAJIFaH TeHACYJIepi KOJIAaHbUIMAN/IbI.

Ouictep. Eceni menty/e aitHbIMaIbLUIaP/IbI TOJIBIK eMec 00Ty 9/1iCi KOJIaHbLIaIbI.

EcenTin KoibLIybI skaHe menriayi. KosranmaiTeia nuaaapiik 1,0, Z koopauHarrap
KyHecinne 1-cyperre kepcetinreH Oip-OipiMeH ThIFbI3 Oaitnanbickan N kabarrapaan
TYPaThIH IIEKCI3 Y3bIH JIOHTEICK HUIHHIPIIK KaOBIKThI KapacThIpalblK. KaObIK CBI3BIKTHI
cepmiMii, OIPTEKTI KOHE HM30TPONTHI KEHICTIKTE (MacCHUBTE) OpHajackaH. MaccuBIieH
JKaHacaThblH KabaTKa peTTiK HeMip 2 Oepe OTBIPHIN, KaObIK KadaTTapblH HOMIipICHMIi3.
MaccuB Matepuaibl MEeH KaOBIK KaOaTTapblHBIH (PH3HKaJIbIK-MEXaHUKAIBIK KacHUeTTepi

KeJleci TYPaKThUIAPMEH CUMarTainansl: Vi, W, P, (K=1,2,3,..,N +1), rae v,.—Ilyaccon
koo dummenti, p, = E, /2(1+v,) — BIFbICY MOy, Py — THIFBI3ABIFBI, Ey — ceprimuinik

Mopyii. MyH/a sxoHe opi Kapaii K = 1 uHekci MaccuBKe KaTKbI3butaabl, an k =2,3,.... N +1
— KaObIK KabaTTapblHA JKATKbI3bLIAIbI.

1-cypem — CepriiMi KEHICTIKTET1 KOIT Ka0aTThl KaOBIK

KaObIKTHIH i1IKi O€TiHE Z-0Ch OaFBITHIHIA TYPAKTHI KBUTIAMIBIKIICH KO3FaIaThIH (Mac-
CHUB TICH KaOBIK KaOaTTapbIHAAFEI BIFBICY TOJKBIHIAPBIHBIH Tapaly >KbUITaMIBIFEIHAH KEM)
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KYKTeMe acep eteai. TypakThl poliece KapacThlpbUIFaHABIKTaH, )KYKTeMEMEH OaiIaHbICThI
KBUDKBIMAIBI TUIHHAPIIK (I,0,1 = Z —Ct) koopauHaTTap )KyieciHe aybicyra 00Jabl.

1 oci OoibIHIIA Me3TiNIl *oHe O OYpBILTHIK KOOpAMHATAFa EpiKTi TOyeIALTiKICH
CUHYCOMJIAJIBI KYKTEME TYPIiHJE YCBIHBLIATHIH KaObIKka P(0, 1) Ko3raaMmalibl KyKTeMe
KAapKBIHABUIBIFBIHBIH 9CEP €Ty JKaFIalblH KapacThIPaMbl3.

P(6.n)=p(6)™", p(6)= _innei”e,

i ST (1)
Pj(ean): pj(e)e i‘f]’ pj(e): an]e 69 J = raeana

MYHJ1a PJ. (8,m) — P(6,M) — KYKTEeMEe KapKbIHIBLIBIFbIHBIH KYPayIIbICHI.

KosranpICThl cunarTay YIIiH JKbUDKbIMAJIBI KOOPAMHATTAp JKYHECiHIeri cepmiMIiiK
TEOPHUSACHIHBIH JTUHAMUKAIBIK TEHJICYIEPIH KOJJaHa OTBIPBIN, KaOBIK MacCHBl MEH
kabarrapbinbiH K/IK-iH aHbIKTaliMBI3 [§]

(M2 —M3?)grad divu, +M2Au, =, fon®, k=1,2,.., N +1 )

mynna, M, =c/c,, My =c/c, —Max cannapsr, Cor = [, + 21, j/pk , Cy = /11, /Py

— (k= 1) maccupre xone (k=2,3,...,N+1), A, =2, v, (1-2v,) kabbik KabarTapbIHIa
KEHEFO-KBICY KOHE BIFBICY TOJNKBIHJIAPBIHBIH Tapaly XKbUIIAMIIBIFbI, A — Jlaruiac ornepaTopsl,
Uy — MacCHB TIeH KaOBIK KadaTTap HYKTEJIEPiHIH BIFBICY BEKTOPHI.

Uk @5 (j=1,2,3) Jlame moreHIIManAaphl apKBIIBI KOPCETE OTHIPHIT [9]

u, =grad @, + rot((pzken)+ rot rot((p3ken), k=12,..,N+1, 3)

(2)-Hi keneci TypiHe KenTipemis:

%0
AQy =M2 DK 2123 k=1,2,.,N+1, )
on
MyHJia, €, — M — ocinin optel, M, =M, My, =M, =M.

(k =1) maccusrig KJIK xoHe u (k=2,3,...,N+1) xaObIk KabaTTapbIHBIH KOMIIO-

HEHTTEPIH (P, NOTEHIMAIIAPhl APKbLILI KOPCETEMI3.
Uy BEKTOPBIHBIH KOMIIOHEHTTEPi (3):

_ 00, +15(P2k n 82(Psk Uy, :la(Plk _a(sz +182(p3k U, = 00y +m52k 82(ng ’
o r 00 onor r oo or romnod " om on

urk

)

MyHaa m; =1-M; >0.

I'yk 3aHp! MeH (5) apakaTbIHACKIH KOJ1/IaHa OTBIPHII, 013 KepHEY TEH30PbIHBIH KYpaMac
0eJIiri yIIiH epHEKTep MIbIFapaMbl3:
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0’ o’
Gk = (21 +7‘kM;k) a;[l);k +2Mkm52k ;I);k ,

oo = MM ik 82(P21k + 2] 82(p21k + a +16(P2k - Paic ! o (2P3k + 82(Psk
o " r\r o or r e oroe roeon  aron

o’ o’p, 107 1 op ¢
=M ot 20 ( o’ Traear v a0 +ar2531k1 ’

o, 26 P +182(sz +(1+md) S P (P3k 6
omor | r o0an */ onzor (6)

—n (2 82(Plk (sz (1+msk) 63(Psk }
K

rooon orom . r  o0on’

Gy =21 lﬁz(plk _ 1 Ogy _62@2k _m_;(éz(p2k +l 0’9y 1 O’y
T revar r2 90 o’ 2 on* roromd® r’ onod )

KaObIKThIH MacCUBIICH OaliIaHBICBIHBIH €Ki TYPIH KapacThIPaMbI3: HKbUDKBIMAIIBI KOHE
karThl. CoflaH KeliH, KaOBIKTBIH MacCHUBIICH ChIpFaHAy KOHTAKTICI YIIIiH:

r= R]-IIC url :urzﬂ cTrrl =Grr27 Gml :Oﬂ GrGl =0’ Grnz ZO’ Grez =O7

r=Req-ze Uy =Uu,» O =Cpjas (7

rjk

r=Rnii-1¢ © =P,0Om), j=r,0,n, k=23,.,N.

