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Baxvimorcan KYMAI'YJ/IOB,
oenymam Cenama Ilapnamenma PK,
OOKMOP MEXHUYECKUX HAVK,
axkaoemux

H3BUPATEJIbHASI CUCTEMA TOXE JOJI)KHA CTATh
«CJIBIIIAIIE»

B mnocrpoennn Hosoro Kazaxcrana ¢yHmameHTalbHOE 3HaYEHHE MMEET KOHLCTIIIHS
«CIBIIIAILIETO TocynapcTBay, BelABUHYTas [Ipesnaentom crpans! B [locnannu Hapony Ka-
3axcrana 2 ceHtsiops 2019 roga.

OmnpeneneHo, 4To Takoe TOCYAapCTBO «OIEpaTuBHO U d(Q(PEKTUBHO pearupyeT Ha Bce
KOHCTPYKTUBHBIE 3alpOChl TPaKIaH» U OPraHU30BBIBAET MOCTOSHHBIN JHAJIOT BIACTH U
obmectBa. C Moeli TOYKH 3pEHUS], 3TO HE TIPOCTO TIPUEM, KaK IHCAIH PaHbIIe, «KaJlo0 Tpy-
JIAIIIXCSDY, @ IEPEXO0]] Ha MPUHLUITHAIBHO HOBBIH YPOBEHb — IOCTOSHHOTO, ABYCTOPOHHETO,
000I0IHO 3aMHTEPECOBAHHOTO U B3aMMHO OJIE3HOTO B3aUMOICHCTBHSI.

B nmaHHOM KOHTEKcTe, Mojlaraio, HaMeueHHasl ceiiuac MpUHLIUIHAIbHAs pedopma u3-
OuparenpHOl cucTeMbl Kazaxcrana 3aHumaer ocoboe Mecto. Beap nemyrarckuii kopiyc
CTPaHbI — 3TO IOBEPEHHBIE JINIA Ka3aXCTaHIIEB, IPU3BaHHBIE TPAHCINPOBATh UX UHTEPECHI
BO BJIACTb.

Cornacurech, IMEHHO JUISI 9TOTO 3a HUX U TOJ0CYIOT Ha BbiOopax. C Apyroil CTOpOHBI,
nenyrarsl [lapnamenTa — BakHas yacTh caMOM BJIACTH, OTBETCTBEHHAs 3a CO3/lJaHHE 3aKO-
HOJATEILHOM OCHOBBI JIJISI ICHCTBUM BCEX OCTAILHBLIX BETBEH.

Hackonbko a¢dexturHO OyneT GopMUpOBaThCS JICITY TATCKUN KOPITYC, HACKOJIBKO B HEM
OyZIyT IpenCcTaBiIeHbl Pa3HOCTOPOHHUE HHTEPECHl HAPOAa M CaMH TPayKIaHe, 3TH HHTEPECH
OTpa’Karolllie, HACTOJIBKO «CIIbIIIAIICH» OKaKeTCs U M30upaTesbHas CUCTeMa CTPaHbl Kak
COCTaBHasl YacTh «CIBIIIAIIETO rocyaapcTBay. [loatomy 3 dekTHBHOCTD TaHHOM CUCTEMBI
B IJ1aHe 00BbEKTUBHOCTH MPEICTABICHNSI HHTEPECOB Ka3axCTaHIIEB, JyMato, MOKHO Ha3BaTh
OJTHUM M3 KPUTHYECKHX TTapaMeTpPOB.

A nena 31ech noka He o4deHb... B [locnanuu Hapony Kazaxcrana ot 16 mapra 2022 romga
I'maBa rocymapctBa otmetnit: «HykHO Tipu3HaTh, yTo OecnapTuiiHbie rpaxaane GpakTHIeCKu
OBUIH JIMILICHBI BOBMOKHOCTH M30paThCsi HE TOJIBKO B Ma)HIIHC, HO M B MECTHBIC MTPEACTaBU-
TeNbHbIE OpraHbl. B pesynbsrare aekTopanbHble MPOLIECCH MOTEPSUTN CBOKO OBUTYIO MIPUBIIE-
KaTeJIbHOCTD IS TPaXk/iaH, BO3POCIIO MOJIUTHYECKOE OTUy KAeHue. JItoan mpocTo nepectanu
BEpPUTH, YTO UX IOJIOC UMEET 3HaUYEHHE U CIIOCOOSH M3MEHUTD JKH3Hb B CTpaHe K Jydmemy. [To
OOMBILIOMY CYETY, CETOJJHSI MHOTHE M30MpaTei He 3HAIOT B JIUIIO JEITyTaTOBY.
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Kax cnoxunace Takas curyarusi? Muorue 3Hatot, uto ¢ 90-x romoB XX Beka B Ka-
3axcTaHe ObUIa NPUHITa MaKOPUTApHAs N30UpaTenbHas CUCTeMa — BBIOOPHI JeIyTaToB M0
OZJHOMaH/IaTHBIM OKpyraM. B maHHOM crcTemMe posib NOMUTHYECKUX MapTHii ObUIa HUBEJIH-
POBAHHOM, YTO HE COOTBETCTBOBAJIO BEAYIIIMM MHUPOBBIM TPEHIAM M CO3/IaBaJI0 3aMETHYIO
c11a00CTh ATOTO CETMEHTA MOJIMTHYECKON CUCTEMBI CTPAHBI.

KopenHble n3MeHeHHs B M30MpaTeNbHOM 3aKOHOJATeNbCTBE pon3onnn B 2007 rony
— cocrosuicst iepexol K Beibopam B Maxknnuc [lapnamenta Ha OCHOBE NMapTHHHBIX CITH-
CKOB — K IPOMOPIIMOHAIBHOM cucTeMe. DTO MPUHIMIHAIBHO PACIIMPHUIO BO3MOKHOCTH
MOJMTUYECKUX MAapTUil y4acTBOBATh B M30MpATEIbHOM IPOIecCce U MPOJBUraTh CBOU MPO-
rpaMMHBIE YCTAaHOBKHU Y€pe3 COOTBETCTBYIOIUE JeyTaTCKUue (QpaKiuu.

Ha nmepBom aTarie pe3ynbrar ObLT MOJOKUTEIBHBIN — MPOU30LLIO TiepedopMaTupoBa-
Hue naptuitHoro nossg Kasaxcrana, HaMeTHJICS pOCT BIUSHUS MAapTHHA Ha MOJIUTHYECKUHN
rporecc.

OnHako 3TOT MEXaHW3M IO MPOIIECTBUHU psAAa JIET, KOIZa BBIABUINCH U HEIOCTaTKH
MIPOTIOPLIMOHANBHON CHCTEMBI, He OblT BOoBpeMsi Moaudunmposat. [Ipousona, no cyTw,
«TapTUHHO-CITUCOYHAs MOHOIIOJIM3ALM» MPEJACTABUTEILHON BETBU BJIACTH (BIUIOTH JI0
MacJIUXaToB) C PAaCTYIIMM OTPBIBOM OT peasIbHbIX HHTEPECOB JIO/IEH.

Ha ceronusiniHuii 1eHb, ISHCTBUTEIBHO, JIMIIA, KOTOPBIC HE COCTOSIT B KAKOW-JTMOO MapTHH,
MPaKTUYECKU HE MOTYT N30UpaThesi Kak B MakuItic, Tak M B MECTHBIE TIPEACTABUTENBHBIE Op-
raHbl, I30UpaTeNbHBIN POLECC TPOXOAUT UCKITIOUUTENHLHO HA OCHOBE TIAPTHHHBIX CITUCKOB.

[To nanumaruse I'MaBbl rocyaapcTBa 3Ta NpodiemMa MoayvaeT NPHHLIUIHATIBHOE pellie-
Hue. Ceituac B [TapnamenTe yke HaXOUTCS Ha PACCMOTPEHUH MPOeKT KOHCTUTYIIMOHHOTO
3akoHa PK «O BHeceHHUH U3MEHEHUH U IOTIOJTHEHUH B HEKOTOPBIE KOHCTUTYITHOHHBIE 3aKO-
Hbl Pecrryonuku Kazaxcran mo Bonpocam peanusanuu [locnanus [maBe rocynapcrsa ot 16
mapra 2022 roga» (B Tom urciie B Koncturynunonssiii 3akoH PK «O Beioopax B PecnyOnuke
Kazaxcran»).

CamMoe m1aBHO€ B IONpaBKax — Mepexoj K CMeIIaHHOW MPOoNopuHoHaIbHO-MaXKOpH-
TapHOH n30HuparenbHON cucteMe. MUPOBOH OMBIT MPUMEHEHHUS TAKUX CUCTEM ITOKa3all, 4To
OJI00HBIA CUMOMO3 TOCTAaTOYHO A(()EKTUBHO CHIIKACT HEJOCTATKU KaK TPOTIOPIIMOHAIIb-
HOM, Tak 1 Ma)XOPUTAPHOI cHCTEM, HETIJIOXO COXPaHAA IPH 3TOM UX JOCTOMHCTBA. [1o3TO-
My CMElIaHHbIE CHCTEMBI JOCTOWHO MPEICTaBIEeHbl B MUPE — OHU JAEHUCTBYIOT B I epmanuuy,
SAnonun, Utanuu, Poccuiickoit denepanuu U Ipyrux crpaHax.

Jiist GoJbIIero MOHMMaHUSI eIlle pa3 KPaTko YTOYHIO CMBICIT KayKI0H U3 COCTABISIOMINX
cMelaHHo! cuctembl. CyTh IPONOPLHOHATBHON 3aKII0UaeTCsl B paclpeie]IeHUH MaHAaToB
MIPOIMOPIIMOHATIBHO KOJIMYECTBY T'OJIOCOB, TOIYYEHHBIX MOJUTHYECKUMH HapTUsAMH. B Ma-
KOPUTApHOH MoOeXJaeT KaHIuaaT, HaOpaBLIMid OOJbIIE BCEX FOJIOCOB.

[o nmpearaemoii 3aKOHOTIPOEKTOM CHCTEME BBIIBHKCHUE KaHTUIATOB B JICTTyTaThI OY-
JIeT OCYIIECTBIATHCS CIEIYIOIIM 00pa3oM.

[lepBas (mponoproHaabHast) YacTh OyJAET BBLABUIATHCS IO MAPTUIHBIM CIIMCKaM, Tpa-
BO Ha 3TO UMEIOT TOJBKO MOIUTUYECKUE MTAPTHH.

Bropas (MaxkoputapHas) 4yacTb — 10 OJAHOMAHJATHBIM TEPPUTOPUAIBHBIM OKpyTaM,
MpaBo Ha Hee MPUHAUICKHUT MOTUTHUECKUM MapTUSIM, 00IIeCTBEHHBIM 00bEMHEHHSIM, UX
CTPYKTYPHBIM MoApasaeneHusm (puiamranaM, IpeICcTaBUTENbCTBAM) U TPaXIaHaM — IyTeM
CaMOBBIJIBM)KEHUS.
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[TpoueHTHOE COOTHOIICHHE JIEMYTaTCKOro KOpITyca MO BBIIICYKa3aHHOW MoJenu Oy-
net hopmupoBarbes o cxeme: 70% — Ha nponopunoHansHoi U 30% — Ha MasKOpUTapHOU
ocHoBe. Takas mozmens OyneT BHeApeHa Ha BhIOOpax Kak Makmimca, Tak U MaciInXaToB
007acTeit u TOPOJIOB PECIyOIUKAHCKOTO 3HAUCHUSI.

ITocnie mpUHATHS JTaHHBIX MONPABOK KayKJbI PErHMOH CTPaHbl MOIYYUT BO3MOXKHOCTh
n30parp B [lapmaMeHT CBOEro MpenCcTaBUTENs, YTO CO3AACT O0Jee «CIIBIIIAITYI0Y» TTOJIUTH-
YECKYIO CPEAy U OTKPOET HOBBIE BOZMOXXHOCTH IS TTOSIBIICHMS] HOBBIX aBTOPUTETHBIX JIHI
B TIOJIUTHKE.

Taxoke B paMKax 3aKOHOIPOEKTa yperyJupoBaHbl BOMPOCHI OT3bIBa MaH/aTa JeMmyTara
M0 OTHOMaHJaTHBIM TEPPUTOPHUATBHBIM N30MpaTENbHBIM OKpYraM B Cllydae yTpaTbl JI0Be-
pust u30upareneii, B TOM YMCIIE CBI3aHHOW C HEBHITIOJTHEHUEM MPEIBEIOOPHON MTPOrpaMMBI.
DTO cephe3HBI IIar B MOBBIIIEHIH OTBETCTBEHHOCTH JCTYTATOB Mepe] N30MpaTesiMH.

B cBsi3u ¢ uckimouennem kBoTel AccamOiien Haposa Kazaxcrana mo Ha3Ha4eHHIO JeTy-
TatoB Maxunnca [lapnameHTa MEHsIETCS KOIMYECTBO JIeMyTaToB HIKHel [1anarel, a Taxoke
Cenara, Ha3Ha4aeMbIX [Ipe3ugeHToM.

Maxunuc OyzIeT CocTosTh 3 98 memyTaToB, U3 KOTOPBIX 69 W30MparoTCs OT MOTUTHYE-
CKHX MapTHUil IO MAPTUIHBIM CIIHCKaM 110 €HOMY OOIIeHAIIMOHAIBHOMY N30MPaTEIbHOMY
OKpYTY, 29 — 10 OIHOMAHATHBIM TEPPUTOPHATIBHBIM H30MpaTEIbHBIM OKpYTaM Ha OCHOBE
BCEOOILEro, paBHOTO U NPSMOT0 M30MpaTeIbHOrO paBa Py TaliHOM T'0JI0COBAHUH.

Kak m3BectHo, CeHar y Hac BKIJIIOYAET IO J[BA CEHATOpA OT KAXKAOH O0JIACTH, TOpoja
peciyOIMKaHCKOTO 3Ha4eHUsI ¥ cToNUIIbL. [1moc k aToMy J10 Tekyied peopmsr [Ipe3uien-
toM PK Haznauanuce 15 menyrtaroB ¢ yueroM obecrniedeHus npeacTaBuTenbcTBa B Cenare
HaIlMOHAJIBHO-KYJIBTYPHBIX OObEAMHEHUH M 3HAYMMBIX MHTepecoB oOmiecTBa. Temepp xe
[Ipe3unentom OyayT HazHauaTbes Toabko 10 gemyraroB CeHara, 5 W3 KOTOPBIX — IO TIpe/I-
nmokeHuto AccamOiien Hapona Kazaxcrana.

B 3akoHOMpoeKTe TakkKe MPeayCMOTPEHBI MEPHI B HACTH PETYIUPOBAHUS AE€ATEIHHOCTH
HaOmoaTenei ¢ sSICHO POITMCAHHBIMU MTPaBaMH M Y€TKO 0003HaYE€HHOM 30HOM OTBETCTBEH-
HOCTH, a TaKXe IONPAaBKH, HAIPABICHHbIC HAa HEJONYIICHHEe WHOCTPAHHOTO BMEIIATelNb-
CTBa B M30MpaTeNbHBIH MpoIecc.

g atoro, a Taxke Ul WCKIIIOYEHUS HEPAaBOMEPHOTO BIMSHUS OTIENBHBIX JIMIl Ha
X0/l BEIOOPOB 3aKOHOINPOEKTOM YCTaHABIUBAIOTCS MPEeNbHBIE PasMephbl J0OPOBOIBHBIX
MOYKEePTBOBAHWH, HAIIPABIISIEMBIX B M30MpaTeNbHbIN (POH KaHIU/IaTa.

JlomKeH OTMETHTh, UTO TTOIOOHBIC MEPHI alTPOOHPOBAHEI B MUPOBOM MPAKTHKE (K TIPH-
Mmepy, B benbsruu, U3paune, Mtanuu, bpazunuu, Poccun, Monronuu, JIutse, [lonsiie, Py-
MbiHuH, Kbipreiscrane, Y3oekuctane, TalKUKUCTaHe).

B 3axmroduenue, maymaro, OyJeT IMOJIE3HBIM NMPUBECTH CHCTEMATU3UPOBAHHYIO CBOJIKY
TIPEUMYIIECTB CMEIIAHHON H30MPaTETbHON CHCTEMBI.

B nenom takast cuctemMa yKpemnuT HMOJIUTUYECKUE TTAPTHH, CTUMYIUPYET CO3/IaHUE HX
PETHOHANIBHBIX OTACICHUH, MOBBICHT d(dekTuBHOCTL paboTel. Kpome Toro, kak nomdep-
kHyn [71aBa rocynapcTBa, OHa MO3BOJIUT YBEJIMYUTH KOJIMYECTBO MOJIUTOOBEANHEHNH, YCH-
JUTH TIOJTUTHYECKYIO KOHKYPEHIIUIO, ITOCTIOCOOCTBYET MOSBIEHUIO HOBOW BOJHBI HAPOIHBIX
M30pPaHHUKOB.

JlanHas cuctema TakKe OTKpPBIBAET JIBEPH B IIPEICTaBUTEIbHbIE OPTaHbl HE TOJIBKO IS
YJICHOB MAapTHH, HO U JUId OecnapTHHHBIX ACMYTaTOB; YIy4dllaeT KaueCTBO 3aKOHOAATEIb-
HOM JIESITENTbHOCTH, MIOBBIIIAET OTBETCTBEHHOCTh JIEMYTaTOB.
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UYepes mapTun, X U30upaTenbHble IPOrPaMMBbl U MOJUTUYECKYIO JIESTeIbHOCTD, Yepes3
MpeJICTaBUTENICH OJHOMAH/IaTHBIX OKPYTOB, B TOM YHCJIe OSCHapTUIHBIX, 00JIee IIUPOKO U
O6’I)€KTI/IBHO YAacCTCd YUUTHIBATH O6IHCCTBCHHO€ MHCHUE U MHTCPEChI PA3JINYHbIX I'PYIIT U
ciioeB HaceneHus. HoBasi cucreMa mo3BojiuT Takke ¢ (opMHUPOBaTh NpodeccHoHaNbHBIN
[TaprmameHT, COCTaB KOTOPOTO JIy4llle OTPpa)aeT OaaaHC MOIUTUYECKUX CHII B OOLIECTBE.

B kadecTBe raBHOTO MTOra, JyMaro, OyJeT BEPHBIM OTMETHTh, YTO CTaHyT OoJee Oina-
TOTIPUSTHBIMU YCJIOBUS JJISl TIOCTPOCHUSI d3PPEKTUBHOTO M CIIPABEATUBOTO «CIIBIIIAIIETO
roCyJapcTBay, 1ia U caMa u30uparesbHas CHCTEMa CTPaHbl OKaXKETCS «CIBIIIAIICH».

Taxke yBepeH, 4YTO BHEJApPEHHE HOBOW CHCTEMBI M30MPATEILHOTO TPOLEcca MOBBICUT
AKTUBHOCTDL I'paXJaH U WX BOBJICUCHHOCTL B MPOLECC I'OCYAAPCTBEHHOI'O YIPABJICHUA U
pa3BUTHSA CTPAHbI B LIETIOM.

B ITocnanuu Hapony Kazaxcrana ot 1 centsiops 2022 rona [maBa rocynapctsa nopyuu
BCE MHCTUTYUMOHAIbHBIE W3MEHEHUS], TIPEIyCMOTPEHHBIE KOHCTUTYIMOHHOW pedOpMOit,
3aKOHOJIaTeJIbHO 3aBEPIIUTH JI0 KOHIIA 3TOT0 roia. Takoe BHUMaHHUE elle pa3 MOJUePKUBAET
0c00yI0 aKTyaJbHOCTh M BOCTPEOOBaHHOCTh JaHHBIX MOAXOI0B JJIsl HOBOTO PBHIBKA B pas-
BUTHH PECITyOTUKHU U )KU3HU Ka3aXCTaHIICB.

«Kaszaxcmanckas npasoay
om 20 cenmsbps 2022 200a
Ne 179 (29806) 5 cmp.
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I. Y. BEKTEMBICOBA*, M. M. YATBAEB, 11l. A. EP/TECOBA

Medicoynapoonwtii Yuueepcumem Hnugopmayuonnvix Texnonoeutl, e. Aamamot
Kaszaxcxuil nayuonanvholil ynusepcumem um. ano-Dapabu, e. Aimamol

OIPEJAEJIEHUE APXUTEKTYPbI HOCTPOEHUS EJUHOI'O IIEHTPA
OBPABOTKMH BbI3OBOB /U151 9DKCTPEHHBIX CJIYKbB

B oannou cmamve npoeooumcs ananus cyujecmayiowmux U008 apxumexknyp noCmpoeHus eOuHo20
YyeHmpa oopabomru 66130808 OJist IKCMPEHHBIX CIYAHCO, A MaKice npedrazaemcs Heodxooumblil gopmam
apxumexmypul 014 Eounotl 0esxcypro-oucnemuepckoii cyxcobi.

Buecme ¢ mem, 6 cmamove 0emanbHo 0603HAUEHbI OCHOBHbIE NPEUMYUECMEA U HEOOCMAMKU BUOOE
apxumexniyp nocmpoenus eOUH020 YeHmpa 0opadomKu 66130808 01 IKCMPEHHBIX CIYHCO, YUMo NO380IUM
6610PANL ONMUMATLHBII 8APUAHM OJIsL KPAMKOCPOUHO2O U IPPEKMUH020 8HeOpeHUs Npedadazaemoll ap-
xumexkmypbol 0 EOuHO1 0excypHo-0ucnemuepcKoll cyxcobi.

Knrouesvie cnosa: yenmp o6pabomra OAHHbIX, aAPXUMEKMYpPA NOCMPOCHUs €OUHOU OelCYPHO-
oucnemyepcKou CiyHcowl, IKCMpPEeHHoe peauposanie, asmomMamu3upoOBaHHas OUCnemuepcKas ciyxcoa,
UHDOPMAYUOHHASL CUCMEMA, eOUHASL QeHCYPHO-OUCNEMUEPCKAsl CyAHCOA, YeHmp 0OpabomKu 8vl30608.

BBenenue. OqHuUM W3 OCHOBHBIX KOMITOHEHTOB ENWHON meXypHO-ITHCIIETICPCKOM
CITYOBI ABJSIETCS TICHTP 00paboTkH BBI30BOB (nanee — [{OB), mpocTeiMu clTOBaMH — KOJIT-
meHtp. [IOB — 310 mporpaMMHO-anmapaTHeI KOMITIIEKC, KOTOPBIH MTO3BOJISICT IPHHUMATH,
00pabaTsIBaTh, COXpPAaHATh, & TAK)KE MEPEHANPABIIATH BCE MOCTYMAIOIINE HA KOPOTKHHA HO-
Mep BXOISIINE SKCTPEHHBIC 3BOHKH [ 1].

B macrosmmii MOMEHT Ha phIHKE HH()OPMAITMOHHO-KOMMYHHUKAIIHOHHBIX TEXHOJIOTHUN
CYIIECTBYIOT pa3Hble BeHAOpHBIC pemeHus misi noctpoeHus [1OB. Cospemennsie 11OB
MOJPA3IeNAIOTCA Ha 3 TUMA: IPOTPaMMHBIE, armapaTrHble W MPOrpaMMHO-aNNapaTHble, B
3aBHCHMOCTH OT HazHadueHus [{OB.

IIporpammvusie 1{OB, kxak mpaBuio, — 3TO MPOTrPaMMHOE 00ECIICUCHNE C BHYTPEHHUMH
OTKPBITBIMH TTPEAHACTPOCHHBIMHU aJTOPUTMAMHU, KOTOPOE TTO3BOJISIET BBITIONHATH OCHOBHBIE
¢dbyHKIIMA 1THGPOBOH aBTOMAaTHUECKON Tee(OoHHOH cTaHmuu. [ GyHKIMOHUPOBAHNUS TIPO-
rpammuOTO [[OB MocTaTouHO BHICOKOPON3BOIUTEIEHOTO CEPBEPHOTO 00OPYIOBAHUS C J10-
CTaTOYHBIMA MUHUMAJLHBIMA TEXHIUCCKIMH XapaKTepUCTHKaMH (K Tipumepy, Asterisk).

* E-mail xoppecmonnupytomero apropa: g.bektemisova@iitu.edu.kz
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Anmnaparasie LIOB — coBpemenHoe 1udpoBoe KoOMMyTallMOHHOE 000pyI0BaHue Tenedo-
HuM Ha 6a3e TexHonoruu 1P, koropoe obecrieunBaeT aBTOMaTHIECKOE COSANHEHUE U MTOAIEP-
)KaHue TeJie)OHHOU CBA3U C JHOOBIMU a0OHEHTaMU B aBTOHOMHOU ceTu. B 3aBrcuMocTH OT
nipousBoauTels anmnaparseiii [[OB nmeer cBoe BHyTpeHHEE MPOrpaMMHOE 00eCIICUSHHE ISt
HACTPOHWKM M KOH(UTYpaLnK TeX WK WHBIX QyHKIUH (K mpumepy, Iskratel, Huawei u ap.).

[Iporpammuo-anmnaparssiii LIOB — coBokynHocThs mporpammuoro u annapartaoro [{OB,
KOTOPBI pa3pabarbiBaeTcsi HA OCHOBE BEHIOPHBIX PEIICHHH JAJIsl PELIeHUs I100aIbHbBIX
ousHec 3a1a4 (k npumepy, Cisco, Avaya u 1ip.).

I[Tomumo »storo, coBpemenusie L[OB mns mpumenenuss B EguHoill  mexypHO-
JHCIIETUEPCKON CITYKOBI MOJKHO Pa3eNUTh Ha 3 BUJa apXUTEKTYPhI:

— [IeHTpaJIN30BaHHAsI CXeMa;

— JIeLEHTPAJIN30BaHHAs CXEMA;

— o0OnavHas cxema.

Kaxaplit 13 BUIOB BBILIEyKa3aHHBIX CXEM UMEIOT CBOM JIOCTOMHCTBA U HEJIOCTATKH.

LenTpanu3oBanHas cxema. l{entpanuzoBannas cxema nmoctpoenus LIOB Bxirouaer B
cels crenyrone BUAbl KOMIIOHEHTOB: LIEHTP (00opynoBanue) 00padOTKH BHI30BOB, LIEHTP
(obopynoBanue) 006paboTku aanHbix (naiee — [{OJ]), koMmmyTanioHHOE 000pPYIOBaHUS U
aBTOMATH3HUPOBaHHbIE padoune MecTa oneparopos [3, 4]. B yacTu nocTpoeHus ceTr npea-
JIaraeTcsl TONOJIOTHSl «3B€3/1a», PUCYHOK 1.

Pucynox 1 — lenrpanuzosannas cxema [IOB

B nannom Buze nocrpoenus LIOB o6opynoBanre 00pabOTKH TaHHBIX U ITPUEMa BbI30-
BOB SIBJISIFOTCS IICHTPAJIBHBIM 3BEHOM U Bce Bxoasimue 380HKH (101, 102, 103) mocrynator
Ha IICHTPAJIM30BaHHOE CEPBEPHOE 000PYyIOBaHUE.

JIoCTOMHCTBA:

— ONTHMAJbHOE pEIICHUE Ui HEOONBIIMX TEPPUTOPUN C BBICOKOW IJIOTHOCTHIO Ha-
CEJICHMS,
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— UMEIOTCSI aBTOHOMHBIE IEHTPBI 00pab0TKK BBI30BOB U JIAHHBIX;

— SKOHOMUYECKH 3(P(HEKTUBHO ISl TOCYIaPCTBEHHBIX OPTaHOB.

Hepnocrarku:

— HU3KHUHU YpOBEHb HANIEKHOCTH (B ciaydae Beixoga u3 crposi LIOB Enunas gexypHo-
JUCTIeTYEpCKast CiTy>k0a OyJIeT HeJIOCTYITHA);

— 3HAUUTEIILHO OOJIBIION 00BEM TpaduKa H3-3a OTCYTCTBHS KaCKaIHBIX PECYPCOB.

JenenTpanu3zoBanHas cxema. JlenentpanuzoBanHas cxema nocrtpoenus L{OB Bkito-
JaeT B cels Te ke camble KOMIIOHEHTBI, KaK ¥ B LIEHTPaJIM30BaHHOH cxeme. B omnunu ot
LEHTPATM30BaHHOM CXEMbI KaXkaas SKCcTpeHHas ciayx0Oa (101, 102, 103) umeer cBou cob-
CTBEHHBIE HeHTpanu3zoBaHHbie pecypcebl (OB, LO/). Mcnonbs3yeTcs: Takke TOMOIOTHUS
«3Be3/1a», HO C MI00aIbHBIM EHTPOM 00paOOTKHU JTaHHBIX, PUCYHOK 2.

B nannom Buje nocrpoenus LIOB kaxnas skcrpennas ciayx6a (101, 102, 103) umeer
CBOE COOCTBEHHOE JIOKaJIbHOE 000pyA0BaHKE TIPUEMa BBI30BOB, LICHTP 00paOOTKH TaHHBIX
SIBJIIETCS LIEHTPAILHBIM 3BEHOM, TJI€ arperupyroTcs BCe CTAaTUCTUYECKUE U aHATTUTHYECKHE
JTaHHBIE.

JlocTonHCTRA:!

— ONITUMAJIHOE pEelIeHue JIIs TEPPUTOPHATIbHO-pacTIpeIeIEHHBIX PETHOHOB,

Pucynox 2 — [lenentpanuzoBannas cxema [[OB

— KaKAasl DKCTpEeHHas ciry:x0a umeet cooctBennsiii LIOB;

— BBICOKUI YPOBEHb HaJICKHOCTHU.

Henocrarku:

— JUIMTEJIbHBIN 3Tall IPOEKTUPOBAHUS, KaK II0KA3BIBACT OIBIT I[P UHTETPALUU PAZHBIX
komiuiekcoB L{OB B enunbiii LIO/l, BO3HUKAIOT TEXHOJOTHUYECKUE 3aTPYIHEHNUS, UTO TPEOy-
€T JJINTEIbHOIO CPOKA POEKTUPOBAHNUS;

— CYILLIECTBEHHO BBICOKHUE 3aTPAThI JJ1s1 TOCYAAPCTBEHHBIX OPraHOB.
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Ooaaunas cxema. [Tocrpoenne [IOB Ha 6a3e o0yauHOM CXEMbI BKIIFOYAET B CeOs Te
K€ CaMbI€ KOMIIOHCHTBI, OTIIMYHUEM SBJISICTCA JIMIIL PACHPCACIICHHBIC PECYPCHI HA PA3HBIX
3oHax orBercTBeHHOCTH. OOOopynoBanus 1{OB u 11O/ Ha cTopoHe 3aka3yuka, orneparop-
CKHUH cocTaB Ha ctopoHe ucnoiauresst. Oonaunas cxema [[{OB B 0OCHOBHOM MOIXOIUT TSI
OusHec-pemieHni (0aHKH, KypbepCKHe OpraHU3alliK, TAKCH U JIP. ), VI SKCTPEHHBIX CITYKO
JITaHHAsI CXeMa He TIOXO/IUT B BUJTy Paclpe/IeJICHHBIX 30H OTBETCTBEHHOCTH, HH(OPMAIUOH-
HOI 0€30MacHOCTH U HOPMAaTHBHO-TIPAaBOBBIX akTOB. O00pymoBaHUs 00paOOTKH BHI3OBOB,
JIAHHBIX O0CITY)KUBAIOTCS, a TAKXKe OU3HEC-TPOIecChl 00padOTKK BBI30BOB 00CITYKUBAKOT-
CsA HCIIOJIHHUTCIIEM, FOCYI[apCTBeHHLIﬁ OpraH nojay4acT CTaTUCTUYCCKUC U aHAJIUTUYCCKUEC
JTaHHbIE, PUCYHOK 3.

JlocTouncrna:

— obnaunbii ceppuc nocrpoenus LIOB/LIO/I:

— 0CBOOOX/ICHHE OT HEOOXOAMMOCTH NPUOOPETEHHUS allapaTHBIX PECYPCOB;

— 9KoHOMHUYeCcKU 3 HeKkTHBHO;

— OTHOCHUTEJIFHO OBICTPOE BHEIPEHHE.

Henocrarku:

— 3aBUCHMOCTb OT MpOBaiiiepa 00IauHbIX YCIIYT;

— HEMOJHOIICHHAsI TaPaHTH 3alUThl HHPOPMAIHH.

B pesynbrare aHanu3a CyIIECTBYIOLIMX apXUTEKTYP HAMH MPEAJIaraeTcs HIKECIemy-
Iolasi apXUTEKTypa i MH()OPMAIMOHHOM cucTeMbl «EquHasi AeKypHO-AUCIeTYepCKast
ciryx0ay.

Pucynok 3 — Obnaunas cxema [IOB

Hns BbIOOpa coorBercTBylomed apxutektypsl LIOB  ans  Enunoit  aexypHo-
aucrieTyepckor ciyxkOel «112» B PecnyOmuke Kaszaxcran u3ydeHbl CyLIECTBYIOLIHE
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KOHTaKT-LEHTPBI IKCTpeHHBIX cyk0 (101, 102, 103), a Tak:ke 0CHOBHBIE OM3HEC-TIPOLIECCHI
1o 00pabOTKe U MEePEHANPABICHUIO BCEX BXOSIIUX 3BOHKOB. B 1essx onpeseneHus Mak-
CHUMaJIbHOM Harpy3ku Ha cymectBytommid [{OB, BeIOpan camblii KpyIHBIH U TYCTO Hace-
neHHbId ropos Ha Tepputopun PK — . Anmatst (1,9 muH. yenosek B Hadazne 2020 1) [5].

Ha ceropnsiiinuii feHs B ropone Anmathl 3a7eCTBOBaHBI 4 SKCTPEHHBIC JUCTIETYEP-
CKHE CITY)KOBI: CTaHIUsI CKOPOM MeUIIMHCKO!M oMot T. Anmare (103), LlenTp oneparus-
Horo yripaBieHus /lenapramenrta noauuuu I. Anmarsl (102), lenaprameHT 1o upe3Bbluaii-
HBIM cuTyanmsMm T. Aamatsl (101, 112).

B Tedenue roga B cpeHeM BCEMH IKCTPEHHBIMHU AMCIETYEPCKUMH CIYKOaMU MPHHU-
MaroTcs Oosiee 2,7 MITH. 3BOHKOB, B cpeiHeM mopsijka 230 Thic. 3BOHKOB B Mecsill, Oojee 7,7
TBIC. — B CYTKH.

B Tabnuue 1 npeacraBieHbl 1eTalbHbIE CPEAHECTATUCTHYECCKHIE JaHHBIE IO BXOSIIUM
3BOHKaM BCEX IKCTPEHHBIX CITYKO.

YuuThIBas CPEIHIOI0 HArpy3Ky Ha CIICCTBYIOIINE KOHTAKT-LIEHTPBI, HEOOXOIUMO MPH
BBIOOpE TEJICKOMMYHUKAIIMOHHOW HH(PACTPYKTYphl YYHUTHIBATh CPEIHIOID HArpy3Ky Ha
OJIHOTO orepatopa B EMWHON neKypHO-IUCTIETYEPCKO CiTyKOe, a Takke BhIOpaTh OINTH-
MasbHYyI0 apxurextypy LHOB.

Kak Obu10 onmcano [1], mpeyiaraemast nuHGopMalnoHHas cuctema « EnHas 1exypHO-
JIUCTIETYEPCKAsI CITY:KO0a» JIETKO U 0€300J1€3HEHHO HHTEIPUPYETCS C LICHTPATN30BAHHOM ap-
xutektypoii nocrpoenus L{OB onucanus.

IIpuMeHeHue neneHTPaIM30BaHHON apXUTEKTYphl HE PEKOMEHAYETCs, TaK KaK CyTh
00beAMHEHHS OTIEPATOPCKOTO COCTaBA TEPSETCS, YTO CTPYKTYPHO HE TO3BOJHT MEPEUTH K
EBponeiickoit mogenu 112 [2].

O0navHas apxUTEeKTypa He MPUMEHNMa 110 TpuunHe EquHbIX TpeGoBaHmii nH(pOpMaLu-
onHol 6e3omacHocTr PK, 3akoHa o cBsi3u PK, a Takke EMWHOrO TEXHHUYECKOTO perimaMeHTa
MunucrepcTa BHyTpeHHUX jen PK.

Tabnuya 1 — CpenHecTaTUCTUUECKHUE TAaHHBIE MO BXOASIIUM 3BOHKAM
IKCTPEHHBIX CIIYkKO T. AJIMAThI.

Ne HanMeHoBaHue SKCTpEeHHON Cpennee konu- | Cpennee konmu- | CpemHee KoJn-
CITYKOBI YECTBO 3BOHKOB | Y€CTBO 3BOHKOB | YECTBO 3BOHKOB

3a rof 3a Mecsill B CYTKH

1 | CraHuus cKopoi MeAUITUHCKOM o- 1 MiH. 83 ThIC. 2,8 THIC.

MoIIH . AlMaThl (KOPOTKHUI HOMep
«103»)

2 | HenapTaMeHT MOJIULUH I. AJIMaThI 850 ThIC. 71 THIC. 2,4 ThIC.
(xopotkuii HoMep «102»)

3 | HdenapTaMeHT MO Ype3BbIYAHBIM 700 ThIC. 58 ThIC. 2 ThIC.
CUTyalusM I. AJMaThl (KOPOTKUI
HoMep «112»)

4 | denapTaMeHT MO Ype3BbIUaiiHBIM 203 ThIC. 17 TBIC. 560
CUTYyalUsM T. AJIMaThl (KOPOTKUH
HOMEp «101»)

UTOro 2,753 mnH. 229 ThIC. 7,77 ThIC.
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B atoii cBsizu, uist 6ecriepeboitnoro odeceuenus LIOB Enunoii nexxypHo-aucieT4epcKoi
CITY>KOBI MpeJIaracTcsi UCIOJIb30BaHUE [ICHTPAIN30BAHHON apXUTEKTYPhI C TPUMEHEHHUEM
OCHOBHBIX ()YHKITHOHAIIBHBIX BO3MOKHOCTEH NH(DOPMAITMOHHOMN crcTeMsl [1].

3akaouenne. B cTarbe npeacTaBiIeHbl BUIBI TOCTPOSHHS IIEHTPa 00padOTKH BBI30BOB
Ut EMWHON TeKypHO-IUCTIETIePCKOH Ciry:KObI. /111 (popMHUpOBaHUS ONITUMAIEHOTO pellie-
Hust BeIOOpku [{OB HeoOXx0muMo yuuThIBaTh (PAKT SKCTPEHHOTO PearupOBaHMS.

N3y4uB BCe OCHOBHBIC aCIEKTHI CYIIECTBYOIIEH HH(YPACTPYKTYPhI SKCTPEHHBIX CITYKO
JUISL TIOCTPOCHUsT EMUHON JeKypHO-IUCIIETYSPCKON CITY:KOBI, CUMTAEM 1EJIeCO00Pa3HbIM
WCTIOTIh30BATh CXEMY IIEHTPAIN30BaHHON apXHUTEKTYPHI C TEXHOJIOTHYECKUMHU YCIOBUAMHU
anmapaTHOTO U KaHAJIBHOTO PEe3ePBUPOBAHNS.

Bo-nepBbIX, IeHTpaIn30BaHHAS CXeMa I10 BCEM JIOCTOMHCTBAM IIOCTPOCHUs Ooliee rio-
KO TOJIXOJIUT TIO/ CYIIECTBYOIIYI0 HHPPACTPYKTYPY U oOecrieuuT 0e300e3HEHHBIN TIepe-
xon Ha Enunyro Mojienb SkCTpeHHON City)0bl «112» [2].

Bo-BTOpBIX, JaHHBIH TT01X0/T 00ECIIEYUT YKOHOMUYIECKH ONTUMATBHBIC 3aTPaTHI.

Jmst uckimoueHnst (DakToB 00eCTICUeHIST HeOOXOIMMOTO YPOBHS HAACKHOCTH TIPEIAracTCst
pe3epBupoBanue B ¢opmare 1+1 Kak Ha anmaparHOM, TaK U Ha KAHAILHOM YPOBHE. YUUThIBAs
coBpeMeHHbIe TexHonorun Ha Oaze Data Centre, a Takke MH(PPaCTpyKTYpHOTO OOECIICUCHUsI
BOJIOKOHHO-ONTHYECKUX JIMHUM CBSI3U, MOXXHO OpPraHW30BaTh HEOOXOMMbBIN YPOBEHb OTKa30y-
croiiunBocTH (24/7/365) Enunol nexypHO-TUCIIETUYSPCKO CITy>KObI 0€3 0COOBIX 3aTPY/IHCHHIA.

Bwmecte ¢ Ttem, mpemnaraemas wuH(opmammoHHas cucteMa «EmuwHas mexypHO-
JUCTIETYEePCKasi CITy>K0ay JIETKO HHTETPUPYETCS C TpesiaraeMoi apXuTeKTypoi [5].
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IIYFBLI KbI3METTEP YIITH BIPBIHF A KOHBIPAY OPTAJIBIFBI
KY¥PbBLJIBICBIHBIH APXUTEKTYPACBIH AHBIKTAY

byn  makanaoa wyevin Kvizsmemmep ywiin  OIpbiHeall KOWbIpAYy WAy OPMANbIRIH  KYPY
apxumexmypacviHuly Kazipei KOIO0AHbICNA&bl Mypiepine manioay dicacanraovl, couwoau-ax ‘‘bBipviyeaii
Ke3eKWiniK-Oucnemyepix Kvizmem " Yulin apXumexnmypansiy Kajicemmi popmamul YColHbLIAOb.

Convimen kamap, maxanaoa wyevln Kuismemmep yulin bipvineaii Koyvipay onoey opmanuiebli Kypy
apxumexmypacwiubly Kazipei Konoanvicmazvl mypiepiniy neaizei apmulKUbLIblKmapbl MeH KeMuinikmepi
eedicell — meaoiceliii KopcemineeH, Oy KblCKa Mep3imoe Heane muimoi icke acblpyobiy OHMAailibl HYCKACHIH-
bBipviyzaii kezexwinik-oucnemuepnix Kolamem yYuliH YCbIHbLIAMbIH APXUMEKMYPpanbl mayoay2a MyMKiHOIK
bepedi.

Tyiiin co30ep: oama opmanvi2vl, OipbiH2all OUCNEMYEPTIK Kbl3Mem KYPbliblCbIHbIH APXUMEKMYPACyl,
anammul 24010, ABMOMAMMAHOBIPLIIZAH OUCHEeMUEPIiK KblzMem, aknapammulx dicyiie, Oipviyeat ke3eKuti
oucnemuyepnix Kpl3mem, KOAl-Opmanblbl.

G. U. BEKTEMYSSOVA, M. M. UATBAYEV, SH. A ERDESOVA

International Information Technology University, Almaty
Al-Farabi Kazakh National University, Almaty

DEFINING THE ARCHITECTURE FOR BUILDING A UNIFIED CALL CENTER
FOR EMERGENCY SERVICES

This article analyzes the existing types of architectures for building a single call center for emergency
services, and also proposes the necessary architecture format for the Unified Duty Dispatch Service.

At the same time, the article details the main advantages and disadvantages of the types of architectures
for building a single call center for emergency services, which will allow you to choose the best option for
short-term and effective implementation - the proposed architecture for the Unified Dispatch Service.

Key words: data center, architecture for the construction of a single dispatch service, emergency
response, automated dispatch service, information system, single duty dispatch service, call center.
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HUHTEJUIEKTYAJIBHASI THOOPMAIIMOHHASI CUCTEMA
OBECHEYEHUSA YCTONYUBOCTU ®YHKIIMOHUPOBAHMUSI
TEXHOJIOTHYECKOT'O OBOPYJIOBAHUSA ITPU CIYUYAMHBIX OTKA3AX
C MUHUMAJIBHBIMHU U3JAEP’KKAMU

s obecneuenust yemouuusoi pabomol MeXHOL02UYECKO20 060pYO08AHUsL UHPOKOMMYHUKAYUOHHOT
KOMRAHUU npeoiazaemcs paccmompenv Cmpamezuio YnpasieHus U30epHCKAMU Ha cooepircanue 0oopy-
006aHUsL NPU BEPOSIMHOCMHBIX omKazax. [Iposeden ananus 6 yciogusx HeonpeoeieHHOCmU NosieIeHUs
OMKaA306 Ha npumepe PYHKYUOHUPOBAHUS cemu 0OHOU U3 8e0VUUX UHPOKOMMYHUKAYUOHHOU KOMNAHUU
Kaszaxcmana. Ha ocnoge 3mozo co30ana onmumu3ayuoHHO-pACYem1as MoOeib, 6XOOHbIMU Napamempa-
MU KOMOPOU ABIAIOMCS 8EPOAMHOCIU OMKA308 OA306020 000PYO0BAHUS UHPOKOMMYHUKAYUOHHOU KOM-
NaHUuU, d 8bIXOOHLIMU NAPAMEMPAMU — 3HAYEHUE ONMUMAILHO20 8PEMEHU 3AMeHbl 000PYO0BAHUS U Yelle-
601l hyHkyuu. Bolbop yenesoii gpyHkyuu c600umcsa Kk MUHUMUZAYUU BPEMEHU HA NPUBLeYeHlUe U XPAHEeHUE
KOMIIEKMYyouux 060pyo0osanus. 3a0aua ynpasienus Omxazamu opmyiupyemesi Kax HenpepuléHasi Cnmo-
xXacmuueckas 3a0a4a OnMuMu3ayuU.

Hannas cmamos nocesiugena paspabomre YHUKATHOU MAMEMAMUYECKOU MOOeU, pewarouei 3a-
oauy ynpasnenus omkasamu. Paspabomannas npoepammuas peanusayus 3a0a4u ynpasieHus 3anacamu
060py008aHIUsL NPU CTYHATIHOM OMKA3€ NOKA3bLBAENT PACYembl NPedla2aeMoll MAmeMamuyecKkoll MoOenu,
MUHUMUSUDYEM UZ0EPHCKU HA COOEPIHCaHue 000pYOO0BaHUs I HAUDOIee COOMBEMCMEYen YCl08UAM (yHK-
YUOHUPOBAHUS UHDOKOMMYHUKAYUOHHOU KOMIAHULL C YY4EmOM COBPEMEHHbBIX 0COOEHHOCMell IKOHOMUYe-
CKUX KONeOaHUll Ha (PUHAHCOBOM PbIHKE U CMpeMumensHo2o pasgumus mexwonozuil IT.

Kntouesvie cnosa: unmennekmyaivhas cucmemd, YCmMoUUU8OCHb, CAYUAUHbIE OMKA3bl, ONMUMU3A-
Yus, 3a0a4u ynpasienus, npUHamue peueHull.

BBenenne. Mol s)xuBeM B I100aJIbHOM MHUpE, T TEXHOJIOTHH, 0COOCHHO MH(OpPMAIIH-
OHHBIC U KOMMYHUKAIIMOHHBIC, UMCIOT CTPEMUTECIIBHOC PA3BUTHUC. Kax CJICACTBHUEC, TAKUMU
JK€ TEMIIaMU pacTeT HOTpe6HOCTI) B 3allaCHBIX U KOMIUICKTYOIIUX ACTAIAX AJId 06CCH‘IGHHH
yCTONUMBOM pabOThl 6a30BOr0 00OpyIOBaHUs. PerieHus 3a1au 1o ONTHUMU3AIUN YIIpaBIIe-
HUA TEXHOJIOT'MYCCKUM IPOUECCOM BCTPECUAOTCA BO MHOT'UX paGOTaX OTCYCCTBCHHBIX U 3a-
pyOexHbIX aBTOpOB [1-5].

[TpunsB BO BHUMaHUE TOT (aKT, YTO CpeIHss HapaOOTKa Ha OTKa3 COBPEMEHHOT0 000-
pyaoBaHud U €ro OTACJIbHBIX yacTtenl u Y3JIOB MOXET UCHUCTIATHCA rogaMu, COBpEMCHHbBIC
METOABI ONPCACIICHUA ONTUMAJILHOTO BPEMCHHU MECPUOJUIHOCTH TECXHUYCCKOIO O6CHy)KI/I'
BaHMsI, PEMOHTa WJIM 3aMEHbl B OCHOBHOM OCHOBaHBI Ha cOope U 00padoTke HHPpOpMAIH
0 HaJIC’)KHOCTH NPOMBIINIICHHBIX O6’beKTOB, IIpyu UX HUCIIbITAHUAX B J'Ia60paTOpI/ISIX WK Ha

* E-mail xoppecmonaupytomero apropa: aizhanova62@mail.ru
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CHEIMAIbHBIX MOJIUIOHAX, a TAaKXKe IMyTeM JUTUTENbHBIX JKCIUTyaTallMOHHBIX HCTIBITAHUH.
Taxoit mogxon TpeGyeT 3HaUNTEILHOTO BPEMEHH 1 CTaHOBUTCS JoporocTosmuMu. [Tomnmo
3TOTO, HEOOXOAUMO YUUTHIBATH, YTO MPOIOKUTEILHOCTh PEMOHTHOTO IIMKJIAa MOXET OBITh
pasHBIM Ja)ke B paMKax OJHOM Mojean 00OpyHOBaHHMs, TaK KaK CPOK CIY>KOBI AJIEMEHTOB
pPa3IMYHBIX YCTPOMCTB pa3iuueH. Takke CTOXaCTUYECKHMU MPOLECC U3HOCA U Pa3HUIIbI
MEXKIY CPOKaMH CIyXObl 000pyIOBaHUsI BHOCUT JOTOJHUTENBHBIE YCIOBHS, KOTOPBIE HE
YUYUTBIBAIOTCS CUCTEMOH [6-8].

Takum o0Opazom, Ui ycTOWYMBOTO (DyHKIMOHUPOBAaHUS OOOPYIOBAaHHS KOMIIAHHH
W HENPEephIBHOCTU TEXHOJIOTUYECKOTO Mpoliecca HeOOXOAUMO CTaBUTh W PellaTh 3afaqn
yIpaBlieHHs 3aracaMu JJisl TOTO, YTOOBI rapaHTHPOBaTh OecrepeOOHOCTh ANEKTPONHUTA-
HUSI, OTCJIEKHUBATH MPOU3BOJCTBO O0OPYAOBAHMUS Y MOCTABUIMKOB (CHSITHE C MPOU3BOJCTBA
OTpeesIeHHbIX MOJIENICH, BBIX0A OOHOBJICHUH U T.I1.), YYUTHIBaTh BPEMEHHbBIE 0COOCHHOCTH
TPaHCHOPTUPOBKH OT MOCTABIIMKA JI0 MOTPEOUTEINS, a TAKXKE CIPOC U MPEJIOKECHHUE.

Hcxonst U3 3TOro, KIacCHYECKyr KiaccH(UKaIMIO 3a7ad yNpaBJeHUs 3amacaMu o
HAJIMYMIO TOTO WIIM MHOTO TPU3HAKA XapaKTEPU3YIOT CIIEAYIOIIUM 00pa3oMm:

— B 3aBHCHUMOCTH OT MEPUOJUYHOCTH M XapaKTepa IOMOJHEHHUs 3aracoB, Korja npu
3aKyIre 00Opy/IOBaHUS 3aKyMalOTCs Cpazy BCE KOMIUICKTYIOIIHE, B IPOTHBHOM Cllydae J10-
KyHaroTcsl 110 Mepe BBIXO/Ia U3 CTPOs U Jlajiee MOTMOHAIOTCS 10 ONTUMAJIBHOTO YPOBHS;

— B 3aBHCHMOCTH OT XapakTepa 0TKa3a, Koryja npeayrajiarb, Kakoi 3armac KOMIUIEKTYIO-
IMX HEOOXOAMMO OCYIIECTBHTH — HEBO3MOXKHO, TaK Kak 3agada cOopa CTaTUCTUKU cOOEB
000pyIoBaHUs 32 OINPECICHHBIN MEPUOJ] BPEMEHH SBJISICTCS CIIOKHON MPU MPUHSATHU pe-
menuil. Ecnin obopynoBanue coBpeMeHHOE W WHHOBALMOHHOE, TO Ui cOopa momoOHoH
CTaTUCTUKHU MOTPeOyeTCs BpeMsi;

— B 3aBHCUMOCTHU OT KOJIMYECTBA TUIIOB PECYPCOB, KOT/IA JIJIsl YCTpaHEHUs HETIoNaJ0K B
o00opyaoBaHNH TPeOyeTCs MOMHAst WIIM YaCTHYHAsSL €T0 3aMEHa;

— 10 BHY LeNIeBOH (QyHKIMH, Koraa oT 3QPeKTUBHOCTH paboThl HHPOKOMMYHHKAIHO-
HOTO 000pY/IOBaHUS 3aBUCUT MPUOBLIH KOMITAHUH.

B obuiem ciyvae 3aqa4un ynpaBiieHHs 3aacaMy CBOJISTCS K 3aJja4aM HEJIMHEHHOTO MPo-
IrpaMMUPOBaHUs, €AMHBIX METO/IOB M PEIIeHHUs] KOTOPbIX HeT [9].

Taxke He0OX0IMMO YUNTBIBAaTh, YTO COBPEMEHHBIE ONTHMHU3ALMOHHbBIE MOJIENH yIpaB-
JIEHUs TpeAJIaraloT ONpeAeIUTh ONTHUMAIbHBIA ypOBEHb 3alacoB M KOMIUIEKTYIOIIMX B
OCHOBHOM TIyTeM ONpe/ieieHne HapaOOTKN Ha OTKa3, CPEAHEr0 BPEMEHH BOCCTAHOBIICHHUS
W JpYTHX MOKazaTeJed HaJeKHOCTH 00OpYyHOBaHUs, 4TO TpeOyeT IUIMTENLHOrO Meprona
CTaTHCTUYECKUX MCCIIEJOBAHNMN, KOTOPBIH MOXKET MPEBBICUT BpeMsI IKCILTyaTallul caMOro
00opyaoBaHusi, 0COOEHHO KOTJia MMEET MECTO MOpallbHOE yCTapeHHE TEXHOJIOIMYECKOTO
000pyI0BaHMsI, YTO MPHCYIE 000PYIOBAHUIO, IKCIUTYaTHPYEMOTr0 B HH()HOKOMMYHHUKAIIH-
oHHbIX Kommanusx [10-12]. C yueTom 3TOTO, IpeAaraeMasi METOAUKA SIBIISICTCS YHUKAIb-
HOM, TaK Kak OMpeAessieT ypOBEHb 3amaca KOMIUICKTYIOIEro 000pyIOBaHUS B YCIOBHUIX
HEONPEIEICHHOCTH 0TKa3a ¢ MUHUMH3aLlMe CYMMapHBIX 3aTpaT Ha IPUOOPETEHUE U CPea-
HUX 3aTpaT U3-3a HEXBATKU 3aIT9acTell [IPH MOJIOMKE ITyTeM TaOyJIMpOBaHUS KPUTEPUATBHON
(GyHKIMH 33/1a4M yIpaBlieHHs 3amacaMy Ipu ciay4aiiHoM otkase. [Ipeanaraemas B crarbe
METOJIMKA MOXET IPUMEHSTHCS B JIFOOOM OTPACIU XO3IWCTBEHHON JIEATEIIbHOCTH, 3aachl
cleayeT paccMaTpuBaTh Kak THUI WHBECTHPOBAHHOTO aKTHBa C HaJUIEKAIMM KOHTPOJIEM
PHUCKOB JUJIsl KOMITAHUI.
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IlocTanoBka 3aJa4yM U BbHIOOP KPUTEPUs] ONTUMH3ALMM 32/1a4U YIpaBJeHUs 3a-
nacamu npu ciay4aiiHoM oTka3ze odopyaoBaHusi. [IycTs 11 HEKOTOPOTO 00OPYIOBAHHUS
1enecoo0pa3Ho NMETh 3aIacHbIe YacTH (/711 TPOCTOTHI OAHOTO HAMMEHOBaHUs ). M3BecTHO,
YTO BEPOSTHOCTH MOJOMKHU N MITYK 3TUX Jerajieil paBHa P(n). CTouMocTs OnHO# aeranu
paBHa S, yOBITKH B CJTy4ae MOJOMKHM M OTCYTCTBHs 3am4actv — S,. TpeOyercs onpenenurs
ONTHMATBHOE KOJIMYECTBO 3alacHBIX AeTaleil N, T.e. Takoe, YTOObI CyMMapHBIE 3aTpaThl
Ha TPUOOpPETEHHE W CPEJIHUE 3aTparhl M3-32 HEXBAaTKH 3ammdyacTeil MpU TOJOMKe ObUIH
MUHUMAJIbHBL.

Bo3MOXHBI 1Ba MCKITIOYAIOMNX APYT Ipyra ciydas: N < N, Koraa 3amac nepeKkphiBaeT
CIipoc, U N > N, Korja uMeeTcsl HeI0CTaTOK 3ayacTen.

MaremaTuyeckasi MojeJb 3aJa4¥ ONTHMH3ANUU TEXHOJOTHYECKOro Mpomecca
ylpaBJieHus 3aiacaMu NpHU ciIy4yaiiHoM oTKa3e o0opyroBanusa. CyMMapHbIe 3aTpaThl Ha
MIPHOOpPETEHNE U CPEAHNE 3aTPAThl N3-32 HEXBATKHU 3aITYACTEH ITPH ITOJIOMKE PACCUUTHIBAIOTCS
KaK:

Z(N)=8,3" (N-nP(M)+S,3"  (n-N)P(N), (1)

rae N — 3amac geteneit; P(N) — BEpOATHOCTH MOJOMKH N IITYK aetaneii; Z(N) — pacxoabl Ha
IpHOOpETeHNE 1 TIOTIOTHEHHE 3aI1acoB JieTallel Py ToJIoMKe; N — ONITUMANIbHBIN YPOBEHb
3amaca Jierajieil.

Uro0bl ompenenuTh ONTHMAaIbHBIH O0bEM 3amacHbIX jaeranedl N uis yCTOWYHUBOTO
(hyHKIMOHMPOBaHUA WH()OKOMMYHUKIIMOHHON KOMIIAHWW, HEOOXOIMMO MHHUMHU3HUPOBATH
CyMMapHbI€ 3aTpaThl Ha MPHOOpPETEHNE 3allaCHBIX YacTel NMpH CIydailHOM OTKa3e U Cpel-
HUE 3aTpaThl H3-3a HEXBATKU 3aIT9acTel MPH TTOJIOMKE.

[loncunraem 3HaveHne neneBoit Gpyukn Z s AByx ciaydaeB (N + 1) u (N — 1):

N+1

ZIN-1)=S,> (N+1-nP()+S,> ~ (n—N-1)P(n)=

= Sli(N +1-n)P(n)+S,(N+1-N-1)P(N +1)+

+S, i (N+N-1)P(n)+S,(N +1- N -1)P(N +1) =

n=N+1 (2)
=sli(N —n)P(n)+SlzN: PM)+S, S (1-N)P()-S, 3 P(n)+SlzN: P(n)+:
+S, i P(n).

Wcrnonb3ys paBeHCTBO Z o P(n) =1 zanuceiBaem kax:

> P =1-Y " P(n). 3)

OKoOHYaTENBHO NOTyYaeM:
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ZIN+D=Z(N)+8,5 | P =S, BE5 " POFY(N)+(S,+5)Y _ P()-S,. (4)
AHAJIOrMYHO MOXKHO mokKasarb, 4TO
Z(N-D)=Z(N)-(5,+5,)3" P(n)+S,. )

Z(N) munumaisHo, eciia Z(N — 1) > Z(N) > (N + 1):

Z(N+D)-Z(N)=(5,+S,)Y" P(n)-S,>0; ©6)

Z(N-2)-Z(N)=~(5,+5,)Y " "P(n)+8,>0; )
N-1 S, N

Z n=0 P(n) < Sl + SZ < Z n=0 P(n) (8)

BrIyucnsis IeByIo U MpaByro YacTH MOCIEAHET0 HEPaBEHCTBA, MOKHO 0e3 TpyJa HaluTH
takoe N | mpu koTopom oTHOWIEHHE S,/(S,+S,) okaxeTcs 3aKII0YEHHBIM MEKY HUMH. DTO
3HA4YCHUC N U ABIACTCSA OIITUMAJIbHBIM.

Ecnu otka3 00opynoBaHusi — HENpEpbIBHASL BEJIMUKHA, TO, 3aMEHSISl pacrpe/iesieHHe Be-

positHOCcTel P(N) IIIOTHOCTBIO pacrpeneneHus: BepositTHocTei f (N),onyuyuM MaremMaTude-
CKYIO MOZI€JIb B TAKOM BUJIE:

Z(N)=5,[" (N=n)f(n)dn+S,[" (n—N)f(n)dn. ©)

WM 4To0BI ONpeaenuTs ONTHMAlbHOE 3HaY€HHE HeoOXOIMMOro 3amaca 000pynoBaHMs
N, , HEOOXOIMMO BBIYMCIUTD IIPOU3BO/HYIO:

dz

=S, fydn=s, [ f (ndn. (10)

Hcronb3yst paBeHCTBO IO f(n)dn =1 nonyuaem:
oo N
jMf(n)dn:l—j0 f (n)dn (1)
Y OKOHYATEJIbHO MOJIYYHM BBIPAKEHHE Il IPOU3BOTHOMN:

L= s+ s)f f(dn-s, (12)

IIpupaBHUBas 5TO BBIPAXKEHUE HYIIO, [IOJYYa€M BBIPAKEHUE, 110 KOTOPOMY MOYKHO
OTpEeeNIUTh ONTUMAIILHOE KOJTMUECTBO HEOOXOANMBIX 3alacHBIX JIeTalei:

SZ
S, +S,

:J'O” f(nydn = P(n< N). (13)

MopaennpoBaHue HMHTE/UIEKTYAJbHOH CHCTEMBbI JIfI pacyeTa ONTHMAJIbHOIO
YPOBHS 3aMacoB NpH cJy4yailHoM oTka3ze. Ha ocHOBe MOCTPOEHHOIN MaTeMaTH4eCKON
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Monenu (13) pa3zpaboraHa MHTE/UIEKTyalbHas cHCTeMa Ha 0as3e si3bIKa MPOrpaMMHUpPOBa-
Hust C++.

Jnst cOopa M aHaiM3a CTATUCTHYECKUX JAHHBIX cOOeB pa3paboTaHa MMHTALMOHHAS
MOJIeNIb TEeIEKOMMYHUKALMOHHON ceTH (pHUCyHOK 1), KOTOpash COCTOMT U3 CIEAYIOLINX
YCTPOMCTB:

1) mapmipytusaropst Cisco 2811;

2) poytepsl Cisco 2950-24;

3) mepcoHaNbHbBIE KOMIBIOTEPHI;

4) cepsepa FTP, DHCP, HTTP;

5) IP-TenedoHsI.

B uMuTannoHHON MOJENM CerMeHTa CeTH (PUCYHOK 1) ObLIM HACTPOECHBI OCHOBHBIC
y37bl, HazHaueHbl [P-anpeca, HacTpoen mporokon Mapmpytuzanuu EIGRP, B kotopom
LANI1 nepenaromas ctopona, a LAN2 — npuHMMaromiasi CTOpoHa.

