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@ sEcThHE [ DJEKTPOPHEPTETHUKA U DJIEKTPOTEXHOJIOTMU
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OIITUMMU3AIUA ITOTEPH SJIEKTPOOHEPI'MU B
PACIHTPEAEJIMTEJBHBIX CETAX C UCITIOJIB3OBAHUEM AJI'OPUTMA
DRAGONFLY

A.A. CayXI/IMOBl, O.]1. Baiimaxanos’, A.K. MypaT?’, A.T. BeKTHanOB4

HexomMmepueckoe akimoHepHOE 00IIEeCTBO « ATMATHHCKUIN YHUBEPCUTET SHEPTETHKH U CBS3H
nmenu ['ymap6eka [laykeeBay, r. AnMatsl, Kazaxcran
e-mail; a.saukhimov@aues.kz
%e-mail: 0.baimakhan@aues.kz
*e-mail: a.murat@aues.kz
*e-mail: a.bektimirov@aues.kz

Annomayusn. OOHOU U3 cmpame2uyeckux 3a0ay paszgumusl dIeKMPUHEeCKUX Cemeil S6Isemcss CHUNCEHUE
nomepu 2nekmposnepeuy. OnmuMU3aYUs PeHCUMOS dJIEKMPULECKOL Cemu N0 AKMUGHOU U PeAKMUEHOU MOWHOCHAM —
O00HO U3 OCUCMBEHHbIX MEPONPUSMULL N0  CHUIICEHUIO NOMEPb HANPSJCEHUst U MOWHOCMU Nnpu  nepeoaye
NEKMPOIHEP2UL. OM UCTOYHUKA K nompebumenio. IIpu smom axmyanbhvlm si61siemcs: npumMeHenue dQpexmusHbix
MEmo008 ONMUMU3AYUU, CHOCOOHBIX 6 YCIOBUSIX OSPAHUYEHUL HAUmMU ONMUMATIbHbIE MOYKU HOOKIIOYEHUs.
PAcnpedeneHHbIX UCMOYHUKOS 2eHepayuu. B cmamve paccmampueaemcst ucnoib3oeanue HO8020 38PUCIIUYECKOZO
aneopumma Dragonfly ons s¢pgpexmuenoii paccmanoeku ucmounuxoe akmusHoll U peaKkmusHol MOWHOCEN, C Yelblo
CHUDICEHUsL OMKIIOHEHUsL HANPAJICEHUs. 8 Y31ax Haepy3ok. Ilo pezyribmamam OnMuMU3AUUOHHOZO MOOEIUPOBAHUS
VCMAHOBILEHO, YMO NPUMEHEHUE OAHHO20 MeMo0d NO380Jsem IH@OeKmusHo CHU3UMb OMKIOHEHUs Hanpsicerus Ha 7%
OMHOCUMENbHO ~ HOMUHATIbHBIX — 3HAYEHUU, NpU  KOMOUHUPOBAHHOM  NOOKNIOHYEHUU CONHEYHbIX YCMAHOBOK U
KOHOEHCamopHbLX bamapetl paziuyHOl MOUWHOCHIU.

Kniouesvie cnosa: nomepu s1eKmposHepeul, pacnpeoeiumenbhble dIeKmpudeckue cemu, OnmuMu3ayuoHHble
aspucmuueckue aneopummbsl, areopumm Dragonfly.

BBenenne

CHmXeHHe TEeXHOJOTHYEeCKOr0 pacxola Ha Tepefady dJJIeKTPOIHeprHMH BCerja  SBISETCS
IIPUOPUTETHOM 3a7adeld JUIsl KOMIIAHUI paCIpEeAeNIUTEIbHBIX JJIEKTPUUECKUX ceTedl. B ycioBusax pocra
notpeOyieHusl Harpy3KH OYEBHAHO, 4TO OyayT BO3pacTaTh I€PEMEHHBIE IOTEPH OJIEKTPOIHEPTUH B
anextpuueckux cersix 10/0,4 kB, k mpumepy, mo r. AnMarel NPUPOCT NOTPEOJICHHUS 3JIEKTPOIHEPTUH
opueHTHpoBOYHO cocTaBmil 20% mo cpaBHernio ¢ 2015 1 [1]. B 3To# CBS3M aKTyalbHBIM SIBIISETCS TTOAXO]
ONTHMH3ALNU TOTOKOPACIIPEAEIICHUS MOIHOCTH € LIE€IbI0 MUHUMU3AIMH NOTEPD 3IEKTpo3Heprun. OgHaKO,
panuanbHas CTPYKTypa paclpeneiauTelIbHbIX 3JIEKTPUYECKHX CETEW HE MO3BOJSAET YNPABIATh PEXKUMOM
ceTH, Kak B 3HeprocucreMax 220 kB u BbIme, 4To yCIOXKHAET ONTUMHU3AIUIO PEKUMOB 10 aKTHBHOW U
PCaKTUBHOW MOIIHOCTSAM B 3jekTpuueckux cersx 10/0,4 kB. Bmecte ¢ stum, B Kasaxcrane HIMpOKO
pacrpoctpanstorcss BUD (Bo300HOBIsIEMbIE HCTOUHUKH SHEPTUN) [2], B 4ACTHOCTH NPUHSTHIE HOPMATHUBHBIE
JIOKYMEHTHI [3] CITOCOOCTBYIOT HCIIOJIB30BAHUIO COJTHEUHBIX YCTAHOBOK (COJIHEYHBIE MaHEeIH, MHBEPTOPHI,
HAKOMHUTENHN) JKUTEISIMH TOPOJOB W MPUTOPOJOB JUIS TOKPBITHS COOCTBEHHOTO JHEPronoTpeOIeHMs.
[lonkmnroueHre COMHEYHBIX YCTAaHOBOK B pacmpenenuTenbHyto cetb 10/0,4 kB 3HauuTenbHO MOBBIIIAET
(azHoe HampsbkeHue B y3nax [4] u mensiet O6ananc akTuBHBIX (P) 1 peaktuBHbIX MouHOCcTeH (Q) (1,2):

Pr - Pl'[OTpe6 —AP =0 (1)
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Qr - QHOTpeG —AQ =0 (2)1

rae P. Q.— MOITHOCTh T€HEpaIuy;
BiorpQuorpes — MOLIHOCTB HATPY3KH;
AP AQ — notepu MOUTHOCTH.

B pesynbraTe co3maeTcs cucTeMa pacmpelesieHHOH reHepauuu siekTpuueckod sHeprum (PI'DJ) B
neHTpax Harpy3ok. Ilpu stom PI'D mosket ObITh HCIIONB30BaHa Ui ONTUMHU3ALMU PEKUMOM U YIPABICHUS
AKTUBHBIMH M PEaKTHBHBIMU [5] HepeToOKaMH MOIIHOCTH B IEPHOA MAKCHMAJIbHBIX HAarpy30K, YTO IO3BOJIUT
CHHM3HTH TIOTEPH HANPSDKEHUS U aKTHBHOM MomHOCTH (3, 4).

_ (Pro+ Qxo)L

AU
Uy
3)
rae P, Q — akTHBHAs ¥ peaKTUBHAS MOITHOCTH;
UH — HOMHHAITFHOE HaNPsHKEHHE;
Ty — YAETbHOE aKTUBHOE COTIPOTHBIICHIE;
X — YIeIbHOE aKTUBHOE CONIPOTUBIICHHUE;
L — nnvHa TUHUH.
P? + Q?
AP =——XR
U2
4,

rzae P, Q — akTuBHas U peaKTHUBHAsI MOIIHOCTH;
U — HOMUHaJILHOE HAIPSDKEHUE,
R — akTHBHOE CONPOTHBIICHHE JINHUH.

BMecte ¢ 3TUM aKTyaJbHBIM SIBJISAETCS BOIPOC HAXOXKICHUS ONTUMAIBGHOH (QYHKIMH 1O
nokoYeHnio PI'D B ceTh 11 CHIDKEHUS OTEPh HAPSYKEHUS] U aKTUBHOM MOIIHOCTH.

B nmTeparype uMeeTcs HECKONBKO HWCCIEIOBAaHWH, HAMpaBlIEeHHBIX Ha TIOWCK ONTHMAIBLHOTO
PACHOJIOKEHUST M MOITHOCTH MCTOYHHMKOB pacripezieseHHoi renepanun. OMHO U3 MOCIEeAHNX UCCIIeJOBAaHUI
UCIIOJIb30BaIIO ist 3ToM 1enu aiaroputv Moth-Flame Optimization [6]. s pemenus 3a1a4u onTUMalbHO#M
MOIITHOCTH M pa3MElIeHHs] HCTOYHHKOB paclpeie]eHHOW TeHepanuu OBUIM HCIOJh30BaHBI HECKOJIBKO
JPYTHX SBPUCTHYECKHMX alrOpPUTMOB, BKJIrouast airopurm Crow Search [7], anroputm Whale Optimization
[8], anropur™m Flower Pollination Optimization [9], anroputwm teaching learning-based optimization [10].

Jnst pemieHust 3ajjaud ONTUMH3ALMU B HACTOSINEH paboTe MPUMEHSETCS OJWH W3 DBPHCTHUECKUX
meron0B Anroputm Dragonfly [11].

MopnenupoBanue pabotsl anroputma Dragonfly BeimonHeHo B mporpammuoM komiuiekce Matlab ¢
ucnonb3oBanueM makera OpenDSS Ha tecToBoit cxeme B 33 y3na IEEE.

Aaroputm Dragonfly

Dragonfly Algorithm (DA) — oauH U3 MOCIEAHUX BPUCTUYECKUX ONTHMHU3AIMOHHBIX aJTOPUTMOB
[12]. AnropuTM UMHTHPYET CTATHYECKOE U AWHAMUYECKOE TIOBEICHUS POsi CTPpEKo3. BbIOpaHbI 1Be BaKHbIE
¢da3pl oNTUMHU3ALMK, HCCIEJOBAaHUS M OSKCIUIyaTalllH, KOTOpbIE pa3padOTaHbl IyTeM MOJEIHPOBAHUS
COLMAILHOTO B3aUMOJEWUCTBHS CTPEKO3 MpPU HAaBUTallUW, IOMCKE e€Ibl W H30eraHud BparoB NpHU
JUHAMUYECKOM WM CTATHCTHYECKOM 00pa30BaHUM POEB.

CornacHo PeltHomb/CYy, TOBEIEHUE POsI PYKOBOJACTBYETCA TpeMs NPUMUTUBHBIMU NpUHIUNaMHU [13]:
paszeneHne, HYKHO JUIsl TPEJOTBpALCHHS CTAaTMYECKHX CTOJIKHOBEHHH oco0edl apyr ¢ apyrow,
BBIPaBHHBAHUE, HY)KHO ISl YCPEOHEHHUS CKOPOCTH BCEX 0CO0EH; CIIIOUeHHe, CO3/IaHIe eTUHOTO POsl.

Takxe poil CTpEMUTCS HAWTHU UCTOYHWK MHINKA U yOEKaTh OT Bpara. YUUTHIBas 3TH J[BA TOBEICHUS,
CYLIECTBYET MATh OCHOBHBIX (DaKTOPOB MOBEACHUS CTPEKO3 B pPOE, KaK IMOKa3aHO HA pUCYHKE 1.
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Pucynok 1 — ®akTopsl MOBEICHUS CTPEKO3 B poe

Kaxxnoe u3 3Tux moBegeHNi A MaTeMaTHIeCKH MOICIHPYETCS CISAYIONUM 00pa3oM:
Paznenenue paccuuThIBacTCS CIICIYIOIIAM 00Pa30M:

Si= Y X-X (%)

rae X — TMO3MIHUSA TEKYIIero WHIUBUJA, X]- — TMOJIOKEHHE j-TO coceaHero WHauBHAa, a N

KOJIMYECTBO COCEAHUX MHIUBUIOB.
BripaBHIBaHNE paCCUUTHIBACTCS CIEAYIOIIUM 00pa3oM:

N
Y/
: N

(6)

rie Xj — CKOPOCTh J-I'0 COCEHEr0 UHIMBU/IA.

CrutoueHre pacCUNTHIBACTCS CIIEIYIONUM 00pa3oM:

N
o= =k
.
N

)

rje X — MO3UIMS TEKYIIero HHIuBHIa, N — KOJTHYECTBO COCETHUX MHAMBHUIOB, Xj — IMOJOXKEHHUE j- TO

COCEHETO MHIMUBHU/IA.
BrieueHre kK MCTOYHHKY TUIIN PACCUUTHIBACTCS CIICIYIONUM 00pazoM:

F,= Xt —X (8)

rae X — Mo3uIus TEKYLIEro HHAUBUAA, X — NOKa3bIBAET M0JI0KEHUE HCTOUHUKA HHUIIIH.
[ToGer oT Bpara pacCUUTHIBACTCS CIACAYIOIIMM 00pa3oM:

E;= X" +X 9)

rae X — MO3|IHs TEKYIIero MHAUBUIA, X — MOKa3bIBaeT MO3UITHIO Bpara.

[loBeneHne cTpeko3 SBISETCS KOMOWHAIMEW 3TUX TMATH KOPPEKTUPYIOMMX Mojeneid. UTtoOb
OOHOBUTH TIOJIOKEHHE HCKYCCTBEHHBIX CTPEKO3 B MPOCTPAHCTBE TOWMCKA M UMHTHPOBATH WX JIBUKCHHS,
paccMaTrpuBaioTcs aBa Bektopa: mar (AX) m moszumus (X). Maremarmdeckoe BBIpaKEHHE BEKTOpa Imara

CJICOYIOIICC:

AXt+1 = (SSi + aAl- + CCi + fFl + eEl-) + WAXt (10),
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IJIe S — BeC pasjielieHus, Si — pa3/ieieHue i-To UHINBH/IA, @ — BEC BRIPAaBHUBAHMS, A — BEIPABHUBAaHUE
i-ro uHIUBHIA, ¢ — Bec crutoueHus, Ci — crutodeHue i-ro uHauBKaa, f — dhakrop easl, Fi — HCTOYHUK THITH i-
ro mHANBHAA, ¢ — (akTop Bpara, Ei — mo3umus Bpara i-ro MHAWBHAA, W — BEC HHEPIUH, t — CUCTUHK
WTEpaLnil.

[Tocne BRIYUCIIEHUS BEKTOPA I1ara BEKTOPHI ITOJIOKEHUS BBIYUCIISIOTCS CIICAYIONUM 00pa3oM:

Xev1 = Xp + 4K (11)

rae t — TeKyIas urTepanus.

IToBeieHHsT WMCCIIEMOBAHMS M OKCIUTyaTallkd BO BpPEMsl ONTUMH3AIUHM JOCTHTAIOTCS Oiaromaps
pa3/eNeHunIo, BRIPAaBHUBAHKIO, CIUIOYCHHIO, (paKkTopaM ebl U Bpara (s, a, ¢, f u €). Y Kaxmo0il CTpeKo3bl eCTh
OKPY)KHOCTb IS McchenoBanus. J[isi mepexofa OT pa3BelKH K IKCIUTyaTallMd PajnyChl OKPECTHOCTEH
YBEJIMIHUBAIOTCS POTIOPIIHOHATBHO KOJTHMIECTBY UTEPALIHIA.

Heobxoanmo ucnonb3oBath cinydainsiii xox (Levy flight) mist Toro, 4ro0bl yBeIM4IuTh CIy4aifHOCTH
MIOBE/ICHHST MCKYCCTBEHHBIX «CTPEKO3» MPHU HCCIIEIO0BAHUU 00JacTH MOKCKa. st 3TOM 1eMr HCIOIB3YeTCsI
clieiytoliee ypaBHeHHe:

Xt+1 = Xt + Lel?y(d) X Xt (12),

rae t — Tekymias urepais, d — BeseunHa BEKTOpa MO3UIIHH.
Cayuaiinerit xon (Levy flight) paccuursiBaercst cneayrornmm o6pazom:

Levy(x) = 0.01 x 252 (13)
Ir, /8

rae r, r; — aBe ciaydaiiaele myxay O u 1, B — koHcraHTa (B JaHHOM ciy4yae paBHas 1.5), ¢ —
PacCCUUTHIBACTCS TaK:

['(1+B) xsin %) s
r(%) x g 2(F)

(14),
rae I' — cranpapTHas ramMma QyHKITHSL.

Pe3yabTaThl MOIETHPOBAHUSI ONTUMM3AMH PesKUMA

Jiiss MoJlenupoBaHusl W ONTUMH3AIMU PEXKUMOB C TpUMEHeHHeM airoputMoB DA Obina BeIOpaHa
tectoBas cxema u3 33 y3nos |IEEE [14]. TectoBas cxema SIBISETCS STAIOHHOW MOJEIBIO 3JIEKTPUUECKON
CHCTEMBI, COCTOSIIIEH M3 3JIEMEHTOB CETH W €€ NapaMeTpoB, HAarpy3KW M T'€HEpalld, KOTOPYIO IIHPOKO
WCTIONIB3YIOT JJIsl pa3iMUYHbBIX MCCIICAOBAHMM, P U3MECHEHWH BHEITHUX NApaMETPOB TaKMX, KaK aKTUBHAS U
peaKTHBHAs TeHepalus, HanpspkeHHs W T.4. TecroBas cxema MpEeACTaBIseT M3 ceOs paanualibHYIo
pacHpeneNUTeNbHYI0 IEKTPHYECKYI0 CeTh (PHUCYHOK 2) € TpeMsl OTBETBICHHSMH M TOAKIIOUCHHBIMH
y3JIaMU aKTUBHBIX U PEAKTHBHBIX HAIPY30K.
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Pucynok 2 — Cxema TectoBoii cuctemsl IEEE Ha 33 y3ma.

BBITIOJIHUTH paCyY€T YCTAHOBUBLICTOCA PCKUMA.

Tabnuua 1. laHHbIe O aKTUBHBIM M PEaKTUBHBIM HArpy3KaM

HOy3JIOBI)Ie JAaHHBIC aKTUBHBIX W PCAKTHUBHLIX HArpys3oK IMPUBCACHLI B Ta6HI/IH€ 1, YTO IIO3BOJIACT

Ne AxTuBHas PeaktupHas Ne AxTuBHas PeaktupHas
V3ma | MomHOCTE, KBT MOIIHOCTh, KBAD V3ma | MomHOCTE, KBT MOIIHOCTh, KBAD
1 0 0 18 90 40

2 100 60 19 90 40

3 90 40 20 90 40

4 120 80 21 90 40

5 60 30 22 90 40

6 60 20 23 90 50

7 200 100 24 420 200

8 200 100 25 420 200

9 60 20 26 60 25

10 60 20 27 60 25

11 45 30 28 60 20

12 60 35 29 120 70

13 60 35 30 200 100

14 120 80 31 150 70

15 60 10 32 210 100

16 60 20 33 60 40

17 60 20

Pacder pexuma cetr ObUT BBIITOJHEH C MPUMEHEHUEM KOJla METOAa IpsiMOro-oopatHoro xoma [15].
Jlanee mocie yCTaHOBJICHHS MAapaMeTPOB HANPSHKEHUSI, TOTEPh MOITHOCTH ISl HAXOXKACHHUS ONTUMAaIbHBIX
y3JI0B TIOJIKIIIOYCHHS TeHEpallMi aKTUBHOW W PEAKTUBHOW MOIIHOCTEH K CeTH (PUCYHOK 3) IpPUMEHSETCS
anroput™ DA (pucynok 3).

Hnuyuanusuposams nonyasyuro cmpexos Xi (i=1, 2, ..., n)
Huuyuanusuposams eexmop waza AXi (i=1, 2, ..., n)
while koneunoe ycnosue ne evinonneno

Boiuuciume o6vekmusnvle 3Hauenus 6cex Cmpekos

O6HOoGEHUE UCTNOYHUKO8 NUWU U 8pa2a
Obnoenenue W, S, a, c, f, e
Botuucaums S, A, C, F, E, ucnonwv3ys ypaenenus c (1) no (5)
O6nosumub cocedcmayiowjue paouycol
if cmpexosa umeem xoms 6vi 00HO20 cocedcmeyroue20 uHOusUOa

10
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O6HOo8UMb 6eKMOP CKOPOCMU, UCNOAL3YSL ypasHeHue (6)
ObnosUmMb 8eKMOP NO3UYUU, UCHONL3YS YpasHeHue (7)
else
Obnosumb 6eKMOp NO3UYUU, UCHOAb3YS YpasHeHue (8)
end if
IIposepvme u ucnpagvme Hogbvle NO3UYUU HA OCHOBE SPAHUY NEPEMEHHBIX
end while

Pucynok 3 — [Icepnokon anropurma Dragonfly

MsI cTpeMruMCsl YMEHBIIUTh OTKJIOHEHHUS HanpspkeHus. Kpome Toro, Hamia 1ens — CHU3UTh MTOTEPH
aKTHBHOM MOIMHOCTH. Martematndeckas momeiah (11) Hamed ONTHUMH3aIMOHHON MOZICIH MOXKET OBITh
MPEJICTABJICHA CIICAYIONIUM 06pa30M'

n'repaunn Ny3en I/ITepaLU/II/I

min Z Z [(V; —1D?] + Z AP

Xi(i =1,2,...n)
NnTepaunﬁ (t =12,... TL)
npu yciopun{ 100kBt < P; < 200kBT, (G=1,2,..n)
lZSKBAp < Q; < 100xBAp, G=12,..n)
Ym (m= 2,3,..m)

(15)

[ToceoBaTeTbHOCTh ONTHUMHU3AIMS OOECIIEYMBACTCS 332 CUET KOPPEKTHPOBKH BXOIHBIX JAHHBIX
anroputMa DA mpH cieayommx yeaoBHsIX:

® 33]1aJI KOJIMYECTBO CTPEKO03 B poe X; paBHoe 40 equHMULIAM;

® KOJIMYECTBO UTEPALUH Nyrepayuin — 100 pas.

® OTPAaHUYWIIN KOJIMYECTBO YCTAHABIMBAEMBIX MCTOYHUKOB TeHepauuu 16-10 enuHUIAMH: 8
MCTOYHHUKOB aKTMBHOH P; ¥ 8 HCTOYHUKOB PEAKTUBHOM () ; MOIIHOCTH,

® OTPaHUYIIIN MX HOMHUHaNbHbBIE MOIIHOCTH B Tipezenax 100-200xkBt u 25-100kBAp cooTBeTcTBEHHO;

e Vckirouniy nepBeld y3ell U3 pacCMaTpUBAaEeMBbIX KaHAUJATOB Y, U Pa3MEILEHUs TeHEpalliu.

Pe3yabTaThl MOIETMPOBAHMS

Pe3ynbraThl MOICTUPOBAHKS ONITUMHU3AIIMK PEXKUMOB C HCIIOJIb30BaHKEM anroputMa DA mokasad,
YTO COJIHEYHBIC YCTAHOBKM Pa3IMYHON MOINHOCTH Hauboiiee d(Q(EKTUBHO YCTAHABIMBATH B CIETYIOLIHX
y3iax (tabnuna 2).

Tabmuiia 2. [ToakioueHHE COTHEYHBIX YCTAHOBOK

Y3en MourHocTts, KBAp
7 100

8 100

14 75

18 37,5

29 50

30 100

31 50

32 100

JIOTIOMHUTENILHO B PACHPEACTUTENBbHYI0 CeTh HEOOXOMUMO TOJKIIOYNTh KOHJCHCATOPHBIC Oarapen
pa3IMYHON MOIHOCTH, HaumbOosiee 3(D(EeKTUBHBIE TOYKM WX YCTAHOBKH IIOKa3aHbl B HWKECJIEAYIOIIEH
tabuuiie (tadnuna 3).

11
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Tabmuia 3. [loakmoueHe KOHACHCATOPHBIX OaTapei

Yi3en MourHocts, KBAp
4 100
7 150
8 150
14 100
24 200
25 200
30 150
32 200

Pexomenmyemas ycTaHOBKa HWCTOYHMKOB AKTHBHOWM W PEAKTHBHOW MOIIHOCTEH oOOecreduBaeT
MAaKCUMAJIBHOC MOBBIIICHUC OTKIIOHCHUA HANIPS)KCHHA B COOTBCTCTBUM C HOMHMHAJIBHBIM 3HAYCHHUEM BO BCEX
y3J1aX Harpy3oK, 4YTOo MPOJEMOHCTPUPOBAHO HA PUCYHKE 4.

10°
10 .
\ N —— 10 ycraHoBku IPM
| NS ——nocne ycraHosku PM
_____rnocne yCTaHOBKK

9.8 reHepauum akTUBHOW MOLLHOCTH

9.6
Do4gt
)
=
o 7y
2
x 92~
cC
@
a o

9k
8.8
8.6
| | | | | |
5 10 15 20 25 30
Homep y3na

Pucynok 4 — I'paduk mageHus: HanpsHKeHUH Ha y3nax mociie ycranosku UIPM u MAM

OntumuzanmonHass ¢Gyskius DA pacrnonoxuna TOAKIIOYEHHWE 16 COJHEYHBIX YCTaHOBOK U
KOHJICHCATOPHBIX Oarapell pa3NMyHOW HOMHUHAJIHHOH MOIIHOCTH B y3JlaX ¢ HauOONBIINM TOTpebIeHHUEM
AKTUBHOHM M PEaKTUBHOI MOILITHOCTEM, a TAKKe C YU€TOM 00ecreueH!sI MUHUMAIBHOTO NaJleHHUs HalpsHKEHHS
OTHOCHUTENFHO IEHTpa MHUTaHus. B pesynprate pexomenayemas anroputMoMm DA BapmaTnBHas yCTaHOBKa
UCTOYHUKOB PI'D TO 3JiexTpudeckold ceTH TMO3BOJSET MUHHUMH3HPOBATh CHIDKEHHE HANPSHKCHHUS B
yIAJIEeHHBIX y3Jax Harpy3ok Ha 2,9 % npu NOIKIIOUYEHWH KOHAEHCATOpHBIX OaTapeil, n Ha 7% npu
KOMOWHHPOBaHHOM ITOJAKJIIOYEHUH COJTHEYHBIX YCTAHOBOK M KOHAEHCATOPHBIX OaTapei.

3axkioueHue

[Ipumenenne amroputma DA Ha TecToBOi cxeme B 33 y3ia mokasajio, YTO ONTUMH3ALMOHHAS
(yHKIUS MO3BOJSIET B YCJIOBHSIX MOCTaBICHHBIX OIPAaHUYECHUN MakCUMabHO 3()()EKTUBHO PaCcCTaBHUTH IO
anekTpudyeckod cetu 16 PI'D (8 wWCTOYHMKOB akTHBHOW W 8§ HCTOYHMKOB PEAKTUBHOW MOIIHOCTEH)
OTHOCHUTENFHO CHIDKEHUS MaJCHNS HANPSHKSHNS MEKAY HEHTPOM MUTAHUS U YAAJCHHBIMU MTOTPEOUTEISIMH.
B pesynbraTe obecnieunBaeTcsi CHHKEHUE OTKIOHEHHMS HanpsbKeHUst Ha 7% B y3/1aX Harpy30K OTHOCHUTEIBHO
HOMMHAJBHBIX 3HAYEHWH, 4YTO, B CBOIO OYEpE/Ib, IMOJIOKUTEIBHO CKAa3bIBAaeTCd Ha CHWKEHHH IOTEPh
Hanpspkeaust AU u momHoctr A P. Ilpm 3TOM MakCUMalbHOE CHIDKCHHE ITOTepb HampspkeHus AU

12
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JOCTUTACTCS 3a CUET JOIOJHUTEIbHOMN YCTaHOBKU KOHACHCATOPHBIX 6aTapeI7I B y3JIaX Harpy3ok. B cBsi3u ¢
OTUM, JIA CHHKXCHHA MOTCPb AU u AP B QJICKTPUUYCCKUX CETAX, Ha Y4YaCTKaxX, riae pacrnojararoTcs
COJIHCYHBIC YCTAHOBKH, HeO6XOI{I/IMO npeaycMaTpuBaTb YCTAaHOBKY 621Tapel71 CTaTUYCCKUX KOHACHCATOPOB.
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Anparna. Onekmp osceninepin O0amvlmyObly CMpameusnvlK MiHOemmepiniy 0ipi 21eKmp >HepeSUACHIHbIH
WbIRLIHBIK a3atimy 00abin mabwliadsl. AKmuemi dHcaHe peakmuemi Kyam OOUbIHWIA 2NeKMP HCeNiCIHIH pexcimOepiH
OHMALNAHObIPY NEKMP IHEPLUACLIH IHEPEUsl KO3IHEeH MYMbIHYubIed MACLIMAN0ay Ke3inoe KepHey MeH Kyamimbvly
WBIRbIHBIH THOMeHOemydiy muimoi wapanapbinsly 0ipi 6onvin mabviiadvl. ConviMen Kamap, ulekmeynep iHcagoativbinoa
mapamoliean ceHepayusanay Kezoepine OWMAUIbl KOCbLLY Hykmenepin mabysa xabinemmi muimoi omaunanovipy
a0icmepin Konoamy manvi3owl. Maxanraoa scykmeme mopanmapbiHOAebl KEPHEY ayblMKYbiH MOMeHOemy MaKCAmvlHod
akmuemi JcoHe peakmuemi Kyam Ke30epiH muimoi opranacmuipy yuin Dragonfly sicaya 36pucmuxaneix aneopummin
natioanany xapacmolpoliezan. OHmMauianobpyOsl MOOenboeyoiy Hamuoicenepi 6otblHwa Oyn 20icmi KONOAHy KYH
KOHOBIDEbLIAPLL MEH MYPi KYAmmbliblKmazbl KOHOeHcamop bankmepin Oipikmipe omulpbin, HOMUHANObL WAMANAPRA
Kamuicmbl KepHeyoiy ayblmgyoin 7% -ea muimoi memenoeme anamulHOblebl AHbIKMANObL.

Tyiiin ce3nep: osnekmp sHepeus WblebIHbl, MAPAMyulbl dNEKMp diceniniepi, OHMailaHobIPy I6PUCHUKALbIK
aneopummoepi, Dragonfly aneopummi.

OPTIMIZATION OF ELECTRICITY LOSSES IN DISTRIBUTION
NETWORKS USING THE DRAGONFLY ALGORITHM

A.A. Saukhimov?, O.D. Baimakhanov?, A.K. Murat®, A.T. Bektimirov*

Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev”, Almaty, Kazakhstan
le-mail; a.saukhimov@aues.kz
%e-mail: 0.baimakhan@aues.kz
*e-mail: a.murat@aues.kz
*e-mail: a.bektimirov@aues.kz

Annotation. One of the strategic tasks in the development of electric grids is to reduce electricity losses.
Optimization of the modes of the electrical network in terms of active and reactive power is one of the most effective
measures to reduce voltage and power losses during transmission of electricity from the source to the consumer. The
use of effective optimization methods capable of finding optimal connection points for distributed generation sources
under constraints is urgent. The use of the new Dragonfly heuristic algorithm for the effective placement of active and
reactive power sources in order to reduce the voltage deviation in the load nodes is discussed in the article. Based on
the results of optimization modeling, it was found that the use of this method can effectively reduce voltage deviations
by 7% relative to nominal values, with a combined connection of solar installations and capacitor banks of various
capacities.

Key words: power losses, distribution electric networks, heuristic optimization algorithms, Dragonfly
algorithm.
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IHOBBIIIEHUE HAJTEXXHOCTH ®YHKIHHOHUPOBAHUSI HIC PK
TP BHEIPEHUU PEXKUMHOU ABTOMATHUKHN WACS

A.T. BCKTHMHPOBl, A.A. Cayngosl, K.K. Toxru6axues’, E.B. I[l/l}.‘[opemco2

"HAO «ANMaTHHCKMI YHHBEPCUTET SHEPreTHKH U CBsi3H uMeHn ['ymapOeka Jlaykeesay,
r. Anmartel, Kazaxcran
?AO «Kazakhstan Electricity Grid Operating Company», r. Hyp-Cynran, Kasaxcran
e-mail: a.bektimirov@aues.kz

Annomayusn. B 0annoti cmamve npugedensl pe3yabmamvl UCCAe008aHUll RO CO30AHUIO PEXCUMHOU A8MOMAMUKU
na oase cucmemvr WAMS-WACS na mpansume Cegep-FOe, sxirouaroujue ucnoib308aHue HO8bIX UHGOPMAYUOHHBIX
MeXHOI02UT NPU GOPMUPOBAHUU OAHHBIX NO OYEHKe COCMOSAHUA cemu 6 meMne npoyeccd, Memoobl U aneopUummbl
ynpaegnenus pexcumamu HOC PK 6 peanvHom pemetu, popmMuposariie CymoyHvlx epaghukos u 6aiancosbix nepemoxkos
MOWHOCTU C UCNONL30BAHUEM NPOSHOZUPOBANUS HA DA3e UCKYCCMBEHHO20 UHMENNEKMA.

Kniouegvie cnoga: cunxponusuposanmnvie 8ekmopHvle UsMepeHus, YCmouuugoCmy, pPeiCUMHAA A8MOMamuKda,
HeUpOHHAS cemb, UCKYCCMEEHHbIN UHMEIIEKMN.

Beenenne

[loBrimenne HapexxHocTH ¢yHKIMOHUpoBaHUsS HOC KaszaxcraHa B COOTBETCTBHH C KOHIICTITHEH
NuTennextyansabix Jnektpuueckux Cereit (MOC) nocturaercs cCo3naHUEM CHCTEM YIPaBICHUS PEKUMaMHU
93C B peanbHOM BpeMeHH Ha 6a3e HU(POBBIX CHCTEM KOHTPOJIs cocTostHUS DOC, BKIIOYAIOLIHX:

e YcrpoiicTBa KOHTPOJISI CXeMbI ceTH (IycKoBble ycrpoiicTBa P3 u [1A);

® BrisiBUTENBHBIE YCTPOHCTBA M CUCTEMBI, KOHTPOJIHUPYIOLIUE TapaMeTPhl pEKUMa CETH.

B HacTosiee Bpems Iipu BBEACHUH PEKUMA, C UCIIOIb30BAHNUEM NIEPBOM IPYIIIBI YCTPOUCTB KOHTPOJIS
CeTH, O0JNacTh [JOMYyCTHMBIX PEXHUMOB ISl PAa3NIUYHBIX CXEM OIpe/eNsieTcss 3apaHee Ha CTaJuu
NpeJBApUTEBHBIX pacdyeToB. Takol MOAXOM IMO3BOJNSET WHCTPYKTHPOBATH AMCIETYEpa OO0 OCHOBHBIX
JomyctuMbIx KoHurypauusax EDC Kazaxcrana, ofHaKo YMCIO BO3MOXKHBIX COUETAaHHWH CXEM U PEKUMOB
EDC Kaszaxcrana He MO3BOJSET 3apaHee MPOCYUTATh W ONUCAaTh B HMHCTPYKUMU. B pesymbrare mnpu
HAJIO)KEHUU aBapUHHBIX OTKIIOYEHHWH HA PEMOHTHBIE CXEMBI, TUCIETUEPCKUH MEPCOHAT MOXET CYJIUTh O
Ha/IeKHOCTU PEXHMMA TOJBKO MO KOCBEHHBIM NPU3HAKaM: YPOBHIM HANpsDKEHUH, 4acToTe, BETUUYMHE TOKa
no npoBofaM Bo3aymHoW JmHMM (BJI) u 06opynoBaHuio. DTOT HEAOCTATOK yCTpaHSETCS NPU CO3JaHUHU
aJaliTUBHBIX ~ CHUCTEM  YyIOpaBieHuss ¢  wucrnonb3oBaHuem cucremMsl WAMS-WACS Ha  Oase
CHHXPOHM3MPOBAaHHBIX BeKTOpHbIX wu3Mepenuid (CBU) [1-4]. Cucremy WAMS, ocHOBaHHYIO Ha
CUHXPOHH3HPOBAHHBIX BEKTOPHBIX HM3MEPEHUAX OT ycTpoiictB PMU, akTMBHO NpHUMEHSIOT B AMeEpHKe,
ctpanax EBpomsr m Kurae [5-8]. Cucrema WAMS mo3Boisier OCYIIECTBISTH BBISIBICHUE HanOoee
XapaKTEePHBIX IPOLIECCOB IS AIIEKTPOIHEPTETHYECKOW CHUCTEMBI, BO3MYIIEHHH PEXUMHBIX MapaMeTpOB:
B3aMMHBIX YIJIOB MEXJY BEKTOpaMU HaNpsHDKEHHWH B y371aX, 4acTOTHI, IEPETOKAMHU aKTHUBHOM M PEAKTHUBHOMN
MOIIHOCTH, HU3KOYACTOTHBIX KoneOaHuii [9-11].

Pemaembie 3amaun WACS BBIONHSIOTCS B BUJIE OT/ACIBHBIX (DYHKIIMOHAIOB, C HCIOIB30BaHHEM
METO/IOB M aJIrOPUTMOB aJalTUBHOTO ynpasieHus no naHHeiM CBU. O0mas cTpykTypHas cxema pexKuMHON
aBromatukun WACS 1 B3anMoJeiicTBUS ¢ APYTUMHU CUCTEMaMU NIPUBEJCHA HAa PUCYHKE 1.
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APMbI
{(OAncnemuepa, Cnyxba
asTOMaTHKEKM M TA)

Ycrpokcrea MNA (AHM,

ANAP, APOS)

BONC

HarHble WACS (Mpor HOZMpPOBaHME CYTOUHOMD TCP/IP .
CyTouHOrO, rpadmKa, KOHTPO/b 3armaca (sql sanpocei)
Mpadwmua YCTOMUMBOCTH, pacueT MNA no

(Tep/ip) CKOPOCTA M3MEHEHMA yrna)

F Y
C37.118
« TCF/IP l

Cucrema

nnaHyposaHMA
CYTOUHOTO rpad mka

Cepeep SCADA

BOUIC, P,
CryTHHEK
l

CHOop TERYLLER MHGODMaLIMK
Hoeble PMU CyuwiectsyroumMe PMU C NOACTaHLMA K1
SNEHTPOCTAHLLWMA

Pucynok 1 — O6mas crpykrypnas cxema WACS

B nanHO# cTaThe MPUBOISATCS PE3yNbTaThl MCCICIOBAHUS TI0 CO3JIAHHUIO pEKUMHON aBTromatuku HOC
PK ¢ ucnons3oBannem cucremsl WACS Ha Tpansute CeBep-lOr 1151 BEITOTHEHUS CIIETyIOMNX 3a/1a4:

. dopMupoBaHHE CYTOYHBIX I'pa(UKOB Harpy3Kd Ha OCHOBE IIPOTHO3HPOBAHUS HATrPY3KH,
o0ecreynBaoLINX HAAEKHOCTh OajJaHca ¢ y4eTOM MIPOITYCKHOM CIIOCOOHOCTH TPaH3UTa;
. KoHTponar u mporHo3upoBaHHWe 3amaca CTaTHYECKOW YCTOWYMBOCTH MO TEKyIIeMY

COCTOSTHHIO PeKHMMa TPaH3UTa, JUII MAaKCUMAJIBHOTO HCIIOJB30BAaHUE IMPOIYCKHYIO CIHOCOOHOCTH TPaH3MTa
Cegep -IOr;
. KoHTponk W TpOTrHO3MpOBaHWE aBapHHBIX HEOATaHCOB, MPHUBOJAIIMX K HAPYIICHHUIO
YCTOMUYMBOCTH.
[anee B paboTe NPUBOAATCS ONMMCAHUS MPeiaraeMbix QYHKIIMOHAIOB B cocTaBe cuctembl WACS:

|. ®ynkuuonaa «Cucrema (popMUPOBAHMS M NIPOrHO3HPOBAHUS CYTOYHOI0 rpauKa Harpy3Km»
no Tpan3uty Cesep-lOr

Pemenue 3amaq ganHOrO (PYHKIIMOHANIA BO3MOXKHO MPU MCIIONB30BAHUH alNTrOpUTMOB «DopMupoBaHue
HEHpOHHOH ceTH Ha 0a3e MCKYCCTBEHHOTO HHTEIEKTa» M «MammHHoe oOyueHne HEHpOHHOH ceTm»
(PucyHnok 2).

Anroputmbl  «DopMHpOBaHHS HEWPOHHOH ceTH Ha 0a3e HMCKYCCTBEHHOTO WHTEUIEKTa» U
«MaimuHHOTO 00yueHHs HEHPOHHON CeTH» CO3a0T MOJIENT SHEPTOCUCTEMBI, KOTOPbIe OYAyT 3alIOMUHATH U
COIIOCTABIATh,  M3MEHEHHMs  (AKTHUECKHMX CYTOYHBIX TpaMKOB  IPOU3BOJACTBA-TIOTPEONCHUS  C
3aIUIAHMPOBAHHBIM HAa CYTKH Boepen. HeipoHHas mMozens OylneT B HMOCTOSIHHOM BPEMEHH O0O0y4aThCsl Ha
OCHOBaHMHM (DaKTHMUECKUX JAHHBIX M IPOTHO3UPOBATh pealibHble CYTOYHBbIE TpaduKu IMPOM3BOICTBA-
notpeOyieHus], KOTOpBIE CJIOXAaTcsi Ha CIEAYIoIIMEe CYTKM. B HeilpoHHylo Moxenb OyayT BBEICHBI
OrpaHUYEHMs], CBSI3aHHBIE C MAaKCHUMaJbHO AomycTuMbiM meperokoM (MIII) u aBapuifHO IOITyCTUMBIM
neperokom (AJIIT) Ttpansura «CeBep-BocTok-lOr». Ananusz Takxke OyIeT NPOU3BOAMUTHCA C YYETOM
BO3HUKHOBEHHUS (DaKTOPOB HAPYyIICHUS HOPMAJIbHOTO pekuMa: oTkimodenue BJI, aBapus Ha cranmmm,
MOTOJIHBIE YCIIOBUSI, U3BMEHEHUs reHepanuu BUD u 1. 1.
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PucyHok 2 - @yHKIMOHANBHAS cxeMa 00y4YeHUs] HEHPOHHOM CeTH

Mogens 3HEprocucTeMsl 4151 00y4eHHsI cOCTaBisIeT 0KoJI0 60 0OBEKTOB YHEPrOCUCTEMBI (MCTOUHUKHI
TeHEpaluy, JIMHUM OJEKTpoIiepeaay, KpyIHbIE MOTPEeOUTENN), BIMSIONIMX Ha MEPETOK MOLIHOCTH B
KOHTPOJINPYEMOM CEUYEHUHU.

BbiGop Monenu nporHosupoBaHusi. BpiOop Mozmenu A MpOTHO3MPOBAHMS BPEMEHHBIX PSAOB
00yCJIOBIEH B HEPBYIO OYepenb XapaKTepoOM CaMUX [NAaHHBIX WJIHM, €CIM TOBOPUTH TOYHEE, OOBEKTOM
nporuozupoBanus [12]. B npakTudeckux 3ajadax MpOrHO3WPOBAaHUS CYIIECTBYIOT 2 OCHOBHBIE MOJIEH IS
pemreHus 3amad nporHo3upoBaHus. [lepBas — 3To Tak HaspiBaemas ARIMA mozens Ha 6a3e anropuTMOB
ABTOPErPECCHU. XapaKTEepPHONH OCOOCHHOCTHIO NMPHUMEHEHUS NAHHOM MOZETH SBIAETCS €€ TOYHOCTH NPH
MIPOTHO3MPOBAHMM  HECTAI[MOHAPHBIX BPEMEHHBIX pAJAOB, HE HMEIOUIMX CTPOTUX BPEMEHHBIX
3aKOHOMepHOCTel. Bropast Mozaenb — Monenb rirybokoro o0ydenust LSTM (donras kpaTkocpoyHasi aMsTh)
Ha 0a3e pEKyppeHTHBIX HEHPOHHBIX ceTel, Kak HauOojiee MOAXOAAIas MOJAETb NPOrHO3UPOBAHUS
BPEMEHHBIX PSAOB C BO3MOKHOCTBIO COXPAaHEHHs MaMATH B T€UEHHE JUIUTENBHOTO MEepro/ia BPEMEHH, YTO
OoJsiee MOAXOIUT [Tl CTAIIHOHAPHBIX BPEMEHHBIX PSIOB.

B nanHoli paboTe MBI HMe€eM JAeJI0 C IPOTHO3UPOBAHUEM HArpy3KH M MOTPEOJICHUS IEKTPOIHEPTUH.
JlaHHBIE 1O AMEKTPO’HEPIHUH UMEIOT XapaKTep IMOCTOSIHHO MOBTOPSIIOIIUXCS JAaHHBIX (HAIIPUMED, CyTOUHBIN
rpaduk), U ux Gopma (MUKK) MEHSETCS TOJBKO TOJ BIMSHUEM BHEHIHUX (QakTopoB. TeMm He MeHee, OHU
JOCTaTOYHO CTallMOHAPHBI, U BIMSHUE BHEIIHUX (PAKTOPOB (OTKIIOUEHHE MOTpeOUTENIeH, Mpa3JHUYHbIE THU
U T. JI.) BIIOJHE MOXET OBITb YYT€HO TIPU MOCTPOSHHWW IPOTHO3HON Mmonenu. Mcxons m3 aroro, LSTM
Mo/ielb Obl1a BEIOpaHa Kak HauOoJiee MoIXo/Isiiast AJ1sl pelieHus OCTaBICHHOM 3aauu.

JomnonuautenbHbIM (hakTopoM Juis BeiOopa LSTM Mopenu, 1o CpaBHEHHUIO, HANPUMEp, C JIMHEHHOW
perpeccueii, SBISETCS TaKKe CHeUU(UUECKUH XapakTep H3MEHEHHs 3JIEKTPONOTpeOJieHHS B 3UMHHNA U
netHuil nepuoj. Ecnu B 3uMHHE mepHon MOXKHO HaOMI0aTh 2 MHUKOBBIX 3HAYEHUS B TEUCHHE JIHS, TO B
JIETHUN TIEpHOJ TOJIbKO | MHKOBoOe 3HadeHue (B cepearHe AHs). JInHeHbIe MOJIENIM HE MOTYT MOJIEIIMPOBATh
HECKOJIbKO HAarpy304HbIX KPUBBIX JUIS OMHOTO M TOTO K€ BPEMEHHU.

Hnsa mpenckazanus 24-4acoBOro mOTpeOIEHUA-TIPOM3BOACTBA 3JeKTpodHeprun LSTM yuutbiBaer
JIAaHHBIE 3a TPOIIC/IINE HECKOJIHKO CYTOK (B Tporiecce oO0ydeHUs W B «DOEBOI» BEpCHM), a TaKKe Ha
OCHOBAaHMHU NPOTHO3a TOTOJABl W COCTOSIHUSI CHUCTEMBI (A1 MPOTHO3a B PEXHME PEalbHOTO BPEMEHH)
BBIBOAMT NPOTHO3 HA YKa3aHHBIN neproa (24 yaca uiu 5 MuH).

CornacHo broky | (pucyHok 2), CHporHo3upoBaHHBIH rpad)uk HepeToka MOIIHOCTH Ui 9 CyTOK
MIPEICTABIICH HA pUCYHKE 3. Pe3ynbTaTsl MOACIHPOBAHUS TMOKa3aln OmmOKy He Oosee 5% B cpaBHEHUH C
pEaIbHBIM TEPETOKOM MOIIHOCTH 3a HMCCIEAYEMBIH MEPHOA, TA€ CHHUM II0Ka3aH CIPOrHO3MPOBAaHHBINA
MIEPETOK, a OPAH)KEBBIM — PEaJIbHBIN.

IIpoBepka NMPOrHO3HOI0 MepeTOKa MO KPUTEPHI0 HAJEKHOCTH IPOBOANUTCS IO CIEAYIOMIEMY
anroputmy (bnok 1) — popmupoBaHue HTOrOBOro MPOrHO3a MEPETOKA MO KPUTEPHSIM HaeKHOCTH. [laHHbBIC
JUIA pacdera, COIVIAaCHO IMOKa3aHHOMY ajrOpUTMY, HOCTyHaroT u3 npeapiaymero bioka | (pucyHok 2),
(hopMHUPYEMOro ¢ TIOMOIILI0 HEHPOHHOH ceTH. Biiok-cxema ajropurMa npuBeicHa Ha PUCYHKE 4.
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South zone consumpt 2019: akTyanbHas/ npeackasaHHas Harpyaka
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Pucynok 3 - IIpornos Ha 9 cyTok Biepen

OxoHYaTenbHasi MPOBEepKa BBHIOPAHHOTO KOHTPAKTHOTO TEPETOKAa MO KPUTEPHIO HAAEKHOCTH OyIeT
BBITIOJTHATBCS MMyTEM WHTErpanuu ¢ pacueTHoi nporpammoii 1-JIO B coctaBe [10 WACS (60K BbIIENeH
KpacHOW MYHKTUPHOH JINHUEH).

3eeHbIM BBIJCIICH PeaaM30BaHHbBIN OJIOK, HA BBIXOAE KOTOPOTO MOJIY4aeM JaHHbIC [0 MPOTHO3HOMY
MAIL. T'padpux npornoznoro M/II chopmupoBaH TO JaHHBIM TMPOTHO3HOTO MEPETOKa, HArpy3KH M
reHepaluy, Mojy4yaeMbIX OT HEHPOHHOW CETH U MOIYJIS pacyeTa 3araca CTaTH4eCKON yCTOMYMBOCTH.

Baok Il - PopmMpoBaHMA NTOMOBOIO WHTEerpauma c pacueTHO#M Nporpammoit

DopmuposaHue obbemos BBoga YB u
pe3epEo s MOLLHOCTH Ha KK AbI uac

NpeACTOALMX CYTOK MPK 8Bap MIAH bIX
BOZMYLUEHHUAX

MNporHoaupoeaHue | |
MPOrHO3HOro MepeToka no cyTouHoro rpaduka | 1-00 e coctase MO WACS |
KPWUTEPHMAM HaEMHOCTH 3arpysku TpamsuTa PacueT no |
Cesep — HOr (Bnok 1) —I—Pl aBapUAHBIM |
BO3MYLLEHWMAM

| |
MNpoeepka rpadmka | |
no KpUTEPHIO | Beog ynpasnalowmx |
HaAEeMHOCTH NO Yray | 8030eWCTBMIA |
I | | |
Her |

CocToAHME Cxembl |
QopmupoBaHue | |
CETW Ha cyTRH Pac4yeTHON cxembl Mposepxa |

Bnepes, | YCTOHUMBOCTH
| ¢ BbIBpaHHbIM |
[ obvemom YB |
DopMHpOEaHHE | ‘ |
MOENH PEMMMA | Aa |
h 4

| |
| |

|
| |
L |

Mouacosoit
pacueT KH l
l —— Tposepka aocTaTounocT obbemoe YB
(®opmuposaHue npw nporsosHom MM
NpOrHosHoro ————
cytoudoro MO |
WTOroeblia cyTouHbIi
nporHoz MAMN
S |

Pucynok 4 — biok-cxema anroputma (OpMHPOBAHHS HTOTOBOI'O IPOTHO3HOTO Tpaduka

BrimenpenctaBneHHbIN alTOPUTM MpeIHA3HAYEH IS PEIICHHS CISAYIOMNX 3a7a4:
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- Pacuer (onpezaeneHne) MakCUMaJIBHO JOIyCTUMOIO NEPETOKa, UCXOAS U3 KPUTEPHs oOecredeHust
HaleKHOCTH (pacueT Koddduuuenrta 3amaca B 00JacTH JOMYCTHMBIX PEKUMOB) Ha KaKAbIA dac
NPEACTOSIUX CYTOK, HCXOAS W3 Kod(pQUIMEHTa YCpeJHEHHWs IMoKasaTeleld 3a yac, a TakkKe pacdera
«poBHOTO» Tpaduka nmporao3znoro MJIII.

- Ompenenenue JOCTaTOYHOCTH O0beMOB YB Ha KaxAbli dYac MPEACTOSIIUX CYTOK MpH
CIPOTHO3UPOBAHHOM TMEPETOKE MOIIHOCTH IO TPAaH3UTY WM JAajbHEHIas KOPPEeKTHpPOBKa rpaduka mpu
HEJO0CTaTOYHOCTH Y B.

- Takxe BO3MOXKHO OIIpezieJIeHne HEOOXOIMMOM BEIMUMHBI pe3epBa AJIs PEryIMPOBAaHUS OTKIOHEHUI
cyOobekToB HOxHOM 30HBI Ha Kbl Yyac MPEACTOSAINX CYTOK — Ha BBIXOZAE Yucio B MBT Ha Kaxablil yac
BIIEpEA IIyTEM IIPEAIONI0KEHHS BKIOUEHHUS U OTKIIOUEHHS YHEPrOOOBEKTOB.

- @opMupoBaHHE KOHTPAKTHOTO IIEPETOKA Ha NMPEACTOSIIUE CYTKH.

CdopmupoBaHHbIE CyTOUHBIE IpadUKH HA CYTKU BIIEpE] IO COOTBETCTBYIOIIUM IIPOTOKOIaM OOMeHa
JaHHbIX OyayT mocsutatees B LICITA s mpoBepkH 10CTaTOYHOCTH MPOTHBOABapUitHOro ympasienus [13].
ITociie KOppeKTUPOBKH CyTOYHOTO rpaduka mpou3BoacTBa motpednerus B moayne LICIIA on nmpuHmMaercs
B paboTy.

1. @®ynknuonaa «CucreMa KOHTPOJSI M IPOTrHOZUPOBAHMS 3aMaca CTATHYECKOM
ycroituuBocT» Ha Tpan3ute Cesep-IOr.

Peanuzanus nanHOrO (pyHKIMOHANa HAmpaBlieHa Ha BBISBICHHE OMACHBIX PEKHUMOB, CHOCOOHBIX
HapyllaTh YCTOWYMBOCTh B PEAIIBHOM BPEMEHH. [[JIs1 SIEKTPOIHEPIETHUECKUX CUCTEM UAEs YNPaBJICHUS 110
JTAHHBIM CHHXPOHU3HWPOBAHHBIX MU3MEPEHHN CBOAMTCS K METONY BBIYMCIEHHUS YCTOWYMBOCTH B YCIOBHSX
peaTbHOr0 BPEMEHM C TIOMOILBbIO YCTPONCTBA YIPABIEHUS IIPU UCIIOJIB30BAaHUU pAcUeTHOW Moaenu. JlanHas
MoJens (QopMUpYeTCss B KOHTYpe YIPaBICHHS TpaH3UTA [ OMNpPEICNCHUs OMAaCHBIX PEKUMOB B
cucteMooOpa3ymomeil ceTd, a TakkKe OLEHKH MPOIMYCKHON CIOCOOHOCTH MpH aJaNTHBHON pEaknud Ha
WU3MEHEHUS CXEMBI.

TexHonorrs BEKTOPHOI0 U3MEPEHHs TapaMeTPOB PEKMUMa MO3BOJIIET PACIIUPUTh CIIUCOK MOTyYaeMBbIX
JUIS OLICHMBAHMsI COCTOSHUS IapaMeTpoB 3a cueT yuyera (a3 HampsDKEHHH B PasIMYHBIX Y3JIOBBIX TOYKAX
sHEprocucteMsl. Panee naHHbIM (GopMaT NOTydEHHUs JAHHBIX OBLT HE TOCTYIICH.

Moaynb olleHKH pexuMa (OpMHUPYET pacyeTHYI0 MOJIeNb SHEPTOCHCTEMBI 10 CETEBBIM MapamMeTpaM U
MaTpully SIkoOu Mo peXUMHBIM IapaMeTpaM, 3aTeM MPOHU3BOJIMTCS pacdeT ompenenutens marpuibl. [lo
nmaHHbIM cructeMbl WAMS cunThIBatOTCS peKMMHBIE TTapaMeTphL:

1. Hanpsokenust B KOHTpoHpyeMbIxX y3nax cetu (V ... Vy,);

2. Tleperoku aKTUBHOIT MOIIHOCTEH 10 KOHTPOJIUPYEMbIM BETBsIM Pij.

3. Bekropa HanpspKeHHH B y3i1aX U 3HAYEHHE YIiIa MKy HUMH O

Martpura Slkodu dhopmupyetcs B ciaenyroiieM Bue [ 14]:

an an
6_W _ 661 ." 65m_1 (1)
98 OWm—_1 OWm-_1

26, 7 96m_s

ITepexon yepe3 HOb SIkOOMaHa SIBJISETCS YCIOBHEM pa3Balia CTaTHYECKON ycroiunBocTu: J <0

®dopmupoBaHue MaTpuibl SIKOOM ¥ JNaNbHEWIIHMA pacueT OINPENEITUTEIs MPOU3BOIUTCS MOYJIEM
onenku pexxuma. CBU mpemocTapiiseT 3HaueHUS HANPsDKEHUH B KOHTposimpyembix y3nax cetu (V; ...V},),
BEKTOpa HANPSOKCHWW B y37aX W 3HAUYEHWE YIJIa MEXIAy HUMH, TIEPETOKH aKTUBHOW MOIIHOCTEH IO
KOHTPOIHUPYeMbIM BeTBsM Pij. ®opMupoBanue MaTpuilbl SIKOOU B CIEAYIOIEM BHIE:

OAP OAP, Vka(— Gy SINdy, + By, cos6km), k # m;

05 /), 05, |Vk2Vn(GnSindpy, — Byycosdy,), k=m; )

mek

MeToapl OCTPOEHUS aNMPOKCHMALMK 10 TOYKAM HCIIOJIb30BAaHBl IS TMOJyYeHHUS] 3aBUCHMOCTH
¢yHkuuy J oT HaOMI0JaeMbIX TAPaMETPOB PEKUMA CETH.
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C wmcnonp3oBaHHEeM MeToAa HamMeHbIMX KkBanpatoB (MHK) ompenmenstores ko3pHuITHeHTHI
aNmMpPOKCUMUPYIOIICH 3aBUCUMOCTH.

B ¢yHKIIMOHANIE UCTIONB3YETCS TOCTOSIHHBIN KOHTPOJIL 3araca ycToiunBocTr o ganasiM WAMS u
amanTHUBHAS OIepekaromias OIleHKa Ipemea IepexaBacMoil MOITHOCTH 1o cedeHuto «Cesep-HOr» HOC
Kazaxcrana. B manHoMm ¢yHknuoHasne ko3()(UIMEHT 3amaca CTaTHYECKOH OMpeAeIsaeTCs MEePUOAMYSCKU
CIIEAYIOMNM 00pa3oM:

Pn _(Pr[e +PHK (3)
K, = —2 P~ M9 % 100
Fip
rae  Ppp — DOpenenpHbI  NEPETOK  aKTUBHOM MOIIHOCTH 10 CEYEHMIO [0  3HAYEHUIO

ANIPOKCUMHUPYOLIEH QyHKINH.
Byep- TeKy1Ias niepeiaBacMasi akTHBHAsI MOLIHOCTb.
P, - HeperyIsipHble KosieOaHusl.
ANTOpPUTM TOUCKA Mpeiesia MPOIYCKHON CIIOCOOHOCTH 0 CEUYEHUIO ITPUBE/ICH Ha PUCYHKE 5.

/
/

x| )
~—{TML ‘Y(‘ﬂﬂ‘ {OHP‘— ®PM —{ OMJI OAD 1 K <f’\}<‘<20% NAIOMCY | {IIMCY

| HE RN

HECT

Pucynok 5 — CtpykTypa anropurMa nporHo3upoBaHus Mpesesa CTaTHUeCKON yCTOMYNBOCTH.

rae TU-tenemsmepenns; YCII/I- yctpoiictBo cbopa u mepemauu manubix; OIIP — ompenenenme
napameTpoB pexxnma; OPM- dopmupoBanne pacuetHoit monenn; OMSI- ompenenenne MaTpunbl SkooOwu;
OAD - ompexaeneHue ammpokcumupytomieit Gyukuuii; OIICY — ompeneneHue mpesesa CTaTHYSCKOU
ycroitunBocTH ¢ K3 <20%; [IMCY — npuMeHeHne Mep 10 COXPaHEHUIO YCTOHYUBOCTH.

[Ipu 3Hauennn ko3 duimenta 3anaca (K,) menee 20% aucrerdep mojyyaeT CUTHAT O HPHOIKEHHN
3HEProCUCTEMBI K MPEJIeNTy CTATUYECKONW YCTOMYMBOCTH.

[Tokazarenb YCTOHYMBOCTH B BHJE ONPEACIHUTENST MaTpUIBl SIKOOM MO3BOJSIET MOCTPOUTH HEKYIO
3aBUCUMOCTb [0 ammnpokcumupyiomerd ¢yHkuuu. [Jas TpOrHO3MpoBaHMS NpeAesa CTaTHYECKOH
YCTOHYHMBOCTH UCIIOJIB3YETCS alllIPOKCUMHUPYIOIIAst TOBEPXHOCTb.

Arnpo0ariusi MeTO/Ia BhIMOJNIHEHA 10 cxeme Tpan3uta CeBep-lOr. Cxema oTpakaeT SKBHBAJICHTHYIO
MOJIeNIb TPAH3UTa, B KOTOPOH VISl MOJIyYeHHS NaHHBIX HCIIOIb30BaHbl JaHHBIC OT ycTaHOBJIEHHBIX 16 PMU
Ha I1C 500 kB tpansura Cesep-IOr. 3nauenue M/II1, onpeneneHHoe Npy NPOrHO3MPOBAHUH MTPEATAracMbIM
METOJIOM, COBIQJIa€T CO 3HA4YEHHEM, IOJyYEeHHBIM B pacUETHBIX MpOrpamMMax peXuMa, COBIAJAeT C
norpemHocTeio MeHee 3%. Ha pucyHke 6 mpeacTaBieHbl pe3ysbTaThl pacyeTa ajJropuTMa.

L

ERATH

L e R

DI

g - ] B = - = - = . w1 =) - e TR ]
P, MY

Pucynok 6 — AnmpokcuMmmanus 3HaueHul SIkoOrana mpyu BOCBMH N3MEPEHHSIX

21



BecmHuk AAMamuHCKO20 yHusepcumema 3Hepaemuku u cesasu Ne 4 (51) 2020

1. DyukuuoHaa «KoHTpoJb 1 IPOrHO3UPOBaHNE TMHAMUYECKOH YCTOIYHUBOCTI.

Peanuzanus (QyHKIMOHANa HampaBieHa Ha pPacyeT W BHIOOP YIPABJISIOIIUX BO3ACHCTBUN IPHU
NPUOIKEHUM K TPAHUIIC HApPYyIICHUS YCTOWYHMBOCTH JUIS COXPaHEHUS HOPMAIBHOTO IPEIaBapUIHOTO
pexxnMa. B oTnHume OT KIIaCCHYECKWX METOAOB OIEHKH JWHAMUYECKOH yCTOWYMBOCTH, TNI€ HapyIICHHE
YCTOHYHMBOCTH (UKCUPYETCS TIO0 PACXOXKICHUIO B3aMMHBIX VIJIOB TEHEPATOPOB U CYIIECCTBCHHOMY
W3MEHEHUIO OCHOBHBIX I1aPaMETPOB COCTOSHUSI CUCTEMBbI (HAMPSHKEHUS M YaCTOTHI), B MPEJIaraéMOM METO/Ie
HapylIeHHe YCTOWYMBOCTH MPOTHO3UPYETCS MO OTKIOHEHHIO HAONIOIAeMBIX ITapaMeTpOB M CKOPOCTH HX
M3MEHEHU 110 JaHHBIM CHHXPOHH3UPOBAHHBIX BEKTOPHBIX M3Mepenni [15]. Teopernueckre 0OCHOBEI MeTO/IA
MPOTHO3UPOBAHUS HApPYIICHUS JUHAMUYECKOW YCTOMYMBOCTUA 0a3uUpPYIOTCS HA HCIOJB30BAHUHM OICHKU
YCTOHYHMBOCTH IO BTOpoMy Metoxy JlsmyHoBa. B siexTposHepreTmke 3TOT METOJ MPENCTaBIsieTCs Kak
«METOJ IIOLIAACIHD.

ITo BTOpOMYy MeTony JlsamyHOBa MPUMEHHUTENBHO K ycroiunBocTH DDC TONHAS SHEPTHsl JBIKECHUSL
TEHEPaTOPOB CHUCTEMBI B TIEPEXOHOM IIPOIIECCe HE JIOJHKHA OBITh OOJIBIIC MOTCHIMATBHON B KPUTUYCCKOU
TOYKE, ONpeAeNsieMOi B3aNMHOMY YTy MEXAY YCKOPSIOIIeH W TOPMO3SAIIEHCS YacTSIMH CHCTEMBI (MEXITY
reHepaTopaMHu 10 Pa3HbIe CTOPOHBI CEUCHHUS)

V5= Vi(T,W)) + V5(5), (4)

rae: Vi — KHHeTH4YecKas SHEPTHUsl IBUKEHHSI TeHEPaTOPOB;
V;— MOTEeHIMANbHAs SHEPIUs B IOCICaBapUHHOM PEXHUME;
Vi — OJIHAs SHEPTHUsI CUCTEMBI B TPAHUYHON TOUKE M0 B3AUMHOMY YTJIY.

Pa3paboTka cucTeMbl MPOTHO3MPOBAHMS BKJIIOYACT B Ce0s HEOOXOAMMEBIE ATAlbl PadOTHI: MOATOTOBKA
JAHHBIX, TIpeIBapUTEeNbHAs 00paboTka, pa3OueHre HaOOPOB NaHHBIX, 0OyueHWEe BHIOpAHHOW HEWPOHHOW
CeTH, MPOBEPKa MOJICIIN U HHTETpanysi 00y4eHHBIX MOJIeNIeil B ONBITHYIO dKcIuTyaTanuio (PucyHok 7).

DunbTpaUMA

Pacuer Peanwzauma
obvemos YB VB

VItV

WAMS - WACS | pacyeTHbIX

S BENMUMH YINa

_ KpWTHY

HeT

Pucynox 7 — @ukcanuy BO3HUKHOBEHHS aBapUIHOTO BO3MYUIEHUS IO JaHHBIM WAMS

brox mo pacdery ympaBiSIONIMX BO3JEHCTBHM A MPEJOTBpAIEHUS HApYIICHUS YCTOHYHMBOCTH
OyzeT aHaTM3UPOBATH U3MEHEHHUE MEPEXOAHBIX MpoueccoB. CHHXPOHU3UPOBAHHBIE BEKTOPHBIE M3MEPEHUs
(GOpPMHPYIOT HEKOTOPYIO TPAEKTOPHIO IBUKEHUE YHEPTOCUCTEMEI B peajbHOM BpeMeHH. 1o moBepXHOCTHBIM
TOYKaM HM3MEHEHHsS PexXUMOB dHeprocucteMsl (I, 8, U) BO3MOXXHO OINpenenuTbh COCTOSHUE IOKOS WU

YCKOPEHHUSI.
[TepBuYHBIM TOKa3aTeaeM HAONIOCHUS 32 PEKUMOM SIBISICTCS B3aUMHBIN yros HampspkeHus (J)
MEXIy JABYMS OSHEpProcucreMaMH Bpall[alONIMXCs Macc TeHeparopoB.  OjHako, TEKyIIMH aHaju3

¢dakTruecknx pexxuMoB 1o JaHHEIM WAMS mokasan, 4To B CBSI3M C M3MEHEHHEM CTPYKTYpBI TpaH3UTa
«CeBep-lOr» Tekymee 3HaueHHEe B3aUMHOTO yria (8) HE COBCEM KOPPEKTHO OTpa)kaeT peasbHbIE 3arachl
YCTOHYMBOCTH.

[Tpu 3TOM, UCTIONB3YSI (PYHKIUIO TPOTHO3UPOBAHUS HAPYIICHUS! YCTOWYMBOCTHU 110 YCKOPEHHIO yTIia
HanpspkeHust (d26/ dt2), BO3MOXXHO HPOTHO3MPOBATh HAPYLIEHHWE YCTOWYMBOCTU M JO3UPOBATHb CHIKEHHUE
OTKJIIOYaEMOW  Harpy3ku cucrteMbl, ucnonasdys CAOH depe3 JONOMHUTENBHBIA  KOHTPOJUIEP
MPOTHUBOABAPHUITHON aBTOMATHKH ¢ peTpaHcisueil curaana B LICIIA.

BrusiBenue 3HaueHHs KpuTHyeckoro yria (8) mo oboum koHumam Tpansuta «Cesep-lOr» Oyzer
BBITIOJTHATHCS 1O TIPUHLIUITY CKOJIB3SILIETr0 OKHA, ¢ ITyOuHOM norpyxenus 100 mc.

5Kp = Oyex ~0100> Vrpa,a/cZ (5)

i€ Vipayez — (usnyeckue 3HAYeHUs TPAeKTOPUM YCKOPEHHs, IOJIydyaeMble [0 pe3yibTaTaM
MOJICJIUPOBAHUSI.
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AHaIM3 TPACKTOPUH YCKOPSHHUS B3aMMHOTO yriia (8’’) W COMOCTaBICHUS CO 3HAYCHHUSIMH COCTOSHHSI
MOKOs (3’) MO3BOJMT C BHICOKOW TOYHOCTBIO ONPEACTHTH OLEHKY TEKYILEH CHTyallud B pa3pe3e TIyOHHBI
NpUOMMKEHHsT K TPaHUIEe YCTOMUMBOCTH. Vcmonb3oBaHME MOAXOAa KBaAPAaTHYHBIX (PYHKIHMHA yCKOpEHUH
B3aMMHOTO yTJIa O MO3BOJIUT C(HOPMHUPOBATH THOKYIO 3aBUCHMOCTH 00BheMa oTkitoueHns Harpy3ku CAOH u
TUTaBHO BO3BPAIIATh TEKYIIHHA PEXUM K HOPMaJIbHOMY COCTOSIHHUIO.

@ukcanusi BO3HMKHOBEHHMSI aBAPUHHOIO HApylWleHHWsl M BbIOOp 00beMa YNpPaBJSAIOLIEro
BO3/IeiicTBUSI OYIYT OCYIIECTBIATHCSA NMPH BHE3AIMHOM YBEITUYECHWH OTHOCUTEIHFHOW CKOPOCTH M3MEHEHUS
yria V' 1o KPUTUYECKUX 3HAYECHUI.

@dukcanysi BO3HUKHOBEHHUS aBapUilHOTO BO3MYIIEHHS OyJET BBIIONHATBCA B  CIEAYIOLICH
MOCIIEI0BATEIEHOCTH

1) Omnpenenenue Tekyiuei ckopoctu V'

Jo_d8 _ (6= 82)
~dt 005 (6)
rjae 61— TeKyllee U3MEPCHHE;

§,— npenpiayiiee u3mepenue 50 Mc Ha3a;

CKOpOCTh OIpeNeNsIeTcs B BUIE CpeaHero 3HadeHus yria (§) kKak npuparieHue Ha uatepsaie 50 mc.

2) OleHKa TEKYIIETo JBHKCHHS CHCTEMBI:

V'>V'KpI/IT1 cpabateiBanue 1Y

V'<V'Kp1/IT1 cocrosinue nokos 1Y

[To mpoBeeHHBIM pacyeTaM, OIIEHOYHO, IIPH 3HAYeHHH CKOPOCTH yria nepexadn 20 rpan/c u Oomee
TpeOyeTcs MPOTUBOABAPUITHOE YIIpaBICHHE.

CoorBerctBeHHO, V' KpUT umeet 3Ha4yeHue 20 rpaj/c

3) OmpeneneHne TEKYIIEro 3HaYeHus yeKopenus V'':

IMowck kpuTHueckoro 3HaueHus V'’ B Temriie nporecca OyeT BBIIOIHEH 10 HPHHIAIY CKOJIB3SIIETO
OKHa, KoTopoe coxpanseT uapopmarmto 100 Mc Hazan. OOHOBISETCS CKONB3sIIee OKHO Kax ibie 20 Mc.

V'V kpurl cpaGareiBanme ITY

V”<V”KpI/IT1 cocrostHue mokos I1Y

Ilo MpOBENEHHBIM pPacyeTaM, ONEHOYHO, TpH yckopenun Menee 200 rpam/c’ mpoTHBOABAPHIHHOE
yIpaBJeHne He TpeOyeTcs.

I[To MpOBEJEHHBIM PAcyeTaM, OIEHOYHO, IIPH 3HAYCHHH CKOPOCTH yria mepegadn 200 rpan/c’ u
Oonee TpeOyeTcs MPOTUBOABAPHITHOE YIIPaBIICHHE.

CoorBerctBenHo, V' kputl umeer 3uauenue 200 rpaj/c?

4) KoHTpoJIb TEKYIIEH CXEMbI CETH M 3HAUCHHUS ITEPETOKA [0 CEYSHHIO.

[IpoBeneHHble pacueThl TMOKa3bIBAIOT, YTO 3HAYEHHUS CKOPOCTH M YCKOPEHHS MMEIOT CXOXKHe
3HAYEHUS BHE 3aBUCUMOCTH OT 3arpy>KEHHOCTH TPaH3HUTa U CXeMBbI CETH. [Ipy MUHUMAIBHOW 3arpyKEHHOCTH
TpaH3UTa HAOPOC MOIHOCTH HE MPHBEIET K HEYCTOHYMBON paboTe CHCTEMBI, HO MPH TAaKOM K& 00beMe
HaOpoca B MaKCHMaJIbHOM PEXHMME CHCTEMa MOXKET NMPUBECTH K ToTepe ycTohdnBocTH. COOTBETCTBEHHO,
npu BeIOOpe 00beMa Y B, Hy)KHO yUUTHIBATH TEKYIIYI0 CXEMHO-PEKHMHYIO CUTYAIIHIO.

5) Kourtponb 3Ha4YeHHs1 ycKopeHus V'’ ¢ ydeToM TeKyIeil CXeMHO-PEKUMHOMN CHTYaIIHH.

Io mpoBeNeHHBIM pacueTaM YCKOPEHHe yria Hepegaud B auamaszoxe 200-500 rpaa/c’ xapakTepHO
JUTsE HAOpPOCOB MOIIHOCTH. TpebyeMblii 00beM yNpaBJSIFOIINX BO3AEUCTBUH cocTariser nmopsaka 100 MBr
Ha Kaxaeie 50 rpazl/cz, MIPEBBIMIAIONINX TTOPOTOBYIO TPAHUITy BBOJIA ITPOTHBOABAPUUHOTO yrpasieHus (200
rpaz/c?).

Yckopenue yria nepenaun 500 rpan/c’ u Golee XapakTepHO JUlsl aBapHHHEIX oTKmoueHuit BJI 500 kB
mo Tpam3uTy. Kak wu3BectHo, otkimodenue BJI-500 kB sBmsercs myckoBeiM opranom [ICIIA,
COOTBETCTBEHHO IPOTHBOABAPUIHOE yIpaBlieHHWEe OyJeT BEHIMOIHEHO koMmiuiekcoM YBK AJIB, u moxer
BO3HUKHYTHh W30bITOuHOE [IAY co croponst WACS. Ckopocth pearupoBanus komiuiekcoB YBK AJIB
obicTpee, yeM komruiekca obopynoBanus WACS. B cBsizu ¢ 3tuM HeoOxoanmo O0kupoBath padoty [TAY
WACS npu aBapuiinom otkioueHun BJI-500 kB:

V">V"KpI/IT2 cocrosiaue nmokos I1Y

V"<V"Kpm2 cpabareBanue 1Y
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CootserctBenHo, V' kputl umeer 3nauenue 500 rpaz/c?

3akiouenne

B cBs3u ¢ Bo3pacraromieit Harpy3koi Ha TpaH3uT «CeBep-lOr» HOC KazaxcTtaH mosBISIOTCS HOBBIE
TEXHOJIOTHUECKHE 3aJaud, KOTOpble HalpaBlIeHbl HA MAaKCHMAaJbHOE WCIONb30BaHHE MPOIYCKHON
CHOCOOHOCTH TpaH3UTa 0€3 CHIKEHMs PEeXHMHOW HAJCKHOCTH MEPEAAIOMINX SJIEKTPHUECKHX CeTed Mpu
9KCIUTyaTalluu B peajbHOM BpeMeHu. Mcxons n3 ocoOeHHOCTEH NpuMeHeHHsI CHHXPO(a30pHBIX U3MEPEHUIl,
nony4aeMbix 13 PMU 1o TpaH3uTy, OCHOBHBIMH 3ajiadamH, pemiaemble aBroMaTnkoir WACS, onpeneneHbt
crenyiomue: «(pOpMHPOBaHHE KOHTPAKTHBIX TIEPETOKOB Ui CYTOYHOTO TIpaduKa MPOU3BOACTBA
NOTpeOJICHUS», «CHCTEMa KOHTPOJIS U MIPOTHO3UPOBAHUS 3alaca CTaTHYECKOH yCTOWIMBOCTH» M «KOHTPOJIb
Y IPOrHO3UPOBAHUE JUHAMUYECKON YCTOMUNBOCTI.