KaObIKTBIH MacCHBIIEH KaTThl KOHTAKTICI YIIIiH:

rjN-+1

r=Re-me Uy =Uj,s O = O

r=Rn+wi-ne o4, =P,On), j=r,0,n, k=1,2,..,N. ®)
¢ moreHnmanaapbiH (1)-re Topizaec TYpiHJIe NIBIFAPaMBI3:
@ (r.0m)=d,(r,0)™. ©9)
(9)-1p1 (4)-Ke aMMacTHIPHIT, IIBIFApaMBbI3
AD, - mj?kEJZCDjk =0,j=12,3 k=L2,..,N+1, (10)

MyHza A, — Kocenmemi Jlamnac omneparopsl, mj?k =1-M jzk, My =My, My, =My =mg

Kykremenin Mg, <1 ( My > 0) npIGbIcTaH TOMEH KBULIAMIBIKIIEH KO3FATybl KE3iH-
ne (10) Tenaeynepiy memiM/IepiH Keneci Typae YCbiHyFa 0oJia bl
- MacCHB YIIiH:

0

= YK, ke, (11)
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- KaOBIK KabaTTapbl YIIiH:

0

(Djk = Z(anj+3(2k73)Kn(kjkr)+anj+6(k -1) n(k]kr)) o k 2 37 8] N 1. (12)

N=—c0

Mynpa: |, (kr), K, (kr) — tuicti monudukanusnanran beccenb QyHKuMAnapbl MeH

Maxkponansa GyHkuusapsl, Kj, = |m. Ky = |m k&
TIJIeHYyIre JKaTaThlH OENTici3 KO PUITUESHTTEPI.

(11)-11 (9) 6eH (5), (6) eckepe oTwIphIn, 613 MaccuBTiH K/IK koMmonenTin ecentey dop-
MyJajapblH MIbIFapaMbl3:

s J = 1,2,3; am,..., an(6N+3) - 66.]1‘

3
ZZTUI(K (k”r))e'(émne) a. G|m1 _ Z ZSImJI(K (kjlr)kl(@ﬁn@) a.
n=—c0 j=1 n=—oo j=1

myHzaa I =r,0,m, m=r,0,n;

! n !
T = kllKn(kllr)’ T = _F Kn(k21r)a T =—¢ k31Kn(k31r),

n . , . n .
Tell z? Kn(kllr)|9 T921 = _klen(kZIr)l’ T931 :_FaKn(kmr)l >

1 =E&K, (kllr)i’ Tn21 =0, Tn31 :_k321Kn(k31r)i >

2 A M2E? !
Srrll = 2[k121 +|:—2 —l—plE”JKn(kHr)——ZKHKn(k“r) ,

2n 2k, K/ (K, r
rr21:r_2Kn(k21r)_ = ;( = )7

2 !
Sien = &[k; rJKn(k“r)er,

S

r

2 AM2E ,
S = 4 P ), 2e)
r 2y, r

2’r“<n (k21r) + 2nk2lr(r’1 (k21r)

2y,

S9921 == rz r B
s - 280K (kyr) 28K, Ki(k 1)
0031 — 2 5
r r
1+A, M2
Snnll == Z(J]Kn(knr)o 87(111)21 =0, 87(1171)31 = 2m321§3Kn(k31r),



Omapbaes XK. O. sicone m.o. Koseanmanst mepsimoi scykmeme acepinen cepnimoi maccusmezi ... 201

S0, :(_ 2nKn£k11r)+2nk11Kr'1(k11r)ji , Spp = L (kzzl 2rn an(k21f)+ 2k21Kn(k21l’) i

r r r

S :(2n&Kn(k31r)_ znékﬂK'[‘(k“r))i
ro31 r2 r ’

2nEK (K, r ne2(1+m2 K (k. r
Senllz_Wa 9n21 &,k21K (kzlr) Sen31: E" ( 3rl) n( 31 )’

K. (k, )i , dK, (k. r
m11 2E.>k11 n( ) S =—w Srn31 =—§2k31(1+m§1)K;(k31r)|; K,:(kjll‘)z ( L )

m21 )
r dik“ri

Con cusakrel (12)-cin (5), (6)-Fa anmacTeipa OTHIpEIN, KaObIK KabartapeiHbH KK
KOMIIOHEHTIH ecenTey (GopMynanapblH NIBIFAPAMBI3:

© 3 |
- Z Z4[-|-'J'('})(Kn(kjkr)) Anjr3(2k-3) +le(k2)(|n(kjkr))anj+6(k—l)]el(§n+ne)a

n=-ow j=1

o0 3 .
% = Z Z I:S|(r}‘3k (Kn (k]k r)) anj+3(2k—3) + Sl(nij)k (I n (kjk r)) anj+6(k—1) ] el(Eﬂ‘Hne) .
k n=—w j=l1

myHaa l=r,0,n, m=r,0,n, k=23, ,N+1,;

n
r(llk) kle (klkr) Tr(21|)< Z_F Kn(kzkr)> Tr(31k E_vk3kK (k3kr)
, . n .
Te(lk K (klkr)l TegL =—k2kKn(k2kl’)l, Te(;i Z_FgKn(kwr)' >

nlk ‘:K (klkr)l T(l) =0, T(zi_ k32kK (k3kr)ia

n2k

2 ' ’
{16 TP ) 2], ) - ki)
r 2w, r r r

2 '
Sg;k = _2é(k32k + I:_z]Kn(kSkr)_'_ Zah Krn (k3kr) )

1+A,M2
-rmlk =-2§ (#JKn(klkr)a S‘r(m)2k =0, S-r(m)3k _2m32k§3Kn(k3kr)’
k

' 2 '
Sr%ik :[_ ZnKngklkr)+ 2nk1kKn(klkr)ji, Sfé)zk :[_(kzzk +2L)Kn(k2kl’)+ 2k2kKn(k2kr)Ji ,

r r r’ r

3k 2

S%) _ (ZnE,»Kn (k3k I’) _ 2n& k3k Kr: (kakr))i
" r r ’
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2nEK, (k1 ng>(1+m;, K, (ky, r
st = 286u) 50 e kil s, =" ! 3;) ollr)
nK_(k,, r , .
rn]k = 2§kle (klkr)l’ rn)zk = wa Sr(111)3k Z_E::zk}k(l—i_m?k )Kn(k3kl’)l;
Kr',(k jkr) (k’kr) le(kz , S,;J)k Ki-ai |,-re aybicThIpyMeH T”(k), S,(m}k LIBIFAPBUIAIBL.

dlk,r)

7) Hemece (8) CofiKec OPHEKTEpAi aaMACTHIPBIN, €"-meri KarapaapablH Kod(hdu-
P P p piap

LUEHTTEPIH TEHECTIPE OTHIPBIIL, 013 8;5-+- Byon.3) KOIQPUIMEHTTEPIH TAOATHIH CHI3BIKTHIK

anreOpaJbIK TeHICYJIEP/IiH MIEKCi3 KYHECIH IbIFapaMbI3.