Pucynox 1 — ApxutekTypa UCCIIeLyeMOH ceTi
Jjis IpOBEpKU TOCTYITHOCTH y3JIOB ObLI YCTaHOBJIEH 32-OUTHBIN 3X0-3anpoc otT PC6

u3 obnactu LAN2 ¢ anpecom 192.168.1.8 no FTP-cepsepa B obnactu LAN1 ¢ anpecom
192.168.15.5 (pucyHok 2).

Pucynok 2 — Pe3ynbrat NpoBepKH JOCTYITHOCTHU y3J1a CBA3H
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Ha pucynke 2 noka3zaHo, 4TO COeJUHEHHE ObUIO MOJIyYEHO, U MOTepsl Tepeaadn naKe-
toB Ethernet cocraBuina «0%». Cpennee Bpems mpuema-nepeadn nakera coctapisier 15
MC. DTO HaWJIy4IIWH BO3MOXKHBIH pPe3ylbTaT KOMaH/AbI ping, YTO yKa3blBaeT Ha HU3KYIO
3arpy3Ky CEeTH M OTCYTCTBHE HEOOXOAMMOCTH MOBTOPHO OTIPABIATH Ty e HHPOpMa-
OUIO.

B CUily TOro, 4To C60p CTaTUCTUYCCKUX NAaHHBIX BbIXOJa U3 CTPOSA TCICKOMMYHHU-
KallMOHHOTO 00OpYIOBaHMsI ATO CIy4alHbIH MpoLecc, KOTOPBId HEOOXOAMMO cOOUpAaTh
rogaMu U MOKET 3aBUCETh OT MHOXECTBaA (baKTOpOB, MNpUMEM YCJIOBHO UMUTALIUIO OTKaA-
3a 000pya0BaHUs pa3pabOTaHHOU TEICKOMMYHUKAIIMOHHON CETH 3a CIly4alHbIN OTKa3
" ONpOU3BCACM pPAaCUYC€T ONTHMAJIbHOI'O0 KOJMYCCTBA 3a11aCOB B YCJIOBMU MHUHHMHU3AIIUU
3arpar.

Brruucnsis geByro U paByro 4acTu HepaBeHCTBa (13), MoxkHO Oe3 Tpyna HailTu Takoe

~ S

2
3HA4YCHHC N , IIpU KOTOPOM OTHOIICHHEC m
— 1 2

D10 3Hauenne N U ABISETCS ONTHMABHBIM KONIYECTBOM 3aI1aCOB KOMILIEKTYIOIIEro 000-
PYIOBaHUsI JUTS TIOJIepKaHus (PYHKIIMOHUPOBAHMS TEJICKOMMYHHKAalMOHHOW ceTH. Ha-
IJISITHO 9TO MOYKHO IPEJICTaBUTh TaK, YTO MPH MOCTPOCHUU (PYHKIIMU pacIpe/eNICHUs] OT-
Ka30B, OMUPAsICh HA CTATHCTHUYECKUE JJAHHBIE UCCIIEyEMON TEIIEKOMMYHHKAIUOHHON CETH,
UCIIOJIB3Ys MTOJIOKEHHUSI, JIOMYIICHNUs U METOJIbI TCOPHH BEPOSITHOCTH M MaTeMaTH4ecKOu
CTaTUCTUKU QYHKIMSI pacrpe/ielieHUs UMeeT BUJI, TIPEJICTaBlICHHbIH Ha pucyHke 3. U npo-
Bepsis TUITOTe3y HepaBeHCTBa (13) mo o0e CTOPOHBI, MBI TIPUIEM K €IUHOMY PEIICHHIO,
KOTOpOE Oy/IeT YIOBJIETBOPSITh HAIIMM TPEOOBAHUSIM 110 MUHUMH3AIIUHU PACXOA0B. JTO 3HA-

OKaXXCTCA 3aKJIFOUCHHBIM MCIKAY HUMMU.

YCHUC N n 6yaeT ABJIATHCA OIITUMAaJIbHBIM.

Pucynok 3 — OyHkuyst pacnperiesieHns 3aracoB 0OpyA0BaHus MPpU CIy4aitHOM cOoe

OnpenuB HIKHUM KPUTHUECKUI YPOBEHD 3araca KOMITJIEKTYIOIINX 000py/10BaHHUs, T10-
Jy4YUM MHUHHMMAaJbHBIE U3ACPKKH Ha YIpPaBJIeHHE 3aracaMu MpU CIy4alHOM OTKa3e 000-
PyLOBaHUS.
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Tak kak OTKa3 SBISAETCS HENPEPBIBHON BEIIMYUHON, TO, 3aMEHSS pacIpelelIeHUe Be-
positHocTeid P(N) IIIOTHOCTBIO pachpenesieHns: BepOsITHOCTEH f{N), MOIy4uM MaTeMaTuye-
CKYI0 MOJI€Ib B TAKOM BHUJIE:

Z(N)= sljoN (N=n)f(ndn+S,[" (n—N)f(n)dn. (14)

W 4to0bI onipeieuTh ONTHMAIBLHOE 3HAUCHUE Nanm, HEOOXOMMO BBIYUCIUTH MPOU3BO-
JHYIO:
dz

N SJO f (n)dn— szj;"+l f (n)dn. (15)

Hcronb3ys paBeHCTBO Io f(Ndn=1 pongyuaem:

[7 tmdn=1-]"t(n)dn (16)

1 OKOHYATCJIbHO — BBIPAXKCHUEC JJTA HpOH?:BOILHOI\/'I:

dz N
m:(sl"'sz)_[o f(n)dn-S, (17)

[IpupaBuuBas 31o Beipaxkerue (17) Hyr0, OTy4daeMm:

S, _ N _ Yi
S:m—ﬁ) f (n)dn = P(n< N). (18)

[To BeIpaxkeHwHtO (18) MOXKHO ONPEACITUTH ONTHMAIBLHOE KOJTHYECTBO HEOOXOAMMBIX 3a-
MNacHBIX JeTalieil.

[IpuHsB ycnoBue OTKIFOUEHUS 00OPYHAOBaHUS 3a CIydYalHBIM OTKa3, JUIsl IPOCTOTHI
JKCIIEPUMEHTa BbIOEpEM OJUH THI 00opynoBaHus. [lycTh Takum oOopymnoBaHueM Oy-
Jet cinyxuth FTP-cepBep ¢ opraHM30BaHHBIMHM HAa HETO CEMHU BapMaHTaMH BO3ACHCTBUM
JUTSL BBIXOZIAa M3 CTPOs, BKiIrouas DoS-aTaku, OTKIIFOUEHUE MUTAHUS, alllapaTHbIN cOOH,
BBCJICHUE HETPABUWIBHBIX JaHHBIX ISl COCJAMHCHHS, TTOBPEKICHUE KaOCIbHBIX JIMHUH,
OIMOKH TPU HACTPOHKE KOH(HUTypaluu cepBepa, HEUCIPABHOCTh OJJHOTO U3 OCHOBHBIX
KOMITOHEHTOB cocTtaBisromux FTP-cepep (Hampumep, MaTepUHCKOW IUTATHI, KECTKHUX
JIUCKOB).

Hcxons u3 coOpaHHBIX CTATUCTHYECKUX JAHHBIX, CIIEAYET, YTO BEPOSATHOCTD BBIXO/IA U3
ctpost FTP-ceprepa P(n) B cOOTBETCTBHY BBHIOPAHHBIX KPUTEPUEB BBIXO/A U3 CTPOSI COOT-
BercTBeHHO paBHa: 0,35; 0,22; 0,16; 0,10; 0,08; 0,06; 0,03.

ITycts croumocts FTP-cepsepa Oyner pasna S, = 200 m.e., 3aTparhl B cllydae
BbIXOJa U3 CTOA cepBepa S, = 500 ja.e., MAKCUMAIbLHOE YHMCIIO UCCIENYEMBIX THIIOB
BBIXOJIa U3 CTPOst o6opynoBanus N, = 7. Pe3ynbrarsl paboThl NPOrpaMMbl Ha OCHOBE
MaTEeMaTUYECKOW MOJIEIU pacueTa ONTUMAIbLHOTO KOJMYECBa 3allacoB MpPHUBEACHA Ha
pucyHke 4.
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Pucynok 4 — Pe3ynbrarsl pabOThI IIPOrpaMMBbl

Pesynbrarel pacyera: onTuMaibHasi BEIUYMHA 3amaca N, = 4, 94TO TOBOPUT O TOM, YTO
Ha repBbie 4 TIa c00eB HEOOXOIMMO O0PaTUTh BHUMAHKE TIPU SKCILUTyaTalllu TeJICKOMMY-
HUKAIMOHHOM CETH.

MuHuMmalbHas BEJIMYMHA 1EJICBOU (DyHKIMK, CyMMapHBIE 3aTPaThl HA MPUOOPETEHUE U
CpEeIHME 3aTpaThl 3-32 HEXBATKU 3aII4acTel MpH MMoJIoMKe coctaBat Z =475 n.e.

3axiouenne. B pabote npemioxkena MHTENJIEKTyalbHas HHPOPMAIIMOHHASI CHCTEMa
pacuera 3arnacoB HHPOPKOMMYHHUKAIMOHHOTO 000PYA0BaHUS MIPH CIIyYaiiHOM OTKa3e U3-3a
BBIXOJIa U3 CTPOsi 0OOPYIOBAHUS 10 BHIOPAaHHBIM KPUTEPUSM HAa OCHOBE MaTeMaTH4eCKOn
MOJIEJIM YIpaBIeHMs 3allacaMy, HE MMEIOLIasi aHaJIoroB B HacTosiee Bpems. Ilokaszano,
4TO B OOIIEM cllydae 3aJadd YIpaBJICHHs 3arnacamu oOOpyIOBaHUS CBOAATCS K 3ajadam
HEJIMHEWHOTO MPOrpaMMHUPOBaHMS, OOIIUX METOAOB, PEIICHHUs KOTOPhIX HET. [IpoBeaeHsb
CTaTUCTUYECKHE MCCIIEIOBaHMUs OTKAa30B U MPEICTABICHbBI PE3YJIbTaThl BEPOATHOCTH cOO-
€B pa3HOro THMa JUIA pa3paboTaHHOH TeNeKOMMYHHUKAIMOHHOHN ceTH. Ha ocHOBe maHHBIX
HCCJIEZIOBAaHUI C HCIOJIB30BAHMEM MaTEMaTHUECKOW MOJAEIM MOCTPOEHA SMIHUpUYECKas
¢yHkuus pacnpezaenenus. Pazpaborana nporpamma onpeeneHus ONTHMalbHOTO YPOBHS
3amacoB MPU CIIy4ailHOM OTKa3e U CyMMapHBIX 3aTpaT Ha MPHOOpeTeHue 000pyaOBaHUs U
CpEeIHMX 3aTpaT U3-3a HEXBATKHU 3aI4acTell mpu nonomke. BxogHeIMu mapamMeTpamu 3a1a4u
SBJISICTCSL BEPOSITHOCTD BBIXOJA M3 CTPOSI OOOPYAOBaHMS, 8 BHIXOAHBIMU MapaMeTpamMH SIB-
JISIIOTCS ONTHMAJIBHBINA YPOBEHD 3a1aca 1 MUHUMAallbHOE 3HaueHHE 11eTIeBOi (DyHKLUH, OLle-
HUBAIOLMH YPOBEHb U3ICPKEK KOMIIAaHUU Ha PHOOPETEHUS U XPaHEHHUS 3aIlacHbIX YacTel
K 000pYIOBaHHIO ITPU MX MOJIOMKE. Pe3ynbTarsl MOIydYeHHbIX pa3padoTOK B paMKax CTaTbu
MOTYT OBITh UCIIOJIB30BAHbI IPH YIPaBICHUH 3allacaMH KOMIUICKTYIOIUX B PealibHO (PyHK-
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MUOHUPYIOLIUX I/IH(I)OKOMMyHI/IKaHI/IOHHI)IX KOMITaHUAX U MMO3BOJIAIOT MUHUMU3UPOBATH U3~
ACPIKKU, COOTBETCTBCHHO, IMMOBBICUTH peHTa6eHBHOCTL KOMITaHUHW WU ONTHUMHU3UPOBATHL pa-
0oTy.
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T. T. BEJIAMOB, A. A AHJKAHOBA, JI. K. TEMEYBFAEBA

Kaszaxcman unoicenepnix-mexnono2usiivlk, YHUGEPCUMEMT, KOMNbIOMEPIIK
ABMOMAMMAHOBIPLLIZAH JHCIHE METEKOMMYHUKAYUSLILK, HCYUENEDP UHICEHePUs]
xageopacul, Armamol, Kazaxcman

MUHUMAJLIBI IBIFBIHIAPMEH KE3JEMCOK ICTEH IIBIKKAH
KE3JIE TEXHOJIOTUSIJIBIK KABJBIKTBIH )K¥YMBIC ICTEYIHIH
TYPAKTBLIBIFBIH KAMTAMACHI3 ETYAIH UHTEJUIEKTYAJIIbI

AKIAPATTBIK )KYHUECI

Hngoxommynuxayusanvlxy KOMAAHUAHBIY TEXHOIOUANLIK  JHCADOLISLIHbIY  MYPAKMbL  HCYMBICHIH
KAMMAamacwl3 emy Yulin bIKMUMAnl akayiap Kesinoe dHcabobiKKa Kbl3Mem Kopcemy WbleblHOAPbIH
bacxapy cmpameuscoit Kapacmulpy Yculuvliaosl. Kazaxcmanoagvl scemexui ungOKOMMYHUKAYUATBIK
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KOMNAHUSAAPOLIH OIPIHIH JCENICIHIN HCYMbIC ICney MblCATbIHOA aKaylapOobly Natiod 601ybiHblH ben2icizoici
arcazoativinoa manoay oacypeizindi. OcbiHblY He2i3siHOe OHMAUIaHObIpy-ecenmey MoOeni Kypuliobl,
OHBLY Kipic napamempiepi UHGOKOMMYHUKAYUSIIbIE KICINOPbIHHbIY He2l32l HcabObleblHbIY ICMEH UbLEY
BIKIMUMANObIbL, A1 WBIRLIC NAPaMempIepi HcadObIKMbl ayblCMbIPYObll OHMALNbL YAKLIMbIHbIH MIHI JHCIHE
Makcammulk, GyHKyusi 6oavin madwviiadvl. Maxcammulx Qynkyusnsl mayoay sHcadovli KYpamoacmapvit
mapmy dHcane cakmay yaKblmoin azaumyea oetin Kvickapaowvl. Camcizdikmepoi backapy maceneci y30iKciz
CMOXACIMUKATLIK OHMAULAHObIPY MACENECt PEMIiHOe MYAHCLIPbIMOUNRAN.

Byn makana comcizoikmepdi 6ackapy macenecin uiewiemin Oipezeti MamemMamuraislk MoO0enboi
azipneyee apuanzan. Kezoeticok icmen wwbiKKam scagoarioa s#abovbikmapowl my2enoeyoi Oackapy mancoip-
MAcwiH d3ipiezer 6a20apnamanvli KamMmamacsl3 emy YColHbLIblN OMbIPal MamemMamuKaislk MoOenboiy
ecenmeynepin Kopcemeoi, HcAOObIKMbl YCmayaa Kememin wbleblHOapobl a3aumaolvl Jcone Kazipei
3aMAHELL MANANMAaApoObl ecKepe OMuIpbin, UHPYOKOMMYHUKAYUATLIK KOMIAHUAHDIY JICYMbIC icmey wapm-
mapuvina Kebine calikec Keneoi. Kapoivl HAPLIZLIHOAZ! IKOHOMUKAILIK AYbIMKYAApOblY epeKuienikmepi
orcone IT-mexHonocusanapoviy KapKblHObl OAMYb.

Tyitin co30ep: unmennekmyaiovt Jeyiie, mypaKmvlivlk, Ke30eUCoK iCmeH Wul2yiap, OHMAaiilanoblpy,
bakwLIay mancolpmanapul, wewim Kaovlioay.

T. T. VELYAMOV; A. A. AIZHANOVA, L. K. DEMEUBAYEVA

Kazakhstan University of Engineering and Technology, Department of Engineering
of Computer, Automated and Telecommunication Systems, Almaty, Kazakhstan.

INTELLIGENT INFORMATION SYSTEM FOR PROVIDING THE STABILITY
OF THE FUNCTIONING OF TECHNOLOGICAL EQUIPMENT IN THE EVENT
OF RANDOM FAILURES WITH MINIMUM COSTS

To ensure the stable operation of the technological equipment of an infocommunication company, it
is proposed to consider a strategy for managing the costs of maintaining equipment in case of probable
failures. An analysis was carried out under the conditions of uncertainty of the appearance of failures
on the example of the functioning of the network of one of the leading infocommunication companies in
Kazakhstan. Based on this, an optimization-computational model was created, the input parameters of
which are the failure probabilities of the basic equipment of an infocommunication company, and the
output parameters are the value of the optimal equipment replacement time and the objective function.
The choice of the objective function is reduced to minimizing the time for attracting and storing equipment
components. The problem of failure management is formulated as a continuous stochastic optimization
problem.

This article is devoted to the development of a unique mathematical model that solves the problem
of failure management. The developed sofiware implementation of the task of managing inventory of
equipment in case of random failure shows the calculations of the proposed mathematical model,
minimizes the costs of maintaining equipment and most corresponds to the conditions for the functioning
of an infocommunication company, taking into account modern features of economic fluctuations in the
financial market and the rapid development of IT technologies.

Keywords: intelligent system, stability, random failures, optimization, control tasks, decision making
techniques.
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BYJITTbI KbI3BMETTEPII OHTAMJIAHABIPY KAF TAMBIHBIH
O3EKTLIIIT 5)KOHE IAMY BOJIAIIAFBI

Kasipei yakeimma 6yammul dcyiienep adam emipinoezi Kon yyHKyusivl kemexutinep 6oavin maowl-
naovl. Bynmmul gicyiienep men ipi Oepekmep OpmanvlKmapbiily 0amy mMeHOeHYUusnapvl aKnapammolk
MEXHONO2UANLAPObIH HCAHA OJVIPIHe dHCaKbiHOA Koulydi kepcemedi. Aknapam o0ar 0a Ko scemimoi bona-
Obl, OHbL i30€y HcaHe OHOeY 00AH Od Mme3 HCIHe bIHAULbL O0NA0bI.

Typni oynmmuix orcyiienepoi, onapovly apmulKWbLILIKMApbl MeH Kemulinikmepin canvicmoipy IT-
KOMNAHUANApObIY 03 OHIMOepin Jicemindipyze dcane bacexeze Kabinemmi 001yea YMMbIIbICLIH AUKbIH
Kepcemmi.

Ocvinatiia, rco2apbloa aumbvlieanoapea cytiene Omulpbln, OYaAmmoul Jicylerep MeH Oyammol
ecenmeynepoi Aknapammuli MexXHONOUANAD MEH ecenmey bliblMOAPLIHbIY 00aH aPi 0aMYbIHA KYumi
cepnin bepemin dcana macin peminoe Kapacmuipy Kkepek 0en KopblmbvlHObL dcacayea 601aobi.

Maxkanaoaxonoanyuivbiza Oyimmel KblamMemmepoin pecypCmapblHbly KYpambl MeH Kayincizoik Oeyeetiin
3amanayu Oyammol pecypcmap Kome2iMen MOHUMOPUHSMAy apKblibl OBMAIAHObIPY KAPACHbIPLLIRAH.

Konoanwiny asicol peminoe Humepnem owcenicin Kasicem ememin mexemeniy, IT-komnanusiapowiy
03 OHIMOEpIH Jicemindipyee dHCoHe YCHIHBLIAMbIH OYIMmmbsl Kbl3Memmepiniy Kayincizoik oOeqeelin
OHMALIAHOBIPY, OCANOLIKMAPObL OLIY HCIHE OLAH UAPANAP KOLOAHY HCALOAUNAPBIH Aly2d OO0NAbL.

Hugpnouix Kasaxemanneiy Humepuem dicenici apkulivl OYimmul Kblzmemmepoi Jcemix nauoanamy
Heeizel MaKcamul, COHOLIKMAHOA, HCACATBIHEAH OHMAUIAHOBIPY HCYMBICHIHLIY KOMe2T dpOIp KoNOaHywvlea
Kaoicem O00namvlHbIHA CEHIMOIMI3.

Tyuin co30ep: Oynmmul Kpizmemmep, OYAmMmul Kbl3Memmepoiy pecypcmapbinvlly KYpambl,
oymaiinanowvpy, SaasS, PaasS, laas.

Kipicne. byirtei ecentey op azaMHBIH ©MipiMeH KaTbICThl. OJ1 MHTEPHET apKbLIbI KBI3MET
peTiHae KOChIMIIanap MEeH CaKTay OpbIHAAPBIH aKbICHI3 YChIHAABIL. Bi3AiH KONIimiriMiz KyH
cailbIH OYJITTHI €cenTey KbI3METTEPIH KO AaHaAMBbI3.

BynTThl KBI3METTEP — OYJT KaHa ONEepalsUIBIK MOJEIb )KOHE €CEINTeY PecypCTapbIHbIH
JKaIlbl MYJNJapblH OackapyFa apHajfaH TEXHOJOTHsUIAp JKUBIHTHIFBL. by Oipiaecken
JKYMBICTBI, MKEMJIUTIKTI, MacIuTaOTayabl )oHE KOJI JKETIMIUIIKTI JKakcapTyFa MYMKIiHIIK
OepeTiH >KOHE OHTAWIAHIBIPBUIFaH JKOHE THUIMAI ecenTeylep apKbUIbl IIBIFBIHAAPIBI
azalTyra MyMKiHIIK OepeTiH pEBOMIOLHUSUIIBIK TEXHOJIOTHs. BYITTHI MOZIEIb KOMITOHEHTTEP 1
Te3 YHBIMAACTBIPYFa, AalbIHIAyFa, CHTI3yre jKoHE NalijalaHydaH IIblFapyfa, COHIAi-aK
yKcac YTHIIMTaHbl CYpaHbIC OOMBIHILA TapaTy )KOHE TYTHIHY MOJIEIiH KaMTaMachl3 €Ty YIIiH
KeHEeWTyre HeMece a3aiTyra OomaThIH aneMal Oomkaiast [1].

ByntTel ecenteynepai anbIKTay yiiH cranaapt petinge National Institute of Standards
and Technology (NIST) moaeni xonnmansutaasl. NIST OynrTel ecenrteynaepae Oec Herisri

* E-mail koppecnoraupytomiero aBropa: aiymzhan.makulova@narxoz.kz
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CUIIaTTaMaHbl, YII OYJITTHI KbI3MET MOJISIIIH KOHE TOPT OYJITThI OPHAIACTHIPY MOJICIIIH CH-
narTaiias (1-cyper).

1-cypem — BynTTHI KBI3MET MOZIEIBIEP1

ByiTTel ecenteynin Herisri cumarramanapblHa ecenTey KbI3MET Typi ue 6onmaca, on
OYJITTHI ecenTey KbI3MET1 PeTiH/Ie KapacThIpbUTMaiibl [2].

Pecypcrapasl 6ipikTipy eH ipreni cunar 6onbin Tadbutazsl. O KeTKI3yIi pecypcTapibl
abcTpakuusUIaiIbl, MyJUIIapFa KUHAK BT 5KOHE OJIapblH O6TIKTEPiH OpTYPJIi TYTHIHYILIBLIAp
apackIiHjia Oestesii (91€TTe casicaTr HeTi3iHIe).

OKIMILIIIIK casgcarka TAYeICi31iK — TYTHIHYILIBLIAP CYPaHbIC OOMBIHILA OYIIT pECYpCTapbIH
YChIHAABL. JleMeK, TYThIHYIIBI 63 PEeCYPCTapbIH OKIMII — ajlamMFa )KyriHoecTeH 6acKapabl.

JKenire keH KoJ1 KeTKi3y — 0apibIK pecypcTapAbIH TiKeJael PU3UKaIbIK KO KeTIMIUTIKTIH
KOKETTUIITIHCI3 JKeJl apKbUIBI KOJI MKETIMJI eKeHIH OUIipeIi KoHe kel MIHASTTI Typle
KBI3METTIH 06JIiri 00IyhI MapT eMec.

JKbinam cepniMIuTiK TY TRIHY IIbUTApFa OYITTaH Tali AajlaHaThIH pecypcTapAbl KeHEHTyTe
HeMmece a3zaiiTyra MyMKiHIAIK Oepeni (pecypcrapibl Oeiy oHE pyKcarTapabl aiy). by
oJlapFa pecypcTapibl TYTHIHYABI CYPaHBICIICH AQJIIPEK COMKECTeHAIpyre MyMKIHIIK Oepei
(MbIcalbl, CYpaHbIC ©CKEH CallblH BUPTYaJIbl CEepBEpIIepi KOCY, ajl CYpaHbIC TOMEHACTEH
Ke3JIe OJIap/ibl euripy).

ByiITTBI KBI3METTEpAIH 9PTYPIIi HETi3r1 CaHaTTapblH CUMATTAWTBIH YII KBI3MET MOJEINI
AHBIKTAJIFaH!

v' BarnapiamaisiK skacaKTama KeisMeT peTingie (Software as a service, SaasS);

v’ Ilnarpopma kei3meti perinze (Platform as a Service, PaaS);

v’ Undpakypsuisiv Kpi3merti petinge (Infrastructure as a Service, laasS).

Barnapnamanbik jkacakrama Kei3MmeTi petinae (SaaS) — Oy mposaiiiep OackapaTbiH
KOHE ©31 OpHAJIACTHIPATHIH TOJBIK OargapiaMaliblK KbI3MET. TYTBIHYLIBUIAD OFaH BeO-
LIOJIFBIII HEMECE MOOMIIB/II KOCBIMIIACKH! aPKBUIBI KOJI JKeTKi3e anasl [3].
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[Tnardopma kei3meti perinae (PaaS) — Oyl Aepekkopiap, KochMInaiap riargopma-
napel, daingapasl cakTay, OIpJiecim )KYMBbIC iCTey, )KeKe KOCBhIMIIalap/sl OHIey (MbIca-
JIbl, MAIIMHAJIBIK OKBITY, YJIKCH JEpEKTep/i eHICYy HeMece KoJiaaHOaibl Oarjapiiamaliay
UHTEep(EUCTEPiHIH TONBIK SaaS KOCHIMINACHIHBIH (YHKIHSJIApbIHA TiKeNeH KO KeTiMi
€TY) CUSIKTBI JIaMy TUIaT(opMaapblH HEMece KOChIMIIanap sl adcTpakiusiaisl. Herisri
afBIpMAaIIBIIBIK — CEpBEpIepi, Kelinepal Hemece Oacka HHPPaKYpbUIBIMIIBI OacKapa ai-
Mmay.

WNudpakypbuibiM Kbi3MeTi peTinge (/aaS) — ol KOMIBIOTED, el HeMece CaKTay CUSKTHI
HETI3ri ecenTey HHPPaKYphUIBIMBIHBIH pECypcTap MyJIbIHA KOJ KETIMILTITIH YChIHATBL.

By/iTThl OpHAIACTBHIPYABIH HETI3rT MOJENI KbI3MET KOPCETY MOJCIbJICPIHIH OapIibIK
CHIEKTpiHJIe Konanbuiaasl (1 - kecre):

v/ auibIK OYJITTHI MH(PPAKYPUIBIM - KOIIILTKKE HEMECe ipi CallasbiK TOMKA KOJI SKETIMJI;

v’ skeKe OYITThI HHPAKYPBUIBIM - TEK Oip YHBIM YIIiH )yMbIC icTeiai. OHbI YIiHmI Ta-
panTa 6ackapa anajibl )KoHe YHBIM ayMaFbIH/a, OJ[aH TBIC JKeplieplie e OPHAIACYBl MYMKIH;

v/ KaybIMJIACTBIK OYJITTHI MH(PAKypbUIbIM - GipHele YHbIMAAp YIIIH OpTaK XOHE
Maceenepi ykcac 0enriii 0ip KaybIMIACTHIKThI KOJIJIAHIbI;

v rulpuari OWITTBl MH(PAKYpBUIBIM - €Ki HeMece OJlaH Ja KoIl OyJITTapibiH
JKUBIHTBIFBIHAH ~TYpajbl, OipaKk JepeKTep MeH KOCHIMIIAJNAap/AblH TachIMajlaHybIH
KaMTaMachl3 €TETiH CTaHAapTTaIFaH HEMece MaTeHTTENTeH TEXHOJIOTHSIMEH OaiaHbICTBI.
I'ubpun, sgerre, OYITTH KbI3MET MPOBaiiiepiHe TiKeneld KOChUIFaH OYJITTHI eMec IepPeKTep
OpTaJIBIFBIH CUTIATTAY YIIiH KOJIAAHbLIA/IbL.

1 Kecme — BynTTBI OpHAIACTHIPYIBIH HET13T1 MOZEi

.. NudpakypeuibiM OJ1 JKETIMILTIK JKOHE
Tuecini uHGPAKYPHUIBIM (bpaxyp K A
JIOKALIHSICHI TYTHIHYIIBLIBIK
Yuinmni Tapan Ny ..
ATIBIK . pa ¥HipIMHAH ThIC Cenimci3
JKETKI3yIic
JKaObIK koHE Y uriHin Tapar " N
. L YHBIM/Ia JKOHE OJ]aH ThIC Cenimai
KaybIMIACThIK JKETKI3YIIICI, YIBIM
YuiHmi Tapan . CeHimi xoHe
T'ubpun . L ¥ HUbpIM/a J)KOHE OJ1aH ThIC A
JKETKI3YIIIiCI, YIABIM ceHimci3

JKanmbl anranga, ockl MPOIECTEPAIH ayKbIMbl OoJamiaKTa 3aHHAMAIBIK PETTEYIiH
HETi3iHe allHaIybl MYMKIH MpoOieMaiap/ibl ISy XKOJJapblH 13/Iey MaKcaTbIiHIa OJapibl
OJ1aH 9pi TYCIHY1 KAXKET eTe/li, OMTKeHI MYH/Iall aKIapaTThIK-KOMMYHHUKAIIUSJIBIK TEXHOJIO-
rUsJIap/bl alianany dJeyeTi oTe yIIKeH )KOHE OHBIH KOFaMJarbl POJiH KYIISHTy/i Tajar
eTel.

ojicTep, MaTepuangap KoHe HITH:Kesep. Du3MKaNbIK HbICAaHAAP MEH HHQpPaKy-
PBUIBIMIBIK Ka0abIKTap /aaS Heri3iH Kypaiiabl. ByaTThl ecenteynepMen Oy pecypcerap ad-
CTpaKIUsIaHa bl XKOHE OipiKTipinesi, Oipak eH Heri3ri IeHreiie KypbhUIbIC YIIiH opKallaH
(U3MKaIBIK Ka0/BIKTAP, JKEIIEP MEH KoiimMaap KaxeT. AOcTpakius keOiHece BUPTyallu-
3alUsi apKbUIBl pecypcTapibl PU3HKaJIbIK HIEKTeYNepAeH Oocarapl, OyJ1 oap/abl myuLaapra
OipikTipyre MyMKiHAiK Oepeni. Kemeci Heri3ri OaiiyiaHbIC KOHE KETKi3y KypalJapbIHbIH
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OPKECTP1 OCHI JIEPEKCi3 pecypcrapbl Oip-OipiMeH OalIaHbICThIPabl, OJapAaH IyJUT JKa-
CaiiJIpl )KOHE TYTHIHYIIBIIAPFA JKETKI3Y/li aBTOMATTaHbIPAIbI.

MyHnbiH 0opi  KoijaHOaibl OarmgapinaMarnay WHTep(QEHCTepiH KOJIJIaHy apKbLIbI
xeHinerineni. Application programming interface (API) untepdeiicrepi OyiITTarsl Kom-
MOHEHTTEP YIUiH Heri3ri OaiyiaHbIc 9/ici OONBIN TaObUIAAbI XKOHE OJapIbIH Kebipeynepi
OYJITTHI KOJIJTAaHYIIIBIFA OJIapbIH PECYPCTaphl MCH KOH(DUTYpalUsIapbiH OacKapy YIIiH KOl
xetimai. Kazipri yakeirta Oyttt API-min kenuiniri HyperText Transfer Protocol (HTTP)
MIPOTOKOJIBI APKBUIBI JKYMBIC icTelTiH Representational State Transfer (REST) xonmanansi.
AJ OyJ1 OHBI MHTEPHET KbI3METTEPI YIIIH 0Te KoJalibl eTei [4].

Kem sxarnmatina APl untepdeiicrepi KalIbIKTaH KOJI JKETIMJII KoHE BeO-Taii1aaaHybl
uHTepdeiicine OipikTipinarer. byin komOuHams OyaTTH OacKapy >Ka3bIKThIFBI OOJIBIT TA0bI-
Nasibl, OUTKEHI TYTHIHYLIBUIAP OHBI BUPTYaJibl MallIMHATIAPAbI iCKe KOCY HEMECe BUPTYall-
I JKEJIIIepAl OpHATY CHSKTBI OYJITTHI pecypcTapAbl 0ackapy jkoHe KOH(pUTypalusiiay YIIiH
naiinanananel. Kayincisaik TypreicbiHaH OYJ1 QU3HKAIBIK HHPPAKYPBUIBIMIIBI KOPFayIbIH
€H YJIKEeH aifbIpMaIlIbIIBIFbI J)KOHE OYIITTHI Kayinci3aik OarnapiaaMachIH jkacay Ke3iHje 6acTbl
0achIMIBUIBIK OOJIBIN TaObLIaAbl. Erep malysuinayiibl ci3aiH 0ackapy JACHICHiHI3re eHce,
OHJIA OJT CI3/11H OapJIbIK OYJITTHI OPHAJIACTHIPYBIHBI3FA KAIIBIKTAH KOJI )KETKI3¢ aJiajibl.

Ocpinaiiima, laaS pecypcrapibl KalllbIKTaH 0acKapy JKOHE TYThIHYIIbLUIAPFA JKETKI3y
YILIH KeJeci JeHreHIepieH Typajbl:

— O0BEKTICH;

— anmaparThIK KypaJJaH;

— a0OcTpakiyst IeHrefiHeH;

— OpKecCTp ACHTreliHeH (Heri3ri KOChUTY KoHE KEeTKi3y).

laaS ecenTey mnaropMachIHBIH KESHIIIETUITEH apXUTEKTYPAJIBIK MBICANBI 2 -CypeTTe
KeNTIpiIreH:

2-cypem — laaS apXUTEKTypachl
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Ou3HKaIBIK CEpBEPIIEP CEPHUSCH €Ki KOMITOHEHTIICH JKYMBIC 1CTEeH/I:

— TUTIEPBU30D (BUPTyaIM3aHs YILIiH);

— Oackapy (opkecTp) OarmapiamMalibIK )KacaKTaMachl.

TyTeiHymbl Oenrini Oip KeJeMJIeri akmapaTTblH JaHachlH BUPTYalIbl CcepBep-
JICH CYpaiiJipl, aln OYJIT KOHTPOJUIepl Kall CepBEepiH OTKi3y KaOijeTi KETKUTIKTI eKEeHiH
AHBIKTAMIBI )KOHE CypaJIFaH oJIIlIeM JJaHACKIH Oelle/i.

CopnaH KeliH KOHTpOJIIep cakTay KOMMAachIHAH CaKTay[bl CYPalThIH BUPTYaJAbl KAaTThI
JIUCKIHI yKacaiibl, OJ KOMMaHbI CaKTay IyJIbIHAH 06Jie/li )KOHE OHBI THICTI XOCT CepBEpiHE
JKOHE JKelli JaHachlHa Kocalbl (cakTay Tpaduri yiuiH apHaiibl xeni). XKemi, cCOHBIH immiHae
BUPTYaJIIbl JKelli MHTepdeicTepi MeH MEKeH-Kalaapbl Jla KaXEeTTI BUPTYaJJbl JKellire
OeJTiHIN, KOCHUIAIB.

YuriHon Kajgamja KOHTPOJUIEp cepBep KECKiHiHIH KeIlipMeciH BUPTYaJibl MallliHaFa
JKIOepiI JKYKTeHal oHe KoH(UTrypausaiael. by aypeic koHGUrypauusianFal BUPTY-
aJIJIBI JKEJli MEH caKTay KOMMachl 6ap BUPTya[bl MAIIMHA/IA dKYMBIC KacalThIH JepeKTep i
Kypaiiael. Bykinm mporecc asikrajdfaHHaH KeHiH MeTaJlepeKTep MEH KOCBULY Typasibl
aKIaparThl OYIT KOHTposuiepi xkioepeni. CoHaH COH, aKmapapar TYThIHYIIBIFa KOJI KETiM/Ii
Oonanpl.

PaaS xoceiMIianap/ sl Keiaeci MYMKIHIKTEpPMEH UHTErPaIlUsHbIH KOChIMIIIA KAOAThIH
KOCaJIbl:

— 93ipiiey opTasiapsl;

— apaJibIK OaFaapiaMabIK KacakTama MyMKIHIIKTepi;

— ManimerTep 0a3achl;

— xabap ajyMacy *oHE Ke3eK YHBIMIACThIPY.

Byn OynTTHl KbI3METTEp o3ipieymriiepre ruatrdopmana Oargapiamanay TUIIepi MEH
CTEK KOJJIANTBIH TEXHOJOTHSIAPAbI KOJJIaHa OTBIPHINT KOCBIMIIATAp jKacayFa MYMKIHIIK
Oepeni.

Haxkrsl aiemie sxui Ke3/ISCETIH JKOHE MOJICIbJIC CYPETTENreH HyCKanapabiy 0ipi — laaS
rutatopMmachkid Kypy. HTerparus ’koHe apajblk OaraapiaMaliblK Kacakrama AeHreii laaS
HETI31HJE JKacauaabl, ColaH KeiH OipiKTipily, YHBIMIACTBIPBITY KYMBICTAphl OTKI31MiIL,
PaaS perinne APl KongaHaThIH TYTHIHYIIBUIAPFa Oepinesni.

PaaS-ta OyATTH KONAAHYLIBI HETI3TT MHPPaKYpBUIBIMIBI eMec, Tar(opMaHbl FaHa
kepeni. bi3aiH Mbicasima moamimeTrTep 0Oa3zachl KeHEWTLIeHl (HeMece KbhICKapaibl) JKOHE
KOJIAaHBITYbIHA OalIaHBICTHl KIMEHT YLIIH JKeKe cepBepliepii, JKemIepmi, Ty3eTyaepui
JKOHE T. 0. OacKapy KaKeT eMec.

PaaS-xa Tarel Oip MbIcall — KOCBIMIIAIAPIbl OpHANACTHIPY IIaTGopMachl. byi
o3ipieymIiiep ©3 pecypcTapblH OacKapychl3, OariapiaMa KOIBIH JKYKTEH KoHE iCKe Koca
anaTblH OpbIH. PaaS-Ta Ke3-KelreH T Ke3-KelIreH KOChIMIIAaHbl iCKe KOCyFa apHallFaH
KbI3MeTTep Oap. Omap o3ipiieymrisiepii cepBepiepil OpHATyIaH XoHE KypyaaH Oocara-
JIbl, KOCBIMILIAHBI JKaHAPTBIT OTHIPaZbl HEMECe KIlacTepiey >KOHE JKYKTEMEHI TEeHIECTIpy
CHUSIKThI KMBIHIBIKTAP/IbI IIemesi [5-8].

3-cypet laaS apXUTEKTypaChIHBIH >KOFapFbl JKaFbIHJA JKYMBIC ICTEHTIH KOJIaHOAJIBI
riatrdopmansl (PaaS) xepcereni. IHTepHET apKblibl OalTaHbIC OPHATATHIH €CENTEY KOHE
cakTay MyJjiiapblHa KOCBIMIIA KOMETIMEH KOJ JKeTKi3y YIIiH aJJbIMEH, KOChIMIIIA apKbLIbI
API-n1i KonmaHbIN, ecenTey KOHE JIEPEeKTEpIli CaKTay KOHTPOJUICPIHJEC HETi3ri JIOTUKAHbBI



32 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

OpBIHJIAll OTBIPHKIIN, CYpaHbICTap ockecTpiepre xidepinemi. OckecTpiep 3 Ke3eriHae ap
CYpaHbICTHI OipHEIlIe cepBepiepre canbl OolbIHIIa Oein TacTaiabl. OchuTaiiina cepBepiiep
ecenTey JKOHE caKTay MyJUIAapbIMEeH OalTaHbICaIb.

3-cypem — PaaS apXUTeKTypachl

SaaS OynT KbI3METTEpi — Ke3-KelreH OariapiamaiblK I1aTopMaHblH — OapiibIK
APXUTEKTYPAJIbIK KHUBIHIBIKTAPbl Oap TONBIKKAHABI MYJIBTUIUIMKALMSIBIK KOCHIMIIAJap.
Kenrteren SaaS xeTkizyurinepi HUKEMIUTIKTIH, TYPaKTBUIBIKTBIH JKOHE HKOHOMMKAJBIK
apTHIKUIBUIBIKTAPIBIH JKOFapblIayblHa OainanbicThl laasS, PaaS-xa cyiieneni [9-11].

ConbiMeH, OapnblK SaaS KommaHOambl, JOTMKAIBIK JeHreimi koHe APl nmepekrep
KolimaceiHaH Typazabl. CogaH KeliH BeO-IIONFbIILITAPAbI, MOOMIIBI KOCHIMILATAP/IbI KOHE
API-re >xanmeira KoJ XeTIMAUTIKTI KAMTUTBIH Oip Hemece OipHelle KepiHic aeHreinepi
(GyHKUIMsITApBIH KaMTHIBI (4-Cyper).

ByiITThl KBI3METTEPIiH MbICAJIAapBl OOJBIN TaObUIATHIH KOCBIMIIIA HeMece Oaraapiiama
Typaepi (5-cyper).

Kasipri yakeiTTa onemze yu annaybsit 6ackapaasl — AWS, Azure, Google Cloud. byn
KOMIaHusIap OYKiNT oyieM OOMBIHINIA HAPBIKTHIH YJKEH YJIECIH anajibl 9pi TeXHOJIOTHUSIIBIK
KemdacubuIap OOJBIN TaObUIAABI KOHE OYITTHI /aaS KbI3METTEPiHIH AaMy TEeHACHIHsIIA-
pBIH Oesnrineimi.

SaaS-TeIH xanmel Ke3MeTTepine Dropbox, Salesforce, Cisco WebEx xipeni. PaaS
kbi3MetTepine Google App Engine, Apache Stratos sxone OpenShift kipeni. KeitOip TanbimMan
OYJITTHI TIpOBaiiiepaep KpI3MeTTepi, Mbicaiibl, Amazon Web Services (AWS), Cisco Meta-
pod xone Microsoft Azure KongaHyblIap yiriH OipHele HKeMIi MemiMaep YChIHAIbL.
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4-cypem — Kannpinanran SaaS HaKTH MIaTPOPMACEIHBIH APXUTEKTYPACHI

5-cypem — byntThl KbI3METTED
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ByntThl ecentey KbI3METTEPiHIH BIHFAUIBUIBIFBI MEH TOMEH KYHBI Oi3/iH KYHICIKTI
OMIpiMi3lli ©3repTKeHiHe KYMOH KOK. JlereHMeH, OyITTHl ecenTeyiepMeH OalTaHBICThI
Kayirnci3ik Mocenesepi 01311l KyH caiiblH OOJIBIIN KaTKaH KUOSPKhLUIMBICTAPFA OCajl ETeI.
Xakepnep OyJiTTapra 3aHIbl PYKCATChI3 KOJI JKETKI3y Hemece Oenruii Oip makcarrapra
XKETy YIIiH OYITTBHI KBI3METTEPAIH JKYMBICBIH OY3y YUIIH 9pTYpJi SJicTepi KOJAaHabl.
JHepexrepliiH HaKTHl OpHaJlacKaH >Kepi aHBIKTAIFaHHAH KEeHiH, XaKepiepliH KbUIMBICTBIK
OpeKeTTep YIIiH XKeKe KYIHUs aKmaparTapbl KOJ KeTiMAl Oomazbl.

O3 3eprreyinne [12] i3penymrinep 0araHbl KAJIBINITACTHIPY OaFAapiiaMaliblK KacaKTama
CaJIaChIH/IaFbl OM3HEC CTPATEerwsChl MEH TAaKTHKACBIHBIH MaHBI3bl 3JIEMEHTI peTiHIe
KapacTelprad. bara Typaibpl Heri3menreH Imemimaep KaObuigay opTypii MyZAneni
TapanTaplIblH KaThICybIH KOHE JEPEKTEpAl KaH-)KaKThl Tanfaynsl Tanan ereai. CoHbIMEH
Karap, SaaS 6aranapbl Typaibl TOJIBIK OLTIM )KUBIHTBIFbI )KOHE SaaS KeTKi3ylIiIepiHe OaraHbl
o3ipiey MEH eHTi3yre KOMEKTECETiH IoJIeNIIeHIeH Lienimep *ok. Fameimumap 3eprrey
yurin “AK” sxone “C¥P” onmebuerrepmi 3epTTedTin multivocal literature review (MLR)
oxiciH Kongauel. 387 OGubnuorpadusUIbIK MyHKTTEH TYPAThIH 97e0ueTTep KoleMi pecMu
XaTTaMaHbl MaianaHa OThIPbIN kuHanFaH. Onapasiy 57 - ¢l 91eOUeTTIH aK MaKajalaphbl,
an 330-bI cyp TYCTi. O1eOueTTep/Il OflaH dpi KOPCETY, KaJIbLIay KOHE ecer Oepy apKbLUIbI
OipHemie emnmiemaep OOHBIHINA KIKTEY YIIiH Ma3MYHIBI TajJlayAblH KO CaTbUIbl IpOLeCi
Ky3ere acelpbutral. Hotrkene Oarara OaiilaHbICThI TY>KbIPbIMAAMaIapAbIH TAKCOHOMUSICHI
kypbutFad. OHpa SaaS OarachlHBIH acmekTiiepi, ocep eryun ¢akropuap xoHe SaaS
JKETKI3YIIIepl Ke3/1eceTiH Macenelep xikrenreH. KopeIThiH b1 3epTTeyIIiiep Saas Oara
TOXKIPUOECIH TYPIACHIIPYIiH HEri3T1 TaKbIPHINTAPhl MEH MPAKTHUKAIBIK MOCEIeNepiH KoHe
OCBI cajiajia KOChIMIIIA 3epTTeYJIep KYPTi3y YILiH YChIHbICTAp kuHaKTaraH. Hotnxene MLR
SaaS Garanapel Typasbl 3epTTEYICP MEH TIKIpHOCIIeP IiH HAKThI KOPIHICIH KaJIBINTACTHIPBI
xoHe SaaS GarachIHBIH OPTYPIIi aCHEKTLIepi MEH acep eTy (aKTopiapbl aHBIKTaJJIbL.

I3penymrinep [13] OarnmapiaManblk Jxacakramanbl aHbIKTanraH xeni (Software De-
fined Networking, SDN) >kyMbIC acan TYpFaH BUPTYyalJIbl MallMHAIAPIbIH Tpadurine
KOHBUIATBIH TajanTapAbl TUHAMUKAIBIK TYPAE YKaHapTa OTBIPBIN, OYJITTHI KbI3METTEep/i
Taparyibl 0ackapy YIIiH pecypcTap/bl 0acKapyabl KOCIAPIIay/IbIH dKaHa MYMKIHIIKTePiH
YCbIHABL. ByNTTBI epexTep opTajibiFbiHAa HHOPaKypbUIbIMIBI Oackapy yumin SDN kocy
pecypcTapabl 0esyii KEHUIIETY apKbUIbI OVITTBI €CenTey MYMKIHJIKTEPiH KeHEWUTEIi.
XKyprizinren cayannamana ransiMaap SDN HeriziHeri OyJITTH ecernTeyiepie pecyperapasl
0oy TaJKbUIaFaH KoHe 3epTTereH. by zeprrey OynrThl ecenteynaep MeH SDN nomeHnepin
KaMTHTBIH pecypcTapAbl 0oy TeTiKTepiH jkakcapTyra apHanraH. COHIBIKTAH FajbIMIap
KONTEereH 3epTTeyLIiiep KOJAIaHaThIH pecypcTapbl 067y MEXaHU3MAEPiH Tauaall OTBIPHIIL;
oJlap/ibl OJIICHICH MMapaMeTpliep MEH YChIHBUIFAH IpoOJieMalnap HEeri3iHae KIKTell KoHe
Oaramanel. byn cayanHama COHBIMEH Karap, 3eprreyiiiiepre laaS pecypcrapbliH Oemyre
KATBICTBI OWITTBI €CEITey CTpaTerusyiapbl Typalbl KOCHIMILIA akKiapaT ajlyFa MYMKIHJIIK
Oepeni.

ByiTTel  KBI3MET pecypcTap TEXHOJOTHSICHIH — KOJNJAHYIIbLIAp —apachlHaH —TeK
Kazakcranaer Oemnin kapacTeipaiibik. 2021 sKbULABIH Kapalia aifbIHaa KYPri3iireH 3eprrey
JKYMBICTapbl OOMBIHIIA, HApBIK CcapaniubUIapbiHBIH Oomkamuapbl 2022 KbutFa Kapai
KacinmopbiHaapabeiH 70% - 1aH actamMbl ©3 KbI3METIHEC OVJITTHI TEXHOJIOTUsLIApAbl OSICeH/ I
naiilanaHaTeblHBIH KepceTeni. Auaiiia, OYITTBI TEXHOJNOTHSJIApAbI EHTI3y JAepeKTep
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Kayinci3/iri, akayinapra TO3IMJUIIK OHE KbI3METTIH Y3IKCI3/iri, 0acka akmaparThiK
JKYHeJlepMeH KOHE pecypcTapMeH HWHTEerpalusi, COHJal-aKk 3aHHamMaMeH OalaHbBICTBI
MaMaHIap MEH KOMIIaHUS OacCIIbUIBIFBIHBIH aJIaHAAyIIbLUIbIFBIHA KEJCpPIl KeNTipei.
Kazakcran PecnyOnukacblHOarbl MEMIICKETTIK KOHE JKEKe KOMIIAHHSJIAPABIH OYJITTHI
TEXHOJIOTHSIIAp bl Al JaaHy MYMKIHAIKTEPl Typalibl KOCIIKOMIAapAbH MiKipiH Oiny yIIiH
JKyitenik tanmay xoHe OarnapiaMaiblK KamTamacki3nauabipy (Systemanalyse und Pro-
grammentwicklung, SAP GbR) 3eprrey xypri3im, 63 KbI3METiHIH TYpi OO#bIHIIA 3aMaHay N
TEXHOJIOTHSIIIAPMEH TiKeJieH 0aiyIaHbICThI )KOHE OJIap/Ibl CHII3y TYPAaJIbI IIESIIM KaObUIIayFa
KatbicaTeiH 1500-1eH actam KocilKoiaap MeH Oaciubliap/iaH cayalHama JKyprisii.
Tyracrait anranaa, OyaTTsl TexHoorusiap Kazakcranmga OypbiHHAH OSJICEH/ I JaMblI
KeJIei Jer aiTyFa 00Jabl, Oipak J9J1 COHFBI 2-3 KbUIa MYH/IAM TaMy KapKbIHbBI e ISIIICI.
By, eH angpiMeH, OYATTH TEXHOJIOTHSUIAPABIH alTapibIKTal jKaKcapybIMEH, COHIa-aK
KOJIJTaHBICTAF bl TEXHOJIOTHSUIBIK IICIITIMIEP Il MACIITA0Tay MYMKIH/IIKTEPiHIH TOMEH/ICYIMEH
OaiiylaHbICThI. ByJITTa OpHAIACTBHIPBUTFAH KhI3METTEP/II €HI13Y aKMapaTThIK TEXHOJOTHUSIIAD
cajachIH/IaFrbl MaMaHJAap MEH KOMIIaHUsl OaCIbUIBIFBIHBIH CaHallbl TaHJayblHA aliHaTIyJa

(6-cyper).

6-cypem — KazakcTaHarbl OYJITTHI TEXHOJIOTHSIAP OCY JIeyeTi

Cayannamara OapibIrbl 1666 pecrioHeHT KarbicThl. CayaiHamMa KaHTap-aKaH aiaapbiH-
na KazakcTaHHBIH MHTEpPHET NalJalaHylbliapsl apaceinaa xyprizinaai. Cypanranaapabia
Herisri 6emirin — 54,6% xeke KoManusiap, 28,3% MEeMIEKETTIK KoCiOpbIHAAD MEH MEM-
JIeKeT KaTbIcaThlH KoMnanusiap, 11,3% MemiiekeTTik yiibIMaap MeH TYpJli BEZOMCTBOIAp,
an 5,7% memiiekeTTik OiiM Oepy Mekemenepi Kypaiabl. OHbBIH iLIiHAE CypasFaHapablH
23,3% xoFapbl OACIIBUIBIKKA JKaTaThIHBIH, 27,9% OeiiMIie Oacuibliapbl OO TAOBLIATHI-
HBIH, 48,7% MaMaHaap OOJIBII KYMBIC ICTEHTIHIH KOPCETTI.

3eprTeyre KaTbICylIbUIapAaH OYITTHl TEXHOIOTUSIIAPbIH YUBIM iIIiHAE KaHIIAIBIKTHI
KeH KOJIAaHBLIATBIHABIFBIH, OYJITTHI TEXHOJOTHSHBIH JKAMIbl KQKETTUIIH, OJapAblH KOM-
NaHUsIIapbIHAa OYITTHI TEXHOJIOTHSHBI KOJAAHYAbl TEKEUTIH (akTopiaap 6ap mMa, OyITThI
TEXHOJIOTUSHBI KOJJaHyMEH OalJIaHBICTBI HETi3r1 apTHIKIIBUIBIKTAp KaHJal Jen caHai bl
CEeKUIIII cypakTapra )ayar ajlbIH]IbL.
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ConbiMeH Karap, 3epTTey aBTopiapbl SAP MbicanbiHma OYITTHI TEXHOJIOTHsIIAP-
Ibl KOJNJAHYABIH apTHIKUIBUILIKTAPBIH KOPCETTi, aTanm aWTKaHJa KOMIAHHS TalChIPhIC
OepyuIiIepIiH JepeKTEPiH KOPFAY IbIH KOTI ICHI eHIT1 )KY e CiH )KOHE OCBhIHIal MAJIIMETTEpPMEH
YKYMBIC jKacay/ibl KOJIIaHaIbl.

ByntTel TexHonorussap aWTapiablKTall KeH TapaiFaH, anaiga omapabl Kasakcranma
KONTereH KOMIaHusuIap OeliceH i maiijanaHaTelHbIHA KapaMacTaH, KOJJaHyIbIH JKeKele-
T'eH caJlaiapbl MEH OChl TEXHOJIOTHSUIAP bl AAMBITY YIIiH MYMKIHIIKTEP JKETKUIIKTI )KaKChI
3epTTEIMEreH, COHABIKTaH QJICYyeTTI MaiIaJaHylIbUIap/IbIH alTapIiIbIKTall CaHbl OJapbl
oI Jie manaananOai el gen tyiingeyre oonaapl. CoHal-ak, cayalHaMara KaTbICyIIbUIap
3aHHaMaJaFbl MOCeIeNIep i )KeTKUIIKC3 MBICBIKTaFaHblHA Ha3ap ayaapasl, 0y Kazakctan
PecnyOnukaceiHAarsl KONITEreH KOMIIAHUSIIAD MEH MEKeMelepre Ka3ipri 3aMaHfbl OYJITThI
CEPBUCTEP/IIH OJICYETIH TOJBIK KOJIEMJE alllyFa MYMKIHIIK Oepmeiini. Atam aiTKaHna,
pecrioHJeHTTEep Texeyini (akropyiap OojMaraH >Karjaiga OYITTHl TEXHOJIOTHSUIAP/IbI
HEFYpJIbIM OeJICeHAl Maiananyra JailblH eKeHJIKTePiH aTarl oTTi.

KopsIThiaabl. bi3 kyH calibiH 0alikaMacak-Ta OYJITThI KbI3METTEP/Ii KOJITaHBII )KYMBIC
icreiimi3. IHTEepHET Kemici apKbUIbI )KYMBIC ICTEHTIH MOTIHAIK KoHE TpaUKaIbIK peaak-
TOpJIap, TarChlpMaap/bl KocHapiaylbliap KoHe KOOPIOPaTHBTIK Oarmapiamaiap OChl-
Jaii )KyMbIC icTeli. bys TakpIpbinmaga OYITTEl KI3METTEp Kajlai )KYMBIC iCTeHI JKoHe
oJIap Here COHIIAIBIKTHI TAHBIMAII CHSIKTBI CYpaKTap/Abl 3epTTel, TAlAAI JKa3abIM.

ByitTel KpI3MeTTEp TeK QaiinjapMeH IMIeKTelIMelai, coHbiMeH Oipre Oapnbik [T
WHPPaKYpBUIBIMMEH JKYMBIC jKacayFa 0onaabl. ByIT apKpiibl KOMIaHUsIIap IEKTPOHABIK
MOYTaHbl, KeHCEe OaraapiiamaiapblH, BUPTYyalJbl MallMHAIapIAbl Haligananaisl. Jlemek,
JKYMBICKEP/IIH JKYMBIC MIHJIETTEpPiH KEHCE/le FaHa eMecC, dJIEMHIH Ke3 KeJIreH HYKTECIHEH
HIeIyre MyMKIHAIK Oepyl OYJITThI KbI3METTEPIiH KYHJICNIKTI KOJIAHbICTa CKeHIHE aliKbIH
JTIed.

ByiIT apKpUibl JKYMBIC iCTEWTIH MaiijaiaHylibl YIIIH JepeKTep MeH Oaraapriamanap
cepBepiepie, SFHU apHaibl KOMITBIOTEpIIEpAE CaKTajaibl. AJ cepBepiep AepeKTepii
KOpFay JKoHe Y3IIKCi3 KYMBIC iCTey YIIiH KQKETTI HHPPaKyphUIbIMAA — IePEKTepAl oHIeY
opransikTapeiaaa (J160) opunanackas.

XKaumel nepekrepii 0epy KbUIIaMIbIFbI OipHeIe (pakropiapra ToyeIi:

— 160 reonokanusichI;

— JKeITIK KYPbUIBbIM;

— PECYPCTBIH JKbIIIAM/IBIFBI.

JI60 zeonokayusicwl. Erep naiinananymsira AepeKTepIiH YJIKeH KoieMiH Oepy Heme-
ce JKbUIJIaM jKayar OepeTiH KOChIMIIAnap/a jKYMbIC icTey KakeT OoJica, OHIa cepBepiH
opHanacybl MaHbI3ABI Oonanbl. [laiinamanymibiFa HEFYpIbIM JKakblH Oosica, JepeKTep
COFYPJIBIM TE3IPEK KOHE a3 IIBIFBIHMEH OFaH xeTe/ll. KallbIKThIKTaFbl MOTIHIIIK JePEKTeP/l
Oepy Ke3iHJE JIe JKbUIIaMJIBIKKA dCep eTe/li — COHJBIKTaH KOITEereH JCPEKTepal oHICY
OpTaJbIKTaphl 0ap KbI3METTEP, ajlIbIMEH NaiiJalaHyIbIHbIH JJOKaTH3alUsIChIH aHBIKTaHIbL,
COJIaH KEHiH OHBI €H JKaKbIH OPTAJIBIKKA TaCTal Ibl.

HKeninix xypoiroim. XKanmel gepextep KaOenmbaep, MaplIpyTH3aTopiap JKoHe Oacka
*)aOBIKTap apKbUIbl Oepiieni. Erep nepekrepiH TYTacThiFbl Oy3buIca 0ojica, OHIa Oepity
KBUIAMIBIFBl TOMEHJICHI1. MpbIcalibl, erep kalenb y3ulyl, sSFHU (DU3MKAJIBIK JKaraiira
OaliIaHBICTBI, HEMECe JIEePEKTep KYPETiH MaplIpyTThIH HIaMajaH ThIC KYKTemyl. OchIH-
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Jail Kkardaiiapra Kol OepMeyliH aliblH ajly MakcaThlHAa JepeKTepAi Oepy YIIiH ap-
HaJlap KaWTaJlaHbII OTBIPaAbl — erep oJapAblH OipiHae coTci3mik Ooliica, oHIA aKmapar
naiIanaHyibiFa eKiHIIl )KaFbIHaH KETe/Il.

Pecypcmuiy srcvinoamovizer. Erep KpI3MeT ThIM Kol HaiijanaHylibuiapra ue Oosca,
OHJa OJ1 MalJaNaHyIlbIap/AblH cypayaapblHa Y3aK yakbIT jkayan Oepe anaabl. bapibirst
CepBepIiH KyaTThUIbIFbIHA OainaHbicThl. KemTereH cypaHepIcTapra ayan KaWTapy YIIiH
KBI3METTEP JICPEKTEP/Ii KalTa 06yl )KoHE KOCBIMIIIA OaFbITTaP bl KOJITaHAIbI.

JlepexTep OpTaNbIFbIHBIH COTCI3AIKTEPACH KAaHIIAIBIKTHI )KAKChl KOPFaJFaHbIH TYCIHY
YIIIH OJ1ap «aKayJapra Te3IMIUIIK» TePMUHIH Koitanapl. J1O0 yiiiH oiapibiH CEHIMILTIK
JIeHreliiH OaraialThlH XallbIKapaliblK CTaHAApPTTapAbIH KaTaH jKykeci a3ipienreH. Kopray
JICHTelil JIepeKTep OpPTaJbIFBIHBIH KAHIIAIBIKTEl aBTOHOM/IbI OONATHIHIBIFBIH aHBIKTaH bl
— OJ1 TEXHUKAJIBIK KBI3MET KOPCETUICE JIe, KeJJIep MEH CaJKbIHIATy XKYHenepi cakTallbII
JKaTKaH Ke3ze Je Kymbic icter Oepeni. XKorapsl aenreitneri JJOO 99,99% nepekrepre
KOJDKETIMALTIKTI KamTamachl3 eteni. JKeuibiHa 365 kyH Hemece 31536000 cexynn 6ap, ae-
Mmek JIOO0 xbutbiaa 3154 cexyna Hemece 52 MUHYT jKYMBIC iCTeMeyi MYMKiH.

Jepekrepi Kopray YIIiH 9pTypili OaraapiaMalbiK iapajiap KoJJIaHbu1a bl MbIcaibl,
(aimapplH CaKThIK KeIlipMeciH yHeMmi jkacay. Kemripmernep Oacka cepBepjie opHalia-
CTBIPBLIAJIBI, OYJI OJIAPJIBIH KAyIlCI3/IiriH KaMTaMachl3 €TEJli KOHE JKOFaJFaH JepeKTep/Ii
KaJIlbIHA KeNTIpy YIIiH Mainananyra MyMKiHIIK Oepei.