«DPopMHpOBaHNE KOHTPAKTHBIX MEPETOKOB Ul CYTOYHOTO Tpaduka MpPOHU3BOACTBA MOTPEOIICHHSDY
MO3BOJIUT TIO JAAHHBIM TEKYIIMX H3MEPEHHH aHalM3UpOBaTh W MPOTHO3MPOBATH IMOBEJCHHE CHCTEMBI B
3aBUCUMOCTH OT BIMSHHSA pa3nudHbiX (akropoB. CucremMa KOHTPONS M IPOTHO3MPOBAHMA 3araca
CTaTU4ECKOM YCTOHYMBOCTH MO3BOJIUT B PEAJbHOM BPEMEHH B TEMIIE IpoLiecca KOHTPOJIMPOBATH 3aIlac
yCTOfI‘-IHBOCTPI I10 TPAH3UTY, KOTOpBIP'I nMeeT OCO6€HHOCTI/I MCHATHCSA B 3aBUCHUMOCTHU OT U3BMCHCHUA CXEMHO-
pexuMHBIX cutyauuid. KoHTpoJib U MPOrHO3UPOBAaHUE JUHAMUYECKON YCTOMYMBOCTHU MO3BOJUT B PEATIBHOM
BpPEMEHH JIETEKTHPOBATh U MACHTHU(PULUPOBATH XapaKTep HAPYLICHUs PEKUMHON HaJEeKHOCTH, C BBICOKOH
CKOPOCTBIO CHHXPO(ha30pHBIX U3MEPEHHH.

Hcxons u3 ocobeHHOCTeH MpuMeHeH s cuHxpoda3opHbix m3mepennii B HOC Kazaxcran, onpeneneHb
TPH OCHOBHBIE 3ajaud, perraemble aBTromaTukoi WACS - dopmMupoBaHHe KOHTPAKTHBIX TEPETOKOB IJIS
CYTOYHOTO TpaduKa MPOU3BOJCTBA MOTPEOICHNUS, CHCTEMa KOHTPOJIS 3allacoB YCTOWYHMBOCTH, YIPAaBJICHUE
peKxuMaMi B NEPEXOJHBIX ITPOLECCaX. AJIFOpI/ITMI)I, peIiaromye BLINICYKA3aHHBIC 3aJa4U, (I)YHKHI/IOHI/Ipy}OT
M0 JMaHHBIM peallbHOrO BpeMeHHW. JlaHHble 0 cocTosHMU dHeprocucteMbl WACS monydaer oT cucteM
WAMS (cuaxponusupoBaHHble BeKTOpHbIE n3Meperns) 1 SCADA (Tenen3MepeHns U TelleCUTHAIH3AIMS O
cocrosiHuu cBsizeit) mo mpotokonam C 37.118 u IEC 60870-5-104 cooTBeTCTBEHHO.

Bbuaarogapuocts. PaboTa Obuta BhimonHeHa B paMkax TOW «Pa3zpaboTka anropuTMOB M CO3JaHHE
apromatukn WACS Ha 06aze cuHxpodazopubix usMepenuin WAMSy, ¢unancupyemoirt CucteMHbIM
omneparopoM Pecriy6onmku Kazaxcran AO «KEGOC».
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WACS PEXKUMIAIK ABTOMATHUKACBIH EHI'I3Y KE3IHAE KP YK
K¥MBIC ICTEY CEHIMAUIIT'TH APTTBIPY

A.T. BeKTHMHPOBl, A.A. CayngOBl, K.K. TOXTnﬁaRneBl, E.B. I[nzlopemcoz

L«Fymap6ek JloykeeB aThIHIAFbI AJIMATHl YHEPreTHKA JKOHE GailIaHbIC YHHBEPCHTET» KOMMEPIHSIIBIK MeC
aKIMOHEePIK KOoFaMbl, AiMatsl K, Kazakcran
®«Kazakhstan Electricity Grid Operating Company» axuuonepiik Koramsl, Hyp-cynran k, Kasakcran
DIIEKTPOHIBIK TTomiTa: a.bektimirov@aues.kz

Anoamna. Byn maxanada Coamycmik-Oymycmix mpanzuminde WAMS-WACS owcyiieci necizinde pecimoik
aemomMamuxausl Kypy OotblHwa 3epmmeynepoiy Hamudicenepi KeamipineeH, 08an Npoyecc KAapKbIHbIHOA Jiceli
acagoativin  Oasanay OoubIHWA OepeKmepoi KAlIblNmacmuvlpy Ke3inoe Jicana aknapammolx, mMexHOI0UsIApObl
natoanany, nakmet yakermma KP YO)K peaxcimoepin 6ackapy adicmepi men aneopummoepi, Hcacanovl UHMELLIeKm
bazacvinOa OondHcayovl NANoalaHa OMbIPLIN, MIVIIKMIK 2papukmep MeH KyammoslH MeH2epiMOiK deblHOAPbIH
Kanulnmacmolpy KeamipiiceH.

Tyiiin ce3nep: cunxponoanzan 6ekmoprvik eaweynep, MYPAKMulLIblK, DeXCiM aA8MOMAMUKACHL, HeUpOHObIK
Jrceti, Hcacanovl UHMeEILIEeKNI.

INCREASING THE RELIABILITY OF THE KAZAKHSTAN GRID
FUNCTIONING BY IMPLEMENTING THE WACS AUTOMATION

A. Bektimirov %, A. Saukhimov!, K. Tokhtibakiev %, E. Didorenko?

'Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev”, Almaty, Kazakhstan
2Joint-stock company «Kazakhstan Electricity Grid Operating Company», Nur-Sultan, Kazakhstan
e-mail: a.bektimirov@aues.kz

Annotation. In this article, the results of research on the creation of regime automation based on the WAMS-
WACS system on the North-South transit are given. They include the use of new information technologies in the
formation of data for assessing the state of the network at the rate of the process, methods and algorithms for
controlling the modes of the NES of the Republic of Kazakhstan in real time, forming daily schedules and balance
power flows using forecasting based on artificial intelligence.

Key words: synchronized vector measurements, stability, mode automation, neural network, artificial
intelligence.
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CHUHTE3 CTPYKTYPbI CUCTEM ABTOHOMHOI'O
JHEPI'OCHABXEHHUA HA OCHOBE BO3OBHOBJISAEMbIX
NCTOYHUKOB DOHEPT'UHN

C.A. Kemyos', T'.C. BaiicenoBa’, H.H. Moxbi6aeBa’

'TOO «Hayuno-IIpou3ssoactaennsiii Lientp Arponmkenepum» (TOO «HITLIAW») Pecry6inka
Kazaxcran, r. AiMarsl
’HAO «Kasaxcknii HarmonansHslii Arpapssiii MccnenoBatensckuii Yaupepeutery, PecryOmnka
Kazaxcran, r. AiMarsl
E-mail: keshuov@mail.ru, baisenova6l@mail.ru, moldybayeva78@mail.ru

Annomayusn. B cmamve paccmampueaiomcst 60npocbl NOCMPOEHUsT ONMUMALbHBIX CUCHEM A8MOHOMHO20
9IHEP2OCHABIICEHUS. AZPONPOMbIUUILEHH020 Komnaekca (AIIK) ¢ ucnonbzosanuem 80300H08NIAEMbIX UCMOYHUKO8 IHEPSUL
(BUD), 20e axmynvhbim seisiemcs nNpobiema 6bli6IeHUs. 3aKOHOMEPHOCMEN pACnpeoesieHust 30H ORMUMANIbHO20
UCNoNL308aHUsL pasiuunelx BUD u ux couemanus, nymem CpasHeHuss uUxX IKCHIYAMAYUOHHBIX U IKOHOMUHECKUX
nokasameneu. DphekmueHbLM UHCTNPYMEHMOM, ONPEOeieHUsl 30H ONMUMATbHO20 NPUMEHEHUS. PASIUYHBIX 6U008 BUD,
AGNSIEMCSL  CUCIEMHBLL  NOOX00, KOMOPbLL  NO360/8€m  NPO8ecmu  KOMNIEKCHbIL aHAIU3 00beKkma U Cmpoeo
CUCMeMamU3Uposams UCCIe006aHUsl, A MAKNCe OCYWEeCMEUmMb CUHMe3, M.e. HAumu CUCMmeMYy, ONMUMAIbHYIO OJisl
sadannwix ycnosuil. Ilposeden cunmes onmuMaivbHOU CMPYKMYpbl CUCHEMbL 80300HOBNAEMO20 IHEPOCHADICCHUS 8
3A6UCUMOCIU OM YCAOBULL IKCIILYAMAYUY U MOUHOCTU NOMPEOUmeNs no KpUmepuio «3phexmuerHocmo-cmoumocmy,
UHMESPATILHOMY NOKA3AMeNo KA4eCmed, KOMWIEKCHOMY Kpumepuio 3@@exmusHocmu, YacmublM NOKA3aAmensim
Kauecmea u cmoumocmu cucmem. Pazpabomanvl aneopumm u npozpammuoe obecneueHue, KOMOpoe HO360JUNO
OMBICKAMb ONMUMALLHYIO CIPYKMYPY 015l NOCMPOEHUsL ABMOHOMHBIX CUCMEM B0300HOGISLEMO20 IHEP2OCHADICEHUS.
OJ151 KOHKPEMHbIX CIYyHaes U MmeM CaMbIM ONpedenus 30Hbl ONMUMAIbHO20 UCHONb306AHUSL PASIUYHBIX CUCHIEM 6
3A6UCUMOCIU OM NPUHSIIBIX 02PAHUYLEHUIL.

Kniouesvie cnosa: cucmemvi 60300HOBIAEMO20 IHEPLOCHADINCEHUS, CUCMEMHBIUL AHANU3, (DYHKYUOHATbHDIL
AHANU3, CUHME3 ONMUMALLHOU CIPYKIMYPbl CUCMEMbL, KPUMEPU «3PHeKmuUeHoCmb-CmoumMocmp .

Beenenne

B Kazaxcrane obnamaromieii 00JIbIION TeppUTOprEel U HU3KON TUIOTHOCTHIO HACENIEHUS CYIIECTBYET
npobjeMa SHEProcHaOXKeHHs OTAAJICHHBIX OT I[IEHTPAIM30BAHHBIX HCTOYHHKOB DJHEPrHH OOBEKTOB
arpoIpoMBIIIIIEHHOTO KOMIUIEKCa, HallPpUMEp, OTTOHHOTO KUBOTHOBOJCTBA. OTHUM 13 3 (EKTUBHBIX MyTeH
pemieHuss 3TOW mpoOsemMbl  sBIsieTcsl  dHeprocHabxkenuto o0wvekToB AIIK ¢ umcmonszoBanuem
BO300HOBJISIEMBIX HCTOYHUKOB dHepruu. [1,2]

W3BecTHBIE METOBI BEIOOpA pa3nudHbIX THIIOB BUD 1 nx coueranuii JocTatouHo cloxHsI [3,4,5].

IloaToMy axTyanbHBIM SBJISETCA BOIPOC TIOCTPOEHUS ONTHMAIBHBIX CHUCTEM aBTOHOMHOIO
sHeprocHabxenuss oowvexToB AIIK 0Gojee mpocTbIMH METOJaMH, YYMTHIBAIOIIMMH HauOojee BaXKHbIE
9KCIUTyaTaIl[MOHHbIE [TOKA3aTelH, a TAK)Ke YCIOBHS dKCIITyararun [6,7,8].

MatepuaJbl 1 MeTOABI HCCICAOBAHUS

Jns ompeneneHuss 30H ONTUMAIBHOTO NPHWMEHEHHS pa3iudHBIX BuIoB BUD, BeIOpan meron
CHUCTEMHOTO aHajn3a, KOTOPBIH IMO3BOJISIET CHUCTEMAaTHU3WPOBATh HCCIENOBAHUS W OCYIIECTBUTH CHHTE3
ONTHMAJIBHON CTPYKTYPBI CHCTEMBI JJIs 3aJJaHHBIX YCIOBHH.

OmnpeneneHsl TPaHUIBl HCCIEAYEMOTO O0O0BEKTa — MpeoOpa3oBHIBAIONIAsl, AaKKyMyJHpyomas |
JOCTaBJISIIOIIAsl SHEPIUI0 K MOTPEOUTENI0 YacTh paccMaTpUBAETCS KaK CaMOCTOSATENIbHAs «CUcTeMa
BO300HOBIIIEMOro sHeprocHabxkenus» (CBDJ), npyrue — BUD u mnorpeburtens, Kak BHEIIHSS cpena.
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CpaBHeHHE BUAOB CHCTEM IPOM3BOAMM JJIsl OTPE3Ka BPEMEHH, COOTBETCTBYIOILIEIO CTAANU HCIIOIb30BAHUS
1o HazHauyeHuto [9].

Huarpamma ¢yakuuii CBD, coBMelieHHas ¢ ee cXeMoi, CoCcTaBJIeHHAs MO MPHUHIMITY COOTBETCTBUS
CHCTEMBI LIEJI B COCTaBE METAaCHCTEMbI IpUBEeHa Ha pucyHKe 1. B o0meM ciydae cucrema COCTOHUT U3
npeoOpaszoBatessi Bo30OHOBIsieMol sHeprun [1BD, akkymynsatopa sHeprun AD, ycTpoiicTBa obOecriedeHus
HEOOXOJMMBIX KA4YeCTBEHHBIX TMokazatenedi sHeprum YOKD, ycrpoiictBa mepemaunm sHepruu YIID ¢
COOTBETCTBYIOIIMMH BBIIOJIHACMBIMH (DYHKIUSAMH.

IlepBbIM 3TamoM CHHTE3a CTPYKTYpPBl CHCTEMBI SBJISIETCSI OOOCHOBAaHME MWCXOAHBIX JaHHBIX.
MHoXxecTBO (aKTOPOB, BIMSIOIIMX Ha KAYECTBO CHCTEMBI, Pa3/IeIMM Ha TPH COBOKYITHOCTH: BHYTPEHHHE -
OTHOCSILIINECS] HETOCPEACTBEHHO K CUCTEME, BHEIIHME - XapaKTepHU3YIOLIME OKPYXKAIOUIyl Cpeny, MU
OTpaHUYEHMSI HA CTPYKTYPY U IapaMeTpbl CUCTEMBI.

Buytpennumu (akTopaMu cUCTEMbI S BBICTYNAIOT 3KCITyaTalmoHHbIE cBoiicTBa K = < K3,C >, e

K3 — >QQeKTuBHOCT, CHUCTEMBI, XapaKTCPH3YIOIIMHA KAuyeCTBO BBIMOJHEHUS CHCTEMOH Lenu
¢yHkunonupoBanus, C — SKOHOMHMYECKHE CBOWMCTBA, XapaKTEPHU3YIOLIME 3aTpaThl, PacxolyeMble Ha
BBITIOJTHEHUE LIETH.
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Pucynoxk 1 — Jlnarpamma ¢ynkunit CBO coBmelieHHas ¢ ee CXeMOi
D¢ heKTUBHOCTS sIBIsIeTCS QYHKIHMEH MoKazaTenell KayecTBa CHCTEMBI
KS = f( KH' KT' KSH' KSK)' (1)

rac KH — HaACKHOCTEL, KT — TEXHHYCCKHE II0KA3aTCIIH, K:_)H — OHCPIreTUYCCKUC I10KA3aTCIIH, K3K
3KOJIOTHYCCKHUE ITOKAa3aTCIIN.

B cBoto ouepens: HagexkHOCTh cucTeMbl CB3, cyepnbIBalominM 00pa3oM MOXKET OBITh MPeCTaBIeHA
OJIHUM II0KAa3aTesieM, BEPOSTHOCTBhIO 0e30TKa3HOW paboThl p (t); TEXHHYECKHUM MOKa3aTeieM SBISIETCS
TUTIOpa3MepHbIi psaa Tp 000pyHIOBaHUS MO MOIIHOCTH; YHEPTeTUYECKUM IOKa3aTelleM SBISIETCA K.II.I. 7];
IKOJIOTHYECKHE TTOKA3aTeNN BKIIIOYAIOT Oe3BpeHocTh b, 1 6e3onacHocTh B,,.

Torma
K,={p@®} Kr={Tp}, Kou= {n}, Kox = {By,Bo}- (2)

rae p (t) - BeposATHOCTH 0e30TKa3HOil paboThl, Tp - THIIOPA3MEPHbIH psill, 1) - K.I.1.; B, - 6e3BpenHOCTD 1

B, -06e3omacHOCTS.
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DkoHoMHUeckue cBoiictBa C XapakKTEepu3yEeM KalluTaJIbHBIMH BJIOKCHHUAMU. Hcrmonp30BaHne 3TOTO
KpUTCpHA OIIpaBAaHO, IOCKOJIbKY aHAJIU3UPYCMbIC BAPUAHTHI IOCTPOCHUA CUCTEM MPAKTHUYCCKHU UACHTUYHBI
110 3KCIITyaTalMOHHBIM 3aTpaTaM.

Jns  monydeHWs] BO3MOXKHOCTH — AQHAJIMTUYECKOTO ONMHUCAHHUS 3aKOHOMEPHOCTEH  W3MEHEHUSs
MOKa3aTeliel, CHHTE3 I[eJeCO00pa3HO IPOBOAWTHL HA OCHOBE OTACIbHBIX EIMHHYHBIX II0Ka3aTeseH,
NPEJICTAaBUB UX B BHUJIC KOMIUICKCHBIX, €CTECTBCHHBIM 00pa30M YUYHUTHIBAIOIIUX YacTh W3 OCTABIIHXCSI
€IMHUYHBIX TOKa3arenei. TakuMH KOMIUIEKCHBIMU MOKA3aTeNsAMK SIBJSIFOTCS. HAJAEXKHOCTh P (t), K.ILI. 1) |
croumocts C.

[Tokazarenp THIIOPa3MEPHOTO Psijia, HEMOCPEJACTBEHHO YUYUTHIBAIOTCS K.ILJ. U CTOMMOCTBIO CHCTEM,
HanpuUMep, UCIOIb30BaHKe cucTeMbl CBD 3aBBINICHHOW MOIIMHOCTU M3-3a PEKOM NIKAIBI TUIIOPA3MEPHOTO
psiaa, IPUBOAMT K POCTY CTOMMOCTH CUCTEMbI U CHIDKEHUIO €T0 K.IL.1I.

Jlpyrue mokazarenu — 0e3BpeIHOCTh M 0€30MaCHOCTh CPABHHUBACMBIX CHCTEM MPUBEAEM K OIHOMY
YPOBHIO TIYTEM IPOBEIACHHUS TEXHUYSCKUX MEPONPUATHH. DTH MEPONPUATHS MPHUBOIAT K H3MCHEHUIO
HAaACKHOCTHU U pOCTy CTOMMOCTH, CJICAOBATCIBbHO, TAKXKEC y‘II/ITI)IBaIOTCﬂ BI)I6paHHI>IMI/I IIOKA3aTCIISIMU.

Takum 00pa3oM, KOMIUICKCHBIC MMOKA3aTeN HaJEKHOCTh, K.IIJ. H CTOMMOCTh OOBEIHHSIOT Bce 5
eIMHUYHBIX MToKazareneil. Torna 3G HeKTHBHOCTD 3aImuiieM Kak

Ky= fIp (©.nl ©)
rae p (t) - BeposSTHOCTH O€30TKA3HOM paboThI, 7] - K.ILI.

Bremnmnmu q)aKTOpaMI/I, BIIMAKOINMMU Ha Ka4Y€CTBO CHUCTEMBI, SABJIAIOTCA YCJIOBHA OSKCILUTyaTalluU
Y= {Vyu Vg Vp}, roe Yy — ycioBus ucCronb30BaHus; Yg — JeCTabUIU3UPYIOLIHe BO3eHCTBUS; Yp
— peXUMBbI paboThlL.

Y CI10BUS HCIIOJIB30BaHUS XapaKTePU3YIOTCS BUIOM TEXHOJIOTMYECKoro mnporecca T u morpebisiemMoit
TEXHOJIOTUYECKUM TIpoLieccoM MoltHocTio P. CrietoBarensio Yy = {T, P}.

K mepBHYHBIM MOKa3aTeNsIM IECTA0MITU3UPYIOIIUX BO3ACHCTBHI OTHOCATCS KIIMMATHYECKHE YCIIOBUS,
peskuma padoT - rpaduk noTpediieHNs SHEPTUU BO BPEMEHH.

IMocnennsiss rpynma (akTOpoB, BIHUSIONIMX Ha KayecTBO cucTeMbl — orpanmyeHus  Og,
HAKJIJIbIBACMbIC Ha CTPYKTYpY M TMapaMeTpbl CUCTEM. [IpHHATHI CIEAYIONIME OTPAHUYCHUS: TUCKPETHOES
orpanmdenne Ogy MHOXecTBa Mg, CTPOro MOMYyCTHUMBIX CHCTEM — C HCIIOJNB30BAHUEM DHEPTUU
conHIna Sc, BeTpa Sg, MOTOKA BOAKI Sy ; orpannueHue Ogc MO3BOJISIONIEE HCIIOIH30BATh TOJIBKO CEPHUITHBIC
obopynoBanue u npubopsl; orpanundenre Osp HA MOITHOCTH CUCTEMBI U PACCTOSIHUE, HA KOTOPOE TepeaeTcst
sHeprust Ogp = { Ppin< P < P, I < lnax)

Torna

Os = { Osm, Osk OSP}- (4)

Taxum 00pa3oM, COBOKYITHOCTb UCXOIHBIX JaHHBIX MOXKHO 3amucath Kak D = {CK , Y, 0 3}.

3neck cumBost CK 03HavaeT, 4To peyub MJET HE O BEJIMYMHE COCTABIAIONINX BeKTopa K, a JIMIIb O COCTaBe
3TOrO BEKTOpA.

DOBpUCTHYECKHM  MeToAOM Obuia  copmupoBaHa 1eneBas (DyHKIUS — IOKa3aTels
s pexTuBHOCTH. Pe3ynpTHpyronuii mokasarens 3ppekTuBHOCTH
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K, = 2iZ1 Csi - Ki; ]
Kizﬁ;i=1,m; ()
Kig

m — I —
i=1 CBi — 1' CBi > 0'1 - 1; mIJ
rne K;', K; v Kjg — HOPMHPOBaHHOE, YHCJIECHHOE M 0a3MCHOE 3HAueHHE IMOKA3aTess KAuecTBa; Cpj—

BCCOBEIC KO3(1)(1)I/IIII/I€HTI>I CIANHUYHBIX IMOKa3aTesIeil.

Torna nenesast QyHKIMs (5) 3aIUIIETCS KaK
Ky = cg1 p'(t) + ¢ n'=0,751p'(t) +0,249 1. (6)

rae p'(t) u n'- Hopmuposanusie 3Hauenus p(t) u n; cg; = 0,751 u cg; = 0,249 - BecoBble
k03 durenTsl p(t) u 1) MOAyUYEHHBIE B pe3ybTaTe 00pabOTKH MHEHHI 3KCIIEPTOB.

Pe3ynpraThl  paHKMpPOBAaHMS, JOTOJHHUTEIFHO OLEHEHHbIE II0 CTENEHH COTJIACOBAHHOCTH,
MOKA3bIBAIOT, YTO TTOKa3aTellb HAJISKHOCTU 00JIaaeT SBHBIM IPEHMYIIECTBOM II€pel IoKa3aTesieM K.ILJ.,
4YTO COOTBETCTBYCT CJIO>KUBIIICHCS IMPAKTUKEC CPABHUTCJIBHOTO aHaJIM3a PA3IMYHbIX aBTOHOMHBIX CHUCTEM
AIIEKTPOCHAOKEHUSI.

Hdns  npoBexeHus  (QyHKIMOHATBHO-CTPYKTYPHOTO — aHajdM3a CHUCTEM, B  COOTBETCTBHH C
orpannucHreM Ogy Ha MX CTPYKTYPY, ObUIH MPEABAPUTEIHLHO PACCMOTPEHBI YCTPOHCTBO paccMaTpPUBACMbIX
cucteM. [Ipunnunuansusie cxeMbl CBD npuBeneHs! Ha pUCYHKE 2.

CpaBHEHHE CHCTEM IPOBOJHMM II0 KPHUTEPHIO «3(P(PEKTUBHOCTH-CTOMMOCTBY, IIPH 3TOM KpPUTEPUEM
ONITHMAJILHOCTU HCKOMOH CUCTEMBI OyaeT

Ka = (CBl p'(t) + CBZ T]') Kopr = min,
)

C = min

rae Ky - adpdexruBnocts cuctembl, Cg; u Cp, — Beca mokazaresell kKauecTBa CHUCTEMBI, p’(t) U 1’ —
BEPOATHOCTh 0€30TKa3HOH paboThl M K.IILJA. CHCTEMbI NPHUBEJIEHHBIE K CTaHAApPTHOMY BHAY, Kgpr
K03(pPUILIMEHT OpPraHU3allMOHHOTO COBEPIIEHCTBA CUCTEMBI, C — CTOUMOCTbH CUCTEMBI.

K crangaptHOMYy BHUIy, HOPMHPOBaHHBIE TMOKa3aTeld 3(PQGEKTUBHOCTH TPHUBEIEHBI JJIS yA00CTBa
CpaBHCHUA - UEM MCHBUIC BEJIMYMHA, TCM JIYUIIC CUCTEMA IIPU MPOUYUX PABHBIX YCIOBUAX.

rey . 1-p(® y_ 1
p (t) - pﬁ(t) ’ n nG ’ (8)1 (9)

riepg(t) =1, ng= 1, - Oasucubie 3HaueHus p(t) un.

YTouHeHHE PE3YyJIbTATOB CPABHEHHS CHCTEM aBTOHOMHOTO JJICKTPOCHAOXKEHUS  MPOM3BOJUM I10
YCJIOBHOMY KPMTEPHIO MPEATNIOYTEHHUS - OKA3aTelb MHTErPAIbHOTO KauectBa Ky, sBsrommiics Gynkiueit
3¢ (HEKTUBHOCTH U CTOUMOCTH

Ky =K, - C=min (10)
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Pucynok 2 - [Ipunnunuansasie cxembl CBD ¢ ncnonb3oBaHueM
SHEPruM coliHia Sc (a), s3Hepruu BeTpa Sg (0) U IHEPTUM OTOKA BOJBI St (B)

CrpykrypHas Mmojmens cucteMbl CBD ¢ mcmonp30BaHWEM COJTHEYHOW DHEPTUW, COCTABJICHHAS Ha
OCHOBE €€ TPUHIMIHNAIBHON CXeMbl, puBeneHa Ha pucyHke 3. OHa mMeeT BHJ CBs3HOro rpada tuma
JIepeBa, OCHOBAaHHMEM KOTOPOTO SBISIFOTCS KOMIUIEKCHI Ipeo0pa3oBaTeNs COJNHEYHOW SHEPruM B
JNEKTPUYECKYIO, aKKyMYJIATOpa AJIEKTPUYECKONH JHEPTHH, WHBEPTOpPA IMOCTOSHHOTO TOKA B IEPEMEHHBIM,
anmaparypsl 3alIUThl 3JIEKTPO0OOPYI0BaHUSI, U KaOEILHON JTNHHU.

Jns  GyHKIMOHAILHOTO OIUCAHUS CHCTEMBI I1€1eco00pa3HoO WCIONb30BaTh METOJ| JIOTUYECKOH
[EMOYKH, OCHOBAHHBIA Ha MOCTEMEHHOM DPACKPBITHH BCEH IEMH MOCICIOBATENILHO CBA3AHHBIX (DYHKIUH,
XapakTEPU3YIOIMX CTPYKTYPY aHau3upyemMoro oonsekra [10].
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Pucynok 4 -Jlnarpamma ¢pyaknuii cucremsl BCO ¢ ncnonb3oBanneM
conHeuHO# sHepruu (mo meroxy FAST)

IIpakTHdeckuM WHCTPYMEHTOM ONpEENIEHUSI B3aWMOCBS3M (YHKIWMA SABISETCS TOBTOpsSeMas
IIOCTAaHOBKA [IByX OCHOBHBIX BOIIPOCOB «I104€MY?» M «KaK?», KOTOPbIMU OIPEJEIISIOTCS HEIOCPEACTBEHHO
NPEAECTBYIOMAS U HETIOCPEICTBEHHO MOCIEAYIOmast (PyHKIHSL.

@yHKIMOHANIBHAS MOJEIb CUCTEMBI PUBEACHA HAa pUCYHKe 5. I'ne 1-if ypoBE€Hb MOAENHN COCTABISIOT
riaBHas (pyHKIMS CHUCTEMBI, 3aKITIOYAIOIIAscs B 0OECTICUCHHH TOTPEOUTEINs DIIEKTPUYECKOW dHEpruei, u
COITyTCTBYIOIIME €l BTOpOCTENEeHHbIE (QYHKIUM — OOECHEeYUTh HaAEKHOCTh DJJIEKTPOCHAOXKEHUS U
Oe3omacHOCTh  OKCIUTyaTauuu. llocnmenmusisi, siBiasieTcss  BHeImIHed. DyHKOMH, XapaKTepHU3yIollue
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[I0CJIE0BATENFHOCTh MPE0OPa30BaHUM M COOTBETCTBYIOLIME HMPUHLMITY IEHCTBUS CHUCTEMBI, ONPEIEISIOT
cocTaB OCHOBHBIX (yHKuuWH, Bxomsmux Bo Il ypoBens monmenu. Juddepenunanys OCHOBHBIX QYHKIHMHA Ha
BCIIOMOTaTelbHble, poucxoaut Ha Il u IV ypoBHsx.
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Pucynok 5 — @ynknnonansHast Moaens cucteMsl CB3O ¢ HCITOTB30BaHUEM COJTHEYHOM SHEPTrUU

F; — obecrieunTh HOTpeOUTENs SNEKTpUUecCKOd SHeprued; F, — oOecrednTh HaIeKHOCTh IEKTpOCHAOXKeHUs; F; — oOecreunth
0e30MacHOCTb JKCIUTyaTalun; Fi; — mpeoOpa3oBaTh SHEPTHIO CONHIA B AJEKTPHYCSCKYIO SHEpPruio; Fi, — cormacoBaTh HampshkeHHE
npeoOpas3oBaresisi C HampsDKEHHEM MoTpeOuTens; Fi3 — mepenarh SJIEKTPUYECKYIO SHEpruio mnortpedurento; Fia — 3aluTHTH
9IEKTPOOOOpyIOBaHHe; Fp1 —aKKyMyJIHpOBaTh JEKTPHUECKYIO dHEpruio; Fii; — obecreunTs paboTy CONHEUHBIX 3IEMEHTOB; Fiip —
00€eCTIEYNTDh OTCIIEKHUBAHKUE TTOJI0KEHUS COJIHIIA 3JIEMCHTOM, F121 — UHBEPTUPOBATH MTOCTOSIHHBIN TOK B HepeMeHHBIﬁ; F122 — obecrnieuuTh
Ka4ecTBO HampshkeHus; Fp1 — obecrieunts paboTy aKKyMyJISATOPHBIX OaTapei; Fpio — ONTHMHU3MPOBATH PEKUM 3apsIKH U Pa3psaKh
akKyMyJSATOpHBIX Garapeid; fiiin fiog, o111 — obecmeunts HeobXomumyro MoIHOCTE; f111, — 0BeceunTs YCTaHOBKY 351eMeHTOB; fi113,
f1213, 2113 — OOeceun T AIEKTPHYIECKOE COCAMHEHHE C AIEMEHTaMH CUCTEMBI; f11p1 — 00ecrieunTs BO3MOXKHOCTB MOBOpoTa HaHeneit; fiiz
— aBTOMATUYECKU OTciexuBaTh nonoxkenne Connua; fipp — oOecreunTs yCTaHOBKY MHBEPTOPa; fizp1 — 00€CHEUNTh HOMHHAIBHYIO
HJacTOTy HaIIPsHKECHUS, f1222 — obecreunTh HOMHHAJIBHOE HaIpsHKCHUE, f1301 — YYE€T SJICKTPOSHEPIHuH; f1302 — obecrieunTh TIPOKJIAZIKY
kabeist; fi303 — oOecreunTs kauecTBO HanpsHKEHUST; fi401 — KOHTPONMPOBATH TOK HArpyskw; fia, — KOHTpOMMpOBaTh HanpshkeHue; f1aoz —
KOHTPOJIMPOBATh YaCTOTY HANpPsDKEHHs; fis04 — 3alIMINATE OT KOPOTKOTO 3aMbIKaHUs; fias — 3ammmiaer or mneperpysok; fis —
00eCTIeunTh HIEKTPUUECKYIO H3O0JISIMIO AIEeMEHTOB; fo11, — 00ecreunTs ycTaHOBKY akKyMyIsITOPHBIX Oatapeil; f2121 — KOHTpoIMpoBaTh
YPOBEHB 3apsia aKKyMYJISITOPHBIX 6aTapei7[; f2122 — ABTOMATH4YECKH BKJIIOYATb M OTKJIIOYATh MCTOYHMUK ITMTAHUSA U HArpy3Ky; f3001 —
H30JIUPOBATH DIEKTPOOOOPYIOBAHHE OT BHEHIHEW Cpembl; fspo; — OTPAaHHYMTH MOCTYI K COJHEYHBIM dieMeHTaM; fips — orpanmants
JOCTYII K 3allIUTHBIM anmnapaTam.

BrusiBiieHre cBs3ell MeXAy 3J€MEHTaMH CHCTEMBI OCYLIECTBIISIEM IO MaTpHLAM CBA3EH «3JIEMEHT-
aneMeHT» (Tabnuma 1), B KOTOPBIX SBHBbIE KOHTAKTHBIC ((DU3MUECKUN KOHTAKT) CBSI3M OTMEYCHBI OYKBOU
«®Dy, HEIBHBIE KOPPENALMOHHBIE (KOCBEHHBIE BO3aeiicTBHA) — «K». BHYTpH Kaxm0i pa3sHOBUIHOCTH CBS3EH
BBIZICIIsIeM BpenHble (-), HedtpanbHbele (1), monesnslie (+), a Takke mpsmbeie «[1», obOpatHbie «O» H
BBITIOJHEHNST (PYHKLMH coriacoBaHus «Cy.
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Tabmuma 1 - Marpura cBsizeit anemenToB cucteMbl CBD ¢ ncnonb3oBaHHEM COTHEYHOW SHEPTHH.

Ha ocHoBe anammza CTPyKTypHOW, (YHKIHMOHAIBHOW, (DYHKIMOHATIBEHO-CTPYKTYPHOM
MOJIEJICH, a TaK)Ke MATPHUIILI CBSA3CH CHCTEM OICHEeHA (PYHKIIMOHAIbHASI OPTaHM30BAaHHOCTH CHCTEM
CBD. (Tabnuua 2.)

Tabmuna 2 — KospdunreHTs! QyHKIHOHATHHO-CTPYKTYPHOTO COBEPILIEHCTBA CUCTEM TIepelaun
SHEpTuu.

Koaddurments
AKTyanu3anun CocpenoroueHne CoBMECTHMOCTH = = E
w % < W % ,»j % g
s 2| 2] g | 2| 2 |cs o | ¥ | ¥ |3 s | £ |57 3% -
= E| 2 | 5| & | 8 < s | B | E = s |Es5| Eg.
=l 8| % | & 5|8 | = | 8| 5 |8 | % |&|gel gz~
Q 9] 5] =
é = 9] = E = 3] = E Z 2] = a S g B
=y Q = 5] = v - = ) = o 95 = ) = 2
= 2 Q. = Z A Q. =3 2 Q. = E K
] M O O (S] M x O O S] M O O 5‘ 6\ 8—4
Se | 1 1 0,47 0,82 0,6 0,5 0,53 0,54 0,65 0,87 0,96 0,83 1 0,8
Sg | 1 1 0,6 0,87 0,65 0,63 0,5 0,59 0,7 0,84 0,96 0,83 1 0,82
Ss |1 1 0,61 0,87 0,62 0,54 0,61 0,59 0,85 1 1 0,95 1 0,85
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3Has koapurmeHT (GyHKIIMOHATIBHOM OpraHW30BaHHOCTH CHUCTEMBI k opr”

CKOPPEKTUPOBAHHBIN MOKaszaresb d3pPpekTuBHOCTH cucteM K 'y HaXOMMM Kak

K, =2, (11)

[punarse! cnenyromue orpannuernne OSP: MomHocTs cucteMsl [xkBm < P, < 100 kBm, Benu4nHa 1
4acTOTa HANpsHKEHWs notpedurenst {U, = 380/220B; f, = 50 u }; paccTosHue Ha KOTOPOE MEPeIacTCst
SHEPTrus OT MEPBUYHOTO UCTOYHMKA JI0 MMOMEIICHHUs s diekTpoodopyaoBanus 1 = 10 m qusa SC, 1= 100 m
st SB u 1= 150 m st SI'. BazoBble ycinoBust pab0ThI CHCTEMBI TIPHHATHI CpeiHeit Tskectr [11].

:‘)(1)(1)CKTI/IBHOCTB 1 CTOMMOCTD Ka)KJ0# 13 CUCTEM 3allHIIeM KaK
Kac = CBlpC(t) + ngnc

KC—)B = CB1pB(t)+C32nC
S (12)
Ky = CBlpr(t)+CanC

Cc = £f1(P),Cp = £1,(P),C = f1(P)

3asucumoctu p’(t), n',C = @(P), ObuIM TMOKa3aHbI B BHIE TPAQUKOB, IMyTEM pacdeTa KaXIoro u3
CHCTEM Mepeaun SHEPTUH JJIsl HECKOJIBKUX 3HAYCHH P B mpesienax 3aaHHOTO THana3oHa.

BepositHocTh 6€30TKa3HON paboTHI, K.I1.J. U cTouMocTh CBD ¢ uCmonb30BaHUEM COJTHEYHOM
SHEPrUH HAlJIEM KaK

P’ =1-p O Pos® Py ®©  Prag® *Pray O Pryy (" Py O X
XPees O " Py O

n c™ 1- ncx3 .ncm{ .nca6 ) ncc:—) .ncxn; ( (13)

CC = CCc6 + CCKO + CCKp + CCK3 + CCI/IH + Cca6 + CCCT + Ccal + CcaZ +
+Ceas +Cey +Con + Cegiis J

To xe s CBO ¢ ncnosnb30BaHUEM YHEPTUM BETpa

p,®=1-pg. ®O-p,.O D, O P OP,,HOx
X Pyas O Py, O Py, (O;

~~

T]’B =1- nBBI‘ .nBKB ) an—I ) T]13516 .nBCB ) nBKJ'I; (14)

CB = CBBI‘ + CBK3 + CBI/IH + CBa6 + CBCT + CBaZ + CBa4 + CBca +
+Coin + Coaxc s J

To xe ajs CBD ¢ ucnonp3oBaHHEM 9HCPTHUHU IMOTOKA BOAbI
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P =1-p (0 Py ® Py © P, (O
T],I‘ =1- T]FM[‘ .nrca ) nr}cn (15)
CF = CF Mr + Cra4 + Crca + CI‘KJI + CI‘3K

HaxomuMm CKOppEKTHpOBaHHBIN TOKa3arenb S(P(YEKTUBHOCTH CHCTEMBI C HCIIOJIb30BAaHHEM
Kod(duimenTa QyHKIMOHATBHON OPTaHU30BAHHOCTH

1

Kac = (Co1 P/® + o n /)
1 ' ’ ' '
Ksp = Kors (e Py +ce2'm, )y (16)
1 7 7 ! 12
Kar =m(c 1 PO +cpon);

riie Kopr ¢ Kopr B Kopr r — K09 puImenTsI GyHKIMOHATBHON OPraHM30BaHHOCTH CHCTEM; C 5 =
= 1/cy;y u 'y =1/cy; - crangapTHbiE BECOBbIE KOO()QUIMEHTH KOMIUIEKCHBIX IOKa3aTesen
KaueCcTBa COOTBETCTBEHHO BEPOSITHOCTH 0€30TKa3HOM pabOThI U K.IL.1I.

OmnpenensieM Mokasareiab HHTETPAILHOTO KaueCTBa CUCTEM

Kyc = Kac - C¢
Kyg = Ksp - Cp (17)
Kzr =Kyr - Cr
VcoBUeM onpeeneHys HaulydIei CHCTEMBI BISAETCS KpHTEPHit
Ky = min (18)

Pe3yabTatsl padoTsl

Jnst cuHTe3a CTPYKTYpPBI CHCTEMBI MO JKCIUTYaTalldOHHBIM CBOWCTBAM M OTJICNbHBIM €IMHUYHBIM
MoKa3aTeNisiM, pa3padoTaHbl AJIrOPUTM W mporpamma pacueta Ha [IDBM, mo3Bosstomias OTHICKATh
ONTUMAJIBHYIO CTPYKTYpY HOCTPOEHHUS aBTOHOMHBIX CBD 111 KOHKpPETHOro ciy4as W HaWTH 30HBI
ONTUMAJILHOTO MCIOJIb30BAHMS PA3TUUHBIX CUCTEM B IpeJiesiaX NPUHSITHIX OrpaHUYESHUH.

PesynbTarhl cuHTE3a MO KpUTEpHIo "3(PPEKTHBHOCTL - CTOMMOCTS" MPHUBEJCHBI HA pucyHke 6a. Kak
BHJIHO U3 PHCYHKa, IIPU 33J1aHHBIX YCJIOBUAX M BO BCEM JHMaNa30HE W3MEHEHHsA Pq,, ¥ 10 KOMILIEKCHOMY
nokazaremo kauecTBa Ky 1 mo croumoctn C HaMXyALIMM U3 CPaBHUBAEMBIX CHCTEM SIBIISIETCS] CUCTEMaA Sg.
W3 ocraBmuxcst cucreMm — S mydrne Sy mo mokasarento Ky, Ho xyxke mo C, COOTBETCTBEHHO Sy nydmie Sc
o nokazareno C, Ho xyxe 1o K3. Takum o6pa3om, ucronp3oBaHue 0€3yCIIOBHOTO KPUTEPHUS PEATIOYTEHUS
HE TO03BOJIMJIO ONPEAEIIUTh XY IIIYI0 CUCTEMY.

Tornma ans goBeneHMs 3a/laud CHHTE3a 70 KOHIIA HCIOJIb3YyeM IOKa3aTelb MHTErpaJbHOr0 KauecTBa

Ky B coorBercTBuM ¢ ycnosuewm (18). 3 pucyrka 66 BUAHO, YTO HAMXY/ILIMM SIBISETCS CHCTEMA Sg.
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Pucynok 6 - PesynbraTsl cuatesa CBD no kputepuio "3(hHeKTHBHOCTH - CTOUMOCTE" (a)
Y TI0 TIOKA3aTelt0 HHTErPaIbHOrO KadecTBa (0).

IlomydeHnHsie pe3yabTaThl OOBSACHSAIOTCA OTHOCHUTENBHOH mpocToToit Mukpol DC, orcyTrcTBHEM
HEOOXOUMOCTH HAKOIIJICHHUS DIIEKTPUYECKOW SHEPIUH, ¥ BO3MOKHOCTBHIO BBIPA0ATHIBATH AJIEKTPOIHEPTHIO
MPOMBIIIIIEHHON YaCTOTHI U HANPSDKEHHUST HEMOCPEICTBEHHO AIIEKTPOMAIIMHHBIM TeHepaTopoM. Crucrema Sg,
B YAaCTH BETPOre€HEPATOpa, 3HAUUTEIBHO CJIOKHEE COIHEUHBIX 3IEMEHTOB U AOPOKE, MEHEE Hae)KHA.

Pesynbprathl cuHTe3a CTPYKTYpHI 1O 3G PeKTUBHOCTH (HYHKIMOHUPOBaHU cucteMbl K, u crommoctu
C npuBeeHbl HAa PUCYHKE 6a M 10 YacTHBIM ToKa3ateiasM 3(pQekTuBHOCTH p(t) U 1) HAa pUCYHKax 7a u 70.
Kak Bumum, no kpureputo K, = min npeanourutensHoil siBisercst cuctema S¢ umeromas K'yp = 0,21,
nanee cnenyer. Sp ¢ K'yp= 0,67-0,62, Sg ¢ K'y5= 0,83-0,78 sBisercs HauMeHee MPeANOUTUTENbHOM. 1o
CTOMMOCTH 0€3yCJIOBHBIM MPEUMYIIECTBOM o0nanaer cuctema Sp . CucremMa Sg MO CTOMMOCTH JIydIle Sg
BO BCEM JMana3oHe MOIMHOCTH. [Ipu 3TOM MpPEUMYIIECTBO KaXJIOW U3 CHCTEM Sp M Sc C yBEIHUYCHHEM
MOIITHOCTH PACTET.

p), n,
04—
o8 — S — —
0,6 — 5 0,3 — Sy
—_— % —_

0.4 0,2 \\
0,2- 0,1 S~ —

0 0

0 20 40 60 Poow, kBr 0 20 40 60 Prow, xBr

a) o &)

Pucynok 7 - PezyneraTsl cuHTE3a CTpYKTYphl CBO 10 9acThIM nokazaTensm

p,(t) = f(PnoTp) u T]’ = f(Pl'IOTp)'
ITo BeposiTHOCTH 0€30TKa3HOW paboThl Jydmnel siBisercst cucrema Sc ¢ '(t) = 0,12, namee Sp ¢

P'(t) =049 u Sp ¢ P/(t) =0,67. Ilo k..o GONBIIMM IPEBOCXOACTBOM OOJNamaeT CHCTEMA Sp, C
yBEIMYEHHEM MOIHOCTH €€ IIPEUMYIIECTBO pacTeT. Ha BTopoM MecTe HaxoauTces cucTeMa  Sc, 1 aajee Sg.
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BriBoabI

Pazpaboran meron cuHTe3a ontuManbHOoro CBD B 3aBHCHMOCTH OT YCIOBHH SKCIUTyaTallid U
MOIIHOCTU MOTPEOUTENS MO KPUTEPUIO <A((HEKTHUBHOCTh - CTOMMOCTHY», WHTETPAILHOMY IOKa3aTeIko
KauecTBa, KOMIUIEKCHOMY KpuTepuio 3¢ dekTnBHOCTH. Pa3zpaboTaHbl anropuT™M M MporpaMMa pacyeTra Ha
[I19BM, mo3Bojisiomasi OTBICKAaTh ONTHUMAIBHYIO CTPYKTYpy HOCTpoeHHs aBTOHOMHBIX CBD  mis
KOHKPETHOTO CIy4yas U HaWTU 30HBI ONTUMAJIBHOIO HCIOIB30BAHUS PA3IWYHBIX CHUCTEM B Mpeenax
MPUHATHIX orpanmdeHui. [IpoBenen cuaTe3 ontuManbHOro CBD B 3aBUCHMOCTH OT YCIIOBHM DKCILTyaTallunu
¥ MOITHOCTH ITOTPEOUTES 110 Pa3TUIHBIM KPUTEPHSIM.
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AKAHAPTBIJIATBIH DOHEPI'MSA KO3JIEPI HEI'I3IHAE ABTOHOM/IbI
SHEPTUSAMEH KAMTAMACHI3 ETY )KYHUEJIEPIHIH K¥PbLIbIMbIH
CHUHTE3JEY

C.A. Kemyos!, I'.C. Baiicenosa’, H.W. Moabi6aesa’

YKIIC «Arponnxkenepus FrumbiMu-Onipictik Opransmrsy (KILIC «AFO0y), AnvaTs K., Kasakcran
’KeAK «Kazak YITThIK Arpapisik 3eprrey YHEBepCHTeTI», AnMathl K., Kasakcran
E-mail: keshuov@mail.ru, baisenova6l@mail.ru, moldybayeva78@mail.ru

Anoamna. Maxanada «muiMOiNiK-KYH» Kpumepuine, Canamvly UHMeSpaloblk Kepcemkiwi 6ouviHua,
MUIMOIIKMIKY Keulenoi Kpumepuine, JiCyUueHiy canacvl MeH 03iHOIK KYHbIHbIY JHCeKe KOpCcemKiumepine calKkec HCYMule
AHCAROAUBIHA  JICIHE MYMBIHYUIbIHGIY KYAMbIHA OAUIAHBICIbL  JHCAHAPMBLIAMbIN  IHEPSUAMEH KAMMAMACHI3  emy
JHCYLleCiHiy OHMAIbL JHCYTieH] cunmesoey Macenenepi Kapacmulpulidobl.

Maxanaoa dcanapmoinamein 3uepeusi kesoepin (KOK) naiidanana omuipwin, acpoeHepKaCinmix KeuteHOepiH
(AOK) asmonomObl dHEpeusimen 2HcabOblKmayovly OHMAlLIbL JHCylenepin KYpy maceneiepi Kapacmulpbliddbl, MYHOA
apmypni JKOK-mi omwmaiinel nauidanany aumakmapuvli 6061y 3aHOBUILIKMAPBIH HCIHE O0NApOblH NAUOANAHY HCIHE
9KOHOMUKATILIK KOPCEMKIUmMepin Caiblcmulpy apKblibl 01apobl YileCmipyoiy npobiemmacsl 63ekmi 001blin madwliaobl.
JKOK ap mypai mypaepin oymaiiiel KOI0AHY aUMAKMAapvlH AHLIKMAYOblH MUIMOI KYpaisl obvekmizce Keulenoi manoay
JIcypeizyee dicone 3epmmeynepoi Kamawy odicyueneyee, COHOAU-ax cummesoeyee, SAHU Oepileen dcagoaurap yulin
OHMAULL Jicylieni mabyea MYMKIHOIK Oepemin dicyuieni macin 6onvin maodwviiadvl. « TUiMOINIK-KYHy Kpumeputiite,
Ccanamvly UHmMezpaniovlK Kepcemkiui OoubiHuLa, MUIMOIIKMIY KeweHOi Kpumepuiiine, JICYUeHiy canacbl MeH 03iHOIK
KYHbIHBIY JiceKe KopcemKiumepine CalKec MHCYMbIC JHCaz0aublia JHCIHE MYMbIHYUIbIHbIY KyamblHa OailiaHbiChbl
AHCAHAPMBINAMbBIH ~ IHEPSUAMEH — KAMMAMACbI3 emy  Jcyueciniy OHmausl JICylieni cunmesoey Mmacenenepi
Kapacmulpuliaobl. Aneopumm Jicone 0a20ApAaAMANbIK  JHCACAKMAMA  J3IpNeHdl, OY1N HaKmel JHca20auadap yuiiH
AHCAHAPMBLIAMBIH IHEPSUAMEH IHCADOLIKMAYObIY ABMOHOMObL JCYUeNepiH KYpyObly OHMAILIbl KYPbLIbIMbIH mabyea
JHCIHE OcblIata KaOblIOanean wekmeyiepee 0AuIaHbICmbl apMypai Jicylienepli Oymaiiivl NAOAIaHy aUMAKmapbli
AHBIKMayea MyMKIHOIK 6epOi.

Tyitin co30ep: dicanapmuliamovli IHEPSUAMEH KAMMAMACHL3 emy Jcytenepi, HCyienix manoay, QyHKyuoHaiobx
manoay, JHCyueHiy Oymaiiibl KYpoliblMblH CUHIME30EY, «MUIMOLIIK- KYH» KpUmepuili.
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SYNTHESIS OF THE STRUCTURE OF AUTONOMOUS POWER
SUPPLY SYSTEMS BASED ON RENEWABLE ENERGY SOURCES

S.A. Keshuov!, G.S. Baisenova®, N.I. Moldybaeva?

'LTD «Scientific Production Center of Agricultural Engineering» (SPCAE) Almaty, Kazakhstan
Non-profit joint-stock company “Kazakh National Agrarian Research University”,
Almaty, Kazakhstan
E-mail: keshuov@mail.ru, baisenova6l@mail.ru, moldybayeva78@mail.ru

Annotation. The article deals with the issues of constructing optimal systems of Autonomous energy supply for
the agro-industrial complex (AIC) using renewable energy sources (RES), where the problem of identifying patterns of
distribution of zones of optimal use of various RES and their combination by comparing their operational and economic
indicators is relevant. An effective tool for determining the areas of optimal use of various types of RES is a systematic
approach that allows you to conduct a comprehensive analysis of the object and strictly systematize research, as well as
to carry out synthesis, i.e. to find a system that is optimal for the given conditions. The optimal structure of the
renewable energy supply system is synthesized depending on the operating conditions and the capacity of the consumer
according to the "efficiency-cost" criterion, an integral quality indicator, a complex efficiency criterion, and particular
indicators of the quality and cost of systems. An algorithm and software were developed that allowed finding the
optimal structure for building Autonomous renewable energy systems for specific cases and thereby determining the
optimal use zones of various systems depending on the accepted restrictions.

Key words: renewable energy supply systems, system analysis, functional analysis, synthesis of the optimal
structure of the system, the criterion "efficiency-cost".
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Annomayusa. Bonpocvi, cesazannvie ¢ nogvluieHuem dHepeodIQ@OeKmueHOCmU HCUIblX u 0OUjeCmeeHHbIxX 30anuil
nPoO0ICaAIOm 0CmMasamsvcsa akmyanvhvimy. Cmpemienue K ONMUMATGHOMY YNPAGIEHUIO IHEP2OOANAHCOM 30aHUL
00YCNI061€HO POCIMOM YeH HA dHep2OHOCUmMeNU U 803PACMAloWuMy mpebosanuamu nompedbumenei Kk KOMPOPMHOMY
MUKDOKIUMAMY 8 HCUNLIX U pabouux 30nax 30anuil. Heobocnosanno vicokoe snepeonompebnenue 01 OMONIEHUs 6
SUMHUL Nepuoo U KOHOUYUOHUPOBAHUE JemoM, KAK Npasuio, 00YCI061eHO HeOOCMAMOYHOU 3PHeKmusHocmvio
02padNcoqOWux — KOHCMPYKYUll ¢ NpUMEHEeHUeM  YCMapesuwux NpOeKmHuIX — peuwleHutl, MexHuKu KOHMPOJs
MUKDOKIUMAMOM U AN2OPUMMO8 YHpasieHus sHepzonomoxamu. I[Ipednodcennas 6 cmamve HOBAsL MOOeNb yuema
MenIonOCMynieHull  30anue NO360AUM CYWECMBEHHO YMOUYHUMb U YCKOPUMb OYEHKY COCMABIAIOWUX dHep2obananca
U onpedenrumv pearbHylo NOMPEOHOCHb 6 Mmenje, X0n00e U GeHMUNAYUU 6 YCIOGUAX PEeanrbHOl IKCHIYAmayuu
nomewjenui. Ilpeononazaemcs, umo npeonodicenHas Mooenb Modcem Oblmb YCHEUWHO NPUMEHEHAd 6 NPOeKmax
9HEP20IPDEKMUBHBIX cUCeM YNPABIEHUA, OCHOBAHHBIX HA O6ECHPOBOOHBIX CEHCOPHO-AKMYAMOPHBIX MEXHOIOSUSAX.

Knioueevie cnosa: mennosou pedicum, menionocmynieHue 6 dicuivle U obujecmeenHvle 30aHus, 6MOpUYHbIe
auepeopecypcol, HOMER.

Ha ceromHsmHui AeHb 30aHUS U COOPY)KEHHS SBISIIOTCS ONHOM W3 DHEPrOEMKHX OTpaciew,
norpebisitonield mouTH 1/3 TOIMIMBHO-YHEPTeTHUECKUX PpecypcoB cTpaHbl. CyIIECTBYIOMIMN TMOTEHIHANT
sHEprocOepekeHNs B JaHHOH cepe cocTaBisieT okoyo 25-27%. B 3Tol ¢BsI3M BaXkKHYIO POJIb IpUOOpeTaeT
pa3paboTKa HOBBIX MEPONPHTHH, HANPABICHHBIX HAa COBEPLICHCTBOBAHHME MPAaBWJI y4yeTa, YIpPaBICHUS U
KOHTPOJISI SHEPTONOTPpeOIeHUs U TIPe/IeIbHBIX HEPronoTeps [1].

AKTyanbHO 3a/1a4ell sBIsieTcsl pa3paboTKa HOBBIX METOJIOB YTHIIU3AIMH PEKYTIEpallii H30bITOYHOTO
TEIla OJHOIO M3 DBHEProcOEperaroIinx MEPONpPUSTHH, KOTOPbIE YYHMTBIBAIOT KaK HSKOHOMHYECKHE
MIOKa3aTeNy pealn3aluy dHeprocOeperarpned MoJent, Tak 1 KOMQOPTHOCTb MHUKPOKIMMAaTa B 3JaHUSIX.
Kpome Toro, pexymneparusi MO3BOJSET YTHJIM3UPOBATh TEIUIO YXOMALIETO BO3AyXa, HE MPUYHUHSS BpEN
OKpYXKarollen cpefe.

TenoBoil peXKUM 34aHUM B 3aBUCUMOCTH OT WX HAa3HAYEHUS MOXKET OBITh MOCTOSHHBIM MU
nepeMeHHBIM. [IOCTOSHHBIA TEMJIOBOM pEeXHWM XapaKTepeH Ui OONBIIMHCTBA 3JaHUM, TPeOYIOUINX
MOCTOSTHHOTO TTOJJIEPKaHMS 33JaHHOI TeMIIepaTyphl BO3AyXa B yCTAHOBKAX Ha MPOTSHXKEHUH BCETO Meprojia
skciutyaTauuu. Ilomnepixkanue TeMIepaTtypbl BO3/lyXa B IIOMEIIEHHH, YCTAHOBJIEHHOW HOPMAaTHBHBIMHU
JIOKYMEHTaMH, B OCHOBHOM 00ecIieunBaeTcsi paboTol CUCTEM OTOIUICHUS M KOHIUIIMOHUPOBAHHSI.

IIpm BBIOOpE cXeM KIMMATHYECKHX CHCTEM M OIPEACJICHUH IPOU3BOJUTEIFHOCTH TEIUIO- W
XOJIOAOTEHEPUPYIOWIETO  000pYJOBaHUS  COCTABIACTCS TEIJIOBOM  OamaHC TOMEIIEHHS, KOTOPBIA
npeAcTaBisieT co0oil comocTaBieHUe TEIUIOBBIX MOTOKOB, MMOCTYMAIOMIMX M BBIXOISIIUX M3 MOMELICHUN
MaKCUMAaJIbHBIM JeQUIUTOM (M30BITKOM) TeIlja B PAacUYeTHOM pEKUME PabdOThl CHCTEMbI B 37aHuu [2].
TenyoBbIe MOTOKM AETATCS HA JBE KATETOPHH: BHELIHUE (B 3aBUCMOCTHU OT CE€30HA M JHS OHH MOTYT OBITH
MIOJIOKHUTEIILHBIMHU MJIH OTPULIATETILHBIMH) M BHYTPEHHHE (BCET1a MTOJIOKUTEIbHEIE).

HapyxHble TemIoBble TIOTOKM OIPEAEISIOTCS PA3HOCTHIO TEMIIEpaTyp BHYTPH M CHapYXHU
MOMEILICHUS], COJTHEYHOW paauanuend, BEeHTUAIMe. PaccmaTpuBasl BHEIIHUE TEIJIOBBIE TMOTOKH, CJEAYET
BBIJICJINTh COJTHEYHOE H3IY4YEeHHE, KOTOPOE SIBIACTCS OJHUM W3 OCHOBHBIX (DaKTOpPOB, BIMSIOMIMX Ha
TETJIOBOM PEXUM 31aHUSL.
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Mexny TeMm, CTOMT OTMETHTh, YTO TIOSBJICHHE B IOCIEIHHE TOMABI JOMOJHUTENFHBIX HCTOYHUKOB
KIIMMATHYECKOW WH(OpPMAIMM, OCHOBAaHHBIX HA MHOTOJICTHUX CIIyTHHKOBBIX HAONIONCHUSAX 32
MOBEPXHOCTHIO 3EMJIM, JAa€T BO3MOXKHOCTH IOJIyYUTh OOJiee JCTadbHBIC CPEAHHE AKTUHOMETPUYSCKUE
JTAaHHBIE, B TOM YHUCIe U s Tepputopun Kasaxcrana.

Bo mHoOrmx paborax B KauecTBE TaKOro HMCTOYHHMKA HCToib3yercss 0a3za nmaHHbIX NASA Surface
meteorology and Solar Energy (SSE). ®opmupoBanne 3Toi 0a3bl JAaHHBIX OCYIIECTBISUIOCH B paMKax
MEXIYHAPOIHOTO COTPYTHUYECTBA U OCHOBBIBAJIOCH Ha MPOBEICHUH CITyTHUKOBBIX M HA3€MHBIX N3MEPEHHIH,
WCTIONIb30BAaHIH COBPEMEHHBIX MAaTEeMAaTHYECKUX MOJENel paclpoCTpaHEHHUs CONHEYHOTO W3IIyYeHHUS B
atMocepe 3emnu W BepuU(UKALMKM MOJEICH Ha OCHOBE CPaBHEHUS PE3yJIbTATOB PACUYCTOB M JIAHHBIX
Ha3eMHBIX W3MepeHui. [loka3zaHo, YTO MOTPEnTHOCTh MCXOoaHOW mHpopManuu 0a3sl NASA mo cpemHum
CyMMaM COJIHEYHOW paguanuu Uil OONBIIMHCTBA COJNHEYHBIX MecAleB He TmpeBbimaer 15%.
CpaBHUTENBHBIC WCCICIOBaHMS OBUIM TIPOBEICHBI HAa OCHOBE MHOTIOJCTHUX W3MEPCHHH COJHEYHON
paauanuu Ha MeTeoobOcepBaropur MI'Y um. M.B. Jlomonocosa [3].

ConHeuyHast paauamusi, IOCTymas dYepe3 OKOHHBIE MPOEMBbI, BHOCHT CYIECTBEHHBIH BKIJIaJ B
TerIocHaOXeHne 3MaHul, 0COOCHHO KHibIX. [Ipu 3TOM KHTalickue HCcCiefoBaTeN OOHAPYKHIIH, YTO
npumepHo 20-30% oxnaxxaaronieil Harpy3Ky B 3TaHUSIX MPUXOTUTCS HA HAPYXKHBIE OKHA JIeTOM B CeBepHOM
Kurae, Torna xak B FOxxnom Kwmrae a3ta momns eme Beime [4]. belma mpoaHamu3upoBaHa OXJIAXArOIIAs
Harpy3ka Ha MpuMepe ABYX KOMMEPUYECKHX 3IaHHHA, 000PYIOBAHHBIX CBETOOTPAKAIOIICH OKOHHOH IIICHKOM
B Illanxae, u oOHapy>KeHO, 4TO TEMJIOBas HArpy3ka Ha 3JaHUSl OT COJIHEYHOTO H3Iy4YeHHs 4epe3 OKHa
coctapisieT 44% u 47% oT o0melt Harpy3ku cooTBeTcTBeHHO [S5]. Takum 0Opa3zom, COTHEUHOE H3ITydEeHUE
SBIISICTCS KITFOYEBBIM METEOPOJOTHYECKAM IMapaMeTpoM JUIS OIEHKH Harpy3KH Ha OTOIUICHWE/OXJIaXKICHUE
3mMaHus [6].

CyIiecTByeT MHOXECTBO METOJIOB pacueTa KOJMYECTBA COJTHEYHOW paauanuu [6], JocTHUraromieit
MOBEPXHOCTH 3[aHWSA W TPOHUKAMIIEH B IIOMEIIEHUS Yepe3 HEeNmpo3padHble W CBETONPO3PayHBIE
OTpPXJECHHs, HO MHOTHE W3 HHUX CUYUTAIOTCA YCTApEBIINMH, COJAEPIKAT CYIECTBEHHBIE ONIMOKH WU
HEOOOCHOBAaHHO CJIOKHBIC BhIUUCICHMA. [loaToMy mpemiaraercsi HCMOJIB30BaTh MPOTPAMMBI pPacueToB,
OCHOBaHHBIC Ha Pe3yNIbTaTaX HEMPEPHIBHBIX HAOMIOACHU ONPEAETSIONNX epeMeHHBIX (PaKTOPOB, KOTOPHIE
Ha JaHHBI MOMEHT TPEJOCTaBIAI0T Ooyiee TOYHYH UHpopMmalmio. B 3Tux memsx pa3paboraHa
MOJATIporpaMMa pacyeTa BHEUIHMX TeruionocTymiuennii B cpene MATLAB, yuuteIBaromias, Hapsgy c
pacueTHOW TpaeKTOpUEH COJIHIIA JJIi KOHKPETHOW JaThl U BPEMEHH CYTOK, (DAKTHUECKYHO pajHallnio

(pucynok 1) [6].

Cesep 0°
ConHue
(Al; Az)
MNoBepxHOCTb
(0;1)
3anag, 270° BocTok 90°
tor 180°

P HUCYHOK 1- OHpC,Z[GHCHI/Ie COJIHCYHBIX YIJIOB U MOBCPXHOCTHBIX YTJIOB

Hanpumep, B pabote [6] yuensle u3 Kuras, njis onpeaeneHusl MOCTYNMBLIETO TEIJa Ha 3JaHHS OT
COJIHEYHOH pajaualuy, MPOBENId HCCIIEI0BAaHNEe, COCTOSIIEE U3 YEThIPEX 3TAoB: cOOp NaHHBIX, pa3padoTKa
METO/a, TeMaThueckoe uccienopaHue U aHanu3. CoOpaHHBIE JaHHBIE OT METEOPOJOTHMUECKUX
pallMallMOHHBIX CTaHIMHA MMHU OBLIM MpPOAHAIM3HPOBAHBI, & TAaKXKE BBIOPAH METOJl ONpECTICHUS MPSMO
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[aJaloIIero COJIHEYHOro m3nydeHus. [IpoBeneHHOe mcciaenoBaHue OBUIO BBIIOJIHEHO C HCIIOJIB30BaHUEM
nporpamMmmel MATLAB. O01mmiast MeTo1oJ0rHst HCCeIOBaHUs TOKa3aHa Ha PUCYHKE 2.

[ ConHeYHoEe M3nyyeHue, BT/M2 ]
I\/I - cbop AaHHbIX O CONHEYHOM
Beijing v
e n3nyyeHun c 8 ctaHumii B Knutae B
[aHHbIX - yCTpaHeHMe U KOPPEKTUPOBKa
OWMBOYHBIX AAHHBIX;
- pacyeT NOY4acoBOro U3NydYeHus.
Time o
O6paboTaHHble AaHHbIe COAHEYHOro
nsnyyenua (Bt/m?) u unconaumm (Bru/m?)
Pa3paboTk - OLLeHKa NJI0COB U MUHYCOB
a HoBOro (& CTaporo meToAa pacyeTa;
meToAa - NpeanoKeHne HOBOro MeToaa
DEST pacuerta.
HoBblil MeTo4 pacyeTta NOCTyNatoLwero
COJIHEUYHOrO U3ay4eHus
Roof - pacyeT NpAMOro naaatoLero
COJIHEYHOTO MU3/1yYEHMS HOBbIM
Mpumep MEeTOA0M;
Mcnonb3os West North - BblYUCNEHUE JOCTOBEPHbIX
aHuA 3HaYeHMI Ha OCHOBE NPSAMbIX
South East NU3MepeHui;
- pacyeT NpAMOro naaatoLero
5 surfaces CONIHEYHOTO M3/Iy4YEHUA CTapbIM
MeToa40M;
g U
OugeHKa pa3HbiX MeToA0B ]
|\
{} - OLIeHKa NaAaloLLEero U3ydeHms
- npu pasHbix PpakTopax;
AHANU3 ™ - CpaBHeHue C 40CTOBEPHbIMMU
4yBCTBU- - 'D'a;Hb'MM'
Te/IBHOCTH - - obcyaeHMe BANAHMA PasHbIX
. baKTOPOB Ha OLEHKY
o MOCTVNAOLLEro U3/IVYeHMA.

BavsHMe pasHbix paKTOPOB HA OLLEHKY
MOCTYNAlOLLLEro U3/lyyeHns
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Pucynok 2 — OOmias MeTo07I0THs HccaenoBaHus [6].

B cBoro ouepesib, BHYTPEHHUE TIOTOKU COCTABIISIFOT TEILIO OT JIFOJICH, OT OCBEUICHHMSI, 000PYA0BaHUS U
T. II.

[TockonbKy YENOBEK BBIACISET B OKPYXKAIOUIYID CpPely TEIUI0O U Blary, OH HE TOJIBKO SIBISCTCS
MOTpeOUTENIeM 3HEPTUU, HO U JICUCTBYET KaK UCTOYHHMK TEIUIOBOM IHEPTHU. BoJbIIOe KOIMYECTBO padoT
MOCBSIIEHO HW3YYEHUIO BIHAHUSA JEATEIHHOCTH YelIOBeKa Ha TOTPEOHOCTh B DHEPrHH, a TakkKe HX
3HAYMTEITHLHOM POJIM B SHEPTETHUSCKOM OastaHce 3manuii [4].

Termno oT mromel mepemaeTcs OKPYXKAWIIEH cpele B pe3yiabTaTe KOHBEKTHUBHOTO M JTyYHUCTOTO
TerIoo0MeHa M CKPBITOrO (JIATEHTHOTO) Terlla — TEIDIOCOASPKaHusI BOASHOTO Tapa, KOTOPHIN HcmapseTcs
CHApPYKH TeJla, a TAKXKe BBIACISAETCS C BBIIBIXaeMBIM BO3IYXOM.

KonudecTBo BbIIENSIEMOTO JIOABMH TEIUIa 3aBUCUT B OCHOBHOM OT I10JIa, BO3PACTa, TEIOCIOXKEHUS
YEIIOBEKA, TSHXKECTH BBIMIOIHIEMOM pabOThl U, CaMO€ TJIABHOE, OT MUKPOKIUMATa B TIOMEIICHUH U OJICHKIBL.
ITo mepe yBenwmueHUS KOMHATHOW TeMIepaTyphl W MHTEHCHBHOCTH pabOTHI MTOJS BBIACISEMOW TETIOTHI
YBCJINYUBACTCA.

KonuuecTBO moCTyIJICHHI TEIIA OT JIF0IeH MOXHO ONPeneIuTh 1o Gopmyiie, BT:

Q}od:n.q.k (1)’
rIe N — KOJIMYECTBO JIFOJIEH;

( — TEIUIOBBIICIICHUE OTHUM B3POCIIBIM YeIOBEKOM B1/4er.;
k — k=1 — s myxxuun, k=0,85 — st sxeHIIHH.

g 3aBUCHT OT BUJAA JACATENLHOCTH U ee Kareropuu (nuddepeHnmanus padOTHl MO0 HArpy3ke B
COOTBETCTBHH C TOTPEOJICHHEM DJHEPrHH YeJOBEKOM) M TeMIlepaTypbl OKpyatomel cpeapl. CoriacHo
HOPMATUBHBIM JOKYMEHTaM, Ul y4eTa TCIUIOBBIICICHHUS JIIOAEH B OOLIECTBEHHBIX U aJMHHUCTPATUBHBIX
3IaHUSAX PEKOMEHIyeTCs MPUHUMATh 3HAYCHHE TETUIOBBIJENICHUsT Ha denoBeka paBHbIM 90Bt/gen [7]. Ilpu
pacuere TEIUIONOCTYIUIEHUSI OT JIIOJEH YYUTHIBAETCS, YTO 3asBIEHHOE B MCXOJHBIX JAHHBIX KOJIMYECTBO
Jro/iel MOXKET HE COOTBETCTBOBATH MX OJHOBPEMEHHOMY HAXOXIEHHIO B moMmemeHHH. CyIIecTBYIOT Takue
nporpaMmel, kak TRNSYS, Energy Plus u ap., KoTopble MCHONB3YIOTCS JUIsl pacyeTa BBIAENCHHS Teria
moapMu. OJHAKO OHW HE YUUTHIBAIOT (PAKTHYECKOE KOJIMYECTBO JIIOJCH Ha MOMEHT HCCIIEOBAaHHS, YTO
00BSICHSETCS MHTEHCHBHBIM NIEpEMELICHUEM JIFO/IeH B 3MaHUAX (O(PHUCHBIX, OOIIECTBEHHBIX, JKUIIBIX).

s pemienus 3Tol mpobieMbl B HAcTOsIIEH paboTe HpeACTaBIeH HOBBIM METOJ M cUCTeMa ISt
KOCBEHHOTO HW3MEPEHMs TEIUIONOCTYMJIEHUSI OT JoJeil. DTOT METOHA ONpeesseT KOJUYECTBO JIFOCH,
HaXOIIIIMXCS B KOMHATe, MyTeM HM3MEPEHHUs IWHAMHUKH H3MeHeHUs KoHueHTpauuun CO,, mpu 3ToM
aBTOpAaMU JeNaeTcsl JOMYLICHUE O HaJMYMH JIMHEHHOM 3aBUCHMOCTH MEKAY TEIUIOBBIICIICHUEM YelIOBEKa U
KonmmuecTBOM BhIbixaemMoro CO,. Cucrema ompenenser 0a30Bbli ypoBeHb KoHIeHTparmun CO, B
ToMeleHn: nepes; u3MepenreM. [locne aToro n3mepeHHble 3Ha4eHns KoHneHTpauu CO, cpaBHUBAIOTCS C
0a30BBIM 3HAUYEHHUEM 4Yepe3 OIpeleieHHbIe WHTEpBajibl BpeMeHH. llpm OOHapyXeHHUH yBeIWYEHUs
koHueHTpau CO, paccuuTHIBaeTCS KOJMYECTBO NPUCYTCTBYIOIUX Jrojed. Ilo moigydeHHBIM AaHHBIM
OTpeeNsieTCs] KOJIMYECTBO BBIJBIXaEMOIO YIJIEKHCIOTO Ta3a B TMOMEUIEHHH, W Jalieé pPacCUUTHIBAECTCS
TerIonocTyieHue [7].

[IpenmymiecTBa 3TOr0 METOAA:

- pacyeT KOJMYECTBA TEIUIA OT JIIOJAEH B TEKYIIIMI MOMEHT BPEMEHU;

- oTIpeziesieHNe TOYHOTO KOJMYECTBA YEIOBEK B KOMHATE;

- y4eT nokasaress (pu3n4ecKoil aKTUBHOCTH YEJIOBEKa, KOTOPBIH SBISETCS BayKHBIM IIOKa3aTesleM IpU
pacyeTe TEIUIOBIOKEHHS YeJIOBEKa;

- BOBMOYKHOCTH OTIPEeTSITh YPPEKTHBHOCTD PAaOOTHI CUCTEMbI BEHTHIISIIMN W/WITH UHPHUIBTPAIIUIO 10
TemIry cHWKeHus koHIeHTparu CO, mociie Toro, Kak JIF0JIU IIOKUHYT ITOMEIIeHHE

JpyruM COCTaBISIOIMM BHYTPEHHHUX TEIUIOBBIX IIOTOKOB SIBJSIFOTCS IIOCTYIUICHHMS TeIUla OT
3JIEKTPOOOOPYMOBaHUSA. JHEprusi, MoTpedisieMas  3JIEKTPOOOOpYAOBaHHMEM, BKIIOYas  OCBEIICHHE,
NPaKTUYECKH TOJHOCTBIO TMpeodpa3yeTcss B TEIJI0, KOTOPOE HarpeBaeT BO3AyX B MOMeENeHHH. UTOOBI
paccuMTaTh IMOJAYy TeIUIa B KOMHATY OT Pas3IMYHOTrO 3JIEKTPOOOOpPYIOBaHUS, OCTATOYHO 3aMEPHUTh
MOIIHOCTb, TOTPEOISIEMYIO STHM OOBEKTOM.

CormacHo TOCYJapCTBEHHOMY CTaHIapTy «3manus KHUJTBIC u 0011IeCTBEHHEIE
napamMeTpsl MHUKPOKJIMMAaTa B IOMELICHUAX» IOKa3aTelsAMH, XapaKTEePHU3YIOIIUMH METEOPOIOTUIEeCKUe
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YCIOBUSL B 3aKPBITBIX IOMELICHUAX (MHUKPOKIMMAT), SIBJIAIOTCS: TEMIEpaTypa BO3AyXa, OTHOCHTEIbHAS
BJIQKHOCTh BO3[yXd, CKOPOCTh ABHDKCHHS BO3AYyXa W MHTEHCHBHOCTH TEIUIOBOTO OONy4YeHHs. B 3uMHMIA
Nepuo] roja mpu o0ecleYeHUH ONTUMAJbHBIX M JOMYCTHMBIX MOKa3zaTelell MUKPOKIMMaTa HEO0OXOIUMO
IIpeyCMaTpUBaTh MEPONPUATHS MO 3allUTe >KHIHUINA OT PaJHallMOHHOTO OXJIAXACHUS OT OCTEKJICHHBIX
HOBEPXHOCTEH OKOHHBIX MIPOSMOB, B JICTHHI TIEPUOJ] - OT NOMAJaHUS MPSIMBIX COJHEUHBIX JTyueH [8].

