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30 JIJET HEBABUCUMOCTHU KA3AXCTAHA
N POJIb HUA PK B ®POPMUPOBAHUU U PEAJIU3ALINN
HAYYHO-TEXHOJOTI'MYECKOMN NOJIUTUKH CTPAHBI

Kymazynoe b.T.

Ipe3uoenm HUA PK

Henymam Cenama Ilapramenma PK, akaoemux
Joknao k Ceccuu Obwezo coopanuss HUA PK
Hos6pe 2021

HUrornu pesreannocta HUA PK 3a 2020-2021 roas! u 3agaumn,
BbiTekaromme u3 [locinanus [nassl rocynaperea Kacsim-Komapra TokaeBa
Hapony Ka3zaxcrana 2021 roga

YBamxaemble kosiern!

B HamwmonaneHo# nHxeHepHOU akagemuu PecrryOmnku KazaxcraH mpencraBiieH Bech
LBeT Ka3aXCTAHCKOI HH/KeHEePHO HAYKH.

AKazeMusi co THsI CBOETO OCHOBAHHSI CTPEMHUTCS BBIIIOJHATH BAMKHEH Y0 MUCCHIO.

OmHa B TOM, 4TOOBI IOMOTaTh FOCYIAPCTBY M OU3HeCY B TEXHOJIOTHUECKOM OOHOBIICHUN
MIPOM3BOACTBA, CTaTh «KMOCTOM» MeK1y HAYKOIl M MPAKTUKOI, CHCTEMHO COACHCTBOBATh
pa3paboTKe W BHEAPEHHMIO HAYYHBIX JOCTH)KEHHH B MPOM3BOACTBO, COBEPIICHCTBOBAHUIO
3aKOHOJATENIbHO 0a3bl HAyKH.

A 3HAYUT aKTMBHO Y4YacTBOBaTh B (POPMHUPOBAHUHM U PEATHU3ALUM HAYYHO-TEXHO-
JIOTHYECKOI MOJHTHKH CTPAHBI.

Ota Muccus MHxXeHepHoH akaJeMUn HeM3MeHHA Ha [IPOTSHKEHUH BCETO BPEMEHH C 00-
perenust KazaxcTaHoM HE3aBUCHMOCTH.

U1 oHa 04eHb YeTKO BUAHA B KOHTEKCTE CTPATETHUECKOI0 Kypca pa3BUTHs HallleH cTpa-
HBIL.

B 1991 rony npu nmonnepxke Hypcynrana Adumesnya Hazap6aesa O0b10 co3mano Ka-
3axckoe otaenenune MmxenepHoit akagemun CCCP, koTopoe 3areM OBLIIO peopraHu30BaHO
B HannonanbHyto nmxeHepHyto akagemuto Pecyonukn Kazaxcran.

Xouy HallOMHUTb, YTO Y MICTOKOB CO3JaHMsI AKaJIeMUH CTOSIIM JIFOAHU, IPEICTABIISIBILIIE
co0OH LIBET Ka3aXCTaHCKOM HAYKH M MHXEHEPUH, BHECLINE OOJBIION BKIIAA B 3KOHOMUKY,
o0pa3oBaHUe U HAayKy PECITyOIINKH.

B uucne nepBoix mHHUIMATOpoB ObutH A.A. AOmynuH, K.M. Ayxaaues, C.M. baii6o-
noB, ¥.b. baiimyparos, 111.X. bexOynaros, I.P. bex:xanos, A.B. bonotos, @.X. ['anumoB,
V.A. IxonmacoexoB, A.Y. JIxomaptos, b.T. XXymarynos, T.XK. XKynycos, X.P. Ka3pixa-
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HoB, Y.K. Kapamanos, C.M. KoxxaxmeroB, A.A. Kynmu6aes, H.K. Hagupos, b.I. Hypxka-
HoB, M.E. Hypymos, B.I1. [lapumbetos, 1.P. [ToneBsianseiii, O.C. CabneHos, A.A. Ckakos,
C.T. Takexanos, f.C. TnenecoB, M.®. Ypkymbaes.

B cootrerctBum ¢ [locranosnenusimu Kabunera Munucrpo PK ot 13 aBrycra 1991
roga Ne 475 u ot 22 suBaps 1992 roga Ne 56 HanmonanbHast unxkeHepHas akaaemust PK
ObL1a olpesiesieHa BBICIIMM HayYHO-METOAMYECKHM U KOOPAWHAIIMOHHBIM LIEHTPOM HHXKE-
HepHoro Jena B Kazaxcrane.

3HaKoBBIM cOObITHEM B cTopuu HanmonansHo nHxenepHoii akagemuu PK cran [Tep-
BBIN cbhe3n umkenepoB Kazaxcrana, cocrosBimiics B 1993 rony ¢ yuactuem Hypcynrana
Aoumesuua HazapOaega, [Ipe3unenrta Pecniyonuku Kazaxcran.

B cBoem BricTyruienuu [maBa ['ocynapcTBa 0003Ha4MII cTpaTernueckuii Kype pa3BUTHUS
HMHXEHEPHON MBICIIH, TEXHOJIOIMYECKOT0 M MHHOBAIIMOHHOTO MPOPHIBA.

OHn noaaepkai uaeto YKPEIICHHsI ¥ IOBBIILICHNST aBTOPUTETA 00IIECTBEHHOTO 00Bhe -
HEHUs1, KOHCOJIUANPOBABILET0 B CBOMX psAax BeIyIINX YUEHBIX U CHElHaINCTOB, OTMETUB,
YTO MBI JJOJDKHBI OKa3bIBATh MOMOIIb TOCYAAPCTBY M OM3HECY B TEXHOJIOTMYECKOM OOHOB-
JIEHUH TTPOU3BOJICTBA.

[Ipesunent crpansl H.A. HazapOaeB npeaioxui A1 COXpaHEHUs MPUKIAIHBIX Hayd-
HBIX MCCJIE/IOBaHUMN c031aTh MeXOTpaciieBOi Hay4YHO-TEXHUYECKUH COBET 10 mpodiieMam
Pa3BUTHUS MPOMBIIUIEHHOCTH, YHEPTETUKHU, CTPOUTENBCTBA, TPAHCIIOPTA U KOMMYHHKaIUH
PK (MHTC).

Coser 0b11 coznan Ilocranosnenunem IlpaBurenscrea PK. Pa6ounm opranom MHTC
Obu1a onpezenena HanponansHast nHkeHepHast akagemus PK. B cambie Tsoxemnbie roasl pe-
(hopM OHa chirpasa OOJIbIIIYIO POJIb B COXpaHeHHH 0a30BOro nmoTeHnuaia seayumx HUW u
Hay4HbIX opranu3anuii Kazaxcrana.

3a 30 ner nox pykoBosctBoM Ilepsoro Ilpe3nnenta Kazaxcrana — Endacel HypceyJ-
Tana AoumeBn4ya Hazap6aeBa Mbl KapIMHAJBLHO MPOABUHYJINCH 110 yTH (POPMUPOBa-
HUS U COBEPLICHCTBOBAHMUS YCIICITHOTO, CTA0OMIBLHOTO M aBTOPUTETHOTO Ha MUPOBOM apeHe
roCy1apcTBa.

4 centsi6ps 2009 roga Hypcynran AGUIeBHY BHIABUHYI KapAUHAIHHO HOBBIE TOA-
Xonbl U peuteHus B cdepe Hayku. OHU ObUIH 03BYYEHBI Ha COBEIIAHWHU O] PYKOBOJ-
ctBoM Ilpesuaenta Pecnyonuku Kaszaxcran m mpousBenu 3ddexT «pasopBaBuieiics
060MOBI». 1o cyTH, Obla mpenox)eHa NPUHIMIIUAIBLHO HOBAsi MOJIEIb yIPaBICHUS Ha-
y4HOU chepoii. DTOro yke IaBHO KJaajiu Haiu ydeHnsie. M BeigBuHYTHIC [T1aBO# TOCy-
JapCTBa MOJI0KEHUSI HE TOJIBKO OMpaBaii, HO U HAMHOT'O MPEB30LUIN TaKUe 0XKUTaHU.
OHU KapAMHAJIBHO U3MEHUIN 0a30BbIe MPUHIMUIBI B3aHMOOTHOLICHUH TOCYIapcTBa U
HayKH, pe3KO MOBBICUIIU POJIb YUEHBIX U MPOBOJUMBIX UMHU HCCIIETOBAHUI B Pa3BUTHHU
CTpaHBbI.

B mensix cucteMHOl pean3alny 3TUX YCTaHOBOK [71aBbl rocynapcTBa Obuia pa3pabo-
TaHa MPUHIHUIHAAIGHO HOBAsI 3aKOHOAATENbHAS Mozielb, U B 2011 roay ObLT NIPUHAT HOBBIH
3akoH «O Hayke». TeM caMbIM OTeueCTBEHHasl HayKka MOJy4HJia COBPeMEeHHYI0 Mojelb
ynpaBJieHusl, TPHOIMKAIONIYIOCS K TIEPeI0BONH MUPOBOW METOAOJIOTHH U TMPAKTHKE.

B takom ke kirode Oblla IPUHLIMIIHAIBHO TIEPECMOTPEHA CHCTEMA MOATOTOBKHU KBa-
JU(PUIHMPOBAHHBIX KAPOB, B TOM YNCIIE U JIJIs1 HAYKH.
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B 3THUX HerOCTI)IX HpOHCCC&X HCHOCpe[ICTBCHHO y‘IaCTBOBaHa W Hallla AKaI[CMI/Iﬂ,
MHOTHE M MHOTHE €€ TIPEJCTABUTEIIH.
BoJuabioe um 3a 3To criacuoo!

Hcropus noarsepaniia IpOrpecCUBHOCTD U )KM3HEHHOCTh TAKON MOJEINIH, €€ OCHOBHBIE
TIOJIO’KEHHS BBIIEPIKAIIM TIPOBEPKY BPEMEHEM, MOKa3al BBICOKYIO CIIOCOOHOCTH K MOJIEp-
HU3AlUU U aKTyaJIn3aluu.

Ho mHoroe emie npeacrour caenarsb.

Hayxka eme He 3ansiia nogobaroriee eif MecTo B IKOHOMHUKeE CTPAaHbL, B 3G (PeKTHBHOM
H BOCTPeOOBAHHOM BHEJAPEHHUM CBOUX JOCTHKEHUH B MPAKTHUKY.

Ho cTpeminenue rocyapcTsa BBIHTH Ha 3Ty IJIAHKY €CTh, M OHO IIOCIIEI0BaTeIbHO pea-
JIU3yeTCs B TIOKyMEHTaX CTPAaTEernYecKoro Kypca Hallei CTpaHsbl.

Vxe ecTb 00HAeKUBAIOIINE MPAKTHYECKHE IIATH.

Eme B 2019 roxy Obumu 3aMeTHO YBEIMYEHBI O0OBEMBI T'PAHTOBOTO W MPOTPAMMHO-
1eJIeBOro PMHAHCHPOBAHMS HayYHBIX UCCIICJOBAHHIA.

A na 2022-2024 ronst MOH PK Ha Hayky npenycMoTpeHo 526 Mupa TeHre, U3 HUX B
2022 roay — 62 Mapa TeHre.

To ectb ToabKO Ha 2022 roj 3alIaHUPOBAHO MOBBIIICHUE TPOrPAMMHO-IIENIEBOTO (H-
HaHcHpoBaHUA Ha 12%, a rpaHTOBOTO — MOYTH Ha 24%.

Jna nanbHeNIero pa3BuTHs CTPaHbl U HAyKH CETOJIHS CTaBsTCS U HOBbIe Ka4eCTBEH-
HbIe OPHEHTHPBI.

Br1 ux 3naere u3 [ocnanus Hapony Ka3zaxcrana [assl rocynapersa K. K. Tokaesa ot
1 ceHTsOps TEKyIIEero roja.

[Mocnanus [Ipe3npenTa 3aHUMaOT 0c000€ MECTO B Pa3BUTHH HAIICH CTPaHbl, OHU CTa-
71 Je-(hakTo TOKYMEHTaMH CTPaTerHYeCKOro INIaHMPOBAHUS BBICIIETO YPOBHSL.

Eme B mepBom cBoem [locnannu kak Ilpesunnenta Pecriy6nuku Kasaxcran ot 2 ceHTs-
ops 2019 rona K.K. TokaeB ocob6o moguepkny:t: «Ocoboro BHUMaHUs TpeOyeT cuTyauus B
Hayke. be3 Hee MBI HE CMOXKEM 00ECIIEUHUTh MMPOTPECC HAITUUY.

Oty npobieMy HaJl0 pacCMaTpUBaTh, IPEX/IE BCET0, Yepes3 MPU3MY MOBbILIEHUST YPOB-
H$l HAYYHBIX HCCJIeJOBAHUI 1 UX MPUMEHEeHUs] HAa MPAKTHKe.

I'maBoii rocynapcTBa 1MokasaH U psij BaKHEHIINX MPAKTHYeCKUX HaNpaBJeHni pa3-
BUTHS, 0CO00 aKTYyaJIbHBIX JUIsl CTPAHBI.

B Hux, 6€3yci0BHO, MOXET U J0JKHA CKA3aTh CBOE CJIOBO M 0Te4YeCTBEHHAsl HayKa.

HccnenoBarenbckas eATENbHOCTh HAXOAUTCS B UMCIE BaKHEHIINX HalpaBiIeHUH pa-
6otsl HUA PK.

3a 30 net yueHble akageMuu BHIIOIHWIN Ooee 5900 mpoeKkToB 1o BakHEHIIUM (yH-
JIaMEHTAJIbHBIM U MTPUKIIAJHBIM HayYHBIM HarpaBiieHUsAM, 447 HayqHO-1IEJIEBBIX IPOrpPaMM
1 62 MeXIyHapOIHBIX POEKTOB.

[Iposenensl 6osnee 10 ThicsaY KOH(DEpeHIIUH, u3naHo 0osee 31 ThICAYHN TyOIUKAIUIA.

U 310 He mpocTo LUdpPHI — 32 HUMHU OOJBIION TPy WICHOB Halllel akaeMUH U TPYyIO-
BBIX KOJUIGKTHBOB, I7Ie OHH Pa0OTAIOT U YacTO — BO3IJIABIISIIOT.

OTO0 pUMep peaslbHON KOHCOMUAAIMH HayYHO-MHKEHEPHOT'O COOOIIECTBA.
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Ee utorom sBnsieTcs 4ype3BbIYaiHO HIMPOKUIN CIEKTP JOCTHKEHHH: OT HOBBIX TEX-
HOJIOTHI 00pabOTKHU TOPHO-METATyPTrHYeCKOro M yIIIEBOAOPOIHOTO CBIPhS M IMOJyue-
HUS HOBBIX MaTepHaJIOB 10 MPOU3BOACTBA CYNEPKOMIIBIOTEPOB, OT MPOTrPAMMHBIX KOM-
IJIEKCOB JJISi OLEHKH aHTPOIOTEHHOTO 3arps3HEHUsS 10 BO3OOHOBIISIEMBIX MCTOUYHUKOB
9HEPrUH HOBOTO THIA (COJHEYHBIX, BETPOBBIX 1 KOMOMHUPOBAaHHBIX) U ycrexoB B AIIK
(baiicepke-Arpo).

W m1aBHOE 1711 HAC — HE TOJIBKO HAay4YHBI YPOBEHb UCCIIEIOBAHUI, HO U UX IIEPEXO] B
TEXHOJIOTUYECKHE pa3pabOTKH ISl MPOU3BOCTBA.

B aTOM, Kak 1 B ApYrux HampaBlICHUsX, Halla AKageMus Oblila B yCTOMYMBO OCTAETCS
Ha OCTpHUE TPeOOBAHUI BPEMEHH.

BecbMa Ba)XHBIM HampapieHHEM Hallel paboThl CTAJI0 yYyacTUE B 3aKOHOTBOPUECKOM H
3aKOHOAATEIIBHOM JEATEIbHOCTH.

1 cenTs0ps Texyuero roja [Ipe3naeHTt crpanbl NOAYEPKHYI, YTO « BaxkHeHmmii mpuo-
puTeT — pa3BuTHE HAYKH. /)11 penieHHs] HAKOMUBIINXCH MP00JIeM B 3TOH cepe HYK-
HO /10 KOHIIA Io/Ia BHECTH M3MEHEHHUsI B 3AKOHOIATeIbCTBOY.

Bo ucnonnenue nopyuenuii [1aBel rocygapcTsa uieHaMu AkajeMuu Obljia MpoBeieHa
OYeHb cephbe3Has padoTa:

— IIpennoxkena HopMa O CO3/JaHUU ANEJUIILIUOHHON KOMUCCUU, YTBEPKACHUH €€ I10JI0-
JKeHHS M cocTaBa. JlaHHas HopMma OyzeT CriocoOCTBOBATh MOBBINICHHIO 00bEKTHBHOCTH U
NMPO3PAYHOCTH pellleHNi HallMOHAIBHBIX HayYHBIX COBETOB.

— B memsax pasBuTHs Haykd CpoK (pHHAHCHPOBAHUS MPOEKTOB M MPOrpaMM HPOJJICH
JI0 IATH JIeT. [[J1s1 BBIIOJIHEHUSI CEPbE3HBIX U KAYECTBEHHBIX HAy4YHO-UCCIIEN0BATEIbCKUX
paboT TPEXrogUYHOTO CPOKa HEAOCTATOUHO.

Camo mpezyioyKeHUe O MPOJJICHUH CPOKOB HAYYHBIX MCCIIEIOBaHUH OBIJIO OYEHb XOPO-
IO BOCIIPUHSATO YYEHBIMHU, TAK KAK 3TOT BOIIPOC MOAHUMAJICS JATIEKO HE IEPBbIN TOJI.

— JIns mocTosiHHOM HapaOOTKK OTEYECTBEHHBIMU HAyYHBIMH OpPTaHH3alUsSMH Olepe-
JKAIOIIEr0 ¥ CUCTEMHOTO 33/IeJ1a TI0 KIIIOYEBBIM HalpaBlieHUsAM (PyHIAMEeHTATbHOI HAayKn
MPEAJIOKEHA HOPMA O €€ MPAMOM (PUHAHCHPOBAHUH.

VYoMHOMOYEHHBIN OpraH B 00JacTH HayKH Ha KOHKYPCHOW OCHOBE OyneT (hopMHpOBaTh
NepedeHb HAyYHBIX YUPEXKACHH, OCYLISCTBISIIOINX (QyHIaMEHTAIbHBIC HCCIICIOBAHMSI.

— 3a cyer 6a30Boro (prHAHCHPOBAHMS HAYKH PELIMTCS BONPOC MOJACPKKH BeAYLIHX
YYeHBIX U BBIIUIATHI UM JTOCTOMHOM 3apa0O0THOM ILIaThI.

U3 ny6nukamuii B CMU u Gecen ¢ y4eHBIMU MBI BUIHMM, YTO BOINPOCHI MPSIMOTO (H-
HaHCHUpOBaHUs (PyHIAMEHTAIBHBIX HCCIIEAOBAHNI U HETIPEPBIBHOM OTUIATHI TPY/IA BELYIINX
YUEHBIX HAXOIUT OONBUIYIO MOIAEPIKKY B HAyYHOM COOOIIECTBE.

beccniopHo, 4TO CTpeMHTENbHAs AMHAMMKA HOBBIX BBI30BOB, C KOTOPBIMH CETOIHS
CTalIKNBAeTCsl BECh MHp, TpeOyeT KOHKYPEHTOCIIOCOOHON HayKH, MOBBIIICHHUS €€ POJI B
COLIMAJIBHO-D)KOHOMMYECKOM Pa3BUTUU CTPAHBI U BHEAPEHUU UHHOBALIMMN.

VIMeHHO B 3TOM KOHTEKCTE MBI JIOJKHBI pacCMaTpuBaTh MYTH JaJIbHEHIIETO pa3BUTHUS
Ka3aXCTaHCKON HAyKU.

B cBs31 ¢ 5TUM HaMU IPOJOIIKAETCS 3aKOHOTBOpUECKas paboTa 10 CIEAYIOINM OCHOB-
HBIM HalpaBICHUSIM:

IlepBoe — moBbieHNe 3()HEKTUBHOCTH M PE3yABTATUBHOCTH Ka3aXCTAaHCKOW HAayKH,
OCBOCHHUS €€ JIOCTUKECHUM B IIPAKTHUKE.
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BTopoe — moBbIIeHNE U peCcTPYKTypHu3aus (MHAHCHUPOBAHUS MCCIIEAOBAHUHI U pa3-
paboTOK.

TpeTrbe — yydmieHue ycioBuil Tpyza YUeHBIX U IPECTHKA UX Mpodeccuu.

YeTBepToe — MOBBIIIEHUE IEHCTBEHHOCTH, OObEKTUBHOCTH M MPO3PAYHOCTH CHCTEMBI
yIpaBJeHus HayKoi. B 9TOM Bompoce BajKHBIM SIBIISIETCSI PACHIMpPEHHE HAYYHOTO CaMOy-
MIPaBIIECHUS U yYACTHsI YICHBIX B OIPEIEICHNH HAyYHOW TTOTUTHKH.

VBepeH, 9To 9Ta paboTa OKaKET OOJBIIYIO MTOMOIIL YICHBIM B OyJeT CIToCOOCTBOBATh
00ecCIeueHHI0 COOTBETCTBUS HAyYHOH OTpaciyu TPeOOBaHUSAM BpPEMEHH W TIOBBIIICHHUIO
YPOBHS MPOBEASHHSI HAyYHBIX UCCIEIOBAHNHN, UX PE3YIBTAaTUBHOCTH, CTaTyCca HAYKH U y4e-
HOTO.

OTtmeuy, 4TO 4wiIeHbl AKaJeMUU BHECITH W IMPOIOJDKAIOT BHOCHTH 3aMETHBIN BKJIAJa B
COBepILIECHCTBOBAHNE 3aKOHOAAaTeIbCTBA O HAyKe M KOMMEPIIHAIN3AINHN €€ JOCTHKEHUH,
00 00pa3oBannm, 00 MHHOBAIIMOHHOW W IMaTEHTHOM NEATEIHLHOCTH, O CTaTyce meaarora, oo
9KOJIOTHH U TI0 MHOTHM JPYTUM HarpaBICHUSIM.

OTO MPUHOCHUT BIOJHE KOHKPETHYIO TMONB3Y, M TaKylO 3a7a4dy MbI JIOJDKHBI penath U
Janee.

Taxoke BakHOE HarpaBiieHHEe paboThl AKaJeMHUH — UCKaTh M UCIIOIb30BaTh MEXaHU3-
MBI IS TOJIICPIKKH TAJTaHTINBBIX HHKEHEPOB U YUEHBIX, CTHMYJINPOBAHUS UX TBOPUECTBA,
MIPEKe BCETO, B HAYYHO-TIPAKTUIECKOM MIIOCKOCTH.

VYxe cenbMo¥ To MBI OyleM NPHUCYXIaTh MOYETHbIe 3BaHUS «Jlydmmii mHKeHep
roja.

B mensx moomipeHus BBIJAIOMIMXCS TOCTHKEHUH B 0071aCTH HAy9YHO-UHKEHEPHOH J1ed-
TEJIBHOCTH yupexaeHsl Takue Harpaasl HUA PK, kak boabemas 3omo0tast Mmenans «HHxe-
HepHas CraBay, MOYETHOE 3BaHKE W HArpynHblid 3HaK «IloueTHslit nmkenep Kazaxcranay,
HarpyIHBINA 3HaK «3a 3aCIyTH B Pa3BUTHH WHXEHEpHOTOo nena B Kazaxcraney.

s moompenns Ty4InX CTyASHTOB NpeAHa3HaYeHbl CTUIEeHANH MMEHH aKajJeMUuKa
Y.A. l:xonnacoexoBa u cruneHany HarponansHON WHXeHEpHOW akaaemun PecryOnmukn
KasaxcraHh.

OTO HEeNbli KOMITJIEKC B3aWMOYBS3aHHBIX Mep MOJAEP)KKH pPeajbHOro Hay4HO-HH-
KEHEPHOTO TBOPYECTBA.

He meHee BakHBI HalpaBJICHHS MTOBBIIICHUS Ka4eCTBA U IeJICHANIPABIEHHOCTH 00yue-
HUS OyIyIInX CIIEIUAINCTOB MTPOU3BOJICTBA, YKPETIJICHHSI CBA3H By30B C OM3HECOM.

3neck Halle MPOABIKEHHE eIlle HEeJ0CTaTOYHO, Ha/l0 paboTars aKTHBHEE, 3alyMaThCs
HaJ CO37IaHMEM B PETHOHAX MEXaHM3MOB M LIEHTPOB B3aMMO/eiicTBUSI AKa/leMUH U BY-
30B ¢ OM3HeCOM, KaK M0 HayKe ¥ HMHHOBALIMSAM, TaK M IO MOJITOTOBKE KaIPOB.

Exxeronno Akamemusi IPOBOIUT OOJNBIIOE KOJIMYECTBO MEKIYHApOAHBIX, pecyOnu-
KaHCKUX KOH(DEPECHITH.

B namewm axtuBe — Beemupasrit kourpecc WSEC-2017 6ecripenieieHTHOTO JUTsl Ka3ax-
CTAaHCKOHM HayKH ypOBH:, (POPYMBI IO CTPOUTENHHONW MHIYCTPHH, TPAHCTIOPTHBIM IpoOIIe-
MaM ¥ MHOTHUM JIPYTHM BOTIPOCaM.

Ha Konrpecce WSEC-2017 ObuI peACTaBICH BECh IIBET MUPOBOI HAYKH U WHKCHEP-
HOW MBICTTH B cpepe dHepruu OyayIero:

¢ 4 HoGenmeBckux aypeara,

e 18 maypeartoB npemun «I1o0aapHAs YJHEPTHUI,
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e bonee 1000 BUIHBIX YUEHBIX, HHKEHEPOB, PYKOBOIUTENICH OM3HECA 1 OPTaHOB yIIpaB-
JIeHMS,

boun mpencrasnens! 51 crpaHa Mupa U KpyIHEHIINe MK yHapOAHbIe OpraHU3altH.

BceMupHbIi KOHTpecc MpOoILLel OYEHb YCHEIIHO U CTal OJIHUM W3 BaXKHEHIIUX JOCTH-
JKEHUH Halleil AkaJIeMuN.

D10 pe3ynbTar 3-IeTHel HalpsKeHHOW PaldoThl, B KOTOPYIO ObLIIM aKTUBHO BOBJICYEHBI
MHOTHE YJIeHbI Halell AKaJeMuH.

MHOro BHUMaHUSI MBI yAeJsieM U Oy[eM YAeNATh Pa3BUTHIO MEXIYHApPOIHBIX CBSI3eH
Axkanemun.

MOoXHO ¢ yBEpPEHHOCTHIO CKa3aTh, YTO OHU y HAC camble pa3BUTHIE CPEJIU BCEX aKaje-
muit Kazaxcrana.

Mpl akTUBHO paboTaeM ¢ MexayHapoaHoi uHkeHepHou akagemuedl (MHUA) B Mo-
ckBe, ¢ Penepanreil HHXeHEPHbIX HHCTUTYTOB HciaaMmckux crpad (FEIIC), 3anumaem Tam
ABTOPUTETHBIC MO3UIIUHU U Aaxke TpeaceaarenscteoBaiu B FEIIC.

Axkanemusi coTpygHu4YaeT ¢ EBpomeiickuM COr030M WHKEHEPHBIX aKaJIeMUi, sSBISCT-
cs1 accorurpoBaHHbIM wieHoM CAETS — BecemupHoro cosera akajeMuil HH)KEHEPHBIX U
texHosmornyecknx Hayk (CHIA), nuMmeeT HayuHble KOHTAKThl C JI€CATKAMU aBTOPUTETHBIX
MEXIyHapOJHBIX U HAIIMOHAIBHBIX OpraHu3alui MUpa.

AxktuBHO paborator OtaeneHusi 1 Puimanbl AKageMHu, MHOTHE U3 UX YICHOB Py-
KOBOJISIT M YYaCTBYIOT B OTBETCTBEHHBIX IPAHTOBBIX IPOEKTaX M MPOrpaMMHO-IIENIEBBIX UC-
CJIEJIOBAHUSAX.

B pamkax 3amau nmppoBuzanun 3K0HOMUKHN HalmoHanbHast MH)KEHEpHas aka/JleMus
PK napaborasna O0JbIION MOTEHIIMAT JJIsl CO3[aHUS «yMHBIX» HE()TEIPOMBICIIOB U pellie-
HUS 3371a4 110 TAKUM HaIPaBISHUSIM KaK:

1. Pa3paboTKa MHTEIIEKTYallbHBIX CHCTEM ISl PEAbHBIX MECTOPOXKACHUH.

2. OuudpoBka 00bEKTOB HEYTEIPOMBICIIA.

3. PazpaboTka d/IeKTpOHHOM re0orn4ecKol MO 3aJIeKH B TUHAMUKE JOOBIYN He]-
TH (JUIs1 peaJIbHOTO MECTOPOXKIEHUS).

4. Pa3paboTka TEXHOJIOTUU HHTEHCU(PUKAIMK He(YTEOTHauH (TaKKe ISl peaIbHOro Me-
CTOPOXKJICHUS).

5. PazpaboTka 1 BHeJpeHHEe HOBBIX TEXHOJIOTUH MO APYTHM BOIpOCaM He(TEerazoBoOro
CEKTOpa CTpaHBbI.

B 2019 rony tBOpueckas rpymnmna ydyeHslx HUA PK monmyuumna nurmiom Ha HaydyHOe
OTKpbITHE «SIBJIeHNe HU3KOTEeMIIePATYPHOH BAKYYMHO-BOJIHOBOI KOHBEPCHH YIJIeBO-
JOPOTHOTO CHIPHSD).

OTa peBONIOIMOHHAs 11 HeQTEXUMHYECKOH, HeTernepepadaTbiBaloLIel 1 SHEPreTH-
YecKoi oTpaciiell TEXHOJIOTHsI BeJleT K YIHPa3qHEHUIO LIEJIOro psijia 3BeHbEB U3 TPAJMIIN-
OHHOH TEXHOJIOTHYECKOM IIeNH, B pa3bl YJEHIEBISET MPOU3BOJICTBO BHICOKOKAUE€CTBEHHBIX
TOIUIMB H, YTO HE MEHEE Ba)KHO, OTBEYAET CTPOXKAHIITNM COBPEMEHHBIM TPEOOBAHUSIM YHEP-
TeTUYECKON M DKOJIOTHUECKON 0e30MaCHOCTH.

Ceituac Benercst paboTa Mo BHEIPESHUIO STOH TEXHOJIOTHU.

Xody OCTaHOBUTHCS Ha €IIle OJIHOM CTpaTerMyeckoM HalpaBI€HHU — arpoNpOMBIII-
JICHHOM CeKTope.
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AKkaziemMusi MpeKpacHo MOHMUMAET ero 3HAYMMOCTb.

B 2019 rony y Hac ObLIO CO3/1aHO HOBOE OT/EJIeHHE HHHOBAIIMOHHBIX TEXHOJIOTHIl 1
arponpoMbIIJIEHHbII KOMILJIEKC.

Bbonee toro, yuactue B pazutuu AIIK MbI cunTaeM ogHON M3 CaMbIX MPUOPUTETHBIX
3a1ay AKajsieMuu.

Oty paboTy B AKaJeMHUH KypHpOBaI Halll BULIE-TIPE3UACHT, BHIIAIOMINIACS 0OLIeCTBEH-
HBIN U TocyaapcTBeHHbIH nedrens JocmyxamOeToB Temupxan MbIHaiiiapoBuy.

Benbs HOBBINM yHUKAIBHBIN 3Tall B €10 )KU3HU OBUI CBS3aH C CEJIbCKOX03HCTBEHHON OT-
pacibio. OH opranusoBain arpoxonnunr «baiicepke Arpoy». OObeIUHUB MOl CBOMM Hava-
JIOM TQJIAaHTJIMBBIX YYEHBIX U MPAKTUKOB, BHEAPSAS camMble HOBEHIINE MUPOBBIE JOCTHKE-
HUS arpapHO HayKH, OH TOOMJICS] HEBEPOSTHBIX Pe3ynbTaToB. HaydHO-IPpOM3BOACTBEHHBIN
arpoxosiquHr «baiicepke Arpo» 3a KOpoTkoe BpeMs MOIYUHII caMble BBICOKHE Pe3yJIbTaThl.
ITo BceM moka3arensM pacTeHHUEBOACTBA U JKUBOTHOBO/ICTBA MPEB30ii/IeHbI MPAKTHYECKH
BCe HAIMOHAJIbHBIE, perHOHAJIbHBIE H 3HAYMTEIbHAS YaCTh MHUPOBBIX JOCTHKEHHI.
BrniepBrie npuBieyeHbl aMepUKaHCKHE MHBECTULIMHU B MOJYYEHUH HOBBIX PENPOAYKTUBHBIX
ounomarepuanoB. Co3naHa yHHKaIbHAsE Ja00paTopHs, MO3BOJISIONIAS BEIBECTH CEICKIINOH-
HYI0 pabOTy Ha HEBHJAHHBIN B Halllel CTpaHe YPOBEHb.

Ceiiuac arpoxoJAMHT CTal HACTOSIIUM LEHTPOM MepeoBOW HAyKH M MPAKTUKU NI
BCETO arpomNpOMBIIIICHHOTO KOMIUIeKca cTpanbl. B 2019 roay 3a BeImaromuecs: J0CTHXKE-
HUs B arpapHoM cekrope JlocmyxambetoB T.M. 6611 ynoctoen ['ocynapcTBeHHOH ipemMun
PK B oOnactu Hayky ¥ TEXHHUKH.

Sl odeHb pax BUAETH 3/1€Ch €r0 COPATHUKOB M YUYEHHKOB. YBEPEH, UTO OHU JOCTOMHO
MIPOIOJIXKAT €ro JEJO.

OueHb OOIBIIYIO pa0oTy BBINOJHSET oTAeneHNne TpaHcnopTa U KoMMyHUKanuid. Vimn
BeIlyTCsl pabOThI MO YAYYIICHHUIO TEXHHYECKUX CBOHCTB JOPOXKHOTO achaibrooerona. beumm
pa3paboTtaHbl HOBbIE 3()(EKTHBHBIE TEXHOIOTHH TOIYYSHHS psijia HAHOMAaTePHAIIOB, TIOTyYEeHBI
OTEYECTBEHHBIC YIIIEPOJHBIH HAHOMIOPOIIOK, HAHOOMTYMBI i HaHOAC(HaJIBTOOCTOHBI, KOTOPbIC
MCCIIeIOBAHBI B AKKPEAUTOBAHHBIX HAYYHBIX JIAOOPATOPHSIX M YCHEIIHO alpoOHPOBaHbI Ha IPO-
W3BOJICTBE — [IOCTPOCHBI YUYACTKH aBTOMOOMIIBHBIX 10por B IT. Hyp-Cyntan u Anmarsr.

AKTHUBHYIO paboty BeneT [opHo-reosoruueckoe oTaejIcHuUE.

CornacHo nopyuenuto I'maBel rocynapersa K.K. Tokaea, o3Byuennoro B [locnanuu Ha-
pony Kazaxcrana 1 cents6ps 2021 roaa, 4ieHbl OT/ACICHUS aKTHBHO YYacTBYIOT B paboTe
1o co3nannio HanmoHaabHOM reo/IOrn4ecKoi ciyK0bl.

Xouy OTMETUTH pabOoThI M0 aKTyaIU3alMy T€0JOTHYECKON KapThl MPUTPAHUYHON Tep-
putopuii PK — Kuraii u paboTsl 1o reosioruueckoit pa3seake Ha Tepputopun LleHTpanbHoi
Aszun (Brirouas u teppuroprio Kazaxcrana) ¢ yaactuem 5-tu crpan (Kazaxcran, Poccus,
Kurait, IOxuas Kopes, Monronus).

I'maBa rocygapcTBa 0co00 OTMEYaeT, YTO pa3BuUTHE U(POBOI MHIYCTPUU OOECHIEUHUT
HMMITYJIbC BCEM JIPYTHM OTPACIISM.

B sTOM oTHOmeHnu otaeneHre BeIuMcaNTEeNBHBIX 1 HHPOPMAIIMOHHBIX TEXHOJIO0-
THI COBMECTHO ¢ [ OpHO-Te0IOrnuecKruM OTACTICHUEM BelIeT paboTy 1O pa3paboTKe MOLYIIs
reouHpopmannorHoit cucrtemsl (I'MC), 0CHOBaHHOTO Ha METOaX UHTEJUICKTYaIbHOTO BbI-
SBJICHUS] AaHOMAJIUH, JUIsl ITyOWHHOTO MPOTHO3HO-TIOMCKOBOTO MOJICIIMPOBAHUS MECTOPOXK-
JICHUH.
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[TocTpoeHa KoMILIEKCHas MPOTHO3HO-MUHEpAareHn4YecKkasi MoJiellb, COCTOSIIAs U3 Ieo-
XHMUYeCKOW U Teor3ndeckoil 4acTi 1 HU(POBOro MOJIEINPOBAHUS METOJAMU 00PaTHBIX
3aJ1au TEOXUMHH U TeO(PU3UKHU.

Pabora Benercs B oueHb TecHOM coTpyaHuuectBe ¢ TOO «AkaneMceThby, TIe UMESTCs
COBpPEMEHHBIH LeHTp 00paboTku naHHbIX ([lara neHTp).

B otnenenrn MalmMHOCTPOEHHs BETyTCs yCIIEIIHbIE Pa0OThI B 00JaCTH KOCMHYECKUX
texHosoruii. K npumepy, uieHamu oTaesieHus ObLTH pa3paboTaHbI:

— JKCIIEPHMEHTAJIbHBII 00pa3el] KOMIUIEKTa LEeJIeBOW anmaparypbl Hay4HO-TEXHO-
JIOTUYECKOTO KOCMHUYECKOTO anrnapara,

— DKCTIIEPUMEHTAIBHBIN 00pa3el] CUCTEMbI YIIPABICHUS IBM)KEHHEM M HaBHTallud MH-
KpOCITyTHHKA,

— 9KCIIEpPUMEHTAJILHBIN 00pa3el] 3Be3THOT0 JaTYHKa JJIsl KOCMUYECKHX araparos,

— OMBITHBIN 00pa3ell CUCTEMbI BLICOKOTOUYHOM MPOCTPAHCTBEHHON OPUEHTAIMU 00bEK-
TOB CPEJICTBAMH CITyTHUKOBON HAaBHUTaIUH.

BbuTH BBITIOTHEHBI OMBITHO-KOHCTPYKTOPCKHE paboThl 1Mo co3aanuto auddepeHnuaib-
HBIX CTaHIMH U CHIEIHATBHOTO MIPOTPAMMHOI0 00ECTICUEHHsI ISl CHCTEMbI BBICOKOTOYHOM
CIYTHHKOBOM HaBuranmu PecryOnuku Kasaxcran u MHOTHE IpyTHE.

Unenamu oTaeneHusT IKOHOMHKH pa3paOOTaHbl:

— Mertoauueckuii Moaxo/] K OLIEHKe MOTEHIHalla COLNaIbHO-OKOHOMUYECKOTO Perno-
HOB;

— MeTtopmosnorust peiTHHTOBOI OLIEHKH YCTOHYMBOCTH YIKOHOMUKHU U COLMAIBHON chephl
TOPOJIOB;

— Kapra puckoB ycToiunBOro pasBuTHs ropojioB;

— KonuenrtyanabHble OCHOBBI U PEKOMEHAALMHU 110 BHEAPEHUIO MOJIEIH MHKIIO3UBHOTO
PETHOHAIBHOTO Pa3BUTHS YKOHOMHKH U COLIMATBHON Cephl.

VYuensie Hanmonansnoit MmkeHepHOM AKaneMuu BHOCSAT CBOM BECOMBIM BKJIAIl B pe-
(dbopMHpoBaHHE W TIOBBIIICHUE KayecTBa oOpa3oBaresibHON cucTteMbl Pecnybnuka Kazax-
CTaH.

Hampumep, 3amanno-Kaszaxcranckuii ¢uiaman, IEHTPOM JESTENbHOCTH KOTOPO-
ro seisiercsi Ka3zaxcTaHCKHMIT YHUBEPCUTET MHHOBAIIMOHHBIX M TEJIEKOMMYHUKAIIMOHHBIX
cucreM, pa3pabaTbIBaeT M MpeJiaraeT K BHEAPEHUIO B 00pa30BaTeNbHBIN MpoIecc BY30B
HoBbIX IT-Texnonoruii. Uudopmarnzanus HaydHOU, y4eOHOH U yIpaBIeHUECKOH esTeIb-
HOCTH BYy3a 3[€Ch paccMaTpUBaeTCs KaK CPEICTBO MOBBIIICHUS WX dPPEKTUBHOCTH U Ka-
yecTBa. Pa3paboTku yueHbIX prmana co3naroT yueOHO-METOINIeCKy 0 0a3y JaHHBIX, M0-
3BOJISIFOIILYIO YCIIEIIHO padoTarh B YCIOBUSX HH(POPMAIIMOHHOTO 00IIECTBa; 00€CIIeUHBATh
PaBHBII AOCTYN K 00pa3oBaTebHBIM yCIyraM; MOBBIIIATh YPOBEHb 00pa3zoBaHus B cepe
IT-TexHonoruii u Tak ganee.

Kcraru KYUTC, 6narogapst pazpadoTKaM y4eHbIX — WieHOB 3amnaHo-KazaxcTaHcKoro
¢umana, IoNIyYnsI OAHUM U3 MEPBBIX B CTPaHe JUIEH3UI0 HA MPAaBO 00y4aThb CTYIEH-
TOB MO AUCTAHIHOHHBIM 00Pa30BaTeJbHBIM TEXHOJIOTHSIM.

Komnextus dKamoObLICKOr0 (hrsnasia mpogoikall akTUBHO IPUHUMATh y4acTHE B pea-
JU3alMU TPOEKTa MPOU3BOICTBA KOMIUIEKCHBIX MUHEPAIbHBIX ynoOpeHuii B KamObIIcKOM
00J1acT, B CO3aHUU KPYyMHEHIero XuMH4IecKoro Kiacrepa.
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[Tpu sTOM 0co00€ BHUMaHHUE YACISIIOCH BOIIPOCY Pa3BUTHsI BO30OHOBIISIEMBIX UCTOY-
HUKOB dJIeKTpodHepruu. [lpu yyactuu ydeHslx (uiinana B 001acTH 3a MOCIEIHHE TOIbI
BBEJICHBI B JIelicTBHE 9 OOBEKTOB BO30OHOBISIEMBIX HCTOUHHKOB SHEPTHH.

B Tom uncne 3amynieHa camast KpyrnHas B LleHTpanbHOM A3nu coTHeuHast 3JIeKTPOCTaH-
s «bypHoe comap-1», momuocTteio 50 MBT, xotopas yxe Beinuta Ha 100%-Hyt0 MorI-
HOCTB.

Kaparanaunnckuii puauan neiictsyer Ha 6a3e KaparaHguHCKOro TEXHHYECKOTO YHU-
BEpCUTETA.

Ero nesTenbHOCTh BHOCHT BECOMBIN BKJIAJ B TEXHOJIOTHYECKYIO MOACPHHU3ALIUIO MTPO-
MBILIIJICHHOCTH peruoHa. B pesynbrare 3()(eKTHBHOTO COTPYJHHYECTBA C TPOU3BOJCTBOM
o0bem ¢unancupoanusi HMOKP, BrIONHSEMBIX y4€HBIMH YHHUBEPCHTETA, COCTaBIISET
850-900 MJIH TT €XKEeroHO, pa3padaThIBAIOTCSI M BHEPSIOTCS B MPOU3BOACTBO UMIIOPTO3a-
MeIaloIIne HayKOeMKHUe U ITH(QPOBbIE TEXHOIOTHH. YHUBEPCUTET 3aHUMAET 0C000e MECTO
B PEIICHUH MTPOOIeM TOATOTOBKH KaJpOB

AxkTIOOMHCKHH uauan, neiictByrommii Ha 6a3e AKTIOOMHCKOTO YHHBEPCHUTETA HM.
K.)KybanoBa BezieT paboThl 10 OTPabOTKE TEXHOJOTMH U OMPEACICHUH TEXHUKO-3KOHO-
MHUYECKUX TOKa3aresie nepensiaBa (B HACBITHOM BHUJIE) TIBUIA OT IPOOJIEHUs BBICOKOYTIE-
poauctoro heppoxpomMa AKTIOOMHCKOTO 3aBojia (DeppOCIUIaBOB B CIUTKH.

Peanu3zyeTcst MpoeKT Mo KOJIMYECTBEHHOM OIICHKE COIEPIKaHUs XpoMa B aTMOC(HepHOM
BO31yXe I. AKTOOE € HCIIONIb30BaHUEM METO/Ia BEICOKO(DYHKIIMOHATBHBIX U3MEPEHUH.

U st10 naneko He Bce HampapneHwust nestenbHocT HUA PK. [lo Bcem uM MbI Oyzem
MPOIOJIKATE PadOTy, IPPEKTUBHO KOPPEIUPYSI CO CTPATETMUSCKUMHU YCTAHOBKAMHU Pa3BU-
THUS CTPaHBIL.

Hoporue npy3bs!

Ceromast AkageMusi 00beIUHSIET 300TOH (DOHI HAYYHO-WH)KEHEPHOTO MOTEHIINANa —
COTHU BUJIHBIX YUEHBIX, PYKOBOJIUTENIEH U CIIELUAIMCTOB SIBJISAIOTCS €€ WCHaMH.

OT0 Hala ornopa, JTy4iIre NpeACTaBUTEIN HayYHO-HHKXEHEPHOTO COOOIECTBA.

U B aToM Hemanas 3aciyra [Ipesnauyma HUA PK u KonkypcHoit komucenu Bo 1iaBe ¢
ee OecCMEHHBIM pyKoBoAuTeNneM akajgeMukoM A.A.KynmnbaeBbiM.

3a otu roapl Jlaypearamu ['ocynapcTBeHHOM ipeMun B 00JaCTH HAyKH M TEXHUKH CTAJIN
49 unenoB Hamreld Akagemuu, 6osnee 100 yenoBek cranu Jlaypeatamu pa3nuuHbix Mexay-
HapOJHBIX IIPEMHUIA.

MpI mproOpenu BEICOKUI aBTOPUTET B CTPaHE U HA MEXTyHApOIHOU apeHe.

Ha ceronns, cnenyst ctparerndeckoMy Kypey passutus PecnyOnuku, Axagemust crana
HEHTPOM, TEHEPUPYIOLIMM HCH U PELICHUS B 00JaCTH TEXHUKH M TEXHOJIOTHH, KPYITHBIM 1
ABTOPUTETHBIM O0bEAMHEHHEM, PAa3BUBAIOIINM HAYYHO-UHKEHEPHYIO JesITeIbHOCTh B Ka-
3axcTaHe.

JKenaro Bcem wieHam AkaJieMuH, paOOTHUKAM BO3IJIABJIIEMbIX UIMH OPTaHU3aIIMHI, cCUa-
CThSl M HOBBIX JIOCTH)KEHHIH!
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coucmou cmpykmypoii. Ha ocHoge kpamro2o 0630pa u AHAIU3A COBPEMEHHO20 COCMOSIHUSL UCCe008aAHUT
cmepoicHesbIX cucmem 000CHO8bI8AeMCs: akmyanbHocmy ucciedosanus HAC croucmo-neoOnopoonsix
0EPeBAHHBIX KOHCMPYKYUTL ¢ Y4EMOM HATUYUS PATUYHOL CONPOMUBTAEMOCIIU CLOE8 HA PACMAJICEHUE U
corcamue. Ha smom ocnosanuu asmopamu pewaemcs 3adaua onpedenenus HJ/[C croucmo-1eo0nopoonwix
O0EPeBAHHbBIX CIMEPIICHEN 8 YCI0BUAX NOAZYYUECMU, 20e YUUmbléaromcest maxue (Gakmopwl, KaK 81adNCHOCHb
u memnepamypa, a Maxice pasHOCHb CONPOMUBTAEMOCIU CII0e8 OPEBECUHbL PACANCEHUIO U CHCAMUIO.
Tpu peweruu 3a0a4u yumeHvi maxice Mexano-copOYUOHHAS NOA3YUECTb OPEBECUHbI.

Yemanoenena nocredosamenvnocme pacuema H/C 0ns kaxcoo2o y3na nonepeuHozo ceveHus cioes
CcmepoICHsL.

Knrouegvie cnosa: mamemamuueckas MoOenb, HANPAHCEHHO-0eQOPMUPOBAHHOE COCMOSIHUE, CIepPIiC-
HU ¢ HEOOHOPOOHOUL CIOUCMOU CIMPYKMYPOL, PACMAdICEHUE, Colcamue, Noi3y4ecmb.

Bormpocsr nccinenoBanus HanpsokEHHO-neGopmupoBanHoro cocrostaus (H/C) anmemen-
TOB KOHCTPYKIIMH C HEOAHOPOIHBIMH CIOWUCTBIMU CTPYKTYPaMH SIBISIFOTCS OTHUM HX aK-
TyaJbHBIX 3a7[ad COBPEMEHHON MEXaHWKH YIpyroro 1ehopMUPYyeMOTro Telld. XOpOIINMHU
Hay4YHBIMH OCHOBaMH TPY TAaKUX HCCIEAOBAHUH SBISIFOTCS DHEPTETHUECKHE METOBI HC-
CJIEZIOBaHUS, B KOTOPHIX HA OCHOBAaHUH IPHUMEHEHHS 3aKOHA COXPAHEHHUsS YHEPTUU paspa-
6ortansl MeToauku uncienHoro HJIC crepkHeil ¢ ydeToM TemIeparypHBIX pacuIupeHuit
[1-5].

B pabote [1] mokazaH pacompeHHBI METO H3MEHEHHS SHEPTUHN ITONIEPEIHON aedop-
MaITUH JJIs1 OTICHKH TIOBPEXK/ICHHUH, CBSI3aHHBIX C OTPaHUYCHHBIMUA MOJIaJIbHBIMHU JAHHBIMH B
0aI0YHO-TIOAOOHBIX KOHCTPYKIIHSX, T/I€ YIUTHIBACTCS KOPPETIAIHS MEKIY aHATUTUIECKH-
MU MOAAIBHBIMU JIaHHBIMHA ¥ MU3MEPEHHBIMHU HEMOJHBIMU MOAAJIBHBIMU NaHHBIMU. [Ipen-

* E-mail xoppeconaupyromero apropa: axmetov_aing@mail.ru
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JIO’KEHHBIN aBTOpaMH METO/1 YCTIELTHO IPUMEHSIETCS JUIS OLIEHKH CEPbe3HOCTH eIMHUYHBIX
MOBPEXACHUI B 0ATOYHO-TIOI00HON KOHCTPYKIIMU U MOXKET OBITh MOJIE3€H B TEXHOJIOTHU
TEXHUYECKOTr0 0OCITY>KUBAHHUS M B CHCTEME MOHUTOPUHTA COCTOSIHUSI KOHCTPYKLIUH.

B paborax [2, 3] paccMaTpHBarOTCS METOIbI HCCIIEIOBAaHUS TEPMOHAIPSKCHHO-
ne(OPMUPOBAHHOTO COCTOSIHUSI CTEPXKHSI OrPAaHUYECHHOW JUIMHBI MPH OAHOBPEMEHHOM
HAJIMYUHM JIOKAJIBHBIX TEIJIOBBIX MOTOKOB, TEIJI00OOMEHa M TEIUIOM3OJSIHH, KOTOpBIC
OCHOBaHBI Ha 3aKOHE COXPAHEHMsI SHEPTUU. MeTo/bl MO3BOJISIOT ONpENeNATh MoJe pac-
MpeJesieHus] TEMIIEPaTypbl U TPU COCTABISIIOIINE AedopMalii 1 HANPSHKCHUH, a TaKxkKe
BEJIMYMHY YIJIUHEHUS CTep)KHS MEPEeMEHHOI0 CeYeHHUs MO JUIMHE U Pe3yJIbTHUPYIOLIYIO
OCEBYI0 CHJIy C TOYHOCTBIO, YAOBJIETBOPAIOIIEH 3aKoHaM coxpaHeHus sHepruu. C Ta-
KHMHU K€ YCIEHIHBIMU pe3yJbTaTaMM HCCIIEJOBaHbl TaK)Ke€ U CTEPKHHU C MOCTOSHHBIMHU
CEUYEHMSIMH 110 OTPaHMYEHHOHN UX JUIMHE MPH Pa3INYHbIX YCIOBHUSIX TEMIIepaTypHBIX pac-
mupenuit [4, 5].

IIpuBenennsle Boiie MeTOAUKH HccnenoBanus HJC cTepHEeBBIX CHCTEM pacCUUTaHbI
JUTSL CITy4aeB, KOI/Ia paccMaTpUBaeMblil JIEMEHT MPEUMYIeCTBEHHO MOJICTUPYET METAIIN-
YeCKHE KOHCTPYKIUH.

OnHaKo B TEXHUKE, 0COOCHHO MPH CO3AaHUHT YHUKAILHBIX KOHCTPYKIUH, Yalle UCTIONb-
3yIOTCSI KOHCTPYKTHBHBIE JIEMEHTHI C HEOJHOPOAHBIMM CIIOUCTBHIMH CTPYKTypamu. B kaue-
CTBE TIPUMEPA MOYKHO MIPUBECTH JIEPEBIHHBIE KOHCTPYKLIUHU CO CIOMCTBHIMU 3JIEMEHTaMH, B
YaCTHOCTH Kiiee(aHEePHBIE DIIEMEHTHI.

B paborax [6, 7] 1ocTaroyHO MOAPOOHO OCBEIICHA METOIMKA UCCIICIOBAHMUS BIUSHUS
YIPYTO-IUTACTHYECKUX CBOMCTB JPEBECHHBI HA JUTHTENIbHBIE MPOLECCH 1e(OPMUPOBAHHUS
M3rubaeMbIX JIEPEBSHHBIX U KieeaHEPHBIX JIEMEHTOB MOKPBITUH 30aHni. V3yueHsl xa-
PaKTEpUCTHKH MTOJI3y4ECTH OT BPEMEHH I0JI3y4eCTH IPEBECUHBI TPU BO3/IEHCTBUM IPUPOJI-
HBIX Harpy30K.

OpnHako B MPAaKTHKE MPOEKTUPOBAHNUS HECYIIUX 3JIEMEHTOB KOHCTPYKIIUI BCTpEYaroTCs
CJIydau, KOrjJa MpH MajbIX HANPsDKEHUAX U JeOopManusx HeoOX0ANMO JOCTATOYHO TOUHO
onucarh n3Menenus nx HJC, a Takyxe Mpo4HOCTHBIE XapaKTEPUCTUKN MaTepuaia Ha OCHO-
BE€ IPUMEHEHHs TEOPUH TOJI3YUECTH.

YuéT BO3MOXKHOCTH pacyé€ra pa3HON CONPOTUBISIEMOCTH JPEBECUHBI PACTSIKEHUIO U
CKaTHIO TIPU TIOJI3yUECTH CIIOMCTO-HEOTHOPOIHBIX KOHCTPYKIMH JacT OOJNbIINE BO3MOXK-
HOCTH JJIl ONTUMM3ALIMH, a TAKXKe PALlMOHAIILHOTO MCIIOIB30BaHMsI PA3INYHBIX IOPO Ape-
BECHHBI.

CoBpeMeHHbIE METO/Ibl pEeIIeHHUs 3aJad pacuéTra KOHCTPYKLIUN ¢ y4ETOM IMO3yuecTH
MpencTaBieHbl B 0030pax [8 - 10].

AHan3 yKa3aHHBIX BbIIIe pabOT MOKa3aj, YTO B HUX HEIOCTaTOYHO IMOJHO PacCMO-
Tpensl 3anaun onpenencHuss H/IC cinoucTo-HEOTHOPOMHBIX AEPEBIHHBIX KOHCTPYKIUH C
y4€TOM HAJINYHS Pa3IMuHON CONPOTUBIISIEMOCTH CJIOEB Ha PACTSHKEHUE U CKATHe.

Cxema Opyca B TpexMEpHOH JIEKapTOBOW MPSIMOYTONbHOW CUCTEME KOOPIAMHAT IMpe.-
CTaBIsIeT COOOH CTepPIKEHb, COCTOSILUI U3 HECKOIBKHX CI0EB. CII0M MOTYT OBITh BBITIOJTHE-
HBI U3 Pa3IMYHBIX MaTE€PHUaJIOB U MOTYT pacloyiararbCsi Kak TOPU30HTANIBHO, TaK U BEPTHU-
KaJabHO (puc. 1). O0Iee Ynciio ciioéB MPUHIUITMAIBHO HE OTPAHHYCHO. YCIIOBHUS KOHTAKTa
CJIOEB CUUTAIOTCS] COBEPIICHHBIMU — OTCYTCTBYIOT B3aMHBIE CMEILEHHS JIFOOOTO Harpas-
JIEHUSI B IMJIOCKOCTH KOHTAKTA.
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e NI/

Pucynox 1 — O6uwmii Bug u popma MOMEPEIHOTO CCUCHHS CIIOMCTOTO CTePIKHS

Hauasno cuctembl KOOpIMHAT XyZ IIOMELIaeM B JIEBBIH KOoHell cTepxHs. Ochk X coBIaaeT
C MPOJOJIBHOI OCBIO CTEPKHA U UMEET ONPEACIEHHYI0 T€OMETPHUECKYIO MPUBA3KY K I10-
[IEPEYHOMY CEUCHHIO.

Jist ynpoIeHus NoTyqalonIuXcs B AajJbHEHIEM peleHuid OyeM cYuTaTh, 4TO CTPYK-
TYpBbl THOPUAHBIX CTEP>KHEH M paclpeneNeHUil BHEITHUX HArpy30K COTNIACOBAHbI TakK, 4TO
OHHU B IPOLIECCE HATPYXKEHHUS JIMOO BOBCE HE BBI3BIBAIOT d(P(PEKTOB 3aKpyunBaHHMs, JIUOO
OHH CTOJIb HE3HAYMUTENIbHBI, YTO UMU MOXKHO IpeHeOpeyb. B o0uiem ciydae cTtepkeHb Hc-
MBITBIBACT U3TUO B IUIOCKOCTSIX XY U VZ € PacTsDKCHHEM-CkaThueM. Bee Harpys3ku npusese-
HBI K IPOAOJIBHOM OCH CTEP>KHSA — OCH X.

Hedopmanmu u nepemenieHus: OyeM CUUTaTh MajbIMH. DTO MO3BOJMT 3alHChIBATDH
ypaBHEHUS paBHOBECHS IS HeAe(hOPMUPOBAHHOTO COCTOSHHUS:

2

d*Mm, - dm, d°M, - dm, dN _
= _ s = -, —_—

dx? Yodx dx? o odx dx
3neck N — npoeKiys BEKTOpa BHYTPCHHETO YCHIIMs Ha OCh X, M, M — IPOCKLIUH BEKTO-
pa BHYTPEHHEro MOMEHTA Ha OCH z U Y. TouKa NpUIOKEHHsI BEKTOpa BHYTPEHHUX YCHUIIUI
JICKUT HA OCH CTEPKHsL. Bennunnei 0, d , 0, — IpoeKiiyu BeKTopa pacnpeaenéHHol Harpys-
KH, HpHJ’IO)KCHHOfI K OCHu CTpe)KHﬂ, mz, my — HpOCKHI/II/I BeKTOpa paCHpCHCHéHHOFO MOMCHTA

HaoOCHzZHY.
Wnterpupys ypasaenus (1), moayduM BeIpayKeHUs 1JIsl BHYTPEHHUX YCUIINH:

N()=N(0)- [ q,dx,

—gx . (D

M, (0 =M, () - Q, (0)x - | 'm,dx-+ j:(j:qydx)dx, @)

M, (X) =M, (0)-Q, (O)X—onmydx+fox(foxqzdx)dx,
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B ciyuae, ecnu cTepKeHb CTaTUYECKHU ONPEAEIUMBI, TO 3HAaY€HUsI BHYTPEHHHUX yCH-
JIUi B HaYaJie KOOPJIMHAT OMpPE/eIIsieM U3 YCIIOBHIA paBHOBecHs y3i10B. MlHaue He00X0uMo
COCTABJISATH JIOTIOJTHUTEIIBHBIC YCIOBUSI COBMECTHOCTH JiehopMariuii.

ITpuHuMaeTcs crpaBelIuBOM TEOPUS INIOCKUX CEYEHU bepHyIuIn U ynpoIIEHHOE BbI-
pa’keHHue KPUBU3HBI INIOCKOM KpUBOH. B COOTBETCTBHE C JaHHBIMM OTPAHUYEHUSIMU CBSI3b
MeXxy neopMarusaMu U MEePEeMEIICHUSIMI CTEPXKHS BBIPAXKACTCS CICIYOIIMMH U3BECT-
HBIMH COOTHOIIICHUSMHU:

e(x,y,2)=¢,-y-k,—z-k,
d?v,

du

d?w, €)

3nech g, K, ky — mpopoJibHast JeopMalys Ha YPOBHE OCH CTEp)KHSI M M3MEHEHUE KpH-
BU3HbI OCH CTEP3KHS B IIPOEKIUHU Ha OCH z 1 Y, U (X), V,(X), W, (X),~ KOMIIOHEHTBI TIepemelile-
HUH TOYEK Ha BEIOpaHHOHN oceBoil InHNH. MHTErpHpyst cooTHOMIEHHUS (3), TOITydnM:

Uo () = Uy (0) + [ £l
Y (0) = v, (0) + ¢, (0) X + J’OX( IOX kydx)dx,
9,00 =0,(0)+ [ kX, @)
W, (X) = w, (0) + ¢, (0) x + IOX(I:Kde)dx,

9.()=0,(0)+ ] 'k,dx,

Bennuuner u (0), v (0), w,(0), goy(O) 1 ¢ (0) Hax0MM U3 yCIIOBHUI 3aKPETUICHUS CTEPK-
HSl.

CBs13b MEXK]ly HOPMAIIbHBIMH HATPSHKEHUSIMU U iepopMannsMu OIHUIIEM CIIeTYIOIHM
o0pazoM. Jlehopmannn IpeBECUHBI COCTOAT U3 CIEAYIONIUX YacTel: €, — ynpyrue aedop-
MALUH, & — IIACTHICCKHE nedopmanuy, g, — AeGopManuu Moa3y4ecTH, €  — aephopma-
LMK MEXaHO-COPOLIMOHHOM ITONI3yYeCTH U Ae(opMalny ycanku/HabyXaHus € .

8(t) = 8el + 8pI + 8visk + 8ms + E_:u . (5)

COOTBETCTBEHHO TIpHUpalieHue neopmariii Ha COOTBETCTBYIOIIEM IIIare o BpeMEHH
COCTOMT U3 CJEAYIOINX KOMITIOHEHT:

Ag(t) = Ae, + Ae + Ag i +Ag  +Ag, . (6)

visk
rie Ag, — npupaiieHne ynpyrux aepopmanui, A8p| — TpUpalnIeHue IIaCTHUECKUX Jedop-
Mamui, Ag, — npupaienue aedopManuii monsydectu, Ag — npupamenue aedopmanni

Visk
MEXaHO-COPOLMOHHOM TON3y4eCTH, Ag, — IpUparienue Jepopmanuii ycaKn/HalyXaHus.
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CBs3b MEKly HOPMAJLHBIMH HANPSKEHUAMH M I€(QOPMALMAMHE €, U €, BBIpaKaeTCs
CTEIIEHHBIM MHOTO4JICHOM BHJIA:

G:El(gel+8p|)+E2(£el+8p|)2+E3(gel+£pl)3 (7)

rie E. — KOHCTaHTBI, 3aBUCAIIME OT MEXaHUYECKMX CBOMCTB Marepuala, a TakKe TeMIepa-
Typsl (T) ¥ OTHOCUTEIBHOMN BIIaXXHOCTH (U).

- |ref [1+ all(T Tref ) + bil(u U )] (8)

Koapduuuentst E_, @, 1 b, NOMKHBI ONIPEAENATHCS SKCIEPUMEHTAIBHO HA MPEAMET
pacTsKeHHe-CKaThe Mpu paSHI/I‘-IHLIX 3HAYEHUSAX TEMIepaTypbl U BIAKHOCTH PEBECHUHBI.
Koncrautel T, 1 U BBIOMPAIOTCS B POLIECCE MIAHUPOBAHMUS MCTIBITAHHUH.

Jedopmainu moa3ydecTH 3a/1at0Tcs MIeCThIo AieMeHTamMu KenbBuHA:

-t

t
+ = |do| .,
8visk(t):‘]0(uref)J‘ Z\]E 1_e " y dt (9)
0

+ +

YucseHHble 3Ha4eHus 3, 1 T, ONpeNesArOTCS TAKKe HAa OCHOBE SKCIIEPMMEHTOB OT-

JIEJTBHO JUISL PACTSHKEHHS M OTAEIBHO IS CKaThs apeBecuHsl. [Ipupamenue nedopmarmii
IIOJI3YYECTH MOYKHO BBIYMCIIUTD, UCIIOJIB3YS IIPABUIIO TPAIICLIUA:

At
" = |(AC | s
Aeviskzjo(u,ef)ZJ; l1-e™ ( 5 +c'”) (10)

hist o
rac Gn 0OHOBIsETCSA TIOCIIE Ka)XI0U UTCpanuun

At

o, —(Gh'fi+A2 )e K AZG (11)
Mozeinbs MexaHO-COPOIIMOHHOM MMOJI3y4eCTH:
— 07151 Oehopmayuii pacmsiiceHus.:
e (t)=J" j X sy (12)
— 07151 Oechopmayuil coHcamusi:
e (t)=J" j AT sy 4 3, @ )ejo(t’)|du(t')| (13)
0

rne J© =0.7J,(u,, ) . [Ipu cxxatun nobasnsiercs TMHEHHAs 9acTh AedopMaIyii, OTBeYaro-
mias 3a MOTepr0 YCTOMYMBOCTH MUKPOGUOPHI U, CIE0BATEIBHO, CUUTACTCS TIOJHOCTHIO
He BoccraHaBnuBaeMol. OcCTaBIIasCs 4acTh MEXaHO-COPOIMOHHBIX Je(opMaiuii MOXKeT
MOJTHOCTHIO BOCCTAHABIUBATKLCS TPH U3MCHEHHH BIIAYKHOCTH U Pa3rpy3KH.
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Jns MexaHO-cOpOLMOHHBIX AedopManuii Takke UCIONb3yeM NPU HHTEIPHUPOBAHUH
npasuio Tpaneuui. [Ipupamenne nedopmanuii onpenensercs BeIpaKEHUEM IS OTpULia-
TEJIbHBIX HAIPSKEHUI:

oo —C|Au AG
Ae, =1 (1—e ja )(—2 +cshist)+cs\]0(uref Je|Aul (14)
) ) Ao\ _ Ao
hist __ hist c|Au|
Gn _(Gn—1+ 2 )e + 2 (15)

Ecnu B (13) HanpspkeHust pacTsaruparoliye, To mocienHee ciaraemoe ynansercs. Kax
JUTSL TIOJ3YYECTH, TaK U JUISI MEXaHO-COPOLIMOHHON MONI3Y4YeCTH CYMTACTCS MPUMEHHMBIM
NPUHIMI Cynepno3uiuii bonbiiMana 3a TeM UCKIIIOYEHHEM, 4To nocieqHuid uieH B (13)
SBJISIETCSl HEBOCCTAHABIIMBAEMBIM.

Hdedopmanuu ycagku/HaOyxaHHs TPEBECUHBI, MapajuleibHble BOJOKHAM, MMOJpazyMe-
BAIOTCS 3aBUCSIIUMHU OT JedopMaLuy, KOTopas Onpeensercs no hopmye:

g, = (a—beg(t)Au (16)

rae b = 1,3, a — k03 UIMEHT YCYIIKU MapauieIbHO BOJIOKHAM, AU — IPUPAILICHHE OTHO-
CUTENIbHOW BIAKHOCTH JIPEBECHUHBI.

PaccmoTpum cructemy paspenaromux ypaBHeHHH.

VYnpyrue u ractTadeckue JiepopMalii HaxoauM u3 ypaBHeHus (7) 1o u3BeCTHOU Me-
TONMKE, T7e, MpeodpasyeM MaHHOEe KyOndecKoe ypaBHEHHUE K cTaHAapTHOMY BUIy (17).

el +ael+bg,+c=0 (17)

a=f2 p=5 -9 E o (18)
E3 E3 E3
€)= €&y +8p|

Jenaem 3aMeHy IepeMEHHOI
g, =y-al3, (19)

1 ipuBouM (17) K «HEMOTHOMY» BUAY:

y’+py+q=0, (20)

_a _,(a) _ab _(PY ()
p= 3+b, q_2(3) 3+c, Q (3) +(3). (21)

B 3aBucumocTn ot 3Haka Q W P MOMyYHM CIIeIyIOIINe 3HAUYCHUSI KOPHEH «HETIOTHOTO
Kyondeckoro ypasHenus (20), T.e. eciu:
-Q<0,Top<0

p o p o 21 _ q
=2 - PeosZ, =2 |-Peos| L+ cosor = ————o 2
h=oy T3 %y YTy (3 3) 2oz P
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-Q20,Top>0
y,= -2 /gctg(Za), Yo = \/g(ctg(Za) + i\@cosec(Za)).
(23)
o-{ol3H<IE -2 [BHE<13
-Q20,Top<0
y, =2 —gcosec(Za), Yos = —g(cosec(Za) + i\/§ctg(2a)).
(24)

tga = 3(tg %%JS%Q sinB=§ %5%@'325

Bo Bcex cmywasx Oepércs neHCTBUTENBHOE 3HAUEHHE KyOMYECKOTO KOPHSI M pacyer
HJC nponcxoaut A KaKJ0T0 y371a MOMEPEYHOTO CEYEHHS B CIENYIOIIEH ITOCIeJ0BATENb-
HOCTH:

1. OnpenensieM OTHOCHTENBHOE COAEPKAHKE BIIar B APEBECUHE — IPUHUMAEM PaBHBIM
OTHOCHUTEIILHON BIAKHOCTH BO3/1yXa;

2. OOHOBJIsIEeM CBOICTBa MarepHalla OTHOCUTEIBHO JAaHHOW BIAKHOCTH U TeMIIepa-
TYpBL;

3. Briuucnsiem pacnpeneneHue HanpsbkeHud. HayanbHoe pacnpeneneHue HanpsoKeHH
oTpeensieTcsl U3 TEXHUUECKON TEOpUH N3ruda cTepKHEH;

4. Boraucnisiem npupaineHue aedopManuidi Ha JaHHOM Iare Mo BPEMEHH, WCIOJIb3Ys
pacnpeneneHe HanpsHKeHUH B HadaJIbHBIM MOMEHT 111ara;

5. OnpenenseM npupamnieHue HaNpsHKeHNH B KaKJoM y3iie. Bo3Bpamaemes k mary 3
1 OOHOBJsieM 3Ha4YeHue npupamiennii aedopmaruii. [llaru 3-5 moBTOpsrOTCS 10 TEX TIOP,
[IOKa HE MPOM30HAET CXOOAUMOCTH MO HAIIPSLKEHUSAM U AeopManusim;

6. BeruncisieM BHyTpEHHHUE YCHUIIHS B MONEPEYHBIX CEUEHUSAX ITyTEM MHTETPUPOBAHMS
o Tiomaay (yHKLIUM HOPMAJbHBIX HanpsbkeHUH. CpaBHMBAEM HOTyYCHHbIE 3HAYCHUS C
BBIYHCJIEHHBIMY U3 ypaBHEHUH paBHOBecHUs. Eciin KpuTepuii CXOAMMOCTH HE BBITTOJIHAETCS,
BO3BpALIaeMCsl K ITyHKTY 3 U U3MEHsSIeM pacipeaeieHue aeopMaruii.

7. BeiBouM 3HaueHUs AedopMannii, HaMPsHKSHUH U ITepeMenIeHHA TSl TAHHOTO MO-
MEHTa BpeMeHH t.

8. IIpomomKknTh pacdeTsl AJs CHEAYIOIIETO 1Iara o BpeMEHH U BEPHYThCA K IyHKTY 1.

JUia pacdera pasnu4HBIX MPUMEPOB JIEPEBSHHBIX CTEP)KHEH HAMM COCTABIIEHA IPO-
rpamMma B TIaKeTe MPUKIaIHbIX IporpamMm Matlab.

BoiBonsbl. Pemiena 3amaua onpenenenust HJIC cnoucTo-HEOTHOPOIHBIX ACPEBIHHBIX
CTEpKHEH B yCIIOBHAX Moi3ydecTH. [Ipu 3ToM yuTeHsl Takue (akTophl, KaK BIUSHHUE BIIAX-
HOCTH M TEMIIEPATYpPBI, Pa3HON CONPOTUBIIEMOCTH JPEBECUHBI PACTSKEHUIO U CXKATHUIO.
VY4TeHbl TakKe MEXaHO-COPOLIMOHHAS [TOJ3YYECTh IPEBECUHBI.
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C. M. AXMETOB', M. T. OCEPBAEB? K. Y. HKJIACOBA? A. b. BOJIATOBA®

'Hyp-Cynman kanacoinoazel Kasaxeman ¢unuanst Axademux IT.
2. Kyzneyos amoinoaewt Typaxmor damy mexmeoi
2C. Cetipynnun amoinoasvl Kazax acpomexnuxanvik ynugepcumeni
3C. Omebaes amovinoazer Amoipay Mynaii scone 2az yHueepcumemi

BIPTEKTI EMEC KABATTbBI K¥PbIJIBIMbI AP O3EKTIH
KEPHEYJII-IE®OPMAIIASJIAHFAH KYWTHIH,
MATEMATHUKAJIBIK MOJEJIT

Maxkanaoa b6ipmexmi emec Kabammul KYpolibiMbl Oap 03¢Kmily KepHeyli-0ehopmMayusianean Kyui
(KIIK) xapacmuipvinzan. Osexmi gicytienepoi sepmmeyoiy Kazipel Heatl-KyuiH KblCKAuA UWOLY HCIHE
manoay Hezizinoe Kadammapobly CO3LLIYA JCIHE CHIZLIY2A IPMYPIL KAPCHLIACYbIHbIY OOTYbIH ecKe-
pe ombipvin, Kabammwl-Oipmekmi emec asaut KoHcmpykyusnapvinoly KK 3epmmeyiniy ozexminici
neeizoenedi. Ocvl Heziz0e asmopnap bliaiObLIbIK NeH MeMnepamypa Cusakmol Gaxmopiapovl, coHOAl-
ax agawi Kabammapulubly CO3bLLY MEH CbI2bLIYEa MO3IMOLNI2IHIY AlbIPMAUBLILIZLIH eCKEePEMiH ColpRAHAY
Jrcazoativinoa Kabammol 6ipmexkmi emec azaui o3exkmepoiy KK anvikmay macenecin wiewedi. Maceneni
weuly KesiHOe aeauimvly MeXAHUKANIbIK copoyusacyl 0a eckepinedi. O3zex KabammapulHbly KeJI0eHeH
Kumacwvinvly ap myuini ywin K/[K ecenmey pemi anvixmanzan.

Tyiiin ce3dep: mamemamukaivlk MoOenb, KepHeyii-Oeopmayusianean Kyu, Oipmekmi emec
Kabammul KYpuLiblMbl Oap 03eKmep, CO3bly, KbiCY, CoIP2AHAY.
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'Kazakhstan Branch for the city of Nursultan of the International Scientific School of
Sustainable Development named after academician P.G. Kuznetsova
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MATHEMATICAL MODEL OF THE STRESS-STRAIN STATE OF A ROD WITH
AN INHOMOGENEOUS LAYERED STRUCTURE

The stress-strain state (SSS) of a rod with an inhomogeneous layered structure is considered. On the
basis of a brief review and analysis of the current state of research of rod systems, the relevance of the
study of the SSS of layered-heterogeneous wooden structures is substantiated, taking into account the
presence of different resistance of layers to tension and compression. On this basis, the authors solve the
problem of determining the SSS of layered-heterogeneous wooden rods in creep conditions, where factors
such as humidity and temperature, as well as the difference in the resistance of wood layers to stretching
and compression are taken into account. When solving the problem, the mechanical-sorption creep of
wood is also taken into account.

The sequence of SSS calculation for each node of the cross-section of the rod layers is established.