Epikri ke3eHmik JxkykTteme OonFaH »karmaina, oHbl Dypbe KaTapblHa BIABIPATHII,
KaTap/IeIH opOip Kypamac Oeiriri yiriH 0i3 )KoFapbla KapacThIPbUIFaH €CeITi IIbIFapa ana-
MBI3.

Haru:xenep :xaHe TaakbLiay. Meican peringe, v, = 0,25, p, =4,0-10°Ia, p, =2,6-10° kr/
Mm% Cy = 1240,35 m/c cumarramanapbl 0ap Tay»KbIHBIC MACCHBIHJC YJKCH TEPCHIIKTE
opHanackaH Oerrep pamgumycrtapel R, = 1,1 M, R, = 1 m Geronasr Oip xabdartsl (v, = 0,2,
W, =1,21-10"° Ia, p, = 2,5-10° kr/m*; C, = 2200 M/c) HUIHHAPIIK KaOATThI KApacThIpambI3.
TypakThl C JKBUIJAMIBIFRIMEH KaOBIKTBIH IIIKi O€TiHJAe KO3FajaMallbl KOOPIWHATTap
JKYWEeCiHIH OachlHAa KAOBIKTHIH iMIKi OETiHE €H KOIl KbICHIM JKacaWThIH P, aMIuIUTyIachl
0ap OCHMMMETPUSUIBIK KaJblNThl cuHycouaansl (7' = 2w M) >xykreme Kozranaasl (n=0).
KaObIKTHIH MacCHBIICH OaliIaHbIChI KATTHI JICIT CAHANMBI3.

1-KecTe/e )KYKTEMEHIH dpTYPIIi KO3FalIbIC KbUTIaMIbIKTa 1 = 0 jKa3bIKTarbl MACCHBTHIH
KJIK koMITOHEHTIHIH CaHJIBIK MOH/IEPI KEeNTipIIreH.

1-kecme — 1 = 0 xa3pikTarbl MaccuBTHIH KJIK KOMIOHEHTIHIH CaHIBIK MOHAEP1

Uy, M Ot Gl
¢, m/c r/R, r/R, r/R,
1,0 4,0 1,0 4,0 1,0 4,0
200 0,29 0,01 -0,29 0,01 0,40 0,0
800 0,33 0,03 -0,34 0,02 0,48 0,01
KecTeneH  KyKTeMe O KbULIAMJBIFBIHBIH ~ JKOFapbllaybiIMeH — MaccuBTiH — KJIK

KOMITOHEHTIHIH MOHJIEPi €H >KOFapbl KbICBIMFA YIIIBIPAWTHIH KAOBIKIIEH OCKITLITeH KyBICTBIH
OeTKi HyKTelepiHe )Korapiaiasl (0y1 HyKkrenepae Uy, paguanibl KO3FallbICTapP, OCBTIK |Gy,
JKOHE TaHTSHIIMAJJIBI Gge; KAJIBIITHI KEPHEYIIEP MaKCUMaIAbl MoHAepre nue). Kybic 6erineH
aJNBICTaFaH Ke3Zle KO3FaJaThIH XYKTEMEHIH MacCHBKE TUHAMHKAIBIK 9Cep €Ty caiaapbl
TOMEH/ICH/II JKOHE OCBHIH/Ia KapacThIPhUIFaH r/ R, =4.,0 kesinge sKykTeMe KO3FasbICBIHBIH
Ke3 KeJTeH JKbUIIaM/IBIFbIH/IA A TapIIbIKTall TOMEH MaHBI3IbI OOTAIBI.

KopbiThinabl. Karan Marematukanblk [5—7] KOWbUIBIMIA JKOHE OCBIFaH YKcac
YKYMBICTap/IaH allbIpMaIIbUIBIFBI, CEPIIM/Ii KEHICTIKTET1 IOHTeIEK IMITHHIPITIK KOT KabaTThl
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KaOBIKKA JKBIDKBIMAJIBI ME3TUIIIK JKYKTEMEHIH ocepi Typajibl €CENTiH aHaJTUTHKAIIBIK
HICMIIMI [IBIFAPBULABI. O3IPJICHICH €CeITey OJICTeMECiH TOHHENbIIH KabaTThl (epeKiie
JKarjaiaa, OIpTeKTi) KaObIFBIMEH HBIFAUTBUIFAH, COHJAl-ak KaObIK (KyObIpkerici) oci
OoibIHIIIA Ke3eH 1 KOJIK JKYKTEMEJIEPiHiH OpeKeTi Ke3iHAe TepeH TYHMbIKTalFaH jKepacThl
KYOBIp>KenmiciHig (KadaTrThl HeMece OIPTEeKTI KypbUIBIMHBIH) JUHAMHUKAIBIK KYH-03repicin
3epTTey Ke3iHJe KOJIJaHy YIIiH YChIHbUIAABI. ATan alTKaHAa, MarkuCTPaJbbIK KepacThl
MYHal KYOBIPXKEIIJIEPiHIH HeMece ra3 KyObIp:KeJIUIEPiHiH JUHAMHUKACHIH 3e€PTTEY KE31H]IE,
OHJIa JKYMBIC ICTENl TYpPFaH COPFbUIAPJAH HEMece KOMIIpeccopiapiAaH WMITYJIbCUBTI
Mep3iMzl Oy3bUTYIap/blH SCEPIHCH aFbIHJAFbl JBIOBIC KO3FAJIBICHIHBIH KbLIIaM/IbIFBIMEH
TapaJlaThlH KbICBIMHBIH MEP3iMJIi TOJKBIHBI OpHAThUIabl. llIbIFapbiiran menimal mai-
JlAIaHy Ke3iHJe Tay»bIHbIC MAcCHBIiHIH Oip KabarThl 0OeToH KaObIFbIHBIH KJIK-ci OHBIH
OpTYPJIi JKBUIIAMJIBIKTAPbIHIA OIpKeJIKI KO3FaJlaThlH OCCHMMETPHSUIBIK KaJIBINThI CHHY-
COMJIANBI KYKTeME ocep eTKeHje 3epTreni. Ecentey HOTKeNepiH TannayJaH KyKreme
JKBUIIAMJIBIFBIHBIH, KOFapbliaybiMeH MaccuBTiH KJIK KOMIIOHEHTIHIH MOHAEP] €H JKOFaphl
KBICBIMFa YIIBIPANTHIH KaOBIKIIEH OEKITUITeH KyBICTBIH OSTKI HYKTeNepiH/Ae dKOFapIaiThIHBI
(6yn HykTenepze Uy paauabl KO3FalbICTap, OCHTIK |Gy, JKOHE TAHTEHIMAIABl Gy
KaJIBIIITHI KEPHEYJIEp MaKCUMaJIbl MoHAepre ue) ineceni. Kybic OeTiHEeH aibicTaraH Kes-
JIe KO3FaJlaThlH JKYKTEMEHIH MAaCcCHUBKE JIMHAMUKAJIBIK 9CEep €Ty cajjapbl TOMEHICHI
JKOHE OCBIHJIa KapacThIPbUIFaH I’/ R, =4,0 kesinie xykreme KO3FaJbICBIHBIH Ke3 Kel-
TeH KbULIAMJIBIFBIH/IA alTapIIbIKTall TOMEH MaHbI3Ibl Oosiajsl. Ochulaiilia, MacCHUBTIH
KOpIIIaFaH JUHAMUKAJBIK OCJICeH I KaOaThIHbIH KaJIBIHJIBIFbI KAOBIKTHIH CHIPTKBI OCTIHIH
YII paguychiH Kypaiinel. SIrHu, TonHenpaiH h >4R, opHanacy tepenairinae (MmyHaars h
— KaObIK OCIHEH OFaH Mapauieiibal JKep OeTiHe NeHiHT1 KAlIbIKTHIK) OHBIH €CEeITIK cXema-
CBhIH OChI €HOEKTE CHUSKThI CEPIIMII KeHICTIKTE OpHAJACKaH KaObIK TYpiHJIE KaObUIIayFa
Oonajpl.
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JIUHAMMKA MHOI'OCJIOMHOM OBOJIOYKH B YIIPYTOM MACCHUBE
MO/ BO3JAENCTBUEM JIBUXKYIIENCSI MEPHOAUYECKOM HAT'PY3KH