OCHOBHBIMH BpEAHBIMU BHIOpPOCaMH, MONAJAIOIIMMH B BO3AYX IOMCIIECHHH, SBIAIOTCA: Ype3MepHOE
TEIUIO, YPE3MEpHAas BIaKHOCTb, BPEAHBIE Maphbl U rasbl, U Apyrue BelecTBa. M30bITOYHOE TEMI0 yXyIIaeT
COCTaB U COCTOSHME BO3QyXa B momemieHuu. KoiamuecTBO HM30BITOYHOTO TEIUIa B Pa3HOE BpeMs roja
OIIpeAeIIsIeTCs UCXO/Is M3 TEIUIOBOro Oananca nomenieHus [9].

Kak moxazano B pabote [10], ¢axTopsl, BIUSIOMME Ha OKPYXAIOIIYI0 Cpexy B TMOMEUICHHWH, B
OCHOBHOM BKJIIOHAIOT TEMIIEPATypy, BIaKHOCTb, CKOPOCTb BO3AyXO0OOMEHa, [BW)KEHHE BO3IyXa,
BEHTHJISILIMIO, 3arPsI3HSIONINE YaCTHIIBI, OMOJIOTHYECKUE U Ta3000pa3Hble 3arps3HUTEIH.

OrpoMHOe KOJIMYECTBO pabOT OBUIO TMOCBSIIEHO BIUSIHUIO BBHIIICYHOMSHYTBHIX (DaKTOPOB Ha
¢bu3nuecKoe COCTOSHHE M 3A0pOBbE 4YeNOBEKa. MHOIME W3 HHUX MCCIENOBANIM BIMSHUE BHEIIHETO MU
BHYTPEHHETO M30BITOYHOTO TEIlIa Ha MOXHIIBIX Jfoaeld. COOp JaHHBIX O TEIUIOBBIICICHUH TTOKUIIBIX JIOICH
B Pa3IMYHBIX YCIOBUSIX OKPYKAIOMIEH Cpebl M CyObEKTUBHBIX ITEPEMEHHBIX HEBO3ZMOXKEH M3-3a OTCYTCTBHUS
JOCTaTOYHBIX KCIICPUMEHTAIBHBIX JAHHBIX O MOXKUIBIX JIIOJMX, KOTOPhIE BKIIOYAIOT (U3UOJIOTHUYECKUE U
TEIUIOBbIe peakiuy. CienoBaTeNbHO, BaXXHO UCIONB30BAHNE IIPOBEPEHHON MOJAEIH, KOTOpas MOXKET TOYHO
Npe/icKa3aTh TEIUIOBbIC PEaKIUK MOXKUIIBIX JFOJICH B YCIOBHUSIX TEIIOBOTO cTpecca [11].

B wuccnemoBanmsx ydensix u3 beiipyra m Kanazpl Obutm pa3pa®oTaHBI WHIEKCHI ITEperpeBa s
MOKWJIBIX JIFOIeW, DKBUBAJICHTHBIE CTaHAapTHOW »¢dektuBHo Temneparype (COT). PaspaboranHbie
WHJIEKCBl BMECTE C IMOATBEPXKACHHOH MOJETbI0 OMOHArpeBa s MOXKHIIBIX JIFOACH HCIONB30BATUCH IS
YCTaHOBKH MPHUEMJIEMBIX BHYTPEHHHUX YCIOBHM TeMIEpaTyphl U OTHOCUTEIHHON BIaKHOCTU B MOMEIICHUU
WIM COOTBETCTBYIOIIMX MOporoBbiM 3HaueHussM COT. Kpome Toro, apyroil HHAEKC Heperpesa
UCIONB30BAJICA U1 YCTAHOBJIEHHS QUAIAa30HOB IPHEMIIEMOTO BO3ACUCTBHA, TaKUX KaK MPOLEHT MOTEPU
BOJIBI TEJIOM, BJIQXXHOCTb KOKM M BHYTPEHHAA TemIieparypa. OTH AMANa3oHbl BO3IEHCTBUS I MOKHIBIX
JIoAEH CpPaBHUBAJINCH C TAaKOBBIMHM [UId Oojee MOJOABIX JIIOAEH B TEUEHHE [BYXYacOBOIO IEpHOAA
BO3/ICHCTBHA IOCJIE OJHOTO Yaca MpeABapUTEIbHOIO KOHAULIMOHUPOBaHMA. bbuin pazpaboTaHbl KOHTYPEI
COT, yBna)XHEHHOCTHM KOXH W TPOIIEHTHOW TOTEPHU BOJBI TEJIIOM IO CPAaBHEHUIO C TEMIepaTypoud B
IIOMEIICHUY U OTHOCUTEJIEHOM BIIAXKHOCTHIO. J{Mana3oHbl BO3JEHCTBUS, IPEACTABICHHBIE B BUJIE YPABHEHUN
W30JIMHUY 711 TIOKHWIBIX M MOJIOABIX JIOAEH, COOTBETCTBYIOIIME MOPOroBbIM 3HaueHusIM COT, BrnaxkHOCTH
KOXKH, MIPOIICHTHOHN MOTEpe BOJBI B OPraHU3Me U BHYTPEHHEH Temrieparype, ObUTM CyMMHPOBAHBI B paboTe
[11] ana pa3nuuHBIX CilydaeB MOJEIMPOBAHMSA TPU TEPEMEHHON TeMmIepaType OKpy’Kalollel cpeapl u
OTHOCUTENFHOM BJIaKHOCTH, CKOPOCTH MeTabonu3Ma M H30JSILHs OJSKIbl. TeMIepaTypy Tejla TakxkKe
HaHOCHJIM Ha rpauK AJIsl CpaBHEHUSI TETIOBBIX PeaKUi MOXKHIIBIX U MOJIOJIBIX JIFOACH.

OcCHOBHbIE BBIBOJIBI HCCIIEOBAHUSA CBOJSTCS K CIEIYIOIIEMY: M0 MEpe YBEIHMYEHUS TeMIepaTyphl B
nomemieHn, COT yBenuumBaeTcss MPOLEHT MOTEPH BOABI B OPraHU3ME W YBIAKHEHHOCTH KOXU.
CrnenoBaresibHO, YTOOBI MOJMYYHUTH TOT K€ YPOBEHb KOM(OPTA, YTO W MOJIOJBIC JIOAM, MOKWIBIM JIIOISIM
notpebyeTcs Oosee HU3Kas TEMIIEpaTypa MpU BO3JICHCTBUY TETUIBIX M )KAPKUX YCIIOBHH.

KonmuecTBo Terma (3a BBIYETOM TEIJIONOTEPh), KOTOPOE IMOCTYHAeT B IOMEIICHHWE MPU 3aJaHHBIX
KIIMMaTHYECKUM TapaMeTpaM BHYTPHM TNOMEHIEHMH M TEKyIIUX IIapaMeTpax CHapyXH, sBISIETCS
M30BITOYHBIM U COIIPOBOXKIAETCS MOBBIIIIEHUEM TEMIIEPATYPHI.

Ha coBpemenHOM 3Tare HanOoubInas d3HeprodhHEeKTUBHOCTh OPTaHU3YETCS B THOPUIHBIX CHCTEMaX.
i OLIEHKM METOJOB W COKPALICHHS BBIOPOCOB M OKCIUTyaTallMOHHBIX 3aTpar MpHU HPOEKTHPOBKE
WCIIOJIB3YIOT Ppa3iMyHble NPOrpaMMHBIE OOecneyeHHs, B TOM 4YHCJIE€ ONTHMHU3ALHMOHHYIO MOJENb s
rubpuanabix cucteM HOMER.

HOMER sBnsiercs ogHuM ©3 HawboJjee MOIIHBIX WHCTPYMEHTOB Ui IMPOSKTHPOBAHUS U
TUIAaHUPOBAaHUSI THOPUIHBIX CHUCTEM BO300HOBISIEMBIX HWCTOYHHMKOB OJHEPIrUM C LENbI0 ONpeneNeHus
ONTHMAIBHOTO pa3Mepa ero KOMIIOHEHTOB ITyTE€M MPOBEIEHUS TEXHUKO-DKOHOMHYECKOTO aHann3a. MHorue
pecypcel, Takue Kak (OTOAJIEKTpUUecKas Oarapesi, TOIUIMBHBIE DIIEMEHTBI, Majas THJPOIHEPreTHKa,
Onomacca, TEIIOBbIe HAcCOCHI, OaTapen 1 0OBIYHBIE TeHepaTophl, Mojenupytorcs B HOMER [12].

HOMER 3anpammBaer WEeCTb THIOB JAHHBIX AJII MOAEIUPOBAHUS W ONTHMH3ALMHU, TaKue Kak
METEOPOJIOTHUYECKHE JaHHbIE, MPOMUIIb HArPY3KH, XapaKTEPUCTHKH 000pYyI0BaHMUsI, IPOCTPAHCTBO MOUCKA,
SKOHOMHYECKHUE U TeXHUYEeCKue JaHHble [13].
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Merteoponoruyeckue JaHHbIE — 3TO CKOPOCTh BETpa, COJHEYHAs paguanus, TEMIEpATypa U MOTOK
BOJIBI, TIPM HCIIONB30BaHUM MUKPO-I'DC, KOTOpBIE 3arpykaloTcsi B MpOrpaMMHOE OOecCTiedeHHE B BHIC
CpeHEMECSIUHBIX 3HAUeHUH WK AaHHBIX BpeMeHHoro psga. HOMER ucnonb3yer 3Tu BXO/IHbIE JaHHBIE TS
pacdera BBIXOJHON MOITHOCTH (POTOIIEKTPUIECKON OaTapen U THAPOIHEPTETHKH.

[Tpodune Harpy3KH KaKJI0ro peruoHa sBIseTcsl Hanboiee BaKHBIM (JaKTOPOM MPH MOJEIUPOBAHUN U
ONTUMHU3AIUU. B HEKOTOPBIX 3aHUAX, TAKUX KaK YHHUBEPCUTCTHI, OONBHHIIBI, OTSIU W MPOMBIILICHHBIC
3/IaHusl, €CTh JIaHHBIE O PealbHOM IMOTPEOJICHUH SHEPTHH, KOTOPhIE MOAXOMAT IS MOACTHUPOBAHUSA. DTH
peanpHble gaHHble BBoAsATCS B HOMER kak maHHBIe BpeMEHHBIX psamoB. OgHAKO B HEKOTOPHIX 3MAHWSIX,
0cOOEHHO B OTHANCHHBIX M CEIbCKHX pPalOHAaX, TNle OTCYTCTBYIOT AaHHBIE O pPEATbHOM MOTpeOIeHUH
SHeprun, NpouIb Harpy3KH CIEIyeT IPOTHO3UPOBATh C YUETOM CIEIU(UKN ITOTO PEerHOHA. DTH JaHHBIE
BBomsaTcs B HOMER kak cyrounslii mpodwib, 1 mporpaMma HCIONB3YeT UX Ui OrpaHmdeHus Oamanca
MOII[HOCTH.

Ilo xapakTepucTukam Kaxmoro oOopyzaoBanus, wmoaenupyemoro B HOMER, onpenensercs
3¢ (PEeKTUBHOCTE €ro pabOTHI B COCTaBE CHCTEMBI BO30OHOBIIIEMBIX HCTOYHUKOB dHeprwH [14].

[Tockonbky ~ KOMIIOHEHTHI ~ CHCTEM  BO30OHOBISIEMBIX  HMCTOYHHKOB  SHEpPIUWH,  BKIIOYas
(hOTORIIEKTPUUECKYIO OaTapero, reHepaTop, akKKyMyJIsaTOp M IpeoOpa3oBaTellb, UMEIOT Pa3HbIC MOIIHOCTH,
CYyILLIECTBYET IPOCTPAHCTBO MMOUCKA, KOTOPOE YUUTHIBACTCS NIPU MOJAEIUPOBAHUN U ONITUMU3ALUU.

Kaxxnoe obopynoBanue B CUCTEME BO30OHOBISAEMBIX HICTOYHHKOB SHEPTHH UMEET HEKOTOPHIE JaHHbIE
0 CTOMMOCTH, TaKHe KaK dKCILUTyaTallls U TEXHUYECKOe 00CITy)KNBaHHE, KalTUTaJIbHbIEC 3aTPAThl U CTOUMOCTD
3aMmeHbl. [leHa Ha TOIUIMBO, LIEHA TPAaH3aKIUH 3JIEKTPO3HEPTHU C CEThIO, pealibHas MPOLIEHTHAS CTaBKa, CPOK
JEHUCTBUSI TIPOEKTA, CTOMMOCTh OCHOBHOTO KalHTaja CHCTEMBI, (PUKCHPOBAaHHAS CTOMMOCTH AKCILUTYaTallud U
00CITy’>)KMBaHHS CHUCTEMBI, a Takke ImTpad 3a BEIOPOCHI — 3TO Ipyrue SKOHOMHUYECKHE JaHHBIE, KOTOPHIC
MOkHO yuuTeiBaTh B HOMER. D11 3aTpathl yuuThIBatOTCS Ha 3Tarnax MOJEIUPOBAaHUSA U ONTUMU3ALNY, U Ha
WX OCHOBE PAaCCUHUTHIBAETCA YrcTas TeKymas croumMocts (NPC) kaxxmoro naHa.

Ilocne BBOoma mamHbix B HOMER mnepedncrieHHble BbIIE ONTHMAalIbHBIE pa3Mephl 00OpYHIOBaHUS
CHCTEMBl BO30OHOBIISIEMBIX MCTOUYHMKOB DHEPTUM OMPECISIOTCS B TPW JTarma, BKIIOYas MOJEIUPOBAHUE,
ONTUMH3ALMI0 M aHaJlu3 YYBCTBUTEIBHOCTH, KaK OINKCAHO Ha pUCYHKE 3. DTambl MOACIUPOBAHUS U
ONTUMU3ALUHU BBIIOJHSAIOTCS OJHOBPEMEHHO [13].

Ha ceromnsmiHuii J€Hb B COBPEMEHHBIX 3[aHHSAX MOBBIMIAIOT SHEProdGOUKTOBHOCTh 3a CUET
WCTIOJIb30BaHMs U30BITOYHOTO TeTJIa U SHEPTHU BO30OOHOBIISIEMBIX HCTOUHUKOB.

Bo300HOBNsIEMbIE MCTOYHUKH SHEPTHH SABISIOTCS TOIXOMASIIEH ambTepHATHBOW TPaJUIIMOHHBIM
pecypcaM ISl YIOBJIETBOPEHHS pacTyliero mnorpedsnenus sHepruu. OJHAaKo, KOrja 3TH Pecypcsl
UCTIONIB3YIOTCS [T MHAMBHUIYAILHOTO CHAOXEHHSI MECTHBIX HAarpy30K, BO3HMKAET MHOXECTBO MPOOIIEM,
TaKUX KaK BBICOKHE WHBECTUIIMOHHBIC 3aTPAThl U HU3KAs HAJIE)KHOCTh CHA0XKEHHUS N3-32 X MPEPHIBUCTOTO H
HEOTIpe/IeTICHHOTO Xapaktepa. Jlyisl pemieHuss 3TUX MpoO0JieM TOsSBWIACh HOBAas KOHIICNIHSA, a WMEHHO
ruOpuIHas CHCTEMa BO300HOBIISIEMbIX HCTOUHUKOB 3Hepruu [13].

Cucrema THOPHIIHBIX WCTOYHHKOB DHEPIHH TIPEACTaBISAET COOOW KOMOWHAIMIO BO300HOBIISIEMBIX,
TPAAUILMOHHBIX AHEPropecypcoB U XPaHWIMIL SHEPTUHU IS JOKAIBHOTO YJIOBJIETBOPEHUS HArpy3KHU Kak B
MOJIKJIIOYEHHOM K CEeTH, TaK M B aBTOHOMHOM pexume. CrcreMa HCIONb3yeTcss B aBTOHOMHOM pEeXHME B
OTJAJICHHBIX U CENbCKUX paiioHax. DaKkTUYecK, B TIEPHO/IBL, KOTIa BEIPAaOOTKH BO3OOHOBIISIEMBIX PECYPCOB
HEJOCTAaTOYHO JIJISl YAOBJIETBOPEHUS HArpy3KH, OCTABIIASACS YacTh HATPY3KH MOXKET OBITh obOecriedeHa 3a
CYET Pe3epBHBIX PECYPCOB.

CrnenmoBarelibHO, cHCTeMa BO300HOBIsIeMbIX HcTouHUKOB dHepruun (HRES) oGmanmaer Oombureit
Ha/IeKHOCTBIO M0 CPABHEHHIO C CUCTEMaMH BO30OHOBIISIEMO SHEPTrUH B aBTOHOMHOM pexknme. Korna meHst
Ha aneKkTposHepruto B cetu HU3kue, HRES ynoBnerBopser Harpysky oT CeTH U 3apsKaeT aKKyMyJSITOPbI
SHEPTUH 32 CYET BO30OHOBISIEMBIX MCTOYHHKOB JHEPTHH. 3aTeM, B MEPHOABI BHICOKMX IIEH Ha CETEBYIO
anekTposHepruto, HRES ynoBmerBopser Harpy3ky CBOMMH pecypcaMH M MPOJAET AOMOJHUTEIHHYIO
SHEpruio B ceTb. B srom pexxume HRES Oonee 3KOHOMHUYHBI, 4eM TOJBKO CHCTEMBI BO30OHOBIISIEMOM
SHEPTHUH.

Takum o6pa3om, HRES o0ecrneunBaeT HEKOTOpbIE IPEUMYIIECTBA, HAIPUMEDP: YBEIUYCHHE
NPOHUKHOBEHHS BO30OHOBIISIEMBIX HCTOYHHMKOB SHEpruM, CHWkKeHHe cTtouMmoctu sHeprun (CoE),
COKpallleHHe BbIOPOCOB MAapHUKOBBIX Ta30B M obOecneueHWe JOCTyla K JJEKTPOIHEPTHUH AN JIIOACH B
OTJIAJICHHBIX U CEJIbCKUX palOHax. DTH MPEUMYIIIECTBA COOTBETCTBYIOT BCEM TPEM KPUTEPUSAM yCTONYNBOTO
pasButus (YP), Bkirouas 5KOHOMHUECKHE, IKOIOTUIECKUE U COLUATBHBIE aCIIEKTHI.

Crnenyer OTMETHTB, YTO KOHLEHIHMS 3aHUs, TEIUIOCHAOKEHHE KOTOPOTO OCYLIECTBISIETCS! [NIABHBIM
00pa3oM 3a CcYeT YTWJIM3alWU TEIUIOTHI BBITSHKHOTO BO3AyXa AJIS MOAOTPEBA MPUTOYHOTO, MCIIONIB30BaHNE
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TEIUIOTHl COJTHEYHOW pajualiid W BHYTPEHHUX TEIUIOBBIICICHUI OT IOjel, OTOMHTENBHBIX MPHOOPOB,
OCBCILICHUS, OBITOBOM TEXHUKU U T. J., OTIIMYACTCS OT KOHIICMIIUH, IPEyCMaTPUBAIOIIUX HCIIOJIb30BaHUE
BO300HOBJISIEMBIX UCTOYHHKOB SHEPTHH HEMIOCPEJACTBEHHO B 3/IaHUM (HAIIPUMEP, COJHEYHBIX KOJIJICKTOPOB,
(hOTOIIEKTPUICCKUX TTAHETICH H T. 11.)

BriBosbl. BuM paccMOTPEHBI BHYTPEHHHE U BHEITHHME TEILIOBBIE MMOTOKH OOBEKTA TEILIOCHA0KEHUS,
0003HaYCHBI TPOOJIEMBI yueTa 3THX TEIUIOBBIX MOTOKOB. B pemieHun 3Tux mpoOneM NpencTaBiieH HOBBIN
METOJI ydYeTa TEIUIOBOrO IIOTOKa 4Yepe3 HapYKHbIe OTPaXKICHHs 3/laHUs W KOCBEHHOTO HW3MEpCHUs
TEIUIONOCTYIJICHUS. OT JIIOJICH. DTOT METOJ OmpeAessieT KOJIMYECTBO JIIOJICH, HaXOMASIIMXCS B KOMHATE,
MyTeM U3MEPEHUS JUHAMUKH n3MeHeHus1 KoHmeHTpanuu CO,.

YCTaHOBIICHO, YTO BHYTPECHHHE W BHEIIHWE MOCTYIUICHHS, B TOM 4YHCIE OT CONHEYHOW pajHaIliiu,
000pyJIOBaHMsI M JFOJIeH, BHOCIT 3HAYMTENBHBIA BKIAX B (pOpMUpOBaHHE M3OBITOYHOTO TEIia, KOTOPOE, B
CBOIO ouepenb, cJeOyeT paccMaTpuBaTh Kak BO300OHOBJSIEMBIH  JHEPropecypc B  NPOEKTax
3Heprod3()GEKTUBHBIX 3/TAHUIM.

Hanpumep, B JeTHHIA TIEpUOJ] MyTEM BKJIIOYCHUS B CXEMY IEHTPATU30BAHHOTO KOHIMIIMOHUPOBAHUS
3MaHUM  TCTUIOOOMEHHHMKOB JUIS HAarpeBa BOABI B CHCTEME TOpSYEro BOJOCHAOKECHHS B3aMeH
BO3yXOOXJK/IACMbIX KOHJICHCATOPOB KOMIIPECCHOHHBIX KOHIWIIMOHEPOB B COUYCTAaHWHM C BOJISHBIMHU
AKKyMYJIATOpaMH Tera.

OueBUHO, YTO CHCTEMaTHYecKoe (HOPMUpPOBaHHE H3OBITOYHOIO TEIJa B OTOMHUTEIBHBIA TMEPUOJT
COIIPOBOK/IAETCA MEPepacxoloM SHEPTUU Ha TEIUIOCHAO)KEHHE W CBHJCTENBCTBYET O HEOOXOAMMOCTH
peanu3ainyuyd  dHeprocOeperaroInuX MEpONpUsITHH, TakMX Kak modacajHoe W/WIM MECTHOE TOYCUHOE
peryaupoBaHue, MPOrpaMMHOE PErYJIMPOBaHKE ¢ TIOHIKEHUEM 331aHusl B HOYHBIC Yachl M HepaOdovue JHU U
T. 0.
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Abstract. Issues related to improving the energy efficiency of residential and public buildings continue to be
relevant. The desire for optimal management of the energy balance of buildings is due to the rise in energy prices and
the increasing demands of consumers for a comfortable microclimate in residential and working areas of buildings.
Unreasonably high energy consumption for heating in winter and air conditioning in summer, as a rule, is due to
insufficient efficiency of the enclosing structures, the use of outdated design solutions, microclimate control technology
and energy flow control algorithms. The proposed in the article a new model for accounting for heat inputs into a
building will significantly clarify and accelerate the assessment of the components of the energy balance and determine
the real need for heat, cold and ventilation in the conditions of real operation of premises. It is assumed that the
proposed model can be successfully applied in projects of energy efficient control systems based on wireless sensor-
actuator technologies.

Key words: thermal conditions, heat input in residential and public buildings waste energy, HOMER.
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Anoamna. Typevin yii dcoHe KOSAMObIK SUMapammapobly dHepeusi MuimMoinicin apmmuvlpyea OauiaHblcmovl
Macenenep e3zekmi bonvin Kamyoa. FumapammapOvly sHepeus meH2epiMin OHmMAUbl 6acKkapy2a oOezeH YMMbliblC
oHepeusi 0A2ACLIHLIY — OCYIHe JiCoHe EUMapammapovly MYPEbIH JCIHE JCYMbIC —AUMAKMAPLIHOAZbL  JICALLIb
MUKDOKIUMAMKA MYMbIHYWbLIAPOblY KOAMbIH MAIAnmapuiHuly ecyine oatnanvicmoel. Kbickbl kezenOe dcvinvimyed
JHCIHE HCA30A KOHOUYUOHEPTIEY2e He2i3CI3 MHCOAPbl IHEPSUSHBIY IHCYMCANYbL, 20emme, Vil KYPbllblCbIHOA&bl eCKipeeH
aHcoOanbIK wewimoepoi, MUKPOKIUMAMMbL OAKbLIAY MEXHUKACHIH JHCIHE IHEP2Usl A8bIHOAPbIH DACKAPY aneopummoepiH
KONOAHa OMbIPbIN, KOPWAY KOHCMPYKYUALAPLIHbIY MUiMOLiciHiy dcemKinikcizoicine Oatinanvicmul.  Fumapamxa
KeJlemiH JICbLIY AbIHbIH eCcenke aiyobll OCbl MAKANAOAd YCbIHbLIRAH JHCAHA MOOeN dHepeusi MmeHepimMiHiy Kypamoac
bonikmepin baganayovl bapvlHUIa HAKMBLIAY2A, me30emyae MyMKIHOIK 6epedi dicone Yu-dcatiiapobl HaKmbl NAUOALAHY
AHCAROAUBIHOA JHCHLLY MEH, CYbIKKA JHCIHE dicendenyee 0e2eH HAKMbl KAXCemmilikmi aHblKmatiovl. ¥ColHbII2AH MOOeb
CbIMCbI3  CEHCOPNbIK-AKIMYamopablK, —MexXHOIO0UANAp2a  He2i30eneer JdHepausanbl  muimoi backapy oicylienepiniy
2AC00ANAPLIHOA COMMI KOLOAHBLLYbL MYMKIH 0en 00aMCaAHa0bL.

Tyitin ce30ep: HcolIyabIK pedcumi, MYPbIH HCIHE KOLAMObIK UMAPAMMApa HCobliyobly mycyi, Kaumanamda
anepeopecypcmap, HOMER 6azoapramacut.
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Annomayusn. Texnonocus NB-IoT noddepaxcusaem mpu cyeHapus Ucnoib308aHus paouoyacmomno2o cnekmpa
(a6monommublil, 6 3awWumHOU nonoce, COBMEUEHHOE UCNOTL308AHUE CNEKMpa) 6 cemsax MOOUNbHOU ceasu. Bvibop
cyenapusa paseepmoisanusi NB-1oT eaoicen, nockonvky okazvléaem GusHue He moabKo Ha SUOKOCMb pa36epmbléaHs.
cemeitl, 3amMpamvl HA €€ MOOepHU3AYUIO, HO U HA OCHOBHble NOKA3amenu dP@PexmueHocmu QYHKYUOHUPOSAHUA Cemu
moounvrou ceazu 4G, a, credosamenvho, U HA YOOBIEMBOPEHHOCb NOb306AmMeNell NPedoCmasiieMbiMU YCayeamu
Hnmepnema eewei. B Oannoii cmamve npeocmaenenvt — pe3yibmamvl  UMUMAYUOHHO20 — MOOEIUPOGAHUS
apexmusnocmu npumeHenus mpex CyeHapues UCNOIb308aAHUA PAOUOYACIOMHO20 CNEKMPA 8 CeMAX MOOUNbHOU C8:3U
4G npu oxasanuu ycuye Hnmepnema eewjeti Ha 0cHoge NpUMeHeHUs MHO2OKpUmMepuansHo2o nooxooa. Ilpeocmaenena
paccmompenuio memoodoao2us mecmupoganus mexuonrozuu NB-10T, a makoice ocrnognbvie 86160061 U pekomerHoayuu no
8b100py HauboIee 8bl200H020 cyeHapus pazeepmouleanus NB-10T.

Knrwouesvie cnosa: NB-10T, Humepnem Beweti, in-band, standalone, guard band.

BBeaenne

NB-loT (Narrow-Band Internet of Things) — 3to TexHomorusi y3komosiocHoro MHTepHeTa Beliei
(IoT), pa3paborannas xoncopuuymom 3GPP nns ycrpoiicTB TenemeTrpun ¢ HM3KMMH OObeMaMH OOMeHa
JTAHHBIX Ha ocHOBe MOOWIbHBIX cereil cranmapra 4G (LTE). [lannas TexHomorusi Oblia mpejcTaBlieHA
KOHCOPIIMYMOM B paMkax pa0OT HaJ CTaHJIapTaMH COTOBBIX CeTei HOBOro mokojeHus [1]. OnmHumu u3
riaBHbIX permyniectB NB-IoT no cpaBHenuto ¢ apyrumu Texnonorusimu LPWAN (Low Power Wide Area
Network) cramu BO3MOXHOCTH 0OOecCnedeHus] TPAKTHYECKH TIOJTHOTO TEPEUCIIONb30BAHUSI CETEBOM
UHPPaACTPYKTYpHl cylecTByomero cragaapra 4G u BO3MOKHOCTh TOAKIIOYEHHST K 0a30BOM CTaHIUH
0OJBIIOTO KOJMYECTBA YCTPOMCTB, B MAECATKM pa3 IPEBBIIIAIONIETO0 BO3MOYKHOCTH CYIIECTBYIOIINX
CTaHIapTOB MOOMJIBbHOH cBsi3u. CtabuibHoe nmokpeitue NB-loT, Hu3koe 3HepronoTpedieHne u HeOobInas
CTOMMOCTbH YCTPOUCTB TaK)Ke€ OTHOCSTCS K 3HAUUTENIbHBIM MTPEUMYIIECTBAM JTaHHON TEXHOJOTHH [2].

B cnienngukanuu 3GPP TR 45. 820 [3] yka3ano, uto TexHosnorus NB-IoT MoxkeT moaaepxuBaTh TpU
CLICHapHs UCTIOJIb30BAHUS PAJAOYaCTOTHOTO crieKTpa (puc. 1) B ceTsiX MOOMIBHOM CBSA3M, @ UMEHHO:

1) Standalone mode — aBTOHOMHBIN CclieHapuii, MpU KOTOPOM 3aJCHCTBYIOTCS CYIIECTBYIOIIHE
cBoOoHbBIE pecypcehl criekTpa 2G/4G Ha nmpuHIHnax pedapMuHTa (3aMEHBI) YacToT.

2) In-band mode — crieHapuii COBMEIIEHHOTO HCIOJIB30BAHHS CIIEKTpa WJIM BHYTPHUIIOJIOCHBIH, MpH
KOTOPOM CYIIECTBYIOIIHUE pecypcHble 0ok 4G ¢ monocoit mpomyckanus 180 kI'1p BeIIENSFOTCS TOA
texaonoruo NB-I0T.

3) Guardband mode — crieHapuii HMCIOIB30BAHMS 3alIUTHONW MOJIOCHL. B JaHHOM CIIEHApHUH IS
pasBeptheiBanust NB-IoT 3aneiicTByercst M30BITOUHBIN CIIEKTP YaCTOTHOrO KaHajia B MpeJeiaX BBIIEIEHHOrO
kanana 4G.
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Pucynok 1 — Tpu cuenapus pazsepteiBanus TexHoiornn NB-10T

ABTOHOMHBIW CIICHApUH SBIISIETCS XOPOIIUM BapHaHToM AJisl ceTeit 4G, paboTaromux napaieabHo co
cragnaptroM GSM. [lockonbky cranmapr GSM B ocHOBHOM pabotaet B quamazonax 900 MI'm u 1800 MI'nt
(cTieKTp, KOTOPBI MPHUCYTCTBYET MPAKTHYECKH HA BCEX PBIHKAX CBS3HM), TO 3TOT BAPHAHT YCKOPSET BPEMsI
BbIx0/1a TexHOJoruu NB-IoT Ha phIHOK M MaKCHUMHU3UPYET MPEUMYILNECTBA HHAPACTPYKTYPHI B TJI00aIBHOM
MmacuTabe.

BayTpunonocHslii crieHapuil SBISETCS HanOoJiee MPEeANOYTHTEIBHBIM BapUaHTOM COCYILECTBOBAHMS
texHonorun NB-IoT u 4G ceteif, MOCKOIBKY OO€CIEUMBACT HaMOOJIEe SKOHOMUYECCKH BBIMOJIHOC
pasBepTHIBAHHUE CETH, a Takke Oojiee H3PPEeKTHBHOE HCIIONB30BAHNE CIIEKTPAIbHBIX pecypcoB. MIMeHHO 3Tn
npeuMyliecTBa 3HauuTenbHo BbiaesaoT NB-IoT cpeau ocranbHbiX TexHosmorud LPWA. NB-IoT necymas
yactoTa (cell) mpencranisier co00¥ aBTOHOMHBIN CETEBOW AJIEMEHT, UCIIOJB3YIOIIMNA OJIUH OJIOK (PU3NIECKUX
pecypcoB cetu (PRB). B ciyuae orcyrcTBus loT Tpaduka 3TOT pecypCcHBIH OJIOK MOKET OBITH C JISTKOCTBIO
MIEPEUCIIONB30BaH oneparopamu st 4G Tpaduka.

Jnsa ucnionb3zoBanus cueHapusi pa3septbiBanuss NB-IoT B 3ammTHON 1010C€ AOJAKHBI BBIOJHATHCS
cTporue TpeOOBaHUS MO MPEAOTBPAIICHHIO BO3HHKHOBEHHUs MHTepdepeHnnn (momex) mexay NB-IoT u
LTE. B otnmmume ot npyrux texnonoruit LPWA, ¢pusndeckue yposau NB-1oT Obutn pa3paboTaHbl ¢ ydeToM
cTporux TpeboBaHM cocymiecTBOBaHus B 3amuTHOH monoce LTE.

Bribop ompeneneHHoro clieHapus pa3BepThiBaHus TexHojorun NB-IoT sBisiercss mepBocTerneHHOR
3agaueil orepaTopoB MOOMIBHOM CBSI3HM, IIOCKOJIBKY BIIMSIET Ha TMOKOCTh Pa3BEpPTHIBAHMSA CETEH, 3aTpaThl Ha
MoaepHuzanuio uHdpacTpykTypsl ceteir — TCO (total cost of ownership), kauecTBO (QpyHKIMOHHMPOBAaHUS
ceTH MOOWIBHOM cBsi3u 4G, M Kak pe3ysibTaT Ha yIOBIETBOPEHHOCTh MOJIB30BATEINEH MPeNoCTaBIIEMbIMH
yciyramu MHTEpHeTa Beleil, 4To U ABJSETCS KIIOUEBBIM MOMEHTOM IpU BHIOOpE MalbHEHIIeH CTpaTeruu
pa3BUTHSI MOOMJIBHBIX CETEH OmepaTopamMu CBSI3H.

CormacHO paHHUM WHcCclenoBaHusSM [4, 5, 6, 7], OONBIIMHCTBO MOOWIBHBIX OIEPATOPOB H
MIPOM3BOANTENEH TENIEKOMMYHUKAIIMOHHOTO OOOPYAOBAaHUS «IPU OMpPENEICHUH CLEHApHs MOCTPOSHUS U
pasBepThiBaHusl TexHonorun NB-IoT pykoBoAcTBYyrOTCS OrpaHW4eHHBIM HaOOpOM IOKasaTelned CeTH, He
JAIOIUM B TIOJIHOM Mepe KOMIUIEKCHOH oneHku i 3¢dekTuBHOCTH GyHKUMOHUpoBaHus cetu 4Gy». B
CBSI3U C 3TUM B paborax [4, 8] MbI IIpejuiaraeM MCIOJb30BaHUE YCOBEPIICHCTBOBaHHOTO MeToaa [9, 10, 11]
JUTsl aHajiu3a W OLEHKH 3(PPEeKTUBHOCTH (YHKIIMOHUPOBAHMS CeTH MOOWIbHOW cBsizu 4G [9], ocHOBHOM
uiee W 3ajadel KOTOpOro SBISIETCA OINPEAEICHHE M CUCTEMATHU3allMsd KIIFOYEBBIX IOKa3aTesel
addextuBHOCTH cetn 4G, pabotaromeit coBmecTHO ¢ TexHosorued NB-IoT, u wucmons3oBaHne
MHOTOKPHUTEPHAIHHOTO MTOAX0/1a K OIlEHKE OCHOBHBIX MOKa3aTesell (ZYHKIIMOHUPOBAHUS CETH MPU OKa3aHUHU
ycnyr WHTepHera Beumiei. PesynbraToM mnpHMeHEHMs AaHHOTO IOAXOAa SIBIAETCS BbIOOp HambOonee
ONTHMAJBHOTO CIEHApUSA HCHOIb30BaHMS PaJAMOYACTOTHOIO CIEKTpa A pEeaTU3alud  y3KOIOJIOCHOIO
Hutepueta Bemiei Ha cymectByromei cetu 4G.

B nmannoif paboTe MBI IPUBOAKUM pPE3YJbTAaThl aHAIM3a CLIEHAPUEB HCIOJIb30BAHHUS PaJU0YaCTOTHOIO
crekTpa B ceTsix MoOwibHOM cBs3u 4G ¢ TexHonorueit NB-lIoT npu okazanun ycnyr MHTepHeTa Beriew,
npeJyiaraeM K pacCMOTPEHHIO METOA0JOru0 TectTupoBanus cetd NB-IoT, a Takxke OCHOBHBIE BBIBOABI U
pEKOMEHJIAIMH TI0 BBIOOPY HauboJiee ONTUMAITFHOTO clieHapHsi pa3BepThiBaHus NB-10T.
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MeTtoauka

Mertouka rccaeIoBaHus PECTaBlIeHa B BUIe KOMOMHUPOBAHHOTO TOJX0/1a, BKJIFOYAIONIETO B ce0s
UMUTAIIMOHHOE MOJISIUPOBAHUE C MPUMEHCHUEM CICHUATM3UPOBAHHOTO MPOrpaMMHOTO obecrieueHust U-
Net Planning Tool n aHamu3 momydeHHBIX NaHHBIX, C HENBI0 ONEHKH 3PPEKTUBHOCTH (PYHKIIMOHHUPOBAHHS
ceTd MOOWIBbHOU cBsi3u 4G NP UCHOIB30BAaHUM Y3KOMOJOCHOW TexHoJoruu [oT mis Tpex pa3audHbIX
BapUaHTOB WCIOJBb30BaHMA cliekTpa. Merononorus pazpaboTaHa Ha OCHOBE PEKOMEHAALM KOHCOpILHyMa
3GPP [3] u HayuHBIX H3BICKAHUH, IPEICTABICHHBIX B paboTtax [12, 13]. O0bexkTHBHBIE (MHCTPYMEHTAIBHBIE)
METOJIBI HW3MEPEeHHsS M KOHTPOJIA OCHOBHBIX IIOKa3aTesnell (QYHKIMOHHPOBAHHUA MOOWIBHBIX ceTel
npencTarieHsl B [14]. B kauecTBe HaOmogaeMoro o0beKTa MCIIONB3YETCs KIIACTepHAsl 30HA, COCTOSIIAs U3
Tpex 0a30BBIX CTaHIMH, padoTaromux B amamazone 900MIm. TectmpoBaHue MPOBOTUTCS MMOOUYEPEIHO B
Tpex pasnuuHbx pesknmax NB-10T (standalone, guard band, in-band).

3KCHepHMeHTaI{BHaﬂ HacTb

B oroif rmaBe W3MOXKEHBI Pe3yJAbTaThl MOJACIMPOBAHHMA CHCTEMbl KOMMEPYECKOTO ydera
C‘ICT‘II/IKOB/I[BT‘{I/IKOB B CilIyda€ HUX HCIIOJIb30BaHHA B TOPOACKHUX YCIIOBUAX. 9KCHepI/IMeHTaJII)Ha$I 4acCTb
paboTHI POBOUIIACH C TIOMOIIBIO KMUTAIMOHHOIO MOJICIIMpOBaHus B porpamMmuoii cpeae U-Net Planning
Tool. Kak n3BectHo, B TexHonornu NB-IoT ucnomnp3yercss MHOKECTBO 3HAKOMBIX (DYHKITMH M METOJIOB 3
4G cereil. B cBs3m ¢ 3TUM OONBIIMHCTBO CIICHAPHEB HWCIBITAHWNA MOTYT OBITH BeChbMa IIOXOXKH Ha
tectupoBanue 4G ceTu.

5. |NB-oTSeO_3(1) |1 3 NBHoTSHe0_3(1)[13L1  BCCH GSM900 0 875 6ooo 6000-6149 830 24000 24000— 24149

1
1
1
S.|NB-IoTSite1_1{1) |1 4 NBHoTSel_i(1)[14L1 BCCH GSMI00 791 6150 61506449 832 24150 24150 - 24449
1
: 859 8690 8690-9039 814 26600 26690 - 27039
1
1

758 9210 9210-9655 703 27210 2721027659
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S.|NBJoTSie1_3(1) |1 6 NBAOTSHe1 3(1)[16L1 | BOCH GSHI00
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5./ NEHoTSite2_2(1)
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PRACHIpI NB-loT Downlink Uplink
Folow INoffs-o NOLRange FuLdow NofsuL NULRange
Band (MHz) (MHz)
1
3 @ - 2110 o 0-599 1520 18000 18000-18599
5 - 1930 600 600 - 1199 1850 18600 18600-19199
6 - 1805 1200 1200-1849 1710 19200 19200 - 19549
E 4 A 869 2400 2400 = 2649 824 20400 20400 = 20649
i i
,Aﬁ 925 3450 3450379 880 21450 2145021799
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GSM Frequency Display | Frequency Used Times | - 746 5180 5180- 5279 777 23180 23180-123279
TRX Frequency Existed Suggest  Confim
e < e o B oo o Remeny . Feney . feweo - [N 7 5730 5730-5849 704 23730 23730-23849
S..|NEHoTSite0_1(1) 1 |NE-oTSited_1(1)[11L1  BCCH GSM00 0 - 860 5850 5850 - 5059 815 23850 23850 - 23999
b s |NBAoTSRe0_2(1) |1 2 |NEMoTSHeO_2(1)[1ZL1 |BCCH |GSWS0D [ |

Pucynok 2 — [pouecc koHdpurypaimu 0a30BbIX cTaHImil B nporpamMHoii cpeae U-Net Planning Tool

IIporpaMMa mMpemyoKEeHHOTO HaMHU SKCIEPHUMEHTAIILHOTO WCCIEAOBaHUS BKIIIOYAeT B ce0s TpH
OCHOBHEBIX 3aJa4u:

e BOCIpOU3BeJeHHE Hanboyiee NPUOMMKEHHBIX K pEATbHBIM YCIOBHSIM (DYHKIIMOHUPOBAHUS
texHonorut NB-IoT Ha TtectoBoM yuactke ceth 4G ¢ HUCHOJB30BAHUEM HMIMUPUYECKON MOJAEIU
pacmpoctpaHeHus curnana Oxamypa-Xara;

® TPOBEPKY M aHAJIN3 3HAYEHHWH OCHOBHBIX TMOKazareiei cetu 4G mpu okazannu yciayr NB-IoT mms
pasIUYHBIX BAPUAHTOB WCITOJNIB30BAHUS CIIEKTpa (AaBTOHOMHBIM, B 3allUTHOM IIOJIOCE, COBMEIICHHOE
WCITOJIb30BAHUE CIICKTPA);

e cOOp, CHCTEMATH3AIMIO U aHAJIU3 TIOJYYSHHBIX PE3yJIbTaTOB IKCIICPUMEHTA.

IIpoBenenne 3amMepoB OCHOBHBIX TOKazaTenedl 3(hdeKTHBHOCTH (YHKIIMOHUPOBAHUS CETH B
pCAIbHBIX  YCIIOBUSAX OCYIIECTBISICTCS JBYMS JOCTYHHBIMH CIIOCOOaMM — IOCPEACTBOM  cOopa
CTaTUCTUYECKUX MaHHBIX ¢ MOOWIbHONW cetn 4G s kaxmaoro w3 ykazaHHeIX NB-IoT crenapuen
WCTIONB30BaHMsl CIIeKTpa o0Imeld mpoaomkuTenbHOoCcThi0 30 mueit (10 mHe# mis KakIoro W3 CIICHApHEB).
MojienupoBaHrie MPOBOJUTCSA B CHEMUATU3UPOBAHHOM mporpamMmmaoMm npuiokennn U-Net Network
Planning Tool. CO0p CTaTUCTUKU BEIETCS MOYACOBOM, MPEUMYIIIECTBEHHO B ITMKOBBIC YaChl 3arPy3KU CETH,
YTO TMO3BOJISIET IPOAHATIU3UPOBATh BIUSHUE Kaxaoro u3 cueHapueB NB-IoT B MakcuManbHO peaabHBIX
YCIIOBUSIX JKCIUTyaTalliu KoMMepueckux ceteid 4G. B ciydae mpoBeneHust Ooliee JIMTENBHBIX W3MEPSHHN
cOOp CTaTUCTHYECKUX JTAHHBIX MOMKET OCYIISCTBIIATHCSA MOMECAYHO. B maHHOW paboTe MbI OrpaHHYHUMCS
aHaJN30M PE3yJIbTATOB, MOTYICHHBIX IIyTEM UMUTAIIMOHHOTO MOJISITHPOBAHNUS CETH.
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Apxurtektypa cetu NB-1oT

Jns npoBenenus u aHanu3a 3GQGEKTUBHOCTU (YHKIMOHUPOBAHUS CETH MOOMIBHOH cBsa3u 4G mpu
peammzanun NB-IoT ¢ nmpumeHeHHeM pa3lMYHBIX CLIIEHAPHUEB HCIIOIL30BAaHUS CIIEKTpPa OBUIM MPOBEACHBI
IKCIIEPUMEHTAIILHBIE HCCIEIOBAHUS B COOTBETCTBUH C IUArpaMMOM, IPEICTABICHHON Ha PUCYHKE 3.

I Third Party
:IoT APP Server

() : loT-Core
u S1 !
NB.oT Device | Lo é — — AV
/ PGW SGW
NB-eNodeB :_ _____________ loT Platform

Pucynoxk 3 — CereBas apxurektypa NB-IoT cetn

Crout oTMeTuTh, uTo cTpykTypa cetu NB-IoT Bo mHOrom cxoxa ¢ cetbio 4G U COCTOUT U3 TISTH
OCHOBHBIX (P)YHKIIMOHAJIBHBIX JIEMEHTOB:

1. OkoHeuHble ToOJB30BaTeNbCKUE ycTporicTBa NB-IoT (TepMuHaNbBI, HaTYMKK, CEHCOPHI U T.1.),
KoTopblie uMeroT noctyn k cetu NB-IoT moka ycranoBiena SIM-kapTa COOTBETCTBYIOIIETO IpoBaiinepa
CBSI3U.

2. ba3oBble CTaHUMM — OOUH M3 OCHOBHBIX (YHKIMOHAJIBHBIX 3JIEMEHTOB CETH, Yalle BCETO
MHQpaACTPYKTypa CETH OlepaTopa TOTOBa M IIEPEHUCHONB3YyeTcS TOCie OOHOBIEHHS MPOTPaMMHOTO
oOecnieuenus. ba3oBas craHuus 10DKHA MOANCPKUBATh BCE TPH BapUAHTA UCIIOJIb30BAHUS CIIEKTPA.

3. Snmpo ceru. B 6a3oBoii cetm 06azoBas cranmus NB-IoT moxkeT momgkirodaTscss K OONadHOM
iatdpopme NB-IoT mocpenctBom nepenaun u oopadorku ganusix B siape cetu (IoT Core).

4. OGnaunas miaTdopma mpeaHazHaueHa Julsl 00pabOTKU pa3jIMuUHBIX YCIIYT M MEPCHAIIPABIICHUIO
MOJYYEHHBIX PE3YJIbTATOB B BEPTHUKAJIbHbIN OM3HEC-LIEHTp WK TepMuHai NB-10T.

5. BeprukanbHblil OW3HEC-TIEHTP, NPEACTABIAIONIMI CBOEr0 poAa KOHTPOJMPYIOUIUI OpraH,
KOTOpBIN mosydaeT naHHbie NB-IoT M XpaHUT MX B CBOeM COOCTBEHHOM IIEHTpPE, a TAKKE KOHTPOIHMPYET
¢yakmonupoBanre TepMuHaIOB NB-IoT. B ocHOBHOM [aHHBIH 3J€MEHT HAaXOIUTCS Ha CTOPOHE
nposaiinepa ycayr NB-IoT [15] .

OnucaHue pe3yJbTaTOB

TectupoBaHue ceT y3konosnocHoro MHrepHeTa Beeil mpoBOAUTCS Ui TPEX PA3IMUHBIX CLIEHApUEB
UCTIONIb30BaHMsl CreKTpa. [lepBblil clieHapuii — aBTOHOMHBIN (standalone), mpuW KOTOPOM NPOUCXOIUT
TIEPEUCIIONb30BaHNE BBIJIENIEHHOr0 KaHana B P-nuamazone 900 MI'm ¢ momocoit mpomyckanus 200 xI'm.
BuyrpumnonocHsiit (in-band) — Bropoii ciieHapuii pa3BepThIBaHUS, MCIOIB3YIONIMN KaHAI WM PECYPCHBIH
650k 4G B nuamazone yactoT 900 MI'11 ¢ momocoit npomyckanus 180 kI'n. M HakoHen, TpeTwii cuieHapuit
(guard band), mpu KOTOPOM NPOUCXOJUT HCIOJIB30BAHUE 3AlIUTHON TIOJOCHI, M TaKUM 00pa3oM
MePEUCIIONb3YeTCsl U30BITOYHBIN CHEKTP B Mpeenax BblAeIeHHOro KaHana 4G.

YacroTtHbiil nuanazod B 900 MI' BeIOpaH McXods U3 pacyera, u4To JJIsi HU3KOYACTOTHOTO CEerMEHTa
nokpeiTie NB-lIoT 3naumtensHO Bhime (Tabm. 1). CnemoBaTenbHO, HCIONB30BaHME TAKOTO IMANa30OHa
JIOJDKHO CYIIECTBEHHO COKPATWUTH 3aTPaThl HA 3aKyl KOJWYecTBa TpeOyembIx 0a3oBbIX cTaHumii NB-l0T.
30Ha MOKPBITHA VIS Pa3InYHBIX YaCTOTHBIX JUANa30HOB NpeacTaBieHa B Tabnuue 1. Bxoauele naHHbIe 115
OCYIIIECTBJIEHUS] TECTUPOBAHUA MCIOJIB3YIOTCS CHEAYIOIIME: aBTOHOMHBIN pexkum, MoitHocTh NB IoT Tx -
43 nbm, NRS momuocTs 32,2 n1bwm, TpeboBanue k ypoBHI0 MOKPEITHS RSRP -112 nbwm).

Tabmuma 1 — 3ona mokpeitusi NB-IoT B aBTOHOMHOM pexuMe Uil Pa3iIU4YHBIX CLEHApHEB
WCIIOJIb30BAHMSI U HaCTOT
Cuenapuii UCIIONB30BAHUS 700 MI'g 800 MI' 900 MI'1g 1800 MI'ix 2100 MI'g
Urban (ropojckoi#t Tutm) 1.48 1.34 1.23 0.76 0.66
Suburban (mpuropom) 3.06 2.77 2.53 1.78 154
Rural (cenbckwii TII) 10.07 9.1 8.33 5.84 5.02
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B pabore [5] mpencTaBieHo onucaHUe METOTUKH ONpENeTIeHUs] OCHOBHBIX KITIOYEBBIX MOKa3aTelNei
(KPI), xoropble pEeKOMEHIYIOTCS K WCIOJBb30BAHUIO ISl OLCHKH JOCTHXEHUs 3 eKTHBHOCTH
¢bynkuuonuposanus cetu 4G mpu peanusanuu TexXHOIOruu yskomnosiocHoro loT. Bxoanele nansele s
MMHTAIMOHHOIN MOJIeNN TIpeICTaBlIeHbI B Tabnuie 2.

Ta6muna 2 — Bxoausie mapamerpsl cumysstopa U-NetPlanningTool

ITapamerpsl 3HavyeHus
YacroTa 900 MI'g
[Hupuna nosock nponyckanusiNB-10T 180 k'l
Cpena pacripocTpaHeHus Urban (ropojckas cpefa)
Pazmep makera UL: 20 — 200 Gut
TpadukoBas Mozelb B KaHaTaxX )
DL: 20 out
UL/DL
. N HNHTEeHCHBHOCTH
(BOCXOASIIIHIA/HACX O ASIITHIA
MOCTYTUICHUS 15 % — onuH pa3 B yac;
KaHaJ)
MAKETOB

BryTpunonocHslii pexkum / B 3ammTHO monoce:
2T2R

ABToHOMHBIH crieHapuil: 1T2R

ABTOHOMHBIN pexkuM: 43 dBm
BryTpunonocHsiii pexkxum / B 3ammTHO mmonoce:
35dBm

Tun anTeHH 6a30BOM CTaHIIUA

BrixonHass MOIHOCTH 0A30BOM CTAHIIMU

B kauectBe moka3zateneit 3¢ dexktuBHOCTH (yHKIHOHUpOBaHMS ceTH 4G ObUIM BBIOpAaHBI CETEBBIE
nmapaMeTphl, TpefcTaBieHHble B Tabmume 3. OTOOp mMmapamMeTpoB OCYIIECTBISUICA C HCIOIh30BAHHEM
MIPUHLIMIIOB HE3aBUCUMOCTH, UX MPOCTOTHI, U3MEPUMOCTH U JIOCTHKUMOCTH. lIpoBeaeHne KoMIIeKCHON
OIIEHKH MO TPEUIOKEHHBIM TOKa3aTeNsiIM C UCIOIh30BAHUEM BBIOPAHHBIX CETEBBIX IMapamMeTPOB MOMOXKET
MOOWJIBHBIM OIIepaTopaM CETH M 3aMHTEPECOBAHHBIM CTOPOHAM BBISBUTH, B KaKOW CTETICHW BHIOpAHHBIN
crieHapuii pasBeptbiBanusi NB-IoT MoxeTr ObITh HpH3HAH Kak Hanbojiee ONTUMAIbHBIM M SKOHOMUYECKU
BBITOJTHBIN JJIS1 ICTIOIB30BaHMUs Ha CYyIEeCTBYIOMIEH ceTn 4G.

Tabmuiia 3 — Pe3ynbTaThl 9KCIEPUMEHTAIBLHOTO UCCIICA0BaHUS ClIcHapueB TexHonoruu NB-10T

Cuenapui
ABTOHOMH BuyTrpunogaoc
KPI / kia1o4eBbie IIpuopurer . HMCI0JIb30BAHUSA "
IMoka3zarenu blif N HBIH
napaMeTphl CeTH napaMerpa N 3aLUTHOI N
cuenapwmii cuenapuii
MOJIOCHI
YpoBeHb OMOPHOTO
CUTHaJa MPUHSTON BBICOKHIA -130 -132 -133
30Ha MOKPBITUSA
MOIITHOCTH, 1bM
OTHolIeHHe CUTHAN / .
BBICOKHIA -9.3 -10.3 -10.5
myMm, 1b
HoctymHocts IIponeHT ycrenHbeIxX
ceTn P ye o BBICOKHI 99.63% 99.43% 99.39%
coequHeHuH, %
[Iponent
CoXxpaHHOCTH EE*»LCI[I/IHCHI/I)I
cetn p cpeHuil 0.10% 0.12% 0.13%
YCTaHOBJICHHBIX
coequHeHuH, %
VYpoBeHn
p YpoBeHb
BHYTPUCHUCTEMH
LIX ToMeX 1 co- | BHYTPHCHCTEMHBIX
MIOMEX B cpenHuit -128.38 -130 -129.1
KaHaJbHBIX
HaIPaBJICHUH
oMex
«BBEPX», 1bm
Kiuentckuit CpenHsis CKOpPOCTh BBICOKHIA 1.2 0.97 0.67
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OIIBIT nepeiauu JaHHBIX Ha
KOHEYHOT'0
MOJIb30BATENS B
JIMHUH «BHU3Y,
Mobwurt/c

CpenHsasg CKOpOCTb
nepeaayn JaHHBIX Ha
KOHEYHOT'O
MOJIb30BATENS B
JIMHUU «BBEPX»,
Mobwut/c

BBICOKHM 0.16 0.16 0.16

TecToBBIl KacTep COCTOMT M3 TpeX 0a30BbIX CTAaHLUH, PACIOJIOKEHHBIX Ha PpacCTOSHUHU
NpUOTU3UTENBHO 1.2 KM JIpyr OT Apyra, ¢ BHICOTOM MOABECa aHTEHH 25 M W HAKJIOHOM BHH3 8 TpaaycoB.
BriOpannas smnupuyeckast MOZeb pacipocTpaneHus curHana — Okamypa-Xata (ropoackoit tum). [lannas
MOJIe b TIPUMEHSETCS PU IPOEKTUPOBAHUH CHCTEM COTOBOM CBSI3U AJISL OCYIIIECTBIICHHS pacdeTa OCHOBHBIX
MOTeph MPHU PaCIPOCTPAHEHUH CUTHAJA.

s [Commeine  ~

OL RSAP{gBm)

e Poteaon Crme._t P T o ——— P (T S Powson.free_t

Tarics Tote e imgant - Tove e Rkt e Baned s g

% of Covarage Arvs
% ol Covmnge Aree

Lol .

OLAS SINR(AD) RS Sy

Pucynok 4 — Pesynbratel monenupoBanus RSRP u SINR B pexxume Guard band B nporpamMmHoit
cpene U-Net Planning Tool

OcHOBHBIE BBIBOJIBI M PEKOMEHAIINH 7151 BBIOOpa crieHapus ucnoibs3zoanus PUC texnonorueir NB-
IoT npuBeaeHbI B CeAYyIONIEM pa3JIee.

AHaJau3 pe3yIbTATOB

B aTOM paznene Mbl IPUBOAMM OILIEHKY MPOM3BOJUTEINBHOCTH 0a30BOM KoHburypanuu cetd 4G ams
PasIUYHBIX CIIEHAPHSIX HCIIOIB30BAHUS CIEKTpa mpu okazaHuu yciayr NB-IoT. OcHoBHBIE pe3yibTaThl
MOYKHO Pe3IOMHUPOBATH CIIEIYIOIM 00pa3oM:

1. Huzkme mnokaszaresn HpPOM3BOAMUTENLHOCTH, & UMEHHO KO3(D(UIMEHT NOKPBITHA CETH, CPEAH
paccMaTpUBaeMbIX CIICHAPUEB HAOIIOAANKCH Il BHYTPHUIIOJIOCHOTO HCIIONB30BaHUs criekTpa. [IpuanHoi
CTaJ0 MOHWXEHUE BBIXOAHON MomHocTu nepenatunka LTE Ha 2x3 BT Ang BKIIOYEHUS BHYTPUIIOIOCHOTO
pexuma NB-IoT, a Takke BBICOKHI YPOBEHb IMOMEX M CO-KAaHAIBHBIX MOTEPh M3-32 HATUYUS CMEXKHBIX
paguopecypcHbix 0s10koB st LTE u Texnomornu NB-10T.

2. OOmue mnokaszaTenu HaaexHocTH npepocTaBisgeMbix yciayr (RRC Connection Setup Success
Rate, Call Drop Rate) cmabo wyBcTBHTENBHBI K HM3MEHEHHIO pekuMma pas3BepTbiBanus NB-loT wu3-3a
HE3HAYHTEIHHOTO 00beMa JIAHHBIX HUCXOJSIIECH JTMHUN CBSI3U, BOBJICUSHHBIX B MPOIIECC TepeIadl JaHHBIX.
PexoMeHyeTcss OBTOPUTH HCCIEIOBAHUS, YBEIMYHMB 3arpykKeHHOCTh 0a30BbIX craHmuii mo 75-80% B
MTUKOBBIE YaCHI.
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3. CocymecTBoBaHHE B pEeXUME C 3aIlUTHON monocod (-132 nbm) ma€T HecKonbKO Jydlime
pe3yibTaThl MO YPOBHIO TOKPHITHS [0 CPAaBHEHUIO C BHYTPUIONOCHBIM cueHapuem (-133  abwm)
ucnonb3oBanus PUYC, Ho ycTynaeT aBToHOMHOMY ciieHapuio (-130 nbm).

4, Haumbonee ONTHMAIBHBIM W3 CIICHAPHEB CBOOOTHOTO CIIEKTpa W TPH HAJTUYHHA BBICOKHX
TpeOOBaHUII K MOKPBITUIO SIBIISICTCS AaBTOHOMHBIN CIICHApHWil pa3BepTbiBaHus TexHojoruu NB-loT (-130
abm).

Pe3ynpTaThl MOAENMPOBAHUS MOTYT HE3HAUUTEIbHO OTIMYATHCS M3-32 PA3IMUYMM B CyLIECTBYIOLIUX
METOAaX MOJCJIUPOBaHMUA M ucmHonb3yeMmbix omepatopamu III1O. Bo3MmokHbIE OTIHUUS MEXIY
pe3yibTaTaMyi MOJCTUPOBAHUS U PEaJbHOM Cpelod TakKe MOTYT OBITh 00YCIIOBJICHBI TaKUMH (haKTOpaMy,
KaK IOTeps] MOIIHOCTH, BOSHUKHOBEHHE OIIMOOK B Ipolecce MOLysIuuu U Ap. Tem He MeHee, OCHOBHOM
BBIBOZ, KOTOPBI MOKHO CHE€NaTh M3 NPUBEIEHHOTO BBIIE IPUMEpa MMUTALMOHHOIO MOIEIHPOBAHUS,
3akiouaeTcs B ToM, 4to NB-IoT moxer cocymectBoBath ¢ TexHonorueit LTE u obecnieunBath ycTodnBoe
MOKpBITHE 70 2.4 KM 11st 11000T0 U3 cueHapues ucnonb3oBanus PUC.

[Ipy wnCHONB30BaHMM OIEPATOpaMH COTOBOW CBS3M HAIIUMX PE3YJIbTAaTOB, IOIYYEHHBIX ITyTEeM
UMHTAIMOHHOTO MozenupoBaHus B moinoce 900MHz Ha cetm MoOwnmbHOU cBsizm 4G mpH peanu3anuu
texHonornu NB-IoT u mpexacraBieHHBIX B TaOmuie 2, ONEpaTopbl CMOTYT 3apaHee CIPOrHO3UPOBATH
omsnec- mozens NB-IoT u mambonee TOYHO BBICTPOWUTH NANBHEUIIYIO CTpaTeTHio pa3BuTus MHTepHeTra
:1011(S)7 8
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Abstract. NB-10T technology supports three scenarios for the use of the radio frequency spectrum: autonomous,
in the guard band, shared spectrum use in mobile networks. The choice of NB-10T deployment scenario is important. It
affects not only the flexibility of network deployment, the cost of its modernization, but also the main indicators of the
efficiency of the 4G mobile communication networks, and, consequently, the satisfaction of users with the Internet of
Things services provided. The results of simulation modeling of the effectiveness of the use of three scenarios of using
the radio frequency spectrum in 4G mobile networks in the provision of Internet of things services based on the
application of a multi-criteria approach are presented in this article. The NB-l1oT technology testing methodology, as
well as the main conclusions and recommendations for choosing the most profitable NB-1oT deployment scenario are
presented for consideration.
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Anoamna. NB-10T mexnonozusacer yaner 6aiinanvic dceninepinoe paouoNCuiniKk CneKkmpin KoAOaHYOulH Vil
cyenaputiin  Konoauovl  (A6MOHOMObL,  KOP2AHLIC — JHCONASLIHOA,  cnekmpli  Oiprecin  natidarany). NB-10T
OpPHANACMBIPYObIH HAKMbL  CYEHAPUUIH mMayoay eme Mauvi3obl, 6OumKeHi OYn odceninepdi OpHALACMBIPYObIH
uKemoOinizine, OHbl HCAHAPMY WILIZBIHOAPBIHA 8aHA emec, cOHbimen Kamap 4G ysnel Oainanvic dHcenici HCYMbICLIHbIY
Hecl32l KepcemKiwmepine, oemekK, Jiceni NaudaIaHyWbLIAPbIHbIY UHMEPHEM Kbl3aMemmepine KaHa2ammaHyblHd acep
emedi. bByn maxanada ken emumemoi macindi Koaoany nezizinoe HUnmepnem 3ammapul Kbi3memmepin Kopcemy Ke3inoe
4G ysanbl OGainanvic Jceniiepinoe PAOUONCULLIK CNeKMPIH KOJIOAHYObIH YUl CYCHAPUUIH KOJLOAHYObll MUIMOLLICIH
Mmooenvoey mamudicenepi  keamipineen. NB-10T  mexnonocusicoin mecminey adicmemeci, couoati-ax NB-10T
opHanacmulpyovly ey OHMAlLIbl CYEHAPUiH Mayoay 60UbIHUA He2i32i MYIICHIPLIMOAP MeH YCbIHbICIAD YCbIHbLISAH.

Tyitin co30ep: NB-IoT, zammap Uumepnemi, in-band, standalone, guard band.
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W3MEPEHUE TEMIIEPATYPbI U BJIA’KHOCTH HA OCHOBE
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Annomauyus. [Ipoyecc usmepenusi pasiuyHblX OAHHBIX, MAKUX KAK MEMREPAmypd, 6LANCHOCHb, PACCMOSIHUE,
NOKA3aHUSL MAZHUMHO20 NOJIA U Opyeux, bepem Hauaio 6 npouinvix gexax. C pazgumuem 21eKMmpoHUKYU OAHHbI BONPOC
pewiaemcss  npu  NOMOWU  PA3TUYHBLIX  NpubOpos U YCmpoucms, 001a0arwux — GblICOKUMU — MOYHOCHHbIMU
xapaxmepucmuxamu. Pazeumue MHOdCecmea mexHono2ull nepedayu OAHHbIX HA PACCMOSHUSL NPOSOOHLIMU UIU
0eCcnpoBoOHbLIMU  CROCODAMU, NO360JsIEM  pPeWUumb GONPOC UMEPEHUs. U MOHUMOPUHed NAPAMEmpos Nnymem
00veduHeHUst chep dIeKMPOHUKYU U MENeKOMMYHUKAYUL, MAK KAK UMEHHO MeleKOMMYHUKAYUOHHAS COCMABISIOuas
obecneuugaem HAOENHCHYIO nepeoayy OaHHLIX UMepseMblX napamempos. B cmamve onucana sasicnocms npoeedenus
UBMepeHUsl MeMNEPAmypbl U GIANCHOCHU 6 MAKUX Mecmax, KaKk CmpoumenbHble 00beKmbl, 30aHus uiu Mocmol. B
Yerom, OOCMOBEPHOCMb BCeX Pe3YbMAmos UCCIe008AHUL USPAENnt 6AJICHYIO PONb HPU NPOSHO3E MEXHUYEeCKUX
COCMOSIHUTL  pA3IUYHBIX 00BEKMO8 U HPU NOUCKE Peulenusi npobrem, G03HUKAIOWUX NO NPUYUHE MEXHUYECKUX
CILOJICHOCMET YOANeHHO20 KOHRmMPOJs. B ceszu ¢ amum, nocmasien u peuter 6onpoc obochosannocmu ¢vioopa Wi-Fi
Mooynel, pabomarowux 6 08YXNPOYECCOPHOM pedicume, NPeOHA3HAYEeHHOM Ol npuema u nepeoavu pe3yibmamos
usmepenuil. B 0annvix MoOoynsx 0ns nonyuenus pe3yibmanmos usmepenull 6 OIUmeabHOM GPEMeHU YUmeHbl napamempol
9HepeonompebneHuss U OOCMYNHOCMU K npozpammuposanuto niam. Hacmpotika napamempos suepeonompedienus
NO36ONUNA YBEAUUUNb BPEMSL NPOBEOCHUS. UCCIe008AHUS HA YOUIEHHbIX 00BbEKMAx, 4mo 6 80 0uepedb Nosbluiaen
00J1208€4HOCIb U CPOK IKCIIyamayuu ynpaesisiowel cucmemvl. Ilpednosicenvl npakmuieckue peutenust 01s nepedayu
OaHHbIX HA paccmoanuu no becnposoonot cemu cesasu. Ilposepena pabomocnocodHocms NOOKAIOUAEMbIX YCMPOUCTME 8
08YXNpoOYeccopHoll becnposoOHOl cucmeme.

Kniouesvie cnosa: memnepamypa, snasxicnocms, Wi-Fi cucmema.

Beenenne. V3mepenue temneparypsl U BIQKHOCTH — BaKHBIM TUHAMHUYECKHH Tpoliecc B JIIOOOM
TEXHUYECKOM CTPOMTEIHLHOM OOBEKTE (TaKue Kak JKWIble W O(QUCHBIC 3/IaHUS, TEXHUYCCKUE COOPYKCHHUS,
MOCTBI, MHOTO3T2XHBIE JJ0Ma, HEOOCKpeOBI U Apyrue). [laHHbIe TapaMeTphI SIBJISIOTCS OJHUMU U3 OCHOBHBIX
IpU TOPOBEICHUU YAAIEHHOTO MOHUTOPUHIA B PEXHMME HACTOAIIEIO BPEMEHHU, TaK Kak [aHHbIC ABa
mapamMeTpa HM3MEHSIOTCS HaMHOTO OBICTpee, 4eM TaKHhe IMapaMeTphl, Kak jgedopManus TPEIINH, YToj
HAKJIOHA, HATPY3KH, BIHSAIONINE HA OOBEKT, U Apyrue. Bce cka3zaHHBIE apaMeTPhl NAIOT MOJTHYIO KapTUHY O
TEXHHMYECKOM COCTOSHUHM CTPOUTENIBHBIX OOBEKTOB M PA3IMYHBIX COOPYXKEHHA, HO LUKI HaOJIOJCHUS 3a
TEMIIEPATyPOi M BIKHOCTBIO COCTABJISICT MEHbIIIEE BPEeMs U COOTBETCTBCHHO 3aHMMAaET 0CO00e MECTO IpHU
MPOEKTUPOBAHUHU U Pa3pabOTKU CHCTEMbl MOHHUTOPHHIA TEXHUYECKOI'O COCTOSHHS MOCTOB M TEXHHYECKHX
COOPYKEHUH.

AKTyaJbHOCTh PadoThl. BaxXHBIM »leMEHTOM 000 CHCTEMbl TEXHUYECKOH JIMarHOCTHUKH
CTPOUTETHHBIX OOBEKTOB WM MOCTOBBIX COOPYKEHHUH SIBIISICTCS WX HEMPEPBHIBHBIH MOHHUTOPWHT, OCHOBY
KOTOPOTO COCTaBIISIET M3MEpPEHHUE HAIPSHKEHHO-Ie(OPMAIIMOHHBIX IMapaMeTPOB HECYIIUX KOHCTPYKIUH, a
TaKKe ONpEJCICHHE YPOBHS HX OCHOBHBIX HapaMeTpoB. (COCTaBHOM 4YacTbl0 CHCTEM TEXHUYECKOH
JMIMaTHOCTHKY SIBJISICTCSl TOJCHCTEMa cOopa JMaHHBIX, T. €. MOACHUCTeMa Mepeladr M3MEpPEHHBIX TaHHBIX B
eJMHBIN HHGOPMAIMOHHBIA EeHTP. HeoOXoauMbIM yciioBrueM 3P GEKTUBHOCTH (DYHKIIMOHUPOBAHUS TaKHX
CHCTEM TEXHHYECKON JUATHOCTHUKH C OONBIIMM KOJIMYECTBOM JATYHUKOB SBIISETCS BO3MOKHOCTH
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OecTpoBOHOM TIepeavyr MONYIeHHBIX NaHHBIX. [locTOBepHOCTh M3MepeHUil o0eciednBaeTCs MPaBUILHON
HACTPOMKOW JBYXMPOLECCOPHOW CHUCTEMBI, B PaMKaX KOTOPOW MPOM3BOAMTCS ClEAyIoInas MpoBepKa M
perynupoBKa: oOecliedeHHE TNPaBHIBHOTO COCOMHEHHS KOHTAaKTOB IOAKIIOYAEMBIX JaTYUKOB U
0OecrpoBOHOTO TepefaTInka W WX IHEProdpeKTUBHOCTh, OTIPaBKa pe3yJIbTaTOB HW3MEPEHHHA OT
nepenarounoro Wi-Fi MozyIisi B IpreMHYI0 CTOPOHY IO JIOKILHON WITH TI00abHO# ceTH (B 3aBUCUMOCTH
OT BU/Ia OKOHEYHBIX YCTPOWCTB) W HACTPOWKA MPUEMHOr0 KaHalla CHCTEMBI Ul TONYyYEHHS aKTyalbHBIX
JIaHHBIX U3MEPEHUH.

OcoOeHHOCTSAMU pa3pabaThIBAEMON CHCTEMBI M OTIMYHSIMH OT HM3BECTHBIX aHAJOTOB SIBISIFOTCS €€
OTHOCUTENFHO HM3Kasl [[eHa Ha MPAKTHUYECKYIO0 Pealn3alyio, JOCTYIHOCTh MPOBEACHUS NOMOTHUTEIBHBIX
HACTpOeK 1o obecredeHnto 0e30MacHOCTH MepeaBaeMbIX JaHHBIX, BO3MOKHOCTD aJanTallii, OMMMCAHHOW B
CTaThe CHUCTEMBI, TOX apyrue cdepsl 3a cYeT AOCTYMHON cpensl mporpammupoBanus Arduino lde B
Pa3IMYHBIX YCTpOWCTBaX (MHBIMH CIOBaMH IMOSIBIISIETCS BO3MOXHOCTb W3MEPUTH JAHHBIE HE TOJBKO C
JaTYNKOB TEMIIEPaTypbl M BIKHOCTH, HO W JAPYrHWe MapaMeTpbl B 3aBUCUMOCTH OT BHJAA M Ha3HAYCHUS
JTATYNKOB, TaKWe, KaK PacCTOSHUE MEXIYy OOBEKTaMH, IMOKAa3aHWSA MArHUTHOTO TOJIS, YTrOJl HAKJIOHA W TaK
Janee), BO3MOXKHOCTb OSKCHOPTUPOBAHHS IOJYYEHHBIX pPE3YyJlbTaTOB H3MEpPEeHU B ynoOHoM ¢dopmare
OJiaronapst npaBUJILHOW HACTPOUKH U TIOJ00PY MCIIOJIb3YEMOTO CepBepa.

