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Beenenue.
MupoBoe HNpPOU3BOACTBO HHEPIrUM HEYKJIOHHO pacTeT, YIABaWBasICh Kaxzawle 5-7 ner. bornee Ttoro,
Oonbme 80% COBpEeMEHHOM SHEPTUM — 3TO TOIUIMBO, HCIIOJIB3YIOIEE HCKONAEMOE YIIIEBOIOPOJHOE

TOTUTUBO. DTa 3HEPTHUs BEIOPACHIBAET B OKPYXKAIOIIYIO CPEly OIPOMHOE KOJIMUYECTBO HE TOJIBKO XMMHUECKUAX
OTXOJIOB, a TakkKe (PU3MUECKUE OTXOMbl B BHJC PaJMallid U OTXOSINEro TeIlia, YTO HEH30EKHO BEACT K
HarpeBy atMocdepst [1].

Cpenn MuUpOBBIX TmpowsBoauTeneil KaszaxcTan 3aHuMaer pgecaToe MeECTO IO JoObue yriis,
OJIHOBPEMEHHO SIBJISISICH KPYITHBIM MOTpeduTeneM yris. Pecnyonuka Kazaxcran 3aHMMaeT BOChbMOE MECTO B
MHpPE 0 MCCJICIOBAHHBIM 3amacaMm yrisi, KOTOphle oreHuBaoTcs npuMmepHo 34,2 mupa. T. (oxomo 4 % ot
00IIEMHUPOBBIX 3aI1acOB). ITOTO JIOCTATOYHO IS TIOJACPKAHUS TEKYIUX TeMoB qo0bsrau Ha 300 ner [2].

Yronb — ABWKyIIas cuia skoHoMuku Kazaxcrana. B Hacrosiee BpeMs J0is YT Ipu TOTpeOIeHnH
SHEPTOPECYPCOB B CTpaHe cocTaBisieT cBoie 60 %. B mepcrnekTuBe oXumaeTcs, 9T0 OCHOBHASI JOJIS YTIIA B
00I1e#l CTPYKTYype JOJTOCPOYHOTO MOTPedSieHNsI OYAEeT COKpallaThCs, OJJHAKO B OJIMXKaiilliee BpeMsl yroib
(Taxke B JTONTOCPOYHOHN MEPCHEKTHBE) COXPAHHUT CBOHM TPECHIIOBBIC MO3WIIMHM B SHEPrETHUECKOM OayaHce
Kazaxcrana [3].

YMeHbIlIeHHE BpPEAHBIX BBIOPOCOB M IOBbIIIeHHE 3()(MEKTHUBHOCTH KOTJIOB MAaJIOl MOIIHOCTH Ha
TBEPJIOM TOIUTUBE OCTAETCs OJHOW W3 BaKHEWIed 3amad B Onwkaiiineid nepcrektuBe. OCHOBHBIMU
(dakropaMu, ONPEACIIAIONIMMH 3HAYUMOCTh JIAHHOTO BOIPOCA, SBJISAIOTCS HE TOJBKO OTKa3 OT
LEHTPAIM30BaHHOTO0 TEIUIOCHAOXKEHNS M YCTAaHOBKA B HOBBIX 3JaHUSAX WHAMBHIYaJbHBIX OTOMUTEIIbHBIX
KOTJIOB, HO U OTCYTCTBHE COBPEMEHHBIX 3(P(PEKTHUBHBIX TEXHUYECKHX PEIICHUN B TEXHOJOTHSAX CXKUTAHUS
TBEPJIOTO TOILIMBA. B WTOre BO MHOTMX TOpOAax HEOOJIBIIME IO MOIIHOCTH KOTEJIBbHBIE, BMECTE C
aBTOTPAHCIIOPTOM, ONPEIEISIOT CTEMEHb 3arps3HCHUS W YPOBEHb MPHU3EMHOW KOHIICHTPAIIMA TOKCHYIHBIX
BemiecTB. BrIOpoc B aTMocdepHBIii BO3yX OTPOMHBIX OOBEMOB MPOAYKTOB CTOPaHHS TOIUIMBA OT KOTJIOB
MaJIOl MOIIHOCTH, MPOMBIIUICHHBIX TeYel, a TaKkKe OTXOJIIIMX T'a30B aBTOMOOWJICH H3MCHSIIOT COCTaB
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atMoc(epHOTO BO3AyXa, MPHONIKAsS KOHIIEHTPAWN BPETHBIX BEIIECTB [0 TPEAETHHO JOIMyCTUMBIX
3HaYeHMH O MMOKAa3aTeNIIM BO3ACHCTBUS HAa OpraHU3M uenoBeka [4].

BoNBIIMHCTBO Pa3BUTHIX CTPaH MOILIH MO APYroMYy IYTH, ONTHMH3HPYS CTCICHb I[CHTPAIU3AIINH,
OHHM CJIeJIalli CBOM BBIOOp Ha JEIEHTPAM30BaHHOE TeruiocHaOxenwe. IIpm Takom momxoie KadecTBO
TEIIOTeHepHUpYIoLIero 000pyaoBaHMs OBLJIO 3HAYMTENLHO YyiydineHo, noBbicuinck KIIJ, ypoBeHb ero
0€30MacHOCTH M aBTOMATHU3AlMU, SKOJIOTHUYECKUE, SPrOHOMUYECKHE, CAHUTAPHO-TUTHEHUIECKUE U JIPyrue
mokazatend. Co3maHa KOMIUIEKCHAsh CHCTeMa YydeTra TIOTPeOJIeHHs SHEPrul BCEMH KaTeTOpHUSIMH
nmoTpeOuTene. BHeapeHb! ambTepHATHBHBIC HCTOYHUKH TEIUIOBOM dHeprun. HopMaTtuBHO-TeXHIUECKas 6a3a
OTIpeieNisuIach U COrJIacoBBIBANIACh C MOTPEOHOCTAMHU M yaoOcTBaMu notpedutens. B pesynbrare Bce STH
MepbI TTO3BOJIMIIN TIEPEUTH Ha HOBEIM 0OoJiee KadeCTBEHHBIN ypOBEHb dHEprocOepexeHrns BO Bcex chepax
SKOHOMUKH, B ToM uncie B XKKX [3, 4, 5].

s MOTHOLEHHOM OLEHKH 3HAYMMOCTH IMPHMEHEHUS! MCKOMAEMBIX YIJIel CHadana cieloBajo Obl
0o0paTUTh BHUMaHHE Ha Pa3BUTHE MpOIECCa CKUTAHUS YISl U COCTOSHHUE alNaparoB, UCHOIb3YEMBIX UIS
3TON 1enn. TexXHOIIOTHS MOCIOWHOTO CKUTAHHWS TBEPAOTO TOIDIMBA M TEXHUYECKHE PEIIeHHUs KOTIOB CO
CJIOE€BBIMM TOIKaMH MOSIBIJIMCH BO BTOpoil monoBuHe XIX - mepBoil monoBuHe XX BekoB (B Poccum 3to
paboter A.B. Buxposa, JLK. Pam3una, B.I'. lllyxoBa, T.T. Ycenko u mHorux apyrux) [6, 7]. B cBs3u c
MIEPEX0/IOM Ha CKUTAHWE TBEPJOTO TOIUIMBA B MBUIEBHIHOM COCTOSHUH, 3TOT TEPUOJ Jall ONpeeIeHHBIN
cOOl B Pa3BUTHH CIIOEBOTO CXKWUTAHUS TBEPIAOTo TOIBa. OpueHTanns Ha HOBOE HAINPABJICHHE MPOIIECCOB
TOpeHHs CHM3WJIAa BHHMAaHHE K CJIOMUCTOMY TOPEHMIO, YTO IMPHUBENO K TEXHHYECKOH 3aJep’KKEe B 3TOM
BOTIpOCE.

B xoTmax maioii MOIITHOCTH 3Ta mpoOieMa perraeTcss JpyTuMHU CITI0CO0aMH B CBSI3H C 0COOEHHOCTSIMHU
YCIIOBUH X IKCIUTyaTalluy U HEOOJIBIIUMH pa3MepaMu 000pyaoBaHus. Bo-BTOpEIX, mociie TpUHATHS 3aKOHA
Pecniyonuku Kazaxcran «O0 oxpane atmochepHoro Bo3ayxa» (ot 11 mapra 2002 r. Ne302) KOHTPOJL HAJ
COOJIFOICHEM JKOJIOTHYECKHX TpeOOoBaHUI ObUT yCHIJIEH, YTO OOYCIOBHJIO Y)KECTOYEHHE HOPMATHBOB IIO
BEIOpPOCY OKCHAOB a30Ta B atMocdepy [8]. B-TpeThux, 00cTyXKUBaIOMIMIA TIEpCOHAN, BKII0Yask PyKOBOACTBO
MPOMBIIIUICHHBIX M MECTHBIX KOTEIBbHBIX, HE HMMEET JIOCTATOYHOM IMOJTOTOBKHM M KBaIM(UKALMU IS
pelIeHns] SKOHOMHYECKUX M JIKOJOTHYECKHX IPOOJIEM, BOZHUKIINX B IMOCIEAHUE TONBL. B TeXHMYeCKuX
JKypHAJIaX 9acTO MOYKHO HAWTH CTAThU IO PA3IMYHBIM ACTIEKTaM MOBBIICHHUS 3()PPEKTUBHOCTH W 3aIUTHI
aTMoc(epsl OT BPEAHBIX BHIOPOCOB MPOMBIIIJICHHBIX W PAallOHHBIX KOTEIbHBIX. OIHAKO pa3po3HEHHBIA U
MOPOH MPOTHBOPEUYMBEHIM XapakTep STHX MyONMKallMii HE B TOJHOM Mepe YAOBIETBOPSIET MOTPEOHOCTH
pabOTHHUKOB KWJIMIITHO-KOMMYHAIIEHOTO XO3SHCTBA B TIIOMCKE COBPEMEHHBIX TEXHOIJIOTUH CXKUTaHHS
TBEP/IOTO TOIUIHBA.

IIpy TpOEKTHPOBaHMM KOTJIOB HCIIOJB3YIOTCS pACUETHBIE 3HAYEHHS] OCHOBHBIX 3HEPreTHYECKHX
XapaKTePUCTHUK YTIIeH, TaKWX KaK HU3MIas TEIUIOTBOPHAs CIIOCOOHOCTh, BBIXOJ JIETYYHX ITOKa3aTesei,
BIIQXKHOCTh, COCTaB MHHEPAIBHBIX MPUMECEH, CBOHCTBO OCTATKOB TBEPJOTO TOILUIMBA U COJIEPIKAHUE CEPBI
VIMEHHO 5TH XapaKTePHCTHKH OIPEIeISIOT JKOJIOTMYECKHE MPOOJIEeMbl, COMYTCTBYIOIIUE CXKUTAHHIO
TBEPJOro TOIUIMBA Ha KOTENbHBIX [9, 10].

H3BecTHO, YTO TBEpIbIe BBHIOPOCH B TPOAYKTaX CTOPAHUS YrOJNBHBIX KOTJIIOB COCTOSIT TJIABHBIM
00pa3oM U3 30JIbHBIX YacTHUIl U HeIOTOpeBIIero yriepoja. CpeaHeroaoBast KOHIIEHTPALXS TBEPABIX YaCTHI
B BO3JIyXe TOPOJICKHX PaiioHOB Konebiercs B guanasowe ot 0,04 1o 0,4 mr/m® [11].

Konnentpanust TBepAbIX YacTWIl B JABIMOBBIX Tra3zax TIocie Komia (Tiepe] 30J0YIOBUTEIEM)
oTpezAensieTcs] 30JbHOCTHIO TOIIMBA, a TaKXE CIIOCOOOM W TpoleccoM Cxkuranus. [lpm cxurannm
OTCOPTHPOBAHHOTO YIJISI B CIOEBBIX TOMKax TONBKO 15-30% TOTUIMBHOM 3011bI ynajsieTcs ¢ MPOAYKTaMu
cropanus [12].

K HemocTaTkaM KOHCTPYKIIMHM TBEPIOTOIUIMBHBIX KOTJIOB JUTUTEILHOTO TOPEHHUS CIEAYeT OTHECTH
Hed((PEeKTUBHOE CXKHTAaHWE TOIIMBA W OTPAaHUYCHHBI OOBEM TOMKH, YTO TPUBOIUT K HEOOXOIMMOCTH
JacTOW 3arpy3ku TorumBa. KpoMme Toro, HabM0maeTcsi OTHOCHTEIHHO OOJIBIION MPOIICHT HEIOXKEHHOTO
TOIUIMBA, OCOOEHHO C OOJIBIIMM COJep)KaHHEM BJaru W OOJIBIION 30JBHOCTBIO, YTO YBEJIWYMBAET
cebecTonmocTs otorutenws [13, 14, 15].

BonbmMHCTBO 00BEKTOB, OCOOEHHO B CEIILCKOM MECTHOCTH, B IIKOJIAX M JETCKUX CaJaX CHa0XaroTcs
HECKOJIBKMUMH BOJOTPEHHBIMU KOTJIamMu Manoil momHocTH Tuna KBTC — 0,2 ams cxuranuss TBEpAOro
TOIUTMBA. AHAJOTMYHBIE KOTJIBI MMEIOT KaMepy CXKWTaHHsS TOIUIMBAa B IUIOTHOM CJO€ W CHa0XarTcs
KOJIOCHUKOBOW cucTeMOi. Takue KOHCTPYKIIMM KOTJOB TOCTE 3arpy3Kd TOIUTMBA HE MOJBEPTaloTCs
VIPaBICHHUIO, TO3TOMY CJEIyeT IPOU3BOJAUTH 3arpy3Ky C Yy4YeTOM TeMIepaTyphl HarpeBa W MpH
HEOOXOIUMOCTH MPOU3BECTH AOTPY3Ky TOoIuMBa. Kpome TOro, KOTJIBL, CHaOXEHHBIE KOJIOCHUKOBOM
CHCTEMOH, TpeOyIOT OmpeieNeHHbIN 3amac BBITSHKKHA BO3Ayxa. llocie 3arpy3ku TOIumBa 0co0O0 MeTKhe
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YaCTHUIIBl TOIUTMBA BMECTE C BO3JyXOM BBITATHUBAIOTCS B aTMocdepy, o0pa3ysi TEMHYIO KOIOTh BMECTE C
BBIXJIOITHBIM Ta30M Tocie 3arpy3kud. OcTaBIIMECS MENKHE 4YacTHIbI Yepe3 KOJIOCHUKOBYIO PEIICTKY
MOMAJAI0T B 30JIBHUK W 0O€3BO3BpaTHO YAAISAIOTCS BMECTE C 30J0d. TakuM o0pa3oMm, moTeps TBEPAOTO
TOILUIMBA B KOJIOCHHKOBBIX KOTJIaX B 3aBUCHMOCTH OT CTEIIEHH M3MeabueHus nocturaet 10 10-15%.

[To3TOMy yCOBEpIIICHCTBOBAHHE KOHCTPYKIIUM CYIIECTBYIONIUX HIIM pa3pab0TKa HOBOW KOHCTPYKITUH
KOTJIOB TAaKUX THUIIOB SBJISCTCS aKTyaJIbHOU 3aJIauei.

MaTtepuaJibl 1 METOABI HCCIeJOBAHUS

B cBs3u C BBIIEU3IOXKEHHBIM TPEUIaraeTcs yCOBEPIIEHCTBOBAHHAS KOHCTPYKIMS KOTia s
MOBBIICHUS Y((HEKTUBHOCTH CKUTAaHUS TOILTMBA B TWIOTHOM ciioe [16]. PazpaboTannas kamepa cropaHus U
KOHCTPYKLMSI KOTJIa MaJIOH MOIIHOCTH B LIEJIOM MMEIOT PSAJ CYIIECTBEHHBIX OTJIMYMN OT CYLIECTBYIOLIETO
BHJIa KOTJIOB.

B npemyiaraeMom BO#OTpeHOM KOTJIE TOIUIMBO 3arpyaroT B HMKHEW YacTH peaklMOHHOM KaMepbl
KOTOPOTO, pa3sMELICH psii TOPU30HTAJIbHO YCTAHOBICHHBIX TPyO Mogadum Bo3xyxa ¢ (OPCYHKaMH, 4YTO
oOecrevyrBaeT MPH UCKIIOYCHUH KOJIOCHHMKA TOTEPH MEJIKUX YacTHIl TOIUIMBA C 3KoHoMuen mo 15-20%.
PangnanbHbeie OTBEpCTHS HA BEPTUKAJIBHO YCTaHOBJICHHBIX (POPCYHKAX, KOTOPhIE MOTYT OBITH BBHITIOJIHEHEI B
JIBa pALa, MO3BOJISIIOT HAIIPABUTh IOTOK BO3AYXa B TOPU30HTAIILHOM HANPABJICHUH 110 BCEMY CJIOIO TOIUIMBA
1 o0ecrieurBaloT OoJiee MOHOE CrOpaHHe 3arpyaeMoro cjios Tommsa. Kpome Toro, HCKIO4al0TCs OTEPH
0c000 MEIKUX YacTHUI] TOTUINBA, YXOASIIHUX C BBITSHKHBIM BO3JyXOM, TaK KaK CKOPOCTB BBITSHKHOTO BO3IyXa
MHUHHMMAaJIbHas. 3a CYET YMEHBIIECHHUs CKOPOCTH BO3IyXa BpeMs TEIUIOOTAAYM YBEIMYUBACTCS, B PEKUME
MAaJIOro TOpeHus MoBbImaeTcs 3 (HEeKTUBHOCTH KOTIIA.

Jns 3TOoro B KOHCTPYKLMH BOAOTPEHHOr0 TBEPAOTOIUIMBHOIO KOTJIA, COAEPIKAILEro KOpIyC U
pa3MelleHHbIE B HEM KaMepy CrOpaHHs, €eMKOCTHOW TEIUIOOOMEHHHK, 3allOJHEHHBIA BOAOH, y3eld Mmojadu
BO3/1yXa, B COOTBETCTBUH CO CXEMOW B HW)KHEH 4acTH peakLMOHHON KaMephl pa3MELIeH psii TOPU30HTAIBHO
YCTAHOBJICHHBIX TPYO MOAauM BO3QyXa, COCIMHEHHBIX C TpyOoM-pacnpenenuTesieM BO3AyXa, CBA3aHHOW C
BEHTHJISITOpOM. [IpH 3TOM TOpU30HTAILHO YCTAaHOBJICHHBIC TPYOBI MOa4YH BO3AyXa CHA0KEHBI BEPTUKAIBHO
YCTAHOBJICHHBIMU (DOPCYHKaMH C paiualbHBIMH OTBEpCTHSAMU (pHCYHOK 1). PammanbHble oTBepcTusi Ha
(opcyHKax BBIIOJHEHBI B Ba psAAa. B mpeayaraemMom BomoOrpeiHOM KOTIIE, B HXKHEH YacTH PeakLMOHHON
KaMepbl KOTOPOTO 3arpyXaroT TOIUIMBO, Pa3MelleH psiJi TOPU3OHTAILHO YCTAHOBJICHHBIX TPYO TOJauM
BO3/yXa ¢ (hopcyHKaMu, 4TO 0OecreuynuBaeT NPy UCKIIFOUEHIH KOJIOCHUKA TOTEPI0 MEJIKUX YaCTHIL TOIUIMBA C
sxoHomuel 10 10-12%. PaguanbHble oTBEpCTHS HA BEPTUKAIBHO YCTAHOBICHHBIX (POPCYHKAX BHIIIOJHEHBI B
JIBa pAla, MO3BOJIAIOT HANpPaBUTh MOTOK BO3JyXa B TOPU3OHTAIBHOM HAIlpaBIIEHUH 10 BceMy cior. M 3to
obecrieunT OoJiee TIOJHOE CrOpaHUe 3arpy>KEHHOTO CJIOsl TOIUIMBA, 3a cueT yero nosbimaercs KIIJI kotia.
Koten comepxxut kopmyc 1, kamepy cropaHusi 2, eMKOCTHOH TEIUNIOOOMEHHUK C BOJIOH 3, COENMHEHHYIO C
naTpyOkamu 1o/1Bojia 4 W 0TBOJIAa 5 BOMBL. B HIDKHEH 4acTH peakIMOHHOW KaMephbl 2 KOTia pa3MelieH psl
TOPU30HTAIBHO YCTAHOBJICHHBIX TPYyO IOJaud BO3ayxa 6, COCIAMHEHHBIX C TpyOoi-pachpeenuTeieM
BO3/1yXa 7, CBI3aHHOI C BEHTWJIATOPOM § U 3JIEKTpoABHUraTeneM 9. I opH30HTaIbHO yCTAaHOBJIEHHBIE TPYObI
nojauyd Bo3Ayxa 6 CHaOXXEHbl BEPTUKAIBHO YCTaHOBJIEHHBIMH ¢opcyHkamMu 10 ¢ paanaisHBIMU
orBepctusimu 11. B GokoBoil wactu xopmyca 1 BbIosHEH mpoeM 12 as 3arpy3kd TOIUIMBA, OYHUCTKU OT
301161, OOCTyKMBaHHUS KaMepbl cropanus 2. B nmpoeme 12 ycranoBnena repmerudnas asepua 13. IIpoaykTsr
CropaHusl yAaISIOTCS M3 KoTia dvepe3 mnatpyook 14. BomonarpeBaTenbHBIM TBEpIOTOIUIMBHBIA KOTENT
pabotaet creayromuM o0pa3oM. TOIIIMBO B KaMepy CropaHus 2 3arpyKaroT depe3 mpoeM 12 BeIllie YpOBHS
dopcyHok 10 Ha 5-10 mm. [TomaBaemblii yepe3 TpyObl momaun 6 u dopcyHkd 10 BO3MYyX TMOJIEpPKUBAET
TOpeHHe TOIUIMBA. TOMOYHBIE Ta3bl, MOJHUMASACh MO KaMepe 2, HArpeBarOT TEIUIOHOCUTENh — BOAY B
€MKOCTHOM TeruiooOMeHHHMKe 3. Harperas Boma BBIXOAWT M3 KOTJIa IO MaTpyOKy 5 OTBOJA, B3aMEH
MOCTYIaeT 1o marpyoky 4 moaBoma Boga i Harpema. llpu gocTmkeHWHM HEOOXOIWMOHN TeMIepaTyphl B
o0orpeBaeMOM MOMEIIEHUH OTKITIOYAIOT IEKTPOIBUTATENh 9, U ITo1ada BO3yXa MPEKPaIaeTCs.
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Pucynok 1— BepTukaiibHblii pa3pes kotia (a) U pasmenieHue (opCyHOK JUIs Mojiauu Bo3ayxa (0)

Jlns  aBTOMATHYECKOrO PEryJIMpOBaHHs IMOJa4d BO3AyXa C MPUMEHEHHEM HAarHeTaTeJIbHOIO
BEHTWIATOpa OblIa pa3paboTaHa (YHKIMOHAJIbHAs CXeMa, IMO3BOJIAIONIAS aBTOMATHYCCKU BKIIIOYATh U
OTKJIFOYATH IBUTAaTE)Ib BEHTHJISATOPA M0 CUTHAITY TEPMOIATYMKA, YCTAHOBICHHOTO HA JIMHUH MOJ[a4H TOpsYeii
BOJIbI B ceTH. [Ipemaraemast pyHKIIMOHATBHAS CXeMa MPEeICTaBIeHa B COOTBETCTBUH C PUCYHKOM 2.

~380B,50Tn 24 B
T T T T T
JIBHTATeTL | Hporpa‘MEII‘IPYBMBII{
TOTHYeCKHI{ KOHTPOJLIEp
A
Bert op AT TeIIoHOCHTEb
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- TBepaOTOILUIHBHEIA
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PI/ICyHOK 2— (DYHKHI/IOHaHI)HaSI cXeMa aBTOMATHYECKOM CHCTEMEI yrpaBJICHUSA TBEPAOTOIINIMBHOI'O KOTJIa

OnexkTpuueckuii curHan oTr patdmka Temmepatypsl (AT), ocymectsisomero obpaTtHyio CBs3b B
cucTeMme, nepeaaeTcs nporpaMmmupyeMomMy Jorudeckomy Konrposiepy (IIJIK), koropeiii cpaBHHBaeT ero c
3alaHHBIMHA 3HAYEHWSIMH TEMIIEPATyphl, B COOTBETCTBHH C aJTOPUTMOM H PEXKHMOM pPabOTHI CHCTEMBI
YIPaBIEHUs, U MEPEAAeT COOTBETCTBYIOIIUI YNPaBIAIOIINN CUTHAN JIEKTPOJBUTATENIO BEHTHIsATOpa. B
pe3ysibTaTe BEHTWISATOP BKIIOYAETCS WM OTKIIOYAeTCsl, M3MEHSAS TEMIIeparypy B TEIUIOHOCUTENE H
COOTBETCTBEHHO PETyIHPYS M0JIady BO3IyXa B TOIKE.

PesynabTarel paboTsl

ITo mpennaraemoit cxeme OblLIa PEKOHCTPYHMpPOBaHA KOTENIbHAs, paboraroiias it o0orpeBa 3aaHus
cpenneit mkoiel B ¢. Kok-XKaitbik KokmnexkrtuHckoro paiioHa Bocrtouno Kazaxcranckoi obGmactu. B
MIOMEIIEHNH KOTEIbHOH mapamensHo ycranosneHsl 3 koriaa KBTC-0,2, kotopeie paboTaoT napajsieiabHo.
3arpyska yrisi pou3BOAMIACH BPYUHYIO, IEpeo0Opy1oBaHNe OBbLIO MPOU3BEACHO B CPEIHEM KOTIIE, MyTeM
YCTAHOBKHU CPEZACTB I0/1a41 BO31LyXa.
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3amyckanuch Bce 3 KOTIa OAHOBPEMEHHO C OAMHAKOBOW 3arpy3kod TormmBa. [Ipm moctmxeHHH
TeMIepaTypsl BOABI Ha JIMHUM TMOJA4Yd HEOOXOJWMOH TeMIepaTypbl, B CpPeJHHH KOTeNl Mojada BO3AyXa
npeKpamanach MyTeM OTKIIOUEHHsT HarHeTaTeNbHOTO BeHTHW ATOpa. IIpomecc ropeHuss B TONKE KOTIa
npekpamaincs. B Tomkax HeoOOpyZOBaHHBIX KOTJIOB IPOJOJDKANICS IPOLECC TOPEHHS, M YMEHBIIAIH
MPOILIECC TOPEHHUSI MyTEeM MEPEeKPBITHS ABEPIBl KOJIOCHUKOB. OIHAKO MPOLECC TOPEHUs B 3aMeJICHHOM
COCTOSIHUM TIpofosbKancs. llpum CHIDKEHMHM TemrmepaTypbl BOABI Ha JUHMM MOJA4M JO JOMYCTHMOTO
MHUHHMMAJIBHOTO 3HAYCHUSI BEHTWISATOP BKIIFOYAICS B aBTOMAaTHUECKOM peXHMe (110 3apaHee peryaupyeMoMy
pexxumy). Ilo 3aBepiieHuMM CKuraHusi yris B JIByX KpallHMX KOTJax 3arpy3ka CBEKUM TOIUIMBOM HE
Npou3BOAMIack. PaboTanm peKOHCTPYHPOBAaHHBIM KOTEN A0 IMOJHOrO CXKWraHusl TomuBa. [lo BpemeHH
IPONOJDKUTENIBHOCTh PabOThl PEKOHCTPYMPOBAHHOIO KoTia coctaBisuia Ha 30% Oosbiie, deM y
CTaHIApPTHHIX KOTJIOB. [lo 3aBeplmieHMM TOPEHMS pPa3rpykanach 30j7a W3 BCEX TOIOK OJHOBPEMEHHO, U
npouecc nopropsiicsa. OOmwmii Bua pa3mereHus GopCyHOK Ul MOJayy BO3AyXa U KOTEIbHOM IpeacTaBleH
Ha pUCYHKe 3.

0)
Pucynok 3 — O0wmuii BUJ BHYTPH TOIIKH (a) ¥ KOTEIbHOMU (0)
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Pucynok 4 — I'paduk CyTOYHOT0 U3MEHEHUS TEMIIEPaTyphl BOJIBI

BriBoasbl

1. Ha ocHOBaHUM MpeABapUTEIbHO IPOBEICHHOTO UCIIBITAaHUS ycoBepuieHCTBOBaHHOTO KoTiia KBTC-
02 1o ompeneneHuI0 TEXHUKO-DKOHOMHYECKON J(PQPEKTUBHOCTH TMOIYUYEHBI CICIYIOIIUE ITOKA3aTelu:
YMEHBIIIEHHE pacxojia TOIUIMBA [0 CPaBHEHHWIO CTaHAapTHOW Ha 25-30%; cHIDKEHHE BBIOpOCAa TOKCHYHBIX
aeMeHTOB Ha 15-20%.

2. YmupasneHue pabOTOW HAarHETaTEIHHOTO BEHTHIISATOPA IO3BOJISIET TOJUICPKUBATH CTAOWIIBHYIO
TeMIIepaTypy B MOMelIeHnH B rpenenax 18-20°C B pexxiMe OTOIIICHHsT aBTOHOMHOTO KOTIIA.

3. Pexonctpyknus koiia KBTC-02 3a cyeT CHIKEHHSI CKOPOCTH BBITSKHOTO BO3yXa, UCKITIOUEHUS
MOTEPh MEJIKOUCTICPCHBIX YaCTHI] YISl Yepe3 KOJOCHUKOBYIO PEUIETKY ¥ YIIPABJICHUE MPOIECCOM TOPSHUS
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yIJIsL B aBTOMAaTH4YE€CKOM pEXUME C IIOMOINBI0 HAarHETAaTeIbHOIO BEHTHWJISITOPA, IO3BOJMIA OCTHYb
HEPAaBHOMEPHOCTH TeMIIEpaTyphl B ToMerenuH B npeaenax +2°C.
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CYAbBIH PETTEJIETIH TEMIIEPATYPAJIBIK PEKUMI HET'I3IH/IE
KOMIPII TOJIBIK KABATTbBI ’/KATY APKbLJIBI KBTC-0,2 CY KBIJIBITY
KA3SAH/IBIT'BIHBIH ) KYMbICBIH KXETIJIAIPY

E.C. YMﬁeTosl*, K.M. Xa3nM032, Al Horynﬂenl, M.K. Xasumos’??

'KeAK «Fymap0Oek [loykeeB aTbIHIaFbI AJTMATHI SHEPTETHKA JKoHE OalTaHbIC YHUBEPCUTETI», AJIMATHI K.,
Kazakcran
2 KeAK «Kazak yITTHIK arpapIiiblK YHUBEPCHTETI», AIMaTH K., Kazakcran
38J1—<Dapa6n aTeIHIAFrel «Ka3ak YWITTBIK YHUBEPCUTETI», AMAaTHI K., Kazakcran
e-mail:e.umbetov@aues.kz

Anoamna. Maxanada kemip sHcazamvii bICMbIK CY KA3AHOIKMAPbIHOA KAMMbl OMbIHObL RAUOANAHY Macenenepi
Kapacmulpbliovl, Ka30auvl KOMIpOe HCYMbIC ICmelmin YKcac Ka3aHObIKMAPOblY JHCYMbIC KeMWILIKmepine manoay
aicacandvl. JKendemxiwmiy Kome2iMeH CAHbIIAYIAP apKbLIbL omemin Kabammapoagvl KAdiCemmi aya Meauepin
asmomammul mypoe pemmey apKblibl, OmblHObl MOLbIK KAOAMmul Kyioe HCAgyea apHANAH OULAKINbLY KYPbLIbLMbIH
Jlcakcapmy Hecizinoe  Ka3aHObIKMblY MUIMOLLieiHn apmmulpyosly e3ekminici kopcemineen. Ouiax KYpbliblMbIHbIH
cvizbacvl dicone aya 6epydi pemmeydiy asmomammuyl JiCyUeciniy Kvizmemmik cuizdacel Keamipineen. Cyoviy
MmemMnepamypanvik, pelcumin pemmeziwi 6ap oicone sxcymuicel scemindipineen KBTC-02 kazanovievl yulin emkizineeH
CHIHAY Hamudicenepi Keaimipinin, Ka3aHObIKmMbly MUIMOLLICIHIY apMyblH KOPCEeMemin MeXHUKATbIK-IKOHOMUKAIbIK,
KepcemxKiumep aHblKMani2aH.

Tyiiin co30ep: vicmuik cy Ka3aHObIEbL, KAMMbL OMbLIH, HCELOEMKIUL, A8MOMAMMbl Jcyie.
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IMPROVING THE OPERATION OF THE KVTS-0.2 WATER BOILER
BY FULL-LAYER COMBUSTION OF COAL WITH A CONTROLLED
WATER TEMPERATURE REGIME

Y.S. Umbetov', K.M. Khazimov?, A.D. Pogulyaev !, M.Z. Khazimov"**

'Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications
named after Gumarbek Daukeev”, Almaty, Kazakhstan
Non-profit joint-stock company “Kazakh National Agrarian University”, Almaty, Kazakhstan
$Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail:e.umbetov@aues.kz

Annotation. In the article, the questions about the use of solid fuel in hot water boilers are considered, an
analysis of the disadvantages of similar boilers operating on fossil coal is carried out. The relevance of increasing the
efficiency of the boiler by improving its design for combustion in full-bed mode is shown. This is due to the automatic
regulation of the supply of the required amount of air layer by layer through the nozzles using a fan. Structural diagram
of the furnace and functional diagram of the proposed automatic air supply control system are presented. The results of
the test carried out for the improved KVTS-02 boiler with controlled temperature conditions are presented. Technical
and economic indicators, which indicate an increase in the efficiency of the boiler, have been determined.

Key words: Hot water boiler, solid fuel, ventilator, automatic system.
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@ BECTHHR YJIEKTPOIHEPTETUKA U DJIEKTPOTEXHOJIOTUU

MPHTMU 44.29.39

CHUKEHUE PACXOJA 3JIEKTPOSHEPT'MHA HA C—)JIEKTPOI[YFOBOI?’I
INEYU ACI-3A KOMIIEHCAIIMEN PEAKTUBHOU MOIIIHOCTHU

E.A. Adapaxmanos*, P.M. Hurmary/uiux

HexomMepueckoe akunoHepHOe 00IECTBO «ATMATUHCKUI YHUBEPCUTET SHEPTETUKH U CBSI3H UMEHU
I'ymap6eka JlaykeeBay, T. Anmatsl, Kazaxcran
e-mail: e.abddrakhmanov@aues.kz

Annomayun. Ha ocHose npoeedenHblX UCCIe008aHUll Pe3ep8o8 IKOHOMUU NOMPedsieMol dNeKmpoIHepeUl
oyeosoti newu J{CII-34 Ons xomnencayuu ee peakmuHOU MOWHOCMU GblOPAHA 6bICOKOBOIbMHASL PeSyupyemas
bamapesi konoencamopos muna YKPJI(I1)56-6,3-600-300V3. Komnencayusi nompebisemoi peakmueHOU IHepeuu
JCII-34 nosgonsiem crusums ee ¢ 1800 kBap oo 600 kBAp, ysenuuums ko3pguyuenm mownocmu 0o 0,99. 3a cuem
CHUDICEHUs. 3A2py3KU RNUmarowell cemu u NnOmepsb 6 Hell CHUNCAeMCs pAcXo0 3JeKMpO3Hepeuu U NoseIsemcs
6o3mooicnocmy  3amenvt kabens ACH-(3x240) na 6onee menvuwee ceuenue ACH-(3x120). B xomeunom cueme,
KOMneHcayus peakmusHou mowpocmu 0yeogou neuu JICII-34 noseonsem cuusums pacxoobl HA ONIAMY
9MeKMpOIHEPeUU U ROOKIOUUND OONOIHUMENbHYIO HASPY3KY.

Kniouesvie cnosa: oyzoeasn neus JJCII-34, komnencayus peakmugHou MOWHOCMU, YCMPOUCEO KOMHEHCayUuu
PEAKMUBHOU MOUWHOCIU, CHUMCEHUE NOMEPD, CHUNCEHUE PACX00a JJIEeKMPOIHEPSUU.

Beenenue

B Hacrosmiee Bpemsi dHeprocOeperaronye W MOBBIIIAONIAE dHEProdh(HEKTUBHOCTE MEPOTPHSITHS
OTHOCATCSI K CTpaTerMyeckuM 3aJadaM Halllero ToCyJapcTBa, TPeOYIOLUIMM peaM3aluio  psja
OpraHM3allMOHHBIX, TEXHUYECKUX, TEXHOJOTMYECKUX, SKOHOMHUYECKHX MEpOIpPUATHH, HalpaBICHHBIX Ha
9KOHOMHIO MOTPEOIIIEMBIX DHEPreTHYECKHUX pecypcos [1,2].

B ob6nactu 37meKTpo3HEPreTUKU MPEeayCMOTPEHO YMEHBIIEHHE 3HEPrOEMKOCTH BHYTPEHHEH BaJlOBOM
npoaykuun He MeHee 25 % k 2020 roxy, He meHee 40 % x 2020 rony no cpaBHeHMIO ee 3HaueHHeM 2008
roxaa [3].

ATNMaTHHCKMIA 3aBOJI TSKEJIOTO MAIIMHOCTPOEHHUS Ui BBIIUIABKM CTANIM M YyTyHa 3KCILTyaTUPYET
nmyroBele craneruiaBmiibhbie eun tuma JCII-1,5 n JICII-3A, momtaocThio 1,5 1 3.0 MBA cOOTBETCTBEHHO.
JlaHHBIE TIEUU SBIISIOTCS] SHEPIrOEMKUMH U JIJIs1 HUX XapaKTepHbI Pe3KOIEPEMEHHbIE SJIEKTPHUECKIE PEKUMBI
(HampspKeHHe, TOK, MOMIHOCTH) Pa0oThl. [oist MOTpeONsieMON SJIEKTPOIHEPTHH 3TUMH ABYMS Ie4aMu
cocrasisieT (11-37) % cyTo4HOTO MOTPEOIICHUSI AIEKTPOIHEPTHH BCETO MPEANPHSITUS [4].

[losToMy cokpaiieHne pacxoma 3JEKTPOIHEPTMU MOTpeONIsieMOl AYTrOBBIMH CTaleIlIaBUIbHBIMU
neqamu JICII-1,5 u JICII-3A sBusierca akTyanpbHOM 3amadeil 3aBoja, KOTopas TpeOyeT BBISBICHHE WU
pean3anmio X pe3epBOB MO0 YKOHOMUH 3JIEKTPOTOTPEOICHNS.

B texnonorun mpomssoactBa cranu Ha JICII mcnons3yroTcs pasivdHble IyTH CHMXKEHHS pacxojia
UIEKTPOIHEPTUH, PEATU3YIOMHUECST KaK CIEUAIbHBIMA OPraHW3allMOHHBIMM, TaK U TEXHUYECKUMH
MEPONPHUATHSAMH, 32 CUET YMEHBIIEHHUS yrapa MeTajla U WCIOJIb30BAaHUS ONTUMAIBHBIX SIEKTPUYECKUX U
TEXHOJIOTHYECKUX TPOIecCcOB MIaBku. CHIDKEHUE yrapa JOCTUTAETCs MOMENIEHHEM IIMXTHl B 3arPY304YHYIO
€MKOCTb, NPUHMMAas BO BHHMAHHE HACBHIHYIO IUIOTHOCTh €€ KOMIIOHEHTOB, 3arpy3Kod OXJIaKJAIOLINX
OKATHIIIEH, MIJTAKO0OPa3yIOIIeT0 MaTepruaia, pa3MelIbYeHHOTO JIOMa | Jp. B TIOIEKTPOIHBIE 30HBI TOPEHUS
JOyr U MecTa IMOJa4d KHCIOpojJa B BaHHY C OOpa3oBaHHMEM KHJIKOW BaHHBI paciuiaBa, 00JyBOM BaHHBI
KHCIIOPOJOM C PaclpOCTPaHEHUEM 30H NMPOTEKAHNS OKHUCIUTEIbHBIX PEAKIUN OKUCIICHUS XKUAKOU CTaIH 110
BCEMY OOBEMY BaHHBI, JONOJHHUTEILHBIM IE€PEMEIIMBAHMEM CTalld, CIMBOM pacijlaBa C HNOHMKEHHOMH
TeMIiepaTypoii [5,6].
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JCII sBrnsercss Hanbosee HEOIArOMPUATHON SIEKTPUIECKONH YCTAaHOBKOHM, KOTOPOW XapaKTepeH DS
OTPHULIATENFHBIX BIMSHUM Ha 3JIEKTPOCHAOXKAIOUIYIO CETh: IMOBBIIIEHHBI YpOBEHBb CpelHEH pPeakTUBHOMN
mMomHocTH (cosg Menee 0,7); pe3KONEpEeMEHHBIH CITydallHBI KolleOaTeNnbHBIN XapakTep pPEeaKTHBHOM
MOIIIHOCTH; HECHMMETPHYHOE paclpe/eleHne Harpy3Ku no ¢azaM, reHepalys BBICIINX TapMOHUK TOKOB U
HanpspKeHUi u ap. Takoe BO3IEHCTBHE BBI3BIBACT B MOABOSIIICH ceTH KoneOaHusl HanmpskeHus (Qiaukep),
MPOJOJDKUTENbHBIE OTKIOHEHHUs (MM MPOCAAKK) HaNpsDKEHHS, aCHMMETPUYHOCTD MO (a3zaM U UCKaKEeHHUE
CHHYCOHMJATBHOCTH (OpPMBI KPUBOW HampsokeHUs. [is ycTpaHeHHS IepPEeYHCIIEHHBIX OTPHIIATEIbHBIX
BO3JICMICTBAI M CHIDKEHHUS KadecTBa dJeKTpodHeprur Ha nuraromue muabl JJCII moakmrodaeTcs ycraHOBKa
KOMIICHCAIlUM PEaKTUBHOM MOIIHOCTH, KOTOpas MO3BOJAET COKPAaTHTh BPEMs pacIIaBICHHS LIMXTEHI,
TTOBBICUTH MPOU3BOIUTENFHOCTD TIEYH W CHU3UTH PAcXoJ aKTUBHOM SJIEKTPOIHEPTHH Ha TOHHY HPOIYKIIUH
[7].

B nyroBeix neyax npuMeHEHHE YCTAHOBOK KOMIIEHCAIIMHM PEAaKTHUBHOW MOITHOCTH UMEET CBOU 0COOEHHOCTH,
CBSI3aHHBIE C PE3KONEPEMEHHOCTHIO HArpy3KH M JJisl ONTHUMAaJbHOTO peHIeHHsl TpeOyeT NpaBHILHOTO
MTOAXO0/a U TIIATEILHOTO aHaIM3a JaHHbBIX [8].

IIpuMeHeHne KOMIIEHCHPYIOIIMX PEAaKTUBHYIO MOIIHOCTbh YCTPOMCTB ITO3BOJISIET AOCTUTHYTH YBEIUYCHUS
momraoctu JICIT [9].

Komnencanus peakTHBHONH MOIMHOCTH TpeOyeT pacCMOTpPEHHsl psga CrIenu(UYecKuX BOIPOCOB,
XapaKTePHBIX I KaKAoH yctaHoBkH [10].

OI[HI/IM M3 BaAXHBIX BOIPOCOB MABJIACTCA TCXHUKO-OKOHOMHYCCKOC CpPABHCHHUE Pa3IMYHBIX THIIOB
KOMIIEHCHPYIOIIUX YCTPOMCTB AJIS IYTOBBIX CTaJIETUIABMIIBHBIX Tieuei [11].

MatepuaJjbl 1 MeTOABI

B pesynbTaTe COOCTBEHHBIX HCCICIOBAHHUM Mpoliecca MiaBku ctaiu B ayrosoit meuu JICII-3A wmanoi
MOILIHOCTH OBUIO YCTAHOBJIEHO, 4YTO M€4Yb MOTPEONSeT 3HAUMTENbHYI DPEAKTUBHYIO AIIEKTPUYECKYIO
SHEPTUI0, KOTOpas M3MEHSETCS Ha Pa3lIWYHbIX CTaguAx MiIaBkd oT 50 no75% akTHBHOM 3MEKTpHYECKOI
sHepruu [4].

B rtabmune 1 w Ha pucyHkax 2 W 3 TpeACTaBlIeHBl 3HAYCHHUS M TpadUKW aKTUBHOW W PEaKTUBHOU
anexTposHeprun, norpedisiemsie JCII-3A npu BeIniaBKe cTany B TEUEHUE CMEHBI.

Tabmuia 1 — Pe3ynbraThl maBku ctand Ha neuu JCIT-3A

Bpems Pacxon Pacxon Bec Bec VY. pacxon
IIJIaBKH, | aKTHBHOM peax. 371 3arpyxaeMoro | ciuBaemoi | ay.sHepruu, | CTaauu MiaBIeHUS
qac AIL.OHEPTHH, | SHEPTHH, JI0Ma, KT CTallu, KT kBT yac/t

kBT vac kBap uac
23.00 0 0 Hauano miaBku
00.00 1080 720 [Ipornecc mnaBku
00.25 360 - 3arpy3ka Joma
01.00 720 720 [Ipornecc mnaBku
01.40 1080 360 Brimyck cranu
Hroro 3240 1800 5075 4800 675
02.04 0 0 Hauaso maBxu
03.00 1440 1080 Ipomnecc mnaBku
04.00 1440 720 Brimyck cramm
Hroro 2 880 1800 3894 3600 800
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Pucynok 4 — AkTuBHas 1 peakTuBHaA dnneKkTpudeckas saeprus neun JICII-3A

B TeUYECHHE 2 IIABKH CMEHBI

IToTpeGnenne akTuBHON 3nekTpodHeprun neubto J[CII-3A B TedueHue CMEHBI B 3aBUCUMOCTH OT
o0bema cimBaeMoro paciuiaBa 3600-4800 kr usmensiercs B npenaenax 2880-3240 kBt 4ac, a peakTUBHOM
cocrapisieT 1800 kBap yac. ConocrasjieHre NoTpeOIsIeMbIX IT€Yb0 aKTUBHON M PEAKTUBHOM 3JIEKTPUIECKON
SHEPTUM TIOKa3bIBAET, YTO JIOJII PEAKTHBHON 3JICKTPUYECKOW JIHEPIMH CYIIECTBEHHA M W3MEHSETCS B
npenenax ot 50 mo 75 % axkTUBHOU 3MeKTprUdecKor dHeprun. [Ipy 3TOM yAeTbHBINH pacXod dIEKTPOIHEPTHN
Ha BBIIUIABKY cTalu coctaBisieT 675- 800 kBT uac/T.

Jnst cokpamiennss morpebnsiemoit meubto JICII-3A peakTHBHOW 3JEKTPHYECKOW 3HEpPruu ObLIa
NMPUMEHEHA €€ EeMKOCTHAs KOMIICHCAIMs C TIOMOIIBI0 aBTOMAaTHYECKOH perymupyemMor Oarapeu
KOHJICHCAaTOpOB. BBIOOpP HEOOXOAMMON MOIIHOCTH KOMIICHCHUPYIOIICH YCTaHOBKH TpeOYyeT OIpeleieHus
0a30B0ii ¥ MPEBBILAIOIIYIO €€ (PETYIUPYEMYIO) PEaKTUBHOW MOIIHOCTH.
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bazoBas peakTBHAas MOIIHOCTH MeUd (Qyga; COOTBETCTBYET peakThBHOW Harpyske meuu JCII-3A B
4achl MHHAMYMA DPEaKTHBHBIX HArpy3ok. Perymupyemas peakTuBHas MOIIHOCTh Qgper, O€peTcs Mo
3HAQUYECHUIO B YaChl MAaKCUMAJILHBIX HATPY30K MEYH.

[lo pe3ynapTaraM NPOBEICHHBIX HCCIICIOBaHMN 0a30Bas peaKkTUBHAS MOIIHOCTh Qygas = 360 kBAp, a
peryaupyemas - Qgper = 1080 kBAp.