Keywords: mathematical model, stress-strain state, rods with inhomogeneous layered structure,
stretching, compression, creep.
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Kapazanounckuii mexnuyeckutl ynusepcumen

OOPMAJIN3ALUSA 3AJAYN AHAJIN3A CTALITUOHAPHBIX
PEKUMOB CJIOKHBIX TEIIJIOCHAB/XKAIOIIINX CUCTEM

Ha ocnose cucmemnozo nooxoda gopmanu3zoeanst yeuu u QyHKYUOHAIbHbIE 3A0a4U AHAIUZA YCNA-
HOBUGULe20CS 2UOPABTIUYECKO20 PEACUMA KAK anpoOUpoSaHHOU NPaKmuKo Memoooni02uu NPUHImus pe-
wenull 8 cgepe HANAOKU U NEPCNEKMUBHO20 PA3GUMUS CNOICHBIX MENIOCHADICAIOWUX cuCmeM Me2d-
nonucos. HMcnonvzoganue cucmemnHo2o nooxoda K nOCMAaHo8Ke U COGEPULCHCMBOGAHUIO 3A0ad AHANU3A
pevicuma no3eonuno paspabomams U peanu306ams npUKIAOHYI0 UHOOPMAYUOHHYIO cucmemy ¢ d¢hgpex-
MUBHOU ananusupyoujeli Memooonocuell s peuleHs npoPeccuoHanbHbIX 3a0ay.

Knroueswie cnosa: mennocnabcarouas cucmema, 2UOPAsIULECKULL PENICUM, CUCTNEMHBIT AHANU3, 3d-
oaua ananusd, popmanuzayus, KOMNLIOMePUayUs, UHGOPMayuoHHO-epapuieckas cucmemad.

Beenenue. B IpoeKTUPOBaHNH M IKCILTyaTallUK TEIIOCHAOKAIOMINX CHCTEM Meraro-
mcoB (TCM) texnonoru, pykoBogurenu (JIIP — numa, npuHuMaroniye pemenne) Termio-
CHaOXKAIOMIUX CHUCTEM MOCTOSHHO U 3(P()EKTUBHO HCMONB3YIOT aHAIM3HPYIOUIYI0 METO-
JOJIOTHUIO JUISL PEUICHUs] MPOQeCcCHOHANBHBIX 3a1a4. Tem Oolee, 4TO MPU MOAEIUPOBAHUU
CJIO’KHBIX CHCTEM B TEINIOIHEPTeTHKE 33/1a41 Pa3pabOTKH JOIYCTUMBIX PEKHUMOB CBOISTCS
K MHOTOKPaTHOMY pEILIeHUI0 3a/1a4 aHanu3a [1,2], To ecTh aHaIu3UpyIOIUi CTUIIb MBIIILIE-
Hust JITIP TeniocHaGX)arommx CUCTEM CTall ONPEeIIIONINM HE TOIBKO B POQeCCHOHab-
HOU MX IeSTETbHOCTH, HO M IIPU pa3padoTKe MPUKIAIHBIX HHPOPMAIIMOHHBIX CHCTEM.

Pa3paboTka HOBBIX 3a/1a4 aHAIM3a H COBEPLICHCTBOBAHHE METOIOB UX PELICHHUS CTaHO-
BUTCS BeAylIel mpoOieMoi METOJJONOTHH CIIOKHBIX CHCTEM, B TOM YHCIIE U KJ1acca CIIOXK-
HBIX TEIIOCHA0XKAIOIINX CUCTEM, KakuMH sBistrorcss TCM [3].

3ajgaun aHanmu3a cTauMoHapHOro (ycranoBuBiierocs) pexxuma TCM Taxoke SBISIOTCS
TJIaBHBIMU 3a/1auaMU JUCTIETYEPCKOTO YIPABICHUS TEXHOJIOTHYECKUM MTPOLIECCOM CHCTEMBI
Y TIPOLIECCOM IKCILTYaTaluH €€ TeXHOIOTHYECKOTro 000PyA0BaHuUSI.

Kommnbrorepusanust Ha COBPEMEHHOM JTaleé MaTepHajJbHO M KalUTAJTOEMKHX IMPOU3-
BOJICTB, Kakoil sBnsercs TCM, mo3BoisieT NCHOIb30BaTh CUCTEMHBIX MOJXOJ NP MOCTa-
HOBKE U COBEPIIIEHCTBOBAHNU METOIOB PEIIEHNUS 3a/1a4 aHaIM3a yCTaHOBUBILIETOCS PeKUMa
TCM.

®opMmaau3anus o0meil 3a1a4u aHAJM3a CTAMOHAPHBIX pPe:KUMOB. lcnonb3oBa-
HHUE CHCTEMHOIO MOJAX0Ja K MOCTAaHOBKE M COBEPIIEHCTBOBAHUIO 33]ay aHallM3a pexruMa
C TIOMOIIBIO MPUKJIATIHBIX WHPOPMALIMOHHBIX CHCTEM TpeOyeT MpOBEeICHMs TILATEIBHOTO
MCCIIeIOBaHUs U KilacCU()UKAIIMU CUCTEMHBIX MOHSATHI U ONpeAeTIeHUH, HEOOXOAUMBIX IS
(opMupoBaHUs U peLIeHUs TPOOIeM B 3TOM 00acTu.

[IpuBenennsie B Tabnuie 1 comepxaresbHble ONpeaesieHHs MOIyYeHbl HA OCHOBE HC-
CJICZIOBAHUS MIOHSTUH CUCTEMATOJIOTHH, IPAKTUKHU Pa3pabOTKH U pealu3aluy pe>KUMOB Te-
mIocHaOXxarommx cucreM [4,5].

* E-mail xoppecrionnupyromero apropa: tom44487@mail.ru
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dopmupopanne nU(POBOI CTPYKTYPBHI CIOKHBIX TEINIOIHEPTETHYSCKUX CUCTEM U TIPO-
HCXOJISIIUX B HEH MPOIIECCOB C MOMOIIBI0 MAaTEMAaTHYECKOTO MOJICIIUPOBAHMUS, HUCIIOJb3Ye-
MOTO B CUCTEMHOM II0/IXO/I¢, HCBO3MOXKHO O3 BBEJCHHS CTPYKTYPHBIX MMOHSITHIA, IPUBE-
JIEHHBIX B Ta0imle 2.

[Tpu popMUpOBaHUK CTPYKTYPbI CUCTEMBbI OYIEM MPOU3BOIUTD JICKOMITO3HIINIO CUCTEMBI,
TO €CTh Pa3/CIICHUE €€ Ha MOACUCTEMbI U 3aJ[aHue CTPYKTYPHBIX OTHOIICHUN MEKIY HUMH.
Ha MHOXeCTBe BBIACICHHBIX MOACUCTEM BBIJICIUM JBa CIICAYFOIINX TOIMHOKECTRA:

—  TOJMHOECTBO BHEIIIHHX MOJICKCTEM, B3aUMOJICHCTBYIOIIUX CO CPEJION U C IPYTH-
MM HOACHUCTEMAMU;

—  MOIMHOXECTBO BHYTPEHHHX TOJCHUCTEM, B3aUMOJICHCTBYIOIINX TOIBKO C IPYTUMHU
IMOJCHUCTEMAMU CHUCTEMBIL.

Tabnuya 1 — CnoBapb CUCTEMHBIX OHATUH 3aJ1auu aHayn3a pexxumMoB TCM

CucTeMHOE TIOHSTHE CoaepxcaTenLHoe OIMPCACIICHUC CUCTECMHOTO MOHATHA 3a/la4i aHaIn3a

ycraHoBuBIIerocs pexuma TCM
1 2
Cocrosiune TCM

COBOKYITHOCTh 3HAYCHUH CYIIECTBCHHBIX TEXHOJOTHYECKHX CBOMCTB
napaMeTpoB pexruMa M MapaMeTPOB TEXHOJIOTHUECKHUX DJIEMEHTOB,
OTpaXaoMuX (YHKIIMOHNPOBAHUE CHCTEMbI B (PUKCHPOBAHHBIA MOMEHT
BPEMEHH.

HapaMeTpLI peKrMa duzndeckue BCJIMYMHBI, MPEACTABIAOINC I[MOTOKHM  OHEPIrun U

TCM BELIECTBA B I'MIPABIMYECKUX TPAKTaX TEXHOJOTMYECKUX DIEMEHTOB U
KOHTAKTHPYIOIIUX C HUMHU DJIEMEHTaMH OKPYKAIOLIeH Cpebl.

[TapameTpsbl COBOKYITHOCTh KOHCTPYKTHBHO-TEXHOJOTMYECKUX BEJIMYUH

TEXHOJIOTMYECKUX TEIUIOMEXaHUYECKOTO O0OPYIOBaHUsS JUIsl MOArOTOBKH, TPAHCIOPTA W

snemeHToB TCM pacrpeneneHus TEIIOHOCUTEIS.

pexxuma

IIpouecc ITepexoq TCM n3 0AHOTO TEXHONOTUYECKOTO COCTOSHUS B APYroe Moj
BIMSHUEM BO3MYIIAIOIUX WIN YIPABISAIOIUX BO3AECHCTBHHA.

Pexxum TCM COBOKYITHOCTh COCTOSIHUH U MPOIECCOB HAa (PMKCHPOBAHHOM BPEMCHHOM
nHTEpBase (YHKINOHUPOBAHHS CHCTEMBI.

YcranoBuBLIMiiCS CocTosiHME  CHCTEMBI, B  KOTOPOM  3HAu€HMsl  CYLIECTBEHHBIX

pexxum TCM TEXHOJIOTHYECKHX CBOHCTB OCTAIOTCSI HOCTOSIHHBIMH Ha (PUKCHPOBAHHOM
BpemeHHOM npoMexyTke ([Ipumeuanne 1).

I'uopaBnuueckuit Cocrossame TCM, mpu KOTOpOM B TPYOOIPOBOAHBIX TPAKTaX BCEX

YCTaHOBHUBILHUHCS TEXHOJIOTHYECKHX AIIEMEHTAX YCTAaHABIMBACTCSA U OCTACTCS MOCTOSTHHBIM

pexXUM Ha (UKCUPOBAaHHOM BPEMEHHOM OTpE3KEe H30TEPMHYECCKHH XapakTep
TEUCHUSI TEIUIOHOCHUTENs (TEYEHHE C TIOCTOSHHOM IUIOTHOCTBIO U
BSI3KOCTBIO), OMNpENENSEMBI CICAYIOIMMMH MapaMeTpaMH  PEXHMa:
HarmopaMn W TPOU3BOAMUTEIBHOCTBIO HMCTOYHHKOB TEMIa M CETEBBIX
HAaCOCHBIX CTaHIMM, HalmopaMH B Yy3Jlax TEIUIOBOW CETH U pacxoJaMu
Ha e€ ydJacTKaX, pacHojaraéMbIMH HamopaMH U THJIPaBIMYECKUMHU
xapakTepuctukaMu norpedureneit ([Ipumedanue 2).

[MapameTpsr COBOKYIIHOCTh T€OMETPUYECKUX XapaKTEPUCTUK, HOMMHAIBHBIX U

TEXHOJIOTHYECKUX THIPABINYECKUX KOHCTAHT HAcOCOB, TEIUIOOOMEHHBIX —alIaparos,

3JIEMEHTOB JIPOCCENBHBIX ~ PETyIHUPYIOIIMX OPTraHOB, THAPABIMUYECKUX TPAKTOB

THJIPABIMYECKOTO Y4acTKOB TPYOOIIPOBOIOB CETH M TEIIONOTPEOIISIOIINX CUCTEM.
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OxkoHnuanue maonuywl 1

1

2

ITapameTpsl
TEXHOJIOTHYECKUX
JIEMEHTOB
TETIOBOTO PEKUMA

COBOKYIHOCTh ~ T€OMETPHUYECKHX  XapaKTePHCTHK  T'HAPABIMYECKUX
TPAKTOB, TEIUIO(MU3NYECKUX MapaMeTpOB TEIJIOHOCHUTENS, MaTepHaIoB
THIPABINYECKOTO TPAKTA M HIEMEHTOB OKPYKAIOIIEH CPEbl.

Temnosoii
YCTaHOBUBIIHNCS
pexum

Cocrosane TCM, mpu KOTOpOM B TpPYOONPOBOAHOM TpPAKTE BCEX
TEXHOJOTMUYECKUX JEMEHTOB YCTAHABINUBAETCS M OCTAETCS OCTOSHHBIM
Ha (PUKCHPOBAaHHOM BPEMEHHOM OTpE3Ke Npollecc IMepeHoca Teria U
MacChl TEIUIOHOCHUTENS, OMpPENENseMbIl CIEAYIOIMMU IapaMeTpaMu
peXXHMa: TeMIEepaTypHbIMU IepenajaMy U TEMIONPOU3BOJUTENBHOCTIMU
HCTOYHUKOB TEIUIa, TEMIEPaTypaMu B y3/ax, TEIUIOBBIMH MOTOKaMU U
TETIOBBIMHU ITOTEPSIMH Ha y4aCTKaX TPYOOIPOBOIOB CETH, PACIIONIaraeMbIMU
TeMIepaTypHbIMU IepenagaMy, TEMJIOBBIMU HAarpy3kaMu M TEIUIOBBIMU
MOTEPSIMA C YTEUKOM B TEIUIONMOTPEOISIONIMX CHCTeM NOTpeOuTenei
(ITpumeuanne 3).

DKCIUTyaTalluOHHBII
peXUM

Coctostrue TCM mpu TeMneparypax OKpy»Karolei cpesibl OKpy Karolei
cpelbl W TEIUIOBBIX HArpy30K IOTpeOUTENeH OTIMYAIOUIMXCS OT
pPacCUeTHBIX.

PacuerHblil pexum

Coctostane TCM mpu pacueTHBIX 3HAUEHHUSIX OKpY’KaroIled Cpeabl |
TEIJIOBBIX HArpy30K MOTpeOuTeNeii.

JomycTumslii pesxum

Coctostame TCM, B KOTOpPOM KOHTPOJNHpPYEMBbIE IapaMeTphl pekuMa
YIOBJIETBOPSIIOT TEXHOJIOTHYECKUM OTPaHUYCHUSM.

ABapuiiHbIN peKUM

Cocrossane TCM, B KOTOPOM KOHTPOJIMpPYEMBIC IapaMETphl pexuMa
HE YJOBJIETBOPSAIOT TEXHOJIOTMYECKUM OTPAHUYCHUSAM, YPOBHIO U
KaueCTBY TETJIOCHAOKECHUS MOTPEOUTENEH B CBSI3M C BBIXOAOM W3 CTPOS
OCHOBHOTO  TEXHOJIOTHYECKOTO OOOPYHOBaHUS HCTOYHHKOB TEIUIa,
CETEBBIX TEIUIOPACIIPEACINTEIBHBIX MOACTAHIMHA, MaruCTPaIbHBIX HIIH
pacIpeAeInTeNbHBIX TETIONPOBO/IOB.

Ipumeuanus:

1 Pexxnm oToOpaskaeT TexHomornuecknii mpornece Gpyaknuornposanust TCM u sBisieTcs cpea-
CTBOM TIPEJICTABIICHHS €TO XapaKTEPHBIX TEXHOJIOTHIECKUX COCTOSIHIIA, TTOATOMY pa3paboTKa u pea-
JM3anus PeKUMOB CTAJM TIOCTOSIHHBIM BHJIOM IPO()ECCHOHAIBHON JEATELHOCTH TEXHOJIOTOB PH
MIPOCKTUPOBAHUH M HKCIUTYaTallUH CIIOKHBIX TETIOCHAOKAIOIINX CUCTEM.

2 I'napaBauecKuid peXUM 0TOOPAKAET TOIBKO TH/IPABINIECKYIO CTOPOHY CIOKHBIX IPOIIECCOB
TETIO ¥ MAaccOIIepeHOca B TEXHOIOTHUECKUX 3IeMEeHTaxX U ycraHoBkax TCM, moatomy oH ¢usnde-
CKH HaOITI01aeM, Tak Kak B CyTOYHOM I'pa(uike Harpy30K CHCTEMBI ITPeo0iIafatoT HEM30TEPMUIECKUE
TIPOLIECCHI ¢ HEOOIBIINM OTKJIOHEHHEM TEMIIEPATYpP OT HEKOTOPOTo 0a30BOTO.

3 ®duznyecku HaOMIOTAEMBIN TETIIIOBON PEKMM OTPa’kacT TEIIOBBIE XapaKTEPUCTUKHU MpPOIEC-

COB TCIIJIOMACCOIIEPEHOCA, YTO MTO3BOJISACT B IPOLICCCC aHAIN3a AKIICHTUPOBATh BHUMAHHNE TOJIBLKO Ha
BHyTpCHHGﬁ OHEPIrUU MOTOKOB TCIIJIOHOCUTCIISL U PA3ACITUTCIIbHBIX CTCHKAX TEII000MEHHBIX alla-

paros.
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Tabnuya 2 — CnoBapb CUCTEMHBIX TEXHOJIOTUYECKUX
KaTteropuii ctpykrypsl TCM

CTpyKTypHOE MOHSTHE ConepxarenbHOE OINpeesieHHe CHCTEMHON TeXHOJIO-
rHYecKoi kareropuu hopMupoBanust cTpykrypsl TCM

Texnonoruueckuii anement (TD) TCM | OyHKIIMOHANIBHO OPUEHTUPOBAHHBIM OOBEKT B TEXHO-
JIOTHMU MPOU3BOJCTBA, TPAHCIIOPTA, PACIpPEAEIeHHs U
HCIONb30BaHMs TEIIa.

TexHonoruueckas nojcucTeMa COBOKYITHOCTb OITPE/ICIIEHHBIM 00pa3oM COEIMHEH-
HbIX T3, MpeTHa3HAYCHHBIX JUTS PeaTH3allii KOHKPET-
HOW CHUCTEMHOU (DYHKIIH B TEXHOJIOTHH ITOJTOTOBKH,
TPaHCIIOPTA U MCITOIH30BAaHUS TEILIA.

Crpykrypa TCM KoneuHoe MHOXECTBO BO3MOYKHBIX OTHOIIEHUM MEX-
JIy TEXHOJIOTHYECKHMH ITOACUCTEMAMH W TEXHOJIOTH-
YECKUMH IEMEHTAMHU BHYTPH TIOJICHCTEM.

Texnonoruueckas crpykrypa TCM COBOKYNHOCTb OTHOILEHUN «IPUHAAJICKHOCTU» U
«CIIEOBAHUSY MEKAY TEXHOJIOTMIECKUMH TTOJCHCTE-
MaMH{ ¥ TEXHOJIOTHYECKUMH JIEMEHTaMU BHYTPH MOA-
CHCTEM.

Ilpumeyanus:

1 Tunmmaasivu nipeactaButensmu 1O B TCM sBstoTcst TpyOBI, TpyOOIIpOBOIHAS apMaTypa, Ha-
COCHBIE arperarsl, TeIJI000MEHHbIE anmaparsl, TeIION30JSIIMOHHbBIE KOHCTPYKIIMU H JIp.

2 TUNUYHBIMU TIPEJICTAaBUTEISIMU TEXHOJIOTHYECKUX MOJCUCTEMaM (TEXHOJIOTNYECKUX yCTaHO-
BOK) TCM SIBISIFOTCS| ICTOYHUKH TeIUIa, HACOCHBIE CTAHIMH, MarkCTPaIbHBIE U PACTIPEICIUTEIIbHbIE
TPyOOTIPOBOIHBIE CETH, KOHTPOJIBHO-pACTIpeeIUTeNbHbIC, TPYIIIOBbIE, HANBUIYAIbHBIE TEIIOBBIE
ITyHKTBI U JIp.

®opman30BaHHAA 327242 AHAJIN3Aa YCTAHOBHUBIIECIOCs I'MAPABIMYECKOIo pe-
skuMma. IIpu sToM Bce BUIBI B3aUMOAEHCTBHS pealn3yloTcsl MOCPEICTBOM BEIECTBA,
sHepruu, 1 uHpopmanuu. TexHonoruueckas crpykrypa TCM kak cucTteMHas TEXHO-
JIOTUYECKasi KaTeTOPHUs, BO-IIEPBBIX, TPEOYeT CHeHaNbHBIX (POPMATBLHBIX METOJOB IS
CBOETO OMHUCAHUs, XpPaHEHHS U IPe0Opa30BaHMsl, BO-BTOPBIX, OHA ABISETCS TEM «KapKa-
COM», 10 KOTOPOMY BO3MOKHO aBTOMaTrH4yeckoe pOpMHUpPOBAHHWE MATEeMaTHYECKUX MO-
JeNeil peKMMOB W aBTOMaTHYecKas UMHUTAIMS Pa3HOOOpa3HbIX PEXUMHBIX CUTyalun
cHUCTeMsl [6,7].

Hwmenno npodeccrnonanbHas aesiTebHOCTh TexHonoroB TCM Bbliennia cienyromme
XapakTepHbIE BHJIBI YCTAHOBUBIIMXCS PEXKHMOB: THAPABINYECKUM, TEIIOBOM, TEIUIOTH-
JPaBIMYECKHUMA, 3UMHHM, JIETHUH, pacueTHBINH, aBapUiHBIN U MepCHeKTHBHBINA. B o0mmx
TEXHOJIOTHYECKUX TEPMHUHAX 33J[ady aHaJN3a yCTAHOBUBIIETOCS THAPABIMYECKOTO PEXXKUMA
cnoxkaot TCM MoxHO opMann3oBarh CIEAYIONUM 00pa3oM (pUCyHOK 1):

3a0ano:

— TIOoJIHas TexHosornuyeckas crpykrypa TCM, BKiItouas TEXHOJIOTHYECKUE CTPYKTY-
PBI BCEX OCHOBHBIX TEXHOJOTHYECKHX YCTaHOBOK;
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OnpegeniTs nogaqy i pasensa-
MBI HANOP HACOCHBIX ATPETATOR

Onpegenims ofbemisie pacxoas
TEMMDHOCHTENRA HA Y4aCTKaX CeTH

OnpeemvTs NOTEPH Hanopa
Ha y4aCTRAX CETH

Onpanenrs obbemHsIi pacxan
NOANATKY GanaHCHDMCTONHKE

CI'IpeJ]EFIHTb MOMHBIE W NHB30M.
HENOPb! B 33BUCKMbIX Y3Nax

OnpefenTs pacnonaraemsie
Hanope! noTpeGurenai

OnpepernTs rMapaen. conp.noTpebuTensad,
0GecnEumMBaLIME PACYETHYIO HArPYKY

ANC PaccuMTaTh | yOTaHOBMBLLMACH
Tenfomapasm4eck pessm TCM
Morves Hanop Ganaxcupyowen
OB BEMHLIE PACKO/L! MO THTEW B WCTOMHMKA TENMDCHE0WEHNS
HE33B.NOAMWT. yanax
PacLLLpREm
Tennossie Harpyasu
06 beMHbIe pacxDObl YTEWH B noTpeburenai
T leopeameckue Tesionontieckan
OTMETKM MECTHOGTH Y3N08 crpyTypa CTM
CITP no NpoeefeHiss HANBRoMHL U
NEPCNEKTHEHL MEPONPHATIAA
OPHO-] way 1M CONPOT!
Har o
D Y4ACTKOB CETH

XAPAKT BPUCTHKK HacoCoB

TernepaTypHbie IPadKy Ka4ecT BEHHOM

PErNTMPOBAHAR MCTOMHUKOS TENNA

Pucynox 1 — 3anaun aHanm3a yCTaHOBUBIIETOCS TUApaBIndeckoro pexuma TCM

— HapaMCTpbl HAIIOPHO-PACXOAHBIX XaPAKTECPUCTUK HACOCOB BOAOIOAOIPEBATC/ILHBIX
YCTaHOBOK MCTOYHUKOB TCHHOCH&G)KGHI/IH, CCTCBBIX ITOJKAYMBAKOIINX HACOCHBIX CT&HHI/IIZ,
CMCCHUTCJIIBHBIX W MOAKAaYMBAKOIUX HACOCOB T'PYIIIOBBIX W MHAWBUAYAJIbHBIX TCIIJIOBBIX

IIyHKTOB;

— F'UAPABINYCCKUC CONPOTHUBJIICHUS BCCX YUACTKOB MAruCTPaJIbHbBIX U PACIIPEACTIUTCIIb-

HBIX TCIIJIOBBIX CCTCﬁ;

— THJpPaBIMYECKHE COMPOTHBIICHUS TOTPeOUTENel (€Ciin pacXxodbl Yepe3 TuapaBiInye-
CKHE TPaKThI MOTpeOHUTENeH B HEKOTOPOU aBApUITHONM CUTYalluH SBISIFOTCS ICKOMBIMH );
— TEIUIOBBIC HArpy3KH NPUCOCIMHEHHBIX MOTPEOUTENEH, IPUBEACHHbBIC K €IMHULIAM

MaccOBOT0 pacxofa TEIUIOHOCHUTENsI (€CJIM PAaCCUMTHIBAETCS SKCIUTyaTallMOHHBIH PEXUM
npu (PUKCHPOBAHHBIX HArpy3KaxX MoTpeduTenei);

— 00BEMHBIE PACXO/bl YTEUKH B 3a/IaHHBIX y3JlaX PACcUeTHOH cXxeMbl (IIPH MOJECITHPOBa-
HUH aBapUHHBIX CUTYalMi C pa3pbIBAaMH TETIONPOBOAOB B OTKPBITHIX U 3aKPBITHIX CUCTE-
Max);
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— O0OBEMHBIE PAaCcXOAbl MOJANUTOK B HE3aBUCHMBIX TOAMUTOYHBIX Y3JIaX HMCTOYHHKOB
TEIIOCHAOXKEHIMS, THO0 pacCPEeIOTOUCHHBIX IO CETH 0aKOB-aKKyMYJISTOPOB (B OTKPBITHIX
TCM);

— Ha3Ha4YeH OaJaHCUPYIONIMIA NCTOYHUK TeruiocHabxernus (B TCM ¢ HeCKOJIbKUMU UC-
TOYHWKAMH TeTjIa, paboTaloIMMY Ha OJTHY CETh) M 3aJ[aH TIOJHBIN HAIop B €ro y3Jie Moj-
MUTKHY;

— reoJIe3NYEeCKUEe OTMETKH MECTHOCTH BCEX Y3JI0B PACUETHOHN CXEMBI;

OTIpeNIeIeHbI TeMITepaTypHble Tpa)Ki Ka9eCTBEHHOTO PETYINPOBAHHS BCEX UCTOUHH-
KOB TeIlIa,

mpebyemcs onpedenums.

— 00BeMHBIE PACXO/IBI TETTIOHOCHUTES Ha BCEX YYacTKax TPyOOTPOBOAHOM CETH U Yepes
THIPaBIMYECKUE TPAKTHI MOTpeOUTENeH (€Cin 3a/1aBajIuCh THAPABINYECKUE COMPOTHBIIC-
HUS TIOTpeOuTeNel B HEKOTOPO aBapUUHOM CUTYaINH );

— [0Jjauy U pa3BUBAEMbIi HAIlOp HACOCOB BO BCEX HACOCHBIX CTAHIUSX;

— 00BEMHBIN PACXOA MOANUTKYU B MOJMUTOYHOM y3Jie OanaHCHPYIONIEro HCTOYHUKA Te-
[IJIOCHAOKEHHUS;

— IIOJIHBIE U MTbE30METPUUECKUE HAIOPBI BO BCEX 3aBUCHMBbIX Y3JI1aX;

— pacrmonaraeMble Harmopsl MOTPeOUTENeH;

— TIOTepH Haropa Ha BCEX YYacTKaX MaruCTPAIbHBIX U PAaCIPEeTUTENbHBIX CeTeH;

— THJIPABIMYECKUE COMPOTHUBIICHUS MOTPEOUTENCH, 00eCIIEUNBAOIINE UX PacUeTHBIC
HarpysKu.

Pemrast o6mryro 3amaqy aHanu3a rUAPABINIECKOTO PEKUMA JIJISl PAa3THYHBIX TEXHOIOTH-
yeckuX cTpykTyp TCM u pa3inuyuHbIX MapaMeTPOB TEXHOJOTUYECKHUX AIEMEHTOB, TPEICTaB-
JIieTCsl BO3MOYKHBIM TIOJTy4aTh HOBbIE 3HAHUS JJIs1 OTBETOB HAa BCE MHOT000Opasne BOPOCOB
tuna: «Kak n3menurcs ycraHosusuieecs coctosue TCM, ecian U3MEHUTH B 33JJaHHOM
HanpasieHud cTpyktypy TCM u He3aBHCHMBIE TapaMeTphl TPEOYEMBIX TEXHOJIOTHYECKUX
JIEMEHTOB?.

NMeHHO KOHKpETHBIE OTBETHI Ha MOMOOHBIE BOTIPOCHI U SBISIOTCS TeM 3HAHHEM, KO-
Topoe HeoOxoaumo JIITP amst mOoAroTOBKYM M MPUHATHUS NPO(eCCHOHAIBHBIX PEIICHUH MTPH
MOCTOSIHHO pelIaeMbiX (PyHKIIMOHATIBHBIX 33/1a4aX TEXHOJIOTAMH TUCIIETYEPCKUX U TIPOH3-
BOJICTBEHHBIX CITYKO TPEANPHUATHIA TETUIOBBIX CETEH.

dopman30BaHHBIN MEepeyeHb QYHKIMOHAIBHBIX PEHICHUH, noarorasiauBaemMbix JIITP
ctepsr skcrmyatann TCM B mpoliecce aHain3a UMHTHPYEMBIX PEKMMHBIX CHUTYaIHi
MPUBEACH HA PUCYHKE 2:

— ONpeneNnuTh MapaMmeTpbl APOCCENbHBIX YCTPOHCTB, 00ECHEYMBAIOLUINX PACUETHHIE
pacxoapl TEIUIOHOCHUTENS B TPaKTaX TEIUIONOTPEONAIONINX CHCTEM MOTpeOHTeNel ¢ pas-
HOPOAHOM TEIIOBOM HArpy3Koii;

— ONpeNeNuTh TpedyeMoe YUCIIo pabdoTaIONIMX HACOCOB U CXEMY MX BKJIIOYCHHUS B 3a-
JTAHHOM HACOCHOU CTaHIIMU CUCTEMBbI JJI1 HIMUTHPYEMOM PEKUMHOM CUTYyaluH;

— OMNpEeNEeIUTh HOBOE MECTO YCTAHOBKHU MOAKAYMBAIOLIECH HACOCHON CTAaHLIUU, a TAK¥KE
YHCIIO0, CXEMY BKJIIOUEHHUSI U XapaKTEPUCTUKH HACOCHBIX arperaroB Ul KOHKPETHOH pe-
JKUMHOM CUTYallNH;

— ONPEAEIUTh BOBMOKHOCTh MPUCOECIUHEHNS HOBOM pa3HOPOAHON TEIIIOBOM HArpys-
KM 33JJaHHOTO YPOBHS JJISl PE/ICTOAIIET0 Ce30HHOTO peXUMa U MOJIrOTOBUTH TEXHUYECKHE
YCIIOBHSI Ha IPUCOEIMHEHHE ITON HArpy3KH;
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MecTa yeraHosm u PayosansHan sarpeia ouctem

KorvecTeo HacocHsIx arperarcs, MEpaveT ! IPOCCENEHBX \CTPOVCTE BOONOOFOTOBKH MGTOMH/AKOR TEMNE
CXEMY VX BKTHHEHR
Venerus cocTor e NMprcoeprerve Boama#ocTs BeE00a
anEoN HOBO PESHOPOEHONA HAMyY3KNA OBOPYHIOEaHAA B PEVCHT Yanuieoacpadaena
MCTOHHVIOB TETa
<<include=>
MecTa yeTaHoekun
NOCKEHVEAIOLIX CTaHWA
IMECTa YCTaHOBKW M XAPaKTEDVCTIAKN
CMECHTENBHE HACOCHLM CTEHLYAN
MMATS peusive MECTa YCTEHOBKM SHKYMYTHTCDHBIX
e CTaHW B OTHpLMO B
<<gdend>> <<gifend=>
nne <<exfend>>
Y AeTovaTvaD.CPeNCTEa aHanaa, VianveperHbie JaHHse
MBpamETPLI YCTaHOBVELLENDCH MOHTODMHIE, KOHTROIMHE
pexava TCM
<<indh 5 <<include>>
<<ncludes> -
Mpomonenposats
Penabn IPVHATOR PEUEHE
aHarvm TCM
n CITIP no nposefeH#0 HAMBOmHsIX 1
Paccuurams yCTaHosvBumwics NERCNEKTVEHBI MEPONTMATIA
TENNOWPEEIVHECKIAA DEMAM

Pucynok 2 — yHKkumoHambHbIe perenus, noarorasiausaemsie JIITP ciyx6 pexxumor TCM

— ONPEJICIIUTh MECTO YCTAHOBKH U MapaMeTphl aKKYMYJISITOPHBIX CTAHIIUH FOPsIUEro Bo-
JIOCHAOXKEHUST B OTKPBITBIX TEIIOCHAOKAIOIIMX CHCTEMAX;

— OMNpPENEINTh PAIIMOHAIBHYIO 3arPy3Ky CHUCTEM BOJOMOATOTOBKM MCTOYHHMKOB TEILa,
paboTaromux Ha OJIHY CETh;

— ONPEACTUTh Y3JIbl BOAOPA3/eia Isi HCTOYHHUKOB TEIUIOCHAOXKEHMUsI, pabOTaIONUX Ha
OJIHY CETh;

— ONPEICIIUTh MECTO YCTAHOBKH U XapaKTEPUCTUKN CMECUTEIIbHBIX HACOCHBIX CTAHIIUN
JUTSL peau3allii HOBOTO TEeMIIEPaTypHOTO rpaduka;

— ONPENENUTh MapaMeTphl psa aBAPUUHBIX PEKUMOB C IIEIbI0 Pa3pabOTKU TEXHOIO-
MU JIMKBUJIAIWY aBapUH ¥ METOOJIOTHU TIPOTHBOABAPUIHBIX TPEHUPOBOK JUCIETYSPCKO-
rO NMEPCOHANA;

— ONpEeACIUTh BO3MOKHOCTh BBIBOZA 33JJaHHOTO TEXHOJIOTHYECKOTO 000OpYyHIOBaHUS B
PEMOHT WJIH HCIBITAHUS,

— ONPEJICIIUTh U ONIEPATUBHO COOPATH C MOMOIIbI0 KOMMYTAIIHOHHBIX 33]IBUKEK PAIIAO-
HaJBHYIO TEXHOJIOTHYECKYO CTpykTypy TCM mipu BBIBOJIE 3a/IaHHOTO CTAHIMOHHOTO KU
CETEBOT0 TEXHOJIOTHUECKOTO 000PY/IOBaHUS B PEMOHT.
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3akmiouenne. OcyniecTBUTh MOJHYIO (opManu3amuio OOLIeH 3amadd aHaiu3a TH-
npasnnueckoro pexnma TCM He mpeacTaBiseTcsl BO3MOXKHBIM, ITO3TOMY ITPH pa3padoTKe
nHpopmanroHHo-rpapudeckoi cucreme TIMJI-07 [8] Obl1O BBIAENEHO COmEpIKATENBEHOE
SIIPO, HA OCHOBE KOTOPOTO OBUIO MOJIyYEHO ajeKBaTHOE (POpMasibHOE MPEJICTaBICHUE 00-
miei 3aJa4u aHannu3a pazpadoTKH A0MycTUMBIX pesxknMoB TCM kak anpoOupoBaHHOM Mpak-
THUKOM METOOJIOTHH MPUHSATHS PellieHuil B cepe HalaAKK U MEPCIeKTUBHOTO Pa3BUTHS
CJIOKHBIX TETJIOCHAOKAIOMINX CUCTEM METaIloJIHCOB.

ABTOpI)I BbIpaxaroT 6J'IaI‘OILapHOCTI7 3a IOMOUIb B IOATOTOBKE CTATbH COTPYAHUKAM Ka-
(dhenpel nHGOPMAIIMOHHO-BBIUMCIIUTENBHBIX CUCTEM KaparaHMHCKOTO TEXHUYECKOTO YHHU-
Bepcurera, [IK® «Cupuyc» u ocHOBaTeNn0 JAaHHOTO HAay4HOTo HampasieHus — Kapacésy
H.A.

UccnenoBanue gunancupoBanoch KomuteroM Haykm MuHHCTEpCTBa 00pa3oBaHUS H
Hayku Pecnyonuku Kazaxcran (rpant Ne AP09562666).
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KYPIEJI )KbLIYMEH JKABJIBIKTAY 'KYUEJEPIHIH
CTALIMOHAPIBIK PEXKUMIEPIH TAJIJIAY MIHJIETIH PECIMJEY

JKytieni macin He2izinoe KAIbINMACKAH SUOPAGTUKALBIE PENCUMOL MAn0ayoblly MAKCAmmapbl MeH
DYHKYUOHANOBIK MiHOemmepi Me2anonucmepoiy Kypoeni HebliyMeH iHcaboblKmay dcylienepin pemmey
JICOHE NEPCINEKMUBATIBIK OAMBINY CALACHIHOA UEUIMOep KAObLIOAYOblH 021e/10eH2eH NPAKMUKACHL pEmiHOe
pecimoenoi. Pexcumoi manoay minoemmepin Koaa Hcane dcemindipyee xcyiieni maciioi Konoany Kaciou
Macenenepdi weuly yuin muimoi manoay a0iCHamacwl 6ap Koroanbaivl aknapammaolk HCYUeHi Jcacayea
JHcoHe iCcKe acblpy2a MyMKIHOIK OepOi.

Tyitin co30ep: sncvirymen KHeabobiKmay Jicyieci, cUOpasIUKaIblK pexcum, dxcyterix maroay, Taroay
MinOemi, popmanuzayus, KOMnbLIOMePIeHoipy, aknapammulk-epaguranbiy ducyie.

M. ISKAKOV, A. N. TOMILOV
Karaganda Technical University, Kazakhstan

FORMALIZATION OF THE PROBLEM OF ANALYSIS OF STATIONARY MODES
OF COMPLEX HEAT SUPPLY SYSTEMS

On the basis of a systematic approach, the goals and functional tasks of the analysis of the steady-
state hydraulic regime are formalized, as a proven practice of the methodology of decision-making in the
field of commissioning and prospective development of complex heat supply systems of megacities. The use
of a systematic approach to setting and improving the tasks of mode analysis allowed us to develop and
implement an applied information system with an effective analyzing methodology for solving professional
problems.

Keywords: heat supply system, hydraulic mode, system analysis, analysis task, formalization,
computerization, information and graphic system.
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BJIUSHUE UCXOJHOI'O PASMEPA HA BbICTOM IIITAMIIA
KPUBOILIUITHOTI'O IMTPECCA

Pacuupenue mexnuueckux u mexHoi02U4eckux 603MONCHOCMell KY3HEUHO- UMAMNOBOYHbIX MAUUH
U 060pPYO0BAHUA MOHCHO NPOBOOUMb 3 CHEM BHEOPEHUS HOBIX KOHCHPYKYUL UCTIOTHUMETbHBIX MEXAHU3-
MO8 C WUPORUMU PYHKYUOHALbHBIMU 803MONCHOCMAMU. DMu paspadomxi HAUUHAemcsi ¢ peuleHus 3a0ay
KUHeMAMU4ecKko2o CUHMe3d U AHAIU3a MeXaHusMOs.

B 0annoil pabome nokazan cpagHUMeIbHbII AHAIU3 NOKA3AMEILell 8bICMOsT KPUBOUIUNHO20 NPecca ¢
MexaHuzmom npeoodpazoeanus osudxcenus Cmegencona Il 6 3asucumocmu om ynpyeou nooamaneocmu
wamyHos u depopmayuu noKosKku. B smoil céasu 6 pabome uccieoyromes 0Co6eHHOCMU KUHEMAmuKu
KPUBOWUNHO20 NPeccd ¢ NPUBoOOM Om O08U2amens ACUHXPOHHO20 MUNd npu yueme ROOAMAUBOCIIU Wid-
MYHO8 U 3a20MOBKU.

Kntouegvie cnosa: kpusowunuulil npecc, KpUSOWUNHO-UIAMYHHbIT MEXAHUM, wimamn, degopmayus,
3azomoska, ¢ghasa.

BBenenue u nocraHoBka 3aja4u. KpuBoiuIHeIi npecc, npeaHazHaueHHbIN JIs TaM-
MTOBKH Pa3HOOOPA3HBIX JeTajel, COMEPKUT KPHUBOIIHMITHO-IIIATYHHBIM MEXaHU3M, Ipeoldpa-
3YIOIIMH BpalaTebHOe ABIKEHNE TIPUBOA B TIOCTYIATEIbHOE IBIKEHHE TTON3YyHA (TIITaM-
na). B 3aBucruMocTH OT Ha3HAYEHNS, pa3BUBAEMbIM YCHITHSAM, TPEOOBAaHMI K TabapuTaM, BUIa
IITAMITOBKH WCTIONB3YIOTCS Pa3IMYHble KHHEMaTHYeCKHe CXeMbl MEXaHH3Ma MpeoOpazoBa-
HUS ABYDKEHUS, Pa3IMIArONINecs YICIOM U KOHPHUTypaIue CBoux 3BeHbeB [ 1,2,3].

OnHO# M3 BKHEUIIINX XapaKTePUCTHK Tpecca SIBISETCS )KeCTKOCTh €0 KOHCTPYKTHB-
HBIX 3JIEMEHTOB [5,6]. JKecTkocTh Tpecca CYIIECTBEHHO BIUSET Ha MPOIOKUTEIEHOCTD
Harpy304HOH W pasrpy304HON (a3: ueM OOoIbIIIe )KeCTKOCTh 3BEHbEB, TEM MEHBIIIE BpeMs
KOHTAaKTa IITaMIa C TOKOBKOH. DTO 0COOEHHO BayKHO ISl YBEIIMUSHHS CTOMKOCTH IITAMITOB
B IpoIieccaxX ropsIei mTaMIToBKH [5].

[TpomomKUTEIEHOCTE HATPY309HOM M pasrpy30vHOil (a3 padodero xoia mramia (Tak
Ha3bIBAaeMBIN «BBICTOW» IITaMITa) MOKHO YBEITHYUTH 32 CUET BBEJEHHS B KOHCTPYKITHIO
rpecca JOMOIHUTENFHBIX YITPYTHUX SJIEMEHTOB.

Brusiaue skecTKOCTH mITamMia MOKHO TIPOMIITIOCTPHUPOBATh TpapuKaMu, MPUBEIEHHBI-
MH Ha puc. 1, Te cXeMaTHIHO IMoKa3aHa CBs3h MEXIY TEXHOJOTHUIECKOU cmioi F, pa3Bu-
BaeMoii B TIpoliecce TPeCcCoBanms, U epeMernennemM mramma Y(t). Ha puc. 1 o603naueHo:
At = (t, - t )— BICTO} mITamma, t, — MOMEHT BpeMeHM Hayana Harpy3o4Hoi ¢assl, t, — Mo-
MEHT BPEMEHHN OKOHYAHWS pa3rpy309HON (ha3bl, 0 — ympyras aedopManmsi CHCTEMBI TIpecc-
mTaMIl ()KeCTKOCTh TIpecca), O o — TTACTHIECKasT nedopmanust ITOKOBKH, € — HCXOTHBIN pas3-
Mep 3arOTOBKH [5].

*  E-mail xoppecnoraupyromiero aBropa: balzhanibragimovna@mail.ru
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W3 paccMoTpeHHs MpeACTaBICHHBIX TPaQUKOB CIEAYET, YTO YeM MEHbIIE KECTKOCTh
npecca, TeM MeHbIIIe ynpyras aedopmariius O U, COOTBETCTBEHHO, OOJIbIIIE BpeMsi KOHTAKTa
LITamIa ¢ OKOBKOM.

HeoOxoauMpblii BBICTON mTamMna MOYKHO OOECIIEUHTh 3a CYET BBEICHHS B KOHCTPYK-
LU0 TIpecca CIeUaIbHBIX YIIPYTHX JIEMEHTOB, CHHXKAIOIINX JKECTKOCTh CUCTEMBI TIpecc-
HITAMIL.

At

mMax

pl

S
St

Pucynox 1 — BausiHuE X€CTKOCTH IIpecca Ha MPOAOJLKUTENIBHOCTh HAarpy304HOI
U pa3rpy304HOi (a3

OnHoM 13 NEpPCHEKTUBHBIX CXEM, NPeoOpasyoLIyX BpallaTelbHOe ABMKEHHE MPUBOA B
MOCTYIaTeIbHOE ABMKEHHE MTONI3YHA, SBIISICTCS MecTH3BeHHbIN Mexanu3M Credencona II [5].

[Tpenmy1iecTBO 3TOr0 MEXaHU3Ma 3aKJI0YACTCS B PACIIMPEHNH (DYHKIIMOHAIBHBIX BO3-
MOXHOCTEH 3a CUET ABYX MapauICIbHBIX MIaTYHOB, KOTOPbIE MTO3BOJISIIOT HCKIIIOUUTD KOH-
CTPYKTHBHBII «IIepeKkocy» nonszyHa. Kpome Toro, B KOHCTPYKIIMIO MIaTyHOB MexaHu3ma Cre-
(heHCOHAa OTHOCHTENIFHO MPOCTO BBECTH YNPYT'HE IEMEHTHI, YTO MO3BOJSIET 00ECIIEUNTh
perynupyemMsblii BIcTOH mtammna [4,5].

Pacyernas cxema. Ha puc. 2 npencrasieHa KHHEMaTn4ecKasi cXeMa KPUBOLIUITHOTO
npecca ¢ mexann3MoM Credencona II. BeptukanbHas och nepeMenieHus mraMna Ipoxo-
JIIT 4epe3 OCh BpaIlleHHUsI KPUBOLINIIA.

B pacueTHOll cxeme MPHUHATHI CIEAYIOIINE 0003HAYCHUSI OCHOBHBIX T€OMETPHUYECKUX
pa3sMepoB 3BEHbEB MEXaHU3Ma: I — [UIMHA KPUBOIINIA, @ U 2b — BEICOTA U OCHOBAHUE KECT-
KOT'O TPEYTOJIBHOTO 3BeHa, | — HaTypanbHast JUTMHA IaTyHOB, 00Pa3yONIUX MapaieIorpaMm
pa3mepamu 2bx|, 4 — BbIcoTa mTaMna, € —BbicoTa (YCIOBHAs) 3ar0TOBKH, L — paccTostHuM OT
OCH BpAaLICHUS IPUBOIHOTO IBUTATENSI IO OCHOBAHUS ITpecca.

MakcumanbHOE paccTOSHUE OT OCH BpallleHHs KPHUBOILUIA A0 MOJOKEHHs LITaMIa B
HUKHEH MEPTBOU TOUKHU

S=r+a+/+h=370 (D)

ﬂﬂﬂ OMMUCAaHU IBUKCHHA BCCX DJICMCHTOB MEXaHU3Ma UCTIOJIb3YCTCS HCIIOABUKHAA CU-
CTeMa KOOpAuHAaT XO)/’, Ha4dajio KOTOpOfI CBA3aHO C LICHTPOM BpalllCHUS HIaTyHa (TO‘IKa 0]
Ha puc. 2,3), a BCPTUKAJIbHAA OCb Oy HampaBJICcHa BHU3 10 HAIIPABJICHHUIO pa6oqero Xoaa
ITamima. Yroi MOBOPOTA HIaTyHa (P OTCUUTBHIBACTCS OT IMOJIOKUTCIILHOI'O HAIIPpaBJICHUS OCHU
Ox 1o xony 4acoBOM CTPCIIKHU. Vroa HakjaoHa IraTyHa K OCHOBAaHUIO TPCYTrOJIbHUKA (na—
paJlICJIbHOTO OCHU Ox) — \, TAKIKC OTCUUTLIBACTCA IO XOAY YacoBOM CTPCJIKHU. HepeMeme—
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S [’
L g N
v} 2
L‘Smax i 6,‘_.¢ lawn ;
| | 1 + -
— L ¥ = m——
(B) (T)

Pucynok 2 — Cxema KpUBOIIMITHOTO Tipecca ¢ Mexann3moMm CtedeHCoHa: a — MPOU3BOJILHOE
MOJIOKeHHe, O — HaYallbHOE MOJIOKEHHUEe, B — HAYaJI0 HArpy304HoOil (as3bl, I — KOHEI[ Pa3rpy30uHOit
(a3pl (IITPUXOBOM JIMHUEH MTOKAa3aHa 3ar0TOBKA 70 IPECCOBAHHMS)

HUe mTamna Oy/ieM OMUCHIBaTh KOOPIWHATOH Y, OTCUNTHIBAEMOM OT 0cH OX 10 TIOJIOKEHUS
HIDKHEH KPOMKH IITamIa.

Bce anemeHTHI (3BeHbs) MEXaHW3Ma, KpOME IIaTYHOB W 3arOTOBKH, Oy/leM cunuTaTh abd-
COJIFOTHO KECTKUMHU. TakuMm 00pa3om, JrHa I1eGopMHUpyeMbIX miaTyHoB | Oyaer 3aBuceTh
OT JCHCTBYIOIINX CHJI TSHKECTH IITaMIIa Mg W TEXHOIOTUYECKOH cuibl F, BO3HMKaromei
TIPH ITPECCOBAHUH 3aTOTOBKH.

Yrpyro-auccuiaTHBHBIE CBOWCTBA IIATYHOB B HX OCEBOM (ITPOIOIIEHOM) HAIPaBICHUN
OyzieM ONMCBIBATH JIMHEHHOM MOzENnb0 DoxTa ¢ KodPHUIHEHTOM HKECTKOCTH C, U IMHEAPH-
30BaHHBIM (9KBHBAJIEHTHBIM) KO HIIMEHTOM BHYTpeHHero Tpenus b . Jledbopmarmonnbie
CBOICTBa MaTepuiia 3arOTOBKH Oy/IeM OIHCHIBATH MOJIENBIO HIIEATHHOTO YIIPYTOILIACTHYe-
CKOTO TeJla ¢ MOJLYJIEM YIIPYTOCTH £ 1 IPEETIOM TEKYy4€ECTH G (puc. 3).

[Ipu MakcuMaIbHOM TIEpPEMEIIeHUH ITaMIIa B KpaifHee HIDKHEE MOJIOKEHNE, 3ar0TOB-
Ka nepopmupyercs Ha Benmuuuny 8 =S —L +e=35. Ecim §, > 6.€/E, T0 npu cHATHH
Harpy3KH B MOKOBKE BO3HHMKHET OCTAaTOYHas ynpyras nedopmauus 8, > c.e/E = 0,22 =
=9, —9 G ) o = 4,78 — mmactnaeckast nedopmariysi MOKOBKHA. B mpoTtuBHOM citydae,
KOTJIa IPECCOBaHME OTPAHMYUBACTCS YIPYTOi 30HOU, TO O o = 0 1 ocTatouHas ynpyras Je-
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OT |

Er é&pl €Im.=x .E
Pucyuox 3 - I[I/IarpaMMa ,He(I)OpMI/IpOBaHI/Iﬂ Marepuajia mOKOBKU

dopmanus §, = 3 . Hannune octaTouHoi Jehopmaninu npu 3alaHHBIX pasMepax mpecca
L 1 S 3aBUCHUT OT TEOMETPUYECKHX TAPAMETPOB 3arOTOBKHU — d(PEKTUBHON miomanm A4, =
7r? ¥ TOJIIUHBL e = 85MM, Moaysist yripyroctu E = 1157 Tla npenena TekyuecTn Marepuaia
3arotoBku ¢, = 30MlIla.

B cooTtBeTcTBUM C MPHUHATHIM 3aKOHOM Je(OPMHUPOBAHUS MaTepHalia 3arOTOBKH, TPU
IPECCOBAHMM B TIPEJIENaxX yHnpyroi 30Hbl 8 < 6.€/E pa3sBUBAaeTCs TEXHONOTMYECKAs CHIla
m +m,+m,,+m

d
TOBKH, D, — TMHEapu30BaHHbIH KOd((DUIMEHT BHYTPEHHETO TPEHHS B MaTepUase 3ar0TOBKH.

Kunemarnueckuii anajau3s. J[pixenue mrammna OyaeM paccMaTpuBaTh (ABUrarTelis) OT
MCXOJIHOTO TMOJIOKEHUs MEXaHU3Ma IIpU yIjle MoBopoTa maryna ¢ = @, = 0 (puc. 2, 6). B
3TOM IOJIOKEHUHU HIKHAS KPOMKA IITaMIIa HaXOAMTCS Ha PACCTOSHUM Y, OT ocu OX, KOTO-
poe ompezenseTcss pa3MepaMu LIaTyHa I, BBICOTOI & U OCHOBaHHEM D TpeyrosibHHKa, Ha-
TYpaJbHOM UIMHOM MATyHOB |, BBICOTO# 1iTammna 4.

B Teuenne ogHOro o0opoTa maTyHa BECh MPOLECC MOXKHO MOAPA3ACIUTh HA YETBIPE
OCHOBHBIX 3Tara: cBOOOIHBIN X011, Harpy3ouHas (aza, pasrpyzouHas (aza, oOpaTHbIH XOJI.
CB0OOIHBII X0/ 3aKAHUYMBAECTCS B MOMEHT IIEPBOHAYAILHOIO KOHTAKTa IITAMIIA C TOKOB-
KOH IIpU yIJI€ OBOPOTE KpHBOWMKNA @ = @, (puc. 2, B). Harpysounas ¢aza Oyzner npouc-
XOIMTh TIPU @, < ¢ < /2, KOTJla BO3HUKAET YCUIIME MPECCOBaHMs (TEXHOIOTMYIECKas CHIIa)
F, onpenensemas B 3aBUCUMOCTH OT JedopMalii OKOBKU. B KoHIle Harpy3o4Hoil ¢a3bl
ne(opmanus NOKOBKH JIOCTUIaeT MaKCHMMAIIbHOTO 3HaueHus 6 = J . [Ipu yrie mosopora
KPMBOIIMIIA /2 < ¢ < (, IPOMCXOUT PA3srpy3Ka MEXaHU3Ma, T/€ @, — YToJl HOBOPOTa KpH-
BOLLMIIA B KOHILIE pa3rpy30uHoit ¢a3sl (puc. 2, r). [Iponecce 3aBepuaercs B KOHIE 0OpaTHO
X0J1a MEXaHH3M IIPH YIJIE IOBOPOTA IIaTyHa ¢, < ¢ < 2.

Kunemarnueckuit ananu3 OyZeM NPOBOIUTH C yUETOM Ae(OpMHPYEMOCTH 3arOTOBKH,
HO NpeHedperas NoAATIMBOCTHIO IIATYHOB, CUMTAsl UX a0COIIOTHO KECTKUMU TeaMHu. [{Bu-
JKEHUE BCEX 3BEHHEB MEXaHM3Ma ONPEENAeTCs YIIIOM IOBOPOTa KpUBOIIUIa ¢ = ol, rae
® — YIJI0Basi CKOPOCTh BPALLIEHUsI IPUBOJHOIO JBUraTesl, KOTOPYIO Ha Tare KHHeMaTH4e-
CKOro aHajin3a OyJieM CUNTaTh IOCTOSIHHOM.

YpaBHEHUS CBA3M MEX/y YITIOM IIOBOPOTA YIJIOM IIOBOPOTA KPUBOLIMIIA (b, YIJIOM [IOBO-
pOTa LIaTYHOB Y U HOJIOKEHHUEM LITaMIIa Y 3alMIIEM B CJCIYIOLEM BUAE

F=co+ be ,rmec, =F/d6= ® =1,19 k05hDUIMEHT KECTKOCTH 3aro-

rcose+Ilcosy =0,
y=rsing+Isiny+a+h.

2
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OTtkyna
r r
Y= arccos(—l—cos (p) =T— arccos(l— Ccos (p), (3)

r’+(y—-a-h)>-I?
2r(y—a—h)

¢ =arcsin

“)

[Tonmoxxenne mraMiia B 3aBUCUMOCTH OT yIJIa TIOBOPOTA KPUBOIIIUTIA () BRIYUCIISAETCS U3
BTOPOTO ypaBHEHHS cUCTeMHI (2) ripu yuete (3):

y=rsinp+1,/1- %COS(‘)%"‘a‘*’h- Q)

B ucxonnom nonoxenun mexanuszma (puc. 2, 6) npu ¢ = 0 MogoKeHUE WATyHOB | 1
IITaMmIa Yy, ONpeeNsaeTCs CIEeAYOMUMU HOopMyIamMu

v, = arccos(—r /1) = —arccos(r /1) =107°,
2 (6)
Yo =1 1_(7) +a+h=194,08

BakHbIM 3JIEMEHTOM pacyeTa sBJISIeTCs ONPE/ICJICHUE NHTEpBajia YIJIOB IIOBOPOTa AP =
=@, — ¢,, B KOTOPOM BO3HUKAET BBICTOH IITaMIIa.
Ha srane narpysku npu @, < ¢ < 1/2 nepeMeleHne mTamiia MOXHO BBIPa3UTh 4€PE3
nehopMaIIHIO TOKOBKH:
y=L-(e-08)=376 @)
Torma B Hagase Harpy30uHO# ¢a3bl, mpu & = 0, u3 (4) u (6) cnexyeT

r’+(L-—e—a—-h)>—1?
2r(L—e—a-h)

@, = arcsin 67°,

®)
Y, = arccos(—{cos (pl) =T— arccos(llcos (pl) = 96"

Harpysounas ¢aza 3akaH4umrBaeTCs pu @ = /2 ¥ = 7/2, KOT/[a MITaMIT OKa3bIBaeTCs B
MOJIOKEHUU HUKHEH MEPTBOH TOUKE MEXaHU3Ma Yoax = S=370. B oTOM NON0KEHNH ILITAM-
na geopmarus 3aroToBKu O = Sma =S-L+e=5wmd= 6e| + 8p| =0,22+4,78 = GTe/E+
+3d .

pl

Ecnu 8 > €€, TO B KOHLIE dTana pasrpys3ku pu ¢ = ¢, ¥y =\, (cM. puc. 2,B), 10-
JIOXKCHHE TITaMIIa OTIPE/IENIIeTCs KOOPAMHATON

»,=L-(e~8)=36978, & =3 —ege. )
Ha puc. 4 IPEACTABICHBI PE3YIbTAThl pacucTa NCPEMEIICHUS ITaMIIa Y 1 yl"J'IOBOfI KO-

OpAWHATBI HIATYHOB Y B 3aBUCUMOCTH OT YIJIa IOBOPOTA KPUBOIIHIIA . AIIFOpI/ITM pacucTa
ObLI pcain30BaH B IPOrpaMMHOM KOMILJICKCE Maple IIpu CICAYHOIINX 3HAYCHUAX ITapaMe-

X
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TpoB Mexanuzma: L = 450 mm; S =370 mm; » = 55 mm; a = 80 mm; [ = 185 mm; £ = 50 mm;
e =85 MM . Jlnis onpeiesICHHOCTH B pacueTe ObUIM MPUHSITHI CIICAYIONIUE 3HAUCHUS TIapa-
METPOB YCJIOBHOIO MaTepuaa 3arotoBku: o = 30Mlla, £ = 115I'Tla KoopMHaTHI [IATYHOB
\ B 3aBUCUMOCTH OT YIJIa TOBOPOTA KPUBOIIIHIIA () TIPU € = 85 MM.

v, MM
V. pan ~

184 \\ V4

\ /

Y

L -

°. pan Q. pan

Pucynox 4 — Ilepememenne mramna 210 < y <370 u u3sMeHeHHEe yIIIOBOI

Ha puc. 5 nokazaHo BIMsHHE UCXOAHOTO pa3mepa MOoKoBKH € = [85 + 100] MM Ha yrio-
BYIO KOOPIMHATY @, U (,, XapaKTEPU3YIOIMX UHTEPBAJ yIila OBOPOTA KPUBOLIKIIA, NPH
KOTOPOM OyZAeT MPOUCXOANTH BHICTOW ITaMIIA.

@1, rpady @21, Tpag |
9 |
- 100
30 90
85 90 95 . 85 90 95 g, s

Pucynok 5 — Brinstnue pasMepa TIOKOBKH € Ha yIJIOBYIO KOOPAMHATY ¢, U1 @,

Ha puc. 6 nokazaHo BIusiHHE UCXOJHOIO pa3Mepa IMOKOBKH Ha OTHOCUTEIILHBIN HHTEP-
BaJl O, — ¢, XapaKTEPU3YIOIIMH BBICTOM LITaMIIA.

®,-¢,. rpaa /
90

20

10

oo
wh

90 95 e, MM
Pucynok 6 — BnustHEe IICXOTHOTO pa3Mepa IOKOBKH Ha BBICTOM IITaMIia

3akiouenne. B pabore ObuIM HMcciie0BaHbl OCOOCHHOCTH KMHEMAaTUKH KPHBOIIWII-
HOI'O IIpecca C MPUBOJOM OT JABUIATENs] ACUHXPOHHOIO THUIA IPU ydeTe MOJATIUBOCTU
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LIaTYHOB W 3aroToBKH. [Ipy 3TOM OBUIM MOCTPOEHBI PACUETHBIE KMHEMATHUECKUE CXEMBI
KPHUBOMIMITHOTO Nipecca ¢ mexanuzmam Credencona II, mpoBeneH KnHeMaTH4eCKUi aHaIn3
¢ yuéroM 1eOpMHUPYEMOCTH 3arOTOBKH, a TAKKe Peaqu30BaH aIrOPUTM pacdyera B Mpo-
rpamMHOM KomIuiekce Maple.
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BACTAIIKbI OJIIIEMHIH UIH/I IPECC MOPIHIH
BUIKTITI'THE 9CEPI

Cogy dHcane wimamnmay MauuHaIapbl MeH HcabOblKMapblHbly, MEXHUKANIK HCIHE MEXHOLOLUIbIK
MYMKIHOIKmMepin Keneumy @QYHKYUOHANObIRbL JHcemeKmepOil JHCaya KOHCMPYKYUAIAPbIH eH2i3) apKblibl
Jcy3ece acvlpuliybl MYMKiH. Byn oamynap KuneMamukanvlk cunmes dicome Mexanuzmoepoi manoay
Macenenepin weuyoen oacmanaowl.

Byn sricympvicma 6atiniansicmuipyutbl WamyHoapoblly cepnimoi catikecmizi Mmen co2yobil 0egopmayusi-
coina oainanvicmol Cmegencon Il Ko32anvicoln mypieHOipy Mexanuzmimen uiHoi npecmiy me3iMOiiK
KopcemKiuwmepiniy canvlcmuipmansl mandayvl kopcemineen. Ocvlean OQuIaHbiCmbvl, MAKAIAO0Ad ACUH-
XPOHObI KO32ANMKbIUNEH KO32ANAMbIH KOCUTHOI npecmily KUHeMAMUKACbIHbIY epeKulenikmepi, 6auianbl-
CMBIPYULLL WATYHOAD MeH 0AtbIHOAMANbIY UKeMOLIICIH eckepe Omblpbln 3epmmeizeH.

Tyitin ce30ep: Kocuindi npecc, KOCUTHOT MEXAHU3M, wmamn, oepopmayus, oauviHoama, gasa.
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THE EFFECT OF THE INITIAL SIZE ON THE HEIGHT OF THE
CRANK PRESS DIE

The expansion of the technical and technological capabilities of forging and stamping machines and
equipment can be carried out through the introduction of new designs of actuators with wide functionality.
These developments require solving the problems of kinematic synthesis and analysis of mechanisms.

In this work a comparative analysis of the endurance indicators of a crank press with the mechanism
for transforming the motion of Stephenson II depending on the elastic compliance of the connecting rods
and the deformation of the forging was shown. In this regard, the features of the kinematics of a crank
press driven by an asynchronous motor taking into account the flexibility of the connecting rods and the
workpiece was investigated.

Keywords: Crank press, crank mechanism, die, deformation, billet, phase
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RESEARCH AND ANALYSIS OF CARSHARING SERVICE

The article is devoted to the research and analysis of the car-sharing service. Great attention is paid
to the literature review, and different business models suitable for building a car-sharing service are
examined. Based on existing business models for different types of car sharing, the authors have justified
and presented a new business model canvas. Another focus of the article is the study of the legal aspects
for the establishment of a carsharing service in Kazakhstan, as well as the analysis of potential risks and
methods for their management.

Key words: Carsharing, business model, transport infrastructure, micromobility, sustainability,
carsharing literature review

Introduction. Nowadays, one of the tasks in improving transport infrastructure is to
develop a shared consumption economy, including carsharing and micromobility services.
Carsharing is considered as a potential lever to reduce car dependency and traffic congestion,
improve the ecological environment, develop transport infrastructure and contribute to the
promotion of sustainable urban development [1]. For example, a decrease in greenhouse
gas emissions, as well as a reduction in vehicle ownership and mileage, are often associated
with the development of micromobility services, especially car sharing [2-5]. Articles [6-9]
also point out that the use of car sharing supports a shift towards the use of multimodal,
environmentally friendly transport modes that complement public and active transport
modes (cycling, walking). Following the results of the study [8], a summary report of the
social and environmental impacts of car sharing was produced (Table 1).

Table 1 — Report on the social and environmental impact of car sharing

Impact Europe North America Australia
1 2 3 4
Reducing carbon dioxide emissions from 39 to 54% from 27% to -
56%

* E-mail xoppecionaupyromero apropa: beibut.amirgaliyev(@astanait.edu.kz
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1 2 3 4

The number of personal cars that can | from 4 to 10 cars | from 9 to 13 cars | from 7 to 10 cars
be replaced by car sharing

The car was sold because of car shar- | 15.6% 10 34% 25% 21.3%
ing
Cancellation of a car reservation due - 25% 28.1%

to car sharing

Literature review. The research conducted towards car sharing and the number of
articles published in the last four years are more than double the number of all previous
years combined [10]. Looking at the published articles, they can be conditionally
divided into two groups: Articles dealing with the technical aspects and modeling [11,
12], and articles dealing with the business aspects of carsharing [13]. In the article [14],
the developed taxonomy was used to review 137 articles in two categories: Journals
(94 articles) and Newsletters (43 articles). Most of the articles were from the journal
Transportation Research Record and Transportation Research Part A-F. The article [14]
describes general tendencies, trends and research perspectives towards car sharing.
Specifically, it addresses issues of user behavior and a factor influencing the choice of
carsharing over traditional transportation; demand analysis as a description of methods for
determining supply and demand; optimization of carsharing services - designing service,
infrastructure, and fleet management for optimization; and business models, business
development, and the economics of carsharing.

Research methodology. Before direct development of the information system, it is
necessary to conduct a review of existing solutions, a literature review, a review of existing
business models of various car-sharing services, a study of the legal aspects regulating this
activity in Kazakhstan, and a risk analysis using the example of foreign car-sharing services.
These sections are the result of the application of various research methods: the method of
analysis, the systematic approach, the method of deduction, and classification. In particular,
quantitative and numerical methods are used to evaluate the degree of risk to identify the
risks associated with the introduction of the service. For example, each risk is described by
the following factors: Frequency, cost of risk occurrence, source of risk, scenarios in which
the risk occurs. In this aspect, we do not address the solution issues as this is beyond the
scope of our article.

The project plans to use a modular approach to the development of an information
system, as this approach allows flexibility, consistency between modules, and ease of
testing. The developed models, such as the data transfer between the car and the server, the
determination of the driver's portrait and driving behavior, and the payment system, will be
integrated into the developed system as separate modules (microservices) and tested on a
real car.

Carsharing business models. Free-Float-Carsharing model. In this type of carsharing
customers can rent a car at a location where a car is available and park it at any location
within the service's permitted coverage area. Car rental is done through a mobile application
and users gain access to the car through keyless entry (via Bluetooth). The billing system
for rented cars works per minute.
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One of the disadvantages of this type of car sharing is that the service must have a large
enough fleet of vehicles to meet demand. These vehicles must also be equipped with special
technical means (GPS, keyless access, GSM communication).

Examples of companies operating under the free-floating business model are Zipcar
(USA), Enterprise Carshare (USA), Car2Go (USA), BelkaCar (Russia), Anytime (Russia,
also available in Kazakhstan). DosCar (Kazakhstan) is an excellent example of car-sharing
operating on this model. The article [15] gives an overview of the business model of the
Car2Go service.

Stationary carsharing model. In this type of car sharing, customers rent a car at a fixed
location and return to it as well. Cars are charged by the hour, and sometimes there is a flat
annual fee. Examples of companies working on the model of stationary car-sharing: Car
City Club (Italy) [16], DosCar (Kazakhstan).

Peer-to-peer carsharing model. This type of carsharing requires renting and returning a
car at a fixed location. Unlike stationary carsharing in the business model, the peer-to-peer
carsharing model allows individuals and legal entities to offer their cars for carsharing. The
car is rented for several hours, usually for a day. Turo (USA) [17], GetAround (USA).

While investigating the business models of the different services, we concluded that
when developing a car-sharing service, a peer-to-peer car-sharing model is the best option.
Taking into account the advantages and disadvantages of the different models described in
[18], the advantages of the peer-to-peer model include the relatively low cost of 'entry’, the
provision of different options for cars, and the fact that there is no need to maintain staff
or premises for the maintenance and parking of cars. A new business model was developed
based on the Turo business model (Table 2).

Table 2 — Canvas of the business model of our service. Version 1

owners and users
Legal Aspects

(KYC) system ->
security, reduce
fraud

The car owner
selects the avail-
able car time in
the calendar

The user chooses
the free time of
the car, makes
reservations and
makes payments

Key partners Key activities Key values Relationship Customer

Car owners Platform Customers have | with customers | segments
Payment systems | development a safe and secure | Peer-to-peer car | Car owners
Insurance com- IT system sup- way to travel sharing market- | Travelers

panies port Possibility of ad- | place Corporate clients
Akimat of Nur- | Users support ditional income | Checking car

Sultan Marketing and for car owners owners and us-

Astana promotion when the car is ers using Know

Innovations Attracting car idle your customer
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Key Resources Channels

IT system Mobile
Qualified team application iOS,
Akimat support Android

Direct channels
through car rental
companies

Sources of income
Car owners can set their own price
Service charge 20%

Cost structure

Car damage coverage by insurance, Salary of workers
IT infrastructure support, Product development
Marketing, Users support, Security Service

Regulatory Authorization. After deciding on a business model, it is necessary to
study the existing legal framework in the city where the car-sharing service will be used,
especially the rules for parking on public roads, car rental rules, and insurance. In most
countries, parking is controlled and managed by local municipal authorities [19]. Fluctuo
has developed a report, the European Shared Mobility Index, which paints a quarterly
picture of the shared mobility market in 16 European cities, selected to highlight diversity
in terms of size, geography, and market characteristics [20].

The main set of rules regulating the legal framework and general conditions for the
functioning of road transport and ensuring its safety in the Republic of Kazakhstan is the Law
on Road Transport (Law of the Republic of Kazakhstan of April 17,2014, No. 194-V ZRK).
The law contains 14 chapters, one of which is directly related to car-sharing: Rights and
Obligations of Road Users (Chapter 8), Admission to Participate in Road Traffic (Chapter
10), Admission of Persons to Drive Vehicles (Chapter 11), Mandatory Roadworthiness
Testing (Chapter 13), Management of Activities to Ensure Road Safety and Eliminate
the Consequences of Road Accidents (Chapter 5). Thus, Chapter 5 contains Article 30 on
sustainable transport. According to this article, sustainable transport means vehicles (cars,
bicycles, ecological vehicles) that reduce the negative impact of road transport on the
environment.

Risk management. A variety of risks can arise when implementing a peer-to-peer
car-sharing system. Common causes are shown in the table below. It shows the risks, the
frequency of the risks, the cost of the risks, the source of the risks, the scenarios that usually
lead to the risks, and the corresponding solutions.

Table 3 — Description and cost of widely faced risks

Risks Risks Risks effect | Source of Scenario Risk Management
probability risk
1 2 3 4 5 6
Car theft Low Extremely | Customer | The person took the | Selfie compliance with
high stolen ID and driving | KYC. Before using the

license and used them
as KYC. Once a person
has penetrated the sys-
tem, he can easily dis

vehicle, the person must
take a selfie and that self-
ie must match the KYC
images. However, if
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5

6

connect use it for other
purposes (selling it in
parts, etc.).

the person has a selfie
photo, we need to add
an aliveness detection
feature that determines
whether the person is a
living person or not (by
pretending to perform
certain actions and track-
ing whether the person
performs those actions)

Theft of car
auto parts

High

Average

Customer

The person took the
stolen ID and driving
license and used them
as KYC. Once a person
has entered the system,
he can easily steal parts,
as well as through ID
and the driver's license
after using the car.

1) Frequent vehicle in-
spection (before and af-
ter posting).

2) Add ML a solution
that can prevent such use
cases in advance.

3) Selfie matching with
KYC.

4) Determination of live-
liness for KYC.

Replace-
ment of car
auto parts

Average

Low

Customer

The person took the
stolen ID and driving
license and used them
as KYC. Once a person
gets into the system,
he can easily replace
the parts, as well as
through ID and the
driver's license after us-
ing the car.

1) Frequent vehicle in-
spection (before and af-
ter posting).

2) Add ML a solution
that can prevent such use
cases in advance.

3) Selfie matching with
KYC.

4) Determination of live-
liness for KYC.

Vandalism

Average

Low

Customer

The person took the
stolen ID and driving
license and used them
as KYC. Once a person
has entered the system,
he can easily vandalize
with ID and a driving
license after using the
vehicle.

1) Take a photo of the
vehicle before and after
posting (from 8 sides).
2) Frequent vehicle in-
spection (before and af-
ter the booking).

3) Add an ML solution
that can prevent such use
cases in advance

4) Selfie matching with
KYC

5) Determination of live-
liness for KYC.

C a r
accident

Average

High

Customer

Any road user can have
an accident while driv-
ing a car.

1) Take a photo of the
vehicle before and after
booking (from 8 sides).
2) Frequent vehicle in-
spection (before and af-
ter the booking).

3) Add a machine learn-
ing solution that can
prevent such use cases
in advance (understand-
ing driver behavior and
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6

informing bad driver be-
havior in advance).
4) Use of insurance

Fraud (use
of someone
else's cards,
documents)

Average

Average

Customer

A person may be suc-
cessfully registered but
use stolen cards (e.g.
from the black market)
and drive vehicles with
them. This will lead to
a bad reputation for the
company.

1) Add a function that
determines if a payment
method is used for other
customers.

2) Check if the customer
has a large number of
payment methods that
might raise suspicion.

3) Add a machine
learning  model  that
notifies you in advance
if a subscriber's behavior
is suspicious.

Transfer
of vehicle
control  to
unauthor-
ized  per-
sons

High

Low

Unregistered
customer

The person can be suc-
cessfully registered, but
other people (relatives
and friends) can use
this vehicle in the name
of'the registered person.
This situation can lead
to various scenarios
such as accidents, im-
proper driving, etc.

Selfie matching, when
the customer needs to
take a selfie and this self-
ie needs to be matched
with the KYC images.
If the faces belong to the
same person, allow him/
her to drive, otherwise
block the member.

Aggressive
driving

Extremely
high

High

Customer

A person may be suc-
cessfully  registered,
but he may damage the
car by bad driving. This
leads to various types
of damage to vehicles.

Using a machine learning
model that can inform
participants about bad
behavior. The functions
can be done by GPS,
gyroscope, etc.

Violation of
traffic rules

Extremely
high

Average

Customer

A person may success-
fully register but com-
mit an offense while
driving or parking the
vehicle. This will result
in additional fines for
cars and some types of
accidents.

Check before and after
booking to see if the
vehicle is breaking any
rules (third parties may
be involved). If this is
the case, please inform
the buyer.

Vandalism
from 3
persons

Average

Average

Strangers

While the car is parked
in the lot, third parties
can damage the car and
commit various types
of vandalism with it.

Add only those cars that
have a DVR. If third par-
ties commit vandalism,
we can fix it with the
help of video recorders
and solve the problem.

Driving
while drunk
or under the
influence of
drugs

Average

High

Customer

A person may be success-
fully connected to the
system, but while driv-
ing, the driver may be in-
toxicated or using drugs.
This leads to a variety of
random events.

Use the expanded defini-
tion of survivability be-
fore driving. People who
are intoxicated and under
the influence of drugs
cannot easily perform the
actions required by the
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6

system. Consequently,
intoxicated clients
(including drug users)
cannot drive.

Improper
behavior on
the part of
the owner

Average

Low

Car owner

While adding the ve-
hicle to the system,
the vehicle documents
may not be correct, the
photos of the vehicle
may not match the real
vehicle or the vehicle
may be stolen, etc. This
leads to customer dis-
satisfaction and poor
results of the company.

While adding the host, it
is necessary to check and
confirm whether the host
is verified or not. Re-
quired also add a "Veri-
fied" tag next to the hosts
if there is no suspicious
behavior/documents.

Fake hosts

Low

Low

Car owner

While the vehicle is
added to the system,
a situation may arise
where there is actually
no vehicle. This leads
to customer dissatisfac-
tion and a bad reputa-
tion for the company.

