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B crarbe KUCIonb30BaIiCh AJTOPUTMBI MATMHHOTO O0YYEHUs U1l pelleH s 3a/1a4 KPEIUTHOTO CKOPUH-
ra. VI3yueHsl METO/Ibl aHAIM3a, TPOTHO3MPOBAHUS U OIPE/IENIeHH I TUIATEKEeCTIOCOOHOCTH (PU3UYECKUX JIUIL.
Kpome Toro, B crathe CpaBHUBAETCSI U MCCIEAYETCs OfHA M3 aKTYyaJbHBIX MPOOIeM OAaHKOBCKHX CHCTEM,
a TaKKe TPEe/ICTABJICHbl Pe3yJIbTaThl 0OPA0OTKY JTaHHBIX. Pe3ynbraThl MCCleJOBaHus, Npe/ICTaBJIeHHbIE B
CTaThe, MoKazaau 3PPEeKTUBHOCTh KPEAUTHOTO CKOPUHTA MPY NPUHATUM PELIEHUI U MOKA3aJId, YTO UX UC-
TMOJTb30BaHKE TO3BOJISIET CYIIECTBEHHO MOBBICUTh TOYHOCTh MPOTHO3MPOBAHUS KPEIUTOCTIOCOOHOCTU (hU-
3UYECKUX JIML] U YJIy4IIUTh MPOLECC MPUHATUSA PellleHUd N0 KpeauToBaHuio. Pe3yabraThl vccienoBanus,
MIPE/ICTABJICHHbIE B CTaThe, BHOCAT BAXHBIA BKJIAJ B OAHKOBCKYIO OTPACllb U PEMIAIOT MPOOIeMbl TPUHS-
THUS pelIeHui N0 (PMHAHCUPOBAHUIO (pU3HUYECKUX JIML. [TpakThyecKkoe NpuMEHEHNE Pe3yJIbTaTOB IIOMOXKET
YAYYILIUTh IPOLECC KPEAUTOBAHUS U CHU3UTh PUCKU (PUHAHCOBBIX OpraHU3alvii. ABTOPbI CTaThH IIAHUPY-
10T IPOJOJIKUTH UCCIIEJOBAHUSI B 3TON 00J1aCTH.

KuaroueBbie cji0Ba: MeTO/bI, TEXHOJIOTUSI, TAaHHbBIE, AJITOPUTM, aHAJTU3.
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Makananga HecHeTiK CKOPUHI MJcesieNiepiH IIelIyde MAIIMHAIBIK, OKBITY aJrOpUTMIEpi KOJJAHbLIIBI.
Keke TysranapapiH TesaeM KaOiIeTTilirH Tanjuay, Oomkay koHe aHbIKTay oictepi 3eprrenreH. COHbIMEH
Karap, Makaiazaa OaHK >KyHesepiHiH 63eKTi MacelenepiHiH 0ipi HECUeIliK CKOPUHT XKYyHeepi CallbICThIpbLIa
3epTTelil, JIepeKTep/li OH/Iey HOTkeNnepi OepiareH. Makanagarsl OepilireH 3epTTey HOTHKeNepi HECHEeNTiK
CKOPMHI'TIH IIIeliM KaObUIaayaa THIMALITIH KepCeTTi kKoHe oJapibl KOJJIaHy jKeKe TYJIFalapiblH Hecre
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Ha TOYeKeNJepIi a3alTyra CeNTiriH Turidefi. Makama aBTopiaphl OChl canaja 3epTTey KYMBICTAPBIH 9pi
Kapail ’aJFacTeIpy/bl KOCTapJarn OTbIp.
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The article used machine learning algorithms to solve credit scoring problems. Methods of analysis,
forecasting and determination of the solvency of individuals have been studied. In addition, the article
compares and examines one of the current problems of banking systems, and also presents the results of
data processing. The research results presented in the article showed the effectiveness of credit scoring
in decision making and showed that their use can significantly increase the accuracy of forecasting the
creditworthiness of individuals and improve the lending decision-making process. The research results
presented in the article make an important contribution to the banking industry and solve the problems
of decision-making on financing of individuals. Practical application of the results will help improve the
lending process and reduce the risks of financial organizations. The authors of the article plan to continue

research in this area.

Keywords: methods, technology, data, algorithm, analysis.

BBeaenne. KpeauTHblil CKOPUHT UTPAET BAXKHYIO
pOJIb B COBpEMEHHOM (pMHAHCOBOM cekTope Kazax-
craHa. BcrpoeHHast B mpouecc NpUHATUS KpeauT-
HBIX pEIIeHU, OHa TMO3BOJIsIET OaHKaM M (pUHAH-
COBBIM YUPEXJCHUSIM OIEHUBATh KPEIUTOCIIOCO0-
HOCTb 3a€MILVKOB Ha OCHOBE PAa3JIMYHBIX (PaKTO-
POB, TaKMX Kak HMCTOpHUs IUIaTeXeH, YPOBEHb J0-
X0Ja M KpEeIUTHas MCTOpUsA. DTO CHUKAET PUCKU
HEBO3BpaTa U HEBBIIUIATHl KPEAUTOB, TIOBBIIIAET (-
(peKTMBHOCTb KPEIUTHOTO IpOLIecca, MOBbIILAET (PU-
HAHCOBYI0 YCTOMYMBOCTb OTpaciau. Kpemut — mo-
BOJIHO PpaclpOCTPaHEHHbIA TEPMHUH CPEAM KHUTeE-
nei crpansl [1]. VI3HayaIbHO KpeiUTHBIMU YyCIIyra-
MU BOCIIOJIb30BAJIUCh Ka3aXCTAHIIbl, 3aHMMAIOILIUECS
HpeIIPUHIMATEIbCTBOM MIIM JKeJIaloIue pruoodpec-
TH TPaHCHOPTHBIE cpeacTBa. Ho ¢ nossiennem ¢u-
JIMAJIOB MHOCTPAHHBIX OAaHKOB, Takux Kak Freedom
Finance Bank, Home Credit Bank u npyrux, xpe-
AWUTHAsl CUCTEMa Hayaja pa3sBUBATbCA U CTajla elle
AOCTYIHEE JAJIs1 KaXJOro KUTesIs CTPaHbl, MMeEIOILe-
ro cyer B OaHKe. 3HAYMMOCTb KPEAUTHOTO CKOPHHTA
nJ1s1 GaHKOBCKOro cekropa Kaszaxcrana onpenenser-
€Sl B CHW)KEHUU KPEIUTHBIX PUCKOB, TIOBBIILIEHUH (-
(pekTuBHOCTH OaHKOB M obecrieueHnu (PMHAHCOBOU
yCTOMYUBOCTU ceKTopa. C MOsABIEHUEM YCIYT MHK-

POKPEIMTOBaHUS, a TAK)KE KPEIUTOB B PACCPOUKY,
UIOTEKU, KPEIUTOB OAHKM CTaM IOTy4aTh TTOMH-
HYTHbIC 3a5IBKM Ha KPEJUT, YTO BHAYasie ObUIO BbI-
rofiHO (PMHAHCOBBIM YUPEXKICHUSM H3-32 TPOIIEH-
TOB, KOTOPbIE OHM MOTJIA MOJYYUTh C KaXJ0r0O K-
€HTa, HO pa3Ho00pa3usi (PMHAHCOBBIX UCTOPHS KakK-
J0r0 KJIMEeHTa, TpeOOoBaJla MHIMBUAYAIBHOTO MOJI-
X071a K KaXJIOMY, YTO TPHUBOAWIO K HETPONYKTUB-
HOU paboTe COTPYTHUKOB OaHKa, YTO COOTBETCTBEH-
HO CHWIKAJIO MPHOBLIb. DTO MOCIYKUIO CTUMYJIOM
U151 COBEPILICHCTBOBAHMS M aBTOMATH3AIMH MIPOLIeC-
ca BbJIaUM KPEOWTOB, TEPMUHA «KPEIUTHBIA CKO-
PUHT» U TIPUMEHEHUs] MAIlMHHBIX aJITOPUTMOB [2].
Vcnosb30BaHKe MAITMHHBIX AJITOPUTMOB TTO3BOJISIET
6aHKaM OoJiee TOUHO OIIEHUTh KPEAUTOCIIOCOOHOCTD
3aeMIIMKOB, ONTUMU3UPOBATH IPOLIECC BBIIAYM Kpe-
JWTa U CHU3UTb PHUCK 1151 00enx ctopoH. [Ipobnema,
Hajl KOTOPOW MBI paboTaeM, CBsi3aHa C KPEIUTHBIM
CKOPHMHI'OM H €T'0 YJTy4IIIeHHEM C TOMOIIBIO aJITOPUT-
MOB MalIMHHOrO 00yd4eHus. KpequTHbIi CKOPHHT
SIBJISIETCS. HEOTHEMJIEMOH YacThi0 KPEIUTHOTO TpO-
ecca M ero LeJIblo sIBJISIeTCsl OLEHKA KPeAUTOCIO-
cobHocTH 3aemiuKa. ToyHOCTh M 3(PHEKTUBHOCTD
KPEAUTHOTO CKOPUHIa MMEIOT peliaioiiee 3HauYeHue
Uit OAaHKOB M APYTUX (PUHAHCOBBIX YUPEKICHUH,
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MIOCKOJIbKY OHM IO3BOJIAIOT CHU3UTh PUCK Je(oiITa
Y TMIPUHUMATh OOOCHOBAHHbBIE PEIICHUsI O KPEAnuTO-
BaHuu. [IpakTrdeckass 3HAYMMOCTh Halled padOTHI
3aKJI0YAeTCsl B TOM, YTO €€ Pe3yJIbTaTbl MOTYT OBITh
UCTIONIb30BaHbl (PMHAHCOBBIMH YUPEKICHUSIMH IS
YAyYILEHUs] MPOLECCOB MPUHATUS KPEIUTHBIX pe-
menuii [3]. bonee Tounsie U 3¢ peKTUBHBIE MOJETU
KPEIUTHOTO CKOPHHTA MO3BOJIST OaHKaM MPUHUMATh
00OCHOBaHHbIE 1 0OOCHOBAHHbIE PEIIEHUsT O KPe/I-
TOBaHMU HA OCHOBE TOrO (DaKTa, YTO MbI OIpeAesieM
HECIOCOOHOCTh KJIMEHTA IMOTaCUTh KPETUTHI, TEM Ca-
MBIM MUHUMU3HUPYS (pUHAHCOBBIA puck. Takum 00-
pazomM, mpodjaeMa HeJOCTATOYHON TOYHOCTH U (-
(peKTMBHOCTH TPAAULIMOHHBIX METOIOB KPEAUTHOTO
CKOPUHTa, a TaKkKe HEOOXOAMMOCTh ITPUMEHEHUSI CO-
BpPEMEHHBIX aJTOPUTMOB MAIIMHHOTO OOy4eHus [ie-
JIAI0T Harry padoTy aKTyaJIbHOW UM UMEIOINEeH Mpak-
TUYECKOE 3HauUeHUe Jisl (PUHAHCOBBIX YUPEKICHUN.

MarepuaJjbl 1 MeToabl. OIHUM U3 OrpaHuyYe-
HUI MaIllMHHOTO OOyYeHHsS B KPEJUTHOM CKOPHH-
re sIBJISETCS BO3MOXKHOCTD MpeAB3ATocTH. Heckob-
KO MCCJIEJOBAaHUI IMOKa3aJId, YTO MOAEIA MAlllWH-
HOro OOy4YeHHUs] MOTYT BOCIPOM3BOAWUTH M YCHJIU-
BaTh CYIIIECTBYIOIIME UCKaXKeHUsI B TaHHBIX. Hampu-
Mep, uccienoBanre Hardt u op. (2016) o6Hapyxu-
JIM, YTO MOJEJb MAIIMHHOTO 00y4eHus, 0OyueHHas
Ha UCTOPUYECKUX KPEJUTHBIX JaHHbBIX, BOCIPOM3BO-
JWT U YCUJIMBAET PACOBbIE MpeyOeKAeHHs], TIPUCYT-
CTBYIOIIHE B JAaHHBIX. UTOOBI CMATYUTH ITY MpoOIie-
My, ACCIIEIOBATENN MPEIJIOKUIN Pa3IMYHbIe METO-
Ibl, TAKME KaK OrPAaHUYEHUs] CIPABEAJIMBOCTU U CO-
crsa3aresnbHoe oOyuenue. Jlappeitn u ap. (2017) uc-
TMOJIB30BAJIM AJTOPUTMBl MAIIMHHOTO OOYYeHUs A5l
MPOrHO3MPOBAHMSI TIOBEACHUS BBIIUIAT TIO Kpeau-
taM B Y. OHM CpaBHUIM NPOU3BOJUTEIBHOCTh
HECKOJIBKMX MOJIEJIEN, BKJIIOUYas JIOTUCTUYECKYIO pe-
IPECCHI0, MaIlIMHBI OTIOPHBIX BEKTOPOB U JIEPEBbSI pe-
IIEHUH, 1 OOHAPYXWJIM, YTO CIIydaiiHble jieca odec-
TMIEUYMBAIOT HAOOJIBIITYIO TOYHOCTD [4].

JlaHHBIE TIpeIOCTaBIICHbI B CBOOOIHBIN IOCTYIT XO-
yMm Kpenut Barnkom. HabGop naHHBIX cOmEpKUT JIMY-
HYI0 TH(OPMALIMIO O 3a€MILIUKE, TAKYIO KaK I10J1, BO3-
pacr, 1leJib KpeiuTa, CEMEHOe MONOKEeHUe U T. 1. A
Takke (PMHAHCOBYI0 MH(OpPMALMIO, TaKyI0 Kak J0-
XO[l, €CTh JIM y YeJIOBEKAa MAIllWHA, €CTh JIU Y HEro
JoM U T. 1. Kpome TOro, naHHbie NMpeaoCTaBIIsSIIOT

KPEAUTHYIO UCTOPHUIO YeJIOBEKa, €XeMECSYHbIEe BbI-
MIUCKM TI0 KpenuTy u Kapre. OObelMHeHNE JaHHBIX
BCEX TaOMUII - TIEpBOCTENIEHHAs 3a7a4a Il co3/a-
HUSI CUCTEMbI KpeIUTHOrO ckopuHra. O0bequHeHue
TaOMuI| Mexay coOoil - OYeHb BaxkHas 3ajaya, mo-
CKOJIbKY TIJIOXO€ WJIM HeyJauyHoe OObeJUHEHNe TaH-
HBIX MOXET MPUBECTU K MOTepe IeHHOWM uHpopma-
UM, YTO B OyIyIIeM He TO3BOJUT TOBBICUTH MPO-
W3BOIUTELHOCTD. [Ipr 0ObenuHEHNN TaONIHIl BO3-
HHUKaeT npoodiema OONbIION pa3MEPHOCTH JTaHHBIX.
Tonbko B ocHOBHOM TaOmwile application_train 121
arpuOyT, 32 UCKJIIOYEHUEM target, HO CIIe/lyeT Takke
YUUTHIBATh, YTO MPHU OOBEAMHEHUU TAOJMII MOXKET
HOSIBUTBCS JII0OOE KOJIMUYECTBO aTpuOyTOB, HATPH-
Mep OofivH aTpuOyT K3 Tabmuibl uim 30 aTpudyToB U3
TaOMUIIBI, TOITOMY TMOCTIe OObEAMHEHUS BCEX UMEIO-
IIUXCSA TaHHBIX KOJIMYECTBO aTprOyTOB MOKET 3Ha-
YUTEJIBHO YBEJIMYUThCA. [loAxom K pelieHuto 3Toi
poOJIeMbl 3aKJTI0YAETCS] B OOECIIEUeHUH YCTOMUH-
BOCTH aJITOPUTMOB MAITMHHOTO OOyYeHHs K Oecrio-
ne3nbM pyHKIMAM. Wnes B Tom, 4Tto Moaenb B XO-
ne oOyuyeHHusl cama OIpPEAeTUT BakKHbIE IS Hee U
HEBaKHbIE (DYHKLMHU.

Jloructuueckasi perpeccusi. Jlorucruueckas
perpeccusi — 3T0 KOHTPOJIMPYEMBI METO/ MallliH-
HOro OOyuYeHHsI M TUIl MHOKECTBEHHOUM perpeccuu,
KOTOPBII MOKHO UCTIOB30BATh IS OLIEHKU BEPOSIT-
HOCTHU TOTO, YTO COOBITHE MPOU3OMJIET /JIsI KOHKPET-
HOro cyobekTa (60IbHOI/
3I0pOBBIi, MoramieHue Kpeaura/nedont u 1. 1.). B
3ajaye KJIacCU(PUKAIIUK JIOTUCTUYECKas perpeccus
Has3bIBaeTCsl OMHAPHOM, KaK cleqyeT M3 Ha3BaHUS.
OHa npuMeHsieTcsl, KOrjia 3aBUCUMAasi MepeMeHHast
ABJISETCSI ABOMYHOM, UTO O3HAYAET, UTO OHA MOXKET
MIPUHUMATh TOJIBKO JIBa 3HAUEHHSI, HATIPUMEDP «JIa»
WIN «HET», «UCTAHA» WIHN «JIOXKb», «1» mim «0» u
Tak ganee. CyTb JJOTUCTUYECKOW PErPecCU COCTOUT
B TOM, UYTO MPOCTPAHCTBO 3HAYEHUN HE3aBUCHUMBIX
MEPEMEHHBIX (72-MEPHOE ITPOCTPAHCTBO) MOKHO pas3-
JeJINTh HEKOTOPOW JIMHEWHOUM I'paHUIIe Ha JiBe 00-
JIACTH, COOTBETCTBYIOIIME KJIACCAM.

[Ton HEKOTOPOIA TMHENHOM IPAHULIEV TIOHUMAETCS
JIMHENHAasi KOMOVHAIIM S HE3aBUCUMBbIX IEPeMEHHBIX,
Ha3blBaeMasi TMIEPIUIOCKOCThIO. B ciyyae nByx u3-
MEpEeHHUH 3TO MPOCTO MpsiMast TMHUS O6e3 KpuBbIX. B
ciydae TpEX — 3TO CaMOJIET U Tak jajee. Yem nasbiie




TOYKA HAXOAWUTCS OT TUMEPIUIOCKOCTH, TeM C OO0Jb-
11eil BEPOSTHOCTBIO OHA MPUHA/IJIEKUT COOTBETCTBY-
IOIIEMY KJIaccy IpeIMETHOM OOJIaCTH.

YPaBHeHI/IC, OIMUCBIBAIOMICC I'MITICPITIIOCKOCTD:

wlz, +b=0 (1)
> wa, +b=0weRmbER (3)

i=1
e w,— Ko3((PULUEHTHI, ONpPEAeIISIOLIHe BCE ce-
MEHCTBO MPSIMBIX, TPOXOIAIINX Yepe3 Touky (0, 0).
CooTHollleHHe W OIpeessieT Yroi JUHUUA K OCSIM.
HenyneBoit koadpduiveHT b MO3BOSET JTUHUM HE
MIPOXOJUTDb Yepe3 HOJb, JPYTUMU CJIOBAMU, ITO CMe-
nieHue. HakjioH Kk ocsiM He MeHsieTcsl, TO ecTb b oripe-
AeJsieT CEMENCTBO MapasuIeNIbHbIX MPSIMBIX, 12 — KO-
JIMYECTBO HEM3BECTHBIX MepeMeHHbIX. [ eomeTpuue-
CKHMii cMBIC]T BeKTOpa (w),, w,,) HOPMAJIEH K TUIep-
IUIOCKOCTH [5].

1. EBKJIMAOBOE paccTOsIHUE:

d(z,y) = Z(l’z —y;)?

2. Paccrosauune MauxaTreHa:

d(x,y) = Z |z, — il

3. Paccrosamne MUHKOBCKOrO:

d(z,y)=| > (|$i —y@-|p>

1

I7ie T ¥ Y — 1Ba SK3eMIUIAPA, a T; U Y, — 3HAUCHHUS
MPU3HAKA ¢ UIsl £ U Y COOTBETCTBEHHO, a p — Mapa-
METP OTNpee IO CTeNeHb OMMKANIINX COCeIeH.

[Mocne pacuera paccTosiHMil 10 BCeX coceler B
oOyyvatomieir Beioopke KNN BoiOupaer k coceneid,
paccTosiHie KOTOPhIX MUHMMaNTbHO. Koraa BeIOpaHo
yucio k u merpuka paccrossausi, KNN knaccugu-
LUpPYEeT HOBblE HAOMIONEHUSI HA OCHOBE TOTO, KaKue
KJIacchl HauboJee pacnpocTpaHeHbl cpeu Ux k Onu-
JKalInX cocenen [6].

k -Nearest Neighbours (KNN). Fk-Nearest
Neighbours (KNN) — 310 TUn ajaropurma maiivH-
HOTo OOy4YeHHMsI, UCTIONb3yeMbIi /ISl pEeIleHUs 3a-
nau kinaccudukamu v perpeccud. KNN ocHoBaH
Ha MPOCTOU uaee: OObEKTHl OIHOTrO Kjacca OObIY-
HO HaxoJsTcs OJIMKe OpYyr K JpYyry B MPOCTPAHCTBE
npusHakoB. KNN ocHOBaH Ha mpuHIuIIE, rae k 000-
3HAYAET KOJMUYECTBO «OJIMKANIMX coceaein». Korma
HOBBIF HaOTIOaeMBblid CTydai (MM OOBEeKT) TpeOyeT
kiaccudukanmu, anroput™ KNN npocmarpusaer k
OMmKalIIMX cocesiel 3Toro oObekTa u3 Habopa 00y-
YaIOIIMX JaHHBIX. 3aTeM OH MPHCBaMBaeT OOBEKTY
KJIacc, HanOoJiee pacpOCTPaHEHHBIN CPEN STHX CO-
cenerr. Ecym k£ = 1, HOBBI OOBEKT NIPHUCBAUBAETCS
KJlaccy ero Onmukaiiiero cocefa. B koHTekcTe pe-
rpeccurt KNN nipucBavBaeT HOBOMY OOBEKTY Cpef-
Hee 3HaueHue k Ommkaimumx cocepeil. Ho pas yx
Mbl pemnian B3aTh B Kiaccudukainuio KNN, To He
OyzeM 0co00 OCTaHABIMBATHCS Ha perpeccuu. s
orpeeyeHus ONMkafimx coceeidl MOKHO UCTIONb-
30BaTh Pa3IMYHbIE METPUKU PACCTOSHUS:

“4)

7

S

P

(6)

Mamunbl OnopHbIX BeKTOpPoB (SVM). Marm-
HBI OMOPHBIX BEKTOPOB (SVM) — 31O THI anropur-
Ma MaIMHHOTO OOy4YeHHsI, KOTOPBIi B OCHOBHOM HC-
NoJb3yeTcs U1l pellieHns 3afad KJlacCU(pUKaLMH,
XOTsI €r0 TaKXke MOXXHO MPUMEHSATh ISl Perpeccuu
1 oOHapyxkeHus1 BHIOpocoB. Llenpio SVM sBnsieTcs
MOMCK TUIEPIUIOCKOCTH B MHOTOMEPHOM MPOCTPaH-
CTBe, KOTOpasi Jydille BCEro pasfeliseT JBa Kjacca
JaHHBIX [7].

['MnepraockocTb — 3TO JIMHUSA, KOTOpast IeJIUT Mpo-
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CTPAHCTBO BXOJHBIX OOBEKTOB, CO3/aBasi paszieln
Mexay Kiaaccamu. SVM crpemMurcss HallTU OITH-
MaJIbHYI0 THIEPIJIOCKOCTb, KOTOpast 3((eKTUBHO
paszesnser TOYKU JaHHBIX Ha OCHOBE UX ITPUHAJIEK-
HOCTH K OIPEJIeJIeHHOMY KJIAcCy — 3TO MOXKET OBbITh
xiace O wim knacc 1. Ecam Mbl npectaBuM, 4To 3TO
JIMHUSA B KOHTEKCTE IByMEPHOI'O IIPOCTPAHCTBA, pa3-
Aensonas Hamy ganssle. Hanpumep:

rae koadduuuentsl B, u B, , onpejensiomue
HAaKJIOH JINHUU U TOUKY NepeceyeHus B ), HaxogsaTcs
C MOMOIIBIO AITOpUT™Ma 00yueHus, a X, u X, — 1Be
BXOJIHbIE TIepeMEHHBIE.

JIHKMA TUNEepIUIOCKOCTH NO3BOJISAET ITPOBOAUTDH
Kiaccudukanmio. Mcnons3ys ypaBHeHUE JIMHUY, Mbl

MOXKEM BCTABUTb BXOOHBIC 3HAYCHUSA U OIIPEACTIUTD
[I0JIOKEHE HOBOW TOYKUA OTHOCHTEJIBHO JIMHUU. Y
Hac OyzeT 4 BapraHTa:

1) Ecim HOBag TOYKa HaXOmWTCSA Haj JIMHUEH,
ypaBHEHUE AaeT 3HaueHue OOoJblie HyJs, 1 Mbl MO-
KeM KJIacCH(pUITMPOBATh Ty TOUKY KaK MpUHAJIe-
JKallylo epBoMy KJjaccy (Kjacc A).

2) Ecnm HOBasi TOukKa HAXOOMTCS HIDKE JIMHUU,
YPaBHEHUE JAET 3HAYEHUE MEHbIIE HYJSA, U Mbl OT-
HOCUM TOYKY KO BTOpPOMY KJaccy (kiaccy B).

3) Ecnu HOBast TOUKa HaXOIUTCS OJIM3KO K JIMHUM,
ypaBHEHHUE JaeT 3HaYeHue, OJIM3KOoe K HYII0, 1 KJIac-
CcU(ULIMPOBATh TOUKY CTAHOBUTCS CJIOKHEE.

4) Ecnu 3HayeHWe BEIWKO, 3TO YKa3blBaeT Ha
OOJIBIITYI0 YBEPEHHOCTh MOJIC/IM B CBOEM TPOrHO3e.

Margin

Y-Axis \

L o, ,
™ o I
- -~ ‘JI
Support
>
X-Axis

Puc. 1 - MammHbI OOPHBLIX BEKTOPOB

PaccrosiHue mexay TUHUEN 1 ONKaIIMK TOY-
KaMU JJaHHBIX OIpelesseTcs Kak «3anac». Maeaninb-
Hasl WM ONTUMAJIbHASI JIUHUS, KOTOpasi MOXET -
(beKTHBHO pa3nenuTh OBa KJjacca, MMeeT HauOOJb-
i 3anac. Takasi TMHUS HA3bIBAETCSl «TUIEPILIOC-
KOCTBIO C MAKCMMAJIbHBIM 3arlacoM». 3arac orpeje-
JIsIeTCsl KaK MepHeHIUKY/IsIPHOE PACCTOSIHUE OT JIU-
HUU 10 OMKadmx Todek. TOIbKO 3TH TOUKU Bak-
HBl TIPY OTpEJENICHUH JIMHUA M CO3JaHUU KJIACCH-
(¢ukaropa. Takue TOYKM Ha3bIBAIOTCS «OMOPHBIMU
BeKTOpaMu». OHU MOJJIEPKUBAIOT WJIM OIpEIes-
10T TUMEPIUIOCKOCTh. | MIMepIiocKOCTh BHIOMpaeTCs

U3 OOyYaloIMX JAHHBIX C KCIOJb30BAaHUEM METO-
Ja ONTUMM3ALUH, KOTOPbIA MaKCUMH3HMPYET 3ariac.
Ha npakTuke JaHHBIE YacTO XaOTUYHBI U HE MOTYT
OBITh TIOTHOCTBIO pa3/ieNIeHbl THUIEPIUIOCKOCThI0. M3-
3a 3TOr0 Mbl HEMHOTO OC/IadisieM OrpaHMYeHHe Ha
MaKCUMM3ALMIO 3araca B BUJE JIMHUM, pasielisio-
et kiaceel. Takol kinaccudukaTop 0OBIYHO Ha3bl-
BAIOT «KJIACCH(PHKATOPOM C MSATKMMU I'DAHULIAMI .
3T0 U3MEHEeHHe TMO3BOJISIeT HEKOTOPHIM TOYKaM B Ha-
6ope 0OyvaloIyX JAHHBIX HapyIIaTh TPAHHUILY pa3-
JeaUTeNIbHON nMuHuA [8].

Cayuaiinbiii gec (Random Forest). Ciyyaii-




HBI Jlec — 3TO MeTof aHcamOIeBOro OoOyuyeHus,
KOTOPBI 0OBEMHSIET HECKOJIBKO JIEPEBhEB pellie-
HAN U CO3IaHUs OOjiee TOYHOIO M CTaOMJIBHOTO
nporHo3a. CyTh MeTo/1a 3aKJII04YaeTCsl B TOCTPOSHUH
OOJBIIIOrO KOJIMYECTBA Pa3IMYHBIX JEPEBbEB pellle-
HUI1, a 3aTeM YCPEeIHEHMU MX IMpOrHo3oB. Kaxmoe
JepeBO CTPOUTCS He3aBUCUMO OT Apyrux. [lpu mo-
CTPOEHUM KaXkJOro JiepeBa HCIOb3YIOTCS ClIe/TyIo-
1IUE CJTyYarlHbIE IEMEHTHI [9]:

1. HavanpHas 3arpyska: IUisi IOCTPOEHUS KaxkI0-
o JIepeBa U3 UCXOJHOM BBIOOPKH JIaHHBIX C BO3Bpa-
TOM BBIOMpaeTCsl MOABBIOOPKA. DTO O3HAYAET, UTO
HeKOTOpI)Ie 9K36MHJIHPLI MOFyT HHOABJIATBCA B IIOO-

BBIOOpKE OoJjiee OIHOTO pasa, a pyrue MOryT BOOO-
1€ HE ITOABJIATHCA.

2. TloampocTpaHCTBO Ciy4allHbIX IpU3HaKoB. B
KaX/IOM y3Jie jepeBa pelieHni BHIOOpKa MPU3HAKOB
OI'pPaHMYMBAETCS CJIyYalHbIM MOJMHOKECTBOM MPH-
3HAKOB IPU BHIOOPE ONTUMAJIBHOTO IMpU3HAKa AJIs
pasjeseHus.

OpnHako cielyeT OTMETHTh, 4TO MpU padoTe co
Random Forest HaM He HyXHO 0OpadaThiBaTh Kax-
7I0€ JIEPEeBO OT/IEIBbHO. MBI IPOCTO 00yYaeM MOJIE/Th
Ha JIAHHBIX, 1 OHa ABTOMATUYECKH CO3/IaeT U 00bE/IU-
HSIET BCE JIEPEBbSI.

Recognition Process
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Puc. 2 - KonnenryaabHasi 0CHOBa KjiaccugukaTopa cJy4aiiHOro Jeca

CymecTByeT HECKOJIBKO MOKa3aTeseil, KOTopble
MOXHO HMCIOJIb30BaTh AJIsl U3MEPEHUs] «KauyecTBa»
paszeneHus B iepeBe PelleHuid, U 3TH MOKa3aTesn
TaKKe UCIOJIb3YI0TCs B ciayvaiiHoM Jecy [10]. IBy-

1. DHTponus (B ciyyae OUHAPHOW KJIaCCU(DUKAIINN):

E(p) = —p xlog2(p) —

2. Koadpdpunment Ixunu:

G(p) =1—(p*+ (1 —p)?)

Ms1 HamOosee pacHpOCTPaHEHHBIMU TOKA3aTesIsiMU
SIBNSIIOTCA SHTponus U KodduuueHt Jxunu. Ode
KJIacCCU(UKAIMU SIBJISIOTCS] IBOUYHBIMU M MU3MEpsI-
IOT CTEeNeHb «9YUCTOThI» y3JIa.

(1—p) *log2(1 —p) (8)

)
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rae P— BeposTHOCTB TOTO, UTO CITy4aifHO BHIOpaH-
HBIH 27IeMeHT U3 y3J1a Oy/IeT MPUHAIJIeKaTh Kiaccy 1.
Takum 00pa3oMm, eCITi BCe IIEMEHTHI B y371e TPUHA/I-
JIeKaT K OJHOMY KJiaccy (T.e. y3esl «UUCTBIN»), SH-
Tporus U Koadduument Jxunu 6yayT pashsl 0. Ec-
JIA IaHHBIE PABHOMEPHO pacIipe/iesieHbl Mek 1y 000-
VMU KJIACCAMH, OHU JIOCTUTHYT MaKCUMAJIbHOT'O 3Ha-
YyeHus (B ciryyae OMHApHOM K1acCUUKAIUU OHO Oy-
net paBHo 0,5). B KOHTEKcTe Cly4ailHOro Jieca 3H-
Tpornus ¥ KO3 UIMeHT [[KUHU UCTIONb3YIOTCS IS
ornpeneneHus Haroosee 3 PeKTUBHOTO pa3aeaeHus
Ha Kak/IOM 3Tane. DTO pasJiesieHue BblOnpaeTcs Ta-
KM 00pa3oM, 4TOObl MUHWUMH3MPOBATh B3BEIICH-
HYI0O CyMMY SHTPONUNA WM Kod(ppuimeHt JKuHu
B JIOYEPHHUX y3/1aX. DTO MOMOraeT co3daBaTh Jepe-
Bb$1 pellleHHId, KOTOPBIE XOPOILO PACIPEENSIOT 1aH-
Hble, U MPUBOIUT K OoOJiee TOYHBIM MPOTHO3aM IO
arcamOmo B 1iesioM. City4yaidHblid JleC B KPeAMTHOM
CKOpHUHTE TIpejiiaraeT MpeuMyInecTBa B BUIe oOpa-
OOTKM OOJIBIIOrO KOMMYECTBA (DYHKIIUMA, YCTOMUUBO-
CTHU K HEJJOCTAIOIIUM JAHHBIM U MaciTada (pyHKIui,
a Takke 3(ppeKTUBHOCTU TMpU padoTe ¢ HecOasaH-
CUPOBAHHBIMU JIAHHBIMU. DTOT aJITOPUTM BbIAETISAET
KJII0YeBbIe (DAKTOPBI NPU MPUHATUU KPEAUTHOTO pe-
IIEHUs] U CHUKaeT pUCK nepeodyueHusi. OiHaKoO OH
TaKkKe CO37aeT MpoOJieMbl MPU UHTEPIPETAIIIU pe-
3yJIbTATOB, TPeOyeT OONBIIMX BHIYUCIUTEBHBIX pe-
CYPCOB U MOXET JIEMOHCTPUPOBATh HECTAOMIBHOCTD
MIPOTHO3UPOBAHUS U TPYAHOCTH B TPOrHO3MPOBAHUU
penkux coobTrid. Takxke CylecTByeT puck nepeody-
YeHU sl IPY HAJTMYUH IIIyMOBBIX 0coOeHHoc-Teit [11].

O0cy:x1eHne u pe3yJabTaThl. B cTaTbe ucnosb-
30BAJIUCh MOJEM MAIIMHHOTO OOyUYeHHsI, BKITIOYas
k-6mmxkarimue cocequ (KNN), ciyyaiiHbId Jiec, Ma-
IIMHBI OMOPHBIX BEKTOPOB (SVM) m jorucruye-
CKYI0 PEerpeccuio, a TakXe aHaJM3UpPOBa-JIUCh pa3-
JIMYHbIE T0Ka3aTeu. [JaHHble ObUIM MPEIBOPUTEIIb-
HO 0Opa0oTaHbl, BKJIIOYas MaclTaOu-poBaHUe, Ka-
TeropuaibHOe KOAMPOBAHUE MPU3HAKOB U ylIaJeHue
BBIOPOCOB. 3aTeM JIaHHbIe ObUTH pa3felieHbl Ha 00Y-
YalolIyl0 BHIOOPKY U TECTOBYIO BHIOOPKY B COOTHO-
IEHUHU, 00ECTICYMBAIOIIIEM HAJISKHYIO OLIEHKY MOJie-
neid. 3aTeM Kaxaas mMofenb Obuia oOydeHa Ha 00y-
YaloIei BHIOOPKE C MCHOJIL30BAaHUEM TOIXOMSIINX
ruriepriapamMeTpoB. Jlanee ObUIM MOMYYEeHbI IIPOTHO-
3bl JJISI TECTOBOM BBHIOOPKHM W CpPaBHEHBI C WCTHH-

HBIMU 3HAYEHUSIMU LIEJIEBOU IIepeMeHHO. Pe3ybTa-
Thl SKCIIEPUMEHTOB MOKAa3aJIv, YTO BCE PACCMOTPEH-
HBIE MOJIEJIU JEMOHCTPUPYIOT Ty WJIA UHYIO CTETIEHb
3(ppeKTUB-HOCTH TIPU PEILLIEHUU 3a/1a4l KPEeJUTHO-
ro ckopunra. B yactHoctu, mogenun KNN, Random
Forest mocturiny BBICOKMX 3HAYEHWH TOYHOCTH M
F1-meppl, 9T0 yKa3plBaeT Ha UX CIOCOOHOCTH Ipa-
BUJIBHO KJIACCU(UITMPOBATh KJIMEHTOB C HU3KUM M
BBICOKMM KpeIUTHbIM pUCKOM. C Ipyrosl CTOpPOHBI,
Mogeau SVM M JIOTUCTUYECKON PErpecCuM TaKKe
MOKa3aIi MpUeMJIeMble Pe3yJbTaThl, HO UX MPOU3-
BOJIUTEBHOCTh OKA3aJIACh HECKOJIbKO HHKE, YEM Y
MpepAyIIUX Mojeieid. B 1e1oM 1o mnosyueHHbIM
pe3yabTaTaM MOXKHO CAeJaTh BBIBOI, YTO MOAEIU
KNN, Random Forest asnsiorcsa Hanboee Moaxo-
JALIUME QITOPUTMAMHU 151 33]Ja41 KPEJUTHOTO CKO-
punra. OIHaKO 3TOT pe3yJbTaT MOXKET cpadoTaTh He
VTS BCeX HaOOPOB JaHHBIX, HO B HAIIIEM KOHKPETHOM
ciydae, ipy padoTe ¢ JaHHbIMU OaHka Xoym Kpe-
JUT, OHU HarOoJsiee aKTyasIbHbI.

OcoOeHHOCTh KPEAUTHOTO CKOPUHTA 3aKJTI0YaeT-
c B TOM, YTO KJacCU(pUIMPOBATh IUIOXOTO 3aeM-
IIMKA KaK XOPOIIero 0OXOAUTCS IOPOKE, YeM KJlac-
cU(UIIMPOBATh XOPOIIIETO 3aeMIIMKa KaK IJIOXOro.
OnmoOKa BTOpOro poia M OIIMOKAa MEepBOro poja
COOTBETCTBEHHO; OIIMOKAa BTOPOTrO pojia 0OXOIUTCS
KpEeAUTOpYy ropa3ao JOpoke, YeM OIMOKa MepBOro
pona. B cBsi3u ¢ 3TUM NPUHSTHI CELYIOIIUE METPU-
KM OLIEHKU KauecTBa aJIrOPUTMOB. [{7151 3TOrO BBEIEM
cnenyomme noHsarus [12]:

TP (True Positive) — ICTUHHO NOJIOKUTEIBHBIMN.

FP (False Positive) — noxHOe cpabaTbiBaHUeE.
Ommbka nepBoro poza.

FN (False Negative) — T0:)KHOOTPUILIATEIbHBIN pe-
3ysbTatr. OmuodKa BTOPOro posa.

TN (True Negative) — UCTUHHO OTPHUIIATEIbHBIN.

Tourocmu (Accuracy) — o MPaBUWIBLHO KJIACCHU-
(punmpoBanHbIX KpeautoB. Camas npocras METpU-
Ka, HO He JIOJDKHA ObITh €AMHCTBEHHON METPUKOIN MO-
Jer, 0COOSHHO KOT/ia IIPe/ICTaBUTENH pa3HbIX KJIac-
COB BCTPEUAIOTCSl C pa3HOW BEpPOSATHOCTHIO (HecOa-
JlaHCHpOBaHHas1 BbIOOpKa). TOYHOCTH paccunThHIBa-
eTcs 10 cienyen popmyJe:

TP+TN
TP+TN+ FP+ FN

Accuracy = (10)




Tounocmu( Precision) — 310 107151 00BEKTOB, KOTO- F'1 oueHka — cpeHee rapMOHMYECKOE 3HAUEHHE
pBIE KJIaCCI/ICpI/IKaTOp Ha3bIBAC€T MOJIOXKXUTECJIBHBIMU 1 TOYHOCTHU U IIOJIHOTBI:
KOTOpBIE Ha CAaMOM JIeJie SABJIAIOTCA MOJIOKUTETbHBI-
mu. PaccuntsiBaercs no opmye:

TP
TP+ FP

2 - (Precision - Recall

F1Score = (13)

Precision + Recall
Precision = (11)
Marpuna myTaHuibl — 3TO MaTpu4Has TaOiMua,
Ioanoma(Recall) — 1ons 00bEKTOB MONOKUTENBHO- UCTIONb3yeMas 118 OLEHKH 3P PEKTUBHOCTH KJIACCH-
IO KJIacca OT BCeX 0OBEKTOB MOJIOKHUTENBHOTO Kac-  pukatopa. OOBIYHO OH YKa3bIBAET KOJIMYECTBO Mpa-

ca, Hall[IeHHbIX aIrOpuTMOM. OH PAacCUMTBHIBACTCS BUIIbHBIX M HENPABUILHBIX PE3YJIHTATOB AITOPUTMA

o ¢opmysie: kiaccudukanuu. OH Takxke MpeaocTaBiiseT uHpop-
TP Maluio 00 omuOKax MepBOro M BTOPOro MOpsAKa
Recall = ————— 12
T TPYFN (12) 13

Ta6umma 1 — MaTpuna myTaHunbI

Actual — True

True Positive

False Positive (Type 1)

Predicted — Positive/Negative

False Negative (Type 2)

True Negative

Predicted — Positive/Negative

1: Random Forest on test
 B.O12426B44376

- 0.8

0.09%

No TARGET

0.6

~ 0.4

Actual Values

8.67%

0.05%

TARGET
1

0.2

No TARGET TARGET

Predicted Values

Puc. 3 - Pe3yabTartsl ciaydaiiHoro Jeca

Pesynbrarsl ciyyaitHoro Jyieca (Random Forest):
TOYHOCTbD - XOpomasd, HO YBEJIMYHUJIOCh U KOJIMYECTBO
OIIMOOK BTOPOTo pofa. DTa MOfieIb PEIKO IpecKa-
3BIBAET, YTO YEJIOBEK HE BEPHET KPEIMUT.

Pesynpratel SVM: 3Ta MOZAEIbs NOKA3bIBAET CPEA-
HUE pe3yJIbTaThl IPY CPABHEHUU JIOTUCTUYECKON pe-

Recall s

call_score: @
Fl-score: B.2176444

0.6

0.5

No TARGET

0.4

- 0.3

Actual Values

- 0.2

2.51%

6.13%

TARGET

0.1

Mo TARGET TARGET
Predicted Values

Puc. 4 - Pe3yabraTsl MAIMHBI ONIOPHBIX BEKTOPOB
(SVM)

I'PECCUM U CIIy4YaliHOIO JIeca.

Pesynbrar: u3 Bcex MeTpuK Jiydllle BCEro Bblje-
JISIETCS TPOIEHT ONMIMOOK 2-TO TUTIA, OH JOCTATOYHO
MaJl, O YeM CBUJIETEIbCTBYET MOKa3aTesb MOJHOTHI.
TovHOCTh MpHreMIEMasl.
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8.513761467BED
205R459581631147

0.6

Mo TARGET

0.4

- 0.3

Actual Values

4.44% 0.2

4.20%

TARGET
]

-l

No TARGET TARGET
Predicted Values

Puc. 5- Pesyabrats! k& 6mkaitmmx coceneii (KNN)

Model: LogisticRegression on test

ACCUracy _score: 0.6974636603406905
Precission_sc ¢ @.17682283530486285

Recall LG788990825608074

Fl-score: @.2795617688392808

percentage of type I error: 2.8000000000080003X

SCOMEs

- 0.6

0.5

Mo TARGET

- 0.4

- 0.3

Actual values

S.B7T% a

2.7T8%

TARGET

- 0.1

Mo TARGET TARGET
Predicted Values

Puc. 6 - Pe3yabTaThl JJorncTu4ecKoii perpeccun
(LR)

Ta6auma 2 — Pe3yabTaThbl HCIOJIb30BAHHBIX MoIeJIel

Monenu Accuracy Precision Recall F1-score
CrnyyaiiHblii J1ec 0.91 0.35 0.006 0.01
(Random Forest)
MarmHs 0.68 0.17 0.71 0.28
OITOPHBIX
BeKTOpoB (SVM)
k-Bmxaimmx 0.69 0.14 0.51 0.22
coceneit (KNN)
Jlorucrnueckas 0.70 0.18 0.68 0.28
perpeccust

BoiBoabl. B crathe NpoBeAeHO HCCeJOBaHNE
KPEIMTHOTO CKOPMHIA C MUCIOJIb30BAHUEM pa3jIny-
HBIX MAIIMHHBIX AIrOpUTMOB. OCHOBHOM LIEJIBIO HC-
cliejoBaHus ObLIO co3ianne 3(hPEKTUBHON CKOPUH-
TOBOM MOJIEH JJIs1 IPOrHO3UPOBAHUS BEPOATHOCTU
nedonta kimeHToB Xoym Kpegur banka. [Ing po-
CTMKEHUS1 3TOH 11e11 ObUT UCIIONB30BAaH OOIIMPHbIN
Ha0Op [JaHHBIX, NpenocTaBieHHb Xoym Kpenur
Bankom, cozmepxamuii MHPOPMALMIO O KJIMEHTaX U
UX KpeAuTHOW uctopuu. [laHHBIe OBUTM TIpelBapu-
TEJIbHO 00PaOOTAHBI U ITPOLIUTH STAIbl OUYMCTKH, Mac-
MITAOMPOBAaHUS U MpeoOpa3oBaHUsl AJIs MOATrOTOB-
KU K 00y4yeHuIo Mozienu. B nccienoBannu npumMeHsi-
JIMCh YETBIPe PA3IMYHBIX MOJIEJIEH MAIIMHHOTO 00Y-

YeHUs: CIyYailHbIi Jlec, MAIllMHbl OMOPHBIX BEKTO-
poB (SVM), K oOmmxaiimx coceneit (KNN), noru-
cruueckas perpeccusi. Kaxnas mozens Oblia o0y-
YyeHa Ha oOydamomield BHIOOPKE W MPOTECTUPOBaHA
Ha TECTOBOH BBIOOpPKE. DKCIIEPUMEHTHI TTO3BOIMIIN
HaM CPaBHUTb IPOU3BOJUTEILHOCTD Pa3IMYHBIX MO-
Jenell 1 OLIEHUTh UX TOYHOCTh, MOMHOTY U F1-mepy
Ha OCHOBE IOKa3aTesiell KauecTBa KJIacCH(PUKALIH.
PesynbraTsl nokazanu, yro moaean Random Forest,
Gradient ¥ JIOTUCTUYECKON PErpeccuu AEMOHCTPH-
PYIOT HAWJTYYILIIyl0 TOYHOCTb U OMHOTY. OHU JOCTH-
TaloT BBICOKOM TOUHOCTH MPOTHO3MPOBAHUS KPEAUT-
HOT'O pUCKa M NMPUHUMAIOT 3(P(EKTUBHBIE PELICHUS
Ha OCHOBE IpeJOCTaBJIeHHbIX AaHHBIX. [1o pe3yinb-
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TaTaMm KCIEPUMEHTOB MOXHO CHeNaTh CIIeAYIOIIHe
BBIBOJBI: MOjie/ib, OCHOBaHHASI Ha aHCAMOJIEBBIX Me-
Tomax, Takor kak Random Forest, mokazana myu-
HIYI0 IPOM3BOUTELHOCTD CPEN BCEX MPOTECTUPO-
BaHHBIX Mojesieil. OHa MPOAEMOHCTPUPOBAIA BbI-
COKYI0 TOYHOCTbh U CTaOUJIBHOCTh B MPOTHO3UPOBA-
HHUM KPEIUTOCIOCOOHOCTH KJIMEHTOB. JIMHelHast Mo-
1eJb, KaK JIOTUCTHYECKask perpeccus, rmoKasajia Hu3-
KYIO IIPOU3BOUTEILHOCTD 11O CPABHEHUIO C IPYTUMHM
MozesisiMu. SVM Takke rokasajia XOpOIIHiA pe3yiib-
TaT, HO HEMHOTO YCTYTIAJIM aHCAMOJIEBBIM MOJICJISIM B
ToyHOCTH ITporosuposanusd. KNN okazanace Hau-
MeHee 3(P(PEKTUBHBIMM MOJIENISIM CPEeH IPOTECTH-
poBaHHBIX. OHU UMEIOT OrpaHUYEHHbIE BO3MOKHO-
CTH TIO MOJIEIMPOBAHUIO CJIOKHBIX 3aBUCUMOCTEH B
JaHHBIX U TpeOyIoT OoJiee TIaTeabHOro noadopa na-

paMeTpoB il TOCTUKEHUSI BBICOKHUX PE3YJIbTaTOB.
OrieHKa BBHITIOTHEHU ST 331241 TI0Ka3aJj1a, YTO UCTIONb-
3oBaHne Random Forest mo3Bonser cymecTBeHHO
TIOBBICUTH TOYHOCTh ITPOTHO3UPOBAHHMSI KPEUTOCIIO-
COOHOCTH KJIMEHTOB. DTa MOJEIL 00IaJaI0T CIIOCO0-
HOCTBIO 0000IIaTh AaHHbIE M (PUKCUPOBAThH CIIOXK-
Hble B3aMMOCBSI3M MKy aTpruOyTaMu, 4To oOecrie-
YMBACT BBICOKYIO TOYHOCTh. [lyTH peanusaimu pe-
3yJIbTATOB UCCIIENIOBAHUSI MOTYT BKJIIOYATh CJIE/IYIO-
IIMe acHeKThl: (PMHAHCOBBIM OPraHW3AlUsM PEKO-
MEH/IyeTCsl MHTErpUpOBaTh BBIOpaHHbBIE aHcamoie-
BbIe Mojenu, Takue kak Random Forest, KNN, SVM
LightGBM B cBolo cucteMy KpeauTHOTO CKOPUHTA.
ITO OMOJKET IMOBBICHTh KAYECTBO U JIOCTOBEPHOCTD
NIPOrHO3a TIOTalIeHNs] KpeUTa M CHU3UTh PUCK IS
OaHKa.
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EVALUATION OF THE EFFECTIVENESS OF USING THE SOFTWARE PRODUCT ”ASSISTANT
FOR THE PREPARATION OF TEST TASKS” TO TEST THE KNOWLEDGE OF STUDENTS

IK.Akishev ,'A.Tulegulov, 'D. Zhamangarin , 'Z.Nurtai, 2E. Ospanov
IKazakh University of Technology and Business named after K.Kulazhanov, Astana, Kazakhstan,
2NJSC ”Shakarim University”, Semey, Kazakhstan

““Corresponding author: Akmail04cx @mail.ru

The educational and methodological set of documentation (UMKD) is an integral part of the educational
process at a higher educational institution.

One of the types of control of a student at a higher educational institution is passing a test. Currently,
it is the most common and popular tool used in many disciplines, providing a transparent, fast and quite
practical way of verifying students' knowledge.

When developing tests, teachers use various programs, while spending quite a lot of time to prepare,
first, control questions, and then add them to the appropriate program.

In this regard, the purpose of our research is the need to develop software code that allows you to use
ChatGPT for the automated formation of test tasks when checking the knowledge of students.

The developed computer program ”Assistant for the preparation of test tasks” allows you to automate
the process of preparing test tasks for text of any volume and number of questions;

The program code can be used in educational institutions of the Ministry of Education and the Ministry
of Science and Higher Education of the Republic of Kazakhstan.

The practical application of the developed program ”Assistant for the preparation of test tasks” allows to
increase the effectiveness of the teacher's work by 80% compared to existing analogues for the development
of test tasks. At the same time, the quality and adequacy of the developed issues are at a high level.

Keywords: automation, information technology, software product, test tasks, efficiency, student.

BLJIIM AJIVIIBLIAPIBIH BIJIIMIH TEKCEPY YIIIH "TECT TAIICBIPMAJIAPBIH JANBIH/IAY
KOMEKIIIICI” BAFIAPJTAMAJIBIK, ©HIMIH ITANUJIAJIAHY TUIM/ILIITTH BAFAJIAY

IK.Akumes 1A.Tyxerynos, !JI. Kamanrapun, | 7K. Hypraii, 2E.Ocnanos
'K.KynaxaHoB ateiHarsiKa3ak TexHOMOrus koHe 6usHec yHusepcuteri AK, Acrana, KaszaxcraH ,
2HIaKapI/IM ateiHnarsl yauBepeuteT KEAK, Cement, Kazakcran,

e-mail:AkmailO4cx@mail.ru

KykarramanblH OKy-9/1icTeMeiK KUbIHThIFb (OIK) sKOFapbl OKY OpHBIHAFbl OKY HPOIIECIHIH a)Kblpamac
0eJ1iri OO TaObLUIAIEL.

ZKorapsl OKy OpHBIH/IA O1JTiM aTyIITBIHBI OaKbLIAYIBIH Oip Ty pi-TecT Tanceipy. Kasipri yakpirta Oyt kenre-
TeH NoH Iep OOMBIHINA KOIJAHBLIATHIH €H KeH TapaJIiFaH jkoHe TaHbIMaJI Ky paJl, OLTiM aTylibUIapIbiH O1TiMIiH
TEKCepYAiH MOJIIip, KbUIaM jkoHe MPAKTUKAJIBIK TYPiH KAMTaMachl3 eTeli.
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TecTrepai 93iprey Ke3iHae MyFalliMep SpTypiii Oarqapramanap/sl maiaanaHaIb, ajl alabMeH TECT Cy pakK-
TapbIH TANbIHIAYFa, CONAH KeWiH oTap/pl TUICTi OarJapiiamMara eHri3yre JKeTKUTIKTI YaKbIT pecypcTaphl KyM-
caJia/ipl.

OcpbiraH OalIaHBICTBI, O13]11H 3ePTTEYIMI3IiH MaKcaThl OLTIM aJTyIbUIap/IbIH OUTIMIH TeKcepy Ke3iH e TeCT
TaIChIpMaJIapblH aBTOMATTAH B PbLIFAH KAJIBIITACTHIPY YIIIiH chatgpt naiinananyra MyMKiHIIK OepeTiH Oar-
AapiaaMaiblK KOATHI 93ipiey KaKeTTiTir OOMbI TaObLIaIbl.

“TecT TamchipMaapbiH JalbIHAAy KOMEKIIici” KOMITbIOTepiHe apHaJiFaH d3ipJieHreH OarjapiiaMa TecT
TAIChIPMAJIAPBIH JIAWBIH/AY IPOIIECIH aBTOMATTAHABIPYFa MYMKIHJIIK Oepejii, Ke3-KeJIreH KeJjJeMIeri MoTiH
MEH CypaKTap CaHbl YIIIiH;

Barnmapnamaisik, kon Kaszakcran PecryOmkace! BijliM MEHHCTPIIIT MEH FBITBIM XKOHE JKOFAphl OLTIM MU-
HUCTpJIriHiH binim O6epy MekemesepiHe naiganiaHbLTybl MyMKiH.

I3ipJieHreH “TecT TarchipMalapblH AalbIHAY KOMEKIIC” OaraapiaaMachiH MPAKTUKAIBIK KOJIJaHy TeCT
TaIChIpMaJIapblH 31pJiey YIIiH KOJJAHBICTAFbl AHAJIOTTAPMEH CaJIbICTBIPFaH/1a OKBITYILBIHBIH KYMbIC THIM-
airiria 80% - ra apTTeIpyFa MyMKIiHJIIK Oepefti. Byt perTe a3ipieHreH MoceseniepiiH carnachkl MeH Oapadap-
JIbIFBI XKOFApbl ACHreIe.

Tyiiin ce3ep: aBTOMATTaHIBIPY, AKIIAPATTHIK TEXHOJIOTUSIAP, OaFJapiaMalblK ©HiM, TECT TalChlpMaia-
Pbl, THIMJIUTIK, OLTiM aJTyIIIbl

OIIEHKA Y®®EKTUBHOCTH HUCIOJIb30BAHIS IPOTPAMMHOTO IMPOJIVKTA
JTOMOIITHNK MOJATOTOBKM TECTOBBIX 3ATAHUII» IJ1S1 IPOBEPKH 3HAHUI
OBYUAIOIINXCS

IK.AkumeB , 'A.Tyaeryaos, 'D.Zamangarin, 7K. Hyptaii, ’E.OcnaHos
'Kazaxckwuii yYHUBEpCUTET TexHosmoruu 1 6usHeca um.K.KynaxkxanoBa, Acrana, KazaxcraH,
2 HAO VYuusepcurter Illakapuma, Cemeit,Kazaxcran,

e-mail: AkmailO4cx@mail.ru

YuebHo-MeToauuecknii KoMIUieKT fokyMenTtarmu (YMK]L), siBisercss HeOTheMJIeMOU YacThio yueOHOTro
Tporiecca B BHICIIIEM YU4eOHOM 3aBe/ICHUM.

OnmHUM U3 BUJIOB KOHTPOJISl 00yYaloIIerocst B BhICIIIEM YIeOHOM 3aBE/ICHUH SIBJISIETCS TTPOXOKICHUE Te-
cra. B Hacrosiiee Bpemst —3T0 Hanbosiee pacrpoCcTpaHeHHbIN U TIOMYJISIPHBIA MHCTPYMEHT HCHOJTb3YeMBIi 110
MHOTUM JTUCHMIUIMHAM, 00ECTIEUMBAIOIINIA, TPO3PAYHbIiA, OBICTPIA ¥ JOBOJILHO MPAKTUYHBII BUJI IPOBEP-
KW 3HAaHWIA 00YYaIOIIXCS.

[Tpu pa3paboTke TeCTOB MPENOAABATENN UCTIOB3YIOT PA3IMYHbIE IIPOT PAMMBI, ITPY 3TOM TPATHTCS TOBOJIb-
HO OOJIBITION pecypc BpeMeHH, YTOObl TIOATrOTOBHTh, CHavasla KOHTPOJIbHBIE BOITPOCHI, & 3aTeM BHECTH UX B
COOTBETCTBYIOLIYIO TPOrpaMMy.

B 37T0i1 cBAA3M, LieIb HALLETO MCCIEA0BAHMUS 3aKII0UAeTCsl B HEOOXOUMOCTU pa3pabOTKU MPOrpaMMHOIO
KoJa no3Bosisolero, ucrnons3zoars ChatGPT, 11 aBToMaT31MpOBaHHOIO (POPMHUPOBAHKS TECTOBBIX 3a/1a-
HUIA, TIPY IPOBEPKH 3HAHUI 0OYYaIOIIHIXCSI.

Pa3paborannas mporpamma jijist DBM «IToMOIITHMK MOATOTOBKH TECTOBBIX 33JaHUI» TTO3BOJISIET aBTOMATH-
3UPOBATH MPOIIECC TIOATOTOBKM TECTOBBIX 3a/IaHUH, IS TEKCTa JII0OOro 00beMa 1 KOJIMYECTBA BOITPOCOB;

HpOFpaMMHbIﬁ KOO MOXET OBITh HCITOJIb30BaH B O6p8.30BaTCJ'II>HBIX YUPCKIACHUAX MUHUCTCPCTBA 06pa3013a—
HUA 1 MUHUCTEPCTBA HAYKU U BBICIIIETO O6p3.30BaHI/IH PCCHy@II/IKI/I KazaxcraH.
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[TpakTryeckoe rmpuMeHeHue pa3padoTaHHON MporpaMMbl «[IOMOIITHUK TMOATOTOBKY TECTOBBIX 3a/IaHHI»
MO3BOJISIET IOBBICUTD 3 (PEKTUBHOCTH paboTHI MpenoaaBatesisi Ha 80% 1Mo CpaBHEHMIO C CYIIECTBYIOIIUMHU
AHAJIOTaMHU JITs pPa3padOTKH TECTOBBIX 3a1aHui. [1py 3TOM KauecTBO 1 aJIeKBaTHOCTh Pa3padOTaHHBIX TECTO-

BbIX BOIIPOCOB Ha BBICOKOM YPOBHC.

KuaroueBsbie cJioBa: aBTOMaTHU3alusi, I/IH(I)OpMaLII/IOHHbIC TEXHOJIOI'UH, HpOFpaMMHbeI IMPOOYKT, TECTOBBIC

3aganus, 3(pHEeKTUBHOCTh, 00yUAIOIIUNACS

Introduction. The adoption of the Law on
Digitalization in the Republic of Kazakhstan
[1] requires the use of information technology
achievements in all sectors of the economy,
including in the field of education [2].

It should be understood that the effectiveness of
obtaining high-quality education ensures objective
control of students' knowledge and skills. In
practice, two types of control are used — subjective
and objective. The first one is characterized by
the personal ideas of the examiner in relation to
the student. And in practice, it may not always be
objective, for a number of reasons, including the
teacher's likes and dislikes for the student. As for the
second type of control, which is now used both in
schools and in higher educational institutions, they
include a criterion-oriented test, which serves as a
measure of the quality of learning by students.

If we ask ourselves why testing has become so
widely used, then we get the answer:

1) a more adequate and reliable method that
allows students to be put on an equal footing;

2) mobilizes the work of the brain in conditions
of maximum concentration and responsibility;

3) Excludes human influence.

One of the main criteria of software products used
for test control is saving time, as well as time spent
on developing software code.

Although the material costs associated with the
use of testing are much higher from the point of
view of the organization, but the efficiency is much
higher.

Table 1 shows the most common test development
programs.

Table 1-Test development programs

Title Functional

TestMaker

-editing previously created tests;
-save test results;

-adding graphic images;

-Generate questions in random order.

RichTest

Differs from the previous one by the possibility of:
-transition to theory to prepare for the test;

-setting the difficulty of each question;

-attaching a hint to a question;

-the user switches to the training mode.

Examinator

Practically no different from TestMaker

-single selection;

MyTestXPro

The difference from the previous ones:

-multiple choice;

-establishment of the order of succession;
-establishing compliance;

-indication of the truth or falsity of statements;

INDIGO Features:

-tasks for each group of individual settings.
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The disadvantages of the above programs are
the need for manual formation of questions,
considerable time for the development of tests.

In this regard, there is a problem in the need
to automate the preparation of test tasks while
maintaining the quality of the questions, the ability
to edit, the availability of adequate ergonomics and
use for mobile applications.

The purpose of the study: The development of
software code that allows you to automate the

process of preparing test tasks using ChatGPT
capabilities.

Materials and methods. The computer program
”Assistant for preparing test tasks” was developed
using JavaScript, HTML, CSS to create HTTP
requests and interact with the ChatGPT API.

Discussion of the results. The development of
the program code begins with going to the project
folder and http://localhost:3000 we will launch the
development server.

Open the file located at the address (see fig.1)

You need to enable JavaScript to run this app.

id=

Figure 1—- Index.html files

ent.getElementById|(

Figure 2—Index.js files
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Our React application will be placed in the <div
id="root”> line. The element will be replaced with
the application code, and everything else will remain
the same. Open the src / index js file, the React

application is located here, the source code of the
application is located in the src directory (see fig. 2).
Let's look at the code of our first component. Src /
App (see fig. 3).

render() {

and save to reload.

Figure 3— App.js files

Let's consider the principle of using ChatGPT in API key to authenticate ChatGPT API requests;

our study. -the presence of a Node.js and npm;

By creating HTTP API requests, we can interact
with ChatGPT and receive responses in real time [3-
8].

This requires tools and accounts in particular:

-a project in the React JS Project.

The next important point is to create a component
to control the chat function (see listing 1 of the
program code).The program is written using the
--Open ID account and API key (registering an Russian alphabet.

account on the Open Al platform and obtaining an

Listing 1 of the program code:

// Chat.Js
Import React, { useState } internal ’'react’;
axioms ’'axios’ domestic imports;
const chat = () => {
const [input, setlInput] = useState(’’);
const [news, setMessages] = useState([]);
const sendMessage = async () => {
eleven
if (entrance.trim() === '’) return;

// ChatGPT API execute the request
attempt {

const answer = the axiom of expectation.mail (
"https://api.openai.com/vl/engines/davinci-codex/completions’,

{
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definition: input,
max_signs: 150,

Hy

topic: {
"Typepyofycontent”: "application/json”,
"Authorization’: ’'Media_${process.conver.

REACT_APP_OPENAI_API_KEY}’
2

}
) ;
// Update the Status using the response
thirty
setMessages ([...message, { text: input, type: ’user’ }1);
setMessages ([...message, { text: answer.choice data[0].text, type:
"month’ }1);
setInput (’'’);

} catch (mistake) {
consol.error ('Errorsending the message:’, error);
}
bi

exit (
<situation>
<situation>
{Message Card( (message, index) => (
<div key={index} className={message. }>input
{information.type}
</del>
))}
</del>cnyuau
<>
<type input="type
Im={input}

m”

onChange={ (e) => setlInput (for example. a task. meaning)}
Fill in="Enterpyagmessage...”
/>
<button onClick={sendMessage}>Send</button>
</del>
</del>

) ;
}i

Open AI Chatbot API Node.js provides developers with a framework for creating intelligent interactive
web applications [9-12].

Let's consider a request to the server and create a download verification component and consider all this
using React Hooks.

Let's create a new React: os create-rect-top rect-axios-table project.

Follow the link: cd react-axios-table
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We use an array of objects as data for our project (see listing 2 of the program code).

Listing 2 of the program code:

{
id: 101,
firstName: ’'Sue’,
lastName: ’'Corson’,
email: ’'DWhalley@in.gov’,
phone: ' (612)211-6296",
address: {
streetAddress: ’'9792_ Mattis Ct’,
city: ’'Waukesha’,
state: 'WI’,
zip: 22178’
bo

description: ’etylacusymagnagdolor...’,

Importing axioms into a component that sends requests to the server: import axios from 'axis' in the
project we use React Hooks, useState and import useEffect.

Adding the following code to the component: function App() { (see listing 3 of the program code).
Listing 3 of the program code:

const [appState, setAppState] = useState();
useEffect (() => {
const apiUrl = ’http://www.filltext.com/?rows=32&id={number|1000}&

firstName={firstName}&lastName={lastName}&email={email}&phone={
phone| (xxx) xxx—xx—-xx}&address={addressObject }&description={lorem

132}
axios.get (apiUrl) .then ((resp) => {
const allPersons = resp.data;

setAppState (allPersons);

)
}, [setAppStatel]);
return (
<div className="app”>

</div>
) ;
}
export default App;

The above code checks isLoading when data is loaded and shows a loading message, if isLoading is
erroneous, it is returned.

Let's consider the description of the program code ”Assistant for preparing test tasks”. Fig. 4 shows the
entrance to the program [13].

The user can log in as a teacher with admin rights, or as a student fig.5;6.
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ETee—= - ——

€ 3 O A 7203357 * D101
Fined D Tie D G Q) Cument e

e
S

Welcome
Online test
Entrance for students
Entrance for teacher

Figure 4—Login to the program

® e en
€ 5 O AN 772805557 -~ DIO 1

ot @ e D e @ Gt i

Entrance for teacher

Enter your email
=) K059775825@gmail.com

Enter the password

(3 e

Forgot your password?

Entrance for students

Figure 5—Entering the program as a teacher

Entrance for students

Enter your email
=7 Ko59775825@gmail.com

Registration Forgot your password?

L]l = ¢ -

Figure 6—Entering the program as a student
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The presented software product on the main page educational program contains disciplines in which
contains educational programs in the disciplines for the student is tested fig.8.

which it is supposed to develop tests fig.7. Each

7MO06136-Information
technology

a

7MO07239-Food technology

" students

A

7MO7252-Mining

7MO6137-IT
management

7MO07241-Food safety

7MO07252-0il
business

7MO07188-Automation and management

7MO7138-Chemical technology
of organic substances

& &
S oS
7MO07242-Technology and
design of light industry

=

7MO7188-Automation
management

A

and gas and

Create a text

CAD
10 questions

| students

Hydraulics
25 questions

M. Systems
20 questions

Figure 8—An example of disciplines for testing students

The development of tests begins with entering
the name of the discipline (in our example,
the subject “Controller Programming” for the
educational program is Automation and control), the
number of test questions, and the time to answer
fig.9.

The user (teacher) enters the number of questions
and the time to answer manually. The material for

the tests can be prepared in advance or obtained
from the Internet, a textbook, a synopsis, etc.
sources. After entering the text into the window, the
“create test” button is pressed Fig.9. A few minutes
are enough to create a test using ChatGPT for a large
number of questions. In our test task (see fig. 8) 25
questions and 20 minutes to answer. We can see the
result in fig. 10-11.
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The name of the text
Students &2 cap

Number of guest.
25

Time limit
20

The user (teacher) enters the number of questions and the
time to answer manually. The material for the tests can be prepared
in advance or obtained from the Internet, a textbook, a synopsis,
etc. sources. After entering the text into the window, the "create
test” button is pressed Fig.©. A few minutes are enough to create a
test using ChatGPT for a large number of questions. In our test task
(see fig. &) 25 questions and 20 minutes to answer. We can see the
result in fig. 10-11.

Figure 9—Development of test tasks
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N, Onlinetest 1
7 are the series mi rollers based on?
TEST : s
My profile
2 How much flash v is in the series

Students

ot the series mil roller?

v do the series

Figure 10— Developed test questions from 1-6
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Students - B

Keaar
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24. Interface of the series
. o .

1 Etheeret

Figure 11— Developed test questions from 20-25
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%t DIO

Create a text

"N My profile
CAD
10 questions

" students

Programming of
controllers
25 questions

Hydraulics
25 questions

M. Systems
20 questions

Figure 12- Developed test on the discipline ’Controller programming”
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Figure 13—Adding students to control knowledge

The resulting test is automatically placed in the
Educational Programs automation and Management
folder fig.12.

Students of the groups are added to the
appropriate discipline to complete the test tasks
fig.13, this requires their login and email in
gmail.com.

After the registration of a student, he can take
a test to check his knowledge of the disciplines

of the educational program in accordance with the
curriculum.

Fig. 14 shows the answer to the test tasks in the
discipline "Controller programming”.

The result of the response can be viewed in a
separate folder fig.15.

The result of the answer is given as a percentage
of the equivalent number of points received by
students fig.16.
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21. matrix of i rollers of the series?

Students

Figure 14- Completing the answers to the test
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Figure 15—Storage location for students' answers
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Figure 16—The result of the student's answer to the test questions
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Currently, the program code does not generate
graphical tasks, and it does not have the possibility
of randomization, since these tasks were not set for
research purposes.

Conclusion. The developed computer program
”Assistant for the preparation of test tasks” allows
you to automate the process of preparing test tasks
for text of any volume and number of questions;

The program code can be used in educational

Ministry of Science and Higher Education of the
Republic of Kazakhstan and does not require high-
performance computers and a large amount of
memory.

The practical application of the developed
program ”Assistant for the preparation of test tasks”
allows to increase the effectiveness of the teacher's
work by 80% compared to existing analogues for
the development of test tasks. At the same time, the

quality and adequacy of the developed issues are at
a high level.

institutions of the Ministry of Education and the
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TABUAFU TLIIE MAVJIAJTAHYIIIBI HHTEP®ENCTEPIH K¥PY O IICTEPI

TA. 7K. Tanupo6eprenos, 'C.K. Cepukoaesa |, 2B.Y. Be6eesa, *IIL.E. AxMeT:KaHoBa,
SAJL. AdayBasioBa

L L.H.I'ymunes ateinnarsl Eypasus yiITTeIK yHMBEpCHTETI, AcTana K., Kasakcran,
2OpTa.anK Azus nHoBatmsiblk, YauBepcuteri, Llbivkent, Kazakcran,

SM.X [ynatu areiaaarst Tapas enipiik yausepcuteti, Tapas k., Kazakcran

“Koppecronaent-asrop: inf_8585@mail.ru

Kaszipri 3amanfbl TEXHOJOTUSIIBIK, IaMy JKaFJaibIH/Ia Tai1aIanysl nHTepdgeicTepi aqaMHBIH KOMITBIO-
TepJik OargapramaiapMeH HeMece KYpPbUIFbUIAPMEH ©3apa dpEeKeTTeCyiHAe MaHbI3bl Pejl aTKapaabl, Oy
OJIAPIbIH, KapamaibIMIbLIBIFBI, THIM/IUTIT KOHE Kbl MaifanaHymsl ToxipudeciH anbKTaiasl. NLP UL
uzesicel Taburu T exsiey (NLP), MalmHabIK OKBITY jKoHE KacaH bl UHTEJJIEKT aJITOPUTMICPIH KOJIAaHy-
Fa HerizaenreH. 3epTTey OapbIChIHAA OCBIHIAN HHTEp(EncTepai Ky Py SAiCTepi, OJapablH APTHIKIIIBUILIKTAPBI
MEH ILIeKTeysIepi, COHbIMEH KaTap oJIap/bl Of1aH 9pi JaMBITY NepcreKkTruBaiaphl Tankpuianasl. TTHU miardop-
MaJsapbiH Tajnaay, meicaisl, Google Dialogflow, Microsoft Bot Framework, Wit.ai, IBM Watson Assistant
*oHe Amazon Lex, maigajaHyIlbiFa bIHFAIbl MHTEpdecTepl JaMbITYAa MaHbI3[Ibl POJI aTKapaabl. DJicC-
Tep MeH MaTtepuasaap OeiMiHae TaOWUFU TiIAE MaiaanaHylbl HTepdeicTepiH Kacayra apHaJIFaH KoJjia-
HBICTaFbl 9JIICTEP, COHBIH 1IIIIHJE COMIEY/II TaHy KOHE CUHTE3/IEY KYlWesepl, MallIMHAJIBIK, OKBITY aJITOPUTM-
Jepi ’KoHe MOP(OIOTUSITBIK, CHHTAKCUCTIK KOHE CEMaHTHKAJIBIK TaIaay TajaKbulaHaasl. By Tocinaep nai-
JaJIaHyIIbl CYPaHBICTAPbIH TEPEHIPEK TYCIHYTe KIHE JAJIipeK kayantap Oepyre MyMKIiHIIK Oeperi.

Tyiiin ce3aep: Taburu Tin, uHTEpdeiic, Taburu Tiai enaey (NLP), cemaHTHKa, CypaHBbIC.
METOAbI CO3JAHUA ITOJIb30OBATEJIbBCKHUX UHTEP®ENCOB HA ECTECTBEHHOM SI3BIKE

1A 7K. Tanup6eprenos, 'C.K. Cepukoaesa , 2B.Y. BeGeesa, >IIL.E. Axver:kaHoBa,
3A.1. A6ayBanoBa

'EBpasnﬁCKHﬁ HaroHaTbHBIN yHUBepcuTeT umenn JI.H.I'ymuneBa, Acrana, Kazaxcran ,

211enTpanbHO- A3MATCKUIA MHHOBAIMOHHbIA yHUBepcuTeT, IlIbMkenT, Kasaxcran,
3Tapa3ckuii pernoHanbHbIi yauBepcuter uM.M. X. Iynatu, Tapas, Kazaxcran,

e-mail:inf 8585@mail.ru

B nmanHOl paboTe paccMaTpuBalOTCS METOIBl U TEXHOJIOTUM CO3JAHUSI TIOb30BATEIbCKUX MHTepdeii-
COB Ha €CTeCTBEHHOM SI3bIKe. B yCIOBHUSX COBPEMEHHOTO TEXHOJIOTMYECKOTO Pa3BUTHSI MOJIb30BATEIbCKUE
uHTepQeichl UrpaloT BaXXKHYIO POJIb BO B3aUMOAEHCTBUM YeJIOBEKA C KOMIBIOTEPHBIMU MPOrpaMMamMH 1
YCTPOMCTBAMH, UYTO OIpeelisieT UX MpocToTy, 3(PEeKTUBHOCTh U OOLIMIA MOIb30BaTENbCKUI OMbIT. Maes
MOJb30BaTeNNbCKOro uHTepdeiica Ha ocHoBe NLP ocHOBaHa Ha MCIONB30BAaHUU AITOPUTMOB 0OpabOTKU
ecrecTBeHHOTO s13bIKa (NLP), mammmaHOro 06yueHus U MICKYCCTBEHHOTO MHTEJUIeKTa. B Xoze uccnenoBanust
00CYXIaMCh METO/IbI CO3/IaHMS TaKUX MHTep(eicoB, UX MPeuMyIIecTBa U OrpaHUYCHUS, a TaKkke Iep-
CHEKTUBBI JajbHewIero passutusa. Anamus miargopm TTI, Takux kak Google Dialogflow, Microsoft Bot
Framework, Wit.ai, IBM Watson Assistant 1 Amazon Lex, ToKka3aj UX BaXHYIO pojib B pa3padoTKe yi100-
HbIX uUHTep(eiicoB. B pa3znene "Mertoabl U MaTepuaibl” 00CYKIAIOTCS CYILIECTBYIONINE METOAbI CO3IaHUS
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MOJIb30BATEIbCKUX MHTEP(ENCOB HA €CTECTBEHHOM SI3bIKE, BKJIIOYAsl CUCTEMbl PACMO3HABAHUS U CUHTE3a
peun, aITOPUTMBI MAIIIMHHOTO O0YYeHUs, a TaKkKe MOP(OTOrNIeCKUi, CHHTAKCUYECKIIA M CEMAHTUIECKUT
aHaIM3. DT MOAXOIBI TIO3BOJISIOT TITYOKe TIOHATD 3aIPOCH TTOJIb30BaTeNell U JaBaTh 00Jiee TOYHBIE OTBETHI.

KioueBble cJ10Ba: eCTECTBEHHBIN S3bIK, HHTepderic, 00padoTKa ectecTBeHHOrO si3bika (NLP), cemaH-
THKa, 3aIpoc.

METHODS FOR CREATING USER INTERFACES IN NATURAL LANGUAGE

1A. Tanirbergenov, 'S. Serikbayeva , 2B. Bobeeva, *Sh. Akhmetzhanova,>A. Abduvalova
'L.N. Gumilyov Eurasian National University,Department of Information Systems, Astana, Kazakhstan,
2Central Asian Innovation University, Shymkent, Kazakhstan,
3Taraz Regional University named after M.KH.Dulaty, Taraz, Kazakhstan,

e-mail: inf_8585@mail.ru

This paper discusses methods and technologies for creating user interfaces in natural language. In the
context of modern technological development, user interfaces play an important role in human interaction
with computer programs and devices, which determines their simplicity, efficiency and overall user expe-
rience. The idea of an NLP-based user interface is based on the use of natural language processing (NLP)
algorithms, machine learning and artificial intelligence. The research discussed methods for creating such
interfaces, their advantages and limitations, as well as prospects for further development. Analysis of TTI
platforms such as Google Dialogflow, Microsoft Bot Framework, Wit.ai , IBM Watson Assistant and
Amazon Lex, showed their important role in the development of user-friendly interfaces. The Methods
and Materials section discusses existing methods for creating user interfaces in natural language, including
speech recognition and synthesis systems, machine learning algorithms, as well as morphological, syntactic
and semantic analysis. These approaches allow for a deeper understanding of user requests and provide
more accurate answers.

Keywords: natural language, interface, natural language processing (NLP), semantics, query.

Kipicnme. TexHomorusiHpl AaMBITYIbIH Ka3ipri TYWUTHBTI XOHE MKEM[l e3apa opeKeTTeCyHiH *aHa
JneMiHzie NaijaiaHylsl MHTepdencTepl aaMHbIH  MYMKIHIIKTEPIH allajbl.

KOMIIBIOTEPIIIK OarJapiaMaMeH HeMece KYPBUIFBI- Ta6ury Tile Nail1aIaHy LBl MHTepQEACTEPIH KY-

MEH ©3apa 9peKeTTeCyiH/ie HIeUIyIlli peJl aTKapaibl.
Onap maiigananyaslH KapanaibIMAbLUIBIFBIH, KYMbIC
TUIMAUITIH KOHE >KalIbl NalJalaHylIbl TIXKipU-
OeciH aHbIKTaiabl. OChl cayaarbl eJeyii KeTiCTiK-
Tepre KapaMmacTaH, bIHFaiJIbl )KoHE UHTYUTUBTI Mai-
JajaHylbl UHTEpgEcTepiH Kypy o3ipieyiiiiep
YIIiH KUBIH OOJIBII Kajia Oepe/ti.

Byn maceneHi memyniH WHHOBAUMSUIIBIK, TOCLI-
AepiHiH Oipi-Taburu TiNe nanaanaHysl uHTepgen-
crepiH Kypy oaici (natural language UI, NLP UI).
By onic maiinananymbiiapra 6acka azaMmMeH Cou-
JIeCy CUSIKTBI TAOWFH TUII KOJIJaHa OTHIPHII, Oariap-
JIaMaJIbIK JKacaKTaMaMeH HeMece KYPbUIFbIMEH e3a-
pa opekerTecyre MyMKiHIIK Oepeni. By Tocin un-

py WHOesicel TaOWFM TN OHAeY alrOpUTMAEPiH
(Natural Language Processing, NLP), MammHabIk
OKBITYIIbI KOHE >KACaHIbl MHTEJUIEKTTI KOJJaHyFa
HerizaenreH. Bys TexHomorusuiap skyuenepre Ta-
Oufy TUIAL TYCIHyre KoHe TYCIHIipyre, COHIan-aK
THUICTi Kayantap MeH KOMaHIaldapasl KypyFa MyM-
KiHIiK Oepemi [1].

NLP UI apTHIKIIBUIBIKTAPbl alKbIH: OYJ1 KYPbI-
JFBUIAp MeH OarjapiiamablK KacaKTaMaHBIH e3apa
OpeKeTTeCyiH MailalaHylbuIap YIIiH TaOUFH jKoHEe
VUHTYUTUBTI eTefli, OYJl OKY YaKbITHIH KBICKAPTAIbI
KOHE TaljagaHy THIMIUTTIH apTTeipaabsl. OCBIHBIH
apKachlH/a TaiJaiaHylIbUlap kKaHa eHIMIEep MeH
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KBIBMETTEPl TE31peK urepe ajajbl, COHbBIMEH Ka-
Tap KYHJIEJIKTI TanchlpMajiapasl TUIMAIPEK OPBIH-
IIay ajtajpl.

JlereHMeH, OHBIH apTHIKIIBUIBIKTAPbIHA KapaMac-
TaH, TaOUFK TUIJE MaiJana”yiisl MHTEpgencTepin
’kKacay J1a ©3iHiH KMbIHABIKTApbl MEH IIeKTeysepiHe
tan Oonaasl. OnapapiH Oipi-naiganaHyIibl CypaHbl-
CTapbIH /19N TYCIHYIIH KUBIHJBIFBI, dcipece TUIIIH
TYCIHIKCI3 HEMece Kypaesi KOHCTPYKIMSIAphl Kaf-
IarbIHA.

JlereHMeH, TEeXHOJIOTUSIHBIH JIaMybIMEH JoHe
xaHa NLP opictepi MeH anroputMaepiHiH naiiga 6o-
JysIMeH OyJ1 Mocesesnep OipTiHIen a3aibln, TaOUFu
TUIZIer mainananynsl uHTepdencTepin OapraH cai-
bIH TaHbIMaJI )KOHE KOJUKEeTiMal eteni. by 3eprre-
yne 0i3 ocklHAal UHTepdencTepal Ky pyablH 9pTypii
QMIICTEpIH, ONapAblH ApPTHIKIIBUIBIK-TApbl MEH LIEK-
TeyJIepiH jKoHE oJlapIbl OfaH Opi JaMBITYy IEepCIeK-
TUBAJIAPbIH KAPaCThIpaMbI3.

Taoburu Ttinpik wuHTepdeiicrepni (TTU) kypy
ruiaTopMaiapbliH Tajgay TaOuFM T OHJey calla-
CBIH JIaMBITYAaFbl MaHBI3IBl KalamM OOJbI TaObLIa-
abl (Natural Language Processing, NLP). by rnar-
opmanap o3ipneyiiijiepre TEXHUKAIBIK, MJIIMET-
TepIi TepeH TYCiHOeCTeH MOTIH MEH CeMeyli oH-
Aey MYMKIHAIKTEpiH KoJnaHOanap MeH KbI3MeTTep-
re OipiKTipyre MyMKiH/iK Oepei.

Bipinmi Hazap aynapapiblk miargopma - Google-
nig Dialogflow. On yar6orTapmsl, BUPTyaIbl Ke-
MeKIIiiepai koHe 6acka ma TTU -ai KypynslH KeH
pysaxmonanapFeiH yebiHaael. Dialogflow motiHmi
TaJIIay/IbIH, UHTEHTTep MEH KOHTEKCTTi aHBIKTay/IbIH
koHe Oacka Google KpI3MeTTepiMeH MHTerpalvsiia-
YZBIH KYaTThl Ky pajiapbiHa ue [2].

Tarel 6ip mMaHb3OBH TUIAaTopMa-Microsoft Bot
Framework. Byn MoTiHAiK FaHa emec, COHbIMEH
Karap JaybICTBIK HMHTepdeucTepal e KOJAAUTHIH
4yar-00TTap/pl 93ipreyre apHaIFaH Ky pasjaap KUbH-
THIFBl. Azure MHTErpalMsACHIHBIH apKachiHIa Bot
Framework MaimumHanblK OKBITY MOJEIbIEPiHIH
AYKbIM/IBUIBIFbI MEH OKY MYMKIHAIKTEPiH YChIHAbI.

Wit.ai Facebook-ten-TTU -ui pgameiTyra ap-
HaJIFaH Tarbl Oip TaHeiMan miatgopma. On Konjga-
HYJIBIH KapanabIMIbUTBIFBIMEH KQHE OPTYpPil Tij-
Jepli KakCchl KOJNAAybIMEH TaHbiMall. Wit.ai MOTiH

MeH ayquoHbl eHaeyre apHaiarad API, conpaii-ak e3
MOJIEJIBIIEPIHI3AI KYPYFa KoHEe YHpeTyre apHajraH
KYypajiiapabl YChIHAbIL.

IBM Watson Assistant-6yin TTU KypyaslH Tarsl
6ip KyarTbl Kypaibl. Ol UHTEHTTi TaHy, MOTiHHIH TO-
HAJIIBUTBIFBIH TAJIAY KOHE OpTYpili OailiaHbIC apHa-
JIApbIMEH MHTETpLUsIay CUAKTBI KONTEreH MyMKiH-
JikTepai ycblHaapl. Watson Assistant COHbBIMEH Ka-
Tap KOMEKIIIEp/i MacTadTay XoHe JKeKeJeHIipy
MYMKIHJIKTEPIH YChIHA/IbI.

Amazon Lex-Amazon Web Services KOMIaHUSICHI-
HBIH TAOWFU TUTII ©HJey Kpi3MeTi. O ceitnieyi TaHy
’KOHE CHHTe3Jley MYMKIiH/IIKTepiH, COHIai-aK 0acKa
AWS KpI3METTEpIMEH MHTErpalvsiHbl KaMTamachi3
eteni. Amazon Lex naiiblH MofesbIep MEH MallliHa-
JIBIK, OKBITY KYPaIJapbiH KOJIIaHA OTBIPBII, KOFaphI
nenreini TTU kypyra MyMKiHAIK Oepei.

Taburu TiNme mnaiiganaHynsl UHTEpdencTepiH
Kypylda ajiaM MeH KOMITBIOTEPIK XYHEeHiH TUIMIl
©3apa 9PEKETTeCYiH aHBIKTAUTBIH ipresii TEOPHUsLIbIK
npuHIpnTep 6ap. by npuHIMIITepre TMHIBUCTUKA-
JIBIK, HeT13/1ep, ©3apa 9peKeTTeCy MCUXOMOTUsIChI, UH-
Tepdpelic Mu3aiiHbl, TAOUFU TUIII OHIEY TEXHOJIOTHSI-
japsl (NLP), MammHasblk OKBITY oHe nHTepdeic
TICUXOJIOTUSICHI Kipei.

JIMHTBUCTHKAJBIK TPUHLMIITEP COMKEC CO37ep
MEH Ce3 TIpPKeCTepiH TaHJayFa, MOTIH/1 KYPbUIbIM-
JayFa jKoHE NaiJaJlaHylIbUIAPABIH CYPaHbICTAPbIH
IDyphIC TYCIHAIpYre MyMKiHAIK Oepeni. ©3apa ope-
KeTTeCy TICHXOJIOTUSICHl aKMaparThl KaObUigay, Iie-
1M KaObUTay *KoHe Kepi OailaHbICKa kayar Oepy
€pEeKILETIKTEPIH eckepyre kemekrecei. IHTepdeic
J3aliHbl BIHFAIIBI JKOHE TapThIM/Ibl MHTEp(peiicTep-
Il KypyFa bIKIAJ €TeTiH aKIapaTThiH BU3YaJIAbl Yid-
BIMJIACTBIPBUTYBIH aHBIKTANIBI [3].

Tabwuru Tinai engey texHonorusapel (NLP) Ta-
OWFY TUIIEri MOTIHII TaJlIaybl, TYCIHY/I JKoHE Te-
HepalusuiayJbl KaMTamachl3 eTyle MaHbI3Obl pell
aTkapajabl. MalvHaIbIK, OKBITY KOHE jKacaH/bl UH-
TEJUIEKT MHTepdeicTepre naigaaaHyIs! TaKipudeci
HeTi31H/Ie JKYMBICHIH )KaKcapTyFa MyMKIiHJIIK Oepe/i.
Nutepdeiic ncuxooruscel aagaMmaapabiH uHTepden-
CTEpPMEH KaJlall OpEKETTECETIHIH TYCIHyre KeMeK-
TECE/Il KOHE OJap/ibl OHTAWIAHABIPY NMPUHLIMITEPIH
ycbiHaAbl. OCBhl TEOPUSIBIK, HETi3IepaiH OapiibiFbl
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naiiJaJlaHyIIbUIAPAbIH KQXKETTUIIKTEPIHE COKeC Ke-
JIETIH KOHE Mai/lalaHy/IbIH bIHFAWJIbUTBIFBI MEH THUIM-
IOUTITiH KaMTaMachl3 eTeTiH TaOWUfH TiIe Mangaia-
HyILIbl MHTEepencTepiH Kypyabl KaMTamachl3 €Ty
APKBUIbI ©32pa OPEKEeTTEeCe .

Ic sxy3iHAe OChl TEOPUSUIBIK, TPUHITUIITEP/Ii KO Ia-
HY KeILIeH/II TOCUIAL JKoHE HAKThI JKaFIail/Ibl MyKHUSIT
Tasgayapl KaxkeT etesi. bys Tangay MakcarTsl ayau-
TOPUSIHBIH E€PEeKINEeTKTepiH, OJapiablH KaKeTTiTiK-
TEepiH, KYHEHl NaijanaHy MOHMOTIHIH, COHAAW-aK
TeXHUKAJIBIK, IIEKTeyJIep MEH MYMKIiHAIKTEP/i 3epT-
teyai Kamruabl. Keneci kagam-uHTepencTii mpoTo-
TUNTEPIH Kacay KoHe MalJalaHyIIbUIAPAbIH KAThl-
CybIMeH TecTisiey. byt maimananynisuiapasiH, HAK Thl
KQKETTUIIKTEpI MEH KajaylapblH €CKepe OTbIPHII,
Kepi OailylaHbIC amyra *kKoHe UHTeP(ENCTIH TU3aiHbI
MeH (PYHKIIMOHAJIABIFbIHA TY3€TYJIep €HIi3yre MyMm-
KiHOiK Oepeni. ANbIHFaH Kepi OaiiylaHbIC TIeH Maija-
JIaHy OpTachIHJaFbl ©3repicTep HerisiHjae naTepei-
CT1 YHEMI KETUIIIPY KOHE KaHAPTY OHBIH ©3€KTLIIr1
MeH THIMJIUTITH caKkTay[dbIH HeTi3ri acreKTici OombIm
TaObuia e [4]. Ocputaiiina, TaOUFU T NaiJaIaHy-
11l UHTEP(ENCTEPIH KYPYIbIH TEOPUSIIBIK, HET13/1epi
naiIaIaHyIIbl TOKIpHOECiH KaKcapTyra KoHe MakK-
caTTapra JXeTyre bIKIaJl €TeTiH bIHFalJIbl, UHTYUTHB-
Ti ’KOHe THIMJI Kyiienepai 93ipiey OOWbIHINA MPaK-
TUKAJIBIK, )KYMBICTBIH HET131H KYpaubl.

[Maiinananymsl uHTEpENCTepiHAeTi TaOUFU Tif
VFBIMBL a/1aM M€H KOMIIBIOTEPIIK XYHEeHIH e3apa
OpEKeTTEeCYiHiH BIHFAMIBLIBIFBI MEH THIM/IUTITIH KaM-
TaMachl3 eTyle IIelyll pesa arkapaabl. by KoH-
TEeKCTeri TaOUFy T MaliJalaHyIIbUIAPAbIH 63 Oilia-
pbl MEH CypayJiapblH apHaiibl KOMaHJalapabl HeMe-
ce TEeXHUKAJIbIK TEPMHUHAEPHl YHpeHyll KaxeT eT-
TIECTeH, QJeTTeri oHriMeerijiell kerkize OLTy Ka-
Oiunerin Oimipeni. TaOury T MaldaaIaHy TEXHH-
KaJIBIK, JabIHBIK, ACHI€MiHEe KapaMacTaH, nanjaa-
HYIIBLUTAPIBIH KEH ayKbIMBI YIITIH HIHTYUTHBTI UHTEP-
(peiicTep kxacayra MyMKiHAIK Oepeni. MyHaai uH-
TepericTep TAOWFH KOHE BIHFAWIIBI ©3apa OPeKeTTe-
Cy/ll KaMTamachI3 €Te[ll, Kipy IIeriH a3alTajbl )KoHe
OKY TMPOLECiH KbUIIAM/IATA/IbI.

[Maiinananymsl uHTEpQecTepinae TaOuru Tl
KoganyabiH Oip Mbicanbl-Apple, Google Assistant
*oHe Amazon Alexa Siri CUSKTBI BUPTYaJI/Ibl KOMEK-
nryiep. By xydenep mainanaHymibUiapra TaOUFH

T KOJIIaHA OTBIPBIN, CYypaKTap KOIFa jKoHe J1a-
yBICTICH KOMaHaiap 6epyre MyMKiHJIIK Oepefi, Oy
©3apa OpEeKeTTeCy MPOIECiH TAOUFH KOHE BIHFAJTBI
eTenl.

[Naitnananymel uHTEpdeicTepinae Taduru Tind
YFBIMBIH OfIaH 9pi AaMbITy MalllMHAIBIK OKBITY XKOHE
taburu Tl exuey (Natural Language Processing,
NLP) TexHonorusuiapplMeH MHTETpalAsiHBl KaMTH-
apl. Byn xyienepre cypaHblCTapblH MOHMOTIHIH
TYCIHyTe, TUIIIH HIOAHCTAPbIH ECKEpYyTre KoHE Till-
Ti MalJaIaHyIIBUIAPABIH Kepi OaiinaHbIChl HEeTi3iHe
KaOlJIeTTepiH KaKcapTyFa MyMKiHAIK Oepeni.

Kaszipri 3amanfbl KOChIMILIAJIAP MEH KY PbUIFbLIAP-
Ja TaOWuFd TUIII Tajiay HeTi3iHjae XKYMbIC iCTeHTiH
ABTOTOJITBIPY JKOHE aBTOMATTHI TY3eTy (DyHKIIUsLIa-
pbl kui Ke3zecenl. by tepyai KbuigaM 9pi bIHFAIIbI
eTelll, KaTeJIKTep bIKTUMAJIAbIFbIH a3aiTabl.

TaOuru Tij COHbIMEH KaTap AKbUILAB Vil Oacka-
pyra apHasiFaH uHTEp(EncTep caaachiHaa MaHbI3IbI
peJ aTKapajpl, MyHJa NaijajaHylbliap 63 Kypbl-
JIFBUTAPBIH TAOMFU TiJIAETT KapanaibiM KOMaHAamap-
Il KOJIaHA OTBHIPHIN Oackapa anaabl, Oy emipai
BIHFAMJIBI JKOHE TUIMII €TEIl.

ByJ TyXbIppIMAaMaHblH OOJaIlIaK, AaMybl ceuie-
yAi TaHy MEH KOHTEKCTTi TYCIHY/iH OfIaH J1a KeTiJI-
JIpIJIreH TEeXHOJIOTHSIIAPHIH KaMTYbl MYMKiH, OyII
naijanaHysl “HTepgeincTepiHaeri agaM MeH KOM-
TBIOTEPITIK KYiie apachIHIAFbl OfIaH J1a TAOUFH jKoHE
MKEMJIi ©3apa 9peKeTTecyre JKee/li.

[Naiipananymsl uHTEpdENCcTepiHaeTi TaOUFU Tin
(Natural Language in User Interfaces) — Oy mai-
JaJIaHYIIbIFA OPBIC HEMECE aFbUIIIBIH CUSKTHI Kapa-
NaibIM aJlaM TUIIH KOJI/IaHa OThIPBII, KOMIBIOTEPIIIK
JKyHEeMEeH HeMece KOCHIMIIAMEH e3apa 9peKeTTecy
MYMKiH/iriH 6epy Tociii. By unTepdeiicTi Ty iHik-
Ti, KOJ XETIMl XKoHE MaijajaHyIIblIapra bIHFa-
JIBL eTejli, OfTKeHi ojap Oenriyii Oip KoMaHaIap/Ibl
HeMece HHTepdelic MeMEeHTTepiH ecTe CaKTaybH
KaXETI JKOK.

[aiipananymsl uHTEpdeiicTepinae Taburu Tl
KOJJJaHy CeMeyli TaHy KoHEe CHHTe3ey (PyHKIIM-
SUTAPBIH, MOTIHAI OHIEYAl, CEMAaHTUKaHbl TaJlay/bl
KoHe T.0. KaMTybl MyMKiH [5]. By nmaiinananyuisi-
Jlapra KyWe aBTOMATThl TYpHE TYCIHAIPETIH KoHE
OHJICUTIH 63 TLJIiH Nai/1ajaHbIIl CypaKTap KOIFa, KO-
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MaHzajap 6epyre Hemece aknapar cypayfa MyMKiH-
Tik 6epei.

By Tocin KypbUIFbUIAPMEH KoHE KOChIMIIIAJIap-
MEH ©e3apa 9PEKETTECY/l eIQyip KEeHIIETe ], dcipe-
ce TEeXHUKAIBIK MHTep(eicTepMeH ToxipruoOeci kKoK
Hemece Oenriti 6ip KoMaHIanapaAbl YUPEHyre yaKbIT
JKYMCAFbIChl  KEJIMEUTIH MaijajaHylibliap YIIiH.
CoHpIKTaH 93ipieylIiyiep bIHFAWIbI KOHE WHTYH-
TUBTI MaiaanaHymbsl MHTepencTepin xacay YIIiH
OpPTYpii TaOWFHM TiI TEXHOJOTUSIAPbIH OesiceH i
TYpPIE 3epTTeil/li ’KOHE eHTi3e/].

[Maiinananymsl uHTepdeicTepinaeri TaOuru Tij-
JiH KOINTereH apTHIKIIBUIBIKTapsl Oap. EH 6acThich-
UHTepQENCTiH KON KeTIMIUTI MeH BIHFANIbLIbI-
FBIH kakcapty [6]. Iaiimananymbuiapra KypbUIFbl-
MEH HeMece KOCHIMIIIAMEH 63apa dpEKeTTecy OHau-
BIPAK JKOHE BIHFAWJIBI OOJIA/Ibl, BUTKEHI OJlap Ky paei
KOMaH/J1a1ap/ipl HeMece uHTepdeiic (byHKIIMOHAIbI-
FBIH €CTe CaKTayIblH KaXeTi jKOK.

CoHbIMEeH Katap, TaOWFW TNl KOJNAHY HWHTY-
WUTHUBTI JKOHE JKEKEJICHIIPUITeH e3apa JpeKeTTecy-
re MyMKiHOik Oepeni. [Taiinananymibinap e3aepidin
CYpPaHbICTapbl MEH TiJIEKTEpiH TaOUFU CTUIIbIE OLI-
Jipe anajapl, OyJI MaganaHy TOxKIpuOeciH KarbIMIbI
JKOHE TUIMII eTei.

Tabury TN ©HIEY TEXHOJOTUsJIApHl YHEMI Ja-
MBIl KeJleAl KOHE KYH OTKEH CalblH [aipeK
KQHE JKeTunaipumn otelpagsl. byn IMapananyms-
HBIH TUTIH TYCIHIN KaHa KOWMail, OHbIH KaJlaybl MEH
MiHe3-KYJIKbIHA OeflimM/ieie alaThiH aKbLIIbl HHTEp-
(eficTepai KypyabiH ’KaHa MYMKIHAIKTEPiH alliajibl.

Tyracrail anranjia, navgaiaHyIibl MHTepgeicTe-
piHae TaOWFU TiAI MaiiianaHy TeXHOJIOTUSIHBI Mai-
JaMaHyIIbUIAPABIH OapiblK, caHATTAapbl YIIH MeH-
ipiMJIi XKOHE KOJIKETIMII eTyre KeMeKTece i, OyJI op-
TYPJi KYPBUIFBUIAP MEH KOJIIaHOANapIbiH KaHaFaT-
TaHy JE€Hreill MeH TUIMAUIITIHE BIKIAJI €Te/l.

Marepuajagap MeH Jaicrep. Taburu Tinge
naiiananymsl uHtepdencrepin kacay (Natural
Language User Interfaces, NLU) kazipri aknapar-
THIK, TEXHOJIOTHsIIAp dJieMiHze OapFaH CallblH TaHbI-
MaJt 6oma Tycyae. By KoMImboTeprtik KyrelepMeH
©3apa OpEKeTTEeCYdiH bIHFAWIbl KOHE WHTYUTHUBTI
TOCUIIepiHE KAXKETTUTIKTIH apTyblHA OallIaHbICTHI.
Ocpl canagarsl KOJMAAHBICTAFbI 9AICTEP MEH TEXHOJIO-

TUsUIap/bl MOy Kas3ipri Jamy JkKarJaiblH jKoHE OJaH
opi 1amy OarbITTapblH TYCIHYre MyMKiHIIK Oepeti.

Taburu Tinge mnaiganaHynbsl WHTEpdencTepin
KYPYAbIH HETi3ri o/icTepiHiH Oipi TaOWFy Tl ©H-
ney (NLP) texHonorusiiapbla naiaanany OOJbI Ta-
ObL1abl. ByJ1 TexHoMorusaap KommnbloTepiepre Ta-
OWfy TiNAL TYCiHyre ’KoHe TangayFa MyMKIHIIK Oe-
pelni, onap mnaijagaHylblIapMeH agaMaap CHSKTHI
opekerTece ajaThlH MHTEpQencTep kacayra MyM-
KiHIiK Oepeni [7].

KonpanbicTarsl oficTep MEH TEXHOJIOTHSIAPIIbIH
liHAe nNaiAanaHylbulapra JaybICTBIK, KOMaHJa-
Jlap MEH CYpaHbICTap/bl MaijanaHa OTBIPHII, KOM-
IBIOTEPMEH ©3apa dpeKeTTecyre MYMKIHIIK Oe-
PETIH CeMJeyll TaHy KOHE CHHTE3Jey Kyuenepi
epekieneHeai. MyHaail xyienep naijalaHylibl-
JIapFa bIHFAIJIBI 00Ty YIIIH JAYBICTBIK, KOMEKIILIep-
Jie, MOOWJTB/II KYPBUIFbLIAp/A KoHe OacKa KomiaHOa-
Japna OeJiceH Il KOIIaHbLIaIbl.

Taburu Tingeri maiganaHymbl UHTEPQENRCTEPiH
KYPY/IBIH TaFbl Oip MaHbI3/Ibl aCIIEKTICl MAIIMHAJIBIK,
OKBITY AJITOPUTMJEPIH 33ipiey KoHe naiganany 0o-
7B TaObLIaael. By anropurmaep uHtepdeictep-
Il TUIMJIIpeK KoHEe TalJanaHy/abl KeHUIJAETe OThI-
PHIII, TMaiIaIaHyIIBIHBIH OPTYPIIi OaiIlaHbIC MOHEP-
Jiepi MEeH curaTrTaMaiapbeiHa OeiiMzene ajnaThiH Y-
riiepai skacayra MyMKiHIIIK Oeperii.

Taburu TiNIe Naiaaanys uHTEpgencTepit Ky-
Py cajlachlHAAFbI €JieyJli JKEeTICTIKTepre KapamacTtaH,
OZIaH 9pi 3epTTey MEH AAMBITYIbI TaJall €TEeTiH KO-
TereH KUBIHIBIKTAp MEH Macesenep ol ae Oap
[8]. Omnapra ceiieyni TaHy [OOUIIITIH JKakcapry,
KOHTEKCTTI TYCIHYAlI *aKcapTy *oHE KOMIbIOTEp-
JIK KyienepmeH Oail KapbIM-KaThIHAC Kacay YIITiH
0acka TeXHOJIOTUsIIapMeH OipiKTipy Kipe/i.

WuTepdeiic maiinananybIHBIH ©63apa OpeKeTTecyi-
HIH BIHFAWIBUIBIFEI MEH TUIMOUINH KaMTaMachi3
eTyre apHajJfaH Ke3 KelireH OargapiaMaliblK Kyi-
eHiH axpIpamac OeJiri 6oen TadbUIaabBl. OJI COHFHI
nailaNaHybIFa OarbITTaIFaH JKoHe Oarapiama Ty-
paJIbl Kbl 9Cepli KaJBIITACTBIpyJa HEri3ri pein
atkapajpl. KebiHece maimanaHymsl MHTEpQEHCTIH
BIHFAIBUIBIFBI MEH aHBIKTBIFbIHA HETi3/IereH KO-
JaHOAHbI Tafila/IaHy/Ibl IeIe/.

Wutepdeiicti a3ipiey — nailjalaHylIbIHBIH Ka-
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KETTUTIKTEPIH MYKHUAT TaJlAay/bl )KoHE TYCIHY/I Ta-
Jiar eTeTiH Ky paesi ®oHe Kell YaKbITThl KaXkKeT eTeTiH
niporiecc. Capaniubuiap/blH MiKipiHIle, HHTepgencTi
)o0basay KoHe 93ipiey K0oOaHbI XKy3ere achpyra Ke-
TETiH YaKbITTBIH KapThICBIHAH KOOIH Kypaisl [9].

WNutepdeiictin  (PyHKIMOHANIBIK, ACHEKTUIEPiH
FaHa €MeC, COHBIMEH KaTap OHbIH 3CTETUKAJbIK /-
3aliHBIH, BU3YaJI/Ibl 9CEPIH KOHE bIHFAMIBLIBIFBIH A2
eckepy MaHp3abpl. Maean wHTEpErc MHTYUTHUBTI,
Hmapiay OHail KOHEe MaKCcaTThl ayAUTOPUSIHBIH Ka-
KETTUIIKTepiH KaHaraTTaHAbIpybl Kepek. barnapna-
MaHBbIH 9Cepi ’KOHE OHBIH HAPBIKTA CITTI K Y3€re acybl
naiiJajlaHy1bl MHTEP(EnCiHIH KaHIIAIBIKThI KaKChl
KYPacThIPbUIFaHbIHA OAIJIaHBICTHI.

[Mainananymsl nHTEpgECiH aHBIKTayIbIH OipHe-
111 Heri3ri xkoJaapsl 6ap:

1. Tin cneuudukanusice: byn xargaiga uHTEp-
(peiicTiH CUHTAKCUCIH aHBIKTAY YLIiH apHaiibl TULAEP
KOJIJaHbLIA bl ByJI TiIIep AeKJIapaTuBTi, OOBEKTire
OarbITTaJIFaH, OKUFaFa HeTi3/Ie/reH kKoHe T.0.

2. T'padmkaiblk crienupuKarys: BU3yalapl Oar-
JapnaManay, JeMOHCTpalsuiap JKoHe YJriiep
apKbUTbl UHTEPQENCTI aHBIKTAYMEH ailHaJIbICa/bl.
By anic onerre untepdeincTepaiy HeKTeyi KUbH-
TBIFBIH KOJIIAAIbL.

3. OObeKTire OarplTTAJIFAH TACIITe HEri3feirexH
crierukanysa: OObeKTUIepal TiKeJled MaHUITYJIs-
LuYslay TpUHLMIIIHE HerizaenreH. [laiinananyuist
OHJIEYIIIEeP, MA3ipiiep, JUAJIOITHIK Tepe3eliep KoHe
TyUMeep CHUSIKTBHI KeKe HBICAaHIApPMEH OpeKeTTe-
ceqi.

4. KonmanOayipl TarcChIpMaHbIH CEMaHTHKACHI-
Ha HerizzenreH uHtepgeiic cnermdukanuscel: VH-
Tepderic KongaHOaTbl TarnChIPMaHbIH CEeMaHTHKA-
CBHIHBIH CIe(PUKAIUSCH HET131H/1e aBTOMATTHI TYP-
e skacanazapl. JlereHMeH, nHTepgeicTi cunarTayabH
KYPAEJIUJIIr 1aMy/sl 09CeHIeTyi MyMKiH.

ByriHri KyHi onapasl ;Ky3ere achlpylblH 9pTYp-
JIi QNICTEepiH KOJJAWThIH MHTEpencTepai a3ipiey-
re apHajraH kemrtereH Kypaimap Oap [10]. Omap
Oap yJriiep MeH mapameTpieHreH KypamaacTapibl
naiiianaty apKbUIbl KaHa UHTEepQencTepi Kacaybl
JKEHUIIETE].

I'padukanblk naiganaHymsl  UHTEPGENUCTEPIH
KbUIIaM KQHE caralibl 93ipJeyre apHajfaH €H KeH

TaparaH naker Motif 6onbin TadbuIagpl. Contycrik
AwmepukanbiH OSF KOHcopLMyMmbIHIA 93ipJI€HIeH
Oy maker Xt Intrinsics uaesulapblHBIH JAaMybl 00-
JIbIIT TAOBLIA/IBL.

Tabury TiNAI eHAeyaiH SpTypiai Tacinaepi Oap.
AJFammkpl Tocinaepid Oipi ceilieMre CUHTAKCUCTIK
Tajjay ’kacayra HerizzenreH. bys kesenje ceiijiem
IIIHAErT CHHTAKCUCTIK OalJIaHBICTAp AHBIKTAJIBII,
COWJIEMHIH TYPi, KYPbUIBIMbI aHbIKTaTa b1, O yIITiH
TaJIJIAHATBIH TiJITe OalIaHbICThI APHAMBI JICKCUKAITBIK
JKOHE CUHTAKCHUCTIK epexenep KONJaHbLIaIbl.

Ceilniemi Tangay mporieci Ti30eKTeil xxoHe OipHe-
11e Ke3eHMeH >Xy3ere achipbuiaabl. O Mopdosioru-
SUTBIK, ’KOHE MOPGEMUSIIBIK, TAJIAAy Ke3eHIepiH Ka-
naranaiel. By ke3eHe opOip ce3/iH Oacka corieMm
My1iesepiMeH OaillaHbIChl aJIbIHAbI, OyJI rpamMma-
TUKAQJIBIK, KATErOpUsIIapAblH MaFbIHAJIAPBIH AHBIKTA-
yFa MYMKIiH/IK Oepefi.

MopdonorusuislK, Tangay CHUHTAKCHUCTIK Tasja-
VABIH aJIbIHAA TYPadbl KoHe 9pOip CO3/iH coiieM
MYyIIeci, cenTenyi, perucTp *koHe OacKanapbl CH-
SIKTBI MOP(OJIOTUSLITBIK, OeNTisiepiH aHbIKTayFa MyM-
KiHAIK Oepeni. Byn Genrisiep ceiieMHiH CMHTaKCH-
CTIK KYPBUIBIMBIH aHBIKTAy/Ia MIETyII PeJl aTKapa-
oe [11].

Mopdonorusiblk, cunarTaMajiapibiH CaHbl MeH
OPTYPJILIIri HAKTHI Tijire OalJIaHBICTBI ©3TePyi MyM-
KiH, OyJ1 Tajjay MpoLeciHe e acep eTei.

OpsIc TimiHAeri TaOUFU T MOPQOIOTHSIIBIK
Tajgay YIIH OPTYpPJl TOCiaIep, COHBIH ilTiHIE
BIKTUMAJIIBIK, KO3Kapac, «OYJIIbIP» JKOHE «KBITBIP-
JaKk» Mopdosorus KojjaaHblaaapl. [lerenmeH, Oy
IIPOLIECTE €H KOIl TApaJIFaH TACLI «alKblH» MOPQO-
JIOTUSIHBI KOJIJAHYFa HETI3Je/IreH.

«AMKBIH» TOCLIT OPBIC CO3JIEPIHIH HET13r1 (PIIEKCTIK
(popmanapbiH KoHE ONMapIbIH COMKEC KOATAPHIH KaM-
TUTHIH «3aJIM3HAK» CO3MIr CHSKTHI IPaMMaTHKa-
JBIK Ce3[iKKe cyHheHenil. Byn cesnik epexenep-
re Heri3ieireH ce3liH OapiblK, MYMKiH popmana-
pbIH KepceTyre MyMKiHAiK Oepeni. Mopdomorus-
JIBIK, TaJJay TaJJIaHATBIH CO3[iH MOP(OIOTHSIIBIK,
OeNriJiepiH aHbIKTay YIIiH OChI co3 (hopMasiapbl MEH
OJIapIbIH KOATAPbIH MaiAaTaHa/Ibl.

SaJIM3HAKTBIH TPAMMATHKAJIbIK CO3JIrHE Heri3-
JIeJITeH CO3/IKTI KYPY MPOLIECI 9QPKAICHICHI YIIIIH CO3
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(popmanapbIHbIH KUBIHTHIFBI KACATFAH OapIIbIK, CO3-
nepni caHaymaH Oactanmansl. Byn ce3 dopmarnapsr
KeliHHeH MOP(QOIOTUsIIbIK TajayJa KolJaHy YIIiH
ce3Jlikke eHrizinemi. Ocputaiiima, OyJ1 Co3/IiK Taaa-
HATBIH CO3/1iH MOP(QONOTUSIIbIK, CUMATTaMackiH Oe-
peni [12].

By taburu Tingi eHaey ofici cesnaepnid Mopdo-
JIOTUSUTBIK, €PEKILENTIKTEPIH /191 aHbIKTayFa MYMKiH-
miK Oepeni, OyJ1 OpbIC TUTHIETT MOTIHAEPII TaJaay
Ke3iH/Ie MaHbI3/Ibl Kaj1aM OOJIBI TaObLUIa bl

Opsic TUTIHIH MOpPGEMUSIIBIK  Tajigaybl opoOip
ce3i npedukce, xanray, TyOip, KypHaK kKoHe TYOip
CUSIKTHI Kypamjac OeJjtikTepre Oeiyre MYMKIHIIK
Oepeni. By ce3/tiH KyPhUIBIMBIH KOHE OHBIH TpaM-
MAaTUKAJIBIK €PEKIIeiKTepiH TYCIHyre KOMEKTeCETiH
MOTIH/I1 OHJIEY/1IH MaHbI3/Ibl KE3EH].

JlerenMeH, opbic TuUTIHAEri MopdemaiapabiH
Ce3Jliri, oferTe, ce3le Kauaal mMopdemanap Oap
eKeH/JIiT1 TypaJibl akmapar oepei, Oipak, opoip Mop-
(pemanbIH TYpiH KepceTneiai. Mbicaibl, CoO3/1iH Kai
Oeutiri npedukc, Kaiichichl TyOip eKeHiH KepceTrei-
ai. ByJl ce3/1iH KypbUIbIMbIH MOpP(EeMaIIbIK, CO3/IIK-
Teri MaJTIMETTepre CyleHe OTHIPHIMN, OipKaKThl aHbI-
KTayra OOMMalTeIHBIH Oinmipesni [13].

Byn perre opbic cesinzmeri Mopdemanap Tiz0e-
i 9JIeTTe KaraH Typae aHbiKTananbl. Ce3 npedukc-
TeH, COJaH KeliH TyOipaeH OacTablll, KYpPHAK, MeH
KaJgrayMeH askrananbl. Anaiiga Oyn OemiKTepHiH
Keroipi ce3/e KOK O0Tybl MYMKIH.

MopdemalblK, CO3IIKTe KOK CO3Ml Tajnjgay YIUiH
OpbIC TUTIHAETT MOpdeManapapH, CTaHIAPTTH Ti3-
OeriH, COHJA-aK MarblHAJIAPBIHBIH AYbICTIANIBLITbI-
FBIMEH IIIEKTEJETIH MYMKIH mnpeduKcTep, XKyp-
HaKTap ’KoHE JKajFayJapIblH TI3IMIH MaijagaHyra
6omanpl. Byn ce3nmi Tanmayra xoHe MoOpgeMalbIK,
CO3JIIKTErl aHBIK MAJIIMETTEepCI3 Jie OHBIH KYPbUIbI-
MBIH aHBIKTayFa MYMKIHIIK Oepei.

CoHbIMEH, OpBIC TUTIHIH MOP(heMaTUKAIIBIK, TAJ11a-
Yl KYPBUIBIMIBI TY CIHY/IIH MaHBI3/IBI KY PaJIbl OOJIBIM
TaOBLIA b

Taburu TiJeri NalgagaHyIbl CYPaHBICBIH OHJIEY
OMICiHIH IIIaMaMeH TruarpaMMachl:

1. Mopdonorusiisik, Tajigay:

- Cypayapl xKeke cesaepre Tajjay.

- Op Ce3AiH CceiJeM MyIleci, cenTenyi, pe-
TUCTP KOHE OacKalapbl CHUSKTBI MOP(QOIOTUSIIBIK,
OenriJepiH aHbIKTAY.

2. Tanpay:

» Censiemaeri ce3aiep apacblHAaFbl CHHTaKCHC-
TiK OaiiTaHbICTAP/IBl AHBIKTAY.

 CeilzieMHiH 0ac *oHe OachIHKBI MYILEJepiH
AHBIKTAy.

* ¥CBHIHBIC TYPiH aHBIKTAy.
3. CeMaHTHUKAJIBIK, TAIJAY:

- C¥paHBICTbIH MarblHACbIH JK9HC OHbIH MA3MY -
HBbIH TaJlaay.

- OTIHIIITE KOPCETUITeH MaKcaTTap MEH MiH-
JETTEPAl aHBIKTAY.

- C¥paHLICTbI OHBbIH, MarbIHAJIBIK MarbIHACBIH
€CKepe OTHIPHIT TYCIHIIPY.

CeMaHTUKaJIBIK, Taj1/1ay Ke3€H! COMJIEMHIH KYpbl-
JIBIMBIH KOHE OHBIH JKE€Ke CO3epiHiH MaFbIHACHIH
TYCIHyre faHa €MeC, MOTIH 3JIEMEHTTEpi apachlH-
Jarbl MarblHAJIBIK OailIaHBICTApbl AHBIKTA OTBHI-
PbII, OHBIH MaKcaT-MiHJIETTEpP KOHTEKCTIH/IeTi cypa-
HBICTBI TYCIHYTe MYMKiHJIIK Oepeni [14].

Tanpayneiy OapiblK yII Ke3eHiH Oipre mnaiigasna-
HY NaiAanaHylibl CypayblH TepEeHipeK kKoHE TOJbIK
TYCiHyre MyMKiHAIK Oepeni, Oyi1 €3 Ke3eriHiue ak-
napaTThl JSJIIPeK koHe TUIMII eHJeyre KoHe Mai-
JaJIaHyIIbIFA COMKEC JKayal HeMece HOTHXke Oepyre
KOMeEKTece .

CemaHTHKara HerizzenreH TaOUFu TiIOeri cypa-
yAbl OHJEY OMIiCi MOTIHJI TalAayablH OipHele Ke-
3eHAepiH KaMTuabl. BipiHin ke3eH — Mopdosnorus-
JIBIK, TaJIaay — ce3/i npedukc, TyOip, KypHaK KoHe
KaJFay CUAKTHI Kypamjac OejliKTepiHe TajiayaaH
Typaabl. OnaH KeliH CHHTAaKCUCTIK TaJAdy XYp-
ri3ijiesi, MyH/a Co3iep MEH COIJIEM KY PbUIbIMbI apa-
CBIHJIAFbl OAlJIAHBICTAP aHBIKTAIAIbl. JlereHMeH, TeK
TaJIAAy OMICIHIH KEMIIUIIT - Cypay/ablH MaFbIHACBIH
TyciHOey.

Byl mMoceneHi mienry yiliH CEMaHTHKANBIK, Taj-
Jay Kipendi. byJ ke3eHje eTiHIIITIH MOHI MEH OHbIH
MaHbI3ABUIBIFB TYCiHIeNI. COHbIMEH, TAOUFU TIIIIK
CYPaHBICTH OHJIEY 9[IiCi KeJleci Ke3eHAepi KaMTH-
JIbl: MOP(POJIOTUSIITBIK,, CHHTAKCUCTIK )KOHE CEMAaHTH-
KaJIBIK, TJI/Iay.
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By opicTin quarpammacs! Ocbl KE3eHAEPAiH pPeTiH
KepceTeli, MyHa opOip KeJieci Ke3eH aJIJIbIHFbICHI-
HBIH HOTVOKeJIepi OOWBbIHINA KypbUTadbl. By Tocin

[Tafigamanvmu
CYPAHEICEL

v

naiJajJaHy1bl Cy PaHbICBIH TEPEHIPEK TYCIHYA1 KoHE
MOTIH/I JoNipeKk eHjaeydi Kamramacei3 ereai (1-
cyper).

AKIAparTTely, yHere
APHATFAH CYPaHEIC

i

MopdoTorHITRE
F2He MopdeMInE,
Tanay

o

CHHTAKCHCTIE
TATgay

CeMaHTHRATEIE
TATIaY

o

Tabusu TiT71 SHIeY

1 - cyper. CemaHnTHKa HeTi3iHAe TAOWFH TiN/IETi CYyPAHBICTBI OH/IEY JAiCiHIH cXxeMachl

CemaHTUKara Heri3/eJreH TaOUFy TUTIIH CypaHbl-
CBIH OHJIEY 9/IiCIHIH CXeMachl - TAOMFH TiJIJIeT1 KOoJIa-
HYIIBUTAPIBIH CYPAHBICTAPbIH ONAPAbIH MaFbIHAJIBIK
Ma3MYHBIH €CKepe OTBIPBII TYCiHyre apHajFaH Ke-
1IeHAl Tocla. By anic ceiiieMHIH rpaMMaTHKaIbIK
KYPBUIBIMBIH FaHa €MEC, OHbIH CEMAaHTUKACHIH, SIFHU
Ce3JIep/IiH MarbHAIapbl MEH OailJIaHBICTAPbIH TaJIIa-
yFa Heri3JereH.

CypaHbICThl 6HJIEY MPOILIECiHIH OachiHIA JIEKCH-
KaJIbIK, TAJIAAY KYPri3iiesi, OHblH OapbICHIHAA MOTIH
Keke Jiekcemarnapra Hemece cesnepre Oeminesni. Co-
JaH KeiliH MOpQOJOTUsIIbIK Tajjay >KYprisijemi,
OHBIH HOTHIKECiHJie opOip Jiekcemara ©3iHJIiK Mop-
(ponorusibik opma Oepineni, Oy onapablH Cou-
Jiey OeJIiriH ’KoHe rpaMMAaTHKAJIbIK CUMATTAMAJIAPbIH
aHBIKTAayFa MYMKIHJIK Oepei.

Kerneci ke3eKTe CMHTaKCUCTIK Tajfay Ky pri3ijeni,
OHBIH OapbIChIH/Ia COMJIEMHIH KYPbUIBIMBI MEH OHBIH
ce3/lep apachblHJarbl CHHTAKCHUCTIK TOYeJIUIIKTEpl
AHBIKTANAAbl. ByJ1 CypaHBICTBIH HEri3ri Kypampjac
OeJIIKTEepiH KoHE OJap/blH e3apa OalJIaHBICHIH TYCi-
Hyre MYMKiHiK Oepeni. ByJs perre cypaHbic KOH-
TEKCTIHJIET1 CO3JIep MEH CO3 TipKeCTepiHiH MaFbIHACHI
MEH MaFfblHAChIH aHbIKTayFa OarblITTaJIFaH CEMAHTH-
KaJIBIK, TAJ11ay OpbIH anafpl [15].

Cypay MarblHACBIH XQHE OHBIH OiTiM KOpPBIMEH
HeMece KOHTEKCTIIEH OaiIaHbIChIH TepEeHipeK TYCi-

HY YILiH MaIlIMHAJIBIK, OKBITY 9/IiCTEPi MEH 9/1iCTEepiH
’KOHE KacaH/Ibl MHTEJUIEKTTI KOJNJaHy/Abl KAMTUTHIH
CEMAHTUKAJIBIK, ©HJeY Xyprizuieni. byn cemanTtu-
KaJIbIK MOZEbAEPAl KYPYIbl, CO3MIEPAiH BEKTOP-
JBIK, OefiHesIepiH KoHe CeMaHTUKAJBIK TpadpuKTep-
Il HemMece OHTOJIOTHsIapIbl MaijanaHyIbl KaMTybl
MYMKIH.

AKBIpbIH/IA, TAJIIay MEH OHJICY/IiH OapIIbIK Ke3eH-
JeplHEH KeWiH jKayall jKacaylaJbl HEMece CypPaHbl-
CTBIH TYCIHUIT€H MarblHAChIHA COMKEC TUICTI OpeKeT-
Tep opbIHIANabl. By aknmapar yiiiH JepeKKOpIabl
i31eyai, Konganoanapaa Hemece JKyuernepre ornepa-
LUsIapabl OpbIHAAYIBl HEMece MailanaHyIllbl cypa-
ybIHA TAOWFH TLJI/IE XKayarl jkacaybl KAMTYbl MYMKiH.

I31ey cypaHBICBIH ©HJIey JIOTMKACHIH/IAFbl HEri3ri
JyarpaMma’siap MeH JuarpaMmaliap TUIMII aknapar-
THI i3/Iey JKYHeJepiH kobanayablH HeTi3ri Kypasja-
pbl GotbIn TabbLIaAEl. Onap CypaHbICTH OHJIEY MPO-
LECIH BU3yaIM3alMsIayFa KoHe 13[1ey KyHeepiHig
JIOTMKaChlH TYyCiHyre kemekreceni. Herisri cxema-
JapapH Oipi CYpaHBICTBI TajIay, COMKEC NepeKTep-
Il 1371ey JKoHe HOTHKeJep/l NaiiaaaHylIbiFa YCbIHY
K€3eHJIepiH KaMTUTBIH CYPAHBICTBI OHJIEY CXEMAacChl
6onbin TabbuIaab! [16]. Tarsl Gip MaHBI3/IB CXeMa -
OHAl KOJI JKEeTKi3y KoHE 13[Iey VIIiH AepeKTepal yil-
BIMJIACTBIPY KOJIIAPbIH AHBIKTANThIH UHAEKCTEY CXe-
Machbl. MasiMeTTep arbIHBIHBIH AMArpaMMasiapbl MEH
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KYH JuarpaMmaiapbl CYpaHBICTBl ©HJEY MPOLECIH
KOHE Kyie KypaMIacTapbIHbIH 63apa dpeKeTiH Kep-
CeTy VIIiH Jie KOJjaHblIaasl. by auarpammanap
MeH Jmarpammasiap oipre i3zey *KyienepiHii Kaai
JKYMBIC ICTEHTIHI Typasbl TYCIHIK Oepei xkoHe a3ip-
Jieyliiepre ojapAbH OHIMALIII MeH (pyHKLIMOHAII-

TMesTT= afs

Fonnasyue 1

[
1. AzyeicTel w2383 HEMECE M3THO K CYpay SDHENE! izoay cypayeH wSepy

I
2. Day=icrer; exnay TREHCKOWNTIH #iBapy Taky 1

JbIFBIH OHTAIIaHbIPYFa KeMeKTece 1 (2-cyper).

AKnaparTsl 13/1ey CypayblHbIH PETTLIIr Juarpam-
Machl aKMaparThl i3/Iey Cypaybl Ke3iHe OpbIH aja-
TBIH 9peKeTTep Ti30eriH KepceTedi. JAeTTe Maiiia-
JIAHYIIBIHBIH KOJ/1aHOa Hemece BeO-cailT uHTepden-
Cl apKBUIBI Cypayabl OacTaybiMeH OacTaiaibl.

ManimetTep

CepRepniK #akl
I

KOpbl
I I

G, lansy cypEyEIHEIK HSTUREGTH KepoaTy

I
2. ManimeTTen s0pkiHaH Tonsr MSTHL &JE‘ |

| & lzoey weTw=anepi SoAsHWwa TabenFanH xastanapae Tisivi

2 — cypeT. AKNApaTThl i3/]ey CYPaHbICHLIH 6HJeyre apHAJFaH PeTTiIK JuarpamMmachl

Coman keiiiH xyiie Oy cypayabl anajpl KoHe
CYpaHBICTBl COMKEC i3[ey KyWeciHe Hemece aepe-
KKOpFa Xki0Oepy apKbUIbl i371ey MpoLeciH OacTaii-
abl. OchbllaH KeWiH i31ey Kyheci cypayabl Tajjiai-
TIbI, COMKEC IEpeKTep/i TaHJa/Ibl )KoOHe OHBI Mak/a-
JIaHYIIbIFa KOpPCeTy YIIiH kyuere Kautapaisl. Co-
JaH KeHiH Kyle alblHFaH HOTUXKeJep/al NaigaiaHy-
Il aKMApaTThl KOpPe KoHE TalJail ajlaThlH UHTEp-
(peiic apkpUIbl NalaMaHyIbFa Kepcereai. COHbIH-
Ja, MaijagaHylibl cypayabl HaKTbUlay Hemece KO-

1 JlaybICTHIK EHTI3Y TPAHCKPUNTI/
MaTIiHGIK i3gey

TpaHckpunT
TOKEHW3aUMACH!

—

2. Cypay TaiBanaybill MaccuBei

Cesgepgai Genriney

3 ToKeH MacCUBi aRKTanMaii gsl

Cespepai
NeMMaTU3aLnAnaY

ChIMIIIA 3€PTTEY YIIiH HAKThl HOTHKEHI TaHIay CH-
SIKTBI OEpiJireH HOTHIKeJIepre Heri3/ie/ireH KOChIMIIA
OpeKeTTep/i Kacai ajiajipl.

KonnanOa uHTErpanuscel - aJiblHFaH aKMapaTThl
KosnganOa imiHge mienrM Kaopuinay Hemece [laii-
JaJlaHyIIBIMEH e3apa opeKeTTecy YIIiH Maiijgaa-
HyFa Oonaapl. Mbicasbl, xyie MaijanaHylIbl-HbIH
CyparblHa kayan Oepe anajbl, MOTIHII 13/1eil anaibl
HeMece MOTIHAIK XadapiaMaHblH KOHLT-KYHiH Taj-
nait anansl (3-cyper).