Pewena 3a0aua o Oeticmeuu Ha BHYMPEHHIOW NOBEPXHOCTbL OECKOHEUHO ONUHHOU MHO2OCIOUHOU
KPY20o80u YUIUHOPUECKOU 000N04KY, PABHOMEPHO OBUNCYWelCa 600b ee 00pasyloujell Hazpy3Ku, ne-
puoouueckoil no ocu 060a0ury. O6ONOUKA PACNONOJNCEHA 8 YNPY2OM NPOCMPAHCMEe (MACCuse), paccma-
MpUBAEMOM 8 NOOBUINHCHOU CUCHEME KOOPOUHAM, CEA3AHHOU C Haepy3Koll. [leudxcenue maccusa u cioes
060104KU ONUCBIBACTCS OUHAMUYECKUMU YDAGHEHUSMU Mmeopuu ynpyeocmu ¢ nomenyuanax Jlawe. Jlns
peutenus 3a0auu UCNONb3Yemcs Memoo HeNnonHo2o pasoenetus nepemennsix. Ilomenyuans: npedcmagisi-
tomest 6 gude ps0os Pypve — Beccens, Heuzsecmmuble KOIDOUYUEHMbL KOMOPBIX HAXOOSMCS U3 2PAHUUHBIX
yenosutl. B omauuue om no0o6HuIX pabom no cioucmviym 000N0YKAM, NPU peueHuu 3a0ayu He UCNONb3Y-
HOMCsL NPUOTUICEHHbLE YPAGHEHUs! KIACCUYECKOU Meopuu 000104eK OISl ONUCAHUSL OBUICEHUSI OMOETbHbIX
cnoes paccmampusaemou obonouxu. Ilosmomy nonyuennoe pewiernue snauumensHo mounee. Ipu ucnonb-
308AHUU NOYUEHHO20 PEUEeHUs. UCCLE008AHO HANPANCeHHO-0ehopmuposannoe cocmosinue (H/[C) okpy-
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JHcarouye20 0OHOCIOUHYIO OEMOHHYIO 0D0I0UKY HOPOOHO20 MACCUBA NPU OCUCMEUU HA Hee PABHOMEPHO
0BUANCY Y ELICS OCECUMMEMPULHOU HOPMATLHOU CUHYCOUOANLHOU HAZPY3KU NPU PAZHBIX ee CKOPOCHAX. M3
ananuza pesyrbmamos pacyemos ciedyen, Ymo ¢ Y8eauueHuem cKopoCcmu O8UNCEHUS HAePY3KU 3HAYEHUs]
MAKCUMATBHBIX PAOUATLHBIX NepeMeleHUll, MAKCUMATbHBIX 0CEbIX U MAHSeHYUATbHBIX HOPMATLHBIX HA-
NPSICEHUT, BOSHUKATOUUX 68 MOYKAX NOBEPXHOCTU NOOKPENIEHHOU 000I0UKOU NOIOCTU, UCHBINBIBAIOUUX
Haubonvulee oasnenue, sospacmarom. C yoanenuem om n08epXHOCMU NOTOCMU 3P herm OUHAMULECKO20
6030elicmeuUs O8UIICYUeliCsl HA2PY3KU HA MACCUE CHUICACTNCAL.

Knioueswvie cnosa: ynpyzoe npocmpancmeo, Maccus, YuiuHOpu4eckdas o00n10uKa, moHHelb, mpyoo-
nPoB800, NOOBUIICHAS NEPUOOULECKAS HACPY3KA, CKOPOCb, NepeMelyeHsl, HANPSIHCEeHUs.

ZH. O. OTARBAEV, S. R. GIRNIS?, K. T. MAKASHEV?, V. T. STANEVICH?

'National Engineering Academy of Kazakhstan, Almaty, Kazakhstan,
2Toraighyrov University, Paviodar, Kazakhstan

THE DYNAMICS OF A MULTILAYER SHELL IN AN ELASTIC SPACE
UNDER THE INFLUENCE OF A MOVING PERIODIC LOAD

The problem of the action on the inner surface of an infinitely long multilayer circular cylindrical
shell, uniformly moving along its axis, has been solved. The load acting on the shell is periodic along
the axis of the shell. The shell is located in an elastic space (medium) considered in a moving coordinate
system linked to the load. The motion of the medium and shell layers is described by the dynamic equa-
tions of the theory of elasticity in the Lamé potentials. The method of partial separation of variables is
used to solve this problem. The potentials are represented as Fourier-Bessel series, and the unknown coef-
ficients are determined from the boundary conditions. Our approach differs from other studies dedicated
to multilayer shells, which rely on approximate equations of classical shell theory to describe the motion
of each layer when solving the problem. We have obtained an exact solution to the problem. By utilizing
this solution, we examine the stress-strain state (SSS) of the homogeneous concrete shell encompassing a
rock mass subjected to a uniformly moving axisymmetric sinusoidal load at various velocities. Analysing
the computed outcomes reveals that as the load velocity escalates, the magnitudes of the maximum radial
displacements, maximum axial stresses, and maximum tangential normal stresses intensify at the points
on the surface of the strengthened shell cavity, enduring the greatest pressure. As the distance from the
cavity surface augments, the influence of the dynamic impact caused by the moving load on the medium
diminishes.