While the host is be-
ing added, we need to
double-check and con-
firm whether the host
has been verified or not
(if the machine actually
exists). We can also add
a "Verified" tag next to

the hosts if there are no
suspicious  behaviors/
documents.

Conclusion. Car sharing as a form of the sharing economy is becoming increasingly
popular and is one of the most important links in the transport infrastructure of smart cities.
The development offers great opportunities for car manufacturers, suppliers, and other
players in the field of mobility. As practice shows, the use of car-sharing not only reduces the
"ecological footprint" (damage caused by activities) but also contributes to the development
of other modes of transport - public transport, bicycles, scooters.

The article examined the business models of the different types of car sharing and also
provides links to the business models of the most popular services. For example, part of
the operating costs of the car-sharing service Car City Club (Italy) [16] is subsidized by
the Italian Ministry of Environment, which in turn shows the need for active involvement
of the state and local authorities in supporting such initiatives. From the legislative side,
the activities of sharing services require the development of new laws, and those that open
opportunities for such services are regulated.

In the future, it is necessary to conduct interviews with potential customers, conduct
a survey to validate hypotheses. As a result of the analysis, a technical specification and a
minimum viable product will be created, which will implement the main functions of the
product.
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ABTOKOJIIKTI BOJIICY KBI3BMETIH 3EPTTEY K9HE TAJIIAY

Maxkana asmokenikmi 6enicy Kblzmemin 3epmmey men manoayea apuaizan. Maxaniada a20ebuemmepoi
wonyea Ken Keyin Oeninedi, COHOal-ax Koikmi 66nicy Kbiamemin Kypyea KolOaHbLIAmblH dpmypii ous-
Hec yneinepi zepmmenedi. Aemokeonikmi 6eaicy mypiepi 60UblHUA KOLOAHBICMAZL OUHEC-MO0enbOep
HeziziHOe asmopnap dHcana OusHec-mooens Kausacwin 23ipnedi. Couoaii-ak, maxanaoa Kazaxcmarnoa
cepsucmi eneizyoiy KYKbIKmblK acnekmiiepin sepoeieyee Manbi30bl KOHIL OONIHeeH, COHbIMEH Kamap
bIKMuUMan mayexenoep meH onaposl backapy adicmepi maidanHean.

Tyitin ce30ep: asmokenikmi 66icy, OusHec-MoOenb, KONK UHPPAKYPBLIbIMbL, MUKPOMOOULLOLLIK,
MYpaKmulivlK, agmoKoikmi Oonicy mypansi a0ebuemmepae wiony.
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HNCCIIEAOBAHUE U AHAJIN3 CEPBUCA KAPILIEPUHTA

Cmamus noceswena uccie0o8anuio U aHaiu3y cepsuca Kapuiepuned. 3HavyumenvHoe SHUMAHUE 6
cmamve yO0ensiemcs IumepamypHomy 0030py, a maxice ucciedylomces pasiuunvle 6usnec-mooenu, npu-
Menumble 0151 noCmpoenus cepguca kapuiepunea. Ha ocnose cywecmsyiowux dbusmnec mooeneil no munam
Kapuiepunaa asmopbl 060CHO8ANU U NPEOCMABUIU HOGbII Kansac busnec-mooenu. Taxoice Hemanoeaicnoe
GHUMANUE 8 CMAMbe YOETeHO U3YUEeHUIO NPABOBbIX ACNEKMO8 05 pazeepmuléanus cepsuca ¢ Kazaxcma-
He, a maxoice NPOAHANUIUPOBAHbI NOMEHYUATIbHBIE PUCKU U MEMOObl YNPAGLEHUS UMU.

Kniouesvie cnosa: xapuepune, 6uznec-mooenb, mpaHcnopmHuas uH@pacmpykmypa, MuKpomoouib-
HOCMb, YCIMOUYUBOCTb, 0030p TUMEPAmypbl No KapuiepuHeay.
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TOMATO MATURITY RECOGNITION USING YOLOv5S
MACHINE LEARNING

The implementation of robotic systems and digitalization in agriculture are important tasks today. In
this paper; the possibility of using pattern recognition and machine learning methods as a computer model
of an agricultural robot for harvesting is considered. The grading of tomato fruits can be classified based
on their ripeness according to their life cycles, which can be identified by their color: green in the growing
stage, yellow in the pre-ripening stage, and red when ripe. Conventional skill-based methods cannot
meet the exact selection criteria for modern production management in the agricultural sector as they
are time-consuming and of low accuracy. Automatic feature extraction behavior using machine learning
is most effective in image classification and recognition tasks. Thus, the article presents the results of a
study on the recognition of ripe tomato fruits by a robotic system, carried out within the framework of
the grant project of the Ministry of Education and Science of the Republic of Kazakhstan AP08857573
and implemented classical algorithms based on the HSV color model and color segmentation using the
k-means algorithm as comparative algorithms and based on machine learning, a universal intelligent
tomato classification system is proposed for practical use using Yolo 5.

This study aims to provide an inexpensive solution with the best performance and accuracy for
assessing tomato ripeness. The results are collected in terms of accuracy, loss curves and confusion
matrix. The results showed that the proposed model outperforms other machine learning (ML) methods
used by researchers for tomato classification problems, providing 99% accuracy.

Keywords: machine learning, tomato recognition, robotic systems, agricultural robot, HSV
segmentation, YOLO.

Introduction. Over the past decade, machine learning (ML) has become widely known
for the implementation of a wide variety of applied problems. One of the topical directions
today is the introduction of intelligent machines in the agro-industrial sector: care and
collection of culture. In this work, we use ML to recognize ripe tomato fruits by comparing
classical recognition algorithms and ML.

The development of robotic solutions for agriculture requires advanced sensing
capabilities that can reliably operate at any stage of the harvest. For example, to automate
the process of harvesting tomatoes in greenhouses, the visual perception system must
detect a tomato at any stage of'its life cycle (from a flower to a ripe tomato). Modern tomato
visual detection equipment is mainly focused on ripe tomatoes that have a distinctive
color from the background. This document supplements the annotated green and reddish
tomato visual dataset. Such a dataset is rare and not available for research purposes. This
will enable the further development of advanced artificial intelligence to visually locate
tomatoes in situ and in real time needed to develop cleaning robots. With this dataset in

* E-mail xoppecnionnupyromero apropa: zholdas 87@mail.ru, serykjoldasbaev@mail.ru
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mind, five deep learning models were selected, trained and tested to detect green and
reddish tomatoes grown in greenhouses. Taking into account the technical characteristics
of our robotic platform, the work of experienced specialists was considered, which are
briefly described below.

Literature Review. In the course of the study, the work of foreign scientists in
this area was considered as [1], a segmentation algorithm was developed to control
the robot arm for picking ripe tomatoes and the recognition algorithm adapts to the
lighting conditions of the greenhouse, where 110 color images of tomatoes were used in
greenhouse lighting, the algorithm works in two steps: (1) by removing the background
in RGB color space, followed by extraction of a ripe tomato using a combination of
RGB, HSI and YIQ spaces; and (2) localization of a ripe tomato using morphological
features of the image.

One of the vulnerabilities on the way to reliable product recognition in agriculture is to
reduce the impact of the main obstacles: lighting and overlap. In order to recognize a tomato
in the crown of a plant using an inexpensive camera, a robust tomato recognition algorithm
based on several characteristic images and image fusion was studied in [2]. Two new
characteristic images, an a*-component image and an [-component image, were extracted
from the L*a*b* color space and the luminance, in-phase, quadrature (Y1Q) color space.
Also in the work, a wavelet transform was adopted to merge two characteristic images at
the pixel level, which combined information about the features of the two original images.
To separate the target tomato from the background, an adaptive thresholding algorithm was
used to obtain the optimal thresholding. The final segmentation result was processed with a
morphology operation to reduce a small amount of noise. This indicates that we could use
the proposed method for robotic harvesting of tomatoes in an uncontrolled environment.
Studies conducted in [3], where data from 600 tomatoes at six stages of maturity were taken
and used for the test, absorption and reduced scatter coefficients for tomato fruits were
extracted using spatially resolved spectroscopy, partial least squares discriminant analysis
(PLSDA) models were built to assess the maturity of tomatoes. The authors have shown
that optical absorption and scattering spectra can effectively classify the ripeness stages
of tomatoes and have provided new means of non-destructive detection in agricultural
products. In [4], the same authors propose a different approach, where partial least squares
discriminant analysis PLSDA and support vector machine discriminant analysis SVMDA.
Also, in [5], a study of measuring the optical properties of tomato fruit in the wavelength
range using the method of spatially resolved diffuse reflection to estimate density, soluble
solids content (SSC) and pH. In reviewing this study, we learned that the SRS method,
along with the absorption and scattering coefficients, has the potential for non-destructive
measurement of quality characteristics, especially the hardness of tomato fruit, which we
could then use for the picker arm.

In [6] discusses the detection of ripe and inverted tomato fruits using computer vision
and image processing techniques using Raspberry Pi and Pi Camera, Raspbian software
using python3. Ripeness is determined using OpenCV and HSV. Researchers are going
to connect this equipment to Turtlebot, to a robot that will move around the field to find
ripe plants. Since the development ideas are similar for us, the results of this study on the
implementation of the development in a mobile robot are important for us.
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In [7], the proposed system performs the classification of tomatoes in three stages. Due
to the complexity of solving a nonlinear problem, the proposed system is implemented as a
cascade of two machine support vector classifiers. The performance of this system is assessed
using metrics for accuracy, specificity, sensitivity, and accuracy. Experimental results and
comparative analysis of similar methods testify to the effectiveness of the proposed system
in comparison with existing systems for sorting and identifying tomatoes. The results
obtained at each of the three stages of classification, i.e. tomato/non-tomato, good/defective
and the type of defect in the event of a defect, are transmitted to the microcontroller to turn
on the corresponding motor, so that the given fruit can be classified and harvested in the
corresponding basket.

The work [8] researchers proposed a classification system using a pair of binary
SVM classifiers to sort tomato ripeness and defects. The first SVM classifier is unique
regardless of the ripeness level for the separation of tomato species. The ripeness level of
tomatoes is determined based on the average green component. Thereafter, defective and
healthy tomatoes are distinguished using a superpixel segmentation operation. A second
SVM classifier is then used to detect black spot defects and ulcers separately in ripe and
immature fruits. Although the same feature vectors are used to detect defects regardless
of ripeness, the reference image used to create feature afterimages is different for ripe and
unripe tomatoes.

Researchers in [9] proposed a fuzzy Mask R-CNN model to automatically determine
the ripeness levels of cherry tomatoes. For automatic image annotation, a fuzzy K-means
model was used to store the spatial information of various elements of the foreground
and background of the image. The Hough transform method was applied to determine
the position of the geometric edges of the tomatoes. Each data point in image space has
been annotated into a JavaScript object notation file. The annotated images were trained
with Mask R-CNN to accurately identify each tomato. To prevent tomato shedding before
harvest, the hue-saturation-value color model and fuzzy inference rules were used to predict
tomato ripeness. The trigonometric function with Euclidean distance was calculated from
the beginning of the calyx and stem to the bottom of the tomato to get the position of the
stem head and cut the fruit in time.

In [10], a machine vision system for an apple picking robot was developed based on
the YOLOv3 and YOLOVS algorithms with special pre and post processing. We took this
publication as a basis for the development and tested these solutions on tomatoes only using
YOLOVS.

In work [11] proposes a method for determining the ripeness of tomatoes by using
several streams of a convolutional neural network (ConvNet) and their methodology of
stochastic combination of solutions (SDF). The authors named the general pipeline SDF-
ConvNets, which can correctly determine the ripeness of tomatoes by performing the
sequential steps: (1) determining the initial ripeness of tomatoes for multi-view images
based on a deep learning model, and (2) stochastically combining these initial results to
obtain the final classification result. No follow-up study was undertaken in this paper to
develop an integrated system that can determine the appropriate harvest time and monitor
the growing state of the crop by recognizing and assessing the ripening stage in real time by
observing the tomatoes before harvest.
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Experimental

Segmentation of tomato according to the HSV model. Two main filters were used
to segment the tomato - the first filter determines the shape of the object and the second
filter to determine the color. In this study, we selected the HSV color model for the color
segmentation of tomatoes (Figure 1).

A comparative analysis is performed using a color model (HSV), which changes the
hue, saturation and intensity of the pixel of the image in question. After determining the
dominant property based on these three parameters to segment the extracted image. This
color space model is very close to human perception when compared to other models
such as RGB or CMYK. The analysis shows that with the help of this segmentation it
is possible to obtain a more accurate identification of objects in comparison with other
algorithms. The HSV model can be visualized as a cylinder, where the intensity will
be located on the central vertical axis, and the values of the shadow parameters will be
determined by the tilt angle in the range of 0-360°. For red, green and blue, the values
correspond to 0, 120°, 240°, and the saturation parameter is responsible for determining
the depth or purity of a color, which is measured as the radial distance with a value
from center to center. outer surface, calculated from 0 to 1. If written as a percentage,
0 will be black and 100% will be white. By decreasing the saturation, each color could
be converted to a shade of gray. For low saturation values, the color may correspond
to gray.

Figure 1 — HSV color model for color segmentation of tomatoes.

The advantages of the HSV model over RGB are in Figure 2 that the hue of a color
(hue) is specified by only one coordinate - hue, which makes it easier to filter out only the
necessary colors from the picture. In addition, using the saturation and value coordinates,
you can minimize or completely eliminate the effect of low light, darkening or shadows in
the working area of the camera. This significantly increases the efficiency of determining
the ripeness of a tomato by its color.
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Figure 2 — Image conversions from BGR to HSV color space

Then we need to define the lower and upper range of values for a particular color, which
in turn consists of three values (hue, saturation, intensity). After that we create a mask for
the image by setting the threshold and adding the required range to the value.
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Figure 3 — Histogram of an image in RGB and HSV format

In Figure 3, you can clearly see the difference in the intensity distribution. In the
histogram, the pixel values are on the abscissa, and the ordinate corresponds to the number
of pixels. We can see that in the first picture there were quite a lot of intensity values in the
area of pixels from to 100, and after converting the intensity values from 0 to 50, very little.
The maximum value can be seen in section 50. Also, if in the first image the value from 50
has decreased, then in the second, starting from 100 to 250, it leads the same way.

Next, you will need to make morphological transformations using the OpenCV library.
We need this operation to remove white noise, separate and establish the boundary of two
related objects. Morphological operations are performed on binary images. To do this, we
need to give our original image and a threefold image at the input, which is called a structural
element. A structural element or core does the operation we need.

There are several morphological operators, and in order to choose the most suitable one
it is necessary to consider all of them.
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dilation erosion opening
closing mg th

Figure 4 — Morphological transformation of the original image

The first image is the result of the Dilation operation, which enlarges the white area
in the original image. Also, this operation increases the size of the foreground object. It is
also useful for connecting separated parts of an object. In our case, we see that indeed the
size of the foreground objects has increased significantly. However, this is unnecessary for
us, since our main task is to divide the boundaries of objects in such a way as to segment
them separately. The second image is Erosion. This operation blurs the boundaries of the
foreground object, which is the exact opposite of the first. The main advantage of which is
the separation of the two areas, which is what we need. However, it is hard not to notice that
this operation, although it separates two objects, it also reduces their size. This is not what
we want at all. The third image is Opening, the principle of which is the same as for erosion,
but after that it increases the white area in the image in question. A feature of this operation
is the removal of noise. The fourth is Closing, which is the reverse of closing. The main
advantage is the removal of small holes inside foreground objects and unnecessary pixels.
Fifth Image The Morphological Gradient is the result of the difference between Dilation
and Erosion. In the original image, you can see that only the border of our object has been
received. The last Tophat image is the result of the work between the original image and
the Closing operation. In the figure, we see that this operation does not quite give a good
result.

Having received all the results, it was decided to choose the Closing operation for our
segmentation. After we can segment objects by color, a function was written for each color
we needed (red and green). After segmentation, we can define their outline and use the
boundingRect function to constrain them to a rectangle.

It is clear that it is impossible to simultaneously determine two colors on the input
image, since during the detection of one color everything else becomes a black background
and goes to the background.
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Therefore, to solve this problem, two images were created, one which consists
entirely of black pixels Fig5a, and the other is a copy of the input and both of them are
identical in size with the input Fig5b. We don’t need the first image, but it doesn’t hurt
for comparison and visualization. After that, while detecting each color, we write down
the coordinates of the bounding rectangle and also draw them on the two images we just
created (Figure 5).

a) b)

Figure 4 — Identifying objects by color and creating a bounding box

Object detection with YOLO. Object detection using CNN convolutional neural
networks is one of the urgent tasks. When reviewing the literature on this problem, many
researchers used the COCO dataset to compare different convolutional neural network
models. Researchers and developers of the YOLO neural network also used it to compare
with other models of convolutional non-ironic networks [2].

To train the YOLO neural network, we collected a dataset of 800 photographs that were
taken in the Almaty Tomato Greenhouse, Kazakhstan. And also the photos were taken under
different lighting conditions. When marking the data, the tomatoes were divided into 3 cash
registers: 0-red, 1-green, 2-yellow. The training itself was carried out in 70 eras and the
following results were obtained:

This image shows the PR curve for each class separately and one for all classes. The
areas under these curves were calculated for each class in order to belong to a specific class
and to evaluate the algorithm. The lowest value is shown by the second class, that is, the
class for the yellow tomato, and the highest value for the red tomato. This is due to the fact
that the set contains a relatively small amount of data for this class. Also, the dark blue curve
shows the arithmetic mean of 0.83. For all classes of measuring the accuracy of the object
detector in a particular dataset, the value is 0.5. This value is standard for YOLOS and the
AP of all images of each category is calculated, and then all categories are averaged, namely
in mAP.
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Figure 5 — Yolo learning outcomes
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Results and Discussion.

Figure 6 — The results of the recognition of the algorithm, where different images with different
illumination, from different angles and with different levels of background noise are selected.

Training and testing of the model is implemented on a computer with the following
characteristics: Intel® Core ™ i5-9400F CPU @ 2.90GHz, NVIDIA Corporation GP104
[GeForce GTX 1070 Ti], 24 GiB.

Conclusion. The color representation model has significant significant flaws, and very
often these deficiencies are serious problems in the field of computer vision. For example,
the strong influence of shadows and low light can significantly reduce the color recognition
performance of tomatoes. That is, with the slightest change in illumination, some pixels of
the image will not be recognized as part of the contour, or those pixels that are not part of it
will also be associated with the contour. It is difficult to establish the desired color tone, as
the tone determines the degree of color difference. Based on these two disadvantages, it was
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decided to use the Yolo neural network. Based on the results of the research, the proposed
solution recognizes ripe fruits in 99% of cases under different lighting conditions.

The results obtained are planned to be implemented in the future on the developed
robotic manipulator in greenhouse conditions.
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LAxknapammuix scone ecenmey mexHoLOUALAPbL UHCIMUMYTIbL,
2On-Dapabu ameinoazel Kazax ¥immuolx Yuueepcumemi,
Anmamel, Kazaxcman

YOLO 5 MAIIUHAJIBIK OKBITYbI KOJIJAHBIT KbI3AHAK
TYWIHJAEPIHIH ')KETLTY JEHTENAIH TAHY

AybLn wapyaubiibleblH0a po6ommanOblpblIaH JHCylienepoi eHeizy Maybi30bl MiHOemmepin 0ipi. Byn
HCYMBICIMA €2IH HCUHAY YIUIH aYbLIUAPYAULLLILIK POOOMBIHbIY KOMNbIOMEPIIK YAICi peminode yacini mauy
MEH MAWUHATILIK OKbINTY 20iCMeEPIiH KONOaHy MyMKinOiel Kapacmuipblizan. Kvizanax scemicmepin bazanay
01apOblY OMIPIIK YUKIOEPIHe CalKec HcikmeyOiy muimoi 20ici — OHbl Myci OOUbIHULA AHBIKMAY: 6CIN Kelle
HCAMKAH KE3EHOe IHCACHLL, OPMA KE3EHIHOE Capbl HCIHE NICKEH Ke30¢e Kbl3bll mycke 00s1a0bl. /]a20bliapobiy
20emmeci 20icmepi aybliuapy aubLiblK CEKMOPbIHOAZbL 3AMAHAYU OHOIpIiCMI 6ACKapyObly HAKNMbL MAHOAY
Kpumepuiiiepine calikec Keile aimatiovl, OUMKeHi 01ap KOn Yaxblmmbl HaHe meoemeH 010ikmi bepeoi.
Mawunanvl oKbImyObl Ko10ana omuipbin, GyHKYUAIAPOLI ASMOMAMMbL Mmypoe any apexemi Keckinoepoi
Jrcikmeyoe dicane mamy manceipmanapvinoa muimoi. Ocvinatiwa, makarada Kasaxeman Pecnybiuxacel
binim owcone evinvim munucmpniciniy AP08857573 epanmmulk dcobacvl asacelHOa HCYpeisineeH JcoHe
KAACCUKANLIK aneopummoepee necizoenzen pooommaol dicylie peminoe nickeH Kbl3anax jHcemicmepin mamy
boubiHwa 3epmmey Hamudicenepi keimipineen. HSV mycmi mooeni scane k-aneopummin Konoana omeipuin
Mycmi cecMeHmayusi-canblcmulpmansl Aneopummoep peminoe Jcane MawuHanvlx oxuimy neeizinoe Yolo
KONOAHY Ke3iHO0e NPAKMUKALLIK KOTOAHY YULIH Kbl3aHAK OOUbIHUIA dMOeOan 3usmKkepiiK sHcikmey xeyieci
YCOIHBLIRAMN.

byn 3epmmey Kvizanaxmoly nicin oceminyin 6a2anay yuiiH e JHCAKCbl CUNAMMAMAIAPbL MeH
0an0iei bap apzan wewimoi ycoinyea basvimmanean. Homuowcenep 0210k, scoeanmy KUCLIKMAPbL HCIHE
MaAMpUYaHvly WAmacyvl mypeuicelhan drcunanraovl. Homuowcenep ycvinviiean modens 99% 0andixmi
KamMmamacslz ememin Kbl3aHaKmyl Jcikmey mMinoemmepi yulin 3epmmeyutiiep Kor0aHAmulH MAuuHAHbl
oKbImMYObIY backa adicmepinen (ML) acein myceminin kopcemmi.

Tyiiin co30ep: MawunanblK OKbINY, Kbl3aHAKMbl MAKy, poOommul JCyuenep, aybliuapyaubliblK po-
oom, HSV ceamenmayusicei, Yolo.

K.A. BYPUBAEB? K. AMUPIAJIHEBA*, C.K. /[?KO/I/TACFAEB"?,
M.C. JKAC¥3AK"% A.C. TYPETATH? JI. TAYJIETHA?

! Hnemumym un@opmayuoHHbIx u ol4ucIumenbHblxX mexHoI02ul,
’Kaszaxckuil HayuoHaiwHwlil yHusepcumem umenu aio-Papadu,
Anmamul, Kazaxcman

PACITIO3HABAHME 3PEJIOCTH IIJIOAOB TOMATA
C UCITOJIB30OBAHUEM MAIIMHHOI'O OBYYEHMA YOLO 5

Bueopenue pobomomexnuueckux cucmem u yuhposuzayus 6 celbCKoM XO3AUCMEe HA Ce200HAUMHUL
Oenb ABIAEMCs 8AJCHOU 3a0ayell. B dannotl pabome paccmompena 603MOACHOCIb NPUMEHEHUSL MEMO008
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pacnosnaganus 06pazoe U MAwUHHO2O 0OYYEHUsl KAK KOMNbIOMEPHASL MOOETb CelbCKOXO3SAUCBEHHO20
poboma, npedHasHawerHol 05 coopa yposscas. OOHOU U3 AKMYATbHBIX 3a0aY A8N[emCcs Klaccupurayus
momama no 3perocmu ni0d08 6 COOMBEEMCMBUU C UX ICUSHEHHBIMU YUKIAMU, KOTNOPbLE MONCHO UOEHMU-
Quyuposamsv no ux yeemy. 3e1eHvlll — HA dIMane pacnywje2o, Hceamulil — 8 Cmaouu npedsapumenbHoll
cospesanus, a Kpachwlil — cospesuiuil. OObluHbIe MEMOObl HABLIKOG HEe MO2YN COOMBEMCMBO8ANb MOY-
HbIM KpUumepusm o100pa 01si COBPEMEHHO20 YNPAGLeHUs NPOU3BOOCIBOM 8 CEllbCKOXO3AUCINEEHHOM CeK-
mope, NOCKONbKY OHU NOMPEONAIOM MHO20 6PEMEHU U HU3KOU MOYHOCmU. Aemomamuyeckoe noseoenue
IKCMPAaKyuu QyHKYull ¢ UCNOIbI0OBAHUEM MAWUHHO20 00yYeHUs Haubonee d(hpekmusHo 6 Kraccupura-
yuu u300padcenull u 3a0auax pacnosuasanus. Takum o6pazom, ¢ cmamve nPeocmagieHvl pe3yibmanmbl
uccne008anus N0 NPUSHAHUIO CRENbIX MOMAMHBIX GPYKMO8 podOMUUpOSaAHHOU CUCIEMO, NPO6eoeH-
HOU 8 pamKax epanmogoeo npoexma Munucmepcemea obpazosanust u nayku Pecnybnuxu Kasaxcman
APO08857573 u peanusosarnvl Kiaccuieckue aieopummbsl, OCHOBAHHbIE HA 0CcHOge L[eemosas modens HSV
U cesMenmayusi Yeema ¢ UCnonb308anuem aneopumma K-Onudicaiiuuux 6 Kauecmee CpagHUmMenIbHbIX a0~
PUMMOB U HA OCHOBE MAWUHNHO20 00yUeHus. [ npakmuuecko2o ucnonb306aHs npu ucnonvzoganuu Yolo
npeoniodNcena YHUBEPCANbHASL UHMELEKMYATbHASL CUCHeMa KIACCUduKayuy movama.

Omo uccredosanie HanpasieHo Ha npedocmagienue HedopPo2020 peuenus ¢ HauTYYWUMU XapaxKme-
pucmuxamu u mo4HOCmyvio 0 OyeHKu 3perocmu momama. Pezynomamul cobupaiomes ¢ mouku 3penus
MOYHOCMU, KPUBLIX NOMEPb U NYMAHUYbl Mampuysl. Pe3ynemamul nokasanu, umo npeonazaemas MoOeib
npesocxooum opyeue menoovt obyuenus mawunvl (ML), ucnonvzyemvle ucciedosamensimu OJis 3a0ay
Kaaccugurayuu momamos, obecneuusas moyHocms 99%.

Kniouesvie cnosa: mawunnoe o6yuenue, pacnosHasanue NOMUOOpos, podomu3upoOSaHHbLe CUCTHEMD,
cenvekoxossicmeenuvlll pooom, ceemenmayus HSV, Yolo.
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®OPMUPOBAHME CJTYKEBHO HH®OPMALIUU
B TEJIEMETPUUYECKHUX CUCTEMAX CO C)KATUEM JAHHBIX

B menemempuueckux cucmemax ¢ ucnonb308anuem HeoOPAMUMO20 CHCAMUs OAHHBIX BO3MONUCHO UC-
NOIb308AHUE HECKONLKUX MEMO0008 (hopmuposanus coobujenull. B kananornom naxkeme 6bIX0OOHbIX OAHHBIX
Mooicem OblMb HECKONbLKO KOOOBbIX €108, Onpedensiowux e2o cocmag. OHu mocym Ovimb 00beOuHeHbl
u paccmasienvl 8 cmpo2o onpeoenenHol nociedogamenvrocmu. Takou nakem OaHHLIX npeocmagiien
€000l K0008YI0 KOMOUHAYUIO NOCHOAHHOU WU NepeMeHHOU ONUHbL, NpuyeM NOCMOAHHAA ONUHA NaKe-
ma gopmupyemcsi 6 ciyyae 3apanee onpedeieHHO20 U HEeUSMEHHO20 0ObeMd UHPOPMAyUU Ha UHmMepsae
6b10a4U OAHHBIX, A NepeMeHHds — 6 npomugHom ciyuae. C KaHaTbHbIM NAKEMOM OaHHbIX Oaiee MOJXHCHO
0bpawamucs Kaxk ¢ eOUHbIM Yerblm: CHAbXICamy e20 adpecHou uHpopmayuell 06 UCMouHUKe COODUeHUs,
unghopmayueli 06 unmepesae spemeHi, Ha KOmMopom 6bL1 chopmuposar naxen, O NPUBA3KU CYUjeCBEH-
HbIX OMCYemog KO 6peMeHu, OONOIHUMETbHLIMU NPOGEPOUHBIMU CUMBONAMU U KOOAMU OJis NOGbIULEHUs
NOMeXoyCcmotdU8ocmu nepedayu Uil ¢ Mol Jice Yeibio onpedelenHbiM 00pasom Gopmuposams cmpyK-
mypy nakema. Aopecnasn, épeMeHHAs U CUHXPOHUBUPYIOWAs UHOpMAYUs 8 Jumepamype Ha3bleaencs
cayacebnou. Heobxooumocms nepedauu ciyiceOHol uHpopmayuu CHuxicaem 3Q@exmueHocms npuemo-
nepeoaiowux cucmem. Ilosmomy npobrema cokpawjenus odbvema CaysuceOHol ungopmayuu sA6asemcs
upe3suIuatiHo aKmyaibHOU.

Kniwouegwie cnosa: cocamue oannvix, cuyicednas uH@dopmayus, cyuecmeenHvle omciemol, Kodgpou-
yuenm corcamus, Oygeproe 3anomunaowee ycmpoicmeo, a0anmusHoe KOMMYmuposaHiie, meiemempu-
yeckuti Kaop.

Beenenue. Paccmorpum npuHIUnbI pOpMHUPOBaHUS Cyx)eOHOM HHPOPMAIIUU B CHCTE-
Max CcO CKaThueM JaHHbIX. CyNIECTBYIOT CIEAYIOIUE CUCTEMbI, OTIUYAIONIUECS CII0OCOO0OM
BBIPABHUBAHUS MTOTOKOB C3KATHIX JAHHBIX [1]:

— ¢ Oy(epubiM 3anomuHaOmMM yctpoiictBoM (B3Y);

— C aJIallTUBHBIM KOMMYTHPOBaHHEM.

s cuctem ¢ B3V xapakrepHO HalM4He MEPEMEHHOM 3aJIepKKU B Oydepe, a CUCTEMBI
C aJalITUBHBIM KOMMYTHPOBaHUEM pabOTaIOT B peabHOM MaciiTadbe BpeMEeHH, YTO U 00y-
CJIaBIIUBACT 0COOCHHOCTH (hOpMUpPOBaHUs City)keOHON nHpopMaruu. Jlis ananu3a pasind-
HBIX CIIOCOOOB e (hOPMUPOBAHUS BBEJCM MOHITHE KOA(P(DUIIUSHTA CHKATHS ITOJIOCHI YaCTOT
KaHasa repeaadn:

K™ =n /n

BX  BBIX’

e 1, — 00beM M3MEPUTENBHON HHPOPMALIMK B KAJIPE,

n =Nn/K +n_ +n,
BBIX n o oCK anp Bp
rae K — xoadduiuent cxartus no yuciy orcuetoB; N — umMciio KaHAIOB B aJanTHBHOK
cucteme; 1, — 00beM HHYOPMALMOHHOH YaCTH OJHOTO M3MEPEHHS; Moo~ 00BeM aipecHOi

WH(pOpPMAIIHH; n,— 00beM BpeMEHHOH HH()OpPMAITHH.
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Metoasl u MaTepuaJibl. CpaBHUBATH pa3IMYHbIC CIIOCOOBI POPMUPOBAHUS CIYKeO-
HOW MH(OpPMAIMU CIIeAyeT TPH OIMHAKOBBIX BXOJHBIX YCIOBUsX. JlomycTtum, 4To 0O6beM
H3MEPUTENHHON HHPOPMAIMHU IS BCEX OTCUETOB OIMHAKOB, @ BEPOSITHOCTD MOSIBIICHUS CY-
LIECTBEHHBIX OTCUETOB JUJISl BCEX CIIy4aeB TAKKE OJIMHAKOBA U PaBHA

pcym = l/K oK’

rae K o~ YCPEHEHHBIH KOI(QQUIMENT CHKATHS.

[Ipu rpynmoBoM crnocobe ¢GopMHpOBaHUS CITy:K€OHON HWH(MOPMAIMK MPOU3BOINTCS
aHaJIN3 Ka)KJIOTO OTCYETa U MPUCBOCHHE CHMBOJIA | CYIIECTBEHHBIM OTCYETaM M CHMBOJIA
0 — u36bITOuHBIM [2]. [To aTHM HHAEKCAM (HOPMHUPYETCST OJMHAKOBBIN aapec Kajapa n,.» 38
KOTOPBIM CJIEYIOT MH()OPMALMOHHBIE YaCTH COOOUIEHHUS 71, TOJILKO TEX KAHAJIOB, OTCUETHI
KOTOPBIX OKa3aJiCh CyliecTBeHHbIMH. DopMupoBaHe TPYIIIOBOTO aapeca JJIsi CUCTEMBI,
cofiep Karlieil mITh KaHaJoB, MOKAa3aHO Ha PUCYHKE 1, IpU ATOM CyIIECTBEHHBIE OTCUETHI
cofiepKarcs B IEPBOM U TPETheM KaHaiax. BpemeHHast nHpopMaIus mpu JaHHOM CIIoco0e
HE IepeaaeTcs, a MojcyeT unciia Kaapos Boznaraercs Ha DBM. Koaddunuent cxarust B
9TOM CJlydae paBeH

Kie=n_/n_ =N f(n,,+n NK_)

BBIX

rae N — 9uciio u3MepuTeNnbHBIX KaHAIOB B Kajpe. [lpu oo = N BBIIIIE TIPHUBEIEHHOE BBIpaA-
YKEHHE MOYKHO 3aITiCaTh B BUE

KL=nK (K +n).

1jol1]o0]o0 n,, n,,

Pucynox 1 — ®opmupoBaHue IpynmnoBoro agpeca

Henocratkom 3Tor0 crocoda sBsieTcsl HU3Kasi [IOMEX0YCTOHYNBOCTh, TaK KaK Hempa-
BUJIBHBINA NMPHEM OHOTO CHMBOJIA B aIpeCHON MH(POPMALMN MOXKET HPUBECTH K OIINO0Y-
HOM pacmupoBKe Bceil M3MepUTENbHON HHPOPMAIIHH.

B cienyromem crocobe BEpOSITHOCTh HENPaBUIBHOHN pacliM(pPOBKHY YMEHbBILIAETCS 3a
CUeT Tepesadd BPEMEHHOW CHHXpOMH(OpMaINU depe3 HECKOJIBKO KaJpoB (IICEBIOKAIp)
m > 1, rae M — 4uciio KagpoB B IIceBIOKaape. B aTom ciaydae, eciu mpoucxoqur cOoil pas-
psina ciysxeOHOH MHPOPMALMHK, TO TEPSIeTCs TONBKO ONUH IceBRokaap. [lpu ymeHbieHN
YHciaa KaapoB B ICEBIOKAIPE YMEHBIIAETCS BEPOSTHOCTh HENPABMWILHON pacmn(poBKU
CXKaTbhIX TaHHBIX, HO IIPH 3TOM BO3PACTAIOT allapaTypHbIE 3aTPaThl HA pealn3aLHio CII0Co-
0a, Tak KaK yBEIHYMBAETCS HEOOXOMUMBIN 00beM maMaTh. D(PPEeKTHBHOCTH JAHHOTO CIIO-
co0a MOXHO ONMCATh CIECAYIOIINM COOTHOIICHHEM

Ko =n, NN +n_/m+n N/K ).

B Tpethem criocobe popmupoBaHus ciTy:kKeOHOU HHPOPMAITHN agpecHas HH()OPMAIIH
MepeIaeTcs ¢ KaK/bIM CYIIECTBEHHBIM OTCYETOM, a BpeMeHHast HH()OpMAIUs KOAUPYETCs



Ecmazcambemos b.-b.C. @opmuposariie ciyscebHotl unghopmayuy 8 meiemMempuyeckux CUCIemax ... 63

OJTHUM Pa3psiIoM B KaXKIOM CJIOBe. B HauaibHOM cI0BE Ka)KA0TO Kajipa B 3TOM paspsiie 3a-
nuckIBaeTcs 1, a BO Bcex MOCIeqyOUINX cloBax AaHHoro kaapa — 0. Takum oOpazoM ofuH
JIOTIOJTHUTENILHBIN pa3psili B CIOBAaX MO3BOJIUT pacmin(poBarTh KakIbld Kajap, a aApecHas
WHpOpMAIHS CYIIECTBEHHBIX OTCYETOB — TOYHO ONPEACIUTH BPEMEHHYIO MPUBS3KY 3THX
kaapoB. Ha pucynke 2 mokazaHo MOsICHEHHE dTOro criocoba. J{ist mpaBuiabHOM pacuiud-
POBKH JIaHHBIX HEOOXOUMO B KaXKJIOM KaJpe, JaKe €CJIU BCe BBIOOPKH M30BITOUHBI, IIEpe-
JIaBaTh OINH U3MEPHUTENbHBIN oTcueT. [IoaToMy 3¢ deKTHBHOCTD JaHHOTO CIIOC00a MOKHO
onucarb GopMyaon

K% =n N/((logN +1 +n )(N/K__+ p)),

rae N — uucio kananos B kazape; p = (1 — 1/K )N — BEPOATHOCTH HE MOSIBIEHUS CyIle-
CTBEHHBIX OTCUECTOB B KaJIpe.

1| Dy n, 0 T n, 1 Do n, 1| g | Dy

IKAZIP 2KAJIP IKAJIP

Pucynok 2 — ®opMupoBaHHe aIpeCHON HHHOPMAIIAHN C KaXKIbIM
CYIIECTBEHHBIM OTCUETOM

Henmocraroxk aToro crioco0a 3akirouaeTcsi B HU3KOH TOMEX0yCTOMYMBOCTH, TaK KakK HC-
Ka)XKCHHE OJIHOTO BPEMEHHOTO paspsiia MPUBOIUT K CIBHUTY BCeil mMHpopMamuu B Kaape.
[ToaTomy ¢ yueTom miepeadan BpeMeHH depe3 M > 1 kaxpoB B ricenokaape 3¢ pexTuBHOCTH
crnocoba MOXKHO OITMCATh COOTHOIIEHUEM

K% = n,N/((logN +1 + n )INIK__+ p) + n,_/m).

B detBepToM criocobe anpecHast HHGopManus nepeaaeTcs ¢ KakIbIM CYIIeCTBEHHBIM
otrcueToM. B aTOM ciryuae o0beM anmpecHor HHPOpMAITIH paBeH

N,., = NlogN/K .
ajp CK

Ha pucynke 3 mokasaHbl 3aBUCHMOCTH 00beMa CIy:KeOHOH MH(OpMAIuu 1, OT KO-
spduunenta cxarus. VM3 aHanusza puCyHKa CleIyeT, 4yTo NpH Ko3()(UIHMEHTaX CHKaTHs
K, <K, BBITOIHEE IPUMEHATH IPYIIIOBOI CIOCO0 OPMUPOBAHHS CITyKeOHO# HH(bOpMa-
wun, anpu K > K — GpopMupoBaTh aapecHyio HHPOPMALIHIO ¢ KaXk/IbIM CYIIECTBCHHBIM
orcyerom. Harmpumep, mipu N =64 u K_ = 30 006bem ciry:xeOHOM nHbopManmu -An__ cokpa-

oK aznp
IAETCs OYTH B 6 pa3 u HaoOopoT npu K, =4 u N = 60 00bem ciyxeOHol uHbOpMayu
+An, yBemmanBaeTcs Gonee qem B 2 pasa.

B un}popMannoHHO-N3MEPUTEIBHBIX CHCTEMaX, HCIOJBL3YIOUIMX CXKAaTHEe TaHHBIX C
OydepHpIM 3anomuHaromuM ycrpoiictBoM (bB3Y), koTopoe BbIpaBHMBAaeT MOTOK CHKaThIX
JaHHBIX BO BPEMEHH, MOXHO TepeaBaTh JOMOJHUTEIbHYIO0 HHPOPMALHIO O 33I€PKKE CO-
obmennii B b3V, ¢ nmpussizkoi m3mepeHuii no Bpemend [3]. KogupoBanne BpeMeHH 3a1epiK-
ku B b3Y mpomsBoguTcs mpsMo MPOMOPIHOHAIBEHO 3anoiHeHuto OydepHoro 3Y. Bpems
3aziepkku nHpopMaumy, nocrynarouiei B b3V, pasaot =T, rae g — 4ncio 3am0IHEHHbIX
SYEEK MaMsTH; | — MePHOJ CUMTHIBAHHUS HHPOPMALMK U3 OXHOHU SUEHKH.
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Pucynok 3 — 3aBucumMocTh 00beMa cirykeOHOH HH(OpPMAIK OT KO PHITHEHTA CKATHS

B GonbmInHCTBE TEIIEMETPUYESCKUX IAlITUBHBIX CUCTEM TOYHOCTh BPEMEHHOM MPUBSI3-
KM MOXET HE MPEBBINIATh HECKOJIbKUX MEepHoa0B cunutThiBanus [4]. [losTomy mocratouHo
nepeiaBaTh, B KakoM npomexyTke | = log L nossnsercs cymecTBeHnblil oTcyer. 3nech L —
o0beM namsti b3V mepen 3anmuchi0 04epeIHOTO CYIIECTBEHHOTO OTCUYETA.

Yucno BeIOOpPOK, moctynaromux B b3V, B cpennem B K pa3s MeHbIIE Yncia BHIOOPOK,
MOCTYIAIOIIMX HAa BXOJl YCTPOMCTBa cxkarus NaHHbIX. [loctymnenue Bpioopok B B3V uuer
HEPaBHOMEPHO BO BPEMEHHU, a cunThiBaHue u3 b3V B kaHas CBSI3W WK B pErHCTPUPYIOIIEE
YCTPOUCTBO MPOM3BOAUTCS OIMH pas 3a repuos cuntbiBanus: T =tK_/p, tne p <1 — ko-
a¢dument 3arpysku Oydepa ; T — KaHAIbHOE BpeMsi 00Opa0OTKU KaXKJIOTO0 U3MEPSeMOro
napametpa. Eciu nepen 3amucbio B3Y HoMep 30HBI, B KOTOPYIO TIOMAAET OTCYET, paBeH K,
npudem 1 <k <I1=log,L, Torna BpeMeHHYIO 3a/IepPKKYy MOKHO BHIPA3UTh COOTHOLIEHHEM

t., = KT =ktK_/p.

[TorpemHoCTh BPEMEHHOM MPUBS3KU B 3TOM CJIy4ae paBHa ITOJIOBUHE BPEMEHH 3aJIePK-

KM B KaKJIOHW 30HE, T.€.

t =LT2l
WK C YYE€TOM BBIIIC ITPUBECACHHOT'O COOTHOUMICHU A
t =LK _/2lp.

KoadduimeHT cxatusi moJoCkl 4acTOT TPU KOJUPOBAHUKM BPEMEHU IO 3aJICPIKKE CO-
oOmrenuii B b3V

K, = n K_/(logN + logl +n ).

Hcnonp3oBanme b3Y umeet cienyromue mpeuMyInecTna:
— JIOCTaTOYHO MPOCTAs anmaparypHas peann3alns;
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— IIpY aBTOMaTH4E€CKOM H3MEHEHHH alepTyphl B 3aBUCUMOCTH OT 3all0JIHEHUsI OypepHOi
namsITH He TpeOyeTcs JOTOTHUTENLHON cITyKeOHO# nH(POPMAaIK O BEIWYHHE allepTyphI;

— nipu cO0e MHPOPMALIUHU B KaJIpe MOCIeAyomas HHPOpMaIus He NCKaXKaeTCsl.

K HerocTaTkam MOKHO OTHECTH HAJIMYHUE TIOTPEIIHOCTH t  BPEMEHHOMW MPUBS3KY H3Me-
peHnit. DTOT HEJOCTATOK MOXKHO UCKITIOUHTH, €CJTM MOMEHTBI CYMTHIBAHHS CYIIECTBEHHBIX
OTCYETOB B KaHajie MPUBS3aTh K aHAIN3y TEKYLIMX BHIOOPOK Ha M30BITOYHOCTDH B OIpEe-
nenHoM nMH(opMmanroHHoM KkaHaje. Kpome Toro, npu nocrymiennu B b3V kaxmnoro cye-
CTBEHHOTO OTCUETa HEOOXOMMO TepeJaBaTh YUCIO BEIOOPOK, OKHUIAIOIINX CUNTHIBAHUS B
KaHaJ CBsI3H, T.€. 3amojiHeHue B b3V.

Pe3ynbTarsl M ux odcyxnenue. [IpoBenem aHanu3 BOCCTAHOBICHHS CKATBHIX JTAHHBIX
BO BpeMeHHU. [1ycTh MOMEHTBI CUMTBHIBAaHHUS M30BITOYHBIX OTCUETOB B KaHANI CBS3U COOT-
BETCTBYOT MOMEHTAaM BPEMEHH aHAJIN3a TEKYIIMX BHIOOPOK Ha M30bITo4HOCT B N (uk-
CHPOBAaHHBIX KaHajtax. JloMyCTHM Ha MPUEMHOW CTOPOHE B MOMEHT BpEeMEHH {, MpuHsTA
BbiOOpKa ¢ agpecom N, < A <N  ,1<i<k, N, <N, koropas cHabxeHa npusHakom M
(uncio BEIOOPOK, OKHMIAIOIINX CUNTHIBAHHS B KaHAJI CBsI3H). B 3TOM cirydae MOXXHO OITHO-
3HAYHO PACcCYUTATh MOMEHT U3MEPEHHSI CYIIECTBEHHOTO OTCUETa

t=t +A4r, (D)

rae t — BpeMs aHanM3a Ha CyHIECTBEHHOCTh HAYaIbHOTO KaHaIa Kaipa.

Takum o6pasom, st onpenenenus t HeoOxoaumMo onpenenutsb t . Jljist 5TOro noxKaxem,
KaK CBSI3bIBACTCS HOMEP (PMKCHPOBAHHOIO KaHasia N, py CYMTBIBAHKH BEIOOPKH C apecoM
A B xanan cBsi3u (1 < j <K) 1 9nciio MoaHbIX KaJpoB R gyepe3 KOTOpbIe BEIOOPKA MOCTYTHIIA
B KaHaJ cBsi3u. Cuer kaHasoB K Ka10ro kajapa HauHEeM C (N + 1) — ro xanana. I1pu aTom
B KQX/IOM Kaape mocieaunm oyner N, —i KaHaJI, yauTBIBAs NPH CYETE, Y9TO 33 MOCIIEIHAM
KaHaJIOM CJIeJyeT HadajbHbIMH. Yncio KaZpoB R ompenensercs, Kak Lieyias 4acTb JpoOu
R = [M/K]. Ocrarok ot nenenust M Ha K paBubiit AM = M — [M/K]K, naet 4rciio cuuThiBaHUI
MeXly MOMEHTaMH BpeMeHH t 1 HagaioM TIepBOTO TIOJTHOTO Kaapa U3 R paccMaTpHBAaEMBbIX.
Tak kax N <4 <N, ,T0 4HMCIIO j CUNTHIBAHMI

J=i+ AM =i+ M- [MKK, (2)

eCIIi KaHallbl ¢ HoMepamu A i N, [IpHHaUIeKaT OHOMY 1 TOMY e Kaapy (C HAYaJIbHOIO 10
MTOCJICTHETO KaHaja).
Ecim xe kanai ¢ HomepoM N, IpHHAUIEKHT CIIEAyIOMEMY Kapy, TO

j=i+M-[MKIk -k 3)

®opmynsl (2) 1 (3) MOKHO OOBEIMHHUTD, ECJIM BBECTH BCIIOMOIATE/IbHYIO BETMYMHY O,
CO CJICYIOIIUMH CBOHCTBAMHU:

0, =0 mpu i + M- [M/KIk <k,
0, = 1 mpu i+ M- [M/KIk >k,

Tormaj =i+ M- [M/K]k - k3,
Bpewmsi t, 3a KOTOpOE OLCHMBACTCS M30BITOYHOCTh MIIM CYIIECTBEHHOCTh OTCYCTA B
kaHane N, onpenensercs kak pasHOCTh MEKJy Ha4albHbIM MOMEHTOM BPEMEHH t) M me-
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HOJIOM IIpoxoxkaeHus R kaapos: . =t — RN . Torma MOMEHT IPOBEPKHU CYIIECTBEHHOCTH
J 0 T
NEePBOTO KaHasa U3 Kajpa { omnpeensiercst Kak

t,=t- N/r — N5, (4)

[Toncrasnsas hopmyiny (4) B BBINICTIPUBEACHHBIC BBIPAXKCHUS, IMOIYIUM JJISI OIICHKU
BpPEMEHH M3MEPEHHS CYIIECTBEHHOTO OTCUETa C aApecOoM A CIeIyIONIyI0 3aBUCHMOCTbD:

t=t,+ (4 - Nyt — ([MK] + 5 )N,

rne N — kaHam, comepkamuid CyIIeCTBEHHBIH OTCYET M TPEANISCTBYIONNN KaHATy A;
j=i+M-[M/K] - HOoMEep KaHana N; | <i<k-—mnpenensl n3MeHeHHs1 HOMepa BHIOOPKH, TIPH-
HATOH Ha MPUEMHOM CTOPOHE C MPU3HAKOM M, paBHBIM ajuHe ouepenu B b3Y B MoMmeHT ee
repenayn; T — BpeMst 00paboTKH COOOIICHNS Ha CyIIEeCTBEHHOCTb.

KoaddpunmenT cxxatust momocsl 4acToT st 3TOro crocoda (opMUpOBaHHS BpeMEHHON
nH(pOpMAIK ¢ KOPpEeKInel BpeMeHH 3aepKKH cooOIIeHni B Oydepe ompeaenseTcs 1mo

hopmyie
K, = n K _/(n, +logN + logL),

rae L — emxocts mamsitu B3VY.
Ecnu nepenaBath nHGOPMAIIHIO O BPEMEHH MOSBJICHHUS CYIIIECTBEHHOIO OTCUETA C KaK-
JIIM U3 HUX, TO KOA(POHUIIMEHT CHKATHUS IMOJIOCHI YaCTOT MOXKHO OITHUCATh BHIPAKCHUEM

Ko=nK J(logN+n_+n),

rje 1, — JUTMHA KOJa COOOILICHHs O BPEMCHH OABICHHS OTCYETa.

Paccmotpum Tenepsb crnocoOb! GOpMHUPOBaHUSI TPYNIIOBOIO CUTHANA NP (HOPMUPOBa-
HUH TEIIEMETPHUYECKOTO Kaapa.

Ha ocHOBe kaHaNbHBIX NMAKETOB JaHHBIX B MHOTOKaHaibHbIX MVIC ¢ BpeMEHHBIM MK
azpecHBIM (KOJOBBIM) pa3zeliecHHeM KaHaioB (popmupyetcs rpymmoBoi curaai (I'C), BKiio-
Yaromui HHPOPMAIIHIO JINOO TI0 BCEM KaHanaM (IUKIHYECKUN TPUHITAIT OTpOCca KaHaJIOB),
100 TOJNBKO MO aKTHBHBIM KaHalaM (aJanTUBHBINA npuHLUT onpoca) [S]. [Topsaok criemo-
BaHUsI KaHAJbHBIX MakeToB JaHHBIX B ['C, Xapaktep u 00beM JONOIHUTENHFHON HH(pOpMa-
[IMH, BXOJSIIEH Hapsy ¢ KaHATBFHBIMU MakeTaMu NaHHBIX B ['C, ompeaensoTcss pexxuMomM
OIpoca U3MEPUTENBHBIX KaHAJIOB ¥ KOHKPETHBIMH TPOIIEypaMH CKaTHs COCTaBISIONIHX.
B mpocreiimem ciyudae (pucynok 4,a) ['C cocTaBistoT makeTsl JaHHBIX (UKCUPOBAHHON
JUTMHBI (3apaHee ONpeAeTICHHON TS KaKI0T0 KaHaJTbHOTO H3MEPHUTEIBHOTO CUTHAIA), TIPH-
YeM W TIOPSAOK CIIeJOBaHUS KaHAIBHBIX TTakeTOB MaHHBIX B ['C cTporo ompeneseH.

Juts yiydineHus IpuBsS3KH COOOIIIEHUH TT0 BpEeMEHH, KadecTBa Jierrdpariii ¥ CHHXPO-
HU3AIMK B Havajie IPYyINIOBOTO CUTHaIA (OPMUPYETCS U NIEPEAACTCS IPU3HAK IPYIIIIOBOTO
curnazia [1I'C. IlepemMeHHy10 IIMHY KaHAJIbHOTO MakeTa (PUCYHOK 4,0) MOJTydaroT, Halpu-
Mep, B CIIy4Jasx:

ecim 00beM nH(GOpPMAIINH yCTaHABIMBACTCS aIallTHBHBIM 00pa3oM;

€CJIM YuCIo oeHOK BX uin opAnHAT OLeHKH nepeMeHHo uis pazaunyHbix ['C.

B nocnennem ciyyae TpeOyeTcs repeaada JOMOTHUTENBHOTO MPU3HAKA KOHIIA KaHaIb-
HOTO TTaKeTa JJAHHBIX.
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Pucynox 4 — I'pynnoBoii curaain B MHOrokanajabHbix MUC

Bosnee cnoxubie ctpykTypsl ['C (pucyHOK 4,B,r') 00€CIeUHBAIOT B HEKOTOPBIX CIy4asx
u Oosiee BBICOKHN k03((dUIMEHT cxxarus. Tak, HampuUMep, €CIM B Pe3ylbTare MpOLEaAyp
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CKaTHsl COCTABISIOMIMX KAaKOrO-TH0O0 KaHAaJbHOTO CHTHAJNA BBIIBHIIOCH, YTO MH(OpMAaLs
0 COCTaBISIIOIINX CUTHAJa Ha TEKYILIeM MHTEepBaJie BPEMEHHU M30bITOYHA (HECYIIECTBEHHA
it otpedutens uadopmanuun), To B I'C makeT gaHHBIX STOTO M3MEPUTEIHHOTO KaHaa
OTCYTCTBYET.

st 6e30mmb0ouHON AemHudpanny MakeToB Ha MPUEMHOM CTOPOHE M YAYYIICHHS UX
BpeMeHHOH npuBs3ku B I'C BkIroyaeTcs MpU3HaK TPYNIIOBOIO CHI'HAJA, & TaKKe CIICIH-
QIBHBIN | — pa3psAHbIA KO, B KOTOPOM HOMEpa Pa3psi0B COOTBETCTBYIOT HOMEPY KaHala.
B 9T paspsiabl 3aHOCUTCS €AMHUIIA, €CIIH [0 COOTBETCTBYIONIEMY KaHaly MH(OpMaIus
nepeaeTcst, WM HOJIb — B IPOTUBHOM cilydae. BMecTo 3Toro L — pa3psiiHOTO Kozia MOKHO
nepeaBarh ¢ KaXIbIM MaKeTOM JAHHBIX I — pa3psiiHBIA KOJ HOMEpa COOTBETCTBYIOLIETO
eMy KaHalIbHOro nakera, rae I = log,N. B nepeuncieHHbIX ciaydasx JoCTaTouHon uH(Op-
Malmel 00 OTpe3Ke BpEMEHHU, KOTOPOMY COOTBETCTBYIOT JIaHHbBIC B MAKETaX, CIIYKUT MPH-
3HaK rpynnosoro curnana (I1I°C).

Taxumu crpykrypamu ['C MOKHO TOJIb30BaThCs B TeX ciayyasx, korga Bce I'C dop-
MHUPYIOT Ha MOCTOSHHBIX OTpe3Kax BpeMeHHU. B cimydasx GopMupoBaHUs pa3iHYHBIX
I'C na pasnuunbIx oTpeskax BpemeHu B coctaBe I'C 3a npusnakom I'C mepenaror kof,
nemrprupoBaHre KOTOPOTO Ha MPUEMHON CTOPOHE MO3BOJISIET ONPEASIUTh HAuallo, KO-
HEll U JJTMHY OTpe3Ka BpeMEeHH, KOTOPOMY COOTBETCTBYIOT IMAKEThl JAHHBIX, BXOSIINE
B coctaB ['C. B mauboinee obmem ciyuae ['C u kaHaJIbHBIC MTAKETH JAHHBIX QOpPMHPY-
I0TCS HA TIEPEMEHHBIX OTpE3Kax BPEMEHH, JUIMHA KOTOPBIX OMPEIeNsieTCs] CBOWCTBAMH
n3MepsieMbIX npoueccoB. B coctaB I'C B 3TOM ciiydae BXOAHT NEPEMEHHOE YHCIO Ka-
HaJbHBIX MAKETOB JaHHBIX, IPHYEM YHCJIO TAKETOB JaHHBIX ISl KAKOTO-I100 (UKCHPO-
BaHHOTO KaHAJIBHOI'O U3MEPHUTEIBHOTO CHTHaja Takke pa3inudHo. C KaKIbIM MaKeTOM
JaHHBIX MepenaeTcs HHPOpMaIUs 0 HOMepe KaHana 1 00 OTpe3Ke BPeMEHH, KOTOPOMY
COOTBETCTBYIOT JIaHHBIE B MAKETE.

[To okonuanuu nporecca GopmupoBanusi ['C, npousBoautcs Oydepusanus (pu He-
00X0AMMOCTH ), Tiepeiaua, npuem u aeumudpanus ['C o0braHbIM 00pazom. CeleKTUPYeMBbIit
npusHak ['C Ha mpreMHON CTOPOHE MO3BOJISIET OCYLIECTBISITh BPEMEHHYIO MPUBS3KY U Jie-
umpanuto I'C. Iocne nenmppanmu ['C 1 makeToB JaHHBIX TPOU3ZBOIATCS IPU HEOOXOIH-
MOCTH OTIepPalliy TI0 BOCCTAHOBJICHUIO (DYHKLIMI BPEMEHH 10 00paTHMO CYKaThIM JaHHBIM
(KBa3uIETEPMUHUPOBAHHAS COCTABIISIONIAsS, IPOLIECC HA MHTEPBaJaX HECTALMOHAPHOCTH U
T.JI.) ¥ PErUCTpanysi ”HPOPMAIMH IO KOKIOMY H3MEPHUTEILHOMY KaHAaIy.

3akumouenne. [10CKOIBKY anropuTMbl HEOOPATUMOTO CKATHS TAHHBIX 3a49aCTYIO JOJIK-
HBI CTPOUTBCS C KOMOWHAIMEH MPoLeyp 00paTHMOT0 U HEOOPaTUMOTO CHKATHsl Ha pa3iiny-
HBIX MHTEpBallax BpeMeHH [6], To 3HaYeHus1 Kod(QUIMEeHTa CxKaTHsI HA ATHX WHTEpBajax
MOTYT B CHJIBHOM CTENEHH OTINYaThCs APYT OT Apyra. BmecTte ¢ TeM o0beM ciry:keOHOM
WHPOPMAIMH B 3aBUCUMOCTHU OT NMPUHIUIMA €€ HOPMHUPOBAHMSI MOKET ONPEACISITHCS BEIH-
YHHOM KOA(PPULMEHTA CKATHS, @ MOXKET U HE 3aBUCETh OT Hero. Tak, Mpu TPYIIIOBOM CIIO-
co0e GopMHPOBaHUS AJAPECHON YaCTHU COOOIICHHS KOJUYECTBO CIYKeOHOU MH(DOpMAIUu
(I,), npuxozsieiicss Ha OMH KaJp, MOCTOSHHO M PaBHO YMCITy KaHaoB, T.e. [, = N = const.
[Ipu nepenave agpeca KakI0ro KaHAILHOTO COOOMIEHUSI 00beM CiTy:KeOHON WH(pOpMAIH
L, onpenensror no Gpopmyie

|, = NlogNIK_ .
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IIpu 5ToM I, > I, 10 HEKOTOPOrO MOPOroBOro KO3(PPUIHEHTA CKATHS R'C’"nop, a 3areM
HaOmonaercs odparnas kapruna (puc.5), .e. [, < /. OTcrona cneayer BO3MOKHOCTb OITH-
MU3alUU BEJIMYMHBI K™ IMyTeM aJanTuBHOTO (hOPMUPOBAHMSI CIYKEOHOW MH(POPMALIUU B
3aBUCHUMOCTH OT KoddduIlmeHTa cxaTus ydacTKa mpolecca Wik Bujaa npoiecca. Hampas-
JICHHE MUHHMHU3AIUK 00beMa CITy:)KeOHON WH(pOpMAIIMK TOKA3aHO Ha PHCYHKE 5 CTpeliKa-

MHU.
I,eur
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Pucynok 5 — MuanMuszanus oobeMa ciry>keOHOH nHpOopMannu

W3 BhIIIECKa3aHHOTO MOYKHO CIIENaTh CIEAYIOIINE BHIBOBI.

1. Haubonee 3¢hpexTHBHBIM U3 BCex COCO00B (POPMUPOBAHUS CIIy:KeOHONH HHPOpMa-
uu pu Koddpduuuente cxarust K>20 spisiercst cnocod nepeaadn ajapeca ¢ KaxkIbIM Cy-
[IECTBEHHBIM OTCYETOM, @ BpEMEHHON HH()OPMALIUH — C KQKBIM TICEBI0KAIPOM.

2. Ilpu xoaunmente cxarust K<S Bce crmiocoObl NPUMEPHO ONMHAKOBHI.

3. Bo Bcex ciyyasx Haquuue CIyXeOHOW WHGpOpManuu MOHWXKaeT d(PPEKTHBHOCTD
cxarus B 2-2,5 pasa.

4. IIpu cornacoBaHUM CKATBIX JaHHBIX C KAHATIOM CBSI3H METOAOM aJIallTUBHOTO KOMMY-
TUPOBAaHUSI HEOOXOIUMOCTh B Tiepeade BpeMEHHOH MHPOPMAIMU ¢ KaKIbIM CYLIECTBEH-
HBIM OTCYETOM OTIaacT.
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JEPEKTEPII KbICY APKBLJIBI TEJJEMETPUSIIBIK
JKYWEJEPIHJIE KbI3METTIK AKITAPATTBI KAJIBIIITACTBIPY

Jlepexmepoiy KallmvlMCbi3 KbICLIYbIH NAUOAIAHAMbIH TeEIeMEmPUIbIK Jicylienepoe xabapiapovl
Kanblnmacmulpyowiy OipHewe a0icmepin natioananyza 6onaowl. Llviey depexmepiniy apHaivlk nakeminoe
OHbIY KYPAMbIH AHBIKMAUmMblH OipHeue KoOmulk co30ep 6onybl mMymkin. Onap 6ipikmipinyi scone Kamawy
Oeneineneen pemminikke OpHANACMBIPLLIYLL MYMKIH. Mynoaii depexmep nakemi mypaxmol Hemece aybi-
cnanvl Y3ulHOLIKMbIH KOOMbLK KOMOUHAYUACLIH OL10Ipedi, Oy pemme nakemmiy mypakmol Y3blHObL2bl
Odepexmepoi 6epy apanvigblnoagvl aknapammoly aidblH ald AHLIKMANEAH JiCOHe 032epMe2eH KOJeMi
2CA20AUBIHOA, A1 AYBLCNABL - KePICTHULE HCA20atiOd KATbINMAcmulpblLiadvl. ApHAIblK Oepexmep nakemimen
oyoaH api bGipmymac peminoe dHcymuic icmeyee 601aobl. OHbl Xabap Ke3i mypaivl aopecmix aKnapamnet,
yagpimga eneyni ecenmeynepoi OAUuIAHBICMbIPY YLK NAKem Kalblnmacmulpbliean YaKkblim apaiblebl my-
Ppanvl aknapamnet, KOCoIMULA meKcepy CumMeonoapvimen dicamne bepyoiy 602eyn OPHbIKMbLIbIELIH apm-
MbIPY Yuin KoOOmapmen Jcadoblkmayea nemece ocbl MAKcamma naKem KYpulibiMuln Oeneini 6ip mypoe
Kanvinmacmoipyea 601aosl. oeduemme adpecmik, YaKblmMmylK HCaHe CUHXPOHOAY AKNApam Kbl3Memmix
aknapam den amanaowsl. Kviamemmix aknapammol 6epy Kaxcemminiei KaOulioay-mapamy icyienepinin
muimoiniein momenoemedi. COHOLIKMAH KbI3MEMmIK aKnapam Kejlemin KblcKapmy maceneci eme 63eKmi
001N MadBLIAOYL.

Tyitin ce30ep: Oepexmepoi cvizy, KbI3MemmiK aknapam, eieyii ecenmeyiep, cblay Kod(hguyuenmi,
Oyghepnix ecme cakmay KypoLIgblcbl, OEuimoeny KOMMYMAayuscol, meiemMempusiivlk Kaop.

B.-B. S. YESMAGAMBETOV

South Kazakhstan University named after M. Auezov, Shymkent, Kazakhstan
bulatbatyr@mail.ru

FORMATION OF SERVICE INFORMATION IN TELEMETRY SYSTEMS
WITH DATA COMPRESSION

In telemetry systems, using irreversible data compression, several message generation methods can be
used. In the channel output packet, there may be several code words defining its composition. They can be
combined and arranged in a strictly defined sequence. Such a data packet is a constant or variable length
code combination, wherein the constant length of the packet is generated in the case of a predetermined
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and unchanged amount of information at the data output interval, and the variable is otherwise generated.
The channel data packet can then be treated as a single whole. provide it with address information about
the source of the message, information about the time interval at which the packet was formed, to bind
significant samples to time, additional check symbols and codes to increase interference immunity of
transmission, or to form a packet structure in the same way. Address, time and synchronization information
in the literature is called overhead. The need to transmit overhead information reduces the efficiency of
the transceiver systems. Therefore, the problem of reducing the volume of service information is extremely
urgent.

Keywords: data compression, service information, substantial counts, compression ratio, buffer
memory, adaptive switching, telemetry frame.
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AVIATION SIMULATOR SOFTWARE, TYPICAL FUNCTIONS
AND ITS DEVELOPMENT PROSPECTS

Flight simulators have been used for more than eighty years. The development of aircraft simulators
that simulate the pilot’s work in the cockpit, the conditions of take-off, flight, landing, as well as the work
of the dispatcher to train and maintain the professional level of aviation specialists is being addressed
worldwide[l]. Training complexes can be divided into several parts, one of which is software.

The instructor’s workstation sofiware allows him to set various parameters of take-off, flight and
landing conditions, as well as monitor and control the simulator subsystems. The article discusses typical
functions of simulator software and prospects for the training development on flight simulators.

Keywords: flight simulators, software, visualization, instructors workplace, training in piloting.

According to ARINC 610 revision C “Guidelines For Design and Integration of Aircraft
Avionics Equipment in Simulators,” the prime object in creating simulators software is to
ensure that the aerobatic simulators use the relevant aircraft equipment to provide spare
parts, and the software must ensure that the reaction of the equipment on the aircraft and on
the aerobatic simulator is the same. In addition, an important feature of the software should
be the ability to “save” or “freeze” the current training activity on the simulator, in order to
be able to analyze a specific situation during the training process.

Flight simulator includes instructor’s workstation with control panel. It is from this
console that complex, emergency and non-standard situations are entered and canceled,
meteorological conditions are set, etc. There is a headset, monitors and other equipment
necessary to conduct training or maintain the professional level of pilots.

On civil flight simulators, the instructor’s workplace is located into the simulator cock-
pit (or outside), in military aircraft it is located outside the simulator, which does not affect
the standard set of software functions.

Complexity and modularity are general principles of instructor’s workplace software
development.

Complexity is realized by creating a system that is flexibly configurable to work with
various combinations of software and hardware, and modularity is implemented by sequen-
tially dividing the structure of the entire program into software modules, which should en-
sure an increase in the functionality of the program. However, the modular approach, easing
some of the difficulties, imposes additional restrictions on the system as a whole, associated
with bringing the data into a compatible form.

The instructor’s workplace software can be subdivided into the following modules:

— a module of general functionality, including the processing of control elements ap-
plication graphical user interface;

— interface module for data exchange of the instructor’s workplace with the simulator
subsystems.

* E-mail xoppecnonaupyroiiero agropa:: hadin-air@mail.ru



Dolzhenko N., Mailyanova E. Aviation simulator software, typical functions ... 73

In turn, the software module of the general functionality includes the following com-
ponents:

— software module of the graphical user interface;

— a general application settings module that interacts with elements of the application’s
graphical user interface;

— model of interaction with the interface level of the application for changing and dis-
playing parametric information through a graphical user interface [2].

?ﬂmctm S w%

Gcnera! functionality Data exchange with simulator

Graphical mtexface \

Model of interaction

\ with the interface level

Global configuration

Figure 1 — Instructor’s workstation software

At the interface level, the software module of the instructor’s workplace interacts with
mathematical models that simulate the operation of the aircraft on-board systems.

Typical software allows you to set the following parameters: aircraft position, flight
altitude, speed, amount of fuel, meteorological conditions, temperature, pressure, wind
speed and direction at the surface of the earth and at heights. Databases of flight simulators
can consist of more than 20,000 airports in the world and contain a relief grid of the entire
earth’s surface. For greater realism, the screen displays both large objects - seas, cities,
forests, and small - cars, trees, animals and airfield objects. At airfields, dynamic objects
are also visible - an approaching tanker, a baggage loader, as well as other aircraft - in the
process of taxiing, taking off, or flying along a given route[3.4].

There are acoustic noise simulators, which allows you to hear the sound situation during
all procedures and modes - starting and testing the engine, take-off, flight, landing. The
sounds of emergency situations are also imitated. IATA recommends to use seventeen basic
simulator functions, which are reflected in the instructor’s workstation software. This are:

— “saving data” or “freezing” flight data (latitude, longitude, airspeed, course, altitude);

— “saving data” or “freezing” only the location (latitude and longitude), all other flight
parameters remain dynamic;

— “saving data” or “freezing” altitude;
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— “saving data” or “freezing” the amount of fuel;

— location setting;

— change in latitude and / or longitude;

— change in height;

— course change;

— “take a picture” function (the state of the simulator system);

—recall of a (saved) snapshot (of the simulator system state);

— acceleration in N times of position, height, amount of fuel;

— zero fuel value on the ground or in the air;

— setting the fuel weight;

— setting temperature / pressure (sea level, earth or air temperature overboard and
pressure);

— instant movement of the aircraft;

— wind setting.

At the end of the training flight, it may be necessary to “freeze” the flight simulation
before transferring the simulator to another pilot to continue the flight under the conditions
that have been established.

During a training maneuver, the instructor can stop the process in order to explain the
function of the system or a state that is transient and disappears at the end of the maneuver.

In addition to these functions, maintenance settings can also be used (resetting the error
memory, setting the parameters for registering errors, saving the error memory, loading the
error memory) and specific functions for military use (fixing ammunition, task execution
time, suspending the task, changing consumables, changing load / carrying capacity, etc.).

For each aircraft model, a set of subsystem failures is implemented. It is possible to
specify failures of aircraft subsystems [5].

Modern simulators are very expensive, the release of a new aircraft requires the presence
of an appropriate simulator, virtual technologies can change this situation.

Virtual technologies have entered everyday life, quite quickly they penetrate the field of
professional training.

The VR training device consists of:

e VR headset;

e VR on-board computer;

e software for VR flight;

e steering wheel pedals;

e joystick or other aircraft control device.

As a visualization system, virtual reality glasses synchronized with the behind-the-table
image generation system are used. The system allows you to load a location from anywhere
in the world. The capabilities of virtual technologies are such that they allow trainees to
“fly” in a single surrounding space, take-off, landing, etc. The simulator makes it possible
to use virtual cockpit fittings, since the visualization system allows displaying the pilot’s
hands. The trainee is able to perform all actions with the cockpit fittings with his hands.

At the intersection of simulator technologies and virtual reality technologies, new
advanced solutions may arise in the field of training and maintaining the professional level
of aviation personnel.
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The software implements a highly detailed image of the virtual cabin and dashboard,
which make the simulation as close as possible to the real process of aircraft control, the
latest 3D graphics provide a high level of realism. VR devices allow you to undergo flight
training in a less stressful and more controlled environment.

In April 2021, the Swiss company VRM Switzerland, which provides pilot training, was
the first in history to receive approval from the EU Aviation Safety Agency for the use of the
VRM H125 VR flight simulator for training pilots [6].
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ABUAIUSIBIK CUMYJISITOPIBIH BAFJAPTAMAJIBIK KYPAMBI,
TUITI ®YHKIHUSJIAPBI )KOHE OHbIH, JAMY BOJIAILAFBI

Yuy mpenasicepnapul cexcen diculioan acmam KoNOAHwLIbIN Keneoi. Oye KeMeCiHiy KabuHacublnoayl
YUWKbIUWMbBIY JHCYMBICHIH, YULY, YuLy, KOHY JHCAOAUIAPbIH, COHOAU-AK A8UAYUS MAMAHOAPbIH O0dspiay
JHcaHe Kaciou Oeneetlin Konoay OotubIHUA OUCnemyep HCYMbICoIH UMUTNAYUALAUMBIH ABUAYUATLIK MPEHa-
arceprapovl azipney anemuiy bapvlk dxcepinoe kammoliean. OKy Keuwenoepin Oipnewe 6onikmepee 6onyze
6onaovl, onapoviy 6ipi — 6a0APIAMATBIK KAMMAMACHI3 emy.

Hyckaywvinbly sHcymvic OpHbIHbIY 6A20apAAMATbIK KAMIMAMACHI3 emy 02aH YULY, YULYy HCIHE KOHY
AHCAROAUNAPBIHLIY 2PMYPII napamempiepin OpHAmMyad, COHOAU-aK MpeHAadXsCcepOiy WK dcytienepin
backapyea ocone backapyea MyMKiHOIK Oepedi. Makanaoa asuayusnbl mMpeHaxicepiaped apHAaIeaH
0a20apnamanvix KaMmamacwvls emyoiy munmix QYHKYUAIApsl JHCoHe ABUAYUATLIK MPeHadxicepaap OolviH-
wa oKbimyobl 0amMblmy NepcneKmualapvl Kapacmaulpolidobi.

Tyuin ce3dep: asuayusnvlk mpeuadcepiap, 0a20apAaMAnblK KAMMAMACLI3 enty, Gu3yaiu3ayus,
HYCKAYUWBIHBIY HCYMBIC OPHbL, YUKLIUMAPObL OKbLMY.



76 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

H. TOJLKEHKO, E. MAHJITHOBA

Axaoemus epadicoanckou asuayuu, Armamol, Kazaxcmarn,
E-mail: nadin-air@mail.ru.

HHPOI'PAMMHOE OBECIHHEYHEHUE ABUAIIMOHHBIX TPEHAKEPOB,
THUITOBBIE ®YHKIIMU U TIEPCIIEKTUBBI EI'O PA3BUTUSA

Asuayuonnvie mpenasxcepvl UCNONB3VIOM Yoice HA NPOMAXCeHuu Oonee yem socbmuoecamu iem. Pas-
PabomKoll agUAYUOHHBIX MPEHANCEPOB, UMUMUPYIOWUX PAOOMY NUIOMA 8 KabuHe 8030VUIHO20 CYOHA,
VCI0guUsL @31ema, noiema, nocaoku, a makice pabomy oucnemuepa Oasi 00YUeHUst U NOOOEPIHCANUSL NPO-
GeccuonanvbHo2o ypoeHs asUAYUOHHBIX CREYUATUCTIOE8 3AHUMAIOMCA 80 6cem Mupe. TpenadicepHvie KoMN-
JIEKCHI MOJICHO PA30ENUMb HA HECKOMbKO Yacmetl, 00HOU U3 KOMOPbIX SGISACMCIL NPOSPAMMHOe obecneye-
Hue.

IIpoepammnoe odecnevenue pabouezo mecma UHCMPYKMOPA NO380IAem emMy 3a0a8ams pasiuihvle
napamempul ycio8uil 831ema, noiema u nocaoku, d maxdice KOHMpOIUPOBAms U Ynpagisims noocucmema-
Mu mpenasicepa. B cmamve paccmampusalomes munosvle QyHKyuY npoSpaAMMHO20 0becneueHust asuayi-
OHHBIX MPEHAHCEPOG U NEPCNEKIMUBHL PA3GUMUS 00YUeHUS HA AGUAYUOHHBIX MPEHAIICEPAXx.