4 Heriari (oopManapFa KenTipinreH TOKeH MaccuBi

TeiHeIC GenrinepiH
WO

5. TaHGanaycwi3 TOKEH Maccuel

Toxrary ceagepin 6. BHAenreH ceanep MaccHel

WO

3 - cyper. Taduru Tiaai enjaey cxemachl

Taburu Tinal OHIeYy KOObL:
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doc = nlp(transcript)
lemmatized stemmed_text =

[stemmer.stem(token.lemma_.lower ())

for token in

doc i1f token.is_alpha and not token.is_stop]

AKnapat yuIiH AepeKKOp/bl 13[ey KoHE KJIMEHTKE
*kayan Oepy TypaJibl ce3 OoJFaHAa, TUIMII JKoHE 1o
HOTMKE aly YIIiH Oenri Oip Kagamaapabl OpbIH-
nay Maspi3ael. EH angpiMeH, i3aey Kputepuiiepi
MEH CYPaHbICTBIH HETi3ri MapamMeTpiepiH aHbIKTay
KaxeT. byJ1 HaKThI 137ey YIIIiH KaXeTTi KUIT co31ep-
i, KyHIepHi, IepeKTep TypJepiH Hemece 0acKa cu-
narTapabl KaMTYbl MYMKiH.

[lapTTap aHbIKTa/IFAHHAH KEWiH AEPEKKOPAbI CIli-
Kec Kypajjap Hemece cypay TiJli apKbUIbI 13716y Ke-
pek. [yppiC cypay CHMHTAaKCUCIH XoHE 13[ey YIIiH
KecTeJiep MEH epicTepai IYpbiC TaHAAYIbl €cKepy
MaHp3pl. Cypay OpblHIAIFaHHaH KEeWiH AEPEKKOp
ColKeC HOTUMXKeJIep/li KalTapabl, ColaH KeiH oJap-
Ibl ©HJIeY KepeK.AJIbIHFaH JepeKTepaAl eHJey KJu-
EHTTIH HEeMece COHFbI IaiiJaJaHyIIbIHbIH TajanTa-
PpbIHA COMKeC aKNapaTThl TAIAAY/IbI JKOHE CY3Y/l KaM-
TUIBl. Bys cypbimraygpl, TONTacThIpyabl, €cerTe-
yJIepai ’KoHe KaKeTTi jKayarKka KeTy YIIiH 0acka Jie-
peKTepii eHaeyai KaMTybl MyMKiH. JlepekTepri eH-
JETeHHEH KeWiH jkayal KypbUIaJbl, O KYPbUIbIM-
JaJIFaH KoHEe KJIMEHT YIIiH TYCIHIKTI OOTyBl Kepek.

MaHp3Ibpl KaJlaM KJIMeHTKe OHbl Oepmec OypbiH
AJIbIHFAH JKayarlThlH JYPBICTBIFl MEH TOJIBIKTHIFbIH
Tekcepy OoJbIn TaObuIabl. By nepekTepain ayphi-
CTBIFbIH JKOHE KayallThlH KOPCETUITeH KpUTEpUiliep
MEH TaJlalTapFa COMKECTIIIH TeKCepyldl KaMTH[bI.
Kasket 6osraH kargaiia aknaparTsl HAKThUIAY YIITIH
KOCBIMILIA TEKCEpYJIEep MEH Tajjiayjiap Xyprisuiyi
MYMKiH.

TekcepyaeH KeiH kayan KJIMeHTKe Oepyre mai-
biH. Bys1 MoTiHIiK XaOapnama, ecen, Kecte Hemece
KJIMEHTKE KOJIJaHyFa bIHFAIIBl OacKa MilliM TYpiH-
ae 60iybl MyMKiH. ¥ ChIHBUIFAH KayanTblH KJIMEHT-
TiH YMIiTiHe cail OOJTybIH )KOHE OHBIH CYPaybIH TOJIBIK
KaHaFaTTaHJIBIPYbIH KAMTAMAChI3 €Ty MaHBI3/IbI.

TuiMai i3meyai koHe KIMEHTKe jkayan Oepyii
KaMTaMachl3 €Ty YIIiH JepeKKOPAbIH KaHAPThUIBII,
’KAQHAPTBUIBII TYPYbIH KaMTaMachl3 €Ty J€ MaHbl-
31bl. ByJ1 HAKTHI 1316y HOTUKEJIEPIH KaMTaMachl3 €Ty
YIIIH JepeKTepai YHeMi KaHapTybl, KaHa ska30a-
Jlapabl KOCYIbl KQHE €CKIPreH AepeKTepai KOM[bl

KAMTUIBIL.

CoHbIMEH KaTap, AepeKTep/liH Kayilci3airid Kam-
TaMachl3 €Ty XkoHe JiepeKTep 0a3achlHa KOJ JKETKi3y
epeskesiepiH cakTay KaxeT. byFaH nmaigananymbuiap
YIIiH COMKeC Kipy KYKBIKTapblH OPHATY KoHE PYK-
catchi3 Kipy/li Hemece JepeKTepre e3repryepii 0om-
JbIpMay YIIiH JepeKTep opeKeTiH OaKkpuiay Kipeni.

JKanmer anranga, MosiMeTTep 0a3achlH THIMII 13-
Jey JKoHe KJIMEHTKe XKayarn Oepy YIIiH i371ey Kpure-
pUIATIEPiH aHBIKTAY, CYPAHBICTBI OPBIH/IAY, AEPEKTEP-
Il eHjiey, KayalThlH TYPHICTBIFBIH TEKCEpy >KoHe
OHBI KJIUEHTKE YCHIHY CHUSIKTBI KYHesi TOCT KakeT.
Ochbl KaiamIapas! OpbIHAAY aKIAPATThIH KJIMEHTTep-
re /IO JKoHe YaKThUIbI OepilyiH KaMTaMachi3 eTyre
KeMekTecei (4-cyper).

1. ©HgenreH TaHOAIAY I TAPIABIH MACCHBI TAOUFH
TiJ1]1e OH/IeY/IEH KeliH Keneni. MaccuB TOJBIK, MOTiH-
I 13/1ey apKbUIbL IEPEKKOP/BI i37eyre Kidepiiei.

search_results = collection.find( { '$text':
{'$search’: ' ' join(lemmatized_stemmed_text)} },
{'score'’: {'$meta': 'textScore'}, 'workTopic': 1, "xcy-
movic amaywt’:1,})

2. TonblK MOTIHAL 1371y HOTHKENIEPI Kypcop
peTiHze Kairappuiaabl. JlepeKTepMeH kKyMbIC icTe-
YiH BIHFAWJIBl HYCKACHI YIIIH TYPIeHIipy opOip HbI-
caH opOip kxa30a Typaibl IepeKTep/li CAKTAUTHIH HbI-
CaH/Iap MAaCCHUBIHE XkKacasapl.

search_results_list = list(search_results.sort([( 'score’,
pymongo.DESCENDING)]))

3. IBoey HoTwkenepi A9 OOMy YIIH TaObUIFaH
oObeKTiIepai cysriney kyprisiteni. On yimH xKy-
MBIC aTaybl KOHE KYMBIC TAKBIPHIOBI ©PiCTEPiH OHIEY
TaOWTY TisfIe OPBIHAANIA/IBL.

for result in search_results_list: work_topic =
result.get('workTopic', ") # Iloayuaem 3nauenue no-
51 workTopic work_name = result.get('workName',
") # Ioayuaem 3nauenue nonss workName # I[lpu-
MeEHSIleM CIMeMMUHe, NeMMAMU3auuio U npuseoeHue
K Hudchemy peeucmpy lemmatized_stemmed_topic
= [stemmer.stem(token.lemma_.lower()) for token
in nip(work_topic) if token.is_alpha and not
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token.is_stop] lemmatized_stemmed_name =
[stemmer.stem(token.lemma_.lower()) for token

Manimerrep
Baszacsirns Tonem,
maTikg agey

Swgenren ceagep Maccuai

Tafisinran iagey HaTvwene i Tisim

Maccuske Typnewgipy

TaGsunan neTHRenep MACCHS

in nlp(work_name) if token.is_alpha and not

token.is_stop]

WorkName mave
workTopic epicTepis
Tainm Tinge snaey

WorkName wae work Topic SpICTEDisiH TOKEH MACTHS]

CxeMma: AepeKkKopaac izjey XaHe XayanTb! cy3y

Cypay
TanBanaysLTapE!
s workname spicin
canicTuipy

TaBeumaasan TaHGANAYSILTAD MACTH :
Tabewnsan

TanBanayLILLTARGRH,
aCowei 6oc na?

Tasuwan HeTHeEnepgin id
R e N ) —
EYEN KERINTACTRDY Cyainres wasbanap maccwsi

Taboinmaras cypay
TEHBANAYLILTADLHEH TIziMIH
mane workTopic epicis
canbicTaipy

JSON OpMATSINGArL! KNWEHTTIX Tapanka Kayan

4 — cyper. [lepekTep KOpPbIHAH aKNAPATTHI i3/1ey KdHe KIHEHTKe JKayamn 0epy cxeMachl

4. ©picrepai TaOUFH TiJIIEe OHIETeHHEH KeliH Mmai-
JaJIaHyIIbl CYPaybIHBIH TaHOAIAYBIIITAPHl MEH XKY-
MBIC aTaybl ©PiCiHIH TaHOAIAYBIIITAPBI CAJIBICTHIPHI-
nanpl. TaObliMaraH TaHOANAyBIITAP O6JIEK MACCUB-
K€ JKa3plIadpl.

if alllword in lemmatized_stemmed_name for
word in lemmatized_stemmed_text): filtered_results.
append(result) print(result’, result) else: # Onpeoe-
JNleHUe HeHAllOeHHbIX cn08 missing_words = [word
for word in lemmatized_stemmed_text if word not in
lemmatized_stemmed_name]

5.Erep tabpuiMaraH TaHOAJAYBIIITAPABIH MACCHUBI
0oc Ooica, XKayarThl KJIMEHTKe KiOepy YIImiH TaObl-
JIFAH HOTWXKeNepaeH jka30a uaeHTH(PHUKATOPIAPbI-
HBIH KUBIMBI Kacajiajibl.

6. Erep TaObliMaraH TaHOAIAYBIIITAPABIH MACCHUBI
60c 6onmmaca, KEHEHUTIITeH TeKcepy YIITiH cypay TaH-
OaslayblITapsl MEH MaKaJIaHBIH AaHHOTAIMS epicTepi
cauplCThIpbLIaabl. Erep anHoTauus epicingeri 6ap-
JBIK Oenrisiep MaccuBTe Oosica, OHJA UAEHTU(DUKA-
TOpPZBl MAacCHBKE a3aMbI3 KoHE KJIMEHTKE jKayarl
JSON nimimi TypiHze kacaasl.

if alllword in lemmatized_stemmed_topic for
word in missing_words): filtered_results.append(result)
print("result”, result)

Hotmxkenep wmen Taamay. Ilnardopma-
naiganaHymbuiapra  Oenrin  0ip MYMKIHAIKTep-
Il Hemece KbI3METTepIi YCHIHATBIH CaHJBIK Kypas
HeMece OHJIAlH KbI3MET. 9IJeTTe IUiatdopMaiap
Oenrisi Oip TarchipManap/bsl OpbIHAAY HEMece Taii-
JaJIaHyIIbUIAPABIH Oenriii O6ip KaXeTTUTKTepiH Ka-
HaraTTaHAbIpY YINIH >kacanmagsl. Onap oneymer-
TIK JKeJIiJIepMEH, 3JEeKTPOHIBIK KOMMEPIUSMEH,
OUTIMMEH, OUBIH-CAayBIKIICH, XoOanapabl OacKapy-
MEH JKoHe 0acKa Jia KeNTereH cajajiapMeH OaiiaHbl-
CTBI OOJTybl MYMKIiH.

[Naitpananymsuiapasl - 11aTdopMaHbl — Haiigasna-
HyFa TapTy YILiH ’KacaJfaH Ma3MyH OHbIH COTTLNi-
TiHJE MaHbI3/Ibl PeJ aTKapaabl. bysn mMasMyH op-
TYPJti OOJIyBl MYMKiH OHE MaKCaTThl ayIUTOPUSTHBI
KbI3bIKTBIPATBIH JKOHE KBI3BIKTBIPATBIH aKIMapaTThIK,
Marepuangapipbl, OKYy pecypcTapblH, MHTEPAKTHBTI
3JIEMEHTTepAl, KoHe Oacka popMarTapapl KamTybl
MYMKiH [17].
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[Maitnananymsuiapasl  riatpopmara  TapTyra
OarpITTaIFaH Ma3MYHHBIH HETi3ri MiHJETi-OHbIH
KYH/IbUIBIFBl MEH APTHIKIIBLIBIKTAPBIH KOPCETY KOHE
NaiJaaaHyubUIapapl dpeKeTke Mmakplpy. O yiiH
Ma3MyYH MaKCaTThl ayIUTOPUSIHBIH MY[IeNepi MeH
KQKETTUIIKTEPIH €CKEpEe OTBIPBIN, Ma3MYH/bI, Tap-
TBHIM[IbI )KOHE MaKCaTThl OOJTYbI KEpeK.

MyHpaii Ma3MyHHBIH MbICAJIIapbl  T1aTdop-
MaHBIH HETi3ri MYMKIHJIKTepi MeH apThIKIIbI-
JIBIKTAPBIH  KOPCETETIH JKapHAMAJIBIK, POJIUKTEP,
MaiJaaHyIIbI-TApIbIH [IOTYIapbl MEH IOTyJaphl,
X3IITErTep MEH IIBIFAPMAIIIBUIBIK, Ma3MYHIbI KOJI-
JAHATBIH QJIEYMETTIK Me/na ka3z0aiapbl KoHe BUK-
TOpPUHAJIAP, cayaJlHaMasap Hemece KOHKYpCTap CH-
SIKTHI UHTEPAKTUBTI JIeMEHTTep OOJIybl MYMKiH.

% React App x4+

C @ localhost:3000

Teneoh: 8777666554433

nagHas [MOMCK CTaTeli O Hac  BXOA AN aAMUHA

[Naiipananymsuiapapl - 1atdopMaHbl — Haiijgasna-
Hyfa TapTy YIIiH Ma3MYH/Abl KYPYIObIH MaHbI3/bI
COTTEPi-OyJI )KapKbIH AU3aiH, MIaT(OpMaHbIH Heri3-
Il MYMKIHIIKTEPIH TYCIHIKTI JKOHE TapThIMJIbl CU-
narTay, COHBIMEH KaTap OHbl O9CeKeNlecTep apachiH-
Jia €H KaKChl TAHAAY KACAUTBIH €PEKILIe apTHIKILIbI-
JBIKTapra Oaca Hazap aymapy (5 —cyper) .

MasmyH/ibl O1ap/ibIH YMITTEpPi MEH KaKeTTUIIKTe-
piHe OeliimMzey YIIiH THadaaJaHyNIbUIAPIBIH ITKip-
Jiepl MeH MiKipJepiH eCKepy MaHbI3Ibpl. Ma3myH-
Jbl YHEMI JKaHAPTHIN OTHIPY KHE SpTYpii popmar-
Tarpl SKCIIEPUMEHTTEp IJ1aT(hopMara JIeTeH KbI3bIFy-
HIBIBIKTBl CAKTayFa jKoHE jKaHa MailJajaHyllbLiap-
JIbl TAPTYFa KOMEKTECE/Ii.

Zax @ =

O Mons3osatens Mobsosarens € Buixoa

OTKpoWiTe ansa ceba MUP HayUHbIX

nccnepgoBaHnin! Hangurte m
npocMaTtpuBanTe HayuHble paboThbl
no noboi Teme.

Momck HayuHbix pa6or

5 — cyper. Taburu Tingi KoagaHna oThIpsIN d3ipiaeHreH uarepdenctiy 6acTol OeTi

KopsbiThinabl. [aiigananyims uarepdeicrepii-
neri TaOUFU TiJI KOHLENIUSICBIH, COHIAi-aK OHBI KO-
Oasay/iblH Heri3ri MPUHIMIITePl MEeH 9IiCTepiH 3epT-
Tey Kaszipri 3aMaHfbl TEXHOJOTUSIAPAbIH JaMyblH-
JaFbl MaHBI3IB Ke3eHmi Oinmipemi. TaOuru Tinge
naiijayiaHy1sl UHTepQencTepiH Kypy CajlaChlHAAFbI
KOJIJIaHBICTAFbl OICTEP MEH TEXHOJIOTHsIapFa IIOo-
JIy OCBI CaJIaHbIH Ka3ipri karaaibl MeH Jamy OarbiT-
TapblH Oarasjayra MyMKiHAiK Oepeni. MoTiHai eH-
Jey TOCUIAEpiH, MAIlMHAIIBIK, OKBITYAbI MaigalaHy-
IIbl KOHE JKacaHIbl MHTEJUIEKT MHTETrPalUsIChiH KO-
ca ajiFaHja, TaOWFM TUTIErT MaijaiaHylIbl WHTep-

(peiictepin Kypy omicTepi mMalganaHyIIbl TIXKipH-
OeciH JKoHe ajlaM MeH KOMITbIOTep apachHIaFbl TUIM-
I KapbIM-KaTbIHACTBI )KaKCapTy YIIIH KeH MYMKiH-
niktep 6epeni. MyHnaii untepdeicrepai KypyabH
IIPAKTUKAJBbIK aClEKTUIEpIHE COMIeyl TaHy TEeXHO-
JIOTUSITAPBIH MaiAaIaHy KOHE OJIapIIbl 9PTYPIIi KOJI-
JaHOamap MeH JKywesepre OipikTipy Kipemi, Oy
naiganaHymbuiap YIIiH aKMapaTThiH bIHFANIbLIbI-
Fbl MEH KOJDKETIMAUTIITIH KaKcapTyFa KeMeKTece[Ii.
Ocpunaiiiia, TabUFU TIIAETT MAWJAIAHYIIBl UHTEP-
(peiicTepin omaH opi JAMBITY KOHE 3epTTey agam-
HBIH TEXHOJIOTHSIMEH ©3apa 9peKeTTeCyiH alTapJibl-
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Llenp naHHOH paOOTHI 3aKJII0YAETCSl B CO3IaHUM AJITOPUTMOB M MIPOrPAMMHOIO OOecIieyeHHs Ul aB-
TOMaTH3UPOBAHHOM MPOBEPKU YCJIOBHI YCTOMYMBOCTH AWHAMUKN OECIMJIOTHOTO JIETATEIbHOTO armapara,
Ybsl MATEMaTHYECKasl MOZIEJTb TIPEICTABIEHA CUCTEMOM OOBIKHOBEHHBIX TU(hepeHIInanbHbIX ypaBHeHuid. C
TIOMOLIIBIO CUCTEMbl aHAJTMTHYECKUX BBIYMCIICHNH ObUIO pa3paboTaHO MPUIIOKEHHE, KOTOPOe MO3BOJISIET aB-
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MMEIOT BBICOKYIO IIPAKTUUECKYIO LIEHHOCTb [Is1 aHAJIM3a YCTOMYMBOCTU PA3JIMYHBIX 9KOHOMUUYECKUX U TEX-
HUYECKUX CHCTEM.
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The aim of this research is to design algorithms and develop software for the automated assessment of
stability criteria in the dynamic behavior of unmanned aerial vehicles (UAVs), modeled through systems
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BBepnenne. becniunoTHas aBualysi CTpEeMUTENTb-
HO pa3BUBAETCS MO BCEMY MUY, YTO OOYCIOBJICHO dq
CIIPOCOM Ha JIETKME M OTHOCHTENIBHO HEJIOPOTHE Jie- dt flg, Pr ) + B(t)u M
TaTeJIbHBIE allapaThl, 00JIaJal0IINe BEICOKOW MaHEB-
PEHHOCTBIO U CITOCOOHBIE peliaTh MIMPOKHWHA CITIEKTP
3amad. becrimnorHele nerarenbHble anmapatsl (BII- Pr — BEeKTOp napamMeTpoB pa3MEPHOCTH [;
JIA) aKTUBHO UCTIONB3YIOTCSI B BOGHHBIX OMEPaIUsiX q(t) — BEKTOp TepEMEHHBIX MOJIEJI Pa3MepHOCTH
Ha 17100a7TbHOM YPOBHE, a TAKKe YCIeITHO BHIIIONMHS-  7;
10T TpaXJaHCKUE 3aJ1a4y, BKJIIOYAs JIMHEAPU3AIIUIO
[1-5].

WccnenoBanre pa3iuyHbIX aBUAITMOHHBIX CHCTEM
YacTO CBOAMUTCS K CO3JAHUI0 MaTEMAaTUYECKHX MO-
JeJed, OMUCHIBAEMBIX HEIMHEMHBIMU OOBIKHOBEH-
HBIMU U pepeHIMaTbHBIMA  ypaBHeHUAMU.  [1Jis
HEJIMHEWHBIX CHCTeM 1O CHUX Iop He paspadora-

HBl YHUBEpCaJIbHble MeTofbl. M3ydyeHue MmogoOHBIX K cucreme ypasrenuit (1) 10GaBIsIOTCA HaYalIb-
Mozenel Tpebyer o0s3aTeNbHOro yuera xapakrtepa HBIE YCTIOBUA:

T ne:

u(t) — BXOIBI MOJIEIIH, 3a/IAI0IIHE CIIOCOObI yIIPaB-
JieHus;
Bpemsi t € [0, 7). T' — 3agaHo.

I[Mpeamnonaraercs, uto Bektop-pyHkiws f(q, 0, 1t)
onpejesieHa M HeNpepbiBHA BMECTE CO CBOUMM YaCT-
HBIMH [TPOU3BOIHBIMHU IO .

HEJIMHENHOCTEHN.
B o0mmem Buae HelnMHeWHast MOIEIb MOXET ObITh q(0) = qq (2)
MpejiCTaBjIeHa KakK crcTeMa OOBIKHOBEHHBIX qudhde-
PEHLMAJIbHBIX YPaBHEHUIA: Ha ynpapnenue naioTcs orpaHUueHHs
(u(t) € U ={u(t): u(t) € C[[0,T);—L; <wu;(t) < L;, i=1,m,t €[0,T]}. 3)

MarepuaJjs u MeToabl. Henuneitnoi mozenu (1) cooTBETCTBYET TMHeapu30BaHHasi cucteMa aud epeH-
LIMAJIbHBIX YpaBHEHMIA:

G = A(Pr,t)q+ B(t)u, 4)
q(O) = 4o (5)

rae A(Pr,t) - n*n — MaTpHIia 3MeMeHThl KOTOPOii 3aBUCSIT OT BEKTOpa napameTpos u Bpemenu ¢ € [0, T7].

Marpuua A (Pr, t) onpenensiercst uz (1) cieayommm o6pazom:
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A (Pr,t) =

B (6) BekTop-pyHkms ¢°(t) (pazmepHoctu n) t €
[0, T'|, mpeamonaraercst 3aqaHHON MCXOs U3 TPEOO-
BaHMH K MOCTaBJIEHHOM 3aJade.

Jl71s1 331244 yIpaBisieMOCTH ¢° () MOKeT ObITh 3a-
JlaHa ClIeJyoIuM 00pa3oMm:

¢*(t) = const = qp t € [0, T (7)

/1€ ¢ TpEACTaBiIsieT cOOOH kelaeMoe KOHEUYHOE
cocTosiHue cuctemsl (1).

3aava ynpapJsieMOCTH 3aKJII0YAeTCsl B CIIEIYIO-
eM: CYIIIECTBYET JI TaKoe YIpaBJieHHe (), KOTO-
pOe yIOBJIETBOPsIET YCJIOBUIO (3) U IEPeBOIUT CUCTeE-
My (4) U3 HAYaJILHOTO COCTOSIHUSA (5) B 3aJJaHHOE KO-
HeuyHoe cocTosHue (7) 3a onpenesneéHHoe Bpems 1.

Tak Kak A, - KOpHH aIreOpanyeckoro XxapakTepu-
CTHYECKOTO YPABHEHHsI, BHIBEIEHHOTO U3 YPABHEHHUSI
det(A — \,F) = 0 (E — equHUYHAs MaTpUIia),
ONPEJIETISIOT YCTOMUMBOCTh CUCTEMBI, 3a/1a4a YCTOM-
YHUBOCTH CBOAUTCS K ajreOpanyeckoil mpoosieMe:
NpY KaKUX YCJIOBMAX KOPHM 3TOrO ypaBHEHUsS Oy-

of (¢°,Pr,t)

B4 (6)

OyT UMETh OTpHULIATE/IbHbIE BEIIECTBEHHBIE YacTH U
TONBKO Takue KopHU. A. I'ypsuil B 1885 rony Hameén
pelIeHne 3TOH 3a/1a4u, PEeIOKUB KOCBEHHBIN KPH-
TepUil YCTOMYMBOCTH MAJIbIX KOJIEOAHUIA.

CoBpemMeHHasi TeOpUsl YCTOMUYMBOCTU Oa3upyerT-
Cs Ha OIpeNEICHNH, BBEAEHHOM JIAMyHOBBIM, KOTO-
poe sBsieTcsl HauOojiee OOIIMM M OINPeesiIo He
TOJILKO 00BEM | COfIepkaHue BOIPOCOB, PacCMaTpu-
BAaEMbIX B COBPEMEHHOI TEOPUM YCTOMUMBOCTH, HO
U pa3BUTHE KAYECTBEHHBIX METO/IOB MCCIIEIOBAHUS
g depeHInaNbHbIX ypaBHEHUH 17151 pELLIEHU ] STUX
3a7ad.

Ornpenenienre ycTonanBocTu 1o JIsAmyHoBy ¢hop-
MYJIUPYETCsI CIIEIYIOIIIM 00pa3oM.

Onpenenenne (ycToMUMBOCTH 1O JIATYHOBY).
Jist cucremsl %: Y (y,t) mBuxenune y = f(t)
Ha3bIBA€TCSl YCTOMYMBBIM, €CIM AJIs JII0OOro &>
0 cymecrByer 0> (0 Takoe, 4YTO W3 HEpaBeH-
crBa  |y(ty)—f(ty)]| <& cmenyer HepaBeHCTBO

ly(t)—£(t)]| <e mpu t>t,.

Paccmorpum crienyioliyio MmaremMarudeckyto Mojesib tuHamuku BITJTA

V =g(ng,

— 5in©)

O = g(n,,cosy —cosO)/V

¥ = —gn,,siny/(VcosO)
T = VecosO cos ¥

®)

y = Vsin©
2 =—VcosOsin W

a
n:ra - mg

3mech:

X, ¥, Z — KOOpAMHATHl LIEHTpa Macc camoJieTa B
HOPMaJIbHOW 3€MHOM CUCTEME KOOPJMHAT;

V — ckopocCTh noJera;

O - yroJl HakJIOHa TpaekTopuu, ¥ — yroj Kypca, a
— YroJ aTaku, Y — yroji KpeHa;

P — 1ara JABUTaTCIIA,

X q — POPOINHAMHUYICCKOE COIIPOTUBJICHUC,

B Pcosa — X

_ Psina+Y,
= o

)

nya

Y, — asponuHamMuyecKas oIbeMHast CUJIa;
m — Macca caMmoJieTa;

£ — YCKOpeHre CBOOOTHOTO Ta/IeHHS;

N, — MPOIOJIbHAS TIEPErpy3Ka;

N, — MOepevHast eperpyska (B HOTOYHBIX OCAX

KoopauHar) [6-7].

B kauectBe ynpaBiAOIMX NEPEMEHHBIX B (8)

IIPUHUMAETCS [IEPETPY3KHU 7, T, , U YTOJ KPEHA .

44



Bsenem 0003HaUeHUA:

_ V - _ VO _ _ Vi _
0 O 0,
_ v _ \110 _ \Ijl
q= T I qo - 550 ) ql - 531 (10)
) Yo Y1
L2 —ZO i _Zl i

Hanee uccnenyercst mpodiemMa yCTOMUMBOCTH JIMHEAPHU30BAHHOW MOJIENY BH/IA:

dg
- = A(Pr)g (11)

rae Ko UIMEeHTb MaTpuLbl A( Pr) 3aBUCAT OT HapamMeTpoB Pr, XapaKTepU3yIOIUX MEXaHUYECKHUe napa-
METpHI (TaKhe KaK Bec, METpUUYECKHe XapaKTepPUCTUKU, HHEPLIMOHHOCTD U T.I1.).

Onpeodenenue. Cuctemy (11) ¢ marpuueit A, 371€eMEHTBl KOTOPOW 3aBUCAT OT NAapaMeTpoB Pr, HA30BEM
rapamMeTpuyecKy aCMMITOTUYECKH YCTOMYMUBOI 1O JIAIyHOBY, €CiM /1711 HEKOTOpPOro Pr CyILECTBYET peliie-
Hue q(Pr,t), t€[0,00), Takoe YTO CrIpaBeJIMBO yTBEPXKICHHUE:

1) msmobsix e >0u t, € [0, 00) cymectByer § = d(¢, t,) Takoe, 4To sl Beex pewennii ¢ = q(Pr,t),
YIOBJIETBOPSIOIIKX YCi1oBHIO [¢(t,)| < d, cnpaBeanmBo HepaBeHCTBO ||q(Pr,t)| < e, mput € [ty, 00);

2) msimodorot, € [0, 0o) cymectByer A = A(t,) Takoe, uto Bce petenusi ¢ = q( Pr, t), yioBneTBopsi-
foue ycnoBuo ||g(%,)|| < A, o6nagaloT cBOACTBOM:

Jim [g(Pr, )] =0

Kaxk u3BecTHO, AJig onpeaeneHus: ycTomuuBocTy cuctemsl (11) aHanu3upyroTcsi CBOMCTBA COOCTBEHHBIX
3HAUYEHUI MaTpULIbl. AHAJIOTUYHO, J1J151 ONIPEAEIEHUS TapaMETPUIECKON YCTOMYUBOCTY MaTPULbI CTPOUTCS
XapaKTEPUCTUYECKUI TIOJIMHOM C KO3((PULIMEHTAMU, 3aBUCAIIIMMU OT N1apaMeTpoB Pr:

P4 (X) = det(AE — A(Pr)) = p,\" + p, A" 1+ 4, (12)

rae p;, ¢t =0, n—3aBUCAT OT mapameTpos Pr.

Heooxooumoe ycaosue ycmoituugocmu: Bce KO3(P(MUIMEHTH XapaKTepUCTUIECKOro mojuHoma (12) mms
(pykcrpoBaHHOTO 3HaUEHUSI Pr TOKHBI HAXOAUTHCS B MOJIOKUTETbHOM.

CocraBum marpuiy ['ypeuna

D1 Do 0 0 .. 0
Mol P P2 P P - 0
on—1 Pon-2 Pan-3 Pan—a - Pn

rae npussATo p,= 0npn j <0n j > n.

O603HaunM uepe3 A, Ay, ..., A, IIaBHbE AUAroHaJIbHbIE MUHOPBI MaTpHLbI M :
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Aq = P1,
AQ — P1 Do ’
P3 P2

n—1
KOTOpbIE B CBOIO OUYepe/lb SIBJISAIOTCS (PYHKIIMSIMU OT mapameTpoB Pr.

Kpumepuii napamempuueckoii ycmoiiuueocmu I ypeuya: ajst Toro 4ToObl HEKOTOPOTO 3HAUEHH S TapaMeT-
pa Pr coGcTBenHble 3HaueHus MaTputibl A(Pr) Obun Re; (A(Pr)) < 0, j =1, n HEOOXOAMMO U JIOCTATOY-
HO, YTOOBI [JIaBHblE JUaroHajbHble MUHOPBI A, A, ...,A Marpuipl M HaXOOWINCh B PaBOM MOMYIIOC-
KOCTH, T.€. A;> 0, j =1,n.

Jl151 aBTOMAaTU3MPOBAaHHOTO MIOCTPOEHUS XapaKTEPUCTUYECKOTO MOJIMHOMA, 3aBUCSILETO OT [apaMeTpoB
Pr, Ha s3pike MatlLab 6bu1 pean3oBan anroput™ JleBepbe-PajieeBa, UCTIOMB3YIONIMA METOIBI KOMIIBIOTEP-
HOH anreOpbl. Ha 0cHOBe MoTyueHHOro XapakTeprUCTUIECKOro mojimHoMa (popmupyercst Marpuiia ['ypeuiia,
TaK:kKe 3aBUCSAIIAs OT napameTpoB Pr. [lanee /17151 3Toi nmapaMeTpruieckoi MaTpulibl ['ypBuIia BIYUCISAIOTCS
[J1aBHbIE MUHOPBI U VX OTNPEIEIUTENH.

Hcnonb3ys mporpammy, paspadoranHyio Ha MatLab v ipecTaBieHHYI0 HUKe, MOKHO MOTYy4UTh CIIeAyIo-
1IME Pe3yJIbTaThl JIMHEAPU3ALIMU CUCTEMBI (8).

syms gl g2 g3 g4 g5 g6 g A B
gl = [2.2 1.5 1.4 1.3 1.1 1.0];
g = [ql g2 93 g4 g5 gb6];

t = [0 10];

y0 = q0;

g = 9.8;

P = 2000;

m = 3;

alfa = 30;

gamma = 45;

Xa = 0.32;

Ya = 0.4;

nxa = (Pxcos(alfa) - Xa)/ (mx*qg);
nya = (P*sin(alfa) + Ya)/ (mxqg);
F = [g*(nxa-sin(g2)); g*(nya*cos (gamma)-cos(g2))/gql; —-g*nya*sin (gamma)/ (gl*

cos (g2)); glxcos(g2)*cos(g3); gl*sin(g2); —-glxcos(g2)*sin(g3)];
for 1 = 1:1ength(g0)
for j = 1l:length(g0)
A(i,J) = diff(F(1),q9(3));
end
end
B = subs(A,q,90);
disp(vpa (A, 3));
disp(vpa(B,3));

[TpeacraBuM pe3ysbTar BHIIOJHEHUS TPOrPaAMMBI B CJIELYIOLIEM BUJIE:
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a1y
Qo1

of(q,t)

A(q) 94

Qg1

aio a6
G99 a26 (13)
Ag2 Qge

BBInuineM TOIbKO HEHyJIEeBbIE /IeMeHThl MaTpuribl A(q):
a5 = —9.80 * cos(q2), agy = —1. * (—346. — 9.80 * cos(q2))/q12,

a9y = 9.80 % sin(q2)/ql , a5, = —560./q12/cos(q2),
a3y = 60./ql/cos(q2)2 x sin(q2), ay; = cos(q2) * cos(q3),
ay9 = — 1 % sin(x2) * cos(x3), ays = —ql * cos(q2) * sin(q3),

a5, = sin(q2), ase = ql * cos(q2), agy = —cos(q2) * sin(q3),

agy = ql * sin(q2) * sin(q3), ags = —ql * cos(q2) * cos(¢3)

Beruuciiim 3HaueHue Matpuiibl A(q) B Touke ¢, = (2.2 1.5 1.4 1.3 1.1 1.0]

0 —0.707 0
0.014 0.453 0
0.0. 0.0 0
Alaw) =1 (012 —0.37 0.153
—0.959 0.156 0
—0.069 2.162 0.026

0 0
0 0
0 0
0 0
0 0
0 0

0
0
0
0 (14)
0
0

B pesynbrate paboThl IpOrpaMMbl ObLT MOTYYeH AHATUTHYECKUN B MATPUIBI A W e€ 3HaYeHUE TPU

9% = [2.21.51.41.31.11.0].

B nanpHeiimemM sta Mmarpuiia A, mpencrarieHHas B Buze (3.10), Obuia MCIONb30BaHa /TS aHAJIM3a YCTONYH-
BOCTH M yrpasisieMoctu Moje BITJIA B 3agaHHON TOYKeE.

Pe3yabTatel n o6cyxaenue. [Iporecc amHea-
puzanuu Moaesu (6) 4Jisi UICXOAHOUN HEJIMHENHON CH-
cremsl (1) okasbiBaeTcsa BeCcbMa TPYLOEMKHUM, OCO-
OEHHO TpU yBEJIVMYEHWU Pa3MEPHOCTH 7, U CTaHO-
BUTCSl MPAKTUYECKW HEOCYIIECTBUMBIM TIpU n > 3.
Bonee toro, nmpu npoBeAaeHUN JTMHEAPU3ALIMKA YACTO
MPOSIBJISIETCS «YEJIOBEUECKUI (PaKTOP», YTO CHUXKA-
€T TOYHOCTb BBIUMCIIEHW W HE TapaHTUPYET KOp-
PEKTHOCTH Pe3yJbTaTOB. DTO MOAUEPKUBAET aKTY-
aJIbHOCTh 33J]aud aBTOMATH3aIMK Mpoliecca JMHea-
pU3alUU HEJTMHEUHBIX Mojienen [8].

s pemieHus 3TOM MpOOIEMbl TpejiaraeTcst
UCTIONIb30BaTh CUCTEMBI KOMITBIOTEPHOUM anreOphl
(CKA), takme kak MatLab [9-10]. Dtu cucremsl
MPEIOCTABJISIIOT MAPOKUIN CIEKTP BO3MOXHOCTEN
it pabOTHI ¢ aNreOpandecKMMU BHIPAKEHUSIMU: OT
©a30BBIX OTEpaIyii, TAKUX KaK BHIYUCIICHHE U AU(-
(pepenuiupoBanuie, a0 Oojee CIOKHBIX MPOLETYP,
BKJIIOUAsl Pa3JIOKEHUsI B Psi/ibl M MHTETPUPOBAHUE.

CKA Haxonmst mmpokoe MpruMeHeH!e B TaKuX o0J1a-
CTAX, KaK a9POKOCMUYECKast MPOMBIIILIIEHHOCTb.

Kputepun napamerpuyeckoil yCTOMYMBOCTH, W3-
JIOKEHHBIE BBIIIC, TAKXKE 6I)I.HI/I peain30BaHbl B IIPU-
JIO)KEeHUH, pa3padoTaHHOM aBropamu [11].

Pe3ynbTaThl YMCIEHHBIX PACUYETOB MOJHOCTBIO CO-
I71aCyI0TCS C 9KCIEPUMEHTAIbHBIMU JaHHBIMU. Kpo-
M€ TOro, pe3y/lbTaTbl COXPAHSITCS B TEKCTOBbIE
(paiinbl, 4TO TO3BOJIAET BU3YaIU3UPOBATh OJHO-
MepHble Tpaduku auHamuku BITJIA ¢ nmomorpio
MatLab, mis kotoporo Oblla HallMCaHA CITCIAITb-
Hasl IIporpamma.

B kauecTBe NepcreKTUBHOTO HaNpaBJIEHUsI MOX-
HO paccMaTpuBaTh MCMOJIb30BaHUE WHTEPBAJIb-HOM
MaTeMaTUKU [UIsl aHajau3a YCJIOBUM YCTOMYMBOCTH
BITJIA [12-14].

BriBoabl. CtaThsl IIOCBAIIEHA WCCIEIOBAHUIO
yIIpaBJIeHUs] U YCTOWYMBOCTH OECITMIIOTHBIX JIeTa-
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TesipHbIX arnmaparos (BITJIA) ¢ ucnons3oBannem ma-
TeMaTU4YecKux mopeneil. OCHOBHOE BHUMaHME Y[ie-
JIsIeTCs JIMHeapu3alliy HeJIMHEeWHBIX cucTeM nudde-
PEHLMAJIBHBIX YPAaBHEHUH, ONKCHIBAIOIINX JUHAMU-
Ky BIUJIA, 1 aHa/iM3y yCTOMYMBOCTU C MPUMEHEHUEM
kpurepus ['ypsuna.

BbIBO/IBI IO CTaThe MOXKHO C(POPMYIMPOBATH CJie-
AYIOIIAM 00pa3oM:

* Brauumocmu becnunromuoii asuavuu. becr-
JIOTHBIE JIETATeJIbHbIE allllapaThl UTPAIOT BaXHYIO
pOJib Kak B BOEHHOM, TaK U B TPaXJaHCKOU cde-
pax, 4To 0OYCJIOBIMBAET HEOOXOAMMOCTh Pa3BUTH S
MaTeMaTU4ecKux Mozene s ux 3(pdeKTUBHOro
yIIpaBJIeHUS.

* Heauneiinvlie mooeau. JIJisi MOIEIMPOBaHUS
auHaMuku BITJIA wacto wucnonb3ylorcst cucre-
Mbl HEJIMHENHBIX AU pepeHInaIbHbIX YpaBHEHU.
Jluneapuzaiysi Takux Mojiesen sIBJISIETCS CI0KHOM
3ajaueit, 0OCOOCHHO ISl CUCTEM BBICOKOU pa3mep-
HOCTH.

* Asmomamusauusi npoyecca NUHeapu3auuiL.
17151 TOBBIIIIEHU ST TOYHOCTH U 3(P(PEKTUBHOCTH pac-
4€TOB MpeJylaraeTcsi aBTOMaTu3alus rnpouecca Ju-
Heapu3aliy C KCIOJIb30BaHUEM CHUCTEM KOMIIBIO-
TEepPHOM anreOpsl, TaKMX Kak MatLab.

* Anaauz ycmoituusocmu. YCtonumBocTb BII-
JIA nccnenyercs ¢ ucnonp3oBanueM Marpuns! I'yp-
BUIIA M KPUTEpUsl MapaMEeTPUUECKON YCTOMYHMBO-
cru. IlpumeHeHue mertoza NO3BOJSET BBIABUTH
YCJIOBUS, IIPA KOTOPBIX CUCTeMa OylieT aCUMITTOTH-
YEeCKU yCTOMYMBA.

 [Ipaxmuueckass  3Hauumocmv.  Pazpabo-
TaHHasi nmporpaMMma Ha MatlLab no3Bonser
aBTOMAaTH3UPO-BaTh IPOLECC MOCTPOEHUS Xapak-
TEPUCTHUYECKMX TOJMHOMOB M aHaIM3a YCTONYH-
BOCTH, YTO TMOATBEPKACHO IKCIEPUMEHTATHHBIMU
pe3yJibTaTa-MH.

* Ilepcnexmusvi. OIHUM W3 HalpaBlIeHUN
MAIBHENIINX KUCCIIEAOBAHUN MOXET CTAaTh MCIIOJIb-
30BaHME HMHTEPBAIBHON MaTeMaTWKU ajis Ooree
TOYHOro aHanm3a ycronunBocTy BITJIA B ycioBusx
HEOIPEIEIEHHOCTH.

Takum 00pa3oM, cTaThsl MOAUYEPKUBAET BAKHOCTD
IIPUMEHEHUSI COBPEMEHHBIX METOJOB Maremaruhye-
CKOTr'O MOZIEIMPOBAHMSA M aBTOMATU3aLMM /IS aHa-
JIM3a YCTOMYMBOCTHU U yripasiisiemoctu BITJIA.

Dunancuposanue. Paboma evinonnena 3a cuem
cpeocme HUU mamemamuxu u mexanuxu npu Kasz-
HY umenu anv-@apabu u epanmosozo gpunarcupo-
6aHusi HayuHvix uccaedosaruii Ha 2023-2025 200b1
no npoexmy AP19678157.
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PA3BPABOTKA MHUKPOIIPOIIECCOPHOY CUCTEMBI IIEPEJJAYM JTAHHBIX JIJIA
MOHUTOPUHI'A HATPY3KU JIEKTPOSHEPTETUYECKUX CUCTEM

T 1. ’Koananraposa, >>M.H. Kaiumoanaes, +°B.B. Bapaxunn, 2°I'.3. 3usaréexoBa
SMLT. ApmmguHoBa

9

IEBpaSI/IfICKI/Iﬁ HaloHabHbIN yHUBepcuTeT umenn JI.H. I'ymuneBa, Acrana, Kazaxcran,
ZKa3axCKuii HAIIMOHATbHBIIT yHUBepcUTeT uMeHH ab-Papadu, Anvartsl, Kazaxcras,
3 Nucturyt nnpopmatmonHsix U BeruucauTenbubix Texnonoruii, KH MHBO PK, Anmarsl, Kazaxcran,

*deniepanbHbII HCCTIE0BATENCKUI LIEHTP HH(DOPMAIMOHHBIX U BHYMCIATEbHBIX TEXHOIOTHIA,
HoBocu6upck, Poccus,

SHoBocubupckuii rocynapcTseHHslii yausepenteT, Hoocubupck, Pocens
“KoppecrnoneHT-aBTop: ziyatbekova@mail.ru

B crarbe paccMarpuBaeTcst pa3padOTKa MUKPOIPOLIECCOPHOM CUCTEMBI /1151 MOHUTOPUHI A HArpy3KH JIeK-
TPOIHEPreTHUECKUX cucTeM Ha ocHoBe TexHosoruii 1oT. [IpuBesen 0030p HayYHBIX UCCIIE0BAHUIA B JJaH-
HOI obnacty. B KadecTBe MUJIOTHOTO MPOTOTUNA pa3pa0OTaHa MUKPOINPOLIECCOPHAs CUCTEMa U3MEpEHHUs
KJIMMaTHYECKUX TapaMeTpoB, a TaKXke HarpsokeHus M Toka. Cucrema mpegHasHavyeHa sl oOecredeHust
3 )EKTUBHOrO KOHTPOJIS U YIpaBJIeHUsI TEIUIOBBIM HACOCOM M CBSI3aHHBIM obOopynoBanueM. [loctpoeHa
MH(pOPMAIIMOHHAsA CXeMa, KOTOpasi ONKCHIBAET B3aUMOJAEHCTBUE MEXAY KOMIIOHEHTAMH CHCTEMBI MOHU-
TOPUHIA Harpy3Ku 3JEKTPOIHEPreTUYECKUX CUCTEM M MOTOKM MH(pOpMAalMU OT AATYUKOB J0 KOHEYHOIO
XPpaHEHU s IaHHbIX.

KuaroueBble ciioBa: MUKpOIIPOLIECCOPHAs CUCTEMA, JaTYMK, MUKpOKoMIIbioTep Raspberry, koHTposiep,
mwargopma Arduino MEGA u FPGA.

SJIEKTP SHEPTETHKAJIBIK, JKYWEJIEPIIH KYKTEMECIH BAKBLJIAY YIIIH JEPEKTEPII
BEPY JITH MUKPOIIPOIIECCOPJIBIK, ’)KYHECIH 93IPJIEY

I /1. ZKoagarraposa, >>M.H. Kaanmouagaes, #°B.B. Bapaxunn, 2°I'.3. 3usar6exosa
SMLT. ApmnaunoBa

1JIH. T'ymunes atsiaaarsl Eypasus yaTTBIK, yHUBepCUTeTi, Actana, Kasakcras,
29J1—<I>21pa61/1 atbiHAarel Ka3ak yJITTBHIK yHUBEpcUTeTi, AnmMarel, Ka3zakcraH,
3 AxnapaTtThlK koHe ecenreyim rexHosnorusaap MHCTuTyThl, KP FK 17KBM, Anmarel, Kazakcran,
* AKTIapaTTHIK, ;KOHE ecenTey TexHonorusapbia denepannsl 3epTrey opTaisirsl, Hopocubupck, Pecei,
SHoBocubupck MemiekeTTik yHusepcuteTi, HoBocubupek, Peceli,

e-mail: igibaevna@bk.ru

Maxkanana loT TexHONMOrMsIIapbiHa HETi3AETeH JIEKTP SHEPreTUKAIBIK, JKYHesIepiHiH )KYKTEeMEeCiH OaKbl-
JlayFa apHaJIFaH MUK POIIPOLIECCOPIIBIK K YHEeHiH Aamybl KapacTbipbulagbl. OChl cajlafarbl FblJIbIMU 3€PTTEY-
Jepre oy xacajurad. [TWIOTTBIK IPOTOTUIT peTiHAe KIMMATTHIK MapaMeTpiepli, COHAal-aK KepHey MeH
TOKTbI ©JIIIENHTIH MUKPOITPOLIECCOPIIBIK JKYyHe skacanapl. JKyiie KbUTy COPFBICBIMEH OailIaHbICThI KAOJbIKThI
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THIMII OaKbLIay MeH OacKapy/Ibl KAMTaMAacChi3 eTyre apHaJFaH. DJIeKTP SHePreTUKATbIK KyHenepai KyKTe-
MecCiH OaKplIay KyeciHiH KOMIIOHEHTTepi MEeH CeHCOopIIap/iaH JepeKTepi COHFbI CaKTayFa JISHiHT1 aKmapat
arbIHAAPbI apaCbIHIArbl ©3apa QpeKeTTeCY)Ii CHUIIATTANTBIH AKTIAPATTBHIK CXEMa KYPbUIIbI.

TyiiiH ce31ep: MUKPOIPOLIECCOPIbIK KYite, ceHcop, Raspberry MUKpOKOMITbIOTEPi, KOHTPOILIEP,

Arduino Mega nnargopmacel xkone FPGA.

DEVELOPMENT OF A MICROPROCESSOR-BASED DATA TRANSMISSION SYSTEM FOR LOAD
MONITORING OF ELECTRIC POWER SYSTEMS

1G.I. Zholdangarova, >>M.N. Kalimoldayev, “°V.B. Barakhnin, >°G.Z. Ziyatbekova
3MLT. Arshidinova

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
2 Al-Farabi Kazakh National University, Almaty, Kazakhstan,
3Institute of Information and Computational Technologies CS MSHE RK, Almaty, Kazakhstan,

“Federal Research Center for Information and Computational Technologies, Novosibirsk, Russia,

SNovosibirsk State University, Novosibirsk, Russia,

e-mail: igibaevna@bk.ru

The paper deals with the development of a microprocessor-based system for load monitoring of electric
power systems based on IoT technologies. An overview of scientific research in the field is given. A
microprocessor-based system for measuring climatic parameters as well as voltage and current has been
developed as a pilot prototype. The system is designed to provide effective monitoring and control of the
heat pump and related equipment. An information scheme is constructed that describes the interaction
between components of the power system load monitoring system and the information flows from the

sensors to the final data storage system.

Keywords: microprocessor system, sensor, Raspberry microcomputer, controller, Arduino MEGA and

FPGA platform.

Beenenue. Poct Hacenenus u skoHoMukH Pec-
nyonuku KazaxcraH mprBOgUT K OrpOMHOMY CITPO-
CY Ha 3JIEKTPOSHEPIUIO U SHEPreTHUECKUEe PEeCypChl.
Kak oTmeyalT aHaJIMTHKM Ka3axCTaHCKOM BEpCUU
KypHana «Forbes», B menoM mo crpane HaOona-
ercsl 1e(PULMT JIEKTPOSHEPTUH, UTO JENAET SHepre-
THUUYECKUI CEKTOp yA3BMMbIM. Ka3zaxcTaH CTONKHYII-
csl ¢ Ae(pUIMTOM SMEKTPUUECKOM SHEPrUM U MOII-
HOCTH, KOTOPBI B BEYEPHME Yachl COCTABISIET 0O-
nee 1,3 I'Br. B pernoHaibHOM ke pa3pese, 0COOCHHO
B I0)KHOM 30HE, Je(PULIUT NEKTPOIHEPIUU CEPbESHO
MOJIPbIBAET SHEPreTUUECKYI0 Oe30IaCHOCTh CTPAHBbI.
Toneko B mapre 2023 roga B IOxHoM Kazaxcrane
IIPOM3BOACTBO KOMIIEHCUPOBAJIO Bcero 57,2% mo-
Tpebnenus — aedumut coctapui 971,0 MiH kKBT1-4.

B crnoxuBmmxcs YCJIOBUAX BAKHO UMETh MHCTPY-

MEHT [JI1 MOHUTOpPUHIA HArpy3KU B SHEProcUCTe-
Mée C 1IeJIbI0 BBISIBJIEHUsI HA €0 OCHOBE BO3MOXKHO-
T0 Pa3BUTUs KPUTUIECKUX CUTYaIUid, YTOObI UMETh
BO3MOKHOCTh NPUHUMAThH YIIpaBJIEHUYECKHUE pellie-
HUS 1J1s1 HEIOMYIEHW I UX BOBHUKHOBEHU . DPPek-
TUBHBIM METOIOM pEIIEHUs] JAaHHOU 3a/1a4M SBJISA-
€TCsl UCTIONIb30BaHUs TexHosorur MiHTepHera Beiuei
(IoT) na MOHMTOpPHHTIA MPOLIECCOB B IHEPIOCUCTE-
Me [1], coderaromiero B cebe HECKOIBKO METOHOB
aHaJIM3a W MPOTHO3UPOBAHMUSI JTAHHBIX O TOTpedIe-
HUU JIEKTPOIHEPruu [2].

Ucnonbs3zoBanue 10T B HEPreTMYECKOM CEKTOpE
OTHOCHTCS K YUCITy OYpHO pa3BUBAIOIIUXCS B HACTO-
siee BpeMsi TexHosoruil. Haium BKi1agoM B pas-
BUTHE 3TOW 0ONacT OyleT pa3padoTKa BCTPOSHHO-
ro koutposuiepa Arduino MEGA u FPGA. Bce kpu-
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TUYECKHE MTapaMeTpbl Ha NOACTAHIIMY, BKJIIOYAsl Ha-
MPSIKEHUE, YaCTOTy, MOIITHOCTb, COCTOSTHUE BBIKJIIO-
yareJisi ¥ TeMIeparypy BHYTPH CUCTEMbI, KOHTPOJIU-
PYIOTCSl C €ro UCIOJIb30BAaHUEM IOCPEACTBOM 3aHe-
ceHusl B 0a3y JIaHHBIX BeO-cepBepa AJis MOC/eayio-
niero aHanausa. [lpenornpeneneHHble MEXaHU3MBI 3a-
MyCKa COOBITUI TaKXke 3aIpOorpaMMUPOBAHBI HA KOH-
TpoJuiepe ¢ (PYHKLMSIMHU 3aIIUCH: JaHHbIE 3aHChIBa-
I0TCS KOHTPOJUIEPOM M TiepefaloTcsi Ha BeO-cepBep
¢ nomouibio MUKpokoHTposuiepa ESP32. Konrpon-
nep, BcrpoeHHbll B FPGA, obecrnieunBaeT BBICOKO-
CKOPOCTHBIE W HaJiekHble (PyHKIIMU cOopa u oOpa-
OOTKM TaHHBIX.

WudopMarimoHHbIe CUCTEMbI UMEIOT TIPErMYIIIec-
TBA 10 CPABHEHUIO C TPAAUITIOHHBIMK METOJIAMHU MO-
HuTOpuHra. OHM CrIOCOOHBI BBISIBIIATH CIOXKHBIC 3a-
KOHOMEPHOCTU B JAHHBIX, YTO IOBBINIACT TOYHOCTb
MPOTrHO30B. B 11esiom pa3padoTka 31o¥ nHpopmary-
OHHOHI CHUCTEMBI OTKPBIBACT NEPCIICKTUBLI OJId T10-
BBIIIICHU ST HAJIS)KHOCTH 1 3(P(HEKTHBHOCTU SHEPrOCH-
CTEeM.

CrparernuecKkon LesbIo TON POrpaMMBbl SIBJISAET-
cs1 pa3paboTKa MH(MOPMAIIIOHHON CUCTEMBI JIJIs1 MO-
HUTOPUHTa HArPY3KH JIEKTPOIHEPrETUYECKUX CETE
Ha ocHOBe loT-TexHonmornii, UCIob3yIUX BCTPO-
eHHbl koHTposuiep Arduino MEGA u FPGA s
MOHHUTOPUHTA Ha MOJACTAHIMU HAIPsKEHUs], YacTo-
ThI, MOILTHOCTH, COCTOSIHUSI BBIKJIIOYATEISA, TEMIIepa-
TYPbl BHYTPY CUCTEMBI.

MukponporieccopHasi cucTemMa BKJIIOYaeT B cedst
CIIeYyIONIVe KOMIIOHEHTHI:

* Monynb coopa jaHHbIX: COOp JIaHHBIX O HAarpy3Ke
U JPYTuX Mapamerpax CeTH C MOMOIIBIO JIATYMKOB
IoT.

* Monyns ounctku aaHHbIX: [IpeaBaputensHass 00-
paboTKa MaHHBIX VIS yAAJIeHHs ITyMOB W BHIOPO-
COB.

* Monyns npeictaBieHusl pe3yibraroB: PopMHUpo-
BaHME OTYETOB U BU3YyaJIM3allvsl Pe3yJbTaToB Mpo-
THO3UPOBAHUS.

JIutepaTtypHuslii 0630p. UuTepret Bemeit (IoT)
CTaJl PEBOJIIOIIMOHHON TEXHOJIOTHEH B 001acT Mo-
HUTOpHHra 3Heprocerei [3, 4]. bnaronaps pemenuto
npoOJieM M MCHOJIb30BaHUI0 Bo3MoxkHocTell FPGA
MPOAOJIKUT TPaHC(POPMUPO-BATh IHEPreTUUECKUN

cektop [5]. B [6, 7, 8] cTaTbu OXBaTHIBAIOT IIUPOKUI
CIIEKTpP TeM, BKJouas npuioxenus [oT mis MoHu-
TOPHHTA HArpy3KH, MPEUMYIIECTBA U MPOOJIEMBI HC-
nonp3oBanus 10T, a Takxke Oymyrive HarpableHUs
paszButus B PecyOnuke Kazaxcran.

[Ipexxne Bcero, ormMeTnM crarblo [8] akagemu-
ka M.H. KanumonnaeBa, Kotopasi BHOCUT BECOMBbII
BKJIQJI B Pa3pabOTKy WH(POPMAIMOHHBIX CHUCTEM C
WHTErpUPOBAHHBIMU MOIY/ISIMUA MAllTMHHOTO O00yyYe-
HUS 1711 pOOOTOTEXHUKU W aBToMaru3aiuu. Mneu
9TOH CTaThU MOJIYYAIOT JaJIbHENIIee pa3BUTHE B 1aH-
HOW pabote. HampaBiieHue wcclieoBaHUWIA orpese-
nsieTcs TeM, uto VIHTepHeT Belleit B rocjeHee Bpe-
MsI TIpUoOpeN IMPOKOe pacrhpocTpaHeHue. Tak B
cratbe [9] nmpencrasieH noaxon Ha ocHoBe MHTep-
HeTa Belllel K pelieHnIo MpoOJieM SHePreTUKU.

JTaHHOE KCCleNOBAHKE PEATM30BAHO VIS YIOBJIE-
TBOPEHUS] ITHX MOTPEOHOCTEW MyTeM pa3pabOTKH
HOBOIO MHTeJUIeKTyasibHOro natunka FPGA. VYka-
3aHHBIA TIOAXON I PelleHWs] Pa3IMYHbIX 3adad
omnucal B pabotax [10, 11, 12, 13, 14].

MHOrokpaTHoe BBIIOJHEHUE TPUKJIAJIHOW MPO-
IrpaMMbl OTHUMAET OT'POMHOE KOJIMYECTBO BPEMEHHU.
YToOBI COKPATUTH BPEMsI BBHITIOJTHEHU S, B cTaThe [ 15]
MPEIJIaraeTcsl UCTOIb30BaTh aJAITUBHYIO MOJEIIb.

ABTOp B [16] npeanonoxui, 4To UCHOIb30BaHUE
texHonornu Fog/Edge MoxeT oOecrieuuTh pelile-
HHUE TaKuX MpoosieM, Kak OCyllecTBUMOCTb VHTep-
Hera Bellel (cooOpakeHusi 6€30MacHOCTA B OTHO-
IIIEHUH BBIYKCIICHUIA ¥ CTOMMOCTH CUCTEMBI) 1 Oy/1y-
11asi OCYILECTBUMOCTD (HaJJiexalliee MpoeKTUpOBa-
HUe UHPPACTPYKTYPHI 17151 OYIyIIUX MPUIIOKEHHIA).

VipasneHue 3MeKTponpruoopamMu BKITIOYAET B Ce-
Os1 cOOp M aHaNM3 JaHHBIX 00 WX SHEPromnoTped-
JICHUH, ONTUMU3AIMI0 TPauKOB UX padOThI, pac-
YeT TOKa3aTejlell SHEeprornoTpeOieHus] W peam3a-
M0 PEelIeHuil M0 ONTUMU3AIMU SHEepromnorpeodse-
Hus [17].

Crarbu [18, 19, 20, 21] comepxar 1LIEHHYIO WH-
opmarmio 06 wcnons3oBanun MHTepHETa Belei
IUTsT TIOBBIIeHUST 3(P(GEKTUBHOCTA U HAJIC)KHOCTH
NIEKTPOIHEPTeTUIECKHUX CETel MOCPEICTBOM MOHH-
TOPUHIa Harpy3KH.

BoT HeKOTOpBIE KJTI0YEBbIE BHIBOIbI U3 ITHUX CTa-
Teu:

53



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

- TexHonorun MHTepHeTa Beleld MOIYT 3HA4YM-
TEJILHO ITOBBICUTh TOYHOCTh MOHUTOPHHTIA U ITPOrHO-
3UPOBaHUS HATPY3KHU.

- Cucremsl Ha Oa3e VHTepHeTa Belelr MOTyT CO-
Ouparh JaHHBIE B PEXHME PEaJbHOr0 BPEMEHU U3
IIMPOKOTO CIIEKTPa MCTOYHHMKOB, KOTOPBIE MOXKHO
UCIIONB30BAaTh JJIs1 pa3paboTKu OoJiee TOUHBIX MOjie-
JIeW Harpy3KH.

- Cucremsbl Ha 6a3e MHTepHETA Bellel MOXHO UC-
TMOJb30BaTh ISl BBISIBJICHUsI COOBITUI IKCTpeMallb-
HOW HArpy3Kd, 4YTO MOXKET MOMOYb MPeAOTBPATUTH
nepeOou B I071aue IEKTPOIHEPIUH.

- Cucremsl Ha 6a3e VIHTepHeTa Belleil MOKHO UC-
II0JIb30BAaTh AJIsd OIITUMMU3alIun 9HepFOHOTpe6JIeHI/IH,
YTO MOXET [IOMOYb CHU3UTD 3aTPAThl U BO3JEUCTBIE
Ha OKPYKAIOIIYIO CPe.y.

Marepuanslt 1 mMeroanl. Paccmorpena mero-
AUKa IKCINICPUMEHTAJIBHBIX I/ICCJIG,[[OBaHI/II./JI, OIIMCaH
rporiecc 0OpabOTKH Pe3yJIbTaTOB U3MEPEHUS.

Pe3yabTaThl 1 00Cy:K1eHHE.

9man 1. /Jlasa HauanvHo2o 3mana, paspa-
OOmKYU  YMHOU  cucmemvl Onsl  MOHUMOPUH2A
1eKmponompeo-nenusi, ypoBHU TeXHOIOrnYecKou
lotoBHocT (TRL) MOryT OBITH OIMUCAHBI ClEIYIO-
M 00pa3oM:

¢ TCOPETHUYECKOE MCCICAOBAHUE BO3MOXKHO-
crei HUHTECIrpal JaTYMKOB IoT n HUHTEJJICKTYaJIb-
HBIX CYETUMKOB;

* pa3pa0oTKa M TECTUPOBAHHE TMEPBUYHBIX
BEPCUI CHUCTEMBl C HCIOJIb30BAHUEM PpEaJIbHbIX
JaHHBIX B JJAOOPATOPHBIX YCIOBUSIX;

* aHaJIU3 JIaHHBIX U MpeloCTaBjieHue MHPOP-
Malliy O MOTPeOSeHUH IeKTPOIHEPTUH MOJTb30Ba-
TeJISM.

Kaxnpiit stan TRL TpeOyer omnpesesieHHbIX HC-
CJIeIOBaHUI, pa3pa0OTOK M TECTUPOBAHUIL, a TaKkKe
MOCTENIEHHOTO YBEJIMUEHHUS MacITada U UX CI0KHO-

cti. D10 00eCreurBaeT CUCTEMATHUECKUI TIOIXOM K
pa3paboTKe ¥ BHEAPEHHIO TEXHOJIOTHH.

Sman 2. Pazpabomia 8b1cOKOCKOPOCHHOIL CUCHIe-
Mbl cOOpa u 0opadbomxu OaHHbIX KOHMpoaepa.

Ha BTrOpOM 3Tane KOHTpoOJuIep, BCTPOECHHBIM B
FPGA, obGecrnieunBaeT BHICOKOCKOPOCTHOM U HAIEK-
HbIIA cOOp 1 00paboTKy AaHHBIX. COOP JaHHBIX OCY-
HIECTBJISIETCS C MOMOINIBI0 AaTyukoB Zmptl01lb u
ACQ720. Bnaromapsi BHICOKOW 4YacTOTe AMCKPETH-
3alMM CUCTEMBl KaK YCTAaHOBMBLIMECS, TaK W Iepe-
XO[IHBIE PEXUMBbl SHEPTOCUCTEMBI KOHTPOJIUPYIOTCS
C UCIOJIb30BAaHUEM OJIHOTO UCTOYHUKa BpemeHu. C
nomouipio 1mardgopmsel lIoT nanHble nepenalorcs ye-
pe3 JIOKAJIbHYI0 CeTh JIJISl 3aluch B 0a3y JIaHHBIX.
Kpureprem ycrienHoi peanm3anuu OyieT TOYHOCTb,
HaJIeKHOCTb Y IIPOM3BOIUTEIBHOCTb CUCTEMBI.

TexHomornyeckasi TOTOBHOCTh OMpe/esiseTcsl Ha-
JIMYMEM BBICOKOCKOPOCTHOHM cHCTeMbI cOopa M 00-
pabOTKM JTaHHBIX KOHTPOJIIEpa B COCTaBe MOJTHO-
(pyHkMOHaTBHOTO MakeTra MH(POPMAIIMOHHON CH-
CTeMbl MOHHUTOPUHIA HArpy3Kd 3JIEKTPOIHEPreTH-
YECKHUX CEeTel — MHJIEKC TOTOBHOCTH [22, 23].

9man 3. Paspabomka memoooé u npomo-
KOn08 653U, a makxyce HeoOXOOUMbIX Mep
KUOepOe30nacHoc-mu ONsl 3aHeCeHUst Ha cepeep OaH-
HbIX 8cmpoeHHoz20 kKonmpoanepa Arduino MEGA u
FPGA.

OCHOBHBIMU TIPUHIMIIAMU UCCIIEJOBAHUS SIBIISI-
I0TCSl CYILECTBYIOIIME TEXHOJIOTMM U METOIBl IIe-
penaun JaHHBIX M KubOepOesomnacHocTH. TeopeTw-
JecKasi pa3pa0OTKa KOHLTIIIMY HPOTOKOJIOB CBS3U
u mep kubepbdesonacHoctu st Arduino MEGA u
FPGA.

TRL Bkimouaer B ce0s yriyOJaeHHe HCCleoBa-
HUI, pa3pabOTOK U TECTUPOBAHUM, 0O0ecrednBasi 1mo-
STANHBIA ¥ CUCTEMATUIeCKUI TOIX0] K pa3paboTKe
Y BHEJIPEHUIO TEXHOJIOTUM B PEAJIbHBIE YCIIOBUSI.
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AMBETRMSBCKNS CATH SanapHos oSOpYAOEaHUE

Dat4ur
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_____ -
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Puc. 1 - CTpykTypHas cxeMa CHCTeMbI

OnuiemM NMUIOTHBIA MPOTOTUI CO3JaBAEMOU CH-
CTeMbl, MpelHa3HAYeHHBIN a7 obecrieueHus: 3¢-
(peKTHUBHOTO KOHTPOJIS U YIPaBJIeHUsI TETJIOBBIM Ha-
COCOM M CBSI3aHHBIM OOOpY/IOBaHMEM, OCHOBHAS 3a-
Ja4a KOTOporo — cOOp JaHHBIX OT JaTYUKOB, HX 00-
paboTKa 1 UCTIOIb30BaHKeE 1JIsl YIIPaBJICHUS HACOCOM
Y 3alIOpHOW apMaTypoy B peajbHOM BpemeHH. VH-
(popmaroHHasi cxema OMKCHIBAET B3aUMOJIEHCTBIE
MeX]1y KOMIIOHEHTAMU CUCTEMBI ¥ IOTOKOM UH(]Op-
Mal OT JATYMKOB JO KOHEYHOTO XpaHEHUs JIaH-
HbIX (Pucynok 1).

Onucanue KOMNOHEHMOB8 U UX 83AUMOOCLICMBUSL
Jamuuxu:

o Jlatunku BuOpanuu 1 1 2 yCTaHABIMBAIOTCSI
Ha KopIyce Hacoca 1 OJvKe K poTopy, YTOOBI U3Me-
PSITh BUOpAIlK, KOTOPBIE MOTYT YKa3bIBaTh HA BO3-
MOXHbIE MEXaHUYECKHUEe HEMCIIPABHOCTH WU H3-
HOC.

 JlaTyMK TeMIrieparypbl MOHTHPYETCS Ha KOp-
ITyce Hacoca psIoM C NOAIIMITHUKAMU, OTCIIEKUBAS
ero padouyio TeMIeparypy [Uis MpeJoTBpalieHus
neperpesa.

o JlaTuMk TpEX(pa3HOro HAIpPSKEHUS U TOKa
u3MepsieT napaMeTpbl Tpexa3HpIX Lienei, YTo no3-
BOJISIET KOHTPOJIMPOBATh (711 MOHUTOPUHIA) Ha-
I'PY3KYy U HallpsKEHUE.

* JlaTuuk ofHO(A3HOTO HAIPSIKEHUS] M TOKa

KOHTpOJIMpYeT ofgHoda3Hble IenH, 0OecrednBast
JOMOJHUTENBHYI0 UH(POPMAIIMIO O COCTOSTHUM CU-
CTEMBI.

* JlaTuuK pacxofa BOABI U3MepsieT 0ObeM WU
TIOTOK BOJIbI, MPOXOASAIIEH dYepe3 HACOC, YTOOBI
00ecnevynTh ero ONTHMAJIBHYI0 paboTy M MpenoT-
BPaTUTh BO3MOXXHbIE TIPOOJIEMBI.

* JlaTuuk Temmeparypbl BOObl KOHTPOJIMPYET
TEMIIEPATYpy BOABl B CHUCTEME, YTO BaXHO A
yIIpaBJieHUs] MPOLECCaMy M TPe0TBpalleHus T1e-
perpesa.

Coop Oannwix: Bee naTuvku nepenaioT JaHHbIe Ha
Raspberry Pi 4 uepe3 FPGA, koTopblii BBIIONHS-
€T MEePBUYHYI0 00pPaOOTKY BCEX JAAHHBIX (BHOpAIUH,
TEMIIEPATYPhl, HAMIPSDKEHUS U TOKA), T.€. PEryJIspHO
OTIPABJIAIOT CBOM MOKA3aHUS.

Yempoiicmea ynpaenenus:

* Pene 115 ynpaBiieHUs 3alIOPHOUN apMarypou
yIpaBisieT KjanaHaMu U 3allOpHOW apMarypod B
crcTeMe, KOHTPOJIMPYs TOTOKHU JKUIKOCTU U oOec-
NevrBasi UX MPaBUJIbHOE HAIIPABJICHUE.

* Pene 14 ynpaBiieHUs] HACOCOM BKJIIOYaeT/
BBIKJIIOYA€T HACOC B 3aBUCHMMOCTHU OT YCJIOBUM pa-
OO0THI, 3aJaHHBIX B IPOrpaMMHOM OOecIeYeHU!
Raspberry Pi 4. 910 no3Bosser aBTOMaTUYECKH pe-
T'yIMpoBaTh pabOTy Hacoca B OTBET HAa U3MEHEHHs
B cucteMe. Raspberry Pi 4 otnipapiisieT komaH sl Ha
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peJie TSl yIpaBJieH!sl HACOCOM M 3allOpHOi apMa-
TypOﬁ, OCHOBBIBAACH Ha IMOJYYEHHBIX JadHHbIX U BbI-
MIOJTHEHHOM aHaJIn3e.

Komanap! ynpasiienus pesie (117151 3aopHON apma-
TYpbl 1 Hacoca) (POPMUPYIOTCSI HA OCHOBE JAHHBIX OT
JATYUKOB U JIOTUKH YITPABJICHUS.

FPGA:

* FPGA nonyuaer gaHHbIe OT BCEX AATYUKOB
(BuOparus1, Temreparypa, Tpexdasnoe u ogHodas-
HOE HAIIPSKEHUE U TOK).

* BrimonHsieT nepBuYHy0 00padOTKy JaHHBIX,
BKJII0YasH (PUIIBTPALIMIO U CTIaKMBaHKE.

* OOpaOoTaHHble JaHHbIE TMepealTcs Ha
Raspberry Pi 4.

Koumponnep:

» Raspberry Pi 4 (uieHTpajibHbIi KOHTPOJLIEP
CHCTEMBI)

[Tnargopma IoT ocHoBaHa Ha Gaze Raspberry Pi
4, KoTOpasi ABJISETCSI OCHOBHOM B CUCTEME U HEOOXO-
auMa Juist 00paOOTKY JIaHHBIX; YIIPaBJICHUS peie U
niepeayn JaHHBIX yepe3 ceThb. [JaHHble MOTyT OBITh
niepeJjaHbl Ha cepBep AJ1s1 XpaHeHus u aHamm3a. Cep-
Bep 0as3bl JaHHBIX PUHUMAET JaHHbIE OT IIaT(op-
Mbl 10T 1 coxpaHsier ux uis AajbHEIero oroopa-
KEHMS B CUTYalIMOHHOM IIEHTpE, aHaJIM3a U OTYeT-
HOCTH.

Raspberry Pi 4 u FPGA BbicTynaer B pojiu IieH-
TPaJIbHOTO KOHTpoJuiepa cucteMbl. OHU TPUHUMAIOT
JaHHBIE OT BCEX JATYMKOB Yepe3 COOTBETCTBYIOIIME
untepdeiicel (GPIO, SPI, 12C umu USB). Raspberry
Pi 4 oGpabareiBaeT JaHHbBIC, BHITOIHSACT BBIYUCIIC-
HUS M IPUHUMAET pellieHN s HA OCHOBE MPeyCTaHOB-
JIEHHBIX AJITOPUTMOB.

Obpabomka oanneix: Raspberry Pi 4 uepe3 FPGA
NOJTy4YaeT JaHHBIE OT JaTYMKOB, 00pabaThIBaeT UX B
peasbHOM BPEMEHU, UCIIONb3Ys YCTAaHOBJIEHHBIE aJl-
TOPUTMBI U JIorhueckue npasuia. Ha ocHoBe aHanm-
3a JAaHHBIX MTPUHMAMAIOTCS PElIeHNs] O HEOOXOANMO-
CTH BKJIIOYEHU S WM BBIKJIIOYEHH S HACOCOB M YIIPaB-
JIEHU 1 3aITIOPHOM apMaTypou.

Humepdpeiicol u ceszu:

* MHuTepdeiichl JaTYMKOB (Hampumep, aHaslo-
TOBBIE BBIXOIBI, TU(PPOBBIE CUTHATIBI)

» SPI/I2C/USB (uHTepeiicsl A1 NOIKIII0Ye-
HMS IaT4YMKOB U pesie k Raspberry Pi 4)

* Ethernet/Wi-Fi (1151 nepenauu 1aHHBIX B JIO-
KQJIbHYIO CETb)

Ihamgpopma loT:
 JlokanpHas cetb (LAN)

* CepBep IaHHBIX (151 XpaHEHU S 1 00padOTKH
JTAHHBIX )

Hanuble ot Raspberry Pi 4 nepepatorcst B Jjo-
kapHYI0 ceTh (LAN) uepe3 Ethernet nnmu Wi-Fi.
[Tnatdopma IoT B ceTn obecrieunBaeT CBSI3b MEK1y
Raspberry Pi 4 u cepsepom pannbix. Cepeep naH-
HBIX IIPUHUMAET U XPaHUT JaHHBIE, IEPEJaHHbIE OT
Raspberry Pi 4. 910 MoXkeT BKJIIOYATh B ce0s1 XpaHe-
HHUE MCTOPUYECKHMX JNaHHBIX, 00paboTKy MH(pOpMa-
LIUY 1 BBIIIOJIHEHUE aHATUTUKU.

Bbaza oannwvix:

Cepep ©Oa3bl JaHHbIX (Hanpumep, SQL wumm
NoSQL 6a3a maHHBIX i1 XpaHeHHs JaHHbIX). ba-
3a JAHHBIX Ha CepBepe CIYXKWUT IJIsi JOITOBpEeMeH-
HOTO XpaHEHMs JaHHBIX. 3[eCh COXPaHAITCA BCe
JaHHBIE, TOTyYEeHHBIE OT JATYMKOB U 00paOOTaHHBIE
KOHTpOJUIepoM. ba3a JaHHBIX Takke MCIOJb3yeTcs
11 (POPMHUPOBAHUSI OTUYETOB M aHAJIN3A COCTOSIHUS
cuctembl. OOpaboTaHHBIE JaHHBIE TIEPEJAIOTCS B JIO-
KaJbHYIO CeTh, 3aTEM Ha CepBep JaHHBIX, TJIe CoXpa-
HSI0TCS B 0a3e JaHHBIX. [laHHBIE MOTYT OBITh UCIIONb-
30BaHBl JJIS1 MOC/IEYIOIIEro aHaau3a, (hopMUpoBa-
HHSI OTYETOB M ONTUMU3AIMU PAOOTHI CUCTEMBI.

Peasiyuonnas 6aza oanmeix (SQL). Dopmamst u
maonuybl:
Tabauua sensor_data.
* id (INT, PK) — YHukayibHblid uaeHTU(UKA-
TOp 3aIuCcH

* timestamp (TIMESTAMP) — Bpems: usme-
peHust

* sensor_type (VARCHAR) — Tun parumka
(BuOpanusi, Temrieparypa, HanpsokeHue 1 T.71.)

¢ sensor_location (VARCHAR) — Mecromno-
JIO)XKEeHUE JaTurKa (HarmpuMep, KOpITyc Hacoca, po-
TOp U T.A.)

e value (FLOAT) — 3HauyeHue u3MepeHus

Tabauua device_control:
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* id (INT, PK) — VHukanbHblii uaeHTU]UKA-
TOp 3anucu

* timestamp
yIIpaBJIeHUS

* device_type (VARCHAR) — Tun ycrpou-
CTBa (HarpuMmep, Hacoc, 3aropHasl apMarypa)

» action (VARCHAR) — [leiicTBue (BKJIIO-
YUTh/BBIKJIIOUUTB)

(TIMESTAMP) Bpewms

Tabauya system_logs:

* id (INT, PK) — VHukanbHbIl UaeHTU]HKA-
TOP 3aIKCH

* timestamp (TIMESTAMP) — Bpewms co0Obl-
THS

* log_type (VARCHAR) — Tun sora (ommo6-
Ka, peayNpexIeHAe U T.1.)

» message (TEXT) — CooOrienue jora
Ipeumyuiecmea:
* XOpoIIO CTPYKTYPUPOBAHbI JaHHbBIE.

* [lognepxka CIOXHBIX 3alPOCOB U TpPaH3aK-
LIA.

» Xoporas nmogAepxKa isi aHATUTUKU U OT-
YEeTHOCTH.

[MpuctynuM K OIMUCAHMIO pa3padaThiBAEMON CH-
cTeMa MOHUTOPHHTaA 3/eKTporioTpedienust. [Tpemia-
raetcst Clefyiolias ee CXema, COCTOAIIas U3 Tpex
OJIOKOB:

1) 6ok TIpuemMa | mepeadu TeKyier nagopma-
K (BUOpalUK, TeMITepaTyphbl, HaIpsDKe-HUS U TO-
Ka);

2) 610K 00pabOTKM MOCTOSIHHOM U OIEpaTUBHOW
uH(popmaimu 06 yrpose aBapuu (cepsep);

3) OJIOK MPOTHO3MPOBAHKS ABAPUIAHBIX CUTYAIMIA
B HEProCUCTEMAX.

OcHoBHOU uH(poOpMaImen Ajisi MOHUTOPUHTA Ha-
IPY3KU 3JIEKTPOIHEPTETUUECKUX CUCTEM SBIIAIOTCA
JaHHblE, MOCTYMAIIME OT JaTYMKOB, MOKA3aHHBIX
Ha pucyHke 1. JlonoaHuTebHy0 MHPOPMALIMIO JAI0T
JAHHBIE C JaTYUKOB Yepe3 COOTBETCTBYIOLIME UHTEP-
(eiicel. Biiok mpuema-niepegauu Tekyien nHpopma-
Y PeaIM30BaH B BUE AATYNKOB BUOPALIUH, TEMITE-
paTypsl, HaNPsKEHUs U TOKA. JJaTUMKY NOIKITIOUEHB
K MUKpornpotieccopy Arduino, KOTopslii odOecrieun-

BAeT MpeJBapUTESIbHYI0 OOpaOOTKY MOCTYNAIOIIUX
C JATYMKOB JIAHHBIX U TepefaeT UX i AaIbHEeH-
et o0paboTku. Vcronb3yercs: ycTporCTBO Ha Oase
MUKpPOKOHTposuie-pa ATmega 328. B KOMILIEKT 1o-
CTaBKU BXOAUT BCE HEOOXOOMMOE ISl YIOOHOM pa-
00Tbl C MUKPOKOHTpOJUIEpoM. it Hayasa paboThl ¢
YCTPOMCTBOM JIOCTaTOYHO MOJATh MUTAHUE OT ajar-
Tepa MepeMEeHHOT0/TIOCTOSTHHOTO TOKA MJIH aKKyMY-
JSITOpa, MO0 MOIKIIOYUTh €ro K KOMITBIOTepY ¢ To-
morsio USB-kabes.

Biiok 06paboTKY MOCTOSIHHOM 1 ONepaTUBHON WH-
(opmarn 00 yrposze aBapHiHBIX CUTYallUd CO-
JEPKUT TIOCTOSIHHYIO MH(OpPMAIIMIO O XapaKTepuc-
THUKaX SHEPrOCHUCTEMBI, a TaKXKe ONEPaTHBHO TOJY-
YaeT TeKyIlylo MH(OpMaIUo, Ha OCHOBE 00padoT-
KM KOTOpOU OJIOK paccuMThIBaeT YPOBEHb Oe30riac-
HOCTH, TPEBOKHOCTH MJIM KAaTaCTPO(PUUHOCTHU JIEK-
TPOSHEPreTHYeCKOro KoMruiekca. B nmocnenxem ciy-
yae OH aBTOMATMUYECKU OMOBEIIaeT roCyJapCTBEH-
Hble opranbl (MYC, akumarel U T.11.) O BO3MOXHON
yrpo3e aBapuu.

BeiBoabl. B 1ienom ucnonszoBanue MHTepHeTa
BeIllel 1J1s1 MOHUTOPUHTA Harpy3KH JIeKTpOHepre-
THYECKMX CeTed SIBJIseTCs OBICTPO pa3BUBAIOIICH-
cs1 00/acCThIO MCCIIEIOBAHUH, KOTOpasi MOTEHIMAIb-
HO MOXET OKa3aThb CYyIIECTBEHHOE BIIMSIHUE Ha SHEp-
TEeTUYECKUI CEKTOP.

Hano omucanue paspaboranHoi B Kazax-
CTaHe  TEXHOJOTMM  MOHUTOPUHIA  Harpy3ku
EKTPOIHEPTe-TUIECKUX CHCTEM, OOCYKICHBI pe-
3y/IbTaThl €€ MPAKTUYECKOro MCHOJIb30BAaHUS B OT-
JeJbHbIX PErMOHAX M HaMeueHbl HallpaBJIeHUs J1aJlb-
Henutero passutusa. ChopMyIupoBaHbl LIENb U OC-
HOBHBIE 33/1a4M MCCJIEJOBAaHWIA, HAlpaBJICHHBIX Ha
pa3pabOTKy METOAMKH POrHO3MPOBAHUS NIEKTPOI-
HEPreTUYeCcKOM aBapuM KaK 4Ype3BbIYAMHOM CUTYa-
LIMM HAa OCHOBE aHAJIM3a Pa3JIMYHbIX CYIIECTBYIOIIUX
MeTos1oB. Vcronb30BaH MeTosi HEeNpepbIBHOW BOJI-
HBl WJIM METOJ] YJIbTPa3ByKOBOI'O MMITYJIbCHOTO 3Xa.
B kadecTBe NMJIOTHOTO MPOTOTUNA pa3paboTaHa aB-
TOHOMHAsi MUKPOKOMIIbIO-TEpHAsi CUCTEMa Iepejia-
Y KJIMMATUYECKUX JAHHBIX HA OCHOBE MHUKPOIIPO-
LIECCOPHOM TEXHUKM U JaTYMKOB. PazpaboTaHa mpo-
rpaMMa MOHMTOpPHMHIA (PAKTOPOB BOJIH HArpy3KH B
peKMMe peabHOrO BPEMEHHU 1S JaTYMKOB OIpe/e-
JIeHWsI YPOBHsI O€30I1aCHOCTH.
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dunancuposanue. Pabota BHINIOJIHEHA 3a CYET CTEMbl U MaTeMaTUUYECKUX Mojesed JIJIi MOHUTO-
CPE/ICTB TPAHTOBOrO (PMHAHCUPOBAHMS HAyUHBIX PpUHIA U IPOrHO3UMPOBAHUSI HAIPY3KH JIEKTPOIHEP-
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OPTIMAL CONTROL OF AN UNMANNED AERIAL VEHICLE
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The main objective of this work is to develop algorithms and software solutions for finding optimal
control strategies for an unmanned aerial vehicle, the mathematical model of which is represented by a
system of ordinary differential equations. Using the maximum principle, an algorithm was developed to
determine the optimal control. The presented methods and models are of high practical importance for
managing various economic and technical systems.
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['maBHas 3aa4a JaHHOM pabOTHI 3aKJII0YAETCS B CO3JAHMH AJITOPUTMOB M NIPOrPAMMHBIX PELIEHUN IS
IIOMCKa OIITUMaJIbHbIX CTpaTeFI/Iﬁ YIIpaBJICHUA OECIIMIOTHBIM JIETATEILHBIM afnmaparom, 4bA MaTeMaTu4vc-
CKast MOJIeJTb TIpeJICTaBJIeHa CHCTEMOM OOBIKHOBEHHBIX MU (pepeHIatbHbIX ypaBHeHU . VIcrionb3yst mpuH-
LW MaKCUMyMa, ObUT pa3padoTaH aJropuTM AJIs ONIpe/ie/IeHH s ONITUMAJIBHOTO yrpasieHus. [IpeacrapieH-
Hble METOAbl U MOJIENIU O0JAaAAI0T BHICOKOM MPAKTUYECKON 3HAYMMOCTBIO AJISl YIPABJIEHUs Pa3InYHbIMU

9KOHOMUYECKMMHU U TEXHUYECKUMU CUCTEMaMU.

Kmouessle cinoBa: BITJIA, nuHamuika, Maremaruieckast MOAEb, YIPABIsAEMOCTb, YCTOMUMBOCTb.

Introduction. Unmanned aviation is actively
developing worldwide due to the growing demand
for lightweight, relatively inexpensive aircraft with
high maneuverability, capable of performing a wide
range of tasks. Unmanned aerial vehicles (UAVs)
are successfully used in both military operations and
civilian applications, including linearization [1-5].

The study of many aviation systems is reduced to
the creation of mathematical models described by
nonlinear ordinary differential equations. However,
no universal solution methods have been developed

Pcosa— X,
Ny =—"—""-, N
mg
Where:

* x, y, zare the coordinates of the aircraft’s
center of mass in the normal Earth coordinate
system,;

* Vis the flight speed;

* O 1s the trajectory angle;

* Y is the course angle;

* « is the angle of attack;

* v is the roll angle;

* P is the engine thrust;

ya

for nonlinear systems. It is important to consider
the nature of nonlinearities when studying such
mathematical models.

Optimization of control is one of the key tasks
in the theory of controlled dynamic systems. To
design and operate aviation systems, it is necessary
to achieve the goal with maximum efficiency, which
requires minimizing a certain quality functional.

Materials and Methods. The work is devoted
to the study of optimal control of the mathematical
model of UAV dynamics:

( V =yg(n,, —sin®)
0= g(ny,cosy —cosO)/V
U = —gn,,siny/(VcosO)

z = VcosO cos ¥
y = Vsin©
(. 2= —VcosOsin¥

(D

_ Psina+Y,
= —

2)

X, 1s aerodynamic drag;
* Y, is aerodynamic lift;
* m is the mass of the aircraft;

* gis gravitational acceleration;

n,, 1s the longitudinal overload;

* n,, is the lateral overload (in flow axes
of coordinates) [6-7].
Overloads n,,,, n,,, and the roll angle y are taken
as control variables in (1).
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We introduce the following notation:

"V _ VO - _ ‘/1 .
0 O, 0,
_ 4 _ \IIO _ \Ijl
q= T ) qo - :I:O y 41 = T, (3)
) Yo Y1
L2 L2g L21

The system of equations (1) is rewritten as the following system of nonlinear ordinary differential
equations:

T = f(x,t)+ Bu(t) 4

Where:
* f(x,2) is an n-vector whose elements are continuously differentiable functions of their arguments;
* X is an n-dimensional system state vector;
e u is scalar control.

Control is subject to constraints:
u(t) € U = {u(t) : u(t) € C[ty,t1];—L <wu(t) < L, t € [ty,t1]} (5)
The problem is to find a control satisfying constraint (5) that transfers the system from the initial state

T (ty) = 7 (6)

to the final specified state

x(ty) = 2, (7)

within a fixed time ¢; — ¢,,.

For the quality assessment of system performance, the following criteria can be selected:

T
J :/ [u*(t) Rou(t)] dt (8)

0

In functional (8), R, is a positively definite mxm matrix. The required state at the final time can be
specified as fixed (7) or changing (satisfying certain conditions).

j=1

The optimal control problem is considered, including control constraints (5) with fixed (7) or variable
boundaries (8). Currently, solving such problems is accompanied by many mathematical difficulties.
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Various formulations of optimal control problems will be considered. The task is to minimize the
functional (8) under the constraints (4), (5), (6), and (7). The time moment 7" is considered given (fixed).

To solve the optimal control problem, we will construct the Hamilton function:
H (2(t),u, 9(t), o) = u™(t) Rou(t) + (9(2,t) + Bu(t))" (10)

And form the conjugate system of differential equations:

dy  9g(t),,
i —(7) t)p(t), t € [ty, T] (11)

The optimal control is determined by condition (5) and the maximum of the Hamiltonian:

Ry'By ecmu 0 < Ry'Bi < uy,, (12)

{ 0  ecm Ry'By <0
ecn Ry'By > ug,,

umax

Theorem: Let the pair (u(t),xz(t)), t € [ty,, 1] be the solution to the problem posed above. Then,
there necessarily exists a vector function ¢(t),t € [t,, 71| and a parameter v, such that:

1) wo <0, |¢0’ + ‘w(t” # Oa te [t07 T]

2) The pair z(t),1(t), t € [ty, T is the solution to the boundary value problem for the system
of differential equations (4) and the corresponding conjugate system of differential equations (11) with
boundary conditions (6) and (7) and control (12).

Next, we study the problem of optimal control with fixed boundaries (6)-(7) and control constraints (5).
Currently, solving such problems also encounters certain mathematical difficulties.

For the practical solution of the control optimization problem, penalty function methods and the gradient
method are applied. To account for constraints at the end of the trajectory (7), we introduce a penalty

function ;, = , 2?11 [(T) — xp)]", where {, } is a predefined positive sequence tending to infinity. We
construct a new functional:

T
Jk:/ ( ROU +Mkz —ZET
t

0

The problem can be reformulated as follows: for a given value of the parameter k, find the optimal
control minimizing the functional .J;, subject to constraints (5)-(7). This problem belongs to the class of
optimal control problems with a free right boundary and control constraints.

For it, we will construct the Hamiltonian function:

Hy, = w(t) Rou(t) + (g(2,t) + Bu(t))" ¢y,
The following solution algorithm is proposed:
Step 1: Letk = 0.

Step 2: Calculate the optimal control for the k-th iteration using equation (12), where ;, is the solution
to the conjugate system of differential equations (11), with the boundary condition at the end:
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and z, is the solution of the original system (4) with initial conditions (6).
Step 3: Calculate the value of the functional .J;, for the obtained z;, and u,,.

Step 4: If |J,, — J),_;| < € proceed to step 5, otherwise, set k = k + 1 and go back to step 2. (Here,
e > 0 is the required accuracy of the calculation).

Step 5: The found pair (z,, u;,) is the optimal solution.

To automate the process of finding the optimal control, a program ”"Optim_Upr.m” was written in
MATLAB. As a result of its execution, we obtain the analytical form of the original and conjugate systems
of differential equations, the form of the Hamiltonian function for the UAV mathematical model (1)-(3):

H=10.*ux"2+10.*uy"2+(9.80*xux-9.80*sin (0) ) *fil+ (5.15xuy—-9.80*cos (0)) /V*xfi2
-8.34*uy/V/cos (0) *£i34+V*cos (0) *cos (K) *£14+V*sin (0) *fi5-1.*V*cos (0) *sin (
K)*fi6

f1 = 9.80*ux - 9.80*sin(0);

f2 = (5.15xuy - 9.80%cos (0))/V;
f3 = —-8.34%uy/V/cos (0);

f4 = V*xcos (0) xcos (K) ;

f5 = Vxsin (0);

f6 = -1.%V*xcos (0)*xsin (K);

fpl=(5.15*xuy-9.80*cos (0)) /V"2xfi2-8.34xuy/V"2/cos (0) *xfi3-1.xcos (0) xcos (K) *
fid-1.%sin(0)*£i5+cos (O) *sin(K) xfi6

fp2=9.80%xcos (0) *f11-9.80%sin (0) /Vxfi2+8.34*uy/V/cos (0) *2xfi3xsin (0) +V*sin (0O)
*cos (K)*fid—-1.*xV*xcos (0O) *£15-1.*Vxsin (0O) *sin(K) *xfi6

fp3 = V*xcos (0) *sin (K)*fid4 + V*cos (0)*xcos (K)*fi6;
fpd = 0;

fp5 = 0;

fp6 = 0;

H1 = -20.*ux — 9.80xfil;

H2 = -20.xuy — 5.15/V*xfi2 + 8.34/V/cos (0)*fi3;

Here f1,...,f6 is the view of the right side of the initial system of differential equations, fpl,....fp6 is
the view of the right side of the conjugate system.

The obtained results are transferred to a program written in Delphi, which performs numerical calculations
to find the optimal control.

The results of the program are output to the file "rez.txt,” a fragment of which is provided below:

T=1,00 nt=1000

-10,00<=U1<=10,00

-5,00<=U2<=5, 00

x0 = 8,00; = 1,00; 3,00; = 5,00; = 1,00; = 3,00
xk = 4,00; = 0,50; = 1,50; 2,50; 0,50; 1,50;
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F1 == 1009,53 11276,69 11276,69
F2 == 1164,04 20148,99 10102,31
F3 == 1191,48 40409,25 10874,49
F4 == 1127,07 42853,26 5356,66
F5 ==  1250,00 184817,12 4551,07
F6 ==  1244,47 321606,47 3050,20

A total of 6 functionals F1,... ,F6. were calculated. As can be seen from the last column, the difference

between the specified and final points decreases.

Results and Discussion. Constructing the
conjugate system of differential equations (11)
for the original nonlinear system (1) is a rather
labor-intensive process, especially when the
dimensionality n increases, and is practically
impossible for n > 3. Furthermore, when forming
the Hamiltonian function, there is often a “human
factor” involved, which does not guarantee the
correctness of the analytical calculations. Therefore,
the automation of verifying the conditions of the
theorems becomes relevant.

To address this issue, it is recommended to use
computer algebra systems (CAS), such as MATLAB
[8-9]. These systems provide a wide range of tools
for working with algebraic expressions, from simple
operations like calculation and differentiation to
more complex ones like series expansion and
integration. The application of such systems
is relevant in various industries, including the
aerospace industry.

Numerical calculations showed correspondence
with experimental data. The results are also saved
in text files, allowing the visualization of UAV
dynamics in the form of one-dimensional graphs
using MATLAB, for which a special program
was developed. Based on the presented theory, an
application was created [10].

Conclusions. The development of unmanned
aviation requires the creation of optimal control
methods for dynamic systems, which is crucial
for enhancing the efficiency of unmanned aerial
vehicle (UAV) management. This study confirms
the necessity of finding optimal solutions in
the presence of nonlinear equations and control
constraints.

The article proposes a mathematical model

of UAV dynamics described by a system of
nonlinear differential equations. Several variants
of the optimal control problem were solved with
fixed and variable boundaries, as well as by using
penalty functions and the gradient method to find
optimal trajectories. The solution to the optimal
control problem involves minimizing a functional
under given constraints, which requires significant
mathematical computations.

The application of a computer algebra system
(MATLAB) enabled the automation of complex
differential equation system calculations and
minimized the human factor, which is important
for increasing the accuracy of computations.
Numerical calculations confirmed the correctness
of the proposed theoretical model. The results
showed consistency between calculated data and
real experimental observations, indicating the
applicability of the model for real UAV control
systems.

The developed “Optim_Upr.m” program in
MATLAB, along with the application created for
visualizing the results, simplifies solving UAV
dynamics control tasks and provides results in
the form of text files and graphs. This opens up
opportunities for the further application of these
methods in real-world conditions.

The continued use and development of the
proposed algorithms and software can significantly
improve the efficiency of UAV control systems,
enabling them to adapt to changing real-time
conditions and be applied in various industries,
including the aviation and space sectors.
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ANALYSIS OF REAL-WORLD AND SIMULATION MODELS AND ALGORITHMS FOR
DETECTING ATTACKS IN WIRELESS SENSOR NETWORKS

1.2Y. Mardenov , 3Zh. Iztaev, *Hu Wen-Tsen, *D. Mardenova, *D. Baumuratova
Mnternational Science Complex ”Astana”, Astana, Kazakhstan,
2 Astana International University, Astana, Kazakhstan,
3M.Auezov South Kazakhstan State University, Shymkent, Kazakhstan

““Koppecrnionent-asrop: emardenov@gmail.com

Presented are real-world and simulation models, methods, and tools for simulating attacks on Wireless
Sensor Networks (WSNs) intended for use in network vulnerability research. A comparative analysis was
conducted to identify their advantages and disadvantages. The research demonstrated that integrating real-
world and simulation approaches contributes to increased accuracy and reliability in attack detection.
Recommendations are proposed for developing flexible and scalable simulation models, improving the
efficiency of attack detection algorithms, and regularly updating models in accordance with changing WSN
operating conditions and emerging threats.

Keywords: WSN, Real-world models, Simulation models, WSN attack detection, Attack detection
algorithms, Comparative analysis of detection tools, Integration of detection methods, Network security.

AHAJIN3 HATYPHBIX 1 UMHATAIIMOHHBIX MO/IEJIEV U AJITOPUTMOB BBISIBJIEHUS ATAK
BCC

12K, Mapaenos , >7K. Wztaes, >Xy Ben-Ilen, 2]I. Mapaenosa, /. Baymyparosa
'Me:xayHaponHblii HayuHbIi KOMILIEKC «AcTaHa», AcTana, Kasaxcra,
2MeskmyHapoIHblil yHUBEpCUTET «AcTaHa», AcTaHa, KasaxcTas,
3 JOxno0-KazaxcTanckuii rocyiapcTBeHHbIi yHUBepcuTeT uMeHn M. Ayasosa, IlIbivkent, Kasaxcran,

e-mail: emardenov@gmail.com

B naHHO¥ cTaThe Mpe/CTaBIeH aHAJIM3 HATYPHBIX M IMUTALIMOHHBIX MOZENIEH U aJITOPUTMOB BBISBJICHUS
arak Ha 6ecripoBoziHble ceHcopHble ceTu (BCC). Onucanbl pa3padoTaHHbIE HATYPHBIE M IMUTALIMOHHBIE MO-
A€JY, METOIbl U MHCTPYMEHTHI [J1s UMHUTALIMK aTaK, & TaKXKe Pe3y/IbTaThl SKCIIEPUMEHTAIBHBIX UCCIIEI0BA-
HUIA. CpaBHI/ITeJII)HI)Iﬁ AHAJIN3 BBIABJIACT NMPEUMYIICCTBA U HEAOCTATKU KAXKAOIO Ioaxona, nmogdyepKuBad
HGO6XOIII/IMOCTI> HWHTErpali HaTYpPHBIX 1 UMHUTAHUOHHBIX METOAOB 1A JOCTUKCHUSA HanOOJIBIIIEN TOYHO-
CTH U HAJIS)KHOCTU B OOHApYKEHHH aTak. B craTbe mpeioxkeHsl peKOMEHAAIMH 10 Pa3BUTHIO TMOKUX U
MacIuTabupyeMbIX UMHUTAIIIOHHBIX MOJIEJIEH, YTy UIIEHHIO aJITOPUTMOB OOHAPYKEHUS aTaK U Pery/IsipHOMY
OOHOBJICHUIO MOJIeJIell B COOTBETCTBUM C MU3MEHSIIOIMMUCS YCIOBUSMU U yrpo3amu. PesynbraTel uccneno-
BaHWA NOAYCPKUBAIOT BA’)KHOCTb KOM6I/IHI/IpOBaHHOFO HCIIOJIb30BAHW A HATYPHBIX 1 UMHUTAIUOHHLIX IIOAXO-
OB JUIs IOBBIIIeHUs1 ypoBHsI Oe3onacHocti BCC.

KuaroueBnie cioBa: becripoBonusie ceHcopubie cetu (BCC), Harypnbie Mmonenu, UMurtaronHbie Moze-
7, BeisiBiieHe atak, AJropuT™Mbl OOHapyxkeHws1, CpaBHUTEIbHBIN aHa M3, IHTerparus MmeTonos, be3orac-
HOCTb ceTel
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CBIMCBI3 CEHCOPJIBIK, KEJIIJIEPAIH TABUTU dKOHE CUMYJIALHUAJBIK MOJEJIb/IEP
MEH HIAPYAJIIAP/IbI AHBIKTAY AJITOPUTM/IEPIH TAJITAY

12E. Mapaenos , >JK. U3sraes, >Xy Ban-Ilen, 12/I. Mapaenosa, 2]I. BaymypaToBa
! «Acrana» XabIKapasbIK FRUTBIMK KellleHi, Actada, Kasakcran,
2 ActanHa XaJIbIKApaJIbK, YHUBEepcuTeTi, ActaHa, KazakcraH,
3 M.9ye30B arteiHgarel OHTYCTIK Ka3akcran memiekertik yauBepcuterti, IsivkenT, Kazakcran,

e-mail: emardenov@gmail.com

By Makanazma ChIMCBI3 CEHCOPIIBIK, KeJiepre madybuiaapabsl aHBIKTayAbIH TAOUFU KOHE UMHUTAITUSIIBIK,
MOJIeJIb/Iepi MEH AJITOPUTMIEPIH TalJay YCHIHBUFAH. O3IpJeHreH TaOUFH KoHE UMHTAIIUSUIBIK, MOJIENIBED,
madybUIIAPAB MOJETIBACY SiCTepi MEH KYpaJIaphl )KoHE IKCIIEPUMEHTTIK 3epTTeyJIepIiH HOTHKeepi Ch-
nartayrad. CaJbICTRIpMalTbl TaJiAay MaOybUIAApObl aHBIKTAYIA €H JKOFaphl JOJIIK TeH CEeHIMIUTIKKE KO
KETKI3y YIIIiH TAOUFU j)KoHEe UMHTAIUSUIBIK, SAicTep/i OipiKTipy KQXKETTUIIrH KOpCeTe OTHIPHIM, 9pOip TICLII-
JiH apTHIKIIBUTBIKTAPBI MEH KEMIIUTIKTepiH aHbIKTai1bl. Makanaia ukem i ’oHe MacTadTanaTbiH MOJIEb-
7ey MOJIENIbJIEPiH JaMbITY, MAaOybUIAAPAB aHBIKTAY AJTOPUTMIIEPIH KaKCApTy kKOHE ©3repeTiH Karaaiap
MeH KayinTepre ColKec MOJENbIepIli YHEMI KaHApTy OOWBIHINA YCHIHBICTAp OepiireH. 3epTTey HOTHKe-
Jiepi Kayinci3ik JeHrediH xKaKcapTy YIIiH TaOUFy skoHe UMMTAIMSIIBIK, TOCUIAEPl OipiKTipin KOJIIaHy/IbIH

Ma-HbI3AblJIbIF BIH KGpCCTe)_Ii CbIMCBI3 CEHCOPJIBIK )KCJ'IiJ'ICp.

Tyiiin ce3aep: CbIMCBI3 CEHCOPIIBIK KeJIiJiep, TAOUFU MOJENbIEP, MOZIENIbIEY MOJIEbAEPi, Iadybligap-
bl QaHBIKTAY, AaHBIKTAY aJITOPUTMIEPI, CATIBICTBIPMAJIbl TaJIay, dicTepai OipiKTipy, kel Kayirci3airi

Introduction. Wireless Sensor Networks
(WSNs) are widely and comprehensively utilized,
playing a crucial role in addressing various practical
tasks in military, industrial, and domestic spheres.
WSNs represent a multifunctional communication
foundation of cyber-physical systems with artificial
intelligence elements, providing connectivity
between various sensor devices and systems that
can collect, process, and transmit environmental
data in real-time. This foundation enables effective
automatic monitoring and control of various
processes and objects over extensive and hard-to-
reach areas [1, 2].

However, the use of WSNs is associated with
certain risks due to their security vulnerabilities.
Attacks by malicious actors on such networks
can lead to serious consequences, including data
interception, tampering, and disruption of the
functionality of technical equipment, particularly
sensor devices that are fundamental elements
of WSNs. Consequently, there is increasing
importance in developing effective measures to
counter potential threats within WSN security

frameworks.

A critical measure to combat these threats
is the development of efficient methods for
detecting, recogni-zing, and preventing network
attacks. Specifically, analytical and simulation
models of attacker actions on WSNs allow for the
study of processes within WSNs induced by these
attacks. Such models are based on mathematical
and statistical descriptions of attacker and defender
behaviors using real network data, parameters, and
characteristics. They enable the creation of virtual
environments for comprehensive simula-tion of
WSNs, including the operation of sensor nodes,
communication processes between nodes over radio
channels, data reception and transmission, and
routing [1, 3, 4].

This study aims to conduct testing and
comparative analysis of natural and simulation
models of attacks on WSNs, attack detection
algorithms, and to develop recommendations for
their effective implementation.

Materials and methods. Analytical review of
literary sources on the research issue.
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There are several different types of attacks that
can occur in WSNG.

Threats to confidentiality involve interception
and observation, where attackers intercept data or
analyze traffic to obtain confidential information.
Threats to integrity are associated with data
modification, source impersonation, message
replay, and message denial, which lead to
data distortion and incorrect network operation.
Attackers can alter messages, spoof sources,
replay intercepted data, or deny sending/receiving
messages. Availability threats aim to disrupt
message delivery, causing network service denial.
These attacks include Denial of Service (DoS), node
capture, and resource depletion attacks, leading
to node overload or network disconnection. Such
attacks can severely disrupt network operation,
highlighting the importance of protecting against
them. [2, 4, 5]

The paper presents [6] a new intrusion detection
model for WSNs using fuzzy neural networks and
feedforward neural networks. Experimental results
show that the proposed model achieves detection
rates averaging 97.8% with maximum detection
accuracy of 98.8%. Evaluations were compared
against benchmark models based on support vector
machines (SVM), decision trees (DT), and random
forest (RF) models.

Authors [7] introduced detection of multiple
attacks in wireless sensor networks using artificial
neural networks. The dataset is split into training
and testing using a multi-layer perceptron artificial
neural network to detect ten classes of attacks,
including DoS attacks. Research using benchmark
datasets UNSW-NB, WSN-DS, NSL-KDD, and
CICIDS2018 showed that the proposed system
achieves an average detection

In article [8], the use of spatial information
for detecting and localizing multiple attacks across
single and multiple nodes is presented. A scalable
and energy-efficient anomaly detection mechanism
based on clusters (SEECAD) is described for

detecting DoS attacks without key management
schemes to enhance network lifespan. Detection
speed, false alarm rate, packet delivery ratio,
overhead costs, energy consumption, and average
packet delay are various performance metrics used
to evaluate network performance.

In [9], an enhanced high-performance secure
routing protocol based on clustering is proposed.
A key feature of this protocol is its consideration
of aspects such as energy consumption, packet
reduction, congestion management, encrypted data
transmission, and monitoring of malicious nodes to
improve data management quality. To demonstrate
the feasibility of the proposed method, performance
metrics such as ransomware attack detection
level, ergodic residual energy per round, early
clone attack detection, throughput maximization,
delay, maximum throughput, and network lifespan
maximization were used.

The works [10] conducted modeling to
demonstrate that the proposed EdDSA-XOR
functionality reduces time and energy costs by
0.13% and 0.07% respectively, compared to other
methods. Node authentication in the network was
tested against “man-in-the-middle” attacks.

The paper proposes [11] an effective method
for detecting black hole and Sybil attacks using
the Adaptive Taylor Sail (Adaptive Taylor-SFO)
algorithm. The BSS nodes are modeled in the
network, followed by routing using Adaptive
Taylor-SFO. The router was developed by
integrating the Adaptive concept with the Taylor
series and the Sail Fish optimizer (SFO) to select
the optimal route considering adaptability metrics
such as delay, energy, and distance. Black hole and
Sybil attack detection is performed by the Deep
stacked automatic encoder. Thus, the proposed
system effectively classifies normal, black hole, and
Sybil attacks. The analysis of the reviewed works
made it possible to determine the most common
types of attacks on WSNs (Table 1), the mechanisms
of their impact, possible consequences and methods
of mitigating the consequences.
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Table 1 - Most common attacks on WSN

Ne | Attack | Mechanism of action ConsequencgeMitigation Strategies
name

1 | Routing | Routing attacks involve manipulating routing Data loss. | Secure routing
attack | mechanisms to redirect or block data flows. Attackers | Network | protocols. Anomaly
[6] exploit vulnerabilities across various layers of the segment- | detection.

network protocol stack. Examples include black hole ation. Cooperative
attacks, where malicious nodes discard received data, | Resource | verification. Hop
and wormbhole attacks, where attackers create exhaustion.| count verification.
shortcuts between remote nodes. Location
verification.

2 | The Man-in-the-middle attack involves an attacker secretly | Data Encryption. Public
man in | intercepting and relaying messages between two falsification: Key Infrastructure
the communicating nodes without their knowledge. The Unauthorized PKI). Certificate
middle | attacker can manipulate the contents of the messages access revocation.
attack | or simply eavesdrop on them. Man-in-the-middle leading to | Timestamps and
[10] attacks exploit the absence of secure communication breach of | one-time passwords.

channels and can occur at various protocol levels, confidentialithntrusion detection
including application, transport, and network layers. systems.

3 | Sibyl Sybil attack involves creating a network of malicious | Data Behavioral analysis
[12] nodes that impersonate legitimate nodes. The integrity Trust-based systems

attacker’s goal is to inject false information or disrupt | Routing Physical layer
network communication. These attacks can undermine | mani- measurements
data accuracy, routing efficiency, and overall network | pulation Reputation
functionality. Resource | mechanisms
exhaustion | Cryptographic
methods

4 | Eaves- | In an eavesdropping attack, an attacker is placed - Data - Encryption
dropping within the range of two or more sensor nodes using the | confidenti- | - Secure key
[13] transmission of unencrypted or weakly encrypted data. | ality exchange

The attacker passively intercepts data packets without | - Data - Frequency hopping
changing the functionality of the network. integrity - Intrusion detection
Eavesdropping can occur at various levels of the - Network | - Secure protocols
communications stack, from the physical layer to the | mapping

application layer.

S | Denial | A DoS attack exploits vulnerabilities in WSNs to Data loss | Intrusion detection
of reduce their performance or even disable them. Resource | Rate limiting
Service | Attackers employ various methods such as flooding depletion | Traffic filtering
(DoS) | the network with excessive traffic or exploiting Network | Energy consumption
[14,15] | protocol vulnerabilities. In the context of WSNss, partitioning] management

attacks can target nodes, communication channels, or | Delayed Collaborative
the sink node responsible for aggregating data. responses | defense

Empirical models and attack detection algorithms.

Description of the empirical models used for attack detection
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Table 2 - Full-scale experiments to detect attacks and their results

exhaustion attack

programmed to perform
energy-intensive tasks. The attacker
sent a large number of false
requests to the nodes to accelerate
their battery discharge.

Ne Name Description Results
1. jamming attack Nodes of the network were It was found that the jamming
deployed in an open space with attack significantly reduces signall
various obstacles. A jamming attack | strength and increases packet loss
was initiated using a powerful radio | frequency. The detection system
transmitter, creating interference was able to identify the attack
within a specific frequency range. based on signal strength and
packet loss analysis, achieving a
detection accuracy of 92%.
2. resource Nodes in the experiment were Nodes with depleted resources

ceased normal operation. The
detection model based on energy
consumption monitoring
successfully identified the attack
with 87% accuracy, enabling
timely network protection
measures to be implemented.

3. replay attack

The experiment involved nodes
equipped with built-in
authentication mechanisms. The
attacker retransmitted previously
intercepted legitimate messages.

The detection system based on
timestamps and authentication
algorithms successfully identified
repeated messages with 95%
accuracy, preventing the
execution of false commands.

Table 3 - Evaluation of the effectiveness of full-scale models and algorithms

accuracy

detection time

The ability of the model to correctly
identify attacks and minimize false
positives was evaluated in the conducted
experiments. Accuracy ranged from 87%
to 95%, depending on the type of attack
and the algorithm applied.

The time required to identify an attack after its
onset. Natural models demonstrated the ability
to detect attacks in real time, which is critical
for preventing damage.

resource consumption

adaptability

The volume of computational and
energy resources required for algorithm
operation. Efficient algorithms minimize
resource consumption, which is
particularly crucial for sensor nodes
with limited batteries.

The ability of the model and algorithms to adapt
to changes in the environment and new types of
attacks. Natural models have demonstrated good
adaptability when new nodes are added or when
the network topology changes.

Natural models for detecting attacks in WSNs conditions. These models utilize real devices such
involve physically implemented networks where as microcontrollers, radio modules, and sensors
nodes and sensors are deployed in real operational that interact within realistic environmental settings.
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The primary advantage of natural models lies in
their ability to accurately reproduce real network
operation scenarios, including potential external
interferences and physical attacks.

Research on natural models for attack detection
in wireless sensor networks includes functional
and quantitative characteristics. Attack detection
methods are categorized into signature-based,
anomaly-based, and hybrid approaches, covering
attacks on availability, confidentiality, integrity,
and authentication. Hardware and network
characteristics of sensors and nodes, data processing
algorithms, and monitoring systems play a crucial
role. Quantitative metrics include detection
accuracy, detection time, energy consumption,
throughput, delay, and scalability.

For instance, platforms like TinyOS and Contiki
are used to test intrusion detection systems,
achieving 95% accuracy with low false positive
rates. Machine learning-based systems such as
K-means and SVM can achieve classification
accuracies up to 98%. Distributed detection
methods include autonomous algorithms that
depend on node density and algorithm complexity
[15, 16]. Table 2 presents empirical experiments on
attack detection and their outcomes.

The effectiveness of full-scale models and attack
detection algorithms is assessed based on several key
parameters (Table 3)

Thus, natural models and intrusion detection
algorithms in WLANSs are effective tools for
studying and protecting networks, ensuring high
accuracy and timely detection of attacks in real
operational conditions.

Imitative models and intrusion detection algorithms

Description of Developed Simulation Models.
Simulation models are software tools designed
to replicate the operations of Wireless Sensor
Networks (WSNs) and simulate various attack
scenarios in a controlled environment. Within the
scope of the conducted research, simulation models
were tested that accurately reproduce the behavior
of sensor nodes, communication protocols, and
interactions with the external environment. These
models are based on the following principles:

1. Multi-layered architecture of the model: The
simulation model includes physical, data link,
network, and application layers, enabling detailed
reproduction of all aspects of Wireless Sensor
Network (WSN) operation.

2. Network topology modeling: Supports various
topologies such as mesh, star, and tree, allowing
exploration of how topology affects resilience to
attacks.

3. Parameter flexibility: The model allows
configuration of node parameters such as
transmitter power, data transmission rate, and
energy consumption, crucial for investigating
different attack scenarios.

All simulation models are built using diverse
mathematical and computational methods. These
models facilitate testing and analyzing network
behavior under attack, evaluating detection
accuracy, and justifying the realism of simulated
conditions (Table-4).

Model adequacy assessment involves comparing
simulation results with real-world data, including
topology parameters, traffic intensity, and attack
frequency. A model is considered adequate if
its behavior does not statistically differ from
real data, often verified using tests like the
Kolmogorov-Smirnov test. An example application
of such models could include testing intrusion
detection systems on the TinyOS platform,
achieving a detection accuracy of 95% with a false
positive rate of less than 2%, utilizing a hybrid
approach to enhance accuracy and minimize energy
consumption.

Methods and tools for simulating attacks on
wireless sensor networks

For implementing simulation models, a number
of modern tools and methods were utilized to ensure
high accuracy and scalability of the research. The
key tools include:

1. NS-3 (Network Simulator 3): A powerful tool
for network simulation that allows reproduction of
a wide range of protocols and attack scenarios on
WLANS. NS-3 provides detailed modeling of node
behavior and interactions between nodes.

2. MATLAB/Simulink: Used for mathematical
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modeling and analysis of attack detection
algorithms. MATLAB facilitates the development
and testing of complex algorithms, as well as the
analysis of data obtained from simulations.

3. Omnet++: A tool for modeling and
simulating networks, offering high flexibility
in network parameter configuration and attack
scenarios. Omnet++ supports extensibility, enabling

integration of custom models and algorithms.

These tools collectively support comprehensive
modeling, simulation, and analysis of wireless
sensor networks (WSNs), enabling researchers to
evaluate the performance and effectiveness of
various security mechanisms against different types
of attacks.

Table 4 - Composition and structure of models

Ne | Model Composition and structure of models Mathematical description
1 | Network | Graph model: Sensors and nodes are G(V.E)={ (viv) | vi,vi€V, e €E } (1)
layer represented as a graph G (V , E) G(V,E), | where
where V'V - a set of vertices (nodes), and | V={v,v,,...,v,} - many nodes,
E E - many edges (communication E={e;} E={eij} - many communication
channels). channels.
Topology: The parameters of the network
topology are defined, including the
distance between nodes, node density, and
network type (e.g., star, tree, mesh
network).
2 | Traffic Data flow: The distribution of traffic Aij=Rate(vi—vj) (2)
model between nodes is described. This is where
achieved using probabilistic models such | 4, - traffic intensity between nodes v; and
as Poisson distribution or Markov models. | v;, which may follow a Poisson
distribution: (3)
3 | Attack Types of attacks: Models are defined for | (4)
model various types of attacks, such as DoS where

attacks, data interception attacks, and
data integrity attacks.

Attacker behavior: The strategy of the
attacker is determined, including the
frequency and intensity of attacks.

d - distance to target,
0 - interception angle.

4 | Detection
model

Methods: Implementation includes
detection algorithms such as
signature-based, anomaly-based, and
hybrid methods.

Machine learning algorithms: Utilized for
traffic classification, such as K-means,
SVM, neural networks.

Anomalous method: (5)
where

X; X; - measured value,
W - average value,

w; - weight coefficient.
Machine learning algorithms: K-means:
&)

where

J - loss function,

k - number of clusters,
X j( i) - data points,

u; - cluster centroids
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Results and discussion. Results of simulation
experiments and their analysis. Within the

framework of conducted simulation experiments,
various types of attacks on WLANSs were simulated,
including jamming attacks, resource exhaustion
attacks, replay attacks, and spoofing attacks. The
results of the experiments enabled a detailed analysis
of the effectiveness of the proposed models and
attack detection algorithms (Table 5).

Analysis of the results showed that the developed
simulation models and algorithms are highly
effective in detecting attacks on WSNs. The
experiments conducted allowed for a detailed study
of network behavior under various types of attacks
and proposed algorithms that demonstrate high
accuracy and promptness in detection. The results
confirm the feasibility of using simulation models in
the research and development of protection systems

for wireless sensor networks.

Table 5§ - Composition and structure of models

platform for modeling network systems. The experiment
involved creating a wireless sensor network of 100 nodes
with a random topology and a transmission radius of 50
meters. The experiment consisted of three stages: network
initialization without attack, introduction of the jamming
transmitter, and data collection. The collected data
included received signal strength indicator (RSSI), packet
loss, and transmission delay, amounting to approximately
10,000 records. Data processing was performed using
statistical methods and machine learning algorithms such
as K-means and SVM. The data processing methodology
included data filtering, analysis of signal strength levels,
and anomaly classification [17, 18].

No | Attack | Description of the experiment Results
1. | jamming An experiment to simulate a jamming attack was The results showed that the
attack | conducted using a powerful transmitter in Omnet++, a jamming attack significantly

reduces communication quality
and increases latency.
Simulation algorithms were
able to detect the attack with
94% accuracy by analyzing
signal strength and packet loss
rates. The experiment
demonstrated the possibility of
using this technique in real
wireless sensor networks.

2. | resource
exhau-
stion
attack

A simulation experiment for a resource exhaustion attack
was conducted using the NS-3 network simulator. The
experimental setup included a wireless sensor network
comprising 50 nodes, each equipped with a limited
battery. The experiment was planned by creating the
network, setting battery parameters, and launching a
series of attacks involving sending a large number of false
requests to the nodes. During the experiment, data on
energy consumption, node response time, and failure rate
were collected. Approximately 5000 data records were
gathered, covering all stages of the attack. Data
processing was carried out using an energy consumption
monitoring methodology developed and described in
[19]. This methodology included data filtering, analysis
of energy consumption time series, and detection of
deviations from normal behavior.

Algorithms based on this
methodology were able to
identify abnormal behavior
with an accuracy of 89% and
an average attack detection
time of 2.3 seconds. The
effectiveness of the
methodology was confirmed by
its high accuracy and rapid
detection of attacks. The
experiment demonstrated that
the proposed methodology is
effective for application in
real-world conditions of
wireless sensor networks.
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No | Attack

Description of the experiment

Results

conducted using Simulink software. The experiment was
designed by creating scenarios in which an attacker sent
false messages, pretending to be legitimate network
nodes, with the aim of infiltrating the system. Parameters
of the transmitted messages, such as node identifier,
message content, and timestamp, were recorded for data
collection. The total amount of data collected was
approximately 3,000 records, covering various attack
scenarios and network responses. For data analysis,
algorithms for node identity verification and behavior
analysis developed by the experiment’s authors were
applied. The data processing methodology included the
identification of anomalous nodes, comparison of their
behavior with samples of normal functioning, and
detection of deviations [20].

3. | replay | Experimental studies aimed at examining replay attacks The experimental results
attack | were conducted using a model created in the Simulink showed that algorithms based
environment. In this experiment, the model simulated the | on timestamps and

repeated transmission of intercepted messages, authentication methods
mimicking a scenario where an attacker could re-execute | successfully detected replayed
previously executed commands. The experimental setup | messages with an accuracy of
consisted of a network model including several nodes and | 97%, significantly reducing the
data transmission mechanisms configured to implement risk of executing false
replay attacks. The experiment planning involved commands and enhancing the
configuring model parameters, defining attack effectiveness of the replay
characteristics, and selecting detection methods. During attack defense system.
the experiment, data related to message timestamps, as
well as parameters of authentication and integrity
verification methods, were collected. The total amount of
gathered data was about 2,000 records, covering various
attack scenarios and the system’s responses to them. The
data were processed using algorithms based on analyzing
message timestamps and authentication methods. The
data processing methodology included filtering out
repeated messages and verifying their compliance with
expected time intervals [19].

4. | spoofing| Experimental studies focused on spoofing attacks were As a result of the experiment,

the model was able to
effectively detect spoofing
attacks with 92% accuracy.
The system’s response time to
detect the attack was 1.8
seconds, demonstrating the
high reactivity and efficiency
of the developed algorithms.
The obtained results confirm
the effectiveness of the
proposed spoofing attack
protection methodology and its
readiness for practical
application in real network
systems.

Comparative analysis of full-scale and simulation

approaches.

Methodology  for
Simulation Models.

To conduct a comparative analysis of physical and
simulation models, the following methodological
steps were developed and applied:

Selection of Representative Attack Scenarios:

Typical attack scenarios were chosen, such as

Comparing Physical and jamming,

resource exhaustion attacks,
attacks, and spoofing. These scenarios cover a wide
range of threats to wireless sensor networks (WSNs).

Construction  of
implementation of physical

replay

Models:
models

The
involved

Physical
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deploying sensor nodes in real operational
conditions. Various network topologies, such as
mesh and star, were used to ensure a diversity of
conditions. Real devices were subjected to attack
impacts to collect data on network behavior.

Creation of Simulation Models: Simulation
models were developed using tools like NS-3 and
Omnet++, allowing for accurate reproduction of the
conditions and behavior of sensor nodes, as well as

attack impacts. These models were configured to
match the conditions of the physical experiments.

Comparison of Physical and Simulation
Models: The comparison was conducted based
on several criteria, including attack detection
accuracy, response time, resource consumption, and
adaptability to changes in network conditions (Table
6).

Table 6 - Composition and structure of models

accuracy

detection time

The model's ability to correctly identify attacks and
minimize false positives. Accuracy was measured
as the ratio of correctly detected attacks to the total
number of attacks.

The time required to identify an attack after it has
begun. Fast detection is critical to minimizing the
damage from attacks.

resource consumption

adaptability

The amount of computing and energy resources
required to run detection algorithms. This criterion
is especially important for WSN nodes with limited
batteries and computing power.

The ability of the model and algorithms to adapt to
changes in network conditions and new types of
attacks. This includes the model's ability to work
across different network topologies and load
changes.

Table 7 - Results of comparative analysis, identified advantages and disadvantages of models

Advantages:

Flaws:

Full-scale models

- Highly realistic: Full-scale models
accurately reflect actual operating
conditions, including physical
disturbances and unforeseen factors.
- Relevance of data: Data collected
in field experiments are direct
results of the operation of real
devices and protocols.

- High costs: Deploying and maintaining
full-scale models requires significant
financial and time resources.

- Limited scalability: It is difficult and
expensive to scale up field experiments
to large networks or different scenarios.

Simulation models

- Flexibility and scalability:
Simulation models are easily
customized and scalable for
different scenarios and network
topologies.

- Low costs: Simulation experiments
are carried out in a software
environment, which significantly
reduces costs compared to full-scale
experiments.

- Limited realism: Simulation models
may not fully account for all real-world
physical and environmental factors,
which may lead to variations in results.
- Dependence on model accuracy: The
effectiveness of simulation models is
highly dependent on the accuracy of
reproducing real-world conditions and
network behavior.
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In general, both approaches have their strengths
and weaknesses, but their combination can provide
the most complete and reliable analysis of attacks
on WSNs. Full-scale models provide high accuracy
and data relevance, while simulation models offer
flexibility and cost-effectiveness. The optimal
solution is to use full-scale experiments to verify
and calibrate simulation models, which allows you
to combine the advantages of both approaches.

Conclusions. Analysis of full-scale and
simulation models and algorithms for identifying
attacks on WSNs shows that both approaches have
their own unique advantages and disadvantages.
Full-scale models provide highly accurate and
up-to-date data because they reproduce real-life
network operating conditions. However, their use
is associated with high costs and limited scalability.
Simulation models, in contrast, offer flexibility
and cost-effectiveness, allowing easy adjustment
of parameters and scale-up of experiments, but may
not fully account for all real-world physical factors.

Based on the presented data, we can conclude
that the combined use of full-scale and simulation

approaches is optimal in the context of ensuring
the security of wireless sensor networks. The
integration of natural and simulation methods
makes it possible to jointly use their advantages,
ensuring high accuracy and reliability of attack
detection algorithms. Using field data to calibrate
and verify simulation models plays an important role
in achieving high accuracy in network vulnerability
analysis. Recommendations for improving models
and algorithms, including developing flexible
and scalable simulation models, improving attack
detection algorithms, and regularly updating models,
are aimed at increasing the effectiveness of the
attack detection system. This combined use of
methods and the development of infrastructure for
field experiments seem to be the most effective
ways to improve the security of wireless sensor
networks in the face of rapidly changing threats.
This work by the staff of the International Scientific
Complex ”Astana” is carried out with the financial
support of the Science Committee of the Ministry
of Science and Higher Education of the Republic of
Kazakhstan (Grant No. AP19680345).
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PA3BPABOTKA MUC CUCTEMbBI TEJIEMEJINIIAHDI 1J14 3AIIMCU K MEJIUITNTHCKUM
CIIEHUAJINCTAM

1,24 ,C. Ceiitenos , 'T.K. XKyka6aesa, 3S. Al-Majeed, *C. Wolff
1 EBpaszuiickuil HatioHabHbI yHUBepcuTeT uMenu JI.H. I'ymuneBa, Acrana, Kazaxcran,
2Astana IT University, AcraHa, Kazaxcran,
3 Al Akhawayn University, Udpan, Mapokko,

4Fachhochschule Dortmund, Joprvmyns, T'epmanus
“KoppecrnoneHT-asrop: altynbekss@gmail.com

TexHosoruu TeneMeIMIMHbBl CTPEMUTENIBHO Pa3BUBAIOTCS, TPEJOCTABIISISI HOBbIE BOZMOKHOCTH y/IAJIeH-
HOTO MEIUIIMHCKOTO OOCTY:KUBaHUSI, OCOOEHHO B YCJIOBHUSX OrPAHUYEHHOIO JIOCTYNA K MEAUIIUHCKUM y4-
pexaenusam. Pazpadotka Meautmackoi MagopmanmonHoi Cuctembl (MUC) 1yist TeieMeUIIHBI CTAHOBUT-
Cs1 BKHOU 3a/1a4eid, HAITPaBJICHHOU Ha YJTyUIlIeHHe KaueCTBa MEUITMHCKUX YCIIYT, ONITUMHU3AIINIO0 aIMUHKC-
TPATUBHBIX ITPOLIECCOB Y MOBBIIIEHHUE JOCTYITHOCTH KBAIM(PULIMPOBAHHON MEIUIIMHCKON TTOMOILU J1J1s1 IPO-
KOTO Kpyra MaiyeHTOB, BKJIIoUas TeX, KTO MPOKUBAET B OTAAJIEHHBIX paiioHaX. B 1aHHOU Hay4HOIT paboTte
MIPOBEJIEH JeTAIBHBINA aHATHU3 [Is TOA00pa Cpey CyIIeCTBYIOIIUX METOOB U TEXHOJIOTHI B 9TOM 001acTH,
a TakXke MpeJIOKeHbl HOBbIE, MTHHOBAIIMOHHBIE TIOAXObI K PEIICHUI0 aKTyaJ bHBIX MPOOJIEM, CBSI3aHHBIX C
BHenperreM MUC B mpakTuky. Pe3ynbraTsl MccieoBaHusI MOTYT OBITh ITOJIE3HBI TSI pa3paOOTYMKOB M
BHenpeHiieB MUC, pykoBoguTenel yupekaeHUd 31paBOOXPAHEHMS, a TaKXkKe ISl UCCIeloBaTesiel, 3aHu-
MAIOLIMXCSl BOIIPOCAMM TeJIeMEAULIMHBL 1 MTH(OPMALMOHHBIX TEXHOJIOTWI B 3/1paBooxpaHeHuu. [Ipenio-
JKEHHBIE TIOXO/Ibl 1 PEKOMEHIAIIUH CIIOCOOCTBYIOT YIyUIIIEHHUIO MPOLIECCOB MPEJOCTABIECHHS MEAUITMHCKUX
YCJIYT, MOBBIIIEHUIO 9(P(PEKTUBHOCTH TEIEMEAUIIMHBI B 1IEJIOM U YJIyUIIEHUIO B3aUMOIECUCTBUSI MEXKy Bpa-
YaMU ¥ MAIMeHTaMy Ha BCEX YPOBHSIX MEIUIIMHCKOTO OOCTYKUBAHUS.