IlocranoBka 3amaum. B Hacrosimiee BpeMs CYIIECTBYIOT pasjHuHBIE OECIPOBOJHEBIE CHCTEMBI
nepenayn orupOBaHHOTO aHAJOTOBOTO CHTHaNa, paboraromue B craHmaprax Zigbee mmm Bluetooth. K
HEIOCTAaTKaM TaKUX CHCTEM MOXHO OTHECTH HEBBICOKYIO CKOPOCTh Iepelavyd JaHHBIX W OTpaHHuYCHHOE
yuciio abonentoB (mns Bluetooth). [Tomumo mpodero, B TexHonorumsx Zigbee wim Bluetooth umeercs psin
JIPYTHX CIIO)KHOCTEW, TAKUX KaK OTPaHUYEHHOE PACCTOSHUE TIepejadr JaHHBIX B 3aBUCHMOCTH OT MPHUEMHON
CTOPOHBI, CpaBHHUTENbHAS CIIOKHOCTh HACTPOMKH cepBepa A oOpabOTKH TONYyYEHHBIX Pe3ylbTaTOB IO
JAHHBIM TEXHOJIOTHSIM, CJI0KHOCTh IPOIIMBKH OSCIIPOBOIHBIX MEPEAATINKOB H MOIYJICH, OrpaHHUYCHUS TI0
COBMECTHMOCTH YCTPOMCTB, 0€30MaCHOCTh CETH M ApPYyrue. ITUX HEI0CTaTKOB numieHa ceTh Wi-Fi, HO ee
MPUMEHEHUE OTPaHUYHMBAJIOCh BBICOKMM JHepromnoTpebieHueM. OQHAKO B TOCIETHEe BpeMs Ha pPHIHKE
OCCIPOBOJHBIX YCTPOMCTB TOSBWIINCH JIOCTATOYHO WHTEPECHBIE OECHpPOBOAHBIC MNpPUEMONEpPENATINKH,
KOTOpBIC, TpPH COXPAHEHWH BCEX HEOOXOMUMBIX XapaKTePUCTHK, OONAJaf0T JJOCTATOYHO HHU3KAM
sHepromnorpedneHreM. [lo naHHON TEXHONOTWM NATYUKH W MOJIYTH TMOJCOCTUHSIOTCS K TOYKE JOCTYTIA,
KOTOpasi MPEJOCTABISET JOCTYM B TIo0abHyto ceTh MHTepHeT. [IpreMHast CTOpOHa MOYKET HaXOAUTHCS THe
YroAHO (B JIOKAIBHOM CETH WIM IIO0aNbHOM), TaK Kak 3HAUYEHHUS BCEeH HM3MepsSeMON TemIeparypbl U
BIQXKHOCTH CTPOHTENBHBIX OOBEKTOB M MOCTOBBIX COOPYXXEHHH MOXHO TIONYYHTh M Ha CepBEpe B
ro0abHON CceTH (OCTYN K cepBepy MONYHYaloT JIHMIIL aBTOPU30BAHHBIE HMCCIIEAOBATEIH, 3aHMMAIOIIAECS
UCCIIEIOBAHNEM M3MEHEHHSI TEMIIEPaTyphl ¥ BIQKHOCTH), M HA HACTPOCHHOM YCTPOWCTBE JIOKAJIbHOM ceTH
(mampumep mpu momomu Tenedona). g TporpaMMHpOBaHHWS W YIPABICHHUS JBYXIIPOLECCOPHOU
OecrpoBOIHON CHUCTEMOH cOOpa ¥ mepefaydl AaHHBIX MOJ00paHbl MOAYIN U IJIATHI, IPOTPAaMMHPYEMBIE B
cpene Arduino. D10 000CHOBaHO TeM, 4TO BhIOpaHHAas OecrnpoBojHas TexHojorus Wi-Fi coBmecTnMa ¢
TUIaTaMy, MONIYJISIMA W JaTYMKaM¥, paOOTarOMMMU COBMECTHO ¢ tuiatdopmoii Arduino. OcoOeHHOCTH
JAHHBIX IUIAT M KX BO3MOKHOCTH MOAKIIOYEHUS ¢ Aaryukamu omucansl B [1, 2]. Ilupokuil crektp
BO3MOXXHOCTEH TUIaT, OporpaMMHUpyeMbix B cpelne Arduino mpu pa3paboTKe CHCTEM yIAIEHHOTO
MOHUTOpHHTA, cOopa W Tepenauyd JaHHBIX, onmcaHsl B [3, 4]. Paborer [3, 4] mnoarBepxaarT
1eJIeCO00Pa3HOCTh MCTIONB30BAHUS JJAHHOW IIaTGOPMBI, TaK KaK OHA TO3BOJISET MOCTPOUTH OECITPOBOIHYIO
CUCTEMY JUIsS CHATHS pa3IMYHBIX TapamMeTpoB JaT4ukoB. Hampumep, B cucrteme, omucaHHod B [3],
MIPOBEJIEHBI M3MEPEHUS TEMITEPATYPHI, BIAKHOCTH, BJIAYKHOCTH TOYBBI, KOJHUYECTBA JIOKIS U YPOBHS BOJBI.
Ho B nmanHoi#l paboTe He pelIeH BaKHBIH BOMpoc 3HepromoTpedieHus. B paboTe moakmovYeH MpoBOIHON
WUCTOYHWK THMTaHUWS, YTO JeJlaeT CHCTEMY HE TMOJTHOCThIO OecripoBomHoil. B pabote [3] mpemioxkeHa
OKOHOMHYHAs CHUCTEMa, KOTOpas OTCJIC)KUBAET JaHHBIC JAaTYAKOB, TAaKWE KaK BIIAXXHOCTH IMOYBHI,
TeMIieparypa, OTHOCUTEIbHAs BIQXKHOCTh U WHTEHCHBHOCTH CBETA, OJJHAKO IPOTOTHII CHCTEMbI HE ObLI
co3nad. Pabora cumTaercsi CUMYNALMOHHOW [UIl ONpEAETICHUS CpPOKa CIyKObl CeTH M HEe HMeeT
NPaKTUYECKUX OCHOBAHWH, YTO BOIMPOC 3HEPronoTpeONieHHs peIlieH IONHOCThI0. Bee 3TO mO3BOISIET
YTBEPXKIaTh, YTO LENECOOOPa3HBIM SIBISETCS NPOBEICHHE HCCIEAOBAHHS M DKCIIEPUMEHTAJIBHBIX pador,
MOCBSAIIEHHBIX HE TOJIBKO CHATHIO M Ileperavye MapamMeTpoB TEMIEpaTypbl M BIaXHOCTH OT AaTYUKOB,
PAcIIONIOKEHHBIX Ha CTPOUTENBHBIX KOHCTPYKLHMAX M MOCTOBBIX OOBEKTaX, HO M PEUICHUIO, B TEPBYIO
ouepeib, BOIIPOCa SJHEPTONOTPEOIECHNS.

Pa3paGorka cucrembl. YUuThIBas BCe BbIIIECKa3aHHbIE (DAaKTOPBI, HOAHAT BONPOC O pa3paloTKe,
cbope u BHEAPEHUH OECIPOBOAHOM CHCTEMbI (PUCYHOK 1) MO yJaJeHHOMY MOHUTOPHHTY AMHAMHYECKOTO
M3MEHEHUS TEMIIEPaTypPhl ¥ BIAKHOCTH PA3INYHBIX 31aHUH, CTPOUTEIBHBIX KOHCTPYKIIUH HITH TEXHUIECKHIX
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MOCTOBBIX COOpYXeHuil. M3MmepeHue TemiepaTypbl U BJIAXHOCTH MOXKHO OCYILECTBHTH IPH ITOMOILHU
Pa3IMYHBIX JaTYMKOB WM MaclITaOHBIX cucTeM ¢ mpumeHenuem |0T TexHomnoruii, onucanusix B [5-8]. Ho
JUIL TIPOBEACHUS YIOAJCHHOTO MOHHTOPHMHTa HW3MEpPEHHs pa3iWYHbIX MapaMeTpoB (B TOM 4YHCIe H
TEMIIEpPaTypy U BIaXXHOCTb), HEOOXOANMO UCIOJIb30BaHUE OECIIPOBOAHBIX CHCTEM, KOTOPBIE YK€ UMEIOTCS B
mupe U omucanbl B [9-11], HO y HHMX HMEIOTCS pPa3IMYHbIC CIOXHOCTH TPH MPOTPAMMHUPOBAHUH HIIH
BHeZpeHuH. K TakuM CI0KHOCTSIM MOKHO OTHECTH: CIOXHOCTh IIPU HACTPOHKE COBMECTHUMOCTH YCTPOUCTB,
BBICOKasl LIEHa Ha 00OpyNOBaHHE, CIOXKHOCTh peajM3allid Ha BCEX TEPPUTOPUSAX B 3aBUCHUMOCTH OT
HOTOJHBIX YCJIOBHH U IpyTHE.

OnucaHHas B [JaHHOW CTaThbe CHCTEMa pa3padaTbiBaeTcsi MYTEM HCIOIB30BaHUS JaTYUKA
temriepatypsl u BiaakHoctd, Wi-Fi mepemardnka, ocHoBaHHbIi Ha Momyiae NodeMCU V3 ESP8266,
npuemHoro ycrpoiictBa Wi-Fi curnana (B Hamem ciydae 310 cMapTdoH, paboTaromuii B ONepandiOHHOM
cpene Android ¢ mnpunoxkenuem Blynk) u mporpammuoit cpenst Arduino Ide, B kortopoit Oymyt
MIPOM3BOANTHCS BCE OCHOBHBIE HACTPOMKH TaHHOW CHCTEMBI U 3arpyKaTbCsl CKETY NMPOTrPAMMHOTO KOAA IS
nonydyenuss naHHbix 1o Wi-Fi Texnomormu. OTinu4MeM JaHHOM CHCTEMBI OT JPYTMX H3BECTHBIX
AQHAJIOTUYHBIX CHCTEM, SBJSETCS TO, YTO HAIIMCAH YHUKAJIbHBIN CKETY, B KOTOPOM YUTEHBI TOMOJIHUTEIbHbBIE
napamMeTpbl 0€30MacHOCTH OT IepexBara MOJYYECHHBIX pe3ylbTaToB (KoAbl MM(GPOBAaHHS W HapameTphl
ayTeHTU(UKAMK); TMpOBEICHa AOMOJHUTEIbHAs HACTPOHWKa [UId BBHIOOpAa IMPUEMHOIO YCTPOWCTBA B
3aBHCUMOCTH OT €0 PAacIoJIOKEHHs (AJIs1 YCTPOUCTBA B JIOKAJIBHOM CETH MPOILMBAETCS OJHA MPOrpaMma,
JUIL YCTpOMCTBa B TIOOANBHOW CETH MPOIIMBAETCS Ipyras Iporpamma) M IMPONHCaHbl JAOTOJIHUTEIHHO
napaMeTpsl MUHIMH3anuU dHepronorpednaerns Mmoayns NodeMCU V3 ESP8266. [laHHBIN MOAYITh MOXET
paboTaTh B CIEAYIOIIMX pEXHMax Ha BbIOOp, UL 3TOTO HCCIENOBATENb MPOIPAMMHBIM CHOCOOOM
MPOMHCHIBAET COOTBETCTBYIOIIUI KO/ B 3aBUCUMOCTH OT BHIOPAHHOTO PEKUMA: IPH aKTHBHOM PEKUME BECh
YHIT BKJIIOYEH W YHIl MOXXET MPHHUMATh, TNepeaaBaTh AaHHble. OYEBHIHO, 3TO Hamboliee IHEProeMKHit
pexum. [lpu pexume oxumanus mogema LII1 pabGoraet, a pagro Wi-Fi oTkiIr09eHBI. DTOT PEKUM MOXKHO
UCIIOJIb30BaTh B MPHWIOXKEHUSX, IAe Tpedyercss paboTa mpoueccopa, Kak B IIUPOTHO-UMITYJICHON
MOIYJISALMHU. DTO 3acTaBiigseT MojaeM Wi-Fi oTkitouaThCs py MOAKIIIOUEHUH K Touke poctyna Wi-Fi (Touka
Joctyna) 0e3 mepenadu AaHHBIX IS ONTUMH3ALUH 3HepronorpedieHus. B pexxume oxxuaanus mpoueccop u
Bce nepudepuiinbpie ycTpoicTBa prHocTaHoBeHbI. JIroOoe mpodysxaeHne, Takoe KaK BHELIHNE TIPEphIBAHUS,
pa3oyaut umi. be3 nepegaun naHHbIX 1enb MogeMa Wi-Fi MoxeT ObITh OTKIIOUeHa, a L1 npuocTaHoBieH
JUIL 5KOHOMHUH dHepromnotpebienus. B pexume riryookoro cHa paboraer Tonbko RTC, a Bce ocranbHbie
KOMITOHEHTB! YUIa OTKJIIOYEHBI. DTOT PEXUM I0JIE3€H, KOI/a JaHHbIE MEepelaloTcs Yepe3 OnpeaeIeHHbIe
MPOMEXYTKH BpeMeHu. [IpoBenienHas paboTa Mo3BOISIET MPOBECTH U3MEPEHHS B 3aKPBITHIX MIOMEIIEHUSIX U C
9TOM IIEJIBIO BBIOPAH JATYMK TemIepaTypbl U BiaxHocTd DHT11, ucxoas u3 ero ciaeayronmx TeXHHYECKUX
xapaktepucTuk: nuranue: DC 3,5 — 5,5 B, Tok nutanus: B pexume nuzMepenus 0,3 MA; B pexxnMe 0KATaHUA
60 MkA, onpenenenue BraxkHocTH 20-80 % c TouHOCTBIO 5 %; ompenenenne TemnepaTypsl 0-50 °C ¢
TOYHOCTBIO 2 %; yacTora onpoca He 6osee 1 I'iy (He Oosiee ogHOrO paza B 1 ¢).

Ho HeoOxoauMo y4uuTHIBaTh, YTO yJaJIeHHbIE OOBEKTHl MOTYT PAcIoOaraTthCs U Ha yJHIE, IO3TOMY B
3TOM cllydae HEOOXOAMMO 3aMEHUTh JaHHBIN JaTYMK Ha 0oJiee HOBYIO BEPCHIO, TO €CTh Ha Monens DHT22,
y KOTOpOH HEKOTOpble MapamMeTpbl HaMHOTO JIy4llle W TOYHEe, HallpuMep €ro TOYHOCTh H3MEPEHHUs B
nuanazone 2-5% (B DHT11 tounocts paBHa 5%), BiaxkHocts uzMepserca a0 100% (8 DHT11 BnaxxHocTh
n3mepsiercs 10 80%), a Temneparypa npuHumaet 3HadeHus ot -40°C no +80 °C (s cpasaenust B DHT11
temneparypa mepurca or 0°C go 50°C). Ho mMeHHO sl 3aKpBITBIX TMOMENIEHUH NpPEeANOoYTHTEIbHES
cmotputcs gatamk DHT11, B cBSI3M C €ro OTHOCHUTENHHO HEBHICOKOW CTOMMOCTBIO, TOMYCTUMBIMHU
pabounMu Auana3oHaMH BHYTPHU MOMELIEHUH U OTHOCUTEIHLHOTO MAJIOTO MOTPEOICHHS TOKA.
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Pucynok 1 — O6mmii Bu11 cOOpaHHOM CHCTEMBI YAAJIEHHOTO MOHUTOPHHTA TEMITEPATYPHI M BIAYKHOCTH:
1 - Tatuuk Temneparypa u Biaxknocta DHT11; 2 - Wi-Fi nepenarunk NodeMCU V3 ESP8266; 3 -
Wi-Fi npueMHUK, ¢ yCTAaHOBJICHHBIM ITPOTPaMMHBIM 00ECIICUEHHEM JIJIS TOTYYSHHs TAaHHBIX O TEMIIepaType
Y BIXHOCTH;
4 — HoyTOyK, C yCTaHOBJICHHBIM MIPOrpaMMHBIM obOecnieuernem Arduino lde s
MPOTrpaMMHUPOBAHUS YCTPOUCTBA.

JanHast cuctemMa MO3BOJHUT MOJMYYUTHh M OTHPABUTH IMONYYaTENI0 HA PACCTOSHUH IO OECTpOBOIHOMN
TEXHOJIOTHH BCE JAaHHBIC O Pa3IMYHBIX JAaHHBIX TEMIEPATyPbl M BIQKHOCTH, YCTAaHOBJICHHBIE TaM, II€ 3TO
HY>KHO ¥ HEOOXOIWMO HJIsl TIPOBEACHHUS PACUETOB C IIENbI0 MPOBEIEHNS] KOCBEHHBIX m3MepeHuil. Cucrema
paboTtaer cruegyomuM O00pa3oM: daT4WK Temreparypsl W BiaxHocth DHT11l ycranaBnmBaeTcs B
UCCIIEIyeMOM OOBEKTE (B 3aKPBITHIX MMOMEHICHUSX); HATUYMK MO JIMHUSAM Tepeladn AaHHBIX COCTUHSIETCS C
Wi-Fi nepenaTunkom, KOTOPBIA MOJIy4aeT pe3y/bTaThl MOHUTOPHHTA OT JaTYMKA M OTHPABIISCT MO OTHOM
Wi-Fi cetn momyveHHble pe3ysibTaThl Ha MPHEMHOE YCTPOMCTBO, KOTOpOe 00OpabaThiBacT W IMOKA3bIBACT
pe3ybTaThl MOHUTOPUHTA B PEKHME HACTOSAIIETO BPEMEHH C MOMOIIBIO CTICUATM3HPOBAHHON MPOTPaMMEL.

Kak u ObLIO CKa3aHO BBIIIC, JaHHBIA BUJ JaTYMKa MOXKHO 3aMEHHUThH Ha Japyrue (Takux kak DHT22,
DS18B20 u apyrue), B 3aBUCHIMOCTH OT HAIIMX YCJIOBHUH SKCIDTyaTallMd U MCCIEIYEeMbIX BEIHUWH, TOTOMY
YTO JaHHBIC NAaTYMKH 00JaNaloT PasTUYHBIMH TapaMeTpaMU W TEXHHUYECKHMH XapaKTEPUCTHKAMH U WX
HEOOXOTUMO HCIIONB30BATh YXKE B 3aBUCUMOCTH OT MPOBEICHHBIX BUAOB paboT, Hallla CHCTEMa MO3BOJISET
MEHSTh BCE ATH JaTYUKU 0€3 OCOOBIX 3aTPyNHEHHH W MX 3aMeHa HWKAK HE CKa3bIBACTCS Ha YXYIIICHUE
paboTOCTIOCOOHOCTH, @ HA0OOPOT PACIIUPSET BO3MOKHOCTH pa3paboTaHHO# cuctembl. [Iporpamma Blynk,
MOKAa3bIBAIOIAS MTOYYEHHBIE PE3YJIbTaThl MOHUTOPHHTA, CKAYUBACTCS B OTKPBITOM JOCTYIIE, HO HEKOTOPHIC
JOTIOJTHUTENbHBIE (DYHKIUU TPEOYIOT TOTOIHUTEIBHBIX ACHEKHBIX BIMBaHUH, HO TEM HE MEHEEe IporpaMma
OTIIMYHO 3alUIIEHa OT HE3aKOHHOTO BMEMIATEeNbCTBA CTOPOHHUX JIHIl, TaK KaK Ha KaXIbI CO3JaHHBIN
MPOEKT MPOrpaMMBI COOTBETCTBYET CBOW TOKEH aBTOPH3AIMH, KOTOPBIA OTMIPABISIETCS TOJIBKO HAa TOYTY
NOJIb30BATENs, JJAHHBIA TOKEH aBTOpu3almu, uMms u maposs cetd Wi-Fi, B koTopoit paboTtaeT Bcsi cuctema
HPOITUCHIBAIOTCS B MPOrPaMMHOM ckeTde mpu oMot Arduino Ide.

Br16op maHHOTO MOAYIISI 0OOCHOBBIBAETCS TEM, YTO OH MTO3BOJUT OBICTPO 00padoTaTh HHMOPMAITUIO U
nepeaTh OKOHEYHBIM YCTPOMCTBaM ¢ momolibio Wi-Fi TexHoJIoruu, OH COBMECTUM ¢ JIMHEHKOH iatdopm
Arduino, KOTOpbIi JaeT BO3MOXKHOCTH MPOrPaMMHpPOBAaHUs B TporpamHHOil cpene Arduino Ide, He
TpeOyromiero riry0OKUX 3HAHUH MPOTPaMMHUPOBAHHS, B COCTABE MOJYJISl MMEETCSl YCTaHOBIICHHAS TPOIIMBKA,
KOTOpasi MOXKET HHTEPIPETUPOBATh KOMaHIbl CKPUIITOBOTO s3bIKa Lua - BCTpauBaeMoro si3blka CICHAPHEB,
KOTOPBIH SIBJISIETCS] MATIEHBKUM, OBICTPBIM M OYEHb MOIIHBIM.

Monynb MMeeT MOIIHBIE BCTPOSHHBIE BO3MOXXHOCTH Il 0OpaOOTKHA M XpaHEHHS JAaHHBIX W TOPTHI
BBoAa-BbiBosia (GPIO), xoTophie MO3BONAIOT OOBEMWHUTH €r0 C PA3IWYHBIMU JATINKAMUA M JPYTUMH
CHENUANTBHBIMU YCTPOWCTBAMH, HYXJAIONIMMHUCS B CETEBOM OOMEHE NaHHBIMH, €My TpeOyeTcsi HEMHOTO
BHEIIHUX KOMIIOHEHTOB JIJISl TOJIKITFOUEHMsI, B pe3yibrare 010k Wi-Fi MoXkeT 3aHIMaTh COBCEM Mall0 MecTa
Ha neyatHoi 1are [12]. Crout ormMeTHTh, 9To TexHOMorus Wi-Fi o KoTopoil MpUHUMAIOTCS U TIepeIatoTCs
JaHHBIE B pa3padaTbIBAEMOM yCTPOMCTBE, Oblia BRIOpaHa He cydaiHa.

Wi-Fi — roproBas mapka oOwbemunenus Wi-Fi Alliance, npexacrasistomias co0oli CceMEWCTBO
crannaptoB crierudukanun [EEE 802.11 mist mmpoKononocHO# paanocBs3u. B 3aBucuMocTd OT cTaHmapra
u roniosioruu cetd, Wi-Fi ucmons3yer a1 mepeaadu JaHHBIX AUana3oH 4acTtoT B paiione 2,4 TT wiun 5 T'T1x
U obecrednBaeT CKOPOCTb Tepejayun JaHHbIX 0T 2 MouT/c Ha paccrostHusix 10 200 metpos [13-15].

Pe3yasTaThl padorsl. [Ipu paGore B mporpammuoii cpene Arduino lde HeoOXoauMo yCTaHOBHTH
JOTIOJTHUTENbHBIE OMOIMOTEKH, BaXHO YKa3aTh MPaBHJIBHO HU(PPOBOIH BXOH, KOTOPBIHA MOAKIIOYAETCS OT
0ecIpoOBOTHOTO MOJIYJISl K JATYMKY BIQXKHOCTH U TEMIIEPATYphI, B KOJE TaK K€ MPOMUCHIBAIOT BO3MOXHEIC
co00mIeHUsT OIMOOK, MPU HETIPABUIHHOM TOJKIIOYEHNU WIH OTCYTCTBHU CETH, 0053aTENIbHO YKA3bIBAIOTCS
BUPTYaJIbHBIC MIHHEI (B HamieM cirydae 3To Ne5 u Ne6) aByX paccMaTpuBaeMBIX MapaMeTpPOB MOHHUTOPHHTA
(BI2XXHOCTh W TEMIIEpaTypa) M YKa3blBalOTCS TaKHE IIapaMeTphl Kak CKOpPOCTh TMepeiadd, 3aIrycK
MIPUIOKEHUS] U UHTEPBAJIbL.

ITocne 3arpy3ku nporpammHuoro koga B Wi-Fi nepenatunk NodeMCU V3 ESP8266, HeoOxoaumo B
npoekTe npuitoxxeHust Blynk co3nath 2 nHaMKaTOpa TeMIepaTypsl U BIOKHOCTH (MHIUKATOPBI TEMITEPATY P
(B cucteme 3T0 MHAMKATOp — «lemperature») m BiIaXHOCTH (B CHCTEME NAHHBIH WHINKATOP Ha3BaH Kak
«humidity») Ha pucyHke 2 mpeaBapuUTEIbHO HACTPAUBAIOTCS IO HEOOXOAUMBIM MapaMeTpaM U 00s3aTeIIbHO
YKa3bIBAIOTCSl BUPTyaJibHbIE MUHBI Ui PalOTHl, MPONHMCAHHBIE paHee B MPOrPaMMHOM CKeETYe),
OTOOpaKAMONMMX TONyYCeHHBIE pe3ynabTaThl [udpamu (mus rpaduka TeMmmeparypsl B3ST HHTEpPBAI

63



BecmHuk AAMamuHCKO20 yHusepcumema 3Hepaemuku u cesasu Ne 4 (51) 2020

oroGpakernss ot -50°C go 100°C (maHHBI WHTEpBAN BHIOPAH JUIS HCIONB30BAHHS HE TOJNBKO JATUHKA
DHT11, vo u g DHT22), nnst Bnaxkaocty - natepsan ot 0 10 100%, naHHbIe HHTEPBAIbI MOKHO MEHSIThH B
3aBUCHMOCTH OT BHJIa HCIIOJIb3YEMBIX JATYMKOB M UX XapPaKTEPUCTHK, a TaK e MO HEOOXOJUMOCTH H
3ampocy camoro momnb3oBareins). Jms ymaoOcTBa MOHUTOpPUHTAZ W KOHTPOJIS W3MEHEHHS B pPEXHME
HACTOSIIETO BPEMCHU, MPUIOKCHHE MO3BOJISET CO3/IaTh TpaduK, B KOTOPOM MOXKHO yKa3aTh T€ )K€ Camble
BUPTYQJIbHBIC THHBI 2 pacCMaTpUBAacMbIX IApaMETPOB M 10 HUM TMOCTPOUTH TpaduK, HArISITHO
JEMOHCTPHUPYIONIHI JUHAMUYECKUE H3MEHEHHS TTapaMeTpoB B OHNaH-pexume. [Ipu coznanuu rpaduka s
ynoOCTBa MOJB30BATENI0 MOYKHO TIOCTABHThH Pa3HbIC I[BETA MAPAMETPOB, MOAIMUCATh PEKUMOM JICTCHIOM»
WX Ha3BaHUS W BBIOpaTh yJno0HOE BpeMs oToOpaxkeHus rpaduka. Ha pucyHke 2 mokasaHbl pe3yJIbTaThl
WU3MEpPEHHI TOCIIe HACTPOWKH CUCTEMBI IO/ JIOKAbHYIO CETh B MEPBOM JHE ampoOaruu paboThl, a Ha
pHCYHKEe 3 TIOKa3aHbl Pe3yNbTaThl M3MEPEHHH TMOCJIEe HACTPOHKH CHCTEMBI TOJ TIOOAIBHYH0 CETh B
CJIETYFOIIEM JIHE anpoOaIlui CUCTEMBI.

Pucynok 2 — [Ipumep oToOpaxkeHHii pe3yabTaTOB TEMIIEPATYPhI M BIXKHOCTH B JIOKAJIbHOM CETH

Field 1 Chart & o & x Field 2 Chart o & =

Temperature Humiditiy

o
5
Humiditiy
a
3

Temperature

21:00 21:30 22:00 22330 23:00 2330 21:00 21°30 22:00 2230 23:00 23:30
Date Date

ThingSpeak.com ThingSpeak.com

Pucynok 3 — IlokazaHus TeMnepaTypsl U BIKHOCTH Ha TTI00aI-HOM CepBEpe

Kak MBI BUAMM M3 pUCYHKOB 2 M 3, BCE MOKAa3aHUS XPAHATCS MO KaKJOHW TOYKE M3MEPEHUS U €CTh
BO3MOYKHOCTh CIIEUTh AMHAMUKY W3MEHEHHs MapaMEeTpOB HE TOJNBKO MO AHSM, HO M 1O BpeMeHu. s
pelIeHusl BOIpoca IPOBEJCHHS MOJHOTO aHajiu3a W OO0pabOTKH TONYYEHHBIX pPE3YyIbTaTOB B CHCTEME
nogo0paH cepBep, 00eCIeYNBAIOLINIA BO3MOKHOCTD 3KCIIOPTUPOBAHUS JaHHBIX U 00pabOTKy pe3ysIbTaToB B
BCTPOCHHON mporpaMmHoil cpeme Matlab, He BbIXOAS W3 JMYHOro KabuHera. V3MepeHHBIE BBIXOJHBIC
JIAaHHBIE U Pe3yJIbTAThl B CUCTEME MOXKHO 00paboTaTh pa3anyHbIMU criocodamu. Hampumep, MoxxHO 3anmucath
BCE pe3yJabTaThl HCCIEAOBAaHUS BPYYHYIO W, 3allOJIHAS MAaCCHUBBI JaHHBIX, IOCTPOUTH 3aBUCHMOCTH
M3MEHEHHUS MapaMeTpoB — B ATOM Cllyyae HCCIEIOBATENIb CMOXKET YBHUIETh BCE BO3MOKHBIE OmMOku. Ho
MPOIIECC 3aNOJHEHMSI BPYYHYIO BCEX pE3yJNbTAaTOB 3aHMMAaeT OOBEMHOE BpEeMS W MOTYT BO3HHKHYTH
yenoBeveckrne (haKTOphl MPH BBOJAE JAHHBIX, YTO MpHBENET K ommOkaM. [loaToMy B co3maHHOW cUCTeMe
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UMEETCSI BO3MOXKHOCTh JKCIOPTHPOBATh BCE AaHHBIE B ynoOHOM ¢opmaTe (pucyHOK 4) m oOpaboTraTh Bce
pe3ynbTaThl B mporpaMMHO# cpene Matlab. Ha puc. 5 mokaszaHpl naHHbIE U3MEPEHHUsS 1O pe3ysibTaTam
uccienopannii B gopmare Xml. JlaHHbId (OpMaT MO3BOJNIMT TMOJIB30BATENO 00pabOTaTh NaHHBIC IS
Oynmymiero BHeApeHUs dTHX 3HadeHUi B oTaensHslii HTML daitn. HTML daitn mmupoko ncnoias3yercs mpu
CO3/IaHUU JIOKAJIBHBIX CTpaHMIl ¢ ucnoib3oBanueM MQTT cepBepa, MO3BOJISIONIMN PACHIMPUTH CIIOCOOOB
MOHHMTOPHUHTA U cOOpa MOJTyYaeMbIX JaHHBIX Ha MPUEMHON CTOPOHE.

Export recent data

Temperature and humiditiyL Channel Feed: JSONXMLCSY
Field 1 Data: Temperature JSONXMLCSV

Field 2 Data: Humiditiy JSON XML CSV

Pucynok 4 — Beibop dopmara a1 SKCIOPTHPOBAHUS U3MEPEHHBIX TTOKA3aHHHA

¥ <channel>
<id type="integer">1078381</id>
<name>Temperature and humiditiyl</name>
<description>Temperature and humiditiy (first part of my research)</description>
<latitude type="decimal">@.8</latitude>
<longitude type="decimal">»®.8</longitude>
<fieldl>Temperature</fieldl>
<field2>Humiditiy</field2>
{<created-at type="dateTime">2020-06-09T14:55:40Z</created-at>
<updated-at type="dateTime">2020-06-09T14:55:40Z</updated-at>
<last-entry-id type="integer">5</last-entry-id>
<feeds type="array">
v <feed>
<created-at type="dateTime">2820-86-839T15:00:327</created-at>
<entry-id type="integer">1</entry-id>
<field1>28.18</fieldl>
< ffeed>
¥ <{fead>
<created-at type="dateTime">2020-96-09T15:00:49Z</created-at>
<entry-id type="integer">2</entry-id>
<fieldl>28.1@</fieldl>
</fead>
v <feed>
<created-at type="dateTime">2020-86-89T15:01:0857</created-at>
<entry-id type="integer">3</entry-id>
<field1>28.508</fieldl>
< ffeed>
¥ <feed>
<created-at type="dateTime">2020-06-09T15:01:20Z</created-at>
<entry-id type="integer">4</entry-id>
<fieldi>29.9@</fieldl>
</fead>
¥ <feed>
<created-at type="dateTime">282@0-86-83T17:31:547<¢/created-at>
<entry-id type="integer">5</entry-id>
<field1>27.80</fieldl>
</Tead:>
< /Teeds>

4

PucyHnok 5 — BbIBOJI Bcex u3mepsieMbIX JaHHBIX B opmare Xml

[lonmy4yeHHbIe pe3yabTaThl U3MEPEHUH W BO3MOXKHOCTh UX 00paOOTKU JaeT BO3MOXKHOCTH MPOBOAMUTH
yIaJeHHBII MOHHUTOPHUHT B PEXMME OHJIAH BpPEMEHH KakK B JIOKAJbHBIX, TaK W B TJIOOAJBHBIX CETAX.
IIpocMOTp pe3ynapTaTOB MCCIEAOBAHUS MOXKET OCYLIECTBUTh ABTOPU30BAHHBIMA M HMEIOIIHA JOCTYI K
pe3yabTaTaM MCCIEAOBAaHHUA IOJb30BaTENb, HPU MOMOLIM JIOOOT0 YCTPOMCTBA, MMEIOLIEr0 JOCTYH B
ri100aJIbHYI0 CeTh MHTEpHET. Kak U3BECTHO, Ha CErONHSIIHUMA ACHb AOCTYI B HHTEPHET OCYILECTBISETCS IPU
MIOMOIIIM MHOXECTBA YCTPOUCTB (cMapT(OHBI, TUIAHIIETHI, HOYTOYKH, KOMIBIOTEPHI, MUHUKOMITLIOTEPHI U
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npyrue). Tem caMbIM, paciipeneneHHas 0eclpoBOIHAs CHCTEMa pPelIaeT MPOOIEMHBIH BOIIPOC HACTPONKHU U
COBMECTUMOCTH 000pYTOBaHHS HA TIPUEMHOM CTOPOHBI C TIEPEAAFOIINUM YCTPOHCTBOM.

Oo6cyxnenne pe3yabTaToB. OTIMYUTEILHBIMA OCOOCHHOCTSIMU JJAHHOW CHCTEMBI OT aHAJIOTUYHBIX U
M3BECTHBIX CHUCTEM SIBJISIFOTCS: YCTAHOBIIEHHBIE OTIOJIHUTENbHBIE MTapaMeTphl 0€30MacHOCTH OT IepexBara
MOJTyYEHHBIX PE3yJIbTATOB, JOMOJHUTEIbHAS HACTPOHKA JJIs BEIOOpa MIPUEMHOIO YCTPOMCTBA B 3aBUCUMOCTH
OT €ro paclmoJOKCHHS H BO3MOXHOCTh BBIOOpa JIOMOJHUTEIBHBIX MapaMeTPOB MHHHMH3AIHUU
sHepromnorpednerust moxynst NodeMCU V3 ESP8266, Bo3MOXXHOCTh JanbHeIeil 00pabOTKN U XpaHEHUH
JMAHHBIX TIPU MTOMOIIH TOA0OpaHHOTO cepBepa. B paboTe BBIOpaH pekHM TITyOOKOTO CHa MOAyis. B sTtom
ciydae oOmmii cpeqHuii Tok coctapisieT MeHee 1 MA. IIpu 2,5 B TpeGoBanue k TOKy cocrasisieT Bcero 20
MKA. B pabote mpemiaraeTcs MeToauKa cOopa MAaHHBIX C JATYMKOB TEMIIEPAaTyphl M BIAKHOCTH U HX
nepesavyn Ha IPUEMHYIO CTOPOHY 10 TexHoJiorun Wi-Fi B nByXIporieccopHoi 6ecIIpoBOAHOM crCcTEME Kak B
JIOKAJIBHOM, TaK U B TNI00AILHOM CUCTEME.

TeopeTnueckasi 3HAYUMOCTh U HEOOXOJUMOCTh JaHHON pabOTHI MO Tepeaadu u cOopy pe3ysIbTaToB
M3MEPEeHHI B IBYXIIPOILIECCOPHON CHCTEME IKCIIEPUMEHTAIHHO ITOTBEPIKICHBI TIOCIIE POSKTUPOBKH U cOOpa
MaKeTHOM YacTu yCTPONCTBa, pelHa3HaueHHas AJis cOopa U Nepeadu JaHHBIX TEMIEepaTyphl U BIaXHOCTH.

BoiBoabl. JlaHHas cucTeMa MO3BOJSICT IOJYYHTh HEOOXOJUMBIC IapamMeTpbl 0€3 Kakoro-iubo
3aTpyJHEHHsI, B CBSI3U C TEM, YTO B CXEME HCIIONB3YEeTCS Maloe KOJHMYECTBO JJIEMEHTOB, HO OT 3TOTO
Ka4eCTBO M TOYHOCTh PE3YJIbTATOB HE CTAHOBATCS XYXKe; MPHIIOKEHUe st coopa mHpopMmarmu He TpedyeT
IMOBBIIICHHBIX HABBIKOB MNPOTrpaMMHUPOBAHU, ONBITHBINA TOJIB30BaTEIb 6BICTpO co3gacTt HOBBIN IMPOCKT IJId
00pabOTKH TONYYEeHHBIX NAHHBIX, MPOTPAMMHBIN CKETY 3aHMMAaeT HE MHOTO MecTa M IIOIb30BaTElNlo,
pabotaBiiemy ¢ Arduino paree, He COCTaBHT TPya pa300paThCs BO BCEX TOHKOCTSX Koja. CTOMT OTMETHTH,
YTO TaKas CUCTEMa HE Tpe6yeT 3HAYUTCIIbHbIX KaIlIUTAJIbHBIX JCHCXKHBIX BHO)KCHHﬁ, YTO ITIO3BOJIUT MAaCCOBO
BHCPUTH BO BCC CTPOUTCIbHBLIC O6’LCKTLI, coopyn(eHHﬁ WUJIW MOCTbhI AAHHYIKO CHUCTCMY MOHHMTOpPHHIA, a
ucronb3yemas texHosoruss Wi-Fi st mepenaud JaHHBIX IMO3BOJUT B MpeAeiax MPSMOM BHIUMOCTH
MONTyYUTh JTaHHBIE 0e3 pa3pbiBa CEeTH, a MAJIEHFKHE Pa3Mephl KaXI0T0 YCTPOHCTBA U TpedyeMoe HeOOIbIIoe
IMUTAaHUEC OJId MOAACPKKU HX pa6OTI)I, MMO3BOJIUT YCTAHOBUTHL 3Ty CHUCTEMY B TPYAHOAOCTYIHBIC MECTa U
MOJTyYUTh TOYHBIE JaHHBIE IS MTOCIEAyIoMel 00paboTKH 1 aHAJH3a.
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EKIITPOLIECCOPJIbI WI-FI )KYWECI HET'T3IHJAE TEMIIEPATYPA
MEH bUUITAJIABIJIBIKTBI OJILLEY

H.b. KannacxapOBl*, B.II. I/IBe.m,l, B.B. IOraﬁz, II.A. l'IeTpOB1

'Contycrik Kazakcran yHHBEpCHTETI KOMMEPIHSUIBIK eMec KoraM, [Tymkuna k. 86 yii, [Terponasn, KP
2KapaFaH;:[LI TEXHHUKAIIBIK YHUBEPCUTETI KOMMEPIHSUTBIK emec KoraM, H.HazapbaeBcnaHrbuter 56 yid,
Kaparangst, KP
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Anoamna. Temnepamypa, bii2aniobliblK, KAWLIKMbIK, MASHUM 6PICIHIY KopcemKiwmepi dcone Oackaiapvl
cusKkmol apmypai oepekmepoi enuiey npoyeci OmKeH acvbipiapoa 6acmandvl. DNeKMPOHUKA CANACHIHbIY OaAMYbIMEH
Oy Macene Hcoeapvl 0NOIK CUNAMMAMANAPbL 6aAp apMYpri acnanmap MeH KYpolibliapobly KomeziMeH uieulineoi.
Lepexmepoi KawbiKmbiKKa CblMObl Hemece CbiMCbl3 20icmepmer 0epyoiy KonmezeH MeXHONOUANAPBIHbIY O0aM)ybl
NEKMPOHUKA MeH MEeNeKOMMYHUKAYUs CAlaniapbiH OIpIKmipy apKelivl napamemprepoi enuiey JicoHe Oaxvliay
MaceneciH uwieuiyee MYMKIHOIK Oepedi, olmKeHi O/ OauleHeeH napamempiepoiy manimemmepoi ceHiMOl Oepyin
KaMmMamacel3 ememin meneKOMMYHUKayusi KOMnoHeHmi b6onvin madwvinadvl. byn makanaoa xypeiivic odwekmmepi,
SUMAPAMMAp JHCaHe KONIpep CUAKMbl KYPbLIbIMOapoa memMnepamypd MeH blLi2al0bLIbIKmbL 61uey0iy MaKbi30bLIblebl
cunammanzan. Kaanvl, Oapnvlk 3epmmey HIMUMNCENEPIHIY CeHIMOLNZI ap mypai 00beKminepoiy MexXHUKAIbIK
JACagoaunapvin  60aNCaAY0a HCoHe KAULIKMBIKMAH 0acKkapyoblly MeXHUKAbIK KUbIHObIKMAPLIHAH MYbIHOAUNbIH
Macenenepee weuwliv madyoa manywvizovl pon amxapaovl. Ocvbiean OQAUIAHBICMbI, Oauley Hamudicenepin Kabwvlioayea
Jicane bepyee apHan2am, KOc NPoyeccopvl pexcumoe xcymulc icmetimin Wi-Fi moodynvoepin manoay nezizoiniei mypanvi
Macene komepindi dicane wewindi. ¥3ax yaKpim apanvl@blHOa O1uey HImudiceNepin any yuin, Oyn mooynvoep Kyam
MYMbIHY napamempiepin xcane 0A20apAAMANAY2a APHANAH MAKMALAPObIY 60YbiH eckepedi. DHepeUusHbl MYMmulHy
napamempiaepin pemmey waneai yuackeiepoe 3epmmey VaKblmvlH YIaumya MYMKIHOIK Oepli, Oy o3 Ke3eziHoe
backapy oicylieciniy Oepikmici MmeH Kvizmem emy mep3imin apmmuipadsl. Culmcbl3 OQULAHbIC JHCeNiCi apKblLIbl
KawblKmolkma Oepekmepoi 6epyoiy npakmukanvlk wiewimoepi Ycwinvlican. Koc npoyeccopavl cvlmcols oicyiiede
JHCANRAHEAN KYPBLISLIIAPObIY JHCYMbICKA Kabiiemminiei mekcepinoi.

Tyiiin co3dep: memnepamypa, vineanoviiwi, Wi-Fi gcyiieci.
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Annotation. The process of measuring various data, such as temperature, humidity, distance, magnetic field
readings and others, takes in the past centuries. With the development of electronics, this issue is resolved with the help
of various instruments and devices with high accuracy characteristics. The development of many technologies for
transmitting data over distances by wired or wireless methods makes it possible to solve the issue of measuring and
monitoring parameters by combining the spheres of electronics and telecommunications, since it is the
telecommunications component that provides reliable data transmission of the measured parameters. The article
describes the importance of measuring temperature and humidity in construction sites, buildings and bridges. In
general, the reliability of all research results plays an important role in predicting the technical conditions of various
objects and in finding solutions to problems arising from the technical difficulties of remote control. In this regard, the
question of the validity of the choice of Wi-Fi modules operating in a dual-processor mode, intended for receiving and
transmitting measurement results, was raised and resolved. In order to obtain measurement results over a long period
of time, these modules take into account the parameters of power consumption and the availability of boards for
programming. Adjustment of energy consumption parameters made it possible to increase the time of research at
remote sites, which in turn increases the durability and service life of the control system. Practical solutions for data
transmission at a distance via a wireless communication network are proposed. The operability of connected devices in
a dual-processor wireless system has been checked.

Key word: temperature, humidity, Wi-Fi system.
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3 F (,' n”m ABTOMATUKA, UHO®POPMAIINOHHbLIE
TEXHOJIOI'IM U KUBEPBE3OITACHOCTD
YJIK 004.93'12

BU3YAJIAbI MOJIMETTEP HET'I3IHAE MOJAN®UKALIUAJTAHTAH
VGG-16 CNN MOJEJII KOMEI'ITMEH ¥YIIIATBIH HBICAHJAPABI
KIACCUOUKALUAIAY

Y.0. CeﬁnauneBal, JL.B. Wiiuno6aena’

! OHEpKOCINTIK aBTOMATTAaHABIPY koHE I piay HHCTUTYTHI, CoTOaeB YHUBEpPCUTETI, AJIIMATHI,
Kazakcran
2 XasblKapanbIK aKapaTThIK TEXHOJIOTHsUIap YHUBepcuteTi, Anmatel, Kazakcran
E-mail: s.jalgasa@gmail.com, llizat1011@mail.ru

Anoamna. Conebl yaxKblmma YWKblUICbL3 YULYy KOJIKMepiHiy Hemece OpOHOapObly HCeminOipilin, Koa dHeemimol
bazada dncannail OHOIPiCKe WbI2APBLIYbL 01APObIH KOJIOAHBLLY asicbii aumapivikmail kegetummi. COHOaU-aK, YUIKbIUCHL3
yuy Kenikmepin Oackapyowly KapanaublMObLIbiebl a0amoapobly 01apobl eCipmKi JHCemKi3y JHCcoHe apmypai Kayinmi
JHCapvLISbIUL 3ammapobl MACLIMALOAY MAKCAMbIHOA dHcul KOLOaHyviHa Oa ceben 0Oonyoa. ConObIKmaw Oa YuLy
HbICaHOapbiH beneini Oip KaulbIKMblKMAH AHBIKMAY JHCIHe 01apobl apHAlibl KIACCMaped JiCiKmey MmManculpMaiapol
CeHIMOI aHbIKMAy JHcone Kidaccuurayusniay sxcyuecin Kasxcem emedi. Byn maxanaoa mynuycka VGG-16 yiipmkini
HeUpOHObIK dicelli MoOeline 632epic eHei3y apKblibl YUIAMmblH HbICAHObL CeHIMOI KIACCUpUKAYUAIAY MANCulpMAcyl
Kapacmulpuliovl. Yuiamel HblcaHOApObl CeHIMOI KNacCuuKkayuaniay2a MymMKiHOIK Oepemin mepey MAuUuHAIbIK OKbLMY
MOOENIH HCAmmMblKmbipy 6me Kon cypemmepoen mypamovii oepekmep 6azacvin manian emedi. /[ponoapovl ke3 KeieeH
Jrcepoe Yvlpy pyKcam emiimeceHOiKmeH, OpoHOapovly auibli 0epekmep 06a3acvl KO JHcemimciz 00avin maodwliaobl.
byn maxanaoa ozeepmineen VGG-16 mooenin scammuixmolpy yuin sicainst camwwvl 11 128 cypemmepoen mypamuoin
Oepexmep bazacwl oativindandvl. Conoati-ak, kKiaccuguxayus 0an0iein apmmulpy maxcamuvinoa Dropout dcytieney aoici
Konoanvliovl. Knaccugurkayus 0andiciniy epagpuel, KiaccuQukayus Mempuxacol XHCoHe eKi MYpli HCAHbLIbICY
MampuyanapvlL mypevi3y apKblibl YCbIHbLIZAH MOOENbOIH Jcana oepekmepoi bomicay 0andiei 6azananaovl.

Tyiiin ce3mep: yuipmkini HeupoHOBIK Jiceniniep, YUlamvlH HblCAHOApObl Kidccupurayusiay, 6u3yanovl
depexmep, MAUWUHATBIK OKbIIY.

Kipicne. CoHFpl yakpITTapja YIIKBIIICE3 oye kenikrepiHiH (¥OK) xom xerimui Oaranma skarmait
OHJIPICKE WIBIFAPBUIYBl OJNIAPIBIH KOJJIAHBUIYy asICHIH alTapiblKTail KeHeWTTi. [poHmapmeH OaliaHBICTHI
OipHellle JIAHKECTIK IMMA0ybUIAap JKOHE a3aMaTThIK aBHAIlMsAFa Kayill TOHAIPETIH APOHIAp, COHIal-ak
THIHIIBUIBIK JKOHE JKEKe eMipre KaTbIcThl Macenenep ¥OK KopranraH aiiMakrapra 3aHCBI3 MakcaTTapia
KipyiH Aep Ke3iHae aHbIKTaysl Tajamn eteni. 2015 xbuiablH KaHTapblHa Mac MEHEYHIK OacKapraH IpOHHbBIH
AK yiaiH KeraugapbelHbIH anabiaaa Kytaysl [1], 2017 sxeuisl Kanaganeiy KBeOek MpoOBUHIMSACHIHIA JKEPre
KOHap Ke3JIe JKEHIT KO3FaJTKbIbl Oap yiakTelH 450 M Ouiktikre ¥OK-ke corbuiysl [2], 2018 KbUIIbIH
xentokcanbiHaa Jlonmon ['aTBUK oyeKalbIHBIH YIIY-KOHY JKOJaFblHBIH YcTiHzZeri ¥OK  Typaisl
xabapiamanapra OaitmanpicThl 36 caraTka >kaObUTybl [3] CHSIKTBI KOJNAWCHI3ABIK TEH Kayill TyAbIpFaH
OKWFaJIapJblH ~ OpblH anybl ¥OK Oenrimi  Oip  KalIBIKTBIKTaH  JYPbIC  aHBIKTAWTBHIH  JKOHE
KJIaccu(UKAIMSAIAUTBIH CEHIMIII aHTU-IPOH XyHeciH Tanan ereli. ¥YOK aHBIKTay jkoHE KiaccupuKanusiay
YIIiH pajap, aKyCTHKaJblK, BU3yanablK, Pammoxwuiniktik (PXK) curmanm Herizinzeri opTypii ceHcopiap
KoJimaHbianel [4]. Byn ceHcopnapiablH OpKaHCHICHIHBIH 63 apTHIKIIBUIBIKTAPhl MEH KeMIIUTikTepi Oap,
COHJBIKTaH COHFBI Ke3fie OipHelle ceHcopiapisl OipiKTipy apKpUibl OMMOAAibIi HEMece MYJbTHMOAANIbII
AQHTHU-IIPOH JKYHenepi OHTalIbl INEmiMAEp peTiHAe KapacTelpbulyna. KompKeTiMAaimiri MeH KakKChl
JOKaJM3anusuiay KacUeTTepiHIH apKachblHJa KaMmepajapjJaH ajblHFaH BH3YaJJbl JIepeKTep/i maiijanaHa
OTBIPBIIL, IPOHJIBI aHBIKTAY KOHE KilacCU(UKanusiay OYriHle KerTereH 3epTTeymiep/ i KebI3bIKThIpyaa. by
xyMblc ¥OK MeH KycTappl IyphIC Kiaccu(pUKaLusiay MOCEIECiH ey apKbUIbl, aHTHU-APOH JKyHeci yIiH
THIMII KJIACCHU(pHUKAIMIAY MOICIIH TaHaay MpoOiieMachlH Iernyre OarbiTtanansl. VGG-16 TymHycKa
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YHIpTKiZT HEHPOHABIK MOJENiHEe ©3repTy eHTi3dy [4] KYMbIC aBTOPJApbIMEH CAIBICTHIPFAH/Aa YIIATHIH
HBICAHIAP/b! KNacCH(pUKaUsIayIblH calblCThIpaMalbl TYPAE KOFapbIpak AJIITIH allyFa MyMKIHIIK O6epi.

2 9ae6m moJry

¥OK, kyc sxoHe PoH KiaccTapblH kikTey yiiH Arne Schumann xone T.0. [5] TopT YHIPTKiJI KoHE eKi
TONBIK OalmaHbICKaH KabaTTapaaH TyYpaThiH KapamaibiM CNN kiraccudukaTopbIH Komanca, Saqib xome T.0.
[6] ZF [7], VGG-16 [8] xiaccudukaropiapslH KapacTeipasl. ABropiap [9] skymbicta Inception v2 »xoHe
ResNet-101 CNN apxurektypanapsl Herizinae Faster R-CNN xone Inception v2 Herizinge SSD cUSKTHI
taneiMan deep learning HeriziHAeri HBICAaHABI AHBIKTAY ONICTEPiHIH KOMETIMEH KAIIBIKTHIKTAH OeliHe
OaxpIIayarbl MAFbIH APOHAAPAB! aHBIKTAy MaceneciH KapacTeipasl. Celine Craye sxone T.0. [10] ete kimri
HBICAHJAP/Ibl AHBIKTAy MOCEJCCIH IICNIy VIIH J>KaIFbI3 HBICAH/IBl aHBIKTAY JACTCKTOPBIHBIH OpHBIHA
noteHuuanasl Heicannapasl U-Net [11] ceMaHTHKaNbIK CerMEHTTEY KENiCIMEH JIOKaIM3alUsIIalThIH JKOHE
aHbIKTaTFaH HblcaHABl ResNetv2 [12] xkemiciMeH JKIKTEHTIH €Ki VHIPTKUII HEUPOHIBIK KETIepIi
KOJIJIAHATBIH KEHICTIKTIK-YaKBITTBIK CEMAHTUKAJIBIK CETMEHTTEY 9ICIH YCBIH/IBI.

3 YiiipTkisni HelipoHABIK KeJtinep

Busyanapl OeiiHeHi Tangayzaa *Kui KOJIIaHBUIATBIH OWMrini TepeH yuipmkini Heuponowvix sceni (CNN)
Heri3ri yimr kabarran Typansl: yiipTkiai kadbat (Conv), pooling sxone Tonbik Gaitmansickan kabar (FC) [13]
(3-cyper). Yiipmrini kabammap CNN MOAENiHIH HETi3ri KypyIibl OJOKTapbl OOJIBINT TaObLIaabl. Y HipTKi
(Convolution) — exi akmapaT >KUBIHTBIFBIH OIpIKTIpyre apHalFaH MaTeMaTHUKAJIBIK onepauus. Y HipTKimi
KabatTap ¢gurempnep MeH Oenei kapmanapvinan (feature maps) Typanbl [13]. @unsTpai kipic OolbIMeH
ceIprRITY (sliding) apKpuTBI YHIPTKI OMEpalUsChIH OPBIHAAWMBI3. OpOip OpBIHAAa MaTpHIIaIapblH JJIEMEHT
OolibIHINIA KOOSUTIHAICI OPBIHIAINBIN, HOTKECI KOCHUTaIbl. Byl KOCBIHABI Oenriiep KapTachlHAa SHTi3iei.
SrHu, yiipeTinren GUIbTpIIep Kipic CypeTTeri MaHbI3Abl OeNTiIepAl bIFapy YUIIH KOJNJaHblUIca, an Oenrijiep
kapTachl (feature map) amgbpIHFBI KabaTKa KOJNJAHBUIFAH (PMIIBTPIIH IIBIFBICH OONBINT TaObUIaAbl. Y HipTKi

OTIepaIsICHIH OPBIHANTHIH (QMIIBTP OJIIeMi YHEMI TakK caHAbIK emmeM Oomansr (1x1, 3x3, 5x5, 7x7 Hemece
11x11) [14].

Kaoar 1 Kaobar 2 Kaaccupukamnus
f s YT A 1 = \

\_ - !

- T ol
DR S — . _ 2

125 |1 B =~ - e
- ! s L. ... -
: " Poolin e
Kipic Conv 8 HIbIFbIc

Conv  Pooling £oven FC

Cypet 1 — CNN apxuTeKkTypachbIiHbIH CYJ10aChI

TepeH OKBITY 9IETTE CBI3BIKTHIK €MEC TalChlpMayapiAbl IIeNly YIIIH KOJJaHbLIaabl. Y HIpTKiI
KabaTTarbl MaTpHUIAIApAbIH KOOCHTIHIICIHEH alblHFAaH MOHIEP ChI3BIKTBI OOJIbINT Keiemi. MoHaepai
CBI3BIKTBIK €MECKE TYPJICHAIPY YILIiH 9/eTTe opOip YHIpTKiII KadaTTaH COH CBHI3BIKTBIK €MecC OenceHOipy
Koizmemi (elu, selu, relu, tanh, sigmoid »xome T.0.) kommameuiaael [15]. Pooling kabatest CNN
apXUTEKTypachlHa MEPUOATHI TypJie eHTi3imin Typajpl. OHBIH HeTi3ri QYHKIUICH — TOPAAFbl MaKCUMAIIbI
MUKCENTb MOHJIEPiH ajy apKbUIbI CYpeT eJILIeMiH a3alTy xoHe opOip Oenrinep KapracklH ThIFbI3Aay. Pooling
OIepaIMsCHIHBIH €Ki Typi Oomaabr: Average xone Max. JXKui kongansutateiael — Max pooling. Max pooling
Karmaipinaa stride=2 kamammeH 2x2 eJiieM[i Tepe3e apKbLIbl Kipic O€Nriiep KapTachIHBIH €H YJIKEH
JJIEMEHTTEPl AJNBIHAABI JKOHE WIBIFBICTA €Ki ece Kilmn eimeMzeri Oenriiep KapTachl UIbIFapbiIajbl.
JKoraprelmarel TporieccTep/ieH ©TKEHHEH COH MOENb Oenriiepnai TyciHyre kKabOimerTi Oomanwl. Yiipmxini,
bencenoipy, pooling xabarrapbiHaH KeiliH TonblK Oaitmansickan Kabat (FC) kememi. Conv »xone Pooling
KabaTTapbIHBIH IIBIFBICH YHeMI 3D kemeMiH Kypaiinsl, ain ToOnsIK Oaiinanbickan Kabat (FC) cammapmsin 1D
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BeKTOpbIH KyTemi. ConmbikTan 0i3 COHFbI POOliNG KaOaThIHBIH MIBIFBICBIH BEKTOPFAa TETICTEHMI3 JKOHE O
TomNbIK OalinmanbickaH kKabarTeiH (FC) kipicine aiiHanaapl. Opi Kapail on Kiaccu()UKaUSHBI OPBIHAAWTHIH
HEHPOHJIBIK KEJHIH TYHiHIepiHe eHTi3iiei.

4 JKcIepUMEHT K9He HITHIKeJIep

4.1 Jlepexmep0i OativlHOAy dHcaHe OHOey

Temenneri 1-cyperre kepceTinrenaei knaccupukanus oenrinepi pon, ¥OK, Kyc 0ombin TaObIIaabI
JKOHE DKCIIEpUMEHT OapbIchiHaa >kanmsl canbl 11 128 (onbry iminge 2002 ¢on, 4998 YOK xone 4133 kyc)

CYpeTTeH TYPaThIH IEpPEeKTep >KUBIHTHIFB KONIAHBUIABL. JlepeKTep >KUBIHTHIFBIHAAFB! cypeTTepaid 70%-bI
OKBITY (training), 15%-b1 Texcepy (validation) sxone 15%-bI TecTiney (testing) yiriH naiiganaHbUIIBL.

Cyper 2 — Y1 KJ1accKa apHAJIFaH iepeKTep KUbIHTbIFbI

4.3 ¥cvinvinzan CNN knaccuguxamopuii oxbimy

Temenne kepcerinren 3-a cyperre 13 yHiptkini (conv) xone 3 tonblk Oaitnaneickan (FC), sram
JKaImbl canbl 16 kabaTTaH TypatbiH Herisri Tynmaycka VGG-16 Mozeni KenTipisireH.

S pwrry [ gy

(o) (o) |

— | [ | e
[ Conv4-3 [ Conv5-3 J
[

Kipic cyper
224x224x3

=)
Tt

VGG-16 aen arany cebebi kabaTrap canbiHa OaitanbicThl. Kipic cypertiH emmemi 224x224, xoHe
mbIFpicTa softmax akruBausuiblk GyHkuscel 1000 knaccka xiktey yuriH ImageNet nepexTep >KUBIHTHIFBIH
KolmaHaabl. SIFHM, Tikenmed TymHycKa Monenbai KoimaHcak, 1000 xmaccka HaediHTi  HBICAHAAPHAbI
KiIaccuuKalusiai anambeid. Asnaina, 3eprrey ¥OK, Kyc jkoHe (G)OH jen arajaThlH Y OenriHi raHa
aHbIKTaybl THiC, coHapikTaH CNN Mozenin Tek 3 kimaccka Oeiimaen esrepremis. CoHpuaii-ak, YChIHFaH
MOJICJIBIIH KYPJCILIITiH a3aiiTy jKoHE MOJICNB/IH MIEKTeH ThIC ACTalbJapabl YHPEHIN KEeTNeyi, SFHU aCKbIH
oxbimyowiyy (overfitting) ammein any ymin FC-1, FC-2 rtonbik OaitanbickaH KabOatTapeiHaH coH 0.5
BIKTUMaJIIBIKKA TeH Dropout-1 sxone 0.3 sIkTMManabiKka TeH Dropout-2 KabarTapblH KOCTHIK. SFHu, dropout
Ka0aThIH iCKe KOCY apKbUIbl, MOJeNbAi OKbITY Ke3iHme 0.5 >xoHe 0.3 BIKTUMaNABIKTaFbl Oenriyi Oip
HEHpPOHIApAbl aXbIpaTaMbl3 HEMece oJapbl eckepmeiriMi3. Dropout Tek Mojenbli OKBITY Ke3iHjae FaHa
konmanbiianel. Tymaycka VGG-16 Momaeni 138 MUUIMOH OKBITBUIATBHIH ITapaMeTpiiepcH Typabl. SIFHu, Oy
oTe aybIp XKoHE HOJJICH 0acTar OKBITaTBhIH 00JICAK, MOJICNB/II OKBITY ©T€ Y3aK YaKbITThI ajajbl. COHJBIKTAH,
aNIbIH ana yuperiireH Imagenet caiaMmakTapblH KOJJAHBINN, TEK TOJBIK OalijlaHBICKaH KabaTrap FaHa
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OKBITBUIaABI. HoTmxeciHme, MoAempAi OKBITY YIIIH 2.5 MWDIMOH YHpETUIETIH mapamerpiep FaHa
KOJIIaHbLIA IbI.

4{ Convd-1 J % Conv5-1 J
| FC-1
Kipic cyper ‘ Conv4-2 ‘ Convs-2 ] HIbiFsic
224x224x3 i j Dropout-1 3 Kknace
{ Conv4-3 { Conv5-3 J
[ Pool-4 ]— [ Pool-5 J—

Cypert 3 — tynnycka VGG-16 (a) :xxone moaupuxkanusianran VGG-16 (9) mogenanaepi

¥Ycompurrad CNN mopmeni ¢on, ¥YOK xoHEe Kyc Aem aranmaThlH YII Kiacc OOWBIHINIA IEpPEeKTep
JKUBIHTBIFBIHBIH 70%-bl, SIFHN KaJIbl caHbl 7616 cypeT OKbITBULABI XKOHE OKBITY NOUIAIri (training accuracy)
99.91 % xepcerti. OKBITBUIFAaH MOJENBAI TEKCEPy YLIIH AEPEKTEp KHUBIHTHIFBIHBIH 15%-b1, sFHU 1755
CypeTKe TeKCepuIl kaHe Tekcepy manairi (validation accuracy) 99.37 % Tten Oonbpl. Dmoxa — MOJCIbBIIH
OYKiNl JepekTep >KUBIHTHIFBIHA KaHIA PET OKBITBUIBIN YHPETINTeHAIriH kepceremi. byn kympicTa smoxa
canbl 50-re TeH nen anbiHAbL JKoFapbliarbl 1-CypeTTe KOpCETUIreH OKBITY JKoHE TeKcepy Kiacch(uKaius
JIOJJIIKTEPIHIH 3M0Xa CaHbIHA TOYSJIUINK TpadUriHeH MOZCHbAI OKbITY yiriH 30 3moxa Ja >KeTKUIIKTI
eKeHJIITiH OaliKayra 0oJabl.

Training and validation accuracy

100 1 —_—
0.98 1
0.96 1
e
o 0.94 1
3
=)
o 092 1
0.90 1
0.88 1 — Tra!nlng acc
= Validation acc
1 10 20 30 40 50
epoch

Cyper 4 — /Kyprisiaren 50 3moxa 00ibIHIIIA OKBITY 7K9HE TeKcepy Kiaaccupuranus JiaiKkrepi

OTe a3 3Mmoxa CaHbIMEH OKBITBUIFAH MOJICIB/I OKBITY JIEPEKTEpIiH epeKIIeNiKTepi MeH Oenriyiepin
KETKIUTIKCI3 YHpeHil, HOTIKECIHJEe KaHa JepeKTepii KiaccuuKkanusuiay Ke3iHAe eTe Hallap HOTHXKEHi
KepceTyl MyMKiH. MammHanbslk OKbiTyna Oy skarmait underfitting nem aramajgel, SIFHM OKBITBUIATHIH
JISPEeKTep CaHbl a3 HEMece JePEKTEp OTe a3 dM0XTa KETKIUIIKCI3 OKbIThIIFAHIBIFBIH OUTAIpeai. Al KepiciHIe,
MOJIENIb ©TE KOII 3II0Xa CAHBIMEH OKBITHUIFAH JKaFJaia, MOJIENIb OKBITBUIATBIH JIEPEeKTepl NeTalbi Typie
HIyBUIJApbIHA JIeHiH YHpeHim, >kaHa AEpeKKe TeKcepreH Keszae Oyl Mojenb CeHiMci3 OOybl MYMKiH.
MammHanbIK OKBITYIaFbl Oyt skarmait overfitting nen arananel. Connaii-ak, 1oss (GYHKIMACHIHBIH HEFYPIIBIM
TOMEH MoHJE OO0Jybl MOJENbBJIH CEHIMAUIIIIH OuTIipeni. DKCIEPUMEHT HOTHXKECI OOWBIHIA COHFBI
anoxanarsl Tekcepy loss pynkuuscet 0,0507 MoHIH KepceTin Typ.
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Tex ochbl HOTIDKE apKbUIBI MOJIENbBJII Oaranay j>KeTKiNlikci3. MomenpaiH CeHIMIUNriH Oaranay YIIiH
OHBIH OKBITBUIBIN YHPETIIMEreH, SFHH KaHa ACPEKTepIi KaHIIANBIKTBHI JYPHIC OOJKAWTHIHBIH TECTiNCy
KaXKeT. DKCIEPUMEHT HOTHXKECIHIE TeCTiey Ke3inzeri knaccudukarus gonairi 99.317 % kepcerce, an loss
(GyHKIMSICBIHBIH MoHI 63 ke3erinae 0,06 TeH 60abl.

Anaiina, YCBHIHBUIFAH MOJEIBIIH KAaHIIAJIBIKTEI JYPBIC JKYMBIC Kacal >KaTKaHIBIFBIH Oaranay
MYHBIMEH FaHa IIEKTEIMEYyi THic. MoOAENIMI3IIH YHPETIIMEreH, *aHa JepeKeTepi KaHIIAIBIKTB JTYPBIC
OOJDKANTBIHBIH HEeMece KIacCHU(PUKANMMUIAUTHIHBIH KOPCETETIH TaFel €Ki Tocin Oap. Omapmery Oipi —
kiaccudukanus merpukacel (classification metrics) 6oJsica, ekiHImici *aHbUIBICY Matpuiacel (confusion
matrix) OOJIBII TaObLIAIBI.

Kraccudukamus MeTpukachlH KONJaHy YIIIH TECTUTIK aepexTep Oacka caHAblK ¢opmaTka, SFHU
ik (NUMPY) MaccuBine TypieHmipiiemi. HakTel HOTHXKEHI aay VIIiH OChI TYPJICHIIPIITEH KOITHI
EHTi3UIreH Kilaccu(uKanus METPUKAchl apKbUIbl KyprizeMis. Hon ockl xepae ¢oH, ¥OK xoHe Kyc Kiacc
aTayJapbl eHTi31Iei.

Kecte 1 — Knaccudukanms MmeTpukachl

Kaacc arayaapsi Haaaik (Precision) Recall F-1 6aranay Support
@on (background) 0.98 0.99 0.99 309
Kyc (bird) 1.00 0.99 100 700
Y¥OK (drone) 0.99 0.99 0.99 748

Kecteneri Precision emmiemi Tek KaHa MO3WTHBTI OoibkaMmaapiabl FaHa eckepce, Recall emmewmi
MO3UTHBTI JIe, HETATHBTI Ni¢ Oomkamaapabl ecenke ananbl. CoiKeciHIe oJapApl €cemnTey VIIH Keleci
(dhopMysanap KoJIaHbLUIaIbI:

... TP 1)
Precision = TP+ FP
TP (2)
Recall = TP+—FN

Knaccudukanuss MeTpuKachlHIarsl MaHbI3Abl mapamerpiepain 6ipi Fl-6azanay (Fl-score) Gobim
caHayajibl, SFHU OJI JKOFapblga aranraH Precision »xone Recall mapamerpniepin Gipre kapactbipansl. F1-
Oarajiay MoHI HEFYPJIBIM JKOFapbl 00Jjica, COFYPJIbIM Mojeib ceHimai Oosanbl. Jlommik (Precision) jkoHe
Recall monzepi apkpuibt F1-0aranayier TomeHeri opMyiia apKbUIBI aHBIKTayFa OOJabl:

Precision - Recall (3)

Fl=2 —— =
Precision + Recal

Mopenbai OaranmayiblH Kejleci Tocini — KaHbUIBICY MarpuuackiH (confusion matrix) Typreizy.
Kacanviuran yawwix (numpy) maccusi paepektep (QpeiMiHiH ilIiHAE OpHATaNIaCTHIPBUIAABI, OHTKeHi
JKaHBUTBICY MaTpHUIACHl AepeKTep (peliMiHae >KaKChl KYMBIC >KacaiIpl. ¥CBIHBUIFAH KIacCU(KATOPIbIH
JIepeKTep KUBIHTHIFBIHIAFEI MIBIFBIC JEPEKTEP CalachlH Oaranay VIIiH, MYHJa JKaHbUIBICY MaTPHUIIACBIHBIH
€Ki TYPi TYPFBI3bUIAABI: KAJIBIIIKA KENTIPUIreH KoHE KAJIBIIKA KEJITIPIIMEreH KaHbIIBICY MaTPHLIATaPhI.

Byn xymbicTa knacc aucOanaHChl, SiFHH 9p KJIAcCTarbl IEPEKTEp CaHbl SPTYpi OOJFaHABIKTaH, Kai
KJIACCTBIH KaTe KiIacCH(UKAIMsIIaHFAaHBIH aHBIK KOpCEeTy YVIINH KaJbllKa KeNTipUIMEereH >KaHBUIbICY
MaTPHUIIACKIH TYPFBI3Y THIM/i. MYHIaFbl TUArOHANBIIK IeMEHTTEp OOJKaHFaH KJIACCTHIH HAKTHI KIIACCIICH
ColiKec KeJreH CaHbIH KOpCceTei, ajl IMaroHalbIiK eMec AIEMEHTTep — KiIacCH(UKaTOpMeH KaTe OOJDKaHFaH
JJIMEHTTEP CaHBIH KepceTeli. JlnaroHanpJiK 3JIEMEHTTEp CaHbl HEFYpIbIM KOFapbl 0oJica, OHJIA MOJENb
TECTLIIK IePEKTEPi COFYPIIBIM JIYPhIC OOJDKAI TypraHbiH Olnaipeni. Meicansl, 748 ¥OK cyperrepinin 743-i
JpOH peTiHje aypsic OomkaHca, ail 5-1 poH peTine KaTe KiaccupuKalMsIaHbI TYpPFaHbIH Oinaipeni.
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Confusion matrix
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Predicted label
Cypert 5 — Kaublnka KeJTipisiMereH kaHblIbICY MATPHLACHI

Op Kiacc YImH MOJenbaiH OoivkaraH kmaccupukanus noTwkenepiniy Recall monmepi OoiibiHia
KOPCETY apKbIIbI KAJIBITKA KENTIPIAreH )KaHbUTBICY MATPHUIIACKIH TYPFBI3yFa 00JIaIbl.

Confusion matrix

background o0&
E 0.6
m .
u bird
= 0.4
drone 0.2
T 0.0
-.a"'-@ &ﬁ &
P a3
oL

&

Predicted label

Cypert 6 — Kasbinka KeJTipijireH skaHbLIbICY MATPHLACHI

OKCIIEpUMEHTTIH COHFBI dpi LICHIyII Ke3€eHI — jKaHa CypeTTep/i TecTiney. byn ke3eHie YChIHBUTFaH
KJIACCU(PUKATOP MOJIEIII MYJIJIE OKBIThIIMaraH, Oe/ri KOWbUIMAaraH )aHa TECTUIIK CypeTTepre TeKCepiae .

2 IS ) .. Final Decision:
Final Decision: Final Decision:

ID: 1, Label: birds

ID: 0, Label: background ID: 2, Label: drones
1D: 1, Label: birds ié: 0, Label: background I0: 2, Label: drones
ID: 1, Label: birds ID: 0, Label: background 203 2ydilabeltidrones

out[38]: out[33]:

Cyper 7 — ¥YcbIHBUIFaH MO/ KaHA TECTINIIK cypeTTepre TeKcepy HITHKeepi
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Tecriney HoTmxkeci Oolibiama yeriHBUTFaH CNN KiiaccuHuKaToOpsl ©Te aNbICTaH TYCIPUITeH KYCTHIH
cypetin 96.11 % monamikmeH «Kyc» Kiachl peTiHae Iypbic 6oinkaasl. A, Oynapipnarad GoHAbIK cypeTTi 100
% monmikneH «(oH» petinae 0omkaabl, xoHe a¢ YOK cypetin 98.37 % nonmiknen «¥OK» knacel peTiHme
JYPBIC KITaccHUKAIUSIIAIBL.

KopbITBIHABI

Conbiver, VGG-16 yilipTKiial HEHPOHIBIK Kelli apXUTEKTYPACHIHBIH MOTU(PUKAIUSIIaHFaH HYCKACHI
KOWBUTFAH TallCBIPMaHbI COTTI OpbIHAanbl. OChIFaH AeliH aHTH-ApOoH xkyiere kKaii CNN Mozmeni THiMII eKeHIH
TeKcepy YWIiH OipHelle apXWUTEKTypanaplbl CalbICTBIPHIN KapacTeipran 3eprreyae [1] aBropmap VGG-16
TYIHYCKa YITiCiH KoJaaHsi, 97.84 % HoTmKere Ko KeTKi3reH OonaTeiH. byt ®yMbIcTa YIIKEH MOIIIepAeTi
JepeKTepal Koimany xoHe Dropout xyiieney omicTepiH eHri3y apKpuibl, Kiaccudukanus gonairi 99.317 %
JKETKI3UIII. ANJarel yaKbITTa YIIaThIH HBICAHJIAP CAHBIH apTTHIPHIN, KON CAHMBIK JKIKTEY MOceJeciH IIemry
xoHe 3amaHayn CNN MopenbaepiHe Tajmay Kacay apKbUIbl, HaKTHl YakpIT pexiMminae ¥OK aHbikTay
JKYMBICTapBI KAPacTHIPBUIAIBI.
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KJIACCUPUKAIUA JETAIOIINUX OBBEKTOB C
NCITOJIB3OBAHUEM MOJIU®UIIUPOBAHHOU MOJEJIN VGG-16 CNN
HA OCHOBE BU3YAJIBHBIX TAHHBbIX

¥.0. Ceiinanuena’, JI.b. Unnun6aepa”

"MHCTUTYT MPOMEIIIIEHHON aBTOMAaTH3aIMK U I poBu3anuu, Satbayev University, Aamarsr,
2KazaxcTaHCKHAN MEXIyHApPOIHBIN YHUBEPCUTET HH()OPMAIMOHHBIX TEXHOJIOTHH, AiMatsl, Kazaxcran
E-mail: s.jalgasa@gmail.com

Annomayusa. B nocneonee epems yCOBEPUIEHCNBOBAHUE U MACCOB0E NPOU3BOOCMBO  GECHUNIOMHBIX
JIemamenvHblX annapamos uiu OpoHO8 NO OOCMYNHBIM YEHAM 3HAYUMENbHO DPACWUPUTU Chepy UX NPUMEHEHU.
Ilpocmoma ynpasnenusi becnuromuvimu emamenvuvimu annapamamu (bIIJI4) makoce npugena x uacmomy
UCNOL308AHUI0 OPOHOS 0Nl NePeo3KU HAPKOMUKO8 U 83pblguambvix eeujecms. Credosamenvro, 3a0auu onpedenenus
JlemamenvHblx 00bLEKMO8 HaA ONpedeNeHHOM PACCMOAHUU U UX KIACCUGUKAYUs mpebyIom HAOeMHCHOU CUCHmembl
obuapysicenus u kraccugurkayuu. B smoii cmamve obcyscoaemes 3a0aua HAOHCHOU KiaccuuKrayuu 1emanujezo
0bvexma nymem mMoougurayuu ucxooHou mooenu neuponnou cemu VGG-16. Obyuenue mooenu nybok020 MAWUHHO20
00yuenus, no3eondiowell HA0eHCHO Kiaccuguyuposams aemaiowjue 06bekmvl, mpedyem Haauuus 6a3vl OAHHBIX C
OonbLUM KOTUUeCBoM u300paxcenutl. Omkpovimas 6a3a OaHHbLIX OPOHOE HEOOCIYNHA, MAK KAK OPOHbI He pa3peuienbl
K 3anycky 8 mobom mecme. B smoil cmamve 6viia nooeomosnena 6aza oanuvix u3z 11 128 usobpasicenuii ona odoyuenus
moougpuyuposanrou modenu VGG-16. [ns noeviwienus mouHocmu Kiaccugukayuu Obll UCNOIb308AH Memoo
cucmemamuzayuu Dropout. Tounocms npocHO3UPOBAHUS. HOBbIX OAHHBIX NPEONONCEHHOU MOOETU OYEHUBAeMC s nymem
ROCMPOEHUs SPAPUKA MOUYHOCMU KAACCUDUKAYUY, KIACCUDUKAYUOHHBIX MEMPUK U 08YX PAZTUUHBIX MAMPUY OUUOOK.

Kntouesvie cnosa: ceepmounvie HelipoHHble Cemu, KIACCUDUKAYUS TeMaruux 06beKmos, 6u3yaibHvle OaHHbLE,
MawuHHoe oOyueHue.

CLASSIFICATION OF FLYING OBJECTS USING A MODIFIED
MODEL OF VGG-16 CNN BASED ON VISUAL DATA

U.O. Seidaliyeva®, L.B.llipbayeva®
! Institute of Industrial Automation and Digitalization, Satbayev University, Almaty, Kazakhstan

Z International University of Information Technology, Almaty, Kazakhstan
E-mail: s.jalgasa@gmail.com

Abstract. Recently, the improvement and mass production of unmanned aerial vehicles or drones at affordable
prices have greatly expanded their scope. The ease of control of unmanned aerial vehicles (UAVs) has also led to the
frequent use of drones to transport drugs and explosives. Consequently, the tasks of determining flying objects at a
certain distance and their classification require a reliable detection and classification system. In this article, the
problem of reliable classification of a flying object by modifying the original VGG-16 neural network model has been
discussed. Training a deep machine learning model to reliably classify flying objects requires a database with a large
number of images. The open drone database is not available as drones are not allowed to launch anywhere. In this
article, a database of 11,128 images for training a modified VGG-16 model has been prepared. To improve the
classification accuracy, the Dropout systematization method was used. The forecasting accuracy of the new data of the
proposed model is estimated by plotting the classification accuracy graph, classification metrics, and two different
error matrices.