Kniouesvie cnosa: asuayuonnvie mpenadicepbl, npocpammuoe obecneuenie, u3yaiu3ayus, pabouee
Mecmo uHcmpykmopa, ooyyenue nuiomupoSanHuio.
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SMART CITY )KYHUEJIEPIH JAMBITYFA BAFBITTAJIFAH
NHBECTHHUAJAPABI JKOFAJITY TOYEKEJIIEPIH BAFAJIAY

Maxkanaoa Smart City dameinyowt ouHamuxanwl dxcocnapray ([[K) 6apvicvinoa uneecmuyusiiap-
Obl dicogannty mayekenoepin bazanay Kesinoe wewim Kaowioayowl Konoay ocyteciniy (LLIKKXK) ecen-
mey A0pOCLIHA APHANRAH MOOelb YcuiHblizaH. Kondawvicma Oap wewimoepoeH aublpMalblibiebl,
YCHIHBINRAH MOOENb JiCcoLANMYy mayeKenoepin bazanay Kesinoe Haxmul ycvlnvicmap oepeoi. Tayexenoepoiny
KAHAammaHnapivlKCols 602camsl Kezinoe, mapanmapobliy KONAlllbl KaAPACHIIbIK HIMUdICe2e KOl HCemKi3yi
MaKcamulnoa UHEeCMUYUsNAY npoyeciniy napamempiepin ukemoi myseny MyMKiH 601a0bl.

Homuoicenepoiy evlnbimu Jcanansiabl - anzaus pem OUCHIZbIKMbL KON Camulibl OUbIHOAPObIY JHCAHA
Kaacvln Konoany ycwbinulnovl. byn knacc Smart City scobanapbina olblHUbBIIAPObIY KAPICbl pecypcma-
PbIH OpHANACMBIDY OOUBIHUA OUHAMUKANBIK JICOCHAPIAY MbICANLIHOA UHBECMUYUANLAPObL JHCOLANNY
mayekenoepin bazanay npoyecin dapabap cunammayea MyMKiHOIK 0epoi. Kapacmuvipvinzan macindiy
epexuieniei -OipHeue mepmMunHanidvl bemmepi dap canaivl OUCHIZLIKMbL KON CAMbLIbL OUbIHObL UieuLyee
Heziz0eneen Kypandapovl KONOAHY JCIHE apanac cmpameusnap K1dcelHoa ulewliiemin oapeice olibl-
Hul. Maple mamemamukanviy mooenvoey nakeminoe ecenmey 3xcnepumenmmepi scypeizinoi. KKK
a3ipnenin, onda mayexendepoi baganay mooeni scyzeze acvipeliovl. Ozipneneen IIIKKIK Smart City K
6apvICLIHOA UHBECMUYUATLAPObL HCOLANTY MIVEKENOePiH OONAHCAY OepeKMEPIHIY AIUAKMBIEbIH JCIHE UH-
6eCmMUYUANApOan HaKMol KaumapulmMobl a3atiniyea MyMKIHOIK 6epeoi.

Tyitin co30ep: unsecmuyusHblY HCOAIYbl; Mayekendepoi bazanay, Oipueuie mepmuHaiovl bemi bap
KON Camuliibl Cana oliblH, 09pedice OlbIHbL, Weim Kabblioayobl Koioay Jcyiec.

Kipicne. Kananelk nHOGpakypeUIbIMABI KypyFa >KOHE JaMbITyFa Heri3 OonaThiH
WHHOBALMSUIIBIK JKOHE O3BIK aKMapaTThIK TexHonorusnapabl (AT) KapsKbUIbIK KOJAAYCHI3
Smart City TMHaAMHKaJIBIK KOCHapJiay MOCEeJIECiHIH MeiMiH aimy MyMKiH emec [1, 2].

Amnaiiga, Smart City AT uHBecTHLMSUIay TUHAMUKANBIK JKOCapIiay TarcblpMaiapbliHIa
AQHAJUTHUKAJIBIK KOJAay/abl Tajan eTefi. MyHaail Kojiay, MbICabl, HIeHIiMaep KaObuiaay sl
konpay kyienepin (IUKKXX) nemece capantamansik xyienepai (3)K) keHiHEeH KoimaHy
apkbutel Smart City uHQpakypbUIBIMABIK ko0anapbiHa AT eHri3ynmiH opTypiiiiri MeH
KypAemisirine OGaiaaHbICThl Kap>Kbl PECypCTapbIH >KOFANTYIbIH KONTEreH ToyeKeJAepiH
Oonapipmayra MyMKiHZiK Oepeni. by 6arpiTTa Smart City-ze (Keik, cy *oHe SHEeprHsIMeH
»KaOBIKTay Kayincizairi xone 1.0.) TYpii mpouecTepi 6ackapy MiHAETTepiHe OaFbITTalIFaH
aknaparTsIk xyienepai (AXK) sxone LHKKK a3ipieymen katap, HHBECTHLIUSIIAPIBI YKOFAIITY
Toyekenaepin Oaranayra mymkinaik 6eperin ILIKKOK-HiH yikeH MaHbI3bl Oap [3, 4].

OpeTTeriieH, Toyekenaepai Oaranayaarbl MHBECTHLNS IIBIFBIHIAPBIH MACEJIECIH Iy
YILiH, Ka3ipAiH e3iH[ae TeKCepUIreH TocuIAep KYTiHyre Typa keneni. MyHaail omicTepain

* E-mail xoppecmonupyromero apropa: e-mail: togzhanova_kuljan@mail.ru.
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iIHIe OWBIH TEOPHSCHIH, OHTAMIBI OacKapy oJICTEepiH, KeIl ejieMIi OHTaIaHIBIPy
o/licTepiH koHe OacKayapbiH Oeiin kepceryre oonajsl [3-5]. Ex tuimai tocinaepain Oipi
OWBIH TEOPUSCHIHBIH 9JIICTEPIH, aTal alTKaH/1a, KOl CaThUIbl Callalibl OMbIH 9/IICTEPiH Mak-
Janany OoJbIN TaObLIaIbl, OJNAPABIH CYI0ackl MHBECTOPIapabIH (FinR) KapXbl pecypcTa-
pBIH TapTy Ke3inae AT-Fa WHBECTUIMSUIAPABIH JKOFalybIH Oaranay nmpobiaeMachiHa jKaKChl
corikec keneni [3, 5].

Ken carbuibl camanbl OMBIHAAp ammmaparblH KOJJaHy OapiiblK (akTopiapisl ecKe-
pe OTBIPBIN, KapXKbUIBIK pPeCcypcTapiblH JKOFaly KayliH Oarajayra MYMKIHIIK Oeperi.
Artan aitkanna, Smart City mHQpaxypbUIBIMIBIK ko0amapbl yumiH Smart City gambl-
TyIbl JWHAIMHUKAIBIK JKOCTapiay MIiHAETTepiH >xoHe Thimai AT Kypyra TocingepaiH
KONTIriH eckepy kepek. by, mpicansl, Smart City myHunnnanurertepine AT sxoHe AXK
WHBECTULUSIIAPBIHBIH, JKOFaly KayIliH Oaranayabl KOJJaHa OTBIPBIN, YTHIMJBI LICIIiMIep
KaObUIIayFa MYMKiHAIK Oepetin mporpammMansik eHimaep (I10) cuskrer IHIKKXK oiibia
MOJISJIbJIEP] HET131H/Ie JaMyFa MYMKIHJIIK Oepesi.

XKorapbina aiTeurrangapaAbIH 0apibFbl Smart City JaMbITyabl JTHHAMHUKAIBIK )KOCTIapiay
KOHTEKCTiH/Ie aKMapaTThIK TEXHOIOTUSIIAP MEH JKYHenep/li JaMbITyFa OaFbITTalfaH WHBE-
CTHUILHSIIAPIBI KOFAITY TOYEKEIIepiH Oarajiay o/1icTepi MEH MaTeMaTHKAIBIK MOJICIIbICP/I
JIaMbITY OOMBIHIIIA KEJIECl 3ePTTEYJEP/IiH ©3CKTLIITH aHBIKTAN/bI.

Oneouerke moay. [6, 7] Smart City-ni AaMbITy Ko0ajapbl >KOFaphl Jopexkese
OENTiCI3MIKIICH JKOHE TOYCKEJIMEH CUIATTAAaThIHbI, aTal alTKaH/a, OChIHIAN jKko0anapibl
icKe acbIpy OapbIChIH/A ©31HIH KapKbUIBIK PECYPCTapblH KOOSHTY1 KYTETIH HHBECTOP YILiH
KOPCETUITeH.

[8, 9] xepcerinrenneif, ypOdaHUCTHKA callaCBIHIAFBI ipi >KoOajmap YLIH KETiCTiK
KeOiHece Kyiiere acep eTeTiH 0apibIK (aKTopIapabl eCKepe OTHIPBII, COHNA-aK op Typii
Oenrici3mikTep MeH ToyeKeIepi eCKepe )KoHE eHCEePe OTBIPBII, KallaJIbIK HH()PaKYPBUIBIMIbI
JaMbITy CTpaTeTHsUIapbIH JKOCTapiayFa »KOHE OHTAWJbl TaHaayFa OalIaHbBICTBI OOJNabI.
Amnaiina, OyJ )KyMbIcTap/a ToyeKeJAepiH OOIybIH eCKepeTiH alHbIMAaIbLIapP JKOK.

[10, 11] 3eprreynep Smart city-aiH JaMybIH >kocmapiay »oHe Ooipkay Smart City
JKYMBIC ICTEHTIH KYHEHIH ©31 MEH CHIPTKBI OpTa TYABIPATBIH JPTYpJi Oenrici3mikrepai,
CBI3BIKTBI €MEC KOHE TOYeKeJIep/l jKeHyMEH OalIaHbICThl €KeHIH KOpCeTTi. Op Typii
TUOTEri OeNricCi3aiKTep/iH OOybl, MbICAJIbI, CUTYAIMSIJIBIK OCNTICI3/iK, KYWCHIH XKOHE
KOpILIaFaH OpPTaHBIH OPTYpJl MapaMeTpIEPiHIH JoJ eMECTIri oHe OeNrici3firi, xyie
Typajibl aKlapaTThIH JKETKUTIKCi3airi, Smart city - ae jae, CBIPTKbI OpTaja Ja >KYpeTiH
MIPOLIECTEPIIH ChI3BIKTHIK EMECTIT1 JKOHE CTOXACTUKACHI, COHJIA-aK TOyeKeIIeP/IiH KOITirl
- ocel Oenrinepain 6apnbirel Smart City nHppakypsuibiMbIiHbH JDK Macenenepin memnryne
QJICi3 KYpBUIBIMJIANIFaH KoHE KUbIH (hopMani3anusuianFanbsiH kepcerei| 10].

3eprTeynin MaKkcaTsl MeH MiHAeTTepi. 3epTTeynin Makcarsl - Smart City JaMBITY/IbI
JMHAMHUKAIBIK KOCTapiiay OapbIChIHIa MHBECTULMSUIAPABIH XKOFATy ToyeKelepiH Oaranay
OapbIChIHA IIEmiMAep KaObUaayasl KOJay >KYMeCiHiH ecenTey sIpOoChlHA apHaliFaH
MOJISJIB/II d3ipIIey.

Ochbl MaKcaTKa KTy YIIIH KeJIeCi TarnchlpMaiap/ibl Iy KaKeT:

1) Smart City-ai AaMBITYIBI TUHAMHUKAIBIK JKOcTapiay OapbIChiHIa OipHeIle TepMH-
Hasabl 0eTi Oap KOl caTbUIBI caraibl OWBIHAAP/IBIH MaTEMaTHKAIBIK allapaTbiH Naijanany
HET131H/1e HHBECTUIIMSIIAP/IbI KOFAITY TOYCKEIJIepiH Oaraay YIIiH MOJIeb d3ipIey;
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2) Maple MonenbaeyniH MaTeMaTHKaIbIK MAaKeTiH KOJJaHa OTBIPHIIN, €CenTey JKcIle-
PUMEHTTEPIH OpPBIH/AY;

3) MHBECTHUIIUSIIAP/IBI KOFAITY TOyEeKeIJepiH Oaraay MpoleciHe Henrimaep Kaobui-
Jay/ibl KoJaay JKyieci YIIiH mporpaMMalbiK MOIYIb 93ipIey.

MaxkaJiaHbIH Heri3ri MaTepuajbl. MynsTunpoekTtiiai opraga Smart City AaMBITYIbI
JIMHAMHKAJIBIK KOCIapiay MpoIeCiH/Ie ToyeKeAep/i 0ackapy/bl )Kocapiay, MOHUTOPUHT
JKOHE TY3ETy 9cep eTy JKyiHesepine OipiKTipeTiH Toyekel (aKTopiIapblH Tanaay xKoHe oelita-
panTaHIbIpy 9/1iCTEPl MEH TOCUIACPIHIH KUBIHTBIFBI PETIHJIE CUITaTTayFa Oosiaasl. MyHpan
OipsecTik Oerii Oip TopeKe/ie TOySKeI i OKUFalap/IbIH OacTalyblH OOJDKayFa, COHIal-aK
OJIap/IbIH TYBIHAYBIHBIH TEpiC cajiapbiH OOJIBIPMay HeMece a3alTy KOHIHJe JKe/lel 1ia-
panap KaObuIIayFa MyMKiHIIIK Oepeni [1, 2].

OjeTTe ToyeKeiep i 0ackapy npoiecTepiHeH OyphIH OPTYPJIi )KOCTIapIiay alIrTOpUTMIEpPi
Oomanel. OchIHIAM ic-opekeTTepre Toyekelaepal OacKapyabl KOJNJaHy KOHE Kocmapiiay
OoiipiHIIA memimaep Kadbumay anroputmaepin (Mbicanbl, HIKKXK kompmany apkbuibn)
JKaTKbI3yra Oomanpl. OchbHIAM anropuTMAEp MYJIBTHIPOEKTLN opragarsl Smart City na-
MYBIH AMHAMHKAJIBIK JKOCTIapiay Ke3eHiHneH Oacrtar, Smart City-Te 63 Kap»Kbl pecypcTapbiH
(KP) nnBecTHLMSIIAY/IBI KOCTIAPIIAI OTHIPFaH WHBECTOPJIAP YIIIH TOyeKenaep/i Oaranayra
nedinri Smart City qambITyIbIH OapJibIK HAKTHI jKOoOanaphl YIIiH KaxkeT. MyHmail ajiro-
pUTMICp ToyeKennepAl Oaranaynpl YHBIMIACTBIPY MaKcCaThIHAA YTBHIMIBI IIEeIiMAep/Ii,
COHJIali-aK ToyeKeiep i Oackapy/abl TUIM/II KAMTaMachl3 €T€ alaThlH KaApiap/ibl TaHIayFa
MYMKiHJiK Oepeni. COHbIMEH KaTtap, ecKepijiei:

1) Garanay omicremect;

2) ToyeKenJiepAl aHBIKTAHTBIH AepeKTep KO3Aepi;

3) Ky#ai Tangayra G0NaThIH YaKbIT apaibIKTaphbl;

4) xy# i ochIHAAN Tanaay jKacalaThblH yaKbIT apajbIKTaphbl.

Smart City-1i 1aMbITY/IbI CEPITIH/II )KOCTIAPIIAYJIIH €H ePTEe CaThIChIH/Ia-aK TOYCSKeIAeP/Ii
Oackapybl xocnapiay Manbi3abl. Smart City [T sxo0anapbiH 1aMbITy TPOIIECIHIE KOOATBIK
KbI3METTI OacKapyablH (pyHKIIMOHAIBI KYPBUIBIMBI | - CypeTTe KopceTireH. Atamn aiiTkanaa,
OapibIK Oackapy, yiiecTipy koHe YHBIMIACThIpY (DYHKIHMsUIAPbl MEH dpeKeTTepi Oackapy
KBI3METIHIH YIII JICHIeiiH/Ie OpHAJIACKAHBIH aTall 0TeMi3.
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Crparerusiibik Oackapy Smart City-i JaMBITYIbIH Y3aK MEPCICKTHBaFra apHaJFaH
KOOAJBIK KbI3METI KbI3METiHIH HETi3ri OarbITTapbl MEH JaMy YpAICTepiH aHBIKTayFa
OarpiTTanraH. COHIBIKTAH JKOCHapiiay KOKXKHEri YJKeH, COHIBIKTaH Oenriciz Oonamak
TOyeKeNAep/li €CKepy KaKeT.

By karpaiina KoChIMINIa akmapar capariibuiapAaH KeJle[i )KoHE HETi3iHeH caralbl.
Smart City gameity JIXK GackapyabiH OChl IeHreiHIe TOyeKeIep TybIHAAY bl MyMKiH, COHBIH
caJIJapblHaH OJIap/ibl iCKe achIpyaaH OOJIaThIH XKaFbIMCBI3 cayapiiap TybIHAAybl MYMKiH (1
- KecTeH1 KapaHbl3). TaKTHKaJbIK YHIeCTipy JKeke jko0anapasl OpbIHIAy Mep3iMliepi MeH
KecTelepiH jkocnapiay JAeHreliHae Ky3ere achlpbiiaasl, Mbicanbl, AT xkobanapbl, COHbI-
MeH Karap KeKe jko0aiap apachlH/ia )KOHE OJIapJblH dPKANChICIHIA KaKEeTTi pecypcTapasl
x)ocnapiay xoHe 6eiy. Ochl fieHreieri 6ackapy mnpoiieci Oenriii 6ip ToyekeaaepMeH oipre
KYpyl MyMKiH (2 - KeCTeHi KapaHbI3).

1- kecme — CTpaterusuibIK, 0acKapy ACHIeHiHAeT1 TOyeKe i JKaFnainap

Toyekenuik xarnai blkruman cangapsl

IMoprdensre ycoiHBLIIATEIH K00a- | XKoOamapnel OpblHIAMay HEMECe carachi3  OPBIHIAY,
JIapbl TAHIAYABIH HET13CI3/IT1. MaTepuaIbIK, Kap>KbUIBIK HEMECE MOPAJIbIbIK HIBIFBIHAAP.

YKobanap moprdenin KaapnTacTeIpy | ¥ ABIMHBIH KapKbUIBIK JKOHE HMHIDKIIK JKaraaibiHa Tepic
TI/IiML[i c€McecC. 9CCp €Ty, NOTCHIUAAbI WHBCCTOPJIAPAbIH HIaMaJaH TbIC
CaKTBIK TAHBITYBl HEMeECE jko0aslapra KaTbICyJaH 0ac Tapry.

XKobanap noprdernin icke achlpyanl | ¥HbIMHBIH 0ac CTPaTerHsChIHAH aybITKY, MOTCHIIHAIIBI
JIYphIC €MeC HeMece THIMCI3 KO- | CepiKTeCTep MEH MHBECTOPJIApAbIH yKoOanapra KaTbICy[daH
criapiay. 0ac TapTysl

MyHjail xocmapiay TOyeKelNiH JeHredi MeH TypiHe, coHpai-ak Smart City-mi ma-
MBITY VIIIH KaHJai na Oip >KOoOaHbI iCKe achIpy[blH MaHBI3JAbUIBIFBIHA COUKEC XKy3ere
aceIpblanbel. Toyekenai KaObuigay MEH ce3iHyniH skyhemi Tocimi Smart City IambITyIbI
JIMHAMHKAJIBIK JKOCIIApJIay TOYCKENJepiH THIMJI OacKapybl Kocmapiiay/bl KeHIUIIETEIl.
OpOip HAKTHI TOYEKeT OOMBIHINA OacKapy CTPATErusIChl 931PJCHE/I, OHBIH BIKIIAJ €Ty Caachl
HAaKThUIAHA/IbI, TOYSKEJIIH KOJIAMIIbI IIIeKTI ICHreiIepi alKbIH 1a1a bl )KOHE KaObLIIaHAIbI,
CTpaTeTUsUIBIK MaKcarTap a3ipieHesi. JKobaHbIH OapiblK KaThICYIIbUIAPBIHBIH POJIi MEH
JKayarKepIIiIiri, 0apibiK OeiMIIeNep/IiH e3apa opeKkeTi anbiKTanaasl. Smart City nambi-
TyIbl TUHAMUKAIBIK OCHapiay OapbIChIHIA TOYEKeNAiH HaKThl TYpJIEpiH Oaranay >KoHe
Oackapy oJlicHaMachIHBIH MEp3iMepi 93ipieHe i )KOHE YCIHBUIAIbI.

2- kecme — YKobanapel TAKTHKAJBIK YIICCTIPY ACHICHIHICTI TOYCKEN i JKaFnaiiap

Toyexkenix »xarmai blxruman cangapsl

OpbiHaay KecTeciHeH aybITKy | XKoOasap/iblH yaKThUIbI OPBIH/IaIMAY bl, MATEPUAIIBIK, KAPIKBUIBIK
HEMECE MOPAJIbJBbIK LIBIFBIHIAD.

Bapnsik sxobamapapl TriMci3 | XKobasapabl opeIHIaMay HEMECE carachl3 OPIHIAY, MATCPHAIIIBIK,
06Jy KOHC KaXKETTI pecyp- | KapKbUIBIK HEMECE MOPAIIb/IBIK HIBIFBIHIAP.
CTapMeH KaMTaMachl3 €Ty.
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Toyekennepai Oackapy oicTeMeci yHeMi KalTa Kapaixybl THIC KpUTEpHIAJIEp MEH
Oaraynay MoJenblepin KaMTuael. Konjga 6ap Toyekenaep KikTeyilmTepi a3ipiieHe/i HeMe-
ce kaObuIananel. Ecen opmarrapsl, OyxraiaTepiiik ecell )KoHe KyKaTTaMa HMPUHIUITEpl
ycbIHbUIaABL. JKyMbIC Ke3necynepi, cyxOarTap jkoHe WHCIEKUMSUIBIK ic-Iapanap XKocnap-
JaHaJpl, cayaqHamaliap MEH cayajiHaMa IapakTapsbl 93ipiieHe i, sko0ara KaTbIicaThlH 0acka
yiipiMaapaan akmnapar skuHananasl, [IIKT-Men ke3gecynep MeH TalKbLIayliap KocrmapiaHa-
JIBL.

Makanazna yceiHbuUIFaH Monenb Smart City yOIiH HHBECTOPIapAbIH Kol (aKkTopiibl
JKOHE TaHJAy aJbTePHATHBAJIAPBIHBIH KONTIrl KaFJaiblHAa KapXKbLIAHIBIPY MPOIECIHIH
TOyEKeJJIePiH TajjiayFa Heri3/Ie/reH.

Mopuens [3, 5] sKYMBICTapIbIH JKaJIFachl OOJBIN TaObLIAIbI )KOHE OipHEIe TePMHUHAIIBI
OerTepi Oap KeIm caThUIbl carajbl OWBIH MICIIIMIHIH HOTHXKEIIEPIH KOJJIaHa OTBIPBII, KOl
CaTBUIBI JIOPEIKE ONBIHBIHBIH IICIIIMIHE HETi3/e/TeH. TanchlpMa KO CaThUIbl OWBbIH YIIIH
CTaH/IAPTThI JIOPEKE]IC KapaCThIPbLIFaH.

Kem enmiem/1i KeHICTIKTE JMHAMUKAIIBIK JKYie 0ap, OHbI €Ki OMBIHIIIBI (MHBECTOD, OY/1aH
opi—wunBectop 1 (/nvl ) xone uuBectop 2 (/nv2)) 6ackapassl. XKylie Toyes i KO3FaabICTaphl
0ap OHMCBI3BIKTHI KOII CaThLIbl TEHACYIIEP KyleciMeH OepiireH.

h(t+1)=B, x h*(t) + [(4, + R,) — E] x U(t) x B, x h*(t) - (1
[(4,+R,))—E] x V(t) x B, x f(t);

ft+1)=B, xf(t)+ [(4, + R) —E] x V(t) x B, x f*(t) — 2)
[(4,+R)—E]xUt) x B, - h*(t);

. XIx=0;
Myngarei t=0,1, ..., T, X = %X<O X € R; T - Harypan can;

h() eR", f(t)eR"U(t),V(t) - on snementrepi Gap kBagpar mMarpunanap:
u (t),v,(t) e[uy .., u IX[V; ... vy 1, U €[0,1],1=1,...,n;v, €[0,2],1 =1,...,m;

K, M — caiikecinmme U(t), V() nuaroHambabl MaTpUIagapAbIH JAAroHaIbIapBIHIaFbl
HaTypaj caHaap,;

B,, B, — Invl xome Inv2 KapKbUIBIK peCypcTapibl Typienaipy marpunanapbl (KP)
xoHe omapabl Smart City ymin AT-ma coTTi icke acklpy kesinze, Tuicinmre 0 , 0; on
ANIEMEHTTEP1 Oap TOPTINTIH MIAPIIBI MATPULIATIAPEI OOJIBIN TAObLIA/IbI

Av R, — KapKbUIbIK HMHBECTHIHSLIIAp yirH [nv2 nadeBaelk TeseMai Invl koHe
WHBECTUIMSIIAPFa KaThICTHI MHBECTUIMSIIAPABI [nv2 KalTapy YieciH CHIATTAHTBIH OH
3JIEMEHTTEp1 Oap JUaroHasbIbl MaTpULIAJIap ;

Az’ R, — KapKbUIbIK HMHBECTHIUsLIIAp yurnH [nv2 nadeBaelk TeseMai Invl skoHe
WHBECTUIMSIIAPFa KaTbICThl /nv] MHBECTUIMSIAPIbI KaWTapy YieciH CHIATTAHTBIH OH
3JIEMEHTTEp1 Oap JMaroHasbIbl MaTpHULIAJIAp ;

E — Gipnik Marpunachl.

T({t=0,1, ..., T) uaBecTUIMSIAY YaKbITBI, T — HaTypas caH; K(.): ”HBECTOpJIAP/IbI YTHIIT ATy
dynkmscet 6epineni K(h(T).f (T))={L,h(T)=0,3i: f(T)<0;{-1, f(T)=0,3Ji:h(T)=<0;
{0, 6acka xarmaitnapna;



82 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

Crparerusnap (U) meH (V) ofibIHIIBUTAP/IbIH KONITET€H MaFblHATAPhl AHBIKTAJIFAH:
U=[u,..ulu €[01, I=1..,m

V=[v,..,.v ]V €[01], I=1..,n;

Bipiami oRsHIIEIHBIE Makcatsl (0yaad opi /nv1l) KP cunarTaiiTeia YTHIC (GYHKITUSCHIH
OappraTa apTThIpy 01 Smart City-Ii TaMBITyFa JUHAMUKAIBIK TYPE WHBECTHITUSIIAY KO-
criapiany/a.

ExiHmn oNBIHITBEIHBIH MaKcaThl -/nv2 YTHIC GYHKIFSICHIH a3aiTy. MyHmai TarceipMa-
Jap KOWBUTBIMBIHAA [nv] miernmimM KaOpuimaymisl TysFraHsiH okt (LUKT 1) perinme, mbica-
me1, Smart City-ai JaMBITYIBIH JKaJIIbl jK00aMapeIHEIH Oip Oesirine (€Ki MHBECTOpP YIIiH
Jie) Kap Kbl pEeCypChIH cajlaThlH WHBECTOPIBIH OKiIi peTiHae tycinmipiteni. Coman keiin
2 memece [nv2 oibrHIIBI Smart City 7aMBITy K0OOaTapbIHBIH JKaITEl (€Ki HHBECTOP YIIIiH)
OeJtiriHe Kap Kbl peCypcTaphiH canaThlH Oacka mrentiM KaosurmaymsiablH (IIKT 2) eximi
peTiHae TYCIHIIpiIeT.

¥ TBIMIBI OMBIHIITBIIAP CTPATETHACHIH KoHe Smart City mamMbITy sko0aapblHa HHBECTH-
OUsIay Ke3iHIe KapXKBUIBIK PECYpPCTapabl KOFAITYMEH OaiIaHBICTBI ToyeKenaepai Taba-
MBI3.

blkTuman kayinTepaiH KeNTereH KaFbIMCBI3 OOIDKaMIaphl 2 - CypeTTe KeNTipiIreH.
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2-Cypem — BIKTHMAaJ KayiNTEPAiH KOITEICH )KaFbIMChI3 OOJKaMIaphI

Il emrim. AKbIIIBI KaJIa JaMYBIH JJMHAMHUKAIBIK )KOCTIapiay OapbIChIH A MHBECTHIIHSIIBIK
HIBIFBIHAAP TOYEKeIepiH Oarajay yImiH mmemimaepai Koumay xyhecinin (ILIKKX) ecemn-
TEy SIIPOCBHIHBIH MOJIENi YChIHBUIFaH. KOJIaHBICTaFbl MEIIMACPICH abIPMAIIBIIBIFBL,
YCBIHBUIFaH MOJIEJb OipHEIIe CaThbUThl OMBIHIAP MEH canalibl OMbIHAAP/IBIH MAaTEMATHKAIIBIK
ammaparTapblH naiinananyra HerizgenreH Smart City AaMyblH JIWHAMHKAJBIK KO-
criapiay Ke3iHjJe WHBECTHLUSUIAPIBIH JKOFAITY TOyeKeNJepiH Oaranay Ke3iHIe HaKThI
ycbiHbICcTap Oepeni. ToyekenaepliiH KaHaraTTaHAPIIBIKCHI3 OOJKaMbl OOJFaH JKarjaina,
TapanTtap KOJIAHIbl Kap)KbUIbIK HOTHIKETe KOJI JKETKI3y YIIIH WHBECTHIMSIIBIK MPOIECTIH
napameTpIiepiH HKeM/I1 TYpJle Ty3eTyre 0omabl.
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Makanazia aqblHFaH HOTHIKENISPIIiH FhUIBIMU JKAHAJBIFBI: OIPIiHII caThlJa KOIl CaThl-
JIbl OMBIHAAP/BIH KaHa KJIACKIH KOJIaHy YChIHBUIABL. byn kimace Smart City »obanapbiH-
Jla OWBIHIIBUIAPABIH KAPXKbUIBIK PeCypCTapblH OpHAIACTHIPYAbl JUHAMHUKAIIBIK JKOCTIApIay
MBICAJIBIH KOJIZJaHA OTBIPBIN, HMHBECTULMSUIBIK IIBIFBIHIAP TOyEKeNIepiH Oaranay mpoiecin
aIeKBaTThI CUTIATTayFa MYMKIHJIK Oep/i.

KapacThIpbUTbIll OTBIPFAH TOCUIIIH alpbIKIIa epeKIleniri - OipHelle TepMHHAIIbI
OerTepi Oap exi JeHrei1i OUTIHICTI KOIT CaThLIbl OMBIHJIBI XKOHE apajiac CTpaTerusiap Kia-
CBhIH/Ia LICHIITEH J9pEKe ONBIHBIH ILEIIyre HeTi3/IeNreH HHCTPYMEHTANIbl Kolaany 0o-
nein Tabbutanpl. Ecentey skcnepumenTTepi Maple mMaTeMaTHKaibIK MOJENbICY MaKeTiH
KOJIIaHBII OTKI31II],

AJBIHFaH HOTIDKENEP/IiH MpPaKTUKaIbIK MaHbIbUIbiFel LIKKXK o3ipienrenuirine.
IIKKXX Toyekennepai Oaranay MOJAETIH KON CaThUIbI OMBIHAAP TCOPHUSICHIHBIH dJICTEPiH
Konpanyra HeriznenreH. O3ipnenred LIKKXK Smart City naMmybIH xoHe HHBECTUIHSIIAPIBIH
HaKTBI KipiCiH TMHAMUKAJBIK JKOCTIapIiay Ke3iH/1e HHBECTUIMSIAP/IbI KOFANITY TOYEKeIAEPiH
OoJbKay Typasibl MAJIIMETTEP apachIHIaFbl COUKECCI3IIKTI a3aiiTyFa MyMKIH/IIK Oepe/i.
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OIIEHKA PUCKOB ITOTEPA UHBECTHUIIN, HATTPABJIEHHBIX
HA PABBUTHUE CUCTEM SMART CITY

B cmamwe npeonosicena mooens 0 b1uuCIUMeEnsHO20 10pa CUCTEMbl NOOOEPIHCKY NPUHAMUS pelie-
nutl (CIITIP) npu oyeHke puckog nomepu uHgecmuyull 8 xo0e OuHamudeckozo nianuposarus (A1) pas-
sumus Smart City. B omnuyuy om cywjecmeyiowux peuleHuil, npeoioiceHHas Mooenb 0dem KOHKpemHble
pexomenoayuu npu oyenke puckog nomepu. Ipu neyooeiemsopumensHOM npoeHo3e PUCKO8 603MOICHA
2UOKAs KOPPEKMUPOBKA Napamempos npoyecca UHEeCMupOSanus ¢ Yenvlo OOCMUdICEHUs. CMOPOHAMU
npuemaIemMo2o QuUHaHcO8020 pe3yibmama.

Hayunas nosusna pesyrsmamos cocmoum 6 mom, Ymo @nepevie npediodceHo NPUMEeHUumy HOGblI
KAACC OUNUHEHBIX MHO20UA208bIX u2p. Jlannbsiil K1acc no360aun a0eK8amHo OnUcams npoyecc OYeHusa-
HUSL PUCKOS NOMepU UHGeCMUYULL, HA NpUMepe OUHAMUYECKO20 NIAHUPOBAHUS N0 PA3MEUeHUI0 PUHAHCO-
8bIX pecypcog uepoxos 6 npoexmax Smart City. Omauuumenbou 0CoOOEHHOCMbIO PACCMOMPEHHO20 NOO-
X00a A6151eMCsl UCNONIb308AHUE UHCIMPYMEHMAPUsl, OCHOBAHHO20 HA PewleHull OUTUHEHOU MHO20UA20801
USpbl KaK Kayecmed ¢ HeCKONbKUMU MEPMUHATLHLIMU NOBEPXHOCIIAMU, MAK U USPbl CIENeHU, peuaemoll
Kaacce cmewanuvix cmpamezuil. Ilpogedenvt blyuciumenvHvie IKCHEPUMEHMbL 6 NaKeme mamemamuye-
ckoeo mooenuposarusi Maple, Paspabomana CIITIP 6 komopotul peanu308aHa Mooeib OYeHUBAHUSL PUCKOS.
Paspabomannas CIIIIP noseonsem ymeHbuuUms pacxoicoenusi OaHHbIX NPOSHO3UPOBAHUS PUCKOE Nome-
pu uneecmuyutl 6 xo0e AI1 Smart City u peanvrou omoauu om uHeecmuyuil.

Knioueevie cnosa: nomeps unsecmuyuil; OYyeHKa pUckos, MHO2OWAL06As USPA KAYECMEd ¢ HeCKOTb-
KUMU MEPMUHATLHLIMU NOBEPXHOCMAMU, USPA CIMENeHU, CUcmema noo0epICK NPUHAMUS PEUleHUIL.

V.A. LAKHNOY V. . MALYUKOVY, R. K. USKENBAYEVA?, T. S. KARTBAYEV?,
K. O. TOGZHANOVA?®, DIETMAR BAYER*
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ASSESSMENT OF THE RISKS OF LOSING INVESTMENTS
AIMED AT THE DEVELOPMENT OF SMART CITY SYSTEMS

The article proposes a model for the computational core of the decision support system (DSS) in
assessing the risks of investment loss during the dynamic planning (DP) of Smart City development.
In contrast to the existing solutions, the proposed model provides specific recommendations when
assessing the risks of loss. In case of an unsatisfactory risk forecast, it is possible to flexibly adjust
the parameters of the investment process in order for the parties to achieve an acceptable financial
result.
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The scientific novelty of the results is that for the first time it is proposed to apply a new class of
bilinear multistep games. This class allowed us to adequately describe the process of assessing the risks
of investment loss, using the example of dynamic planning for the placement of financial resources of
players in Smart City projects. A distinctive feature of the considered approach is the use of tools based
on the solution of a bilinear multistep game of both quality with several terminal surfaces, and a game
of degree solved in the class of mixed strategies. Computational experiments were carried out in the
Maple mathematical modeling package, and a DSS was developed in which a risk assessment model was
implemented. The developed DSS allows to reduce the discrepancies between the data for predicting the
risks of investment loss during the Smart City DP and the real return on investment.

Keywords: investment loss; risk assessment; multi-step quality game with multiple terminal surfaces;
degree game, decision support system.
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PEAJIN3ALIAS AJITOPUTMA PACIIO3HABAHUS YUCEJ, HTOCTPOEHHOI'O
C IOMOIIBIO HEMPOHHOM CETH, HA ITIAHEJIU BASYS3 FPGA

B nocneonue 200vl 6viiu npedcmagienvl Hekomopule nojesvle Npopammupyemvle KianauHoie Ma-
mpuyvl (FPGA) na ocnoge yckopumeneii gpasvr ¢vinycka CNN. FPGA wupoko uchoab3yiomes 6 nop-
mamugnelx ycmpoticmeax. Onu mo2ym Obimv 3anpocpamMmupo8ansl Oisl O0CMuUdiCeHUs bonee BbICOK020
napannenuzma u obecneueHus ayduen npouzsooumensrHocmu. Inepeonompeonenue FPGA nuoice, uem y
epapuueckux npoyeccopos ¢ 0OUHaAKoBoll paboueil Hazpyskou. Imu npuyursl denarom FPGA nooxoos-
wum ona peanuzayuu @asvr ginycka CNN. Onu moz2ym obecneuums 0OmHOCUMETbHYIO NPOU3E00UMENb-
HOCMb HA 6bIX00e Ol 2papuueckux npoyeccopos u 00CMuib HU3K020 SHEP2ONOMpedIeHUs, YO OYeHb
8adCHO 011 nopmamusHuix yempoucms. [ a¢ppexmusnou peanuzayuu ¢paser evixooa CNN na FPGA
KOHCMPYKYUA OONIICHA UMEMb 8bICOKUL NAPATIENUIM, d UCNONb3YeMble ANnapamuble pecypcbl 00NCHbL
ObImb c6e0eHbl K MUHUMYMY, YMOObl YMEeHbUUNb NI0Wadb U SHeponompeodnenue. B npoyecce pabomvi ¢
NOMOWbIO HEUPOHHOU Cemu peanusyencs dn2opumm pacho3HA8aHs pyKOnUCHuIX yucell. [Jia pearuzayuu
HeUPOHHOU cemu Ha annapamHom yposHe co30aemcs CheyuanbHas apxumexmypa. 1Ipouzeooumensnocms
60 6peMsa pabomel u IHep2onompedieHIs CONOCMasUMA ¢ NPOU3BOOUMENLHOCMbIO NPpoYyeccopa u epapu-
uecko20 npoyeccopa.

Knruesvie cnosa: FPGA, netiponnas cemo, MawurHoe obyuerue, apxumexknmypa, namsanmbo.

Beenenue. MammmHHOe 00y4eHUE M KOMITBIOTEPHOE 3PEHHE JIOJITOE BpeMsl ObUTH OTHIM
W3 caMBbIX TIOMYJISIPHBIX HANIPABICHUH UccneqoBanuii. OH BKIIFOYAeT B ce0sl TAKHE IPUITOKeE-
HUS, KaK KiaccuuKkanys n300paskeHni, MEJIMIIMHCKAsT TUATHOCTHKA, PACTIO3HABAHHE JIHIT
U T.JI.

Ki1r04 K 3TO# TEXHOIOTHH 3aKITF0YAETCs B TOM, KaK U3BJIeYb BAKHBIE OCOOCHHOCTH H30-
Opaxenuii. Ceeprounsie HeipoHHbIe ceTH (CNN) BBICOKO HEHSTCS 3a 3Ty padory. CNN
ABTOMATUYECKH TeHEPUPYET BaKHBbIC (PYHKIIMU M B TO e BpeMs 3()(HEKTHBHO yCTpaHseT
TPUBHABHBIE (PYHKIHH, TEM CAMBIM YMEHbIIAs BEIYUCIUTEIHHYIO MOIIHOCTb.

O6yuenne monenu CNN TpeOyeT OONBITNX BBIYUCIUTEIBHBIX MOITHOCTEH M OOBIU-
HO 3aHUMaeT MHOTO BpeMeHH. [Toaromy 6ompmuHCcTBO CNN paboTaroT Ha MEHTPATBHBIX
nporeccopax (CPU) m GPU. GPU cootBerctByer CNN co cBoeit cTpykrypoir Simple
Instruction Multiple Data (SIMD) u mapayuiesHON BEITUCITHTEIHFHON MOIITHOCTHIO. XOTS
GPU nomunmpyet Ha poiake npmiokeHuit CNN, ux Hemocrtarku oueBugasl: GPU cro-
WT JOPOTO, MOTPEOIIIeT MHOTO YHEPTUU B 00J1ajaeT HIU3KOH BRIHOCIMBOCTHIO0. Cripoc Ha
ucnoip3zoBanrne CNNS B mOpTaTUBHBIX yCTPONWCTBAX BO MHOTHX CIy4asX YBEIMUHUBACT-
csi. JIst mopTaTUBHOTO yCTpO#cTBa, Takoro kak CMapTdoH, caMmoe BaKHOE, YTO HYKHO
YYHTHIBATH MPHU MPOCKTUPOBAHHU,-3TO CTOUMOCTD, MOIIHOCTh U MPOU3BOIUTEIHEHOCTD.
ITosTomy mpu pazpaboTke MOPTATHBHOTO ycTpoiicTBa st 3amycka CNN HeoO0XomuMo
HaiiTh Oomee dHEprodpdexTuBHBI MeTon, YeM GPU, m obOecrnednTh OTHOCHUTEIHHYIO
MPOU3BOJIUTENBHOCTD.

* E-mail xoppeconaupytomero apropa: beimbet.daribaev@gmail.com
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[Ipu co3ganun HelpoHHBIX ceTei Ha ocHoBe FPGA gocTturaercss MUHIMAIIBHBIN pacxol
SHEPTUU U MTpUeMIIeMast CKOPOCTb, UTO SIBISIETCS aKTyalbHOH mpobnemoid. [To cpaBHeHuIO ¢
BHEJIPEHUEM ITPOrpaMMHOT0 o0ecIieueHu s, anmaparHelie cpeactsa Ha ocuoe FPGA moryt
OBITh JIETKO MAacCIITa0UPOBaHbI JIsl pabOThI ¢ BEKTOPaMH OOJIBIION JUTUHBI 0€3 CHIKEHUS
CKOPOCTH PadOThI, YTO JieNaeT pealn3aluio MPorpaMMHOrO 00eCIieueH sl CIOKHOM 3a/a-
yeil. Peannuzanus takux HepoHHBIX ceTelt Ha ocHoBe FPGA.

3agaun uccaenoBanus. s JOCTHKEHHS TOH 1IeTTH B paMKax paboThl ObLIH chopMy-
JIUPOBAHbI CIEAYIONINE 3aJa4uu:

e Pa3paboTka apXUTEKTypbl HEHPOHHOMN CETH, TIO3BOJISIFOIEH A((HEKTUBHO pean30-
BaTb HEMPOHHYIO CETh;

e Buenpenue mopyiel, HEOOXOIUMBIX JJIsl 3allycka OOy4YeHHOW HEHPOHHOU CeTH B
FPGA,;

e [IpoBepka u TeCTUPOBaHHE MTPOU3BOIUTEILHOCTH 3aITyILIEHHON CETH.

ApxutekTypa HelipoHHoii ceTn. Bxomusim curnanom CNN sBisiercst n3o0paxeHue
RGB. N300paxkeHue coCcTOUT U3 QPUILTPa, COCTOSINEIO U3 TpeX KaHaiuoB. Kaxplii kaHal
N300paKeHUsI KOarylIupyeTcss COOTBETCTBYIOIIUM (UIBTPYIOIIUM KaHaloM. Pe3ymbrars
CYMMHPOBaHHsI BCEX TPeX KaHaJIOB CyMMHPYIOTCS, YTOOBI IOJyYUTh HOBOE U300pakeHHE,
Ha3bIBaeMOe KapToi 00BEKTOB, MOCKOJIBKY OHO COAEPIKUT HEKOTOPbIE 0COOEHHOCTH HCXO-
JTHOTO U300pakeHUsl. 3aTeM pa3Mep KapThl 3TOr0 00bEKTa YMEHbBIIACTCs J10 4x4, 3HaYCHUS
HOBOH KapThl OOBEKTOB UCIOJB3YIOTCSl B Ka4ECTBE BXOJOB MOJHOCTHIO TOAKIIOUYECHHOTO
cnosi. Chenyrolnue pasiesbl MoapoOHO ONKUChIBatOT Kaxbiii ciioit CNN. Ha puc.1 noka3zana
apXHUTEKTypa HEUPOHHOU ceTH it 00paboTKH N300paKEHHI.
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Pucynok 1 — Apxutektypa HEHpOHHOHN CeTH ISl 00padOTKH N300paskeHN

Peanuszayus aneopumma pacnosuasanus yucen. MNIST — ato pykonucHas 6aza uucer,
HIMPOKO HCTIONIb3yeMasi B MallMHHOM oOyueHun. Ona comepxkut 70 000 uzoOpakenuii B
orreHkax ceporo 28x28, 60 000 uzobpaxkenuit s yuebHoro vHabopa u 10 000 uzo0pa-
JKeHUH A7 TecToBOro Hadopa. [lepen HauaaoM YTEHMsT MCIIOJIB3YETCs CllydaiiHas oOpeska
n300paxeHuil B yueOHOM Habope. DTO HA3bIBACTCSI YMHOKEHHUEM JJaHHBIX U MCIIOJIb3YeTCs
JUISL YBEJIMYCHUS KOJIMYECTBA MIa0IOHOB 00yUeHUs, IPEAOTBPAILECHHS IEPEYYHBAHUS U T10-
BBILLICHHUS IPOU3BOIUTEIBHOCTH B 3aBUCHUMOCTH OT OOIIETO XapakTepa CeTH.

3agada COCTOMT B TOM, YTOOBI KJIacCU(UIIMPOBATH 3aJaHHOE M300paKeHUE PYKOITUCHON
uudpsl Ha onuH U3 10 KIaccoB, KOTOpHIN oToOpaxkaeT uenble 3Hadenust ot 0 1o 9. Yucno
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JOJDKHO OBITh pa3JiefieHO Ha KJacChl COOTBETCTBEHHO. [locie meneHust yucen Ha KiIacchl
HEeOOXOIMMO IaTh HMEHA COOTBETCTBEHHO. Pa3ennm ero, CoOoTBeTCTBEHHO, Ha label. [Tocie
TOTO, KaK BBl MOJTYYMIH HY)KHYIO 0a3y JaHHBIX, B TOM YHCJIE€ HEKOPPEKTHBIE IU(PHI TUIIA.
OTH HUQPHI UTPAIOT BAKHYIO POJIb IPH 00yYEHUH 0a3aM JaHHBIX.

[Tocne Toro, kak Bl coOpanu 0a3y AaHHBIX, BaM HYKHO CO3[aTh HEMPOHHYIO CETh IS
ee o0ydeHusi. 3aTeM HEOOXOMMO OTIPENIENIUTh MOJIeNTb HEHPOHHOM CETH.

CBepTouHbIe HEMPOHHBIE CETH O0JIee CIOKHBI, YeM CTaHAapTHBIE MHOTOCIOWHBIE TTep-
LENTPOHBI, TOITOMY IS TOCTHKEHUS COBPEMEHHBIX PE3yJIbTaTOB LIEIeco00pa3Ho HauaTh ¢
MIPOCTOH CTPYKTYPBI, KOTOpasi UCTIONB3YyeT BCe 3JeMeHTHI. Ha 9TOT pa3 Gojbiast apXuTeKTy-
pa CNN onpenensiercsi 00JIbIIMMEI CBEPTOYHBIMU, MAKCUMAIIbHBIMHI YPOBHIMH arperanin
1 TIOJTHOCTBIO CBSA3aHHBIMU CIIOSIMH.

AJITOPUTM. ANITOPUTMBI MOTYT OBITH OMPEACICHBI CIACAYIONIMM 00pa3oM, YTOOBI YBH-
JeTh, KaKKe IIaru NpeAnpUuHUMAET CeTh NPH pacro3HaBaHuK U dp:

e PazneneHue m300pa)keHUs Ha MaJeHbKHE OTPE3KH H300pa)KeHUs, aHAJIOTUYHO
CKOJIB3SIIEMY OKHY; CKOJIB3AIIEEe OKHO MOXKET OBITh MPOIYIIEHO MO BCeMy OO0Ib-
I0MY H300paXEHUI0, U KAXK/IBIH PEe3yabTaT COXpaHsIeTcs Kak OTAeIbHOE N300paxe-
HUE, MCHBIINH OTPE30K H300paKeHHUS;

e Ilepenaua kayk 10 MAJICHBKOM IUIACTUHKYU B MEHBIIY0 HEHPOHHYIO CEThb-HACTPOUKHU
PEIKO MOYKHO MHUIMATIM3UPOBATh C OJMHAKOBBIMU 3HAYEHHUSIMU , & €CJIU HET, TO Ty
94acTh MOYKHO TIOMETUTH KaKk HHTEPECHYIO;

e CoxpaHEeHHE pe3ylbTaToB B HOBOM MAcCHUBE Ul KaKJOH MHUHHU-IUIATBHI-BEPCHS HE
MOXET MOTepATh UHJEKC (aiina. [1o3ToMy pe3ynbraTsl JOIKHBI OBITh pa3MEICHbI
Ha CETKE B MOPSIJIKE HCXOAHOTO U300paKEeHUS;

e Bornee Hu3Kkas BEIOOpKa — MEHbIIast BEIOOPKA C MAKCUMAaJIbHBIM MacIITaOupOBaHHU-
€M HCIIOJIB3YETCS [Tl yMEHbBIIEHUs pa3Mepa HOBOTO MacCHBa.

ApPXUTEKTYpy HEHWPOHHOH CeTH ISl paclo3HaBaHMs N300paKEeHUH MOXKHO YBUIETH Ha
pHUCYHKE 5.
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Pucynok 2 — Apxutektypa HEHPOHHOH ceTu

Peanuzayus mooenu netiponnoii cemu na niame FPGA. B xone paboThl HCHIONB3yeTCS
Xilinx Artix-7 Basys 3 FPGA — nnara pa3paboTku IepBoro ypoBHs, pa3paboTaHHas Crienu-
anbHO 115 Vivado Design Suite, omnyaromasicst apxurekrypoit FPGA.
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Cpena nporpammupoBanus Vivado HCIONb30BaNach JUisk CO3aHusI O0IIel apXUTeKTy-
pot FPGA. C nomomursto moayist Clock u VGA-renepaTopoB Oblia pazpaboTaHa cxema.

[Tockonbky MacmTabd 3Tol paboThI-00padOTKK N300paXKEHUST O3HAYALT, UTO U300pake-
HUE JOJDKHO XPaHHUTHCS B MaMATH 4uiia. B naHHO# paboTe paccMOTpeH BEpXHHH MOIYIb
vhd, rcnionp3yromuii GI0YHBIH TeHepaTop MaMsITH st co3aanus ogHornopToBoro 13V mm-
puHol 8 OuT M r1youHOM 28x28 nukcenei. Ha padore daitnbl popmara coe nepenarorcs B
Buze ¢aiina n300paxeHus 1 JOJHKHBI OBITH 3arpy)KeHbl B reHepatop siapa [P npu co3nanun
[13V. Ilpu oTcnexMBaHWM aipeCcHBIX OUTOB MUKceTH yaanstoTes u3 [13Y oguH 3a apyrum.
3arem 9T OaiiThl oTHpaBisioTcs B apyroi ¢aitn VHD, xoTopslii oTBedaeT 3a XpaHeHHE
9THX 0aiiTOB BMecTe ¢ 00paboranHbIMU Oaiitamu nukceneil B oraensHoM FIFO. [ocne 3a-
nonHenust FIFO nanHbIe 0TOOpaaroTcsi Ha YKpaHe, U MporpaMMa repe3arycKaeTcs ¢ ajape-
com II3VY 0.

Jist MUHMMU3a1H UCTIOIB30BaHMs allapaTHbiX cpeacTB u mamsitia FPGA B 3701 pabo-
T€ MCTOJIB3YIOTCS TOUCUHBIE 3HAKOBBIE YHCIId, OTMEUCHHBIE JIJIsS OTOOpaKEeHHsI apaMeTPOB
cetH. Mexly BceMHu mapaMeTpaMu B 3TOH ceTd -1 U 1, COOTBETCTBEHHO, B apu(MeTHKe
¢ (ukcupoBaHHOH TOuKOH He TpelyeTcs menoe yucio. [lpu npoekTupoBannn Haumbojee
BOXHBIM OuTOM mapamerpa (MSB) siBisiercst OUT, B TO BpeMs Kak OCTalbHbIE OUTBI OTHO-
csaTest K qpoOHoN yactu. YToObI YBUAETh BIMSHUE AJTUHBI CIIOBA HA MPOU3BOJUTEIBHOCTD
000pyI0BaHMsI, BBI MOXKETE HCIOIB30BaTh Pa3HbIe JIMHBI CJIOB M CPABHUTH MX MPOU3BO-
JUTEIBHOCTb.

AnmnapaTHoe npoexktupoBaHue. [l peanuszauun B FPGA co3nanHoW HelpoHHOH
CeTH HEOOXOIMMO pa3paboTaTh HEOOXOMUMYIO apXHUTEKTypy. Ero MOXXHO yBHIETh Ha pH-
cyHKe 3.
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Pucynox 3 — Apxurektypa pacnosHaBaHus uyncen B FPGA

Bxon B cucremy-24x24 u3o0pakeHus B OTTEHKax ceporo. [Iukcenn unrarores B cTpo-
Kax, U KOKIbIH Yac 4yuTaeTcs B OJHOM mukcene. I[locie pacuera Kakaoro M300paskeHus
BpeMst paboThl cucteMbl coctasisieT 104 waca. Dto Bpems paboThl HEOOXOAUMO ISt 00e-
CIIEUEHUS MPaBUIIBHOTO BBIXOA CUCTEMBI.
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Canvas Painter-s3to FSM, koTopblii onpenensier, Koraa, rjie U 4To PUCOBaTh Ha XOJICTE
Ha OCHOBE MbILIM. VICX0/IHO€ COCTOsIHME OYEBUIHO, TOATOMY IOJIOTHO OUMILIAETCS HAXKaTH-
€M KHOIIKH cOpoca.

X,Y coordinates Read Address Canvas Pixel
I Address N Canvas 1
“| generator r‘ Memory il

Mouse Position . Write Address
Canvas

painter

Pucynok 4 — Coxpanenne Canvas Painter B mamsitu

e Canvas — 370 0J0K TamMATH 56x56.

e Canvas mem addr gen BBIBOIMT TEKYLIHI aJpec MaMsTh ¢ yueToM curnana VGA
x-Y.

e CanvasPainter Taxke B3aMMOJCHCTBYeT ¢ aMAThI0. OH ompenesnseT, Koraa, rae u
9TO OH OyZAET CTPOUTH ¢ MoMoIbI0 FSM.

XoTs HEHpoHHas ceTh HAMHOTO MeHblle, yeM ucxonHast CNN, maMsiti Oyaer HegocTa-
TOYHO, €CJIM AJISl TOIACpKaHusl Beca OyaeT ucnoib3oBaTrbes 32-0utHeii float. B atom ciy-
Yyae (UKCUPOBAHHAs TOUKA HE SIBISIETCS MOJTHOCTBHIO ONTUMANILHOM, IOATOMY BaM MPUICTCS
peann3oBaTh JUHAMHUYECKYIO (DMKCHPOBAHHYIO TOUYKY. DTO IMOXOXE Ha (PUKCHPOBAHHYIO
TOYKY, HO COXpaHseT OO MoKa3aTeb KaKA0To CIos HelpoHHOU ceTu. Takum o0pazom,
BCE BECa MOT'YT OBbITh yMEHBILEHBI ¢ 32-0MTHOTO MOIUIaBKa 1O §-OMTHOTO LENOro, HE OKa-
3bIBast OOJIBLIOTO BIMSHUS HA TOYHOCTb.

Integer Part : Fractional Part Integer Part : Fractional Part
P ) " . ] .
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r 1 I 1
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Pucynok 5 — Berautanne Ha 8-OUTHOE YHCIIO

[IporpamMmuast Mmozens peanuzosana Ha npoueccope (Intel Core 17-10750h, 2,60 I'T'1)
u GPU (NVIDIA GeForce GTX 1660 Ti). AnnaparHas cTpyKTypa peann3zoBaHa Ha Xilinx
Basys3 FPGA. IlpoBepsieTcsa kak nporpaMmMHoe o0OecrieueHue, Tak 1 armnaparHoe odecre-
yeHue. Pesynbrarsl Tecta npuBeneHsl B 31oi mase. FPGA paboraet Ha yactore 100 MIw.



Myxanbem A. A. u Op. Peanuzayus aneopumma pacno3Hasanust Yucer ... 91

MakcumaneHast 4yactora, ¢ kotopoii Mmoxker paborarb FPGA (Fmax) cocramser 102,3
MT .

[Tnara FPGA Basys 3 monkiroueHa K MOHUTOPY U MbIud. llepen HauamoM mporecca
pacrio3HaBaHUsl Ha MpaBOd Kpbllle MOHUTOpa otoOpaxaercss mudpa 1. Tor xe HOMep |
TaKKe oToOpakaeTcs Ha naHenu Basys 3. DTo rOBOPHUT O TOM, YTO MIOKA HE PACIIO3HAHO HU
OJTHO YHCJIO.

Pucynox 6 — Ilpouecc pacrio3HaBaHus yucell Ha naHenu Basys 3

Pesynbrare! nuccinenoBanust. [Ipoueccop norpediser MakcuMaibHYI0 MOLTHOCTD JIJIsI 3a-
nycka nporpammuoil monenu, GPU norpebmnsier MeHbie sHepruu, yeM npoueccop. FPGA
noTpedyIsieT caMyro HU3KYI0 MOIIHOCTb, YTO cocTaBisieT 16,5% ueHTpanbHOro nporeccopa
u 18,3% rpaduueckoro mponeccopa. Ha puc. 4.4 nokazano snepronorpebieHre U 1po-
nyckHasi ciocodnocts npoueccopa, GPU u FPGA. FPGA umeer camylo BBICOKYIO TIpO-
MYCKHYIO CIIOCOOHOCTb, HO UCTIOJIB3YET CaMylo HU3KYIO0 MOITHOCTb. [lo3ToMy peanuzanus
FPGA umeet nyunryio 3¢p¢$eKTHBHOCTb. DHEProdPeKTUBHOCTh PACCUUTHIBACTCS KaK KO-
JIMYECTBO ONEpaluil B CEKyHAY AJIs OAHOIO BaTTa.

Utilization Post-Synthesis Post-Implementation
Graph
LUT A
FF A
BRAM -
DSP 1 4]
104 H
BUFG
0 25 50 75 100
Utilization (%)

Pucynox 7 — Ucnonb3oBanHblil pazmep namsitu FPGA
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Ha puc.13 noka3zan ucnons3zoBanHblil 00beM namatu FPGA. TTockonbky [1nara e nme-
€T OOJIBIIION MaMsATH, HET BO3MOYKHOCTH 00y4aTh OOJIbIINE O0bEMbI JaHHBIX.

Kpome Toro, rpaduueckoe KOJIMYeCTBO MOTPEOIIIEMONH MOIITHOCTH U IMPOU3BOMTEIIEHO-
cTu npu 00paboTKe m300paxkeHuii Ha naneian FPGA Basys 3 MOXXHO yBHIETh Ha PUCYHKE 8.

Power

Total On-Chip Power: 0153 W
Junction Temperature: 258°C
Thermal Margin: 592°C(118W)
Effective 3JA: 5.0 *C\W

Power supplied to off-chip devices: 0W
Confidence level: Low

Implemented Power Report

Pucynok 8 — KonnuecTBo 3HEpruy U TEMIIEPATYPhI, UCIONb30BaHHBIX B FPGA

Peanuzanust FPGA nMeeT camyro BBICOKYIO IPOITYCKHYIO CLIOCOOHOCTB, MPUMEPHO Ha
25% myuqiue, yem npoueccop, U Ha 30% nyunre, uem rpaduueckuii mponeccop. CpaBHuBas
MPUBEACHHBIC HUKE TOKa3zaTeaH, BUAHO, uto tiara FPGA Basys3 pabotaer ObicTpee BO
BpemenH, yeM CPU u GPU. Kpome Toro, Bbl MOKETE BUIETh, YTO OH UCIOIb3YET MEHbIIE
snepruu, ueM CPU u GPU.

KepceTtkiwTtep\Kypangap CPU GPU FPGA
TaHy yakbiTbl 92 mc 85 mc 1 mc
SHeprua Tuimainiri 0.9WwW 0.9wW 0.153 W

Pucynok 9 — Ilokazareny ycTpOUCTB 110 BPEMEHU M YHEPTHU

[IponsBonutensHocTh FPGA BO Bpems BbInonHEHUs HaMHOTrO Jiydine, yeM y CPU u
GPU, 4To HE COOTBETCTBYET IUIaHY, 0 KOTOPOM BBl JyMaJH H3Ha4aabHO. OXH1aeMbli rpa-
(uueckuil mpoueccop AaeT Jyylllee COOTHOLIEHUE TPON3BOJUTEIBHOCTH 110 BPEMEHH BbI-
nonHeHus. [paduueckuii mporeccop UMeeT BBICOKYIO MOIHOCTh apauieiIbHOM 00padoT-
KM ¥ TOJIXOAWT /sl BRIMONHEeHUs (a3bl BbiBoma CNNS. B OonbIIMHCTBE HCCieI0BaHUN
GPU unmeer nyuinyro mpou3BOAUTEIILHOCT BO BpeMsl BbinonHeHus. OHako B 3TOH padore
FPGA 3nauntensHo npeocxonut CPU u GPU. Cetb B 3T0ii paboTe OTHOCHTENHHO HEBE-
nuka. BxomHbIe n300pakeHus COCTABISUTN TOJBKO 28%28 pa3MepoB. [ maBHOE, 4TOOBI OBLITH
MOTy4YeHbl N300paKEHUSI B OTTEHKAX CEPOro C TOJBKO OAHUM I[BETOBBIM KaHajIOM. DTOT
paszen mokasaj, 4To JJisi OTHOCUTENbHO Hebonbimoro CNN, aHamoruyHoro 31oil padore,
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ceTb, peanuzoBanHas B FPGA, paboraeT HaMHOTO JIydlie, 4eM IpoLeccop U rpaduiaeckuii
npoleccop, 4eM NPOU3BOAUTEIHLHOCT pabodeii Cpeibl.

3akawuenne. B nanHoli pabote pacrnoszHaBanue uncen ¢ nomoinbio CNN ocyiect-
Bisiock Ha Xilinx Basys 3 FPGA. Ta xe monens CNN 6bu1a peanuzosana Ha CPU u GPU.
[Tpon3BoANTENBEHOCTH IIpolieccopa, rpaduueckoro npoueccopa 1 FPGA u ckopocTh Bpe-
MeHu cpaBHuBaroTcs. FPGA ocyiecTisiercs yepe3 KOHBeWep Al yBEJINYEHUs MPOITyCK-
HoOU cnocoOHocTH. DPuKcHpoBaHHAsT apu(METHKA TOUYEK MCIONB3YETCs IJIsi YMEHBIICHHUS
WCIIOJIb30BAHUS alMapaTHBIX cpencTB. sl TOCTHKEHUS LeIH JaHHOW padoThl B paMKax
paboThl OBUTK BBIMOJIHEHBI ClieAytomre 3anaun. To ectb B FPGA peanu3oBbiBasiach Heli-
POHHas CeTh, a paClO3HaBaHUE YHCEIl IPOU3BONIIOCH C TOMOIIBIO HEWpOoHHOM ceTn. Cpas-
nusanu BpeMst Ha CPU, GPU u FPGA. IIpoBepuiin paboToCIoCOOHOCTD 3aIyIIeHHOM CETH.
CNN mnpennazHaueH ais pacno3HaBanus yuceln. 1ot Bxog CNN npezacrasisieT co0oit n3o-
Opaxenue ofHou 1u@pel. CNN femaeT BBIBOJ O TOM, KAKOW HOMEP Ha 3TOM H300paKCHHUU.
[TpousBoauTensHOCTL U 3HepronoTpedienue FPGA comocTaBUMBI ¢ MPOU3BOJUTENBHO-
CTBIO TIpoLIecCOpa M TpauyecKoro npoueccopa. Pe3ynbraTsl MOKa3bIBaIOT, YTO pealn3alus
FPGA s>¢extnBHa ¢ TOUKH 3peHHST BPEMEHH BBITTOTHEHUS, SHEPTOMOTPEOICHHS U SHEPTO-
3G EKTUBHOCTH.

Baarogapuoctu. Pabora ¢unancupyercs rpantom Komurera Haykn MunHHCTEpCTBa
oOpa3oBanus u Hayku PecriyOnuku Kazaxcran mo npoekry Ne AP09563558.
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A. A. MYXAHBET, E. C. HYPAXOB, b. C. [APUBAEB
on-Dapabdbu amvinoaevl Kasax ynmmuolk ynusepcumemi, Aimamol, Kazaxcman

BASYS3 FPGA ITAHEJIH/IE HEHPOH/IBIK JKEJII APKbLIIBI KYPBLIFAH
CAHIAPIBI TAHY AJITOPUTMIH ICKE ACBIPY

Conzvr  arcornidapvt CNN  wwieapy azaceinwiy  yoemxiwmepine Heeiz0eneer Kelbip Odandiblk
bazoapramananamuin Knanan mampuyanapvl (FPGA) eneizindi. FPGA nopmamuemi Kypulievliapoa
KeHineH Kon0auwvliaovl. Onap co2apvl NApaiienusmMee Koi JICeMmKI3y JHCIHE IHCAKCbL OHIMOLLIKMI
Kammamacwiz emy ywin oagoapramananyvl mymxin. FPGA Kyam mymulHysl 0Ipoetl Hcymblc HcyKmemeci
6ap GPU-ée kapazanoa memen. Byn cebenmep FPGA-uvt CNN wibleapbliblmblHbly (a3acein Jcyzece
acvipyza Konaiinol emedi. Onap GPU ywin canvicmulpmaisl wbl2blc OHIMOILIZIH KAMMAMACHL3 eme andobl
JICoHE NOPMAMUGMI KYPbLISLLIAP VULl 0me Manbi30bl OO1bIN MAOLLIAMbIH MOMEH Kyam mYMulHybIHa KOl
arcemxize anaovi. CNN-0iy FPGA-2a wibi2y kezenin muimoi scy3ece acolpy YiliH KYPolIbiM HCOapbl NApai-
qenuzmee ue 6oyvl Kepex, an naudaiaHblIamvli ANNapammslK, pecypcmap atmar nen Kyam mymuiiyobl
azaumy ywin asaiumoliyvl kepek. Helponowix scenini naiioanany 6apuicelnoa KOIMeH JICA3bLIaH CaH-
0apovl mamny aneopummi scyseze acvipvliadvl. Hellponovlx scenini namenmmenzen deneetioe icke acvlpy
YWiH apHativl caynem Heacanaosl. KyMulc HeaHe Kyam mymulHy Kesinoezi oHimoinik npoyeccop men GPU
OHIMOLNIZIMEH CAbICMbIPLLIAObL.

Tyitin co30ep: FPGA, nelipoHObIK diceli, MAUWUHAIbIK OKbINLY, CIVIem, Hcao.

A. A. MUKHANBET, E. S. NURAKHOYV, B. S. DARIBAYEV
Al-Farabi Kazakh National University, Almaty, Kazakhstan

IMPLEMENTATION OF A NUMBER RECOGNITION ALGORITHM
BUILT USING A NEURAL NETWORK ON THE BASYS3 FPGA PANEL

In recent years, some field programmable valve arrays (FPGAs) based on CNN release phase
accelerators have been introduced. FPGA is widely used in portable devices. They can be programmed



96 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

to achieve higher concurrency and provide better performance. The power consumption of the FPGA is
lower than that of GPUs with the same workload. These reasons make the FPGA suitable for implementing
the CNN release phase. They can provide relative output performance for GPUs and achieve low power
consumption, which is very important for portable devices. To effectively implement the CNN output
phase on the FPGA, the design should have high parallelism, and the hardware resources used should be
minimized to reduce the area and power consumption. In the process of working with the help of a neural
network, an algorithm for recognizing handwritten numbers is implemented. A special architecture is
being created to implement a neural network at the appatent level. The performance during operation and
power consumption is comparable to the performance of the processor and the GPU.
Keywords: FPGA, neural network, machine learning, architecture, memory.
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CEHTUMEHT-AHAJIA3 OT3BIBOB IOJIB30OBATEJIEN B ®ENCBYKE:
CPABHEHUME BUBJIMOTEK TEXTBLOB 1 DOSTOEVSKY

B oannoii cmamve paccmampusaemcs paboma 08yx 6ubruomex Python TextBlob u Dostoevsky ons
onpeoesenus MOHANbHOCMU coodujeHull Ha pycckom azvike. bubnuomexa TextBlob nanpsmyio ne noooep-
Jrcusaem CeHMUMeHm-aHaiu3 MeKcmos Ha PycCKOM A3bIKe, HO 001a0aen G03MONICHOCbIO nepedasams
makue mekcmul Ha 6x00 nepeeooduxy Google Translate, umobvl 3amem oyeHu8amv NONAPHOCHb IMUX
MEKCMO8 HA OCHOBE CHOPMUPOBAHHBIX AHSTUICKUX Nepeso00s. Bmopas bubiuomexa Dostoevsky cozoana
CReYuUanbHO Ol CEHMUMEHM-AHANU3A MEKCIMO8 Ha PYCCKOM A3bIKe U 00yUeHa Ha KpYRHeUweM PYCCKOA3bIt-
HoM cenmumenm-xopnyce RuSentiment, komopbwiii cooepoicum donee 30 muicsiy AHHOMUPOBAHHBIX BPYUHYIO
coobwenuil. Jlna cpasHenus yKazannvlx Oubnuomex ¢ OaHHOU Cmamve UCNnOoNb3VIOMCs peaibHble Om3blbl
arcumeneti copooa Hyp-Cynman o kauecmee dicusnu 8 cmonuye, 8 mom yucie o 0esmenbHOCIU 20POOCKUX
CYHCO U HCUTULYHO-KOMMYHATILHO20 CeKmopd, pabome o0bekmos cghepbl obCayxcusanus, 0Opazo8anus,
30paBOOXpaHEHUs, KYIbnypbl U m. 0., OnyonuKosanHvle 6 oowedocmynnuix epynnax eticoyka. Pesyivma-
mbl NPOBEOEHHO20 CeHMUMEHM-AHANU3A OYEHUBAIOMCS ¢ NOMOWbIO OOUJeNPUHAMBIX MEMPUK MOYHOCNIU,
nonHomul u F-mepvl u demoncmpupyrom Hesnauumenvroe npesocxoocmeo bubnuomexu Dostoevsky.

Knrouegvte cnosa: cenmumenm-ananu3, 0opabomra ecmecmeeHHo20 ;A3bIKA, AHATU3 COYUATLHBIX Ce-
metl, YMHblL 20p00.

BBenenue. CeHTHMEHT-aHaMN3 (aHATN3 HACTPOCHUH ) M M3BIICUEHIE MHEHUH — 3TO JIBE
aKTUBHO Pa3BUBAIOIIMECS OTPACIH 00pPaOOTKH €CTECTBEHHOTO S3bIKa, KOTOPHIE M3ydYaloT
npoOeMbl aBTOMaTHYECKOT0 aHaJIN3a OOIIECTBEHHOTO MHEHHUS B MaciuTabe OONbIINX JaH-
HbIX. Kak mpaBuiio, 3T oTpaciu OPHEHTHPYIOTCS Ha COLMANbHbIE CETH KaK OCHOBHOM HC-
TOYHHUK JIAHHBIX JUTS aHATM3a, HO TAaKXKe MOTYT U3BJICKATh TPEH bl OOIECTBEHHOTO MHEHHUS
13 HOBOCTEH, BBICTYIJICHUM MOJTUTUKOB, CAUTOB ITHTEPHET-TOPTOBJIM U CAUTOB PEKOMEH/1a-
ruii. CyImecTByeT ONpeie]IeHHOE pa3indue MEXITy CEHTUMEHT-aHAJIN30M U U3BIICYCHUEM
MHeHuH. Metoas! uzBnedenust MueHuid (Opinion Mining) BBISIBISIOT MHEHHE JIIOACH O TeX
WIN WHBIX CYIIHOCTSX (TOBapax, yCiIyrax, COOBITHSX, IEPCOHAIUSAX U OpraHU3alMsiX), B
TO BpeMsi KaK METOJbl CeHTUMEHT-aHanu3a (Sentiment analysis) BBISBISIFOT HACTPOCHWUS,
BBIpaKeHHBIE B TeKCTE [1-2]. COOTBETCTBEHHO, CCHTUMEHT-aHAIN3 MOKHO PacCMaTpuUBaTh
KaK 3amady KiIacCU(UKAINKA COOOIMEHNH KaKk MUHUMYM TI0 TPEM KJlaccaM: COOOIIEHUS C
MTO3UTHBHON TMOJIIPHOCTHIO, COOOIICHNS C HETaTUBHOW TONSIPHOCTHIO U HEUTpaJbHBIE CO-
obmenus. [Ipy 3TOM TOISIPHOCTh MOXKET OINPENENSIThCA KaK Ha YPOBHE BCETO TEKCTA HITU
MIPEUIOKEHUH, TaK M Ha YPOBHE OT/ICJIbHBIX aCIIEKTOB — XapaKTEPUCTHK CYIIHOCTH, O KOTO-
poii gaercs OT3bIB.

* E-mail xoppecrionnupyromero apropa: yalisha@yandex.kz
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CeHTHMEHT-aHaN3, TPOBOAMMBIN Ha YPOBHE aClEKTOB, WM, KaK €ro elle Ha3bIBaloT,
ACTIeKTHO-OPHEHTHPOBAHHBIM CEHTUMEHT-aHAIIN3, SIBISETCS Hanbosiee BOCTpeOOBaHHBIM B
cdepe MHTEpHET-TOPrOBIM, MAPKETHHTA U TAPTETHHIA, TIOCKOJIBKY MIMEHHO B 9THX cdepax
XapaKTEepHbI OT3BIBBI C PAa3HBIMHU TOJIIPHOCTSAMHU B OJHOM M TOM K€ BbICKa3biBaHUH. Ha-
puUMep, B BBICKAa3bIBAHUH «Kamepa y JaHHOTO Telie()OHA OTIMYHAs, a BOT 3BYK OCTaBJISIET
JKEJIaTh JIy4Ilero» BCTPEYAlOTCs cpa3y 00e MOISAPHOCTH — MMO3UTUBHAS [0 OTHOLICHHUIO K
aCTIeKTy «KaMepay» M HeraTWBHasl 10 OTHOILEHHIO K acTeKTy «3BYK». B aTOoM ciydae cxema
CEHTUMEHT-aHaJIN3a YCIOXKHACTCS, K 3a7a4ye ONpelesIeH s MOJIIPHOCTH JO0aBisieTcs 3a-
Jlaya U3BJICUEHUS CYIITHOCTH U €€ acleKTOB.

CeHTHMEHT-aHaJIN3 Ha yPOBHE BCETO TEKCTA MITH €r0 OTJCIbHBIX NPEATI0KEH I B OCHOB-
HOM TIPUMEHSIETCS JJIsl U3MEpeHHs 00IIECTBEHHOTO MHEHHUSI, JJIsi MOHUTOPHUHTA COLHAIIb-
HBIX CETEH, JUIS OLEHKH YAOBJIETBOPEHHOCTH I'pakJaH WM MOTpeOuTeNell OKa3bIBAeMbIM
ypOBHEM yciyr. B naHHoit paboTe MBI HcciieyeM TEXHOJIOTHMH CEHTHMEHT-aHaIu3a UMEHHO
3TOro BTOpOro Tuna. Mel H3MepsieM yoBlIeTBOpeHHOCTh xkuteneil u rocreit Hyp-Cynrana
KaueCTBOM YKM3HU B CTOJIHMIIC MOCPEICTBOM CEHTHMEHT-aHajlu3a COOOIIEHHH B COOTBET-
CTBYIOILIUX OTKPBITHIX rpynmnax deiicOyka. g peanuzanuu 3Toi 3a1a4uu Mbl UCTIONB3YyEM
nBe coBpemeHHble OnbOnmorexu Python TextBlob u Dostoevsky u cpaBHHBaeM HX MEKIY
co0oH.