VYuuteiBas, uyro mnedb JICII-3A - coenududeckuii moTpeOUTENb, XapaKTePU3YHOIIUCS
pe3KONEpeMEHHON  Harpy3KOH, MPUHAT K HCIIONIB30BAaHUIO BBICOKOBOJITHAS yCTaHOBKa Oarapei
kouaeHcatopop Tuma YKPJI(IT)56-6,3-600-300Y3  momHocteio 600 kKBAp ¢ BO3MOXKHOCTBIO
aBTOMATUYECKOTO PETYJIUPOBAHUS, ITaPaMETPhl KOTOPOH MPeICTaBICHBI B Ta0HIIE 2.

Tabmuta 2 - [lapaMeTpbl BRICOKOBOJIBTHOM peryIupyemMon
YCTaHOBKU JJIs1 KOMIICHCAIIUN PEaKTUBHOW MOIIHOCTH [8].

Tun YKPJI(I1)56-6,3-600-300Y3
HomunansHas MomHocTs, KB 600
MoIHOCTP MUHUMAJBHOH CTYIEHH pETryJIHPOBAHMUS, 300
kBAp

Hanpsoxerne, kB 6,3
Tabaputer JxI11xB 800x2400x1800
Macca, kr 650

BbicoKoBOIbTHAS YCTAHOBKA IS KOMIIEHCAanMu peakTuBHOi MomuHocTH YKPJI(IT1)56-6.3-600-
300Y3

BricokoBonbTHAsT peryaupyemas YCTaHOBKAa Ui KOMIIGHCAIIMM PEaKTHBHOH  MOIIHOCTH
YKPJI(IT)56-6,3 BoimyckaeTcs Al yBenU4eHUsT KO3(pPHIMEeHTa MOITHOCTH MTPOMBIIUICHHBIX ITOTPEOUTENeH
PEaKTUBHOW MOIIHOCTH M DJIEKTPUYECKUX CETeH pacrpe/ieieHus] MePEeMEHHOr0 ToKa HampsbkeHueM 6-10 kB
u yactotoit 50 I'n.

3HaueHNne HEKOMIIEHCUPOBAHHOW PEaKTUBHOW MOIIHOCTH B Pa3IMYHBIX PEKUMAaX BBIYHUCIAETCS I10
dopmyie:

Quexomn = Qkeas — Ckoassox = 360 — 300 = 60 kBAp;
Quexomn = Qxoas — Qxoazsex = 1080 — 600 = 480 kBAp.

Pe3ynbraTel pacyera akTHUBHOM, peakTuBHOM U mosiHoi mMomrHocTeit JICII-3A 3a cmeHy, mosyyaemble 1mocie
KOMIICHCAIINU PEaKTHBHOW MOIITHOCTH, IPUBEICHBI B TAOIHIIE 3.

Tabmmia 3 — JlaHHBIC 110 AKTUBHOM, peaKTUBHOM 1 TIOJIHOM MomtHocTel meuun JJCII-3A
3a CMEHY IOCJIe KOMITEHCAIIMH PEAKTUBHON MOIITHOCTH

Bpews, P, kBT Q, kBt S, kBA cosf
qac

00.00 1080 120 1086,6 0,994
00.25 360 0 360,0 1,000
01.00 720 120 729,9 0,986
01.40 1080 60 1081,7 0,998
UToro 3240 300 3258
03.00 1440 480 1517,9 0,949
04.00 1440 120 1445,0 0,997
Hroro 2880 600 2963

PesyabTaThl kKoMneHcanuu peakTuBHoi MournocTu JCII-3A
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I'padukn akTrBHOM 1 peakTuBHOM 3HEeprEH JICII-3A mocite KOMITEHCAIIUHA PEAKTUBHON MOIITHOCTH
MPEJICTaBJICHBI HA PUCYHKaX 5,6.

3500

3000
2500
2000
1500
1000
‘Law

0

00.00 00.25 01.00 01.40 Ntoro

HP, kBT EQ, KBT

Pucynok 5 —AxtuBHas u peaktuHast MomHocTH J{CII-3A B
TeyeHue | MmiIaBKu CMEHBI MOCTe KOMIICHCalln peaKTHBHOﬁ MOIIHOCTH
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500
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Pucynok 6 —AxtuBHas u peaktuBHas MomHocTH JICII-3A
B T€UYEHHUE TIABKY CMEHBI NIOCIIE KOMIIEHCAIIMH PEAKTHUBHON MOIIIHOCTH

BricokoBonbTHas koHaeHcaTopHas ycraHoBka YKPJI(I1)56-6,3 ¢ BO3MOXHOCTBIO PETyITUPOBAHUS
MIO3BOJIIET COXPAaHATh HEOOXOAUMBIN KO((GHUIIMEHT MOITHOCTH B Yachl MAKCUMyMa U MUHUMYMa Harpy3okK B
y3JIe JHEProceTH, TaKkKe HE JOMyCKaeT HapylleHWs peXuMa TI'eHepalud pPEeakTHBHOM MOLIHOCTH (T.e.
«repexoMrieHcanuio»). Kpome TOro, mpuMeHEHHE JaHHOTO KOMIIEHCATOpa pPEaKTHBHONW MOIIHOCTH
MO3BOJISIET AaBTOMATHYECKH NOJACPKMBATh TOYHBIM OaJaHC PEaKTHBHONH MOIMHOCTH B CETH, CHHU3WTH
3arpy3Ky Ha JIMHHSAX ODJIEKTPOCHAOXKeHHMs, TpaHcpopMaTopax M pacHpeAeiMTENIbHBIX  yCTPOMCTBax,
00YCJIOBJIIEHHBIX TPAaHCIIOPTHPOBKONH PEaKTHBHOW MOIIHOCTH, a TaKXKe CTaOWIHU3UPOBATH HAIPSIKCHUE B
y3J1ax 3MEeKTPONHUTaHus. B pe3ynbraTe yMEHBIIAIOTCS PACXOAbl Ha OIUIATY JJIEKTPOIHEPTUU U TOSBISIETCS
BO3MOKHOCTb MOJIKJIFOYEHHS JOMOJHUTENBHOM HArpy3KH.

Kpome Toro, 3a cuer CHUKEHHS pEaKTHUBHON MOIIHOCTH JyTrOBOW MEYM M TOKOBOH Harpy3ku MOXKHO
CHU3UTH ceueHue nuraromiero neds kadens ACbh-(3x240) ¢ [mon=351A.
YcoBue BEIOOpa SKOHOMUYECKOT0 CEYEHHsI BRICOKOBOJIETHOTO Kalesist BeIpaxkaeTcst popMyIiou:
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I
_p
By = -
]3}(
rae j=1,4 A/MM2 HOpPMUPOBAaHHOE 3HAYCHUE SKOHOMHUYECKOW IUIOTHOCTU Toka mpu Tm = 4000 wac u 2-x

CMEHHOU paboTe MPeAIPUSATHSL.
ITomaas momHOocTe meun JICII-3A, BeIYmcisseMas 1O aKTHBHOM M PEaKTUBHON MoOITHOCTH 0e3 U ¢
KOMIICHCAIMEH peaKTUBHOW MOIIHOCTH, COCTABJISCT:

Soncm = _|P2+Q2 = V14402 4+ 10802 = 1800, kBA;

Spncri = \/sz + (Qp—QBBK)Z = /14402 + (1080 — 600)2 = 1518 kBA;
PacuetHnsIit TOK, npoTekaromuii mo nurtatomemy neus JJCII-3A kabento:

Syic 1518
=T = —— = 146 A;

b =70, = e

Ceuenne Ka6en5{, COOTBETCTBYIOLICE SKOHOMHMYECKOM INIOTHOCTH TOKa!

I 146
Fy =2 === 104 Mm%
Jok 1,4

JanHoMy 3HaueHHIO ToKa yaosieTBopseT kabeab ACh- (3x120) ¢ Lnon = 234A, Inonks. = 10,16 KA.

BriBoabI

Ha ocHOBe mpoBenEeHHBIX HCCIENOBAHUI PE3EPBOB AIKOHOMHUH IMOTPEOISIEMOI SIEKTPOIHEPTUU JTYyTOBOM
neun JICII-3A ycTaHOBJIEHO, YTO pacxoJl aKTHBHOM 3JEKTPOIHEPIMH B OTHENBHBIX IUIABKaX B CMEHY
3aBUCHMOCTH OT 00beMa BhImaBisieMoi crainu oT 3600 no 4800 kr m3mensiercs B npenenax 2880-3240 kBt
yac, peaktuBHOI — 1800 kBap yac. ConocraBnenue norpetsieMblx aKTUBHON M PEaKTUBHOMN 3JIEKTPHUECKON
SHEpPIUM IOKAa3bIBAET, YTO JOJS MOTPeOIsieMOl pPEaKTHBHOW JJIEKTPUYECKOW JHEPIHH CYIIECTBEHHA W
coctapnsier oT 50 mo 75 % akTuBHOWM 3nekTpuueckod osHepruu. IIpu 3TOM ynedapHBIR pacxof
AIIEKTPOIHEPTUU Ha BHIILIABKY cTaju cocTtaBisieT 675- 800 kBt wac/T.

Hns xkommencaumn peaktuBHOM Mmomuoctd neun JCII-3A paccumtana u BeIOpaHa BBICOKOBOJIBTHAS
perynupyemas Oarapes konaeHcatopos tumna Y KPJI(I1)56-6,3-600-300V 3, nmo3Bomstomasi:

- CHHM3UTH norpebisiemyio B cMeny ayrosoid neusto JCII-3A peaktuHyto snepruto ¢ 1800 kBap no 600
kBAp, yBenmunth k03 punment mormaoctH 10 0,99;

- CHM3UTH 3arpy3Ky IMUTAIOIIEN CETH U MOTEPH, TEM CaMbIM COKPAaTHUTh PAacXOj IEKTPOIHEPTHH U 3aMEHUTh
kabenb ACB-(3x240) na kabens 6onee MeHbiero ceueHns ACb-(3x120).

Takum 00pa3oM, KOMITEHCAIN peaKTUBHOW MomHOCTH ayroBoit meun JICII-3A manoi MomHOCTH B
KOHEYHOM CUETe IO3BOJISIET CHU3UTH PACXObl HA OIJIaTy 3JIEKTPOIHEPTHH U MOAKIIOYUTH JTOTIOTHUTENBHYIO
HarpysKy.
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PEAKTHUBTI KYATTBI OTEY APKbLJIBI QJIEKTP JTOT'AJIbI ACII-3A
MNEIIIHIH 3JIEKTP SHEPI'US HIBIFBIHBIH ABAUTY

E.A. A6agpaxmanos, P.M. Heirmarty/iinu

«Fymapbek [loykeeB aTbIHIaFbI ATTMATHI SHEPTETHKA JKoHE OalIaHbIC YHUBEPCUTETI» KOMMEPIIHSIIBIK eMecC
aKIMOHEPITIK Korambl, AMaThl, Kazakcran
AIIEKTPOHIBIK mTorTa: e.abddrakhmanov@aues.kz

Anoamna. [CII-34 Oozanvl newiiHiy mMYmbIHbIIAMbIH 3]1eKMp SHEPIUACLIH YHeMOey KOpPIapblH 3epmmey
Heci3inOe onbly peakmuemi Kyamvin emey yuiin YKPJI (P) 56-6.3-600-300Y3 munmi scosapvl 6onemmul pemmenemin
KoHOencamop bamapescel manoanovt. [JCII-34 newiniy mymuvinviiamelsn peaxmusmi sHepeuscvin omey onvl 1800
kBap caz 600 kBAp caz Oeiiin memendemyze, Kyam rkosgp@uyuenmin 0,99-e2a Oeiiin kemepyze, MyMKIHOIK bepeoi.
Kopexmendipywi oceniniy srcykmemecin Jcane OHOASbL WLISLIHOAPObL A3AUMY APKBIIbL INEKMP IHEPUsl WbI2bIHbL
asasnovl ocone AChH-(3x240) kabenin ACh- (3x120) xabenine ayvicmoipy mymxin 601aowvl. Homuocecinoe JJCII-3A
002a/1bl Newiniy peakmuemi Kyamuli omey dJeKmp IHEPIUACHIHA JICIHE KOCHIMULA JHCYKMeEeMEeHi Kocyad mejieHemiH
UWBIRLIHOAPObL A3aUMY2a MYMKIHOIK Oepeoi.

Tyiiin co30ep: /[CII-34 Oosanvt new, peakxmusmi Kyammvl omey, peakxmuemi Kyammvl omey KYpblI&biCbl,
UBIRLIHOBL A3AUMY, JJIeKMP IHEP2USACHIH MYMBIHYObl A3AUM)).

REDUCING ELECTRICITY CONSUMPTION ON THE ELECTRIC ARC
FURNACES JACII-3A WITH REACTIVE POWER COMPENSATION

E.A. Abdrakhmanov, R.M. Nigmatullin

Non-profit joint-stock company “Almaty University of Power Engineering and
Telecommunications named after Gumarbek Daukeev”, Almaty, Kazakhstan
e-mail: e.abddrakhmanov@aues.kz

Annotation. On the basis of the conducted studies of the reserves of saving the consumed electric power of the
DSP-3A arc furnace, a high-voltage adjustable capacitor bank of the UKRL (P) 56-6.3-600-300U3 type was selected to
compensate for its reactive power. Compensation of consumed reactive energy DSP-3A allows to reduce it from 1800
kvar to 600 kvar. This will increase the power factor to 0.99. By reducing the load of the supply network and losses in
it, the power consumption is reduced. Also, the possibility of replacing the ASB- (3x240) cable with a smaller section of
the ASB- (3x120 appears). Ultimately, the compensation of the reactive power of the DSP-3A arc furnace allows you to
reduce the cost of paying for electricity and connect an additional load.

Key words: arc furnace J{CII-34, reactive power compensation, reactive power compensation device, loss
reduction, power consumption reduction.
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@ BECTHHE IJIEKTPOOHEPT'ETUKA U DJIEKTPOTEXHOJIOT'UHA

MPHTMU 44.29.39

CPABHUTEJIBHOE NCCIEAOBAHUE OCBEHIEHUA
JJMIOMUHECHEHTHBIMH U CBETOANOJHbBIMU CBETUHJIBHUKAMMN

A.E. CMHpHOBl, E.A. AﬁI[anMaHOB*Z, B.JK. MyCTary.HOBa2

'TOO «Increase Food»
’HexoMMepUecKoe aKIHOHEPHOE OBIIECTBO «ANMATHHCKHUIT yHUBEPCHTET SHEPIETHKH H CBSA3M
nmenn ['ymapOeka JlaykeeBay, r. Anmartel, Kasaxcran
e-mail: e.abddrakhmanov@aues.kz

Annomauusn. l[lposedeno cpasnumenvrHoe uccie008anue NPUMeHeHUs: c6emoouoonvix ceemunvhuxoe ASTZ JIBO
04-36-001 PRS egzamen momunecyenmuvix ASTZ T8 JIBO09-4x18-011 RS 6 unowcenepno-mexnuueckom nomeujeHuu.
Ilposeden pacuem ceemopacnpedenenus u  3D-eusyaruzayus c ucnonvsosanuem QUKMUBHBIX Y8emo8 8 000ux
sapuanmax oceewenust. [lpu ucnoib306anuu c6emooUOOHbIX CEEMUNLHUKOE dNeKmponompedienue ¢ 2 ¢ IUUHUM Pa3d
MeHblUle, 0C6EUEeHHOCMb 8 pabouell 30He nomeujeHus: bolee PAGHOMEPHAs, YeM NPU UCHOTb308AHUU TOMUHECYEHIMHBIX
ceemuibHuk08. CpOoK OKYRAEMOCMU C8eMOOUOOHBIX CEEMUNbHUKOS 3d CHUem IKOHOMUU INEeKMPOnompedieHus.
cocmasensiem 3,7 2004a.

Knrwouesvle cnosa: nomunecyeHmHblll  C6EMUNbHUK, C8EMOOUOOHbBLI  CEeMUNIbHUK, dHepeocOepedceHue,
ocsewgennocmo, 3D-6uzyanuzayus, puxmuenwlii yeem.

Beenenue

B cBere rocynapCTBEHHOW IONUTHKHA HSHEProcOEpPEKEHUST W TIOBBIIICHUS JHEPTO3(PPEKTUBHOCTH
MOJIEpHHU3alMsl CYIIECTBYIOIIUX JIHEPro3aTpaTHbIX OCBETUTEIbHBIX cHCTEM npuMmeHeHnem LED-namn u
CBCTHJIBHHUKOB, a TaKXXC BI)I60p0M Ka4€CTBCHHBIX OCBETUTCIIBHBIX HpI/I60pOB SABIISACTCA aKTyaJ'IBHOfI 33}13‘16171.

3arpaTel Ha OCBelleHHEe B cpegHeM cocTaBisioT 30% BceX pacxofoB Ha AIIEKTPOSHEPTHIO.
CoBpemeHHbIe SHeprodh(HeKTUBHBIE CUCTEMBI OCBEIICHUS TO3BOJISIOT CHU3WTH 3aTPaThl HAa OCBEIIEHHE U
YIYUYHIUTHG CBETOBBIC XAPAKTCPUCTHUKU IMOMCHICHUA. DTO KOMIIIEKC MHXCHECPHBIX M CBCTOBBIX peH.IeHPIfI,
BKITIOUAIONIMIA TIPEABAPUTENLHBIA aHaIN3 IIOMEIIeHHsT I HanOojee palMOHAIBHOTO pa3MeIIeHUS
CBETWJIBHUKOB, TOJ00p SHEpProcOeperarnmx JaMil W CBETHIHLHHUKOB, COBPEMEHHYIO ONTHKY, JAaTYHKU
MPUCYTCTBHS, KYMHYIO» CUCTEMY yIpaBlicHHs cBeTOM. [10/J00HbBIe cUCTeMBI TOTPEOIISIFOT B Cpe/IHEM B 2 pa3a
MEHBIIE JIEKTPOIHEPTHH, MOBHIIAIT paboTocrocobHocTh Ha 10-15%. Okynarotes B cpeqHem 3a 3-5 net
TP HBIHETITHEM YPOBHE Tapu(OB Ha 3JeKTpodHeprumo [ 1, 2].

Hcnonp3oBanue CBETOAMOHBIX JIAMIT Ha pa3IMYHBIX 00bEKTaX UMEET CBOM 0COOEHHOCTH [3].

Ha Bcex oOBekTax Ba)KHA JOCTATOYHOCTh M PAaBHOMEPHOCTH IMOJAYH CBETA, KOTOpas TapaHTHPYET
CHIDKCHHME TpaBMaTH3Ma W yIy4ylllaeT yCJOBUS TpyAa Ha NPOM3BOACTBE. Tarke Ba)KHBI 3KOJOTHYHOCTH
OCBETHUTEJBHBIX MPHOOPOB, HX YPOBEHb MOXKapOOE30MaCHOCTH U yI00CTBO 00cIykxuBanus [4].

3aMeHa B ONpeNeIeHHOM OCBETHTEIBHOM MPHOOpE JIaMIIbl OJIHOTO THIIA Ha JIaMITy APYroro TUMa B
COBOKYITHOCTH C HECTaOMJIbHBIM HANpsHKEHUEM NPUBOAMT K M3MEHEHHIO paclpelieieHHe CHUJIbI CBETa, YTO
MOXET TMOTPeOOBaTh KOPPEKTUPOBKM CXEM PACIONOKEHHS OCBETUTEIbHBIX NPUOOPOB (KOIHYECTBa
CBCTOBBIX TOYCK [JIA JIaMII HaKaJIMBaAaHUA M CBCTOJHWOJHBIX JIaMII, a AJIA KOMIIAKTHBIX JIFOMHHCCHCHTHBIX
JaMIl - eme W BBICOTHI Toxaseca) [5]. Ilpum 3ToM Tarkke BaK€H 370pOBHECOEPETAIONTUH ACIIEKT JIaMIl
ocseuieHus [6].

MaTepua.m,l U METOAbI

C HEJIbKO MOACPpHU3AIIUN CUCTEMbI OCBCHICHUA C o0ecreyeHuEM KayecTBa HUCKYCCTBCHHOI'O CBCTA U
CHHMIKCHMUA 3J'IeKTpOHOTpe6J'IeHI/I}I B TOO «Increase Food» Oblia Opou3BCACHA PEBU3USA OCBCTHUTCIIBHBIX
CHUCTEM BO BCCX IIOMCIICHUAX.
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CrtpyKkTypa OCBETHUTENBHBIX IpuOopoB, ucnomszyembix 1TOO «Increase Food», mpemcraBnena Ha
uc.1 [7].

[yropaspsagHble
namnsl (OPJT)

CA 2,3%

30,3%

JNlamnbl
HakanueaHusa (J1H)
7, 7%
JIloMMHECUEHTHbIe
namnel (J16, 1)
59,7%

Pucynok 1 — CTpykTypa oCBEeTUTENBHBIX IPUOOPOB

Kak BumHO M3 pucyHka |, Ha TPEANPHUATHN HUCIONB3YIOTCS MPEUMYIIECTBEHHO JIIOMUHECLEHTHBIC
(59,7%) u cBerommonusie (30,3 %) JamIibl, TakKe MPUMEHSFOTCSI HEOKOHOMHUYHBIE NCTOYHUKH OCBEIICHHUS,
Takue Kak namrnbl HakanuBaHus (7,7%) u JAPJI (2,3%). Bpemst cpenHeit paboThI OCBETUTENBHBIX TPUOOPOB
cocraBisier 720-6300 vacoB B roj. JlexxypHoe ocBelleHHe paboTaeT KPYriOCyTOYHO M KPYIJIOTOJAMYHO B
TeueHue 8760 yacos.

Hcxons u3 W3I0KEHHOTO, B IaHHOM paboTe MPOBEAECHO CPABHUTEIBHOE HCCIIEJOBAHHE NTPUMEHEHUS
CBC€TOJUOJHBIX CBCTHJIIBHUKOB B3aMCH JIIOMUHECHCHTHBIX B HWHXCHCPHO-TCXHHYCCKOM IMOMCHICHUHN C
pa3mepamu: mHA — 9 M; mmpuHA — 9 M; BBIcOTa — 3 M. KONMuecTBO M pa3MeNIeHne CBETHILHUKOB,
HEoOXoIuMoOe JIsl OCBELICHMs IOMEIICHUs, MNpHUHATO cyumiecTBytomee: 4x4=16 mr. PaccMmorpensl
CBETWJIBHUKHU: CBETOIMOIHBIN 36 BT; moMuHecieHTHBIN — 4x18 BT.

CorinacHo HOpPMaTHBHOW  oOcBeméHHOCcTH, ycraHaBnenHo CHull PK  2.04-05-2002* -
«McKycCTBEHHOE U €CTECTBEHHOE OCBEILLEHME» IO THITy TOMEIIEHHs, HOpMa OCBeleHHOCTH paBHa E=400
JIk, xoddpduIMEeHT 3amaca C yd4yeToM CpeIHel 3arps3HeHHOCTH momemieHus K,=1,4 ¢ yd4eToM BBICOTHI
nomernieHus 3 merpa [8].

Pacuer ocBelieHrs: MpoBOAMWIN ¢ IOMOLIBIO (PYHKIHOHATIBHOHN nporpaMmel DIALux, ncnonb3yemoit
Ul TIPOEKTUPOBAHMS BHYTPEHHEIO M BHELIHErO OCBelleHHs. [Iporpamma mMO3BOJSIET B MHTEPAKTHBHOM
peXrMe TUTAHUPOBATH pa3MENIeHHE CBETHILHUKOB, IBETOBHIX (DHUIBTPOB, OKpAlICHHBIX MATEpUANOB U
MIPOCMaTPUBATh TOTYYHUBIINECS CLIEHBI B BUAe GoTopeanucTruunbix 3D-moaeneii [9].

[Inan momereHus MpeACTaBICH HA PUCYHKE 2.

B kauecTBe mOMUHECHEHTHOro CBeTHIIbHWUKAa BbIOpaH ASTZ T8 JIBO09-4x18-011 RS,
mpeacTaBiIeHHbIN Ha puc.3 [10].

TexHUYeCKHE XapaKTePUCTUKHU:

Cetp nutanus: 220 B, 50 I'm.

Tun ucrouHuKa cBeTa: JTIOMHUHECIIEHTHAS JIaMIIa.

CseroBoii motok: 4800 JIm.

MomiHocTh cBeTUILHHUKOB: 72,0 BT.

Kommnexranus: 4 x JIJI T8 G13, 18BT, 1200 JIm.

PesynbTarhl pacuera cBeTOpacHpe/ieieHus IPUBEJICHBl Ha puc. 4, a Ha puc.5 - 3D-Busyanuszanus c
WCIOJb30BaHNE (DUKTUBHBIX I[BETOB.

OtobOpaskeHHE OCBEIIAEMOIr0 YydJacTKa B (DMKTHUBHBIX IIBETaX MO3BOJISECT OICHUTH KayecTBO
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OCBEILCHUS ¥ TOYHO ONPEeITUTh HEOCBEUECHHbIE MM IEPECBEUCHHBIC 30HBI IIPH UX HATMYHH.
AHanu3 pe3ynbTaToOB PacyeToOB IMOKA3bIBAET, YTO MMEET MECTO IepeocBeleHHOCTs a0 560 JIm B
cpenneli yactu nomenenus, yosiBaromas 10 400 JIm y ero cten u 1o 320 B yriax.
BriOpanHbie

”IIIII ITTT T T TTT LT T T I T TT LT T T I T TT I T TTT T TTT ] TTTT
m | |-1.00 000 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 5.00

I T

4ooou
4o b

i

B R O Y T T YT T

Pucynok 2 — [lnan noMenieHus: 1 cxema pa3MelIeH!s CBETHILHUKOB

Pucynok 3 — JlromunecnientHsiii cBeTiibHUK ASTZ T8 JIBO09-4x18-011 RS
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Pucynok 4 — KpuBble H30JIOKC TIOMUHECIIEHTHOTO CBETHJIBHUKA
ASTZ T8 JIBO09-4x18-011 RS
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Pucynok 5 — 3D-Bu3yanu3zanus ¢ UCIIOJIb30BaHUE (PUKTHBHBIX IIBETOB
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Pucynok 6 — Ceeronuonusiii ceeTriibHuk ASTZ LED JIBO 04-36-001 PRS

JIOMHUHECIICHTHBIE CBETWJIBHUKM MOLIHOCTBIO 72 BT B KonmmuectBe 16 mTyK oOecrieuyMBarOT TpeGyemble
YPOBHHU OCBEIIEHHOCTH TTOMEIICHHS.

B kadecTBe CBETONMOAHOTO CBETHIIBHHUKA B3AT OCBETUTEIBHBIN NpHOOp Toi ke pupmer ASTZ JIBO
04-36-001 PRS (pwuc.6).

TexHuueCcKre XapaKTePUCTHKH:

Cetb nutanus: 220 B, 50 I'.

Tun ucrouyHuka cBera: CBETOAMO/IBI.

MoIHOCTh CBETUIIFHUKA C yUETOM JipaiiBepa: 36 BT.

CgeroBoii motok: 3200 M.

Pesynbratel pacuera cBeropacnpeneneHus M 3D-Bu3yanmuzanus ¢ UCIOJIB30BaHHEM (DUKTHBHBIX
IIBETOB IIPEICTABICHKI HA PHUC. 7, 8.

W3 monydeHHBIX JTAaHHBIX BUHO, YTO B I[CHTPAJILHOM 30HE MOMEIIECHUS MMEET MECTO HeOOJbIIas
nepeocBemeHHocTh 10 490 JIM, cHIKaromascss HE3HAUUTEIbHO MOJA KPAWHUMU PslaMU CBETUJIBHHKOB J10
420 JIm.

B nienom ocBetieHHOCT B paboyeii 30He moMenieHus: 6ojiee paBHOMEpHasl, YeM MTPH UCTIONB30BaHUN
JJFOMUHECHUCHTHBIX CBETUIIBHUKOB.

XapaKTepUCTHKH PACCMOTPEHHBIX JIIOMMHECHEHTHBIX M CBETOJMOAHBIX JIaMII MPEACTABICHHl B
tabmnue 1.

IIpocToii cpok oxymaemocty meponpustus [11]:

rne 35— 3aTpaThl Ha 000PYIOBaHUE;
Dy — 9KOHOMHUSI OT BHEIPCHHUS MEPOTPUATHS.
Tabnuna 1 — XapakTepuCTHKHU JTIOMHHECIICHTHBIX U CBETOJIMOIHBIX JIAMIT
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Pucynok 7 — KpuBble U30JI0KC C HCTIOJIb30BaHUE
CBETOAUOIHBIX UCTOYHUKOB CBETA
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Pucynok 8 — 3D-Busyanusaius ¢ HCIOJIb30BaHUEM (DUKTHBHBIX IIBETOB
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Kou- Bo, MouiHocCTb, CymmapHas
. Croumoctb
Tumn naMn CymecTByrOUnii T kBT MOIIHOCTb,
JIaMIl, TeHTe
kBT
JlromuHecnienTHasg jamna 18 Bt 64 0,018 1,152 210
CseroaunonHas jgamia 36 Br 16 0,036 0,5760 9000

JltoMuHECTIEHTHBIN CBETWIBHHUK TOTpedisier ¢ yuerom IIPA smextposnepruro Ha 20-30% Oobire
nammel. Torma MomHoOCTh cBeTwiabHUKA - 1,152 kBt x 1, 25 = 1,440 xBT. DxoHOMUS OT BHEIpEHUS
mepomnpusitus cocrasisier (1,440-0,596) x 10 x 260x 17,12 = 38458 Tenre/ron.

CpoK OKyIaeMOCTH TIPH 3aMeHEe JIIOMUHECIIEHTHOTO OCBEIIeHus Ha ceetoanoanoe coctasimseT MUC T =
144000/ 38458 = 3,7 rona.

BriBoabI

TakuMm 06pa3oM, pe3ynbTaThl UCCIIEAOBaHUH TOKA3hIBAIOT, UTO:

- Ha MPEIIPHUITUN UCTOIB3YIOTCS MPEUMYIIECTBEHHO JIOMUHECHICHTHBIC (59,7%) U CBETOAMOMHBIC
(30,3 %) mammbl, TakXke MPUMEHSIOTCS HEIKOHOMUYHBIE WCTOYHHKH OCBEUICHHS, TaKHe KaK JIaMIIbI
HakammBanus (7,7%) u APJI (2,3%);

- nporpammbl DIALux mMO3BOJSIOT HPOBECTH HE TOJBKO pacdyeT CBETOPACHpEeNeseHUs, HO H
0TOOpa3uTh OCBEIICHUE B (HUKTHBHBIX IIBETaX, OLCHHTh KAa4eCTBO OCBEUICHUS M TOYHO OINPEACIHTH
HEJ0CBEUYCHHBIE MV ITEPECBEUCHHBIE 30HHI,

- TNPUMEHEHHWE CBETOAWOJHBIX CBETHJIHHUKOB B O(QHUCHBIX IIOMEIICHHAX [0 CPaBHEHHUIO C
JIOMHHECIICHTHBIMHU 110 Ka4eCTBY OCBEIIEHUSI SBISICTCSl 0oJiee pallMOHAILHBIMUY;

- MOJIEPHHM3AIAS CHCTEMbl OCBEIIEHHS MO3BOJSET O0ECNEeUnTh SKOHOMHIO JIIEKTPOSHEPTHH U
OKCIUTyaTallMOHHBIE PACXOBI, TOKPHIB pacXoibl Ha 3aMEHy JIOMHHECIICHTHOTO OCBEIICHHS Ha
CBETOAMOIHOE B TeueHue 3,7 roja.
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Anoamna. Huocenepnik-mexuuxanvlx 6enmeode nromunecyenmmi ASTZ T8 LVO09-4x18-011 RS wamoapuvinwiy
oprnvina ASTZ DVO 04-36-001 PRS srcapwikouoomsl wamoaposl Koa0anyobly CaibiCmMblpMaibl 3epmmeyi #Cypei3iieeH.
Kapvixkmanovipyoviy exi mycxaceinoa 0a HcapblKmvly Mapaiybl ecenmenzen Jcone dHcangan mycmepoi KoIoama
omvipvin 3D-suszyanusayusnay scypeizineen. Kapvikouoomel wiamoapowr naidananean xe3oe snepeusi mymuiny 2 ece
as, GOIMEHIH JHCYMbIC AUMALbIHOARbl JHCAPLIKMbIY MAPATYbl JIOMUHECYSHMMIK WAMOapobl KONOAH2AH2A KaApa2aHod
bipkenxi 601a0bl. DHepeuss MymulHyObl YHEMOey eCeOiHeH JHCapblKOUoOmsl wamoapobiy emeny mep3imi 3,7 JHcbliovl

KYpauosi.
Tyiiin ce30ep: MOMUHECYEHMMI JHCAPLIK, HCAPLIKOUOOMbL WAM, JHepeus YHemoey, Hcapblkmauowvipy, 3D

susyaluzayusl, Jcaiean myc.

COMPARATIVE STUDY OF LIGHTING WITH LUMINESCENT AND
LED LIGHTING
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Abstract. The comparative study of the use of LED lamps ASTZ DVO 04-36-001 PRS instead of luminescent
ASTZ T8 LVO009-4x18-011 RS in the engineering room was carried out. Calculation of light distribution and 3D
rendering using fictitious colors in both lighting options was done. When using LED lamps, the power consumption is
more than 2 times less, the illumination in the working area of the room is more uniform than when using fluorescent
lamps. The payback period for LED lamps due to energy savings is 3.7 years.

Key words: Fluorescent light, LED light, energy saving, illumination, 3D visualization, fictitious color.
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IOOEKTUBHOCTb IPUMEHEHUSA AJITOPUTMOB SON (SELF —
ORGANIZING NETWORKS) HA CETSIX MOBHUJIBHOM CBSI3U B
HNEPUOA ITAHAEMMUWU COVID - 19

A.B. CoJs10111€HKO

HexomMepueckoe akmoHepHOe 00IIECTBO «AJIMATHHCKUN YHUBEPCUTET DHEPTETHKH U CBSI3H HMEHU
I'ymapbeka JlaykeeBay, T. Anmarsl, Kazaxcran
e-mail: inferion kz@inbox.ru

Annomauyun. B ycnosusx ecemupnou nanoemuu OOHOU U3 HEMHOSUX OMPAciell, KOmopvle He MOJbKO He
ROCMPAOAni, Ho U YUHAHCOBO GbIPOCU, CMANA OMPACTL METEKOMMYHUKAYUL, U 8 YACMHOCU, COMO8as ¢643b. B ceasu
¢ NOBCEMECTHBIM 8HEOPEHUEeM KAPAHMUHHOZO PEeNCUMA PE3KO 603POCIA HASPY3KA HA me YyYacmKu cemell, e0e maKou
pocm mpaghuxa He odxcuoancs. Taxue cmpeccogvie YCa08us, NO3GOIUTU ONEPAMOPAM CBA3U HASTIAOHO OYEHUMb
agppexmusnocme npumenenus areopummosg SON, Komopsie axmueHo 6HeOpsAMCA HA CemsX COMOBOU C8A3U 6
nociednue 200bl. OCHOBHYIO HACPY3KY HA Cemu C6A3u 0dem 6UOeompapux — Kax om pasgiekamenbHbX pecypcog
(éxnrouasn VoD-konmenm u KomnviomepHvle uspbl), max u om yu@dposvix cepsucos 0/ KoalabopamusHou pabomol
(maxux xax Zoom, Cisco Webex unu Microsoft Teams). Lleavio dannoii cmamou aeisemcs omoodpasicenue u aHaius
npeuMyuecms, Komopbsie ROAVHUIU ONepamopvl comogol cesasu om enedpenus areopummos SON (Self — Organizing
Networks) na ceoux cemsx. B ycnosusx nandemuu HaxodicoeHue ueiogeka Ha pabouem mecme Cmaio RPaKmuiecku
HeBO3MOJICHO, HO 8 IMUX YCIOBUSIX MENEKOMMYHUKAYUOHHASL OMPACib He MOAbKO He pAa3pyuwundach, a Haobopom,
Qunancosvie nokazamenu u odujee COCMOAHUE GbIPOCIO, U 6 IMOM YCHnexe 8aANCHYI0 POlb USpaem pamomuoe u
oppexmusnoe snedpenue u npumenenue uncmpymenmos SON (Self — Organizing Networks) na cemsx onepamopos
ceazu.

Knrwouesvie cnosa:  Camoopeanusyrowjuecss — cemu,  OANAHCUPOBKA — HAPY3KU,  CAMOONMUMUIAYUS.
camogoccmanosénenue, Covid — 19.

Beenenue

Yro x€ MOMOTJIO MOOHMJIBHBIM OIIEpaToOpaM CHPAaBUTHCS C PE3KO BO3POCILICH HArpy3KOH M ONEpaTUBHO
YIPaBIsITh pECYpCaMH CBOUX CETEH?

311ech MPUCYTCTBYIOT HECKOIBKO (PaKTOPOB:

1) M3HauanbHO TEXHOJIOTHYECKH BEPHOE IUIAHUPOBAHUE PAJAUOCETH;

2) CBOEBpEeMEHHOE yBEJINUCHHUE MPOITYCKHOI CIIOCOOHOCTH TPAHCIIOPTHOM CETH;

3) Tlpumenenne anroputmoB SON (Self — Organizing Network) mnst onepaTuBHOTO yrpaBieHUS,

aJIMAHUCTPUPOBAHUSI U ONITHUMU3AIAN CETH.

OcrtanoBumMmcs nojapodHee Ha 3-eM (akrope. PazButne SON Hauanoch B mepuon BHEOpEHHs ceTei
cranaapta 3G M HENpPephIBHO MPOJOIDKACTCS MO CeH JAeHb. AIropuTMbl U HHCTPYMEHTHI SON MOCTOSHHO
COBEpIICHCTBYIOTCSI M TOACTPAMBAIOTCS TOJA IOTPEOHOCTH KaXJOTO oOrepaTtopa — 3aKa3duKa.
Camoopranmsytommecss cetn  (SON), paspaboranHbie  koHcopumymom 3GPP, oOecneunBaror
ABTOMAaTH3aLMIO, ONEPAaUUOHHYI0 S(QQEKTUBHOCTb M YNPOIUIEHHOE  YIpaBlIeHHE  MOOWIBHBIMHU
OecripoBOJHBIME ~ ceTssMH. TakuM  oOpasoM, BHeapenne SON  obecrieuuBaeT  ONTHMAIBHYHO
MIPOU3BOJIUTENBHOCTh B CETH C MUHUMAJIbHBIM BMEIIATEILCTBOM YeJIOBEKA.

OcHoBHBIMHU JpaiiBepamu pa3BuThs SON sBISIOTCS:

* KOJTMYIECTBO U CIIOKHOCTH CETEH, y3/I0B, 3JIEMEHTOB H MTapaMeTPOB;

* HAIMYHE B CETH TEXHOJOTHYHBIX, MHOTOTIPO(QWIEHBIX 1 MHOTOYPOBHEBBIX OTEpPAIIHIA;

* pocT TpadrKa 1 yrnpasiieHHE IPOITyCKHOH ClIOCOOHOCTBIO;

* [IOCTOSIHHOE KAa4eCTBO U JJOCTYHMHOCTD YCIIYT;

* IOTPEOHOCTh B MHTEPAKTUBHBIX ceTsx [1].
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CriocoOHOCTh YCHEIIHO YIPAaBIATh BCEMH 3TUMM 3aJadaMd, B KOHEYHOM HTOI€, NPHUBOIUT K
3HAYUTEILHOW 3KOHOMHUH oOnepanuoHHbIX W kamutaneHbIX 3atpaT (OPEX m CAPEX), mpeBocxomHoi
MIPOU3BOAUTEIHHOCTH U MOJIOKUTENBHOMY KIMEHTCKOMY OIIBITY.

B atoii crathe ocBemaercs Gpynkimonan SON, onucanue anbTepHaTUB apXxuTeKTypbl SON, a 3ateM
npescTaBiIeHa nH(opMalus 0 Harpy3Kax Ha CeTh ONEPaTOPOB CBsi3U B niepuo manaemun Covid — 19.

1. ®yHknuonadbHbie Bo3MoxkHocTH SON

OcuoBuble  ¢yHkunn SON  moapasmensirorcss Ha TSATh  KaTeropui:  caMoIUIaHMPOBaHHE,
caMopa3BEPTHIBAHME, CAMOOITUMHU3AIMSA, caMoBoccTaHoBIeHNEe U cpenactBa SON, cMm. Pucynok 1, kotopsle
CYMMUPYIOT 3TH (YHKIMH U TIOKA3bIBAIOT CBSI3H MEXIY HUMHU.

OxeaTbiBaET BLIEO HOELIX
HacTPOEK CETEBLIX Y3MOR, ]
ELIDOP MECTONONOXKEHWA calTa
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ONTUMHZWPOBAHHON
NPOWZBOAUTENBHOCTLHD.

STan akenmmyaTagn

Pucynok 1 — ®@ynknnonanbabie Bo3MoxHOCTH SON 1 CBSI3M MEX Ty HUMU

OYHKIMOHAILHBIE BO3MOXKHOCTH CaMOIUIAHUPOBAHHS BKJIFOYAIOT MPOIEAYPHI, KOTOPHIE OXBATHIBAIOT
MOJTy4YEeHHUE HOBBIX HACTPOCK CETEBBIX Y3JIOB, BBHIOOP MECTOIOJOXKEHHsS IUIOMAAKH M KOH(HUTYpaAIHIO
o0opyJZIOBaHMsI, BKIIOYash pPajyo, a TakKe TPaHCIOPTHhIE TMapaMeTpbl. OYHKIMHM CaMOCTOSATEIHHOTO
pa3BepTHIBAHMSI OXBATHIBAIOT BCE NPOIEAYpPhI, HEOOXOIWMBIE MJIsi 3alyCKa HOBBIX CETEBBIX Y3II0OB B
KOMMEPUYECKYI0  JKCIUTyaTanuio. OTH (QYHKIMH BKJIIOYAlOT B ce0d TOATOTOBKY, YCTaHOBKY,
ayTeHTU(UKAIMIO, TIPOBEPKY M OTYETHI O COCTOSHUHM HOBBIX CETEBBIX Y3JIOB. Y CTaHOBKA HOBBIX CETEBBIX
y3JI0B BKJIIOYaeT B ce0s IIOATOTOBKY caiiTa, a TaKXKe YCTaHOBKY o00opyzoBaHus (Oe30mnb0yHOe
nojKIroueHue Kabesei u pexxum plug-and-play mwist Bcex KOMIIOHEHTOB YCTAHOBIICHHBIX Y3JI0B, HalpuMep,
aHTEHHBI, IJIaTHI U T.J1.).

[Mocne ycraHoBkH 00OpYIOBaHMS HEOOXOIWMO YCTAaHOBHTH CBSI3b JIO KOHKPETHOTO CepBepa
KOHQHTYpallui TP TOMOIIM 3allMIICHHBIX TYHHENeH. ODTO TMO3BOJIIET CepBEpaM OTIPABISATH BCE
napaMeTpsl KOHPUrypanuu, HeoOXOAUMbIe s ayTeHTH(PHUKAIIMKA U aBTOPU3AIUM HOBBIX y3110B. OCHOBHAs
4acTh B KOHTEKCTE CaMOCTOSITENILHOTO Pa3BEpPTHIBAHHS — OTO CHCTEMa WHBEHTApU3aIlMH, KOTOpas JOJDKHA
UMeTh OOHOBJICHHYIO KAPTHHY BCEX YCTAHOBIICHHBIX CETEBBIX Y3JI0B. DTO 03HAYAET, YTO BCE YCTAHOBIICHHEIC
anmapaTHble OJIOKM JOJDKHBI OBITh aBTOHOMHO JOCTaBJICHBI B 3Ty cucTeMy. Kpome Toro, ¢yHKIuu
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CaMOCTOSITETIBHOTO  PA3BEPTHIBAHMS [OJDKHBI II0O3BOJIATH 3arpy’kaThb HOBBIE IIaKEThl IPOIPAaMMHOTO
obecriedeHUs] W JOJDKHBI 3aKaHYMBATHCS MPOLEAYpaMH MPOBEPKH, BO BPEMsI KOTOPBIX BBIMOJHSIETCS
camonpoBepka. CaMOTeCTUpOBaHUE 3aKAaHUMBACTCS MILTFOCTPATUBHBIM OTYETOM U MPOBEPSET, HAXOAUTCS JIN
HOBBIN YCTAHOBIIEHHBIN y3€I B O’KHIAEMOM COCTOSTHAW. Ha 3TOM »Tare HOBBIN CEeTeBOM y3el HOKEH OBITh B
COCTOSIHUM OKCIUTyaTHPOBAaThCS B KOMMEPUYECKMX LENAX, YTO TakkKe MOoApa3yMeBacT, YTO NPOLEAYpHI
CaMOIUIAaHUPOBAHUSI U CAMOCTOATEILHOTO Pa3BEePTHIBAHUS BBITIONHSIOTCS Ha MPEIONEPalHOHHOM JTarle.