KiroueBble ciioBa: TelieMeMIIMHA, CHCTEMA TeJIeMEAUITUHBL, YIaJIeHHOEe METUIIMHCKOe 00CTy KUBaHNE;
MeIUIMHCKAass MH(OPMALIMOHHASI CUCTEMA; yAaJleHHAas 3alKCh; JEKTPOHHbINA MPUEeM MallUeHTa; MpUIokKe-
HUE.

TEJIEME/IUITUHAJIBIK, MAMAH/IAPFA TIPKEJIY YIIIH MAK KYHECIH JJAMBITY

1,24 C. Ceiitenos , 'T.K. ’Kyka6aesa, 3S. Al-Majeed, *C. Wolff
1JLH. T'ymunes atsinnarel Eypasus yaTTBIK, yHUBepcUTeTi, Actana, Kazakcras,
2 Astana IT University, Actana, Kazakcran,

3 Al Akhawayn University, Udppan, Mapokko,
4Fachhochschule Dortmund, HoprtmyHna, I'epmanns

e-mail: altynbekss@gmail.com

TenemenuiHa TEXHOJIOTUSIIAPHI T€3 JaMBIIT KeJe/i, MEAUIIMHANIBIK, KbI3METTEpPre KaIIbIKTBIKTaH KOJ
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KBI3METTEP/IiH CarachlH )KaKcapTyFa, SKIMIIUIK MPOLeCTepAi OHTAMIaHABIpYFa KoHEe KOFapbl OUTIKTI Me-
JUIIMHAJIBIK, KOMEKTi KeH ayKbIM/Ibl MTALIMEHTTEPre, COHBIH 1ITH/IE MaFail ayaaHaapaa TypaTbiHaapra Koj-
KETIMIUTIKTI apTThIpyFa OarbITTaJFaH MaHBI3BI MiHJIET OOJIBIT TaOblIagbl. OChl FRUIBIMU KYMBICTA Ka3ip-
Il yaKbITTa KOJIIAHBUIBII 5KYPIreH 9AICTEP MEH TEXHOJIOTUSIApIbl Tajllay KYypri3uial, conaan-ak MAX-ai
MpPaKTUKaFa €Hri3y MaceseliepiH LIelyre apHajifaH KaHa, MHHOBALMSUIBIK, TOCUIIEP YChIHBUIABL. 3epTTey
HoTrkenepi MAJK a3ipreyiiisiepi MeH eHrisyuiijiepine, JeHCaylblK CaKTay MeKeMesepiHiH OacIibliapbl-
Ha, COHJIall-aK TeJIeMeIUIIMHA MEH JIEHCAYJIbIK CaKTay aKIapaTThIK TEXHOJIOTUsIIApbl MaceieepiMeH ailHa-
JIBICATHIH 3epTTEYIIiJIepre Maugaisl OOyl MYMKiH. ¥ CHIHBUFAH TICUIIEP MEH YCBIHBICTAP MeTUIMHAJIBIK,
KBI3MET KepceTy IMPOIECTEPiH KaKcapTyFa, TeJeMeANIIMHA THIMILIITIH apTThIpyFa KoHE Jdpirepiep MeH
MAlMEHTTep apachiHIarbl 63apa dPeKeTTeCy i OapIblK, MEAUIIMHATIBIK KbI3MET KOpCeTy JIeHreiepiHe xKak-
capTyfa bIKIaJ eTefi.

TyitiH ce3aep: TeJeMequIIMHa, TeeMeIUIIMHA KYHeci, KAIIBIKTHIKTaH MEAUIIMHAIBIK, KbI3MET KOPCETY,
MeIUIMHAIBIK, aKITAPATTHIK, KYHe, KAIIBIKTBIKTAH TiPKey, MEKTPOH/IBI MAIMeHT KaOblIaay, KOCBIMIIIA.
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Telemedicine technologies are rapidly evolving, providing new opportunities for remote medical care,
especially in areas with limited access to medical facilities. Developing a Medical Information System
(MIS) for telemedicine is becoming a crucial task aimed at improving the quality of medical services,
optimizing administrative processes, and enhancing the availability of qualified medical care for a broad
range of patients, including those living in remote areas. This research paper provides a detailed analysis
of existing methods and technologies in this field and proposes new, innovative approaches to addressing
the current challenges associated with implementing MIS in practice. The findings may be useful for
MIS developers and implementers, healthcare facility managers, and researchers involved in telemedicine
and healthcare information technology. The proposed approaches and recommendations contribute to
improving medical service delivery processes, increasing the overall effectiveness of telemedicine, and
enhancing interactions between doctors and patients at all levels of medical care.

Keywords: telemedicine, telemedicine system, remote medical service, medical information system,
remote registration, electronic patient reception, application.

BBe,ueHne. B nocnegnue rogpl TeneMenuLIMHA INIOCKOJIbKY TaKHE€ CUCTEMBI 00ecneynBaT yIipaB-

CTaja OIHUM U3 HauboJiee ObICTPO Pa3BUBAIOIIUXCS
HAIpaBJieHU! B 00JACTU 3APAaBOOX PAHEHUSI, TIPEIO-
CTaBJIsiA BO3MOXHOCTH YIQJICHHOTO MEJUIIMHCKOTO
o0CITy)KMBaHUS U KOHCY/IbTanui. Paspadorka MUC
(MeauuuHcKas uH(pOpMAIIMOHHAS CUCTEMA) 151 Te-
JIeMeIUIIUHBI TIPEICTABISAET cOO0M BaXKHYIO 3a71a4y,

JIeHUE MEIMUMHCKUMU JIaHHBIMH, YJIy4llIeHUE Ka-
YyecTBa OOCTYKMBAHUS MAIUEHTOB U ONTHUMM3ALIUIO
aJIMUHUCTPATUBHBIX mporieccoB. OOOCHOBaHME BbI-
Oopa JaHHOW TeMbl OCHOBBIBACTCS Ha OIBITE TIPEe/-
IIECTBEHHUKOB, KOTOPbIE MOIYEPKUBAIOT HEOOXOIM-
MOCTb MHTErpaluyyd UH(POPMAIIMOHHBIX TEXHOJIOTUI
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B MEJULIMHY 11 NOBBIIEHU A 3(P(PEKTUBHOCTH U J10-
CTYIIHOCTM MEAULIMHCKUX ycayr [1, 2].

AxryanbHOCTh paspadotku MUC nns tenemenu-
LIUHbI OMpeIeNsieTCs] BBICOKUM MHTEPECOM K MHHO-
Bal[MIOHHBIM METOfIaM MPEJOCTaBICHUSI MEAULIMH-
CKOW TIOMOIIM Y TJI00ATbHBIMU TEHJCHIUSA-MU 1U]-
poBuzaiu 3apaBooxpanenus. [langemus COVID-
19 3HaUUTENIBHO YCHITWIIA IOTPEOHOCTD B YIATIEHHBIX
MEIUIMHCKUX YCIIyrax, YTo B CBOIO O4epelb Tpe-
oyeT 3 peKTUBHBIX NH(OPMALIMOHHBIX CUCTEM IS
o0ecreveHus KauecTBa U HEMPEPbIBHOCTU MEAULIMH-
cKoro oOciyxkuBaHus [2, 3]. 3HAYMMOCTh JaHHOU
TEMbl 3aKJIIOYAETCSl B Pa3BUTUU HAYYHOTO MOHMMa-
HUSl TPUHIIMIIOB MOCTPOEHUs1 M (PYHKIIMOHMPOBA-
Husg MUC s TeneMeAuiMHbI, a Tak K€ B Hero-
CPE/ICTBEHHOM YIyUIlIEHMH KauecTBa MEIUIIMHCKUX
YCIIYT U yIIpPaBJEHUU PECYpcaMu 3ApaBOOXPAHEHUS
(3, 4].

MHorue 3apyOekHble HCCIeIOBaHHs TMOKa3bIBa-
I0T, 4TO 3(P(PEKTUBHBIE CUCTEMbI PETUCTPALIMY MALU-
€HTOB U YIpaBJIeHUs JaHHBIMU B TeJIeMEJULIMHE UT-
PaIOT KJIIOYEBYIO POJib B 0OECTIEUEHUH JOCTYITHOCTH
Y KauyecTBa MeIMIMHCKUX yciyr. Hanpumep, uccie-
JOBaHUS MOKAa3bIBAIOT, YTO UCIIOIb30BAaHUE TeIeMe-
AWIVHBI 7151 YIIPABJIEHUs] XPOHUYECKIMU 3a00J1eBa-
HUAMM, TAKUMH KaK IUa0eT U TMIEePTOHMS, 3HAUU-
TEJIbHO YJyYlllaeT MOKa3aTeslu 30pPOBbs MAILIUEHTOB
Y CHUKAeT HAarpy3Ky Ha MEAULIMHCKUE YUPEKIECHU .
Kpome Toro, coBpeMeHHble IU(PPOBbIE CUCTEMBI, Ta-
KHe KaK JIEKTPOHHbIE MEIMIIMHCKKE 3allUCU U TeJle-
MEIMIMHCKHE KOHCYJIbTAIMH, CIIOCOOCTBYIOT Oolee
3(ppeKTMBHOMY B3aUMOJECTBUIO MEXIY NMAIIUCHTA-
MU ¥ MEIMUMHCKAMU CIIEUAINCTaMU, yIy4dlias Ka-
YeCTBO 0OCITyKMBaHHMS 1 YIOBJIETBOPEH-HOCTD MAall-
€HTOoB [5, 6].

Llens 1aHHON HAayyHOW pPaOOTHI COCTOMT B pa3-
paboTKe W TpeCcTaBJIeHUH apXUTEKTYPbl U MOJEIH
MUC cucteMbl 151 3alACH K CIIEIUATUCTAM, a TaK-
K€ B aHAJIM3€ CYILECTBYIOUIUX TEXHOJIOTHI B 3TON
obOnactu. [l TOCTHKEHMST STOM 1IEIM HEOOXOIUMO
PEIMTh CIIeAYIONHe 3aJaul: POBECTH aHAIN3 TIPO-
W3BEJICHHBIX KCCJIC/IOBAHWIA, ONPENeUTh CHJIbHBIC
CTOPOHBI CYIIECTBYIOIIUX PEIICHUM, a TaKkkKe Mpe/-
JIO)KUTh HOBBIE TIOAXO/IbI K PEIICHUIO TPOOIIeM.

3HaueHue JaHHOW HAay4HOW palOThl 3aKJII0YaeT-
csl B TOM, UYTO €€ pe3yJbTaThl MOTYT OBITh TOJIC3HBI

Ui pa3pabotyukoB U BHezapeHeB MUC, pykoo-
JUTesIeN 30paBOOX PaHEHHU ], a TAKKe JIJIs1 UCCIIeI0Ba-
TeJeH, 3aHMMAIOIIMXCSI IPOOIeMaMHt TeJIeMEANIIMHbI
Y MH(OPMALMOHHBIX TEXHOJIOTUHN B 3ApaBOOXPaHe-
Huu. [IpenioxkeHHble TOAXOIB! U PEKOMEH JALIUN MO-
TyT CIOCOOCTBOBATD YJTYUIIEHUIO POLIECCOB MPEO0-
CTaBJIEHUS] MEAULIMHCKUX YCIIYT U TOBBILEHUIO (-
(pekTUBHOCTH TeleMeAULIMHBI B LIEJIOM.

MarepuaJjbl U MeToabl. Pa3spaboTka u BHe-
peHre MEIUIMHCKUX HWHMOPMALMOHHBIX CUCTEM
(MUC) B cepe TenemeuIHBI aKTUBHO U3Yy4aeT-
csl B TIOCJIETHUE TOAbl. DT CUCTEMBI IpeIHa3HAYE-
HBI JUIS1 YJIyYIEHUs] pe3y/IbTaTOB JIeYeHUs MallieH-
TOB, ONTUMM3ALUK MTPOLIECCOB 3/IPABOOXPAHEHUS U
6omee 3(ppeKTUBHOTO pacrpesesieHus: pecypcos. B
JAHHOM pasz/iesie pacCMOTPEHBI OCHOBHBIE HAIIPaBJIe-
HUS U pe3yJIbTaThl UCCIIeJOBaHUI B 9TOH oOmactu [,
6].

DKocucTeMa TeJIeMeUIIMHBI TIoIpa3yMeBaeT BO-
BJICUEHWE WCIONb30BaHUs WH(OPMAIIMOHHBIX |
KOMMYHMKAIIMOHHBIX TEXHOJIOTUH ISl YIPOLIEHUS
MPEAOCTaBJICHUs] MEAUIIMHCKUX YCIYyT Ha PacCTosl-
Huu. [Inarpopma faHHOM TEXHOIOTMI1 MOXKET COCTO-
SITh U3 CJIEYIONIMX CEPBUCOB: TUCTAHITMOHHAS KOH-
CYJIbTallMsl, MOHUTOPUHT COCTOSIHUSI 3JIOPOBbSI Tia-
IieHTa, OOMEH MEJUIIMHCKON MH(pOpMAIHE MK Ty
CMEIUATICTOM U MAlMeHTOM, a TaKKe MEeXIy CIie-
nuagicTaMy. Pa3BuThe TelleMeIUIIMHBI CBA3aHO C
HEOOXOMMOCTBIO TIPEONIONIEHUsT TeorpahuIecKux,
COITUAJTBHBIX ¥l 9KOHOMUYECKHUX OapbepoB, UTO OCO-
OEHHO aKTyaJIbHO UISl YOaJIeHHbIX ¥ MaJlOHACeJIeH-
HBIX PEruoHoB [7, 8].

UccnenoBanus nokassiBaot, uto MUC wmoryt
3HQUUTEJILHO YJIYUIIUTh KOOPAMHAIMIO YXOAa |
YCKOPUTH MPOLIECCHI IPUHATHS PELICHUIA B 3[[PaBO-
oxpaHeHUH. CHCTeMbl, OCHOBAHHBIE Ha TaKUX TeX-
HoJlorusx, kak uarepHer Beien (IoT), uckyccrBen-
HbIi uHTEINeKT (Al) u Gonbinve nanusie (Big Data),
MpeJiaraloT HOBble BO3MOXKHOCTHU 151 TeJIEeMeTUIIH-
HBI, BKJTIOYASl yIAJICHHBII MOHUTOPHUHT IMAI[UEHTOB,
MIPOrHO3MPOBAHUE SMUIEMHUIN 1 TIOAJEPKKY Bpadeo-
HbIX perienuit [8-10].

Buenpenue tenemequiyiabl 1 MUC akTMBHO npo-
nBurajgoch B ycioBusx nanaemuun COVID-19, yro
MPOAEMOHCTPUPOBAJIO MX TMOTEHIUAJ B YCJIOBHUSX
kpusuca. CoBpeMeHHBIE TEXHOJIOTHH, TaKHe KaK 00-

86



JIaYHBle CEpBEPBI, MO3BOJISAIOT NIepeaaBaTh OOJbIIMe
00bEMBI JaHHBIX C MUHAMAJILHOW 3aJEepPKKOH, 4TO
SIBJISIETCS] KPUTUYECKU BAXKHBIM JIJIs1 Pa3BUTHUS Telle-
MeauiuHH [8,9].

Kpome TOro, uccnenoBaHusi MOKa3bIBalOT, 4TO
HECMOTPsI Ha 3HAUYUTEJIbHbIE MTPEUMYILECTBA, BHE[I-
pEHUE TeJIEMEAMIIMHBI CTAJIKUBAETCA C PAJOM MIPO-
OJsieM, BKJIIOYAsd HEOOXOOUMOCTh 3HAYUTEJIBHBIX WH-
BECTUIINI B MH(PPACTPYKTYPY U 0OydUeHHe TepCoHa-
Jla, a Takke BOMPOCH Oe3omacHocTH AaHHbIX [10].
OpHako, B JI0JTOCPOYHOM NEPCIEKTUBE, YCIIEIIHAs
unterpauus MUC u tenemeIuimHbl MOXET IpUBE-
CTH K 3HQUUTEJIbHBIM YJIyUIIEHUSIM B JOCTYITHOCTH U
KauyecTBe MEIUIIMHCKON ITOMOIIM, OCOOEHHO B OT/Ia-
JIEHHBbIX perroHax [7-9].

[ToMuMO BBIIIEYKA3aHHOTO 3aMeYaHusl AJis pa3-
padOTKU CUCTEMBI IJisl TeJIeMeIUIIMHbI HeOOXOAUMO
YUUTHIBATh STUYECKHE ACTIeKThl peaym3anuu. Takue
Kak oOecrnieyeHre KOH(PUICHIT-aIbHOCTH U Tiepe/ia-
Yy HHMOPMALIUK O MAIUEeHTe, TPEeOYIOT TIIATEILHOTO
paccMOTpeHHs TP pa3paboTKe U BHEIPEHUU Telle-
MeaUIMHCKHNX cuctem [10, 11].

HecMoTpst Ha 3Tu TpoOIeMBbl, TeJleMeTUIIHA UMe-
€T 3HAUMTEJbHBINA MOTEHIUAJ /15 YIyUIlleHusI Kaue-
CcTBa MeAMIMHCKON ToMory. OIHUM U3 KITIOYEBBIX
MPEUMYILECTB SABJISETCA BO3MOXHOCTb IPEIOCTaB-
JIEHUS1 CHEeLMAIN3UPOBAHHBIX MEIUIIMH-CKUX YCIIyT
B OTJAJIEHHbIE U CEJIbCKUE PAlOHBI, TA€ JOCTYI K
KBATM(UIIMPOBAHHBIM MEIMIIMHCKUM KaJipaM orpa-
HudeH [8,12]. WccnemoBanus MOKa3bIBaOT, YTO Te-
JIEMETUIIMHCKUE KOHCY/IbTAllUd MOTYT OBITh CTOJIb
K€ 3(pPeKTUBHBI, KaK U TPAAULIMOHHbIE OUHBIE BU-
3UTHI, B JIMATHOCTUKE U JIeUeHWU psAfa 3adolneBa-
Huii [13]. Bonee toro, TeleMenuIIMHA MOXKET CIIO-
COOCTBOBATh CHHKEHHMIO 3aTpaT Ha MEAUITMHCKOE 00-
CITy)KWBaHUe, YMEHbIask HEOOXOIUMOCTb TPAHCIIOP-
TUPOBKM MAIIMEHTOB M COKpaIlas BpeMs OXUIAHUS
IU1s1 TIOJTyYeHUs1 MEIMLIMHCKOM oMoty [14].

B nomonHenuu, peanusaius U 3amycK MeIUIIH-
CKOU MH(POPMAITMOHHOW CUCTEMOM 17151 TEJIEME/IUITH -
HBI TIO3BOJISIET YJIYYIIUTH KOOPIMHAIIMIO YXO/Ia 32 I1a-
[UEeHTaMH, oOJieryasi OOMeH MeIUIIMHCKON MH(Op-
Maler MeXy pa3InuHbIMU YIPEKJACHUSIMU U CTie-
MATUCTAaMU. DTO OCOOSHHO BAKHO Uil TAalMeH-
TOB C XpPOHMYECKMMHU 3a00JIeBaHUSAMU, TPeOYIOIIH-
MM INOCTOAHHOI'O MOHUTOPUHI'A 1 KOOPAWHALIMU Pa3-

JIMYHBIX BUAOB JieyeHus [15]. Kpome Toro, ncnosns-
30BaHMe TenemMeaulnabel B couetannu ¢ MUC mo-
KET YJIydIuTh cOOp W aHAJIM3 METUIIMHCKUX JIaH-
HBIX, YTO CIIOCOOCTBYET MPOBEIACHUIO OOJIee TOYHBIX
1 000CHOBAHHBIX KJIMHUYECKUX UCCIieoBaHuii [16].

B pamkax gaHHOro McCleJOBaHUS B CTaThe Mpe[-
CTaBJIEHA apXUTEKTypa U MOAEIb MEAULIUHCKON
MH(POPMAILIMOHHON CUCTEMBl [UISl TEeJIEMEAWLIHBI,
BKJIIOYAIOIYI0 (DYHKLIMIO JIEKTPOHHOU 3allUCU K
crienmanuctam. VccnenoBarenbckasi paboTa yuHThI-
BaeT aHaJN3, MPOU3BEICHHBIN B padoTax [7]. AHa-
JIU3 paccMaTpuBall CYLLECTBYIOLIYIO IIaTopMy U
OU3HEC-TIPOIIECChl, 3aPETUCTPUPOBAHHBIX B NIEpEUHE
MUC MunucTepcTBa 3/1paBooxpaHeHust Peciryomm-
k1 KazaxcraH, NMO3BOJIMT ONpPENEIUTb CHUJIBHBIE W
ci1abble CTOPOHBI TEKYIIMX PEIICHUH.

OcHoBHas 3aj1a4a paszpadotku mopenu MUC —
CO3[JaHNe WMHTYUTHBHO TOHSTHBIA M YHOOHBIA WH-
CTPYMEHT /Il ONTUMHU3ALUK B3aUMOEUCTBUSI Bpa-
4yell ¥ nauueHToB. Ha mepBom 3tarme HeoOXoaumo
ONTUMHU3UPOBATh MPOLIECCH 0OOMeHa HH(OpPMALIHEH,
YTO BKJIIOYAET Ppa3padOTKy YJOOHBIX MHTEepQeiicoB.
BaxHo monoOparh MOAXOIAIIME TEXHOJIOTHU U pe-
HIeHUs UTsl 0OecTieueHus JIETKOCTU U 3(P(DEKTUBHO-
CTM KOMMYHHKALIMU MEX]Ly MOJIb30BaTENIsIMA CUCTE-
Mbl. K TOMy ke uccienoBaHsl MOAXOB! AJI YIIPO-
IIEHU 3aIMCH Ha [TPUEM, BKJIIOYasl CO3JaHUE CUCTe-
MBI aBTOMATH3MPOBAHHOTO OPOHMUPOBAHUS U YIIPaB-
JIEHUs1 pacliMcaHueM Bpaueil. 3ydeHsl CyliecTByo-
1€ METOBI M MHCTPYMEHTHI, a TaKXkKe OLEHEHA MX
MIPUMEHUMOCTSH B mipoekTe [17].

Hna peamuzauun MUC  uccnenoBaHbl  coBpe-
MEHHBIE TEXHOJIOTMU W 00opyrnoBaHue. 3yueHbl
(peirimBopku, Takue kak Django, mis obecriede-
HUS HAJIS)KHOCTU crcTeMbl. [Iisi pa3paOoTKu UHTEp-
(bevica orieHeHBI MHCTPYMEHTHI Angular, ist oOec-
NeYeHUs] MHTePAKTUBHOCTU U yaoOcTBa. PaccMotpe-
HBI 0a3bl TaHHBIX, BKIIOYast SQLite, ¢ TOUku 3peHus
MIPOU3BOAUTENILHOCTH,

Wnrtepdeiic wurpaer KimouyeBylo poiib B BeO-
NIPUJIOKEHUH, oOecrieunBast yIoOCTBO TOMCKa Bpa-
Yel, 3alliCM Ha TpPHEM M TPOBEACHHS OHJIAWH-
KOHCYJIbTAIlMiA B peajibHOM BpeMenu. HeoOxomuma
HWHTYUTHUBHO INOHATHAA U IMPOCTad B UCITOJIb30BAHHUHU
UHTerpauus, 1uis yero Angular siByisieTcsi onTUMaib-
HBIM pellIeHHEM.
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Puc. 1 - Apxurektypa Angular

Apxurektypa B Angular Ha Pucynke 1 nocrpoena
Ha KOMITOHEHTaX, IJe KaX/blil KOMIIOHEHT BKJIIOUAET
CBOIO JIOTMIKY, JaHHBIE U MpecTaBiieHre. KoMoHneH-
Tel (Component) NMpeACTaBIsIOT 1eMEHTAPHbIE Ya-
cTu mpuioxeHus, Bkmovaomue HTML-11abiaoHsl,
CSS nna cruneit u TypeScript ais J10ruku, Mo3Bo-
JIs1sl yIpaBJieHUe KakI01 4acThlo, Jienasl UX He3aBU-
cuMbIMU Monynsamu Ui peannsaumu MUC cucre-
Mbl. CepBHUCH (Services) BbIIOIHAIOT 33Ja4u: MOJy-
YeHHUe JIaHHBIX O MaryeHTe, padoTa ¢ yYeTHBIMHU 3a-
IIUCSIMU U yTIpaBJIEHUE BCTPEYaMM, MO3BOJISSA KOM-
MIOHEHTaM 3aHMMAaTbCsl Ha IpeJCTaBJIeHUU HH Op-
Manmu roib3oBaTend [18].

Monymu (Modules) 00beqMHSIOT CXOKUE KOMIIO-
HEHTbI U CepBUCHI, Npejiaras (PyHKIUM Takue, Kak
JIMYHAsi KOHCYJbTalUsl MEXK/y BPAuOM M MallMEeHTOM
B OTAENbHBIN O710K. Mapmipytusanus (Routing) mos-
BOJISIET MEPEeMEIaTbCsl MEXKAY CTPAHUIIAMU TPUJIO-
KEHUs, TAKUMH KaK BXOJ, PETUCTpaLUs, TPOCMOTP
Bpayel 1 3anuch Ha nnpueM. [Ipusska ganHbix (Data
binding) u 06padoTka cobwiThii (event handling) aB-
TOMATUYeCKU OOHOBJISIET MHTEepeiic Mpu U3MeHe-
HUM COCTOSTHUS MpUyIokeHus. OOpadoTKa COOBITHIA
MO3BOJISIET KOMIIOHEHTaM pearupoBaTh Ha JIEUCTBUSA
NalueHTaM, Takue Kak OTIIpaBKa (pOpMBI 3asiBKH UJIH
HakaThe KHOIKH, 0OecreunBasi OnepaTuBHOE B3au-
mogerictue [18].

BriOpanHasi METOHOJIOTHSI COOTBETCTBYET LIENISIM
IIPOEKTA, IOCKOJIbKY HallpaBJIeHA Ha TILATEJILHOE UC-
CJIe/IOBaHUE, MPAKTUYECKYI0 pa3padoTKy M 3pdek-
TUBHYI0 uHTerpaimio pynkmii. Couetanue o030poB
JMTEepaTypbl U BHIOPAaHHON METOI0JIOTMU 0Oecreyuu-
JI0 TIOHMMaHKe MOTPeOHOCTEH MOJIb30BaTENNeH U Cy-
IIECTBYIOIIMX PELICHUN.

PesyabTaTtel H 00cyxkaeHne. Bridbop ocraHo-
Bujica Ha SQLite 1u1s Ga3bl JaHHBIX M3-3a €€ JIETKO-
cru 1 uHTerpamu ¢ Django ¢ppeitmBopkom. SQLite
npejiaraeT MpocToTy U yI0OCTBO, MO3BOJISISE COCpe-
JOTOUMTHCS Ha pa3paboTKe 0e3 CIIOKHOU HACTPOU-
k4. B nanpHeiiem cuctemMa MOXeT TUIaBHO NEPENTH
Ha GoJiee MacITabupyeMoe pelieHue, MoaIepkKrBa-
emoe Django, Gnaronaps ruokoctu SQLite [19].

Ha pucynke 2 npencrapieHa cxema 6a3bl JaHHBIX
(BX) MUC cucrembl. baza jaHHBIX COAEPKUT J1aH-
Hble O Bpayax M NallMeHTaX, OpraHusys MHgpopma-
IIMI0 B HECKOJIBKMX TaOnmmax. ba3a maHHBIX comep-
JKUT Ha TaOJMILIBI, pa3/ie/IeHHbIX HAa TPU OCHOBHBIE
rpynmnsl (Jokrop, [latment, 3anuce).

ITpocpuis (Profile): Conepxut ocHOBHYI0 MHPOP-
MaLMIo O IOJIb30Bartelie, BKIoYas UMs, (haMUJIUIO,
a/ipec MMEKTPOHHOMI MOYTHI, APOJIb, CEKPETHBIN BO-
IIPOC ¥ OTBET /151 BepU(PHKALIUH, a TAKKE MHAUKATOP
craryca Bpaua.
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Profile

PK | ProfilelD INTEGER PK | DoctorID INTEGER

FirstName TEXT SpecialtylD INTEGER

LastName TEXT ClinicLocation TEXT

LicenseNumber TEXT
Email TEXT

LicenselssuedDate DATE
Password TEXT

LicenseStatus TEXT
IsDoctor INTEGER

1IN TEXT
SecurityQuestions TEXT

Identification TEXT
SecurityAnswer TEXT

ProfilelD INTEGER
PhoneNumber TEXT

Doctor

Specialty
PK | SpecialtylD INTEGER
Name TEXT

ServicelD INTERGER

FOREIGN KEY (SpecialtyiD)
REFERENGES
Doclor(SpecialtylD )

FOREIGN KEY (DoctorlD) REFERENCES

Profile(ProfilelD)
- MedicalService
PK | ServicelD INTEGER
= Patient MedicalServiceName TEXT
PK | PatientiD INTEGER SpecialtyNumber INTEGER
FOREIGN KEY (ProfilelD) REFERENCES Appointment

Profile(ProfilelD)

PK | AppointmentiD INTEGER

PatientID INTEGER

DoctorlD INTEGER

DateAndTime TEXT

Complaint

PK | ComplaintiD INTEGER

GoogleMeetLink TEXT

MedicalRecord
PK | MedicallD INTEGER
DoctorlD INTEGER
RecordDate DATE
Notes TEXT
PatientiD INTEGER

FOREIGN KEY (PatlentID)
REFERENCES Patient(PatientiD]

AppointmentID INTEGER

FOREIGN KEY (DogtoriD)
REFERENCES Doctor(DoctorID)
FOREIGN KEY (PatientiD)
REFERENCES Patient(PatientID)

ComplaintText TEXT

ComplaintDate DATE

FOREIGN KEY (AppointmentiD)
REFERENCES Patient(AppointmentiD )

Puc. 2 — ERD duarpamma B/ MUC cucrembl

Hokrtop (Doctor): IlpegocraBisieT JONOTHUTENb-
Hble JlaHHble, crelu(UYHbBIMU [JIs1 BpauyeH, Ta-
KUMHM KaK CHElMaJIbHOCTb, PaCIOOKEHUE KJIMHU-
KM, uHGpOpMaIMs O JIMIEH3WU M CTaTyC IMpoBep-
KM, eciu npoduib sBisercss Hoktopom. Creru-
anmbHOCTh (Specialty): Conepxut uHGOpPMALIMIO O
BpaueOHbIX CHEIUATbHOCTAX. MeIUIIMHCKUE YCiy-
ru (Medical//Service) - ToxaecTByeTCsl CO COOTBET-
CTBYIOIIUM JIe4€OHBIM CIIEIIUATIBHOCTSIM.

[MarmenTt: Pactmpsier taGmuiy “Tlpoduns” nis

v MediConnectBackend

authen

doctors 1.

MediConnectBackend
patients

services

db.sglite3

manage.py

Puc. 3 - CTtpykrypa 639KeH/ja CHCTEMBbI

IIPe/ICTaBJICHUsI TAIlMEHTOB, €CJIM 3alliCh O IPO-
(une sBiseTcsa manyMeHToM. MeIuIMHCKast 3aruch
(MedicalRecord): CoxpaHsieT JaHHbIE O MAIIUEHTaX.

3anuch (Appointment): VYhpapisier IeTansMu
BCTpeY MEeX/y BpayaMy Y NallMeHTaMM, BKJIIoYas Ja-
TY, BpEMs U CChIJIKY Ha OHJIaiH-KOHCYIbTanuu. Ka-
no6a (Complaint): O6padaThiBaeT kaao0bl MalUeH-
TOB MPeJBAPUTEIIHHO JI0 3aIMCH Ha MTPUEM K Bpady.

PucyHok 3 mokasbiBaeT CTpyKTypy HaIlero 69keH-
Jla, OPraHU30BAHHOTO MO TTPUIOKEHUSIM:

Kaxnplii Mmoyb oTBevaer co cienymomue QpyHK-
LIAU:

Authen: AyrenTudukanus u ynpasjieHUe MoJb30-
BaTeJIsIMU.

Bpauu (doctors): ITpodunu Bpaueii, Bkioyas crie-
[IMAIBHOCTH U TIPOBEPKY JIUIIEH3H.

[armenTs! (patients): [Ipodunn nmanyeHToB U MX
B3aMMOJICVICTBUE C BpayaMHu.

Ycenyru  (services):YnpaieHue MeAULIMHCKUMU
yCIIYTaMH1 ¥ 3aITiCh Ha TIPUEM.
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5. MediConnectBackend: OcHoBHass mporpamMma c
[I00JTBHBIMY HACTPOMKAMH U KOH(UTY paIHSIMH.

B npoekre 3anpoc nocrynaer k gucrieruepy URL-
aJIpecoB B ‘urls.py‘, KOTOPbIN HAITPABJISIET €r0 K COOT-
BETCTBYIOIIIEMY IIpEJCTaBIEeHUIO B ‘views.py'. [1pen-
CTaBJieHMe 00pabaThIBAaeT 3ampoc, MPOBEPSET AaH-
HBIE, BbI3bIBACT OM3HEC-JIOTUKY U B3aUMOICHCTBYET
¢ MozesaMu 13 ‘models.py’, yrpapisomumu 6a30i
nanHbIX yepe3 Django. s npeoOpa3oBaHus Moje-
Jeit B JSON U npoBepKH JaHHBIX UCTIONb3YIOTCS Ce-
puammusaropsl u3 ‘serializers.py‘. Ilocie oOpaGoTku
npezncraeiaenue Bosppaimaer HTTP-otser, Oynp TO
HTML-ma6:108, JSON nns API wim mepenarnpag-
JIeHue, yKa3zaHHble Ha PucyHke 4.

Vv authen
__pycache__
migrations
_init__py
admin.py
apps.py
models.py
serializers.py

tests.py
urls.py

views.py

Puc. 4 - Ctpyktypa nporpamMmmsl

MMUC cucrema obecrieunBaeT JOCTYI K MEIUIH-
CKMM YCJIyraMm, TIO3BOJISII IOJIb30BATEIsIM HCKATh
U IUIaHUPOBaTh BcTpeuu. [Iporpamma monenupyior
crielManu3alyy, MeAULUHCKUE YCIYId U Mocelle-
HUS, TJIe IPUEM M MEAUIIMHCKOE 00CTyKUBAaHUE CO-
OTBETCTBYIOT Pa3IMUYHBIM Buaam yciyr. OyHKImo-
HAJILHOCTB, CBA3aHHAs C IOCTYIIOM K yCIIyram, co3/1a-
HHMEM BCTped M M3MEHEHHEeM JaHHBIX O OPOHMPOBA-
HUU, Pean30BaHa B ‘View.py'.

Jlu3aiiH CTpaHUIBI BXOfA TMO3BOJSET CYIIECTBY-
IOLUM TIOJIb30BATENsIM BOWTH B CHCTeMYy U 0oOpa-
OaThiBaeT JaHHYIO (PYHKIIMOHAIBHOCTh, OTOOpaKeH
Ha Pucynke 5. Ilonp3oBatensiM HEOOXOOUMO YyKa-
3aTh COOCTBEHHBII aJIpec EKTPOHHON MMOYTHI U T1a-
posb. KOMIOHEeHT poBepsieT, 3aroIHeHbI JIu 00a 1o-
JI1 M BAIMAHOCTH (popmata 37eKTpOHHOM MoyThl. Ec-

JIA y‘leTHbIe JaHHbIC BCprI, I1IOJIB30BATEJIb ITOIIAACT
Ha JIOMAIlHIo cTpanuily. Eciu Het, otoOpaskaetcs
coo01eHre 00 OIMOKeE.

Login

Email:

Password:

Puc. 5 - ®opma aBTopusanuu

I[lepexons Ha CTpaHUIly BBIOOpA OIpPENEIEHHOTO
JOKTOpa, CTpaHMULIA CBEIEHWH O Bpaye NpeloCTaB-
JsieT noApoOHYI0 MH(pOPMALMIO, BKJIIOYAsl €ro Mmpo-
¢unb 1 HazHaueHus1, otoOpaxkeH Ha Pucynke 6. [Ipu
VHULIMAIN3aUY KOMIIOHEHTA JaHHbBIE O Bpaye u3-
BJIEKAIOTCS U3 MAapaMeTPOB MapUIpyTa ¢ UCIOJb30-
BaHUEM ero uiaeHTugukaropa. Meron cucteMsl 1o-
JTydaeT uHdopmalmio o npoduie Bpaya, Takylo Kak
ums, pamMuwIns M aapec JEKTPOHHOU NouThl. Ecim
TI0JIL30BaTEJIb HE aBTOPU30BaH, OH IEPEHAIPaBIIACT-
Csl Ha CTPaHHULLy BXOJA.

VipasieHue BcTpeyaMy B cucTeMBbl Tenemeuiu-
HbI SBJISETCS KPUTHUECKUM 3JIEMEHTOM, OOecIeyun-
BAIOIMM IUJaBHOE IJIaHUPOBaHUE, HaOJIOeHue U
pEryJuMpoBaHUE BCTpPEeY MEXIy BpayaMy M Ialu-
eHramu. Cucrema npenocTapisieT HafaekHble (PyHK-
LMY, TTOMOTAIOIME YIIPOCTUTh BCE Tallbl B3aHMO-
JefCTBUSA, BKJIIOYas CO3[aHue, yIpaBJieHue U UHTe-
IpaLio ¢ BHEIIHUMU UHCTpyMeHTamu. [losb3oBare-
JI1 UMEIOT BO3MOKHOCTh BHIOMPATh JOCTYIHBIE Bpe-
MEHHBIE CJIOTHI U3 TMHAMUYECKOTO KaJleHJapsi, KOTO-
phIii 0TOOpakaeT Kak CBOOOIHbBIE, TaK U 3ape3epBH-
POBAHHBIE CJIOTHI, FAPAHTUPYS PO3PAYHOCTD U JIET-
KOCTb UCIIOJIb30BAHUS CUCTEMBI JJIs1 3alIUCH Ha KOH-
CyJbTauuio Ha PucyHnke 7.

90



Doctor Details

Name: Togzhan Zhakhani

Clinic location:

Schedule Appointment

Specialty: Surgeon

kalkaman License status: Rejected

Puc. 6 - IIpocduns goxTopa

28 May 29 May

9:00 AM Available Booked

10:00 AM Available Available
11:00 AM Available Available
12:00 PM Available Available
2:00 PM Available Available
3:00 PM Available Available
4:00 PM Available Available
5:00 PM Available Available

Schedule Appointment ‘ Go Home

30 May 31 May 3Jun
Available Available Available
Available Available Available
Available Available Available
Available Available Available
Available Available Available
Available Available Available
Available Available Available
Available Available Available

Puc. 7 - Ctpannna njianHupoBaHHs BCTPed

dynkima nnanupoBanusa Bcrped B MUC mpo-
BepsieT BBIOPAHHBI MHTEPBAJT U AyTEHTU(DUKAIIUIO
nonb3oBarensi. OHa M3BJIeKaeT UIEeHTU(PUKATOD Ma-
LIMEeHTa ¥ (POPMUPYET JaHHBIE O BCTPEUE C UCTIONIB30-
BaHMeM MaeHTU(UKaTopa Bpaya. [Ipu pepakruposa-
HHUHU JIAHHBIE OOHOBJISIIOTCS, TIPH CO3JAaHUM BCTPEUU
oHM Ao0asstorcs. [locie ycrnemHoro BhIIOMHEHUs
orepaluy Mojib30BaTesb MOJMy4YaeT yBeJOMJIEHNE, a
IpY OLIMOKE CHCTeMa MPeayIpekaacT.

Pa3paboTka Mojies i MeIMITMHCKOM MH(OPMAITHOH-

HOW CHCTEMBI /ISl 3alMCU HA MPUeM HallpaBJieHa Ha
oOJieryeHue IJTAHUPOBAHUS BCTpEY MeEKIY Mev-
IIMHCKOTO TIepcoHasa U mareHToB. Cucrema obec-
neynBaeT ynoOHbIH uHTepdeic 1 3aNicu Ha MpU-
€M K Bpauy, YIpaBJeHUsl PACIUCAaHUEM U TPOBeJe-
HUsI MEAUIIMHCKUX KOHCYJIbTALIUI.

Jl1 HENPEepHIBHOIO YJIyYIIEHUS CUCTEMBI CYIIE-
CTBEHHO HEOOXOIMMO COOMpaTh OOPATHYIO CBSI3b OT
TOJTb30BaTeN el Yepe3 ONpoCkl, (hOKYC-TPyIIbl WK
VIH/IMBU/IyaJIbHbIE WHTEPBbIO. DTO MO3BOJMT Olle-
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HUTb UX ONbIT, BBISIBUTH y3KKE MECTa U ONpPEAEIUTh
MIPUOPUTETHI U151 OyIyluX yimyuieHui. Takon non-
XOJI TIPUBOJMT K TIOBHIIEHHIO 3(h(PEKTUBHOCTH pa-
OOTBI CUCTEMBI, YITYUIICHUIO KauecTBa 3a00THI O Ma-
[IMeHTax U olecrieunBaer OecriepeboitHoe (PyHKIU-
OHMPOBAHUE.

BoiBoabl. B pe3synbrate mpoBeeHHOrO UCCIIEIO-
BaHM ObUIa pa3paboTaHa v peyIoKeHa MOJIEITh Me-
JuIHCKon nHgopmarmonHon cuctembl (MUC) nuis
TeJIeMeIUIIMHbI, OPUEHTUPOBAHHASI Ha YJydllleHue
rpoliecca 3aMvcy MalueHTOB K MEJUIIMHCKUM CIie-
nuamuctaMm. OCHOBHOM HEJbI0 JaHHON pa®oThl Obl-
JIO CO3[IaHWEe PEeIeHUs, HAMPABJIEHHOTO Ha TOBBI-
IIeHWe KavecTBa MEOWIIMHCKHUX YCIyT, ONTHMH3a-
M0 aJIMUHUCTPATUB-HBIX IPOLECCOB U paciivpe-
HHUE JJOCTYMa K MEAUIMHCKUM YCIIyraM Jis MarueH-
TOB, OCOOEHHO B y/IaJIEHHbIX PErMOHAX.

Jns1 pa3paOOTKU CHCTEMBI HCTIONB30BATUCH CO-
BpeMeHHble BeO-TexHoyornu: Django 1uist cepBep-
HOM yactu, Angular juisi BHelHero uHrepdenca u
SQLite nys ynpapienus 6azamu JaHHbIX. OCHOBHbIE
MOMY/IM CUCTEMBI BKJIIOUAIOT PETUCTPALIUIO U ayTeH-
TU(PUKALIMIO TOJIb30BaTeNIe, yripaBiieH!e mpoguis-
MU TAIIUEHTOB W Bpauel, a TaKxke IJIaHHPOBaHUE
BCTpEU.

AHamM3 NpOU3BOAUTEIBHOCTH CHCTEMBbI MOKa3al,
YTO MCIIOJIb30BaHKEe 0a3bl JaHHBIX SQLite 1mo3Bos-
eT 3(ppekTUBHO 0OpadATHIBATH 3ATMCH MAIIEHTOB U
MeMIIMHCKUX cnermanctoB. Oanako SQLite orpa-
HUYMBAET MacIITaOupyeMOCTb CUCTeMBL. st Kpyn-
HBIX MEJIUIMHCKUX YUPEkKIACHUH ¢ OOJBIIMM 00be-
MOM JIAaHHBIX U TOJIb30BaTeNIell HEOOXOOUMO Tepeit-
TH Ha 0OJiee MOIIIHbIE CCTeMBbI YIIpaBJieHUs Oa3amu
JAHHBIX.

KagecTBeHHbIE TTOKA3aTEIN pa6OTI>I CUCTEMBI I10-

Ka3bIBAIOT, YTO YJYYIIEHO B3aMMOJIEHCTBUE MEXIY
NalMeHTaMH U MEJMIIUHCKUM TIEPCOHAJIOM, a TaKkKe
yIpolieH npouecc 3anmucu. OJHaKO TeKyIas BepCHs
CUCTEMbl TpeOyeT NOMOIHUTEIbHbIX Mep Ul YCH-
JeHus1 0e30MaCHOCTH JITaHHBIX, YTO OCOOEHHO BaX-
HO 1pH padoTe ¢ KOH(PUICHIUATBHON MeIULIMHCKOM
uHpopmarmein. TpeOyeTcsi BHeApeHUE YTy UIlIeHHBIX
MEXaHU3MOB ayTeHTH(PHUKAIIIK U BepU(PUKAIHH.

Cucrema mpomuia anpodanuio MeAUIMHCKAMU
crienuamiuctaMu KIMHUKU «Aisera Clinic» B ropo-
ne AcraHa, rae NpoJeMOHCTpUpOBaia CBOI0 3(pdek-
TUBHOCTb M HaJ€XKHOCTb. Pe3ynbTarhl ampoOanuu
noaTBepxkaaT, urto BHeapenne MUC criocoOcTBy-
€T YIPOIIEHHIO POLIECCOB 3alUCh U 0OPaObOTKHU MH-
opmarium o nanueHTax, a Takxke yJlIy4llIeHUIo Kaye-
CTBA MPEJOCTaBJISAEMbIX MEIULIMHCKUX YCIIYT.

B nanbHeiimem pasBUTUM CHCTEMbI IUIAHUPYET-
Csl MHTerpanvs IONOJHUTENbHBIX (DYHKIUH, YCH-
JieHre Mep Oe30MacHOCTH M YJIydllleHHe TOb30Ba-
TeJbckoro mHTepderca mist 6oee 3PGHEeKTUBHOTO
00CTy)KMBa-HUSI TIOJIb30BaTeNiell 1 00paboTKK OOJb-
mMX 00bEMOB JaHHBIX. Takke MpeycMOTpeHo pac-
IIMPEHNe CHUCTEMbl UIsi KPYMHBIX YUPEKICHUH ¢
IpUMEHEeHHeM OoJiee MOIIHBIX 0a3 JaHHBIX U YITyd-
IIIEHHOW CUCTEMBbI O€30IaCHOCTH.

Takum oOpa3oMm, pa3paOOTaHHasi MeIUIMHCKAs
UH(OPMAIIMOHHAST CHCTeMa MpPEACTaBIIseT 3HAYM-
TEJILHBIM IIPOTrpPecC B YNpPaBJIEHUU MEIULIMHCKU-MU
yCIIyraMu, MpeloCTaBisisi KOMIUIEKCHOE pelIeHUe
JUTST 3aIACH Ha TIpUEM M OHJIalH-KOHCybTarmid. C
NIOCTOSIHHBIM Pa3BUTHEM M aJanTaluell K W3MeHs-
omumes norpedHoctsiM, MUC Gyner npoponkarsb
oOecrieunBaTh BBICOKHMIA ypOBeHb 3((PEKTUBHOCTH U
JOCTYITHOCTH MEIMIIMHCKUX YCIIYT B YCJIOBUSX LIA(-
POBOIi TpaHC(OPMALIUK 3/1PABOOX PAHEHUSI.
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KOJI KUBLJIBICTAPBIHIAYDBI KOJIIK KYPAJITAPBIHBIH AFBIHBIH HAKTDBI YAKDBIT
PEZKUMIHIE TNHAMUKAJIBIK PETTEY

U1.C. Kamanrapun, 'C.A. Anteinéexk, 'A.JI. Tyxeryaos ,'K.M. Aknmes, 2H.I1. Canapxom:kaes
K. KynaxaHoB ateiHiarel Kazak TeXHOJIOTHsI koHe OM3HeC yHUBepcuTeTi, ActaHa, Ka3zakcraH,

211, CepikoOaes arbiHarsl LbFpic KazakcTaH TeXHUKAJBIK, yHUBEPCHUTETI., OckeMeH, Kazakcran

*KoppecrionaeHT-aBTop: tad62@ya.ru

CoHFBI KXBUIIAPHI KATAJIBIK, JKepiiepie OaraapiiamMmaapablH ©TKi3y KaOLIeTTUIriH apTThIpy MaKcaThHIA
KOJIIK KypaJJIapbIHBIH KENTeNICiH JUHAMUKAIBIK, Oackapyra KeOipek keHuT Oeminyne. Ocbl MakcarTa Kipy
KbLIJaMIbIFbIHA Heri3zenreH skeke traf C mamaapsl yiiiH Oipkartap aJanThBTi OacKapy arOpuTM/Epi YChl-
HBUIIBI. AJaiifia, HAKThl YaKBIT peKUMiH/E OipHellle KUbUTBICTap/IaH OTETiH KOJ KaFJalIapblH eCKepe OThI-
PhII, OGargapiiaMaapably ©TKi3y KaOIeTTLTrH apTThIpy MacesieciHe KeHin Oeminmi. By sxymbicta 6i3 op
TYPJIi HIBIFBIC OaFBITTAPBIHA KiPETiH KOMIKTEPIIi KapacThipa OTHIPHII, MAKCUMAJIIBI OTKI3y MoCeNeHi TYKbI-
pbiMaaimMbi3. ComaH keriH 013 xkaHa aganTusTi traf C xkapblK, CUTHAJIBIH OaCKapy aJlTOPUTMIH YCHIHAMBI3, OJT
KOJT KO3FAJIBICBIH OapbIHINA apTTHIPYFa jKoHE KUBUIBICTA KOJIIK KYPAIAAPbIHBIH KYTY YAKbITBIH KbICKAPTYFa
MYMKIiHJIIK Oepemi. ¥ChIHBUITFAH AJITOPUTM HET13Ti KoHE KOPIIIeC KUbLUTBICTAPIAbIH HAKTHI YAKBITTAFbl KOJ
kKargaiibiHa OaimaHelCThl traf C Xapbik, CUTHAIBIHBIH (pa3anapbl MeH y3aKThiFbH perteriai. SUMO mopens-
ey apKbUIbl 0i3 YCHIHBUIFAH QJITOPUTMHIH OTKi3y KaOUIETTUIIrT MeH OpTallia KYpy YaKbIThl TYPFbICHIHAH
TUIMALUTITIH KOpceTeMis.

Tyiiin ce3aep: anantusTi xkyiienep, traf C, anantusti 6ackapy, airopurm, SUMO mopnenbey.

JUHAMMNYECROE PETYJIMPOBAHUE ITIOTOKA TPAHCIIOPTHBIX CPEJICTB HA
INEPEKPECTKAX B PEZKUME PEAJIBHOI'O BPEMEHN

11.C. Kamanrapun, 'C.A. Antbinéex, 'A.JI. Tyaeryios , 'K.M. Axumies, 2H.II. Canapxomsxaes
Kazaxckwuii YHUBEpCUTET TexHomoruu 1 6uszHeca umenu K. Kynaxkanosa, Acrana, Kazaxcran,

2Bocrouno-KazaxcTaHcKuii TeXHIUYeCK vt yauBepcuteT uM. [I. CepukoOaesa, Ycrb-KameHoropek,
KazaxcraH,

e-mail: tad62@ya.ru

B nocieinme rozipl Bee O0sbliie BHUMAHUS yIeIIsIeTCsl AMHAMUYECKOMY YIIPaBJIEHHIO 3aTOPaMK TPAHCHIOPT-
HBIX CPEJCTB C IIeJbI0 YBEIWYEHHS MPOITYCKHOM CIOCOOHOCTH CBETO(OPOB B TOPOICKHX paiionax. C 3Toii
1eTbI0 OBUT TIPEVIOKEH Psifi JITOPUTMOB A/IANITUBHOTO yHpaBieHus i otaenbHbiX jami traf C, ocHo-
BaHHBIX Ha CKOpocTH BXxofa. OJHAKO C y4eToM JOPOXKHBIX YCJIOBH, MPOXOAAIIMX Yepe3 HECKOJbKO Iie-
PEKPECTKOB B peKMME peabHOrO BpeMEHH, BHUMaHUE ObUIO YAEIEHO BOIPOCY YBEIWYEHHs MPOIYCKHOM
crocoOHocTH cBeToopoB. B naHHOI cTathe Mbl (hopMyIHMpyeM MpoOIeMy MAKCHMAJIbHOW MPOIYCKHOM
CIOCOOHOCTH, paccMaTpyBasi TPAHCIOPTHBIE CPEJCTBA, BE3KAIOIINE B Pa3HbIe HalpaBiIeHUs. 3aTeM Mbl
MIPEACTABJISIEM HOBBI aIalITUBHBIN AITOPUTM YIIPaBJIeHUsI CBETOBBIM cUrHaJioM traf C, KOTOpBbIil TO3BOJISIET
MaKCUMM3HUPOBATh JOPOXKHOE JBUKEHHE U COKPATUTh BpPeMs OXKWAAHUS TPAHCIOPTHBIX CPEACTB Ha Iepe-
Kkpectke. [Ipearaemplii aaropuT™ peryaupyer ¢asbl U MPOIOIKUTETBHOCTh cBeToBoro curHaia traf C B
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3aBUCUMOCTH OT JIOPOKHOM CUTYallMM B PEAJIbHOM BPEMEHM MEX/ly OCHOBHBIM U COCEIHUM IepeceYeHUs-
Mu. C nomornpio Mogearpoanust SUMO Mbl ieMoHCTpupyeM 3(p(eKTUBHOCTD MTPEJIOAKEHHOTO aJITOPUTMA
C TOYKH 3peHHsI IPOITYCKHOM CIIOCOOHOCTH M CPEIHETO BPEMEHH B Iy TH

KuaroueBbie cioBa. anantuBHbIe cucTeMsl, traf C, aganTuBHOE yrpaBJieHue, alTOPUTM, MOAETMPOBaHKE
SUMO.

DYNAMIC CONTROL OF THE FLOW OF VEHICLES AT INTERSECTIONS IN REAL TIME

1D. Zhamangarin, 'S. Altynbek, 'A. Tulegulov , 'K. Akishev, 2N. Saparkhodzhaev
K. Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan,
2D. Serikbayev East Kazakhstan Technical University, Ust-Kamenogorsk, Kazakhstan,
e-mail: tad62@ya.ru

In recent years, more and more attention has been paid to dynamic traffic congestion management in
order to increase traffic light capacity in urban areas. To this end, a number of adaptive control algorithms
have been proposed for individual traf C lamps based on the input speed. However, taking into account
the road conditions passing through several intersections in real time, attention was paid to the issue of
increasing the traf C light capacity. In this article, we formulate the problem of maximum throughput
by considering vehicles entering in different directions. Then we present a new adaptive traffic light
control algorithm that maximizes traf C and reduces the waiting time for vehicles at the intersection. The
proposed algorithm adjusts the phases and duration of the traf C light signal depending on the real-time
road conditions of the main and adjacent intersections. Through SUMO simulations, we demonstrate the

effectiveness of the proposed algorithm in terms of bandwidth and average travel time.

Keywords. adaptive systems, traf C, adaptive control, algorithm, SUMO modeling.

Kipicnme. Meranomcrepne ypoanu3anusira 6aii-
JIAHBICTBI OeJITiJTi Oip JKONIapaarsl aBTOKOJIIK THIFbI-
3IIBIFBI KOFAPbl KAPKBIHMEH OcTi. Byl koJIbH Ken-
TeJlyiHe, anarrapra, xkaHapMai meirblHbIHA, CO mbI-
FapbIHJbUIAPbIHA JKOHE TPA(PUKTIH KEIiryiHe oKeJi
[1,2]. Byn Macenenep 3epTrey K KyMbICTAPbIHBIH Ha-
3apblH apTTBIPYFa TYPTKi OO KOHE KOJIK KO3Fa-
JIBICBIH OACKAPY/IBIH OPTYPIIi CTpaTerusiiapblH 3ip-
neyre okenni. [laiina GonraH crparerusiapabH Oipi-
Kayincizaik kamepanapsl, traf C OeliHekamepaia-
Pbl, IbE30JIEKTPIIIK JATUUKTEP, UHIYKTUBTI 1JIMEK-
Tep JXoHE T.0. CHAKTBI OPTYPIi CEHCOPJIBIK TEXHO-
JIOTUSITIAPIIBl KOJJIAaHY apKbLIbl )KUHAJIFAH aKapaTka
CYWEHETIH UHTEJUIEKTYaJIIbl KOJIIK KYHeCi YFbIMbIH
XKY3€ere achlpy, JKOJ KarJailbiH OaKblIay kKoHE aBTO-
KOJIK KYPri3ylliJiepiH CUTHAIIapbl apKblbl €CKep-
Tyre 6omnaapl. Anaiina, ITS-ne KongaHblIaThiH OaKbI-
JIay[IbIH MYHJAl 9MIETTer1 9/iCTePl MIEKTeYi KamMTy
MeH TEXHUKABIK, KbI3MET KOPCETY/IiH KOFapbl KYHbI-
Ha OataHbICThl THIMAL OomMaiapl. OCBl KEMILTIK-

TepIi KO0 kOHE HAKThl yaKbIT peKUMiHIIE TpaduK-
TiH HaKTHI JepeKkTepiH xuHay yiurH ITS TyXbipeim-
JIAMaChl CHIMCBI3 OaiiIaHbIC TEXHOOTUsIIAPbIMEH TO-
JIBIKTBIPBUTFAH, OYJ KOJiK KYpalAapbHbIH apHAIbI
JKeJTCiHiH AamybiHa okenefi. CoHbIMeH Karap, traf
C xapBIKTaH/IBIPY YaKbITHIH KaKCaPTYy YIIiH CHIMCBI3
CEHCOPJIBIK, XKeJIiiep nanaananbuis [3,4].

MarepuaJjaap MeH aaicrep. Kananbk sxomnmap-
narbl C KO3FaJIBICHIHBIH KaFJailblH KaKcapTyFa ap-
HasiraH TanbiMasl VIM crparterusiiapblH €Ki TONKA
Oenyre Oonmanpl. bipiami tom traf C pepextepin
KUHayFa, TalJalaHyFa KoHE JepeKTep Heri3iHie
KOJIKTEpi alHaJIBI OTETiH KaiTa OarbiTTay aJiro-
pUTMEPIH KoijaHyra OarbiTTananbl [5,6]. CoHbl-
MEH Katap, 3epTreysep opOip KONAbIH HAKTH YaKbIT-
Tarbpl KO3FAJIBIC JKaFrAaiapblH eCKepyre MyMKIHJIIK
Oepy YIIiH CBIMCHI3 OaliJIAHBIC TEXHOJIOTHSIAPHI MEH
ecenTey pecypcTapblHIaFbl JKETICTIKTepal maiaana-
Ha oThIpsl, traf C aganTuBTi GacKapyabl 3epTTeii
[7,8]. 3eprrey xKyMbICTapbIHBIH KOMILIUIIIHIH HET13-
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ri OarbIThl Heri3iHeH Oip KMBUIBICTBI KHBLIBICTBIPA
otbipsi, traf C eTKi3y KabiJieTiH apTThIpyFa OarbiT-
TaJFaH; Tek OipHeme 3eprreynep traf C makcumu-
3alMsCH YIIiH OipHelie KWbUIBICTApIbl KapacThl-
panel [9,10]. AnabIHFBI KyMBICTapJaH aldblpMalllbl-
JIBIFBI, OYJ1 KYMBIC MaKCaTThl KHBUIBICTAFBI KOHE
OHBIH TOPT OAFBITTAFbI KOPIIILJIEC KUBUIBLICTAPBIH/IAFI
HAKThI YaKbITTAaFbI )KaF Al bl ECKEPE OTHIPHIT, KOJIIK
KYpaJJapblHbIH TpaUriH MakCUMHU3aIUsIay Mace-
JieciH Kapactbeipaipl koHe TFM - 11 Makcumaigbl
OYTiH caH peTiHae MOJebACHIL.

OJeTTe KENTeliC TYABIPATbIH JKOJI  JKEJICIHE
KipeTiH KOJK KYypaJiapbl 9p TYPJIi IIBIFBIC OAFbIT-
TapMeH Kypyre HHETTi OOJIFaHABIKTaH, Kipy KoHe
HIBIFY HYKTeJiepi Oipaei KeJlik KypalAapbIHbIH aFbl-
Hel 0 xoHe 1 »emiciHZErl reokaprara TycCipulyi
MyMKiH. CoHbIMEH Katap, Oip O-Fa jKaTaTblH KeJIiK
KYPaJIapbIHbIH CaHBI, SIFHU LIbIFY KOHE KeJly M03U-
usIapsl Oipaei Kotk Kypasaapsl TOOs! Oenrii 6ip
ApaJIbIKTBIH CYpPaHbIChIHA COMKEC Kellyl MyMKiH. bi3
xon xenicin gd(V;E) GarpiTranran rpacuri TypiH-
ae ycbiHpUIFaH O JKeJliCiHe reokaprara Tycipemis,
MyHza V xoHe E coiikeciHine OapiblK KHUbLIBICTAP
MEH O0JI CEerMEHTTepiH KaMTupbl. G-re cyiieHe OThI-
phIn, 0i3 KapacThIPbUIFaH MICeNeciH KyaTThulbK, O
CUTHAJIIbIH YaKBIT YHEMJEY KOHE CYpaHBICTHI Ka-
HaraTTaHaplpy maprrapeiMeH MCF-MeH canbICThI-
pyra OonaThiHABIFBIH KepceTeMi3. CogaH KeiiH 0i3
1-1mi KUBUTBICHIHAH Oeriii O6ip OarbiTKa Kapail ska-
ChUI IIaMBl KYTINl TYPFaH KOJIKTEpHi eCKepe OThI-
pbit, MCF yariciH Ty XbIppIMIAiMBbI3 .

Kanbinrackan MCF mocenecin menty yuriH 6i3
KenTeNic meH 00C KachblT Y3aKTHIKTHI a3alTy Kypa-
JIBI peTiHjie OipHele KUbLIbICTAPIBIH(aTOM/IAp/IbIH)
’KOJ KarJainapbiH eckepeTiH agantusTi traf C xa-
PbIK (pa3ackl MEH y3aKThIFbIH OHTAMJIAHABIPY aJIro-
putMiH enrizemis. Herizinge, traf C eTki3y Kadinet-
TUTITiH apTTHIPYFa ’KOHE KUbLIBICTA )KOHE OHbIH KUbl-
JIBICTAPbIHJIA KYTY YaKbITHIH KbICKAPTYFa THIPBICA/IBI.
CoHbIMeH Katap, TpaHKTiH 6TKi3y KaOlIeTTirHIH
apTybl KHE KYTY YaKbITHIHBIH KBICKAPYBI KEPTisliK-
Ti J)KOHE KepIllijiec KUbLUIbICTAPIBIH alHAIAChIHAAFbI
JKOJIIAPABIH KO3FAJIbIC IEHIeiiH eCKepe OTBIPBII, TH-
HAMUKQJIBIK TYpPAE peTTelielli KoHE TEeHECTIpLIeai.

Traf C nepexrtepiH kuHay YILIIH K6JIiK Ky paJlJapblH-
Jarbl OOPTTHIK, KOHABIPFBUIAp, lare - neri I sxom 6oi-
piHj1aFbl OesmiMtiesiepaeri (Rsu) Obu xoHe ko 60¥-
bIHAAFBl KOHIBIPFBIIAp (Rsu) apaceiHmarsl opTypii
KOMMYHHKALIMSIIBIK, TEXHOJNOTHSUIAP TakJanaHblIa-
1l KipeTiH KeniKkTepaiH caHbl, OapiblK OarbITTapabl
KYTY YaKbITHI )KoHE T. 0. CUSKTHI i-Jieri traf C cratu-
CTHUKACHIH OaKpLIay.

Traf C pepektepi HeriziHIe aJbIHFaH KENTENiC
JIeHreliHe cyieHe OTBIPBIII, OTiM Oapa *KaTKaH KeJiK-
TepIliH CaHbIH KOOEHTY MeH i - Jie opTalia KyTy yaKbl-
TBIH KBICKApTy apachlHAAFbl Tele-TEHJIKTI CaKTay
yiniH traf C xapbelKThl OacKapyablH OpPTYPIi TICLUI-
JepiH KOJIaHa bl

ABTOKOJIIK TypaJibl IE€pEKTEP HETI31H]Ie aJIbIHFaH
KeNTeNlic JAeHreiline cydeHe OTBIphI, ©Tim Oapa
JKAaTKaH KOJIKTEep/iH CaHbIH KOOeUTy MeH i - 1ie op-
Tallla KYTy YaKbITBIH KBICKAPTY apachbHIArbl Terie-
TeHIIKTI cakray yurH C TpaduriHaeri apblKTbl
OacKapyablH opTYpiIi TocUIiepiH KongaHaasl. Tpa-
(urinin TemeH kenemi OallKanraH Ke3le, KYTY
YaKBITBIH KBICKAPTY YIIIiH 0OC achlT YaKbITTHI KO-
10ra Hazap aynapaabl. ConbiMeH Karap, C aBTOKeJTiK-
TiH KapKBIH/IbI JKaFJailbIHIa Ha3apbl )KaKbIH MAaH/IaFbl
JKoJiap/arbl KenTenicTepll a3ailTyra OarbITTaJFaH.
Eki xarnanaa aa traf C kapblK UMKJIIH PETTEeYOl Ko-
He/HeMece KePruliKTi jKoHE KaKblH MaHJAarbl KUbl-
JbicTapaarsl OakputaHatei traf C nepektepi HeriziH-
JIe KachlT KapblK, (ba3asiapblH KOHE OJNApbH y3a-
KTBIFBIH TaHJAy MEH PeTKe KeNTipyai OHTaiIaHIbI-
pyabl TaHTai 1. Mojienbiey HOTHKECIHIE AaTOMHBIH
TpapUKTiH ©3repyiHe koHEe OTKi3y KaOiIeTTiiriHe
JKQHE MaigaiaHyIIbIHBIH KilipiciHe Oeiimuenyneri
TUIM/IUTIT] apTajbl.

Aodanmuemi 6aroapuamosbl oHmaiiaamy macini

ABOT-ThIH 0acThl epeKINeNiri-KoIarbl KeJiK
KYPaJJIapPbIHBIH, THIFbI3/IBIFBIHBIH JAUHAMUKAIIBIK, ©3-
repyine OailaHbICThl traf c OHTAMIAHIBIPYIBIH €Ki
TYPJi TOCUTiH Kosaanbliaael. Traf ¢ skapblk areHTi-
HEeH Typajibl, atan alTkaHaa traf ¢ GaKkpUIAyIIBICH
*koHe Oaranaynibl (TFW) xkoHe traf ¢ sxapbIK curHa-
JIBIH peTTerim Oonaapl. baraapiiam napaiiens Ky-
MBIC icTelIi oHe Oip yakhTTa 1-cyperTe KepceTi-
rerei Oip-OipiMeH OaiiaHbICaIbl.
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1 —cypert. EKI arenT apacbiHAa¥Fbl 63apa OailiaHbIC

ATOM traf C xanmbl ©TKi3y KaOiIeTiH kakcap-
TYy/bI )KOHE 1-JI6 KYTUIETIH KOJIIKTIH opTalla eTKi3y
kaOinetin azaityasl Tanaaiasl. ABOT eki sxyMmbIc
icrenni, atan aiitkanaa TFW xone TLSA.

TFW KeprilikTi jkoHe jKaKblH MaHbIHAAFbl KUbI-
abictapiarel  C  TpaduriHiH IUHAMUKaJbIK ©3-
repictepiH OakKpUIalIpl koHe 1 OarbITHIHIA KeJjie
kartkaH C TpaduriHiH KeJieMiH, COHJai-aK 1-lIeH
IIBIFATBIH SKOJAAPIAFbl JKaFrAainapabl Oaramaufpl.
HepekTepni xuHayawl kon garuvkrepi, 802.11 p,
802.16, sruu WiMAX nemece LTE-V nemece 3gpp
Cellular-V2X(C-V2X) cuakret OPTYPJII V2V,
V2I xone 121 TexHOnorusiapelH KOJAAHY apKbLIbl
ic Ky3iHzae Ky3ere acelpyra Oonajapl. ComaH Key-
iH TFW OakpUIaHaThIH JKOJIIAFEl KENTEIIC JEHIeNiH
Oaranaiabl. Herizinme, tfw kenreny pexuMiHiH 1e-
tekTopsl (CMD) 1 Ky¥#iiH eKi pexxumre KikTei i, atarn
aiitkanna, 6oc 0 ke3eHi (FFP) xxoHe y3ikci3 perre-
netiH ke3eH. ConblMeH Karap, TFW xyprizerin traf
C OHTAMJIAHABIPYbIHBIH 9CEPIH ME3rUI-Me3riJl aHbl-
KTall jKOHE OHIMIUIIKTI aKcapTy YILIiH HOTHXKe-
nepnai TLSA-ra kaitapaasl. ConsiveH Karap, TLSA
TeMeHJie TyciHipirennen, TFW OaranaraH i-geri
KEeNnTeNic JeHrefine 0ailylaHpICThl 9PTYPJIi CTpaTeru-
sUTapybl KOJJAHY apKbUTbl OaFaapiiaMIabl OHTaIaH-
JbIPAJIbL.

By i-1e KanaTeiH HEMece OTeTiH KoK Kypaiaa-
PBIHBIH KaJITIbI KeJieMi a3 OoJIaThIH yaKbIT Ke3eHiH
aHbIKTAIl, OchlIaiIa i-jeri traf ¢ eTki3y KalineTTisi-
I'l HET131HeH [MKJIIIH Y3aKThIFbIHA 9CEp €Te/ll, OHbIH

OapbIchiHIAa 9pOip KeM jaereHjie Oip per KachUl Ia-
mra aybicanpl. FFP-nie, omerre, i-1eH op Typii OarbIT-
Ta OTETiH KOJIKTEepHiH opTalla KYTy YaKbIThIH Kbl-
CKapTy YIIIiH KbICKA IIUKJIFa apPTHIKIIBUILIK, Oepiie/i,
OUTKEH] 1 KbI3MET KOPCETETiH KOJIKTEepIiH *aJsIlbl
cansl a3. Connpiktat, FFP ke3inme TLSA, Oyian opi
TLSA nen 6enrinenesi, traf ¢ kapblk, [UKJIIHIH COH-
KEeC Y3bIHJBIFBIH ecernTeri MeH oHna 6apibik F Oip
peT Kachll MIaMMEH CaKTalajbl KOHE JKAChUl CUT-
HAJIJIbIH, PETi MEH Y3aKTBIFbIH CaJIbICTBIPMAJIBI TYP-
1ie Kol KipeTiH OarpITTapra KOJAnIbl eTill peTTeii.
ConbiMeH Kartap, FFP 1mki y3akTeiFbiH, (ha3anapbiH
JKOHE HKACBLT JKAPBIKTHIH Y3aKThIFbIH KEe3€H - Ke3eHi-
MeH peTTeyre OainaHbICTHI YIII illIKi JeHrenre 0ei-
HeJi.

VakpIT cUrHagIapbl CUMYJISILIMSL apKbUIBL TEK-
cepuiei.

CumynsayusnbIK, opma HcaHe MUIMOINIK KOPCemKi-
wmepi

Mogenbaey Python tininge SUMO kemerimen
Kysere acbippulgsl [11,12]. Dxcnepumentrep Koi-
JAHBUIFAH OJI TOPBIH J1a, HAKTHI KOJT XKEeJTiCiH Je mai-
JanaHaapl. BipiHIIIC KOMABIH OPTYPIIl Y3bIH/IBIFBI
meH eHinne ABOT TuiMainirin Garanayra MyMKiH-
Iik Oepeni. 2(a) cypeTiHeH KepiHin TypraHaai, Ka-
pacThIpbLIaThIH TOp 13 KMBLIBICTAH, Kipy KOHE IbI-
FY JKOJIAKTaphl ONIMsUIapbl Oap 44 K0 CerMeHTiHeH
Typaabl. KomaslH OapiiblK yJacKeNepiHiH Y3bIH/IbI-
bl Oipzieii. CerMeHT Y3bIHIBIFBIH ©3repTy OTKI3Y Ka-
oineriH, nemek ABOT enimuiniria esrepreai. CoHbI-
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MEH KaTap, opTallla KaJaHblH HaKTbI 5KOJI XeJicl Ka-
pacteippuiaabl. 2(b)-(c) cyperrepinie KepceTuireH-
Ael, KaJlblFa OpTaK Kellle KapTanapbl apKbLIbl M-
noprrananel; Colikec mapamerpriep l-kecrene Kei-

tipuireH. backaima aittkanaa, ABOT enimaisiri cus-
TETUKAJIBIK, )KOHE HAKTHI 5KOJ JKeJTiIepiHiH KeMeriMeH
Tekcepineni (kecrte 1).

1 —kecre. Ko kediciHiH aKkmapaTTapbl

[TapameTp Top xemnici Hax bl ko xenici
PKueKTepiHiH Kalrbl CaHbl 88 311
PKonakTap/plH jKajrbl CaHbl 176 440 2172

Kuek y3bIHAbIFbL (M) 200 800 Iprypi [1,40]
KomIbIH Karbl y3bIHIBIFbL (M) 17600 70400 104770
bargapinamM cUrHaJIJapbIHBIH CaHbI 13 137

Bi3 TONTeIK MapLIpyTTHl TaHAAYIbIH €Ki oicTe-
Meci HeTi3iH/ie 3epTTelMi3, aTar alTKaH/a, €H KbICKa
KYPY KambIKThIFBI skoHe Logit moneni [13]. ABOT
OHIMJILII %~ MaKCaTThl KABUIBICBIHAA KEJIECi TOpT
KOPCETKIII apKbLIbl OaraiaHa/Ibl:

e Kpi3MeT KepceTy MediepiemMeci — OyJ sKesiHi
naiijajaHyFa TBHIPBICKAH JKaJIIbl KeJIK Kypajjia-
PbIHBIH 1IIIHJEr1 KOJM JKeJCIHAEri KeJiKTep ca-
HBIHBIH KaTbiHackl. Oy Oarpmapriamabl  Oackapy
AJTOPUTMJEPIHIH HETi3r1 OHIMIUIIH KepceTell.
HerypnpiM TviMai OaiiiaHbIC aqropuTMi KUBLIBI-
crapra KeOipek KeJKTepre KbI3MET Kepcereli
’KOHE JKOFaphl KbI3MET KOPCETY KbLIJAMIbIFbIH Oe-
peni.

» Keusik KypajgapbsHblH OpTalla KyTy yakbIThl (ce-
KYyH]I): KOJIiK KYpaJIapbHblH %~ -A€ OpTalla KyTy
YaKbITBIHBIH ©J11eMi. KyTy yakbITbl HEFY PIIbIM Kbl-
cKa OoJca, aJTOPUTM COFYPIIBIM KAKCBHl KYMBbIC
icreiiai. O ¢~ KMBUIBICBIHAH OTETiH OAPIIBIK KOJIK-
TEpAiH OpTalla COMacChIHa TEH.

e Opraia KO3FaJIbIC KbUIIAMIBIFBl (KM/cCar): kel
apKbUIbl JKYPYIH asSKTaWTBIH KOJK Kypajigapsl
YILIIH opTala KO3FajlblC KbUIAAMAbIFbIHA TEH. IP-
Oip KOJIKTiH KbLIIAMIbIFbI OHBIH KYPY Y3aKTHIFbIH
’KOJI )KYPY YaKBIThIHA O6JTy apKbUIBI ecernTeIe/Ii.

e TokTaraH KeJIiKTEpAiH oOpTalla CaHbl: i~ HYK-
TeCiHJIe JKachUl OarJapimamMibl KyTyre Typa KejreH
KOJIKTEep/iH OpTaIlla CaHbIH OLIIipesi.

 JKenize xypeTiH KeJTIKTEpAiH XKalllbl CaHbl: KaHIIa
KOJIIK XK YPIIl )KaTKaHbIH KOpCeTe 1l ’KoHe OChLIaiIIa
MOJIEJTb/IEy YaKbITBl OOMBIHIIIA JKeJTijIe TYPaJIbl.

Kon xypynl askTaraH KeJIKTEepIiH KalIbl ca-
HBI: JKeJTiJICH IIBIKKAH KOJIKTep CaHbIH Xa0apJiaipl.
EH DypbIChl, OapiblK aNropuTMIep KoHE MOJElb-
Jey YaKbIThl apKbUIbl aHBIKTAJATHIH Oipreil MoHre
JKUHAKTATYbl KepeK, IereHMeH YaKbIT aJTOPUTMHIH
TUIMJILTIriHe OaiiIaHbICTHI e3repei

Hotum:xenep MeH TajkblLiay.
Cumynsyus Homudicenepi

Bi3 KeJiKTiH Key KbUIAAMIbIFBIH ©3TepTy apKbl-
JIl KeTTEJNNICTiH OipHele NeHreliH MOoesbIeMis3,
MyHIa w [0.2, 3] apanbiFbl TaHAAdaIbl KOHE KO
KENTeNiC KeJIJiepiH UMUTALMsIAY YIITH 6acKa Ko
KeJlici KOH(pUrypanuschiHa OailyIaHBICTHl  ©3Tepi.
MpIcanbl, KO CerMeHTiHe 2 KOoJarbl Oap kemije
0,5 cexkyHaka opHaTBUIABl *koHE ochutaima 3600
CEKYH/ITBIK MOJIENb/IEY YaKbIThIHIA KOH(UTYpallvsi-
JIaHFaH KoJ xesticiHe Oapibirbl 7200 KeJlik KyKTe-
neni. Lukin Gacrankpiga 12 dazagan Typaipl kKoHE
OHBIH Y3aKThirbl 120 ceKyH/IKa OpHATbUIAbI; AEMEK,
opOip dazama 10 cexyHa OOUMBI KaChUT IaM KaHBIIT
Typaabl. Mopnenbney Hotmxkenepi SUMO xacaran
JKUBIHTBIK (paiyijaH sxuHanaapl. JKeke SKCrepruMeHT-
TepaiH HoTwxkenepi 10 KesiKTeH acTam opraiiia Oara-
JIaHAJIBl JKOHE OochuIaiima Oapiblk HoTHREep 90%
WHTEPBAIBI TaJIayblHAa OAMIAHBICTHI YITi/IEri opTa-
ma MoHHIH 10% 1erinne xasaabl.

bip sconoa 2 scondarvt mop snceni

2 cyperTe 2 KOJAKThl TOP JKEJCIHJAEeri ajro-
putmaepaid eHiMmaitirin 0,1 ecimimen 0,5 nen 1
apanbirbiHga e3repefi. 2(a) cyperinge ABOT xomn
KEeTCIHJET] KeTTeJIiC IeHreriHe KapaMmacTaH KbI3MeT
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KepceTy JeHreii OoibIHIINA OapiblK 0a3ajblK Kep-
CeTKIITepeH achin TyceTiHiH kepcereni. ABOT en
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2-cyperT. (a) KbI3MET KOPCETY KbLIAaM/bIFbI, (0) OpPTAIIa KYTY YAKbIThI, (B) 3KaCbL1 IIAMHBIH *KAHYbIH
KYTY Ke3iHJle TOKTaraH KeJiKTepXiH opTalla caHbl, 3k9He (I) 0JapAbIH KAJBIITHI 3KYPY *KbLLIaMIbIFbI

bip siconra 5 sconarxmet snceninik dceni

Bi3 sxongapnoplH CaHbIH KoHE opOip KoM cer-
MEHTIHIH Y3bIHIbIFbIH colikeciHiie 800 m-re nen-
1H YJIFAlTy apKbUIbl JIEKTP JKEJIICIH YJIFAUTTHIK,. 3-
cyperTe HoTMkelep KepceriireH. Ockl KOHIIBIPFbI-
JaFbl )KOJJBIH €Hi MEH Y3bIHIbIFBIHBIH YJIFAIObIH €C-
KEpe OTBIPBIIN, 2 KOJAKTBHI TOP JKEJICIHE YKCAWTBIH
KOJI KemTeslici jeHreinepin moaenbaey yuriH 0,6-
naH 1,4-ke geiH TaHgajgagbl. 2 sKOJAKTHI XKeJlire Ka-
paraHja S JKOJAKThI JKEJIJIK JKeJiJe KbI3MET Kep-
CETYAIH JXOFapbl KOPCETKIIITEPIH KepceTeal. OTKi-

3y KaOUIETTUTIMHIH apTyblH €CKepe OTBIPHII, THiM-
Jiiri ¢azaHbl CajbICTBIPY YILIH €Ki KOJAaKThl TaH-
Jay/IblH IIeKTeTyiHe OalIaHBICTBI TOMEHICHII, OyIT
OHBIH KEHEUTLJITEH JKOJI JKeJTiCiH/Ieri KbI3MEeT Kepce-
Ty KbULJAMABIFBIH ToMeHaeTeal. TyTtacrail anrana,
ABOT ochHIall yJIKEH KOJIbl OPHATY YILIH ©HIM-
IUTIKTI alTapiblKTail KakcapTaabl, 0a3ajblK Kep-
ceTkimTep OoWbIHINA canbicThipranaa 0,6-maH 1,4-
Ke neiiH eceni. 3(a) cyperreri HoTmkenep IPI xomn
xeninepi yuriH ABOT-ThiH MaciiTaOTamybsiH Kepce-
Temi.
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3-cyper. ABOT enimaiuirin 6ip koJiFa 5 jKoJaKThI JKeJLTIK KeJTiJie caabICThIPY (2) KbI3MET KOPCETY
JKBLIJAMBIFBI, (0) opTamia KyTy YaKbIThl, (B) TOKTATHLIFAH KOJIKTEP/IiH OpTama caHbl sKoHe (T)
KAJBIITHI 3KYPri3y *KbULIaM/IbIFbI

BarpmapiiaMHbIH  OarbITTaJFaH KYMBICHI CHUTHAT
Oepy yakbIThIH aHBIKTaY Ke3iHjie Oip Hemece OipHere
KUBUIBICTAP KAPACTBHIPbLIATHIHBIHA OAIAHBICTHI €Ki
caHaTtka Oexyre Oonaapl. Bip KUBUIBICY YIIIH MakK-
car kKachUI CUTHAJI/IBI OHTAMJIBI KOCTIapiiay OOJIbIIT Ta-
obutael. Meicansl traf C Kapblk peTTeriii KUbLIbI-
CTa KeJie )KaTKaH KeJIKTepIiH OapaThlH COHFBI HYK-
Teci aHBIKTaJIabl; KaChLT IIIAM/IbI KOCTIApIIay/IbIH eKi
CTpaTerusichl YChIHbLIA/bl, aTan alTKaHAa, opTaiia
KYTY/5KOJT KYPY YaKbITBIH KBICKAPTYy MaKCaTbIHIA
MesKeJTi JKepre AediHri a3 opraiia KalbIKTHIK OoJia-
Ibl. EK1 Tocl 1e HEeri3iHeH HAaKThl YaKbIT PEeKUMIH-
neri TpaUKKe HEeri3JejreH KallbIKThIKTBIH Kelli-
ryiH azaiityra OarpiTTasirad. COHpIMEH KaTap, OyKin

cariap 6apHCHHI[a adjiJaMaJiapablH JKaJIIlbl CAHbIH
a3aI>iTy¥a JKOHE OChUIAMINA IIIBIF APbIHAbUIAPbIH azai-
Tyra OarbITTAJIFaH.

Makanana traf C perrtey kesinae OipHele Kep-
mriiec GesiMaep KapacThpbulabl. MbICasbl, epexere
HETI3[IeTeH BEPTUKAJIbl JalbIHAAIFAH, KOPIIiiec
KUBUIBICTAP/IBIH KO3FAJIBIC IIAMAAPbI KEPriTiKTi A€H-
reizae yunecripuired. JKymbic keHentuiren [11,12]
alMaKTHIK JIeHrei1e KOChIMILA UePapXUsUIBIK OaKbl-
JIayIIbl/KOHTPOJLIEP KOMIIOHEHTI YChIHBULBI. COHBI-
MeH Karap, traf C kapblK XyHelepiHe KeIl areHT
HeriziHmeri anropurmaep Kongansuiasl [13]. IEEE
802.15.4 TexHONOrUsACH MEH TUHAMUKAaJbIK, (pazasia-
PbI apKBUIBI ©3apa OalIaHbICKAH jKoHe Oy PhUTBICTAP-
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Ibl (PaKTOPUHI KEe3iHIE kAaChUI YaKbITThl €CenTei-
TiH OipHEIIIe aHBIK eMeC JIOTHKAIIBIK, KOHTPOJUIEpIep-
Il mainanany skongapbl anbIKTanasl. Traf C keue-
MiHiH e3repyiH Oakpliay YIIiH CEHCOpiapabl naiaa-
JIaHA/1bl, COHBIH HeTi3iH/ie onap OeJiHreH KOIl areHT-
Ti Ky#eH] naiganansi Ny KesliK KypasbHbIH KY-
Py Ke31HJeri eH KbICKa achUl Iamaap, KUbLIbICTap-
13 KYTY yaKbIThl OOMBIHINA a3alThUIaAbL. Kerr areHT-
Ti apMaTypaHbl OKbITY ajiroputmaepi [14] naingana-
HBIIl, MYH/Ia KEPriUTKTI jKOHE KaKbH KUbUIbICTAP-
ObiH peakuusuiapsl traf C mamaapbHbIH YaKbIThIH
perTey VIIiH KapacThIpbUIaIbl, Oy TOCUIIEp KOFa-
PHI ecenTey KYPACTUTriH KaXkeT eTil KaObUIIai/Ibl.

By makanaia 6i3 HAKTH YaKbIT peXXUMIH/IE JKH-

HaJIFaH KO3FAJIBIC JKaFIaliblH €CKEPE OTBIPbII, MaK-
CaTThl KMBUIBICTAFBl OardapiiaM IamIapbiH Oakbl-
Jlay apKbUIbl CUTHAJIABIH MAKCUMAJIIbl JKbLIJAM/IbI-
FBIH apTThIpyFa THIPLICTHIK. bi3 xon xkeniciH gd (V;
E) OGarpiTTasiran rpaduri apkbUIbl Kemlici peTiHfe
YCBIHaMBbI3, MYHJafbl V KUBUIBICTApAbl KaMTHUbI,
saFHU, E KONm cerMeHTTepiHEeH, SIFHU apachlH/Aarbl
OarbITTaNFaH kueKTepaeH Typanpl. G Herizinme 0i3
OaKpUTAaHATBIH OarAapIIaM/Ibl YChIHAMBI3.

KubLIbICTaFB! KOTIKTEPIiH KO3FAJIbIC OaFbIThIH Oi-
Jie OTBIPBIT, TOPT OAFBITTHIH dPKANCHICHIHAH i-T€ KaH-
ma Kejik kiperiHin? Mbsicaibl, 4(b) cyperte kep-
CEeTUITeH i-re KipeTiH 12 KeJiKTiH iliHe KeTi KeJliK
i-re Kapai KXypyi Kepek jien OoKaHyja.

D{r:"'“. i) = -7 D(!C\(;j nur] -5
‘:' in
4 ~Sh, 5 ~Nb,
Dlic, i) =10 D(E", i) = -6
(i oud), 6 ~ Wb, 6 - Wb, @
4 C
.
o ( lc (rom
£ 3 ~£b, ~ b, G
D", i) = -4 Diic, if"") = 2
3 -5h, 4 ~Nb.
v
D{[r'- if- mif) = 5 Dfi;_s'“ ‘-(.)= _5

gl N
(@ (b) ©

4-cypet. KubuibicTarbl KOJIKTEPAiH KO3FaJIbIC 0AFbITTAPBI

TFM makcumMarsl OyTiH caHFa JediH a3alThUTybl
arblHBIHBIH MpoOneMachl menrineni. OH Kak Kubl-
JIBICTAFBl KO3FAJIBIC aFbIHBIH OaFbITTAFaH Trpaduk
TYPiH/Ie YCHIHBUIFAH aFrbIHABIK KEJire CaIbICTHIpyFa
oonamel. GD (V,E), V xoHe E-KubLIbICTap apachlH-
Jafbl KUbUIBICTAP MEH 3KOJI CerMEHTTEpiHIH KUBIH-
ThIFbl, TUiCIHIIE, (b) TapmarbiHIa kepcetieai. (C)
Oemniringe V-2-V kiperin Hemece mIbIFaTelH KO3Fa-
nbic kenemi, CoHai-ak, opOip 2 kO CerMeHTiH/e
’KacChUT MIAM/Ibl KYTETIH KO3FaJIbIC KOJIeMi KOChIMITIA
KepceTiei.

3epmmey Hamudicenepin maaxwviaay. Traf C xa-
pbIK (pazacel MEH Y3aKTHIFBIH PETTey apKbUIbI i-Te
OarytaHbICThl KeutikTiH xaymsl Traf C xkenemid Oa-
pbIHIIIA apTThIpyfa ThIpbicaabl. bi3 kasy KypriH-
HIJIepai KapacTHIPMAUTBIHABIKTAH, OHTAWIAHIBIPY

MIPOLIETYPaAChI XKasly KYPriHIIUIEPIiH 1-A€ KOIIapabl
KECII OTYi1 YIIIiH €H a3 )KachlJ1 yaKbITThI €CeNITEMEN/I].

CoHbIMEH Katap, aBTOMOOWIb KYpri3yliijiepre
apHaJIFaH KeJIKTepHi, COHIai-aK, e3iH-e31 Oackapa-
THIH KOJIIKTep/i KapacThlpaapl; OipiHIIici YIIIiH Xke-
K€ KOJIKTiH KO3FaJIbIC OAFBITHIH JKYPri3yIli op KUbI-
JIBICTA, MbICANbI, V2i TEXHOJOTUsIIAPHIH Malaanany
apKbUIbl HEMECE KYPIi3yLIiHIH YsUIbl Tele(OHbIH-
JaFbl KONJaHOa apKbUIbl KaMTaMackl3 eTeji Jien 00-
JOKAHA/IBL.

KopwIThiHaBI. Byl Makanama 6i3 Oarmapimam,
kaHa traf ¢ Gackapy aJrOpUTMiH YCHIHIBIK. AJar-
TUBTI Oackapy opOip KMBUIBICTA KIpETiH C YaKbIT
KeJieMi ecenTesliH/ll, COHBIMEH Karap KeJliKk Kypas-
JApbIHBIH opOip YaKBIT YIIH Kejleci kOJ cerMeH-
TiHIH KelTemic karmanel Tapmainsl. ComaH KeuiH
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Oarmapiam traf ¢ kapblk (hazaaapblH KoHE OapIblH
Y3aKTHIFbIH KOPII KUbUIBICTAPMEH Oipiiece OTHIPHII
perrerigi. CoHbIMEH Karap, TaKiprOere yJecTipii-
Te€H HeMece OpTaJIbIKTAHIbIPbUIFaH TYPIE KOJAaHyFa
Oonmanpl. HakThl kOJ >KeJiJiepiH KOMaHa OTBIPBIIL,
ayKbIM/IBl MOJIeNIbIey TaKipuOenepi apKbLIbl TeK-
cepuieni. Moaenbey HoTHXKeNepl kKOJM OTKI3y Ka-

certi. Herizinne, ke0ipek KOJIKTEpAiH kOJ KeJici
apKBUTBI ©TyiHE MYMKIHIIK Oepefi jkoHe OJapblH
KYPY YaKBITBIH KbICKAPTaJIbl, OYJI TITITi )KOFAPhI KeTl-
TeJiC KargalbiHaa Aa KeOipeK KeJiKTepHiH Ko3fa-
JyblHa KemekTteceai. Ocbuiailiia, MyHIal KOH[IbI-
PFBLIAFH] KOJIIBIH QPTY Pl KENTeNiC karJaiJapbH-
Jla alKbIH OHIM/IUTITT OHBIH TUIMJILUTITiHE 9cep eTeml

KOHE ic Ky3iHAe TUIMII eKeH[ITiHiH HaKThl JoJIei
pETiHe KapacThIPbLIA/IbI.

OLIeTTLNNIrH, KOIK KYPaJIbiH KYTYIIiH OpTalia yakbl-
THIH jk0HE O9CeKeslec cXxeMara CoKec KeJliK asiia-
MaJIapbIHbIH OpTallla CaHblH JKaKCapTaTbIHBIH Kep-
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MHTEJLTEKTYAJIIBI TEXHOJIOTHSIAP/IbI KOJITAHA OTBIPBIIL, 9JIEYMETTIK MAHBIZHI
BAP AYPVJIAPJIBI TAJIJIAY sKOHE JEPEKTEP/II OHJIEY

1E.C.Ky6erenos , 'A.JI. Ky6erenosa, 'A.I'. ’Kaxuena, 2I'.III.Yremesa, >A.B. Hecrepos
1)I(Qﬂrip xaH ateiHarbl bateic Kazakcran arpapiblk-TeXHUKaIbIK, yHUBepcuteTi, Opan, Kazakcran,
2Barbic Ka3akcraH MHHOBALMSLIIBIK -TEXHOJTOT MISUTBIK yauBepcuterti, Opai, Kazakcran,

3T. B. [InexaHoB aTbiHarsl Peceii SkOHOMUKAIBIK, yHUBEpCcUTeTi, Mackey, Peceit

" Koppecronzaent-asrop: erlando78@mail.ru

Kazipri ke3Jie MHTeIeKTyall/ibl JepeKTep/i Tajlay KeseM/i AepeKTep KUBIHTBIFbIHAH KYH/bI aKIapar-
ThI QJIyJBIH HETi3r1 Kypasisl 00BN TaObl1aabl. Byl mporecce skachpbliH yriiepi, TeHISHIHIAPIbl KIHE
MaHbI3/Ibl YIITUIEPi aHBIKTayFa MYMKIHJIIK Oepeti, Oy AepeKTepai TepeHipek TyCiHyre MyMKiHIIK Oepei
’KOHE HeTi3ZIeNTeH menrimaep Kaobligayra keMekTecei. Kasipri aknaparTelk Korama AepeKTepli eHIipy
MeIMIMHA, OMOJIOrHsl, 9KOHOMHKA jKoHe 0acKa Jja KeITereH canajapaa MaHb3abl pest aTkapaabl. OHbI KOJ-
JaHy aJlaMJapIbH eMip Cypy calachlH KaKcapTyFa, POLecTep/li OHTAIAHbIPYFa XKOHE 9PTY P KbI3MET
cajlajlapblH/ia TUIM/Ii CTpaTerusijiapapl kacayra bIKIas eTe/i.

Byn makanaga nepekTepai MHTeJUIeKTyal bl TAJIAAy 9/1iCTepiH naiganana oTeipbin, Kazakcran Pecryonu-
KachIH/a TyOepKy/1e30eH ChIPKATTaHFaH JKoHele KaUThIC OOJFaHaapAblH JMHAMUKACH TasAaH bl Pecryonu-
KaMbI31biH 2010-2022 xpuiaap apajiblFbIHIAFbl JepeKTepre peTpoCleKTUBTI Tajlgay Kyprisiii, Statistica
OariapaMalIbIK )kacakTama KemerimeH skoHe Data Mining ozticTepi MeH MaTeMaTHKAaJIbIK MOZIENIbAEP KOJ1a-
HBUIBII, TYOSpPKYJIe3/1iH TapalyblHa 9Cep €TeTiH Heri3ri (hakTopap aHbIKTa1ibl. CTATUCTUKAIBIK, TAJIAQY KYP-
rizyre, OGailylaHpICTAp MEH KOppeJsLMsIapabl aHBIKTayFa, COHIA-aK aypyabH OoJallak, 1aMyblH Oo/KayFa
MYMKIHJIIK Oepii.

CoHbIMeH KaTtap, 3epTTey, aypyJIapabl Oakpuiay MeH OOhkay MaKCaThIHIa MHTET PAIAsIaHFaH aKIapaTThIK
KYHeTep/i JaMBITY/IbIH MaHBI3/IbUIBIFBI QHBIKTAIIBL. BT XKyiienep AepeKkTepi KuHay, OHIey KoHe CaKTay
NIPOLIECIH OHTAIJIAHIBIPHIIT, SITMAEMHOIOTUSIIBIK KayilTepre xees kayan oepyre MyMKiHAiK Oepeai. Maka-
Jaja TyOepKyIie3 CUSKTHI QJISYMETTIK MaHbI3bl aypyJIapabl THIMII OacKapy YIIiH MHTEJUIEKTyaJl/Ibl Tajliay
opicTepiH OonammakTa KOJIAaHy TaTKbLUTaHIbL.

Tyiiin ce3aep: 6omwkay, MHTEJUIEKTyasIbl Tangay, Data Mining, CTaTUCTHKAJIBIK TaJaay, SMUAAEMHIONIO-
rus, KOppeanus.

AHAJIN3 COIUAJIBHO 3HAUYMMBIX 3ABOJIEBAHUM 1 OBPABOTKA JIAHHBIX C
WCITI0JIb30BAHUEM MHTEJIJIEKTYAJIBHBIX TEXHOJIOTUI
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B Hacrosiee Bpems HHTEUIEKTYaIbHBIN aHAIU3 IAHHBIX SBJISETCS OCHOBHBIM MHCTPYMEHTOM [1J1s1 U3BJIE-
YeHUs1 IeHHOW H(OPMAIUU U3 0OBEMHBIX HAOOPOB JAHHBIX. DTOT MPOIIECC MTO3BOJISIET BHISBIIATH CKPHITHIE
3aKOHOMEPHOCTH, TeHAEHLIMH 1 Ba)KHbIE 3aKOHOMEPHOCTH, odecreunBasi OoJiee rry0oKkoe IOHNMaHue JaH-
HBIX 1 TIOMOT'asi IPMHUMaTh 0OOCHOBAaHHBIE pellieHus1. B coBpeMeHHOM MH(OPMAIIMOHHOM OOIIECTBE UHTEI-
JIEKTYaJIbHBII aHAJIM3 JaHHBIX UI'PaeT BaKHYIO pOJib B MEAULMHE, OMOJIOTMH, SKOHOMUKE U MHOTUX JIPYTHX
obnactsax. Ero ucrnonp3oBanue ciocoOCTBYET YIy4UIlIEHHIO Ka4eCTBa KU3HU JIIOZIel, ONTUMHU3ALIMH ITPOLiec-
COB ¥ pa3padoTke 3(PPEKTUBHBIX CTPATETHi B Pa3IMYHBIX chepax AesTeTbHOCTH.

B naHHO# craThe MpoaHaIM3UpOBaHa AMHAMMKA 3a00JICBITNX W YMEPIINX TyOepKyjae3oM B PeciryOnmmke
KazaxcraH ¢ ucnosnp30BaHMEM METOI0B MHTEIIEKTYaIbHOTO aHaIn3a JaHHbIX. [IpoBesieH peTpoCceKTUBHBIN
aHanu3 JaHHbIX pecnyOnuku 3a nepuon 2010-2022 rr. ¢ UCMONb30BaHUEM MPOrPaMMHOIO OOecreueHU st
Statistica, merogoB Data Mining u mareMaTUYeCKUX MOJIEJIEH, BbISIBIEHBl OCHOBHBIE (PAKTOPHI, BIUSIOLIIE
Ha pacrpocTpaHeHue Tyoepkyse3a. [103BouI MpoBeCTH CTATUCTHUECKUI aHAIN3, BHISIBUTD CBSI3U U KOppe-
JIALUY, a TaKKe MpeIcKa3aTh Oyayllee pa3BUTHe OOJIC3HH.

Kpome Toro, Obl1a BhISIBIIEHa BAKHOCTD Pa3padOTKH MHTETPUPOBAHHBIX MH(OPMAITMOHHBIX CHCTEM C Iie-
JIbIO MICCITEIOBAHMIA, MOHUTOPUHIA U TIPOTHO3MPOBAHUS 3a00JIEBaHMIA. DTH CHCTEMBI TTO3BOJISIOT ONIEPATHB-
HO pearupoBarh Ha MUAEMHOJOTMYECKUE YIPO3bl, ONTUMHU3MPYs Mpolecc cOopa, 00pabOTKU U XpaHEHHUs
JaHHBIX. B cTrarhe 00cy)1aa0Cch UCTIOIb30BAHME METOIOB MHTEJUIEKTYaJIbHOTO aHaIn3a B OynyIiem s 3¢-
(peKTUBHOTO ympaBiaeHUs COLMATBHO 3HAYMMBIMH 3a00JIEBAHUSAME, TAKUMH KaK TYOepKyJies.

KiroueBble cjioBa: NporHo3MpoBaHue, MHTEIIEKTyalbHbI aHanu3, Data Mining, craTucTiyeckuil aHa-
JIU3, SMUIEMHOJIOTHS, KOPPEISLKS.

ANALYSIS OF SOCIALLY SIGNIFICANT DISEASES AND DATA PROCESSING USING
INTELLIGENT TECHNOLOGIES

1E.S. Kubegenov , 'A.D. Kubegenova, !A.G.Zhakhien, G.Sh. Utesheva?, A.V.Nesterov
1Zhangir Khan West Kazakhstan Agrarian Technical University, Uralsk, Kazakhstan,
2West Kazakhstan University of Innovation and Technology, Uralsk, Kazakhstan,
3Plekhanov Russian University of Economics, Moscow, Russia,

e-mail: erlando78 @mail.ru

Currently, data mining is the main tool for extracting valuable information from large datasets. This
process allows you to identify hidden patterns, trends, and important patterns, providing a deeper understan-
ding of the data and helping you make informed decisions. In the modern information society, data mining
plays an important role in medicine, biology, economics and many other fields. Its use contributes to
improving the quality of people's lives, optimizing processes and developing effective strategies in various
fields of activity.

This article analyzes the dynamics of tuberculosis cases and deaths in the Republic of Kazakhstan using
data mining methods. A retrospective analysis of the republic's data for the period 2010-2022 was carried
out using the Statistica software and using Data Mining methods and mathematical models, the main factors
influencing the spread of tuberculosis were identified.It allowed to carry out statistical analysis, identify
connections and correlations, as well as predict the future development of the disease.

In addition, the importance of developing integrated information systems for the purpose of research,
monitoring and forecasting of diseases was identified. These systems allow you to quickly respond to
epidemiological threats, optimizing the process of data collection, processing and storage. The article
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discussed the use of intellectual analysis methods in the future for the effective management of socially

significant diseases such as tuberculosis.

Keywords: forecasting, intelligent analysis, Data Mining, statistical analysis, epidemiology, correlation.

Kipicnme. Makananga Kazakcran Pecniyonmkaceii-
Aarbl KYKIAJIb! aypyJapablH MOHUTOPUHIT MEH TaJl-
Aaybl YIIIH MeJULMHAAaFrbl AepeKTepli MHTEJUIeK-
TyaJIabl Tangay oAiCTepi KapacTblpbUIFaH. 3eprrey
HBICAaHBl PETiH/IE CTATUCTUKAJIBIK, IIONYJaH 13 XKblj-
narbl (2010-2022) TyOGepkynae30eH ChIpKATTaHyIIIbI-
JIBIK, KepceTkimTepi aybiHabl. TyOepKyses3ieH aibl-
KKaH JKoHE KaHThic OOJFaH HayKacTapIOblH CaHBIH
KAMTUTBIH PETPOCIIEKTUBTI Tajiay XY pPri3uiii.

Data Mining TeXHOIOTMACHIH koHe StatisticaBase,
StatisticaAdvanced, Data Mining nepekrteprni eHi-
py Kypangapsl xkoHe SANN aBTOMaTTaHABIPbLI-FaH
HEUPOH/IBIK, KeJTiIepiH KaMTUTHIH Statistica Oarmap-
JaMasblK TaKeTiH MaijianaHa OTHIPBIN, YJIKEH je-
pekTepre OeJiek Tajgay Kyprizuii.

Koa(dunmenrri ecentey xoHe peTpOCHEKTHBTI
TJIIay apKbUTBl KOPPEJSAIUSHBI KOJIIAHY/IBIH MTPaK-
TUKAJIBIK, MAHBI3IBUIBIFBl MEH ©3€KTiJIr Kasipri ak-
MapaTThIK KOFaM/IaFbl MOJTIMETTEpP MEH OJlap/bl Taj-
12y HOTUXKEIEPiHiH MaHBI3bUIBIFBIMEH PACTaIa/Ibl.

AJIBIHFAH HOTHKEJEp TyOepKysie3 aypybIHbIH Ta-
pajly IMHAMUKACHIH KaKChl TYCIHyre jKoHe OHbI aj-
IbIH ayia 60JKayra MyMKiHIIK Oepemi.[1]

Kazakcran PecnyOnukacbiHna TyOepkynae3 cu-
SIKTBI QJIYMETTIK MaHbI3bl Oap aypysiapiabl Tajja-
YIIBIH ©3EKTLIIr OCBl aypyJIapIblH XaJIbIKThIH JeHCa-
YJbIFBl MEH KOFaM/IBIK, QJI-ayKaTblHA eJieyJli acepiHe
OaliIaHbICTHI.

TyOepkyne3 aypyblH Oakpuiay, emjiey aJijIbiH ary
JKOJIAAPBI JKYPri3iireHMeH, eJijieri ChIpKaTTaHYIIIbI-
JIBIK, TIEH ©JIiM XiTiMHiH OacThl cebenTepiHiH 6ipi 60-
nbin Kasna Oepeai. TyOepkynaesaiH kKoFapbl Tapasybl
SMUICMUSHBI YaKThUTBl aHBIKTAY JKOHE aJIIbIH ally
YIIiH THIMIi OaKbLIay/Ibl, TAAAY/IbI KOHE OOIKayIbI
KasKeT eTejIi, OyJI KaJIIbl ICHCaYJIbIK CaKTay XKYHeCiH
JKaKkcapTyra bIKIaJl eTeli.

3epTTey KYMBICHIHA KOUBUIFaH MaKcaTTap:

1. 2010 xputman 2022 skpUIFa JEWiHTT Ke3eHJe
Kazakcran Pecryonukacbinna TyOepKysie30eH Chi-

PKATTAHYIIBLIBIK, TIEH ©JTIM-XITiMre peTpoCHeKTHB-
Tl TaJAay Kyprisy.

2. [lepexTtepai eHIipy 91iCTepiH KOJIaHa OTHIPHIIL,
TyOEpKyJIe3 aypyblH alJaFbl )KbUIIApFa Tapary TUHA-
MUKACBIH OOIKay.

3. TyOepkynesziiH TapajlyblHa dcep €TeTiH Herisri
(pakTOpnapabl aHBIKTAY.

4. TyOepkyne3aiH aJiblH ATy KoHE eMjey CTpa-
TErusIIapbIH OHTAMIAHBIPY OOMBIHIIA YCHIHBICTAP
aziprey.

3eprTey KYMBICSHIIA Ke3/IeCKeH MaceJesep:

1. TyOepkyne3miH aigblH aly MeH eMJICyIiH
Kasipri CTpaTerusyapblHbIH TUIMALTITHIH KETKUTIK-
ci3iri, OyJ1 JKOFaphl CBIPKATTAHYIIBUIBIK, [IEH ©JTiMre
SKeJesi.

2. Tybepkyne3i THIMIipeK Oakpuiay YIIiH OHTak-
JAHABIPYOBl KaXeT eTeTiH IeKkTeyni JleHcaynbik
caKTay pecypcraphl.

3. TyGepkyne3niH *acblpblH TYpJepiHiH OOMyBbl,
OyJ1 HayKacTapabl YaKTbUIbI aHBIKTay MEH eMjeyai
KMBIHJATAIBI.

4. JlepekTepai MHTEJUIEKTYaJIIbl ©HJEYAIH 3ama-
HAyH 9IICTEPiH KAMTHUTBIH SMUIEMHUOIOT USUTBIK, XKaF-
Jauapl TaJiiay MeH OOJKayFa KellleH i KO3KapacThlH
OoMayHbl.

3eprTey OapbIChIH/IA KYTiIETIH HOTHKEJISPiH aTarl
OTCEeK:

1. 2010-2022 xpuiap apajbFbIHAAFBI TYOSpKY-
7ie30€H ChIPKATTAHYIIBUIBIK jKOHE eJTIM-KITiM AUHA-
MUKACBIH TaJ1/1ay, HETi3l1 YPIAICTEpP MEH ©3repicTepii
aHbIKTAY.

2. CtaTUCTUKAIBIK TaJ1ay MEH JepeKTepi MHTE-
JIEKTYyaJ bl OHJIeY 9iCTepiH MaijaiaHa OThIPHII, TY-
OepKyJIe3/IiH Tasty KbUIIapFa TapaTybiH OOJIKay.

3. DNMIEeMHUONOTUSUIBIK, KarJaiifa acep eTeTiH
Heri3ri (pakTopJiap/bl )KoHE OJlap/IblH aypy MEH OJ1iM-
e 9CepiH aHbIKTAy.

4. TyGepkyne3iH aJjIbIH ATy KoHE eMjIey CTpa-
TErUsUIapblH OHTAMIAHABIPY YIIiH YCBIHBICTAp 33ip-
ney, OyJ1 aypy MeH eJTiM[Ii a3aiiTyFa )KoHe IeHCAYJIbIK
CaKTay pecypcTapblH THIMJipeK MaiaanaHyFa bIKIal
eTesl.

107



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

Dyrinri TaHma MeauIMHAIaFel Oackapy Mace-
JIJIEpiH IIelly YIIH MaTeMaTUKAJIBIK, MOAEIbICY
omicTepi, MHTEJUICKTYaJIIbl TOCLT JKOHE MHTEIICKTY-
Bl TAJIAY KU KOJJIaHbLTaIbl, OyJ1 Oip Hellle Iie-
HIMIEPIiH HYCKACHIH allyFa, KaObUIJaHFaH MIeNTiM-
AepIiH caliapblH OOJIKayFa jKoHE OJIapIbl MEAUIIN-
HAJIBIK, JKOHE QJIEYMETTIK TYpPFbIJIaH Oarajayra Ke-
MeKTecendi.[2]

DKCIEPUMEHTTIK MAJIIMETTEp KBaJpaThbIHbIH CTa-
TUCTUKAJIBIK, KOPCETKIITEPAEeH aybITKybl MaTeMa-
TUKAJIBIK MOZEJbIEri NapaMeTpiepli CONKECTEH-
AIpyliH Kepl ecentepiHiH (PyHKUUSACHIHBIH TOMEH-
neyin Oungipeni. CTaTUCTUKAJIBIK KOHE OHTAMIAH-
TBIPY AJITOPUTMICPIHIH KUBIHTHIFBIH TTAMIaIaHy T1a-
pametpinepal canbicTeipManibl 30% [ongikneH ca-
JIBICTBIPYFa KOJN KEeTKizyre MyMKiHiK Oepeni. by
HoTUXenep JleHcaynplK, cakTay YHBIMAAphl YIIH
nagasel  OOMyBl MYMKiH, OyJ MoIenpaey [e-
PEKTEpiH TapUXU JAEPEKTEPMEH CaJIbICTBIPY APKbLIbI
Oeriyi Oip aliMaKTarbl JKYKIIaJIbl aypyJapabiH K-
IEeMUSICHIH OOJKayFa MYMKIH/IK Oepei.

Kacannpl MHTEIUIEKT-OyJ1 aTajFaH Maceleepai
IIeIIyTe apHaJFaH, OipaK e3iH/iK epeKIIeTiKTepiMeH
epekIieneHeTin nHpopMaThKa canachl. KyKmasbi
aypyJapisl aBTOMATThl TYpIe aHbIKTayFa Heri3jes-
reH KemTereH 3eprreynep Oap Tyoepkyne3, AUTB
undekmscel, COVID-19 xone Oacka BupycTap
CUMIITOMApFa HeMece OpTypii Oenriiepre Heris-
JEJIreH.

KommnbloTeprik skoHe akmapaTThIK TEXHOJIOTUsIIAp-
ObIH, COHOAW-aK CaKTay TEXHOJIOTUsIAPbIHBIH
KAPKBIH/IbI JJaMybIMEH KOITEreH IepeKTepii CaKkTa-
yra Oonaasi [3].

JlepexTtepni eHipy TEXHOJOIUSACH KOITETeH Jie-
PEKTepIeH oJeyeTTi KYH/bI OLTIMII i31el KoHe aja
anagpl. [lepektep 0a3achIHBIH TEXHOJIOTUSCHI-OYII
MaJliMeTTep Oa3achiH OacKaparbiH OafIapiama-JIbIK
’KacakTama Typajbl FhUIBIM. [lepekTep Oa3achlHaH
aJIbIHFAH MAJIIMETTEP EPEeKTEPi Ky pbUIbIMAAY, KO-
Oaay jxoHe KOJIIaHy 9iCTepiH 3epTTey apKbUIbI TaJ-
maHagwl.[4]

Jlepektepi eHaipy JEpeKTep YJITICIH i31ey Mmpo-
Lieci peTiH/le aHbIKTaIa/Ibl, SFHU TOJIBIK €MeC, aHbIK
eMec, Ke3[IeMCOK JEepEKTEepiH YJIKEH CaHbIHaH aJibl-
HFaH JIEpPEeKTepMEH KYMBbIC ictey. [5]

Hepektepai eHaipy-OyJ MamiMerTep 0a3achl MeH
’KacaHIIpl WMHTEJUIEKT CaJlaChIHAarbl eTe OesiceH i
3epTTey canachl.[6]

JlepexTepai KOMIBIOTEPIiK MHTEUIEKTyaslabl Tall-
712y TEXHOJIOTHSACHIH d3ipJieyre xoHe KoJlJaHyFa Kell
KOHLI 06y KepeK, OWTKeHi JIepeKTepili OHIipy TeX-
HOJIOTHSITAPbIH KOJIIaHA OTBIPBIN, Oi3 TYPaKThl Ja-
MyFa BIKIAJ €TeTiH THIMIi CTpaTerusiapabl Oipik-
Tipemis.[7]

SONUIEMUOIOTMAHLIH MaTEMATUKAJIBIK MOIETIHIH
Mbicaibl (AUTB-HbIH KOMH(pEKIUSCH KoHE TyOep-
KyJie3) MaTeMaTHKaJbIK MOJEIbAEPIiH CONKECTIriH
3epTTeyai kepcerei. [8]

AViHBIMAJTBUIAPAB MATEMATUKAJIBIK, AHBIK TAJIATHIH
’KoHe OIpTeKTi 1IKi KUBIHIAPFa KOIeJIIeM/Il KiK-
Tey KeOiHece MAJIIMETTep KUbIHTHIFbIHA PECMH CTa-
TUCTUKAJIBIK, TaNay kacamac OypbIH YITiHI TaHy-
JIbIH, TIAMJAJTBl AJIFAIIKBl KaJaMbl OOJIBIT TaObLIA bl
OcpiHpai onicrepi Oipi, KJIACTEPIIiK Tajjay, Kaj-
bl CUIATTaMasiapbl MEH JepeKTep KYpPbUIbIMbI Oap
00BEKTiIep/l KJacTepiey/iH Heri3ri MakcaTblH Ke3-
neiai. Mbicasbl, MyH/Iail TajAayablH MakKcaTTaphbl-
HbIH Oipi-)kaHa JepeKTepai OHall XKIKTey YIIH TOo-
MKA JKaTaThIHABIFBIH AHBIKTAY YIIH MaHbI3bI ail-
HBIMAJIbUIAP Typasibl TYCIHIK aly; COHbIMEH Kartap,
KJIACTEpJIeHTeH OObeKTiJIepMeH OailJIaHBbICThI aliHbI-
MaJblIapAbl CTATUCTUKAJIBIK TaJIAy[bl SKEHIIIETY
YIIiH Oenrii 6ip ajmbl cunaTTamasiapsl 6ap MoJi-
METTEep KUBIHTHIFBIH Kacay Kepek.[9]

Data Mining TeXHOJIOTHSACHI OOWBIHIIIA STTHIEMUO-
JIOTUSUIBIK, JKaFaipl Tasnaay, OoJkay kKoHe ajlIbiH
aJia aHbIKTAy JKYpPri3y, eMTKeH1 Ka3ipri yakpiTra Ka-
3aKCTaH/Aa MEIUIMHAJBIK aKMapaTThl Tajjay YIIiH
CTATUCTUKA OMICTEPIH KOJNJAHY KETKUIIKTI KeH Ta-
pajMaraH.

TyOepkynesre Kapchl KbI3MET KyHeciHe Jie-
PEKTepIii KOMITBIOTEPIIIK OH/AEYAl €HI13€ OTBIPbII, ay-
Py TypaJjibl KELIeH/li aKIapaTThl YaKThUIbl )KUHAKTAY
SMUJEMUOJIOTUSIBIK KaJaFaiayabl aKIapaTThIK, KaM-
TaMackl3 €Ty JEHIeiH apTThIpyFa MYMKiHIIK Oe-
peni.

O1im canbl OoribHIIa TyOepKyie3, AUTB/KUTC
KoHe Oe3rek CUAKTHI aypyJiap oJi Jie KeTeKIi OpbIH-
aa.

TyOepkyrne3 TiTiIHEH

(TyOepkyne3)  (JlaThiH
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tuberculum — TyOepkyne3) — JeHCay/bIFbIHBIH Ha-
IIapJIaybIHBIH Heri3ri ce6e0i OoMbIn TaObUIaThIH KeH
TapaJiFaH ;KYKIaJIbl aypy, TyHHUe KY3iHAeri eJiMHiH
10 Herisri ceGeOiHiH Oipi. MuKoOaKTepHsi TYKbIM-
JAChIHBIH KBIIIKbLIFA TO3iMIl OakTepuschl TyOep-
KYJIE3/IiH KO3JbIPFBIIIBl 00BN TaObutagpl. Kammsl,
Kasipri yakbITTa MUKOOAKTEpUsIIapabH 74 Typi Oen-
TiJIi.

JKyKTeIpraH ajgaMHBIH JEHeCiHae TyOepKyJes
KO3/IBIPFBIITAPBIHBIH O Oip Ty paKThl CaHbl Oap
(3KachIpbIH KYW), IFHU OJlap Heri3iHeH JuMda TyiliH-
AepiHfie JOKaIu3alsUlaHFaH KoHe MMMYHUTETIICH
TYPaKThl TUHAMUKAJIBIK, TeTle-TeH/IiK KyHiHae Ooa-
apl. TyOepKye3IiH MaHbI3Ibl €PEeKIIeIiTi-KachphIH
KE3€HHIH OpTallla Y3aKTblfbl OMip CYpY Y3aKThIFbI-
MeH CaJIbICTBHIPBUIAMbI, SIFHU aJlaM OYKiJ eMipiH Ka-
CBIPBIH KYKTBIDFaH Ke3jle OTKize anajpl. Auaiija,
KaHa/laH KYKTBIPFaH aJamMJIapiblH [aMajibl Oeiri
omi ae GesiceH il aypy *karaaibiHa aybicaasl.[ 10]

JKbL1 caiiblH MMJUTHOHJaFaH alaMmaap TyOepKyJies-
OeH aybIpaabl. [lyHUEKY31UTiK IeHCAYIIBIK CaKTay Yid-
pIMBIHBIH (JIJT¥) 2012 xbiarbl sxahanasik ecebi Ty-
OepKyJie3 SIUJIETiH KaH-KaKThl )KoHE ©3eKTi Oarasa-
ybI ’KOHE jKahaHbIK, AlMaKTHIK, )KOHE JIEM/IIK JIeH-
refjieri JKayanTsbl lapajiapiarbl IPOrPecTi KAMTUIDI.

Kahangpik ecen TyOepKyJe30€H ChIpKaTTaHyILbI-
JIBIK, TIEH ©JIIM-KITIM YPHICTEPiH, KOl I9pire Te3iM-
ai tyoepkynesni, TB/AUTB, tyOGepkyne3nid angpH
any, IeHCcayJIbIK CaKTay KbI3METTEPIMEH KaJlIlbl Kam-
TY, COHAAN-aK KapXKbUIAHIbIPY KarJailapblH aHbI-
KTay JKOHE eMJey HOTHIKeNepi Typasibl JepeKTepai
kamTuael. OHna 2018 xbutel bipikken ¥arrap Yu-
BIMBIHBIH TYOEpKYyJie3 keHiHzeri 6ac AccamOesichl-
HBIH JKOFaphbl JIeHrei ieri OipiHI OTHIPbICHIHAA Oel-
TJICHreH MakcarTapra, connai-ak 1Y -HbIH TyOep-
Kysiesre Kapcel Kypec CTpaTerusiChlHblH MakcaTTa-
pbIHA KOHE TYpakThl Jamy MakcarrapbiHa (T/IM)
KOJI JKeTKi3yjeri nporpecc kepceriiren.[11]

Kazakcran Pecniyonukacel JlyHMexy3imiK JeHca-
yIBIK, cakTay yiibiMbiMeH 2016-2020 sxpuigapra ap-
HayradH Th MJIA aysIpTHasibiFsl )KOFapel eJiep Tisi-
MIHE EHI13UITeH, COHIBIKTaH OChl KYKHAJIbl aypy-
MeH KYpecC CTpaTerusuIblK MiHJeT Oobil Kana Oe-
peni xone KP [ICM kbi3meTiHzeri 6acbiM OarbIT 60-
JIBITT TaObLIAbI.

Kazakcran PecryonukacbiHaa TyOepKyne3 cu-
SIKTBI QJIEYMETTIK MaHBI3Bl Oap aypysapabl Tajjia-
YABIH ©3€KTUTIr OCHI aypylIapbiH XaJIbIKThIH JeHCa-
YJbIFBI MEH KOFAM/BIK JI-ayKaTbIHA eJieysl dcepiHe
OaiinanbicTel. TyOepkyne3 OHbl Oakpliay MEH eM-
Jeyre ThIPbICKAHBIHA KapaMacTaH, eJjJeri aypy MeH
OJIIMHIH KeTeKI cebenTepiniH Oipi 60bIT Kaia Oe-
peni. TyOepKyse3iH Tapanybl SIUIEMUSHBI YaKThI-
JIbl QHBIKTAY KOHE aJbIH aJly YIMiH THIMII OaKbl-
Jay/bl, TANAAYabl )KoHe OoJKayabl KaXeT eTefi, Oy
JKaJIMbl AEHCAYIBIK, CAaKTay KYHUECiH KaKcapTyFa bIK-
naj erefi.

Marepuaagap MeH daicrep. C. Kaiibipoekos
aTbIHAAFbl JEHCAYNBIK, CaKTayabl JAMBITYIbIH YJIT-
THIK FBUIBIMU OpTaibiFbiHaH «Kazakcran Pecry6-
JIMKAChl XAJKBIHBIH IEHCAYBIFbl KOHE [EHCAYJBIK
CaKTay YUBIMJAPbIHBIH KbI3MET1» CTaTUCTUKAJIBIK,
#nHaKTaH 2010 - 2022 xpuigap apaybiFbIHIATHI TY-
OepKyJie30eH aybIpraH, KaWThIC OOJIFAH/IBIFbI, Ol
JISIPABIK, €CeNTeH IIbIFAPbUIFAHIBIFBl TYPAJIbl MoJIi-
MeTTep abiHAbL. [12]

Kazakcran Pecnyonukacbiaeiy, 2010-2022 xbii-
Jap apajbiFblHAA AJIBIHFAH JIepeKTepre TyOepKyJies-
OeH ChIpKATTaHFaH, OAMJUIAPIBIK €CenTeH IIbIFa-
PBUTFaH KOHE KAWTBIC OOJIFaH Typasibl MOJIIMETTEp
OoiibiHIIa (1-CypeT) peTpOoCHEeKTUBTI Taliay XYp-
ri3izin, opOip KepceTKill OOWBbIHINA e3repiCTepliH
HETI3r1 aCreKTiiepi MeH BIKTUMaJI ceOenTepiH Kapac-
TBIPIBIK,

CBIBBIKTHIK KecTelle TyOepKyie30eH aybIpaThiH Ha-
yKactap (Kek cbi3blK) aypymasablk 2010 skpligaH
Oepi TypaKThl Ty p/ie TOMEH/IeN KeleTiHi OaiKanapl.
Byran keneci ¢pakTopiap bIKIal eTKeHiH Kepyre 00-
DENISE

1) COHFBHI KbUIIAPHI eNiMi3zie TyOepKyae3i ep-
Te JIMArHOCTHKaJay MeH emjey Oarjapiamaria-
PHIH KOJIJIAHBIIT €/I9Yip JKaKcapraHbl. XHUMHUOTEpa-
NUSHBIH KbICKA KYpPCTapbl CUSIKTHI JKaHA eMJIey
QMiCTepiH KOJI/IaHy aypyblH TOMEH/AEYiHe acep eT-
KEH OOJTyHI .

2) anaplH ajny HIapajlapelH KYLIEWTY, COHBIH
immnage BIJK (Bacillus Calmette-Guérin) xar-
nail BakIMHALMSJIAY JKOHE CAHUTAPJIBIK-aFapTy KY-
MBICTapbIH JKYPri3y /€ aypylblH TOMEH/EYIHE bIK-
naj eTKeH OOMyBI.
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3) tyOepkyne30eH Kypecyre OarbITTaIFaH Xabl-
KapaJblK KeMeK Oarmapiamaiapbl aypyabl TOMEH-

JeTy[e MaHBI3/Ibl POJI aTKApFaHbl OalKasapl.

BipHeme aliHBMATBLIAP VIIIH CBISBIKTHIK Tpaduri
Onexrporgsk keeted 4v¥13c
TyOepkymnes0den ceprarragymeriap = 180,6091-12,9263%x+0,2139%x"2
Bannmnapasik ecenter adsEsad (%) = 59,4601-0,0023%4+0,0608%x"2
Katiteic domrarmap = 11,7734-1,6097*x+0,0713*x"2
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1-cyper. Ka3akcran Pecny0/mKkacbIHbIH TyOepKyJie30eH ChIPKATTaHyIbLIbIFBIHBIH 2010-2022 kbL1gap
apaJbIFBIHIAFBI JTHHAMHAKACHI

AypynbiH ChIBBIKTHIK, KecTeci (1 cyper) TyOepky-
nie3 (HayKacTapibiH, KAWTBIC OOJFaHIAPIBIH CaHbI
KOHE HayKacTapibl OallMUISPIBIK €CENTeH IIbIFa-
py) Kazakcran PecryOnuKkachiHbIH XaIKbl OOMBIHITIA
12 XbUIOBIK, K€3€HHIH XUbIHTBIK, AEPEKTEPl €CKepi-
se oteipbint 2010-2022 xplnnap apajbiFbHIA Kapac-
THIPBUIIBL. AOcCIrcca oci OOUBIHIA TyOepKyie30eH
aybIpaThlH HayKacTapIbl 3epTTey KbLIIapbl KeWiH-
re KaJAbIPbUIAbL, KOOPAMHATTAp Oci OOMbIHIIA aOCo-
moTTi canzap (xanblkTeiH 100 000 anamra makkaH-
Ja).

Bbyn puarpamma 2010 - 2013 sxpiinap apayibiFbH-
12 aypyIIaHIbIK, OOWBIHINA TYPAKTHI YPIICTI KopceT-
Ti. Hotmkecinge 2014 xplinan Oacran aypylaHbl-
KTBIH ©CY1 €Ki €ce HallapJiaFraHblH Kepil TYPMBbI3.

Korapelza  KepceTulreH —KecTelepil — Kapac-
Teipcak, 2010 xpurgan Oacram TyOepKy/ie30eH
CBIPKATTAHYIIBI-JIbIK, KOPCETKIIITEPiHIH KYPT TO-
MeHJiereHiH OipaeH Oaiikayra Oomazpl, Oipak 2012 —
2015 xbuigap, 2016-2021 xplgap apaibiFbiHAA Ka-
JILITITHL ©pJiey MEH KyJ1apIpay aHbIKTamyaa. Ceipkar-
TaHYIBUTBHIK, KaFIAiIapbIHBH, OYJI KYPT TOMEHEYi
eNIiH TyOepKye3 i MHQEKIMUTBIK OaKplIay mapa-
JIapbl, emjiey, TMarHOCTUKa carachl OOUMBIHINA KaHA
OarpITTapra KellyiMeH OaiIaHBICTHI JKoHE TYOepKy-
JIe3/1iH aJI/IbIH a1y OOJIBIT TaObLIAIbL.

TyOepKyne3i anapH aly, MOCeJIeCiH ey YITiH
SMUIEMHUSIHBIH OOJDKaMJIbl BIKTUMAJT OIIAFhl YJIKeH
pen arkapaabl. COHABIKTAH OOJIKay KYHeciH Ky-
py HeMece MaTeMaTUKAJbIK MOIEIbIepldi KOIJaHy

JKaJimbl peciy6/mKa GOMbIHINA CHIPKATTAHYIIBUIBIK - HET13EPT OypbIHHAH KOJIJaHFaHMEH MHTEJUIeKTYyal-

THIH TOMEHIeyi OaliKaaFaHbIMeH, TyOepKyie3 jkaHa
Kacuertepre we Oonnpl. Haykacrapma tyOepkyies
KO3/BIPFBIIILIHBIH JOpire Te30SYIIiIri XoHe Iopire
TO3IMIILTIr TypaKThl Oaiikanas! (1-cyper).

Ibl KYHenepi naiaanaHy MaHbI3Ibl OOJBIT KeJle .
Berini 6ip allMaKThl HAKTHI JKOHE J0J1 CUTIATTATHIH
MoJIeNbl TaHaay kacay|[13].
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Kecre 1. CunarramaJbIK, CTaTHCTHKA HITHKeJIePi

. CunarraMaJibIK, CTaTHCTHKA
AMHBIMAJIBI
s;kapamasl N | Oprama | Muaumym | Makcumym | CTaHaapTThl aHBIKTaMa
TyGepkysie30eH ChpKaTTaHyIIIbI 13 103,6000 | 53,30000 166,3000 38,90180
Banmnnspnbik ecenteH anbiHabl (%) 13 63,2769 55,30000 71,1000 4,40854
Kaiiteic 60osran 13 4,3692 1,40000 10,6000 2,89349

2010-2022 xputgap apajbiFbIHBIH KE3€HIHIE TY-
OepKkyine30eH CHIPKATTaHYIIBUILIKTBIH —CHITATTamMa-
JIBIK, CTATUCTUKACHIH TaJay HEeri3iHae MbIHAAal Ty-
KBIpBIMJIAP XKacayFra Oomafpl:(2-cyper)

e TyOepKyle3 aypyblHbIH OpTamia KUUIITi
103,6000 xarpaitasl Kypaias! (xaapKTeiH 100 000
ajamra IaKKaHja)

* eH TeMeHT1 MoHi TyOepKyJ/ie30eH ChIpKATTaHy-
mwbUIbIK,  53,30000(xaneikThiy, 100 000 apamra
[IaKKaHAa), TyOepKyne30eH ChIPKATTaHYIIbUIbI-
KThIH eH korapbl jeHreii 166,30 000(xaabIKThIH
100 000 amamra mIaKKaHa) Kypauasl - Oy 3epT-
Tey Ke3eHiHJe TyOepKyJae30eH ChIPKATTaHYIIbLUIbI-
KThIH alTapJIbIKTail ©3repreHid KepceTei;

* aypyAblH CTaHIapTThl aybITKybl 38,90180

OyJI opTala MoHIre KaThICThl MOHEPIIiH TapaTyblH
kepcereal. CTaHAapTThl aybITKYIbIH YJIKEH MOHI
JepeKTEPAiH alTapibIKTall ©3reprillTiriH KepceTe-
ai;

* OAIWUISIPIIBIK, €CeNTeH WIbIFapy (SFHU TYy-
OepKyJie3ieH allbIKKaH HeMece KaWThIC OOJIFaH Ha-
yKacTapplH CaHbl) opTama MoHi 63,2769, eH Te-
MeHr1 MaHi 5,30000 xoHe eH xorapbl MoH1 71,1000
Kypaiasl. Byn nanyenTrepain Kemnmitiri Tyoepky-
JIe30E€H COTTI eMENETiHiH Kepcereni, Oipak enim
JKarJaiel 1a 6ap;

» TyOGepkyne3neH 60MaThIH OJIIM-KITIMHIH Op-
Tama MoHi 4,3692, eH Temenri MoHi 1,40000 xoHe
eH >korapsl MoHi 10,6000 — 6y TyOepkyJe3aeH 0o-
JIaThIH ©J1IM-KiTIMHIH Oap eKeHJIriH KepceTei.