CoHFBI KbUIAPbl UHTEPHET apKbUIbI CepBEpIIePMEH Kayilci3 KOCBUIYIBIH CTaHIIapT-
thl Tocuti HTTPS xarramaceiH maiijanany OosbIl TaObUTabl, MyHAaFel ‘S’ — “Secure”,
SIFHU «KoprasFan» nerenai ounipeni. HTTPS apkpiibl Oepinerin 6apibik Tpaduk Opaysep
neHreiinae mudpnanansl. Jlepexrep ycrajica Aa, olnap/bl ey oTe KUbIH 00Jabl.

Makanana KeNnTIpUIreH «OYITTapiabl» MalJananyablH OJIeMJIIK TaxipuOeci Kasipri
yakKpITTa OYJITTBI CEPBUCTEP OTAHJBIK MKOHE INETSJJIIK MEMJICKETTIK OpraHJap/IbiH
MPAKTUKAJIBIK KBI3METiHJIe OCJICeH I MaialaHbUIaThIHbIH, OW3HEC-KOFAM/ACTHIK JKOHE
JKeKe TyJIFanap naijanaHaTblHbIH KOPCETTI.

Makanasia OynTTapaarsl Kayinci3IiK OcasIbIFbIH YIII TYPFBIIAaH KapacThIPbUIIBI (OYITTHI
€CeIITey pecypcTapbiH Tepic naijianany, JepeKTepAiH aFybl )KOHE OYIT Kayirci3airiHe 1a-
OyblIAAp) JKOHE OCBI OCAIBIKTAPABI €CKepe OTBHIPBII OHTAMIAHBIPY LICIIiMi YCHIHBUIIBI.
Bonamakra OyT Kayinci3nirinid Kayin-Karepiaepid xoHe OYIT Kayilci3AiriHia Oy3blTybIHa
Kapchl Liapanapbl 3epTTeyre KYI caly bl )KaJlFacThpambl3.
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AKTYAJIBHOCTDB U ITIEPCITIEKTUBBI PA3BBUTHUS CUTYALIUN
OIITUMU3ALINU OBJIAYHBIX CEPBUCOB

B nacmosiwyee spemsi obnaunvie cucmemvi A6110MCA MHO2OQYHKYUOHALLHIMU HOMOUWHUKAMU 8 HCU3-
HU yenogeka. TenOeHyuu pazeumus 0OIAUHBIX CUCEM U KPYNHBIX 0ama-yeHmpos ceUOemenbCmeyiom o
CKOpOM nepexooe 8 HO8YIO 3py UHpopmayuorHblx mexrono2uil. Undopmayus cmanem ewe oocmynuee, a
ee nouck u obpabomra cmarem euje dbvicmpee u yooonee.

Cpasnenue paznuuHbix 0OLAYHBIX CUCEM, UX NPEUMYUIeCms U HeOOCMAMKO8 HA2ISIOHO NPOOEMOH-
cmpuposano cmpemiaerue IT-koMnanuil co8epuIeHCME08ams C8010 NPOOVKYUI U OblNb KOHKYPEHMOCHO-
COOHBIMUL.

Takum 0bpazom, ucxoos u3 BLIUEUTIONCEHHO20, MONCHO COeNaNb 6bl800, YMO 0ONAUHbIE CUCTEMbI
U 00NauHble BLIYUCTEHUS CedYen PACCMampueans Kak HOGbll N00X00, Oaruull MOWHBLI MOIYOK OJis
OanbHelue2o pazeumus UHOOPMAYUOHHBIX MEXHOIO2UL U BbIYUCTUMENbHBIX HAYK.

B cmamve paccmampusaemces onmumuzayus noib308AmMeNbCKO20 COCMABA U YPOGHs be30nac-
HOCMU pecypcos 0OIAUHbIX CEePEUCO8 NYMeM MOHUMOPUH2A C NOMOWbIO COBPEMEHHBIX 0OIAUHBIX pe-
cypcos.

B kauecmse cgepvl npumenenus MOMCHO UCNOAb308AMb BO3MONCHOCMU op2anuzayuu, IT-
KoMnanuil, nyscoarowuxcs ¢ cemu Hnmeprem, 0isi COGEPULEHCNBOBAHUS COUX NPOOYKMOS U ONMU-
MU3ayuY ypoeHs 6e30nacHoCmu npedocmagiaemMblx 00IAUHbIX CEPBUCO8, SHAHUS YA38UMOCTell U NPU-
HAMUsL Mep K HUM.

Tockonvky Lugposoii Kasaxcman cmasum neped coboii yeib 8 co8epuleHcmse ucnoib308ams 00-
Jlaunble cepsucsl uepes cemv MHmepHem, nosmomy Mol Yeeperbl, 4mo noMoub 8 NPOOELAHHOU ONMUMU-
3ayUOHHOU pabome Oydem HeoOX0OUMA KAHCOOMY NOTb3OBAMENIO.

Knrouegvie cnosa: obnaunvie cepsucnl, cocmas pecypcos 0b1aunblx cepsucos, onmumuszayus, Saas,
PaasS, laasS.
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RELEVANCE AND PROSPECTS FOR THE DEVELOPMENT OF THE
SITUATION OF OPTIMIZATION OF CLOUD SERVICES

Currently, cloud systems are multifunctional assistants in human life. Trends in the development of
cloud systems and large data centers indicate an imminent transition to a new era of information technol-
ogy. Information will become even more accessible, and its search and processing will become even faster
and more convenient.

The comparison of various cloud systems, their advantages and disadvantages clearly demonstrated
the desire of IT companies to improve their products and be competitive.

Thus, based on the above, it can be concluded that cloud systems and cloud computing should be
considered as a new approach that provides a powerful impetus for the further development of information
technology and computing sciences.

The article discusses the optimization of the user composition and security level of cloud services
resources by monitoring using modern cloud resources.

As a field of application, you can use the capabilities of an organization, IT companies that need the
Internet, to improve their products and optimize the security level of the provided cloud services, knowl-
edge of vulnerabilities and take action on them.

Since Digital Kazakhstan sets itself the goal of perfectly using cloud services via the Internet, we are
confident that every user will need help in the optimization work done.

Keywords: cloud services, resource composition of cloud services, optimization, SaaS, PaaS, laasS.
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PREDICTING ABIOTIC FACTORS TO DEVELOP A SMART
OFFICE SYSTEM

The article deals with the prediction of abiotic factors for the Smart Office system. Scientific research in
the field of forecasting is given. This article discusses the technology for installing an energy-saving system
and its operating principles. Methods of building and managing smart systems are used. Also describes the
increase in comfort, thanks to the Smart Office technology. User-friendly interface is used. Affects functions
such as: optimization of lighting, heating, protection and control of the house remotely, using mobile
devices and special key fobs. Mainly considered the system of automation of business structures depending
on the scale. All currently available methods were suggested, which are key factors in the optimization
of all business processes. And also considered options for modeling and system development, taking into
account all the current problems of automation of smart systems. The importance of the scientific topic
affects the high potential for the development of smart home systems and the lack of uniform standards
for devices included in these systems. The hardware-software complex under development can be used
both in ordinary homes, offices and production facilities. The system is scalable, allowing it to be used for
almost any purpose. The article deals with the creation of an autonomous microprocessor-based climate
data transmission system. In this paper, we developed a microprocessor-based climate measurement
system designed to measure relative humidity and air temperature. The measuring system of climatic
parameters is designed to collect measuring information, its further processing, storage and display in a
form convenient for the operator s perception.

Keywords: smart office, smart systems, smart switch, automated home, controller, microprocessor
system, temperature and humidity sensor, Raspberry microcomputer, Arduino UNO platform.

Introduction. “Smart office” — control system in the office, apartment or building.
Automated system integrated into engineering tools with intelligent multimedia complex
and information systems to create an effective and efficient workflow of the company
and specialists. This is relevant to companies in different fields, making optimal use of all
resources and achieving modern comfort in everyday work. It includes sensors, control
elements and actuators. Technology is advancing so rapidly these days that it consequently
affects the office environment and operations. That’s why the Smart Office is becoming
popular in terms of energy-saving systems and automation. So, let’s delve into this modern
system and understand why office and business owners should apply such automation
processes to their business [1-2].

The main task of the system is to ensure comfort, safety, and energy savings. The
relevance of the topic of research due to the high potential for the development of
smart home systems and the lack of uniform standards for devices included in these
systems.

* E-mail xoppecrnionnupytomero apropa: ziyatbekova@mail.ru
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Experimental. The hardware-software complex under development can be used both
in ordinary homes, offices and production facilities. The system is scalable, allowing it to
be used for almost any purpose.

Results and Discussion. One of the effective methods of forecasting is the method of
group accounting of arguments (MGAA). The MGAA is based on the principle of multi-
row selection of self-organization models, and the MGAA algorithms reproduce the scheme
of mass selection. The MGAA algorithms synthesize and select the terms of the generalized
Kolmogorov-Gabor polynomial in a special way. This synthesis and selection is performed
with increasing complexity, and one cannot predict in advance what the final form of the
generalized polynomial will be. First, we usually consider simple pairwise combinations of
initial features, from which the equations of decisive functions are composed, as a rule, no
higher than the second order. Each equation is analyzed as an independent solving function,
and the values of the parameters of the composed equations are found one way or another
by the training production. Then some of the best functions are selected from the resulting
set of solvers. Verification of the quality of individual solving functions is carried out on the
control sample. The selected partial solver functions are further considered as intermediate
variables serving as initial arguments for a similar synthesis of new solver functions, etc.
The process of such hierarchical synthesis continues until an extremum of the quality crite-
rion of the solver function is reached, which in practice manifests itself in the deterioration
of this quality in attempts to further increase the order of the polynomial terms relative to
the initial features [3].

MGAA algorithms based on the principles of self-organization allow to synthesize
different filters: smoothing or predicting, algebraic or differential, linear or by full power
polynomial. The accuracy of the latter is the highest, usually the error on the verification
sequence is on the order of 1% [4].

Due to the development of neural networks and the expansion of their applications, they
have found wide application in predicting various dynamic processes [5-7].

The above approaches are included in the software of many statistical data processing
packages have been developed in the form of application software packages or procedure
libraries [8].

Overview of control sensors. Temperature and humidity sensors can be used to auto-
mate control of these parameters. The following is an overview of the types of sensors [9].

Any type of temperature sensors that are used for automatic control work based on the
principle of converting the measured temperature value into an electrical physical quantity.
This principle is related to some of the advantages of electrical measurements: 1) the recep-
tion and transmission of electrical quantities over distances is easily accomplished at high
speed; 2) universality of electrical quantities (any physical quantities can be converted to
electrical quantities and vice versa); 3) their precise conversion into a digital code, which
allows to achieve high accuracy, sensitivity and speed of measuring instruments [10-12].

Temperature sensors can be used wherever parameters that characterize the system under
study depend in some way on temperature factors. Due to the development of microelectron-
ics and nanoelectronics, the following types of temperature sensors exist: thermocouples and
thermistors, as well as thermoresistive sensors, which have a linear dependence of the output
signal, along with these and semiconductor sensors, which have a digital output.
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Autonomous microprocessor data transmission system. Modern opportunities for
the development of various sensors [13] and the cheapening of microprocessors have also
opened a wide opportunity for the introduction of hardware and software for monitoring
climatic parameters. In particular, it has found wide application in applied tasks of relatively
cheap Arduino controller, which has a large base of developed sensors and means of their
communication with the computer o [ 14-18].

To create an autonomous microprocessor-based climate data transmission system, we
used a Raspberry Pi 3 B+ single-board microcomputer. Power is provided by a solar
panel.

The system includes a set of necessary sensors and software. The measurement
modules are connected to the computer via a USB adapter. The software presents the
measurement results in tabular and graphical form, and allows you to view and print
the accumulated database archive of measurements for any period of time. It is possible
to view data from sensors both on other computers in the local network and via the
Internet.

Figure 1 shows the elements of the block for obtaining climate data and transferring
them to the Raspberry microcomputer. The specified block is implemented on the basis of
the Arduino controller, the characteristics of which are given in Table 1.1.

Arduino UNO is a device based on the ATmega328 microcontroller. It includes
everything you need for easy microcontroller operation: 14 digital I/Os (6 of which can be
used as PWM outputs), 6 analog inputs, a 16 MHz crystal pickup, a USB connector, a power
connector, an on-chip programming socket (ICSP) and a reset button. To start using the
device, simply power it up with an AC/DC adapter or a battery, or connect it to a computer
via a USB cable.

Figure 1 — Temperature and humidity sensor: 1— Arduino UNO; 2 —Ethernet Shield W5100;
3 —DHT11 Temperature and humidity sensor; 4 - 3 wires to connect the DHT 11 sensor to the Arduino;
5 - USB cable for Arduino
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Table 1.1 — Characteristics of Arduino UNO

Microcontroller ATmega328

Operating voltage 5B

Supply voltage (recommended) 7-12B

Supply voltage (limit) 6-20B

Digital inputs/outputs 14 (of which 6 can be used as PWM outputs)

Analog inputs 6

MaxkcuMaJibHBIH TOK OJJHOTO BBIBOJIA 40 MA

Maximum output current output 3.3V 50 MA

Flash memory 32 KB (ATmega328), of which 0.5 KB are used
by the loader

SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock frequency 16 MHz

The Ethernet Shield is an expansion card that is installed on top of the Arduino itself. It
allows you to act as a network device and communicate over a wired network with similar
devices, with ordinary computers, printers, services on the Internet and other network
resources. This is the latest version of the board: Ethernet Shield Rev3, it is fully compatible
with Arduino Mega 2560, unlike its predecessor and a number of unofficial clones.

The board is based on the Wiznet W5100 chip, which supports both TCP and UDP
protocols. Up to four connections can be open at the same time.

The board has a standard 8P8C ethernet port for networking with twisted-pair patch
cord and a set of pins for connecting to the Arduino. The Ethernet Shield and Arduino use
pins 4 and 10 through 13 to communicate with each other, so their use for other purposes in
the presence of the expansion card is not possible. All other pins are connected directly to
the base board, so they are essentially «extensionsy.

The «Ethernet» library from the standard distribution is used to program the network
communication. In addition, sample programs are also built into the Arduino IDE.

The board has a slot for a micro-SD flash card, which can be used to store resources
distributed over the network. The sdfatlib library can be used to interact with the SD card.

The following indicators are built into the board:

— PWR lights up when power is applied;

— LINK lights up if the network is available. Flashing when receiving and transmitting
data;

—FULLD is lit when a duplex connection is established. That is, simultaneous reception
and transmission is possible;

— 100M illuminates if the connection is at 100 Mbps (not 10 Mbps);

— RX blinks when receiving data;

— TX blinks when transmitting data;

— COLL flashes when there is a collision in the network. That is, when in half-duplex
mode two devices try to transmit a packet at the same time;
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there is also a reset button connected to the base board so that when pressed it resets
both devices.

The sensor consists of two parts - a capacitive temperature sensor and a hygrometer.
The first is used to measure temperature, the second to measure air humidity. The chip
inside can perform analog-to-digital conversions and produce a digital signal which is read
out by a microcontroller.

on DHT11 is a small sensor in a small plastic case. At the sensor output there is a
digital signal, and two parameters at once and temperature and humidity. The point of
communicating with an Arduino controller is:

— The microcontroller asks for a reading and changes the signal from 0 to 1.

— The sensor sees the request and responds by changing the bit signal from 0 to 1.

— Then the sensor gives out a data packet of 5 bytes (40 bits), whereby in the first two
bytes temperature, in the third and fourth humidity. The fifth byte is a checksum to exclude
measurement errors.

Figure 2 shows a view of the RaspberryPi microcomputer and the display.

Figure 2 — Raspberry Pi: 1 — Raspberry Pi 3 B+; 2 — 5inch HDMI LCD; 3 — HDMI Connector

The Raspberry Pi is a single-board computer the size of a bank card, which means that
the different parts of the computer, which are usually on separate boards, are presented here
on one. The Raspberry Pi runs mostly on operating systems based on the Linux kernel. It is
also possible to install Windows 10 1OT.

Sinch HDMI LCD is a five-inch LCD display with a resistive touch panel designed for
use with the Raspberry Pi minicomputer. The display module has 800x480 resolution and
connects directly to the Raspberry Pi with the included compact HDMI connector. The
exception is the very first Raspberry Pi model B, which cannot be connected with a compact
HDMI connector and requires a standard HDMI cable.

The Sinch HDMI LCD display module is connected to the Raspberry Pi expansion slot,
and the I/O pins are not used for image transfer. However, the SPI interface is required
to communicate with the touch panel controller and the corresponding 1/O pins are
used. Battery-powered solutions have the ability to control backlighting to reduce power
consumption.
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Figure 3 shows the components of the autonomous power supply unit.

Figure 3 — Standalone power supply unit: 1 — rechargeable battery (MHB); 2 — solar panel;
3 — charge controller for the solar panel; 4 — car charger providing 5V current

On the basis of the above-mentioned blocks an autonomous microprocessor data
transmission system is assembled (Figure 4).

Figure 4 — Autonomous microprocessor data transmission system

The computing center of the system is the Arduino UNO platform, and the Ethernet
Shield is used to communicate with the network. Using the Raspberry Pi, the sketch is sent
to the Arduino UNO, which sends temperature and humidity data to the web browser via the
Ethernet Shield. The Raspberry Pi uses a rechargeable battery for autonomous power, which
is charged via solar energy. n addition the figure shows a USB hub with external power
supply and a wireless mini keyboard. Figure 5 shows the connection diagram of the sensor,
their characteristics are shown in the table.
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Figure 5 — Diagram for connecting the sensor to the Arduino

Table 1.2 — Characteristics of the elements of the Arduino connection scheme

MCU Microcontroller or single board | Arduino / Raspberry Pi etc.

computer

DHTI11 Temperature and humidity sensor | Pins 1Pin, 2Pin and 4Pin are involved in the cir-
cuit, one of the sensor pins - 3rd pin 3Pin - is not
connected to anything.

DATA Data bus network If the length of the connecting cable from the
sensor to the microcontroller does not exceed 20
meters, then it is recommended to pull this bus
to the power supply with a 5.1 kOhm resistor; if
more than 20 meters - then another suitable rat-
ing (smaller).

VDD Sensor power supply Voltages from ~3.0 to ~5.5 volts DC are accept-

able; if a ~3.3 volt supply is used, it is advisable
to use a supply wire no longer than 20 cm.

Figure 6 shows the operation of the stand-alone microprocessor data transmission system.

Figure 6 — Receiving temperature and humidity data on the screen

For Arduino operation with DHT11 and DHT22 sensors there is a ready-made library

(DHT).
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The sketch for receiving data from the temperature and humidity sensor DHT11 and
outputting the received data to the serial port is given in listing 1.
Listing 1.

Then the specified sketch is loaded into the Arduino board and the port monitor opens
to view the received data (Figure 7).

Figure 7 — Port monitoring in Arduino
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The Ethernet Shield connects the Arduino to the server using the Internet or a Wi-Fi
router. Currently using a Wi-Fi router to transmit information from the sensors. The sketch
for receiving data from the temperature and humidity sensor DHT11 and displaying the
received data in a web browser is given in listing 2.

Listing 2.

#include <DHT.h>

#define DHTPIN 3
#define DHTTYPE DHT11
DHT dht(DHTPIN, DHTTYPE);

#include <SPI.h>
#include <Ethernet.h>

byte mac[] = { 0xDE, 0xAD, 0xBE, 0xEF, OxFE, OxED };
TPAddressip(192,168,0,20);

EthernetServerserver(80);

void setup()

{
dht.begin();

Serial.begin(9600);
Serial.printin(“DHT11 test!”);

Ethernet.begin(mac, ip);
server.begin();
Serial.print(“server is at «);
Serial.println(Ethernet.locallP());

}

void loop()

{

int t = dht.readTemperature(); // reading the sensor on pin 3
int h = dht.readHumidity();

EthernetClient client = server.available();

if (client) {

Serial.println(“newclient”); // The http request ends with an empty string
boolean currentLinelsBlank = true;

while (client.connected()) {

if (client.available()) {

char ¢ = client.read();
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Serial.write(c);

// if you have reached the end of the line (received a newline character),
// and the line is empty, the http-request is over,

// then you can send a reply

if (c == “\n’ &&currentLinelsBlank) {

// send a standard http response header
client.println(“HTTP/1.1 200 OK”);
client.println(“Content-Type: text/html”);
client.println(“Connnection: close”);

client.println();

client.println(“<!DOCTYPE HTML>");
client.println(‘“<htmlI>");

// add a metarefresh tag so that the browser refreshes every 5 seconds:
client.println(“<meta http-equiv=\"refresh\” content=\""5\">");
client.println(“<title>");

client.print(“Temperature and Humidity”);
client.println(“</title>");

// DHT11 temperature and humuidity results output
client.println(“<center>");

client.println(“<h1>");

client.print(“Data Center”);

client.println(“</h1>");

client.println(‘“<h2>");

client.print(“Server Room Temperature and Humidity”);
client.println(*“</h2>");

client.println(‘“<h4>");

client.print(“Temperature : “);

client.print(t);

client.print(“<sup>0</sup>");

client.print(“C”);

client.println(“<br />”);

client.print(“Humidity : );

client.print(h);

client.print(“%”);

client.println(“</h4>");

client.println(“</center>");

client.println(“</htmI>");
break;

}

if (c=="\n’") {
currentLinelsBlank = true;

}
else if (¢ 1= “\r") {
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currentLinelsBlank = false;

b
b

}+ // allow time for the web browser to retrieve data
delay(1);

// close the connection:

client.stop();

Serial.println(“client disonnected”);

}

b

The data from the temperature and humidity sensor can be viewed on the web browser
of the computer (figure 8) and any device connected to the internet network to which the
Arduino is connected by writing 192.168.0.20 in the browser line.

Figure 8 — Displaying temperature and humidity data on the RaspberryPi web browser

Conclusions. This paper analyzes the capabilities of a prototype “smart office” system.
Partial use of resources is convenient for reducing the cost of office maintenance. Smart
Office can even be controlled via smartphone, as long as the device is connected to the local
network. In this paper, an autonomous microcomputer system for climate data transfer is
developed, a general characteristic and the task of abiotic factors forecasting is given. A
program was developed for the regression model to predict the value of the output parameter
in real time, by eliminating the recalculation of data from the beginning of the count and
the lack of the need to turn the matrices. Based on the solution of the model problem, the
effectiveness of the developed program is shown. The results of this work are the basis
for the research and implementation of a comprehensive solution to the problem of expert
evaluation of climate data.
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«AKBLTJbI KEHCE» )KYHECIH JAMBITY YIIIH ABUOTHKAJIBIK
®AKTOPIAPIBI BOJIKAY

Makana «Axpiiovl Keycey dicyiieci yulin abUOMUKATBIK (DAKMOPIApObl OOMNCAY2A  APHANAH.
MyHoa 6ondicay canacvblHOazel eblibiMu 3epmmeyiep Oe Kenmipineen. Byn makanaoa suepeusi yHemoey
JACyTiecin OpHANY MEXHOLOSUSCHL HCIHE OHBLH JICYMbLC ICIeY NPUHYUNMEDT Kapacmulpbliadwl. Kymvicma
cmapm  ocyuenepdi Kypy ocaHe backapy a0icmepi Kondauwliovl. CoHOati-ax, «AKbLIObl KeHcey
MEXHONOSUSCHIHBIY APKACLIHOA JHCATILILIKIbIY APMYbl CUNAMMAIEAH i NAUOAIAHYIUbIZA bIHRALIbL
unmep@eitic Kondanvinowl. Ocwl dHcyliede Keneci QyHKYUALAPObIH KOIOAHbLIAMbIHLIK aman aiimyea 6o1a-
ObL: AHCAPLIKMAHOBIPYObL OHMATLAHOBIPY, JHCHLABINGY, YUOI KAUBIKIMAH KOPEAY JdcaHe 6acKapy, MoOuiboi
KYPblIZbLIAP MeH apHailbl Kiimmepoiy komecimen backapy. Heeizinen aykvimbina bainanvicmol OusHec-
KYPbLIbIMOApObl A8MOMAMMAHOBIPY JiCyteci Kapacmulpwlidobl. By ocymvicma kaszipei yaksimmasol
bapnvik OusHec-npoyecmepOi OHMAUNAHOLIPYOLIY He2izel ¢hakmopnapsl O0nbin Mabbliamuli OapiviK
Kon oicemimoi a0icmep YcuiHblIObl. COHOAU-AK, aKbLIObL Jicylienepoi asmomammanoblpyoObly Oapivlk
03eKmi Macenenepin eckepe omuIpbln, HCYUeHi MOOeIbOeY HcaHe d3Ipiey HYCKAIapsl 0a KapacmblpblieaH.
Folnvivu maxsipulnmoiyy Mabl30bLIbI2b1 AKLLObL Vil JCYUENePiH OAMbIMYObIH JCOAPb dleyemine JcaHe
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ocvl dcylienepee eHeiziieer KYpuligbliapobly OIpbIH2all CIandapmmapulibly Ooimayvina acep emeol.
O3Ipienin  sHcamkan Oa0apiamanblk-annapammsly, KeueHoi Kapanaivim yiliepde, KeHcelepoe oe,
oHOdipicme Oe Kondanyea 6onadvl. Kapacmulpolivin omvipean sicytie macumabmanaovl, OY1 OHbl Ke3-
Kelleen MaKcamma nanoaiany2a MymKkiHoik oepedi. Maxanada xnumammolx depekmepoi 6epyoiy asmo-
HOMObL MUKPONPOYECCOPIBIK JCYUECiH KYpy OAcmbl HA3apoa Kapacmulpuliadvl. Byn scymvicma canvl-
CMbIPMATbl bLIIRANIOLLILIK NEH aya MeMnepamypacbii oauleyee apHaiean KIuMammuolk napamempnepoi
onueyoiy MUKPONpOYeccopavlk Jcyiieci sicacanovl. Knumammulx napamempnepdi onwey aicyiieci onuiey
aKnapamuln AHCUHAY2A, OHLL IPI Kapail onoeyze, CAKmayaa JHcane onepamopobly KaoblioayblHa bIH2ALTb
mypoe Kopcenyze apHaiaHu.

Tyitin co30ep: axvliobl Keyce, cmapm Jcyiienep, CMapm KOCKblild, agmoMammanoblpbliean mypevit
YU, KOHmpoiep, MUKpPONPOYECCOpablK Jicylle, memMnepamypa MeH blieaidblivlk cencopul, Raspberry
Mmuxpoxkomnvromepi, Arduino UNO naameopmacei.
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Hnemumym ungopmayuonnsix u evruucaumensvhovix mexronozuti KH MHBO PK,
Anmameir, Kasaxcman
’Kaszaxckuil nayuonanbHwiil ynueepcumem umenu ano-Dapabu, Aimamol, Kazaxcman

NNPOI'HO3UPOBAHUE ABUOTHNYECKHUX ®AKTOPOB
JIJISI PASPABOTKH CUCTEMBI « YMHBI O®HC»

Cmamwsi nocesujeHa nPOSHOZUPOBAHUIO ADUOMUYECKUX (PAKMOPO8 ONisl CUCIEMbL « YMHbLIL 0pucy.
IIpusedenvi HayuHble uccIe008anus 6 061acmu NPOSHO3UPoBanus. B 0annou cmamve paccmampusaemcs
MEXHON02UsL YCMAHOBKU dHepeochepe2aioweli cucmemvl U e20 NpuHyunvi pabomsl. Mcnonvsoeanvl me-
MoObl NOCMPOeHUs: U Ynpasierus cmapm-cucmenm. Taxdce onucvleaemes: nogwiuleHue KOMGopmHocmu,
brazooaps mexnonoeuu « Ymuwlii ogucy. Hcnonvzosan yoobuwlil unmepgetic 0ns noavsosamens. 3a-
mpazusaromcs maKue QYHKYuU, Kak OnmumMu3ayus 0C8EeUWeHHOCMU, OMONIEeHUs, 3aWuma u ynpasieHue
00MOM OUCMAHYUOHHO, NPU NOMOUWU MODUILHBIX YCMPOUCME U CReYUAIbHbIX Openkos. IasHvlm 0bpa-
30M, PACCMAMPUBACCI CUCEMA ABMOMAMU3AYUYU OUZHEC-CIMPYKIMYP 6 3A8UCUMOCIU O MACumaoa.
Boiu npeonooicenvl 6ce docmyntvle memoosl HA OAHHLITL MOMEHM, KOMOpble SAGNSIOMCs KIIOUegbLMU
Gaxmopamu 6 onmumuzayuu écex busHeCc-npoyeccos. A maxice paccMoOmpensl apUAHNbL MOOETUPO-
6aHUSL U PASPAOOMKU CUCIEMbI, YUUMbIGAs. 6Ce AKMYALbHble NPoOieMbl A8MOMAMU3AYUL YMHbIX Cl-
cmem. BaosicHocms HayuHoU memvl 61uUsem HA 8biCOKUN NOMEHYUAN PA3GUMUs CUCeM YMHO20 00MA U
Ha omcymemeue eOUHbIX CMAanOapmos yCmpoucme, 6KIIOYeHHbIX 6 amu cucmemvl. Paspabameisaemolil
nPO2PAMMHO-ANNAPAMHbLI KOMILEKC MOJCem Oblib NPUMEHEH KaK 6 0ObIYHbIX 00MAX, ogucax, max u Ha
npouzsoocmee. Cucmema A8ACMCst MACUMAOUPYEMOT, YMo NO380SeM UCHONb3068AMb €€ NPAKMUYECKU
0n5 0bbIxX yeneil. B cmamve paccmampusaemcs co30aHue aémoHOMHOU MUKPONPOYECCOPHOU CUCTEMbL
nepeoayu KIuMamuueckux OaHHolx. B 0annoil pabome paspabomana Mukponpoyeccopras Cucmema us-
MepeHUst KIUMAMUYeCKUX napamempos, NPeOHA3HAYeHHAs 0I5l USMEPEHUs OMHOCUMENbHOU BIIANCHOCIU
u memnepamypul 6030yxa. Cucmema usMepeHust KIUMAmuyecKux napamempos npeoHasHaiena ois coopa
usMepumenbHol uHgopmayuu, darvHeluel ee 06pabomK, XpaHeHUs U OMoopaxceHus: 8 hopme yOOOHOU
0151 6OCHPUSIMUSL ONEPAMOPOM.

Knrouesvie cnosa: ymuuiii oghuc, cmapm-cucmemvl, UHMENNEKNYAIbHbLI GbIKTIOYAMENb, A8MOMAMIU-
3UPOBAHHOE JHCUNUULE, KOHMPOLLED, MUKPONPOYECCOPHASL CUCIEMA, OAMYUK MEMNEepantypbl U LANCHO-
cmu, mukpokomnstomep Raspberry, niamgopma Arduino UNO.
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PA3PABOTKA IMTPUJIOKEHMSI 151 OIPEAEJEHUS ONTUMAJBLHOM
®OPMBbI PA3SBUEHU S 2JIEMEHTOB MATPHUIL BOJILIIOMI
PABMEPHOCTHU JJIs1 YMHOXKXEHUSA HA TPEX
TFETEPOTEHHBIX TPOLHECCOPAX

B cmamve npedcmasnensi pesynomamet paspadomxu web-npunoosicenus s onpeoeieHus OonmumMat.-
HOUl hopmbl pasdueHus: 21eMeHmos DONLUUUX MAMPUY MeACOy mpems adCMPAKMHbIMU 2emepo2eHHbIMU
npoyeccopamu npu ux nepemuodxicenuu. Taxoce npedcmasiienvl nAMs KAACCO8 ANOPUMMOE NAPANLENb-
HO20 YMHODICEHU MAMPUY. Nocie008amenvias KOMMyHukayus ¢ 6apvepom (Serial Communication with
Barrier, SCB), napannenvhas kommyHuxayus ¢ bapvepom (Parallel Communication with Barrier, PCB),
nocinedosamenvhas KomMmynukayus ¢ nepexpvimuem (Serial Communication with Bulk Overlap, SCO),
napannenbas kommyHukayus ¢ nepexpoimuem (Parallel Communication with Bulk Overlap, PCO), na-
pannenvroe nepexpvimue c yepedosanuem (Parallel Interleaving Overlap, PIO). Qs onpedenenus kom-
MYHUKAYUOHHOU CIOMCHOCIU PACCMAMPUBAEMBIX AN2OPUMMOE ObLIA UCHONb306aHA MOOelb XOKHU. B
uccne008anUL UCNONL3YIOMCS WeCb HeNnpamMoy20abHbIX (opm pasduenus snemenmos (Square Corner,
Rectangle Corner, Square Rectangle, Block Rectangle, L-Rectangle, Traditional 1D Rectangular), 6vi-
A671eHHbIX 6 uccredosanuu Jwnu /[> Pniomvep [1] 6 xo0e npumenenuss mexnonoeuu «pushy» oisa nepepac-
npeoenenus d1eMeHmos Mampuysl mexcoy npoyeccopamu. J{na onpedenenus onmumMaibHOCHu Gopmbl
npu onpeoeneHHbIX MeXHUYeCKUX YCa06UsAX UCNOb3YIOMC MAmeMamuyecKue Mooenu, ONUCaHHvle 6 pa-
bomax [2, 3]. [Qna peanuzayuu web-npunoogicenus ObLiu 6bl0PAHbL A3bIKU Npoepammuposarus Python u
JavaScript, menedoicep nakemos pip u mexuonoaus Ajax. Peuwienue npobnemvr onmumansno2o pazouenus
9J1eMeHMO8 MAMPUYbl MexHcOy NPoyeccopamy no360aUm pGexmusrHo pacnpeoensime bluUcIUMelbHbIE
pecypcul 07 peuleHus NPUKIAOHbIX 3a0ad 6 PA3TUYHBIX HAYYHBIX 001ACMAX, UCHONb3YVIOWUX YMHOJICCHUE
mampuy 6016ULON PASMEPHOCTIU.

Knrwouegwie cnosa: mooens Xoxknu, ymMHodcenue Mampuy, napaiieivHoe npocpammuposanue, pazoue-
Hlle OaHHBIX, 2emepo2enHble GblYUCIUmMENbHbLe CuCmeMbl, Web-npunooicetue.

Beenenue. CoBpeMeHHBIE HayYHBIE U ITPUKIIAIHBIE 00IACTH MCCIEOBAaHUN PEIaroT 3a-
JTa4¥, WCTIONB3YIOININe OOJBITNEe MAacCHBBI JaHHBIX. |11 3PEeKTHBHOCTH BBIYHCICHUHN HC-
TIOJTB3YIOTCS MapajlIeNIbHbIE BEYUCIUTENbHBIE CHCTEMBI PA3TIMIHON CIIOKHOCTH W KOMILIEK-
taruu. C Havama 1990-x romoB cymecTByeT HeoOXOAMMOCTE (POPMHUPOBAHUS CPAaBHUTEITHLHON
XapaKTePUCTHUKH METPUK CYTIepKOMIBIOTEPOB. [ peanm3anny JaHHOM 3a/1a9u ObLT CO3AaH
criucok Top500 [4], mpencTaBmstonTiil COO0M MPOEKT I onrcaHus u cpaBHeHus 500 Hanbo-
Jiee MOIITHBIX 1 OOIIECTBEHHO 3HAYMMBIX BRIYMCIIUTEIHHBIX CHCTEM B MHUpE. CITHCOK OOHOBIIS-
€TCsI KaXK/IbIe IIIECTh MECSIIEB, YTO TIO3BOJISIET EMY CO/IEPKaTh aKTyaJIbHBIHN MepedeHb CAMBIX
OBICTPBIX CYyNIEPKOMITHIOTEPOB. AHAIN3 CTIMCKA 32 ITOCIIETHIE HECKOIBKO JIET TOKa3hIBAET BCE
HapaCTAIOIIYI0 TEH/ICHIINIO MCIIOIh30BAHHS B BEIYUCIUTEIBHBIX CTPYKTYpax IreTepOTeHHBIX
KOMITOHEHTOB, B YHCJIe KOTOPBIX MHOTOsIIEPHBIE U Tpadudeckue mporeccopsl (GPU).

MarpudHble onepanuy TUHEHHOW alreOphl HAXOIAT MIHMPOKOE MPUMEHEHNE B pa3HO-
00pa3HBIX HAYYHBIX HCCIIETIOBAHNAX, B TOM YUCIIE B 00IACTH TApaJIETbHOTO MPOTPaMMHUPO-
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BaHUS U BBICOKOIIPOM3BOIUTENIbHBIX BBIYUCICHUH. YMHOKEHIE MATPHI] ABISETCS] OTHON U3
HanOoJee BaXXKHBIX orepaunii Haa MarpunaMu. OHO IIMPOKO MCIOIB3YeTCs B TAKHX 00Ja-
CTSIX, KaK TEOpHsl CETeH, pEIICHUE JIMHSHHBIX CUCTEM YpaBHEHHI, IPE0OPa30BaHUE CUCTEM
KOOPJMHAT, MOJIETUPOBAHHE MOMYIALUN 1 MHOTUX JPYTHUX.

Pa3Ouenne naHHBIX ABJISETCS BAKHBIM aCIIEKTOM ISl PEILICHNS 3a/1a4 JIMHEHHOW alreOphl.
OHO 3aKJII04aeTcst B ONMPEACIEHUH Crioco0a pactpeeeH st SIEMEHTOB MAaTPHILIBI MEXKITY J10-
CTYIHBIMH BBIYUCIHTEIBLHBIMU dJeMEHTaMU. Pa3OMeHue MaHHBIX MO3BOJISIET ONTHMHU3UPO-
BaTh TaKUe MOKA3aTelH, KaK BPEeMsI BBITIOIHEHUS 3a]1a49i U SHEProdPeKTHBHOCTb.

MeTtoasl 1 MaTepuabl uccaenoBanus. Llenapro pa3OueHns NaHHBIX SBISETCS OINTH-
MaJbHOE PacIpe/esIeHue BBIYUCIUTENbHON Harpy3KH MEXK/y JOCTYITHBIMU MPOLIECCOPaMHU
JUTSL yMHOMKEHUST MaTpPHIL.

PaccmarpuBatoTcsi reTeporeHHble BBIUNCIUTENBHBIE CUCTEMBI, B KOTOPBIX I'€T€pPOreH-
HOCTb WJIM HEOAHOPOJHOCTD B BEIYMCIICHUSX MPOSIBISIETCS. TPEMsI CIIocobamu:

— pa3UyYHbIe 3HAYEHUS BEIYUCIUTENBHON MOIIIHOCTH CUCTEM;

— pa3IuyYHbIe 3HAYEHUS IPOIYCKHOM CITOCOOHOCTH CUCTEM;

— KoMOMHaIUs 000uX (PaKTOpPOB.

B pamkax gaHHO# pabOTHI OBUIN C/IETAHBI CISAYIONINE AOMYIICHUS:

— M3y4aloTCsl OONbIINE KBaApaTHbIe MaTPUIIbl pazMepoM N 3JIeMEHTOB, IJie MaTpHIbI A
U B SBISIOTCS UCXOMHBIME, a MaTpuiia C — pe3yabTUPYIOIICH;

— 7151 BBITIOJTHEHNSI YMHOXKECHUST TPUMEHSIFOTCSI TP a0CTPaKTHBIX mponeccopa P, RuSc
PasIMYHBIMU BHIYMCIMTENLHBIME MOLIHOCTAMH, ONPEEIEHHbIMU OTHOIIEHUEM P R S,
rie P — camblii MOLIHBIN nponieccop, a S, = /. O01as BBIYMCIMTENBHAS MOIIHOCTh CHCTE-
Mbl paBHa 7= P+ R+ §. Kaxnpiil abCTpakTHBIN IIPOLECCOP MOXKET ObITh IPEICTABIECH
IIpY IPOBEIEHNH IKCIIEPUMEHTAa IPYTIOi MPOLECCOPOB MM KIACTEPOB, T.K. B JAHHOM CIIy-
yae [POrHo3upyemasi MPOU3BOAUTEIHHOCTh COOTBETCTBYET SKCIIEPUMEHTAIBHOM [5, 6];

— pacripeieieHne IEMEHTOB MKy MPOLIECCOPaMU OCYIIECTBIISETCS B COOTBETCTBUU
C X MOUIHOCTSIMU;

— IIPOLECCOPBI COEUHEHBI MOJHOCBA3HOM TOMONOTUEH, rie 3, — JaTeHTHOCTh CPe/Ibl
niepesiaum Mexty poueccopamu P u S, B, — mexy npoueccopamu P u R, B, — Mexy npo-
neccopamu S ¥ R COOTBETCTBEHHO;

— B MCCIIJIOBAHUU aHAITM3UPYIOTCS IIECTh OTCHIMAIBHBIX ()OPM pa3OMEHHs! 2IEMEHTOB,
nperncrapieHHbIX Ha pucyHke 1: (Square Corner (SC), Rectangle Corner (RC), Square Rectangle
(SR), Block Rectangle (BR), L-Rectangle (LR), Traditional 1D Rectangular (TR)) [1];

— MaTeMaTH4eCcK1e MOJIeJI KOMMYHUKAITHOHHOM TPYJOEMKOCTH PacCMaTpuBaeMbIX aj-
TOPUTMOB ITOCTPOEHBI HA OCHOBE MOJIEH XOKHHU.

Pucynox 1 — ®opMbI-KaHAUJATHL:
1) Square Corner; 2) Rectangle Corner; 3) Square Rectangle;
4) Block Rectangle; 5) L-Rectangle; 6) Traditional 1D Rectangular
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[Tpu mepeMHOKEHUH MaTpHIL Ha HECKOJIBKUX MPOLIECCOPax MOTYT ObITh UCTIONB30BaHBI
AITOPUTMBI CIETYIOLINX KJIACCOB!

— TIocJIeIoBaTeNbHas KoMMyHHKaIwst ¢ 6apbepoM (Serial Communication with Barrier, SCB);

— mapaJureNnbHas koMMmyHuKarms ¢ 6aprepom (Parallel Communication with Barrier, PCB);

— mocJeioBaTeIbHas KOMMYHUKanus ¢ epekpbiTieM (Serial Communication with Bulk
Overlap, SCO);

— TapaienbHas KoMMyHuKanus ¢ nepekpoitieM (Parallel Communication with Bulk
Overlap, PCO);

— mapaJuielibHOe niepekpoiThe ¢ uepenosanueM (Parallel Interleaving Overlap, PIO) [1].

OntumMabHOCTh (POPM-KaHIUIATOB OLEHUBAIACH JUIS KaXKIOTO U3 MATH KJIACCOB aJIro-
PUTMOB.

ITepBrie aBa anroputma SCB u PCB 6a3upyrorcs Ha uaee MacCOBOH KOMMYHHUKAITAN C
OapbepoM, MU KOTOPOW BCE JAaHHBIE OTIIPABIISIFOTCS MPOLECCOPAMU 10 Havajla BbIYHCIIC-
HUH (PUCYHOK 2).

Pucynox 2 — Anroputmsl SCB u PCB

Anroputmsel SCO u PCO mpenycMaTpuBaloT OJHOBPEMEHHOE BBIMOJIHEHUE KOMMY-
HUKALMU U BBIYMCICHUH C 1IeJbI0 MUHMMHU3ALNH 3aTPadyMBaeMOro BPEMEHHU (PHUCYHOK 3).
Aunroput™m PIO npenronaraer, 4To Ha Ka)KJIOM IIare 4acTh JAHHBIX OTHPABIISIETCS COOT-
BETCTBYIOIINM IPOIIECCOPOM BCEM OCTaJIHHBIM BBIYHCIUTEIHHON CHCTEMBI IPOLIECCOpaM,
KOTOPBIM TPEOYIOTCSl TEKYIIHE 3JIEMEHTHI, B TO BPEMs KaK MapajuieIbHO MPOUCXOIUT BbI-
YHCIICHUE PE3YJIBTUPYIOLICH MaTPHILIBI C HCIONIb30BaHUEM JAaHHBIX, KOTOPbIE yXKe ObUIN OT-
MpaBiieHbl. PaccMOTpeHHBIC aNTOPUTMEI ITOIPOOHO ONMMCaHBI B padore [1].

Pucynoxk 3 — Anropurmsr SCO u PCO

Jliist onpeienieHus: ONTUMAITLHOCTH (DOPM JUTST KAXKIO0TO U3 allTOPUTMOB MapasjieIbHOTO
YMHOXEHUSI MaTPUIL ITPH pa3paboTke wWeb-NpritoyKeHus ObLITH UCTIOJIL30BaHBI MaTeMaTHye-
CKHe MOJIeNH, ONMCAaHHbIe B paboTax [2, 3].
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Just peanuzanuy web-npuiokeHus ObUTH TPUHSTHI CICAYIOIINE PEILICHHUS:

— B KauecTBE sI3bIKa MPOrPaMMHUPOBAHUS IJIsl HalTUCaHUsI Web-TpuiokeHust OblI BbI-
Opan s13bIK Python;

— B KauecTBe (PpeiiMBOpKa HCIONb30BaH (PpeiiMBopk Django, obnanaroniuii BEICOKOI
(DYHKIIMOHAILHOCTBIO M OOJIBIIUM HaOOPOM TOTOBBIX PEIICHUH, CIIOCOOCTBYIOIIUX YIIPO-
LICHUIO MPOoLecca HAMMCaHHs KOJ1a;

— ans ycraHoBku (periMBopka Django u HeoOxomumbix Ombnmnorexk Python Obur mc-
M0JIb30BaH MEHEDKEP MaKeTOB Pip;

— mabIoHbBI, HEOOXOUMBIE Il OTOOpaKEHHS CTPaHHI Web-TpUIoKeHus, PeacTaB-
JSOT cO00M html-cTpaHUIIBI ¢ UCTIONB30BAHUEM CTUJICH SI3bIKA IIPOIPAMMHUPOBAHUS U pa3-
metkn CSS;

— 1715t pa3paboTKu PyHKIMOHATBHOCTH Web-IIPUIIOKEHHUS HA CTOPOHE KIIMEHTa ObLIT BbI-
OpaH s3bIK porpaMMupoBanus JavaScript;

— ISl 3arPy3KH JIAHHBIX HA CTpaHuIle 0e3 ee OOHOBIICHUS OblIa BRIOpaHa TEXHOIOTUs Ajax;

— JUTS OCYILIECTBIICHHSI KOHTPOJISl Bepcuit Oblia BeiOpaHa cuctema Git.

Pe3ynbrarel 1 ux obcyxnenue. OyHKIMOHAIBHOCTh Pa3paOOTaHHOTO MPUIOKEHHS
BKJTIOUaeT B ceOsl:

— pacdeT BpeMeHH BBIYUCIICHHUS TapauIeIbHOTO YMHOXKECHHUST MAaTPHILL OOJTBILION pazmep-
HOCTH Ha OCHOBE MaTeMaTH4eCKUX mojenei nis anroputmoB SCB, PCB, SCO, PCO, PIO
B COOTBETCTBHH C BBEJCHHBIMH MCXOAHBIMU MMapaMeTPaMH BEIYUCIUTEIBHON CUCTEMBI;

— 0TOOpakeHNe MHTEPAKTHUBHBIX IPa()UKOB BPEMEHH BBITOJHEHUS AJISI KaXKIOTO ajro-
put™Ma o popmam pazbuenus snemenToB matpunsl SC, BR, SR, LR u RC.

Crpykrypa pazpaboranHoro web-npunoxenust npusenena nHa UML-auarpamme kiac-
COB, 300pakKEHHOM Ha PUCYHKE 4.

Pucynok 4 — UML-nnarpamma xiraccoB web-npunoxennst «Heterogeneous Computing»
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Web-npusnoxxenue npencraBiser co00H OIHOCTpaHWU4HBIN caiiT. [l oToOpaxeHus
rpauKoB MpuMeHseTcs: PyHKIHS Ajax, KOTopas MOArpyKaeT JaHHbIC Ha BEO-CTpaHHMIIE.

ITonmp30Bareo NperoCcTaBIsAeTCs BO3SMOKHOCTH BBOJA CIIEAYIONIUX MEPEMEHHBIX:

— P — BeIUmCIIUTENBEHAS MOIIHOCTH Tpotieccopa P;

— R — BeUncanUTENBHAS MOIIHOCTH ITporieccopa R;

— bl — oTHOMIEHNE TIPOITYCKHBIX CITOCOOHOCTEN MeX Iy Tporieccopamu B1/B3;

— b2 — oTHOIIEHNE TIPOITYCKHBIX CITOCOOHOCTEN MeX Iy Tporieccopamu 2/B3;

— Sp — Kosim4ecTBO ornepaLuii, BEIIOIHAEMBIX IIpoieccopoM P B cexyHay;

— N — pa3MepHOCTb MaTPULBL.

HauanpHbIi BHJT TTIaBHOM CTpaHUIBI Web-TpriiokeHus mokaszaH Ha pucyHke 5. KHomku
SCB, PCB, PCO, SCO, PIO npenna3zHayeHs! AJIs TOTYUYEHHS pACU€TOB 110 COOTBETCTBYIO-
LIEMY aJITOPUTMY.

Pucynok 5 — Bun miiaBHOM cTpaHuIbl Web-TIpHIOKeHNs

Hwxe HaurHaeTCst HOBBIN OJIOK Web-CTpaHUIIbI, OH SIBJISETCS JUHAMUYHBIM M U3MEHSICTCS
B COOTBETCTBHHU C BBEJCHHBIMHU I10JIb30BaTEIEM MapameTpamu Onaromaps GyHkimy Ajax. 3a-
TOJIOBOK OJIOKa ITPE/ICTaBIsAeT cOO0M Ha3BaHNE BHIOPAHHOTO aNropuT™a. B neBoii yactu skpaHa
otoOpaxkaeTcst Tpaduk U craimeps! A1 M3MEHEHHS 3HadeHui mapameTpoB P u R. Takum 06-
paszoM, U3MEHsISI TTOJIOYKeHHUE CTIaiiepa, MOYKHO HATTISTHO YBHUIETH 3aBICHMOCTD PACTIONIOKEHHS
IUTOCKOCTeH Ha Tpaduke oT 3HaueHw P 1 R. B mpaBoif gactn sxpaHa pruBeIeHBI pacyeThl IS
TEKYIIIEro allfOpUTMa M K XJI0H U3 TSIt popM pa3OreHus. B3y npuBeaeHa onTHMalibHas
(hopMma pazOoreHus TS TaHHOTO AJITOPUTMA M TIOKa3aHO €€ CXeMaTHIeCKOe N300paKeHHeE.

CootserctByromuii anropurMam SCB, PCB, SCO, PCO, PIO ananu3 st HCXOAHBIX
napamerpos P =10, R =4, B/, = 0,3, B,/B, = 0,9 npusenen na pucynkax 6 — 8.

Pucynok 6 — Ananus s anroputmoB SCB u PCB
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Pucynox 7 — Anamus nns anropurma SCO u PCO

Pucynox 8 — Ananus ans anroputma P10

B cnenyromem Ooke pa3melieH TpeXMepHbIi rpaduk A KaKI0ro U3 KIaccoB ajiro-
puTMOB. OH sBIIsSIETCA JUHAMUYECKHAM U TIO3BOJISIET PACCMOTPETH TUNIOCKOCTH C Pa3HbIX pa-
KypCOB, COXpaHHUTh PE3yJbTaThl B hopMare png, HpOCMOTPETh COOTBETCTBYIOIINE 3HAUYCHHS
napameTpoB. J[aHHBIH OJIOK IMOKa3aH Ha PUCYHKE 9.

Pucynok 9 — Tpexmepnslii rpaduk mis anroputma PIO

B xome mcciienoBaHus MPH ITOMOITH pa3padOTaHHOTO Web-TIPHUIOKEHHUS OBIT IpOBe-
JIeH aHallN3 Pa3IMYHBIX BXOJHBIX 3HadeHH. [lomydeHHbIe JaHHBIE TTONTBEPIUIN BBIBOIHI,
caemannbie B padote [3]. ®opwmer pazduenus BR, LR, SC u SR sBisroTcss OnTHMaIbHBIMA
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JUTSL QITOPUTMa NIOCIIE0BATEIbHON KOMMYHHKaLUH ¢ 6apbepom (SCB). dopma pazOuenus
snementoB LR onrumanbua mipu /B, < 1, eciiu MmomHocTy npoueccopos P u R npubnnsu-
TEJILHO PAaBHBI U 3HAYUTENBHO Oolblie, yeM y npoueccopa S. @opma pasduenus SR onrtu-
MaJIbHa MPU MAJIbIX 3HAYEHUsX cooTHowenud B /B,, B,/B, u MommHoCTIX mpoueccopos P u
R, 3naunrensHo 6onpmmx yeM y S. @opmbel BR 1 SC onTiMaibHbl B OCTaNBHBIX CITydasX,
MIPY 3TOM BBIOOD 3aBUCHT OT KOHKPETHBIX 3HAYEHUH NCXOIHBIX MapaMeTPOB.

st anroputMa mapauienbHON KoMMyHHKanuu ¢ 6apbepom (PCB) takke ontumans-
HBIMH MOTYT sIBIsITBCSI TonbKO (hopmbl BR, LR, SC u SR. LR ontumansHa TONBKO IpH
koo dumentax B /B, = 0,1, B,/B, <1 1 npuMepHO PaBHBIX MOIIHOCTAX MPOLECCOPOB P 1
R, 3HaunrensHo Gonbimx S. SR ontumanbHa npu cootHomenuu B /B, < 2 u MOIIHOCTAX
npoueccopoB P u R Oonbiux, uem y mporeccopa S. B apyrux ciydasx onTUMaibHBIMU
¢opmamu BeictynatoT BR u SC.

ANTOpUTM MOCTEN0BaTEIbHON KOMMYHUKaUU ¢ HanokenueM (SCO) gaeT HaumydIme
nokasarteny BpeMeHu BeinoiHeHus st popm BR, LR, SC u SR. ®opwmsr SR u SC ontu-
MaJIbHBI IPH 3HAYUTEIHLHO OOJIbIIEeH MOIIHOCTH TIpolieccopa P o cpaBHeHHIO ¢ mporecco-
pamu R u S. Jlng ¢popmer SR 310 yTBepKaenue BepHO ToNbKO npu B,/B,>= 2. ®opma LR
MOJKET SIBIIATHCS onTUManbHol npu B /B, <1 n momuocTy npoueccopa P npubnusurensro
paBHOI1 iporieccopy R, HO 3HAYMTENBFHO MPEBBIIAIONIEH MOITHOCTH ITporieccopa S. dopma
BR ontumanbHa npu BceX OCTaTbHBIX HCXOJHBIX YCIOBUSIX.

g anroputMa napansienbHol KoMMyHUKaIK ¢ HajoxeHueM (PCO) ontumanbHbIMU
Takoke ABysoTCs popmbl BR, LR, SC n SR. ®opma LR ontumanera tonsko npu B /3,<0,6,
B,/B,=<1 n MpUONM3UTENBHO PABHBIX BBIYMCIUTENBHBIX MOIIHOCTAX Mponeccopos P u R.
[pu 3nauenusax kodppuumnenta B,/B, < 2 n MmomHoCcTAX npoueccopos P u R 3naunrensno
OoJbIIuX, YeM y mpoiieccopa S, ontumaiibHa popma SR. @opma SC ontuManbHa pu MOIII-
HOCTH Tiporieccopa P, koTopasi 3HauNTEIbHO MPEBBIIIAET MOIIHOCTh NporeccopoB R u S u
snadenus B,/B,, B,/B,>1 . @opma BR onrumanbna st Apyrux ciydaes.

CrnenoBareibHO, KaK ¥ IIPU UCTIOIB30BaHUH TPEXIIPOLIECCOPHBIX CUCTEM C OMHAKOBON
MPOIYCKHON CIIOCOOHOCTBIO MEXIy Ipoleccopami [ 1], TpaaullMOHHbIE MPSIMOYTOIbHBIC
(dopmbl pazoueHust U GOpMbI pazOHeHUs «IIPIMOYToNbHBINA yrom» (SC) sBISIOTCS ONTH-
MaJIbHBIMHU JUIsI JTF000Tr0 Habopa mapamMeTpoB.

Haubonee ontumanbHoi (hopmMoii pa3OMeHHs JaHHBIX MEXKIY TPEMsl reTepOreHHbI-
MU MpoLecCOpamMu, 00beTMHEHHBIMH MTOTHOCBSI3HOW TOMOJIOTHEH, BCeTna OyeT sBIAThCS
onHa u3 ciaeayromux Gopm: Square Rectangle, Square Corner, Block Rectangle. Kpome
Toro, Square Corner sIBJISIeTCSI ONTUMAIBHOHN (POPMOH ISl TETEPOTEHHBIX CUCTEM C OAHUM
OBICTPBIM MPOLIECCOPOM M JABYMSI MeIJIEHHBIMU; Square Rectangle — 11t reTeporeHHbIX
CUCTEM C JABYyMsI OBICTPBIMH IPOLIECCOPAMHU U OJHUM OTHOCHUTENBHO MeieHHbIM; Block
Rectangle — 1t TeTepOreHHBIX CUCTEM C OBICTPBIM, CPEIHUM M MEAJICHHBIM MPOLECCO-
pOoM, a Takxke JiIsl OJJHOPOHBIX cucTeM. @opma L-Rectangle MoxkeT SBIATHCS ONTHMAIIb-
HOM MPH MOIIHOCTH npoueccopoB P u R 3HaunTensHo 6oibinX, 4em y mporeccopa S, u
NPUOIU3UTENBHO PaBHBIX ApyT Apyry 1ipu B /B,<1 mus anropurma SCB u B/B, = 0,1 s
anroputma PCB. TakuMm oOpa3oM, Aisi pelieHHs 3a/laud B JaHHOM cliydae JOCTaTOYHO
JIBYX TIPOIIECCOPOB.

3akimouenne. Web-nipuioxkenue, pa3paboTaHHOE B paMKaxX MPOBEIEHHOTO HMCCIIENO-
BaHMS, SBISICTCS MPUMEHUMBIM B IIMPOKOM JHarna3oHe oOnacTeldl 3HaHUH, TAKUX KakK Teo-
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pust ceTeld, MoZieTMpoBaHre GU3NUECKUX CHCTEM, HCKYCCTBEHHBIH HHTEIICKT U MALTMHHOE
o0ydeHHe, TPAaHCIIOPTHBIE CHCTEMBI.

Ha ocHOBe IaHHBIX O TEKyIIUX MapaMeTpax BBHIYUCIUTEIBHOW CHCTEMBI MOXKET OBITH
BbIOpaH KJlacc alropuTMa U onTuMaibHas Gopma pazoHeHUs! 2JIeMEHTOB MaTPUIbI MEKIY
TpeMsi TeTepOTeHHBIMH TPOLIeCCOpPaMu, 00bEAMHEHHBIMU TTOJIHOCBS3HOM TOTIOJIOTHEH, KO-
TOPBIE MO3BOJIAT JOOUTHCS HAMIYUIIHNX TOKa3aTeleld BpeMEHU BBITIOJIHEHUSI aJrOpuTMa.
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E. I KTIOEBA

Kapaeanovl mexnuxanviy ynusepcumenii,
Kapazanovl, Kazaxcman

YW ’ETEPOTEHAI IPOLUECCOPYA APTTBHIPY YHIIH YJKEH
OJIIIIEM/II MATPHAIIA DJIEMEHTTEPIH BOJIVIIH OHTAWJIBI
®OPMACBIH TABYFA APHAJIFAH KOCBIMIIIAHBI 93IPJIEY

Maxanaoa mampuya snemenmmepiniy yur 0epexciz eemepozenoi npoyeccopiapbl apacblHod o1ap-
Obl Kebeumy yulin 601y0iH OHmailivl POPMACHIH AHLIKMAY2A 8eO-KOCLLMUIAHbL 23Ipiey Hamuicenepi
Kenmipineen. Makanaoa mampuyanvl napaiiens Kobeumy aneopummoepiniy 6ec Kiacel Oepiieen:
mockayvlimer mizoexmeti oainanvic (Serial Communication with Barrier, SCB), mockayviimen na-
pannenv oaiinanvic (Parallel Communication with Barrier, PCB), kabammacymen mizbexmeti b6aiina-
noic (Serial Communication with Bulk Overlap, SCO), kabammacymen napannens 6aiinanvic (Parallel
Communication with Bulk Overlap, PCO), kezexkmecymen napainenwoi kabammacy (Parallel Interleaving
Overlap, PIO). Kapacmuipviavin omulpan an2opummoepoiyy KOMMYHUKAYUAIIK, KYPOeninicin anbikmay
ywin Xoxnu mooeni xondanwvinovl. 3epmmeyoe Jwinu 0e Duomuepoiy mampuya d1emMeHmmepin npo-
yeccopnap apacelnoa Kauma 61y yulin «pushy mexHonocuscvin KOIOAHy 0apblcblHOA AHbIKMANEAH
anmul MiKOYpwlumul emec snemenmmepoi 6oy opmanapuin (Square Corner, Rectangle Corner, Square
Rectangle, Block Rectangle, L-Rectangle, Traditional 1D Rectangular) xondanaowvr [1]. Benzini 6ip
MEXHUKATBIK, HCA20Aapoa hopmansly OHMALIbLILIZbIH AHBIKMAY YUIH JICYMbICMapod CUnAmmaigaH
Mamemamukaivik Mooenboep Konoauwliaowsl [2, 3]. Beb-Kocvimuansi dcyseze acvipy yulin Python scane
JavaScript bazoapnamanay mindepi, PIP nakem menedrcepi scane Ajax mexnonoeusacovl mayoanovl. Ilpo-
yeccopnap apacvbiHOagbl Mampuya dieMeHmmepin Oymaiiivl 0Oy Macenecin weuy yaKen oauemol ma-
mpuyanapovl Keoeumyoi KOIOAHA OMbIPbLN, IPMYPIL SbLILIMU CALANAPOA KOLOAHOAIbL ecenmepoi ueuty
Yuin ecenmey pecypcmapoin muimoi 6ey2e MyMKiHOIK 6epedi.

Tyitin ce30ep: Xoknu moodeni, mampuyanraposl kebetumy, napauiens 6ae0apramaiay, oepekmepoi
6oy, cemepozendi napaiiens Jycyuenep, 8e6-Kocblmud.

YE. G. KLYUYEVA

Karaganda Technical University,
Karaganda, Kazakhstan

DEVELOPMENT OF THE APPLICATION FOR DETERMINATION OF THE
OPTIMAL PARTITIONING FORM OF LARGE-DIMENSIONAL MATRIX’S
ELEMENTS FOR MULTIPLICATION ON THREE HETEROGENEOUS
PROCESSORS

The article presents the results of the development of a web application for finding the optimal form of
splitting matrix elements between three abstract heterogeneous processors when performing the operation
of their multiplication. The paper considers five classes of parallel matrix multiplication algorithms:
serial communication with a barrier, parallel communication with a barrier, serial communication
with overlapping, parallel communication with overlapping, parallel overlapping with alternation. The
Hockney model is used to estimate the communication complexity of the algorithms. The work uses six
non-rectangular candidate partitioning shapes identified by Ashley DeFlumere in her work [1] as a result
of applying the «pushy technology of redistribution of matrix elements between the processors: Square
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Corner, Rectangle Corner, Square Rectangle, Block Rectangle, L-Rectangle, Traditional 1D Rectangular.
Determination of the optimality of the form is made on the basis of mathematical models presented in
the works [2,3]. The programming languages Python and JavaScript, the Django framework, the pip
package manager, and Ajax technology were used to develop a web application. Solving the problem of
determining the optimal matrix shape will allow for efficient planning of computing power resources for
various scientific fields using parallel matrix multiplication.