Bce npouenypsl, BeioaHseMble A1 obecnieueHus pabOThl CETH C 3aJaHHON IPOU3BOAUTENBHOCTHIO,
CTPYIIIMPOBAHBI IO STUA0H camoonTumMuzanuu. CrienuduyHble Ui CETH MOKa3aTeIn IPOM3BOIUTEIbHOCTH
HETPEPHIBHO H3MEPSIOTCS. M COOOLIAIOTCS  OTBETCTBEHHOMY MPOLECCY ONTUMH3AlMU, KOTOPBIH
ABTOMAaTHYECKH HACTPAaWBaeT MapaMeTpbl CETH, TaK YTO OOIIasi MPOU3BOIUTEIBHOCTh CETH COXPAHSETCS Ha
3aIJJAaHUPOBAaHHOM ypoBHe. CaMu HM3MEpEHHs NPEeNOCTaBIJIIOTCS KaK I10Jb30BATENIAMH, TaK M JAHHBIMHU
JNIEMEHTaMU ceTH, HanpuMmep, pa3Buthbiii ENodeB (eNB) u nenTp skcmuyaranuu u oocayxuanus (O & M) B
LTE — ycoBepieHCTBOBaHHbIE CHCTEMBI. TakuM 00pa3oM, CaMOONTHMHU3AIUS CUUTACTCS HENPEPHIBHBIM
3aMKHYTBIM IIPOLIECCOM C TEPUOJMYECKONW OLEHKOH MPOM3BOIAUTEIBHOCTH Ha OCHOBE H3MEPEHHBIX
nokazarened 3(PQPEKTHBHOCTH, ONTHMHU3ANMEl MapaMeTpOB Ha OCHOBE pe3yJbTaTOB OLEHKH |
TIEPEHACTPOIKOM ONTUMHU3UPOBAHHBIX MMapaMeTpoB, cM. PucyHOK 2, Ha KOTOpPOM MpEACTaBICHO
LUKJINYECKOE MTOBEICHUE, CAMOONTUMU3AINS (PYHKIHOHANBHOCTH. CTOUT OTMETHTh, YTO CaMa ONTHMHU3ALUs
ABJSIETCS.  KOMIIPOMHCCOM MEXIY pPa3JIMYHbIMU IOKa3aTrensiMu 3¢ GEeKTUBHOCTH, HampUMep, IJIaBHAS
nepeaava 00CIyKUBaHUs, IIOKPBITHE, KauecTBO ycayr (Q0S), 6e30macHOCTh U T. A. U1 JOCTIDKEHUS 00X
3apaHee OMpeeNIeHHBIX menei [2].
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PI/IC}’HOK 2-— (I)YHKI_II/IH CaMOOIITUMHU3AllH - TUKIIMYCCKOC ITIOBCACHUC

IIpouenypsl CaMOBOCCTAHOBIIEHHS HECYT OTBETCTBEHHOCTh 32 HEJOMYIIEHWE BO3HMKHOBEHUS
paspylIUTENnbHBIX TpobieM, TakuM oOpa3oM moanepxkuBas paboTy cetn. OOHOBIEHME W 3aMeHa
MPOrpaMMHOTO W amlapaTHOTO OOEeCHedeHus] TakXKe SBJSIOTCS dYacTbio 3TUX mnporexyp. Ilporemypst
CaMOBOCCTAHOBJICHHS CTPYNIIMPOBAHBI B YETHIPE OCHOBHBIE MOJATPYIIIIBI, @ UMEHHO: PACIIMpEeHHe W 3aMeHa
€MKOCTH O0OpyIOBaHHUs, OOHOBJIEHHE NPOrPAaMMHOTO OOECHEYeHHs, MOHUTOPMHI CETH U MPOLEILYpHI
ycTpaHeHHsI HeucipaBHoOcTel. [Ipouenypsl pacmmpeHuss W 3aMEeHbl €MKOCTH 00OpyIOBaHHS 3a00TATCS O
JTOCTHKEHUH aBTOHOMHOM cucTeMbl HabmofeHwus. DakTHYecKH OHM TpEeAsiaraloT yJOOCTBO amIapaTHbBIX
pacuupenuid. [Ipoueaypsl OOHOBJEHMS TNPOrpaMMHOrO oOecredeHusi OO0ecleurnBalOT OOHOBICHHE
CYLIECTBYIOLIETO MPOrpaMMHOI0 o0ecredeHus: 6e3 BMEeIIaTeNbCTBa OIepaTopa, eciid 3TO BO3MOXKHO. 3a1aun
MOHHTOPWHTA CETH YYWUTHIBAIOT M3MEPEHHE W aHaJIW3 MPOW3BOAWUTENHHOCTH CETH Ha OCHOBE 33/IaHHBIX
KIIIOUEBBIX MOKa3aTened d¢QeKTUBHOCTU. PemieHHs OTHOCHTENBHO JaibHEHIIEro pasBUTHS CETH
MIPUHMAMAIOTCS HA OCHOBE PE3yJIbTATOB NMPOLEAYP MOHUTOPHHra ceTH. Kpome Toro, 3Tu nporenypsl 10JIKHBI
peaM30BbIBaTh CIEHAPUU JUISI HECKOJBKUX IMOCTABIIMKOB M OTCIIEKMBATH BBI3OBBI 0€3 JOMOIHUTETHHOU
cnoxHoctdH. OOHapykeHHe cOOEB COTOBOM CBSI3W/yCIyI, AaBTOMAaTH4ecKas KOHCOJMAAIMSA JTaHHBIX
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YIpaBIeHHUST TMPOU3BOJUTENHFHOCTBI0O W KOppersinuid WHGOPMAIUH IJsl YIPAaBICHUS OTKAa3aMH SBISTFOTCS
XOPOIIO M3BECTHBIMH 3aJauaMH MOJNPOrpaMM MOHHTOpHUHTA ceTH. [Iponenypsl oOHapykeHUs] cOOEB COTHI
HEOOXOMUMBI JIsl OOHapy:KeHHsl cOOeB B COTaX, HAapHMEp, CISIIUE COTHI, B TO BpeMs KakK HpPOLEAYpHI
oOHapykeHHs TiepeboeB B OOCTY)KMBAaHMHM BBIIBIIIOT yCIOYTH HU3KOTO KadectBa. lIpomemypst
ABTOMATHYECKOH KOHCONMUAALWU JAHHBIX YIpPAaBJICHUS MPOWU3BOIUTEIBLHOCTHIO OTBEYAIOT 32 AaHaJM3
KIIIOUeBBIX TMoKazareneld 3ddextuBHocTH. Koppemsuus wHpOpManmuy A MOANPOrpaMM  YHpPaBICHUS
c00sSIMU CBOAMTCA K MPOCTOTE aBTOMATH3AIWW YIPABICHHUS COOSMHU W TeHepalli OJHO3HAYHBIX CHUTHAJIOB
TPEBOTH C NCTUHHBIMH MPUYNHAMH W MECTOIOIOKEHUEM.

Brutoyarenn SON BKiIrOUYaroT B ce0sl Bce MPOLETYPHI, BHIIOIHIAEMBIE ISl OOJIErYeHNs BBIIOTHEHUS U
JIOCTYITHOCTH JAPYTHUX BapuaHTOB wHcroib3oBaHus SON M (QyHKIMOHATBHBIX BO3MOXKHOCTEH. OOparute
BHMMAaHHE, YTO ISATHh YIOMSHYTBHIX KaTeropuid He paboTaroT mocienoBaTensHo, cMoTpuTe PucyHok 1. Kak
MOKa3aHO Ha pHUCYHKE, CHadana BBIMONHAIOTCS MPOLEAYPhl CaMOIUIAHUPOBAHUS, a 3aTeM 3aJadd
CaMOCTOSITETILHOTO pa3BepThiBaHUs. [locie 3TOoro mpoueaypsl CaMOONTHMHU3ALMH, a TaKkKe MPOLeLyphl
CaMOBOCCTAHOBJICHHS BBITONHAIOTCA UKINIeckd. CTPyKTypa yIpaBiIeHHs] OTBEUaeT 3a YIpaBIeHHE BCEMHU
VIOMSIHYTBIMH KaTeropusiMu noAnporpamm. OH paboTaeT B OHOBOM peXHME U JODKEH KOOPAWHUPOBATH
JercTBYsl/BapuanThl ucoib3oBanus SON. CTpykTypa yrnpaBieHHs IPEJCTaBIsAET OO0 Hanbosee BaKHbIM
KOMITIOHEHT, OTBEYAIOIIH 3a MOAAepKaHne padOTHl CHCTEMBI.

2. BapuanTbl apxuteKkTypHOro nocrpoesuss SON u ux ocodeHHocTH

Apxutextypa SON omnpezenser mectononoxkenre SON B cetu. [Ipu peanuzanuu Ha BEICOKOM ypOBHE
B LIEHTpe dKcIuTyarauun u oociyxuBanus (OAM) oHa Ha3bIBaeTCsl CHCTEMOH ymnpasieHus cetbio (NMS);
TOTAa Kak peanu3anus Ha Oojiee HU3KMX YPOBHSX (CETEBBIX 3JEMEHTax), Takux Kak eNB, Ha3piBaercs
cuctemoit yrpasienus snemenTamu (EMS). [l metomos camokoudurypupoBanust SON B OAM coznmaercs
MOJCHCTEMa CaMOKOH(QHUIYpHPOBaHMs, KOTOpas oOpalaTblBaeT MpOIECcC CaMOKOH(UTYpUPOBAHUSI.
CrnenoBaresbHO, B 3aBUCUMOCTH OT MECTONONOKeHUs anroputMoB SON, apxurektypa SON MoXeT ObITh
ONMCaHa KakK LEHTPalu30BaHHAs, paclpelesieHHas WM TmOpuaHas (KOMOMHAIMS LEHTPAIM30BAaHHOTO U
pacrpeneneHHoro).

HenTpanu3oBannasi apxurekrypa SON. Dro npumep cucrtemsl ynpasieHusi cetbio (NMS), B
KOTOPOH aJIrOpUTMBI co3aat0Tcs U BbIoNHAOTCS B OAM, Kak nmoka3aHo Ha pucyHke 3(A). B apxutexrype
SON 3TOro THIIA AITOPUTMBI IPUCYTCTBYIOT B HECKOJIBKMX MECTaX, YTO YIPOILAET ux peanuzannto. OnHako
cuctembl OAM B HacTosiIIee BpeMsl 3aBUCST OT MTOCTABIIUKA, YTO MPUBOJIUT K OTPAHHUYSHUSIM ONTHMH3AIIUH
JUIA Pa3HBIX IOCTABLIMKOB, YTO HPOTUBOPEUUT LEIH THMOKOCTH M HE3aBUCUMOCTH. UTOOBI MHOIYYUThH
MaKCHUMaJbHYIO BBITOJY OT LeHTpaiu3oBaHHOTO peuieHuss SON, npoBoasTcss paboThl MO CTaHAApTH3ALUU
«Cerepaoro unrepdeiica» (Northbound Interface), KoTOpbIi sIBJISETCS CBA3YIOIIKMM 3BeHOM Mexay NMS u
EMS. Peamuzanms uenrpanuzoBaHHoro SON — mo3Bonsier 0e3 ydwacTHsl omeparopa HpPOBOAHTH
koHurypauuto eNB, a anroputm cozaaercs u Beinoanasercs B OAM [3].

LleHTpankHbli OAM LleHTpankHelit OAM LleHTpankHeli OAM

SON SON

OAM
OAM OAM R OAM OAM

SON SON tf-N Itf-N SON SON
ItF-N Itf-N ItF-N ItF-N

eNB eNB SON SON eNB eNB

4 !

Pucynok 3 — Bapuants! apxurektypHoro nocrpoeaus SON

Pacnpenenennas apxurexktypa SON. [Ipumepom EMS, B KOTOpOM anroput™el pa3BepTHIBAIOTCA U
BeImonHsA0TCT Ha eNB, sBnserca pacnpenenenusiii Bapuant apxutekTypbl SON. CrnenoBaTenbHO, MOXKHO
CKa3aTh, YTO aBTOMaTH3upoBaHHbIe npoliecchl SON nprcyTcTBYIOT Ha 60Jiee HU3KOM YPOBHE apXHUTEKTYPBI,
Kak TokazaHo Ha pucynke 3(B). M3-3a MacmTaGoB pa3BepThIBaHUSA, KOTOPOE BBI3BAHO OOJIBITUM
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kosmuecTBoM eNB, pacnipenenennsiii SON He MOXET MOJEPKHUBATH CIIOKHBIC alTOPUTMBI ONTUMHU3AIIHH.
YroObl B MOTHON Mepe BOCHOIB30BATHCS MPEUMYLIECTBAMH 3TOTO THIA apXUTEKTYpPHI, BeAeTcs padoTa 1o
pacmmpenuto uHtepderica X2 (unrepdeiica mexay eNB). Oanako pacnpenenennbiii SON mpemmaraet
OBICTPYIO ONITHMHU3AIINIO/pa3BepThIBaHNe, Koraa pedsb uaet 06 ogaom/nByx eNB. IIpumepom storo sBisercs
aBTOMaTHYeCKas HACTpOWKa CBS3M MEXIy «cocenctByromumMu» bC u ontuMuzanus 0OalaHCHUPOBKH
Harpy3Ku.

I'uopuanas apxurexktypa SON. ApxuTektypa, B KOTOPOH alrOpUTMbI ONTHMHU3AIMY BBITIOIHSIOTCS
kak B OAM, tak u B eNB, Ha3siBaeTcs rubpuanoi apxurektypoit SON. Ona nzobpaxena Ha pucynke 3(C) u
pelaeT HEeKOTOpble MpoOJeMbl, BO3HHUKAIOUINE B ApYrux BapuaHTax apxuTekTypel SON. Bomee mpoctbie
MPOIIECCH  ONTHUMH3AIMK BBITIONHAIOTCS B €NB, B TO BpeMs Kak CIIOKHBIE oOpabateiBatoTcss OAM;
CJIETOBATEebHO, OH TIOJJEPKUBAET Pa3UYHbIE AITOPUTMBI ONTHUMH3AINH, a TaKkKe IOIePKUBaET
ONTUMM3ALMUIO TPH HCHONb30BAaHUM OMNEPAaTOpPaMU Pa3IMUHBIX TOCTABIIMKOB o00opynoBaHus. OpHako
pa3BépTka ruOpuaHOH apxuTekTypel SON TpeOyeT OonbIIMX (UHAHCOBBIX BIIOKEHHH U TpeOyeT
HECKOJILKHUX PacIIupeHui HHTepheHCOoB.

3. Curyauus ¢ Harpy3Koii Ha CeTH ONepaTopoB cBsi3u B nepuoa nanaemun Covid — 19

TeneKkoMMYHUKAIIMOHHBIE KOMIIAHUW B OOJBIIMHCTBE CBOEM CMOTIIHM CHPABUTHCSA C OYPHBIM POCTOM
o0beMa Tpaduka, CTABIIMM MOCIEICTBUEM MAacCOBOIO IE€PEX0/a MOIb30BaTeNe Ha PEXUM CaMOM30JIALUH
u3-3a nangaemun Covid — 19. Beaymue oneparopsl HHGOPMUPYIOT 0 pocTe TpaduKa Ha CETSIX ¥ MOOHIBHOM,
1 (uKcupoBaHHOU cBs3M B nipeenax 30-35%. CeTu B 1Ie1I0OM CHPABISIOTCS ¢ BO3POCIICH HArpy3KOH.

JupexkTop nemapraMeHTa MHTEpHET M KaHAJbHBIX PECypCOB OJIOKa MO Pa3BUTHIO OINEPATOPCKOIO
omsHeca koprnoparuBHoro neHtpa [IAO "MTC" Onpra MakapoBa moaTBepAmiia, 4TO PoCT Tpaduka ObLI
JOCTaTo4YHO cepbE3HbIM. [locme Toro kak ObUT OOBSBIEH PEXHM IOBBIIIEHHONH TOTOBHOCTH, OBLI
3auKkcupoBaH pe3kuil poct Tpaduka. Ha (PUKCHpPOBAaHHBIX CETSIX CBA3M OH POC CHIIbHEE: YBEJINYEHHUE
MOOMIIBHOTO Tpaduka 3a Tpu Heaenu coctaBuio 10-15%, ¢ukcupoBanHoro — 25-30%. Ludpsel, Ha nepBbli
B3rJIs1/1, HeOobIHe, HO ecnu TpaduK OyAeT pacTh TaKWMH K€ TEMIIaMH, TO B MOOWIBHOM CETMEHTE OH
BeIpacteT Ha 60-70% B rox, a B pukcupoBanHOM — Ha 120% B roa. OOBIYHO ONepaTophl 3aKJIAABIBAIOT POCT
Ha 35% B roa. BnepBeie onepaTopbl CTaJKMBAIOTCA C TAKOW CHUTyalMed, Koraa Tpaduk yBEIWIMBaeTCs TaKk
obicTpo. OOBEMBI MOTPEOIEHUS] JETCKOTO KOHTEHTa BeIpociu Oonee yem Ha 40%, o0na4yHblil TeHMUHT — B
2,5 pasza.

BecpMma MHTEpECHBI IaHHBIE TI0 KHTAHCKOMY TOpOy YXaHb, KOTOPBIH OBbUT MOJIHOCTHIO OTKPBIT TOCIIE
TPEXMECSAYHOTO0 KapaHTHHA B Hadaie ampens. Tak BOT, o0beM Tpaduka mocie SHUIEMHH B YXaHe He
BEpHyJCS K "MokopoHaBupycHOMY" ypoBHIO: Tpaduk B 3ToM pernone Kuras Ha muke Bbipoc Ha 50%, a
MocJie Kpu3uca ocTajics Ha ypoBHe 25%-Horo pocta. Jlo kapaHTuHa pocT Tpaduka cocTaBisii 9% B TOI.
OCHOBHYIO Harpy3Ky Ha CETH CBSI3U JaeT BUACOTpapHUK — KaK OT pa3BJICKATEIBHBIX PECypcoB (BKIIOUas
VOD-KOHTEHT W KOMITBIOTEPHBIE WIPHI), TAK U OT IH(PPOBBIX CEPBHUCOB JJs KOJUIA0OPATHBHON pabOTHI
(trakux kak Zoom, Cisco Webex mmm Microsoft Teams). DTo TOBOPUT O TOM, YTO CETH CBSI3U OYIyT
MOJBEPKEHBI OONBLINM Harpy3Kam B OnpkaiieM OyayIieM, 1a U yxKe B HacToseM [4].

CrpaBuUThCSI ¢ JAaHHOW CHTyallMed oIepaTtopaM COTOBOH CBSI3M OYEHb IIOMOIJIM IUIAHOMEPHO
BHepsiembie anroput™bl SON (Self — Organizing Networks). Mx Bkiaa B 3¢ (peKTUBHOE YIIPaBICHUE CETHIO
OBLT OTMEYEH MPEICTABUTENSIMA KOMITAHUI — OTIePaTOpOB.

B "Mera®one" ormermnm, uto anroputMbl SON o0ecrieunBarOT ONepaTuBHOE pearnpoBaHUe Ha POCT
rojJOCOBOTO M TaKeTHOro Tpaduka B TEpHOABl HAWOOJNbIIEH HArpy3Kd Ha ceTb. B TedeHHme CyTOK
nporcxoaut 10 100 ThIC. KOPPEKTHPOBOK PaIMONapaMeTPOB, BIUSIONINX Ha KAYeCTBECHHBIC XapaKTEPHCTHKH
NPEIOCTABISIEMbIX YCIyT. B cilyyae BO3HHKHOBEHHUS! KPATKOBPEMEHHBIX aBapUIHBIX CUTYallMi MPOUCXOIUT
nepepacnpeeieHne Harpy3Ku MEXIy COCEIHUMH 0a30BBIMH CTAaHIMAMH. Takoe KOJMYECTBO ONEpaluil He
cMmornia Obl BBIMOJIHUTE W COTHS OIEPAaTOPOB, 3aHATHIX TOJBKO JAHHOH paboToi. DTOT MHCTPYMEHT
CYLIECTBEHHO YBENUYMI 3PPEKTUBHOCTh M KaYeCTBO PAOOTHI CETH CBS3H.

IIpecc-cexperaps [TAO "Mobunbhbie TeneCucremsr" (MTC) Amutpuiit CosloJOBHUKOB OTMETHII, YTO
pemenne SON obOecnieunBaeT BO3MOXHOCTH ONTUMH3HPOBATh MYJIbTUCTaHIapTHYIO cetb MTC wu
KPYTJIOCYTOYHO IMOJICTPAWBaET PECYPCHl CETH MOJ MOTPEeOHOCTH a0OHEHTOB. J[aHHOE pelieHHe MOBBIIIAET
JOCTYITHOCTb M HENIPEPHIBHOCTH TOJIOCOBBIX CEPBUCOB U MEpeAadn JaHHBIX MYTEM paclpelesieHHs Harpy3Ku
MEXIy O0a30BBIMH CTaHIMAMH. PeXUM KapaHTHHA CyLIECTBEHHO YMEHBIIWJI KOJMYECTBO M CKOPOCTD
BBIC310B OpHraj Ui peMoHTa 000pyA0oBaHus, HO paboTatomue B cucreme anroputmsl SON mo3Bonuny Ham
BBIWTH U3 JAHHOW CUTyalluH MPaKTU4YecKu Oe3 moteps [S].
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3aki0ueHue

PazBuBatommiics MOOMIBHBIA HMHTEpPHET TpeOyeT IIUPOKOMOJIOCHBIX MOOWIBHBIX OeCIpOBOIHBIX
ceTel ¢ OTIMYHON MPON3BOAUTEIHFHOCTBIO, KOTOPAst 3aBUCUT OT (P PEeKTUBHOTO U NEHCTBEHHOTO YIIPABICHUS
CeThI0. DTO TE3UC YK€ JaBHO M3BECTEH, HO OH eul¢ HUKOIJa TaK He MPOBEpsUICS Ha Jele Kak B MEepuoj
nangemun Covid — 19, kormga OyKBaJbHO 32 HECKOJIBKO JHEH MOTPeOOBAIOCh MEpepacipeeiuTh PeCypChl
CeTel COTOBOI CBSI3U C YIETOM HOBBIX PEaIHii IUIOTHOCTH M paccpeaoTodeHust aboHeHToB. Kak HaM ynanock
yOeauThCs U3 JaHHBIX MPUBEACHHBIX B CTaThe, OOOUTHCH O€3 MOTEph W Jake MOKa3aTh POCT CMOTIIU Te
OTepaTopbl COTOBOM CBS3U, KOTOPBIE CBOEBPEMEHHO W MOCTYMATEIFHO 3aHUMAJINCh MOJCPHHU3ALUEH CBOMX
ceteil W BHeapeHWeM HWHCTpyMeHTOB SON. DOTH anropuTMbl CO3MAaOT BO3MOXXHOCTH 3(dexTuBHOTO
yIpaBlieHHsT CEThIO 3a CUET aBTOMATHU3alMH KOH(GUIYypHUpOBaHHS M ONTUMH3ALUU OCCIPOBOIHBIX CETEH
CBsI3U. DTO, B CBOIO oyepenb, cHmkaer kamutanbHbie (CAPEX) u skcmyaranuonnsie pacxonst (OPEX),
TIOBBIIIIAET THOKOCTH U OOIIYI0 MPOM3BOIUTENBHOCTh ceTH. Emé ogHNM BaKHBIM MOMEHTOM SBIISIETCS TO,
YTO B MIEPHUOJ MAHAEMUN 3TH MWHCTPYMEHTHI MO3BOJISIOT YMEHBIIUTH 10 MUHUMyMa IPUCYTCTBUE YEIOBEKa
Ha OOBEKTaX CBS3U JJII HUX HACTPOMKH M YIpaBlIEeHUS, TaK KaK A3TH JEHCTBHUS OCYILECTBISIOTCS B
aBTOMATUYECKOM pEXHUMe, a B CIydasX, KOrja BcE-Taku TpeOyeTcss pydHOe YIpaBIEHHE, IMO3BOJISIOT
OCYIIECTBISTH €T0 U3 JOMa.
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EFFICIENCY OF APPLICATION OF SON ALGORITHMS (SELF -
ORGANIZING NETWORKS) IN MOBILE COMMUNICATIONS
NETWORKS DURING THE COVID - 19 PANDEMIC

A.V. Solochshenko

Non-profit joint -stock company “Almaty University of Power Engineering and Telecommunications
named after Gumarbek Daukeev”, Almaty, Kazakhstan
E-mail: inferion_kz@inbox.ru

Annotation. In the context of a global pandemic, one of the few industries that not only did not suffer, but also
financially grew, was the telecommunications industry, and in particular, cellular communications. Due to the
widespread introduction of the quarantine regime, the load on those network sections where such an increase in traffic
was not expected has increased dramatically. Such stressful conditions allowed telecom operators to visually assess the
effectiveness of the SON algorithms. They have been actively implemented in cellular networks in recent years. Video
traffic provides the main load on communication networks - both from entertainment resources (including VoD content
and computer games) and from digital services for collaborative work (such as Zoom, Cisco Webex or Microsoft
Teams). The purpose of this article is to display and analyze the benefits that mobile operators have received from the
implementation of SON (Self - Organizing Networks) algorithms in their networks. In a pandemic, finding a person in
the workplace has become almost impossible. But in these conditions, the telecommunications industry not only did not
collapse, but on the contrary, the financial indicators and the general condition increased. The reason for this success
is the competent and effective implementation and use of SON (Self - Organizing Networks) tools in telecom operators'
networks.

Key words: Self-organizing networks, Load balancing, Self-optimization, Self-healing, Covid — 19.

COVID - 19 HAHJIEMUACHI KE3EHIHJIE ¥YS1JIbl BAMJIAHBIC
KEJUVIEPIHJE SON (SELF — ORGANIZING NETWORKY)
AJI'OPUTMAEPIH KOJJAAHY TUIMALJITT

A.B. CosonieHko

«FymapOek [loykeeB aThIHIaFrbl AJIMAThl SHEPreTHKA JKOHE OalIaHbIC YHUBEPCUTETI» KOMMEPIIHSIIBIK €MEC
aKIMOHEPITIK Korambl, AMaThl, Kazakcran
e-mail: inferion_kz@inbox.ru

Anoamna. JKahanowvix nandemusi sna20auviHoa mex 3apoan wiezin KOUuMatl, COHbIMEH KAmap KapiCuliblK
JHCABLIHAH OAMbIN OMbIP2AH OipHewie canianvly Oipi MeNeKOMMYHUKAYUs CAlAChl, aman aumkanoa Yaibl 6auianvic
601061 Kapanmun peosiciminiy scannail eneizinyine Oauianvlcmvl mpagukmiy MYHOAu oCyi Kymiime2en Hcerilepoiy
yuackenepinoe sicykmeme Kypm ocmi. Mynoail kyuzenic sca20auniapsvl 6AUIAHBIC OREPAMOPIAPLIHA COHbL JCHLIOAPbL
yanl oceninepde bencendi Kondauvlivin keie ocamxan SON  aneopummoepin Koaoawyowvly Muimoinicin HaKmMol
basganayea Mymxinoix 6epoi. baiinanvic scenicindeei He2izei HcyKmemeHi - OUblH-CAYblK PeCcypCmapulHa (OHbIY iuinoe
VoD-xonmenm nen KoMnvlOmepaix oublHOApObl KOCA AN8AHOA), COHOAU-aK OIpAecKeH JHCYMbIC YUliH CAHObIK
Kvlzmemmepoen (muicanwl, Zoom, Cisco Webex nemece Microsoft Teams) 6etine-mpaghux 6epedi. Ocvl maxananvly
maxcamul Yaivl Oaunauvic onepamopaapuvinviy 03 oiceninepinde SON (o30icinen Yyiivimoacmuvlpamvii diceinep)
aneopummoepin eHeizyo0en an2an apmulKUbLILIKMAPLIL Kepcemy odicane manoay. Ilandemus ocazoativinoa adamobv
JHCYMBIC OPHBIHAH MAOY iC JHCY3iHOe MYMKIH O0AMAObL, OIpax OY JHca20anoa MmeieKOMMYHUKAYUsL CANAchl KYA0blpamar
myeini, Kepicinule KapiuCcolIblK, KOPCemKiumepi MeH JHCAanvl Jca20ativl 0Cmi, OYa Jcepoe 6alianvbic OnepamopiapbiHbly
arceninepinde SON Kypandapwin cayammuol JicoHe MUiMoi eHOipy JicoHe KONOAHY Maubi30vl poib amkapowl (Self -
Yiieimoacmulpy oiceninepi).

Tyitin co30ep: o3in-03i YibiMOacmuipy diceninepi, scykmemenepoi meyecmipy, 63in-03i O4MAuIaHObIPY, 03iH-031

emoey, Covid — 19.
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BECTHHR TEJEKOMMYHHUKAIIAA 1
@ Ja]v/3/c] KOMMYHUKALIMOHHA SI UHKEHEPHSI

OP TYPJII MOJEJBAEP YIIIH YINKBIIICHI3 OVE KOJIKTEPIH
AHBIKTAY MOCEJEJEPIHJE AKYCTUKAJIBIK CUTHAJIIAPIBI
3EPTTEY

. K. YredaeBa', JI. b. UannoaeBa?

lSatbayev YHHBEPCHUTETI, 2XaﬂLH<apaJILIK IT yauBepcuteri, Anmater, KP
e-mail: *dana.utebaieva@gmail.com, °L.ilipbayeva@edu.iitu.kz

Anoamna. Ywkwiuicols aye kenikmepi (YOK) onapoviy Kon scemimoinicine dauiauvicmsl KeHineH KOJOAHbLIbIN
kenedi. Typai canarapoa wazeli KOAiK KYpaioapulH 3aHCbl3 NAUOAIanyObl AHbIKIMAY APHALbL SbUILIMU - MEXHUKALbIK
MmaceneHi wewyoi manan emeoi. YOK-mepdi anvikmay macenecinoe axyCMUKAIbIK CUSHALOAPObL KOLOAHY MAHbI30b
Jrcone muimoi sepmmey canacvina aunanovl. byn socoba YOK yuynapvinan anvinzan OblOblcmulk MasiMemmep He2iziHoe
(Convolutional Neural Networks) CNN-0i kondana omuipein, srcyxmenzen dcone sHcyKkmeamezen OpoHoapobvl Jcikmey
mancelpmacein oaaposly Oip Jicone OipHewe mModenvoepine opblHOayObl makcam emedi. Byn ocyiieni wewyoeei ey
bacmel Kedepei Kopuiazan Opmawvly OblObicmapuiHbly acepi 6onzanovikman, YOK-miy aKycmukauvlk CUSHA
Odepexmepi “YOK oicok: gponowix wiywin” (“No UAV: background noise”), “Kyxmenmezen YOK” (“Unloaded UAV”)
acone  “JKyxkmeneen YOK” (“Loaded UAV”) Oecen yw monka dicikmenoi dicone HeUpoOHObIK dceliiepi bap 0Oip
HbICAHHbIY OIpHewe MonmamaiapbiH0agsl AKyCMUKAIbIK, CUSHAIOAPObIY CURAMMAMALAPLL 3ePmmenoi.

Tyiiin ce30ep: ywkbviucolz aye konikmepi, YOK OvlOvicmapbinbly dcikmenyl, aKyCMUKAAblK CUSHALOAp,
acykmeneen YOK, ocyxmenmezen YOK, orcunaxmanearn HetipOHObIK diceniiep.

1. Kipicne

COHFBI TEXHOJIOTHSUIIBIK KETICTIKTEP KbU1IaM OacKapbUIATBIH XKOHE ap3aH OOJIBIN KEJIETIH VIIKbIIICHI3
aye kemiktepiniH (¥OK) KOMMEpIHSIBIK KO KETIMALTITIH apTThIP/bl. By KeMiKTepiH KYHACTIKTI eMip/e
KBI3BIFYIIBUIBIK MakcaTTa Oayanap OWBIHIIBIFBI PETiHAE, COHIAH-aK 3MAHABI MaKcaTTa KOJAAHBUIYBl KYH
calipiH apThin kenemi [1-12]. Onapasl 6ackapy/ia KaTeliKTiH KeTyiHe opail HeMece MaKCaTThl TYPAE 3USHIBI
cebenTepre KoijaHy Oyl KeOJIKTEpIAiH aHBIKTAy TAlChIPMAaChlH KOJIFAa alyAbl MaHBI3JBl Macesere
alHaANIBIpABL. AN KOWBUTFaH TamnchlpMaHbl YOK-TiH aKycTHKanmbIK CHTHANIAphl OOWBIHIIA aHBIKTAY JKOHE
Tajujay FbUIBIMHBIH KBI3BIKTHI caylacbiHa aiHanabl. Ocipece, YOK-TiH KoChIMIIIa XKYKTEMeci bap HeMece JKOK
eKEHJIITH OJIapJIbIH YIIIy IBIOBICTaphl apKbUIbl 3epTTey THIMAI 9jic ekenairi [1], [2] xymbicTapsinaa CNN
YHIpTKii HEMpOHBIK kel HeriziHme 99 % xorapel gommikneH eHuenin kepcerinreH. erenmen [1], [2]
yMbIcTapel Tek KaHa DJI Phantom 2 npoHaapbIHBIH aKyCTHKAJIBIK CUTHAI JEPEKTEPiMEH ILEKTeNiN KaJIFaH.
ABTroprap Oy WIEKTEeNyJi MKYMBICTBIH KeMInmri perime pactaigasl. Ocbl x00a ¥OK-TiH OipHere
MOJIENBICPIHIH aKyCTHKAJBIK Jepekrepine [1], [2] sxkymbictapbiaga 99 % nanaikti 6epren (CNN) yitipTkimi
HEHPOHIBIK KeNIepIiH KYpbUIBIMAAPHIH KOJIIaHy apKbUIbl OJapIblH CEHIMILIITIH 3epTTeyAl KapacThIpabl.
Kikrey “Kykrenren ¥OK”, “XKykrenmeren ¥OK” sxone “/[poH KOK: (OHIBIK MIybUT’ AEreH 3 HErisri
KJIacKa 0eJty HeTi3iH/e JKy3ere achlpblaabl. Herisri Makcar )KyKTelIreH Hemece KYKTEIMEreH IPOH JbIObICHIH
aHBIKTayFa THIMJI >KoHE CeHIM1 XKYHEeH] a3ipiieyre KaxXeTTi Macenenepai aiKbIHaay.

Inecne skymbicTap (Related works). [1], [2] »xyMbIcTapbl KOCBIMIIIA XKYKTeMeci 0ap, KOK, JPOH JKOK
JereH Kem Typmi kikreynepai (mutipile classifications); [4] xymbic ayamo nepextepai SVM omicin
KOJIAHBIN eHAeyi; [8] »KyMbIC APOH XKOK, OpoH Oap, exi ApoH Oap, KOCHIMINA LIybUIAAP JIEreH CaHaTTap/ bl
CNN-men xem Typai xkikreyni; [11], [17], [19] xone [21], [23], [24], [25], [26] xyMbIcTapblHIA JPOH
IBIOBICTAPBIH oKwayaayowsl; [12] xymbeicta HMM opicimen 24 xone 36 MFCC cnekrorpaMmanapbiMeH
enaeyni; [13] sxkymeic random forest amicimen xikreyni; [14] sxymbicta SVM apicimen MFCC xone LPCC
apKbUIBl epeKIIeNikTepai Kikteyni, [15] koHe [16] >kymbIcTap AETEKTUICYJIH KOPPENSIHSIBbIK dJIiCiH
enueymi; [18] sxkymeic PIL (Plotted Image Machine Learning) sxone KNN (K Nearest Neighbors) apKbLib
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kikteyai; [20] Kymbic Kamepa »oHE MHKpO(DOH naTdukTepiH OipikTipin, Oeiine kanmpnapaer HOG
napameTtpiiepin, an ayauo Oemikrepai MFCC mapamerpnepin SVM xonpaHy apkpuibl xikTeyai; [22]
JKYMBICTa aKyCTUKANBIK JaTYUK ITeH paaapIblH KOMOMHAMSICBIMEH 3epTTEY Il )Ky3eTe achbIpraH.

2. gjicTep

YUIKBIIICHI3 9ye KOJIKTEPIH aHBIKTayFa apHajfaH aKyCTHKAaJbIK XYHEHI KYpy YIIIH JIPOHHBIH €H
JKOFapFBl OMIKTIKTETi, OpTalla >KOHE aKyCTHKAJIBIK CE3TilIKe ©Te JKaKbIH KAIIBIKTBIKTApIaFbl, COHOaii-aK
KOpIIaFaH OPTaHBIH ©3re JBIOBICTApPBIMEH KabaTTacKaH YIyJapblHAH JKHHAKTaJIFaH AbIObICTAap JKIKTEI
anpiHabl. Toxipube eki Typii mepekkopMeH (dataset) xysere achipsuinsl. bipinmi aepekkop sxyireniy DIJI
Phantom 2 gpoH ABIOBICTApBIHBIH KYpAENi (GOHABIK HIybUIAapel HeTiziHAe >kmHakraimbl. DJI Phantom 2
MozeNl XKykremeci Oap ApOHIApIBl aHBIKTAy MOCeNeciHAe KemTen Konmanputansl skoHe DJI Phantom 1
IpoHbIHA KaparaHna 0,5 Kr )KyKTi keTepyre KaOiieTTi kesik 0onbin keneai. JpiobicTapasl xa3y OapbIchHIa
Typai KabaTTackaH Kypaeni IbIOBICTapbl Oap (Kel, MOTOLMKI, TMOMBI3 XKoHE MallWHANap) >Karaiiap
KapacTeIpbUIAsl. MyH/Ial Kyp/ei jkaFaaia KapacThIPBUTYBl OCHI 3epTTEYAIH KOWBIT OTHIpFaH 06acThl eKMIiHi
Oonbin TaObuTanpl. CeOeli, HAKThI eMipiae KOJJaHy YIIH CEHIMII jkyle Kypylna IpOH VIIyJjaphl e3re
KabaTTacKaH Kypaeii IybUIIapiaH axbIpaTy sl KakeT ereni. Exinmi aqepexkop DJI Phantom 1, 2, 3, 4 npon
MOJIEIBICPiHIH ABIOBICTapBIMEH, COHAAM-aK Oananap ONBIHINBIFBI PETiHAEC KON KOJNAAHBUIATBIH Syma X5,
x20, Tarantula mpoHAApHI JKOHE aIIBIK ACPEKKO3IEPIHACTI 03re A€ APOH TYPIEPiHiH aKyCTUKABIK CHUTHAT
JIEpPEeKTepl apKbUIbI TOJBIKTHIPLULABI. Herisri makcat - [1], [2] sxyMbIcTaparbl KYpPbUIFAH KYHEHI KOI TYpJii
JIPOH MOJENbIEPiHIH IePEKKOPbIHA TEKCEPIll, OHBIH HAKTHI YaKBIT )KYHECiHE CEHIMALIITIH 3epTTey JKoHE /e
HET13Ti Maceneepl aHbIKTay OOJBIT Ta0bLIa k.

O3ipJieHIN OTHIpFaH JXKyie Heri3iHAe OpOH AbIObIcTapbl KbuimaM Dypwe Tpanchopmanusicel (FFT)
apKBUIBl CIIEKTPTe AaWHANIBIPBUIBI, OipHEINe CY3TUIepACH OTil, AIbIHFAH EePeKIIeTiK BEKTOpIapbl
HEHpOHABIK keninepain yiiptkiai CNN mozaenine Oepisiesi.

Hepexrepai enmey (Data Processing). MukpodoH maTYHKTEpPIMEH Ka3bUIFaH ayau0 CHIHAJIAP.IbI
YaKBIT ayJJaHBIHJA KapacThIPY apKbUTBI TAIKbLUIAy KUBIH Oonaapl. CUrHanaer Oacka popmarra OeliHeney i
xbi1amM Oypobe Tpancopmanmsceir (FFT) konpansin (1) Uik ayAaHbIHIA KapacThIPaMbI3.

F(k) = [ f(x) e 2mikx gy (1)

Hotmxecinae op Typili *KHITIK XKOJaKTapblHJIa KOPiHICI MeproaorpaMMaapMeH OalKanaasl. Ayauo
CUTHAJJIap/ia KeIl e3repicTep TOMEHT1 JKHiJiKTepae OaiKaiaTelH OOIFaHIBIKTaH, MAaITMHAJBIK IBIOBICTAP
xargaiel ymie DownSampling kagamsr 16000 I'n mamaceina opelHAanael. by nepuogorpammanap yakslT
OOMBIHINA )KHHAKTAJIBII, Oip OipiMEH KepIIIijieC )KUHAKTATYBI HOTH)KECIHJIE CIIEKTOTpaMMaap sl oepe/ii.

Aynuo yakpIT OOWBIHINA Y3IIKCI3 ©3repicTe OOJaThIHIBIKTaH, OJiapJbl ayJaHHBIH KIIIKCHE YaKbIT
Oemirinzaeri MoHi anblHCA, 071 O6JIKTEp TYPaKThl A€l KapacTblpbliagsl. OCkl TYpaKThl OOMIKTEpHi aly YLIiH
KbicKa yakbITTHIK Dypbe Tpandopmanmscel (STFT) sxysere aceippuinsl. Kemneci kagampaa, CBHI3BIKTBI
KHUUTIKTEpl torapudmaik sxuinikrepre Typiaenaipin, Mel Scale-ne 3eprrenai. Cy3ri nverisinzae Filter Bank-
Tep Kypeuiabl. Filter Bank-tepain xos¢ddunmueHTTepinaeri 3Heprus JeKOPPEJUUSIChIHBIH alblH any YIIiH
DCT (Discrete Cosine transform) kosmaneuiabl. OHBI KOJJ@Hy apKbUIl OapiiblK akKmapaT TeOMEHT]
xwuinikrepre teirb3aaiansl. Hotmwkecinge MFCCs (Mel Cepstrum Coefficients) ko dunneHTTepi anbiHbl.
Ocnr 3eprreyae MFCC koaddunmentrepi 20-Fa TeH erin anbiHabl. Ce0e0i, [1] KYMBICTBIH CEHIMAI Jem
YCBIHFaH KYHeciHiH KemcTpiik cnekrporpammacekl 20 mMc ayauo Oerikrtepi ymiH 20 - Fa TeH OonaThiH
epeKIIeNiK BEKTOPJIAPBIH YCBIHFAH. AJI OCBI XXYMBIC 63 Ke3eTiHJIe JPOHHBIH JXYKTEMECiH aHBIKTaHTHIH
KYHEHI HaKTBl yakbIT YIIIH JalblHIayFa KaKeTTi (akTopiap MeH Mocelelepal Kasipri kykenepmi
CEHIMIUTIKKE TEKCEepill caparnTay apKbUIbl 3epTTeyai Koira angsl. An ansiaFad MFCC koaddunmentrepi op
HBICAHHBIH JBIOBICTBIK JIEPEKTEpl KOMETiMEH aJIbIHFaH epekie Oerinepi OoNbIm TaObLIa[bl. AJBIHFAH
koadurmentrep “ete nmoiiekti” cyperrepai 6epeni. Ocbl CypeTTep MaIlUHAIBIK OKBITY 9/IiCTEpiHIH KipiciHe
Oepineni.

CNN mopnedi. Yiiptkini Heiiponasik sxeninep (Convolutional Neural Networks, CNN) - uplcangapasl
(cyper, ayauo oHe OcliHe JepeKTepai) TaHy skoHe Taburu Tuial exaey (NLP) cuskTel opTyp:ai cananapia
KoJiaHbutaTeiH Deep Learning sxeminepinin Oipi. OCbl JKYMBICTBIH 3epTTeyiHme Konmanbuirad, [1], [2]
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JKYMBICTap HETI3iHAETI KYpBUIFAaH J>KOHE J>KaHa aepekkopra Oeitimmenren CNN kemiciHIH eHIEITeH
KYpbUTBIMAApHI | - KecTeae KeATipisii.

1 - kecte. CNN anropuTMiHiH MOJENT KOHE KabaTTaphl

No Kab6arrap (layer) aTayst Kabar | Cy3srinep caHbl colikeciHIe
(layer) | op xabar yruin
CaHbI
1 CNN_by [1] | Convolutional (Conv2D) 1 32 (kernel size (3,3), strides
Activation functions: Relu (2,2))

MaxPooling (MaxPool2D)
BatchNormalization

2 _CNN_by [1] [ Convolutional (Conv2D) 1 64 (kernel size (3,3), strides
Activation functions: Relu (2,2))

MaxPooling (MaxPool2D)
BatchNormalization

3_CNN_by [1] [ Flatten

Fully Connected Neural Network 1 100
Activation functions: Relu
Dropout
Fully Connected Neural Network 1 0.7
Activation function: softmax 1 3
1 CNN_by [2] | Convolutional (Conv2D) 1 10 (kernel size (3,3), strides
Activation functions: Relu (2,2))

MaxPooling (MaxPool2D)
BatchNormalization

2 _CNN_by [2] [ Flatten

Fully Connected Neural Network 1 10
Activation functions: Sigmoid

Dropout

Fully Connected Neural Network 1 0.1
Activation function: softmax 1 3

Konganeuran wmozpenbliH (CNN) KypbulbIMbI: KaOaTTtap caHbl, cy3riiep emmemi, OeiceHmipy
¢dbysxmsaps! (activation function) 1 kectee allKbIHIAIBI XKOHE €Ki TYPIi KYpBUTBIM KenTipingi. Jlerenmen
JIEPEKKOpIIap Kyp/aeii GOHABIK MIYbUIIAp MEH TYPJIi MOJIENbIEp HETi3iHae OOFaHIbIKTaH KadaT Kypamaaphl
JAMBITBUIABI Ja, HEri3ri cy3ri causl [1], [2] skyMbIc aschiHma caktanasl. KabaTTapabl AaMbITy OapbIChIHa
yHipTkini kabatrapra courbl BatchNormalization ka0OaTel >kacaHAbl HEHPOHIBIK SKEIUIEPAiH >KYMBICHIH
TYpaKTaHJBIPYFa XKOHE OHIMIUIITIH apTThIpyFa MYMKIHJIIK OepeTiH oic peTinae Kochunbl. JKoba 3 kiaccka
HETI3JIENTeHAIKTeH softmax (yHKIMSCH KOJJNAHBUIBIN, CY3ri emieMi 3-Ti Kypaubl. Al KYHEHIH KOFaiTy
GbyHKUMACH peTiHge “sparse_categorical crossentropy” GpyHKIHUSCH aIbIHIBI.

3. Hormkenep

JKorapeizia aTan ©TUITeHCH, )KYMbIC 2 TYPJIi AepEeKKOpMEH 3epTreii. byn nepekkopnap 1 - xecrene
kypburraH CNN MojeniHiH eki Typiii KYpbUIBIMBI OOWBIHIIIA 3EpTTENiN HOTIKenepi 1, 2 - Kecreneple
kenTipiai. JKannel exi aepekkop na yin Oesikke: okbITy (train) 60%, texcepy (validation) 40%, ceiHay
(test) 40% katpiHacTapbiHaa OemniHin yipetingi. CoiHay jKoHE TeKcepy OeliKTepiHAeri AepeKTep MoAeIbMEH
ajijpIH-ana yiperiniMeren Oonael. OKBITY JKOHE TEKCepy AepekTepi Mojaenbai Oaranay (model evaluation)
apKbLIbL 1, 2 - cypeTTep/ic HOTHXKeNIepl KeNTIpiice, ChIHAy JepekTepl Moaenbai 0omkay (model prediction)
apKbUIBI 2 - KecTele KepiHic TanmThl. OCBl TycTa, OOKaM HOTWKEJEpiH HakTbl OelHeNey YIIIH ChbIHAY
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JIEpeKTepiHiH ImIiHAeri Ke3aelcoK TaHIallFaH 3JIEMEHTTEPIIiH epeKIIeNlik BEeKTOPhl, SSFHA ayIAHOHBIH CYpeT
OcitHeciHeTi 1epeK MoHepi 2 - Kkectene KenTipuiai. An ceiHak Python GarmapnamaceimMen sxacanasl. CNN
moneni Keras HEHpOHIBIK kel KiTamxaHachIMEH, ajl aKyCTHKAJIBIK CuUrHaimap Librosa kiTamxaHachIMeH

OHJIEII.

10
= 08
m
E 06
2 —— train accuracy
04 1 test accuracy
o 20 40 B0 BO 100
7 —— train error
test error
[
E 21
i
o 20 40 B0 BO 100
Epoch

1 cyper - Il gepexkop YIIiH MalIMHAIBIK OKBITYIBIH IAIIT (accuracy) MmeH xxoranty (loss)

MOJIebAepPi

Toxipubue ceiHaKTapbl OapbIchiHAa epoch caHbl OGipHemie MoHAEPMEH TEKCepuTim, HoTmkeciHae (63,
20, 1) cyper BekTopsl yiuiH | nepekkopaa S50 snoxTa, an Il nepexkopaa 100 3moxTa KoFanty (yHKIHsIIAPHI
“good fit” kuceikTapeiH Oepni. “Good fit” KUCHIFBIHHBIH KepiHiciH 1, 2 - cyperreri “Error” sxoranty
(hYHKITUSCHIHBIH HOTIDKENIEPiHEH Kopyre Oomabl.

10 —
m
5
(=]
2 0.6 —— train accuracy
test accuracy
H 10 20 30 40 50
7 — train error
test errar
b
=
D L T T T T T T
H 10 20 30 40 50
Epoch

2 cyper - | nepekkop YIIiH MallMHAIBIK OKBITYABIH JaMiri (accuracy) MeH xoranTty (loss) Mmonensaepi

An KylieHiH CeHIMJUIIK NIEHTeWiH KOpCEeTeTiH MANIiK KUCBHIFBIH 1, 2 - cyperrepaeri “Accuracy’

KepiHicTepiHeH Oaiikayra Ooyaabl.

B

2 - kecre. [63, 20, 1] enmemimern CNN Moze/bAepiH 3epTTeY HOTHXKENIEPI

Hepekkop
araysl

MFCC BexTop
oJmemi

Bbomxayaeig
KOFAITY
mamacsl (Loss)

bomxkay
JIQJIIIT

Heliponnst
MOJEIBACP

Kesneiicok a1eMeHT HOMIpI
XKoHe O0IKaMBbl
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I (63, 20, 1) CNNby [1] | 94.41 % 0.15 10 pemmik snemenm
JIEPEKKOP Target label: 0

(D1 P2) (50 epoch) (Background_

noise);

Predicted

label: 0 (Background_
noise)

CNN_by [2] |89 % 0.29 10 pemmik snemenm
Target label: 0

(20 epoch) (Background_

noise);

Predicted

label: 1 (Loaded UAV)

I (63, 20, 1) CNN_by [1]96.1% 0.11 16 pemmik snemenm
JIEPEKKOP (100 epoch) Target label: 1
(6ipuere (Loaded_UAV);
MOJIEJIBAE Predicted
p) label: 1 (Loaded UAV);
CNNby [2] |81% 1.04 15 pemmik snemenm
(30 epoch) Target label: 2 (Unloaded
UAV);
Predicted

label: 1 (Loaded UAV);

Ocpl xyMbIc asichiHa 10 cekyHATHIK Kipic aynuo daingapeiHan 5 0ellikke cerMeHTTey Herizinge (63,
20, 1) emmeMzi BEKTOPIIBIK epeKIIENiKTepiHiH Ti30ekTepi OipiiamMa >KoFapbl ASIIIKTepi KOPCETKEHIIKTEH,
OHBIH MalIMHAIBIK YHPEHYMEH aJbIHFaH HOTHKENEepi 2 - KecTere Oepisii. AJNbIHFaH HOTIKEJepre CyHeHcek,
[2] 3eprTey xyMbIChIHBIH HeriziHne Kypbuiran CNN Mozeni Ken MOAENI AepeKKOp YIIiH CeHIMCi3 OO0JbII
aHBIKTAIABI. Opi Kapaitrel 3eprrey [1] >KyMbIC HEri3iHIeri JaMbITbUIFaH KYpBUIBIMFA CBIHAKTAp acay
apKBUIBI JKY3€re achIPbULABI, all CBIHAK KepceTKimTepi [1] )KYMBICTHIH >KOFapFbl KOPCETKILIiH OepMei, sIFHH
OyJ1 MaceJIe a1l Jie KEIIeH Il 3epTTeY/l Tajan eTeTIHIIMH ajFa TapTThL.