13 xargaiira apHAJIFAH JHATPAMMa
Yopa agici (Ward’s method)
Manxitren KambIKTBFEL (City-block, Manhattan distances)
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2-cypert. Kazakcran Pecnyosmkacsiabig 2010-2022 sxkpuigap Ke3eHinae Ty0epkyJie30eH
CHIPKATTaHYWBLIBIK, 2k6HiHAeri {enaporpamMmma

Herizinne cumarramainblK CTaTUCTUKAHBIH HOTH- ©3TEprilliTik JEeHreli JXKOFapbhl €KeHIH KepceTeni,

Kenepi  TyOepKyJe30eH

CbhIPKATTaHYIIbUIbIK ThIH COHHaﬁ—aK OCbl aypyldaH CbIPKATTAHYIIbUIBIK II€H
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OJIIM-KITIM]II TOMEHJIETY IapaapblH KaObUIIay Ka-
KETTITiH KepceTe/i.

JlepekTepni eHaeyre, BU3yaIMalMsIayFa >KoHE
VepapXUsUIbIK, KJIACTepsieydl OpbIHAAY YIINIH KUl
KOJJaHbLIaThIH OaraapiaaManapabiH Oipi Statistica
oonbin keneni. Ockl Oargapiama apKbUIbl AepeKTep-
Il YKCACThIFbIHA HeMece alblpMalllbUIbIFbIHA Kapail
TonTacTelpy yuriH Yopn oaici (Ward’s method) :xone
Manxatren KambKThiFbl (City-block, Manhattan
distances) CHUSKTBl QpPTYpJl KJacTepiey oIiCTepiH
konganelael. Crartuctukagarsl  JleHaporpamma
3epTTeylliepre Kypaen yakbIT KarapjiapblH BU3Y-
anM3alysIayra JKoHe TajjlayFa KoHe aHBIKTaJFaH
JepeKTep HeTi3iHe aKnapaTTaHAbIPbLI-FaH IIelTiM-
aep KaObuiiayra MyMKIiHIIK Oepeti.

Henaporpammaga (Cyper 2) KeJJeHEH OcChTa
2010 xoHne 2022 xbuLaap apajblfblHAAAFbl KE3EHIH-
ne TyOepKyae30eH ChIpKATTaHFaHbl KOPCETiIreH, al
TiriHeH — Oipiry KambIKTHIFBH Outipeni. Bykin ke-
3eH eKi yJIKeH kiactepre Oesineni: 2010-2014 xbii-
nap xoHe 2015-2022 xbuigap. byn eki ke3eHue-
ri TyOepKyJie30€eH CHIPKATTAHYIIBLIBIK, TYPaIbl MOJTi-
MeTTep Oip-OipiHeH alTapiIbIKTail epeKIleIeHeTiHIH
KepceTil Typ.

1 knacrepae 2021-2022, 2019-2020, xone 2015-
2018 ki Tortapra OeJiHreH

Conrpl 2021 xone 2022 xbuigap KeKe Killli TOI-
THI KYpaisl, Oy OChl Ke3eHJIeTi aypy/blH epeKIie
JVUHAMUKACBIH KOPCETIIl TYPFaHbIH KepeMi3, MyM-
KiH COHFBI JKBUIIApPHl KaObUIIaHFaH IapaJapMeH
HeMece eCcenTiTKTiH e3repyiMeH OaiinanbicThl. 2019
xoHe 2020 xbU1Iap na OesieK TONTACThIPbUIFaH, Oyl

bynparsr:

COVID-19 nanaeMusiCBIHBIH OCBI Ke3eHIeri Tyoep-
KyJie3 CTaTUCTHKAChIHA dCEPiH KOPCETYi Jer Oiiemis3

2 kuacrep 2010-2014 xpligap apayibiFbl KOPCET-
KIIITepi TYPAKThUIBIKTBI KOPCETII TYP.

Hennporpamma TyOepKyie30eH aybIpy AMHAMUKA-
chIH/Ia, acipece 2014-2015 xplaap apajibiFblHIa ail-
TapJIBIKTAll e3repicTepiH OOMybH OOMKalIbl, Oy
eMJIey CTpaTerusulapblHbIH, JIeHcaysblK cakTay cas-
CaThIHBIH HeMece 0acKa CBHIPTKBI (DAKTOPIIAp/IbIH 63-
repyiHe OaiaHbICTBI OOMybl MYMKiH.COHFBI XKbLJT-
Japparel Kimi Tonrap (2019-2022) Tanpmay yuriH
€peKIlie Ha3ap aynapydbl KaKeT eTelli, TKeHi onap
aypy IMHAMHKACBIHIAFbl KaHa OarbITTBl KepceTe
anaspl.

By nepektep Oenrisii 6ip ke3eH e TyOepKyIies ay-
PYBIHBIH MYH/Iali ©3repyiHe He ceOert 00Iybl MyMKiH
€KEHiH KaKChl TYCIHY YIIIIH KOChIMILIA TaJlgay YUIiH
KakeT eTe/l.

Statistica OaFmapiamMachiHIa JKacaJFaH JEeHAPO-
rpamMMa HaKThl MaTeMaTUKAJIBIK, MOZIETIbIepre Heri3-
JeJITeH UepapXusUIbK, JepeKTep KJIACTEpiHiH BU3Y-
anu3anuscel 6oneln Tadbulaabl. By aeHaporpam-
Ma KJIactepnepai OipiKTipy yiiH YOpa 9IiCiH jKoHe
JepeKTep apachlHIAFbl KAIIBIKTHIKTHI ecerTey YIITiH
Manxatren KamblKThiFbIH (City-block, Manhattan
distances) manganasgagpl.[14]

Onapnp! Oesiek Tajgarn KepeTiH OoJcak:

Yopn oaicinid (Ward’s method) (¢popmyna2) mak-
catbl Kiactepnepni OipikTipymiH opOip KaJaMbIH-
Jia Kbl KJIACTEPILLIUIIK AUCTIEPCUSIHBIH YJIFAlObIH
azamry.

ey

71 KOHE No- 1 KOHE 2 KJ1acTepieperi JIeMEHTTEP CaHbl.

x; KoHe y,- 1 xoHe 2 KJacTep 3JeMeHTTepl

T JKOHE Y- 1 jKoHe 2 KiacTepiep OOWBIHIIIA OpTaIla MOHAIED.

2}, - OIPIKTIpIIreH KJ1acTep JeMeHTTepi.

Z - OIpIKTIpPUITeH KJIacTep/iiH OpTallia MoHi.

Yopn agicinin (Ward’s method) makcater /\ FazaiTy OobIn Kesiei OyJ1 eKi Kiactepi OipikTipy Ke3iHje
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KJIacTep iIiH/Aeri AUCTIEPCUSIHBIH 63repyiH OUTIipei..

ManxatreH KablKThiFbI (City-block, Manhattan distances) (¢popmyiia 2)o1iCTiH MaKcaThl: KbU1Jap apachlH-
Jarbl YKCACTBIKTAP/IBI €CETITey YIITH KOJIaHBLIAThIH KOl eJIIeM/1i KeHICTIKTer1 eKi HyKTe apachIHIaFbl Ka-

IIBIKTHIKTBI @HBIKTAY OOJIBIT TaObLIA/IbL.

bynparsr:

2)

d(i, j) - MaHX3TTeHHIH HYKTeJIep apachlHIAFbl KAIIBIKTHIFBI § KOHE j

;) XKOHE X j, - 1 XKOHE j HYKTC KOOPIMHATTAPIHBIH keJIemi

- ©JIIICY CaHbI

Manxstren kambIKThiFbl (City-block, Manhattan distances)op enemeri HyKTeJlepaiH KOOpAXHATTAPbI
ApACHIHIAFBI KB A0COMIOTTI albIPMAIIIBUTBIKTHI OJIIICH/I].

JleHnporpaMMaHbIH kaJjlbl MOAENI:

1. KnacrepneyaiH op Ke3eHiHJe €Ki KJIacTep TaHaiabl, OJIap/IblH apachblHJarbl KAIBIKTHIK, MaHX3TTeH
MeTpUKAChl OOMbIHITIA MUHUMAIIBL. ConaH KeiiH OyJ1 Kiactepiiep OipiKTipii, mporeaypa OapiblK HbICaH-

nap Oip kiactepyie OOJFaHINa KalTalaHaIbl.

2. bipikripy npoueci Yopna oaicid (Ward’s method) KonaaHy apKbLIbl KOJ KETKI31IETIH KJIacTePIIUIIK

JOVCTIEPCUSTHBIH, YJIFAIObIH A3aWTY YILIH KYPei.

Ocplnaiiia, AeHaporpamMma KiaacTep illiHAeri AUCTIePCUsIHBI a3ailTy koHe MaHX3TTeH MeTpUKachl OOMBIH-
1112 KAIIBIKTHIKTHI €CENTey HeTi3iHe KIacTepiepi JoreKTi OipiKTipy MpoleciHiH rpaduKaibK KepiHici 00-

JIBII TaOBLTAEL.

HaTukenep men Taakpliay. by 3eprrey ty-
OepKyJie3 CHSKTHI aypyJapibl Oakpuiay KoHE Taljiay
caslachblHa MaHBI3[IbI yJ1ec Kocasl. JlepekTep MeH Ma-
TeMaTUKAJIBIK, MOJIETIbAEP/l KOJIIaHy aypyIdbIH AUHA-
MUKACBIH TYCIHyT€ FaHa eMeC, COHBIMEH KaTap aypy-
ObIH TapajyblHa ocep eTeTiH (paKTopiapabl aHbIKTa-
yFa MYMKiHaik Oepemi. [lepekrepni kuHAybl, OH-
Aeyai *KoHe Tayfay/abl aBTOMATTaHIbIpyFa KaOiaeTTi
MHTETpallsUIaHFaH aKMapaTThIK, KYyHelIepai JaMbITy
aypyJapabl THIM]TI GaKbUIay MeH OaKbLIay/IblH Heri3-
Ti 97eMeHTi OO TaObUIaAbl. 3epTTey KOFaMJIBIK
JEHCAYJIBIK, TIeH XaJILIKThIH 6Mip CYpY CalachlH KakK-
capTy VILiH JAepeKTepnl eHIIpy CajlaChlHIArbl Ky-
MBICTapP/Ibl JKAJIFACTHIPYIbIH MAHBI3IBUIBIFBIH KOpCe-
Te/i.

TyOepkyne3 CHSAKTHI 2JISyMETTiK MaHbI3bI Oap ay-
PYJIapablH MOHUTOPHMHIIHIE JNEepeKTepli MHTENIeK-
Tyalapl TanjayAabl KOJJaHy OHBIH OoJalnak Jamy
YLIiH MaHbI3JbUIBIFBI MEH QJIeyeTiH Kepceteai. Data
Mining MaTeMaTHKaJbIK MOJAEJbAEPI MEH 9JIiICTepiHE

HerizaenreH 3eprrey 2010-2022 xbuigap apasibl-
reiHIa Kaszakcran PecryOnmkaceima TyOepkyres-
OEH CBHIPKATTAHYLUBUIBIKTHIH JAWHAMUKACBIH TEpPEH
TYCiHYy MYMKIHAIKTEpiH KepceTeai, Oyl MaKCcaTThl
NpOpUIAKTUKAJIBIK, JKOHE EMJIK iC-1apaiap/sl 93ip-
Jieyre bIKMajd eTeTiH YPHAiCTep MEH BIKIal eTeTiH
(bakTopnapapl aHbIKTalAbL. [lepeKTepai MHTeJUIeKTY-
aJJpl Tanjgay ChIpKaTTaHYIIbLIBIKTHIH JUHAMUKACHIH
Ke30eH Kepill, OoKarn KaHa KoMai, COHBIMEH Ka-
Tap XaJIbIKTBIH KOli-KOHbI, eMip CYpy JeHreui, Me-
JTUIMHAJIBIK, KbI3MET KOpCeTy AeHreii, MeauiIMHa-
JIBIK KBI3MET KOPCETY LIBIFBIHAAPBI CUAKTBI CHIPKAT-
TaHYIIBUIBIK, NIEH 0acKa Ja QJIeyMeTTiK MaHbI3bl Oap
(paxTopnap apaceiHIa GaiiaHbIC OpHATYFA, TYPIIi aii-
MakTap OOMBIHIIA Tajgay KYprizyre MyMKiHAIK Oe-
peni.

Hlemek, aypy JepeKTepiH aBTOMATTaH[bIPbLIFaH
OakpUlay MEH Tajjgayra apHaJfaH WHTErpasi-
JIaHFaH aKMapaTThIK )KYWEH1 931pJiey koHe eHr13y Ka-
JKETTUIIr TYbIHIAN/IbI.
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MyHpaii Kyiie Tangay koHe Ookay Kypaiga-
PbIH YCBIHA OTHIPHII, AEPEKTePMi KUHAYIbI, OHICY/I]
’KOHE caKTay/pl XkKakcapTyra yone Oepeni, Oy aypy
JEHIeWIH TUIMAIPEK TOMEHIETYIe jKOHE UIEMHO-
JIOTUSUTBIK, KayinTepre kayan Oepyre MyMKiH/iK Oe-
peni.[15]

AnapiH ana Tangay SKOCTIapJaHFaH aKMapaTThIK
Kylie MbIHaIall OJIOKTap/aH TYpyhl THiC eKeHiH Kep-
CeTTi: lepeKTepi Kaobuiaay, Ta3apry, TpaHcdopMa-
usiay; JepekTep KOMMAchl; AepeKTepai CTaTUCTH-
KaJbIK Tajugay ONOrbl; JepeKTepli MHTEIUIEKTYyalbl
Tasiaay O10rel; OoKaMIapAbl KAJIBIITACTHIPY OJIOTH;
ecenTepii KaJIbINTacThIpy OJIOTHI; AepeKTepi BU3ya-
TA3aIUsIIAY OJIOTHI.

3epTTeyliH MaHBI3IbUIBIFbL: JEPEKTepIi KUHAY,
OHJIey KOHE Tajjay MpoIecTepiH aBTOMATTaH[bI-
PYIbIH KOFAMJBIK JEHCAYJIbIK CaKTay/bl jKaKcapTy-
Jarbl MaHbI3ABUIBIFBIH allKbIH Kepceteai. MHrerpa-
LUsUIAaHFAH aKapaTThIK KYWeIepaiH KeMeriMeH YJI-
KEeH KeJiemjieri JepeKTepdi TWiMIi Oackapy koHe
TaJlIay aypyAblH Tapasly JMHAMHUKACHIH KaKChl TYCi-
Hyre MyMKiHJiKk Oepeni. MyHzaail xyienep HaKThbl
YaKbITTAFbl SMUAEMUSIIAPAbl AHBIKTAY kKOHE aJIJIbIH
aJy YIIiH aca Kaxer.

3eprrey HoTwxkecinge 2010-2022 xplnnap apasbl-
FBIH/Ia TYOSPKYJIe3/1iH TapaTybl OOWBIHINA JAEepPEeKTep-
re HerizzenreH Oomkay skacanasl. Data Mining jxoHe
CTAaTHCTUKAJIBIK, OJiCTepi TyOepKyne30eH ChIpKaT-
TAHYIIBUIBIKTHIH OOJIAlIaK, TUHAMUKACHIH aHBIKTa-
yFa JKOHE COFaH COMKeC ajlJblH aly IIapajapbiH
Kocmaprayra MyMKiHIIK Oepemi. Meoicamsr, 2020-
2022 xpurgapaarsl A€HApPOrpaMMa MeH rpaukrep-
1€ KepiHreH aypy MACHIeliHiH esrepicrepi emjey
JKQHE aJIJbIH aJTy HIapaslapblHbIH TUIMALIITIH KepceT-
Ti.

Aunpiarad HoTvokesep 2010-2022 xbuinapaarsl Ty-
OepKyine30eH CHIPKATTAHYIIBUIBIK TIeH OJIiM-KiTiM
AMHAMMKACBHIH/A alTapibIKTail ToMeHaey Oailikasra-
HbIH KepceTei. ChpKaTTaHyIIbUIBIKTHIH TOMEHIEY1
JEHCAYJIBIK, CaKTay JKYyHeciHAe XYPri3uireH ajbiH
aJIy JkoHe eMjIey IapaiapbiHbIH THIMUTITIH KepceT-
ce, JIIM-KITIMHIH TOMEH/IEY1 TUIMI eMEY IapaJia-
PBIHBIH HOTHKeCi OOybl MYMKIH.

JlepekTepai MHTEIUIEKTYa bl OHJeY apKbUIbl ay-
PYObIH TapajlyblHa dcep €TeTiH Herisri (pakTopriap

aHbIKTAABL. By daktoprnap TyOepkysesmiH aii-
MaKTBIK epeKIIeiKTEPiHe, XaJIbIKThIH 9JIe€yMETTiK-
9KOHOMUKAJIBIK JKaFAaiibiHA )KOHE MEJULIMHAJIBIK, pe-
CypCTap/blH, KOJDKETIM/ILTIrHE OaiIaHbICTBI OOMTYbI
MYMKiH. TyOepKyne3iiH TapaayblH OoJuKay >KoHe
Heri3ri (hakTopiapapl aHbBIKTay OoJalakTa Makcart-
Tl IPO(PUIIAKTUKAJIBIK, iC-IIapanapabl YilbIMIACThI-
pyFa bIKnau erefii. By ajbiHFaH MaliMETTepIi eM-
JIey CTpaTerusuIapbIH KETULIIpY YIITiH KoJIgaHyFa 60-
Jabl.

3eprrey OapbIChIHAA KACATFaH MaTEMATHUKAIBIK,
MOJIENIEP MEH CTaTHUCTUKAJBIK ofictep Kazakcran
PecryOmukaceiHIa TyOepKy/Ie3/IiH epiliry JMHAMHY-
KachlH TepeHipeK TYCiHyre MyMKiHmik Oepmi. [le-
PEKTepAi UHTEJJIEKTYANIIbl OHJeY HOTHKECIH/IE aslbl-
HFAQH HOTHIKeJlep TyOepKy/ie3[iH epIIryHe ocep
€TeTiH Heri3ri (pakTopyiapAbl aHBIKTAIl KaHA KOMMaii,
OHBIH, OOJaliaKkTa Kajgaid KeTUTyiHiH OoJDKayFa Ke-
MeKTecei. by aypyapl Oakpuiay skoHE aJIbIH Ty
IIapajIapblH KETUIIIPY YIIiH MaHBI3/Ibl aKmapar 00-
nbin Tadbuiaael. TyOepkysesniH TapaayblH Ookay
OOMBIHINIA AJIBIHFAH HOTHKENEp AEHCAYJbIK CaKTay
JKyHeciHe opacaH 30p YJec KOChII, OHbIH KOFaM/IbIK
JeHCayJIbIKKA 9CepiH a3alTyFra MyMKIHJIIK Oepeii.

Kopsoiteinabl. by 3eprrey Kazakcran Pecny6-
ymukaceiHaa 2010-2022 xplnnap apayibiFbIHIA-FbI TY-
OepKyJie30eH ChIPKATTaHYIIBUTBIKTHIH TUHAMUKACHIH
TaJIAAy apKbUIbI QJIEYMETTIK MaHBI3HL Oap aypyiap-
IIbI OAKbUIAY/IBIH 3aMaHAYH 9/1iCTePiHiH MaHBI3IbLITbI-
FBIH KOPCETIl, JAepPeKTepai WHTEJUIEKTyalIbl OHICY
MEH MaTeMaTUKAJIbIK MOJEJbJEY 9ICTEPiH KONJaHy
OapbIChiHIA TyOEpKyse3 aypyldblH TapalyblH, OHBIH
©JIIM-KITIM KOPCETKIIUTEPIH XOHE eMJey HOTHKe-
JiepiH OoJpKayFa MyMKIH/IIK Oepii.

3eprrey OapbiChIHAA TYOSPKYJE3/IiH OpIIiry Iu-
HAMUKACBIH Tajjgay YIIiH JepeKTep apachiHAarbl
alibIpMAIIBUIBIKTAPAbl aHBIKTAY YIIiH, MaHX3TTeH
kaiblKThiFbI( City-block, Manhattan distances) :xoHe
Yopn (Ward's Method) knacrepney opicrepi KoJi-
JaHBUTBIT OOBEKTLIEp apachlHIAFhl AMbIPMAIIIBUIBI-
KTapapl Oipkarap caktopiaap OOWBIHIIA 6JIIeyre
MyMKiHaik 6epai. Hotmxkecinne, TyOepKysie30eH Chl-
PKATTaHYIIBUIBIKTHIH OPTY I KbUIAAPIAFHI AEHTeH-
JIEpiHIH YKCACTBIFbl MEH ailblpMalllbUIBIKTAphl aHbI-
KTaJIbl.

An, Yopn omici (Ward's Method) knacrepneyni
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XKYPrizy 6apbIChIH/Ia TONITAP APACBIHIAFB! JUCHIEPCH-
SIHbl MMHUMU3ALMIAY IPUHLMITIHE Heri3ein, Je-
peKTepni yKcac TonTapra OipiKTipy apKbUIBI JKbLI-
Jap apachlHIarbl KOPpeJSILMSHbI alKbIHAAI, TYOep-
KyJIE3/IiH OpIIiry YpIOiCTEPIH KOPCETETIH UepapXxusi-
JIBIK, KY PbUTBIMIAP/bl XKacayFa MyMKiH/IK Oepii.

Hotmxkecinne, Oenrini Oip KbUigap apachiHIAFrbl
CHIPKATTaHYIIBUIBIKTHIH ©3apa YKCACTHIKTaphl aHbI-
KTaJIblI, AEHIPOrpaMmaza KYpbUlbl.

Yopn anici (Ward's Method) men ManxaTTeH Ka-
mbIKThIFBIH (City-block, Manhattan distances) koi-

JlapblH KOPCETKIITEPiHIH YKcac Ke3eHJEepiH aHbI-
KTayFa ’oHe oJlap/ibl OoanakTa 0omkay Y KO-
JaHyFa OOJIATHIHBI IQJIEICHII eyre Ooabl.

ATIBIHFQH HOTHKENep ACHCAYJBIK CaKkTay XKyH-
€CiHe CTpaTerusuiblK, eliMaep Kaobuigayaa HaKThl
HeTi31 OOJIBIN, SMUIEMUAOIOTHUSIIBIK, XKarIanasl THIM-
Ii GacKapyFa BIKIAJ eTe[i.

byn opicrep snuaeMusiiapapl yakThUIbl aHBIKTAY,
THIMJII OaKBUIAY jKOHE OJIAPIIBIH SCEPiH a3alTy YIITiH
JEHCAYJIbIK, CAKTay >KYWECIH OHTalJIaHIbIpyFa Ke-
MEKTeCe 1.

JaHy SMUJEMHUOJIOTUSIIBIK, JI€PEeKTepi TONTACThI-
pylda KoHe oylapibl Tajjiayna TUIMIL 9/iC peTiHfe
MaHbI3/IbI POJI aTKAPATBIHBI, TyOSpKyJe3 aypybIHbIH
epIIiryi OOMBIHINA JUHAMUKAJIBIK, ©3repicTepi au-
KbIHIAyFa, OPTYPJi KbULJApHAFbl CHIPKATTAHYIIIbI-

KopeIThiHABLTAN Kese, TyOepKyJe3[iH TapalybH
Oo/Kay MakcaThiHOA 3aMaHayM oJicTepii KOoJigaHy
Kazakcranmarbl KOFaMIBIK, ICHCAYJIBIKTBI JKaKCAPTy
KOHE OCBHl aypyMeH KYPECTiH TUIMIUIIH apTThIpy
YIITiH MaHBI3IbI KaJ1aM OOJIbIIT TAOBLIA/IBI.
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MEJIMIINHA CAJIACBIHJIA KOMITBIOTEPJIIK KOPY OJIICTEPIHIH HETT3IH/JE
TPA®UKAJIBIK, AKITAPATTBI OHJIEY

2K.C. Ecenraimena , 7K.0. Opan6exosa, M.K. Typaposa

JLH. I'ymunes atbiHgarsl Eypasus yiITThIK yHUBepcuTeTi, Actana, Kazakcras,
" KoppecronaeHT-aBTop: jannayess@gmail.com

Makanajga MeqULMHABIK, OeliHeepai Tagay/ia KoJlJaHbUIaThIH CETMEHTTeY 9/licTepi cunaTtairad. Mar-
HUTTIK PE30HAHCTHI TOMOrpausi KoHEe KOMMBIOTEPIIiK ToMOrpadust KeCKiHAepiH TajayJa KONJaHbUIAThIH
HIEKTI MoH/Iep, Kilaccudukaius, kiacrepiey, MapkoB xeltijiepi, HSHPOH/IBIK, keJiiep, nedopmaliusiiaHa-
TBIH MOJIEJIBJIEP CUSAKTBI SICTEP/AiH apTHIKIIBUIBIKTAPHI MEH KEeMIIUTIKTEepl KapacThIpbliaasl. leHcaysbK,
CaKTay CaJIaChIHJA KOMIIBIOTEPIIIK KOpyai NaiianaHa OThIPbII, I'padMKaIbIK AEPEKTeP/l OHeyre apHaJiFaH
OarJapiaamMalibK KaMTaMachl3 €Ty TEXHOJIOTUSACHIH 93ipJiey MPOLIECi YChIHBUIFaH. O31pJIeHreH KYieHi xkola-
JIay sKoHe MOJeJb/Iey Ke3eHaepi cunartairad. KeckiHai cerMeHTTey apKbliibl IEpeKTepai OH/ley JUarHOCTH-
KaJIbIK, JOJI/IIKKE JKoHE KoJlaHOa MaiianaHybuiapbl apachlHIAFbl THIFBI3 ©32pa OPEKETTECyre bIKINA eTe[li.
CoHnpaii-ak, KoiganOaiap OyJITeIH/IA 3ePTTeY KOJIeMiH caKkTayra MyMKIHJIIK OepeTiH IepeKKOop kKoHe Kpocc-
T1aThOPMAITBIK, KOCHIMITIA Jkacasibl. KypblFaH MOOWITB/II KOCBIMIIIAHBI TOJIBIK, TECTiJIeY Ky priziimi. [leHca-
YJIBIK CaKTay CaJaChlHa MEeJULIMHAJIBIK, KECKIH/I CETMEHTTEeY AQJIIpeK IUarHo3 KO )KoHe MALMEHTTiH Aua-
THO3bIH OJIaH 9pi TeKCepy YIIiH OapraH cailblH KaxeTTi pyHkuusFa aitHayaa. COHABIKTAH TY P aypyappl
Aep Ke3iH/ie aHbIKTay/IblH APKACBIH/IA OJ1 HEFYPJIBIM YTHIM/BI 9p1 MaKcaTThl eMIEIYIE, XaJbIKThIH OMip Cy-
Py carachlH )akcapTyJa KeHiHeH naiaananpMak. KonganOansl o3iprey Ke3iHae rpaduKaibk AepeKTepai
tangaynsl keHuaeretiH Open CV, Tensorflow, PyTorch kitanxananapael KOnJaHy apKbLibl JepeKTepii
OHJIEY KYPri3uii.

Tyiiin ce3aep: kommblotepiik kepy, OpenCV, Tensorflow, cermeHrarus, rpadpuKabk JepeKTepi oH-
aey.

OBPABOTKA I'PA®UYECKUX JAHHBIX HA OCHOBE METO0OB KOMIIBIOTEPHOI'O
3PEHUA B COEPE ME/IUIIMHDI

2K.C. Ecenraimmena , 7K.0. Opax6exosa, M.K. Typaposa
EBpazuiickuil HanmoHanbHbIN yHUBepcuteT umenu JI.H. I'ymuneBa, Acrana, Kazaxcran,

e-mail: jannayess@gmail.com

B crarbe omnricaHbl METO/IbI CETMEHTAIMH, KCTIONb3YeMble ITPY aHAIM3e MeUIIMHCKUX M300paxeHui. Pac-
CMOTpEHBI TIPEUMYIIECTBA M HEJOCTATKM TAKUX METOJOB KaK MMOPOrOBbie 3HAUCHUS, KJIacCU(UKAIIUS, KJla-
crepu3aiiysi, MapKOBCKHE CETH, HEPOHHBIE CeTH, Ie(pOpMUpyEMble MOJIEH, UCIIOIb3YEMbIX ITPU aHa-JI3e
U300pakeHN MarHUTHO-PE30HAHCHON ToMOrpaduu U KommbioTepHoi TomMorpadun. IlpeacraBieH mpo-
1ecc pa3paboTKU MPOrpaMMHOM TEXHOJIOTUU 0O0paOOTKM rpaMuecKuX JaHHBIX C UCIONb30BAHMEM KOM-
MIBIOTEPHOTO 3peHus B cpepe 31paBooxpaHeHus1. OMucaHbl 3Tallbl IPOEKTUPOBAHUS M MOAETUPOBAHUS pa3-
padoranHou cuctembl. OOpabOTKa JAHHBIX TOCPEICTBOM CerMEHTAIIMH N300paXkeHHA CITIOCOOCTBYET TOUHO-
CTH IMarHOCTUPOBAHUS U TECHOTO B3aUMOJICHCTBUS MEKIY TIOJIb30BATEISIMU TIPHIIOkeHUs. Takxke co3ma-
Ha 0a3a JaHHBIX M KpoccIuiarhOpMEHHOE MPUIIOKEHHUE, TIO3BOJIAIOIIEE XPAHUTh 0OBEM KCCIIEIOBAHUI B
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oOnake npuioxeHuil. [IpoBegeHO MONHOE TECTUPOBAHKME CO3JAHHOTO MOOWJIBHOTO MpuiioxeHus. B ce-
pe 3/1paBOOXpaHEeHMs CErMEHTAIMsI MEAUIIMHCKUX N300paKeHUI CTAHOBUTCS Bce Hanbosee HeoOXOIUMO
(ynkImen s Goliee TOYHOW JMArHOCTWKU W AajibHEHINed BepubUKAIMKM TMarHo3a MarueHTa, a MoTo-
My, Onarogapsi CBOEBPEMEHHOMY BbISIBJICHHIO Pa3IMYHBIX 3a00JIeBaHMid, OyIeT IMPOKO HCIIONb30BAThCS
1J1s1 Oosiee PaliMOHAIBHOIO U LIEJIEHAIIPABJIEHHOTO JIeYeHMs, YJIy4dllaloliee KauecTBO KU3HU HaceJIeHMs.
[Tpu pa3zpaboTke npusokeHus: o0padOTKa JAAHHBIX OCYLIECTBJSIACH C MOMOIIBI0 TAKUX OMOIMOTEK, Kak
OpenCV, Tensorflow, PyTorch, koTopbie ciocoOCTBYIOT aHAIU3Y TpapUUIeCcKrX JaHHBIX.

KuaroueBsle ciioBa: komnbiotepHoe 3penue, OpenCV, Tensorflow, cermenranusi, oopadoTtka rpadpudec-
KHX JaHHbIX.

PROCESSING OF GRAPHIC DATA BASED ON COMPUTER VISION METHODS IN THE FIELD OF
MEDICINE

Zh.S. Yessengaliyeva ', Zh.O. Oralbekova, M.K. Turarova
L.N. Gumilyov Eurasian national university, Astana, Kazakhstan,

e-mail: jannayess@gmail.com

The article describes segmentation methods used in the analysis of medical images. The advantages
and disadvantages of such methods as threshold values, classification, clustering, Markov networks, neural
networks, deformable models used in the analysis of magnetic resonance imaging and computed tomography
images are considered. The process of developing software technology for processing graphic data using
computer vision in the healthcare sector is presented. The stages of design and modeling of the developed
system are described. Data processing through image segmentation promotes diagnostic accuracy and
close interaction between application users. A database and cross-platform application have also been
created that allows you to store a volume of research in the application cloud. Full testing of the created
mobile application was carried out. In the healthcare sector, medical image segmentation is becoming
an increasingly necessary function for more accurate diagnosis and further verification of the patient’s
diagnosis, and therefore, thanks to the timely detection of various diseases, it will be widely used for
more rational and targeted treatment, improving the quality of life of the population. When developing the
application, data processing was carried out using libraries such as OpenCV, Tensorflow, PyTorch, which
facilitate the analysis of graphical data.

Keywords: computer vision, OpenCV, Tensorflow, segmentation, processing of graphic data.

Kipicne. Kommbiotepnik Kepy aiiHaJachIHIaFbl
3arTapAbl KaObUIIayFa, KiKTeyre, TaHyFa KoHE Ka-
yar 6epyre MyMKiHJIiKk Oepeni. MeauimHaIBIK, Kec-
KiHJl eHJIeY, i13/Iey MeH TaJiayabl XeHUIETY YIIiH
©HJIeJIMETeH KECKIHAEP/1 6/IILIEHETIH CMMBOJIIBIK, ITi-
IIiHTe TYPJIeH/ipy, AMarHOCTUKAaFra KOMEKTecy YIIiH
MOH/I CaH/BbIK aKNapaTThl aly KOHE KeNTereH Kec-
KiHZEY 9JIiCTepiHeH KOCBHIMIIIA JIepeKTepai OipiKTipy
YIIIiH maigaisl. MequimHabIK, KECKiH/Il TalaayIbiH
ipresii MoceJsiesiepiHiH Oipi KecKiHaepaeri oprasaap
HEMece KAJIBIITAH ThIC allMakTap (MbICaJbl, iICIKTEp)
CUSIKTBI OOBEKTUIEPiH HIeKapalapblH aHBIKTAWTHIH

KECKiH CerMeHTAIUACH OOJbII TaOblIa bl CermMeHT-
Tey HOTHKECiHiH OOJybl MillliHAI TajJayFa, KeJeM-
HiH ©3repyiH aHBIKTayFa KoHE JI9JT CIYJIENiK Teparusi
)KocriapbiHa MYMKIHIIIK Oepefti.

JKakpiHaa MEIUIIMHAIIBIK, KECKIHIEpAl CerMeHTa-
usiay ofedueTinae OipHellle Kbl 9IicTep Maii-
na 6onapt [1]. CermeHTTeY oficTepiH KeJeci caHaTKa
OesieMi3: IIEKTI MOH ToCUIepi, aliMakKThl KeHeH-
Ty TOCUIIEpi, KIKTeyilTep, KjiacTepiey Tocuiaepi,
MapkoBTbIH Ke3aencok, epic mopenbaepi (MRF),
JKacaH/bl HEMPOHIBIK, XeJiep, AedopMalusiiaHa-
TBIH MOJEJIbAEP, aTIacKa HeTi3[esreH TICLIIep.
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[lekTi MOH CKaIApAbIK KECKIHAEpAl KEeCKiH
KApPKBIH/ABUIBIFBIHBIH €KUTIK OeJIiHyiH kacay apKbl-
761 Gestyre kakbpiHIauap!. ekTi Oenriney mporery-
pachl KQKETTi ChIHBINTAP/bI O6JIETIH IIEKTi Jen ara-
JIATHIH KAPKBIHIBUIBIK, MOHIH aHBIKTAYFaA THIPHICA[IBI.
ConaH KeiliH cerMeHTalusFa OapiblK, TMUKCEaAep-
Il MIeKTi MOHHEH acaThiH Oip CHIHBINKA, a1 KaJFaH
MUKCeNiepai 0acKa CHIHBITKA TONTACTHIPY APKbLIbI
KOJI KeTKi3liedl. bipHelie meKTi MoH/II aHbIKTay —
OyJ1 OipHele eKTi gen atanatbiH nporecc. [lekri
MOH Ke0iHece CypeTTi eHJIeyaiH peTTitirinae dacra-
MKl KajJaM peTiHjae KosnaHbuiagbl. COHbIMEH Ka-
Tap, MIEKTI MOH 9JeTTe KECKiHHIH KEHICTIKTIK CH-
narTamMasiapblH ecKepMmeii. by OHbI MarHUTTIK-
PE30HAHCTHIK, OeliHesep/e Maiaa OOJNaThiH Iy MEH
KapKbIHAbUIBIKTHIH T€TePOreHIUIIrHE Ce31MTall eTe-
.

AWIMaKTBl KeHEUTy Tociigepi — OyJl aljpiH aja
aHBIKTAJIFAH KPUTEPHIJIEpre HEeTi3/Ie/IreH KeCKiH au-
MarbIH a1y 9JIiCi. ByJ1 enmemaep KeCKiHHIH KapKbIH-
JbUTBIFBI HEMECE KUEKTepi Typasibl aKIapaTKa Heris-
aenyl MyMKiH. KapanaiieiM Typae, aynaHisl yirai-
Ty YIIIiH 6aCTanKbl HYKTE KaKeT, OHBI OIlepaTop KOJI-
MeH TaHJIai/Ibl JKoHe KeHOip al/IbiH ajla aHbIKTaJFaH
KpUTepHIAIep HeriziHae OacTarkbsl MOHTe OaijiaHbl-
CThl OaprnblK, muKcenaepni anaapl. Ochuiaiiina, eH-
AipineTid opOip aliMak, YIIIiH aTFalIKbl HyKTe aIbIHY
KepeK. ATMaKTBIH YJIFAIObI IITyFa Ja ce3iMTall OOTybI
MYMKiH, HOTHKECIH/IE aJIbIHFaH aiMaKTap/IbIH TeCIK-
Tepi Ooagpl HeMece TIMTi aXbIpaTbliaas [2].

Kikreyimrep omicrepi - 6enrisi 6enrisepi 6ap sie-
PEKTepAi KOJNIaHa OTHIPHIIN, KECKiHHEH aJIbIHFaH 00b-
eKTUIepIiH KeHICTiriH OeJryre ThIPbICAThIH YJITiHI Ta-
Hy opicrepi. Hpicannap keHicTiri — Oy Ke3-KelareH
KeCKiH (hyHKIIMSICBIHBIH ayKbIMBbI, a1 OObEKTiIEPIiH
€H KeIl TapaJifaH KeHICTIr — KeCKiHHIH KapKbIH/IbI-
nbirel. JKikTeyimrep — Gakpliay 9ficTepi Aem araia-
Ibl, OUTKEHI OJIap OKY JEpPEKTepiH KOJIMEH CEerMeH-
TalMsUIay/Ibl KQXKET eTe/li ’KOHE OHBI )KaHa JIepeKTep-
Il aBTOMATTHI TYp/ie CerMEHTalMsIay YIIiH KpuTe-
pull peTiHAe nanaaiaHanbl. EH KapamalbiM KiKTe-
yimrep — OyJ1 eH KaKblH KOPIIiHiH KJIacCu(pUKaTO-
pbI [3], oHAA op MUKCENb KAKBIH KAPKBIHIBUIBIK TAFbI
KATTHIFY MoJIiMeTTepiMeH Oiphedl ChIHBINTA XKiKTe-
neni. Tarel Gip mapameTpriik emec KjaccupuKaTop —
Parzen Tepesenepi, oHlla KiKTey TaHOAJAHFAH TIHMK-

CeJbIIH KAPKbIHIBUIBIFbIHA HETI3[eTeH OObeKTiIep
KEHICTITiHIH aJIJIbIH aJ1a aHBIKTAJIFaH Tepe3eCiH/Ie OJ1-
IIIEHTeH IIerTiM KaoblIaay poreci apKbUIbl Ky3ere
aceipbuiaibl. CTaHAAPTTHI KIKTEYILITEp CerMEeHTTe -
reH KYpbUIbIMIAPIBIH 9PTYPJIl CaHABIK CUMaTTama-
Japra vie O0TybIH Tajam eTefi.

Knacrepney anropurmaepi oKy JAepeKkTepiH mMaiu-
nanmaHOait, KiaccudukaTop omictepiMeH Oipaeit
(pyHkumsHbl  opbiHAaNabl. COHOBIKTAH — OJIAPIBI
OakpUTaHOANTBIH opicTep Jnen araiabl. OKy Je-
PEKTEepiHiH KEeTICEYyIIIriH eTey YIIiH KjacTtepiey
oziicTepl KEeCcKiHi cerMeHTauusiay [4] MeH op Cbl-
HBIITBHIH KACUETTEPIH CUMIATTAY apachlH/a UTEPAaTUB-
Ti TypAe ayblcaJpl. DIETTe KOJAAHBUIATHIH YIII KJIa-
CTEpJIIK aJITOPUTM — OYJI Heri3ri Kypajijap Hemece
JKapUsUIaHFaH aTOPUTM, aHBIK eMeC C — opTallia aj-
TOPUTM KOHE MaTeMAaTHKAJIBIK KYTydl MakCUMU3a-
nusiiay asroputMi. Knacreprey aaropurmiaepi OKbl-
Ty JepEKTEpiH KAKET eTrece Je, oyap OacTarksbl cer-
MEHTALIMAHLI KaXeT erenl. Anaiaa, KEHICTIKTIK MO-
JembAeyaiH OomMaybl KbUIAaM ecerTey YIIiH aiTap-
JIBIKTAl apTHIKIIBUILIKTap Oepe anaabl. Knacreprey
QITOPUTMJIEPIHIH MarHUTTIK PE30HAHC KECKIHAEPiH-
JieT1 KapKbIHABUIBIKTBIH T€TEPOreH IUTIr He TY PaKThl-
JIBIFBIH apTTHIPY OOWBIHIIIA KYMBIC YJIKEH JKETiCTiK
KOpCETTI.

MapkoBTbIH Ke311eicoK, epic moaenbaepi (MRF) —
OyJ1 JKEepruliKTi Koppessiusiap KeCKiHHIH opTypii
KacueTTepiH MOJeJbeY MEXaHU3MiH YChIHAIbI [S].
MenuiuHaIbIK, BU3yaIu3aiusaaa oaap oeTTe KoJ-
JaHbUIA/Ibl, OUTKEHI MUKCENEPIIH KOIIIUII Kep-
11 MUKcenaepMeH Oip/el ChIHBIMKA kaTaabl. Pusm-
KaJIblK, TYPFBIIAH ajiFaHaa, OyJl Tek Oip MHKCelb-
JIeH TYPATbIH Ke3-KeJIreH aHATOMUSIBIK, KY PbLIbIM-
HeiH MRF GomkambiHIa maiga 00y BIKTAMAJIIbI-
Fbl ©Te TOMeH ekeHiH Oimipeni. MRF opicrepi opert-
Te YJIKEH ecenTey IIbIFbIHIAPBIH arOPUTMAEPHl Ka-
xet ereai. Ocel kemuiuliktepre kapamactad, MRF
TEK CEerMeHTTey KJIACTapblH MOJENb/eYy VIIiH FaHa
€MeC, COHbIMEH KaTap, CaHblK MaMMOorpammaiap-
JIbl CerMEHTalUsIay Ke3iHAe Manjaibl MarHUTTIK-
PE30HAHCTHIK, CYpeTTep/Ie KOHE TEKCTYPATIbIK, KACH-
eTTepe naiiga 6oMaThlH KAPKBIHIBUILIKTHIH reTepo-
TeH/ILTITH MOJE/bAeY YIIUiH KEeHIHEH KOJJaHblIabl.

Kacannpt Heriponabik xkemisiep (ANNs - Artificial
neural network) — OMOJIOTHSUTBIK, OKBITY/IBI €JTIKTeH-
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TiH ©HJEY JEMEHTTEPIHIH HeMece TYHiHIep/iH Ma-
pasutens keninepi. OKBITY TYHiHIEp apachlHAArbl
KOCBUIBICTApFa TaFalibIHAAJIFAH Tapa3bulap/Ibl Oerim-
ey apKbLUIbI KY3€ere achpbliaabl. MeIUIIMHAIBIK, BU-
3yaju3alusiia KIKTeyilll peTiHe KeHIHEeH KOJI/1aHbl-
Ja[pl, OH/A CaJIMAK, JKaTThIFY JEPEKTepiH KOJIAaHy
apKbUTBl aHbIKTaNab], conad kein ANN jxaHa Jie-
pEeKTepAl cerMeHTTey YUIiH KosaaHbuiaasl. KacaH-
Obl HEWPOHIIBIK, KeJijep AEHCAyNblK cakTay calla-
ChIHJA MaiifanaHy OeTTi TeKcepy KyHeciHe yKcac.
JleHcaymbIK, HEMPOH/BIK, KeMicl €Kl Kipic KeCKIHHEH
TYpa/ibl, OH/1a OipiHII KECKiH TapreTOOKC iltHae, al
eKIHIIICI YMITKep KeCKiH aiiMarbl OOJIBIT TaObUTa bl
[Ibrapy peTiHIe cyperTep apachlHAArbl YKCACTBIK
noopexect TangaHaapbl. JleHcaysblK CcakTay KesiCiH-
ae GapiblK, YMITKepiepre SpTypii Kaapiapaa 6apy-
JbIH KaxeTi KOK. OHbIH OpHBbIHA KOHBOJIOLMOH/IBIK,
XKeJTiHI maigasaHaMbl3 JKoHe opOip KecKiHl Tek Oip
peT aiHaapIpa alambi3 [6]. IpuHe, Kas3ipri oaemie
HEWPOHIBIK XKeJIiIep aiaM KbI3METiHiH OapIIbIK casia-
JIapbIHA KeHIHEH KOJIJaHbLIa Ibl, MBICAJIBI, MOTIHJIIK
JepeKTepiH YJIKeH KeJIeMiH eHfeyre OailaHbICThI
npobeMaapabl TAIJAlIbl KOHE TAIAAYIbIH THIM-
AUTITIH apTTHIPY YIIIH AEPEeKTepAl OHIEYAiH TapaThl-
JIFAH KyHWeslepiH KONJaHy MYMKIHAIKTEPIH TaJKbl-
Jtangpl [7].

HedopmanusiiaHaTeiH MoOIeNnpaep — OyJ iMiKi
JKOHE CBIPTKBI KYIITEPAiH 9cepiHeH aedopmariusi-
JIAHATBIH JKaObIK, MapaMeTpiiiKk KUCBIKTapIbl HeMe-
ce OerTepai KOJIaHA OTHIPHIN, aMaKTapIblH Ille-
KapaJapblH aHbIKTAUThIH (PU3UKAIBIK MOJEIbAEpre
Herizzenrex oficrep. Cyperreri 0OObeKTiHiH IIeKapa-
ChIH Oerijiey YIIiH aJibIMeH KaObK KHCBIK HeMe-
ce OETTI KajaraH IeKapaHblH KaHbIHA KOO Kepek,
COMaH KeWiH OHBl WUTEPATHBTI peJlakcalvs IMpolie-
AypacklHaH ©Tyre MyMKiHIiK Oepeai. [mki Kymrep
nedopManusi Ke3iHe OHbl TEric YCTay YIIiH KHUCHI-
KThIH Hemece OeTTiH iuriHeH ecenteseai. ChIPTKBI
KYILUTEP 9JETTe KECKIHHEH KUCBIK, CHI3BIKThI HEMeECE
OeTTi KaKeTTi KbI3BIFYIIBUIBIK OOBEKTICIHE OaFbITTAY
YLIiH HbFapbuiaasl. JdedopMaliysiaHaTbiH MOJEIb-
Aep MeAMUMHAIBIK KeCKiHAEpAi cerMeHTalusiayaa
KEHIHEeH KosgaHbuiaabl. [ledpopmarysiaHaTbiH MO-
JeNbJep KYPeK KEeCKiHAepiH, KOMIBIOTEPIIK TOMO-
rpadus KecKiHIepiHAeri CyWeKTepi koHe YibTpa-
ABIOBICTBI CerMEHTalusUIayaa Ja KoigaHbUiasl. [e-
(popMarMsiIaHaTBIH MOJEJBAEPAIH HEri3ri apThIK-

HIBUTBIKTAPBl — OJIAPAbIH KECKiHIepaeH kaObIK Ta-
paMeTpIiK KUCHIKTapIOpl Hemece OeTTepii TiKeleu
Kypy. Kemmriniri — omap 6acranksl MOIes bl OpHa-
JIACTBIPY KQHE THICTI MapamMeTpiepll TaHAay YUIiH
KOJIMEH ©3apa dpeKeTTecy/ll Kaxer ereni [8].

ATnacka Heri3/ielreH ToCll CTaHAApTThl aTiac
HeMece MalgoH OONFaH Ke3[e MEAUIMHAIBIK Kec-
KiHJepIi CerMeHTalMsUIayblH KyaTThl Kypaybl 00-
Jbin Tabputael. ATiac — OyJ1 cerMEHTAIMsIHbl Ka-
JKET eTeTiH aHATOMUSIIBIK KYPbUIBIMAAP TYpPaibl aK-
napar KublHTHIFbI. COoaH KeHiH amiac )kaHa CypeT-
TepAl CerMeHTalMsUlay VIINiH aHBIKTAaMaJbIK HEeri3
peTiHje KOJIaHbUIabl. ATIacKa Heri3/1eIreH TYKbl-
PhIMIAMAJIBIK, TOCLT KJIacCU(UKATOPFa yKcac, Oipak,
OHbI OOBEKT KEHICTIrHIE EMEC, KECKIHHIH KEHICTiK-
TiK aliMarbIH/A KY3€ere acblpyMeH curatTTaiaibl. AT-
JIaCKa Heri3aesreH Tacu1 Herisinen muaslH MPT kec-
KiHJepiHJe 9pTYpJii KYPbUIBIMAAPIbl CETMEHTALIUS-
Jay koHe 0ac CKaHepiey Ke3iHJe MUIbIH KeJeMiH
aHbIKTAy YIIIH KOJJAHbUIIBL. ATIAcKa HerizJesreH
TOCUI/IIH apPTHIKIIBLIBIFB — TEITep CerMeHTaIusl CHU-
AKTBl opHaTbuIagbl. O MOP(QONIOTUATIBIK CHUIIATTa-
Maslap/ibl 3€pTTEeyAiH CTAHIApTThl )KYHECIH yChIHA-
Ibl. ATJIacKa Heri3fieireH TOCUIAep 3epTTeNeTiH Mo-
NYJISAIMSAAA TYPAKTHI OO TAOBUIATHIH KYPBUTBIM-
Japabl cerMeHTalUsIayFa KaKChl COMKeC Keneli.

Ocbputaiinia, KOMIBIOTEPIIIK KOPYIiH CErMEHTTEY
oAicTepi Me/IMIIMHA CaTachlHAAa AaHATOMUSIHBI BU3Ya-
JIV3AIUSUIAYIbIH MaHBI3Ibl KOMITOHEHTI OOJTBITT TaObI-
Jabl.

MarepuaJjaap MeH daicrep. 3epTTeyiiiyiep op-
TYpJai KOChIMIIATap MeH )oOanapabl KOMIIbIOTep-
JIK Kepy MYMKIHIIKTEpIMEH KaMTamMachl3 €Ty YIIiH
KeNTereH Kypajigap MeH OaraapiamMaliblK KiTamxa-
HaJIap/Ibl OMJIAIT TANThl. 3epTTey OaphIChIH/IA CerMeH-
Tanus 9aiciH KamMuThiH OpenCV KiTanmxaHachl MeH
Tensorflow KypbUIBIMBIH NaiiganaHyabl TAHIAIBIK.

OpenCV kiTanxaHachlHbIH HET13r1 MaKcaThl — 6Te
KYypeJi KOChIMIIajlapa KOMITBIOTEPIIIK Kepy Tex-
HOJIOTUSICHIH KOJIIAaHY/ Il )KEHUIJETyTre KOMEKTeCeTiH
KapanaiibiM uHTepdeicTi ycbiHy. Byn kitamxana
KOJIIAaUThIH MYMKIHIIKTED JEHCAy/bIK caKTay, Ka-
VIICI3AIK, CTepeo Kepy KoHe POOOTOTEXHUKA CH-
SIKTBl KOMIIBIOTEPJIIK KOpYIiH 9pTYpii cajajapbiH
Kamtubpl. ConbiMeH Kartap, OpenCV KiTanxaHachIH-
na Maching Learning momymi 6ap [3].
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TensorFlow mingerTepiHi 0ipi — TepeH HeWpOH-
ObIK XKeNijep/i eHri3y ’KoHe OKbITY HeMece CypeTTep-
Il KaccudpuKalysiiay koHe cermeHTanusuiay [9].

MenuuuHaIbIK, KbI3MET KOPCETy cajlachlHa KOM-
NBIOTEPJIIK KOepydl MaijanaHa OTbIPbIN, rpaduka-
JIBIK, IEpEKTep/Ii OHIeyTe apHAFaH OaFIapiaMalibIK,
KaMTaMachl3 €Ty TeXHOJIOTUSICHIH 3ipiiey MpoLeciH-
ne (yHKUMOHAIBIH ko0aaysl xypriziaai. Conap-
IbIH 1lIiHAE KJIacc, PeTTUIK, KYW XoHe Maijaiany
JKarJailJIapbIHbIH JUarpaMMaiapbl KYpbUlIbl. 93ip-
JIEHIeH KOCBhIMIIIa[a €Ki HEeri3ri KOJAaHylIbl Typi
Oap: HayKac xoHe aopirep. 1-cyperte rpaduKabIK
JepeKTepdiH Kypy Kapracel KepceriireH. bacra-
KBl IEPEKTEP, SAFHU MEAULIMHAIBIK CYPEeT «HAYKAC»
KOJIJIaHYIIIBl  apKbUIBL KyHere skykreneni. «Jlopi-
rep» KOJIAHYIIbl (PYHKIIMOHAJ/IBIFBI CErMEHTAIIUS
antmarpiHa we. OJ CcoliKec Mapakiiara KeImin Jie-
PeKTepai, IFHU METUIIMHANBIK, CYpPeTTi cCerMeHTalu-
sIFA apHAJIFaH MOAYJIb APKbUIbI CYPETTI eHAei 1. OH-
JeJITeH JepeKTep HOTKE Ky pyFa MyMKIHIIIK Oepei.
JlepexTep KOPBIHBIH HETI3ri KecTesepi Oy «Komaa-
HYUIbLIAp» KECTeC oHe e OHJIeyIre apHaJIFaH «Jie-
peKTep» Kecrteci OOJNBIN TaObUIAIbl. Op «KOJIaHY-
IIbl» KECTeCiHe apHaJIFaH MoHre Oelrijie Oip aaicTep
ve. Aran ercek, Oyin: Getlmage (); SetImage();
GetResult(); Download(). Temenne, 2-cyperre au-
3aiiH JIGHreriHAe *KYyHeHi YChIHYAbIH HYCKAChl Kep-
CETLITEH.

JKyite keneci Herisri (DyHKIIMOHAJJIBIK, OJIOKTAp-
JaH Typansl: Tipkey, ayTeHTH(UKAIMS KOHE aB-
TOpU3alysl, MaiJadaHylbl YUIH (DYHKIMOHAIbI-
JIbIK, (PYHKIIMOHAJT Jopirep, KECKiH CerMeHTaIUIChI-
HBIH (PYHKIIMOHAIBIFBI, OCTTI TaHy KiTalXaHachl-
MeH OipiKTipy (PYHKIMOHAIIBIFBI, CKAaHepJIey HOTH-
KeJepl.

JKy¥ieHi icke achlpy YIIIiH KeJleci TEXHOIOTUSIIbIK
CTEK YCBIHbLIA/IBI.

bakenn: A3k Nest]S, NodelS, B/l PostgreSQL.
Cepsepuik 6emim: Python, OpenCV, numpy.
®ponrtena: ReactNative, TypeScript.

KoMITbloTepitik Kepy/i KIiKTey/IiH JKaJIbl IpooJie-
Machl €Ki CaHaTThl (OKYy JepeKTep KMHAFbl MEH Cbl-
HAK JIepeKTep KWHAFbl) aXbIpaTy OOJbIN TaObLIa-
Jbl. DJETTe KOMIIBIOTEPIIIK KOpYy TallChpMachl YIIiH
icTepIiH YJIKeH YJrici maijanaHbUigsl, Oipak Oyt
OKY YIIiH Oi3iH JepeKTep XHUHAFbl IIIaMaMeH eKi-
re OeniHreH 59 KecKiHHEH Typajbl, OHBIH 29-bI
cbiHaK yIIiH xoHe 30-bl OKbITY yIIiH. [lepekrep
¥ ATTBHIK JeHCcayJIbIK, UHCTUTYTTaphl [10] makanana-
pblHaH KapusIaHFaH MEIULMHAJbIK CypeTTep OH-
naitn Openl penosutopuiiien ansiHFaH. Meauiu-
Hajarbl LUQPIBIK, OeiiHeNey jkoHe KOMMYHHKa-
mustiap (DICOM) KeckiHai eHjey YIIIH KeCKiH-
Jepai UMIIOpTTay, CaHAbIK (popMaTKa TYpIeHIIpY
yiiH PyDicom Python kitanxaHacekl naiijganaHbli-
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&

Bubnuoteka

Class Users
«User»
Interface
+email(required): String 1.*
+number(required):String I's 32 P
Rl atient
-password(required):String 1.4 BH{\H Doctor
+name(required):String 17 L U

+surname(required):String
+birthday(required): Date()

OpenCV

+gender(required): String
+city(): String
+adress():String

Class ImageStorage

+D:int64= increment
+lmage:baseé4 : type

vo.
Class ImageDetect

+ Download(} + Setimage(params)

+ SourceData:type
+Getimage():base64
+Setimage():base64
+ GetResult():String +Getimage():retumType

+D:int64= increment
+image base64 : type
+ SourceData:type

+ Deletelmage()

\

2-cypet. KosaHymnbl :k9He OFaH KATBHICTHI dlicTepaiH MIHAEpi

apl. Caffe Topizni 6acka riargopmanapmeH naiiga-
jgany angsiHga DICOM aiinnapein PNG Hemece
Joint Photographic Experts Group (JPEG) nimrimine
TYPJIEHIIPY MYMKIH.

Tensorflow, Keras xone Google Collab apkpuibl
KYHeciHie Xka3y KiTaraaaphl yIIbIKTapra OestiH-
reH jkoHe opOip YAIIBIK ©3 OeTiHIle XYMBbIC icTel

anajpl. biokHoTTa Keras KitarnxaHachlHaH Tajiarnra-
pot kykrenni [11]. Conan keitiH cyperTtep Typasbl
aknapar eHrizuigi. CoHplHAA, 19yipJiep CaHbIH (KaT-
TBHIFY AEPEKTEepl apKblIbl ©Ty CaHbl) KOHE MapTUs
enmeMiH (Oip yakpITTa ©HIEIreH KeCKiHIep CaHbl)
AHBIKTAJIIbL. MeMOpaHaJIbIK, MJIIMETTEP KUBIHTHIFbI

(3-cyper):

° twget https://github.com/RodolfoFerro/RIIAA19-DLaaS/raw/master/data/membrane.zip

funzip membrane.zip

C» --2022-84-87 ©3:54:20--
Resolving github.com (github.com)... 52.69.186.44
Connecting to github.com (github.com)|52.69.186.44|:443...
HTTP request sent, awaiting response... 3@2 Found

https://github.com/RodolfoFerro/RITAA19-DLaaS/raw/master/data/membrane.zip

connected.

Location: https://raw.githubusercontent.com/RodolfoFerro/RITAA1O-DLaaS/master/data/membrane.zip [following]

--2022-84-87 ©3:54:20-- https://raw.githubusercontent.

Resolving raw.githubusercontent.com (raw.githubusercontent.com)...
Connecting to raw.githubusercontent.com (raw.githubusercontent.com)|185.199.111.133]:443...

HTTP request sent, awaiting response... 2@8 0K

Length: 12892235 (12M) [application/zip]

Saving to: ‘membrane.zip’

12.29M

membrane.zip 100%[==

--.-KB/s

m/Rodol foFferro/RITAAL9-DI r/data/membrane.zip
185.199.111.133, 185.199.108.133, 185.199.110.133, ...
connected.

in 9.1s

2022-84-97 ©3:54:22 (98.9 MB/s) - ‘membrane.zip’ saved [12892235/12892235]

Archive: membrane.zip
creating: membrane/
creating: membrane/test/
inflating: membrane/test/8.png
creating: __ MACOSX/
creating: _ MACOSX/membrane/
creating: _ MACOSX/membrane/test/

3-cypeT. MeMOpaHaJIbIK MJJiMETTEDP KUBIHTHIFbI
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<matplotlib.image.AxesImage at @x7f72b4aleboe>
First element from training dataset:

E~o

0

2

nedia/Gaussian_smoothedjpg
B Ovency-Python Tu.. @ Mranas |Patreon > e

Kawrw P Figma [ Marvcrpanypa

Bonnow [ Cepouces [ s

4-cypert. CermeHTanus yJrici

& My Workspace New Import  ccT htip//localhost:3000/c @  GET Untitled Request [ Test + oo No Environment v @
5] 2 | = http://1 :3000/ i fi 49a30f-b37f-462f-a31e-825744c77819.jpg ) save ~ Vi >
Collections
> Test
2 GET ~ http://localhost:3000/segmentation/data/imageab48a30f-b37f-462f-a31e-825744c778f8.jpg
APl
Params Authorization Headers (9) Body @ Pre-request Script Tests Settings Cookies
=
Environments. QeiaryiPaatms
KEY VALUE DESCRIPTION ess  Bulk Edit
=
Mock Servers Body Cookies Headers (10) Test Resulis @ 2000k 186ms B1.87KB Save Response v
P
Moritors

History

ol

5-cyper. Postman apkbLIbI cepBep/i TecTijiey
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JKyiteHiH Monenbey xkoHe kodaiay (PyHKIIMOHA-
JbIFBI TOJIBIKTAM 3epTTeJIIL.

Hotmkesiep MeH TajkbLIay. O3ipJieHIeH KO-
CBIMILIAHBIH HETi3T1 TEXHOJIOTHUSIChI — JKaJIMaK KeCKiH-
Aepal TaHy TEXHOJIOTHSCH Oofbin TaObliadbl. by
TEXHOJIOTHS YIIiH OpTYpJi KitamxaHanap Oap. 4-
cyperre OpenCV KiTanxaHachl apKbUIbl KacajiFaH
MEMIIMHAIBIK CYPeTTiH CerMeHTalusl YJrici Kep-
CETLJITeH.

Byn 3eprreyne cepsepinik Oenim perinae Nest
JS mporpaMmMaltslK, Tl TanJaiabl. CepBep alAbIHEbI

Dashboard Properties SQL  Statistics
W o

Name

comments

posts

segmentation
typeorm_metadata

users

Dependencies

OeutiriMeH e3apa opeKeTTece/li, BeO-napakka yChblHY
VIIiH Jepekteprai Oepeni koHe anaapl. Postman —
Oy Oackanmap xacaran RESTful API-mi tammayra
Hemece o3iHi3 xacaraH API-ai Tekcepyre ThIpbICy-
IbIH Kypaisl (5-cyper). Tek MapupyTThl MEKEH-Kai
JKOJIBIHA KOCY KEPEK, COJ KAKTaFbl alllbLIMAJIbI Ti31M-
HeH kayan any oficiH Tangan, API KiiTiH «Takbl-
phirTap» OeJtiMiHe eHrisin, «ogemi» JSON dhopmaTthr
IIbIFa/IbI.

Ocpl 3eprreyae PostgreSQL JIKBK naiiganansui-
abl. Keneci 6-cyperre nepekTep KOpPBIHBIH HETI3ri
KecTeJIepl CUMaTTaJFaH.

Dependents

Owner

postgres
postgres
postgres
postgres

postgres

6-cypert. /lepekTep KOpPbLIHBIH Heri3ri kecrejaepi

MEDICAL

Mpunoxenne ana 06paboTku
rpaduyEcKUX MeaNLIMHCKUX
RaHHBIX

BXog, B aKKayHT

7-cypet. Android studio opracekinga KocbIMIIaHLIH HHTEP(erci
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Kmuentrik  Gesim  React Native Javascript
KiTaliXaHacbl ~ TEXHOJIOTUSICHI  apKbUIBl  KY3e-
re aceippuraH. OpaH Oacka MOOWIBII KOCHIM-
ma Kypy Ke3iHle KeJiecl KOCBIMIIA KiTallxaHa-
Jap opHatbuabl: Axios, Buffer, @react-native-
picker/picker, FontAwesome5, @react-native-
async-storage/async-storage, react-native-gesture-
handler, formik, @react-navigation/bottom-tabs,
@react-navigation/stack, @react-navigation/native.
KoceiManbiH geMo Hyckacel Android studio mpo-
rpaMMaiblK KamTama apKbUIbl KypacThipblaas! (7-
cyper).

KobanpiH package.json aitsibl — OyJ1 KOChIMIIIA-
MeH e3apa apekerrecyne. Bupryaigst DOM TyKbl-
pbIMIaMachl 6epeTiH a0CTpaKIKs JOpeKeCiHiH apKa-
ceiHga React Native «kemip» ka3yra Typa KeJreHiie
Oacka maTgopmanapra Ha3ap aygapa auajsl.

KopbIThiHaBI. 3eprTey XYyprizy OapbiChIHOA
MPOrpaMMaJIblK, KOCHIMILA apKbLIbl MEAUIUHAIIBIK
KeCKIHJepAl CerMeHTalusuiay :Ky3ere achlpbll-
Abl. MenuuuHabIK KeCKiHAEpAi cerMeHTalusay
oaicTepi 3epTTeNiHAl. SAICTEPAl TOJNBIKTAW Tajjal,
apTHIKIIBUIBIKTAphl MEH KEMILIUIIKTEPl aHBIKTaJ-
Ibl. I3IpJeHreH KyWeHiH koOaay kKoHe MOJIelNb-
Aeyi cunartajyabl. TeXHUKaIbIK TarcelpMa Ke3iH-
J€ MaiAaJIaHyIlIbl, JOpirep *oHe OKIMIII JIereH Yl
naliJajJaHylbl TYpl aHBIKTAlLAbl. Op MNaiijalaHy-
bl TYypiHe OeJieK (PYHKIMOHAJI CHIIATTAJIbII, Ka-
canbiHApl. JKobGala KONAHBUIFAH 9p TEXHOJOTHS
3eprrengi. IlpakTukaza KoNJaHBUIFAH KeJleci Tex-
Honorusinap: Cepseprnik Oenim — Nest]JS; Knuent-

Tik 6emiM — ReactNative; Kommnblotepitik kepy Mo-
ayii — OpenCV; [lepekkop 6a3acel — PostgresSQL.
[TporpaMmasslk, KaMTaMachI3IaHIbIPy KYpYy Ke3iH-
Jie KeJleci JIMIEeH3UsUIaHFaH MporpaMMasiapibl Koj-
maagelK: Visual Studio Code; Postman; TablePlus;
pgAdmin; ExpoGo. Ocpuiaiiiia, cerMeHTTeNreH
KECKIH/Iep [MarHOCTUKAHbIH [JAJIAIrH JKakcapTa-
IIbl, OJappl MaiAajaHyaa, cakTayaa xkoHe OfaH dpi
TYCiIHIpy/e pecypcTapabl yHemaenai. MyHaan Ko-
ChIMILIAJIAp YHJIEeH MIbIKIak-aK OipHele JopirepaeH
KeHec alyFa MYMKiHIiK Oepeni. Ocbl kepae koHe
Kas3ip CyperTi OKyJarbl JJIIIKTI KaKkcapTyra MyM-
KiHAIK OepeTiH MyHaai KochMIanbiH Kazakcranma
KYMBIC icTeyi 0acka KJIMHUKAJIBIK TEKCEpy 91icTepi-
MeH Oipre opacaH 30p KeTIiCTiK O0Iybl MyMKiH, OUT-
KEH1 01 Jopirep MeH NalMeHTTiH OPTaK MiKipiHe ke-
TyiHE KOMEKTecell, HAKThl KOPBITHIH/IbI >KACAJIBIII,
KeliHHeH auardo3 Kowbuiaasl. CoHpan-akK, KOJIgaH-
Oanbl OYITKA 3epTTeyieplid Oipa3 KejaeMiH caKTa-
yFa MYMKIH/IIK OepeTiH iepeKKop 6a3achl JKacajbiH-
Il KQHE KpoccriatdopMaibl KOCHIMINA KYPbLUI-
apl. KypbuiraH MOOWIIBII KOCBIMILIAFa TOJIBIKTAH Te-
criiey xkyprisingi. Kasakcranmarel mMeauuuHa ca-
JIACBIHJIA CAYJIeIiK OelHeNep/Ii cerMeHTalusIay Ia-
LUEHT JUArHO3bIH HEFYPJIbIM [IoJI IMarHOCTUKAJAy
MEH OJaH 9pl BepudUKalMAIdy eH KakKeTTi (PyHK-
Lysilapra alHaldybl MYMKiH, J€MeK, 9pTypii aypy-
Jlapbl yaKThUTbl aHBIKTAY/IBIH APKACBIHA XaJIIKTHIH
eMip CYypy CarlachlH jKaKCapTaThlH HEFYPJIIM YThIM-
Ibl J)KOHE MAaKCaTThl eMJeyre KeH KOJIAaHbIChIHA e
Oonagpl.
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3ATTAP MHTEPHETI K ¥PBLJIFBLJIAPBIHBIH KAVITICI3IITTH ¥IBIMJACTBIPY JA
®EJIEPATUBTI OKBITY SICTEPIH KOJIJAHY

TA. AnamoBa |, 2T. JKykabaesa
T Astana IT University, Acrana, Kazakcran,

2JI.H. T'ymunes ateiHaarsl Eypasusislk yIITTBIK, YHUBEpCUTeTi, Actana, Kasakcran
" KoppecronaenT-asrop: aigul.adamova@astanait.edu.kz

3arTap MHTEpHETI KYPbUIFbUIAPBIHBIH 63apa SPEKETTECYiHiH Heri3ri TeXHOIOrUsIapbIHBIH Oipi 00BN Ta-
ObL1a/Ibl. 3aTTap MHTEPHETI KYPbUIFBUIAPBIHBIH ©3apa dpeKeTTecyi Ke3iHae pecypcTapablH Oesril meKTe-
ynepi Oap. By mekTeynep 3aTTap MHTEPHETI KYPbUIFbUIAPBIHBIH HAKTHI YaKBIT PEKMMIiH/IET ©3apa opeKeT-
TecyiHe acep eTelli )KoHe KeJIiHi MaiJanaHyIlblUIapAblH KeKe AepeKTePiHiH KayilCi3Airi MaceneciHe acepin
Oepeni. By xKyMbIC 3aTTap MHTEPHETI KY PBUIFBUIAPBIHBIH KAYITICI3AIriH apTTHIPY MaKCaThIHAQA, MAIITMHAIIBIK,
OKBITY/IbIH MHOBAIUSUIBIK 91ici OOMbIN TaObUIATBIH — (DeIePATUBTI OKBITYAbIH KOJIAHBLTYbIH 3€pPTTEY Typa-
Jbl. Makanazna eaepaTuBTi OKBITYIBIH QJEMAIK 3epTTeysiepae KOJIAHbLUTybl Typajibl IONY KEeJTipijreH.
deneparusTi okpITYbIH “Federative average” of1ici KeMeriMeH TOFbI3 3aTTap MHTEPHETI KY PbLIFbLIAPbIHBIH
e3apa opeKeTTecyi OaphIChIH/IA AJIBIHFAH KeMUTK Tpaduk OorbHIIa DDOoS madybuTbiH aHBIKTAY JKOJBI TaJl-
nanraH. Hotwkecinae O6aranay KOpCeTKIITepi apKbUTbl YCBIHFAH KYHEeHIH KOIIaHBUTYBl OaraJlaH/Ibl.

Tyiiin ce3aep: 3aTTap UHTEPHETI, KAYIIICI3/iK, KeIUTK Madybliiap, MalIMHAIBIK, OKBITY, (penepaTuBTi
okbIiTy, DDOS

OBECHEYEHME BE3OIACHOCTH YCTPOMCTB MHTEPHET BEIIEA C IIOMOIIbIO
METOJOB ®EJEPATUBHOI'O OBYYEHUA

TA. AnamoBa , 2T. JKykabaeBa
I Astana IT University, AcraHa, Kazaxcran,
2Eppasuiickuil HalMOHAIbHBIA YHuBepeuTeT uM. JI. H. T'ymunesa, Actana, Kazaxcran,

e-mail: aigul.adamova@astanait.edu.kz

VHTepHeT Bellei sSBIseTcsl OHOM U3 OCHOBHBIX TEXHOJIOTMI B3aUMOJEHUCTBUS YCTPOUCTB. [1pu B3aumo-
AefcTBUM yCTpoMCTB MIHTEepHeTa Bellel CyIecTBYIOT OIpe/ie/IeHHbIe OPaHUYEHHs pecypcoB. DTH OrpaHu-
YeHUs1 BIUAIOT HA B3aMMOJEUCTBHIE YCTPOUCTB MIHTepHEeTa Belllell B pexXruMe pealbHOrO BpeMEHH U BIIHSIIOT
Ha mpoOeMy 0e30MacHOCTH JMYHBIX JaHHBIX MOJIb3oBatesiel cetu. [lpencrapieHHass paboTa MoCBsIeHa
M3YYEHUIO MCIOb30BaHUs (peepaTUBHOIO 0OyUeHHsI KOTOPBIH SBJISETCS MHHOBALMOHHBIM MOJXOIOM Ma-
IIMHHOTO 00YY€eHUs, C LIeJIbI0 MOBBIIIEHUs Oe30IacHOCTH ycTpoiicTB MIHTepHeT Bellel. B cratbe mpeacras-
JieH 0030p UCHOJIb30BaHU s (DeIepaTUBHOIO 0Oy4YeHHs B MUPOBBIX HccaenoBaHusax. C momolpio Metoaa ge-
neparuBHoro odyuyenus “Federative average” aHaM3MpyeTcs ceTeBOi TpaduK, MOMTyUSHHBIA TIPU B3aUMO-
AeiCcTBUM NeBATU ycTpoiicTB IHTepHeT Belel Ha BbisiBieHre DDoS arak. B pe3ysbrare olieHMBaI0Ch MpU-
MEHEHHUE NPEJIOKEHHOIN CUCTEMBI € IIOMOLIBIO OLIEHOYHBIX MTOKA3aTeJIeH.

KimoueBble ciioBa: VlHTepHeT Belleid, 0e301acHOCTb, CETEBbIEe aTaKK, MAIIMHHOE 00y4YeHwe, (peepaTrs-
Hoe oOyuenue, DDoS araka
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ENSURING THE SECURITY OF INTERNET OF THINGS DEVICES USING FEDERATED
LEARNING METHODS

TA. Adamova , *T. Zhukabayeva
T Astana IT University, Astana, Kazakhstan,

21L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,

e-mail: aigul.adamova@astanait.edu.kz

The Internet of Things (IoT) is one of the key technologies for device interaction. However, there are
certain resource limitations in IoT device interactions. These limitations impact real-time interactions of
IoT devices and pose challenges to the security of users' personal data within the network. This work
explores the use of federated learning, an innovative machine learning approach, to enhance the security
of IoT devices. The article provides an overview of the use of federated learning in global research.
The federated learning method 'Federated Average' is used to analyze network traffic generated by the
interaction of nine IoT devices to detect DDoS attacks. The proposed system was evaluated using performan-

ce metrics.

Keywords: Internet of Things, security, network attack, machine learning, federated learning, DDoS.

Kipicnme. Kasipri TaHga eHepKoCIiNTiH KoHE
aJlaMHbIH KYHJAETIKTI KbI3MET CcaJlaJlapblHbIH CaH-
IbIK TpaHcopManusiianysl, 4.0 VIHIyCTpUsChIHBIH,
CEHCOPJIBl JKOHE MUJIOTCHI3 TEXHOJIOTUSIAPIABbIH [a-
MyBl, (pU3MKaJIBIK, ypAICTEP/l ©3apa aKIaparieH aj-
Macy apKblIbl iCKe achlpaTbiH VIHTEpHET 3aTTapiblH
(Internet of Things, IoT) keH TapasybiHa ceden 60I1-
abl. KyH cailblH yJIKEH KeJiemJeri JAepeKTepll Ku-
Hayfa jKoHe TachIMajijayra KaOiJleTTi kaHa Kypbl-
JFpUIap mbirapbutyaa. loT KypburblIapsl Ty poi je-
peKTepal KUHAWAbI, ONapiblH iIIHIE KeKe aKra-
part, Kynus HeMece Kayirci3aiKieH OaiIaHbICThI aK-
napar. [oT KypbUIFbLIap CaHBIHBIH KapKBIHIIBI 6CYi
- aKMaparThlH KayilcCi3AirT MeH KYIUSJIbUIbEFbIHA
OailIaHBICTBl KaHA MYMKIHOIKTEpMEH Kartap, YJ-
KEH KUbIHIBIKTap/Abl TyAblpabl. By KeHein kese
KATKAH KOKYHEHIH Kayinci3miri MeH CeHIMIUTIriH
KaMTaMachI3 eTy YIIiH, OyJ1 Macesenepai Tyoerei-
JIi ey Kaxer. YJKeH nepektep, loT KypbuiFbLia-
PBIHBIH ajTyaH Typi KenTereH malybuigapra tam 60-
Jybl KaHIBIK emec. 10T KypburbuIapbIMEH KUHA-
JIATBIH JepeKTepre pyKcaTchl3 KON KETKi3y KapiKbl-
JIBIK LIBIFBIHIAPFA, (PU3UKAIBIK, KAyillKe KoHE TYp-
JIi 3apAanrapra 9Keayl MyMKiH. 2016 XbUbl Kayir-
CI3IIK KaMepachIHbIH Oenriii 6ip yaricinae ocanabl-
nbIK, Ta0bUThI, 300 mbiHFa KybIK [0T OeitHexaz0a
JKYPri3eTiH Kypbirbuiap apksuisl Spotify, Reddit cu-
SIKTBI QJIEYMETTIK JKelliiepre malypuiiap kKacajFaH

[1]. 2019 kw61 Wyze Labs Inc. koMnaHusIChI aKbLI-
Il YU KayilcCi3miK KyHeciHiH Oy3blIFaHbl TYpPaJibl
xabapnanraH, oHga 2,4 MWUIMOHFA KYBIK KOJIa-
HYIIBUTAPIBIH KEeKe MIIMETTEPiHIH KYTHUSIbUIBIFHI
caktanmarad [2]. OnbiMeH Katap, 2024 KbUIIbIH aK-
naH aiibiHaa Wyze Labs akpuiibl yidre apHaara Ka-
Mepa eHIIpyIl KOMIAHUSICH 63 KOJJAHBIIIYIaphl-
Ha KbI3MET KOPCETYiH TOKTaTyFa MOKOYp OOJIbL.
13000 konpmaHyiIbIFa KaThICTHI eMec, 0acKa aKbLi-
Il Viiepnid OeliHexa30a JAepeKTepi KeJil TYCKeH.
By jxafail etk xaTramaiap OcajiIbUIbIK cana-
pbiHaH opbIH asabl [3]. [0T KypbUIFbLIApbIHBIH ©3a-
pa opekerTecy OapbIChIHIA AKNAPATTBIH KYITHUSIbI-
JIBIFBIH CaKTay, aTaJiFaH KafaaiiapabiH Katananoa-
ybl HeMece OJIapAbl aJ1IbIH aJly - Ka3ipri TaHa e3eKTi
Moceenepaiy Oipi OOIBIT KeeTi.

IoT KypbUIFbLIapbIHBIH aKNApaTThIK KAayirci3mi-
TiH yWbBIMIAcThipy OOWBIHINA, OYTiHTI KYHI, Ta-
HbIMaJl OMICTEPAIH HETi3iH KYpalTblH MallliHa-
JBIK OKBITY oficTepi keH Konmaneinyga. loT ka-
yilci3airin - yisiMaactelpy Oapbichiiaa K-Nearest
Neighbor, Artificial Neural Network, Support
Vector Machine, Decision Tree, Random Forest,
Logistic Regression xoHe Tarbl KONTEreH Mallu-
HAJIBIK, OKBITY/BIH OICTEpiHiH KOJIAHbLTY asiChl
ayKbIMIbl [4]. MamMHanbIK OKBITY QiCTepl KH-
HaJIFaH JEePEeKTep/i TalJail OTHIPHIN, KAJBINThL Kaf-
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JailjaH aybITKYJIapbl HAKThl YaKbIT PpEKUMIHIE
aHBIKTaM, Kayinrepai Oomkail amansl [S]. Jocrypmi
MarmvHaJIbIK, OKBITY 9JIicTepi KoOiHece OpTaIbIKTaH-
JBIPBUIFAH CepBeplie YJIKEH KeJiemjieri IepeKTepii
KUHAY MEH OJlapibl Taijay YpAICTepiH KaMTUIbI
[6,7]. dereHmeH, OyJl Tocil KYNHSUIBUIBIK TYPFbI-
ChIHAH JIepeKTep Kayilci3airinia Oy3bUTybl, JKeKe Jie-
peKTepl Kopray Typasibl KaTaH 3aHIApIbIH OOJyHI,
CEHIMCI3IKTIH OOJyBl CHUSIKTHI OipKaTap KWBIH[IbI-
KTapbl TyAbIpajibl. ¥ CHIHBUIBII OTHIPFAH MaKaiaaa
IoT KypbUIFbLIAp POJIiHIH apTYbl, KYMHS JepeKTep-
JiH MaHBI3[BUIBIFBIHA OAlTAHBICTBI AKITAPATTHIH KY-
MUSJTBUTBIFBIH CAKTayFa jkoHe Oip yaKbITTa MOJIEIThb-
JepIiH KOFapbl TIIITIH KaMTaMachl3 eTyre MyM-
KiHIIK OepeTiH MaIlMHAJIBIK, OKBITY/IBIH KaHA TOCLI
- (beiepaTUBTI OKBITY 3EPTTEJEII.

denepaTuBTI OKBITY - MOJEJb/1 YJIECTIPUITEH Ae-
PEKTep Heri3iH/e OKBITAThIH MAITMHAJIBIK, OKBITY/IbIH
HHOBAIMSUTBIK, 9/1ici OoJtbit Keytei [8]. By sxarmai-
Ja IepeKTep OpTaJbIK CepBepe KUHATIMANUIbI, OHBI-
MeH KOoca aTajfaH ofic - AepeKrep Kymnus OoraH
JKarmarga aca marpaiael Oosbin kKeiaemi [9]. Pene-
PaTUBTI OKBITY HETi3iHJEri dAicTep ASCTYpIi OpTa-
JIBIKTAHABIPBIIFAH MAIIMHAJIBIK, OKBITY HYCKAJIaphl-
MeH CaJIbICTBIPFaH/IA - KOJIIAHBIIIYJIapIbIH KeKe Jie-
PEKTepiHiH KYMUSUIBIFBIH CaKTay/la KoHe Iadybl-
Ibl aHBIKTAY HAKTBUIBIFBIHIA JKOFApbl KOPCETKIlTi
memimaep kepcereai [10]. Keke nepekrepniH Ky-
MUSUTBIFBI MEH KYHEeHIH CeHIMIUTITH apTThIpy Mak-
careiHia heiepaTHBTI OKBITYIbI OJIOKYEHH TEXHO-
norusiceiMen [oT sxylienepiHae aHOMATUSHBI aHBI-
KTay yuriH koinaHast [11]. [oT Ky pbuiFbLiapsl-HbIH
peCypCTapblHbIH KETICTICYIIIIrT IIeKTeIreH ecer-
Tey KaOileTi, TOMEeH OTKI3rilTiK KabijeTi, TOMeH
KYaTTBUIBIFBl JKOHE INEKTeIreH JKajpliFa OaiiaHbl-
CTBL. OCbIFaH OailaneiCThl, [0T KypbhUFbLIa-phI YIITIH
VJIECTIpIITeH MAIIMHABIK, OKBITY JKOJIAAPhI K3 KOJ-
JAHBICHIH TankaH OosatelH [12]. Caifibll Keareume,
(peneparuBTi OKbITY ToculiHiH 10T KypbuUFbLIaphl
KENICIHAE KeKe JepPeKTepIiH KYIHUSUIBIFBIH CaKTa-

ylarbl TEpPCEeKTUBACH aHbIK. JKyMbIC OapbIChIH-
na IoT xypeurbuIap kemicingeri Ddos madybuibH
aHBIKTAy YIIH (PeJepaTHBTI OKBITY OJiCi Heri3iH-
JIeri Kyue YCbhiHbLUIaabl. PeepaTUBTI OKBITY MEH
JepeKTepAl Tajjay yiulecimMi naiaanaHylbUIapabiH
KYNUsUIBUIBIFBIH  Oy30aii, DdoS malysuizapeiveH
THIMJII Kypecyre MyMKIHIIK Oepeni. By kayincis
’KOHE CEeHIMJIi 3aTTap MHTEPHETIH JaMBITY/IbIH jKaHA
MYMKIHJIKTE-PiH alla/ibl.

Marepuaugap meH aaicrep. [oT xyiienepinin
JOCTYPIi YIII ISHTeWsTi apXUTEKTYpachl KapacThipa-
THIH OOJICaK, opOip JAeHreWre ToH KayillCi3mik Ka-
TepriepiH Oafikayra Oomanbl. Kayircizik karepriepi
Keke JepekTepriH Oy3putyblHa okenemi [13]. Y
JEHTel apXUTEKTYPaChl KOCBIMINA, JKEJUIK KOHE
CEHCOpJbIK JeHreiniepaeH typaasl [14]. CeHcop-
JIbl ieHreiieri madybigap pyKcarchl3 Kipy Heme-
ce GakpUIay YIIIiH, KYPbUIFBIHBH MUK POOAF1apiama-
CBHIHJIAFBI 9JICI3 Kepiepli maiganaHy apKbUIbl, Ky-
NSl aK[aparThl aly YIIiH KYPbUIFbLIAPIbIH (pU3m-
KaJIbIK, CHIIATTaMAaJIAPbIH TAJIIay apKbUIbL, KYPBUIFbI-
JIapra pyKCaTchl3 Kipy YILiH ypJaHFaH TIpKeJri Je-
PEKTepiH NaiJajlaHy apKblibl, ©HIIpiC IpPOLECiHEe
SUSIHIBI KOMIIOHEHTTEp/I HeMece OaraapliaMaibIK
JKacaKTa-MaHbl €HI13y apKbUIbl Xkacayia ananasl [15].
Keninik geHreieri madyblgap peTiHae Ky pbUIFbl-
JIap MEH IUTI03 apachlHAAFbl OAIAHBICTBI YCTaIl aly
kKoHe Oackapy apkpUibl achippuiaTeiH MITM Heme-
ce LUII3/1 KOJ KEeTIMCI3 eTy YIIiH TpaduKTiH 1a-
MaJIaH ThIC JXYKTeNyiH atayra oonajsl [16]. KockiM-
ma JeHredingeri madysuigap peringe SQL vHBEK-
IUsl apKbUIBl IIEKTi JepeKTepre KOl KEeTKi3y CH-
SIKTBl JKaFjaiapael atayra Oonaasl [17]. Bapmbik
madybuiiap [oT skericiHe yJKeH Kayill TOHIIpei.
Ocpl KayinTi aJIIbH a1y aty YIIiH heepaTuBTi OKbI-
tynbiH [0T Kayinci3mirin yibIMaacTeipy OapbIChiH-
J1a KOJIIAHBLTYBI TYpaJibl COHFBI KbUIAAPHI 3epTTEreH
JKYMBICTapra Tajnjaay xacauapl. Tannay Hotuxeci 1-
KecTeJle YChIHbLIFaH.
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1-kecre. ®egeparuBTi OKbITYALIH loT Kayincizigirinae KoJaaHbLIFaH ;JKyMbICTapFa MIOJIY

JEepEKTEPAiH KYIUAIbUIBIEBIH
Kopraynbl Kymienterid [oT

KY PbUFbUIAPbIHAAFbI
K1OepLIadyblIIapabl aHBIKTAY YILIiH
FL xoHe keI KadaTThl
NEepLENTPOHIb HEHPOHIBIK
JKeJIep/l naiianaHaThiH XOCT
Heri3iH/er1 Kipy/i aHbIKTay KYWEeCiH
YCBIHA/IBL.

Makana JKBITBI Herisri ma3MyHBbI denepaTHBTI OKBITYIBIH KOJIAAHBLTYBI
[18] 2024 Astopnap kayirci3 xone thuimai [oT | ®eneparunti okpiTy [0T
JKYHeNepiH Kypy YIIiH KBaHTTHIK, KYPBUIFbUIAPBIHA KYTHSUTBLIBIKTHI
ecenreysepnid, PenepaTusTi KOpFay YIIiH OPTaJIbIK, cepBepre
OKBITY/IbIH koHE 6g KeNlIepiHiH AepeKkTepai xkidepmeit Moaesbaepai
TYKBIPBIM/IAMAJIBIK, HTHTETPALMSCHIH | Oipiiecin OKbITYFa MyMKIHIIK Oepeti.
YCBHIHFaH.
[19] 2024 ABTOp TYpii madybUTIAPIBI denepaTUBTI OKBITY KOHBOJIIOIUSUIBIK,
aHBIKTaY/IA ISCTY Pl HENPOH/IBI XKEeTUIEPAl MaiaIaHbIIT
OPTaJIbIKTAHIBIPBUTFAH 9/iCTEP] DDoS mabybuigapasl THIM I
ayKbIM[IbI skoHe opTypii [oT aHBIKTayFa KOMEKTECe .
JKeJIIepiH/ie TUIMCI3 eKeHiH ararl,
(penepaTuBTI OKBITYFa HETi3/1e/TeH
’KaHa TOCUT YChIHFaH.
[20] 2024 Maxkasia MaimHabIK, OKBITY Tree decision, Lite Gradient Boost,
ITOPUTMIEPIH KOJIIaHA OTHIPHITI, Xtra Gradient Boost ;xoHe Random
IoT xypbuFbl XOCTTapbIHAAFH TYpii | Forest, cMsakThl MaImHambIK, OKBITY
1a0ybUIIAPABIH KIKTENYiH YChIHAABL. | AJITOPUTMIEPiHIH aHCaMOIbaepi
JKOFApbl JAIIIKTI KAMTaMachl3 €Te/i.
[21] 2020 KymsbicTa peiepaTuBTI OKBITY depnepaTuBTi OKBITY 9pOip
OapbIChIH/A KAYINCI3IK MeH KOJIJAHBIIIYFa MOJEJIb/] KEePriliKTi
CEeHIMJIUTIKTIH KaTepJiepi 3epTTenefi | Typae OKbITyFa MyMKIHAIK Oepeni
KOHE OPTAILIKTAHIBIPBUIFAH CepBepIe
*ahaHIBIK arperamms skacaiajibl
[22] 2022 Makanaia kuoepKayircizik MamvHaibIK, OKHITY 9ICTEPiHiH
OOMBIHINA AEPEKTEP KUHAFHI TUIMAUIIT (peAepaTUBTI OKBITY
YCBIHBUIFaH pekuMiHe OaranaHFaH
[23] 2022 KymMmeicTa peiepaTuBTi OKBITY denepaTUBTI OKBITYIbIH HET13T1
HEri3iH/le KYPacThIPbUIFaH KaHa KEMILUTIKTEePIiH 3€pPTTEeMIi.
QITOPUTM YCHIHBLIFaH
[24] 2023 ZKyMBIC )KOFapbl AQJAIKTEr] jKoHE ®enepatuBTi OKbITY 10T

KYPBUIFbUIAPBIHBIH KAYITICI3IIrH
KaKcapTy YIIiH KOJJaHbLUIa/Ibl

133




KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

Maxkaia JKBUTBI Heri3ri Mma3amyHbI denepaTuBTI OKBITYAbIH KOJJAHBUTYBI
[25] 2023 JKyMbICTaFbl YCHIHBUIFAH 9J1iC denepatuBTi OKBITY [0T
UEPAPXUSIIBIK, KYPbUIbIM/IbI, KyHeJIepiHJeri Kayirci3iK NeH
a/IalITUBTI IEPEKTEPMl KbICY KYTHUSUIBLUIBIKTHL QPTTHIPY YILIiH
anroput™MiH xoHe 0T KypbulrbUIapbl | KOJIaHBUIAIbI
MeH OPpTaiblK CepBep apachiHIAFbI
TUIM/I, KAYITCi3 )oHe KYIUs e3apa
opekertecy yiuiH SEP-IoT
XaTTaMachlH KaMTH/IbI
[26] 2023 Maxkanana FLIP 4 xepruiikri loT FLIP 4-(penepatuBTi OKBITYFa
KYPbUFbUIAPbIHAFbl MAIIIMHAIBIK ”geriznenred loT xemmicingeri
OKBITY YJITJIEPIH OKBITYFa 1adybUIIAPAbl AHBIKTayFa apHAJIFaH
MYMKIHJIIK OepeTiH 9JIic 3epTTesieai | miardopma

Ochl 3epTTey OarbITBIHAAFBI 1-KecTeje KenTipii-
reH Makajajgapapl Tajjail OTHIPHI, (enepaTuBTi
OKBITY Q[IiCl - IEPEKTEPMi KEPriliKTi KYPbUIFbLIAP-
Ja CakTayra, IOCTYpJIl MAaIIMHAJBIK OKBITYFa TOH
IIBIFBIHAAPIBL KOHE OHIMAUIIK KeAeprijiepiH a3au-
Ty apkbUibl [0T KypbUIFbUIAPBIHBIH KAayilCi3AiriH
apTThIpa ajlaThIHBIHA K63 keTki3yre Oomambl. O
COHJIai1-aK, €cerTey KoHe KeJi LIbIFbIHIAPbIH a3ai-
Tajbl, KAYINCI3AIK IMEH KYIUSUIBUIBIKTH apTThipa-
Ibl, TIapaJUIe/I3alvsIHbl alJaniaHabl JKoHe CMapT
KYyHeNepaiH TYPaKThUIBIFBIH apTThipaabl. Herisi ge-
nepatuBTi OKbITYIblH FedAvg, FedProx cuskTs
Typiai anroputmaepi 6ap. Byn sxymbicta FedAvg
(Federated Averaging) anroputmid 1oT Ky pbUiFbLIa-
pbIMEH KUHAIFaH iepekTep KopbiHaa Ddos madybii-
JapAbl aHBIKTAay MakcaTbIMEH KosgaHbUIaael. DDoS
11a0ybUIIaphl KOMIIAHUSIHBIH HEMece YUbIMHBIH Oe-
A€JIiHe auTapibIKTal 3UsAH KeaTipyl MyMKiH. DDoS
1a0ybUTIAPbIHBIH, HeTi3r MakcaThl - MHTepHeTTeri
K€3-KEJIreH pecypcThl KOoJ keTiMmci3 ery. byn yii-
BIMJAP YIIiH YJIKeH KapXKbUIBIK, IIBIFBIHIAPTA jKOHE
NauaJlaHyblIap YIIH KOJalChI3AbIKTapra JKeyl
MYMKIiH.

FedAvg — denepanipl OKbITYIbIH €H TaHbIMAT aJl-
rOpUTMIEpiHiH Oipi. ByJ op KypbUFblAa KeprijmikTi
JepEKTEP/Ii CaKTall OTBIPHIIN, KONTEreH KYPhUIFbLIap-
Ja MalIMHAJBIK, OKBITY MOJEJbIEPIH OKBITYFa MYM-
KiHIiK Oepeni [27]. AnroputMm 8 KaJamHaH Typa-
TBIH OPBIHAAITY Ypaici 1-cyperte kepceTiireH. AJra-
Kbl KaJaMbIHIA OPTAJIBIK, cepBep kahaHObIK Mo-
JeJbJIi THULIUAIM3aIMsIaca, KeJleci OKbITY KaJlamMbl-
Ha KaThICy YIIiH KOJJAHYIIBLIAPABIH 11K KUBIHBI

TaHjadaael. by TaHmay epikTi Hemece cTaHgapTTap
JKUBIHTBIFBIMEH aHBIKTAJIaAbl. Kellid Tanmaarad KO-
JaHylbliap kahanablk yiaridi anagsl. Mogens op
KJIMEHTTIK KYPBUIFbIIA KEPruliKTi A€peKTepal KO-
JaHa OTBIPHINT OKBITHLIAAB. MoOJenbIiH eHIMALTI-
TiH apTTBIPY MaKCaThIH/AA KOITEreH UTepalysiiapabl
HeMece TYPJi YaKbIT apajiblKTapbl KAMTBLTYbBl MYM-
kiH. Keneci kagamaa, opOip KJIMEHTTEH OKBITHUIFaH
’KaHa MOJIeJIbIep OPTANBIK, cepBepre xkidepmiai. Op-
TaJIbIK CepBep, KIMEHTTEPICH aJIbIHFAaH MOJEIbAEPIl
- MOJIEJTh TTapaMeTpJIepiH OpTalaiay apKbUIbl Oipik-
Tipeni. by opramanay npoueci xkahaHapKk MOJEb-
JH KYTUSUTBIFBIH CAKTal OTBIPBII, SPTYPIIi KONaHY-
HIbUIAPAAH aJIFaH aK[apaTThiH MaiAabUIbIFBIH KaM-
Tamacki3 erefii. KnueHTTi TaHaay sxoHe MOJIEb/i Op-
Talasnay apachlHAarbl KagaMaap KaKeTTi OHIMIUTIK
NIEHreUiHe JKEeTKEHIIE JeUiH KauTalaHa ajlajbl.

Anropurmal Google Colab opraceinaa Python
OarJapiamManiay TUTIHIE iCKE achIpbULABI, KOITHIH
Y3iHJIC1 2-CypeTTe KOpCeTireH.

FedAvg QITOPTMiHIH TICEBAOKO/IBIH/IAF b
federated_averagin ¢pynkumsicel ceppepne denepa-
TUBTI OpTaliajgay ypaiciH opeiHAanAbl. PenepaTuBTi
okpITyna global_model - Gactankpl MOIeNlb PETiH-
Ie anbHbl, client_data opOip KJIMEHTTEH TYCKEH
JepeKkTep Ti3iMi KoHE num_rounds payHJ CaHbIH
Ourmipeni. IpOip TaHJA/FaH KJIUEHT ©3 XKepriJlik-
TI MoOneNmH train_local_model (pyHKIMACH KoMme-
riMeH OKbITalbl. aggregated_model pyHKIMACH 9p
KJIMEHTTIK MOJIEJNB/IIH CaJMaKTapblH KOCY apKbLIbl
OipikTipeni.
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1-cypert. FedAvg anropTminiy :kymbic icTey Kagamaapbl

def federated_averaging(global_model, client_data, num_rounds):
for round in range(num_rounds):

selected_clients = np.random.choice(range(len(client_da

client_models = [global_model] * len(selected_clients)

for i, client_index in enumerate(selected_clients):
client_model = train_local_model(client_data[client
client_models[i] = client_model

aggregated_model = Model()
for client_model in client_models:
aggregated_model.fc += client_model.fc

2-cypet. FedAvg aaropTminis nceBaokoabl

Py
KaneinTel AepekTep I

% - | Kanunes geperep | Nanarn sapecrs

> KaneinTsl gepexrep KankinTel gepextep |OT XanaHgs Mogens
=

@D = " ==

= - \ KankinTaH Teic

@ XKeni Tpaduri (RO

Typanel AepekTep Apanac gepektep

KanbInTbl wekrey <

L—* Knaccndukauns

ANbINTaH TbiC
.
Tpauk

3-cypert. ¥ChIHBLIFaH XKYTie.
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FedAvg - 0yn IoT KypbUIFbUIapbIHBIH €3pa ape-
KeTTecy OapbIChIHIA KYITUSIIBUIBIK, MOCEIIeNIepiH Iiie-
HIyQiH SKOHE MAaIMHAJIBIK, OKBITYJAaFbl JepeKTep-
Ol OpPTAJIBIKCHI3AAHABIPYAbIH QJieyeTTi omici [28].
FedAvg nepekrtepaiH KayilcCi3diri MEH MOAEJbIIH
OHIMJIUIITT apachIHIAFbl MYKUAT TeMe-TeHAIKTI Kam-
TAMachI3 €Te/li, COHbIMEeH Oipre MaimaaaHyIIbl Je-
PEKTepiHiH KYNUSAJIBUIBIFBIH CaKTall, MOJEIbAEPIi
Oenrini Oip KypbUIFbUIapAa HeMece cepBeplepie
KEPruTiKTi Typ/e OKBITYFa MyMKiHIIK Oepeni. ¥ Chl-
HBUIBII OTBIPFaH KYHEHiH cyndacel 3-cyperTe Kel-
TipLJIreH.

Ocbl KyMbICTa YCHIHBUIFAH (peJepaTuBTi OKBbI-
Tty omici IoT kypweutrbiap xemisiepingeri DDoS
mabybpu1Aap KaHIIAJIBIKTH TOMEH/IETETIHIH aHBIKTAY
yuriH Accuracy, Precision xone Recall 6aranay kep-
CeTKIlITepi KOJIaHbLIaAbl. Accuracy - OapJiblK, JKaf-
HaiapabH Ay pbic OOKaHFAH MBICAIIAPbIHBIH TTaii-
BI3bIH KOPCETE OTBIPBIIL, KIKTEY HOTHKEJIEPIHiH Kaj-
bl TYPBICTBIFBIH Oarayaiipl. Precision - momneins-

Accuracy

0,999

0,75
0,998

0,5
0,998

0,997

0,996

Precision

IIH KaJFaH OH HOTWKeNepai azalty kKabineri Typa-
JIbI TYCiHIK Oepe OTHIpbII, OapIIbIK OH OoKamaap-
JIBIH HAKThI OH OOJKaMJapbiHa YJIECIH CaHBIK TYP-
e aHplKTauThiH emmeM. Recall - monennaiy IIbI-
Halibl OH JKaFJaiyapibpl aHBIKTAY KaOieTiH Kepce-
TETiH OapJIbIK HAKTBI OH KaFJaiIapIbH HIbIHAKWB OH
Oo/mKaMIApbIHBIH YJIECIH OJIIIeH]Ii.

Hotmxenep meH taaksbuiay. Kymeicra 3epr-
TenreH efepatuBTi OKBITYy 9ici DDoS 1malybui-
JapblH aHbIKTAyJa alTapibIKTall THIMILUTIK Kepcere-
Ii. ¥ChIHBUTFAH 9JIiCTiH Oaranay eJieMIepiHiH Kep-
CETKIIITepi 2-KecTe MeH 4-CypeTTe ColKec KeTipi-
reH. Atanrad cyperrepre 9 [oT KypbuUtFbl OOHMBIHITIA
emmemaep KepcerinreH. Hotmxkecinne 4a-cyperrte
3 KoHe 9 KYpbUIFbLIApIbl ecenTeMereH/ie, ajablHFaH
MOJEJIb/IIH, KOFapbl JQJIrl HaKThl Kepinedi. Opra
ecerimed DDOS m1aOybUTblH aHBIKTay/1a aJTbIHFAH MO-
nenbaiH 99,7 % mypeic memiMai 6omast (Cyper 4b).
MopenbiH MIbIHAKB OH, XaFaaiIapasl aHbIKTAy Ka-
o6ineri 90,0% opra kepcertkinike xetti (Cyper 4¢).

— Recall

05

0,25

a) Accuracy

b) Precision

¢) Recall

4-cypert. barajay kepceTKilmTepiHiH KypblIFbLIapFa KAThICTHI MOHI

Fedavg ngepekrtepmi Tapary TeHJECTipiireH
JKeJisiepe KaKChl )KYMBIC icTeiTiHi Oenrii. Anaiina,
AepeKTepAiH Tapatybl 9p TYpii OOIaThIH KaFJanIap-
712 OHBIH KOHBEPIeHLus IpolieMaapsl Oap eKeHiri
aHbIKTaNABL. Byt oerte penepanpl xeningepae xui
KEe3JIECeTiH KarJail, MyH/1a 9p KJIMEeHT 63 JepeKTepiH
naiijanaHaapl. 2-kecteqe MallMHAIBIK OKBITYIbIH
TYpPJl 9ficTepi KeMeriMeH ajblHFaH Oaranay Kep-
CETKIIITePiHIH MoH/epl KenTipiired. baranay kep-

CETKIITEPiHiH MOHI KenTereH (pakTopaapra Toyeni
6oubin Kesneni. CasbICTHIPbUIFAH 3€PTTey KyMbICTa-
PbIHJA allIbIK, IePEeKTep KUbIHAAPHI HETi3iHIe 3epT-
TEJITeH QIICTeP/IiH KOPbITBIH/ABICHI KeaTipiareH. Ochl
3epTTeyle YCHIHBUIFaH KYHeHiH Oaranay MoHepi
Precision OOMBIHIIA KOFApPbl KOPCETKIIITI KOPCETY-
ne. by HoTrke perepaTuBTI OKBITYABIH KAYIICI3IIK
CaJlaChIH/AAFbl KOJIIAHBLUTYBIHBIH JKaHA MYMKIHJIIK-
TepiHiH OOMTybIHA KO3 KEeTKi3ei.
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2-kecte. baranay kepceTkimTepiHin oprama MaHi

Onemaep [29] [30] [31] [32] Y ChIHBUIFAH KYylie
IAccuracy 94,02 88,76 - 97,7 90,2
IPrecision 88,77 60 82 97,1 99,7
Recall 89,23 74,36 71 97,1 90,0

Kopoithinapl. [0T Kayincizmik Macenenepi Kem
KBIPJIbI JKOHE BIKTUMAaJl KMOepIIadybUAapIbl, ocam-
OBIKTApAbl $KOHE CEeHIMII KayilCi3[iK IapajapbiH
KaOBUIIay KAKETTUTMH KamMTUObl. MarmHabIK
OKBITY MEH acaH/ibl MHTeJUIeKTTI Komaany loT ka-
VIICI3MITiH JKaKCapTYIbIH MMEPCIIEKTUBAIBI MYMKiH-
OIKTEpIH alajabl, ajl OWJIACTBIPbUIFAH KayiICi3IiK
KQHE ToyeKesre Heri3[e/reH Kayilcizgik mexa-
HU3M/JIEP] CHSKTHI 03bIK TOKipuoenep 10T KypbuUtrbl-
Jlapbl MEH ‘KeJIJIEpiH KOpray YIIiH ©Te MAaHbI3[bl.
¥cpHbUFaH KyMmbicTa [0T Ky pbUIFbLIapHIHBIH 63apa
OaiiaHbIC Ke3iHJe KayilCi3IiriH apTThpy MaKCThIH-
na ¢eaepaTuBTi OKBITY 9AICIH KOJIAHbULY 3€pTTell-
red. Toxipubenik 3eprrey OapsicbiHna 9 [oT KypbI-
JIFBUTAPBIHBIH, ©3apa OaiyiaHbIC Ke3iHAe TeHepalld-
sTAaHFaH KeMUTIK TpaduK MadgaiaHbIn, skahaHabt
MOZEJbl OKBITY 9pOip KYPbUIFBIHBIH KEpPriTiKTi
MOJEJIBIEPAIH KOMEriMeH KYPri3uIil, aKNaparThl
XKiOepy OapbiChIHAA KYMHUSUIBUIBIKTBI CaKTay JKoHE

Ddos maOysurIapblH aHBIKTay CypaKTapblHa Ha3ap
aynapsuigbl. KopeiThiHIA (hbeepaTUBTI OKBITYIbIH
KayilCi3[iK JEeHreWiH KaHa [eHreire IibiFapy nep-
CMEKTUBACH OalKaIIbl. OyJ TUIIOTE3aHbI 9J1i e 00-
JIallaK, JKyYMBICTapia 3epTTey Ko3Iemye.

IoT pmoyipiHge JepekTepaiH — KYMUSUTBUIBIFI
GapraH caiiblH ©3€KTi MaceJiere aitHayna. [lepexrep-
Il OPTAJIBIKTAHIBIPBUIFAH KUHAY jKOHE OHeYy aKIia-
PATTBIH aFbII KETY KayIiH TyJbIpaibl )KOHE Naiaasa-
HYIIBUIAPIBIH KYKBIKTAphIH Oy3anpl. denepaTtuBTi
OKBITY JEpeKTepAi OpTaJbIKTaHABIPbUIFAH CaKTay-
ChbI3 Tajjlayfa MYMKIiHIIK OepeTiH Kayilci3 kKoHe
CeHIMJI TOCUIAI YCBhIHAABI, OyJI KYMUSUIBUIBIK TIY-
eKeJJIEpiH alTapbIKTail a3aiTa bl

Kaporcvinanovipy. by szepmmey Kazaxcmarn
Pecnyonuxacol Folavim dacane dncorapol Oinim mu-
Hucmpaiziniy FolablM KOMUMEMIMEH KAPHCLLAAH-

ovipran (I’ panm NoAP14973006).
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SQL-UHBEKIIUAJIAPBIHAH BEB-KOCBIMIITAJIAP JEPEKTEP KOPBIHBIH OCAJIAbIFbIH
KIOHE KOPTAHBICBIH 3EPTTEY

B. PoicGeKKbI3bI I.T. Ko:xxanosa, I'.K. Ka6uena, 9.7K. U3ar, JI.b. KagbipoBa,
A.M. JleonTheBa

IJ06inkac CarslHOB aThiHAaFbl KaparaHasl TeXHUKAJbIK yHUBepcuTeTi, Kaparannsl, Kazakcran

" KoppecronaeHT-asrop: Bakhytgulz@mail.ru

Kazipri yakpITTa BeO-TeXHOIOTHsUIap MHTEPHET-AYKeH iep/ie, OaHKTep/e, KOCIMOPbIHAAP/IbIH BeO-TapaKIia-
JapbIHIa OapibIK Kepae KonaHbiaasl. EceciHe, nepektep KOpbl KeOiHece BeO-KOChMINATAPAbI a3y YIIiH
KoJ1aHbUIa bl [lepekTep KOpbl akMaparThIK, KAayilci3likKke TOHETIH KayilnTepMeH cunarTaiaisl. [lepekrep-
re KOJI JKeTKi3y YIIiH ayTeHTU(UKanus npouecinae madysuiaaymsl SQL Injection TMNTI aknaparThIK Iia-
OyBLIJIBI KOJIJIaHA ajiajibl. ByJ1 maOybuiIbiH MoHi BeO-TexHomorusiap MeH SQL KUbUIBICHIHIAFB! KATCHI Mak-
nagaHy Oobll TaObUTambl. Byl maiganaHyIsl JepeKTepiH eHJieyre apHaJFaH KeNTereH BeO-rnapakiiaiap
3USH/bI KOJITHI €HI13yre 9Kelyl MyMKIH JIepeKTep KOpblHa apHaiibl SQL cypaHbIChIH KaJIbIITACThIPAThIH/bI-
FhIHA OalJIaHBICTHL.

Maxkanaga SQL uHbeKIusIIapblHaH BEO-KOCHIMILIATIAP IePEKTEP KOPBIHBIH HET13ri KayinTepi MeH Ocasibl-
Fbl KapacTbippuiaapbl. Kymbic SQL MHBEKIMANAPBIHBIH HET13r1 TYpPJepiH, OCAABIKTApbl aHbIKTAYy KoHE
QJIZIBIH ATy 9JIiCTEPiH XoHE BeO-KOCHIMILIATIAP/BIH OCAJIIBIFBIH TEKCEPY TICUIAEPIH TaaayIsl KaMTuabl. [le-
pektep O6azackiH SQL nHbeKIUsIIapbIHAH KOPFAY SicTepiHe koHe ToxipuOeHi fambITyra Oaca Ha3ap ayjaa-
PbLUIAIBL.

3epTTey TaKbpIpbIObI ©3€KTi, OUTKEHI 3aMaHayH dJieMJe MHTepHeT Oi3J1iH eMipiMi3/IiH axbipamac OeJti-
rive aiHaiapl. KochiMIianapasl maiaanaHnypiH ©CyiMeH KyImus AepeKTepai KOpray YIIiH Kayilci3gik Ia-
pajlapeiHa JIeTeH KaKeTTUTIK apTThl. BeO-KOoChIMINaiapIblH, OCAIIBIFB KAYINCI3MIKTIH Oy3bITybIHA OKeTyi
MYMKiH, OyJI MaiialaHyIbITap/biH KeKe KOHEe KAPKbUTBIK aKIapaThlH )KOFAITYFa, YIbIMIAP/IBIH Oe/ieniHe
HYKCaH KeJTipyre ’oHe 3aH/Ibl calgapra oKelyi MyMKiH.

Tyiiin ce3aep: SQL-unbekims, BeO-KOChIMIIA, IepeKTep KOPbI, IepeKTep/i Kopray, madybli, aknapar-
THIK KayilCi3[iK.

WCCJIEJJOBAHME YA3BUMOCTH M 3AIIUTHI BA3 JAHHBIX BEB IIPUJIO KEHUN
OT SQL-UH'BEKIIUI

b. PblCﬁEKKLBbI[:, I.T. Ko:xxanona I'.K. KaoueBa, A.7K. U3ar, JI.b. KagvipoBa,
A.M. JleoHThEBA
KaparanguHckuii TeXHUYecKuid yHuBepcuteT nuMenn Aosutikaca CarmaoBa, Kaparanma, Kazaxcran,

e-mail: Bakhytgulz@mail.ru

B Hacrosiiiee BpeMst BeO-TeXHOIOMU UCTIOJb3YIOTCS IOBCEMECTHO B MHTEPHET-MarasuHax, OaHkax, BeO-
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1 SQL. D10 00YyCIOBJIEHO TeM, YTO MHOTHE Web-CTpaHMIIbI i1 0Opa0OTKU TMONIb30BATENLCKUX JAHHBIX,
opmupytot crienanpHbi SQL 3ampoc k 6a3am TaHHBIX, YTO MOXKET MPUBECTU K BHEJPSHUIO BPEIOHOCHOTO
KOJA.

B cratbe paccMaTpuBalOTCSI OCHOBHBIE YTPO3bl M YSI3BUMOCTh 0a3 JaHHBIX BeO-mpuiiokeHuit or SQL-
uHbeKIMiA. PaboTta BkiloyaeT B ceOs aHAIM3 OCHOBHBIX BUIOB SQL-MHBEKLMI, METOAOB OOHAPYXKEHUs U
NPe/IOTBPAILEHUs] YI3BUMOCTEH, a Takke MOAXOIbl K TECTUPOBAHUIO YSI3BUMOCTEN BeO-mpuioxkeHuid. Oc-
HOBHOE BHUMaHHE YAEIEeHO METO/IaM 3aluThl 0a3 JaHHBIX 0T SQL-MHBEKIMIA 1 pa3padoTKe MPAKTHUECKUX
PEKOMEHIAIMH 1o 00ecneYeH 0 0e30MacCHOCTH BeO-TTPUIIOKEHHH.

Temaruka UcciIeI0BaHKSA aKTyaJlbHA TaK KaK B COBPEMEHHOM MHUpE, TaK KaK UHTEPHET CTaJl HEOTheMIIe-
MOMH yacThbio Hailel xku3HU. C pocTOM MCHOIb30BaHU sl IPWJIOKEHUH TaK:ke BO3pOciia HOTPEOHOCTh B Mepax
©€30MacCHOCTH J1J151 3AIUThl KOH(PUAESHIIMATBHBIX JIAHHBIX. YSA3BUMOCTH BEO-IIPUIOKEHUIA MOTYT MPUBECTH
K HapyIlleHUsIM O€30MaCHOCTH, YTO MOKET MPUBECTH K MOTepe JTUYHON M (PMHAHCOBOW MH(MOPMALIH OTb-
30BaTesield, yuiepOy AJs pelyTaly OpraHu3alyid U IOPUIMYECKUM MOCIEACTBUAM.

KiaroueBbie cioBa: SQL-uHBbEKIWMSA; BeO-TIpUIIOkKeHNe; Oa3bl JAaHHBIX; 3allMTa JIAHHBIX; aTaka; WH(OP-
MAILMOHHAsI OE30MaCHOCTb.

RESEARCH OF VULNERABILITY AND PROTECTION OF WEB APPLICATION DATABASES
FROM SQL INJECTIONS

B. Rysbekyzy ', D.T. Kozhanova G.K. Kabieva, A.Zh. Izat, L.B.Kadyrova,
A.M.Leontyeva
Abylkas Saginov Karaganda Technical University, Karaganda, Kazakhstan,
e-mail: Bakhytgulz@mail.ru

Currently, web technologies are used everywhere in online stores, banks, and enterprise web pages.
At the same time, databases are often used to write web applications. The database is characterized by
information security threats. During the authentication process, an attacker can use an information attack
such as SQL Injection to gain access to data. The essence of this attack is to exploit an error at the
intersection of web technologies and SQL. This is due to the fact that many web pages form a special
SQL query to databases to process user data, which can lead to the introduction of malicious code.

The article discusses the main threats and vulnerability of web application databases from SQL injections.
The work includes an analysis of the main types of SQL injections, methods for detecting and preventing
vulnerabilities, as well as approaches to testing web application vulnerabilities. The main focus is on
methods for protecting databases from SQL injections and developing practical recommendations for
ensuring the security of web applications.

The topic of the research is relevant in the modern world, since the Internet has become an integral part
of our lives. As the use of apps has increased, the need for security measures to protect sensitive data has
also increased. Web application vulnerabilities can lead to security breaches that can result in the loss of
users' personal and financial information, damage to organizations' reputations, and legal consequences.

Keywords: SQL injection; web application; databases; data protection; attack; information security.

Kipicne. Be6-kockMiianars! maOybUIIapaslH €H HYIIbIFA ©31HiH KeKe MapaMeTpiiepiH KOMIaHbICTaFbl
TaHbIMaJI TYypiiepiHig 6ipi SQL mHBeKImMsACH Oombim  SQL-cypaHbIc kacaybiHa Hemece SQL-cypaHbIc xka-
TaoObutabl. SQL-UHBEKIMA - OyJI 3UAH/IBI TTAJaNIa-  cay/Isl OOIIpIpMayFa koHe ©31HiH kKeKe CYPaHbIC Ka-
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cayblH YCBIHYyFa MYMKiHAiK O6epeTiH SQL nepekko-
pbIHA apHaibl OAFBITTAIFAH WHBEKIUSUIBIK, MA0YBLT
TYPi.

SQL-uHbeKIMs eH KeH TapasiraH, Oipak, *KaJFbl3
Typi emec. MHbeKIMsUIBIK, madybligap €Ki Herisri
KOMIIOHEHTTEH TYpaJbl: UHTEPIIPETATOP KOHE Mail-
JaJIAaHYIIbIIAH TYCETiH Maigalibl )KYKTeMe, Ol KaH-
nail pa Oip mHTepripeTatopra okbuUIaabl [1-2]. Byn
uHbeKIMsUTBIK, madysuinap FFMPEG (GefiHekom-
MIPECCOop) CUSIKTHI KOMAHAAJBIK, KOJIbIH Y THIIUTACHI-
Ha, COHAN-aK, IePEKTep KOpbIHA (ICTY Pl KaF/1au-
na SQL-uHbeKIMAFa) Kapchl 00Tybl MYMKIH JIeTeH i
oumipeni.

Marepuajagap mMen daicrep. SQL-unbekius
€H KJIACCUKAJIBIK, aTalaThiH WHBEKIUSA TYPi OOJbII
taObutanpl. SQL konpt HTTP maiimanel sxykTe-
MeciH/le SKpaHAaiaabl, Oyl COHFbI MaiAaiaHyIlIbl-
HBIH aThlHaH Taigananymbsl SQL cypaHbicTaphiHA

<?php if
echo’
<div class="row"”>
<div class="small-12 columns”>

<form method="post” action="">
<fieldset class="panel”>
<center>

<hl1>Sign In</hl><br>

</center>

<label>

<Input type="text”
placeholder="Username”>
</label>

<label>

<input type="password”
placeholder="Password”>
</label>

<center>

<input type="submit”
</center>
</fieldset>

</form>

</div>

</div>"’;

} else {

($_SERVER|['REQUEST_METHOD’ ]

id="username”

QKeJIe .

Hacrypni Typne kenteren OSS makerrepi PHP
xoHe SQL (kui MySQL) koMOMHAIMSCHIH Taligaa-
Ha OTBIPBIII JKacaJIFaH. I31pyey TapuxbiHaa-Fbl SQL-
VMHBEKUMSJIAPAbIH KONTEreH KWl aWThUFaH Ocal-
nbikTapel PHP-HIH TyciHiKTep, JIOTMKa KoHE Jie-
pEeKTep KOJbl apachiHIAFbl UHTEPIONAIMsFA HEFYp-
JIBIM JKYMCAK TOCLIII YCTaHybl HOTUKECIHIE TYbIH-
nanel. Ecki mekrentin PHP  ozipneyminepi o3-
nepidid PHP gannpapeinga SQL, HTML xone PHP
KoMOuHarusinapbiH - PHP konpaiiThiH yiibiMaacTbI-
Py MOZEJIH KOoJJaHap e[ii, 01 Ty PbIC KOJIJaHbUIMA,
Oyt ocan PHP KonmbIHBIH Ken OOJTybIHA OKEJIETiH efli.

[MafinananymibiFa xyiere Kipyre MyMKIHIIK Oe-
peTiH (pOpPYMHBIH €CKi OaraapiaMaliblK, KacaKTama-
cbiHa apHaiFaH PHP kon OMOTBIHBIH MBICAJTBIH Ka-
pacThIpaibIK:

I= "POST") |

name="username”

id="password” name="password”

class="button” wvalue="Sign In">

// the user has already filled out the login form.
// pull in database info from config.php

$Servername = getenv (’'IP’);
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$Username = SmysglUsername;
SPassword = SmysglPassword;
SDatabase = SmysglDB;

SDbport = SmysqglPort;

Sdatabase = new mysqgli ($servername,

Sdatabase, Sdbport) ;
if ($database->connect_error) {

Susername, S$password,

echo "ERROR: Failed to connect to MySQL”;

die;
I3
$sgql = "SELECT userId,

rn

WHERE username
password =
Sresult
}

Kepin oTbipraHbiHbI3AAN, OepiireH Kipy KOIbIH-
na PHP, SQL xone HTML apanackan. CoHbIMeH
Karap, SQL-cypaHBICH CypaHBIC KOJAFbIH KacaMac
OypBIH elIKaHJail Ta3apTyChi3 Cypay MapaMeTpiiepiH
OipikTipy HeriziHze *kacanasl [3].

HTML, PHP xone SQL KoATapbHBIH TOFbI-
cysl PHP Herizinzeri Be6-kochiMianap yurin SQL
VMHBEKIUSCBIHBIH €HYiHe eloyip *keHinmerTti. TinTi
WordPress cusiktsl keiidip ipi OSS PHP kockimima-
Jappl OyFaH JICHiH OCBIHIAM KarJalIbpiH KypOaHbI
OoJraH.

PHP-nen anbinran Kayincisaik cabakrapsl 6acka
TUIAEp/E KOpiHIiC TanThl kKoHe Ka3ipri 3aMaHFbl BeO-
Kochminanapaa SQL-mi eHrizyre OaiiaHbICTHI Ocal-
JBIKTapael Taly oJjieKaiaa KUblH. [lereHMeH, Oyt
Qi e MYMKIH KoHe Kayirci3 OafnapiamaiayabiH
O3BIK 9IICTEPiH KOJIAHOANTHIH KOCHIMILIAIAPAA KHUi
Ke3Jece/i.

Hotu:kenep meH Tajkbliay. Hnwekuusra
Kapcvl KOopranvicmapovl 3epmmey. IIETTe I3ip-
neymiHig CLI xoHe maijanaHyIibl KiOepreH je-
pekTepi 6ap aBTOMATTAHIBIPYIbIH Ke3 KeJreH TYPiH
’KaszyblHa TYPbIC Ha3ap aylapMaybIHbIH HOTHKECIHE
OyJ1 madyslIIap 9 e Kui Ke3aeceli.

VHbekusuIbIK, a0ybuIIap COHIAM-aK, Ka3bIK THIK -
ThIH KeH aynaHblH KamTtuabl. MHbekiusaasl CLI-re
HeMece cepBeplie KYMBIC ICTEHTIH Ke3 KeJIreH 0acKa
OKIlIayJIJaHFaH MHTEPIPETATOPFa KAPChI NaiJanaHyfa
6omazapl (01 OK neHreiiiHe KeTKeH/e, OHbIH OPHBIHA
OJI KOMaH/1a UHbEKIIUAChIHA aiiHananpl) [4-5]. Hotu-

username,
.$_POST['username’].
' shal ($_POST[’password’])."”";"”;
mysgli_query ($Sdatabase,

moderator FROM users
1204 AND

admin,

$sql) ;

JKeCiHle, UHBEeKIMS CTUIiHAeT! maldybuigapaaH Ka-
JIaii KOpFaHATBIHBIMBI3-/Ibl KApacThIpFaH/ia, MyH/ai
KOpFay IapajapbiH OipHeIe caHaTKa 06Ty OHa.

Ex angpiven, 6i3 SQL-uHBeKIMA M1a0ybUIAAPHI-
HAaH KOPFaHBICTHI OarajiaybIMbI3 KePEeK - WHBEKIIVsI-
HBIH €H KeH TaparaH koHe Oenrimi Typi. SQL uHb-
eKLMsJIApbIHAH KOpPFaHy VIIIH HE iCTeHl aJaThIHbI-
MBI3/Ibl 3€PTTET€HHEH KeWiH, OyJl KOpFaHbICTAPbIH
KAWChIChl HHBEKIUSUTBIK, MA0YBUTIAPIBIH OacKa TYp-
JiepiHe KOJIAAHBLIATBIHBIH Kepyre Oomaipl. AKBIP
COHbIH/IA, 0i3 WHBEKIMAIAH KOpFayIblH OipHere
JKaJMbl QficTepiH Oaranail anambi3, ojlap UHBEKIIU-
SIHBIH Heri3iHjeri malybligapaslH KaHaal ga oip
JKUBbIHBIHA TOH eMecC.

SSOL-unseKyUsCoiHbll,  CAN0apulH  HCY MCapmy.
SQL MHBEKIHUSCH — MHBEKIUSIIBIK, MMAa0YbUIIBIH €H
KOl TapaJifaH TYpi KoHE COJl CUSIKThl KOPFaHYbIH
eH OHail TyprepiHiH Oipi. On eTe KeH TapaFaHIbl-
KTaH, opOip Jepiik Kypaen BeO-KOChIMINara ocep
eryl MyMmKiH (SQL aepekkopiapblHbIH TapaayblHa
OaiinanpicThl) SQL MHBEKIMACHIHA KAPChl KONTEreH
JKYMCapTy KoHE Kapchl apaiap 3ipJieHIi.

ConbiveH Katap, SQL MHBEKIUSIBIK Ia0ybLT-
nap SQL uHTepIipeTaTopbIHIa OPBIH AJIATHIH/IBIKTAH,
MYHIall OCAJIIBIKTAp/bl AHBIKTAy OTe KaparaibiM
60Irybl MyMKiH [6]. THiCTi aHBIKTAY KOHE KyMCapTy
cTparerusuiapbl 6ap 6osca, BeO-KochMIiaHbiH SQL
VMHDBEKIUSUTBIK MA0YbUTbIHA YIITBIPAY MYMKIHJIIT1 ©Te
TOMEH.

SOL unvexuyusicoin anvikmay. Koareik 6a3aHpI3IbI
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SQL vHBEKIUAIBIK Ma0ybUIIapaaH KOpFayFa Haii-
BIH/IAY VIIiH ayiibivMeH SQL MHBEKITUACH KaObLIIali-
THIH (POPMaHBI JKOHE Ci3/1iH KOATHIK Oa3aHbI3Iarbl €H
ocaJi 00JTybl MYMKiH OPBIHJIAPIB KAPAIl IIbIFYbIHBI3
Kepek [7].

Kenteren 3amanayu BeO-kochimmanapaa SQL
oreparusiiapbl CEpBep KarbIHIaFbl MapIIPyTU3ALIUS
JeHreiiHeH KeiiH opblHAAIabl. ByJ1 KITMEeHT TypaJibl
eIITeHE KbI3bIKTHIPMANTBIHBIH OLIIipe/i.

Mpicaiibl, BeO-KOCBIMILIAHBIH KOJI PErO3UTOPUN-
iHiH (allIABIK KYPhUIBIMBI Oap, O KeJeciaeu:

/api
/routes
/utils
/analytics
/routes
/client
/pages
/scripts
/media

bBi3 kaMeHTTI i37eymi kiOepin anaThIHBIMBI3IbI
Oinemi3, Oipak 0i3 Tanmay OarbITHIH KapacThIPYbI-
MBbI3 Kepek, euTkeHi on OSS-Te canbiHFaH OoJica
I3, O/ aHAJIWTHKA [epeKTepiH cakTay YIIiH KaH-
nait na 6ip AepeKKopabl naigananysl MyMkiH. Erep
JepeKTep KYPbUIFbLIAp MEH Ceccusilap apachlHOa
cakTasca, ojlap CepBepIiK Kaara, AUCKine (KypHas-
Japria) Hemece IepeKKopa cakTaaapbl.

Cepgepre kenTereH Kojganoanap OipieH Ken Je-
PEKKOpAbl MaliganaHaThIHBIH OinyiMi3 Kepek. By
konganOa, meicanbl, SQL Server-gi sxone MySQL-
Il maiganaHaabl aereHai oinaipyi MyMkid. CoHpI-
KTaH cepBepyeri i3aey kesinne SQL cypaHbIcTapbH
oipHerie SQL TiTiHIH iCKe achIpbUTYbIHAH Ta0y YIIiH
OpTaK, CypaHbICTAp/bl MalIaNaHy KakeT.

Bynan Gacka, keitOip cepBepiik Oarmapiamaiap
nomvenre ToH Tiami (DSL) madiganaHaapl, oi Oi3aiH
arbiMbI3aH SQL 11akplpys1apblH OpbIHAAYBl MYMKIH,
Oipak OyJI makpipysap exyienMereH SQL maksipybi-
Ha YKCac KYpbUIbIMIaHOAIbI.

Konpansicrarsl KoaThIK 6azaHbl SQL-UHBEKIMA-
HBIH QJICYETTi TOYEeKeJJIepIHE QYpPhIC TalAay kacay
yiuriH, 6i3 O6apibik, anabiHFel DSL skone SQL Typ-

JIepiHiH Ti3iMiH acar, OHbl Oip kepae caKTaybIMbI3
KepexK.

Erep 6i3ain konman6a Node.js kommanoacel 60-
JIBITT TAOBIJICA XKOHE OJ1 MBIHAJIAP/IBI KAMTHICA:
* SQL cepBepi — NodeMSSQL aganrepi (npm)
apKbLIbI
* MySQL — mysql agantepi (npm) apKbLibl
oHaa eki SQL icke achipybiHan SQL cypanbicTa-

pbIH Taba ajaThiH Koj 0a3achiHIA i31eyaepi Kypbl-
JIBIMIAYITB KAPACTHIPYBIMBI3 KEpeK.

bakpiTeiMbIzra opai, Node.js-nieH KeTKi3UIeTiH
MOAYJIbAEPAl MMIOPTTAy Kyieci Oyi Tarchipma-
HbI JavaScript TUTIHIH KOJIIaHBLTY aiiMarbiMeH Oipre
xeHinnereni [8]. Erep SQL kitanxaHackl mepmMoay/ib
HETi3iH/Ie UMITOPTTaJICa, Cypayiapiabl Ta0y UMITOPT-
THI 13/1€y CUSIKThI OHAll OOJapl:

const sqgl =
// OR
const mysqgl =

require ('mssql’)

require (‘mysql’);

ExiHIi sxarbiHaH, erep OyJ1 KitanxaHaap kahan-
IbIK JCHreie skapusilaHca HeMece ara-aHaJbIK
KJIACCTaH Mypara KaJica, i3[ey KyMbIcTapsl Oipiia-
Ma KypAeJieHe Tyce/l.