Keywords: Hockney model, matrix multiplication, parallel computing, datapartitioning, heterogeneous
parallel systems, web-application.
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PABPABOTKA KBAHTOBOI'O KAJIBKVISITOPA HA IIVIAT®OPME IBM
QUANTUM EXPERIENCE U EI'O TPUJIOKEHUSA J1JI51 IPEOBPA3OBAHU A
JECSATUYHOMN CUCTEMBI CUMCJIEHHUS B IBOUNYHYIO

B smotii cmamve demoncmpupyemcs K6aHmMogulll KANbKYIAMOp, IKCHEPUMEHMATbHO MOOETUPYS U Bbl-
NOIHSASL OCHOBHbIE apupmemuieckue onepayul, d UMEeHHO — CIOXCeHUe, 8blYUmanue, yMHoxceHue, oeie-
HUe HA PeanibHblX KEAHMOBLIX YCMPOUCMBax ¢ ucnoivzosanuem niamgopmor IBM Quantum Experience
(IBM QE). Paccmompenul 06a aneopumma ciodicenus, Kiaccuieckas 6epcusl, ¢ nomoupio genmuis Tog-
@onu, u c ucnonvsosanuem keanmosozo npeoopasosanus Pypve (OFT). B uacmnocmu, cymmuposanue
¢ QFT skonomum namamo u eépems. 3adava padomvl COCHOUmM 8 MOM, YmooObl NOCMPOUMb KEAHNOBYIO
cxeMy, GbINOTHAIOWYIO apugmemuyecKue onepayul Meicoy 080UYHbIM NPeOCmasneHuem 08yX Yelbix dil-
cen. 3amem Mbl npednazaem KeaHMoBblil an20pumm OJis npeodoPa30eanus 0ecAmuyHo20 YUCia 6 060ULHOE.
Omom memoo makoice Oonyckaem Maccogoe pacnapaiienusanie 60 epems e2o 8binonHenus. CyHxyuu
CTIOMHCEHUL, 8LIYUMAHUSA, YMHOdCeHUsA U Oenenus Ha ochoge QF T ynyuwiensl ¢ HeKOMOPbIMU USMEHEHUAMU.
Tlpeonazaemvle onepayuu cpasHUBaiomcs ¢ OnudICAuuUMU onepayuamMu keanmogoul apugmemuxuy. Cue-
008aMeNbLHO, Mbl MOHCEM PEAnU308AMb NPAKMULECKUL KEAHMOBbIU KATbKYIAMOP, 8bINONHA ONepayul Ha
peanvbrom Keanmogom komnviomepe. Cxemvl onpeoeiensl KaKk pasHO8UOHOCHb K8AHIMOBO20 CYMMAMOPaA C
UCNONb306aHUEM K8AHMO6020 npeobpazosanue Pypve, pearuzosana ¢ Qiskit u npodemoncmpuposana na
O0OHOM-08YX IK3EMNJIAPAX.

Kniwouegwie cnoga: keanmoswlii KomMnviomep, K6AHMoble onepayull, Keéanmosoe npeoopasosanue Py-
pue, apugpmemuueckue onepayuu, qiskit.

BBenenue. B mociennne roasr HabMIOMAETCSI OTPOMHEBIHN ITpOTrpecc B 00JaCTH KBAaHTO-
BBIX BeIUHCICHHA. IBM depes cBoro matdopmy IBM Q Experience mpegocraBuia q0CTyIl
K peasbHBIM KBaHTOBBIM KOMITBIOTEPAM M CUMYIATOPY, KOTOPBIi SBISETCS OTIIMYHBIM pe-
CypcoM B o0JacTu dKCriepuMeHTOB. C HCITOIB30BAHMEM 3TOM TIaT(OpMbI OBUT TTPOBEIEH
PSI OKCTIEPUMEHTOB: TECTUPOBAHUE CYIIECTBYIONINX KBAHTOBBIX aiaroputMmoB [1,2], mo-
nenupoBanue mozaenu Mswara [3], n3ydeHne TuHAMUKH, JAJIEKOH OT paBHOBecus [4], Ha-
omonenue mapanokca KieitHa [5], m3mepenne Tomoiorudeckon (assl [6], MomeupoBaHue
KBaHTOBOTO TYHHEIHPOBAHUSA [7], KBAHTOBBIM MCKYCCTBEHHBIN MHTEIUICKT [8], KBaHTOBOE
MarmuHHOe o0ydeHne [9], pa3paboTka HOBBIX aJTOPUTMOB IJISl CIIOKHBIX 3aj]1ad, pPelieHue
KBaHTOBBIX WTD, MMPOCKTHUPOBAHNE KBAHTOBBIX yCTPOHCTB [10], TenemopTarus KBaHTOBBIX
COCTOSIHHI W BpAT, paclo3HaBaHNE KBAHTOBBIX COCTOSHHIA, KBaHTOBask WH(pOpMaIns, KBaH-
TOBast KOPPEKIIHSI OMIMOOK, U 3TO JTUIIb HEKOTOPHIE U3 HUX.

Kanpkynstop B mepByto ouepes BKIFOYaeT B ce0sl 4eTHIPE OCHOBHBIX apr(hMETHIECKIX
oTIepaIyy: CIOKEHHE, BEIYNTAHNE, YMHOKEHHE U IeJieHne. [ peann3anyy BeIeykazaH-
HBIX Omepanuii ObUTH pa3paboTaHbl KBAHTOBBIE anTOpUTMBL. OMHAKO WX peaim3arus Ha
KBAaHTOBOM KOMITHIOTEPE MJIM HAa KBAHTOBOM CHMYJISITOPE JI0 HACTOSIIEr0 BpeMeHH He Oblia

* E-mail xoppecnionnupyromero aBropa: mukhanbetaksultan0414@gmail.com
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BBIMOJTHEHA. 3716Ch MBI IPUBOANM KpPaTKUi 0030p CYIIECTBYIOUIMX AITOPUTMOB U UMUTHUPY-
€M CXEMBbI CJIOKEHHUS], BHIUUTAHUS H YMHOKEHUS Ha CUMYJISITOPE KIIACCHYECKOH TOMOIOTUN
IBM. Xots knaccuueckre KOMIbIOTEPHI MOTYT 3(Q(QEeKTUBHO BBIOIHSITH apu(METHIESCKHE
orepanuy, He0OXOIUMOCTh B KBAHTOBOM QJITOPUTME BO3HUKAET ITOTOMY, YTO OHH HEOOXO-
JVMBI JJIs1 IPYTUX aJITOPUTMOB, HanpumMep, anroputM Llopa Tpedyet MoaynbHBIX apugme-
TUYecKux omepanuii [30].

2. Co3nanue KaJabKyJasaTopa. [Ipexe Bcero, peaqu3yeM Onepauo CIOKEeHUs TaK ke,
KaK 3TO peaJln30BaHO Ha KIACCHYECKOM KOMIbIoTepe (KOHCTPYKLUS MOJIHOTO CyMMaropa)
U ¢ noMoIibio BeHTwis Toddonu. Janee Mbl 00pUCyeM HETOCTATKU STUX MOAXOI0B U MPO-
aHaJM3UpyeM IPEUMYIIECTBA MCIONb30BaHMSI BMECTO HUX KBAaHTOBOTO MpPeoOpa3oBaHUs
®ypre (QFT).

3areM MBI TPOJOIDKHM OTYET, peayn3ysi, UCXOIAsl U3 COOOpa’keHHWH, HAUCAHHBIX O
QFT, Bce npyrue onepannu, Takue Kak BEIUMTaHUE, YMHOXKEHHE U Aenenue. Kaxaas ome-
pamus OyJeT mpoTeCTUPOBaHA KaK Ha aBTOHOMHOM cumysisitope Qiskit, Tak 1 Ha OHJIAIH-
CUMYJIATOpE, NpefocTaBieHHoM IBM.

2.1 Cnoxenue. Mbl HauHEM ¢ TlepeBojia CyMMBI JIBYX 4HCeNl B KBaHTOBYIO cxemy. Ha
caMoM JieJie CYIIECTBYET MHOTO CIIOCOOOB PEIUTh 3Ty MpoOJeMy, U MbI TIOK)KEM J[Ba U3
Hux. [lepBblit HazpIBaeTcs «cyMMoil Toddonny, MOCKONBKY B HEM HCHONB3YIOTCS BEHTUIH
Todpdomu u CNOT. D10 Gosnee mpocTasi cxema, MOCKOIbKY OHA UMHUTHPYET XOPOIIO H3-
BECTHYIO KJIACCUYECKYIO CXeMYy CYMMHUPOBAHUS (CyMMarop C TOJIOBHHHBIM CyMMAaTOPOM H
CYyMMarop C IMepeHOCOM ITyJIbCaluii).

Bropoii momxos 3akiouaeTcs B UCIOIB30BaHUH KBAaHTOBOTO MpeoOpazoBaHus Dypbe
(QFT), xotopoe npeoOpazyeT Mexay AByMsi Oazucamu, BBIYUCIUTENBHBIM (Z) 60a3ucom u
6azucom Dypre. Mcnonb3yst 5TOT METOM, MBI OJICYUTHIBAEM Pa3IMYHbIC BPALLICHUS BOKPYT
ocu Z.

[pexne yem yrimyOnsaThes B caM KOJI, BAYKHO IMOHSTH OCHOBHBIE IPUHIIHITBL.

Cnoxenne Todhdosn 0OCHOBaHO HA KIIACCHUSCKUX CXeMaX JBOUYHON CYMMBbI: TIOJIOBUH-
HOM CyMMartope u cymmarope ¢ neperocom mynbscanuii (RCA).

JaBaiiTe cHauana B3IJISIHEM Ha CXeMy T0JlyCyMMaropa, KOTopas oKa3aHa Ha PUCYHKE 1.

Pucynox 1 — Knaccudeckas cxema noiaycyMmaropa

Cxema mosycyMMaropa BBITOJHIET CyMMHUPOBaHHE JBYX BXOAHBIX OUTOB A u B (rme
OHHU MOTYT OBbITH 0 M 1), BEIBOAS CIIOKEHHUE HA BBIXOAE S.

Kpome Toro, on Beraucisier OuT nepenoca B BeiBoge C. but nepenoca paseH equHumIe,
xorga u A u B paBHBI enuHuIIE.

OnHako cxema He yYUTHIBAE€T BO3MOXKHBINM OUT mepeHoca. DTa mpodiiemMa penraeTcs B
CXEMe€ IOJIHOTO CyMMaropa.
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Cxema momycymmaropa coctout u3 anementa 1 u snementa XOR. J/IBa BXOqHBIX cur-
HaJla TiepelaloTcs Kak Ha Jorundeckuii anemenT XOR, KoTopsiii OyneT oTBeyars 3a BBIUHMC-
JICHHE YaCTUYHOM CyMMBI, TaK M Ha JIorndeckuil anemeHT AND, KoTOpbI Oy/ieT oTBEeYaTh 3a
BBIUHCIICHNE TTepeHoca. Tabiauna HICTHHHOCTH TI0JyCyMMaropa rnokasana Ha Tabnune 1.

Tabnuya 1 — Tabnviia ICTHHHOCTH TIOJTyCyMMaTopa

BBO/1 BbIBO/]
A B Cymma (S) ITepenoc (Cout)
0 0 0 0
0 1 1 0
1 0 1 0
1 1 0 1

W3 Tabnuiibl Mbl MOXKEM CZEJIaTh BBIBOJ, YTO (YHKIIUS 100aBICHHUS MOXKET OBITH OITH-
cana ypasaenusamu (1)-(2):

S=A®B, (1)
Cout = Ai ’ Bi (2)

Kax ynmomunanoce panee, moJIOBUHHBII CyMMAaTOp HE YUYUTHIBAET BO3MOXKHBIM IIEPEHOC-
HOW OWT, YTO JIeTaeT CXeMy MPHUIOAHOMN TOJBKO JUIsS JOOABICHUS JIBYX OJMHOYHBIX OUTOB.
UYTo0bI pacCMOTPETh OUT MEPEHOCA, MbI JIOJDKHBI IIOCTPOUTH CXEMY, KOTOpast IPUHUMAET 3
Bxona: A, B u Cin, 1yie iepBbIe J1Ba — 3TO OUTHI [Jis1 JOOABICHUS, & TIOCIEIHUI — OUT TIepe-
HOCAa, BEIYMCICHHBIN IpeabIIyIIel onepaueii. 3Ta cxema Ha3bIBaeTCs MOJHBIM CyMMATO-

pom.
Jlornueckumu BBIPAXKCHUSAMU JI IIOJIHOTO CyMMATOpPa ABJIAIOTCA CICAYIOMIUC!

S=(A ®B,)®Cin, 3

Cou = (A -B)+((A ®B)-Cin) (4)

[Tpu noGapneHnu OUTOB MBI HCIIONB3YEM OOJbILE OAHOM Mapbl. J{Jst 3TOro Mbl MOXKEM
UCIIONIb30BATh CyMMATop € mepeHocoM myibcauuii(RCA), T.e. MHOXECTBO MOJHBIX CyMMa-
TOPOB B KACKAJE.

2.1.2 Jlo6aBieHue ¢ KBAaHTOBBIM mnpeodpa3oBanneM ®Dypbe. [Ipexae yem Mbl Hau-
HEM 00CY)KJaTh peasin3alHio CIOKEHUs C UCTIONBb30BaHUEM KBAaHTOBOTO MpeoOpa3oBaHuUs
®Oypoe (QFT), MbI mpecTaBUM MaTeMaTHYECKYIO (POPMYIY U TO, KAK MOKHO pPeai30BaTh
cXeMy, KoTopasi BBIMOJIHAET 3Ty omnepanuio. Kak ynomunanocs panee, QFT mpencrasins-
eT co00H KBaHTOBYIO peaslM3alfio AUCKPETHOTO mpeodpazoBanusi Pypbe Mo aMITUTyAaM
BOJTHOBOW (DYHKLMH M ITpeoOpa3yeT BEIYUCIUTENbHBIN Oa3uc B 6asuc dypne. [laBaiite mo-
CMOTPHUM NPUMEP C OAHUM KYOMTOM: MBI 3Ha€M, YTO C OJHUM KyOHTOM y Hac €CTh COCTOSI-

HUS HOJb (|0 > ) M COCTOSIHHE OIUH (|1> ), TaK 9TO €CTh JIBa OCHOBHBIX COCTOSTHHS. [l
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IBYX KyOHTOB y HAC €CTh {|00 >,[01>,[10>,]11 >} , T.€. 2% BO3MOXHBIX 0a30BBIX COCTOSTHHS.
0060011251 3TOT MPOTIECC, MBI OyZIeM UMETh C N KyOuTamMu 2" BO3MOKHBIX COCTOSTHUH. MTaK,
JUTS IPOCTOTHI AaBaiTe paccMoTpuM N = 2" ’X >= QFT|X > ,1ae X — ynoMsIHyThIH paHee

Oasuc (I)ypbe, a X — Hallla BbIYUCJINUTCIIbHasA OCHOBA. HTaK Y HacC €CTh (bopMyna QFT
2mxy

QFT|X>'rZyo (5)

B CJIy4a€ OJHOTO KY6I/ITa MBI UMECM !

| N-1 2mxy 2-1 2nxy| 1 EmeO 2nix1| C
QFT|x>= e N |y>= e’ y>— 2 |0>+e 2 1>
e e §

1 - 1
=—[d>+e™N>F—H>+[1> + >, =
i 9 1> A 8> +1>F[+> xormax=0 (6)

=%@>—|l>%|— >, xorma x = 1

Teneps, ecau Mbl PACCMOTPUM 3TO COCTOSIHME OAHOTO Kyowta |y > = |0 > +f|1 > n
paccuntaem QFT, kak 3T0 Aenanoch paHee, 3Ta ornepauusi OyAeT B TOYHOCTU PE3YIbTaTOM
npuMeHeHus oneparopa Axamapa (H) k kyoury:

H = 1 M 1C
2t -1F 7
QFT moxem nepenncaTb Kak:

2mixy
Y> mew)=e2 uN=2" (8)

QFT

\/7 Z \/7 Z N-1 2mxy/2"

n
. . — _ K
MepenucaB B APOOHOM qBoUYHOMN 3amucH Y = Y1 - Yoo F = Z vy Yk /12 , IOTYYUM:

N-1 2TCI( ::1yk/2k)<
Yy oo

\/72 yn>_\/_z n 27[|XYI</2 |y Y, > 9)

TOCJIe TIEPECTAaHOBKH CYMMBI M IPOM3BECHHUH U PACIITHPEHIS

1

ZLkix N-1 1 1 1
W®E=1(|O>+ez |1>) :zzz

2mix
=—e>+e 2

Hnst noctpoenun cxembl QFT HaM HY>KHBI clieAyIOIIUE BEHTUIH:
* BEHTHJIb AJlamMapa: BEeHTHIIb ATamapa MPUMEHSETCSl K KOHKPETHOMY KyOHUTY X,, HO3TO-
My X, PaBHO HYJIIO HIIH CIMHHIE IMECT BA BO3MOKHBIX PE3yJIbTaTa, KOTOPhIC MOXKHO BbI-
X,

pasuts B Kauectse H[X =[0>+e 2 [1> IN2

]

i ] 2nix| [ (10)
1> E >+e 2

> 42" 1>E
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I 0
* IBYXKyOuTHOE ynpasisiemoe Bpamenue CROT, = , tne = UROT, =

k
10 0 UROT,

B 0 exp (%)

C yuyeToM 3TuX ABYX BEeHTWJIEH MOKa3aHa cxema, peanusytomas 4-kyoutnyo QFT.

Pucynok 2 — Cxema, peanusyromas 4-kyoutayro QFT

2.2 BolunTanue KBAaHTOBOro npeodpaszopanusi ®ypwe. Eciau Mbl mogymMaem o ToMm,
KaK MPOMCXOIUT BHIYUTAHHE MEKIY ABOMYHBIMHU YHCIIAMH, TO B KIIACCHUCCKHX BBIYHCIIC-
HUSX MBI 3HA€M, YTO MBI MOYKEM ITOJTYYUTh PE3YIIbTaT, HCTIOIb3YS «OIHO JIOTIOTHEHHE) CII0-
JKEHHUS, T.€. HHBEPCHPYEM OTPHUIATEIHHOE YUCIIO U JOOABUM EIMHHUILY, 3aTEM HAXOIUM CyM-
MY TOJYYEHHOTO PEe3yNbTaTa W MepBBIM NCXOJHBIM YHCIOM M, HAKOHEII, yAaIsieM HEepBYIO
mdpy cymmsl. Ecim y Hac HeT numiHel 1uphl, MBI TBITAEMCSl BBIYECTh OOJIbIIee YHCIIO
U3 MEHBIIETO.

To ecTb, eciti MBI IPUBE/IEM IIPOCTON MpHUMEp, y Hac OyeT:

1101, — 0111, = 1101, + 1000,= 1101, + (1000, + 0001)) = 1101, +1001, = 10110, =
=10110, 0110,

U crosa ucnonszoBanre QFT mo3BoisieT HaM MPOMYCTUTh MHOXKECTBO IIarOB M CO-
XpaHUTH KyOHTHI.

AJNTOPHUTM, KOTOPOMY MBI CJIEIyeM ISl BRIYUTAHUS, IO CYIIECTBY HICHTHYCH aJ-
TOPUTMY, MCIOJIB30BAaHHOMY IS CIIOKEHHs, HO BMECTO BBIIIOJHEHHS ITOJOKHUTEIb-
HBIX BpamieHui B (yHKIUHU, mpeoOpa3yeT Mpeaslayniee KOIUPOBAHHOE COCTOSHHE
|[F(y(reg,))> nepsoro uncna B |[F(y(reg, + reg,))>, Mbl BBINOJHAEM OTPHIATEIbHBIE
BpaIlCHHUS.
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Pucynok 3 — QFT: cxema BerauTaHUS 4-KyOUTOB

2.3 YMHOKeHH€e KBAHTOBOI0 npeodpa3oBanust Oypee. J[ake B TECATHIHON CHICTEME
CUMCJICHUS IPOU3BEIICHUE MEXKTY @ U b MOXKET OBITh MOTYUYCHO ITyTEM JI00ABIICHHUSI TICPBOTO
MHOYHUTEIS, a, CTOJIBKO pa3, CKOJIBKO YKa3bIBaeT b.

[TockonbKy 3TO CBOMCTBO HE 3aBUCUT OT CUCTEMbI CUUCTICHUS, MBI UCIIOJIB3YEM €TO0 IS
YMHOKEHHS 9HCeT B TBOMYHOM (hopmare.

Jlaaiite ipuBeIeM pUMeEpP, yMHOKHB 6 - 3 -

6,,°3,=0,,16,=6,
=6,16,=12
=12,+6,=18,

e 18, — 9T0 pe3ynabrar yMHOKEHHS.
YroObl OKa3aTh, YTO 3TO PabOTAET Jaske IPH MCIIOIb30BAHUM JBOUYHBIX YHCEI, CMO-
TPUTE CIEAYIOIIHNA TPUMED:

6, 3,,=110,- 011,
=0,+ 110,= 110,
=110, + 110,= 1100,

=1100, + 110,= 10010,

rae 10010, — 910 18 | B AECATHYHOI CUCTEME CUMCIICHUS.

B nagane yMHOKEHUS MBI KOTUPYEM TOJBKO a B KyOWUTax, M MOCKOJIbKY 3HaUeHHUE b nc-
TIOJIb3YETCS TOJBKO ISl TOTO, YTOOBI 3HATH, CKOJILKO Pa3 HaM HY)KHO TIOBTOPHUTH CIIOKEHUE
a, MBI PEIIIN He TTPeo0Pa30BBIBATh €TI0 B KBAHTOBBIN PETHUCTP, & COXPAHUTH KaK OOBITHOE
1IeJI0e YHUCIIO.
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Pucynox 4 — Cxema QFT ymHOXKEeHUS

2.4 QFT [enenme. J[Ins peanuzauuu MNOCIEIHEH 3IEMEHTApHOM ONepanuu
HaM HYXHBI JIBa KBAHTOBBIX PpErucTpa ISl KOAWPOBAHUS JACICHUS M JCJIUTENS U
JIOTIOJIHUTENIbHBIA KBAaHTOBBIH PErHCTp AJIS MCIOJIB30BaHMS B KaUeCTBE aKKyMYJSTODA.
JlaBaiiTe MOCMOTPHUM Ha MPOLECC BHITOJHEHUS LIEIOYUCICHHOTO ACJICHUS B CIEAYIOIIEM
npumepe. [Ipeanonoxum, Mbl XOTUM pasaenuTs yucio 6, = 110, va 2 = 010,, uT0 MbI
coOupaeMcsi clienarb, 3TO MPOAOKATh BBIUMUTATh M3 JEIMMOTO ACITUTENb 10 TeX IOp,
MOKa BBIYMTAHUE, peanu3oBaHHoe ¢ nomoulbio QFT, He nmpuBeneT KyOUT B COCTOSIHHE,
KoTOopoe OyZIeT COOTBETCTBOBATh YMCIY (B ABOWYHON CHUCTEME CUHMCIICHHS), OOJbILEMY,
yeM caMm aenumblid. Hanpumep:

accumulator =0
=0110-0010 =4 (0100) accumulator + =1
=0100-0010 =2 (0010) accumulator + =1
=0010-0010 = 0 (0000) accumulator + =1
=1110 accumulator + =1

NN NN

6—
4—
2
0-—

Ha sToM sTame Mbl BBIXOIUM M3 LMKJIA, U €CIM MBI IPOBEPUM 3HAYCHHE CUETUHKA,
OHO OyzeT paBHO 4, HO MbI BBIWIX CJIUIIKOM MHOTO, IIO3TOMY MBI BBIYUTaeM |, 4TOOBI 1O-
JYYUTbH 3, YTO SABJSIETCS NPABUIBHBIM pe3ylbTaToM. MBI 3aMedaeM, YTO HHTYUTHUBHO TO,
9TO MBI JIelIaeM — 3TO UTEPAaTUBHOE BHIYMTAHUE A0 TEX MOP, TOKa BpalleHus 1o ocu Z B
6a3e Ddypbe HE NPUBEAYT K HENPABUIBLHOMY PE3ylbTaTy, Ha CaMOM JieJie, KaK Mbl MOXKEM
BUJIETh, €CJIM MBI IIONBITAEMCS BbIUeCTh 2 U3 0, MBI ITOJyYUM HEIOCTATOYHBIN ITOTOK, TO
ecthb ¢ moBoporom ot 0000, Mbr epexoaum K 1111, u ¢ ApyruM MOBOPOTOM TPHUXOAUM K
1110,.

Ilepen Hawanom nwmkia while Mber co3maeM kyOuT d W ycTaHaBiIMBaeM €My 3Ha-
yeHue 1, KoTopoe OyIeT MCIOJB30BAaThCSl B KAaueCTBE KOHCTAHTHI IS N0OaBICHUS
B HAKOMMTEJIb HAa KaXXA0W urepanuu. boxee Toro, 4roObl 3HATh, KOTJA BBHIXOAHUTH U3
LUKJIa, MBI IPOBEPSIEM IEepBYI0 HanOosee 3HaUMMYI0 HUPy pe3yiabTaTa BEIYMTAHUS
MEXy JeJICHUEM U JIeNIUTeNIeM, IOTOMY YTO, €CJIM B Havasie nepsas uudpa He osi1a 1,
OHa HAaBEPHsSIKa HUKOT/Aa HE CTAHET 1, MOCKOJIBKY MBI BBIITONHSIEM BBIYUTAHUS. UTOOBI
OBITH YBEpPCHHBIM B Haualle LIMKJa, MBI 3aCTaBisieM NepByto nudpy ObITh paBHOi 0.
OTMeTHM, YTO, YUUTHIBAsI IPUHLIMII HEONPEACICHHOCTH ['eli3en0depra, Mbl HE MOKEM
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3HaTh 3HAUCHHE COCTOSIHUS KyOuTa, IoKa He u3MepuM ero. I1o 3Toil mpuunHe, 4TOOBI
y3HAaTh 3HAUYCHHE BBIYMTAHMS MEXIY JICIHUMBIM M JIeIUTeIeM, HE0OOXOAMMO BBIIOJ-
HSTh U3MEPEHHUS HA KaxJ0U urtepanuu. Pe3ynprarsl U3MEepeHus 3aTe€M UCIOJIb3YHTCS
JUTSl M3BIICUEHUS IEpBOI Hanbosee 3HaYMMOM LUQPBI, 4TOOB! Y3HATH, CIEAYET JIH PO-
JLOJIKAaTh LUKJI.

Pucynox 5 — Cxema QFT nenenus

3. Pe3yJIbTaT]>I. Ilocne MMOCTPOCHUA KBAaHTOBOI CXeMbI ObLI HAITUCAH CKpHIIT IJIA IpO-
BCPKH PEC3YJILTATOB. CnepBa HYXKHO BBI6paTL OIepanunro, KOTOPYHO Mbl XOTHM BBIIIOJIHUTD.
PeBy.]'ILTaT MOXHO YBUACTH Ha 6 PUCYHKE.

Pucynoxk 6 — Beibop apupMeTHIECKOTO OTIepanun

[Tocie BBIOOpa apuMeTHUECKON OTepaIlii HaJ0 BBECTH IEPBOE M BTOPOE TOIOKHU-
TenbHOE Tenoe uncio ot 0 1o 2047. BBeneHHbIe Uncia Mpeo0pa3oBhIBAIOTCS B IBOUYHYIO
CUCTEMY W BBITIONHsETCA apupMeTHueckas omnepanus. [l BBIYMCICHHS HCIIONB3YeTCs
gasm_simulator. Pe3ynbsraT y>XHOKEHUSI MOJKHO YBUIETH Ha 7 PUCYHKE.
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Pucynox 7 — Pe3ynbrar KBaHTOBOTO YMHOXKEHHUS

B pesynbTare MOKXHO yBUIETh YMHOXKEHHE BYX yncen. 1o 101,* 100, =10100,. Eciu
TIEPEBECTH ITO JAECATHIHYIO CUCTEMY, TO pe3ynbrar Oymer 5, * 4, /=20 .

Pucynok 8 — Pesynvrar QFT nencnne

B pucyHke 8 MOXHO yBHUIETh, UTO AEJEHUE ABYX ILIEJIBIX UYUCEI. 111102 : 001 102 =
000101,. Ecin nepeBecTH 9TO JECATHYHYIO CHCTEMY, TO pesyabrar Oyxer 30,/ 6, =35, .

Taénuya 2 — Pe3ynsTaTsl BRIOTHEHUS apU(PMETHIESCKIX OMEPAIii IO BPeMEHH

Onepanuu Bpewms BbinonHeHus
CrnoxeHnue 1.65797615051269
Brruuranue 1.67863130569458
YMHOXEHUE 1.71801996231079
Jenenne 3.72493243217468
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B Tabnuie 2 MO’KHO YBUIETH Pe3yJIbTaThl BBITOTHEHUS apu(METHIESCKHUX Olepaluii o
BpeMeHU. Pe3ynbTaT BpeMeHU Ae/IEHUs 3aHUMAET MHOTO BPEMEHMU, €CJIM CPABHUTB C OCTAJIb-
HBIMH, TTOTOMY 4TO TaM BbInonHsercsa 2 QFT onepanuu. D10 ciokeHne U BHIYUTAHUE.

3akmouenne. B 3akimoueHne Mbl IPOJEMOHCTPUPOBAIA OCHOBHBIE apu(METHIECCKHE
OTIepalK, KOTOPBIE COCTABISIIOT OCHOBY KAaJBKYJSITOpa M KBAaHTOBOTO AITOPHUTMa Ipe-
00pa3oBaHus JECSITUYHOTO YUCIa B €ro ABOMUYHYIO (GopMy. BONBIIMHCTBO MpeablIymnx
paboT Mo KBaHTOBBIM apH(PMETHUECKUM OIEpalysiM HOCAT TEOPETHUECKUH Xapakrep,
OBLIO MPENIPUHATO HECKOIBKO MOIMBITOK MOJEINPOBAHUS WIH PeaU3allii Ha KBAHTOBOM
kommbioTepe. Llenpio 3Toi paboThl OBLIIO MOJECTMPOBAHUE M 3aIyCK ajlrOPUTMOB Ha pe-
QIBHBIX KBAaHTOBBIX YCTPOMCTBAaX C MCIOJIb30BAHHEM JOCTYITHBIX B HACTOSIIEE BPEMS pe-
cypcoB. Takum o6pa3om, aqropuTMbl, CMOJIEIIMPOBAHHBIC 371€Ch, HE caMmble d((EKTUBHBIE,
HO caMble TPOCThIC Ul MOACITMPOBAHMS C UCTIOJIB30BAHUEM COBPEMEHHBIX TEXHOJIOTHI.
B ciydae pazzmenenusi, Kak yIoMHUHAJIOCh paHee, Jake caMble MPOCThIE MOAXObI UMEIOT
OTpaHUuYECHHS, KOTJa JeJ0 JOXOAMUT IO MOJCINPOBAHUS, Mbl MPEIIOKIIN Oosiee o0Imue u
3¢ PeKTUBHBIE aNTOPUTMBL. MBI TIPEITIOKMINA KBAHTOBBIM aITOPUTM AJISl TpeoOpa3oBaHms
JECSITHYHOTO YKMCIia B €ro ABOMUHYI0 GopMy. MBI HazieeMcsl, 4To ¢ OOJIBILEH CBSI3bIO MEKIY
KyOuTamu 1 Gojiee YHUBEpCAJILHBIMHU OTEpALUsSMHU CTAaHET BOSMOXKHBIM pPeain30BaTh d(-
(eKTHBHBIC AITOPUTMBI Il apUPMETHIECKUX ONEpaluil HapsAy C APYTHMMH TOJIE3HBIMU
OTIepalUsIMU Ha peallbHBIX YCTPOMCTBAX KBAHTOBOTO KOMIIBIOTEPA, YTOOBI €r0 MOYKHO OBLIO
HCTIOJIb30BATh B KAUECTBE KBAHTOBOTO KAJIBKYIISTOPA.

Bbaarogapuocts. Hayuno-uccnenoparenbckast pabora BhINOMHEHA 3a c4yeT rpaHTa Ko-
mutera Hayku MOH PK o mpoexty Ne AP09260564.

JIMTEPATYPA

1 Gangopadhyay, S., Manabputra, Behera, B. K., Panigrahi, P. K.: Generalization and
Demonstration of an Entanglement Based Deutsch-Jozsa Like Algorithm Using a 5-Qubit Quantum
Computer, Quantum Inf. Process. 17, 160 (2018)

2 Coles, P. J. et al.: Quantum Algorithm Implementations for Beginners, arXiv:1804.03719 (2018)

3 Cervera-Lierta, A.: Exact Ising model simulation on a Quantum Computer, Quantum 2, 114
(2018).

4 Zhukov, A. A., Remizov, S. V., Pogosov, W. V., Lozovik, Y. E.: Algorithmic simulation of far-
from-equilibrium dynamics using quantum computer, Quantum Inf. Process. 17, 223 (2018)

5 Kapil, M., Behera, B. K., Panigrahi, P. K.: Quantum Simulation of Klein Gordon Equation and
Observation of Klein Paradox in IBM Quantum Computer, arXiv:1807.00521 (2018)

6 Viyuela, O. et al.: Observation of topological Uhlmann phases with superconducting qubits,
npj Quantum Inf. 4, 10 (2018)

7 Hegade, N. N., Behera, B. K., Panigrahi, P. K.: Experimental Demonstration of Quantum
Tunneling in IBM Quantum Computer, arXiv:1712.07326 (2017)

8 Alvarez-Rodriguez, U., Sanz, M., Lamata, L., Solano, E.: Quantum Artificial Life in an IBM
Quantum Computer, Sci. Rep. 8, 14793 (2018).

9 Zhao, Z., Pozas-Kerstjens, A., Rebentrost, P., Wittek, P.: Bayesian Deep Learning on a Quantum
Computer, Quantum Mach. Intel. 1, 4 (2019).

10 Srinivasan, K., Satyajit, S., Behera, B. K., Panigrahi, P. K.: Efficient quantum algorithm for
solving travelling salesman problem: An IBM quantum experience, arXiv:1805.10928 (2018)



Myxanbem A. A. u Op. Pazpabomka k6aHmogo2o KaibKyisamopa na niameopme ... 75

REFERENCES

1 Gangopadhyay, S., Manabputra, Behera, B. K., Panigrahi, P. K.: Generalization and
Demonstration of an Entanglement Based Deutsch-Jozsa Like Algorithm Using a 5-Qubit Quantum
Computer, Quantum Inf. Process. 17, 160 (2018)

2 Coles, P. J. et al.: Quantum Algorithm Implementations for Beginners, arXiv:1804.03719
(2018)

3 Cervera-Lierta, A.: Exact Ising model simulation on a Quantum Computer, Quantum 2, 114
(2018).

4 Zhukov, A. A., Remizov, S. V., Pogosov, W. V., Lozovik, Y. E.: Algorithmic simulation of far-
from-equilibrium dynamics using quantum computer, Quantum Inf. Process. 17, 223 (2018)

5 Kapil, M., Behera, B. K., Panigrahi, P. K.: Quantum Simulation of Klein Gordon Equation and
Observation of Klein Paradox in IBM Quantum Computer, arXiv:1807.00521 (2018)

6 Viyuela, O. et al.: Observation of topological Uhlmann phases with superconducting qubits,
npj Quantum Inf. 4, 10 (2018)

7 Hegade, N. N., Behera, B. K., Panigrahi, P. K.: Experimental Demonstration of Quantum
Tunneling in IBM Quantum Computer, arXiv:1712.07326 (2017)

8 Alvarez-Rodriguez, U., Sanz, M., Lamata, L., Solano, E.: Quantum Artificial Life in an IBM
Quantum Computer, Sci. Rep. 8, 14793 (2018).

9 Zhao, Z., Pozas-Kerstjens, A., Rebentrost, P., Wittek, P.: Bayesian Deep Learning on a Quantum
Computer, Quantum Mach. Intel. 1, 4 (2019).

10 Srinivasan, K., Satyajit, S., Behera, B. K., Panigrahi, P. K.: Efficient quantum algorithm for
solving travelling salesman problem: An IBM quantum experience, arXiv:1805.10928 (2018)

A. A. MYXAHBET, M. T. HAKUBAEBA, b. C. JAPUBAEB

on-Dapadbu amvindasel Kazax ynmmoix ynueepcumemi, Anmamot, Kazaxcman
e-mail: mukhanbetaksultan0414@gmail.com, m.nakibaeva(@gmail.com,
beimbet.daribayev@gmail.com

IBM QUANTUM EXPERIENCE IIVIAT®OPMACBIHIA KBAHTTBIK
KAJIBKYJISATOPIBI KACAY KOHE OHBIH OHJIBIK CAHAY KYWECIH
EKLJIIK CAHAY )KYWECIHE TYPIEHJIPYTE APHAJIFAH KOJIJIAHBACHI

Byn maxana IBM Quantum Experience (IBM QE) niamgopmacein naioaianvln HaKmsl K6AHMMblK
KYPbLIZbLIApOaA He2izel apupmemuraivlk amaidapovl, aman aumkaHoa Kocy, aury, Kebeumy, 061yoi
IKCNEPUMEHMMIK MOOEIbOEY HCIHE OPLIHOAY APKbLIbL KEAHMMBIK KATbKVIAMOPObL Kopcemeodi. Kocyowiy
eKi aneopummi Kapacmuipbiiaobl. K1ACCUKATbIK HycKacel, Toggonu kaknacel scane keanmmolx Pypve
mypnendipyi (QFT). Aman atimxanoa, QFT kemezcimen scuHaxmay sHcaovl MeH YaKblmmsl yHeMOeuoi.
JKymoicmoly minOemi — exi OymiH CAHHbIH eKILIK KeCKIHI apacblHOa apumMemukaivlk amaioaposl OpblH-
oatimuin Keanmmulk cxemanwl Kypy. Cooan Ketlin OHObIK caHayobl eKiliK canay xHcytiecine mypieHoipyoiy
KBAHMMbIK  ANOPUMMIH YCblHambl3. Byn 20ic coHbiMeH Kamap OHbi OpbIHOAYy Ke3inOe dcannail
napannemuzayusea Mymxinoix oepeoi. QFT nezisinoezi Kocy, any, kebeumy dcane 601y (DYHKYUAIAPHI
KellbIp e32epicmepmen JHcaKcapmoliobl. YCbIHbIIEAH amManoap ey HCAKbIH KEAHMMbIK apu@dMemuKanibiy
amanoapmer canvicmulpliadvl. COHOBIKMAH HAKMbL KEAHMMbBIK KOMNbIOMeEpPOe amanoapovl OpblHOay
APKbLIbL NPAKMUKAIBIK KEAHMMBIK, KATbKYISMOPObl dcy3eze acvipa anamels. Tizbexkmep Kuckumme icke
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acvIpbLIaH dicane OIp Hemece eKi Koutipmede Kopcemineen Keanmmuolk Qypbe mypieHOIpyiH KOLOAHAmbIH
K8AHMMbIK KOCKblumblY Oip mypi peminoe anvlkmanaovl.

Tyiiin co30ep: keanmmolk KOMNbIOMeEP, KGAHMMbLK ONepayusiap, Keanmmuolx Qypve myprenoipyi,
apugmemuxanvix onepayuanap, qiskit
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DEVELOPMENT OF A QUANTUM CALCULATOR ON THE IBM QUANTUM
EXPERIENCE PLATFORM AND ITS APPLICATION FOR CONVERTING THE
DECIMAL NUMBER SYSTEM TO BINARY

This article demonstrates a quantum calculator by experimentally simulating and performing basic
arithmetic operations, namely addition, subtraction, multiplication, division on real quantum devices using
the IBM Quantum Experience (IBM QE) platform. Two addition algorithms are considered, the classical
version, using the Toffoli gate, and using the quantum Fourier transform (QFT). In particular summation
with QFT saves memory and time. The task of the work is to build a quantum circuit that performs
arithmetic operations between the binary representation of two integers. We then propose a quantum
algorithm for converting decimal to binary. This method also allows for massive parallelization during
its execution. The addition, subtraction, multiplication, and division functions based on QFT have been
improved with some changes. The proposed operations are compared with the closest quantum arithmetic
operations. Therefore, we can implement a practical quantum calculator by performing operations on
a real quantum computer. The circuits are defined as a kind of quantum adder using a quantum Fourier
transform, implemented in Qiskit and demonstrated on one or two copies.

Keywords: quantum computer, quantum operations, quantum Fourier transform, arithmetic
operations, qiskit.
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USE AND ANALYSIS OF NEXT GENERATION FIREWALL TO ACHIEVE
SECURITY OF INFORMATION AND COMMUNICATION INFRASTUCTURE

The article is devoted to the investigation of the problem of the security of information and
communication infrastructure functioning. The next generation firewall which was named UTMsense
(UTM box) was tested. The results of testing are considered in the article. The comparing review of
UTM box and other products was made. The possibility of using the tool for CERTs and SOCs is also
considered.

Keywords: Next Generation Firewall, Next Generation Threat Prevention, Information and
Communication Infrastructure, Security.

Introduction. The quality of succulent feed for animal husbandry is determined by
the availability of full seeds, which in turn is determined by the level of equipment of seed
farms with effective seed-cleaning unit for cleaning seed material from seeds of quarantine
and hard-separable weeds. Today, seed producers of fodder crops in the country are import-
dependent for clover seeds, about 60% of seed material is purchased abroad [1].

In world practice, the highest results of cleaning seeds of quarantine and hard-separable
impurities are achieved by separating machines, the operating principle of which is based on
optical-electronic recognition of seeds of impurities. More than 15 machine manufacturing
companies produce these color sorting machines in the world [2]. Their cost varies from 15
to 120 thousand US dollars, which is unbearable for small producers of fodder crops in the
country.

As part of our project, we have set a goal - to improve the design and technological
parameters of the color sorter, achieving a reduction in its cost.

Problem statement. Today, many organizations develop and use their information and
communication infrastructure without due regard for their information security and fault
tolerance. The organizations save their time and do not spend their financial resources on
tools for information security risks and threats analysis. As a result, such organizations
often have information security incidents on their information and communication
infrastructure.

One of the layers of security against external threats and attackers to networks is a
firewall [13]. It can help to minimize the information security risk and threat to an acceptable
level. Firewall technology is a set of mechanisms that collectively enforce a security policy
on communication traffic entering or leaving the guarded network domain [14-16].

So the firewalls can protect materials such as stored data, information computation, and
communication resources. They can guard against unauthorized access, browsing, leaking,
modification, insertion, deletion and other. In addition, they can provide protection from
“denial-of-service” attacks in which users are prevented from accessing the network by

* E-mail xoppecrionnupyromero apropa: askhat.amrenov@gmail.com
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a message that disables the equipment or by a flood of messages that clogs the internal
network [14-17].

When they are used, the network administration and management become more effi-
cient, as they limit the exposure of the internal network.

Related Work. Considering the priority use of domestic IT products in the country, next
generation firewall was tested. It was named UTMsense (UTM box).

Some pictures of UTM box are shown in Figure 1.

Figure 1 — UTM box (UTMsense)
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Let’s consider some advantages of the UTM box:

1) Unique functionality: Combined in one solution, various functional modules allow
avoiding the cost of additional equipment to protect against network intrusions. This solution
supports integration with existing infrastructure solutions and security systems.

2) Improved performance: It was reached a level of performance that allows you to use
all the existing functionality of the product without losing data processing speed.

3) Increased efficiency: The advanced traffic monitoring system allows you to block up to
99.4% of network threats and provides security system flexibility, allowing you to customize
security policies in accordance with the requirements of regulators and internal regulations.

4) Scalable functionality: The IT product is suitable for small businesses, combining
the necessary basic functionality to provide comprehensive protection against network
intrusions at an affordable price.

Advanced functionalities suitable for protecting medium-sized enterprises include a
DNS server, a fault tolerance function, a Captive Portal, and provide a greater number of
network connections.

The Enterprise level device has enhanced performance for processing large amounts of
data and a full set of functionality necessary to protect large infrastructure:

e Fault tolerance;

e Support;

e Integration;

e DNS;

e Captive Portal;

e SSL;

e Balancer.

Comparison of UTM-box with alternative solutions is given in Table 1.

Table 1 — Comparison of UTM-box (UTMsense) with alternative solutions

UTMbox | Cisco ASA | Fortinet Fortigate | Check Point | Palo Alto

NGFW + + + + +
IPS + + + + +
Antivirus + + + + +
URL filtering + + + + +
Remote Access VPN + + + + +
Site-to-site VPN + + + + +
Integration with Snort . n

and Open AppID

Captive Portal + + + +
High Availability + + + + +
Inbound Load Balancing + + + +
Full-fledged configura- N N n

tion from Web-interface
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The base features of the IT-product are:
* Firewall;

* Routing;

* VPN;

* User Authorization;

» Network Services;

* Management.

Extended features:

» URL filtering;

* High availability;

» Extended DNS server;

* Captive portal;

* SSL inspection;

* Inbound load balancing.

The base features components of the UTM-box are given in Table 2.

Table 2 — The base features components of the UTM-box (UTMsense)

The base features of the IT-product Components

Firewall Statefull Firewall
Aliases
NAT
Schedules
Traffic Shaper
Virtual IP
Virtual interfaces
Bridges

Routing BGPD
OSPF
RIP

VPN 1P sec
Open VPN
L2TP

User Authorization Local
Radius
LDAP

Network Services PPoE server
NTP server/client
DHCEP (IP v4/6) server/client/relay
DNS resolver/forwarder
Radius
UPNnP
SNMP

Management Web-based configuration
SSH
RJ45 Console
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UTM box can be divided into three types:

e For small business;
* For medium business;
* For large enterprises.

The technical specifications of UTM-box for small business are given in Table 3.

Table 3 — Technical specifications of UTM-box for small business

UTMbox

Gbit Ethernet

More than 4

Firewall throughput

Max. connect.

More than 1800000

Max. connect.states

More than 3600000

Max.throughput (1400 b. packets), | *

PPS/Mbit/sec

VPN throughput, Mbit/s

Open VPN/AES-128+SHA1 More than 60
Psec/IKEV2+AE S-GCM More than 200

Recommended workload

User

More than 10

Wan speed, Mbit/sec

More than 10

The comparing between traditional firewall and next generation firewall is presented in

Table 4.

Table 4 — The base features components of the UTM-box (UTMsense)

Parameter Traditional Firewall Next Generation Firewall
1 2 3

Traffic filtering (Port, IP Supported Supported
Address and protocol based
Application Visibility and Partial Detailed
Application Control
CAPEX and OPEX Higher since separately need to | Considerable reduction since
(considering all feature buy and maintain all services will be bundled into
requirement) single box
IPS (Intrusion Prevention Not Supported Supported
System)
NAT Supported Supported
VPN Supported Supported
Application level awareness Not Supported Supported
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1 2 3
Reputation and identity ser- | Not Supported Supported
vices
Working Layer Layer 2 to Layer 4 Layer 2 upto Layer 7

Throughput and performance | Lower than NGFW and drasti- | Much higher than traditional
cally reduces when additional | Firewall and doesn’t change
services introduced. much on introduction of addi-
tional services.

Reporting Standard reports Customized reporting upto user
level giving near real time de-
tail with plenty of additional re-
porting options like download
format etc.

The data presented in Table 4 also show the advantages of next generation firewall.

Thus, we propose the use of the domestic IT product as a Kazakhstan solution aimed at
the full import substitution of foreign manufacturers in different sectors of the Republic of
Kazakhstan, including the critical informatization objects protection.

Conclusion. In this article, we describe the next generation firewall to protect
information, and communication infrastructure. It was considered some goals, functionality
and advantages of the IT product.

The use of domestic product allowed significantly improving the level of information
security in the Republic of Kazakhstan. It was reducing the level of information threats
due to identifying and neutralizing the threats in the information and communication
infrastructure. In addition, the product has several advantages. In the future, it is planned to
modify the UTM box: add new functions using new methods, updating databases, etc.

Therefore, the use of such a tool is a priority for CERTs and SOCs.
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A. M. HYPYIIIEBA, A. K. AMPEHOB"
JLH. I'ymunes amoinoasvl Eypaszus ynmmelx ynusepcumemi, Acmana, Kazaxcman

AKITAPATTBIK-KOMMYHHUKANUAJIBIK UHO®PAKYPBIJIBIMHBIH
KAYHICIBAII'TH KAMTAMACBI3 ETY YIIIH KEJIECI BYBIHIAT'BI
JKEJITAPAJIBIK DKPAHIbI ITAMJIAJIAHY JKOHE TAJIJIAY

Makana aknapammuik-KOMMYHUKAYUATLIK UHPPAKYPBLIBIMHBIH HCYMbIC icmey Kayincizoiei macenecin
sepmmeyee apuanzan. UTMsense (UTM box) decen amay anzam Keneci OybIHHbIH JHCEAIAPANbIK HKPA-
HbIH mecminey sxcypeizinoi. Makanaoa mecminey Homuosscenepi kapacmuipoliean. UTM box scane backa
6HIMOepee canvicmubipmansl wiony scacanovl. Conoaii-ax, makanaoa CERT owcone SOC ywin Kypanosi
natoanany MymKiHoiel KapacmulpbliaH.

Tyiiin co30ep: dicana OYybIHHbIY JHCENIAPATBIK IKPAHYL, JHCAHA OYbIHHLIY KAYin-Kamepoi andblH any
KYpanoapul, aknapammulK-KOMMYHUKAYUATBIK UHDPAKYPIIbIM, KAYINCi30iK.
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HUCITIOJIB30BAHUE U AHAJIN3 MEKCETEBOI'O DKPAHA
CIEAYIOLIEI'O ITOKOJIEHUS [JIs1 OBECIIEHEHUS BE3OITACHOCTHU
HH®OPMAIIMOHHO-KOMMYHUKAIIMOHHON WTHO®PACTPYKTYPBI

Cmamus nocesiena uccied08anuio npobiemuvl 6€30nacHOCMU QYHKYUOHUPOBANUS UHDOPMAYUOHHO-
KOMMYHUKQyuonnou ungpacmpykmypsl. Ocyuwecmeneno mecmuposanue mMexiccemesoco dKpana ciedyio-
weeo nokonenus, nonyuusuiee nazeanue UTMsense (UTM box). B cmamve paccmompenvl pe3ynomamoi
mecmuposanus. Beinonnen cpasnumensrviil 0030p UTM box u opyeux npooykmos. Takoice 6 cmamove
paccmompena 603moxcHocmy ucnoavsosanus uncmpymenma oai CERT u SOC.

Kniouesvie cnosa: medccemegoil skpan H08020 NOKoNEHUs, NPedomepauyetue yepo3 H08o2o NoKoe-
HUS, UHPOPMAYUOHHO-KOMMYHUKAYUOHHASL UHPPACPYKIYPA, 6e30NaACHOCb.
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CUCTEMA KJIACCU®OUKALIUU TPAHCIIOPTHBIX CPEACTB
HA JOPOXHbBIX COOPYKEHUAX C UCITIOJIB30BAHUEM
HNCKYCCTBEHHOI'O HHTEJIJIEKTA

B smom uccnedosanuu npeonazaemcsi memoo, OCHOBAHHbIN HA UCKYCCMBEHHOU HEUPOHHOU cemu
OJ1A KIACCUuKayuy cucmem 2py308bix asmomoouneti 0k MOHUMOPUHea O0OPOXCHBIX coopyixcenutl. Kax
npasuio, Ol mMo2o, umodbl 2apaHmupo8ams CMPYKMYPHYIO U IKCHAYAMAYUOHHYIO Oe30NacHOCmb U
obecneuums pannee npedynpexdcoeHue 0 NOBPEXCOeHUU Ul UsHoce 00 00OPO2OCMOAUe20 PEMOHMA UIU
dadice Kamacmpo@puuecko2o 00PYUEHUsE OOPONCHBIX KOHCMPYKYULL, HeobXo0umo obecneuums 8blCOKO-
KA4eCmeeHHyI0 CUcmemy MOHUMOPUH2d, OCHOBAHHYIO HA UHHOBAYUOHHBIX Memoodax. Hauunas ¢ evibopa
NOOXOOAWUX OAMHUUKO8 U 3AKAHYUBASL NPOEKMUPOBAHUEM CUCMEMbl OYEHKU COCMOAHUA KOHCMPYKYULU,
paspabamueiéaemcs, UHMELNEKMyaibHas cucmema MOHUMOpUHea OJis 6OnbUW020 MOCMA, Komopas Oeli-
CMBUMENbHO CNOCOBHA NPedoCmagisine UHGOPMayUI0 0I5t OYEHKU YeLOCHHOCIU KOHCMPYKYyuu. B amoil
cmamsve paccmampusaomes, NOC1eoHUue UHHOBAYUOHHbIE OOCIUNCEHUs 8 00NACmU peucmpayuu mpaHc-
NOPMHBIX CPeOCM8 HA OOPOJICHbIX coopyiceHusix. Pacnosnasanue u kiaccugpukayusi kaxncooeo omoeiv-
HO20 MUNA 2py306020 MPAHCHOPMHO20 CPEOCMBA OYEHb CIOHCHBL, NOCKOIbKY CYWeCmBYIOm pasiuiHble
UX MUNbL, BKAKUAS PAZHOE KOIUYECBO OCell U UX PACNONO0JICEHUe, YO bi3bi6aem HeOOHO3HAYHOCIb 6
npoyecce pacnosHasanus u Kiaccupuxayuy. Imoobul cnpasumucs ¢ d3mumu KAaccupuUKayuoOHHbIMU He-
OOHOZHAYHOCMAMY, ABMOPbI NPEONACAION MemoO PACNO3HABAHUS U KIACCUDUKAYUU, OCHOBAHHBIL HA UC-
KYCCMEeHHOU HelipoHHoU cemu. I py3osvie mpancnopmuule cpeocmea KAdcCUGuyupyiomes ¢ nOMOubIO
UCKYCCMBEHHOU HEUPOHHOU CemuU, OCHOBAHHOU HA AMNIUNYOE 8bIHYICOCHHBIX KOAEOAHUL KOHCIMPYKYUU.
Kak monvko neliponnas cemv 00yueHa noay4eHHbIM CUSHANAM, OHA UCNONIb3YEeMCsl O ONpedeneHus: muna
2PY308bIX MPAHCHOPMHBIX CPEOCME C UCNONb308AHUEM NOTYYEHHBIX CUCHAN08. DPdekmusHocms Kiaccu-
Qurayuu 6vina oyenena 6 xode dIKchepumenmos Ha mocmy 6 bepnune, I'epmanua. Obyuenue mooenu npo-
600unoCs ¢ ucnoavzosaruem memooa CNN Onsa kaaccugurayuu mpancnopmuuelx cpeocms, 4mo npuseio
K 0bwell mounocmu knaccugurayuu oxono 95%.

Knrouesnie cnosa: Structural Health Monitoring (SHM), kiaccuguxayuss mpancnopmHusix cpeocms,
HeUupOHHble cemul, UCKYCCMBEHHbIN UHMENTEKN, UHHCEHEPHbIE COOPYHCEHUS.

Beenenune. Kiaccudukaus TpaHCIIOPTHBIX CPEJICTB SIBJISCTCS OAHUM U3 OCHOBHBIX
KOMIIOHEHTOB CHCTEM MOHHUTOPHUHTA TOPOXKHOTO NBIKEHUs. OH UTpaeT peuaroyo poib
B TPAHCIOPTHOM ILJITAHUPOBAHUU U YIPABICHUU JOPOKHBIM IBXKeHUEM. Hanpumep, opra-
HU3aIUU 110 0E30MaCHOCTH OYCHb 3aUHTEPECOBAHBI B OIPE/ICIICHUH MPOITYCKHON CIIOCO0-
HOCTH ¥ T€OMETPHUYECKOTO JIn3aliHa aBTOCTPaJ M O0CITYy>)KUBAHUH JOPOKHOTO TIOKPBITHS B
COOTBETCTBHUM C TUIIAMU TPAHCHOPTHBIX CPENCTB, HOMEpaMu U T.A. C LEeIbI0 perucTpanuu
JIOPOXKHBIX TPAHCIOPTHBIX CPENICTB HCIONB3YIOTCS pa3dyHble MPUIOKECHUS, TaKUE Kak
ABTOMATU3UPOBAHHBIC CUCTEMbI TAPKOBKH, UCIIONb3yeMbIe B uccaenoBanusx [1] u [2], mo-
HUTOPHHT COCTOSIHUSI KOHCTPYKIIUH, HCITONIb3yeMbIX B [3] u [4], niu B neisx oOecrieueHus
0€30I1aCHOCTH MHKCHEPHBIX COOPY)KEHUH, Kak B [5] 1 MOHUTOPUHT TPAaHCIOPTHBIX IOTO-

* E-mail xoppecnionnupytomero apropa: iks74@mail.ru
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KOB, U3yUEHHBIX B CTaThsX [6] u [7]. s oOHApyKEeHUs TPAHCIOPTHBIX CPEJICTB MCIIOJIb-
3YIOTCS Pa3IUYHbIC METO/IbI, TAKHE KaK 30HbI MOHUTOPUHTA TPAH3UTA, IEPECCUCHUS TIEpeT
CTaIlMOHAPHBIMHU JIATYMKAMHU, KOTOPbIC OBUIH B3SThI 32 OCHOBY B UCCJICJIOBaHUSX [8], Takxke
HCIOJIb3YIOTCS II00AIbHBIC METOIbl TTOKPBITHS UM THOPUIHBIC METO/IbI, KaK B cTaThe [9].
JlanHble, coOupaeMble JaTYMKAMU U JICTEKTOPAMHU, OXBATHIBAIOT IIUPOKUH CIIEKTP UHDOP-
MallH, BKJIIOYasi CKOPOCTh, YCKOPEHUE/3aMelJIeHHe, HOMEPHOH 3HaK, THIT U MOJIENb, BEC U
paccTosHIe MEKAY OCSMH, a TAKXKE KOIUYECTBO U JOPMY TPaHCIIOPTHBIX CPEJICTB, TO €CTh
BBICOTY, IIUPHUHY U JJIUHY.

HenaBHo ObL1O BHEOPEHO HECKOJIBKO CHUCTEM OOHAPY)KEHHs TPAHCIIOPTHBIX CPEICTB
Onarofapsi OrpOMHBIM JIOCTHKEHHUSM B 00J1aCTH MPOTPAMMHBIX BBIYHCICHHI, OECITPOBOI-
HOM CBSI3U ¥ CEHCOPHBIX TEXHOJIOTUH. DTH METO/IbI UMEIOT Pa3IMUHbIC TPEOOBAHUS U CIICII-
HU(UKALMU C TOYKU 3PEHUS allllapaTHbIX CPEJICTB U MapaMeTPOB KOH(PUTYPALIUH, CPE/Ibl pa3-
BEPTHIBAHMUSI, CTOUMOCTH, TUIIOB JATYUKOB U T.1I.

CaMbIM TIPOCTBIM METOJIOM OOHApYKEHHsI TPAHCIIOPTHBIX CPEICTB SBIISICTCS Py4-
HOU IMOJICYET, OJIHAKO OH IOJBEPKEH OIMOKaM MU OTHUMAET MHOTO BpeMeHU. MeTobl,
OCHOBaHHBIC Ha 3PCHHH, KaK HanOOJee 4acTO MCIOIb3YEMbId U U3YUYCHHBIH MOJIXO0/ K
UJICHTU(PUKAIIMKI TPAHCIIOPTHBIX CPEACTB, OOHAPYKUBAIOT U OTCJICKHUBAIOT TPAHCIIOPT-
HBIE CPE/ICTBA ITyTEM YIaJICHUS BU3YaJIbHBIX MPU3HAKOB, TAKUX KaK TEKCTYPHBIEC Y30PHbl,
uBera u Bugeoaunuu [10]. MeToasl, OCHOBaHHbIC Ha BHACHUH, BKIIIOUAIOT B ceOs He-
CKOJIbKO 3TAIoB, BKJIIOYAsi CETMEHTaNNI0 n300pakeHus, PR, u3Bineuenne npusHakoB u
oOyueHue.

JleTekTop MarHUTHOM METIN, UCTIONB3yeMbli B cTarhe [11], mpencrasiser coOol Tex-
HOJIOTHUIO, KOTOpasi OIpeesIaeT JUIMHY TPaHCIIOPTHOTO CPeACTBa M MUCIOIb30Bajach B TO-
CIICJTHHE JCCATHIICTHS JIUIsl OOHAPYKEHHUS TPAHCIIOPTHBIX CPEICTB. [IByXKOHTYPHBIC JICTCK-
TOPBI, UCIIONIb3yeMbIe B CcTaThe [12], MOTYT U3MEPSTh CKOPOCThH 1IE€JIEBOTO TPAHCIIOPTHOTO
cpezacTBa. AHaJIOTMYHO THEBMAaTHYECKUM TPyOUaThIM JIETEKTOpaM, KOTOPBIE, OJHAKO, TIII0-
X0 paboTaloT Ha AOPOrax ¢ OOJBIIUM 00BEMOM JIBHIKCHHS, XOTSI OHU JOBOJILHO JICIICBBI U
BBITOJTHSIOT aBTOMAaTHYECKYIO KIIaCCH(PUKAIHIO.

PanapHubie naTunku, KOTOpble UCIONB30BAINCh B dKcnepuMenTax [13], sBistoTcs pac-
MIPOCTPAHCHHBIMH UHCTPYMEHTAMH, KOTOPBIE CIIOCOOHBI KJIACCU(UIIUPOBATH TPAHCIIOPT-
HbIC CPEICTBa B COOTBETCTBHU C UX pa3MEpaMM, TAKMMH KaK JJIMHA, ra0apuThl, BEICOTA U
T.1. HecMoTps Ha UX HEOCTATOK MPU TUIOTHOM JABUKEHHUH U TI0 CPABHEHUIO C IPYTUMHU Me-
TOJIAMH PETUCTPAIUHM TPAHCIIOPTHBIX CPEJCTB HA MHIKCHEPHBIX COOPYKEHUSIX, OHU OoJiee
YCTOWYUBEI K U3BMEHEHUSAM OKPY>KAIOIIEH CPEIbI.