4. Tankpuiay

Ocbl KYMBIC aKyCTHUKAaIbIK CHTHAJIIAPIbl YIIKBIIICHI3 dye KOJIKTEPiHIH JKYKTeMeCiH Oaranay
TancelpMacbiHaa 3eprreyai ApoHHbIH Oip (DJI Phantom 2) sxoHe op Typni Mozenbaepi ywiH 1-kecte
ootibiHma KypeutFaH CNN HEWpOHABIK JKETiCiHIH CEeHIMAUINIH TeKcepy apKbUIbI KY3€re achlpbUIJbL.
Toxipubuenik chblHaKTap OapbhICHIHIA JKYWEHIH THIeprapaMeTpliepi €Ki Typii JepeKKop YIIiH Oipieit
HoTIXke Oepmeni. bipHeme perti chiHaK OapbIcblHAa Kem MOJENbAI APOH JEPEKKOpbIHA KyHe
runepnapaMeTpiepi kaidta enrizingi. CoHgaii-aK IpOHAAPIBIH KYKTeMECiH Oaranay >KyHeciH HaKThl yaKbIT
YIIiH KypyJia KOpIIaFaH OPTaHbIH IYbUIbI, APOH YIIap aliMaKTarbl ©3re KadaTTackaH JIbIOBICTAPIIBIH OOMYHI,
yiperinyre OepifieTiH Kipic ayauo HAEpeKTepiHiH CaHbl XOHE aKyCTUKaJbIK CHUTHANJApABIH O KULTIK
aliMarbIHIa THIMJI OMICIIEH OHJENYi CEKUIAlI HEri3i Mocesesiep eCKepllyl THIC eKEHIr alKbIHAAIABI. AJ

42



BecmHuk AAMamuHCKO20 yHUsepcumema 3Hep2emuku u ceasu Ne 3 (50) 2020

JNEPEKKOPAAFsl JIPOH MOJIENl CaHBIHBIH YJIFAlOBl JKYHEMEeH ©HJIey YIIiH 3 Ke3eriHAe JKYHEeHIiH
TUneprnapaMeTpiepine XKoHe coJl ACPEKTEePHAiH CAaHBIHBIH €ldyip Kem Ooiybl (aKTOpbIHA TiKeneH Toyemmi
00TaTBIHABIFBIH KOPCETTI.

5. KopbITBIHABI

OcBI 3epTTey JKYMBICHI YIIIKBIIICHI3 9ye KOIIKTePiHIH aKyCTHKAIBIK CUTHAIIAPBIH OJapAblH KYKTEMECIH
Oaramay TtanceipMackiHga CNN yHIpTKUTI HEHpOHIBIK JKETICIMEH MOJIENb TypJepiHe KaTBICTBI dCepiH
3epTTeai. AKYCTUKANBIK CHUTHAIIap XHUUTK aynaneiHna engueinin, 20 MFCC epekmenik BeKTOpIapbIMEH
JKenmire YChHBUIABL. ChIHAKTap HOTIDKECI APOH MOJAETIHIH YJIFAIObl aKyCTHUKAaJbIK CHTHAIAAPABIH KypAeli
OHJIENYIH KaXKeT eTETIHITIH KepceTTi. SIFHN, KYHEHIH CEeHIMIUITIH apTThIPY - KOJIAHBIIATEIH HEHPOHIBIK
JKENiHIH TYpiHe eMec, KipicTe OepiieTiH aKyCTHKaJIbIK CHTHAJIAapAblH THIMII ©HJIENyi TalchlpMachiHa
TikeJel Toyenai eKeHniri Oalkanapl. AJl KeJeleK )XYMBICTap APOH KYKTEMeCiH OaraiayJbl aKyCTHKAIIBIK
CUTHAJIIBIH Y3aKThIFbIHA )KOHE aNIbIH-ana oHeY (Preprocessing) omicTepin 3epTTeyre apHaiabl.
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INVESTIGATION OF ACOUSTIC SIGNALS IN UAV DETECTION
TASKS FOR VARIOUS MODELS

D. Utebayeva!, L. llipbayeva?

'Satbayev University, “International IT university, Almaty, Kazakhstan
e-mail: ‘dana.utebaieva@gmail.com, ?Lilipbayeva@edu.iitu.kz

Abstract. Unmanned aerial vehicles (UAVs) are widely used due to their availability. Revealing the illegal use of
small vehicles in various fields requires solving a special scientific and technical problem. The use of acoustic signals
in UAV detection has become an important and effective area of research. This project aims to accomplish the task of
classifying loaded and unloaded UAVs by one of their models and by several models using CNNs (Convolutional
Neural Networks) based on sound data from flights. Since the main obstacle in solving this system is the impact of
ambient sounds, the data of the acoustic signals of the UAVs was classified into three groups, such as “No UAV:
background noise”, “Unloaded UAV” and “Loaded UAV”. The characteristics of acoustic signals from several series
of the same object with neural networks were studied.

Keywords: unmanned aerial vehicles, UAV sound classification, acoustic signals, loaded UAVs, and unloaded
UAVs, convolutional neural networks.
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HCCJIEIOBAHUE AKYCTHYECKHX CUT'HAJIOB B 3AJJAYAX
OBHAPYKEHUSA BIVIA IJISA PA3JIMYHBIX MOJAEJIEN

. YredaeBa', JI. UniunoaeBa*

'Satbayev University, ’MYUT, Anmarsi, Pecrry6imuka Kasaxcran.
e-mail: *dana.utebaieva@gmail.com, 2L.ilipbayeva@edu.iitu.kz

Annomauyun. becnunomuvie nemamenvuvie annapamel (BIIJIA) wupoxo ucnonvzyromes 01a2o0aps ux
docmynHocmu. Buiasnenue He3aKOHHO20 UCNONIb308AHUSA HEOOILUUX MPAHCNOPMHBIX CPEOCME 8 PA3TUYHBIX 001aACAX
mpebyem peuwieHuss CHeYUALbHOU HAYYHO-MexXHUuYeckol 3adauu. Vcnonv3osanue aKyCcmMu4eckux CUSHAIo8 npu
obnapycenuu BIIJIA cmano eascnoii u s¢pghexmuenoii obracmvio ucciredosanuti. Imom NpoeKm HAnPAGIeH Hd
BbINONIHEHUE 3a0auu KIACCUDUKAYUU 3a2PYAHCEHHbIX U He3zazpyoicennvlx BIIJIA no oonoil u3z ux modenei u no
Heckoabkum moodensim ¢ ucnonvzoganuem CNN (ceepmounvie metiponHvie cemu) HA OCHOBE 36YKOBLIX OAHHbIX OM
nonemog. I1ockonbKy OCHOSHBIM NPenAmMCmeueM 8 peuleHuy Mol CUCmeMbl AGNAeMC 8030eliceue OKPYHCAIouUX
38YK08, 0aHHble akycmuueckux cuenanoe BIIJ/IA bviu knaccuguyuposanvl na mpu epynnwl, maxue xax «Hem BIIJIA:
Gonosviti  wymy», «Hesaepyoscennoii BIIJIA» u «3acpysicennviii BILIA», u 6viiu  uzyuenvl Xapakmepucmuku
AKyCMuYecKux CUSHAL08 HECKOIbKUX Cepull 00HO20 U MO20 Jce 00beKMA ¢ HeUPOHHbIMU CemAMU.

Knroueevie cnoea. Oecnunomuvie niemamenvhvlie annapamel, kiaccuguxkayus 38yko8 BIIJIA, axycmuueckue
cueHanwl, 3azpyoicennvie bIIJIA, nezazpyosicennvie bIIJIA, céepmounvle neliponnvle cemu.
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APPLICATION OF THE METHOD OF EXPERIMENTAL RESEARCH
OF THE AERODYNAMIC PARAMETERS OF A MODERNIZED UAV

V.N. Kryuchkov, V.V. Savinkin, A.A. Solodovnik

M.Kozybayev North Kazakhstan State University, Petropavlovsk, Kazakhstan
vasya2030@mail.ru, cavinkin7@mail.ru, aasolodovnik@mail.ru

Annotation. The article the general design and aerodynamic aspects of the design of an unmanned aerial vehicle
intended for monitoring objects in the upper hemisphere at night is introduced. The prospect of using the system is seen
both in the interests of the defense department and fundamental and applied studies of the atmosphere and near space.
The advantages of the system are determined by the ability to overcome tropospheric clouds and the use of the most
efficient optical sensors. The basic model in the implementation of the project is the GeoScan 201 unmanned aerial
vehicle, which has the required performance characteristics. The main attention in the work is paid to the
modernization of the general structure of the airframe, the need for which is dictated by the installation of a container
with optical equipment. Design considerations for changing the profile of the airframe leading to minimizing the effect
of the compartment are proposed. Registration devices will be installed in this compartment. Preliminary calculations
have been completed. They were further tested in the course of an experiment using models of aerodynamic profiles of
unmanned aerial vehicles and an Armfield C15 wind tunnel. The test results are presented graphically and interpreted.
Further actions to achieve the best flight performance of an unmanned aerial vehicle aimed at monitoring the upper
hemisphere are proposed.

Keywords: Unmanned Aerial Vehicle, Space, Wind Tunnel, Forces, Experimental research.

Introduction

According to the military doctrine of the Republic of Kazakhstan, modern military conflicts are
distinguished by their activity, transience, the expansion of the scope of the war (in outer space and
information space), as well as the high voltage of the forces and resources of the state in armed struggle [1].
In this regard, the direction associated with the continuous tracking of spacecraft and the accumulation of
information about them is of great importance for the country's defense. Satellite radar is difficult due to its
small size and large distances. In this regard, we put forward the idea of monitoring these devices using
photomultipliers, which make it possible to consider even dimly lit objects. However, observations in the
visible range from the Earth's surface are often hampered by dense tropospheric clouds. Based on our
analysis [2], it was shown that statistically dense clouds form at heights of no more than 3.5 km.

Such heights are available to a wide range of aircraft and, in particular, unmanned aerial vehicles.
Proceeding from this, we see a solution to the problem of increasing the efficiency of monitoring the upper
sphere in the designing (and possibly modernization ) of an unmanned aerial vehicle that can rise to heights
of up to 4,000 m with the possibility of installing a container with scientific equipment. This container may
be a dome camera with a gyro area for panoramic shooting during the flight.

The study of a fairly large number of different aircraft, led to the choice of the basic model of the
UAYV GeoScan 201, the characteristics of which are given below [3]:

Max. take-off weight: 8,5 kg

Flight speed: 64-130 km/h
Flight Duration: up to 3 hours
Max. payload weight: 1,5 kg

Max. flight height: 4000 m
Operating temperature: from -40 to +40 °C
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As it can be seen from these characteristics, this device has a sufficient practical. Maximum flight
altitude to overcome dense tropospheric clouds, and is also able to take a fairly decent mass of payload,
which allows us to modify this side for our tasks.

As a payload, we chose two video surveillance devices - one camera with a viewing angle of 180° for
viewing the front hemisphere of the aircraft, installed in the front of the hull, and the second, aimed at the
Zenith and equipped with a photomultiplier. For tracking satellites installed in the middle of the fuselage.

To justify the choice of the optimal aerodynamic shape of the dome, it is necessary to calculate the
different types of domes based on the airframe. For this, various mathematical models were selected that
describe the flow of subsonic air masses based on the parameters of the standard atmosphere model [4].

We have developed several modifications of the airframe for our tasks.

As a result of mathematical research of all models, it was detected that, the methodology of which was
described in [3] revealed that when the vehicle moves with an average cruising speed of 20 m /s, the change
in ambient temperature can be neglected, since the change occurs only by hundredths fractions of a degree.

It was also concluded that the last modification, presented as project 6, practically does not make
changes in the moments of pitch forces and drag forces F, and lifting forces F,. In some cases, the drag force,
as expected, increases. It can be observed when visualizing the air flows around the airframe. The lifting
force F, behaves interestingly, which increased slightly by 20% after the first modification, but then
gradually decreased to 86 N. But the most significant results of the study are changes in the moments of
forces M,, My, M, acting on the designed glider. The moment of pitch M, relative to the horizontal axis
perpendicular to the direction of movement of the airframe was changed by increasing the resistance F,. But
it can be compensated by deflecting the flaperons up to 5 degrees until a significant contribution is made to
the drag force, which will entail some change in the aerodynamic shape. Changing the geometry and shape
of the design will ultimately affect the duration of the flight. These changes will reduce flight time in the
range of 15-20%.

Figure 1 — Airfoil of UAV Project #6

Thus, we have shown that at an angle o = 6 degrees, characteristic for the horizontal flight of most
aircraft, the last modification with a streamlined Airfoil is the most optimal for the implementation of our
project.

Next, we carried out a mathematical analysis of the changes in the lifting force F, and the Drag force F,
depending on the angle of attack when it varies from 0 to 10 degrees.

It was found that with an increase in the angle of attack o from 0 to 10 degrees, the lifting force F, and
the pitch moment M, increase, as was predicted in [5]. The pitch moment also increases from 3 to 16 N*m
with an increase in the angle of attack from 1 to 10 degrees almost linearly. This process is explained by the
fact that the difference in the total forces applied to the bow and tail of the airframe increases due to different
surface areas. Particular attention should be paid to the result, where there is a clear minimum of resistance
forces F; = 2.14 N with an angle of attack a = 5 degrees, in contrast to the standard values of the angle of 60
degrees. Glider fairing must be taken into account when changing autopilot programs.
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Another way to reduce the influence of the fairing on the aerodynamic characteristics is to add a wing
in the rear of the fuselage, which can move relative to it and compensate for the created moment imbalance.

Hence we have a need for practical verification of the results of our mathematical studies on a wind
tunnel.

Materials and methods

The Experiment will be carried out on equipment Armfield C15-10 (Figure 2). It allows to study the
processes of flow around air masses at speeds from 0 to 32 m/s for models with overall dimensions of not
more than 100x100x120 mm [6].

This setup allows you to explore the lift force and drag force and to consider the pressure distribution
behind the investigated objects.

Figure 2 — Computer Controlled Wind tunnel Armfield C15-10

The readings are carried out in software, where all values are presented in cells, as shown on the left in
Figure 3. This allows you to visually see what changes occur with the air flow blowing around the sample
during testing. When obtaining quantitative data, a tabular view of the material presentation is used,
indicated in Figure 3 on the right. This table can be exported to MS Excel for the convenience of data
processing.
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Figure 3 — Screenshot of a program designed to work with a Wind tunnel Armfield C15

In previous works [3, 5], we made conclusions about the need to make changes to the design of the
airframe and supplement it with the wing. When moving the wing, you can achieve changes in aerodynamic
performance to create optimal flight parameters of the device. As the studied models, aerodynamic profiles
of the models along the central plane of symmetry without additional structural elements (Sample 1) and
with the designed wing (Sample 2) were created, which are shown in Figure 4, 5.

Figure 4 — The Airfoil of Fuselage Sample 1
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Figure 5 — The Airfoil of Fuselage Sample 2

Our main task is to obtain the dependences of the lift force and the drag force of two samples on the
angle of attack. These experiments were carried out at a fan speed of 63%, which corresponds to a flow
velocity of 20 m / s. The angle of attack varied between -2 and 14 degrees. Zero angle corresponds to the
horizontal position of the fuselage chord.

The test data are shown in table 1.
Table 1 — Dependence of Lift and Drag forces for two Samples

Sample 1 Sample 2
Angle of Attack/’ Lift force/ N Drag force/ N Lift force/ N Drag force/ N
-2,2 -0,32 0,12 -0,6 0,03
0 -0,27 0,14 -0,51 0,03
2 -0,07 0,23 0,31 0,28
4 -0,06 0,09 -0,22 0,17
6 0,23 0,34 -0,04 0,29
8 0,31 0,41 0,23 0,4
10 0,61 0,39 0,48 0,39
12 0,62 0,41 0,78 0,44
14 0,63 0,22 0,78 0,3

Based on the results of these data, graphs of the dependencies of the Lift force and the Drag force were
constructed, as shown in Figures 6 and 7.
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Dependence of the Lift Force on the Angle of Attack
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Figure 6 — Graph of the Dependence of the Lift Force (in N) on the Angle of Attack (in °)

Dependence of the Drag Force on the Angle of Attack
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Figure 7 — Graph of the Dependence of the Drag Force (in N) on the Angle of Attack (in °)

As can be seen from the first graph, the lift forces of both samples are almost linear functions, only the
second sample has a small local maximum near the angle of attack of 2 degrees. The second graph shows the
graphs of the dependence of the Dragorces acting on samples 1 and 2. The graphs are no linear, but they
have almost the same trend, with the exception of several fluctuations.

Conclusions

As can be seen from Figure 6, the wing contributes to a decrease in lift under equal conditions in the
area from 3 to 11 degrees of the angle of attack. It is explained by the creation of a balancing Pitch My,
which must be compensated for by increasing the load in the nose of the aircraft. The Drag force shown in
Figure 7, this additional element, as can be seen from the graph, affects slightly. Thus, we can conclude that
this element actually allows us to change the pitch Mx of forces in flight, compensating for it by changing
the position in space relative to the UAV.

In the future, we are going to continue working with the sample, because it is necessary to determine
the optimal range of movement of the wing relative to the airframe depending on various flight parameters in
order to achieve the best flight characteristics of the UAV.
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KAHIBIPTBIJITAH ¥YIIKBIIICBHI3 YITATBIH AIIITAPATTBIH
AISPOINHAMMUKAJIBIK TAPAMETPJIEPIH DOKCIIEPUMEHTTIK
3EPTTEY 9JICIH KOJJAHY

B.H. Kpioukos, B.B. Capunkun, A.A. C0/1010BHUK

M. Ko3sibaes ateianarsl Contyctik Kazakcran Meminekertik YHuBepcureri, [lerpomasn, Kazakcran
PecrryGnukacet
vasya2030@mail.ru, cavinkin7 @mail.ru, aasolodovnik@mail.ru

AHnoamna. Maxanada myHei yaKblmma HcOEapevl JHcApmsl wapoagbl HbICAHOAPObl OAKbLIAYEA APHANAH
VWKbIUCHI3 YWy annapamvlH — H#o0anayovly JiCainbl  KYPuLIbIMObIK — JHCOHE  A3POOUHAMUKANBLIK — dcneKminepi
Kapacmulpwiiaodel. JKyileni natioananyovly 00nauasbl KOpEawvlc 8e00MCMBOCHIHbIY MyOoenepinoe, COHOAl-AK,
ammocgepa MeH  JCAKbIH  apulimbl  Ipeeil  JicoHe  Koaoanbanel  3epmmeyiepde Oe  Kopineoi. JKyieniy
APMBIKWBLILIKMAPSL MPONOCHepanvli OYIMmbliblKmbl HCEHY JHCIHE e MUIMOI ONMUKAILIK 0amyuKmepoi nauoaiamy
MYMKIHOIKmepimen aHulKmanaovl. XKobanvl icke acvlpyovly 0a3anbl MoOeni manian emiiemin naudaiamy
cunammamanapwvr 6ap GeoScan 201 ¥¥A 6oavin mabwvinadvl. Kymvicma onmukaivl icaboviebl dap Koumeunepoi
opHamy Kasjicemminiciner myblHOAUMbIH NAAHEPOiY JHCANNbL KYPLLILIMbIH Jcanapmyeda oacmsl HA3ap ayoapuliobl.
Tipkece apnanzan acnanmap OpHAMbLIAMbIH OONIKMIY acepin OapviHwia azaumyea dcemeKuti niawep npoQuiin
032epmy OOUbIHWA CbIHOAPbL olnap ycvinbliobl. Byoan api ¥¥A aspoounamuxanviy npogunvoepi men Armfield C15
A3POOUHAMUKANBIK, KYObIPBIHbIY YACLIepiH Nau0aiana Omulpbin, IKCHEPUMEHM 0apblCblHOA MEKCepiieeH anoblH ald
ecenmeynep opwviHoandvl. ColHAK Hamuodicenepi 2papukanvl mypoe YCbIHbLIEAH dicoHe myciHOipineen. Kozapeavl
arcapmol wapovl OaxvLiayea 6ALIMMANean YuKbIUChl3 YUuly annapamvlHbly ey JcaKcul Yuly CUnammamailapvlHa Koi
JICemKiy3ee ApHAIean Ic-apeKemmep YCbIHbLIObL.

Tyitin co3dep: Yuviuicois ywamoin annapam, Fapouu, kywmep, Wind Tunnel, sxcnepumenmmix 3epmmey.
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INPUMEHEHUME METOJA SKCHEPUMEHTAJIBHOI'O
NCCIEAOBAHUA ADPOANHAMUNYECKUX TAPAMETPOB
MOJAEPHU3NPOBAHHOI'O BIIJIA

B.H. Kpioukos, B.B. Capunknun, A.A. C0/1010BHUK

Cesepo-Kazaxcranckuii ['ocymapctBennsiii YHuBepcuteT uM. M. Kozbeibaesa, [lerponaBiosek, Kasaxcran
vasya2030@mail.ru, cavinkin7@mail.ru, aasolodovnik@mail.ru

Annomayusa. B cmamve paccmampugaiomcs OOWEKOHCMPYKMUGHbIE U adpOOUHAMUYECKUe acneKmobl
nNPoeKmMupoBanus 0ecnUIOMHO20 1emamelbHo20 annapamad, npeoHAsHAYeHHo20 Olsl MOHUMOPUHeA 00beKmos 6
sepxueti norycghepe 6 HouHoe pems cymox. IlepcnekmusHocms UCTIONb30BAHUSL CUCEMbl GUOUMCSL KAK 8 UHmepecax
000pOHN020 8€00MCMEA, MAK U HYHOAMEHMATLHBIX U NPUKTAOHBIX UCCIE008AHUL amMOcepbl U OIUNHCHE20 KOCMOCA.
Ilpeumywecmea  cucmemvl  ONpPeOeIAIOMCA  803MONCHOCHIBIO  NPeoOoieHus  mponocgepHoli  obaaunocmu  u
ucnonv3oganuem Haubonee PHexmunvix onmuyeckux damuyuxos. bazoeou modenvio 6 pearuzayuu npoexma
sensiemess BIIJIA GeoScan 201, obnadarowuii mpebyembimu 9KCHIYAMayuoHHbiMu xapakmepucmukamu. OcHogHoe
sHUMaHUe 6 pabome o0paweno Ha MOOepHU3aAyuio obwell KOHCMPYKYuu HAaHépd, HeoOX0OUMOCmb KOMOpOl
OUKMYemcs YyCmaHo8Koll KoHmetinepa ¢ onmudeckum obopyodosanuem. IIpednodicenvi KOHCmMpyKmugHvle CoO0OpasceHus
no UsMeHeHulo npoguia nianepa, GeOyweco K MUHUMUSAYUU BIUAHUSA OMCeKd, 8 KOMOPOM 6yOym YCMAaHO81eHbl
npubopsl 0as pecucmpayuu. Buinoanensi npedeapumenvhuvie pacuémol, Komopwvie 6 OanbHeliuem npogepeHvl 6 xooe
9KCHEepUMeHma ¢ UCNOIb308aHUeM Modenell aspoounamuyeckux npogunet BIIJIA u aspoounamuueckou mpyov
Armfield Cl15. [Ipaguuecku npeocmagienvl u UHMEPAPEMUPOBAHbl pe3yavbmamul ucnvimanui. Ilpednosscenvi
oanvhetiwue Oeticmeus Oasi OOCMUIICEHUS. HAULYYIWUX JeMHbIX XAPAKMEPUCMUK OeCnUIOmHO20 AemamenbHo20
annapama, HayereHHo20 Ha MOHUMOPUHE 6epXHell noxycgepu.

Knrwuesvie cnosa: becnunomuwii Jlemamenvnoii Annapam, Kocmoc, Aspoounamuuecxkas Tpyba, cunwl,
OKkchepumenmanvHoe uccie008anue.
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Annomayusn. O0vekmom UCCIe008aAHUA AGIAOMCA Memoobl ANnpoKcUMayuu paboueti obracmu poboma-
MaHunynamopa muna «08yx3eeHHux». Llenvlo ucciedosanus sAensiemcs paspabomka U peanuayus Memooog
annpokcumayuu paboueii obnacmu poboma ¢ npedonpedesieHHON MOYHOCMbIO C YYemoM PA3IUYHbIX 02PAHUYEHUI.
Mamemamuyeckoe Mmoldenruposanue annpokcumayuu pabdouel obracmu poboma Cry’CUM NPeoMemomM OaHHO2O
uccreooganus. [lannoe uccredosanue 0A3Upyemcs HA BANCHOCMU ANPOKCUMAYUU padouell 00AACMU O8UNCEHUS
pabouezo opeana poboma, paspabomra No38onsem cOelamsv pPacciemvl ¢ YYemoM OSPAHUYeHUll U NIAHUPO8AMmb
mpaexmopuio nepemewenuii poboma na paboueii nosepxnocmu. B pesynomame uccieoosanus 0vinia 6binoIHeHA 3a0a4a
annpokcumayuu paboueii odoracmu  pooOMAaA-MAHUNYAAMOPA C 3A0AHHOU MOYHOCMbIO, ObLIU  CMOOEIUPOBANb
nonodcenus pabouezo opeana u peuieHa npamas u 0opamuas 3a0a4u KUuHeMamuxy poooma.

Knioueguie cnosa: pobom-manunyismop, pobomomexnuxa, pabodas oboracms poboma, Kunemamuxa poboma,
annpoxcumayua paboueii ooracmu pob6oma.

I[Mporpecc B obnactu artificial intelligence u poGoToTexHuKe SBISIOTCS MPOPHIBHBIMU HWHHOBAIHSMH,
MMEIOIUMH HEOrPaHWYCHHBIE BO3MOXXHOCTH M CHOCOOHBIMH KOHCTPYKTHBHO IOMEHSITH MHOTHE ACIHEKTHI
JKU3HH, BKIII0OYasi 3KOHOMHUYECKUE U COLMAIbHbIE HIOAHCHI KM3HU obmecTBa. CornacHo oneHkam [1], obopot
pBIHKa TPOMBIIUIEHHBIX po6oToB B 2016 romy coctaBua 33 MwoiHapAa AOJJIApOB, BKIIOYAs LEHY
IPOrpaMMHOro obecrieueHus, nepuQepruiHbIX TPUOOPOB U HHKEHEPHBIX CUCTEM U KOMILIEKCOB.

Bonbmias yacte poOGOTOTEXHMUECKMX KOMIUIEKCOB cocpenoroueHsl B CILA, Snonum u Esporme.
Kacarensao EBporel — 310 pobororexHnueckue ancam6mu ['epmannu, ®@panmun u BenukoOpuTtanuu, u y
TocieIHe!, K YIUBICHNIO, B MEHbINIEH cTeneHn. Tak ke CTpEMHUTENHO pa3BUBaeTcs JaHHas cTe3s B Kopee
u Kurae. Cnenyer oTMeTUTh, YTO Ha JaHHBIC CTPAaHBl IPUXOAUTCS OCHOBHON MAacCHB MAaTEHTHBIX 3asBOK B
obmactu poboTOTEXHHKH [2].

B cratee paccmarpuBaeTcs poOOT-MaHWUMYNISATOP THMA <«JIBYX3BEHHHMK». JlaHHas Mojens poOora
BbIOpaHa He ciyyaiiHOo. POOOTBI HaxoasT CBOE NMPUMEHEHHWE B NPOU3BOJCTBE, KOCMHUUYECKOW W BOCHHOU
NPOMBIIIIEHHOCTH, aBTOMOOMJIECTPOCHNH, MEIWIMHE M MHOTHX ApPYrux obsactax. PoOor-maHumynsTop
THUTIA «IBYX3BEHHHUK)» IIPUMEHSETCS B CAMBIX PA3JIMYHBIX 00JIACTSIX MPOMBIIUICHHOCTH.

B cratse He paccMaTpHBaIOTCsI BOIIPOCHl JUHAMHUKHM W ympasiieHus pobdorom. [y manHoro poborta
NPUBOJISITCS ypPaBHEHUS, OTIMCHIBAIOIINE KHHEMATHKY, IPOM3BOIUTCS alllpoKcuManus padoueit odmactu.

AKTyaJbHOCTh JIAHHOTO HCCIIEIOBaHUSI 3aKII04aeTcs B cleqylolleM: HauOoyiee NpUONIMKEHHOEe
BbIUKCIICHHE pabodell 00JlacTH OT BCEH BBIICICHHON paboueii MOBEPXHOCTH MMEET BAYKHOE 3HAUCHHUE JIJIS
BBITIOJIHEHHSI 11€J€BOr0 (DyHKLIMOHANAa pOoOOTOM-MaHUMYJISATOPOM, YTO SBJSIETCS CJIOXHOH W OJHOW M3
BaKHeHIuX 3amad [3]. DTo cBA3aHO C TeM, 4TO Mpu pabore 000ro podOTa OYEHb BaXKHO H30EraTh
BO3HMKHOBEHUS CHHTYJISIPHOCTH [4] 1 caMoTiepeceueHus MeXaHU3MOB U 9acTeil poOoTa B IEJSIX COXpPaHCHUS
ero pabouero CoCcTOSIHUSI ¥ KOHTPOJISI HAJ MPUHSATHEM PELICHUH Mo ero ynpasieHuio. CienyeT y4uThIBaTh
BJIMSIHUE BCEBO3MOXKHBIX OTpaHHMuYeHHMH Ha ABMKeHus. IIpoOneMaTHka McciaeqoBaHUS COCTOMT B TOM, YTO
3aJ1a4a OIIEHKH TepeMelIeHus pabodero ycrpoiictsa (oprana) pobora B KOHKPETHYIO TOUKY B IIPOCTPAHCTBE
HEBO3MOJKHA 0€3 HaJM4Hsl CKOJIbKO-HUOYIb puOnxkeHHol nHdopmaiuu o6 ero padboueii odxactu.

OOBEKTOM HUCCIENOBaHUS SBJSIIOTCS METOABI  ammpoKcuManuu pabodeld obOmactu  poborta-
MaHMITYJISITOpa THIA «IBYX3BEHHHMK». Llenbto uccnenoBanus sABisieTcs pa3paboTka U peanu3alusi METOJI0B
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anmpokcuMaruu  pabodelr obmacth poboOTa € MpenomnpefeNieHHOW TOYHOCTBIO C YYETOM PasiU9HBIX
orpaHWYeHMA. MaTeMaTHUecKoe MOJACIMPOBaHUE amnmpokcuMmanuu paboueil obmacTH poOOTa CITYyKHUT
MIPEIMETOM JAaHHOTO UCCIIEIOBAHHUS.

bbutn M3ydeHbl CTOPOHHHE AITOPUTMBI alNIPOKCUMALUM padoueil o0macTH I pa3HBIX Moneneil
poOOTOB, Takue Kak METOAbl WHTEPBAJIBHOTO aHAIW3a IS BBIYHCICHUS paboueil oOmactu poboTa, B TOM
gucne metoa Kpasurka, MeTo1 HEpaBHOMEPHBIX MOKPHITHH, peanoxenHsli Eptymenko H0.I'. [5, 6].

Kunematnueckne ypaBHEHHS IBIDKEHHS POOOTa-MaHUILYJIATOpPA HCIOJB3YIOTCA IJIsI TOTO, YTOOBI
omnucaTh IEpEeMEIleHHEe paccMaTpUBacMOro OOBEKTa B cHcTeMe KoopAuHaT (mpocTpaHcte). [lo Toit
NpUYMHE, YTO TPH MOCTYMATEeIbHOM IBIKEHHH BCE TOYKM OOBEKTa IBIKYTCS OAMHAKOBO, €ro, U 3TO
ABJSIETCS. IOCTATOYHO KJIACCHYECKUM PELIEHHEM, yJOOHO NMPEACTaBIIATh MAaTEpPHAIbHON TOUKOM: OHa UMEET
OIpENICJICHHYI0 MacCy, OAHAaKo €€ pa3MepaMu MOKHO npeHeOpeus. Ilpum moctymarenbHOM ABHKEHUH
HanOosee yHOOHEH TMONB30BATHCS JEKApTOBOM cHCTeMOM KoopauHatr. [lonokeHue TakoW TOUYKH B
MIPOCTPAHCTBE OIMUILIEM PATIYC-BEKTOPOM 7.

Hmeercs maHuMIynsiTop poboTa ¢ AByMs CEIMEHTaMH M JABYMs IIApHUpPaMH, H300pa’KCHHBIH Ha
pucyske 1. Ha oqHOM U3 KOHIIOB MaHHMITYJISITOpA HAXOAUTCS KOHEYHOE 3B€HO, KOTOPOE ONpeAessieT pabounit
WHCTPYMEHT (OpraH), MOJ0KEHHEM KOTOPOro HEOOXOMMO YIPaBIATh, TO €CTh epeMelIaTh B Hy)KHYIO HaM
TOUKy KoopaumHat. OOHAaKO cienyeT OTMETUTb, YTO Mbl HE HMEEM HEMOCPEICTBEHHOW BO3MOXXKHOCTH
KOHTPOJIMPOBATh MO3ULMIO KOHEYHOTO 3BEHA U MOKEM TOJIbKO IIOBOPAYUBATh LIAPHHUPHI, HA MECTE KOTOPBIX
BBICTYIAIOT IBUTATENH.

PucyHnok 1 — poGoT-MaHUIIYIATOP C ABYMS CETMEHTaMU M JBYMS LIapHUPaMHU

Ha pucynke 2 n3o6paskeHa cxema poOOTa-MaHHMITYJISITOpa C 0003HAYCHUSIMHU.

v

PI/ICYHOK 2 —cxema pOGOTa-MaHI/IHy.TISITOpa ¢ 0003HAYCHUSIMH

[TonoxxeHre TOYKM B MIPOCTPAHCTBE, 33aBACMOE PAIUYC-BEKTOPOM T, MOIKHO CIIPOEKTUPOBATH HA OCH
KOOpJWHAT, TOTJa TOJIyYMM CHUCTEMY CKAJSPHBIX YpaBHEHWH. OTH ypaBHEHHUS ©  HA3BIBAIOT
KMHEMAaTUYCCKUMHN YPaBHCHUAMU IIBUKCHUS. 3HaueHus Iy, ry 3a4ar0T KOOpAWHATBI pagnyC-BEKTOpa. B
HAIIeM CJIydae BUJ CUCTEMbl YPaBHEHHI IPUMET CIICAYIOIHMH B coryiacHo ¢opmyie (1):
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{rx =Lq* cos(Ql) + L, * COS(Q1 + Qz)’ (1)

1y, = Ly *sin(Qq) + L, * sin(Q + Q3),

rae Iy, Iy — KOOpAWHATHI paguyc-BeKkTopa 7, Ly — qimuHa maeda pobota, L, — nmuHa npeamneuss, Qp —
YTOJI MEXJIy OChI0 a0CIHCC W IuIedoM poboTa, Q, — yroy Mexay NpeArieybeM U JIOKAIbHOH CHCTEMOM
KOOPJMHAT, 00pa30BaHHON MHHMBIM MPOJIOJIKCHUEM TIICYa.

Bun cucteMpl KHHEMAaTUYECKUX YPaBHEHHUN C HaJTaraeéMBbIMU OTPAHWYCHHUSAMH OTHCaH B popmyre (2):

(Tx=L1*COS(Q1)+L2*COS(Q1+Q2),
Ty=L1*sin(Q1)+L*sin(Q1+Q2),

Q1min<Q1<Qimax:
Q2min<Q2<Qzmin
4 0<Li<m = const, @)
0<L<M = const,
xm<x<XM, ym<y<YM,
O={xy €R|x=1rx ,y=Ty},
*a=Lp*cos(Q2)’
\ xp=La*sin(Q2),

rie: Qumin, Qimaxr@2min, @2max — MMHUMAaIbHBIE U MaKCUMalIbHbIE BO3MOXHBIe 3HaueHHs Q1, Qy, ¢
YUETOM camonepeceyeHus (IOACYUTAHbl IBPUCTHYECKUM METOAOM), M, M — MakcuMaibHbIE HOIyCTUMBIE
3HAaYeHUs JUIMHBI TUIeYa W MPEAIiedbsi COOTBETCTBEHHO (COTJIACHO TMapaMeTpaM KOHCTPYKmuu), XM, XM,
ym, YM — orpaHu4eHus] Ha HIKHIOIO W BEPXHIOIO TPaHUIBI 3HAYCHWH Ui paanyc-BekTopa (pabouas
noepxHocTh), A ={Xx,y € R|x =17,y =7} , X5 Xp — KOOpAMHATH pabOYero opraHa B JOKaIbHOH
CHCTEME OTCYETA.

YpaBHEHHS peLIeHus] 00paTHOW 3a1a4l KUHEMAaTHKH NpUBeeHbl Hike (3):

(

Q1 = arccos (rf 4ry)+Li-L3
L=

Tx
S —)

/r,?+r§ 2L, /r,§+r§ (3)
-G,

L
Q, = m — arccos( 2L,

— arccos(

[TpeasoXeH bl aNropuT™M anmpoOKCUMAIMK padodell 00acTH peau3yeM METOJIOM MUKIMYECKOTro
nepebopa napamerpoB. [103ToMy Ha30BeM €ro anecopummom annpoOKCuMayui Memooom YUKIUUECKO2O0
nepebopa napamempog ¢ yuemom Ozpanuderuil. AJITOPUTM [ellaeT MHOXKECTBO HPOXOJO0B MO IHKIJIAM,
UCTIONIB3YsT (OPMYNbl KMHEMAaTHUECKUX YpPaBHEHUH M orpaHuueHMd (2) M airopuT™M OMHApHOrO Jepesa,
BBIYHUCIISIET Pab0UyI0 00JacTh AJIsl pOOOTa MAHUITYIISITOPA C TOYHOCTBIO €.

3anuieM ¢ KpaTKUMH MOSICHEHUSIMU NPEII0KEHHBIN ajrOpUTM:

1 mar. OnpezaensieM GYHKLIUH, 331al0LIHE OTPAHUYCHHS

2 mar. 3agaeM pa3Mephl T0IMyCTUMOTO0 MHOKECTBA, OXBATHIBAIOIIETO MHOXKECTBO L.

3 miar. 3agaeM To9HOCTH £>0.

4 miar. Manumanusupyem crimcku L=Lg (ListX, ListY).

5 mar. HaunHaem npoxoj 1o BHenHeMy ukiy (o Qy), :

6 mrar. Ecny ciiiicku He IMyCThI, IEPEeX0oMM K 8 1Iary, nHaue eIy mar.

7 mar. O0o3Ha4aeM BEKTOpHbIH MakcumMyM Max ¢yHkuuu (3HaueHus [y, Iy IPpY MaKCHMallbHOM
PACKpPBITUH IUICYA M MIPEAIUICYbs IIPH JaHHOM B utepauun yrie Q;, Q,=0) u BbIIenM BEKTOPHBIIT MUHUMYM
min (3Ha4yeHus Iy, ry mpu gaHHOM Qg, Q,=180). O603HAUNM UX (I'xmax, fymax) ¥ (Txmin, Fymin) COOTBETCTBEHHO.
Bbruncnum mMenuany kak BenmuuuHy yriia Q, mpu Makcumyme n muHuMyMme ¢yHkimn med=(180+0)/2=90.
Ilpumeyanue: Ilpu BBINONHEHHBIX YCHOBUAX Max=(Tymaxs Fymax)> (fx» Fy) ¥ mMin=(tymin, fymin)< (', Ty)
BEPOSITHEE BXOJUT B 30HY MTOKPHITHSI.

8 mrar. Haunnaem npoxoj o BHyTpeHHeMy nUKy (1o Q,) mo anroputMmy OuHapHoro nepesa. Eciu Q,
MEHbIIIe MeAnaHbl med, TO MepexXoAuM K 1ary 9, nHaye rnepexoanm K mary 80.
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86 mrar. [IpucBanBaem B popmyiie 1 BmMecto (Q:+ Q,) HOoBOE 3HaueHue: n-( Qi+ Q) I TYIBIX YIIIOB.

9 mar. Beraucnseu Iy, Iy, UCTIOB3ys KUHEMaTHYeCKHe ypaBHEHH (1).

10 mar. Pemraem oOpaTHyI0 3a[ady KMHEMATUKH AJI JAHHBIX IapaMeTpoB [y, Iy, BEIUCTAEM Qipuf,
Qooure  IIpomomkaem BbrumciieHue, eciau  oTHOMmICHHE  |Qupu-Qil/Max(Qupur, Q1)*100%<= 1, |Qapus-
Q2)/max(Qapuf, Q2)*100%<=1, nHaue mepexouM K CIICAYIOIIEH uTeparyy ukia (mar 8).

11 mar. BeraucusieM lypyf, fypus, HCIOIB3Ys KHUHEMaTHUecKue ypaBHeHus (1) u nmomydeHHbIe Qipyr, Q2pur.
BxuttouaeM (ry, y) B TIOKPBITHE, €CIIH OTHOIICHUE [(xpuf— <= €, |[ypur - [y|[<= € .

12 mrar. Ecnu BHyTpeHHMIA TUKIT 3aBEPIICH, IEPEX0UM Ha IIIar 5, nHave Ha mmar 8.

13 mar. BeiBo criMcka KOOPAMHAT, COCTABIIAIONINX MOKPBITHE.

B anroputMe UCTIONB3YIOTCS pPEIICHUE MPSMOH 3a/1a4i KWHEMATUKU po00Ta MaHUIYJIATOPA H THPOKO
W3BECTHBIM aJrOpPUTM IIOCTPOCHHUS OHMHAPHOIO JepeBa. bIllok-cxeMa peaaM30BaHHOIO —aJIfOPUTMa
MpPEAICTABICHA HA PUCYHKE 3.

Beol RaTaEER ) Onpegenenne GyHKIHE, 3a03R0MEX
CTBPT / = OrpaHHYCHHA,
Ll,L” 4 PasMeEpPEI JOMyCTHMOIO MHOKECTEA,
A —— OXBaTEIBAIOMIETO MHOKECTEO Q.

/3amaex TouHOCTE £ >0/

|

HIHHITHATHIHPY M
HYJEBBIE CITHCKH
ListX, ListY

Onpegensen Meauany med T
HYepe3 BEeKTOPHEIH MaKCHMYM, Ty
e TIHCKH Li1stX, Lisi
.\uum.\:}:\xis ?epeu ) et Q0% <Qmax ?
TIPOH3BOIBHELR yTo1 QY 2 Ja Jda
S B
Her
Ha
¢ Q0 2 <med?
1 BeramcaseM rx, = _ Her
I:\- HCTIOIB3YyA Her |
KHHEMATHYECKHE
YP H Oorp:
2. Pemaes: odpamayo | BT Detopns e e
33737y KHHEMATHKH 171 - AL
HAXOKIEHHT 7-( Q1+ Q2) A1x
Qibuf: Qbuf | TyHEX yIios. |
,_4—-’”i\'~\n
__— RiburQ1/max(Qibuf
| Her Ce 3TeMeHTED — Q1)*100%<=1. T
npofiersr? Her B Q2bur Q2! max(Qbuf: —
5 T QF100%<=1 __—
4 \7\\,\ //—'//
Ta = Hocrpcierme
Ja BH3yaTbHOH MOJETH
ANTIPOKCHMAIHHE
) padodei obacTH
‘ BrraucaaeMm fxbuf: fybuf] ‘
Her = .
,/'/ \'\\
X\xbuf_ Tx[<= £, ifybuf - fy|<= y
T =
\\\ - //
|Bxmrowaen B crmcox Jda l
ListX, ListY
y
Q‘s 1 +=1,
VUHTEIBAT £ Koreny

Pucynok 3 — Biiok-cxeMa aJiropuTMa anmipokcumariyu paboueii o0iacti
Pesynmprar paboThl anropuTMa anmpokcuMmanuu paboueit obmacti ¢ auddepeHIMIPOBaHHBIMU
OTpaHHYCHUSMH U 33JJaHHOH TOYHOCTBIO €=1 u ¢ HavampHbiMU naHHbIMU L,=30, L, =20 npencraBieHn Ha
pucynke 4.
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Robot Manipulators working space Robot Manipulators working space

mm Robotic mm Robotic
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= Robotic I Robotic
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o
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X axis -40 -20 0 20 40
X axis

B) r)
Pucynok 4 — Anmpoxcumanus paboueit 061acTH ¢ 3aJJaHHOI TOYHOCTRIO £=1
a) orpaHuueHus [-m, ©t| , 0) orpanuueHus [-n/4, /2] ,
B) orpaHu4enus [-n/2, n/2] , r) orpaHuueHus [-n/2, w]

Pesynmbrar paboThl anropuTMa anmpokcuMmanuu paboueil obmacti ¢ auddepeHIMnPOBAaHHBIMU

OTpaHMYCHUSIMH U 33JJaHHOH TOYHOCTBIO €=5 M ¢ HadanbHbiMU JaHHBIMU L;=30, L, =20 npencraBieHn Ha
pHUCyHKe 5.

58



BecmHuk AAMamuHCKO20 yHusepcumema 3Hepaemuku u ceasu Ne 3 (50) 2020

Robot Manipulators working space

Robot Manipulators working space
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o
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B) r)
Pucynok 5 — Anmpoxcumanus paboueit 00J1acTH ¢ 3aJJaHHON TOYHOCTBIO £=5,
a) orpanuyeHws [-m, ©t|, 6) orpanuvenus [-w/2, ],
B) orpanudenus [-n/4, n/2], r) orpannuenus [-m/2, /2]

JlanHoe wuccienoBaHne Oa3MpyeTcsi Ha BAXKHOCTH anpoKCHManuu padoueil 007acTH JBIDKCHUS
pabodero oprana po0oTa, pa3paboTKa IMO3BOJISET CAETATh PACCUETHI C YU€TOM OTPaHMUYCHHUH U IUIAHUPOBATh
TPaeKTOPHIO NepeMelieHni poOoTa Ha paboueil MOBEPXHOCTH.

PesynpraTel MccnenoBaHus: OblIa BBIMOJIHEHA 337ada allpoKCHManuu pabodelt obiactu pobora-
MAaHUITYJISATOpa C 33JaHHON TOYHOCTBHIO, OBUIM CMOJEIHPOBAHBI ITOJIOKEHUS pabOvero opraHa M perieHa
npsMasi 1 oOpaTHast 3aja4yi KHHEMaTUK1 po0oTa.