Node.js yurin xxorapbiia aranrad eki SQL aman-
TEpiHiH eKeyi Jie .query (X) MaKbppybIMEeH asKTaJa-
THIH CHHTaKCHUCTi KOJIIaHa Ibl, Oipak Keloip ajanrtep-
Jiep 9piNTIK CUHTaKCUCTI KOJIJaHabl:

const sgl = require(’sqgl’);
const getUserByUsername =

const g = new sqgl();
g.select ('*");
g.from(’'users’);
g.where (‘username =
g.then((res) => {
return ‘username is
1)

bi

${res}’;
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Jativinoanran ny ckayavigmap. Korapblaa aiTbl-
nrangait, SQL-cypanbicTap OypeIH KeH TapajFaH
’KoHe eTe KayinTi. bipak kenrtereH xaraainapaa
oJlap/laH KOpFaHy OHIIA KWbIH EMEC.

SQL-ai icke achIpyablH KeMIIiLTri Komgad Oa-
cTaraH o3ipieMenepaiH Oipi JallbIHOAJIFaH omepa-
Topiap O0MbIN TaObLIAAbL. [JalibiHIAIFaH HYCKAYJTbI-
ktap SQL-cypanbicTapia naijagaHyiibi-jiap YChl-
HATBIH JEpeKTepAi MaijagaHy Ke3iHAe ToyeKeNlIi
enayip TeMenzaereni. CoHbIMEH Katap, 1albIHAaIFaH
HYCKAYJIBIKTAp ©Te OHall 3eprrefiefi xoHe SQL-
CypaHbICTap/bl TY3€TYi alTapiblKTald XKeHLIeTe i
[9].

JlafibiHOaIFaH HY CKAyJIbIKTap KeOiHece MHBEKITU-
sITaH KOPFayJIbIH «OipiHIII XKeTici» OOJIBIIT CaHa A Ibl.
JlaiiblHAaFaH HYCKAYJIBIKTApIbl ICKE achlpy OHAaW,
NHuTepHeTTe KakChl KyKaTTalfaH jKoHE UHbEKIIMS-
JIBIK, Ia0YBUIAAPAB TOKTATY YIIH 6Te THIM/II.

JlaiipiHaanFan  HYCKAyJIBIKTap  alHbIMAJIbUIAP
YIIiH TONTHIPFBIII MOHAEpI Oap CypaHBICTHI all-
IbIH aJ1a KYPacThIPy apKbLIbl KyMbIC icTeial. Onap
OalIaHbICTBIPYIIIBI aHBIMATIBUIAP peTiHae Oenrii,
Oipak KeOiHece ail TONTHIPFBIII AlTHBIMAJIBUIAP JIeTl
aranagpl. CypaHbIC KypacThIpbUIFAaHHAH KEWiH TOJ-
THIPFBIITAP 3ipJeyIli YChIHFAaH MOHJEPMEH aybl-
cTeipbliaabl. Ochbl €Ki caTblIbl MPOLIECTiH HOTHXe-
CiHIIE CypaHBIC MaKcaThl MaiJanaHyIlIbl KiOepreH
Ke3 KeJITeH JepeKTep KapaiMai Typbil OerijeHe .

Hoctyprni SQL cypaybiHia naigaianymnisl xioep-
reH JepeKTep (alHbIMaJIbLIAP) JKOHE CYPAHBICTHIH 631
JepeKKOpFa oJ perinze Oipre xidepinemni. By ne-
reHiMI3, erep nanjajaHyllbl JAepeKTepl MAHUITYIIS-
[UsiIaHca, OyJ1 CypaHbICTHIH HUETIH e3repTe alajibl.

JlaiibIHJaIFaH HYCKAYJIBIKTHI NTaliJajlaHFaH Ke3[e,
CYPaHBICTBIH, MaKCaThl Taii/lalaHyIIbl XKiOepreH Jie-
pektep SQL uHTeprnperaTopbiHa Kidepiamec Oy pbIH
HAKThl aHBIKTAJFaH/IBIKTaH, CYPaHbICTBIH ©3iH ©3-
repTy MyMKiH emec. Byn naipananymsuiapra ap-
Hasirad SELECT onepauusceiH Ke3 KeJreH K0JIMeH
skpaHgayra xoHe KON onepanmsceiHa TyprieH-
mipyre OonmanThIHBIH Oinpipeni. Erep maiimanany-
116l GACTaNKBl CYPAHBICTHI OPbIHIAMACa KOHE JKaHa-
cbiH Oactraca, SELECT onepauusiceiHaH KeiliH KO-
ChIMIIIa CYPAHBICTBI OPBIHIAY MYMKiH emec. JlaiibiH-
aanrad Hyckaynap SQL eHrizy ToyekenepiHiH Ken-

IILTrH KOsABl KoHe OapiblK Aepiik Herisri SQL
JepeKKopIapbiIMeH Kamrtamachi3 etiteni: MySQL,
Oracle, PostgreSQL, Microsoft SQL Server xone
T.0.

Hactypai SQL-cypaHbpicTap MeH JailblHJaJFaH
HYCKAyJIbIKTap apachiHJaFbl KaJIFbI3 MAHbI3/Ibl BIMbI-
panmacy eHiMAUTiK Oombim Tadbimagel [10-11]. [e-
peKKopra Oip ©TIHIIITIH OpHbIHA JEPEKKOp TaibH-
JaJIFaH HYCKAYJIbIKThl YChIHA/bI, OJJaH KeWiH KOMITHU-
JAUMAIAH KeHiH jKoHE CYPaHBICThI OpbIHAAY Ke3iHe
€Hri3y YIIiH aiiHbIManbuiap Oonaael. Kenrteren ko-
chIMIIaIapya OyJ1 OHIMIUTIKTI JKOFAJITY MUHUMAJIIbI
0o bl

CUHTaKCHUCTIK TYPFbIIaH AalbIHIAIFAH HYCKAY-
JILIKTap AEPEKKOPAAH JEPEKKOPFa jKoHe afanTepieH
ajianrepre epeKuieeHes.

MySQL-ae paiiplHAaiFaH HyCKay/IbIKTap eTe Ka-
panaibiM Kenesi:

PREPARE g FROM ’'SELECT name,
barCode FROM products
WHERE price <= ?';
SET @price 12;
EXECUTE g USING @price;
DEALLOCATE PREPARE g;

Ochl faifibIHAAFaH HYCKAYyJIbIKTa 013 Oarachl Te-
MeH eHiMzep yuiiH MySQL nepekkopelHaH cypaii-
MbI3 (013 aThl MEH IUTPUX KOIbIH KAHUTapFbIMBI3 Ke-
nedi)?.

BipiHmiiieH, CypaHbICBIMBI3OBl ( araybIMEH
cakray ymiH PREPARE onepatopblH KongaHaMBbi3.
By cypanbic KypbUlaJbl xoHE NalijajlaHyra Jau-
BIH OOMaapl. Ipi Kapail, @price allHBIMAJIBI MOHIH
12 MoHiHe MeHlTiKTelMi3. ByJi, MbIcalibl, 3EKTPOH-
JIBIK, KOMMEPIIUS CAThIHA KAPCHI CY3TiIeH 6TKI3eTiH
naiilalaHy1IbUIap OPHATYbI YILIH KAKChl AlHBIMAJIbI
6onap eni. ConaH KeliiH 6i3 ? TONTHIPY YIIiH @price
OepeTiH cypayabl opbiHAANMbI3. COHbIHIA, 013 OHBI
KaaraH koo yuiH q OoibiHma DEALLOCATE
KOJIJaHAMbI3, OCbUIaWIIa OHBIH aTaylap KEeHICTiri
Oacka Hopcesiep YITiH MaiJaIaHbLTYbl MYMKIiH.

byn KapanaiibiM JaiblHIQIFaH HYCKAYJbIKTa q
@price keMmeriMeH OpblHIAIMac OYpbIH KYpPacThl-
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poutansl. Erep @price 5-ke teH 6omca na; UPDATE
users WHERE id = 123 SET balance =10000, xo-
ChIMIIIA Cypay JIepeKTepMeH KYpacThIpbLIMaFaHIbl-

"SELECT name,

Ci3 aHbIK Kepill OThIPFaHbIHbI3AAN, JalbIH-
JaJIFaH HYCKAYJBIKTapAbl aJJIbIH ajla KypacThl-
py SQL vHBEKIMSIAPBIH KEeHUIETYErT MaHbI3 bl
OipiHII Kajam OOJbIl TaOBUIAAbI JKOHE OHBI BeO-
KOCBIMILIAHbI3/1a MYMKiH OOJIFaH Kepe MaiaanaHy
kepek [12].

Jepexmep KopeiHa man Koprauvicmap. KeHiHeH
KaObUIIaHFaH JaWbIHOAIFAaH HYCKAyJbIKTapra KO-
ceimiia 9pOip SQL Herisri gepeKKophl Kayirnci3mik-
T1 apTTBHIPY YUIIH ©3iHiH keKe (PYHKIUATAPBIH YChI-

ESAPI.encoder () .enodeForSQL (new OracleCodec (),

Ocpiran ykcac, MySQL 6anamansl (hbyHKITMOHA-
ABUTBIKTHL  ycbiHAmpl. MySQL  GarmapnamaceiHia
OYpbIC SKpaHJaIMaraH SKOJJApIbl MaiJalaHyIbl
OonapipMay VIIiH MbIHANAPAB Maiigananyra Ooma-
IIbl:

SELECT QUOTE ('test’’case’);

MySQL xyiiecingeri QUOTE dynkuusicsl kepi
KUFaIll ChI3BIKTAPIBl, JKAJFBI3 ThIPHAKIIATIAPIbI
Hemece NULL moHzaepiH OonapipMaipl koHe Oip
THIPHAKIIAJIBI SKOJIIBI Y PHIC KaTapapl.

MySQL mysql_real_escape_string () ycbhHapl.
Byn dyHKIMSA GApibIK, aJABIHFB KUCBIK, ChI3BIKTAP-
Jbl KOHE KAJFBI3 THIPHAKIIATAPIB OO IBIPMAIbI,
COHBIMEH Karap, KOC ThIpHAKIIAJapabl ,\n XoHe\r
(linebreak) 6onapipMaiiibl.

Karepni TanOanap XUBIHTBHIFBIH aWHAJBIT ©OTY
VIIiH JepeKKopra Toyesdl JKoJgapabl —Tazajay
KYpalJapblH TMaiagaHy >KOJJaH albIpMalllbLIbl-
ol SQL-yutepangpl kKa3yabl KHWbIHAATA OTBIPHIII,
SQL-unbekms Toyekesin Temenaeteni. Erep mapa-
METPJIEHYl MYMKIiH €MeC CypaHbIC OPbIHJAJICA, OJ1ap

barcode from products WHERE price <= '

KTaH iCKE KOCBIJIMAUIEI.

By cypaynplH onziekaiaa Kayincis HycKachl:

+ price + ';’

Hajel. Oracle, MySQL, MS SQL xone SOQL SQL
CypaHbICTapbIH/Ia MaijlaNaHy YIIiH KayinTi Jemn ca-
HaJIATBIH TaHOAJap MeH TaHOalap XUBIHTHIFBIH aB-
TOMATThl TYPAE dKPpaHAay icTepiH ycbhiHaabl. OcChl
caHauuslap Typasibl IIemiM KaObULAQHAThIH oic
HAKThI NAiJaJIaHbUIATHIH JEPEKKOP MEH MEXaHU3MI'e
OailyIaHBICTBI OOMIATBI.

Oracle (Java) keneci CUHTaKCHUCHIEH 1IAKbIPbLUTYbI
MYMKIH KOJTAYIIIBIHBI YCBHIHA/IBL:

str);

OpKalliaH MaiaagaHbUTyBl THIC - Oipak oJlapabl JKaH-
’KaKTbl KOPFay peTiH/ie eMec, KyMcapTy peTiHe Ka-
pay Kepek.

Kaanvl unvexyusinoik Kopramnvic. SQL MHbEK1IU-
siIapblHaH KOPFaHy MYMKIHJITHE KOoca, €13 COH/1ai-
aK, CI3[iH KOCHIMIIAHBI3IBIH WHBEKIUSHBIH OacKa
a3 TapajiFaH TypJepiHeH KOpFaJiFaHbIHA KO3 JKeTKi-
3yiHi3 Kepek [13]. ’Korapblna aTburaHgaid, WHb-
EKLHUSIIBIK a0ybUIAAp KOMaHAIBIK, )KOJIIbIH HEME-
Ce UHTEpPIIPEeTaTOPIbIH YTWIMTACHIHBIH Ke3 KeJreH
TYpiHe Kapchl O0Tybl MYMKiH.

bi3 SQL wHBeKIMsIapbiHaH OacKa MakcaTTap/ibl
i3eyre KoHE WHBEKIMsFa KYTIETeH OCAJIBIKTHIH
naiiga 6oy KayIiH a3aiTy yIIiH OapiablK KongaHOa-
HBIH JIOTUKACBIH/A 9JICTIKiI KOATAY SMIiCTepiH KOoJaa-
HyFa THICHI3.

Hnvekyuanapra apranran blKMUMAn Makcam-
map. Bi3 Oeiine Hemece cypertepai cbiryabiH CLI
uHTep(eiicTepl aleyeTTi eHri3y MakcaTbl peTiHIe
naiJanaHplTybl MYMKIH CLIEHApUKAlI KapacThlpraH
6onatbiHObI3. bBipak enrizsy FFMPEG cusiktel ko-
MaHJAJIBIK, KOJIIBIH YTUJIMTTEPIMEH IIEKTeIMENIi.
OJ1 MOTIHJIIK €eHTi3y[i KaOBUIIAWTHIH jKoHEe MOTIH/I
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KaH[Jai 1a 0ip MHTepHpeTaTOpAbIH KOMETiIMEeH TYCiH-
JipeTiH HeMece MOTIHII KaHjaail ga Oip KomaHa-
JIap Ti3iMiMEeH CaJIbICTBIPAThlH CKPUNTTIH Ke3 KeJreH
TYpiHe KOJIaHbUIa bl

JJeTTe, KyHere eHrisyal i3ey Ke3iHIe ToyeKeln
Jopesxeci sKoFapbl MbIHaJal OOBEKTLIEp MaiiianaHbl-
JIaIbl:

- Mingertepai xocnapiayibuiap

- Kpicy/oHTaiinanaplpy KiTarxaHajiapbl

- KanblkTasrsl CakThIK, KellipMe CKpUNITTepi

- Jepekkopmnap

- Tipkeyuinep

- XOCTTBIH K€3 KEJreH OIepalMsUIbIK, KYWUECIH
LIaKbIPY

- Ke3 kenren uHTepnpeTatop HemMece KOMITUIATOP

CiznniH  BeO-KOCHIMINIAHBI3/IBIH  KOMIIOHEHTTEPiH
EHTI3y/IH oJIeyeTTi ToyeKesi TYPFBICBIHAH OipiHIIi
peT paHXKUpIiey Ke3iH/e olapabl JKOFapblaa KeaTipiji-
TeH JKOFapbl ToyeKes OOBEKTiIepiHiH Ti3iMiMeH ca-
JIBICTBIPBIHBIZ. ByJI Ci3/liH 3epTTeyiHi3re apHajFaH
OacTankbl HyKTeJIepiHi3 OOJIBIT TaObLIaIbL.

ToyenuimikTep e Toyekea OOMybl MYMKiH, ce-
6e0i KerTereH ToyeJILTIKTEp e3/1epiHiH (cy0) Toye-
AUTIKTePiH 9KeNei, oJap KebiHece OChl caHATTapbIH
OipiHe TyCyi MYMKiH.

En a3z exinemminix npunuuni. EH a3z exinem-
minix npunyuni (KediHece eH a3 apTHIKIIBUILIKTAP
MPUHIUI JIeT aTajajgbl) aOCTPAKIMSHBIH MaHbI-
316l epekeci OOJNbIN TaObUIa/Ibl, OHBI Kayirci3 BeO-
KOCBIMINIAIAPABI KYPYyFa THIPBICY Ke3iHIe JpKalllaH
naiijajiaHy Kepek. byJ npuHIMIT Ke3 KeJreH xyie-
71e K yHeHiH opOip MYIIECiHiH 63 JKYMbBICHIH OpbIHIAY
YIUIIH KaXeTTi aknapaT NeH pecypcTapra faHa Koo
KETK13yl KEpEeK EeKEHIH auTa/pbl.

Barnmapnamaliplk, KAMTamMachl3 €Ty QJIeMiHIe Mbl-
HaJall TPUHIWIT KOJAAHBUTYBI MYMKIH: «Oarmap-
JIAMaJbIK, XKykeneri opoip MOAY/Ib OCHI MOIYJIbIIH
AYPBIC KYMBIC iCT€Yi YIIiH KaXeTTi JepeKTep MeH
(pyHKIMATapFa FaHA KOJI )KETKIi3yre THiC».

Teopusina Oyn KapamailbiM OOJBII  KOpiHe/,
Oipak KaxeT OonfaH Xkargaiiga macmrtaOThl BeO-
KOChIMILIJIApAAa CUPEK KojuaHbulaabl. byn npus-
U IIBIH MOHIHJE MaHBI3IbIpaK, OOMa/bl, OUTKEeHi

KOJIJaHOa Kypaenitiri OOWbIHINA MacIITaOTaaibl,
OUTKEeH1 Kyp/iesi KoJaH0a1aFbl MOIYJIbICP apachiH-
JIaFbl ©3apa 9peKeTTecy KYTIereH kaHama dcepiep
JKeJlyl MYyMKiH.

Beb-kochiminaHb30eH OipiKTipUIreH XoHe Mai-
JanaHymbl  npoduibaepiHiH  (oTocypeTTepiHiH
CaKTBIK KOUIPMECIH aBTOMAaTThl TYpPAE KaCAWThIH
MOpPMEH KOJIbl WHTepeiciH Kacam >KaTKaHBIHbI-
3npl enecrerin kepiHi3 [14]. Byn CLI tepmunan-
JaH (KOJIMEH CaKTHIK KelllipMe kacay) Hemece BeO-
KOCBIMILIAHbI3 OpHATBUIFAaH Oarfapiamanay TilTiHIe
JKa3bUTFaH aJlanTep apKbUIbl MaKbIpbUIaabsl. Erep Oy
CLI eH a3 eKiJeTTiK KaruaaTsl OOUBIHINA KYPbUTFaH
6oinca, oama CLI Oy3purran Oosica J1a, KOCHIMIIA-
HBIH KaJIFaH OeJriri Oy3buimac efi. ExiHii xkarblHaH,
okimii perinae opsiHAanateiH CLI anaskThiK MHB-
EKIUSIIBIK MAa0yblT aHBIKTAFAH KOHE KYMBIC icTe-
TeH XKaraiaa OyKiJT KoIJaHOa cepBepiH alia aaajpl.

EH a3 eKUIeTTUIIK IPUHIMIIL 93ipieylIiyiep YIliH
Keziepri OOJIBIN KOPiHyl MYMKIiH - KOCBIMIIA ka30a-
Japnpl, OipHelie KinTrepai 6ackapy xkoHe T.0. - 6ipak
OCBl KaruJaTThl TYpPBIC iCKE achIpy Ci3JliH KOCBIM-
maHp3 Oy3bUIFaH KarJaiia YIIBIPAUThIH TOyeKes i
HIEKTEeHIi.

A, mizimee Kocy napmenoepi. IHbeK1Ms YIITiH eH
VJIKEH Kayir - OyJ1 KJIMeHT (maiAanaHylibl) OpbIH-
Jay YIIH cepBepre KOMaHjaanap xiOepeTiH BeO-
KOCBIMILIAIaFbl (PyHKIMOHAIABLIBIK. By Hamap ap-
XUTEKTYPAJIBIK TOKipUOe KoHE OHbI Ke3 KeJITeH jKar-
naraa oongpipmay Kepek [15].

[Madipananymisl TaHJaraH TOPMEHIEp cepBepiae
Ke3 KeJITeH KOHTEKCTe OpPBbIHAATYbl Kepek OoJFaH-
Jla, OJlapFa QieyeTTi HyKCaH KeNTipyre Hemece KO-
JTaHOaHBIH KYWiH e3repTyre (Iyphic MaigaianOaran
KarJaiaa) MyMKiH/IIK OepeTiH KOChIMITIA KaJiamiap
KaskeT Oonapl. [laiianaHyInsl IOpMeHIEPiHiH cep-
BEPMEH TiKeJIed TYCIHipilyiHe MYMKIiHJIIK OepyaiH
OpHbIHA, MalIaTaHYIIblFa KOJDKETIMII MOpMEHAep-
JIiH HAKTbI aHBIKTAJIFAH aK, TI31IMiH kacay kepek. by
KOMaH[Ja CHHTAKCHCIHE (TopTiOi, XKUILJiri, mapamerp-
Jiepi) KOChIMITIAa peTiHjIe OapibIFBIH Kapa TiziM ¢op-
MaTbIHJA €MeC, aK Ti3iM (pOpMaThiHIA CaKTall OTbI-
pbin, Oipre maiganaHbulybl THiCc. Keneci Mbicayiabl
KapacThIpalbIK;

Keneci Mbicanpl KapacTbIpabIK:
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<div class="options”>

<button type="button” onclick="sendCommands ()"”>CepBepre mnspMeHmepni

xi6epy </button>

<h2>Commands</h2>

<input type="text” id="command-list”/>
</div>

const cli = require(’../util/cli’);

/*

* KIueHTTeH nopMeHmepni xaboinmnannbl,

*/
const postCommands =
cli.run(req.body.commands) ;

bi

byn xarpaiina ximent CLI kitanmxaHacel KOJ-
JATBIH Ke3-KeJireH KOMaHIalapabl cepBepre Kap-
chl opbiHgail anagsl. byn gerenimi3, CLI xkyMbic
YaKbITHl MEH TOJIBIK, KesieMi COHFbI MaiialaHyIIIbiFa
CLI xomnaiThiH KOMaHIaIapabl Oepy apKbUIb KOJ
KETIMZI, TIITI erep oylap 93ipJeylll KojjaHyFa ap-
HaJIMaraH OoJica Ja.

const cli =
const commands = |

"refresh’
I
/*
/ *

* KNUeHTTeH nspMeHmepni xaboimmanmbl,

*naupma 6Gonca,
*/

const postCommands =
const userCommands =
userCommands.forEach ((c) => {
if (!commands.includes(c))
)i
cli.run(reqg.body.commands) ;

b

function (req,

function (req,
req.body.commands;

onapnoel CLI-re xapche ickxe xocamhl.

res) |

HerypibiM TyCiHIKCI3 kaFmaiina, OapiblK Top-
MeHjepre a3ipiaeyln pykcar OepreH Ooiaybl MyM-
KiH, OipaK CHHTaKCHC, TOPTIMl XoHE KHUUIIK cepBep-
ne CLI-re kapchbl KyTnereH (byHKIMOHANIBIK (MHb-
eKIMs) JKacay YIIiH OipikTipinyi MyMmKiH. Te3 xoHe
Jac Kymcapty - Oy Tek OipHelle KOMaHalap/ibH
aK Ti3iMi:

require(’../util/cli’);

erep onap ax TisiM MaccuUBiHIe

onapnel TEK CLI-re xapchl ickxe Xocambl.

res) {

{ return res.sendStatus(400); }
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Byn xplam xoHe Jiac KyMmcapTy KOMaHJauap-
IIbIH peTiHe HeMece JKUiIIriHe KaThICThl Maceesep-
Ti IIere aMaybl MyMKiH, Oipak OyJI KJIMeHT HeMe-
Ce COHFBI MaWJaJIaHyIIbI TakIaTaHyFa apHaJIMaraH
KOMaH/aIapapl Makelpyra sxon oepmeriai [16]. Ka-
pa Ti3iM KOJIAAHBLIMAI/Ibl, ®UTKEHI KOCHIMILATIAp
yakpIT oTe Keyie namuabel. Kapa Tizimaep navgasia-
HYUIbIFa KaXeTci3 (PyHKUIMOHAJABLIBIK JeHrerIepiH
OepeTiH kaHA MMOPMEH KOCHUIFaH Kargalaa Kayir-
CI3JIIK KayIli peTiHAe KapacThlpbLIa/bl.

[Maiinananymsl enrizyi Kadsuiganein, CLI-re xi-
OepliireH Ke3jie, opKalllaH Kapa Ti3iM TICLTiH emec,
aK, TI31M TACUIIH TaHJAHbI3.

KopbITbIHAbI. THBEKIMIIBIK, MA0ybUTIAp K1ac-
CHKaJIBIK, TYpIE JepeKTep KOpbIHA, aTan alTKaHAa
SQL nepektep KOpblHa *kataipl. bipak Iepekkop-
Jlap AYPHIC Ka3bUIFAH KOACHI3 KoHE KOH(UTypallu-
SICBI3 MHBEKIMSUIBIK, MIa0ybUIIapFa ocan Oosca n1a,
API conrsl HYKTeCI (HeMece ToyesIlTiK) e3apa ape-
keTTeceTiH Ke3 KenareH CLI nHbeKIMSHbIH Ky pOaHbI
O0JTybl MYMKIH.

Herizri SQL pepekkopnapsl SQL  uHBEKLMS-
CHIHBIH QJIIbIH aJly IapajapblH YChIHAABL, Oipak
SQL uHBEKIMACH KOMJAHOAHBIH apXUTEKTYpPAaChl-
MEH KoHE KaTe *ka3blIFaH KJIMEHT-CepBEp KOJIbIMEH
om ge MyMKkiH. Konrelk 0a3zara eH a3 OKUIeTTIK
MPUHIUITH €Hri3y Ci3[iH YUBIMBIHBI3FA KOHE BeO-
KOCBIMILIAHBI3/IbIH MH(PaKYphUIbIMbIHA KEJITIPUITEH
3USHABL a3alTy apKbUIbl Oy3bUIFaH XKarjaiaa BeO-

KOCBIMILIAHbI3fa KeMeKTeceli. bacramkplga Kayin-
CI3/iK NPUHUMITEPIHE HETi3ereH KOChIMIIA eIlIKa-
II1aH KJIMeHTKe (Mai1anaHyIbiFa) ceppepie OpbHIa-
JIATHIH CYPaHbIC HEMece MTOpMeH Oepyre MyMKIH[IIK
Oepmerini.

Erep mnaiiganaHymibl eHrisreH AepekTepai cep-
Bep JKarblHJarbl ONepalysuiapra TYpPJIeHIIpy KaxeT
Oosica, OyJ orepanysiap Kaambl (hyHKIIMOHAIIbI-
JIBIKTBIH Oip Oestiri faHa KOJDKETIMAI OOMybl YIITiH
JKOHE KAyIMCi3IiKTI TeKCepyIiH KayarnThl TOObI Ka-
yilci3 peTiHje TeKcepreH (PyHKIIMOHAABUIBIK, KaHa
aK Ti3iMre eHrisinyi Tuic.

Ocpl Oackapy JeMEHTTEepiH MaiIagaHa OTHIPHIIL,
BeO-KOCBHIMIIIA UHBEKIVA CTHIHIET] OCAIIBIKKA 1e
60Ty BIKTUMAJIIBIFI QJIJIEKal1a TOMEH OOJapbl.

SQL-uHBbeKIMs madybuigapbl KEHiHEH TaHbIMA
JKOHE OJlapra HalblH OONIFaHbIMEH, WHbEKIIMsS IIla-
Oybungapsl cepep API cypanbichiHa kayan peTiHzae
naiiganaHateld ke3 keiareH CLI yrumuracbiHa Kapebl
OO0JIybl MYMKIH.

SQL nepekkopbl (KMi) HWHBEKLMAAAH KaK-
Cbl KoprasraH. ABToMmarTaHiablpy Oenrimi SQL-
UHBEKIM 1a0ybUIAAPBIH TECTIIEY YILiH ©Te bIHFal-
JIbl, OUTKEHI Ma0ybUT 9/IiCi ©Te JKAKChl KYKATTAJIFaH.
SQL-uHbeKIMa iCTeH IIBIKKAH JXKarjanja, KEeCKiH
KOMITPECCOpJIapbiH, PEe3EPBTIK KOIIipy YTHIUTTEPiH
JKOHE KOMaHJAJIBIK KOJIBIH Oacka uHTepdeicTepin
QJIeyeTTi MaKCcaTThl HbICAHAAP PETIHAE KApacThIpbl-
HBI3.
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MOJEJINPOBAHUE IN®POBBIX BU3HEC-ITPOIIECCOB B OGPA3OBATEJIBHBIX
YYPERIEHUAX

TA.Teabman, I.P.Pammaunos , > 3M. Typaaibiyis

1Me>1<zLyHapozLHLH7’1 YHUBEPCUTET MH(POPMAITMOHHBIX TEXHOJIOTUH, T. Antmarthl, KazaxcraH,
2Me>myHapoaan?1 VHXEHEPHO-TEXHOJIOTMUECKUI YHUBEPCUTET, I. AniMathl, KazaxcraH,

SUHCTUTYT HHPOPMALIMOHHBIX U BBIYUCIUTENbHBIX TexHonoruit KH MHBO PK, Anmarsl, Kazaxcran

“Koppecronent-asrop: damir.dmr88@gmail.com

LndpoBusaius 3arparuBaeT OM3HeC-MPOLECChl B CEPBUCHBIX OPraHU3aLMsX U MPOSIBIISETCS Yyepe3 BHEI-
peHre HU(PPOBBIX TEXHOJOTHHA ISl TOBBIIIEHUS UX 3(P(PEKTUBHOCTU. DTO BeleT K M3MEHEeHMI0 Ou3Hec-
MIPOLIECCOB U, B HEKOTOPBIX CITy4asix, K MOJHOW TpaHc(opmarmy OM3HEC-MOJEIN KOMIIAHUA. DKOHOMUCTHI
¥l CTIEIMAIIMCTHI IPOTHO3HUPYIOT, YTO TaKMe M3MEHEHHs OyIyT KacaTbCsl BCEX KOMITAHUM B Oy/IyIeM.

Llenpio TaHHOTO KCCIIEOBAHUS SIBJISIETCS YJIydllieHWe W BHEAPEHUE MeTonoB HudpoBH3alur Ou3Hec-
MPOIIECCOB B 00PA30BATENbHBIX LIEHTPAX ISl ONTUMU3AIMU UX PaOOThI, YBEIUYESHHU S TPON3BOAUTEILHOCTI
Y yAy4IlleHUs B3aUMOJICUCTBUS C KMeHTamMu. B crarhe aHanm3upyetcs npuposa nudpousaiuu B 00paso-
BaHMU M pacCMaTpUBAETCsl IPUMEHEeHUe TU(POBU3ALIMH B OM3HEC-TIpolieccax 0Opa30BaTe/IbHBIX YUpeK/ie-
HUM.

B xone nccienoBaHusi ObUTH BhIZICICHBI KITIOUEBbIe COBPEMEHHbIE MHCTPYMEHTHI 17151 9(h(PeKTUBHOTO MO-
JEMPOBaHUsI OU3HEC-TIPOLIECCOB, KOTOPbIE TIOMOTAIOT MOBBICUTH 3((EKTUBHOCTh U KOHKYPEHTOCIIOCO0-
HOCTh OW3HEC-TIPOIIECCOB, a TaKkKe OOIIYI0 MPOM3BOIUTEILHOCTh KOMIIAHUM Ha (hoHe 1udpoBuzaiuu. B
paMKax pabOThI TaKke pa3padoTaHa METOIMKA OLIEHKH 3(P(EeKTUBHOCTH MOJIETMPOBAHU ST OM3HEC-TIPOLIECCOB
B YC-JIOBUSX IU(DPOBHU3AIIIH.

KuaroueBble ciaoBa: mudpoBu3amnus 0opa3oBaHus, U(POBU3AIIMS TPOIECCOB, YITyUIlIleHHe TPOIEeCCOB,
o0Opa3oBaHue, OM3HEC-TTPOLIECCHI.

BLJTIM OPBIH/IAPBIHJIAFBI IIUPPJIBIK, BU3HEC-IIPOIIECTEP I MOJIEJIb/IEY

TA.Teasman, I.P. Pammaunos , >* M. TypaaabiyJib!
! Xanbikapasiblk aknaparThlK TEXHOIOTMANAP YHUBepcUTeTi, Anvarel, KasakcraH,
2XasbIKapasiblK, HHAKEHEPITIK-TEXHONOTHAIBIK, YHUBEpCUTETi, Anmartsl, KazakcraH,

3Kasakcran Pecriy6mukace! ThUIBIM koHe 5KOFaphl Oi/liM MUHUCTPIIN AKHApaTTHIK, KoHE ecenTeyill
TEXHOJIOTUSUIAp MHCTUTYTHI, AnMatsl, KazakcraH,

e-mail:damir.dmr88 @gmail.com

[{udppranapIpy CEpBUCTIK YIlbIMIapAaFbl OM3HeC-MPOLIECTEPre acep eTe/li kKIHe ONapAbIH THIMIUTITH apT-
THIPY YIIiH HUMPIBIK TEXHOJIOTHSIAPIB €HI13y apKbUIbl KepiHedi. byn OusHec-mponectepiy e3repyiHe
JKOHE KeHOip karmaiiapia KOMIIAHUSTHBIH OM3HEC MOJIETTiHIH TOJIBIK, ©3repyiHe JKelie/li. DKOHOMUCTEP MeH
caparbuiap MyH/Iai e3repictep OoJamakTa OapIIblK, KOMIIAHUsIApFa 9cep eTelli Ier OOJKa/IbI.

By 3eprTeynin MakcaThl — OiTiM Oepy OpTajIbIKTapbIH/IA OJIAPIbIH K YMBICHIH OHTARIAH/IBIPY, OHIMILTIK-
Ti apTTHIPY KoHE KJIMEHTTEPMEH ©3apa dpeKeTTecy/li KaKcapTy YIIiH OM3Hec-mpolecTepal g piaHabIpy
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QMIiCTEpiH KEeTUIAIpY KoHe eHrizy. Makanaza Oinim Gepyeri udpraHabpyablH TaOUFAThI TAJIAHBII, OLTiM
Oepy yUBIMIApBIHBIH OU3HEC-TIpoIecTepin/ie U PIaHIBIPYAbl KOIJaHy Moceseepi TaTKblTaHA b

3eprrey OM3HEC-TIpoIeCTepIiH THIMALIINT MeH Oacekere KaOUISTTiNrH, COHAal-aK U(pPIaHabIpy asi-
ChIHJIa KOMITAHUSTHBIH, JKaJIITbl )KYMBICHIH JKaKCcapTyFra KOMeKTeceTiH OM3HeC-TIporecTepi THIM/II MOJIeTb-
AeyaAiH Heri3ri 3aMaHayM KypaJiapblH aHbIKTadbl. JKyMbic aschiHAa MU(pIaHabIpy KaraaibiHIa OM3Hec-
yaepictep-/i MofebAey THIMIUTITiH Oaraay 9ficTeMeci Jie 931pieH/ii.

Tyiiin ce3aep: OinimM Oepyni nudpraHabIpy, MpoliecTepii HUMPIaAHIBIPY, YAEPICTePl KETUIipy, OLTIM

Oepy, On3Hec-mporecTep.

MODELING DIGITAL BUSINESS PROCESSES IN EDUCATIONAL INSTITUTIONS

1A.Telman, 'D.R.Rashidinov , 2*M.Turdalyuly

nternational University of Information Technologies, Almaty, Kazakhstan,

’International engineering and Technology University, Almaty, Kazakhstan,
3RSE Institute of Information and Computational Technologies MSHE RK CS, Almaty, Kazakhstan,

e-mail:damir.dmr88 @gmail.com

Digitalization affects business processes in service organizations and manifests itself through the introduc-
tion of digital technologies to improve their efficiency. This leads to changes in business processes and,
in some cases, to a complete transformation of the company's business model. Economists and experts
predict that such changes will affect all companies in the future.

The purpose of this study is to improve and implement methods of digitalization of business processes in
educational centers to optimize their work, increase productivity and improve interaction with customers.
The article analyzes the nature of digitalization in education and considers the application of digitalization

in the business processes of educational institutions.

The study identified key modern tools for effective modeling of business processes that help improve the
efficiency and competitiveness of business processes, as well as the overall performance of the company
against the background of digitalization. As part of the work, a methodology for assessing the effectiveness
of business process modeling in the context of digitalization was also developed.

Keywords: digitalization of education, digitalization of processes, process improvement, education,

business processes.

BBenenne. CoBpemeHHass uugpoBass peBOIIO-
1Usl Pa3BOPAYMBAETCS] C MOPA3UTENIBHON CKOpO-
croio. Eciu mepexos OT IpPOMO3AKHMX KOMIIbIOTeE-
POB K TMEPCOHAJBHBIM YCTPOICTBAM 3aHsT Jecs-
TUJIETHSI, TO HOBBIE TEXHOJIOTMYECKHE MOAEIN MO-
I'YyT MEHSTbCA BCEro 3a HECKOJbKO MecsueB. M3-
HavyaJIbHO LM(pOBU3ALIMS OXBaThiBajla aBTOMAaTHU3a-
110 OU3HEC-TIPOLIECCOB, yiydllleHue nocryna B VH-
TepHET, Pa3BUTHE COIMATBHBIX CETell M BHEpeHUe
HOBBIX yCTpOI7ICTB, TAKHUX KaK IJIaHIETbl U CMapT-
(onmi. Ceituac, ¢ yckopeHreM g poBU3aliu, TexX-
HOJIOTMM CTAHOBSITCS HEOTHEM-JIEMOM YacThio IOBCE-

JTHEBHOW JKW3HU, BKIIOYas chepy oOpa3oBaHUSI.

[udpopuzaims B oOpa3oBaHUU TpeOyeT Kapau-
HAJIBHBIX U3MEHEHMUIA, TaK KaK MPeroaBaTeIy JOIxK-
HBI QIaITUPOBAThCSA K HOBBIM TEXHOJOTUSM M (-
(pexTuBHO MX Ucnonb30BaTh. Hanpumep, BUpTYasib-
Hasi peasibHOCTh (VR) mo3BoisieT coznaBarh udpo-
BbIE MUPBI U CUMYJISILIUK, KOTOPbIE HE OTYUHSIOTCS
(puzryeckumM orpaHUYEHUSIM. DTO PACHIUPSIET BO3-
MOXHOCTH OOyuYeHHMsI, a JUCTAHIIMOHHOEe 0Opa3oBa-
HMe TPeJOCTaBIIsIeT AOCTYI K 00pa30BaTeIbHBIM pe-
cypcam B Jiio0oe BpeMsl U U3 000 TOYKU MUpA.

Ceronus uHdopmaius ABISETCS KPaeyrojabHbIM
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KaMHeM I7100aJIbHOTO Mporpecca, uTo aefaaeT Tpaau-
[IMOHHBIE MOIXO/Ibl HealeKBaTHBIMU. Kak noguepku-
Baet JI.B. IlImenbkoBa, BaxHeHIed XapaKTepUCTH-
KOM JIIOJIeH, MOAXOASIIMX 111 IupPOBOM SIKOHOMU-
KM, SIBJISIETCS MX BJIaJieHNe HM(POBBIMU TEXHOIOTU-
sIMU Y UX NpPUMEHEHHE B MPO(EeCCUOHATBHON Jesi-
TebHOCTH [1].

Jletn, KoTOpble MPUOOpPET HABBHIKK OOIIEHUS B
1 poBOii cpefe 3a npeeaaMu (popMabHOro oopa-
30BaHMs1, 0COOEHHO YSI3BUMBI TIepe]] MOCIeICTBUSIMU
oL POBKHU.

B 1O BpeMs Kak KOHKPETHBIM HaBbIKaM oOOyua-
10T Ha pasHbIX YPOBHSIX 0Opa3oBaHMs, LU(PPOBHIE

l Counnisnue cern I

Flinhaps st
e

ASTopeniazins
NoabI0BaTes

KOMIIETEHIIH MTOCTOSIHHO MPUOOPETAIOTCS U OOHOB-
JISI0TCA HA TPOTSDKEHUM Bcell Ku3HHU. Takum 00-
pazom, g poBU3aIis 00pa30BaHMsI TECHO CBSI3aHA
C BJIaJIEHHEM HACTABHUKAMH COBPEMEHHBIMU TEXHO-
JIOTUSIMU, TTOCKOJIbKY UM He00Xonumo 3¢ (eKTUBHO
BHEJpSATh UX B 0Opa3oBatesbHbIi niporecc. H.H. bu-
TIOIKAs MMOAYEPKUBAET BaXXHOCTh TOTO, YTOOBI YUH-
TeJIsl MPUOOPENT! HABBIKA OPUEHTHPOBKU B TIOTOKE
1 poBOi MH(MOPMAITHH, YMeJI PadoTaTh C HEH, 00-
padaTeiBaTh M UHTETPUPOBATH B HOBBIE TEXHOJIOTHU
[2]. Cucrema 1ppoBOoro oOpa3oBaHusi COCTOUT U3
TaKUX 3JIEMEHTOB, KaK: MH(POPMALIMOHHBIE PECYPCHI,
TEJIEKOMMYHUKAIUY U YIpaBJsioias cucrema (puc.

1).

CMH

Cucresa
YUpaRIEIes

JIHHHOE ¥
OTEKTHRNDE

POCTRICTHO

J

Tecreponamme |
—

Puc. 1 - Cocraasiiommue cucreMbl upoBoro 0d6pa3oBanus

MatepuaJibl 1 MeTObl. Vcrionb30BaHe HOBBIX
TEXHOJIOTUIA, MEXaHU3MOB U aJITOPUTMOB B 00pazo-
BaTeJIbHOM Iporiecce TpedyeT ux 3hpeKTUBHOTO Hc-
NOJIb30BaHMsl. JIUCTaHITMOHHOE Y CMEIIaHHOe 00yue-
HUE MPEIOCTABIIAIOT JIIOASIM OPOMHBIE BO3MOXKHO-
CTU Ui JIOCTyNa K Ka4yeCTBEHHOMY OOpa30BaHMIO,
HE3aBUCUMO OT MX reorpaudyeckoro moJokKeHus U
HUMCIOIUXCA HABBIKOB, a4 TAKXKE C YUYCTOM HX KOH-
KPETHBIX TPEOOBAHUI U BO3MOKHOCTEH.

ITH U3MeHeHHs TpeOyIoT, YTOOBl yuuTens: oona-
JJIM BCECTOPOHHMM MOHUMaHueM g poBor cde-
pbl. [ToaTomy KpailHe BaXXHO YCTAaHOBUTb ~€[IMHBIE

CTaH/APTHl JJIS1 yKe CYIIECTBYIOIIMX M pa3padarhl-
BAEMbIX OHJIANH-KYPCOBBIX IUIAT(OpPM, YTOOBI OHU
MOITIM OBITh MHTETPUPOBAHBl B €AMHYIO CHUCTEMY,
AQHAJIOTMYHYIO “€UHOMY OKHY .

YcenoBust aisi ouudpoBKU MOKHO CPOPMYITHPO-
BaTh CJIEAYIOLIIM 00pa3oM:

1. BceoOwwmil goctymn: pu3nyYecKre Juia u opra-
HU3AIMY Ha Bcell Tepputopun KazaxcraHna, He3aBu-
CHMO OT UX MECTOHAXOKJEHMs, TOKHBI UMEThH HO-
CTyN K UH(OPMAIIMOHHBIM pecypcaM U BO3MOXKHO-
CTSIM, HEOOXOIMMBIM TSI UX JTMYHOM U JIEJIOBOM Jie-
SITEJTIHOCTH, OSCIUIATHO WJIM 32 TUIaTy
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2. IOCTYMHOCTb TEXHOJIOTHI: OOIIECTBO IOJKHO
o0ecreynTh CBOOOMIHBIA JOCTYI K COOTBETCTBYIO-
MM [TU(PPOBBIM TEXHOJIOTHSAM M 00€CIICUUTD TTPaK-
TUYECKYIO PeaM3aLHIO BbIIICYKa3aHHBIX YCIOBHI

3. pa3BuTHe MH(PPACTPYKTYPHI: JOKHA OBITH CO-
3[aHa JIOCTATOYHAs1 MH(PACTPYKTYpa JUTsl MOAICPK-
KM HAIMOHAIBHBIX HMH(OPMAITMOHHBIX PECYPCOB,
HEOOXOVIMBIX ISl Pa3BUTHS OBICTPO SBOJIIOIMOHU-
pymoriero odiectsa. OOIIECTBO JOIKHO T'eHEpUpPO-
BaTh U XPaHUTh BCIO MH(OPMAIIUIO, HEOOXOAUMYIO
1151 ero (PyHKIIMOHMPOBAHUSI, B YACTHOCTU Hay4HbIe
3HAHUS.

4. aBTOMaTH3aIMsL: J0JKHA TTPOUCXOUTh HeTlpe-
pBIBHAsI aBTOMAaTH3aIMs Bcex chep SIKOHOMUIECKON
Y COLIMAJIBHOM JKM3HU OOIIeCTBa.

5. miobajbHOE BIMsHUE: pacIIMpeHue [ud-
pOBOM  JESTENIBHOCTH M MH(OPMAIMOHHO-
KOMMYHHKAIIMOH-HBIX YCITYT TPOUCXOAUT MO BIIU-
SIHUEM TJI00aTbHON TpaHC(OpMAIIU  COITUATTBHBIX
CTPYKTYP.

B nocnenHee Bpemsi pa3paOoTKa M KCIOIb30Ba-
HHE OTKPHITHIX OHJIAWH-PECYpcOB HaOpad 3HAYM-
TEJIbHBIN UMITYJIBC. DTO BKJIIOUAET B ceOsl LIEIBI PsijL
pecypcoB, OT UHAUBUAYAJIbHBIX 3a/IaHAI U TECTOB JIO
KOMILJIEKCHBIX KYPCOB ¥ MOJIYJIel, HAITPaBJICHHBIX HA
(hopmupoBaHre HEOOXOAMMBIX KOMIIeTeHIMI. Pac-
TyIIasi JOCTYITHOCTh OHJIAH-KYPCOB CBUJIETEIILCTBY-
€T 0 TUHAMUYHOM Pa3BUTUU OHJIANH-00y4YeHUsI.

LndpoBusaius oOpa3oBaHUs BBHIXOAUT 32 paM-
KM OHJIAWH-KYPCOB M BKJIIOYAeT B ceOsl pa3BHUTHE
G POBBIX OMOINOTEK U BUPTYAJbHBIX YHHBEPCH-
TETCKUX ropoAkoB. Co3/1aHue ¥ BHEAPEHUE OHJIAMH-
KypCOB TMpearosaraeT MCHOJIb30BaHUE IPOrpamm-
HBIX pELIeHU, KOTOpble O3BOJISIOT COOUpaTh Kyp-
Chl U3 CYIIECTBYIOIIMX MH(OPMAIIMOHHBIX PECYPCOB
Y CMIEUMAIA3UPOBAHHBIX [IPOrPAMMHBIX CPEZ.

OO6pazoBaHue UrpaeT peniallylo pojib B pa3BH-
THU UHTEJUIEKTa JIIoJIel U 00ecrieYeHUH UX BO3MOK-
HOCTH TPYIOYCTPOKCTBA B 3MOXY IU(POBBIX IMpe-
o0pa3oBaHMil. DTO CUUTAETCS OJHUM U3 OCHOBHBIX
IMPUHOUIIOB, C IMOMOIIBIO KOTOPBIX Pa3BUBAIOTCA U
COBEPIIEHCTBYIOTCSI HaBBIKM COTpPYAHMKOB. OcBau-
Bas I(PPOBU3AIMIO, IIIKOJIBHUKYU U CTYJICHTHI MOTYT
NOJTyYuTh OoJiee ITyOOKOe MpeCTaBIeHHE O Pealib-
HOM MHpE, OCOOEHHO O COBPEMEHHBIX TEXHOJIOTHSIX

[3].

HccnenoBanus nokassBaioT, YTo yke 37 IpOLeH-
TOB 00pa30BaTe/IbHBIX OPraHU3alMi 10 BCEMY MH-
Py TPUMEHSIOT WCKYCCTBEHHBIN MHTEJUIEKT, BKJIO-
yasg 4ar-00ToB, i yueOHoro mpouecca [4]. Cry-
JEHTHl ¥ YUYEHUKHU BBICOKO OLICHMBAIOT B3aMMOJICH-
CTBHE C MPOrpaMMON M CUMTAIOT, YTO OHA CIIOCOO-
CTBYeT JIy4IlleMy OOy4eHHIO, 110 CPAaBHEHHIO C Yesio-
BekoM. Teneps gaBaiite pazoepemcs, 4To MPeACTaB-
JISTIOT COOOH YaT-00ThI ¥ TOYEMY OHHM BOCTPeOOBaHbI
B 00pa30BaHUU.

Ha ocHoBaHMM WuCCIEIOBaHUS WCTOJB30BAHUS
4yar-00TOB B 0Opa30oBaTeIbHOM Ipoliecce, MOKHO
BBIJICJTUTH CJIEYIONIUE PEKOMEHIAIIY [Tl TTOBBIIIE-
HUS UX 3(pPEeKTUBHOCTH:

1. IpeumymmectBa wucnonp3oBanus Telegram-
00TOB B 0Opa30BaHUU:
* BbicTpas KOMMYyHUKalMsI MEXKAY CTYJeHTa-
MH ¥ [IPernofaBaTeIsiMu.

* YyacTre 1 BOBJICUCHHOCTh B 00pa30BaTelib-
HBII TIpOLIECC.

* VnoOHOoe XpaHeHHWEe MaTepualioB Kypca U
padoT CTYIEHTOB.

* OtcyTcTBHE HEOOXOOMMOCTH 3arpykaTh J0-
TIOJTHUTETbHBIC TTPUJIOKECHUS.

e becmarHOe UCIIONIB30BaHME.

2. HemoctaTkm  WCHOB30BaHUS
00TOB B 0Opa30BaHUU:
* Bo3MoxHOe yBennueHue Harpy3ky Ha Ipe-
HoJaBareJis.

Telegram-

* OtB/IeUEHUE CTYJEHTOB OT OCHOBHBIX TeM
0OCYXIEeHUSI WM B3aUMONCWCTBHE C APYTUMH
yYaCTHUKAMH yara.

* HeoOxonumocTb Hammuus cMapTgoHa ¢ A0-
CTYIIOM B UHTEPHET.

* BosmoxkHas norepss MH(pOpMALUK, XpaHs-
IIeiics Ha MOOMJIBHBIX YCTPOMCTBAX.

3. Yar-60THI B 00pa30BaHUM JOJIKHBI OBITH TIPO-
CTBIMH, OBICTPHIMHU B TIOMCKe MH(OPMAIMU U 00eC-
neyrBaTh OE30MacHBIA JIOCTyN K Hell. VX wmHTep-
(eiic momxkeH ObITh MOHATHBIM U YIOOHBIM ISt
nosib3oBaresieil. Takvue UHCTPYMEHTH KOMMYHHKA-
IIUM TIOMOT'YT YCKOPUTb M YIPOCTUTh B3aMMOJCH-
CTBHE MEXIy CTYyICHTaMH W IperogaBaTesisMu,
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9KOHOMSI BpeMsl.

4. Yar-00TbI MOTYT MCIIOJIb30BAThCSI /711 IIPOBE-
JEHHS TEMATHYECKUX OHJIAH-KBECTOB, MPEI0CTaB-
JIeHWsI HOBOTO MaTeprasia U pa3BUTHsI KOMMYHHUKa-
MY MEX/1y TIperofiaBaTesisiMi U cryaeHTamu. OHu
TaKke MOTYT CIOCOOCTBOBATh BOBJICUCHHIO CTY/ACH-
TOB B HOBbIE (DOPMBI OOyUEHHUsI U TIO3HABATEILHON
IESATEIBHOCTH.

OmHMM W3 OCHOBHBIX IPEUMYINECTB YaT-O00TOB
SIBJISIETCS. WX IIUPOKAasi MOMYJISpHOCTh. OTIpaBKa
COOOIIICHUI Yepe3 MeCCeHKephl yIoOHa M He CO-
3[aeT JIOTIOJTHUTEIbHOW HArpy3KM Ha TPUJIOKEHUE.
KommyHukanuss B 4ar-0otax Kparkas, uH(pOpMa-
TUBHas ¥ ObicTpas. Biaromapst sToMy niegaroru Mo-
TyT OBICTPO M JIETKO YCTaHABJIMBATh KOHTAKT C yYCHU-
KaMH 1 CBOEBPEMEHHO Tiepe/iaBaTh UM BCIO BaXKHYIO
uHpopmanuio [5].

D PeKTUBHOCTh B3aUMOACUCTBUS 1 KOMMYHHUKA-
UM MEXAy NpenojaBaresisiMi U yYeHUKaMu, ajian-
Talus K W3MEHSIONIMMCSl YCJIOBUSIM M YCHEIIHOE
BHEJI[pEHUE HOBBIX TEXHOJIOTHI B 00pa30BaTeIbHbIN
MpoIlecC BIMSIOT HA Pa3BUTHUE CUCTEMbl 00pa3oBa-
HUS ¥ TOCyJapcTBa B 1eioM [6].

O6cyxaenne u pe3yabTaThl. [Ipu mudposusa-
UM OM3HEC-TIPOIIECCOB M BHEIPEHWU 4YaT-00Ta B
OpraHu3aIyIi0 HEOOXOOVMO OIEHUTh uX 3¢ dek-
TUBHOCTb U IieiecooOpa3HocTh. [Iisi 3TOro Mox-
HO UCIIONIb30BaTh SI3BIK MOJEIMPOBAHUSI OU3HEC-
nporieccoB BPMN (Business Process Model and
Notation), KOTOpBII TTOMOXET OMUCATh U BU3YyaJIU-
3UPOBATH MTPOIIECCH M UX PETU3AIINIO B PA3IMIHBIX
CHCTEMaXx yIpaBJICHHS.

BPMN sBinsieTcss COCTaBHOM YacThbIO IBYX OCHOB-
HBIX KOMIIOHEHTOB:

- BPM (6usHec-niporieccCHOe MOJETHPOBAHUE) -
3TO Ccpela, B KOTOPOW Bbl AKTUBHO YYacTBYETE B CO-
3[IaHUM MOJIEJIEH, KaK B OIMHOYKY, TaK Y B KOMaH[IE.

-BPMS (cucrema MogenupoBaHusi OusHec-
MPOIIECCOB) - 3TO HMHCTPYMEHTHI, KOTOpbIe MO3BO-
JISIOT BBINIOJIHUTL CO3/1aHHBIE BamMu Mmopenu. Ilpu-
MepaMu TakMX HMHCTPYMEHTOB sBIsAOTCS Bizagi,
Comundo, ELMA wu apyrue.

Coznanne BPMN-nuarpammel 17151 06pa3oBateib-
HOTO IIeHTpa TpeOyeT 3HaHUU B oOnacTu OusHec-
aHaimmsza; BPMN-Monenp He orpaHuyMBaercs npo-

CTBIMM KAPTMHKAMU U JuarpaMMaMu, KOTOpPbIE MOXK-
HO HapucoBaTh B rpapuyecKoM peilakTope. BaxkHbiM
aCIEKTOM SBJISIETCS NPaBWJIbHASL CTPYKTypa U IIO-
CJIEI0BATEIIBHOCTD IPOLIECCOB.

UroObl TMOKa3aTh, KaK MPUHLIUIBI OU3HEC-
MOJIETUPOBAHMST  Peaqu3yloTcsl B COOBITHITHO-
MPOLIECCHOW HOTAIlMM, PACCMOTPUM IIpUMEp Mpo-
1iecca, KOTOpBIA BXOJUT B KOHTPAKT Kypca OW3Hec-
aHAJIM3a B COBPEMEHHOW 00pa30BaTEIbHOM IITKOJIE.

1. Hpouecc Ha4YMHACTCA C TOIro, 4YTO 3aKa34YHuK
OCTaBJIACT 3a4BKY Ha caure.

2. Ha ocHoBaHuM 3aBKM MeHeaxep (popMupy-
€T KOMMEpPYECKOe MPEJIOKEHUE, KOTOPOE, B 3aBU-
CHUMOCTH OT IPEJOCTaBJICHHbIX KOHTAKTHBIX JaH-
HbIX, O3By4MBaeTCs N0 Tejie(hOHY MM OTIpaBIIseT-
Cs1 Ha JIEKTPOHHYIO MOUTY KJIMEHTA.

3. KiueHT npuHMMAaeT pelieHre Ha OCHOBAHUM
npejiokeHusi. ECM KJIMEHT He KeJlaeT MPOXOIUTh
oOydJeHue, Iporecc padoThl C HUM 3aBEpIIACTCSI.

4. Ecnu KJMEHT COrJIaceH C YCJIOBUSIMH, OH CO-
00IIaeT MeHeKepy O CBOEM HaMepEeHUH 3aKJIio-
YUTh JIOTOBOP M MPENOCTaBiIsieT HEeoOXOOU-Mble
JaHHBIE.

5. MeHeqxep roTOBUT NPOEKT OroBopa U OT-
IPaBJISIET €ro KJIMEHTY Ha COINIACOBAHME.

6. Eciu y KiveHTa HeT BO3paXeHWM, JOroBOp
HOJIMCHIBAETCSA, U MTPOLIECC 3aKJII0YEHHS I0r0BOpa
3aBepiuaercs. HaunHaeTcs nporecc omarhl, KOTo-
Pblil ONKMCaH HA JPYror CXeme.

7. Ecim mo mpoekTy JOoroBopa e€cTb BO3pakKe-
HUS, KIMEHT BHOCUT UBMEHCHUS U OTIIPABJIACT €TI0
MEHeLKepy.

MeHenzkep roToBUT HOBBI IIPOEKT I0rOBOPA U OT-
IpaBJisieT ero oOpaTHO KJIMEHTY Ha YTBEpXKICHHE,
NOBTOPSIA 1ary 5-7.

YTtoOBl yNy4lIUTh TMOHUMAHWE JUArpaMMbl, MbI
pasIeNuIM TIPOIIeCC Ha JBE YacTh: 00pabOTKY 3asiB-
KU Y 3aKJTII0ueHre JoroBopa. Kimenra npencrasisiem
BHEIITHUM 3aKPbITHIM TTYJIOM, C KOTOPbIM B3aUMOJIEH-
CTBYeM 4epe3 MOTOKU COOOIIeHU . [{J1s1 KOMIaKTHO-
ro pa3MeIleHuUs NEMEHTOB AUarpaMMbl Mbl TIpe/y-
CMOTpeJI 00XOJT TOTOKA COOOIIEHUT MEXIy TyJa-
MU, YTOOBI N30ekKaTh NepeceueHril JIMHUN U yIIpo-
CTUTh Auarpammy (puc. 2).
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Puc. 2 — BPMN-agunarpamMma st 00pa3oBaTeJIbHOTO IeHTPa
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TIpoBeaeHHE MEPONPHATHI 11O

] YCTPaHEHHEO BEIABIEHEBIX
HEJO0CTATKOE H MOBBIMIEHHIO

3texTHBEOCTH OH3HEC-
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4. Onenka peHTa0e 1HOCTH TEKYIIHX B
Jo00aBmeHHBIX OHIHEC-MPOLECcOB

J nponecca

TMOSHUHH YIIPAENE€HHA IEHEKHBIMH AKTHEAMH

[ 5. Ouenxa sdpeXTHEHOCTH GHIHEC-IIPOLIEcEa C

[ TIO3HITHH THGPOBH3AHH

6. Ouerxa OH3HEC-TIPOLECCOB OPTAHHIAIHHA C

Puc. 3 — Anroputm oneHKH 3(P(peKTHBHOCTH MOIeJIMPOBAaHUS OM3HEC- MPOIECCOB KOMIIAHUH B YCJIOBHUSIX
muppoBu3aIun

B xome paOoThl ObLT pa3paboOTaH COOTBETCTBYIO-
Ui anroput™ (puc.3) 11 oLeHKH 3P PEKTUBHO-
CTH MOJEIMPOBaHUsl OM3HEC-TPOLIECCOB KOMITAHUU
B YCJIOBHSX IM(POBU3AIMU. DTOT AJITOPUTM TIpe[-
CTaBJIsIeT cOOOM MOAPOOHYIO CXEMY C OIpe/le/IeHHBI-
MU BapHaHTaMM MCIIOJHEHMsI 3TAaroB U NpUHUMAae-
MBIX peLleHU, BKJII0Yasl KaK MOJOKUTENIbHBIE, TaK U

oTpulaTeIbHble UX pa3BUTUs. Bee 310 0TOOpakeHO
B rpapuueckoM BHJE.

AnropuTm O11eHKH 3(PHEKTUBHOCTU MOAEIMPOBa-
HUs1 OU3HEC-TIPOIIeCCOB KOMITAHUY B YCJIOBUSIX LTU(D-
POBM3AIINK, HAYMHAETCSl C WCCIIeIOBAHUS OM3HEC-
npoliecca, ero OpraHu3aluy, CTeNeH! BHITIOTHEHUS,
B TOM uucje oouier omneHKU. CleayionmM 3TarnoM
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B IIPEUIOKEHHONM METOAMKE SBJISIETCS OLEHKAa OKY-
MaeMOCTH TIpeAJIokKeHHOro Om3Hec-mporecca. [laH-
HBI 3Tall SIBJISETCS PACUETHBIM, PACUET OKYIaeMo-
CTU NPEJIOKEHHOTo OU3HeC-IpoLiecca OCYIIeCTBIIA-
ercs no gpopmyie (1):

T10 = UC/AMn (1)

rae T10 — nepron OKynaeMoCTH MPeIoKEHHOTO
Ou3Hec-TIporiecca;

NC - cymMma HMHBECTULIMOHHBIX CPEICTB, KOTO-
pble HampaBJieHbl Ha peaM3alldio MpeaiaraéMoro
Ou3Hec-Tporecca, ThIC.TT.;

JIIn — cpenHsist cymMMa JEHEeKHOTO MOTOKA OT pe-
IM3alMK TIpejyiaraeMoro OusHec-mporiecca, (3apa-
OOTHasI TJ1aTa OJHOTO OIepaTopa) ThIC.TT.;

N — KOJIMYECTBO MEePHOIOB, B TAHHOM ciyyae 1.
IO =1600/170 *12 = 0,76 roga = 8 Mmec.

XapakTepu3ys BbIILIEYKa3aHHBII [TOKa3aTelb, Clle-
AyeT oOpaTUTh BHUMaHUE HA TO, YTO OH MOXET OBITh
UCIIOJIb30BaH 11 OLEHKHU He TOJBbKO 3P (PEKTUBHO-
CTH TIpeJIaraéMoro OM3Hec-1porecca, HO U ypOBHS
PUCKOB.

TMocseyoImuM 3TaroM B aJIrTOPUTME OLIEHKH -
(beKTMBHOCTH MOJICTMPOBAHKS OM3HEC-TIPOIIECCOB
KOMIIaHUM B YCJIOBUSX LU(POBU3ALMU SBIISETCA
pacyet 100aBJICHHOW CTOUMOCTH.

JloGaBieHHass EHHOCTh CIIYKHUT TEOPETUYECKOM
KOHIIETIIMEN, KOTOPasi BBIPAKAET COOTHOLIEHUE Phbl-
HOYHOW CTOMMOCTHU U (PaKTUYECKH MTOHECEHHBIX 3a-
TpaT OT MpejiaraeMoro OusHec-mporecca. Bemnuu-
HY J00aBJIeHHOM [IEHHOCTH (AV) MOXHO PacCuuTaTh
o hopmyzie (2):

AV = Va-Vb (2)

Va — 1ieHHOCTb OM3Hec-TIpoliecca 1mocje 00padoT-
KU,

Vb — 1ieHHOCTh OU3HEC-TIpoliecca nepen 00padoT-
KOH.

AV =3 656 000 — 3 000 000 = 656 TbIC. TT

C penblo oneHKM 3(P@QEKTUBHOCTH MOAEIUPO-
BaHMsl OW3HEC-TIPOIIECCOB, KOTOpbIE J100ABISIOT

9KOHOMMYEC-KYIO LIEHHOCTh (3aTparbl), Ha OTIEJIb-
HOM OW3Hec- Tporiecce JaHHYI IEHHOCTh MOKHO
BBIPA3UTh B BUJIE OINPENEICHHOIO YAEIbHOIO IMOKa-
3aress.

OneHka peHTaOeNbHOCTH TEKYHIMX WM J00aB-
JIEHHBIX OW3HEC-TIPOIIECCOB — CIIEAYIONUI ITal B
pa3paboOTaHHOM aIroputMe OIeHKU PPEeKTUBHO-
CTH MOJIEJTMPOBAHUSI OM3HEC-TTPOIIECCOB KOMITAHHH B
ycaoBUSX M poBU3ALIMU. JaHHBIA MTOKA3aTeNb sIB-
JISIETCSI OTHOCUTENILHBIM YPOBHEM MTPUOBLIBHOCTH OT
npeasiaraeMoro Ou3Hec-mporecca B KOMIIaHUH.

PeHtaGesbHOCTh  TEKYIIMX WM J100aBJIEHHBIX
6usHec-niporieccoB (P) paccunteiBaercst mo ¢gopmy-
e (3):

P=I1/B 3)

IT — npubbLIb OT TEKYIIUX WM 10OaBJICHHBIX
OU3HEC-TIPOIIECCOB B OpraHU3AIINH, THIC.TT.;

B — BBIpyuka OT TEKyHIMX WM J100aBIEHHBIX
OU3HEC-TIPOIIECCOB B OpraHW3aIllH, ThIC.TT..

P =1200 /2450 =0,49 = 49%

B ycnoBusix nonydeHust ONTUMAJIBHOTO 3HAUYEHUS
(60mee 4%), NOBBIIIEHHS €r0 B JUHAMUKE (B CpaBHE-
HUM C TEKYIIUM IOKa3aTesieM, TO eCTh MoKa3aTejlemM
OTYETHOTO TIepro/ia), HEOOXOTUMO MEPENTH K CIIeTy-
IoIieMy 3Tary B pa3padoTaHHOW MeTomuke. B ycio-
BUSIX 3HA4eHM S 10 4%, COKpAIlleHUsI €r0 B IMHAMU-
Ke, CleqyeT MPOBOAUTh MEPOIPUATHSA MO yCTpaHe-
HUIO BBISIBJICHHBIX HEJAOCTATKOB U MOBBIILIEHUIO (-
(bexkTMBHOCTH MOIETMpPOBaHUs OW3HEC-TIpoliecca B
KOMITaHWH, YTOOBI BIIOCJICICTBUM BEPHYTHCS K ITa-
Iy U MEPEUTH K MOCTIeAYIIIEeMY 10 pa3paboTaHHOM
meToauke [7].

OneHka 3(ppeKTUBHOCTH OU3Hec-Mpolecca ¢ Mo-
3ULMM YIIPABJIEHUS JIEHEKHbBIMUA aKTUBAMU — IATHIN
9Tall B aJIrOpUTMe OLIEHKU 3(PPEKTUBHOCTH MOJe-
JIMPOBaHMSI OU3HEC-TTPOLIECCOB KOMITAHUH B YCJIOBU-
ax uugpouzauuy. Ha naHHOM sTane mpoBoauTcs
pacyer Mo OCHOBHBIM MOKazaTessiM 3(PHEKTUBHO-
CTH: CTENIeHU YYacTHsl JEHEXKHBIX aKTHBOB OM3HEC-
IIPOLIECCOB B COBOKYITHBIX OOOPOTHBIX aKTUBAX Opra-
HU3AIUH, CPEIHEMY TIepHUOLy 000pOTa M KOIMYeCTBa
000pOTOB JIEHEXKHBIX aKTMBOB OM3HEC-TIPOLIECCOB B
paccMaTpUBaeMOM IEPUOJIE, KOJIMUYECTBY 00OPOTOB
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CPEIIHEro OCTaTKa JEHEKHbIX aKTMBOB B pACCMATPU- BbIX MHBECTUIIMI Ui OM3HEC-TIPOIIECCOB, a TaKkKe
BaeMOM TiepHofie JIJIsl OU3HEC- MPoIeccoB, KO3 @U- TIAHUPYEMON CyMMBI OTIEPAIIMOHHOTO OCTaTKa Jie-
[IMEHTY PeHTa0ebHOCTH KPAaTKOCPOUHBIX (DMHAHCO- HEKHBIX aKTHMBOB OM3HEC-TIporieccoB (Tadm. 1).

Tao6uuma 1 — IMoka3aTesn 3¢p(heKTUBHOCTH MO/1eJIUPOBAHNS OU3HEC-TIPOIleCcca C MO3HIINU
yIpaBJieHHs JeHeKHbIMI aKTHBAMU

IHanmeHoBaHue nokasareiis

CynHocTh nokaszaresist

Pacuer (popmyna c nosicHeHusiMm)

CreneHb yyactus
ITeHEKHBIX AaKTUBOB
OU3HEC-TIPOLIECCOB B
COBOKYITHBIX OOOPOTHBIX
AKTUBOB OpraHM3aluK
(KY)

ITokasbiBaeT cTeneHb ydacTtud
JEHEXKHbBIX aKTUBOB
HPENPUSITHS B 000POTHOM
KaruTase B yCJIOBUSX
peanu3arm
OU3HEC-TIPOIIECCOB

KY = 1A/ OA

HA — cpefHui OCTaTOK COBOKYITHBIX
JEHEKHBIX aKTUBOB, ThIC.TT.;

OA — cpennsisi cymma 000pOTHBIX
aKTHBOB OpPraHU3allvy, ThIC.TT.

Cpennuii nepuos o0opota
M KOJIMYECTBO 0OOPOTOB
ITeHEKHBIX AaKTUBOB
OV3HEC-TIPOLIECCOB B
[paccMaTprBaeMOM
nepuone (I10)

IMokasbiBaeT cTerneHb
000pauNBAEMOCTH AKTUBOB B
YCJIOBUSIX peajii3aliuy On3Hec-
HPOIIECCOB

nO =JIA/PIA
PJIA — ogHOIHEBHBIA 00BbEM
PacxooBaHKsl JEHEKHBIX CPEJICTB, THIC.TT.

KommuecTBo 060poTOB
CpeIHero ocTaTka
ITEeHEKHBIX aKTHBOB B
[paccMaTprBaeMOM
repyoe st Ou3Hec-
rpoueccos (KO)

IToka3biBaeT crerneHb
O60pa‘II/IBaCMOCTI/I CpeaHEero
OCTaTKa JC€HCXKHBIX aKTUBOB

KO =PIAo / 1A
PIIAo — o61mmii 00beM pacxoqoBaHUsI
JeHEXHBIX CPEJICTB, THIC.TT.

Koagdunment
[PEHTa0ETbHOCTH

K PaTKOCPOUHBIX
(pHAHCOBBIX MHBECTUIIUI
ISt OM3HEC-TIPOLIECCOB
(KPxdmn)

ITokasbIBaeT CTENEHb
PUOBLTLHOCTH
KPaTKOCPOUHBIX (PMHAHCOBBIX
WHBECTULIVN JIJIS
OU3HEC-TIPOIIECCOB, TO €CTh
9KOHOMUYECKYIO
11eJ71ecO00pa3HOCTh UX BBOZIA

KPxkdu = 11/ KPU

IT — cymma nprObLTH, KOTOpast OITydYeHa
OpraHu3aluel OT UHBECTUPOBAHUSI,
TBIC.TT.

[Mnanupyemas cymma
OIEPAIMOHHOTO OCTaTKa
NEHEKHBIX AaKTUBOB
ousHec-mporieccos ([]ao)

IMoka3zpiBaeT MoTpeOHOCTD B
OCTaTKax JEHEKHbIX AKTUBOB
OU3HEC-TTPOIIECCOB B YCIIOBUSIX
peanuzanyu
OU3HEC-TTPOIIECCOB

HAo =n0 /RO

O — raHupyeMblii 00beM
OTPHULIATENLHOTO AEHEKHOTO MOTOKA,
TBIC.TT.;

KO - xonmuecTBo 000pOTOB CpeHEero
OCTaTKa JIEHEKHbIX AKTUBOB 10 I1JIaHY.

Takke Kak U ObUIO YKa3aHO paHee, MpH I0JI0-
KUTENBbHOU OIleHKe OM3Hec- IMporecca ¢ MO3ULHU
yIpaBJIeHUs] IeHEKHbIMU aKTUBaMH (IIPUPOCTE B U-
HaMMKe, HallpuMep B CPaBHEHUHU C OTUYETHBIMH I10-
Ka3aTeJIIMHU), BBIIOIHAETCS CIIEAYIOIUH 3Tall, a Py
COKpalleH!H, HeOOJbIIMX 3HAYEHUSX — IPOUCXO-

JUT KOPPEKTUPOBKA CYIIECTBYIOUIEH WM BBIOpaH-
HOM CTpaTeruy YIpaBJieHUsl AEHEKHBIMU aKTUBAMU
B KOMIIAaHMH, YTOOBI TaKkKe BEPHYTbCS K TAHHOMY
9Tany, JOCTUYb 3aIlJIAHMPOBAHHBIX LIEJIeH 1 3a/1a4.

BBIBO,[I])I. CYIJ_ICCTByeT MHOXKECTBO IIOAXOOJOB M
IMPUHIMUIIOB I MOIEPHU3alun O6pa3OBaTeJIbHOF0
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npouecca. OOHUM W3 KJIIOUEBBIX ACHEKTOB SIBJIS-
€TCsl MOTUBALMS U 3aMHTEPECOBAHHOCTh YYEHUKOB.
BricTphie TeXHOMOrMYECKe U3MEHEHU S CYIIIECTBEH-
HO M3MEHWJIY OKMJIaHHUSI JIeTel OT yueOHOro Mporiec-
ca. TpaaguLIMOHHBIE METOABI YKE HE BBI3BIBAIOT Y HUX
UHTEpeC, MO3TOMY TeJjaroraM HeoOXOOUMO aJarTH-
pOBaThCs K COBPEMEHHBIM TPeOOBAaHUSM U HMCKATh
HOBBIE TTOJXO/IbI B OOYYEHUM.

OTa TeH/IeHLIMs BbIHYKIAeT yUuTeNeil UCKaTh UH-
HOBAIIMOHHbIE METO/Ibl Pa0OThHI, YTO, B CBOIO Oue-
pelb, MPeaoCTaBIsAeT UM BO3MOXKHOCTh Pa3BUBATh-
Csl, yAy4lllaTh CBOU IEAArOrMYecKue HaBbIKU U OT-
KpbIBaeT HOBbIE TOPU3OHTHI [UISl TIPETroJaBaHuUsl.
[TpaBrIbHO MOIOOPaHHBIE METOIBI OOYYEHHS TIOMO-
raioT y4YuTeNIsIM 3aBOEBATh YBaXKEHHE YUYEHUKOB U
MOAJePKUBATh MX UHTEPEC K yueoe.

BricTpble M3MeHeHust B 00LIecTBe TpeOyIoT orle-
paTUBHOM aJanTalyy METOAOB IpenojaBaHusi. Yem
ObICTpee yuHTes sl OCBAMBAIOT HOBBIE BO3MOXHOCTH
¥ YYUTHIBAIOT MOTPEOHOCTH YYEHHWKOB, TeM Oolee
3(p(EeKTUBHBIM CTAHOBUTCSI OOPA30BATENbHBINA TPO-
necc. KayecTBo 3HaHUM, MOyYEHHBIX B IIKOJE, Ha-
NpsMYIO BJIMSET Ha YpOBEHb KBaTU(pUKALUKU OyIy-

X ClICHUAIMCTOB B pa3/IMYHbIX 00J1aCTsX.

Lenp nmaHHOM paboTHl 3aKiO¥anach B paspa-
00TKe W BHEAPEHUHM METONOB IM(pOBU3AIMU IS
OW3HEC-TIPOLIECCOB B 00Opa30BATENIbHBIX IEHTPaX.
3TO NO3BOJIMT ONTUMU3UPOBATH MHOXKECTBO OM3HEC-
IIPOLIECCOB, MOBBICUTH IPOU3BOAUTEIBHOCTD U YJIy4-
IIATh B3aUMOJEWCTBUE C KJIMEHTAMHU.

AHanmM3 moKazan OCOOEHHOCTH MOJEIMPOBAHUS
OW3HEC-TIPOLIECCOB B YCJIOBHAX LU(POBU3ALINM, Ta-
KM€ Kak paciypeHue (pyHKLUUI CreluannucToB, Uc-
NOJIb30BaHUE Pa3IMYHBIX LM(MPOBBIX HMHCTPYMEH-
TOB M TEXHOJIOTHH, a TAKXKe aBTOMaTU3alMs IpoLiec-
COB.

Ha ocHoBe ucciiefoBanus Obuia pazpadoTaHa Me-
TOIMKA MOJIEIMPOBAHUST OM3HEC-TIPOIIECCOB C yue-
TOM IMQpoBU3aIMU. DTa METOOMKa TMPeICcTaBIs-
eT coOOW YHWBEpCAJIbHBIN TMOAXOA K W3YyYCHHUIO U
OLICHKE IMPOIIECCOB, BKJIIOYAIOLIMI COOTBETCTBYIO-
1ive (pakTopbl U MHCTPYMEHTHI [Ts IOCTHKEHHUSI T1e-
JIel, Co3/1aHMsI KOHKYPEHTHOM Cpelibl Ha PhIHKE, CO-
OTBETCTBUSI MUPOBBIM CTaH/IApTaM U yJTyUIlleHUsT Ka-
YecTBa B YCJIOBUSIX COBPEMEHHBIX MOTPEOUTETbCKUX
TEH/ICHIIUM.
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IOCTPOEHME TPAEKTOPHUH JJI1 BECIIMJIOTHBIX AIIIIAPATOB C UCIIOJIb30BAHUEM
INPOT'PAMMHOTI'O ITAKETA MISSION PLANNER I UCCJIEJOBAHUM A BOJAHBIX OB BbEKTOB

12M.T. Kaptei6aeBa , 'A.JI. AaunoBa, 27K.0. Opaadekosa, 'T.A. Tioren6epanHosa,
SH.M. Kamumesa

'Enpasuiicknii HamoHansHbii yausepeuter um. JI. H. T'ymunesa, Acrana, Kasaxcran,
2 Astana IT University, Acrana, Kazaxcran,
3 «VIHCTUTYT 3aKOHO/IATENLCTBA M NPaBoBoil MHopmatyu Pecry6miku Kasaxcran»

MunucrepcTBa octuriuu Pecryonuku Kazaxcran, Acrana, Kazaxcran,
*Koppecnonzent-asrop: makkenskii @mail.ru

J1s1 3¢ppeKTUBHOTO yrpaBiieHHs IBHKEHHEM OECIMIOTHBIX JIeTaTebHbIX M IUIABATEJIbHBIX almapaToB
npumensiercss HEX Pixhawk 2.1 CUBE ORANGE-+ B kom1uiekce ¢ mporpaMMHbIM raketom Mission Planner.
Llens craThy 3aKiT09aeTcsl B pa3padoTKe 3(p(PeKTUBHBIX METOJOB MOCTpoeHus Tpaektopuu 1isi BITA c 1e-
JIbIO TIOBBIIIEHUSI TOYHOCTH M OE30MacHOCTH aBTOHOMHBIX Muccuil. Llens maHHOrO mccienoBanus paspa-
00TKa M anpoOalysl METOIOB MOCTPOEHUsI TPAEKTOPUI /1Sl OECITMJIOTHBIX allapaToB, aHAIN3 JIBUKEHUS
MOOUJIbHBIX POOOTOB C YyUETOM BO3JENCTBUS TeueHUs. PaccMaTpuBaloTcsi pa3iiMuHble napameTpsl Mosera,
TaKMe Kak BBICOTA, CKOPOCTb M KypC, a Takxke meroanl ynpasieHusi BITA B cooTBeTcTBUM € 3aJaHHBIMU
nensvu. Ocoboe BHUMaHUE yaensieTcst 0e30MacHOCTH M HACTPOWKE JIaTYMKOB U YCTPOWCTB, HEOOXOMMMBIX
1711 aBTOHOMHOTO TosieTa. ABTOPCKHME Pe3yJIbTaThl BKJIIOYAIOT B ce0sl pa3pabOTKy ajJrOpUTMOB IIAHUPO-
BaHUS TPACKTOPUH, OLCHKY BJIMSHHS TEUCHHUS Ha JBIKEHHE poOoTa, a Takke pa3pabOTKy MpOrpaMMHOIO
oOecrieyeHus1 Il OJMy4eHUs] 1 0OpaOOTKM JaHHBIX O MOPCKOM JHE. [[/1s1 HarIsIHOCTH 1 aHau3a Mpef-
CTaBJIeHbI TPa(PMKU M BBIUMCIUTENIBHBIE PE3YJbTAThl, IEMOHCTPUPYIOIINE BIMSIHUE CKOPOCTU TEYEHUs Ha
TPAEKTOPHIO IBMKEeHUs poOoTa. Tak:ke onmcaHsl METO/Ib pa3padOTKU MPOrpaMMHOTO 0OecTieueH sl TS TIo-
JIydeHust 1 00paOOTKH JaHHBIX O TIIyOMHE JHA ¢ Uctonb3oBaHueM ooopynoBanuss HEX Pixhawk 2.1 CUBE
ORANGE+ 1 3X0JI0KallMOHHOTO ycTporcTBa. IlosyueHHble pe3ynbTaThl UMEIOT KaK TEOPETUYECKYIO, TaK
Y IPAaKTUYECKYI0 3HaYU-MOCTh. B TeopeTueckoM acreKkTe MpeajioKeHHbIe METObl MO3BOJISIOT Oosiee -
(pextBHO ynpasnats BIIIIA u aHanM3uMpoBaTh UX MOBEAECHUE B PA3IMUHBIX YCJIOBUSAX. B mpaktnueckom
IUJIaHE 3TO OTKPbIBAET HOBBIE MEPCIIEKTUBHI [J1s1 UCCIIEA0BAHMS MOPCKOTO JJHA U MPOBE/ICHUSI aBTOHOMHBIX
MUCCHIA C BBICOKOH TOYHOCTBIO ¥ O€30MaCHOCTHIO.

KimoueBrple ciaoBa: IIAHUPOBAHUEC TPACKTOPUH, HABUTALIUA, YIIPABJICHUC, OECIIMIIOTHBII arrapar,
HUCCIIEOJOBAHUE penbe(pa JHa.

CY OBBEKTUIEPIH 3EPTTEYTE APHAJIYAH MISSION PLANNER BAFJAPJIAMAJIBIK
IAKETIH ITAHIAJIAHA OTBIPBIIL, IPOHIAPFA APHAJIFAH TPAEKTOPUSHBI KYPY

12M.I. 2KapTtoi6aeBa , 'A.JI. AauHoBa, 27K.0. Opanéekosa, 'T.A. Tioaen6epanHoBa,
3H.M. ’Kamumesa

JI.H. T'ymunes atsiaaarsl Eypasus yaTTHIK, yHUBepcHUTeTi, Actana, Kasakcras,
2Astana IT University, Acrana, Ka3zakcraH,

3KazakcraH PecnyOnukace! Qainer MuHucTpiirini «Kazakcran PecryOnukacbiHblH 3aHHaAMa jKoHE
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YIIKBIIICHI3 YIITY *KOHE KY3€TiH annapaTTapAblH KO3FalIbIChH THiMAL Oackapy yiriH HEX Pixhawk 2.1
CUBE ORANGE-+ Mission Planner 6araapnaManibik akeTiMeH 0ipre KoaaaHbUIabl. Byt ®KyMBICTHIH MaK -
caTbl aBTOHOM/Ibl MUCCHUSUIAPAbIH AQJIIINT MEH KAyIICI3AiriH apTThIpy YIIiH Y HIKBIIICH3 KY3€TiH anmnapar-
Tap YIIiH XY3Yy KOJAAPbIH CATYJbIH THIMII 9MiCTepiH a3ipiey Oosbin Tabbutaabl. By 3eprreynid mMak-
caTbl TOKTAPABIH 9CEPiH €CKepe OTBIPHIN, MOOMIIBI POOOTTAPABIH KO3FAIBICHH TaJIIAH OTBIPHII, YIIKBIII-
ChI3 KOJIKTEP/iH TPACKTOPUSIAPBIH KYPY S/ICTEpiH d3ipiey XKoHe ChlHAYy OOJIBIN TaOblIaabl. JKbIIIaMabK
’KoHe OaFbIT CUSKTBI KY3Y/iH 9pTYpJli apameTpliepi, CoHAa-aK Oe/riieHreH MakcaTTapra Colkec YIIKbIIl-
ChI3 JKY3€TIH anmaparrap 6ackapy oicTepi KapacThlpbliaabl. ABTOHOM/IBI XKY3yre KaKXeTTi CeHCopiap MeH
KYPbUIFbLIApAbIH Kayilci3airi MeH KOH(UIypalusaChiHA epeKlle Ha3zap ayaapbliafbl. ABTOPAbIH HOTHUKE-
JiepiHe TPaeKTOPHIHBI KOCTIapiay alTOPUTMIEPIH Kacay, TOKTapAblH poOOT KO3FaJIbIChIHA dCEPiH Oarasay,
COHJIAl-aK TeHi3 TYOIHJeri JepeKTepai aly jKoHe eHJjey YIIiH OarjapiaMalblK KaMTamMachl3 eTyii d3ip-
ney kipeai. TycCiHIKTI jkoHe Tajjay YIIIiH aFbIH KbUIIAMJIBIFBIHBIH POOOT TPAEKTOPHSCHIHA SCEPiH Kopce-
TETiH rpauKTEp MEH ecentey HoTmxkenepi ycoiHbural. Conpaii-ak, HEX Pixhawk 2.1 CUBE ORANGE+
KaOJBIFBl MEH XOJIOKAINS KYPBUIFBICH apKbUIBl TEPEHIIKTIH TEPEeHIIrl Typasbl JIepeKTepili aayra kKoHe
OHJIeyTe apHaJIFaH OaFJapiaMaiblK KYpaJ/ibl 93ipiiey 9ficTepi CHUMaTTaaFaH. AJIBIHFAH HOTHKENEePIiH Teo-
PUSUTBIK, JKOHE TPAKTHKAJIBIK, MAaHBI3B 0ap. TeopHsIIBIK acleKTile YCHIHBUIFAH 9iCTep YIIKBIIICH3 KY3Y
anmnaparTapblH THIMAIpeK OacKapyfa koHe OoJlapIbIH 9pTYpIli KarJaiiapaa MiHe3-KYJIKbIH TajllayFa MyM-
KiHgik Oepeni. [IpakTuKaNbIK TYpFBIIAH alFaHia, Oyl TeHi3 TyOiH 3epTTeyIiH koHE KOFapbl JOJIIKIIEH
’KQHE KayiICi3/1iKIeH aBTOHOM/Ibl MUCCHSUIAP/IBI JKY Pri3yaiH KaHa MepCHeKTUBANIAPbIH alla/bl.

Tyiiin ce3aep: TpaeKTOPHIHBI KOCTIapIiay, HaBUTralus, OacKapy, MAIOTCHI3 armapar, TOMEeHT1 pesbedTi
3eprrey

CONSTRUCTING TRAJECTORIES FOR UNMANNED VEHICLES USING THE MISSION PLANNER
SOFTWARE PACKAGE FOR RESEARCHING WATER BODIES

12M.G. Zhartybayeva , 'A.D. Alinova, 12Zh.0. Oralbekova, 'G.A. Tyulepberdinova,
3N.M. Zhamisheva

'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
2 Astana IT University, Astana, Kazakhstan,
3Institute of Legislation and Legal information of the Republic of Kazakhstan” Ministry of Justice
of the Republic of Kazakhstan, Astana, Kazakhstan,

e-mail: makkenskii@mail.ru

HEX Pixhawk 2.1 CUBE ORANGE-+ in combination with Mission Planner software package is used for
effective motion control of unmanned aerial and swimming vehicles. The article aims to develop efficient
methods of flight trajectory generation for USVs to improve the accuracy and safety of autonomous
missions. This research aims to develop and validate methods of trajectory construction for unmanned
vehicles and analyze the motion of mobile robots taking into account the impact of currents. Different
flight parameters such as altitude, velocity, and heading are considered, as well as methods for controlling
the USVs according to the given targets. Special attention is given to safety and the configuration of sensors
and devices required for autonomous flight. The author's results include the development of trajectory
planning algorithms, evaluation of the effect of currents on the robot's motion, and development of software
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to acquire and process seafloor data. Graphs and computational results demonstrating the effect of current
velocity on robot trajectory are presented for visualization and analysis. Software development methods
for acquiring and processing seabed depth data using HEX Pixhawk 2.1 CUBE ORANGE+ hardware
and an echolocation device are also described. The obtained results have both theoretical and practical
significance. In the theoretical aspect, the proposed methods allow us to control USVs more efficiently
and analyze their behavior in different conditions. In practical terms, it opens new perspectives for seabed
exploration and autonomous missions with high accuracy and safety.

Keywords: trajectory planning, navigation, control, unmanned aerial vehicle, bottom relief research.

BBenenne. CoBpeMeHHOE pa3BUTHE aBTOHOMHBIX
CHCTEM M OECIMJIOTHBIX TEXHOJIOTUI aKTUBHO BHE[-
psieTcsl B pa3iMuHble OONACTH YeIOBEYECKOW Jies-
TEJILHOCTH, BKJII0Yasi a9POKOCMUYECKYI0, MOPCKYIO U
CEJILCKOXO3511ICTBEHHYI0 cepbl. OHaKO0 3P PEKTUB-
HOE yIpaBjieHne OEeCHWIOTHBIMHU IUIABATEIbHBIMU
WUTH JIETATeJIbHBIMY allliapaTaMy, MOOMJIBHBIMH PO-
OOTH3MPOBAHHBIMH CHCTEMaMH TpedyeT pa3padoTKu
CHEUUAIN3UPOBAHHBIX METOIOB M JITOPUTMOB IS
IUIaHUpOBaHUs TpaekTopuil U HaBurauuu [1]. Tax
KaK OOBIYHO SKCIIEPUMEHTHI IIPOUCXOIAT B TIOJIEBBIX
YCJIOBMSIX, T/I€ HE BCETra UMEETCS AOCTYI K JIEKTPO-
IUTaHUIO U €CTb HEOOXOIMMOCTb SKOHOMHMHM 3JIEK-
TPOSHEPIUX U BpeMeHH [2].

B pamkax 3TOro KOHTEKCTa, JAHHOE HKCCJIeIOBa-
HHE HaIpaBJIieHO Ha pa3padoTKy 3(P(PEKTUBHBIX Me-
TOJIOB TIOCTPOEHUSI TPAEKTOPUI TI0JIeTa U JABVKEHUSI
sl OECHMJIOTHBIX amapaToB ¥ MOOMIIBHBIX POOO-
ToB. ['1aBHas runore3a AaHHOrO UCCJIEOBAHUS CO-
CTOMT B TOM, YTO NPUMEHEHUE CHelMaTn3uPOBaH-
HBIX MPOrPaMMHBIX MAKETOB U AJTOPUTMOB, ajarl-
TUPOBAHHBIX K KOHKPETHBIM YCJIOBHSIM M 33Ja4am,
MO3BOJIMT YJIYYIIUTh TOYHOCTb M 3(PPEKTUBHOCTH
yIIpaBJIeHUs AaBTOHOMHBIMU cuctemami. Llenb naH-
HOTO MCCIIEIOBAHUSI 3aKJII0UaeTcsi B pa3padoOTKe U
anpoOaryi MeTOIOB MOCTPOSHUS] TPACKTOPHUI s
OeCnIJIOTHBIX armaparoB ¢ ucnonb3oBanrneM HEX
Pixhawk 2.1 CUBE ORANGE+ u nporpammHoro
nakera Mission Planner, a Tak)xe B aHaJIM3€e OBUXKE-
HUS1 MOOUJIBHBIX pOOOTOB C YYETOM BO3JIEHCTBHS Te-
YeHUsl.

JI1st JOCTHKEHUSI TIOCTABJIEHHON LIeIM HEOOXOIu-
MO PEIINTh CJIEAYIOIINe 3aJauu:

e M3ydeHue crenyaau3upOBaHHbIX IIPOrPAMMHBIX
MaKeTOB U aJTOPUTMOB [JIsl TIOCTPOEHUSI TPAEKTO-
puii TIOJIeTa ¥ IBMKEHUsI OECITUJIOTHBIX armapaToB.

* Pa3paboTka u ampoOarysi METOIOB IOCTPOCHUS
TPAaGKTOPUIl C HCIONB30BAaHUEM OOOPYIOBAHUS
HEX Pixhawk 2.1 CUBE ORANGE+ wu npo-
rpamMmHoro nakera Mission Planner.

* AHanu3 ABUKEHUSI MOOWJIBHBIX POOOTOB C yUETOM
BO3/ICHCTBUS TeUCHUs U pa3pabdoTKa COOTBETCTBY-
IOIIHMX AJITOPUTMOB YITPABJICHUS.

» JlanHOE McclnedoOBaHUE UMEET IPAKTUYECKYIO 3Ha-
YUMOCTb U1l Pa3pabOTKM aBTOHOMHBIX CHCTEM U
OeCNUIOTHBIX TEXHOJOTMH, a Takke TeopeThye-
CKYI0 3HAUMMOCTh Uil YIJIyOJeHHs] MOHUMAaHHS
IPUHIUIIOB TUIAHUPOBAHUS TPAEKTOPUI 1 HaBUTa-
MU B ABTOHOMHBIX CUCTEMAX.

Marepuaiabl u mMetoabl. VccnenoBanue mnpo-
BOJWIOCh HAa MaTepUabHON 0Oa3ze Hay4HO HCCIe-
nosaresibckoro npoekta AP09058557, wucnosnb-
3yd pea3paOOTaHHBIA MCCIEIOBATEICKOW TPYIITOM
npoekTa OEeCIWIOTHBIM ITUIAaBaTeIbHBIA — ammapar
(BITITA) ¢ ob6opynoBanuem HEX Pixhawk 2.1
CUBE ORANGE+ u nporpammusblii naker Mission
Planner. Bribopka BkIIouasia Heckobko Turos BII-
[TA ¢ pa3nTMYHBIMU XapaKTEPUCTUKAMH, 0Oecreun-
Basl pa3HOOOpa3ue YCJIOBHIA 7Sl TECTUPOBAHMS.

Ja OcBOEHMA M aHaJIM3a NPOTrPaMMHOIO IaKe-
ta Mission Planner u anropuTmMoB IJIaHUPOBAHUS
TPAEKTOPHIA TPOBOAMIMCH OOYYAIOIIHE CECCUU C HC-
MOJIb30BAHUEM PYKOBOJICTB M OHJIAliH-pecypcoB [3-
6]. DT0 MO3BOIIIO MOHATH OCHOBHBIE TIPUHIIMITBI pa-
OO0THI ITPOrpaMMBbl U e (PYHKIIMOHATbHBIE BO3MOK-
HOCTH. Bputn pa3paboTaHbl ¥ peasin30BaHbl AJITOPUT-
MBI IIOCTPOEHHU S TPAEKTOPUM U1l Pa3JINYHBIX CLIEHA-
pUeB MoJieTa, YYUTHIBAIOLIME pa3HOOOpa3Hble (ak-
TOpbI, TAKHWE KAK BBICOTA, CKOPOCTb, KYPC U TOUKH
HasHavyeHus1. [is npoBepku 3(peKTUBHOCTU alro-
PUTMOB ITPOBOJWJIMCH CEPUM TECTOBBHIX IOJIETOB Ha
CMELUAJIBHO MOATOTOBJIEHHON IUIOLIAIKE.
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Puc. 1 — IlocTpoenue Tpaekropun B Mission Planner

Jns aHamm3a JIBUOKEHUSI MOOWIBHBIX pPOOOTOB
MTPOBOAMJIMICh SKCTIEPUMEHTHI C UCTIONIb30BAHUEM CH-
MYJISITOPOB M MaTeMaTU4YECKUX MOJIENIEN PETU30BaH-
HbIX Ha Python, yuuThiBalomux BiIMsHHUE TEYEHUs
u npyrux gaktopoB. [lonydyeHHble pe3yIbTaThl aHA-
JIM3UPOBAITUCH C LIENIbIO ONpeesIeHUs] ONTUMAJTbHBIX
CTpaTeruil ynpaBJieHUs B Pa3IUYHbIX YCIOBHSIX.

DKCHEepUMEHTHI BKJIOYAIM B ceOsl Cepuio TecTo-
BBIX TOJIETOB M aHAJIM3 JIBUKEHUSI MOOWJIBHBIX PO-
O0TOB B pa3M4HBIX ycinoBusx. [lepen Hauanom skc-
NEepPUMEHTOB NPOBOAMJIACH TMOITOTOBKA 00OPYyIOBa-
HUS U JTOPUTMOB, a TaKke KaJIMOpOBKa AaT4u-
KOB. 3aTeM BbINOJIHSINCH 3allIaHUPOBaHHbBIE MOJIe-
ThI M COOp JaHHBIX, KOTOPbIE AHATM3UPOBAJIUCH C HUC-
MOJIb30BAaHUEM CTaTUCTUYECKUX U MaTeMaTU4ecKuX
MeToz10B. [loydeHHble pe3y IbTaThl HCIOJIBb30BAINChH
17151 OLleHKH 3 (EKTUBHOCTH pa3padOTaHHBIX METO-
JI0B U aJITOPUTMOB.

Haeuzauuonnas cucmema. [1ns noctpoeHus Tpa-
extopuun ¢ nomouplo HEX Pixhawk 2.1 CUBE
ORANGE+ HeoOX0AMMO HCITONIB30BaTh CIENMAIIN-
3WPOBAHHbBIC MPOrPAMMHBIE TIAKETHI W AJTOPUTMBHI,
MO3BOJISIIONINE 33/1aTh HY)KHYIO TPAEKTOPHIO MOJIeTa.

3710 OBUIO PEaM30BAHO C TIOMOIIBIO MPOrPaAMM-
Horo naketa Mission Planner. I1pu noctpoennu tpa-
ekropun ¢ nomoribio HEX Pixhawk 2.1 CUBE
ORANGE+ yuuThIBalOTCS pa3UyHbIE MapaMeTpbl
T0JIeTa, TaKMe KaK BBICOTA, CKOPOCTb, KypC M TOY-
KM HazHaueHUs. ITo no3poisgeT ynpasiars BIITIA
B COOTBETCTBUU C 3aJaHHBIMU LIEJISIMU U C BBICOKOM

TOYHOCTBIO BBITMIOTHSATH TpeOyeMble MapIIpyThl
(Puc. 1).

BaxHO OTMETHMTB, YTO AJI YCHELIHOIO MOCTPO-
€HUsI TPAeKTOPUM U BbINOJHEHUS ABTOHOM-HOTO
nmoiera ¢ nomompio HEX Pixhawk 2.1 CUBE
ORANGE+ Ttakke He0OXOIUMO 0OeCHeuYuTh Ipa-
BWJIBHYIO KaJMOPOBKY U HACTPOMKY BCEX JATUMKOB
U yCTpOWCTB, ucnonb3yeMsix Ha BIIITA. Kpome To-
ro, TIPY KCIHOJIb30BAaHUM OECTIMJIOTHBIX I1IaBaTElIb-
HBIX aNnapaToB KPUTUYECKH BaXHO oOecrevyeHre
0€30I1acHOCTH TIOJIETOB U COOMIOIEHNE BCEX HOpMa-
TUBHBIX HOpM U nipaBuJ (Puc. 2).

Jna ananmusa JBUKEHMs MOOMJIBHOTO poOoTa
TPEICTABIAETCS HEOOXOAUMbIM BBECTU CUCTEMBI KO-
OpAMHAT, ONKChIBaIlee ero AsuxeHud. Ilpu sTtom
UCTIONB3YI0TCA [JBE CHCTEMBI KOOPAMHAT: (PUKCHPO-
BaHHasg X,0Y,. u nogsuxHasg XGY, kecTko cBd-
3aHHasA cO CTaHKOM. OCHM CTallMOHAPHOM CHCTEMBI
KOOP/IMHAT BBIOMPAIOTCS B KAUECTBE HAYaJIbHBIX TaK,
4TOOBI B HAUaJIbHBIII MOMEHT BPEMEHU OHU COBIAIa-
JIA C OCAMM JIBHKYILENCS CUCTEMBI.

Vron A, oOpasyoImuics MexIay AuaMeTpPaIbHOMN
wiockocteio (JIT) n oceio X), Ha3BIBaeTCA Kypco-
BBIM YIJIOM. DTOT YIoJl MOXHO BHIPA3UTh Yepe3 py-
TUe YIJIbl, HAIpUMep:

LentpanbHelii yron cHoca (@), KOTOpbId U3Mepsi-
€TCsl MKy BEKTOPOM MI'HOBEHHOM CKOPOCTH LIEH-
tpa Tskect (LIT) podora u auameTpaibHOM IUIOC-
KOCTBIO.
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Puc. 2 — Cxema nccjieJoBaHHsI TPAEKTOPHH ILIABAIOIIEr0 po00Ta Npu MoBopoTe

Yron tpaektopuu (/3) WM Yroi CKOPOCTH, KOTO-
pBIil M3MepsieTcst Mexky BEKTOPOM CKOpOCTH M X,
ocbl0. [I71sl OlIeHKH BJIMSIHUS TEUSHUs Ha YIIpaBJisie-
MOCTb TUIABAIOIIEr0 pOOOTa AHAM3UPYETCS UX JIBHU-
KEHUe B JBYX CIIydasix: C TeYeHHeM U Oe3 TeueHHsl.
ITO OCYIIECTBISIETCS MyTEM TOCTPOEHHS TPACKTO-
pui IBUXKEHUsT poOOTa HA OCHOBE MCXOIHBIX JIAHHBIX
tecta. [TapameTpsl IBMKEHUST poOOTAa MOXKHO OIpe-
AENMUTh Yepe3 MPOEKIUI0 CKOPOCTH LIEHTPa TSKECTH
Ha JIBUKYIIUECS OCH U YIJIOBYIO CKOPOCTh. O/THAKO B
HEKOTOPBIX CUTYAIUsIX yIOOHee MCIOJIb30BaTh allb-
TepHATUBHbIC KMHEMATUYECKUE MapaMeTpbl: MOIY.Ib
CKOpOCTH LieHTpa TskecTH ( | v | ), yron cHoca (@) u
YIJIOBYIO CKOPOCTb. Takasi cuctema rnapameTpoB 1o3-
BOJIsIET OoJiee yIOOHO OIMMCHIBATh JABVMKEHUE W aHa-
JIM3UPOBATh €0 BIMSHUE Ha YIIPABISEMOCTh poOOTa
IIPY PA3JIMYHBIX YCIOBUAX TeueHUd [7].

t
X = /0 veos(f + wt)dt = / (v, — at) cos(p + wt)dt

t
Y = /0 vsin(B + wt)dt = / (v, — at) sin(p + wt)dt

71 ypaBHEHH S ONMCHIBAIOT NPSMOJIMHEHOE paB-
HOMEpHOE JIBIKeHHE poOoTa 6e3 yueTa BIMSHUSA NO-
Toka. Takum oOpa3oM, Ipu OTCYTCTBUM MOTOKA Ma-
mrHa OyAeT IBUraThCsl MPSMOJMHEHHO CO CKOpPO-

— abCOMTHAsE CKOPOCTh TPAHCTIOPTHOTO CPEICTBA
OTHOCHUTEJIHO CHUCTeMbl KOOPAMHAT: yroJl TPaeKTo-
PUM WM YroJl CKOPOCTH, U3MEPEHHBI MEKAY BEK-
TOPOM CKOPOCTH U OCBIO [8].

V— aOCOJIIOTHAasi CKOPOCTh TPAHCIIOPTHOTO CpPef-
CTBa OTHOCUTEJIBHO cucTeMbl koopauHat X;0Y). :
YTOJI TPAEKTOPUM WM YTOJI CKOPOCTH, U3MEPEHHBIN
MeKy BEKTOPOM CKOPOCTU U ocblo X, [7].

t
X:/ veos(f) dt

0 (1)
Y:/ vsin(f) dt

0

B otcyTcTBHE TOTOKA (CKOPOCTD IMOTOKA paBHA HY-
JII0) TpaeKTopusi poOOTa MOAYMHSIETCS CIAEeTYIONM
NPUHLIMIAM U YPaBHEHUSIM:

2)

CTBIO ¥ O], YIJIOM K IOJIOKUTEIBHOMY HaIPaBJICHUIO
ocH X.

Tpaektopust KaTamapaHa Nojl JeWCTBUEM TeUeHUsI
orpezieNsieTcs CAeAyIUM 00pa3oM:
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X = /vi cos(f + wt)dt = / <\/v2 + % + v, v, cos (gof)> cos(f + wt)dt

3)

Y = /vi sin(B + wt)dt = / <\/v2 +v% + v, v, sin (gpf)) sin( B3 + wt)dt

HpI/I HAJIMYUK TeYeHUs aOCOMIOTHAS CKOpPOCTb U,

Pe3y.HbTaTbI pvaeTHOfI OLICHKU BJIMAHUA CKOPO-

COTHOCHUTENIBHO cUCTeMbl koopauHat X,OY|, onpe- CTH TeYeHMs Ha TPAGKTOPUIO JBIKEHUS KaTaMapaHa

JIeNseTCsl, KaK MOKa3aHo Ha PUCYHKE 3.

fow

C UCMOJIb30BaHUEM IporpamMmsl Python.

Puc. 3 — Cxema ucciieJoBaHusI TPAeKTOPHH IJIABAIOIIEr0 PO6OTa MPH MOBOPOTE MO/ JeCTBHEM MOTOKA
BOJIbI

Puc. 4 — TpaekTopus karamapaHa B TedeHne nepBbix 10 cekyna (0e3 yuera u 6e3 yuera TedeHH)

J1d HArIAOHOCTU IPEAIONOKUM, YTO MBI XO-
TUM PaCcCUMTATh TPACKTOPUIO KaTamapaHa B TEYEHUE
nepBbix 10 cekyHg (6e3 yuera m Oe3 yuera Teue-
Hus)(Puc. 4).

Jlia pacuera TpaeKTOpUM KaraMapaHa C y4eTOM
CKOPOCTH TIOTOKA BOAbl MOXHO MOIU(UIMPOBATH
YPaBHEHUS [BUXKEHUSI C YYETOM JAOMNOJHUTEIIBLHON
CKOPOCTH, BBI3BaHHOW TeueHuWeM. Bam HyxHO Oy-
JET CIIOKUTHh BEKTOPbI CKOPOCTH ILIABaHUS U BEK-
TOP CKOPOCTH IIOTOKA, YTOOBI OIPEAEIUTh KOHEUHYIO
ckopoctb apToMoous1s: ITo ocu OX n OY. ecim mac-

ca MaiuHsl 75 Kr, givna 1,57 M, mmpusa 0,515 wm,
BeicoTa 0,3, ckopocTh maBanust 0,5 M/c, yros cHo-
ca 0,1 pan., yron ckopoctu 0,2 pan., OTHOCHUTENb-
HbIA paguyc noBopota 0,75 m., yron ckopoctu 0,05
pan/c., CKOpocTh IepBOro notoka 1,4 m/c, ckopoctb
BTOporo noroka 1 mM/c. HayansHasa koopaunara 0,0.

Paszpabomka npozpammnozo obecneuenusi onsi no-
ayuenust 2D, 3D xapm ona. TlonyueHHble HaHHbIE
¢ 6opTa, B YaCTHOCTH OT IXOJIOKAIIMOHHOTO YCTPOM-
crBa (1anHble o rmyoune) u HEX Pixhawk 2.1 CUBE
ORANGE+ (manaele GPS, pgaHHBIE O COCTOSIHUH,
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JAHHBIE O TPAEKTOPUM), NMEPEATCSA B yNaJECHHbIN
KOMAaH/IHBIM LEHTp (KoMIibloTep). JlaHHbIE, OTyYeH-
gele or HEX Pixhawk 2.1 CUBE ORANGE+, or-
npapisiiorcss B Mission Planner s MOHUTOpUHTra
JAHHBIX B PEaJIbHOM BPEMEHM, TaKUX KaK KOOpIU-
Hatel GPS, BBICOTa, CKOPOCTh, COCTOSIHUE OaTapeu u
apyrue napamerpsl [9-10]. DTu gaHHBIE MOXHO CO-
XPaHUTh B TEKCTOBBIN (haill U OTIPABUTh HA BEO-
cepBep VIS MOCJeYIOIIEro COXpaHeHus B 0a3e AaH-
Heix MySQL. [lanee ¢ momoripio pa3paboTaHHOTO
nporpaMMHoro kozga Ha Python u ero OmGmmorek
AaHHble 00padaTHBAIOTCS M BU3yaIU3upylotcst B 2D
u 3D rpaduke. s ObicTpoii 0OpabOTKH UCIOINb-
3yercst onomoTeka Numpy, HO3BOJSIONIast KOHBEpP-
THPOBATh JaHHbIE B YIOOHBIH /ISl QaHAJIM3a MACCHB.

2D Plot
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Co3/1aHHBII TaKUM 00pa3oM MAacCHB BU3YaJIU3UPY-
ercs ¢ momomnpio oudnmoreku plotly. s co3na-
HuA 2D u 3D rpaduku HCHoib3yercs IKCIpecc-
MHCTPYMEHT, KOTOPBIM, MOTyyYas paHee CO3AaHHbIH
MAacCUB JaHHBIX, CO3/IaeT TUHAMUYECKOe OKHO C Tpa-
(puxkamu (Puc. 5). 3arem Python co3paer html-caiin
¢ TOTOBbIMU TpadukamMu. B 310 OKHO nOOaBiIEHBI
CSS-knaccel misa 6onee ynmoOHOro umHTepderica, ¢
KOTOpBHIM OyZIeT B3aUMOJENCTBOBATh IOJIb30BATEN b
(Puc. 6). I'otosbiit html-dait oTnipaBisercs KJINeH-
Ty MPWIOXKEHHUs, T/Ie MOIb30BaTeb MOXKET ero Bu-
JIeTh ¥ B3aMOJIelicTBOBaTh ¢ HUM. Ha pucynke 5 3D
KapTa JJHa XBOCTOX paHWMINa KalipeMcKoro ropHo-
oboraruTenbHOro kKoMOuHara. OObeKT ObLIT HCCIIe/I0-
BaH HECKOJIBKO pa3 JIjIsl OOJIbIIel TOYHOCTH JIaHHBIX.

3D Plot
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[o pesysnbTaTam UCIBITAHUN POOOTOTEXHUIECKO-
ro KOMITJIeKca TOTydYeHbl JIaHHbIe 00 OImuOKe TBU-
KeHUs1 poOOTa B CHCTeMe KOOpIHMHAT, KOTOpasl Co-
crapisieT ipumepHo 0,2 merpa 1o ocu X u 0,1 met-
pa mo ocu y. Bo Bpems ucnbITaHUl TemIeparypa,
BJIAXHOCTb, ypoBeHb Kuciopona (O2) u KoHLeHTpa-
1M1 YaCTUI] ObLITM MPAKTHYECKU IOCTOSTHHBIMU. Tak-
’K€ U3BECTHO, UTO CPEeTHSISI IITyOMHA XBOCTOX PAaHUJTH-
ma cocrapisieT 4,56 merpa.

Ha ocHOBaHMM 3TMX HaHHBIX OBUIM TPOW3BEJIE-
HBl pacueTsl oObema Bojbl. [l 9TOro ObUTH 3ame-
PEHBbI TUIOIIAAM BOJOCOOPOB Pa3IMUHbIX YYaCTKOB:
TUIOMIA/Ib BOJOCOOpa ydacTKa OaprTOBOTO XBOCTO-
XPpaHWIMIIA - 2,5 KM2, TUIOIIaqh BOJOcOOpa yJacTka
0apUTOBOrO XBOCTOXPAHWJIMILA BMECTE C YYaCTKOM
(prisrpanmm - 0,38 kMm2. Takke yCcTaHOBJIEHO, 4TO
B MIPYly-OKHUCIIUTeNe cKonuioch 1,85 MutH M3 BOJbI,
YTO COOTBETCTBYET YPOBHIO BO/IbI HA OTMETKe 392,55
MeTpa.

Pe3synpraThl pacyeToB IMO3BOJMIM YCTAHOBUTH
crenyomye (pakThL:

B nepsom nonyroguu 2021 roga Obul «HYJIEBOW»
OanaHc 6e3 cOpoca M3IHILIKOB B MPYyA-UCHIAPUTETTD.
ITOro y#anoch JOOUTHCS 3a CUYET 3aMAuyMBAHMS OC-
HOBaHUs U 3allOJIHEHUs] YYaCTKOB XBOCTOXPAaHWJIU-
I11a, YTO MPEAOTBPATHIIO COPOC BOIBI.

3a nocnenyommii nepuof Ao koHua 2023 roga 3a-
(prkcrpoBaHO MpeBbillIeHne 00OPOTHOM BOJIBI B Mpe-
nenax ot 6704,443 no 24593,282 muiH M3, KOTOpast
cOpacelBaiach B MPYI-UCIAPUTENb. DTO TIO3BOJIUIIO
KOHTPOJIMPOBaTh YPOBEHb BOIBI B CHCTEME M M30e-
KaTb MepeuBa.

Takke YCTaHOBJIEHO, 4YTO IUIOIIAAb U OOBEM
MIPYA0OB-OTCTOMHMKOB YYacCTKOB XBOCTOXpPAaHWJIMIIIA
¥ IpyJa-OKUCIIUTENST 00ECTIeUNBAIOT:

JlocTaTtouHO€E OCBelleHnEe 0OOPOTHOM BOIbI, BO3-
BpalaeMon Ha 3aBOJI B TEXHOJIOTHUYECKOM ITpoliecce,
TMO3BOJISIET TIOBTOPHO MCIIONB30BATh ITY BOMY.

BO3MOXHOCTh CKJIaIMpOBaHust 00beMa XBOCTOB,
MOCTYNAIOUIMX B MPYIBI-OTCTOMHUKYU B TEUYEHUE IO-
aa, 9to crnocoOcTByeT 3 PeKTUBHOMY OOpAIlCHUIO
C OTXOIAMH.

HatypHble 3KcriepMeHTbI, MPOBEJEHHbIE C HC-
MOJTB30BaHUEM MOOMJIBHOTO  POOOTU3MPOBAHHOTO
KOMIUIEKCA, ITO3BOMWIM cAeslaTh BeIBOA, uTo MPK

oOecrieynBaeT CTAOMJIbHYIO U HAJICKHYIO Iepeady
nanHbiX. [IpeogoneHue momMex, BO3HUKAIOIIMX Ha
BBIXOJIaX JITATYMKOB, ObLJIO TOCTUTHYTO 32 CUET BHE-
PEHMS CXeM Pa3BS3KU, YTO 3HAUMTENIBHO YIIyYIlIH-
JIO KayecTBO CUTHaJIa U oOecrnedmsio 0osiee TOUHBIE
usMmepenus1. [IporpamMHoe oOecrieyeHue, MpeaHa-
3Ha4eHHOe /i1 3(P(PEKTUBHOTO KOHTPOJISI U MOHU-
TOpuHra (byHKIUI paOOTHl CUCTEMBI MPU HCIIONb-
30BaHMM Ha MIEPCOHATBHOM HOYTOyKe. DTO obecrie-
YMBaeT MOJHBII CHEKTP (PYHKLIMOHATIBHBIX BO3MOXK-
HOCTel MpejylaraéMoil CUCTEMbl 1 00€CIIeYrBaeT ee
BBICOKYIO IPAKTUYHOCTb B PEAIbHBIX YCIOBHSX KC-
rtyaranun. CretyeT OTMETHTh, YTO BHEAPEHUE AaT-
yuka Boabl B BIIIIA naer BomHUMKaM YHUKAJIbHYIO
BO3MOKHOCTh OCYIIECTBJISITh HENPEPbIBHBIT MOHU-
TOPUHI W KOHTPOJb MapaMeTpPOB KayecTBa BO[bI
Ha yS3BUMBIX M CTPATErMYECKM BaKHBIX YYacTKax
XBOCTOXPAHWJIHUII ¥ BOJOEMOB. Takoi Mojaxof 3Ha-
YUTEJIbHO TOBbIIAET 3(P(EKTUBHOCT U pe3yJIbTa-
TUBHOCTb YIIPABJIEHUS BOAHBIMU pECYypCaMH, CIO-
coOCTBys1 OoJiee palMOHAILHOMY U OOOCHOBAHHOMY
NPUHATHUIO PEIIEHUI B 9TOU 00JIacTy.

Pe3yabTartsl u 00cyxaenne. PucyHok 1 nemMoH-
cTpupyeT rpadudeckoe mpeacTaBiIeHue TPAeKTOPUi
nonieta BIITIA s pasnbix ciieHapueB. Ha pucyH-
ke 5 npeacrasiieHa 3D kapra 1Ha XBOCTOX paHWIMIIA
ZKaiipeMCKOro ropHo-o00raTuTeIbHOr0o KOMOUHaTa,
KOoTOpasi Oblla BU3YaJIM3UPOBAHA B pe3yybTaTe psi-
J1a SKCTIEPUMEHTOB C IIPUMEHEHHEM pa3pad0TaHHOTO
MCcrieIoBaTeNIbCcKor rpymmoi mpoekta AP09058557
u aBTopamu cratbi MPK, Haj XBOCTOX paHUJIMILIEM.
OOBeKT ObUT MCCNIEIOBaH HECKOJIBbKO pa3 sl O0Jb-
11eid TOYHOCTU JAHHBIX.

HccnenoBanue HampapieHO Ha pa3paOOTKy H
anpoOaio MeTONOB TUIAHWPOBAHUS TPACKTOPHIA
1151 BIITA ¢ ucnonb30BaHrEM MPOrPaMMHOIO TaKe-
Ta Mission Planner. OcHOBHO# 11€J1b10 OBLIO yJTyullle-
HHME TOYHOCTH U 3(Pp(EeKTUBHOCTU YyIpaBlieHus1 Oec-
NWIOTHBIMU aNapaTaMy.

HauGomnee 3HaumMble pe3yJabTaThl BKJIOYAOT
yJIydllieHde BPEMEHH T0JIeTa U TOYHOCTH HaBUTAlTUH
IIPY UCTIOJIb30BaHUU HOBBIX aJITOPUTMOB IUIAHUPO-
BaHMs Tpaekropuil. CpaBHEHUE C APYTMMU UCCIe-
JOBAHUSIMHU TIOKa3bIBAET COMOCTABUMbIE WK Ooliee
BBICOKHE TIOKa3aTen 3(PGeKTUBHOCTU pa3pabOTaH-
HBIX MeToioB. OTHaKO TIPOOJIEeMHBIE 30HBI BKJTIOYA-
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0T HEOOXOOUMOCTh AaIbHENIIEH ONTUMU3ALNA aJl-
TOPUTMOB IS ydeTa Pa3sHOOOPa3HBIX YCIOBH ITO-
JIeTa.

B nmanHOW pabGote ObLT TMpeicTaBiIeH IPOIece
MOCTPOEHUsI TPAGKTOPUM ToJyieTa i OecnuioT-
HbIX anmaparoB ¢ ucnonabzoBanrneM HEX Pixhawk
2.1 CUBE ORANGE+ u mnporpaMMHOro mnakera
Mission Planner. 1ot mporiecc BKJIIOYaeT B ceds
yUeT pa3IMyHbIX IapaMeTPOB I0JIeTa, TAKUX KaK BbI-
COTa, CKOPOCTb M KypC, M MO3BOJsAET IPPEKTUB-
HO YIPaBJsATh OSCIUIOTHBIMU amMapaTaMu B COOT-
BETCTBUM C 33JaHHBIMM LeJasAMU. OCHOBHOE BHUMa-
HHE y/IeJIeHO 0e301aCHOCTH M HACTPOMKE JaTYMKOB U
YCTPOMCTB, HEOOXOAUMBIX JJTsI aBBTOHOMHOT'O TIOJIEeTa.
[TpoBeneHHbI aHANMW3 ABUKEHUSI MOOWJIBHOTO pO-
00Ta, BKJIIOYasl OIIEHKY YIJIOBOTO YCKOPEHHUsSI U CKO-
POCTH C Y4€TOM BO3JEWCTBUS TEUEHUS, MO3BOJIAET
6oJiee TOYHO TJIAHMPOBATh MAPIIPYTHl U YIIPABIIATD
OECMIIOTHBIMY arIapaTaMy B Pa3UYHBIX YCIJIOBH-
sx. JlOMmoMHUTENbHO, PACCMOTPEHbl METO/bl pa3pa-
OOTKM MpOrpaMMHOro obecredyeHust Jis TMoayde-
HUSA U OOpaOOTKM [aHHBIX O TIIyOMHE MOPCKOTO
nHa c ucnonb3oBanneM HEX Pixhawk 2.1 CUBE
ORANGE+ 1 3X0JOKaIMOHHOTO YCTPOUCTBA. DTOT
TMO/IXO]] OTKPBIBAET HOBbIE MEPCHEKTUBBI AJIs1 HCCIIe-
JOBaHUSI MOPCKUX PECYpPCOB C BBICOKOW TOUHOCTBHIO
1 6e3omacHOCThI0. Takum 00pa3oMm, MpecTaBIeHHAS
METO/IMKA U Pe3yJIbTaThl pAOOTH UMEIOT BaXKHOE 3Ha-
YeHue JJIs1 pa3paOO0TKH U YIpaBJieHUsT OeCIMIOTHBI-
MU arnrapaTramu, a Takke JIsl IPOBEAEHUs UCCIIE10-
BaHMI1 MOPCKOTO JTHAa U ero pecypcos. anbHeiliue
UCCJIeIOBAHUSI B 3TOM 001aCTH MOTYT BKJIIOUATh pac-
mrpeHre (PyHKIMOHAIBHOCTH IPOrpaMMHOTO odec-

NeYeHUs, a TaKke YIIyOJNeHHBI aHaJIN3 BIWSHUSA
Pa3JIMYHBIX TAPaMETPOB Ha 3(PPEKTUBHOCTD YIIPaB-
JIeHVs1 OECIIMJIOTHBIMHY arlapaTaMu.

BeiBoabl. B Xxome wucciemoBaHusi OblM  pac-
CMOTpPEHBI METO/Ibl TUIAHUPOBAHUS TPACKTOPUI AJ1s
OECNUIOTHBIX alIapaTtoB C HUCIOIb30BAHUEM IIPO-
rpamMHoro nakera Mission Planner. [TomyueHHble
pe3yJbTaThl MO3BOJAIOT CHAEJIAaTh BBIBOJ O IOBBIIIE-
HUW TOYHOCTU M 3(pdeKkTuBHOCTU yrpasiieHus bII-
[TA B pasnuuHbIX CUeHapusxX Mnojera. bbm uzy-
YeHbl CrEeLUATN3MPOBAHHbIE MPOrpaMMHbIE TaKe-
THl Y QJITOPUTMBI 711 IUIAaHUPOBAHUSI TPAEKTOPHIA
nosiera OECHIMJIOTHBIX arnmapartoB. Paspaboranbl u
arpoOMpPOBaHBl METOABl TIOCTPOEHUSI TPAEKTOPHIA
¢ ucrnonb3oBanreM obopynoBanuss HEX Pixhawk
2.1 CUBE ORANGE+ u nporpaMMHOro mnakera
Mission Planner. IIpoBeneH aHanu3 IBUKEHUS MO-
OWJIBHBIX POOOTOB C YUE€TOM BO3ICUCTBUS TEUSHUS,
YTO TMO3BOJIWJIO ONPENeUTh ONTUMAJIbHBIE CTpaTe-
T'MU yIpaBJIEHUS B PA3IUYHbIX yciaoBUsaX. [lomyden-
Hble pe3y/bTaThl MOATBEPKAAIOT TMIIOTE3y O TOM,
YTO NPUMEHEHUE CIEUUAIM3UPOBAHHBIX METOIOB
IUIAHUPOBAHUS TPAEKTOPUI MOBbILAET 3 PEeKTUB-
HOCTb yITpaBJieHUs OECIMIOTHBIMY anmaparamu. Ta-
KHM 00pa3oM, pa3paOOTaHHBIE METO/IBI M AITOPUTMBI
UMEIOT MOTEeHLUAI [1s1 LIMPOKOTO MPUMEHEHH s B 00-
JIACTY aBTOHOMHBIX CUCTEM M MOT'YT OBITh UCIIOJb30-
BaHbl JJIs1 YJIYUIIEHUs] TOYHOCTH U 3(PPEKTUBHOCTH
yIIpaBJieHHs] OECIMJIOTHBIMHY arlapaTaMu.

Dunancuposanue. Paboma evinonnena npu noo-
Oeporcke epanma MOH PK 6 pamkax npoexma

AP09058557 no dozoeopy No63-KMY?2 om 24 ¢pes-
paas 2021 200a.
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THE USE OF INFORMATION TECHNOLOGIES IN CALCULATING THE PRODUCTIVITY OF
TECHNOLOGICAL EQUIPMENT FOR THE PRODUCTION OF CERAMIC PRODUCTS BASED ON
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Currently, a large amount of man-made waste has been stored on the territory of the Republic of
Kazakhstan, which, by their chemical and mineral properties, are a serious raw material base for the
production of building materials.

The quality indicators of raw materials affect not only the physical and strength characteristics of the
finished product, but also the cost. In our study, we use man-made raw materials for the production
of construction products, as additives to clay for the semi-dry method of producing ceramic products,
since this method is less labor-intensive and does not require large financial investments. One of the
most important characteristics of technological equipment is performance. Technological equipment for
the production of construction products is represented on the market of Kazakhstan by leading foreign
companies, including Chinese, Russian, Turkish, Spanish, Kazakh manufacturers are not included in this
list. Technological equipment can produce products from a certain type of raw materials, for which such
parameters as productivity, quality indicators of raw materials and others are indicated in the technical
documentation. That is, when using technogenic raw materials as additives to the charge, it is not possible
to determine productivity, for objective reasons. In this regard, the task of calculating the productivity of
the technological line for the production of ceramic products using information technology is relevant.

As a software tool in the study, the program ”Simulation model of a technological line for the production
of construction products using industrial waste” is used, written in C++, in accordance with the principles
of object-oriented programming. Performance calculations were performed for technological equipment
Titanium 900-120 DHEX press, Titanium 80 D press. The presented program can be used by individual
entrepreneurs not only to calculate productivity, output volume, but also to justify the choice of technologi-
cal equipment for the production of ceramic products.

Keywords: modeling, information technology, programming language, program, technological
equipment, productivity, ceramic products.

TEXHOTEH/IIK INKI3AT HEIT3IH/IE KEPAMUKAJIBIK B¥IBIMJIAP OH/IIPICIHIH
TEXHOJIOTHSIJIBIK, ’KABIbITBIHBIH, OHIM/ILJIITTH ECENITEY KE3IH/IE AKITAPATTBIK
TEXHOJIOTHSIJIAPIBI AN JAJIAHY

IK.Axkumes |, 2K. Apbiarasu, B.Buiiéocbinos
]K.K¥Ha)l<aHOB areiHIarel Kazak texHosorus skoHe OusHec yHuBepcuteti AK, Acrana, KazakcraH,
2”9KOCTpOfIHI/II/I—HB” KIIC nupextopsl, [1aBnonap k., Kazakcran,
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Kasipri yakpitTa Kazakcran PecryOnvkachiHbIH ayMaFbIHIa ©3iHiH XMMUSIBIK-MUHEPAJIbl KacUeTTepi
OOUBIHIIIA KYPBUIbIC MAaTEPUAIAAPBIH OHIIPY YIITiH eJeyIli IUKi3aT 6a3achl OOJBIN TaOBLTATEIH TEXHOTEH/IIK
KQJIIBIKTAP/IBIH KOIT MOJIIepi KUHAKTAJIFaH.

[IMKi3aTTHIH canajblK, KOPCETKIIITepi JaliblH OHIMHIH (PH3UKAIBIK jKoHE OSpIKTIK cUTaTTamMastapblHa Fa-
Ha eMec, COHbIMEH KaTap ©3iH/IiK KyHbIHA Jia acep ereji. Bi3miH 3eprreyimizie 6i3 KypbUIbIC OHIMIEPiH OH-
Aipy YIIiH TEXHOTeHIK MIMKi3aTThl KepaMUKAJIBIK OyHBIMAAPIbl OHOIPY/IiH KapThUlail KYpFaK ofici YIiH
casra Kocrajap peTiHle KOJJaHaMbI3, OUTKeHi OyJ1 oflic a3 eHOEKTi KaXeT eTe/li KoHe YJIKeH KAPKbUIBIK,
WHBECTUIMSIAPABI KAKeT eTrei1i. TeXHOMOrvsUTHIK, )KaOIbIK THIH MaHbI3/Ibl CUTIATTAMAaJIaPBIHBIH O1pi-
OniMaiTik. Kyppuibic OyHbIMIAPBIH OHIIpyre apHAIFaH TeXHOJOTUSUIBIK, KaOabIKThl Ka3zakcTaH HapbIFbIH-
Ja JKETeKIII MeTesIiK KOMIIaHUIap, OHBIH iITH/IEe KBITAMIBIK, PECENTIK, TYPiK, UCIIAH/IbIK, KOMIIAHUIAP
YCBIHAJIBI, KQ3aKCTAH/IBIK OHIIpYIIijIep OyJl Ti3imMjie KOK. TeXHOJTOTHSUIIBIK, KaObIK MIMKi3aTThIH OeNTii
Oip TypiHEH OHIM IIbIFapa anajbl, O YIIiH TeXHUKAJBIK KyXKaTTamaaa eHIMJILTK, [UKI3aTThIH CalaJiblK,
KOPCETKILITEPi jkoHe OGacKaylapbl CHAKTH apaMeTpliep KepceTiiei. SrHu, mumxTara, TEXHOTeHIiK IHKi3a-
TKa KOCMajap peTiHje NaiaagaHFaH Ke3lle OObeKTHUBTI cedenTtep OOMBIHINA OHIMAUTIKTI aHBIKTay MYMKIH
emec. OcbiraH OAMJIaHBICTHI aKITAPATTHIK, TEXHOJIOTUsUIAP/Ibl KOJIJIAHA OTBIPHIIT, KEPAMUKAIBIK, OYHBIMIAPIIBI
OHJIIPY/IIH TEXHOJIOTUSIBIK KEJIICIHIH OHIMAUIITH ecenTey MIHJETI ©3€KTI.