Taxxe HCIONB3YOTCSI UHPPAKPACHBIC TATYUKH, OHH HCIIOJIB3YIOT OTPaKEHHBIH CBET
TPaAHCIIOPTHOTO CPENICTBA Ul MONCKA 3KBUBAJIEHTHOIO COOTBETCTBUS B 06a3e JaHHbIX. Ho
M3MEHEHUS OKPYXKAroIlel Cpeibl OKa3bIBAIOT HETaTUBHOE BIIMSHUE Ha UH(PAKPACHBIC JaT-
YUKHU. AKYCTHYECKUE AATYMKU UCTOIB3YIOT aKyCTUUECKUE CUTHATYPhI, KOTOPHIE HE 3aBU-
CAT OT CKOPOCTH, JIJIsl ONIPEIeNIEHHs KJIACCOB TPAHCIIOPTHBIX CPEJICTB, KOTOPBIE paccMaTpu-
BAJIKCh B UCCIIEJIOBAaHUHU CTaThu [14].

Metoa. MOHUTOPHUHT — 3TO CHCTEMAaTHYECKUI WIN MEePUOANYECKUN MOHUTOPUHT (Ha-
OmrofeHne) qeopMamOHHO-HAPSHKEHHOTO COCTOSIHUSI KOHCTPYKUMH, BBISIBISIIOIINN pa3-
BHUTHE MOBPESXKICHUN U NAIOIMINNA XapaKTEPUCTUKY KOHCTPYKIHH O €€ MPUTOIHOCTH IS
JanbHenen SKCITyaTauuy. Pesynsrarbl U3MepeHni JaroT MpecTaBieHue 00 N3MEHEHHUSIX
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reOMETPUYECKHX CBOWCTB MAaTepPHajoOB M MO3BOJISIOT aHATU3UPOBATH COCTOSIHUE KOHCTPYK-
UM C TCYEHHEM BPEMEHH.

YroObl MpoaHaIM3UpOBaTh BUOPALMOHHOE IMOBEJCHHE WHKEHEPHOH KOHCTPYKLHWH,
OBLIM TIPOBEJICHBI U3MEPEHUs Jiisi cOopa aHHbIX Ha MocTy Dpeiidproke B bepnune, ['ep-
MaHUs. DTO COOPY>KEHUE SBIISETCA YACThI0 XeepIITpacce MPOTHKEHHOCThIO OKOIo 10 KM,
KOTOPAst SIBJISETCS BAYKHBIM CBS3YIOIIUM 3BEHOM MEX[Y 3alaIHbIMU paifoHaMU U LIEHTPOM
Bepnuna 1 1o KOTOpOii exeaHEeBHO MpoezkaeT okono 60 000 aBToMOOHIIEH.

Oranbl pa3pabOTKH 3TOTO MeTo/a MoKazaHbl Ha pucyHke 1. IlepBwiii aTan — 310 pas-
paboTKka cHCTEeMbl MOHUTOPUHTA, KOTOPAast BKIIOYAET B ce0sl aKCEJIepOMETP B BUACOKAMEDY.
Bropoii sTan — 310 cO0p M aHaNHM3 JaHHBIX, TIOJIYYEHHBIX C aKCEJIepOMETpa, HIDKE TaKKe
OyayT TpWBeNEHbl WUTIOCTPAMM M3MEHEHHWH MapaMeTpoB BO BpeMsi MoHuUTOpuHTa. [lo-
CJICZIHAM DTaloM SBIISIETCST pa3paboTKa CUCTEMbl KIACCU(PHKALUK, KOTOpasi BKIIOYACT B
cebst 00yueHne Mozenu ¢ ucronbzoBanuem Metoga CNN u nonydeHue pe3yabTaToB B BUC
pacro3HaHHOTO TPAHCIIOPTHOTO CPEJICTBA Ha BBIXOJIE.

Pucynok 1 — Drarsl pa3pabOTKH IpeUIaracMoi CHCTEMBI

Bo BpeMst MOHUTOpUHTA OBUTM YCTAaHOBIICHBI AKCEJIEPOMETPBI, KOTOPbIE H3MEPSIOT BU-
Opanuio U ycKopeHusi (BHe3armHOe BO30YXKJICHHUE KOHCTPYKIIMH, CO3JAIOIIee PE30HAHC).
OTH aKceNepoMeTpPhl XapaKTePU3YIOTCS N3MEPEHHEM YIIIOB OTHOCUTENBHO oceit X U Y, npu
3TOM OCh Z pacrojiokeHa BEPTHKaIbHO. J{JIs1 KauecTBEHHOTo 00CIICI0BaHUS BayKHO OOHA-
PYXUTh Aaxke HEOONIbIINE U3MEHEHHUS aMILTUTYAbl BUOpaunu. AHaiIoro-uudposoe npeood-
pa3oBaHME BBHIIOJIHSACTCS BHYTPH YCTPOMCTBA, YCTpaHss JIOObIe IOMEXH, BO3HUKAIOLINE B
AHaJIOTOBBIX Kabensx. M3mepenus BUOpayy NPOBOIMIUCH C UCIIOIB30BAHUEM OOBIYHOTO
akcesnepoMeTpa ¢ yactoroi auckpernzauuu 153 I'n [15]. B nononnenune x akcenepoMeTpy
Ha MH)KCHEPHOM COOPY>KEHHH Obljla yCTaHOBJICHA BUICOKAMepa [l CPAaBHEHUS M3MEPEHHN
Ha JaTYMKE C 3alUChIO.

Ha pucynke 2 nokaszaHbl pe3ynbTaThl U3MEPEHUM O KaXI0H M3 TPEX OCeH B TeUCHHUE
npubau3uTenbHo 15 MunyT. M3ydas moiaydeHHyto HHG)OpPMALUIO, B YACTHOCTH, BETUUNHY
nepeajapecannii pu Bbe3e OTACIbHBIX TSHKEJIBIX TPAHCIIOPTHBIX CPEJCTB, BAKHO OIpere-
JIMUTh KOHTPACTBI MEXAY OCSIMU. 3HAYCHHsI YCKOPEHUSI B BEPTHKAJIBLHOM HampasiieHuu (X)
MMEIOT pa3Max KpbuibeB MeHee 10 M/c2, Torga Kak 3Ha4eHUs! OTKIOHEHHUS MO ABYM TOPH-
30HTaJIBbHBIM OCSIM (Y ¥ Z) 3HAUUTEIBHO BBIIIE U UMEIOT pa3Max KpblUibeB okoio 20 m/c2 u
40 m/c2 coorBercTBeHHO. OCOOCHHO MHTEpPECHA B3aMMOCBSI3b MEXKJIY pa3MaxoM H pa3Me-
POM «HOPMAaJILHOTOY» AMama3oHa KoJieOaHUi, B TOMOTHEHNE K a0COIIOTHBIM pa3MepaM OT-
KJIoHeHHH. To, 4TO y’Ke MOKHO BBIBECTH BH3YaJIbHO U3 «TOJILUHBI TIOJIOCHD, MOXKET OBITh
MOATBEPKACHO YUCICHHO. HanmpoTuB, 3TO COOTHOLIEHNE HAMHOTO BBIIIE B TIONEPEYHOM Ha-
npasienu (Y), Tae pazmax Oonee yem B 20 pa3 mpeBbIIacT HOPMAIbHBINA pa3Max Koneba-
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HUH. DTO COOTHOILIEHHE SIBIISIETCS CAaMbIM HHU3KUM B BEPTUKAJILHOM HampasieHuu (X), rie
pa3max Bcero MpuMepHO B 8 pa3 OoIblIe, 4eM OKHO HOPMAJIBHOTO ITOBEIeHHUS KOIeOaHui.

Pucynok 2 — Co0p 1aHHBIX C aKCeIepOMeTpa U aMIUIUTY BUOpaIui

B PE3YIbTATC 3TUX I/ISMepCHI/If/i ObLIO MOKa3aHO, YTO INPH NPOXOKACHUHU I'PY30BUKA 00-
HAapy>XUBAKOTCA USMCHCHUS aMIUJIMTY/IbIL. Kak noka3zano Ha PUCYHKC 3, HC3HAYUTCIIbHBIC U3~
MCHCHUS aMIUTUTYAbl PETUCTPUPYIOTCA BO BPEMs IMPOEC3da JICTKOTO TPAHCIIOPTHOTO CPEA-
crBa. Kor, Aa MpOoeC3KaCT r'py30BUK, USMCHCHUC aMIUIMTY/IbI Ha Ka)K,Z[Oﬁ OCH I'PY30BHUKA —3TO
TOYHO TAKHUC K€ U3MCHCHHA aMIUIMTY[, KOTOPLIC PETUCTPUPYIOTCA HA I'PY30BUKAX 11O OCHU
X. CHGHOB&TGHLHO, OTHU JAHHBIC OBLIN MCIIOJIB30BaHEI JJIA O6y‘-IeHI/I$I HCprOCCTCBOfI MOoO€-
JIA AJ19 perucTpalm TPaHCIOPTHLIX CPCACTB Ha MHIKCHCPHBIX COOPYIKCHHUAX.

Pucynok 3 — Pe3ynbTrarsl B 3aBUCHMOCTH OT THIIA TPAHCIIOPTHOTO cpeacTBa (0ch X)

3a ocHOBY Uil 00yUCHHS MOJENN OBIIM B3SThI U3MECHEHHSI aMIUTUTYJ, KOTOpbIE OBbLIH
MOKA3aHbl BBIIE, TTO3TOMY Ul JOCTIKCHHMS HAMIYYIEro pe3ysbTaTa Mbl HCIIOJIb30BAIH
Mmetox CNN. Jlns pacrio3HaBaHHUs CHMBOJIOB Ha CETMEHTHPOBaHHbIX Tabanukax CNN sBis-
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€TCs1 XOPOIIIO U3BECTHOM MOJIEIIbI0 TITyOOKOoT0 00yueHus. Ha pucyHke 4 nu3o0pakeHbl CIIOU
conv, join u fully connected (FC), kotopsie cocraBisitor CNN. DTH CJI0M HCTIONB3YIOTCS
JUTsE 10OaBJICHUS MJTH yAaJieHus: OJI0KOB BO BpeMsi ocTpoerust Moaeian CNN ¢ pa3ndHbIM
KOJIMYECTBOM OJIOKOB.

Pucynoxk 4 — Apxurexrypa CNN 111 pacrio3HaBaHMsI CHMBOJIOB

Mogens, mpeyioKeHHasi B 3TOi paboTe, Obuta 00y4eHa Ha CISAYIOIIMX dTarax, Io-
Ka3aHHBIX Ha pucyHke 5. CHauana OyleT co3/jaH KOHBEKTUBHBIN CIIOW, KOTOPBIA BapbUpy-
€TCsl OT HEHPOHHOM CeTH K HEHPOHHOW CETH, TaK YTO HE KaXKJ[0€ M3MEPCHHE B3BEIIMBa-
eTCsl M CMelIaeTcs K cleayromnieMy ciioro. OHaKo Beca U CMEIEHUS HCIIONIb3YTCS JIIs
pa30MBKU BCeX M3MEpEHU Ha OoJiee MenKkue yacTh. 3BecTHbIe Kak (WIBTPHI WM sIpa,
3TO KapThl BBIXOJHBIX OOBEKTOB, KOTOPHIE CBOPAYMBAIOTCS C KaXJI0M MEHBIICH 00JIaCThIO
BXOJIHBIX JaHHBIX. KaHanmbl paccMaTpHBalOTCS Kak 0Ojee MPOCThIE «OOBEKThD», KOTOPHIS
MPOCMATPUBAIOTCS B MH(POPMAIMOHHBIX acleKTax ¥ Ha ypoBHe conv. [lockonbKy aHaio-
TUYHBIA (QUIBTP UTHOPUPYET KAXKII0C U3MEPEHHE B OTACILHOM 00bEKTe, (PYHKIIUS CBEPTKU
TpeOyeT MEHBIIETr0 KOJIMYeCTBa MapaMeTpoB. [umeprnapaMeTphl clios CBEPTKHA BKIIFOYAIOT
KOJIMYECTBO (PHIIBTPOB, pa3Mep JIOKAIbHON 00JIaCTH, IIar ¥ 3aJIMBKY. [{iist moctmkenus 3¢-
(heKTUBHOM TIPOU3BOUTEILHOCTH 3TU TUIIEPIIAPAMETPhI HACTPAUBAIOTCS B COOTBETCTBUU C
pa3MepaMu ¥ JKaHPaMU BXOJHBIX JTAHHBIX.

[Janee cnenyer mocTpoeHue 0O0BEIUHSIONICTO CIIOSI, KOTOPBIH YMEHBIIAET KOJIUYSCTBO
MapaMeTpoB U CHMKACT 3aTparhl Ha 00paboTKy. [lapameTphl HE CO3ArOTCSI, MOCKOJIBKY
BXOJIHBIC JIAHHBIC TICPEIAIOTCS Yepe3 MnpenonpeaeiacHuyo GyHkiuto. CyliecTByeT TpHu pas-
JIMYHBIX YPOBHS 00bEIUHEHHS: MAKCUMaJIbHOE 00bEIMHEHHE, CPelIHEE OOBbEIMHEHUE U CTO-
xacTudeckoe oobenuHeHue. Korjga okHO nxn mepeMeIniaeTcsi BIoJIb BXOAHOTO CUTHAJA CO
3HAYCHHUEM Illara S, UCTOJIb3YEeTCsl MaKCUMalbHOE O0bearHeHue. [10CKOIbKy MaKCUMallb-
HOE 3HAUYCHUE B O0JIACTH N XN YYUTHIBACTCS B KAYKIOM MECTOIIOIOKEHHIH, BXOHBIC TAHHBIC
CTAHOBATCS MEHbIIE. DTO 00SCICUUBACT TPAHCIAIMOHHYI) WHBAPUAHTHOCTB, MO3BOJISSL
pacro3HaBaTh JIa)Ke HE3HAUUTEIIbHBIC PA3JINYMsl B MECTOIIOJIOKEHHUH.

CriakeHHBIN BBIXOJ] KOHEYHOTO OOBEAMHSIONIETO clos mojaetcs B cinoi FC, koTopbrit
SIBIISIETCS TpeThuM ciioeM. OH paboTaeT aHaJOrMYHO OOBIYHON HEHPOHHOM CETH, IJIe Kak-
JIbIi HEWPOH IMPEJBIIYIIEro YPOBHsI CBSI3aH C TEKYIIUM clioeM. B pesynbrare cioi comep-
JKUT OOJIbILIE TAPAMETPOB, YeM CBEPTOUYHBIN cioi. C HUM CBsI3aH BBIXOJHOMW CIIOM, TaKXKe
M3BECTHBIN KaK KJIIACCU(PUKATOP.

OyHKIHS aKTUBAIMK CO3/1aeTCs mocieHeil. Apxutekrypabie Monenun CNN uctonb3y-
0T MHOKeCTBO (yHKIMH akTuBanuu. Oyuknus RelLUs Oblia ucmonb30BaHa B 3T0# padore,
MOTOMY YTO OHa Oosiee YIPPEKTUBHA, YeM IpyTrue PyHKINH.
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Pucynok 5 — The stages of training the model by CNN

P €3yJ1bTaThbl. B PE3YIIbTATC SKCIICPUMCHTOB, IPOBCACHHBIX IJIsI PEruCTpaliui TpaHC-
NOPTHBIX CPEACTB HA MHIKCHCPHBIX COOPYIKCHUAX, NPOLECC O6Hapy>KCHI/I$I " pacrio3HaBa-
HUSA COCTOSI U3 CIICAYIOIIUX 3TAIlOB!

Ilar 1: AKCCHGpOMeTp 3alUChIBACT UBMCPCHUA HAa KOMIIBIOTECP, U CUCTECMA TAKIKE 3allu-
cajia BUJ€03aIlucCh (TOJ'ILKO JJIA O6y‘-ICHI/I$I n TCCTI/IpOBaHI/Iﬂ). 3arem pa3pa60TaHHa;1 cucremMa
MOHUTOpPHUHI'A U3BJICKACT BCC U3MCPCHU 110 CCKYHAAM U aMIUIMTydaM Bn6pau1/m, a TaKXKe
BUJACOKaMEpa UCHOJIb3YCTCA IJId 3allMCU U CPABHCHUS TPAHCIIOPTHOI'O CPEACTBA.

Pucyuox 6 — P€3yJ'ILTaTLI pa6OTI>I CUCTEMbI PACIIO3HABAHUS
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[ar 2: JIns cerMeHTaIuu cuctema ucrosb3oBaja Metoa CNN 11 cerMeHTallul Kax-
JIOTO U3MEPEHHUS.

IHar 3: Cucrema ucnons3oBasia CNN 1711 H3BJIGUEHHUS XapaKTEPUCTHK, a UMEHHO JIaHHBIX
M3MEPEHUI 3a BpeMsl PErUCTpalliy IPY30BbIX TPAHCIIOPTHBIX CPEICTB. 3aTeM CUCTeMa IpoTe-
CTUpoOBaJia U3MepeHus B oOyuaroiieM Habope JaHHBIX. [IJ1s OlIeHKH Pe3yabTaToB SKCIIEPUMEHTa
ObU10 moJTy4eHo 230 u3MepeHuli TPAHCIIOPTHBIX CPEICTB. YacToTa OMIMOOK JUIst 3TOM CUCTEMBI
cocrapisiia 1-5%. Tlocne o0yyenust CNN npuoOperna TouHocTh 95-99% Ha ocHoBe Habopa
TECTOB M JOCTUIa To4HOCTH 98,1% Ha ocHOBe HaOopa TecToB. Pe3ynbrarsl paboThl CUCTEMBI
pacro3HaBaHMs TPAHCTIOPTHOTO CPEJICTBA IOKa3aHbl HA pUcyHKe 6. ClieBa B Ta0HMIIE MOKA3aHO
Bpems (B CEKyHJaX), 3aTeM KOJIMYECTBO OCEei TPaHCIOPTHOTO CPEICTBA U, HAKOHELl, TIPOIICH-
THJIb OOHAPYKEHHSI TPOE3KAIOIETO TPAHCTIOPTHOTO CPEJICTBA B IIPOrpaMMe.

3akuwuenne. B naHHOI cTaThe MPEICTABICH OCHOBAHHBIN HA KIIACCU(UKAIIMH ITOIXO/,
MO3BOJISIIOLIMN PETUCTPUPOBATH U3MEHEHHSI aMITIUTY/Ibl BUOpALMH MTPY MPOXOXKICHUH TPy-
30BBIX TPAHCIIOPTHBIX CPEACTB IO MOCTY, a 3aTEM OGHapy)KI/IBaTI) HUX C MIOMOIIBKO CUCTEMBI
pacrio3naBanusi. UToObI MPOAEMOHCTPUPOBATE 00OCHOBAHHOCTD MPEJIaraeMoro noaxo/a,
GI)IHI/I IMPOBCACHBI UCCIICAOBAHUSA C UCIIOJIB30BAHUEM JJAHHBIX aKCEJIIEPOMETPA, TOJITYUCHHBIX
¢ mocra @peiidproke B bepaune. Ha ocHoBe 3Tux m3mepenuit Ha CNN U MMOJIy4EeHHBIX B
pe3ysbTaTe COBMECTHBIX COOBITHH ¢ BHIEOKaMepoii, Oblia MpoBeeHa Kiaccudukanus. Pe-
3yJBTaThl KJIACTEPU3AH MOKa3aJIl CXOACTBO MEX/Y COSANHEHUSIMH, PACIIOIOKEHHBIMH B
Pa3HbIX MECTAX PACIOJIOKECHUS MOCTOB U O6HaCT}IX, " MMOMOITIA CIrpyHIMpoBaTrhb TE, KOTO-
pble HMEIOT CXOXKee MOBEICHHUE.

[IpemiaraeMplii MOAXO/ TAKKE MOYKET OBITh JISTKO IPUMEHEH JIJIS [TOJTyYSHHS OICHKH pa-
Ooueil Harpy3ku cTpyKTypbl. Takum 0O6pa3zomM, MOKHO OOHAPYKHUTB JIF000E MOTEHIATBLHOE
MOBPEKACHUE KOHCTPYKIINH.
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’KACAHJIbI MHTEJJEKTTI MAUJIAJAHA OTBIPBII, KO.I
KYPBLIBICTAPBIHIAFBI KOJIK KYPAJIJAPBIH KTACCUDUKALIUSIIIAY
KYUECI

bByn 3epmmey oicon Kypwlablcmapvlih OaKuliay Yulih JCYK Kouiel Jcyuenepin dcikmey yulin dica-
CaHObl HEeUpOHObIK dicellice Heziz0enceH 20icmi YCblHaObl. Odemme, KYPbLILIMObIK HCoHe Natodnd-
HY Kayincizoicine Kenindik Oepy dicone Kbimbam dconoeyee Hemece Minmi JHCON KYpbliblMOAPbIHbIH
anammul KY1ayvlna Oelin 3aKbiMOany Hemece mosy mypaivl epme eckepmyoi Kammamacel3 emy yulin
UHHOBAYUATBIK, d0ICmepee He2i30eNeeH JICo2apbl Cananbl OaKblIAy JHCYUecin KAMMAaMAacsl3 eny Kaicem.
Catixec ceHcopnapobl manoayoan dacman, KYpulibLMHbIY KYUin O6azanay scylecin acobanrayza OeliH,
KYPOLILIMHbIY MYMACMbleblH O6a2anay yuwin aknapam Oepe anamuin yaken Konip ywiin Humennexmy-
anovl baxwvliay scyiecin azipaeyee Oeliin. Byn makanaoa scon Kypwirvicmapvinoa Kenik xypandapvin
mipKey CanacblHOaebl COHabl UHHOBAYUSIILIK, Jicemicmikmep Kapacmulpuliadsl. XKyk keniciniy apoip sceke
MypIiH mauy dHcane KHcikmey ome Kypoeni, oumKeHi onapovly apmypii mypiepi, apmypii ocbmep cambl
JICoHe 0NapObLY OPHANACYbL Oap, OYI Mamny HcaHe HCiKkmey npoyecinoe mycinikcizoikmi nyowvipadsl. Ocbel
JHCIKmey MyCiHIKCI30iKmepimeH Kypecy YuiH agmopiap #acanovl HeUpoHObIK dicellice He2i30en2eH MAaHy
Jicone dicikmey 20ICiH YCbIHAObL. JKYK KOAIKMeEPI HCUiNiK atmMazblHOd AIblHeAH JHCYK KOl JCylielepinily
CUSHATIOAPBIHA HCACAHObL HEUPOHOBIK JHCeliHi KONOAHY apKbulibl dcikmenedi. HelpoHObIK dceni anbiHeaH
CUSHANOAPEA YUPemiNeeHHeH KeliH, Ol AlblHEAH CUSHANO0ApObl KOLOAHA OMBIPHIN, JAHCYK KONIKMEPIHIH
MYPIH AHLIKMAY YWIH KOLOaHbl1a0bl. JKikmeyoin muimoiniei I epmanusnsiy Beprun kanacvinoagvl Dpeti-
6proK kenipindezi sKcnepumenmmep apkwlivl 6aganranovl. Modenvoi okvimy Kouik Kyparoapuln scikmey
ywin CNN 20icin Konoara omuipbin sHcypeizinoi, Homuoicecinoe wamamer 95% kraccupurayusinoiy dHea-
nwvl 0210121 namoa 6010bl.

Tyiiin ce30ep: Structural Health Monitoring (SHM), kenik Kypaioaplubiy KIACCUDUKAYUACDL,
HeUPOHOBIK JICENiNED, HCACAHObI UHMENLEKM, UHICCHEPTIK KOHObIPEbLIAD.
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THE CLASSIFICATION SYSTEM OF VEHICLES ON ROAD STRUCTURES
USING ARTIFICIAL INTELLIGENCE

This study proposes a method based on an artificial neural network for classifying truck systems
for monitoring road structures. As a rule, in order to guarantee structural and operational safety and
provide early warning of damage or wear before expensive repairs or even catastrophic collapse of road
structures, it is necessary to provide a high-quality monitoring system based on innovative methods.
Starting from the selection of suitable sensors and ending with the design of a structural condition
assessment system, the development of an intelligent monitoring system for a large bridge that is really
capable of providing information for assessing the integrity of the structure. This article explores the
latest innovative achievements in the field of vehicle registration on road structures. Recognition and
classification of each individual type of cargo vehicle is very difficult, because there are different types of
them, there are different numbers of axles and their location, which cause ambiguity in the recognition
and classification process. To cope with these classification ambiguities, the authors propose a method
of recognition and classification based on an artificial neural network. Cargo vehicles are classified by
applying an artificial neural network to the signals of truck systems received in the frequency domain.
Once the neural network is trained on the received signals, it is used to determine the type of cargo
vehicles using the received signals. The effectiveness of the classification was evaluated by experiments on
the Freybriicke Bridge in Berlin, Germany. Model training was applied using the CNN method for vehicle
classification, which resulted in an overall classification accuracy of about 95%.

Key words: Structural Health Monitoring (SHM), classification of vehicles, neural networks, artificial
intelligence, engineering structures, vehicles, frequency.
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HNEPUOJUYECKHUE PEHIEHUA MOAUDPUTIUPOBAHHOI'O YPABHEHMU S
KOPTEBETA - IE ®PU3A BTEMOJAUHAMMUKE.

B oannoii pabome paccmampusaemcs nepuoouieckoe peuierue MOOUPUYUPOBAHHO20 YPAGHEHUs
Kopmegeza-oe @puza, npumensemoe 015 ucciedoganuii npoyeccog cemoounamuxu. Ilokazano, umo
Moouguyuposanuoe ypasrenue Kopmeseza-oe @puza modcem dvlms RpOUHNMeZpupoB8aHo Memooom 06-
pamuoil cnekmpanvrou 3adaqu. Onpedenena 360110Yusl CHeKMPAIbHBIX 0aHHblx onepamopa [upaxa c
nepuoouUtecKuUM HOMeHYUAIOM, CEA3AHHO20 C peuleHueM MoouPuyuposannozo ypasnenus Kopmeeseea-
o0e @pusa. Ilonyuennvie pezyrbmamul 0aom 000CHOGANUE NPUMEHUMOCIU MemOoOa 00pamuoll 3a0ayu
07151 peuteHust Moouuyuposanno2o ypasuenus Kopmeseea-oe @pusa 0ns uzyuenuti 3aKOHO8 2eMOOU-
HAMUKU.

Kniouesvie cnoesa: nazpysicenrnoe moouguyuposannoe ypasuenue Kopmeseea-oe @pusa, onepamop
Jupaxa, obpamnas cnekmpanvhas 3adada, cucmema ypaenenuil /Jyoposuna-Tpybosuya, ¢popmynsl cie-
008.

BBenenune. OmauM #W3 TpEACTaBUTENICH Kiacca, BIIOJIHE HHTCTPUPYEMBIX HEITHHEH-
HBIX YPaBHEHHH B YACTHBIX MPOU3BOIHBIX, UMEIOMIMX OOJNBIIOE MPUKIAIHOE 3HAYCHUE,
sBiseTcs MonudummpoBanHoe ypaBHeHHe KopreBera-me ®@puza (MKnd). [Nomnas wHTe-
TPUPYEMOCTh 3TOTO YPaBHEHHS METOIOM OOpaTHOM 3amaun, B Kilacce OBICTPOYOBIBAIOIIIIX
(dhyHKIHH, BIIepBEIe ObIIIa ycTaHOBIICHA B paboTe M.Banmatu [1]. MccrmenoBannio ypaBHEHHS
MKn® B kitacce KOHEUHO30HHBIX (DYHKITHH ITOCBSIIEHHBI padoThI [2], [3].

B remoamHaMuke MAPOKO MPUMEHSETCS MOJENb, B KOTOPOH apTepusi ONHCHIBAETCS B
BHJI€ TOHKOCTEHHOHW, MPEABAPUTENFHO HAIPSHKEHHOW YNPYToH TPYOKH C BapbHUPYEMBIM
pagmycoM (Co CTEHO30M), a KPOBb pacCMaTpHBACTCS HMIACAThHOU KHIKOCTHIO [4]. OcHo-
BY MOJIENIH, PEATU3YIONIYI0 cllabble HETMHEWHbBIE BOIIHOBBIE TIPOIIECCH B BBINIEYKAa3aHHBIX,
3aITOTHEHHBIX KUAKOCTBIO YIIPYTHX TPyOKax, COCTaBIsIET MOAU(DHUIINPOBAHHOE YpaBHEHUE
Kopresera—ne ®@pwuza ¢ mepeMeHHBIM K02 (OUITMEHTOM

G + H,0°0, + Myl +h(t)a, =0,

oIe Wy, W, — KOOQQUIMEHTRI, XapaKTEPU3YIOIIUE aPAMETPBI MaTepuasa TpYOKH. ¢ sABJIs-
€TCsl OTMAcIITaOUPOBAHHOM KOOPAUHATON BIOJIb OCH COCYAa MOCIIE CTaTuYecKo aedop-
MalyH, XapakTepu3yIoLlel 0CeCHMMETPUYHBIA CTEHO3 Ha MOBEPXHOCTH apTepHaIbHON
CTEHKH, X SIBIIIETCS] IEPEMEHHOM, 3aBHCALICH OT BpeMEHU U KOOPAMHATHI BIOJIb OCH CO-
cyna, h(t) siBusieTcs popMoii cTeHO3a, U ¢ XapaKTepU3yeT YCPEAHEHHYIO OCEBYIO CKOPOCTb
JKUAKOCTH.

* E-mail xoppecronaupyromero aBropa: bat 56@ mail.ru
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IMocranoBka 3agaun. PaccmarpuBaercs ypasHenne MKad ¢ HarpyKeHHBIM 4JIEHOM
q, =6q2qX -q,, +h()q,, t>0, xeR, (1)

C Ha4YaJIbHbIM YCJIOBUEM

(%, 1)] 120 = Go (X), )
B KJTacCe T - MEPUOAMUYECCKHUX 110 X QYHKITHH, C ICHCTBUTETBHBIMU 3HAYCHUAMH
q(x,t)eC}(t>0)NC!(t>0)NC(t>0), (3)

snech A(t) — nmeiictBurenapHas HernpepbiBHas GyHkuusa. [Ipu usydennn 3amaun (1)-(3) wc-
MOJb3yeTCA cleaytomui oneparop Jupaka

Ly= B%H!(x)y:ky, XeR, 4)

Tae
0 10 [0 q(x)d LX) C

5251 o @ By o B YTH,0H

TpebyeTcs mokas3arh IpoLeaypy NocTpoeHus pemenus ¢(x, t) 3amaun (1)-(3), B pamkax
00paTHOM CHEeKTpaIbHOH 3a/1auu Jyis ypaBHeHus [Jupaxa (4).

.
MeToabl M pe3yJibTaThl HecaeaoBanust. O003HaYMM Yepes c(x,A) = (Cl (X, M), ¢, (X, 7“))

u S(X,A) = (Sl(X, A),8, (X, k))T penieHuss ypaBHeHUs (4), yAOBIETBOPSIOIINE HaYalbHBIM

YCIIOBUSIM

c(O,A)=(0)" ,s(0,A)=(0,1)7

®ynkmuro A(L) = ¢, (7, L) +5,(T,A) HaseBaroT GyHkimeii JIAmyHOBA MM JUCKPUMH-

HaHTOM XwWIa [ orieparopa Jdupaxa (4).
Crextp oneparopa (4) COCTOUT U3 CIETYIONIETO MHOKECTBA

E—{LeR: —2<A(\)<2}= R\{ U (xznl,xzn)} .
oo

Unrepsanst (Mgn 1 A20) ,N€Z  HasbiBaroTes akyHamuL.

Kopuu ypasrerns S,(T,A) =0 0603naumnm uepes & ,N€Z Yycna&y,neZ copma-
naot ¢ coberBenHbiME 3HadeHmssMu 3anadn Jupuxie Y1(0) =0 |y (1) =0 nus cucremst
(4) ¥ BBITTOJTHSAIOTCS. COOTHOIIICHHUSI ] (Y o ,heZ .

Yucma &, €[z 1,h50], NEZ | u 3naku o, = sign{s,(n,§,)-¢c,(n,&,)} , neZ . na-
3BIBAIOTCS CHIEKTPAJIbHBIME Mapamerpamu 3aaa4dn (4). CrekrpanbHbie TapaMeTpbl SEE A

NeZ . urpanunsl cnekrpa A , N € Z Ha3BIBAIOTCA CHEKTPANBHBIMH JaHHBIMHU 3a1a4u (4).
Haxoxmenne crieKTpaabHBIX JaHHBIX 3a7a49d (4) Ha3bIBaeTCS MPsSMOH 3amadeii, a BoccTa-
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HOBJICHHE KOI(PHUIUCHTOB ¢(X) MO CHEKTpaJbHBIM JJAHHBIM Ha3bIBACTCSl OOpAaTHOMW 3ajia-
yeil.

Ecnu B 3aaue (4), BMecto ¢(x) pacemorpets (X +1T) | To ciekTp momydeHHo# 3a1aun
He 3aBHCHT OT mapamerpa T : A, (T) =LA, ,N€Z | a crekTpanbHble TAPaMETPhl 3aBUCSAT OT

napaMmerpa T : &, (1) ,0,(1) ,Ne€Z . Iru cnexrpanbHbIe MapaMeTPhI YIOBICTBOPAIOT aHA-
Jory cuctembl ypaBHeHuil [lyoposuna-TpyOoBuua:

9 _ Loy, (0B ) =B \/ T Pac—S)a =8 g

dt K=—os, (&k _én)2

k=#n

ITpy Ka10M CTOIKHOBeHHH &, (T) ¢ rpanmuamu coeii nakysst [Aan-1, A1 3mak 0, (1)
— MEHSETCS Ha ITPOTHUBOIIOIOKHBIH.
Cuctema ypaBHenuii Jlyoposuna-TpyOoBuIia, a Takxke cieayromue GopMyIibl CIeI0B

oo

A=Y, (-1""o,(Oh, (§(1)

N=—co

JIAIOT METOJ] pEIIeHUs] 00paTHOW CIIEKTPaIbHOHN 3a/1a4H.
OCHOBHO¥ pe3yabraT chOopMyTUpyeM B BUJIE TEOPEMBI.
Teopema. ITyctb g(x, ¢) pemienne 3anauu (1)-(3).Torna cnektp omneparopa

_Ldy (0 a(xt))_
L(t)y=de+(q(x,t) 0 )—Xy
E,(), nez

HE 3aBUCHUT OT mapamerpa t, a clieKTpajbHbIe IapaMeTphbl YIOBIETBOPSIIOT
aHaJsiory cuctemsl ypaBHeHuil Jyoposuna-TpyOoBuna:

&, (1) =2(-1)"c, (Oh, (©)&,{-2[a°(0,1) +q,(0.1)] - 4&; ~h(t)} ,ne Z , )

rie

_ gn)(x?k _ an)
(&k _én)z .

h, () = \/(ﬁn = Ao )Ny, =6, - f[ (Ao

k=n

3uaku O, (1) =1 mensores IIPU KaXJOM CTOJIKHOBEHUU TOYKHU én(t) C TpaHULIAMU
CBOEH JIAKYHBI [7\‘2n—1’ 7\’2n] . Kpome Toro, BRINONHSIOTCS ClIEAYIOIINE HAYAJIbHbIE YCIOBHS
_ 20

&M, =& o,0_,=0r nez, (6)

0 0
rae Sem , NeZ — cmekTpanbHble MapaMmeTpsl oneparopa upaka ¢ xkospuuneHToM

o (X) .

Joxka3areabecTBo. O003HAUNM uepe3 (9] ,NeZ cobcrBennble 3HaueHus 3a1a4u Ju-
puxie

y;,(0)=0, vy (m)=0 (7
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.
s ypasuenust (4). ITycrs Y, (X,t) = (yn,l(x,t), Yn,2 (X,t)) , N€Z OpPTOHOPMHUPOBAHHBIE
coOcTBeHHBIE BeKTOp-pyHKIMH 3anaun Jupuxie (4), (7), COOTBETCTBYIOINIHE COOCTBEHHBIM

sHaueHusIM &, (1) ,NeZ . He orpannumBas 0OIIHOCTh, MOKHO CYMTATh, YTO COOCTBEHHBIE
BEKTOP-PyHKIMHU Yn (x,t), nez MPUHUMAIOT JE€HCTBUTENbHBIE 3HAUEHUSI.

Tuddepenmpys mo t paserctso &, (1) = (L)Y, Y,) u nmonssysics cummerprasoCTBO
omneparopa L(t), umeem

& (1) = QXY Y,). ®)
Hcnonb3ys sIBHBIN BUJ CKAISIPHOTO POU3BEICHUS

(.2)= [(IZ00 + Y, (97,0910, y = %if)é Z: %EX =

paBeHCTBO (&) mepenuiIeM B BUIE
én (t) = ZJ yn,lyn,z qtdx (9)
0

[Toncrasnss (1) B (9), Haxomum

&n (t) = 2_[ yn,lyn,2 (6q2qx - qxxx)dx + 2h(t)J yn,lyn,qu dX. (10)
0 0

HpHMHM BBIYHCJICHUCM HpOHSBOHHOﬁ IMOKa3bIBaCTCA, 4TO

{ZE.'nqx ! (yr?,l - yr?,z) + 2(4&ﬁq + 2q3 - qxx)yn,lyn,Z - 2E.vn (Zaﬁ + qz) : (yr?,l + yr?,z )}x =

= 2yn,1yn,2 (6q2qx - qxxx) .
IToaToMy

2_[ yn,lyn,z (6q2qx - qxxx)dx = _ZE.m[q2 (O’t) +0, (O’t) + Ziﬁ] : [yﬁ,z(nvt) - yr?,Z(O’t)] (1 1)

Teneps BeIYMCINM BTOpOIi MHTErpas B paBeHcTse (10):

20(0)] Vs ¥ 20, X = =G, NOLYZ (1,8~ Y2, (0,1)] (12)
U3 (10), (11) u (12) BeIBOIUM, YTO
&, (1) = 2(=1)"0, (OLYs (m1) - V2, (0,015, {-2[a° (0,t) + 4, (0,)] - 4&> ~h(V)} ,neZ . (13)

U3 paBenctBa

JIsH )+ sh 0 Dl ) P2

0

0s,(m, A, t)

-, (m,At)- o

HaxoauM (HOpMYITy st HOPMbI COOCTBEHHOM BEKTOP-(QyHKIHH s(x,&,(),t) zamaun Hupux-
e (4), (7), COOTBETCTBYOIIME COOCTBCHHOMY 3HAUCHHUIO Sn
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0 =[50 E 00+ E 0010 =- 205005 e 0.0
Hcnonb3yst paBeHCTBO
1
y, (x,1) = 0 s(x,&,(t),t)
u (13), umeem
1
2 SZ (n!gn (t)vt) -
2 2 _s(mE,®)n-1_ 5, (m, &, (1), 1)
yn,2 (TC,t)— yn,2 (Ovt) - Cﬁ(t) = asl(ﬂ:,E_,n (t),t) . (15)
oA
Ioxcrasnss 3Hauenus x = tu A= (t) B ToxAECTBO
C (X, A1), (X, A, t) —C, (X, A, 1)s, (X, A, 1) =1 |
HaXOJINM
1
Cl(nign(t)!t)_m . (16)
YuurteiBas paBeHCTBO (16) U crieyromniee ToXIeCTBO
[c,(m, A 1) — s, (m, A, 1)) = (A*(A) — 4) — 4c, (, A, 1)s, (, A, 1) |
MTOITyYUM
1 2
(R &)~ o =S OV G4 (17)
e
AN =c (m A ) +s, (T, A1) |6, () = sign]s, (m,E, (),t) — ¢ (m,&, ().t)} .
N3 (15) u (17) BeIBOIUM
2 2 _ O, (t)\/AZ(&n (t)) -4
yn,z (TC,t)— yn,z (O’t) - asl(n,in (t),t) . (18)
oA

I/ICHOHIBYH CJICAYIOUINC PA3JIOKCHUA

AZ(K)—4=—4TE2 ﬁ (x_}‘zkfl)o\'_ka), Sl(n,k,t)=1tﬁ &ka_k ,

2
k=—co ak k=—co

rmed,=lua =kupuk #0 , papeHcTBO (18) MOXKEM MEpPENUCATH B CIEYIOIIMM B BUJIE:
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Yoo (1) = 5, (0,1) = 2(-1)"c, (DN, (&) - (19)

HpI/I 9TOM MbI BOCIIOJIB30BAJIMCh U PABECHCTBOM

a a

Sign _£ l:[ &k _gn — (_1)n—l .
n k=—co k
k#n

[oncrasiss Beipaxenue (19) B Toxaectso (13), BeiBoauM (5).
Eciu 3amenuts rpanuynsie yciaosus upuxie nepuogudeckumu Y(mw) =Yy(0) wm
antinepronnaecknmu Y(T) = Y(0) rpannussivu ycnosusivu, To BMecto ypasrenus (13)

mveem M =0 3HauuT, COOCTBEHHbIE 3HAUeHUs A , N € Z NepuoaNYECcKOl U aHTUIIEPHO-
JMUYECKOH 3a1a4un He 3aBUCAT oT napametpa t. Teopema nokazana.

Cunencreue 1. Eciu mbr Bmecto ¢(x, t) paccmorpum 4(X+7,t) , To cobeteen-
HbIC 3HAYCHUS] MEPUOAMYECKOM M AHTUICPUOAMYECKOM 3aJaud HE 3aBHCAT OT Iapa-
METpOB T, t, a COBCTBEHHBIC 3HAYCHHS Gn 3ajaun JMPHXJIE W 3HAKH G, 3aBUCAT OT T, [ :

gn :an(r’t)v G, :Gn(Tvt):il, nez.

B sTom cirydae cucrema (5) mpuMeT BUA

%, _ 2(-1)"0,(1,0h, €)&,{-2[a"(1.1) + q, (. )] - 46 ~h()} ,nez . (20)

ot
3nech
sl(n,k,t,r)=nf[§k—_7“. (21)
K=o Oy
VYuuTsiBas GopMyIisl Cien0B
oo 7\‘2 + )\'2
g’ (T +q.(tt) = ) (%—ii(nt)) 22)
k=—oco

cucremy (20) MOXKHO mepernucars B 3aMKHYTOH (hopme.
CaencrBue 2. Ha ocHOBaHUM TeopeMBbl OTydaeM MeToa pemieHus 3anauu (1)-(3). s

. 0 0
3TOrO CHayYajla HalJeM CHEKTpalbHbIE TaHHBIE A , &, (1), 0,(1) ,NeZ , coorBeTCTBYIO-
e ko3pdummenty Uy (X +T) | Jlanee pemaem 3agaay Ko

&n (Tvt)L:O = &g (T)’ G, (T!t)L:O = Gg (T) ,he”Z
11 cucteMbl ypaBHeHu# Jlyoposuna-Tpy6osuna (20). [Tocie atoro no gopmyrne cienos

gt = Y (1", (T.Hh, E) (23)

N=—co

ompenensiem g(x, t).
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Byn ocymvic eemoounamura npoyecmepin 3epmmey Yulin KOIOGHBIIAMbIH MOOUDUKAYUATAHEAH
Kopmesez-oe @puz menoeyiniy mep3imoi  wewimin  Kapacmuipaosvl. Kopmeesee-0oe  @pusdin
o32epmineen meyoeyin Kepi Cnekmpuix ecen 20iCiMeH UHme2panloayea OoiamvlHObIEbl KOPCEMIN2eH.
Mooudgpuxayusnanzan Kopmegee-oe @pusz menoeyin weuwymer 6aianbicmsl nepuoomuli NOMeHyud bl
oap [upak onepamopulibly CneKmpiix oepekmepiniy 960110YUsACyL aHblKmanobl. Homuoicenep eemoouna-
MUKA 3aHOapbIH 3epmmey Yulin ozeepmineen Kopmesez-oe @pus menoeyin uieuty yulin Kepi ecen 20iCiHiH
KONOAHBLLYbIH He2i30etioi.

Tyitin ce30ep: scyxmenzen mooupurayusnanean Kopmeseza-oe @puz menoeyi, lupax onepamopel,
Kepi cnekmprix ecen, J{yoposun-Tpybosuy menoeynep scyiieci, i3 hopmyniaiapoi.
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PERIODIC SOLUTIONS OF THE MODIFIED KORTEWEG-DE
VRIES EQUATION IN HEMODYNAMICS.

In this paper, we consider the periodic solution of the modified Korteweg-de Vries equation used
for studies of hemodynamic processes. It is shown that the modified Korteweg-de Vries equation can
be integrated by the inverse spectral problem method. The evolution of the spectral data of the Dirac
operator with a periodic potential associated with the solution of the modified Korteweg-de Vries equation
is determined. The obtained results substantiate the applicability of the inverse problem method for solving
the modified Korteweg-de Vries equation for studying the laws of hemodynamics.

Keywords: loaded modified Korteweg-de Vries equation, Dirac operator, inverse spectral problem,
Dubrovin-Trubovitz equation system, trace formulas.
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HOBBIE MTOAXO/Ibl K OBECIIEYEHHIO MTOXKAPHOM
BE3OIMMACHOCTH MHOTI'O3TAKHBIX )KUJIBIX 3TAHUI
HA CTAJUU TIPOEKTUPOBAHMUSA

Ha ocnose ananusa noxcapos coenan 6618600 0 MOM, MO OCHOBHOE KOTUYECHBO NOHCAPOS NPUXOOUNI-
¢ Ha orcunou cekmop kak 6 Kazaxcmane, max u 3a pybescom. Ha ocHosanuu mooenuposanus noscapa
6 K8apmupe u npoyecca I6aKyayuu a0oell u3 Hee, AHAIU3A PACHenos, NPOEEOeHHbIX O/l COBPEMEHHbIX
MHO203MANCHBIX HCUTIBIX KOMNIEKCO8, CHPOEKMUPOBAHHBIX C YUACMUEM ABMOPO8, COCLAH 8bl600 O BbIPA-
b6omKe 0ONOIHUMENLHBIX Kpumepues no 6e30nacHoll d6akyayuu us 30anus. B pezynomame uccireoosanus
VCMAHOBILEHO, YMO OCHOBHOE GIIUAHUE HA 3HAYEHUE MAKCUMAIbHOZ0 PACCMOSHUS OM HauboJiee YOaleHHOU
MOUKU K8apmupvl 00 8bIX00d OKA3bIBAEM ee KOHpueypayus u 2abapumel, a KpUMepuaibHbIMu napame-
mMpamuy AGJIA0MCsL NIOULA0b U PACCMOSHUE 0M HAuboee YOAIeHHOU MOUKU 00 8biIX00d U3 KEAPMUP, KO-
mopwie cocmagnsiiom 80 m? u 12 m coomeememeenno.

Knroueswie cnosa: nosicap, nodcapras 6€30nacHoCms 8 MHO20IMAICHBIX ACULLIX OOMAX, I6AKYAYUS,
MOOenuposanue, cmpoumenbHvle HOpMbl, NAOWAObL KEAPMUPSI, PACCMOAHUe Om Hauboree YOaieHHOU
MOYKU 00 8bIX00A.

BBenenune. OOecrniecueHne TOXKapHOW OE30IACHOCTH B JKHIIBE SIBIISICTCS BaKHOM
COITATPHO-D)KOHOMHYECKON TIPOOIEMO, BBI3BAHHOW TEM, UTO IOXKAPHI B KUJIOM CEKTOpE
3aHMMAIOT OCHOBHOE MECTO OT O0IIero uncia mokapos. [1o qaHHbIM 0 CTpyKType pacmpe-
neneHus moxapoB B Pecryommku Kazaxcran, mpomsomenmux B 2021 rogy (pucyHok 1),
BHJTHO, YTO TIOKAPHI B JKUIBE COCTABISIOT 65,7%. MupoBas cTaTHCTHKA MOKapOB MO 00b-
eKTaM pa3IMYHOTO Ha3HAYCHHS TaKKe MMOKA3bIBAET, YTO KUIIbIE JoMa — HanOoJee moxKapoo-
MacHble 00BEKTHI, 3/1ech mpoucxoaut o6onee 70% ot obmiero gucia moxapos [1]. Takum
00pazomM, obecrieueHre TOKapHO 0€30MMaCHOCTH B JKHIJIOM CEKTOPE SBISICTCS aKTyaIbHON
MpoOIeMoii He TOMBKO AJIS Hallel CTpaHbl, HO M ISl MUPOBOTO COOOIIIECTBA B IIEIIOM.

* E-mail xoppecnionnupyrormero apropa: gulfaruz.issa@kazgor.kz
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Pucynok 1 — PacnipesiesieHre MOKapoB 10 00BEKTaM WX BO3HUKHOBeHUs 3a 2021 rox

Ha ropoaa mpuxoauTcst mOJ0BUHA BCEX MOXKAPOB, MIPOU3OMLICAIINX B XKUJIOM CEKTOPE,
IPU 3TOM YHUCICHHOCTh U IUIOTHOCTH TOPOJICKOTO HACEJICHUS IMPEBBIIMIACT YUCICHHOCTh
cenbekoro. OIHAKO B CEIBCKOM MECTHOCTH MPE00iIaaeT MaIO3TaXKHAS 3aCTPOMKA KUIIOTO
CEKTOpa, a B ropojiax, 0COOCHHO KPYITHBIX — MHOTO3TaXKHasi. Ha pucyHkax 2 u 3 npuBeieHbI
JIAaHHBIC TI0 OTHOCHUTEIBHBIM TIOKa3aTesiM 00CTaHOBKH ¢ nioxkapamu 3a 2016-2020 rr., Bo3-
HUKIINMH B KAJIOM CEKTOPE B 3IaHUSX PA3TUUYHON 3TAKHOCTH.

Pucynok 2 — Tloka3zarenu KOJIMYECTBA TIOKAPOB B KUIIOM CEKTOPE B 3MAHUSIX PA3INIHON
sTaskHOCTH 32 meprox 2016-2020 rozmst

Pucynok 3 — Iloka3zareny KONM4eCTBa HOTMONINX Ha M0kKAapax B )KUJIOM CEKTOPE B 3/1aHUAX
pa3inuuHOM 3TaxkHOCTH 3a iepuox 2016-2020 roast
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JlaHHbBIE MTOKa3bIBAIOT, YTO OCHOBHAS JOJIA MOXApOB U MOCTPAAABIINX OT HUX MPHUXO-
JIUTCS Ha oqHOdTaxHbIe cTpoerHus (71,6% noxapos u 74,1% nocrpagasmmx). Ha moxapst
B MHOTOSTaXKHBIX 3JaHUSX B IIECTh U Oojee rTaxkeit npuxoautcs 10,6% oT Bcex moxkapoB
B JKMJIOM ceKTope U 6,7% mocTpaiaBIINX Ha HUX. BMecTe ¢ TeM, B cuily CBO€l BBICOKOM
MOKapHOH ONAaCHOCTH, TOCIIEACTBUS MOKApPOB B MHOTOATAKHBIX 3JaHUSAX HOCST Ooiee Tsi-
JKEIBII XapakTep, a TPaBMaTHU3M U THOeTb JIFoJei MOKET HOCUTh MacCOBBIN XapakTep. JTo
ompenensieT HeoOXOAUMOCTh UCKATh HOBBIE MOAXOABI K 00eCTIeYeHNI0 0e3011acCHOCTH JIOAeH
P TOKApe B MHOTOATAKHBIX JKIJIBIX JJOMAaX U MPEXe BCETO HA CTaIUN MPOCKTHUPOBAHUS
00bekTOB. OOBEKTaMHU UCCIIEIOBAHUS CTAN POLIECCHI OE30MIACHOM IBaKyalluy JIOEH U UX
CaMOCIAceHus IPU MoXkKape B KBAPTUPE MHOTOITAKHOTO JKUIJIOTO 3/IaHUs.

Metonn! uccienopanms. Co3nanue peaqbHOTO MoKapa KUIOro JoMa Jjsl UCCIIeno-
BaHMS MpoLEcca IBAKyalllH JIFOIEH SBISETCS 3a7a4ell MOBBIIIEHHON CIIOKHOCTH, TO3TOMY
MIpYU MPOBEJCHUH HCCIEIOBaHUN HMCIIOIB30BaHbl METO/ABI MaTeéMaTHYECKOro MOJEJINpOBa-
HUSL

IIpoBeneHHbIe NCCIIEN0BaHUS MOKHO pa3ieIuTh Ha TPU dTara.

1. MonenupoBaHue pa3BUTHs TOXKapa. B 1aHHOM citydae peub 1J1eT 0 TMHAMHKE OTTaCHBIX
(axTOpoB Mokapa ¢ BbIJICJIEHEM MOMEHTa, KOTJIa OIMH U3 KOMIIOHEHTOB (PaKTOPOB MOXKa-
pa JOCTUTHET KPUTHYECKOTO 3HAYCHUSI, OTIACHOTO JIJIsl YenoBeka. B pabore ucmonb3oBaics
MOJIEBOW METO/ MOJIEIMPOBAHUS PA3BUTHSI MOKapa, B KOTOPOM OTCYTCTBYIOT OIpaHHUYEHUS
M0 TEOMETPUUYECKUM XapaKTepUCTHKAM 37AaHHSA M MOMEIIEHUH, MPU ATOM MPOU3BOIUTCS
HaunOoJjiee TOHBIA aHaANIN3 Pa3BUTHS NokKapa. B mo00i MOMEHT BpeMeHU HCCIe0BaTellb
MOJTy4YaeT MOJIsl MIOTHOCTH, JIABIEHUS Ta30BO3AYIIHOM Cpesbl, TEMIEPATyphl, CKOPOCTH U
KOHIEHTPaLUi ra3000pa3HbIX MPOAYKTOB TOPEHUS], ONITUYECKON TNIOTHOCTH JbIMA.

2. MonenupoBanue sBakyaluu Jiroaeil. Hamu ucnonp3oBanach MOAEIb UHAUBU Y AILHO-
MOTOYHOT'O THIIA, KOTOpas MO3BOJIMIIA MOJIEIMPOBATh JIBUKEHHE KaKJI0TO OTAEIHHOIO ye-
JIOBEKA C YUYETOM JABIKCHUS APYTUX JIONCH U UMEIOIINXCS MPEISITCTBUIM B MIOMEIIEHUH, a
TaK)Xe 3aBUCUMOCTH CKOPOCTH UE€JIOBEKa OT JIOKAIBbHOM MJIOTHOCTH JIFOJICKOTO IOTOKA.

3. Ha ocHOBe aHanm3a mpon3BeICHHBIX PACYETOB IyTEM CpaBHEHUS ()OPMUPOBAJICS BbI-
BOJI O BEpOATHOCTH 0€30MacHOM 3BaKkyaluu n3 31anHus. [lockonbKy B paMkax paGoThI Mpo-
M3BOJINIIOCH MOZIETTUPOBAHME JJIS psifia COBPEMEHHBIX MHOTOATAKHBIX JKMJIBIX KOMIUIEKCOB,
TO Ha JIAHHOM dTare TaKKe pealn30BaHO 0000IIeHHE BCEX PacuyeToB ¢ MCIIOIb30BAHHEM
CTaTHCTUYECKUX METOJIOB.

AHaJIuTHYeCKUH 0030p Mo TeMe MccJiefoBaHus. [Ipu peleHnN TEOPeTHUYECKUX U
NPUKJIaIHBIX 3a/ad 00ecledeHHsl MOoKapHOW 0e30MacHOCTH MPEUMYIIECTBEHHO NpUMe-
HSIOTCS MTOJIXOJIbI, OCHOBAaHHBIE HAa METOAAaX ONpEAETeHMs] M OLEHKU MOKapPHBIX PUCKOB.
Bonpioit Bkian B pa3BUTHE TEOPUH MOKAPHBIX PUCKOB B TIOMEIICHUSIX U MOJCITHUPOBAHUS
noxkapos BHecnu FO.A. Kommapos, FO.C. 3oto, B.M. Acranenko, M.I1. bamkupres, B.A.
[Muenunnes, A.M. Peoxos, C.B. Ily3zau, A.}O. Cuerupés, C.I1. FOn, A.M. KacsimoB [2-5].
PazpaboTaHHble UMM MOJIENI OMUCHIBAIOT U3MEHEHHE CPeAHEOObEMHBIX MAapaMeTpPOB CO-
CTOSIHUS Ta30BOM cpesibl (INIOTHOCTh, TeMIIeparypa, KOHIIEHTpalns KUCIopoia U MPOayK-
TOB FOpPEHMsI, ONITUYECKasl MJIOTHOCTH) BO BPEMEHHM IPU MOKape B IOMEIIEHUH.

Pacuer ¢axTrdyeckoro BpeMeHHU dBaKyalluy JIIOJeH B 3aBUCUMOCTH OT UX KOJIMYECTBa,
a Take rabapuToB U KOH(UTYpAIUU TOMEIICHUS BBITIOIHSJICS TIPU MTOMOIIHU YIIPOIIEHHO-
AHAJIUTUYECKOM, UMUTAIMOHHO-CTOXACTUYECKON WIIM MHINBUAYaJIbHO-ITOTOYHON MOJENEH,



106 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

M3JI0KEHHBIX, HanpuMep, B padote [6]. B paboTax oTe4ecTBEHHBIX aBTOPOB TAKXKE 3aTparu-
BaJIMCh BOMPOCHI MOICTMPOBAHMS BHYTPEHHHUX U OTKPBITHIX MTOKaPOB, IMHAMUKH Pa3BUTHS
ux onacHeIx (phakropos [7-10].

Nmeromuiicss Hay4yHbIi 3aJ1€71 IO UCCIIEI0BAHUIO MT0KAPOB B IOMEILIEHUH TTO3BOJINII aB-
TOpaM CTaTbl HHULIMUPOBATH M TIPUHSTH YUaCTHE B pa3padOTKe HAIIMOHAIBHBIX CTAaHIAPTOB
CT PK 2881-1 — 2016 [11] u CT PK 3020-2017 [12], ycTaHaBIUBAIOIIUX METOMBI OILICH-
KM TO)KapHOTO PUCKA U ONpEeSICHHUs] PAaCU€THBIX BEIMYUH MOKAPHOTO PHCKa B 37aHUAX U
COOPYKEHUSIX Pa3IMYHbIX KIaccOB (YHKIMOHAILHON MTOKapHOW OMACHOCTH.

PazpaboTranHble Ha OCHOBE OITMCAHHBIX METOANK MPOTPAMMHbBIE TIPOAYKTHI TIO3BOJISIOT
MIPOBOJIUTH YHUCJIEHHBIE 3KCIIEPUMEHTHI 110 MOAETUPOBAHHIO TIOKAPOB M 3BaKyallUH JIIO/IeH
JUIsl TIOMEIICHUH paznuyHoOi KoHpurypamuu. O000UIeHne pe3yabTaToB MOACTUPOBAHMS,
CTaTUCTUYECKAs UX 00pabOTKa MO3BOJIIN Pa3padoTaTh MPEAJIOKESHHS TI0 COBEPIICHCTBO-
BaHUIO MTPOTUBOIIOKAPHOTO HOPMUPOBAHUS. AHAJIN3 TUTEPATYPHBIX HCTOYHHUKOB TOKa3all,
YTO paHee Takue paboThl He MPOBOAMIIKNCH KaK Y HaC B CTPaHe, TaK U 3a pyOekoM.

OO0cyxneHne MOJY4YeHHBIX pe3yabTaToB. lIpoBeneH aHamu3 peajbHBIX MPOEKTHBIX
pelIeHni COBPEMEHHBIX KHUJIBIX KOMIUJIEKCOB B YacTH OIpEJeNIeHUs IMyTel 3BaKyaluu B
KBapTUPaX MHOTOATAKHBIX KHJIBIX 3aHUN pa3uaHON uiaHupoBKH. KiroueBbiMu (akTopa-
MHU, ONIPEACIISIFOIIUMHA MUHUMAaJIbHOE PACCTOSIHUE OT HanboJiee yaaleHHOW TOYKU KBapTHPBI
JI0 BBIXOJIa U3 Hee, OyAyT SIBISTHCS e TadapuThl U IIAHUPOBKA, OTJAJICHHOCTh BBIXO/A U3
KOMHATBI 10 OOIIETO BBIXOJa U3 KBAPTUPbI, COOTHOLICHUS JINHEHHBIX pa3MepPOB KBAPTHUPBI.
Ecnu xBapTHpa uMeeT KBa3UKBaAPaTHYIO MJIAHUPOBKY C PACIONIOKEHHEM BXOIHOM ABepU
OKe K ee LeHTPY, BpeMsi Oe30macHoi 3Bakyaunu OyneT MeHblue. [Ipu Oosee BBITSHYTOR
KBapTUPE BpeMsl IBaKyalluu UX KpalHHUX KOMHAT OyeT OOJbIIe 10 CPAaBHEHHIO C LICHTPaJIb-
HO pacroJIOKeHHBIMU KOMHATaMU.

[Tnomanb KBapTHPHI SBISETCS XapaKTepUCTUKOH ee rabaputoB. Kpome Toro, oobem
KBapTUPBI, KOTOPBIH sIBJIsIeTCSl (DYHKLUEH MIIONIa 1 OKa3bIBACT 3HAUYMTEIBHOE BIMSHHUE Ha
BpeMs JOCTHKEHHUsI TIOPOTOBBIX 3HAYCHUH onacHbIX (pakTopoB nokapa. C OIHOW CTOPOHBI,
4yeM OOoJIbIIIe TUIOLIa (b KBAPTHPHI, TEM OOJbIIEe PACCTOSIHUE JIOJDKEH MPEOI0NETh YeNIOBEK,
YTOOBI MOKUHYTh KBAapTUPY MPU MOXKape, C APYyroid CTOPOHBI, IPHU 3TOM BO3pPACTaeT JOIy-
CTHMOE BpeMsi, 32 KOTOPOE OH JIOJDKEH MMOKMHYThH OMACHYIO 30HY M3-3a TOBBILICHHUS 00beMa
KBapTHUPBI.

HaunOonbmmii mHTEpeC MpeAcTaBIsIeT KPUTHIECKOE 3HAUEHHE IJIOMIAI TOMEIICHUS,
IIpU KOTOPOIl BO3HUKAET OMAcHOCTh IS JIIOJeH Mpu moXape Mo OCHOBHBIM MYTSAM 3BaKya-
11U,

Pacuersl nmpou3BOAMINCE U3 MPEAINOIOKEHHS, YTO BpeMs Hadasla dBaKyalllid MPHUHU-
MaJIOCh JJISl OTIOBEIEHHUsI BTOPOTO THIIA. B neficTByIomre HOpMBI IO 000pYIOBAHHUIO 3/1a-
HUN CUCTEMaMH aBTOMAaTUYECKOM mokapHou curHanmzanuu (nanee - AIIC) u cuctemamu
OTIOBEILICHUS U YIIPaBJICHU dBaKyanuei moneit (nanee - COY D) npeayioskeHbl n3MEHEHUS,
3HAYUTEIBHO MOBBIIIAIONINE BO3MOKHOCTh CaMOCTOSITEILHON 3BaKyalllu JIOAEH IMyTem
CHIDKEHHUSI BPEMEHM peaklMid Ha BO3HMKHOBeHHE moxkapa [13]. OTu n3MeHeHus emie He
YUYTEHBI, TO3TOMY pacyeThl MPOBOAUIKCH 10 JIeHcTByoIel MeToauke [12].