Hcnonb3oBaHue pe3ysbTaTOB HCCIEAOBAHHMA IMPUMEHUMO JJIsl pEHICHUS CIeAYIOIUX 3agad
POOOTOTEXHUKH:

— anmpokcuManus paboueit 001acTi pobOTa ¢ MpenonpeaesieHHON TOYHOCTBIO;

— TIOCTPOCHME TPACKTOPUHU JBKEHHUS pPabovyero WMHCTPyMEHTa, C ydeToM pabodeld oOmactu u
KPUTEPHEB ONTUMAIBHOCTH TPACKTOPHH;

— ONTHMH3AILKS KOHCTPYKIMH POOOTa C LENBbI0 MaKCUMH3alMK 00beMa padouell 00JacTH M IPYrux
KpUTEpHEB KauecTBa poOOTa PH 3aJaHHBIX TEXHOIOTUYECKUX OTPaHNUCHHSAX;
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— TMPOEKTHPOBAHHWE BBIXOJHOTO KOHTpOJUIEpa, OOECIEUMBAIONIET0 TII00AThHOE OTCIIC)KHBAHNE
BBIXOJIHBIX JaHHBIX.
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POBOT-MAHI/IHYJI{[TOPI)IHI)IH KNHEMATHUKACBHI )KOHE OHBIH
KYMbBIC AUMATBIHBIH AIIITPOKCUMALUSIJIAY
K.!. TonipOeprenosa

JL.LH. I'ymunes ateiaaarsl Eypasus yarTeik yauBepcureti, Hyp-Cynran k., Kazakcran
kamila.tanyrbergen@gmail.com

Anoamna. «Exi-ciimemeniy poOOm-mManunyisimopobiy, JHCYMbIC AUMAbIH  ANAPOKCUMAYUALAY — d0icmepi
3epmmey HuvlCAHbl OOILIN MAOLLIAObL. 3epmmeyoiy MaKcamol - JPMypii wekmeyiepoi eckepe omvlpvin, ALObIH-ALA
anblkmanean 02N0IKNeH POOOMMbLY JHCYMbIC AUMALbIH ANNPOKCUMAYUSAAY 20ICMEPIH JICACAy JHCIHe ICKe dACbipy.
Pobommuiy srcymuvic aiimazvin annpoKCcuMayusaiayobl MamemMamuKkaivly Mooenvboey ocbl 3epmmeyoily maxbipblovl
bonvin mabwviiadvl. Byn sepmmey podOOmMmblY KO3AIMAAbL MYWECIHIY JICYMbIC AUMABLIH ANNPOKCUMAYUSIAYOLIH
MAaHBI30bUILIZBIHA He2i30e12eH, COHObIKMAH WeKmeyiepoi ecKepe OmblPbln ecenmeyiep Jcypeizyee dcane pobommoly
HCYMBIC AUMASLIHOA KO32ANILICIAPBIHBIY MPACKMOPUSICHIH HCOCRAPLAYea MYMKIHOIK Oepedi. Homuoicecinde pobom
MAHUNYTISIMOPLIHBIY, JHCYMbIC AUMASbIH Oepiicen OdNOIKNeH AnnPOKCUMAYUSIAY MANCLIPMACHL OPbIHOALOb, HCYMBIC
OP2AHbIHbIY, ROZUYUSILAPBL MOOETLOEHOI JCIHE POOOM KUHEMAMUKACLIHIY, MYPA JHCIHE Kepi MaceNect ueuinii.
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Tyitin co3dep: pobom mManunyisamopsl, poooOmomexHuKd, pooOmMmauly HCYMbIC AliMagsl, poOOM KUHEMAMUKACYL,
POOOMMUbIY HCYMBIC AUMARIH ANNPOKCUMAYUSNAY.

ROBOT MANIPULATOR KINEMATICS AND ITS WORKING SPACE
APPROXIMATION

K.l. Tanyrbergenova

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
kamila.tanyrbergen@gmail.com

Abstract. The object of the research is the methods of approximation of the working area of the "two-link" robot-
manipulator. The aim of the study is to develop and implement methods for approximating the working area of a robot
with a predetermined accuracy, taking into account various constraints. Mathematical modeling of the approximation
of the working area of the robot is the subject of this study. This study is based on the importance of approximating the
working area of movement of the working body of the robot; the development allows you to make calculations taking
into account the constraints and plan the trajectory of the robot's movements on the working surface. As a result of the
study, the task of approximating the working area of the robot manipulator with a given accuracy was completed, the
position of the working body and the direct and inverse problems of the kinematics of the robot were simulated.

Keywords: robot manipulator, robotics, robot working space, robot kinematics, robot working space
approximation.
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BEC n””{ KOCMMNYECKASA UHXKEHEPUSA N
@ POBOTOTEXHUKA
YK 621.3.088.7

PA3BPABOTKA TPEBOBAHUM K HABUT'AIITMOHHOM CUCTEME HA
OCHOBE CJIABOCBSI3AHHOM MHTET'PALIUM CITYTHUKOBO-
HHEPLIMAJBHBIX N3MEPEHUI

H.b. borycnaes, A.C. Packanuesn, A.T. Myp3anues, U.B. Menemknna*

WHCTUTYT KOCMUYECKOW TEXHUKH U TexHoJorui, Pecryonmka Kazaxcran, r. AjaMmarsl,
yi. KucnoBoackas, 34
E-mail: nurlanbsv@mail.ru, raskaliyev@mail.ru, almas8891@gmail.com, m-irina-1205@mail.ru

Annomayun. B cmamve paccmompenvt Konyenyus u pe3yibmamel paspabomku mpedoeanuii K MaKemHomy
00pasyy HABUSAYUOHHBII CUCEMb, 8 KOMOPOU UCNOb3Yemcs: ouckpemuuili uarvbmp Kaimana ons crabocsessannoi
unmezpayuyu CHYMHUKOBO-UHEPYUATbHBIX UMepenul. Paspabomka Oannvix mpeOO8aHuli 6bINOIHANACL 8 PAMKAX
HAYYHO-UCCIe008aMENLCKO20 NPOEKMA NO paspadomre IKCHEPUMEHMATbHO20 00pasya ubpuoHol UHepYuanbHoO-
CHYMHUKOBOU HABULAYUOHHOU CUCEMbl € UCHOAb308aHuem opmozonanviozo UD-guiempa Kanmana. Hannvie
mpebosanua 6KIIOUEHbl 6 MEeXHUUecKoe 3a0anue Ha paspabomxy Makemuo2o0 06pazya cUOPUOHOU UHEPYUATLHO-
CHYMHUKOBOU — HABUSAYUOHHOU — CcUCeMbl ¢ UCNOab308anuem opmoeonanvroco UD-gurempa Kanmana u
coomegemcemayrom cmanoapmam Eounoii cucmemvl koncmpykmopckou ooxymenmayuu (ECK/).

Knrwouegvie cnosa:. opmoeonanvuoii UD-unomp Kanmana, cnymHuKo8o-uHepyuanibHas HA8UAYUOHHAS
cucmema, F'HCC, unepyuanvuas Hagu2ayuouHas cucmema.

1 Beenenue

B xone pa3paboTku TpeOoBaHMH K MakKeTHOMY o0Opaslly THOpUIHON HHEpIHAIbHO-CITyTHUKOBOR
HaBurannoHHoi cuctembl (I'MCHC) ucnonp30BaHbl IMIUPUYECKHE METOJNbI, OCHOBAaHHBIE HAa JETaJhbHOM
W3yYEHUU NOTEHIHAJIBHBIX KOMIUIEKTYIOIIMX MAaKETHOTO 00pa3lia Ha OCHOBE CYLIECTBYIOLIUX JIOCTYITHBIX
WUCTOYHUKOB HAyYHO-TeXHUUYecKoW wuHDopMmammu. B xone mpoBeneHHs CpaBHUTEIBHOTO —aHAIHM3a
MOTEHIHANBHBIX KOMIUIEKTYIOIMX MaKETHOro o0pasla MPUMEHSUINCh MAaTeMaTHYECKHE M CTaTUCTUYECKUE
MeToAbl 00padOTKM JaHHBIX, METOAbl UMHTALIMOHHOTO MOJETUpOBaHuUs. Taxke MPOBOIWINCH MCIBITAHUS
MOTCHIMANBHBIX KOMIUIEKTYIOIIMX MAaKETHOTo o00paslia, HampaBieHHbIE Ha IPOBEPKY NPAaBHILHOCTH
BBIpaOOTaHHBIX TEXHHYECKUX TpeboBanmii. [Ipomecc wccnenoBaHWii HampaBiIeH Ha  pa3pabOTKy
TEXHUYECKOTO 3aJaHusi, Ha pa3pabOTKy MaKeTHOro oOpasua, ONTUMAalbHOIO B IJIaHE TEXHHUYECKOH
peanu3anuu 1 nokaszarenei 3pHEeKTHBHOCTH U CTOUMOCTH.

Maxketnsbiii obpazery [UCHC siBnisiercss aBTOMAaTU3UPOBAHHOW CHCTEMOH 00pabOTKH WH(POPMAIUH.
OOBEKTOM aBTOMATH3ALMH SBJISETCS MPOLECC COBMECTHONH 00pabOTKH M3MEPEHUH C JIBYX HABUTAlIMOHHBIX
JaTYUKOB, TNpPHEMHHUKA TIJIOOAIBHBIX HaBUralMOHHBIX ciyTHUKOBBIX cucteM (I'HCC) wu  momyns
WHEepIMaTbHON HaBUTarmonHo# cuctemsl (MHC).

Hasnauenne cuctembl — o0ecliedeHHEe TOYHOM, THOKOHM, 3((eKTUBHON HaBurauued u
MO3ULMOHUPOBAHUEM AaBTOHOMHBIX M TOABIXHBIX OOBEKTOB C IIOMOILBIO COBMECTHOW 0OpabOTKH
(xommexcupoBanus) n3mepenuit npuemarnka ' HCC u mogymnst MHC.

Ilenau co3ganusi CUCTEMBI:

—IpOBEIEHNE UCTBITAaHUH anroputMa oproronansHoro UD-¢unbrpa Kanmana, peann3oBaHHOTO 1ist
paboThl HAa MUKPOKOHTPOJIJIEPE MOJIBHIKHOTO O0BEKTA;

—IIpOBE/ICHUE UCIIBITAaHUK adroputMa oproroHansHoro UD-dunbrpa Kanmmana npu ucrnons30BaHud B
KayecTBE BXOIHBIX JaHHBIX OJHOBPEMEHHO 3alHMCAHHBIX CITyTHUKOBBIX HABUTAIIMOHHBIX M MHEPIIUATBHBIX
U3MEPEHUN;

—IpOBEIECHUE MPOEKTHON paboTHl MO A0pabOTKe pelleHHid, peaTH30BaHHBIX B MaKeTHOM oOpasie
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T'MCHC c¢ ucnons3oBanuem optoroHainpHoro UD-¢unbrpa Kanmana, koTopas mpeAmecTByeT CO3AaHUIO
COOTBETCTBYIOIIETO 3KcIiepuMenTanbpHoro oopasua [MMCHC.

Pesynbratel pabotel Mmaketnoro oopasua [MMICHC ¢ ucnonszoBanuem oproronansHoro UD-¢unbrpa
Kamvana momxHBI OBITH ITydine pe3ynsTaToB padorel mMakeTHoro obopasma [MICHC c mcmomp3oBaHuneM
crangaptoro ¢puibrpa Kanmana, mo kpaifHelt Mepe, O ABYM XapaKTEPUCTHKaM: IO TOYHOCTH BBIXOJHBIX
M3MEpPEHHH U BpeMEHHU paboThl POTrpaMMBl, peanusyromeit puistp Kanmana [1].

2 MeToabl M KOHIENIINS Pa3padoTKi TPeOOBAHU K MaKeTHOMY 00pa3iry

Texunueckne TpeboBanusi kK MaketHoMmy oOpasuny [TMCHC pa3pabaThiBanuch B COOTBETCTBHH C
PEKOMEHIAIMSMU:

1) T'OCT 34.602-89. NadopmanmonHas TexHojaorus. KoMIieke cTaHaapToB Ha aBTOMATH3UPOBAHHBIC
cucteMbl. TeXHUUECKOe 3a1laHie Ha CO3/IaHUe ABTOMAaTU3UPOBAHHON CUCTEMBI;

2) CT PK 34.015-2002. Wadopmanuonnas TtexHomorus. Komiuiekc craHaapToB Ha
ABTOMAaTH3UPOBAaHHbBIE CUCTEMBI. TE€XHNYECKOE 3aaHUe HA CO3[aHNEe aBTOMAaTH3UPOBAHHON CUCTEMBI;

3) TOCT 19.201-78. T'ocymapctBennniit crangapt Coroza CCP. Emgunas cucrema mIporpaMMHON
JoKyMeHTaluu. TexHudeckoe 3aaanue. TpeOoBaHus K coAepKaHHIO U O(OPMIICHHUIO.

B paspabareiBaemom makeTHOM oOpasne 'MCHC B kadecTBe OCHOBHBIX DIIEMEHTOB BBICTYMAIOT
OecmaTdopMeHHas nHepuraibHas HapuranuonHas cucrema (BMMHC) u criyTHHKOBast pagroHaBUTalliOHHAS
cuctema (CPHC). BMHC wucnosHseT poib OCHOBHOW HEPaIMOTEXHUYECKOW CHUCTEMBI, B HEH OJHUM U3
HEIOCTAaTKOB SIBJISIETCSl YBEJIMYEHHE MOTPEIIHOCTeH NpU ONpPEAETICHUHM HEOOXOANWMBIX IapaMeTpoB C
teuerneM BpeMeHH [2]. CPHC ucmonp3yercst Kak ik caMOCTOSTENEHOW pabOThl HABUTAITMOHHOW CHCTEMBI,
Tak u 17151 Koppekuuu qanueix ot BUHC [3].

B cOBpeMEHHBIX YCIOBHSX OJHUM U3 TpeOOBaHMI K HABUTAIMOHHBIM CHCTEMaM SIBISIETCS
BO3MOXXHOCTb IIPHUCIOCOOJICHHS CUCTEMBI K M3MEHSIOIINMCS YCIIOBHAM OKpY>Karolle cpenbl U o0ecredeHme
noTpeOuTeNss HEOOXOMUMOW HaBUTAIMOHHOW uH(popMarmenn [4-7]. VYciaoBus (QyHKIIHOHUPOBAHUS
HaBUTAIIMOHHOKM CUCTEMBI MOTYT U3MEHSITHCS:

—H3-3a BBIXOZa U3 CTPosA (0TKa3a) KaKoro-In0o dIeMeHTa (paguoTeXHUYECKe U HepaHOTEXHUIECKIE
n3Mepurenu) [8];

—M3-3a KPaTKOBPEMEHHOI'O NPOMAJaHusl CUI'HAla Ha BBIXOJE TOTO WJIM MHOTO 3JIEMEHTa — IEPEX0A B
COCTOSIHUE BPEMEHHOTO OTKa3a (CBOMCTBEHHO TOJIBKO AJISI PAJIMOTEXHHUUYECKHX H3MEPUTEINIeH, CBS3aHO C
W3MEHEHHWEM BHEIIHHX ycJoBui). KpaTkoBpeMeHHBIH OTKa3 XapakTepeH Uil CpelHeOpOUTaIbHBIX
CIyTHUKOBBIX paaunoHaBurainoHueix cucteM ['JIOHACC u NAVSTAR (Navstar — Navigational Satellite
Time and Ranging — HaBUralMOHHBIH CIIyTHUK U3MEPEHHsI BDEMEHH U KOOPAMHAT) HJIM 110 €€ (haKTHISCKOMY
HaszHaueHnto GPS, ucrmons3yeMbIx Ha CETONMHSIIHUNA IeHb MPAKTUYECKH BO BCEX HABUTAIMOHHBIX CHCTEMAax
[9-10].

—HaJMYUEeM Pa3IMIHOrO pojia noMeX (MCKyCCTBEHHBIE U ecTecTBeHHbIe) [11-12].

Jist ocyiiecTBiIeHUs] JaHHOTO HANPaBJICHHSI NCTIONb3YIOTCS:

—BBEJICHHE B KOMIUJIEKC PE3EPBHBIX 3JIEMEHTOB. B ciyuae oTka3za Kakoro-iubo sneMeHTa Tpedyercs
TaKO€ W3MEHEHHE CTPYKTYphI DJIEMEHTOB M CBSA3€H, KOTOpoe obecneymsio Obl MUHMMAJIbHOE CHIKCHHE
a¢hdexTrBHOCTH KoMITTekca [13-14];

—I[IpUMEHEHUE NMPOrPaMMHON peKOHPUTrypauuu Komiuiekca. IIpu BbIxozne U3 cTposl YacTu 3JIEMEHTOB
KOMILJIEKC TNPOAOIKAeT padoTaTh MeHee S(PQEeKTHBHO O€3 HCHONb30BaHHA TyOJUPYIOIIUX BIIEMEHTOB
Onmaromaps HEKOTOPOMY pPAacUIMPEHHIO BO3MOXKHOCTEH 3JEMEHTOB 3a CUeT paciuupeHus QyHKUIUH
nporpaMMHoro obecnieueHus. [Ipu 3ToM Hamboliee Iieliecoo0pa3HO MpPUMEHEHHUEe WHPOPMAIMOHHON
M30BITOYHOCTH (MHOXKECTBO AJITOPUTMOB U BBITIOJIHSIOIINX WX MTPOTPAMM sl PEMIeHns OHOM 3amaun) [15].

Hanee HeoOX0AMMO NPOAHATM3UPOBATH CYLIECTBYIOIUE METOIBI KOHTPOJISI TEXHUUECKOTO COCTOSIHUS
HaBUTAIIMOHHBIX CHCTEM W METOJbI MEPEHACTPOMKH WX WH(POPMAIMOHHOW YacTh ISl ONpeAeICHUS HX
COOTBETCTBHS JaHHBIM TPEOOBAHUSIM C YKa3aHUEM HEJIOCTATKOB M BEIOOPOM MOAXO/ISIIEr0 METO/A.

3 Pe3ysbTaThl pazpadoTku TpeOOBaHU K MaKeTHOMY o0pa3uy

3.1 Kpartkoe onncanne MakeTHOro odpasiia

Maketneiii obpazen; TMICHC ¢ ucnonb3oBanuem oproronaibHoro UD-¢unstpa Kanmana sisnsiercs
aBTOMAaTH3UPOBaHHOH  umH(popmaunonHoi  cucremod  (AMC), koropas  mpedHa3HayeHAa IS
ABTOMATH3UPOBAaHHON 00paOOTKM HABHTAIIMOHHBIX TApaMeTpOB JJIsi pacdyeTa MECTOIOJIOKEHHUS, JTHHEHHOMI
CKOPOCTH U IIPOCTPAHCTBEHHOMN OpUEHTALUH PA3IUYHBIX OOBEKTOB.
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3.2 CBexeHms O JOCTOMHCTBAX M HEOCTaTKaX MaKETHOT'O 00pasma

ABTOMaTH3MpOBaHHAS CHCTEMa MpeJACTaBisieT coOol BapuaHT uHTerpanuu MHC co cmyTHHKOBOM
HABUTAIIMOHHON CHUCTEMOW C WCIIOJIb30BAHUEM ONPEACICHHOIO0 MaTeMaTHYeCKOTo armapara o0paboTKu
COBMECTHBIX HM3MEpeHHil 00emx cumcreM, a uMeHHO KamMaHoBckol ¢uiabTpanuei. IIpuyem, MakeTHBIN
oOpa3sel| SBJISIEeTCS UHTETPUPOBAHHON CUCTEMOM ¢ UCTIONIb30BaHUEM opToroHanbHoro UD-dunbstpa Kanmana,
KOTOPBI HMMEET PSJl MPEUMYIIECTB Tepe] APYrUMU MaTeMmarndeckumu ¢uibtpamu. UD-alropuTmel B
MOCTIEOBATEIbHON W MaTpUYHOW OPTOTOHANM30BaHHOW ¢opmax SBISIOTCS  3(G(EKTHBHBIMH B
BBIUMCIIMTEIHHOM IUTaHE peanu3anusMu auckpeTHoro ¢wibrpa Kammana. [IpenmymectBa UD-dumstpa
Kanmana:

—YCTOWYHMBOCTH 110 OTHOIIEHHIO K OMIHOKaM MAIllIMHHOTO OKPYTJICHUS;

—OTCYTCTBHE OTIepaIlii U3BJICUEHHS KBAIPATHOTO KOPHS;

—n30aBIeHNE OT ONepaIlii MAaTPUYHOTO OOpaIIeHNs Ha KaXX/I0H UTepaliy alrOpUTMa;

—KOMITaKTHOCTb W YZ0OCTBO 3aITMCH OpPTOTOHATN30BaHHOH opmbl UD-pmmsTpa.

3.3 Ommcanne MakeTHOTO 0Opasia Kak 00BeKTa YIpaBIeHUs

st yrpolesns peanu3annuy, MakeTHBI 00pasell MPOU3BOJUT COBMECTHYIO 00pabOTKy M3MEpEeHHUH ¢
JIATYMKOB TIOCTIC 3aMCU HaOI0JaeMbIX TapaMeTPOB B ailiibl, Kak 3TO MOKa3aHO Ha PUCYHKE 1.

chanin 3anucu
namepenun THCC
MpremHnk l
M’HCC

BXOAHbIE
AaHHble

MO ans paboTet YTO4YHEHHbIE AaHHbIE
€ NPUEMHUKOM

rHCC

AWHaMu4eckoro
COCTOAIHWA noTpebuTens

1O ons coBmecTHoW 06paboTkn M3MEPEHN
(Ha ocHoBe mar. obecrneyeHus)

. MO ans paboTsl
chhc BXOAHbIE
VHC thaiin sanncu [aHHbIe
wamepenuin MHC

Pucynok 1 — Ctpykrypa 006paboTku gaHHbIX B MakeTHOM oOpasie [MMICHC

3.4 OnucaHue npeajaraeMoi CTpyKTyphl MAKETHOTO o0pasiia

Kak BumHO 13 pucynka, makeTHbiit oopazern; [ MCHC momkeH cocTosTh U3 6 OCHOBHBIX 3JIEMEHTOB:
npuemHuk ['HCC;

moxayis MHC;

nepeHocHast OBM (HOyTOyK);

1O Ha HOYTOYKE IUI 3alIMCH M COXpaHEHHs BBIXOAHBIX M3MepeHuil ¢ npuemnrka ' HCC;

1O Ha HOYTOYKE IUIs 3aITUCH U COXPaHEHHsI BRIXOAHBIX n3Mepenuit ¢ moayist UHC;

I1O Ha HOyTOYKE i1t coBMecTHOH 00padoTkn m3mepenuit [HCC u MHC ¢ momoripo o1HOTO U3
JTUCKpeTHbIX ¢punbTpoB Kanmana.

Maketnbiii  oopazeny 'TMCHC nomken pabotaTh cieAylomuM o0pa3oM: aBTOMAaTH3MPOBAHHAsS
WHQOPMAIMOHHAsT CHUCTEMa BBIHOCHTCS B TOYKY C OTKPBITBIM BHJIOM Ha HEOOCBOJ ISl YBEJIWYCHUS
paIMOHABUTAIIMOHHOW TMPAMOW BHIMMOCTH cimyTHUKOB co3Be3amii [HCC. Jlamee mpom3BOASTCS
OJIHOBPEMEHHBIE M3MEPEHHs HAaBUTAIMOHHBIX MapameTpoB ¢ nomomipio npuemHuka 'HCC u MHC. Ilpu
3TOM, H3MEPEHHBIE 3HAUCHUSI 3aIIMCHIBAIOTCS Yepe3 cooTBeTcTByomme 110, ycraHOBIEHHBIE HA HOYTOYKE, B
¢aitner  3ammcu waMmepennit THCC wu UWHC. Tlocne 3aBepmieHusi W3MeEpeHWi, jgaHHble (ailiibl
skcrioptupytorcss B IO mms coBmecTHOW 0OpabOTKM HM3MEPEHHH, KOTOPOE pEeaTn30BaHO Ha OCHOBE
oproroHansHoro UD-¢unsrpa Kanmana. Pezynpratom Bbimonnenust nanHoro 1O sBisroTcss yTOYHEHHBIE
JTAaHHBIE THHAMUYECKOTO COCTOSHUS TIOTPEOUTEIS.

3.5 Ceenenust 00 yCIOBHSIX JKCIUTyaTallid MAaKETHOTO 00pa3la M XapakTepUCTHUKAX OKpYKarolieH
cpebl

ok~
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Jns mratHOTO pyHKIMOHMpOBaHMS MakeTHOro oOpasna [ UCHC Heo6xoanMo 00ecTieduTh OTKPBITHIN
0030p HebocBoma s anteHHbl [HCC u mpoBeneHUe 3amucy OJHOBPEMEHHBIX M3MEPCHHH MPHUEMHUKOM
I'HCC u mogynem MHC.

4 OQocysxknenne pa3padoTaHHbIX TPEGOBAHUI K MAKETHOMY 00pa3iLy

4.1 TpeGoBaHUs K CTPYKTYpE ¥ (PYHKIIMOHUPOBAHHUIO CUCTEMBI

Makertnsrii o6pazer; [ UCHC gomkeH o0ecrieunBaTh pelIeHHe CISAYIONNX 3a1a4:

—OpHUEM paJUOCUTHAJIOB C IPaBOCTOPOHHEW KpyroBo mnosspuzaunued Ha yactote L1 or Bcex
HaXOJSIIMXCA B 30HE BHAMMOCTH HAaBUTAIMOHHBIX KocMudecknx ammaparoB (HKA) rmoGampHbIX
HaBUTANMOHHBIX cTyTHUKOBBIX cucteM GPS/NAVSTAR u I'NIOHACC wnmu BEIDOU (C/A — xon);

—HM3MepeHne TCeBAOAAFHOCTEN MO0 Koay Hecymieil mo Bcem mpuHHMaembiM curHamam HKA TTHCC
GPS/NAVSTAR u I''TOHACC umu BEIDOU;

—KOHTPOJIb YPOBHS MPUHUMAEMBIX CUTHAJIOB B M3MEPHUTEIHHBIX (HABUTAIIMOHHBIX ) KaHAIaX;

—OlpeAcIICHHe IapaMeTPOB ITUHAMHYECKOTO COCTOSHUS MakeTHoro ooOpasnma I[MCHC mo
aKcellepoMeTpaM U rupockomnam, coctaBisitonux Moayins MHC, a Takxe no npuemuuky I'HCC;

—coBMecTHass oOpaboTrka wu3mepenuidi npuemanka [HCC wu wmomyns HWHC ¢ momoribro
MaTeMaTH4YecKoro odecnedeHus: Ha ocHOBe opToroHanbHoro UD-¢punerpa Kanmana.

4.2 Maketnbiii oopaser; [MCHC nomkeH obOecriednBaTh BBHIMIOJIHEHHE CBOMX (DYHKIIUM COBMECTHO C
YCTaHOBJICHHBIM Ha TiepeHocHor DBM mporpammusiMm obecrieuenueM (I10), koTopoe sBisieTcst HeOOXOAMMOM
COCTaBJISIONICH 1S QyHKIIMOHUPOBaHKS MakeTHoro oopasia 'MCHC.

Pabora dmHanCHpyeTcs B pamkax neieBor mporpammbl BR05336383 AspokocMudeckoro KOMUTETa
MunuctepcTBa IUGPPOBOTO Pa3BUTHSA, WHHOBAMH W a’POKOCMHYECKOW MPOMBINIIEHHOCTH PecmyOnuku
Kazaxcran (AKK MIIPUOATII PK).
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KEPCEPIKTIK-UHEPIUAJIbI OJIINEMAEPAIH 9JICI3
BANJIAHBICKAH BIPIKTIPYI HEI'3IHJAE HABUTALIUSJIBIK XKYHUEIE
KOUDBIJIATBIH TAJIAIITAP/IbI 93IPJIEY

H.b. Borycnaes, A.C. Packanues, A.T. Myp3anues, U.B. Mejemknna*

FapeimnTeik TeXHUKA %KoHE TEXHOIOTHsIIap MHCTUTYTHI, KasakcTan Pecrry6mmkacer, 050061, AnMaTsr
K., Kucmosozckas ke, 34
E-mail: nurlanbsv@mail.ru, raskaliyev@mail.ru, almas8891@gmail.com, m-irina-1205@mail.ru

Anoamna. Maxanaoa scepcepixmik-unepyusnosl oauemoepiiy 21ci3 bauranvickan Oipikmipyine ouckpemmi
Kanmanuwiy cyseici Kon0anvligan HAGULAYUSILIK JCYUeHiH MAKemmiK Yacicine KOUblIamvlH maianmapovl a3ipneyoiy
MYACLIPLIMOAMACLL MeH Hamuoicenepi mankuiianosl. byn mananmapowr azipney Kanmannoy opmoeonanvowvr UD-
CY32ICIH KONIOaHA OmbIpbN, 2UOPUOMIK IHCEPCEPIKMIK-UHEPYUSIObL HABULAYUSILIK JICYUEHIH CbIHAK YI2ICIH 23ipaey
JHCOHIHOE2] ebLIbIMU-3epmmey HCOOACHL AACbIHOA Jicy3eze acbipvliovl. Byn maranmap Kanmannoiy opmoeonanvower UD-
CY32ICiH KONOaHa Omulpbin, 2SUOPUOMIK JiCepCepiKmik-UHEPYUALObl HABUSAYUSIbIK JICYUeHIY MAaKemmiK —yacICiH
a3ipneyee apHANeAH MEXHUKAIbIK MANChipMaza KoCbli2aH Jcane JKobanay KyacammamacsiHbly OIpblHail HCYUeCiHiY
(IKKBIK) cmanoapmmapuina caiikec keneoi.

Tyitin co3dep: Kammanueiy opmoeonansowr UD-cyseici, cepcepikmik-unepyuaniovl HABULAYUATLIK diCYlie,
2a1aMObIK, HABULAYUATLIK dcepcepikmik Jucytie (FHKIK), unepyusnov Hasueayusnvly scylie.
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DEVELOPMENT OF REQUIREMENTS FOR A NAVIGATION SYSTEM
BASED ON LOOSELY COUPLED INTEGRATION OF SATELLITE-
INERTIAL MEASUREMENTS

N.B. Bogyspayev, A.S. Raskaliyev, A.T. Murzaliyev, 1.V. Meleshkina

Institute of Space Technigque and Technology, Republic of Kazakhstan, 050061, Almaty,
Kyslovodskaya street, 34
E-mail: nurlanbsv@mail.ru, raskaliyev@mail.ru, almas8891@gmail.com, m-irina-1205@mail.ru

Abstract. The concept and results of the development of requirements for a prototype navigation system, which
uses a discrete Kalman filter for loosely coupled integration of satellite-inertial measurements, are considered in the
article. The development of these requirements was carried out as part of a research project to develop an experimental
prototype of a hybrid inertial-satellite navigation system using the orthogonal UD Kalman filter. These requirements
are included in the terms of reference for the development of a prototype of a hybrid inertial-satellite navigation system
using the Kalman UD orthogonal filter and comply with the standards of the Unified System for Desigh Documentation
(ESKD).

Keywords: orthogonal UD Kalman filter, satellite-inertial navigation system, GNSS, inertial navigation system.
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5 F (,' n”m ABTOMATUKA, UHO®POPMAIINOHHbLIE
TEXHOJIOI'IM U KUBEPBE3OITACHOCTD

Fl‘liwuulmrl Iﬂﬂl

MPHTU 49.33.29

UCCJEJTOBAHUE OCOBEHHOCTEN NPUMEHEHUSI TEXHOJIOT' MU
NB-IOT IIPH OKA3AHWM YCJIYI MHTEPHETA BEIIEN B ITEPHO/I
INAHAEMUWHU COVID-19

K.M. Typ:xanoBa

Hexommepueckoe akiimoHEpHOE 00IIEeCTBO «AIIMATHHCKUH YHUBEPCUTET SHEPTETHKH U CBS3H UMEHU
I'ymapbeka JlaykeeBay, r. Anmarsl, Kazaxcran
E-mail: karinaturzhanova@gmail.com

Annomayus. Huxoeoa ewje ponb meneKoMMYHUKAYUOHHO20 ceaMenma He 0vlia 6onee 8adcHOl, Yem 6 YCA08UAX
pacnpocmpanenus nandemuu. Pocm uucna 3aboneswux, Kypc HA coyuanbHoe OUCMAaHyuposauue, nepexoo Ha
yoaneHnyio mooeivb pabomvl U 0OYYeHUs U MHO2Uue Opyaue USMEHEHUs 6 NOBCEOHEeBHOU JHCU3HU JIo0ell Nooeelu
MOOUTLHBIX  ONepamopos K paspabomxe aKmyaibHulX U HAONEHCAWUX Mep peazuposanusi HA CMpemMumenbHo
B03DOCULYIO HASPY3KY HA MOOUTbHLIX cemsx, a 3a6oma o0 300posbe COMPYOHUKO8 NOKA3ANd HeoOX0OUMOCHb
nOBCEMEeCMHO20 pa3gumus mexroroeuu Humepnema eeujetl, oepanuyugaoweli 3aumoo0elicmeie «4eno8eK-4eiogexy.
Texnonocus yszxononocnozo Mmnmepnema egeweii (Narrow band Internet of things, NB-10T) — oona u3 nemmozux,
00KA3ABUWIUX CBOIO 3HAYUMOCMb 6 YCI0GUAX BCEMUPHOU NAHOEMUU NOCPEOCMEOM B8O3MOICHOCIU YOAIEHHO20
VAPAGLeHUs. U KOHMPOJA HEeKOMOPbIMU 3HAUUMBIMU COYuambhbiMu ycayeamu [1]. B Oaunoli cmamve npusedeHbl
ocobenrHocmu u npeumyujecmea ucnonvzosarusn mexrvonozeuu NB-IoT npu oxazanuu yciye Humeprema eéewjeli 6 nepuoo
nanoemuu COVID-19.

Knroueswvie cnosa: Nnrepuer serieid, NB-10T, COVID-19, mo6unbHas csi3b, LTE

BBenenue

Hagamo 2020 roma o03HaMEHOBaJIOCh CTPEMHTENBHBIM pacnpocTtpaneHuemM COVID-19 wu
npuoOpeTeHreM cratyca naHaeMuu. Kaxaas cTpaHa M PerHoH Hadalld CBOK COOCTBEHHYHO OOpnOy ¢
snuaemuei. Ha ceromusiauiil qeHb 3Ta 00phOa BCE ele BEAETCS MHTCHCHBHO, 3aTparuBas 0Jaronoaydue
BCET0 YeJoBeuecTBa. Bupyc He yanock ciepkarh reorpaduvecku, ¥ OH Opa3uil KaKIsIid yroiok mupa. [lo
MOCIIETHUM JTAHHBIM MH(OPMAIMOHHOTO areHTcTBa [2] 6onee 200 cTpaH oxBadeHBI MaHeMHUe. Bo MHOTHX
CTpaHax, MOCJie YPE3BBIUANHO TPYAHBIX YCUIUN MO OJOKHPOBAHUIO TOPOJOB M IEIBIX PETHOHOB, BCIIBIIIIKA
HaKOHeI ocllabeBaeT, W TS Ha TO, KaK Kaaas CTpaHa CIPABISIETCS C MaHAEMHEH, MBI MOXEM 3aMETUTh
Cepbe3HbIe M3MEHEHHS B TOM, KaK ceiiuac (yHKIIMOHUPYET OOIIECTRO.

Mepsl 110 TPETOTBPANICHUIO SIUACMUN W OOpPHOBI C HEHM, TakWMe KaK yKa3aHWs IMPaBUTEIHCTBA O
npeObIBAHUK Ha JOMY, peajau3aiis OCeCKOHTAKTHBIX YCIYyr, HEepeX0j Ha YAaJICHHBIH peXuM paboThl U
CaMOMBOJIAIIMS, 3aCTaBUIM JIFOJICH OOJIbIe HaXOMUThCsS IoMa. HeynMBUTENBHO, YTO 3HAYUTENbHAS 4acTh
COITMATPHON KU3HU TIepeMecTmiiack B mHTepHET. Celvac oM MPOBOAIT B MHTEpHETE B cpeareM Ha 30%
OompIie BpeMeHH [3], 9eM 10 MaHaeMUH, 9TO He MOTJIO HE CKa3aThCs Ha TEIIEKOMMYHUKAIIMOHHON OTpaciuy,
MpeTepIeBaroIeil 3HAUUTENbHOE 1aBIICHUE.
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Pucynok 1 — Cratuctrka y4eta BpeMEHH, IPOBEICHHOI0 N0JIb30BaTesiMu B IHTepHETE

C oZIHO¥ CTOPOHBI, B CBSI3U C TIOBCEMECTHBIM BHEAPESHHUEM KAPAHTHHHOTO PEXUMA PE3KO MOBBICHUIACH
Harpy3ka Ha MOOwmIbHBIE ceTH. Kak pesymbraT Bo3pociia He0OXOIUMOCTb B 3()(EeKTHUBHOM M TPaMOTHOM
WCTIONB30BaHUK BbIAENEHHBIX paanopecypcoB ceth LTE. C apyroit cTopoHsl, OBICTpBIA TEMHI pocTa
3a00JIeBAEMOCTH, TIEPEX0j] Ha JUCTAaHIMPOBaHME U 3a00Ta O 3JI0POBbE COTPYIHHUKOB, ITOKa3bIBAIOT
HEOOXOIMMOCTh BHEJAPEHHS] AaBTOHOMHBIX TEXHOJIOTUH, WCIOJB3YIOIMNX MHHAMAIBHOE KOJINYECTBO
pasropecypcoB, HO MPH STOM MO3BOISIONINX MEPEHTH K YAAJCHHOMY YIPaBICHUH U KOHTPOIIO yCITyTaMH.
Bcé 310 moBAMAIO Ha aKTyaJdbHOCTh U BOCTPEOOBAHHOCTH B YCJIOBHSAX MAHIEMUHU TaKUX TEXHOJOTHH, Kak
WuTepHeT Belel, MpeIoCTaBIsIONIMX YCIYTH MOHUTOPUHTa ¥ OOHAPYKCHHS, aBTOMATH3AI[UK yIIPABICHUS,
CIOCOOCTBYIOIIMX peajH3alii TMPOEKTOB B OONACTH COIMAILHOTO B3aUMOJCHCTBHSI W YMEHBIICHUS
KOJIMYECTBA KOHTAKTOB Ha paboyeM MecTe.

HNurepecHo, yto MHTEpHET Bellel, Ha3BaHHbBI OCHOBOIOJIAraOIIE TEXHOJIOTHUEN ISl IPOPHIBOB B
007acTH WCKYCCTBEHHOTO WHTEIEKTa W POOOTOTEXHHMKH, CTAaHET KaTallM3aTOPOM pPa3BUTHUS BO MHOTHX
ctepax. IMeHHO Takue JaHHBIE PUBOAATCA B HeqaBHeM uccienoBannu Forbes Insights [4]. [Ipu wem, ms
KoMIaHuid, BHeApUBIIUX [0T, TexHONOTHS OyJIeT KIFOYEBBIM (haKTOPOM KOHKYPEHTOCIIOCOOHOCTH B TAKHUX
OTpaciiaxX Kak MEIUIIMHA, TeJICKOMMYHHUKAI[MK, 0€30MIaCHOCTh M MHOTHE JIPYTHe OTPaciu, TJe TEXHOJOTHUS
0o0ecrevnT MOBHIIIeHNE KaueCcTBa yCIyTH, T00aBIeHHYI0 CTOMMOCTh ToBapa wiu ycuyr. [langemmus taxke
HANpsSMYyH ONpPEJCIIUT HampapiieHuss pa3Butusi [0T — TeXHONOrHs MOXET CTaTh 3PQPEKTUBHBIM
uHcTpyMeHToM O0ppObl ¢ COVID-19. B mepBylo odepens pedb HIST O Pa3BHTUM MPOTHO3HOH U
MOBEICHYECKON aHATUTHKH, NMPUMEHEHWH Ooyiee NEepCOHATN3NPOBAHHOTO MOIXOAa K aHaIu3y 3/I0POBBS
MAIMEeHTa, WCIIONB30BaHUM JaTdukoB [oT ams KOHTpONsT B peXUMe peabHOrO0 BPEMEHH CHUTyallud B
ropojiax, HaCeJIEeHHBIX MyHKTaX [4].

BrI30BBI MOOHMITEHBIM OIIEpPaTOpaM B TIEPHO]T TTAHIEMUHT
ITaamemuss COVID-19 sBnsieTcss OMHON W3 CaMBbIX CEPBE3HBIX MPOOJEM TEKYIIEro Tofa, CTOSIIeH
nepej oneparopaMu Bcero mmpa. Ho oHa Takke cTajla KaTalM3aTOpoOM HeoOpaTHMO# TpaHc(opMmaiuu

paboThl TEIEeKOMMYHHKAIIMOHHOW OTpaciii, CIIOCOOCTBYIONIEH IEPEOCMBICICHUIO POJIM OIEePaTOPCKOrO
CerMeHTa ¥ MEePECMOTPY CTPATETHUECKHUX TUIAHOB Ha OJIFKAMIIe TOIbI.
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v OBecneyeHue JOCTYNHOCTH CETH, YBENUYEHHE CKOPOCTH B thukce > 30%,
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v OpraHu3oBaH NOCTOSHHBIN KPYrbli CTON ANS KOHCYNbTaUWI U Auanora
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» CoumanbHble noXxepTeoBaHUA

Pucynok 2 — HoBble 3a1aun onepaTopoB B MEpUO/] MaHAESMUH TPEOYIOT OPUTHHATBHBIX MOIXO0/IOB

B pesynbrate Bembimku Covid-19 u mpeanpuHATEIX ¢ HEH Mep W PeKOMEHJAIWi (CaMOU3OIISIIHA,
yIaJeHHBIN PEeXUM BelieHUs OM3Heca U 00YUYCHUs, 3aKPBITHE IIIKOJI, JETCKUX CaJIOB, YHUBEPCUTETOB U T.[I.) U
(hMKCHpPOBaHHbIC, U MOOWIBHBIC CETH CTOJKHYJIUCh C B3PBIBHBIM POCTOM Tpaduka M JIOTOJTHHUTEIBHON
HArpy3KO# Ha CYIIECTBYIOIIHE CETH. B CBsI3M ¢ YeM NpaBHTEIHCTBA MHOTHX CTPaH BBITYCTHIIH PSII
CIEIMAFHBIX TPeOOBaHUA, 3aKIIOYAOIINXCS B OOECIIEUYEHUH BBICOKOH TOCTYITHOCTH CETH, yBEITUYCHUU
CKOPOCTH (DMKCHUPOBAHHBIX M MOOWIBHBIX ceTei cBbime 30%, BHEIPEHWU HOBBIX TEXHOJIOTHIHA,
MTO3BOJISIONIUX COKPATUTh KOJIMYECTBO JIOICH Ha MPEATIPUATHAX (PHUC.2).

B cBoto ouepens nangemMus Takke OpocaeT HOBBIE BEI30BHI MOOMIIBHBIM OTIEPATOPaM:

CorpanbHoe AMCTaHIMpOBaHKUEe. [IpaBUTENLCTBA MPOIMATaHIUPYIOT CAMOM3OJISIMI0O U YMEHbBIICHHUE
KoJIM4YecTBa paboTaromiero nepconana mo 30-50% B oducax, a Takke BHEAPCHHE HOBBIX TEXHOJIOTHIA,
TTO3BOJISIONINX COKPATUTh BEPOATHOCTh YEIOBEYECKHX KOHTaKToB. Hampumep, ucronb3oBanne 5G IpoHOB
JUTSI TOCTaBKH MeuKkaMeHToB, MaTepHeT Bemel — st yeiryr JKKX 1 MOHUTOpUHTAa COCTOSHUS TAIlIMEHTOB H
T

M3MmeneHne Mozeny MoBeneHus oyib3oBarteneid. B nepron nanmemun 6onee 20% crpal mepenum Ha
JUCTAHIIMOHHYIO MOeNb paboThl, 0Oy4eHHUs, OKazaHWs YyCIyr U cdepy pa3BledeHHH, YTO IOBJIEKIIO 3a
co00l KOPPEKTHPOBKY MOJENH paclpeneieHus] Tpaduka TONb30BaTeSIMH B TOPOJCKHUX M CEIBbCKUX
peruonax. OrnepaTopbl BBIHYKACHBI IEPECMOTPETh CTPATETHIO TUTAHWPOBAHUS MOOWIILHBIX CETEH.

JlomonHnTENEHAS Harpy3Ka Ha CETh 332 CUET CTPEMUTEIBHOTO POCTa BHJEOTpadrKa U HCITOIH30BAHUS
IUQPOBBIX CEPBHUCOB I KoJuTabopaTHBHOW paboThl M oOyueHHs (Takux kak Zoom, Cisco Webex wim
Microsoft Teams), a Takxke MepeBoJly HEKOTOPBIX CEPBUCOB U 3aJ1a4 B PEXKHUM YAAJICHHOTO TOJTb30BaAHMSL.

Mbl BUAMM, YTO W3MEHEHHS IIOBEJIEHYECKOTO XapakTepa MOJbh30BaTelell BeAyT K HW3MEHEHHWIO
npexxHed TpadukoBoit Monmenu cet. Kak pe3ynbraT nepes KIIOYeBbIMU ONIEPATOPAMHU CTOSIT JIB€ OCHOBHBIC
3aa4ll — CHPABUMbCA C 803pOCUiell 8 pa3bl HA2py3KOU Ha MOOWIBHYIO CETh U 3a0elicmeogamb HOBble
mexHon02uY, MUHAMHU3UPOBAB B3aHMOJICHCTBUE «UEIOBEK-YEIIOBEK» 3a CUET BO3MOXKHOCTEW YIAIEHHOTO
MEXaHU3Ma MOHHTOPUHTA U YIIPABIEHUS 00bEKTAMU.
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Pucynok 3 — ITaHgeMust OKa3sIBAET OTPOMHOE BIMSIHHUE Ha TEJICKOM HHIAYCTPHI0. OTiepaTophl BEIHYKICHBI
BCTYIaTh B 00PBOY

OI[Ha U3 HEMHOI'HNX TCXHOJ’IOFI/II‘/'I, AO0Ka3aBIIMX CBOIO AKTYaJIbHOCTHL B IICPUOJ SHHUIAEMHUU, — ITO
y3konosocHbl MuTepHeT Bemel (NB-IoT). JlaHHas TEXHONOTHs UCIONB3YeTCS BO MHOTHX OTpacisix s
OIIEHKH Y(PQPEKTUBHOCTH PaOOTHI MPEANPHUATHS W BO3MOXXHOCTH YJAIIEHHOTO KOHTPOJs oObekTamu. OHa
oOecrieunBaeT TMOKOCTb DPEryIHPOBAaHMS MPOM3BOIACTBEHHBIX JIMHUI MpPHU HOMOLIM POOOTH3MPOBAHHOM
aBTOMATH3allMM IIPOIIECCOB, YTO JAaeT BO3MOXHOCTh IOJIydaTh Oo0Jice TOYHYI0O U CBOEBPEMEHHYIO
WHQOPMAIUIO, a TaKKe YKPEIUISATh CBSA3M C TOJNB30BATESIMH 3a CUET MPsMOro BzaumopenicTBus yepe3 loT
[2]. IlepeuncnennHbie mpeuMyIecTBa yckopstoT passurrue NB-IoT Bo BpeMs BceMUpHOil maHIeMuH.

OcobenHoctu TexHoioruu NB-10T

NB-10T — 3T0 TexHONOTHS paguo0CTya Ha OCHOBE ceTH MoOWiIbHOU cBs3u LTE, npeanasnaueHHas
JUTSl CTAIIMOHAPHBIX YCTPOMCTB C HU3KUMH 00beMaMHM IepeaBacMbIX JaHHBIX. i1 pa3BepThIBAHUS JTaHHOU
texHonoruu gocratodro 180 kI'1 momock! npomyckanus, Toraa kak ans TexHonoruu LTE Heobxomumo ot
1.4 MI'n mo 20 MI'1L.