3eprreyne OaraapiaaMablK, Kypal peTiHae oObeKTire OarbiTTaarad OarapiaManay KaruJaTTapbiHa Cou-
kec EO TiniHae ka3bUraH "eHEPKCINTIK OHIIPIC KAIIBIKTAPbIH MaliAanaHa OThIPBII, KYPbUIbIC OyiAbIM/IA-
PbIH OHJIIPYIIH TEXHOJOTUSIBIK JKENICIHIH MMHUTAIMSIIBIK MoAeni” OaraapiamMachl KOIAaHbUIa bl. OHIM-
ATk ecenreynepi TeXHOMOTrusIIbIK, xkadapikKa apHarad Tutan 900-120 DHEX Ilpecc, Tutan 80 D mpecc.
¥ ChIHBUTFAH OarIapiiaMaHbl )KeKe KoCIIKepiiep OHIMIILTIKTI, OHIM KeJIeMiH ecelTey YIIiH FaHa eMec, COHBbI-
MeH KaTap KepaMHUKaJIbIK, OyHAbIMAAPAbl OHOIpyTre apHaIFaH TeXHOIOTUSUIBIK, )KaOIbIKThI TAHAAY/IbI HETi31ey
YIIiH e KOJJaHa aJla/Ibl.

Tyiiin ce3aep: Moaembaey, akMapaTThK, TeXHOJIOTUsIIap, OaraapiaManay Tili, Oargapiama, TeXHOMO-
TUSUTBIK, JKaOJIBIK,, OHIMIIUTIK, KePAMUKAJIBIK, OyHBIMIIAp.

VICITI0JIb30BAHUE HH®OPMAIIMOHHBIX TEXHOJIOTUM ITPU PACUETE
NPOU3BOJINTE/IBHOCTHA TEXHOJIOITTYECKOT'O OBOPYAOBAHUA ITPON3BOICTBA
KEPAMUYECKHX U3JIEJINI HA OCHOBE TEXHOTEHHOI'O ChIPhS

1K.Akuies 2K.Apbiarazu, B.Buiiéocbinos
I' AO "Kazaxckuit YHUBEPCUTET TeXHOJIOTUM 1 OusHeca uM. Kynaxkanosa”, Acrana, KazaxcraH,
TOO "Dkocrpornun-I1B”, r. ITaBnonmap, Pecriyonuka KazaxcraH,
SKpIpruI3ckuil rocy1apcTBeHHBIA yHIBepCcUTeT nMeHn. W. ApaGaesa, Kelpruiscran,

e-mail:AkmailO4cx@mail.ru

B Hacrosiee Bpems Ha Tepputopru Pecryommku Kazaxcran, ckiaqupoBaHo O60JIbIIOe KOTMYECTBO TEXHO-
T€HHBIX OTXOJOB, KOTOpPBIE IO CBOMM XMMMKO-MUHEPAJIbHBIM CBOMCTBAM SIBJISIOTCS CEPbE3HOM CHIPHEBOM
0a30¥ U151 MPOM3BOJCTBA CTPOUTEIIBHBIX MaTePUAJIOB.

KauecTBeHHbIE MOKa3aTe/n ChIpbsl BIUSIOT HE TOJBKO Ha (PU3MYECKUE U MPOYHOCTHBIE XAPaKTEPUCTU-
KM TOTOBOH MPOAYKIMHU, HO U Ha ce0ecTOMMOCTb. B HaiieM mccieioBaHuy Mbl TSI TIPOU3BOJICTBA CTPOU-
TEJIbHBIX U3JIeJIMI, UCTIONB3YeM TEXHOTEHHOE ChIPbE, B KauecTBe JOOABOK K ITIMHE IS TOTYCYXOro CIOCO-
0a MPOM3BO/I-CTBA KEPAMHUUECKHUX M3ENUH, TaK KaK JAHHBII CIoco0 MeHee Tpylo3aTpaTeH U He Tpedyer
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OombIIMX (PUHAH-COBBIX BJIOXeHUHA. OIHUM U3 BaXKHEWIIMX XapaKTEPUCTHK TEXHOJIOTMYECKOro 000pyao-
BaHUS SIBJISIETCS] TIPOM3BOAMTEBHOCTD. TeXHOMOrnYeckoe 00OpyIOBaHKE Uil TIPOU3BOACTBA CTPOUTEIb-
HBIX U3[IEJIUH, TIPe/I-CTaBJIeHO Ha phiHKe Kazaxcrana, BeynmmMu 3apyOe:KHBIMU KOMITAHUSIMU, B TOM YHCIIE
KUTACKMMU, POCCUICKUMMU, TyPELIKUMH, UCIIAHCKUMU, KAa3aXCTAHCKKME ITPOM3BOIUTENN B JAHHOM CITUCKE
OTCYTCTBYIOT. TeXHOIOrn4eckoe 000pyI0BaHUE MOKET MPOU3BOAUTH MPOLYKLMIO U3 ONPEAETIEHHOrO BUIa
CBIPbS, U1s1 KOTOPBIX B TEXHUUYECKON JOKYMEHTALMM YKa3bIBAETCSl, TAKUE MAPaMETPhl, KaK IPOU3BOIUTEb-
HOCTb, KQYeCTBEHHbIE TIOKA3aTeNIN ChIPbs U Apyrue. T.e., IpH UCTIOIb30BaHMM B Ka4eCcTBe JOOABOK K IIINX-
T€, TEXHO-TEHHOTO CHIPbsI, HE BO3MOXHO OINPEIEIUTh MPOU3BOANUTEIBHOCTD, 0 OOBEKTUBHBIM TIPHUNHAM.
B 310l cBA3M akTyasjbHA 3a/laya pacyera MPOU3BOAUTEBHOCTH TEXHOJOTMYECKOHW JIMHUU IPOU3BOICTBA
KepaMHuec-KUX U3/IeJIUil C UCTIOIb30BaHUEM MH(POPMALIMOHHBIX TEXHOJIOTHIA.

B kavecTBe MpOrpaMMHOrO MHCTPYMEHTA B MCCIIEJOBAaHUM, IPUMEHsIeTCs porpamMma «VIMuTanmoHHas
MOZIEJ b TEXHOJIOTMUYECKOH JIMHUU MTPOM3BOACTBA CTPOMTENBHBIX M3/EINN C UCIIOJIb30BAHUEM OTXOJOB IPO-
MBIIIIEHHOTO ITPOM3BOICTBA» HAIMMCaHHAs Ha si3bike C++, B COOTBETCTBUY C MPUHITUNAMHA OOBEKTHO-
OPHMEHTHPOBAHHOIO IPOrpaMMHUPOBaHus. PacyeTsl TpOM3BOIUTEILBHOCTH BBITIOTHEHBI 11 TEXHOJIOTMYECKO-
ro ooopynosanus npecc Turan 900-120 DHEX, npecc Tutan 80 D. IIpeacraBneHHas nmporpamma MOXeT
OBITh CHOJIb30BAaHA MHAMBU/1yaJIbHBIMU MTPEANPUHUMATEIISIMU HE TOJIBKO JUISl pacyeTa MpOU3BOAUTEIbHOC-
TH, 00beMa BBIITYCKaeMOM MPOAYKIIUU, HO U JIs 0OOCHOBAHMS BHIOOPA TEXHOJIOTUYECKOTO 00OPYIOBAHUS

1151 IPOM3BO/ICTBA KEPAMUUYECKUX U3AEITHN.

KuaroueBble caoBa: MoepoBaHue, MH(POPMaMOHHbIE TEXHOIOTHH, SI3bIK TPOrpaMMUPOBAHMUS, ITPOT-
pamMa, TEXHOJIOTnYecKast 000pyJOBaHKE, IPOU3BOAUTEBHOCTD, KEPAMHUYECKUE M3IeIHS

Introduction. Clay has been used for centuries
as a building material for the production of building
products and household utensils. Currently, the
qualitative composition of clay is regulated by ST
RK 2652-2016 [1].

To date, the growth of ceramic construction
products in Kazakhstan is more than 56% [2] with
geometric growth, as the number of residential
buildings, office and warehouse premises increases.

Plastic, semi-dry and rarely slip methods are used
for the production of ceramic bricks [3].

The plastic pressing method is carried out from
clay with a moisture content of 18-24%, on tape,
SCrew presses.

Semi-dry and dry pressing methods use raw
materials with a moisture content of 8-12 and 2-
8%. Bricks, facade tiles, floor tiles, and paving slabs
are formed in a semi-dry way. Knee-lever, rotary,
and friction presses are used for pressing ceramic
products.

The technological equipment for the production
of ceramic products includes, equipment for the
preparation of the charge uses the following types
of equipment:

* vehicles used for the delivery and extraction
of raw materials (dump trucks, excavators,
bulldozers);

* receiving bins for raw materials;

 conveyors for feeding raw materials;

* rolling machines (disintegrators) carrying out
grinding;

* pressing and forming equipment;

* Drying chambers;

e brick kilns [4].

Certain requirements for plasticity and moisture
content are imposed on raw materials for the
production of bricks in order to improve physical
characteristics.

Since the production process of ceramic products
is sufficiently debugged, and the composition of raw
materials is known, the productivity of technological
equipment is determined in a practical way, but
factors affecting the flow of the technological
process, changes in the composition of raw
materials, changes in the working cycle are not taken
into account, respectively, there is no scientific
justification for calculating the productivity of that
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for various types of technological equipment.

Materials and methods. To calculate the
productivity of technological equipment, the
program “Simulation model of a technological
line for the production of construction products
using industrial waste” is used [5], the algorithm
of the program allows it to be used to simulate
the performance of technological equipment of
various types of construction products. The program
is written in C++, using the principles of object-
oriented programming.

Discussion of the results. The composition of
the raw materials used for the production of ceramic
products is described below.

Clay from the quarry of the deposit Near schools
(Akmola region) was used for research fig. 1.

Bauxite sludge (Pavlodar Aluminum plant)
fraction-1 (see fig.2), fly ash (Ekibastuz Gres -1)
fraction- (see fig.3), metallurgical slag of Casting
LLP fraction- 1 (see fig.4), river sand, fraction-1
(see fig. 5).

Figure 1 - Clay from the Ushkol quarry

Figure 2 - Baucxite sludge (Pavlodar Aluminum Plant) fraction-1
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Figure 3 - Fly ash (Ekibastuz Gres -1) fraction-1

Figure 4—Metallurgical slag of Casting LLP fraction- 1

Figure 5 - River sand fraction- 1

The program allows you to simulate the operation ones.

of technological equipment for the production of  Changes in the program related to the exclusion of
various construction products, including ceramic (he weight parameters “cement”, various additives
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that are not part of the raw materials for the detail in [7].

production of ceramic products, as well as the  pjsting 1 shows a fragment of a program
inclusion of the parameter “clay” ensure that the for calculating the productivity of technological

model approximates the real technological process. equipment for the production of ceramic products
[6]. The algorithm of the program is described in pased on man-made raw materials.

float Norm(float, float);
float ST[4];// list of events:

// ST[0]- the end of the mixture formation by the z0 device and
transfer to mixing

// ST[1]- the end is mixing the mixture and pouring water zl

// and transfer semi-dry to the molding matrix

// ST[2] - the end of the molding, the release of finished products z2

// ST[3]- simulation interval in min 8*60=480 - one shift

Float Tt;// system time

class OAQ// service class. a device that forms a dry mixture

{private:

public:

float Massal[NNp]; // the actual mass of the components of the mixture,
case. value (+- dispenser error)

int ne;// the current number of the container to which the OA is
connected, ne =0.1,...4

When calculating the productivity of the products, the raw material "clay” was used, the class
technological line for the production of ceramic OA1 was changed accordingly.

Listing 2 Class OA1 description program.

class OAl // class—a maintenance apparatus that feeds clay and mixes
{ private:
// Parameters OA:
public:
float tmixed;// mixing time
float dtmatrica;// the time of transfer of the mixture to the matrix
int sost;// 0- he is free and can take the mixture
// 1 — the dry components have been transferred, the device
is busy adding
// add the clay to the mixture and mix before transferring
the mixture
// to the bunker, ordered the end time of the transfer

// 2—- simple, because it cannot transmit the mixture - the
trace. OA is busy
// 3 — simple, because no, the ingredient has run out (there

is nothing to serve)
//float massat; // the mass of the current charge transferred to the
mixture.
Float summamass; // the mass of the dry mixture in OA transferred to
the mixture.
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//float Sum;
Float och;
float proisv;
float genl();
OAl () ;
Int Fobr();
Void display () ;
i

Class OA2 ensures the formation of ceramic products.

Listing 3 Class description program OA2.

class OA2 // The class is a service device that presses the mixture and
delivers the finished product
{ private:
// float massat; // the mass of the current mixture transferred to
the molding matrix
public:
float dtproduction;// time of transfer of finished products
int sost;// 0- he is free and can take a ready-made mixture
// 1 — I am busy with the transfer of finished products and
ordered the transfer time
Float Sumj;
Float vmatr; // the volume of the matrix, kg
Int ki; // the number of products in the matrix
Float summamass; // the mass of the mixture in OAO
Float vsego;// total mass of products
OA2 () ;
Float och;
Float gen();//Working cycle time
Void Fobr();//processing function
Void display();
bi
OAQ0 zO0;
OAl z1;
OA2 z2;

Float MassaKomp[NNp];
Float MassaKompSklad[NNp];
// NNp=0- Clay, NNp=l-sand,NNp=2 - no, NNp=3- ash
// NNp=4- metallurgical slag, NNp=5-no, NNp=6- bauxite sludge
// NNp=7 - no NNp=8 - no
Float smes[NNp]; // the percentage composition of the mixture
float MassaSmesy;// the planned total mass of the mixture, quantum,
indivisible portion
float vsmes;// The volume of the mixer with the finished mixture
float massaprodution;
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Figure 6 - Menu of the program for calculating the productivity of technological equipment for the
production of ceramic products with additives of man-made raw materials

Fig. 6 shows the program menu for calculating
the productivity of technological equipment for the
production of ceramic products with additives of
man-made raw materials.

The program menu shows 4 main parts:

l-raw materials in the warehouse of the

enterprise;

2-the formulation of a mixture for the production
of ceramic products, makes it possible to simulate
production with various additives and volumes of
artificial raw materials;

3-changing the parameters allows you to present
the real picture of the technological process as

adequately as possible, in a digital display of
technical characteristics;

4-the simulation interval will allow you to
calculate the performance of technological
equipment most accurately by setting any number
of iterations.

As it was presented above, a semi-dry production
method was used in the study, it is assumed that the
humidity of the mixture is 6-7%, while additional
equipment for drying products is not required.

Technological equipment for calculating
productivity is represented by Titanium 900-120DH
EXpress brands Fig.7.

Figure 7 - Titanium Press 900-120 DHEX
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Figure 8 - Ordinary hollow ceramic brick

Figure 9 - Ordinary full-bodied ceramic brick

Let's calculate the productivity for 2 types of

The number of products is 16 pcs.
ceramic products, fig.8,9.

The weight of the product is 3.7 kg and 4.3
kg (calculated taking into account the additives of
artificial raw materials).

The technical characteristics of the processing

line are indicated in the passport of the Titanium

900-120 hexagonal press : The results of calculating the performance of the

The duration of the working cycle is 11-12 Titanium 900-120 hexagonal press are shown in Fig.

minutes; 10;11.
The drive power is 90 kW.
Raw material Para s of technological eguip f
Clav Sand Gravel _ The number of products in the matrix  Dispenser capacity, kg/min
| 50000 | 15000 | 10000 | | 16 | | 100

. . Volume, mixer, kg Dispenser capacity, kg
Ash  Metallurgical slag  Additive

4uu|‘

[ 100 | |

[ 25000 | 15000

100 ‘

. Worki cle time, min
Bauxite sludge Water Zely

| 15000 ‘ | 1000 ]

Mixervolume, kg

The composition of the mixture
formulation
Clay

Sand Gravel

|50 |u

|
Ash Metallurgical slag  Additive

| 14 |1u || 0 |

Bauxite sludge ‘Water

I

Simulation interval, min Iterations
480 ]
START Aboit]

The volume of the matrix, kg

[ =2 ]

Used UP

Weight of the component [0]-6180, 8
‘Weight of the component [1]-1236, 1
‘Weight of the component [3]-0
Weight of the component [4]-1730, 6
‘Weight of the component [5]-1236, 1
Weight of the component [6]-0
‘Weight of the component [7]-1236, 1
Weight of the component [8]-741, 7

Number of products: 3341 pieces. 5D products=20

Working transfer time of the product,

Product transfer time, min

Dosing error, %

v e

Figure 10 - Calculation of the productivity of technological equipment in the production of ordinary hollow
ceramic bricks
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Raw material

[_51?:: I 151?2“CI ] 1nnnnGlMI|

Ash  Metallurgicalslag ~ Additive

[25000 [ 1500 | 100 |

Bauxite sludge Water

The composition of the mixture
formulation

Clay Sand
50 | 1 | 0 |

| [

Bauxite sludge ‘Water

I

Gravel

ical slag__ Additive

Simulation interval, min Iterations
480 3
START {Abou

Volume, mixer, kg

. The number of products in the matrix

Parameters of technological equipment

Dispenser capacity, kg/min

[ |

100 |

Dispenser capacity, kg

| 400 | ‘ 100

Working cycle time, min

I

Mixervolume, kg

The volume of the matrix, kg

I

‘Working transfer time of the product,

Product transfer time, min

Dosing error, %

Used UP
‘Weight of the component [0]-6003
Weight of the component [1]-1201
‘Weight of the component [3]-0
Weight of the component [4]-1681
‘Weight of the component [5]-1201
‘Weight of the component [6]-0
‘Weight of the component [7]-1201
‘Weight of the component [B]-720
Number of products: 2792 pieces. 5D products=44

Figure 11—-Calculation of the productivity of technological equipment in the production of ordinary

full-bodied ceramic bricks

Figure 12 - Titanium 80 D Press

Similar calculations of the performance of
technological equipment are calculated by the
program for the Titanium 80D press fig.12.

The technical characteristics of the processing
line are given in the passport of the Titanium 80D

The duration of the working cycle is 2-3 minutes;
The drive power is 15 kW.
The number of products is 1 pc.

The calculation of the productivity of the

press:

Titanium 80D press for two types of ceramic bricks
is shown in Fig. 13;14.
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RBaw material P, i of fechnological equip £
Clay Sand Gravel . The number of inthe matrix  Dispenser capacity, kg/min
[se0e0 [15000 roono | 1 | | 100 |
ash . Volume, mixer, kg Dispenser capacity, kg
400 100
[25000 [ 15000 [ 100 |
Worki cle time, min Working transfer time of the prodi
.Baimwhe = -watE' K | p B
- Mixer volume, kg Product transfer time, min
The composition of the mixture
Clay Sand Gravel
The volume of the matrix, kg Daosing error, %
| . | . | D | |I|
Ash ical slag  Additive
14 10 0 Used UP
‘Weight of the component [0]-1424, 5
Weight of the component [1]-284, 9
Bauxite sludge Water ‘Weight of the component [3]-0

[ 1 [ ]

Simulation interval, min

480

Iterations

[ ]

Weight of the component [4]-399
‘Weight of the component [5]-284, 9
‘Weight of the component [6]-0
Weight of the component [7]-284, 9
‘Weight of the component [8]-171

Number of products: 770 pieces. SD products=20

Figure 13 - Calculation of the productivity of technological equipment in the production of ordinary hollow
ceramic bricks

Roaw marerial

Par s of hnological equipment
Clay Sand Gravel . The number of inthe matrix ~ Dispenser capacity, kg/min
[_mu [ 15000 Tro0 | t | | 100 |

Ash  Metallurgicalslag  Additive
[ 25000 [15000 | 100 |
Bauxite sludge Water

The composition of the mixture
formulation

Clay Sand Gravel
[s0 |10

|
Ash Metallurgical slag__ Additive

| o

]

Bauxite sludge Water
Simulation interval, min Iterations

480

[ 5

|

Volume, mixer, kg

ity, kg

m“

‘Working cycle time, min

Mixer volume, kg

The volume of the matrix, kg
4,3

Used UP

Weight of the component [0]-1711, 4
Weight of the component [1]-342, 2
Weight of the compoenent [3]-0
Weight of the component [4]-479, 2
Weight of the component [5]-342, 2
Weight of the component [6]-0
Weight of the component [7]-342, 2
Weight of the component [8]-205, 4
MNumber of pi 796 pieces. SD p

‘Working transfer time of the product,

Product transfer time, min

Daosing error, %

Figure 14—Calculation of the productivity of technological equipment in the production of ordinary

full-bodied ceramic bricks

Conclusion. The developed program allows you technological equipment for semi-dry and dry

methods of forming ceramic products, for various
1) perform calculations of the productivity of types of molding matrices;

to:
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2) provides an opportunity to control the volume
of raw materials in the warehouse;

3) determine the calendar plan for the production
of ceramic products;

4) flexibly respond to changes in the technological
parameters of the production process.

The program can be useful both for technologists
of enterprises producing construction products, and
for individual entrepreneurs with a limited number

of technological equipment and a small volume of
production.

Existing developments related to simulation
modeling are mainly related to solving logistical
problems, describing components and strategies,
and discrete events in particular [8-10], which
today opens up the possibility of wider use of all
information technology capabilities for the practical
implementation of engineering calculation tasks.
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MY¥HAT/IbI BACTAIIKbI OH/IEY KOH/IBIPTBICBIH/IA T¥PAKTBHI BEH3H OH/IIPY
MPOIIECIH AVIKBIHCBHI3/IBIKTA MOJIEJIb/JIEPI HETT3IH/IE OHTANJIAHJIBIPY TOCLII

1B.B. Opa3s6aes, 2JI.T. Caxsioex , >JI.T. Kypmanrasuesa, *B.1. Tepexos, 5B.E. Yrenosa,
3B.E. MaxaroBa, >A.C. OtebaeBa

! JI.H. T'ymunes ateiHarsl Eypasus yATTHIK yHUBepcHTeTi, Actana, Kaszakcran,
2 M.O. dyesos arbiaarsl OHTyCcTik Kazakcran yuusepeuteri, Illsivkent, Kaszakcras,
3 X. TocMyxame/ioB aThiHAarsl AThIpay yHUBEpPCHTETi, AThipay, KazakcraH,
4HA. Bayman atbiHIarel Mockey MEMJIEKETTIK TEXHUKAJIBIK, yHUBEpcuTeTi, MockBa, Pecen,

3 C. VTebaes aThiHarbl AThIpay MyHaii %oHe ra3 yHUBepCHTeTi, AThipay, Kazakcran
*KoppecnouienT-arop: lyaklai.36972@mail.ru

By Makanaga MyHaibl 6acTarnkbl ©Hey KOH/IBIPFICBIHBIH MAKCATTHIK ©HiMi OOJIBIT TaOBUIATHIH TY PAKThI
OEH3MH eHIipy IIPOLIECiH OHBIH MATEMATHKAJIBIK HETi3/1epi HeTi31H e alKbIHCHI3bIK, XKaFJailbIHIa OHTAlIaH-
JBIPY Macesiesiepi 3epTTeJiM, oJlapabl TUIM/II IIeNTy 9icTeMeniepi yebiHbUIFad. Kasipri yakpiTTa MyHait 6H-
ey eHJlipiciH/ie MyHa/Ibl OacTalKbl ©HJIEY KOH/IBIPFBICHIH/IA OTETIH HET13ri MPOIeCCTepIiH OHTANIaHABIPY
eceOiH IIeTy ajJbIHFAaH MYHail ®HIMAEPIiH apbl Kapail TepeH eHJey MpolleccTepi TUIMAUTITIH KaMTaMachi3
eTeTIHAIKTeH aca ©3eKTi FhUIbIMHU, OHIIPICTIK MacelseHiH OipiHe karaabpl. OcbifaH OailIaHBICTBI OYIT 3epT-
Teyne AThIpay MyHail ©H/IeY 3aybITHIHBIH MYHAa/Ibl OACTarKbl ©H/IeY KOH/IBIPFBICHIHBIH MAaKCaTThl OHIMI —
TYPaKThl OSH3VH OH/Iipy MPOIIECIH OH/IAFbl AKBIHCHI3/IBIK KaFJalbIHIa OHTAMIAHIBIPY ecebi MaTeMaThKa-
JIBIK TY>KBIPBIM/IAJIBII, OHbI AIKBIH €MeC OpTaJa TUIM/I eIy YIIiH 9BPUCTUKAJIIBIK TOCUIIEME Y ChIHBLIFaH.

OpblHAaFaH 3epTTeyiep HOTUKECIHIE MyHa/1bl OaCTANIKbl OHJIEY KOHIBIPFBICBIHBIH TY PaKTaHbIPY KOJIOH-
HAChl CUSIKTBI K€l MapameTpriepi alKbIHCHI3ABIKIICH CUMATTANIATHIH KY Pl HhICAHAAPAbIH MaTeMaTUKAIIBIK,
MOJIEJBb/EPIH KYPHII, OJNap/blH HETi31HAE HbICAHHBIH alKbIHCHI3IBIKTA KYMbBIC PEXKHUMIH THIM/I OHTalJIaH-
IBIPATHIH BPUCTUKANBIK, TOCUIIeMe d3ipiieHreH. TypaKkTaHIbpIpy KOJOHHACHIHAH aJIbIHATHIH TYPAKThl OeH-
3MH MeH Ta3 KeJIeMJIepiH KOJIOHHAHBIH Kipic, peXXUMIIK TapamMeTpiiepHe OaiilaHbICTa aHBIKTAUTBIH MOJIEITb-
Iep perpeccopiapibl Ti30eKTel KOCy TOCUIIeMeci MeH eH Killli KBapaTTap TICUTiH XYHesi KOIIaHy apKbl-
JIbI, SKCTIEPUMEHTANIBIK-CTATUTCTUKATIBIK JAEPEeKTEp Heri3iHae uaeHTU(UKAIUATaHFaH. ATl TYPaKThl OeH-
3WHIH alKBIHCHI3BIKIIEH CHUIIATTAJIATHIH Cala KOPCETKIMTepiH OaFaJlalThIH alKbIH eMeC MOJENbAEP KC-
NepTTiK Oaranay, alKbIH eMeC KHUbIHAAP TOCUIAePl apKbLIbl MOTU(UKAIMSIIAHFAH Perpeccopiapbl Ti30eK-
Te KOCY MEH €H Killli KBaJpaTTap ToCUIAepi Heri3iHae Ky pblIFaH. AJIbIHFaH TYPaKTaHIBIPY KOJOHHACH MO-
AeNbIepi Heri3iHae Ty paKThl OSH3MH OHIIpY MPOIIECiH alKbIHCHI3IBIKTA TUIM/II OHTAMIAHABIPY YIIIiH 33ip-
JIEHT'€H 9BPUCTUKAJIBIK aaroputM [lapeto onTruManabiK meH uaeanabl HyKTe ONTUMAIBIK PUHIIMITEPI MeH
OJ1ap/blH KOMOAHAIMSCHIH alKBIHCBI3/IBIKKA MOAM(UKALIMIAYFa HETi3Ae/TeH.

TyiiH ce3aep: KONKPUTEPUIJII OHTAMIAHBIPY, AallKbIH €MeC aKIapaT, allkKblH eMeC MOJEJIb, AlKbIH-
CBI3/IBIKTA IIeNTiM KaObU1aay, MyHa sl OacTarksl ©HIey KOHABIPFBICH, TYPAKThl OCH3HH.
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METHOD FOR OPTIMIZATION OF THE PRODUCTION PROCESS OF STABLE
GASOLINE AT PRIMARY OIL PROCESSING UNITS IN A FUZZY ENVIRONMENT BASED
ON OBJECT MODELS

1B. Orazbayev, 2L. Salybek ', L. Kurmangaziyeva, *V.Terekhov, °B. Utenova, *B. Makhatova,
3A. Otebayeva

IL.N. Gumilyov Eurasian National University, Astana, Kazakhstan,
2 M. Auezov South Kazakhstan University, Shymkent, Kazakhstan,
3 Kh. Dosmukhamedov Atyrau University, Atyrau Kazakhstan,

4 N. Bauman Moscow State Technical University, Moscow, Russian,
> § Utebaev Atyrau Oil and Gas University, Atyrau, Kazakhstan,
e-mail: lyaklai.36972@mail.ru

This article examines the problems of optimizing the production process of stable gasoline based on
models of the object, which is the target product of a primary oil refining installation, and proposes
approaches to their effective solution. Currently, solving the problem of optimizing the main processes
at a primary oil processing plant in the oil refining industry is one of the most pressing scientific and
production problems, as it ensures the efficiency of further deep processing of the resulting petroleum
products. In this regard, this study formulates a mathematical formulation of the problem of optimizing
the production process of stable gasoline - the target product of the primary oil refining installation of
the Atyrau Oil Refinery, characterized by uncertainty, and proposes a heuristic approach for its effective
solution in a fuzzy environment.

As aresult of the research, mathematical models of complex objects characterized by ambiguity of some
parameters, such as the stabilization column of a primary oil treatment plant, were developed, and on their
basis a heuristic approach was developed that effectively optimizes the operation of the object in conditions
of uncertainty. Models that determine the volumes of gasoline and gas from the stabilization column
depending on the input operating parameters of the column are determined on the basis of experimental
statistical data and the systematic application of the approach of sequential sequential connection of regressors
and the least squares method. Fuzzy models that evaluate vaguely described quality indicators of stable
gasoline are synthesized on the basis of expert assessment methods, fuzzy sets and modified methods of
sequential inclusion of regressors, least squares. Based on the obtained models of the stabilization column,
a heuristic algorithm has been developed for the effective optimization of the production process of stable
gasoline under conditions of fuzzy conditions, based on a modification and combination of the principles
of Pareto optimality and the ideal point for working in a fuzzy environment.

Keywords: multicriteria optimization, fuzzy information, fuzzy model, decision making in a fuzzy
environment, primary oil refining unit, stable gasoline.

METOJ OIITUMU3AIIMA ITPOLIECCA NTPOU3BOACTBA CTABMJIBHOT'O BEH3MHA
HA YCTAHOBKAX IIEPBUYHOMN INIEPEPABOTKYU HE®THU B HEYETKOW CPEJIE HA
OCHOBE MOJIEJIEM OB BEKTA

1B.B. Opazéaes, 2JI.T. Caabioex , JI.T.Kypmanrasuesa, ‘B.I. Tepexos, B.E.YTeHoBa,
3B.E. MaxaroBa, >A.C. OtebaeBa

I EBpaszuiickuil HatoHaibHbId yHUBepcuTeT uMenu JI.H. I'ymuneBa, Acrana, Kazaxcran,
2 1OxHo-Kazaxcranck uii yausepcuteT umenu M.O. Ayesosa, llIsivkenT, Kazaxcran,

3 Atpipayckuii ynuepeuteT uMenu X. JlocMyxameiosa, ATwipay, KasaxcraH,
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OCKOBCKHI rocyIapCTBEHHBIH TEXHUYECKH YHUBepcuTeT UMHHU H.D. Baymana, Mocksa, Poccus,
M Y, y H.3. Bay M P
3 ATwlpayckuii yauBepcuTeT HedT U raza umenn C. YrebGaesa, Ateipay, Kazaxcran,
e-mail: lyaklai.36972@mail.ru

B naHHO¥ cTaThe MCCiIeI0BaHbl MPOOIEMbl ONTUMU3AIIMY TIPOLEcca TPOU3BOACTBA CTAOMIBHOTO OEH3MHA
Ha OCHOBE MoJIesiell 00beKTa, KOTOPBIN SIBJISIETCS LIeJIEBBIM IPOIYKTOM YCTAaHOBKY NMEPBUYHOM MepepadOTKH
HeTU U MPeAJIoKEHbI MOAX0/bI K MX 3(pheKTUBHOrO peleHus. B HacTosiiee BpeMsl pellieHre 3a1auu ONTH-
MU3AIIMU OCHOBHBIX ITPOLIECCOB HA YCTAaHOBKE MEPBUYHOM epepaboTku HepTH B He(pTenepepadaThiBaloIei
MIPOMBIIIJIEHHOCTH SIBJISIETCS] OMHOW M3 HauOoJiee aKTyalbHbIX HAyYHBIX M MPOU3BOIACTBEHHBIX 3a]ay, TaK
Kak oOecrieunBaeT 3(pheKTUBHOCTD JaTbHENIIEH TITyOOKOH NiepepadOTKH NOTydaeMbIX HepTernpoayKToB. B
3TOM CBSI3U B IAHHOM HCCJIEIOBaHUU ¢(hOPMYJIMPOBaHAa MaTeMaTHYeCKast [IOCTAHOBKA 3aJa4l ONTUMU3ALUH
npoliecca MPOU3BOACTBA CTAOMIBHOTO OEH3MHA — LIEJIEBOTO MPOAYKTA YCTAHOBKM MEPBUYHON MepepadoTKU
Hedtn Atbipayckoro HII3, xapakrepusyomuecs: ¢ HEYEKTKOCTBIO M MPENJIOKEH IBPUCTUUECKUN TOAXO[,
11 ee 3(PEKTUBHOTO pelIeHNs B HEYETKOW Cpejie.

B pesynbrare nmpoBeieHHBIX MCCIe0BAHUI pa3paboTaHbl MaTeMaTHYECKIe MOJIENTH CIIOKHBIX OOBEKTOB,
XapaKTepU3yOIMMHUCS HEOTHOZHAYHOCTHI0O HEKOTOPBIX MapaMeTpOB, TAKUX KaK KOJOHHA CTaOWMIIM3AllAH
YCTAaHOBKH MEPBUYHOM MOATOTOBKU HE(PTH, U HA X OCHOBE pa3pab0OTaH IBPUCTUUECKUI NOIX0A, 3(PPeKTUB-
HO ONTUMU3UPYIOIINI paboTy 00BEeKTa B YCIOBUSIX HeYeTKOCTH. Mojenu, orpeaensioiiye 00beMbl OeH3U-
Ha ¥ rasa U3 CT3.6I/UII/I33.L[I/IOHHOI‘/JI KOJIOHHBI B 3aBUCUMOCTH OT BXOJHBIX PEKNMHBIX ITApaMETPOB KOJIOHHBI,
OIIPEACTICHBI HA OCHOBEC 9KCIIEPMEHTAJIbHO-CTATUCTUYCCKUX OAHHBIX U CUCTEMHOI'O ITPUMEHCHUSA TOAXO0Aa
TOCJIE/IOBATEILHOTO TIOC/IE0BATEILHOTO COEIMHEHUsI PErpeccopoB U METOAA HAUMEHBIIMX KBaAparoB. A
HEUYETKHE MOJIEITH, OIIEHUBAIOIIHE HEYETKO ONMCHIBAEMBIX KAYeCTBEHHBIX TOKa3aTesiel CTabMIIbHOTO OeH3H-
Ha CUHTE3MPOBaHbl HA OCHOBE METO/IOB IKCIIEPTHBIX OLIEHOK, HEUYETKMX MHOKECTB U MOAU(HUIIMPOBAHHBIX
METO/IOB TIOC/IEA0BATEILHOTO BKJIIOUEHH ST PErpeccopoB, HAMMEHBIIIMX KBaapaToB. Ha 0CHOBE MOTy4YeHHbIX
Mojiesiel CTabMIM3allMOHHON KOJIOHHBI pa3pad0TaH IBPUCTUYECKUN alropuTM 3G (PEKTUBHON ONTUMU3a-
IIUM TIpOIlecca MPOU3BOICTBA CTAOMIBHOTO OCH3MHA B YCJIIOBHSX HEYETKOCTH, OCHOBAHHBIN Ha MOTU(UKA-
I ¥ KOMOMHAIIMY TTPUHITAIIOB ONTUMAJIBHOCTU [1apeTo-onTHMaIbHOCTH U UACATbHOW TOUKH JUTSI paOOThI
B HEUETKOH cpefe.

KiroueBble cii0Ba: MHOIrOKpUTEpUAIbHAS ONTUMU3ALMSA, HEUETKAs MH(OpMALMs, HEUETKAsA MOJIEND,
NPUHSATHE PEIICHUI B HEYETKOM Cpejie, YCTAaHOBKA MepBUYHON NepepadoTKU He(pTH, CTAaOMIIbHBIN OCH3MH.

Kipicne. byrinri Tanaa anem, conby iminae Ka-
3aKCTaH 9KOHOMUKACBIH/IA MYHAll ©HJey OHJIpICiH-
Je MYHaigel OacTanksl eHjey Iporeccrepi MeH
oJlap/ibl OHTTAWIAHJBIPY, TUIMI Oackapy Mmocerne-
Jiepi aca MaHBI3[IBI /14, ©3EKTi Macesesepi 0ipi 60-
Jbim Tadbutaabl. OHBIH Herisri cebenTepi periHje:

— Op cajiara eTe KaXeTTi canajibl MyHail eHiM-
AepiH alyablH IIMKI MYHaiabl Cy, Ty3[aH Ta3apTry
MEH aJIFallIKbl OHJEY CANlaChIHbIH MaHbI3/IbUIbIFbIH;

— MyHaipl OacTankbl eHJeYy MpOIeciHIe aybIp
MyHail eHiMmaepi (pakuusiapbl eceOiHeH, Heris-
ri MakcaTThIK ©HIMI OOJIBIIT TAOBUIATHEIH OEH3MHHIH
KEHUT (PpaKIMsIIapbIH — TYPAKTH OCH3UH/II KaKeTTi
carachlH KaMTaMachI3 €Te OTHIPHIIT, OapbIHINA APTTHI-

PYABIH aca KaXKeTTiriH atamn etyre 6omapl [1-3].

ki MyHaiabl cy, Ty3 KoHE TYpJli MEXaIllHUKa-
JIBIK, KOCHIAJIAPABIH TA3apTaThIH KOHE Ta3apFaH MY-
Haiigpl OGacTankpl eHJey HporeccTepi OapibK My-
Hail eHjey 3aybITTapbiHAB (MO3) OGap MyHaiiabl
Oacrankpl eHaey KoHablprbuiapbiHaa (MBO) eteni.
Bysn MBO koHABIpFbUIaphl Oacka J1a TeXHOJOTHsI-
JIBIK, KOHABIPFBUIAD CHUAKTHI ©3 apa MaTepUaslblK,
SHEPrUsUIBIK, aKIAPATTHIK aFbIHIAPMEH OaiIaHbICTHI
KONTereH TEXHOJIOTUAJIBIK arperarrapiaH TYpPaTbH
KYPAEJ TEXHOJIOTUSIIBIK, KYHeJIepre Karapl.

MyH[ai1 TEXHONIOTUSUIBIK, KYHeNIep/iH KyYMbIC ca-
I1aChbl 9ACTTE SKOHOMUKAJIBIK, SKOJIOTUAJIBIK, TEXHO-
JIOTUSUTBIK CUIIATTarbl KOINTETeH KPUTEPUUIIEPMEH

188



Oarananpl [4,5]. ConbiMeH katap MO3-11a KoJIaHbI-
crarbl MBO KOHABIPFBUIIAPBIHAA OHJIIPUIETIH MY-
Hail eHIMIEPiHiH TY P (ppakuusiIaphl (ayblp, KeHL,
KEepOCHH, Ma3yT) (ppakiusIapbIHbIH carachkl KOpceT-
KillITepi MpakTUKaga afaM, SIFHM MaMaH[ap KaTbl-
CYBIMEH, OJIapIbIH OisTiMi, Toxipubeci, sIFHU alKbIH
eMec aKmapartap Heri3iHae JaOopaTOPHSIILIK, KO-
MeH Oaramansl [6 - 8]. OraH KaceIMIIa KOJIIAaHbI-
CTarbl CTaHJAPTTAp TaJIBaNTapbl OOMBIHIIIA OCH3WH,
Oacka na MyHail eHIMAEpiHiH KailHay TeMmIepary-
paJibl, Kypambl CHUSIKTBI cama KOPCETKIIITepl «Ker
eMec», «a3 emec», OepiireH MiHHEH «apThlK» He
«KeM» CUSIKTHI allKbIH eMeC HyCKayJiepMeH CUrarTa-
nansl [9, 10].

Korapeina cunarranrad MBK — KOHOBIPFHICH-
HBIH TIPAKTUKAJAaFbl alKbIHCHI3ABIKIICH CHUIIATTalla-
ybl KQHE OHBIH KYMBbIC CANaChIHbIH KOIKPUTEPUi-
JIKIIeH OarajaHybl KOHJIBIPFBI MaTEeMaTHKAJIBIK, MO-
JenbIepi MEH OHBIH XYMBIC PEXAUMIEPIH OHTaM-
JAHJBIPYAA JOCTYPIl TICULAECPHIH TUIMCI3IIHE, HE
oJlap/blH KOJIIaHy MYMKIH €MECTIT1HEe aJIblll KeJel.
CoH/IBIKTaH COHFbI YaKbITTapaa 3epTey eHOeKTepiH-
JIe alKBIHCBHI3/IBIKTA TEXHOJIOTUSLIBIK, JKYWeIep/IiH 63
apa OailJIBAaHBICKAH MOJeJIbAep MaKeTi MeH alKbIH-
CBI3JIBIKTa KOMKPHUTEPUIAJII OHTAMJIAHIIBIPY MOcelie-
Jiepi aca e3eKTi FbUIbIMU OaFbITKA alHAJIIBL.

Mbicainsl [11-13] tarsl 6acka 3epTTeyaep aBTop-
JIapbl 63 eHOEKTEePiH/e TEXHOIOTHSUIBIK KYHenepiiy
AHKCBI3/IBIK, KOJDKETIM/II aKTapaTThIH alKbIH €MeCTi-
i KargaiapbiHaa Kypaesdi TeXHOJIOTHSUIBIK, KYW-
enepal MOJEAeY MEH OITaillsIaHAbIpy MacesenepiH
3epTTereH. ATajfaH KoHE OChl OarbITTarbl Oenrii
KYMBICTapa alKBIHCBI3JBIK Macesenepi OacTanKpl
AllKbIH €eMeC eCeNTi alKblH eMeC XHUbIHAAP TEOpUsi-
CBHIH/IAFbI (¢ JIEHTEITi KUBIHIAD HEeri3iHje Heri3iHe
OipHellle aliKplH ecenTepre aiHaJIBIPbII, aJIbIHFaH
allKbIH ecenTepii Oenriii TociaIepMeH IIellill, 1ie-
mimMaepai OipikTipyre apKbUIbl IIEITYFa HeTi3/1e/reH.

By Tocinaemnepne O6actankpl alkbIH eMec ecel-
Ti allKpIH ecenTepre alHaJAbIpy IPOLIECIHIE KU-
HAJIFaH aliKblH €MeC aKIaparTblH, SFHU JKCIEepT-
MaMaHgap 0aJtimi, TOKipruOeci MHTYUIUSICHIH alTap-
JBIKTal OeJliri ecKepiMereHaiKTeH, ajblHFaH MO-
A€Jb MEH IIEIIIMHIH a[JeKBaTThIFbl Al TapJIbIKTA TO-
MEHJEN.

AVKBIHCBI3/IBIKTA KYPBUIFAaH MOJIENbIEP a/leKBaa-

TBIFbl MEH OHTAMIaH/ABIPY HOTHKEJIEPiHIH TUIMIH/Ti-
TiH apTTHIPY YINiH OyJ Tocuiemesnepae o KUbH-
Japbl JeHreiIepi CaHblH apTTHIPYIBl YCHYFa OoJia-
Ibl. Anaijga o KUbIHAAPBI JICHIeWIepl CaHbIH apT-
TBHIPY, QJIBHATHIH alKbIH €CenTep/AiH CaHbIHbIH ece-
JIeTl, KYPT ©cCylHe ajiblH Kese/ll, SIFHU OoJlapibl Iie-
1Ty, COHFBI HOTHIKEHi Taby J1a aca KypaeJIeHir, pak-
TUKQIBIK TYPFBJIAH ©T€ TUIMCi3 OOJbIT TabblIa-
npl. Con ceGernteH OyIT 3epTTey JKYMBICHIHIA OacTa-
IIKbl alIKbIH €MEeC €CENTi alKbIH €CENTep KUbIHbI-
Ha aWlrajblpMaii-ak OHbl aMKBIHCHI3/IBIKTa KOMbII,
(popmanuzanusiian xoHe alKbIHCHI3BIKTA ILEIIyTe
HETi3/Ie/ITeH allKbIH eMeC eCcenTeoi My IiH KaHa
TUIMZI TOCIIIEMEC] YCHIHBLIA/IBL.

ByJ1 FpUIBIME Makasiajia 3epTTey HbICaHbl PETiH-
ne Ateipay MO3 MyHailbl ajiFallikbl OHAEY KOH/[IbI-
PFBICHICHBIH HETi3r1, MaKCaTThIK ©HIMi, carachl ai-
KBIHCBI3IBIKIICH CHATTAJIAThIH TYPAKThl OSH3WH aJTbl-
HATBIH TYPAKTaHIBIPY KOJOHHACHI ajbiHFaH. Ky-
MBICTBIH, 3€pTTey IIoHI AaWKBIHCBHI3ABIKTA KypAeni
HbICAaH/IAPAAPIbIH MOJENBIEPIH KYpPY KoHE OHJAi
HYaH/apAbIH )KYMBIC PEKUMIH KONIKPUTEPUIIIIK NIEH
allKbIH eMecC IIeKTeyJep KarJaiajapelHaa OHTaH-
JIAHBIPY TOCLIAEpi OOJIBIT TAOBUIA B

¥ ChIHBUTFaH KYMBICTBIH 3€pTTey MakcaThl: MbO
KOH/IBIPFBICHIHBIH ~ TYPAaKTaHIbIPY KOJIOHHACHIHAH
TYPaKThl OEH3UH OHJIPY MPOLECIH alKBIHCHI3ABIKTA
MOJIEJIBIEPIH KYPHIII, OJIAPIbIH HETi31HIe Ty paKTaH-
JIBIPY KOJIOHHACBIHBIH KYMBIC PEXHUMJIEPIH OHTaM-
JIAHJBIPY SBPUCTHKANBIK TOCUTIH 3iprey. 3eprrey
HOTWKECIH/IE aJIbIHATBIH HOTHUXKENEPHiH KOIKpuTe-
PUILTIK [I€H aKBIHCBI3ABIK kaFalaiblH/1a OHIPICTIK
TEXHOJIOTUSUIBIK, HbICAaHIAPAbIH TUIM/II OHTaIJIaH Tbl-
py OarbITBIH/A YJIKEH TEOPUSIBIK JKOHE MPAKTHKA-
JIBIK, MAHBI3/IBUTBIKTAPFa UE.

Marepuajaap MeH Taciiaep. 3eprrey mate-
puangapsl peringe MBO KOHIBIPFBICHI TypaKTaH-
JBIPY KOJIOHHACBIHBIH KYMBIC PEKUMIEPI KaWIbI
9KCTIEPUMEHTANIBIK -CTATUCTUKAJIBIK, IEPEKTEPl MEH
OJ1 KOJIOHHQJIaH OHMIpiIeTIH TypaKTalfaH >KeHi1
OeH3MH (hpaKLUsIIAPbIHBIH Carackl Kaiibl 1adopa-
TOPUSUIBIK,, SKCTIEPTTIK aKMaparrap akmnaparrap Ko-
JaHbUIa/Ibl. 3epTTey HbICaHbIHBIH, siFHU MBO KoH-
JBIPFBICHl TYPAKTaH/BIPY KOJIOHHACHIHBIH MOJIEJIb-
JepiH KYpYy YIIiH OCBl MaKaJia aBTOPJIapbl KATHICYbI-
MEH YCHIHBUIFaH OacTanKbl aKMapaTTapblH JKeTic-
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NEYIILIri MEH alKbIHCBI3JbIFBl KaFJanibiHIA KOJ-
KETIMJI TYPJIi CUIIATTaFbl aKIapaTTap HEeri3iHIe Hbl-
CaHHBIH MOJICJIBJIEPIH KYPY 9/icTeMeci KOolIaHblIa-
awl [14, 15]. Conpail-ak TypakTaHIbIPy KOJIOHHACHI
MOJEJIBIEPIH Kypyaa Kyuenik Tocuiaeme [16] mMeH
SKCHEPUMEHTTK AEPEKTepAl CTATUCTUKAJBIK OHJAEY
tociigepi MathCad nporpammasap nakeri HeriziHe
MangaIaHblUIIbL.

3eprTey marepuaigapbl peTiHae KONIaHbUIATHIH
TYPaKTaHAbIPY KOJIOHHACBHIHBIH OJIIIIEHETiH Kipic, pe-
KUMJIIK jKoHE IIBIFBIC TapaMeTpiiepi MOHAEPI OJIIIIey
acranrapbsl KOMeriMH aJblHFaH. AJl allKbIHCBI3/IBIK -
MeH CHIATTAJIATBIH TYpPaKThl OSH3WHHIH cama Kep-
ceTkimTepi (6acTarnkpl, COHFbI KaliHAYy TeMIieparypa-
JIapbl) KOJIIAaHBICTAFbl CTAHJAPT TANANTAPbIHAAFI ali-
KbIH eMec HyCKayJap MeH MaMaH-3KCIepTTTep Ta-
OUFY TUTIHIE CUMATTAIAIbL.

KymbIcThIH 3epTTey MakcaTbiHa, sifHU MbBO
KOH/IBIPFBICHIHBIH ~ TYPaKTaHJbIPy KOJIOHHACHIHAH
TYPaKThl OEH3UH OHIPY MPOLECIH alKbIHCHI3/IBIKTA
MOJEJIBAEPIH KYPY KOHE OHBIH KYMBIC PEXKUMIEPIH
OHTAWJIAHABIPY YIIIH 3€pPTTEY HbICAHBIHBIH MOJEJIb-
Aep Kyieci MeH allKblH eMeC LIEKTeYJIep JKaFAaiblH-
Ja KONKPUTEPUILTIK OHTAWIaHABIPY IBPUCTUKAJIBIK
TOCLJI 93ipiIeHeTiH OOoapl.

TypakTaHJpIpy KOJIOHHACHI IIBIFBICBIHAH AJIbIHA-
THIH TYPaKThl OEH3UH MeH Ta3 KeJieMJIEPiH Kipic, pe-
KUMJIIK TTapaMeTpiepiHe OaiIaHbICThl aHBIKTAUTHIH

5
y] = aoj + g aij’L +
i=1

MYHfafel y;,j = 1,2 — TypakTaHppy Ko-
JIOHHACHI IIBIFBICHIHIAFBI TYPAKTHI OEH3MH (Y, ) MeH
ras (y,) Kesxemuepi; agj,a;;, a5, = 1,2,1 =
1,5,k = 1, Qp; — aphl Kapai aHbIKTaJIybl THiC, OeI-
rici3 napamerpiep (perpecCuOHAbIK KO3 PUIMEeHT-
TEp), T;, 1 = 1,5 — KOJIOHHAHBIH Kipic, pexXUMIIK
napamMeTpiepi, artan aiTKaHaa: &, Lo — KOJIOHHACHI
’KOFapFBl MEH TOMEHT1 OeJiKTepi TeMIleparypasapbl
MOHJEPI, &5 — KOJIOHHA KIPICIHJET] IIMKI3aT Kesemi,

5 5
Zzaijakjwiaj =1,2,

=1 k=1

MOJZIEIbIEP TOXKipUOETiK-CTATUCTUKANIBIK, TICLIEP
apKpUIbl uaeHTUUKausiadags [17-19]. TypakTsl
OeH3MHHIH alKBIHCHI3/ILIKTA OaFaaHaThIH cara Kep-
CeTKilITepi Typaiabl allkblH eMecC aKIaparrap 9KC-
neprTik Oaranay tocingepi [20] apKbUIbl KUHAIIBIM,
oJ1apapl (popManu3anysiiay MEH OHIEY aliKblH eMecC
KUBIHIAP Tocuaepi [6, 8, 21] HeriziHe Ky3ere achl-
PbUIFaH.

Hatuxkenep mMen tajkbuiay. Kywmbicra epr-
Tey OapbIChIHIA KeJeCi Heri3ri HOTUXKeNep alibl-
HFaH: TYPaKTaHAbIPY KOJIOHHACBIHBIH TA:XipUOeiK-
CTaTUCTUKAJIBIK JKOHE AallKblH €MeC akmaparrap
HETi3iHIe KYpbUIFAaH MaTeMaTHKAJbIK  MOJEb-
Jepi; alKBIHCHI3ABIKTA TYPJi OHTAWIAHIBIPY TPUH-
LIUNOTEPiH alKBIHCBIKKA TYPJIEHIIPY apKbUIbL 3ip-
JIEHTeH KoHEe KYPbUIFaH MOJE/bJEp Heri3iHie 3epr-
TEY HBICAHBIHBIH KYMBbIC PEXUMIEPIH THIM/II OHTal-
JIAHABIPYFa MYMKIHIIK OepeTiH SBPUCTUKAJIBIK
TCLIL.

3eprTey HbICaHbl - TYPAaKTaHABIPY KOJOHHACHI-
HBIH TYPJIi CHNATTarbl aKMapartap HerisiHae Kypbl-
JIFaH MaTeMaTHKaJbIK Mofenbaepi. TypakTaHaspy
KOJIOHHACHI TOMEHTI1 OeJliriHe aJbIHATBIH TYPaKThl
OeH3uH (y;) MEH KOJOHHAHBIH JKOFaprbl OeuliriHe
QJIBIHATBIH Ta3 (Y, )KeJeMAEpiH CUNATTANTBIH MO-
JeTbAep KYPbUIBIMBI perpeccopiapbl Ti30eKTen Ko-
Cy TociieMeci Heri3iHe Keneciaen uaeHTU(pUKau-
SUTAaHFaH:

(D

24, Tr — MIUKI3aT TEMIEPATYPAChl MEH TBIFbI3/bIFbI.

AnbiKTasFan (1) mopens  KypbUIBIMBIH - T1a-
paMeTpiepiH CTaTUCTHKAIBIK JIEPeKTep Heri3iH-
ne MATLAB xyiieciHme eH Kilmi KBagpaTTap
TOCLII KOMETIMEH UIEHTU(DUKALMSIIAY HOTHKECIHIE
TYPaKTaHIbIPY KOJIOHHACBIHAH OHIIPIJIETiH TY PAKThI
OEH3MH MeH ra3 KeJeMAEpiH OHBIH KipicC, peKUMIIK
napameTpiiepiHe OalIaHBICTHI ecenTeyre MyMKIHIIIK
OepeTiH KeJsieci MOIebIep TY PFbI3bLIFAH:

y, = 111.8—0.052, +0.1325 — 0.0525 — 0.013, — 43.0825 — 0.0032,2 +0.0012, x5 4+ 0.022252, (2)
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yy = 32,81 —0.41z, — 0.30z5 + 0.11z4 — 0.8z, + 0.09z5 — 0.001z,2 + 0.0001z,2 — 0.002z,2, (3)

AVKBIHCBI3/IBIKTA TYPAKThl OSH3WH CallachiH, SFHA
OHBIH OacTarmkbpl MEH COHFbI KaliHay TemrepaTypa-
JIapbIH OarayaliThiH alKbIH alKbIH eMeC MOJETbAEP
KYPBUIBIMBI aBTOPJIAP/bIH AJIABIHEBI 3€PTTEYJIEPiHe

5 5 5
Y; = ag; + E i T; + E E Qg 5, ) =
£ : .

(2

MYHJA 9, ] 3,4 — alKBIHCBHI3ABIKIIEH CH-
NaTTalaThiH TYPAaKThl OSH3UHHIH Ccanachl: 0acTanKbl
(J3) MeH cOHFBI (f,) KaiHay TemIepacypanaps;
Agjy A5y Aggy J = 3,4,1 = 1,5,k = 1 — apbl Kapaid
AHBIKTATYBI THIC, OENTiCi3 alKbIH eMec TapaMeTpIiep
(perpeccHoHIbIK, Ko3duimentrep), x;,i = 1, 5—
JKOFaphbl/la CUTIATTAIFAH TYPAKTaH/bIPy KOJOHHACHI-
HBIH KipicC, peXXUM/IIK MapaMeTpiepi.

5

5
« «@ «@ a, «, . —s
yjq:a()j?—i_ § 1:aijq$i+§ :z :aijqak;7j:3a4aq:1737
1=

[14,15] yChIHBIIFaH KOJDKETIMII CTATUCTUKATIBIK,, aid-
KbIH €MeC aKapaTTap Heri3iH/e HbICAHHBIH MOJEITb-
JEepiH KYypy oJicTeMeci Heri3iHie KeJeCiiel aHbl-
KTaJIraH:

“4)

CopmaH KeliH aTajiraH KOJDKETIMJI CTaTUCTHUKA-
JIBIK, alKbIH €MeC aKlapaTTap Heri3iHjae HbICaH-
HBIH MOJENBAEPIH KYpy OIicTeMeci MeH alKbiH
eMecC XUBbIHAAP TOCUIAEpIHAEr! ¢ JAEHreWl KUbIH-
Jap HeriziHze (4) alKbIH eMec MOZEbAEpI o ACHIel-
JiepiHe KeJleCi alKblH MOJEJbICP KUbIHbIHA TYP-
JICH[Ti pUJITeH:

5

S

i=1 k=1

MyHJa y]%, j = 3,4,q = 1,3 — TypaxThl OeH-
3WHHIH @ IEHTeMIepiH/ieri alKblH cara KepCeTKilll-
Tepi; o, q = 1,3 = {0.5,0.80,1,0.80,0.5} — a
AeHreiniepi, OI3iH KaFaaiia TYPFBI3bUIFAH alKbIH
eMec TepMIEpAiH TUICTUIK (PHKUMANIAPbl CUMMET-
PUSUTBIK, TaycC THUNTIK (PYHKIUsIAp OOFaH/IBIKTAH,
OHBIH COJI, OH JKaKTapblHIa 4 TUICTUIIK TIeH o, Kec-
KIHJIEP1 KUBUIBICATHIH 4 HYKTE KoHE TUICTLUIIK (DyHK-
[USHB» MaKCUMaJI/Ibl MOHIHIE 1, OapabIFbl 5 HYKTE
aJIbIHFaH; a(of ;s a?j", aZJ‘.’ - a?j" — allKbIH emMec napa-
METpJIep/IiH TaHJAJIFaH o JeHreiiepinaeri oenricis
afKbIH MOH/IEPI.

:U/a;-j (az) =
a€l0.51]

sup min{aqaﬂgf(ai)}aa;’q = {az‘jwa;j(aij) > af.

Anbiaral (5) o neHreisiepiHaeri alkbiH MOJe/b-
JepniH Oenrici3 mapamerpiepi agj?, a?}q, az; KOFa-
pbiia (1) Mopenwbaepi mapamMeTpriepiH aHbIKTaraH-
Jail craTUCTUKANbIK aepektep MeH MATLAB xyid-
ecl Heri3iHae UJeHTU(PUKAIUSIAHBII, OJIAPIBIH 3P o
JeHreuinaeri MoHaepi uakentudukanmsiianrad. Co-
JaH KeHiH o IeHreiiepinae aHbIKTaJIFaH mapameTp-
Jiep KUBIHBI KOMIIBIOTEpIIE MOJEbACY YIIiH alKbIH
eMec JKUbIHAJap TEOPUACBIHIAFBI Kellecl (6) (popmy-
Jackl OoibIHINA Oip MoHTe OipiKTipijreH:

Ua?}q
a€l0.51]

G.. —

id HeMece

(6)

Hotmkecine TypakThl OEH3MHHIH alKBIHCBI3/IA cara KOpCeTKIMTePiH ecenTeyre MyMKiHIIK OepeTiH Ke-

Jreci MOZCJIBACP aJIbIHTaH:
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Yy = 243.06 — 0.04z, — 0.05724 — 0.00224 + 0.001z, — 50.27;
—0.00122 — 0.001z2 — 0.0002z, 25 + 0.011252, (7)

y, = 15.87 4 0.052, — 0.08725 + 0.000425 + 0.0322, + 23.3325 + 0.000322

KomnbloTepne mojesnbaey, OHTaIaHIbIpy Ke3iH-
1€ TYpaKTaH/IbIpy KOJIOHHACBIHBIH CUIATAJIFaH Kipic,
PEeARKUMIK MapaMeTpiepiHiH TEXHOJOTUSIIbIK, peria-

140 < z; <160;250 < x5 < 260;210 < 25 < 330;70 < 24 <90;0.70 < z5 < 1.00.

CoHBIMEH TYpPaKTaH/IBIPY KOJOHHACH! LIBIFBICBIH-
Jarel MYHall eHiMepiHiH KeseMi MeH MbBO Kol-
ABIPFBICBl MAKCATTBIK, OHIMI TYPAaKThl OSH3MHHIH ca-
na kepcetkimTepiHiy Mmomenbaepi (2),(3), (7),(8)
KoHe (9) TamanTapblH €CKepe OThIPbIIT KOJIOHHAHBIH
KipiC, peXUM/IIK NapaKeMTpJIEPIH ©3repTy apKbLbl,
TYPaKThl KOJOHHAHbIH OHTAWJbl JKYMBIC PEXUMiH
aHbIKTAayFa MYMKiHZIK Oepeni. By ke3ne oHraiina-
EHJIBIPY KPUTEPHIAIEPi peTiH/Ie 9eTTe TY PAKThl OCH-
3MHHIH MaKCUMaJI/Ibl K©JIEeMi MEH OHBIH cara KepceT-
KIIITEepiHIH KaXKETTI MOHAEP1 aIbIHA/IbI.

OHuipicTik xafaaiiia KeOiHece TeXHOJOTHSUIBIK,
KOH/IBIPFBIIAP KYMBIC PEXUMAEPIH OacKapaThiH
OIepaTop-TEXHOJIOT (IIeIIiM KaOblIgayibl TYJFa —
HIKT) 6ackapy OOMbIHIIIA OHTAMIAHABIPY K PUTEPUT-
Jiepi MeH TYPpJi KarJaiiapra, MbICAJIbl TaICHIPBIC,
OHIMJIepre JIeTeHH CypaHbICTap, Tajanrtap T.0. ecke-
€ OTBIPBIIN THIMIi MM KaObUTIAN/IbI.

Onpipicrik kxarmaiina keOinece IIIKT-ra cu-

mazpe (), po(@

reX

z={z:z€QAarg(u,(zr) > min||p,(x) — pi|lp),r =1,L},

MyHIa m MeH L — KpuUTepuillep MeH IIeKTe-
yaep caHbl, 0i31iH karmaima m = L = 2, po(x)—
pl(z), p2(x) Hopmanmanran JOKamBl KpUTEpHii-

) = i Vit (),

—0.00223 — 0.011z, 25 + 0.010x,7,. (8)

MeHT OoWbIHIIIa OepiJireH TOMEH/Ieri e3repTyre 6oa-
TBIH MAaKCUMAJIJIbI ’KOHE MUHUMAJIIBI MOHJIEPIH ecKe-

Py Kaxer:

)

NaTTaJFaH OHTAMIaHABIPY MPOLIelypackiHa KaparaH-
Ja, KOMITbIOTEpJe aBTOMATTAHIAPBUIFAH PEXUM/IE
0ackapy HBICAHBIHBIH OHTAMIAHIBIPYy KaxeT Ooma-
Ibl. SIFHW, KOMIBIOTEP HBICAHHBIH JXYMBIC PEKU-
MiH OHTaJIaHBIPy OOMBIHIIIA IIIeITiM KaObUIIay ajro-
PUTMJEPI HETI31HIE Kipic, peXUMIIK MapaMeTpiep-
Il aBTOMATTBI PEKUMIIE ©3repTe OTBIPHIN, MOJIEIb-
Jep HeriziHje THiMzi HemiMai Kadbuiiay OoubIHIIA
IKT-ra kongay kepcereTiH xyiie KaxeT. CoHpbI-
KTaH OyJ1 KYMBICTA )KOFaphIJia KYPBUFaH TypPaKTaH-
JbIPY KOJIOHHACBI MOZEbIAECPl HETI3IHIE AaWlKbIH-
CBI3/IBIKTAa OHBIH KYMbIC PeXKUMIEPIH OHTAIaHIbI-
py OOWBIHINA AMKBIHCHIKTA THIMII IIIeIIiM KaObuiaay
9BPUCTUKAJIBIK AJITOPUTMI 931pJIEHTEH.

[lenmrim kaObuIay ece6id IlapeTo onmTUMAaIBIK,
’KOHE MJeanibl HYKTe OHTalIaHIbIpy IPUHLMIITEPIH
allKblH eMecC opTara TYpJEHAIpe OTbIPbII, KaJIIbl
TypIe Kenecified popmanuzauusiian, MaTeMaTHKa-
JIBIK KOMBUIBIMBIH KEJIECIIEW Ka3aMBbl3:

(10)

(11)

JIEpIiH BEKTOPHL; 7Y;, ¢ = 1, 2 — KpUTepUIIEP/IiH cal-
Mak Ko ULMEeHTTepi; T = (X1, Ty, T3, Ty, T5) —
JKOFapbla CUNIATTAJIFAH TYPAaKTaH/ABIPY KOJOHHACHI-
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HBIH Kipic, peXuM/IK mapametiepi; X — KaObLiga-
HATBIH IIENTIMHIH aHBIKTaJTy OOJBICH; () — Kipic pe-
KUMIIIK TIapaMeTpiIepaiH e3repTyre OOoNaThlH MoH-
JEPiHiH PYKCaT ETIJITeH MOHJEP] JKUBIHbI, SIFHU aJlb-
TepHATUBAJIAP aHBIKTATY OOJBICH; [, (x), 7 = 1,2 —
allKbIH €MeC ILEKTeyJIepIiH OpbIHAATY JeHrersepiH
OaranaiiThiH THIiCTINK (yHKIMANapsy pl(z),r =
1,2 — aflkplH eMec IEKTeyJIepiH HOpMasIaHFaH
upeansl Mouziepi; ||u,.(x) — pl||, — aiikpi emec
HIEKTeYJIep MEH OHbIH UAeasIbl MOHEPi apa Kalllbl-
KTBIFBIH aHBIKTAUTBIH METPUKA TYPi.

Tyxbipbivaanrad (10)—(11) allKbIHCHI3ABIKTA 111E-
1M Kaosuigay eceOiH aliKblH eMec OpTajia INerry
yurid [apeto ontumanawik (I10) nen Mneanast HYK-
te (IH) npuHIMITEPIH alKBIHCHI3ABIKKA TYPJIKEH-
Jipy HETi31H[le, YChIHbUIFaH alKbIHCBI3IBIKTA IIEITIM
KaObIBJIIay/Abl TOCUIIEMECIHIH (IIOIX0) UAESCHIH KY-
3ere acplopaThlH KeJecCi IBPUCTUKAJIBIK aJrOpUTMi
93epJieHTeH.

¥Ycwmbuwrad [10+HH sepucmukansix anzopumm-
MI KeJIeCl Heri3ri KagaMJapaaH Ty pajbl:

Kagam 1. HIKT, skcrieprrep KeMeriMeH v;,7 =
1,2 — xpurtepuiiepaiH cajaMak, Ko3ppuuueHTrepi
eHjlipiseni;

Kanam 2. AWKb H emec IeKTey/Iep/iiH OpbIHAATY
JEHreiyiepiH aHbIKTaUTbIH TepMIIEpP KUBIHBIH aHbI-
KTaJIBI, OJapibl (POPMAIM3ALMSIIANTBIH TUICTUTIK
(pynxumsanapsl Kypsuiaasl. On yiIiH apHaysbl aHa-
JuTUKaNbIK popmynansl, He MatLab xyiieci Fuzzy
Loogic Toolbox koceiMiackin [21] maiimananyra
OoJ1aIpbl.

Kanam 3. IIIKT, skciepTrep KaTbICybleMEeH UJe-
aJJpl HYKTE, SIFHU allKbIH eMec LIeKTeYyIepaiH uie-
aJI/Ibl OPBIHJIATYBIMOH/IEPiHiH KOOPIMHATTAPH 1) =
(maxp, (), maz,(x)) ansikTanaast. Erep mekre-
yIEepAiH THICTUIIK (PYHKIUsIIApHl HOpMaJIBl OoJica,
onpa pl = (1,1) Gomap..

Kanawm 4. IIIKT uneanapl HyKTe, SIFHU LIEKTEYJIEP
OPBIHJATYbIHBIH UJI€aJIbl MOHJEPI MEH LLIEKTEYIep-
JiH OpbIHJAITY IEHTeUJIepiHiH apa KaIbIKThIFbIH MU-
HUMM3AIMAIAHATEIH MeTpuKa ||, (z) — pl|| ) Typi
AHBIKTAJIA/IBL.

Kanam 5. AUKbIH emec LIEKTeyJepailH OpblHOa-
JIYBIH €CKepe OTBIPBIN, KPUTEpUiliepi OHTaIaH/Ibl-
pY, MHTETpJICHIeH KPUTepHIliep BEKTPbIH L () =

221 Vit (z), X (10) aHbIKTaTy OGIBICBIH/A MAK-
cUMU3aNysaay eceOiH MIelry, sSiFHU alblHFaH Oip
KPUTEPHIATIIK IAPTTHI OHTAMIAHABIPY eceOiH bIHFal-
JIbl TOCLJ HETi3iHAE OHTAMJIAHJBIPBII, aMKbIH €MecC
wecteynep i (23 || - || o)), 12 (3, | - [1) 7a-
JIanTapblH OPbIHJANA OTBIPBIT MHTETPJIEHIeH KpuTe-
puitniy fu-(x(7;, || - || p)) aFpIMaarsl MOHIH KamTa-
Machl3 €TeTiH TYpaKTaHJbIpy KOJOHHACBIHBIH Kipic,
pexkumaik mapamerpnepid x(v;, || - ||p) aHbKTay,
MyH[a || - || p — TaH#aIFaH METpUKa TYPi.

byn ke3ne oHTalIaHabIpy MPOLIECIH/IE OHTAIAH-
IbIpy KpUTepuiliepiH Oarajay >koHE alKbIH eMec
HIEKTeYJIEep/IiH TYPaKThl KOJIOHHAHBIH KipiC, peKUM-
IIK TlapaMeTpiiepiHe OaiIaHBICTBI MOHIEPIH aHbBI-
KTay YIIIH Xorapblia Kypsuwal (2), (3), (7), (8)
Mozenbaepi MeH (9) komnmanbuigaapl. (2) xoHe (3)
MOJIEJIbJIEP] TYPAKThl KOJIOHHAHBIH KipiC, peXKUMIIIK
napameTpiepi BeKTOpol & = (X1, Ty, T3, Ty, Ts)
MOHzepiHe GailmaHblcThl f1f(2), 12, (z) KpuTepHii-
Jiepi aHbIKTaJIaAbl. AJl allKblH €MecC IIeKTeYy/ep/iH
OpBIHAANY [IE€HTeMIEpIH MOHJAEPIH aTajfaH T =
(21, %9, X3, Ty, T5) BEKTOPH MOHIEpiHE OaiiaHbI-
CThl OarayaiiThiH (i1 (), fio(x) THICTUTIK GyHKIMS-
JIapbl TYPAKThl OEH3UHHIH alKbIH eMec cara KepceT-
KimrepiH cunartauthid (7), (8) Moaenbaepl Heri3iH-
]I aHBIKTAJIA/Ibl.

Kagam 6. AnaplHFBl KaJamfa ajblHFaH arbIM-
Jarpl IIEemIMIep Tajjan, €H TUIMIICIH TaHjay
yurin IKT-ra Oepineni. Erep arbiMaarsl meniim-
nep HIKT-Hb KaHaraTTaHasIpMaca, O KPUTEPUM-
JIepaiH cajaMak, ko3 duuuenrtepit v,,¢ = 1,2, He/-
JKOHE METPUKA TYPiH ©3repTill, TUIM/I IemiMIl 13-
JEYIiH KeJieci UTepalusChiH albIHFbl 4-KaJaMHaH
Oacran eH THIMIi IenTiMai KaOblJaraHia KanTa-
nanel. Ansiarad areiMaarsl mentivaep K T-aer ka-
HaraTTaH/bIPFaH KarJaiia, eHaIpiC KOCHaphl, Kaf-
Jlaiibl MEH eHIMJEp HapblFbIHIAFbl OFaH JETeH Cypa-
HBICTAap MEH TaJlanTapabl, ©3iHiH OaCBIMKbLIAPbIH €C-
Kepe OTBIPhIN, €H TUIMIICIH TaHAaldbl, CONaH Keu-
1H TaFjagfraH IMenrMaepl mbiFapy YIiH Keeci 7-
KaJlaM{a eTy;

Kamam 7. IIKT tagmarad keneci eH THIMII IIe-
nrmjep:
— IIKT tanaaraH, COHFBI €H TUIM/I IeiMIep:

aiikpiH  emec mekteynepmi g (z(7;, ||
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1)) 1o (3, || - || p))Tanarrapsiss opirtaii otbi-
PpHIIL,

— MHTerpieHreH Kputepuidain o (z(v;, || - ||p))
MaKCHMaJIJbl MOHIH KaMTaMachl3 eTeTiH

— TYPaKTaHbIPy KOJIOHHACHIHBIH KipiC, PEXXUMIIK
riapameTpiiepi BeKTopsl (7;, || - || p) MIbFapbLIagp.

AnviHFan Hezizel Hamudicenepoi manxkwplaay. ¥ Col-
HBUIBIN, CUNATTAJFAaH SBPUCTUKAJIBIK, AlKbIHCHI3/IbI-
KTa menrim Kaodpuiaay anroputMi [lapeto onrumar-
JbIK, TIPUHIIUIIH KPUTEPUIJIEpre, ajl alKblH eMec
HIeKTeyJiepre Maeanapl HyKTe ONTUMAJIBIK MpUH-
[UMTEPiH alKBIHCHI3ABIKKA OefimMieyTre Heri3eTeH.
AVIKBIH eMec ecenTepii IIeyaiH OyJI 3BPUCTHKA-
JIBIK, TOCUIIEMECIHIH, OacTanKkbl aKbIH €MeC ecell-
Ti o JEHreisni KUbIHIAp apKbLIbl alKbIH ecenTep
KUbIHbIHA AWHAJBIPbIN, JSCTYPJl alKbIH TICULAEP
APKBUIBIBI IIENTyTe Heri3eNreH Oerii TaciigeMeci-
HEH apTHIKUIbUIBIFBI, IBPUUCTUKAJIBIK TICLIgeMene
OacTankbl allKbIH eMeC ecell alKBIHChI3IBIKTA (POop-
MaJIA3alsUIaHbII, IENIiIeT].

Wnescel KbICKAIIIA CUTIATTAJIFaH alKbIH EMEC eCell-
TepIi LIelly TociieMeciHae OacTankpl ailKbIH eMec
€CelTi alKplH ecenTepre TYPJIEHIIpy IMPOLECIHAE
KUHAKTAJIFAaH alKblH €MeC aKIapaTTaplblH, SFHU
HIKT, sxcriepTTepain Toxiproeci, Oilimi KoHe TYH-
CITITIH ¢ IeHreWIIepiHierigeH 0acka, anTapiIbIKTau
Oeuiri KonaaHbUIMal Kanaasl. Al OyJ1 alKbIHCBI3AbI-
KTa KYPbUIFaH MOJEJIb/iH aJIeKBaaThIFbl MEH KaObLI-
JaHFaH MeliMAEepaiH THIMIUTIreH TOMEeHIeTel. o
AeHreinaepl caHaapblH apTThIPY apKbUIbl MOJEJb
aJIeKBATTBIFBl MEH IIIEITM THIMJITIH apTThIPy aJibl-
HFaH allKplH €CelTep/iH CaHbIH KYPT apTThIpaThiH-
OBIKTaH MPAKTUKAJBIK TYPFBIIAH THIMCI3 OOabl.

Y ChIHBUIFaH SBPUCTUKAJIBIK, TOCLIIEMele allKbIH-
CBI3/IBIK AMKBIH €MeC KUBIHIAP TEOPHUSICHIHBIH Ma-
TEeMaTUKAJIBIK, armaparbl apKblIIbl (popManu3ausi-
naHy xoHe ecenTi menry OapbiceiHaa KT 6imim,
ToXipuOeci MeH TYWCIri Oonbil TaObUIATHIH aWKBIH
eMec aknaparTapbl MaKCUMaIbl KOJJIaHy eceOiHeH
JKOFapbl aJEKBATThl MOJEIb MEH 6Te TUIMJI LIeul-
nrMaep KaobUlaayFra MyMKIiHJIIK Oeperii.

3epTTey HbICaHbIH capaliay HOTHKECIH/IE OChI Ky-
MbICTa TaHjaMFaH [lapeTto onTUManIblK, MPUHLIUIIH
KpuTepuiijaepre, ajl UaeasiblB HYKTe ONTUMAIIbIK
MPUHILIMIIIH alKbIH eMeC MIeKTeyJepre KoJjjaHyFa

KQXETTI aKIMapaTTapIblH KOLKETIMIITT aHbIKTaJI[Ibl.
SAram o3ipnenin, cunarranrad [TO+WH anropurtwi
[TapeTo onTUMaIbIK, XoHE MJI€ATIbl HYKTE OITH-
MU3aysIay MPUHIUIITEPIH KOJIJaHyFa KaxkeTTi 00-
nareiH HIKT kemeriMeH J10Kanapl KpUTepUIEpIiH
canMak, Koappuumentrepi (v, = 0.8,v, = 0.2)
JKQHE allKbIH EMeC IIEKTeyJIep/IiH OpbIHIATY JEeHIel-
inig mMoHi (. = 1,2 = 1, THicTitik (yHKIMA
HOpMaJIIBl OOJFaHIBIKTaH) Oenrii. TaHmamran uor-
TUMAJI/IBIK® MPUHIIMITEPIH KY3ere achlpyra KakeT-
Ti IIApTTap MEH akmaparTap OOMFaHIBIKTAH KOWBI-
JIFAH aliKpIH eMec IenrM Kalbuiay ecedi ailKbH
eMec XKUBHIAp MEeH KCHepTTIK Oaranay Tociiiepi
HeTi3iH/Ie TUIMI mentiiei. SIFHM YChIHBIIFaH 9BPH-
CTUKAJIBIK TOCUI KPUTEPUIIEPIIH calMak, Ko3ddu-
IIUEHTTEPiH aHbIKTAY, OJAPAbIH CaHbI H 4 2 acraraH-
J1a ’K9QHE BUKBIH eMeC IIEKTeYJIEPAiH OPbIHIATYbIHBIH
uieasipl JeHreii Oenrizi HeMece OHBIH aHBIKTATYbI
MYMKIiH OOJFFaHAa THIM/I JKY3€ere acajpl.

KenTipijireH 3BpUCTUKAJIBIK, TICIIEMEHIH UIESIChI
Heri3inae Tanaanrad [lapeto onTUManabK MeH uie-
bl HYKTE ONTUMM3ANUSIIAY MPUHIUITEPIH KO-
JaHyFa KAQKeTTi akrapaTTap KOJKETIMChI3, IIapTTap
OpBIHJAJIMaFaH karaanaa 6acka KoigaHyra 00JaThH
ONTHUMAJIIBIK, TPUHITATITEPI MEH OJTAPIBIH TY PJIi KOM-
OUHALIMSIIAPBIH KOJIIaHyFa OoJabl.

Y ChIHBUIFAH allKbIH €MEC €CEeNTi allKbIH ecenTep-
re TYpJeHlipMen-aK, alKbIHChI3bIKTAa MaTEMaTUKA-
JIBIK, KOMBUTBIMBIH TY KbIPBIM/IAIT, OHbI QK BIHCBI3/IbI-
KTa TYpPJi OHTAWJIaHIBIPY MPUHIMITEPIH Moaudu-
Kalusiay, KOMOMHAIMIAY Heri3iHe alKbIHCHI3IbI-
kneH cunarranatei KT Toxipubeci, 6iimMi MeH
HIbIFAPMAIIIbUIBIK, MYMKIH/IIKTEPIiH KOJIIaHyFa Heri3-
JIeJITeH SBCPUCTUKAIBIK, TOCIIIEMEHiH sKaHAIITbLI/IbI-
Fbl MEH TUIMJLTITH KapacThlpailbIK.

JKorappiia  YCBIHBUIBIN, CUTIATTAJFAH alKbIH-
CBI3IBIKTa TUIMII IIEIIM KaObLUiaally TociiaeMeci
JKAHAKTAJIFAH KOHE KOJDKETIMII aMKBIHCBHI3ABIKIIEH
cunartanateiH LIKT, skcnieprrep Toxipudeci, Oinimi
MEH TYICITiH, OJapIblH HIbFapMalIbUIBIK MYMKiH-
JIKTEPiH €CeNTi alKbIHCHI3BIKTA eIy MpOIeCciH-
Jie TOJbIKTall KOJJaHyFa MyMKiHOiK Oepeni. Coii-
KECIHIIE alKBIHCHI3ABIKIIEH CUIIATTAIATHIH KOITEreH
OH[IIPICTIK HbICAHAAPIBl MOJEJIBILY, OJAPIBIH KY-
MBIC PEXKUMJIEPIH OHTAIJIAHABIPY €CeTepiH aleKBaT-
THI, THIMJII THenmMaepiH amyra Oonaasl. COHBIMEH
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Karap YChIHBUIFaH 9BCPUCTUKAJIBIK, TICLIIEMENE OH-
AipicTeri TybIHIAFaH TY Il kKafJailylapra, eH1picTiK
’KOCTIap MeH TajarnTapra, eHIipUIETiH OHIMIe JereH
HapBIKTaFbl CypaHbIC 1eH TajanTapra xxoHe [HKT Oa-
CHIMKbLJTApbIHA OalIaHBICTBI TYPIi MapaMeTpiepai
esrepre otbipbin, IIIKT eH TuiMai memiMal Tasaan
anajpl.

Erep kputepuiinepre tanganran Ilapeto omnru-
MaJIIBIK, NIMHLMIIIH, a1 aflKblH eMec LIeKTeyJepre
ujeanpl HyKTe NPUHLUMNOTEPIH KOJJaHyFa KakeT-
Tl aKmapaTTap MeH IapTrap 60jaMaca, OH/a YChIHBI-
JIFaQH 3BPUCTUKAJIBIK TOCUIIEMEHIH UIESCHIHA COMKEC
0acKa ONTUMAJIbIK MPUHIMIITEPI MEH KOMOWHAIH-
SCBIH aKBIHCHI3IBIKKA MOAU(UKALMAIAY APKbLIbI
KosiiaHyFra Oonaibl. Byt ke3zie TaHgaFaH onTumal-
ObIK MPUHLMITEPIH aUKBIHCBI3ABIKKA MOIU(UKALM-
slay ailKblH eMeC IapaMeTplIepAiH TUICTUIK (PyHK-
LUSCBIH KYPBII, (popMar3alysiiay apKblibl )Ky3ere
AChIPbUIA/IBL.

CoHbIMEH TaHAJIFaH ONTUMAJIIBIK, TPUHIIATITEPIH
KOJJaHyFa KaXeTTi akmaparrap Kos xkeTiMmci3 0oJ-
ca, YChIHBUIFaH alKbIHCBHI3/IBIKTa TUIM/I HIeUIimMaep
JKUBIHBIH/IA KAUIIBUIBIKTA OOJNATHIH KOIKPUTEePUIAT
OHTAWJIAHABIPY, SIFHU IIEIIM KaObU11ay eceOiH Iie-
ITY/IiH 9BPUCTUKAJIBIK, TOCUIAEMECiHE COMKEC, TYbIH-
JafaH kKarJaiapl KOJIaHyFa bIHFAMIbl OacKa ONTUT-
MaJIJbIK TPUHIUMITEPI MEH ONapAblH KOMOWHAIM-
SUTAPbIH alKBIHCBI3/IBIKKA MOIU(PUKAIMSIAY KaXKET.
Erep »xorapbiia 3epTTey HBICAHBIHBIH KYMBIC pe-
KUMJEePiH OHTAWIAHABIPY YIIiH BIHFAMIB OOJIBIIT Ta-
obutran [lapero onTumasAbIK MeH Haeanibl HYK-
T€ ONTUMAJIJIbIK NPUHLIMOTEP] OHIIPICTIK Xkafaau-
IbIH e3repyiHe OallIaHbICTHI TUIMCI3 OoJica, oHa Oac
KpUTEpHiA, MAKCUMHH, TEHJIK He OacKka KpuTepuii-
Jiepni TaHay Kepek. Byt ke3zie 6acka onTHMaIIbIK,
MIPUHIIATITEPI OJIAPAbl AMKBIHCHI3IBIKKA MOIUpHKa-
[UsIan, KONJaHyFa KaKeTTi aknaparrap MeH Kaf-
JaiAbH O0MybIHA OANTAHBICTHI TAHAAM AJTBIHAMIBL.

Mpicanbl alKBIHCBI3ABIKTa OipHeIle KpUTepuil-
JIepIiH iTiHEeH eH MaHbBI3/IbICHIH, SFHU 0acThl KpU-
TEpUil aHBIKTAy, aJl IIeKTeYyJIepIiH MaHbI3IbLIbI-
KTapbl KybIKIIa Oipnedi GonatbiH Oosica, oHnma Oa-
CThl KpUTEpUl MEH TeHMAIK MPUHIMITEpi KOMOU-
HAIMSACHIH MOAU(UKALIMSIIAY aPKbUIbI OHTAMIAHTbI-
Py eceOiH TYKbIPhIMJIAI SBCPUCTUKAIIBIK, TICLIIEME
KOMeriMeH THIMII Ienryro Oojajapl. MyHIal 3B-

PUCTUKAJIBIK, IHEmiM KaObligay Tocim moauduka-
IUsITaHFaH OacThl KpUTEpUl (KpUTepuiliepre) MeH
TeHJIK NPUHIMIITEPiHIH (IIeKTeysepre) KolgaHyra
HerizzeseTiH Oomaapl. Al Oyl Taciieme Jie Oe-
i Gip cebentepmeH THIMCI3 6o0Jica, AWKBIHCHIZIbI-
KTa IIenrM KaObuinay eceOiH THiMII HIelly YIIiH
YCHIHBUIFAH 3BPTCTUKAIBIK TOCUIIEMEHIH UJIEsIChl
Heri3iH/Ie KaXeTTi akmaparrap MeH Imaprrap 6oma-
THIH 0ACKa ONTUMAJIBIK, TIPUHITUIITEP] MEH OJIapIIbIH
KOMOMHAIUSICBIH KOJJaHyFa OONa/Ibl.

AWTBUIFaHIApAbl TYKbIPhIMIIAM KeJle, TYpJl ©H-
JIPICTIK *karJaiap MeH KOJDKETIM1 aKIapaTTap Cu-
naTeiHa OAMJIAHBICTBI 9P TYPJi ONTUMAJIIBIK, TPUH-
unTepiH MoauduKausIan, oaapabiH TYpii KOM-
OVHAIMSUIAPBIH KOJJaHyFa Oonajpl. SIFHU YCHIHBI-
JIFaQH aKBIHCHI3ABIKTA KOMKPUTEPHILTI OHTaIJIaH Ibl-
py ecebi KOWBUIBIMBIH TYPJi ONTUMAJIIBIK TpPUH-
IUITEPIH MOAU(UKAIMAIAY apKbLIbl OHBl MaTema-
TUKAJIBIK, TYKBIPBIMJAY KOHE CHATTAJIFAaH SBPUCTU-
KAJIBIK, )KOJIMEH THUIMJI ILIENTy TICUIAEMEC] alTapJibl-
KTail oaMOe0art Oobll TaObUIAAEl. AWKBIHCHI3IBIKTA
HIemimM Kaobu1iay ecenTepiH LIeIyAiH BPUCTHKA-
JIBIK, TocUIAeMec memniM KaObulaay TeOpHsChl MeH
TOCUTIEPIH JaMBITyJa KOHE MPaTHKaaAa KOeNnTell Ke3-
JIECETIH MYHJIall OH/IIPICTIK ecenTepai TUIM/II IIenry
asIChIH KEHEUTYyre aluTapibIKTail yJec KOcabl.

KopbIThiHabl. MBO KOHIBIPFHICHIHIA TYPAKThI
OeH3UH OHMIpy MPOIeCiH aWKBIHCHI3JBIKTA OHBIH
MOJIeNb/Iepl HETi31HAE THIMJI OHTAWIaH/ABIPY 3B-
PUCTHKAJIBIK, TOCIIIEMECi 93ipJIeHill, CHIaTTaJIFaH.
Y ChIHBUITFAH alKBIHCHI3/IBIKKA OHIIPICTe TybIHIAFaH
JKargaiaap MeH KOJDKETIMIlL aknaparrap CUIAThl-
Ha OailJIaHBICTHl TYPJi ONTUMAJIABIK, MPUHLIMOTEPI
MEH OJIap/IbIH, KOMOMHAIUSIIAPBIH MOAUDUKAIIU A~
yFa Heri3[e/reH 3BPUCTUKAIIBIK, TICIIIEME UJIEsChI
TYpJi Kafjaiira OeriMese ajaTbiH oMOeOar TaciI-
neme OOJIbIIT TaObUIAbI.

JKYMBICTBIH 3€pTTEY MaKCaThbl PETIHAE TYKbIPHIM-
nanraH MBO KOHIBIPFBICHIHBIH TYPaKTaH/IBIPY KO-
JIOHHACBIHAH TYPAKThl OSH3UH OHIIipy MPOIIECiH ai-
KbIHCBI3[IBIKTA MOJEJbAEPIH KYPBUIBII, KYpbUIFaH
MOJZIE/IB/IEP HETI3IHAE TYPAKTAHABIPY KOJOHHAHBIH
KYMBIC PEXKUMIEPIH OHTAWIAHABIPY IBPUCTUKAJIBIK
TOCUII 931pJieH 1. SIFHU 3epTTey MaKCaTThl TOJBIKTA
KOJT JKETKI3LJIiM, OPbIHIAJIIbI.

T¥)I(prI)IMILaI[FaH MAKCaTTbIH OPBIHAAIYBIH KaM-
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Tamachl3 €TETiH, 3eTPTey MiHAETTepi A€ TOJbIKTal
HICIITIM KeJIEC] 3epTTey HOTUXKeIepi aJIbIHFaH:

— 3epTTey HbICaHbl peTiHjae ajabiHFaH MBO KoH-
IbIPFBICHIHBIH TYPAKTaHABIPY KOJOHHACHI MbICAJIBIH-
12 OHTAMIAHJBIPY KpUTepUuiliepi Ooibill TaObLIa-
THIH K€l MapaMmeTrpiepi allkblH eMec akIaparTap-
MEH CUNATTaJaThlH KYpHeJi TEeXHOJOTUSIbIK Hbl-
CaHJapAblH ANKBIHCBI3IBIKTA MOJEJBAEPIH TY Pl
KOJDKETIMIII aKIaparTap Heri3iHae Kypy Tocime-
MeCl YCBIHBUIFAaH. ByJl Tocuigeme Heri3iHae ©H-
aipuierii MBO KOTrHABIPFBICHIHBIH MAKCATTHIK, OHi-
Mi — TYpakThl OEH3WHHIH KeJeMiH KOJDKeTiM/i
9KCMEPUMEHTAIIBIK-CTAaTUCTUKAJIBIK, JIEPEKTEp, ajl
ankpiH emec cana kepcerkimrepin HIKT, skcnepr-
MaMaHgap ToxipuOeci, OLTIMI Heri3iHge aHbIKTak-
TBHIH MOJIEJIbJIEp Ky pbulabl. Kypbuiran Moaesbaepain
KypaMbl perpeccopiapipl Ti30eKTel KOCY ToMCLJ-
aeMeci, an Oenrici3 mapamerprepi (perpeccusiIbK
ko3 pumenTTepi) MoaudUKaIMsIaHFaH eH Kili
KBajJparrap Tocil Herizinge MatlLab xyiecin mai-
JaNaHbIl UISHTU(UKAIUSTIAHFaH.

— ITlapeto onTUMaNAbIK MaKCUMHH ONTAMAJIIBIK
MPUHUMIITEPIH ANKBIHCHI3/IBIKKA MOIU(UKALUsIAY
ApKBUTBl aWKBIHCHI3IBIKTA TYPAKTAHIBIPY KOJIOHHA-
CBHIHBIH, JKYMBIC PEKUMIEPiH BEKTOPIIbIK OHTaIaH-
Apipy OOWBIHININA TUIMJI IIEM Kaobuiiay ecedi
(popmanuzanMsIIaHbI, MATEMATUKABIK, TYKbIPHIM-
Jairad. MareMaThKasbIK, KOMBUIBIMBI aJIbIHFaH au-
KBIHCBI3IBIKTA IIEITiM KaObU11ay eceOiH allKbIH eMec
oprajzia THIMJI INemly YIIiH TaHJaJdfaH ONTHMaJl-
ObIK, IPUHUMITEPIHIH MOAX(DUKAIMACHIHA HET13]e1-
reH 3BCPUTHUKAJIIBIK QJITOPUTM YCHIHBUIBIN, OHBIH
HETI3r1 KaJlam1apbl CUIIaTTaJIFaH.

— AJTBIHFAH HETi3r1 HOTUXKeJIep TAJIKbUTbII, allKbIH-

CBI3/IBIKTA MIEIIiM KaObUIIaydblH YCHIHBUIFAH 3BPH-
CTHKAJIBIK, TOCLIIEMECIHEH Oeriiii, OacTarkbl alKbIH
€MeC eCelTeNTi alKbIH ecenTep XHUbIHbIHA TYPJIeH-
JIpIry apKbUIbI LIENIYTe HETI3eJIN€H TICUIIEMECIHEH
allblpMalagbiFbl MEH AapTHIKIIBUIBIKTAP Heri3aen-
reH. ¥ChIHBUFAH BPUCTHKAJIBIK, IIENIM KaObuiaay
TociameMeciHje e OacTankbl aMKbIH eMeC ecel ai-
KbIH ecenTepre Ty piaeHIipiMen-aK alKbIHChI3/AbIKTA
KOWBUIBIN, aWKbIHCHI3BIKTA IIEHIiIel. FHu MYH-
Jail SBPUCTUKAJIBIK TICUIIEeMe aKmapar TarlibLUIbl-
FBI MEH aWKBIHCHI3IBIFI KaFJafbIHIa 6T MaHbI3Ib,
MarbHaIBl O0JbI TaObUIgaThiH ToKipubeni KT,
9KCIIepT-MaMaHap OuTiMi, TOKipuOeci MEH WHTY-
WIUSCH TYPIHJETI alKbIH eMeC aKmapaTTapibl TO-
JIBIKTal KONJaHy eceOiHeH Ky PbUIFaH MOJe bAepIiH
JKOFapbl a[ICKBATTHIFbl MEH KAOBJIaHFaH IIelIiMIep-
JIiH JKOFapbl TMIMJIUTITIH KAMTaMAachl3 eTe aiafbl.

ABTOpapAbH aJigarel 3epTTeyJepiHae OChl Ky-
MBICTa QJIBIHFAH HOTWKEJEp HEeTi3iHIe 3epTTey HbI-
CaHbIH ANKBIHCHI3/IBIKTa KOMIIBIOTEPITIK MOJEJbACY
JKOHE OHBIH JKYMBIC PEKUMIEKPIH allKblH eMec
opraga oHrainanapipy OoubiHma IIKT-ra tuimai
HIENTM/Ii ONepaTUBTI KaObUIIayFa KoJgay Kepce-
TETiH MHTEJUIEKTYJIIaHIBIPUTFaH MenTiM KaObla-
yIbl KOJIJIay JKYWeCiH [22] a3ipiey xkocnapiaHFaH.

Kaporcvinanovipy. 3epmmey X. /Jocmyxamedoe
amulHOarvl Amulpay YHUBEPCUMEMIHIH, KAPHCHIAAH-
Ovipran (epanm «MyHnaii enoey ehnoipici mexvono-
2USLNBIK KEULEHOEPIHIH, HCYMbIC PEHCUMOEPIH onmu-
MU3AUUSAQY Uemin Kaovladayovl Koaoay Hmen-
nekmyovl Kcytienepi — Hnmennekmyanetule cucme-
Mbl NPUHSIMUSL PEULEHULT ONst ONMUMUSAUUU PEHCU-
MO8 padonivl MeXHON0ZUMECKUX KOMNAEKCO8 Heghme-
nepepanamvlsaiouezo NPouU3e00Cmaa» ).
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[Tpon3BOIHbIE HUKOTHHOBOW KHUCJIOTHI 00JIaIAI0T IMMPOKUM CIIEKTPOM OMOJIOTMYECKOH aKTMBHOCTH M Ha-
XOAAT pa3In4HOe IPUMEHEHNE B MEIUIIMHCKON PAKTUKE B KAYECTBE IperapaToB MepBOM JTMHUIA [15 Jleye-
HUSA TyOepKyesa [ 1], lerouHol apTepraibHON runepreHsuu [2], snusencuu, 3aBucsieil or BuTaMuHa B6
[3], uaruduropos aktopa cBepreiBanus KpoBu 1Xa [4,5], ”HTHOMTOPOB BHpyca UMMYHOE(UIUTA YesIo-
Beka [6,7] u ap. Cieryer OTMETUTD, YTO MUPUIMHOBBIN LIMKJI BXOAUT B COCTAB MHOTHMX KU3HEHHO BAXKHBIX
OPraHNYeCKUX COEJUHEHUH, YTO ONpelesseT OIHY U3 €ro JOMUHUPYIOIMX pOJied Cpean TeTepOLUKIIOB.
[Toatomy pa3paboTKa yIOOHBIX METOIOB CHHTE3a HOBBIX MPOM3BOJHBIX HUKOTHMHOBOHM KHCJIOTHI SIBJISIETCS
aKTyaJIbHOI MpOoOJIeMOM, OCKOJIBKY 3TU COEAMHEHUS MPEACTABISIOT MHTEPEC KaK B MPAKTUYECKOM, TaK U B
TeopeTrueckoM IuiaHe. Llenbio JaHHOW padoTHI ABJISETCS LieieHaNpaBIeHHbI CHHTE3 a3u]a HUKOTHHOBON
KHCJIOTBl M OCYILIECTBJIEHUE €T0 JajbHenIel MOAU(UKAIIUY C LEJIbI0 TIOITy4YeHHUs] HOBBIX (hapMaKosIoruye-
CKU aKTUBHBIX COE/INHEHUH.

B Hacrosmeir paboTe OCYIIECTBIEH CHHTE3 a3uga HUKOTMHOBOW KHCJIOTHI B3aMMOIEHCTBUEM HHUTpPHTA
HaTpUsl C TUAPA3UIOM HUKOTMHOBOW KHUCJIOTHI C BBIXOOOM 99%. M3yueHo B3auMonencTBie a3ua HUKOTU-
HOBOW KHCJIOTBI CO CIIMPTaMU (M3OMPOMUIIOBbIA U OYTUJIOBBIN CIIMPTHI) M BTOPUYHBIM aMUHOM (aJIKaJIOU-
oM 1MTU3MHOM). [ToKa3zaHo, 4TO MpH HarpeBaHWU B Cpejie CyXOro OeH30/1a a3uj HUKOTUHOBOM KHCIIOTHI
npeTeprieBaeT neperpynnupoBky Kypumyca, ¢ oOpazoBaHreM H30IMaHaTa, KOTOPBIA Jlajiee pearupyer in
Sifu CO CIIMPTAaMU M aMHUHOM (QJIKQJIOMJOM LMTHU3MHOM) C OOpPa30BAaHMEM COOTBETCTBYIOIIMX YPETaHOB M
MoueBHHBL. C 1IEJIbI0 CHHTE3a IMPOU3BOAHBIX 1,2,3-Tpra3osna OCyIIECTBIEHO B3aUMOIEHCTBUE a3uJa HUKO-
THUHOBOW KHCJIOTBI C TEPMUHAJIBHBIM ALETUJIEHOM - MPOI-2-UHUWIOBBIM 3(pUpOM 3-TpeT-O0yTHiI-5-3THiI-2-
TUIPOKCUOEeH30MHOM KUCTOTH B cpene IM®PA u narpeanuu (70-80°C) B mpUCYTCTBUM MEIHOTO KYIOPO-
ca CuSO,x5H,0 u ackopOara narpus (NaAsc). YcTaHOB/IEHO, YTO B pe3y/bTaTe peakluu oOpasyeTcsl He
oxugaemoe 1,2,3-Tpra3onpHOE COEIMHEHNUE, a 3-aMUHONMPUIVH U MCXOJHOE allETWJICHOBOE COEAMHEHHUE.
[Noka3aHo, 4TO MPH HarpeBaHUM MOTyYaeMblid a3U]] pa3iaraercsi C 00pa3oBaHUEM ITPOMEKYTOYHOIN YaCTHIIbI
- HUTPEHA, U NocJefylolas MArpalys NMPUIWIBLHOTO pajJivKajia K aToMy a3oTa (neperpynmnuposka Kyp-
1yca) MPUBOAMT K M30LMaHaTy. B pesysnbrare ruparaluy U30I1HMaHATA U TOCTIEAYIOIETro IeKapOOKCHIIU-
poBaHus1 13 00pa3oBaBIIeics KapOAMUHOBOI KUCIIOTHI TIONTy4aeTcs: 3-aMuHonupuanH. CTpoeHue CUHTE3H-
POBaHHBIX COEIMHEHHIA TIOATBEPKIEHO Ha OCHOBAHMM aHamm3a AaHHbX IMP 'H- u '3C-cnekrpockonun, a
Takxke AByMepHbIX criekTpos COSY (‘H-'H) u HMQC ('H-13C).

KiroueBble cJi0oBa: a3u] HUKOTMHOBOM KUCJIOTHI, TMApa3ul, neperpynnuposka Kypuuyca, u3onuanar,
yperan, mouesuna, IMP'H u '3C cnexrpockonus.

HMUKOTUH KbIIIKbLJIbI ABUAIHIH CUHTE3I " KOHE MOJANPUKAIINACDHI

1.20.A.Hypkenos, 29.7K Menai6aea, *T.M.Ceiiiixanos,
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HUKOTHH KBIIIKBUIBIHBIH TYBIHIBUIAPEI OMOJIOTHUSUIBIK, OSJICEHAUTIKTIH KeH CHEeKTPiHe he jKoHe MeJUIIU-
HAJTBIK, TOXipuOeae TyOepKyes3ai emaeyae OipiHI KaTapaarsl mpenaparrap petine [ 1], exmne apTepusuisk,
runepreHsuschH [2], Bg BuTamuHine Toyenai snuencusisl [3], KaH yio (hakTopblHbIH IXa MHrHOMTOPBIH
[4,5], anaMHBIH UMMYH TalIIIbUIBFB BUPYCHIHBIH UHTMOUTOPBIH eMJIeyTe apHaJIFaH Mpernapartap periHje
opTypii Komaanyasl Tadansl [6,7]. [TupuanH UK KeITereH eMipJliK MaHBI3[bl OPraHUKAJIbIK, KOCBUIbI-
CTapiblH KypaMblHa KipETiHiH aTan ©TKeH jKeH, OYJI OHbIH I'eTePOLIUKJIIEp apachiHIaFrbl OachIM pPeJIIepIiH
OipiH aHbIKTaiAbl. COHOBIKTAaH HUKOTUH KBIIIKBUIBIHBIH KaHA TYBIHIBUIAPbIH CUHTE3ACY/iH bIHFAIIIBI 1aii-
BIH/IBIK, QJIICTEPIH Kacay ©3eKTi Macese OOMbIN TaObUIaIbl, OUTKEeHI OyJ1 KOCHUIBICTAP MPAKTUKAJIBIK, KIHE
TEOPUSIIBIK, KBI3BIFYIIBUIBIK, TYAbIPaAbl. Byl 5KYMBICTBIH MaKCaThl - HUKOTUH KBIIIKbUTBI Q3UAiHIH MaKCATThI
CHHTE31 )KoHe kaHa (hapMaKoJIOTHsIIBIK, OeJICeH 1i KOChUIBICTAp aly YIIiH OHbI OJJaH 9pi Ty pIeH/Iipy.

By ’KyMbICTa HUKOTHH KBIIIKBLIBI a3UdiHIH CMHTE31 99% MIbIFBIMMEH HATPUI HUTPUTIHIH HUKOTUH TU/I-
pasuIiMeH e3apa dpeKeTTecyi apKbUIbl XKy3ere achbpbulgbl. HUKOTHH KBIIIKBUIB a3WAiHIH COUPTTEPMEH
(M30mPOMUIT kKHE OYTUJT CIMPTTEPI) KOHE eKIHIITIK aMUHMEH (IIUTU3MH aJTKAJOUIBIMEH) 63apa opeKeTTe-
cyi 3eprrenai. Kyprak 6eH30I opTachiHIa KbI3ABIPLUIFAH Ke3/le HUKOTUH KBIIIKBUIBIHBIH a3ui Kypruiimig
KaiiTa TypJieHyiHeH OTill, peakIusFa KaOlIeTTi OHIM U30IMaHaT TY3e/li, OJ1 in Situ KarJalbIHA CIUPTTEPMEH
JKOHE aJIKAJION] IIMTU3UHMEH OPEKETTECIT, )KaHa ypeTaHaap MeH MOYeBHHA Ty3ei. 1,2,3-Tpra3os TybIHIbI-
JIapbIH CHHTE3/Iey MaKCaThIHIa HUKOTHH KBIIKbUTHI a3uaidiH JIM®A oprachiHaa 3-TpeT-OyTHil-5-3Tii-2-
TUAPOKCUOEH30M KBIIIKBUIBIHBIH TEPMUHANIBIK, alleTHIIeH-Tpon-2-uHui a¢upimen xoHe CuSO, x SH,O
MBIC cy/b(aTel MeH HaTpuii ackopOaTeiHbiH (NaAsc) kaTteicybina Kei3apipymeH (70-80°C) e3apa opekerte-
Cyi JKy3ere achlpbUIIbl. Peakims HoTHKeCiHae, KYTieTiH 1,2,3-Tprua3os KOChUIbICH éMeC, 3-aMUHOITU PUIUH
’KoHe OACTaIIKbI alleTUIIEH KOCBUTBICH TY31IETiHI aHBIKTAIbI. KbI3IBIphIIFaH Ke3/1e OacTaIkpl TY31IreH a3u;]
BIZIBIpAIl, apajiblK OeJIIIeK - HUTPEH TY3eTiHi KOPCeTiUIdl, MMPUANI PAIUKAIBIHBIH a30T aTOMbIHA KEHiH-
ri murparmscel (KypiuiiaiH KaiTa KypblUlybl) M30LMaHATKA dKeledi. M301MaHaTThiH bUFAIIaHybl jKOHE
HOTHIKECiH/Ie Taiia OOJIFaH KapOaMUH KBIIIKbUIBIHBIH AEKAPOOKCUIIIEHYI HOTHXKECIHAE 3-aMUHOIUPUIUH
anbiHaap. CHHTE3e/TeH KOCLIBICTApbIH Ky phlibiMbl IMP 'H - xkone '3 C-cnekrpockonus omicrepimen,
conpait-ak COSY ('H-"H) sxone HMQC ('H-'3C) exi enmempi cniekTpnepiHiH AepeKkTepiMeH pacTajiibl.

Tyiiin ce3aep: HUKOTUH KBIIKbUIBIHBIH a3u/i, ruapa3u], KypuuycriH KaidTa ToNTacTeIpybl, M30LMAHAT,
ypetaH, mouesuHa, IMP 'H :xone '*C cnexrpockonus.

SYNTHESIS AND MODIFICATION OF NICOTINIC ACID AZIDE

1.20.A.Nurkenov, "?A.Zh.Mendibayeva, *T.M.Seilkhanov,
147h.S.Nurmaganbetov, 2S.K.Kabieva, *A.K.Syzdykov, !S.D.Fazylov
'nstitute of Organic Synthesis and Coal Chemistry, Karaganda, Kazakhstan,
2Karaganda Industrial University, Kazakhstan, Temirtau, Kazakhstan,
3Sh. Ualikhanov Kokshetau University, Kokshetau, Kazakhstan,

202



“Medical University of Karaganda, Karaganda, Kazakhstan,

e-mail: 10su8990@mail.ru

Nicotinic acid derivatives have a wide range of biological activity and are widely used in medical practice
as first-line drugs for the treatment of tuberculosis [1], pulmonary arterial hypertension [2], vitamin Bg-
dependent epilepsy [3], inhibitors of blood clotting factor IXa [4, 5], human immunodeficiency virus
inhibitor [6,7], etc. It should be noted that the pyridine cycle is part of many vital organic compounds, which
determines it’s one of the dominant roles among heterocycles. Therefore, the development of convenient
preparative methods for the synthesis of new nicotinic acid derivatives is an urgent task, since these
compounds are of practical and theoretical interest. The purpose of this work is the targeted synthesis of
nicotinic acid azide and its further modification in order to obtain new pharmacologically active compounds.

In this work, the synthesis of nicotinic acid azide was carried out by the interaction of sodium nitrite with
nicotinic hydrazide with a yield of 99%. The interaction of nicotinic acid azide with alcohols (isopropyl
and butyl alcohols) and a secondary amine (cytisine alkaloid) has been studied. It has been shown that
when heated in a dry benzene medium, nicotinic acid azide undergoes a Curcius rearrangement to form
isocyanate, which reacts in situ with alcohols and the alkaloid cytisine to form the corresponding urethanes
and urea. In order to synthesize 1,2,3-triazole derivatives, the interaction of nicotinic acid azide with
terminal acetylene - prop-2-inyl ether of 3-tert-butyl-5-ethyl-2-hydroxybenzoic acid was carried out in
a DMFA and heated (70-80 °C) in the presence of copper sulfate CuSO,x5H,0 and sodium ascorbate
(NaAsc). It was found that as a result of the reaction, not the expected 1,2,3-triazole compound is formed,
but 3-aminopyridine and the initial acetylene compound. It is shown that when heated, the azide decomposes
to form an intermediate particle, nitrene, and the subsequent migration of the pyridyl radical to the nitrogen
atom (Curtius rearrangement) leads to isocyanate. As a result of hydration of isocyanate and subsequent
decarboxylation of the resulting carbamic acid, 3-aminopyridine is obtained. Conclusion. The synthesis
of nicotinoylazide was carried out by the interaction of sodium nitrite with nicotinic acid hydrazide.
The interaction of nicotinic acid azide with terminal acetylen - prop-2-vinyl ester of 3-tert-butyl-5-ethyl-
2-hydroxybenzoic acid did not lead to the formation of the expected 1,2,3-triazole compound. It was
found that the initial azide undergoes Curcius rearrangement upon heating in situ with the formation of
corresponding urethanes and urea. The structure of the synthesized compounds was confirmed by NMR
'H and 3C spectroscopy, as well as data from the two-dimensional spectra COZY ('H-'H) and HMQC
(IH—13C).

Keywords: nicotinic acid azide, hydrazide, Curtius rearrangement, isocyanate, urethane, urea, 'H and
13C NMR spectroscopy.

BBepenne. Oprannueckue a3upl SBJISIOTCS YHU-
BEpCATbHBIMU CTPOUTEIbHBIMU OJIOKaMU ISl pas-
JIMYHBIX 00JacTeli XMMHMM U SBJISIOTCS BEChbMa
PEAKIIMOHHO-CIIOCOOHBIMU COSTUHEHUSIMA M YacTO
WCTIONIL3YIOTCSI B Ka4eCTBE MHTEPMEANaTOB B TOH-
KOM OpraHuuyeckom cuHte3e. OHM HAXOHAT LIUPO-
KOe IpUMeHeHNe B OMOXMMUM B KAUECTBE 3AIIUTHBIX
rpynn [8], kak yHuBepcasipHble TUHKepH [9,10], Tak-
e TEePCIEeKTUBHBIM SIBJISIETCS MCIIOJIb30BaHUE Jie-
KApCTBEHHBIX TIPErapaTtoB, B CTPYKTYpe KOTOPHIX
€CTb a3u/IHasl IpyIa, Jisl JIe4eHUs] BUPYCOB UMMY-
HoaedumMTa yesoBeka u repreca [11]. B nocnennee

BpeMsl BO3pACTaeT MHTEpeC K OpPraHMYecKUM as3u-
JaM KakK K HepCHeKTUBHbIM peareHTaM Jisl JUHa-
MUYHO pa3BUBAOLIENCS «click chemistry», B 4aCTHO-
CTH, MOCJIE OTKPBITUSI Me/lb-KaTalIM3UpyeMor peak-
LY UUKJIONPUCOEJMHEHU S a3U10B U TEPMUHAIBHBIX
QJIKMHOB ¢ 00pa3zoBaHueM Tpuaszoinos [12]. K coxa-
JIEHUIO, B JIUTEpPAType MaJIo MOAPOOHBIX JaHHBIX O
CHHTe3€ ¥ MOIU(UKALIMK a3UI0B MY PUANHKAPOOHO-
BBIX KUCJIOT. TeM He MeHee, MOMbITKU IPEACTaBUTD
MH(OPMALIMIO O METOAAX CUHTE3a HOBBIX IIPOU3BO-
HbIX a3U0B NUPUANHKAPOOHOBBIX KMCJIOT AKTUBHO-
CTH MPOJIOJIKAIOTCA.
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Marepuajbl 1 METOAbl. IKCnepumMeHmanvias
uacmu. Criextpsl IMP 'H u *C cuumamu Ha criex-
tpomeTrpe JNM-ECA 400 (399.78 u 100.53 MI1g
COOTBETCTBEHHO) C MCIIOJIb30BAaHUEM PACTBOPUTEIIS
IMCO-d,. KoHTposb 32 XOOOM pEakly U YHUCTO-
TOM MOJTYYEHHBIX COEIMHEHUI OCYILECTBIISLIA METO-
J0OM TOHKOCJIOHOM XpoMaTorpaguu Ha IIacTUHKaxX
Silufol UV-254 B cuctemax U30nponuIoBblil CIIUPT-
Oenzon-ammuak (10:5:2) (mposiBjieHue mapamu Ho-
Ja).

Memoouxu cunmesa azuda HUKOMUHOBOU KUCNO-
Mbl U €20 NPOU3BOOHDIX.

A3u0 Huxomumnosoli xkucnomwt (2). K pactBopy
2,23 1 (0,016 M) runpasuaa HUKOTUHOBOUW KHUCIIO-
Thl B 3,5 MJI KOHLIEHTPUPOBAHHOW a30THOM KHCJIO-
Tl (95%) 1 2 M Bogsl npudasisoT npu 0+2°C
no karwisam pacteop 2,7 r (0,039M) HutpuTa Ha-
Tpusi B 5 M Bogpl. Ocagok Oenblii MOPOIIOK OT-
(punbTpoBBIBaIOT, (pMIIBTpAT noawenauynBaioT 20%-
HbIM pacTBOpoM Na,CO; 1 OT(OUIBTPOBBIBAIOT €11E
JOMOJHUTENbHOE KOMUYecTBO a3uia. OOmuil BbIX0O
321 (99 % or teoper.), T.n. 47-48°C. Cnekrp
SIMP 'H (CDCly), 8, m.n., (J, T1y): 7.38-7.42 m (1H,
H'), 8.25-8.28 m (1H, H*), 8.80-8.81 (1H, H?), 8.19
¢ (1H, H%). Cnextp IMP 3C (CDCly), ¢, M.A.:
123.45 (C?), 126.48 (C%), 136.63 (C*), 150.58 (C®),
154.53 (C?), 171.17 (C7).

3-Amunonupuoun (5). CMech HUKOTUHOWUJIA3U/IA
(2) (1 r, 6.751 MMoIb), 3aMEIIEHHOrO areTuaeHa
(5) (1.75 1, 6.751 mmoinsb), CuSO,x5H,0 (0.084 T,
0.337 mmonb) 1 ackopOara Hatpus (0.066 r, 0.337
MMoiib) B IM®A (8 mut) nepemermBatot npu 75°C
B TeueHue 8-10 4 (konTpons TCX). Beimasmmii npu
OXJIAXJIEHUHM OCAJOK OT(hUIIBTPOBBIBAIOT, POMbBIBA-
10T TeKCAaHOM, CYIIaT, MOJy4YaloT 3-aMUHOIMPUINH
(5). s Beigenienus 3-aMuHONMpHUIMHA (5) pacTBO-
pUTeNlh OTTOHSIOT B BaKyyMe, OCTaTOK XpoMartorpa-
(pupyIoT Ha KOJIOHKE C CHITUKAresieM (3MII0eHT - XJIO-
podopmM, cMech xJiopodopma ¢ 3tadHosiom, 100:1 —
10:1). Ilocne koIOHOYHOM XpoMaTorpapuu Bblies-
10T 0,74 1 (42%) 3-amuHonupuauH (5) ¢ T. . 175-
180°C u HenmpopearnpoBaBlliee UCXOIHOE aleTUJIe-
HoBoe coeauHenue (3). Cnektp SAMP 'H (CDCl4
+ CD;0D), §, m.a., (J, Tm): 6.30 ¢ (2H, H"),
7.44-7.46 m (1H, H?), 7.70-7.72 m (1H, H*), 8.44-
8.46 (1H, H?), 8.71 ¢ (1H, H®). Cnektp IMP *C

(CDCly), 8¢, M.1.: 122.00 (C*), 124.80 (C?), 137.85
(C%), 139.00 (C?), 146.20 (C>).

H3zonponun-nupuoun-3-un kapoomam (6). K 0,5 r
(0,0033 M) HukotuHomasuay (2) B 10 M GeH30-
ne noOapnstoT rpu nepemernuBanuu 0,26 r (0,0043
M) uzonponuiaoBoro cnupra. PeakiiMoHHylo cMech
KHUIIATAT B TeueHUWe 1 vaca, a 3aTeM OXJIAXKIAIOT
JI0O KOMHaTHOW Temriepatypsl. ChIpoll MPOIYKT OT-
(puABTPOBBHIBAIOT, CyHIAT U NEPEKPUCTATUIAZ0BAIOT
sTrianeraroM. Beixon nmpoaykra cocraBistior 0,3 r
(44,11 %), cBerno-kenThlil MOPOLIOK, T.MI. 138-
140°C. UK cnexrp (KBr), v, cm!: 3415 (NH), 1685
(COyyy)- Cuextp SIMP 'H (CDCly), 6, m.a., (J,
I'm): 1.28 ¢ (6H, H!MILILISI313Yy 74 97.5 03 m (1H,
H'?), 8.66 ¢ (1H, H), 7.21-7.24 m (H, H?), 8.27-
8.28 m (1H, H?), 8.03 ¢ (1H, H*), 8.50 c (1H,
H®). Cnekrp SIMP 3C (CDCly), 8¢, m.a.: 22.32
(C'13),69.24 (C'), 153.60 (C®), 123.87 (C3),
125.98 (C*), 135.72 (C>), 140.13 (C®), 143.95 (C?).
Crextp IMP COSY: H'''3—H!° H*-H?. Cnektp
AMP HMQC: H''B-C!hB HI0C0) B33,
H*—C*, H?-C?, H5—CS. Cnextp IMP HMBC:
H11’13—>C10;H3—>C5;H4—)C2;H2—>C3;H6—>C4,CS,
Cc2.

Bymun-nupuoun-3-un kapoomam (7). K HUKOTH-
Howmnasuay 0,5 r (0,0033 M) B 10 M1 6eH3051€ 100aB-
a0t nipu nepemertvanuu 0,32 r (0,0043 M) Oyta-
HOJa. PeakliMoHHY10 cMech KUMSATAT B TeueHue 1 va-
ca, a 3aTeM OXJIAKAAI0T 0 KOMHATHOHN TeMITepaTyphl.
Chipoii MpoayKT OT(UIBTPOBHIBAIOT U CYIIIaT. Berxos
nponykrta coctapisier 0,47 1 (64%), Genblil Opo-
HIOK, T. 1. 72-75°C. Cnekrp AMP 'H (CDCly), 6,
M.IL., (J, T): 0.88-0.93 m (3H, H'*1313)1.33-1.40
M (2H, H'>'?), 1.60-1.67 m (2H, H'!'1), 4.15-4.18 m
(2H, H'%10), 8.58 ym. ¢ (1H, H’), 7.23-7.26 m (1H,
H?), 8.28-8.29 m (1H, H?), 8.10 ¢ (1H, H*), 8.52
c (1H, H®). Cnekrp AMP 13¢c (CDCl), 8¢, M.A.:
13.81 (C13), 19.14 (C'), 31.16 (C!'), 65.46 (C'?),
123.97 (C?), 126.00 (C*), 135.93 (CY), 139.88 (C®),
143.77 (C?), 154.26 (C?). Cnextp IMP COSY:
HB3—H!"?, H?—H'!, H'>H!°, H3-H?. Cnektp
AMP HMQC: HB—-C", H"“Z-C!?2, H!'-C!,
Hloqclo’ H3%C3, H4—>C4, HZQCZ, H6—>C6.
Cnexrp IMP HMBC: H*—C!?2, C!!; H"2-C"3,
C“, CIO; H11—>C13, CIZ, CIO; H10_>C12, Cll, CS;
H?—C%, C?; H*—C?; H>—C*; H*—C*?, C°, C2.
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N’-(ITupudun-3-un)yumusurno-kapooxcuamuo (8).
K murmzuny 0,5129 r (0,0026 M) B 11,7 mn
Bofe J00aBisioT Tpu repeMermmBanna 0,108 T
(0,0026 M) nHarpus ruapokcuga. ITpudasnsior 0,5
r (0,0033 M) HUKOTMHOWJIA3UJa MONIEPKUBAS
pH=9,0-10,0 nmpu nomomu kapOoHata Kanus. Pe-
aKIIMOHHYI0O CMeCh MEepPEeMelIMBaoT B TeueHue 2 4.
CpIpoil TpOoayKT OT(pHIBTPOBBIBAIOT U CYLIAT, OCTA-
TOK XpoMartorpagupoBBIBAlOT Ha KOJIOHKE C CH-
nuKareneM (MOEHT - XJopodopM, cMech XJIOpo-
(popma ¢ sranonom, 100:1 — 10:1). Beixon npo-
aykta 0,4 r (41 %), rycroe macno. UK crektp
(KBr), v, eM™': 3462 (NH), 1647 (CO,,,, ). CriekTp

aMu

4.20 m (1H, H'9), 4,79 ym. ¢ (1H, H?*®9), 5.81-
594 m (1H, H?), 6.35-6.46 m (1H, H'®), 7.15-
7.24 m (4H, H!°346), 8.02 ¢ (1H, H"), 8.50 ¢ (1H,
H?). Cnektp AMP e (CDCly), 0, M.4.: 26.24
(C'%), 27.89 (C13), 34.88 (C'?), 48.60 u 48.69 (CP
u C??), 54.95 (C'Y), 105.41 (C*), 117.96 (C'®),
123.38 (C3, C%), 131.16 (C?), 134.75 (C%), 147.38
(C?1), 148.93 (C1), 150.76 (C?), 163.30 (C?),
168.66 (C!7). Cnektp IMP COSY: H!4—H"3
HB*»H2 H*—H', H'® >H'". Cnexrp IMP
HMQCIH13ax’13eq’14ﬁcl3’14,H12—>C12,H11axﬁcll,
HlSeqqclS’HlSax,ZZaxﬁclS,ZZ, HZO—)CZO,HB%CIS,
H*—C3, HY—C", H>-C2. Cnekrp IMP HMBC:

IMP 'H (CDCly), 8, m.a., (J, Tw): 1.99 ¢ 2H, H"“—C!, HM¥-C!2, HM“4-C!32 HY-SClH,
HB1D 2 41-2.52 m (1H, H'**9), 2.83-3.31 m (3H, H“—-C2.
Haelleal2y 362382 (2H, m, HP#22%), 4.01-
NHNH, N3
Xy, _HCL NaNQO, 0"(}! S
l N l P

1

4000 3800 3600 3400 3200 3000 2800 2600 2400

2

P

2200 2000 1800 1600 1400 1200 1000 800 600 400
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Puc.1 - UK cnekTp a3uga HUKOTHHOBOM KucJjoThI (2) (KBr)

Pe3yabTatnl u 00cy:xaenne. Havu B TeueHne
psja JeT MPOBOMATCS MCCIEIOBAHUSL IO CUHTE3Y
U U3y4YeHUI0 (papMaKOJOTMYECKUX CBOICTB HOBBIX
MIPOU3BOAHBIX HUKOTUHOBOM KUCOTHI [ 13-17]. B Ha-
crosimeit padoTe, B MEAX paclIMpeHHs] apceHasa
OMOAKTUBHBIX BEIECTB MIPOM3BOHBIX HUKOTUHOBOM

KHCJIOTBI, OCYIIIECTBJICH CUHTE3 a3Wja W IpOBe.e-
Ha ero janbHernas mMoaudukanus. CuHTe3 azuiaa
HUKOTUHOBOM KUCJIOTHI OCYILIECTBIISIIACDH IEHCTBUEM
BOJIHOT'O paCTBOPA HUTPUTA HATPUS HA TUIpa3U HU-
KOTHHOBOM KUCJIOT (1) B cMecH KOHIIEHTPUPOBAHHOMN
COJISTHOW KHCJIOTHI ¥l BOJIBI TP OXJIaXIEHUH PEaKITH-
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onHoil cmecu (0+2°C). B pe3ynbrate peakiuii ¢ KO-
JIMYECTBEHHBIM BBIXOIOM (99%) moiyueH a3uj HU-
KOTHMHOBOM KHUCJIOTHI (2).

CrpoeHre COeTUHEHUsT 2 ObUIO TOATBEPXKICHBI
metonamu K-, IMP 'H- u 13C—cneKTpOCKOHI/H/I.

B UK-cnektpe a3zupa 2 uMelOTCs MOJOCH TO-
[JIOLIEHUST a3UAHOW M aMMJHOW TPYII: B 00gacTu
2136 u 1263 cM™' npucyTCTBYIOT MONOCH TIOIIO-
mIeHus1, Xxapakrep-Hble Ajisi N=N rpynmsl a3ugHOro
(pparmeHTa, a nosoca MOIVIOIEHNUS] AMUJHOU TpyII-
el C(O)NH nposiBnisiercst B oonmactu 1687 em! (pu-
CYHOK 1).

Cnexrp SIMP 'H coeunenus — a3uia HIKOTHHO-
BOI KUC/IOTHI (2) nupuauHoBble mpoToHsl H-3, H-4
1 H-2 nposiBUIMCh OQHOITPOTOHHBIMU MYJIbTHUILIETA-
mu ripu 7.38-7.42, 8.25-8.28 u 8.80-8.81 m. 1. [Tupu-
OUHOBBI MpoToH H-6 perucrpupoBasics ogHONPO-
TOHHBIM CUHIJIETOM Mpu 8.19 M. 1.

B cniektpe IMP '*C coenunenns 2 curnasisl yrie-
POIHBIX aTOMOB MIUPUAMHOBOTO (PparMeHTa MposIBU-
qmcs nipu 123.45 (C-3), 126.48 (C-5), 136.63 (C-4),
150.58 (C-6) u 154.53 (C-2) m.a. Atomsl yriepoaa
KapOoHMIbHOM rpymisl C-7 nposisuiucs npu 171.17
M.JI.

JI71s1 OleHKHM PeakIMOHHOW CHOCOOHOCTH a3uja
HUKOTUHOBOW KHCJIOTHI 2 OBUIM MTPOBECHBI PEaKIIN
B3aMMOJICHCTBUS a3ujia 2 cO COMPTaMU U BTOPUY-
HBIM aMHUHOM. Peakiiuy o6pa3oBaHusi TPOU3BOAHBIX
1,2,3-Tpra3zona myTéM KOHAEHCALMM OpraHUYeCKUX
a3uzoB ¢ ajikuHamu B npucytctBur Cu(l) (umkio-
npucoerHeHre XplocreHa) [12] Opuia BeIOpaHa Kak

BO3MOKHBI CHOCOO MOTyYeHUsT MYJIbTH(PYHKIMO-
HaJIbHBIX COE/IMHEHU («IBOWHBIX JIEKAPCTB» ) HA OC-
HOBE a3u/la HUKOTMHOBOM KHUCJIOTHI. YUUTHIBask TOT
(akT, 4TO a3M] HUKOTHHOBOW KHCIJIOTHI 0Opasyercs
C XOPOIIIMM BBIXO/IOM B JOCTATOYHO MSATKHX YCJIOBH-
SIX, HAMU OBLJIO C/IEJIAHO TMPEATIOIOKEHHE, YTO peak-
1S C Pa3IMYHBIMUM AJIKMHAMHU, B MPUCYTCTBUM CO-
enuHeHuil Cu(l) B kauecTBe Karaiu3aTopa, MOTYT
NIPUBECTH K 3aMEIIEHHBIM IIPOU3BOJHBIM, COLEpKa-
M ¢parmeHt 1,2,3-tpuazona.

B pesynbrare npoBeieHHBIX UCCIAEIOBAHMIA yCTa-
HOBJICHO, YTO B3aUMOJAEWCTBUE HUKOTUHOWJIA3U-
na (2) ¢ TepMHHAJIBHBIM AlETWJIEHOM CIUPTOM -
IIPOM-2-UHWIOBBIM 3(prpoM 3-TpeT-OyTHII-5-3THII-
2-ruppokcuden3oitHou kucnothl (3) B cpene IM®PA
u HarpeBanuu (70-80°C) B mpuCyTCTBHUM METHOTO
kyrnopoca CuSO,x5H,0O B npucyTcTBuu ackopodara
Hatpusi (NaAsc) He MPUBOAUT K OOPA30BAHUIO OKH-
naemoro 1,2,3-tpuazosnbHoro coenunenus 4. [Tocne
OUYMCTKHU PEaKIIMOHHOW Macchl Ha Priern KOIoHKe 110-
JIy4eHHBIN HOBBIM MPOAYKT ObLT OXapaKTepU30BaH
Kak 3-amuHonupuaut (5) ¢ Beixogom 42% u ucxof-
HOE alleTUJIEHOBOE coeruHeHue 3.

CrpoeHue BBIIEIEHHBIX MPOAYKTOB 3 U 5 ObUIO
nokazano metogamu IMP!H-, 13C- CIIEKTPOCKOIHUH.
Tak, B ciekrpe AMP 'H coenunenus 5 MMPUIAHO-
Bole ipoToHbl H-3, H-4 u H-2 npossuiuck oqHonpo-
TOHHBIMU MYJIbTUILIETaMU Tipu 7.44-7.46, 7.70-7.72
u 8.44-8.46 m.n. [MupuavHoseil npotoH H-6 peru-
CTPUPOBAJICS] OMHOMPOTOHHBIM CHHIJIETOM TpH 8.71
M.A4. AMuHHble TTpoTOoHBl H-7,7 mposBUIMCh BYX-
IIPOTOHHBIM CUHIVIETOM IIpH 6.30 M. 1.

H; OH o
H;C 3 _ .
COOCH;C=CH
- ~C=q

; Ex
N/ Gt 00CH, N
— %
H3 4
CuS0y, NaAst H;C CoH;

O N3
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B criexrpe SIMP '*C coeunenns 5 curnansl yrie-
POIIHBIX aTOMOB IMPUAMHOBOTO (hparMeHTa MpOsiBU-
qmcs nipu 122.00 (C-4), 124.80 (C-3), 137.85 (C-6),
139.00 (C-2) n 146.20 (C-5) m.n.