MeTtonsl n marepuaJibl. [lomyueHue 0T36IBOB NOJIB30BATENECH MbI BBIIIOJIHAEM IIyTEM
CKparuHra cooOlIeHUH B 3aJlaHHbIX rpymnnax dDeiicOyka ¢ UCIOIb30BaHHEM OMOIHOTEKH
Selenium [4]. UtoObI BOCTIONB30BaThCsI 3TOM OUOIMOTEKON, HEOOXOAMMO CHavYala yCTaHO-
BuTh ChromeDriver wiun npyroii apaiiBep, KOTOpBIi OTBEYaeT 3a MPOrpPaMMHOE yIpaBiie-
HUe Opay3epoM, a 3aTeM HaCTPOUTH JIOCTYII, YTOObI OCYILECTBIISITH HABUTALMIO B Opay3epe,
JICHCTBYs Kak yesioBek. Beero ¢ momortsio oubdnnoreku Selenium mbl u3Bieksu 100 mocto
B rpymmnax, nocesieHHsix ropoay Hyp-Cynrany, u 6onee 1000 koMMeHTapueB MOIb30Ba-
Tenel K ATUM moctam. [lomydeHHbie naHHbIe Mbl 3arpy3wiu B cpeny Google Colab, Ha
pucyHke 1 moka3zaH pparaMeHT jaTacera ¢ MOJTy4YeHHBIMH JaHHBIMH.

ive already mounted at /content/gdrive; to attempt to forci

id Text

1 10@ nowagei u 1880 bapaHoe GeliM KynneHsl 3a c4E... 1

3aMeTHn o4YeéHb MHOro MO... -1

MoAnoNKOBHWK ABMKEH NUWANCA NOCTa HadaneHuka ... -1
AT-BAHOMT Hepgenw Hazag, 4Tobel ONNaTUTE K... -1
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Kak oTrmeuanocs Bbllle, B Ka4eCTBE HHCTPYMEHTOB CEHTHMEHT-aHaJIi3a BICKA3bIBAHUH
TTOJIB30BaTENICH MBI UCIIOB30BAJH IBE KOHKYPHPYIOITHEe ONOINOTeKH si3b1ka Python:

1) oubnmoreky TextBlob [5], ocHoBanHyr0 Ha makete NLTK u cioBape cioB ¢ pazme-
YEHHOM MOJISIPHOCTHIO;

2) oubmmoreky Dostoevsky, 00yueHHYIO Ha pyCCKOM KOpIyce 00pa3IioB BICKa3bIBAaHUI
C pa3MEUeHHOH MOJSPHOCTHIO [6].

bubnmnoreka TextBlob He BHIMONHIET CEHTUMEHT-aHAIN3 BBICKa3bIBAHUN Ha PYCCKOM
SI3BIKE, HO 3aTO TOAJEPKUBACT (QYHKITUIO WX TIEpPEeBOAa Ha aHTIMUCKHUH S3BIK. TakuM 00-
pas3oMm, Ul U3MEPEHUs! OISIPHOCTH MCIONB3YIOTCA HE OPUTMHABHBIE TEKCTHI, a UX Hepe-
BoJbl. Ha pucyHke 2 mpencrapieH parMeHT HCXOAHOTO JlaTaceTa, K KOTOPOMY OBUI MpH-
COCIMHEH CTOJIOCTI, COIepKaIInid IEPEBOIBI HA aHTITHUCKUHN S3BIK.

TextEn
The Seilkhanov family bought 188 horses and 1@...
Walked with the child in the morning. I notice...
Lieutenant Colonel Abiken lost the post of hea...
ATM-BANDIT A week ago, in order to pay for the...
Good day! Are there hunters and fishermen here...
Who came up with such moronic rules ?? Receivi...
There are many such cars in the city, and they...
A section of a traffic intersection at the int...
A new public space is being improved in Nur-Su...
In Nur-Sultan, more than 200 volunteers help t...

bt
=

W0~ B WM =@
WO A WwNPRE

[y
s+

16 11 The owner of a unique voice, the outstanding K...
11 12 Before and after: How the capital has changed

12 13 International tournament in memory of Denis Te...
13 14 A patriotic action “Meni? tuym! “In honor of t...
14 15 ... Yandex taxi, do you somehow control the driver..
15 16 ... About the harmfulness of disposable cups
16 17 ... Kazakhstan is an oil-producing country with hu...
17 18 ... Dear Astana residents, be careful, look not on...
18 19 ... Nothing new, again I am writing about an old p...
19 20 ... There will be a second city beach here.

Pucynox 2 — ®parmeHT jatTaceTa ¢ OT3bIBAMH U KOMMEHTAPHSIMH MOJIb30BaTENeH,
a TaKKe C MPUCOCTUHECHHBIM CTOJIOIIOM UX MEPEBOIOB

Ananmuzatop TextBlob oreHnBaeT moasspHOCTh M CyOBEKTHUBHOCTH BBHICKA3BIBAHMS.
[MomstpHOCTH OTIEHMBAETCS T10 IIKae OT -1 10 1, oTpuIaTenbHbIe 3HAUCHHS YKa3hIBAIOT
Ha HCTAaTUBHOC HACTPOCHUEC B TCKCTC BBICKA3LIBAHUA, da MOJOXHUTCIIBHBIC YKa3bIBalOT
Ha TO3UTHBHOE HacTpoeHHe. CyObeKTHBHOCTE OIEHHWBAeTCs B amamazoHe or 0 mo 1,
YPOBEHb CYOBEKTHBHOCTH PaBHBIH | OOBIYHO O3HAYAET BHIPAKEHUE JIMYHOTO MHEHUS
unu sMonuii. Ananuzatop TextBlob neiicTByeT Ha OCHOBE MpPaBUII U 3apaHee 3aJaHHOTO
JIEKCUKOHA TOHAJbHOCTEH. Eciy B TeKcTe BCTpEHaroTCs Cl0Ba, TOHAITHLHOCTH KOTOPBIX
HEW3BECTHA, TO aHAIM3aTOp MPOIyCKaeT Takue ciioBa. CpaBHUTE 2 MpUMepa Ha PUCYH-
kax 3 u 4.
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° text_blob_ru = TextBlob('CBa3b B 3TOM pailoHe o4YeHb nnoxan')
text_blob_en = text_blob_ru.translate(from_lang='ru', to='en')

print(text_blob_en, '->', text_blob_en.sentiment)
Communication in the area is very poor -> Sentiment(polarity=-0.52, subjectivity=0.78)

Pucynok 3 — IlonspHOCTb BEICKA3bIBAHHS ONPE/ICJICHA BEPHO, T. K. OIIPE/ICIICHHE «IUIOXAs)
SIBJISIETCSI HETaTUBHO OKPAIIEHHBIM M MPUCYTCTBYET B JiekcukoHe TextBlob

text_blob_ru = TextBlob('3aeTpaku B 3TOM OTene Bbille BCAKUX noxsan')
text_blob_en = text_blob_ru.translate(from_lang='ru', to='en')

print(text_blob_en, '->', text_blob_en.sentiment)

Breakfasts at this hotel are beyond praise -»> Sentiment(polarity=0.0, subjectivity=0.@)

Pucynok 4 — I1ossipHOCTS BBICKA3bIBAHMS OIPECICHAa HEBEPHO, T. K. aHau3arop TextBlob
HE CyMeJ pacro3HaTh CII0XKHOE OMPEACTICHUE «BBIIIE BCSIKMX TTOXBAID»

MBI BBIIIOJIHIIM CEHTUMEHT-aHaIN3 BBICKAa3bIBaHUH ¢ oMoIbio TextBlob u BeiBenn Ha
9KpaH 5 caMbIX MO3UTHUBHBIX U 5 CaMbIX HETaTHBHBIM BBICKA3bIBAaHUM (CM. puCyHOK 5). Hu
OJIHO U3 BBICKA3bIBAHUI HE MOJYYHIIO MAKCUMAJIbHOW OLIEHKHA HU B TIOJIOKUTEIHHOM, HU B
OTpPUIIATEIILHOM HalpaBJICHUU.

id Text ... BlobPolarity Pred
76 «Mup Kepamuku» Ha bapaeBa - He peKOMeHAyW HWKO... ... -0.800000 -1.0
72 04eHb OMacHulii NOBOPOT TYT, U AeTW XOOAT 4Yepes ... ... -9.780000 -1.0
21 XupenTaesa 13,B0 ABope ropka cTouT, akumaT ybe... ... -0.600000 -1.0
31 Korpa yxe peuwutca npobnema 61 mapwpyTa?!sTo xe... ... -0.441667 -1.0
86 0OnATb MonoAoW napeHb He CNpaBWICA C yhnpasBieHWe... ... -0.300000 -1.0
11 O6napaTene YHUKaNeHOro ronoca, Bblaawwuica kKasa... 0.437500 1.0
93 KapTowe4ka no 95 Tr 3a Kr\nBeirNAQUT XOpoWo W M... 0.450000 1.0
83 Bcem 3gpascTByiiTe! MoackaxuTe noxanyicTa xopouw... ©.450000 1.0
45 Jobpoe yTpo cTpaHa... ©.700000 1.0
66 [obpbmM? geHb! B3Anu BYepa Ha BbHOC 2 nuuusl ¢ @... ©.750000 1.0

Pucynok 5 — I1aTh caMbIX TIO3UTHBHBIX (CBEPXY) M CaMbIX HEraTHBHBIX (CHHU3Y)
BbICKa3bIBaHMH cortacHo TextBlob

B otnrume ot 6ubnuotexu TextBlob, 6ubnuorexa Dostoevsky ocHoBana Ha MaIIMHHOM
oOyuenuu. [y oOyuenus ananuzaropa Dostoevsky Obu ncnonb3o0Ban KpynHEHIINA pyc-
CKOSI3BIYHBIN CeHTUMEHT-Kopiyc RuSentiment [], conepskarmii 6osee 30 ThICSIY aHHOTHPO-
BaHHBIX BPYUHYIO cOOOLIeHNI. MBI TaKKe BBIMOJIHWIA CEHTUMEHT-aHaIU3 BHICKa3bIBAaHUN
¢ noMo1pio Dostoevsky 1 BbIBeM Ha 3KpaH 5 caMbIX O3UTHBHBIX U 5 CaMbIX HETaTHBHBIN
BBICKa3bIBaHUH (CM. PUCYHOK 0).
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Texy vusLruLdiriLy Frreu

79 ¥Yn. Tonebu, Bbiesn Ha yn.CeraHak, Ao KoHua roja... -9.822199 -1.0
94 AkumaT BooBlWe He paboTaeT ..3a4em HaMm akumaT ec... -0.760661 -1.0
68 BoT akumaT ropofa pOBHO TaK Xe Kak W rpaxgaHbl ... -0.629785 -1.0
41 BaHpanel Ha ropoAckom Knanbuue coecem cTpax MnoT... -0.622469 -1.0
30 Korpa yxe pewuTtca npobnema 61 mapwpyTa?!aTo xe... -0.592677 -1.0
27 Mecsauy Hasan c akummom paWoHa "AnmaTtel" Bekmypsae... ©.000000 0.0
26 MecAYHMK OCBEAOMNEHHOCTW O pake MONIOYHOW Xenes... ©.000000 0.0
99 bes3obpasve B EBpasuu. Boobuwe He nposepsawT QR H... ©.000000 0.0
76 MHe ToxXe He o4YeHb MoHpaBWnock obcnyxwsaHue, oc... 0.327678 1.0
74 A MHe HpaBuTCA. Bce xe nydwe, 4Yyem maTepHble cno... 0.665421 1.0

Pucynok 6 — I1aTb caMbIX IO3UTHBHBIX (CBEPXY) M CAMbIX HET'aTHBHBIX (CHHU3Y)
BbICKa3bIBaHMH cortacHo Dostoevsky

Pesyabrarel W HX oOcy:xkaeHue. J[ns mpoBepkH KadecTBa pPabOTBI CEHTUMEHT-
QHAJIM3aTOPOB MBI BPYYHYIO pa3MeTmiu nossipaocth 100 BeIcka3bIBaHuii (-1 — HeraTHBHBIC,
0 — HeliTpanpHble, | — MO3UTHBHBIE), a 3aTEeM CPABHHIM C OIIEHKaMH, NPEACKAa3aHHBIMH
obeumu mopensimu: TextBlob u Dostoevsky. Marpuiipl ommOok 3THX MojeNnel mpeicTas-
JICHbI HA PUCYHKaX 7—8 COOTBETCTBEHHO. 3aT€M Ha OCHOBE ATUX MaTPHL ObIIIM PACCUUTAHBI
TOYHOCTb, TTOJTHOTA U F1-Mepa 1 KaXka0ro u3 MeTooB (cM. Tadmuiy 1).

TextBlob Confusions

- 12
©
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-10
- - 1 1 8 "
1 0 1
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Pucynox 7 — Marpuiia ommOOK CEeHTUMEHT-aHan3a ocpeactsom TextBlob



102 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

Dostoevsky Confusions
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Pucynok 8 — Marpuna ommO0K ceHTUMEHT-aHanu3a nocpeactsom Dostoevsky

Tabnuya 1 — CpaBHEHHE TOYHOCTH, TIOJHOTHI U F1-MeprI, OnpeaeNIeHHBIX C TOMOIIBI0
o6ubmmorek TextBlob u Dostoevsky, s Bcex Tpex KiIaccoB BRICKa3bIBAHIH

TextBlob Dostoevsky
Pr Re F1 Pr Re F1
Negative (-1) 0.79 0.34 0.47 0.95 0.31 0.47
Neutral (0) 0.24 0.16 0.19 0.32 1.00 0.49
Positive (1) 0.15 0.80 0.25 0.50 0.10 0.17

AHanu3 pes3yabTaToB, MPHUBEICHHBIX B TaOmuie 1, MOKa3bIBAET, YTO Ul HETaTHBHBIX
BBICKa3bIBaHUi OnOIHoTeka Dostoevsky nmaer Oosee TOUHBIE PE3yJbTaThl, HO TPH 3TOM
JKEPTBYET ITOJIHOTOM, B TO BpeMs kak OmbOimoreka TextBlob maer Gosblryro MONTHOTY, HO
IIPY STOM 3aXBaTHIBACT JINITHUE BBICKA3BIBAHMS, T. €. )KEPTBYET TOYHOCTHIO. Ha mo3utus-
HBIX BBICKa3bIBAHHSX PE3YJIBTATHI FOpa3/io XyXke, HO TaKkKe HaOII0IaeTcs IePEeKoC B CTOPO-
Hy TOYHOCTH y Onbmuorekn Dostoevsky, u B cropoHy nomHOTH y Onbmuorexkn TextBlob.
UYro KacaeTcsi HEUTPaIbHBIX BHICKA3bIBAHUH, K HUM TaK)Ke OTHECCHBI M BHICKAa3bIBAHHMS, IS
KOTOPBIX TOHAJIBHOCTH 0Ka3aJI0Ch HEBO3MOXKHBIM OTIPE/ICIHNTH, TTOATOMY OILICHUThH KaueCTBO
M3MEpEHUs HeUTPAIBbHBIX BHICKa3bIBaHHH HE MPEACTABISICTCS BO3MOXKHBIM.

3axntouenue. Counansusie cetu (Twitter, Facebook u Instagram) cramu Takumu xe
TIOJTHOLICHHBIMH MCTOYHUKaMHU MH(OPMAIINH, KaK U IU(PPOBBIC JTaTYUKH U CHCTEMBI, TCHE-
pUpYIOIIHE TaHHBIE B YMHBIX TOPO/IaX B pKUME peanbHOro BpemeHH. B [8] moms3oBarerneit
COIMAJIbHBIX CETeH CPaBHUBAIOT C COIMAIBHBIMH JaTYMKaMH, KOTOPbIE MEepeIaroT 00Jb-
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M€ U CJIOXKHBIC HAOOPBI TAaHHBIX C IEJIbI0 MOIICPKKHU Mpoliecca MPUHATHS pemeHuit. 1
JUTSL TOTO, YTOOBI ATH JTaHHbBIC MPEBPATIIIMCH B LIEHHYIO HHPOPMAIHIO, HEOOXOIUMYIO IS
YIPaBJICHHS B CAMBIX Pa3HbIX cepax yMHBIX TOPOJIOB, BKJIFOUYAsl TPAHCIIOPT, MOTPeOICHNE
SHEPI'HH, MOHUTOPUHI OKPYXKAIOIICH CPEebl, JKUIHUITHOE XO3SHUCTBO U T. JI., OHU JIOJIKHBI
ObITb 00pa0OTaHbI U MPABUILHO HHTEPIPETHPOBAHBI.

B aT01i paboTe MBI HcCeNOBaIM, KaK JaHHbBIC COIMAlIbHON ceTh DeiicOyk MOTyT uc-
MOJIb30BATHCS JIJISl U3MEPEHHS O0IIECTBEHHBIX HACTPOSHU . MBI OLIEHWIIN TOYHOCTD U I10JI-
HOTY OIPEJICIICHUS TOJSIPHOCTH B BHICKA3bIBAHHSIX TOPOXKAH B COIUAIBHBIX CETAX C IIOMO-
b0 0a30BbIX OMOIMOTEK Python, U mpUIIUIK K BBIBOAY, YTO 3TH TEXHOJIOTHU HEJIOCTATOYHO
TOYHBI ISl TOTO, YTOOBI HH(OPMAIIUs, IOTYUYCHHAS HA KX OCHOBE, MOIJIA UCIIOJb30BAThCS
JUTSI TIOAICPKKH TIPUHATHS pelieHui. B Hammx Oyaynmx paboTax Mbl IJIAHUPYEM HUCCIIe-
JIOBaTh HOBBIC TEXHOJIOTUM CCHTHMEHT-aHajM3a, BKJIOUAs aCHeKTHO-OPUEHTUPOBAHHBIN
CEHTUMEHT-aHaJIU3 U TeMaTHYECKOE MOJICIIMPOBAHUE.

Baaromapuoctu. Pabora nojiepkana rpantom I111d BR10965311 «Pa3paboTka uH-
TEJUIEKTYaJIbHBIX MH()OPMAIMOHHO-TEIICKOMMYHHUKAIIMOHHBIX CHCTEM JJIsi TOPOJICKOM HH-
(pacTpyKTyphI: TPAHCIIOPT, PKOJIOT U, SJHEPIrETHKA U aHAJUTHKA JJAHHBIX B KOHIICNITE Smart
City».
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FACEBOOK-1a ITAVJIAJTAHY HIBLITA PIGIH IIIKIPJIEPTHIH,
CEHTUMEHT-TAJIIAYbI: TEXTBLOB )KOHE
DOSTOEVSKY KITAIIXAHAJIAPBIH CAJIBICTBIPY

bByn maxana exi Python ximanxanaceinwiy TextBlob owcone [ocmoesckuiioiy opwic mininoeei
niKipnepoiy Ce3iMiH aHbLIKMAY2d APHANRAH HCYMbICHIH Kapacmuipaosl. TextBlob ximanxawacwel opuic
mininde2i MomiHOEepOiy ce3iMOIK MandayblHa mikenei Konoay Kkepcemnetioi, 6ipax Heacanean aebliublH
mininoezi ayoapmanap He2iziHoe 0Cbl MOMIHOEPOiH NONAPIbIZbIH OALANAY YiH MYHOa! MomiHOepdi Google
Translate ayoapmawvicoinwiy eneizyine sxcibepy Mymxinoiei 6ap. Jocmoesckutioiy exinui Kimanxanacol
opbic miniHoe2i MamiHOepOiy ce3iMOIK mandaysl YwiH apHailbl Kypbli2aH dcane 30 mulyHaH acmam
KOIMEH AHHOMAYUSIAHEAH Xabapramanapovl KamMmumylH ey YiaKkeH opbic mindi RuSentiment cesim kopny-
cbinoa oxbimuliadsl. Ocwl Kimanxananapowl canvicmulpy yuin oyn maxanaoa Hyp-Cynman Kanacvinoiy
MYPELIHOAPBIHLIY €IOPOANBIY OMIP CYPY CANAChl, OHbIY Twinoe KANATbIK KblaMemmep MeH MYpeblt yi-
KOMMYHANObIK CEKMOPObIY Kbi3Memi, Kbl3Men KOpPCeny HblCAHOAPbIHbIH JHCYMbLCHL, OLiM Oepy, Ko2amOblK
Facebook monmapwinoa sicapusnianean 0encaynvix cakmay, maoenuem gcone m.o. JKypeizineen Koyin-
Kyuoi manoay Hamudicenepi sHcainvl KabbliOaH2aH 010IK, MOIbIKMbIK dHcaHe F-omuey kepcemxiuimepi
apkwLabl 6azananadsl KHcane JJocmoesckuil KimanxauacblHbly WAMAIbl APMbIKUbLILIZbIH KOPCemeOl.

Tyiiin ce30ep: cenmumenm-manoay, madbuzu mindi eyoey, aneymemmix meoua mandaysl, axKbliobl
Kana.
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SENTIMENT ANALYSIS OF USERS REVIEWS IN FACEBOOK:
COMPARISON OF TEXTBLOB AND DOSTOEVSKY LIBRARIES

This article examines the work of two Python libraries TextBlob and Dostoevsky for determining the
sentiment of reviews in Russian. The TextBlob library does not directly provide sentiment analysis of texts
in Russian, but it has the ability to transfer such texts to the input of the Google Translate translator, in
order to then evaluate the polarity of these texts based on the generated English translations. The second
Dostoevsky library was created specifically for sentiment analysis of texts in Russian and is trained on the
largest Russian-language sentiment corpus RuSentiment, which contains more than 30 thousand manually
annotated messages. To compare these libraries, this article uses real feedback from residents of the city
of Nur-Sultan about the quality of life in the capital, including about the activities of city services and the
housing and communal sector, the work of service facilities, education, health care, culture, etc., posted on
public Facebook groups. The results of the sentiment analysis carried out are evaluated using generally
accepted metrics of accuracy, completeness and F-measure and demonstrate a slight superiority of the
Dostoevsky library.

Keywords: sentiment analysis, natural language processing, social media analysis, smart city.
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ON STABILITY OF DISTRIBUTIONS OF WHATSAPP
TRAFFIC CHARACTERISTICS

This paper deals with the main methods of traffic classification and describes the functional scheme
of a test bench and the test procedure. It provides the results of verifying the hypothesis about the stability
of distributions of WhatsApp traffic characteristics. The delivered test results in this paper emphasize the
influence of certain traffic characteristics on the final traffic distribution form. In addition, the comparison
of the results obtained for the entire set of tests and the results received for individual test sets reveals the
absence of other critical traffic characteristics significantly influencing the distribution form concluding in
the need for further research. The paper concludes that the stability pattern of distributions of WhatsApp
traffic characteristics can be obtained and visualized after more critical traffic characteristics are revealed
and processed in similar tests. This paper stands as a pioneer research in assessing the traffic analysis and
implementing the results in applied science.

Keywords: traffic classification, traffic analysis, WhatsApp messaging app.

Network traffic classification is one of the critical tasks for the communication and
Internet service providers, as they need to know the structure of the traffic passing through
their networks.

Traffic classification plays a significant role in ensuring network security, timely
detection of intrusion attempts, and quality of service management.

Identifying the traffic and the applications that generate it allows the service providers
to differentiate the billing policy, manage the bandwidth, and provide flexible traffic
prioritization.

There are many papers devoted to the issue of traffic classification using various methods
[1-12].

There are two main approaches to traffic classification:

1. Payload-based classification.

2. Classification based on the statistical analysis of traffic probability characteristics.

* E-mail koppecnioraupyromiero apropa: e-mail: shingissov(@gmail.com
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The first method — payload-based — can be further divided into a general and advanced
payload analysis.

The general payload analysis is based on the information contained in the IP header;
normally, the following information is analyzed:

IP addresses, port numbers, and protocols.

This classification method has its limitations because not all applications have officially
fixed transport layer port numbers, and some applications use ports that were intended for
other applications. In addition, this method is not applicable to the encrypted or tunneled
traffic.

The advanced payload analysis relies on deep packet inspection (DPI), which is based
on the signature analysis. Signatures are unique patterns that are predefined for each known
application.

The signature analysis involves various methods, such as:

e Pattern analysis, which means searching for a known fixed combination of bytes,
symbols, strings inherent to this application.

e Numeric analysis, which includes the determination of packets’ numerical
characteristics, such as payload size, number of response packets, bit shift, and so
on.

e Behavior analysis, which is based on the traffic behavior of the traffic of the
initialized application, on a certain packet exchange sequence, packet size, number
of opened sessions, etc.

The disadvantage of the payload-based classification method is its high implementation
cost because it requires high-performance and high-speed computers and highly qualified
personnel. In addition, as new applications and modifications of existing ones continue
to appear, new signatures and patterns should be constantly developed and the existing
databases should be regularly updated.

The second traffic classification method is based on the analysis of statistical traffic
characteristics, namely:

e Characteristics of packets in a flow (packet-based)

e Characteristics of a flow in general (flow-based)

o Characteristics of flows coming from one host in the network (host-based)

e Characteristics of directed graphs of flows (graph-based)

Both methods are based on the research data, according to which network traffic has
different probability characteristics that are unique to certain classes of applications, which
makes it possible to identify different source applications [11].

Earlier studies [13-21] suggest that some user applications, instant messengers, in
particular, show stable (unique) distributions of some probability characteristics of the
traffic they generate.

To verify the proposed hypothesis, we created a test bench according to the functional
scheme shown in Figure 1.

The WhatsApp messaging app was chosen as the test application. The choice was driven
by the wide use of this messaging app: today, WhatsApp users amount to over 1 billion
people in more than 180 countries. In 2018, the daily number of active users exceeded
450 million. The app is available both for smartphones running Android, i0S, or Windows
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Phone operating systems, and for computers running Windows or MacO; there is also a
web-based version of the app for Linux/Unix operating systems.

Q—*

Server
E
s
ol @
Wi-Fi Access X Switch
Smarphone Point Internet

Figure 1 — Test bench scheme

A smartphone connects to the Internet via a Wi-Fi wireless access point and a switch.

The traffic passing through one of the switch ports was mirrored to a server. This allowed
us to use tcpdump for writing traffic dump to a file.

An Android-based smartphone with WhatsApp 2.19.274 installed was the traffic source.
The Android operating system has an advantage over iOS, which does not allow clearing the
memory and cache of some apps.

Thus, selecting Android OS, which has the above features, allowed us to conduct each
test under the same conditions.

To simulate the other communication party, we used another smartphone connected to
the Internet outside the test zone.

Each test started with bringing the test smartphone to its default state.

The default state was as follows: mobile data is off, Wi-Fi is off, no third-party apps are
initialized, memory and cache are cleared.

The traffic generated by WhatsApp was studied in two modes: chat mode and file
transfer mode.

In the chat mode, three messages were sent from the test smartphone one after another:
"Hello", "How are you", "What are you doing; the chat screenshot is shown in Figure 2.

In the file transfer mode, a 1 MB file was sent.

The chat mode tests followed the below procedure:

Bring the test equipment to its default state.

Enable writing of the mirrored traffic on the server using tcpdump.

Enable a Wi-Fi connection on the test smartphone and connect to an access point.
Start the WhatsApp app.

Selecting a contact in the chat list.

Type and send "Hello".

Type and send "How are you".
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How are you?

What are you doing?
Hello

How are you?

What are you doing?
Hello

How are you?

What are you doing?

NaSy
» m °

Figure 2 — Chat window

e Type and send "What are you doing".

e Note the check mark indicating that all three messages have been delivered.

e Close the WhatsApp app.

e C(Clear cache and memory.

e Disconnect from the Wi-Fi network -> default state.

e Stop tcpdump.
In the file transfer mode, the following procedure was used:

e Bring the test equipment to its default state.

e Enable writing of the mirrored traffic on the server using tcpdump.

e Enable a Wi-Fi connection on the test smartphone and connect to an access point.

e Start the WhatsApp.

e Selecting a contact in the chat list.

e Send a file.

e Note the check mark indicating that the file has been delivered.

e Close the WhatsApp app.

e Disconnect from the Wi-Fi network.

e Stop tcpdump.

e Connect to another Wi-Fi network with access to the Internet.

e Open the WhatsApp app.

e Delete the file from the chat for both conversation participants.

e Close the WhatsApp app.
To minimize the influence of random factors, the tests were performed on different days

of the week and at different times of the day. In total, we performed six sets of tests and
analyzed them both individually and collectively.
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The first step in processing the test data was to identify the traffic directly related to
WhatsApp among all the traffic flows. To do this, we used Wireshark, a traffic analyzer that,
among other things, allows filtering the traffic based on the specified parameters.

To isolate the flows generated by WhatsApp, we used the following filter: "ip.
address==<WhatsApp [P-address>". In addition, we further checked that we had correctly
selected the traffic flow related to WhatsApp by analyzing the responses to DNS queries
for the WhatsApp domain name. The IP address in the DNS response should have been the
same as the IP address used for filtering the traffic.

After the filtering and DNS-based validation, the filtered traffic was exported to a CSV
file and then processed using Microsoft Excel.

Processing the test data was aimed at verifying the hypothesis about the stability of
distributions of such WhatsApp traffic parameters as the packet intervals and the packet
length. Given that specific values of these parameters appear randomly, we are dealing with
a probability distribution.

We treated the data obtained in similar tests as samples taken from a general set and
drew corresponding histograms.

For the histograms of packet intervals in the chat mode, we selected bins with a 5 ms
increment. Then we divided the entire range of possible values of packet intervals into
31 bins, for which we calculated how often the corresponding values occur and drew the
histograms. Figure 3 shows an example of such a histogram.

We also drew histograms for packet length values, with a 10-byte increment for the bins
of possible values. Figure 4 shows an example of such a histogram.

1 6 0% 0% 0% Q% 0% 0% 0% cmn:m 0% Qo 0%

(S50 (S055] (S560) (S065) (SST0] (DTS (TSA0| (BOAS] GASHO] (SO (9500 [100-D08H 305 100H(N10- 11S]) LES- 120 120125| LIS LACR 105 13NN 135 1801 LA0- 1AS]1 1451500
Bins.
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Figure 3 — Example of a histogram for packet intervals in the chat mode
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Figure 4 — Example of a histogram for packet lengths in the chat mode
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Similar calculations were made for the file transfer mode. Figures 5 and 6 show examples
of packet interval and packet length histograms for the file transfer mode.

1% 1% 0% 0% 0% 0% O% 0% 0% 0% 0% 0% O0% 0% 0% 0% 0% 0% 0% 0% 0%
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Figure 5 — Example of a histogram for packet intervals in the file transfer mode
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Figure 6 — Example of a histogram for packet lengths in the file transfer mode.

Similar histograms were drawn for each test.

To verify the proposed hypothesis about the stability of distributions, it is essential to
confirm that distributions of the obtained samples are uniform.

For this purpose, we used one of the goodness-of-fit tests, namely, the Wilcoxon signed-
rank test. We checked the distributions’ uniformity both for samples obtained in the chat
mode and those obtained in the file transfer mode, with tests performed separately for the
packet intervals and the packet length in each mode. The significance level was assumed to
be 0.05.

Let’s consider the adopted analysis procedure based on the example of packet intervals
in the chat mode.

The random pairwise analysis of the corresponding samples to check if they pass
the Wilcoxon signed-rank test did not allow us to confirm that the tested distributions
were uniform, but it showed that a large number of samples lean towards uniformity of
distributions.

To evaluate how close the distributions are to each other, we compared their two initial
moments. The average value was used to estimate the first initial moment. Figure 7 shows
the range of average values obtained for each sample.
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Packet intervals,ms

S Test number

Figure 7 — Range of average values of packet intervals for the entire set of tests

The average value in this range was 24.186 ms. To compare all values in the above
range, the proximity threshold was set to 15% relative to the calculated average value.
The limit values for the obtained deviation band will be 27.81 ms and 20.56 ms, which are
shown with yellow lines in Figure 8.

If the values of the first initial moments of a sample are within the above limits, we can
consider such samples suitable for the comparison of their second initial moments.
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Figure 8 — 15% deviation band from the average value for the first initial moments.

The values shown in Figure 8 were divided into three subranges:

a) less than the lower limit of the deviation

b) greater than the lower limit and less than the upper limit of the deviation — within the
deviation band

c) greater than the upper limit of the deviation

The results are given in Table 1.



112

Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

Table 1 — Number of values of the first initial moments that fall into the respective subranges

Subrange Number Percentage, %
<20,558 36 18%
20,558-27,814 126 64%
>27,814 34 17%
Total 196 100%

The obtained data show that only 64% of the values are within the deviation band.
Then we drew a graph of the second initial moments for the samples with the above values,
on which the deviation band of 15% of the average value was overlaid — see Figure 9.

W\ /) W}“fﬁ’%\\

and moment

2nd moment Test
et age wabuw of I mormnts

+15%

5%

Figure 9 — Graph of the second initial moments for the packet intervals

This figure demonstrates that 45 samples out of 200 are within the deviation band. Thus,
only 22.5% of samples differ from each other no more than by 15% in terms of their initial
moments’ values.

The above results describe the entire set of tests carried out in the chat mode.

However, the pattern is quite different if we address each of the six sets of tests separately,
not taken as a whole, consider that the tests were conducted at different times.

A similar analysis performed within each set of tests allows us to conclude as follows.
In the first set of tests, 66% of samples fall into the 15% deviation band.

In the second set of tests — 52%.
In the third set — 58%.

In the fourth set — 67%.

In the fifth set — 73%.

In the sixth set —=50%.

The following results were obtained when we analyzed the samples of data for the
packet length distribution in the chat mode.
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The percentage of values of the first and second initial moments within the 15% deviation

band is as follows:

e For all the tests — 38%.
For the first set of tests — 84%.
For the second set of tests — 94%.
For the third set of tests — 78%.
For the fourth set — 99%.
For the fifth set — 79%.
For the sixth set — 70%.
We obtained similar results for the analysis of samples in the file transfer mode.
The results allow us to conclude as follows:

e We cannot fully confirm that the distributions of the samples obtained during the
Wilcoxon signed-rank tests are uniform as expected.

e We observed that the distributions of a large number of samples lean towards
uniformity, which is confirmed by the comparison of estimates of the first two initial
moments for the mentioned samples.

e The packet length distributions in the file transfer mode lean towards uniformity to
the greatest extent.

e The observed difference between the results obtained for the entire set of tests and
the results received for individual test sets indicates that there are still some factors,
which have not yet been identified but influence the test results and, therefore,
require further research.
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WHATSAPP TPAOUT'THIH CUTTIATTAMAJIAPBIH BOJIYAIH
TYPAKTBIJBITBI TYPAJIBI

Maxkanaoa mpapuxmi xcikmeydin Heeizei 20icmepi mAIKbLIAHAObL, CbIHAK CMEHOTHIH (DYHKYUOHANObLK
ouazpammacel MeH mecminey npoyeoypacel cunammangan. WhatsApp mpagueiniy mapany mypaxmuoinvi2sl
Mypansl 2Unome3ansl mexcepy Hamugiceaepi Ycoluvinaovl. byn maxanaoa ycvinvinean mecm namuoicenepi
mpaguxkmiy Ketioip wceke CUNAMMAMALAPLIHBIY OHbIH MAPALYbIHOA MYPAKMbl OUHAMUKAHBIY NAli-
O0a bonyvina eneyni acep Kopcememiniy anvikmaiiovl. ConbiMeHn Kamap, 0apivlk mecm JHCUHASLL YiliH
AnbIHEAH HIMuUOICenep MeH JiceKke Mecm JHCUHARbl YULIH ANblHRAH HIMuicenepoi canbiCmulpy Oapblcull-
0a mpaghuxmiy mapanybli MoavlK mypaKkmanoblpyea cenmicin mueizemin mpa@uxmiy 6acka mMayvl30bl
CUNAMMAMAanNapblHbly JCOKMuleblH Kopcemeoi. Jlemex, dcogapuloa eckepineer aknapam, OYi maxuipbin
Koculmwia 3epmmeyiepdi  Kadcem ememiniy 0in0ipedi. Makanaoa, WhatsApp -movly mpagpurxmix
CUNAMMAMANAPbIHLIY MAPATYbLIHbIY MYPAKMbL 3AHObLIbIRbIH AHBIKMAN OHbL Delinerneli anambvii 0apediceze
Jicemy YuiH mpagukmiy, mapaiyblh moablK mypakmanobipyea eieyii cenmiein mueizemin mpaguxminy
CUNAMMAMANApuly aHbIKMAn, CblHaK O0apbiCbiHOA OHOey Kajcem Oe2eH KopblmblHObL dcacanadvl. byn
Mmakana mpaguxmi mandayovl 6a2anayodesl JcaHe Hamuxicenepoi KonOaHOAIbl bLIbIMEA KOLOAHYOA2bl
aneawiksl 3epmmey 601bln MadwvLIaAobL.

Tyitin ce30ep: mpaguk Kraccupurkayusnay, mpaguxmi manoay, WhatsApp xabap ammacy
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OB YCTOMYUBOCTH PACIIPEIEJEHUM XAPAKTEPUCTHK
TPA®UKA WHATSAPP

B cmamve paccmompenvl ocHosHble Menoodbl Kiaccugurayuyu mpagura, onucanvl GyHKYUOHATbHAS
cxema ucnulmamenvbHo2o cmeHoa u npoyedypa mecmuposanus. Ilpuseoensvl pe3yibimamsl nposepKu u-
nomesvl 0 cmaduILHOCMuU pacnpedenenutl xapaxmepucmux mpaghuxa WhatsApp. Pezynomamuvl mecmu-
Pposanus, npedcmasiennvie 8 Mol Cmamve, NOOUepKUSaom GIusHUe ONPeOeIeHHbIX XapaKmepucmux
mpaguxa Ha Koneunylo popmy pacnpeodenenusi mpagura. Boobasok, cpagnenue pe3ynomanmos, nomyuen-
HObIX OJ151 6Ce20 HAOOPA Mecmog, U pe3yibmamos, NOAY4eHHBIX 0I5l OTOENbHBIX HAOOPO8 Mecnos, NOKA3bl-
6aem HedOCMamorx Opyeux KpUmuieckux Xapakmepucmux mpagura, 3HauumenrsHo Iusiowux Ha Qop-
MY KOHEUH020 pacnpedenenus Oas GblaeleHus cmaoduibho2o nogeoenus. CnedosamenvHo, YROMAHYMOe
8blULe NPUBOOUM K HEOOXOOUMOCMU OANIbHETIUUX UCCIedosanull. B cmambe denaemcst 661600 0 mom, umo
cmabuibHoe nogedenue pacnpedeienus xapakmepucmuk mpaguxa WhatsApp mooicem Ovims noayueHo u
BUZVATUZUPOBAHO 8 MOM CIyYae, Ko20a 6yOym blA6LeHbl U 00pabOmMaHbl MHO2UE KPUMUYHbLE XAPAKMePU-
CMuKU mpagura 6 aHanro2utHbLIX mecmax. Ima cmamus npedcmagisiem coool nuoHepcKoe UCcie008anue
6 obnacmu OYeHKu aHaIu3a mpagura u gHeopenus pe3yibmamos 6 NPUKIAOHYIO HAYKY.

Knwuesvle cnosa: kiaccugurayus mpaghuxa, anaiuz mpagura, npuiodcerue 0jis 0oMeHa cooouye-
nusmu WhatsApp.
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KOMIIAKTHOCTbB OJHOI'O KJIACCA OIIEPATOPA IPOBHOI'O
HUHTEI'PUPOBAHUSA C HIEPEMEHHBIM BEPXHUM ITPEJIEJIOM

B cmamve ycmanasnusaemcs xapakmepusayusi KOMRAKMHOCMU OPOOHBIX Onepamopos oduje2o
Kaacca, gknoyarwux onepamopvl Pumana-Jluysunns, Aoamapa u Spoetiu-Kobepa. B pabome paccma-
mpueaemcsi UHmMepanbHulll onepamop OpobHo20 uHme2puposanus muna Xapou ¢ HeompuyamenbHolMu
A0pamu u ¢ nepemMeHHbIM Npedenom UHmMmezpuposans ((PyHKyuell 8 Kayecmee 6epxHe20 npeoena unmezpu-
posaniis), 0 KOMopo2o npu ONPedeienHbIX YCI08UAX HA A0PO NOAYUEH Kpumeputi KOMNAKMHOCMU one-
pamopa 6 ecosvix npocmpancmeax Jlebeza, koeda napamempsbi NPOCMPAHCING YOOBIEMBOPAIOM YCI0-

1
suam: 1< p<g<oo, —<a<l u B=0. Ipu smom ona eecosozo dupgpepenyuanvrozo nepasencmsa

muna Xapou na MHodcecmee JT0KANbHO AOCONOMHO HeNnpepbleHbIX QYHKYULL, 00paAuaiouuxcs 6 Hyib U @
beckoneunocms HA KOHYAX UHMepBand, nonyieHsvl bonee obujue pe3yibmamsl, OX6AmMbvlealowjue panee u3-
secmuvle, U danvl 6oiee moynvie oyenKu Oas Hauryywel nocmosaunou. Ilpu dokazamenbcmee 0CHOBHOU
meopembl UCHONb308ANUCH MemOoO okanuzayuy, meopema Llaydepa, npusnax Kanmoposuua u meopema
0 pagHoMepHOM npedene KOMNaKmuwlx onepamopos. Ilonyuennvie pe3ynvmamsl uccie008anus. 60npocd
KOMNaKmuocmu onepamopos 0pooHO20 UHMEZPUPOSAHUsSL MO2YI OblNb NPUMEHEHbI 8 OYeHKe PeuleHull
ouphepenyuanvnvix ypagneHutl, MOOETUPYIOWUX PA3IULHbIE NPOYECChl 8 Mamemamuxe. B yacmuocmu,
U3 9MUX pe3yIbmamos GlMeKalom Hogvle pe3yIbmamsl 8 meopuu HepageHcme muna Xapou.

Kniwoueevie cnosa: unmeepanvnviii onepamop, npocmpancmeo Jlebeea, KoMnakmmocms, 6ecoeas

dynryusL.

Beenenne. [Tycts 1< p,q <o uV, W— BecOBbIe (DyHKIINH, T.€. HEOTPHIATEIILHbIC, H3-

MEpPHMBbIC 1 JIOKAIIbHO CYMMHUpYEMbIe Ha | =(0,+),Te.VE L (1) ,we L, (0,t) ,vt>0.
Homoxum W (X) =IW(S)dS, X>0 . Ilycts GyHKIUS (¢ HEOTPHIATEIIbHASI, CTPOTO BO3-
0

pacTarolas, JIOKaJabHO a0COIIOTHO HENpepbIBHAS (DYHKIIMSA: |Xin3(P(X) =0, lim O(X)=c u
- —oo
o(X)<x,Vxel .

* E-mail xoppecmonnupyromiero apropa: abylayeva b@mail.ru
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B st0ii paGote paccmorpum Borpoc o komnaktaoctnus Ly, =L, (1) B Ly, =L, (1)
MHTETPaIbHOIO OIeparopa

" u(s)WP(s) f (s)w(s)ds
(W) -W(s)) ™"

T, f(x)= , 1)

b

e Lyw — mpocTpancTBO Beex m3MepuMbIX Ha I (PYHKITMM TaKHX, YTO
1

— p EI

”f”p,w_ |f(S)| W(S)dSE<OO’1< p<00‘

Ecnn BecoBas ¢ynxius U(S)=1 u B=0, torma unrerpansubiii oneparop (1) umeer
BH/I:

o £ (s)w(s)ds
2 (W) -W(s)) ™

Koo f(X) =

OrPaHMYEHHOCTb M KOMIAKTHOCTB dToro oneparopa us L, =L, (1) B L, =L, (1) uc-
cienoBanbl B padore [1]. Ciydaii, korna BepXHUH npexnen uHTerpana ¢(X) =X , Kpute-
puii OrpaHHYCHHOCTH M KOMIIAKTHOCTH HHTErpasibHOro oneparopa (1) us L, , = vaw(l) B
L,v =L, (1) nomyuens B padore [2].

B pabote [3] Mbl HOMy4nIn orpaHudeHHoOCTh oneparopa (1) ms L, , B L, .

p.w

ITpu @(X)=X u o =1 BOmpoC OrpaHM4eHHOCTH omneparopa tuma (1), comepkamiero
oneparop Pumana-Jlnysuwins us L, B L, , BoiTekaeT u3 pesynbratos paboTsl [4-6] u
[I03TOMY B 3TOi paboTe Mbl paccMarpuBaeM ciydait 0 <o <1.

st mobGoro smueiinoro omeparopa T L, — L, it yzobcrsa onoxum
=
|| ¢ ® Lyw—ley
(¢}

0
B paMKax pa6OTLI HCOIPECACICHHOCTHU BU A 0-o0 5 6 , — HOJIararoTCsA paBHbIMU HYIIIO,
o

coorromenue Buna A<< B o3mauaer A<PB | rne mexoropas momoxuTensHas mOCTOSH-
Has [3, OBITh MOXKET, 3aBHCHT OT (PHKCHUPOBAHHBIX MTAPAMETPOB, & COOTHOIICHUE A ~ B WH-

Teprnperupyercs, kak A << B << A . Z — MHOXECTBO BCEX LIEJBIX YHCEN, P’ — YHCII0, COMpPsI-
1 1

KEHHOE K uncny 1< p<o,Te. —+—=
pp
BcnomoraresbsHblie yrBepskaeHus . 111 10Ka3aTeabCTBa OCHOBHBIX YTBEPKACHUN HaM
HeoOxoauMbl HekoTopele ¢akThl. Hapsay ¢ onepatopom (1), paccMoTpum oneparop
9(x)

[ uEWP(s)f(s)w(s)ds | p(x)<x , Vxel .

0

Hq)f(X):\NlT(X)

Jlerko Bugerh, uto 111 f >0
Tq)f(x)z wa(x), 2)
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W3 pesynbratoB paboTsl [7] crienyer:
Jlemma A: ITycts 1< p<g<oeo, 0>0 . Oneparop H(p orpanmueH u3 L, B L,y Torma

U TOJBKO TOIJA, KOorma ALP =Ssup A@ (z) <o,
zel

1
9(2) s q

e A (2) = ( j O (S)W(S)dSJ p (JW“(‘“) (x)v(x)dx)q , ripHt 1om A, = ”H(P” .

0

Jemma B: TTycrs 0<B<1 u dynxums ¥() onpenenena na I, mpuaem 0<y(X) <1,
Vxel . Torma
Y]X)Llﬁ 10 et
(1-2) p
JleiiCTBATENBHO, NCTIONB3ys HepaBeHCTBo (1— “Y(X))B >21-7v(X) , umeem

(x)

()
! o [ ~(1-7() ]< [1-@-v00)] =55

OcHOBHbIE pe3yJIbTaThl.

1
Teopema 1: Ilycth 0<a <1, —<p<Q<e, 20. [lycts U — HeBO3pacTaromas
o

¢dbynkmus Ha 1. Oreparop T(p xommaktes u3 L, B Ly, Tormam Tombko Torma, ecim
= lim A, (s)= lim A (s)=0
a)A, SSE_EA"’(S)<OO ub) lIm A (s)= lim A (s)=0 .

Joka3zareiancTBo. HeobxomnMocTs. YeiioBre &) TPUBHAIBHO CIIEAYET U3 TeOpeMbl [3],
TO ecThb 13 (2) cleyeT HepaBeHCTBO ||T(p| > ”Hq,” . Torna B cuy nemmet A [T, [ >> A, .

Temeps nokaxeM ycnosue b) s 0 < s < oo pacemorpum cemeiictso ymkmmit { fdsso ,

rIe .

) N S , Ce
fo(X) = X(0:pey OOUP ()W @ “‘(x)E!' up(t)WPB(t)w(t)thl ,xel . 3)
3aMeTuM, 4TO
DI% RIS p lj -1 -1
IIfSIIp,W=glux)lpw(x)dxgg |10 wOdk = qu’u“’ P (OW PP (x) x

o(s) -1 5 (4)
X(J up'(t)w"'”(t)w(t)dt] w(x)dx | =

0
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o) ' oo . P
= [ u” WP wt)dt [ uP oW PP (w(xydx | =1
0 0

IoxasxeM, 4To cemeiicTBo dynkimn (3) cnabo cxoautes k Hymo B Ly, . B city Teope-
msI ([8], VI, §2)) 06 obruem Buje JIMHEHHBIX HENPEPHIBHBIX (yHKIHOHATIOB Ha L, , 9T0

HUMEIOT BUJL: J f(X)g(X)dX, mege Lp,WH,- )
0 [
[TosTOMYy, HCIIONB3Ysl HEPABEHCTBO lenbaepa ¢ mokasareasmu P u P =

ToM (4), uMeeM:

U C yue-

p-1

o(s)

o 9(3) % 9(s) ) %
J.fs(x)g(x)dx = [ £,(9g(xdx s( | |fs(x)|pw(x)dx) (j|g(x)|" vvl”'(x)de

0

1

o(s) , % o) o , ]
(j lg()|° wl-P'(x)de = Ej: lg ()" WP Kdxg . (5)

o |-

< U| f,(x)|" W(x)dx)

Taxk kak 9 € Lp,vwl,p‘ TO MmocyeHui nuHTerpan B (5) crpeMuTes K Hyiro, ipu S — 0, uto
osHagaer cabyro cxonumocts f, =0, mpus—0 .

Tak Kak KOMIIAKTHBII orepaTtop B 6aHaXOBOM IPOCTPAHCTBE BCAKYIO CIIa00 CXOASIIYIO-
Cs1 TIOCJIEIOBATEILHOCTE TIEPEBONT B CUIILHO cxosyiocs, ([9], VI, 5.), To

IimHT(p f[,,=0. (6)

s—0

Nmeem:

0(x) B a
( )[ i UOW® (t) fs(t)w(t)dt] "

A =Tv(x)[¢(fx uow'y fS(t)W(t)dt]qu va X
# ey g > (W) -W@) ! (W) -W ()

W q(l-o) (X) g g

S

. o(s) (o0 q
ZJ- v(x)dx [J- up'(t)WpIB(t)W(t)dtJ (I u® (t)w P'B(r)w(r)dtJ

q
s)

:}Wq(u-ﬂ(x)v(x)dx E! uP (tw e (t)w(t)dtg =A(s) - (7)

Tak xak @(X) < x , u3 (6) u (7) cnenyer, 4To Iirr(} A,(s)=0.
s
Ocraioce nokasars, 4To |lim A,(s)=0.

S—00
W3 xommaktHOCTH Omeparopa T L, — L, cleayer KOMIAKTHOCTb CONPSIKEHHOTO
oreparopa

T29(5) = UMW (S)w(s) |

o (s

g(x)dx
(W) -W(s) ™

Xxel wuz Lq',vl'q' B Lp,vwl_p‘ .
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Js 0 < s<oo BBeAeM ceMEHCTBO (YHKIIW:

-1 I:h -1)(a-1
QS(X):X[s;m)(X)EW‘“u )(T)V(T)dTE WEDED (xv(x),  x [ ®)

OTH (QyHKIUU KOPPEKTHO ONpEAEIeHBI, TOCKOJIBKY MHTErpallbl, BXOAALINE B HUX, KO-
HeuHbl B cuity ycnoust A, <o . TlokaxeMm, uto 1yist moboro s >0 ¢yukuuu Js € Lq.vlfq‘ ,
Gostee TOTO, 4TO g, €1ab0 CXOMUTCS K HYIIHO, TIPU § — oo .

Takoke Kak B (4), HaxonuM HOpMY QyHKIHH (8), TO €cTh ”9 ”q wo . JleficTBUTENBHO,

9.« = [T Igs<x>|“'v”'(X)dX)q' (f |gs<x>|“'v“"<x’dXJq'

=1.

D]]] [

|
@%WW - (T)V(T)thl W D (v 8 (v (x)dx
Kak u B (5), B cuny (8) s f €L, nomyuum:

Tgs(x) f (x)dx < (T| f (x| v(x)dx)q (T|gs(x)|q'v1‘q'(x)dqu‘ < U| f(x)|* v(x)dx)q

Tak kak f €L, , To mocnenuuii MHTErpa CTPEMUTCS K HYIIIO, IIPH S — co , 4TO I0Ka-

3pIBaeT crnadyro cxomumocts §s >0 B Lq,vl,q- ,TIPU S —> oo .

B cury kommaktHOCTH T, ! Lq,’vl,q' —-L. oruie > CHEIYET

=0 9)

S—o0

K tomy xe

*

¢

LOW? QW) 0,(9ex__
j() (W00 -W (@)

dt

jw(t)

o(s) i 2
2( [ ur@w p'ﬁ(t)w(t)dt] [jvvq(“ ”(x)v(x)dx) =A(s)

0

U3 (9) BBITEKAET: !Lm A,(s) =0 . Taknm 0Gpa3om, HEOOXOAMMOCTb OKA3aHa.

Jocmamounocmyo. Ing 0<a<b<oco u s Becex f 20 momoxum
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Paf :X(O;a]f 5 Pabf :X(a:b]f > Qbf = X[b§°°)f :
Torma f =R, f +P,f+Q,f u
T(pf = (Pa + Pab +Qb)T(pf = (Pa + Pab)T¢(Pa + Pab + Qb)f + QbT¢Qbf

=PT,Rf+PTP,f+RPT,Qf+P, TP f+P,T,P,f+P,TQf+QTQ,f

Tak xak P,T,P, =0, PT.Q,=0 P, TQ =010

T,f=PTPf+P,TPf+P,T P, f+QTQf . (10)

ab o' ab

Iokaskem, uto oneparop P, T P, xommnakren us L, (1) 8L, (1) .
Tax kak Py T Py F(X) = PoyT X 2y (X) f(X) 0 npu x e (a;b] , To mocrarouno noxasars,

uro oneparop P, T P, xommaxren 3 L, (a,b) B L,.(a,b) , a aT0 B CBOIO OUEpEnDB K-
b
BUBAJIEHTHO KOMIIAKTHOCTH oreparopa Tf (X) =IK(X,S) f(s)ds us L,(ab) B L,(ab) c

SAPOM
1

U(SW P (SIVI (X)X (ap; (5)B(D(X) = S)WP'(5)
(W(x)-w(s)™®

K(x,s) =

b

rae 0(z) — ¢ynkums Xesucaiina, (310 o3HagaeT uto 6(z)=1 w11 220 u 6(z)=0 s
z2<0).

Mycts {X Jyez — TOCTEN0BATENBHOCTH TOUEK, ONpPE/EIeHHbIE B 0KA3aTEIbCTBE TEO-
pembl 1 u3 [3]. Ectb Touku Xis Xy, X <X, Takue, yro X Sa< X, X, < b<X,,.Ms
npeanoiaraeM, 4to yncia a, b Beiopans! Tak, 4ro X; < X, . [Toatomy, cienas 3aMeHy mepe-
MeHHOM W (S) =W (X)t B npuBeIEHHOM HMXE UHTErpalle U IPUMEHUB jieMMy B:

q

g b o(x) p' p'B -
p Aapy (SIUP (S)W PP (s)w(s)ds |°
J(_“K(x )| ds) dx—_[ ( )[I W)W (&)= ] dx

a\a

3 n X )((P(Xkﬁ u (S)W p'p (S)W(S)dS Jpldx
= (1-a)

o (W) -W(e(x.)))
n X L $00 W(S)dS

WQB
Z{v(x)u (X)W ™ (0(x)) D{l W) -W (&)

q

3
-[dx

O
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q
X1

<AO-T+D + W 00V00b U (006 ) (0000

=1 X

1

BN
< Alu(n—i+1) +(Bp' +1)2 Z@J %Wq“(x)v x)deB[ u” ()W PP (s)w(s)ds EE

S<pP(n-i+)Al <o e Zl=u(n—i+1) .

CrenosarenbHo, 1o npu3Haky Kantoposuua ([8], XI, §3), oneparop T kommakTeH u3
L,.(ab) BL,,(aDb),uro parocmisro kommakrHoctn w3 L, B L, oneparopa PyT Py, .

M3 (10) umeem
[T, - P,T,P.

ab o' ab

Q) (11)

[Mokaxem, uto mpaBast 9acth (11) crpemutes k Hysro ipu @ —> 0 1 b — oo . Torma ome-
parop T(P, KaK paBHOMEPHBIN Mpeziesl KOMITAaKTHBIX oreparopos ([9], VI.12) Gyner koMmak-

reum L, 8Ly, .

2 (s (s) f (s)w(s)ds| |
A e |

X1 ¢(Xk 1) o (x)
=2 [ UEW® (s) f (s)w(s)ds ”(S)WB(S)f(S)W(S)dS| dx = F, + F,.
! o W) -WE)) ™ ey (W-W(s))™ ‘

Ha ocHoBanuu Teopembl 1 m3 paborel [3] m3BectHO, urto F << SUpAg(Z)”f”pW ,
F, << SZUDijg (Z)” f "p,w . Torna nmomy4aemM oneHKy

Ly << sup A@TQf ., .
, O<z<a

CrnemoBaTebHO,

O<z<a

PaT(pPaH << lim sup A,(2)=lim A, (z)=0 (12)

a—0+ g 70+

lim

a—0+

I[anee, TaKXE OLCHUBACM CIICAYIOLICC CllIaracMoe

f Y00 f u(s)WB(s)f(s)w(s)ds| "

[T 1], =
(W) -W(s) |
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1
z) =

1
. , ] [
<< sup uP (s)WpB(s)w(s)dsB @N‘“"‘”(x)v(x)dx Ol = sup Ap(z)‘”f”p,w
b<z<oo E PW o hez<oo .
B pe3synbrare nmeem:

lim |Q,T,Q, | << lim A (2)=0.. (13)

x| =0 .

[onoxkum V, (X) =ev(x) mia xe(0;a), Vo (X)=V(X) mmst xe[a;b] u U (X)=u(x)
wist xe(0;a] m U (X)=¢-u(X) wist xe(a;@b)], rze Ve>0 . Io ycnoBuro ¢(X)< X u
JLT+(P(X) =0, 1@0([)()() = T103TOMY, B CHIIy HETIPEPBIBHOCTH ¢, cymiecTByer b, = b (a) = a
Takoii, uto P(0) = @ . He orpannumsas o6muoctn, npeamonoxnm a < b, <b . M3 croiicTsa
(byHKIIIH @ ciemyeT Jl_mbl (@=0 u JLT(T)l(P(bl) =0, ITycts 6(z) — (dbyHkums XeBucaina,

(310 o3nagaer uto 0(2) =1 1220 W 6(2) =0 nnaz<0 ). OueBunno, uT0 PyHKIMA U —~
HeBo3pacratomias Ha /. Torna, cormacHo Teopeme 1, B pabote [3] umeem

f )0(a—s)u(sWP(s) f (s)w(s)ds|
(W(x)-W(s)) ™

_[v(x)

ab' o' a

Oy (s)WB(s)f(s)w(s)ds ’
d (&)
9(2) % b é
e Al = sup[ I u,” (s)W P (s)w(s)ds ('[W"(“‘l)(x)vs(x)dx} :

(e)
Teneppb oneHUM A, CBEpPXY

9(2) i b é
Al < sup ( f u’ (s)WpB(s)w(s)ds) ('[W“(“‘l)(x)v(x)dx)

by <z<b 7

7)

+ sup u” (s)W p'B(s)w(s)dsa %Nq(“‘l)(x)vg(x)dx

0<z<b

=ATHAD . (15)

[ [a)~

(¢)
O1eHuM Ap 1 H Aq, 5 TIO OTIENBLHOCTH
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o(2) (b T (o o
Al < sup( J u (s)wr? (s)w(s)ds] (JW“‘“‘”(x)v(x)dx} e+( J u"'(s)Wp'ﬁ(s)W(s)ds] X
b<z<b o(by) 2 0
b q [ oe® % b q
x[jwq(“‘l)(x)v(x)dx] s( j up'(s)Wp'B(s)w(s)ds] UWW‘“(X)V(X)dXJ e+A(B) . (16)
by o(b) by

Tenepp orieHUM Af; :

o) o (n
© S( _[ u” (s)weP (s)w(s)ds] qu(“’l)(x)vg(x)dx
0 by

1 1
K g

+ sup u® (s)W p'B(s)w(s)dsa %Wq“"l)(x)v(x)dxaﬁz = A, (b) + sup A, (2) @é .

0<z<b, 0<z<b,

Tak kak neBast 4acth (14) He 3aBucut ot €>0 , moatomy B (14), yctpemus € — 0

u3z (15), (16) u (17), umeem Iing ALE)SZAP(bl). Crnenosarenbio, u3 (14) momydyum

€

PoToPaf << A,(b) . Orkyna
lim [P, T, << lim A,(8) =0 (18)

U3 (12), (13) u (18) cnenyer, uto npasas 4acTh (11) crpemurcs k mymo mpu 2 —0 n
b — oo . Teopema MOTHOCTHIO JOKA3aHA.

PabGora nax crarbeil BeIosIHEeHa npH nojaaep:kke Komurera nHaykn Munucrepcrsa 00-
pasoBanus u Hayku PK, mpoext: UPH AP08856339 (nmpuoputerHoe Hanpasienue "Hayu-
HBIC MCCIICAOBAHUS B 00JaCTH €CTECTBEHHBIX HayK").
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A. M. ABBIVIAEBA, B. H. CEUJIFEKOB, A. O. BAHAPBICTAHOB
JLH.ITymunee amvinoaswt Eypaszus ynmmoix ynueepcumemi, Hyp-Cynman, Kazaxcman

BIP KJIACTAFBI )KOFAPFBI IEI'T AMHBIMAJIBI BOJIATBIH
BOJINEK PETTI MHTEI'PAJIABIK OIIEPATOPABIH KOMITAKTbBIJIbITbI

Magkanaoa scannvl Kiacmuly 661Uk pemmi uHMe2paiobik ONepamopiapblibly, OHbIY iulinoe Puman-
Jluyeuinw, Adamap sicane Ipoeiiu-Kobep onepamopiapblibly KOMAAKMMbLILIK CUNAMMAMACH] AJIbIHAObL.
Byn oicymoicma Xapou munmec 6onuiex pemmi uHmMezpanowvl OnepanmopulHbly 0pOChl MepIC emec HCaHe
wei auHbIMAIbl OONAMbIH UHMESPA KAPACMbIPIIZAH (UHMeSPAaNObll HoLapebl uieei peminoe QyHKyus),
on ywin xewicmixmiy napamempnepi mblHadail wapmmaposl Kanasammanowvipamoin: 1< P<q<eoo

=<a<l yeope B20 canmakmol Jlebee kenicmicinOe onepamopovly A0pocviHa Oeneini 6ip ocaz-

oatinapea 6alaHbICMbL KOMNAKMMbLILIK Kpumepuili anviza. COHbIMeH Kamap, UHmepean COHbIHOA
HOs2e JHCoHEe WEKCI30IKKe AUHAIAMbIH TOKAIbObL AOCOMOMMI Y3inicci3 GYHKYUANap sHcubinbinoa Xapou
munmec carmakmol Ough@epenyuanrdvl meycizoiei yuwin Oypoin 6eneini 601ean Hamujicenep KaMmbliblh
JICoHE Oe eH JHCaKChl MYpaKkmsl yuiin 0aipex baganaynap anvlHaowsl. Hezizei meopemansl 0anenoey yulin
nokanuzayus 20ici, LLlayoep meopemacet, Kanmopoguu xacuemi scare KOMNAKMmMuliblK ONepamopiapobly
Oipxanvinmul wie2i mypanel meopema Kon0auwliovl. Bonwex pemmi unmespanioay onepamopiapuliivly
KOMNAKMmMulabl2bl Mypaibl MICELEHi 3epmmeyoeH alblHeAH HIMUIICENEPIH MamemMamuxaoazel ap mypii
npoyecmepoi mooenvoetimin ouggepenyuanobix meyoeynep uewinoepin bazanayoa Koioanyaa 601aoul.
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Aman atimkanoa, oyn Hamudicenep Xapou muninoe2i meHciz0ikmep meopusiCblHOad JHCana HamuxtceLep
bepeoi.
Tyitin ce30ep: unmezpanovix onepamop, Jlebez kenicmiei, KOMNAKMbLIbIK, CATMAKMbL DYHKYUSL.

A. M. ABYLAYEVA, B. N. SEILBEKOV, A. O. BAIARYSTANOV
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

COMPACTNESS OF ONE CLASS OF FRACTIONALINTEGRATING OPERA-
TOR
WITH VARIABLE UPPER LIMIT

The paper establishes a characterization of the compactness for fractional operators of a general class,
including the Riemann-Liouville, Hadamard and Erdelyi-Kober operators. The paper considers an integral
fractional integration operator of Hardy type with nonnegative kernels and a variable limit of integration
(a function as the upper limit of integration) and under certain conditions on the kernel, a criterion of
the compactness in weighted Lebesgue spaces is obtained for this operator, when the parameters of the

spaces satisfy the conditions 1< p<Q<eoo, E <o <1 and B=0 . Moreover, more general results are

obtained for the weighted differential inequality of Hardy type on the set of locally absolutely continuous
functions that vanish and infinity at the ends of the interval, covering the previously known results, and
more precise estimates for the best constant are given. The localization method, Schauder s theorem, the
Kantorovich test, and the theorem on the uniform limit of compact operators were used in the proof of the
main theorem. The obtained results of the study the compactness of fractional integration operators can be
used in the estimation of solutions of differential equations that model various processes in mathematics.
In particular, these results yield new results in the theory of Hardy-type inequalities.

Keywords: integral operator, Lebesgue space, compactness, weighted function.
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!National Engineering Academy of the Republic of Kazakhstan, Almaty, Kazakhstan
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LBM MODELING OF SOLID PARTICLE DYNAMICS
IN A VISCOUS MEDIUM

This article discusses the mathematical and computer modeling of single solid particle dynamics in a
viscous medium. The results of the study were obtained using a 3D numerical algorithm implemented on
the basis of the D3Q19 model of the lattice Boltzmann method (LBM). The moving «liquid-solidy interface
is accounted for using an interpolated bounce back (IBB) scheme.

The velocity of a solid particle motion and the trajectory of a particle at Re = 1,56 are obtained. The
results are in good agreement with the experimental and numerical results of other authors.

Keywords: LBM, IBB, D3Q19, solid particle, viscous medium.

Introduction. Fluid-particle systems are of significant scientific and technological
interest in a wide range of disciplines. The problem of particle settling in a viscous fluid
occurs in many natural and industrial applications such as the oil and paper industry,
mineral ore processing, pollutant flow, blood cell transport in the human body, sediment
transport, warm rain process, volcanic ash eruptions, dust storms and sea spray. In view of
the importance of these applications, the problems of fluid-particle interaction have attracted
considerable attention, both experimentally and numerically

Various numerical methods have been used to study solid particle fluxes involving the
interaction of a dynamically evolving fluid and suspended solids. To accurately predict
flow behavior, it is very important to study the interaction between fluid and particles. The
interaction between particle and liquid affects the dynamics of suspended particles (e.g.,
dispersion, settling rate, collision frequency, settling rate) and bulk properties of multiphase
flow (e.g., wall or surface resistance, turbulence intensity).

To date, many different formulations have been developed based on the Navier - Stokes
(N - S) equation. The most commonly used numerical models for tracing the particle-liquid
interface are: immersed boundary method [1], direct force method [2], local analytical
method [3], overset- grid method [4], force - coupling [5] or penalization method [6 ].

In recent years, the lattice Boltzmann method (LBM) based on kinetic theory has received
a lot of attention and has become a reliable tool for modeling problems with complex geometry,
such as flow in a porous medium, interaction of fluid structures and turbulent flows loaded
with particles [7]. This is a mesoscopic method based on the discrete Boltzmann equation. The
main problem in these applications is the handling of the adhesion boundary condition at fluid-
solid interfaces, which affects the overall accuracy, numerical stability, and computational
efficiency of the lattice Boltzmann method. In LBM, there are two main methods for modeling
the sticking boundary condition at fluid-solid interfaces, they are the immersed boundary
method (IBM) and the interpolated bounce back method (IBB).

* E-mail xoppecionaupytomero apropa: dauren.zhakebayev(@gmail.com
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Many LBM models have been developed for particle-loaded fluid flows [8]. In particular,
for a fixed straight boundary, many different implementations of the boundary condition
for velocity have been developed. One of the first interpolated bounce back schemes was
proposed by Ladd [9], in which the particle surface is approximated as polylines in the form
of'aladder. Previous studies have used a standard (or intermediate) rebound pattern, resulting
ina curved boundary effectively approximating a zig-zag staircase. Later, improved proposed
various interpolated rebound schemes were developed to more accurately represent the real
liquid-solid interface [10]. In the model by Bouzidi et al. [11] a curved boundary scheme
has been developed that does not require interpolation from a ghostly node inside a solid.
The main idea of the scheme is to interpolate the distribution functions in the interior of the
fluid and include additional information about the location of the wall during the rebound
process. Recently, a one-node curvilinear boundary scheme was developed to simulate
suspended particles, which were determined by Maxwell’s iteration [12-13].

Although each boundary processing scheme has been separately tested and applied to
different physical problems, as far as we know, they have yet to be systematically compared
and evaluated under the same conditions.

The aim of this work is to develop a mathematical model of the settling of solid particles
in a viscous fluid using the interpolated bounce back method based on solving Navier-Stokes
equation, in which the momentum exchange method is used to find the hydrodynamic force
acting on the particle surface. The numerical model is built on the basis of the LBM using
the D3Q19 model. The accuracy and efficiency of the existing method have been tested
on the basis of the test problem of the settling of a solid particle in a viscous medium. The
results obtained are in good agreement with the experimental and numerical results of other
authors.

Problem statement. Figure 1 shows the computational domain, which is a parallelepiped.
The walls of the parallelepiped are impenetrable. All boundary conditions are constant in
this work.

16cm

e .

10cm //./
\“\-\\‘1 e

Figure 1 — Computational domain.
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The system of equations in three-dimensional space is as follows:
divi =0 (1

ou 1
—+(U-V)i=-——Vp+v,Al 2
5 HIV)T== Ve, @

where (j is the velocity vector, p is the pressure, p, is the fluid density, v, is the kinematic
viscosity and ¢ is the time.

At the initial moment of time, as well as on the walls of the considered region, the fluid
flow velocities are equal to zero.

The system of equations (1) - (2) can be reduced to a dimensionless form using the
following dimensionless quantities:

. X .0
X =—, U =—, (3)
L UO
. L . L
p=P oW g
U, L U,

where U~ is the dimensionless velocity components, U, is the characteristic velocity, p* is
the dimensionless pressure, t"is the dimensionless time and Re is the Reynolds number.
The equations take the following dimensionless form:

divi” =0 “
au” . - -
Re(—+(u V)d ]:—Vp + Al (5)

Particle dynamics. The motion of a solid particle in a viscous medium is determined
by the following equations:

dai - Pr | .
M—L2=F-M|1--11g,
dt ( pSJg ©)
dX _
o b (7)

where M is the mass of solid particle, p is the density of solid particle, F isthe hydrodynamic
force acting on a solid particle, X is the particle position.

Numerical method. The numerical solution in this work is based on the D3Q19 model
of the lattice Boltzmann method [14]. The boundary condition between fluid and solid is
determined by the IBB method [11]. The movement of a solid particle is carried out using
the momentum exchange method [10].

The lattice Boltzmann equation in the Batnagar-Gross-Krook (BGK) approximation is

as follows: s
f (X +&Att+AL) - f (X t)=- (X0 - F7 (X0
Tf
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where f is the velocity distribution functions, € 1is the discrete lattice speed, T, is the
relaxation time, At is the lattice time step, f;*® is the equilibrium distribution function.
The equilibrium function is defined by the following formula:

I s\ —eq e

e eu Apjed

fieq:wipj 3 qu +g( 4) _§U LZ'I
[] C 2 C 2 ¢

ood

where € = AX/ At , Ax and At are the lattice steps in space and time, which are equal to one.
The following shows the weights in all directions:

1/3, i=0,
o, ={1/18, i=1-86,
1/36, i=7-18,
17
14 B 4
A 11
10 6 15
/.
2e o1
16/ 5 9
12 )
8
4 13
18

Figure 2 —D3Q19 model.

In the D3Q19 model (Fig. 2), discrete speeds are calculated using the following
formula:

[(Q,0,0)c, i=0,
& = f41,0,0)c, (0,£1,0)c, (0,0,1)c, i=1-6,
Fd1,+£1,0)c, (£1,0,%1)c, (0, +1, +1)c, i=7-18,

The evolution equation is divided into two steps, collision and streaming:

fi (X!t) B fieq ()_("t)

f

1 f(x,t)=f(X,t)-

2. (X +&At,t+At) = f(X,t)
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After the second step, it is necessary to update the macroparameters (density, velocity)
according to the following formulas:

18 18 _
p=>f., pu=> fg
i=0 i=0

e
f‘ ‘_W' bl s
er

Figure 3 — «Fluid-solid particle» interface.

The following boundary conditions were used to close the system of equations. The
bounce back rule was used to process the boundary condition on all walls [14]:

fo (Xt +At) = f,(X,,1), &>0.

The bar above the index indicates the opposite direction.
To obtain the optimal condition at the moving solid-fluid interface, we use Bouzidi's
interpolated bounce back scheme [10, 11]:

gf(iw,tmtﬁ2qﬁ<zw,t)+(1—2q)ﬂ(if,t>+2ooipoé‘CEmb, q<05,

S

1 6 M, (1 2q-1 » N
%(x t+ A= E(xw,t)+2wpo S H (%1, 9205,

x|
oY)

where g =

> Ty, is the flow velocity on the surface of a solid particle, the location of

E><1
e

the nodes ¥, X 0 X, 2 % 0 % is shown in Figure 3.

To determine the velocity and location of a solid particle, we approximate equations

(6) - (7):

art=a" +05Atu+AtD—— g
b b M % Q’

X" = X"+ 050t (0 + ),
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To obtain the more accurate results, this article uses the momentum exchange method to
find the hydrodynamic force [10]:

F=3 3[Rtk + f (Rt + A0

It remains to find the distribution functions for the new nodes of the fluid that appeared
during the displacement of the solid particle. For this, the averaged extrapolation procedure
is applied [10]:

fik K 0+ AY) = 2, (X, + EALT+ AL) = (X, + 26, AL, T+ AL),

fi (Xnew7t + At) = ﬁ Z fi,k ()_(’new7t + At)’

where k means possible extrapolation directions and NK is the number of possible
extrapolation directions.

Simulation results. Numerical experiments were carried out to simulate the dynamics
of a solid particle in a viscous medium. The length, width and height of the computational
area are 10x10x16 cm, respectively. At the initial moment of time, the solid sphere hangs
at a distance 12 cm from the lower boundary of the parallelepiped (Figure 1). The required
physical parameters are shown in Table 1.

Table 1 — Physical parameters

Ps M U, Re S,
B |
cm cm-s s
0,97 3,37 4 1,56 2

Figure 4 shows the change in the trajectory of a solid particle depending on time
and comparison between LBM simulation and experimental solution obtained by ten
Cate et al. [15]. Figure 5 demonstrates the vertical component of particle sedimentation
velocity at different time instants in comparison with the experimental solution obtained
by ten Cate et al. [15]. As can be seen from the figures, the numerical data agree well
with the experimental data. In figures 6 and 7, you can see a 2D plot of vertical velocity
profiles of solid particle and a 3D plot of solid particle sedimentation at different points
n time.
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Figure 4 — Solid particle trajectory.
Comparison of the simulation data with experimental data at Re = 1,56.
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Figure 5 — Vertical velocity of solid particle motion.
Comparison of the simulation data with experimental data at Re = 1,56.
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Figure 6 — Vertical velocity profiles of solid particle motion on the plane
Y=0,5attimesa)t=0c.,b)t=03c.,c)t=2c.,d)t=4c.

|

Figure 7— 3D dynamics of solid particle at times
a)t=0c.,b)t=03c,c)t=2c.,d)t=4c.

Conclusion. In this paper, the modeling of solid particle motion in a viscous medium
is considered. Numerical simulation is carried out in the computational domain of a
parallelepiped shape using the LBM with nineteen lattice velocities. The IBB method is
used to effectively determine the boundary condition at the «fluid - solid particle» interface.
The derived simulation results are in good agreement with the results of other authors. This
means that the developed algorithm may well be applied to solving the problem of the solid
particles dynamics in a thermal viscous flow. This result will be obtained and shown in a
future research.

This work was supported by grant funding for scientific and technical programs and
projects of the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan, grant no. AP09260528.
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TYTKBIP OPTAJATBI KATTHI BOJIIIEK JTUHAMUWKACBIH
LBM IHIIIIHAEY

Maxanaoa mymgulp opmaoagel JHcangol3 Kammol 60IUeKmiy OUHAMUKACHIH MAMEMAMUKALbIK JCIHE
KOMINbIOMEPLIK MOOenbOey Kapacmulpbliadvl. 3epmmey namudicenepi bonvymannwiy mopivl menoeynepi
a0iciniy (LBM) D3Q19 mooeni nezizinde scyseze acvipwlizan 3D canobiy aneopummHiy Kome2iMeHr diblt-
ol «Cytiblkmulx — Kammol 6ONIKY OONI2INIY KO32AIMALbL WUEKAPACHL UHMEPNOIAYUALAHAH KePI Kaliny
(IBB) cxemacuvli KonoaHy apKwlivl ecKepineoi.

Re = 1,56 ywin kammol 6onumex Ko38anblCbllibll HCbILOAMObIELL MeH OOIUEK MPACKMOPUACHL ALbLH-
ovl. Homuoicenep backa agmopiapovly IKCRePUMEHMAnObl JCoHe CAHObIK HIMUICETEPIMEH JCAKCHL CIUKEC
Keneol.