B nacrosmee Bpemsi koncopumymom 3GPP ompeneneHo Tpu OCHOBHBIX CIIEHApUS HUCIIOIB30BAHUSA,
BbIieNeHHbIX T0J yernyru NB-loT cnextpa (puc.4). IlepBblii crieHapuii 3axitoyaeTcsl B pa3BepTHIBAHUU
«BHyTpH nostockl» (in band NB-IoT), rae NB-IoT pa3seprtsiBactcsi BHyTpH cymectByromiero LTE crektpa,
ucnoaszyemoro ajasi1 MBB (Mobile broadband) ycmyr. Bropoii crieHapuii, T.H. «3allMIICHHAS I0JIOCA»
(guard band NB-IoT), ucrone3yer CriekTp 1Mo KpasM Kanajia cymectByromux LTE, 4To B CBOIO ouepeib He
rapaHTUPYeT OTCYTCTBHE IMOMEX OT CMEXHOro kaHana Ha rpaHunax cot LTE. «3ammmieHHbple MOIOCHD)
MOTYT OBITH HCIIOJNIB30BaHbEI 03 ydeTa MomHocTel ocHOBHBIX 0a30BbIx craHimii LTE. Ilocnennuii, Tpernit
clieHapuii, 3aKitoyaeTca B pa3pepTbiBaHuu NB-IoT HenmocpelCTBEHHO B BBIJIEJIEHHBIX YacTOTaX, & TaKXeE B
WCTIOJIb30BaHUH COBOKYITHOCTH Pa3IMYHBIX BBIIEICHHBIX 0a30BbIX cTaHIMi cnenuanbHo ;s LTE u MBB
(standalone NB-IoT).

Standalone

1 Guard Band In Band
f \
| B 1/ omrsare) INEETAA S
200k 200k 200k 200k 200K

Pucynok 4 — Cuenapuu BHeipeHns TexHomoruu NB-10T
Bo3MmoxkHOCTS pa3BepThiBaHUS Ha 0ase cymiecTByromux cereid LTE, a taxke cereit GSM u UMTS sBnsiercs

OIHMM U3 cymiecTBeHHbIX npeumymiectB NB-loT mepen npyrumu texnomorusimu. Hampumep, ans GSM
OIIepaToOpPOB TOCTATOYHO 3aMeHUTh ouH HocuTenb GSM (200 x['m) Ha NB-IoT. B To Bpemst kak omneparop,
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npenocrapisiromuii LTE yeimyru, moxer pa3sepHyTs NB-IoT BHyTtpu HOocutens LTE nyrem BblaeneHus
OITHOTO M3 pecypcHbIX 05okoB (physical resource block, PRB) ot 180 xI'mi B cooTBeTcTBylOLICH MOI0CE
gactoT oT 450 MI'u o 3.5 I'T'u. Ilpu sToM MakcumansHble ckopoctu (download/upload) paBHBI mprMepHO
250 x6ut/c mis mymnbTHTOHaNBbHOW W 20 KOWT/C AN ONHOTOHANBEHOW MoOAyisimuu. Takum oOpasom,
pasBepteiBanre NB-IoT mpu ycrnoBuu MOAJEp KU MOCTAaBIIUKOM OOOPYIOBaHHMA AAHHOW TEXHOJOTHMH HE
3aHMMAaeT MHOT'O BPEMEHHU.

BaxxHo 0OTMETHTB, UTO, XOTSI MAHAEMHUS U 3a/aj1a BEKTOP AJsl yCKOpeHHs pa3Butus MHTepHeTa Beei,
texaonorust NB-IoT Tompko wHabmpaer oGopotel. Cormacro mporrozam Ericsson [5], mporrosmpyertcs
yBenuuenne [oT Tpaduka exxeronHo Ha 23% B nepuon ¢ 2015 mo 2023 roxa. B3peiBHOI pocT KonudecTBa
NOJKIIOUCHHBIX K HHTEPHETY YCTPOMCTB M [aTYUKOB, DPACLUIMPEHHE CIIEKTpa WX INPUMEHEHHS B
MPOU3BOJICTBE M MEXXOTPACIEBOM B3aWMOJICUCTBUU TOPOKIAET IEIbIM KOMIUIEKC OXHUAAHUW OT JaHHOU
TEXHOJOTMH. HeyauBUTENbHO, YTO OCTPO CTAaHOBUTCS BONPOC O MOJAXOAaX K HM3MEpPEHHI0 U OLEHKE
3¢ deKTUBHOCTH (YHKIMOHMPOBAHUS TaKWX KOMIUIGKCHBIX cerell [6]. OmepaTopaM M MMOCTaBILIMKaM
00opynoBaHMsT HEOOXOIMMO TIpPaMOTHO IUIAHMPOBATh paclpelesieHHe PECypcoB U yMeTh OLICHHBAaTh
kadyecTBO CBsA3M i1 NB-IoT mnpu pasnuuHbIX yCIIOBUSIX pa3BEPTHIBAHMS [JAHHOM TexXHOJIOTMH. UTO
MOPOXKAAET aKTYaIbHOCTh MIPOBOIUMBIX UCCIEAOBAHUN [6] B JTaHHOM HaNpaBICHUH.

Ilpn cueHapusix «3alIUILEHHAs I0J0Ca» M «BHYTPH IIOJIOCHD) IIOKA3aTENsIMH, CYIIECTBEHHO
BIMSAIOLIMMY Ha Ka4eCTBO CBSI3H, SIBJIIIOTCS PACCTOSIHWE OT 0a30BOI CTaHLMHM 1O YCTPOWCTBA U YPOBCHb
uryMoB. B 9THX clieHapusix pa3BepThIBaHUS Ba)KHO MPOW3BECTH OLIEHKY, HaCKOIbKO Tpadhuk NB-IoT Oynet
OKa3blBaTh BIUSHUE Ha npou3BoauTelbHOCTh ceth LTE. Tpetuil cueHapuil pa3BepThIBaHUS OMUCHIBACTCS
JOIOJTHUTENBbHBIM — [IOKA3aTesIeM KauyecTBa CBS3M — HHTEpEpeHLuei, Mo KOTOpOHd IOHUMAETCs
B3aUMO/ICHCTBUE CUTHAIIOB, TIEPEAaBaeMbIX Pa3TUYHBIMU HCTOYHUKAMHU HA OJTHOM M TOM K€ WJIM Ha OJM3KUX
pamuokaHanax. WHTepdepeHIns BHI3BIBAET HMCKAXKECHUS CHTHAJA PAacCMAaTPUBAEMOTrO HWCTOYHHUKA IO
BO3/ICHCTBUEM CHUTHAJIOB CTOPOHHUX HCTOYHUKOB. TpaguIMOHHBIM II0Ka3aTeleM KayecTBa NaHHBIX B
paaroKaHale sSBIseTCs] OTHOIeHne curHana K naTepdepennuu mmoc uryMm OCIII (Signal to interference and
noise ratio, SINR) [7], koTopoe u3MmepsieTcs Ha npueMHHKe. [loka3aTellb KayecTBa OCCIPOBOIHON CBS3U
OCIII HanpsMyro 3aBUCHT OT PacCTOSHUS MEXITy 0a30BOM CTaHIIMEH W JATYMKOM, EpEIaroliM ITaHHbIS, U
uMeeT OOpaTHYIO 3aBUCUMOCTD OT MOLIHOCTH HHTEP(EpUPYIOIIETr0 CUTHAA.

[MocTosiHHOE (QOpMUpOBaHWE HOBBIX HCTOYHHUKOB BBIPYYKH W peanu3anus Ou3Hec-KeHCoB,
OCHOBaHHBIX Ha TMOSBJIEHHH HOBBIX CEPBHCOB M COBEPILIEHCTBA, MCIOJIB3YyEMbIX C MOMOIIBI0 MPUMEHEHHUS
texaonoruu NB-IoT, moBeimaeT skoHOMHUYeCKyt0 0Tnady MoOWmIbHEIX ceTeid LTE, uro ocobeHHO BaxXHO B
MIEPUO/ KPU3KCa U MaHAEMHUH.

BKJ'IaI[ TEXHOJIOIMU B MIEPHUOJ MaHACMHUN

ITockonpKy MaHAEeMUs YCKOpSET pa3BUTHE WHAYCTpuHU VHTepHETa Belleil MmocpeacTBOM MacCOBOTO
BHEJIPEHUS PA3IMYHBIX YCIYr M MPUWIOXKEHUH, ciemyromue chepbl MOryT OBITh 3aTPOHYTHI MOCPEICTBOM
BHe[peHus TexHonoruu NB-10T:

Oxa3zaHue TOMOIIM TOXHJIBIM U OOJBHBIM JIIOAM, HY)KIAIOLUIUMCS B yXOJie IyTeM HCIOJIb30BaHUSI
ABTOMATH3UPOBAHHBIX CHCTEM JIJI MOHUTOPUHTA KU3HEHHO BAYKHBIX (YHKITHIA;

KoHTponb MecToOHaxoXIeHus1 1 0€30IacCHOCTH JIeTel B MapKax, UTPOBBIX IJIOMIAAKAX, MEAULUHCKUX
HEHTPax;

KomruiekcHast oOIEHKa COCTOSIHHS OKpYJXKalolel cpeasl (3arpsi3HEHHE BO3AyXa, IIyMOBOE
BO3/ICHCTBHE, COCTOSIHHE IT0YBbI, PACTUTEIBHOCTH, YPOBHS paAHalliH) B SKOJIOTHIYECKU BPEAHBIX MECTAaX, I1e
HaXO0XJICHUE YEJIOBEKA HEXKENATEIBHO;

[NoBbIIeHNe 6E30MACHOCTH U 3AIIUIICHHOCTH B PEXKUME PEATbHOTO BPEMEHH;

Ucmnone3oBanne NB-IoT 1maT4nkoB W CEHCOPOB ISl TIOJyYEHHUS aKTyalbHOM WHGOpManmuu Ha
MPOU3BOICTBE, JIoMa, B oucax u T.4. [1];

Ponnu Knapk, Bune-npesuzieHt no npojaxkam loT u rubpunHol peaabHOCTH, B KoMIaHuu Microsoft,
YTBEpXKJaeT, YTO Ha JaHHBIH MoMeHT uMmeercsi Oonee 170 BocTpeOOBaHHBIX B ycioBUsX maHmemuu [oT
pemweanii. OAHO W3 HHUX — «3TO MOOWIBHBIM INYHKT JHMarHOCTHUKH — TIPEICTaBbTe cebe TIpy30BOM
TPaHCTIOPTHBIA KOHTEHHED, OCHAILEHHBIH TEpMOJAaTUNKaMHU. DTO MyHKTHI, KyAa JIIOAN NPUXOASIT HA OCMOTP
¥ TIPOBEPKY; ITH AATYMKH IPOBEPSIOT TeMIepaTypy Jojieil B odepeau, u ecth Takke MM -anroputmsl,
KOTOPBIE OTCIIEKHUBAIOT MPOCTPAHCTBEHHBIE TAPAMETPhl. JTO PElIeHUE, KOTOPoe ObUIO CO3AaH0 OYKBAJIbHO B
0JIHOYAChe, U M0 CYTH 3TO MIHOBEHHO Pa3BEPTHIBAEMBIN LIEHTP TeCTUpOBaHUs. Tak 4To mpeiacTaBbTe cede
KOMITaHUM, KOTOpPbIE BO3BpaLIAlOTCsA ceiuac K paboTe U XOTAT HMETh BO3MOXKHOCTb IIPOBEPSTH
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COTPYTHHUKOB, MPEXIe YeM Te BOWAYT Ha Teppuropuio. Mnmm mpencraBbTe, Kak B Oymaymiem, KOTJa BBI
MPUXOJIUTE HAa CIIOPTUBHBIA MaT4, 3TOT IMEPEABIKHON ITYHKT TECTUPOBAHUS MOXKET OBITh YCTAHOBJICH MEPET
BXOJIOM Ha CTaJJUOH, YTOOBI TPOBEPATH OOJICIBITUKOB U CBECTH K MUHUMYMY PUCK 3apa3uThCsl.

Eme ectp pemenue mist Microshare: 3T0 MOHUTOPHHT MMYIIIECTBA M KOWKO-MECT C MCIIOJNIb30BaHUEM
JATYMKOB W TUT030B LoRa B OOnbHMIIAX JJIs OTCICKWUBAaHUS CBOOOJHBIX KOSK W JPYTUX aKTHBOB,
pa3MYHBIX JIEKAPCTB W MECTOHAXOXKJCHHS Pa3HBIX YCTPOWCTB W MamuH. OHO ObUIO pa3paboTaHo B
KOPOTKHE CPOKH, YTOOBI OTBETUTH Ha KOHKPETHYIO TOTPEOHOCTEY [7].

B ycrnoBusax mammeMuu BakHElIee 3HaUYeHHE OyAeT WMETh CHOCOOHOCTh K B3aWMOJIEHCTBHIO U
B3aMMOCBSI3aHHOCTh KOMIIOHEHTOB HWH(PAacTPyKTyphl WHTepHETa Beimled, Tak Kak OT 3TOr0 3aBHCHUT
MpenocTaplieHre 0Oojlee KAadeCTBEHHBIX YCIYT M CBOEBpPEMEHHOE IIONydeHHne WHGOpManuu, KOTopas
HeoOXOarMa ISl MPUHATHS OBICTPHIX perreHnid. KimoueBoe MecTo 3aHMMaeT WCIMOJIB30BaHUE TEXHOJIOTHH
NB-IoT u cBoeBpeMeHHOE MPOBEJCHHE OIICHKH KadecTBa ceteil 4G COBMECTHO ¢ TexHojoruei MHTepHeTa
Beniei. [loaToMy npy pa3BepThIBAaHUM CETEH CBS3M HY)KHO IPUHUMATh BO BHUMaHHE HECKOJIBKO BaXKHEHUIITHX
aCIEeKTOB, CBS3aHHBIX C WX Pa0OYMMH XapaKTEPUCTUKAMH, HAJEKHOCTHIO M OE€30MAaCHOCTHIO, MU3yUEHHUIO
KOTOPBIX OyIyT MOCBSIIEHBI JATLHEHININE UCCIICTOBAHMSL.

3akiIoueHne

[To Mepe MOAKITIOYEHHUS BCEe OONBIIETO YHCIA MOTPEOUTENBCKUX MPOAYKTOB K CUCTEMaM, TaThopMam
U ApyruMm ycrpoictBam TexHosorus NB-IoT craHoBuTCs HeoTheMIIEMOM YacThiO Haliel ku3uu. [oT Takxke
BIMSET HA TO, KaK MNPEANPHUATHS MNPEAOCTABISIOT YCIYTH W KOHTPOJHPYIOT CBOKO OINEPAMOHHYIO
JIeATeIbHOCTh B YCIOBHSX BCEMHpHOW maHaeMuu. Hapsiay ¢ TakuMu HMpOPBIBHBIMH TEXHOJOTHSMH, Kak
WCKYCCTBCHHBI WHTEJUIEKT, MallMHHOE O0y4YeHHe W POOOTH3MpOBAaHHAs aBTOMaTH3amus mpoieccos, [oT
CO3aET peUIeHns] ¥ BO3MOXXHOCTH, KOTOPBIE MO3BOJIIIOT 00€30MaCUTh COTPYIHUKOB KOMIIAHUM U CBECTH K
MHUHHMYMY KOJIMYECTBO UEJIOBEYECKHX KOHTAaKTOB. llepenoBble pa3pabOTKM HEM3MEHHO IMOPaKAlOT CBOUM
(YHKIIMOHAJIIOM ¥ HOBBIMH CIIOCOOaMU B3aMMO/JICHCTBUS C MOJIb30BATEIEM, TPUMEPAMH KOTOPBIX SBIISIOTCS
JOTIOJTHEHHAs PeajbHOCTh MM IOJI0COBOE YNPABJICHHUE, YTO OCOOCHHO BAXKHO IIPH OKAa3aHUM MEAULMHCKOMN
MOMOIIY WJIM KOHCYJBTallMM HOXHJIBIM JIOJISM, COCTABISIIOIIMM HauOoJjee YSI3BUMBIM Al BUpyca CIOH
HaceneHus. 11oatomy HeyauBUTENBHO, YTO TexHOJIOTHS NB-IoT, €€ mpoaykTel M ClieHApUHA NPUMEHEHUs
YCIIyT HaxXOZSATCS B CTaJWU MHTEHCHUBHOTO M3y4yeHHs U pa3paboTku. CyliecTByeT MHEHHE, YTO U3 MHOTHX
BO3HMKILIUX B HEJaBHEE BpeMs TexHooruil nMeHHO (eHomeH loT okaxer Haubosee CUIBHOE BIMSHHUE Ha
TO, YTOOBI CIIPABUTHCS C BCIIECKOM 3a00JIEBAEMOCTH.
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RESEARCH OF PECULIARITIES OF USING NB-1IOT TECHNOLOGY
FOR THE PROVISION OF THINGS INTERNET SERVICES DURING THE
COVID-19 PANDEMIC PERIOD
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named after Gumarbek Daukeev”, Almaty, Kazakhstan
E-mail: karinaturzhanova@gmail.com

Abstract. The role of the telecommunications segment has never been more important than in the context of the
spread of a pandemic. The rise in the number of cases, the trend towards social distancing, the transition to a remote
model of work and learning, and many other changes in the daily life of people have led mobile operators to develop
relevant and appropriate responses to the rapidly increasing load on mobile networks. And concern for the health of
employees has shown the need for the widespread development of 10T technology, which limits human-to-human
interaction. Narrow band Internet of things (NB-10T) technology is one of the few that has proven its value in a global
pandemic through the ability to remotely manage and control some important social services [1]. Features and benefits
of using NB-1oT technology in the provision of 10T services during the COVID-19 pandemic are given in this article.

Key words: Internet of things, NB-10T, COVID-19, mobile network, LTE.

COVID-19 HAHAEMUSACHI KESEHIHAE 3ATTAP HUHTEPHETI
KBIBMETTEPIH KOPCETY KE3IHJAE NB-IOT TEXHOJIOT' USICBIH
KOJIJAHY EPEKHIEJIIKTEPIH 3EPTTEY

K.M. Typ:xanoBa

«Fymapbek [laykeeB aTbiHAarbl ATMAaThl SHEPTETHKA KoHE OaillaHBIC YHUBEPCUTETI» KOMMEPLHSIBIK
eMec aKI_II/IOHepHiK KoraMbl, AnMatel, Kazakcran
E-mail: karinaturzhanova@gmail.com

AHnoamna. Ewxawan menekomMmMyHUKAYUAIbIK ce2MeHmmiy pesi NaHOeMUSIHbIY MAapaniybl Jcde0aiblHOabloat
MaHwi30bl bonean emec. Hayxacmanzanoap canvinvly oCyi, aneymemmix KAQublKmbulK KypCbl, KAUWbIKIMAH HCYMbIC icmey
JicoHe OKblmy MOOeNine KOULy dcaHe adamoapobly KyHOerikmi omipinoeci konmezen backa 0a oseepicmep MooOUIbOi
onepamopapobl MOOUILOIL Jicentinepoesi Jiceden OCin Keie HCAMKAH dcyKmemeze OeH KOIObIY 03eKmi JHcane muicmi
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wapanapuli  azipieyee HCYMolIObIpObl, Al Kbl3MemKepaepoiy OeHCayavlblHa KamKopawlk "adam-adam'esapa ic-
KUMbLIbIH  WeKmeumin 3ammap UHmMepHemIiHiH MeXHONO02UACLIH JHcanndail oamvimy Kadxcemmicin kepcemmi. Tap
arconakmor Unmepnem mexnonoeusicer NB - 10T (Narrow band Internet of things)- Jyunuescysinix nanoemus
Jrcaz0atiblHoa Kelbip Manwbi30bl d1eyMemmiK Kvizmemmepol KAublKman 0ackapy MeH 0aKvliay MYMKIHOIZI apKblibl
O3IHIH MAaHbI30bLIbIEbIH 0271el10eceH DIpoen-6ip Kvizmem mypi. bByn maxanada COVID-19 nandemusicol keseHinoe
Humepnem  xvismemin  kepcemy  ke3inoe NB-IoT —mexuonoeuscoin  natidananyovly — epexuienikmepi  MeH
APMBIKWLLILIKMAPLL KeAMIpincen.
Tyitin coe30ep: 3ammap Unmepnemi, NB-10T, COVID-19, ysner 6atinansic, LTE
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TEXHOJIOI'IM U KUBEPBE3OITACHOCTD
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CAHJIBIK BEHHEJEPIETT JOMUHAHTTHI KYPBLJIBIM/IbI
AHBIKTAY DJICTEPI

*
B.O. MyxaMeTmaHOBal’ , JLE. Carar6exoBa’

1.1 I'ymunes ateiagarst Eypasus ynTteik yauBepcureti, Hyp-Cynran k., Kazakcran
zKapafaHIu,I MEMJICKETTIK TEXHUKAIIBIK YHUBepcuTeTi, Kaparanap! K., Kazakcran
grek79@mail.ru

Anoamna. Makanaoa obvexminepOi many YuiiH dcui KOJIOAHBLIAMbIH 0emeKmopiap Kapacmulpuliadbl HCIHe
KeCKiH KOHMYpAapblh auvblkmay adicmepi manidanaovl. JJoMuHaHmmol KYpbliblMOapobl aHbIKMAY KOMRbIOMEPIIK
macindi dicyseee aceipyovlyy Oip 20ici Oonvin  madviiadel. YcviHblian 3epmmeyiep 3AMAHAYU  AKNAPAMmMuIK
MeXHON02UANAPObIY, MYMKIHOIKmepimen, ecenmepoi wieuyOiy muiMoi Kypaivl O0bin mabwliamsii 0Cbl KeCKiHOepOi
MaAmemMamuxanvly mMooenvoey a0icmepin Oipiecin  KONOaHy apKbulivl aHulkmanaovl. Tanday oOapvicelioa ap
0emeKxmopovly epexuenikmepi KapacmulpulLiobl JCIHE ey OHMAliibl 0eMeKmop aHblKmaniovl, aman aumganoa Xappuc
O0emeKkmopvi anblKManiovl. 3epmmeyoin JHCAHAIbIZbL CAHOLIK Oelinenepoe CUNAMMmMAMAIblK, KYpolibiMOoapovl 0oekmey
YWin OHIMOINIK aneopummoepin Koa0anyovly muimoinicinoe. Canovlk Oelinenepoeci OOMUHAHMMbL KYPbLIbIMOAPObl
AHBIKMay meH 061y0iH KOJIOAHbICMARbL Al20PUMMOepi MeH MAmeMamuKaIblK Mooeiboepi 3epmmenoi.

Tyitinoi ce30ep: b6ypviumolx HyKmenep, belinenep, OemeKmop, KOHMyp, OOMUHAHMMbL KYPbIIIMOAP.

Kipicne

JIOMUHAHTTBI KYpbUTBIMAAp, OypeIlITap MEH OJapjAblH OYpBHINTHIK HYKTEJIepl MeH KeciHaiiepi
OeifHeHIH MaHBI3/IbI )KEPTUTIKTI epeKIIeNiri OOJBIN Ta0bUIA bl JKOHE CUIIATTHI HEMECE epeKIle HyKTellepi el
aTanaThIH Kiacka xartaapl. Onap agamaapasl (MbIcaibl, Ke3 OyphlLTaphl) TaHy Oemrijepi, MoTiHAEr1 caycak
i3/Iepi MEH 9pinTepi CHSIKTHI CTepeonapaMeH JKYMBIC iCTey/eri TipeK HYKTelep peTiHJe MaiijanaHbLIajbl.
Manpasl  OarmapiaManap Kamepajgapiasl KanmuOpiey, poOOTOTEXHHMKa MEH MallliHa —Ke3JepiHJeri
KO3FaJIaTBIH 0O0BeKTiNepAl Oakpuray, OelHenepai KellicyiMeH J>XoHe cyperrepli TaHy. JKapbIKTaHABIpY
JKaFIalIapblHbIH e3repyiHe jkKoHe aiiHamyra OypellTap WHBApUAHTTHL. J[OMHHAHTTBI KYPBUIBIMIAPIBI
aHBIKTAYABIH KeJeprire Te3iMJi jKoHe THIMJI aJrOpUTMACPIH KYPYFa KbI3BIFYIIBUIBIK OHXKBUIABIKTAD OOMBI
Oap >koHE yKacaaTblH 9ICTEPAIH Ke3/1epi OOJBIIT KOTEreH FhUIBIM callaiapbl KbI3MET eTeIi.

Maxkanana OeiHeNnepiH I3JeCTIpUIeTIH KYPBUIBIMABIK cajajlapblH Kypy MakcaThlHAa CaHIbIK
OcitHenepaiH OacTankbl JCPEKTEPIH TaijajgaHa OTBIPBIN, OYPBIINTHIK >KOHE 0Oacka Ja JIOMHHAHTTHI
KYPBUIBIMAAP/Ibl aHBIKTAY, aHAIIM3 jKacay KapacThIpbUFaH. KapacThIpbUIbINT TalZaHFAH ONICTEPIiH JKYMBIC
icTey NpUHLMITEpiHEe 3epTTey Xyprisineai. Epekiie HykTenepAiH €H TaHbIMal AETEKTOPJaphl, OJapAblH
KYMBIC TIPUHIIUIL KOHE OJIAPJBIH OPKANCHICHIHBIH HETI3Ti  apTHIKMIBUIBIKTAPEl MEH KEeMIIUTIKTepi
KapacThIPbUIAIbI.

Herisri 6esim

Bypeim netekTopsl HeMece HYKTEIiK JETEKTOp - OYJI KOMITBLIOTEpIIK Kepy KykenepiHue KecKiHHIH
Oenriyii Olp epeKIIeNKTepiH ajly YIIiH KOJJAAHBUIATBIH TACUI. belHenepniH OeriiepiH eKi TypJi Tacia
apKbUIBI aHBIKTayFa OoJa/ibl: anaHAapra HETi3AereH 9icTep koHe OeifHenep iy OeIeKkTepiHe Heri3aenreH
oaictep. BipiHimii Hyckamga ToH Oenrijiep peTiHAe KAPKbIHIBLIBIKTBIH THICTI MOHJEpI 0ap MUKCENbACPIIH
e3Jiepi apeker eteli. bipak MyHJail ojicTep/ie mapaMeTpIiep iy YIAKeH caHbIMEH JKYMBIC iCTey YIIH ecenTey
MIPOIECTEP] KETKUTIKTI TYpHie eHOCKTI KaXeT eTejli. OMiCTEep liH eKiHIl TOOBIH/Ia CUTIATTHI OeNrijep peTiHe
OeiiHenepiH KOHTYypJaphl >KoHE epekiie Hykrenepi Oomybl MymkiH [1]. BeliHenmeri epekme HykTeci
OecitHenepal OHJACYMIH MaHBI3Ibl JKEPriTKTI epeKineniri 0okl TaObUIaAbl, ajl OYPBIIITHIH AHBIKTATYbI
KeITereH OCiHeNepl OHICY TarChIpMaliaphl YIIiH aliJiblH ajla OHACYAiH MaHbI3/Ibl Ke3¢Hi OOJIBIN TaObLIa b,
OeiiHenepi calbICTHIPY, JXKIKTEY, KO3FAIBICTHI Oarasay skoHe 00beKTiaepai 6akpuiay [2].
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beiinenepoin epexwe wnyxmenepi. beliHenepmeri epekmie HYKTEIEpIiH €H KOIl TapajFaH Typi
OypsitTap 0onbIn caHanaabl [3]. BypeimTapapiH opHAIACYHI JKEPTUTIKTI JETSKTOPIIAP apKbUIbI aHBIKTAIATBL.
JleTekTopiiapra apHajFaH Kipic JepeKTepi - MOHOXPOMbI OcitHe OOl TaObLIaNbl. JleTeKTOPIbIH
MIBIFYBIHA MATPUIIAHBIH DJJEMEHTIH ajaabl, THICTI TMHKcembAepAe Oypbiml TaObUTYBIHBIH IIBIHAWBLIBIK
JIOPEKECIH aHBIKTayFa apHaJFaH MOHICPJl KaMTUTHIH MaTPULIAHBIH 3JeMEHTIH amanbl. OchlaH KeiH
IIBIHANBUIBIK JIOpEXkKeci KeOip IIeKTI MOHHEH TOMEH IUKCEIbACPAl Kecy JKypriszieni. bapimbik kanraH
HYKTEJIep YIIiH ojJap epeKIe O0NbIT TabbIIa k.

Mopasey oemexmopvi. Toxipubene eH KapamabiM aeTekTop - Mopaser gerektopsl [4]. Herisri
uzaescel 9pOip OarbiTTa Oip mMuKcenbre (x,y) oprackiHAa 3 X 3 eNIeMiHAer Tepe3eHi >KbUDKBITY apKbLIbI
(x,y) HYKTeciHIEri THKCENb KApKbIHIBUIBIFBIH emey Ooibin  TabblIagpl. OpOip TNHKCENb YIIiH
KapKbIHIBUTBIK ©3repicTepiH MbIHA (hopMyIia OOMBIHIIA eCenTeN I

E(,v) = Z wx,Y[x+v+ay+v+b)—I(x+ay+b)? D
va,bewW

myHna I (x,y) — Oacrankel OeitHeneri (x, y) KOOPAMHATHIHAAFbI TUKCENb KAPKBIHIBLUIBIFBI;
(u, v) - Tepe3eHiH KBUDKY OaFbITHL.
Kerneci Kamamia KapKbIHIbUIBIKTBIH €H a3 03repy OarbIThIH aHBIKTANIbI:

CCxy) = min(Vy (x, ¥)). )

C(x,y) mouuepi OGepinred mekTeH KeM OosaThiH HyKTenepai Oeseni. COHFBI KajaM KalTajlaHaThiH
OYPBIIITAPBI KO OO0JIAIIBL.

MyHnait omicTiH KeMIIiiri: OeifHene IIypUIFa OailaHBICTRI KaTelepAiH maiaa O0ysl, aHU30TPOIIHS
TeK 8 OaFrbITTa XKYPYi, OYphUIBICTapIa HHBAPHAHTTHIK KACUETTiH OOIMAaYHI.

Xappuc oemexmopul. Xappuc IeTeKTOpbl MopaBell alrOpUTMIHIH JKaKCapThUIFAaH HYCKACHI OOJIBII
TaObUIaMbl. bysr merexktopaa Oapiblk OareITTapa >KapbIKTBUIBIKTHIH ©3TepyiH 3epTTey VIIiH aHWU30TPOIUS
enrisingi [5]. 3eprreysiep cOHbIMEH KaTtap Tepe3eHi KOJIaHa OTHIPBII KYPri3ijesi, aa KapKbIHIbUIBIKTHIH
e3repyiH ecentey GopMyachkl Kelieci Typre ue 00Jbl:

Ev= ) wylie+v,y+v) - 1P )
(xy)EW

myHaa, w(x,y) byakuusicer W tepesecidi GpyHKIHACH OOJBIN TAObLTA/IBL.
Erep w(x,y) = 1 xone onan Thic 60ica, erepae w(x,y) = 0, (X, y) KOOpAHHATTAFbI TUKCENb TEPE3E

mIerigae 0oJamsl.
Martpunansik hopMyna Obuiaiira oepinesi:

L]\ (o
Emw=Mﬂ@wme, FDQ) @)
X'y y

[areia MoH yIIiH [V, V] Keneci GopMyIaHbl allaMbl3:

E(,v) = [v,v]M [11;]’

2L,
M =Y w(x,y) [1 L ] )
xly Iy

BypbImThIK OO0JBIN TaOBUIATHIH HYKTENEpP YIIIH M MaTpHUIaCHIHBIH MOJYJh OOMBIHIIA ©31HIIK YIIKEH
MOHJIEpi TOH. XappHuc 63 MoHIH ecenTey eceOiH KeHUIAETY YIIIH 3 eJIIIEMiH eHI13/1:

R = detM — k(traceM)?. (6)
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k MoHAepi SMIUPHKAIBIK JKOJIMEH aHbIKTanaabl skoHe 0,04-ten 0,15-ke meiiHri apanabikTa 0OJIaibl.
Bypeiuteik  HykTEenep ymiH R MoHI  ynkeH koHe oOH. Onapasl TankaHHAaH —KeiiH, Mopasei
anropuTMiHzerige R MoHi OepifireH mIeKTi MoHHEH a3 OonaTeiHAai Oemikrep Oomanbl. XappHc AETEKTOPHI
KOIl ecenTeylepAl Tamam erexdi, Oipak oi OYphUIBICTapFa TYpakThl, OipaKk MacIITaOTHIH ©3repyiHe JKoHE
IIyBUTFa ©T€ Ce31MTal.

Fast 0emexmopuvi. Xappuc xoHe MopaBel] JeTEKTOphl OacTankpl OCHHEHIH MHKCENHE TiKenen
aJTOPUTM KOJJTaHa OTHIPHIN, OeiiHeneri OypeImTapabl aHbIKTalael. DaBapa Pocren sxone Tom JIpamMmoHa
kacaraH fast JeTeKTOpbl THKCENbIep[i IKIKTeyre apHajfaH araml MIeNIMAEpiHIH KypbUIBICHIH/A
epeKIIeseHe . OpOip MUKCENbIiH MaHbIHIA P OcliHene 16 MUKCeNbeH XKacallFaH MIeHOep/ i KapacThipaabl

(cypert - 1).

L] L] o
L] o
® ®
® P ®
L ®
L] L] o

Cyper 1 - Fast nerexkTopbiH naiiagany Ke3iHETi MUKCENbIIH YKYMBIC aiiMarbl

CanpIicTBIpMaIIBI  OPTAJNBIK MICHOEPJETI MUKCENIEPIiH OpKAWChICHl VI MYMKiH KyHImiH OipiHzae
OpHaJIaCKaH:

I, < I, — t opTa/nbIKTaH KapaFaH/ja KapaHFbLiay
S = I —t <I, <I, + t opTajbIKKa yKcac
Ip + t < I, opTaJbIKTaH KapaFaH/a allbIKTay

: ()

MyHJa: [, - MaHAHIaFbl TUKCENbAIH KApPKbIHIBIIBIFbI;

Ip- OepiNTreH MUKCENb/IIH KapPKbIH/BUIBIFHI;

t- MeKTi MoHi.

P mykTeci OyphIITHIK OONBI TaOBLIABI, €rep OJ YIIiH meHOepae KeMiHae 9 apamac mukcenb Oap
0oJica, KapKbIHABUIBIFBI KOTIT Ip + t HeEMece a3 Ip —t.

beitine xoumypaapei. Kypaeni OOBEKTIIEPMEH >KYMBIC jKacaraHa >XaJFbl3 MYMKIHAIK OeliHemeri
KOHTYpabI Oexy. KoHTyprapasl 6emy omictepi Oenrini Oip emmiempaeri KBaapaTThIK MaTpPHUIAHBI OUTipeTiH
apHaiibl KBUDKBIMAIIBI CY3T1 MAacKachlH TaijaiaHa OTBHIPHII, KAPBHIKTBUIBIK MOHJACPiHIH e3repy ayMarblH
Ta0yFa Heri3fenreH. Martpuia sJieMeHTTepi camMak K03 QUIMEeHTTepi AeT aTalaibl.

JKaphIKTHIKTBIH ayBITKYbl aHBIKTAJFaH Ke3je OipiHIi oHe eKiHINI PeTTi TYBIHIABUIAPABIH IJUCKPETTI
aHayorTapbl Kojmaneuiaael. Keibip Oip emmemai GyHKUUSHBIH OipiHII TYBIHABICH! f(X) 31eMEHTTEpIiH
KepIl MOHJIEPiHiH albIPMaIIbUIBIFBIMEH aHBIKTAIAIBL:

ad
= fx+1) = f). (8)
¥Kcac TypAe eKiHIII TYbIHABI aHBIKTATAIbI:
92 f
L= flr+1)+fx— 1) - 2f(x). ©)

Canpplk OeifHe YIIIH €Ki ejdmeMzai TPaJueHTTIH OpTYPJi AWUCKPETTI YCHIHBICTApBIHIAFBl HETi3ri
TYBIHJIBIHBI ecenTey. AHbIKTay OoWbIHIIA, f(X,y) TpamueHt OeliHeci (X,y) HYKTECiHJE BEKTOp OOIBII
taObuTazb! [6]:

=[]~ [g] @

of
ay
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(x,y) HYKTeciHIe KOFapbl )KbULAAMIBIKICH f (DYHKIMSACBIHBIH ©3repyi TpaJHeHT BEKTOPHIHBIH OaFbITHIMEH
coiikec Kenemi.

Iproumm onepamopuwi. TIprouTT omepaTophl coHmai-ak, 3 X 3 OcifHe alMarbIHIA JKYMBIC iCTEHi,
anaiiia, MacKaHbI MakanaHy Keneci epHeKTepMeH oepineni [6]:

Gy = (23 + 26 + 29) — (21 + 24 + 27),
Gy = (27 + zg + 29) — (21 + 2, + 23) (11

YceiHBUTFAaH  (opMyJanapia >KOFaprbl JKOHE TOMEHT1 JKOIAap DIIEMEHTTEPIHIH KOCHIHABLIAPHI
apachIHIaFbl albIPMAIIBUIBIK Y OCi OOWBIHINA, al OipiHII JKOHE COHFBI OaraH OOMBIHIIA alibIpMackl — X OCi
OOWBIHINIA TYBIHABIHBIH JKaKbIH MOHI OOJBIN TaObUIabl. byn dopmynanapasl [IprouTT omeparopsl xy3ere
achbIpasl (Cyper - 2).

-1 -1 -1 -1 0|1
0 0 0 -1
1 1 1 -1 0|1

o
p—

Cyper 2 - IIprouTT onepaTopbIHbIH MacKatapbl

[IpronTT omepaTOpPBIHBIH KEMIILJITi peTiHAe OHBIH OeWHEeeri IIybUTFa CEe3IMTAJIBIFBIH aTall eTyre
Oomazpl.

Pobepmc  onepamoper.  beliHeHiH KeilOip SJEMEHTIHIH ailHaJaChIHAAFbl KAPBIKTBUIBIK MOHIH
Oinnipetin 3 X 3 aiiMarbiHaa meHoep 6ap 6ok (cyper - 3).

Zy | Zp | Z3
Zy | Zg | Zg
Zg Zg Zg

Cypert 3 - Beiine imingeri 3 X 3 menobepi

Zs HYKTECiHJIe aJFfalliKbl XeKe TYBIHIbUIapAbl TaOyAbIH KapamaiibiM Tocim - PobepTcTiH  alikac
TPaaUeHTTI OrepaTopsl [6].
Gy = (29 — Zs),
Gy = (25 — 2¢). (12)

By cysrine TysiHabUIap OciiHeNepae MackaMeH OHJIey apKbUIbI iCKE aChIPBUTYBl MYMKIH.

-1 |0 0] -1

Cypert 4 - PobGepTc onepaTopbIHbIH MacKaaaphbl

PoGepTtc cy3rici OeliHeHI CYy3ymiH JKOFaphl XKbUIIaMIBIFBIH KAMTAMAChl3 €Te[li, aaijia, OHbIH HaKThI
OpTAaJIBIK 3JIEMEHTI YKOK, OYJ1 OpbIHIay HOTHKEJEPiHEe TepiC acep eTei.

Cobenv onepamopwi. Colenb onepaTropsl OpTallia 3JIEMEHTTEp YIIiH €Ki caiMak Kod(h(UIIUEHTIH
KOJIJIaHy apKbUIbl [IPIOUTT OrepaTopbIHBIH MOAU(UKAIUICH! 00BN TaObLTaHb [7]:

GX = (23 + 226 + Zg) - (21 + 224 + 27),
Gy = (27 + 225 + 29) — (21 + 22, + z3). (13)

Opramia HyKTeJep YIIiH TericTey ocepiH a3aiiTy MakcaTblHOa YyJiKeH canmak Oepineni. CobGenb
OIrepaTOPbIHBIH MacKanapsl (CypeT - 5) KepceTiIreH.
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-1 -2 -1 -1 |0 1
0 0 -2
1 2 1 -1 |0 1

(=1
3]

Cyper 5 - CoGenpb onepaToOpbIHBIH MacKaJlapbl
Co0enp orrepaTOPBIHBIH 0aCTHI KEMITLTIKTEPiHIH O01pi OHBIH TOJIBIK alfHAIIMAIIBl CHMMETPHSICH KOK.
XKorapeina aifTeuFanmapael TYHIHAEH Kenme, Kasipri yakbITTa ACTEKTOpIapAblH opOip amici
MaMaHJIaHbIPbUTFaH 00BN TaOBUIAABI XKOHE OJapAbl KOJIJaHy oJiap jKacalFaH OenriiepMeH MeKTeme .

Hortukenep

Kasipri aaropurmuepaid KypAeleHe TYCKeHiH Oalikayra Oomanel. Amaiinma, Xappuc xone FAST
JICTEKTOPJIapbl OYPBIIITAPIbI AHBIKTAY YIIIH €H KOIl KOJAaHbUIATHIH XKOHE eCCITCHTIH KbUIIaM alfOPUTMICD
60JIBIN TabbLIaBL. BYPEIII e TEKTOPIAPBIHBIH CaIBICTRIPMAIIBI KeCTeCi KeNTipiareH (kecre-1).

Kecre 1- [leTexTop omicTepiH CANBICTHIPY

NHBapHaHTTBIK Kymbic Ta0bL1Fan
JetexkTop KbLLIAM/IbIFbI HYKTeJIepaiH
araybl MacmTad | OypbuLly | WYy [KAPBIKTBIFbIH| TOMEHIi | KOFapbl | camachl
03repry
Mopagen 3 1 3 2 3 4 2
Xappuc 3 5 4 4 4 4 3
FAST 3 5 2 4 5 5 3

JleTekTopiapbiH 9icTepiH canbicThIpy (1-eTe Hamap, 2-)kaMaH, 3-KaHaraTTaHAPIBIK, 4-)KaKChl, S5-eTe
*akcel) [8].

Xappuc oIiCiHIH HETi3Ti apTHIKIIBUIBIKTAPEl OYPHUTY MEH IIyBbUIFa WHBAPHAHTTHI OOJBIN TaObLIAIbI,
COHJIali-aK ©Te >KOFaphl XKYMBIC )KbBULIaMBIFBL. ByJl Tarceipmanap Y eH KOJaiiasl, oJap/bl Melry Ke3iHue
aliKbIH OYpBIIITaphl Oap OeliHenepae apHalibl HyKTeJep i i3/1ey, IIyAbIH O0Iybl KOJIIaHbLIA b

FAST nerexTopbl TeHJeCi JKOK JKYMBIC JKbUIIAMIBIFbIHA W€, alaija, NETEKTOp PETiH/Ee alJABIHFbI
9JiCTEep/ICH TOMEH JKOHE OJIaparkl IIybUIMEH OeiHenep i Tajaaya aieKaiia Halap HOTHKE KOPCETEI.

KopbIThIHABI

Kazipri yakpITTa KeNTereH jKaHa aJlfOPUTMJCP Maiia OOJIbl JKOHE OJapiblH OPKANCBICHIHBIH ©3
epeKIIesikTepi Oap. Anaiia, KapajaraH JICTEKTOpJap Ke3 KelIreH KOMbUIFaH TalChIPMaHbl OPbIHIAN aajbl.
AnroputMmai TaHIAy Ke3iHIE OPBIHAATY THIMILIITT HeMece KbUIIAMIBIFEI MaHBI3IBI OOJBINT TaOBLIATHIHBIH
eckepy KakeT. KopbIThIHIBUIAH Kelle, €H OHTAMIBICHI - Xappuc AeTeKTopbl. O 6Te KOFAPbI KbIIIAMIBIKTHI
JKOHE OJJaH K€M €MeC YKOFapbl THIMUTIKTI OpBIHAAYABI O1piKTipeIi.

YcChIHBUIFAH JKOHE OCNrull  JOMHHAHTTBI JKOHE OYPBIIMITHIK HYKTEIEPIIH JCTCKTOPJIaphIMEH
CaAJTBICTBIPMAJTBI TAJIAY JKOHE ECEeNTeY IKCIEPUMEHTTEPIH XKYPri3y JKocmapiaHy/a.
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METO/JbI ONPEAEJEHUA JOMNHAHTHBIX CTPYKTYP
HA HU®POBLIX U3OBPAKEHUAX

B.O. MyxaMeTmaHOBal’ , LE. Carar6exoBa’

lEBp33PII7[CKHI7[ HanoHaNBHBIN yHUBepcuteT uM. JI. H. I'ymunesa, r. Hyp-Cynran, Kazaxcran
’KaparaHauHCKHIl TOCY1apCTBEHHBIN TEXHUUYECKHiT yHHBepCHTeT, I. Kaparana, Kasaxcran
grek79@mail.ru

Aunnomayun. B cmamve paccmampusaiomes oemekmopbul, wacmo ucnoabsyemvle 0jist pACHO3HABAHUS 00beKmo8
U NPOAHATUUPOBAHBI MemOObl onpedeneHus KOHmypos uzobpaicenuti. CiedoeamenvHo onpeoeiienue OOMUHAHMHBIX
CMpYKmyp AIAEMCs 0OOHUM U3 CHOCO0O08 peanu3ayuu KOMNbIOmepHo2o nooxoda. bonee mozo onpedensemcs
BO3MOJICHOCHSIMU ~ COBPEMEHHBIX — UHMDOPMAYUOHHBIX — MEXHONO2UL,  COBMECMHO20  UCHONb30GAHUS — MEMO008
Mamemamuuecko20 MOOEeIUPOBanUss OAHHLIX U300pAdCEeHUl, SAGAAOUUXCA  IPOEKMUBHBIM UHCTNPYMEHINOM 015
peuwtenus 3a0ay. B pesyrvmame ananu3a ObLIU pACCMOMPEHbl OCOOESHHOCU KANCO020 OemeKmopa u onpeoenen
Haubonee ONMUMATLHBIL OemeKmop, 8 wacmuocmu, demexmop Xappuc. Hosusna uccredosanusi — 8 aghgpexmuenocmu
npUMeHeHUus. paspabomKu aneopummos no HPOOYKMUGHOCMU GblOENeHUsT XAPAKMEPHLIX CMPYKMYp HA Yupposvix
uzobpadicenusix. Mccnedosanvl aneopummvl u MamemMamuyeckue MoOenu Onpeoeienus u 6blOeieHus: OOMUHAHMHBLX
CMPYKMyp HA Yupposvix U300paANCEHUSX.

Knrwouegvie cnosa: ocobvie mouxu, uzodpasicenus, 0emexmop, KOHmyp.
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METHODS FOR DETERMINING DOMINANT STRUCTURES
ON DIGITAL IMAGES

B. O. Mukhametzhanova®”, D.E. Sagatbekova®

LN Gumilyov Eurasian national University, Nur-Sultan, Kazakhstan
? Karaganda State Technical University, Karaganda, Kazakhstan
grek79@mail.ru

Annotation. Detectors often used for object recognition and methods for determining the contours of images are
analyzed in the article. The definition of dominant structures is one of the ways to implement the computer approach.
Moreover, it is determined by the capabilities of modern information technologies, the joint use of methods for
mathematical modeling of image data, which are an effective tool for solving problems. As a result of the analysis, the
features of each detector were considered and the most optimal detector was determined, in particular, the Harris
detector. The novelty of the research lies in the effectiveness of the development of algorithms for the productivity of the
selection of characteristic structures in digital images. Algorithms and mathematical models for determining and
highlighting dominant structures in digital images are investigated.

Key words: singular points, images, detector, contour.
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DEVELOPMENT OF METHODS FOR VERIFYING FLOWMETERS
AT THE OPERATION PLACE

S.G. Khan*, LK. Ibrayeva

Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev”, Almaty, Kazakhstan
s.khan@aues.kz, |.ibrayeva@aues.kz

Annotation. At uranium mining enterprises, after the intertesting interval, metrological verification of flow
meters is carried out. It is associated with the need to stop the technological process, remove devices from production
and transport them to the metrological service. In the article, a new methodology for verifying an electromagnetic
flowmeter at the site of operation, developed by the authors, is described, that is, without stopping the technological
process, using a mobile geotechnological information and metrological complex. The verification results are entered
into the flow meter readings database, which are then used in the program for calculating the uncertainty of the relative
error of the flow meter being verified.

The measurement results are processed in the "Metrolog™ workstation, which includes programs for calculating
the measurement uncertainty of technical flow meters based on the international GUM Guidelines: 1993, developed in
the NILabView environment. To conclude on the verification, the uncertainty of the relative error of the electromagnetic
flowmeter is estimated according to the national normative document.

The work is carried out within the framework of state funding on the theme "Development and testing of a
mobile geotechnical information and metrological complex (GIMC) to improve the efficiency of uranium mining".