[IpoBeaeH aHaiIM3 MO3TAXKHBIX MJIAHOB MPOEKTOB JKUIIBIX KOMITJIEKCOB B YacTH OIpe-
JeTICHHsI pAaCCTOSTHUM OT HauboJee yIaJeHHOW TOYKU KBapTUPBI A0 BbIX0OAA. AHAIHM3 MpO-
Bomuics ans xuibix komruiekcoB: KK «Armocdepa», KK «EBpoma» — . Acrana; XK



Joicymazanues P. M. u 0p. Hosvle nooxoost k obecneuenuto nojcapHou 6e30nachocmu ... 107

«Anwranpy — r. llemmkenT; KK «CITA»; KK «Lake town» — 1. Anmarsl. Beero npoanaiu-
3upoBaHo Oosiee 30 KBapTHP Pa3IUYHON IJITAHUPOBKHU.

Paccrosinue (hakTHuecKoro MmyTH 9BaKyalld B KBapTHPax C Pa3HbIM KOJTHYECTBOM KOM-
Hat onpezensiochk npu nomouu CAIIP AutoCAD, a Takxke ¢ HCIOIb30BaHUEM KJlacCHue-
CKOW TEOPUH IO PACUETy PACCTOSHUSI MEXKY ABYMs TOUKaMH Ha TNIOCKOCTH TP M3BECTHBIX
koopauHarax. Ha pucynke 4 B CTHJIM30BaHHOM BHUJE MOKA3aH IUIaH KBapTUPBL. Touka D
ABJIsIeTCsl Hanbolee ynajaeHHo! Toukoi. Touka A — 3To TOUKa EHTpa BBIXO/a M3 KBAPTUPBI.
Touku B u C sBisitoTcs TOUKaMHU B TEOMETPUYECKOM IIEHTPE JABEPHBIX MPOEMOB 10 IMyTH K
BbIXONy. TakuM 00pa3oM, MyTeM 3BaKyalluH U3 KBapTUPHI siBisieTcst toMaHast tuHust ABCD.
B 3aBHcHMOCTH OT CIOKHOCTH IJIAHUPOBKH KOJIMUYECTBO 3BEHHEB JIOMAHOM JTMHUN MOXET
OBITH YBEITMUYECHO.

AD =AB +BC +CD (1)

rae AD — paccrosiHre oT Haubolee ylajJeHHOW TOYKHU JI0 BbIXOJa W3 KBapTHpsl, M; DC —
paccrosiHie OT HaubOoJiee ylajieHHON TOYKH JI0 BBIXOJa M3 KOMHaThl, M; CB — paccrosiHue
OT BBIXO/Ia U3 KOMHATHI JI0 IPOMEXKYTOUHOTO TIpoeMa, M; BA — paccTosiHEe OT IPOMEKYTOY-
HOT'O TPOeMa JI0 BBIXOJIa U3 KBAPTHUPBI, M.

Pucynox 4 — CxeMa IyTH 3BaKyalliM U3 KBapTUPBI IPU MoXkKape

JlMHy KaK70ro 3BE€Ha HAIICH JJOMaHOW JIMHUU OmpeesiuM 1o ¢popmynam (2-4):

AB = \/(XB - XA)2 +(Yg = yA)2 (2)
BC = (% = %g)* + (Y ~ Ya)* 3)
CD = /(X = )" + (Yo = Ve )’ )

7€, X ¥ y — JTMHEeWHbIe KOOPIUHATHI COOTBETCTBYIOIINX UHEKCY TOUEK, M.

s TpoCTOTHI pelieHus 3aJadd LEeHTPOM CHCTEMbl KOOPAMHAT MPUHUMAEM LEHTP
JIBEPHOTO TMPOeMa Ha BBIXOJE U3 KBAPTHUPHI, TOr/a 00€ KOOPAMHATHI JUIsl TOUKH A oOparia-
I0TCSl B HOJIb (PUCYHOK 5).

Pucynok 5 — Cxema IyTy 3BaKyanuu u3 KoMHaTsl A(X,, v, ), B(X,, y;,)
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AB = /x5 + g (5)

ATpUOpH PEATIONOKEHO, YTO rabapuThl KBAPTHPHI, IUIOMIAAb WIIK KOJTUYECTBO KOMHAT
Oy/IyT OnpeAeISIFOIIM (GaKTOPOM ISl BETMYMHBI PACCTOSIHUS OT HauboJiee ylaieHHOH Tod-
KU J10 BXOJIHOM JBEpH.

Ha pucynke 6 mokasaHbl cxeMaTHYHbIE JJAHHBIE 10 PACCTOSHUIO B 3aBUCHMOCTH OT I1JI0-
1311 KBapPTUPHI, KOIMUECTBY KOMHAT, ITOJTYYCHHBIE ITPH aHaIH3e (GaKTHICCKUX TPOSKTHBIX
peueHui.

lopusoHTanbHas npsiMas Ha rpaduke COOTBETCTBYET NPUHITOMY aBTOPaMU IMPE/eib-
HO JIOITyCTUMOMY 3HAYEHHIO OE30MacCHOMY paccTosHUIO, paBHOMY 12 meTpoB. Touku, pac-
MOJIOKEHHBIE BBIIIE AAHHOW MPSAMOU, OTHOCATCA K KBapTHpaM OINPENEIECHHON MIIOaau,
JUIS. KOTOPBIX HEOOXOAWMBI JIOTIOIHUTENIbHBIE TEXHUYECKHE MIIM MPOEKTHBIE PELICHHS 110
3BaKyalluy WIH CIACEHUIO JIOAEH, HallpUMeEp, yCTPONCTBO aBAPUNHBIX BBIXOJOB.

Pucynok 6 — Pacnpenienienre HauOoJbIICH JUIMHBI ITyTH 9BaKyallnu

Urto0bI criaguTh pa3dpoc JaHHBIX, JJIsS HAMISAHOCTH M yA00CTBa JasibHEHIIeH o0pa-
OOTKH JTaHHBIX, HEOOXOIUMO M3MEPEHHBIC MOJIYYCHHBIC TOUKH PacCIojararh J0CTATOYHO
PaBHOMEPHO TI0 BCel ucciemyeMoit oonactu [14].

s 3TOTO CrpyNmupyeM AaHHBIC MO IUIOIIAIN KBAPTHP HA yYacTKax ¢ MHTEPBAIOM AS
paBHbIM 1047, CratrcTrdeckas 00paboTKa TOYCK, MONABIIHX B OJIMH HHTEPBAJI, OCYILCCTBIIS -
Jack cieayommM 0opazoM. Onpenensiock CTaTUCTHYECKOE CPeJHEE JaHHBIX Ha YUacTKe:

nx-

M= = (6)

e, X, — pe3ynbrar usMepenus (HanOoubluas JUIMHA Iy TH 9BaKyalluu B uHTepBae AS mo-
L4 1 KBAPTUPBI); 71 — YUCIIO U3MEPEHUH (KOJMYECTBO KBApTHP B BEHIOPAHHOM MHTEpBAJIE).
CpenHioro KBaJpaTHIecKylo IIOTPELIIHOCTb pacCunThIBaIN 110 Gopmyie (7):

(7
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B pesynbrare nony4aeM cpeaHre 3HaYSHMS TUIOIIA N KBAPTUPHI, CTPYIIHMPOBAHHbIE Ha
yuacTtkax ¢ AS paBabiM 10 M?. JlaHHBIC pe3yIbTaTOB PACYETOB CPEIHUX 3HAYCHHI HAaNOOIIb-
1IETO IMyTH 3BaKyalluH, CPEAHEKBAAPATUUHBIX OTKIOHEHHU TIPE/ICTaBIeHbI B Tabnue 1.

CoOBOKYITHOCTh BCceX pacueToB 1o S u L nokaszaHa Ha rpaduke Ha pucyHke 0.

OTpe3KkH, OTIIOKEHHBIE Y KaXXI0W TOYKH, 03HAYAI0T BEIMYMHY JOBEPUTEIBHBIX HHTEP-
BAJIOB, COOTBETCTBYIOLIMX U3MEPEHHBIM 3HAYCHUSIM HAaHOOJIbIIEH IJTMHE [Ty TH YBaKyalluu 1
TUIOIIA U KBAPTUPBI. DTH HHTEPBAJIbI ONPEAEISUINCH ISl JOBEPUTEIBHON BEPOSITHOCTH P=
0,95 o dpopmyze (8):

tns
AX =— (8)

Jn

Taénuya 1 — JlanHple N0 MJIOIIA/M, JUTMHE HANOOJBILIETO ITyTH dBaKyalluu

Cpennue
A Cpennue Cpennss
Cpetss 3HAYCHUS KBaJIpa-
Haubo- friotazH P HanOOIb- TUYHAs
KBap- KBafIpa- o
[Tno- JIpIIAs K mielf UIMHBl | Torpen-
oJH- THUPBI, THYHAS
Hauwmeno- a6 JUTHA 9BaKyallud, | HOCTb IO
YECTBO AS CIpyMNIIU- | IOIpel-
Banme KK KBap- My TH CTPyHIHUpo- | HauOOIb-
KOMHAT pOBaHHBIE | HOCTH N
THUpPBI | 9BaKya- BaHHbIC Ha nrei
Ha y4acT- | MO IUIo-
Uu ydJacTkax ¢ JUTHHE
Kax ¢ AS maau
AS, paBHBIM | TIyTH 3Ba-
PaBHBIM 10m2 Kyaluuu
10 M2 4
1 2 3 4 5 6 7 8 9
Atmocdepa 41,9 8 1
Lake Town 43 10,3 1 44,99 3,14 9,16 1,01
Lake Town 43 8,3 1 45
AnbsTaup 48 9,2 1
Anwraup 49,04 10 1
Lake Town 51 8,7 2 54,07 2,77 8,33 0,35
Espona 54,8 8,3 2 55
EBpomna 56,4 8 2
Atmocdepa 64,9 11,7 2 65 64,9 11,7
Lake Town 71,46 10 2 75,09 2,75 11 1,43
EBpona 74,1 10,2 2
AJspTanp 74,2 13,5 2 75
EBpona 77,8 10,5 2
AtMmocdepa 77,91 10,8 3
Lake Town 94 15,5 3 95 94 15,5
AJspranp 116,7 15,6 3 117,79 1,41 15,3 0,44
Espona 117,3 14,8 3 115
Atmocdepa 119,38 15,5 4
Esporma 120,3 14,8 3 125 120,3 14,8
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OxoHuanue Tadauusl 1

1 2 3 4 5 6 7 8 9
EBpomna 156 12,4 4 155 156,5 0,58 13,725 1,32
EBpona 156 12,9 4
EBpona 157 14,3 4
EBpoma 157 15,3 4

Pucynok 6 — Pacnipenenenre HauOOJIbIICH JUIMHBI ITyTH 9BaKyallly 110 TUIOLIA 1 KBapTHP,
CTPYIIHUPOBaHHBIC HA y4acTKax ¢ AS paBHbIM 10 M?, TOpU30HTAIBHAS MIPSIMast JIHHUS
COOTBETCTBYET KPUTHYECKOHN JUIMHE MYTH IBAKYALHH.

Hmest paBHOMEpHOE PacIoNOKEHUE TOUEK IO BCeil 001acTH, MOXKHO NMPOU3BECTH all-
MPOKCUMAIHIO (DYHKLIUK METOJIOM HAUMEHBLINX KBaIPaTOB.

AnnpokcuMHUpysl JaHHbIE Ha rpaduke (pUCYHOK 6), HaXonuM (yHKIHIO, ONHCHIBAIO-
LIYI0 JaHHYIO KPHUBYIO:

y = 1,4902x%473!1 ©)

Haiinem Touky mepeceueHus annpoKCHMHUPOBAaHHONW KPUBOI M JIMHUM, COOTBETCTBYIO-
meit 12 M Ha pucyHKe 6, pelIuB CUCTEMY YpaBHEHMMN:

y = 1,4902x%4731
y=12
x~ 82,289

CrnenoBarenbHO, TOUKA mMepeceueHuss X ~ 82,289 COOTBETCTBYET 3HAUYCHUIO TUIOIIAIH
KBapTHPbI paBHOH npumepHo 80 M?.

Taxum 06pazom, HaMH MOJTyYE€HO KPUTHUECKOE 3HAYECHNE TUTOMIAAN KBAPTHPHI, TIPU KO-
TOPOM HEOOXOINMO YCTPOMCTBO TOTIOHUTENBHBIX aBAPUHHBIX BHIXOJOB.

3akarwuenne. VccienoBanus MacCHBa PeasibHbIX IPOCKTOB KHJIbIX KOMIUIEKCOB, ITPO-
BEJICHHBIC HA OCHOBE MAaTeMaTH4YeCKOro MOJCIUPOBaHMs MIOKapa B KBapTHPaX, IBaKyaluu
JIIO):[ei/‘I nu CTaTPICTPI‘IeCKOﬁ O6pa6OTKI/I HOHy‘-IeHHLIX JAaHHbIX, ITIOKa3aJikn, YTO OCHOBHOC BJIHN-
SIHUC HAa 3HAYCHUEC MAKCUMAJIbHOI'O paCCTOS[HI/ISI oT HaI/I6OJIee yZ[aJIeHHOI‘/'I TOYKH OO0 BbIXOOa
OKa3bIBaeT e¢ KOH(GUTypanus ¥ radapuThl, a KPUTCPUATHHBIMHI TTApaMETPaMH SIBIISFOTCS
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IUIOIIAJIh ¥ PACCTOSIHUE OT HauOoJsee yIaJicHHON TOYKHU JI0 BBIXOJA M3 KBAPTHUP, KOTOPHIS
cocrapsor 80 M? 1 12 M COOTBETCTBEHHO.

B cnyuae, ecnu (aktuueckue qaHHbie OyIyT MPEBHIIIATH BHIPA0OTaHHBIC KPUTEPHUH, TO
ClIelyeT yCTpauBaTh aBapPHUIMHBIC BBIXOJbI B COOTBETCTBUU C TEXHUUECKHM PErIaMEHTOM
«OO0mue TpeboBaHUs K MOXKapHOU Oe3omacHocTH» [15].
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"KOBAJIAY CATBICBIHJIA KOII KABATTBI TYPFBIH FUMAPATTAPIBI OPT
KAYIICI3IITIMEH KAMTAMACDI3 ETYIIH )KAHA AMAJIJIAPHI

Opmmepoi manday neeizinde onapovly Hezizei monuwepi Kazaxcmanoa oa, wemendepoe oe mypavii
cexmopaa muecini 60namvlHObIZbl MypPaibl KOPLIMbIHObL Hcdcdlbl. Aemopnap namepoeei opmmi Hane
aoamoapobl 00aH 6aKyayUAIAY NPoOYecin mooenoey, agmopiapoblly KAmvlCYybIMeH JICO0ANaH2aAH KON
Kabammol 3aManayu mypevliH KeuwleHoep yulin Kenmipineen ecenmepOi maioay HeiziHoe 2umapammar
KAyinciz 26axyayusanay OotblHua KOCLIMWA onuemMoep Kypay mypansl Kopblmuliobiea Kenoi. 3epmmey
Hamuoicecinoe namepoiy ey KaulblK HyKmeci MeH ubleap ecikke Oellinel MakCuMan apaKaublKmslK MaHiHe
namep Kon@uaypayuscel Men cabapummepi acep ememini, an namepoiy ayoamvl Jcane OHblY el KAublK
HyKmeci Men wwl2ap ecikke oetinei apakauwwikmolk muicinuie 80 m° scone 12 m-0i Kypan, wexkmik napa-
Memprep 60bln MmabvlIamvbiHObIEbL OeNeiNeHOI.

Tyiiin co30ep: opm, ken Kabammosl MypeviH yiiepoezi opm Kayincizoici, 36axyayus, mooenoey,
KYPbLIbIC HOPMALAPYL, NAMeP AyOanbl, el KaublK HYKMeoeH wbl2ap ecikke Oellinei apaKaublKmylx.
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A. B. KONUSBAYEV?, I. A. VASSINA?

'«Global Fire Protection» LLP, Almaty, Kazakhstan
’«KAZGOR Design Academy» LLP, Almaty, Kazakhstan
3 «RD-Fire Group» LLP, Almaty, Kazakhstan

NEW APPROACHES TO ENSURING FIRE SAFETY OF MULTISTOREY
RESIDENTIAL BUILDINGS AT THE DESIGN STAGE

Based on the analysis of fires, it concluded that the main number of fires are fires in the residential
sector both in Kazakhstan and abroad. Based on the simulation of a fire in an apartment and the process
of evacuating people from it, an analysis of the calculations carried out for modern multi-level residential
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complexes designed with the participation of the authors, was concluded to develop the additional criteria
for safe evacuation from the building. As a result of the study, it was found that its configuration and
dimensions exert the main influence on the value of the maximum distance from the most remote point of
the apartment to the exit. The criteria parameters are the area and distance from the most remote point to
the exit from the apartments, which are 80m? and 12m, respectively.

Keywords: Fire, fire safety in multi-level residential buildings, evacuation, modeling, building
standards, apartment area, distance from the most remote point to the exit.
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YIIBYPBIIITHI KAIITAMAHBIH YII TYPII OJIINEMAI HTIEHBEPIHIH
MUHHUMAUJIABI ThIFbI3JAbIFbI

Maxanaoa Ouckinepdi xanmay movlebl30bIebIHGIY MUHUMYMbL MEH MAKCUMYMbIH AHbIKMAYed
bazvimmanean sepmmey Homudicenepi kenmipineen. Topoazel enwemoepi yur mypni ouckinepoi kanmay
MbI2bI30bIZLIHBIY ~ MUHUMYMbL  MEH  MAKCUMYMbIH  AHLIKMAR0bl.  Munumanobl mulevbl30ulK  wenoep
CeKMopnapelbly MOpoagbl YOYpbllumuly Oapivlk 0Ooaicine KamulHACbIHAH alblHObl. Yulbypuluimol
KanmamaHbly MUHUMAIObL HCIHE MAKCUMATLObL Mbl2bl30bi2blH mady yuiin I 'epoH hopmynacsl KonoaHvlLiaowl.
Yw o3apa srcanama wenbepnep sicone yrubypoliumol KARMAamManbly MUHUMATIObL Mbl2bl30bIebl yul eyoepoil
OpManviKmapsix Oipikmipyoen natoa 6012aH yuloypolulmoiy OUASPAMMACHL KYPACHbIPLIObL.

Tyitin co30ep: ywubypviumyl Kanmama, mulebl30blK, MUHUMAIObL MbL2bIZ0bIK, OUCK, WeHbep.

Kipicne. /luckiniH KanTaMachl bIKIIaM HeMece YHIOYPBIIITHI ACH arajiafpbl, erep OHbIH
KOHTAKTJIi rpadbl yIIOYPHIITEI O0JIca, SFHE 9p0Oip KaObIpFaiac JUCKiHIH OpPTalIbIKTapbiH KOCY
apKbUIbl KYPBUTFaH rpad TeK ymOyphIIThH OeTTepAeH Typabl. KanTaMaHbIH THIFBI3ABIFHL O,
JCKIJIep aylaHJapbIHBIH KOCBIHABICHIHBIH TOP aylaHbIHa O6JiHIeH KaTbIHACHIL.

Y1 Typrii enmeMail AMCKIIEpAiH KanTaMaiapbl caHaap TeOpHsChIHIA, TYHIpIIiKTI Ma-
Tepuangapja, anreopanblk caHIap TEOPUAICHIHIA 6Te MaHbI3Ibl. MyHa ['epon ¢opmymnace
Jla MaHBI3/bI JKOHE ONlapAbl Tajjay YIIiH Haigansl KypailapAbl KaMTaMachl3 eTe alajpbl,
aran alTKaH[a, YUIOYPBIIITHI KaTaMaHbIH MUHUMAJIIbI )KOHE MaKCUMAaJIbl THIFBI3ABIFbIH
Taly YILIiH KOJJaHbUIa/IbI.

Bip-0ipine sxanama yum menoep. Paguycrapst 1,2 xone 3 ym menOep 6ip-0ipine xa-
Hama, 013 »xaHaMa HYKTeJIep apKblIbl OTETiH MIEHOEPIiH paiuyChlH TabaMbl3, 9ACTTEriaeH,
JKaJIFaCThIpMac OYPBIH MACeIIeH] IIeHTyTe THIPbICAMBI3.

1-cypem

* E-mail xoppecnionnupyromero apropa: zhzhkh@mail.ru
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Enpi 613 ecentin Ayphic ChI30achlH Xacal anambl3, COHIBIKTaH 0i3/le LEHTpepi ¢,
¢,, ¢, 6ap xoHe 6ip-§ipiHe »KaHama OpHaJacKaH Yl meHOep Oap, HeHTpiepi YIIOYpPBIIITHI
kypaiiasr AC,C,C;. Bi3 OypbiH GaiikaraHbIMBI3AAil, skaHamMa HykTenep 7T » T, xome T,. 1,
r, oHe Iy paHyCTap/IbIH MQH;Hepi 6oncwn, T, xone T, gYKTenepi OipiHmIi HJ.eH6epz[e
atchin,conpikTal Cil, =CT3 = . Backa menepiep yuliH yKcac TeHICYIepai kasyFa
Ooaabl

c,I,=¢c,I;=r,, cI =cT,=r.

2-cypem

Imrreii cpi3plIFan mwendepain paauycbid Tady. Enai 613 meHOepiepai anbin TacTai
aJlaMbl3, OUTKEHI 0JIap eHJIi KaXKeT eMec.

Makcarbimbi3 7', T, one T, HYKTeJIEPi apKbUIbI OTETIH KAChUT INEHOEPIIH PaanyChiH
Taoy.

3-cypem

JKachln meHOep/IiH EHTP1 0 KOHE X OHBIH PaJNyChIHBIH MOHI OOJICHIH, oT,, 0T, skome
oT, KeCIHJIep/Ii chi3amMbl3. byl KeciHinep »kachlul MIEHOSpAiH paJinyCTapbl, COHIBIKTaH
OJIAP/IbIH Y3bIHIBIKTAPHI X-KE& TCH.

|oT,|=|oT,| =|oT,| = x.
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Y m6ypeimTapas kapacTsipaiibik AC0T, sxome ACOT; | onapasig exi xym KaGhIpramapsl
TEH:

|C1T2| = |C1T3| = rl’ |OT2| = |0T3| =X

C0  ocpl ymOypeITApABIH OpTaK KaOBIpFachkl OOJNBIN TaOBUIAABI, COHIBIKTAH
YLIOYpBIIITAD YIII KaObIPFAChIHA TCH, O/[aH LIBIFATBHIH OYPBILI Zoc,T, ten 6ypeimka £0C; Ty
, serm Oy G0 kemeci £CiC,Cs GypoimThin GHCCeKTpHCachl GOMbIT TabbutaasL. Tarsl 6ip
Ten Gypuinrap xky6br £0T:C = Z0T,C,. Con GypbiurTap/siH MOHI @ GOJICHIH.

Z£0T,¢c, = ZoT,c =0, .

Con CHAKTBI TYKBIPbIMIBL ToenaeiiMiz AC,0T, = AC,0T,, GynaH Ty KbIpbIMIAHTHIHBIMBI3

Z£0C,T;, Gacka co36en aiitkanma €20 keneci Oypoimtsir £€,C,C; GucceKTpHCACHL.

Bi3 6ys1 0 ymoypeimthin AC,C,C; ki GucCeKTprCachl TYHiCKEH HYKTe €KEHiH aHBIKTa IbIK,
COHJIBIKTaH 0 YIIOYPBIIITHIH LeHTPi. Byt sxkachun menbep ymoypoimbin AC,C,C; chi3buFan
ieHOepi 00Jybl MYMKIH €KeHIH kepceTei. JlereHMeH, ieHTpi 0-/1e 00JIaThIH eHOepIIepIiH
CaHbl IEKCI3, COHJIBIKTAH Kachll MICHOEP/IiH ChI3BUIFAaH IIeHOep eKkeHi aHbIK eMec. backa

TeH Oypwimrap xy6s1 £0T,C, = Z0T,C, | Gyn Mon P, Gonapl.
ZoT,c, = £0T,c, =0,

ConbiMeH, ymobypbi AC,0T, = AC,0T, ekenin nonenzeiimiz. £C,C,C; GyphIITHIH GHC-
cexrpucachis €0 anambi3. By1 mbiH MoHiHAE apTHIK, oifTkeHi 6i3 6y1 0 HykTe ACC,C
YIIOYPHIITHIH IIEHTP1 eKeHiH Oinemi3. JlereHMeH, maiigaisl TeH OYpBIITapabiH TaFsl Oip
Ky6b1 6ap £0T,C; = Z0T,C; sxome Gy MoH 3 Gomasp!.

Z£0T,c, = ZoT,C, =, .

Srun, AC,C,C, YIIOYPBIIITHIH IEHTPi 0 €KeHI ToIeTIeH/I.

YmoypeImThIH ChI3bLIFaH IeHOepi. Exxi 013 sxachln mieHOSP/iH IIbIH MOHIHJE
Ac.c,c, YIIOYPBIIITHIH ChI3bUIFAH IICHOSPI EKCHIH JIaNesIenMis3,

Ocbl makcarTa 0i3 OYpbIH €HII3UITEH @), ¢, %KJHE ¢, OyphIITapabl KOIIaHambi3. T

JKaKbIH OYPBIIITAp/Ibl KAPACTBIPAMBI3. @, HKIHE ¢, OypbiiuTap Gipre Ty3y OypbIll Kypaiisl,

consmven @, + @3 =180 Concnsre, T,ymin @, + Q3 = 180", sxome T L ymin @, + 9, = 180
aJaMbI3.

bi3 Tenneynepingeri opOip OYPHIITHIH €Ki peT KOpiHeTiHiH OalKaiiMbI3, COH/IBIKTaH
GapIBIK TeRIeyTep/i Koccak, 2(@, + @, + ¢,) =540" amambis, nemek P+ @, + @3 =270
Enni GapibIk OypbhIITap/blH KOCHIH/IBICEIHAH KaJlFaH OYPBIIITAP/IbIH KOCHIH/IBICHIH aJIbIIT
TacTay apKbUIbl (O, MOHIH alyFa 00Jaibl.

0= (0, + 0, +9;)— (9, + ;)
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Kone €1 = 90’ anams3, P2 = 90" xome ¢, =90° Oipmeit MoHTEe e OOIaIbI.

By ACC,C; ymbypemrsig 011, 0T, OT; panmycrapsr coiikec kaGbipramapsina mep-
TICHIUKYIISP SKEHIH OUTIipet.

oT, Lc,c,, oT, Lcc,, oT;Llcec,
ConibIKTaH YIOYPBIIITHIH OapibIK KaObIpFaiapkl ¢, ¢, JIHE ¢, eHOepre xanama 60-
JIaeI, OVJT SKachLT MEeHOep Ac,c,c, YIIOYPHIIITHIH IIEHOEPi eKeHiH Oliperi.

Y Oy pHIIITEH Acc,c, KaObIpFallapbIHBIH Y3BIHIBIKTAPHI 8, b oHe O0JCHIH d OOJICHIH.

4-cypem

b

YOy peIin yimis meHbep paanyChiH OaraaayablH KapamaibiM hopMysacer 6ap: X = S
at+b+d

2
Y mOyphIITHH ayJaHbIH ecenTey yiIiH [ epoH ¢popMyackiH KoJiqaHaMbI3

A= s(s-a)(s-b)(s-d)
Conbimen, ['epoH hopMmynackiHaH ayTaHIbl paanyc TCHICYIHE aybICTBIPaMBI3.

_A_ \/s(s—a)(s—b)(s—d)

MYH/IaFbl YIIOYPBIIITHIH aynanbl AC,C,C; | sxapThinail nepumetp: S =

s s?

KBaapaT TYOIpAiH acThlHA § J>KBUDKBITCAK, § aJIbIMMEH Oipre asasabl JKOHE IMIeHOep
pannyChIHBIH (POPMYJIACHIH aJIaMbl3

. \/(s - a)(s-b)(s - d)
S

Enni ymOypeImTeiH Ka6I>IpFaJIa£)BIH paauycTap r,r, HKOHE I, apKbLIbI OPHEKTEYIMI3
kepek. OHBI OHail kepyre Gomagpr @ =, +1;, b=r+0, d=r+r,

Coman keitin 013 JkapThl MepuMeTpai OaramaiiMbpI3, MyHIa opOip paamyc eKi peT maimga
Oomnaapl, comaH Keifin 2 dhakropiap KOUBIIaIB! XKoHE 013 TeK paguyCcTapAbIH KOCHIHIBICHIH
aambi3.
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(AR H0) (5 4n) 20541+ )

5 5 =+ +r

Opi Kapaii [epon hopmynaceiHgarel 6acka paxTopiapasl OaranaiMbI3:
s—a=(L+n+n)-(r,+r)
§ — @ YIIH paaMycTap KOUbLIa/Ibl XKIHE 013 XKaii FaHa I'| alaMbl3:

s—a=(L+n+n-nL-n)=r

Jlon ocwimaii S—D=1,, s—d =T, xone sxacbin meHGEPiH PaaHyCHIHBIH COHFBI (Op-

MyJacChl
X = / s
L+n+h

Panuycteig dopmynacsina b =1 1, =2, 6, =3 aypicteipeak:

_ LE,r, _J1XZXB_1
n+r,+r, 1+2+3

[erenmen, Oy HaKThI Karaaiaa 613 ['epon popmynaceia KonianOaiMbI3. Y IOYpHIIITHIH

KaOBIpFaIapblH ecerTey MblHaHbl 6epeni: @ =1, +1; =2+3=5, b=r+r, =1+3=4 xape
d=r+r,=142=3

Byt Tik OypbInTel ymoypeIn 60k TadbuIaThiH oiirim Eruner ymoypsimbl. [emexk,
ayJaH KaObIpraap/IeIH KapThl KeOelTiHici FaHa, oI 6,

3x4

6.
2

A=lbd =
2

JKapreinait mepumerp yuris e 0i3 6 amambi3.

q_atb+d _3+4+45_
2 2

6.

Hemek, paguyc Kaiitanan 1-re TeH.

Herisri HoTmike.

MuHuMaNABI K9HE MAKCHMAJbI THIFBI3ABIK. Erep Oapiblk AucKinepiuiH OapIiibiK
paauycrapsl TeH Oolica, oHza 0i3 OApIIBIK YHIOYPBIITHI KanTaMaaapAblH ThIFbI3IbIFbl MH-
HUMAJIJIbI EKEHIH KOPCETeMi3.



120 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

5-cypem

5-cyperTe yuI e3apa xkaHama HeHOepIiep sKoHe Y1 IeHOepIiH LIEHTPIIEPiH KOCYAaH nai-
na 6onraH ymoOypsill AuarpaMMacs! kepcerinred. Conaai-ak ymoyphIIIThIH OYPHILIBIHBIH
OuccekTpucanapsl (Y3iK KOK) doHE OHBIH 1IITEH ChI3bLUIFaH MICHOEpI (TyTac xkachut) 0ap.

[enbepain paanycel 1-re TeH, elTKeHi YIOypbI HopMananrad. Kpl3bu1 kecinzinepre
KOpCEeTUIreH mIeHOepIiH paanycTapbl YIIOYPBIIIBIHBIH KaObIprajgapblHa OpTOroHals. buc-
CEKTpHCANIap apachIHIarbl OypbIlITap TOMEHIETiIeH kopceriren B, P, xone [, xoHe
ipreec KbI3bUI CErMeHT JoHe opkaiiceichl taNP, =1 , i-mi pamuycel. YmGypsimrars:
KanTamMaHblH ThIFbI3ABIFEL, O(B,B,,B,) , cyp aliMakTeiH OYKin yHIOYpHINITHIH aygaHbIHA
KaTblHACHl. YII LICHOEPIiH paanycrapbl TeH OonraHaa, & MUHUMabl Oonaabl. bi3 oHBI
KeJlecijiel kepceTemis:

Cyp cexropnap 6ipnecririnin aynanst A(B,,B3,,B;) 5-cyperreriaeii 6onchlu:

Ai(Bl) :%(g_ﬁl)rlz +%(g_ﬁl)r12:(g_l31)r12 :(g_Bl)tanz(Bl)!

%(Bz):%(g_ﬁz)r}z +%(g_52)r22:(g_ﬁz)rzz :(g_Bz)tanz(Bz)v

Az(Bs):%(g_Bs)rsz +%(g_63)r32:(g_53)r32 =(g—|33)tan2(|33).
A(Bl’BZ 1B3) = Ai(Bl) + Az(Bz)+ As(Bs)

T 2 T 2 s 2
:(E—Bl)tan (B1)+(§—I32)tan ([52)+(E—[33)tan (B:)

(1)

TikOypHIITH YIIOYPHIIITHIH €Ki €CelIeHTeH KaObIPFaChIHBIH Y3BIHABIFHI 1, a1 coi OipImik
Y3BIHIBIFBIHA ipresec B Oypoiuis tan(B). Cyperrerineii ymoypoinrtsi aynans S (B, B, ,B;)
OosiceiH. OHBIH ayJaHbl aiThl Killi TIKOYPBIITH YLIOYPHIITAPABIH ayJaHJapbIHBIH
KOCBIH/IBICBI, COH/IBIKTaH
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1 1
5= 261+ 21 4= = anf, 1=t

1 1
SZ =§r2 1+Er2 A= r2 1=tanBZ 1=tanB2;

1 1
S, =Er3 ~1+Er3 1=r-1=tanf, -1=tanp,.

Sl’ SZ' S3 KOCBIHABICBIH ajJIaMBbI3,

S(Bl’BZ ’BS) = Sl + SZ + S3 = tan(Bl) + tan(BZ) + tan(B3) (2)

Jemex, yrmOyphImThIH Ka0bIIFaH OOITiHIH THIFBI3ABIFEI CypeTTeriae

_AB.B,.Bs) (2 Bl)tan (B1)+( Bz)tan (3 )+( Bs)tan (B,)

8([311[32 vBs) = S(Bl'BZ lBS) - tan(Bl) + tan([32) + tan(B3)

A3)

. . I8 .
Mysza 6i3 B +B; +B; =T sxome opkaiicsicen 0< B, < o den OypsIlITap CYpETTIH
JKarnablHaH KeJeTIHAEeH eTin KaObUIIaiiMbI3.

. T
Teopema. d-HbIH MUHHMAJIJIBI MOHI E 0O0JIbIIT TAOBLIA/IB] JKOHE

B.=B.=B. =~
1 2 3 3
OornraHa FaHa TaObUTAIEI.
Honenney. bi3z (3) popmynacskiH KOIIaHAMBI3 XKOHE aJlaMbI3.

(Z—Bl)tan ([31)+( Bz)taﬂ (Bz)+( [33)tan (Bs)
tan(B,) + tan(B,) + tan(B,)

S = (Z_g)tan( )+(72t—3)tan( )+(2—3)tan( )

tan(g) + tan(g) + tan(g)

R RO

6 6 6 2 _ T

B J3+-/3+3 T332

Illenbepiep tanf; 6i3aiH HOpMasay yLIiH T€H 60JIChIH, COH/Ia OYJ1 MUHUMAJI/IbI ThIFbI3IBIK
ajbiHa bl Ecenreynepi »KeHUIETY YIIIiH 013 €H TOMEHT] ThIFbI3/IBIKTHI TIKEJISH ecenTeyIiH
OpHBIHA KOCBIMIIIA MAKCUMAJIJIbI THIFBI3IBIKTHI €CCITEH alaMbI3.

821—82 S(BI’BZ -B3)_ A(Bl’BZ ’B3).
S(B..B,B3)

3(B..B, .Bs) =
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ConbIMeH, 013 YIIOYPBIIITH KAIITaMa/1a MUHAMAILIBI dKOHE MAKCUMAIIIBI ThFbI3IBIKThI AJIBIK,

Kopsitbinabl. bi3 6ip-0ipiHe jkaHama yin mieHOep/i 3epTTell, ChI3bUIFaH IeHOepIiH
PaJMyChIH KOHE YIIOYPBIITHIH ChI3bUIFaH MIeHOEpiH TanThiK. bi3 1,2 skoHe 3 paauycra-
pel Oap yur meHOep/iH AuarpaMMachiH CaJJIbIK, COJaH KEHiH eCenTiH AYPHIC ChI30aChIH
JKacaJbIK, 013 IIEHOePIIeP Il AJIbIN TACTAIbIK, O©UTKEHI OJ1ap KaXeT eMec Ooajbl. bi3 sxachut
meHOep/IiH MIbLIH MOHIH/E YIIOYPBIITHIH meHOepi ekeHin kepceTTik: ACC,C; . ConbiMeH
Karap, 013 ilTel ChI3bUTFaH MICHOSPIH panychl | eKeHIH JoNeIeIiK.

Hotwmxkenepi KOPBITHIHIBLIAY )KOHE OJIAPFa MKAaJIIbI II0JTY JKacay YIiH 013 yIiI e3apa xa-
HaMa IIIeHOepJIep JKOHE YIIOYPHIIITH KalTaMaHbIH MUHUMAJIJIbI ThIFBI3/IBIFbI YIII IIEHOSPTiH
OpTaJIbIKTAPBIH OipiKTipy/eH maiiia OoaFaH yIIOYPHIIITHIH JHarpaMMachiH KYPacThIPIBIK.

Y 6y pHIITaFE! KAITAMAHBIH THIFBI3IBIFBIH aty yiIiH 6i3 cyp cexropmnapasig AR, B, . B3)

KOCBLTY ay/[aHbIH jKoHE HOpMaJlaHFaH YIIOYpPBIITHIH ayfanbH ecentenik: S(B,, B,, B,).
Connpiktan (3) dopmynanap 0i3 yUIOYPBINTHIH KaObUIFaH OOJITIHIH THIFbI3/IBIFbIH
S-cypeTTerinie anjbik.
Keii0ip sxaraaiiinapna 6apiablK yIIOYPHIIITH KanTaMalapAblH MUHAMAJIIbI ThIFbI3/IbIFbIH

T
TUCKUIEP/IiH paJuyCcTapbl TeH O0IFaH Ke3/e kacaii anmambi3. COHbIMEH, _\/]3 1amMachl O-HbIH

, T
MUHHMAJIIBI MOHi GOJTBIN TabbLIab! skoHe Tek By =B, =B; = 3 OoJFaH/a aJbIHA/IBL.

By xympicka Kazakcran PecnyOnukackiHbIH BifiM >KoHE FBUIBIM MHUHHCTPIIKTIH
Fouteim komuteTi Konaay kepcerti (rpant NeAP08856381).

QJIEBUET

1 Po6ept Konnemmm sxone Mopuc [Teep, ¥makra MaKCHMAIIBI THIFBI3 TUCK OpaybimTapsl. Kop-
Henn yHuBepcuteTi, Komymowms, 2021 x.

2 Tomac @epruk, Amup Xamemu xoHe Onbra Cu3oBa. YIII emmeM i JucKinepi 0ap yIrakTeH
BIKIIaM Kanrramanapsl / Jluckperti ecentey. ['eom., 2021.— V. 66,— No.2 -p.613-635.

3 Anamap I'ermmec. ¥mrakTarsl €H THIFBI3 €Ki OJIIIEM/Ii IUCK opaybImTapsl. / JIUCKpPeTTi ecentey.
T'eom., 2003.— V. 30,— No.2 -p.241-262. TuckpetTti reomerpus sxone neHecTik AKII-Benrpus cemu-
Hapapsl (bymamnemt, 1999/06epH, AL, 20.

4 Tom Kennenu. Exi enmremi uckinepi 6ap yIrakThiH bIKIIaM KarTamanapbl / Jluckperri ecer-
tey. ['eom., 2006.— V. 35,— No.2 -p.255-267.

5 J.R. Carlson, Determination of Heronian triangles / Fibonnaci Quarterly, 1970.— No.8 -p.499-506.

6 G. Blind xane R. Blind, /loHec >KUBIHTBIKTAFBI TEH eMec MIeHOepaep/IiH opamaaps! / JAuckperTi
ecentey. ['eom., 2002.— V. 28,— No.2 -p.115-119.

7 JI. @exec T oth, Calikec KeIMEHTIH MEHOEpIEpMEH opay JKoHe jkaly YIIiH KeHOip THIFBI3IBIK
mexreynepi / Studia Sci. Maremaruka. Benrpus, 1980.— V. 15— No.2 -p.63-70.

8 Muek MeccepmMuAT. YTII paaiycCThl eHOepiiepi Oap YIIaKTHIH BIKIIaM Kantamanapsl / Ecerr-
tey. [eom., 2020.— V. 17 86:101564

REFERENCES

1 Robert Konnelli zhone Moris P'er, ¥shakta maksimaldy tyryz disk orauyshtary. Kornell
universiteti, Kolumbiya, 2021 zh.

2 Tomas Fernik, Amir Hashemi zhone Ol'ga Sizova. Ysh elshemdi diskileri bar yshaktyn yksham
kaptamalary / Diskretti esepteu. Geom., 2021.— V. 66,— No.2 -p.613-635.



Hocmazynosa K. A. sicone m.6. Yubypoiuimol Kanmamarnly yut mypii eauemoi wienbepiuniy ... 123

3 Aladar Geppes. ¥shaxktary en tyryz eki elshemdi disk orauyshtary. / Diskretti esepteu. Geom.,
2003.— V. 30,— No.2 -p.241-262. Diskretti geometriya zhone denestik AKSH-Vengriya seminarlary
(Budapesht, 1999/0Obern, AL, 20.

4 Tom Kennedi. Eki elshemdi diskileri bar yshaxtyn yksham xaptamalary / Diskretti esepteu.
Geom., 2006.— V. 35,— No.2 -p.255-267.

5 J.R. Carlson, Determination of Heronian triangles / Fibonnaci Quarterly, 1970.— No.8 -p.499-506.

6 G. Blind zhone R. Blind, Denes zhiyntyktary ter emes shenberlerdin oramdary / Diskretti
esepteu. Geom., 2002.— V. 28,— No.2 -p.115-119.

7 L. Fezhes T oth, Sojkes kelmejtin shenberlermen orau zhone zhabu yshin kejbir tyryzdyx
shekteuleri / Studia Sci. Matematika. Vengriya, 1980.— V. 15,— No.2 -p.63-70.

8 Mick Messershmidt. Ysh radiusty shexberleri bar yshaktyn yksham kaptamalary / Esepteu.
Geom., 2020.— V. 17 86:101564

K. A. JOCMAT'YJIOBA, E. K. AIIITUMOB, 7K. X. KYHYCOBA, X. HYPHU

Kazaxckuii nayuonanvnuiil ynusepcumem umenu anv-Papadu, e.Anmamuol
e-mails: karlygash.dosmagulova@gmail.com, yeskendyr@gmail.com, zhzh@kaznu.kz

MUHUMAJIBHAS IIJIOTHOCTD TPEX PA3HBIX PA3SMEPHBIX
OKPY)KHOCTEM TPEYIOJIbHOM YITAKOBKH

IIpedcmasnensi pe3yrbmamsi UCCIE008AHUS NO ONPEOeNeHUI0 MUHUMATLHOU U MAKCUMATLHOU NIOM-
HOCmMU ynakosku Ouckos. Onpeodenenvl MUHUMANbHAS U MAKCUMATbHAA NIOMHOCMU YNAKOSKU OUCKO8
mpex pasiudHblX pasmepos 6 mope. MunumanoHas niomHOCMb NOYYeHa U3 OMHOULEHUS CEKMOPOE KpPY2a
KO 8ceM dacmsam mpey2oabHuka 6 mope. Mcnonvzoeana gopmyna I'epona 0as Haxoxcoenus MUHUMATb-
HOUl U MAKCUMATBHOU NJIOMHOCIU MPeEYy2oNbHOU ynakogku. Ilpusedena ouazpamma mpey2onvbhuka, 00-
PA306AHHO20 COBMEUeHUEM YEeHMPO8 MPEX OKPYHCHOCIEL Mpex 63AUMHO KACAMENbHBIX OKPYHCHOCIEN U
MUHUMANLHOU NAOMHOCMU MPEY2ONbHOU YNAKOEKU.

Knroueswvie cnoea: mpeyeonvhas ynakoexd, N10OMHOCHb, MUHUMANbHAS NIIOMHOCb, OUCK, KDYe.
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MINIMUM DENSITY OF TRIANGULATED PACKING’S THREE
DIFFERENT SIZE CIRCLES

The results of a study to determine the minimum and maximum packing density of disks are presented.
The minimum and maximum packing densities of disks of three different sizes on a torus are determined.
The minimum density is obtained from the ratio of the sectors of the circle to all parts of the triangle on the
torus. Heron's formula is used to find the minimum and maximum density of triangular packing. A diagram
of a triangle formed by combining the centers of three circles of three mutually tangent circles and the
minimum triangular packing density is given.

Keywords: triangular packing, density, minimum density, disk, circle.
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ZEROS OF AN ENTIRE FUNCTION CONNECTED BY
A LOADED FIRST-ORDER DIFFERENTIAL OPERATOR ON A SEGMENT

In the paper, we consider the problem on eigenvalues of a loaded differential operator of the first order
with a periodic boundary condition on the interval [-1; 1], that is, equation contains a load at the point
(—1) and the function of bounded variation @(t), with the condition q)(_]_) = (1)(1) =1. A characteristic
determinant of spectral problem is constructed for the considered loaded differentiation operator, which
is an entire analytical function on the spectral parameter. On the basis of the characteristic determinant
formula, conclusions are proved about the asymptotic behavior of the spectrum and eigenfunctions of
the loaded spectral problem for the differentiation operator, the characteristic determinant of which is
an entire analytic function of the spectral parameter A. A theorem on the location of eigenvalues on
the complex plane A is formulated, where the regular growth of an entire analytic function is indicated.
A theorem is proved on the asymptotics of the zeros of an entire function, that is, the eigenvalues of
the original considered spectral problem for a loaded differential operator of differentiation, and the
asymptotic properties of an entire function with distribution of roots are studied.

Keywords: loaded differential operator, perturbed, characteristic determinant, zeros of entire
functions, asymptotics, eigenvalues, spectrum, eigenfunctions, basis.

Introduction. It is well known that in the case of non-self-adjoint ordinary differential
operators, the basicity of root function systems, in addition to boundary conditions, can
also be influenced by the values of the coefficients of the differential operator. At the same
time, the basic properties of the root functions can change even with an arbitrarily small
change in the values of the coefficients. This result was first noted in the work of V.A.Ilyin
[1]. V.A.llyin's ideas were developed by A.S.Makin [2] in the case of a non-self-adjoint
perturbation of a self-adjoint periodic problem. The operator in [2] was changed due to
the perturbation of one of the boundary conditions. In [3, 4, 5], another variant of the
perturbation of the self-adjoint problem was considered, namely, the spectral problem for
a loaded second-order differential operator with periodic boundary conditions, which the
second term on the left side of the equation contains the value of the desired function at
zero. Such a problem is a non-self-adjoint perturbation of a self-adjoint periodic problem. In
contrast to [2], in [3, 4, 5], the perturbation occurs due to a change in the equation.

The issues of the basicity of the root functions of loaded differential operators were
studied in the works of I.S.Lomov [6, 7]. He extended the method of spectral expansions by
V.A.lIlyin [1] to the case of loaded differential operators. Another method investigated the
issues of unconditional basicity of functional differential equations in [8].

Problem statements. In the function space consider the eigenvalue problem of the
loaded differentiation operator

Ly=y'(t)+ay(-2)@(t) = Ay(t), -1<ts<i 2.1
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with a boundary condition

y(-1)=y(1), (2.2)
where @(t) is a function of bounded variation and ®(-1)=d(1)=1, A is a complex
number, a spectral parameter.

It is required to find those complex values of A for which the operator equation (2.1) has
nonzero solutions.

Construction of a characteristic determinant of a spectral problem (2.1) - (2.2)

Considering y(—l) to be some independent constant, we make sure that the general
solution of the equation (2.1) for A # 0 is representable as

y(t) = C&" - re" y(-1)J ®(&)e™dE. (3.1)

Hence, assuming first t = =1, and then satisfying (3.1) the boundary condition (2.2), we
obtain a system of two equations, which in vector-matrix form is representable as:

e e ke*-j‘(b(&,)e*&d&[ c ]z[o]

- -1 0
e’ -1 y(=1)

(3.2)

By simple calculations, we obtain that the characteristic determinant A, (1) of the
spectral problem (2.1 - (2.2) is represented as

A(M)=et—e"—r- [ o(t)dt (3.3)

Thus, it is proved.
Lemma 3.1 The characteristic determinant of the spectral problem for the loaded

differentiation operator (2.1), which is an integral analytical function of the variable [—1, 1]
with a boundary condition (2.2), is represented as (3.3), which is an integral analytical
function of the variable A=x+iy ReA=x Imk=y i= \/‘_1 , where d)(t) is a function
of bounded variation and CI)(—l) = CI)(l) =1.

A A

The main result. In the case when ®(t)=0, it turns out A (A)=e™ —e" is the

characteristic determinant of the “undisturbed” spectral problem
Ly=y'()=ay(t), -1st<i y(-1)=y(1). 4.1
The numbers Xﬁ =INT  n=+1 42 +3,... are eigenvalues, while VC >0, y,?o =C-e™

are eigenfunctions of the “undisturbed” operator L, , which forms a complete orthonormal

system and a Riesz basis in the space L, (—l, 1) .

In the case when A=0 we have y(t) =C#0, ie. A;=0 is the eigenvalue of the
loaded differentiation operator L.
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In the case of @(t) is a function of bounded variation and @ (~1)=®(1)=1, equating
the characteristic determinant A1(7\,) to zero, we investigate the distribution of zeros of
the whole analytic function, which adequately determines the eigenvalues of the loaded
differentiation operator L.

The research of zeros of integer functions having an integral representation is devoted
to the works [9, 10, 11, 12].

The connection of zeros of exponential integer functions with spectral problems is
reflected in the works [13,14,15]. Eigenvalue problems for some classes of differential
operators on a segment are reduced to a similar problem. In particular, the problem under
consideration (2.1) is (2.2) of this article.

The questions of the location of the zeros of the whole function: on one ray, on a straight
line, on several rays, at an angle, or arbitrarily in the complex plane have been studied in
numerous works [16, 17].

There are the following

Theorem 4.1 [f ® (t) is a function of bounded variation and @(—1) = d)(l) =1, thenall
zeros of the entire function A1(7\,) , i.e. all eigenvalues of the loaded first-order differential
operator L belong to the strip [ReA|=[x| <k , for some k, where A= X+1y

Proof. There is a well-known theorem [ 18] that any function with bounded variation has
1

afinite derivative almost everywhere. By virtue of this theorem, the expression J e @ (t)dt
-1

can be integrated by parts. Then the function A, (1) will take the following form:

ok _ o=t
Al(k)zw_% 1J6 At dq) J‘em dq) )
-1

Next, we rely on the well-known Rouche theorem [19], and on the basis of this theorem

2.(e* —e*
%Z_%Ao(x) , and also the difference

g(r)=A,(A)— f (L) - Let us show that the function A (1) is outside the strip (Red|<k

for some k) has no zeros. To do this, we estimate the function A, (k) from below

we introduce the function f(x):

a0z Zet - Zen L f ()

Mt 4.2
5w W Jetden 62

|7~|
Therefore, the function f{A) is estimated from below, while the remaining terms of the
function g()) are estimated from above

—X

2 , 2
|f(k)|2me |Me,

o |_||[Jex‘ d[o(t) lle“-d|<l)(t)|).

(4.3)
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Let us separately consider the estimate of each integral from (4.3). To do this, we use the
boundedness of variations of the function ®(t) .
Then the first integral from (4.3) is evaluated as follows:

1-5 1-3 1
[ et dlo(t)<e [ do(t)|<e? [|do(t) = e H,
-1 -1 -1
1
Where H = I|d¢ (t)| is a constant value. Consider the estimate of the second integral
-1
1

je”- do(t)<e* [ |do(t)<e* £(3), (4.5)

1-3 1-3

where €(8) >0 for6—0.

So, taking into account (4.2) - (4.5), come to an estimate
2 1 1
A2 = (e —e) - e H - e g(8),
S0 =) g

A |A1 (7‘)| = |A(7‘)|

[ReA(R)[2

e —e* ~O(l)| > % for ReA=x2K, ie. A (L) has no zeros for these x

values. Similar reasoning for negative x, which completes the proof of Theorem 4.1.
Theorem 4.2 Let ®(t) be a function of bounded variation and ®(-1)=®(1)=1. Then

the zeros of the entire analytic function Al(X) , that is, the eigenvalues of the loaded first-
order differential operator L, form a countable set and have the asymptotic lf]l) =inn+ (=)(1)

asn—oo .
Proof. Calculating the zeros of the function f(A) gives Ay =imn , N==x1%2,...,

which are the same as the zeros of the function A, (1) , otherwise they coincide with the
eigenvalues of the operator L, that is, the “unperturbed” spectral problem (4.1).

Consider a square 7 with side 2¢ centered at the point Ay on the complex plane A. Let
us choose the minimal € > 0 so that the conditions of the Rouche theorem [19] are satisfied

for the function f(A), g(A) on the sides of the square 7, why do we compare the majorant of
the function g(A) with the minorant of the function f{A)

max|g (1) < min| f (1))

The function f{A) let's evaluate from below

2 2 2

f(A)=—-(e"—e*)=2min—|g* —e*|=—

| ()| |}L|( ) T|7L|| | 7”0

where A €T The last equality follows from the fact that| f (7\,)| is a continuous function,
and the square 7 is compact.

et —e

A" ‘
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Let us estimate the function g(A) on the sides of the square 7. The imaginary axis divides
the square 7 into two equal parts. Let us estimate from above the function g(A) on the right
half of the square

< eXt di@(t) += eXt d@(t
Let us consider the estimate for each term separately. Let us estimate the first term.
2 1 o
We choose HZ SZH , then, taking into account that Xx=20 , -1<t<1-8 , we get the
inequalities

1 e ool ot ot o ot
eXt dl@(t ) [ dlo(t)<s—-e* " [dl®)=—-C-e' ",

where C, = Id |CD (t)| is a constant value.

Let's evaluate the second term. Since max(xt) =X , we have
1 1 1
e .d[o(1)|< dlo(t) < dlo(t) < xu(_], L
|7»| J- | | |X| j | | |k| J. | | |7»| n>>

Obviously,

when n — « . Now the function g(A) let's estimate from above on the left half of the

square
-1+8

lg(n)|< _|7¥| _[ex‘ d|o(t) _[ex‘ d|®(t).
-1+8

|7»|

The estimate for the first term has the following form:

-1+8 -1+8
1 1

X - L - L
2 e dowis 2o Tamulsd o [atoulsd e n(2) ot

1 I o 1 s 1 1 X*1+% ! 1 x—l+%
L epols ke | ot [ ajoupst e,
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1
where C, = Id | (t)| is a constant value.
1

Taking these inequalities into account, we choose € >0 so that the following inequality
holds on the sides of the square 7

1
2* "e”—e‘”‘>i-e‘x‘-0 u(l)+e”X .
A, 7| n

To the left side of the inequality, we apply Lagrange's theorem on finite increments [20],
then it is sufficient to fulfill the inequality

2 1 1) -
_*.H.€>_,e‘x‘,c (_)+en ,
AT [“ n

where H is a constant value the derivative (ex — e“) from below on the sides of the square

o A . . 0
T; e - is limited because —€ <ReA <& implies €~ <€" <€° _Since the difference A ~An

1
Y 1
is limited. Since € " > H(;) ,

%

A - 7b2 1s bounded, it follows that for n — « relation

therefore, we get € = 2(1) . Theorem 2 is proved.

Remark 4.1 One of the features of the problem under consideration is that the conjugate
to (2.1) - (2.2) is the spectral problem in Wzl(—l, 1) for the differentiation operator on a
segment with a linear occurrence of the spectral parameter in the boundary condition with
an integral perturbation

Lv=v'(t)=Av(t), -1<ts<l

V(1) -v{1)= )_\j'lv(t)db(t)dt,

(4.6)

where ®(t) is a function of bounded variation and ®(-1)=®(1)=1, » is a complex
number, a spectral parameter.
Remark 4.2 According to the result of Theorem 2, the system of eigenfunctions of

spectral problems (2.1)-(2.2) and (4.6) has an asymptotic representation: yr(]l) = V,(]l) = Ce'™e"
forn—oe, e= 2 (1),‘V’C >0 . In this case, such a system is not orthonormal, but forms a
Riesz basis in L, (—1,1) . Tak xax J0.>0,3>0 : € does not tend to zero, nor does it
tend to infinity, & < e" <P , 1.e. there is a bounded reversible transformation, so the system
yr(]l) = Vgl) forms a Riesz basis in L, (—l, 1) .
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H. C. UMAHBAEB

Oymycmix Kazaxcman memnekemmik nedazo2ukanvl ynusepcumemi, Lllvimkenm Kanacol
Mamemamuxra s#cane Mamemamukaivbly Mooerboey UHCImumymsl, Aimamol Kaiacol

KECIHAIAEI'T ’)KYKTEJIT'EH BIPIHIUI PETTI AU®PEPEHLIUAJIIBIK
OIIEPATOPMEH BAWJIAHBICTBI BYTIH ®YHKIUAHBIH HOJIJIEPI

byn maxkanaoa [-1; 1] kecindicindeei nepuoOmuls wapmnen Oepiieen Oipinwi pemmi
oughepenyuandviy onepamopovly MeHWiKmi MaHOepin 3epmmeyee KOUblieaH ecen Kapacmbulpuliaobl.
Kapacmuipvinein omuvipzan sicykmenzen oudgepenyuanday onepamopviibly Cnekmpanovlx eceOiniy
CUNAMMAMAanslK, AHbIKMAYbIUbl KYPLLIbIN, OHbIY CHEeKMPAanoblk napamempoen mayenoi 6onamuin Oymin
ananumuKanvlx QyHKyus 601amuinobizel Kopcemineen. Cunammamansly AHbIKMAybluimsly He2izinoe
JIcyKmeneeH (MoaKblmbliean) meyoeyoiy KypamvlHoa O (—1) =0 (1) =1 wapmoli KAHA2AMMAHOLIPAMBIH
e32epyi weHeneen QyHkyusAcyl bap ougpepenyuanday onepamopviHbly CNeKMpIHiY ACUMNIMOMUKACH
MeH MeHWIKmMI YHKYUSAIapbl Mypaivl KOPLIMbIHObLIAP dcacanzan. Menuixmi mMoHOepdiy Komniekcmi
JHCAZLIKMBIKMARLL OPHANACYbL MYPAlbl meopema 021e10eHin, Oymin aHATUMUKANLIK GYHKYUAHbIY pe-
2ynApavl ocimi kopceminzen. Bymin ananumuxanviy QyHKYUAHBIY ACUMRIMOMUKATLIK KACUemmepi MeH
myo6ipiepiniy mapaisiMvl 3epmmencen.

Tyuin co3dep: oicykmeneen OupgepeHyuandvlx onepamop, MOAKbIMbLLY, CUNAMMAMATbIK
aHbIKmayvld, Oymin yHKYUAHbIY HOLOEPT, ACUMNIMOMUKA, MEHWIKMI MaHOep, CNeKmp, MeHUIKmi (hyHK-
yusinap, basuc.

H. C. UMAHBAEB

[Ooicno-Kasaxcmanckuii eocyoapecmeenuviii nedazozuyeckuili ynusepcumem, 2. Lllvimxenm
Huemumym mamemamuxu u Mamemamuiecko2o MoOoenuposanus, 2. Aimamol

HYJIH LEJIOW ®YHKIUU, CBA3AHHOM HATPYKEHHBIM
JUODPEPEHIIUMAJIBHBIM OITIEPATOPOM ITEPBOI'O ITIOPAJIKA HA OTPE3KE

B cmamve paccmampusaemcsi 3a0aua na cobcmeeHHble 3HAYEHUS HAZPYIHCEHHO2O Oupdepenyu-
AIbHO20 ONEpPamopa Nepeoco NOPOKA ¢ NEPUOOUUECKUM KPAegblM ycaosuem Ha ompeske [ — 1; 1], mo
ecmb ypasHenue cooepocum Hazpysky 6 mouxe (- 1) u gyukyuu (I)(t) — 02PAHUYEHHOU 8apuayuu, ¢
yenosuem cI)(—l) = (1)(1) =1. Ilocmpoen xapakmepucmuueckuii onpederumend CReKMPAIbHOU 3a0ayu
0I5l PACCMAMPUBACMO20 HASPYICEHHO20 ONepamopa Oudgepenyuposanusi, KOmopulii A6Isemcs Yeiol
aHanumMuYecKkoll ynKyueli om cnekmpanibHo2o napamempa. Ha ocnose popmynvl xapaxmepucmuueckozo
onpeodenumeist O0KA3aHbL 8b1800bL 06 ACUMNMOMUKE CNEKMpA U COOCMBEHHBIX QYHKYULL HA2PYHCEHHOU
(«B03MYUEHHOLY) CNEKMPATLHOU 3a0ayu O onepamopa Oup@eperyuposanus, Xapakmepucmuyeckuil
onpeodenumeinb KOMopo2o AGIACMCsl Yelol AHAIUMUYECKOl (DYHKYUel Om CReKmpaibHO20 napamempa



132 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

. Chopmynuposana meopema o pacnonodlceuu COOCMEEHHbIX 3HAUEHUT HA KOMNAEKCHOU NIOCKOCMU A,
20e yKasan pe2ynapHulil pocm yenou anaiumudeckol gyukyuu. Hccneoyromes mepomopduvle GyHkyuu
6N0TIHE Pe2YNAPHO20 POCMA 8 GePXHEll NOIYNIOCKOCIU OMHOCUMENbHO (PYHKYUU pOCMa U dCUMRmMomue-
CcKue colicmea Yenvix QyHKyull ¢ 3a0anHbIM 3aKOHOM pacnpedenenus Kopuetl. [oxazvieaemcs meopema
00 acumnmomuxe Hyieu Yeiol QyHKyuu, mo ecnv COOCMECHHbIX 3HAYEHUL UCXOOHOU PACCMAMPUBAEMOTL
CNEeKMPANbHOlU 3a0adu 018 HASPYHCEHHO20 OuphepenyuanbHo2o onepamopa ouggeperyuposanus, npu
IMOM UZYHAIOMCS ACUMNINOMUYECKUE CEOUCMBA Yeloll yHKyul ¢ pacnpedeneHuem KopHell.