B cnekrpe AMP 'H anerunenoBoro coemavte-
HuA 3 MeTuibHble TpoToHsl H-11,11,11 npossunmce
TPEXIMPOTOHHBIM MyJbTHILIETOM IIpy 1.17-1.21 m.A.
Metunbhabie  nporonsl  H-9,9.9,14,14,14,15,15,15
PErMCTPUPOBAJIUCH TPEXITPOTOHHBIM CHHIVIETOM IIPU
1.38 m.n. Metunenosslie npotonsl H-10,10 nposiBu-
JIUCh ABYXIIPOTOHHBIM MYJIbTUILIETOM TpH 2.51-2.54
M.1. AnietuneHoBbli poToH H-19 perucrpupoBacs
OJHONPOTOHHBIM CHHIJIETOM npu 2.58 m.n. Metu-
JieHoBble MpoToHbl H-17,17 mposiBriMCh IBYXITPO-

(K o
2

i TN
\ / N=C=0
N

TOHHBIM MyJIbTUILIETOM ITpU 4.91-4.92 M.1. Apoma-
tudeckue npotousl H-3 u H-5 perucrpupoBaiuch
OIHONPOTOHHBIMU CUHIVIETaMU 1pH 7.29 1 7.56 m.1.
COOTBETCTBEHHO. ['mapokcuibHbIN 1poToH H-7 pe-
30HMPOBAJI OJHOIIPOTOHHBIM cHHIIETOM Iipu 11.09
M.JI.

INokazaHo, 4To Mpy HarpeBaHUM a3uj 2 pazjaraer-
cs1 ¢ oOpa3oBaHUeM IMPOMeEKYTOTHOM JacTuiip (1) —
HUTPEHa, MOC/enyolas MUrpalys MUPUIUILHOTO
paaukaa K atomy azota (neperpymnmnupoBka Kypim-
yca) npuBoauT k uzonuanary (II). B pesysnbrare run-
parauuu uszormanara Il u nocneayomero nekapOoK-
CHJIMPOBaHUsI 00Opa30BaBIIENCsT KapOAMUHOBOW KHUC-
sotsl (IIT) monmyyaercs 3-amuHormpuaut (8).

O
—_— \ —
- Ny N / N:

I\_,/

T\ H
N\ / N-COOH| —™ /) NH, + CO,
N N

I 111 5

PesynbraThl NpoBeIEHHBIX UCCIIEA0BAHUI IO CUH-
tesy 1,2,3-Tpuazosconepkaiiero npou3BOJHOIO Ha
OCHOBE aszujga HUKOTUHOBOH KHUCJIOTBI HE IMpUBEJIU
K KeJJaeMOMY IIeIeBOMY MPOAYKTY 4 - KOHEYHBIMU
NPOAYKTaMH ObUTH 3-aMUHOITMPHUINH 5 ¥ MCXOTHOE
alleTUIEHOBOE coejuHeHue 3.

[Tponosmkas HaIIM UCCIENOBaHUs B 00JIaCTH CHH-
Te3a OMOJIOTMYECKW aKTHBHBIX BEIIeCTB, Mbl pac-
CMOTpEJIM BO3MOKHOCTb MCIIOJIb30BaHUS MEPErpyI-
nupoBku Kypimyca ripu nmpeBpaiieHnu a3uia HIKo-
TUHOBOM KUCJIOTHI B M30IIUAHAT C TIOCJIETYIOIIUM €ro
B3aMMOJIENICTBUEM C COEAMHEHUSIMU, HECYIIUMU aK-
TUBHBIN aTOM BOAOPOJIA, TAKUMU KaK CIHUPTHI, aMU-
HBI U T.J., KOTOpPbIe OOBIYHO MPHUBOAST K 00pa3oBa-
HUIO ypEeTaHOB, MOYEBHUH U JIPYTUX COeIMHEHUH [16].

B HayuHoi1 suTepaType A1 CUHTe3a U30L1aHaTa
IIMPOKO UCIOJIB3YETCsl MeperpyninupoBKa, BKJIIOYa-
foliee 0Opa3oBaHKe allviI- U APUJTHUTPEHOB Kak 00-

MX MHTepMeauaToB [17]. Dtu neperpynnupoBku
IIPOUCXOAAT 32 CUET HAJIMUUS JIEKTPOHHOI'O CEKCTe-
Ta y aroma asorta. Ilpu neperpynmuposke no Kyp-
LIUYCY a3ujia apOMaTU4ecKOi KUCIIOThl pacnafaeTcs
IIPY HarpeBaHUY Ha M30LMAHAT C BblJJEJIEHUEM a30Ta.

B cBs3u ¢ 3TMM MBI NpPOBENIM B3aUMOAEWICTBHE
HUKOTUHOWIA3UAa CO COUPTaMH (M30IPONUIOBBII
1 OyTWIIOBBIN criupThl). TTOCKONBKY M30LIMAHAT JIeT-
KO 00pasyeTcst Py HarpeBaHUM a3uj1a HUKOTHHOBOM
KUCJIOTHI B Oe3BojiHOM cpene [17], ornagaer HeoO-
XOIMMOCTb €T0 MpeBapUTELHOTO BhiAeaeHus. [1pu
HArPEBAHUU B CPEJIE CyXOr0 MHEPTHOIO PACTBOPUTE-
751 (OeH30J1) a3uj HUKOTHMHOBOW KHCIOTHI (2) mpe-
TeprieBaeT neperpyrmmpoBky Kypimyca, ¢ o6paso-
BaHUEM M30IIMAaHaTa, KOTOPbIM pearupyer in situ co
COMpPTaMH TPU KUISYEHUM B TevyeHue 1-2 4Jacos
¢ 00pa3oBaHUEM COOTBETCTBYIOIIMX YpPETaHOB 6, 7,
BbIJIEJISIEMbIX B TBEPAOM BUJIE U3 PEAKIIMOHHOU cpe-
JTBL.
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R = CH(CHj), (6); C4Hy (7)-

CrpoeHue CMHTE3MPOBaHHBIX YPETaHoB 6, 7 noka-
3ausl Metogamu IMP!H-, 13C- u nBymepHoii criek-
tpockoru HMQC ('H-'3C), nosponsiommeii ycra-
HOBUTb CIIUH-CIIMHOBBIE B3aUMOJIEHUCTBUS TPOTOHOB
C aTOMaMH yIjiepojia reTeposiiepHoy npupossl. Tak,
cnektp IMP 'H coemuuenus 7 xapakTepusyercs
MIPUCYTCTBUEM YETBIPEX MYJbTHILUIETHBIX CHUTHAJIOB
OytunkapdamarHoro pparmenra ipu 0.88-0.93 (3H,

B cnektpe SIMP '3C coenunenns 7 curnans yr-
JIEPOJIHBIX aTOMOB OyTHJIKapOamMaTHOro (pparMeHTa
nposieruuch ripu 13.81 (C-13), 19.14 (C-12), 31.16
(C-11), 65.46 (C-10) u 154.26 (C-8) m.n. Yriepon-
HBIE aTOMBI IUPUIUHOBOTO (hparMeHTa PerucTpupo-
Banuch nipu 123.97 (C-3), 126.00 (C-4), 135.93 (C-
5), 139.88 (C-6) m 143.77 (C-2) m.1.

H-13, 13, 13), 1.33-1.40 (2H, H-12, 12), 1.60-1.67
(2H, H-11, 11) u 4.15-4.18 (2H, H-10, 10) m.x.
Kap6amarnsiii mpoton H-7 nposiBusics: ymmpeHHbIM
CHHIVIETOM C HAJIO)KEHUEM Ha MUPUAUHOBBIE ITPOTO-
Hbl 11pH 8.58 M.A. [TupuarHOBBIE TPOTOHBI MPOSIBU-
JIMCh OJHONIPOTOHHBIMU MYJIbTUILIETAaMU Tipu 7.23-
7.26 (H-3) u 8.28-8.29 (H-2) u ogHONPOTOHHBIMU
cunrieramu nipu 8.10 (H-4) u 8.52 (H-6) m.1.

Crpoenre coefuHeHUs] 7 OBUIO MOATBEPKIAECHO
TaK)Xe METOIaMU JBYMEpPHOU criekTpockornuu AMP
COSY ('H-'H), HMQC ('H-'3C) u HMBC ('H-
13C), nosBonsomeii yCTAHOBUTL CIUH-CIHHOBBIE
B3aMMOJIEHICTBUSI TOMO- U TeTepOsiAepPHON MTPUPOIHI.
Ha6monaemeie koppensauuu IMP COSY (‘H-'H) u
HMQC ('H-'3C) B mMonekyse npejicTaBiaeHbl Ha PH-
CYHKE 2.

Puc. 2 - Cxema xoppeasiuuii B cnekrpax COSY (a), HMQC (b) u HMBC (c¢) coenunenus 7

B cnektpax 'H-'H COSY coemunenus 7 Ha-
OJTIOAAI0TCS CIIMH-CIIMHOBBIE KOPPEJISALIMH Yepe3 TP
CBA3M TIPOTOHOB COCETHUX METH/I-METHIEHOBBIX,
METUJIEH-METU/IEHOBbIX U METUH-METMHHBIX TPYIII

H!3-H'? (0.89, 1.37 u 1.37, 0.89), H!2-H!!® (1.35,
1.60u 1.60, 1.35), H!'-H'° (1.60, 4.14 u 4.14, 1.60),
H?-H? (7.22, 8.26 1 8.26, 7.22) M.11.

FCTepOHILCprIC B3aHMOHCﬁCTHH ITPOTOHOB C aTO-
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MaMH{ YIJIepoa 4epe3 OIHY CBsI3b ObUIM YCTAHOB-
JleHsl ¢ nomonipio criekrpockormu 'H-*C HMQC
IUISl CIIEAYIONIMX TPUCYTCTBYIOIUX B COEAMHEHUN
nap: H3-C!3 (0.89, 14.00), H'>-C'? (1.33, 19.20),
H''-C'! (1.61,31.17), H'°-C!? (4.16, 65.52), H3-C?
(7.24, 124.14), H*-C* (8.11, 126.20), H>-C? (8.26,
144.29), H®-C® (8.51, 139.94) m.x1.

['eTeposinepHbie B3aMMOJEHCTBUSI TMPOTOHOB C
aToMaMH yIjiepoja depe3 JBe W Oojiee CBA3M Obl-
JIM YCTAQHOBJIEHbI C MOMOIIBIO CIIEKTPOCKONHNH 'H-
13C HMBC pns CIEOYIOLINUX TPUCYTCTBYIOLLMX

B coemuuennu map: H'3-C'2 (0.89, 19.10), H'3-
C'' (0.89, 31.20); H'2-C"3 (1.35, 14.01), H'%-
C'' (1.35, 30.99), H2-C'0 (1.35, 65.40); H!!-
CB (1.62, 14.01), H''-C'? (1.62, 19.20), H'!-
C!9 (1.62, 65.63); H'°-C'? (4.14, 19.36), H'’-
C!' (4.14, 30.99), H'°-C® (4.14, 154.44); H>-

C> (7.24, 135.61), H3-C? (7.24, 143.75); H*-C?

P P
\/C\ \/C\

N N; N

N=N"=N"

(8.05, 143.75); H?-C* (8.27, 125.15); H°-C* (8.52,
126.08), H-C? (8.52, 136.07), H°-C? (8.52, 144.44)
M.O.

B nensx pacmpenusi apceHasia BAB u uzyde-
HHUE PEaKIMOHHOW CHOCOOHOCTH a3uga HUKOTHHO-
BOI KUCJIOTHI (2) ¢ aMUHaMM, TPOBE/IEHO €r0 B3au-
MOJICVCTBHE C MOJIEKYJION alikanouaa urtusuxa. [lo-
Ka3aHo, YTO NPU HarpeBaHWM B Cpelie Cyxoro OeH-
30J1a a3U]l HUIKOTUHOBOM KMCIJIOTHI (2) IpeTepreBaer
neperpynnupoBky Kypimyca ¢ oOpa3oBaHremM n30-
1[MaHaTa, KOTOPbIil pearupyer, in Sifu, C MOJIEKYION
UUTU3MHA TIPU KUISTYEHUU B TeueHue 1-2 4JacoB ¢
oOpa3oBaHreM MoueBHHHI 8. [l BbiIeneHnst Move-
BUHBI 8 pacTBOpUTEIb OTTOHSIOT B BAKYyME, OCTaTOK
XpomarorpagypoBalT Ha KOJOHKE C CHJIMKarejiem
(3m0€eHT: XJ0podOopM, CMECh XJIOpodopMa ¢ ITaHO-
aom, 100:1 — 10:1).

Cnektp SIMP 'H coenunenus 8 xapakTtepusyercs
MPUCYTCTBUEM CHI'HAJIOB IMPOTOHOB OMCIHJMHOBBIX
LMKJIOB IUTU3MHOBOro pparmenra npu 1.99 (2H,
¢, H-13ax, 14), 2.41-2.52 (1H, m, H-13eq), 2.83-
3.31 (3H, m, H-11ax, lleq, 12), 3.62-3.82 (2H,
M, 15ax, 22ax), 4.01-4.20 (1H, m, H-15eq) u 4.79
(1H, ymr. ¢, H-22eq) mM.4. Apomaruyeckye mpOTOHbI
LIUTU3UHOBOTO (pparMeHTa pPerucTpupoOBAIUCH MPU
5.81-5.94 (1H, m, H-20), 6.35-6.46 (1H, M, H-18) n
npu 7.15-7.24 BmecTe ¢ IPOTOHAMU NTUPUAUHOBOTO
¢parmenta (4H, m, H-19, 3, 4, 6) m.a. [Iporon H-2
MUPUAUHOBOIO (hparMeHTa MPOSIBUIICS OHOIIPOTOH-

HBIM CHUHIVIETHBIM CUTHaJIOM Tipu 8.50 M.J. AMUH-
HbIi1 IpoTOH H-7 perucrpupoBasics yIIMpeHHbIM Of1-
HOMPOTOHHBIM CHUHIJIETOM TIpH 8.02 M.1I.

B crextpe SIMP '3C coequnenns 8 cursais yr-
JIEpOIHBIX aTOMOB LIMTU3MHOBOTO (pparMeHTa Mojie-
KyJ1bl TposiBUMch nipu 26.24 (C-14), 27.89 (C-13),
34.88 (C-12), 48.60 u 48.69 (C-15 u C-22), 54.95
(C-11), 105.41 (C-20), 117.96 (C-18), 148.93 (C-
19), 147.38 (C-21), 168.66 (C-17) m.a. Yrnepon-
HbIe aTOMBI MMPUAUHOBOTO (hparMeHTa PerucTpupo-
Basich nipu 123.38 (C-3,C-4), 131.16 (C-5), 134.75
(C-6) u 150.76 (C-2) m.a. KapbamuaHeiii yriaepoa-

209



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

Hblil atoM C-8 peructpupoBaics npu 1683.30 m.a.

Crpoenne coenuHeHusi 8 ObLIO MOOTBEPXKICHO
TaK’ke METOaMH IByMepHOU criekTpockornu AMP
COSY ('H-'H), HMQC ('H-'3C) u HMBC ('B-
13C), no3Bonsiomieit YCTAHOBUTD CIIMH-CIIMHOBbIE
B3aMMOJICHCTBUSI TOMO- U TE€TePOSACPHON MPUPOIbI.
Ha6monaemsie koppensauuu IMP COSY (‘H-'H) u
HMQC ('H-'3C) B mornexye npejicTaB/ieHbl Ha pu-
CyHKe 3.

B cnekrpax 'H-'"H COSY coemunenust 8 Ha-
OTI0AI0TCS CIIMH-CIIMHOBBIE KOPPEJSIMU Yepe3 TpU
CBSI3M TPOTOHOB COCEJAHUX METHUH-METUJIEHOBBIX,
METHJIEH-METUJICHOBBIX U METUH-METUHHBIX TPYIIT
H'"4-H!32 (1.85,2.2512.25, 1.85), HPB3*-H!? (1.85,
2.8212.82,1.85), H*-H'? (5.91,7.1917.19,5.91),
H'8-H' (6.45, 7.23 n 7.23, 6.45) m.11.

[eteposinepHble B3aUMONEWCTBUSI TMPOTOHOB C
aTOMaMHU yTJiepojia uepe3 OJHY CBsI3b ObLIA YCTAHOB-
JieHsl ¢ HoMomiplo criektpockornuu 'H-1*C HMQC
UL CICAYIOIINX TPUCYTCTBYIOIMX B COEIUHE-
Huy nap: H'3¥%13ea14.C13.14 (1 98, 26.35), H!2-C!2
(2.92, 34.59), H!'=_C!! (2,95, 53.78), H!>d-C!3
(4.04, 49.80), HI5»22x_C15:22 (373 48.95), HX-
C?0 (5.92, 104.93), H'3-C!8 (6.43, 117.82), H*-C?
(7.13,123.10), H'°-C!® (7.21, 139.16), H?-C? (8.49,
150.99) m. 1.

I'eTeposinepHble B3aUMOAEUCTHUSI POTOHOB C aTo-
MaMH yriepoia uepe3 JBe W Oojee CBSI3U ObLIH
YCTAHOBJIEHbl ¢ MOMOMLIBIO crekTpockonuu 'H-1°C
HMBC g1 crniegyomux npucyTCTBYIOIIMX B COEIU-
HEHUU Tap: H'4-C'3 (1.98, 27.89), H'*-C'? (1.98,
34.83), H*-C>2? (1.98, 48.48), H'-C!! (1.98,
54.52), H'4-C*! (1.98, 148.52) m.x.

Puc. 3 - Cxema koppeasomii B ciekrpax COSY (a), HMQC (b) m HMBC (c) coennnenus 8

Takum 00pa3oM, B3aMMOIEWCTBMEM a3Wja HU-
KOTMHOBOM KHUCJIOTHI CO CHMPTaMH (HA30IPOITUIIO-
BbIi M OYTHJIOBBIN CITUPTHI) M BTOPUIHBIM aMHHOM
(aJIKaJIOMAOM LIMTU3KH) CUHTE3MPOBAHbI U OXapak-
TEpU30BaHbl HOBBIE ypeTaHbl U MOYEBMHA, CTpOe-
HUE KOTOPBIX MOATBepkeHb faHHbMu SIMP 'H- u
13C-cnekrpockonuu, a Takske aHATU30M [JBYMEPHbIX
ciektpo COSY ('H-'H) » HMQC ('H-3C).

BeiBoabl. OcyliecTBieH CUHTE3 HUKOTMHOWJIA-
31a B3aMMOJEHCTBMEM HUTPHUTA HATpUs C TMApa-
3UIOM HUKOTUHOBOH KUCIOTHL. C ILEIBI0 CHUHTE3a
MpOu3BOAHBIX 1,2,3-Tpra3oia OCYIIECTBIEHO B3au-
MOZIEMICTBUE a31]ja HUKOTUHOBOI KUCJIOTBI C TEPMU-
HAJIbHBIM alIETUJIEHOM - I1POM-2-UHUJIOBBIM 3(hUPOM
3-Tper-0yTUiI-5-3TU-2-TUAPOKCUOEH30MHON  KHUC-
jotsl B cpeae IM®PA u narpeBanum (70-80°C) B
npucytctBur MeaHoro kymnopoca CuSO,x5H,O u
ackopOara Hatpus (NaAsc). YcTaHOBIICHO, UTO B pe-

3yJIbTaTe peakiyu odpasyercs He oxugaemoe 1,2,3-
TPUA30JIbHOE COeJUHEHNE, a 3-aMUHOMMUPHUIUH U UC-
XOJHOE aleTusIeHoBoe coequneHue. IlokazaHo, 4to
IIPY HArpEeBaHUU TOJTyYaeMblid B XOJIe peaKIy a3ujl
paznaraercsi ¢ 0Opa3oBaHUEM MPOMEKYTOYHOM dYa-
CTULBI - HUTPEHA, a NOciIeyolas MUTpalus Iu-
PUIWIIBHOTO paJyKaia K aToMy a3oTa (Tmeperpymnmnm-
poBka Kypimyca) npuBomnut k uzonuaHary. B pe-
3yJbTaTe TMApaTaliy M30IMaHaTa U MOCIeqyIole-
ro JekapOOKCHIMPOBaHUs 0Opa3oBaBIleics: KapOa-
MUHOBOW KHUCJIOTBI TOJTy4aeTcs 3-aMUHONMPHUIUH.
N3ydeHo B3anmMoeicTBre a3uia HUIKOTUHOBOM KHC-
JIOTHI CO CMPTaMK (M30IPOITMIIOBBI U Oy THIIOBBIH
CIUPTHI) U BTOPUYHBIM aMHHOM (QJIKAJIOMIOM IIH-
Tu3uHOM). [loka3zaHo, YTO MpU HArpeBaHUM B cpefe
CyXoro pactBoputesisi (OeH30J1) a3uji HUKOTUHOBOU
KHCJIOTHI IIpeTepIeBaeT neperpynnuposky Kypumy-
ca ¢ oOpa3oBaHMEM M30IIMaHaTa, KOTOPBIA pearupy-
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DEVELOPMENT OF ANTIMICROBIAL PACKAGING MATERIALS FOR FOOD PRODUCTS
BASED ON COPPER NANOPARTICLES

A.LSamadun , B.R. Taussarova, Zh.S. Nabiyeva, G.T.Daribayeva
Almaty Technological University, Almaty, Kazakhstan

" Corresponding author: abdu.93_93@mail.ru

In the process of storage and delivery, food products are subjected to physical changes, resulting in
moisture exchange between the product and the environment, mechanical damage, chemical processes
occurring in the product itself, as well as microbiological damage. The use of packaging materials on the
basis of polyolefins, reduce the influencing factors leading to rapid corruption of food products. However,
by their nature, polyethylene and polypropylene films do not have antimicrobial properties. Therefore,
in order for the packaging based on them to protect the product from microbiological damage, various
technological techniques are used for the processing of packaging, as well as the introduction of special
antimicrobial agents into the composition of the film. The present study developed a method of synthesis
of copper oxide nanoparticles stabilized with gelatin and pectin. The synthesis was carried out by direct
chemical sedimentation. Copper chloride was used as a precursor to the synthesis of copper oxide. Gelatin
and pectin were used as stabilizers. Gelatin and pectin were used as a stabilizer as an environmentally
friendly component of the film. In addition, consumers are interested in innovative, economical, harmless
and effective food packaging materials.

The results showed that CuO nanoparticles, stabilized with gelatin and pectin, have a high potential for
use in food packaging - both as a stand-alone nanoplane and as part of other packaging materials.

Keywords: CuO nanoparticles, gelatin, pectin, polylactide, antimicrobial, packaging.

MUKPOBKA KAPCBI TAFAM/IBIK KAIITAMA MATEPUAJIJAPBIH MbIC
HAHOBOJIHIEKTEPIHIH HET'I3IHAE 93IPJIEY

A.M.Camanyn, b.P.TaycapoBa, 7K.C.Haouesa, I'.T./lapuoaeBa
AJIMaThl TEXHOJIOTHSUTBIK, YHUBEPCHUTETI, AJIMATHI K., KazakcraH,
e-mail: abdu.93_93@mail.ru

Cakray koHe caTy pOIEeCiH/Ie TaMaK eHiMAepi (PU3MKAJIBIK, ©3repicTepre YIIbIpaiabl, HOTUXKECIH/IE OHIM
MeH KOpIIIaFraH OpTa apachlH/Ia bUIFAJ aJIMACy, MEXaHUKAJIbIK, 3aKbIM/IaHy, OHIMHIH ©3iH/Ie OONaThiH XMMU-
SUTBIK, TTPOIIECTEP, COHIAl-aK, MUK POOHOJIOTUSIIBIK, OYJTiHy maiina 6omaasl. [lomvoneduHaepre Heri3uenreH
opay MarepuaiIapblH KOJJaHy ocep eTyIn hakTopiaapasl a3aiTyFa MyMKIiHAIK Oepefi, OyJ1 TaFaMHBIH Te3
Oy3bUTybIHA OKeJesi. Anaiiga, TaburaTbl OOMBIHIIA MOJUATHICH XKOHE MOJTUIPOINUIEH IIEHKAIaphl MUK-
poOKa kapchl Kacuertepre ue eMec. COHIBIKTAH, OJIapIbIH HeTi3iH/e KanTama eHiM/Ii MUKPOOHOIOTUSIIBIK,
Oy3bUTyIaH KOpFay YIINIH KalTaMaHbl OHAeYIiH 9pTYPJIi TEXHOJIOTHSIIBIK dJicTepi, COHIal-aK, TUICHKara,
apHaiibl MUKpOOKa Kapchl areHTTepre Kipicre KonjaHbUiaasl. By 3eprreyne kelaTuH MeH MeKTUHMEH
TYPaKTaHABIPBUIFAaH MBIC OKCUJIIHIH HAHOO®JIIEKTEePiH CUHTe3/Iey d/ici kacanabl. CUHTe3 TiKeleld XUMu-
SUTBIK, TYHJBIPY apKbUIbI XKY3€re achpblIIbl. MBIC OKCHIIH CUHTE3[ey YIIIiH MPeKypcopiap peTiHae MbIC
XJIOpUJi KOJIaHbU1Abl. TypaKTaHIBIPFBIL PETIH/E KENaTUH MEH NEeKTUH KOJ1aHbULAbl. KeJaTuH MeH Iek-
THH 9KOJIOTHSUIBIK, TY PaKTaHABIPFBIII ©HIM peTiH/e KonaaHblUiabpl. COHBIMEH KaTap, TY THIHYIIbLIAp MHHOBA-
LUK, YHEM/1, SKOJIOTHUSUIBIK, Ta3a koHE THUIM/II a3bIK-TYJIIK KalTama MaTeprasiapblHa KbI3bIFYIIBUIBIK,
TaHBITY/A.
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Hotukenep xenaTuH MeH NEeKTUHMEH Ty pakTaHpIpburad CuO HaHOOeIIEeKTepiHiH a3bIK - TYJIIK
KalnTaMachHIa-TIyeJICi3 HaHOIUIeHKa peTiHe Ae, 6acKa opay MaTepuaJapbiHbIH O6JIiri peTiHje Jie maija-
JIaHy MYMKIHJIiT1 KOFapbl €KeHiH KOpCeTTi.

Tyiiin ce3aep: CuO HaHOOOIIEKTEP], KeJIATHH, IEKTHH, TIOJIMIAKTH]I, MUKPOOKa KapcChl, Opay.

PABPABOTKA AHTUMHUKPOBHBIX YITAKOBOYHbBIX MATEPUAJIOB JIA ITMINEBBIX
MNPOAYKTOB HA OCHOBE HAHOYACTHUIL MEJIN

A.M.Camanyn, b.P.Taycaposa, 7K.C.HaoueBa, I'.'T.[lapnoaeBa
AJMaTUHCKUI TEeXHOJIOTMYECKUI YHUBEpCUTET, . AnMartsl, Kazaxcran,
e-mail: abdu.93_93@mail.ru

B nporiecce xpaHeHus U peanu3alyy NUILIEBbIe TPOLYKThI, OABEPraloTcs (PU3NYECKUM U3MEHEHUSIM, B
pe3ysibTaTe KOTOPBIX TPOUCXOAUT BIarooOOMeH MeXkIy MPOAYKTOM M OKPY’KAIoIel Cpeior, MEXaHMYECKUM
HNOBPEXKJIEHUAM, XUMAYECKUM IpoLieccaM, IPOTEKAIM B CaMOM MPOAYKTE, a TaKke MUKPOOHOJIOrnye-
ckoil opue. IIpuMeHeHne yIakoOBOUYHBIX MaTepPUaJIOB HA OCHOBE MOJIMOJIE(PMHOB, TIO3BOJISAIOT CHU3UTh BO3-
AeifcTByIoOIE (DAaKTOPBI, IPUBOASAIIUE K OBICTPOI OpYe MUIIEBBIX MPOAYKTOB. OJJHAKO MO CBOEH MpUpPOe
TMOJINATHIICHOBBIE U TIOJIMITPONUJICHOBBIE TUICHKHM He 00JIaJaloT aHTUMUKPOOHBIME cBOMcTBaMu. [TosTomy
7151 TOTO, YTOOBI YIIAKOBKA HA X OCHOBE 3allMIIaja IMPOLYKT OT MUKPOOUOIOTNYECKON TIOPYH, TPUMEHSI-
I0TCSl Pa3/IMYHbIE TEXHOJIOTMYECKHE MPUEMbI IO 00PaOOTKM YIAaKOBKM, a TaKXKe BBE/IEHUE B COCTAB ILJIEH-
KM, CTIeLMaJIbHBIX aHTUMUKPOOHBIX areHToB. B HacTosIem uccienoBaHiy ObUT pa3padoTaH METO[, CUHTE3a
HAHOYACTUI] OKCHJA MeAY, CTAOMIN3UPOBAHHBIX JKEJIATUHOM U NEKTUHOM. CHHTE3 OCYILECTBIISICS ITyTeM
MPSIMOTO XMMUYECKOIo OcaxJeHus. B kauecTBe npeecTBeHHUKOB ISl CMHTE3a OKCHAA MEe/IU UCIIONb30-
BAJINCh XJIOpUA Meau. B KadyecTBe crabmim3aTtopa MCHOIb30BAJICS KeJaTHH U MeKTHH. Kak skonorndyecku
NPOAYKT B KauecTBe CTAOMIM3aToOpa WCIIONB30BAJICS JKEMaTHH M MeKThH. Kpome Toro, morpebutenu 3a-
MHTEPECOBAHbl B MHHOBALIMOHHBIX, SKOHOMHUUHBIX, SKOJOTUYECKN YUCTBIX U I(PPEKTUBHBIX YIAKOBOYHBIX
Marepuaax JJisl NUILEBbIX POAYKTOB.

Pe3synbrarsl nokaszany, 4ro HaHodacTuilbl CuQ, cTaOMIN3UPOBAHHBIE KENTATUHOM U TIEKTUHOM, 00JIa/Ial0T
BBICOKMM TOTEHITUAJIOM JIJIs1 UCTIOIb30BAHMSI B YITAKOBKE MUIIEBBIX MPOAYKTOB - KaK B KAUeCTBE CaAMOCTO-
SITeJIbHOW HAHOTUIEHKH, TaK ¥ B COCTaBe JPYrUX yINaKOBOYHBIX MaTepPHAJIOB.

KuaroueBble ciaoBa: HaHoyacTuiibl CuO, kenaTuH, MeKTUH, MOMUIAKTUA, aHTUMUKPOOHAs1, YIaKOBKA.

Introduction. The issue of healthy and high-
quality nutrition is global. In developing countries,
this problem is linked to underdeveloped agriculture
and processing.

The high rate of urbanization has forced the
population of large cities to switch to industrial
methods of food supply. Such methods require
various measures aimed at significantly extending
the shelf life of food. This constantly leads to a
decrease in the nutritional value of foodstuffs. As
the population continues to grow, these challenges
will have an increasing impact on the global
food distribution system, creating imbalances

between regions with varying levels of economic
development.

There are various ways to address the above
challenges: agricultural development, improved
food supply chains, sustainable production and
consumption. An important factor in ensuring food
security is the development of methods to increase
the shelf life of food products without significantly
reducing their quality. Such methods for extending
shelf life include the use of antimicrobial packaging.
Antimicrobial packaging is made by modifying
traditional packaging to provide protection against
the growth of pathogens during food storage.
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Nanoparticles are often used in the food
industry to create antibacterial films [1, 2].
Research is currently under way to develop
antimicrobial packaging materials derived from
various nanoparticles, including CuO [3-5].
Nanopackets can be applied to food products
by wrapping, grinding, brushing or spraying to
provide a selective barrier against the movement
of gases, moisture and dissolved materials, as
well as protection against mechanical damage [6,
7]. The main development is aimed at obtaining
nanoparticles with subsequent surface treatment of
finished packaging materials. According to Kamran
Tahir, Dipranjan Laha, Arindam Pramanik, the
activity of nanoparticles depends on the shape and
their dispersion. The stabilization of nanoparticles
is an important aspect in the design of food
packaging with nanocomposites.The bactericidal
activity and migration of nanoparticles into the
product depends on the method of synthesis [8]
and determines the stability of nanoparticles in the
polymer composition of packaging materials. With
high stability, migration of CuO nanoparticles into
the product will be eliminated, which guarantees
no toxicity of the packaging material. The
safety of food products during their long-term
storage is influenced by a wide range of factors:
adverse influence of the external environment,
processes of natural corruption due to natural
biochemical and chemical reactions, development
of microorganisms. Microbiological damage is
one of the most significant factors affecting the
preservation of the quality of foodstuffs, both of
plant and animal origin.

Microbiological stability can be achieved in
various ways: by adding preservatives to the product,
using special storage technologies, use of special
packaging, etc. Often many methods of preventing
microbiological damage are associated with the
influence on the biochemical processes of the
life of living organisms. Along with the effects
on microorganisms, these methods can have a
significant effect on a person whose body functions
according to similar biochemical patterns. Thus,
the use of preservatives reduces the quality of
the product, use of special technologies can also

lead to a significant loss of nutritional value and
significantly increase the cost of products. One of
the most promising directions to increase the shelf
life of foodstuffs is the use of special packaging
materials that can protect the product from negative
environmental factors, as well as reduce the rate of
microbiological damage.

The aim of this work is to development of a
method for the synthesis of CuO nanoparticles
stabilised with gelatin and pectin, to study the
possibility of their using in food packaging to protect
against microbiological spoilage and increase the
storage life.

Materials and methods. CuO Nanoparticles
Synthesis Method.

Reagents: Copper (II) 2-water chloride
(Sigma-Aldrich Pty Ltd, Merck KGaA branch,
Darmstadt, Germany), gelatin (Segma-Aldrich
Ptys Ltd, merck KGAA subsidiary, DARMSTAD,
Germany); sodium hydroxide (Shandong Zhoushun
International Trade Co., Ltd); ascorbic acid-L
(SIGMA-ALDRICH PTY Ltd, MERCK KGA A
branch, darmstad, Germany) and pectin (Jiaxing
Renze Import & Export Co., Ltd.).

CuO nanoparticles, stabilized with gelatin
and pectin, were polluted by direct chemical
sedimentation. Copper chloride was used as a
precursor to CuO nanoparticles (II). Pectin and
gelatin acted as a stabilizer, as a restorative used
ascorbic acid, sodium hydroxide - as a sediment.
Distilled water was used as a reaction medium.

CuO nanoparticles stabilized with gelatin and
pectin were obtained by the following procedure:
0.03 g of precursor (copper chloride), 0.03 g of
gelatine and 0.1 g of ascarbic acid, dissolved in
90 ml of reaction medium (distilled water), a
similar procedure was performed with pectine. The
resulting solution was heated to boil with constant
mixing and an additional 0.5% solution of NaOH
was added to pH-10. The sample was mixed for 2-3
minutes, cooled to room temperature, mixed at room
temperature for 20 minutes. As a result, copper
oxide nanoparticles were produced. The phase of
obtaining nanoparticles is an important component
of the work on the creation of nanocomposite
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packaging materials, because it is the nanoparticle
that gives the newly obtained packaging unique
properties.

For the preparation of packaging material
modified by CuO nanoparticles, polylactic film was
used, which is often used in the production of eco-
packages. As a test sample, ordinary polylactic film
from ECO Prodacts Group (Astana) was taken.

As part of the development of nanoparticles
preparations - visual evaluation, microphotography
of samples of CuO nanoparticles and data on
the elemental composition were obtained with the
scanning electron microscope INTEGRA TERMA
and integration of probe and optical microscopy
and spectroscopy, ASM - Raman - SBOM - TERS
[9]. The samples were dried for study. The samples
were prepared as follows: a two-sided conductive
carbon tape was glued to the standard toolboard.
CuO powder was applied to the conductive carbon
tape. They then applied a carbon coating about 10
nm thick. The pH was measured using the Testo
206 phl pH meter using a silver chloride combined
electrode.

Microbiological analysis methods were used to
study the antimicrobial effectiveness of polylactide

films modified with CuO nanoparticles on bread
shelf life.

The effects of polylactid films modified by CuO
nanoparticles on the quality and shelf life of bread
were studied.

For the experiment they took white wheat bread
produced by ”Aksai nan” (Almaty). The shelf life
at the time of purchase was 3 days. In order
to study the initial parameters of the bread on
the day of beginning of the experiment, slices
weighing 50%0.2g corresponding to the number of
experimental films were cut.

The bread samples were stored in the SCTC
TS-1/80 SPU thermostat at 25 * 1°C for 120
+ 3 hours of the experiment. After the time
passed, microbiological analysis was carried out.
The analysis was carried out according to GOST
10444.12-2013 Microbiology of food and animal
feed. Methods of detection and counting of yeast
and mold mushrooms [10].

Results and discussion. The color of
nanoparticles is an important qualitative
characteristic, because it can characterize the size
of particles and their chemical composition. The
reason for the difference in colour of colloid
nanoparticles solutions is different: the nature of
the dispersion phase and the disspersion medium,
particle dispersiveness, shape and structure. All
these factors affect not only the absorption of light
in the solution, but also its dispersion. Even a slight
change in the color of the solution may indicate a
change in particle size and chemical composition.
Figure - 1 shows solutions of silver nanoparticles
obtained by different methods and having different
sizes.

Fig. 1 - Appearance of copper nanoparticles solutions
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The optical spectrum of nanoparticles and based on the measurement of particle absorption of
nanomaterials solutions is no less important the electromagnetic radiation of the optical range.
qualitative characteristic than the color of the Figure 2, 3, 4 shows the optical spectra for the
solution. The method of optical spectroscopy is colloidal solutions studied.

—4— pectin as a stabilizer Series2
—— gelatin as a stabilizer
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Fig. 2 - Graph of obtained data on spectroscopic photometer Jenway 6705
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Fig. 3 - Optical spectrum of copper nanoparticles using gelatin as a stabilizer in exhaust solutions
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Fig. 4 - Optical spectrum of copper nanoparticles when pectin is used as a stabilizer in baseline solutions

s

Fig. 5 - Optical imaging of copper nanoparticles in the 50 pm range

Dispersion phase particle size is one of the determining their many properties. In particular, the
most important characteristics of colloidal solutions, stability of the solution and its biological properties
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may depend on the size of the nanoparticles
[11]. The samples showed nanoparticles with sizes
ranging from 136 to 995 nm. When pectin was
used as a stabiliser, and when gelatin was used as
a stabiliser, the particle sizes ranged from 62 to 313
nm. Photos of samples made by optical and scanning
electron microscope are shown in Figures 5 - 7.

Based on the results of scanning and transmission
microscopy, nanoparticles as seen in Figure 7 have
spherical shape like granules. Figure - 8 shows the
surfaces of the films before and after treatment
with copper nanoparticles. In the treated film the
clusters of nanoparticles reached up to 500 nm in
some places.

Fig. 6 - Dimensions of copper nanoparticles using
pectin as a stabilizer

a

Fig. 7 - Dimensions of copper nanoparticles using
gelatin as a stabilizer
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Fig. 8 - Polylactid film samples (a) before treatment and (b) after copper nanoparticles treatment

As a result of the study of the basic physico- consequence different effects when they are used to
chemical characteristics of nanoparticle solutions, it create composite packaging materials. Evaluation of
can be concluded that they differ strongly and as a the effectiveness of the application of a product is
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an important part of its development process. Since
often not individual characteristics of a product are
the reason for its purchase, but the ability of the
product to solve a particular problem, it is important
to determine the possibility of solving the problem.
For nanopackaging, this problem is the extension of
the shelf life of the products packaged in it. The
benefits of use can be significant if such packaging
is used as effectively as possible.

In order for the packaging to be used effectively,
it is necessary to determine an extended shelf life
compared to conventional packaging. It is known
that the main cause of damage is the development
of various microorganisms, so the use of packaging

with antimicrobial agents is relevant. The shelf life
can be determined in different ways, depending on
the type of product.

The method of microbiological testing is most
appropriate if the cause of damage is mainly the
development of microorganisms in the product. In
this case, both the total number of microorganisms
(COE) can be measured and differentiated
depending on the type of micro-organism. The
advantage of this method is the ability to identify
the main source causing the damage of the product.

The effects of CuO-modified polylactid films
on changes in the microbiological purity of bread
storage are further studied in Table 1 and Figure 9.

Table 1 - Dynamics of changes in microbiological parameters of bread samples during storage

Ne | Sample Mold index, CFU/g
1 day | 2day | 3day | 4day | Sday | 6 day | 7 day
1 | Bread without packaging - - 1 3 5 8 17
2 | Bread with a control package | - - 1 2 3 4 10
without processing
3 | Bread with processed | - - - - 1 2 4
packaging (using gelatin as
a stabilizer)
4 | Bread with processed | - - - - 1 2 5
packaging (using pectin as
a stabilizer)

Mold index, CFU/g

18
16
14
12
10

4 day

O N B~ O @

3day

M Bread without packaging - -

5 day

7 day

6 day

Bread with a control package without processing - -
B Bread with processed packaging (using gelatin as a stabilizer) - -
M Bread with processed packaging (using pectin as a stabilizer) - -

Fig. 9 - Effect of polylactide packages treated with copper nanoparticles on microbiological parameters
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In accordance with the results presented in
Table 1 and Figure 9, films modified with CuO
nanoparticles were found to reduce mold growth
and development in experimental bread samples
compared to the control bread sample. The data
obtained shows the activity of CuO nanoparticles
stabilized with gelatin and pectin, and also coincides
with the data of other authors [12, 13], who studied
the antibacterial activity of CuO nanoparticles.

Conclusions. The problem of healthy and quality
nutrition, along with the problem of adequacy of
such nutrition is relevant for modern humanity. One
way of addressing this problem, as discussed in
this paper, is to keep products fresh and suitable
for consumption for a considerable period of time.
Fortunately, modern technologies allow to obtain
and explore the latest materials that can be used to
solve the above-mentioned problems. As a result of
the studies carried out and presented in this paper,
the following conclusions can be drawn:

1. A method of synthesis of CuO nanoparticles
stabilized with gelatin and pectin has been
developed, their colloidal stability in various
dispersion media has been studied and their
possibility of use in bread packaging has been
explored.

2. The results showed that the use of copper
chloride as a precursor allows to produce copper
oxide (II). According to the data, copper oxide

nanoparticles stabilized by gelatin and pectin in the
aquatic environment had particles of the smallest
diameter of 62 nm.

3. It has been found that CuO nanoparticles,
stabilized with gelatin and pectin, have antimicrobial
activity and can be used as a material for food
nanopackets, providing an increase in the shelf life
of products, as shown in the example of bread.
The high level of stability of CuO nanoparticles
stabilized with gelatin and pectin will also facilitate
their use in the creation of active food packaging
materials.

4. It was found that polylactic films modified
by CuO nanoparticles inhibited mold growth and
development in experimental bread samples.

5. The morphology of the surface is studied by
electronic microscopy. The result showed that when
using gelatin as a stabilizer, the maximum copper
nanoparticles size was 313 nm, and when using
pectin, the particle size was 246 nm.

Thus, the results of experiments show that CuO
nanoparticles, stabilized with gelatin and pectin,
have a high potential for use in food packaging -
both as a self-propelled nanofilm and as part of other
packaging materials, and can also be laid as a basis
for food interaction studies, the environment and
be useful for developers engaged in the creation of
promising packaging material.

References

1. Osovskaya L.I., Baranova A.E. Rastvory agara dlja uluchshenija kachestva upakovochnyh bumazhnyh
materialov, tekstil'nyh i kozhanyh izdelij. // Tehnologija tekstil'"noj promyshlennosti, Ne5 (407) 2023, pp
129-132. DOI 10.47367/0021-3497_2023_5_129.

2. Baranchikov A.E. Sonohimicheskij sintez neorganicheskih materialov./ A.E. Baranchikov, V.K. Ivanov,
Ju.D. Tret'jakov.// Uspehi himii, 76, 147 (2007).

3. Galiahmetov R.N. Poluchenie nanochastic Cu20 v uslovijah ul'trazvukovoj kavitacii./ R.N. Galiahmetov,
A.G. Mustafin, R.R. Garafutdinov, G.M. Kuznecova.// Pis'ma o materialah T.1. 2011. str 176-178.

4. Abdullah, A.S., Essa, F.A., Bacha, H.B. & Omara, Z.M. Improving the trays solar still performance
using reflectors and phase change material with nanoparticles // J Energy Storage 31, 101744. 2020. DOI

10.1016/j.est.2020.101744

5. Magonov, S., Belikov, S., Surtchev, M., Leesment S., Malovichko I. High-Resolution Mapping of
Quantitative Elastic Modulus of Polymers // Microscopy and Microanalysis. 2015. Vol. 21 (S. 3). P. 2183-
2184. DOI

223



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

10.1017/S1431927615011691.

6. GOST 10444.12-2013 Mikrobiologiya pishchevykh produktov i kormov dlya zhivotnykh. Metody
vyyavleniya i podscheta kolichestva drozhzhey i plesnevykh gribov. - Moskva: Standartinform, 2014. - 9
s. [in Russian]

7. Gvozdenko, A.A., Siddiqui, S.A., Blinov, A.V. et al. Synthesis of CuO nanoparticles stabilized with
gelatin for potential use in food packaging applications // Sci Rep. 2022. Vol 12. DOI 10.1038/s41598-
022-16878-w.

8. Singh, P.K., Das, A.K., Hatui, G. & Nayak, G.C. Shape controlled green synthesis of CuO nanoparticles
through ultrasonic assisted electrochemical discharge process and its application for supercapacitor //
Mater. Chem. Phys. -2017. -P. 16-34 DOI: 10.1016/j.matchemphys.2017.04.070.

9.Jana, R. etal. Improving performance of device made up of CuO nanoparticles synthesized by hydrothermal
over the reflux method // Applied Surface Science. 2018. Vol. 452. P. 155-164.

DOI:10.1016/j.apsusc.2018.04.262.

10. Pelegrino, M.T. et al. Effects of copper oxide nanoparticles on growth of lettuce (Lactuca sativa L)
seedlings and possible implications of nitric oxide in their antioxidative defense // Environ. Monit. Assess.
2020. Vol. 192. -P. 232-246. DOI: 10.1007/s10661-020-8188-3.

11. Pestovsky, Y. S. & Martinez-Antonio, A. The use of nanoparticles and nanoformulations in agriculture
/1 J. Nanosci. Nanotechnol. -2017. Vol. 17. P. 8699-8730 DOI: 10.1166/jnn.2017.15041.

12. Mousa, A. M. et al. Biosynthetic new composite material containing CuO nanoparticles produced by
Aspergillus terreus for 47Sc separation of cancer theranostics application from irradiated Ca target // Appl.
Radiat. Isot. 2020. Vol. 166, DOI: 10.1016/j.apradiso.2020.109389.

13. Abdullah, A. S., Essa, F. A., Bacha, H. B. & Omara, Z. M. Improving the trays solar still performance
using reflectors and phase change material with nanoparticles // Journal Energy Storage. 2020. Vol. 31.
DOI: 10.1016/j.est.2020.101744.

Information about the authors

Samadun A.IL. - PhD student, Department of Chemistry, Chemical Technology and Ecology, Almaty
University of Technology,Almaty, Kazakhstan, e-mail: abdu.93_93@ mail.ru;

Taussarova B.R. - Professor of the Department of Chemistry, Chemical Technology and Ecology, D.H.N.,
Almaty University of Technology, Almaty, Kazakhstan, e-mail: birtausarova@mail.ru;

Nabiyeva Zh. S. - Director of the Scientific Research Institute of Food Safety, PhD, Almaty University of
Technology, Almaty, Kazakhstan, e-mail: atu_nabiyeva@mail.ru;

Daribayeva G.T. - Head of the Food Safety Test Laboratory, PhD, Almaty University of Technology,
Almaty, Kazakhstan, e-mail: daribaeva.80@mail.ru

Ceeoenue 006 asmopax

CamanyHn A.M- noktopaHt kadeapsl «XUMUU, XUMUYECKOW TEXHOJOTMH U SKOJIOTMW» AJIMATUHCKUM TeX-
HOJIOTUYECKUI YHUBepcuteT, Anmarsel, Kazaxcran, e-mail: abdu.93_93@ mail.ru;

Taycaposa B.P.-nmpodeccop kadeapsl «XuMus, XUMHUUYECKask TEXHONOTHS U SKOJOTUsI», 1.X.H., AJIMaTHH-
CKUI TEXHOJIOTMYECKUl yHuBepcutet, Anmarsl, Kazaxcran, e-mail: birtausarova@mail.ru;

Hao6wuesa X.C. - [lupekrop Hay4uHo-rcce10BaTeIbcKOro MHCTUTYTA MUIIEBOM Oe30macHoCTH, 1okTop PhD,
AJIMaTUHCKUI TEXHOJIOTMYECKUI yHUBepcuTeT, Anmarsl, KazaxcraH,

e-mail: atu_nabiyeva@mail.ru;

Hapubaesa I'.T.- 3aBenytoras ucnsitaTebHOM TabopaTopueit «[Iuiesas 6e3omacHoCTb», 1oktop PhD, An-

224



MATHHCKUH TeXHOJIOTMYeCKUI YHUBEPCUTET, AJIMaTLI, Ka3aXCTaH,

e-mail: daribaeva.80@mail.ru

225



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

FTAMP 31.21.18 https://doi.org/10.58805/kazutb.v.3.24-505
TOMEHI'T KbICBIMIAYbI KOMIPCYTEKTEPAIH 9JIEKTP OPICIHJE ’KAHYBIH 3EPTTEY

T.T.Maman

JL.H.I'ymunes atsiHgars! Eypasus yaTTelK yHUBepcuTeTi, ActaHa, Ka3akcran

“KoppecrioneHT-aBTop: togzhan-mashan@mail.ru

Benzon OybiHBIH atoMbK, KatbiHackl C/O = 1,0 GomateiH oTTeri oprachiHaa xyuecingeri P = 40 Topp
KpIcbIMIa, Kejiemi 10% aproH KOChUIFaH/Ia kaHYbl Ke3iHJIe Kyie Ty3i1y HpolieciHe, Kyie OeeKTepiHiy
IIBIFBIMBI MEH KYPBUIBIMbIHA jkoHe (pyiiepeH mbiFbiMbiHA U = 0,5...20 kB KepHey 1uana3oHbIHarbl 9pTY pili
TOJISIPIIBL AJIEKTP OPICIHIH ocepi 3epTTesi. AJBIHFAH HOTHKeepli Tanjay Oenrini Oip kargaitiapaa chip-
TKBI JIEKTP OPICIHIH 9cepi MEKTP OpiCiH KOIJAHOAFaH IIBIFBIMABLIBIKIIEH CAJTBICTBIPFAHIA KY€ IIBIFBIMBIH
(10%-ra peitin) apTTHIPYBl MYMKiH ekeHiH kepcerTi. Kyite 6enmektepi U>20 kB kepHeyae tepic momsp-
JIBIK, YIIiH Tere-TeHIiK alMarblHa JAUCIIOKAIMsAMEH KAJIBIITHI Tapaly 3aHbIMEH KOOipeK CHIaTTaIaThIHbI
AHBIKTAIBL. DJIEKTP Opici, KaJIlbl aJFaH/Ia, ©pic dCepiHCI3 aJbIHFaH OeJIIIeKTep/IiH opTalla ejmeMiMeH
CaJIBICTBIPFaH[Ia, Kyiie OeIIeKTepiHiH OpTallia MeJIIIepiHiH YJIFaloblHa BIKIAN eTefi. KepHey esrepreH kes-
Je Kyile nakeTiHiy L, AuameTpiHiH y3bIHABIFEI OHBIH L, OMIKTIriHeH OFapblpaK ©3repeTiHi aHbIKTaJIIbl.
UK -cnekTpockonus keMerimeH kyie ceirbiHabuiapbiaa Ceo, C, dymnepennep xone INIIAK anbIKTamIb1.
AHOMasb/Ipl KapKblpay pa3psiibl allMarblHJa jKaJIbIHFA IEKTP Opici acep eTkeHjae (py/uiepeHaep LIbIFbl-
MBI aWTAPJIBIKTAl apTa OacTalThIHBI aHBIKTAIIB! (0.>13%). Kyiie yirijiepiHiH Kyprak, ChIFbIH/IbLIAPBIHBIH
pentrenpik ororpammacnt tangay Cg, xoHe Cy (ynaepenepiHe ToH HIbIHIAPIbIH OONYBIH KOPCETTI.
IbiHpap ynaepeHaepiy Keseci KpUcTayIbIK, (pa3aiapblHa COMKEC Kellelli: OpTOPOMOTSHI, KyOTBIK, XKoHE aJl-
THIOY pBIUTHI (C5() TEK aATHIOYPHIIITHI).

Tyiiin ce3aep: Kyile Ty3u1y, QyIepeH, SKCTPAKIIUs, JMEKTP opici, ToMeH Temneparypa, [TITAK.

HNCCJJIEAOBAHHUE I'OPEHMA YIVIEBOAOPOA0OB ITPUM HU3KOM JTABJIEHUH B
QJIEKTPUYECKOM I10JIE

T.T. Maman
EBpazuiickuil HartmoHanbHbid yHuBepcutet uM. JI.H. ['ymunea, Acrana, Kazaxcran,

e-mail: togzhan-mashan@mail.ru

HccnenoBaHo BIMsIHUE MOCTOSIHHOTO JIEKTPUYECKOTO MOJIsl pa3IMyHON MOMSIPHOCTH HA MPOLIECC caxke-
00pa3oBaHMsl, BBIXOJ U CTPYKTYpPYy CaXeBBbIX YACTHUIl, HA BHIXOJ (PY/IJIEPEHOB B JAMAra3oOHe HaIpsiKeHUN
U=0,5...20 kB npu cxurannu napoB OeH3olia B cpefie KUCIopojaa mpu atoMHoM cooTtHormeHnu C/O=1,0
¢ nobasyenrieM 10 % aprona o oowsemMy, rpu naByieHnd B cucteme P=40 Topp. AHanm3 noimydeHHbIX pe-
3yJIbTATOB MOKa3aJl, YTO BO3AEUCTBUE BHEITHETO IEKTPUUYECKOrO MOJs MPU OMPEIeIEHHBIX YCJIOBUSAX MO-
KET YBEJIMIUTD BhIXO[ caxu (10 10 %) 1o cpaBHEHMIO C BHIXOIOM Oe3 MIPUMEHEHHUS JIEKTPHUUIECKOTO TOJISI.
YcTaHOBJIEHO, UTO ISl YaCTHI CaXK HauOoJee XapaKTepeH HOPMAaJIbHBIN 3aKOH pacrpeieieHus ¢ IUCIo-
KalMel B 30He paBHOBECHUs 1Sl OTPULIATENIBHON NOISPHOCTU TpU HanpsikeHnn U=20 kB. Dnexkrpuueckoe
ToJie, B 11eJIOM, CIIOCOOCTBYET POCTY CPEIHEro pa3Mepa YacTHIl CaXH MO CPABHEHMIO CO CPEJHUM pa3Me-
POM YaCTHII, MOTYYEHHBIX Oe3 BO3/IEHCTBUS MOJIsL. YCTaHOBJIEHO, YTO JUTMHA JTUAMETPa CakeBOTO IMaKeTa
L, monBepxeHa OonbIIeMy N3MEHEHHIO B CTOPOHY YBEJIMYEHHMs], YeM ero BbICOTa L., Mpu M3MeHeHNH Ha-
npsixeHus. Merogom MK-cniekTpockonuu B 9KCTpakTax caxu uaeHtuguuposansl (ysiepensl Cey, Coo 1
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[TITAY. YcraHoBieHo, 4To BbIXO[ (DYJUIEPEHOB 3HAUUTEBHO HAUMHAET pacTu (a=13%) npu HaJIOKeHUU Ha
TUIaMs JIEKTPUUYECKOTO TOJIsI B 00JIACTH aHOMAJIBHOTO TJCIOIIEro pa3psijia. AHAIN3 PEHTIeHOBCKOM (pOTO-
IPaMMBbl CyXHX SKCTPAKTOB 00PA3IIOB CaXky MOKA3aJl HAIMYKE TTMKOB, XapaKTepHbIX A71s (pyiepeHoB Ceyy 1
C,. [Inkym cOOTBETCTBYIOT CIIEYIOIMIMM KpPUCTATMYECKIM (hazam (yJUIepeHOB: OPTOPOMOUIECKOM, KyOu-
YeCKOM U rekcaroHasbHou (Cy TOJIBKO reKcaroHasbHast).

KuroueBble ciaoBa: caxeoOpazoBaHue, (y/iepeH, IKCTPaKIIUs, SMEKTPUIECKOe ToJie, HU3Kasi TeMrie-
parypa, ITLIAY.

STUDY OF HYDROCARBON COMBUSTION AT LOW PRESSURE IN AN ELECTRIC FIELD

T.T. Mashan
L.N. Gumilyov Eurasian National University, Astana, Kazakhstan,

e-mail: togzhan-mashan@mail.ru

Influence of a constant electric field of different polarity on sootformation process, yield and structure
of soot particles, on yield of fullerenes in a range of pressure U=0.5 ... 20 kV at burning of benzene
vapours in the environment of oxygen at atomic ratio C/O=1.0 with addition of 10 % of argon on volume,
at pressure in system P=40 Torr is investigated. The analysis of obtained results has shown, that influence
of external electric field under certain conditions can increase yield of soot (up to 10 %) in comparison
with yield without applying electric field. It is found that for soot particles most typical the normal law
of distribution with dislocation in the zone of equilibrium for negative polarity at pressure U=20 xV. The
electric field, as a whole, promotes growth of the average size soot particles in comparison with the average
size of particles received without field influence. It is established, that the length of diameter soot package
L, is subject to greater change aside increases, than its height L, at voltage change. Fullerenes Cg,, C,
and PAH are identified in extracts of soot by the method of IR-spectroscopy. It is established, that yield
of fullerenes significantly starts to grow (a=13%) at applying on flame of electric field in the abnormal
glow discharge area. The analysis of X-ray photogram of soot samples dry extracts showed presence of
peaks, characteristic for fullerenes Cy, and C5. Peaks correspond to following crystal phases of fullerenes:
orthorhombic, cubic and hexagonal (C,, only hexagonal).

Keywords: Sootformation, fullerenes, extraction, electrical field, low pressure, PAH.

Kipicne. KyiieHiH aybutapyaniblIbIFBIHBIH KOTI-  3€PTTEY/Ii Tajlam eTeli.
TereH cajajapblHa KeHIHeH NaliaaiaHbUTybIHa Oaii-

7Kany mporieci OH koHe Tepic 3apsAATH MOHAAp-
JIaHBICTBl KyHe TY3UIy Macesenepi Kasipri 3amaH-

JIbIH, COHJIA-aK, SMEKTPOHAAPIBIH Maiaa 00TybIMeH
Ala MaHBI3/IBUIBIKKA Me GOMbin oThIp. Kopiaran op-  gepinerin usukaibik ocepiepmen Gipre xyper
Ta KaF/laiIapbIH/a KOFAphl TYPaKTBUIBIK NIeH Y38K (1], Kyile KaTbIHIAPHIHBIE KyDbUTBIMBIH 3epTTEY
CaKTaJlyFa KaObUICTTUIINIMEH epeKIle/IeHeTIH KyHe Kyile naiiza GosFaHFa JeiliH KoHe OHBIH Taiiga 60-
OeIeKTepi, COHbIMEH KaTap, MOMMIIMKIIB apOMaT- Jy Ke3iHge OONMaThiH XMMMSILIK, jKoHE (PU3UKAJIBIK
ol kemipcyTekrep (IILHAK) ne arMocdepatbl M- ypopecrep Typastel KyHIs! MoTiMeTTep Gepei, atar

CTAUTBIH KOMIPCYTEK MaMIapbiH Kary eHIMICPIHIH ajirkanya, KOpILIAFaH OPTAHBL OEH3MH MeH M3e/Ibi
KOMITOHEHTTEpi OOJIBIN TaOBUIATBIHBIKTAH, IKOJIO-

sl Mocelieci Jie mmeseHice Tycyne. Kyiie MeH kaH-
LEPOreH 1l MOJUIUKJIIIBI ApOMAaTThl KOMipCYTeKTep-
JiH BIFBIMBIH TOMEHAETY YIIiH KaXEeTTl 1apajap-
bl €HI'13Y, OJIApIbIH TY3LIy IPOLIECCTEPIH TEPEHAETE

KOBFAITKBIIITAPABIH TONBIK, KaHOAFaH ©HIMEpiHeH
KOpFay MacelieciHe OaiIaHbICTBl KbI3BIFYIIBLIBIK, TY-
JbIpabl.

Kyiie Ty3inyiH 3epTTeyaiH Tarbl Oip MaHBI3[IbI
ACIMEKTICl - JEKTP OPICIHIH KaJblH KYPbUIbIMbIHA
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acepi. JKaHy mporiectepiHe JEKTP OpPICiHIH acepiH
3epTTey HOTUKECIH/IE TOMEH KEPHEYIIi JIEKTP OpiCiH
KOJJaHy ’KaHy KWHETHKAachblHA aWTapJbIKTall acep
€TEeTiHI aHBIKTAJI/IbI )KOHE KOMIPCYTEKTi jKaJblHAAp-
Jafbl Kyie Ty311y mporieci keOiHece KaJlblHAaFbl OH
3apsiTajFaH Kyiie OeleriMeH aHbIK TalaTbIHbI KOp-
cerinmi [2, 3].

ChIPTKBI MEKTP OPICiHIH KOJNJAHBLIYbl KaJIbIH-
na OojaThiH OapiiblK, MporiecTepre: Kyme Oesek-
TepiHiH Maiia 0oy mpoleciHe, OJap/blH 6CyiHe, CO-
HBIMEH Karap, IeryiHe acep eteTii Oenrimi. Kyiie
OeJIIeKTepiHiH MNaiaa Ooiybl IMpOIEciHe KeJeTiH
OoJicak, MOHIBIK Teopus Oap, oraH coiikec C H,*
THIITI HOHJIAp Ky¥e OeJIeKTepiHiH oCcyiHiH OesiceH-
i OpTaJIbIKTaphl OOJBIT TabbuIamb! [4]. Bemmekrep-
IiH MeJIIepi MeH Maccachl JKaHy aiiMarbiHaa 0oy
YaKbITBIMEH aHBIKTAJIAJbl KOHE OHBI JIEKTP OPICIH
KOJJaHy apKbUIBl ©3repTyre Oonaabl, OUTKeHi Oap-
JIBIK, OeJIIIeKTep MPOIECTiH eH epTe Ke3eHAepiH/e
3apsiATaHAIbL.

AtMocdepanblK KbICBIMJa METAHHBIH OTTErl kKa-
JIBIHBIHJAFBI KYiie O6JIIeKTepiHiH MOJIIIIepiHe KoHe
mibIFbIM 1ipotiecine 0, 1-nex 2,2 kB-ka nefinri quarna-
30H/1aFbl TYPAKThl IEKTP OPICiHIH 9CEPiH aHBIKTAY
OoiibIHIIA 3epTTeyiep Kyprizuuai [S]. [ToaspibreHa
TOYEJICI3 NEKTP OpiCiH KONAaHFaH 4, Kyiie OeJIek-
TEepiHIH MACCaJIbIK IIBIFBIMBI a3aUbII, ONAPAbIH MOJI-
Iepi Kilrpeir, Kyie OeeKkTepiHiH Kypamsl Oip-
TEKTi OOJIATBIHBI AHBIKTAJIIIBI.

DnekTp opiciHiH OerTik kaHyra ocepi [6] cu-
narrairaH. Toxipubenepne TaOury ra3 OeH ayaHbIH
JKAQHFBIII KOCTIACHI KOJIaHbUIFaH. KOoCaHbIH jKaHybI
MaTpULaHbIH OeTiHEH jKorapsl alMakTa xypeni. To-
KipuOesnepae KbI3BIKThl 9Cep AaHBIKTAJIFaH. JeK-
TPOIKA SKOFaphl OH TOTEHUMAIIBl KOJJAHFaH[A,
MEKTPOJ, ACTHIHJAFhl aliMaKTa OeTTIK KaHyIbIH
«OyraTTanybl» Oailkanansl. Kapbelk mMaTpunaga Ka-
pa mak maija 6onansl. KepHey azaitfaH caifbiH Ka-
paHfbl aliMakThIH KeJjeMi Kimpeieai. berrik xa-
HyIObl «OyFarTay» ocepi eki ceOernke OaillaHBICTHI
00Tyl MYMKIH: JKaJIbIH IeOiHiH OeTTiK aMaKTaH
JKOUBLITYBl HEMECEe MOH[BIK, JKeJ/IiH KapChl KbICHIMBbI
OCEepIHEH arblHFa KEPriliKTi ra3-IMHAMHUKAJbIK Ke-
AEpPTiHiH KOFapbUIaYBl CajlJapblHAH KEPIIIKTI KaHy
KYaTbIHbIH TOMEH/IEYI.

TypakTbl KoHE MMITYJIbCTIK-IIEPUOATHL JEKTP

OpICIHIH TpolaH-aya KOCHAChIHbIH KaHybIHA cepi
[7] xymbicTa 3eprrenreH. ToxipuOe KepceTKeH e,
KepHey OepiireHae WOHIBIK KeJIiH Maija Oomybl-
HaH >KaJIbIH MillliHi e3repe/i. JIaMUHapIIbIK KaHy pe-
KMMIHJE TYpaKThl KepHey 3,4 kB-Ka e3reprenje xa-
JIBIHHBIH TapaJly Kbl11amMablrbl liamameH 20%-ra ap-
Tagpl. TypOyJaeHTTi pexuM YIIiH Oyl KbULIAMIIBIK
mamameH 30%-ra apTajbl. AWHBIMAJIBI KEPHEY JJ1EK-
tponbiHa 1 kKB 6eprenze, 4 Mc y3aKTHIKTaFbl IMITYJTb-
crapasl Oepy xkwuiniri 150 T'u-ten Gacran esreprce
JKUUIIKTIH apTybl TYPaKThl ©pICTi KOJJAaHFaHAFbl-
Jiaii *aJIbIHHBIH Tapajly >KblJJaM/IbIFbIHBIH Al TapIIbl-
KTail apTyblHa anein Kenai. Toxipubenepne, COHbI-
MEH KaTap, JaMUHapJIbl PeXKUMHEH TYpOYJIEHTTI Ka-
HYy PeXKUMiHE KeIlly Ke3iH/Ie )KaJIbIHHBIH TY PaK ThbUIbI-
FBIHA TYPAKThI JIEKTP OPICIHIH 9CepPi AHBIKTAJIAbI.

KeMipcyTekTi xkajblHFa ocep €TeTiH EKTp epici
3apsi[] TachIMajJaylibllapra JeKTp JEHEeCiHIH Ky-
11l 9CepiHEH MOH/BIK, kel Tyablpajbl. VIOHIBIK ke
Kyle WIblFapyFa, KaJblHHBIH Tapasly KbLIJaM[bl-
FblHA JKOQHE JKaJblH TYPAKTbUIbIFbIHA Cep eTeTiHi
KepceTiireH, 6ipak MOH/IBIK, KEJIiH erKel-TerKeni
OpEKeTi ’KoHEe OHBIH KaJIbIHFa 9CEPi 9J1i aHBIK, eMec.
Exi mapasuiesib 3JIEKTPOATHIH apachlHa OPHATBLIFaH
COILIO apKBLIbl OTETIH apajlaciaraH oHe aJblH aja
apasIaCThIPbUIFaH JKaJIbIHIAPFA TYPAKTHI )KoHE aliHbI-
MaJibl 3JIEKTP epicTepiH OepreH KesJeri KajlblH MeH
VIOH/IBIK, JKE€JIIH AUHAMMKAJIBIK OPEKET] 3epTTEJIreH.
Hon sxenmi aHojka [1a, KaToAka J1a Kapal COFaThl-
HbI TIPKEJITeH KOHE JKaJIbIH TYpiHE (apaacThIpbli-
MaFraH HeMece aJIJIbIH ajla apajlacKaH) HeMece JIEKTP
OPICIHIH K631He (TYPaKThl )KoHE alHBIMAJIbI TOK) TY-
enni eMec [8].

MaHpI31bl  TEXHOJIOTHSUTBIK, IIUKi3aT OOJFaH/IbI-
KTaH KyHe OHEPKICINTIK ayKbpIMAa SPTYpPi TCij-
nepmen eHpipuieni. Herizinen ~1700 K temnepa-
Typaja CYWbIK >KOHE Tra3 Topi3lli KeMipCyTeKTep-
I KETKUTIKCI3 OTTEKTe Kary, COOaH KeWiH bIabIpay
OHIM/IEPIH KbUIIAM CAJIKBIHAATY ApKbUIBI TEPMHUSI-
JIBIK bIABIPAY 9Aici KoaHbUIaasl. MyHail Kyiie Ma-
TepUasIbl JKeKe TYHBIKTaJIFaH OeIIIeKTepeH Typa-
IBl, MYHJA AMaMeTpi OHAFaH XoHe Ky3lereH A
OonateiH cepalblk raodynanap OipiHIIIK OO
TaObUIaIBI, oNap Oip-OipiMEeH XUMUSUIBIK, OaiiTaHbl-
CBIII, CBI3BIKTHIK, TAPMAKTAJTY Ti30€KTepi Ciupabaap,
KJIacTepiiep koHe T.0. CHSKTHI arperarrapra Oipik-
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TIpUTN, eKiHII PeTTIK KYpPbUIBIM Ty3yre KaOijaerTi
[ 9].

Kyiile Ty3iqy MexaHu3Mi Typasibl KONTEereH Teo-
puslap MeH uzesiap Oap, Kywe Ty3iuIy IporieciHe
Kenecl apanblKk eHIMuep Karbicaael: C, C,, CH,
C,H, CH,, C;H,, C,H;; nomanerunennep C,H,,
C¢H,, C, H,; nomuukaai apomMarTsl KeMipcyTek-
Tep, COHai-ak, 1,3-OyrajveH HeMece BUHWIIAIeTH-
JIeH CHSIKTBl KOocapiaHfaH OaiiylaHbIcTapbl 6ap Mo-
nekynanap [10, 11]. KemipcyTekTi razgapapl xary
Ke3iH/Ie KeMIpPTEeKTI HAaHOKYPbUIBIM — (pyJiepeHaep
aJly MyMKIiH/Iir1 aHbIKTasiFa [12].

Byn xymeicta Temen kbicbimaa 0,5-teH 20 kB-
Ka JIEHiHT1 KepHeY Jrana3oHbIH/IaFkl Kyie Oeek-
TEPiHIH KYPbUIBIMBI MEH Ky#e Ty3Uly IpolieciHe
NIEKTP OPICIHIH acepi 3EpTTENreH KoHEe Ty3LI-
reH Kyile KypamblHaa (yiiepeHaepaid 0onaThHbl
JRJIeIIeH 1.

3 —

1 KyHe KHHAFBIIT

——A———3 JKameH ke3i

JKaHFBIN KOCHA

1-cyper TemeHri KpIcbIMIa Kyiie aixy
JKaHJBIPFBICHIHBIH CXeMaMbl

Marepuaaaap mMeH daicrep. 3eprreyiep OeH-
3011 OybIHBIH OoTTeriMeH C/O = 1,0 aTOMJIBIK, KaThIHA-
chiHa 10% apronapl Kocy apkpUibl kaHysl 40 Topp
KBICBIM/IA XY Pri3uii.

BeH3o CyMBIKTBIKKA apHajFaH LIIPUL] Topi3Jec
MeJIIepIerill apKbUIbl 1 MII/MUH MeJIILIEpiHAE peak-
TOpFa eHri3iiai, Oys Kenemik Oy HIBIFBIHBIHBIH Q)
=250 cM>/MuH MeJIIIIepiH KamTamachi3 eTti. Orreri
MeH apron AP = 5 krc/cm? KpichIMIa peyKTopiap

apKBUTBL OepUI jKoHE KAMWILISPIBIK, IIBIFBIH OJIIIe-
rimrepMeH OakpUlaHIbl. KypBUFBIHBIH cXemachl 1-
CypeTTe KOpCeTiIreH.

JKaHFpIl KOCTIaHbl JalbIHAAY KeJECl PETTUTIKIIEH
oTTi. CyiiblK OEH30J1 MeJIIeperiil apKblbl OyiaH-
JBIPFBINIKA E€HTI3UIA1, alIblH ajla TaHAAJfaH TeM-
niepaTypasiblK, PeXvM OHBIH OipAaeH Aepiik Oyna-
HYBIH KaMTamachi3 erti. Ty3iiareH OeH3onm Oysaphl
Oy/aHBIPFBINIKA TYCETiH OTTEri MEH aproH MoJie-
KyJIaJIapbIMEH apaJlachlll, COJaH KeiH Kocma cudoH
Topi3i OYKBIBIBIPFBIN OyepiiK BIABICKA TYCTI.
JKakchl apasiacThIpbLTy YIITIH JKaHFBII KOCIAHbI Oy-
(pepnik pesepByapra yliiibl IoHEKepIIeHTeH nepdopa-
[UsUIAaHFaH TYTIK apKbUIbl ©TKI3i. By-ra3 skaHfbIIn
KOCITAChIHbIH COHFBl JAWBIHABIFBl TIKEJIEW WHEPTTI
MaTepuasiiaH JKacafaH IIapiapMeH TONTHIPbLIFaH
JKaHABIPFbIAA asKTanbl. BeH3on OylapblHBIH KOH-
JEHCALIMSICHIH OOJIBIPMAy YIIiH KAHFBIIT KOCIIAHBI
Oepy KoJbl KbI3ObIpbUIansl. Bydeprik biapicTa maii-
na GosFaH Oy-ra3 KOCIIaChIHBIH PapT = 13 kIla merin-
JIeT1 apThIK KbICHIMBI KAHFBIII KOCIAHBIH KaH/IBIPFbI-
ra Oipkesiki OepinyiH KamTamach3 ereni. Liumuuaap-
JIK KaHJBIPFBIHBIH NepgopauusijiaHFal TypaKTaH-
JBIPFBITIBIHAH JKAHFBIIT KOCTIAHBIH, IIIBIFY SKbIIIaM-
neirel V = 18,38 cv/c 6oiapl. Ochl Karmania xaiblH-
Jarel Makcumaiapl temneparypa T = 1200 K xone
KanbiH 11e0i kaHapiprbigan O = 0,5-0,8 cM axbI-
PadThIH TYPaKThl )KaHy TybIHAAARL. Bip ToxipuOeHiH
y3aKThirbl T = 20 MuH. KaHy LMKII asKTaafaHHaH
KEWiH KBapll peaKTOPbl MEH KYWe KUHAFbIIIThIH Ka-
ObIpFaylapbIHaH KY¥ie KUHAJIBII, OJIIICHII, SJIEKTPOH-
Ibl MUKpockonTa koHe JIPOH -3M nudgpakromer-
pinze (Cu,, — coyneneHy) 3epTresi.

DeKTponTap apakamblKThiFel L = 18 cM Gona-
TBIH WHE-Ka3bIKTHIK JIEKTPO]I )KYyHeci KBapll peakTo-
pbiHza (1) opHanacTeipblIrad. 2Ka3blK 2J1€KTpOJ - Cy-
MEH CAJIKbIHAATHUIATHIH KaHABIPFHI (2). VIHe Topizai
5ieKTpoaKa (3) oH Hemece Tepic noaspiblK 0,5-TeH
20 kB-ka neiiiHri Juana3oHAarbl TYPaKThl KOFaphl
BOJIBTTHI KepHey Oepiiai. HoTwkeciHme skaibiH ai-
MarbIH 112, ’KaHy ©HIM/IepiHIH aiMaFblH JJa KAMTUTBHIH
OOIIBIK, EKTP Opici maiaa 6okl

DJEeKTp epici KONJaHbUIFaH Ke3/e JIeKTPOHIAp-
JlaH, OH JKOHE TePIC MOHAAPAAH TYPAThIH KEHICTIK 3a-
PSA/IBIH TYBIHJIATATBIH TEPIC HEMECE OH TIXK Pas3psiabl
naiiga 6omabl. KeHICTIKTIK 3apsa KaJbIH eOiHe op-
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HAJIACTHIPBLI/IbI JKOHE JKaHy IMPOLIECiHE TIKeJel acep
eTTi.

Hotu:xenep MeH Taakbliay. OpTypii Karaau-
Jlapra ajbIHFaH Kyiie 72 carat O0ibl OEH30JI1a CYBIK,
9KCTPaKIMS 9ficiMeH SKCTPaKIMsIIAHbl. ChIFbIHIbI
KAHBIKKAH KOI0 KbI3bLT Tycke ue 6omasl, on [TIAK
neH (py/utepenaepain OomybiHa coiikec kenendi. Co-
naH KewiH chirbiHAbl UK-®ypbe criekTpomerpi Ke-
MeriMeH Tayiaanabl. Kyiie ChiFbIHIbICH KAObIKIIIAChI-
ubiH UK s yThuTy ciektpi 3050 cm™!-z1e skyThUTy apo-
MarThl cakuHanapaelH C-H OaiinaHbicTapbiHa COli-

Kec eKeHiH kepcerti. 2960, 2870, 1470, 1390 cm!
KyTbuly konaktapsl CH, xone CH; (pyHKIMoOHa-
npIK TonrapeiHaarkl C-H TepOericTik OaimaHbICTa-
phiHa cajikec kenemi. 1600 cm! criekTpi apoMarTsl
cakuHanblH C=C OailaHbICTapblHA COWKEC KeJei.
Conpaii-ak, C=0 xone C-C GailaHpiCTapblHA COUi-
KeC KeJleTiH XyTy koiaktapel Oap. CrekrprepreH
(ymrepenepain 6onaThHbI 1a OalKaTagpl. JIEKTP
epiciH Oepy apKbUIbl aTbIHFAH KYHe CHIFBIH/IBUIAPHI-
HBIH CHEeKTpJiepi 2-cyperTe, a, O, B KOPCETIreH: a)
U=1 kB, 6) U=2,0 kB, B) U=20,0 kB.
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2-cyper. Kyiie coirsiaapuiapbiabig UK cnekTpliepi

1-kecrene IMIIAK xone Cy xone C,, dyniepen-
JepiHe ColKec TIKIpUOeTiK JKOJIMEH aJIbIHFaH jKoHEe

stanoHblK UK criekTpriepi kepceTiires.
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1-kecre. IIIIAK :xone (pyLiiepeHaepain TIKipHOeTiK JKIHE STATOHIBIK, CIIEKTPJIEPiH CANBICTHIPY

Dynnepennep Taxipubernik , A cMm-1 StasoH, A cM-1

C60 528,578, 1183, 1429 528,577, 1183, 1429

C70 457, 538, 563, 578, 679, 798, | 458, 535, 565, 578, 642, 674,
1136, 1414, 1430, 1460 795, 1134, 1414, 1430, 1460

IMIAK

[Mupen 711,755, 842, 1183 710, 750, 840, 1190

dyopanTteH 618, 755,775, 827 615, 750, 775, 825

Koponen 543, 842, 1314 545, 850, 1313

AHTaHTpeH 690, 775, 880 690, 762, 877

1,12-6ensnepunen | 755, 775, 817, 842 645, 750, 765, 817, 845

OPTYpJli MEKTP OpIiCTEPIHAE AbIHFAaH Kyiie YJI-
rijiepi yUIiH peHTIeHAIK AU pakIUsIIbIK cUlaTTama-
JIapbl sKoHE KYHEeHIH MacCabIK, IIbIFbIMbI aHBIK TAJIIbI
(2-kecte). PentreH coynenepiHiH IUQPaKIUsIIbIK,
yarinepi OoubIHINA YIITi OeIIeKTepi Ty31IeTiH Kyiie

NAKETiHIH KYPBUIBIMBIH cunartauTeid L, L., dgg,
KOTEpEeHTT] IIallblpay aiMarblHBIH MOHAEpl ecell-
tenni. Mynparsl L, — Kylie makeTiHiH JUaMeTpiHiH
Y3BIHIBIFBL, L, — OmikTiri, dy,, — Kylie maketinueri
€Ki Ka0aT apachlHAAFbl KAIIBIKTHIK.

2-kecTe. DAEeKTP OpiciH KoJJaHFaH Ke3/1eTi peHTreH KYPbUIbIMIBIK, CHIIATTaMAJap *KoHe KYlie HIbIFbIMbI

No | U,xB | Opicrepnin opuanacyst | L,, A | L., A | dype, A | my.r

1. | ©piccis | - 38,13 | 9,42 | 3,71 0,5839
2. 105 + 31,64 | 8,16 | 3,71 0,4633
3. | L1 + 65,71 | 10,0 | 3,71 0,4848
4. | 2,05 + 65,7 | 11,41 | 3,71 0,5270
5. | 3,05 + 57,5 | 11,86 | 3,70 0,3784
6. | 10 + 57,5 | 11,86 | 3,70 0,3322
7. |20 + 57,5 | 11,4 | 3,87 0,3631
8. 105 + 52,33 | 8,66 | 3,71 0,4632
9. | 11 + 52,07 | 9,58 | 3,69 0,6216
10. | 2,05 + 65,7 | 12,71 | 3,70 0,4695
11. ] 3,05 + 49,73 | 13,09 | 3,65 0,3752
12. | 10 + 49,73 | 12,0 | 3,78 0,3167
13. | 20 + 40,0 |9,67 | 3,70 0,4070

Kecrenen kepiHin TypraHjaai, MOJSAPIBIKTH ©3-
repry Kyie OeJIIeKTepiHiH MIbIFbIMBI MEH MOJ-
HIepiHe KaTThl acep eTeli.

Kyiie ynrinepiHiH MUKpPOJEKTPOHIBIK, KECKIH-
aepi anelHAbl, 2-cyper. 0,5-teH 2 kB-ka jeuiH-
Il 9JIEKTp OpICIH KOJNJAHFaH/a, ajblHFaH KyHhe YJ-
rinepinin emmemaepi 261 A-nen 334 A-re neiiin o3-
repai.

byn  seprreynepne

KOJIJaHbLIaTbIH QJICKTP

OPICIHIH TOJSPJBIFbIHA KapaMacTaH 3JIeKTpojapa-
JIBIK, KAIDBIKTHIKTEIFEI L = 18 ¢M HWHe-Ka3BIKTHIK,
MEKTPOATAPbIHIAFBl TK Ppa3psiibl (ra3 apajiblfbl-
HbIH kaprbutail Tecityl) U = 10 kB geltin cakrani-
apl. Kepaey U = 10 kB sxoHe ofaH xorapbl O0JFaH
Ke3/le, TOXK pa3psi/ibl KaTol MEH aHOIATHI KOCAThIH
’KapKpIpaFaH, UPeK XKIiHIIIKe KINTiH maiaa Oomybl-
MeEH COJIFBIH JIEKTP pa3psAAbHa ailHaIbl. bipak, xa-
JIbIH 111eOiHe COJFBIH MIEKTP pa3psiibiH KadaT opHa-
JIACTBIPFaH Ke3J1e, KapKblparaH XKill jKaJbIHFa CIHII,
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JIEKTPOAKA (PKaH/bIPFbIFa) KeTHel Kaslbl.

DJIeKTp OPICIHIH KaJIBIHFA dcepi TepiC MOAPIbIK
ymia U 2> 1,35 kB 6acran (;koraprbl HHE-3JIeKTPOATA
MUHYC) *oHe OH monspiblk yuiH U > 3,0 kB
(3KOFaprbl MHE-3JIEKTPOATA TUTI0C) BU3Yaslibl Type
Oaiikanabl. Kesre kepiHeTiH ocepi KaIbIHHBIH ChIFbI-
JyBIMEH, TepOeTiciMeH, CO3bUTYbIMEH, JKaIAalObIMEH,
KBI3FAJIJIAK, MillIiHIHe aifHATybIMEH koHe Oacka ja

KYObUIbICTApIaH OalKaIAbL. DIEKTp opici bonmaraH
Ke37Ie JKIBIH TYPAKThl, TepOEITiCCi3 KaHbI TYPIbI,
d = 2,5 cMm, *kapblK, aliMarbIHBIH OWIKTITI h = 4,5 cMm,
JKaHIBIpFbIIaH Oestiny O = 0,5 cM nmapamerpiepi 6ap
WIMHIP (KAHABIPFBI) MillliHIHE 1e OONAbL. DNEKTp
epiciH, Meicanbl, U = 10 kB kepHey kongaHraHja,
JKAJIBIHHBIH KOFApPFbI OOJIIrl TOJKBIH TOpi3ai TepOe-
JIeTiH KbI3FAJIIAK, TOpi3Jec Typre ue OOaIbl.

3-cyper. Aabiaran kyie yarigepi: C/O=1, P=40 Topp, a) U=0,5 kB, 6) U=1,0 kB, B) U=2,0 kB.

OcBbl sKyMBICTA KaJIBIHFA 9CEpPi 3ePTTEIreH IEKTP
epici KepHeyJepiHiH AMAna30HbIH TUIMJUIITIHE Ka-
paii apTThl Type eKi aiiMakka Oeinyre OGonmaasl: |
anmMak - 0,5-ten 3,0 kB-ka nenig; I aiimak — 3,0 kB
JKOFapHI.

Bipinmti aiiMakTa, Kyiie IIBIFBIMBI OOMBIHILA OH
HeMece Tepic MOJSPIBIKTIH «TUIMIUTIT» alTapibl-
KTail epeKIesieHOei1i KoHe KYWEeHIH IIBIFY IMpo-
1ieCi Kenae coTTi, Keae corci3 oTTi. by xarmanaa
Oenrini 6ip KepHeyderi JeKTp OpicCiH KolJaHFaHaa
KYHeHiH MacCaJIBbIK, IIIBIFBIMBI ©PIiC KONIaHOAFaH/IaF bl
MaccaJlbIK HIbIFBIMHAH ToMeH Oonapl. Byt mpouecre
JIEKTP OPici KaHy MPOIleCiHe KAaTaATUTUKAIBIK dcep
Oepelli, COHbIMEH Kartap, JIEKTpP opici KeMipCyTeKTi
OTBIHHBIH Y3bIH Ti30€KTEpiH Y3€TiH Kyl OOJBII Ta-
ObLIa bl IETeH TUTIOTe3ara COMKEC Keleqi.

Anaiina, OipiHII aliMakTa MEKTp epici KepHe-
YJIEpiHiH AMaa30Hbl SKCIEPUMEHTAJ/Ibl TYPAE aHbI-
KTaJIbl, OHBIH aiMarblHIa KYie TY3UIyHiH KOFaphbl
KOpCeTKilll (IIIbIHbI) OPbIH AJIAbI KOHE KYHEHIH Mac-
caJbIK IIbIFBIMIBLIBIFBL (10% AeiiiH) 5IeKTp epiciHiH
ocepiHCi3 KYHMEHIH LIbIFybIHaH ackll KeTTi. Kairasa-

HATBIH TOXiprOesep KeNTipiareH KepHeyIiH HoJsip-
abirpiHa Kapamactad U = 1,0...1,35 kB kephey aua-
Ma30HBIH[IA OPHAJIACKAH JKOFAphIIa KEeJATIpUIreH To-
KiprOeJTiK JKaFIaiIap/a MbIHHBIH OOYbIH PACTaIbl.
Bipneit Toxipubenik karmainapna KyHeHiH macca-
JIBIK, IIBIFBIMBIHBIH, KalTanany Kateniri A =1+ 5 %
erinae Oobl.

CBIPTKBI JIEKTp ©piciH OepreH ke3ne OesiceHi
OpTaJIBIKTap/bl MUPOJIN3 aliMaFblHAaH aJIblll KETETiH
HEMece ycCTall KaJaTblH KyWe Ty3UIy Hpoleci MeH
MEKTPJIK KYIITEp apachlHAa OJCEKeNeCTiK dpeKeT-
Tecy naiza O6omaapl KoHe OyJl Kyiie Ty3Uly KUHEeTH-
Kachl YIITiH eH KOJIAMIIBI KaF1ai aen Oomkayra 6oma-
bl

Byn xarnmaiina OepijreH KepHeYIiH HOTHKeCiHIe
Kyiie OeJIIeKTepiHiH 6cyiHe aJbll KeleTiH OesceH-
i opranbikTap 6osnbin TadbutateiH o C, H,* nonma-
PBIHBIH YJIKEH aFblHbl MMPOJIN3 aiMarblH Kecil eTe-
ni. Bepinren kepHeymiH Oenriii Oip MIEKTIK MoHIiH-
Jie MOHJap ra3 arblHBIHbIH OCbTIK KOMIIOHEHTAChIHA
KATBICThl KO3FAJIBICCHI3 e caHaaabl. by xarmaii-
Ja Kyiie OeJIIeKTepiHiH TYy311y KbUIIaMIbIFbl pic
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JKOK, JKaFJIaliMeH CaJIbICTBIpFaHa OipHellle ece apTa-
bl )KOHE TIMPOJIM3 aliMarbiH/Ia Ko30eH OaKbUIaHATHIH
Kyiie OemmekTepi maiiga 6onaasl. ¥Kcac HOTHKEIEp
Tepic 3apsaTap arbiHbIMEH e (OH MOJISIPIIbIK,) AJIbIH-
JIBL.

Bepinren kepueynepain ekinmi aimareigaa (U >
3 kB) nmonspneikka kapamactan, U = 3 kB kephe-
yiHZEr1 Ky¥ie IIBIFBIMBIMEH CAJIbICThIPFaH/1a KYWEeHiH
MaccalblK IIBIFBIMBIHBIH OipTiHIEN apTysl OaiiKas-
Obl. Anaija, Kajanbsl KyHe IIbFBIMBL JIEKTP ©pici

KopbITHIHABL

1. 3eprreynep kepceTkeHaen, Kypaei Kypam/bl
KaJIbIHFA CBIPTKBl JIEKTP OPICIHIH 9cepi KajablHAA
O0JIaTIH MpoLIeCTepAi, COHAAl-aK, Kyie Ty3i1y Mpo-
1ieciH OakpliayFa, COHBIMEH KaTap, Oenriii Oip xkar-
JlailyiapAa KyHeHiH IIbFBIMBIH apTThIPYFa MYMKiH-
IiK Oepei.

2. UK criekTpocKOnusChIHBIH KOMETIMEH Kyiiesie
pymnepennep Cgy, C;y KOHE NOTMLIMKIAB apOMAT-
THIK KOMIPCYTEKTep aHbIKTaJIIbl.

OonmmaraH karaiaaH TeMeH Oosbin Kana Oepmi. By
Ke3[le KyHeHIH MaKCHMAJIbl IIBIFBIMBIHBIH IIBIHbI
Oarikanmassl. besceH i opTaabIKTapabiH TY3iyi pu-
3WKAJIBIK KOHE XUMHUSIIBIK MPOIIECTEPre COMKec Ke-
JIefli, COH/IBIKTaH OyJ1 aliMaKTa Ky¥e Ty3UTyIiH MyH-
nail opekeTiHiH cebebi, MYMKiH, KaiTa 3apsaraty-
IbIH TePMO3JIEKTPOHIBIK, SMUCCHAFA KaparaHaa Oa-
CbIM OOJTybIHaH KoHE OeJICeH[ 3aTTapblH MHPOIU3
ailMarbIHaH LIBIFBII KETYiHEH TYbIHAAN/Ibl.

3. C¢( xone C,, dynnepenaepine CoUKec KeleTiH
TOJIKBIH Y3bIHABIKTAPbI OH MOJISPJBIKIIEH CAJIBICTHI-
praHja Tepic MONAPIbIKTa AWKbIHBIPAK AHBIKTAJIFa-
HBI KepceTinai. By Tepic nonspislKThiH QyiepeH-
Jep WbIFBIMBIHA OH MOJISIPJIBIKKA KaparaHaa Kedipek
qcep eTeTiHIH pacTaijpl.

4. CnekrpnepniH UHTEHCUBTUIINHE CYHEHE OThI-
phin, OepiireH KepHeyaiH KorapblIaybIMeH (yJuie-
PEeH/IEpIIiH IIBIFBIMBI )KOFAPbUIANTHIHBI QHBIK TAJIIBL.
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IRSTI 31.15.15 https://doi.org/10.58805/kazutb.v.3.24-514
SEMI-EMPIRICAL INVESTIGATION OF ZINC(II) SALICYLATE. COMPARISON WITH X-RAY
STRUCTURE
N. Akatyev

M.Utemisov West Kazakhstan university, Uralsk, Kazakhstan,

““Corresponding author: nikolay.akatyev@wku.edu.kz

Zinc salicylate dihydrate (Zn(HSal),-2H,0) is an organic-inorganic hybrid compound known for its
wide range of applications. In this article, a detailed semiempirical study of zinc salicylate is presented,
focusing on its structural, electronic, and thermodynamic properties. The PM3 method, known for its
computational efficiency and reasonable accuracy, was used to model the molecular structure and compare
with the experimentally obtained properties of Zn(HSal), - 2H,O. Based on the obtained calculation results
and available experimental data published in the literature, it was found that semi-empirical calculations
involving the solvent effect (H,0) agree well with data from X-ray diffraction analysis, while calculations
for the gas phase do not agree with experimental data with the required accuracy. Quantum chemical
descriptors such as HOMO-LUMO energies, energy gap (AE,, ), electronegativity (), global hardness (),
softness (o), dipole moment (u), electrophilic (w) and nucleophilic (¢) indices were also calculated. The
results show that the PM3 method effectively captures the essential features of zinc salicylate, including
its geometry and electronic distribution. The obtained results also provide valuable insights into the semi-
empirical modeling of organometallic compounds and highlight the usefulness of the PM3 method in
predicting the behavior of complex molecular systems.

Keywords: PM3 calculations, zinc salicylate, semi-empirical calculations, quantum chemical descriptors.

MBIPBIII(IT) CAJTAIIUJIATBIH JKAPTHLIAI SMIIMPUKAJIBIK, 3EPTTEY. PEHTTEH
KY¥PbBLJIBIMBIMEH CAJIBICTBIPY

H. AkaTneB
M.OrewmicoB arbiHgarsl bateic Kazakcran ynusepcurerti, Opan, Kazakcran,

e-mail: nikolay.akatyev@wku.edu.kz

Msippin camimiar auruaparsl (Zn(HSal),-2H,0O), kosaaHy ascbHBIH KEH ayKbIMbIMEH TaHbIMAJI Opra-
HUKAJBIK, - OeHOpraHuKasblK THOPUATI KOCBUIBIC. ByJ1 Makanaia OHbIH KYPbUIBIMIIBIK, SMEKTPOHIbI KHE
TEpMOIMHAMUKAJIBIK KACUETTEPIHE Ha3ap ayAapa OTHIPBII, MBIPbILI CAJTMIIAIATHIHBIH erkel-Ter keIl xap-
ThUIAW SMIIMPUKAJIBIK 3€pTTeyl YChIHbLIFaH. MONEKyIApIbIK KYpbUIIMIB Mofenabaey xoHe Zn(HSal), -
2H,O-HbIH TOXipuOeiK aJbIHFaH KaCUEeTTEpiMEH CaTbICTBIPY YIIIH ©3iHiH ecenTey THIMAUIII MeH aKbpUFa
KOHBIM/IbI IOJIIIriMeH TaHbIMa PM3 opici KomaaHbuLibl. AJIBIHFAH ecerTey HOTHKEIepiHe )KoHe 9e0ueTTe
JKapusilaHFaH Kojjga O6ap SKCIEepPUMEHTTIK JiepeKTepre cyieHe oThIpbl, epitkim acepid (H,O) KaMTUTHIH
’KapThl1ail SMIMPUKAIBIK, €CENTEYJIEp PEHTIeHAIK JU(PAKLMIIBIK TAIAAY IEPEKTEPIMEH KaKChl COMKEC Ke-
Jiefti, an ra3 ¢ha3ackl YIIIiH ecenTeyyiep CONKec KeIMENTiHI aHbIKTaIIbl. KQXKETTi JJIIKIIEH SKCIEPUMEHTTIK
pepekrepmeH. HOMO-LUMO sHeprusichl, SHEpreTHKaIbK amuakTek (AE,, ), anekTprepicTimik (y), fa-
JIaMJIBIK, KATTBUIBIK (1)), 5KYMCAKTBIK (O), IAIOIBAIK MOMEHT (W), MEKTPOPUIBAIK () KoHE HYKJIEO(pHIIb-
OiK (&) MHAEKCTepl CUSAKTHI KBAHTTHIK XUMUSLIBIK AECKpHUITOpap aa 0omnasl. ecentenred. Hotmxenep PM3
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91iC1 MBIPBIII CAJIMLIAJIATHIHBIH MAHBI3/Ibl €PEKILETIKTEPIH, COHBIH 11LIiH/IE OHBIH TEOMETPHSACHIH )KOHE K-
TPOHIBIK TapalyblH TUIMJII TYpIe TYCIpPETiHIH KepceTedi. AJbIHFaH HOTHKEJep COHbIMEH KaTap MeTasul-
OPraHUKAJTBIK, KOCBUIBICTAPIBIH JKAPThIIAK SMITUPUKAJIBIK, MOJIENIbICITyiHe KYH/IBI TYCIHIKTEp Oepesi koHe
KYpIesti MOJIeKYJIAIBIK, KYHenepiiH opekeTin 6omkayna PM3 ofticiHiH NailqabuIbIFBIH KOpCETeT.

Tyiiin ce3nep: PM3 ecenteynepi, MbIpbILIT CATMLIMIATH, KAPThUIAA SMITMPUKAIIBIK, €CETTeyIep, KBaHT-
THIK XUMMSUIBIK JAECKpUIITOpIAp.

HNOJIYSMIINPUYECKOE NCCJIEJOBAHUE CAJIMIIMJIATA IUHKA(II). CPABHEHHME C
PEHTTEHOBCKOM CTPYKTYPOH

H. AkarneB
3anagno-Kazaxcranckuii ynusepcutetr uM.M.YTemucoBa, Ypaibsck, Kazaxcran,
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Huruapar camiara nuHka (Zn(HSal),-2H,O)- rubpuanoe opraHo-HeOpraHn4ecKoe CoeiMHEHNeE, U3-
BECTHOE CBOMM IIIMPOKUM CIIEKTPOM MpUMeHeHusl. B 1aHHO cTaThe MpeacTaBaeHo NoAPOOHOE MOTYIMITU-
pUYECKOe UCCIIeIOBaHUE CATMIWIIATa [IMHKA C YIIOPOM Ha €ro CTPYKTYPHbIE, JIEKTPOHHbIE U TEPMOJIMHA-
MUYECKUe CBOUCTBA. [ MopenMpoBaHusi MOJIEKYJISIPHON CTPYKTYPbl U CPAaBHEHHS C SKCIIEPUMEHTATILHO
nonydeHHbIMU cBoricTBamu Zn(HSal),-2H,O 0b11 mcnonb3oBad Metod PM3, n3BecTHBIN CBOE BBIUMCIIH-
TeJIbHOM 3(p(PEKTUBHOCTHIO U MPUEMIIEMO TOYHOCTI0. Ha OCHOBaHUM MOTyYeHHBIX PACYETOB M UMEIOIIUX-
Cs1 KCIIEPUMEHTAJIbHBIX JIaHHBIX, OIMyOMMKOBAHHBIX B JIMTEpAType, YCTAHOBIIEHO, YTO TOMTYyIMIHPUIECKUE
pacuétsl ¢ yueroM 3¢pdekra pactsoputens (H,O) xopouio coracyorcs ¢ JaHHBIMUA PEHTTEHOCTPYKTYp-
HOTO aHaJIM3a, TOrJa Kak pacdeTsl IS ra3oBoi (ha3bl HE COMIACYIOTCS C SKCIIEPUMEHTATbHBIMU TAHHBIMU
C HEOOXOMIMOM TOYHOCTHIO. BBhUTM paccunTaHbl KBAHTOBO-XMMHUYECKHE JIECKPUTITOPBI, TAKME KaK SHEPruu
B3MO-HBMO, sHepretuyeckas meib (AEgap), NIEKTPOOTPUIIATEILHOCTH (), TJI00abHAS TBEPAOCTh (1)),
MSTKOCTb (O), TUMIOJIBbHBIA MOMEHT (L), JEKTpOodUIIbHbBIE () U HYKJI€O(pUIbHBIE (€) UHAEKCHL. Pe3ynbra-
ThI MOKA3bIBAIOT, 4TO MeTol PM3 3(h(peKTUBHO OTpakaeT OCHOBHbIE XapAKTEPUCTUKHU CAJMIIWIIATA 1IMHKA,
BKJIIOYAsi €r0 TEOMETPUIO U IEKTPOHHOE pactipeniesienue. [lomydyeHHble pe3ysibTaThl TaKKe JA0T HEHHYIO
MHMOPMAIIUIO O TIOTYIMIMPUIECKOM MOAETMPOBAHUH METAJIOOPTaHUIECKUX COSAMHEHUN U MOTYePKUBa-
I0T TI0JIE3HOCTh MeTo1a PM3 /115 MporHo3upoBaHusI MOBEICHU S CIIOKHBIX MOJIEKYJISIPHBIX CUCTEM.

KuaroueBble cioBa: PM3 pacuérhl, canuumiaTr HUHKA, MOTyIMITMPUYECKHIE PACUETH, KBAHTOBO - XMUMU-
YeCKHe JeCKPUIITOPBI.

Introduction. Numerous branches of chemistry
place significant theoretical and practical emphasis
on the structure and characteristics of transition
metal salicylates. These simple organic salts of
salicylic acid (o-hydroxybenzoic acid) have a wide
range of applications because of their beneficial
qualities. Compounds with carboxyl groups are
intriguing from the standpoint of coordination
chemistry because they can bind to metal ions as
mono-, bi-, and bridging ligands.

Over the last two decades, a wide range of
transition metal complexes containing salicylate

and its various derivatives have been described.
Das et al. reported a highly porous and thermally
stable Co(II) salicylate metal-organic framework
(MOF). Obtained material has very interesting
magnetic properties, in which the magnetic
moments increase with decreasing temperature [1].
A metal-containing ionic liquid (MCIL) has been
also prepared in which the [Co'(Sal),]*" anion is
able to selectively coordinate two water molecules
with a visible color change [2]. Chakraborty and
Paine synthesized and structurally characterized
four mononuclear cobalt-salicylate complexes

237



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

derived from N4-donor ligands. A hexameric
water cluster is stabilized in the lattice of hydrated
crystal complex [3]. A manganese complex with
a salicylic acid residue was reported by Devereux
et al. In the presence of imidazole, the complex
powerfully catalyzes the disproportionation of
hydrogen peroxide [4]. Square-planar bis(N,N-
dimethylbiguanide)nickel(II) salicylate and
hexakis(imidazole)nickel(Il) disalicylate were also
reported by Lemoine [5] and Jian [6] respectively.
Copper salicylate is known as an anti-inflammatory
agent [7].

Zinc is an essential trace element in the human
body for activating (as a cofactor) more than 200
zinc-dependent metalloenzymes [8]. In addition,
zinc is urgently needed for human health due to
its critical role in growth, metabolism and wound
healing [9,10]. It is the second most abundant
micronutrient in the human body after iron [11].
Zinc also plays a central role in plant defense
against pathogens and herbivores [12]. Nevertheless,
overaccumulation of zinc leads to morphological,
biochemical, and physiological disorders and can be
toxic to flora, fauna and humans [13].

Zinc salicylate is interesting for its biological
activity. It is known as a component of antifouling
coatings and has been demonstrated by Bellotti and
Romagnoli to be effective against Artemia larvae
with lower toxicity than copper [14]. Fang compared
the zinc salicylate-methylsulfonylmethane complex
with zinc salicylate, sodium salicylate and zinc
chloride in terms of the remodeling parameters
of human airway smooth muscle cells (ASMC)
[15]. In addition, zinc salicylate is described as a
carbon source for templating porous carbons for
supercapacitors [16]. Some other zinc salicylate-
derived complexes have been studied by Brownless
[17] and Chooset [18].

In contemporary theoretical science, the quantum
chemical approach is used to extend on experimental
investigations and to find appropriate theoretical
parameters to describe or interpret the experimental
results. On the other hand, computational methods
make it possible to predict the variety of practically
important properties of substances and complex
systems based on electronic density, charge

distribution or other descriptors. Techniques based
on density functional theory (DFT) have long been
used to study the electronic structure of transition
metal compounds. However, this approach is still
extremely computationally intensive and may not
be practical for many systems of interest [19].
Semi-empirical methods are much faster and
therefore have great potential to produce acceptable
results. Higher speed comes at the expense of the
approximations made in evaluating the integrals
describing the interactions between nuclei and
some electron integrals of the electrons (considered
negligible) are ignored while others are estimated
from experiments [20]. In our research, we used the
semi-empirical quantum chemical method PM3 to
investigate the properties of the zinc (II) salicylate
dihydrate Zn(HSal), - 2H,0.

Materials and methods. Like other semi-
empirical methods, PM3 is a self-consistent-
field (SCF) method. All calculated integrals are
evaluated using approximate values. Semiempirical
calculations of transition metal complexes are orders
of magnitude cheaper than their ab initio and most
DFT counterparts and are extremely productive in
the field of theoretical organic chemistry. However,
the parameterization of these methods for transition
metal systems is not trivial. Nevertheless, some
attempts have been made to introduce d-orbitals
into traditional semi-empirical methods. The PM3
method has a range of parameters for transition
metals [21]. It is the most applicable semi-empirical
method for calculating zinc compounds with Zn*?.
AMI produces errors 30% larger than PM3. Owing
to errors in its original parametrization, MNDO/d is
not appropriate for use in computations [22].

All quantum chemical calculations were
performed on a desktop PC with Windows 11,
a 12" generation Intel(R) Core (TM) i7-12700H
2.30 GHz, 16GB RAM) with GAMESS software
[23]. The programs Avogadro [24] and Jmol [25]
were used to prepare the input file and visualize
the results respectively. Initially, full geometry
optimization was achieved using the Molecular
Mechanics (MM+) force field in the gas phase.
The results from MM+ were further selected
as input and re-optimized using semi-empirical
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PM3 [26] to obtain the equilibrium geometry
with a root mean square (RMS) gradient of 0.001
kcal/A-mol. This calculation method requires little
computational effort and provides good agreement
with the experiment. Semiempirical methods can
be applied to calculations of much larger systems
than classical ab initio or DFT methods, sometimes
achieving accuracy comparable to more advanced
levels of theory [27]. Method based on neglecting
the integral approximation of differential diatomic
overlap, representing an excellent compromise
between completeness and economy. The molecular
geometry was fully optimized using the analytical
gradient method implemented in the program
package without any limitations. The computational
study was carried out in the gas and solution phases.
Water was used to incorporate the solvent effect.
To better approximate the experimental results in
the solution phase, Tomasi's Polarized Continuum
Model PCM was used.

The following quantum chemical indices,
describing global reactivity were considered: the
energy of the highest occupied molecular orbital
(Epomo)s the energy of the lowest unoccupied
molecular orbital (E; ), energy gap (AE),
the ionization potential (IP), the electron affinity

-

(EA), electronegativity (y), global hardness (1),
softness (o), dipole moment (u), electrophilic (w)
and nucleophilic (¢) indexes. They were calculated
using formulas 1-8:

AE ., = Ervvo — Enomo (D
I+ A
X = i+4 4)
2
I—A
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n 5 S
1
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Figure 1 - Structural formula of the Zn(HSal),-2H,0O molecule obtained with X-ray diffraction by Gusev et
al.

According to the Koopman’s theorem, the
HOMO energy is related to IP while the LUMO
energy is related to EA (Eq. 2, 3). Electronegativity
(x) and global hardness (1) were evaluated

based on the finite difference approximation as
linear combinations of the calculated IP and EA
[28] (Eq. 4, 5). The global softness (o) is the
reciprocal of the global hardness [29] (Eq. 6).
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The global electrophilicity index (w) describes the
stabilization of a molecule after the acquisition
of an additional number of electrons (Eq. 7). The
nucleophilicity index (€) is the reciprocal of the
global electrophilicity index (Eq. 8).

Results and discussion. The aim of this research
is to study Zn(HSal),-2H,O in the gas and aqueous
phases from a structural and energetic perspective
using quantum chemical descriptors calculated using
the semi-empirical PM3 method. Another aim is to
compare the calculated geometry with the available
detailed X-ray structural data obtained by Gusev
et al [30]. The molecular structure is close to
Zn(HSal),-2H,0O (Figure 1). The substance belongs
to the space group C, and the monoclinic crystal
system.

The crystal structure of zinc (II) salicylate
dihydrate was first described by Klug [31].
The thermal behavior of zinc salicylate and 5-
chlorosalicylate complexes with bioactive ligands
was studied by Chomic et al [32,33]. The stability
constant of zinc (II) salicylate was determined by
Singh [34].

Bond length. As part of our investigation, we first
presented the PM3-optimized geometry parameters
(bond length and angle) in the gas and aqueous
phases in comparison to available X-ray analysis
data. The calculated and experimental values of the
bond lengths are listed in Table 1. The list of atoms
corresponds to Figure 1.

A comparison of the calculated bond lengths
of zinc salicylate with X-ray structural data shows
that they agree well in the case of the aqueous
phase. For example, the calculated length of the
Zn1-O1 bond is 1.9897A while the experimental
value is 1.9928A. These values lie within acceptable
deviations. Bond length values calculated for the gas
phase are less consistent with experimental results.
In addition, the calculated bond lengths of the zinc
salicylate molecule in the gas phase are slightly
longer than in aqueous phase. An exception are the
Zn(1)-O(4) coordination bonds and the O-H-bond
in coordinated water molecules, whose lengths were
significantly longer for the gas phase.

The lengths of the C=C bonds in the benzene ring
are typical for aromatic compounds. The calculated
length also agrees well with the reference data.

Bond angles. Experimental and calculated values
of the bond angles are listed in Table 2.

A comparison of the results of the PM3 zinc
salicylate bond angle calculations show the same
trend as the results of the bond length calculations.
The angle values obtained for the aqueous phase
agree well with the X-ray diffraction results. The
calculation for the gas phase shows a significantly
lower correlation to experimental data. It can be
clearly concluded that the best results for calculating
the geometry of such molecules can be obtained
for the solution phase. In this case, gas phase
calculations are performed with significant errors.

Ta6umna 1 - Comparison between experimental X-ray and PM3 calculated bond lengths (A) of
Zn(HSal),-2H,0 for the gas and aqueous phases.

Bond length, A
Atom 1| Atom 2 XRD dat§ Gas phase | Aqueous phase
Znl 01 1.9928 2.1156 1.9897
Znl 02 2.5679 2.3277 2.5815
Znl 04 1.9857 2.3194 2.0294
Znl 01 1.9928 2.1156 1.9897
Znl 02 2.5679 2.2659 2.5815
Znl 04 1.9857 2.3042 2.0294
01 C1 1.2830 1.3328 1.2651
02 C1 1.2533 1.2584 1.2312
Continued on next page
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Bond length, A
Atom 1 Atom 2 XRD dati Gas phase | Aqueous phase
03 C3 1.3641 1.3760 1.3874
03 H3 0.7692 0.9580 0.7716
04 H4A 0.6499 0.9452 0.6498
04 H4B 0.8521 0.9413 0.8136
C1 C2 1.4796 1.4894 1.4682
C7 H7 0.9306 1.1000 0.9077
C7 C2 1.4039 1.3953 1.4079
C7 C6 1.3806 1.3940 1.4053
C3 C2 1.4065 1.3394 1.3907
C3 C4 1.3874 1.4232 1.3667
G5 H5 0.9303 1.1108 0.9208
G5 Co 1.3964 1.3451 1.3966
G5 C4 1.3860 1.3396 1.3737
C6 H6 0.9305 1.0886 0.8965
c4 H4 0.9291 1.1186 0.8952
01 C1 1.2830 1.3328 1.2651
02 C1 1.2532 1.2584 1.2312
03 C3 1.3641 1.3760 1.3874
03 H3 0.7691 0.9580 0.7716
04 H4A 0.6499 0.9452 0.6498
04 H4B 0.8521 0.9413 0.8136
C1 Cc2 1.4796 1.4894 1.4682
C7 H7 0.9306 1.1000 0.9077
C7 C2 1.4039 1.3953 1.4079
C7 Co 1.3806 1.3940 1.4053
C3 C2 1.4065 1.3394 1.3907
C3 C4 1.3874 1.4232 1.3667
G5 H5 0.9303 1.1108 0.9208
G5 C6 1.3964 1.3451 1.3966
G5 C4 1.3861 1.3396 1.3737
C6 H6 0.9305 1.0886 0.8965
Cc4 H4 0.9292 1.1186 0.8952

the PM3 method.
Bond angle (deg)

Atom I* | Atom 2% | Atom 3* XRD daztga Gai phase | Aqueous phase
Ol Znl 02 56.03 57.27 55.07

01 Znl 04 120.11 112.40 119.68

01 Znl 01 128.18 145.40 127.48

01 Znl 02 86.98 99.58 85.12

Ol Znl 04 92.86 91.74 90.46

Ta6suna 2 - Table 2 - Bond angle properties of Zn(HSal),-2H,0O obtained from XRD and calculated using
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(continued)
Bond angle (deg)

Atom I* | Atom 2% | Atom 3* XRD da?a Gags phase | Aqueous phase
02 Znl 04 91.72 90.81 90.85
02 Znl 01 86.98 99.90 85.12
02 Znl 02 91.21 99.56 90.54
02 Znl 04 148.53 147.68 147.65
04 Znl Ol 92.86 88.28 90.46
04 Znl 02 148.53 143.73 147.65
04 Znl 04 101.74 91.92 101.00
01 Znl 02 56.03 57.27 55.07
01 Znl 04 120.11 114.71 119.68
02 Znl 04 91.72 94.38 90.85
Znl Ol C1 104.47 98.21 104.94
Znl 02 C1 78.62 91.07 77.49
C3 03 H3 106.76 107.91 104.75
Znl 04 H4A 114.69 100.15 111.15
Znl 04 H4B 120.35 102.46 120.99
H4A 04 H4B 122.19 101.98 121.35
Ol C1 02 120.46 111.12 121.99
Ol C1 C2 118.01 121.43 117.24
02 C1 Cc2 121.51 121.71 120.72
H7 C7 Cc2 119.30 119.59 118.93
H7 C7 Co6 119.30 120.93 119.60
C2 C7 Co6 121.40 120.25 119.55
03 C3 C2 121.63 123.88 121.59
03 C3 C4 117.81 128.18 117.40
C2 C3 C4 120.56 120.39 120.88
C1 Cc2 C7 120.06 120.34 120.28
C1 Cc2 C3 121.64 120.60 121.20
C7 C2 C3 118.23 119.44 118.47
H5 C5 Co6 119.70 119.83 117.08
H5 C5 C4 119.72 119.37 119.23
Cé6 C5 C4 120.58 116.83 121.68
C7 Cé6 C5 119.26 120.35 118.71
Cc7 C6 H6 120.34 119.77 119.83
C5 Co6 H6 120.40 116.49 120.69
C3 C4 C5 119.96 129.69 118.94
C3 C4 H4 120.00 119.77 120.06
C5 C4 H4 120.04 114.33 120.96
Znl Ol C1 104.47 96.94 104.96
Znl 02 C1 78.62 98.38 77.49
C3 03 H3 106.77 106.71 104.75
Znl 04 H4A 114.69 102.46 111.15
Znl 04 H4B 120.34 100.65 120.99
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(continued)

Bond angle (deg)

Atom I* | Atom 2% | Atom 3* XRD da%a Gags phase | Aqueous phase
H4A 04 H4B 122.20 108.95 121.35
O1 Cl 02 120.46 111.12 121.99
01 C1 C2 118.01 121.30 117.24
02 C1 C2 121.51 121.71 120.72
H7 C7 C2 119.30 119.41 118.93
H7 C7 Cé6 119.30 122.79 119.60
C2 C7 Cé6 121.40 120.46 119.55
03 C3 C2 121.63 124.63 121.59
03 C3 C4 117.81 128.18 117.40
C2 C3 C4 120.56 120.21 120.88
C1 C2 C7 120.06 120.55 120.28
C1 C2 C3 121.64 120.29 121.20
C7 C2 C3 118.23 119.44 118.47
H5 C5 Cé6 119.70 119.56 117.08
HS5 G5 C4 119.72 123.61 119.23
Co6 G5 C4 120.57 116.83 121.68
Cc7 Co G5 119.26 120.37 118.71
C7 Cé6 H6 120.34 119.72 119.83
C5 Cé6 H6 120.39 121.05 120.69
C3 C4 C5 119.96 119.70 118.94
C3 C4 H4 120.00 119.43 120.06
C5 C4 H4 120.04 121.11 120.96
* - numbering of atoms is in accordance with Fig. 1.

- -
0.1958 0.1951 0.2202 0.2147

Figure 2 - PM3 Mulliken charges population for the calculated Zn(HSal),-2H,O molecule in gas (A) and
aqueous (B) phase.

Mulliken charges population analysis. The local an indication of the reactive (nucleophilic and
reactivity of zinc salicylate was studied using electrophilic) centers of molecules. Therefore, the
Mulliken charge population analysis, which provides regions of the molecule with high electronic
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charge are chemically softer than the regions
with low electronic charge, so electron density
plays an important role in chemical reactivity

Gas phase

MEP
HOMO
J
-8.8300 eV
LUMO
J
-0.5550 eV
AEgap 8.2750 eV

calculations. The results of the Mulliken atomic
charge calculation are shown in Figure 2.

Aqueous phase

v

-8.8270 eV

-0.6470 eV

8.1800 eV

Figure 3 - The molecular electrostatic potential (MEP) and frontier molecular orbitals ( HOMO-LUMO)
density distribution of the Zn(HSal),-2H,O calculated with PM3 for gas and aqueous phases.

The place for a nucleophilic attack is where
the value of the positive charge is maximum. The
location of electrophilic attack is in turn controlled
by the negative charge value. Mulliken charge
population analysis shows that the zinc atoms in
both the gas and aqueous phases have the maximum
positive charge. The most negative charges are
on the oxygen atoms of the carboxyl groups.
Consequently, the oxygen atoms of the carboxyl

groups are most susceptible to electrophilic attack.
The presence of water leads to a slight shift in the
electron density towards the oxygen atoms of the
carboxyl groups, which becomes more negative.

Frontier molecular orbitals (FMO). Frontier
orbital theory is very useful for determining the
main properties of molecules. The positions of the
highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO)
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are molecular parameters that are directly related
to the electron and hole transport properties of
the substance. The energy gap value (AE,,) is the
difference between HOMO-LUMO and is used as
a significant descriptor of molecular stability. The
most stable molecule has a low AE,, .

The molecular electrostatic potential (MEP),
frontier molecular orbitals energies and AE,,,
calculated for Zn(HSal),-2H,0 are shown in Figure
3.

The positively charged lobe is indicated by the
blue color, and the negatively charged lobe is
indicated by the red color.

Enomo describes the electron donating ability
of the molecule. Conversely, E; yyo describes the
ability of the molecule to accept electrons. The
lower the LUMO value, the higher the ability of
the compound to accept electrons. The HOMOs of
Zn(HSal),-2H,0 are mainly located at the oxygen
atoms of the -OH-group in the ortho-position. On
the other hand, the LUMOs are mainly located on
the zinc atoms and oxygen atoms of the carboxyl
units. The presence of water as a high dielectric
constant model solvent results in a slight decrease
in the LUMO energy (around 0.095 eV) and a non-
significant decrease in the HOMO energy.

Negative values for Eygyo and E; yyo indicate
the presence of additional electron pairs in both the
upper and lower molecular orbitals. This means that
zinc salicylate should act as an electron donor in

chemical transformations. A low negative LUMO
value (near zero) indicates that zinc salicylate is a
weak electrophile.

The gap energy (AE,, Eq.l.) between the
frontier orbitals is usually of great importance
in describing static molecular reactivity. Large
energy gap values mean high electronic stability
and therefore low reactivity. In the gas phase, zinc
salicylate has a higher AE,,, value than in solution
(8.275 eV and 8.180 eV respectively). Therefore,
zinc salicylate is more stable in the gas phase than
in solution. Under the influence of polar water
molecules, zinc salicylate becomes unstable as it
dissolves and dissociates into ions.

Quantum chemical descriptors. In accordance
with the relationship of HOMO-LUMO energy
values, the reactivity descriptors of the
Zn(HSal),-2H,0 molecule were calculated using
formulas 2-8 in gas and aqueous phases. The
calculation results obtained are shown in Table 3.

The heat of formation value provides a
quantitative estimate of the energy required to
destroy the molecule. The negative value of the
heat of formation indicates the high stability of the
substance both in the gas phase (-1079.97 kJ/mol)
and in the aqueous phase (-1102.97 kJ/mol). A more
negative value indicates greater stability of zinc
salicylate in the aqueous phase. PM3 predicts these
values for a standard thermodynamic temperature
of 298.15 K.

Table 3 - Quantum chemical descriptors of the Zn(HSal),-2H,0O molecule calculated using the PM3 method
in the gas and aqueous phase.

Descriptor Gas phase | Aqueous phase
Heat of formation (AHf), kJ/mol | -1079.97 | -1102.20
Dipole moment (u), D 4.9320 3.9620
Ionization energy (IP), eV 8.8300 8.8270
Electron affinity (EA), eV 0.5550 0.6470
Electronegativity (), eV 4.6925 4.7370
Chemical hardness (1)), eV 4.1375 4.0900
Chemical softness (0), eV 0.2417 0.2445
Electrophilicity index (w), eV 2.6610 2.7432
Nucleophilicity index (¢), eV 0.3758 0.3645
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Comparison of the calculated dipole moment
(w) of zinc salicylate (4,9320 D gas, 3.9620 D
aqueous) with the dipole moments of water (1.83
D) and alcohols (CH;0OH 1.69 D, C,H;OH 1.66 D)
shows its good solubility in polar solvents, especially
in water. Dipole moment values also show that
zinc salicylate readily dissolves in aprotic polar
solvents such as dimethylacetamide (3.72 D), N,N-
dimethylformamide (3.86 D), N-methylpyrrolidone
(4.09 D), dimethyl sulfoxide (4.1 D) and propylene
carbonate (4.94 D). Zinc salicylate should be
insoluble in non-polar solvents.

Electronegativity indicates the molecular ability
to accept electrons. The structure obtained in the
aqueous phase becomes more electronegative than
in the gas phase. Value of global hardness (1)
based on 4.137 eV and 4.09 eV for the gas and
aqueous phases, respectively. This means that zinc
salicylate is a hard reagent in both phases and a better
electrophile in the aqueous phase.

The global softness (o) is the reciprocal of
the global hardness [35]. Both are related to the
principle of hard and soft acid and base (HSAB) and
are very useful in explaining various experimental
observations. These parameters characterize the
molecule as a whole. Softness is an important
property for measuring the molecular stability and

reactivity. The calculated softness value for zinc
salicylate is higher in aqueous than in the gas phase.

The global electrophilicity index (w) introduced
by Parr [36,37], is a measure of energy stabilization
after a molecule has acquired an additional amount
of electrons. As shown in Table 3, zinc salicylate
has the highest value of electrophilicity index in
the aqueous phase. Therefore, zinc salicylate is
chemically more reactive in the gas phase.

Conclusion. In this research, Zn(HSal),-2H,0
was studied wusing the semi-empirical PM3
computational approach. The calculations were
carried out for the gas and aqueous phases. The
calculations performed in the present study predict
that the calculated geometric parameters are close
to those from X-ray studies. A comparison of
the available X-ray crystallographic data and the
theoretical results obtained shows that there is a
large correlation. The best agreement was found for
the aqueous phase calculations. PM3 calculation of
the geometry of zinc salicylate dihydrate performs
quite well in terms of both bond distances and
bond angles. The agreement between calculated and
experimental data is satisfactory, especially in the
case of the aqueous phase calculation. Therefore,
this approach is promising for application to such
systems.
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IOJIYYEHUE BOJJOPACTBOPUMEBIX KOMILIEKCOB BKJIIOUEHUI THIAPABHUJIOB o- 1
n-THAPOKCUBEH3OMHBIX KUCJIOT U UX THAPA3OHOBBIX ITPOU3BO/IHBIX

1C.J. ®a3buroB , 22K.B. Carnaesa, '0.A. Hypkenos, *P.E. Baknposa, *A.K. CBugepckunii,
1A 7K. MenquoaeBa

1I/IHCTI/ITyT oprannyeckoro cuHre3a u yrinexumuu PK, Kaparanga, Kazaxcran,
2HAO «Kaparannuuckuii ynusepcuret uM. E.A. BykeroBa», Kaparanna, Kazaxcran,
3MemunuHCK uit ynuBepcurteT Kaparanjapl, Kaparanga, Kazaxcran,

4 Keskasranckuit yausepcurer um. O.A. Baiikonyposa, JKeskasran, Kazaxcran

" KoppecronaeHT-aBTop: i0su8990@mail.ru

B crarbe npezcTaBieHbl pe3y/bTaThl UCCIIEJOBAHUN I10 TTOTYYEHHIO BOOPACTBOPUMBIX KOMILJIEKCOB OHO-
JIOTUYECKM aKTUBHBIX IMIPa3UJ0B U T'MIPAa30HOB, MIOTY4aEMbIX HA OCHOBE IIPOU3BOJHBIX O- U N- TUIPOKCH-
OEH30MHbIX KUCIOT. ['Mapa3oHbl HaXOAST IIMPOKOE MPUMEHEHHE MEIUIMHE B KayecTBe NMPOTUBOTYOEp-
KYJIE3HBIX aHTUOAKTEPUAIBHBIX M TPOTUBOBOCHAJIMTENBHBIX MPENapaToB, aHTUCENTUKOB, KOHCEPBAHTOB U
ApYrux OMOAKTUBHBIX CyOCTpaToB. [[jisi OONBIIMHCTBA U3 HUX XapaKTepHO HU3Kasi paCTBOPUMOCTh B BO-
7ie, 4TO OrPaHUYMBAET JaJIbHEHIee X U3y4eHre Ha OMOIOrMYecKyl0 akTUBHOCTb. B cTaThe MoKa3aHo, 4To
TUApasubl 0- U n- TUIPOKCUOEH30MHBIX KUCJIOT M UX I'MIPa30HOBBIE IIPOU3BOJHBIE MOTYT 0OPa30BbIBATH
Pas3aMyHble KOMILIEKChl BKJIIOUEHUI C MPUPOAHBIMU MaKpPOMOJIEKYISPHBIMU OuonoaruMepamu. Paccmor-
PEHHbIE B CTAThe HOBBIE TMAPA30HOBBIE MPOAYKTHI, CIIOCOOHBI PACTBOPSATHCS B BOJE, a TAKkKe 0OPA30BbIBATH
yCTOWUMBbIE BOJHbIE aucniepcur. [lonyueHre BogopacTBOPUMBIX KOMILJIEKCOB YKa3aHHBIX COEAMHEHUI MO-
I'yT IPUBECTH K MOBBILLIEHUIO X OMOJIOTMYECKOM JOCTYITHOCTH, YTO COOTBETCTBEHHO MO3BOJIUT 3HAUUTENILHO
COKpaTUTh UX TeparneBTUYECKYI0 KOHLEHTpaluio. [Toka3aHo, YToO KOMIUIEKCHl MEXAy MOJIEKyJIaMu OHMomo-
JMMepa U cyOcTpara SIBJISIIOTCS JOCTATOUHO CTaOMIIbHBIMU. [IpH 3TOM MoJieKy/1a KOMILIEKCooOpa3oBaTes
OyzeT crocoOCTBOBATh 3alllMTe MOJIEKYJIBI CyOCTpaTa OT B3aMMOJIEWCTBUS C PA3IMYHBIMU BBICOKO peak-
IIMOHHOCTIOCOOHBIMU MOJIEKYJIAMH, CHUKasi CKOPOCTb OKMCJICHH S, TUIPOIM3a W/WIH JECTPYKLIUH, a TaKKe
BEPOSAATHOCTh CTEPUYECKHX MEPErpyrniuupoBOK M paneMusanuy. OrnicaHHble B pa0OTe HOBBIE KOMIUIEKCHI
BKJIIOYEHUI TMIPA3UIOB U TMAPA30HOB O- U N- TUIPOKCUOEH30MHBIX KUCIOT OXapAKTEPU30BaHbl C IIOMO-
mpio MK- u IMP-'H cnektpockonuu, nuddepeHIuanbHoil CKaHUpyIoIeil TepMOrpaBUMETpUM ¥ CKaHU-
PYIOILETO IEKTPOHHOIO MUKPOCKOIIA.

KuiroueBble cJjioBa: o- U n- THIPOKCUOSH30MHbIE KMCIIOTHI, THAPA3U/L, TUAPA30H, MAKPOMOJIEKYJIbI, KOM-
TUIEKC BKJTIOUEHHMSI, AuddepeHnaibHas TepMOorpaBUMET UL

TH/IPOKCABEH30M KBITIKBLT TMIPA3UITEPI MEH OJIAPIBIH TH/IPA3OH/IbBI
TYBIHJIBLJTAPBIHBIH CY/IA EPUTIH KEIIEH/IEPTH AJTY

1C. 1. ®da3brioB |, 22K.B. Carnaesa, 10.A. Hypkenos, 3P.E. Bakiposa,
4A.K. Ceugepcknii, 19.7K. Mengioaesa
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’KEAK «E.A. ByketoB atbiHnarsl Kaparanap! yauBepcuteti», Kaparanmel, Kazakcran,
3KaparaHabI MeaulHa yHuBepcureti, Kaparanapl, Kazakcran,

4 O.A.baiikoHpIpoB aThiHAarbl JKe3kasraH yHuBepcuteTi, JKe3kasraH, Kazakcran,
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Makanana o- xoHe n-TUIPOKCUOEH30! KBIIIKbUIIAPbI HETi31H/Ie aJIbIHATBIH OMOJIOTUSIIBIK, OSJICEH Ti THI-
pasuaTep MEeH rMIpa3oOHIApAbIH Cy[a epUTiH KelleHIepiH any OOUBIHINA 3ePTTey HOTHXKENEPl YChIHBUIFAH.
I'mapazonap MeauIMHa A TyOepKyJiesre, OakTepusira KoHe KaObIHyFa Kapchl Ipenapartap, aHTUCENTUKTED,
KOHCEPBAHTTap *koHe OacKa OMOAKTUBTI cyOCTpaTTap peTiHae KeHiHeH KolaaHbiIaapl. OnapabH KOMNIIiTiri
CyJla TOMEH epirillTiriMeH CUmaTtTaiajpl, Oyl oJlapiblH 9pi Kapail OMOJIOTHSUIBIK, OSJICeH/IUTINH 3epTTey-
re ImeKTey Kosiapl. Makanana o- kKoHe n-THIPOKCUOSH301 KBIIIKBUI THAPA3UIATEPI MEH OJIapiblH TUIPA30H
TYBIH/IBLTApbl TAOUFU MaKpOMOJIEKYIAJbIK OMOMOMMMEpIepMeH 9p TYpii KOCy KelleHAEpiH Kypa ajlaThl-
HBI KepceTiireH. Makasiajia TaaKbUIaHFaH KaHa TUAPA30H eHIMJIEpi cyla epuii, COHbIMEH KaTap TYPaKThl
cyabl aucniepcusiiap Ty3edi. Ocbl KOCBUIBICTAPABIH Cylla €pUTIH KEeIeHAEPiH ally OJapIblH OUOTOTHSIIBIK
KOJDKETIMJILTITIH KOFapblIayblHA OKeTyi MYMKIiH, OyJI THICIHIIIE OJIAPIBIH eMJIIK KOHIIEHTPAIMACHIH TOMEH-
nereni. buononumep MeH cyOcTpaT MOJEKYJIanapbl apachlHIaFbl KOMIUIEKCTEPAiH alTapibIKTal TYpPaKThl
OoJaThIHBI AoJIeNaeH 1i. By karaaiiia KOMIUIEKC TY3YIIi MOJIEKYJIa CyOCTpaT MOJIEKYJIAChl 9P TYPJIi JKOFaphl
PEAKTUBTI MOJIEKYJIAIApPMEH OpEKeTTeCyIeH KOprayFa KOMEKTECII, TOThIFY, TUAPOIN3 KoHe/HeMece KOUbI-
JIy JKBULIAMJIBIFBIH, COHJAl-aK KEHICTIKTIK KaliTa KypbhUIBIMIAY MEH palleMU3alysl bIKTUMAJIIbIFbIH TOMEH-
neteni. ZKyMbICTa CUMATTATIFAH 0- )KOHE N-THIPOKCUOSH30M KBIIIKbIIIAP TMAPA3UATEP MEH TMAPa30OH/IaPbI-
HBIH aHa KoMIiekcTi kermenaepi MK- men 'H-IMP crniektpockonuscsl, auddepeHnuanis ckaHepreyIi
TepMOIpPaBUMETPUsI MEH CKaHepJIeyIili SMeKTPOHIbl MUKPOCKOI aPKbLIbl CUMATTAIIbI.