Tyitin co30ep: LBM, IBB, D3Q19, kammul 6onuex, mymxulp opma.
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LBM- MOJEJIMPOBAHUE TUHAMUWKHA TBEPIOM YACTHUIIHI
B BSI3KOM CPEJIE

B oannoii cmamve paccmampusaemces mamemamuueckoe U KOMNbIOMePHoe MOOeIUPOSaAHUe OUHAMU-
KU OOUHOYHOU MBEPOOUL Yacmuybl 6 6s3Kotl cpede. Pesynomamoi ucciedosarnus noiyuersl ¢ nomouwpro 3D
YUCTICHHO20 AOPUMMA, OCywecmsienno2o na base D3Q19 modenu memooa peuemounvix ypasHeHuil
Bonvymana (LBM). Hdseuoicywasnca epanuya pasoena «4CUOKOCHy — meepoas yacmuyay y4umoléaemcs
npumeHenuem UHMEPNoIUPOSAHHOL cxembl 0bpamnozo omckoka (IBB).

Tonyuenvt ckopocms 08udiCeHUs MBEPOOU yacmuybl i mpaekmopus vacmuysl npu Re = 1,56. Pe3ynb-
Mamvl UMeIon Xopouiee Co2NAcO8anHUe ¢ IKCNEPUMEHMATLHLIMU U YUCTEHHIMU Pe3YTbmamami Opyeux
asmopos.

Knroueswvte cnosa: LBM, IBB, D3Q19, meepoas uacmuya, 6s3xas cpeoa.
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PAJIMOAKTUBTI KAJLABIKTAPIbI KOMY KE3IHJE CA3/bI
KABATTAPIAFBI PAJUOAKTUBTI 2JIEMEHTTEPIIH
KOIII-KOHBIH 3EPTTEY

2015 scvrnvr Kazaxeman men Amom snepeus Xanvigapanvix acenmmici (MAITATO) Ockemende momen
Oatibimuliean ypan OAHKIN opHanacmelpy mypanvl kenicimee Kon Kotiowl. 2019 dwcvinbl Oaiibimbliean
ypannuly Oiprewe napmuscel Kasaxcmanea scemxizindi dcone 6ank Yn0i memaniypausansly 3ayulinbl
aymazvinoa Jcymoic icmei b6acmaovl. Paouoaxmusmi snemenmmepoi macelmanoay mMen KoMy Kezinoe
VPAHHbIH Jicepacmbl KOUMANApbIHAH JCepacnvl CYIapblHd entyine ueKmey Kot apKbliibl OYi1 MyMKIHOIKmMI
azaumy Kaxcemminiei myvinoatiovl. Con cebenmi 6epineen Makanaobl paouoaxmuemi ypauHoly
KaLObIKMAapbli KOMY Ke3iHOe ca30bl Kabammapoagvl paouoakmuemi sjieMeHmmepoiy KOuli-KOHbIHA 3epm-
mey Jicypeizinoi.

Kasipai yakeimma kenmezen scepacmol cakmay KouManapvl paouoakmuemi KanioblKmapouly Ketibip
mypnepi yuwin scymuic icmeyoe. Byn scyiienep apmypii eeonocusinelx popmayuaniapaa apHaiean xep
acmul KOUMANAPLIHLIY PMYPAl KYpblIblcmapbina HezizoeneeH. bailbimuliizan ypanhuwly Kewi-KOHYbl
MYMKIH 2€07102UANbIK, OPMAOd OPHALACKAH JHCePACbl KOUMANApyl YUlin JCyiieHiy 0acka KoMnonenmmepi
VPAHHbIY KO32a12bIUMbIZbIH  OONObIPMAY HeMece WieKmey apKblibl OY1 MYMKIHOIKmi memenoemyi
Kaoicen.

JKymvicma Kocvimua mabueu kedepei-cazovi Kabammul OpHany apKblivl, KAYincis sicepiey Kesinoezi
paouaxmugmi d2nemenmmepOoiy Kol KOHbIChl, OUp@y3usanviy acepi sxcane Kammol Kai0blKmap Kabdamol
apKbLIbL bLI2AN MONLIPAK KAbamuviHOALbl pAOUOAKMUBMI d7leMeHmmepoily KOH8EeKMUemi emy npoyeci
3epmmenoi.

Tyiiin co30ep: Koui-KoH, dcep acmul cakmay KouManapbl, casobl Kabam, dcep acmovl cynap, HeaKbl
aumar, Qukmiy exiHwi 3anbl.

Kipicne. ToMen OalibIThUIFaH ypaHHBIH €KiHIII TapTHUACHI O13[1H eire »eTKi3iiai, o
Ockemennieri MATATD siiponbIK OTBIH KOMMACBIHJA CaKTalaabl. SIIPONBIK OThIH OaHKI -
Ockemense ne, Oykin Kazakcranga aa KopranaTbiH OpeIHAApABIH Oipi. OHBI amry Ke3iHzue
KONTereH MiKipiep MEeH KaWIUbUIBIKTAP TYBIHIAIbl, OUTKEHI PaJUOAKTHBTI KaJIbIKTapIbl
Tery 01311iH eJ/ie )Ky3ere achlpbUIa bl IeTeH MiKip Oap. Analiaa sHepreTrka MaMaH/1aphl oJiai
nen canamaiapl. OnapablH MiKipiHIIe, KOPKYAbIH KaKET1 KoK, ce0edi a3 OallbIThuIFaH ypaH
CaxKTalaTblH KOHTelHepiep Oepik oHE PaJroaKTHUBTI cayie Taparnaiiabl. OcbiFaH opai,
Kazakcran PecnyOnukachl ATOMABIK-9HEPreTHKAIBIK KaJaranay skoHe Oakbuiay KOMUTETI
TeparachiHbIH opbiHOacapel Fymap CeprazuH KoHTeliHepisiep OapiblK ChIHAKTapAaH OTTi,
aran aiiTKaHa OMIKTIKTEH KyJIall, Cy, OTKa TO3IMALTIKKEe TeKCepinreHin auTThl.[1]

PangnoakTuBTi 37IeMEHTTEpl TachIMaliaHybl MYMKiH T'€0JIOTHSJIBIK OpTaia OpHalacKaH
KepacTbl KoMaJlapbl YIIiH KyHeHiH 0acka KOMIIOHEHTTEP] paJrloaKTHBTI AJIEMEHTTepAIH
KO3FaJILICBIH 00N ABIpMay HEMeCe IIEKTeY apKbUIbI OYJ1 MYMKIHAIKTI a3aiTybl KaxkeT. JKakbpiH
aiiMak KYOBUTBICHI - OYJI 9NIeTTe CaKTay KOHMMAcChl, paAHMOaKTHBTI KaJABIKTAPABl OPAUTHIH
KOHTEHHEpJIEep *KoHE KOpILIAFaH KEP-aCThl JKbIHBICTAPFa KaThICThl KOJIJAHBUIATHIH TEPMHUH

* E-mail xoppeconaupytomero apropa: zhumanovamarzhanisakyzy@gmail.com
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[2]. JKakpiH aiimak mporiecTepi KaJABIKTAP KalTaMachIHBIH KOPPO3HSCHIHA, XUMUSIIBIK
KOHE MHUHEPAJIOTHSIIBIK ©3repicTepre, COHIai-aK JKep acThl CYIaphIHBIH KO3FAIBICHl MEH
PaMOHYKIUATEPIIH aJbIc alMaKKa TachIMaJIaHybIHa KaThICThI. KoaaHbIc KyienepiHin
JKYMBICBIH DPaAHOHYKIHATEP/l CaKTay TYpFBICBIHAH Oarayay YIIiH, OChl IPOLECTEPAiH
OapieIFeIH Oipre KapacTelpy KakeT. ol ochl Mocenenep >KUBIHTBIFBI OaramaynblH €H
KHUBIH Oeliri Oombll TaObuIaabl, ce0eOi KaKblH aiiMaK JKYMBICBIHA KAaTBICTBI dp TYpJIi
Oenrici3miKTep i a3aiTy YIIiH KOCBIMIIIA KYMBICThI KQXKET €T/,

Ca3z GammbIK - skep OeTiHAETI €H KoI TapaiFad Tombipak. On Tay >KBIHBICTAPBIHBIH
ycak OemmiexTepre AeWiH bIAbIpall, Oy3bUTYbIHAH KeHiH maiina Oomanbl KoHE OJapIblH
BIIBIPAYbIHBIH COHFBI CAaThICHI O0JbIN TaObuIaabl. Ca3 OaIbIKTap TYPiHIH €H KeHIHEH
TaparaH Typi — OeHTOHHT [3]. BeHTOHUT KOocTanapsl, €H aJIBIMEH, OJapAblH KaHBIKKAH
KYHiHJe TUAPABIMKAJIBIK OTKI3TIITIIT TOMeH OONFaHABIKTaH TaHAanansl. byn nuddy-
3Hs1 TOCKAYbUIBIHBIH 0aChIM MEXaHU3MI OOJIybIH KaMTaMachl3 eTe/li. Tarbl Oip MaHbBI3/IbI
APTHIKIIBIIBIK - OYJI iCiHY KBICBIMBI, OJ1 ©3]IiriHEeH OiTemNin Kaiy KadileTiH KaMTaMachi3
eTe/ll JKOHE XKep KOWHayJapblHA OPHATBUIFAH TOCKAyblI MEH Ka3OalapjaaH KeiHri
3aKpIMIAHY aWMarblHIAFbl CaHBUIAYJIAPABl JKAaybIl TacTaiiael [4]. beHTOHUT - OVI
MUJUTHOH/IaFaH KbIIAap OOWBI TYPaKThl OOJBIT KEeJTeH TaOUFU TeOJIOTHSIIBIK MaTeprual
XKoHe OYJ1 eTe MaHbI3/IbI, OiiTKeHI Keaeprivep 10° xKplIFa 1eifiH 63 KACHETTEPiH CaKTaybl
KepekK.

EcenTiH KoiibLIbIMBI. PamnoakTHBTI KaIIBIKTapABIH KOWMAaChIHAH KOPIIIAIl TYPFaH Tay
JKBIHBICTAPBbIHA €HETIH PaUOaKTUBTI AIIEMEHTTEP CHIPTKBI KYIITEP/IiH dCEPIHEH KOJICHEH
JKOHE TiK OAFbITTa BIFBICYBl MYMKIH €KEHJIT OeJriii, OVJI ONap/bIH kKep acThl CyJapbiHa,
Cy KoliManapbIHa TyCyiHe BIKMai eTefli. by Kymrepre MplHAmMap JKaTabl: CYHBIKTHIKTHIH
OynaHybl, TOIBIPAKTAFbl KaybIH-IIAIIBIHHBIH JKOHE TEXHOTCHJIIK BUIFAJJBIH CY3UIyi,
TEMIIEPaTyPaHbIH T'PAJUCHTI OCEPIHEH BUIFAJIJBIH MAaCCaJbIK ajMacy, aJcopOlvsiIaHFaH
x)oHe 00oc moHmapasrH quddy3usce.(5) byman 6acka, paIHOHYKIHMATSPAIH MUATPAHSICHIH
€CeITereHIe PaJMOAKTHBTI BIABIPAY, PATUOAKTUBTI BIABIPAY HOTIIKECIHAE SHEPTHSHBIH
0eITiHy1, KOHBEKTHBTI )KOHE OTKI3TIIITIK )BTy aJIMacy MpolecTepil eckepy Kaxer [6]. Mac-
ca ajMacy TMpoIEeCiHe dCep eTETiH KOITETeH CHIPTKBI (haKTOpIapbIH O00TybIHA OaliIaHBICTHI
OyH/al reTeporeH Il )KYHeHi MOJIebiey KUbIHFa cOFajbl. OChI 3epTTey aiiMarbIHIa TOMEH
OaHbITBUIFAH YPAHHBIH PaJMOAKTHBTI KAJABIKTAPBIHBIH U, JKbUIIaM/IBIFBIMEH KOIIEHEH
OarpITTa KO3FAJIATHIH MTAPTTHI KOWMACKIHBIH CY 0acy MPOIIECiH, SSFHU KOHBEKTUBTI ayBICYIbI
KapactbeipaMbi3 (1-cyper). [7-9]

bliranaeie, TudGy3UsIIbIK )KOHE KOHBEKTHUBTI KO3FaIYbIHBIH apKAChIH/IA PATUOAKTUBTI
TOMEH OAMBITBLIFAH yPaH jKacan/Ibl OAIIBIKTAH JKaCaJFaH, el L, ToCKaybuIapra Keme/,
JKOHE (PHIIBTPre Kapchl, MHUTpAlAsfa KapChl KaCHETTEPIMEH CHUIATTanaabl. YaKbIT ©Te
KeJle PaJMOaKTHBTI SJIEMEHTTEP Y3bIH/BIFbI L, TaOUFK TONbIpaKKa oTyi MyMKiH. COHbIMEH
Oipre ecernrey MOAEIIHIEC ca3 OANIIBIKTHE TOCKAYBUIIBIH ¢HI TAOWFU TOTBIPAKTHIH CHIHEH
JlIIeKaiina a3 (Ll << L2) €KEH/IIT1 YCHIHBLIAIBI.
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Ca3 GanmbIKTBI TOCKaybL1 Talurn #ep KeIPTHICHI

—+ F

_.Ul]

L1 L2

3eprTey micTepixoHe MaTepuangapsbl. ToMeH OalbITBUIFAH YPaH - TOCKAYbLI - )KbIHBIC
KYHeciHIeri Macca almMacy MpoLeciH Mojesbaey YiliH OUKTIH eKiHII 3aHbl KOJIIAHbUIIbI
YKOHE KBa3HeJLIeM/i CTalunoHapisl eMec Auddy3usuIbiK TeHACYIep AeKapTTHIK KOOPIMHAT-
tap xyiecinge memingi (1)-(3). burranablH Cy31Ty KO3FaJIbICHIH KOHE PaJHOAKTHBTI bIAbI-
pay OeJICeHIIITiHIH TOMEHCY1 ECeIKe aJIbIH/IBI.
aC,

¥+V-(—Di‘VCi)+u~VCi:Ri (D)

2
¢, _ o ¥C, &

oS, osxt g
ac, . 9°C,  oC,
TP P TMG hexsk ©

Mynnarel C, — reonorusibIK KabaTTarbl y3aK OMip CYPETiH PaJHOaKTHBTI SJIEMEHT KOH-
[EHTPAIMACH, BK/M?;

C, xone C,, — OYJ1 KayiIci3aiK TOCKAYBUIBIHIAFEI JKOHE TOIBIPAKTAFbl PaJIMOAKTHBTI
sneMeHTTIH aupy3ust kodsdduimenTi, coiikeciuiie, M?/c;

U, sKoHe U, — OYJ1 Kayirci3 ik TOCKAyBUTBIH/IaF bl JKOHE JKEPJIeT1 PaIH0aKTHBTI JIIEMEHTTIH
KO3FaJIbIC XBUIIAMIBIFEI, COKeCiHIIE, M/C;

A, — i-11i paiMOAaKTUBTI JJIEMEHTTIH bIIBIPAy KOHCTAHTACHI, OJ XKapThUIAH BIIBIPAY

KE3EeHIMCH epeKIiie OalIaHbICThI, S ') t — YaKbIT, C.

Ecenrtey aliMarbIHBIH IIEKapaNapbiHbIH OipiHAC PaJUOAKTUBTI DJIEMEHTTIH CBIPTKBI
TOCKAYBIIFA YaKbITIIIA TYPAKTHI MACCAJIBIK aFbIHBI 0Ap, OJ CHIPTKBI PaAUAIMSIHBIH OCEPIHCH
PaZMOaKTUBTI KAJABIKTAP/IbIH OCTiHEH IaiiMaliay Ke3iHje maiaa 0omabl.

dC.
i _ At M
-D,— =Rae " =Fe" =F 4)
aX x=0
MyH/1aFbl — paJIHOAKTUBTI JIEMEHTTIH MEHIIIKTI OenceHiniri, br/m?;
R — pamMoaKkTHBTI 3JIEMEHTTIH CUITIIEHY JKbUTIaMIBIFBI, I/(cM? - Toyik) [10];
F0 — Oipitik OETTEH paJIMOAKTHBTI DIIEMEHTTIH BIIABIPAY KBUIIAMIBIFBI JKOHE OHBIH JKbLI-
KBIMAJIBI TYPI€ OTY KbUIAaM/IIFbI, BK/(CM? - TOYITIK);
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F — Gipiik OeTTeH pajiMOaKTUBTI AIEMEHTTIH bIABIPAY KbLIIaMIbIFbI )KOHE PAJINOAKTHBTI
BIIBIPAY/IBI €CKEPE OTHIPHIIT, KBUDKBIMAIIBI TYPTe OTY KBUIIAMIBIFEI, BK/(CM? - TOYIIK).
Ca3llblH KOPFaHBINI TOCKAYybUIBI MEH JKEpP IKBIHBICBIMEH JKaHAacy HYKTECiHJIe
TG Gy3UsUTBIK aFbIHIAP/IBIH TCHIIITT OPBIH ajiajibl:
aC, dC.

=Dy (5)

D
2i ax .

1i
X .y

OH »KaK [eKapajarbl MapT TaHJAIFaH PaIMOAKTUBTI DJIEMEHTTIH XKapThlUlail bIIbIpay
KE3EHIMEH CaJIbICTBIPMAJIbI YaKbIT OTKEHHEH KEeHiH OChI KepJlie paJnOaKTUBTI DIIEMEHTTIH
0oMay KemiTiHeH TaHIaJIbl:

Cl., =0 (6)

Kayinci3z[i1< TOCKAYbUIbIHAAbl JKOHC TaOuru JKCP KBIPTBICBIHAAYbI bUIFaJIJIbIH chpiHeH
paZ[I/IOB.KTI/IBTi BHGMCHTTiH KO3taJIbICBhIHBIH OpTalla CbI3bIKTBIK KbUIAAM/IbIFbl Uli KOHEC

U,,, JKaJIbl JKaraaiaa, Marepuaibiy CY3Uly aFbIHBI MEH KEYEeKTUIIriH €CKepe OTBIpHII,
TeHJeyneH aubIKkTamasl [11-13]:
U= Bu, ™
Kd ps

Mynarbi 0 — reonorusIIbIK MaTepUaILIbIH OPTalla bUFAILIBLIBIFEL, %o; K| —paluoakTusTi
BIIEMEHTTIH (pa3aibiK Tapaty Ko3Q(UIUMEHTI, M*/KT'; P, —KEyEeKTiIKKE KaThICThl MaT€PUAJIIbIH
TBIFBI3IBIFBI KI/M’.

VYakbITTBIH 0acTankbl COTIHAE TOCKAybLI MaTepuaibl MEH TaOWFU Kep KbIPTHICHIHAA
OeJICEHAITIK >KOHE COMKEeCiHIe KOHIEHTpauus OOJDKaHFaH i-Ii PagdOaKTHBTI AJIEMEHT
HOJITe TEH,.

Cl,=0 (®)

KolibliFan ecen y3ak eMip CYpPeTiH ypaH 3JI€MEHTTIHIH reoJOrHsUIbIK Ty3iTiMaep Ma-
TepUablHa XUMUSUIBIK WHEPTTi, TEPMOJMHAMHKAIBIK JKaFjaiiiapra KapaMmacTaH BbUIFall
TYPaKThl JKbULIAMJABIKICH KO3FajaJbl JEreH OoJKaMIapibl €CKepe OTBIPBIN LICHIiJIII.
Kosnma 6ap onebu aepexTepre Tajijay »acai OTBIPBII, XKbIHBICTAP/IBIH HETI3r CHUIlaTTaMa-
napel (COpOUMSUIBIK, (PU3UKAIBIK KOHE XMUMHUSUIBIK) KOHE TaHAalIFaH y3aK eMip CYpeTiH
PaloaKTHBTI JIEMEHTKE KaThICThI KOJAAHBLIATHIH ca3 OallIbIKTaphl aHBIKTAIIbI.

Kecme I — Ecenteyre KaxeTTi emeMaep

OOBexT Hduddyzus ®azanbik Tapany | TerbBabIK p (T/ Oprama
KO3 PUITHEHTI, Koa(duIreHTi cm?) BUIFAJIIBUTBIK
D(M?*/xbL) K,(M*/kr) 0(%)
Ca3 GammbIK 107 0-0,12 1-1,5 10-23
JKep KbIpTHICHI 101 0 1,75-1,8

AJBIHFAH HOTH:KeJepai Taakbliay. Komma 6ap momiMmertepre coiikec (1 kecteme)
BUIFAJT aFbIHBIHBIH OCEPIHEH TOMEH OaWbIThUIFAH YPAaHHBIH PaJUOAKTHBTI KaJIJBIKTAPbIH
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caxTay/laFbl MUTPALUs KbUIJAM/IBIFBIH €CETITeY, Ca3/ibl TOCKAYBUIIBIH 9p TYPIIl HapameTpiepi
OoMibIHILIA XKOHE ipreec JKep KbIPThIChIHAA KYprizinai. Cri30ana Oailkanbln TypFaHaai, ca3
OanmmbIkThl TocKaybu1 10000 kLT 11TiH/E 63 KBI3METIH KeJIeCl MOH/IEP/IC KAKChI aTKapy/a:

u,=3,171-10"* m/cex

L,=10m,

0 =23%,

p, = 1400 kr/m’,

F,= 0,01 bx/(cm® - ToymiK),

K, = 0,12 m*/kr.

Temen OailbITBUIFAH YPaHHBIH XKapThuUlail biabIpay mepuomasl T2 = 1,807 - 10! cek.

1-1Il PaJIMOAKTUBTI 2IEMEHTTIH bIIBIPAY KOHCTAHTACHI A.:

0,693 _
A= vz = 3,835-10" cex )

PannoakTuBTI 37IEeMEHTTIH CUITUICHY KbLIIAM/IbIFbI R:

R=A\C=3447 EILO'5i3 (10)
M

2-cyperTe ca3 OalIIBIKTaH jKacalfaH jKacaHJbl KayilCi3AiK TOCKAYbUIbl paJnOaKTHUBTI
KaJIBIKTap/ibl CEHIMI TYpAE OKIIayJiayFa MyMKIHJIK OepeTiHairi kepinesai, etkeni 10 000
KBUIJAH acTaM YakbIT ilIiH7e a3 OalbIThUIFaH ypaH TOCKAyBUIIBIH TEpeHIIriHe 7 M-JcH
apThIK eHOereH, OyJI KaF/aii/ila KOHBEKTHBTI TachIMalliay MPOIEC] MISHIyIi OOJIbIN TaObl-
nanel. Anddy3usisik arbiagap anddysus kodpGUIUEHTTEPiHIH CalbICTHIPMANbI TYpAE a3
MoHepine OainanbicThl (10-15 M? / KbBUT) KOIIi-KOH MPOLECiHe a3 dcep eTel, Oy ypaHHBIH
cas/bl TOCKAybll MHTEP(EHCIH/IE KUHATYbIHA OKeJeni. JleMek, Koelli-KOH KbUIIaMIbIFbl

HWHTEPBAJ apajibK Tapaiy Kod(pUIeHTIMEeH jKoHE CY31Ty KbUIIaMIBIFBIMEH aHBIKTaa/Ibl,
on Tapanran cas yiris (10°-1073) m / Toym.

Line Graph: Concentration (molym?®)
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Concentration (malim?)

Line Graph: Concentration (mol/m?)
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Kopsoiteiaapl. Ochbuiaiiiia, pagdoakTUBTI KaJJbIKTap/bl CakTay Kayirci3miri, xep
aCTBIHA Cy Kipy HOTIIKECOHJIE CUITUICHYTe yIllaparaH TOMEeH OailbIThUIFaH ypaHHbBIH KOIIIi-
KOHBICBIMEH aHbIKTanaabl. COHIBIKTaH KayilCi3liK TOCKAybUIAAPBIHBIH MaTepuallbiHa
KOMBUIATBIH HETI3rl TananTap - Cy3rijieyre >koHe MUTPALUsIFa Kapchl JKOFapbl CHIIATTaMa-
nap. CoHbIMEH KaTap, MYHJIail TOCKaybUIAap CEHIMJII THAPOOKIIAYIay/Ibl KAMTaMachl3 €Tyl

KepeK.

JKymbicTa TaHIanFaH pajMOAKTUBTI JJIEMEHT YILIIH TaOWFH ca3 OallIbIKTapaFbl
UG Gy3UsUIBIK aFbIHIAP/IbIH IIIaMaJTbl 00JIaThIH/IBIFBI )KOHE IC KY31H/IE KOIIi-KOH MPOIIeCiHe
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acep eTHeUTIHIIT

COMSOL Multiphysics 0arnapiiamachl apKblIbl KOPCETIATeH. blaranabiH KOHBEK-
LUSICHI €H MaHBI3bl GakTop 0okl TaObLIabl. HoTHKECIHIE PaiOAKTUBTI SIEMEHT-
Tep Kayilci3liK TOCKaybUIAaphl apKbUIBI )Kep KabaTblHa aybICyFa MYMKIHIIKTEp1 Tyabl.
Anarina, GuibTpanus aFbHAAPBIHBIH 00JybIHA OAMIaHBICTHI KOIII-KOH KbLIaMIbIFbI
xbuibiHa 0,5-0,7 MM-JIeH acrnaiijibl, OyJ1 OHBIH ca3 OaJIIbIK apKbUIbI Y3aK YaKbIT OOMBI
Kep acThl KabaTblHa TapalyblHa MYMKIHJIK OepMeiiTiHiH koepcereni (mamamen 10 000
KBIIABIK ecenmneH). TemeH OailbIThUIFAH ypaHAapAaH >KacaHIbl JKOJMEH KacajlfaH
KayiInci3ik TOCKAybUIBIHBIH PaJMOAKTHUBTI 3JEMEHTTEPJIH KOIIi-KOH bLIJaM/IbIFbIH
TOMEH/IETETiHIH, OipaK OHBI TOJNBIFEIMEH TEKEMEHTIHIH Kopyre Oomanbl. byn cazmarsl
JKOHE OFaH ipreyiec TOMBIPAKTaFrbl op TYpiai Auddy3us kodppuireHTiMer oailianbICThI
00Jybl MYMKIH.

Ocpuiaiiia, Ka3ipri yakplTTa KypambIHa ca3 OajblK O0ap Kayirci3aik TOCKaybUIIaphl
TOMEH OalbITBbUIFaH ypaHAbl CEHIMIII TypAe OKILIaylaiabl, TINTi oap Cy acThlHAA KaJlFaH
6onca na.
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HNCCIUEJOBAHUE MUT'PAIIUU PAAINOAKTUBHBIX DJIEMEHTOB
B INIMHUCTBIX CJOAX ITPU 3AXOPOHEHHUUN
PAINOAKTHUBHBIX OTXO/OB

B 2015 200y Kazaxcman u Meosicoynapoonoe acenmemgo no amomuou suepeuu (MAIATI) noo-
nucanu coeraulenue o pasmeueHuu OaHKa Hu3KooboeaweHno2o ypara 6 Yemo-Kamernoeopcke. B 2019
200y HeCKONbKO napmuil oboaujenno2o ypana oviio docmasneno ¢ Kazaxcman, u 6ank navan pabomy
Ha meppumopuu Yibouncko2o memannypauieckozo komounama. Ilpu mpancnopmuposexe u 3axopoHeHu
PAOUOAKIMUBHBIX DNEMEHIMOE BOZHUKAEN HEOOXOOUMOCTb CHUIICEHUSL IMOU 8O3MONCHOCIU NYMeM 02pa-
HUYeHUs nepexo0a YpaHa u3 NO03eMHbIX XPAHUIULW 6 NoO3eMHble 800bl. [10amomy 6 OaHHOU cmamve 0bL10
npo6edeHo UCCIe008anue Muepayul paduoakmueHblX 2NEeMeHMOos 6 IUHUCMbIX CIOAX NPU 3AX0OPOHEHUU
0mx0008 paduUOaKmueHO20 ypaua.

B nacmosuee epemsi cyujecmsyem mMHONCECMBO NOOZEMHBIX XPAHULULY (0151 HEKOMOPBIX BUO0E PAOU-
0aKMUBHBIX OMX0008). DM cUCmeMbl OCHOBAHbI HA PA3HBIX CIMPYKNYPAX NOO3EMHbIX KOHMEUHEPOos Ol
PA3HBIX 2eonocudeckux gopmayuil. /lns noO3eMHbIX XPAHUTUWY, PACNOIOICEHHBIX @ 2e002UHeCKOl cpeoe,
20e 0002aweHHbIIL YPaH MOACE MUSPUPOBAMb, OPY2Ue KOMNOHEHMbI CUCTEMbL OONICHbI YMEHLULUNb INTY
603MOIUCHOCTD, NPEOOMEPALYAsl UNU 02PAHUYUBAS. NOOBUICHOCTb YDAHA.

B pabome uzyuen npoyecc KOH8eKMUBHO20 NEPEHOCA PAOUOAKIMUBHBIX INEMEHIMOB 60 GILAICHOM ClLOe
104Gl NOCPEOCNBOM YCMAHOBKU OONOTHUMENbHO20 €CINECBEHH020 OAPbEPHO20 CNIOsL 2NUHbL, MUSPAYUSL
PAOUOAKMUBHBIX DNIeMEHMO8 Npu HE30NACHOM 3aXOPOHEe U, Shexm Oudysuu u KoHeeKyuu yepes ciol
MeEepobIX OMX0008.

Kniouesvie cnosa: mucpayus, noozemmvle Xpanuauwd, clol nuHbl, SPYHMOEble 800bl, ONUICHAL
30Ha, emopotl 3akon Duka.

M. 1. ZHUMANOVA

Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: zhumanovamarzhanisakyzy@gmail.com

STUDY OF MIGRATION OF RADIOACTIVE ELEMENTS IN CLAY LAYERS
DURING THE BURIAL OF RADIOACTIVE WASTE

In 2015, Kazakhstan and the International Atomic Energy Agency (IAEA) signed an agreement to
host a low-enriched uranium bank in Ust-Kamenogorsk. In 2019, several batches of enriched uranium
were delivered to Kazakhstan and the bank began operations at the Ulba Metallurgical Plant. When
transporting and disposing of radioactive elements, there is a need to reduce this possibility by limiting
the transfer of uranium from underground storage to underground water. Therefore, in this article, a study
was conducted on the migration of radioactive elements in clay layers during the disposal of radioactive
uranium waste.

There are now many underground repositories (for some types of radioactive waste). These systems are
based on different underground container structures for different geological formations. For underground
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repositories located in geological environments where enriched uranium can migrate, other system
components must reduce this possibility by preventing or limiting uranium mobility.

This work investigates the process of convective transport of radioactive elements, in a moist soil
layer through the installation of an additional natural clay barrier layer, the migration of radioactive
elements during safe disposal, the effect of diffusion and convection through the solid waste layer.

Keywords: migration, underground storage, clay layer, groundwater, near zone, Fick's second law.
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INFLUENCE OF GRAVITY EFFECT TO THE RECOVERY RATE AT
URANIUM IN-SITU LEACHING

In-Situ Leaching is a method of extracting minerals by selectively dissolving it with a leaching solution
directly in the place of occurrence of the mineral. In practice, during the development of deposits with the
In-Situ Leaching method, situations arise when the solution tends to go down below the active thickness
of the stratum. This may be due to geological heterogeneity of the rock or gravitational sedimentation of
the solution in the rock due to the difference in the densities of the solution and groundwater. As a result of
the deposition of the solution along the height, there is a decrease in the recovery of the metal located in
the upper part of the geological layers.

This article examines the effect of gravity on the flow regime during the filtration of the solution in
the rock. The influence of the gravitational effect on the flow of solution in the rock is studied for different
ratios of the densities of the solution and groundwater without taking into account the interaction of the
solution with the rock. The CUDA technology is used to improve the performance of calculations. The
results show that the use of CUDA technology allows to increase the performance of calculations by 40-80
times compared to calculations on a central processing unit (CPU) for different computational grids.

Keywords: In-Situ leaching, mineral recovery, stream lines, gravity, CUDA technology, graphics
processing unit (GPU), graphics processing unit (GPU).

Introduction. In-Situ Leaching (ISL) is a common method used to recover minerals in
the mining industry, above all for uranium deposits such as those exploited in Kazakhstan
[1-3].

ISL is the process of developing low-concentration deposits in by injecting leaching so-
lutions through a network of injection wells and withdrawing a dissolved useful component
through production wells (figure). In some fields, the deposition of the leaching solution
is observed along the height and its flow into the lower layers of the rock. As a result, the
mineral in the upper layers of the rock may remain unrecovered, since the leaching solu-
tion has not reached there [4]. This may be due to the presence of highly permeable areas in
the geological structure of the reservoir. The lack of detailed information on the geological
structure of the deposit in the interwell space does not allow to unambiguously determine
whether the decrease in the level of the solution along the height is related to the geol-
ogy of the reservoir. Another reason for the decrease in the level of the solution along the
height may be the influence of gravitational effects due to the difference in the densities of
the leaching solution and groundwater. Depending on the composition of the rock, various
types of solvents can be used; in Kazakhstan, uranium is mined with sulfuric acid leaching.
Moreover, the concentration of sulfuric acid in the leaching solution does not exceed 20-25
g/l at the stage of block acidification [3, 5, 6]. In the process of leaching, along with the
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useful component, the rock components dissolve, which leads to an increase in the density
of the leaching solution.

As the leaching agent density is slightly greater than groundwater density gravitational
effect has to be accounted for as it may affect the flow direction. Due to this gravitational
effect, the denser fluid tends to flow downward while the lighter fluid flows directly to the
production well. Accounting for gravitation effect in CFD can complicate streamline simu-
lation method, due to a need for a constant recalculation of streamlines at each iteration.

Task (problem) description and boundary conditions. To study the effect of gravity
on the fluid flow in the rock, let us consider a region with uniform isotropic permeability
with one hexagonal cell (Figure 2). It is assumed that the uranium ore is trapped between
two impermeable layers, with thickness! greater than 12 m, Tak kKak st MEHBIIIEH MOIITHO-
CTH TIJIaCTa BIMSIHUEM IpaBUTALUN MOXHO nipeHeOpeub. The filtration open section for each
well is about 6-8 m in length imposed as a Dirichlet boundary condition in the numerical
simulation. Figure 2 illustrates a vertical cross-section passing along the wells 1,7,4.

For the pressure, a Van Neumann boundary condition was applied to the top and bottom
impermeable layers (no flow passing through). The boundary pressure conditions applied to
each vertical sides of the domain are functions of depth and chosen as constant (assuming
a constant pressure along the vertical of the layer), i.e. as shown on Figure 2, the distance
from the injection well to the boundary is 100 m.

B
2 2] =%
on top oz rap
& Inj.well (1) Prwell(7)  Inj. well (4) o
I [I I S
oP or
—— | = peaii] =)
@ Injection well Ml 02 lionom
© Production well
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Study of gravitational effects on ISL. As the leaching agent density is slightly greater
(about p = 1.1 [g.cm™]) than groundwater density (p = 1 [g.cm™]) gravitational effect has
to be accounted for as it may affect the flow direction. Due to this gravitational effect, the
denser fluid tends to flow downward while the lighter fluid flows directly to the production
well. The acid fluid water interface (density of reagent+ water compared to pure water) is
more or less tabular near the injection well, but this density contrast produces a drawdown
of this interface near by the production well as shown on Figure 2. Sketch explaining the in-

! For smaller thickness the gravity effects can be neglected.
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situ leaching technique used to recover uranium in roll-fronts , a) before uranium extraction
b) after uranium extraction.

Thus, during the leaching process some regions (residual zones) are not leached be-
cause of this gravitational effect, an effect often neglected in numerical simulation of the
ISL process [7, 8]. Therefore, any hydrodynamic modelling of ISL process should take into
consideration the gravity forces in the Darcy Law (1):

U¢=—E-(grad(p)+pg) (1)

where U is the filtration velocity (in m.s™), ¢ the porosity (notice that v = U ¢ is the classical
Darcy velocity), k the permeability tensor (in m.s?) of porous medium (k = k£ I for the
isotropic case), u the dynamic viscosity (in Pa.s) of fluid, p the fluid pressure (in Pa), p - the
fluid density (in kg.m>), and g the gravitational acceleration (m.s?) vector [2]. The mass
Conservation Equation (2) of the injected fluid can be written as [5, 6]:

d .
a—$+d|v(pu¢):q 2)

Where t is the time (in s), and ¢ the total source rate, the sum of in-flow ¢ and out-flow ¢

out

in a volume element: 4 = Z Qi, + z O (in kg.m3.s") terms counted positively in the case

of an injection of fluid, and negatively for the production of the fluid. After expansion, Eq
(2) can be rewritten as:

) .
a—$+¢U-grad(p)+pd|v(U¢):q 3)
: : : . (dp :
Assuming that fluids are incompressible s =0, it comes:
Ip
¥+¢U-grad(p):0 (4)
And, thus the mass balance equation Eq (3) can be simplified into the following form:
[pdiv(U¢)=q] (5)

Substituting the Darcy Law (Eq. 1) into the mass balance equation Eq (5), it comes
(assuming a non-zero fluid density p):

. k q
div| ——- d ==
'V( 0 (gra (D)+Pg)) o (6)

After some arithmetic, Eq. (6) can be developed as (assuming Eq. (4) stands true i.e.
fluid properties are spatially stationary):

. [k 1 . q
div| —-grad Zdiv(pk-g)=—2
IV(M gra (p))+H iv(pk-g) ) 7
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Figure 2 — Sketch explaining the in-situ leaching technique used to recover uranium in roll-fronts,
a) before uranium extraction b) after uranium extraction

Eq. (7) describes the general case when permeability tensor is anisotropic. However,
in sedimentary medium, the permeability tensor is often assumed to be constant in case of
isotropic media or diagonal (after choosing an appropriate coordinate system). In last case,
the permeability tensor can be written as:

K, O
k=10 k, ®)
0 0

~ o O

2z

where k., i €{x, y, z} are the permeability in the i direction. In a Cartesian coordinate grid
system, the gravity vector g is directed downward along the Z axis, Eq. (6) can be simplified
into:

. [k 1 q
div| —-grad(p )+—g~grad pk,, )=—— 9
[M (p) ]+ (Phez) == ©)
The scalar product of Eq. (9) can be simplified into:
L[k g 9(pk,) _ 9
div] —-grad p)+——“=—— 10
(“ (p) " a2 ; (10)

Furthermore, assuming that the vertical permeability k_ is spatial quasi constant in the
layer, the derivative against z can be assumed as null, and Eq. (10) can simplified into:

(kK gk, dp
div| —-grad p)+—zz—=—— 11
[ graa(p) o Hu20 8 an

Isotropic case: when the porous medium is isotropic, the permeability tensor is diagonal
k = k I where I is the identity and k the scalar intrinsic permeability; thus, Eq. (11) is still
valid substituting the term k_ by the scalar permeability k:

[k gk dp q
div| —-grad(p )+——=—— 12
(H (p) R (12)
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Consequently, Egs. (1), (4) and (11) constitute a partial differential equations system
with three unknowns including the filtration velocity U, the fluid density p which depends
on the acid concentration and amount of metal dissolved in the leaching fluid, and the fluid
pressure p, respectively.

1.2 Results and discussion. Explicit iteration method was used to calculate the
pressure distribution and density in the horizontal layer, since it can be easily parallelized.
The velocity in each computational cell is determined from Darcy law, Pollack’s method
was used to determine stream lines from velocity field [9, 10]. Streamline simulation is a
determining streamlines and calculating the time it takes to move from one point to another
along a path. The sum of the time of flight on the cells traversed by the particle gives the
total time of travel of the particle (TOF). This method allows us to move from a three-
dimensional problem to several one-dimensional problems, where the dimension is the time
of flight of a particle.

Equation (12) is an elliptic equation and imposes certain requirements on
computing resources. The numerical experimentation was implemented in three main
steps: (I) estimation of the pressure field accounting for the gravity term and the
above given boundary conditions by solving Eqgs. 12; (II) estimation of the velocity
fields using Eqs. 1; (III) density calculation from Eqs. 4. The first step was solved
on the CPU and the GPU. The CUDA parallel technology was used to accelerate the
calculation time [11, 12].

The calculations were made with and without gravity consideration for comparison in-
fluence of gravity effects. The cross section view of pressure distribution is presented at
Ommnoka! McTounnk ccbliIKM He HaliieH., the top view of pressure distribution with iso-
lines are presented at Fig. 4 (a), and streamline at Fig. 4 (b).

(pressure 1n ra)

To compare computational performance calculations were conducted on CPU (Intel(R)
Core(TM) 17-4790 CPU 3.6 GHz) and GPU (NVIDIA GeForce GTX 980 GPU 1.2 GHz)
for various grid configurations. The calculation is performed for different mesh sizes listed

in Table 1.
Table 1 — Computing time for CPU and GPU
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Ne Grid Computing time [s] on CPU | Computing time [s] on GPU | Ratio
1 | 64x64x64 126.72 1.878 67.47
2 | 128x128x64 420.51 5.073 82.89
3 ] 192x192x96 2355.36 48.29 48.77
4 | 256x256x96 4397.71 89.49 49.14
5 1256x256x128 7249.26 116.15 62.41

As shown on table 1 calculation using GPU allow to reduce the computing time an order
of magnitude compared to the use of the CPU.

Pressure distribution nd iso-lines Streamlines

200 [m]

o - 1 X

To determine the effect of gravity, three different values of the density of the injected
reagents (1010, 1015, 1100 [kg.m>]) were considered. Density distributions in the rock
were obtained and streamlines from the injection wells to the pumping well were plotted
for the indicated cases (Fig. 5). The results show that with an increase in the density of the
solution, the influence of the gravitational effect increases, the flow descends along the
height, the streamlines lose their symmetry relative to the midline of the filters.
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To analyze the symmetry of the streamline, the average height between streamlines
along the wells was determined (Figure 6) for different values of the density of the leaching
solution. As can be seen in the figure, as the density of the reagent increases, the middle
streamline drops below, thereby showing that the streamlines are losing their symmetry.
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about 1010 kg.m-3 [2, 3]. Dissolution of the mineral and rock component with the leaching
solution will not lead to such a significant increase in the density of the solution, i.e. the
gravitational effect due to the density difference can be neglected. Thus, the decrease in the
height of the leaching solution at the fields is largely due to the existing heterogeneity in the
geological structure of the field.

Conclusion. Accounting for gravity effect can seriously change the way a horizontal layer
is being oxidized, and consequently leached during an ISL process. In present work this change
has been demonstrated by conducting hydrodynamic calculations using a parallelized CUDA
- based numerical solver. When gravity effects are accounted for, consequent changes in the
spatial distribution of the density (and so in acid concentration) around the injection wells
are observed, and lead to a very different pressure gradient field. As a consequence, the way
leaching solution flows in the stratum is changed. Resource intensive pressure calculations had
to be solved on each density changing, which leads to increasing calculation times. Therefore,
CUDA parallel technology was successfully used in each step in order to accelerate these
calculations. A speed factor of 40 to 80 is thus obtained, depending on the mesh size used.

Future work requires the implementation of the chemical kinetics reactive transport,
planned to be solved along the streamlines, in order to estimate the amounts of uranium left
over in the underground. Modeling of such process with account for the gravity effect can
help in determining the optimal well pattern and their filtration zone positions for a most
cost effective production.
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BJIMSIHUE 'PABUTALHIMOHHBIX DO®EKTOB HA U3BJIEYEHUE YPAHA
IIPU JOBBIYE METOAOM NOA3EMHOI'O BbIIIIEJTAYNBAHU A

Iloosemnoe sviyjenauusanie — cnocobd 00ObIYU MUHEPALO8 NYMEM UX CENeKMUBHO20 PACMEO-
PeHus GulyenavueaowumM pacmeopoyr HenocpeocmeenHo Ha Mecme 3aneeanus munepana. Ha
npakmuxe npu paspadomie mMecmopoAucOeHull MemoooM N003EMHO20 GblUYelAUUBAHUSL GO3HUKAIOM
cumyayuu, K020a pacmeop OnycKkaemcs no MowHocmu niacma. Imo modicem 0vimy C6A3AH0 C 2e0-
02UYeCKOl HeOOHOPOOHOCBIO NOPOObL UNU 2PASUMAYUOHHO20 OCANCOCHUS. pACMBEOPA 68 NOPOOe 3d
cuem pasnocmu niIOMHOCMel pacmeopa u epyHmoesvlx 600. B pezynvmame ocasxcoenus pacmeopa
10 8blcOme NPOUCXOOUM CHUIICCHUE U3BTICYEHUS MEeMALLd, PACNOI0JICCHHO20 8 6ePXHell YACIU 2e0-
N02UYECKUX CTLOEE.

B oannoii cmamve uccnedyemes enusnue epasumayuu Ha pedlcuM mevenus npu guismpayuu pac-
meopa 6 nopooe. Bruanue epagumayuonnoeo d¢pghexma na meuenue pacmeopa 6 nopooe Ucciedyemcs
01 pasnuuHo20 OMHOWEHUs NIOMHOCEU PACMEopd U 2PYHIMOBbIX 800 6€3 yuema e3aumooeiicmeus pac-
meopa ¢ nopoooil. [l nogvluienus npouseooumenbhocmu pacuemos npumensemcs mexnonoaus CUDA.
Pezynvmamul noxaszvigaiom, umo npumenenue mexronocuu CUDA nozeonsem nosvicums npou3gooument-
Hocmb pacuemos 6 40-80 pas no cpasuenuio ¢ sviuucienuamu Ha yenmpanviom npoyeccope (CPU) ons
PA3NUYHOU PACYEeMHOU CeMmKU.

Knioueswie cnosa: noozemnoe evluyenavuganue, usgievenue MuHepand, IUnuU moxa, spasumayis,
mexnonoeuss CUDA, epaghuueckuil npoyeccop, yeHmpaibHwlii npOyeccop.
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YPAHJIbI JKEP ACTHI IIAMMAUJIAY SJIICIMEH OHIIPY KE3IHJIE
I'PABUTALUSA DOPEKTICIHIH 9CEPI

Kep acmol watimanay — mixenetl Munepan namuoa 60nean Jcepoe WauMaiay apKblibl CeleKmuemi
epimy, natioanvl Kazoanapovl any 20ici mypansl aumoinaosl. Cinmicizoendipy keszinoe epimiHoi KeHOl
JICLINBICNEH dpeKkemmecyl epimiHOiHiy Mblebl30bleblibll 032epyine akenedi. Epimindi men ocep acmol
CYbIHbIY  MbI2LIZ0LIKMAPBIHLIY  AUBIPMAUBLIbLIZEL  HCAROAUBIHOA  JCLIHBICMARLL  ePIMIHOIHIY  aAgbICLIHA
epasumayusivlk, acep bacvim 60na bacmaiiovl. byoan, epimindiniy muidbl30bi2bl Jcep ACHvl CYIAPbIHLIY
MbIEbI30bIZLIHAH HCOEAPLL 00CA, ePIMIHOI ICHIHBICMA KO32AIYbl OUIKMIK OOUbIHUA A2bIHHBIY OeHeelliH
memenoeyine akenedi, Hamudxicecinoe xco2apvl GONI2IHOE OPHANACKAH Memanea epimindi yHcemneyiHen
6HOIpYIH memeHOeyiHe aKenedi.

DBynmaxanaoasicvinvlcmaszel epimindi punvmpayusikezinoe 2pasumayus Ky Winiy agblH pexcuMine acepi
3epmmenedi. Kvinvic nen epimindi apaceindael apeKemmecyin ecenke aamail mex mui2bl30bIKMapbiHblY
ap mypai KamelHacmazel xHea20atioa epasumayus dQpgexmici asvinea acepi sepmmendi. Ecenmeynepoin
opwinoanywin scaxcapmy yutin CUDA mexnonozusicol Kondanwuliowl. Homuowcenep CUDA mexunonocuscvin
Konoany opmanvix npoyeccop (CPU) apkvinvl ecenmeynepmen canvicmuipeanoa ecenmey onimoiniei 40-
80 ece apmmuipy2a MymMKIHOIK bepeminin Kopcemmi.

Tyitin ce30ep: scepacmul waimanay, MuHepanobl oHOIpy, agvli cuizvikmapel, epasumayusi, CUDA
MEXHON02USL, 2PAPUKATLIK NPOYECCOp, OPMANbIK NPOYEccop.
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3AJAYA ITPUHSTHUA PEIIEHUAM 11O YIIPABJIEHHUIO ITIPOLIECCOM
I'mJPOOYUCTKHU YCTAHOBKHU KATAJIMTUYECKOT'O PUPOPMUHI'A
B HEYETKOM CPEJIE U PASPABOTKA METO/IA EE PEILIEHUS

Hccneoosansl npobnemsvt nOCMAHOBKY U peuieHus 3a0a4il NPUHAMUA peleHull no YnpasieHuo npo-
yeccom 2uOPOOUUCKU 8 HeYemKOll cpede U NPeonodicer P HexmusHelti Memoo pewenus maKux 3a0ay ¢
npueneyeHuemM CReyuaIucmos-3KkCnepmos 1 UCNonNb308aHueM ux onblmd, 3Hanus u unmyuyuy. Mamema-
Mu4ecKkas NOCMano8Ka 3a0a4u YnpaegieHus npoyeccom 2uo0poOUUCIKU, KOMOPbLI NpomeKaent 8 peaxmo-
pe 2UOpoOUUCKU U XAPAKMEPU3YEeMCa HeHemKOCMbIO UCXOOHOU UHGOpMayull, noIyueHa 6 euoe 3a0aydu
NPUHAMUS peuenull o 8b1O0PY ONMUMANLHO20 pedcuma padomel peakmopa 2uopoouucmku. Kpumepus-
MU YnpasieHus 8blOpanbl MaKCUMUsayuy odvema npooyKyuu, m.e. 2UOPO2EHU3AMA, U YIy4eHUs Kade-
CMGEHHBIX XAPAKMePUCMUK (MUHUMUZAYUA COOEPIUCAHUS HEeHACHIUYEHHBIX Y21e6000p0008, Cepbl, 8000~
PAacmeopuMslX KUCIOM U wenoyell 6 2uopoenusame) npousgooumot: npodykyuu. Ipu mamemamuueckou
NOCMAHOBKe 3a0aiy NPUHAMUS PEUleHUll No YNPasieHuIo NPoYeccomM 2UOPOOUUCKU 6 HeYemKoll cpede
u paspabomie mMemood ee peuteHus UCNONb308AHbL UOel NPUHYUN 2NABHO20 KPUMEPUsL U MAKCUMUHA NY-
mem adanmayuu ux O pabomel 6 Heuemkou cpede. Paspaboman sepucmuyeckuti Memoo peuienus no-
CMagnenHoll 3a0ay NPUHAMUS peleHUti N0 YNPAsieHUIo NPoYeccoM 2UOPOOUUCHIKIL 6 HeYemKoll cpeoe.
Hoeuszna npeonazaemozo nooxooa K nOCmanogke u pewenulo 3a0aq NpUHAMUS peueHull 6 HeuemKou
cpeode u OpuUUHANLHOCHL PADOMbL 3AKI0UAEMCA 8 NOGblUEHUE A0eKBANHOCHIU NPUHUMAEMO20 PelteHUs
6 HeuemKoll cpede 3a cuem MAKCUMATbHO20 UCNONb308AHUS UCXOOHOU HeuemKoU UHGopMayuu.

Knrouegvie cnosa: 3a0aua npunamus pewienuil, ynpagienue, npoyecc 2u0pooHUCKU, PeaKmop 2u-
OpOOUUCIKU, 2UOPO2EHUAM, IEPUCUYECKUL MenOo0, TUYO, NPUHUMAIOujee peuenue.

Beenenue. [ mpou3BOACTBAa BHICOKOKAYECTBEHHOTO OeH3MHA B HedTernepepadaTbl-
Baromux 3aBonax (HII3 B 0CHOBHOM HCIIONB3YIOTCS TEXHOJIOTHYECKHE YCTAHOBKH KaTallu-
THYECKOr0 pH(OPMHUHTa, COCTOSIINE U3 HECKONBKUX 070KOB [1, 2]. IlepBbIM 1 onHUM U3
OCHOBHBIX OJIOKOB YCTaHOBKHM KaTaJIUTHYECKOTO PUPOPMHUHTa SIBISIETCS OJIOK THAPOOUUCT-
ku. B O110Ke ruApOOYHCTKY TPOUCXOJUT MPOLECC THAPOOYUCTKHU € YUACTHEM TEXHUUYECKOTO
Bonopoza (Bogopoaconepxkaniumii ra3 - BCI') u karanmuzaropa UOP — S-12T [3]. YcraHoB-
Ka Karamutuueckoro pudopmuura JII'-35-11/300-95 npennaszHadeHa ajsi MpOU3BOIACTBA
BBICOKOOKT@HOBOTO aBTOMOOMJIBHBIX OCH3MHOB C OKTAHOBBIM YHCIOM 10 95 MYHKTOB IO
HCCIIEIOBATENLCKOMY METOJY, apOMaTHUECKUX YIIIEBOJOPOOB, HUCIIOIb3yEMbIX KaK ChIpbe
it Heprexumudeckoro cuateza u BCI [4, 5]. Onucanune TEXHOIOTHYECKON CXeMbl O10Ka
ruapoodncTku yeranosku JII'-35-11/300-95 Ateipayckoro HII3 u paspabaToTanHbie HaMu

* E-mail xoppecnonaupytomero apropa: alua_15 1982@mail.ru
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MOJISJIU peaKkTopa pupOPMHHTa, OTIIAPHOMN KOJIOHHKI, a0COpOEPOB U neun pudOpMHUHTa, SB-
JSIFOIMECS] OCHOBHBIMM arperaramu 0JI0Ka THAPOOYHCTKY MPHUBEACHHI B pabotax [6, 7]. Ha
OCHOBE 3TUX MOJEJIEH MOXKHO PELINTh 331a4l IPUHATHUS PELICHUN.

B nacrosiiiee Bpemsi ¢ Bo3pacTaHMEM CIpoca Ha KaueCTBEHHbIE MOTOpHBIE TOIIMBA
Ha PhIHKE HEPTENPOLyKTOB, MPOOIEMbI MOBBIIICHUS KadyecTBa OCH3WHA, B T.4. OUUCTKOU
OeH3WHa OT BpPEeIHBIX JJIsI ABUTaTENIeH U OKPYKAIOIIEH Cpelie CepHUCTBIX U JPYTUX Bpel-
HBIX COCJIMHEHHUI, SIBJIICTCSl BAYKHOW 3ajiauell HayKH M TEXHOJOTHH HedTernepepadoTku [8
—10].

B 5T01 cBA3M BECbMa aKTyaJbHOM CTAHOBSTCS PELICHUE 3a/1aul IIPUHATHSI PELICHUH 110
3¢ GEeKTUBHOMY YIIPABICHUIO MPOIECCOM I'MIPOOYUCTKH OCH3UHA U YJIyUIICHUS KaueCTBa
MOTOPHBIX TOIUIMB HAa OCHOBE COBPEMEHHBIX MaTEMATHUYECKUX METOJIOB.

Tak kak ycranoBka JI[-35-11/300-95 Atsipayckoro HII3, B T.u. 610k pudopmuHra
JAHHOW YCTaHOBKH, XapaKTepu3yeTcs JeUIUTOM U3MepsieMOH, KOTMYeCTBEHHOW HHPOP-
MaIMi ¥ HEYETKOCThIO HEKOTOPBIX BAXKHBIX MapaMeTPOB, KOTOpBIE BIUSIOT HAa KaueCTBO
00beKTa, BOZHUKAIOT MPOOIEeMBl pa3pab0TKH MaTeMaTU4eCcKoro OMUCAHUS, ONTHUMHU3AINN
Y yNPaBJIEHUS MIPOLECCOM TMIPOOUUCTKH TPATUIIMOHHBIMU MaTeMaTHYeCKUMU METOAAMHU.
Ho Ha nanHOM 0OBeKTe IOATHe TOAbl pabOTaIOT OIMBITHBIE ONEPATOPHI-TEXHOJIOTH, KOTO-
pBI€ SIBIISIIOTCS JTUIIOM, TpUHUMatouM petnenue (JIIIP), sxkcrepramMu 1 MOTYT ONTHUMaIbHO
YIPaBIATh MPOIIECCOM I'MIPOOYUCTKH HAa OCHOBE CBOETO OMbITa, 3HAHUS U MHTYHUIHH, T.€.
UCTIOJIB3Ysl HEUETKYI0 HH(POPMALIHIO.

B nanHo# pabore 00bEKTOM HCCIIETOBaHUS SBISIETCS OJIOK THIPOOYUCTKH yCTAHOBKU
Katanutriyeckoro pudopmunra tuna JII'-35-11/300-95, koTopas sSkcrmyarupyercs: Ha AThI-
payckom HII3 [3]. B kauecTBe cbIpbs O10Ka rugpoouncTku Ha AtbipayckoM HIT3 ncnonb3y-
eTCsl TPSIMOTOHHBIA OEH3WH, KOTOPBIH MOCTYIAET OT YCTAaHOBKH MEPBUYHON nepepaboTKu
He(tu ABT-3 DT nannoro 3aBoja. [Ipoiecc ruipoovncTKU MPOTEKAET B CPElIC BOIOPOI-
conepokaiero raza (BCI') u oTHOCHUTCS K KaTaTUTHYECKUM TPOIECcCcaM, IPEeTHAZHAYCHHOTO
JUTSL OYUCTKU M YAAJICHHsI U3 COCTaBa MPSIMOTOHHOTO OCH3WHA OPraHMYECKUX COCAMHEHHN
cepbl, KUCI0poJa U a30Ta, KOTOpbIE SBJIAIOTCS S70M JUIs MCIIONB3yEeMOTo B Ipolecce Tu-
JIPOOYMCHUTKH KaTanau3aropa.

B mpornecc THAPOOUNCTKY MPOUCXOIUT XUMHUYECKOE IPEe0Opa30BaHUE CHIPbS MOJ BO3-
JIeHiCTBHEM BOJIOPOTHOTO T'a3a ¢ BEICOKUM JaBIEHHEM U BBICOKOW Temneparypsl. [Ipu aTom
B COCTaBe HE(TENPOIYKTOB, TOIUIMB CHHKACTCSI CEPHUCTBIC COCAMHEHHSI, IPOUCXOANT Ha-
CBIILIEHHE JIOTOJIHUTENIbHBIX HEHACBHIIIEHHBIX YIIIEBOJOPOAOB, YMEHBIIEHHE KHCIOPOICO-
JieprKaliyecs COeMHEHNs U COCTaBa CMOJIBI, @ TAK)KE TUAPOKPEKUHT MOJIEKYJI YTIIEBOJ0PO-
noB. Lleneroii mpoaykimei 6J10Ka TUAPOOUNCTKH SBJISICTCS OUUIIICHHBIH OT EPEUYNCICHHBIX
BPEIHHUX COCTUHEHUHN U COCTABIISIOMINX OCH3WH, KOTOPBIH Ha3bIBACTCS 2UOPOSCHUZAMOM.

B cBs3u ¢ 9THM B KayecTBe LENH JaHHOW padOTHI orpeaescHa GOpMyIMPOBKa 3a1ad
NPUHATHS PELICHUH N0 YIPAaBICHHUIO MTPOIECCOM THAPOOUMCTKU M pa3paboTka METo/ia ee
pewenust. s noctikenus copMyIMpOBAHHOH LIenr B paboTe CTaBATCS M PELIaroTCs 3a-
naqu: (opMaIr3anus u NOITydYeHHst MaTeMaTHUeCKON MOCTaHOBKH 3aJa4i IPUHSTHUS pellie-
HUH 10 YIIPABJICHHUIO TIPOIIECCOM THIPOOYUCTKH O10Kka pudopmunra Ateipayckoro HII3 B
HEYEeTKOW cpefie; pa3paboTka IBPUCTHYECKOTO METOA PEelIeHHsI TIOCTaBICHHOM 3a/1ad MpH-
HSTHS PELICHUH HEYETKON cpelle Ha OCHOBE MOIU(HUKALMK METOIOB TIIABHOTO KPUTEPHS U
MaKCHMHUHA 1Jis1 pab0Thl B HEYETKOMU cpeie.
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MeTonanl 1 MaTepuaJbl HccjaenoBanus. [Ipu ynpasiaeHnn nporueccoM ruipoounucTKU
MIPUXOJUTCS YYUTHIBATH HEUETKOCTh HEKOTOPOH YaCTH HCXOAHOM HH(POPMAIIH U MHOTOKPH-
TEPUAILHOCTD 33aJa49H, TaK KaK HEOOX0JMMO MaKCUMU3UPOBATH 00bEM LIEJIEBON MPOAYKIHH
1 YIy4IIUTh €€ Ka4eCTBEHHBIX MOKa3aTened U MUHUMM3UPOBATh 3aTPAThl, ’TH KPUTEPUHU
MOTYT OBITh MPOTUBOPEUMBLIMU. [109TOMY 3anavy ynpaBieHHUs] MPOIECCOM THIPOOUHCT-
KH cJieqyeT cOopMyIHpoBarh B BHJIE 3afaun npuHsaTus pemenuii (I1P) B Heuetkoli cpene,
peleHre KOTopoe MO3BOJSIET HAUTH ONTHMAIBHBIH PEKUM PaOOTHI 0JIOKa THAPOOUHCTKH,
MTO3BOJISIOLINH JOCTUTHYTH SKCTpEMaIbHBIX 3HAUeHNI KpuTepueB yipasneHus. [lpu pere-
HUM c(HOPMYIMPOBAHHON 3a/ja4u ONpeesieHHe 3HAYCHU KPUTEPHUEB OCYLIECTBISIETCS] Ha
OCHOBE MaTeMaTH4eCcKUX Mojeleil rporecca, Mo3BOJISAIOLINE ONMUCATh 3aBUCUMOCTh KpUTe-
pueB (00beM U KadecTBa MPOAYKLUUH) OT BXOJHBIX, PEKHMHBIX TAPAMETPOB TEXHOJIOTHYE-
CKUX 00BEKTOB OJIOKA I'MIPOOYUCTKH.

Jis dopmanM3zanuy ¥ MaTeMaTHUeCKoW MOCTaHOBKU 3aiadyu [IP mo onrumanbHOMY
YHPaBICHUIO MPOLECCOB I'MJIPOOYUCTKH B HEUETKOW CpeAe MCIOIb3YIOTCS METOJOJIOTHUS
cucTeMHoro ananusa [11], Mmetoasl Teopuii NpUHATHS pereHui [12], HeYeTKUX MHOXKECTB
1 DKCIEPTHHIX oreHok [10, 13, 14].

Pe3yabraThl U UX 00cy:kaeHHe. B 6J0Ke THAPOOYHCTKY THIPOTCHU3AT, T.€. OUHIICH-
HBII OT BPEAHBIX MpUMeced OSH3WH, MOoJy4yaeTcss Ha BBIXOAE PEaKTopa THAPOOYHCTKH
P-1 u xapakTepusyercs 00beMOM H KaueCTBOM. B pe3ynbrare nuccieoBaHus OnpeesieHo,
00beM KaTanmu3aTa MOXHO OIIPEJICIUTh Ha OCHOBE Mojienu P-1, pa3paboTaHHO# Ha OCHO-
BE JKCIEPHMEHTAIbHO-CTAaTUCTUYECKUX, @ KauyeCTBEHHbIE IMOKa3aTelIu T'MJIpOTreHu3aTa,
TaK KaK XapakTepHU3yIOTCs HEUETKOCTBHIO, ONPEENIAI0TCS Ha OCHOBE HEYETKOM Mojaenu
[6]. 3anaua IIP mo ympaBiieHHIO TPOLIECCOM THIPOOUHUCTKH B HEUETKON Cpejie pelarTcs
Ha OCHOBE dTUX MoJeliel pekTopa ruApoouncTku P-1 u hopmanuzyercs ciaenyromum 00-
pazoM.

Hycrs F(X) = (f.(X), f,(X), f5(x), ,(X)) — Bexrop kpuTepues onTumusanuu nporecca
IMIPOOYHUCTKH, olleHuBaromuii 0obem f(X) u kauecTBeHHBIE MOKA3aTe M rUApOreHU3aTa
(f,(X) — comepxanmne HeHachIEHHBIX yrIeBonOponoB, 13(X) — ceperu f,(X) — Bomopac-
TBOPUMBIX KHCIJIOT U IIEJIOYEH B MPOMYKIUH). OTH KPUTEPUU 3aBUCAT OT BEKTOPA BXOJ-
HBIX U PEKHUMHBIX TapaMeTpoB X = (X, X,, X, X,,X;) C IOMOIIBIO KOTOPBIX YIIPaBIIACTCS
HPOLECC, TIE X, — PACXO ChIPbs, T.€. 00BbEM MPSIMOIOHHOTO OEH3MHA HA BXOJIE PEAKUTOpA
P-1; x,— naBnenue B P-1; x, — remneparypa P-1 u X, — 00beMHast CKOPOCTh MOAAYH CHIPb;
Xs — orHouenne H,/yrnesonoponsl, mupkyupyommi BCT. BosMokHbIe 3HAY€HUs OTHX
1apaMeTPOB OTPAaHUYEHBI M MX 3HAYEHUS MOTYT MEHATLCA B ONPECICHHBIX MHTEPBAJIAX,

min ,m

3a/1aBAEMbI€ TEXHOJOTHYECKUM PEIIAMEHTOM: X; eQQo X, X= [X- ,in:l, j=L15, rme

]

™ XT™ — HyKHUE ¥ BepXHUIL Ipeiensl n3MeHernus napamerpa X, J =19 Dtu orpann-

X" X]

YeHHs, MHTEPBAIbl H3MEHEHHs MOTYT ObITh HedeTknumu (>,<,= ). ClelyeT OTMETHTb, UTO
JIOKaNlbHble KPHTEPUH, OLIEHHBAIOIIUE KauecTBa rujporennsara, T.e. 1,(X) , f;(X) u f,(x)
OIHCHIBAIOTCS HEYETKO, HApUMep, ¢ HEUeTKOW MHCTPYKLIMU THUIA: YeM «MEHBIIIe» 3a/laH-
HOTO MTOPOTOBOT'0 3HAYCHHUS, TEM (WIyUIIe».

TpeOyeTcs NpUHUMATH PELICHUE M0 ONTUMAJIBHOMY YIPABICHHIO PEKUMaMHU pabOoThI
peaxkTopa rHIpOOYUCTKH, TTO3BOJISIOINI 00eceunBaTh SKCTPEMallbHbIC 3HAUCHHS KpUTe-
pHeB, coOonas BHIIONMHEHHS BceX TPeOOBaHMH HAIOKEHHBIX OrpaHWYeHUil. Maremaru-
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YeCKYIO MOCTaHOBKY (hOpMaM30BaHHOM 3a/1au yIPaBJIeHHUs MTPOLECCOM THAPOOYHCTKU B
o0rieM BHJIe MOYKHO 3amucarhb Kak 3aaada [IP B HeweTkoi cpene:

max f; (x) (1)

X ={xeQ, ¢,(x)2b,,q=1L} )

Pemennem nannoi 3anaun [1P sBnsiercs 3HaueHne BEKTOpa yNIpaBIISIONUX TapaMETPOB
X' = (X0 % X0 X X5, KOTOpble 00ECIEeUMBAIOT HaWIydIlIHe 3HAUCHUS KPUTEPHUEB f, (x),
f,(x), (0, £, (x), ynosnersopsomue JITIP.

Ha npakTuke npu pelieHrH CIOXKHBIX IMPOU3BOJCTBEHHBIX 3a/1au HedeTKast HHpopMa-
nust, kotopas Beipaxkaercs JIIIP, skcriepToM B BUE HEUETKOTO BbICKa3bIBaHUS, CYKJICHUS U
WHTYUIUH, @ €CTECTBEHHOM S3bIKE, SIBJIIETCS OCHOBHBIMU M MPUBBIYHBIMH IS Y€JIOBEKa.
[TpeoOpa3zoBaHre HEYETKOTO OTMCAHMS B KOJIMYECTBEHHOE HE BCETIIA YAAeTCsl FITH OKa3bIBa-
eTCsl HelleJIecoo0pasHbIM. B ATHX ciydasix JUist pelieHust HedeTKol 3a1aun 0oJiee epCrek-
THUBHBIM SIBJIICTCS TIOAXOJ1, KOTOPBIA OCHOBAH Ha pa3pabotke MetozoB [P, mpucrnocobieH-
HBIX K YEJIOBEYECKOMY SI3bIKY, K HEUETKHM (haKTOpaM JII000To XapakTepa, K 4eIOBEYeCKUM
[IpoLeypaM HPUHATHUS pelleHui. V3BecTeH Mmoaxox, KOTOPhIA Ha ATare MOCTAHOBKY 3a-
Jla4¥ UCXOJHAs HeUeTKas 3a7a4a Ha OCHOBE MHOKECTB YPOBHSI 0 3aMeHsIeTca HabOpOM YeT-
KHX 337134, J1ajiee MOJyuYeHHbIE YeTKHE 3aa4H PEIIaloTCs ¢ TOMOIIBIO M3BECTHBIX METO/IOB
[13, 15]. Ho mpu 3TOM YacTh UCXOTHON HEUETKON HHPOPMAIMU TEPSIETCs, YTO MPUBOIUT K
CHIDKEHHUIO aJIeKBaTHOCTH peleHust. B nanHoi pabore npearaercs 6osee 3 GeKTHBHBIN
TMIOJIX0J], OCHOBAaHHBIN HAa IOCTAHOBKE U PEIISHNS 33J]a4ll B HEUETKOH cperie, He mpeodpasys
UX K JISTEPMUHUPOBAHHBIM 33/1a4aM, T.€ He Tepsisi JOCTYNHON HH(OpPMALIUK HEYETKOTO Xa-
paktepa. B aTomM mozaxose 3a cyer MakCUMallbHOTO UCIIONB30BaHUsI COOPaHHON MCXOIHON
HeyeTKol MH(OPMAIIMH MOBHIIIACTCS aJIEKBaTHOCTh MOJYYEHHOTO pellleHHs HEYeTKOH 3a-
Jla4uu.

Jist monryueHus MOCTAaHOBKH 3aj1aun copmynnpoBanHoi 3anaun (1)—(2) B HeueTKoi
cpezie IpUMeM OIpeIeNICHHbIC JIOMYIIECHHSI 1 0003HAYCHUSI.

[ycts Ho (X), Ho (), M (X), Ko (%) — HOPMaJIH30BaHHbIE JIOKaNbHBIE Kputepuu f; (X),
f, (x), f5(x), f, (X), IpUHUMAlOIIMe 3HaueHus B uHTepBaiie [0,1] u kputepusMu yrpas-
JICHUsI TIPOLIECCOM THIIPOOYUCTKH. J[OMyCTHM, YTO JUIS KaXKJOTO HEUYETKOTO OIpaHHYCHHUS
9y (x) > b, a=15 NOCTpOeHa (PYHKIMS IPUHA/UIEKHOCTH, OLUEHUBAIOIINE X CTENECHb BbI-
nomuerns Mo (X): 4=15 | Cypraem n3pectrer nm MOTYT OBITh OIPE/ICIICHBI PSIJI IPHOPH-
tetos st kpurepues |c ={1.2,3,4} u orpanmuennit Iz ={1.2,3,4,5} | mu6o Becosbie Bek-

TOPBI, OTPA’KAIOLINE B3aUMHY BaKHOCTb KPUTEPUEB Y ~ (V1,Y2.Y35:Ya) u orpanmuennit

B= (B1.B2.B3: B4 Bs)

Torna, MoguduImpys uaen MeTonoB erasHozo kpumepus (I'K) u maxcumuna (MM) nns
paboThI B HEUETKOM Cpe/ie 3a/1auy MPUHSATHUS PEHICHUH 10 YIPABICHHUIO MPOIECCOM TUIPOO-
yucTkd, (1)—(2) MOXXHO 3amucaTh B CIeIyrolIeld TOCTaHOBKE:

max i, (X), (3)
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X ={x: x e Qnarg(uy (x)  up) Aarg(maxmin(Bou, (x)).i=2.4,4=15 (4

rae /A — 3HaK JIOTH4YECKOIO «HU», KOTOpBIﬁ Tpe6yeT, 4TOOBI BCE CBA3LIBAEMBIC UM YTBCPIK-
i
JCHU ObLIH HCTUHHBIMU, uR — TPaHUYHBIC 3HAUCHUA [JIA JIOKAJIbHBIX KPUTCPUCB

Ho(x),i=2,4 , 3amaBaemsie JITIP. O6nacts onpenenenus nepemennsix Xj»J =15 u sor-
[IOJIHEHUS] HEYETKUX OIPaHUYCHUIl OIPEIessieTCss Ha OCHOBE NPHHLUIIA MAaKCUMHUHA (Ta-
PaHTHPOBAHHOTO PE3yJIbTaTa).

Mensst Hr 1 BEKTOpa BaXKHOCTH OTpaHMYeHHH B = (By--+Bs) , MoxHO momyunTH Ce-
MeiicTBO pemennit 3aauu (3)—(4): X (g B) Bri0op HanmydIiero pemeHus Iponu3BOANT-
Csl B UTEPATUBHOM PEKUMeE Ha OCHOBe jpuanora c JIIIP.

Ha ocnoBe npunnunos 'K (mis xputepue) 1 MM (mnst orpannyeHuil) npeia-
raeTcsi cleAylomuil dBpucTuUeckuid Mmerox peumenus 3agauu [1P (3)—(4), chopmymnu-
POBaHHOMW AJI yNpaBICHUSI TEXHOJOTHUYECKUM IIPOLIECCOM (Ha MpUMepe Ipouecca T'u-
JPOOUYUCTKH).

Memoo I'K+MM:

1. 3agaercst 4MCIO MIAroB MO KAXKI0U (-0 KOOpAUHATE Py, 0= LL U psii IPUOPUTETA
JUTSI IOKAJIBHBIX KPUTEPUEB I ={L...m}, e L u m— konmuectso OTpaHUYCHUN U KpUTE-
pueB. [Ipu 3ToM M1aBHOMY KPUTEPUIO JOKEH MPUCBAUBATHCS IPUOPUTET 1

2. JITIP BBOAWTCS 3HAYEHWE BECOBOIO BEKTOPA OrpaHMYEHMit B ~ By BL), YUYUTBI-
BAaIOIIEE BAKHOCTH KAXJA0TO OTPaHUYCHUS ByoesBy-.

3. JIIIP Ha3HA4Yal0TCs FPAaHUYHBIC 3HAUEHUS JUIS JIOKAJIBHBIX KPUTEPUEB (KpOME NepBO-

i H—
r0), KOTOPbIE YIHTHIBAIOTCS B cocTase orpanmuenmuii Hr (X).1=2,m
1

4. BEIUUCIAIOTCS hq =—,d=LL — penuyunms maros JUI. U3MEHEHUS] KOOpJIMHAT Be-
q
COBOTO BeKTOpa f3.

5. Toctpoenne HaGopa Becosbix Bektopos B!, B ...pY, N=(p +1)Up, +LLL
“." (pL +1), myTem u3menenns xoopauHar Ha orpeskax [0,1] ¢ marom hq.

6. Onpenensercst TepM-MHOKecTBO T (X,Y), KOTOPOE HEYETKO ONMKMCHIBAET MAPAMETPHI
o0bekTa U Ipouecca.

7. CrposTcs (QYyHKUUM IPUHAUIEKHOCTH BBIIOIHEHUS HEYETKMX OrpaHUYEHUI
1, (),q=LL.

8. Ha ocHoBe Momenn TPOM3BOIUTCS MAaKCHUMHU3HPYETCS TJIaBHBIH KPHUTEPHil
(3) Ha MHOXecTBe X, OmpenenseMoM IO NPUHIUIY MakcuMuHa (4) W ompenens-

IOTCS  TEKYIIHE pEIIeHHS: X(UiR: B): Ut (X(p'iR’ B)),Ug (X(Uirea ﬁ))v-w“om (X(Uirw B)):
(K1, B bt (X(L, B, 1= 2.,

9. IlonmyuenHsle pe3ynbTarsl npeabsasisitorcs JIIIP. Eciu texymue pemieHus He yno-
i P
sretsopsitot JITIP, To nM koppektupyiotes 3naderns Hr (X1 = 2,M iy B u ocymect-
BIISIETCS BO3BpAT K IMyHKTY 3. MHave, mepeiTH K cIenyromeMy MyHKTY.
10. Ilomck pemeHUs] TpeKpamaeTcsi, BBIBOAATCS PE3yAbTaThl OKOHYATEIHHOTO BHI-
o .
6opa JITIP: 3Hauenus Bektopa ynpasnenusX (Mg, B);  3HaueHms TOKambHBIX KpHTEpHEB
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Ko (X" (Mg, B)), Ko (X" (Mg, B Ho (X" (Mg B):i=2.M y crenens BhINOTHEHUs HeYeTKUX
Ol“paHI/I‘leHI/If/i p‘l(x*(p‘IR! B))11 u'L (X* (U'IRI B))! I = 21 m.
ITonyueHHbIE Pe3ybTaThl ONTUMM3ALMK BBIXOJA THAPOreHus3ara ¢ pekropa P-1 B 3a-

BUCHMOCTH OT U3MEHEHHS TeMIiepaTypsl B P-1 npu ¢pukcupoBaHHBIX 3HAUCHHS OCTaJIbHBIX
BXOJIHBIX, PEKUMHBIX IAPaMETPOB (X, X,, X, ¥ X, ) IPUBE/IEHBI B BuJIE Tpaduka Ha pucyHke 1.