Key words: elastic space, medium, cylindrical shell, tunnel, pipeline, moving periodic load, displace-
ment, stress.
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2Kazaxckutl HayuoHanbHblLil nedazo2udeckutl ynueepcumem umenu Abas,
Anmamur, Kazaxcman

HNCCIEJOBAHUE AJITOPUTMA CUJIBBEPA-ITIOJIUTA-XEJIJIMAHA
B 3AJAYAX JUCKPETHOI'O JIOTAPU®MUPOBAHUA

B oannou pabome onucana nocmanoska 3a0auu OUCKPEMHO20 J02APUDMUPOSAHLUs, KOMOPAs A61s-
emces 8adcHoll Mamemamudeckou npoonemoil. [Ipoananuzuposan aicopumm 6bl4uUcieHus OUCKPEmHO20
nozapugpmuposanus Cunveepa-Ilonuea-Xenmana u ykazamvl e2o HeOOCMAMKU, BOIHUKAIOWUE U3-30 UC-
NONL306AHUS HUCEN CNEYUATLHO20 UOd, HA3BIBACMbIX 2NAOKUMU. YKazana npobiema, Komopas 03HuKaem
npu noucke 21A0KUX npocmuix uucen 601bwion paspsaonocmu. Ilpoyecc noucka makux wucen sameonsem
aneopumm Cunveepa-Ilonuea-Xenimana, Kpome mo2o. HeU38ECMHO B03MONCHO U HAUMU 2NA0KUe Npocmyle
YUCIa HeoOX00UMOU Pa3psOHOCIU, 8e0b UX KOTUYECBO CPeou NPOCMbIX YUCETL YPe3BbIualiHO MA0, YMo
cmagum noo 8onpoc IPPeKmueHOCMb UCHOTB30BANUSA aneopumMa. Beedeno nonsmue 2nadko2o npocmozo
YuCna, NPeosoACeHa KacCuBuKayus 8 3asUCUMOCHU OMm POCMa NOOPsO PACNONONCEHHBIX MHOJCUmenell Ha
uoeanvho 2nadkue u YacmuyHo iaokue npocmule ucia. Ipoananuzuposanvl nepgvie 0ecsimv MULIUOHOG
NPOCMbIX YUCel Ha 2NAOKOCHb, CPeOU KOMOPBIX UOEAbHO 2NAOKUX OOHAPYHCEHO HECKONbKO decamKos. 11o-
KA3aHo, 4mo OJis NOUCKA 2NAOKUX NPOCIBIX YUCEeN U AHATU3A UX CBOUICE HEOOXOOUMO 3HAMb, KAK pacnpeoe-
JIeHbL NPOCMbLe YUCLA 8 3AGUCUMOCHIL 0Nt KOIUYECMEd NPOCHblX coMHodicumenel. IIpugedenuvl pe3ynvmanbvl
pacnpedenenust nepebix 0ecamu MULIUOHO8 NPOCIBIX YUCEN U GbIOGUHYNIbI NPEONONONCEHUSL O BO3MOICHBIX
3akoHax pacnpedenerus. Ilpusedena npobnema nocmpoerusi mepuvl 21a0KOCmU, KOMopdas O0NINCHA Obiib
paccmompena 6 3a8UcCUMOCmU O PA3HUYbL CMENICHBIX COMHOJICUMENell U ux cmenemeil.

Knioueswie cnoga: ouckpemmuwiil 102apugm, npocmoe wucio, 21adkoe npocmoe Yucio, nepeooopas-
HbILl KOpeHb, Qakmopuzayus.

BBenenue. 3amaua IUCKPETHOTO JOrapu(pMUpOBaHUS SBISETCS OJHON M3 (hyHAaMeH-
TaJbHBIX MaTeMaTHUYSCKUX 3ajad. Ha jmaHHbI MOMEHT He cyiiecTByeT 3()(EeKTUBHBIX aii-
TOPUTMOB BBIYHCIICHHUS AUCKPETHOTO Jorapruma. DTo CTajIo OCHOBOMU /ISl CO3/TaHUS KPHII-
TOrpapUUECKUX aITOPUTMOB C OTKPBITHIM KITFOYOM B Hadaje 80-X rojioB, KOTOPhIE ITHUPOKO
HCIIOIB3YIOTCA 0 CE EHb.

OcHoOBHas ujesl alrTOPUTMOB C OTKPBITBHIM KIIIOYOM COCTOHUT B TOM, YTOOBI HAWTH He-
KOTOpOE JIETKO BBIMIOJHSAEMOE Ha dTale MU(PPOBaHUS MaTeMaTHYECKOe MpeoOpa3oBaHue,
KOTOpOE OBIIIO OBI TPYIHO OTMEHUTH 0€3 3HAHUs CeKpeTHOW nHpopmarmu. Takoe mpeodpa-
30BaHHE SBIBICTCS OMHOCTOPOHHEH (QYHKIHCH [1]. DTH QyHKIMH BKIIOYAIOT B ceOs PyHK-
LU0 IMCKPETHOTO BO3BE/ICHHUS B CTETICHb, H JIJIS €€ 0OpalieHus TpeOyeTcsl BRIYHCIUTh JAHC-
KPETHBIN JIoTapuMm.

IIJ'IH MYJIBTUIINIMKATUBHBIX I'PYIIT KOHCYHOI'O IOJIA U JJIA T'PYIIIL, HOI[O6HI)IX JJIIUIITUYC-
CKUM KPUBBIM, HE CYIIECTBYET YPPEKTUBHBIX AITOPUTMOB TTOJIMHOMHAILHBIX BEIYUCIICHHH.
BonbmmHCTBO METOI0B MMEIOT SKCIIOHEHINAIBHYIO WM TOAIKCIIOHEHIIUAIBHYIO CIIOXK-
HOCTh. O/THaKO B cirydae peann3anui 3(pPpeKTHBHBIX AITOPUTMOB BBIYHCIICHHS JUCKPETHO-
ro Jiorapudma Bce KpUNTOrpaguueckne CUCTEMbI, OCHOBaHHBIC HA HEM, CTaHyT HEMPUTO/I-
HbIMH. /[0 CHX TIOp CyIIeCTBOBaHHE TAKOTO alITOPUTMA SBISETCS OTKPBITBIM BOTIPOCOM.

* E-mail koppecnionaupyioiero apropa: umut.t@mail.ru
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B pabGorax [2], [3] paccMaTpuBaeTCsi OBICTPBIM aJrOPUTM, B KOTOPOM HCIIOJIb3YyeT-
Csl OIIPEJICTICHHBI TUIT YUCEN, Ha3bIBAEMBIH “IIIQAKHM”’. DTOT aNrOpUTM OOEIIAeT IMOJIH-
HOMHUAJBHYIO CJIOKHOCTh, B Cllydae, KOrjja BBIYETHI POU3BOIAATCS MO MOJYJIIO HMPOCTOrO
IJIaJIKOTO YHCJIa, CIIEI0BATENIbHO, BOSHUKAET BONPOC 00 3Pp(HEeKTHBHOM HAXOXKIEHHH TaKUX
qycesl, U paclpeeieHUH 3TUX YUCENl CPeu MPOCTBIX YHCEN, MOCKONbKY B NMPHUKIATHBIX
acrmekTax Kpunrorpaduu 3To — yucia 0oJbiol paspsaHocTu. OJHAKO YETKOTO OIpeaese-
HUSI TIOHSTHS TIAIKOCTH He cylnecTByeT. [pyroii mpoOiemMoii sBIseTCcs MOUCK YKCes TaKOTo
tuna. Jlanee B crarbe OyleT paccMOTPEH alIropuT™, npeanoxeHHblii CruibBepom, [lonmurom
1 XeJIJIMaHOoM, a TaKXkKe MPeUIoKEeHa Kiaccu(puKalys MaJKuX YUCel U MPEICTaBICHO UX
pacrpesencHue.