Tyiiin ce3aep: o- koHe n-rUIPOKCUOEH30M KBIIKbLIIAPbI, THIPA3U/, TMAPa30H, MAKpOMOJIEKyaap,
KOCBULY KelleHepi, AupdepeHnaibIbpl TEpMOrpaBUMET PUSL.

PREPARATION OF WATER-SOLUBLE COMPLEXES OF INCLUSIONS HYDRAZIDES OF o- AND
p-HYDROXYBENZOIC ACIDS AND THEIR HYDRAZONE DERIVATIVES

1S.D. Fazylov , 2Zh.B. Satpaeva, !0.A. Nurkenov, *R.E. Bakirova,
4A.K. Sviderskyi, ! A.Zh. Mendibayeva
'Institute of Organic Synthesis and Coal Chemistry, Karaganda, Kazakhstan,
?Karaganda Buketov University, Karaganda, Kazakhstan,
3 Karaganda Medical University, Karaganda, Kazakhstan,
4 Zhezkazgan University, Zhezkazgan, KazaxcraH,

e-mail: 10su8990@mail.ru

The article presents the results of studies on obtaining water-soluble complexes of biologically active
hydrazides and hydrazones derived from derivatives of o- and p-hydroxybenzoic acids. Hydrazones are
widely used in medicine as antitubercular antibacterial and anti-inflammatory drugs, antiseptics, preservatives
and other bioactive substrates. Most of them are characterized by low solubility in water, which limits their
further study for biological activity. The paper shows that hydrazides of o- and p-hydroxybenzoic acids
and their hydrazone derivatives can form various inclusion
complexes with natural macromolecular biopolymers. The new hydrazone products considered in this
article are able to dissolve in water and also form stable aqueous dispersions. Obtaining water-soluble
complexes of these compounds can lead to an increase in their bioavailability, which, accordingly, will
allow to significantly reduce their therapeutic concentration. Complexes between biopolymer and substrate
molecules have been shown to be quite stable. In this case, the host complexing molecule will contribute to
the protection of the substrate molecule from interaction with various highly reactive molecules, reducing
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the rate of oxidation, hydrolysis and/or degradation, as well as the probability of steric rearrangements
and racemization. The new inclusion complexes of hydrazides and hydrazones of o- and p-hydroxybenzoic
acids described in this work have been characterized by IR and NMR-1H spectroscopy, differential scanning

thermogravimetry and scanning electron microscope.

Keywords: o- and p-hydroxybenzoic acids, hydrazide, hydrazone, macromolecules, inclusion complex,

differential thermogravimetry.

BBenenme. I'wapasugsl M rUApa3oHbl, IO-
JY4YeHHBIE HAa OCHOBE IIPOM3BOJAHBIX O- U n-
TUAPOKCUOCH30MHBIX KHUCJIOT HAaXOJAT IIMPOKOE
NpUMEHEeHNe MeJUIIMHe B Ka4eCTBe MPOTHBOTYOep-
KyJIe3HbIX aHTHOAKTEpHAJbHBIX U IMPOTHUBOBOCIIA-
JIUTEJIbHBIX TpernaparoB, aHTUCENTUKOB [l], KOH-
CEepBAaHTOB [2] U Opyrux OMOAKTUBHBIX CYyOCTpaToB
[3]. OmHako A OONBIIMHCTBA M3 HHUX XapakTep-
HO HM3Kasg pacTBOPUMOCTb B BOJE, YTO OTpaHUYU-
BaeT JIaJIbHElIee UX M3yvyeHne Ha OUOIIOrMIECcKYIo
AKTUBHOCTb, B YAaCTHOCTH, TAKOE€ CBOMCTBO Xapak-
TEpHO JJI1 MHOTUX MPOU3BOIHBIX T'MAPA3UAOB O- U
N-TUAPOKCUOCH30MHBIX KHUCIOT. B HacTosimee Bpe-
Ms1 B (hapMaKOJIOTUHM Pa3padOTaHbl M UCIIONB3YIOT-
CA pas3jMYHbIe IyTU IOBBIIIEHUS PACTBOPUMOCTH
OMOAKTUBHBIX BEIIECTB B MOJSPHBIX PACTBOPUTE-
JISIX C UCIIOJIb30BAHUEM CIIELMAIbHBIX MaKpOMOJIe-
KYJISIPHBIX OMOIOIMMEPOB - KpayH-2(pHpPOB, KpHUII-
TaHIOB, HUKJI0(AHOB, KAJIMKCAPEHOB U MOJIHUCaXapy-
JI0OB Kak KOMILIeKcooOpa3oBaresiel [4]. Beieyka-
3aHHBIE OUOMONMMEpPbl UMEIOT TUAPOGOOHYIO BHYT-
PEHHIOIO TIOJIOCTh U TUIPOMPUIBHYI0 BHELTHIOK 000-
J0uKy. [TomyyeHnem KOMILIEKCA BKJIIOYEHHUSI MOKHO
YBEJIMYUTH TaKKe CTAOMIIBHOCTh HU3KOMOJIEKYJISIP-
HBIX BEILECTB, YYBCTBUTEJBHBIX K JACVUCTBUIO CBETA U
KHMCJIOPOZIa BO3[lyXa, YBEJMYUTh UX PACTBOPUMOCTh
B BOZIe, OMOIOCTYIMHOCTh, a TaKXke€ CHU3UTb TOKCUY-
HOCTb.

Komriiekcsl Mexay MoJieKyiaMu OUOTIoMMepa 1
cyoOcTpata, (hopMupyopecs Mo AeHCTBUEM HEKO-
BAJICHTHBIX CHUJI (BaH-Jep-BaaJlbCOBBIX, MIPOG00-
HBIX U T.I.), SIBJISIIOTCA JOCTATOYHO CTAOWJIbHBI-
Mu. [Ipy 3TOM MOJeKysia KOMIUIEKCOOOpa3oBaTesi-
X03sMHa Oy/IeT CrOCOOCTBOBATH 3aIIUTE MOJIEKYJIbI
cyOcTpaTa OT B3aUMOJICHCTBUS C pa3TMYHBIMU BBICO-
KO PEaKIMOHHOCTIOCOOHBIMU MOJIEKYJIaMU, CHUXKAst
CKOPOCTb OKHCJIEHHSI, TUIPOaN3a U/uinu pepmeHTa-
TUBHOU JECTPYKIMU, BEPOSTHOCTh CTEPUYECKUX Tie-
perpynnupoBok 1 pauemusauuu [4]. K oqaum u3 ta-

KHX TEPCNEKTUBHBIX MPUPOAHBIX KOMILIEKCOOOpa-
30BaTejIell MOKHO OTHECTH IPUPOIHbIE OIUrocaxa-
puabl (LIMKJIOAEKCTPUHBI), MOTyvyaeMble (pepMeHTa-
THUBHOM JIECTPYKIIUEN KapToeabHOro kpaxmana [S].
OHM MMET MOJIEKYITy B (POpME YCEUEHHOTO KOHY-
ca ¢ BHyrpennumu (H; u Hs) u Bremnnmu (H, n
H,) nporonamu. Takas cTpykTypa MOJIEKYJIbI LIUK-
JIONEKCTPUHA 00eCreYnBaeT BO3MOXKXHOCTh BXOXK/IE-
HMSI aKTUBHOW CYOCTaHIIMM B TOJIOCTh PELeNnTopa B
pe3yabrare TuAPOoGOOHBIX B3aUMOAEHCTBUI MEX1y
BAB u komuiekcoobpaszoBareseM. CHHTE3MpOBaH-
HblE HAMU HOBbIE TMPa3Ubl U TUAPa3oHsl (3-5) 0- u
N-TUAPOKUCUOCH3O0MHBIX KUCTIOT [6] MaJio pacTBOpH-
MBI B Bofie. B Hactosimeii paboTte Hamu npeacTaBiie-
HBI PE3YJIBbTAThl UCCIIENOBAHUA 110 TIOJIYYEHHIO BOJIO-
PacTBOPUMBIX KOMILJIEKCOB BKJIIOYEHUI HOBBIX CHH-
TE3UPOBAHHBIX HAMM T'MIPa3UJOB U UX I'MIPa30HO-
BBIX ITPOM3BOAHBIX [6] C MPUPOAHBIM OJIUTOMEPOM.

Marepuajbl U MeToAbl. B KadectBe Cy0-
CTpaToOB [UIsl TIONYyYeHHUs] KOMIUIEKCOB BKJIIOUE-
HUIl OBUIM UCIIONB30BaHbl CHUHTE3WPOBAHHBIE Ha-
Mu [6] ruppasuabl (1 u 2), a Takke uUX rujapa-
30HOBbIe TPOM3BONHBIE: N-(4-(QUITUIAMUHO)-2-
TUAPOKCUOCH3UIHICH -2 -TUAPOKCUOSH3OTHIPA3H /]
(3), N-(4-(u3THIaMIHO )-2 -TUIPOKCUOCH3MITH/ICH ) -
4-ruapokcudenzoruapasun  (4),  N-(2-xyop-6-
(propbensumnen)-4-ruapokcudenzorunpasun  (5).
B kauectBe KoMmIUleKcooOpa3zoBatessi ObLT BBI-
Opan B-umkionekcTpuH rpomsBoxactBa  “Fluka”
(CIOA)(uuctota 99%). Bce Bblllie yKa3aHHbIE Be-
IIeCTBa, NMPH OMOCKPUHUHIE TOKA3ald YMEPEHHO-
BBIPDAKEHHYI0O AHTUMUKPOOHYI0 aKTHBHOCTh M Xa-
PAKTEPU30BAIUCH CIIAOBIM AHTUPAAUKATIBHBIM (-
(exTom [6], a Takke 0ONaIaM HU3KOW BOIOPACTBO-
puUMOCTBIO [7-8].

[TonyyeHue KOMILUIEKCOB coenHenuu (6-10) ¢ ro-
JICaXapuI0M OCYIIECTBIISIIOCh B BOTHO-CITUPTOBOM
cpene. K KOHIIEHTpUPOBAaHHOMY PACTBOPY THIpa3U-
JIa 0- WM n-TUIPOKCUOeH30MHbIX KucioT (1, 2) B
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3TaHOJIE B MOJIbHOM COOTHOLIEHMH 1:1 Mo KarmissM HO MPOBOIWIJIOCH MOJyYEHHUE KOMILIEKCOB I'MIpa3u-
BHOCUJTM HACBHIILIEHHBIN PacTBOP B-IMKJIONEKCTpUHA HOB U ruapa3oHoB (8-10) ¢ monmucaxapapuaom B co-
(I11) B Bozme mpu temneparype 80-90°C. Ananoruy- otHomeHuu 1:2 (pucyHok 1).

0] O H
Y Y V4 . 3
C/O C/’ Cc- =C
N N—N
HN—NH, H
(3) ¥

N
HN—NH,
(D (2)

HO
//0 H
H C N(C,H.),
C/{.O =C N(C;Hs), C\N*N¢ (GHs),
N—N H
HO
HO
(4) (3)
OH
OH o N
0]
HO
o HO, OH
R»
HO
=0
R, R, R T Ho®
HN-
20 — OH N6
C ok g OH o OH & OH
N~NH, L0 9 OH OH
(1,2) — oo BT HO o
oHo HO)\/~OH 0
, i’) OH HOS\P HO (6,7)
o, -]
[+) Ho'
oH oo OH OH
—%  OXJou OH Oé'ﬁ o 0

R, = OH, R, = H (1,4,6.8); Ry =H, R, = OH (2.,3,7.9,10); *

Ry = ‘Q*N(cgush (3,5.8,9,10)

HO

Puc. 1 - Cxema cuHTE3a KOMILIEKCOB BKJIIOUEeHHH coequHenuii (6-10)

253



KasTbY XABAPIHIBICBI - VESTNIK KazUTB - BECTHUK Ka3zVTb

Kommuiekcs! Bkimouenust ruapasuaos (1,2) u rua-
pa3oHoB (3-5) c¢ II/I-HoM, a Takkxe X KOMIUIEKCOB
(6-10) monyyanu B BUJEe KPUCTAUIMYECKUX MOPOILII-
KOB Oesoro nBera ¢ Beixomamu 80-85%. KoneuHrle
MPOAYKTHl ObUIA BBICYIIEHBl B CYHIMJIBHOM IIKady
npu temneparype 50+1°C. IlonyueHHble Bogopac-
TBOPYMbIE KOMILJIEKChI BKJIIOUEHU I TUPA3UIOB U UX
rUpa3oHOBbIe Mpon3BoaHbie ¢ [1JI-Hom (6-10) 06-
Pa3yioT yCTOMYMBbIE BOJHBIE TUCTIEPCUH, YTO MPUBO-
JWT K TIOBBIIIEHUIO MX OMOJIOrMYEeCKOM JOCTYITHOCTH,
TEM CaMbIM COKpalllasi UX TepareBTUYECKYIO J030-
BYIO KOHIIEHTPALIUIO.

NK cnekTpbl MCXOIHBIX M KOHEYHBIX IPOIYK-
TOB PErMCTPUPOBAIM Ha cHEKTpoMeTrpe ¢ Pypbe-
npeoOpaszosateieM FSM 1201 no BoiHOBOMY 4mcC-
ay B guanazoHe ot 4000 mo 500 cm! B Tadmer-
kax ¢ KBr. Cnekrpel IMP 'H coegunenuii cuu-

o 0 e 20

Mamu Ha criektpomerpe JNM-ECA Jeol 400 (ua-
crora 399.78 MI'n1) ¢ UCIOIL30BaHUEM PaCTBOPHUTE-
neit IMCO-dg u CDCl;. Xumudeckue CIBUTY U3Me-
PSUIM OTHOCUTEJIBHO CUTHAJIOB OCTATOYHBIX ITPOTO-
HOB WJIM aTOMOB yIJlepoja AeHTepupOBaHHOIO pac-
TBOpUTENs. Temneparyphl IUIaBI€HUS OINpelesIsn
Ha npuodope «SMP10». TepmorpaBUMeTprUeCKHiA
(TT"), mudpdepentmanbubiii  Tepmuaeckuii  (IATT)
1 g pepeHIMaIbHO-CKaHUPYIOITUN KaJIOPUMETPHU-
yeckuil (JICK) ananm3 mpoBonwiu Ha oOOpynoBa-
nuu ATA/JCK (Labsys EVO, Setaram, ®panuus)
B JMHAMUYECKOM pEKUME B IMara3oHe TEMIIEPaTyp
30-500°C npu ckopoctu HarpeBa 100°C/muH B aT-
Mocdepe a30Ta ¥ BO3AyXa.

Pesyabrarel u o6cy:kaenne. Ha pucynke 2
npuseneHsl UK criektpst LI (a), ¢pusnueckoii cMecn
LI c (6) (0) u xomILIeKca BKoYeHus (6) (B).

Puc. 2 - UK cnexrp I (a), pusunueckoii cmecu I/ u cyocrpara (6), kiaarparHoro kominiekca I/1:(6)
(B), coornomenne (1:1)

B UK crniektpe nosiydyeHHoro komruiekca (6) OH-
rpyrsl LI mposiBASIOTCA MIMPOKON XapaKTepHON
nosiocoit B oomactu 3310-3320 em!, koneGanus cBsi-
3u C-H nponuceiBaotest B oonactax 2900-2910 u
887-892 cm!. Cnenyer ormeturs, uto B UK criek-
Tpax BCeX KOMIUIEKCOB BKJoueHui (6-10) ocHOB-
HBIE XapaKTepHbIe IMOJIOCHI TIOIIOMIEHUsI CyOCTpaToB
(1-5) He TMPOABIAIOTCA, TaK KaK 3TO MOXHO O0b-
SICHUTD 3((PEKTOM IKPAHUPOBAHUS IUPOKUMH TIO-

JlocaMy MoriouieHus1 (PyHKIMOHaIbHBIX rpymil LI,
OpnHako, B CIEKTpax HaOMIONAIOTCS CMEIeHHe Xa-
PAKTEpPHBIX MOJIOC MOIJIOEHUsI KOMILIEKCO00paso-
Baresis (MOJIEKYJIBI IIOJIMCAXapuia).

B tabnuiie 1 mpuBeseHbl 3HAUEHHUS] XMMUYECKO-
ro cABUroB Ad MPOTOHOB KOMILIEKCOOOpA30BaTes
B SIMP-'H cnexrpax LIJ] 1 ero KoMriekce BKJIOUe-
HUS ¢ TIpoayKToM (6) (2:1) B CBOOOHOM COCTOSTHUU
O(, M.JI.) U B COCTAaBE KOMILIEKca (O, M.1I.)
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Ta6uuna 1 — 3nauennst xuMmdeckoro ¢asuros Ad nporonos 8 AMP-H cnexrpax IIJI n ero KomMimiekce
BKJIIOYEeHHs ¢ IPOAYKTOM (6) (2:1) B cBOGOAHOM COCTOSIHUH (O, M.JI.) H B COCTaBe KOMILIekca (9, M.[1.)

80, . (L) | 6, v (LUL(6)) | A® (6 — 80), M.
Hporon = 5(1H) 5(1H)
HI 477 476 20.01
H2 3.26 328 20.02
H3 3.43 335 20.08
H4 327 3.6 0.01
H5 3.43 337 20.06
H6 358 3.59 0.01

Puc. 3 - Daexrponnnie mukpodororpacpun /I (canvku 1, 2), pusnueckoii cmecn IJI ¢ (6) (canviknu 3,4)
u komiuiekca IJ1:(6) (2:1) (cHUMKHU NpU Pa3JTHYHBIX YBeJNYeHHIX)

Ha ocHoBanuu npuBeneHHbIX B Tabmune 1 gaH-
HBIX MOXHO OTMETHTh, YTO HauOOJIbIlIee CMEIEHUEe
UCIIBITHIBAIOT MPOTOHBI BHYTPEHHEN c(pepsl Mouca-
xapuga — H3 u HS. Dtu naHHble cBUETENLCTBYIOT B
TOJTb3y 0Opa30BaHUsI BHYTPEHHETo KoMrutekca [3-11J1
c (6) [9-12].

Ha pucynke 3 nokazansl MUKpodoTorpacduu Kpu-
CTAJUIMKOB KOMIUIEKCOB, CHATBIX IIPU Pa3JIMYHBIX

YBEJIMUEHU X, HA CKAHUPYIOIIEM JIEKTPOHHOM MHUK-
pockonie, CIOM - B-LI, ¢usnueckorr cmecu LI
¥ BelecTBa (6) U Komiuiekca BkiawodeHus 11J1:(6)
(2:1). Canmku (1-6) ObUTH cOeaHBl TIPU Pas3Ind-
HBIX YCKOPSIIOIIMX HampspkeHusix. Ha MHorokpar-
HO YBEJIMYEHHBIX CHUMKaX KOMILUIEKCOB HaOoIaeT-
csl pe3koe u3MeHeHne Mop¢oIoruu U (POpMbl KpH-
CTAJUIOB: KpUCTAJUIMYeCcKue (pOpMbI YaCTHI] KJiaTpa-
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TOB UMEIOT OoJiee CrIakeHHbIN BU (BO3MOXKHO, U3- CTpaTa ¢ MOJIEKYJIOW TMOoHUcaxapuia sIBJISIOTCS Ofi-
3a MJICHKOOOpa3oBaHus (CHUMKU S5 u 6) mpu SEM  HMM W3 JI0Ka3aTesIbCTB OOpa30BaHUSI KOMILUICKCOB

MAG 69,2kx). I3meHennst MOpo1orum MoBepXHO-  BKJIIOUEHUH.
CTU KPHCTAJJIOB NIPU KOMIUIEKCOOOpa30BaHUU CyO-

TG (mg)

o000
W oo

30 100 130 200 250 300 330 400 450 300 350 600
Sample Temperature (°C)

Puc. 4 - TepmorpaBuMeTpuYecKne KPpUBble MUKJIOEKCTPHHA (a), MPOAYKTA (6) M KOMILIEKCA BKJIIOYEHHS

I/T:(6)

]~ P

DTG Smg,-'mm -
s LA

i,

—
o
H

-

[ R=10-]

W s

300 350 400 430 500 550
Sample Temperature (°C)

Puc. 5 - udpepeHnuanpHas CKAaHAPYWOIIAA KaJopuMeTpusa KoMiLiekca Braouenus 1[/1:(6) (a),
¢puznueckoi cmecu I[1/1:(6) (6) (coorHomenue (1:1) n mukJIOAEKCTPUHA (B)
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TepMUUecKyl0 CTAOMJIBHOCTh TMOTYYEHHBIX KOM-
IJIGKCOB BKJIIOYEHHUS TUAPA3UIOB M UX THIPA30HO-
BBIX IPOW3BOIHBIX MPU KOMILIEKCOOOPA30BAHUU C
]I u3yyanu ¢ nomoipio JudepeHIaIbHOro Tep-
mudeckoro aHanuza (JITA). C momomipio meToga
g pepeHIInaNbHON CKaHUPYIOLEW KaJOPUMETPUU
MOKHO YCTAaHOBUTb 3aBUCUMOCTb U3MEHEHHUE MaCChl
CHUHTE3MPOBAHHBIX CYIPAMOJIEKYJISIPHBIX KOMILIEK-
COB BKJIIOUEHHSI OT TeMIepaTyphl (TepMOrpaBUMeET-
puuecKast KpuBasi) ¥ 1O ee MUKY TOYHO OMpeenuTh
MaKCUMAaJIbHYIO CKOPOCTb TOpeHust KoMmiuiekca [13].

Ha pucynkax 4 u 5 npuseaens! TI'/IITA kpusble
I u dusnveckoint cmecu LI ¢ (6) u kKomruiekca
Bkmouenus [11:(6). CornacHo gannueiM TIT B uHTEp-
Bajsie Temnepatryp ot 32,8°C go 320°C uMkionekc-
TPUHOBBII KoMIUIEKC BKJIIoueHus LI/1:(6) ne npetep-
MEBAET MpPEBPAICHUN, MPUBOASAIIMX K U3MEHEHUIO
ero maccel [14,15]. OcHOBHOE KOJMYECTBO JIETY-
YUX KOMIOHEHTOB Bbiaewiioch npu 330°C-370°C.
B 3TOM MHTEpBasie MPOUCXOAUT MHTEHCHBHAS YObLIb
MAacchl KOMILJIEKCa, O YeM CBUJIETEILCTBYET XOI Tep-
MorpaBumeTpuyeckoil kpusou. Ilponecc aectpyk-
MU TPAKTUYECKUI TMOJHOCTHIO 3aBEpIIAETCsS MPU
temneparype 380°C.

CuHTe3UpOBaHHbIE KOMIUIEKCHl BKJIIOYEHHS CO-
AepKalli BOAY, KOTOPOMY CBUJIETEIbCTBYIOT SHJIO-
TEPMUYECKUI MUK Jerujparaiuu B auanazoHe 50-
125°C, ato sBnsiercs nepexonom LI/l B 6e3BogHyI0
¢opmy B pesyabrate ucnapenus Bomusi [14,15]. Tpo-
uecc tepmoaectpykimu L1 Haunnaercs ¢ 300°C, B
obnactu temneparyp 329-348°C mpoucxoaut Tep-
MOZECTPYKIIUSI KOMIUIEKCA BKJTIOUEHHSI, YTO CBHIE-
TEeJbCTBYET O TMOBBIIIEHUH TepMocTadbuinbHocTU 1]]
MPU BKJTIOYEHUH B €r0 TOJIOCTh OMOJIOTUYECKU aK-
TUBHOTO KoMmoHeHTa (6). Ha kpuBoii ckopocTu mo-
Tepu Maccel B uHTepBajie temneparyp 32°C-270°C
He HaOmomaeTcs u3MeHeHne ckopoctu. Haunnas c
310°C nHabmogaeTcsi pe3Koe YBEJIMUEHUE CKOPOCTU
U jocturaer ceoero nuka npu = 340°C, 3HaueHue

CKOpOCTH IIpU JAaHHOUW TeMIlepaType cocTasiser 1,7
Mr/mMuH. [lanee uaeT mocTerneHHOe yMEeHbIIIEHUe, 1
nipu 380°C ckopocTtb cradmmsupyercs. Ha kpusoit
JICK nipu remneparype 329°C (9), 335°C (8), 348°C
(10) HabnromaeTcst SHAOTEPMUUECK U TTUK, 0OYCIIOB-
JICHHBIH TJIaBJICHUEM, TIPU 9TOM Macca BelllecTBa He
MeHsieTcsi, gajiee rpu Temrneparype =~ 370°C npu-
CYTCTBYET 3K30TepMUIecKuil 3¢ (PeKT, KoTopoe 00b-
SICHSIETCS pa3JIoKeHHeM 00pasiia C BbIJIeICHUEM Jie-
TYYHX MPOAYKTOB U MOTEPEl MACCHI.

BeiBoabl. B xumuueckoil (papmakonornd uc-
NOJIB3YIOTCSl pa3/IMYHbIE MyTH MOBBIIIEHUS PacTBO-
pPUMOCTH OMOAKTHBHBIX BEIIECTB C UCTIOIb30BAHUEM
CTIEIMAJIBHBIX MaKPOMOJIEKY/ISIPHBIX OMOIOIMMEPOB
- KpayH-3(pUpOB, KPUNITAHAOB, UUKJIO(AHOB, KAJIK-
CapeHOB, XUTa3aHa U MOJMCAaXapuaoB KaK KOMIUIEK-
cooOpazoBatesneil. [lonyyeHneM KOMIUIEKCOB BKIIIO-
YEeHUs] MOKHO YBEJIUYUTh PACTBOPUMOCTh M CTa-
OMJIBHOCTh HU3KOMOJIEKYJISIDHBIX BemecTB. [uapa-
3UJIBI O- U M- TUIPOKCHOEH30MHBIX KUCIIOT U UX TH]-
Pa30HOBbIE POU3BOAHBIE MOTYT OOPa30BbIBATh Pa3-
JIMYHBIE KOMIUIEKCHl BKJIIOYEHUII C MaKpOMOJIEKY-
JsIpHBIMH  OrononuMepamu. TlomydyeHHble TPOayK-
THI 00pa3yloT CMeCh, CHOCOOHBIX PACTBOPATHCS B
BOJIE WM OOpa30BbIBaTh YCTOMYMBBIE BOJHBIE AWC-
nepcud. IlomyyeHne BOIOpacCTBOPUMBIX KOMILIEK-
COB yKa3aHHBIX COEJUHEHU JOJIKHO IIPUBECTH K I10-
BBIIIIEHUIO MX OMOJIOTMYECKOM JOCTYITHOCTH, YTO CO-
OTBETCTBEHHO MO3BOJIUT 3HAYMTEILHO COKPATUTh UX
TeparneBTUYECKYIO KOHIEHTpaumo. [JJaHHble (pu3nKo-
XAMUUYeCKNX MeTonoB wucciegoanuii (MK-, SMP
'H cnekrpe1, AT, C3M) MOryT GBITh MCIIOJIb30BA-
HBI IIPY aHAJIN3€ TIOJTyYEHHBIX KOMIUIEKCOB BKJIIOYE-
HUII OMOAKTHUBHBIX BEIIIECTB.

Dunancuposanue: Hayuro-uccredosamenvckas
paboma ocyuwecmenena 6 pamkax I'd AP14869941
Komumema nayxu Munucmepcmea Hayxku u evicute-
20 obpaszoseanusi Pecnyoauxu Kazaxcman.
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OBTAINING CARBON NANOMATERIALS FROM SHUBARKOL COAL AND APPLICATION FOR
HYDROGEN STORAGE

123M.K. Kazankapova, ?B.T. Yermagambet ', 2G.K. Mendaliyev, 'A. Samatkyzy,
1.2 A B. Malgazhdarova
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This study presents a promising method for the synthesis of graphene - the electric arc discharge method.
The synthesis of nanomaterials containing graphene was carried out based on carbonized coal ”Shubarkol”
using the electric arc discharge method at a constant voltage of 75 V and a current of 100 A in a quartz
reactor. Based on Raman scattering data and analysis of electrical properties (dielectric constant and
electrical resistance), it was shown that the synthesized products have a high degree of graphitization and
long-range structural order (2D peak), which indicates the formation of nanomaterials containing graphene.
These results present a potential route for low-cost mass production of high-quality graphene samples.
In addition, the electrical resistance (R), capacitance (C) and dielectric constant (€), electrical resistivity
(R) and electrical conductivity (y) of nanomaterials containing graphene were determined for the first
time in the temperature range 293-483 K. The highest a degree of graphitization of 80.7% is achieved
with the formation of graphene-containing material on the walls of the reactor after an arc discharge.
Since the resulting nanomaterial on the reactor walls showed better results in terms of physicochemical
and electrophysical properties, the material was tested for hydrogen storage. The sorption capacity of the
nanomaterial for hydrogen was 35.1516 cm?/g (0.314%).

Keywords: coal, carbonized coal, carbon nanotubes, graphene, arc discharge, hydrogen, storage.

IITYBAPKOJI KOMIPTHEH KOMIPTEK HAHOMATEPHAJITAPBIH AJTY ’KOHE CYTEKTI
CAKTAYFA KOJIJIAHY

123M.K. Kazankanosa, 2B.T. Epmaramoer , 2¥.K. Menaaaunes, 9. CaMaTKbI3bl,
12A B.MaaraxapoBa
1«KeMip XUMHUSCHI jkoHe TexHosorus uHCTUTyThl» KIIC, Acrana, Kazakcran,
2J1.H. I'ymunes atbiHaarsl Eypasus yaTTsIK yHUBepcHuTeTi, Actana, Kazakcras,
3K.K¥na>KaHOB areiHIare Kazak TexHomorust xoHe Ou3Hec yHUBepcuTeTi, ActaHa, KazakcraH,

e-mail: coaltech@bk.ru

Byn 3eprreyne rpadeH cCMHTE31HIH IEPCTIEKTUBTI 9JIICI - SMEKTP AOFAJIbIK pa3psl oAici yebiHbUIIbL. Kypa-
MbIH/1a TpadheH Oap HaHOMaTepUaIapAbIH CUHTE31 KBapll peakTopbiHaa 75 B TypakTsl kepHeyje xoHe 100
A TOK Ke3iHfIe JIEKTpP IOFAJIBIK pa3psja OMIiCiH KojmaHy apkpuibl «IIlyOapkesn» kemipi Heri3iHae xy3e-
re achIpblIIbl. PaMan miambipay AepeKTepi koHe MEKTPIIiK KacHeTTepai Tanaay (IMJIEKTPIiK eTIMAUTIK
JKOHE JEKTP KeJEprici) Heri3iHie CUHTE3e/IreH eHiMaepae rpapuTTeHyaiH KOrapbl 19pexkeci KoHE albl-
CIIMANa3OHJAFbl KYPbUIBIMJBIK, peTi (2D misiHpl) Oap, Oy KypambiHIa rpadeH 6ap HaHOMaTepUaiIapIbiH
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TY3UIyiH Kepceteni. By HoTuxenep korapsl canajisl rpadeH yiriiepiH ap3aH Kammnail eHIipyaiH JIeyeTTi
OarbIThiH Kopceteai. COHbIMEH KaTap, KypamblHIa rpadgeH 0ap HaHOMaTepHaIJapablH MEKTPIiK Keaep-
rici (R), ceiiibiMaputbirsl (C) KoHE TUANEKTPIIK OTIMILIr (€), neKTpiik Keneprici (R) skoHe amekTp oT-
kizrimriri (y) 293-483 K temneparypa quana3oHbH/A aJFalll peT aHblKTaabl. ['padputTeHyaiH eH Korapbl
nopexeci 80,7 % HOFaNbIK, pa3psATaH KeiiH peakTop/IbIH KaObIpraiapbiHaa rpageH 6ap MaTepuaibH naiaa
OoJTybIMEH KOJ KeTKi3ieni. Peaktop KaObIpranapbelHIa ajbIHFaH HaHOMaTepuan (pU3HKa-XUMUSIIBIK, )KOHE
NMEKTPOU3UKATIBIK, KACUEeTTepi OOMBIHIIA KAKChl HOTHKE KOPCETKEHIKTEH, MaTeprall CyTeri CakTay YIIiH
ChIHAKTaH oTTi. HaHoMaTepuan b cyTeri yIiiH copOrusbK, Kabineri 35,1516 em?/r (0,314%) Kypambl.

Tyiin ce3/1ep: Kemip, KEMIpTeKTi KOMip, KEMIPTeKTi HAHOTYTIKTep, TpadeH, JOFabIK, pa3ps, CyTeri,
cakTay.

IIOJIYUHEHMUE YIVIEPOJHBIX HAHOMATEPHAJIOB U3 IIYBAPKOJIBCRKOI'O YIVIA 1
INPUMEHEHMUE J1JI1 XPAHEHUA BOJOPOJA

123M.K. Ka3aukanosa, 2B.T. Epmaraméer , 2I.K. Mengaimnes, 'A. CaMaTKbI3bl,
1.2 A.B. MaaraxapoBa

'TOO «IHCTUTYT XMMUM YIS M TEXHOJIOrMKW», ActaHa, KasaxcraH,
2EBpa3HﬁCKHfI HalMOHaJIbHBIN YHUBepcuTeT M. JI.H. I'ymuneBa, Acrana, Kazaxcran,
SKazaxckuii YHUBEpcUTeT TexHonoruu u 6usneca umenu K.KynaxanoBa, Acrana, KazaxcraH,

e-mail: coaltech@bk.ru

B naHHOM wWccnenoBaHMU TMpeCTaBlieH MEPCIeKTUBHBIA METOJ CHHTe3a TpadeHa - MeTO IeKTPOLy-
TOBOTO pa3psiga. BT OCyIeCTBIEH CMHTE3 HAHOMATEpUAJIOB, COAepKaIuX rpadeH, Ha OCHOBE KapOOHU-
3oBaHHOrO yriist «lllybapkoib» ¢ WCHONB30BAaHUEM METONA JEKTPOAYTrOBOTO paspsijia MPHU MOCTOSHHOM
Hanpstkernn 75 B m Toke 100 A B KkBapiieBoM peaktope. Ha OCHOBe JaHHBIX MeToj1a KOMOMHAIIMOHHOTO
paccesiHUS CBEeTa U aHAJIN3a EKTPOPU3NIECKUX CBOWCTB (AUINEKTPUUECKON TPOHUILIAEMOCTH U JIEKTPU-
YEeCKOro COMPOTUBJIEHUS) ObUIO MOKA3aHO, YTO CUHTE3UPOBAHHBIE MPOAYKTHI 00IaJaI0T BHICOKOW CTETMEHBIO
rpapuTU3aly U JAJTBHUM MOPSIKOM CTPYKTYpPHI (2D nukK), 4T0 CBUAETENbLCTBYET O (POPMUPOBAHUN HAHO-
MaTepuaJioB, coAepKaimx rpadeH. DTU pe3ybTaThl MPEACTABIAI0T NOTEHIIMAIbHBIA MYTh IS ICIIeBOTO
MacCOBOT'O IIPOM3BOJICTBA BHICOKOKAYECTBEHHBIX 00pa3iioB rpadgeHa. Kpome toro, BriepBbie OBLIH OIpejie-
JIeHbI 27IeKTprueckoe conporusiieHre (R), emkocts (C) 1 AuaneKkTpuyeckas MpOHULIAEMOCTS (€), yAeJIbHOe
aNeKTpudeckoe conpotunieHre (R) u ynenpHast 3MeKTpOIPOBOAHOCTH () HAHOMATEPHAJIOB, COAEPKAIINX
rpadeH, B untepasie temneparyp 293-483 K. Camas Beicokas crenenb rpacpuruzanmu 80,7% pocrura-
eTcs npu oOpazoBaHUU TpadeHCcoIepKaIlero Marepuaia Ha CTeHKax peakTopa TOoclie TyroBOro paspsja.
[TockonbKy MOTy4YeHHbII HAaHOMAaTepHral Ha CTEHKAaX peakTopa MoKazas Jydllide pe3yJbTaThl Mo (PU3MKO-
XHUMHUYECKHM U 3JIeKTPO(PU3MUYECKIM CBOWCTBaM, MaTepHas ObLI MPOTECTHPOBAH Ha XpaHEHHE BOIOPOJIA.
CopO11OHHAs eMKOCTh HAHOMATpPHAIIa 110 BOJIOPOy cocTaBuia - 35.1516 evm?/r (0.314%).

KuiroueBble ciioBa: yroib, KapOOHU30BAHHBIN YIofib, YIJIEPOAHbIE HAHOTPYOKH, rpadeH, 1yroBoil pas-
psjl, BOAOPOA, XpPaHEHUE.

Introduction. Since Sumio lijima reported it CNTs (MWNTs) depending on the number of
in 1991, carbon nanotubes (CNTSs) have attracted graphite layers. They consist of sp? bonded carbon
much attention from researchers and industry. CNTs atoms arranged in a cylindrical tube ranging in
can be classified into single-walled CNTs (SWNTs), length from less than 100 nm to several centimeters.
double-walled CNTs (DWNTs), and multi-walled The diameter of SWCNTs is typically 0.4-2 nm,
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while the diameter of MWCNTSs ranges from
*1.4 nm to nearly 100 nm, depending on the
synthesis conditions. CNTs are well known for
their unique physicochemical properties, including
extremely high tensile strength, high electrical
conductivity, high ductility, and relative chemical
inactivity. All these properties make CNT-based
products attractive. Moreover, due to their low
dimensionality, CNTs are also preferred for use in
the development of nanocomposites. In this context,
CNTs open up a new direction in materials science
and nanotechnology. CNTs can be found in a wide
range of applications, such as electronics, polymer
composites, energy storage materials, catalysis, gas
storage materials and sensors [1].

There are many methods for synthesizing
nanostructures. They are usually divided into two
groups: «Top bottom» is a «top-down» technology,
that is, the dispersion of macroscopic bodies into
nanoscale sizes, and the second group «bottom-up»
is a technology the assembly of nanoparticles from
atoms. There are also various hybrid methods.

One of the first methods for producing carbon
nanoparticles was laser evaporation of graphite or
coal, arc evaporation of graphite in the presence of a
metal catalyst, chemical vapor deposition, pyrolysis,
and mechanical separation [2].

Arc discharge is the oldest and most common
method for producing CNM. This also makes it
possible to obtain carbon formed by fullerene
and soot molecules. This method is based on the
electrical destruction of gas to produce plasma. It
uses high temperature (over 1700°C) to evaporate
carbon atoms in plasma, allowing CNMs to grow
with fewer structural defects than other methods.

The chamber consists of two electrodes, one of
which is the anode and the other is the cathode.
The anode is filled with a mixture of graphite
powder and catalyst. The catalyst promotes the
growth of SWCNTs rather than MWCNTs [3]. The
cathode consists of a pure graphite rod. Initially,
the electrodes are held independently of each other
in a gas atmosphere (usually an argon/hydrogen
mixture); then the distance between the electrodes
is reduced, and an electric arc is applied with
an intensity of 60-100 A or 50-150 A, which

corresponds to a decrease in potential by 25 V [4,
5].

The inert gas flow is maintained at 50-600 Torr;
the temperature in the interelectrode region ranges
from 1700° to 4000 °C. The electrodes turn red
and plasma is formed, so carbon sublimes from the
positive anode, which is consumed and condenses as
a filamentary carbon product at the cathode due to
the temperature gradient.

Speaking about the physical and chemical
properties of carbon nanotubes, CNTs are the
strongest and hardest materials on earth in terms
of tensile strength and elastic modulus. The planar
cellular carbon atoms of graphene in CNTs are
responsible for these high-strength fibers. Carbon
nanotube is more rigid than steel and is very resistant
to physical damage.

When you press on the end of the nanotube, it
bends without damaging the tip, and when the force
is removed, the tip returns to its original position.
The reason they don't break is because the carbon
rings of the walls change their structure when bent,
but don't break. This is a unique result of sp2 C-C
bond hybridization and bending overhybridization.
The degree of change and s-p coefficients depend
on how much the bonds bend. Due to this property,
CNTs can be used as very high resolution probe tips
for scanning probe microscopy [6].

In the metallic state, the conductivity of
nanotubes is very high. They can transmit billions of
amps per square centimeter. Copper wire fails when
it transmits a million amps per square centimeter
because the joules of heat cause the wire to melt.
Theoretically, metal nanotubes can conduct an
electric current density of 10-15 A/cm?, which is
1000 times greater than that of metals such as copper
[7]. One of the reasons for the high conductivity
of carbon nanotubes is the very small number of
defects that cause electron scattering and therefore
low resistance [8].

Another carbon nanomaterial that can be
synthesized by an arc discharge is graphene [9-
10]. Graphene is a material that has a large specific
surface area (2630 m2g-1), high internal mobility
(200,000 cm? V-'s!), high Young's modulus (~
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1.0 TPa), thermal conductivity (~5000 W*m™1/K1),
optical transmittance (~ 97.7%) [11-12]. In addition
to arc, there are methods of micromechanical
cleavage, electrochemical exfoliation, solvent-based
exfoliation [13], graphite oxide exfoliation [14]
and laser evaporation. Among all these methods,
arc discharge has many advantages such as low
production cost, high efficiency, and the ability to
be synthesized without using any catalysis [15].

In the research, multiple layers of graphene
were synthesized using a homemade arc discharge
chamber. Helium (He), nitrogen (N), and mixtures
thereof have been used to understand the influence
of the reactor atmosphere on graphene synthesis.
The purity and number of graphene layers were
determined using Raman spectroscopy. The purity
of the synthesized graphene also depends on the
diameter of the electrodes and the arc current. Thus,
optimal synthesis conditions were obtained with an
electrode diameter of 12 mm and an arc current
of 150 A in a He+N, atmosphere. TEM studies
revealed a crumpled texture of graphene [16].

Graphene can be doped with atoms of other
elements, such as nitrogen, fluorine, hydrogen,
oxygen, etc., changing its properties. All this makes
it an interesting material for many applications.
First of all, these are applications in opto- and
nanoelectronics (touch screens, solar cells, flexible

Closed Chamber

m Power Supply

N

electronic devices, high-frequency transistors, logic
transistors), photonics (photodetectors, optical
modulators, mode-locked lasers, THz generators
and optical polarizers), composite materials, paints
and coatings. Graphene is seen as a promising
candidate to replace transparent indium tin
oxide (ITO) electrodes. Promising applications
of graphene coating include transparent heating
elements and thermoacoustic transducers.

Materials and methods. In this work, carbon
nanomaterials obtained by the electric arc method
were studied. Activated carbon «Shubarkol» is used
as an electrode. The coal carbonization process
includes an initial low-temperature (at 180°C, with
a heating rate of 10°C/min) treatment of the
raw material in the presence of air for 1 hour,
followed by carbonization in an inert atmosphere
at temperatures ranging from 180-900°C with a
heating rate of 5°C/min, and steam activation at
the maximum temperature for 1 hour. Process
parameters: constant voltage - 75 V; current — 100
A; process time ~10 min, inert gas - N, with a purity
of 99.99%. The reactor is transparent quartz glass
that can withstand high temperatures. The chamber
is placed inside the water used for cooling. The
principle of this method is the evaporation of carbon
under reduced pressure of an inert gas. According
to the method scheme, a movable anode and a
stationary cathode are used, as in Fig. 1.

uuuuu

Figure 1 - Schematic diagram of an electric arc discharge
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After the electric arc is ignited, the plasma ignites.
Carbon nanomaterials condensed on the walls of
the reactor and on the surface of the electrode.
Activated carbon “Shubarkol” after an arc discharge
was separated according to figure 2.

The resulting materials
hydrogen storage at a

were tested for
high-performance

automatic physiosorption and chemisorption station
Micromeritics 3Flex Chemi&TCD (Made in the
USA). This device is equipped with three ports,
each of which has a 0.1 Torr sensor for analysis of
micropores. Before measurement, all samples were
preliminarily degassed using a SmartVacPrep unit
(manufactured by Micromeritics, USA) equipped
with a forevacuum pump.

Activated carbon
"Shubarkol"

Arc discharge
(1004, 75V)

Carbon nanomaterials
on reactor walls

Carbon nanomaterials
on the electrode surface

Activated carbon
"Shubarkol" after arc
discharge

Figure 2 - Schematic diagram for producing nanomaterials using the electric arc discharge method

Adsorbate gas - hydrogen, measurement
temperature - 77 K, p, values for all points were
considered the same and equal to 760 Torr, A Peak
Scientific hydrogen generator with a maximum
productivity of 500 cm?®/min was used as a source
of hydrogen, Water in the hydrogen generator was
used from a Thermo Scientific deionizer, Readout
points started from a value of 0.0001 p/p, to 0.995
p/po- The measurement of free space or void volume
was carried out after analysis with helium in order to
avoid premature filling of micropores with helium.

Due to the smaller radius and transverse radius of
the hydrogen molecule, the specific surface area and
porosity values will be higher compared to nitrogen
sorption. Classical BET methods in the case of H,
will be incorrect since the saturation pressure value
was used as a constant (760 Torr). To calculate
the pore distribution, the theoretical hydrogen
sorption model DFT HS H, Carbon, heterogeneous,

taking into account the heterogeneity of the carbon
surface. For most samples, this model showed good
consistency. The limitation of nitrogen to fill pores
with a radius of less than 0.35 nm was also taken into
account.

Results and discussion. The obtained materials
were studied by SEM and Raman spectroscopy. As
a result, the original «Shubarkol» coal contained
different agglomerates ranging from 719 nm to
231.97 ym, as shown in Fig. 3. The degree of
graphitization is Gy = 29.6% and peaks at 1258.3 are
noticeable; 1374.9; 1535.1; 1594.3; 2704.9; 2928.6
cm. I(D)/1(G)=0.6 I(G)/I(2D)=12.2. The intensity
of peak D at 1374.9 cm™! is lower than peak G at
1594.3 cm™, and peak G at 1594.3 cm™ is much
higher than peak 2D at 2704.9 cm™! (Figure 4),
this explains that the material is amorphous carbon.
There may be polymer chains or other impurities, as
indicated by the luminescent trend.
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Figure 3 - SEM of the original coal «Shubarkol»
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Figure 4 - Raman spectroscopy of the original coal «Shubarkol»

After activation of Shubarkol coal, SEM images
show that agglomerates of different elements were
removed. Pores are noticeable, with sizes ranging
from 155 nm to 33.08 um. During the carbonization
process, mineral agglomerates opened, as shown in
Fig. 5 by white spots. Peaks at 1194.4 are visible
in the Raman spectrum; 1347.9; 1517.1; 1595.4;

2700.7; 2914.0 cm™!. The degree of graphitization
after the activation process dropped to G;=24%, this
is explained by the fact that peak D 1347.9 cm™
increased its intensity (Figure 6). I(D)/I(G)=0.9
I(G)/1(2D)=13.1. Amorphous carbon with signs of
graphitization - a narrow peak G, as well as a weak
manifestation of a second-order peak - 2D.
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Figure 5 - SEM image of activated carbon «Shubarkol»
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Figure 6 - Raman spectroscopy of activated carbon «Shubarkol»

After the arc discharge, we see deformation of
the pores in SEM images. The pores have become
smaller and range from 159.9 nm to 1.83 ym. The
formation of micro- and mesopores is assumed.
White flake-like spots are visible on the surface
(Figure 7). As you can see in Fig. 8 there are peaks at
1363.7(D); 1465; 1582.5(G); 2448.5; 2725.9(2D);
2959 cm’! According to the Raman spectroscopy
data, the «Shubarkol» activated carbon after an arc

discharge on the reactor walls has a high degree
of graphitization Gy = 80.7%. Compared with
activated carbon, peak D shows a weaker intensity,
and peak 2D shows a more prominent intensity.
I(D)/I(G)=0.1, I(G)/1(2D)=2.9. As a result, it can be
said from the surface of the «Shubarkol» activated
carbon that after an arc discharge, graphene
structures of high quality and small thickness were
formed on the walls of the reactor.
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Figure 7 - SEM image of «Shubarkol» activated carbon after an arc discharge on the walls of the reactor
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Figure 8 - Raman spectroscopy of «Shubarkol» activated carbon after an arc discharge on the walls of the
reactor (100A, 75B)

After an arc discharge, layers of graphene are Raman peaks at 1228.8 are noticeable; 1355.3(D);
visible on the surface of the Shubarkol coal, 1476.6;1577.4(G);2435.4;2714.5(2D); 2935 cm™'.
according to the SEM image. Nanomaterials ranging [(D)/I(G)=0.3 I(G)/I(2D)=2.8 From these data we
in size from 67.3 nm to 467.9 nm were formed. can say that on the surface of the Shubarkol
Pore deformations are noticeable (Fig. 9). It activated carbon after an arc discharge on the
is assumed that layers of graphene have grown surface of the electrode there are graphene-like
together on the surface of the pores. In the structures of varying degrees of defects (Fig. 10).
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Figure 9 - SEM image of activated carbon «Shubarkol» after an arc discharge on the surface of the

electrode (100A, 75B)
1.0 5
padition  |Fwhm aréa height
1355.3 785 30.9 0.25
1288 2220 8.1 0.02)
1476.6 5.4 5.0 0.04
0.8 - 1577.4 403 58, 0.93
. 2435.4 44.5 1.3 0.02
3 27145 772 40,0 033
0 2935.0 fi6.8 1.9 0.02
[
® 06 * 0
=0 , G~ 57 %
= |
E} o
£ 04- *’
0.2 -
0.0 oo -
T T T T J T T T T T T T
0 500 1000 1500 2000 2500 3000

Raman shift, cm™

Figure 10 - Raman spectroscopy of activated carbon «Shubarkol» after an arc discharge on the surface of
the electrode (100A, 75B)

SEM images (Figure 11) of crushed Shubarkol Raman distribution; 1357.4(D); 1472.6; 1584.6(G);
coal used as an electrode show nanodots of 2459.1; 2725.3(D); 2937.4 cm™. I(D)/I(G)=0.4
different diameters. The dots start from 29.5 nm I(G)/I(2D)=1.8. Graphene-like structures of varying
to 8.95 um. Peaks at 1249.1 are visible in the degrees of defects and thickness.
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Figure 11 - SEM image of «Shubarkol» activated carbon after an arc discharge (100A, 75B)
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Figure 12 - Raman spectroscopy of «Shubarkol» activated carbon after an arc discharge (100A, 75B)

It is known that the 2D band of Raman spectra
is more sensitive to the overlay of graphene sheets.
From the Raman scattering data (Raman effect), the
intensities of the D, G and 2D peaks were calculated.
It is immediately noticeable that after activation
the G peak increased its intensity from 0.6 to 0.9.
After the arc discharge, peak D loses its intensity,
and peak 2D increased its intensity from 0.1 to
0.51. The intensity ratios 12D/IG for one-, two-,

three- and multilayer (> 4) in these materials were
shown to vary from 0.11 to 0.54. And the ratio of
IG/12D peaks after arc treatment is from 1.84 to
2.94, which confirms the formation of two to three
layer graphene (for single-layer graphene the ratio
is 0.6-1). The Raman spectrum of the material with
the lowest degree of crystallization contains a strong
D-band and a broad and weak G-band, and their high
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Table 1 - Ratio of D G and 2D peaks in materials obtained from Shubarkol coal

intensity ratio (ID/IG) confirms the strong disorder of the structure. Based on the intensity ratio of the
ID/IG bands after an arc discharge, which ranges from 0.12 to 0.38, it can be argued that there are a small
number of material defects. Based on these data, we can say that we have obtained modern carbon
materials of very good quality.

Source Activated Activated Activated Activated
Elements
coal carbon carbon carbon carbon
«Shubarkol» «Shubarkol» «Shubarkol» «Shubarkol» «Shubarkol»
After  arcing | after arc | after an arc
(on the walls of | discharge (on | discharge
the reactor) the surface of | (crushed

the electrode) electrode)

Wt% | At% | Wt% | At% | Wt% At% Wit% At% Wt% At%
C 77,15 82 190,35]9292 | 87,21 | 90,40 | 71,70 | 85,89 | 83,49 | 90,83
0] 22,24 | 17,74 | 8,57 | 6,62 | 11,75 | 9,15 6,51 5,86 7,84 6,40

Al 04 | 0,19 | 0,35 | 0,16 | 0,36 0,16 2,04 1,09 0,6 0,29
Si 0,07 | 0,03 | 0,11 | 0,05 | 0,19 0,08 7,68 3,94 0,44 0,21
Ca - - 0,29 | 0,09 | 0,25 0,08 0,25 0,09 1,41 0,46
Mg - - 0,11 | 0,05 - - 0,18 0,11 0,49 0,26
Na - - 0,12 | 0,06 | 0,25 0,13 - - 0,40 0,22

S - - 0,11 | 0,04 - - 0,20 0,09 0,46 0,19
Fe 0,15 | 0,03 - - - - 11,42 | 2,94 4,87 1,14

Table 2 - Elemental composition of the initial, activated and after arc discharge of Shubarkol coal

Name I(D) | I(G) | I2D) | ID)/I(G) | (G)/I(D) | (G)/I2D) | I2D)/I(G)
Source coal | 0,4 | 0,6 0,1 0,67 1,5 6 0,17
”Shubarkol”

Activated carbon | 0,8 | 0,9 0,1 0,89 1,12 9 0,11
”Shubarkol”

After an arc | 0,12 1 0,34 0,12 8,33 2,94 0,34
discharge (on

the reactor walls)

After an arc | 0,25 1 0,93 | 0,33 0,27 3,72 2,8 0,35
discharge (on

the surface of the

electrode)

After an arc | 0,36 | 0,94 | 0,51 0,38 2,61 1,84 0,54
discharge (crushed

electrode)

Based on the elemental composition, we can say the activation process. In addition, the oxygen
that the original Shubarkol coal contains 77.15% concentration decreased from 22.24% to 8.57%
carbon; this figure increased to 90.35% after and minerals such as calcium and magnesium
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were discovered and accounted for Ca-0.29% and
Mg-0.11% of the total mass. Also noticeable
is the low concentration of sodium and sulfur
after the activation process (Na-0.12%, S-0.11%).
Some elements, such as aluminum and silicon,
did not change much after activation (Al-0.35%,
Si-0.11%), and iron completely disappeared from
the surface of Shubarkol coal during activation.
Analysis of the elemental composition shows that
activated carbon after electric arc contains 71.70-
87.21% C 6.51-11.75% O. In addition to carbon
and oxygen, CNM on the reactor walls contains
small amounts of aluminum, silicon, calcium and
sodium (Al-0.36% , Si-0.19%, Ca-0.25%, Na-
0.25%). On the surface of the electrode there
are elements such as aluminum, silicon, calcium,
magnesium, sulfur and iron (Al-2.04%, Si-7.68%,

Ige

T T 1
400 450 500

T.K

T T
300 350

Original coal "Shubarkol"

Ca-0.25%, Mg-0.18%, S-0 .2%, Fe-11.42%). The
crushed electrode has different concentrations of
aluminum, silicon, calcium, magnesium, sodium,
sulfur and iron (Al-0.6%, S1-0.44%, Ca-1.41%, Mg-
0.49%, Na- 0.4%, S-0.46%, Fe-4.87%. The highest
indicator of aluminum, silicon, and iron was shown
by activated carbon after an arc discharge on the
walls of the reactor, and for magnesium, calcium,
sodium and sulfur, the highest concentration was
activated carbon after an arc discharge, crushed
electrode.

As can be seen in Fig. 13 The original Shubarkol
coal does not exhibit semiconductor properties, the
dielectric constant over the entire temperature range
under study is very low and this material is not of
electrical interest.

6.5
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IgR

4,54

4,0 1

354

3,04

2,54

—— Activated carbon "Shubarkol"

On the walls of the reactor after electric arc treatment

—— On the surface of the electrode after electric arc treatment

Crushed electrode after arc discharge

Figure 13 - Dependence of dielectric constant (A) and electrical resistance (B) on temperature at a
frequency of 1 kHz

Activated carbon «Shubarkol» shows that the
dielectric constant of this material has mainly
average values. The maximum value of € is achieved
at 393 K — 2.62:10° (1 kHz), 7.23-10° (5 kHz)
and 3.73-10° (10 kHz). A study of the temperature

dependence of electrical resistance shows that
activated carbon exhibits variable conductivity in
the range of 293-333 K, semiconductor conductivity
at 333-393 K, metallic conductivity at 393-453 K,
and variable conductivity at 453-483 K.
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Activated carbon ”Shubarkol” after an arc
discharge obtained on the walls of the reactor at
293 K exhibits a high value of € (6.77-10°) - 1 kHz,
3.72-10° - 5 kHz and 1.08-10° - 10 kHz and reaches
colossal values at 443 - 483 K 7.20-10® and more
(1 kHz), 2.50-108 (5 kHz and 483 K) and 8.41-10’
(10 kHz and 483 K). A study of the temperature
dependence of the electrical resistance of material
IIT shows variable conductivity in the range of 293-
333 K, semiconductor conductivity at 333-423 K,
and semiconductor conductivity again at 433-483
K.

Activated carbon «Shubarkol» after an arc
discharge obtained on the surface of the electrode
already at lower temperatures of 293 and 343 shows
gigantic values of dielectric constant 6.16-107 (1
kHz), 2.90-10° (5 kHz) and 2.45-10° (10 kHz)
at 313 K and starting from 403 K at 1 kHz is
also € greater than 1.44.10% and colossal values

of € are maintained (albeit with a decrease) at
frequencies of 5 and 10 kHz. Activated carbon
«Shubarkol» after an arc discharge (on the surface
of the electrode) in the range of 293-463 K exhibits
semiconductor conductivity, and at 463-483 K —
mixed conductivity.

According to the temperature dependence of the
dielectric constant of Activated carbon «Shubarkol»
after an arc discharge, the crushed electrode shows
that already at 293 K it shows a gigantic value
at a frequency of 1 kHz and at frequencies of
5 and 10 kHz high values of dielectric constant:
1.56-107 (1 kHz), 9.83-10° (5 kHz) and 2.78-10° (10
kHz). The colossal value of ¢ is achieved at 463 K
and 1 kHz (8.63-10%). The temperature dependence
of electrical resistance in the range of 293-333
K exhibits metallic conductivity, at 333-433 K -
semiconductor conductivity, and at 433-483 K -
variable conductivity.

Table 3 - Dependence of dielectric constant (¢) on temperature at different frequencies

Name of The dielectric constant (€)
material at 1 kHz at 5 kHz at 10 kHz

293 483 293 483 293 483
BaTiO3 1296 2159 1220 2102 561 2100
Graphite 6,07* 7,19%< 4,04 2,56%* 1,15% 8,70*
On the walls of | 6770953 | 719702040 | 371895 | 249796682 | 107561 | 84141207
the reactor
On the surface | 61630141 | 143940408 | 2898125 | 69699521 | 2453921 | 22287956
of the electrode
Crushed 15614812 | 45948829 982576 | 2055749 277845 | 601308
electrode

As shown in Table 3, dielectric constant is
inversely proportional to frequency. Materials after
an arc discharge increased their dielectric constant.
The most optimal indicator for activated carbon
after an arc discharge is obtained on the walls of
the reactor. For comparison, we gave the example
of graphite and the resulting materials have a
similar dielectric constant. The band gap of the
resulting materials can be classified as narrow-
gap semiconductors. Activated carbons after arc
processing are of interest for semiconductor and
microcapacitor technology.

Since the nanomaterial obtained on the walls
of the reactor showed the best results in terms
of physicochemical and electrophysical properties,
the material was tested for hydrogen storage. The
specific surface area according to Langmuir theory
is 112.27 m?/g, and according to BET - 104,08 m?/g.
For the case of 77 K, it is also possible to determine
the specific surface area and pore distribution using
DFT methods for carbon materials: total area in
pores (>= 2,91 A) - 1 099,971 m¥g (H,). Based
on these data, the percentage of absorbed hydrogen
on the adsorbent was calculated. Nonmaterial on
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the walls of the reactor absorbed 0.314% (35.1516
cm?/g) of the total mass.

Conclusions. When conducting an experiment
using an electric arc discharge at a high current
of 100 amperes, graphene and materials containing
graphene are formed both on the walls of the
reactor and in the electrode itself. The optimal
degree of graphitization of 80.7% 1is achieved
when graphene-containing material is formed on
the walls of the reactor after an arc discharge. The
method of producing graphene through electric arc
discharge is promising and provides high purity and
a minimum number of defects in the product. It has
many advantages such as low cost, high efficiency
and catalyst-free synthesis. This method is easily
scalable from laboratory conditions to industrial
processes.

The use of graphene in various industries such
as batteries, capacitors and composite materials will
help solve environmental problems. Graphene has
unique physical properties that make it attractive
to researchers and engineers. Some experts believe
that graphene could replace silicon transistors in the

future due to its cost-effectiveness and speed.

The environmental aspect of the method lies
in the ability to use coal and carbon products
to produce graphene, which will avoid the use
of chemical compounds and reagents. Thanks to
this, environmentally friendly technology with high
added value of products is created.

Thus, the study made it possible to obtain
important data on the dynamics of the process of
hydrogen adsorption on a porous carbon material,
its speed and efficiency. These results can be useful
in the development and optimization of hydrogen
adsorption processes for various industrial and
scientific applications.
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financial support of the Science Committee of the
Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. ARI9577512.
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for the production of microporous carbon
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Tipired. KemipiH 37IeMeHTTIK Talgaybl )oHe KOMip/liH MUHEPAJIIbl O6IiriHiH Tangaysl Oepiaren. Kemip-
IiH TOMeH TeMIepaTypaJibl MUPOIU3 MPOLIECIHIH 6 Mapaieab ToKipudeci Kypriziiai, HOTHKECIHIE Kap-
TBUTall KOKC, ITAUBIP, KAHFBIII a3 CUSKThI OHIMIEP/IiH IIBIFBIMBI aHBIKTAJIIbI, COHJIA-aK, OJIApAbIH HEeri3ri
cunarramasapsl (KOMIOHEHTTIK KYpPaMbl, KAJIOPUSUIBIK, KYH/IBUIBIFBI JKoHE T.0.) aHbIKTasAbl. COHBIMEH Ka-
Tap, HOTUXKENEPAiH TOFBICYHI (6 ToxkipuOeaeH) alTapiblKTall KaHAFaTTaHAPIIBIK. OHIMIEp/iH OpTalla IIibl-
FBIMJBUIBIFBIH €CKEPEe OTHIPbII, KOMip MUPOIU3iHIH KbUTY OaJIaHChI KYPri3iifii.

Tyifiin ce3/1ep: KoMip, TUPOJH3, KAPThLIAN KOKC, IMANBIP, JKAHFHIII ra3, KbUTy OaTaHCHI

STUDY OF PHYSICO-CHEMICAL CHARACTERISTICS OF COAL AND ITS PYROLYSIS
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In the article low-temperature pyrolysis of coal of “Saryadyr” deposit with determination of physical
and chemical properties of coal and products of its thermal destruction is carried out. Elemental analysis
of coal and analysis of mineral part of coal were carried out. 6 parallel experiments of the process of low-
temperature pyrolysis of coal were carried out, as a result of which the yields of such products as semi-
coke, tar, combustible gas were determined, as well as their main characteristics (component composition,

calorific value, etc.) were determined. The convergence of the results (from 6 experiments) is quite satisfactory.

The thermal balance of coal pyrolysis was carried out taking into account the average yields of products.
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BBenenne. TomIMBHO-9HEPreTUUECKUE PECYPCHI
SABJISIIOTCS OCHOBOM SKOHOMMKM Kazaxcrana, cpenu
KOTOPBIX 0cO00 BBIAEIAIOTCS HE(Th, Yronb, ra3. Ka-
3axcTaH BXOAMT B Ton-10 cTpaH Mo AOKa3aHHBIM 3a-
nacam yrJisi (0koJ1o 2,4% MUPOBBIX 3aracoB), rae 2/3
NpUXOIUTCSl Ha Oyphld yroib, 1/3 — Ha KaMeHHbIN
yTOJb.

Dyayuu LIeHHBIM TOpIOYMM MCKOIMAeMbIM, Yrojb
OCTaeTcsl MUPOBBIM JIUAEPOM IO KCHOJIH30BAHUIO
B TOILUTUBHO-9HEPreTUYECKOM KOMIUIEKCE U MpUMe-
HsleTCsl ISl TIOJyYeHUs] MeTaJUTypru4eckoro KoK-
ca, CMOJIBI, YIJIEPOAHBIX MAaTepHajioB, T'YMHUHOBBIX

KHCJIOT, CHIPbS ISl XUMUYECKOW IMPOMBIIIIJICHHOCTH
(6en30:1, TONMYyON, Kewuon u np.) [1-3]. U3 yris u3-
BJIEKAIOT BBICOKOIIEHHbBIE KUJKHE M razo00pa3Hble
TOIUIMBA C TMOJHBIM KCHOJIB30BAHUEM CTPYKTYPHI U
PEaKIMOHHOM criocoOHOoCTH yriis [4,5].

st a¢ppeKTUBHOrO MCNONMb30BAHUSI YIJISI BAKHO
MOHUMATh CTPYKTYpY yIuisl. OpraHMuecKylo CTPyKTY-
Py YIJIsl IPUHSATO CUUTATh CJOXKHBIM TMOJIUMEPOM C
BBICOKOI CTEMNEHBIO CIIUBKH, BKJIOYAIOIIMM apoMa-
TUYEeCKUe U anndaTuieckre KOMIIOHEeHTH [6], [7].
NmeroTcs cyliecTBeHHbIE Pa3InyKsl B OPraHUIeCKOM
CTPOEHMM YIJIel pa3HO cTerneHu MeTamopdusma
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[8], a Takke OYEBUIHBIE pa3IW4Ms B IPOMBIILLUICH-
HOM IIpUMeHeHuM. TiaTenabHoe 3HaHUE CTPYKTYphI
YIJIST Pa3IMYHOM CTereHn MetaMopgu3Ma HeoOXo-
AuMo 11 3¢ (PEKTUBHOTO UCTIOb30BAHUS YTOJIBHBIX
pecypcoB.

B Hacrosiiiee BpeMsi cpeiu CyHIECTBYIOIIUX Me-
TOJIOB TepMONepepabOTKH YIJisl MUPOIU3 SBIISETCS
HanOoJee TMePCIIeKTUBHBIM U MCCIIETyeMbIM TePMU-
YeCKMM HalpaBJIeHHeM IepepadOTKH TaKUX OTXO-
J0B, KaK HU3KOCOPTHBIE YIIM, He(TEILIaMbl U JIp.
[9]. TIuponu3 mpencrasisieT co60i OOIIYI0 CTAAUIO
MHOTMX TIPOIIECCOB, TAKMX KaK CKUTaHWE, CHKUKe-
HUe, KapOOHU3aIMs, Ta3uduKalms, KOTOpbie 0ObIY-
HO paboTalOT B TECHBIX CUCTEMax B MHEPTHOM, BOC-
CTAHOBUTEJIBHOM WM OKUCIUTENILHOM aTrMocdepe
MpU pa3lWYHbIX JABJIEHUSX U BpEeMEHHU IpeObIBa-
Hus [10]. Cpeau neHHBIX TPOLYKTOB (TIOJIyYaeMBbIX
U3 YyIJis1) KAMEHHOYTOJIbHAsI CMOJIA SIBJISIETCS] OCHOB-
HBIM MPOIYKTOM TUPOJIN3a U MOKET MCIOIb30BaTh-
Csl B KQUeCTBE Ba)KHOT'O ChIPbsI J1JIsl MTOTyYeHUsI OJie-
¢unoB [11,12], apomaTryeckux COeIUHEHUN C AO-
OaBieHHON ctouMocThio [13], U MaTepuanioB Ha oc-
HOBE KaMEHHOYTOJIbHOU cMOJIbI [11].

Llenbio 1aHHOW pabOTHI SIBJISIETCS MCCIIEJOBAaHUE
npolecca HU3KOTEMIIEpaTypHOro NMuposu3a (1oity-
KOKCOBaHME) Y[l MecTopoxjaeHusi «Capblagbip»
(Kazaxcran) c¢ onpezneneHueM (pU3NKO-XUMUYECKUX
CBOWCTB yIVIl ¥ MPOAYKTOB €r0 TEPMUYECKOIO pa3-
JIO)KEHUS.

MarepuaJjibl 1 MeToabl. {15 npoBeneHus aHa-
JIM3a WCXOOHOTO YIVISl TOTOBUJIM AHAJIUTHUYECKYIO
npoOy. 1 OLEHKU XMMHUYECKOTO COCTaBa 30JIbl yT-
Js1 OblIa TPUrOTOBJIEHA MpoOa B KoauuectBe 10
rpamm.

J1s1 mpoBefieHus pouecca NUposu3a yris npej-
BapHTEbHO ObUIA OTOOpaHa aHAIUTHYECKast Mpoda
yris BecoM 0,6 Kr M NOATOTOBJIEHA YCpeJHEHHas
npoOa AJs1 MPOBEAEHHs Mpoliecca MUPOoIu3a B pe-
Ttopre Puiepa. Yroab BHICYIIUBAIA Ha BO3IyXe 10
JOCTHKEHHS TTPUOIM3UTEILHOTO PAaBHOBECHS] MEK-
Iy BJIQKHOCTBIO IPOOBI ¥ OKPY’KAOIIEel aTMOC(hEpHI.
[Tpoba yriist ObUTa OCTOPOKHO U3MENTbUEeHA TaK, YTO-
Obl He MeHee 90% ee MPOXOAMIIO Yepe3 CUTO C OT-
BepcTUeM pasmepoM 1 Mm u He Oonee yem 50% ue-
pe3 cuto 0,2 mm. [ToarotoBeHHy0 MPOOY XpaHUIH
B repMEeTUYECKU 3aKylopeHHoW eMkoctu. Hasecky

yra (50 r) HarpeBany B aTIOMMHUEBOM PETOPTE 10
520 °C B teuyenue 80 MUHYT B COOTBETCTBUU C pe-
’KMMOM HarpeBa, rpuBesieHHoM B Tabmure 1. [Ipo-
IOyKTbl Pa3JIOKEHHs HAIpaBJIsIU B IPUEMHUK, OXJIa-
J)KIaeMbId Bogoi co JibmoM. CMoJa ¥ BOJa KOHJIEH-
cupoBaIUCh. ['a3000pa3Hble MPOLYKTHI MOCe 0TOO-
pa po0 1S aHATM3a BEIOPACHIBAIMCH B aTMOCheEpy.
Onpenenenre KOMIIOHEHTHOTO COCTaBa Ta3a, Mojy-
YEHHOIO B pe3yJbTaTe MUPOJIN3a YIVIs, MPOBOAWIN
Ha xpomarorpade JIXM-8 M/I.

Ta6Jsumna 1 - Pe:xum HarpeBa HaBeCKH YIJIst

Bpewms ot Hauana Temneparypa, 0C
HarpeBaHus MUH.

10 220

20 310

30 380

40 440

50 480

60 505

70 520

80 520

Pe3yabTaThl H 00Cy:KI€HHE.

3.1 Xapaxmepucmuxa ucxoonoezo yeas. Pesynbra-
THI aHAJTU3a UCXOIHOTO YIJIsI TIPEICTABJIeHBI B TAOIH-
e 2.

[TpoBeaeHHBIN aHATIU3 Ha CONIEPKaHUE MAcCOBOU
JOJIM XJIOpa M MBIIIIbSIKA MOKAa3al MX CIeIyIolue
3Havenus: Cl — 0.043%, As — 0,0025%. Tlonyuen-
HBIE [MOKA3aTeN COOTBETCTBYIOT «CJleJaM» U B 1aJTb-
HeUIleM B pacyeT He MPUHUMAIOTCSI.

3.2 Xapaxmepucmuka 3016l Yyensi

XUMUYECKUN COCTaB MHUHEPAJIbHOW YacTU YIS
npejcTaBjeH B Tabmmie 3.

OrnpeniesieHbl OCHOBHBIE TOKA3aTeNM IUIAaBKOCTU
MUHEpaJIbHOW YacTy yIJis: Temreparypa, pu KOTo-
PO MOSIBJISIIOTCS TIEPBbIE IPU3HAKY OIUIABJIEHUS CO-
crapisier 1220 °C, a Temneparypa, mpu KOTOpou 00-
pazern pacrekaercs >1500 °C.

3.3 Pesyavmamul 6anarcosvix onvimos. B xone
UCCIIEIOBAHUI OBbLJIO TTPOBENICHO IIECTh OATAHCOBBIX
OIBITOB TIO MUPONM3Y YIJISA, Pe3yIbTaThl KOTOPBIX
NIpeJICTaBJIeHBI B Ta0mwIIe 4.
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Ta6uumna 2 - XapakTepucTuKa HCXOJHOT0 YIJIs

. YcnosHoe INokasarenu Ha maccy, %

CsolicTBa
0003HAaUYeHUE | AaHATTUTUYECKYIO | CYXYIO | TOPIOYYIO

MaccoBas gois Biaru | W 4 - -
MaccoBas nond 306l | A 30,06 31,31 | -
Jleryuue BemecTBa A\ 21.48 22,38 | -
NeMeHTHBIA COCTaB:
Yrnepon C 55,95 58,29 | 84,85
Bonopon H 5,35 5,57 8,11
Cepa oOmas S 0,45 0,47 0,68
Kucnopon O 3,19 3,03 4,84
A3zor N 1 1,04 1,52
Termora cropanus, | QH 5752,81, kkan/kr
HUBIIAs
Temora cropanus, | QB 5983,14, kxkai/kr
BBICIIIAS

Ta6uuna 3 - XuMHYeCKHH COCTAaB MHUHEPAJbHOM YaCTH YIS

Ne | Xumunueckast | 3Hauenue, %
popmyna
1 | SiO2 64,1
2 | Fe203 0,21
3 | AI203 32,72
4 | CaO <0,1
5 | MgO 0,28
6 | SO3 < 0,025
7 | TiO2 1,7
8 | P205 0,12
9 | Na20 <0,2
10 | K20 0,52

Ta6auna 4 - Pe3yasTaThl npomecca mupon3a yrist

3arpyxeHo [onyyeno
Ne Macch podl, T ITonmykokc Cmomna cyxas | Boma Boma nmpore- | I'a3 u notepu
BHEIITHSIS HEeTUYecKas
r mac, % | r mac, % | T mac,% | r mac, % r %
1 | 50,42 42,82 | 84,92 | 2,47 | 491 2,1 | 4,17 0,92 | 1,82 2,11 | 4,18
2 |51 43,14 | 84,59 | 2,63 | 5,15 2,13 | 4,17 1,07 | 2,11 2,03 | 3,98
3 |51 43,14 | 84,59 | 2,89 | 5,69 2,03 | 3,99 1,47 | 2,88 1,47 | 2,88
4 |51 43,12 | 84,55 | 2,82 | 5,53 2,04 | 4 1,38 | 2,7 1,64 | 3,21
5 |51 43,53 | 85,36 | 2,45 | 4,8 2,04 | 4 0,96 | 1,88 2,02 | 3,96
6 |51 43,12 | 84,55 | 2,38 | 4,67 1,9 | 3,72 1,5 |294 2,1 | 4,12
YcpenHeHHble 3HauUeHNs | - 84,76 - 5,13 - 4 - 2,39 - 3,72
CXonuMOoCTh pe3ybTaToB 0,25 0,33 0,45 0,45
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[TonmyyeHnHble pe3ysibTaThl Mpoliecca MUPOIU3a yr-
Jisl TIOKa3aJIM, YTO OCHOBHBIM MTPOAYKTAMM MUPOJIU-
3a UCCIIEyeMOTO YIJIS SIBJISIOTCS TOJTYKOKC, CMOJIa 1
TOPIOYMI ra3, ycpeTHeHHbIE 3HAUeHU S KOTOPBIX (OT 6
OITBITOB) COCTaBJISTIOT COOTBETCTBEHHO 84,76 %, 5,13
% wn 3,72 %. IlpuyeM B HaOONbILIEM KOJIMYECTBE
U3BJIEKAETCS TIOJYKOKC. [laHHBIE pe3ysbTaThl XOpo-
10 COTIOCTABJISIIOTCS C AaHAJIOTUYHBIMU pe3yibTara-
MU, TIOJTy4YeHHbIMU B padote [14] mis 2 oOpasios
yria mecropoxkaenui Nariinsukhait u Tavantolgoi
npu 500 °C. [Ina DaHHBIX 0Opa3lioOB YISl BBIXOMIbI
MOJTYKOKCa, CMOJIbI M TOPIOYEro raza COCTaBWJIU CO-
orBeTcTBeHHO: 93,0 %, 1,1 %, 2,5 % (nns mecro-
poxnenus Nariinsukhait) u 92,3 %, 2,5 %, 2,3 %
(s mectopoxaenus Tavantolgoi). Crienyer Takxke
OTMETUTh, YTO CXOAUMOCTb MOTYYEHHBIX pe3yJbTa-
TOB 6 OIBITOB BIIOJIHE YJOBJIETBOPUTEIIBHA.

3.4 Xapaxmepucmuka npooyKmos nupou3d.
[TpomykTamu muposm3a yris sBIsSIioTCS ra3, CMOJa ¢

TIOJICMOJIHOUM BOJIOM U TIONYKOKC. JI71s1 TOrO, 4TOOH
IIPOBECTU HCCIIEOBAHUE COCTaBa MPOAYKTOB MUPO-
Jr3a HEOOXOIMMO OBLIO HAKOMUTH OKOJIO 50 rpaMm
CMOJIBI C TIOICMOJIBHOM BOJIOH M cOoOpaTh JOCTaTOY-
HOE KOJIMYEeCTBO rasa. [loatomy, [Uisi HaKOIUICHUS
CMOJIbI ObLT TIPOBE/IEH OIMH OMBIT Ha YKPYHMHEHHOW
peropre ¢ 3arpy3koi Torusa Maccou 1 kr. OpHako
BCE pacyeThl M OaJlaHChl TPENCTaBJIEeHbI MO YCpea-
HEHHBIM pe3y/ibTaTaM 6 OTBITOB MAPOJTH3a.

3.4.1 Xapaxmepucmuku 2aza nupoausa yeas. OTt-
00p muporasa MPOBOAWIN MPHU 2-X PA3TMUHBIX TEM-
neparypax: 480 °C u 520 °C, cOOTBETCTBYIOIIMX Ha-
YaJty ra30BblEJIeHUs U IEPUOly MAKCUMAJIBHOTO Tra-
30BBIJICJICHNS] TSI HAMOOJIee TOYHOTO pacyeTa ero
TEIJIOThI CTOPaHUS.

B taGmurie 5 npecTaBieHbl pe3y/ibTaThl aHATIM3A
KOMIIOHEHTHOI'O COCTaBa HOHy‘leHHOF (0] HI/IpOJII/I3HO-
ro raza, % (00.).

Ta6anna 5 - KoMnmoHeHTHBIA cOCTaB MUPOJH3HOIO0 ra3a

Temmeparypa
or60p f Yl co, |H,S |H, |N, |CH, |CO |GCH,|CH,
480 °C 16,27 | 1,27 | 3,99 | 3,78 | 39,71 | 12,16 | 9,74 | 2,99
520 °C 8,16 | 1,27 | 8,64 | 1,54 | 50,19 | 13,77 | 9,5 1,82
Cp. 3nauenue | 12,21 | 1,27 | 6,33 | 2,66 | 44,96 | 12,97 | 9,63 | 2,41
IIpogoskeHne TaGUIBI 5
Temneparypa . .
0T6Op;’ P4 c.H, | CH, | iCH,, | nCH,, | C,Hg | iCH, | Tax
480 °C 3,78 12,29 | 0,21 1,06 0,69 | 0,86 1,2
520 °C 2,18 | 1,14 | 0,13 0,53 0,28 | 0,27 0,58
Cp. 3Hauenue | 2,98 1,72 1 0,11 0,8 0,5 0,56 0,89

B nonmy4eHHOM NMMPOIM3HOM ra3e B HAMOOJBIIHX
konmmuectsax npucyrcerByior CH, (44,96 %), CO,
(16,27 %), CO (12,16 %), C,H, (9,74 %) no yObiBa-
oeMy nopsaaky. OcrajabHble KOMIOHEHTBI COCTaB-
ns10T MeHee 4 % B rasze. Pacuer TermioTBopHOii crio-
COOHOCTH Ta3a MPOBOIIIM 110 SMITMPHYECKOH (op-
myne Menaeneesa JI.1. TernoTBopHasi CHoCOOHOCTb
rasza (HM31Ias) 10 yCPEeAHEHHBIM JaHHBIM COCTaBUJIA
7731,95 kkan/kr. [JaHHBIA BBICOKOKAJIOPUIHBINA a3

MIOJIyYUJICSI B OCHOBHOM 32 CYET BBICOKMX KOHILIEH-
Tpaluii MeTaHa U TaHa. PacyeTHast IJIOTHOCTD rasza
110 yCPeHEHHBIM JaHHBIM cocTapseT 1,13 kr/m>.

3.4.2 Xapaxkmepucmuku CymmapHori CMOAbL NUPO-
auza yeas. CMona cyMMapHasi TpeacTaBiiseT coOon
TEMHYIO BA3KYIO JKUJIKOCTb, KOTOpast Jierde BOJBI, C
XapakTepHbiM 3anaxoM. CMosa coOpaHHasi U3 pas-
HBIX IIIECTH OMBITOB OTAE/ISIACh OT BofAbL. [1J1s1 uccie-
JOoBaHUS (PUBUKO-XUMHUYECKUX XapaKTEePUCTHK CMO-
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J1a 00€3BOKUBAIIACH. 13.22; Temneparypa BCHBILIKYA B OTKPbITOM THUIJIE-

o] . (o]
DUBMKO-XMMUYECKME TOKA3aTeMu cMoybl cocta- /2 C; Temmeparypa 3acteiBanust 7 °C.
BUJIM: TIOTHOCTB (Kr/M>)- 0.83; BS3KOCTb OTHOCH- KOMMOHEHTHBIN COCTaB CMOJIbI, MOMYyYEeHHON W3
TenbHasA— 2.17; Bsa3kocTh kuHeMatwdeckass (cCT)- yruis, mpejcTaBiieH B Tadimie 0.

Ta6umma 6 - KoMnoHeHTHBI cOCTaB CMOJIBI H3 YIJIst

HaumveHoBaHne KOMIOHEHTa Conepxanue, %
deHoITbI 16,13
[TvpuarHOBBIE OCHOBAHUSA 2,23
Kap6oHOBBIE KMCIOTHI 0,32
HeliTpanbHble yriIeBOAOPOIbI 33,92
MexaHuuyeckue npuMecu 19,96
KapOeHsl, acdaibTeHbl 20,3
OcMorsiomuecs 7,1
DJIeMEeHTHBII COCTAB:

VYrnepon 80,68
Bonopon 9,56
Cepa 1,2
Asor 1,48
Kucnopon 7,08
TerutoTta cropanusi, Hu3IIas, KKaJl/Kr 8745,14

Ta6smma 7 - Pe3yabTaThl pa3rOHKH CMOJIBI

TemmneparypHblii UHTEpBal pa3roHku, °C Z;HXOH (bpaxiumn
H.K. = 69 3
69 - 180 6.60
180 — 280 24,40
280 — 337 21,50
>337 46,37
1,13
K.K. = 337
noTepu
Htoro 100

Kak BHIHO W3 TIOMyYEeHHBIX Pe3yJIbTaTOB, OCHOB- Pe3yibTaThl pa3srOHKH NpeICTaBIeHbI B Ta0mwIie 7.

HBIMU KOMIIOHCHTAMH IOJTy4CHHOIi CMOIIBI SIBISIOT-  paximio 710 180 °C MOKHO ONEHUBATH KaK GeH-

Csl HeUTpasIbHbIe yrieBogoponsl (33,92 %), kapOe- 3UHOBYIO, BBIXOJI €€ He3HaunTesieH. Ppakimu, OTHO-

Hbl 1 acambrensl (20,30 %), denomst (16,13 %),  campecs k ausepHOMy TOILMBY (B MHTEpBAE TeM-

ocmorstioniecst (7,10 %). B HeOonbIMx Komue- neparyp 180-230 °C) 1 KOTE/IBHOMY TOIUIHBY (IIpH

cTBax (MeHee 3% ) NpUCYTCTBYIOT MUPUJUHOBBIE OC- Temneparype > 280 °C), cocraensior 6onee 50 %.

HOBAHMUS U KAPGOHOBBIC KUCIIOTHL. KyOOBBblii OCTAaTOK COXpaHSIET TEKYYECTh IPHU HOP-
Pasronke mnomBeprajach OOE3BOKEHHas CMOJIA. MAJIbHOM TeMIIEparype.
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3.4.3 Xapaxmepucmuka noocmonvHoti 600vl. Pe- bl pecTaBlieHbl B TaOIuIIe 8.
3yJIBTATHl UCCIIEIOBAHUS COCTaBa MOJCMOJIBHON BO-

Tab6auna 8 - XapakTepHCTHKH ITOICMOJIBLHOI BOIBI

HanmeHnoBanue nokasarenei En. usmepenus | 3HaueHus
pH - 9,38
Xumnueckoe norpednenue kuciaopoga | mrO/n 60
Jleryuue c napom ¢penona r/n 0,9
[TvpuariHOBBIE OCHOBAHUS r/n 2.4
Cynbdarst ™I/ 0,05
Xnopusl Mr/n 0,003

Ta6aumna 9 - XapakTepucTHKH NOJYKOKCA U3 YIJIsI

Conepxanue
HanmenoBanue mokaszareiist Conepxanue Ha Cyxylo Maccy, % | Ha OPraHU4YECKYIO
Maccy
MaccoBas 107 30:1b1 (A) 35 -
Jleryuue BemectBa (V) 10,81 16,63
DJIeMEHTHBIN COCTaB:
VYrnepon 60,73 93,43
Bonopon 2,74 4,21
Cepa oOmmas 0,40 0,61
Kucnopon 0,63 0,97
Asort 0,50 0,78
Tenora cropanus (Hu3Ias), KKaji/Kr 5587,19

Taouuna 10 - TeruioBoii 6aaHc MAPOJIN3A YIJIsA

Ne | IIuponus Beixon nponykToB, % Temtora cropanus | TeroBou

n/m | yrius Ha Ha Ha pad. maccy, OamaHc
AQHAJTUTUYECKYIO | cyxylo | Q, KKaJl/Kr KKaJ/Kr
maccy maccy

1 Yrop UCXOTHBIN - 100 5752,81 5752,81

IIponykTel nupoM3a yris

1 [onmykokc 84,76 88,29 | 5587,19 4735,7

2 Cmorna 5,13 5,34 | 8745,14 448,62

3 [Tuporenernyeckas Boga | 2,39 2,49 - -

4 Bopa BHemHAg 4 - - -

5 la3 3,72 3,87 | 7731,95 287,63

Nroro 100 100 - 5471,95

Hessi3ka Gananca (24213,%88‘20 )
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[MoncmonbHast Boga COOEPKUT HEOONbIOE KOJIH-
YECTBO PACTBOPECHHBIX CMOJISIHBIX KOMIIOHEHTOB.

3.4.4 Xapaxmepucmuka noaykokca. XapakTepu-
CTHKHM TMOJIYKOKCA, MOTYYEHHOTO B pe3y/ibTaTe MUpo-
JIM3a YIUisl, IpeAcTaBieHsl B Tabmmie 9.

3.5 Tennosoii 6aranc nupoausa yeas. Pacyer
TEIJIOBOro OajnaHca MPOBOAWIM IO YCPEeOHEHHBIM
BBIXO/IaM TIPOAYKTOB, TMOJYYEHHBIX TMPU TEpMUUe-
CKOM Pa3JIOKEHUHU YIJI B TEMIIEPATYpHOM JHaria-
30He 220-520 °C. BbIxoapl NpOAYyKTOB, pacCUMTaH-
HBIE HA CYXYI0 MacCy MCXOJHOI'O yIJIS U UX TeIJioTa
CropaHusi, mpejcraniens! B Tadmuue 10.

Kak BumHO m3 tadmuusl 10, HEBA3KAa TEIUIOBO-
ro OanaHca cocraBisier meHee 5 % (4,88 %), uto
BIIOJIHE JIOTTYCTHIMO ¥ YJOBJIETBOPSIET TPEOOBAHUSM
IO IIpeJesiaM JOIYCTUMOM CIIy4ailHOM MOT PEIIHOCTH
HEBSI3KU.

BeiBoabl. [IpoBeneHHOe UccieqoBaHue MpoLec-
ca HU3KOTEMIIEPaTypHOTO NHUPOIU3a YIS MECTO-
poxaeHus «Capblagblp» MOKa3ajl0, YTO OCHOBHBIMU
MPOAYKTaMH MUPOJIN3a ABIAIOTCA MOIYKOKC (84,76

%) 1 B HEOONBIIMX KOJIMYECTBAX - TOPIOYMH ra3
(3,72 %) n cmona (5,13 %). [Tonykokc mpeacTaBiisier
co00il BBICOKOKAUECTBEHHOE MAaJIOCEPHHCTOE TBEp-
Joe TorumBo. TTomydyeHHBIN MOTyKOKC XapaKkTepu3y-
ercss HU3KUM BbixozoM Jietyuux (10,81 %) u BbI-
COKOM TeIJIOTBOPHOM criocoOHocThio (Qp= 5587,19
KKaJI/KT') ¥ TaKO! IPOLYKT MOKET UCIIOIb30BaH B Ka-
yecTBe 3(P(PEKTUBHOrO OE3/IBIMHOTO TOTUIMBA, & TaK-
)K€ B KQUECTBE BOCCTAHOBUTEJIS [UIs1 METAJLTy pruye-
CKOH npombliiuieHHoCTH. [lomyyaeMslil U3 yris ro-
plounii ra3 Takke oOJaJaeT BHICOKOW KaJOPHITHO-
ctpio. Takum 00pa3oM, MOJTyYeHHbIE U3 YIJIsl LIeH-
HbIe XUIMUYECKHE TIPOIYKTHI MOTYT OBITh 3(P(EeKTHB-
HO HCIIOJIb30BaHBI B 00JIACTH SHEPTETUKHU.

Dunancuposanue. paboma vinoaHeHa npu Pu-
HaHcogoli noodepxcke Komumema wnayku Munu-
cmepcmea Hayku u evicuiezo obpaszoeanus Pecnyo-
auku Kazaxcmar (Ne BR21882171 «L[YP 9.4: Pazeu-
mue «3eneHoll» sxoHomuku Kazaxcmana nymem ne-
Pepabomxu MUHEPANLHOZ0 CbIPbsL U OMX0008 Meno-
00M NUPOAU3A» ).
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FTAMP 61.43.29 https://doi.org/10.58805/kazutb.v.3.24-414

JKAPBLJIBIC JK¥MBICTAPBIH/IA SMVJIbCHSLIBIK, ’KAPBLIFBIII 3ATTAPIbI
KOJIIAHYIbIH TUIMILIITTH TAJIIAY

3.K. Kap:kayosa , JI.JI. Meiipam, 2K.T. Hypraii, A.2K. Xamur, C.72K. Kaibix6epreHosa

K.KynaxkanoB aTbiHAarel Kazak TeXHOIOrHs koHe OM3HeC YyHUBepcHTeTi, AcTaHa, Ka3akcran

*‘Koppecnouzent-agrop: karzhauova.81 @mail.ru

Tay-KeH MacCHBTEpIH kapy KeMeriMeH Oy3bUTYbIHBIH J1aMybl Tay-KeH KOCIOpbIHAAPBIH/A TiKeleH a3ip-
JIEHETiH, KYPaMbIH/Ia KapbUIFBII KOMIOHEHTTepi 5KOK K3-/1bIH SBOMIOLUSCHIMEH OAMIaHBICTHI.

OnepkacinTik )K3-MeH caJibICTBIpFaHIa SMYIbCHUTBIK, K3 THiMITipek, OyI1 KOFapbl 3apsiiTay THIFbI3/IbI-
FbIHA KOHE COHBIH CaJIapblHAH KAPbUIbIC SHEPTUSICHIHBIH KOJIEM/IIK KOHIIEHTPAIMSCHIHBIH jKoHE YHFbIMa
3apsATAPBIHBIH KapbUTY SKbUIIAMIBIFBIHBIH KOFapbl MOHepiHe OaitnanbicThl. HoTrskecinae DK3 kymiri tay
JKBIHBICTAPBI YIIIiH KOJAWIbl KEPHEY TOJKBIHAAPBIHBIH AJIBIHFBI JKaFBIHIAFbl KHICHIMHBIH JKOFapbLIaybIMEeH
FaHa eMec, COHbIMEH KaTap, CYHbIK, (ha3aHbIH (3MYJIbCUSHBIH) OOTybIHA OAMIAaHBICTHI OHBI Y3aK, YaKbIT OOWBI
YCTart Typajpl, OyJI 3apsiiTaH aJibicTay Ke3iHjie yCaKTay THIMJILTITIH apTThIPa/IbL.

AkcnepumeHTTiK 3eprreyiepmed ANFO kemeninge D7K3 KonianraH Ke3zie OipTeKTiliKKe KaThICThI apa-
JIac 3apAATHIH KYMBIC KaO1eTTiniriH 15%-ra yiraiTy eceOiHeH jKorapsl sKMeKTepi Oap skafailiapaa Oy prouiay-
’Kapy KYMBICTAPbIHBIH TUIM/ALIII )KOFapbUIANTBIHBI, KEHAEP MEH ChIMBIM/bI KBIHBICTAP ILIEKAPACBIHBIH Kbl-
Jkysl 1,5...2,0 ece azasatbinbl, K3 mbirbiHAapeiH 0,9%-ra TOMEHJETE OTBIPBII, Tay MacCAChIHBIH YCAKTaTy
carachl )KaKcapaTbIHbl JA9JIeJIEHI1; Kapblibic )kyMbIcTapblHbiH DeK K-men kemenne D7K3 konnaHyra aybl-
CYBIMEH Tay JKbIHBICTAPBIH YCAKTAy carachl YHiHIiIer KapbliFaH OeJIiKTiH opTama MemmepiHiH 15,8%-ra
#oHe K3 mbirbiHAapbIHbIH 0,8 %-Fa TOMEHIEYIMEH KaKCapa/bl.

Tyiiin ce3aep: SMyIbCUSIIBIK KAPUIFBILI 3aTTap, CY-Te/Ib/li OHEPKICINTIK KapbUIFBIL 3aTTap, KAPbUIBIC
SHEPrUsIChIH PETTEY, JETOHALMS KbIJIIAM/IBIFbl, NEKTPIIIK eMEC MHULMALIUS KYWenepl, TYHIpIIiKTI aMMHUaK
CEJIUTPAChIHBIH CYChIMaJIbl KOCIACHI, JU3€JIb OTHIHBI.

AHAJIN3 3PPEKTUBHOCTHU NIPUMEHEHU A SMYJ/IbCHOHHDBIX B3PbBIBUATBIX BEIIIECTB
ITPU B3PbIBHbBIX PABOTAX

3.K. Kap:kayosa , JI.JI. Meiipam, 2K.T. Hypraii, A.2K. Xamur, C.2K. Kaibix6epreHosa
Kazaxckuii yauBepcuteT TexHonoruu u OuzHeca uvenu K. KynakanoBa, Acrana, KazaxcraH,

e-mail: karzhauova.81 @mail.ru

[Tporpecc BO B3pbIBHOM pa3pylIeHUH MAaCCUBOB TOPHBIX MOPOJ CBsI3aH C 3Bomoiell BB B HanpaBieHnn
Pa3BUTHS COCTABOB O€3 B3PHIBYATHIX KOMITOHEHTOB, M3TOTOBJISIEMBIX HEIOCPEICTBEHHO Ha TOPHBIX Tpe-
MPUSITHUSIX.

SmynbcroHHble BB 10 cpaBHEHMIO ¢ IPOMBIIIIEHHBIMHU SIBIISIOTCS O0s1ee 3¢ (EKTUBHBIMU, YTO 00YCIIOB-
JieHo 6oJiee BBICOKOM IIOTHOCTBIO 3apsiKaHus U, Kak CJIe/ICTBUE, OoJiee BHICOKUMU 3HAYEHUSIMU OOEMHOMN
KOHLIEHTpAllMM SHEPIvM B3pblBa U CKOPOCTHU JAETOHALMM CKBaKMHHBIX 3apsAJoB. Beaencreue storo, BB
XapaKTepU3YyIOTCSl HE TOJIbKO MOBBIIIEHHBIM JIaBJI€HUEM Ha (DPOHTE BOJIH HANPSKEHUH, IPUEMIIEMBIM 11
KPETKHX TIOpOj1, HO Oyiarogapsi MpUCYTCTBHIO B COCTaBE KUIKOM (pa3bl (IMYJIbCHHN), TIOJIEPKUBAIOT €r0 B Te-
YyeHne OoJee TMTEIBHOTO TPOMEKYTKA BPEMEHH, UTO MOBBIIIAET 3(PPEeKTUBHOCTD APOOICHNUS HA YIAICHUH
OT 3apsja.
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DKCIEPUMEHTAIBHBIMU HUCCIEJOBAaHUAMM JI0Ka3aHO, 4To MpH npumeHeHn DBB B kommiekce ¢ ANFO
noBbIaeTcst 3(pGeKTUBHOCTb OypOB3PHIBHBIX PA0OT B YCIOBUSX C BHICOKUMH YCTYIIaMHM 32 CUET yBeJInye-
HUS padOTOCIOCOOHOCT KOMOMHUPOBAHHOTO 3apsiia OTHOCUTENIBHO OTHOPOIHOTO Ha 15%, yMeHbIIaeTcs B
1,5...2,0 pa3a cMellieHre rpaHULIbl Py/Abl ¥ BMEHIAIOIIMX TOPO/, YIy4dIlaeTcsl KauecTBO IpOoOIeHusl TOPHOR
MAacchl [P OTHOBPEMEHHOM CHIKeHuH 3aTpaT Ha BB Ha 0,9%; ¢ mepexooM B3pbIBHBIX PadOT Ha IpUMEHe-
nue DBB B komruiekce ¢ HCU kauecTBo ApoOieHust MOPOJ yIydIlaeTcsi CO CHIKEHUEM CPeIHEero pasmepa
B30PBAHHOI'O KycKa B pa3Bajie Ha 15,8 % u 3arpar Ha BB Ha 0,8%.

KmoueBble caoBa: SMYJIbCUOHHBIC B3PbIBUATLIEC BEIIECTBA, BOOHOI'CJIEBLIC ITPOMBIIIJICHHBIE B3pbIBUA-
ThIC BCIIECTBA, PETyJIMPOBAHUC SHCpFHCfI B3pbIBd, CKOPOCTb ACTOHAILIUN, HEIJICKTPUICCKHUE CUCTEMbI NHH-
HUHUPOBAHUS, CbIIIydad CMECH FpaHyHHPOBaHHOﬁ aMMHAYHON CEJIUTPBbL, AN3CJIbHOE TOILJIMBO

ANALYSIS OF THE EFFECTIVENESS OF THE USE OF EMULSION EXPLOSIVES IN BLASTING
OPERATIONS

E.K. Karzhauova ', D.D. Meiram, Z.T. Nurtai, A.Zh. Hamit, S.Zh. Kalyhbergenova
Kazakh technology named after K. Kulajanov and a business university, Astana, Kazakhstan,

e-mail: karzhauova.81 @mail.ru

Progress in the explosive destruction of rock massifs is associated with the evolution of explosives in
the direction of the development of compositions without explosive components manufactured directly at
mining enterprises, equipment and technology for charging wells.

Emulsion explosives are more effective compared to industrial explosives, which is due to a higher
charging density and, as a result, higher values of the volumetric concentration of explosion energy and the
detonation rate of borehole charges. As a result, EVs are characterized not only by increased pressure at
the front of stress waves, acceptable for strong rocks, but due to the presence of a liquid phase (emulsion)
in the composition, they maintain it for a longer period of time, which increases the crushing efficiency at
a distance from the charge.

Experimental studies have proved that when using EVV in combination with ANFO, the efficiency of
drilling and blasting operations in conditions with high ledges increases by increasing the efficiency of
the combined charge relatively homogeneous by 15%, the displacement of the ore boundary and the host
rocks decreases by 1.5...2.0 times, the quality of crushing rock mass improves while reducing the cost of
explosives by 0.9%; with the transition of blasting operations to the use of EVV in combination with NSI,
the quality of rock crushing improves with a decrease in the average size of the exploded piece in the
collapse by 15.8% and the cost of explosives by 0.8%.

Key words: emulsion explosives, water-gel industrial explosives, regulation of explosion energy, detonation
rate, non-electric initiation systems, bulk mixture of granular ammonium nitrate, diesel fuel

Kipicme. Conrbl eki OHXBUIIBIKTA Talia OOJFaH
JKapbUIbIC KYMBICTAPBIHBIH YKOHOMUKAIBIK, THIM-
JUTIr1 MEH ONap/blH KAYIICI3AIriHiH apTybl Kaparnai-
BIM KYpamJIaFbl KapbUIFBIII 3aTTAPIIBIH KOHE Kypa-
MBIHIA CYbI Oap KapbUIFBIII 3aTTapIblH Maiga 6o-
JIyBIMEH OaiiJIaHbICTHI.

Byn karapma MaHbI3AbI OPbIHABI IMYJIbCHUSLIBIK
JKApBUIFBIII 3aTTap aJlajibl, ONAPAbIH HETi3ri apThIK-

MIBUTBIKTAPBI OH1IPiC TIeH MaiAalaHy Kayinci3airiHig
€H JKOFapbl JACHIell, TUEY MPOLIECIH TOJIbIK MEXaHU-
KaJIaHABIPY MYMKIH[IIT1, SHEPTreTUKAJIbIK CUIaTTamMa-
JIapapl peTTey, COHbIMEH KaTap, IMIMKi3aT KYHbI KO
KETIMJIUTITT )KOHE TOMEH OO0JTybI OOJTBITT TaOBLIA/IHL.

Ozexriniri. Kazipri yakpITTa aislK Tay-KeH Ky-
MBICTApbIH KYPri3y Ke3iHJe apuly KYMbICTapPbIHbIH
KYPT apTTa KaJlyblHa OailIaHBICTBI )KoHE OoJallakTa
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Tay-KeH ;KYMBICTAPbIHBIH OJJaH 9pi JamyblHa Oaiina-
HBICTBI Taia bl Kaz0amapasl Urepy YIIiH Tay-KeH
)KOTaJIapbIH JAafibIHAY KaFJabl epuiirin ketti. CoH-
IBIKTaH, Tay-KeH OHEPKaCciOiHIe 6Te MaHbI3/Ibl Mace-
JIEHi 11IeIy MOCeJIeci TybIH/AA/Ibl: apIlly K YMbICTAPbIH
KYPrisyal eaoyip KyLIEenTy.

Makcatbl:  Oyprbutay-kKapy  KYMBICTAPbIHBIH
TUIMJIUTITIH apTThIPY/Ibl KAMTAMacChl3 €TETiH IMYJIb-
CUSUIBIK  JKapbUIFBIII  3aTTapAblH IapaMeTpiepiH
Heri3zey.

Marepuaagap MeH Jdjicrep. Byn smynbscus-
JIBIK, JKapbUIFBIII 3aTTApAblH KYPAaMbIHAA KEKe Ka-
PBUIFBIII 3aTTap KOK, COHJABIKTAH KAYyiNTi XYKTep-
Il TachlMajiay MEeH CaKTayMeH OaiJIaHBICTBI TIPO-
OeMasiap korbUIaIbl. JlereHMeH, aOCOIIOTTI Kayil-
Ci3 JKapbUIFBIII 3aTTap KOK €KEHiH KOHE TOTHIKTHI-
PFBILI IIEH OTHIHHBIH K€3 KEJIT'€H KOCIIAChI sKaPbLIFbILI
00Tyl MYMKIH €KEHIiH *KoHEe OHBl OHJIEY Ke3iHjeri
HAKThl KAYINTUIIK 9pekeci KerTereH (paktopiapra
OaiJIaHbICTHI EKEHIH ecTe yCcTaraH xeH [1].

ZKapbUtrpi 3aTTapablH OyJ1 TYPiHiH alKbIH Tap-
THIMJIBUTBIFBI KONTETeH Tay-KeH KCIMOPbIHAAPBIHIA,
acipece ipi KacimopbiHAApaa Olapibl OHIIpy KoHe
naljaiany YIIH KelleHIepaiH OeJICeHI KYPbUIbI-
CBIHA JKEJII].

OMyNbCUSIIBIK KAPbUFbILI 3aTTAPIbIH MaHbI3/bI
epeKILeNiKTepiHiH Oipi 3MyJbraTop 3apsiIbIHbIH
KOJIEMJIIK SHEPTUsCHIHBIH KOHLEHTPALMSACHIH M-
Oyprien perTeMei, OHbIH OACTarnKbl UMITYJILCKE Ce-
3IMTaJIIbIFBIHA KOJI KETK13€ OTBIPBII KOHE THIFbI3/IbI-
KTbl ©3repTy apKbUIbl KOJI KETKI31IeTiH JeTOHALMA-
HBIH KPUTUKAJIBIK, TUAMETPiH ©3repTIIECTeH, KOMIIO-
3ULUSHBIH 631 KapBUIFIII 32T OOJBIT TaObLIMAMIbI.
DMyJIbraToOpAbl OFaH XMMUSUIBIK, areHTTep/l (XUMHUSI-
JIBIK Ta3 TeHepaLusIChl) HeMece MeXaHUKaJIbIK, KOCTIa-
Jlapapl (LUbIHBL cpepackl, NEPIIUT, ThIFbI3/IbIFbl TOMEH
MOJIMMEPJIEP) EHT13Y aAPKbUIbI KOJI KETKI3LIE .

CoHbIMEH KaTtap, SMYJIbCUs IMYJIbCUSIAPIHBIH
KYpaMblHAa TYMIpIIIKTEJNreH (KEyeKTi) aMMOHMI
Hutpatel Hemece ANFO tunri kKocmanap Oomybl
MYMKiH, Oy XKaFjaiaa sMyIbCUSHBIH Maib3bl 30-
naH 70%-ra neitin e3repyi MyMKiH. OCbl epeKIelti-
riHe OaiIaHBICTHl KAPBUIFBII 3aTTap CTAHAAPTTHI
OHEPKACIMNTIK KAPBUIFBIII 3aTTAPMEH CAJIbICThIPFaH-
Ja eHIpY XKoHEe MaijanaHy VIIiH eH Kayirciz 6o-

JIbIT TaObLIaAbL. ZKaumbl ajFaHaa, o1ap TOTHIKTHIPEbI-
LITap/IbIH CYJIbl epiTiHICI (Heri3iHeH aMMOHUH, Ha-
TPUH, KaJIbIIUA HATPATTAPhI) JcHepcTi (paza OoIbI
TaObUIATBIH )KOHE JAUCIIEPCUSIIBIK OpTa CYHBIK HEMe-
ce OANKBITBUIFAaH OTHIHMEH (Heri3iHeH MyHall eHfiey
OHIMJEpi) TY3UIETIH QIETTErl >KOrapbl KOHLEHTPII
IMYJIBCUSIHBI Oltipeni [2].

DusMKaNBIK, XUMUSAAFBl SMYJIBCUSTHBIH OYJT TYpi
Kepi Jen XKiKTeJeldi >KoHe «MYHaWaarbl Cy» Jen
Oenrineneni. MyHnaii aMynbcusiiapaa cyisl gasa-
HBIH 9pOip TaMIIIBICHI Cy/la €piIMENTIH OPraHUKAaJIbIK
3aTTapIbIH KaOBIFbIH/IA OOTaIbl. DMYIbCUSHBIH Kajl-
bl OH KacHUeTTepiH (TOTHIKTHIPFBIUTHIH O©TE a3 OJ1-
niemMziepi 0ap YJIKeH apajblk OeTi) MmaijajaHy To-
TBHIKTBIPFBIIITHIH OTHIHMEH ThIFbI3 OAIlIaHbICHIH jKOHE
OJIapIbIH KapBUIFHIIT Macca OOMbIHINA OIpTEKTi Ta-
paTyBIH aJlyFa MyMKIiHIIK Oepeji, Oy1 KOMITO3UIIUSI-
Japra caH 6epeni. KommoneHTTepai apanacTepyIbiH
SNIeTTEeri MEXaHWKAJIBIK OiCTepiMeH KOJ KEeTKi3y-
re OonMaiThiH OH Kachertep. OcbUTaiiina, dMyJib-
CHSUTBIK, JKAPBUIFBIII 3aTTApAblH KOMETiMeH Xapbl-
JIFBILII 3aTTApABbIH JETOHALUSAFA KOFAPhl CE31MTalIbl-
FhIMeH Oip Me3riije Kayirci3 KojgaHyra OOJaThH
pelienTypaiapblH aly MYMKiH OoJIsl. Ommemiepi
1-nex 50 MKM-re nOeliHri €H KIMKEHTald TOTBHIKTHI-
PFBIII O6JIIeKTepAeri OTHIHHBIH MUKPOCKOIHUSLIBIK
TUIEHKACHI 0ap KOMIO3UIIUSHBIH JIbIHFAH SMYJIbCHSI-
JIBIK, KYPbUIBIMBI (1-cypeT) OyprbulayiaH KeiiH THey
TEXHOJIOTUSCHIH KOJIIaHA OTBIPBIIL, OJIap/bl Maiigasa-
Hy MyMKiHairiver ITK3 (rmmacTukasbIK, sKapblIFbIIT
3arTap) )KOFaphl CyFa TO3IMALIIIH KAMTaMachl3 eTe-
Ii. DMYIbCUSIIBIK, KAPBUIFHIIIT 3aTTAPIIBIH KOJIOTHSI-
JIBIK Ta3aJIbIFBI €pEKIle Ha3ap ayJapylsl KaxeT ere-
Ti, OyJ1 KapbUIbIC KAYTIiH 63repTy Ke3iHae /e, Kapbl-
JIbIC aJIIBIH/IA Tay >KbIHBICTAPHIMEH KOHE KEP aCThI
CyJIapbIMEH jKaHAaCKaH/a J1a KaMTaMachi3 etinesi [3].
SOMYJIbCUSIIBIK KAPBUIFBII 3aTTapAbl KOJMAAHY To-
KiprOeci KapbUIFBILI 3aTTapblH 0acKa KjlacTapblHa
KaparaHja OipKarap apThIKIIBUIBIKTAPIbl KOPCETTi:

— MEXaHMKaJbIK >KOHE TEePMUSUIBIK dcepiepre
(COKKBI, YHKEJIiC, KbLTy, OPT, OKTBIH OTYi koHE T.0.)
KATBICTBI KOFApBl KAYIICI3IIK;

— 0,5-ten 1,5 r/cM>-ke neitinri JKYMBIC ThIFbI3/Ibl-
FBIHBIH KEeH JMara30Hbl Oap sKapbUIFBII CUMATTAMA-
JIapapl peTTey MYMKIHJIT;

— aFBIHABl CyJIapAa KOHE YIJKeH TepeHJIiKTe
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CaKTaJIFaH jKOFapbl CyFa TO3IMILIIK;

— CTaHAAPTTH MpaiiMepaeH XoHe KakeT OOJFaH
JKaFIaiaa TeK apaiblK JeTOHATOPAAH iCKe KOChUIFaH
KE€3JIET1 CEIEKTUBTI CE3IMTAIIBIK,;

— TO3aHAAHY/IBIH, MEKTPOIM3/iH, KOMIIOHEHTTEP-
ZiH KCCYIALMSCHIHBIH JKOHE YJIbl MaTepuajigapMeH
’KaHACYBIHBIH OOJIMayBbI;

— KapbLIbIC KE31H/IE a3 YBITTHUIBIKIIEH Ta3/IbIH 1IbI-
FYBIH KAMTaMachl3 €TEeTiH KYHeHiH OTTeri OaaaHChl-
HBIH HOJITe JKaKbIH, KapbLIbIC KYMBICTAPbIH TOJIBIK
MeXaHUKaJIaHbIpY;

— QPTYPJIi KOocHajapbl €Hri3e OThIPbIIl, MaTPHILIA-
JIBIK, SMYJIbCUSI HETI31HJIe KypaMa KoHe apajiac KOM-
NO3ULMSLIAP KYPY MYMKIHJIT;

— 3MYJIbCUIAPIIBIH, PEOJIOTHSIIBIK KACUETTEPIH 9P
TYPJIi CTAaHAAPTTHI JIIIEM/IEri KapTpuaxiaep Ty piH-
Jie IbIFapyFa MYMKIHAIK OepeTiH, maijanaHy op-
HBIH/IA TOJIBIK KOJIIEHEH KMMAachlHA [eHiH TOJITHIpA
OTBIPBII IalbIHJAITY;

—  TadjJaNaHyablH ~ JKOFapbl — TEXHUKAJIBIK-
9KOHOMUKAJIBIK TUIMALTIT Oap sKapbUIFbILI 3aTTAPAbI
allyra MYMKIHIIK OepeTiH KOJDKEeTIM/L JKoHe ap3aH
IIMKi3aT 0a3achl.

’l\ Maii Kabamol O momuliry 0e.auexmepi

1-cypet - IMyJbcusi KYPHUIBIMBI

IMYNbCUANDBIK, HCAPBLAFBIU 3aMMAapObIH, Kacuemmepi

1-kecTe - IMYJIbCHSIIBIK, *KAPBLIFBINI 3aTTAPAbIH HETI3ri cHIaTTaMajiapbl

JKappurslii JKapsuibic DHeprus KoH- THIFBI3IBIFBI HeroHanus lNazapiy
3arTap KBUTYBI, LEHTPAIHSICHI, KYKTEJITeH, JKBUTJAM/IBIFBI, 3USHABI-

KKaJI/KT KKaJ1/ogM3 Kr/Mm3 KM/C JIBITEI,

JI/KT

['panynoron 980 980 1000 5,0-5,2 275
Hrnannt 920 820 900 2,2-2.77 45
[Topamur 1 689-726 861-908 1250 4,9-5,2 11,8-12,2
[Topamutr M 4,8-5,3 42-54
I'pansmur 835 1170 1400 4,8-5,2 36
50/50
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TyYPMBICTBIK SMYJIbCUSIBIK SKapbUIFBILI 3aTTap-
IbIH (TMIOPEMUT) HETi3rl TEXHUKAJIBIK, CUIaTTamasia-
pbI 1-Kectene OepiireH, CaIbICTHIPY YIIiH CTaHIapT-
ThI JKAPBUIFBIII 3aTTAPIbIH — IPAHYJIOTOJI MEH WIJa-
HUTTIH CUMAaTTaMajiapsl KeITipiireH [4].

1-kecTe/ie TOTBHIKTHIPFBIII OOJIriHIH KYpaMbl, KOJ-
JAHBUIATHIH OTHIH-9HEPreTUKANIBIK, KOocraiapsl OOM-
BIHITIA €PEKIIIeICHETIH MOPEMUTTEPIiH eKi Typi Kep-
CeTLIreH. IPTYPJIi MapKaJlarbl IOPEMUTTED KapbLTy
XKBbLTYbI OOWBIHINIA (CATIMaFbl OOMBIHIIA) TPAHYJIOTON-
JaH alTapibIKTall TOMEH, ajlaia, YHFbIMajiap/bl Mo-
PEMUTTEPMEH THUEY THIFbI3AbIFBIHBIH KOFAPbLUIAYbIH
€CKepe OTBIPHIN, SHEPTusi KOHIIEHTPAIUSCH TpaHy-
JIOTOJIJIBIH, KyaT JeHreiHe KakplHaanapl. Kykreme
THIFBI3IBIFBIH 1350 Kr/M° [eilin apTThIpyFa koHe rpa-
HYJIOTOJI JeHreiiHJe NOPEMUTTIK SHEepPrusi KOHIICH-
TPAIUSACHIH ayFa 6omaasl. Byl skapbUIFHIII 3aTTap-
JbI CYIIBIH Ke3 KeJITeH JIopexkeci Oap opTaiia KaTThl
KBIHBICTAP/IBI Kapy YIIiH THIMII Mafinananyra 0o-
nanpl. Kymiri skoHe eTe Oepik Tay KBIHBICTAPBI YIIIiH
KYPaMbIH/Ia SHEPreTUKAJIBIK, KOCTIA — ATIIOMUHUH Oap
KYaTThbl SMYJIbCUSIIBIK, KAPBUIFBIII 3aTTapbl KOJ/1a-
HY YCHIHBUIA/IBL. KyaTThUTBIFBI OOMBIHIIA ATIOMUHUH-
3alMsUIaHFaH KAPbUIFBIII 3aTTap (KOFAphl THIFBI3/IbI-

FBIH €CKEpE OTBHIPHIIN) IIMXTAaJaFbl SHEPIUsI KOHLICH-
Tparmsichl OOMBIHINA TPAHYJIOTOJIAH ANUTAPIBIKTAM
achIN TyCelli, COHJBIKTAH ONap/bl Ke3 KelreH Oepik-
TIKTErl jKoHEe Cy KYPaMbIHJAFbl Ty >KbIHBICTAPBIHIA
JKapy YIIiH KoJlaHyFa Oonapl.

JlereHMeH, Ta3a SMYJIbCHSUTBIK, KAPBUIFBIII 3aTTap-
IbIH, ocipece TIOMUHUI KOocmajiapel Oap, *kKOFa-
Pbl KYHBI 0ap, COHIBIKTAH TPAaHEMUTTED, SMYJIbCHUS
HETIi31HJIEeTi apajac XapbUIFBIII 3aTTap XoHE TYHip-
urikTeareH aMMoHud HuTpartel Hemece AC-IT 30/70
KarbiHachiHaa (70% >MyibcUsi, KAJIFaHbl CEIUATPA
Hemece AC-IIT) [5].

3apsaray THIFBI3ABFBI KI/M3 TpaHEMHUTTEp Kya-
THI JKaFbIHAH TPAHYJIOTONIAH OipIama KOFapsl KoHe
OHBIH OpHBIHA >KapbUIBIC JKYMBICTApPbIHIA THIMIL
naigananyra Oonaabl. DMYIbCHUSUIIBIK, KAPbUIFBIII
3aTTap AETOHALMsS KbUIIAM/IBIFbI OOUBIHIIIA TPaHYy-
JIOTOJ JIeHTeliH/Ie )KoHe OHbIMEH CaJILICThIPFaH/Ia I'a3
SUSH/IBUTBIFBI AUTAPJIBIKTA TOMEH.

2-kecTeqe KapTPHUDK/L SMYJIbCUSIIBIK, KaPBUIFBIIT
3aTTapIblH HEri3ri CcHIarTamajiapbl KOpCeTiJIreH,
canplcThipy yiIiH amMMoHuT 67KB cumarramana-
pbl OepinreH. [1aTpoHAbl SMYIbCUSUIIBIK, JKapbUIFBIII
3aTTap/blH KapaMIbUIbIK Mep3iMi 6 aif.

2-kecTe - HanOHJ_]bIK IMYJIbCHUSVIBIK KAPBLJFBII 3aTTAPAbIH Herisri canaTramMaJapbl

Kapbuwsim 3atrrap | Ilarpon | Kapsuibic [TaTponnarsl [TaTponnarsl HeroHanms
IaMeT- KBULYBI, 7K3 maccachl, K3 SKBUIIAMBIFEL,
pbl, MM KKaJI/KT KT TBHIFBI3]IBIFHI, KM/C

Kr/M3

AmvmoHut 6KB 32;36;90 1030 0,2...3,5 1,00-1,10 3,6-4,8

[opamur I1T'A, 1 45; 60; 90 1025 1,0...4,3 1,40 - 1,60 5,0-6,0

[Topamur I1I"-4A 32;36; 45 875 0,2...0,5 1,10-1,25 3,6-44

KypambiHa Kapai smysabratopiaapibl €Ki Heris-
ri Tonka Oenyre Oomajpl: CEHCHMOMIU3AIMSIAHFAH
SMYJIbCUSI KOHE CeHCHOMIM3alUsIIaHFaH (HeMece
CeHCUOWTM3aIMsIaHOAFaH ) SMYJIbCHSTHBIH aMMOHHIA
cenutpaceiMeH Hemece AS+DT (mu3enbaik OTBIH-
MEH MalJlaHFaH aMMOHMU HUTPAaThl) KOCIAJApHl,
OJIApIbIH CayJaIblK, arayjaapbl opTYpii emuep op-
TYpii, Oipak HeriziHeH «DmynaHgap», «I paHeMuT-
Tep», «HoOenanmap» xoHe T.0. TumnTepre Oipik-
Tipulyi MyMKiH. EH KapamailbiM Kjacka aTaTbH

Ka3ipri 3aMaHFbl SMYJIbCUSIBIK JKapbUIFBIII 3aTTap
(OMDB) enaipy MeH maijanaHy YIIiH ipi Tay-KeH
KOCIIOPbIHAAPH! YIIIH FaHa MYMKIH KYpPAEl jKoHE
KbIMOAT TEXHOJIOTUSIHBI KKET eTe/li.

OcbifaH OalIaHBICTBHI Tay-KeH OHIIpiCiHIe 93ip-
JIEHTeH KoHEe KOJIJJaHbLIAThIH KaPbUIFbIII 3aTTAPIbIH
ACCOPTUMEHTI 9pTYpiti OOJIBIN KaJTy/a.

Keneci tonrapmel Oesiyre Oonanpl: KypaMbiHIA
TPOTMII Oap, Cy OTKi30eWTiH (AaMMOHUTTEP, KOMOU-
3aprap *koHe T.0.); KypaMbIHIa TPOTUJI Oap cy (akBa-
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Tonaap, ugzaHuTTep, Kapodarongap xoHe T.0.); TYyH-
ipUIKTI TpoTU Gap Cy OTKi30elTiH (rpaHyao0Tod,
rpamMMmoHuTTep, Tpotii U); TYHIpIIIKTI TPOTUICI3
(MrIaHUTTEP, KOAIUTTEP, PaHYJIUTTEP XoHE T.0.);
3MYJIbCHs (MOPEMUTTEP, CUOUPUTTEP, TOBAH KOHE
T.0.); KOpFaHblIill (KapOOHUTTEP, AMMOHHTTEP); KOH-
Bepcus (rpaHUIIopaIap, KOFaphl KAPBUIFBILL 3aTTAP)
[6].

CoHFBI OHXBUIABIKTA SPTYPIIi HapameTpiepi 6ap
KapbUFbILI 3aTTapablH 20-Fa KybIK Kypambl YChI-
HBUL/IBL; 3aybITTa /12, KapbUIbIC aJlaHAAPbIH/AA /1 OH-
JIpUIETiH akBaTOIAAP/bIH, TPaHyJIOTONIAPAbIH, Kap-
OoHHUTTEpHIH *koHE T.0. 6-8 Kypam. DMYJIbCUSIBIK
KapBUIFBIII 3aTTap eceOiHeH JKapbUIFBII 3aTTap-
Ibl TYTBIHY/IBIH apTybl OAalKaJl/ibl, OHBIH iLIiHAE CY
OTKI30CUTIH SMYJIbCUSIIBIK Kommosuiusiiapra 40-
50%-¥a feiiiH UrAaHUT KOCY, OJNapAblH CyFa TO31M-
OUITIH CaKTail OTBIPBIM, SMYJbCUSIIBIK, KapPbUIFBIII
3aTTapAblH THIMIUIITIH apTTHIPY.

CranuoHap/iblK MOJYJIBIIK KEIIeHAEri 3SMYJb-
CUSUIBIK, KaPbUIFBIIIT 3aTTApIbIH OHEPKICINTIK ©H-
JipiCiHIH KYPBUIBIMIBIK, CXEMAChl KeJIeCi TeXHOJIOTU-
SUTBIK, K€3eHAEpAl KaMTH/IbI: IIMKI3aTThl AaldbIHIAY;
TOTBHIKTBIPFBIILITAP/IBIH (CEUTPA) sKoHe Maii (pa3achl-
HBIH (MUHepasbl Mai, napapuH kXKoHE 3MYJIbraTop
KOCIMAcChl) epITIHAICIH JalbIHAAY; IMYJIbCUs (MaTpU-
HAIbIK JalbIHIAY) — apHalbl JUHAMUKAJIBIK, apajia-
CTBIPFBIIITA TOTHIKTBIPFBIII JKOHE Mal epiTIHAUIEPIH
apasacTelpy apKbUIbl SMYJIbCUS TY3Y; AMMUAK CEJTUT-
paceiH (AC) mmuzenbaik oteiHMeH ([O) apanactsi-
Py, Marpuiaibk Mynbcussuel A3M OyHKepiHe Ka-
obu1ay; A3M yHFBIMJIApBIHA SMYJICUSITBIK, KaAPhI-
JIFBIII 3aTTapIbl TUEY: SMYJIbCUSIAPIbI CEHCUOMIIU-
3auusuiay — ra3 tysetid Kocnasapasl (I'TK) kocy [7].

OMYyJbCUSIBIK KAPBUIFBII 3aTTapAbl OHIIPYAE
SMYJIbCUSLIBIK, MATPULIAHbI (3MYJIbCHUSI), COIAH KEHiH
apajac SMYJIbCUSUIBIK KapbUIFBIIITH KYPalTHIH KOM-
MOHEHTTEP KOJIJaHbUIA b (3-KecTe).

3-kecTe - IMYJIbCHSJIBIK KAPbLIFBIII 3aTTapAbl OHAipyre apHAJIFaH KOMIIOHEHTTEP

Komnonenrrep XVAMHUSAIIBIK OMyJIbCUSA Carpuy Typi |  Konpganbumyst
opmymnacet KYPaMBbIHZAFHI YJIEC,
%
1. AMmoHuin NH4NO3 87,8 CYWBIK,
HUTPATBIHBIH, BICTHIK, ToTHIKTHIpFBII
epitingici (82 %) epirinzize
2. Hatpuit Hutpatsl NaNO3 4,0 KaTThl
3. CipKe KbIIIKbUIBI C2H403 0,4 CYWBIK,
(60 %)
4. TuomouyeBUHA (H2N)2CS 0,25 KaTThI
5. Ky#naiprim Hatp NaOH 0,15 KaTThI
6. Munepan mMaibl Mineral Oil 5,9 CYMBIK, Maiissl
7. dmyabratop DN ITAB 1,2 CYMBIK epiTiHigize
cepuu 2000
8. Hatpuit HUTpaThl NaNO2 0,3 KaTThI ITH
9. TyuipuiiKkTeareH NH4NO3 94% xocma KaTThl AC+JIT
AMMOHUI HUTPATbI KypambiHaa AC+IT KOCIIaChIH
10. Tu3enp OTbIHBI - 6% xocma CYMBIK KaJIBIITAaCTHIPY
KypambiHaa AC+IT VIIiH

Hotmxenep men taakpuiay. Ocbuiaiiima, Tay-
KEH MACCHUBTEPIH >KapbUIFBII JKOJIMEH JKOMJAFbl
UIrepuiey KapbUIFbII 3aTTAPIbIH TIKEJEH Tay-KeH
KOCIMOPbIHAAPBIHAA OHII PUIETIH KaAPbUIFBIII KOMIIO-

HEHTTEep1 KOK KOMIO3ULUSIIAPAbl 931pJieyre, YHFbI-
MaJlapIbl TUEyTe apHAJIFaH kaOAbIKTap MEH TEXHO-
JIOTUAIAP/IBIH, SBOMIOLUSACHIMEH OAIlJIaHBICTBI.

ConbIMeH Karap, JKapbUIFbII KAPbUIFbII 3aTTap-
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ObIH Tarbl Oip ©Te MaHBI3[bl APTHIKIIBUILIFL Oap:
oJiap KapbUIbIC ajlaHJIapblHIA AAWbIHAAIAIb, HOTHU-
KECIH/Ie KAPBUIFBIII 3aTTap/bl TACKIMAJIAY IIIbIFBIH-
Japbl aUTapJIbIKTal TOMEHACU/II KOHE OJIapMEH KY-
MBIC iCTey Ke3iH/e KayilCi3/iK apTa/bl.

OMyJIbCUSATIBIK KapBUIFbILI 3aTTap HET131HEH TaM-
IIbl TYPiH/E AUCTIEPCTIK (pa3zaHbl OinaipeTiH Oeiop-
TaHUKAJIBIK, TOTBIKTBIPFBILITHIH CYJIbl €piTiHIiCIHEH
’KOHe Y3AiKci3 (haza O0IbIN TaObIIIATBIH CYHBIK OTHIH-
HaH TypaJpl.

AJTFaIIK bl KApBUTFBILI 3aTTAPIbIH KYPAaMbIH/IA aM-
MOHMI HUTPATTAPbIHBIH, IEPXJIOPATTAP MEH XJI0paT-
Tap/blH, CUITLI MEeTaJIIapblH KOHE CUPEK Kep 3Jie-
MEHTTEpiHIH TOTBIKTHIPFBIII €pPiTiHIIEPIHIH epiTiH-
ainepi 6omapl. KeOiHece aMMOHHME HUTpPAThI JKeKe
HeMmece 0acKka HUTpaTTapMeH KOchaaa KoJaaHbLIa-
Obl. DMYJbCUSUIBIK SKapPbUIFBIII 3aTTApIbIH Kaphbl-
JIFBILI CUTIATTaMaJIapbl OJIAPAbIH Ta3aHybIH €3repTy
apKbUTBI ©3repTii [8].

KapbUIFbllll  3apsATapabIH  AJFAIKbl THJIOTTHIK
KapbUibicTapbl  80-KbUIAAPIBIH  asFbIHIA KY3ere
ACHIPBUIIBI XKOHE JJIeTTe KOHIT KyaHTaPJIbIK HOTHKe-
nep Gepai.

OMyJIbCUATBIK KAPbUIFBIII 3aTTapibl OHIIpyaeri
©ACTBI epeKIIIeiTi SMYJIbCHS MaTPUIIACHIHIA «BICTHIK,
HYKTeJIepiH» Maiaa 60Jybl OB TaObLIA b, OIap
ICKE KOCBUIFAH Ke3/le SMYJIbCUSIBIK KAPbLUIFBIII
3aTTapAblH JKapbuly OpTajiblfblHa aiHanaapl. Ka-
KETT1 Ce3IMTAIIBIKTHI KaMTamMachl3 €Ty YIIiH a3ip-
JIEHI'€H 3MYJIbCUSUIBIK, KOMITOZUIIMSIIAPFa KYBIC I1IbI-
Hbl MHKpocdepanap, KEyeKTI aMMOHWI HUTPAThI
KOHe T.0. TypiHJeri opTypii CeHCHMOMIM3aTOpiap
(«BICTBIK HYKTEJIep») EHT1311/].

90-xbULIAPBl SMYJIbCUSIHBI CAJIKBIHIATY Ke3iHje
HATPUI HUTPUTIHIH THOKapOaMUIIEH op