Keywords: convolutional neural networks, classification of flying objects, visual data, machine learning.
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OHEPKOCIITIK KYHUEJEPJAEI'T KOMIBbIOTEPJIK IIABYBLI
MOCEJIEJIEPIH 3EPTTEY

. b. KaMﬁapOB*, I'. b. KammaranoBa

«Fymapbek [loykeeB aTbiHAaFBl ATMaThl SHEPTETHKA XoHe Oaitnanbic yauBepcuteTi» KeAK,
Anmarts! K., Kazakcran
e-mail: das.kambarov@aues.kz, g.kashaganova@aues.kz

Anoamna. Dusukanvik dcone aKnapammoli npoyecmepoi 6Ipikmipemin mexHON0USIbIK, KYPbLILLMHbIY CAHObIK,
e32epyi a0am mapanviHAH OHEPKICINMIK HCYUenepoiy A8MOHOMObL JHCYMbIC ICMeYiH KAMMAMACH3 ememin 3aMaHayu
OHOIpICMIK MEXHON02UANAPObY OAMYbIHA dKeN0I OHepKaCInMIK UHGPAKYPLLIBIMObL YUPDPIAHOBIPY KOMNbIOMEPIIK
wadyvli0apowl Jcyzeze acvipy YuiiH Key MYMKIHOIKmep auimvl, 01apovly 0asvblmbl, JiCyleHi 6acKkapy MYMKIiHOIZIH
DPYKCAmMcwvl3 Ay HCoHe OHblY OYPbIC HCYMBIC iCMeYiH OY3y HCaAbIHA AYbICIbL.

Katimoiycoiz usuxanvi ypoicmepoiy 6aKbiiayOan wsbleyblHa 4o bepmeyee MyMKIHOIK bepemin oHepKaCcinmix
arcytienepoeci KoMnvlomepik wadyvlioapobiy anioblH Ay, KOMNbIOMEPIIK wabyvlioapobly Hcaya mypiepHiy ocyiHe,
wadyvinoapea Kapewl ic-KUmMblizd, YaKblmmuoly WeKmenyine j#cane uadyslioapobl epme aHbIKIMAay MeH 01apad Kapcol ic-
KUMBLIObL Ylllecmipemin 0ipbiH2ail 20iCHAMAHBIY OOIMAYbIHA OAUIAHBICMbL KYPOeleHe MYC.

Byn epexwenixmep endipicmix oicyiienepee komnvromepik wabyvlioapoviy anobin any a0icmemecin KYpyoulH
SbLILIMU  MaceNeciH aHblKkmaovl. Byn maxanada ocel 3epmmeyodiy o3ekminicin aHbIKMAUMbIH KOMNOHEHMMEPOIY
Oepexmepinoeai HagblMCbl3 MeHOeHYUAapovl 6oicay Ke3inoe JCcyleniy andbii ana 03iH-03i pemmeyine ApHAN2aH
KOMNbIOMEPIIK wadyslioapobly aidbii anyobly Oipblyeail adicmemecin ycacayea apexem xcacanovl. Tacindiy Heeizi
KOMNbIOMEPIK Wabyblioapovly Ke3-Kejl2eH MYpiH epmepek aHbIKMAayea HcaHe OHOIpiCMIK JHCYUeHiH KYpoliblMblH
asmomammsl mypoe Kauma Kypy apxulisbl 01aped Kapcol mypy2a MyMKiHOIK Oepemin adicmepoeH KYpanovl.

Tyitin co3zdep: Kubepmypaxmolivlk Kaudachl, UHEAPUAHIN KASUOACHl, O3IH-03I pemmey Kauodcbl, HCeriniK
mpa@ux, Myremudpaxmaniovix maioay

Kipicne. JXbuian skputFa akmapaTThIK Kyie KOCIMOpBIHAAPBIHAA KOMITBIOTEPIIK malybliiap MeH
BUPYCTapbIH 6CYI - Y3/1KCi3 KONKAa0aTThl aKIapaTThl KOPFay *KYHECIH KYpyAbl Tanam eTTi. OpOip KaCinOpbIH
3amaHayd |T-TeXHOIIOTHSIIAPBIH KOJIaHy apKbUIbl aKIMapaTThIK JKYHelIepli KYpPyAbl )KoHE ChIMJBIK, CHIMCBI3
apHa OalTaHbICTapbl apKbUIbI Oip-OipiH OipIKTIpyai KaMTaMachl3 €TTi. Bysl ojapJblH THIMII KOJIJaHBLIYBI,
JaMybIMEH KaTap KOMIIBIOTEpIiK Imaldybuiiapra OeiliM  eTTi. AKNApaTThIK JKyHenepre jkacajaaTblH
KOMITBIOTEPITIK MIa0ybIT JeN akKMapaTThIK JKYHEHIH ocall XepJIepiH MaijanaHy apKbpUIbl aknapaTThIH
KOJDKETIMIUTITIH, TYTACTHIFBIH KOHE KYIUIIBIFBIH Oy3yFa OaFbpITTalFaH KACKYHEMHIH allIbIH alla )KacauThIH
ic-opeKeTTepiH aTaMbI3.

Kanmer xkoMmbroTepiik madybulgapAbl Ky3ere acelpyAblH op TYpii >xongapsl Oap. Omapast
TeMeHieriieit Oip Torka OipikTipcek 6onabl:

— KaIIBIKTBIKTAaH KOMIIBIOTEPIe 3aHCBI3 KOCBULY: JKEi apKbUIbl 0acka KOMITBIOTEpIIEpre PYKCaTChI3
KipeTiH OarnapiaMainap;

— OKepruTiKTI KOMIIBIOTEpre Kipy: o3/epl JKYMBIC ICTEHTIH KOMIIBIOTepJIepre TipKelIMereH
KOJDKETIMJIUTIKKE He 00y,

— KYIUS CO3/1 aHBIKTAFBIIITAP: OHAl TaOBUIATHIH KYIUsI CO3/IEp/Ii aHBIKTaWTHIH Oaraapiiamanap;

— JKEJUTIK CKaHepiiep: maldybligapra OeiiM KOMIIBIOTEpJIEp MEH Oarjapiamaiiap »aiibl akmapar
OepeTtin Oarmapiamanap.

Kazipri ke3zepi >kaHa TEXHOJIOTHSUIApIBIH JaMybIMEH KaTap >kKaHa KayinTep ne maiina Oomyza.
OnapMeH Kypec peTiHze KayinTepai aHBIKTaWTBIH JKOHE aKMapaTThIK JKyHenepnae OalikalaTbiH e3repicrepre
capanTaMa >KacalThIH JKaHa 9JIiCTep MEH TypJIi Oaraapiamanap IbFapbuIy/a.

JKanmer enpipic xyhenepinge KUOepKayirci3aiKTiH KeHbip Macenenepine:

— Y3IiKCi3 ocaul kepiiep MeH KayinTepAiH CaHbl MEH TYPJIEpiHiH ocyi;
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— KUOEPKBUIMBIC TICH apHaibl KbI3MET KOCIOPBIHIAPHIHA KbI3BIFYITBUTBIKTHIH aPTYHI;

— JKaIbl KayinTep AeHredin Oaranamay;

— KayilnTepAiH epeKIIeNiriH JYphIC TYCciHOeY KoHe THIMCI3 KOpFay dIiCTepiH TaHIAy KaTaJbl.

Keiibip xocinmopsiHaapaa malbyslUigapAbl aHBIKTAY MEH capamnTama jKacayFa JKeTKITIKCi3 OoJaThiH
0a3aybIK KOpFay 9/IicTepl KOJIaHbLUIaIbI.

TonpIKKaHABI JKYHeHi Oakpuiay VINIH KOMIBIOTEPIiK MAa0ybUIAapAsl THIMAI aHBIKTAy JKyiHeci
KYPbUIJIBL.

Kommprotepiik madybuiaapasl anbikTay skyieci (IDS-Intrusion Detection Systems) — ke3 kenren
3aMaHay¥ KoCIMOPBIHAAp YIIIiH aKIapaTThIK Kayilci3/liK *KYHeciHiH MaHbI3 bl 06JIiri O0JIBIN TaObLTA b

1-mi cyperre waOypurmap[el aHBIKTAy JKYHECiHIH IKIKTemyl KenTipuireH. bynm cyperTiH
MaHBI3JBUIBIFB, KOMITBIOTEPIIIK [MA0YbUIApPAbl AHBIKTAUTHIH KYHENEepiH KYMBIC iCT€y KaFHIaThIH
alikpIHaan oepei.

KoMneroTeplik MIadysLUIdapabl aHBIKTAY #ylieci

[ — 1A 0y BLILIAP B MIadyeIIIap TYPAalbl
¥ razini Py AaHBIKTAY TaCiTi AaKIaApPaTTbl AHHAY
P BoMBIHIIA: T2cial ODoHBIHIIA:
DolibIHIIIA: ) .

= ; signature-based network-based,

Deracenml HoHS h b a

6asm aoHe anomaly - ost-based,
any based application-based

Cyper 1 — Kommbrotepiik madypuiiap/Isl aHBIKTAYABIH KIKTETyl

Herizri 6eaim. Kazipri ke3zepie KOMIBIOTEPINIK IMAOybUIAAp OAICTEPIHIH HAKTHI CaHBI Oenrici3.

Herizinge koMmbroTepitik madysu1iapIbiH TOPT CaHATHI Oap:
— KOJDKETIMJILTIK 11a0ybUIbI;

— TYPACHAIpY MIa0YBLIIbI;

— KBI3MET KOpCeTy/IeH 0ac TapTy MadybuIbL;

— MiHeTTeMeNIep/IcH 0ac TapTy I1a0ybUIbL.

KomkeTiMaiikke OarbITTajFaH Ma0ybUI-KACKYHEMHIH JKaJIbl KOJDKETIMIIUIIT IIEKTEYJI aKiapaTrka
ue Oomysl opekeri. by malybpuiiap aknmapar HMeH OHBIH Tapaly opTackl 0ap Oapiiblk Kepiiepie Kys3ere
aceIpbiia ananbl. KomkeTiMainik malybuibl aKmapaTThlH KYITUSUTBIFBIH Oy3a/1b1.

Typnennipy maOysiibl - KACKYHEMHIH aKapaTThl 3aHCHI3 ©3repTy apeketi. byn malybsuiaap aknapat
IICH OHBIH Tapajly opTachl Oap OapiiblK JKepyieple Ky3ere achipbuia anajbl. KonkeTiMaimik maldybuibl
aKIapaTThIH TYTACTHIFBIH Oy3yFa OarbITTalIFaH.

Keismer kepcerymen Oac Ttapry maOysuisr (Denial-of-service, D0S) - Oyi1 mabysin  3aHIBI
naiaanaHynbUIapAblH aKnapaTka Kojl sKeTIMAUIIrH Oy3abl. Dos 1m1a0ybUIbIHBIH HOTHXKECIHIE KACKYHEMTe
KOMITBIOTEPJIIK JKYHe KOIDKETIMIi O0IMan b, 0J1 TEK OHJAFbl aKnapaTThl KOJDKETIMCI3 eTei.

Minzerremenepaer Oac TapTy malybUIbl - OyJl mIa0ybll aknapaTThl COWKECTEHAIpY MYMKIiHIITriHE
Kapchl OarbITTaFaH, Oackamia alTKaHIa HAKTHI JKarjainapra OalaHbBICTBI XKallFaH aknapat O0epyi OoJbIm
TaOBUIAIBL.

Byn makamaga 0i3 KocimopbIHIApAarbl KbI3MET KOPCeTyAeH 0ac TapTy MIaOybUIbIH KapacTbIpaMbl3.
Kommbrorepiik madybuiiap, COHbIH IHITHAE OHEPKACINTIK JKyienepaeri madysliiapabl aHbIKTay MACeIeCiHe
KONTEreH FhUTBIMU €HOCKTEp XKapHsl eTuireH. bys1 eHOekTep/e — aybITKyIap/bl aHBIKTaY XKOHE OJIapFa jKayar
0epy XKbUITAMIIBIFBIH apTThIpy, MIa0YybUIFa Kapchl TYPY KaXKETTLNIr, aHBIKTAy >KYHECiHIH THIMALIIrT MeH
CHUIaTTaMalapbl KEHiHEH allbuIbI xa3burrad. Ockl eHOGKTEp i Taiai oThIpsI, 0i3 OHIPICTIK XKyHenepaeri
KBI3MET KOPCETYICH 0ac TapTy MaOybLIbIH KapacThIPIBIK,

Kasipri yakpITTa KpI3MET KepceTyleH Oac TapTy malybUibl KeHiHeH Tapanyna. Kel3smMeT kepceryneH
Oac TapTyra apHaJFaH malybUIIapAbIH KeH Tapajiransl Typi - DDoS mabysuibl. DDoS-mabysut-Distributed
Denial of Service («kbI3MeT KepceTymeH 0Oac TapTy» TYpiHAErT KeH >KaibUFaH ImalOybla) - OyJl JKeke
KOMITBIOTEPre HEMece ecenTey KyieciHe jKacalaThlH I1adybUl, OHBIH HETi3r1 MakcaThl - ecenTey >KyheciH
JKaJlFaH KOMAakKTBl PECYpCThl CYpaHbIMIAPABIH KON CaHBIH >KOJAAy JKOJNBIMEH IiCTeH IIBIFapy OOJBII
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TaObUIabl. OCBIHBIH HOTIXKECIHIE KaOABIK JKYMBICHI Kifipim, KoimkeriMmci3 Oomampl. 11laOysum kemrereH
KOMITBIOTEPJICH Oip YaKbITTa jKacaiabl.

KommbroTepiik KbUIMBICTBIH OCBI TYPiHIH €peKIIeNiriT KacKyHeMHIH MakcaThl - aKMapaTThl ypiay
HEMece JKOI0 MaKCaThIH[a KOPFaJIFaH KOMIIBIOTEp JXYHeciHe 3aHCHI3 Kipy Oombin TabbumMaiiael. DDoS -
ma0yBIIBIHBIH MaKcaThl - MIa0YbUT jKacajaTblH BeO-TOpal KYMBICBIHA TOCKAYbUI KOO OOJBIN TaObLIAIbI.
DDoS-mabysutgap Typansl anram xabapiamanap 1996 xwiiman Oactam mbIKTEL Anaiina 1999 xeuinan
Oactrarm ocel Macene Kypaeni cumatka we 6ompmn kenenmi. Coman 6epi DDoS - malysurmap Typams
xabaprmaManap epeKmie JKaHajblK OONBIT TaObUIMalael. MyHgarbel 6acTel  Kayill MIaOybUTIAp.BI
YUBIMIACTBIPY OHAMIBIFBI, OUTKEHI XaKepiepliH pecypcTapbl IIeKTeyci3 OoJbin Kemedi, cededi madysut
OeJIiIT TapaThLTa kL.

Ocel malbysUimapAaH KOpPFaHYy MaKCAaThIHAA OKeNUTiK TpaduKTIH KOPCETKINIH Taljgay oIiciH
yChIHaMbI3. Byt skylieHiH KalbIlThl KYMBICBI MEH OFaH KbI3MET KOpCeTyAeH 0ac TapTyAblH TapaTbUIFaH
maOysibiH (Distributed denial of Service, DDoS) ky3ere acwlpy Ke3iHAe >KYHEHIH >KYMBICHI apachbIHIaFbI
alBIPMAIIBUTBIKTHI 171 Kepcetei [1]. XKanme! ecentey KypaeniliriH TOMEHIETY YIIiH HHINKATOPIApABIH eKi
TYPiH KOJNJaHy Kepek:

— Oenrini Oip MakeTTiH OPEKETiH CUMATTAWTBIH KOpPCETKIITep (enmemi, OepiireH makeT MmeH OHBIH
ANIBIH/IAFEI J)Ki0epy apachIHAAFbl apaiblK, XaTTama);

— TpaHUKTIH KBl OpPEKETiH CUIATTAWTBHIH KOPCeTKImTep (6TKi3y KaliieTi, aylbuiapablH KONTereH
IP MexenkainapbIHbIH Kyathl, 0enrini 0ip [P MekeHxaiibiHa jKi0epy JKHIJIIr).

By omicTiH KypaMbIHIa Keneci MOTyIIbaep Kipemi:

— XKeminik cercop;

— Tyitingik ceHcop;

Bbackapy koHCOJIBI;
Hepekrtep 6azacsr;

— OpEKeT eTy areHTTepi.

Keninix ceHcop xenmimik TpapuK KoHE TYWIHAIK CEHCOp HETi3iHAe KYHEeNiK HplCaHaapbl capanTayfra
apHanrad. JKeninik ceHCOp OKUFanap >KUBIHTBIFBIH KaJIbIITACTBIPATHIH OakplLIayIibiiaH Typaasl. Capanrama
AOpockl OarnapiIaManapisl OpbIHAAYAbI KoJay Kyhecid ycbiHaapl. Kimi xxyiie ne madybul Typalisl akmapar
aaThIH OaKbUIAYIIBIIAH TYPabl. OCEp €Ty aBTOMATTaphl 9CEP €Ty CasICaThIH )Ky3ere achipaibl [2].

JKeninik ceHCOpHBIH Killli KBI3METTIK JKYHeci IuQpIanFaH apHaHbIH )KY3€Tre achbIpbUTYBIH KaMTaMachi3
ereni.

TyHiHAIK CeHCOp JKENITIK KypHaJ JKoHe JKyie HeTi3iHAe KeIUTiK HhICAHIap/Ibl capanTayfra apHajFaH.

TyHiHAIK CeHCOp SAPO capanTaMachbIHbIH OKUFaIapblH KAJIBIITACTHIPATHIH OaKbUIAYIIBIIAH TYPAJIb.

eirpIchIHAA TYHIHIIK CEHCOP ayBITKyJap Typasibl Xabapiamanapapl TapaTansl. byn xabapnamanap
TYHIHIIK CEHCOpMEH OaitlaHbICHI Oap KeJiIiK CeHcopre Kidepiiei.

HepexTep 0azachl HBICAHAAP/ABIH KAIBINTHI XKOHE ayBITKY KYHIIEpi Typaibl O6JIiHTeH KoiiMa YChIHAIBL.
Byt kofimMa xenistik xoHe TYHiH/IIK CEHCOPJIAPMEH Maiinaianpuias [3].

Backapy koHCoJIbI rpauKTIK KOCHIMILIATIAapAbl YCIHAbI, OJIAPIbIH MiHIETTEpiHE:
— (U3HUKAIBIK )KOHE JIOTHKAIIBIK KYPhUTBIMIAP/IBIH KOPCETiYi;

— mabybUTIapAbl aHBIKTAY KYHeciHiH OemikTepiH Oanray jkoHe OacKapy;

— KYHe KayiIci3Iiri Typajbl OlepaTop/IbIH XadapIaHIbIPYH;

— 1m1abybUT Typalibl xabapiiamanapbl Ty3ey;

— OpTaJBIKTaH BIPBLUIFAH 9Cep eTY;

— mabybuI )Kainbl xabapiaaManap/sl Kapay 0ol TaOblIabL.

Keneci 6ip yChIHBIIATBIH 9iC MyJIbTH(QPAKTAIABIK TANJay HETi31HAE KeNMiTiK KO3FaJbICThI caparTay.

byn omicTiH Tpaduri UIaFbIH YakKbIT apalibIFbIHIA MYJIbTUPPAKTAIIBUIBIK KACHETIH KepceTe[.
Ocipece MIaFblH YaKbIT apaJIbIKTapbIH TalJay >KETKUTIKTI y3aK YaKbIT apaibIKTapblH TajjlayFa KaparaHja
epekuie OoibIn Kejlendi, eWTKeHi OipiHmIizeH, y3aK Mep3iMIi JAepeKTepli >KMHAKTay YJKEH ecenTey
pecypCTapbiH JKOHE YIKEH JKaIThl KXKET eTeli, Oy KelOip eHmipic xyienepi yilliH eTe MaHbBI3AbI 00yl
MYMKIH, €KIHIIIJICH, YJIKEeH KeJIeMJe JEPEKTEepJi >KMHAy Ke3iHIEe KbhICKa KOMIIBIOTEDPJIIK HIa0ybUIIap/Ibl,
acipece TeMeH KapKbIHABUIBIKIICH KYPETIHAEP Al Kibepin any Kayimi Oap [4].

Mynbtudpakran — Oy ¢pakTangapAblH >KUBIHTBIFBL, OJIAPIBIH SPKAWCBHICH YIIIH ©JIIIEM MOHI 9p
TYpIi Ooajpl, MyIbTH(QPAKTANIBI aHBIKTAY YIIIH SpTYpIi (paKTaIbIK eJIeMAepIiH YITUIePiH TyAbIPaThIH
KONTEreH anroputMmiep KojaaHeUiafgsl. JKemimik Tpadukke OaiaHbICTBI KENUK TpaUKTI aFbIHIAFbI
OemikTepre OenreH ke3ue op Oeuik PppakTanIbIK KAaCHET KOpCeTe .
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MyneTudpakTanapl OICTIH JKaJIbl MaTeMaTHKAIBIK CHIIATTAMachl JKOHE OHBIH aybITKyJapabl
aHBIKTayFa KOJNJAHBUTYbl KOITereH FhUIBIMH E€HOEKTeplle KepceTinreH. 3epTreyiepAiH Kebici ayKbIMBI
JKeINinepaiH Tpaduringeri aypITKyIapAbl aHbIKTayFa apHajFaH.

JKeminik Ko3FanbIiCc MapaMeTplIepiHeH KYPBUIFaH YaKbIT KaTapJIapblHBIH YCTIHAETT MYJIbTH(PPAKTAIIBI
tangay ywiH Jlexanapa mMynbTH (@) MynbTH(pPaKTalAbl CIEKTPIHIH KbI3METiI ecenTelieli, MyHAarbl o —
TeNbJEP/IiH KopceTKilt 0ot Tadbansl. Ecenrey dpopmynachr:

_r@
D="7 1)
Byn dopmymna (1) cnekTpai aHBIKTai b1, MYHIAFHI 1(q) CKEHTUHITIK QYHKIHMS OOMNBIN TaObLIa bl

Exinmi ¢popmynamblz:

fi(@) =inf(ag-r(q)) (2)
MyHparbl @ — renpaepid kepcetkimi. Ockl popmysna Herizinae (2) Jlexanapa MynbTHPpaKTaTAbI
CITCKTP1 aHBIKTaJIa Ikl
AT CTIEKTp €HiH aHBIKTAY YIIIiH:

Width:amax'amin (3)

¢dbopmynacel KonaaHeaasl. SArHu Oip ce30eH maiibiMaacak, ocbl GopMynanap apKbUIbl 013 Kbl
ma0ybUT Ke3iHeTI CIISKTPIiH 63repyiH OakbUiai anaMbi3. Byi1 oicTiH THIMALUTIT], CIEKTPAIH KYHiH OaKbLIay
apKBUIBI )KYHeaeri madysuTabH Oap KOFBIHAH Xabapaap OOBIT OTHIPaMBI3.

JKeminik Ko3ranbic mapaMeTpiepiHiH Ti3iMiH XKYHEHIH TYpiHE JKOHE KOMITBIOTEPIIK MIa0ybUIIapIbIH
TYpiHe OaiiylaHbICTBI ©3repTyre 0omasl [S].

Kayincizgik  xputepuifi-MynsTU(PPAKTAIABIK  CIEKTp IMapaMeTpiIepiHiH  ONapAblH  KaJBIITHI
MOHJIEpiHEH ayBITKy MoHI Oonbl TaOputamel. CHEKTpAIH MapaMmeTpiiepiHe, OHBIH COJl KOHE OH Kak
"OyTaKTapbIHBIH" €Hi, OWIKTIr1 CHSKTHI CUIIaTTaMaIaphbl KaTasl [6].

Byn opictin THiMIinirin 6aranay OoifbiHIIA TOKipUOeETiK 3epTTeyiep Kyprizy yuiH Heio-bpancBuk
YHUBEPCUTETIHIH MarucTpaibabl Tpa(uriHiy qaMmbl maiganansuaepl. MyHIa KambITe Tpaduk Te, COHai-
ak oprypm DoS mabyeuigapel 06ap tpaduk Te Ooambl (SlowLoris, slowlorishttptest, DoS Hulk, DoS
GoldenEye. 2, 3, 4-cyperrepie YCBHIHBUIFAH OJIIEMAEPAl KOJAaHA OTHIPBIN, Dos madyburgapeiHaH
TYBIH/IaFaH JKENUTIK Tpa(pUKTETi aybITKyIapAbl aHBIKTAY (bl CHIIATTAUTHIH TpadUKTEP KopceTiareH [7].
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Cyper 2 — [11a0ybut ke3iHae MyabTH(PPaKTAIIbIK CIEKTPAiH eHiHiH e3repyl SlowLoris
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Cypet 4 — MynbTudpakTaiaslk COEKTpAiH "0H" TapMarbIHBIH OHIKTITIH 03repTy
SlowLoris sxene DoS Hulk malysiinaps! ke3inae

XKanmer Oy 3eprrey OAICIHIH THIMAUNI TpapuUKTIK Tajamay HeEriziHae Oenrii Oip yakbIT
apaJbIFbIHIAFBl KOMIBIOTEPIIIK MIa0ybUIIAP/Ibl aHBIKTayFa, capanTtayra Oonansl. OChl )Kyiie Heri3iH/e TOJBIK
Oaxplay jkacar, KalIlbl TeK OHJIPICTIK Kyheae FaHa eMec, 0acka canaiapaa Ja alJblH ana KOMIBIOTEPIK
nradyslIap/iad KOpFaHBII, OJlapAbl aHbIKTayra Oojajbl. byn omicTiH Oip epekiieniri Tangaylna €H KeH
TapajfaH KOMIbIOTEpIiK madysuiaapasy Oipi-SlowLoris sxone DoS Hulk mabysuigaper Herizinae rpaduk
KypbUTFaH. JleMek, OChl 9fiCTiH apKachiHa Oi3/1iH XKYyHeMi3re xacallybl MYMKIH ipi Kayil Ke3/epiHiH OeTiH
KaiiTapa anambi3. COHBIMEH KaTap, aklapaTThl KOpFay XyileciHe apHanraH aca TaHsiMasl SIEM xyitenepiHin
3aMaHayH, 9pi 03bIK OHIMJEPIH KoJjiaHa aynambi3. Bi3miH alTeil oThipraH oiicimi3 ockl SIEM kyiieciHig
KBI3METiHE CoWKec Keneli. OpuHe, OoJaliakra Kasipri TeXHOIIOTHUSHBIH KapKBIHIBI OCIM Kele >KaTKaH
3aMaHbIH/Ia OY/IaH Ja 03bIK JKYHEHiH, 9/IiCTiH IIbIFATHIHBIHA KYMOH KEeNTipMenMis.

Coniaii-aK KaJibl OHIIPICTIK KYHenepae KOMIbIOTEPIIIK Ia0ybUIIap/blH allJiblH alyJIbIH KeJieci
KaFuJIaTTapbIH KOJIJIaHCAK 0OJaIb:

— UWHBapUaHT KaruJachl, Ke3 KENreH WIaldybuija, JKYWEHIH KbI3METiHIH oM0eOanThlK rpadThIK
MOJICJIIHIH apKaChIH/a KYHEHIH, JKajIIlbl JKarIalblH OCHiMIey apKbLUIbI OOJIXKaMIbI;

— ©31H-031 peTTey KaruJachl, XXYHEHIH IYpbhIC JKYMBIC ICTEyiH KaMmTamachl3 €Ty YIIiH >KyHeHi
aBTOMATTHI iCKE KOCA/IbI;

— KUOEPTYPaKTBUIBIK KaFUIachl, Ia0ybLI Ke3iHe KYHe KbI3METiHiH OYPBIHFBI KaJlIbIH CAKTalIbl.

MHBapuaHT Karuaachl HETi31HIE Karuaa MEH XKyie JKeIlik Oaiansicta 0OJMybIMEH KaTtap, KyHeHIiH
OapibIK KOMIIOHEHTTEpiH KamTamachl3 ere Oinyi maprt. Keneci Oip epekmienik HMHBapUaHT KaFHIachl
KOMITBIOTEPIIK MIa0YBUIABIH Ke3 KEJITeH TUIH aHbIKTaybl KQXKET XOHE Ji¢ KOMITBIOTEPIiK MadyburaapabH
ANJIBIH Ty YIIiH Jaypbic Oefimeny OoikaMbIH jkacaybl Kepek [8].

O3iH-031 perTey Karujachl MbIHAHAAW TYPFbIIAa CHUNATTANAAbl: K€3 KEJIreH KYIIK TyIbIpaThiH ic-
OpeKeTKe KYHEeHIH Kepi KOHQUrypauusiay anroputMi O0onazapl, 01 XKYHEHIH ©31H-631 peTTeyiH KaMTaMachl3
etelli. MyHBIH MaHbI3AbUIBIFBL F yHKIMSACHIHBIH TYPaKThUIBIFBI cakTanaabl. OHIa alrOPUTM COHFBI CaH/IaFbl
n KamambiHIa opbiHnanaapl. CoHai-ak alrOpUTM a3 YakKbIT ilIiHAE OPBIHAANBIN, OHAAFbl OPBIHIATYFa
JKYMCaJIFaH yaKbIT O0JKayFa KeTKeH YaKbITTaH a3 00Jaibl.
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Kanmer e3iH-631 peTTey TepMHUHIH KOJNJaHa OTHIPHI, KHOEPTYPaKTBUIBIK TYCIHITIH IyphIcTayFa
0omajpl, SFHHU OJ1 OHIIPICTIK )KYHEeHIH KOMIIBIOTEPIIiK Ma0ybUIFa Kapchl Typa Oily KaOineTiH KepceTei.

KubepTypakThlIbIK KaFugachl WHBapUaHT IIEH ©31H-631 peTTey KaFuAachlH OHAIpic Kyhecinaeri
KOMIIBIOTEPIIK MaOybUIAApAbl alIbIH aIyFa apHAIFaH FBUIBIMH TXKIpUOETiK Tanceipmara OipikTipeni [9].
KubepTypakThIIBIKTB OPBIHIAY YLIIH KeJleci KaFuAaTTapAbl OPbIHAAY KaXKeT:

— ©31H-031 peTTey KYyHeci KbI3METiHIH CaKTaTyblH KAMTaMachl3 €Ty Kepek;

— ©3iH-631 peTTeyaiH KOWBUIBIMBIH i3[IeyMEH Karap, J>KYHEeHIH aFbIMIarbl KOH(UTYpalusChIHA
KOJIJIAaHYIbIH JKUBIHTBIK YaKBITBI OOJDKAy Ke3eHIHEH a3 HeMece OFaH TeH OOJIyBI Kepek;

— KyHenep YILiH 3BONIOLMSIIBIK YPIiCKE YKcac )KoHe JKyie cakTalThIH meKTeyepai Oaranay apKbUIbI
airyra OOJIaThIH KaFUIATTHIH OPBIHIATYBIHBIH [IEKAPANBIK [MIapTTAPhl aHBIKTATYHI KEPEK.

Ocpirad OalaHBICTHI KOMITBIOTEPITIK Ma0yBUINapAbIH aJIbIH ally MOCEIIECIH IISNIyAe YaKbIT (DaKTOpPHI
MaHBI3bI POJI aTKAPabl.

JKylie KOMIOHEHTTEpiHIH cHUIaTTaMajJapbIHAAFbl JKaFbIMCBHI3 YpAIcTi O0JbKaynbl, ©3iH-631 PeTTeyaAiH
KOJIAMIIBI TOCUTIH TaOy bl JKoHE MAaOyBUIABIH Tapaly yaKbITPIHAH a3 yaKbIT IIIiH/Ie TaHAAJIFaH 9IICKe Coifkec
JKYHeHi KaliTa KOH(GUTypanuusuiay bl )KY3ere acblpy KaxeT. S-CypeTTe KOMIBIOTEPIIiK MadyburjapAbIH alIblH

aly YPHAICIHIH OapiblK Ke3eHJepl apachIHIaFbl KaTHIHACTBHI KOPCETETIH YaKbIT AMArpaMMachl KOPCETLIreH
[10].

/ Bomkay B3i4-831 petrﬁe\-r B3iH-e31 p-e'l-'re\,r
Bomxay AHATHSL ANropyUTMIHIH, anropuUTMIHIH y3ere
.................. ]l* _o__ lubitapbiaybl | gACEIPRIYEL .

Wabybingapapl Taby
KnBepTypaKTbinbiKTbI
Garanay

VaksiT.t

Bencenai KapchUTBIKCEI? KOMMBIOTEPIIK
IA0yBLIIAPIE KY3€Te achIpy

OHzipicTik xyiie1epal dyHKUHOHATIAY

Y

IIa0ysL1aapasl aliblH aXy YpAiciHiH KeseHaepi.dt

Cyper 5 — KoMmbroTepitik 111a0ybUIIap/IbIH aJIJIbIH Ty YPIICIHIH O0apiiblK Ke3eHIep] apachIHIarbl
KaThIHACThI KOPCETETIH YaKbIT JUarpaMmachl

MyHnarsl, t-yakpIT, dt-ma0ybsuiaapsl aIIbIH Ty YPIICiHIH Ke3eHaepi 0oibn Tadbiianbl. MoceneHi
TYKBIPBIMJIAY YIIIH 9p TYPJi TYpJHeri eHIipic KyHelepiHiH )KYMBIC icTey YPIICiH KoHe OHAIpICTIK KyHeHIH
MaKCaTThl KbI3METTEPiH OPBIHIAYBI KOPCETYre MYMKIHIIIK OepeTiH omOeban Mojenb Kypy KaxeT. [laMpIraH,
Ui OeIiHTeH, KeITiK HHGPaKYPhUIBIMBI 0ap, iCKe achIPYJIbIH aKMapaTThIK OPTAChIH KaMTaMmachl3 €TeTiH
Ka3ipri 3aMaHfbl (QU3MKANBIK YpJicTep MAIIMETTEpMEH ainMacy, jKyile KOMIIOHEHTTEpi apachlHJlia KOJIJaHy
JKoHE TpadTap TEOPUSCHIH YChIHY YIIIH KENTipijireH.

Kytiere sxacamaTelH malybll, MyHIOAll IECTPYKTHBTI ocepiiep €o3ci3 TIpadHKTiH KYpbUIBIMBIHAA
HeMece OHBIH IIBIHAAPbl MEH JOFallapbIHBIH HapameTpiepiHie KopiHic TarnkaH.

Ocbl YCHIHBUIFAH MIA0YBIIIAPBl aHBIKTAY SJiCTepiH Oaranay yIIiH Keleci JeHrewnepnai KoJjiaHcak
0OomaIbl:

— )KyHeHi OaKbuIay JeHreli;

— QICTIH TEKCEepLIyi;

— 9IicTiH OeriMIenyi;

— TYPaKThUIBIK;

— ecenTey KypAesiIiri.

JKyiteni Gakpuiay JeHreli - Oy JeHrel, capanTtaarad OKUFaiapbl )KMHAIl, OaKbUIayFa anajibl )KoHe JIe
SICTIH Xeifieri madyblIIapabl aHBIKTay 1a KOJJaHBLUTY MYMKIHAITIH aifkeiHaaiab! [11]. Ocel aHBIKTaManap
HETi3iH/Ie KeTeci qeHreliep KapacThIpbLIa bl

— HIDS - onepanusiblk xKyiie AeHreiinae 0akpuiay;

— NIDS — xeninik e3apa OaiiyiaHbIC ICHT¢HiH e OaKbUIaY;
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— AIDS - xeke KochIMIIIaap JieHreiinae 6akpuiay;

— Hybrid — op Typuni neHreiineri 6akpuiaymbuiap TOObL.

JKoHe e ochl eHrel Heri3iHe 91iCTiH 4 HeTi3ri KaCUeTi KapacThIPhLIA b

— OeitimMaenyi;

— ayKBIMJBUIBIFBL;

— Kayarl KauTapysl;

— KOpFaITyhl.

beitimaenyi. 3amaHaynm KOMITBIOTEpIiK IMaOypUIIApabl aHBIKTAY JKyileci, iKyiHeme OOJaThIH
KOMITBIOTEPJIIK MIa0ybUIFa Aa, aybITKyFa qa Oedim omictepai KonaaHaasl. OHBIH apTHIKIIBUIBIFEI OHZIAH 91ic,
e3repicTepre YImbIparaH »JKoHe OeiiMonmiM malOypUImapAbl aHBIKTal —anajpl, COHAAW-aK JKOFaphl
JKBUTIAMIBIKTAFBI JKYHenepae oHal Koaaanpuians! [12].

AyKbpIMABUTBIFBL. Byt oicTiH KenTereH TYHiHAEp MEH apHaIapAbl 3epTTel ady MYMKIHAITH Oliaipeni.
SIFHU KOCBIMIIIA apHajap MeH TYHiHIeMemepAi KOCy 9IICTiH )KYMBIC iCTeyiH pexKiMiH 0y30aiiIbl.

Kayam kaifrapysl. JKyifene KOMIaHBUIATHIH SICTIH Ke3 KeNreH Ma0ybUTFa Kapchl SpeKeTi. MpIcaibl,
OaiiylaHBIC OpHATY, capanTaMa JKyprizy JKoHe Tarbl 0acKa ic-opeKeTTepi.

Kopranysl. ToxipuoOenik maOysuiaapabl aHbIKTay kyheci SSHv2 esrepriireH xarraMachl HETI3iHIC
ndpraHFaH apHanapaIbl KOJIAaHAIb.

OZICTiH TeKcepinyl — OYJI TYJIFaHBIH Ma0yBUIIBI aHBIKTAYHI Ke3iHe, menriMaepai OipineH keitin Oipin
KOJIJIaHbLIa aybIH MYMKIHZITIH Oaranaiiabl. JKanmel Oip ce30€H aliTKaHIa 9MICTIH IYPBICTHIFBIH Oaraiaiiabl
[13].

Onictig Oeflimaenyi — Oy maOybUIIBT JKy3ere achlpyna OoJaThIH KIliTipiM e3repicTepre KapaMacTaH
OMICTIH KalBINTBl JKYMBIC icTeyi. bedtimumeny - Oys1 1maOybUigapibl aHBIKTAWTHIH OMICTEPIIH MaHBI3IbI
KepceTKimTepiHiH Oipi. beitimaenynin 6oaMaysl 9iCTiH THIMCI3IITIHE, KYHEHIH Ma0ybUFa Kapchl xayan
KaliTapMayblHa allbIll KeJledi. AJ Jkayarl KalTapy VIIiH YHeMi 9[ICTI JKaHapTHINl OTHIpYFa Typa Kememi. byn
opune ote THiMci3. COHIBIKTAH Ja 9iCTiH OacTankeina xyiere 6erimMaenyi mapr [14].

TypakTelIblK — OYJI OICTIH IIBIFYbIH KOPFaJaThIH JKYHEIEH Toyesci3 eremi. SIFHM Kyieneri
e3repicTep oMiCTiH JKYMBICBIHA KeJepTi KeNTipMeIi.

Ecenrtey xypaemniniri — KongaHbIIATEIH 9IICTIH KYPHAESIITiH TEOPETUKAIBIK, Oararnay. baranaymaa apHaitbl
OanTaychl3 TEK 9JICTIH KypJeliri Kapaiaabl. byJl KaCHETTiH ma0ybUIAbl aHBIKTAUTHIH dicTepIe 00JIybl oTe
MaHbI3/IbI, ce0e0l Kyp/ei madybuiap/ sl aHbIKTay KaOlaeTi OChIFaH OaiyiaHbICThI O0ma bl [15].

KopsoiTeinabl. JKanmer Oy1 Makanaga eHIIPIiCTIK Kylere xacalaThlH KOMITBIOTEPIIK MadybUIaapaby
IJBIH aly Macejeliepl MEH JKYHeHIH KOMIIBIOTEpJIK Ia0ybUlFa Kapchl Karuanapbl KapacThIPhLIFaH.
Karunanap/piy )KyMbIC icTey peXiMi 3epTTeNreH, MadybuIIapbl aHBIKTAY SJIICTEpiHE Talay >KacaliFaH,
MyJTbTUQPAKTAIABIK OMICTIH JAMarpaMMachl MEH KOMITBIOTEPIIiK MIa0ybUIIAPIBIH ANJBIH aly YpHiCiHIH
0apIIbIK Ke3eHIepl apachIHaFbl KATHIHACTBI KOPCETETIH YaKbIT JHArPaMMAachl KAPACTHIPBLIFaH.
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NCCIEAOBAHUE MPOBJIEM KOMIIBIOTEPHBIX ATAK B
HPOMBIIIVIEHHBIX CUCTEMAX

. Bb. KaMﬁapOB*, I'. b. Kamaranosa

HAO «AnmaTuHCKHI YHUBEPCUTET SHEPTeTUKHU U cBs3u uMeHH [ 'ymapOeka JlaykeeBay,
r. Anmartel, Kazaxcran
e-mail: das.kambarov@aues.kz, g.kashaganova@aues.kz

Annomayusn. Konuuecmsennas mpancghopmayus mexHonocuueckol cmpykmypbl, 00veOunaowas gusuieckue u
uUHpoOpMayUOHHBIE NPOYECChl, NPUGELA K PA3GUMUIO COBPEMEHHBIX NPOU3EBOOCHEEHHbIX MEXHOIO2UL, 00eCneyusaruux
A8MOHOMHOE (DYHKYUOHUPOBAHUE NPOMBLUIEHHbIX CUCMEM CO CMOPOHbL Yenoeeka. Llugposuzayus npomviuiienHot
uHppacmpykmypbl OMKpPbLIA WUPOKUE BOZMONCHOCMU OJisL OCYUECTNETICHUSL KOMNLIOMEPHBIX AMaK, UX HANPAaeLeHHOCH1b
nepewiia 6 CmopoHy HECAHKYUOHUPOBAHHO20 NOLYVHUEHUs. 803MOJICHOCMU YNPAGIEHUsS. CUCMEMOU U HAPYWEHUs ee
APABUILHO20 (DYHKYUOHUPOBAHUSL.

Ipedomepauenue KOMRLIOMEPHBIX AMAK 6 NPOMBIULIEHHbIX CUCMEMAX, NO380JsIOWee He 0ONYCMUmb 6blX00d
HeoOpAMUMBIX (PUUYECKUX NPOYECCO8 U3-NOO KOHMPOISL, OCIOACHAIOCH POCTNOM HOBbIX MUNOE KOMIbIOMEPHbIX AMAK,
nPOMUBOOeUCmaUeM amaxKam, OSPaHudeHueM 6peMeHu U OMCYMCMeuem eOuHol Memoooaocul, KoOpOuHupyrouerl
PpanHee GvlsIgIEHUe amaK U Ux nPomusooelicmaue.

Omu ocobennocmu onpedenuny HayuHylo npooiemy nOCmpoeHus MemoOuKu npedynpescoeHUss KOMIbIOMEPHbIX
amax Ha npou3Bo0CMEeHHble cucmemvl. B dannotl cmamve npednpunsma nonvimrka pazpabomams eOUHy0 Memoouxy
APOPUIAKMUKY  KOMRBIOMEPHbIX AMAK, NPEOHAZHAYEHHYI0 Ol NPeOSaAPUMENbHOl CAMOPEYIaYUU CUCeMbl Npu
APOCHO3UPOBAHUU HE2AMUBHBIX MEHOCHYUI 6 OAHHBIX U3 KOMROHEHMO8, ONpedeisiomux aKmyaibHOCMb OaAHHO20
uccneooganusi. OcHo8y nooxooa coCmasuiu Memoobvl, NO360IAWUe HA PAHHEll CIMAduu 0OHAPYICUMD TH0Dble 8UObL
KOMNbIOMEPHLIX ~ AmMaK U  HPOMUGOCHOSIMb UM NYmeM  A6MOMAMUYEcKOU  NEPeHacmpoulKy  CmpyKmypbl
nPOU3800CMEEHHOT CUCMEMBL.

Knwuesvie cnosa: npunyun xubepycmouyueoCmu, NPUHYUN UHEAPUAHMA, NPUHYUN CAMOPESYISYUU, Cemesol
mpagux, Myrbmu@paKmanrbHbil AHALU3.

RESEARCH OF PROBLEMS OF COMPUTER ATTACKS IN INDUSTRIAL
SYSTEMS

D.B.Kambarov', G.B.Kashaganova
Non-profit joint-stock company “Almaty University of Power Engineering and Telecommunications

named after Gumarbek Daukeyev”, Almaty, Kazakhstan
e-mail: das.kambarov@aues.kz, g.kashaganova@aues.kz

Annotation. The quantitative transformation of the technological structure, combining physical and
informational processes, has led to the development of modern production technologies. They provide the autonomous
functioning of industrial systems on the part of a person. The digitalization of industrial infrastructure has opened up
ample opportunities for computer attacks. Their focus shifted towards unauthorized gaining of the ability to control the
system and disruption of its correct functioning.

Preventing computer attacks in industrial systems, which makes it possible to prevent irreversible physical
processes from getting out of control, was complicated by the growth of new types of computer attacks, countering
attacks, time constraints and the lack of a unified methodology coordinating early detection of attacks and their
counteraction.

These features determined the scientific problem of constructing a methodology for preventing computer attacks
on production systems. In this article, an attempt to develop a unified methodology for preventing computer attacks,
designed for preliminary self-regulation of the system when predicting negative trends in data from the components that
determine the relevance of this study, is undertaken. The basis of the approach is the methods that allow early detection
of any types of computer attacks and to resist them by automatically reconfiguring the structure of the production
system, were formed.

Keywords: the principle of cybersecurity, the principle of invariance, the principle of self-regulation, network
traffic, multifractal analysis.
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B F (,' n”m ABTOMATUKA, UHO®POPMAIINOHHbLIE
TEXHOJIOI'IM U KUBEPBE3OITACHOCTD
MPHTH 87.17.81

PABPABOTKA CUCTEMbI KOHTPOJIAA KAHECTBA ATMOC®EPHOI'O
BO3AYXA C HCITOJIB30BAHUEM COBPEMEHHBLIX TEXHOJIOI'MHU

T.C. CanaroBa, A.A. AdOukenoBa, K.A. CarpiTaeBa

HAO «AnmaTuHCKHI YHUBEPCUTET SHEPTeTUKHU U cBs3n nMeHH [ 'ymapOeka JlaykeeBay

Annomayun. Cmamva noceéaweHa YCOBEPUICHCMBOBAHUI) — MEMOOUKU — NPOSHOZUPOBAHUS  COCMOAHUL
ammocgeprozo 6030yxa. Bvibop yenu pabomer ceéazan ¢ ycunenuem mpebosanuti K Kawecmgy uugopmayuu o
COCMOAHUU amMOChepHo2o 6030yXa. A 3moco HeoOX00UMO Nposecmu MOOEPHUSAYUIO CYWECMEYIOWUX MemoOuK
MOHUmMopunea ammocgepnozo 6030yxa. B pabome onucan npumep npaxmuueckol peanusayuu paspabomarHHoll
cucmemvl Monumopumea. Paspabomana npoepamma yoanennozo aomumucmpuposanus uepes cemv Humepnem,
NO360IAIOWAA BeCU HAONIO0EHUs. 3a COCMOAHUEM OKpyxcaroujell cpedvl 8 aAsMOMAMUUPOBAHHOM pedcume, 0Oe3
UCNONL308AHUSA NEPEeHOCHbIX npubopos u npoboombopujuxos. Co30anbl NPozpAMMbL, peanrusyiowjue cucmemy u
noszgoasiowue obecneuums dpgexmusuviii  yoarenuvlii oocmyn K wHeil uepes Humepnem, ¢ ucnonvzosauem
COBPEMEHHBIX NAKeMO8 NPOSPAMM, HMO Odem B03MOICHOCMb obecneuusamsv dp@exmusnoe QyHKYUOHUPOSaHue
cucmembl MOHUMOPUHEA BHE 3AGUCUMOCTIU OM NPOSPAMMHO-ANNAPAMHOU NAAMPOPMYL.

Kntouesvle cnoea: asmomamusupo8aHHAs —CUCMEMA  IKOJIOSUYECKO20 MOHUMOpUHEA, — 3a2PA3HEHUe
OKpyHcaroujeli cpeobl, 8blOPOCHl UCIOUHUKO8 3ACPAIHEHUS, CUCMEMA IKOIOSUYECKOU De30NACHOCTNU, OYeHKA Kauecmead
ammocgepro2o 8030yxa.

B coBpemeHHOM MHUpe HaOmMOJaeTCs TEHACHIMS pOCTa BBHIOPOCOB W3 TMPOMBINUICHHBIX U
€CTECTBEHHBIX (MPUPOJHBIX) UCTOUYHHUKOB. [IpnunHON MHTEHCHBHOTO 3arpsi3HEHUS] aTMOC(EPHOTO BO3IyXa
SBIISIFOTCS:

- POCT MPOMBIIIJIEHHOT'O TTPOM3BO/ICTBA;

- YBEJINYEHHE SHEPTOEMKOCTH MTPOU3BOICTB;

- YBEJIMUEHHE MapKa aBTOMOOMIIEH, CAMOJIETOB U APYTON TEXHHUKH, paOOTAIOMIMX Ha yTIIEBOIOPOTHOM
TOTUTUBE;

- CXKUTaHUE Mycopa.

CymiecTBeHHBIN BKJaJ B 3arpA3HEHHE NPUPOIBI BHOCAT padOTalOIINe BYJIKAHBI, JIECHBIE M CTEIHbBIE
MOXAaphbl, 4YaCTOTa KOTOPBIX C KaKABIM TroJoM BozpactaeT. OcoOeHHO OcTpo 3TO HAaOMI0JaeTcsl B KPYITHBIX
METanojucax ¢ OOJBIINM CKOIJICHHEM JIOJIEH U, COOTBETCTBEHHO, OOJIBIIM 3HEPronoTpeOicHHEM.
CocrosiHHE BO3IYyIIHOrO OacceiiHa MHOTHMX TOPOZOB BBI3BIBAET TPEBOTY Y HACEIEHUS. 3arps3HEHHas
aTMocdepa BbI3bIBACT pa3sInuHbIC 3200JI€BaHNS, B TOM YHCIIE U OOJIE3HM JIETKUX YEJIOBEKa.

Hawnbonee nmonBep>keHHBIMA 10 TaHHBIM BO3 SBISIOTCS AETH W JKEHIUHBL. 3arpsS3HEHHBIA BO3TyX
OKa3bIBaeT Pa3pyIlIUTENbHOE BO3/ICHCTBIE Ha 37I0pOBhe JeTell. Bo Bcem mupe o 14% nereii B Bo3pacrte 5-18
JIET CTPaZatoT OT aCTMBI, BEI3BAHHOW, IOMUMO NPOYET0, 3arpsi3HeHueM Bo3nyxa. Exxerogno 543 000 nerteii B
BO3pacTe J0 S5 JEeT YMHUPAIOT OT PECIHPATOPHBIX 3a00JIeBaHUM, CBSI3aHHBIX C 3arpsi3HEHHEM Bo3myxa [1].
3arpsi3HEeHHEe BO3AyXa Tak)Ke CBSI3aHO C JIETCKAM pakoM. Bo3aelcTBue 3arps3HEHHOr0 BO3AyXa Ha
OepeMEeHHBIX KEHIMH MOXKET CKa3bIBATHCS HAa Pa3sBUTHUH MO3ra IUI0Aa. 3arpsi3HEHHE BO3/IyXa TAKKE CBI3aHO
C KOTHUTHUBHBIMHU HapyIIEHUSIMH KaK Yy I€TeH, TaK U y B3pOCIbIX Jroaeit [1].

IIpobrmeMa morydeHHuss JOCTOBEPHOW WH(MOPMAITMU O COCTOSHUW BO3AYNTHOTO OacceiiHa sBISETCS B
HacTosiiee Bpemsi akTyanbHoW. Hambomee BakeH 3TOT BOMPOC Uil TAKOrO OOJBIIOIO Meraroiuca
PecnyOnuku Kazaxcran kak AsMaTbl. YBeNWYeHHE IMapKa aBTOMOOWIJICH IPHUBENO K 3HAYUTEILHOMY
3arpsi3HEHUIO BO3AyXa. DONBIIMHCTBO JBUTATENEW TPY30BBIX M JIETKOBBIX aBTOMOOWJIEH MCIIONB3YIOT
OCeH3MH W TU3ENbHOE TOIUIMBO. B pe3ynbpTaTte CHKWTraHWs TOIUIMBA B BUTATENSIX BHYTPEHHETrO CrOpaHUs B
atMocdepy mnoctynaer okoio 200 BpegHbIX BemecTB. BpIOpockl  aBTOMOOMIIEH HEpaBHOMEPHO
pacripeniesieHb! B ropockoil cpene. Hanbonpias 3arpsa3HeHHOCTh BO31yXa HaOJII0JaeTCsl B HIDKHEH (ceBepo-
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3anagHoi) yactu ropoaa. CyIecTBEHHBIH BKJIAA B 3arps3HEHHE aTMOC(Epbl BHOCAT TAKXKe HPEATPHUATHUS
sHepretukd. Camasi MOIIHAs TEIUIOBas CTaHLUS Tropoja AyMatel, paboTtaromas Ha JKHOACTY3KOM YIIIe,
pacroyioykeHa B 3amaHOM HalpaBJICHUH BO3JIEC XKHJIBIX MUKpOpailoHOB. CTelneHb 3arpsizHeHus aTMochepbl
3aBUCUT TaKKe OT IPHUPOAHOTO PACIONOKEHHs TropoJa M HHBEPCHOHHOIO COCTOSIHUSL aTMOC(EpHI.
TemmepaTypHass HMHBepcHs B TOpPOAE NpPU MOYTH IIOJHOM INTHJIE BeTpa HaOMOAAaeTcs B MEPHOA
OTONHUTENFHOTO Ce30Ha — ¢ JeKkaOps Mo sHBaph MecsAlbl. [l03TOMy TNpOBEACHHE CHUCTEMATHYECKHX
HaAOIOIEHH 32 COCTOSIHUEM BO3/yXa SIBISIETCS BAXHOW M aKTyaldbHOU 3amaueit ams Anmartsl. [Ipumenenne
ABTOMAaTH3UPOBAaHHBIX CUCTEM MOHHMTOPHHIA MO3BOJIUT HE TOJBKO HMOJIYYUTh JOCTOBEPHYIO MH(OPMAIHIO O
COCTOSIHUM aTMOC(EPHOrO BO3AyXa, HO W TMPOU3BECTH OLEHKY M MPOTHO3MPOBAHHE 3KOJOTMYECKOM
CUTyalliu B TOPOJIE.

W3MeHeHns1 ypOBHS 3arpsi3HEHUS Cpe/ibl OOUTAHUSI CBSI3aHbI C YBEJIMUYEHHEM BBIOPOCOB HCTOYHHUKOB
Ha TPOMBIIUICHHBIX IJIOMAAKaX, aBTOMOOHMJIBHOTO TpaHCIOpPTa (IPY30BOIO M JIETKOBOTO), YBETUUCHHS
rapka CaMoJIETOB M KJIMMAaTHYECKHMHU YCIOBHMSMH, KOTOpPBIE HUMEIOT  3HAUUTENIBHYI0 BPEMEHHYIO
W3MEHYNBOCTh. BpenHblie BemiecTsa, nomajaromue B atMocdepy, IoJ BO3AeHCTBHEM (OTOXMMUIECKOTO
peaKIuii MpeTepreBaloT pa3IniyHble (PU3NKO-XUMHUECKHUE MTPEeBpaIeHuts, 00pa3ysl COeANHEHNST HTAPHUKOBBIX
ra3oB, WM BBINAJAIOT U3 aTMOC(epsl B BUAE KUCIOTHBIX AokAel. CtemeHb 3arpsi3sHeHHs: aTMocdepbl
3aBHCHUT KaK OT €CTECTBEHHBIX, TAK U AaHTPOIIOI'€HHBIX HCTOYHUKOB U MOXKET IIEPEHOCUTHCS KaK Ha OOJIbLINE,
TaK U Majble PaCCTOSIHUS WM 00pa30BbIBATh OOJIBIINE CKOIUICHHS, HAIPUMED, B MIPOMBIIIJICHHBIX palioHax.
[Mon BrusiHEEM 3TUX (HAKTOPOB OMPEACISAIOTCS CYTOYHBIE U TONOBBIE N3MEHEHUS] KOHLEHTPAIUU BPEIHBIX
BelecTB B atMmocdepe. M3ydenue sToro Bompoca oueHb BaXHO i 3(QeKTUBHOro ydera BpEAHBIX
(baxTOPOB NPH IUTAHUPOBAHUH ITPOU3BOJICTBEHHON AEATEILHOCTH IPOMBILUICHHBIX IPEATIPUATHIH.

Pemienne CcoBpeMEHHBIX OKOJOTHMUYECKMX 3ajad HEBO3MOXKHO 0€3 aHAINTHYECKOTO aHalu3a
9KOJIOTHUECKUX MpobieM coBpeMeHHoro ropojaa. OIHMUM W3 OCHOBHBIX HallpaBICHWH B 3TOH obOnactu
ABJSIETCS CO3JaHME TaKOW CHCTEMbl HaONIOJCHMS HKOJOTMYECKOI'O COCTOSIHMSA IPUPOAHON Cpemsl,
MO3BOJIAIONIEH MPOM3BECTH aHAIN3 M OLECHKY (AKTOPOB AHTPOIIOTCHHOTO BO3AEHCTBUS HMCTOYHHKOB,
BBISIBUTh HMCTOYHHKH, PACIIOJNIOKEHHBIE HAa 3TOM YYacTKE MECTHOCTH, JalollMe HauOONbIIMKA BKJIaJ] B
3arps3HeHHe 3Toro peruoHa. CymecTBYIOIIME CHCTEMbl MOHHMTOpPHHTra armocdepbl, obnanas psaoM
JIOCTOMHCTB, MUMEIOT OJHMH CYLIECTBEHHBIM HEAOCTaTOK: 3TH CHCTEMBI ABTOMAaTHYECKOTO MOHHTOPHHIA
(ACM) KOHIIEHTpaIluii BPEIHBIX BEIIECTB JAFOT MH(OOPMAIMIO MO TEKYIIEMY COCTOSIHHIO, HE ONpeaesss
WCTOYHUKH, JIAIOIINE HAMOObIINE BKJIAIbI B JaHHBI MOMEHT WM B ONPEIEIeHHbIH TPOMEXYTOK BPEMEHH:
CYTKH, MECSIIBI, TOJI.

Crnenmyer OTMETHUTh, YTO ANMarbl — 3TO KpPYNHBIA aJMUHUCTPATUBHBIN M (DUHAHCOBBIN IIEHTP
Pecnybnukn KazaxcraH W He SBIIIETCS TeppUTOpPHEH C  XOPOWIO Pa3BUTOW  MPOMBIIUICHHOM
uHQpacTpykTypoil. B AnMaTbl pacnoioXeHbl HCTOYHUKHU 3arpsA3HEHHs aTMOC(ephl TpeX BUIOB: KPYIHBIH
SHEProOKOMIUIEKC — AJIMATUHCKAasl TeIUIoBas »JjeKTpuueckas craHuus TOL(-2; rpy3oBod U JerkoBoi
ABTOMOOMIILHBIN TPAHCIIOPT; YACTHBIM CEKTOP, UCIIONB3YIOUIHN JIJIsl OTOILUICHHS TBEPAOE TOILIHBO.

s ymydmienusi coctosiHusL atMocdepsl ropoa AnMaTel HEOOXOIUMO B IEPBYIO OY€pedb PEIINTh
BONPOC: KakuWe M3 3TUX TPEeX BUAOB 3arps3HUTENICH AAOT HauOOJBIIMA W CYLIECTBEHHBIM BKIJIAJ B
3arpsisHeHne? PerreHue 3Toro Bompoca MO3BOJIHUT COCTaBUTh Ha MEPCIEKTHBY NMPOTPaMMy MEPOIPHUSITUN 110
037I0OPOBJICHUIO BO3MYIIHOTO OacceitHa ropojaa. JJjis oCymiecTBICHUS 3TOH TTPoOIeMbl HE0OOXOIUMO PEITUTh
BOIIPOC O pa3paboTke U BHeApeHHH cucteM ACM u aBTOMaTH3MPOBAHHBIX CUCTEM MOHHMTOPHHIA SMHCCHUI
(ACMD) BpeaHbIX BEUIECTB HA ICTOYHHUKAX BBIOPOCOB OTEYECTBEHHOTO MPOU3BOICTBA.

CoBpeMeHHbIE CHUCTEMBbl MOHUTOPWHTA, HCIOJB3YIONIHE OECIPOBOJHBIE CEHCOpHBIE CeTH Ha 0Oase
WSN, 103BOJISIIOT B OHJIAHH peXUME UMETh HHPOPMAIMIO 0 KOHLEHTPALMIX 3arpsA3HSIOLUINX BEIIECTB KaK
Ha UCTOYHUKAX BEIOPOCOB, TaK M B Pa3HBIX TOUKAX HA TEPPUTOPUH rOpO/a.

HccnenoBanus, MpoBOAMMBIE aBTOPAMU CTaThbH B TEUEHHE MOCIEAHUX HECKOJIBKHX JIET, IIOKa3hIBAIOT,
gyto co3manne ACMD Ha Tteppuropunm Kazaxctama u, B YacTHOCTH, B TOpoja€ AJMAThI SBIISIOTCS
akTyanbHbIMU. Buenapenne ACMD npoMBIIIEHHBIMH NPEANPUATHSIMHA oOecliedaT MM HOCTOSHHBIA
KOHTPOJIb ¥ HaOJIIOJIeHHEe 3a BBEIOPOCAMH, YTO TMO3BOJIUT UM DEIIMTH BOMPOCHI COKPAIICHUS IMHUCCHA U
M30eKaTh IKOJIOTUIECKUX MTPaQoB, KOTOPHIE Mpe/roiaraeTcsl yBenninuts MuHucTepcTBoM 3konoruu PK B
HECKOJbKO pa3 B 2021 roxy.

Hapsiny ¢ 3TuM HeMaloBa)XKHOE 3HAUYEHHE HMEET OCBEAOMIIEHHOCTb HACEJIEHUS O COCTOSHUU
atMocdepsl Topona. MHdpopmanus o (aKkTHUECKOM 3arpsi3HEHHHM MOXET TIOCTYyIaTh Ha peKJIaMHbIE
ounbdopap! ropoga u B Buge CMC-cooOumennii Ha COTOBBIE Tese(OHBI M TO3BOJIUT TOPOXKAaHAM CaMUM
pelarb BOMPOCHl — CKOJIBKO UM MOXKHO HaXxOJUTHCS HAa TEPPUTOPHU TOpoja Uil 0OecTiedeHUs 310pOBbs U
0e30macHoCTH.
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[IpuMeHeHne COBPEMEHHBIX CPEACTB KOHTPOJSA M HAOJIOJCHUS IIapaMeTPOB OKPYXKAroIEH cperpl ¢
WCIIOJIb30BaHUEM IU(PPOBBIX TEXHOJOTUH OECHPOBOAHON Mepeqaud AaHHBIX B OHJIAHH pEKUME MMEET Psij
JOCTOUHCTB:

- TOYHOCTb aHAJIN3a;

- MaJiasi SHEPrOEMKOCTh CUCTEMBI;

- OmnepaTHBHAas Mepeada JaHHbBIX;

- BO3MOXHOCTb IlepefaTb HHGOPMALUIO O COCTOSHUM IIapaMETPOB OKPYXKAmoLIEH Cpedbl
(TeMmepaTypbl, BJIQXHOCTH, aTMOC()EpPHOro AaBICHUS, KOHLEHTPALM{ 3arpA3HSIOLIIMX BEIIECTB U T.X.)
OBICTPO U HA OO0 KOMIBIOTEP, TOAKIIIOYEHHBIN K CETH WHTEPHET;

- BO3MOXXHOCTh aHAJIM3MPOBaTh U NPOTHO3UPOBATH 3KOJIOTHYECKYI0 OOCTAHOBKY B JIFOOOM pEruoHe
CTpaHsbI.

l'opon Anmatbl uWMeeT caMble CEephe3HBIE SKOJOTHYECKHEe MNpoOIeMbl M OTHOCHTCS K CaMbIM
3arpsi3sHEHHBIM ropogaM Kaszaxcrana. OcHoBHas mpoOiemMa AMaThl — 3arps3HEHHBIH aTMOC(hEpHBIN BO3AYX.
B ropome Her KpymHBIX HPOMBIIUIEHHBIX OOBEKTOB, KPOME OOBEKTOB JHEPreTHKH, HO HaOII0maeTcs
00JBII0E CKOIUIEHHE TPY30BOT0 M JIETKOBOT'O aBTOMOOMIIBHOTO TPaHCIIOPTA.

YcranoBka ACM u ACMD Kak COBPEMEHHOH TEXHOJIOTHH CIeKeHHs (HAONIOCHHs) MapamMeTpoB
OKpY’Kalolled cpenbl MO3BOJMT ONEPATUBHO pPELIaTh BOMPOCHI CHIKEHHS BBIOPOCOB MPOMBIIIICHHBIMH
OPEANPHUATUAME [IPU HEOIAaroNpUsITHBIX METEOPOIOTHYECKUX YCIOBHUSIX TOPOJIa.

Crnenyer oTMeTUTB, uTO pa3paboTkoiit ACM n ACMD 3aHnMarotcs 3apyOeKHbIE YUCHbIE TAKUX CTPaH
kak Poccus, ['epmanmsa. B Kazaxcrane Takme pa3paboTkd BemyTcs BrepBble. ONBITHO-TIPOMBINUICHHAS
ycranoBka ACMD Opima pa3paboTaHa W WCIBITaHA COTPYIHUKAMH HCIBITATENBHON J1abopaTopun
YHUBEPCUTCTA € YUACTUEM MArvucCTpaHTOB CIICHUAJILHOCTU «be3onacHocTh KHU3HCACATCIBHOCTH W 3allluTa
OKpYKaIOILIEN cpesib».

OKOIOrn4ecKuii MOHUTOPUHT — 3TO MH()OPMAIMOHHAS CUCTEMA, KOTOPask 3aHUMAETCsl HaOI0ACHUEM,
OLIGHKOM M MPOTrHO30M M3MEHEHUIl B OKpPY’KaIoOILEeH cpene, CO3JaHHas C LeIbl0 BhIIEICHNUS aHTPOIIOTEHHOTO
KOMITOHEHTa Ha ()OHE eCTECTBEHHOTO Iporecca [2].

OLEHKH HKOJIOTMYECKOI'0 MOHMTOPHHIa MOTYT BKJIIOYaThb YCTAHOBJICHHE HMCXOIJHOTO KauyecTBa,
BBISIBJICHHE 3KOJOIMYECKUX TEHACHLWH, BBISBICHUE JIIOOBIX M3MEHEHUI, ONpesesieHNe ycrexa MPOeKTOB U
MOATBEPKIACHUE TOTO, OBLIH JIW JOCTUTHYTHI SKOJIOTUYECKHE 1IeH [3].

[l
NH popmayroHHan cucTemMa (MOHMTOPUHN) | YnpaeneHue
!
e |
OueHka I
Habnioagrna cha KTuuecKoro |
COCTOAHMA |
I
Perynuposanue
I Ka4eCTEa Cpeapl
I QueHka |
Mporos NPOTHO3UPYEMOTO |
COCTOAHMA COTOAHMA |
|
|::> Npaman Azt ey ObpatHan cBask

Pucynok 1 — MadopmanmonHas 0J10K-cXxeMa CUCTeMbl MOHUTOPUHTOBBIX HAOIIOACHUN

Ocoboe 3HaueHWe HMeeT (OHOBBII MOHHTOPUHT TOpOAOB. (DOHOBBI MOHHTOPHHI, KOTOPBIH
IIPOBOJUTCS B JIOKALMSX, HE MOJABEPKEHHBIX YEIOBEUECKON ACSITEIIBHOCTH, HANPABJIEH HA OLEHKY BJIMSHUS
YeJI0BEYECKOH JAeATENIFHOCTH Ha OKpYyKarolyro cpeay. C IOMOIIbIO AaHHBIX, MOJYy4aeMbIX C (DOHOBOTO
MOHHUTOPUHIA, MOKHO HarjsiIHO IOHATH CTENEHb AHTPOIIOT€HHOI'O BO3JECWUCTBHSI, CpPaBHHUBAs PE3YJIbTATHI
(OHOBOTO H JIOKAILHOTO, PETHOHAILHOTO MOHUTOPHHTA [3].

Co3nanue aBTOMAaTH3UPOBAaHHON CHCTEMbl MOHMTOPHHIA U 3aIIMCH BBIOPOCOB 3arps3HSIONINX BELIECTB
B OTpaciislX, KOTOPbIE OKAa3bIBAKOT CYIIECTBEHHOE HETaTUBHOE BIIMSHHUE HA OKPYXKAOILIyK Ccpeny,
YCTaHOBJICHO B HOPMAaTHBHO-IIPaBoBOM akTe PecryOnmku Kazaxcran (Oxonmorundeckuit kojuexe PK, crarbs
17, moamyHkr 30).
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Ienb nanHOM pabOTHl — aHANM3 COCTOSHHS aTMOC(EpHOro Bo3ayxa ropojaa ANMaTel M pa3paboTka
CHCTEMBI KOHTPOJISI KauecTBa BO3AYLIHOTO OacceifHa. JInsi OLIGHKHM COCTOSHUSI BO3IYLIHOTO OacceifHa T.
Anmartsl (pucyHOK 1) UCTIONB30BaHAa TOMOJIOTHS ceTKU ZigBee, KoTopasi COCTOUT U3 KOOpUHATOPa U Habopa
MapIpyTU3aTOPOB ¥ KOHEYHBIX YCTPOWCTB.

Pucynok 1 — Bug cmora Hang r. AiaMarsl

CrpykTypa crucTeMbl 0eCIpOBOTHON CEHCOPHOM CETH MOHUTOPHHTA, B KOTOPOH MPUMEHEHBI
MapLIPyTU3aTOPbI U KOOPAMHATOPH! OECIIPOBOAHON CEHCOPHOM CETH, NPHUBEICHA HA PUCYHKE 2.
[IpenmyiecTBaMu JaHHOM yCTaHOBKU sBIsIOTCS [7, 8, 9 |:

1. AMCTaHIMOHHBINM COOP JaHHBIX;

2. MHOTO(YHKIIMOHAIBHOCTB;

3. ToNy4eHHe TaHHBIX B PEaIbHOM BPEMEHH;

4. u3MepeHye KOHIEHTPAIMY HECKOJIBKUX BEIIECTB OJIHOBPEMEHHO;
5. BeIBOA MH(OpManuu B Tabumsl [10, 11].

AaTtyumk

ZigBeew,,_k__,e--,‘Q/ I /

9% / \
©. ‘ ‘ ’Internet '\ .
- | NK MobunbHbIN

: o
Vot

becnposoaHas SO
CeHCOpHaA ceTb

Pucynok 2 — CtpykTypa cucteMsl 0eCIIpOBOAHOM CEHCOPHON CETH MOHUTOPHHTA

IlenTpanpHasi CTaHIUS COCTOWT W3 KOOPAWHATOPA, KOTOPHIH KOHTPOIMPYET BCE IIOKA3aHMUS,
MOCTYNAIOIINE OT MapUIPyTU3aTOPOB, M COXPaHSET UX B (ailyiax txt Ha KOMITBIOTEPE U 3aTeM 3arpyKaeT 3TU
nanuelie B MaTepuer [12].
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Peructpamus maHHBIX Havajmach B JBYX TOYKaxX C HCIIOJNB30BaHWEM rpaduueckoro wuHTepdeiica
pe3ynbpTaThl, KOTOPHIE

moJib3oBaTeis. B PE3yJIbTaTC MOHUTOPHHIA I[aHHOf/i CHCTEMBI OBLIN TMMOJTYYCHbBI
MNpeaACTaBJICHbBI B BUAC KPUBLIX U3MCHCHUS KOHIIeHTpaIII/If/i YIABTPAAUCHICPCHBIX YaCTUL] pPasMEpOM 2,5 MKM.
SKCHepI/IMCHTLI C HCIIOJIBb30BAaHUEM aBTOMaTPISPIpOBaHHOfI CUCTEMBI MOHHUTOpPHHI'A ITPOBOJUINCE B I'OPOJC
Anmarelr. Cucrema c JaTYUKaMH ObLIH YCTAHOBJICHBI B ABYX TOYKa ropoja. Toukn YCTAaHOBKH JAaTYHUKOB
OBLIH OMPEACIICHBI Ha MNCPECCCUCHUAX YIIUIL BaympxcaHa MOMI:IHIYJ'II:I u PaﬁM6eKa, a TaKiKE IIPOCIICKTOB

Cetiymmuna n Peickynosa (PucyHoxk 3, 4)

wny

J| Jysan Bank

| A

|

BaybipXana Mor-muuym)

Pucynok 3 — Touku otbopa mpod armMocdepHOro Bo3ayxa Ha nepecedeHnu MombIrynel — Paiimbexa
. AJIMatbl

L0LEUM

.
=
=
=
=
=

HeXI9RMHRL0q

pROLEUHY

Linnosa

Pucynok 4 — Touku otOopa npod arMocdepHOoro Bo3ayxa Ha nepeceueHuu Ceidyminna —
PrickynoBa r. Anmmatsl

JaTunky  ynbTpagUCHEPCHBIX YACTHIl, Ta30B, BIAXXHOCTH U TEMIIEPaTyphl MOJKIIOUYAIOTCS K
mwiargopme Arduino UNO, mis nepenaum nanHeix B [IK u manereimeit oopadotku [7]. Ha pucynke 5

npuBeaeH BHeHUN BuI matdopmer Arduino UNO.
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Pucynok 5 — Bueurnuii Bun mnargopmsr Arduino UNO

OO6paboTka HaHHBIX OCyIIECTBiIsIeTCS ¢ mnomompio npuinoxenus Arduino m PLX-DAQ. Ilocne
00paboTKK B MHTepdeiice MporpaMm MOSIBITCS TaHHBIE, KOTOPhIe TIOCTYNAIOT C MOAKIIOYEHHBIX JaTYHKOB.
[Janee moiydeHHbIe pe3ybTaThl MOYKHO CHHXPOHU3UPOBATH C JIOKAJBHOHN ceThio. Mcnonbp3yemble AaTInKu
MOJKITIOYaroTesl K Tuiare Arduino mapaneiuibHO, cama riarta nogkirodaercs k [IK uepes pazsem USB.
Harnsgaas cxema npencraBieHa Ha pucynke 6 [13, 14 ].

S ﬂ

Oatuuk MQ-135

Oatyuk DHT 11

&

[OaTtuuk
YABTPAAUCNEPCHBbIX
yacTuy,

PI/IC}’HOK 6 — ApXI/ITCKTypa aBTOMaTPI3HpOBaHHOI71 CUCTCMbI MOHHUTOPHUHIA

ObpaboTka gaHHbIX CUHXpOHM3aUUA C
ceTbio

Arduino

P a3pa60TaHHa$[ YCTaHOBKa aBTOMATU3UPOBAHHOI'O MOHUTOpPHWHIa C YCTAHOBJICHHBIMU BHYTPH
JaT4YuKaMH B CO6paHHOM BHU/C MOKAa3aHa Ha PUCYHKE 7.
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Pucynok 7 — ABTOMaTH3MpOBaHHAs CHCTEMa MOHUTOPHHTA C YCTAHOBICHHBIMHA BHYTPH TaTYNKAMH
B cOOpaHHOM BUJIE

Pesynbrater UCCIIEOBAHUSl COCTOSHHUSA aTMOC(EPHOro BO31yXa C MCIOJIB30BaHHEM INpubOOopa
ABTOMAaTH3UPOBAaHHOH cucTeMbl MOHUTOpHHTA dMuccHil (ACMD) npuBeneHs! B Tabnunax 1, 2 1 Ha pUCYHKE
8,9. JlaHHBIC YIbTPaIUCIICPCHBIX YACTHI] IPUBEICHBI B MI/M".