MarepuaJjibl 4 MeTOBbI. 33129 TUCKPETHOTO JIOTapU(MHPOBAHHS paCCMATPUBACTCS B
KOJIBIIE BBIUETOB 110 MOJYJTIO TPpOCTOro uncia (Z/mZ)*. 3agaya cCOCTOUT B TOM, YTOOBI HAWTH
X, 0< X< p—1, yIoBIETBOPSIOLLEE CIEAYIOIEMY CPABHEHHUIO:

a=b*(mod p). (1)
rae 8, b, p u3BecTHbI, P-11BIs€TCS IAAKNM (BCG €0 ICIUTENH Mallbl) M H3BECTHBI BCE €TI0
— %
PasIOKEHHs §; HA MPOCTHIC AeTUTEeTH P -1= l_l[qi [6]. B To xe Bpemst B paboTax [3,4]
i=!

MpeAnoaractTes, 4ro b siBiaseTcs mepBooOpasHbIM KOPHEM MO MOAYTIO P. DTO O3HAYAET,
YTO BMECTE CO CBOMM KJIACCOM BBIUETOB OH TeHepupyeT rpymmny (Z/pZ)” [5]. Oanako cie-
JIyeT UMETh B BUJIY, YTO TPU TaKOW (POPMYIUPOBKE aJTOPUTM SIBISICTCS JIUIIh YaCTHBIM
Clly4aeM pelIeHHUsl TUCKPETHOTO JiorapudmupoBanus. Takke ero Ucnojib3oBaHue Tpedyer
CYyIIECTBOBAHUS AJITOPUTMOB HAXOKICHUS [MIAAKUX YHCET.

Anroputm u3 [3] coaepKUT CIEAyIOIe aru: ()
i(p-1

1. Jlns Kak[oro MpoCTOro MENMTENs ( BBIMUCIAIOTCA 3HaueHus Iy ; = b % |, rme

i= (0, g - 1). Tt mocTpoenust b GosIbIei CTEMEeH UCTIONB3YETCSI METOT ITOCIIEI0BATENh-
HOTO BO3BE/ICHUS B KBajpar [2].
2. llpennonaraercs, uto X=X, + X0 +...+ X, N _1(m0d p), e X = (qui —1). Yro-

P ) e L

=b

i

P

— . g —
=T Tormaxo=J,ecim a ™ =T, ;.

N o -
OBl HAITH X,, BEIYUCIsIeTCs & & =D G

Pl (exad)(Pl) ey

k+1 i

3.a" =b 4 =b =T, x VIS KXKJI0T0 k= (l,oci —1) , HAXOIUM X, = |, €CITH

4. Tlo 3aBepiIeHNH UCTIONB3YETCS KUTACKast TeopeMa 00 OCTaTKax M HAXOTUTCS X.
Takoit aaropuT™M MOKET OBITH 3((HEKTHBHBIM U PEATH30BaH C MOJTMHOMHUAIHLHON CIIOXK-

2
Hocteio Ol(log, p) |, ecnu uucio (p — 1) sBusgercst maakum [7]. U3 3Toro cienyer, 4to
2 y

ecnu (pakTopuzanus (p — 1) 3apaHee He U3BECTHA, TO HEOOXOMUMOCTD B (haKTOPH3AIIUH He
ycnoxHseT 3anady. OHaKo cieyeT UMeTh B BUJIY, UYTO B KpUNTOrpaduHl UCTIONB3YHOTCS
MPOCTBIC YKCa P JOCTATOYHO OOJNBINOW Pa3psTHOCTH, TOTJAa BO3HUKAET MpodiieMa B Ha-
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XOXK/IGHUH TaKHX YHCET TaKMM 00pa3oM, 4ToObI (p — 1) ObUIM pa3yioKeHbl Ha HEOONbIIHE
MPOCTBIE MHOXHTEJIN. MOKET BOZHUKHYTh CHUTYallMsl, KOT/Ia HEBO3MOKHO HAWTH TIaJKOe
YHCII0, HEOOXOAUMOE JUTs PeIlIeHNs] KOHKPETHOH 3a1aui.

Ha naHHBII MOMEHT aNropUTMBlI HAXOXKJCHUS TIIAJAKHX YMCENl HEM3BECTHBI, YTO 3HAYH-
TEJILHO YCIIOKHSET UCTIOJIb30BAHNE IPUBEICHHOTO BBIIIE ajroputMa. J{o cux mop cBoiictsa
INIAIKUX YHCEJ U UX paclpeielieHne He UccienoBaauch. OHAKO B Cilyyae HOSBICHUS (-
(DEKTHBHBIX ANTOPUTMOB MTOUCKA MPOCTHIX YHCEIN P, ISl KOTOPBIX (p — 1) SBISETCS TIIAJAKUM,
QITOPUTMEI C OTKPBITBHIM KJIFOYOM MOTYT CTaTh HEPUTOAHBIMU JIJIsl UCTIONIb30BaHus. Jlasee,
B paboTe, TAKOro THIIA MPOCTOE YUCIIO P OyJeT HAa3bIBATHCS IVIAIKUM MPOCTHIM YUCIIOM.

Bynem Ha3bIBaTh IPOCTOE YHCIIO P 21A0KUM NPOCIBIM YUCIOM, JUI KOTOPOTO:

I0=|jpi“‘+1, 2

IIe P; — IPOCTBIC YUCIIA, PACIIOIIOKEHHBIE IIOAPSA B PANY IPOCTBHIX YUCEI WIM C HEKOTO-
PBIM IPOMEIKYTKOM MECKIY HUMU. Pa3HI/IHa MCKAY MHOXUTCIIAMU BJIUACT HA CIVIA)KUBAHUC
yrcedn. Pemenne npo6iaeMbl OCTPOSHHS MEPBI TIIAJAKOCTH SIBISICTCS HEUCCIIEA0BAHHON 00-
JIACTBIO B TEOPUU YUCET U SABIISETCS TEMOM ISl TAJIbBHENIIMX MCCIIEIOBAHUI U aHAIU3a.

B 3aBucCHMMOCTH OT TOCIICIOBATEILHOCTH BO3PACTAHUS MPOCTHIX MHOKHUTEIICH TIIaIKHe
YHUCIIa MOXKHO KJTaCCU(UITUPOBATD CIICIYIONUM 00pa3oM:

WneanpHo raakue MpoCcThIe YMcia - TO TaKKUe YKCia, 9To IS paBeHcTsa (2) p;, = 2,3,5,
.+» Px- OTO O3HAUAET, YTO BCE MPOCTHIC MHOXKHUTENH SIBIISIFOTCS ITOCIIEA0BATEIILHBIMU MPO-
CTBIMH yHciIaMu. [IpruMepsl TakuX ducen npencTaBieHbl B Tabnume 1.