Knioueswie cnosa: nazpysicennulii Ougepenyuanvrulii Onepamop, 603myiujeHHblll, Xapakmepucmu-
yecKull onpeoenumens, Hyau yenot QyHKYuY, acuMnmomurd, COOCmeennvle 3HaueHus, CHeKmp, cooCmeen-
Hble QyHKYUl, basuc.
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M. /. KOITAHOBA*, M. A. MYPATBEKOBA, b. X. TYPMETOB
MKTY um. K.A.Acasu, Typrecman, Kazaxcman

O PABPEILIMMOCTH HAYAJIbHO-KPAEBOW 3AJIAYH JIJISI
HEJIOKAJIBHOTI'O 'MITEPBOJIMYECKOI'O YPABHEHUS

B nacmosweii pabome 6 npsamoyeonvrol obracmu paccmampusaemcs ouggepenyuansroe ypashe-
HUe 6 YACMHBIX NPOU3BOOHLIX C UHGONIOMUBHO NPeodpaz06anubiMu apeymenmamu. Paccmampusaemoe
YypasheHue A61AemMcs HeLOKANbHbIM AHANO020M YPAGHEHUs 2UNepOouUiecKo20 muna 6mopo2o NopsaoKa.
K smomy ypasuenuro cmasames HauanbHo-Kpaegvie Yciogus, npuiem NOps0oK epaHUtHbIX Onepamopos
npesocxooum nopsaook ypasuenus. Mcciedyromesa 6onpocsi KOppeKmHOCY paccMampusaemoll 3a0ayu.
s pewenus nocmasnennot 3a0auu hpumensemcsi memoo Dypve, m.e. Memoo pasoeyienusi nepemeH-
Helx. M3yuaromes ceoticmea cobcmeeHHblx QYHKYULL 1 cOOCMEEHHbIX 3HAYEHU COOMBEMCMEYIouell Cnex-
mpanvHoll 3adadu. [is paccmampusaemol 0CHOSHOU 3a0ayu O0KA3aHbl Meopembl 0 eOUHCIMEEHHOCIU U
cywecmeosanua peuwenus. Ilpu ooxazamenvbcmee meopemvl 0 eOUHCINBEHHOCHU PeUleHlUs UCCle0yemas
3a0aua c6oOUMCs K 08YM 6CHOMO2AMENbHBIM, OOHOPOOHBIM HAUANbHO-KPAEBLIM 3a0adam Olsl Kiaccude-
CK020 ypagHeHus eunepbonuieckoeo muna. Ilonyuennvie ypasnenus 3a8ucam om Kod3Q@uiyuenmos ochos-
HO20 ypasHeHus u OJis HUX HAAa2aiomcsl onpeoenennule yciogusl. Jlanee, ucnonb3ys noIHomy cOOCMEeHHbIX
@yHKYULl BCHOMO2amMeNbHOU CREKMPANbHOU 3a0ayu, peuleHie 0CHOGHO 3a0ayu uwemcs 6 uoe paod no
amoii cucmeme. [ HeU38eCMHbIX KOIQDUYUEHMO8 pA0a noLyHaemcs cucmema 00bIKHOBEHHbIX Ougpe-
PEeHYUATIbHBIX YPAGHEHULL C KPAEBbIMU YCIOBUAMIU 8bICOKO20 NOPAOKA. Peutas smu 3a0aqu, Haxooum sAeHblil
6UO peuenUs uccaedyemoll OCHOGHOU 3a0adi.

Knroueswie cnoea: nenoxanvroe ypasnenue, 2unepbonuieckoe ypagHetie, onepamop 6blcuie2o no-
pAaoka, memoo Pypuve, ungoNOYUs, COUHCHEEHHOCMb PEULeHUs], CYUWeCBOBANUE PeUleHIs.

Beenenue. [lo xmaccudukanuun npusenenHoi B kuure A.M.Haxymesa [1], k Heno-
KaJbHBIM YPaBHEHUSIM OTHOCSTCS] YpaBHEHHSI, B KOTOPBIX HEU3BECTHAs (PYHKIHS U €€ TPo-
W3BOJHBIE BXOAAT, BOOOIIE TOBOPSI, IPH Pa3IMYHbIX 3HAYCHUSIX apryMeHToB. Cpean Helno-
KaJbHBIX AU (hepeHraIbHbIX ypaBHEHUI 0c000€ MECTO 3aHUMAIOT ypaBHEHNUS, B KOTOPBIX
OTKIIOHEHHUE aPTyMEHTOB NMeeT WHBOJIOTUBHBIN Xapaktep. OToOpaskeHue | mpuHATO HA3bI-
BaTh (WHBOJIOLUEH) €I I?=E , E — toxnectBeHHOE 0TOOpaskeHue. Teopus ypaBHEHUH C
WMHBOJIIOTUBHO Hp606pa30BaHHLIMI/I apryMEeHTaMH U HX MPHIOKEHHUS OAPOOHO ONMCaHBI B
moHorpagusx [2,3]. K HacTosimemy MOMeHTY 1715t U PepeHINaNbHBIX YPaBHEHHH € pa3-
JUYHBIMM BUaMU MHBOJIIOLIMU JOCTATOYHO XOPOILIO M3y4Y€HBbl KOPPEKTHOCTh KPAEBBIX U
HayaJlbHO-KPAeBbIX 3a/1a4, KaYeCTBEHHbIE CBOMCTBA PELIEHHH M CIEKTPaJbHBIE BOIPOCHI
[4—-13].

Hycts Q={(x,t):0<x< p,0<t<T}, 88 - HeKOTOpbIE AEHCTBUTENbHBIE YHCIIA.
PaccmoTpum B oOmmacty £ clieAyronIyto 3amaqy

2%u(x,t u(x,t 2%u(p - x,t
u(0,t) =u(p,t)=0,0<t<T . )

= f(x1),(x,t)eQ , (1)

* E-mail xoppecronnupyromero apropa: maira.koshanova@ayu.edu.kz
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0“u(x,0)
ot

0"u(x,0)

0, (X), 9t

v, (0,0S X< p | 3)
rne k=1, f(x.1,0,(X) u Y, (X) 3amannbie byHKIHH.
B naneneiiimem OyneM cuuTaTh, 4TO 8 M &, OJHOBPEMEHHO HE 00PAIaloTCs B HyIIb.

3anaua (1)-(3) B cnyuae & =1, =0 uccnenosana B padore [14]. OTMETHM TaK:Ke, UTO

BOIIPOCHI Pa3peIIMMOCTH KPAaeBhIX U HaYaabHO-KPAEBBIX 3a/1a4 ¢ IPaHUYHBIMH OIIEpaTopa-
MU BBICOKOTO MOpSiIKa U3y4eHbl B padoTax [15-17].

2. UccaenoBanue eIMHCTBEHHOCTH pellieHNns 3a1a49M. B 3TOM ITyHKTe MbI HCCIIEAyeM €1UH-
CTBEHHOCTH pertenus 3a1a4u (1)-(3). PaccMoTpuM claeayronyo BCIIoOMOTaTenbHYIO 3a1a9y

Ve (X 1) = eV, (1) + g(x,1), (x,1) [ 4)
v(0,t)=v(p,t)=0,0<t<T (5)
v (x,0) = ¢(x), v (x,0) = (x), 0 x< p . (6)

3amada (4) — (6) B cimydae € =1 wusydeHa B pabote [14 ]|. Mcmonb3ys METOIUKY 3TOM
paboThI, MOXKHO JI0Ka3aTh CIEIYIONIEe YTBEPIKICHHE.

Jlemma 1. Ecnm € > 0 u pemenne 3agaqun (4) — (6) CyIecTByeT, TO OHO €TUHCTBEHHO.

Hcnone3ys 3To yTBEpKICHHE, TOKAXKEM €IMHCTBEHHOCTh perneHus 3amaqun (1) — (3).
OGo3HaunMm & = Gy + 41,8 = 8y ~ 4y

Teopema 1. Eciu €,,€, >0 wu pemenne 3amaun (1) — (3) cymecTByer, TO OHO €IUH-
CTBEHHO.

Joka3areabcTBo. [1ycts u(x, t) sBuseTcs pemenneM ogHopoaHoi 3amaun (1) — (3). U3
ypaHenHwus (1) crnemyer, uto ais Beex (x, t) € (O BBITOTHSIIOTCS paBEHCTBA

du(xt)  du(xt) _a u(p—-xt)

T o O
du(p-xt)  du(p-xt) _ du(xt)
- - —0,
ot? % ox® % ox’
Orcrona
9? 9?
ﬁ[u(x,t)+u(p—x,t)]—ela7[u(x,t)+u(p—x,t)]:o’ 7)
9° 9?
a?[u(x,t)—u(p—x,t)]—sza—z[u(x,t)—u(p—x,t)]zo (8)
X
O003HaYUM

ut(x,t)=u(x,t)+u(p-xt),u” (xt)=u(xt)-u(p-xt).
Tak xax gyHkuums U (X,t) YAOBJIETBOPSIET OAHOPOAHBIM yCIOBHM (2) 1 (3), TO 3TUM XKe
YCIIOBUAM YIOBIETBOPSIOT QYHKITHH U (x,t) uu- (x,t) . Kpome Toro, u3 paBencts (7) u (8)
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nosayyaem, uto GpyHKImu U” (X,t) nu- (X,t) YIOBJIETBOPSIIOT U OJTHOPOTHOMY YPaBHEHUIO
(4) c &€ =& M€= &, COOTBETCTBEHHO.
CnenoarenbHo, GyHkimu U* (X,t) uu- (x,t) YOBJIETBOPSIFOT OJTHOPOIHBIM YCIOBHSIM

3anaun (4) — (6). Torna mo yTBepskaeHHIO JeMMbl 1 U* (X,t) =u”(xt)= 0,(X,t) €Q . Tak
Kax U (X’t) = E @ (X’t) tu (X't)E, TO U (x,t) = O,(X,t) Q1. Takum o0Opa3om, perieHue 3a-

naun (1) — (3) emuacTBeHHO. Teopema gokazaHa.

3ameuanne 1. Ecu €,,€, <0, 1o MoskHO moKa3arh, 4To opHOpoaHas 3a1a4a (1) - (3)
HNMCIOT HCHYJICBBIC PCIICHUSA.
3. CymecTBoBaHMe pemienme. [lepexoaum k 1/13yqu1/1}0 CYIIIECTBOBAHUS PEIICHUS

2
sagaun (1) — (3). Ilycts Xn( ) Es'n)\ XA, = p N=12,... WssecrHo, uto Xn(X)
SABIISIETCS TIOJHON M OPTOHOPMHPOBAHHOI CHCTeMOil B pocTpaHcTae L, (0,p) u ans rnx

CIIpaBE/LJIMBBI PABEHCTBA

Xn(p—x):\/%sinkn(p—x):—\/%cosnnsin%cx:(—1)”+1Xn(x) .

Pemenne 3anaun (1) — (3) Oynem uckarb B Buze
xt)= 3 U, (6%, (x) ©)
n=1
rae u, (t) — HensBecTHbIe kod(hdunmenTsl. U3 paBeHctsa (9) ciemyer

u(p-xt) ZU p—X)=2(—1)"”Un(t)Xn(P).

DOyHKINU f(x,t), ¢, (x) uwy, (X) MpefcTaBUM B BHJE psiga Dypee mo GyHKIUAM
X, ( x) , T.C.

f(xt)= > f, (t) X, (x), (10)

x)=Z<pann(x), (11)
=3 X, (¥), (12)
Tae
p
If Xt dX O = J(Pk (X)dX, Wkn=,[\lfk(x)xn(x)dx.

lanee, oughghepenyupys popmanvro pso (9) no nepementoil t u no X IBKIBI, TIOTyIaeM
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ru(xt) & o?u(xt =,
) $ ux, (. 240 )=—21xnun<t>xn<x>a
82
u(gx ) t _Z( 1)n+lﬂ2 (x) .

[loncrasnsas 3T BblpaxeHus B ypaBHeHHe (1), Haxonum

0:a2u<x,t>_aoa2u<x,t>_alam(x,t)_f(x,t):gum)xn<x>+aoixﬁun<t>xn<x>+

ot? ox? ox? & S

+a1§1‘( -\, i :i[ “(t)+0%u, (t)— f ()] 2 (X)

e 6 = (3, + (-1, A

Otcrona B CHILY HOJTHOTBI CHCTEMBI X, (X) HOJTy4aeM
uz(t)+6%u, (t)- f,(t)=0,n=12,.... (13)

Pemennem ypasuenus (13) ynoBneTBopsioliee yCaIoBUIM u ( ) ¢, U nk+1 (O) =Yy,
SIBIIICTCS CIIeAyIomiast (pyHKIUs

D lIJkn

u, (t) = ¢k"cos§7 et ek*lsmg etg GMZS f

IE+1EI

(k-1-25) (0) [Tk L]

sin = Gntg
(14)

t
= fn(k—2—25)(O)COS(Tc—2k—ent)-i-eij f,(t)sin6, (t—t)dt .

[oncrasnss (14) B (9), umeem

xt)=2xn( %(—”cos% Gtggpk‘j”lsm% Gtg
IE+1[I
B ( 1)

) griEs 170 S'”EE et%aff Tsing, (t-1)dt- ;5

s=0

3aMeTuM, 4TO
03, =(a,+(-D"a A3, =(a,+a,)A5 =g ,,n=12.. .
05, =(a +(-)""a, A, = (8 —a) A}, =€,A5 N =12,.. .
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Torna 6,,, = \/8_17~2n_1;92n = \/57% . Moncrasisas >t 3HaueHus B (15), umeeM
u(xt)=u (x,t) +u,(xt), (16)

rae U, (X,t) ONPECISICTCS] PABEHCTBOM

¢k2n1 | quan
u, (x,t) = ZXM %mcos% SAantEkR]/*)\k S'”EE e)\an

By g
S -1-2s
T () £ (0)

Z g (B2 Es sin EE \/_)\Zn 1t§ \/— fon- 1(T)Sin \/8—1)‘2n—1(t _T)dT_

s=0 2n-1 2n-1 0
17
By "
) f (k-2-25) ik
_Z g(k-25)/2) k-2 2n -1 (O)COS 7_\/8717"&14t s
s=0 ©1 2n-1

a U, (X,1) umeer Bun

¢k 2n ok O Weon

U, (x,t) = ZXZn %i?cos% 87\2n (klsm% e)\Znt|j

BB gy ¢ 12y
Lo () (o)

e smEE Vet = o Ifzn (D)sin Ve Ao, (t-T)dT- (1)

22n0
|::|
2

1) .29
- 2 (k—gs)lz) k—2s fz(: ) COS( \/gxznt)
s=0 82 7\‘Zn

s=0

Taknm o6pazom, MbI Hanntu GopmanbHo permnenne 3amadn (1)-(3). Ocraercs nccueno-
BaTh CXOMUMOCTH psioB (17) m (18).
B paborte [14] noka3aHbI cienyromye yTBEPKICHHS.

Jlemma 2. ITycrs f(x,t)eC’ ( ) f(0,t)= f(p,t)=0, f(xt)eLip,[0,p] pasromep-
Homo tu 0<a<1. Torna psag (10) cxoauTcs aGCOMIOTHO H PaBHOMEPHO B €2 .

Jemma 3. TTycrs 9, (X) €W, (0, p), @, (0) =@, (p) =0 . Toraa psix (11) cxomures abeo-
JIIOTHO ¥ paBHOMEPHO Ha oTpeske [0, p].

Jlemma 4. ITycts Y« (x) €W, (0, ), w, (0) =y, (p) =0 Torma psan (12) cxomures abeo-
JIIOTHO M paBHOMEPHO Ha oTpeske [0, p].
M (x,1)

Jlemma 5. Eciu eC (ﬁ) , TO PsifT
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X ™ (1)sin %@mn(t—m)@r,mzl,z,...,kﬂ

CXOIHUTCS a6COJIIOTHO ¥ paBHOMEpHO B 2 .
9" (x,1)
a k-1

n:l

Jlemma 6. Eciu eC (5_2), k=1, 10 psan

m+1[|

95(1)

> w29) (v [TK [
an( ; )\E+1—23 1:l'l(k ' 2)(0)Sln%_)\ntE

n=1

cxoauTcs abCOMIOTHO M paBHOMEPHO B €2
AHaJOTUYHO, PU BBHITIOJTHEHUH YCIIOBUM

9L (x,1) 92 (x,1)

of (x,1) .

eC(Q) k=1, eC(Q) k=2

C(Q), fO.t)=f(p,)=0,0<t<T

JOKa3bIBarOTCA abcooTHAs U paBHOMCEpHAs B obmactu Q CXOOAUMOCTDb PAA0B

m\:Il

zx Z)\k L nk“s )COSEE )\tE

n=1 s=0 n

W3 3TuX JieMM BBITEKAET CIIEYIOLEE OCHOBHOE YTBEPKICHHUE.
Teopema 2. [1ycTs €, €, > 0 wu BBITOTHSIFOTCS YCIIOBUSA

D fx)eC (D), fOD=1(p)=00<t<T y aféx’t)e

Lip,[0, p] pasrOMepHO

otHocuteapHO t, 0< <1
0" f (x t) 9" f (x,1)
) a Tk (Q)' atk+l
3) & (x) E\Nz2 0,p), 0, (0)=0,(p)=0
)V, (x) eW; (0, p), v, (0) =y, (p)=0

Torma psmer (17) m (18), a Takxke psapl moinydeHHble auddepeHnupoBaHuemM

0%u(x,t) o%u(x,t) a*u(xt) ak“u(x t) ~
, , CXOIATCS aOCOTIOTHO M DPAaBHOMEPHO B €2 |
ot? ox’ ot* ot P P

dynxmas U(X,t) n3 pasenctsa (15) mpuHamIeKUT Knaccy G2+ (ﬁ) W yIOBIETBOPSET
ycnoBusM 3amaqu (1)-(4). ’

eL,(Q);

b
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HccnenoBanue BBIOIHEHO TPH MOJAEPIKKE TPaHTOBOro (mHaHcupoBanus Komurera
Hayku MHBO PK B pamkax HayuHoro npoexra Ne AP09259074.
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K.A cayu amvinoazer Xanvikapanolx Kazax-mypik ynueepcumemi, Typricman K.,
Kazaxcman

BEWJIOKAJI TUITEPBOJIAJIBIK TEHJIEY YIITH BACTATNIKBI-IIETTIK
ECEINTIH INEMIMALIITT TYPAJIbBI

Byn oicymvicma mopmoypwiw aumaxkma apeymenmmepi ungomomuemi mypienoipineen oepoec my-
bIHOBLIBL OUGhpepenyuanoviy menoey Kapacmuipsbliadsi. Kapacmoipviiamein menoey exinui pemmi
2unepoonanvlk munmi menoeyoiy 6eiioKkal ananovl 6oavin mabwvliadwvl. bynmenoeyee bacmankpl-uiemmix
wapmmap Kouwbliaosl, MYHOAd WeEKApaiblk onepamopiapovly pemmi meqoeyoiy peminer acvln myceoi.
Kapacmuvipviniamein ecenmepoin Kucuinobl Kotiblay maceneci zepmmeninedi. Kotvlnean ecenmi uieuty
yuin @ypwve 20ici, A2HU AUHBIMALOAPObL axcvlpamy 20ici Konoanwvinaosl. Catikec cnekmpanovlk ecenmiy
MEHWIKMI (DYHKYUSIAPSL JHCIHEe MEHWIKMI MaHOEpiHiy Kacuemmepi sepmmenedi. Kapacmuipoliamoin
Heelzel ecenmin wewimi 6ap scane KHcanevlz 60yl Mypaivl meopemanap 0anendenedi. Lllewinniny scanevi3
60yl Mypanvl meopemanvl 0anenoey 6apvlcblHOA KAPACMbIPbLLIAMbIH eCen KIACCUKAIbIK UNePOONAbIK
munmeei mexoeynep yulin exi KoMeKui Oacmankwl-uemmix wapmmol ecenmepee Keimipineoi. AnviHean
menOeynep Hezizel menoeyoiy Kodppuyuenmepine mayendi 601aovl dxcane onapea benei 6ip wapmmap
KoubL1adbl. Apul Kapai, KomeKuli cnekmpiik ecenmiry MeHWiKmi QyHKYUAIapbIHbIY MOTbIMObLIbIELIHAH
natidanansin nezizei ecenmin uiewimi 0col Hcyiie OotbiHuLa Kamap mypinoe i30eninedi. Kamapowiy 6enciciz
Koa(puyuenmmepi yuiin sHcozapel pemmi wemmix wapmmapmen Oepineen dcati ouggepenyuanoviy
menOeynep dcyieci anviHaovl. Ocvl ecenmepoi uieuly Hamudicecinoe 3epmmeniHemin He2izel ecenmiy
wewimMiniy atKkblH mypin maoamuls.

Tyitin co30ep: Oetinokanr menoey, eunepbonanvly meyoey, xcoapevl pemmi onepamop, Pypwve 20ici,
UHBONIOYUS, WEWIMHIY Jcanebl3 OOYbl, WeiMHiy 6ap 601ybl .

M. KOSHANOVA, M. MURATBEKOVA, B. TURMETOV
A.Yasaui International Kazakh-Turkish University, Turkestan,Kazakhstan

ON THE SOLVABILITY OF THE INITIAL-BOUNDARY VALUE PROBLEM FOR
A NONLOCAL HYPERBOLIC EQUATION

In this paper, we consider a partial differential equation with involutively transformed arguments in
a rectangular domain. The considered equation is a non-local analog of the second-order hyperbolic type
equation. This equation is subject to initial-boundary conditions, and the order of the boundary operators
exceeds the order of the equation. Questions of correctness of the considered problem are investigated.
To solve the problem, the Fourier method is used, i.e. separation of variables method. The properties of
eigenfunctions and eigenvalues of the corresponding spectral problem are studied. For the main problem
under consideration, theorems on the uniqueness and existence of a solution are proved. When proving
the theorem on the uniqueness of the solution, the problem under study is reduced to two auxiliary,
homogeneous initial-boundary value problems for a classical equation of hyperbolic type. The resulting
equations depend on the coefficients of the main equation and certain conditions are imposed on them.
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Further, using the completeness of the eigenfunctions of the auxiliary spectral problem, the solution of the
main problem is sought in the form of a series in this system. For the unknown coefficients of the series, a
system of ordinary differential equations with high-order boundary conditions is obtained. Solving these
problems, we find an explicit form of the solution of the main problem under study.

Keywords: nonlocal equation, hyperbolic equation, higher order operator, Fourier method, involution,
uniqueness of solution, existence of solution.
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CPABHUTEJIbHBIN AHAJIV3 BBIBEJEHUSI CITY THUKOB JIJI51
PAJIUAIIMOHHOI'O MOHUTOPHUHIA C HOMOILbIO IBUTATEJIEN
BOJIBIIION U MAJIOU TATOBOOPY KEHHOCTHU

B cmamve paccmampusaromes 3a0auu 6bi6e0eHuss CHymHUKO8 Ha opoumul 015 paouayuoHHO20 MO-
HUMOpUHea 3eMiu ¢ NOMOWbIO PA320HHO20 OJIOKA, NPed8apumenbHO 8bl6e0EHH020 HA ONOPHYIO KPY2o-
8Y10 OpOUMY U OCHAUWEHHO20 O8ULAMENAMU OONBLULOT MAL0BOOPYHCCHHOCTIU — XUMULECKUMU PAKCTNHBIMU
osueamenamu (XPI), u manoii msaeo600py#ceHHOCMU — INEKMPOPAKEMHOU 08ULAMENbHOU YCIMAHOBKOU
(OPLY). IIposodumcs nocmpoerue u pacuém mpaekmopuil 6bl8e0eHUs CNYmMHUK08 ¢ nomougvio XPIJ u
OPIIY u cpasnumensvHulil ananus pe3yivmamos evigeoenus. Ilepeném xocmuuecko2o annapama ¢ nomo-
wvio XPI annpoxcumupyemcs UMnyibCHoIM 8030eliCEUEeM, d MpaeKmopus nepenéma KOCMU4eckozo an-
napama Ha yyacmke IPIY paccuumvleaemes npu yciosuu MUHUMUZAYUU 6DEMeEHU neperéma ¢ npumeHe-
Huem npunyuna maxcumyma Honmpseuna. Ilonyuennvie pe3ynomanmuvl 0eMOHCNPUPYION NPEUMYUecmed
6bI6E0EHUSL CNYMHUKO8 KAK C NOMOWbIO 0gueamenetl OOnbuol maco0800PYHCEHHOCU, MAK U ¢ MAIoU, d
MaKdice MeXHUYEeCKy10 peanu3yemMocis 3a0ai 6bl6e0eHUs. CHYMHUKO8 HA 3A0aHHble OPOUTNbL.

Knrouegvie cnosa: bonvuwian msea, manas msea, S1eKmpopaKemHvle O8UAmenbHble YCMAHO8KU, XU-
MuuecKie pakemuvie 0gueament, opoUManbHulil AHAIU3, UMNYILCHAA ANNPOKCUMAYUS, NPUHYUTL MAKCU-
MYMa, paouayuoHHblli MOHUMOPUHR.

Beenenue. [IpyHuunn neiicTBusl XUMHYECKUX pakeTHBIX nBurareneit (XP/I) 3akmioua-
€TCs B XUMUYECKOM PeakliUi TOPEHUs TOILINBA, 3@ CYET YETO HArPEThIE O BBICOKOM TEM-
nepaTypsl U CTPEMHUTEIBHO PaCIIUPSIOMINECS TPOAYKThI CrOpaHus ¢ OOJIBIION CKOPOCTHIO
BBITEKAIOT M3 PEaKTUBHOTO coria. B snexTpopakeTHOH ABurarensHoil ycraHoBke (OPAY)
SNIEKTPUYECKasi SJHEPrHUsi OOPTOBOIM IHEPrOyCTaHOBKH KOCMUYECKOTO armapara UCIOJb3y-
eTCsl B Ka4eCTBE MCTOYHHMKA SHEPrHM IJisi cozfanusi TAru. XPJ paboTaioT cpaBHUTEIBHO
KOPOTKO€ BPEMsl, IIPU 3TOM MOXKET CO3aBaTbCsl PEAKTUBHOE YCKOPEHUE, IPEBBIIIAOLIEE
yckopeHue cBoooanoro najnenus 3emiu. [Ipu stom DPJIY o6nanatoT BEICOKOH CKOPOCTHIO
ucTeueHus paboyero Tena, 4To 00eCrneyrBaeT CyIECTBEHHO MEHBIINH PacXo/] TOIJIMBA MO
CPAaBHEHHUIO C XUMHUYECKHUMH PAKETHBIMU ABHraressiMu. OHaKo MaHEBPHI C MaJlol TATOH
MOTYT OBITh JIOCTATOYHO MPOAOJIKUTEIBHBIMU [1].

B crarbe paccMaTpuBaeTCs BBIBEJCHUE CIyTHHUKOB JUIS PaJIHAlUOHHOIO MOHUTO-
puHTa 3eMiIH ¢ TIOMOILIBIO ABHUTraTesiel OONBIIONH M MaJloW TATOBOOPYKEHHCTH — COOT-
BercTBeHHO, ¢ XPIl u OPIY. Tpaekropus ABUkKeHUs OJIOKA BBIBEJICHHS C MOMOIIBIO
XP]I annpoKCUMUPYETCsl UMITYJIbCHBIM BO3JEUCTBUEM, a IIOCTPOCHUE TPAEKTOPUU BbI-
BEJICHUS C MAJIOU TATOU pealn3yeTcs IPU yCIOBUM MUHUMH3ALUU IPOJOJIKUTEIBHOCTU
nepeéra.

BriBeeHre TpyNNUPOBKY CIYTHHKOB Ha OPOUTHI AJIS paAHallMOHHOTO MOHHUTOPHHTA
3eMiTu OCYIIECTBISIETCS C IOMOIIBI0 pa3roHHoro 6110ka (PB) cyxoii maccoit 1000 kr, mpen-
BapUTENBHO BBIBEACHHOTO Ha OMOPHYIO OpOUTY (KpyroByto opouty Beicotoi 200 km). [To-
Clie BBIBEACHUS BCEX CITyTHUKOB, C LIEJIbIO yCKOpeHus: BeiBeaeHus: Pb B armocdepy (s
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MpeAOTBpAILECHHS YBETHYCHUSI 00BEMOB KOCMHYECKOTO MyCOpa B OKOJI03EMHOM MTPOCTPaH-
cTBe), BeicoTa nepurest Pb canxkaercst 1o 100 k.

PaccmatpuBaroTcst TpM 3a/1a4H BBIBEJICHNUS CITyTHUKOB Ha 3aJjaHHbIC OPOUTHI:

1. CniytHuk mMaccoit 100 Kr BBIBOIUTCS HA OPOUTY ¢ TIapameTpamu [BbicoTa anorest (Ra)
= 8000 kM, BbicoTa nepurest (Rp) = 600 kM, HakinoHeHue (i) = 64.3°, apryMeHT nepures
() =300°, monrora BocxosIiero y3na (£2) — cBo0o/HasI| MOMYTHO C BBIBOJIOM OCHOBHOTO
cinytHuka Maccoit 1000 xr Ha opOuty THNa « MOJIHUAY», UMEIOIYIO TE K€ HAKIIOHEHHUE U BbI-
COTY TepHuresi, HO apryMeHT nepurest 270° u BeTuuuHy 00JbIION ToryocH 26555 kM.

2. JIea cmytHuKa Maccoii 100 kr BeiBoaATcst Ha opOuTy ¢ mapamerpamu [Ra = 8000 xwm,
Rp =600 kM, i = 64.3°, @ = 300°] ¢ pa3HuILIeH B 10JTOTaxX BOCXOMAIICTO y3ia opout 30°.

3. CoytHuk maccoii 100 xr BeIBoauTCs Ha opOuTy ¢ nmapamerpamu [Ra = 2000 kM, Rp
=800 kM, 1= 80°, ® = 300°, Q2 — cBOOOIHAs | TOMYTHO C BBIBEICHUEM OCHOBHOT'O CITyTHHKA
(umu rpynmel cnyTHHKOB) Maccoi 1000 Kr Ha KpyroByto OpOUTY € TeM K€ HAKIIOHEHUEM U
BbIcOTON 800 KM.

Heabio padoTsl ABISETCS MOCTPOSHHUE U CPABHUTENBHBIN aHAIN3 TPAEKTOPUI BHIBE/IE-
HUS CITyTHUKOB JUIs paAMalliOHHOTO MOHUTOPUHTA 3EMJIU € IIOMOLIBI0 XUMHUECKUX JIBUTA-
TEJIEH U AIEKTPOPAKETHOU JBUTaTENIbHON YCTaHOBKH.

ITocTpoeHne cxeM BBIBEICHHS CIIyTHUKOB. YPaBHEHUS JBUKCHUS B IIPSIMOYTOJIHON
CUCTEME KOOPJIMHAT C MCIIOJIb30BaHUEM MMITYJILCHON allpOKCUMAIIUU U ¢ YYETOM BTOPOIi
30HaJILHON TapMOHUKH (CIUTIOCHYTOCTH 3€MJIM Y MOJIIOCOB) B aHAIUTHUYECKOH opMe Oru-
CBIBAETCS CIICAYIOIIMM 00pa3om [2]:

X{(t) = v, (1)

50 =v,
%t) =v (t)

. x(t A, 1 2rd L
[ I:I |—_Z| 2@ C

_ ooy = 3. 52 -
%“' Hr 22 5 B YE
- z(t) E' L3 O, -

t)= - i, —
%() % t)|:| 2 %‘E% %a =

C Ha4YaJIbHbIMU YCJIOBUSIMHA Xo = X(to)! Yo = y(to)v Z, = Z(to)v Xo = X(to)i yo = y(to)v Z.o = Z(to)v 5

rme  x(t), p(t), z(t) — xoopaunHater mentpa wmacc KA B MoMeHT BpemeHH

r= \/ X2 () + Y2 (t) + 2°(t) —paccrostaue oT KA 110 eHTpa Mace B MOMEHT BpeMenu £, v, v, v,

— KOMITOHEHTEI BEKTOPA CKOPOCTH LieHTpa Macc KA B MomeHT Bpemenn £, 8, & , 8 — KoMIIo-
HEHTBI BEKTOPa PEAKTHBHOTO YCKOPEHHUS B MOMEHT BpeMeHH t (paBHBI HYJIO Ha MTACCHUBHBIX
Y4acTKaX KeIjuepoBoi 1yru), J,— BTopas 30HanbHas rapmonuka 3emiu (J, = 1082.628- 10°,
yto npuMepHo B 1000 pa3 Gosblie 0CTaNbHBIX 30HATBHBIX TAPMOHHK), r,, — panuyc 3emiu
(6 378 137 M), L — TpaBUTAIIMOHHBIN TTAPAMETP.
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B Touke TpUIIOKEHUSI UMITYJIbCA TPOUCXOANT MIHOBEHHOE MPHUPAILEHUE CKOPOCTH, U
macca KA (macca ammapaTa ¢ TOIIIMBOM) M3MeEHsieTcst cornacHo (opmyne L{nonkoscko-
ro [3]:

—AV
—_— gels
m, =me*?

7€ m, — Macca Iocjie MaHeBpa, m_ — HadaJlbHas Macca, AV — H3MeHeHHe CKOPOCTH, ISp -
yI€/IbHas TAra, g, — YCKOPEHUE CBOOOHOTO MaICHUS 3EMIIH.

OpOuTanbHblii iepexon pu oMoty DPI[Y Tpedyer Oonee 3HAYUTETHHBIX BPEMEHHBIX
3aTpat, YeM XMMHYECKHE PaKeTHbIE ABUIATEIU, IIOATOMY NPH BBIOOPE CTPATErMU ONTUMHU-
3allMM BBIBE/ICHUSI CIIyTHUKOB C ITOMOLIbIO MAJIOW TATU MPEANOYTEHUE OTAAETCS MUHUMHU-
3alUM JUIUTEIBHOCTH NepenéTa.

Huddepentmansaeie ypapaenus asumxenns KA ¢ DOPIY, 3anucanHbie B T€OMHEPIIH-
aJIbHOM JIEKapTOBOM CUCTEME KOOPAUHAT, UMEIOT BUJ [4]:

d’x ou du
=T x+Q—+—¢
dt ré an m °
dm _ 8P
dt O]

C HaYaJbHBIMH YCIOBUAMH Xo = X(t), % = X(t) |

e x — BeKTop nojoxkenus: KA, L — rpaBUTAIIMOHHBIN TapamMeTp, L — Bpems, I — paccTosiHue
OT TpUTATHBatoLIero eHTpa g0 KA, 8 — dynkuus Brimtouenus nsurareis (paseH 0 wiu 1),
4 — BeJIMYMHA PEakTUBHOM Tsru, m — Macca KA, ® — ckopocts ucteuenus: PV, e, —enu-
HUYHBIA BEKTOp BOJIb BekTopa Taru DP/Y, O — marpuua noBopoTa [uisl yueTa BpalleHus
3emitn, U — yHKIMS, 00yCIOBICHHAS CIUTFOCHYTOCTHIO 3€MJIH.

3ajaua MMHUMHU3ALUN JIUTEIbHOCTH Mepenéra KOCMUYECKOro anmnapara ¢ Majoi Ts-
rOi CBOJIUTCS K YMCJICHHO PEIacMOi HEIMHEHHON KpaeBoi 3a1a4e ¢ MOMOIIBIO IPUHIUIA
MakcumyMa [lorTpsruna. 3aiaua pemaeTcs Mo BEIYUCIUTEIBHON CXeMe C UCTIONb30BaHUEM
MoaudurpoanHoro Merona Hetorona. 3anaua Ko unterpupoBanack metogom Pynre-
KyTThI 8-TO MMOpsiiKa ¢ aBTOMaTHYECKUM BEIOOPOM IIara.

Pesyabrarsl. B kauecTBe MHEpLUAIBHON JEKAPTOBOM CUCTEMBI KOOPAUHAT UCIIOJb3Y-
eTcsl MeXTyHapoAHas reonHepuuanbHas cuctema koopanHat ICRS, onpenenénnas koHBeH-
rmeit 2003 roga MexmyHapoHOH Ciry>k0bI BpammeHus 3emin u cucteM koopanHat (IERS)
[5]. C menbro pemnieHust JUHAMUYECKON 3a7]a4i ONTUMU3AINH BBIBEACHHS CITyTHUKOB KOC-
MHUYECKUH anmnapar (pa3roHHBIH OJIOK CO CITyTHHKAaMH) PacCMaTpUBAETCs B KAUECTBE MaTe-
pHATBHOM TOUKH, Oe3 y4eTa MPOEKTHBIX MapaMeTpoB ammapara. B ciydae ncnonp3oBaHus
XP/] paccuuThIBalOTCS JIBYXHUMITYJIbCHBIE OJIHOBUTKOBBIE MAaHEBPHI C JIBUTATENIEM YIENb-
HbIM uMItyascoM 333,2 cex. B ciaywae OPIY — nasurarenu nocrostHHoi Tsiru 0,332 H u
TTOCTOSTHHBIM yIETbHBIM UMITYIIbcoM 1500 cek.

B ciydae ucrionp30BaHusl XMMHYECKUX PAKETHBIX JIBUTATENIEH MOJTydaeM, YTO B IEpBOi
3ajiaue, B KOTOPOM PacCMaTpUBaIOCh BhIBEICHNE CITyTHUKA Maccoit 100 kr Ha OpOUTY C BBI-
coroit arorest 8000 kM u mepurest 600 KM IMOMyTHO ¢ BBIBEICHUEM CITyTHHKA Maccoir 1000
KI' Ha opOMTY THIA «MOJHHUSY, 3aTpaThl TomIuBa cocTaBuian 2858 kr. Bo Bropoii 3agaue
(BbIBeneHHe crryTHUKOB Maccoil 100 kr Ha opOuTy BbicoTO# anorest 8000 kM u nepurest 600
KM C pa3HHIICH B JOJITOTE BOCXOJAIIETO y3iia opout B 30°) 3aTpaThl TOIUIMBA COCTABHIU
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2415 xr. B Tperseii 3anaue (BbIBeneHHe cnyTHHKAa Maccod 100 kr Ha OpOUTHI BBICOTON
anores 2000 kM u nepurest 800 KM MOMyTHO ¢ BhIBeZIeHHEM crTyTHHKA Maccoit 1000 xr Ha
KPYTOBYIO OpOHTY BbIcoTOM 800 KM) 3aTpaThl TOILIMBA COCTaBHIN 414 KT.

Pesynbrarhl BeIBEIeHHS CITyTHUKOB ¢ oMolibio X P/ npuBenensis Tabuie 1.

Taonuya 1 — Pe3ynomamol 3a0ay 6bi6e0eHUsl CNYMHUKOG HA 3A0aHHble opoumul ¢ nomowvro XE/J.

Cu. 1 Cu. 2 Cu. 3
[Momubrit AV (M/c) 2856,7 4741,2 799,1
Macca TorumBa (Kr) 2858 2415 414
Macca CyTHHKOB (KT) 1100 200 1100

B cny4ae BbIBeIeHHSI ¢ TOMOILBIO IICKTPOPAKETHON JBUTaTeIbHON YCTaHOBKH IOTyYa-
€M, UTO B IepBOM 3ajaue 3aTparsl ToruBa coctaBuind 1061 kr. BeiBeneHue CryTHUKOB 110
JTAHHOHM cXeMe MOXKeT OBITh OCYIIIECTBIICHO B TeueHue 543 cyTok. Bo Bropoii 3aade 3aTpa-
THI TOIUTMBA COCTaBWIH 679 Kr (BbIBeleHHE CIIyTHUKOB 3a 348 cyTok). B Tperheii 3amaue
3aTparsl TOIIMBA cOCTaBMIIN 116 KT (BBIBEIEHUE CITyTHUKOB 32 59 CyTOK).

PesynbraTs! BeIBEIeHHSI CITyTHUKOB ¢ TToMoInbio DPJ1Y npuBeneHs! B Tabmuie 2.

Taonuuya 2 — Pesynomamol 3a0au 6b16€0eHUsl CYMHUKOG HA 3A0aHHbie opoumvl ¢ nomowvio PV,

Cu. 1 Cu. 2 Cu. 3
[MomubIit AV (M/c) 6217,2 6404,5 1197,7
Macca TorumBa (Kr) 1061,2 678,9 115,9
Macca ciyTHHKOB (KT) 1100 200 1100
O01ee BpeMsi MUCCHH (CYTOK) 543 348 59

Takum 00pa3oM, NMPOAEMOHCTPUPOBAHA TEXHUYECKAsI PeaIn3yeMOCTh 3a/laul BBIBEJIC-
HUS CIIyTHUKOB Ha OpOMTHI ISl pPaJualiOHHOT0 MOHUTOPUHTa 3eMin ¢ moMousio XPJ u
OPIY. [Ipu stom, ucnons3oBanue IPJ[Y mo3BONMMIO COKPATUTh pa3xoibl TOIUIHBA B 2.69
pa3 B niepBoii 3amaue, B 3.55 pa3 Bo BTopoii 3anaue u B 3.57 pa3 B TpeThell 3a1aue, HO MpU
3TOM, 32 CYET 3HAUUTEJILHO OoJIbIlel amuTenbHocTH niepenéra (Tadmuma 3).

Tabnuya 3 — Pesynemamel 3a0ay 8bl8edenus CHYMHUKO8 HA 3A0aHHble opOumbl,
20e dV — noanviit AV (m/c), M — macca monauea (ke), T — epemsi 6bleedenust CHYMHUKOS (8 CYMKAx).

Cu. 1 Ci. 2 Cu. 3
dv M T dv M T dv M T
BoubIas Tsira 2857 | 2858 0,3 | 40741 | 2415 0,2 799 414 0,1
Mamnas tsra 6217 | 1061 529 6404 679 342 | 1198 | 116 48

3akarouenne. B cratbe paccmarpuBaeTcs 3ajaya BBIBEJECHHS CITyTHHUKOB JUIS paaua-
LIMOHHOTO MOHUTOPHMHIAa 3€MJIHM C TIOMOIIBI0 XMMHUYECKUX PAKETHBIX JABUraTeneil — JBU-
rareneil O0bIION TATOBOOPY)KEHHOCTH, U AJIEKTPOPAKETHOW JBUTATEIbHON YCTaHOBKOH —
JBHUraTeiell Majuol TSArd. DJIEKTPOPEaKTUBHBIC IBUTATEIN MAJIOH TATH 00J1aaloT BBICOKON
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CKOPOCTBIO UCTEUCHHUsI pabouero Tela, 4To 00SCIeUnBaeT CYIIECTBEHHO MEHBIIUI Pacxo]
pabouero Tena mo CPaBHEHUIO C XUMUUECKUMU PAKETHBIMU JIBUTATCISIMU — JIBUTATEIISIMU
0O0JBIION TATOBOOPYRKEHHOCTH. OHAKO MaHEBPHI C MaJION TATOH MOTYT OBITH IOCTATOUYHO
MPOJIOJKUTENHHBIMHU.

B pabote TpaekTopus IBIKEHUS 0JOKa BRIBEICHUS ¢ TTOMOIIbI0 XPJl anmpokcuMupy-
€TCsl UMITYJbCHBIM BO3JI€HCTBHEM, & IOCTPOCHUE TPACKTOPUU BBIBEICHUS C MAJIOW TArOH
peanusyercsl Ipu yCIOBUM MUHUMU3ALWU IPOJOJKUTEIBHOCTH nepenéra. beuio mpoae-
MOHCTPUPOBAHO, YTO 3a CUET UCIOoyb30BaHus DP/[Y BO3MOXHO 3HAYUTEIHLHO COKPATHUTH
pacxo/ibl TOTINBA, ¥ TAKAM 00pa3oM, YBETHYUTH MAKCUMAIIFHO JOMYCTUMYIO Maccy IoJe3-
HOI Harpy3ku. OJJHAKO UCIIOJIB30BAHUE IBUTaTENIECH MaIOH TSITH, IO CPABHEHUIO C JBUTATE-
JISIMU OOJIBIION TATH, MPUBOAUT K YBEITUYCHHUIO JITUTEILHOCTH TIepenéTa.

Ha npakTuke, ¢ Leabpi0 HAaX0XKIESHUSI KOMIIPOMHCCA MEXKAY JUIUTEIbHOCTBIO IIEpenéTa u
pacxoyioM TOIUIMBA, TpeOyeMoro /sl BeiBeneHus cinyTHUKOB ¢ DPJY mmm XPJI, Takxke wc-
MOJIb3yeTCsl KOMOMHAIMS XUMHUYECKOW M AJIEKTPOPAKETHOM JBUTATEILHBIX YCTAHOBOK [6].
Taxkoit 1mojxo0/] MO3BOJSET UCIOJIB30BATh MPSHMYIIECTBA JIBUTATEICH OOJNBIION M Mayoi
TATH, CBOJIS X HEJOCTATKH K JIOITYCTUMOMY YPOBHIO C y4E€TOM TPEOOBaHMIA M OTPAaHUICHUN
B IIOCTABJICHHOM 3aaa4e.

JIMTEPATYPA

1 Canmus B. B., «OnumanbHOe yripaBieHHe KOMOMHUPOBAHHOW CHCTEMOMH, COCTOSIIEH 13 IBU-
raTessi OrpaHNYEHHOM CKOPOCTH UCTEUCHUS ¥ IBUTATENSI OTPAaHUYEHHOW MOIITHOCTH,» KocMuueckue
uccnenoBanns, 1970, . 8§, Ne 4, pp. 545-541.

2 1zzo D., Problem description for the 9th Global Trajectory Optimisation Competition, Noord-
wijk, 2201 AZ The Netherlands: European Space Agency, 2017, pp. 9.

3 JleanTtoBckuii B.M., MexaHuka KOCMUYECKOTO MOJIETA B 3JIeMEHTapHOM u3noxeHuu, M.: Ha-
yka, 1980, c. 512.

4 TletyxoB B.I. OnTuManbHble MHOTOBUTKOBBIC TPAGKTOPHH BBIBEICHHS KOCMHYECKOTO arra-
para ¢ MaJoi TATOH Ha BEICOKYIO AIIHNTHIECKyI0 opouTy. Kocmmueckue nccnenosanms, 2009, Tom
47, Ne 3, c. 271-279.

5 McCarthy D. D. and Petit G., IERS Technical Note No. 32., IERS Conventions (2003), IERS
Conventions Centre, Frankfurt am Main, 2004, pp. 127.

6 I'puropses W.C., 3ametun ML.IL., Camoxun A.C. u Camoxuna M.A. Ontumusanus dKcre-
qunnn K @obocy KOCMHYECKOTO armapara ¢ KOMOMHHPOBAHHOM TATOM ¢ BO3BpaIIEHHEM K 3eMie,
WmkeHepHBIN KypHAI: HayKa M WHHOBammH, m3garensctBo MI'TY um. H.O. Baymana (Mocksa),
2017, Ne 7, c. 1-24.

REFERENCES

1 Salmin V. V., «Opimal'noe upravlenie kombinirovannoj sistemoj, sostoyashchej iz dvigatelya
ogranichennoj skorosti istecheniya i dvigatelya ogranichennoj moshchnosti,» Kosmicheskie
issledovaniya, 1970, t. 8, Ne 4, pp. 545-541.

2 1zzo D., Problem description for the 9th Global Trajectory Optimisation Competition, Noord-
wijk, 2201 AZ The Netherlands: European Space Agency, 2017, pp. 9.

3 Levantovskij V.I., Mekhanika kosmicheskogo polyota v elementarnom izlozhenii, M.: Nauka,
1980, c. 512.

4 Petuhov V.G. Optimal'nye mnogovitkovye tracktorii vyvedeniya kosmicheskogo apparata s maloj
tyagoj na vysokuyu ellipticheskuyu orbitu. Kosmicheskie issledovaniya, 2009, tom 47, Ne 3, s. 271-279.

5 McCarthy D. D. and Petit G., IERS Technical Note No. 32., IERS Conventions (2003), IERS
Conventions Centre, Frankfurt am Main, 2004, pp. 127.



148 Becmnux Hayuonanvhoti unsceneproi akademuu Pecnyonruxu Kazaxcman. 2023. Ne 1 (87)

6 Grigor'ev L.S., Zapletin M.P., Samohin A.S. i Samohina M.A. Optimizaciya ekspedicii k Fo-
bosu kosmicheskogo apparata s kombinirovannoj tyagoj s vozvrashcheniem k Zemle, Inzhenerny;j
zhurnal: nauka i innovacii, izdatel'stvo MGTU im. N.E. Baumana (Moskva), 2017, Ne 7, s. 1-24.

T. H MAMMADZADA
Azerbaijan National Aviation Academy

COMPARATIVE ANALYSIS OF THE LAUNCH OF SATELLITES FOR THE
RADIATION MONITORING USING LOW AND HIGH THRUST ENGINES

This article considers the comparative analysis of the launch of satellites for the Earth radiation
monitoring using low-thrust engines — electric propulsion system (EPS), and high thrust — chemical rocket
engines (CRE). The launch scheme assumes successive delivery of satellites to the predetermined orbits
with the help of a space tug, previously launched into a base circular orbit and equipped with CRE or
EPS. The parameters of the trajectories are calculated — considering both the form of ridershare launch
of a satellite and the clustered launch of two satellites into specified elliptical orbits. The flight of the
spacecraft with the CRE is approximated by impulsive maneuvers, and the flight with the EPS is calculated
under the condition of minimizing the flight time using the maximum principle of Pontryagin. The results
obtained demonstrate the technical feasibility and advantages of satellite delivery into specified orbits
using low and high thrust engines — chemical rocket engines and electric propulsion system.

Keywords: high thrust, low thrust, electric propulsion system, chemical rocket engine, orbital analysis,
impulsive maneuvers, maximum principle, radiation monitoring.
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YJIKEH KOHE KIIII TAPTKbIII KO3FAJTKBIIITAPABIH KOMEI'TMEH
PAIMALIIUSAJIBIK BAKBIJIAY YIIIH CITYTHUKTEPII IIBIFAPY/IbI
CAJIBICTBIPMAJIBI TAJIIAY

Maxkanaoa sncepoi paduayusiivls OAKbIIAY YWiH CRYMHUKMeEpOi opbumasza wibleapy minoemmepi
Kapacmulpuliadvl, 01ap an0blH-ana mipex auHaiManisl opoumasa Wuleapoli2an JHeaHe YaKeH mapmibiul
KO38aNMKbIUIMAPMEH —XUMUSTBIK 3bIMbIPAH Ko32anmKwluumapuvimer (RDD) osicone az mapmywiunen-anekmp
3vimbipan Kozeanmyviuvimer (EDDU) ocabovikmanean yoemxius O10KmMbiH KOMe2iMeH Kapacmulpblidobi.
XPT owcone DPI]Y kemezimen cnymuuxmepoi wbleapy mpaekKmopusiiapbli KYpy HCoHe ecenmey HcoHe
wbi2apy Hamudicenepin canvlcmuipmansl manoay scypeisinedi. Fapvuu annapamoinviy XK xomecimen
YUybl UMnYIbCmiK acepmen Jcybikmanaowl, an DPIIY yuackecinoeei eapviuwr annapamuinwly yuty mpa-
eKMOpUACHl NOHMPASUHHIY MAKCUMYM NPUHYUNIH KOLOAHA OMBIPLIN, YULY YAKbIMbIH A3aUmy wapmol-
Mmen ecenmenedi. Anvinean Hamuoicenep YaKeH mapmyblii JHCoHe Kill KO32aAmKbiuumapobly KOMe2iMeH
CnYmHUKmepoi wbleapyobly apmvlKUbLILIKMAPLIH, COHOAU-AK CHYMHUKMepPOi Oepiicen opbumanapaa
wivl2apy MiHOeminiy MexHUKAIbIK OPbIHObLIbIEbIH KOPCemeoL.

Tyiiin co30ep: ynken mapniy, momeH mapmy, 31eKmp 36IMbIPaAH KO3LANMKbIUINAPbL, XUMUSTbIK 3bIMbl-
PaH KO32ANMKbIUMAPbl, OPOUMANbIK MAL0AY, UMRYI6CIIK HCYLIKMAY, MAKCUMYM BPUHYUNT, DAOUAYUATBIK
bakwiiay.
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DEVELOPING METHODOLOGY AND EXPERIMENTAL PROCEDURE 9FOR
EXPERIMENTAL MICROFLUIDIC STUDY OF CHEMICAL ENHANCED
OIL RECOVERY

The concern of this research was to review the different methodology on microfluidic experiments
conducted to study chemical enhanced oil recovery methods on micromodel chips. In general, there are
several ways to study EOR methods such core flooding and microfluidics. The disadvantage of first method
is that the flow processes inside the core sample cannot be imagined. Hence, the second method helps us
to fully visualize how fluid flow behaviour occurs though the porous medium of the rocks.

The various chemical EOR processes such as surfactant flooding, polymer flooding and ASP flooding
were studied on microfluidic chips. These chemicals were injected into micromodels to drive out crude
oil. It helps to understand the interactions between crude oil and chemicals, the advancement of front
developed between displacing and displaced fluids and the viscous fingering effect. Visual studies enabled
us to understand the effectiveness of polymer; surfactant and alkaline separately and as combined.

The different experimental methodologies to study the EOR methods are reviewed. Mainly experiments
divided into two main groups: methods of geological characterisations influence to fluid transport while
others study oil displacement at different condition, such high temperature, high pressure, low or high
salinity, highly viscous oil. We reviewed methodologies applied to study an oil displacement by polymer,
surfactant-polymer (SP) and alkaline surfactant polymer (ASP) solutions, their interactions and transport
in porous media. Based on reviewed article the experimental procedure was developed. Analyses of
published materials have helped to design and direct the methodology of research.

Keywords: microfluidics, glass micromodel, ASP flooding, polymer flooding, recovery factor,
concentration.

Introduction. Enhanced oil recovery is the last stage of oil and gas production and its
main objective is to mobilize the remaining oil through enhancing the oil displacement and
volumetric sweep efficiency. For this purpose, different types of chemicals are used such as
polymer, surfactant and alkaline. Polymer is added to brine to increase its viscosity, alkaline
and surfactant to decrease water-oil interfacial tension. Altogether, injection of chemicals
can lead to changes in fractional flow, mobility ratio. As a result, it helps to reduce viscous
fingering and improve displacement profile, increase swept area [1]. There are several
methods applied to laboratory study of chemical EOR methods such as core flooding and
microfluidics.

Core flooding experiments are the classical way of performing oil recovery studies by
displacing oil from saturated rock samples using various flooding approaches. An advantage
of this method includes the possibility to perform measurements at similar to reservoir
conditions. Limitations of the core flooding method include long and not always repeatable
measurements, insufficient number of core plugs from the reservoir and time consuming,

* E-mail xoppecnionnupyromero apropa: altynay.naukenova@gmail.com
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specialized methods to visualize the processes inside the cores. The latter means that infor-
mation about fluid displacement processes is normally based on indirect measurements. Im-
miscible fluid—fluid displacements can either be stable or unstable. The unstable displace-
ment can further be categorized into viscous or capillary fingering and are major reasons
for inefficiency in subsurface two-phase flow [2]. To assess the displacement processes, it
is useful to have thorough understanding of displacement stability and fluid flow pathways
[3]. Detailed mapping of fluid displacement in porous media can benefit from easy optical
visualization. This, together with auxiliary measurements, can result in improved knowl-
edge in the flow dynamics of fluids in pores and provide better input for numerical simula-
tions, as shown recently by Yiotis et al. 4.

Microfluidic research method allows optical visualization of many physical processes.
Microfluidics was first applied in microbiology as a tool for analytical analysis. However,
nowadays its popularity dramatically increased, and it found application in many scientific
fields, such as medicine, genetics and oil and gas industry. In oil and gas area it mainly ap-
plies for enhanced oil recovery (EOR). In EOR microfluidics utilized to study fluid flow
patterns that occur inside pores and permeable zones of the sub surface rocks, which are not
possible in case of core flooding. EOR micromodel chips help to get real-time flow behav-
iour by visualising of fluid flow and relevant in-situ phenomena observed during fluid flow
in porous chips [5]. It became highly valued mainly because of its size. Commercially it is
better because of reduction in the usage of chemicals as well as power consumption. [6].
This a new method for our industry research, it is applying around 15years, and for this time
there is no such research done for the local oilfields.

Our aim is to study EOR methods on pre-Caspian basin oilfields and in this article we
describe the methodology of conducting such experiment.

In the present article we demonstrated the study of oil displacement by polymer, SP and
ASP solutions in an oil saturated packed bed in a microfluidic channel. For this article we
analyzed several works on experimental study of chemical enhanced oil recovery conducted
in micromodel set ups. Based on these works we developed our methodology. The methods,
experimental set up and materials are described in this article. In the next work the results
of the experiment with Pre-Caspian basin crude oil and brine will be described.

Materials and methods. In the laboratory model carbonate, sandstone grains
from the fields can be applied. If they are not accessible the glass beats can be used to
represent sandstone rock. If grains are chosen for work they should be sorted out to fill the
micromodel. For this purpose, crushed sandstone are sorted in 45 micron sieves, since the
thickness of the chip is 50 microns. However, problems with filling the channel can occur
due to not uniform structure of grains and its roughness. The channel can be blocked, in
our model the channel became impermeable after 1/3 is filled with grains. To solve the
problem the structural sieving can be applied. It was decided to sieve the grains larger
than 53 and less than 65, but the problem was not solved. (Shown on figure 1) Packed bed
remains impermeable. Therefore, it was decided to use glass beads packed micromodel.
Firstly, they were available in the lab and secondly, the beads commonly used to represent
sandstone rocks. The main disadvantage is that glass beads have the same size and shape,
therefore it creates homogenous pore structure which is not representative of real reservoir
structure.
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Figure 1 — Sieving of crushed rock samples on vibratory sieve shaker

In the figure above the sieving process of crushed rock samples on vibratory sieve shaker
is shawn. In this case the micromodels are unconsolidated, quasi-2.5-dimensional beds of
sandstone grains can be packed into micromodel channels.

Figure 2 — Plan view of the microfluidic channel in which the packed bed is assembled.

Figure 3 — Assemble of packing process.
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Fluid with glass beads/sandstone grains are dispensed from two ports on the right 14 or
18 mm upstream of the gap filter and expelled from a single port on the left (not shown).

Micromodel network can be uniform [4,7, 10] or structured [8, 9]. The channels mainly
are 50 um or 20 um deep and width can be in wide range from custom made to individually
fabricated. The chips can be made of borosilicate or dolomite glass and can hydrophobic
or hydrophilic. There are dilJerent ways to make micromodel chips. It can be also made
PDMS based chips, silicon wafer micromodels, etc. Initial models contained a monolayer
of glass beads between two glass plates and done by Chatenever (1952). A plastic sheet
was pressurized between beads by Oxall et al. (1952) to avoid bypass of fluids between
plates and beads, Tsakiroglou et al. (2013). This model did not require any specific pattern
of the porous medium. A micromodel can be reused many number of times compared to
a core. The cleaning system is used to clean a fresh micromodel to prepare it for flooding
experiments like making it to desirable wettability as well as cleaning it after the experiment
is performed.

Experimental set up. The basic requirements are similar for di"Jerent researchers. For
the research the microfluidic system has parts which include inlet for fluids, a pump system
to move these fluids through the microchips along with sensors to determine the pressure
and flow rates at inlet and outlet of the microchips. To visualize pore-scale mechanisms in
two dimensional micromodels camera coupled to an optical microscope is used.

Figure 4 — Schematic diagram of microfluidic set up and picture of set up available

Injection system

Syringe Pump and syringes

The syringe pump such as Harvard apparatus, pump 11 Pico plus elite can be used.
The pump is used to push the syringe holder while an emulsion, brine and oil is filled into
syringes. The flowrates for the experiments are the following:

x The minimum flow rate: 0.0005 pL/min

X The maximum flow rate: 10.0 pL/min

x The minimum pressure: 0 psi

x The maximum pressure: 8 psi

Glass syringes from SGE syringes, in range 100-500 uL were used.

Pressure transducers are utilized to measure pressure differences as well as absolute
pressure at a point. The pressure dillerence is measured between inlet and outlet of the
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micromodels through connection into tubing in and out of these models. The systems
consist of a pressure transducer, a digital interface box and a display to a computer screen.
The pressure is usually measured in bar

Micromodel chip, chip holder, connection tubes. Chip as mentioned above can be
custom made (Dolomite Centre Ltd.) or fabricated in lab. Custom made chip has 6 channels.
In general, only one channel used at a time. It has 2 inlet ports and 1 outlet. It is vital to have
second inlet port, to relief air bubbles coming in to prevent 3 phase flow. Glass chip is placed
in chip holder, tubes are connected to chip holder to inject and discharge necessary fluids.

Figure 5 — Microchip image and chip and syringe available at lab

Data gathering and visualization system

Microscope Nikon SMZ745T or other with high resolution can be used. It should
has high range of zoom from of 0.67x to 5x which provides a broad observation range to
visualize pore scale processes. Microscope incorporates an optical path switching lever that
enables to switch between eyepiece and camera.

High-speed 24-bit colour camera Pixelink PL-B742F is applied to capture images. It has
many features that allows to take pictures each seconds, different colour range, at different
resolution and many other.

To mimic the process well it is vital to use variable wavelength light source. Lumen
1600-LED, Prior Scientific is applied in the experiment for this purpose.

Microscope for packing. Since during the packing that is not necessary to take picture
of the process, for this purpose simple and cheap IQCREW Portable LCD colour digital
microscope by Amscope was used.

Programs used to capture, process, record the data. Captured images processed
by Fiji — imageJ program. ImageJ is a Java-based image processing program developed
at the National Institutes of Health and the Laboratory for Optical and Computational
Instrumentation (LOCI, University of Wisconsin). ImageJ can display, edit, analyze,
process, save, and print 8-bit color and grayscale, 16-bit integer, and 32-bit floating point
images. It supports image stacks, it also can calculate area and pixel value statistics of user-
defined selections and intensity-thresholded objects. It can measure distances and angles.
(wikipedia)

ESI ElveFlow is used to record pressure sensors data.

Pixel link OEM is helped to control and manage the characteristics and properties of
camera to have a good quality image.

Auxiliary equipment. For the polymer preparation magnetic stir was used. For the
proper mixing high speed was chosen.
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To measure basic properties such as density and viscosity Anton Paar viscometer was
available in the lab. The interfacial tension between oil and water, oil and AS solution were
measured by Du -Noily ring tensiometer Sigma 703d (Dyne Testing Ltd). Ph of the brine
was measured by electronic Ph meter.

Experimental procedure used to study EOR methods. Experimental procedure can
be varied in different authors but mainly consist of the following steps:

Assembly the backed bed or fabrication the own micromodel

Displacement experiments for each flooding methods

Image analyses

For our experiment we develop the following procedure:

» Clean the chip and micromodel, change tubes (pipes)

» Pack the bed

» Saturate micromodel with brine

» Calculate absolute permeability

» Saturate micromodel with oil

» Capture image to determine Swi

» Initiate flood experiment

Depending on the flood experiment (Polymer/ASP/SP)

» Start the flood with necessary solution or brine

» Capture image to determine residual oil saturation and recovery factor

Chip Cleaning.

i. The chip holder is cleaned with isopropanol then distilled water

ii. Three pairs of tubing is cut using stanley knife. Each pair of tubing is connected to 2
inlets (A1, A2) and 1 outlet A3 through the rubber seal leading to the channel.