=4 BHXO[ ruaporexn3aTa

i

=

X1 ~BX0A CHipbs, 80 M4ac.

2 &

1 - nasnesme 8 P-1, 30 kr/cM?:

o

Xy —0bbemHan cxopocTb, 3 vac™:

&

o
L

x5 — umpkynsiws BCT, 400 B);

BLIXOZ rMaporeHusara
%
w

=
b=

=1
™

m b1 s o m k']
Temneparypa,°C

_ = f,(x
Pucynoxk 1 — T'paduk 3aBucumMocTu Y (%) npu GUKCHPOBAHHBIX X , X,, X, M X,.

Obcysicoenue pesyromamos. GopmanmzoBanHas 3anada [1P o ympasnenuto mporiec-
COM THJ/IDOOYMCTKH C yYETOM HEUETKOCTH HEKOTOPOH YacTH WCXOMHOM MH(OpPMAIUU U
MONTyYeHHasi MareMaTndeckasi MOCTaHOBKa JaHHOW 3amaun (3)—(4) sBusercst oOmien ams
3aj]1a4 yIpaBJIeHHs Pa3IMYHBIMHI TEXHOJIOTHIECKIMH TIpotieccami. J{Jisi mpruMeHeHus mpe/t-
JIOKEHHOTO TIOAX0/Ia K MMOCTAaHOBKE 33/1a4 YIIPABIICHUS TEXHOJIOTHISCKUMHU MPOIECCaMy B
HEUYETKOW cpesie HEOOXOMMMO KOHKPETH3UPOBATh KOJIMYECTBO KPUTEPUEB, OTPAHUYCHHS U
OTIpE/IETTUTh UCTOYHUKHA HEUETKOCTH B KPUTEPHUSAX, OTPAHUYCHUSX I BECOBBIX KOd(h(hu-
[MeHTaX. B mpHBeeHHON MOCTaHOBKE 3a/1a4d PacCMOTpEeHa Clydail HEYEeTKOCTH B Orpa-
HUYCHUSX, KOTOPbIE YYUTHIBAIOTCS HA OCHOBE (PYHKITUM MPUHAIICKHOCTH, OI[CHHBAOIIINE
CTETICHb BBHIIMTOJIHEHUS 3TUX HEUETKUX OTPaHWYCHHUU. Eciam KpuTepuu uim BecoBbie KOA(-
(DUIMEHTHI SBISIOTCS HEYETKUMH, TO JUISI HUX CIIEAYET CTPOUTH (DYHKITMH TTPHHAIICHKHO-
CTH, KOTOPBIE TIO3BOJIFOT YUUTHIBATH UX HEYETKOCTU. B MpHBeeHHOW MOCTAaHOBKE 33/1a4u
ynpasnerus (3)—(4), ans yroOcTBa MpUMEHEHHUS METO0B HEYETKHX MHOMKECTB KPUTEPUU
MIPeBApPUTEIBEHO HOPMAaIU3yeTCsl, YTOOBI OHH MPUHUMAIH 3HAYCHS, KaK ¥ (DYHKIIUHU TpH-
Ha UIeKHOCTH, B mHTepBate [0, 1]. JIns onpeneneHus 3Hau€HUST KPUTEPUEB MCIIOIB3YIOTCS
MaTemMaruyeckue mozenu peakropa P-1, mocTtpoeHnHsie B [6] ¢ yUETOM HEUETKOCTH HCXO-
JTHOW WH(OPMAIIHH.

[IpennoxxeHHbI 3BpUCTHUECKUNA MeTo[ pewieHus 3anaun [IP nmo ynpaBiaeHuto TexHo-
JIOTUYECKHM ITPOIECCOM OIMCaH JIJIs OOIIETo Cydast, C IPOU3BOIBHBIM KOJIUMYECTBOM KPH-
TEepHeB M OrpaHWYeHUd. MEeTOI OCHOBAaH Ha HCIIOJIb30BaHUE U MOJU(UKAINH HJIEH TTPHH-
[IUTIOB TJIABHOTO KPUTEPUs (IUIsI KPUTEPHEB) M MakCHUMHHA (/11 orpaHu4eHui). JlaHHBIH
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MeTon Oornee 2P PEeKTUBHO IPUMEHsIETCS B cilydae BO3MOKHOCTH Bbinenenus JIIP, sxcrep-
TaMH TJIABHOTO KPUTEPHUS U HEOOXOJUMOCTH 00eCTIeUeHHsI TapaHTUPOBAHHOTO BBITIOJIHEHHS
TpeOOBaHMI HEUETKUX OTPaHNYEHU. B ciryyae 3aTpyJHEHUS WIIM HEBO3MOYKHOCTH HCIIOIb-
30BaHMsl IPUHIMIIOB IJIABHOTO KPUTEPHS U MaKCHUMHHA PEKOMEH/YeTCsl BBIOpaTh Apyrue
MPUHLHKIIEL onTuManbHOCTH ([TapeTo onTuManibHOCTH, paBEHCTBA, UACATLHON TOUKH U JIP.)
1 X COYETaHUsl, KOTOPBIE TIOAXOAAT IS CJIOKHBILIEHCS Ha IPOU3BOJCTBE CUTYAI[UH U UMe-
FOLIEHCS UCXOTHOW MH(OPMAIIHH.

3akawouenune. B pabore uccrnemoBaHbl MpoOiieMbl MOCTAHOBKU 3a/laud MPUHSTHS
pelIeHu Mo ynpaBieHUIO MPOLECCOM I'MAPOOYUCTKH YCTAHOBKH KaTaJUTHUYECKOTO PH-
(hopMHUHTra B HEUETKOH cpejie U OAXOABI K PEHICHUIO TaKuX 3aaa4. PaspaboTan aBpUCTH-
YECKUN METOJ| PELICHUS ITIOCTABIECHHON 3a1a4 NPUHATHS PELICHUN 110 YIIPABIECHUIO IIPO-
LIECCOM THAPOOYNCTKU B HEUETKOH cpene. B n3BecTHbIE MOCTAHOBKM M HEUYETKHUX 3ajiad,
1 METOJIOB UX pEeIleHHs, KOTOpble OCHOBAHbI Ha ATare MOCTaHOBKU NMpeoOpa3oBaHueE Hc-
XOJTHOW HEUETKOH 3a7a4M K HaOOpy SKBUBAJICHTHBIX YETKUX 3a]]a4 HA OCHOBE MHO)KECTBa
YPOBHS ¢, YTO IPUBOJIUTH K OTEPE YacTH COOPAHHOHN MCXOIHOM HEYeTKOW NH(pOpMAIHH
1 BIOCJIEACTBUM CHIDKAETCS aIeKBaTHOCTh MPUHUMAEMOTO pelieHus. B otnuune ot 31o-
IO B MPEJIOKEHHOM HEYeTKOM IO/IXO/I€ 3ajiaya CTAaBUTCS M pelIaeTcsl B HEUETKOH cpesie.
[Ipu mocraHoBKe 3a7a4y MPUHATHS PELICHUI 110 YIPABICHUIO peKUMaMu pabOThI peak-
TOpa C LEJIbI0 ONTUMH3AIMH MPOLiecca THIPOOYUCTKH U pa3paboTKe METO/Ia e PeLICHUS
HCIOJIB30BaHbl MOAU(DHUIIMPOBAHHbIEC 1JIs1 pa0OTHl B HEUETKOW Cpelie MPUHIUIBI TIIABHO-
ro KpuTepus 1 MakcuMmuHa. [IpennoxeHHbIil MeTo] OCHOBaH Ha UCIOJb30BaHNE 3HAHUS,
onbiTa 1 uHTYHUKK JI[IP u sABnsercs uTepaTUBHBIM, MO3BOJISIIOIIMM IOCIIEI0BATEIBHO
yAay4dlaTh pe3yJabTaThl PeleHusl.

HoBusna mpearaemMoro mojaxoja K pelieHuIo 3ajadu yrnpaBlIeHusl B HEUETKOH cpejie
3aKII0YaeTCs B TOCTAHOBKE M PEIICHUH HEYETKOH 3a]ja4i B HEUETKOH cpezie, He mpeodpasys
ee B CUCTeMyY YeTKHUX 3ajad. B pe3ynbrare MakcHMalbHOTO MCIIOJIb30BAaHUS HCXOAHOMN He-
YeTkoW MHpOpMayu (OIBIT, 3HAHHS, WHTYHLUHU CIEIUAIMCTOB-IKCIIEPTOB) MOBHIILIACTCS
aJIeKBaTHOCTh PELIeHM 3a7a4M B HeueTKol cpene. IlpakTndeckas HEHHOCTh MOTyUYE€HHBIX
PE3YNIbTAaTOB 3aKII0YAETCS B BO3MOKHOCTH Y(P(PEKTUBHOTO NPUMEHEHUS UX MPH PEIICHUH
MIPOM3BOACTBEHHBIX 3a/1a4 B HEUETKOW cpejie Ui YIpaBJICHUSI peKUMaMu paboThl peasib-
HBIX TEXHOJIOTUYECKUX OOBEKTOB.

Baronapuocru. Mccnedosanue gunancupyemcs Komumemom nayku Munucmepcmea
obpaszoeanusi u Hayku Pecnyonuxu Kazaxcman (epanm Ne AP08855680 - Unmennexmyanu-
3UPOBANHAs cUuCmeMa NOOOEPIHCKU NPUHAMUS PeuleHUll Ollsl YIPABTeHUs. PelCUMAMU pado-
Mbl YCMAHOBKU KAMATUMUYECKO20 PUPOPMUHLQ).
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UULH. Tymunee amvinoassl Eypasus ynmmuotx ynueepcumemi, Hyp-Cynman k., Kasaxcman,
’Kaszak 9KOHOMUKA JHCaHE XATbIKAPATBIK CayObl YHUSEPCUMEMI,
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KATAJIUTUKAJIBIK PU®OPMUHT KOH/IBIPFBICHIHBIH
T'UJIPOTA3AJIAY NPOLECIH BACKAPY BOMBIHIIA AMKBIH EMEC
OPTAJIA LIEIIIM KABBLIJIAY ECEBI )KOHE OHBI LIEITY
TOCLIIH )KACAKTAY

Allkbin emec opmada 2uopomasaiay npoyecin 6ackapy OoubiHuwa wewim Kabulioay ecenmepiu
MYACOIPLIMOAY  JICIHE  Wlewty NpodIeManrapvl 3epmmenin, MamaHoapovl KamvlCybIMeH, Oaapobly
maoucipubecit, Oinimi MeH UHMYUYUACHIH KOJLOAHA OMBIPbIN OCLIHOALU ecenmepoi weutyOiy, muimMoi maciii
yevinvingan. Iuopomasanay peakmopbinoa OONAmMbvlH JCIHE ANAWKbL AKNAPAMMblY AUKbIHCHIZ0bI2bIMEH
CUnammanamoii 2UOPOMA3aLAy npoyecin bacxapy ecebdieiy MAmMeMamuKaIblK, KOUbLIbIMbL 2UOPOMAa3a-
Ay peaKmopulHblly ONMUMATIObL HCYMBIC PEHCUMIH MaHOay OoltbIHWaA wewim Kabwviioay ecebi mypinoe
anvinzan. backapy kpumepuiinepi peminoe 6HOIpiiemin OHIM, SHU 2UOPOSEHUZAM KOICMIH MAKCUMUZAYU-
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SANAY JHCIHE OHbLY CANATIBIK CURAMMAMANAPbIH HCAKCAPNTY MUHUMUZAYUSILAY ANbIH2AH. ATIKbIH eMec opma-
da eudpomasanay npoyecin bacKapy yuwin wewim Kaovlioay eceOiniy MamemMamuraiblk KoubliblMblHOA
JHCaHe 0NapObl weuLy macilin Kypyoa 6ac Kpumepuil MeH MAKCUMUH RPUHYURMEDPIHIK UOesapbl 01apObl
QUKBIHCBI30bIKIA HCYMBIC Heacaya Detlimoey apKblibl KONOAHbLIObL. AUKbIH eMec opmada eudpomasanay
npoyecin backapy OotiblHula wewim Kaoblioay ecebin weuty Yuin 36PUCUKATbIK 20iC HCACAKMALObL.
Atigein emec opmaoa backapy ecebin KO MeH OHbl Wlewry YUIH YCbIHbIIZAH MACII0eMEHIH JHCaHanblebl
AliKbIH emec aknapammol MAKCUMALObL KOLOAHBLIYbI APKbLIbL AUKLIHCHI30bIKMA KAOLIOAH2AH WEUIMHIY
A0eKBAMbIZbIHBIY APMYbIHOA.

Tyiiin co30ep: wiewin KabwLI0ay, 6ACKaApy, 2uOpOMA3aIay npoyeci, 2u0pomasalay peakmopbi, 2u-
Opo2enu3ayus, 36PUCMUKANBIK MICLL, WlewiM KaOblioayulbl myizd.

B. ORAZBAYEV, A. ZHUMADILLAYEVA,
A. TANIRBERGENOVA, K. ORAZBAYEVA, A. KAZIEVA

'L.N. Gumilev Eurasian National University, Nur-Sultan, Kazakhstan
? Kazaxcruil ynusepcumem 3KOHOMUKU, (PUHAHCO8 U MENCOYHAPOOHOU MOP206iu
Nur-Sultan, Kazakhstan
SAmoipayckuil ynusepcumem negpmu u 2aza um. C.Ymebaesa, 2. Amvipay. Kazakhstan

PROBLEM OF DECISION-MAKING ON CONTROL OF THE PROCESS OF
HYDRAULIC TREATMENT OF A CATALYTIC REFORMING PLANT IN A
FUZZY MEDIUM AND DEVELOPMENT OF A METHOD FOR ITS SOLUTION

The problems of formulating and solving the problem of making decisions on the control of the hy-
drotreating process in a fuzzy environment are investigated and an effective method for solving such prob-
lems with the involvement of experts, their experience, knowledge and intuition is proposed. The statement
of the problem of controlling the hydrotreating process, which takes place in the hydrotreating reactor and
is characterized by the indistinctness of the initial information, is obtained in the form of the problem of
making decisions on the choice of the optimal operating mode of the hydrotreating reactor. The manage-
ment criteria were chosen to maximize the volume of production, i.e. hydrogenate, and improving the qual-
ity characteristics of the manufactured products. In the mathematical formulation of the decision-making
problem for the management of the hydrotreating process in a fuzzy environment and the development of
a method for its solution, the ideas of the principle of the main criterion and maximin were used by adapt-
ing them to work in a fuzzy environment. A heuristic method has been developed for solving the assigned
decision-making tasks for controlling the hydrotreating process in a fuzzy environment. The originality
and novelty of the applied approach to the formulation and solution of the decision-making problem in a
fuzzy environment consists in increasing the adequacy of the decision made in a fuzzy environment due to
the maximum use of the initial fuzzy information.

Keywords: decision making problem, control, hydrotreating process, hydrotreating reactor, hydroge-
nate, heuristic method, decision maker:
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O CYINECTBOBAHHWHU PE3OJIBBEHTBI U PA3JIEJIUMOCTHU OAHOI'O
KJIIACCA JUO®PEPEHIHUAJBHBIX OITEPATOPOB TPETBET'O IIOPSAIKA

B pabome 015 00H020 Knacca Oupeperyuanvbrblx onepamopos mpemvpe2o nopsoKd u3yiaemcs 60-
npoc 0 cywecmseo8anuu pe3oab8eHmbl U pa30elumMoChu Onepamopa.

B oannoii pabome npu HeKOMOPLIX 0SPAHULEHUAX HA KOIPDUYUuenmovl OOKA3AHO Cyuecmseosanue pe-
301b6eHMbL U HATIOEHO YCa08Ue 0becneyusaroujee paz0etumocns onepamopa.

Kniouesvie cnosa: pasoenumocms, pe3onveenma, Oug@epenyuanbhvlii onepamop mpemve2o nopsaoka

VYpaBHEHHUS B YaCTHBIX MMPOU3BOAHBIX TPETHETO MOPSIKA JIEXKAT B OCHOBE MaTeMaTH4Ie-
CKMX MOjeJIell MHOTUX SIBIEHHWU W TpolleccoB. BorpocaM pa3peinMoCcTH KpaeBbiX 3aja4
st T depeHITIabHBIX YPaBHEHUH TPETHETo MOPSIKa MOCBAIIeHa 3HAYUTEIbHAS JTHTE-
patypa [1-6].

Kax m3BeCTHO, €CIM TpaHUIHBIN PEeKUM ACHCTBYET HOCTATOYHO JOJTO, TO Omaromapst
TPEHUIO, TIPUCYIIIEMY BCSIKOW peanbHOW (PU3WIECKON chcTeMe, BIMSHUE HadalbHBIX JTaH-
HBIX ¢ TEYCHHEM BpeMEHH ociabeBaeT. TakuMm oOpa3oMm, MBI IPUXOIUM K 3amade Oe3 Ha-
YJaJbHBIX YCIOBHH [7].

PacemoTrpum nuddepeHnmnanbHeIi orreparop

ou a°u ou
Lu=—+R,(Y)==+R(Yy)z—+R,(y)Ju+Au
ay Z(y)ax?: 1(y) X O(y) (11)
HEePBOHAYAILHO ONPEIEICHHBIA Ha C;° (RZ) ,A20.
o - MHOYECTBO, COCTOsIICEe U3 OCCKOHEUHO MU depeHIIupyeMbiX GUHUTHBIX (DyHK-
11U B R?
B nanbHeiimeM npeanonokuM, 9to koddouimentsr R, (y), Rl(y), R, (y) VAOBIIETBO-
PATOT YCIOBHSAM:
) Ry(y)28,>0,R(y)=8,>0,-R,(y)28,>0 wu HenpepsiBHbIe ¢yHKIIH B
R= (—oo' oo) 5
Re(y) _ R.(y) Ry)_
) W, =Ssup ——~<; u:sup—<<>o; K, = sup
° \yt\<1R(t) ' \yt\<1R() ? \yt\<1R()
Oneparop L+ Al nomyckaer 3ambikanme B mpocTpaHcTBe L, (R ) KOTOpoe 0003Ha-
unm TaK xe uepes L+ Al

Teopema 1. [Tycts BoimonHeHo ycnosue i). Toraa oneparop L+ Al mpu A >0 wenpe-
PBIBHO OOpaTHM B IPOCTPAHCTBE |, (Rz) .
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Omupenenennue 1. Byniem roBOPHTS — OMEPATOP PA3IeNHM B IPOCTPAHCTBE |, (RZ) , €CIIH
st pynxumii U € D(L) umeer mecto onenka

d°u

ou
R, (y)ﬁ

ay

d

u
+ Rl(y)&

HRo(yul, = C(JLul,+ul.)

2 2

rne C — He 3aBHCHT OT u(x, y) ,
omeparopa L.
Teopema 2. [TycTp BeImonHEHB! ycnoBwHs 1) - ii). Torma omeparop L paznenum.

Ipumep. Iycts Ry (y) =|y|+1, R(y) = e, R, (y)=-10", o< y <o . Herpyn-

HO Y6€,I[I/ITLC$I, YTO BBIIIOJHAIOTCSA BCC YCIIOBUSA TCOPCMBI 2. CJ'IeI[OBaTeHLHO, oreparop L
pasaeinum, T.cC.

Ju

ay

C — IOCTOSIHHOE YHCJIO.

|-[l, - Hopma B L, (Rz) , D(L) - obmacts onpenenenus

3
y ou

Ju
Iyl

e R
ox®

+(10-e +

(vl +2)u], <c(ILul, +Jul,),

2 2 2

2 BenoMorareJ/ibHble JIeMMbI M HEPABEHCTBA.

Jlemma 2.1. [TycTb BBITIONHEHO YCIIOBHE 1) U A =0 . Torma ms Bcex U e D(L) BBIIOJI-
HSIETCS] HEPaBEHCTBO

(1 At )ul, = (3 + M)l

: @2.1)
e 80 >0 . ’

JlokazaTenbCTBO cleayeT U3 (pyHKIHOHama < (L + Al )u,u >, r1e <. -> - CKallsipHOE
2
MpOM3BE/ICHHE B |, (R ) ,ueD(L).
Paccmotpum omnepatop

(It'j +}\I)z =2'(y)+ (—it3R2’j (y)+itR,; (y) + Ry (y)) z(y) >

e R, R, Ry (y) - OrpaHUYEHHbIC IEPUOANYECKHE (PYHKIIMU OIHOTO U TOTO K€ MEPUO-

maA; =(j-1j+1), j=0+1%2 ,Z(y) EC;;](R) —00<t< oo, z(y):u(y)+i8(y) )

HerpyznHo npoBeputs, uto oneparop | ; [IOTYCKAET 3aMbIKaHHE B IIPOCTPAHCTBE L, (R)
Y 3aMBIKaHUE TaKke 0003HaunM uepes | .

Jlemma 2.2. [Tycth BeimonHeHo yciosue i). Toraga mmst Bcex Z(y) E[I(h, it N) crpa-
BEJUIMBA OLICHKA:

(1, +An)z], = (3, + A, - 22)

Joka3aresbcTBo. JIemMa 2.2 10Ka3bIBa€TCS TOYHO TaK XKe, Kak jjemma 2.1.
Jlemma 2.3. [lycTh BeImonHeHo ycnoBue i). Torga omeparop (lt ,+ )\|) HMEET HEmpe-

-1
PBIBHBIN 00paTHBIN oneparop (lt, it 7\|) OllpeJe/ICHHbIN Ha BceM L, (R) .
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Joxa3aTeanbcTBo. B cuy orneHku (2.2) 10CTaTOYHO MOKA3aTh, YTO 00JaCTh 3HAYCHUI
wrorro 5 L, (R) .
JlommycTiM, 4T0 00J1aCTh 3HAYEHHUH HE SABJIAETCS IUIOTHBIM B L, (R) . Torma cyme-

ctByer anement ¥ € L, (R) Takoif, uro < (Itj +)\|)u,8 >=(0 /Ui Bcex U€E D(Inyj) . D10
O3HauYaeT

(1, + M) 9=-9"+(it"R,  (y) ~itR,; (y) + Ry, (v))9 =0 23)
B CMBICIE Teopun 0000mEeHHbIX ¢QyHKIMA. B cuiy mnepuomuuHoCcTH  QYyHKIMHA

Roi» Rl,j!RO,j(y) UMEeM, 4YTO (it3R2’j(y)—itR1,j(y)+ Rovj(y))ﬁ EI;(R) . Orciona u u3

(2.3) cenyer, uto O €W, (R) , e W, (R) — npoctpanctBo Cobonesa. U3 obeit Teopuit
TEOPEMBI BIIOYKECHHS CIICTyeT
lim9d(y)=0 . 24
lim 9(y)
Tenepb, Monb3ysch paBeHCTBOM (2.4) W BBIKIaJKaMU HCIIOJIb30BAHHBIX NPH JOKa3a-
TENBCTBE OLEHKH (2.2), morydaemM

(., +n)

25,9, . 25)
Ortcrona u u3 (2.3) cnenyer, uto 3 = 0. Jlemma 2.3 nmokazaHa.

[ycrts — {(P,-}j:_w EC;(R) Habop TakKX (yHKIMI, 4TO Q| (y)ZO , SUP PY; gAj(j eZ) ,
> 0i(y)=1,
j=—oco

3nech cpasy 3amernm, uTo Jirobast Touka Ce R moxer mpunaiexkars He 6ojee TpeM

OTpE3KaM U3 CUCTEMBbI OTPE3KOB {Supp pj} [8,10].
TTonoxum

b

Ko f= 3 0y (y)(l; +M) o
=

oo

-1
B,f=> ¢j(y)(l;+M) ¢;f . feC;(R),120.

j=—co

HerpynHo npoBeputs, 4To

(L+A)KF = F+5 05 (1, M) 0 f

J

b

rae

(I + A1) z=2'(y)+(-it°R, (y) +itR (y) + Ry (y)) .z [D{1,)-
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Jlemma 2.4. [Tycts BbInOHEHO yciioBue 1). Torma HaieTcss 4uciio Xy >0 rakoe, uto
”B ”M npu Bcex A = A
Tokazarennerso. Ilycts f e Cy (R) . Ha mpomesxyTke Aj (i€Z) otmmunsr or myms

TONBKO yHKIUH, @ 1, @, P, , CTIETOBATEIBHO:

B, f ”iz(R ) Z.EO dy< 2 .[

':—ooA

2

oo

ng(lt,jml)

j=—oo

j+1
[(Pk tk+M) (Pkf:| dy

k= j—l

2
Ortcrona, nonb3ysCh OUYEBUIHBIM HEPABEHCTBOM (a +b+ C) < 3(&12 +b% + Cz) U HOJb-
3ysICh OIIEHKOM (2.2), mMeeM:

2
1B f1, <ZJ [(pk e+ M) @, ]‘ dy<9Y (I, +A1) fH
—a, le j=—
o 2
<O o (h;+M) fH ( +M)1L(R H(pl N )S

j=—o

oy §¢ Ef' o= 2 il

OTCIO,I[a nonyt{aeM, qToO
9.c

<>
L(R)=Ly(R) (80 +7\‘)2

”Bx (2.6)

W3 (2.6) ciemyer, 4TO HETPYOHO HAWUTH TaKOE YHCIIO >0 uro opu A=A,
(RI>L(R) <1 Jlemma 2.4 nokasaua.

Tenepb paccMOTpUM oriepaTop

(L +A)z=2'(y)+ (—it3R2(y)+ itR, (y) + Ro(y)) z(y) >
mez(y)=u(y)+i9(y), z(y) [CI(R), -~ <t<w, (R=(-w,x)).

Jlemma 2.5. ITycth BbInonHeHO ycioBue 1). Torma ans Bcex Ze€ D(It) CIIpaBeIIuBa
OLICHKA

(1 + A1) 2], 2 (8 + A2, . 2.7)

Joka3zareabcTBo. [10BTOPSIA BBIKIAAKU U PACCYXKACHUS, KOTOPHIE UCIIOIb30BAHbI IIPU
JIOKA3aTeNbCTBE JIEMMBI 2.2, MOIyYaeM J10Ka3aTeabCTBO JIEMMBI 2.5.

Jlemma 2.6. Iyctsb BbinonueHo ycnosue i). Torna oneparop |, + Al mpu A > A, orpa-

-1
HUYEHHO 00paTuM, IpudeM JUIst 00paTHOTO onepaTopa (It +Al ) BBITIOJIHSIETCS] PABEHCTBO
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(+A)" =K, (E-B,)" . (2.8)

JlokazarenbcTBO IeMMBI 2.6 ciemyeT u3 npeacrapineHus (2.6) u memm 2.4 u 2.5.
3. CymecTBoBaHue pe30JibBeHThI. Jloka3zaTe/ibcTBO Teopemsl 1.

B stom myHKTe n0KaxkeM Teopemy 1. JInst 9TOro cHadana MajnM CIeIyroliee onpese-
JIeHHE:
Omnpenenenne 2. PemicHueM ypaBHEHHS (L +Al ) u=f B mpocrpanctee L, (Rz)

Ha30BeM (YHKIHUIO Ue LZ(RZ) , IIs KOTOpOM CYLIECTBYET IMOCJIEI0BAaTEIbHOCTh

{u}, Ty (RZ) TaKas, uto
lu —ul, >0, |(L+Al)u, - f, >0 mpuk —eo.
Paccmorpum ypaBHeHue

ou

3
Lu= % —+R (y)a

ox®

“R (V)34 R (Y)u+hu= 1 (G (RY) G.1)

[Ipumensis mpeodpazoBanne Dypbe Mo x K ypaBHeHHUIo (3.1), momydnm ciemyromiee
ypaBHEHHUE

(1, +M)a = -a(t,y)+ (HIER, () +iR () + R (V) 0= Fty)  (2)

rae U(t, y) ,f (t, y) —1npeobpazoBanue Oypbe 1o nepeMeHHON X GyHKIHH U (X, y) , f (X, y)
. B naneHeitmenm oGosnaunm uepes Fs npeobpasosanne dypee, a hopmyity obpariers
®ypse — uepes Fy .
Teneps HETPYAHO 3aMETHTH, YTO 3aJada O peuieHuH ypaBHeHus (3.1) mepeiiger B 3a-
nady o pemeHun ypasaenus (3.2). [lanee, cormacHo semme 2.6, HOIydum
-1

=(+N)" f=K, (1-8,)" f
OTctroza, UCIIONB3YsT OOpaTHBIN omepaTop Foy umeem:
u(xy)=FLa=F2 (L, +N)" f (3.3)

Kaxk uzBectno, MHOXeCTBO C;° (Rz) IUIOTHO B L, (RZ) . OTcroma, mepexons K mpezeiy, B
CHJTy OIPaHUYEHHOCTH U HENPEPBIBHOCTH NpeodpazoBanusi Oypbe, NOIydYnM JOKa3aTeib-
cTBO Juis Jitoboro f (X, y) EI;(RZ) . EnunctBennocts cnenyer u3 aemmsl 2.1. Teopema 1
JI0Ka3aHa.

4. O pa3gesnmocTH oneparopa. /loka3aresibcTBa TeopeMbl 2.

CHauana mpuBezieM JeMM, CBOISIIHIN BOIPOC Pa3AeINMOCTH ONEepaTtopa ¢ HeOrpaHH-
YEHHBIMHU KO3 (QUIIMEHTAMH K CITy4aro orieparopa ¢ MepHoJuueCKUME KO PHUIIMEHTaMU.
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Jlemma  2.7. Ilycts z(y) ED:('t,j + )\|) u Z(y) = u(y)+ iﬁ(y) ,  TOr-
na it3R2(y)z(y) I:I;(R) , TOrma ¥ TOJBKO TOINa, KOraa t3R2(y)u(y) I:I;(R) u
'R, (v)9(y) [LAR).

Hokasateascrso. Heobxomumocts. Iyets it°R, (y)z(y) CLYR) . Torna
iR, (V)2 (Y, = [~ itR. (V)2 ()] @y = [ R (v) |2 (V) =
= [T IR (y) (juf +197 )y = [€R (V)] + R, ()],
Orciona cnenyer, uto t°R,(y)u(y) CLAR) u R, (y)u(y) CLAR).
Tocrarourocts. IMycts 'R, (Y)u(y) CLAR) u t°R, (y)9(y) [LYR) . Torna

iR ()2 (YL, = IR (y)ul; R ()9l

Orcioma it°R,(y)z(y) C5AR) . Jlemma noxasana.
3ameuanne. Taxas nemMma BepHa u u1st ItR, | (y) z (y) .

B cuny 3toit 1eMMeI onieparop
(It'j + )\I)u = u’(y)+(—it3R2'j (y)+itR,; (y)+ Ry, (y)+ )\)u

paccmotpum B C;° (R) — MHOXKECTBE OECKOHEUHO TU(PepeHINPYEMbIX, GUHUTHBIX U BE-
IIECTBEHHO3HAYHBIX GyHKIMH, re R, | (y), R (y), R, ; (y) — OrpaHUYEHHBIE NTEPUOUYE-

ckue (DyHKIMH OJIHOTO M TOTO ke meproja A = (j -1 +1) ,1=0,£1,£2 ..

Jlemma 2.8. [1yctb BhInoMHEHO ycnoBue 1). Torma s Bcex u(y) [D:(It t+ )\l) crpa-
BEJIJIMBEI OLICHKU:

(1 + A )u()], =R (y,)ull, sn=0,2122,... (4.1)

me Ry(y;)= min R, ;(¥) :
(1 + M )u(y)], 2[R (v;) lul, -n=0.21.22... (4.2)

pie R (y;)=minR,, (v)
(1 +An)u(y)], = [ R, (T,)‘ Jul, -0 =0,%1,%2,... (4.3)

e R, (V_J) = T,%”Rz,j (v)|-
Joxa3zarenabcTBo. [1ycTh u(y) [C] (R) . YuuTnIBas, 4To Iiu’(y)u(y)dy =0 u no-

BTOPsA BBIKIIAKH, KOTOPBIC MCIIOJIB30BAHEBI IIPU J10Ka3aTCIbCTBE JIEMMBbI 21, HNMCEM:
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‘< (It'j + )\I)u,u >‘ = U:(—iﬁR“ (y)+itR,; (y) + Ry (¥) + )\)uzdy‘ ’ (4.4)
OTcrofa MmoxyIuM, 94To

<(hy 2wl Ry ()l ey

[one3ysce HepaBencTBoM Kommm-byHsikoBckoro u3 (4.5), momydaem, 94To

(05 A ) = Ry, ),

=minR, (y)ul; (4.5)

(4.6)

e Ry (y;) = minR, (y) -

W3 nepaBeHcTBa (4.6) moirydaeM J10Ka3aTeahCTBO HepaBeHCTBa (4.1) memmsr 2.8. He-
paBeHcTBa (4.2) 1 (4.3) MOKa3bIBAIOTHCS Tak e, Kak HepaBeHTBO (4.1). Jlemma 2.8 moka-
3aHHA.

Jlemma 2.9. ITycts Bemonseno yenosne i) u A=Ay, =0,12,3, p(y)— 3anaunas na
HenpepbiBHAS QyHKIHS. Torna uMeeT MeCTo OIlCHKa

o ol
n : It 4+ Al
)| | (pl( 3y ) Lo(a))-L(a))

Jlokazarenscrso. Ilycts f € Cy(R) . W3 npeacranenns (4.7) ¢ y4eToM CBOHCTB
pynKumi @ (j € Z) HMEeM:

(I 1+ 1)

<c ?»)s_ug)‘p(y (4.7)
je

L(R)-L(R)

ol 1+ 1) 1

[t k. (=) 1 =

2

dy

y)ie* gd),- (1;+™) ", (E-B,)" f

Kak u3BecTHO, Ha HPOMEKYTKE A, (j eZ) OTIMYHBl OT HyJS TOJNBKO (YHKLHMH
PP, Pjas crnemoBaTesIbHO

2
j+1 -1

“P(y)|t|u(|t+k5)_lf‘iz vl Z(p (I, +2E) ¢,(E-B,) f

<X o

dy <

(VI o, ( + M)

| L{Z(p, ) Ty (48

2 _
Tak kax Z‘pi =1 , To U3 (4.8) numeeM:
]

o) (+2€) " s <osup

jez

PVt @, (I + )1HLZ(A_) J:|(E -B,)f|’dy<
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<9sup p(y)ltlatpj('t,ﬁ"E)le ( )’"(E—Bx)||;z'||f"z : (4.9)

jez L(4;

W3 nemmMmel 2.4 crenyer, 4to ”(E -B, )”2_)2 < C(?») . Orcrona u u3 (4.9) momyyaem, 4To

2

L(a;)

Pt e+

=9 A(?»)s_ug”p(y)|t|“ 0, (It'j + kE)fl
je

L2(R)=L2(R)

Jlemma 2.9 nokasasa.
Jlemma 2.10. [TycTp BBITIOTHEHBI yCIIOBUS 1)-i1). Torna cripaBeayTUBhI OIICHKH:

OIUN IRy (4.10)
R ()11 + A1) LT (4.11)
RZ(y)|t|3 (It + )‘I)_l L(R) - L(R) <G, <o > (4.12)

rne C,, C,, C, — ne 3aBucsr ot t (t=0,il,12,...),

Joxka3arteabcTBo. 13 (2.8) BUAHO, YTO omeparop Ro(y)(L + N)_l OTPaHUYEH, €CIIU

Ro(y)(pj(ltyj +l )71

orpaHunueH Sup | . [TosToMy Oy/eM 3aHMMAThCS OLICHKOM TOCTIEI-
jez

2(4j
HETO BBIPAKCHUS . -1
HRO(y)(It ) - sC()\)sjulzrj R, (¥)o, (1, + A1) o) <
2 -1 4
SC(X)SJQETE%X Ry (¥)o| [(1,; +2E) Lz(Aj)sc(x)s;gEryixR (y)|(1; +21) "

Ortcrona u yuuTbiBasi HepaBeHCTBO (4.1) U U3 ycinoBus i1) HAXOAUM, YTO

Ro (y) (1 +AI)™

ITocnennsst orienka qokas3siBaeT HepaBeHCTBO (4.10) memmer 2.10.
Joxaxem HepaBeHCTBO (4.11). [Tonb3ysicek temmoii 2.9, umeem:

R 2) =il O, 0 o n) s

2

RA(Y) 2
L(R)~ Lo (R) <C()\)\§ut\81 R, (t) <CA M <G <o0.

<C(n)supmax R (y)Itf|(1,, + M)

jez Y€A;

L(a))=La(a)) ‘

OTcroma, ToNB3ysCh JIEMMOit 2.8, a Tak)Ke yUUTHIBast YCIAOBHE ii), HAXOAUM, YTO
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HRl(y)|t|[GIt+}‘|)_l SC(A)W <C <o

L(R)- L (R)

Hepasenctso (4.11) moka3aHo.

Hepasenctso (4.12) moka3bIBacTCsl TOYHO TaK ke, Kak HepaBeHCTBO (4.11). Jlemma 2.10
JOKa3aHa MOIHOCTHIO.

Jloka3zarejibcTBO TeopeMbl 2
CormacHo TeopeMe 1 u paBeHCTBY (3.3) HAXOIUM, UTO
Ry (Y)u(x.y) = Ry ()R (1 + M) ™ F (ty) =
1 = 1z ixt de = -1z
= [ R (M) T )= R )+ ) ()

OTctoza, MoJIb3ysCh CBOMCTBOM YHUTAPHOCTH OTIepaTopa FHX , HAXOJINM:

[Ro()uey)l; = - R () + A1) tyw@

J(Io+an) | tyH dt

2
N ()| des

22

W3 mocneaHero HepaBeHCTBA, IONB3YSICh paBeHCTBOM IlapceBaisi B IPOCTPAaHCTBE
L, (R) , IOJTy4aem, 4To

[R: (y)u(x.y)l; < sup

(y)(l +Al)

Ro(y) (I, +Al)

RS

IR LICHY

W3 mocnmennero HepaBeHCTBA U O1eHKH (4.10) criemyer, 9To
Ry (¥)u(

T.C.
IR, (y)u(x,¥), < Cof(L +A1)ul, , (4.13)

e (L+Au=f(x,y).

Haiee, monb3ysich orieHKoi (4.11) 1 TOBTOPSS BHIKIIAJAKH U PACCYKACHUS, KOTOPBIE HC-
TOJTL30BaHbI TIPH JI0Ka3aTenbeTBe (4.13), mMeeM, 4To

d
Rl(y)a—z 2501”(“7\')“”2 , (4.14)
TouHO Tak xe UMeeM:
G
Rz(y)aTU <C,f(L+An)ul, | (4.15)
2
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Teneps u3 HepaBeHcTB (4.13)-(4.15) umeem:

au d

u au
% —S—Ri(y)a—Ro(y)U(x,y)—ku <

(L+M)u—R2(y)aX

2 2

<|(L+n )u||2 +C, [(L+l )u||2 +C,[(L+l )u||2 +Co[(L+Al )u||2 +

AJ(L+ A u], <L+ A, (4.16)
U3 (4.13)-(4.16) crenyer, 9to
ou o’u ou
& , +C Rz(y)y ) + Rl(y)& , +||R0(y)u||2 s C(||Lu||2 +||u||z) ,

riae C >0 mocTostHHOE YHCiIo, He 3aBucsiiee ot U(X, Y). Teopema 2 goka3aHa.
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Byn orcymvicma kospuyuenmmepee kelibip wiekmey KoUbLIZAHOA Pe30IbEEHMAHBIH 0ap OOLYbL HCIHE
onepamopoviy OONIKMEHYIH KAMMAMAchl3 ememin uapm maouli2aH.
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ON THE EXISTENCE OF THE RESOLVENT AND SEPARABILITY OF A CLASS
OF THE THIRD-ORDER DIFFERENTIAL OPERATORS

In this paper, for a class of third-order differential operators, we study the existence of the resolvent
and the separability of the operator.

In this paper, under certain restrictions on the coefficients, the existence of a resolvent is proved and
a condition is found that ensures the separability of the operator.
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USING SATELLITE IMAGES TO ASSESS THE STATE OF ARABLE FIELDS
ON THE EXAMPLE OF THE EAST KAZAKHSTAN REGION

This article proposes a methodology for assessing the state of arable fields based on the use of Sentinel
2 satellite data. The essence of this methodology is cluster analysis of NDVI vegetation index profiles for
a number of years, as well as expert analysis of the obtained results. The proposed method for assessing
the state of arable fields has been tested on the example of arable lands of East Kazakhstan Agricultural
Experimental Station LLP. This method can be used to optimize crop placement.

Keywords: cluster analysis, precision agriculture, normalize differentiative vegetation index, Satellite
data.

Introduction. Increasing crop yields is one of the main factors for food security. The
sustainable development of this factor depends on the timely provision of comprehensive
data on the current state of arable fields, contributing to the adoption of more effective
decisions that affect the growth of agricultural production. The study and assessment of
the current state of arable fields can no longer be carried out only by traditional methods,
since at a single point in time, a detailed coverage of the terrestrial study of huge areas is
not possible. For this purpose, over the past years, comprehensive studies of Earth remote
sensing (ERS) data [1-3] and images obtained using unmanned aerial vehicles (UAVs) [4-6]
have been carried out.

In recent years, data from the European Space Agency’s Sentinel 2 satellite [ 7-8], which
was launched in 2015, have been actively used in solving such problems. The Sentinel
2 satellite is equipped with an optoelectronic multispectral sensor for surveying with a
resolution of 10 to 60 m in the visible, near infrared and short-wave infrared regions of the
spectrum, including 13 spectral channels, which guarantees the display of differences in the
vegetation cover [9]. The new spectral capabilities of the satellite provide more acceptable
possibilities for studying monitoring of the state of vegetation cover and arable fields.

Most of the sown areas in East Kazakhstan are grain crops, mainly spring wheat, and a
large area of mountainous and foothill zones is occupied by barley [10]. These crops are of
great economic importance and are used for food, technical and feed purposes. Accordingly,
the assessment of the state of the arable fields of these crops is of great practical interest not
only for producers, but also for potential consumers.

The purpose of this study is to develop a methodology for assessing arable fields within
the boundaries of a separate field for small agricultural enterprises. The proposed method

* E-mail koppecnoraupytomiero aBropa: iks74@mail.ru
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includes the following stages: preliminary processing of satellite images, calculation of the
values of the NDVI (Normalized Difference Vegetation Index) and implementation of the
k-means clustering algorithm.

Research objects. As an object of research, the arable lands of the East Kazakhstan
Agricultural Experimental Station LLP (EKAES), organized in 2008, were analyzed. The
land use of EKAES consists of 12 land plots (Fig. 1), the area of which is 4 115 3 hectares.
Figure 1 shows a map of EKAES fields as of 2021. Test fields are marked on the map.

Figure 1 — Map of EKAES fields

EKAES is located on the right bank of the Irtysh River, 3 km north of Ust-Kamenogorsk.
The main site of the farm is located within the foothill-steppe black soil zone. The most
widespread on the territory of the farm are ordinary medium-thick black soil, in some places
in combination with washed-out analogs. These soils are mainly formed on loess-like sedi-
ments. The main agricultural crops of the farm are spring wheat, barley, soybeans, sunflow-
ers and potatoes. In this paper, fields of spring wheat are investigated.

The methodology proposed by the authors for the assessment of arable fields is based
on the analysis of the results of the NDVI (Normalized Difference Vegetation Index) using
Sentinel 2 data.

The results of the analysis of scientific publications show that the vegetation index
NDVI can be used as a tool for measuring crop productivity [11], determining the pheno-
logical stages of plant development [12], predicting yield [13] and a number of other tasks
[14]. NDVI - Normalized Difference Vegetation Index - is a simple quantitative measure
of the amount of photosynthetically active biomass (commonly referred to as the Vegeta-
tion Index). The choice of this particular index can be explained by the fact that it can be
calculated for multichannel images of any resolution and provides sufficient information for
analyzing the state of vegetation cover, as well as arable fields in the study area [15].

The NDVI is calculated as follows:

NIR - RED

NDVI=———— (1)
NIR + RED
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where NIR — reflection in the near infrared region of the spectrum; RED — reflection in the
red region of the spectrum. According to this formula, the density of vegetation (NDVI) at a
certain point in the image is equal to the difference between the intensities of reflected light
in the red and infrared ranges, divided by the sum of their intensities [16].

Initial data and their pre-processing. The Sentinel-2 data were downloaded from
the official website of the Copernicus Earth Satellite Monitoring System (http://scihub.
copernicus.eu/). The pictures were taken from May 2 to August 2 for the last two years in
accordance with the cycle of the growing season of grain crops.

The processing of multispectral data and the creation of vector layers of arable fields
was carried out in the free open source system Quantum Gis (qgis.org), which supports a
variety of vector and raster formats. The selection of the studied area of the field boundaries
was carried out manually. To correct and improve satellite images, the following types of
preprocessing were carried out in the QGis environment:

— geometric correction;

— radiometric calibration of images;

— radiometric correction of atmospheric influence;

— restoration of missing pixels;

— contrasting;

— filtration.

Research methods. The main purpose of cluster analysis is to divide the set of objects
and features under study into homogeneous groups, or clusters, in a certain sense [17]. In
this study, cluster analysis of soil conditions within the boundaries of a separate field is
based on the application of k-means clustering and hierarchical clustering methods and
comparing the results obtained.

The k-means method is one of the popular iterative data clustering methods. It is fast
and effective in application [18]. The principle of operation of this algorithm is described
using the example of a raster image. The pixels of the image are used as objects, and their
color is used as a characteristic.

Algorithm description:

1. The number of clusters is chosen — the number k.

2. Next, k of points is randomly selected from a given image. In the first step, these
points will be considered the «centroids» of the clusters. Each cluster has one center.

3. All points of the image are distributed in clusters. The distance from a point to each
center of the cluster is calculated, and the point is referred to the cluster, the distance to the
center of which will be the smallest.

4. When all the points of the image are distributed across clusters, the clusters are
recalculated. The arithmetic mean of all points belonging to the cluster is taken as the new
center of the cluster [18-19].

The k-means method aims to minimize the total intraclass variance:

V=Zik=02xjgcl(x,-—ui)2, )

where X], are vectors of characteristics, K is the number of clusters, C, are clusters, p, are
cluster centers. To reduce the dependence on unsuccessful choice of centers, the algorithm
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is often run several times with different centers, and then the solution with the least variance
V'is chosen [20].

Results and discussion. NDVI values are calculated for each image according to the
data of the corresponding channels and formula (1). The general clustering algorithm can be
represented as performing the following steps:

Stage 1. The stage performs clustering of the NDVI values for each date separately us-
ing the k-means method. The number of clusters is predetermined: k = 4. The results of this
clustering with the belonging of the NDVI values to a certain class form the initial data for
their subsequent clustering.

Stage 2. Clustering of data generated in accordance with stage 1 is carried out for all
images of the entire growing season. As a result, cluster solutions are formed for each tested
field for the studied years, the results of which are shown in Table 1.

Table 1 — Clustering results

K-means
Field 1 -2020 year Field 2 — rox 2020 year

Field 1 — rox 2021 year Field 2 — rox 2021 year
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Based on the visual presentation of the results, it can be assumed that the arable fields
form four natural clusters, where points outside the field are marked in black. In accordance
with the results obtained for each cluster, the main descriptive statistics were calculated, the
results of which are presented in Table 2. Green clusters are clusters with higher indices, red
clusters with lower indices. Color visualization of clusters and analysis of statistics show
that NDVI indicators have a positive trend: in 2021 compared to 2020, the share of the green
cluster increased compared to the share of the red cluster. As for the values of the indicators
themselves, their comparison over the years is incorrect, since different crops were sown:
sunflower in 2020, wheat in 2021. However, the maps received allow assessing the most
depleted areas of the field, for which additional agro-technological operations associated
with spot fertilization are required.

Table 2 — Descriptive statistics of NDVI by clusters

Cluster Mean Count Min Max Sd

Field 1 - 2020 year

1. green 0,3016 7950 0,0616 0,7905 0,2083

2. blue 0,5603 3128 0,1133 0,8010 0,1257

3. red 0,2766 28448 0,0701 0,7365 0,1732
Field 1 - 2021 year

1. green 0,4980 97702 0,0804 0,8312 0,2818

2. blue 0,6451 5599 0,0986 0,8256 0,1387

3. red 0,4245 27555 0,0791 0,8301 0,2727
Field 2 - 2020 year

1. green 0,2925 58944 -0,1183 0,7361 0,1881

2. blue 0,5953 2832 0,1847 0,8255 0,1203

3.red 0,2194 47920 0,0877 0,8312 0,3361
Field 2 2021 year

1. green 0,5297 93280 0,1019 0,8265 0,1833

2. blue 0,5258 9944 0,1031 0,8279 0,2199

3. red 0,4654 47608 0,0893 0,7846 0,1607

Acknowledgement. This paper has been supported by Grant of the Science Committee
of the Ministry of Education and Science of the Republic of Kazakhstan AR 09259379.

Conclusion. In this work, a cluster analysis was carried out, revealing the zones of
heterogeneity of two fields of the experimental agricultural farm, based on the NDVI
indicators. The main concept of precision farming is based on the concept of the existence
of heterogeneities within the same field. To assess and identify these heterogeneities, the
latest technologies are used, such as global positioning systems (GPS, GLONASS), special
sensors, aerial and satellite imagery, as well as special programs developed for agricultural
management. In this work, we used satellite images and developed our own software module
in Python that calculates and clusters indicators NDVI. The results obtained can be used to
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plan sowing, calculate the rates of application of fertilizers and plant protection products,
more accurately predict yields and financial planning for 2022.
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C.Amansconos amvinoazsl Lllvievic Kazaxcman ynusepcumemi, Ockemen, Kazaxcman
Anmaii memnexemmix ynueepcumemi, bapnayn, Peceii
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HIBIFBIC KABAKCTAH OBJIBICHI MBICAJIBIHJA ETICTIK
AJIKATITAPBIHBIH JKAFJANBIH BAFAJIAY YIIIH COYTHUKTIK
CYPETTEPII MAMJATIAHY

Byn maxanaoa Sentinel 2 cnymuuxmix depekmepin natoaiamyaa ne2iz0eneet e2icmik aiKanmapolHbly
arcazoauvii bazanay aodicmemeci ycoinwviizan. Byn adicmemeniy mani 6iprewe dcoln 6ovviHoazet NDVI
6e2eMayUsIbIK UHOEKCIHIH NPOPUIbOEPIHIN MOHOEPIH KIACMEPIIK MALOAYOd HCIHE AIbIHEAH HIMUIICEepee
capanmamanviy manoayoa osicamuip. Eeicmix ankanmapvinely olcau-kyuin Oaganayobly YCblHbIIZAH
a0icmemeci «Illvievic Kazaxcman ayvin wapyawsliviesl maocipube cmanyusacely KIIC  ecicmix
AKAnmMapsl MblCaIblHOA ColHaNObl. Byn a0icmemeni 0axpinidapovl opraniacmuipyObl OHMAIAHObIPY YILIH
Kon0any2a 601aovl.

Tyitin ce30ep: knacmepnix manoay, Hakmol e2inuinik, NDVI, cnymuuxmik depexmep.

A. C. TIEBAJI/THHOBA, E. B. IOHbKHHA, E.M. MAHCYPOBA, C. IllI. UKCAHOB

Bocmouno-Kazaxcmanckuu ynusepcumem umenu C.Amandiconosa,
Yemo-Kamenozopcx, Kazaxcman
Anmaiickutl 2ocyoapcmeennviil ynugepcumem, bapnayn, Poccus
Kazaxcruii Hayuonanohwiil ynusepcumem umenu Ano-@apabu, Anmamot, Kazaxcman
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HNCITOJIB30OBAHUE CITYTHUKOBBIX CHUMKOB JIJIs1 ONEHKHA
COCTOSITHUSA MAXOTHBIX ITOJIEM HA ITIPUMEPE
BOCTOYHO-KA3AXCTAHCKOM OBJIACTH

B oannou cmamve npeonazaemcsi MEMoOUKa OYeHKU COCMOSHUS NAXOMHBIX Nojetl, OCHOBAHHAS HA
UCNONBb30BAHUU CYMHUKOBbIX 0aHHbIX Sentinel 2. Cymb 0anHOU MEMOOUKU 3aKIOUAENCA 8 KIACMEPHOM
ananuse npoghuneii secemayuonto2o unoexca NDVI 3a psio nem, a makaice 8 3KCHEPMHOM AHAUZE NO-
JIYYEHHBIX pe3ynbmamos. I[IpednodjceHnas MemoouKa OyeHKu cOCMOosHUs NAXOMHbIX nojell anpoouposa-
Ha na npumepe naxomuwix yeoouil TOO «Bocmouno-Kazaxcmanckas cenbcroxo3saiicmeennds OnblmHuas
cmanyusy. JanHyo MemoouKky MONMCHO UCNONb308AMb NPU ONMUMUSAYUU PASMEUJeHUS NOCEBO8.

Knrouesvie cnosa: knacmepnwlii ananus, mounoe zemneoenue, NDVI, cnymuukosvle dannvie.
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'Kapazanouncxuu mexnuueckuil ynueepcumem, Kazaxcman,
“XapvKkoscKuil HAYUOHATILHBIL YHUSEPCUMEm 20POOCKO20 XO3SUCMEA
um. A.H. Bexemosa, Ykpauna

IUPPOBOE MOJAEJIMPOBAHUE CTAIIUOHAPHBIX PEXKUMOB
CHUCTEM TEIIVIOCHABXEHMUS HA BASE UTHBEPCHbBIX
XAPAKTEPUCTHUK

Ilpeocmasnenvt memoovl u aneopummuvl Yyu@posvix mooeneli Oiid ONUCAHUA U peuleHuss paciema
VCMAHOBUBUUXCA CUOPABTULECKUX PEHCUMO8 MENTOCHADHCAIOUUX CUCTEM, MOOUDUYUPOBAHHAS Y3106d5
MoOenb pacuema NOMOKOPACNPeoeeHUst, MeMoOOM HOB020 N00X00d POPMUPOBAHUSL CUCTEMbL YPABHEHULL
V3MI08bIX HANOPOS, NPU KOMOPOM UCNONL3VIOMCA He Npamble, d UHBEPCHble XAPAKMEPUCTNUKU NACCUBHBIX
U AKMUBHBIX dNEMEHMO8 mpyoonpoeooHoll cemu. Ilpugeden pe3yivmam anaiusa Yuci06oil dghdexmugno-
Cmu KOHMYPHOU U Y310801 MoOenell Ha b6aze paspadomanHol UHGOPMAYUOHHO-EPAPUUECKOU CUCTEMBI.

Kniouesvie cnosa: mennocnabocaiowas cucmema, SUOPAGIUYECKUll pedcum, nomoxopacnpeoe-
JleHue, Y3106ds MOOelb, KOHMYPHAs MOOelb UHBEPCHAS XAPAKMEPUCIUKA, pacyem, UHPOPMAYUOHHO-
epaguueckasn cucmema.

BBenenue. Hapsmy ¢ anreOpandecknM IMOIXO0M MOJEIHPOBAHUS MPOIECCOB TOTO-
KOpacrpeieleHrsl B MPOU3BOIBHBIX THAPABIMYECKUX IIETIAX C COCPENOTOUYEHHBIMHU U pe-
TYITHPYEMBIMU TIapaMeTpaMH IIMPOKO HCCIEAYIOTCS TEOPETUYECKHE W BBIYMCIUTEIHHBIC
ACTIEKTHl IKCTPEMAIBHOTO TOX0/[a, OTMPAIONIETOCS Ha (GU3NYECKYI0O U MaTeMaTHYECKyIO
CYIIIHOCTH 3aJa4u O IMOTOKOpacipeneneHuu [1]. DkcTpeManbHbIe METOABI OMUCAHUS TI0-
TOKOPACIIPEEIEHUs] UMEIOT HECOMHEHHOE TEOPETHYECKOe 3HA4YeHHE, OJHAKO UX Tpak-
TUYECKasl peaju3ais 4epe3 HeoOXOAMMBIE YCIOBHSA SKCTPEMyMa MPUBOIUT K CUCTEMaM
ypaBHeHuit Kupxroda, a mosTomy He MaéT HMYETO HOBOTO C TOYKH 3PEHHS OpPTaHHU3AINN
BBIYMCIIMTEIBHBIX MTPOILIECCOB IO CPABHEHHIO C alre0pandecKuM MmoaxoaoM. FMiMeHHo mos-
TOMY B ITPAKTHKE pacdeTa yCTAaHOBUBIIUXCS PEKUMOB TEUESHHUS KUIKOCTEH U Ta30B 10 TPY-
OOIPOBOTHBIM CETSM JIFO00H CIIOKHOCTH TIOTYUHIN PACIIPOCTPAHEHNE U pa3BUTHE TP PO-
BbI€ MOZIEITTH aITeOpandecKoro IMOIX0/1a: KOHTYPHBIE U Y3JIOBBIE MOJIENH, KOTOPBIE BOCXOJISAT
K CBOMM aHaJioraM U3 JIEKTPUUCCKUX IeTeH U ceTei [2].

Koutypnas Moenb ycTaHOBHBIIErocsl ruipaBindeckoro pexuma. [Ipusenem an-
TOPHUTM ITOCTPOEHUS 00IIIei MaTeMaTnIeCcKOi MOJIENT YCTAHOBUBIIIETOCS THAPABINIECKOTO
pexuMa 3a7aqu aHaJIn3a CUCTEM IeHTpatu3oBanHoro TermocHadkerws (CIT):

— pacuetnyto cxemy CLT ¢pukcnpoBaHHON TEXHOIOTHIECKON CTPYKTYPHI IIPEACTABIIS-
€M CBSI3HBIM OpHeHTHPOBaHHEIM rpadom G(M,N), KOTOpEIit COTepKUT M y3JI0B, 72 BETBEH 1
P KOMITOHEHT CBSI3HOCTH,

— BBIIETISIEM OCTOBHOE JIEPEBO, HAIPUMeEpP, MUHUMAIBHOTO THUAPABIMYECKOTO COTPO-
THBJICHUS, 3a(DUKCHPOBaB, TAaKUM o0Opa3om, K xopm u, cooTBeTcTBeHHO, K muHEHO He3a-
BHCHUMBIX KOHTYPOB,

— (popMHpyeM MaTpPHIIbI COETMHEHNH A . M KOHTYPOB B,

* E-mail xoppecnionnupyromero apropa: golovacheva vn@mail.ru
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— ompeJielsieM anre0pandeckyro CTPYKTYpy KOHEYHOTO MHOXKeCTBa 00BEKTOB C TIOMO-
LIbK0 KOHEYHOMEPHOTO BEKTOPHOTO MPOCTPAHCTBA V.

C pasmepHocTsaimu Matpuil 4 , A, B CBSI3aHbI YMCIIOBBIE TIAPAMETPbI OPUEHTUPOBAHHOTO
rpada G(M,N): 94rciI0 y370B M, YKCIIO BETBEH 71, YUCIIO HE3ABUCHMBIX KOHTYPOB K =71 —m +p,
YHCJIO KOMIIOHEHT CBSI3HOCTH P.

B Teopum anekTpudecKuX U THIpaBINIeCcKUX mernel [3] pazpabotan (popMaibHBIN MOJI-
X0J] TpeAcTaBieHus Becex noarpados nuneiHoro rpadga G(M,N) B 3JeMEHTB BEKTOPHOTO
npocTpaHcTsa V pasmepHocTH 71. CHCTEMa KOOPAMHAT B STOM IPOCTPAHCTBE ONPE/ILIACTCS
ANIEMEHTaMH, KaXIIblii U3 KOTOPBIX MpPEACTaBIsET co00il onHy BeTBb Tpada (G, a CTPOKH
Marpuil 4 . v B CTaHOBATCS BEKTOPAMHU B 3TOM TIPOCTPAHCTBE.

B npocrpanctse V, Bexropa (0, h, Ah, P, Q) bopMaibHO MPEICTABISIOT MOACIUPYEMOE
coctosinue CIT:

T

-9q= (qli Ozs-es qn) — n-MepHBII BEKTOp 00BEMHBIX PacXo0B B BETBSX rpada;
—_— T v

—-h= (hl, hy,..., hm) — M-MEpHBII BEKTOP TOJHBIX HATIOPOB B y31ax rpada G;

T
— Ah=(Ah,Ah,,..,Ah, )" — m-mepHbIii BeKTOp pasHOCTell MONHBIX HATIOPOB B HAYAb-
HBIX ¥ KOHEYHBIX y3J1ax BeTBe rpada G;

.
-P= (F’l P,... Pm) — M-MepHBII BEKTOP MbE30METPHUYECKUX HATMIOPOB B y3iax rpada G;

.
-Q= (Qlszi---, Qm) — M-MEPHBIA BEKTOP 0OBEMHBIX Y3JIOBBIX PACXOJIOB.

KonTypHasi mMonens aHanm3a peKMMa MpearnoiaraeT o0s3aTelbHOE HCIIOIb30BaHHE
ypaBHeHHU# BToporo 3akoHa Kupxroda o paBHOBecHH yIeIbHON YHEPTUM MOTOKOB TEILIO-
HOCHTEJISI Ha BETBSAX, 3aMKHYTBHIX JHMHEHHO-HE3aBUCHMBIX KOHTYpOB. [Ipu 3TOoM 3amada
aHaJIM3a MOJHOT0 yCTaHOBUBLIerocs rujpasnudeckoro cocrostuus CLT, mpeanonararoriast
OIIpe/ieNICHNEe HeU3BECTHBIX 3HAUCHUW BEKTOPOB ((, 4, Ak, P, Q), pacunensiercst Ha ABE MO-
CJIEZIOBATENILHO pelllaeMble 3a1a4u:

— 3aJa4y NOTOKOpacnpeaeJeHnsi, B KOTOPOl ONpeaenstoTcss Hen3BeCTHbIC 3HAUCHHS
pacxonoB Ha BeTBsX ruapaBiauueckod nenu CLT (komMmoHeHTH BekTopa () M 3HAYEHHUs
Y3JIOBBIX PACXOA0OB B IMHEHHO-3aBUCUMBIX y371aX (KOMIIOHEHTHI BekTopa Q);

— 32124y onpe/esIeHHs HATIOPOB B y3.J1aX, B KOTOPOii HA OCHOBE PACCYMTAHHOIO I10TO-
kopacnpenenenus (4 ) OTIpeNeIIsIOTCS MOMHbIE U THEe30METPHUECKUE HATIOPhI U Tiepe-
Majibl HAIOPOB B JIMHEHHO HE3aBUCUMBIX y3/1aX M HA BETBSAX LIEMHU (KOMIOHEHTHI BEKTOPOB
(P.h,Ah ),

CdhopmynupyeM MareMaTHUECKyl0 IIOCTAaHOBKY 3aJaud IOTOKOpacIpeleiieHus Ha
OCHOBe Hanbosee o01IeH U CII0KHON MOJICTTH YCTAaHOBUBILIETOCS THAPABINIECKOTO PEKIMA
CUT: Haitmu maxue suavenus komnonenmog sekmopa 4 =(0;,0y,-+--,0,) , komopuie 6b1
obpawanu 6 moscoecmso czzne()yiowue cucmemul TUHEUHIX U HETUHEHbIX YPAGHEHU!

zaji -0 _Qj =0, j=1,m—1
i=1

>

0;(9;)+ zn‘, b; - ¢,(q)=0, J:ﬁ

i=k+1
npu
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- o - -
sign(q,)r; -|a,[", Vi=n+1, n m
¢,(q) = — sz:O

- - g?), Vi=1 n £ ’
(rOi LTI il PR ): =4L 0 =

U ROJIHBIX HAOOPAX UCXOOHbIX Oannbix 8 pexcumiublx cumyayusx CIHT.

Torna matemaTnyeckas OPMYITUPOBKA 33]a49H ONPE/ICIICHUS HATOPOB B JIMHEHHO He3a-

BHUCHMBIX Y3JIaX THAPABIUUCCKOMN [IEMH MPUHUMACT BH/I:

1o Hati0eHHbIM KOMROHEHmMam q* onpedenums KOMNOHeHmMyvl 6ekmopos Ah*, h*, P¥*,
VOO0BIEeMBOpPAIoWUe OMHOUEHUSIM.

A =Y al- h =0, Vi=1n

i ij j
j=1

P'=h'-Z, Vj=1m

J
npu

“ Vi=n+1n

sign(q)r, - (a7

Ah' = L
i+ 0o O +6;- ()%, Vi=ln

h, = const

Taxum obpa3om 3adaua ananuza ycmanosuswuxcsa cuopasiudeckux pexcumog CLT
npeobpazoeana 60 63aUMOCEA3AHHYIO NOCIe008AMENbHOCb MAMEMAMUYecKux 3a0ay
OMbICKAHUs KOpHEl OONbUlepaIMEPHBIX CUCEM HENUHEUHbIX U TUHEHbIX aleebpauiecKux
ypaeHeHull.

CoBpeMeHHas! BEIUMCIUTEIbHAS anredpa JaeT MUPOKHA CIIEKTP YHCICHHBIX METOI0B
pELICHHsI CHCTEM YPaBHEHHH, OTIMYAIOIINXCS BEIUMCIUTEIBHON dPPEeKTUBHOCTEIO [4-6].
Bce addexruBHbBIC B 321aHHOM CMBICIIC YHCICHHBIC METO/IbI JJISl CHCTEM HEIMHEHHBIX YpaB-
HEHU BCerja OpUEeHTHPOBAHBI HA JJOCTATOYHO Y3KUH KilacC 3a/a4 C 3y4YEHHBIMHU CIIELH-
¢uueckumu cporictBamu. Crienu()uIecKUME CBOHCTBAMH 00J1a/1aeT ¥ CPOPMYSTUPOBaHHAS
3aj1a4a MOTOKOpaclpeieeHNns B THIPaBIndYeCcKUX Hemnsax nepeMeHHon cTpykTypsl CLIT.

HcToprueckn cokuI0Ch Tak, YTO C MOMEHTA 3apOKICHUS KOHLIEIIIUN TEOPUH THAPAB-
JMYECKUX Ierel HanOoplee BHUMaHUe YACTSUIOCh pa3paboTKe U COBEPIICHCTBOBAHUIO
YHCIEHHBIX METOJIOB PEIICHNUs 33]lad MOTOKOpacIpeiesieH!s] Ha OCHOBE KOHTYPHBIX MoOjie-
Jel U TpyOOTIPOBOJTHBIX CHCTEM BCEX M3BECTHBIX KJIACCOB: TEIUIOBBIE, BOJAOIPOBOIHBIC,
BEHTWJIALIMOHHbIE, ra3oBble. KaHOHHYECKUM cTall MeTO/ KOHTYpHBIX pacxonos (MKP),
KOTOPBIM 1O CYTH sIBIseTCs TpadoBoil mHTepnpeTanueii Mmerona Herorona-Padcona mis
OoJbIIepa3MEpHBIX CHCTEM HEJIMHEHHBIX YpaBHEHHUH, CTPYKTypa KOTOPBIX MpeAonpeere-
Ha Tpad)oM THAPABINYESCKON IIEMH, MOICIUPYIOIIEH TEXHOJIOTHIECKYIO CTPYKTYPY 3a/aH-
HOM TpyOOIPOBOTHOMN CETH.

IlepBblit BapHaHT HOBOT'O UTEPAIMOHHOTO MPOIEcca MOTOKOpACIpeAeIeH s, OTBeYaro-
mero copMyaIUpOBaHHBIM TPEOOBAHUSM U pa3pabOTAHHBIM B PaMKax CO3JIaHUS MEPBOMN
Bepcuu Pewamens: 3a0ay nomokopacnpeoeieHuss AHPOPMaMOHHO-TpadUUECKON CUCTEMBI
TI'MA-07 mo npoBeAeHHIO HaJIaJI0UHBIX U MEPCIIEKTUBHBIX MEPONPUATHI B TETJIOCHA0Xa-
IOILIUX CUCTeMax [7-8], OCHOBBIBAJICS Ha MOKOOPAMHATHOMN pejaKcalyy, TeKyIIeM HCIIONb-
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30BaHUM YIYUIIEHHBIX PACXOJOB €Ille 0 3aBEPIIEHHs MOJHOI0 UTEPAlMOHHOIO IUKJIA 110
MHOXKECTBY BETBEH, OoJiee TOUHOTO ONpe/IeIeHUs] KOHTYPHON MOMPaBKH HA OCHOBE pasJio-
xeHus Teilsiopa BTOpOro mopsijKa HesiBHBIX (DYHKIIUH OT KOHTYPHBIX ypaBHEHUI.

Y3noBasi MoiesIb YCTAHOBHBIIETOCSA T'MAPABIMYECKOro peskuMa Ha 0a3e MHBepC-
HBIX XapaKTepPUCTHK. Y3JI0Bas MOJIENIb OMHMPAETCS Ha CHUCTEMY YpaBHEHUH NEpBOIO 3a-
koHa Kupxroda o marepuanbHOM OanaHce B JTMHEWHO HE3aBHCUMBIX y3JlaX M He TpeOyer
oOpameHust k koHTypam [9]. Tlpu 3TOM 3ajmaua aHaNIKM3a MOJIHOTO YCTAaHOBUBIIETOCS T'H-
npasiuueckoro coctossuua CLT, mpeamonararoias onpenencHue HeU3BECTHRIX 3HAUCHUN
sextopos (4, N, AN, P,Q ), pacunensiercs Ha Be mocne[0BaTeIbHO PeIIacMbIe 3a1a4H:

— 3aJa4y ompe/eJieHHsl HATIOPOB B y3JIaX, B KOTOPOH ONpenessitoTcsl HeM3BECTHbIE
3HAYEHHUS MOJHBIX U NMbE30METPUUYECKUX HANlOPOB B JIMHEHHO-HE3aBUCUMBIX y3JaX U IO-
Tepb Hamopa Ha BeTBsx ruapasnuueckoit mernu CIT (kommoneHTs Bektopos h,Ah, P );

— 3aJ1a4y NOTOKOpacHpeae/ieHus, B KOTOPO Ha OCHOBE PAaCCUMTAHHBIX 3HAYEHHH
sextopos (N, Ah" ) onpenensrorcs HemsBecTHbIC 3HAUCHMS PACXOOB HA BETBAX THPAB-
nuaeckoi nenu CLT (koMnoHeHTH! BeKTOpa () M 3HAYEHHsI Y3JI0BbIX PACXOJ0B B JIMHEWHO-
HE3aBUCHMBIX y3J1ax (KOMIIOHEHTHI BeKTOpa Q).

Y3n0Basg Mozeb yeTaHOBHBILIErocs rusipaBindeckoro pexxuma CLT moxet ObITh npes-
CTaBJIEHA CJIEYIOLIEH CUCTEMON YPaBHEHUN:

2.2;°6=Q; j=1m-1
i=1 , (1)

Ah =y, Yal-h, i=1

=t

[o+r.-0+r, -0, Vi=1n,
Ah 0i li ql 2i ql 1

sign(g)r. -|g|", Vi=n +1n- 2)
-1, Vi=1n,

W= . —
+1, Vi=n+1Ln

Meron y3noBbix aapinenuit (M/I), pa3BUTBIH B TEOpHH THIPaBIMYECKHUX Lenel, 0000-
1IaeT METOJ| Y3JIOBBIX HANPSHKEHUH B TEOPHHU NMEKTPUUYECKHX LEenel, coueTas mpeoopaso-
BaHMsI MakcBesia K y3J0BbIM Harmopam ¢ MeToqoM HeloToHa, n 6azupyercst Ha mpoueaype
nuHeapu3anuu cucrteMsl (1) ¢ 3aMbIKaroIMMu cOoTHOIIEHUSAMU (2). IIpoBeieHHbIe BBIYHC-
JIUTENbHBIE SKCTIEPUMEHTHI Ha IPUMepe OAHMUX U TeX Ke LieTel MO3BOIMIIN C/IeNaTh BBIBOJ
0 OosbIIeM OBICTPONICHCTBUY 1 JIyUllIel CXOAUMOCTH METO/la KOHTYPHBIX pacxonos (MKP)
1o cpaBHeHuto ¢ M/I, 4To Ha MHOTHE TObl UCKIIFOUMUIIO TIONBITKK TpuBiedeHuss M/ nis
KOHCTPYMPOBaHHS aBTOMaTH3MPOBAHHBIX pelaresei 3ajau notokopacnpeaenenus B CLIT.

OnHako, BO3MOXKEH JPYroi moaxoa K (GOpMUPOBAHHIO CHCTEMbl YPaBHEHHH Y3JIOBBIX
HAIOPOB, KOTOPBI ONMUpPAETCsi Ha UHBEPCHBIE (0OpaTHBIE) XapaKTEPUCTUKU MMACCHBHBIX H
AKTHBHBIX JJIEMEHTOB TPYOOTPOBOMHON ceTH. BorumcnutenbHas 3)(EKTHBHOCTH 3TOTO
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MOJX0/a, KaK MOKa3ajaK MOCIeAYONUe HCcCael0OBaHus ero NporpaMMHOI peanu3anuy Ha
peaNbHBIX THIPABIUYECKUX IEMSIX OONBIION Pa3MEPHOCTH, HAMHOTO MPEBOCXOIUT MOKA-
3arenu 3¢ dextuBHocTr Metofa M/, onucanHoro B Tpymax M. Bnaxa [10]. Ecnu 3ambl-
KaIOIINe COOTHOIICHMS (2) 3aMEHUTh HA MHBEPCHBIC U MOACTaBUTH UX B cucremy (1), To
[IOJIy4MM HEJIMHEHHYI0 CUCTEMY YPAaBHEHUH Y3JIOBBIX HAIIOPOB HOBOM CTPYKTYPBI:

fo(h, Ny o) =201 - D 3k -h ) —Q, =0,Vj=1m-1
i=1 k=1

5Q =0

m
1=1

rae
Roi + Ry - (1 Za$ h)+ Ry - (W Za$ -h)’
k=L k=L
n Vi=1n,
q; (1, ~Zai{hk) = N o 1/0i
k= .
' Slgn(“i'zai{'hk)[ ‘Mi'zai{'hk /ri:|
k=1 k=1

|Vi=n+1n

Ecmu npeanonoxuts cymecrsosanue pemrenus N = (h,h;,....h ) Bexropuoro ypas-
. * 0 0 — 0 0 0
Herust y31oBbix Haropos () =0 nzamenuts BuéMh" =h’ +8h rreh” =(h,h;,....h ;)
*
— HEKOTOpOE HauaabHOE NpHONIHKeHHe K pemenuio N | To nocie pasnokeHus BEKTOPHOTO

f(h°+38h)=0 i = .
YpaBHCHUSA - B ABYYJICHHBIU P TeI/mopa 10 CTCHICHAM MaJlbIX NpHUpaAlICHUN
HATOPOB B y3J1ax 0/ MOJyYUM BEKTOPHOE YpaBHECHUE:

f(h° +8h) = f(h°)+ f-(h°)Bh+05 h°),

MTOKOOPIMHATHAS 3aITCh KOTOPOTO MIPUBOIUT K CISAYIOMICH CUCTEME TMHEHHBIX anreopan-
YECKUX YPaBHEHUI OTHOCUTENbHO MaJIbIX NPUPAILEHUI HAlIOPOB B JIMHEWHO-HE3aBUCUMBIX
y3J1ax:

[ of (h° of, (h° of, (h°

g(hl).g,m 5(hz)-8h2+...+%-ahm1:—fl(h°)
of,(h°) of, (h°) of, (h°) 0

5 22 Sh 4.+ —22.9h  =—f(h

on, Ot Ot~ ==L () : (3)
of . (h%) of . (h°) of . (h%)
A RSP 7 A RSP AN 17 Il . & AN N (I

ahl hl + ahz 2 + + ahm_l m-1 m—l( )
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riae Ko UIHEeHTHI (i,j=1m-1) upu oh, ecrtb smements Matpuubl SIKoOMaHa

o, ()
oh.

J

JUTSL HEJTMHEHHOW BEKTOP-(PYHKITUU f (h) , Beruncisiemsle B Touke A°.