Tabmuna 1 — [Tokazanus gatuukoB B yrperHee Bpemsl. [lepeceuenne Ceiidymmmna — PrickynoBa

Date Time Hum(%) | Temp(C~0) PM25 |PM10 |CO,
08:05:24 | 33,00 6,00 [0,094 |0,144 80,11
08:05:25 | 33,00 6,00 |0092 0,143 80,47
08:05:26 | 33,00 700 [0,093 |0,144 80,35
08:05:27 | 34,00 700 0091 |0,145 80,62
08:05:28 | 34,00 700 [0092 |0,143 80,74

17.02.2020 08:05:29 | 33,00 6,00 |0094 |0,144 80,86
08:05:30 | 34,00 6,00 |0,093 |0,146 80,76
08:05:31 | 33,00 6,00 |0094 |0,144 80,93
08:05:32 | 33,00 6,00 |0,093 |0,145 81,22
08:05:33 | 33,00 6,00 |0,095 |0,146 80,98
08:05:34 | 34,00 6,00 |0,094 |0,143 80,56
08:05:35 | 34,00 700 0095 |0,145 80,62
08:05:36 | 33,00 7,00 [0,093 |0,144 81,13
08:05:37 | 33,00 6,00 [0,092 |0,145 80,91
08:05:38 | 34,00 700 0095 |0,146 81,24

Tabnuna 2 — IlokazaHust JaT4MKoB B BeuepHee Bpems. Ilepeceuenne Mowmbinrynbl-PaiimOeka

Date Time Hum(%) Temp(C™0) PM2.5 PM10 CO2
18:19:26 22,00 2,00 0,144 0,202 89,24
18:19:27 22,00 2,00 0,143 0,202 89,24
18:19:28 22,00 2,00 0,144 0,203 89,24
17:02.2020 18:19:29 22,00 2,00 0,145 0,203 89,24
18:19:30 21,00 1,00 0,143 0,202 89,24
18:19:31 21,00 2,00 0,144 0,202 88,79
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18:19:32 21,00 2,00 0,145 0,202 89,14
18:19:33 21,00 2,00 0,145 0,203 88,91
18:19:34 22,00 2,00 0,144 0,203 88,79
18:19:35 22,00 2,00 0,145 0,203 88,79
18:19:36 22,00 2,00 0,144 0,202 88,79
18:19:37 20,00 2,00 0,145 0,202 89,11
18:19:38 20,00 1,00 0,144 0,203 89,17
18:19:39 20,00 1,00 0,144 0,203 88,89
18:19:40 21,00 1,00 0,145 0,203 88,76
PM 2.5 mr/m3
0,096

s AA 7
wm NA— /NN

0,091
0,089 T T T T T T T T T T T T T T 1
A A2 A% AN AP D D oy AV oD oh oD o A\ oD
PTHI I I I I IS
& @ %0 & ¢ & & ¥ @ ¥ & ¥ F ¢

0,09

Pucynok 8 — I'paduk n3mMeHeHHs KOHIIEHTPAIMU YIbTPAIUCIIEPCHBIX YaCTHII B yTPEHHEE BpeMsI.
Ilepeceuenre Momblinyinel-PaiibiMOeka B yTpeHHEE BpeMs.

PM 2.5 mr/m®

0,146

0,145

0,144 \ A

- \ / \/

0,142 \/ \/

0,141 V

0,14

02139 T T T T T T T T T T T T T 1
N AR B, RO Y SO U R S N N A .
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NS RS RS S A S N S S AN N

Pucynok 9 — I'paduk n3mMeHeHHs KOHIIEHTPAIMU YIBTPAIUCIIEPCHBIX YaCTHII B YTPEHHEE BpeMsI.
[TepeceueHre Mowmpliiryibi-PalibiMOeka B BeuepHee Bpemsi.

94



BecmHuk AAMamuHCKO20 yHusepcumema 3Hepaemuku u cesasu Ne 4 (51) 2020

B tabnune 3 nprBeaeH UTOrOBBINA OTYET PE3Y/IbTAaTOB IIPUBEACHHBIX HCCIEIOBAHUN 110 ONPEICICHUIO
KOHIICHTpAaIuil yactuil pazmepom 2,5 u 10 MxMm.
Tabmuua 3 — Ot4er 1o pe3yabTaTaM MOHUTOPHHTA yAbTpaaucnepcHsix yactuy PM 2.5 u PM 10 [15]

KonnenTpanus

Mecrta otbopa PasmepHOCTB

KpaTtHocTh
mpo0 YaCTHI] dakTuueckas K

MIPEBBIICHUS
Ceit PM 2.5 0,135 0,035 3,85

eidynnmuna —

Percicynosa PM 10 0,196 0,06 3,26
MoMbIry b PM 2.5 0,145 0,035 4,14
Paitrberca PM 10 0,203 0,06 3,38

AHanu3 pe3ybTaToB SKCIIEPUMEHTANbHBIX UCCIIEA0BaHUI MOKa3a:
- pazpaboranHass ACMD mo3BoJsieT NPOU3BOAUTE HAOMIOACHUS B PEKUME PEaTbHOTO BPEMEHH;
- 3HQUUTEJIbHOE NPEBBIICHUE KOHLICHTpAaUU YacTull pa3Mepom 2,5 u 10 Mkm;
- pe3ynbTaTbhl MCCIEOOBAHHWM, NpPUBENEHHbIE HAa PUCYHKaX 8, 9, NOKAa3bIBalOT YyBEJIHUYCHHE
KOHIIEHTpAINi YyacTUIl pa3MepoM 2,5 MKM B BeuepHEe BpeMms.
OTO MOATBEPXKIACT MPENIOI0KEHHE aBTOPOB O 3HAYMTEIBHOM BIMSIHWM aBTOTPAHCIOpTa Ha
9KOJIOTHIO AJIMATEI.
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3AMAHAYM TEXHOJIOTUSIJIAPJBI ITAMJIAJTAHA OTBIPHITI
ATMOC®EPAJIBIK AYA CAITACBIH BAKBLJIAY )KYHECIH 93IPJIEY

T. C. CanartoBa, 9.A. AoukeHoBa, K.9. CarbiTaeBa
«Fymapbek [loykeeB aThiHIAFbl ATMATHI SJHEPTETHKA JkoHe Oaimanpic yHIBepcuTeT» KeAK

Anoamna. Makana ammocgepanviy ayanvly Hcagoauvlh 001dCAYy 20ICMeMeCiH Jcemindipyee apHAleaH.
JKymvicmely makcamoin mayoay — ammoc@epanvik ayauvly omcau-Kyui mypanbl aknapam canacblia KOUubliambiH
mananmapovly — apmyvimen  6atinanvicmel. On  ywin ammocepanvik aya MOHUMOPUHZIHIY — KOLOAHbICAZbL
a0icmemenepin swcemindipy kascem. JKymvicma a3ipieHeen MOHUMOPUHE HCYUECIH NPAKMUKANLIK MYPRblOAH ICKe
acvlpyovly — MbICATbL  CUNAmMmanzan. lacelmanoel —acnanmap MeH CblHAMA — anelumaposl  naudananoatl,
aABMOMammaHnObIPbLI2AH pexcumoe KOPUIAean OpMAHblY JHcali-KyliiHe 0aKwvliay icypeizyee MYMKIHOIK Oepemin
UHMeEpHem JKHcelici apKblibl KAubIKMbIKMaH backapy 6a20apaamace a3ipieHoi.

JKytieni icke acelpamvin Jicone 02aH 3amanayu bazoapramanap nakemmepin nauoaiana omeipsin, Humepuem
ApKbLIbL MUIMOI KAWBIKIMbIKMAH KOJL JHCeMmKI3y0i KaMmamacsl3 emyze MyMKIiHOIK bepemin baz0apiramanap Kypsliobl,
oy 6a0apiamanvlk-annapammlk HIAM@OPpMAea Kapamacmarn MOHUMOPUHE JHCYUECIHIY MUIMOL JHCYMbIC icmeyin
KaMmMAamacwls emyae MyMKiHOIK Oepeoi.

Tyiiin co30ep: 5K0102UANbIK MOHUMOPUHSINIH ABMOMAMMAHObIPLLIZAH HCYUeC], KOpUIa2aH opmaHnvly 1acmanybl,
JIACMAany Ke30epiHiH ubleapblHObLIAPYL, IKOIOUANLIK KAVINCI30iK scylieci, ammochepanvlyx ayauvly canacvly 6aeanay.

DEVELOPMENT OF AN ATMOSPHERIC AIR QUALITY CONTROL
SYSTEM USING MODERN TECHNOLOGIES

T.S. Sanatova, A.A. Abikenova, K.A. Sagitaeva

Non-profit JSC "Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeev”

Annotation The improvement of the method for predicting the state of atmospheric air is described in the article.
The choice of the purpose of the work is associated with the strengthening of requirements for the quality of information
on the state of atmospheric air. Modernization of existing methods for monitoring atmospheric air should be carried out
for this. An example of the practical implementation of the developed monitoring system was described in the article. A
remote administration program via the Internet, which allows monitoring the state of the environment in an automated
mode, without the use of portable instruments and samplers, has been developed. Programs that implement the system
and provide effective remote access to it via the Internet using modern software packages have been created. This
makes it possible to ensure the effective functioning of the monitoring system, regardless of the software and hardware
platform.

Keyword: automated environmental monitoring system, environmental pollution, emissions of pollution sources,
environmental safety system, assessment of atmospheric air quality.
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DEVELOPMENT OF METHOD FOR CONTROLLING THE LIQUID
PRESSURE VALUE IN THE MAIN PIPELINE IN THE PRESENCE OF GAS-
AIR INCLUSIONS

N.V. Syabina’, L.K. Ibrayeva

Non-profit JSC “Almaty University of Power Engineering and Telecommunications named after Gumarbek
Daukeyev”, Almaty, Kazakhstan
e-mail: n.syabina@aues.kz

Annotation. The issues of developing a method for controlling pressure in a pipeline laid over rough terrain,
and the results of experimental studies on a physical layout has been presented in the article. Existing methods for
controlling the parameters of main pipelines with pronounced complications such as leaks, water and gas-air
inclusions, waxing, etc., often use an estimation of the amplitude of pressure oscillations, and due to the fuzzy
characteristics of the object, they give a significant error in flow control. In the developed method, an option to
controlling the pipeline productivity by fixing self-oscillations of pressure of different frequencies is proposed.
According to the formed control algorithm, pressure oscillations of high and low frequencies are passed through the
structural elements of the functional block-diagram and form a signal for changing the pressure of the working fluid.
The proposed method also considers the features of the physical structure of the flow.

In addition, the results of estimation of the quality indicator of the control system, as well as a preliminary
calculation of the economic effect when using the method has been presented .the article.

Keywords: control method, main pipeline, gas-air inclusions, fluid pressure, rough terrain, frequency self-
oscillations, physical experiments.

Introduction

Currently, there are serious requirements for the reliability of pipeline systems that transport oil and
petroleum products over long distances in large volumes. When transporting the product through long-
distance pipelines, additional difficulties are identified related to the physical properties of the working flow,
terrain features, pumping modes (temperature and pressure gradient, flow rate, etc.), as well as changes in the
flow structure [1-7]. In addition, the formation of in-pipe inclusions (gas-air and water accumulations, wax
deposits) and the occurrence of leaks of different volumes leads to a decrease in pipeline productivity [8-12].

A serious problem is the accumulation of gas in the main pipelines, which reduce the working cross-
section of the pipes, increase the hydraulic resistance of the liquid and reduce the throughput capacity of the
pipeline to 40-70 % [13]. As a result, the transportation time of the same volume of oil increases and,
consequently, the cost of the product increases.

In order to prevent a break in the flow continuity at the inflection point during transportation, in [1] the
authors recommend maintaining a pressure at the end point that would provide a head margin of 10 m. In
[10], it is proposed to establish a "safety gap" determined by the pressure value of 2 kgf /cm? by increasing
the pumping pressure by 10-15 %. However, the proposed solution is not always acceptable, because when
transporting highly viscous and high-solidifying oil overestimation of these parameters leads to an increase
in energy consumption and cost of product.

Reducing gas-air inclusions in places where they accumulate can be achieved by increasing the liquid
pressure P within reasonable limits, since the use of large values of P can lead to undesirable results
(increased energy consumption, the need to increase the safety margin of mechanical equipment, increase the
probability of accidents). In this regard, it is necessary to monitor the presence and volume of gas-air
inclusions. It is not advisable to reduce the volume of gas-air inclusions during transportation by increasing
the pressure P in the pipeline, since in this case the overall reliability of the pipeline and the efficiency of
liquid pumping may be reduced.
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Various authors suggest different ways to control the parameters of an extended pipeline and control
the flow of a fluid medium. In [14] to control the parameters, it is proposed to excite electromagnetic waves
at both ends of the pipeline, receive them after interaction with the medium, and compare the results obtained
with the parameters recorded during the obviously normal operation mode. After that, the coordinates of the
gas-air components and their volume are determined, on the basis of which the operating parameters are
further controlled.

In [15] an acoustic sensor is installed directly on the production pipe and the acoustic characteristic of
the fluid flow is determined, then, by means of the controller, the fluid flow mode is determined, on the basis
of which the operating parameters are controlled. Existing methods for controlling the flow of a fluid
medium do not take into account the ambiguity of the object's characteristics, namely: changes in the shape
of the flow of the working medium during transportation, different modes of fluid flow in pipeline sections
with different profiles, acoustic noise interference and heterogeneity of the signal spectrum. In this regard,
sufficient management efficiency is not provided.

Thus, the task of controlling the flow of fluid in the presence of gas-air inclusions and maintaining a
certain mode of fluid flow in pipelines laid over rough terrain is very relevant for the operation of oil trunk
pipelines.

Methods

Various studies of the pressure P behavior have shown that pressure fluctuations can be observed at any
point in the pipeline section. Figure 1 shows one of the possible profiles of a section of the pipeline route
considered in these studies. The profile includes 4 pass points, the change in fluid pressure along the length
of the pipeline is shown, considering the changes in pressure due to losses. Stable fluid movement is
provided by the pressures at these pass points APi.

h, P

A

Figure 1 - Track profile

The proposed pressure control system solves the problem of providing a change in the P, value, considering
the necessary reserve of 4P for the maximum height of each section of the track.

Previous studies have shown that self-oscillations of the liquid at the highest point of the route cause forced
pressure fluctuations P along the entire length of the section [16]. Due to the fact that forced pressure
fluctuations capture self-oscillations of lower heights, the pressure sensor will only register the highest
frequency. The presence of this frequency indicates the presence of air in the pipeline. It is easiest to measure
the frequency of self-oscillations of pressure at each oil-pumping station of the site. To track the frequency
of self-oscillation of pressure, it is better to perform measurements at each oil-pumping station of the site.
Quality indicators of control system are determined from solving the problem of minimizing the following
functional:

J = Q% —2Q¢P + (¢* + ¢*)P? - min, 1)
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where ¢ is the coefficient of influence of the pressure value on the amount of air in the pipe, w— the
coefficient of influence of the pressure value on efficiency, Q — the pump productivity, P — system pressure.
The minimization problem is solved by equating to zero the derivative of the functional (1) with respect to
the variable P. The solution has the form:

_ 2Q¢ _ 1 Q
T 2(p2+y?) P2\ (2)
v ¢<1+<p2>

At the same time the sensitivity of the quality indicator J to changes in pressure P is determined by the
expression:

5 = 20" +¥HP ~ 209, ®

Thus, when the values of ¢ and y for a given pipeline are constant, the pressure P must be set to
ensure a minimum value of J.

Previous studies [17, 18] have shown that the volume of gas-air inclusions in the pipeline has a
significant effect on the frequency of pressure self-oscillations « and the amplitude of self-oscillations a.
Even minor changes in the pipeline structure (for example, changes in the position of valves), the occurrence
of hydraulic losses and, as a result, changes in the transport speed as a result of in-pipe formations (for
example, leaks, waxing, gas and water accumulations) lead to a change in the transmission coefficient of the
open system of the real control object. As a result, the amplitude of oscillations within the limits of the
limiting pressure will change depending on the parameters of the linear part of the object according to an
inversely proportional law [17]. At the same time, the accuracy of information about the influence of gas-air
inclusions may significantly decrease due to interference in the pressure signal and introduce errors in the
control process.

If the flow structure of the working flow changes, it can be argued that the frequency of limit cycle
oscillations will also change. Moreover, the physical properties of the liquid have less influence on the value
of the o, located at the stability boundary than the structure of the two-phase fluid flow. In addition, the
existence of the two most probably flow structures (cork-dispersed and film-dispersed) limits the number of
discrete frequencies. It should be noted that the resulting noises effect on the frequency determination to a
lesser extent than on the amplitude of self-oscillations

Based on the results of research [17], we can draw the following conclusions about the mutual
influence of the level of self-oscillations frequency and the volume of air in the pipe:

a) at a significant air concentration, there are high-frequency oscillations in the liquid pressure, which
corresponds to the cork structure of the flow;

b) when the air concentration is low, low-frequency oscillations in the liquid pressure occur, which
corresponds to a large flow dispersion;

c) if there is no air in the pipe, pressure fluctuations will not be detected.

For liquid transportation, the third option is most preferable, but its existence in real conditions is
complex terrain is impossible.

Since the minimization problem (1) requires an unambiguous signal, and there is always some volume
of air in the pipeline, it makes sense to use low-frequency self-oscillations as such a signal.

Results and discussion

In the proposed method for controlling the value of liquid pressure in the presence of a gas-air
component in the pipeline, the parameters of the working flow are determined and, depending on their
deviation from the set values, the liquid pressure changes. The pressure change must be made simultaneously
with the recording of the presence or absence of undamped oscillations in the liquid pressure w1 and w2 until
the lower of the frequencies w1 is registered.

In this case, it is necessary to set the maximum allowable values of the fluid pressure in the pipeline
area, and the fluid pressure should be controlled by changing the pump capacity. Pressure control is
performed by selecting the self-oscillation frequencies w1 and ®2 and then changing the pressure to the level
of the frequency o1.

Consider the algorithm for controlling the pressure of the working fluid in the pipeline:
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1) verification the presence or absence of undamped pressure oscillations of the working liquid of two
frequencies o1 and ®2;

2) in the absence of self-oscillation with frequencies o1 and w2, reduce the fluid pressure;

3) if there are self-oscillations of a higher frequency ®2, increase the fluid pressure.

When the pressure is high or there is no air in the pipeline, there are no pressure oscillations with the
frequencies o1 and ®2.

The functional diagram of pressure control in the pipeline, shown in Figure 2, explains the proposed
method.

The filters F1 and F2 shown in Figure 2 are pre-configured for the frequencies ol and ®2,
respectively. First, the signal from the pressure sensor S installed at the starting point of the pipeline section
is simultaneously fed to the narrow-band filters F1 and F2.

The received signal is compared with the values set on the filters F1 and F2. If there are significant air
accumulations in the pipeline, then on the output of one of the filters (F1 or F2) the oscillations with a
frequency of wl or w2 respectively occur. In this case, the output of the other filter will not register
oscillations. Then the signal is sent to the corresponding detector (D1 or D2) and, after smoothing, to the
corresponding fixing device (FD1 or FD2).If there is a large accumulation of air in the system, then
oscillations with a frequency of w2 will be registered at the output of the F2 filter. Then the signal from the
FD2 fixing device will be sent to the OR-NOT logic element and simultaneously to the first input of the
controller-integrator R1.This allows to increase the pump productivity setting signal, since the signal from
the output of the OR-NOT logic element entering to the second input of the R1 controller will be equal to
0.Then the signal will be sent to the pump P1, which will increase its productivity and increase the liquid
pressure. Consequently, the self-oscillations of the higher frequency ®2 will disappear, and the signal from
the output of the fixing device FD2 will become zero.

5 F1 » D1 »  FD1 »1 i
or-not i
' o2 ‘
: F2 » D2 » FD2 »2 :
! Rl |+ E
: 2 :

......................................................................

Figure 2 - Functional block-diagram of pressure control for pipeline transport system:
P1, P2 - pumps 1, 2; S - pressure sensor; F1, F2 - filters 1, 2, tuned to the frequencies of @1 and ®2;
D1, D2 - detectors 1, 2; FD1, FD2 - fixing devices 1, 2; RI - regulator-integrator; OR-NOT - logical
element; v — direction of fluid movement.

Increasing the pressure of the working fluid will force air out of the pipeline, resulting in pressure
oscillations of a lower frequency w1.The new signal will be detected by the filter F1, and then through the
detector D1 and the smoothing filter will be sent to the fixing device FD1.After that, the OR-NOT logic
element will simultaneously receive two signals: a signal from the fixing device FD1 with level " 1 "and a
signal from the fixing device FD2 with level "0". Since the "0" signal remains at the output of the OR-NOT
element, the controller will remember the previous output level, and the pump productivity will not change.
If there are no air inclusions or there is high pressure in the pipeline, the filters F1 and F2 will not register the
values of the frequencies w1 and 2. Respectively, the detectors D1 and D2 and the fixing devices FD1 and
FD2 will receive zero signals. In this case, the output signal of the logic element equal to "1" will go to the
second input of the controller and reduce the pressure in the pipeline. The normal operation mode will be
maintained as long as low-frequency self-oscillations with the level of w1 are registered in the system.
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Studies of the occurrence of self-oscillations and pressure control were carried out on a physical model of the
pipeline located in the laboratory of the "Automation and Control" Department of Almaty University of
Power Engineering and Communications named after Gumarbek Dukeev (Figure 3).

pump information #—— | confrol signals
from sensors ¢ | tothe VFC and PG
é _'
VEC — | MC | —
4 >
from the tank Cgmputer
b

c a leak ||
e 1

) ([ ~— ;
compressor } { }
6 4 relief modeling
into the tank +=':ﬂ 1

Figure 3 — Installation flow chart:
1-6 - cranes; a, b, d, f - sensor installation locations; PG — pulse generator;
MC — microcontroller; VFC - variable frequency converter

The physical stand simulates a complex relief —a section of pipeline laid over rough terrain. Several pressure
sensors (differential pressure gauges) are installed on the stand. A frequency converter is used to control the
operation of the motor. The freely programmable controller allows changing the frequency of sensor survey,
as well as connecting additional equipment. The pipeline parameters measured by the sensors are displayed
using the software installed on the computer connected to the physical stand.

Water is used as the working fluid. In the future, recalculation is performed for oil as a liquid using the
physical similarity theory. Alternating supply of water and air under pressure allows simulating gas-air
accumulations in the pipe.

The results of one of the experiments are shown in Figure 4.

Fragment | of the graph shows that there are no oscillations at the frequencies ®1 and ®2. This is due to the
fact that there is no air in the working flow.

Fragment Il of the graph shows self-oscillations of the frequency ®2, which corresponds to the injection of
air during the experiment and a significant increase in its amount in the pipeline.

Fragment 111 corresponds to low-frequency pressure oscillations w1, which occur when the volume of air in
the pipe decreases. Self-oscillations of pressure consider the physical parameters of the pipeline, and
pressure regulation provides a minimum controlled air level. This increases the accuracy of controlling the
flow of liquid in the pipeline.

pressure, MPa
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Figure 4 - Pressure changing diagram

Experimental data obtained using a physical model confirmed the results previously obtained using a
mathematical model implemented in MatLab [18].
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The economic effect of using the method. A feature of pumping oil through a pipeline laid over rough terrain
is the control of the state of gas-air accumulations in elevated sections of the route and the need to displace
them by increasing the pump productivity. This inevitably leads to an increase in operating costs for
electricity, which can be estimated using the following formula:

E =CQL (4)
where E is the total operating costs; C is the cost of pumping; Q is the pipeline capacity; L is the length of the
pipeline.At the same time, the cost of electricity is 40-60% of the total operating costs.

If L is a constant value, then according to (4) the cost of electricity will be:
- for a pipeline that does not have gas-air inclusions along its entire length

E.;; = (0.4 +0.6)C,Q,L;
- for the pipeling, in the presence of gas-air inclusions, respectively
E.;; = (0.4 +0.6)C,Q,L.
If gas-air inclusions reduce the pipeline capacity by 30%, we can assume that
Q2 = 0.70Q;.

Therefore
Eetn _ _C1Q1
Eel 0.7C2Q4’

C
Een = 1.43E,, c_: ®)
In expression (5), the ratio of the pumping cost can be

S<.
Cy

From the above calculations it is seen that in the presence of gas accumulations the reducing the capacity of
the pipeline up to 70% will increase energy costs up to 43% while maintaining the cost of pumping.

Conclusion

Thus, to solve the problem of minimizing the control quality indicator J, it is necessary to maintain the
pressure value P in proportion to the air volume Q in real time. As a signal, it makes sense to use low-
frequency self-oscillations of the liquid pressure in the pipeline.

The developed methodology for studying the issues of controlling the value of liquid pressure in the
presence of gas-air components in a pipeline passing over rough terrain includes fixing the parameters of
liquid transportation and changing the liquid pressure as a function of deviation from the specified
parameter values. Its distinctive feature is that the presence or absence of self-oscillations of two different
frequencies w/ and w2 of the liquid pressure is simultaneously recorded as parameters of liquid
transportation, and the pressure change is carried out until the lower of the specified frequencies w/ is
fixed. Increasing the accuracy of fluid flow control in the pipeline is achieved due to the fact that pressure
self-oscillations considers the actual physical parameters of the pipeline, and the control of the pressure
value as a function of the self-oscillation frequency provides a minimum controlled level of air inclusions.

Experiments fulfilled on the physical stand of the pipeline confirm that the above method in combination
with the previously developed pipeline model [18], which consider of the terrain relief and the presence of
in-pipe inclusions, will increase the efficiency of operation of main oil pipelines and reduce energy
consumption by up to 43%.
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I'A3-AYA KOCBIHABUIAPBI BOJIF'AH KE3JE MAI'HCTPAJIb/IBIK
KYBbIPJIAT'bI CYUBIKTBIK KbICBIMbIHBIH IIAMACBIH BACKAPY
OICIH 93IPJIEY

H.B. Csa6una*, JI.LK. UOopaeBa

«Fymapbex /laykeeB aTbiHIaFb ATMaTHl SJHEPTETHKA JKoHe Oaiianpic yHuBepcuTeT» KeAK, Amnmars K.,
Kazakcran
E-mail: n.syabina@aues.kz

Anoamna. Maxanada ounwi-Kbipiivl dcepee moceneen Kyobipoazsl KbiCbIMObl 6ackapy a0icin azipney macenenepi
JHCIHE PUBUKATBIK OPHANACYOASbl MAJICIpUbEniK 3epmmeynepoiy Homudicenepi Kenmipiieen. Azvin kemy, Cy Jcaue 2as-
aya KocvlLibicmapul, napaguuuzayus dcone m.6  auKblH  ACKbIHYIApbl  6ap MAUCmpanbOblK  KyOulpaapoly
napamempiepin  6aKbiiayoblyy KOAOAHLICMALLL 20ICMEPl  KblCIMHbIY —AYbIMKY AMIAUMYOACHlH  0a2aniayovl dHcui
KOIOAHAObL, Gl HLICAHHBIY CUNAMMAMALAPLIHGIY —AHbIK  OOIMAYbIHG  OAUIAHLICMbL 0P A8bIHOLL  bacKapyoa
aumapnvikmat Kamenix oepedi. Ozipienzen a0icme apmypii HCULNIKMe2l KblCbLMHbIY asmomepbenicmepin mipkey
ApKbLIbl KYOBIPOLIY JHCYMBICHLIH pemmey HYCKachl Ycoinvliza. KanplmTackaH Oackapy auropuTMi OOHBIHIIA >KOFApEI
JKOHE TOMEH JKUUTIKTET1 KBICHIMHBIH ayBITKYBl CYJIOAHBIH KYPBUIBIMIBIK 37eMeHmmepi apKvlibl 6meoi HCaHe HCYMbIC
CYUbIKMbISbIHbIY  KbICLLMbIHbIY — ©32epyi  mMypaibl CUSHANL #CAcaliobl. YCblHbLIeAH 20iC  ARbIHHLIY — DUBUKATBIK
KYDbLIbIMbIHIY epeKienikmepin 0e eckepeoi.

Convimen Kamap, maxanada dackapy sxicyueciniy cana Kepcemkiwin 6asanay Hamudicenepi, conoaii-ax, aoicmi
KOOaHy Ke3inoe2i IKOHOMUKANbIK, MUIMOLTIKMI al0bIH-aNla ecenmey KelmipiieeH.

Tyitin coe30ep:6ackapy a0ici, mazucmpaidvl Kyoulp, 2az-aya KOCbIHObLIAD, A2bIHObI OPMAHBIY KbICLMbL, OULbl-
KbIpJIbl Jicep, HCUikmiy asmomepoenicmepi, u3ukaivl masxcipudenep.

PA3BPABOTKA METOJA YIIPABJIEHUSA BEJIUYUHOM JTABJIEHUA
AKNUIAKOCTHU B MATUCTPAJIBHOM TPYBOITPOBOJE I1PH HAJIMYUHN
I'A30BO3J1YIIHBIX BKJIFOUEHUIA

H.B. Caouna*, JI.LK. UopaeBa

HAO «AnmaTtuHCKHI yHUBEPCUTET 3HEPIeTUKHU U cBsA3M nMeHH ['ymapOeka JlaykeeBay, I. Anmarsl,
Kazaxcran
E-mail: n.syabina@aues.kz

Annomayusn. B cmamve npedcmasienvl 60Onpocel paspabomku  cnocoba YynpagieHus OdgieHUeM 8
mpyobonpogoode, NPOLOHCEHHOM NO NePecedeHHol MECIHOCMU, U Pe3VIbmManbl IKCNEPUMEHMATbHBIX UCCIe008AHUL HA
Qusuueckom maxeme. Cywecmgyrowue cnocodbl KOHMPOIsS NAPAMEMPO8 MASUCIPATbHLIX MPYOONPOE0008 ¢
BbIPAIICEHHBIMU OCTONCHEHUSMU, MAKUMU KAK YMEYKU, 800HbLE U 2308030V UIHble GKIIOUEHUsl, NAPAGUHUZAYUSL U M.N.,
4acmo UCHONIL3VIOM OYEHKY AMNAUMYObl KOeOaHUull 0asneHus, a u3-3a HeuemKoCmu XapaKkmepucmux oovekma 0aom
CYWEeCMBEHHYI0 NOZPEWHOCMb NpU  YAPAsIeHuu NOmoKkom. B paspabomannom cnocobe npeonodicen gapuanm
pe2yauposanus npou3800UMenbHOCMU Mpyoonposooa 3a cuem Qukcayuu agmokoiedanuii 0aeieHuss pa3HbIX Yacmom.
o cghopmuposannomy arcopummy ynpasienus Koieoanusi 0asieHus 6blCOKOU U HUZKOU YACMOM NPONYCKAIOMCsL Uepes
CMPYKMYPHbLE DNEMEHMbL CXEMbL U POPMUPYIOM CUSHATL HA U3MeHeHue dasllenus pabouell scuokocmu. [Ipeonazaemviil
Cnocob maxoice yuumuléaem ocoOeHHOCMU PUUYECKOU CIMPYKIYPbL NOMOKA.

Kpome mozo, 6 pabome npusodsmcs pesyiomamvl OYeHKU NOKA3AMENs KAYeCmed CUCMEMbl YAPAGIEeHUsl, d
Mmaxace nPedsapumenbHblll pacuenm sKOHOMULECKO20 I hexma npu UCnoIb308aAHUL CNOCOOA.

Knrouegvie cnosa: memoo ynpagnenus, MasucmpansHulii mpybonpogoo, 2az08030yuiHble BKII0YEHUs, Od61eHUe
meKyuell cpedbl, NepecedeHHas MeCMHOCHb, ABNMOKOLEOAHUsL YACOMbl, QUUYECKUE IKCNEPUMEHMDL.
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3 F (,' n”m ABTOMATUKA, UHO®POPMAIINOHHbLIE
TEXHOJIOI'IM U KUBEPBE3OITACHOCTD
VJIK 004.93°12

K.X. CnabexoBa, C.Y. Anmepex*, H.b. Bepaiky., B.E. Typkecran

an-Oapabu ateiHgarsl Kazak ¥1T1ThiK YHUBepcuTeTi, AMaThl Kanackl, Kazakcran
E-mail: sayatalmerek.94@gmail.com

OPENCYV KOMIBIOTEPJIK KITAIIXAHACBIH ITAVIAJIAHA OTBIPBIII
KOJI BEJIT'VIEPIH TAHY

Anodamna. Byn maxanaoa mypai-mycmi cypemmeei mikmepmoypviut peminoe axnapammoly mpagux
beneinepin anblkmay a0ici ycovinviidsl. Op mypai cebenmepze OQUNAHBICMbL JICYPIZVILINED Ketide IO dicuezinoe
mypean dscon beneinepin bauxamauovl. [llamadan moic wapway, arayoamamsin OblObIC Hemece mepese ColpMblHOAsbl
KopiHic, aya-paiivbl Jcaz0aunapvl Hemece Kapcbl MAWUHAHBIY JCAPKLIPAZAH JICaApblebl MAKWbI30bl aknapam oOepemin
bencini baiikamail Kanyza ceben 6oyvl Mymkin. Mynoail sca20atiovly anoblH any Yulin 4o 0enciciH MmaHumvlH HCoHe
arcypeizyuiice OblObICMbBIK CUSHATL HCIHE MAUUHA IKPAHBIHOA KeCKIH MYpiHOe Xabapaaimvli apHativl Hcyiie Hcacaiobl.
Mynoaii scyiienepee Kouviiamolk Heeizel maranmapovly 0ipi - dcol beneinepin many. Manwiz0vl epexuie dcagoaii - Oy
aknapammol J#coHe Oavimmayuivl 6encinep MeH Kocvlmwia axnapam Oencinepin mauy. Mynoaiu manceipmanuiy
Kypoeniniei mMbiHaoa: anobiMeH 6enei cypemmeH aHbIKMANYbl Kepek, anl OYyn myp Yuiin enuemi MeH apaKambviHACbl
beximinmenoi dcone Oepineen aknapam Kejaemine baunrauvicmol 601a0bl. Muicanwi, mynoatl benci Gipreute MamMIHOIK
HCcONOapovl, 6ip Y3aK Hco0bl, MINMI WABLIH HCONl KAPMACHIH Kammybl MyMKin. Toocipube Homuoicenepi dcon bencinepin
AHBIKMAY HCYUeciHiy muimMOinicin pacmaobl.

Tyitin ce30ep: sicon bencinepin anvikmay, xon benciiepin Kaoaeanay, Keckinoepdi 6HOey, KOMNbIOMePIIK Kopy
Jcytieci.

Conrbl 10 xbU11a %071 OeNrinepid Tady MacelIeCiH KONTereH eep i FajasiMaaps memrTi [1], [2], [3].
By TarnceipMaHbIH ©3€KTIIIN JKOJI KayIICI3airt Macenesepine OaylaHbICThI XKOHE aiFaliKel 3eprreyiep 30
KBUIIAaH acTaM yakbIT OypbhlH maiiga OosraH. Auaiiia, cONM Ke3/eri ecenTey TEeXHHKACBIHBIH KyaTbl
KaJIpjiap/ibl KaHaraTTaHApPJIBIK YyaKbITTa OHJeyre MyMKiHIiK Oepmeni. CoHbIMEH KaTap, MHUQPIBIK
(hoTokaMepaap KeCKiHHIH )KETKUIIKTI MOJIIIEPIH KAMTaMacChI3 €T¢ alIMaIbl.

XKbur caiiblH onmemze aBTOMOOWIIBAEP CaHbl KeOeleni, COHBIMEH Karap JKOJI-KOJIK OKHFalapbl Jia
keOeiteqi. OcblFaH OalIaHBICTHI AKMAPAaTThl WHTEIDIEKTYAIIbl OHJAEY JXKOHE IIeNliM KaObuigay YIIiH
aBTOMOOMIIb JKyienepine keOipek keHin OemiHyae. Bykin onmemuieri MHKeHepiiep aBTOMOOWIIBAEP YIIiH
KeNTereH OeJICeH Il Kayilci3mik Kyhenepin a3ipyeai, Meicasisl ABS (Texerimke Kapesl Texxey xyieci), EBD
(texerim kxyuriH ©Oeny xyiteci), ESP (kedik KypanblH AMHAMHMKAJIBIK TYpPaKTaHIBIPY >KyHeci) >koHe
Oackanapsl. EH 3amanayu Oipi - sxoJ1 Genrisiepi MEeH oIl OeNriiepiH TaHy Kykheci.

JKon Oenrinepin TaHy jKyieci Xyprizymiyiepre >KbUIIAMIBIKTBI CaKTay KaXXETTLTrH ecKepTyre
apHanraH. by sxylie KpUIIaMABIKTHI IIEKTEUTIH ko1 OenTisepid oTin 6apa ®aTKaH/Aa aHbIKTalbl )KOHE erep
0J1 )KBUIJIAMBIPAK JKYPCE, )KYPri3yllire arbIMAarbl PYKCaT €TUIICH JKbUIIAMIBIKTHI €CKe canajsl [2].

AmnatrapiplH Kem Oejiri >KbUIIAMJABIKTEI Oy3y JIell CaHalaThIHABIKTaH, aBTOKONIK MIBIFapaThiH
KOMITaHUSUIApbIH MHKEHepIiepi Oyl MaceneHi skotora 0et Oypapl. On yIniH MamMHaga TaHOajlapAbl TaHy
KyHeci opHatburad. OHBIH HETi3r1 QyHKIUSIIAPHL:

® 5K0JT OeNriiepi Typalibl aKapaTThl aHBIKTAY JKOHE pacTay.

e JiepeKTep KOPhIHAH aKIapaTThl 13/Iey XoHe JipaiiBepre xabapiay

e erep KbULAAMIBIK ©3repMece, JKapbhlK HeMece AbIOBICTHIK CUTHAI apKBUIBI €CKEPTY.

belinekamepa apTKbl KepiHic alfHACKIHBIH apThIHJA OpHallacKaH. Kamepa aBTOMOOHIIbL allIbIHIA JKOI
Oenrinepi opHajackaH aiiMakTa (KO3Fasbic OarbIThl OOWBIHIIIA OH JKOHE JKOFaphbl) OOC OPBIH aJibIl, CYpeTTi
ANEKTPOHJIBIK Oackapy OsoreiHa xiOepeni. Conpaii-ak, OeiiHekamepanbl Oacka benceHai Kayimncismik
KyHenepi-kasy )KYpriHIIIEp/i aHbIKTaY KYHeci, )KOIaKThl KO3FAIIbICKa KOMEKTECY JKyHeci KomaHasl|3].
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DNeKTPOHABIK 6acKapy OJIOTHI Kelleci JKyMBIC allTOPUTMIH OPBIHIAMIBL:

e x0J1 OenriciHig popmackiH TaHy (IeHreneK Gopma);

¢ OenTiHiH TYCiH TaHy (aK Tycreri Ks3pli Tyc);

® ’ka3y/ibl TaHy (KBUIJAM/IBIK [IaMachl);

® aKMapaTThIK TaKTaHIIaHbI TaHY (KOJIIK TYPi, 9PEKET €Ty YaKbIThl, OPEKET €Ty aiiMarkbl );

® aBTOMOOWJIB/IIH HAKTHI KBUIIAM/IBIFBIH TANAAY;

® AaBTOMOOMJIb JKBUIIAM/IBIFBIH MaKCUMAIIIBI PYKCAT €TUITeH KbUIIAMIBIKIICH CAJIBICTHIPY;

® AyBITKY Ke31H/Ie )KYPri3ylIire BU3yasibl >KoHE JABIOBICTHIK ECKEPTY.

KenamablKThl 1IekTey Oenrici TypiHAeri cypeT Oakpulay TaKTachbIHBIH DKpaHBIHAA KepceTineni
(ciupomeTpaiH imiHAe, KeHOip MoJenbAeple — SWHEKTE) )KOHE HIEKTEYy asKTalFaHIla HEMece e3repreHiie
kepireni. Kom Oenrimepin TaHy oKyHeciHiH Oipkarap KOHCTPYKIMSJIAPBIHIA JJIEKTPOHIBIK OJOK
HaBUTAlMSJIBIK JKYHEMEH e3apa i1c-KUMBUT JKacaiapl, aTam aWTKaHAa ©3 >XYMBICBIHAA HaBUTALUSIIBIK
KapTalap/aH KbUIIaMIBIKTHI IIeKTey Oenrinepi Typaisl AepeKTep/li naiinananansl. benri OeliHekamepaMeH
aHBIKTaJIMaca J1a, 0JI TypaJibl aklapar 0aKbliay TaKTachblHaa KepceTiiemi|3].

TaHyIbIH HETI3Ti Ke3eHIepi TOMEHIE KeATIPiLITreH:

- OeifHe CUTHAI KaKTayJIapbIHBIH TYC KeHICTITIH TYPICHIIPY;

- KOHTYpJIapbl TaHJAY KOHE IIyIBI KO0

- KBI3BIFYIIBUIBIK OOBEKTIICPIH TEKCEPY;

- K0J1 OCJITICIH COUKECTEHIPY.

ABTOKeOIIKTep/le KOJAAHBIIATHIH KOJ OeNriiepiH TaHy >KyHenepi THITIK Ju3aiiHFa ue, OFaH MbIHaJap
Kipei:

e OeifHeKaMepa;

e Oackapy OJIOTHI;

® OKpaH

CraTtukaiblK TaHy TocUTi OipHelIe Ke3eHIepIi KaMTHIbI:

® TYCTep KEHICTITiH TpaHchopManusiay;

® Iy TBI KOIO;

® KOHTYpJIap/Ibl Ta0Y JKOHE KaXKET eMeC KOHTYpIapbl Cy3y;

® KOHTYp/Ibl AaHBIKTAY.

BapJibIk ot Oenriiepiiy eki oprak Oenriiepi 6ap - OenriHiH Tyci MeH minriHi[4].

HLS (Hue, Luminance and Saturation) TycTep KEHICTIri Kipic CypeTTeH KbI3bUI HEMECE KoK TYC aly
YIIiH KoJaHbuiaael. bipiHmrigeH, cyper rgb Tyc keHicririned hls ¢opMaThiHa aybICTHIPBLIAIBI.

SSD TepeH HeWpOHABIK >Kelli Mozeli YCHHBUIABI [5]. 1-cyperre SSD XemiciHiH >KaJlbUIaHFaH
apxuTeKTypacbl KepceriireH. SSD MogzemiHiH OipiHmni  Oesiri - KIAQCCHKAJBIK —apXUTEKTYPaHBIH
KOHBOJTIOLIUSJIBIK, JKYHMKE JKyHeci, 01 KECKIHAl JKIKTey MOCEJIECiH ey YyIniH KojmaHeuiaabl. O ojerte
OazanbIK e Jen atanaapl. Herisri xemnifgeH keifiH OipHelle KOHBOMOUMSUIIBIK KadaTrTap KOCHUIAIBI, ojlap
00BEKTIIepi KAMTHTBIH INEKTSUTIH TIKTOPTOYPHINTAPABIH OOJDKAMBIH KypyFa kayam Oepesi, COHbIMEH
Karap OChbl OOBEKTUIEPAIH OepuireH KiacTapra >KaTy BIKTUMAABIFbIH aHbIKTalpl. CofaH KeHiH
00BEKTIEpAIH OpPHANACYbIH HAKTBIIAY KOHE COJl OOBEKTIMEH (GKBIDKBITBUIFaH» TIKTOPTOYPHIIITAP/IBI aJIbIIl
TacTay YIIiH MaKCUMaJIIbl eMec 0acy Mpoleaypachl KOJaaHbuiazip! [6].

JKpInaMabIKThI MIEKTEHTIH %01 OenrinepiniH MaHbI3Abl epeKUIeNiKTepi 0ap MbIcalbl, IEHOep MiliHi
oHE KbI3bL1 skMeK. COHIBIKTAH 9JIIC KYMBICHIHBIH OIpIHIII KE€3€HI-CypeTTeri KbI3bUI aliMaKTapabl TaHIay.
On yurin kipic keckininaerineit RGB emec, HSV Ttycti mozenin konganran »eH. HSV KpI3buT peHKTEp/II
JIQIIIpEeK KepceTyre MyMKiHIIK Oepeti.

MoOuibi xyiiernep YIIiH eH Kelleleri 0ap jKeNiTiK apxuTeKTypa - OyJI ysuibl OaliinaHbic Tepeniri 1-
re teH MobileNet [7], Oy apxuTeKkTypaHbIH HEHpPOHABIK >Kelici MOOMIBAI KyHenepAe KoJJaHy YILUiH
apHaiibl 93IpJEHIeH, JKaAblHAA CalbICTHIPMalibl TYPAE a3 KEHICTIKTI ajaiabl, COHBIMEH KaTap >KOFaphl
KJIacCU(UKAIM TJIIINIMEH JKOFaphl OHIMIUNKIEH cumarTajgaabl [ oH antei]. MobileNet xemiciHig
apXHUTEKTypachl €Ki KabaTTaH TYpaThlH JKEKEJETeH apHajJbIK KOHBONIOLMSUIAPABI (TepeHOIK OoMbIHIIA
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OeJiHEeTIH KOHBOJIONUSIIAP) KOJJaHyFa HETI3AENTeH: MYMKIHIIKTEp KapTachblHBIH op KaHAIbIH Oeiyre
apHaJIFaH KCHICTIKTIK SIPOCHIHBIH oJeMi 1 X 1 KOHBOJIOIUSUIBIK Ka0aT »oHE op KaHa YIIiH KEHICTIKTIK
SIIPOCHIHBIH, oammIeMi 3 X 3 OoJaThIH JKEKe KOHBOJIOIMSUIIBIK KadaT, OHBIH HOTIDKENepi Oip epeKmIermiK
KapTacbliHa OipikTipineai [7].

Kocpimima
Kipic cypet » BasambIK XKemli > opama

l

KabarTapast
aHBIKTAY KoHe
JHIKTEY

Bacy dyHKIHACH

MAaKCHMAIIbL
emMec

KadatTap

1-cyper. SSD MozeniHiH KaNNbUIaHFaH APXUTEKTYPAChI

MobileNet simpocst 6ap SSD MozeniH aHBIKTay canachIHBIH HOTHXeEIepi:

JepexTrep KUBIHTHIFBI maP CexyHIbIHA Kaapiiap Mogaennain enmemi, Mb
GTSRB 0,98 3 25,9
LISA 0,56 3 26,2
BelgiumTsS 0,17 3 27,2

En oxaxkcel HoTmkenep GTSRB gepexrep JKHUBIHTBIFBIHAA, ajl Hamap HOTkenep benrus
JIEPEKKOPBIHA KOPCETIIreHiH Kopyre 0oxansl. MyHBIH OacThl cebenTepiHiH Oipi op TYp:ii CHIHBIITAPIBIH
CaHbI JKOHE op CHIHBINTHIH JaHadapbiHbIH caHbl. GTSRB aepekTep KUBIHTHIFBIHAA CBIHBINTAP/IBIH €H a3 CaHbI
(43) >xoHe CBHIHBINTApPAbIH OPKANCHICH YIIIH €H YJKEH cyperTep cadbl Oap. BelgiumTS kosnexkuusceiHan
aNbIHFAaH MOJNIMeTTep OOWBIHIIA HAIap HOTHXKENep op Kiacc YIIIH opTaiia CypeTTep CaHbl €H a3
CHIHBINITApABIH (61) caHbiHAH TybIHIAYbl MyMKiH. CoHbIMEH Katap, benrusTS aepekTep KHUBIHTHIFb KATThI
Tene-TeHIIKKE He, sIFHU KeHOip ChIHBINTapAbIH MbICAIAAphl 0ACKa CHIHBIITAPABIH MBICAJIAApbIHA KaparaHaa
anyekaraa Kem, OyJl OKyAbl KHUbIHIATaabl. Meicaibl, 2-cyperre maP rpaduri ChIHBIITApPABIH OipeyiHe
apHaJFaH KaiiTajJaHy HeMipiHe colikec KenTipinreH, oHbIH Tek 10 cyperti Oap. ['padmkreH aHbIKTaMy Mommiri
OacTarKpla CoJl )KOFapbUTaii ibl, Oipak KeiiH azasubi[7].

maP

0.04 -
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001 F

0 ] ! ] !
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2-cypet. BelgiumTS nepekTep sKMbIHTBIFbIHAH Oip TOMEH KECKiH ChIHBIOBI yiiH MaP mommiri MoHaepi
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Heicanapl aHBIKTAY JIOTUKACHIHBIH KaJJaM/TBIK CHITATTAMACHI:

1. Kamepa xopuiaran opTaHbl TaJaiIbl )KOHE 5KOJ OeNriiepi Typaibl MOTIMETTEP i OKUIBI.
2. Xyiie Genrire ykcac MillliH/I aHBIKTAHIBL.
3. Tycri Tany *%oHe KochIMIIIa Oenrinepiy 6onysl. Jlepekrep 0a3acsiHaH MaTYTapAbI i31EY.
4. Jucmelt apKbUTBI JpaliBepre aKmapar oepy.

Tanbanap THITIH TaHYIBIH K€3E€KTLIIT1:
1. TlimmiHai aHBIKTAY: MIEHOEP, TIKTOPTOYPHIII, MAPIIIHL.
2. Tycrep raMmachIH Tanaay.
3. benrigeri 6enrinepi HeMece ka3yaapibl OKY.
4. HakTbl )bUIIAMIBIKTBl PYKCAT €TUITCH KbULIaMIBIKIICH CAITBICTHIPY.

Benrinepi kikTey YIIiH KOJIAaHBUIATHIH JKYHENIK *KYHeHIH KOHBOJIOIMUIBIK apXUTEKTYPACHI:

Kabar Turmi Kabatrarsl xoHe HEHpOHIAFHI Snpo
KapTajap/blH CaHbl
0 Kipic 48 x 48 HellpoHHaH TypaThIH 3 KapTa
1 Opama 100 x 100 neiiponHan TypatsiH 100 7x7
Kapra

2 Max pooling 21 x 21 netiponnan typateiH 100 kaprta 2x2

3 Opama 18 x 18 neliponnan typateiH 150 kaprta 4x4

4 Max pooling 9 x 9 HeiiponHan TypatsiH 150 kapra 2%2

5 Opama 6 % 6 HellpoHHaH TypaThH 250 KapTa 4x4

6 Max pooling 3 x 3 HeiipoHHaH TypathiH 250 kapTa 2%2

7 TombIK 300 ueitpon Ix1
0aiIaHbICTHI

8 TombIk 43 HeipoH(KIaccTap CaHbl) Ix1
0ailyIaHBICTHI

Byrinri kyHre aediH €H akchl SJiCTep YJIKEH OKBITY YJTICIH KaKeT eTeTiH MAallWHaJbIK OKBITY
ANTOpUTMIEPIH KoyaHaabl. MyHIal YiriHI )KWHAY VIIH Ci3 OHAaFaH HIAKBIPBIM JKOJAAPABIH CypeTTepiH
Hemece OeliHenepiH kepyiHi3 kepek. COHIBIKTaH, 013 OChI KYMBICTa CUHTETHKAJIBIK MAJIIMETTEp OOWBIHIIA
JKOJ OeNTiyiepiH TaHy aJTOPUTMIiH OKBITY MYMKIHJIITiH 3€PTTell, allTOPUTMiH YCBIHIBIK

OenriiiepliH CHHTETHKAJBIK OelHeNnepiH KanpmTacThlpy. OpOHTANBIBIK Oenrilienep anropuTMre
Oepineni. byn Oenrimienep TypiaeHIIPYJIep *XKUBIHTHIFBIHAH ©OTEi, OHbI OH €Ki MapaMeTp - YKAPBIKTHIK,
KaHBIKTBUIBIK, YIII OCh alfHalachlHIa alHally, OYJIBIHFBIPIBIK JCHIeHi, KECKIHHIH TOPT >KaFbIHAH KBLUIKY,
eIieMm, Iy aeHreii| 8].

YKoyt OeinriiepiH aBTOMATThl TaHy JKYHeEIepi KYMBICHIHBIH COHFBI KE3€HI KOJj OenrijepiH TaHyFa
apHanran. JKanmbel, Oy VIIH KOJJIAHBICTaFbl dJICTEp alJbIH-ajia JKacaliFaH I[MaOJOHAAPIbl KOJIaHAbI
HeMece OKBITYFa Heri3aenreH. bipinmii xarmaiiaa, opOip MyMKiH Oeiri yIiIiH JepeKKOpFa OpHalacThIPbUIFaH
apHaiibl mabJIoHIap Kacanaabl, ColaH KeHiH Ke3-KelreH KambIKTHIKTH (EBKima, MaxananoOuc xoHe T.0.)
eCenTey apKbUIbl KaHAJaH eHTI3UIreH OenriHi OapiblK MalOJIoHAapMEH CalbICTHIpaAbl. OpHHE. OapIbIK
Oenriiepai Oipaeit Mesiepre KenTipy Kepek. Adjaiima, OyJl oiic, 9l€TTe, HbICAHIAPIBIH TYCl MEH
JKapBIKTHUIBIFBIHBIH IIIAMAJTBI ©3repyiMeH e alTapibikTail Kareniktepre ue. CoHIbIKTaH, Oenrinepi e3aepi
CaAIBICTBIPY/IBIH OPHBIHA, OJIApJbIH KeWOip cumarramaiblk Oenriiepi (rucrorpammanap, MpoeKIHsIap MeH
KapKBIHIBUTBIKTAPBIH KOCHIH]IBICHI JKOHE T.0.) epeKIleNieHe i, Oy TaHy CeHIMAUTITIHIH apTybiHa oKenei[9].

O3ipJICHETIH MPOrpaMMa )KYMBICHIHBIH Ke3eHAepi 3-CypeTTe KOpCeTiIreH.
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Cyperrti
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JKox Genricig
AHBIKTAY JKoHE
OHEI ATy

| )

ANEIHFAH
KeCKIHII eHIey

3-cyper. O3ipJeHeTiH NporpaMMa KYMBICBIHBIH Ke3eHepi

Keckinai angpiH-ana eHAey Ke3eHI TYPIi-TYCTi KecKiHi Kapa Tycke kentipyai (2b cyper), cyperreri
IIyAsl a3aiTy yirid ['aycce cysricimen keckiugi Tericteyai (2B cyper), skon OenriciHiH KOHTYPBIH OHall Ta0y
YIIiH KecKiHai OmHapmzamusuiaynbl kamTunel. Cypertepai eHmey ymiH Open Source Computer Vision
Library (OpenCV) kKoMIbIOTEpIIIK KOpy KiTamxaHaJlapblH KojjaHa OTeIpei, C++ Oarmapnamanay TilmiHIE
JKY3€Te achIpPbUIFaH alTOPUTM KOIAaHbUIH [10].

Tany ymiH TaHOAHBIH KECKiHIH aly >KOJI OeNTriciHiH KOHTYpHI OypbIH TaObUTFaH OacTamKbl KECKiH
alfMarbIH aiy apKpUTBI Ky3ere aceipputansl. Coman keifin cyper [4] 30x30 mukcenp emmemine aeiin (3-
CypeT) HeWPOHBIK KeJi apKbUIBI OCNTiHI OJaH opi TaHYJBIH YaKBIT MIeH KyaT IIBIFBIHAAPBIH a3aiTy YIIiH
azasiibl.

AnpiHFaH KeckiH e3iHiH Kipic kabarbrHna 900 Heiipon Gap HEWpOHIBIK XKeliHiH KipiciHe Oepineni,
OJIAPJIbIH OPKAWCBICHI KOJI Oenrici OSHHECIHIH THICTI MUKCENHIH JKapbIKThUIBIFBIHBIH MOHIH OlIIipe.
JKacwipein kabarta 42 Heiipon 6ap. Hotmxkecinae Oenrini Oip »om OenriciHe colikec KeJIEeTiH oJlapbiH Oip
UIBIFYy HEWpOHAaphl Ko3ranaabl[11].

AFBIMIaFbl HYCKaJIa KeJieci Oelriiep i TaH! ajiajibl:

* Kon Oep

* XeugamIblK IIeKTeysiepl (achlll KETKEH Ke3Jie, KOChIMINA KbUIIAMABIKTEI TOMEHICTYre KeOipeK
BIHTAJIAH/IBIPY YIIIH afBIIITYJT MOIIEPiH KopceTe . O3ekTi yuriH raHa PO).

* bachIIm 03yFa THIBIM CaJTBIHAIBI

* TokTaTyra THIHBIM CaJIbIHAIIBI

* Typakka THIHBIM CaJTbIHATBI

* XKasty kyprifmrisep eTkeni

* KubUIbICTApIbIH OTYIH OenrineiTin Oenrinep

Kon OenrinepiHiH JOKaIU3aUMSCHIHBIH IOJIIITIH apTTHIPY YLIIH oyiapAbl 2 CBHIHBIIKA 06y Typajbl
HIenriM KaObUIIaH bl: YIIOYPBIITHL (ECKEPTy koHe "Kasty JKYpriHuiijaep oTkeni"), NoHrenek (THIbIM caly)
JKOHE Op CHIHBIN YILiH XKIKTeYiIITEpAiH )KeKe KacKaaTapblH OKbITY[12].

n n

Knaccugukaropnap kackaapin okpiTy ymiiH OpenCV makertinae " opencv_traincascade.exe " Kipy
YIIiH KeJieci AepeKTep i KaObLIaau bl

® JIepeKTep-HOTHIKETIEP/Ii OPHATIACTHIPATHIH KAITAHBIH MEKEH-Kalibl;

e nUMStages18-6arnapinama yHpeTeTiH KacKaAThIK JeHreiepaiH cansl. HerypiieiM Kem JaeHremep
Janmipek 0osica, Oipak oJ1 y3aK KyMbIC icTeii. Onap bl KalbIIThl canbl 16-1an 25-ke neliH;

e minhitrate0, 999-oxy camacbiH aHBIKTalUTBIH KO duieHT. (10,999)—kabaTTarsl OTKI3IN aJbIHFaH
HBICAHJIAp CaHBI.

e NUMP0s1000-oy yirinepaid caHsl.

e numNeg1500-tepic ynrinepaid caHsl.
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Kackanrap 0ip »kapbiM KYH OOWBI OKBITBUIJBI JKOHE CKaHepiiey Tepe3eciHiH ecy koaddumuenti 1,1
0oJFaH Ke3/ie IOKAIU3AIHUAHBIH Kelieci naniri ansiaabl (tectiiey GTSDB Tectiney 6a3achiHaa xKypriziii).

o YOypsimTs! 6enrinep - 82,5%;

o Jlexrenex 6enrinep - 74%.

KoHBONMIOIMSIBIK  HEHPOHIBIK JKENIJIEpAIH KYPBUIBIMBI KOHBYJIBCHSUIBIK JKOHE CYOAHCKpeTTey
(ipixTey) KaOaTTapbhIHBIH KE3EKTECYiH JXOHE INBIFy KEe31HIe TOJBIK OailIaHBICTHIPBUIFaH KabaTTapbIH
OOJTYBIH KAMTH/IBI.

KoHBoIIOIHSIBIK HEWPOHABIK KeJiiep Y HeTi3ri napaaurMabl KaMTHABL:

- KeprimkTi Kadbuiaay;

- OeIIHETIH calMaK;

- cyOamMcKperTey.

"Xeprinikti kaObu1nay" AereHiMi3-Olp HEHPOHHBIH KipyiHe OYKil KecKiHAi emec (Hemece ajIbIHFbI
Ka0aTThIH IIBIFYBIH) eMec, TeK Oenrini Oip aliMakThl Oepyai Oimmipeni. By Tocim KeckiH TOMONOTHICHIH
KabaTTaH KabaTKa cakTayra MyYMKiHIik Oepeni [13].

CyOauckpeTTey-Oysl KeCKiHHIH oJIeMiH 2 ece a3alTy, Oy MacIiuTaOThIH ©3repMeyiH KamTaMachi3
eTyre MYMKiHmIK Oepemi. KoHBOMOUMSIBIK HEWPOHIBIK >Keiiepaeri KadaTTapAblH aybICybl Oenrinep
KapTachlHaH O€Nriiep KapTajapblH JKacayra MYMKIHIIK Oepexdi, Oyl ic Jky3iHAe OenriuiepaiH Kypaesi
MepapXUsIChIH TaHy MYMKIHZITIH Oinnipeni [ 14].

AFBIMIaFbl KaJIp KbI3BIFYIIBUIBIK alMaKTapbhlH i37ey ONorbiHa Oepinenli. BIIOKTBIH TIBIFBICHI-
KUBUIBICIAUTBHIH TIKTOPTOYPHIIITAP TYPIHIE KaXKETTI HBICAHAAP/Abl KAMTUTBIH ailMaKTap >KUBIHTBIFBI.
Tabburran aifiMakTap €H JKaKplH THITIK OJIIEeMIepre ColKec Kemleai >KOHE THICTI HEeWpOHABIK JKemi
JIETEeKTOpJIapblHa JKiOepinmenmi. bapiblK JeTeKTopiapAblH COHFBI TO3HTHUBTEpl OacTamkpl Kaap.IbIH
KOOpIMHATTAp KyHeciHe Oepinei.

Kytieni o3ipney kesinge op Typii karpmainapna skacanraH 300 OeitHeneH TypateiH OKy ydarici
KOJIZTAHBUI/IBI: KYH IIYaKThl aya-paiibl (KaphIK, )KapbIK); OYITTH aya-paiibl )koHe KYH OaTKaH Ke3Jle JKacaliFaH
xaz0anap (kerkiyikciz JKapblk, KeJeHKeep); agaMaap Kell KMHaJIFaH Ke3Zeri kaz0anap (TocKaybuigap)
JKOHE T. 0.

Byst MiHZET KYHJI3Ti JKapbIKTBIH ©3repyi, aya-palbIHBIH ©3repyi, KETKUIIKTI caralibl )KoHE CeHIMJI
XKaOJBIKTBl TaHJAy CHUSKTHI CBHIPTKBI (haKkTOpiaapMeH KublHAaiabl. JKyile sKOoFapbl BIKTUMAJIIBIKICH TaHyFa
MYMKIiHJIIK Oepyi Kepek Oenriiiepi oyiap KHCHIK HeMece akaynapbl Oap. benrimepsi »Korapbl KbULIaMABIKTa
TaHYABIH KYDPJENTK JopeKeciH eckepy KaxeT. KoK KypajblHBIH JKbUIIAMIBIFBl apTKaH CaibIH Kykere
KYKTEME apTaJibl, O TKEHI aKapaTThIK KaJpiapAbl Oepy KbUIIaMAbIFbl apThII, TaHy yYaKbITHI a3aspi[ 15].

n Rect2 =t

Pedistrain_

4-cyper. 3epTTey/IiH HOTHXKECI
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Rect2 = =) X Mask - o IEN’

5-cypet. 3epTTeyiH TOJIBIK HOTHXKECI

Tanmay Oip TaHOaHBI Hemece OipHemie OciiHEeHI Oip CypeTTe KaMTHTHIH KECKIHACPICH KYPbUIAIbI.
1920x1080 axxpIpaTHIMIBUTBIFEI Oap KeckiHre TekcepiareH. Om 50 keckin OoifpiHIIa TekcepinreH. «XKom
Oepini3» Oenrici 10-uHan 9-ra, «ToxTayceI3 Kipyre 6onmaias - 15-ten 13-re, «Kipyre THIMBIM calbIHFaH
14-ten 13-ke, «XKasy xypriaminep etkeni» - 13-ten 10-ra TaHbUIABL. AHBIKTAY Honiri mamamed 90%
KYpanmpl.
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PACIIO3HABAHUE JOPOKHBIX 3HAKOB C UCITOJIb30OBAHUEM
KOMIIBIOTEPHOM BUBJIMOTEKH OPENCYV

K.X. CnadexoBa, C.Y. Anmepex*, H.b. bepaukya, T.E. Typkecran

Kazaxckwuii HaloHANBHBIN YHUBEPCUTET UM. anb-Dapadu, r. Anmmatsl, Kazaxcran
E-mail: sayatalmerek.94@gmail.com

Annomayun. B dannoii cmamve npedcmagiern memoo onpeoeieHus 3HAK08 UHDOPMAYUOHHO20 mpaduKa &
Kauecmee NpAMOY20IbHUKA 6 YeemHoM uzodpascenuu. 110 pasnuunvim npuuuHam 600umeny uHo20a He HabI0Oaiom 3a
O0POCHLIMU 3HAKAMU, CIOAWUMU HA 000YUHE 00poU. YMoMiaeMocmb, mMpesodCHbll 36YK U U300paxdcenue gne
OKHA, NO200HbIE YCIOBUA UNU CEEMAWULICA CEem 6CIPEYHOL MAWMUHBL, U B0OUMENU MOV NPONYCIUMb 3HAK, KOMOPbILl
onogewaem 0 3HauyuMou ungopmayuu. na npedomspawyenus noOoOHbIX cumyayull co30ana CReyualbHas cucmemd
PACNO3HABAHUA OOPONHCHO20 3HAKA U ONOBEWeHUss 00UMeNs 6 8ude 36YK08020 CUSHANA U U300PAdCeHUs HA IKpaHe
mawunvl. OOHUM U3 OCHOBHBIX MPebOBaHULl K MAKUM CUCEMAM AGTAEMCA NPUSHAHUE 00POICHBIX 3HAK08. Basicnas
ocobas cumyayus - 3mo NPUSHAK PACNO3HABAHUA UHDOPMAYUY U HANPABTAOWUX 3HAKOS U OONOIHUMENbHbIE C8EOCHUSL.
CroscHocms makoz2o 3a0aHUs 3aKIIOYAEMC 8 MOM, 4MO 6HAUANe 3HAK O0NJCeH Obimb Onpedeier u3 pUcyHKd, a O
9M020 Muna pasmep u COOMHOUIEHUe He 3AKPenIsomcs U 3a6Ucsim om 00vema npedocmasieHHON UHGOpMayuu.
Hanpumep, maxoii 3Hax modxcem @KIOUAMb HECKOIbKO MEKCMOBbIX CIMPOK, 00UH OIUHHBIL HYMb U 0aice HeOOIbULYIO
dopooichyto kapmy. Pesynemamet sxcnepumenma noomeepounu 3¢pghpekmusHocms cucmemvl 0OHAPYHCEHUSI OOPOHCHBIX
3HAKOS.

Knrouesvie cnosa: obOHapydiceHue OOPONCHBIX 3HAKOS, OMCIEHCUBAHUE OOPONCHbIX 3HAKOS, 006pabomxa
u306padcenuli, cucmema KOMIbIOMEPHO20 3PeHs

ROAD SIGN RECOGNITION USING THE OPENCV COMPUTER LIBRARY

Zh. Kh. Spabekova, S.U. Almerek*, N.B. Berdikul, T.E. Turkestan

Kazakh national university named after Al-Farabi, Almaty, Kazakhstan
E-mail: sayatalmerek.94@gmail.com

Abstract: In this article, a method for determining signs of information traffic as a rectangle in a color image is
presented. For various reasons, drivers sometimes do not observe road signs on the side of the road. Fatigue, an
alarming sound or image outside the window, weather conditions or the glowing light of an oncoming car distract
drivers. They may miss a road sign that contains important information. To prevent such situations, a special system for
recognizing a road sign and alerting the driver in the form of a sound signal and an image on the screen on the car was
created. One of the main requirements for such systems is the recognition of road signs. Critical Exception is
Information Recognition and Directional Signs and Additional Information. The difficulty of such a task lies in the fact
that first the sign must be determined from the picture. The type, size and ratio of the road sign is not fixed and depends
on the amount of information provided. For example, such a sign can include several lines of text, one long path, and
even a small roadmap. The results of the experiment confirmed the effectiveness of the traffic sign detection system.

Keywords: road sign detection, road sign tracking, image processing, computer vision system
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APPLICATION OF BIG DATA ANALYSIS TO FORM A STRATEGY FOR
PROMOTING INNOVATIVE PRODUCTS

A.V.Maldynova', M.S. Salykova?, M.B. Amreyev?

YUniversity of international Business, Almaty, Kazakhstan
2Non-profit JSC “Almaty University of Power Engineering and Telecommunications named after Gumarbek
Daukeyev”, Almaty , Kazakhstan
e-mail: aizhanam@gmail.com, m.salykova@aues.kz, m.amreev@aues.kz

Annotation. The use of big data analysis tools contributed to the industrial revolution and the development of
new methods of mass production. As a result of using new knowledge in an innovative economy, industrial enterprises
have good economic performance and use big data analysis methods, for example, for pricing.

The data on which the research is based were obtained through conversations among experts in order to clarify
the attitude and general mood of the market to the servitization strategy. It was revealed that market participants
respond positively to the servitization strategy, companies confirm the need for its application.

Based on the data analysis, proposals were formed to increase the level of customer confidence and loyalty to
the services of partner enterprises.

Key words: big data, innovative product, knowledge, customer confidence

Introduction. The socio-economic phenomenon of big data has spread across all industries and
business functions. Big data itself has become an important factor of production, along with labor and
capital. Researchers identify the following main ways of using big data to create value:

- Big data can make information more accessible by using it at a much higher frequency.

- As organizations create and store more transactional data in digital form, they can collect more
accurate performance information from product inventories to sick days, and hence identify variability and
improve productivity.

- Big Data allows segmenting consumers, which further facilitates the ability to make personalized
offers to clients.

- Sophisticated analytics allows you to optimize the decision-making process [1].

Big Data technologies themselves always include at least the data itself, its analytics and data delivery
technologies. The defining characteristics of big data are usually described using 3 V - volume, speed,
variety. However, it is the diversity of big data itself and technologies for working with them that makes it
possible to speak more about the need for reliability, viability, value for business and decision-makers,
changeability and the need for visualization.

Our main idea is that in modern conditions there is a segmentation of the Big Data technologies
themselves and their industry specialization. From individual successful cases, this market is moving to the
development of industry models for collecting, analyzing and using big data. The tools of work may be
similar, but the boundaries of application, forms of organization and consequences of implementation
become different. Marketing in this sense is moving from using big data to transforming marketing
technologies driven by big data [2].

Following these advantages, the understanding of the usual marketing tools is being transformed. For
example, a marketing mix is enriched with new ideas:

- Promotion: Through data analysis, marketers can create an accurate portrait of a potential customer.
Moreover, it is even possible to predict consumer reaction to advertising.

- Product: modern data processing tools can be used for product and market research. In addition, the
manufacturer can view and analyze activity in the digital environment, which helps to improve the product
according to the needs and desires of customers.
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- Location: Big data analysis allows you to determine the most effective advertising channels for
products and the goods themselves. In particular, today it is more profitable to conduct sales online in some
cases.

- Cost: to correctly establish the cost, you can analyze supplier data, financial statements, business
models, etc. If the target audience is quite large and "diverse", you can use customized pricing [3].

The emergence of new data sources and new ways of analysis opens up a lot of opportunities for
marketers. For example, the development of the market for digital devices for health and fitness allows not
only the consumer himself to analyze his own data, but also marketers to measure the physiological reaction
of the client to advertisements, prices, products, etc. Marketing today pays special attention to technologies
of personality recognition, which will allow more understand exactly what advertising and marketing
materials the consumer sees and understands, as well as build the correct parameters for advertising
campaigns [4].

Servization in the economy is partly due to the rapid development of industrial services. Industrial
services include engineering, repair and maintenance, types of pre-sale and after-sales services, rental of
industrial premises, as well as management, marketing and consulting services.

When applying the servitization strategy in the industrial market, business models and business
relationships are completely changed.

The reason for the emergence of servitization in the economy is the rapid development of industrial
services. For example, such as engineering, repair and maintenance, pre-sales and after-sales services, rental
of production facilities.

When a servitization strategy is applied in an industrial market, business models change.

An increase in the share of service in production will lead to the following consequences:

- changes in the structure of the organization;

- impact on the market;

- change of production chains;

- change of way of thinking [5].

The industrial market in Kazakhstan, due to its high industrial potential, is an attractive market, which
confirms the fact that Kazakhstan occupies the top lines of the rating in terms of the attractiveness of
industry on a global market scale. This situation becomes the reason for fierce competition in the industrial
market, in which enterprises must develop a marketing strategy for successful competition.

Based on the study of world experience and literature, it is obvious that the most relevant strategy for
promoting innovative products is the servitization strategy. The emphasis given by a manufacturing company
to its expansion by offering services is broadly referred to as servitization.

Servitization is fundamentally changing the way manufacturing companies produce and deliver
services: services have now become an explicit strategy, and they have become the main differentiating
factor in customer offerings by the enterprise. This does not mean that the products cease to exist, and the
manufacturing company should move to support the fulfiliment of customer needs through a comprehensive
offering.

A traditional manufacturing company must change its strategy from pure production to product-
service, where the product is only a part of the entire offering. Servitization began in the scientific literature
on marketing in the 1990s. The emergence of the Servitization strategy began in the United States and
quickly spread to the United Kingdom and Western Europe. The first material on this topic is found in the
literature for managers and practitioners, mainly in the areas of operations, manufacturing, services, business
management and marketing.

A key feature of a servitization strategy is a strong customer focus. Customers are not only supplied
with products, they are also provided with broader, customized solutions. The focus is on value in use, which
necessarily emphasizes the role of customers.

In recent years, companies in the industrial market have found themselves in a position where “firms
offer packages of customer-centric combinations of goods, services, support, self-service and knowledge”.
Companies need to look at their specific capabilities and challenges at different levels of service infusion and
deliberately position themselves. It is assumed to be a dynamic process, with companies redefining their
positions over time and striving to dominate the service sector [6].

Over the years, various concepts and terms have been developed regarding the integration of products
and services. The various options can be grouped into two categories, defined based on an approach or
perspective: a marketing approach and a strategic approach.
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In the Kazakh industrial market, the Industry 4.0 phenomenon was considered only as a fragmented
development, in terms of technological improvement, however, it should be borne in mind that the gradual
introduction of digital technologies in the process of providing services is an important element of the
synergy of servitization with Industry 4.0.

Current understanding of Servitization focuses on how digital technologies, in the context of
Servitization, can only add value to customers, while the benefits they can bring to companies' internal
processes have been rejected.

Currently, there are 3 main ways to develop Servitization powered by Industry 4.0:

- industrial servitization,

- commercial servitization,

- value servitization.

However, in all three cases of servitization development, a lot of attention is paid to how digital
technologies can add value for customers. Services related to Industry 4.0 should have a dual focus on added
value, taking into account the benefits for customers and for internal processes. Servitization supported by
digitalization can bridge these two apparently dichotomous business lines [7].

It is clear that the digitalization of assets and the exchange of data between industrial buyers and
suppliers are improving servitization. Leveraging technology for intelligent and connected asset management
enables manufacturers to deliver new functionality and collect and present actionable data that fosters
stronger customer relationships.

Digital technology enables suppliers to get information about customer needs without having to go
through direct contact. By analyzing data from sensor-enabled products, service providers can better
understand how customers are using their offerings.

Industrial manufacturers are leveraging digital technology, resources and capabilities to make internal
manufacturing operations smarter and transform internal optimization into new hybrid services and added
value for customers.

The commercial service path aligns internal value creation processes with those of customers and
suppliers. This enables more interaction between buyers and suppliers and therefore requires the
development of customer support capabilities. For this reason, digital technology is moving beyond the
manufacturing realm to support the collection of information and semantics to meet customer needs.

Companies are focused on the interests of customers and change their business from selling goods to
the client to creating effective solutions [8].

In the conditions of the formation of the information society in various sectors of the economy, a huge
amount of various data is created and accumulated. In industry, business, the flow of technological, audio,
photo, video information necessary for managing enterprises is constantly growing. New services based on
the use of information and communication technologies are constantly appearing. As a result of the
development of the Internet, social networks, video, audio and geolocation services, the demand for
information products and services is constantly growing. To offer these services to customers, enterprises
have to analyze large amounts of data from various sources. As a result, the accumulated information
becomes a strategically important asset for government authorities, telecommunications and Internet
companies, banks, retailers, energy, housing and communal services, and the results of their activities depend
on the effectiveness of their management.

The growth in the volume of information is accompanied by the emergence of hardware and software
tools capable of promptly processing large volumes of information, as well as a significant reduction in the
cost of collecting, processing, storing and transferring uniform information.

As a result of the combination of these two processes - the growth of business demand for processing
and storing large amounts of data and the emergence of technical means capable of promptly processing such
data with minimal costs, one of the most interesting and promising areas of service development has
emerged, which is called Big Data.

Despite the fact that there is not much experience in the practical application of Big Data in the service
sector, there is still not much accumulated in marketing, interest in projects in this area is constantly
growing. There are regular reports of the successful use of Big Data technologies by innovative companies to
solve various problems of increasing competitiveness, creating new services, and improving customer
relationship management.
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Research methods:

The basis for analysis is relationship marketing theory. Trust and commitment are essential elements
of a relationship. To find out the reasons for the low level of influence of client motivation on the level of
servitization, a qualitative study was carried out using a focus group. Participants are industry experts.

A focus group is based on interviewing a group of people. It is a form of qualitative
research consisting of interviews in which a group of people are asked about their perceptions, opinions,
beliefs, and attitudes towards a product, service, concept, advertisement, idea, or packaging. Questions are
asked in an interactive group setting where participants are free to talk with other group members. Instead of
a researcher individually asking group members questions, focus groups use group interaction to explore and
clarify the beliefs, opinions and views of the focus group members. The interactivity of focus groups allow
researchers to gain data from multiple members simultaneously, often making it a quick and convenient
research method. During this process, the researcher either takes notes or records the vital points he or she is
getting from the group. Researchers should select members of the focus group carefully for effective and
authoritative responses.