Figure 9 — Schematic diagram of the channel, where bed is packed

iv. The chip is flushed using the isopropanol, then air and distilled water is injected in
sequence to remove the solvents through A1 while A2 is blocked with a syringe to prevent
a back flow. This is repeated until the channel is completely cleaned (verified by viewing
under a microscope).

Packing the bed.

v. The chip holder seal was detached. By using tubing (A1) suspension of sandstone
grains in isopropanol and distilled water mixture is sucked from vial containing it. Care
should be taken to ensure that only a small amount was drawn up as too much sand could
block the tubing. (what happened time to time anyway)

vi. The chip was re-inserted and held in place within the chip holder. A2 is blocked
with a syringe while solution with beads was injected through A1 to push the beads through
the channel. This procedure is altered so that Al is blocked and distilled water is injected
through A2. This is used to push the beads/grains deeper to the channel. The entire process
should be repeated until grains build up and occupy about 1.5 the channel width.
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vii. Once the desired length is achieved, the tubing can be replaced to prevent further
grain injection

Saturate micromodel with brine.

viii. The three tubing should cut and connected to the inlets and outlet of the channel
containing the packed bed. A2 is blocked with a syringe while brine is injected through A1l
by using syringe pump at constant flow rate. To fully saturate the model 100microliter of
brine is injected. During the injection of the brine absolute permeability will be measured.

ix. To measure absolute permeability pressure sensors should attached to the pump-
ing unit, pressure and flow rate should be recorded. To have correct data at least 7 pressure
values have to be measured at different flow rate. To calculate absolute permeability Darcy
equation was used.

< = L
AAP

where, k is the permeability of the packed bed in Darcy; Athe cross-sectional area of the
micromodel um?; AP press drop across the channel; p the dynamic viscosity of the injected
fluid, brine for absolute permeability, oil for relative permeability; L is the length of the
packed bed;

After that to create reservoir condition oil was injected to the micromodel.

Oil injection.

x. While observing under an optical microscope, the packed bed is flooded with crude
oil by injecting through A1 while A2 is blocked with a syringe. This should be continued
until the packed bed is saturated with the oil as evidenced by oil flowing out from the outlet
tubing. The image will be captured to calculate initial oil and water saturation. Images will
be processed on Imagel tool. Based on pixel count initial oil saturation and water satura-
tion can be calculated. (Image processing is time consuming process, therefore could not be
performed during the internship. All image processing work will be start soon)

Next steps is flood experiments. This stage, we divided to the following parts:

— Flow rate screening to find suitable flow rate to mimic process behavior and relation
flow rate and injection fluid interaction;

— Perform polymer flood at different concentration to observe front evaluation and
understand relation between viscous fingering and polymer concentration;

— Alkaline-surfactant flooding then polymer flood to compare with ASP flood;

— To calculate IOR, oil production sequence is designed. Polymer or ASP flood is
designed after waterflood.

1 parameter was changed at a time.

Waterflooding.

xi. The syringe containing brine is fitted to the pump and connected to a long
tubing, which is then connected to A1 with A2 blocked to prevent oil flowing out.
Brine is slowly injected in small amounts through A1 to clean the flow lines of oil from
tubing A1 and A2. A2 is then blocked with a syringe and the pump is started. Brine was
pumped into the packed bed at a constant flow rate 0.0008 pL/min using the Harvard
apparatus.
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xii. Images should be captured just before the brine injection commences and throughout
the duration of injection. The residual oil saturation is calculated through images.

Polymer /surfactant polymer/ASP flooding.

xiii. While being observed under an optical microscope and images continuously
captures, 100microliter of prepared chemical solution (polymer/surfactant-polymer or ASP)
is pumped into the packed bed trough A1 while A2 is blocked with a syringe.

xv. Images should be captured throughout the duration of chemical injection. Front
evaluation, swept area, oil displacement will be calculated from images on Imagel.

Cleaning.

xvi. The chip was flushed with polymer and Decon 90 solutions to remove the remained
oil. After that, isopropanol/distilled water is injected in sequence to mechanically remove
the grains/beads.

After cheap is clean above procedure is repeated for the next experiment.

Experimental procedure for the microfluidic was described above. Additionally, the
following experiments will conducted:

» Polymer preparation

» Measurement of basic physical properties of oil, polymer, brine

» Measurement of interfacial tension for brine-oil, AS-oil

Polymer Mixing.

To prepare the polymer solution mechanical stirrer, scale and a beaker is needed. For
each experiment different concentration and, therefore, different amounts of polymer is
used. For these experiments, brine is used to mix the solution. Solution should be prepared
carefully to avoid any precipitation and polymer sticking. For an appropriate mixing, the
stirrer had to be set up at a speed fast enough to build a very strong vortex. Then, the
weighted polymer will be added slowly by sprinkling it into the wall of the vortex. After 30
minutes of stirring, the RPM was increased to approximately 400 -500 RPM and was stirred
for 3-4 hours. The mechanical stirrer heated up the solution, which also helped to improve
the dissolution process. However, to prevent any blocking of the tubing and channel that
can occur by polymer molecules stacked together or with undissolved particles, the polymer
solution was filtered with filter paper in size of 15micron

Conclusion. Substantial amount of microfluidics works in EOR study has been reviewed.
Many published materials have helped shed light into the advantages and disadvantages of
microfluidics in oil and gas industries. By analyzing these works method of research has
been developed to conduct the laboratory experiment on pre-Caspian basin oilfield. The
main reason of applying microfluidic research is that wide range of study can be performed
in experimental set up. The following studies such as study of flow behaviour at different
conditions, effect of different patterns on fluid flow, interfacial interactions between oil,
water and solutions, wettability effect on recovery factor, relative permeability studies can
be evaluated and visualized. However, because of time limitation only a few of them can
be performed. The study of flow behaviour at different concentration, front evolution at
different flow rate and polymer, SP and ASP flood and their effectiveness and recovery
factors were chosen for further study.

The micromodels are based on many raw materials. Among them the popular ones
are the use of glass micromodels and PDMS micromodels. Based on availability of the
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laboratory the dolomite glass model were chosen. At first, sandstone grains were preferred
to pack the bed, however due to blocking of the channel the glass beads will be applied. It is
possible to design a range of heterogeneity, pore structure and flow patterns.

We will study the displacement mechanism at different combinations and concentrations
of polymer, surfactant and alkaline used for EOR processes. For this purposes polymer
of the SNF company Flopaam 5205 is chosen. As a surfactant a Sodium C14-16 Olefin
Sulfonate, as an alkaline Sodium hydroxide will be used. Different concentration of polymer
and Alkaline-surfactant solutions will be prepared.

For the result analysis images processing tools are required and Image J image processing
software were selected for this work. The experiment and its results will be described in the
next article.
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XUMMUSJIBIK OJJICTEPMEH MYHAN OHJIIPYII APTTBIPYbI
SKCHEPUMEHTTIK MUKPO®JIIOUATI BEPTTEVJIEP XKYPI'I3Y
OAICTEMECI MEH 9ICTEPIH 93IPJIEY

Byn 3epmmeyoiy makcamvl MUKpOMOOeib Hunmepinoe XuMUusiivlk 20iCmepmMen MYHau OHOIpyOl
apmmulpy 20icmemecin 3epmmey YWiH JHCypeiziieen MUKpO-CYUbIKmolK SKCHepUMeHmmepiHiy apmypii
a0icmepin Kapacmulpy 6010bl. JKamnel aneanda, mynai onoipyoi apmmuipyobiy Oiprneute 20ici 6ap, mbl-
canvl, CYIaHoblpy dicane Mukpoguouomsl. Bipinui adicmiy kemwiniei — Heeizel yaciHiy iwiHOe2i azbim
yoepicmepin 6etinecin 6epe armayol. COHbIMEH, eKiHW 20iC MAy HCLIHLICMAPBIHLIY KeYeKmi Opmacol
apKbLIbL CYUbIK ASLIHBIHLIY dPEKeMiH MONbI2bIMeH Oelineney2e MYMKIHOIK bepeoi.

Mymnati on0ipyoi apmuipyovly bemmir-6eicendi 3ammapmen CyAaHobLpy, NOAUMEPLEPMEH CYIAHObLDY
ocone ASP cynanovipy mapizoi apmypii XUMusivlk yoepicmepi MUKpO-CYUbIKMbIK yunmepoe 3epmmeinoi.
Amanean XumMukammap wuKi MyHatiobl bleblCIMbLPY YUIHMUKPOMOOenboepee eHei3inoL. Bynwuki mynaimen
XUMUATLIK 3amMmMapobly 03apa dpeKemmecyit, bl2blCMbIPAMbIH JCIHE bIELICIBIPLLIAMBIH CYULIKMbIKIMAD
apacvbiH0azel WeKapaiblK, GPOHMMbLY AA2A ACHUIICYbIH JHCIHE MYMKbID Caycakmapobly acepin mycinyee
Kemexmecedi. Kepmuexi sepmmeynep CyIaHObIPy HcaA20AUbIHOA KONObIHALAMbIH NOAUMEPOIH, Oemmik-
bencendi 3ammbily JHcIHe CLAMIHIY MUIMOLNICIH, JceKe-JiceKke XUMUKAMMAP YuliH JcaHe onapoblly dapmypii
KOCnanapvl yuis, mycinyee MymKiHOik 6epoi.

Mynaii  6nOipydi apmmulpy 20icmepin  3epmmeyoiy PMypPAi  IKCNEPUMEHMMIK — d0icmemect
Kapacmuipwiizas. Toowcipubenep Hecizinen exi dacmvl monxa 06aiHedi: OIPIHULI MONKA 2e0N02UATbIK
cunammamanapovly CyublKmulKmoly Oepinyine acep emy aoicmepi, an eKineull MonKa j4co2apuvl memne-
pamypa, Jco2apuvl KblCblM, MOMEH HeMece HCO2apbl MY30bLIbIK, JHCOLAPbl MYMKbIP MAll CUAKMbL JPMYPIi
Jrcagoainapoa MyYHauobly bleblCYblH 3epmmelmin dKkcnepumenmmep stcamaovl. Mynatiovl nonumepiep,
oemmik-nonumepnep (PP) owcone cinmini 6emmik-nonumepnep (ASP) epimindinepiven vieblcmulpyool,
01apObIY KeyeKni opmadagvl apeKemmecyi MeH macbIMaI0aHyblH 3epmme) YiH KOIOaHbLIAmbIH 20icmep
Kapacmulpbli2aH.

Tyitin co30ep: muxpoghnioud, muxpomoodens, AOK cyranovipy, nonumepni cynanovipy, Mok, konyen-
mpayusi.
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PABPABOTKA METOJOJOI'N U METOAUKHU ITPOBEJAEHUSA
3KCHEPUMEHTAJIbHBIX MUKPO®JIIONJHBIX NCCJIEJJOBAHUI
XUMHUYECKOI'O METOJA IMOBBINIEHUS HE@TEOTIAUN

Lenv 9mo20 uccied08anus 3aKAUANACL 8 PACCMOMPEHUU PAZIUYHBIX MEMOOON0Ull MUKPOHCUO-
KOCHIHBIX SKCNEPUMEHIMO8, NPOGEOCHHbIX OJisL U3YHeHUs MeMOO08 NOGIUUECHUS He(hmeomoauu Xumuecki-
MU MEMOOAMU HA YUNAx Mukpomooenei. B yeiom, cyujecmgyem HecKoIbKo CROCOO08 U3VHeHUs. MEMoo08
nogwlueHUs Hehmeomoauu, Mmaxue Kak 3a600HeHUe KepHA U MUKPOIouoHoe ucciedosanue. Heoocmam-
KOM nepeoco mMemooa S6JAemcs He8O3MONCHOCTb NPeOCMABUMb NPOYECCbl MedeHUs: GHympu oopasya
kepra. Takum 0bpazom, 6mopoi Memood noMo2aem Ham NOIHOCHbIO GU3YALUIUPOBANb NOGEOCHUE NOMOKA
HCUOKOCU Hepe3 NOPUCIIYIO Cpedy 8 Opode.



Naukenova A. Zh. e. a. Developing methodology and experimental procedure ... 159

Paznuynvie xumuueckue npoyeccyl nOGbIULEHUS He(hmMeomoauu, maxue Kaxk 3a600HeHUe N08EPXHOCTIHO-
AKMUBHLIMU 8EUjeCMEAMU, 3A600HeHUe nonumepamu u 3aeoonenue nonumep/I1A B/wenouw, Oviiu uzyue-
Hbl HA MUKPOJICUOKOCIHBIX YUNax. J{annvle pacmeopsl 6600UlU 8 MUKPOMOOETU 05l GbIIMECHEHUs CbIPOLl
Hegmu, 4umo 6n0CI0CMBUL NOMO2aen NOHAMb 3AUMOOEUCMEUE MeICOY CHIPOU HePMbIO U XUMUYECKUMU
sewecmeamu, NPOOBUNCEHUE PPOHMA MeNCOY BbIMECHAIOUWUMU U BLLMECHIeMbIMU (Daroudamu u 3¢hghexm
63K020 nanvyeodpazoeanus. Busyanvnvie ucciedosanus no3eonunu HaM NOHAMb, Kakoea ¢@gexmus-
HOCTb 3A800HEHUSI NOTUMEPOM, NOBEPXHOCHMHO-AKMUGHBIM GEUECTNBOM U WeLoYbIO N0 OMOESTbHOCIU U
8 CoYemanuu.

Paccmompenvt paznuunvle dKCnepuUMeHmMAaIbHble MEeMOOUKU U3YUEHUsT MEeMO0008 YGenudeHUs. He-
@dmeomoauu. B ocnosHoM IKCnepumMeHmol 0elAmes na 06e 2naghble epynnel: nepeas epynna oxeamavl-
6aem Memoovl GIUAHUA 2CON0CULECKUX XAPAKMEPUCIMUK HA NePeHOC JHCUOKOCTIU, 60 6MOPYIO cPYRNY
OMHOCAMCA IKCNEePUMEHMDBL, U3YYalowue eblmecHenue He@mu npu pasiuyHelX YCI106UAX. MaKuUX Kax
BbICOKASL MEMNEPAmypd, 8blcoKoe 0asneHue, HU3KASL ULU BbICOKASL CONEHOCTb, BbICOKOBA3KASA Hepmb.
Paccmompensvi memoouxu, npumensemvie 015 U3yUeHus GblmecHeHus Hepmu pacmeopamu noIUmMepos,
TIAB-nonumepos (I111) u wenounvix [1AB-nonumepos (ACII), ux gzaumooeiicmsus u nepenoca 6 nopu-
CMbIX cpedax.

IIpoananuzupoeas nHeckoIbKo Menoodo8 NPo8edeHUst IKCHEPUMEHMA U 63518 UX 3d OCHOBY U YUUMbIEAs]
B03MONCHOCTU 1AOOPATNOPUU, UMETOUUXCS PACXOOHBIX MAMEPUALos, ObLia paspadomana Memoouxa npo-
6edenus IKCnepumMenma.

Knrouesnle cnosa: muxpoghnioud, muxkpomooens, ACII 3a600nenue, nonumeproe 3aeo0nenue, KHUH,
KOHYeHmpayus.
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BAPUALIMOHHBII NOAXOA JJIsS1 OLIEHKU PACIIPEIEJIEHUS
TEMIIEPATYPbI TEJIA B ®OPME IIPSIMOYT'OJIbHOT'O
MAPAJUIEJENNNENA IPU BO3JENCTBUM TEMIEPATYPBI,
TEIIOOBMEHA U TEILIOU30JJMUPOBAHHOCTU HEKOTOPBIX I'PAHEI

B cmamve onucano ucnonv3osanue 8apuayuoOHHO20 Memood ¢ npusiedeHuem mMemood KOHeYHblX
9N1eMeHmMOo8 OJisl OYeHKU 3aKOHA PACnpedeleHus. memMnepanypul 8 meie 8 popme npsamoy2oIbHO20 NApai-
nenenuneda. Paccmampusaemes ciyuail, k020a na 0OHOU U3 2PaHU NPAMOY20IbHO20 Napaiielenuneoa
noodeparcusaemcs onpedeieHas memMnepamypd, d Ha NPOMUEONONONHCHOU COPOHE NPOUCXOOUN MENO-
0bMmen ¢ okpyicarouell cpedoti. B coomsememauu ¢ npediodceHHbIM ROOX000M Npediazaemcst AnnpoKCcU-
mupyrowas yyHkyus 6 sude noruHoma mpemueli cmenenu. [iis onpeoenenus 3aKkoHa pacnpeoeieHus mem-
nepamypvl 8 meepoom meie 6 Gopme nPAMOyoIbHOSO NAPALLENeNnUnedd coCmagiaemcs QyHKYUoOHa,
KOMOPYlli COCIMOUN U3 41106, YHUmbvlealowux memnepantypy, meniooomen ¢ okpyscaioueti cpeootl, uso-
TUPOBAHHOCIL 2panell NPAMOY20IbHO20 Napaieienunedd, d Mmakice ecmecmeennvle epaHuinsle yeo-
sust. Munumusupys smom @QyHKYUoHa1 no y3106blM MOYKAM NPAMOY20IbHO20 NapaLielenunedd, onpeoe-
JISIMCA 3HAYeHUe MeMnepantypul 8 JMux y3nax. Janee, no0cmaegisis dmu 3HA4eHus 8 ANNPOKCUMUPYIOULYIO
@yuryuro, nonyyaem 3axkon pacnpedenenus memnepamypul. Ilpu smom ucciedo8ansvl sapuanmol, K020d
OCMAnbHble 2PAHU NPAMOY20IbHO20 NAPALLENEeNnUNedd AGIAIOMC MeNnI0U0NUPOSBAHHBIMU ULU HAODOPOM.
Ocywjecmenena oyeHka 3aKkoHa pacnpeoenenus memMnepamypsl npu pasiuiHbIX KOIU4ecmeax pazoueHus
cmopon npamoy2onvbHo2o napanienenuneda. Kpove moeo, npoussedeno cpasnenue 3axona pacnpeoene-
HUs memnepamypul 015t RPAMOY20IbHO20 NAPALeNenunedd u OIUsKo20 no 2abapumy cmepicHs npu npo-
uux pasmvix ycrogusax. Iloxazansl ux Heanayumenvuvle Omiudus.

Knrouesvie cnosa: memnepamypa, mpexmepuwviil npamoy201bHbllil napaiierenuned, annpoKCUuMayus,
Meni1o00oMen, U30TUPOBAHHOCHIL, Eepioe Meo.

BBenenue. B PecrryOnuke Kazaxcran, B OMKHEM W TallbHEM 3apyOeskbe mpodiemMam
TEIJIONPOBOJHOCTH yAeNseTcs O0oiblioe BHUMaHUe. B crarbe [1] aHaTUTHYECKH cMoOje-
JIMPOBaHa TEIJIONPOBOAHOCTh MEYaTHON MPOBOAHON IJIaThl C BbIJEIEHHEM Tera. B pa-
Oore [2] nccaemoBaHbl TeMIIEpaTypHBIC IO B IDIUTE IS JIJa3epHOTO Harpema. B crarthe
[3] cmoxenupoBana mpobiemMa IBIDKYIIETOCS TayccoBa TEIUIOBOTO IOTOKA, KOTOPBIA BO3-
HHKAeT TIPU CHHTE3¢ IMMOPOITKOBOTO ¢Jiosl. B crarhe [4] mccnemoBana TEIIONPOBOIHOCTH B
TPaH3UCTOPE C UCIIOJIb30BaHUEM OaiiecoBCKOTo moaxoaa. B padore [S] ncciaemoBaHo BIIHs-
HUE€ HEKOHJCHCHPYIOIIETOCS Ta3a Ha TEIUIONMPOBOAHOCTH MPH CTEPHIIN3AINN TTAPOM IO

* E-mail koppecnoraupytomiero aBropa: rysgulkazykhan@mail.ru
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naeneHueM. B crarbsx [6,7,8,9,10] uccnemoBanbl MHOTOMEPHBIE 33a4H TETLIOMPOBOTHO-
ctu. B pabore [10] nccnenoBana cXoaMMOCTb METOAOB ONPEACICHUS TEIIONPOBOAHOCTH B
NPSMOYTOJNBHBIX TUIacTHHAX. B padote [11] mpoBeneHO aHAIMTHYECKOE UCCIIEIOBAHUE CTa-
UOHAPHOH 3a/1a4y TEIUIONPOBOJHOCTH € TIOMOIIBIO JIOKJILHOW APOOHOH Mpon3BoAHOM. B
[12] uccnenoBana TEIUIOMPOBOAHOCTh B TBEPBIX TeNaX, C HEOMHOPOAHBIMU TPAHUYHBIMU
YCIIOBUSIMH, KOTOpPBIE TPYAHO PEIIAlOTCs ¢ TOMOIIBIO KIACCHYECKUX METO0B, TAKUX Kak
MHTETrpalbHbIe TPe0Opa3oBaHus WK paselieHne nepeMeHHbIX. B [13] uccnenoBan Meton
JIOKaJIBHOTO JpoOHOT0 ypaBHEHUs Diiyiepa it mpoOieMbl TeronpoBogHocTr. B [14] pe-
nIeHa npoodiemMa TerIoNPOBOAHOCTH C MIOMOILBIO KOHIICTIH conpoTuBieHus. B [15] pac-
CMOTpEH Tpollecc TeryIonepesayu A IByMepHoro ypaBHeHus lensmronsua. B [16] ana-
JUTUYECKH PEIICHO ypaBHEHHE TEIJIONPOBOAHOCTH ISl SKCIIEHTPUYHOTO chepudeckoro
konbua. B [17-20] 6putn periens! auddepeHuanbHble ypaBHEHUS U TEYSHUS )KUAKOCTH
Y TETJIOTIPOBOIHOCTH.

B [21] uccnenoBano TepMOMEXaHMUECKOE XapaKTEPUCTUKE CTEPIKHS MOCTOSHHOTO Ce-
YEeHUS.

B [22, 23] paccmaTrpuBaeTcsi TOpU30HTAIBHBIN CTEPXKEHb IEPEMEHHOTO CEeYeHHsI orpa-
HUYEHHOH JnuHbL. B paboTe onpeaenstores moje pacrupeesieHust TeMIeparypsl, epeme-
HICHUS, TPEX COCTABISIIOIIMX JAe(opMalny U HaNpsDKEHUH TPU YCJIOBHH, YTO 00a KOHIA
CTEPKHS JKECTKO 3aKPEIUICHBI.

[TpeanoxeHHBII TOAXO/ JIETKO afanTHPyeTCs K 00beKTaM HeNpaBHILHON (YOPMBI U IS
HEOJHOPOIHBIX MaTe€pHUaIOB.

B nanHo# pabote paccmarpuBaeTcst OLIEHKa 3aKOHA pacIipeielieHNsl TeMIepaTyphl Teia
B (opme mpsMoOyrospHOro mapaiienenunena. s 9Toro Mcmoib30BaH BapUAIMOHHBIN
MOJXOJ] B COYETAHWU C METO/IOM KOHEUHBIX 3JIEMEHTOB. JTO MO3BOJISET aBTOMATHUYECKHU
YUHUTBIBATh TPAaHUYHBIE YCIIOBHS.

IMocranoBka 3amaun. Paccmotpum TBeproe Teno B opMme MpsIMOYTOJIBHOTO Mapal-
nenenunena (pucynok 1). Hawano koopAauHAT pacmoioKUM B HMKHEM JIEBOM YIVIE TIpsi-
MOYTOJIbHOTO Tapajuienenumnesna (y3en 0), kak moka3aHo Ha pUCyHKe. BepuHbl HyMepyeM,
HauuHas ¢ y3na 0. PazMepsl MpsIMOYTOJIbHOTO Mapalljiesienuiesia Mo OCsM X,y U Z CUUTaeM
paBHBIMU @, 6 U ¢, cooTBeTcTBeHHO. Ha rpanu (0, 1, 2, 3) npoucxXoauT KOHBEKTUBHBIN Te-
m10o0MeH, a Ha rpanu (4, 5, 6, 7) nonaepKUBaeTCs MOCTOsIHHAS TemIeparypa T+,

Pucynok 1 — Tsepnoe Teno B hopMe IpsIMOYTOIEHOTO MapauIesenuIesia
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ypaBHeHI/Ie TCIUIONPOBOAHOCTU JIA paCCMAaTprUBACMOIo Te€jia UMCECT BU/L

T T T
o )y ) e )70 0
oT oT oT
K.|—I|+K,|— K | — h(T-T,)=0, 2
xx(ax)+ yy ay + ZZ(aZ)S + ( 0) ()
=T 3)

e T — TeMnepaTypa °C; K, K , K_ — koo puunents TCHJIOHpOBOILHOCTI/I 10 OCSM X,
VHZ T °C; h BT . ; S, — MOBEPXHOCTH B M’, T/I€ 3a/laHa
TeMnepaTypa T S, — HOBEPXHOCTh, B M IJIe HPOUCXOAUT Ternooomen; T . — Temrmeparypa
OKpY’KalolIel cpesipl,.

VYpaBuenus (2) u (3) ABIAIOTCS TPAHUYHBIMU YCIIOBUSIMU, TIPHYEM ypaBHEHHE (2) XapakTe-
pU3yeT KOHBEKTHBHBIN TeriooOMeH Ha rpanu (0, 1, 2, 3) mpsaMOyToIpHOTO MMapajuIe/Ieeaa
(romane S|, a ypasHenue (3) — TemMIeparypy, 3a1aHHyto Ha rpauu (4, 5, 6, 7) — (omap S,).
VYpaBHenwue (3) Ha3pIBACTCS ypaBHEHUEM TIEPBOTO POJia, a (3) — ypaBHEHHEM TPETHETO pojia.

3agavya 3aKII04aeTcsl B HAXOXKACHUH 3aKOHA paclipeleieHus] TEMIepaTypsl B TBEPAOM
Tese GOpPMBI IPSIMOYTOJILHOTO Mapajuiesenunesa.

Mertoa pemeHusi. J[Jist penieHyst OCTABJICHHOM 3aa4u:

1. ChopmupoBaH GYHKITHOHAI TTOTHOM TETUIOBOM HEPTHH, XapaKTSPU3YIOIINN UCCe-
JTyeMBIii TIPOTIECC C yUETOM BO3JIEHCTBUS TEMITEPaTyPhl M HAIWYHS TETNIO00OMEHa Ha TIPOTH-
BOTIOJIOXKHBIX T'PaHSAX MPSMOYTOJIBHOTO Tapajuienenurieaa. lpyrue rpanu mpu 7ToM MOTYT
OBITH TEMJION30JMPOBAHHBIMH U HETETIJION30JIMPOBAHHBIMH.

2. PazpaboTan MeTo/ IMCKpETH3aIMH Tesa B (popMe MPSIMOYTONIBHOTO Tapauieehie/a.

3. Pa3pabotan MeTo MOCTPOCHHS aNPOKCHMHUPYOIIETO TIOJIMHOMA TeMITEPaTyphbl OT
TpeX MepEMEHHBIX.

4. IlocTpoeH (pyHKITMOHAT MOJHOW TETUIOBOW DHEPTUHU C HUCIOJIh30BAHHEM TIOCTPOCH-
HBIX alIPOKCUMHPYIOLIUX TOJTMHOMOB OT TPEX NEPEMEHHBIX U C YUETOM AMCKPETU3ALIH.

5. Pa3paboran MeToJ1 IOCTPOCHUS pa3pellaroluX CUCTEM JIMHEHHBIX aJIre0pandecKux
ypaBHEHUH, OCHOBAaHHBIM Ha MUHUMU3AIMN MOCTPOSHHOTO (PyHKIIMOHAA, YUUTHIBAIOLIHH
€CTCCTBCHHBIC I'PAHUYHEBIC YCIIOBUS.

6. Pazpaboran MeTos pemeHns MOIYYeHHBIX pa3pemalonifuX CUCTeM JIMHEHHBIX ypaB-
HEHUH.

7. PazpaboTana nporpamma Ha si3bike Python amst onenku 3akoHa pacrpeesnieHus TeM-
neparypsl Tena B hopMe IpsMOYTOJILHOTO Mapajuieenunesa.

ComtacHO BapHallMOHHOMY TPHUITUILY, PEIIeHNEe paccMaTpUBaeMO 3a/1a4r SKBUBAJICHT-
HO MUHUMU3anuA (QyHKIroHama [1]:

= @rf,, @ro o mrod
R E-BET Y By B B S

i @)
js ST =T dS =0+, 4 +J,
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Jiist mpsIMOYTONIBHOTO Mapaenenuiena Gopmyna (4) nmeer BUIL:

1abcD @1 @rd . @Erid
=2b k) BB ETS BB B B

gJ.OaJ.Ob(T _To(:)zdxdy|z:0 = Jl + JZ + J3 + J4

)

Kornma GokoBble rpaHH MPSIMOYTOJIBHOTO Mapasulelienuie/a He TeIIOM30JIUPOBaHbl K
¢dyHKIOHATY J, TOOABISIOTCS CIIEAYIOIIUE YICHBI:

Js = gj.oa.,‘oc (T _TOC)ZdXdZ| y=0"
Jg = gfoa.[;(T _Toc)dedZ|Y:b ! (6)
b=l T ol

TR

rne J, J, J, J, — xapakrepu3yror Teruooomer Ha rpansx (0, 1, 4, 5), (2, 3,6, 7), (0, 2, 4,

5276 7 T8
6), (1, 3, 5, 7) mpsIMOYTOJIEHOTO TapaJuIesIeTnIiea, COOTBETCTBEHHO.

B 510M cirydae oOuimit pyHKIHoHa paBes J = z, oY .

Js muanmuzanuu ¢yHkouoHana J remneparypa 7(x .y, z) amnpoKCUMHUPYEM MOJIHHO-
MOM OT TPEX MEPEMEHHBIX:

T(XY,2) = 0o (X,Y,2)* Ty + &, (X, Y, 2) * T, + 0,(X,y,2) *T, + b,(X,y,2) * T,
+0,(XY,2)*T, + s (X,¥,2) * T + b (X, Y,2) *Tg + &, (X,y,2)* T,
—a<x<a; b <x<bh;, —c<x<g,

Tne, @,(x, ¥, 2), ¢,(x, ¥, 2), 0,(x, ¥, 2), Q3(X, ¥, 2), @,(x, . 2), @4(x, ¥, 2), @y, ¥, 2),
@.(x, y, z), onpeiensiorcs Kak B pabore [24].
Huddepentupys (7) mo nepeMeHHHM X, ¥, Z, IOJY9HM:

(7

gl 27 aq)l
Ilax i,
7 a(p
- —iT 8
Z.lay . ®)
ol 27 a(pl
=1 9z T
e a&:(_£+i+1_£),
ox a ac ab abc
%_(_£+i+1_£)
ay \ b bc ab abc)
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0z ¢ bc ac abc

%_(l_i_i+£)
ox \a ac ab abc)’

%_(_L+£)
gy \ ab abc)’

%_(_Lﬁ)
0z ac abc)’

99, _y ¥

ox  ab abc’
a0, 1 z X, X

8&:(_& hi_ﬁ),

90, Y X
0z bc abc’
99,y vz
ox ab abc’
99, _ x Xz
dy ab abc’
99, Xy
dz abc’
9, __z y2
ox ac abc
00, 2, X
ay bc abc

9. 1y, x

dz ¢ bc abc’

00, 7 yz
ox ac abc’
Jdp; Xz
9y abc’
00, X Xy
9z ac abc’
90 __ ¥z
ox abc’
dos _ Yy xz

9y bc abc’



Tawes A. A. u dp. BapuayuorHulii nooxo0 05t OYeHKU pacnpeoesieHust memMnepamypbi ... 165

99 _ 1 _xy
dz bc abc’
99, _ yz
ox abc’
99, _ x2.
dy abc’
907 _ %Y
dz abc’

Beipaxkenne mist ¢pyHkumoHana J momydaercs mnocie noxacrtaBieHus 7 w3 (7) u
(8T oT oT
ox ' dy oz
Python, BeIpaskeHHE KOTOPOH 3A€Ch HE MPUBOAUTCS M3-3a TPOMO3IKOCTH.
s Munumusanuu pynkuuonana J nuddepenuupyem ero mo nepemeHnbm 1, — 7, u
NpUpaBHUBAEM K HYIIO. B pe3ynsrare momyyaeM cucTeMy JIMHEHHBIX YPaBHEHHH OTHOCH-
TenbHO nepemennbix 7, — 7. Ilpu oToM, ecnu Ha rpanum (4, 5, 6, 7) Temneparypa 3a1aHa

] u3 (8) B (5). OHO BBIYUCIISACTCS C UCIOIB30BAHUEM MOAYJS Sympy s3bIKa

(T4 =7, T,=T,,T,=T,,T, =T, ) , TO TIOJTy4aeM CUCTEeMY JIMHEHHBIX ypaBHEHUH OTHOCH-

TenbHo T — T,.

Pemienne nmomyyeHHONW CHCTEMbI YPaBHEHUH MO3BOJISIET ONPEACTUTh 3HAYCHHSI TEMIIe-
parypbl B y3JI0BBIX TOUKaX MPSIMOYTOJILHOTO Mapajuiesnenuneaa. [lonctapmsist 5Tu 3HaUYCHUS
B (7), IOIy4nM 3aKOH pacHpeeeHus TEMIIEPaTyphl B IIPSIMOYTOIBHOM Mapasuieienumnese.

Bce 3Tu pacueTsl ObIIM MOTYYEHBI C HCIOIB30BaHUEM NIPOrPaMMBbI, pa3paboTaHHON Ha
A3bIKe ITporpaMMupoBanus Python.

IIpakTHyeckas peanusauus. [y NpaKTHIECKOW pealn3aluyl MPEIJIOKEHHOTO MMO/-
xoJia Oblia pa3paboTaHa mporpamma Ha si3bike Python. B kadectBe mpumepa Obu BRIOpaH
KyO (PucyHok 2) co cnenyrommmMy HCXOJHBIMH JaHHBIMU:

a =0.06m, b =0.06m, ¢ = 0.06m, Kxx = 7500 —2Z

M°C’

T =40°C, T = 150°C, h = 100000 _BT

oc MzoC N

Pucynok 2 — Tepnoe teno B hopMe Ky0a, COCTOSILETO U3 OJHOTO 3JIEMEHTa
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Ecnu yncrno pazoueHmii npsiMOyTroJbHOTO NMapasieNenuIieia Ha JIEMEHTHI TI0 OCSIM X,
1 z 0003HAYMM KakK mX, m)y W mz, COOTBETCTBEHHO, TO JJIsl Ky0a UMeeM mx = my = mz = m.

Bsenem maccusnl Temmneparyp 71[0,8], 72[0,27], 73[0,63], 74[0,124], cooTBeTCTBYIO-
IIME y3JIOBBIM TOUKaM Ky0a JJisl KoJindecTsa pa3oueHuii m = 1,2,3,4, COOTBETCTBEHHO. 3Ha-
YEeHUsl TEMIIEPATyp B Y3JIOBBIX TOYKaX KyOa JJisl TEIUIOM30JIMPOBAHHOTO CITydasi OKa3alKch
paBHBIMU

1) mpu m =1 (pucyHok 2):

71[0,3]=101.11, T1[4,7] = 150;

2) npu m = 2 (puUCyHOK 3):

72[0,8]=101.11, 72[9,17] = 125.55, T2[18,27] = 150;

Pucynok 3 — Teepnoe Teno B hopme KyOa npu pa30HEHUN Ha 8 3JICMEHTOB

3) mpu m = 3 (pUCYHOK 4):
73[0,15] = 101.11, 73[16,31] = 117.4, T3[32,47] = 133.7, T4[48,63] = 150;

Pucynox 4 — Teepnoe Teno B popme KyOa rpu pa3dueHnn Ha 27 SIIEMEHTOB

4) pu m = 4 (pUcyHOK 5):
T4[0,24] = 101.11, 74[25,49] = 113.33, T4[50,74] = 125.55, T4[75,99] = 137.77,
74[99,124] = 150;
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Pucynok 5 — Tsepnoe Terno B hopme KyOa npu pazorennn Ha 125 snemenTa

3aKOHBI pachpeeICHUs TeMIEPaTyp sl TeIUIOM30JIMPOBAHHOTO Cliydast, pu m = 1,
m=2,m=3um=4 nony4uIuch OTNHAKOBBIMH, COOTBETCTBYIOIINE PSIMOU THHUU MEIKITY
toukami (0, 90) u (0.015, 100) (pucyHok 6).

Pucynok 6 — 3aKoHbI pactpeielieHHs] TEMIIePATYPbI JJIsl TETIJIOU30INPOBAHHOTO CITydast
mpum=1,m=2,m=3um=4.

W3 pucyHka 3 BUIHO, YTO 3aKOH paclpeneiaeHus rTemneparyp msim=1,m=2, m =3 u
m =4 B TETTOM30JIMPOBAHHOM CITy4ae MOJTHOCTHIO COBIIA/IAET.

N3 nannbix 74[0,124] BUIHO TaKKe, YTO MPU TEILIOM30JMPOBAHHOM CIydyae TeMIlepa-
Typa B CEUCHHSIX KyOa, MEepPIeHINKYIIPHON OCH Z, OJJTHAKOBA.

3Ha4YeHNS TEMITePaTyphI B Y3JIOBBIX TOUKAaX KyOa /I HETETJION30JINPOBAHHOTO CITydas,
kornam=1,m=2,m=2um = 4 NOTy4YUIUCh PABHBIMU:

3akntouenue. CoriiacHO BapUAIMOHHOMY TTOIXOY TONYYeH OOImuni (pyHKITMOHAT AJIs
Tena (popMbI IPSMOYTOIBHOTO TapalieNiennue/ia TPy BO3ICHCTBUN TeMITEpaTyphl Ha He-
KOTOpBIE TPaHU M TEIJIOOOMEH Ha MPOTHUBOMOIOKHOMN rpanu. [Ipu sTOM ocrampHBIE Tpa-
HU CYHTAIOTCS TETUIOM30JIMPOBAHHBIMA. MUHUMH3AIMEN MMOTyYeHHOTO (DYHKIIMOHANA I10
TEeMIIepaTypaM y3JIOBBIX TOYEK PSIMOYTOIBHOTO Mapajuieenuneaa cOpMUpPOBaHa CUCTE-
Ma JIMHEHHbIX ypaBHEHUH. PemieHue 3Tod cUCTEMbl MO3BOJMJIO IMOJYYUTH TEMIIEPATypy
B Y3JIOBBIX TOYKaX MPSIMOYTOJIHHOTO TapajlieNenuIenia, a moJICTaHOBKa dTUX 3HAYeHUH B
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(hopmyity, IPeIOKESHHOHN MOJMHOMHUAIBHOM alllPOKCUMAIIUH, BEISIBUTH 3aKOH pacrpesierie-
HUS TeMIIepaTypsl B Tesie (hopMe MPSIMOYTOIBHOTO MapaiieieuIea.

Ocyl1iecTBiicHa MIPAKTHYECKAs pean3alus pa3padoTaHHOTO MMOIX0/a /il KOHKPETHOTO
prMepa, KOrja Ha OJIHOM U3 IpaHu MPSIMOYTOJILHOTO Mapaijie/ieuIIe/ia MoJIePKUBACTCs
MOCTOSTHHASI TEMIIEPaTypa, a Ha MPOTUBOIOJIOKHOW MPOUCXOUT TEIJIOOOMEH C OKPYKak0-
et cpenoit. [Ipu 3ToM cumMTaeTcs, 4To OCTaIbHBIC TPAHH MapaAJLICISITUIIC/A TEIIOU30JIH-
poBanHbIe. [Ipu 3TOM paccMaTpuBaIKCh CiIydad pa3OUEHUs PSIMOYTOJIBHOTO Mapasuiesie-
IuIe/a 1mo ocu z Ha 1,2 u 3 snemMeHTa.
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TEMITIEPATYPA, )KBLTY AJIMACY )KOHE KEMBIP BETTEPIIH, )KbLITY
OKIHAVYJIAY OCEPIHE YIIBIPAFAH KE3JE TIKBYPBILITHI
HAPAJUIEJIEITIMIIEA TYPIHAE AEHE TEMIIEPATYPACBIHBIH
TAPAJIYBIH BAFAJIAYFA APHAJIFAH BAPUALUAJIBIK TOCILJI

Maxkanaoa mikOypwiuwmel napaiieienuned mypiHoe OeHede memMnepamypamvly mapany 3aHblH
bazanay axvipivl snemeHm 0ICiH KONOAHA OMbIPbIN, 8APUAYUATBIK 20ICMi KONOAHY CUNAMMALLAH.
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TikOypoluimel napainenenuneomiy 0ip ocasvlHoa Oencini Oip memnepamypa cakmaieaw kezoe, i
Kapama-Kapeol JHCagblHOA KOPWAAH OPMAMEeH JICbLLY aimacy 0012am #ca2iaiioa Kapacmulpbliaobl.
Yevinvinzan macinee caiikec yutinui 0apesiceni KOnMyuenix mypiHoe JcyblKmay QyHKYuscol YCblHbLLAObL.
TikOypouumul napanieienuned mypinoe Kammul 0eHeoe Mmemnepamypanvly mapany 3aybli aHblKmay
Yuin PYHKYUOHAN KYPBLIAObL, O] IMEeMNepamypanbl, KOpUagan opmameH JHeoliy aimacyobl, MikOYpoluumyl
napanieirenunedmiy bemmepin OKULAYIAYObl, COHOAU-AK MAOUSU UWLEKAPATBIK HCAR0AUIAPObL eCKepemiH
Myuenepoen mypaowl. By (hyHKyusiibl mikOypoluimol napaiieienunedmiy myuiHoik HyKkmenepi apKblivl
asatimy ocvl mytiHoepoe2i memnepamypa MaHOEPIH aHbIKMAatiovl. Opi Kapatl, 0cbl MaHOepOi HCYbIKmay
DYHKYUACHIHA aybICbIpa OMbIpLIN, 613 MeMnepamypaHvly mapany 3aHbiH a1ambl3.

Convimen kamap, mikOypviuumul napaiierenunedmiy Kaiean bemmepi Jcoliy OKULAYIAH2AH HeMece
Kepicinue 6onean ke3de Hyckanap zepmmenoi. TikOypviiumsl napaiieienunedmiy Oyuipiepin 601yoiy
opmypni canvl Ke3inde memnepamypanvly mapany 3aquin 6azanay sxcyseee acvipuliovl. Convimen Kamap,
MIKMOPMOYPLIUMbl NAPAILETeNnUNned Yin memMnepanypanvly mapaiy 3anbl Jdcone 6acka 3ammap mewy
bonzan Kezoe JHcaKbii 03eK canvlcmulpbiiobl. Onapobly WamManbl AubIPMAUbLILIKINAPSL KOPCEMIN2eH.

Tyiiin ce30ep: memnepamypa, yui oauemoi mikOYpvluimol napaiienenuneod, JHyblKmay, Jicobliy al-
macy, oxuiaynay, Kammal.
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A VARIATIONAL APPROACH FOR ESTIMATING THE DISTRIBUTION
OF BODY TEMPERATURE IN THE FORM OF A RECTANGULAR
PARALLELEPIPED UNDER THE INFLUENCE OF TEMPERATURE,
HEAT EXCHANGE AND HEAT ISOLATION OF SOME FACETS

The article describes the use of a variational method involving the finite element method to estimate
the law of temperature distribution in a body in the form of a rectangular parallelepiped. The case is
considered when a certain temperature is maintained on one of the faces of a rectangular parallelepiped,
and heat exchange with the environment occurs on the opposite side. In accordance with the proposed
approach, an approximating function in the form of a polynomial of the third degree is proposed. To
determine the law of temperature distribution in a solid in the form of a rectangular parallelepiped, a
functional is compiled, which consists of terms that take into account temperature, heat exchange with the
environment, isolation of the faces of a rectangular parallelepiped, as well as natural boundary conditions.
Minimizing this functional, the temperature values at these nodes are determined by the nodal points of a
rectangular parallelepiped. Further, substituting these values into the approximating function, we obtain
the temperature distribution law. At the same time, variants are investigated when the remaining faces of
a rectangular parallelepiped are thermally insulated or vice versa. The temperature distribution law is
estimated for different amounts of partitioning of the sides of a rectangular parallelepiped. In addition, a
comparison of the temperature distribution law for a rectangular parallelepiped and a rod close in size,
other things being equal, was made. Their minor differences are shown.

Keywords: temperature, three-dimensional rectangular parallelepiped, approximation, heat transfer,
isolation, solid.
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BIPTEKTI BOJIBTEPPA UHTET PAJIJIBIK TEHJEYIHIH IIELIIMIH
AHBIKTAY

Maxkanaoa Bonvmepparuly exinuii mexmi unmezpaniovl meyoeyiniy wewimi oap 601amvliHObIZbIHbIY
anvikmay cypagmapul sepmmendi. Humezpanovix menoeyee i30eniH0i QyHKYUus MeH OH HcaKmazvl
yuryusnbl ayvicmolpy Kondawowvl. Ocvl ayblcmvlpy KOIOAH2AH COH, MeHOey S0POCbl «Cbl2blAMAb
emecy unmezpanoviy menoeyine xendi. JKanadan anvinean menoeyze Jlannac mypnenoipyin Konoauein,
Kapanativim 6ipinui pemmi oughpepernyuandviy meyoeyee keimipinodi. Byn menoeyoiy ueimi anblKmanobwl.
bepineen 6ipmexmi emec unmezpanovix meyoeyee calkec Kelemin Oipmekmi uHmezpanobix meyoeyoiy
wewimi atikbln mypoe mabwvliovl. bipmexmi unmezpanovix menoeyoiy oepoec Hca0auiapsl HeaHe OHbIH
k napamempiniy apmypni monoepinoezi wewimoepi scazvlnovl. [Lewinoepi donamovin unmepanoviy
menOeynepdiy Kkiacmapvl anvikmanovl. Cuneynapivl unmezpanovik menoeyi [1-2] ocymvicmapwinoa
Kapacmuipbiieat. On unmezpanoviy menoeynepoiy 0e s10pochl «CblebLIMAbLL eMecy, Oipak menoey e32eue
mypoe bepineen. CoOHObIKMAaH 3epmmenin OmvlPean HCYMblCma wewimoepiniy oap 601ybiubly Kiaccma-
pbl ©32eue mypoe aHbIKMAan2aH.

Tyiiin co3dep: beccenv ghynxyuscul, unmezpanovix onepamop, «CuleblIMaibl emecy Aopo, Jlannac

myprenoipyi.

Kipicne. Kozipri cannbplk TeXHOIOTH AdyipiHAe OaiinaHbic (KOHTAKT) TEXHUKACHIHBIH
KoJfany asicbl oTe keH. COHIBIKTaH, OalaHbIc )KYHeciHe naia 60naTbiH TepMO(QHU3UKaIBIK
mpolecTepi 3epTTey aBTOMarhka MEH Oakpliay-ejiley aclanTapbIHIAFbl, JSHEKepIiey
TEXHOJIOTUSICBIHAAFBI, JIEKTP JKaObIKTapbIHAAFbl OalJlaHbIC IEMEHTTEpPiHiH Heri3ri 6o-
JBIT TAOBUTATHIH 9PTYPIl KYPBUIFbIIAPAAFEl KaHa JKETICTIKTepAiH aJfbIapTsl OO Ta-
Obutaabl. DIEKTp OalyIaHBICBIHBIH JKbUIAAMIBIFBIHBIH KOFapblUlayblHa OaiIaHbICTBI, SSFHU
MPOIECTIH KbICKa Mep3iMiHJe OaiaHbIc KYHECIHIH TeMIepaTypaliblK OpiCiH KoHE OHBIH
YaKbIT OOMBIHIIA ©3repy AWHAMHUKACBHIH J9N1 aHBIKTAy TKIpHOENiK TypAe MYMKiH emec.
CoHIBIKTAH AIEKTPOATAP apachIHAAFbI JKbUTY JKOHE Macca alMacy MpOLEcTepiH 3epTrey
KaxeT. byt 3epTTeynepi Kyprizy Ke3iHae TeMieparypaliblk epicTi 3epTTey KaKeTTUIIr Ty-
BIHJANIBI.

[ekapachl *KbULKBIMAJIBI O0JIATBIH 00IbICTa MapaboaiblK TeHACY YIIiH MIEKTIK ecen-
Tep KJIACCHUKANIbIK eCenTepleH aine Kaiaa epekwmeneneni. Lllektik ecentepre >Kbuty mo-
TEHIMAIaphl SJICIH KOJIJIaHy apKbLIbl SKiHII TeKTi Boimbreppa MHTErpaiblK TCHICYiHE
Kenripyre OoJasl.

3eprrey omici. byn makanana exiHmi TexTi BombTeppa uHTErpanaplk TeHICYiHIH
HIeniMiHiH 0ap eKeHAIrH aHBIKTAay OHE 0ChI TCHACY/IH IIEIIeMICPiH 3ePTTey MaKcaThIHAa
Ka3bUIFaH.

bisre exinmni texTi Bonereppa nHTerpanabsik TeHaeyi Oepinren

* E-mail koppecroraupyroiero aBropa: erasl-79@mail.ru
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t-1

e % .y(t)dt—

a gt 1
Vmwfifff— N

kafj\f —¢ 4 Ly(n)dT= f(t),

MYHJAFbl k — TYPaKTHl OH LI1aMma, f(7) — OeplireH QyHKIHS.

Byn wuwHTErpangplk TeHIEydep OCBTIK CHUMMETpUsiMeH OepinreH, Oip emmemui
TYPaKCBhI3 KbUTYy MPOLECTEPiHIH JaMyblH CHIATTANTHIH MICKTIK MIapTTapbiMeH OepiireH
JKBUTYOTKI3TIIITIK TeHICYASPAl mienry OapbIChIHA Makiaa 0oabl.

(1) KunTerpanabik Tenaeyai 1ugepeHunaiibiK TeHaeyre Kearipy

(1) Tenneyni keneci Typae JKa3blIIl aTaMbl3:

v(t) 1 5
—e4a —=e* .y(1)dt -
RN v =t RS o
1 ¢t 1 5 f(t) —
———| ——=1—=&% V(1) pdT=—="e%",
kaﬁjot\/t—r{x/? ( )} Vi
(3) aybICTBIpY/Iap/Ibl )KACAFAaHHAH KEHiH
1 .= 1 ..
—e*y(t) = v (t), —=e* f(t)=f(t 3
T (1) =v,(t) T (t) = f.(t) €)
(2) Tenaey keneci Typre Kelnesi
a v 1 1 ¢ 7
Vi) -——| — vy()dt——= | —-v,(r)dT =t f,(1).
O m i e L et
HeMece
a t 1 1 1
tvt)-——| —-v,(0)d1—-———=| —= v, (71)dt= 1,(1). 4
O i e e = 1O ®

mynzarer f, (1) =tf () .
Wnrerpanasik oneparops! yauikeis ¢yuxumsumap Vi(t) € C(0;+e0)  knacemna spexer
ererin sapockl K(t,T) 6ap Teney 601aThIHBIH ecKepeMmis.

1 1 T

K )_2JE tVt—1 ka\/?tx/t—

OJI EKTEIMETeH.
(4) Temmeyre KepCeTUITeH OENTUIeyJaepl €HTri3e OTBIPHIN, Jlammac TypiaeHmipyiH
KOJIZIaHAMBI3

vi(p) = | V()& Pdt v, (©) + va(p);
() =], L)-e dteh®)+T,(p),
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MYH/JIaFbl R
vi(p) =L[v, (O]
f,(p)=L[f,(®)]
bynan
pt=2°,
w1 2 (= _p i
_.e—Ptdt: —-_= -z d =2
Jo \/f dt :2—pzdz \/B 0 € a \/B

tv, () =V (p).

(4) uHTErpaNIbIK TeHﬂey;[i keneci Typaeri nuddepeHmanapK TeHaeyre Keiaemi

W (p)- \F\f vi(p )—W-T-( W ()= T,(p),

eikkan quddepeHnranabK TEHACY I Keleci Typae jkasa alambl3

1
[W ]Vl (p)- \/BVl(p)—f »(P). ©)

BiprekTi chI3bIKThI auddepeHIranabIK TSHISY/IIH HIeHIiMiH Ta0y
(5) CBI3BIKTHI TEHJIEYTE COMKEC KeJIeTiH, OIpTeKTI TeHACY/IIH IISIIIMIH Ta0aMbI3

I:W—llVl(p)— \/_vl(p) 0. (6)

(6) muddepeHTANIBIK TEHACY] Keeci Typre ue 60o1ambr:

1

Cek eVp

o (-3
a

vi(p) = ) (7)

|

MyHarbl C-TypaKThl caH.
Ne149 [3; 272] xone Ne9 [3; 259] dpopmynanapbiHaH, ajlaMbi3:

1
|
—as
e KoooT

=L L
1 1
(S_l)k F(k)
ka

Ocbian kerin Ne29 [3; 261] dopmynacein eckepin xone (7) JlammacteiH Kepi
TYPJIEHIPYiH KOJ/1aHa OTBIPHII, aJIaTbIHBIMBI3:
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1 ©?  _t-a
C (T - a)k

3 I, & @ edt=
F@%ka) 2/mt
1
Ce 1 e 1, ot
E 3 rEQr—a)k e 4 kadT,

:F%Qai 2\/72

v, (t) =

|

1 © ot

Temenneri

1, ¢
(k) =]t (- a)" ‘e wliagr,

€HT13Y/li €HTi3€ OTHIPHII, ATaAMBI3

x|

E L 7 1 (L k). (8)

Ce
r %@ka)i 2 /mt2

vy (t) =

WuTerpanas! ecenteiimiz

1, ¢
|(t,|<)=J'a 1T (1—a)k fewttagr =

- 2 o1
= (t—a)kexpy——+—rdt+
[v - oo]-Toe

- 1y o1
+al t-(t—a)k expi——+—rd7.
-[a (t-2) p{ 4t ka}

[4,2.3.15] (1) popmymnaceiH eckepir, arambl3
11

1 [ [k 2 1t 1 a° [(Ra? -2t [
1tk =T=+1 ex +——-—
CO=TE*HEEE "L "% = %—@@ wzt 5

1

aZ% [Ka? -2t [

+aI'DIDDEPkex = +i—— T
HEERH *PEe " e i Bkva B
=r Xp !t)Zkexp %

@E 2k %Za t
2t ka? — 2t
[rD( )(a\/_] Di(_akﬁﬂ'

Tao6sutran I(t, k) monin (8) epHekke KOMBII, (4) HHTErPAIIBIK TEHIEYTE COMKEC KeIETiH
OipTeKTi TCHICYMIH YKaJIIBI METTIMIH aJlaMbI3;
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1

Cek  (2t)% t  a’

v, (t) = T 2y 3exp{ ——}x
(ka)k 2/mt?

i (e o, (252 |

MyHaFHI [5, 9.241] (2) hopmymnanbl KapaHbI3)

ZZ

T 2

e [V J‘_M e 2xPldx Rep>0
I(p) Jo ’ )

— mapabonanbIK HIHHIP QYHKIHsICH (Hemece Bebep GyHKIMICH).
(3) ayBICTBIpYBIH OpHBIHA KOI7H>IH aNlaThIHBIMbBI3

Cek (2t)2k t t a’
v(t) = T p{ 2——2——}><
(ka)* 2Jnt k’a® 4a® st

1 \/7 2t ka2 -2t
2tD ab || ——1|.
[ ()(aJ—J i(akx/z_tﬂ
Anparan (10) epHeri Oacrankpbina Oepinren (1) Tenaeyre colikec keneTiH OipTeKTi

TEHJICY/IIH KAJIIbI MICIIiMi OOJIBIT Ta0bLIA b,
k = 2 6osran karmaiina. ToxipuOenik TyprblIaH KaparaHaa k = 2 yKarJaiibl e3remie

V(t)ZLes.exp{_Lz_a_z}x
J2an (2t ga” 8t
[\/ﬁ (a ﬁ)
X D

D,(2)="

(10)

(1)

2 V2t a2

2
MyHJarbl [7] hopmyna [9] eckepe OTHIPBITT
2
TZ z
D.(z)=,—K,| —|,
ICRECIE

+aD (i—i)]
V2t av2)]

K(x) — exinmi Texrti beccenb GpyHKIUSICHL
[5,9.247] [5] dbopmynanaH, anaTbIHBIMBI3

D_é(z) zD (z)+2:jj D (z)—

nz® z° z
= Bk 2 | VoK, | 2|,
i (2)- 4 2]
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OHJIa KOFapbl/la KepceTiIreH GopMyanapabl eCKepe OThIPHII

K00 =5 (K 40+ K,y ()

2
Z
(11) popmynamarsl KBaapaT skaKiIaHbIH imingeri epaexrep K, (Z] (YHKIUSCBIHBIH
CBI3BIKTBI KOMOWHAIHMSICHI OOJIBIN TAOBLIA b, MYHIAFbI

o el

JKOHE IIEKTIK KaTblHACTAp/aH, 0alKalThIHBIMbI3
lim z lim a Jt +
= — — —— | = o0,
t—0; t—+oo t—0; t—+e /2t a\/E

Bynan msrareia KOpThiHabl, (11) pyukimscel t € (0;4+e0) Gonran »araaiiia MEKTENTeH
OO0JIBIN TaObLIA b

CoHBIMEH, OCBI IIBIKKaH HOTHXXEPTe CyHeHe OTHIPHII, KeJeCi TeOpeMaHbl allaMbl3.

AJBIHFaH HITHKe. TeopeMma 1. IHTerpainbiK TeHaeY

2

t—1

e 4 y(t)dt—

a t 1
O R

e -v(t)dt=0

Zaf'[\f\/—

v(t) e L. (0;+%0) ¢ynxumsumap knacsaaa (11) hopMynamMeH aHBIKTAIATHIH IIEHIiMIe He.

k =1 6osrran sxarnaiina. k = 1 Gonran sxarmaiina (10) epHEKTEH aaThIHBIMBI3
V(t)—iexp L_a_z X
a~/2ml 4a° 8t

a 2t a 2t
><[x/2_tD_2 (ﬁ_T)JF aD_l(ﬁ—7)]

[5,9.254] (1) xone (2) popmynanapeiaan (12) yurin:

Ce t a’ \/E a2 ot 1
V(t) = ———expd — — — Y [=2texpd T+ — — = ix
® av/2mt IO{46\2 St}[ 2\/_ p{St 2a’° 2}

X\Eexp{l—a—z—i}—(i—ﬁ)erfc(i—£J+
n 4 a? J2t a J2t  a

(12)
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+a\/;expa12 t 1ef \ﬁ—

2 8t 2a’ 2f a

3
—C_ez iexp _L_a_z +£exp i erfc i_ﬁ

avr |Vt 42> 4t ae ' |4a® 2t a)|
Conbimen, k = 1 6omran xargaiina (10) Teraey keneci Typre ue 60mas:
3
V(t) = g iexp _L_a_z +
avm |Vt 4a° 4t

o 3 e[ 2 3t
ae 43? 2\/_ all
OcpbIraH OailnaHbICTHI KeJeci TeopeMa AypbIC OOJIBIN TaOblIa bl
TyxbipbiM. Teopema 2. UnTerpanablk TeHACY

v(t)—zj_j;\/_f{/t_r-exp{—%}-v(t)dr—
R e e A

t
EXD{—E}V(I) €L..(0,+%) ¢dynxumsanap knaceEna xarate (13) dopmyna mremimi

(13)
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OIIPEAEJIEHUE PEHIEHUS OJHOPOAHOI'O UHTEI'PAJIBHOI'O
YPABHEHMUS BOJIBTEPPA

B cmamve uccnedosanvl 6onpocel paspewumocmu Bonbmepposoco unmezpaibHo20 YpasHeHUs 6Mo-
po2o pooa. C noMOwbIo 3aMeH UCKOMOT (DYHKYUU U Npagotll HaCmy UHMeZPAIbHOE YPAGHEHUE CBEOEHO K
UHMEZPATILHOMY YPABHEHUIO, I0PO KOMOPO20 He A8iiemcs «cocumaemviny. C nomoupro npeobpazosanus
Jlaniaca noryuennoe ypashenue cee0eHo K 00bIKHOBEHHOMY OUMDepeHyUanbHOMY YPAGHEHUIO NEPEO2O
nopsoxka. Haiioeno ezo pewenue. Peuiernue 00HOPOOHO20 UHMe2PANbHO20 YPAGHEHUs, COOMBEMCMEYIouje-
20 UCXOOHOMY HEOOHOPOOHOMY UHMEZPATbHOMY YPAGHEHUIO, HATIOEHO 6 A8HOM Gude. Buinucanwvl uacmuoie
Cy4au 0OHOPOOHO20 UHMESPANLHO20 YPAGHEHUs U €20 PeUleHUs: NPU PATUYHBIX SHAYEHUAX napamempa
k. Yxasanol knaccul, 6 Komopwix unmezpanvroe ypastenue umeem peuterue. Cuneyisphvle UHmezpaibHoie
ypasHeHus ovlau paccmompersl 6 pabomax [1-3]. Hx s0pa maxace Obliu «HECHCUMAEMBLY, HO UMENU
Opyeotl 6uUo. B cesizu ¢ amum 6ecogvie KIACCyl Cyujecmeo8anlis peueHss OMaUdaioncst om Kiaccd cyuje-
CMBOBAHUSL PEULEHUs YPABHEHUS, UCCTe0YeMOo20 8 OUHHOU pabome.

Kniouesvie cnosa: ¢ynxyus Beccenst, unmezpaivHbiil onepamop, Kiacc CyujecmeeHHo 02paHUYeHHbIX
Gyuryuil, npeobpazosanue Jlannaca.

ZH. M. TULEUTAYEVA, V. V. ZHUROV, 1. K. KHAIRULLINA

Karaganda Technical University named A. Sagynov,
Karaganda, Kazakhstan
e-mail: erasl-79@mail.ru, zhurvitv@yandex.ru, eliko turchanka@mail.ru,

DEFINITION OF THE SOLUTION OF THE HOMOGENEOUS
VOLTERRA INTEGRAL EQUATION

In this paper, we study the solvability of a second-kind Volterra integral equation. By replacing the
right-hand side and the unknown function, the integral equation is reduced to an integral equation, the
kernel of which is not «compressiblek. Using the Laplace transform, the obtained equation is reduced to an
ordinary first-order differential equation (linear). Its solution is found. The solution of the homogeneous
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integral equation corresponding to the original nonhomogeneous integral equation found in explicit form.
Special cases of a homogeneous integral equation and its solutions are written for different values of
the parameter k. Classes are indicated in which the integral equation has a solution. Singular integral
equations were considered in works [1-3]. Their kernels were also «incompressiblek, but kernels had an
another form. In this connection, the weight classes of the solution existence differ from the class of the

solution existence for the equation considered in this work.
Keywords: Bessel function, integral operator, class of essentially bounded functions, Laplace

transformation.
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