Taonuya 1 — VneansHo Iagkue NpocThle YUCIa

172161991 24.3.52.7.11%.13°

172972801 28.3%.5%.7.11.13

174414241 2°.3%.5.7.11° 13

175134961 24.37.5.7.11-13

176576401 24.32.52.7°.11-13

177627451 2.3.5.7%.11.13°

174594421 22.3%.5.7.11.13-17-19

OTOT THIT TIAJKUAX YUCEI TIO3BOJIUT HAWTU JUCKPETHBIN Jorapu(M B COOTBETCTBUU C
aaroput™MoM [3] ¢ MOJMHOMHAIBHON CIOXKHOCTBIO [7]. OgHAKO Hapsoy C ONpeneICHUEM
UJCaJbHO [MIAJKOTO YKCIa BO3HUKAET BOMPOC O KOJUYECTBE TAKUX 4yuced. MOXeT ciy-
YUTHCS TaK, YTO TIOMCK TJIAJKOTO YHCla OOJBIION pa3MEpHOCTH OYIET UMETh BBICOKYIO
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QJITOPUTMHUYECKYIO CJII0KHOCTB, YTO, B CBOIO O4Y€pelb, JeIaeT UCIOIb30BaHUE AIrOpUTMa
Cunbgepa-Ilonura-XemiMana HePaKTUYHBIM.

YacTryHO CriakeHHbIE MPOCThie uncina. [Ipeanonaraercs, 4To UIsk TAKUX YHCEN I10-
CJIEZIOBATEIILHOCTh MPOCTBIX MHOKUTENEH HE 00513aTeNbHO SBISETCS MOCIe0BATeIbHBIMU
MPOCTBIMH YUCIIAMH, HO Pa3HUIIA MEXIY MOCIe0BaTeIbHBIMA MHOKUTEISIMU HE JI0JDKHA
OBITH CITMIIKOM OO0JBIION. [IpuMep YacTHYHO CIiIaKeHHBIX YHCeIN TI0Ka3aH B Tadiuie 2.

Taﬁﬂuua 2 —YacTU4HO CIriIa)KeHHBIE IMMPOCTHBIC YHUCTIa

174485741 | 22-5-11-13°.19?

175468801 | 2°-3-5%.13-19-37

170069761 | 2°-3%-5.7-19-37

170301751 |2-3-5°.17-19%.37

YacTUyHO IaJKue MPOCThIC YUCIA TAKKE MOTYT OBITh UCIIOIB30BaHBI ISl aJropuT™Ma
[3], HO ero 3¢ dexTUBHOCTD OyAET 3aBUCETh OT MEPHI IMAKOCTH TAKUX YUCEIT.

OTkpbITON TIpoONIeMOH siBsieTcs: 2(h(HEKTUBHBIN MOUCK TNMAJAKUX Yrced OOoNbLION pas-
psnHoCTH. J{iIst 9TOr0 HEOOXOAMMO 3HATh, KaK PACIPENENSIIOTCS TPOCThIe YKcia B 3aBU-
CUMOCTH OT KOJMYECTBa MHOXKUTEJEH, MOCKOIBKY MPU MOUCKE TUCKPETHOTO Jorapudma
HYXHO HaWTH INIaJKUE MPOCTbIE YHUCIA C JOCTATOYHBIM KOJIMYECTBOM MHOKUTEIEH. DTO
03HAYaeT, YTO TAKME YMCIIa OyAyT OTHOCUTHCS K YUCITY IPOCTHIX YUCEIT, YUCIIO MHOKHUTEICH
KOTOPBIX IPEBBIIIACT ONPEIEICHHOE YUCIIO.

Ha pucynke 1 nokazan rpaduk, n300pakaromnii ocie10BaTeIbHOCTb MPOCTHIX MHOKH-
Tenel s uAeaIbHO TIAAKHUX MPOCTHIX urcend p = 174594421 (crutonrHas TUHNAA Ha rpaduke)
Y YaCTHYIHO TIAJKUX MPOCTHIX gucen p = 170301751 (myukrupras muaus). [1o BepTukampHON
OCH HaHECEHBI IPOCThIE MHOXKUTEIH P;, IO TOPU30HTAILHOW OCH — 3HAYEHUS .

Pucynok 1 — TlocrnenoBaTeIbHOCTh POCTHIX MHOXKHUTEIEH JIJIS HIeadbHO TIaIKIX
1 4YaCTHUYHO ITIaAKHUX YHUCECII.
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B pesynbrare KOMIBIOTEPHOTO MOJICIUPOBAHUS, HCIOIB30BAHHOTO IS W3YUYCHUS
CBOWMCTB MPOCTHIX YHCEN, M PEUICHUs TUIOTE3bl ApPTUHA B [8] ObUIM HaliJIEHBI MPOCTHIC
MHOYHUTEJIH JIJIS IEPBBIX JISCATH MUJUTMOHOB MTPOCTHIX Ynce. JlJis Takoro oobema Kojude-
CTBO MPOCTHIX MHOKUTEJICH HE MPEBLIIIACT §.

Ha pucynke 2 noka3an rpaduk pacrpe/e/ieHus MePBbIX JECATH MUJLTHOHOB MPOCTHIX
qrcen B 3aBUCMMOCTH OT KoJindecTBa (pakTopoB. Ha ropr3oHTaIbHON OCH HAHECEHO KOJH-
YECTBO MPOCTHIX MHOKHUTENEH, a HA BEPTUKAIBLHON OCH — KOJTHMYECTBO COOTBETCTBYIOIINX
MPOCTHIX YKCETI.

4000000
3750000
3500000
3250000
3000000
2750000
2500000
2250000
2000000
1750000
1500000
1250000
1000000

750000

500000

250000

2843757

2082008

804771

Pucyuox 2- PaCHpCI[GHCHI/Ie NEPBBIX ACCATH MUJUIMOHOB IMPOCTHIX YUCCIT B 3aBUCUMOCTHU
OT KOJIMYECTBA MHOKHUTEICH

Pe3yJIl>TaT]>I u 06cy>lmemm. I/ICXO,Z[SI 13 MMOJTYYCHHBIX JAHHBIX, MOXHO IMPEAIOJIOKUTD,
YTO IMPOCTBIC YUCTIa pACIIPEACIIAOTC IO OAHOMY U3 CJICAYIOIINUX 3aKOHOB! k

2 —
1. Pacipenenenue X (XU-KBaapar) ¢ IIOTHOCTHIO BEPOSTHOCTH f(x)— r V X® €
2

rme I'(x)= th"le_tdt )
0

i
2. Pactipenenenue CThIofIeHTa C TNIOTHOCTBIO  f ( x) =

x
+

NN

N —
(-]

+

><N

Sz

3

3. JlorHopmasibHOE pacrpesieieHne ¢ MIOTHOCThI0 | (X) = —\/— ¢ mapa-
MeTpaMH au O . X0

OTKpBITBIM BOIIPOCOM SIBJISIETCSI MPOOIEMa HAXOXKICHHS TIIAJAKHX MPOCTBIX YHCEI JI0-
CTaTOYHOW Pa3MEPHOCTH U TOTO, KaK OHH paclpeelsioTcs MEX Iy MpocThiMu. Kaxnas u3
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3aj1ay, paHee MEePeUUCICHHBIX B pabdoTe, SABIeTCS (yHIaMEHTaNIbHON MpobieMoii coBpe-
MEHHOM MaTeMaTHKH W BIHMSET Ha CKOPOCTh peanu3anuu anroputma Cunbepa-Ilonura-
XemiMaHa v, COOTBETCTBEHHO, HA BO3MOXKHOCTh BBIYMCIICHUS TUCKPETHOTO Jiorapudma 3a
MOJIMHOMHUAJIBHOE BPEMSI.