Keywords: electromagnetic flowmeter, verification method, mobile geotechnical information and metrological
complex, measurement uncertainty

Uranium mining by underground leaching method is one of the most cost-effective and
environmentally friendly methods of production that is appliedin the Republic of Kazakhstan.The subsoil is
almost not destroyed and even completely restored within a few years.

Acidic leaching solutions (H,SO,4) are distributed in injection wells at a pressure of 5-6 atmospheres.
In injection wells, the leaching solution passes through a filter to the productive horizon, where the uranium
is leached with acidic solutions. At this stage a productive solution containing uranium is formed
underground. Through pumping wells with the help of deep pumps, the productive solution containing
dissolved uranium enters in the receiving unit for productive solutions [1].

A large number of different flowmeters located in the measuring unit for receiving and distributing
leaching solution are used to account for the flow of working solutions into the feed wells and pumping them
out of the pumping wells. Various types of electromagnetic and mechanical flow meters are used in uranium
mining enterprises. The use of precision flow meters is not economically feasible due to their high cost and
large required quantity.

At the end of the calibration interval, metrological verification of flow meters is performed, which is
associated with the need to stop the technological process, remove the devices from production, transport
them to the metrological service, where verification is performed on the calibration unit, and return
transportation to productionis conducted. This verification procedure leads to financial costs for the
company.

The article considers the questions of the development of a new method of verification in place, that
isfulfilled at the technological site without stopping the technological process. The novelty of this work is to
develop methods of calibration of electromagnetic flowmeters with the estimation of uncertainty of
measurement and creation mobile geotechnological information and metrological complex (GIMC) for
verification of flowmeters without dismantling from the place of operation. It allows increasing economic
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efficiency of the processes of uranium mining by method of underground leaching.

GIMC (Figure 1) is intended for verification and calibration of flowmeters installed on leaching
solution preparation devices in conditions that are theclosest to the conditions of actual operation [2].

The complex must be temporarily connected to a system that allows consistently to turn on the
flowmeter (VF) to be verified. The etalon and verifiable flowmeters measure the same flow. The etalon
flowmeter used for measuring the leaching solution must have the following characteristics: specific gravity
of the working fluid 1000-1500 kg/m3; maximum flow 20000 m*h; minimum flow 500 m®h; accuracy of
mass flow measurement 0.1%; accuracy of density measurement 0.5%; accuracy of determining the volume
flow of the liquid 0.7%.

GIMC

I CV Ja
&
U I/. PLCOVEN == nfotrologist
K1 k3 Y
LS X
) A K12 X )
5 )
v [ v —

K¢ ks K10
VF1 ‘ VE2 ) VEn

Figure 1-Block-diagram of connecting the GIMC to the unit for receiving
and distributing leaching solution

An analysis of the accuracy characteristics of the flow meters available on the market allows us to
determine that the most suitable type of flow meter for this application is a flowmeter based on the Coriolis
effect (ECF). Although this type of flow meter measures the mass flow rate of a liquid, the high accuracy of
the density measurement allows it to be used for checking flow meters that measure volume flow.

For calibration of sensors, the change in the flow rate required to set the verifiable points 0.25Qmax;
0.5Qmax; 0.7Qmax; 0.95Qmax (where Qmax is the maximum flow rate of the verified electromagnetic
flowmeter) is carried out using a controlling valve (CV) and a programmable controller (PLC OVEN). The
results of measurements and uncertainty calculation of the relative error of the verified flowmeter in
accordance with the requirements of the normative document [3] are displayed on the interface of the
automatic workstation (AWS) "Metrologist" developed in the NI LabView software.

The complex is connected to the injection system, with the help of shut-off valves, all valves are
closed except one. The flow of the solution passes through the verified and etalon flowmeter. With the help
of the controlled valve the desired flow rate for that well can be set. This approach allows verification in
conditions similar to working conditions.

The readings of the etalon flowmeter are compared with the readings of the flowmeter at the well.
Then the flow is blocked to the already measured well and opened to the next one, etc. As a result, we get a
table of correspondence between the readings of flowmeters installed on wells and the readings of a high-
precision etalon flowmeter.

The verification procedure assumes that all flowmeters are verified using a calibration unit, not
simultaneously, but in turn. At the same time, when verifying the selected flowmeter, all other
electromagnetic flowmeters at the leaching solution distribution node operate normally.
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The proposed method of EMF verification provides for the calculation of measurement uncertainty in
accordance with the international guide for estimating measurement uncertainty GUM: 1993 [4] and the
International vocabulary of Metrology - basic and General concepts and related terms (V1M) [5].

The results of measurements at the GIMC stand, carried out in the laboratory of the "Automation and
Control" Department, are processed by the standard method of GUM in the developed program for
calculating the measurement uncertainty of EMF [6], which is part of the AWS "Metrologist”. The interface
of the AWS "Metrologist" for verification is shown in Figure 2.
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Figure 2 - The interface of the AWS "Metrologist™ for verification

The operator manually enters the environmental conditions and parameters of the liquid to be tested
(leaching solution). Next, the operator sets the number of the point to be verified and the "forward" or
"reverse" course of verification over the measurement range of the EMF to be verified.

The verification process includes measurements at four verifiable points, at each point on the
"forward" and "reverse" course of the controlled valve, eleven flow values are measured by the verified EMF
and reference ECF flowmeters.

The results of experiments are entered in the database of flow meter readings [7], which are then used
in the program for calculating the uncertainty of the relative error of the flowmeter being verified.

The final results of calculating the uncertainty of the relative error of the EMF are presented in the
form of an uncertainty budget [8].

The GUM results of estimating the uncertainty of the relative error of the calibrated flowmeter for the
4th calibrated point (Q = 5700 dm® / h = 95% Q) are presented in the form of an “Uncertainty Budget”
(Figure 3).

Conclusion. The developed method for testing flowmeters at uranium mining sites using the method
of underground well leaching will allow performing the verification procedure in such a way that all flow
meters are tested using a verification unit not simultaneously, but in turn.At the same time, when testing the
selected flowmeter, all other electromagnetic flowmeters at the leaching solution distribution node operate
normally.

The novelty of this work is to develop themethods of calibration of electromagnetic flowmeters with
the evaluation of uncertainty of measurement and creation a mobile geotechnological information and
metrological complex for verification of flowmeters without dismantling from the place of the operation,
allowing to increase economic efficiency of the processes of uranium extraction by method of underground
borehole leaching. As well as in the development of a program for calculating the measurement uncertainty
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of technical flowmeters, based on the international "Guide to the Expression of Uncertainty in
Measurement", and its application in metrological practice.

According to the research results, the author's certificate N0.6145 dated 30.10.2019 for the software
"Method of electromagnetic flowmeters verification” has been obtained [9].
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Figure 3 - Calculation of the “Uncertainty Budget” using the GUM method
(4th verified point)

The proposed method of verification of electromagnetic flowmeters can be tested on modernized units
of preparation and distribution of leaching solutions, in which an additional pipeline for verification of
electromagnetic flowmeters is installed parallel to the main supply pipeline of the leaching solution.
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MAHJIAJIAHY OPHBI BOMBIHIIA HIBIFBIH OJIIIETTIHTEPII
TEKCEPY 9AICTEMECIH 93IPJIEY

C.I'. Xan*, JI.K. UopaeBa

«Fymapbek [loykeeB aTbIHIaFbl AJTMATBI SHEPTETHKA )KOHE OaiilIaHbIC YHUBEPCUTETI» KOMMEPIIHSIIBIK eMecC
aKIMOHEPIIK KOFaMbl, AJMarthel K., KazakcTan
s.khan@aues.kz, l.ibrayeva@aues.kz

Anoamna. Ypan omHOIpy KoCINOpbIHOAPLIHOG MmeKcepy apaublK UHMEpP8abl OMKeHHeH KeUiH UWbIeblH
enuleciuimepae MempoI0SUAIbIK MeKCepy HCYpeizinedi, 01 YuliH MeXHOIOSUANbIK NPpoyecmi moKmamy, acnanmapouvl
OHOIpicmen aly JHCoHe 0AapObl MEempPOoNOSUSIIbIK KblI3MemKe MAacblManoay Kascemminiei nauda 6onaovl. Makanaoa
INEKMPOMACHUMMIK WbIZbIH OJueciumi meKkcepyoOiy, asmopiap a3ipieceH JHcana aoicmemeci CUNAmMMmAn2aH, Oy
meKcepy JCYMbiC OPHbIHOA, SA8HU MEXHOL02UANBIK, NPOYecmi MOKMamnail, MoOuIb0i 2e0MexHoN02USIbIK, AKNAPAMIMbIK -
MEemponocUsiiblK  KeuleHOl  KolMoana omblpwbin  oicypeisinedi. Texcepy namuodicenepi wbleblH  oauteciutmepoin
KOpcemKiumepiniy — ManiMemmep KOPbIHA — eH2i3inedi, onap KeuiHHeH MeKCepiiemin Wbl8blH — Oueciumiy
CANLICMBIPMATILL KAMENICIHIY AHbIKIMAIMASAHObIRVIH ecenmey 6a20apiamacblHod KOA0AHbIIAOL.

Onwey Homuocenepi GUM: 1993 Xanvikapanvix Hyckayavievl nezizinde NI LabView epagukanvix npoepammanay
OPMACHIHOA  23IPNEHeeH MEeXHUKANbIK WIbIeblH  omueziumepoiy  e1uleyiepiniy aHbIKMAIMAZaAHObIZbIH — ecenmey
bazoapnamanapein Kammumutn "Memponoe" agmomammanosipvinzan sxcymvic oprviHoa (AXKO-0a) endenedi. Tekcepy
mypansl  KOpbIMbIHObL  JHCACAY YWiiH YAMmbulK HOPMAMUBMIK KYHCAmKd CIUKeC 31eKMpPOMASHUMMIK —UbIZbIH
enueiumiy CanblCmvlpManbl KAmeniciHiy aHbIKMAIMa2aHObI2bl 0A2ANAHAObL.

Kymovic  "Vpau ewdipy muimoinicin apmmulpy yuwiH MOOUNLOI 2e0MEXHONOSUSANLIK, ~AKNAPAMMbIK -
memponozusiivlk keutendi (IAMK) azipaey owcone coinay” maxvipbibvl OOUBIHWA MEMIEKEMMIK KapXNCbUIAHObIPY
uienbepinoe opulHOANIAobL.

Tyitin ce30ep: snexmpomazHummix wWbleblH onweziul, mexkcepy aoicmemeci, MOOUTLOI 2e0MEXHONIOSUSIbIK
aKnapammulK-mempoiocUsNbIK KeuleH, oaueyoily aHblKmaimaganoblbl.

PA3BPABOTKA METO/IUKH ITOBEPKH PACXOJAOMEPOB 110 MECTY
IKCIINIYATAIIUA

C.I. Xan*, JI.LK. UOpaeBa
Hexommepueckoe akImoHepHOe 00IIECTBO «AJIMATUHCKUAN YHUBEPCUTET SHEPT€THKH M CBSI3H UMEHH

I'ymapbeka JlaykeeBay, T. Anmarel, Kazaxcran
s.khan@aues.kz, l.ibrayeva@aues.kz

Annomayun. Ha npeonpusmusix 000viuu ypana no ucmeueHuu MedCNO8EPOHHO20 UHMEPBALd NPOGOOUMCS
MemponocuiecKas noeepka pacxo0oMepos, KOmMopds CEA3aHA C He0OXO0OUMOCHbIO OCMAHOBKU MEXHOJIO0SUUECKO20
npoyecca, cHAMuUA NpubOPOE C NPoOU3EOOCMEA U MPAHCHOPMUPOGKU UX 6 MEmpOLo2UdecKylo ciyxcby. B cmamve
onucwieaemcsi pazpabomanHds asmopami. Ho8as MemoOUKa No6epKu NeKMpPOMASHUMHO20 pAcx00omMepa no Mecmy
oKChIyamayuy, mo ecmb 0e3 OCMAHOGKU MEXHOI0SUUeCKo20 npoyeccda, ¢ UCNONb306AHUEM MOOUNILHOZO0
2e0MeXHON02UYECKO20 UHDOPMAYUOHHO-MEMPONIO2UYECKO20 KOMNIeKkca. Pezynomamur nosepku 3amnocamcsa 6 6azy
OaHHbIX NOKA3AHULL PACXo00Mepos, Komopwvle Oanee UCHONb3VIOMCA 6 NpOoSpamme paciemd HeonpeoeneHHOCmu
OMHOCUMENLHOIL NOZPEULHOCTU NOBEPIEMO20 PACX0O0OMEPA.

Pesynomamor usmepenuii oopabameisaromes 6 APM «Memponozy, Komopbiil 8Kiiouaem npozpammul pacyemad
HeonpeoeleHHOCU USMEPEHUL MEXHUYECKUX PACX000MEPO8 HA OCHO8e MedwucOyHapoOoHoz2o Pyrosoocmea GUM: 1993,
paspabomannvie ¢ cpede NILabView. /s 3axmouenusi o nogepke oyenusaemcs HeonpedeieHHOCmb OMHOCUMENbHOU
NOZPEUIHOCTU JNIEKMPOMASHUMHO20 PACX000MePd, CONACHO HAYUOHATLHOMY HOPMAMUBHOMY OOKYMEHMY.

Paboma evinonnsemcs 6 pamkax 20Cy0apcmeenno2o Gunancuposanus no meme «Paspabomka u ucnvimanue
MOOUNILHO20 ~ 20MEXHONI02UYECK020 UHPOpMayuonHo-memponocuieckozo xomniekca (IMUMK) Ona noeviwenus
aghghexmusnocmu 00b6wvIvU Ypanay.

Kniouegvie cnosa: snexmpomazHummnblii pacxooomep, Memoouka noeepKu, MOOUNbHBIL 2e0MeXHON02UEeCKUll
UHPOPMAYUOHHO-MEMPONO2UYECKUTE KOMNILEKC, HEONPeOeNeHHOCMb U3MEPEHU.
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UDC 541.49

OZONIZATION PURIFICATION OF INDUSTRIAL PLANTS
WASTEWATER

M.M. Arshidinov*, G.Sh. Ospanova

Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev”, Almaty, Kazakhstan
e-mail: m.arshidinov@aues.kz

Annotation. The results of industrial wastewater treatment with ozone are presented in the article. The optimal
parameters from various factors of the process of wastewater treatment of nonferrous metallurgy enterprises of the
Republic of Kazakhstan by a chemical method using oxidative neutralization were studied and determined. The depth of
oxidation and the duration of ozonation are functions of the pH of the solution. deep purification of cyanides,
thiocyanates, copper, zinc, lead, foaming agent (99-100%) has been achieved. Ozonation products of each toxic
component of wastewater have been identified. The article shows that non-ferrous metals can be utilized in the process
of ozonation of industrial wastewater. Ozone is able to react with organic and inorganic compounds until complete
oxidation. During ozonation of wastewater, metal ions of low oxidation states form insoluble complex compounds and
hydroxides that precipitate. However, ozonation has not only advantages, but also the following disadvantages: the
formation of by-products, as well as the high initial cost of equipment. The advantages of ozone include the following:
strong oxidant and disinfectant; very effective against viruses, which is especially important and relevant in the context
of the Covid-19 pandemic. Ozonation is widely used for industrial waste water treatment and is relevant from an
environmental point of view.

Keywords: ozone, purification, wastewater, cyanides, thiocyanates, copper, zinc, lead, frother.

Introduction

Environmental protection is an urgent problem; therefore industrial wastewater treatment is very
actual [1-7]. The nature of contamination determines the technology of water purification. There are various
types of cleaning technologies: mechanical; chemical; biological; combined. Chemical treatment is one of
the effective method of wastewater. The most widely used of all is oxidation method. Ozone is the most
effective and ecological pure due to the high oxidizing ability and conversion of pollutants (cyanides,
thiocyanates) into non-toxic compounds in comparison with chlorine. Chlorine usage is complicated due to
the difficulty of its delivery, problem of necessity for residual chlorides removal.

The problem of benefication plants wastewater purification from organic flotation reagents is
important and relevant. Different types of organic substances, containing terpenic or monatomic aliphatic
alcohols, cresols and xylenols, monomethyl and monobutyl ethers of polypropylene glycols and
polyalkoxyalkanes are widely used as frothers.

Ozonization is ecologically pure process for treating organic compounds. Ozone is an effective
oxidizing agent due to its high redox potential (E, = 2.07 V). The efficiency of ozonization can be increased
by using catalysts, ultraviolet irradiation, etc. For example, hydroxyl (OH") ions show high catalytic activity
in ozonization reactions of aliphatic alcohols.

Experimental

Materials

Ozonization purification of concentrators drains for copper concentrate is the wastewater of the 1%
industrial plant (IP) and concentrators drains of tailings control lead flotation is the wastewater of the 2™ IP.
Wastewater pollutants are the following: cyanides, thiocyanates, copper, zinc, lead. Frother (monatomic
aliphatic alcohol) is the toxic component of the 3° IP.
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Methods

Industrial plants wastewater purification is carried out by ozonization in barbotage reactor by ozone-
air mixture.

Results and discussion

Treatment of three industrial plants wastewater from cyanides, thiocyanates, copper, zinc, lead and
frother with ozone is studied.

Pollutants content change of industrial plants wastewater at ozonization is illustrated in Figures 1 and
2.
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Figure 1. Content of cyanides, thiocyanates, copper, zinc and pH
of the 1¥ industrial plant wastewater from ozonization duration

Cyanides of the 1% industrial plant wastewater are oxidized to nontoxic cyanates at a high rate until of
2-3 mg/L residual concentration. After that the oxidation rate is reduced in 10 times and is necessity
additional time for a complete in accordance of Figure 1. Thiocyanates are converted to nontoxic sulfates at
ozonization. Selectivity of cyanide oxidation is very hige. Ozonization of thiocinates in the presence of
cyanides in wastewater begins only at a residual cyanide concentration of 40 mg/L. At this point there is
ozone leakage. Further simultaneous oxidation of cyanides and thiocyanates proceeds until complete
oxidation. Complex anions of copper [Cu(CN),], [Cu(CN):;J*, [Cu (CN),J* in the industrial plants
wastewater are destructed by ozone and form precipitation of alkali salts Cu,(OH),COs. Zinc ions are
converted into hydroxides Zn(OH),. Wastewater pH value on the ozonization duration is an extreme
character. Gradual decline pH from 10.5 to 7.1 proceeds in accordance with acidification due to the nitrogen
oxides, entering with ozone into the reactor, and consumption of the hydroxide ions for the oxidation of
thiocyanate. After the ozone leakage is the further increase of solution pH to 8.3. The specific ozone
consumption is 2.5 g O per 1 g of thiocyanate and cyanide sum, which coincides with the theoretically
calculated consumption.
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Figure 2. Content of cyanides, thiocyanates, copper, lead and pH
of the 2% industrial plant wastewater from ozonization duration

The content of cyanides and thiocyanates in the waste water of the 2" industrial plant, in contrast to
the waste water of the 1% industrial plant, is 10 times lower and the ratio is reversed (thiocyanates are 1.5
times more than cyanides). Therefore the ozone leakage is observed initially and the simultaneous oxidation
of cyanide and thiocyanate proceeds. During ozonation, complex ions of lead and copper are converted to
slightly soluble salts and hydroxides and precipitate. The rate of cyanides and thiocyanates oxidation is
rapidly decreased because the catalytic effect of copper ions in the 2" industrial plant wastewater is less due
its lower content. Specific 0zone consumption is high 4.7-5.4 g O; per 1 g of cyanides and thiocyanates sum
due to the low coefficient of ozone usage, which was leakage initially because the low content of
catalytically active copper ions and ratio of CN:SCN (1: 5). Wastewater pH value on the ozonization
duration is practically constant ~ 12,

Purification of the 3% industrial plant wastewater frother (monatomic aliphatic alcohol) carried out by
ozonization in barbotage reactor. Treatment data are given in Table 1.

Table 1 - Industrial plant wastewater frother ozonization depending on solution pH
(80 mg/L frother at concentration of ozone 6.7-7.2 mg/mL; capacity 1 m*/hour;
temperature 20 ° C; T = 30 min)

pH Residual concentration Ozone consumption, mg Oz /mg of frother
of frother, mg/L
Initial Average Final
6.3 46 air
6.3 38 6.0 7.0 8.3
10.3 26 2.8 3.5 5.7
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11.0 - 2.0 3.1 4.2
12.0 - 1.5 2.0 3.5

Oxidation of frother at pH = 6.3 does not take place deeply enough (Table 1). The wastewater frother
is not possible completely purify during 30 min. Ozone consumption is high and corresponds to 6.0-8.3 mg
Os per 1 mg of frother. Oxidation of frother by ozone is better (by 10%) in comparison with air treatment
(Table 1). Series of experiments with the use of inert gas showed that about 20% of frother is blown out, and
therefore, only 20% of frother is oxidized by air oxygen.

Frother at the initial concentration 80 mg/L is fully oxidized during 5 and 30 minutes at pH = 12 and
11, respectively. Frother concentration in wastewater at pH value 10.3 during 30 minutes of ozonization is 26
mg/L and in neutral medium (pH = 6.3) at the same conditions of oxidation process 38 mg/L of frother
remains in wastewater (Table 1).

The optimum pH value for the complete frother ozonization in industrial plant wastewater should be
equal to 11, because industrial wastewater containing of frother has an alkalinity close to this value. The
found optimal pH value coincides with the data of D.S.Gorbenko-Germanov, obtained at the oxidation of
aliphatic alcohols.

Ozone consumption during the process increases: the lower residual concentration of frother in the
solution, the greater consumption of ozone. So, if at the beginning of the oxidation process at pH = 1, the
0zone consumption is 2 mg O3 per 1 mg frother (at initional concentration 80 mg/L), then to oxidize the
remaining 20 mg/L needs 4.2 mg Os per 1 mg frother. An increase in pH with a simultaneous reduction in
the time of ozonization leads to decrease in the cost of ozone for oxidation. At pH changes from 6.3 to 11,
the ozone consumption decreases from 6 to 2 mg O3 per 1 mg frother, that is, 3 times.

Thus, investigation of pH effect on the process of frother ozonization showed that raising the pH value
from 6.3 to 12 increases the depth of frother oxidation (by 50%), reduces the time of frother purification (by
one order, 10 times) and leads to reduction of ozone consumption (3 times). The results obviously can be
explained by the catalytic effect of OH" ions in the decomposition reactions of organic compounds by ozone.

The froth height at monatomic aliphatic alcohol ozonization practically does not depend on the pH of
the solution and is 1:1 relative to the volume of the wastewater solution. At the end of industrial plant
wastewater purification process, the froth almost completely disappears, which indirectly indicates the
absence of monoatomic aliphatic alcohol in the ozonization products.

According to the IR (infrared) spectra taken in the limits of 400-4000 cm™, as a result of monoatomic
aliphatic alcohol ozonization, an intense band appears in the 1720 cm™ region, corresponding to the C = O
bond in various carbonyl-containing organic compounds, that is, in this case, monatomic aliphatic alcohol is
oxidized to ketones and others) and carboxylic acids (acetic acid, etc.).

Conclusions

- Deep ozonization purification of non-ferrous metals industrial plants wastewater is achieved.

- Copper, zinc, lead can be utilized at the ozonation process of industrial plant wastewater.

As a result of industrial plant wastewater frother (monoatomic aliphatic alcohol) purification with
ozone, it is shown:

- the depth of frother oxidation, the duration of ozonization are functions of the solution pH. The
optimal value pH = 11;

- the ozone consumption depends on the frother concentration in industrial plant wastewater;

- products of monatomic aliphatic alcohol ozonization are ketones and carboxylic acids.
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OYUCTKA CTOYHBIX BO/l OBOI'ATUTEJbHBIX ®ABPUK
O30HUPOBAHHUEM

M.M. Apuiuaunos*, I'.Ill. OcnanoBa
Hexommepueckoe akiiMOHEpHOE 00IIECTBO «AIMATHHCKUI YHUBEPCUTET SHEPTETUKH U CBA3M NMEHHU

I'ymap6Oeka JlaykeeBay, r. Anmatsl, Kazaxcran
e-mail: m.arshidinov@aues.kz

Annomayusn. Ilpedcmasnenvl pe3yibmamvi OYUCHKU NPOMBIUIEHHbIX CHOYHBIX 600 030HOM. H3yuenvl u
onpeoenenvbl ONMUMALbHbIE NAPAMEMPbL OM PA3IUYHBIX (AKMOPOE NPOYECcd OYUCHKU CHOYHBIX 600 NPeOnpUsmull
yeemnou memannypeuu Pecnybnuxu Kazaxcman xumuueckum MmemooomM ¢ UCHOAb30GAHUEM OKUCIUMETbHOU
Hetumpanuzayuu. Inybouna oxucienus, npoOOINCUMENbHOCHb 030HUPOSaHUs sensiomces @yukyusimu pH pacmeopa.
Hocmuzaemces 2nybokas owucmka yuanuoos, Muoyuanamos, meou, yumka, ceunya, neroobpazosamens (99-100%).
Boisignenvt npoO0ykmel 030HUPOSAHUSL KANCO020 MOKCUUHO20 KOMNOHEHmMAa cmounvlx 800. Ilokaszano, umo yeemmwle
Memainivbl Mo2ym Obimb YMUIUUPOBAHbL 68 NPOYECCe 030HUPOSAHUS. NPOMBIULICHHBIX CMOYHbIX 600. O30H cnocoben
peazuposams ¢ OP2AHUYECKUMU U HEOP2AHUYECKUMU COCOUHEHUSMU 00 NOAHO20 OKucienus. Ilpu o3onuposanuu
CMOYHBIX 800 UOHLL MEMAJII08 HUSKUX CIENeHell OKUCICHUsT 00paA3YIom HEPACMBOPUMbLe KOMNJIEKCHbLE COCOUHEHUSL U
2UOpoKcuovl, evinaoaruue 6 ocadox. OOHAKO, O030HUPOBAHUIO CEOUCINGEHHbL HE MOAbKO NpeuMyujecmed, Ho u
credyiowue Hedocmamru: 00pasosanue NOOOUHBLIX NPOOYKMOS, d MAKICE 6bICOKASL HAYANbHASL CMOUMOCHb
o6opydosanus. K docmouncmeam 030Ha OMHOCAMCSL CAeOVIOWUE: CUNbHBIL OKUCIUMENb U Oe3UHPEKmanm,; odeHb
aghexmusen npomue eupycos, Mo 0COOEHHO AJNCHO U akmyanvHo 6 ycaosusax nandemuu Covid-19. O3onupoganue
UWUPOKO NPUMEHSIEMCSL OISl OHUCTIKU NPOMBIULIEHHBIX CIOYHBIX 800 U S6/ISLEMCSL AKMYATbHbIM C 9KOIO2UYECKOU MOYKU
3peHus.

Knroueevie cnoea: 030m, ouucmka, CmouHvle 600bl, YUAHUObI, MUOCYIbpaAmbl, Medb, YUHK, CEUHEY,
6écneHusamens.
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BAUBITY ®ABPUKAJIAPBIHBIH AFBIH/bI CYJIAPBIH O30HMEH
TA3APTY

M.M. Apmiuaunnos®, I'. lII.OcnanoBa

«Fymapbek [loykeeB aTeiHAaFbl ATMAThI SHEPTETHKA KoHe OaiilaHbIC YHUBEPCUTETI»
KOMMEPIHSIIBIK €MEC aKITMOHEPIIiK KOFaMbl, AJIMaTH K., Kazakcran
e-mail: m.arshidinov@aues.kz

Anoamna. Onepkacinmix capxbiHObl cy1apobl 030HMEH masapmy Hamuoiceaepi Kenmipineen. Kazaxcman
Pecnybnukacoinvly ~ mycmi  memannypeus.  KoCINOPbIHOAPLIHBIY — CAPKLIHObL  CYIAPbIH  MOMbIKMbIPEbIU
betimapanmanobipyObl NAUOAIAHA OMBIPLIN XUMUSILIK 20ICHEeH Ma3apmy Npoyeciniy apmypri (PaxmopiapvliHan
oymaiiivl napamempiep 3epoeieHoi Hcane auKblHOaniovl. Lluanuomepoi, muoyuanammapobvi, MbiC, MbIPblUL, KOPEACHIH,
KOOIk mysywi 3ammapoel mepey maszapmyza Koa ocemxizindi (99-100%). Azeinowvr cyaapowiy 2poip  yivl
KOMROHEHMIHIH O030HOAHY OHIMOepi aHblKmandvl. OHepKaCinmIK agvblHObl CYLapObl 030HOAY NpoyeciHoe mycmi
Memandapovl  2#coio2a  601ambiHObizbl  Kopcemineen (O30H  MOALIK,  MOMbIZYeAd  OCliH  OP2AHUKAILIK — JICIHE
OellopeaHUKANbIK  KOCBLIbICMApMeH apeKkemmece anaobl. Azeindbl cynapobl 030HOAY Ke3iHOe MmeMeH MOomvley
Oapedicecinoesi Memain UOHOAPLL epiMelimin Kypoeni KOCbLIbICIMap MeH myHbasa mycemin udpoxcuomep myseoi.
Anaiioa, 030HOaYObIH MEK APMbLKUILLILIKMAPbL 2AHA eMeC, COHbIMEH KAmap KOCANKbl OHIMHIY MY3iLyi, JcabObIKmbly
bacmankbl KyHbIHbIY — Jcogapul 00yl cuskmol Kemuiinikmepi e 6ap. O30HHbIY aPMbIKUBLIBIKIMAPbIHA MbIHALAD
rcamaovl: Kywimi momvlKmMuIPEblil HCaHe Oe3uHexmanm, supycka xapcol ome muimoi, oyn Covid-19 nandemusicor
Ke3iHOe eme Manbi30bl dicane o3exmi. O30HO0Ay OHOIPICMIK A2bIHObL CYAAPObl MA3APMY YUliH KeHiHeH KOJIOAHbLIA0bL
JHCIHE IKONOSUSILIK MYPEbIOAH MAHBIZObL.

Tyitin co30ep: Lluanuomep, muoyuanammap, MulC, MblPblUl, KOPRACHIH, KOOIKMEHIIpIiul.
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Abstract. The goal is to improve the quality of education and improve efficiency through semantic representation
of resources. It is also necessary to create conditions for digitalization of the educational process. Drawing up a lecture
material based on semantic analysis will allow users to determine the sequence of content. The object of research is the
education sector, the subject of research is the compilation of content for educational resources. A4 hypothesis put
forward proves semantic relationships between content are dependent and consistent.The theoretical and applied
results obtained in the work can be used in the design and development of a system for information and training
organization.

Keywords: semantic, analysis, education, content, ontology.

Introduction

Smart technologies in education, such as mobile, intelligent web applications, which help optimize
university costs for material and technical support, as well as raise the quality of educational services and
products, are of great importance. Smart-technologies allow developing revolutionary teaching materials, as
well as to form individual learning paths [1].

The goal is to improve the quality of education and efficiency through semantic representation of
resources. Namely, it is necessary to create conditions for digitalization of the educational process: 1.
Semantic analysis of content: 2. Determining the semantic proximity of words; 3. Building an educational
resource; 4. Determining the sequence of content material.

Semantic content analysis using ontology

Ontology, the embodiment of conceptual knowledge about the subject area, consists of the following
structural components: taxonomy and description of the relationships in which the objects of the subject area
are located. The Protégé ontology editor supports the use of the OWL language and allows you to generate
HTML documents that display the structure of ontologies.

Ontology development includes: defining classes in the ontology; the location of the classes in a
taxonomic hierarchy (a subclass-superclass); defining slots and describing the allowed values of these slots;
filling in the values for slots of instances.

In Protégé, the ontology structure consists of classes, properties between classes or instances (Object
Properties), properties between instances and data (Data properties), from instances (Individuals), and
axioms.

Creating properties. Concepts can be linked by various kinds of relationships that link classes together
and describe them. Domains specify the main concept, and Ranges specifies the object that describes it.
InverseOf denotes the opposite property of this object.

Instantiation. Instances are separate representatives of a class of entities or phenomena. An instance is
the lowest element of the chain, a specific detailed object of some kind that can be linked to others or to data.

The creation of axioms. The axioms specify the terms of the correlation of classes and relationships,
expressing obvious approval. An axiom can be understood as a statement that is entered into the ontology in
a ready-made form, from which other statements can be derived. Axioms allow you to make inferences
within the ontology, define rules that allow you to automatically add information to the ontology, as well as
restrictions imposed on any relations. In Protégé, axioms can be described using the EquivalentTo or

96


mailto:syrymbayeva.assel@gmail.com

BecmHuk AAMamuHCKO20 yHUsepcumema 3Hep2emuku u ceasu Ne 3 (50) 2020

SubclassOf function. Equivalent classes are intended to describe a class using others that would then replace
them [2].
An ontograph is a representation of ontology as a directed graph as shown in Figure 1.

question_types departments
hasUserName
hasUserName hasUserName
question_themes users
hasPsychological hasPsychological hasUserName
\\\\
hasCharacterType I questions I [ psychological test hasCharacterType
student_quizzes
student_quiz_results

Figure 1 - Entity Graph in Protégé
Defining classes in the ontology

The following 16 classes with attributes have been shown in Figure 2: «departments» class has id,
name, created at, updated at; «users» class has id, name, email, password, remember_token, created_at,
updated_at; «students» has id, character type, user id, created at, updated at; «teachers» has id, name,
user id, department id, created at, updated at; «subjects» has id, name, department id, created_at,
updated_at; «teacher subjects» has id, teacher id, subject id, created at, updated at; «quizzes» has id, title,
teacher id, subject id, isPsychological, created at, updated at; «question_types» has id, name, created at,
updated at; «student quizzes» has id, student id, quiz_id, accepted, result, created_at, updated_at;
«questions» has id, title, question_value, quiz_id, question_type id, created at, updated_at;

«themes» has id, name, subject id, created at, updated at; «materials» has id, title, created at,
updated_at; «answers» has id, right, content, question_id, created at, updated_at; «question_themes» has id,
question_id, theme id, created at, updated at; «theme materials» has id, material id, theme id,
character type, created at, updated at and «student quiz results» has id, question_id, answer id.
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A. Definition of classes
Each class has subclass or superclass, which defining in Table 1. For example, users can be login as student

or teacher.
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Figure 2 - Classes on the system

Table 1. Definition of classes for system

consider
issue

count :
student_quizzes_resul

Class Defining of Subclass Superclass
class

Users User of Student/Teacher Teacher / student

system
Departm | Department | Department_Name administrator/ | Teacher
ent Information System
Teacher | Teacher UserName, department Name, Quizzes,

Teacher Name teacher-subject

Quizzes | Psychologica | Subject, Teacher, psychological, Questions,

| test or quizTitle, student-quiz, psychological test

definition of

knowledge
Question | Questions in | Question_types, quizzes Answers, question_themes,
S quizzes student_quiz_result
Answers | Answer to Questions, right/wrong, student_quiz_result

the question | answer_content, question_title,

answerlD
Materials | content Material title,material name Theme_materials
Subjects | subjects SubjectName Themes, quizzes,
teacher_subjects
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B. The definition of slots

Slot properties attached to classes. Slots can have facets that describe the type of value, allowed
values, number of values (power), and other properties of values that the slot can accept.

e String — the simplest type of value that is used as a simple string;

Number of float/integer;

Slot a Boolean — true/false;

Numbered slots-specifies a list of specific allowed values;

Instance slots-allow you to define relationships between individual concepts.

In General, several types of object properties can become slots in ontology: internal properties,
external properties, parts (if the object has a structure), and relations with other individual concepts. Slots can
have different facets that describe the type of value, allowed values, number of values (power), and other
properties of values that a slot can accept. Allowed classes for slots of type Instance are often called a range
of values of the slot. Classes to which a slot is attached or classes which property a slot describes, are called
the domain of the slot. When defining a domain or range of slot values, find the most common classes or
class that can be a domain or range of slot values, respectively. On the other hand, don't define a domain and
value range that is too General: all classes in the slot domain must be described by the slot, and instances of
all classes in the slot value range must be potential slot placeholders [3]. In Protege owner can change data
properties, IRl annotations, characteristics, domain and range, shown in Figure 3.

o o Q me g %

Object Properties Data Properties Annotation Properties RI

¥ Oowl:topDataProperty http://webprotege.stanford.edu/RBACAUK4kngCyAEI787s40r

Audio
4 hasAnswerContent
hasQuestionTitle
hasRightWrong rdfs:label hasMaterialTitle

Annotations

hasDepartmentName

O hasMaterialTitle

hasMaterial
hasMaterialName

Characteristics

» hasThemeTitle Functional
¥V hasQuestionTitle .
hasQuestionValue Domain
> hasQuizTitle materials
> hasThemeTitle
v hasQuizTitle
hasSubjectName
¥V hasResult Range
» ChasQuizTitle xsd:string

hasStudentName
hasSubjectName
> 4 hasTeacherName
hasDepartmentName
> hasThemeTitle

Figure 3 - Property hierarchy of slots

C. Individuals

The last step is to create separate individuals of classes in the hierarchy. To define a separate
individuals of a class, owner must do the following actions, shown in Figure 4:
1. Select a class;
2. Create a separate individuals of this class;
3. Enter the values for the slots.
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Individuals by Class | Individual: document X/ cf
o & Q me gL % 5
Class http://webprotege.stanford.edu/RDCKJOYNLSPESIlipXIBbx
+ -] T £’ d Annotations
materials Q rdfs:label document

© Al instances Direct instances only

e Types

Individuals YR
materials

audial

Audio
Relationships

Introduction to IS

materialTitle

video Same As

visual
ADO technology

Ciriteria for IT projects

DB

Database

Design of IS

Feasibility of study of the IS

Information System Modeling

Introduction to IS

Search Engine

Software Requirements Specifications (part 1)
Software Requirements Specifications (part 2)

Software testing IS

7 inetancae LKL mAdalins

Figure 4 - Individuals by Class

D. Protégé

Protégé is a freely distributed Java program designed for building (creating, editing, and viewing)
ontologies of a particular application area. It includes an ontology editor that allows you to design ontologies
by expanding the hierarchical structure of abstract and concrete classes and slots. Based on the generated
ontology, Protégé allows owners to generate knowledge acquisition forms for introducing instances of
classes and subclasses. This tool supports the use of the OWL language and allows you to generate HTML
documents that display the structure of ontologies. Because it uses the OKBC knowledge representation
frame model, it can also be adapted for editing domain models that are not represented in OWL, but in other
formats (UML, XML, SHOE, DAML+OIL, RDF/RDFS) [4]. One of the advantages is make a query and see
the result of the query, shown in Figure 5.
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Query

Type is one of +| @ Class
Individual
Datatype

Object property
Data property
Annotation property

170 results

A sequence of instructions, written to perform a specified task with a computer
.NET

1

18/48

1991

1991

1996

2

2000

27/44

3

4/48

8/48

A Use Case diagram in UML

A detailed study of the IS for each item quality project planning
ADO developed by

Figure 5 - Query
Defining semantic proximity of terms using a context set

The method of calculation of the semantic proximity by professor Bondarchuk.
1. Formation of contextual sets of words wl and w2 (these sets contain words with which the words w,
and w,, are often used in the same context).

c1{c11, €12, o5 C1n} (1)
¢z = {C21,C22, ) Com} (2
C = C1 U CZ (3)

where C - general contextual set of words.

2. Calculating normalized affinities between the common determinant and each of the wordsw; and w,.
B(cy,wi) = @(c;, wy)/max(p(wy)) 4)

B(ci,w2) = @(ci, wz)/max(p(w,)) ()
where ¢(c;, wy)— number of documents c; and w; meet together.

max ((p(wj)) = max{q)(ci,wj)}, ci€C (6)
where B — proximity, ¢ — frequency.

3. The calculation of semantic proximity
Ri = mln{B (Ci: Wl): B(Ci: WZ)} /maX{B(Ci, Wl), B(Ci, WZ)} (7)

where R; — coefficient of all words from the context set.

sem(B) = Bloa(pi * r +9)/(1+5) ®)

1+R
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where p; is the coefficient of joint occurrence in the entire sample, equal to 2 if both words occur in 1
document, otherwise 1. s is the synonymy coefficient equal to 1 if the words are synonyms, otherwise 0. For
semantically close words, the coefficients must be close to 1 [5].

Let's calculate the semantic proximity of the two themes on the subject "Fundamentals of information
systems"”, shown in Table 2 and Table 3.

e w; = ‘Information System modeling’;

e w, = °‘UML modeling’;

o ¢ ={adaptability, integrity, quality, design};

Normalized affinities between the general context set and the words ‘IS modeling’ and 'UML
modeling’, w;-topic of the 4th week, w,-topic of the 5th week, R; — coefficient of all words from the context
set.

Table 2. Semantic proximity

words IS UML R;

adaptability 0,83 0,25 0,31
integrity 0,6 0,12 0,16
quality 0,32 0,07 0,23
design 1.0 0,81 0,8

A. Semantic proximity between themes

Table 3. Semantic proximity between themes

Themes w1 wy Semantic proximity
Themesl - Introduction to the Information Themes 1 Themes 2 0,3
Systems

Themes 2 - Software Requirement Specification | Themes 2 Themes 3 0,8
(part 1)

Themes 3 - Software Requirement Specification | Themes 3 Themes 4 0,77
(part 2)

Themes 4 - Information System modeling Themes 4 Themes 5 0,483
Themes 5 - UML modeling Themes 5 Themes 6 0,81
Themes 6 - Design of IS Themes 6 Themes 7 0,44
Themes 7 - Database Themes 7 Themes 8 0,21
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Themes 8 - Search Engine Themes 8 Themes 9 0,37
Themes 9 - Software Testing Information Themes 9 Themes 10 0,48
System

Themes 10 - Feasibility study of the IS Themes 10 | Themes 11 0,91
Themes 11 - Criteria for IT projects Themes 11 | Themes 12 0,27
Themes 12 - Development of IS Themes 12 | Themes 13 0,67
Themes 13 - ADO technology Themes 13 | Themes 14 0,34
Themes 14 - Final presentation, Themes 14 | Themes 15 0,94
Themes 15 - Examination

Put-forward hypothesis: if the semantic proximity is greater than 0.75, then the themes are dependent,
namely, a large semantic relationship between the themes is determined. In other words, the content of these
themes is linked and dependent on each other. And of course, the themes are consistent. If we stick to the
hypothesis, then the dependence appears in the themes:
1. dependency - T2, T3;
2. dependency — T3, T4;
3. dependency — T5, T6;
4. dependency — T10, T11;
5. dependency — T14, T15.
Rules:
¢ Rule 1: If the student has not mastered the 2nd themes, they will not be able to go to the 3rd topic;
e Rule 2: If a student has mastered themes 2 but has not mastered themes 3, they will not be able to go
to topic 4;
¢ Rule 3: If a student has not mastered themes 5, they will not be able to go to themes 6;
e Rule 4: If a student has not mastered themes 10, they will not be able to go to themes 11,
e Rule 5: If a student has not mastered themes14, they will not be able to go to themes 15.

Conclusion

Using semantic representation of data, as well as semantic analysis of the text, can develop a sequence of
themes in a single subject. And in the future, can use this method not only in the subject, but also in the
course, or in drawing up a plan for academic years.
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Anoamna. Maxananwiy maxcamol pecypcmapOoblly CeMaHMUKAIbIK KOPIHICI apKblLIbl OKY CANACHIH JCAKCaApmy
Jicone  muimoiniein apmmolpy 6oavin mabwvliadvl. binim Oepy yoepicin yugprandeipy ywin oicazoai  cacay
Kaoicemminiei mysinoaost. CeManmuxanvly maioay Hezizinoe 0apic Mamepuaroapbiibly JHCUHALL NAOANAHYUBIIADEA
MA3MYHHbIE pemminiein anblKmayea MYMKIiHOIK 6epedi. 3epmmey obvexkmicine 6inim bepy canacel x’camaosi, all
3epmmey Hvlcanvina Oinim 6epy pecypcmapuiivly MA3MYHbL dcamaodsl. Makanada YCblHbLIZAH 2Unome3d MasmyH
apacelHOazbl CEMaHMUKANbIK KAMbIHACMAP Mayeloi dicane 0auekmi 601amulHObI2bIH 0anendetioi. Kymvic bapvicvinoa
ANbIHEAH MEOPUSLIBIK JICIHE KOLOAHOANbI HIMUdICENep AKNapammulK-OKbimy YUblMOApblHblY JHCYUeCiH KYpy MeH
arcodanay xesinoe Kon0auvliaobl.

Tyitin co30ep: cemanmuxa, manday, oKy, KOHMEHM, OHMONO2USL.

CEMAHTHUYECKOE ITPEACTABJIEHUE TAHHbBIX B
UHTEJJIEKTYAJBHOU UH®OPMAIIMOHHON CUCTEME

A.M. CmaiipLr™*
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noura: syrymbayeva.assel@gmail.com

Annomayus. Llenvio cmamvu A61Aemcs NoSvlueHUue Kavecmsea u dpgexmusnocmu o0yueHus 3a cuem
cemManmuyeckoeo npedcmagneHus pecypcos. Taxoice HeoOXo0umMo cosdanue ycrogus  Oas  yugposuzayuu
obpazosamenvrozo npoyecca. Habop 1eKyuoHHbIX MAMEPUAnos, OCHOBAHHbIL HA CEMAHMUYECKOM AHATU3e, NO360JAem
NONbL306AMENAM ONpedensimb Nociedo8amenrbHocmy  cooepicanus. OObeKmom uccie008anus AeIsAemcs 001acmoy
00pazoeanus, a npeomMemom UCCIe008AHUSI — COOepICaHUe 00pA308aAmenbHblX pecypcos. Bwiosucaemas 6 cmamove
eunomesa OOKA3bI6AEN, HMO CEMAHMUYECKUE C8A3U MeNCOY COOEPICAHUEM 3A6UCUMbL U  NOCTe008AMENbHYL.
Teopemuueckue u NpuKkiaoOHvie pe3yTbmamvl, NOIYHEeHHble 6 X00e pabomvl, Mo2ym Oblmb UCHOIL30GAHbL NPU
NPOEKMUpOSanuy U PYHKYUOHUPOBAHUY Oid UHPOPMAYUOHHO-00YHAIOUUX OP2AHUIAYUIL.

Knroueguie cnosa: cemanmuxa, ananus, oopasosanue, KOHMenm, OHMOIOUA.
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Abstract. In the article, the principles of the selection of authentic texts for the preparation of textbooks in
English, Russian and Kazakh language for the specialties "Space Engineering and Technologies" and "Space
Engineering" are considered: the principle of novelty involves the selection of texts that contain the latest scientific and
technical information available for understanding; the principle of scientific nature involves the selection of texts that
contain reliable scientific and technical information from reliable sources; the principle of taking into account the
influence of the student’s native language and the level of non-native language proficiency, which involves the selection
of authentic texts of the corresponding volume and level of lexical-grammatical and logical-compositional complexity;
the principle of accounting for intersubject communications, which involves the selection of texts that are in harmony
with the material of the disciplines studied by students in parallel with the language course. Modern sources of
authentic texts are shown.

Keywords: authentic text, specialty language teaching, English, Russian, Kazakh, space technologies and
technology, space engineering.

Modern Kazakhstan is a dynamically developing country that has a serious impact on the economic,
scientific and technological landscape of Central Asia. Here is the operating Baikonur spaceport, from where
the first manned flight into space was made and where impressive space projects are currently being
implemented.

Space technologies and space engineering are attractive specialties for Kazakhstan’s youth in technical
universities. So, at the Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeev (AUPET), the student contingent of the specialties «Space Engineering and
Technologies» and «Space Engineering» is significantly increasing from year to year almost in arithmetic
progression: the 2017-2018 academic year — 14 students, 2018-2019 — 44, 2019-2020 — 56. This is just a
single example illustrating the genuine interest and understanding of the prospects associated with this area
of training.