Pemas nuneiinyio cuctemy (3) OTHOCHTENBHO NpHpalleHuii niu nompasok dh; ,

— _ .. 0
vj - 1’ m-1 MOJIYYUM JIMIIb UX HpI/I6JII/DKCHHI)IC 3HAUYCHUA Shj , C IOMOIIIBIO KOTOPBIX MOXK-

HO YJTy4IIIUTh UCXOHbIC 3HAYCHUSI HATIOPOB B y3J1aX h} = h? + 5h? . AHaJIOTMYHBIMH BBIUHUC-
neHusiMu 3Hauernst N MOXKHO yIyHIINTb 1 JOBECTH JI0 Gollee TOYHOro cocTostHus Ny 1 T.1.
Takum 00pa3oM, MOMyYaeTCsi UTEPAMOHHAS TTOCIIEI0BATEIBHOCTh PHOIMKSHUI {hl} ,
TaKasi, 4TO KaXI0€ CICAyolIee NPHOImKEHNE {h'+l} OyaeT OmpeiessiThesi MOCPEACTBOM

MOIMPABOK, BHIYUCIIEMBIX U3 THHEHHOHN cucTeMsbl (3.10) mo npeasiaymemMy npuOImKeHHIO

{n}.

[IpuBenenHsle paccyXIeHHs PUBETN K M3BECTHOMY HTEpallioHHOMY MeTony Hero-
TOHA B JAHHOM CITy4ae JJIsl CUCTEMbl HEJIMHEHWHBIX YPaBHEHUH y3JIOBBIX HAIlOpOB, MOIY-
YEHHOW M3 CUCTEMBbl YPaBHEHHI MaTepHalIbHBIX Y3JIOBBIX OalaHCOB C MPUBJICYEHUEM 00-
PaTHBIX XapaKTePUCTUK MACCUBHBIX U aKTUBHBIX JIEMEHTOB TEXHOJIOTUYECKON CTPYKTYPHI,
moaenupyemoit CLIT.

Urepaunonnsiii npouecc HploTOHA MOKHO peajn30Bath, MPHUBJIEKas IMO0 METOIbI 00-
pamenus fIkobnana, TM60 METOABI MHOTOKPATHOTO PEIIEeHUs JINHEHHONW CUCTEMbI ypaBHe-
HUI OTHOCHUTENIBHO MOTPAaBOK K y3JIOBBIM HaropaM. C TOUKHU 3peHUs BHIYHCICHHAN BCETna
Ooinee 3P eKkTUBHO peraTs CUCTeMy JTMHEHHBIX YPaBHEHHH, 4eM 00palaTh COOTBETCTBYIO-
uryro Matpury [11]. Tlocnemnee yTBepKIeHHE MTOATBEPKACHO TAK)KE OIBITOM BBIYUCITH-
TEJILHOTO TECTUPOBAHMS U3BECTHBIX METOAOB M AJITOPUTMOB B Y3JIOBBIX MOAEISIX OOJBIINX
JIEKTPOHHBIX CXEM.

BBuny 3T0T0, BTOPHIM HTEPAIIMOHHBIM METOIOM PacdeTa 3a/1aui MOTOKOPACIIPEIeIICHUS
OBLT pa3paboTaH U peasm30BaH METOJl Y3JIOBBIX HAIIOPOB Ha 0a3e 0OpaTHHIX (MHBEPCHBIX)
XapaKTEePHUCTHK aKTUBHBIX U MacCUBHBIX 2neMeHToB CL[T, koTopomy OBIJIO TPUCBOEHO MMS
«metox MYHO».

AHaJIu3 41 c/10BOi 3 (PeKTHBHOCTH KOHTYPHOI M y3J10B0ii moaeJeii. [IpencraBneH-
HBIC BBIIIE HU(POBBIE MOACTH U METOBI IIOTOKOpACTIPEICIICHHS B THAPABINYCCKHUX LIETISIX
CIT mo3BONIAIOT CTaBUTH M PEIIaTh 3aa9M aHATN3a dKCIUTyaTallHOHHBIX M TOCIIeaBapuii-
HBIX PEKUMOB pabOThl OONBLIMX TEINIOCHAOKAIOIINX CUCTEM NEPEMEHHON TEXHOJIOIHYe-
CKOHM CTPYKTYpBHI ¢ JIF000i CTETEHbIO JeTanu3auu pacuéTHol cxemsl [12]. OgHako, ass
OTBETa Ha BOIPOC O MPEANOYTEHNH OJHOMY U3 HUX 110 KPUTEPUIO BHIUUCIUTEIbHOM 3 dek-
TUBHOCTH, YTO BECbMa BayKHO Ha 3TaIle IPOrpaMMHON peannu3aliy asmomMamusupo8anHo20
peuiamens 3a0a4 nomoxopacnpeoenenus B THAPABINYECKUX LEMAX IePEeMEHHON TeXHOIIO-
THYECKOH CTPYKTYpPBI, BO3ZHUKAET HEOOXOIUMOCTh IKCIIEPUMEHTAILHOTO N3yUYEeHNUs T0Ka3a-
Tesell BBIYUCIUTENbHON 3(p()EKTUBHOCTH Ha PeaibHBIX MMIPABIMYCCKUX LEMSIX OOIbIINX
TETI0CHAOKAIOIINX CUCTEM.
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Meron MKK mpomién MHOTOCTOPOHHIOI MPAKTUYECKYH) MPOBEPKY 3(P(PEKTUBHO-
CTH BBIYMCJICHUI Ha MOJENBHBIX W PEalbHBIX THAPABIMYECKUX LEMSAX OOJBIINX TEIIO-
cHaOxkaromux cucreM. [locnenHee mokonenue Pewamens 3adau nomoxopacnpeoene-
nus nHopmannonHo-rpaduyeckoit cucremsl TI'M/I-07 peannzoBaHo Ha OCHOBE METOnA
MVYHO.

HccnenoBanust 3h(eKTUBHOCTH BBIYMCIUTEIBHBIX MPOLECCOB BBIMOIHAINCH Ha (par-
MEHTaX peajbHbIX TUIPABINYECKUX Lenel TeruiocHadkaromux cucreM AimMarsl, Kycranas
u lIpIMKeHTa, OCHOBHBIE CTPYKTYPHBIE XapaKTEPUCTUKN KOTOPBIX MPUBEJCHBI B Tabmuiie 1.

Tabnuya 1 — KonnuecTBEHHbIE XapaKTEPUCTUKU
UCCIIeTyeMBIX LeTiel

Homep | ®parment BetBu rpada rugpasindeckoit nenu Vanet rpada | KonTypsr
rujpa- SHEpro- VYuactkoB | Ilorpe- | Hacoc- Bcero rupaBin- rpaca
BIIMYEC- | CHCTEMBI Tpy6o- oureneii HBIX BeTBeil | YECKOM IleTu | THApaB-
KOH 1ienu ropozaa TIPOBOZIOB CTaHMi JINYECKOU

nenu
[emvxenT | 1138 412 10 1560 1107 454
Kycranait | 1168 300 7 1475 1155 321
3 Anmarer | 1903 530 16 2449 1776 673

Bo Bcex mccnemyeMbIX THAPABIMYECKUX LEMAX PETYISTOPHI AaBIE€HUS OBUIA OTKITIO-
YEHBI, a PETYIUPYIOIINE KIanaHbl PEryIsTOPOB ObLIM MPEICTABICHBI KaK BETBU C (DUKCH-
POBaHHBIM THIPABINYECKUM CONMPOTHBICHHEM. TaKoe MepeKTioueHre peskuMa padoThI pe-
TYJISITOPOB TO3BOJIMJIO UCKJIIOUUTH BHEIIHUE UTEPALIMU O YBA3KE UX PEXKUMA U U3MEPUTH
qrcTOe BpeMsl paboThl Pewamens: 3a0ay nomoxopacnpeoenenus.

WccnenoBanns 3¢GEeKTUBHOCTH BBIUYNCIUTENBHBIX MPOIECCOB BBITIOIHIINCEH C pelia-
TEJISIMU 3a/1a4 IOTOKOpaclpeaesieHHs, peann3oBanHbIMU Ha 0aze metogoB MKK 1 MYHO.
IIpu 3TOM HCTIONB30BAINCH JBa XapaKTEPHBIX peKUMa paboThl CUCTEMBI:

— DKCIUTYaTallMOHHBIM PEKUM — PEXHUM C (PUKCHPOBAHHBIMH PEATbHBIMH TETUIOBBIMU
Harpy3kamu HoTpeOuTeNneil B TeKyLIeM OTONMTEILHOM CE30HE M PealbHOW MPOIMYCKHON
CIIOCOOHOCTBIO TPYOOIIPOBOIHBIX CETECIH;

— aBapUITHBIA PEXXUM — PEXUM ¢ (UKCUPOBAHHBIMH THAPABIMYECKIMH COTPOTHUB-
JCHUSIMU TOTpeOUTENeH M pealibHOH MPOIMYCKHOH CIMOCOOHOCTBIO TPyOONPOBOIHBIX
ceTel;

B mponecce Bbraucienus pUKCHPOBAIKCH CIEAYIONIME XapaKTEPUCTHKH: T, — Bpems
BEITIOJTHEHUSI BCEX OMEpalnii, KOHTPOIUPYIOMIMX IEIOCTHOCTh 0a3bl NaHHBIX, BKIFOYAsS
CBSI3HOCTH Tpad)a pacy€THOM CXEMBI, C; tp — BpeMs pacyeTa IapaMeTpoB peKUMa IS BCEX
00BEKTOB PaCUCTHON CXEMBI UCCIICAYEMON THIPABINYECKOH TETIH, C.

Pe3ynbraThl M3MepeHUN BPEMEHHBIX XapaKTEPUCTHK BBIUUCIUTEIBHBIX MPOIECCOB
NpUBeIeHBI B TadIHIE 2.
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Taonuya 2 — XapaxkrepucTuku SPQEKTUBHOCTH BHIYUCIUTEIBHBIX IPOLIECCOB

Howmep Merogq MKK Merog MYHO
THAPAB- | Jyxcmmyaramuon- ABapuitublit DKCIUTyaTaluoH- | ABapUHHBIH pesKuM
JHHCCKOH HBIH PEXUM PexUM HBIH PEXUM
Henu
t,, cex t, cex t,cex | L, cek t,, cex t, cex t,, cex t, cex
3 3 4 8 4 2 5 6
2 4 2 6 10 2 1 3 8
3 6 8 8 12 4 7 5 9

fdd

t, Aad

0
0 oy o 107 1155 1776

—a—| EE 3 4 6 ——| EE 3 2 B
P R 4 2 4 —a—ld] 2 1 7
Bi dh+Anoai bgEi 4 B de+anodi ocai &
a) 0)

a) IPOIOIKUTEIBHOCTD BBIMIOHEHHS OTIePaIiid, KOHTPOIUPYIOIIHX IIEI0OCTHOCTh 6a3bl TaHHbIX,
BKJIFOUAsI CBSI3HOCTH Tpada pacuETHOU CXEMBI;
0) MPOOIKUTENEHOCTD pacueTa napaMeTpoB pexknma

Pucynox 1 — ITponomKuTeNsHOCTh BRIYUCIHTEIBHBIX TPOIIECCOB
¢ ucroap3oBanreM merogoB MKK 1 MYHO

CpaBHHUTENBHBIN aHAIN3 BPEMEHHBIX XapaKTEPHUCTHK IMPOIECCOB MOTOKOpacIpesene-
HUS B pEaJIbHBIX THAPABINYECKUX HETISIX TOATBEPKIaeT MPAKTHIECKOe COBIAICHUE Xapak-
TepucTuK ObIcTpoaeiicTBus MeToqoB MKK 1 MYHO (pucynox 1).

BbiBoAbI. AHANMHM3 TOKA3BIBAET, UTO MPHU PEATU3AIUN aBAPUHHBIX PEKUMOB OBICTPO-
nerictere Metona MYHO He3HaunTEIHHO BO3pACTACT M3-32 OTCYTCTBHUS TPYIOESMKHX IIPO-
IIECCOB BBIAICIICHUS U 00pabOTKU JTHHEHHO-HE3aBUCUMBIX KOHTYpPOB. B 3TO# CBsI3Mm MeTox
MYVYHO 6ornee nienecoo0pas3eH mpu MOACTUPOBAHIH CBEPXCIOKHBIX TPYOOTIPOBOIAHBIX CH-
cTeM ¢ gucioM y3io0B 6osee 5000, a metoq MKK Becbma apdextuBen mist ceTeit cpemueit
1 OONBIION Pa3sMEPHOCTH C YucIoM y3i10B 10 5000.

ABTOpPBI BBIpaXXatoT 06J1arogapHOCTh 3a TOMOIIH B TIOATOTOBKE CTaThU COTPYIHHUKAM Ka-
(henps! HHOOPMATMOHHO-BRIYUCIIUTEIHLHBIX cUCTeM KaparaHamHCKOTO TEXHUYIECKOTO YHU-
BepcuteTa U [IKD «Cupuycy.

Uccnenosanmne ¢punancuposanoch Komurerom Haykn MuHHCTEpCTBa 00pa30BaHUS U
nayku Pecny6onukn Kazaxcran (rpant Ne AP09562666).
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KEPI CUITATTAMAJIAPFA HETI3/IEJTEH )KBIIYMEH JKABJIBIKTAY
’KYWEJEPIHIH BEJTIJIEHTEH PEKUMJEPIHIH CAHIBIK MOJIEJIBLAEPI

JKoiymen srcabovikmay oscyiienepiniy oenciiencen 2uOPAIUKAIbIK PelcUMOepin ecenmeyoi cunam-
may HcaHe wieuly Yulii CaHoblK Mooenboepoin a0icmepi MeH anzopummoepi, a2biHobl 0661yl ecenmeyoin
o32epmincen Mopanmuix, MOOei, MopanmulK KbiCblM meyoeynepi JCyiecin Katblnmacmuipyobll Jdcand
macini 20ici YCbIHbLIZAH, OHOA MiKelell emec, NAcCU8mi JHcane bencenoi snemeHmmepoiy Kepi cunamma-
manapuvl Kon0aHwvliadul.Kyowipaap dcenici. O3ipieneer aknapammolk-epaduKranvli drcyiiece Hecizoencen
KOHMYPIbIK dHCoHEe MYUIHOIK MOOeNbOepOil CAnObIK MUIMOLIZIH MAanoay HaOMuMceci KeimipineeH.

Tyitin ce30ep: ducvliymen HcabObIKMay icyueci, 2uOPAGIUKAIbIK PEXCUM, d&blH mapamy, myuin
Mooeni, KOHMYPIbIK MOOeNb Kepi CUnammama, ecenmey, aknapammolk-epapuransiy Jcyiie.
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DIGITAL MODELS OF STEADY MODES OF HEAT SUPPLY SYSTEMS
BASED ON INVERSE CHARACTERISTICS

Methods and algorithms of digital models for describing and solving the calculation of steady-state
hydraulic regimes of heat supply systems, a modified nodal model for calculating the flow distribution,
using the method of a new approach to forming a system of equations of nodal heads, in which not
direct, but inverse characteristics of passive and active elements of the pipeline network are used. The
result of the analysis of the numerical efficiency of the contour and nodal models based on the developed
information-graphic system is presented.

Keywords: heat supply system, hydraulic mode, flow distribution, nodal model, contour model, inverse
characteristic, calculation, information-graphic system.
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TRAVELING WAVE SOLUTIONS FOR THE EXTENDED
MODIFIED KORTEWEG-DE VRIES EQUATION

In this paper, we study an extended modified Korteweg-de Vries equation, which contains the relevant
higher-order nonlinear terms and fifth-order dispersion. This equation is the extension of the modified
Korteweg-de Vries equation and described by the Ablowitz-Kaup-Newell-Segur hierarchy. The standard
Korteweg-de Vries equation is the pioneer integrable model in solitary waves theory, which gives rise to
multiple soliton solutions. The Korteweg-de Vries equation arises naturally from shallow water, plasma
physics, and other fields of science.

To obtain exact solutions the sine-cosine method is applied. It is shown that the sine-cosine method
provides a powerful mathematical tool for solving a great many nonlinear partial differential equations in
mathematical physics. Traveling wave solutions are determined for extended modified Korteweg-de Vries
equation. The study shows that the sine—cosine method is quite efficient and practically well suited for use
in calculating traveling wave solutions for extended modified Korteweg-de Vries equation.

Keywords: extended modified Korteweg-de Vries equation, sine-cosine method, ordinary differential
equation, partial differential equation, nonlinearity.

Introduction. Nonlinear evolution equations are of enormous significance and form
the core of mathematical physics and engineering areas [1-5]. The studies of the nonlinear
evolution equations, their solutions, and the interaction of these solutions are flourishing
rapidly. Various powerful methods [6—15] have been used to find solutions to the nonlinear
evolution equations.

In this paper, we study an extended modified Korteweg-de Vries (emKdV) equation in
defocusing form [16,19], which is

u, +u, +a(-6u’u, +u,)+a’(6u’®-10uu? -10u’u, +u,,), =0, (1)

where u(x, t) is a real function of the spatial coordinate X and the time t, o. << 1 is a nondi-
mensional measure of the small wave amplitude relative to depth. The emKdV includes four
nonlinear terms, and two linear dispersive terms, namely u _ and u__differently from the
standard family of the fifth-order modified KdV equations. The equation (1) is modification
of extended Korteweg-de Vries equation [17, 18]

XXX

2 2 2 _
ut + ux + G(GU ux + uxxx) +a (Clu ux + Czuxuxx + C\’:luuxxx + C4uxxxxx) - O ] (2)

where the parameters c , ¢, ¢, €, are the coefficients of the higher-order terms, and its val-
ues depend on the physical context. Equation (2) describes the evolution of steeper waves
with shorter wave lengths than in the KdV equation [17, 18].

* E-mail xoppecnionnupyromero aBropa: g.shaikhova@gmail.com
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The emKdV equation (1) is integrable, rational and periodic solutions have been also
obtained by means of the N-fold Darboux transformation, meanwhile, the infinitely many
conservation laws have been constructed based on the Lax pair in [16]. Multi-soliton
solutions by Hirota’s direct method and the Painleve test for equation (1) have been studied
in [19]. Long-time asymptotic behavior has been studied in [20]. However, it is noted that
the sine-cosine method [1, 13-15] for the emKdV equation (1) was not applied. So, in this
research we find new kind of solutions for equation (1) by applying the sine-cosine method.

2. Description of the sine-cosine method. In this section, we describe the sine-cosine
method [1, 13-15]. According to the sine-cosine method by using a wave transformation

ul, ) =u(®):. : &= (x-c), 3)
the partial differential equation (PDE)
E(,u,u,u ,..)=0 4)

can be converted to ordinary differential equation (ODE)
E,(u,u,u”,u", ..)=0 5

Then the equation (5) is integrated as long as all terms contain derivatives where
integration constants are considered zeros. The solutions of ODE (5) can be expressed in
the form [1, 13-15]

B n
u(x,t) = %os (). [&]= 2’

(6)
E| 0, otherwise,
or _ [rpos (), [g|< T,
u(x,t)=— M 7
_ (7
E 0, otherwise,

where € = X—Ct the parameters u, Aand # will be determined, and u is wave number and
¢ is wave speed respectively [1]. The derivatives of (6) become

(u(ug))’ = -Buicos’™ (uE)sin(ug), (8)
(U(ug))” = —u?*p*rcos® (&) + W*AB(B —1) cos’? (uE), )
(U(ug)™ = pu*B*Acos(ug)’ — 2u*AB(B —1)(B* — 2B +2) cos"*+ (10)

+W'BA(B ~D(B - 2)(B - 3)cos™™,

and the derivatives of (7) have next forms

(U(UE)) = Busin®™(uE)cos(LE), (11)
(U(UE))” = —p*B*Asin® (LE) + u*AB(B —1)sin®? (L), (12)
UUE)N™ = p*B*Asin(uE)® — 2u*AB(B —1)(B* — 2B + 2)sin’ >+ (13)
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+W'BA(B -D(B - 2)(B -3)sin”,

and so on for the other derivatives. Applying (6)-(13) into the reduced ordinary differential
equation (5) we obtain a trigonometric equation of cos'(u&) or sin'(u&) terms. Then, we
determine the parameters by first balancing the exponents of each pair of cosine or sine
to determine . Next, we collect all coefficients of the same power in cos'(u&) or sin"(ug),
where these coefficients have to vanish. The system of algebraic equations among the
unknown A and p will be given and from that, we can determine coefficients.

3. Application of the sine—cosine method. Substituting the wave transformation

u(x,t) =u(g) = u(x-ct), (14)
into equation (1) we get the following ordinary differential equation:
u’(l—c)—20(u®)’ +ow’”’ + o® (6u® —10u(u’)®> —=10uu”"+u™)’ = 0. (15)

Integrate equation (15) once, with respect to &, yields
u(l—c) —2ou® +ow”” + o (6u® —10u(u’)? =10u’u” +u™) =L, (16)
where L is constant of integration. By taking constant of integration L = 0 we have
u(l—c) —20u® +ow”” + 02 (6u® —10u(u’)? =10u®u” +u™) =0, (17)

In next subsection, we solve the equation (17) by the sine-cosine method.
3.1 The sine solution. According to method the solution of the (17) can be found by
transformation

U(uE) = Asin® (uE) . (18)

To find sine solution we use (18) and its derivatives (11)-(13). Substitute (18) and (11)-
(13) into (17) we get

(L-c)Asin® (E) — 20A° sin™ (uE) — o *B*Asin® (UE) + oyt AB(B —1)sin®~* (E) +
+60:°A° sin® (UE) =100’ *B*A% sin®* 2 (UE) + 1002 nB2A° sin® (UE) +
+100°u*B*A% sin® (UE) — 100’ u*A°B(B —1)sin*~* (ug) + (19)
+o’ B Asin® (ug) — 20" W AB(B —1)(B* — 2B +2)sin"?* (uE) +
+o’ P AB(B - 1)(B - 2)(B - 3)sin"* (ug) =0

Using the balance method, by equating the exponents of sir/, from (19) we determine [3:

B-1#0, B-DPB-2)(B-3)#0,

B-4=58 = B=-1. @0)

Substitute (20) in (19) we obtain next equation
(L= c)Asin ™ (uE) — 2027 sin* (uE) — oy *B*Asin* (uE) + o AB(B ~1)sin > (UE) +
+60*A° sin ™ (UE) —100° B A% sin™° (UE) + 100w B A% sin~* (&) +
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+100°w?BPA% sin* (UE) —100° 1 *A°B(B —1)sin~ (&) + (21)
+o’ BAsinT (L) — 20 AB(B ~D(B* — 2B +2)sin~* (UE) +
+o W ABB DB -2)(B-3)sin~(ug) =0

Equating the coefficients of each pair of the sine functions, we find the following system
of algebraic equations:

sint(uE): 1-c—op®+o’u’ =0, (22)
sin?(ué): —A%+p® —100u”* +100u°A* =0, (23)
sin®(uE): A? —5u*A*+4u’ =0. (24)

From (22)-(24) we have

/ 1 / 1
=t |—, A==%,/—, c=1-0 1ol 4,
H 10 10c. H H (25)

where o real number.
Substituting (25) into (18) we have the sine solution of the extended modified KdV

equation (1)
u(x,t) ==+ L sin™! L (x—ct) 26
2V 100 \' 100 ' (26)

where ¢ =1—op’® + o’n*.

3.2 The cosine solution. To find cosine solution we use

u(ug) = Acos” (LE), (27)
and its derivatives (8)-(10). Substitute (27) and (8)-(10) into (17) we get

(1-c)Acos” (ug) — 20A° cos™ (UE) — o *B*A.cos’ (UE) + o *AB(B —1) cos”* (uE) +
+602A° c0s*® (UE) — 100w ?PB2A° cos® 2 (E) + 1002 2B A% cos™ (LE) +
+100°u*B*A° cos® (uE) — 100w A°B(B —1) cos™ 2 (UE) + (28)
+o’ B A cos’ (uE) — 20 AB(B ~1)(B* — 2B +2) cos™* (M) +
+o’ W AB(B -1)(B - 2)(B—3)cos” (ug) =0

Using the balance method, by equating the exponents of cos’/, from (28) we find B:

B-1#0, B-D(BE-2(B-3)=0,
B-4=583 = PB=-1

Substituting (29) in (28) we obtain next equation

(1-c)Acos™(uE) — 20A° cos ™ (UE) — o *B*A cos ™ (E) + a *AB(B — 1) cos™ (uE) +

(29)
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+60.%A° c0s° (UE) —100°u*B*A° cos ™ (UE) +100°u*B*A° cos ™ (&) +
+100*u?B?A° cos ™ (UE) — 100w A’B(B —1) cos™® (UE) +
+o " BAcos™ (uE) — 20 W AB(B ~1)(B* — 2B+ 2) cos (uE) + (30)
+o W ABB - 1)(B - 2)(B-3)cos™ (uE) =0

From (30) equating the coefficients of each pair of the cosine functions, we find the
following system of algebraic equations:

cos "(ug): 1-c—op’+o’u* =0, Gh
cos(UE): —A%+u® —100u* +100u’A? =0, (32)
cos(uE): A7 —5u*A’+4u’ =0. (33)

Solving system (31)-(33) leads to the results,

/ 1 / 1
=+ |—, A=t |—71 c=1-ou®+o?u’,
H 10 10 H H (34)

where o real number.
Substituting (34) into (27) we have the cosine solution

f 1 4 / 1
u,(x,t) == mcos ( m(x—ct)), (35)

4. Conclusion. The sine-cosine method was effectively used for the analytic treatment
of the extended modified KdV equation. This equation is the generalization of the standard
KdV equation and described by Ablowitz-Kaup-Newell-Segur (AKNS) hierarchy. Traveling
wave solutions were derived. The obtained solutions can have an application to some
practical physical problems. The applied method can be used in further works to establish
more entirely new solutions for other kinds of nonlinear evolution equations.

The research work was prepared with the financial support of the Committee of Science
of the Ministry of Education and Science of the Republic of Kazakhstan, IRN project
AP09057947.

where ¢=1—op®+oa’u’.

REFERENCES

1 Wazwaz A. Partial differential equations and solitary waves theory. //Springer. -2009.

2 Ablowitz M.J., Clarkson P.A., Solitons, nonlinear evolution equations and inverse scattering. //
Cambridge University Press, New York.-1991.

3 Matveev V.B., Salle M. A., Darboux transformations and solitons. //Springer, Berlin.-1991.

4 Wadati M. The modified Korteweg-de Vries equation// Journal of the Physical Society of
Japan.-1973.-Vol.34. -P.128.

5 Akhmediev N., Ankiewicz A., Taki M. Waves that appear from nowhere and disappear without
a trace// Physics Letters A.-2009.-Vol.373.-P. 675.



202 Becmnux Hayuonanvhoii unsceneproi akademuu Pecnyonruxu Kazaxcman. 2021. Ne 4 (82)

6 Hereman W., Nuseir A. Symbolic methods to construct exact solutions of nonlinear partial
differential equations // Mathematics and Computers in Simulation.-1997.-Vol. 43. -P.13-27.

7 Hirota T. The Direct Method in Soliton Theory. // Cambridge University Press, Cambridge. -2004.

8 Yesmakhanova K., Nugmanova G., Shaikhova G., Bekova G., Myrzakulov R. Coupled
dispersionless and generalized Heisenberg ferromagnet equations with self-consistent sources:
Geometry and equivalence // International Journal of Geometric Methods in Modern Physics- 2020.
-Vol.17, -No 7. -P. 2050104 (19 pages).

9 Kutum B.B., Shaikhova G.N. g-soliton solution for two-dimensional q-Toda lattice. //Bulletin
of the Karaganda University. Physics series. -2019. -No. 2 (95). -P. 22-26.

10 Shaikhova G.N., Kutum B.B., Altaybaeva A.B., Rakhimzhanov B.K. Exact solutions for the
(3+1)-dimensional Kudryashov-Sinelshchikov equation// Journal of Physics: Conference Series.
-2019. -Vol. 1416. -P. 012030(1-6).

11 Biswas A., Yildirimd Y., Yasar E., Zhou O., Moshokoa S., Belic M. Optical solitons for
Lakshmanan-Porsezian-Daniel model by modifed simple equation method // Optik. -2018, -Vol. 160.
-P. 24-32.

12 Malfiet W. The tanh method: 1. Exact solutions of nonlinear evolution and wave equations.
Physica Scvipta. -1996. -Vol. 54. P. 563-568.

13 Wazwaz A.M. The sine-cosine method for obtaining solutions with compact and noncompact
structures. Applied Mathematics and Computation. -2004. -Vol. 159(2). P. 559-576.

14 Yusufoglu E., Bekir A. Solitons and periodic solutions of coupled nonlinear evolution
equations by using Sine-Cosine method //International Journal of Computer Mathematics. -2006.
-Vol. 83(12). -P. 915-924.

15 Wazwaz A.M. A sine-cosine method for handling nonlinear wave equations. //Mathematical
and Computer Modeling. -2004. -No 40(5).-P. 499-508.

16 Wang X., Zhang J., Wang L., Conservation laws, periodic and rational solutions for an ex-
tended modified Korteweg-de Vries equation.//Nonlinear Dynamics. -2018.-Vo01.92.-P. 1507-1516.

17 Marchant T.R., Smyth N.F. Soliton interaction for the extended Korteweg-de Vries equation.
IMA Journal of Applied Mathematics. -1996.-Vol.56.-P. 157-176.

18 Marchant T.R., Smyth N.F. The extended Korteweg-de Vries equation and the resonant flow
of a fluid over topography. Journal of Fluid Mechanics.-1990.-Vol.221.-P.263-288.

19 Wazwaz A.M., Xu G., An extended modified KdV equation and its Painlev’e integrability,
Nonlinear Dynamics. -2016.-Vol 86, -P. 1455-1460.

20 Liua N., Guo B., Wang D., Wang Y. Long-time asymptotic behavior for an extended modi-
fied Korteweg-de Vries equation /Communications in Mathematical Sciences. -2019.-Vol. 17. -P.
1877 — 1913.

I H. IIIAHXOBA ', B. K. PAXHMJKAHOB?

! Eepasuiickuii nayuonanvhwiil yuueepcumem umenu JLH. [yvunesa, 2. Hyp-Cynman, Kazaxcman,
’AO «Hayuonanvnas komnanus «Kazaxcman Fapvuu Canapory, Hyp-Cynman, Kazaxcman,
e-mail: g.shaikhova@gmail.com, rahimzhanovberik@gmail.com

PEIIEHUWS TUMA BETI'YIIIEW BOJHBI JIJISI PACHIUPEHHOTI'O
MOJNP®PUINNPOBAHHOI'O YPABHEHUS KOPTEBET'A-IE ®PU3A

B pabome uccnedosarno pacuiupennoe moouguyuposannoe ypasuenue Kopmeseza-oe @pusa, xomo-
poe codepaicum coomaemcmayiowjue HeluHeliHvle UieHbl 601ee 8blCOK020 NOPAOKA U OUCHEPCUIO NANO20
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nopsaoKa. Dmo ypagHeHue sIsemcs pacuupenuem Moouduyuposannoco ypasmuenus Kopmeseza-oe @pu-
3a u onucvigaemcs uepapxuei Abnosuya-Kayna-Hvioonna-Ceeypa. Cmandapmmuoe ypasnenue Kopmesgeza-
0e @puza A615emcst Nepeoll UHMepUpPyeMoll MOOeIbI0 8 Meopull YeOUHEHHbIX 60H, KOMOPAs NPUEOOUN:
K MHO20CONUMOHHBIM pewlenuam. Ypasnenue Kopmeseza-oe @puza eo3nuxaem uz mMeixou 600vl, Qusuxu
naasmsl u Opyeux oonacmeti HayKu.

s nonyuenus mouHwix peuleHuti npumMerer Memoo cunyc-kocunycos. Iloxasano, umo memoo cumyc-
KOCUHYCO8 Npedcmasisiem coo0u MOWHbLI MAMEMAMUYECKUll UHCTPYMEHM 05l pelenust 04eHb MHOSUX
HeNUHEeUHbIX YPAGHEHULl 6 YACMHBIX NPOU3BOOHBIX Mamemamuyeckol @usuku. Onpedenenvl peuieHus
muna be2yujeil 80HbL OISl PACUUPEHHO20 MOOUpuyuposanno2o ypastenus Kopmeeseea-oe @pusza. Uc-
cnedosanue noKa3vleaem, 4mo Memoo CUHYC-KOCUHYCO8 OOCMAMOYHO dPGexmugen u npaKxmuiecKu xo-
POULO NOOXOOUN OJIsL UCHOTL30GANUS NPU GBIYUCTEHUY PeleHUll muna be2yujeti 0IHbL 05l PACUUPEHHO2O
Moouguyuposarnrozo ypaerenus Kopmeeseea-oe Opusa.

Knrwouesvie cnosa: pacuupennoe mooupuyuposannoe ypasnenue Kopmegeea-oe ®@puza, memoo
CUHYC-KOCUHYC, 0ObIKHOBEeHHOe Oughepenyuanvroe ypaguerue, oupepenyuanbrHoe ypasHerue 6 yacm-
HbIX NPOU3BOOHBIX, HETUHEUHOCTIb.
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KEHEUTIJITEH MOJAU®UKAIIUAJIAHFAH KOPTEBET-JIE
®PU3 TEHAEYIHIH KO3TAJIMAJIbBI TOJKBIHAbIK INEINIM/IEPI

Byn ocymvicma gicozapbl Oeneelini Coi3blKmMblK, emec myulenep meH 6ecinuii pemmi Oucnepcusibl
KammumulH KeHetmineen moougurayusianzan Kopmesee-oe @puz menoeyi sepmmenedi. byn menoey
Mmoougpukayusanianean Kopmesee-oe @puz menoeyiniy Kenetimineen mypi 60nvin mabdwvliadbl HcaHe O
Abnosuy-Kayn-Hewenn-Ceeyp uepapxusicoimen cunammanaost. Cmanoapmmul Kopmesee-oe @pus3
menoeyi - JceKeneneer MOAKbIHOAP MeoPUACLIHOALbL KONCONUMOHObIK uieuinoepee aKelemin aizauksl
unmeepandanamoin moodens. Kopmesee-oe @puz menoeyi masz cyrapoa, niasma QU3UKACLIHAH JHCIHe
6acKa 2blIbIM CanANAPLIHAH MYIHOAUObL.

Haxmel  wewivoep any yuiin cunyc-kocunyc aoici xondauvinaowvl. Cunyc-kocunyc a0ici -
MaAmemMamukanivlk (QU3UKAHbIY KONMe2eH Cbul3bIKmblK emec O0epbec mybiHObl Ouphepenyuanovly
menoeynepin  wewyoiy muiMOi MamemMamuKkaniwlk Kypauwl ekenoiei KepcemineeH. Kenetimineen
moougpukayusnianean Kopmesee-0e @puz menoeyi yulin KO32aIMalbl MOIKbIH mMypinoeei weuimoep
AHBIKMAnobl. 3epmmey Kopcemreroell, CUHYC-KOCUHYC 20ICT atmapiblKmai muimMoi JHcane KeHelminieeH
moougurayusnanean Kopmegee-oe @puz meyoeyi yulin K038aimanbl MOIKbIHObIK weuimoepoi ecenmey
Ywin Kon0amyea ome biHeaiinbl.

Tyitin co3dep: keyeiimineen mooughuxayusianzan Kopmesee-0e @Dpuz meHOeyi, CUHYC-KOCUHYC
20ici, Kapanaibim Ouppepenyuanoviy meyoey, oepoec mybiHovl OUPOepeHyuanrobiy meyoey, Col3blKnblK
emec.
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IDENTIFICATION AND RESEARCH OF FACTORS
AFFECTING THE OPTIMAL DISTRIBUTION OF WELL FLOW
RATES IN SPACE

The paper discusses and research the factors affecting the filtration rate to reduce stagnant zones
in the domain and spreading outside the block under consideration. The main hydrodynamic factors in
production by In-Situ Leaching are the distribution of permeability in the reservoir and well flow rates.
The study of the factors was carried out on the basis of mathematical models using Darcy Law and Law
of Conservation of Mass. Calculation was accomplished on a two-dimensional area with an isotropic and
non-uniform permeability distribution to determine the effect of permeability on the leached area. The
permeability coefficient was distributed respectively over three zones, in the southern part the permeability
was low, in the central transition from low to high, respectively, in the northern part there was a highly
permeable zone. Three wells were located in the domain, with the production well in the center of the
domain. Injection wells are located symmetrically with respect to a horizontal line passing through the
center of the area under consideration. The calculation was carried out for three modes of well flow rates
with the ratio of the flow rates of the injection wells 0.5 /0.5, 0.2 /0.8, 0.8 / 0.2 relative to the flow rate of
the production well.

On the basis of comparative analyzes of the obtained results, it is concluded that: at the same flow
rates, regardless of the permeability of the zones, the results obtained show that the leaching area in
the low-permeability zone is larger in comparison with the high-permeability zone; with an increase in
permeability, the shape of the leaching zone tends from round to drop-shaped; with an increase in the flow
rate of wells in the radius of the leaching zone, it increases if the flow rate of solutions is much higher than
the filtration rate.

Keywords: In-situ leaching, mathematical modeling, hydrodynamics, well flow rate, flow in porous
media

Introduction. Using of modern mathematical methods is a forced step in the field of
mineral extraction by in-situ leaching (ISL). Reducing the volume of uranium deposits that
are easy to mine, mining of other metals and minerals that are located in complex geological
structures or production of minerals that requires additional technological solutions implies
the creation of new mathematical and geophysical approaches for the design and forecasting
of the field development process [1]. For example, when mining copper using the ISL
method, specialists are faced with the problem of achieving contact between the leaching
agent and the extracting metal [2]. Applying of methods for increasing the permeability of
the formation that used in the field of oil production is impossible due to the high cost of
the methods. Extraction of rare earth minerals, gold and other minerals is also accompanied
by such problems as: environmental pollution due to spreading of the leaching solution
outside the mined area, clogging of pores due to the high carbonate content of the rock or
the choice of the incorrect chemical composition of the leaching agent, low reaction rate

* E-mail xoppecmonaupytomero apropa: shayakhmetovn@gmail.com
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due to features of the mining mineral, etc. [3]. Most of the problems presented can be solved
by using the capabilities of modern computer technologies and methods of mathematical
modeling, and for the rest of the problems, these methods can be used as tools for choos-
ing certain technological solutions. For example, successful results using of mathematical
modeling in ISL processes are represented: for the design of the field in [4-7], for the choice
of optimal production methods in [3, 7-9].

One of the most important issues at mineral extraction by the ISL is to determine the
optimal flow rates of injection wells in order to achieve minimal spreading beyond the
boundaries of the developed area and to reduce dilution by formation waters. The issue
requires an integrated approach, consisting of several stages: research and identification
of factors that affecting the optimal distribution of well flow rates in space; development
of an algorithm for optimizing well flow rates. This paper considers and investigates the
factors that affecting the flow rate to reduce stagnation and spreading zones. The main
hydrodynamic factors in ISL production are the distribution of permeability in the reser-
voir and well flow rates.

Problem statement and research methods. The study of the factors was carried out on
the basis of mathematical models presented in [10] and using Darcy Law and Mass Conser-
vation Law. By using these laws, the distribution of hydrodynamic head and velocity in the
reservoir are calculated:

div(Ue) = qinj,S(X_ X, Y= VYi)— qprodps(x_ X, Y= Yi)

iig=—k, grad h O
For the concentration of the leaching agent, an equation of state for a tracer with advec-
tion, hydrodynamic dispersion, injection and production wells is chosen:

oc )
(pa_t: 0 grad c+div(D grad c) +c’q,,; 8(x— X,y —y,) —¢ Uproa, O(X =X, Y = ¥,)

uQ=—k, grad h 2)

where, ij — velocity field; ¢ — porosity; i, , Yproa, — flow rates of the i-th injection and p-th
production wells, respectively; ¢ — reagent concentration in leaching solution; ¢° — reagent
concentration in leaching solution at injection wells; k; — hydraulic conductivity of layer;
h — hydraulic head;

Relation between hydraulic head and pressure is defined as:

P
h=——
P.d )

Where P — pressure, p,, — density of water in standard conditions; § - gravitational accel-
eration.

A rectangular 2D area with a dimension of 200x200 meters with two injection wells and
one production well is considered. However, the total computational domain was taken in
such a way that the distance from the wells to the boundaries is equal to 10 distances between
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the wells. Such a choice of the boundaries of the computational domain is conditioned by
the minimization of the effect of the boundaries on the flow in the interwell space. Wells
are located along the vertical axis in the center of the area (Figure 1). Diameter of the wells
equals to 0.2 m and distance between them is 45 meters.

y Computational domain y Considering domain
1000 m 200 m
00 4 :nu—/
g k,
o) o
' 3
0 - — B
=
= L]
S 1 o k||
3 P 3
1001 < -1 S i
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500 =100 <
r T T T T T T T T T T X T T T T T T T T T T T X
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@ - injection well W -production well
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1

Figure 1 — Schematic illustration of the computational domain
(Drawing not to scale)

Since this paper studies the effect of layer permeability on the efficiency of field devel-
opment, the area was divided into three regions with different permeabilities, with the upper
y,and y, lower boundaries of the block marked with a dashed line (in considering domain)
in Figure 1. The first segment is characterized by high permeability K, the second segment
is transient and the distribution of permeability K, is determined by linear interpolation of the
other two segments, the third segment is presented as a region with low permeability k:

k, =1,574-10"" [m’]
k2=k1+ kg_kl (y_yb) (4)
Y =Y
k, =15,74-107" [m?]

On the basis of the following equation, a transformation from the formation permeabil-
ity to the hydraulic conductivity (k; ) is performed:

K, =k‘5—'g[m/d], i=1.3 )
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where, k. — permeability of the i-th segment according to the data specified in (7), p, — den-
sity of formation water, g — acceleration of gravity, p, — viscosity of formation water.

As the formation water does not differ significantly from water under standard
conditions in terms of density and viscosity, the corresponding values for water were taken
as characteristics of the formation fluid.

At the initial moment of time, there is no leaching agent in the formation, since it appears
in the formation as a result of injection. To track spreading outside the considering domain
following boundary conditions was set:

h(x,,y,t) = hy,h(x,,y,t) =h,

h(X, Yo 1) = by, h(X, V., 8) = hy ©)
Jc(x,,y,0) 0 Jc(x,,y,0) 0
ox ox
Ly, 0 0 g @
aF Jj
c(X,y,t)=0

where, X, X, — east (right hand side) and west (left hand side) boundaries of calculation do-
main, respectively, y,, ¥, — south (bottom) and north (top) boundaries of calculation domain,
respectively. The value of depends on the depth of the ore body.

Since the equation for the hydrodynamic head is elliptic, the following initial guess is:

h(x,y, 0)=0 ®)

The solution of the system of equations (1) is conducted on the basis of the upper
relaxation method, where the hydrodynamic head h is known in the first iteration according
to the initial approximation (11). Equation (2) with the initial and boundary conditions
(9, 10), as well as the distribution of the permeability (7) is solved using an explicit Euler
scheme.

Results and analysis. In the result of the study, different flow rates of injection wells
are considered while monitoring the effectiveness of these rates in the context of large
leaching zones in the target area and smaller spreading zones outside it. By leaching zone
means the area of distribution of a solution with a non-zero concentration.

Revealing the influence of the formation permeability on the production area is carried
out by changing the ratio of the flow rates of the injection wells to the production wells,
while a prerequisite is that the sum of the flow rates of the injection wells is equal to the flow
rates of the production well:

Gini, * Yinj, = Yproa )

where, O, — flow rate of a well located in area with low permeability p,, relatively Gy, —
flow rate of an injection well located in a highly permeable area.

The study was carried out in three modes with the following ratios of flow rates to
injectivity of a production well:

Case 1: qinj1 = qinjz = 0’5 qprod (13)
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Case 2: qinj1 = 018 qprod ' qinj2 = 01 2 qprod (14)
Case 3: qinjl = 0’ 2 qprod ' qinjz = 018 qprod (15)
t=60[d t=90[d t=120[d t=150[d

Figure 2 — Leaching front movement
in Case 1 (0.5, 0.5)

As shown in Figure 3, the leaching zone area is larger in the low permeability region.
However, the rate of reaching of the reagent to the production well is faster in the high per-
meable zone. In addition, the shape of the leaching zone tends to a drop-like in the zone with
permeability p,, respectively, in the zone with permeability p , the shape tends to a circle.
This behavior of the forms is explained by the pressure distribution at which the influence
of the production well is achieved faster in the zone with high permeability, which in turn
increases the flow rate between the injection and production wells in the highly permeable
area. According to the Dupuit formula, the pressure distribution in the well depends not only
on the well flow rate, but also on the formation permeability, as well as on the pressure on
the outline. The outline pressure can also vary due to the presence of wells or other factors
such as formation water, etc.

_2nkh; P -P,
H InLc (10)

where i, —length of well filter, P, P — outline and well pressure respectively, I , r,, —outline
and well radius respectively.

In Figure 3 shown the movement of the leaching fronts at the corresponding time t (in
days).

The distribution of the y component of the Darcy velocity along the horizontal lines at
the coordinates x = 22.5 and x = -22.5 is shown in Figure 4.

The corresponding results of the movement of the leaching fronts for Cases 2 and 3 are
shown in Figures 5-6.
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Figure 3—Movement of the leaching frontin ~ Figure 4 — Graph of the variation of the y compo-
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Figure 5 — Leaching front movement in Case 2 (0.8, 0.2)
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Figure 6 — Leaching front movement in Case 3 (0.2, 0.8)
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The main indicator of production efficiency in the considering problem is the leaching
area. It should be noted that the target zones for production are zones in the interwell space
Q, (as shown in Figure 7).
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@ - injection well  W-production well
Figure 7 — The scheme of zone arrangement

Therefore, all solutions flowing beyond the boundaries of the region €2, that is, into the
region Q , are considered redundant. From the above, it is concluded that the scheme is ef-
fective in which a smaller volume of spreading solution is achieved beyond the boundaries
of the target region €2, with a larger leaching area in the region Q ,:

v, = _”dedy — max, where ¢ >0

(11)

Vour = J.J.Q dxdy — min, where ¢ > 0

The results of the distribution of leaching areas and their percentage to the entire calcu-
lation domain are presented in Table 1.

Table 1 — Distribution of leaching zones for the Cases 1-3 (all values are shown in m?*)

Case 1 (0.5,0.5) | Case2(0.8,0.2) | Case3(0.2,0.8)

Computational domain area, [m?] 40 000
Target zone area (Q ), [M’] 16 000
Spreading zone area (Q ), [M’] 24 000

Total leaching area (v, +V ) 24751 62% 25435 64% 24357 61%
Leaching area inside the target | 10411 26% 10551 26% 10269 26%
zone (V, )

Leaching area outside the target | 14340 36% 14882 37% 14089 35%
zone (V)

out




Shayakhmetov N. M., Aizhulov D. Y. Identification and research of factors affecting the optimal ... 211

As can be seen from Table 1, the leaching area inside the target zone in all three cases
are, on average, similar in percentage. However, the spreading zones vary significantly.
Consequently, according to condition (17), the effective area is an area in which the
spreading zone is smaller, since the leaching zone is practically identical. Such a condition
among the considered cases is achieved in Case 3 with the corresponding flow rates of the
injection wells.

In addition, the changes in the leaching area were considered depending on the flow rate
of the well located in the zones with the corresponding permeability. The results are shown
in Table 2.

Table 2 — Area and its change depending on the flow rate of injection wells

Well flow rate 0,8q . 0,5q, . 02q .
Change of well flow rate | 100% (changing - 0) 62,5% (changing - 25% (changing -
in percentage 37.5%) 0.75%)

Injection well located in a low permeable area
Leaching area 14673 13043 11382
Change of area in percent- | 100% (changing - 0) 88.9% (changing - 77.6% (changing -
age of the larger one 11.1%) 22.4%)
Injection well located in a high permeable area
Leaching area 12852 11707 10759
Change of area in percent- | 100% (changing - 0) 91.1% (changing - 83.7% (changing -
age of the larger one 8.9%) 16.3%)

Conclusion. Based on comparative analyzes of the obtained results, it is concluded that:

— at the same flow rates, regardless of the permeability of the zones, the results obtained
show that in the low-permeability zone, the leaching area is larger in comparison with the
high-permeability zone (Figure 3). This is physically explained by the fact that the flow
velocity in this zone is much lower than the velocity of solutions in the well, which is
calculated from the flow rates of the wells;

— with an increase in permeability, the shape of the leaching zone tends from circle-
shaped to drop-shaped. This is explained by the fact that in a low permeable zone the
influence of the production well on the injection well is negligible, therefore, the pressure
field is distributed according to the Dupuit law, which in turn leads to a uniform distribution
of the solution along the radius. The impact of this well will only become noticeable when
the area of the circle approaches the production well;

— with an increase in the flow rate of wells, the radius of the leaching zone also increases
if the flow rate of solutions is much higher than the flow velocity in porous media. The
shape of the leaching zone depends not only on the flow rates of the wells, but also on the
permeability in the interwell space. Therefore, when choosing the flow rates of injection wells,
it is necessary to take into account the ratio between the well flow rates and permeability;

— based on the above mentioned conclusions, it should be noted that the spreading of
solutions outside the technological block increases with decreasing permeability.
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KEHICTIKTEI'T YHF BIMAJIAPABIH IIbIFbIHBIHBIH
TAPAJIYBIHBIH OHTAMJIBLIBIFBIHA 9CEP ETETIH
GAKTOPJITAPIABI AHBIKTAY KOHE 3EPTTEY

Byn ocymvicma oni 30nanap men mexmono2usivlk OIOKMbIY CHIPMbIHA A8y 30HANAPbIH A3aUny
YWin purempayus Hcoli0aMObIebIHA dcep emenin (akmopiap Kapacmuipbliddbl JHCIHe 3epmmeneoi.
JKepacmol yHeviManel waumanay 20icimen oHOIpy 6apulcblHOa Hezizel 2UOPOOUHAMUKATLIK (AKmop-
aap peminde OmMKIzIWMIKMiy Kabammagvl mapanybl MeH YHbIMAAAPObIY WbI2bIHbL KAPACMBIPBILIAOYL.
3epmmey /lapcu 3anbi Men maccanvly cakmany 3anbina He2izoencen Mamemamukaiblk MoOenb apKblibl
HCYpeIBin0i. OmKizeiumikmiy Citmiciz0eHoipy ayOaHblHA ICEPIH AHLIKMAY YWIH ecenmey OmKiumix
KO3 puenminiy u30mponmol JHcoHe 2emepoeeHOl yaecmipimOi eki omuemoi aumakma wiCypeizinoi.
Omxizeiumik koappuyuemi yus 30na2a yaecmipinoi, Ooymycmix 06icin0e OmKizeiumix momeH, yenmpoe
TMOMEHHEH JICO2APbI2A O32ePemin Omneli, CUKeCiHue Conmycmix OOiKme Jco2apvl OMKI3IWMIK 30HA
opHanacaovl. 3epmmenemin aumMakma yul YHEbIMA OPHALACIBIPLLIObL, OHOIDEMIH YHELIMA AUMAKIMbIY
yenmpinoe Kouwiiobl. AuUday yHevlmanapsl aMaKmolly Yyenmpi apKblivl OMemin 20pU30HmMAalb Cbl3bleblHd
CUMMEMPUATb MyPOe OPHATACBIPLLIOLL. Ecenmey, yYH2eimanapovly wbl2blHOapuIHblY Vil pejcuminoe,
OHOIPY YHRLIMACHIHbIY KAOLIOALIUMBIELIHA KAMBICMbL AUOAY YHELIMAIAPLIHbIY 0eOUmmepiniy Keieci
gamuvinacmapvimen: 0.5/0.5, 0.2/0.8, 0.8/0.2 yxcypeizinoi.

Anvinean nomudicenepoiy carblCmulpMaIbl manodday He2izinoe Keneci myAucblpblMOamanap Kopmuliovl:
30HANAPObIY  OMKIZ2IWmIcIHe MIYENCi3 YHEbIMANAPObIY WbIRbIHOApbl  Oipdell  Oonzan dicazoaiod,
Hamuoicenep, Hco2apvl OMKI3IUMIKMI 30HAMEH CATIbLICMbIPAHOA, OMKI32IWMIZl MOMEeH 30HA0a Wama-
Ay AUMAabIHbIH AYOaHbl YIKeH eKeHi Kopceminoi; OmKi3iumiKmiy 6CyiMeH Wamandy 30HACbIHbIY popma-
Cbl QOH2eNIeKMEeH MAMULbL POPMALbL Mypee YMMbLIAObL, epMmiHOIIepOl eH2i3y HCbLIOAMObLZbL (PUTLMPAYUsL
HCLLLOAMOBIZLIHAH dT10€ KAllOa YIKeH OO0NaH JHca20aiod, YHEbIMAHbIY, 0eOUmbl 6CKeH CAallblH Watmaiay
30HACHIHbIY PAOUYCHL OCEOI.

Tyiiin co3dep: dicepacmvl YHSLIMATLL WATUMANAY, MATMEMATMUKATLIK MOOeNboey, 2UOPOOUHAMUKA,
YHRUIMA WbI2bIHbL, DUILMPAYUS
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NCCIEJOBAHUE ®AKTOPOB, BJIUAIOINX HA OIITUMAJIBHOCTbD
PACITPEJEJIEHUS PACXOAOB CKBAKHWH B TPOCTPAHCTBE

B 0annotl pabome paccmampugaiomces u uccieoyiomes pakmopnl, Guusioujie Ha CKoOpocms Quib-
mpayuu OJis yMeHbuleHUs 3acmMOUHbIX 301 U pacmeKanus 3a npeoenvl mexnonozuiecko2o onoka. Ochos-
HbIMU 2UOPOOUHAMUYECKUMU (hakmopamu npu 000biue MemoOOM NOO3EMHO20 CKEAICUHHO20 8bIUeNaAYU-
6aHUsL AGTAIOMCS pacnpedesienue NPOHUYAeMOCmu 8 naacme U pacxooos na ckeaxcunax. Mccneoosanue
Gakmopos npogoouUnOCh Ha OCHOBE MAMEMATNUYECKUX MOOeNel, UCHOTb3VIOWUX 3aKousl Jlapcu u coxpa-
HeHUs Maccol. Buluucnenue npogoounocs na 08yMepHOU 001acmu ¢ U30MpOonHbIM U HeOOHOPOOHBIM pac-
npedenenuem npoHuyaemocmu 01 OnpedeseHus: GIUAHUSL NPOHUYAEMOCTNU HA NIOWAO0b I ETAYUBAHUSL.
Koogppuyuenm nponuyaemocmu Ovin pacnpeoenen no mpem 30Ham, @ I0X4CHOU Yacmu NPOHUYAEMOCb
ObLIA HU3KOIL, 6 YEHMPATLHOU NePeXO0HOU — O HU3KOU K 8bICOKOU COOMBEMCMBEHNO, HA CeGePHOU HaCmu
OblIa pacnonodicena 8blCOKONPOHUYaeMas 301a. B uccnedyemoti obnacmu 6bLiu pacnonodicensvl mpu cKed-
JICUHBL, NPU IMOM 000bIBAIOUAS CKBAICUNA HAXOOUTACH 8 YeHmpe odnacmil. 3aKauuaiowue cK8adlcumbl
PAcnonodicenvl CUMMEMPUUHO OMHOCUMENLHO 20PUSOHMANLHOU JUHUU, NPOXOOsyell yepe3 yenmp pac-
cmampusaemoti oonacmu. Buiuucienue npooounocs 0us mpex pelcumos pacxo0o8 CK8ANCUH ¢ COOMMHO-
wenuem 0ebumos saxauusarouux cxeaxcur 0.5/0.5, 0.2/0.8, 0.8/0.2 omnocumenvro om npuemucmocmu
dobbisaioueli CK8ANCUHDL.

Ha ocnoge cpagnumenbublx ananiu306 noay4eHHuIX pe3yibmamos MONICHO COeNamy 6bl600. NpU 00U-
HAKOBHIX PACX00AX, GHE 3A6UCUMOCTU OM NPOHUYAEMOCTU 30H, NOLYUEHHbIe Pe3VIbINambl NOKA3bI8AIoN,
Ymo 6 HUKONPOHUYAEeMOU 30He NA0ujads ebluyenauueanus 6obule 8 CpasHeHul ¢ BbICOKONPOHUYAEMOT
obnacmvio; ¢ yseruueHuem npoHuYaemMocmu Qopma 30Hbl bIYeNAUUBANHUS CIMPEMUMCS OM KPYeaoll K
Kaniesuonoll, npu yeenuuenuu 0eOuma CKeaMCU 6 paouyc 30Hvl blenauuéanus Yeenuuueaemcs, ecu
CKOPOCMb NOOAUYU PACTNBEOPOS 3HAYUMETLHO OONbULEe CKOPOCTU DUTLMPAYUL.

Kniouesvie cnoga: noosemnoe cK8adCUHHOE bW eNauUeanue, Mamemamuieckoe Mooeiuposanue, u-
OPOOUHAMUKA, PACXOO CKEANCUH, Meopust (Purbmpayuu.
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KOHAKJKYTEPIHI KOJIIAHBITT KYCKA APHAJIFAH KYPAMA
"KEMHIH TEXHOJIOTHSICBIH JKACAY

Maxanaoa Konaxoicy2epini sHCyMulpmKanaiumvli mayblKmapea apHanean Kypama dcem oHoIpicinoe
Konoany Hamudicenepi Oepineen. Konakoicyeepi KypamvlHOazel CiyiMOiniei Hawiap 3ammapvl mypaisl
20ebuem Oepexmepine capanmama dicacanean. Konaxoicyeepini Kycxa apnanean axywi30vl-0apymMeHOl
KOCbiMula OHOIPICiHOe KONOaHy YudiH OHblY (UIUKANLIK-MEXHONOUANbIK Kacuemmepi MeH XUMUANbIK
KYpamvl 3epmmeninoi. Oueen sicy2epi Men MaKcapol Wipomol eH2I3iN2eH HCYMbIpMKAIAUMbIH MAYbIKMapad
APHANIEAH AKYbI30bl-09PYMEHOT KOCLIMULAHBLY peyedi dHeacaiblHObL.

Tyiiin co30ep: Konaxdicy2epi, XUMUAIBIK KYPAM, HCYMbIPMKAIAUMbIH MAYbIKMAapea apHalean Kypama
Jncem.

Kipicne. Actoik ceOy ananbiH sxocnapnay Kazakcran PecnyOnmkacel aybun mapya-
HIBUTBIFBIHBIH IAMYBIHA CTPATETHsIIBIK MaHBI3BI Oap Macere.

KP AILIM aysummapyambUIbIFsl 0acKapMachIHBIH MoJIiMeTi Ooiibrama 2012 Kb O1-
naif ecipy aiimarsid 300 MBIH TeKTapra a3alTy skocnapianFaH. bunaiinel ecipy ajgaHbIHBIH
KbICKapyblHa OaliJIaHbICTBI KEeMJIIK, KOKOHICTIK, MaiJjbl, KapMalbl XOHE Tarbl Oacka
JAKBUIIApABI ©Cipy KapacThIpbUIFaH [1].

Kypama »xem eHipiciHieri mpecneKTHBTI KypaybIIIKa A9HAIK KOHAKKyTepi xataasl. O
KypamMa jKeM OHJIIPICIHJICT]T YHePTeTUKAJIBIK KYHIBUIBIFBI JKOFaphl JOH/II JaKbLIFA JKaTaIbl
YKoHE OVJT KOpCEeTKIIi OOMBIHIIA KYTepiIeH KeM Tycreli. KoHakkyrepiHi eTTik Oaramanra
apHanras Kypama xemre 40% neifiH, KyMbIpTKaIalThIH TaybIKKa — 30%, KYHicTi ipi Kapara
—16%-ra geliin Ouail MEH KYrepiHiH OpHBIHA €HTi3yre OONaThIHABIFBI Jonenaenren. Co-
HBIMEH KaTap KOHAK)KYI'epl EHri31JIreH Kypama skeM eHIMHIH JKOFaphl callacblH KAMTaMachl3
eTeqi.

JloHaik KOHAKKYTepiHiH Oacka MOHII JaKpUIAapFa KaparaHIa epeKIneNiri — OHBIH
KYPFaKIIbUTBIKKA TO3IMILIITI.

OpenOyprre (Peceit ®epeparnusicbl) JOHIIK KOHAKXKyrepiHiH OpuOH THOpHIIH
HeTri3iHeH OHTYCTIK aynanaapna cedemi. Conrycrik-11Ibirpic aynannapeiana KambimeHckoe

* E-mail koppecnoHaupytomiero aBropa: sauleturgan@mail.ru
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75 cypwiliblH erefi. Anaiia KOHaKKXYrepiHiH OyJI CYphINbl KOPEKTUIIr Hamap 3arrap —
tanunaepai — 1,0-3,0% sxone nuanoren i mmkosuarepai — 0,11- 0,14% cakraiinsr [2].

KeHusmpIk FaapIMaap TaHWHL KOFaphl CAaKTaUThIH  2,5% KOHAKXKYTepiHi coma epi-
tingicimen enzekai. ComaMeH OHJENIeH KOHAKXKYTepiHl eTTiK OajanmaHmapra a3bIK-
TaHBIPBIN a3bIKTHIH KOPEKTIK 3aTTapbIHBIH KOJIJAHBUTYbl MEH CIHIMUIITIH aHBIKTaFaH.
Bynnait enneynin toxipuOe TOOBIHAAFBI €TTIK OananaHgapAbIH a30T TMEH aliMacy KyaTblH
KOJIJIAaHYBIH JKOFapblUIaTKaHbl Oenrini 6ot [3,8,9].

Peceli ranmpiMaapbIHBIH €HOCTIHC MOHOIOH/IK KOHAKXKYTepiHi paruoHbIHIarb! (50—
60%) TaHWHHIH Kepi oCepiH JIM3MH aMUHKBIIIKBUIBIH (80 %) jkoHEe METHOHMH]II | TOHHA-
ceiHa 0,8 k1, 1 TOHHA KypaMa xemre 1-2 Kr XOJMH MEH (PepMEHTTIK IpenaparTapibl Kocy
APKBUIBI ChIHAIBI[4].

3epTTeyniH HbICAHBI MeH dicTepi. 3eprTey HblcaHbl — Ka3ak TonblpakTaHy UHCTH-
TYTBIHAH aJIbIHFaH KOHAKXKyrepiniH «Kuslua» cypeiObl, «lIsiMkenT™maiiy AK ansiaran
Makcapbl MHIPOTHI, JKYMBIPTKAJIAWTBIH TaybIKTapFa apHalFaH aKybI3JbI-IoPYMEH/II
KOCBhIMIIIA.

3eprrey omicTepi: bUIFANABUIBIKTEL aHbiKTay MemMCT 13496.3-92; mmki mnpoteuH
momuepi MeMCT 13496.4-93; muiki maii memuepi MemCT 13496.15-97; muki kineTyarka
meutiepi MeMCT 13496.2-91 GoiibIHIIA aHBIKTAJJIBL.

HoTum:kesiep “koHe OHBI TAJ/IAY. |-KecTeie KOHAKKYTepl JOHIHIET CIHIMIILTITT Harap
3arTap/bIH MeJepi OepiareH[5].

Kecme 1 — Jlakpuinaparsl CIHIMALIT HaIIap
3aTTapIbIH MeJIepi

NeNo Jakpuigap CiHIMLTIT] HaIIap CiHiMIUTIT] HaTIap
3aTTapAbIH TYpIepi 3aTTapAbIH MeJIIIepi
Konakxyrepi Tanunpep 2,94
KerTaiioypak TpuncruH HHrHOUTOPHI 6,0
CHBIP)KOHBIIIKA CHHUIIb KBIIIKBIIBI 6,50

l-kecTe HOTIXKECI KOHAKXKYTepi KypambIHAarbl CIHIMAUIITT Hamap 3aTTapiblH
CaKTajybl KbITalOYPIIIAK TICH CHBIPIKOHBIIIKAFa KaparaH/a CiHIMJIUIIr Haliap 3arrapsl 2
ece a3 CaKTaNThIHBIH KOPCETTI, ajaijja KOHAKXKYTepiHi KypaMa KeM OHJIpiCiHIe THIMII
KOJIJTAaHY/IBIH YKaHa TeXHOJIOTHSIIBIK 9/IiCTEPiH KONJIaHy KaXKeT.

XKyprizinren 3eprreynep JKeMAIK KOHAKXKYTepiHi eTTiKk OanamaHgapra apHajIFaH
TOJBIKPAMOH/IBI Kypama skemre — 40% aeii, sKyMbIpTKaIaiThIH TaybIKTapra — 30% neiiin
XKyrepi MeH OuJiaiiMeH anMacThIpyFa O0NaThIHBIH KepceTesi [6].

KoHarokyrepiHi KycTapra apHajJFaH Kypama jKeMre KOCy camachl KOFaphl KyC OHIMIiH
aTyFa BIKIAI eTeI.

Konaxxyrepini Kycka apHajFaH aKybI3/Ibl-A9pYMEH1 KOCBIMILIA OHAIpICiHIe KOIAaHy
YIIIH OHBIH (PU3UKAJIBIK-TEXHOJIOTMSUIBIK KACKETTEPl MEH XUMUSIIBIK KYPaMbl 3€PTTEIIH .

AJIMK moctypii eMec KYpaybIITapBIHBIH (HH3UKATBIK-TEXHOJOTHSIIBIK KacHeTTepi
AHBIKTAJIEI (2-KecTe).
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Kecme 2 — AJIMK kypaybliTapblHbIH (PU3NKAIBIK-TEXHOJIOTUSUIBIK, KAaCHETTEpI

bliranapuisirsr, % Konarokyrepi Makcapbl LIPOTHI
blnranabuieirsl, % 10,8 7,7
Kenemmix cammarsr, /71 745 642,5
Taburu Kys1ama OypbIIIbI, FPaI. 33 43
Ipimiri, MM 2,12 1,88

AJIMK  KypayslmTapblHBIH  (QU3UKAIBIK-TEXHOJIOTHSUIBIK ~ KAaCHETTEepiH — capar-
Tay HOTHXKECI MaKCaphl MIPOTHI, KOHAKKYTEPIHIH KOJIEMIIK CaJMarbl, BUIFAJIBUIBIFBI
KOPCETKIMTEPIHIH KypaMa XeM KypaybIIITapblHa KOWBIIATHIH TalanTapra cail KeJIeTiHiH,
aJl MaKcaphl MIPOTHIHBIH TaOUFH KyJ1aMa OYpHIIIBI KOHAKXKYTepire KaparaHzia >KOorapbl, Oy
MaKcapbl MPOTHIHBIH CyCHIMAIIIBIFBI HAIIAp KYPAYbIIIKA KaTaTBIHBIH KOPCETEI].

KonaxxyrepiHiy CiHIMIUTITIH )KaKcapTy YIIiH OHBI 6Cipy KapacThIPbUIIBL.

JKyMBIpTKamalTeIH TayBbIKTapFa apHAIFaH aKybI3IbI-IopyYMEHAl KOCBIMIIIA pereOiHaer]
KYTepiHi OHreH KOHAKKYTepiMeH aJMacThIpy YIIIH ©HTeH KOHAKXYTepi MEH XYTepiHiH,
KYHOArpIC TIPOTBI MEH MaKcapbl IIPOTHIHBIH XUMUSIIBIK KYPaMbl CalbICTHIPBIIIBI
(3-xecre).

Kynbarpic mpoThl MeH acOypIIaKThIH XUMUSIIBIK, KYPaMbl aHBIKTaMa KiTaObIHAH aJIbIH-
IeI [7].

Kecme 3 — AcOypiuiax 1eH eHreH KOHAKKYTePIHIH CabICTHIPMAIbl XUMUSIIBIK KYPaMbl

XUAMUSIIBIK [ukizarTap
KepeerkimTep Ac6ypax Onren Kyn6arsic Makcaps
KOHaKXKyTepi IIPOTEHI TIPOTHI
blnranapuisirsr, % 13,0 10,8 11,0 11,7
IIporeun, % 21,30 17,85 32,0 30,6
Maii, % 1,5 2,68 1,8 2,2
Kneruarka, % 5,8 1,04 19,0 19,4
Ky, % 3,10 1,79 7,5 6,7
AD3, % 55,30 65,84 29,7 334
Anmacy Kyatbl, KKai 247,0 297,5 306,67 311,7
Ca, % 0,13 0,29 0,36 0,4
P, % 0,38 1,43 0,65 0,7
JInzun, % 1,53 0,30 1,07 0,5
Mertuonun + Luctun, % 0,47 0,28 1,30 0,6

3-KecTe HOTMXKECI OHIeH KOHAKXKYTepiHiH KypaMbIHIarbl MPOTEHH MeJIepi
acOypmakran 16,2% temeH Oosca aa, Maii Memiuepi 3,73 ece Korapbl, KJeT4aTKa MeJepi
5,57 ece TemMeH, kanbimii Mesepi 2,23 ece, pocdop 3,7 ece Kol caKTalThIHBI KOPIHE/I.
Makcapbl IIPOTHIHBIH KyPaMbIHJIA IIPOTEUH MOJIIIEPI a3 CaKTaJIFaHMEH, aJIMacy KyaThbIHbIH
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MeJIIIepl JKOFapbl, COHJAi-aKk MHUHEpaJJIbl 3aTTap: Kalubluil, ¢ocdop Mesepi Oipaeit
OOJIFaHBIMEH, ayBICTHIPBUIMANTBIH AMUHKBIIIKBUIIAPBIHBIH MOJIIepl TOMEH CeKSHJIrH
KOPCETTI.

[IukizarTapIblH XUMUSUIBIK KYpPaMblH OacCHIbLUIBIKKA aja OTBIPBIIT OHIEH KYyrepi MeH
MaKCaphbl MIPOTHI SHT131INeH KYMBIPTKAIAUTBIH TaybIKTApFa apHAIFAaH aKybI3/IbI-10pyMEH/II
KOCBIMILIAHBIH peredi ecenreni (4-kecte).

Kecme 4 — [locTypii eMec MIMKi3aTTap eHri3UIreH KYMBIPTKAIAaHThIH TaybIKTapFa apHaJFaH
AKYBI3IBI-IOPYMEH/II KOCHIMIITAHBIH pereoi

Kepcertkimmrep AKYBI3IBI-TOPYMCHII | AKYBI3IBI-TOPYMEH I KOCBIMIIIAHBIH TOXKIpHOE
KOCBIMIIIAHBIH pereoi peuenrepi
Gaxpinay 50% anmacteipsutrad | 100% ammacTeIpblIFaH

AcOyprirak 10,7 5,35 -
OHreH KOHaKXyTepi - 5,35 10,7
Kebex 10,0 10,0 10,0
KyHnOarbIc KyH>Kapachl 24,0 12,0 -
Makxkcaps! HIpOTHI - 12,0 24,0
Etricyiiex yHbl 12,0 12,0 12,0
JKemik amibITKEI 12,0 12,0 12,0
bainbik yHbI 10,0 10,0 10,0
Bop 6,0 6,0 6,0
Ty3 1,3 1,3 1,3
Cyliek yHBI 6,0 6,0 6,0
e yaBI 8,0 8,0 8,0
Bapnbirsl, % 100,0 100,0 100,0
100r ABK-pnarb1 anma- 204,28 215,82 227,36
Cy KyarThbl, KKaJ
Iuki nmpotens, % 32,65 32,19 31,94

4-kecTe HOTHXKENEpl oHreH KoHaikyrepiHi 100% acOypiakneH anMacThIpraHnua, a
Makcapbl 1mpoThiH 100% KyHOAFbIC KYHXapachbIMEH aJIMACThIPFaH/a ajiMacy KyaTbIHbIH
MeJiiiepi 0akpUIay pernediMeH CalbICThIPFaH/a KOFapblUIaibl, ajl MHKI MPOTCHH MOJIIIepl
ne Oakpuiay perieOiMeH canbicThipranga 1,4%-ra TeMEH/e/I, ajlaiifia CTaHaapT Tana0biHa
call KeJijl, aj aKybI3lbl- JOPYMEH/II KOHILICHTPATTHIH CarachblHa KOMBLIATBIH TajanTapra
ColiKeC MIMKI MPOTEHH MOJIIIep] aKybI3/ibl- JopyMeH i Kockiminaaa 30% TeMeH 0oiMaysbl
kepek[8,9].

3eprTey HOTHXKENIepl OOMBIHINA KYMBIPTKAIANTBIH TaybIKTApFa apHAJIFaH aKybI3/[bl-
JIOPYMEH/II KOChIMIIIA perieOinie oHren KoHakyrepini 100 % acOypiirakieH, aji KyHOarbIC
kymxkapacslH 100 % makcapbl MIPOTBIMEH ajaMacThIpyFa OOJaTBIHBIH KepceTTi. byn ne-
PEKTEp JSCTYPJIi €MEC KypaybIliTap — OHI'CH KOHAKXKYIepi, MaKcapbl HIPOThIH aKybI3/Ibl
—IOpYMEH 11 KOChIMIIIA OHIIPICIH/IE KSH KOJIIaHbIII, Oip KaFbIHAH aKybI3/Ibl KYPaYbIIIITAP IbIH
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TaIIBUIBIFBIH )KOUBIT, SKIHIII )KaFbIHAH KypaMa KEMHIH IIUKi3aT KOPbIH MOJIAUTYFa bIKIAIT
eTei.

KopbiTbinapl. Kypama >keMHIH MIMKi3aT KOPBIH KEHEHTY MakcaTbhlHAa YKEPTriliKTi
JIOCTYPJIi eMeC IIUKi3aTTap — KOHAKKYrepi, MakCapbl IIPOTHIHBIH XUMHSUIBIK KYpambl
MeH (PU3UKAIBIK-TEXHOJIOTHSUIBIK KACUETTEPl aHBIKTAJIbl. OHIeH KOHAKKYTepi, MaKcapbl
HIPOTHIH EHTI31INCH KYMBIPTKAJANThIH TaybIKTapFa apHAJIFaH aKybI3/bl-JI0PYMEH/II — MU-
HEpaJIbl KOCBIMIIIAHBIH PELENTePl )KacallbIH/bl. 3ePTTeY HOTHXKEIEPl KYMBIPTKAIANTHIH
TaybIKTapFa apHaJIFaH aKybI3JbI-JI0PYMEH/II KOChIMINIA perieOiH/e OHIeH KOHAKKYTepiHi
100 % acOypruakres, an KyHOarbic KyHxapacsiH 100% Maxcapbl IIPOTBIMEH ajIMacThIpyFa
0O0JIaTBIHBIH KOPCETTI.
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C. T. KHEHFAEBA, K. C. AJIHMKYJIOB?, T. )KOJIAIIIEBA?

13 4O Anmamunckuii mexnonoeuueckuil yrugepcumen
2TOO Kasaxcxouil Hay4HO-UCCIe008AMENbCKULL UHCIUMYM nepepabamuléaioujelt
U nUUeBoLl NPOMbIUIEHHOCTNU

PABPABOTKA TEXHOJIOT'UW KOMBUKOPMOB JJIS IITUIBI
C HPUMEHEHHUEM COPI'O

B cmamvwe npusedenvl pesynvmanivl uccie008anull N0 UCHOIB308AHUIO 3ePHA COP2O OJisl KYP-HECYULEK.
IIposedera sxcnepmu3za IUMepanmypHuix OAHHBIX O 8eULeCIBAX ¢ NIOXOU YCEOSeMOCMU 8 COCMABE COP2O.
Hsyuenvl pusuxo-mexnono2uueckue ceoucmea t XUMUYECKULl COCMA8 HempaouyUOHHbIX KOMIOHEHNOG-
3epPH0B8020 CcOpeo U cadroposoco wpoma. Paspabomarsl peyenmol 6€1K0B0-8UMAMUHHBIX 000ABOK 0715
KYP-HECYUWeK ¢ UCNONb308AHUEM NPOPOUECHHO20 COP20 U CAPIOPOBO2O UUPOMA.

Knroueswie cnosa: copeo, xumuueckuii cocmas, peyenm, KOMOUKOPM OJis Kyp-HECYULex.

C. T. ZHIENBAYEVAY, ZH. S. ALIMKULOV?, T. ZHOLASHEVA®

L3 JSC Almaty Technological University
2 LLP of the Kazakh Research Institute of Processing and Food Industry

DEVELOPMENT OF MIXED FEED TECHNOLOGY FOR POULTRY
USING SORGHUM

The article presents the results of research on the use of sorghum grain for laying hens. An examination
of the literature data on substances with poor digestibility in the composition of sorghum has been carried
out. The physical and technological properties and chemical composition of unconventional components
- grain sorghum and safflower meal - have been studied. Recipes of protein and vitamin supplements for
laying hens using sprouted sorghum and safflower meal have been developed.

Keywords: sorghum, chemical composition, compound feed for laying hens
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