3akiaouenne. J[is perieHus 3a1a4u TUCKPETHOTO JOrapu(MUPOBAHUS C UCTIOIb30Ba-
HueM anroputma CunbBepa-Ilomura-XemiMana BaKHBIM MOMEHTOM SIBJISICTCS HCIIOJIb30Ba-
HUE TaJKAX YHCEN, KOTOPBIE TOKHBI YIOBIETBOPATE (P — 1) > 103, OnHako 10 cux mop
HEHU3BECTHO, KaK HAWTH TaKHue 4uciia. JTO 3aTPyAHSCT BIYUCICHHE 3a1aun. J{Jst perieHust
9TOM 3aa4M HEOOXOIMMO PEIIUTh Pl PyHIAMEHTAIBHBIX MPOo0OIeM Teopun uncen. OaHOi
U3 HUX SIBJISIETCS ONPEICNICHNE 3aKOHA PACTIPEACICH S IPOCTHIX YHCEI, a TAKXKE pacipesie-
JICHUSI TIIAJIKAX MPOCTHIX YUCEI CPEIU MPOCTHIX YHCEIL.

[Tpu ananu3e nepBbIX ISCSITH MIJUTHOHOB MIPOCTBIX YUCEN ObLIIO 0OHAPYKEHO, YTO YUC-
JI0 UACANBHO IIAJIKKX YHCEIT HEBEJIMKO M HET J0Ka3aTeIbCTB TOTO, YTO X YHUCIIO OECKOHEY-
HO. CJie10BaTeIbHO, B COKPALIEHHOM QJITOPUTME TaK)Ke HEOOXOMMO YIUTHIBATH YACTHIHO
[JIaJIKKE MTPOCTHIC YUCIIA.

CrienyronmM BaXHBIM (DaKTOPOM MPH PEIICHUH 33/1a491 JUCKPETHOTO JIOrapu(hMHUpOBa-
HUS SIBIISICTCSL Mepa TIIAJAKOCTH TPOCTOTO YUCIA, MTOCKOJIBKY OT 3TOTO HANPSIMYHO 3aBUCUT
CKOpPOCTh BBITIOJIHEHHUS ajdropuT™a. [locTpoeHre Mephl TIaJKOCTH M aHAJIN3 ajJropuT™Ma B
3aBUCUMOCTH OT IVIQJIKOCTH YHCIIA - TeMa JJIsl AabHEHIIIer0 N3yYeHHS.

Baaronaprnoct. PaGora BbINONHEHA NMPU TOIIEPIKKE MPAHTOBOTO (hPMHAHCUPOBAHHMS
10 HAyYHO-TEXHUYECKUM MPOeKTaM MHHHCTEPCTBOM HAayKH M BbICIIEro oOpa3zoBaHus Pe-
cnyonuku Kazaxcran, rpant Ne AP19677733.
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JUCKPETTI JIOTAPU®M ECENTEPIHAEI'T CUIbBEP-ITIOJINI'-XEJ/I/IMAH
AJI'OPUTMIH 3EPTTEY

Amanzan sxcymvicma Manbl30bl MAMEeMAmuKaiblK Mocene 001N maduliamell OUCKpemmi 102a-
pugm ecediniymyoicoipvimel cunammanzan. Cunveep—Ilonue—Xenaimannviy Ouckpemminozapugmoeyin
ecenmey an2Opummi MaidaHean HcaHe OHblY KeMUlilikmepi mezic 0en amaiamvli apuaiivl mypoeei
CaHOapobvl KONOAHYOaH myblHOauovl. Yaken Oummik meeic stcatl candapowl izoey keszinoe naida 6oia-
mulH Macene kopcemineen. Mynoaii candapowl izoey npoyeci Cunveep—Ilonue Xennman ancopummin
basynamaovl, COHbIMEH Kamap Kaxjcemmi Oummiy mezic dcail caHoapvlH mabyza O01amuvlHOblebl
beneiciz, eumkeHi xcall caHoap apacvbiHOagvl 01apObly Canbl ome as, Oy areopummoi KoioaHyobly
muimoinicine Kyman kermipedi. Tezic dcail can y2vimbl eH2i3iN0i, KAmapvblHaAH OPHALACTbIPLLIZAH
Gaxmopnapovly ecyine Kapai MIHCI3 me2ic HCIHe dHcapmuliall me2ic Hcaul canoapea xHcikmey
yeouiHbLObl. Tecicmikke an2auikbl OH MUILIUOH JiCAll CAHOAP MALOAHObL, O01APObIH ApACbIHOA eme
meeic 6ipneute oHoazan maobwinovl. Tezic sHcail canoapovl mady xHcaHe onapobly Kacuemmepin manoay
Yutin orcati kebeumxkiumepoiy CAHblHA OALAHBICIbL HCALl CAHOAPObIY Kanall O6aiHemiHiH Oi1y Kadcem
exenoiei KopcemineeH. An2auikbl OH MULIUOH HCall CAHOAPObIY MApAnNy Hamudicenepi KeimipiieeH
JICOHE BIKMUMAL MApany 3ayoapsl mypaisl Oondcamoap bOepineen. Kepwinec kebeumkiwmepoiy
AUbIPMAUBLILIRBINA  JHCIHE ONapObly Odpedicecine OaulanblCmvl KaApacmulpbliybl Kepek me2icmik
ONULEMIH KYPY Macenect KelmipiieeH.

Tyitin co30ep: ouckpemmi no2apudm, Hcail cam, mezic xHcail Caw, arawksl myoip, haxkmopuzayusi.
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INVESTIGATION OF THE SILVER-POHLIG-HELLMAN ALGORITHM
IN DISCRETE LOGARITHM TASKS

This paper describes the formulation of the discrete logarithm problem, which is an important
mathematical problem. The algorithm for calculating the Silver—Pohlig—Hellman discrete logarithm
is analyzed and its disadvantages arising from the use of numbers of a special type called smooth are
indicated. The problem that arises when searching for smooth primes of high bit depth is indicated. The
process of searching for such numbers slows down the Silver—Pohlig Hellman algorithm, in addition, it
is not known whether it is possible to find smooth primes of the required bit depth, because their number
among the primes is extremely small, which calls into question the effectiveness of the algorithm. The
concept of a smooth prime number is introduced, and a classification is proposed depending on the growth
of consecutive multipliers into perfectly smooth and partially smooth primes. The first ten million primes
were analyzed for smoothness, among which several tens were found to be perfectly smooth. It is shown
that in order to search for smooth primes and analyze their properties, it is necessary to know how the
primes are distributed depending on the number of prime factors. The results of the distribution of the
first ten million primes are presented and assumptions about possible distribution laws are made. The
problem of constructing a measure of smoothness is presented, which should be considered depending on
the difference of adjacent factors and their degrees.

Key words: discrete logarithm, prime number, smooth prime number, primitive root, factorization.
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