The location of Kazakhstan is the heart of Eurasia, a crossroads of cultures. It is here that the linguistic
influence of various civilizations is clearly visible. Today, the policy of trilingualism is being implemented in
Kazakhstan: three languages are used in the country — Kazakh as the state language, Russian as the language
of interethnic communication, and English as the international language. Language policy has a tremendous
impact on education in Kazakhstan. Therefore, the problems of teaching the three key languages of
Kazakhstan have the highest priority, especially in the field of studying specialties related to high
technologies.

The most important condition for the high-quality professional training of a specialist in engineering
specialties is mastery of the language of the specialty and professional speech. Therefore, the teaching of
such disciplines as «Professionally Oriented English», «Professional Russian» and «Professional
Kazakhy is important. The future specialist should be able to quickly and with understanding read
the scientific text in his professional profile and reproduce its general content in oral or written
form. In addition, it is important to teach students the ability to freely talk on professional topics, the ability

105


mailto:y.smirnova@aues.kz

BecmHuk AAMamuHCKO20 yHUsepcumema 3Hep2emuku u ceasu Ne 3 (50) 2020

to create texts of different styles and genres within their professional competence. This is an important part
of student preparation and the result of educating an educated specialist.

Until recently, Kazakhstani universities did not teach the scientific style and language of the specialty.
This was not included in the list of professional skills of a specialist engineer. This problem was especially
acute for students who mastered a specialty in a foreign language. Since September 2012, the disciplines
«Professionally Oriented English», «Professional Russian», and «Professional Kazakh» were introduced.
This was a timely step and markedly accelerated the pace of students mastering the language of the specialty.

For teachers, the emergence of these new academic disciplines has become a real challenge. They had
to expand and deepen knowledge in the field of scientific and technical speech, to study some issues of
fundamental importance for scientific communication: features of a scientific and technical text, features of
grammar of a scientific and technical language, features of scientific and technical vocabulary and
terminology, problems of phraseology of scientific and technical speech, etc. We have seen from our own
experience that the teaching of the language of technical specialties in a non-philological university has
special specifics.

The main unit in teaching the specialty language is a scientific and technical text. This is a special kind
of text with a number of fundamental lexical and semantic restrictions, with a characteristic grammar, with
special compositional, genre features. Here is a different set of general language and proper textual means.
And here we study not just a scientific text, but a text in which the language of the specialty is implemented.
In this case, we give preference to authentic texts.

The problem of using an authentic text in the study of the specialty language occupies a special place
in the linguodidactics of higher education, many researchers pay attention to this [1], [4]. Authentic
specialized texts have an undeniable priority in teaching reading and listening. For AUPET, this is of
fundamental importance, since in 2016 the university has been implementing a trilingual education program,
which assumes the mastery of the Kazakh, English and Russian as the languages of scientific and technical
communication.

As authentic text we mean non-educational text from specialized sources (in this case, sources related
to space engineering, space technologies and technology), which can be reduced, but not adapted, to simplify
the content and structure, taking into account the language training of students.

Specialized text is the basic unit in language training for special purposes. For this, teachers of the
department of language knowledge of our university prepare special text exercises. Their difference from
phonetic, lexical and grammar exercises is that the emphasis is on the text as a result of speech activity. The
linguistic basis of text exercises is the modern theory of the text, the theory of speech activity and the syntax
of the text.

In the classroom, students work with ready-made authentic texts in the specialty: language analysis of
the text, extraction of superphrase unities from the text and work with them, analysis of language units found
in the text in terms of their meaning and usage, transformation of the text (compression, progression),
drawing up plans for text, retelling and written presentation of the text.

Students are also encouraged to independently compose a text, determine its topic, write essays,
abstracts, abstracts, etc. Writing an essay of a certain type of text (description, narration, reasoning), style
(popular science, actually scientific, scientific and educational) and genre (article, interview, etc.) may be
suggested. Texts can be used spoken and written, for classroom or homework, for collective or individual
work.

What principles of selection of authentic texts should be taken into account by teachers in the
preparation of textbooks?

1. The principle of novelty involves the selection of texts that contain the latest scientific and technical
information available for understanding by 1-2 year students of the specialties «Space Engineering and
Technologies» and «Space Engineeringy.

2. The principle of scientific nature involves the selection of texts that contain reliable scientific and
technical information from reliable sources.

3. The principle of taking into account the influence of the student’s native language and the level of
non-native language proficiency, which involves the selection of authentic texts of the corresponding volume
and level of lexical-grammatical and logical-compositional complexity.

4. The principle of accounting for intersubject communications, which involves the selection of texts
that are in harmony with the material of the disciplines studied by students in parallel with the language
course.
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Sources of authentic texts that satisfy the above principles can be websites of organizations such as
NASA [12], ESA [11], «Roscosmosy» [9], the site of the Aerospace Committee of the Ministry of Digital
Development, Defense and Aerospace Industry of the Republic of Kazakhstan [6], etc. The excellent
sources turned out to be databases containing patents in the field of space development: Web of Science [8],
Kazakhstan Patent Database [7] and others.

A special place is occupied by texts from books on space research: «Rockets and People» [«Raketi i
ludi»] by B.E. Chertok, «A Brief History of Time» by Stephen Hawking, «The Village Closest to Space»
[«Samiy blizkiy k kosmosu aul»] by Oleg Akhmetov and others. The use of popular science and fiction,
undoubtedly, increases students' motivation in mastering the future profession, serves to form cognitive
interest.

Specialized magazines of relevant topics can also serve as a reliable source of authentic texts. So, the
Russian scientific journal «Space Engineering and Technologies» [13], the Kazakhstan scientific journal
«Space Research and Technologies» [14], scientific journals in English from the Web of Science database
[8] have established themselves well.

To improve their listening skills, students are encouraged to regularly watch feature films and
excerpts. It can be feature films and documentaries in the language being studied («Apollo 11» (2019),
«Time of the First» [«Vremya pervih»] (2017), «Interstellar» (2014), «When did they begin to study space in
Kazakhstan?» [«Kogda v Kazahstane stali izuchat kosmos?»] (KazakhTV), «Secrets of the Century:
Baikonur» [«Baykonus: operatciya prikritiya»] and others).

It should be noted that in the practice of studying the language of the specialty, listening to education
as a component of the educational process for non-philological students was not a priority. Today it has
become clear that listening is of key importance, especially if the language is studied outside the language
environment; so, it is fundamentally important for learning professionally oriented English in Kazakhstan.
The exercises used by teachers in the learning process contribute to the development of phonemic hearing
and the mechanism of internal pronunciation, intonation hearing and the mechanism of segmentation of the
speech chain, random access memory and comprehension. Here it should be taken into account how many
speakers in the audio material, the pace of their speech, whether there is an emphasis. The degree of
involvement of the student is important: whether he is a participant or a «silent witness» of the conversation,
whether the subject of the conversation is interesting to him, how deeply he should understand the content of
what he heard. Understanding is influenced by the degree of complexity of the audio text in terms of
vocabulary, grammar and content, extralinguistic realities. A huge role is played by visualization: what
drawings, formulas, tables, diagrams, infographics, maps, video sequence were used (if this is video
material).

In the process of listening to a student, a student should recognize keywords and catch the main idea,
pay attention to non-verbal means of expressing meanings (facial expressions, gestures, intonation), associate
the information received with his knowledge, and try to guess the meaning of inaudible or incomprehensible
words in context, to formulate what he heard (in writing or in mind) into sentences understood by him.

A special place in the system of preparing students of a technical university for professional activity is
occupied by teaching oral professional communication, which can take on dialogical or monological forms.

Monological speech in the professional sphere can be of two types: with a predetermined content
(article, monograph, dissertation, lecture, etc.) and spontaneous (discussion, controversy). As a form of
speech, a monologue correlates with reading and speaking. Here, students should understand the content of
individual sentences in the process of reading the text at a normal pace (for example, from a slide),
understand the content of a coherent text from the first presentation, quickly navigate the content and find
what relates to the topic to be disclosed, write down the content of the text, transfer it content.

Listening in the field of professional communication involves the development of auditory-
pronunciation skills, as professional speech is based not only on the read, but also on the listening material.
At the university, one of the leading forms of education is a lecture. In the process of special lecture
listening, the students work with mechanisms of probabilistic forecasting, internal pronunciation, semantic
orientation, equivalent replacements, memory. That is why special guests are invited to our university, native
speakers who give lectures and conduct conversations on professional topics. So, on November 5, 2019, at
AUPET as part of the Guest Lecture project, a lecture was held on the topic «Baikonur's place in the
development of the space industry in the Republic of Kazakhstan». The lecture in Russian was conducted by
the Deputy General Director — Director of the branch of the joint-stock company of the joint venture of the
Baiterek space rocket complex at the Baikonur complex (2007-2010), general director of the Kazakhstan
Space Technologies Scientific Technical Center (2010-2012) Taryanik A.E. He spoke about the Baikonur
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complex, about the development of the space industry in Kazakhstan, about the purpose and composition of
space rocket complexes, the situation on the global space services market, the need for exchange of
experience, about his public work and much more. Space technologies are widely used and affect various
sectors of the country's economy. Space systems allow solving problems in the field of agriculture,
emergency situations, ecology, geodesy, nature management, defense, national security and other tasks.
«Space technologies are widely used in various sectors of the country's economy. Space systems allow
solving problems in the field of agriculture, emergency situations, ecology, geodesy, nature management,
defense, national security and other tasks. All information received from space is used to increase the
efficiency of various sectors of the economy. The digital revolution opens up new horizons for the
development of technology, innovation in the industry challenges the younger generation, new opportunities
open up for you and you don’t need to be afraid of them, but you need to go forward and develop», — the
guest lecturer said. At the end of the meeting, each student had the opportunity to ask questions to the guest
and take a photo as a keepsake. Students were actively interested in how rockets and systems are arranged to
launch rockets for space purposes, how spacecraft are controlled, what are the prospects for applying the
knowledge gained by students both at the Baikonur complex and other Kazcosmos organizations, as well as
about the procedure for submitting their resumes for employment by profession.

An important role in teaching specialty languages is played by dialogs. The basic unit of dialogue is
guestion-answer unity: a stimulating remark (question) and reaction to it (answer). A specific feature of the
dialogue is its ellipticity and relative folding of syntactic means, i.e. the use of simple in structure sentences
consisting of a small number of words. Usually these are short simple phrases that do not overload short-
term memory and allow you to focus on the content side of the statement. In the process of working with
dialogs, students develop the ability to react (respond) to replicas of a certain type, using the expression
forms characteristic of the scientific style of speech, the ability to start a dialogue, engage in discussion of
problems, using stylistically appropriate means of expression, the ability to expand the field of dialogue,
including additional discussion questions. For this, our university provides students with interesting
opportunities. So, the visit of NASA astronaut Shannon Walker left a lasting impression. She visited AUPET
to participate in Space Week 2019 with the support of the U.S. Consulate General in Almaty. Doctors
Shannon Walker is a member of the 2004 NASA Astronaut Group. She participated as a flight engineer on
the 24/25 Expedition, a long-term mission aboard the ISS that was launched from Baikonur in 2010. Dr.
Walker told our students how she became an astronaut, prepared for the flight, and lived for six months on
the ISS, how she was selected by NASA in 2004. In 2010, she spent 163 days on the ISS as a flight engineer.
Ms. Walker has a bachelor’s degree in physics, a master’s degree, and a Ph.D. in space physics. Walker is a
member of the Aircraft and Pilot Owners Association and a ninety-ninth member of the international
organization of female pilots. In his spare time, the astronaut is interested in cooking, football, jogging,
strength training and hiking. Communication with the NASA astronaut took place in English.

The listed sources of scientific and technical texts were used by teachers of the language department in
order to prepare an authentic textbook for study guides [2], [3], [5], which are productively used in the
process of teaching English, Kazakh and Russian at AUPET for specialties «Space Engineering and
Technologies» and «Space Engineeringy.
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AYTEHTHYHBIE TEKCTbI B U3YYEHUH A3BIKOB J1JI51
TEXHUYECKUX CIIEHUAJTBHOCTEN: UCTOYHUKU N ITPUHIUIIBI
OTBOPA

IO.I'. CmupnoBa*, K.O. Kekeesa, JI./I. Cepreesa

HexomMepueckoe aknmoHepHOe 00IIECTBO « ATMATHHCKUI YHUBEPCUTET DHEPTETUKH U CBS3H UMEHU
I'ymap6eka JlaykeeBay, Anmatsr, Kazaxcran
e-mail: y.smirnova@aues.kz

Annomayusn. B cmamve paccmompenst npunyunsl 0moopa aymeHmuyHblx meKkcmos 0jiss NO020MOSKU y4eOHbIX
MEKCMOMeEK N0 AH2IUNCKOMY, PYCCKOMY U KA3AXCKOMY S3blkam Osl cneyuanvHocmetll «Kocmuueckas mexuuka u
mexnonocuuwy u «Kocmuueckas unsicenepusty: NPUHYUN HOBU3HDL, NPEONOAA2aiowull. omoéop meKcmos, 6 KOMOpbiX
cooepaicamcst Hogelulue HayYHO-MeXHUYecKue c6e0eHus, Oannble, OMKPLIMUsL, NPUHYUN HAYYHOCMU, NPeONnoLa2aiowull
0mobOp MeKCmos, 8 KOMOPLIX HAYUHO-MEXHUYeCKds UHopmayus 00CMO8epHA, OaHHble NPeOCMABIeHbl U3 HAOEHCHBIX
UCMOYHUKOS, NPUHYUN YY4EmMa GIUsHUSL POOHO20 SI3bIKA YHAWe20Cs U VYPOGHS GLA0EHUS. HEPOOHbIM SI3bIKOM, YMO
npeononazaem omoop aymeHmudHbIX MeKCMOo8 COOMBEMCMEYIOWe20 00beMa u YPosHs IEKCUKO-2PAMMAMUYECKOU U
JIO2UKO-KOMNOZUYUOHHOU COJCHOCMU, NPUHYUN YUEMA MEIHCNPEOMEMHBIX C853¢el, Npednoaazaruull no0bop mekcmos,
2aPMOHUPYIOWUX C MAMEPUATOM OUCYUNLUH, UZYUAEMbIX CIYOEHMAMU NAPALIENbHO ¢ A36IK08bIM Kypcom. Tlokasanvl
COBPEMEHHbIE UCTNIOYHUKU AYIMEHMUYHBIX MEKCMO8.

Knwouesvie cnosa: aymenmuunvlii mekcm, o0yueHue s3ulky CREYUAIbHOCMU, AHSIULCKULL SI3bIK, PYCCKULL S3bIK,
KA3aXCKULL SI3bIK, KOCMUYECKAsl MEeXHUKA U MEXHON02UU, KOCMUYECKASt UHIICEHEPUSL.

TEXHUKAJBIK MAMAHJIBIKTAP YIUIH TIJIJAEPJAI OKBITY JAFBI
AYTEHTAJIJIbBI MOTIHJEP: JEPEKKO3JEPI MEH TAHJIAY
KAFUJIATTAPBI

FO.I'. CmupnoBa,* K.O. KekeeBa, JI./[. Cepreesa

«Fymapbek [loykeeB aTpiHAaFbl ATIMAThl SHEPIeTHKA )KoHE OailylaHbIC YHUBEPCUTETI»
KOMMEPIUSIIBIK EMEC aKIII/IOHepJ'IiK KOFaMbl, AJIMaThI, Kazakcran
email: y.smirnova@aues.kz

Anoamna. Maxanaoa «Fapviumelx mexuuxa oicoHe mMexHOIOUANAP» JcaHe «Fapvlumvlx uHdKCeHEpUsY
MAMAHOLIKMAPLL  VWIH ASBLIWbBIH, OPBIC JCIHEe Ka3ax mindepindesi aymeHmanovl MamiHOepoi OaublHOAy YuliH
MYRHYCKa MamiHOepOl Manoay Kaguoammapuvl: ey OJHCaHd bLIbIMU-MEXHUKAAbIK, aKnapammapoan mypanih
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MomiHOepOi manOayObl KAMMUMbBIH JHCAHANLIK KAUOAmvl, OepeKkmep, HCAHANbIKMApP, CeHIMOI OepeKKe3oepOoeH
SbLILLMU-MEXHUKANBIK, AKNAPAMNMbIK MIIIMEMMep YCbIHbLIAMbIH MIMIHOEPOi man0ayobl OOIICAUMbIH bLILIMU CUNAIM
Kaguoamuvl; OKVUIbIHbIY aHA MLl MeH JIeKCUKANbIK-2DAMMAMUKALbIK HCIHE JIOSUKATBIK-KOMNOSUYUSILIK KYPOENINIKMIY
muicmi Kenemi MeH Oeneeuinoe2i MYyNHYCKa MamiHOepoi manoayovl KO30eumin ulem MminiH Oiny OeHeeuliHiy acepiH
eckepy Kaguoamvl, CMyOenmmepoiy Mmil KypCbIMeH Kamapiac OKbleaH NIHOEPIHIH MAmepuaibiMer Yiliecimol
MamiHOepOi manoayovl Ke30eumin HIHAPANbIK OQUIAHbICMbL eCcKepy Kaguoamsl Kapacmulpuliobl. Aymenmanovl
MIMIHOEPOiH 3aManayu 0epeKKe30epi KOpCemineeH.

Tyitin ce30ep: aymenmanovl MamiH, MAMAHOBIK MILIHE OKblMY, AbLIWbIH Mii, Opblc MINi, KaA3ax miii,
2apblUMbIK, MEeXHUKA MeH MeXHOIO2USLAD, EapbIUUIMbIK UHIICEHePUSL.
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BECTHHE BOITPOCHI BBICHIEM IKOJIBI,
Ja/v/3/c} NMHHOBALMOHHOE PAZBUTHUE BBICHIEI'O
OBPA30OBAHUA

FTAMP 28.23.39, 20.23.25

TYPKI TUIAEPIHIH ITPAMMATHUKACHBI TE3AYPYCBIHBIH
K¥PAMbI MEH K¥PbIJIBIMbI

A. O. IlspinGaii, B. %K. Eprem , A. C. Mykanosa, A. 3y/1xaxaB

JLH. I'ymunes ateinaarsl Eypa3ust yATTBIK yHUBEpCHTETI, «Ka3aKkcTaH xacaH bl HHTCIUICKT aKaJeMUSIChI»
Koramueix Oipnectiri, Hyp-Cynran, Kazakcran
E-mail: sharalt@mail.ru, ~b.yergesh@gmail.com, asel_ms@bk.ru

Anoamna. Byn maxanada «Typki mindepiniy epammamuxacely NnaHOIK CANACHIHbIY OHMONOSUANBIK MOOei
He2i3iH0e aKnapammslk-i30ey me3aypyCcoliblly KYpambl MeH KYpulibiMbl cunammanaost. Ken minoi aknapammuix-izoey
me3aypycvl mypKi minoepiniy epamMmamuracsl Yeelmoapul Jxcyliecine mikenell naoaianyed, COHOAU-aK aKknapammol
i30eyee apnanean. Tezaypycmuiy Hcane OHblY CEMAHMUKATLIK KAMBIHACMAPLL MEH 01apObly Kacuemmepiniy ¢opmanos
cunammamacwl Hepineoi.

Tyitin co30ep: Tezaypyc, 6inim 6azacel, KOMNLIOMEPIK TUHSBUCMUKA, MYPKI miidepi, Ka3ax miii.

Kipicne

AKMapaTThIK TeXHOJIOTHIIAPIbIH jkahaHIaHybl KoHE HU(PIaHIBIPy 3aMaHbIHA aKIapaT KeJeMiHiH
KYH CaiiblH ecin >kaTkaHbl Oenriii. COHIBIKTaH TAOWUFHM TIAEPACPACT YIKEH KeJeMIi JePEeKTepli OHILY
KXKETTiri aptyna. byn mMaceneHi menryae nepekTep MeH OilliM KOpHI, Te3aypycTrap, KOpIrycTap KoHe 0acka
Jla JMHTBUCTUKAIBIK PECypcTap MaHbI3bl OpbIH anaabl. OHIall pecypcTapibiH K01 poMaH-TepMaH KoHE
ClaBsiH TiNep TOObIHA KATBICTHI, OipakK TYPKI TUIAEpiHe apHaIFaH oHlall pecypceTap oK. COHABIKTaH, TYPKi
TiJ/IepiHe apHaAJIFaH OPTaK Te3aypyCThI 93ipIiey 63eKTi Macele.

Tezaypyc aereHimi3 kaHmail ga Oip MOHAIK canajia MaFbIHATIAPHI KAKbIH TEpMUHIEP (CO3/Iep MEH Co3
TipKecTepi) oNapblH apachblHJarkl CEMaHTHKAJBIK KaThIHACTAPhI KOPCETUIIN YFhIMIApFa TONTACTHIPHLUIFAH
apHaiibl TEPMUHOJIOTHSLIIBIK co3iK [1].

Teszaypycrap eke MOHIIK cananap MEH HaKThl aKMapaTThIK-i3/ey KyienepiHae KOJIaHbUTy YILiH
93ipIlieHyi MYMKiH.

Kaszipri yakpiTTa Te3aypycTapasl KYPyAblH KypaMbl, KYPbUIBIMBI MEH 9/IiCTEP] aHbIKTaJIFaH Oejriii 0ip
cragpaprrap Oap [2], [3]. [Jerenmen, Tezaypycrapabl KYpyIblH KypAETiIiriHe OaijaHBICTBI YCHIHBUIATHIH
omicrepai Tikened KoijaHy yHemi MyMKiH Ooina Oepmeiimi. CeGebi, OipiHIIIACH, KOJ KETIMII op Typdi
MOHJIIK cananap OOMBIHIIA MOTIHAIK KopmycTap (OeNTiIeHreH MOTIHIEp) CHSAKTHI JIEKCUKOTPahUSITBIK
aKnapaT Ke3/IepiHiH XKOKTBIFbI, TOHIIK callaylapblH (MbICaJIbl, TUHTBUCTHKA, MaTeMaTHKa, OMOJIOTHs, CaJIbIK
caity, KbIp>Kbl HapBIFBI XoHE T.0.) apHaiibl cajara TOH TUTiHIH Oomysl Taburu Tingeri Oenrini Oip cananapna
Te3aypycTapbl 93ipJeyai Tajarn eTeji.

Kasipri ke3zae Te3aypycTapAblH TaHBIMaJI MOJeNaepi Oap, atamn aifiTcak, arbUIIbIH Tii yuriH WordNet
Te3aypychi[4], Oy Tesaypyc HerisiHae Oacka TULAep YIIH Je yKcac Te3aypycTap d3ipJieHreH (MbICalbl,
EuroWordNet[5]), am opseic Timi ymria PyTes tesaypycer [1], [6] kome T1.6. Oap. [6] ewHOerinme
«MudpopmaTnkay TOHIIK cajackl OOMBIHINIA OpbIC-Ka3ak TUIAEpiHJE Te3aypyc KYpy/Abl aBTOMATTaHJBIpyFa
MYMKIiHJIK O€peTiH Toci cunaTTaFaH.

biznig makcareimMbr3 “Typki Tinmepi rpammatukace’” (TTD) monmik canackl OOWBIHINIA OHTOIOTHSUTBIK
MOJICJI/IIH HEeTi31H/Ie aKnapaTThIK-13/Iey T€3aypyChIH KYPY TEXHOJIOTHUSACHIH J3ipJiey.
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Te3zaypycThIH KypaMbl MeH KYPbLIbIMBI

[Tonnik camanap OoMbIHIIA Ke3 KENTeH Te3aypyCThIH KYpaMbl MEH KYpPBUIBIMBI LICHIUICTIH €CEnKe
JKOHE TIOHIIK TUIISPAiH JIEKCUKAIBIK TOJBIKTHIPYIAapbIHBIH epeKiieikTepine OainanpicTel. COHBIMEH KaTap
KOJIJAHBICTAFbl T€3aypycTapbl TAJay XKOHE Te3aypyCTapAblH KYPBUIBIMBI, ()YHKIHMOHAIIBIK JKOHE JKYHETiK
TajanTapabl perJaMeHTTEHTIH CTaHAapTTapAbl 3epTTeY HeTi31H/Ie aHBIKTaTa IbI.

bizni TTI TyciHikTepiHiH *KYHeciH Tikenel maifanaHy jKoHE aKnapaTThIK i3[eyre apHajaraH KOmTilli
akmaparTeik-i3aey Te3aypycsl (KAIT) keBeikThipagpl. KemnTinai axmaparTThIK-i3ley Te3aypyCHIHBIH
KYpaMBbIHA Kipicne, 0eCKpUnmopJibl KOpcemxiul XoHe JcyiieniK kopcemkiut Kipei.

Kipicnede monpik cana, KOlJaHy callachl, KOJAaHy epexenepi, JeCKPUITOpIap, TYHiH ce3aep *KoHe
0acka J1a aHBIKTaMabIK aKmapaT CHAKTHI Te3ayPYCThIH KaJIlbl cCHIIaTTaMackl 0ap.

lleckpunmopnvl  kepcemkiut KapacTBIPBUIBIN KaTKAaH IIOHIIK CaJaHBIH TYCIHIKTEp JKyHeciHaeri
OpBIHAAPBI KOPCETUITeH TYPJi CEMaHTHUKAJBIK KAaTHIHACTAPMEH OailllaHBICKaH JECKPUIITOpIapAaH TYpaThIH
JECKPUNTOPJIBIK TONTHIH Ti3iMiHEH Typaabl. Byn KaTeiHacTap oJapAblH CEMaHTHKACBIH Te3aypycTa
CHUITaTTaWTBIH (OpPMaIb! (MATEMAaTHKAIBIK) KACHETTEP KUBIHTHIFBIMEH KAMTBLIAIBI.

Kytienix kopcemkiul NECKPUNTOPIAp apachblHAAFbl MapaJurMaliblK KaThIHACTAPIBl ally, €CETKe ary
JKoHe OaKblIay YIIIiH KbI3MET eTe/i.

AKMapaTThIK i371ey Te3aypyCBHIHBIH opOip MECKPHINTOPHI YIIiH COWKEC HEPapXUsIIBbIK IECKPUTITOPHI
TaOBLTYBI KaxeT. ANIBIH ana UepapXUSHBIH JEHTeWIepiHiH CaHBIH aHBIKTAUTBIH OeNrinepai TYKbIPhIMIAIl
ay KepeK. ACCOIMATUBTIK KaThIHACTAP/bIH KECKIHIHIH JCHIeHiH aHbIKTay aKIapaTThIK-137ey Te3aypyChIHA
KOMBUIATBIH TananTapra Toyelai. byn KaTelHacTap KaHIIa KeHiHeH OcifHeneHcCe, COHIIANBIKTBI TOJBIK
Oepineni. bipak TEpMHHONOTHSIIBIK KOP YIIFAsIbl, CIITEMENep XyWeci KypAeleHemi >KOHEe i37ey Mommiri
TOMEH/IEYi MYMKiH.

dopmangsl Typae Te3aypycThl KeJieci aNThUIBIKIICH aHbIKTayFa 00Iabl:

V=<T,SAR,P,L>
MYH/I,

T = DsUAs — OepiireH MoHIIK CaJlaHBIH TYCIHIKTEPIH aHBIKTAHTHIH TEPMUHJIEPiHIH 00c emec
aKbIpJIbI KUBIHBL, MyHaa Ds = {ds,, ..., ds } — neckpunropnap xwubiabl, As = {as, ..., as;} — ackpunropiap
JKHUBIHBL;

S ={s1,52,..-S;} — 3 aTTapbiMeH OeHHENeHI'eH TEPMUHIICPIIH JePEKKO3IEPiHIH O0C eMec aKbIPIbI
JKUBIHBI,

A ={aq,a,,...a,}— TepMuHAECpP MEH aKnapar Ke3AepliH KAacHETTEpiH CHUNATTAHTBHIH aTpUOyTTap
JKHUBIHBL;

R = RTuU RTS - Te3aypycTa KOJJAaHbIIATHIH 0apIIbiK OWHAPIIBIK KAaTBIHACTAPIBIH 00C €MEC aKbIPIIbI
YKWBIHBI, MYHJIA RT = RlT uU..u R,ff TEPMUHJIEP ApaCBIHIAFbl KATBIHACTAD KWBIHBI, RiT S TxT,i=1,k,
an RTS = RlT SU..U RlTS Te3aypyc Ke3Jepi MEH TePMHHJIEP apachIHAAFbl COMKECTIK KAThIHACTAP YKUBIHBI,

MYH/JIa TEPMUH Ke37ece/I )KoHe/HeMece aHbIKTaIa Ibl, R]-TS CTxS,j=1,L
P —RT KaTbIHACTapIbIH (DOpMa bl KACHETTEPiHIH aKbIPJIBI )KUBIHEI;
L — repMuHJEp apachIHIaFbl OalIaHBICKA KOCKIMIIIA MIEKTEYIep KOSTHIH aKCUOMaap JKUbIHEIL.

Te3aypycTbiH OYTIHAITIH, KapaMaKaHIIbUILIKCHI3IbIFBIH JKOHE TOJIBIKTHIFBIH KAMTaMachl3 €Ty YIIiH
TEPMHHJIED apachlHIa OPHATBUIFAaH CEMAaHTUKAJBIK KaThIHACTApABI (opMainmamn, OJapJblH KAaCHETTEpPiH
aHBIKTAy KEPeK.
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RT neH TypaThlH Ke3 KeNreH KATHIHACTBIH Kejleci KAacHeTTepi OONyBl MYMKiH: pedIeKCHBTIK
(reflexivity), antupedmekcuBTik (antireflexivity), CHMMETPHSITBUIBIK (Symmetry), acHMMEpPTPHSUIBIK
(asymmetry), aHTUCHMMETPHSUIBIK (antisymmetry), TpaH3UTHUBTIK (transitivity) [8].

B¥J'I KaCI/ICTTepI[iH q)OpMa.]'II[I)I aHbIKTaMaJlapbl Keneci JIOTUKAJIBIK OPHCKTCPMCH JKa3blla/Ibl:

Vx,y € T,x # y,R € RT, reflexivity(R): R(x,y) — (R(x, xX)&R(y, y));
Vx,y €ET,x + y,R € R, antireflexivity(R):R(x,y) — ( —-R(x,x)& =R(y, y));
Vx,y €T, x #+ y,R € RT, symmetry(R): R(x,y) =» R(y,x);

vx,y €T,x # y,R € RT, asymmetry(R): R(x,y) - =R(y,x);
Vx,y €T,R € RT, antisymmetry(R): (R(x, V)& R(y, x)) -S> Xx=y;
Vx,y,z€T,R € RT, transitivity(R): (R(x, V)& R(y, z)) - R(x, z).

JKorapsia atanran op6ip R GMHApIbIK KaThiHACTHIH R 1 kepi (MHBepcTi) KaThIHACKH! GOTYBI MyMKiH.
Kepi kaTpiHacThIH 0ap OOtIybl TOMEHET] JIOTUKAIBIK OPHEKIICH CHITATTaa Ibl:

vx,y € T,x # y,R€ RT, Rt € RT, invertibility(R): R(x,y) > R™1(y,x).
KepceriireH JIOTUKaJIBIK OPHEKTEP TOMEHIIET] epeKeNep TYpiH/e TYCIHAIpiIei:

- erep R xarpiHachIH/Aa peQIIEKCUBTIK KacheTi 0oJica, OHAa Ke3 KeJreH X JKoHe Y TepMUHAepl YIIiH
R(x,y) Gaitnansicsinbi Gomyst (R(x, x)& R(y, y)) GaitiaHbICTApBIHBIH 0ap OOJTybIHA aJIBIN KNS/,

- erep R karbiHachIHIA aHTUPE(IESKCUBTIK KacheTi Ooica, OH/Ia Ke3 KEeNTeH X JKoHEe Y TepMUHAEpi
yurid R (x,y) OaiinanbichiabH 00mysl R (X, x) skoHe R(y,y) OalinaHbicTapbiHa THBIM Calapl;

- erep R KaTblHACBIHAA CHMMETPHSUIBIK KacHeTi 0oJica, OHJa Ke3 KelreH X >KOHEe Y TepMHUHIepi
yuri R(x, y) GaiimanbiChiHbIH 00i1ybI R (), X) OaiiiTaHbICHIHBIH Oap 0OTybIHA albII KeJe/Ii;

- erep R xaThIHACHIHIA aCHMMETPUSUIBIK KacheTi 0ojica, OHAA Ke3 KEeJTeH X JKOHEe Y TepMHUHIepi
yuris R (x, y) GaiisanbiChiHBIH 00iybI R (), X) OailiaHbICBIHBIH Oap 0OJTybIHA THBIM Cajabl;

- erep R KaTbIHACBIH/Ia aHTHCHMMETPUSUIBIK KaCHETi 0oJica, OH/Ia Ke3 KEJIreH X JKOHE Y TePMHUHIEPI
yuria R(x, y) »xone R(y, x) GaijiaHbICTapbIHBIH OOTYBI X = Y TEPMUHAEPAIH TEHIITIHE AJIbIT KeJe/Ii;

- erep R xaThIHACKIH/A TPAH3UTHUBTIK KAacHETi OoJica, OH/IAa Ke3 KeITeH X KoHE Y TEPMUH/EP] YIIiH
R(x,y) xone R(y, z) GaiinanbicTapbiHbIH 001ybI R (X, z) GaiilaHBICBIHBIH Gap OOyBIHA allbIN KeJe/i;

- erep R xone R™! karwinactapsl 6ip GipiHe kepi Golica, OHJA Ke3 KeJIreH X KoHe Y TepMUHepi
yurin R(x,y) GaiinanbichiHbIH maiina 6omysl R™1(y, x) kepi GaitnaHbICHIHBIH 6ap GOTybIHA AlbI KeNlesi.

Jerenmen, Oenrim Oip kiaccka (TEPMHHIEPIIH IMIKiI XUBIHBIHA) THICTI TEPMUHAEP YIIiH, MBICAJBI
neckpunropiap (D) men ackpuntopnap (A) ocel knaccTslH (X) TEPMUHAEPIHIH KOHE TEPMHUHIECPAIH OCHI
Hemece Oacka KiacCTapbiHBIH (Y, Z) TepMHHIEpi apachiHIAFbl KaH[al ga Oip KaThIHACTapBIHBIH Oap
0oJybIHA TIEKTEyJIep Oepiayl MyMKiH. MyH/ai IIeKTeyJlepli TOMEHAETIAeH €Ki JIOTUKAJIBIK OpHEKTSPMEH
cumarTayra 0onaibl:

Vx,y,z €Ds,Ds €T,y # z R € RT, uniqueness(R): R(x,y) = =R(x, z)
Vx € As,As € T,3y; € D,i = 1,..,N,R € RT,obligatoriness (R): R(x,y;),

Bipinmri epHek keibip TepMUHIEP KIacChl YIIIiH R KaTBIHACHIHBIH Jrcanebizobizbi (UNIQUENESS) Gepei
(mbIcainbl, D). SIFHU OCBI KJIAacCThIH X TepMuHIHAE R (X, y) KaTbiHACHI Oap OosFaH armaiaa o yiriH 0acka
TepMuHI Oap Tarbl Aa R KaTbIHACBIH KOCY MYMKiH emectirin Oinamipeni. Exinmi epuex y; (i = 1,..,N)
TepMHHIEPiHIH KeHOip Kiackl yiIiH R KaTbIHACBIHBIH MinOemminicin (Obligatoriness) opnaransl. Ocpuiaiima,
OCBI KJIACTBIH X TepMuHI yiIiH R (x, y) Typaeri N KarbIiHacTapbIH 0ap 00JIybIH OaKbLIAN/IbI.

OnTonorus TYpKl Tinz[epi TpaMMaTUKAaCbIHbIH (bOpMa.]'I,I[BI CUIIATTaMaCblH KaMTUbI, OHbIH aKIIapPATTbIK

TONTHIPBUTYbIHA (KOHTEHTT1) apHaJFaH KYpbUIBIMAAP/Abl aHBIKTAIIBI )KOHE OHJAAFBI OLTIM MEH AEpEeKTepIiH
Ma3MVYHBIHA KOJI JKETKI3yIl YHUBIMIACTHIPY YIIiH HeTi3 6omanbl. OHTOJOTHSHBIH KOMETIMEH Te3aypyCTHIH
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TYKBIPBIMIAMAJIBIK  YATICI aHBIKTanambl. OHTOJOTHSANA TYCIHIKTEpPAI CHIATTAWTHIH KjaccTap JKoHE
Te3aypyCThIH OacKa »JJIEMEHTTepi >KOHE ONapiblH apacblHOArbl TYPJi CEMaHTHKAJBIK OalimaHbICcTap
CUMaTTanaabl, TYCIHIKTEp MEH KaTblHAcCTapJblH KacHeTTepi, KiaccTap MEH KaThIHACTAPABIH KOCHIMIIA
CEMaHTHKACHIH aHBIKTAWTBIH IIEKTEyJep MEH akchoMmanap Kamramach3 eriyiemi. Ocbl ke3re JeiliH Typki
TUIACPiHIH MOP(OIOTHIACHIHBIH MeTaTiIl d3ipiaeHin [9], onTomorusuibik Moaennepi Typrei3butran [10]-15].

«Typki Tingepi rpaMMaTHKackD» Te3aypychlH OCHHENEHTIH OHTONOTHS MOHIIK CajlaHbIH TYCIHIKTEpiH
aHbIKTalTBIH «TepMuHIEp» MEH Olap anblHFaH AEpEeKKe3nepAl KepcereTiH «TepMuHIEp Aepekkesnepi»
KJIaccTapblHaH Typansl. «TepMuHIEp» AECKPUITOpIAp MEH aCKPUIITOPJIApAaH TYpabl KOHE 9P TEpMHUHHIH
ataybl, UniTurk wmeratinminme OenrineHyi, TepMHHHIH Kail Tinme exeHniri kepcerinemi. Erep Tepmun
«Jleckpunrop» KJ1achlHa jkaTaThlH 0oJjca, oHAa «TepMuHAep» KiIachlHIAFbl aTpuOyTTapaaH 0acka KOchIMIIa
Keleci aTpuOyTTap KOCBUIA[Bl: TEPMHUHHIH aHBIKTAMACHI, CYpaFbl JKOHE MOH[IK caja/la Tarbl Ja COHIai
OMOHHM CO3/Iep Ke3AECeTiH >KarJaiaa oJapabl alKbIHIANTEIH pensaTop. « TepMuHaep AepeKkkesaepi» Keneci
aTpuOyTTap apKbUIbl CcHUMATTanaipl: aTthl, OuOmHorpadusublk cinreme, Tumi. TyciHIKTEp apachIHIAFEI
CEMaHTHKAIBIK OaiinmaHeicTapasl KepceTy VimiH «l unepormm», «lumoHuM», «MepoHHM», «XOJIOHUMY,
«Mpican Knace», «MpIcalbhy HepapXUsUTBIK KaTbIHACTAPBl KOJMAaHbLIaAbl. «[ HIIEepOHUM» TOMEHT TYpFaH
JECKPUNITOP/aH >KOFapFbIiFa OarbITTalFaH, OJ TPAH3UTHBTI )KOHE CHUMMETPHSUIBI €MeC KAaCHETKE He, OHBIH
Kepi KareiHachl «[ nnoHum». «MpicanKmacel» KaThIHACHL TYCIHIK KJIACBl MEH COJ KJIACCTBIH SK3EMIUISAPHI
apachlHAarbl OaillaHpIC YIIiH KONJaHbUIaAbl. byl KaThlHAC TPaH3UTHUBTI €MeC, ACUMMETPHUSIIBI )KOHE OHBIH
Kepi KaTeIHACKI «MBICaTIbI».

1-cyperre «Typki Tinmepi rpaMMaTHKACHD» OHTOJIOTHSICHIHBIH OOIIIri KOpCeTUIreH.

Class hierarchy | Class hierarchy (inferred) = N — hitp://www.semanticweb.org/kazontolgy#M

Class Annotations | Class Usage

Asserted

LRV B N AT
¥ owl:Thing -

v ) GRAMMAR rdfs:label [language: kz]

v- ) MORPHOLOGY 3aT eciM
v word
¥ MorphCategory rdfs:label [language: kg]
- CASES_ category) 23T atooy

NUMBER catego
PERSOMN_ catego

POSS_category
V_Category root NN or {root

WordFormative_| and (hasPOS only N})
¥ Morphema

v affixes
p- 0 endings
 suffixes
b WC
> WF

Domains (intersection) Equivalent To

Ranges (intersection)
POS SubClass Of
POS

General class axioms

.ﬁdj SubClass Of (&nonymous Ancestar)

Instances

Intrj
W
m Target for Key
Num
Pron
v

»-- SEMANTIC

L _ SYNTAX Disjoint Union Of

¥- {0 Phrase hd

Digjoint With

1-cyper — «Typki Tinaepi rpaMMaTHKAChD» OHTOJIOTHSICHI
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2-CypeTTe OHTOJIOTHS HETI3iHJe KacallFaH TYPKI TiJIepi TpaMMAaTHKAChl MOHJIK OOJBICHI OOMBIHIIA
JKacallFaH Te3aypyc (hparMeHTi KOpCETUITEH.

Tesaypyc Isaey

feNAalniK

Aeri xanfaynap

1 »xaK xexewe T

1 xaK xekelle Ty AeckpunTop: 3aT ecim

1 waK Kenwe Typaeri »xanfaynap UniTurk: N
1 xaK kenwe Tayenainik AHBIKTaMackl: 33T eciM- ce3 Tabbl. 3aTTbIH,
2 xaK sxexelle Tayenainik H3pCeHiH, KyDbUBICTBIH, OKWUFaHbIH, aTbiH
2 MK kerele (aHaiel) Typaeri xanfaynap Binaipin, kim? He? aeren cypakka Xayan bepeTin
2 waK weKewe (CoiNakel) Typaeri xanfaynap cezaep 2aT ecim gen atanasel.
2 xaK XeKele Cbinafibl Tayenainik Cypasei: kim?He?
2 xaK Ksnwe Tayanainik Mineponum:
2 waK Kenwe (ceinaiel) Typaeri xanfaynap Cez TanTaphl
2 xaK Ksrnuwe cbinaisl Tayenainik P T p——
2 xaK Kenwe Typaeri (aHakbl) xanfaynap Lepekcis 3aT ecim

3 ®aK ¥MeKele Tayenainik

Aannel 3aT ecim

3 xaK ¥ekelle Typaeri xanfaynap

JKanabl 3aT ecim

3 KaK Kenwe Tayenninik MAHCBIZ 33T ecim

S HaK Kenwe Typaeri xanfaynap Mankel 2aT ecin

LEBIH €CIM TYARIPATEIH XY PpHakKTap ﬂEpeKTI saT ecim

Ces Tantapb

2-cypet — «Typki Tinaepi rpaMMaTHKAChD) Te€3aypyCHIHBIH (hparMeHTi

JKorapeina xepceTinrenaeil KYpbUILIMMEH TYPKi TiJlepi TPaMMAaTHKACBHIHBIH KOITUII 3JIEKTPOHIBI
Te3aypychl KYpbUIy/a >KOHE OJ TpaMMAaTHKAIBIK epeXelep/iH OHTOJOTHsIChIHA Heri3uenreH. bomamrakra
OHTOJIOTHS/Ia KOPCETIIMETEH, TOJBIKTHIPY/IbI HEMece TY3ETyAl KaKeT €TeTiH TePMHHICPMEH KYMBIC yKacay
VIIH KaXETTI MPOrpaMMaliblK KOMIIOHEHTTI KY3€re achIpbill, KONTUIAl 3JCKTPOHIbI Te3aypyc KYpy
TEXHOJIOTHSICBIH YChIHY KO3/IeITy/Ie.

KopbIThIHABI

MaoTiHAIK KOpITycTap MEH Te3aypycTapAbl Kypy JIMHTBHCTHKA JKOHE HAKTHI TMOHJIK callallapblH
JKOFaphbl OUTIKTI MaMaH IapbIHBIH KOl YaKbIThIH JKoHE €HOETIH Tayall eTeTiH KypJelli ecerl OOJIbIN Ta0blaa bl
COHZBIKTaH KONTUIAI KAMTUTHIH Ke3 KeJNT'eH MOHIIK calaja Te3aypycTaplIbl aBTOMATThl KypyFa apHalFaH
amOeban Kypan a3ipiey kaxkeT. OJ YIIH Ke3 KeJITeH MoHJIIK cajlaFa jKoHe KaHJai aa Oip Tuire OarbITTalFaH
Te3aypyCcThl OHall KypyFa MYMKIHIIK OepeTiHJel Te3aypycThIH KYPBUIBIMBIH K00ajay Kepek. Mpicaibl,
MYMKiH KaTbIHACTAP[BbIH >KUBIHBIH IIEKTEMey, TEPMHUHAEPAl TaHaay YIIiH aMOeOam emmeMaepai TaHaay
JKoHeE T.0., aJl TUI peTiHAe TYPKI Tijuep TOObIH anyFa Ooaabl.

Ochl Makaiajga CUMaTTajiFaH KypaM MEH KYPbUIBIMIBI KOJIJAHBII TYPKI TUIAEPiHIH (Ka3ak, KbIPFbI3,
TaTap, TYPIK koHe 630€K) rpaMMaTUKACBIHBIH 3JICKTPOH/IBI TE€3aypYChl 93ipIIeHYIe.

Makaina 2018 x. 12-naypenarst Nel32 keniciM-mapt Ooiibiama «AP05132249 KenTinai i3ney xonHe
Olmimaepi mbIFapy XKyHenepiH KypyFa apHajfaH TYPKI TUIAEpiHIH 3JEKTPOHABIK Te3aypyCTapblH d3ipiey»
aTThI )K00a asChIH/IA TaHbIHIATIBL.
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COCTAB 1 CTPYKTYPA TE3AYPYCA TPAMMATHUKHU TIOPKCKHUX
A3BIKOB

A. A. llapundaii, b. 7K. Eprem*, A. C. MykaHoBa, A. 3yJjixa:kaB

EBpasuiickuit HamoHanbHbI yHuBepcuteT nMeHn JI.H. I'ymunesa, ObmiectBeHHOE 00BbETUHEHUE
«KazaxcraHckas akajgeMus HCKyCCTBEHHOT0 nHTeIuIekTay, Hyp-Cynran, Kazaxcran
E-mail: sharalt@mail.ru, *b.yergesh@gmail.com, asel_ms@bk.ru

Aunnomayusn. B oannou cmamve onuceisaemcs cocmag u Cmpykmypa uHQOpMAayuoHHO-ROUCKO8020 me3aypyca
HA OCHOBe OHMONO2UYECKOU Modenu npeomemuou obnacmu «I pammamuka miopKCKux s3vikosy». Mnoeossvlkosblil
UHDOPMAYUOHHO-ROUCKOBOU Me3aypyC NPeOHA3HAUeH KaK Ol HeNOCPeOCMBEeHH020 00paweHus K cucmeme NOHAMUL
2PAMMAMUKY MIOPKCKUX A3bIKOS, MAK U 051 UHPOPMAYUOHHO20 noucka. [laromcs hopmanbhbie onucanus mesaypyca,
CEMAHMUYECKUX OMHOWEHUL Me3aypyca U ux COUCMS.

Kniouesvie cnosa: meszaypyc, 6aza 3nanuil, KOMNbIOMEPHASL TUHSBUCMUKA, MIOPKCKUE SI3bIKU, KA3AXCKULL A3bIK.
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COMPOSITION AND STRUCTURE OF THE TURKIC LANGUAGES
GRAMMAR THESAURUS

A. Sharipbay, B. Yergesh®, A. Mukanova, A. Zulkhazhav
L.N. Gumilyov Eurasian national university, Public Association “Kazakhstan Academy of Artificial

Intelligence”, Nur-Sultan, Kazakhstan
E-mail: sharalt@mail.ru, *b.yergesh@gmail.com, asel ms@bk.ru

Abstract. The composition and structure of the information retrieval thesaurus based on the ontological model of
the subject area "Grammar of the Turkic languages” is described in this article. The multilingual information retrieval
thesaurus is intended for direct reference to the system of grammar concepts of the Turkic languages and for
information retrieval. Formal descriptions of the thesaurus, semantic relations of the thesaurus and their properties are
given in the article.

Key words: Thesaurus, knowledge base, computer linguistics, Turkic languages, Kazakh language.
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