Designed to better understand the motives, preferences, behaviors of consumers or their relationship to
a particular product or topic. The main task is to identify personal information regarding the object of
interest. The main advantage of a focus group is the ability to obtain detailed in-depth information during a
conversation with respondents. In this method, the basis is on focusing the attention of the participants on the
problem to determine the attitude to the problem posed, to clarify motivations. Usually a group consists of 8-
10 people.

In order to find out the reasons for the low level of influence of customer motivation on the level of
servitization, a qualitative study was conducted - a focus group among experts in the industrial market [9].

Obiject of research: experts from industrial sectors of the economy of Kazakhstan in the amount of 10
people.

Research subject: motivation of clients to apply the servitization strategy, perception of the
servitization strategy by industry experts.

At the preparatory stage, a scenario for conducting a focus group was developed - a guide, consisting
of 8 main questions. Upon completion of the focus group, a transcript was drawn up based on the recording
of the conversation.

The transcript of the conversation during the focus group serves as an array of data for conducting
content analysis.

As a method for analyzing the data obtained, the author used content analysis, that is, the analysis of
the qualitative and quantitative content of the text array. The essence of content analysis consists in
translating textual information of a document into quantitative indicators and further analyzing it. Content
analysis provides the definition of such characteristics of the text of the document, which are able to assess
the processes and situations, point of view and intentions of the communicator.

In content analysis, such characteristics are analysis categories, analysis units (classified into semantic
and qualitative) and counting units, which are identified before the start of the study. Units of analysis are
sorted by analysis category. Content analysis requires a clear listing of features with which it becomes
possible to draw the ratio of units of analysis to categories of analysis.

A unit of analysis is a piece of content that is identified as an element of a category. Using the unit of
account, the characteristics of the text are measured.

Starting work with content analysis consists of clarifying the lexical differences in the texts of
electoral programs. As a rule, such an analysis is performed by dividing documents into separate words,
counting the frequency of occurrence of each word in each document and compiling the so-called. A term
document matrix, in which the rows usually correspond to words and the columns to documents.

Having such a matrix, it is possible to calculate the appropriate document similarity metric. Despite
the seeming simplicity, preparing a term document matrix is a non-trivial task that often requires
experimentation.

To prepare the term-documentary matrix based on the documents (election programs) we are
considering, the following steps were taken:

- Clearing punctuation marks, numbers and extra spaces.

- Convert all letters in words to lowercase.

- Splitting a document into separate words.

- Removing stop words, i.e. words that do not carry a special semantic load (for example, "a", "not",
"and", etc.).
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It should be noted that the set of stop words could vary considerably depending on the context. For the
described analysis, we used a general-purpose list available in the SnowballC package for R.

To apply text analysis methods, it is necessary to transform documents of various formats into the
format of a simple text document. The result of file transformation is a text corpus with the txt extension.
Next comes the step of preparing the corpus for analysis. During this step, punctuation marks, numbers,
foreign words, names of people, stop words (words with little meaning) are removed from the text, and
capital letters are transformed into lower case.

The main operation is lemmatization of a word. Lemmatization means converting a word to its
original form. Thus, the result of the analysis of the corpus of highly important words in their basic form is
provided.

This transformation allows you to explore information using various methods of text analysis. To
identify the factors affecting the variables of the previous analysis, the tf-idf metric was used already on a
clean corpus. TF-IDF measures the importance of words in a set of documents. The metric consists of two
parts: the word frequency (term frequency or tf) and the inverse document frequency (idf).

TF evaluates the frequency of a word in a document. This metric reduces the weight of frequently used
words and increases the weight of words that are rarely found in the corpus. The result of combining two
metrics (multiplying one by the other) is tf-idf. TF-IDF implies word frequency adjusted for how
infrequently it is used. TF-IDF measures the importance of a word for a document that is part of a corpus (set
of documents).

To prepare data for content analysis, the units of analysis are counted and the corresponding
assessment indicators are indicated. In the process of preliminary analysis of the text of the document, the
main semantic units are designated, which are distinguished on the basis of their compliance with the goals
and objectives of the study. Then a content analysis form is drawn up, in which the collected data on the total
number of mentions of each indicator.

Results and discussion.

An array of data for conducting a content analysis is the transcript of the conversation during the focus
group.

First, the participants in the focus group were asked about the reasons why customers prefer to use the
strategy of servicing. As options for the reasons for motivation, the survey participants proposed the
following:

Lower operating costs, lower risks, reduced investments in personnel or equipment, improved
productivity, the ability to concentrate in other areas, and support product-related activities. Further, the
importance of these motivations on a 5-point scale was identified (Figure 1).

4,8

Figure 1 - The importance of motivation to apply a servitization strategy for a client (compiled by
the authors)

Content analysis is a method of analyzing the content of texts of documents, in which text information
is translated into quantitative indicators.
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With the help of content analysis, it becomes possible to determine the characteristics of the text of the
document, which are indicators of the processes or states, attitudes or intentions of the communicator. Such
characteristics are the categories of analysis, units of analysis and account identified before the start of the
study.

Using the TF-IDF metric, an analysis was made of the frequency and importance of words regarding
servitization and customer attitudes towards servitization in the industrial market. As a result, the following
diagram was obtained (Figure 2).
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Figure 2 - Analysis of the frequency and importance of words using the TF-IDF metric (compiled by
the authors based on the data of the program R)

Based on the results obtained, using the tf-idf metric, highly important words are combined into
thematic groups for different methods of text analysis. One such kind is KWIC (key word in context) or
keyword in context.

The KWIC method defines the semantics of keywords. The algorithm identifies a keyword in the
text, thereby creating a table for each observation of the keyword and the context in which it is found. All
words assigned a semantic meaning are considered the total number of positive and negative words of the
keyword.

As you can see from the picture, the words that are often encountered during the conversation
regarding servitization are: structure, thinking, stereotypes, value, reputation, trust, loyalty, satisfaction,
integration, innovation, industry 4.0, etc.

Based on the results obtained using the tf-idf metric, it is possible to combine highly important words, in
their semantic meaning, into thematic groups for conducting various text analysis methods. One of these
types is KWIC (key word in context) or keyword in context [10].

Thus, the word of interest to us is formed and its positive and negative frequency. By combining
words into groups, the semantics of this group is calculated (Figure 3).
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Frequency of positive and negative words

Topic

Semantic

Figure 3 - Analysis of keyword semantics (compiled by the authors based on the data of the program
R)

As a result of the analysis, the main priority in choosing a supplier was revealed - a mix of high level
of satisfaction with low rates of commitment, as well as frugality and low prices. However, quality is not a
top priority. These clients are often dependent on government agencies and laws, they opt for lucrative
suppliers through open tenders, and they invest in developing relationships. This strategy satisfies short-term
goals, but does not assume a long-term perspective.

Some clients have low satisfaction, but are loyal to suppliers, they strive for stable long-term
relationships. This situation can be explained by the problems of the clients themselves in business and its
low efficiency, while their loyalty to the supplier is quite high.

Taking into account the specifics of the client and his equipment, various methods can be used to
build customer loyalty:

- deep study of the client's business model and performance criteria;
- forecast of possible failures;

- interest in the problems of the client;

- Providing turnkey global solutions.

Quality indicators directly affect the level of satisfaction, that is, the higher the client's level of
commitment to services and products, the higher the company's income.

The client's level of motivation to apply the servitization strategy depends on the client's level of
trust in the contractor. Many enterprises in the industrial market strive for long-term relationships, are ready
to invest in the development of relationships, they share the risks. At the same time, the rest of the
enterprises are looking for low prices, have no interest in developing ties.

According to the author, such clients have a good perspective for joint projects. Recent service
disruptions or disruptions have been identified as the main cause of low satisfaction levels.

At the same time, high rates in relationships and commitment are the result of client trust, as well as
the key to a quick and successful service recovery.

Industry 4.0, the development of new production methods are the reasons for the increase in business
transactions and have shifted the focus from customer relationship to the background. Industrial enterprises
do not have a reputation for being good service providers with their customers. Large manufacturers do not
see the benefit of developing trust with customers, as it requires additional investment. In this connection,
customers buy services from cheaper suppliers.

Large customs representatives, who process large consignments, really do not want to declare one-
time consignments of goods from small entrepreneurs.

Relationship elements such as trust, satisfaction, commitment can not only strengthen the business
relationship between the customer and the supplier, but also create material benefits.

In today's changing environment, marketing focuses on the relationship of customer satisfaction with
the financial results of the enterprise. The Srivastava marketer [11] proposed the idea of accelerating and
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increasing cash flows due to a high level of customer satisfaction.As you can see from the picture, several
groups of keywords have a double semantic color: positive and negative. This group includes topics such as
satisfaction, trust, loyalty, relationships, customer mood, and finances. This phenomenon can be explained
by the fact that during the conversation about these groups of keywords, the participants in the focus group
spoke out in different ways, as industry experts participated in the conversation without dividing them into
customers and suppliers.

So, experts call the combination of high satisfaction with low indicators of commitment and
relationships with frugality and low prices, the main priority in choosing a supplier. Quality is not a top
priority. Such clients often depend on government agencies and laws and choose the most profitable
suppliers in open tenders. They do not need to invest in relationship development. In general, such a strategy
satisfies short-term goals and does not imply a long-term perspective [12].

The high development of the servitization level depends on the level of the company's motivation for
its implementation and use. The higher the level of motivation to apply the servitization strategy, the higher
the level of servitization in the enterprise.

It has been proven through analysis that addiction does not exist. It was revealed that market
participants speak positively about the servitization strategy, they confirm its necessity. The introduction of
servitization is proceeding at a slow pace due to barriers. The main thing is the lack of confidence of
customers in the services provided by the supplier enterprises.

The client's level of motivation to apply the servitization strategy depends on his trust in the
customer, that is, the higher the level of trust in the services, the higher the client's motivation to apply the
servitization strategy.

Companies that focus on trust with customers have better profit margins than those that rely on the
commercial success of mass sales.

To increase customer confidence, it is necessary to implement a three-step system of building trust:

1. Building a close relationship with the client: create a personalized offer, provide special
conditions.

2. The belief in performance. Demonstrate a return on investment that demonstrates the benefits of
collaboration. Convince there are no risks.

3. Demonstration of cooperation. Developing demand, increasing the amount of contracts, increasing
customer loyalty.

Enterprises must convince their customers that the accompanying services to the product being sold
are of high quality, the staff is trained and trained more narrowly than third-party contractors, while the
service support is cost-effective and reliable.

Implementing servitization is a complex process. But if all market participants come to a common
understanding of the benefits and benefits of using servitization strategy as a marketing strategy for
enterprise development, the implementation process will be successful and fast.

Kazakhstani industrial enterprises are ready to introduce servitization. 54% of the surveyed
companies provide services tailored to the needs of customers and 33% provide specific services.

The functioning of the industrial market is strikingly different from the mass market. Therefore,
many standard marketing tools do not work in the industrial market.

The global economic crisis observed in the past few years has brought significant adjustments to the
business activities of industrial enterprises; currently, companies are in a constantly changing economic
environment and are forced to find new ways for their stable functioning and future development. It is
obvious that in the modern economic environment, innovation is becoming a fundamental factor in achieving
the set goals.

World experience shows that at the moment, in the new conditions of the crisis, there is a significant
change in the structure of demand, there is a transition from traditional goods to new, improved, innovative
ones. Only those companies that are actively pursuing innovation activities and developing research and
development have chances for promising economic development. At the same time, it is worth considering
the fact that the production of innovative products is becoming insufficient, an effective and competent
marketing strategy is needed to promote new products to the market.

More and more innovative companies in the course of their activities come to the understanding that
marketing is not intrafirm management, but a whole concept of innovative marketing in enterprise
management. In the process of functioning of an innovative enterprise, marketing takes an increasingly
serious position, due to the fact that the production and promotion of innovative products carries great risks
and a positive economic result is not always guaranteed [13].
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Marketing at an innovative enterprise is designed to organize the promotion of an innovative product
in such a way that the supply and demand for innovative products coincides with the needs of consumers and
the capabilities of the enterprise. Marketing strategies for promoting innovative products in the industrial
market must be global in nature. Provide value not only for customers, but also for the industrial enterprise
itself.

After analyzing the experience of production and implementation of innovative products at
enterprises, the author notes that research is becoming an important point in the formation of a marketing
strategy. Marketing research is a mandatory element for the release of an innovative product at every stage of
creation and distribution. Based on the results of marketing research, enterprises adapt an innovative product
to customer requirements, monitor and evaluate the correctness of measures to bring an innovative product to
the market [14].

According to the IMF report, a group of companies has emerged in the industrial market of
Kazakhstan that are most ready to implement a servitization strategy. Moreover, many enterprises are
already introducing certain elements of servitization: software for tracking customer requests, automated
programs for tracking installed products on the client's premises, etc. Implementation of advanced software,
staff training are important steps on the road from product marketing to a servitization strategy.

However, along with the obvious advantages of introducing servitization to the market, the following
problems can be noted:

- Lack of funding. The maintenance development program for the manufactured product requires
significant funding, for which many enterprises do not have enough funds. Industrial enterprises in
Kazakhstan are highly dependent on government investment;

- Low qualification of personnel. Industrial enterprises are experiencing a shortage of qualified
personnel. In-house training is not always possible due to high costs. Serious support is required from the
state in providing enterprises with qualified personnel;

- Actual education. Due to the changing conditions of production and service in production,
academic education in universities and colleges should be revised taking into account new realities and
requirements;

- Lack of service companies.

The growing role of marketing in the management of an industrial enterprise is directly related to the
objective tendencies of increased competition, liberalization of foreign economic relations.

In the process of developing and using specific marketing tools, it is necessary to use a differentiated
approach, taking into account the characteristics of the enterprise and the specifics of the industry.
Consequently, there is an increasing need for focus and validity of the adopted marketing strategies that can
determine the overall global goals of the enterprise in the market.

An effective and efficient marketing strategy must be flexible and adaptable to changes in the macro
and micro environment. It is necessary to observe the principle of compliance of the alternative of marketing
programs with strategic plans to improve the performance of an industrial enterprise [15].

Servitization strategy as a marketing strategy capable of ensuring sustainable competitive
development of an enterprise, and also allows for an adaptation process between the internal environment to
changes in the external environment.

Such characteristics as servitization level and motivation level have the maximum influence on profit
and market share indicators. Which implies that managers pay close attention to these characteristics in the
process of implementing servitization strategies.

The introduction of servitization in the enterprise should lead to an improvement in the economic
performance of the enterprise, based on the research results, the higher the level of servitization in the
enterprise, the higher the profit and market share indicators.

The use of the servitization strategy as a marketing strategy for promoting an innovative product in
the industry gradually leads to an improvement in relations in the industrial market. Trust helps to carry
relationships through difficult situations and allows not only not to destroy the relationship, but even create
added tangible and intangible benefits [16].

The use of the strategy of servitization as a marketing strategy for promoting an innovative product
in industry gradually leads to a renaissance of relations in the industrial market. Long-term relationships are
built on trust. Trust helps to carry relationships through difficult situations and allows not only not to destroy
relationships, but even to create added tangible and intangible benefits.
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WHHOBAIUSJIBIK OHIMIEPI KBLIKBITY CTPATETUSICBHIH
KAJIBINITACTBIPY YIITH YJIKEH JEPEKTEPII TAJIIAVIBI
KOJJIAHY

A.B.Mauabinosa’, M.C. CansikoBa’, M.B. AMpeeB2

"Xanbikapanbik 6usHec yHuBepcuteti, AnmaThl, Kasakcran
2 Fymapbex Jloykees aTbIHIAFb AJIMAThI SHEPreTHKA XKoHe Gaiinanbic yHuBepcuTeTi» KeAK, Kasakcran

Anoamna. Yiaxen OepexmepOi manoay KYpaioapvlh NAUOAIAHY OHepKICINMIK PeGOMIOYUARA JICIHe dIcannail
eHOipicmiy oJicana adicmepin dicacayza bwiknan emmi. HHHOBAYUATLIK IKOHOMUKAOA Jicaya OinimMoi Koaoamy
HOMUICECTHOE OHEPKICINMIK KICINOPLIHOAD JHCAKCHl IKOHOMUKALBIK KOPCemKiuimepae ue JicoHe YiKeH Oepexmepoi
manoay adicmepin Koi0anaovl, Mvlcaivl, basa benzineyoe.
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3epmmeynepee nezizoencen Oepexmep CepeUMU3AYUS CIPAMESUACLIHA HAPLIKMbIY KO3KAPACHL MEH JiCalnbl
KOWII-KYUIH — AHLIKMAY ~MAKCAMbIHOA — CAPANUbLIAP —apacbindagbl  aHcimenecy 6apuicblnoa  anvinObl. Hapwlik
KAMbICYUWbIIAPbL  CePEUMU3AYUSL CMPANESUACHIH MYPaibl O RIKIp 6indipemini aHblKManiovl, KOMRAHUSIAD OHbl
KOJOaHy Kadcemminiein pacmauobi.

Jlepexmepoi manoay nezizinoe Kiuenmmepoiy cepikmec KaCInopbiHOApOblH KblsMemiHe 0e2eH CeHIMOLNiel MeH
a0anovigbli apmmulpy OOUbIHULA YCOIHLICNAD KATLINMACHbIPBLLObI.

Tyitin co30ep: yaxen manimemmep, UHHOBAYUSILIK OHIM, LM, KIUEHMMePOiy CeHiML

INPUMEHEHME AHAJIN3A BOJIBIINX JTAHHBIX JJIsA
®OPMUPOBAHUSA CTPATEI'MU TPOABUKEHUA UHHOBALIMOHHBIX
HNPOAYKTOB

A.B. MaigsioBa', M.C. CanbikoBa’, MLB. AMpeeB2

'Y HuBepcHTET MeXTyHapOIHOro GH3Heca, AnMaThl, Kazaxcran
’HAO «Ka3axckuii HAMOHANBHEIH arpapHblil yHuBepcuTeT», Kazaxcran

Annomauusn. Vcnonvzosanue uHCmMpyMenmos auaiu3a 60abWUX OAHHBIX CHOCOOCME08AN0 NPOMbBIUUIEHHOU
PesonoyUU U pazpadbomre HOBbLX MEMo008 MACCO8020 NPOU3E0OCMEA. B pesyibmame ucnoib306anus HOBbIX 3HAHUL 8
UHHOBAYUOHHOU IKOHOMUKE NPOMbIULICHHbIC NPEONPUSMUS  UMEIOm  XOpoulue 3KOHOMUYeCcKue noxKazameiu u
UCNONBL3YIOM MEMOObl AHANU3A DONLUUX OAHHBIX, HANpUMED, 01 YEeHOOOPA308aHUsL.

Jlannvie, Ha KOMOPBIX OCHOBAHO UCCNEO08aHUE, ObLIU NOJYUEHbL 68 X00e Oeced Medncdy IKCNEPMaMiL ¢ Yelvio
BbISICHEHUS. OMHOUWEHUS U 00We20 HACMPOEHUs. PLIHKA K cmpamezuu cepeumuszayuu. Bolseneno, umo yuacmuuxu pvinka
HOJLOJICUMENbHO OM3bIBAIOMCSE O CMpame2uy  Cepeumu3ayuu, KOMAIAHUU HOOMEEPHCOAOm HeoOX00UMOCmb  ee
nPUMEHEHUsL.

Ha ochose ananuza Oammwix copmMuposanvl npediodceHuss no HOGbIUEHUIO YPOGHs 008epusi KIUEHMO8 U
JIOSILHOCIU K YCILY2aM NPEeOnpUsimuii-napmHepos.

Knrwouesvie cnosa: 6onvuiue oannvie, UHHOBAYUOHHBLL NPOOYKM, 3HAHUSL, 008EPUE KIUCHIMOE.
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Abstract. One of the most common causes of disease-related death among young women in almost every country
in the world is the breast cancer. Valid and timely diagnosis of the breast cancer is vital, as its earlier identification
considerably helps any further treatment. There are several methods for breast cancer identification. This paper
acknowledges that the gold standard method of breast cancer identification is mammography, which can be further
assisted with the adjunctive tool of thermography. For both these techniques there are many research approaches that
use computer-aided detection systems to improve the detectability of the breast cancer which are based on these basic
methods. The developments are mainly based on the recent progress in the field of machine learning techniques,
numerical simulation, and statistical methods. They span a broad range of the artificial intelligence (Al) field. The
paper elaborates on these recent and future paths of progress in the field of artificial intelligence for breast cancer
diagnosis.

Keywords: breast tumor, thermal patterns, thermography, artificial intelligence, Neural Network, Bayesian
Networks.

INTRODUCTION

One of the most common causes of disease-related death among young women in developing
countries is breast cancer [1]. Among the several significant causes, changes in the genome in a cell caused
by various factors such as hormonal dysfunctions or external causes can lead to the development of
cancerous cells. Genetic predisposition such as BRCA1 and BRCA2 genetic mutations, burdened family
history, lack of childbirth, abortions and age are main risk factors that may cause development of tumor.
Also, lifestyle with pernicious habits, like smoking, alcohol, obesity, lack of physical activities [3, 4]. As far
as the successful treatment is concerned the stage of disease plays an important role in the recovery
procedure [2].

In Kazakhstan, the annual rate of mortality per 100,000 women because of breast cancer has increased
by 9%, which is 0.39% increment per year [5] since 1990 as seen in Figure 1. Statistics show that the breast
cancer accounts for 11.7% of all cancer cases including both genders [6]. In 1991, breast cancer cases were
around 10 cases per 100,000 citizens, after 22 years the number of cases has increased 3 folds. On the other
hand, number of lung cancer cases is also steadily increasing, which is the main cause of the death among
men.
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Figure 1 — The dynamics of cancer incidence of various localizations [7]

The last studies conducted by Medical University of Semey in Kazakhstan, revealed that 43.2% of
cases are diagnosed at 3 stage, 40.8% at 2™ stage, 14.2 % at 4™ stage, and only 1.8% at 1% stage. According
to the stages of cancer development, patients with stages 2 and 3 of the disease were more common (84% in
total). This is because stage 1 breast cancer is only determined by mammography, without clinical
manifestations. At the 4-stage cancer tumor is fully developed and the patients have sought medical help
already. Therefore, these stages 1 and 4 are in the minority.

The diagnosis of cancer at early stages is crucial for treatment and reduction of mortality, when
treatment can be started early while tumor size is small and does not have any symptoms. Therefore, usage
of the latest developments in technique and artificial intelligent can help in breast cancer diagnosing.

1 METHODOLOGY

1.1 Bases

The review paper consists of the scientific papers from such databases as: ScienceDirect, Scopus,
PubMed Central, Research Gate, IEEEXplore, etc. In addition, the reference list of the papers was used to
find the related papers.

1.2 Keywords
Different keywords and their combinations were used to find the related papers. The keywords

99 C¢ 9% ¢

include: “Infrared thermography”, “Deep learning”, “Artificial Intelligence”, “Numerical Simulation”.

1.3 Elimination and insertion criteria

To find the most relevant articles for the review the following criteria was considered:
a) Improvement in the performance of the system.
b) Recent developments in artificial intelligence approaches for breast cancer diagnosis.
c) Practical relevance of the study.

1.4 Critical Review and Analysis

The selected papers were reviewed and critically analyzed in terms of their strengths and weaknesses
in the research presented and the technologies developed.
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2 THE GOLD STANDARD METHOD AND ARTIFICIAL INTELLIGENCE TECHNIQUES

Currently, mammography is considered to be the most appropriate method for breast cancer detection.
It consists of three stages: detection, analysis, and final assessment/management. The first stage includes the
breast mammaography image segmentation into different types of regions, such as foreground (breast) and
background. In the second stage in order to investigate the image in more details the set of ROIs (Regions of
Interest) are extracted from it. Finally, the third stage will determine whether the tumor is noncancerous or
cancerous. Based on the finding, final decision on the treatment can be made [8]. This traditional screening
process is mostly performed manually and qualitatively by specialists.

In many cases the findings are laborious and prone to human errors as some breast masses are not
considered and these may turn out to be cancerous after biopsies [8]. To overcome this problem, automated
mass detection systems using deep learning techniques have been investigated to improve the clinical
practice by providing a consistent quantitative analysis and assessment approach with decrease in the
dependence on radiologist’s experience. Many of the recent studies have focused on exploring deep learning
using breast mammography by replacing or excluding some of the stages in traditional three-stage process.
For example, Dynamic Neural Network (DNN) had been applied in breast mass detection and classification
of ROIs into one of the determined categories [9-20].

The history of the medical decision support systems (DSSs), as well as clinical decision support
systems (CDSSs) started almost 40 years ago. The first works in this field were Shortliffe, 1976, Miller &
Masarie, 1989 [21,22]. In the beginning knowledge and inference of CDSSs consisted of the simple rules
[21, 23-29]. Further development of the CDSSs lead to the embedding such rules and algorithm as:
fuzziness Fuzzy logic, Bayes’ rule, Bayesian belief network, decision trees and artificial neural networks.
Furthermore, in order to present temporal and spatial medical knowledge other CDSS comprise structural
representations and special knowledge representation schemes [23-29].

Deep learning has demonstrated immense success in next-generation challenges such as object
recognition in natural images, machine translation, and automatic speech recognition. This has attracted
increased interests to apply deep learning techniques such as Deep Convolutional Networks (DCN) to
medical imaging such as mammograms. Convolutional Neural Network (CNN) model is a deep learning
technique used for the understanding of the images. The perspective of such networks has been presented by
many researchers in the area of mammography.

Domingues et al. [10] presented findings on binary classification between cancer and non-cancer
breast mass lesions derived from the INBreast database. This was further developed by exploring deep
learning methods for mass detection on mammogram images. Several classifiers were tested, and special
attention was given to Deep Learning methodologies and particularly the Support Vector Machines (SVM)
technique. It was shown that these methods may find masses of different sizes in different locations.
However, there could be a number of false positive results.

Carneiro et al. [17] presented a new way for identifying of masses from the mammograms by
connecting deep learning with the random forest approach. The first stage of the system consists of the
combination of the multi-scale deep belief network (m-DBN) [11,15] and Gaussian mixture model classifier
for the selection of a set of regions that represent the breast masses. The second stage consists of a cascade of
deep convolutional neural networks, which not only can decrease the number of false positive results, but
also maintain most of the true positive results. The third stage extracts the texture and morphological features
so that these can be further classified by a random forest classifier.

Ertosun et al. [12] presented a deep learning-based visual search and localization of masses routine
using mammography images. There are two modules. The first is the classification engine and the second is
the localization engine. In the classification engine, the system classifies the mammograms to determine
whether there is mass or no mass using a deep learning classifier. The next engine then localizes the mass or
masses within the mammogram by exploring a regional probabilistic approach as leverage in a deep learning
network. The accuracies of the first and second stages were 85%, and 85% respectively with an average of
0.9 false positives per image.

Becker et al. [18] presented the study of a breast imaging CADx system on the bases of the deep
neural networks with transfer learning. The work compared previously developed analytically extracted
hand-crafted CADx features, pre-trained CNN-extracted features, and an assembly classifier developed using
both forms of features. The validation results show that the classifier with both types of feature had the best
performance metric.

Levy et al. [14] applied end-to-end CNN in order to categories breast tumour as cancer or non-cancer.
The study used a combination of transfer learning, careful pre-processing, and data-augmentation. The
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results showed a probability of 0.934 in recall at 0.924 precision. This surpasses human performance recall
results which ranges between probability of 0.745 and 0.923.

Arevalo et al. [15] presented the grouping of tumour in mammography, which aims to directly learn
the content of these images using supervised learning. The framework uses the modern image features such
as histogram of oriented gradients (HOG) and histogram of gradient divergence (HGD) descriptors. The
assembly of learned and hand-crafted features led to the superlative descriptor for tumour classification.

Mordang et al. [16] dedicated his study on the detection of macro calcification candidates by using
convolutional neural network. The findings indicated that CNN had a significantly higher mean sensitivity
compared to the state-of-the-art method cascade classifier: 0.6914+0.0041 (meantstdev) versus
0.6381£0.0038 (p<0.001). The work concluded that CNN outperformed the cascade classifier in terms of
sensitivity for the whole specificity range.

The above review shows that there are a number of ongoing works in this field. Almost all these works
are based on mammograms with very little emphasis on the preliminary mass screening stage. Currently the
use of thermograms has not been fully investigated. There are long-term prospects to apply the techniques to
thermograms. An integrated system for the early detection of breast tumor incorporating thermograms with
cancer risk markers will complement the existing work with mammograms.

3 THERMOGRAPHY AND ARTIFICIAL INTELLIGENCE METHODS

It is well-known, that the probabilities for effective treatments of breast cancer are reliant on the stage
of malignant tumors. The likelihoods are clearly higher as soon as the tumors are detected in the initial stages
of growth. To improve the chances for effective treatment, the accuracy of early detection of malignant
tumor is life-threatening. The first step of the process will involve the detection of tumor development.
Thermograms will be suitable for this preliminary screening stage. The technique is based on the
phenomenon of higher metabolic rates of growing tumors compared with surrounding tissues. This leads to
hyperthermia, i.e. elevated temperature in surrounding regions of the breast. As such, thermal imaging can be
used to identify and classify the growing tumor inside the breast. It is known that each breast has a unique
thermal pattern that should not vary with time, much like a fingerprint. With the development of a growing
tumor in one of the breasts, the thermal patterns of this breast will deviate from the baseline pattern. As the
tumor grows, the deviation should increase. By continuous monitoring and comparing the thermal patterns of
the left and right breasts over a period of time, abnormalities such as tumor growth can be detected. Any
significant changes between the left and right breasts could define abnormal development inside one of the
breasts and warrants an investigation. In the last two years we have been developing the intelligent system to
identify the tumor position and size [29-36], which is based on patient specific data and inverse thermal
modeling using design optimization techniques. This approach is simple, and it provides the continuous
personalized monitoring quantitatively without complex and expensive medical facilities. It is relatively
inexpensive and noninvasive with great potential for mass screening applications.

In real life medical problems, it is common practice to apply different Artificial Intelligence (Al) tools
in order to provide practical and successful solutions. Artificial Neural Network (ANN) is a widely used
analytical tool, which assists the physicians in diagnosis of patients with breast tumors.

Ng and Kee [37] employed both ANN and bio-statistical methods to identify malignant tumors using
thermograms. There were 82 patients thermograms analyzed, which consisted of 30 asymptomatic, 48
benign and 4 malignant. The inputs of the ANN were identified by the use of a regression analysis. The
authors achieved 80.95% in accuracy in tumor diagnosing, whereas the accuracy of the radial basis function
of neural network was 75% in unhealthy population, and 90% in healthy population.

Mital and Pidarati [37] used several methods, such as ANN, genetic algorithm (GA) and thermal
simulations together in order to bond temperature of skin surface with the locations of tumors in terms of
tumor depths and sizes. The ANN was trained with tumor features in order to characterize surface
temperature distribution. In addition, GA was employed to find suitable features of the tumors, based on a
layered semi-spherical breast. Numerical simulation was used to find correlation between surface
temperature distribution and simulated temperature distribution. The errors were within 5 and 2 mm in terms
of the tumor depth and size, respectively.

The study in [38] investigated the application of ANN with thermography for the early diagnosis of
breast cancer. It was concluded that without large population of data it was impossible to train reliable ANN.
Therefore, numerical simulation, as well as thermograms, were used for ANN training. Thus, using
numerical inputs can greatly improve the training, since changing tumor parameters in a numerical breast
model produces new training data and the number of available cases becomes unlimited by the amount of
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clinical data. On the other hand, to produce precise surface temperatures the numerical model applied must
be well validated by clinical data.

Saniei et al [39] trained a dynamic neural network to estimate the location and metabolic heat
generation of the tumor in the breast based on the surface temperature distribution. Results of the research
demonstrated that the estimation error of depth was higher than the estimation error of size. The deep-seated
tumors had also larger errors than other cases. The findings matched actual parameters and offered the
possibility of determination of necessary parameters from a group of surface temperature data.

Wahab et al [40] suggested to use multiple features retrieved from a range of numerical simulations
carried out by the use of different tissue compositions of breast models which were fed into an optimized
ANN system of 6-8-1 network architecture with a momentum constant value of 0.3, iteration rate of 20000,
and a learning rate of 0.2. The total accuracy of 96.33% and 92.89% for testing and validation respectively
was achieved.

Pramanik et al [41] developed an automatic method of breast thermographic analysis. There are three
main steps in the analysis: segmentation of breast regions from the original images, extraction of features,
and classification and performance analysis using the ANN. The first step was based on the Otsu's
thresholding approach followed by a reconstruction method. The third stage based on the feed-forward ANN
with gradient descent training classification of the thermograms were executed. The disadvantage of the
study is the limited number of the thermograms, namely 306 thermograms of 102 breast cancer patients were
employed. The accuracy, sensitivity and specificity obtained in the proposed system were 90.48%, 87.6%,
and 89.73%, respectively.

Raghavendra et al. [42], developed an preliminary screening computer-aided diagnostics system based
on the histogram oriented gradients, which further uses kernel locality preserving projection (KLPP) to
extract descriptors. The generated KLPP features are ranked and classified. To validate the developed system
various machine learning techniques was used. The obtained results showed their effectiveness, where the
accuracy was equal to 98%, sensitivity was 96.66%, specificity was 100% and area under the curve was
0.98.

Etehadtavakol et al. [43], conducted a study investigating lazy snapping method for the segmentation
the region of interest. The study concluded that lazy snapping is one the most appropriate and effective
methods for the segmentation, as it took short time to differentiate the hottest or coldest region of interest, in
addition it produces results in the real time.

Ragvahendra et. al. [44], presented the comprehensive revision of computer-aided diagnostics system
for breast tumor screening using thermograms. The paper focuses on the advantages and disadvantages of the
CAD systems, as well as suggesting further improvement of the system. The work can be used as a basis of
further development of the CAD systems, that explore machine learning methods for the tumor detection.

Thus, the reviewed articles showed high accuracy of the ANN used in combination with other
approaches to diagnose the breast tumor. The results of the studies agreed with the actual parameters and the
technology thereby has the potential to identify the required parameters from breast surface temperature data.
Therefore, ANN, CNN can be further developed and integrated with other physics-based simulation methods
for intelligent systems for the breast cancer identification. Another future research direction for Al in
thermography is to use CNN as an Al-based diagnostic tool for breast cancer diagnosis as it has been applied
successfully in using mammography due to its efficiency in handling images compared to ANN, but no
research has been carried out to evaluate its capability in using thermography for diagnosis. Furthermore, it
can be a potentially powerful patient specific diagnostic tool by combining it with physics-based reverse
thermal modeling methods [31] as a front-end fast screening tool.

4 BAYESIAN NETWORKS FOR MEDICAL DIAGNOSIS

Knowledge representation and decision-making are important tasks, in the field of medicine where
many parameters are involved and interrelated to make a decision. Thus, several Artificial Intelligence (Al)
methodologies and techniques have been applied to represent medical knowledge: production rules, semantic
nets, Bayesian networks (BNs), frameworks, scripts, statements, logic, causal networks, etc. Perhaps one of
the most successful tools for medical diagnosis is the Bayesian probability theory [45] based on
representation of knowledge and approximation of reasoning with uncertainty [46-48]. Bayesian Networks
(BNs) [46] proved to be effective in the decision support tasks emerging from a significant number of
applications in the medical field [49]

Bayesian Networks and Neural networks are very strong machine learning tools, but at the same time
they are conceptually different. Modern Neural networks in the last ten years surprised all researchers with
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their incomparable ability to recognize patterns. Their applicability to real life Al problems attract the
interest of many investors and companies. However, the way that they find solutions is a black box. Bayesian
Networks on the other hand are very useful for medical like problems where one can build an expert model
for diagnosis or for industrial problems of reliability and troubleshooting. Bayesian networks are
conceptually different in the sense that they encapsulate the knowledge from data in variables that can be
concepts of a domain expert. Furthermore, this is the only framework that can provide causal reasoning that
explores causes and effects.

Bayesian networks (BNs) are probabilistic models that can encode any type of certain or uncertain
knowledge. Thus, they provide a mathematically adequate way to set up a knowledge representation scheme.
Furthermore, it is the only mathematically consistent way to make decisions. BNs can be associated with
supervised or unsupervised learning techniques in order to utilize historic data and make intelligent
predictions. With the help of BNs we can also discover causal connections.

Given n variables Xy,X,,...X,, a BN is a graphical factorization of the joint probability distribution of
the n dimensional variable X with components X;. A BN is defined by a directed acyclic graph “G”
determining the conditional independencies among the variables of and a set of local probability
distributions. There are also directed arcs from a variable X; to another variable X;, (parent of X;). Let us
name all the parents that variable X; has as Pa(G);. This graph structure results in a factorization of the joint
probability distribution for X:

P() =L ] p(X, I Pa(g))

BNs have already been used in a variety of different engineering fields, yet only a few works utilize
BNs for predictive maintenance. Among a large variety of machine-learning algorithms, those based on
Bayesian Networks attract particular interest for handling diagnosis and troubleshooting. As the name
suggests, BN are based on the Bayes’ rule, given by the following expression:

S(AlB)— PBIAR(A)

p(B)

where p(A) is the prior probability of an event A and p(B) is the normalizing constant. The prior probability
p(A) can be viewed as an initial belief about event A before any information about event B is considered.
The conditional probability p(A|B), also called the posterior probability, represents the probability of A
occurring given B has already occurred. Similarly, p(BJA), also called the likelihood, is the conditional
probability of B occurring given A has already occurred. Bayes’ rule can be used to update the prior
probabilities based on new evidence; this process is called the Bayesian inference. Given the effectiveness of
BNs in causal reasoning in the engineering and medical fields, we hypothesize that they would have great
potentials in applications in intelligent patient-specific breast cancer diagnosis.

5 FUTURE DEVELOPMENT AND DIRECTIONS

It is expected that patient specific diagnosis for breast cancer will be a major trend in future
development in breast cancer research, which is based on technology advancements in medical imaging and
scanning, Al and physics-based inverse simulation.

For a successful identification of the tumor being cancerous, the thermograms must be integrated with
risk markers such as age, medical conditions, lifestyles, dietary habits, genetics, etc. The thermograms need
to be quantified and classified based on the associated parameters. Then they should be stored in correctly
designed database, in which data mining and deep learning techniques can be applied to predict the
development of cancerous tumors. The methodology known as risk markers for cancer existence on
thermograms is still an open area of research. Another development is to combine data-driven machine
learning with physics-driven inverse thermal simulation [31] for more patient specific and quantitative
diagnosis of breast cancer.

It is envisaged that the findings could further be exploited to assist in the guidance and tele training of
surgeons for cancerous breast operation procedures. Furthermore, computer-aided-diagnostics like the one
under discussion can help medical experts from different countries to collaborate and discuss the treatment of
complex cases.
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CONCLUSION

Computer-aided diagnostics in healthcare have already confirmed its efficiency and accuracy. Recent
development and expansion in the field of thermography also show its effectiveness. The study presents a
comprehensive review of the methods and techniques that can be used to identify the breast cancer at its
earlier stages, which is very important for further treatment. In addition, it is shown that numerical
simulation can be helpful in producing additional inputs for the artificial neural network or Bayesian
network. Therefore, combining the physics-driven simulation, data-driven Al and thermography will likely
lead to the development of revolutionary diagnostic systems for breast cancer. Such a development of
computer-aided diagnostics can further scale the real-time decisions resulting to a reliable expert model.
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HOCJEIHUE JOCTUKEHUS B METOJAX HCKYCCTBEHHOTI'O
HUHTEJVIEKTA I IMATHOCTHUKHU PAKA MOJIOYHOMU KEJIE3bI

A. Mamexoga, 5I. XKao, 3.11.K. Hr, B. 3apuxac, O. MyxmeTos

! Mrkenepitik xoHe udpIIbIK FRUTBIMAAP MEKTEOIHIH MAIIMHA JKacay KOHE a3POFaPIIITHIK
umxeHepus Oeinimi, Hazapbaes Yuusepcureti, Hyp-Cynran, Kazakcran
? MamuHa skacay %oHe oHipic MekTe6i, HaHbsSH TeXHOIOTUAIBIK yHUBepcuTeTi, CHHrarmyp
* Nazarbayev University Research and Innovation System, Hyp-Cynran, Kazakcran
e-mail: yong.zhao@nu.edu.kz

Annomayusn. OOHOU u3 HauboLee YACMbIX NPUYUH CMepmU MOJIOObIX JHCEHWUH Om 001e3Hell NoYmu 80 8cex
cmpanax mupa seisiemcs pax 2pyou. Tpasunvhas u ceoegpemennas OUaHOCMUKA paKa MOJIOYHOU HCeNe3bl HCUZHEHHO
BACHA, MAK KAK €20 PAHHee BbIAGNIeHUE SHAYUMELbHO NOMO2dem npu OdibHeluem jeyeruu. Ecmo neckonvbko memooos
8blsBIeHUsL paKa epyou. B smoii cmamve paccmampusaemcst, maxue memoosvl OUASHOCMUPOSAHUS KAK MAMMOSDADUL U
mepmocpagua. g oboux memooog cywecmeyem MHOICECMBO UCCIe008AMENbCKUX NO0X0008, 8 KOMOPbIX
UCNONB3YIOMCSL KOMNBLIOMEPHbIE CUCMEeMbl 0OHAPYXNCEHUs Ol VAYYUeHUs eblasisieMocmu paxka 2pyou. Bonvuuncmeso
paspabomox O0CHOBAHbI HA NOCIEOHUX OOCMUICEHUAX 6 00nacmu Memoo08 MAWUHHO20 00yYeHusl, YUCTeHHO20
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MOOenUpoBanus U CMAmucmuyeckux memooos. OHU 0X6amvl8aiOm WUPOKULL CneKmp 001acmu UCKYCCMBEEHHO20
unmennekma (MHM). B cmamve nodpodHO paccmampusaiomcs B803MOJCHble NYymu npozpecca 6 obaacmu
UCKYCCMBEHHO20 UHMENLeKMA 0151 OUACHOCIMUKU paKa 2pyou.

Knwouesvle cnosa: pax Mmonounou dicenesvi, mepmocpagpus, UCKYCCMEEHHbIN UHMENIeKMm, C8epmOYHas
HeuponHas cemv, ballecoscKue cemu, MawuHHoe obyyenue.

CYT BE3I KATEPJII ICITTH IMATHOCTUKAJIAYT'A APHAJIFAH
KACAH/ABI MHTEJUIEKT CAJIACBIHIAYBI OAICTEPAIH COHI'bI
KETICTIKTEPI

A. Mamekoga, 51. ’Kao, J.11.K. Hr, B. 3apukac, O. MyxmertoB

! Kadyeipa MAIIMHOCTPOCHHS M a3POKOCMHYCCKOM TeXHUKH, LIIKOIa MHKEHEPHBIX U IH(pPOBBIX HAYK,
Hazap6aes Yuusepcurer, Hyp-Cynran, Kazaxcran
?[1Ikomna MALIMHOCTPOEHUS U NPOU3BOACTBA, HaHbsHCKMI TeXHOMOrnYeCKUd Y HUBEPCUTET,
Cunranyp
® Nazarbayev University Research and Innovation System, Hyp-Cyuran, Kasaxcran
e-mail: yong.zhao@nu.edu.kz

Anoamna. Cym 6e3i kamepi iciei aypyvl anemoezi bapivlk endepoei jHeac aenodep apacvlHoa Heui Kezoecemin
aypynapowiy 6ipi 6ovin mabwiiaosl. Cym 6e3i kamepii icicin OYpbic HCIHe YAKMbLIbL QUASHOCIMUKALAY ome MaKbl30bl,
OUMKeHi OHbl epme aHbIKmay 00aH api emoeyee yakeH komek bepedi. Cym 6es3i kamepiai iciein aHblKmayouly OipHeuie
a0ici 6ap. Byn maxanaoa mammozpaghus scone mepmozpagusa cusKkmvl OUACHOCMUKALLIK d0icCmep Kapacmulpbliaobl.
Exi 20ic ywin Oe cym 6e3i xamepni icicin aHbIKMayovl dHcaxcapmy YuliH KOMNbIOMEPNiK AHbIKMAY HCYUeCiH
KONOanamein KenmezeH 3epmmey macinoepi 6ap. Kenmeeen azipremenep MAwuHAIblK OKblmy 20iCMepiniH, CAHObIK
MoOdenbOey MeH CMamucmukaibly 20icmepoiy conevl Jcemicmixmepine Hezizoenzen. Onap sicacanovl unmeniexkm (HKH)
epiciniy Key cnekmpin Kammuowl. Makanaoa cym 6e3i xamepai icieiH OUASHOCMUKALAYEA APHANEAH JHCACAHOb
UHMELIEKM CANACLIHOA&bl NPOSPECCMIH bIKMUMAT HCONOAPL e2diceli-me2dicelii KapacmulpblLi2aH.

Tyitinoi ce3oep: cym 6e3i kamepii iciei, mepmocpapus, Hcacanobl UHMEILIEKM, KOHEOMOYUSILIK HelUpPOHObL
Jrceni, batiec diceninepi, MawUHAIbIK OKbIM) .
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TEXHOJIOI'IM U KUBEPBE3OITACHOCTD
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OPENCYV KOMIIBIOTEPJIIK KITAITXAHACBIHBIH KOMEI'TMEH
FUMAPATTATBI AIAM CAHBIH ECEIITEY

I'.I'. T'a3u3, A.K. Akmbip3aeBa, /K.I1. bazapoex®, M.C. Kacy3ak

On-Dapabu areianare! Kazak ¥YATTeIK YHEBEpCUTETI, ATMaThI Kaiackl, Ka3zakcTan
E-mail: zhaniya.bazarbek1998@gmail.com

Anoamna. Byn maxanada nHaxmul yaxvim pesiciminoe Mmexemeze KipeeH JHCoHe WBIKKAH adamoapobly CaHbl
kepceminoi. Byn ocyiiede andviven Oelineniy Kipy JcoHe wibley HyKmenepi aHblkmanovl. Aoam Kipy owcone uiblzy
HYKmeJlepineH OmKeH commeH Oacman canak dcype 6acmatiovl. byn ocymvicma 6ip yakeimma exi 6oamedezi
aoamoapea canak oHcypeizindi. Adamoapowi Kaxcemmi Oandiknen canay yuin OpenCV kimanxananapol MmeH
KOMNLIOMEPIK KOPY MYACLIPbIMOAMANAPBIH KOIOAHA OMbIPLIN HAKMbL YAKLIM ANOPUMMI KYPbLIObl. YCbIHbLIZAH
JACYUEHIH IKCHEPUMEHN HAMUNICECT HAKMbL YAKbIM pediciminoe dcozapul 0an0ikke ue. CoybiHOa adamoapovly Kipy HcaHe
ULbIZY OPLIHOAPBIHBLY JHCATINbL CAHbL MEH MeKeMeoe2i a0am CaHbl KOPCemilzen.

Tipek ce30ep: OpenCV, Python, adamoapovl canay, Komnsromepik Kepitic, IP-kamepa.

Kipicne

KommbroTepiik Kepy TEXHUKAChl OapJIbIK cananapia, COHbIH ilIiHAEe aBTOMOOMJIb, IEHCAYIIBIK CaKTay,
OaHk, OeJIIeK cayza, aybUl MapyalllbUIbIFbI )KoHE 0acKa cajianapaa KeHIHeH KoyaHbuIansl. Jlepexkesnep iy
MaTiMeTTepi OOWBIHIIA, STIeMIer MalHanap sl kepy Hapbirsl 2019 xbutet 9,9 mummapa AKI nomnapsiaa
Oaramanran xoHe 2025 xwurra neitin 14,7 mmumapn AKIL mommapeiaa xerexmi, an 2020 xeuman 2025
xoutra faeiiin CAGR 6,5 % kypaiiast [1].

Kommerotepiik kepy - Oyi1 Oykin ajemzeri yWeIMaap MEH akaJeMHUKTEp apachblHOa €H KapKbIHZIbI
JAMBITT KeJie JKaTKaH OarbITTapAblH Oipi. Ocy cebenTepiHe ecenTey KyaThIHBIH KOJ KETIMILJITI,
KOMITBIOTEP/IE KOPY aITOPUTMJICPIHIH alllbIK KO31 )KoHE, OpUHE, ap3aH KaMepasapIblH O0JYbI KaTa bl

Onerte OpenCV Jen atanaTblH alIBIK KO3/i KOMIIBIOTEPIIIK KOPY KiTalxaHackl - OyJ1 KOMITBIOTEPIIIK
Kepy KOCBIMILIAIAphl YLIiH >Kajmmbl WHPPaKYphUIBIMIBI KAMTaMachl3 €Ty ’KOHE KOMMEPLHMSJIBIK eHiMAepne
MaIlIMHAHbI KaObLIAAY/Ibl IaMBITYFa apHAIFaH MAITUHAJIBIK OKBITY KiTanmxaHachl [1].

Intel FpUTBIME-3epTTEY OacTamachiHBIH aschiHAa KypbutFan OpenCV KiTalxaHachl, €H aJIbIMEH,
ecenrey THIMIUIIH KaMTaMachl3 €Tyre, COHbIH iLIiHE HAKThl YaKbITTaFbl KOChIMIIanapra apHairaH. Ockl
MaKaJlaJa 3epTTeyIIijIep apachlHAa OChl alllbIK KiTalxaHaHbIH HE ce0enTi TaHbIMall OOJIbI OTHIPFAHABIFbIHA
erKe-TerKeHn  TOKTamalblK. AmbIK Oacrankel miargopMaisl  KiTanmxaHa OipHelle WHTYHTHUBTI
(bakTopnapAblH 9cepiHEH KOMIIBIOTEPINIIK KOPYAiH JaMyblHAA MaHbBI3ABI pell aTKapaabl. byl HakThl
YaKBITTaFbl KOpyre OarbITTalFaH KiTalxaHa CTyJIeHTTepre, MaMaHAap MEH 3epTTeyIIiiepre KOMIbIOTepIep Il
Kepy JKoOajapblH THIMII KY3€re achlpyFa KOMEKTecei, oJlapFa TeK OIipHelle J>KETUINeH FhUIBIMH
3epTXaHaapia Kol KeTiMJI MallIHHAIBIK OKBITY/IbIH HHOPAKYPBUTBIMBIH YCHIHBI [2].

Google, Uber, Tesla, Apple, Intel ;xone Oackanapbl CUSKTHI TaHBIMAJ YHBIMAApP OlpHEIe >Kbl1AaH Oepi
TYJIFaHbl TaHy JKOHE HBICAHJIAPJbl aHBIKTAy *)oOallapblHa OEJICeH[II TypJAe akiua caibll Kenesi. Mpicalbl,
Google-nin e3airiHeH XypeTiH aBTOMOOHIIL jk00ackl Hemece Waymo CeHCOpJIapMEH KoHe KamepaiapMeH
aOapIKTanFaH Oepik ©3[iriHeH JXYPeTiH KeNiK KypalJapblH >acay YIIiH asHOall »XyMBIC >Kacajbl.
Wnpyctpus 4.0 kaObuiaFraHHaH KeHiH KOMIBIOTEPIIK Ke3Kapac eyjep MeH YHbIMAap apachlHAa KeH
tapannel. YHpuicraH, Keitait, Xamonus »xoHe T.0. emjiep KOMITBIOTEpIiK KO3KapacThl 3epTTey MeEH
JAMBITYIIBIH BICTBIK HYKTenepi Oombim TaObutanmsl. CoHbIMEH KaTap, Keitail amra kagam 0achlm, ©3iHIH
OerTepiH TaHy OarmapiaMaiblK XacakTamMachblH AQpHKaHbIH opTYpii engepiHe skcmopTraiabl. Kasipri
SIUAEMUSHBIH 0acTaaybl OYKII aJIeM/Ie OChI 9ICTI KaObLIIayFa UTEPMENICTeHI Typaibl ATy IbIH KaKETI JKOK.

«OpenCV OGargapiamaiiayIblH KONTEreH TIIIEPiHae Ko KeTimai, conasikran OpenCV-ni 6ip Tiiae
Oincenis, con Oimimai Oacka TinAe TyciHyre skoHe KohaaHyFa Oonansl. Meicainsl, bitSoup.ai OpenCV Python
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backend-ti maiimanananer, an Android, Java skone C ++ anmblHFBI JKarbiHAa. « aeiai Manacy CaHDKUBH,
bitSoup.ai Heri3iH Kanaymsl xoHe Oac aupekTopbl.byn sxymeicta OpenCV sxone Python-men «amammapra
apHaNFaH ecenmoT» Kypyasl aidTambiz. OpenCV keMeriMeH HaKThl YakKbIT PeXIMiHIEC MEKEeMere «KipeTiH»
HEMECe «IIIBIFaThIH» alaMIaphIHBIH caHbH ecenTeiiMiz. OpenCV-MeH xkeke ecenrerim Kypy - Oy 6isre
KYHJICNIKTI eMip/ie eTe KakeTTi. Mplcaibl, Ke3 KenreH OiniM Oepy OpTajbIFbIHIAa €CENTerim KYpy apKbUIbI
CTYACHTTEPHAIH HeMece OKYIIbUIapAblH cabakka KelyiH, 9Bakyalusi Ke3iHJe OpTalblKTa KaHIIa ajaam
KaJlFaHbIH HeMece OOJFaHBIH HAaKThl Kepceryre Oonaabl. bi3 skyMmbIcThIH Oipinmi Gemiringe Python-weiH
Ka)KETT1 JKUBIHTHIKTAPBIH KapacThIpaMbI3, 0i3re afaMaapra ecenTerini xacay kepek oomanst. Coi sxepaeH 0i3
OOBEKTINIepAl aHBIKTAY MEH OOBEKTUIepAI OaKbLIayAblH aWbIpMAalIbUIBIFEI Typajbl, COHBIMEH KaTap
ajlaMJiapFa HEFYPIIbIM JI9N €CENTeyilll Kacay YIIiH KaJalk KOJJaHATHIHBIMBI3 TYpalbl alTaThiH OOJaMBbI3.
Ocsian KeifiH OYKiT agaMbl caHay »ko0ackH icke ackipambi3. CoHbIHIA, 613 OpenCV-MeH KyMBIC ICTEHTiH
agaMIapabl HaKThl OeiiHesepre KoJaAaHyablH HOTHXKENEepiH KapacThlpamMbl3 [3].

Kiranxanaga 2500-neH acTaM OHTaIaHABIPBUIFAH ATOPUTMIEP Oap, COHBIH iIIiHAE KIaCCHUKAIIBIK
JKOHE 3aMaHayH KOMITBIOTEPIIK KOPY JKOHE MAIWHAIBIK OKBITY allTOPUTMIEPIHIH OapibIK >KUBIHTBIFBL. By
ITOPUTMJICP apKbUIbI OCTTEep/Ii aHBIKTAy JKOHE TaHy, 3aTTap/bl aHbIKTAy, OCHHeNIepIeri ajaM dpeKeTTepPiH
KIKTEy, KaMepa KO3FalbICTaphlH KaJaranay, KO3FaJlaThlH HbICAaHAApAbl Kanaranay, 3D Hbeicanmap
MOJIEIBICPIH IIBIFapy, crepeo KamepamapaaH 3D HykTemik OYITTapAbl KYpY, CYpeTTepii >KOFaphl
QXBIPATBIMIBLUIBIK YIIiH OipikTipyae KonmaHyra Oomansl. bykin kepiHicTiH OeifHeci, keckiHnep OazachiHaH
yKcac KecKiHiepai Taly, JKapKbIMEH TYCIPIITEH CYPETTepPACH KbI3BUI KO3 albll TacTay, Ke3JiH
KO3FaJIbICHIH KaJaranay, JaHIMAa(TThl TaHy JKOHE OHBI TOJBIKTHIPHUIFAH IIBIHABIKKA OPHATIACTBIPY YIIiH
Mapkepiep Koro. KaysIMaacThIKTarbl MbIHIaFaH MaiIaanynibuiap KoHe KYKTEYIepaiH OomKaMIbel caHbl 18
MWUIHOHHAH acajpl. KiranmxaHaHbl KOMIAHWSIAP, FHUIBIMH TONTAP MEH MEMIIEKETTIK OpraHaap KeH
KOJIJaHaIbI.

OpenCV (Open Source Computer Vision Library) - koMObOTEpIiK KOpPY jKOHE MAITUHAIBIK OKBITY
OarmapiaManbIK JKacaKTaMachIHBIH amblK ke3i. OpenCV KOMIBIOTEPITIK KOpy KOCHIMIANAPHI YIIiH >KaJITbI
WHQPaKYpBUIBIMIBI KaMTaMachl3 €Ty JKOHE KOMMEPUMSIBIK OHIMIEpAE MAIIUHANBIK KaObUIJay/abl
naiiananyasl okemennaeTy ymriH KypeurraH. OpenCV - 0yn BSD nuneHsusnmanraH eHiM, OyJl KOITHI
naiiiananyapl )KeHIJIeTe Il dKoHe OHbI KOCIOPBIHAAp e3repTei [4].

Martepuangap MeH Taciaaep

Anammapapl ecenTelTiH KoChIMIIanapasl Kypy yiniH 6i3re OipHeme Python kitamxaHamapbl Kaxer,
conbly imiHae: NumPy, OpenCV, Dlib, imutils.

Hyckaynel aHbIkTay MEH OOBEKTUIEp/l KajarallaylblH apachlHIarbl TYOereilsli albIpMalliblIbIK Oap.
OO0OBeKTiHI aHBIKTayAbl KONIaHFaHaa 0i3 cyperTiH / (peiiMHIH Kaif JKepJie TYPFaHBIH aHBIKTaiMbI3. Heican
JIETEKTOPBI, SIETTE, €CENTey >KarblHAaH KbIMOAT, COHABIKTaH OOBEKTiHI OakplIay ajlropuTMiHE KaparaHja
Oasty >KyMbIC Kacaiinel. Helcanmapipl aHbIKTay anropuTMmjaepiHiH MbicaibiHa Haar xackanrapel, HOG +
Linear SVM xone Faster R-CNNs, YOLO xone Single Shot Detector (SSDs) cusikTel TepeH 3epTreyre
HETi37IeNTeH 00BEeKT IETEKTOPIIAPhI KaTapl [5].

Heicannpr 6akpuiaynibl, KepiciHine, 00beKT (CypeTTe) OpHajJackaH KOOpAMHATTAPbI KaObiaaias! (X,
y): Hakrbl HBICcanFa Gipereil naeHTUGHUKATOp TaralbiHAalMBI3. KanpapH op Typ:i arpuOyTTaps! (IpajlueHr,
ONITUKAJIBIK aFbIH XKoHE T.0.) HETi3iH/e Keleci KaJpAarbl )kaHa HhICAHHBIH OPHBIH OOJDKall OTHIPHIN, OelHEeH]
arbIHMEH JKbIDKBITKAH/Ia 00BEKTIHI OaKbUIaiMBI3.

Heicanmapasl Oakpuiay anropurMiepinid Mbicaimaapeina MedianFlow, MOSSE, koppensiusiibik
CY3TUIEp/Ii )KoHE TUCKPUMHUHANUSIIBIK KOPPEISIIUSIIBIK, CY3Tiiepii )KaTKpI3yFa 00Ja b,

Heicanmapel  OakpimayAblH SKOFAphl JOIIIK KYpaiapbl OOBEKTUIEPHl aHBIKTAy YFBIMBIH JKOHE
00BbeKTIHI OaKbLIay YFBIMBIH 9JIETTE €Ki (pazara OesIiHeTiH Oip anropuTMre OipiKTipei:

1 ke3eH — AHbIKTay: aHbIKTay Ke3eHiHze (1) omap »kaHa oObeKTiAepiH Oi3/iH KOpPiHICKe SHIeH -
eHOeTeHIH aHBIKTAWIbl koHe (2) Oakbulay KE3CHIHJE JKOFalIFaH OOBEKTUIepi Taba anaThIHBIMBI3IBI
Tekcepei. OpOip aHbIKTaFaH 00bEKT YIIiH 013 0aKblUIay JKOJAFBIHBIH aHa KOOPAUHATTaPhIMEH OOBEKTiIHIH
TPEeKepiH jkacail alambl3 HEMece KaHapTa anaMbl3. Bi3miH OOBEKTIHIH JIETEKTOpPBI €cenTeyre KaparaHja
KbIMOaT OonFaHabIKTaH, 013 01 hazansl op N kagpaa Oip-ak peT OpbIHAANMBI3.

2 ke3eH — bakpuiay: «aHbIKTay» (a3achlHIAa aHBIKTail anmacak, 0i3 «0akpiiay» (as3achl apKbUIBI
aHBIKTaWTBIH OojlamMbI3. Bi3 Tpekep 00bekTiH Kypaimbi3. Bi3fiH 00beKT 0O0BEKT JCTEKTOPbIHA KaparaHja
Te3ipeK XKoHe TUiMAIpeK Oomybl Kepek. N-IIi Kaapra >KeTKeHuIe 0i3 Oakpuiaynbl >kanracTeipambi3. ConaH
KeliH OYKiJ mpouecc KaiTaaaHabl.
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Byt ru®punri TocimAiH apTHIKIIBUIBIFEI - OOBEKTLIEPAl OCBIHAAN YIKEH eCenTeyiepci3 aHBIKTayabIH
JIOJIJIIT] J)KOFaphl 9licTepiH Koiaany. bi3 ocbiHmai Oakpliay *YHWeCiH ajiaM eCeNTerilliH KYpy YIIiH eHTi3eMi3
[6].

Relu xone SeLU canpicThipy: amaMaap akTUBTeHAIpY (QyHKuuschiHa HeWpoHAs! KOCy HEHPOHIBIK
JKeINilep MEeH JKeNTK Kiaccu(uKaTopiap apachblHOArbl €H YJIKeH albpMallbUIbIK OOJBIN TaObUIATHIH
Oelich3BIK KepiHiC MyMKiHAiri Oap ekeHiH Oinexi. Sigmoid Oencengipy OacTankpl (DYHKIHSCBIMEH
canpicTeipranna ReLU ym adipipMambuiersl Oap: 1) Gip »akTer 0acy 2) KO3yAbIH KeH MIeKapachl 3) CHpeK
oencennmipy. ReLU rpaguentrep/i eTe jkakchl xidepe amaapl: KaidTa Kepi TapaTbUIFaHHAH KEHiH TpajneHT
eTe azalimMaiifpl, OYJ1 TepeH HEeHpPOHBIK JKeNIiJIepAl OKBITY YIIiH Kapamabl. Anaiina, skcriepumentrep ReLU
Oencenaipy GYHKIMACH OKBITYIBIH Y3UTyiHe OeiiM eKeHiH KepceTTi, an relu Kongany apKbUIBI Kecy eHIeY
MOJIEJBIIH THIMIII ©TKi3y KaoOimeTiH azaitazpl (x <0, Tepic TpaMeHT HONTe TEH >KOHE 0N KaHmai ma Oip
nepextepmer "Hekpos'men artanmaabl). ReLU men Sigmod apachlHAaFbl YKCAcTHIKTapIbIH Oipi-Oapibik
HOTIDKEJIEp OH, OyJI KabineTin TeMmenaereai [7].

_(z z>0
Relug) = {o z< 0}
z z>0
SeLU=y {a(exp(z) -1 z < 0}

Byn xepneri y = 1,0507, a = 1,673

SeL.U Heri3iHeH HEHpOHABIK kel KaOaThIH KOpCeTy KaThIHACBIH OpHATy YVImiH F QyHKIHACHH
nmaiimanaHanel. bynm perre mapameTpiep KaNbIITHl dcepre JKeTy YIIiH OeNTiIeHTeH opTama >KoHE
mucriepcusira aiftHanazp! [8]. ReLU canbicThipranaa, o Keneci apThIKIIBUIBIKTapFa ne: 1) mamimMertepin Ly
skoHe Keneprinepi Oap Oosica ha, >KMHAKTBUIBIKTBIH KYIITI KAacCUETI Kol KabaTThl TiKeJeH >XKoHE Kepi
TapaTylaH KeiiH JXKbUIIaM TYCei; 2) PeTTey acepi alfOPUTMHIH TYPaKTBUIBIFBIH apTTHIPAIb; 3) COHBIMEH
Karap, OipeH-capaH JAUCTICPCHSAFa JKaKbIHIAMaNUTBIH KO3y MOH/AEP1 YIIiH JTUCTIEPCUSHBIH dKOFAPFBI IEKapachl
MEH TOMEHII IeKapachl 0ap, COHABIKTAH TPAJMCHTTIH KOFaJybl MEH TPaJUCHTTIH KapbUIbICHI JCPIIK
MYMKIiH eMec.

Mogens KypbuibiMbl: byn makanama MobileNet nerisinne SSD aHbIKTay KypbUIBIMBI TaHOAJlaJlbl.
MobileNet yrobiHbIH 8 KabaThiH Kocy. JKanmel 6 kabar Taly yIIiH anbsiHaAbI, an OenceHaipy (QyHKIHUSCHI-
SeLU [9]. — Ocsl Kyxat MOJeTiHIH KYPBUIBIMIBIK CYJIOACHI OEpiireH.

MobileNet
through convl~13 layers
with DW convolution

//” I SERNR
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Convl Conv3 Convé Conv7~11 Conwl2 ~13 Conv14-17

Cyper-1. Moaenb KypbUIbIMBI, COJI JkaK 0eiri-Convl-conv13 KaOaThIHBIH HIBIFBICBIH KAMTHTHIH
MobileNet >xeniciH mwbiFapy GyHKIUSICH
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Conv13 keiiin 8 kabat Oyma KochlIamsl, kaHe 4 Kabat xone convll xone Conv13 MobileNet SSD
00BEKTIIepiHIH ayKbIM/IBI KapTachl PeTiHAE TaHAAJbI, aKbIpbIHIa, OomKay Oipiirine Kocbuiaabl. Icke Kocy
¢ynkuusicel opraceiaaa SeLU ¢ynkumsacein naiganananst [9].

Anampmapnbig ecenreriniid eHrizy ymiH 613 OpenCV xone dlib-ti konmanames. biz kommbsroTepae
Kepy / CyperTTi eHJeYy/IiH CTaHAapTThl (YHKIMSJIAPHI YIIIiH, COHBIMEH KaTap ajgamaapibl caHay YIIiH TepeH
oKy netekTopsl yiriH OpenCV-HbI KOJITaHAMBI3,

CopaH keifiH 013 KOPPeIAIFSUIBIK cy3riiepai enrizy ymriH dlib-ti kommanameiz. biz OpenCV-ai ne
maiijanaHa ajxambl3; AereHMeH, Oyl jkoba ymriH dlib HeIcaHBIH KamaramayMeH >KYMBIC iCTey OHaWBIpaK
00 IBI.

Nel xkamamma 0613 TiK TOpTOYPHINTAPABIH JKABIHTBIFBIH alaMbI3 JKOHE OJapIblH COHKeC
IIEHTPOUITAPBIH €CENTECHMI3.

Heicannpr ansikraymst (Mbicanbl: HOG + Coi3bikThik SVM, Faster R-CNN, SSD, 1.6.)

HEMECE HbICAHJIbl 0AKbUIAYIIIBI (KOPPEISIIHUSIIBIK CY3TriIep CUSKTHI)

No2 xamampma 0i3 Ke3-KeNreH jkaHa MeHTPpU()OUATAPIBIH koHe 0ap MeHTPUGOUATAPIBIH apaChIHIAFhI
EBxiua apa KambIKTHIFBIH ecenTeimis [10].

Haxrer HoTmkenepai DetectMultiScale () GyHKIMACHIHBIH MapaMeTpJIepiH ©3repTy apKbUIbI aJlyFa
Oomanbl. by TociniH Tarel Oip apTHIKIIBUTBIFBI - OKY KaOiNeTiHiH apKachlHIa KelOip skaFaaiiapaa TaHyabl
90% HeMece olaH 1a KeIKe JeiiH jxakcapTyra 6omans! [10].

Keneci kagam - 0OBEKTIHIH KO3FaJIbICBIH TaHy. Jlomipek TaHy yIIiH 3aTThl OeJjikTepre Oeiyre
Oomanp!l (MbIcalel, Oac, )KOFapFhI )KOHE TOMEHT1 TOPCHIK, Kojmap MeH askrap). Oceimaiima, erep on Oacka
3armeH xaObutFaH 0oJica, OOBEKT KOFANBIN KeTrnenni. JlereHMeH, OHbI OYKiT KecKiHre emec, OOBEKTIHIH
nreKapanapsl aHbBIKTalIFaH Oenrini Oip OemiKKe KOlJIaHy Kepek.

Byt Tocinig KeMIIiIiri - anropuT™ KECKiH BEKTOPIAPBIHBIH CaHBl MEH OJIAP/IbIH AXKbIPATHIMIBLIBIFbI
apTKaH caiibiH Oasymaiinpl. Erep KeImmaMIbpIKTHI KakcapTyra Oomaisl, erep OapiblK ecemreynep OeifHe
KapTaHbIH OHJEY KyaThlH KOJIJIaHy apKbUIbI Kyprizince [11].

Ken >kafmaiia KO3FajaThlH 3aTTapAbl TOJBIFBIMEH TaHy MYMKIH €MeC, COHJBIKTaH KehOip Ooc
KEHICTIK immiHme Kamagsl. MyHBI JKaKcapTy VIIIH CTaTHKANBIK KECKiH KEHICTITiH jKa0aTblH YIIOYPHIIT
xacanaael. CoJaH KeWiH YIIOYpPBIMTHl KECKIHIre KOJJAHy YIIH MOPQOIOTHSIIBIK OMEpaIus xKacanajbl.
JKakcbipak TaHy yiiH OciiHe:ka30amarbl apThIK KECKIH IIYBIH, SCipece a3 apbIKTa TYCIpUIreH OelHenepaeH
anpin tactay kepek. KeiiOip xkarmaiinapna [Maycc TericteyiH KojjaHyra Ooyiafibl. AJamjibl TaHJAaraHHAH
KeWiH OHBIH alfHAIaChIH/IA MIAPTTHI TIKTOPTOYPHINI OCHHENCHEe i, TAIChIPMa ipreiec Kaapiaapabl CalbICThIPy
JKOHE OHBI OHBIH KaliJla KO3FalaThIHJIBIFBIH aHBIKTAy YIIIH KojjaHy Oosael. Maeanasl mMackara ue Oosa
OTBIPBII, TAChIPMa TPUBHAJIBIBI OOJIBII IIBIFAbI, TEK TOPTOYPHIITAPABIH KHUBUIBICTAPBIH Ta0y KEPEK KOHE
013 Ko3FaNbIC OAFBITHIH aHBIKTAK anambi3 [12]. bipak skxanmsl xargaiina tancelpMa KypAeleHe TYCTi, OWTKeHi
keOiHece afmamHBIH Oip Oeuiri (JOHMEH KOCBUIBINT KeTe[i KOHEe MacKa KBIPTHUFaH OOJNBIN MIbFaAbl. by
JKaFaala JJeHeH H eke OeiKTepi ThIM Kilripeie i skoHe Oy 3aTTap/IbIH KeJIeMiH Tajiay Ke3iHJe ecKepityi
Kepek. MyH/ali Macka apKbUIbl aJjaMFa TilTI CypeTTeri amamaapsl aHbIKTAy KWbIHFAa coranbl. Oy yiIiH
«KaKIMaHbD» KYPAUTBIH €Ki MIAPTThI CHI3BIK OPHATHUIIBI. BYJI CHI3BIKTAP/bI PETIMEH KECill 6Ty Ke3iHIe ajgam
KipZll HeMece IIBIKTHI Jel caHaJpl. byJ1 MaceneHi miemry Ke3iHjae MacKaHbl aly Ke3iHJeri KaTelliKTepMEH,
COHJIali-aK aJJaMHBIH PETCi3 KUMbUIBIMEH OaiJIaHbICTHI IpodIeMarap TybiHaa sl COHIBIKTaH MacKa OipHele
KaJIpJia KOFaJIBIN KeTyl MYMKiH (MbICaITbl, afam GpoHMeH OipiKTipUIreH), COMaH KeHiH OJ ChI3BIKTHIH apThIH/AA
naiiga Oomanel. Hemece amam Oip »KoJbl KYypin OTim, cofgaH KeliH OipiaeH opanysl MyMkiH. KeOinece
KaccajZiaH MIBIKKAH Ke3e axamzap OipiHeH CoH Oipi erim, Oip oObekTire Oipirim KeTeii, CoaaH KeiiH ekire
OemiHeni, Oy *aHa aJJaMHBIH CUKBIPJIbI KOPIHICIHE OKeIeTi.

OpenCV Android SDK, Java, Python, C ++ xone MATLAB cuskrel 6ipkarap Oarmapiamanay
Tiagepin Konmaiael cxoHe C ++, Python, Java xone MATLAB wunrepdeiicrepine wue. Kiranxana
oHTalIaHapIpelIFaH CH TUTIH/E JKa3bUIFaH KOHE KOl SAPOJIbI IPOIECCOPIapbiH apTHIKIIBLIIBIFBIH KOJIIaHa
anassl [13].
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Kipic
KAaJIpBL Kemeci kasp

APTKEL (POHJTEL AHBEIKTAY

!

Blob aHbikTay, Tanaay

h

Bagpuiay apKbBLIEL IIeHTPOHATAP L COHKEeCTEHIIPY

l HOK,

CaolfKecTik
K ACA TET +

Ho

L i
KipiciH aHe ITBFBICETH ECETITEY

Cyper-2. Mekemere KipreH - MIBIKKAH aJiaMIap/Ibl €CeNTeY IiH alroOpUTMI
Hotunxesepi

Hentpouarsl 6akpuiay aarOpuUTMi OJIAPJBIH apachbHIIAFbl SBKIMITIK MUHAMAIIB! KAIIBIKTHIKTAFbI
HEHTPOUATAPBIH KYNTaphl Oip/ieii 00beKT naeHTHPHUKATOPBI OOMYBI KepeK JereH Ooyrkam kacaipl [14].
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B Frame

B Frame

Cypert-4. OObeKTIHIH MIBFY HOTHKEC]

«bakpUTaHATBIH 00BEKTY KYPY
Beline arbiHBIHIAFEl HBICAHIB! OaKplIay KOHE caHay YIIiH 0i3re 0OBEeKTiHIH 631 Typajbl aKmapaTThl
CaKTayJIbIH KaparaibIM 9J1iCi KaXKeT, COHBIH IITHE:
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e OV O0BEKTIHIH WICHTH()UKATOPHI.
e  OVJI aNJIBIHFBI IEHTPOHUATADP (COHABIKTAH 013 00BEKTIHIH KO3FAIIbIC OAFBITHIH OHAH ecenTell aambl3).
e  HBICAHHBIH ECENTENreHiHe KapaMacTaH.

Cypert-5. Mekemene 0ip yakbIT Me3€TiHIE, €Ki TYpJIi OpbIHIAFb] aaMAap CaHbIH €CENTey

Ecenrey npouecinze cakranran OeiiHeHI ecenTeyMeH Karap, HaKThl YaKbITThl €CeNTey MYMKIHZIr e
KOCBULIBL. By Ka3ipri yakpITTa FUMapartapiarsl afaMaapIblH CaHbIH €CenTeyre MyMKiHIIK Oepeni.

10

Cypet-6. [Iporpamma MeH ajiaM CaHAYbIHBIH JHArPAMMACHI
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YCHIHBUIFAH aNTOPUTM HOTIDKeNepiH Oaramay mommiri 93% -man 94% -ra neitin. bynm xymsic
OapbICBIHAAFBI KOPBITHIH/IBI HOTHKE OO0JIBIN TaObuIam! [15].
KopbITBIHABI
byn makamaman 6i3 OpenCV xome Python OarmapmamamapblH KoJdmaHa OTBIPHIN, aJaMaapra
apHaJFaH eCcenTeriul Kypyasl O0iaik. Bi3aiH dKyYMBICTBI iCKe aCBIPYBIMBI3A:
®  HaKThI yaKbIT PeXIMiHIE CTAaHAAPTTHI IPOLIECCOPAA KYMBIC iCTeY MYMKIHIIT1.
e anamiapApl aHBIKTAay OSJMAITIH apTTBIPY YIIIH TEpeH 3epTTey OOBEKTUIEPiH aHBIKTAFBIITapAbI
KOJIJaHabl.
e 0akpUIay OONIITIH KaKcapTy VIIH €Ki Oenexk anroputM KoimaHeuiaapl. OHBIH iMIHAE EHTPOUI
bUIBTPIIEP] )KOHE KOPPEIAIUSIBIK CY3riiep 6ap.
® O «aHBIKTAy» XoHE «O0aKpUIay» Ke3eHIEpiH KoimaHaiabel, OyJl jkKaHa agaMmmuapasl TaOyra >KoHE
OaxpIIay CaTBHICBIHIA GKOFATYbD» MYMKIH afaMJIapabl aHbIKTayFa MyMKIHAIIK Oepert.
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PACYET KOJIMYECTBA YEJIOBEK B 3JJAHUHU C IOMOIIBIO
KOMIIBIOTEPHOM BUBJIMOTEKU OPENCV

I'.I'. 'a3u3, A. AkmbIp3aeBa, K.I1. bazapoex*, M.C. Kacy3ak

Kazaxckwuii HalmOHANBHEIN YHUBEPCUTET UM. anb-Dapadu, r. Anmmatsl, Kazaxcran
E-mail: zhaniya.bazarbek1998@gmail.com

Annomayusn. B smoii cmambe Mbl NOKA3bIAEM KOAUUECBO TI0OCH, 6X00AUUX U GbIXO0SUUX U3 3A8€0CHUsL 8
pedicume peanvbHo20 epemenu. B amoii cucmeme mul cnauana onpedensiem mouKu 6x00a u evixoda 0ns eudeo. C
MOMEHMA NPOXONCOCHUST YETOBEKOM NYHKMOG 6be30d U 6ble30d HAYUHAemCcsi nepenucs. B smom ucciedosanuu Mol
cuyumanyu 0o0el 8 08yX KOMHAMAX 00HO8peMenHo. bvln coszoan ancopumm peanvno2o epemenu ¢ UCHOIb308AHUEM
oubnuomex OpenCV u Kowyenyuiti KOMNbIOMEPHO20 3penust Ol nodcuema a0ded ¢ mpebyemou MmMOYHOCMbIO.
Pesynomamol sxcnepumenmos npeonazaemou cucmemvl UMerm 6blCOKYI0 MOYHOCMb 8 PealbHOM 8pemeHu. B xonye
VKA3bl8aemcst 0ouee KOIUUeCmeo Mecm 6ve30a u evle3da moodetl. M nokazvieaem, CKOIbKO Yen06eK 6 3a6e0eHUl.

Knioueswie cnosa: OpenCV, Python, noocuem, komnviomepuwiii npocmomp, IP-xamepa.

RECOGNIZING THE AMOUNT OF PEOPLE IN A BUILDING USING
THE OPENCV COMPUTER VISION LIBRARY

G. Gaziz, A. Akmyrzayeva, Zh. Bazarbek*, M. Zhasuzak

Kazakn national university named after Al-Farabi, Almaty, Kazakhstan.,
E-mail: zhaniya.bazarbek1998@gmail.com

Abstract: In this article, we show the number of people entering and leaving the building in real time. In this
system, we first define the entry and exit points for the video. From the moment a person passes the points of entry and
exit, the census begins. In this study, we counted people in two rooms at the same time. A real-time algorithm was
created using Open CV libraries and computer vision concepts to count people with the required accuracy. The
experimental results of the proposed system are highly accurate in real time. The total number of places of entry and
exit of people; how many people in the institution are indicated at the end.

Keywords: Open CV, Python, people counting, computer vision, IP-camera.
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5 F (,' n”m ABTOMATUKA, UHO®POPMAIINOHHbLIE
TEXHOJIOI'IM U KUBEPBE3OITACHOCTD

YK 004.93"12

PABPABOTKA CUCTEMbI PACHHO3HABAHHUE X)KUBYYECTH OBPA3A C
IMOMOILIIBIO HEUPOHHBIX CETEHN

A.A. Myxaun0et*, A. Epkoc, JI.M. Kymaxan, 3.M. Aoanaxmerona

Kazaxckuit HarmonanpHbIl yHIBepcuTeT MeHH anb-Dapabu, r.Anmatel, Kazaxcran
E-mail: mukhanbetaksultan0414@gmail.com

Annomayusn. Pacnosunasanue auy A615emest WUPOKO UCNONb3YEMbIM OUOMEmMpUudeckum nooxooom. Texnonozus
PACNO3HABAHUsL JUY ObICMPO PA36UBACMCsl 8 NOCIeOHUEe 200bl U MO Ooaee NPsaMol, YOOOHbIl U IPHeKmueHvlil no
cpasHenuio ¢ opysumu memooamu. B oannoii pabome 01 3auumosl CUCMEMbl C NOMOWDBIO PACNOZHABAHUS TUY Obll
npumeren Memoo Ha 0CHo8e 080UHOU Kiaccugukayuu. IIpedcmasnenuviti Memoo cmodicem paziuuums "xncugyvecms"
JUYA OCHOBBIBAACH HA MOM, HYMO JUYO YEN08eKd U NOOOelbHble AUYO omaudaemcs mexcoy cobou. Tepmun
“aorcusyuecmv” o3navaem omauuue peanvbHoO20 OM NOO0ENbHO20 auyd. B oanvHeliwem 6yoem uUCnoOIb306aH IMOM
mepmun. K memooam obmana, moscno omuecmu omoepaghuu, macku uiu sudeousodpasxcenusn. [na peanuzayuu
9MO20 Memooa UCNONIb3068akblL s13bik npocpammuposanusi Python, OpenCV, obyuennas netiponnas cemo LivenessNet.
ObHnapyscenue 1uya nNpuUMeHeHo K Habopam 6uodeo, 4mobwl chopmuposams HAul OKOHUAMENbHbLL HAOOpP OAHHbLIX
obHapyxcenus scugyuecmu. Ilocne cozdanus nabopa daunvix Ovinu enedpenvt «LivenessNety - CNN Keras + Deep
Learning. OcHosHas yeib 3aKMIOYAEMCss 8 NPed0CMAsNIeHUU nPOCmo2o cnocoba st 6yoyuje2o pas3gumusi HO8020 U
bosee be3onacto2o nooxooa 0isi OOHAPYIHCEHUSL JCUBO20 TUYA.

Kniouesvie cnosa: pacnosnasanue, wneuponnas cemw, python, OpenCV, obuapysicenue cugyuecmu,
Kraccugurayusi.

Beenenmne. B cBsizu ¢ ObicTpbIM pa3BuTHEM HH(OPMAIMOHHBIX TEXHOJIOTUH, BOMPOC O OE30MaCHOCTH
WH(GOPMAITUH SBISIETCS aKTyaJbHBIM. Ha ceromHsIHni NeHb CYIeCTBYET OOJBIIOE KOTUYECTBO METOOB,
obecrneunBaOmuX 0e30macHOCTh WHGOPMAIMK, B TOM 4YHCIe OMOMETPHYECKHE METOABl PacIO3HOBaHUS
oOpasza. C moMoImIp0 OMOMETPUUECKUX CHUCTEM PACIO3HOBAHHE OCYIIECTBIISCTCS IO TOJIOCY, YHUKAIbHBIM
yepTaMm JIMIa, OTIeUaTKaM Majiblia, paayXHoi 000s104Ke ri1a3a, u T. . HecMOTpst Ha TO YTO OMOMETPUYECKHE
CHUCTEeMBI 00eCTIeYHBalOT BHICOKYIO 0€30MIaCHOCTh, CTOUT OTMETUTH YTO CYIIECTBYIOT HE Mall0 METOJIOB JIJIst
oOMaHa Takux cucteM. KaknM MeTosiaM MOXKHO OTHECTH: YKpaJieHHOe (POTO MM BHI€O, 3aIIMCAHHBINA TOJIOC,
pasnuuasie 3D mMonmenu, crmocoOHbIE UMHUTHPOBATH YEIIOBEUECKUE BBIPAKEHUS . {15 perneHus Takux aTtax
3II0YMBINUIEHHUKOB OBLIO MPEII0KEHO HECKOIBKO PEIICHUH.

HecMmotpst Ha To, 4TO OBUIM MIPOBEEHBI HEKOTOPBIE PAOOTHI MO OOHAPYKEHHIO JKUBOCTH ATy KHOU
000JI04KM Tja3a, UX 3(P(EKTHBHOCTh BCE €IIe JajeKa OT YAOBJICTBOpHUTEIbHOH. OmuH u3 padoT, It
00HapY)XECHHE XUBYYECTH JIMIA - JTO HCIIONH30BaTh MAKETHYI0 HOPMAIM30BAHHYIO KOHBOJIOIIMOHHYIO
HEHPOHHYIO ceTh I OOHApY)KEHUs >KUBOCTH PaayKHOW OOOJOYKH TJia3a W TIOBBHIIMICHUS TOYHOCTHU
oOHapyxeHus. Ho oOHapykeHUs KHUBOCTH pPaayKHOW OO0OJOYKH TIJla3a 3aHUMAeT MHOIO BpPEMEHH B
mporiecce n3ydeHus. Mcxoas u3 3Toro, st 00HAPY>KSHHSI )KUBYIECTH HCIIOIH30BaTH YeTIOBEYECKUX JTHUIL.

Kak MOXHO ompenenuTh peanbHbIE W MOAJCNbHbIC JMa? YUTo TpOM30WIET, €Cclu 3I00HBIN
MOJIL30BATEIIb TIOTBITACTCS TIPEAHAMEPEHHO OOOWTH BaIlly CUCTEMY PacIiO3HABAHUS JIUII?

Takoit 1MoJIb30BaTENIb MOXKET HOIBITATHCA 3a7epxarh GoTorpaduio APyroro yenoBeka. Bo3aMoxHO, y
HUX JIaxke eCTh (DOTO MITM BHJEO Ha cCMapT(hOHE, KOTOPhIE OHU MOTJIM OBl TIOJHECTH K KaMepe, OTBeYarolien
3a pacrio3HaBaHUE JIUII.

B Takux cuTyanusx BIIOJHE BO3MOXKHO, YTOOBI JIMIIO, YACPKHUBAEMOE 10 KaMephl, ObLJIO MPaBUIBHO
pacro3HaHo, HO B KOHEYHOM HTOTE 3TO IPHUBEAET K TOMY, YTO HEAaBTOPHU30BAHHBIN IOJIH30BATENb 00OMIET
CUCTEMY pacrOo3HaBaHUS JIHII.

OTBET COCTOMT B TOM, 4YTOOBI IPUMEHUTH OOHapyxeHue >xuBydecTH ¢ OpenCV, o uem Oymer
pPaccMOTpPEHO B 3TOM CTaThe.
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Metoabl. Ilpu pacmoznaBanuu nul OOBIYHBIE METOIBI aTakd MOXKHO pa3leiuTh Ha HECKOJIBKO
kareropuii. Hpmes kimaccupukanuu OCHOBaHA Ha TOM, 4YTO BepU(UKAIMOHHBIE OKa3aTENbCTBA
MPEIOCTABIISAIOT CHCTEME BepUUKAIMU JUIA, TaKkWe KaK YKpaaeHHas ¢ororpadusi, yKpaaecHHbIE
¢dororpadum snuna, 3anucaHHoe BUaeo, 3D-mMoens[1] auma co cnocoOHOCTBIO MHTaTh M JIBHTaTh TyOaMu,
3D-Mozeny nuua ¢ pa3nuvYHbIMU BBIPQKCHUSIMH U Tak Aajiee. UTOOBI MPOTUBOCTOSATH 3TUM METOAAaM aTaky,
yCTenrHasi cucreMa OOHapyKEHHs KUBBIX JII[ JIOJDKHA UMETh OJHY WIJIM HECKOJIBKO aHTH-MOIIEHHIYECKAX
CrocoOHOCTeH, YTOOB! pa3obiaunTs WX. Kapra BeH NIl ¢ MOMOMIBIO yIBTPa(UOIETOBBIX KaMep SIBIAETCS
HaunOosee 0€30MacHBIM METOAOM HACHTH(UKAIMH >KUBOTO YENIOBEKa, HO JAJIS 3TOTO HY)KHBI CleUabHbIE
Jloporocrosimue ycTporcTBa[2]. B 3To# cTarhe MBI IPEUIOKAIN METO/ JKHBOTO PACIIO3HABAHUS JTUI], YTOOBI
MPOTHUBOCTOSTh aTake ¢ MOMOIbl0 ¢ororpadum. OOHapyKeHHE KUBOCTH OBUIO OYEHb AaKTHBHOM TeMOi
UCCIIEIOBaHUH B COOOIIECTBaX paclo3HaBaHUS OTIEYATKOB MajblieB M Pagy’KHOH OOOJOYKH TIJiaza B
nocienHue rofsl. Ho B mocienHee Bpemsl B aHaiu3e JIUI ObUTH HpeACTaBIICHBI HEKOTOPBIE MOAXOIBI K
PEIICHUIO ATON TTPOOIEMEL.

B 3T10ii paboTe UCTONIL30BaH METOJl aHAIM3a Ha OCHOBE JBOWYHOM Kiaccupukanuu. Vcmons3ys 3ToT
MCTOJ HYXHO IMOHHUMATh, YTO YCJIOBCYCCKOC JIMIO U «IOAACJIBHOC) JIMIO OTIMYACTCA APYr OT Apyra, TEM
410 yenoBedeckoe sipisiercst - 3D, a horo 2D o6bekrom [3]. JlaHHBIH METO TO3BOJISIET 0OPadOTAThH TaHHBIC
Y C TIOMOIIBIO 3TUX JTAHHBIX 00YYNUTH HEMPOHHYIO CETh, CO3IAHHYIO IO 3TUM KJIACCU(PUKAIUSIM.

Jiist peanu3aliy CHCTEMBI HY>KHO CIENATh CICIYIONIHe 3a1a4n:

Coznanne HaboOpa JaHHBIX U300paKEHHN.

Buenpenre CNN [4], criocoOHBIi BBIMOIHATE JeTEKTOp skuBydecTH juna (LivenessNet).

OOyueHne HEPOHHOH ceTH..

Coznmanne CKpHIITa, CIOCOOHYIO MPUHATH O0YYCHHYIO MOJIEh JeTEKTOpa )KUBYIECTH, U MTPHUMEHUTh
€ro K BH/IEO B PEATbHOM BPEMEHH.

Jiia Hayanma HY>XKHO coOpaTh COOCTBeHHYIO 0a3y maHHBIX. st 3TOro HyXHO 3ammcaTh 2 BHIIEO:
HEPBBIil - IS «OKMBOTOX» JIMIIA, & BTOPOM - IS «mojensHoro» [5]. st 3anucu Bueo ObLIa HCIONIb30BaHA
BeO- Kamepa.

B xoxe peanmzanmm mporpaMMHOTO KOJa C KaXIIOTO Kajapa BHIeO B 0a3y AaHHBIX COXpaHSeTCS B
BUjeo m300paxkeHuss B (opmare .png. B wurore mosyuaeMm JaHHBIE COCTOSIIME W3 JIBYX KJIaccoB
n300paxKeHui:

e llognensHble M300paKeHUS,
e PeanbHbIe H300paKEeHUS.

[locrme momydeHust 0a3pl MAaHHBIX, ATH W300paKEHUS HCIIONB3YIOTCS NIl OOYYEeHHUs C IMOMOIIBIO
HelipoHHOU ceTH. J[yist 3TOro OblIa HCIIOJIb30BaHa TOTOBast HelipoHHast ceTh LivenessNet [6-7]. LivenessNet -
JIETEKTOp YKUBYUYECTH, OCHOBAHHBII Ha IIyOOKOM o0yueHuH. [ qeTekropa sKMBYYHCTH HCIIOIB30BaHBI JIBE
MOJIEIH:

e liveness.model;
o caffemodel.

Ilpensaraemasi cucteMa o0HApPYKeHUS KUBYYeCTH

EcTb HECKOJIBKO MOIX00B K OOHAPYKEHHIO KHUBOCTH, B TOM YHUCIIE:

e AHaiu3 TEKCTYp, BKIIOYas BBIYMCIICHHE JIOKAIBHBIX IBOMYHBIX maTrepHoB (LBPs) mo obnactsam
rpaHeii u ucnoib3oBanue SVM[8] st knaccupukauy rpaneii Kak pealbHbIX HITH M0JICTbHBIX.

e  YacTOoTHBIN aHAJIN3, HANIpUMED, U3yueHue odacTu Dypre nunal9].

e AHanu3 nepeMeHHON (OKYyCHPOBKH, HANPHMED, U3yYCHHUE W3MEHEHUS 3HAUYCHHH MUKCENeH MexIy
JBYMSI TIOCJIEIOBATEIIbHBIMU KapaMH.

e  AJNrOpUTMBI, OCHOBAaHHbBIE Ha 3BPUCTHKE, BKIIIOYAs JABMKECHHUE TJIa3, ABIKEHHE I'y0 U oOHapyXeHHue
MOprausi. OTOT Ha0Op aJrOpPUTMOB MBITAETCS OTCIEKHUBATH JBIKEHHE IJa3 M MOPraer, 4TOOBI
yOeanuThCs, YTO MOJIB30BaTENb He IEPKHUT (hoTorpaduio Apyroro yeiaoBeka (Tak kak ¢ororpadus He
OyIeT MuraTh WiK meBenuTs rydamu)[10].

e  AJrOpUTMBI ONITUYECKOTO MOTOKA, & UMEHHO WM3yYCHHE PA3IMYUil U CBOHCTB ONTHYECKOIO IOTOKA,
rerepupyemoro u3 3D - 06bexToB 1 2D-mnockocteid[ 11].
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o 3D-dbopma nuia, aHANOTMYHAS TOW, YTO HCIOJB3YeTCS B CHCTEME pacro3HaBaHus nui Apple
iPhone, Tmo3BoNseT cHUcTeMe  pAaCHO3HABaHWS  JIMII  pa3iWyaTh  peajbHbIC IUIA H
pacnedatku/poTorpadun/n300paskeHus APYroro YeIoBeKa.

e KoMOWHAIMY BBINICTIEPSUUCICHHBIX (JaKTOPOB MO3BOJIAIOT HHXKEHEPY CHCTEMBI PACITO3HABAHUS JIUI]
no0UpaTh W BHIOMPATH MOJCTH OOHAPYKEHHS >KHUBOCTH, COOTBETCTBYIONIHE HX KOHKPETHOMY
npuMeHeHuto [12].

Ha puc. 1 nokazana o0Iasi CTpyKTypa NpejjiaraeMoil CHUCTeMbl OOHApYKCHHUs KUByudecTH. Jlms
JKUBOTO PACIIO3HABAHUS JIUI] MBI UCTIOIB3yeM 5 MOCIIETOBATENbHBIX H300PaKEHHIH JIHII.

Input Image

¥
Face Detection

*

Face Region Nermalization

¥

Face Region Binarization

¥

Caleculate variation

Yes @ MNe

Live Face Fake Face I

Puc. 1. O0miast cTpykTypa CUCTEMBI

Heiiponnas cerb. YTOOBI HCIONB30BaTh HMICHTH(OUKAIMOHHYIO WH()OPMALMIO KIMEHTA JUIS
OOHapyKEHHUs KHUBOCTH JIMIIA, MBI HCIIONIb3yeM Helipornyio ceTh LiveNessNet[13]. LiveNessNet -sto kiracce
apXUTEKTYp HEWPOHHBIX CETeH, KOTOpble cojaepkaT JBe win Ooiee moxaceredd. Conepkamiyecs B HeH
HOACETH MOTYT OBIThb HICHTHYHBIMHA WM Pa3IMYHBIMH. MBI HCIIONB3yeM HEWPOHHYIO CETh C JBYMS
UACHTHYHBIMH TOACETSMH. DTU JBE MOJCETH SABJSIIOTCS CBEPTOUHBIMHU ceTsMU. OHM MMEIOT OJMHAKOBYIO
KOHQHTYpallMi0 C OJUHAKOBBIMH IapaMeTpaMH K BecaMH, M OOHOBJICHHE MapaMeTpOB 3epKajbHO
OTpaXkaeTcsi B 00eUX TOJICETSX.

Liveness.model - cocTouT u3 ClOeB, BXOJHBIX M BBIXOAHBIX ITapaMETPOB, KOTOPbIC IOKa3aHbI Ha
pHUCyHKe 2.
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HazsaHHe c10eB ITapaMeTpsl JaHHbIe
conv2d_1 (Conv2D) Input (None, 32, 32, 3)
Output (None, 32, 32, 16)
activation 1 (Activation) Input (None, 32, 32, 16)
Qutput (None, 32,32, 16)
batch normalization 1 Input (None, 32, 32, 16)
(BatchNormalization) Output (None, 32, 32, 16)
conv2d 2 (Conv2D) Input (None, 32, 32, 16)
Qutput (None, 32, 32, 16)
activation 2 (Activation) Input (None, 32,32, 16)
Output . (None, 32, 32, 16)
: v
batch _normalization 2 Input (None, 32, 32, 16)
(BatchNormalization) Output (None, 32, 32, 16)

Puc. 2. Cnou LiveNessNet. BxogHble 1 BEIXOTHBIE JAHHBIC

B nHameii peanuzanuu 3TH 1Be MOJCETH OCHOBAHBI HA HIMPOKO UCIONB3yeMOl apxutektype AlexNet.
Ms1 BHOCHM HekoTopbie n3MeHeHus: B AlexNet[14], 4ToObI COOTBETCTBOBATH HAIIMM JaHHBIM.. CyIIlecTByeT
ISTh CJIOEB CBEPTKH M TPU c€J0s oObenuHEeHHs. MBI HCHOJIB3YEM €ro Ui WM3BJICUCHHS HEPapXUUeCKUX
00BEKTOB C TIOMOIIBIO MHOTOCJIOWHOH CBEPTKH M IONYYCHHS CBOWCTBA HMHBAPHAHTHOCTU C TIOMOILIBIO
omepany OOBEAMHEHUs CJIOEB C TIOHM)KEHHOW BBIOOpKOW. JleTanmw HCIONB3yeMOld HaMH CBEPTOYHOU
HEUPOHHOM CETH MOKa3aHbl HA puc. 4

i %15
pouling 24%24%256 12%12:256 1010384 6x6x256 ndu2se

L18x 18 =06
oy
6% 5696
nput

BB | resize

- : oOnv pobling
com \

Puc. 3. [leranu Hanieli cBepTOYHON HEUPOHHOM ceTH

Tlocne 3TOro Hy)XHO ONPEACTUTh TPAHWILY JIMIA JJIsl OMPEACTCHHUS KUBYYUCTH. [N TMONydeHHS
TpaHMIl JUIa HCHonb3yoTcs moxenw: dnn u blobfromimage[15]. Ha pucynke 4 mokasaHa apXUTeKTypa
OIpeIesIeH sl TPAHHUII JIUIIA C BUJICO.
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Input Video

Face Detector

Crop Face

Save Face ROI

Puc. 4. ObHapyxeHre TPAHUIIBI JIWIA B BIICO TS Il co3aanns Habopa JaHHBIX IS
00OHaAPYKCHUS )KUBYIECCTH

B npoexTe ncnonp3yroTcs Cleayrone ONOIHOTeKH s pealn3alii HEeHPOHHON ceTH U 00paboTKu
JaHHBIX:

PesyabTaThl W aHamu3. 3aTeM o0yd4aeM 5TH JaHHBIC JUIsi OOHApYXCHUS >KUByYecTH. B xone
o0ydenust 25% TPOICHTOB JAaHHBIX HCIOJNB3YETCS NI TECTUPOBaHUs, a ocTalbHble 75% mms oOydeHUS.
[Mony4yeHHbIe pe3yNbTaThl B XOJA€ TECTHPOBAHWS OYIyT HCIOJB30BAHBI JJISI TOYHOTO OMPEACICHUS
KUBYYECTH. J[JIs1 5TOTO MCIONb3yeTCs JBe QYHKIIUM:

e  ODyHKUUA OTEPH;
e  OyHKUUSA TOYHOCTH.

[locne oOyueHus, mosiyyaeM AaHHbIE O TOYHOCTH M IOTepH. OTH JaHHBIE MOXHO YBHIETh Ha

PpHUCYHKE 5.

Training Loss and Accuracy on Dataset

1.0 -
0.8 -
» .
—
L)
L 0.6 -
=
[
L)
=
——
m 0.4
8 o
0.2 - train_loss
— wval_loss
—— ftrain_acc M
— wal_acc
O-O B ] ] ] ] ] ]
0 10 20 30 40 50
Epoch #

Puc. 5. I'padyik TOYHOCTH U TOTEPH
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Mopens, KoTopasi co3/laHa ¢ TIOMOIIBIO Halllel HEWPOHHOU ceTH, Oblila pealn3oBaHa Ha Tuatdopme
Tensorboard [15]. Ciou, KoTopbIe TPONUTH 00YUYEHHE BBITIISIUT CICAYIOIIAM 00pa3oM:

e ™
loss | ~—
activation_... —

activation_6 | — tra | r'Ii n
dense_2 00— g

dropout_3 S50
e 22 MOre —p-

. A

Puc. 6. OyHK1MH U CJI0U, KOTOPBIE MPOIUTA 00y4YeHHUE

[locnennum 3Tamom sIBIsSETCSl BHEIpEHUE OOYYEHHONW HEHpOHHOW CEeTH M NPUMEHEHHE B PEXHUME

peabHOM BpPEMEHH, YTO SBISETCS PACIIO3HOBAHHEM IOAMNCIBHBIX M PEaTbHBIX JIUI YEIOBEKa C MOMOIIBIO
BHUIEO.

UTOOBI TOTHOCTEIO BHEIPUTD CUCTEMY, MBI CHadalla cCOOMpaeM JTaHHBIE OT HOBBIX MOJB30BATENCH MITH
KJIMEHTOB. JIJIsl 3TOTO KIMEHT AOJDKEH CHATH ce0s Ha Kamepy B TeueHre 10 cexyHn. C IOMOIIBIO BUEO JIHIIA
KIIMEHTOB BBIPE3aI0TCS U 3aMKCHIBAIOTCS B PeabHbIC JaHHbIC B 0a3y JaHHBIX. PeanbHbIC TaHHbIC BBITJISIUTh

CIIEAYIOMIIM 00pa3oM:
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Puc. 7. IIporiecc cO0pa peanbHBIX JaHHBIX C BUICO

.

-

-
\
»
v

IToxnenpHbBIE TaHHBIE TAKXKE JOJDKHBI OBITH COOPAHBI IS aHAIIM3A TIOCTIE TOT0, Kak OymyT coOpaHbl
peanbHble anHbIe. [loanenbHble JaHHbBIEe BBITIISAUTE CICTYIONMM 00pa3oM:
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Puc. 8. IIponecc cOopa moanenbHBIX JaHHBIX C BUAEO

3arem, B 3aBUCHMOCTH OT COOpPaHHBIX JaHHBIX, IPOUCXOAUT mpoliecc o0ydenus. [locne oOyueHus Moen,
MOYKEM IMIPOTECTUPOBATH HAILLY CUCTEMY B PEXKHUME peabHOI0 BpeMEHH. Pe3ynbpTarhl TecTa cienyomme:

Puc. 9. [Ipumep peanmnzanuu JeTEKTOPA )KUBYUECTH HA PEabHOM IOJIh30BaTENE
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Jlns Havyana ObLTM cOOpaHbl peaNbHBIC U MOJIeTIbHBIC HA0OPBI JaHHBIX. JIJ1s1 BRITIOIHEHHS 3TOH 3aa4n
C HayaJia 3alycajid BUICO O MOJIb30BaTENe. 3aTeM 3allMCAaHHOE BUCO MOJHECTH K HOYTOYKY / HACTOJILHOMY
KOMIIBIOTEpPY. BocmpousBenu To ke BHACO, a 3aTEM 3allMCaId BOCIIPOU3BEICHHE C TIOMOIIBI0 TOW e caMOoi
BeO-KaMephl (TO ecTh «HojAenbHbIe» nuia). OOHapyKeHHe JHIa MPUMEHeHO K obomM HabopaM BHIIEO,
9T00BI C(HOPMHUPOBATH HAIll OKOHYATENIBHBIM HA0Op JaHHBIX OOHAapy)KeHHs >kuBydecTH. [locne coszmaHus
HaOopa naHHbIX ObuTH BHeApeHbI «LivenessNet» - CNN Keras.
3Ota ceTh MpegHaMepeHHO MeJIKasl, HO TapaHTHPYET, YTO:
e  VYMeHbIIACTCs IMAHChHI TEPEHACTPONKY HAIIIEro HeOOIBIIIOr0 HA0Opa TaHHbIX.
e (Cama Momensb criocoOHa paboTaTh B pEKMME peaIbHOTO BPEMEHH.

3akimouenue. B nienoM, geTeKTop 0OHapy)KEHHE KUBYUYECTH CMOT Pa3JIMUUTh KUBOTO YEIOBEKa OT
ero (ororpadry Ha IPOBEPOIHOM HAOOPE MTAHHBIX.

B nmaHHOW pabore MBI TpemyaraeM MeETOJ] OOHApPY)KEHWS >KUBOCTH JIMIa, OCHOBAaHHBIA Ha
UACHTH(PHUKAUMOHHOH HH(POPMAlMU KIMEHTa C HWCIONb30BaHHMEM HEHpOHHOW cetu. B oTimume oT
OOJNBIIMHCTBA METOJIOB, MBI JieJlaeM OOHapyKeHHE >KHBOCTH JIMIIA TOCNIE paclio3HaBaHUs JWL. Takum
o0pa3om, uaeHTH(UKAMOHHAsE HH(POPMANHS KIMEHTa U peaTbHOe N300pakeHNe JINIA KIIMEHTa MOTYT OBITh
HUCIIOJIB30BaHbI 1J14 ITIOMOIIHU B O6Hapy)KeHI/II/I JKUBOCTHU JIMLIA.

YroObl MPOJEMOHCTPUPOBATh BECh KOHBEHep OOHApy>KEHHs JKMBYYECTH B JCHCTBHH, ObUI CO3IaH
ckpunt Python + OpenCV, KOTOpBIi 3arpy3mil JETEKTOP JKUBYYECTH U MPUMEHWT €r0 K BHIICOTIOTOKAM B
pearbHOM BpeMeHHU. J[eTeKTOp >KMBYYECTH CMOTI MpPEACIUTH PEeajbHOro 4esioBeka OT ¢oTorpaduu 3TOro
YeoBeKa.

Hy>HO OTMETh YTO AETEKTOP ONpeaenseT NOAIeIbHbIE JIMIA He TOIBKO ¢ oTorpaduu, HO U C BUIEO.
Jannas pabota MOXET CTaTh PELICHWEM INPOOJIEeMbl B3JIOMa AJsl CUCTEMBbI 0E30IaCHOCTH OCHOBAHOTO Ha
pacriozHoBaHus jauil. s co3maHust neTekTopa >KuBydecTH ciemyromue TexHomoruii: OpenCV, Deep
Learning u Python.

B pesynprate cpaBHHTENBHOrO aHanu3a 3()(HEKTUBHOCTH MO CpeIHEMY 3HAYCHHIO TOYHOCTH HAIIEro
anroputMa gocturna 99%. B Oyaymeil pabore MBI pacCMOTPUM HCIOJIb30BaHHE HAECHTH()UKALIMOHHON
WHQOPMAIUK KIHEHTA sl OOHAPY KEHUS )KHUBOCTH JIMIA B BU/IEO.
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HEAPOHJIBIK KEJILIEPAI KOJTJAHA OTBIPbII KECKIHHIH
OMIPLIEHIITTH TAHY )KYWECIH JKACAY

A.A. Myxaunbet*, A. Epkoc, JI.M. Kymaxan, 3.M. AoauaxmeroBa

On-Qapabdu aTeiHIaFs Ka3zak yITTEIK yHUBEpCUTETI, AMaTHI K., Kazakcran
E-mail: mukhanbetaksultan0414@gmail.com

AHnoamna. Adamoapovi mawny Kazipei mayoa Ker KOJIOAHGLIAMbIH OUOMEMPUSIIbIK MACil 60abin Madbliaobl.
Adamoapobl mawny MexHONO2USICHI COHEbL JHCHLIOAPLL Mme3 0aMblobl JicoHe OYn 6acKa 20icmepMeH CalblCmulpeanHoa
AHABYPIILIM MY3Y, bIHEAUIbL JCaHe MUiMOl 6onbin mabwviiadel. Byn ocymvicma adamoapobl maHy apKblibl HCYUeHL
Kopeay yulin Koc ocikmey Hezizinoeei 20iC KOAOAHbLIObL. ¥CbIHbLIZAH 20iC a0amHuly Oem- ainemi eH Jicanizan Oem-
anineminiy  Oip-Oipimen epeKwieleneminin He2izee ana omeipvbln, aodamuely "emipuendicin" auivipa anaodwl.
«OMipuIeROIKY MmepMUHI WbIHATLI AOAMHBIH HCANRAH AOAMHAH AUbIPMAWbLILIbIH 0110ipedi. Byoan api ocel mepmun
natioananeliameli 60naovl. Anoay adicmepine omocypemmepoi, mackaiapovl Hemece OeliHenepoi Hcamiybl3y2d
bonaovr Byn 20icmi ocysece acvlpy ywin Python 6agoapnamanay mini, OpenCV, livenessnet nelipoHObIK dicenici
Konoauvlnovl. bem-annemmi anvikmay 6i30iy mipwinikmi aHbIKMAy mMypaivl COHEbL MANIMemmep HCUbIHIMbIZbIH KYPY
Yin beline KAMNApaapviHa KOI0aHuLIaAowl. [Jepexmep srcuvinmolievin dcacazannan Keuin "LivenessNet" - CNN Keras +
Deep Learning encizingi. Hezizei maxcam mipi aoamovl maHyObly — JHCAHA JHCOHE HERYPAbIM KAVINciz maciliH
borawaxma 0amvlmyosly Kapanauwvim 20IiCiH YCbIHY O0bln mabuliaobl.

Tyitin co30ep: betineni many, Heliponowvix diceni, python, OpenCV, emipuiendikmi mamy, K1accugurkayust.

DEVELOPMENT OF THE IMAGE SURVIVABILITY RECOGNITION
SYSTEM USING NEURAL NETWORKS

A.A. Mukhanbet*, A. Erkos, L.M. Zhumakhan, Z.M. Abdiakhmetova

Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: mukhanbetaksultan0414@gmail.com

Abstract. Facial recognition is a widely used biometric approach. In recent years, face recognition technology
has developed rapidly and has become more direct, convenient and efficient compared to other methods. In thiss article
a double classification method to secure the system with facial recognition is considered. The presented method will
make it possible to distinguish the "vitality" of a face on the basis that a person's face differs from a fake face. The term
"vitality" means the difference between a real and a fake face. This term will be used in what follows. Such methods of
deception include photographs, masks or video images. To implement this method, the programming language Python,
OpenCV and the trained neural network LivenessNet were used. Face detection has been applied to video sets to form
our final survivability detection dataset. After the dataset was created, "LivenessNet" - CNN Keras + Deep Learning
was implemented. The main goal is to provide an easy way to develop a new and more secure approach to real-time
face detection in the future.

Key words: recognition, neural network, python, OpenCV, liveness detection, classification.
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BECTHHE KOCMMYECKAS UH)XEHEPUS U
ITIEIR POBOTOTEXHUKA

yupempen 2008

IRSTI 621.01

THE KINEMATIC ANALYSIS OF THE MECHANISMS OF SEWING
MACHINE

Algazy Zhauyt', Marzhan Azilkiyasheva

Non-proit joint-stock company “Almaty University of Power Engineering and Telecommunications named
after Gumarbek Daukeev”, Almaty, Kazakhstan
E-mail: ali84jauit@mail.ru

Abstract. It is necessary to make link mechanisms calculation to the strength at designing of flat link
mechanisms of high class after definition of block diagrams and link linear sizes. It means to choose rationally their
forms and to determine the section sizes. The algorithm of the definition of dimension of link mechanism lengths of high
classes and their metric parameters at successive approach is offered in this work. It this article the educational and
research software named MSC ADAMS is presented. This software has been developed with the aim of approaching
the difficulties students usually encounter when facing up to kinematic analysis of mechanisms. A deep understanding
of the kinematic analysis is necessary to go a step further into design and synthesis of mechanisms. In order to support
and complement the theoretical lectures, MSC ADAMS software is used during the practical exercises, serving as an
educational complementary tool reinforcing the knowledge acquired by the students.

Keywords: kinematic analysis, sewing machine, synthesis, algorithm, solution.

Introduction

In the teaching of subjects related to Machine Theory, supporting and complementing theoretical
lectures with a simulation and analysis software, helps the students to understand deeply and visually the
theoretical bases of the Mechanisms Science [1]. The software has been developed focusing, not only on
educational purposes but also on research in the field of computational kinematics and mechanism design
applications [2]. The software presented in this article also has potential to be used by students of Bachelor
or Master Degrees in Mechanical Engineering and other subjects related to Robotics, Mechanism Design,
etc. MSC ADAMS has been developed in a modular structure [3]. After defining the kinematic structure of
a linkage in the Geometry module, the user can perform the motion simulation in the Motion module [4].
MSC ADAMS is mainly oriented to the field of kinematic analysis, motion simulation and dimensional
synthesis of planar mechanisms. In any case, it also includes other modules for workspace and singularity
evaluation and static analysis of mechanical structures [5]. The problem of designing of an over edge sewing
machine is the difficult one. There exist a number of design solutions. In order to choose proper parameters
a lot analytical study has to be performed. Some study on an over lock sewing machine subject can be found
[6]. The purpose of this study is to develop an algorithm that will enable one to choose optimum parameters
of the machine using simulation technique. Detailed discussions of such techniques for sewing machines are
described [7]. In the presented machine design solution, the trajectory of the transport mechanism toothed
bar is formed by a summation of the motion of both the link systems from the two driving links of the main
shaft. The main part of the first mechanism consists of two double-arm rockers connected in series [8]. The
displacement of the transporting bar upwards and downwards is forced by the motion of the link of the
second drive system. The mating of all the transport system mechanism elements has been described by
three flat closed polygons of vectors formed on the geometrical relationships of the relative positions of its
links [9].

Materials and Methods

The mechanisms of the third class, thanks to their structure, can provide difficult laws of the
movement of the points and the driven members. For example, by means of such mechanism it is possible to
reproduce set movements of two driven members (output) at one driving (entrance) member [10]. The
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questions of synthesis and kinematic analysis of mechanisms of the third class are insufficiently studied.
Therefore these mechanisms received limited application in the national economy. In this subsection the
technique of the kinematic analysis of the transmission mechanism of the third class with usage of vector
calculation on the example of the mechanism of the third class with a sliding bar 5 and driving member 1 is
considered (see Fig. 1).

For this mechanism it is possible to work out three following vector equations of isolation:

@)

4, 1} o

Figure 1- Kinematic Scheme of Sewing Machine Mechanisms

We choose any two from required vectors in the system eq. (1) and we spread out them on orthogonal
vectors L and (k x L ). Let it be a vector I, and I

p,L +0,(k L) @

p.L +q (k E)
i ], k cross heading of system of coordinates Oxyz ; P,, q, and P;, g, are unknown decomposition
coordinates [11]. The others vectors on the basis of equality Eq. (1) can be expressed through chosen. The
vector I, is defined by turning movement vector I, on the corner ¢ between them, and the other vector I,

I_5 and I_0 are defined from equalities Eq. (1). Substituting in the received expressions Eqg. (2), we have:
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|4

J =|—4[pf+q(IZ>< E)]

3

|3

- | — (1 _
I5 :(I_A'p_ pst"'(iq_qs (kXL)
3

3)

where p=p,cosa—0,sSina, q= p;Sina—0,Cos .

In system of the equations Eq. (3) parameters p,, q,, P;, 0, are unknown [12]. These parameters
can be determined, having squared both parts of the equations Eq. (2) and the third equation of the system
Eqg. (2) and scarily multiplying the last equation on I_8 :

(pz +q2)L* =12
(p2 +q2)L2 =12
[(p3 - P _1)2 +(q2 +q3)2]L2 = |62 (4)
(pz +:—4J(I8, E)+[q2 +II—4q][I_8,IZ, E]: 12 —(1,,1,)

The nonlinear system of the equations generally has not the only solution and number of these
solutions is equal to number of assemblies of the mechanism. The system Eq. (4) can be simplified, having

reduced to two equations relatively q, and q,. For this purpose from the second and the last system
parameters Eq. (4), p, and p, we express through q, andqg, :

1
I3 .|
Py == F —0; )
P2 =83, P +a,0; + 8,30, +ay, (6)
where:
a, = —:—“(cos a—a,sina)
3
a, = :—4(sina—a13 cos &) 0
3
;. k.C]
S

Substituting parameters p, and p, in the first and third equations of system Eq. (4), we have system

of two equations relatively ¢, and Q,:
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2

|2 |2
3 2 2 3
i|:F_qa sy, ta,0; ta50, v, +0; = 12

2 ®)

I2 2
+{F_q3} '(1+a11)+a12%+a13q2+a14_1 +(Q2+QS)2=F

From solutions of the system Eqg. (8) taking into account Eq. (6) and Eq. (7) we determine unknown
parameters p,, d,, P;, 0s. As initial approximations of projection of the corresponding vectors functions
L and (IZx E) for a certain position of the mechanism are set by synthesis conditions. Provisions of other

links of the mechanism are from scalar products of cross heading of system of coordinates Oxyz and the
found vectors:

t ===
9 I, p,L, +a,L,
I.j L, +qsL,
tg¢73—_3—__ p3 y q3
I5i psL, +0sL,
i L, +qgL
9, :I—4_.J:—p ! = (9)

« T sl
Ps; — 1)Ly +(q2 +0, )Lx
)Lx (qz + q3)Ly

(
(
- - | |
Io = Ily _|8y +(p2 +2 ijX +(q2 +_4q]|—y

where L, =I,, =l cosg,, L, =1, ~I,sing,.

We pass to definition of analogs of speeds and speedups. Differentiating Eq. (1) on ¢, taking into
account ¢ = @, = @, We receive:

I_z(/’é + rs@é - re@é = _I_l}

° ° > _ 10
L@, +laps =il =, o
Analogs of speeds of links can be defined from the solution of linear system Eq. (10):

i{(ll,jXka |- (. 5Lk )
e U1 ) SLH S (951 A w

oh= Ll dor + 0+ 1)

6
1o = 11,0)+ (0. g + (1, Tt

where, A = (I,, i, K. I, |- (i, 7 Iis. k. T,
For definition of analogs of speedups of links we are differentiating Eq. (10) on ¢, :
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|_2§02 |3§D3 |6¢6— E} (12)
L@ + 1,05 —lg = —L
where,
L =k xl, +k xLpy? +k xL,pl? —k x I, (13)
E2:IZ><I_1+k><|2(p2 +k><|4(p3

The solution of linear system Eq. (12) can be written down similarly in the following type:

(/)g:i{(Lz,J)[ls,k I, |- (0. JC. K 1
%{ (L K- (. G KO (14)
gt = L+ (5]

12 = (5, 1)+ (1, ol + (1 ol

The usage of formulas Eq. (9), Eq. (11) and Eq. (14) quite just allows making an algorithm of the
solution tasks of the kinematic analysis of the mechanism of the third class on the computer.

Results and Discussion

In this article, a kinematic model of the third class Assure group is presented. The method has the
property of visibility, which makes it suitable for use in engineering practice [13]. Simulation of the
kinematical analysis of third class plain lever mechanism with output dwell is done using Model MSC
ADAMS software application that gives opportunity to develop discrete, continuous and hybrid models of
complicated technical systems (see Fig. 2-8). A computer analysis of the motion of the spatial links of lever
mechanisms has been carried out. This analysis has been presented as an example of some selected
mechanisms of one version of basic design solutions for the overlock sewing machine, i.e. a needle arm
driving mechanism, a gripper mechanism and a transport mechanism. On the basis of the equations of
motion based on the mating of the elementary links of these mechanisms, a kinematic analysis of the motion
of these elements has been conducted. The calculation results obtained in the form of discrete functions have
been replaced by continuous functions, by the application of the Lagrange polynomial. The parameters of the
motion of selected elements as determined are derivatives of these functions.

Figure 2 - Six Bar Sewing Machine Mechanisms Model
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The computations for all the mechanism links in the machine under consideration have been
performed. The results of the calculations for some selected machine elements, on the assumption of a unit
angular velocity of the main shaft, are shown in Figures 3-8. This program for calculating the parameters of
spatial mechanism kinematics, as formed on the mechanisms of the over edge sewing machine, is a basic tool
in the computer analysis of the dynamics of these mechanisms which are currently being developed. Over
edge sewing machines are equipped with a knife mechanism whose task is to trim fabric edges to ease the
performance of the technological process. The upper knife drive, being a simple crank and rocker
mechanism, has not been considered in the present paper. Kinematic analysis was performed on the thread
taking-up mechanism of a sewing machine, and the mistakes existing in former analysis were modified
correspondingly. The effects of structure parameters for the thread taking-up mechanism on take-up angle
were revealed. Synthesis properties of an ideal thread taking-up path were presented. A genetic algorithm
was used for the optimum synthesis of the thread taking-up mechanism of sewing machine, and the
minimum value of take-up angle was the optimal object function. The result was extremely satisfactory.

MODEL_1
2000
- /',—’ '--\\ ..................
I = e —
2 - e
E '100‘(): TS~ r—————-=-="" [ — PART_2CM _Position X T
5 20001 - - PART_3CM_Position.X
& | --- PART_5.CM_Position.X
Q e i
30001 ,_'PéRT'G‘CM'POSIFlon'),(
-400.01
-500.0 . ~
00 50 100 150
Time (sec)
Figure 3 - Computed Plot of the Position Joint 2-7
MODEL_1
100.0
— PART_2.CM_Velocity.X
- - PART_3.CM_Velocity.X
’g 8 --= PART_5.CM_Velocity.X
o 500 PP — PART_6.CM_Velocity.X
2‘ ’ /' .\‘
‘C
9
()
>
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Figure 4 - Computed Plot of the Velocity Joint 2-7
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MODEL_1
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1000 | : -+~ PART_5.CM_Acceleration.X
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Figure 8 - Computed Plot of the Angular Acceleration Joint 2-7

Conclusion

The algorithm presented in this article together with a computer program developed at the Department
of Electronics and Robotics were used enables finding appropriate dimensions of machine elements of an
over edge sewing machine. This study proved that mathematical modeling is a very efficient tool for
designing of modern high speed over edge sewing machines. The combined analytic and graphic-analytical
kinematic analysis method of the sixth class third order mechanism can be performed by accepting the
inverse motion, considering the input element of the original mechanism as frame and one of the adjacent
ternary element as drive element. The analysis of the mechanism is reduced to the study of third and second
class Assure kinematic groups. The positional kinematic analysis shows that the most difficult problem is the
solving of a trigonometric equations system by means of numerical methods. The kinematic analysis of a
particular case indicated by Artobolevsky highlights the difficulties in computing the velocities in particular
positions. However, some properties of the mechanism recommend it to be used in applications which need
the preservation of parallel positions of the higher order couplers in self-locked extreme position and its
compact size in folded position.
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TIT'TH MAIIUHACBIHBIH MEXAHU3MIEPTH KUHEMATHKAJBIK
TAJIJIAY

9. KayspIT , M. A3niikusinmieBa

«Fymapbek [JloykeeB aThiHAAFBI ATMATHI SHEPTETHKA XoHe Oaitnanbic yauBepcuteTi» KeAK, Anmarsl,
Kazakcran
E-mail: ali84jauit@mail.ru

Anoamna. Bnok-cynbaniap men Cul3blKmbulK OauleMoepOi aHbIKMASAHHAH KeliH JIcOo8apbl KAACHbl JICA3biK
UIHMIpeKmi Mexanusmoi x#cobanay KHcoHe Mexanusmoepin Oepikmikke ecenmey Kepek, sieHu 01apobiy (opMarapsin
manoan, KUMauwly enuemoepin auvikmay Kepek. Byn owcymvicma cosapel knacmol 6ainaHvlic MeXaAHUSMIHIY
Y3bIHOBIZbIH JiCoHE ONapObIH MeMpPUKAIbIK napamempiepin anvlkmay aneopummi ycvinvlizan. Byn occymoicma MSC
ADAMS ammet oKy sicone 3epmmey 6a20apaamansli HeacaKkmamacsl yevlHvlizan. byn 6asoapramanvix sicacakmama
MexaHuzmMoepoi KUHeMAmUKAIblK maioay Kesinoe cmyoeHmmepoe Ke30ecemin KUbIHObIKMAapObl HCeHY MAKCAmMbIHOA
arcacanzan. Mexanuzmoepoi sicacay men cunmesoeyee Kaddam JHcacay Yulin KUHEMAmUKAaIblK maioayovl mepey myciiy
Kaoicem. Teopusnvix 0apicmepoi Koa0ay dicare moablkmvlpy Yulin npakmuKkaivly cabaxmapoa cmyoeHmmepoiy anigam
6inimdepin Hvlzaumamoln Kocvimuia Oinim 6epy xypanvt peminde MSC ADAMS bazoapramanvix scacaxmamaceot
KONOAHbLIAObL.

Tyiiin co30ep’ KunemMamukaiblK maioay, micik MAWUHACDL, CUHIME3, ANCOPUMM, WeUliM.

KUHEMATHUYECKUIN AHAJIN3 MEXAHU3MOB HIBEMHON MAIIIMHBI

*
9. KaysIT , M. A3nikusimena

HAO «AnmaTuHCKUI yHUBEPCUTET SHEPIETUKU U CBA3U UMeHH | ymapOeka laykeeBa», Anmatsl, Kazaxcran
E-mail: ali84jauit@mail.ru

Annomayusn. Pacuem mexanuzmos 36eHbe Ha NPOYHOCHb NPU NPOEKMUPOBAHUU NIOCKUX 36€HbEG BbLCOKO20
KAAcca HeobXxo0uMo Npou3eooums HOCIE ONPeOeeHusi CHPYKMYPHbIX CXeM U JIUHEUHbIX PA3MepO8 36eHbes, Mi.e.
PAYUOHATILHO  6bIOUpamb  UX (Gopmbl U onpedeisimv pasmepvl cedwenuil. B pabome npediazaemcs aneopumm
onpeoenenusi pasmMepHocmu ONUH 36€HbE68 MEXAHU3MO8 GbICOKUX KIACCO8 U UX MEmpUHecKUxX napamempos npu
nociedosamenvHom nooxode. B Oamnoil cmamve npeocmMasieHo YYeOHO-UCCAEO008AMENbCKOE NPOSPAMMHOE
obecneuenue MSC ADAMS. Dmo npocpammmuoe obecneyenue ObLIO pa3spabomaro ¢ yeivio npeodoeHusi mpyoHocmel,
¢ KOMOPbIMU CIMYOEHMbl 0ObIYHO CIMAIKUBAIOMCSL NPU KUHEMAMUYECKOM aHAIU3e Mexanusmos. 1 1ybokoe nonumanue
KUHEMAMUYECKO20 AHANU3A He0OX00UMO, Umobdbl cOenams ewe 00U waz 8 paspabomie u CuHmese mMexanusmos. s
HOO0EPIHCKU U OONONHEHUs] MEOPEeMUYECKUX TeKYULl 60 8peMsi NPAKMUYECKUX 3aHAMUL UCTIONb3YEMC sl NPOSPAMMHOE
obecneuenue MSC ADAMS, komopoe caysicum 0ONOIHUMENLHBIM 00PA308AMENbHBIM UHCIMPYMEHMOM, YKPEeNnaaouum
3HAHUS, NOJLYHEHHbLE CIYOEHMAMU.

Knroueevie cnosa: kunemamuueckuil ananus, WeeUHAs MAUUHA, CUHME3, AN2OPUMM, DeuleHuUe.
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IHPOI'PAMMHO-TEXHUYECKHUE ACIIEKTBI CbOPA JAHHBIX C
KOHEYHBIX Y3J10B: IPOBJIEMbI 1 HEPCIIEKTUBbI

Bb.b. Umankynoa*, C.T. AmanxonoBa, K.C. [lyiicedbexoBa

Mexnyraponusiid YHuBepcuteT Mabopmarnmonusx Texaonornii, Anvatsl, Pecrrydnmka Kazaxcran
e-mail: pb.imankulova@edu.iitu.kz

Annomayusn. Ilenvio dannotl nyboruxayuu seisiemcst ONUCAHUE NPOSPAMMHO-MEXHUYECKUX ACheKmos cbopa
OaHHbIX OM KOHEUHBIX YCMPOUCME 05 MOHUMOPUHEA OKpYdcaiowel cpedvl. Koneunvie y3uvbi pedanu3o8ansl 8 Guoe
BCTNPOEHHOU UHMELIEKMYALHOU CUCMEMbl, KOMOPAs NO360J15em NoAyYams OauHble U3 OKpydcaroujell cpeosl, oaiee
nepeoasas wepes ullio3 Ha cepeep Os ux OanbHelulel obpabomku u suzyarusayuu. B pezynemame ¢ nomowwro smoti
cucmembl OblLIU NOTYYEHbl PeaibHble OaHHble, 2eHepupyemble OamUUKamu, MaKuMy KaK Oamqux usmepeHus: Kauecmed
6030yxa (0amuux 2azos), OAMUUK MeMnepamypsl U 61adNCHOCMU, OAMYUK AMMOCHEPHO20 0asleHus, OamUUK PeaibHo20
spemenu u GPS. Bwibpannas mexuonocus LoRa obecneuusaem Huskoe sHepeonompebnenue, OOIbUIOU paouyc
Oeticmeusi u 6e30NACHOCMb, MAKJCce UMeenm OMKpblmblil npomokoi. Koneunvle ysnvl Ovliu pasmeujeHvl 8 20pode
Anmamel 0511 uzyuenus: 3a2psazHenus 6030yxd.

Knroueevie cnoea: cucmema monumopurnea 10T, coop oOannvix IloT, mexuonoeus LORa, 6asza Oawumvix,
dexkoouposarue opmama OaHHbIX.

Beenenue

Ha cerompsmumii nenp UWuatepHer Bemeir (IoT) sBusiercs akTyanbHOW TeMOH [UIsl W3YYEHUS.
Pa3pabotka loT momnepxuBaeT MHOXKECTBO NPHJIOKEHUH, TaHHAA cHCTeMa JAaéT BO3MOKHOCTH HMOBBICHUTb
3¢ (EKTUBHOCTh U TOYHOCTh, TEM CAMBIM CIIOCOOCTBYET SKOHOMHUEeCKoW Bhiroze [1]. Micnonb3oBaHre HOBBIX
TEXHOJIOTHH IO3BOJISIET KOHTPOJIMPOBAaTh W YNPAaBISATh CHUCTEMOW YAaleHHO C KOMIBIOTEPOB, a TaKKe
MOOMIIBHBIX yCTpoHCTB. DyHKuusiMu [oT ABIsITOTCSA cOOp IaHHBIX B peajibHOM DPEXHMME BpeMEHH, repeaaya
coobuieHuit, 00paboTKa JAHHBIX O MECTOTOJI0KEHUH, aHAIM3 U BU3YyaIU3aIlusl.

Jns nepemaunt u npuéMa JNAaHHBIX TEPEaTUUKU HWCIOJB3YIOT pa3iiH4HbIe TUNBI MoOAysinuu. Ot
YacTOThl, @ TAKXKE OT THIIA UCIOIb3YEMON MOAYJISILIMM 3aBUCHT IPOIYCKHAsI CIIOCOOHOCTD M ITOKPBITHE.

Texnonorus LoRa (ot anrin. Long Range) ucnone3yer MoayssiLuio ¢ pacIMpeHHBIM CIEKTpoM (SSM,
Spread Spectrum Modulation) u Bapuatmu nuneitHOM YactoTHON Momyssiuu (CSS, Chirp Spread Spectrum)
¢ uHTerpupoBaHHoi npsimoii koppekiuen ommbok (FEC, Forward Error Correction), Tem cambiM nepeaaya
CHUTHaJIa OCYIIECTBIIICTCS Yepe3 0OJIbIIYIO MOJIOCY YacTOT, oOecreurnBas OONbIION paguyc neicTeus [2].

Cerp LoRa peammsyercs B OCHOBHOM TIO TOMOJOTHH <«3Be3ma» [3], Koropas ompenemsercs
¢usnueckuM ypoBHeM. [IpenMyIiecTBO HWCIIOJIL30BAHUS JIAHHON TOIOJIOTHH 3aKIFOYaeTcs B TPOJUICHUH
CpoKa ciyObl 0aTaper U pa3rpy3KH CETH, I/Ie y3JaM He HYXKHO IOJIy4aThb U NePechlIaTh JaHHBIE U3 APYTHUX
Y3JI0B.

1. Konuenuus

OcCHOBHas KOHIIEMIUSl MPOEKTa — ATO HAJIUYUE KOHEYHOTO YCTpPOMCTBA B BHUAE BCTPOCHHOM
WHTEIUIEKTYaIbHON CHCTEMBI, KOTOpas I03BOJIAET MOJy4YaTh JAHHBIE M3 OKPYKAIOWIEH Cpersl, Aanee
mepeaaBas 4epes MUTI03 Ha CepBep I UX JalTbHEUIeH 00paboTKY U BU3YyaTH3aIHH.

Jlns meneil MOHMTOPHHIA OKPYXKAlOIIeH cpelbl HaMu Oblia BbIOpaHa OECHpOBOJHAS TEXHOJIOTHS
LoRa, u3-3a HM3KOro JHEPronoTpedNieHus, Takke obecrieueHus OONBIIOrO pajnyca NEHCTBUS, HATHMYHS
OTKPBITOTO TPOTOKOJIA U 0€30MacHOCTH. [IpenMyIecCTBOM JaHHOW TEXHOJIOTHH SIBJISIETCS TO, YTO KayKIbIA
nutto3 LoRa mMoxer o0cmykXuBath 0OJIBIIOE KOTHYSCTBO KOHEUHBIX YCTpoHcTB (10 300) Ha paccTosiHUA 10O
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10 xm [2]. Takke OTCYyTCTBYeT HEOOXOAMMOCTh PACIIMPEHHS 30HBI MTOKPHITHS, YCTAHOBKHU JTOTIOJTHUTEBHBIX
aHTCHH JI100 MapIIpyTU3aTOPOB.

2. Peanmm3anus

B nanHOM wccnenoBaHMM pa3pabaThIBANICS IPOTOTUIT YCTPOMCTBA JJIsl IOJNyYEHHUS IaHHBIX OT
JIATYUKOB ¢ moMoiisio TexHonoruu LoRa. [Ipororun Obu1 coOpan Ha MukpokoHTposuiepe ATmega2560 ¢
OTKPBITBIM HCXOAHBIM KomoM. Kpome ApaywHo, Takke Obpmn mcmonb3oBaH LoRa Shield ma ocnoBe
SX1276/SX1278 — 310 mpueMornepeaTYMK OOJBIIOrO paanyca ACHCTBUS, paboTaroimuii Ha dactote 868
MI'u. C momomipto LoRa mmmga MOXHO AOOUTBCS BBICOKOH MOMEXO3ANUINEHHOCTH MPU MUHHMAJIBLHOM
notpebyieHiH Toka. [l KOppEeKTHOW Tiepeiavyn JaHHBIX C Y3JI0OB Ha MUTI03 OblIa BHIOpaHA W YCTAaHOBJICHA
oubmmorexka LMIC [4], koTopasi mpeaocTaBiseT I0CTaTOYHO MoiHyo peann3anuio LoRaWAN kmacca A u
kimacca B, momnepxkuBaer aumamazonel EU-868 u US-915. Pabora maHHOW OMOIMOTEKM 3aKIHOYaeTCs B
oTmpaBke MakeToB uplink, muppoBaHUM M NPOBEPKE IEIOCTHOCTH COOOIICHUN, TOIYYCHHH IaKETOB
HUCXOISIIEH JIMHUH CBSI3W, HACTPONKH MTapaMeTpoOB JaHHBIX, aKTUBAIKS 1Mo OecripoBoHoM cetn (OTAA).

Ha pucynke 1 mokaszana apxutektypa cetu LORa, comeprkamas koHeunsie ycrpoiictBa (End-nodes),
nutio3 LORa. B cepBepHO# yacTu XpaHsTCsI MOMYYESHHBIE TaHHBIC OT AaTYUKOB.

Gateway:

Devices

Pucynok 1 — Apxurekrypa cetat LORa 1151 MOHUTOpHHTA OKpYXKaromien cpeibl

Koneunbie ycrpoiictBa (miu NOJeS-y3ibl) — B BOCXOSIIEM COOOIICHUH TIEPEAAI0T MOJIC3HbIC JaHHbIC
Ha 1unio3 LoRa. Jlanee numo3 mepemaet cooOlieHus Ha CETEBOM cepBep, depe3 Wi-Fi (Ha ruiare mnmo3a
umeercst moxyinb Wi-Fi 802.11 b/g/n). Bmecte ¢ Tem mmeeTcss BO3MOXHOCTh mepenaun uepe3 3G/4G,
MOAKIIOYNB JOMOTHUTENbHEIH Moaynb LTE. CymecTByeT HECKOIBKO BapHAaHTOB CETEBBIX CEPBEPOB, B
JIAHHOM cliydae BBIOOp ObL1 crenan Ha cropoHHuit cepeep The Things Network (TTN) [5].
JononHuTenbHbIE CBECHUS IO CEPBEPHOM YaCTH NPEACTABICHBI B IyHKTE 2.5 TaHHOU CTaThH.

2.1. Anaau3 ceTn. XapakTepuCTHKA HLTIO3a

Ilmo3 LoRa sBnsiercss ogHOKaHAJIBHBIM C OTKPBITHIM MCXOIHBIM KOJOM, HMCHOJB3yeT Linux mms
ynpasnenus moxyinem LoRa SX1276/SX1278 [6]. IlomnepxuBaer noaxmtoueHue S50~300 KOHEUHBIX
YCTPOMCTB, TaK)Ke TMOANEPKUBAET HECKOIBKO PEXUMOB paboThl, Takue kKak pexum MQTT, pexum knuenrta
TCP/IP. MakcuMalibHas JAJIbHOCTG AeHcTBUA — 5 ~ 10 kM.

Cucrema No3BOJISIET OCYIIECTBISATS MOHUTOPHHT C MoMolbpio LoRa ¢ TakuMu xapakTepucTuKamu, Kak
mpuHa criekrpa 125 k', koadduiuent pacmupenus crekrpa (SF) 7, ckopocts koaupopanus (CR) 4/5 ot
paboueil monocel 4acToT. BhIOOp MONIOCH MPOMYCKaHMsS TAaKKE BIUSET HA JUIMHY IIOJIC3HOW HArpy3KH.
Hampumep, 11t Toit sxe nosnockl nponyckanus 125 xI'n Ha wactore 868 MI'n, ecmm SF=7, To mporyckHast
cnocoOHocTh Oyzer coctaBisaTh 5470 Out/c, a mone3Has Harpys3ka coctaBuT 230 Oaiito. Ilapamerpsr
Tpancmuccun s LoRa mpencrasnensr B padorax [7], [8].

Ha pucynke 2 npencrasnen ctanaapTHbiii nakeT LoRa. Kak BuaHO M3 pucyHKa, TakeT COCTOUT M3
KaJpa npeamOyJsibl, KOTOPBIA OTBEYAET 332 CHHXPOHU3AIMIO C BXOIAIIMMH JAaHHBIME. [lanee uaet 3arojaoBok,
IJ€ COACPKUTCA WHpopMaIMs O JIMHE MaKeTa, CKOpocTH (KojoBas ckopocTh 4/8). Pasmep mose3Hoi
Harpy3Kd XpaHUTCS C HCIOJB30BAaHHUEM TOJBKO ONHOTO OaiTa, OrpaHMYMBas €ro oOmui pasmep 255
Oaiitamu. [Taket Taxke BxiatouaetT B ce0a CRC ko
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Header lCRC Payload
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CR=4/8 CR = CodingRate
“ >

SF = SpreadingFactor

Pucynok 2 — Crannaptsiif maker LoRa [8]

Ceth mocTyma MOkeT ucnoib3oBath GSM, Wi-Fi win paanoMomyiu, KOTOpble OyAyT OmMpenensaTh
MpUMEHSIEMbIe CTAHAAPTHI U MOJYJbHBIC TIATPOPMBI. B 1aHHOM mpoekTe ObutH mpoTtecTupoBanbl Wi-Fi u
GSM monymu.

2.2. JaTYMKH M UX TEXHHYECKHE XapAKTEePUCTUKH

OcHoBHas 3aJa4a JaHHOH HHPPACTPYKTYPhl — COEIMHUTE Y37bI  CO3/1aTh CIIOCO0 JOCTyNa K JaHHBIM,
TeHEPUPYEMBIM B Pa3HbIX TOUKAX TOPOAA.

e Jlatuuk TemnepaTypsl U Biaxxknoctu DHT22 (temneparypa nsmepsiercst ¢ TouHocTbio 10 + 0,5°C B
nuanaszoHe -40 ~ +125 © C, BIaKHOCTh H3MEPSETCS ¢ TOUHOCTBIO 110 £ 2-5% B nuana3one 0-100%).

e Jlatunk armocdeproro masineruss BMP-180 (Bosch Module Pressure): aOcomoTHBIA qUama3oH oT
30 000 mo 110 000 ITa (pa3pemenue 1 Ila, Tounocts £12 I1a).

e JlatTunk Ta3a (uyBctBuTeNeH kK ammuaky (NH3), okcmmy azora (NOX), amkoromo, OeH30Iy,
yraekuciomy razy (CO2)).

e JlaTunk pea’dbHOTO BpeMEHHM (CEKyHIbl, MUHYTBI, 4achl, AaThl MeCSIa, MECSIbl, AHU HEACTH U
TOJIBI).

e JlaTumk onpexaenenust mectonoioxenus (GPS).

st cTabuIbHOM U KOPPEKTHOM paboThl JATYMKOB HEOOXOMMO MPOBECTH KAIMOPOBKY JIATUYMKA Ta30B.
Jatunk rasza xanuOpyeTcs B 3aBUCMMOCTH OT €ro napamerpoB. Bpems ctabuin3aluy JaTYHKOB COCTaBIISET
oko1o 20-30 MUHYT.

CO, NO2, NH3, CH4 u apyrue ucrnojib3yrT KacKabl CXeMbl, OCHOBAaHHBIC Ha JICJIUTEIIC HAIIPSKEHUSL.
OTOT AETUTENb HANPSHKEHUsS] COCTOUT U3 ABYX pe3ucTopoB. OMH U3 3TUX PE3UCTOPOB — 3TO CONPOTHUBIICHHE
matunka (RS), a ngpyroii — comporusnenne Harpy3ku (RL). RS wusmensercs B 3aBucHMOCTH OT
KOHIIGHTpAIMX Tra3a, a conpoTuBicHne RL MOXHO HACTPOWTH ¢ MOMOINBI0 NU(PPOBOrO MOTEHIIMOMETPA C
nomMomisio GyHkuu configureSensor(). 3nauenue garunka RL MeHseTcs B 3aBUCMMOCTH OT Aardmka. Jlis
3TOT0 HEOOXOOMMO H3MEPUTh CONPOTUBIEHHE OOpPAaTHOTO OCMOCAa NPU M3BECTHOH KOHLEHTpauuu (B
3aBUCUMOCTH OT KaXJOTO JaTyhKa) W KOHTPOJMPYEMBIX YCIOBHSX TEMIIEPAaTyphl W BIAKHOCTH |
AHHOTHPOBATh OTO 3HAUEHHE JIJIS CIEYIOUINX PACUETOB.

2.3. Koneunbie y3Jb1 (Nodes)

Koneunsle y3nbl nepefaroT nHpopManuio Ha D03 kaxable 60 cek. LoRa moxer mpuHMUMaTh U
OTIIPABIIATH COOOIICHUS B ABYX HAlpaBJICHUSX, TAKXKe €CTh BO3MOXKHOCTH TPAHCIALMHU Ha Bce y3ibl. LoRa
MUMEET KJIACChl Ha OCHOBE paboThl ypoBHs MAC [9]:

— knacc A — obecrieunBaeT JIByHANPaBJICHHYIO CBsI3b KOHEUHBIX YCTPOMCTB, JIAHHBIM Kilacc HanboJjee
SKOHOMHUYEH B MOTPEOICHNH SHEPTUH H SIBJIAETCS HanboJee pacipoCTpaHEHHBIM Ha MPAaKTHKE;

— Kknacc B — qByHanpaBiieHHbIE KOHEUHBIE YCTPONCTBA C 3aIJITAHUPOBAHHBIMHU CIIOTAMH IIPHUEMa;

— knacc C — AByHarnpaBlieHHbIE KOHEYHBIE YCTPOHCTBA C MAKCUMAILHBIMH CIIOTaMH MTpHeMa.

Pabora ammapaTtHOil CHCTEMBI 3aBHCHT OT CHCTEMBI IPOTPAMMHOTO OOECIeUeHHs, TaKXe OT
YCTAHOBJICHHBIX OUOIMOTEK U1l JaTYMKOB.

bubnmorekn, He0OX0AUMBIE TSI HACTPOWKHM aTYMKOB ISl BEIYMCIICHUS TIOKA3aHUN U UX MepeJaydu 110
CeTH:

— DHT-Oubnuoreka npenHa3zHaueHa Ui HACTPOHMKM TEMIEPaTypbl M BIKHOCTH, 3Ta OMOIMOTEKa
MOJeT HacTpauBaTh Bce Bepcun aaturka DHT (DHT11 u DHT22);

— SFE_BMP18-6ubnnoreka mnpenHazHaueHa JUIsi HACTPOWKH JIATYMKOB aTrMoc(epHOro maBieHus /
TEMIIepaTyphbl;
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— TimeLib u DS1302RTC-6ubnmotexy npeiHa3HaYeHbI IS MONYyYSHUs JAHHBIX O JIaTe U BPEMCHHU B
JTAHHBI MOMEHT.

— SD-6ubnuoteka npenHazHayeHa Al HACTPOUKU SD-KapThl, A7l XpaHeHUs JaHHBIX OT JATUYHUKOB.

— SPl mocnemoBatenbHbI TepudepHiiHbll  WHTEpdEHc — 3TO NPOTOKOJ  CHHXPOHHBIX
MOCJIE0BATENBHBIX JAHHBIX, HMCIOJb3yEeMBbli MHUKPOKOHTpPOJUIEpaMHU AJisl OBICTPOM CBSI3M C OJHUM MU
HECKOJBKMMHU TepU(epHiiHbIMU YCTPOHCTBAMH Ha HEOOJNBIIUX PACCTOSHUAX. Ero Takke MOXKHO
WCTIONB30BaTh IS CBA3H MEXAY IBYMSI MHKpOKOHTposutepamu [10].

Ha pucyHke 3 moka3aHa HadanbHash KOHQHIYpaluss MHUKPOKOHTpoJUIepa ¢ Jo0aBlicHHEeM OUOIHOTEK
JUI TaTYUKOB.

LoRa_Node_26_10 | Arduino 18.5 [E=E)

®aiin Mpaska Cxetu Wnctpymentol Momowys

LoRa_Node_26_10§
#include <hal/hal.h> "
#include <SPI.h>

m

#include <SD.h>

File myFile:
de <SFE_BMP180.h>
#include <

#include <

#include <
#include <

// Set pins: CE, 10,CLK
DS1302RTC RIC(27, 29, 31);

/ Optional connection for RTIC module -
« m »

Pucynok 3 — ®@parmenT kosa HauanbHO#H KoHpurypanuu Ha Arduino IDE ¢ LoRa shield

Peanuzanus koxa Ui nepenaun mnosie3Hoi nHpopmMauuu Ha nutio3 LoRa B KoHEUHOM y3je IoKa3aHa

Ha pUCYHKE 4.
LoRa_Node_26_10 | Arduino 1.8.5 @EE

®aiin Mpaexa Cxery Wnctpymenter Momows

LoRa_Node_26_10§

mydata[0] = (int16_temperature >> 8):
mydata[l] = (int16_temperature z 0x00FF);
mydata([2] = (intlé_humidicy >> 8);
mydata([3] = (int16_humidity & Ox00FF);
mydata[4] = (int16_pressure >> 8);
mydaca[S] = (int16_pressure : Ox00FF);
mydata[6] = (intlé_airqua >> 8);
mydata([7] = (intl6_airqua & Ox00FF);
mydata[8] = (intl6_vbat >> 8):

mydata([9] = (int16_vbat = OxO00FF);

m

if (newGPSdata) {

1d (1000000.0*(12t+90.0) ) 7
1d (1000000.0% (1ng+180.0)); //lng=lon
feer():

int32_lat
int32_lng
alt = gps
intl6_alt
sat = gps.sats

mydata[10] = (int32_lat >> 24);
mydata[11] = ({int32_lat >> 16) & Ox00FF):
mydata[12] = ((int32_lat >> 8) & O0x0000FF);
mydata[l3] = (int32_lat & 0x000000FF);
mydata[l4] = (int32_1ng >> 24); //lon
mydata[15] = ((int32_lng >> 16) & Ox00FF); //lon 18
merdaeat1€1 - 113ne39 Tne sy 8 - ANAAAATTY. 7 /1an
« m »

Pucynok 4 — ®parmMeHT kojia riepeaayu nojie3Houn uadopmanuu Ha nuio3 LoRa va Arduino IDE
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Koneunnie yCTpOﬁCTBa JOJIXKHBI ObITh CHauaja AKTUBUPOBAHBI, MNPEXIAC HYEM OHHU CMOTIYT

B3aMMO/ICHICTBOBATh C CETEBBIM CEPBEPOM.

2.4. TTN. dexonep
Hns wavama pabotel B cucreme TheThingsNetwork meoOxomumo co3maTh y4eTHYIO 3allHCh |

3apETUCTPUPOBATh YCTPOMCTBA, B HACTPOMKAX YKa3bIBACTCS COOTBETCTBYIOIIUNM YACTOTHBIM IJIaH B
3aBUCHMOCTH OT pervioHa (B JaHHOM MpoekTe Obuia BbeIOpaHa yactoTa 868 MI'm). Jlns mpucoenuHeHus: K
cetu LoRa okOHEUHBIE yCTPOHCTBA JOJDKHBI IPOUTH MPOLIECC AKTUBALIUH.

Activation Method ~ OTAA

DeviccEUI ¢ = As40@D @
ApplicationEUl <> = A8 40— 53]
AppKey > 5 ©  ceiiiiiiiiasaa e s ®
DeviceAddress <> = 2600 ©
Network Session Key <> = ©  te e te e e e se e se s ts s e e e e 3]
App SessionKey <> = © 3]

Pucynok 5 — Ilpouecca nantmanuzannu B TTN: BeIO0p pexknma paboThI

AKTHUBaIIMs YCTPOWCTBA UMEET JBa BapUaHTa!

1) OTAA, Over-The-Air Activation (Hco6X0aMMO IPONUTH NPOLEAYPY HPUCOETUHEHHUS, YTO TTO3BOIISAET
MOJTyYUTh CECCHOHHBIE Kitoul mudpoBanus u agpec DevAddr) [10];

2) ABP, Activation By Personalization (seT HE06X0MMOCTH TPOXOAUTH MPOLEAYPY TIPUCOETMHEHHS,
3/1eCh B YCTPONCTBO 3apaHee 3allMChIBAIOTCA KIIOUH mudpoBanus u aapec DevAddr) [11].

Ilpu wucnonws3zoBanum Metoq ABP, wmoun NWkSKey wu  AppSKey npensapurenbHO
3apEeruCTPUPOBAHBI B CETU M OYAYT IpeABAPUTENBHO 3alpOrpaMMHUpOBaHbl B ycTpoiicTBe. OqHako B OTAA
NWkSKey u AppSKey akTUBHpYIOTCSI ¢ TOMOIIBIO 3a1Ipoca Ha PUCOEINHEHHE.

OTAA sBnseTcss MpeANOYTUTEIHHBIM METOJOM AaKTHBAIlMH, TaK Kak OH oOecleyuBaeT HamOojee
Oe3omacHblii croco0 MOJKIIOYCHUS! KOHEYHBIX YCTPOWCTB K CETEBOMY CepBepy Iepell aktuanueit [12]. B
ycrpoiictBax yxe umerorcsi Dev EUIL Dev EUI o3Hauaer pacmupeHHbIM YHUKaJIBHBIA HWACHTH(QHUKATOP
JUTHHOHM 64 OuTa, KOTOPBI OOBIYHO HCIONB3yeTcs I WACHTU(UKAIUU ceTeBhIX KommoneHToB. Dev EUI
ananornueH MAC-azipecy ycTpOHCTBa M UACHTU(DUIIUPYET KOHEYHOE YCTPOMCTBO.

Crioco06 axTuBanum onpenensercs B kKoHcond TTN, kak mokazaHO Ha PUCYHKeE S.

[locne 3aBeprieHus ITUX NPOLEAYP KOHEUHBIH y3e] OyAeT rOTOB JUId IepeJadd MOKa3aHus JaTYNKOB
C 3a/IaHHBIM HHTepBaJIOM. [lociie yCcTaHOBIEHHS COEIMHEHHUs JJaHHbIE MPeoOpa3yroTcst B (hopMar MojIe3HoH
Harpy3ku B BuJe mectHaauatepuuHoro kona (HEX). Ha pucynke 6 mokazaH KoJupoBaHHBIH Qopmar
nosie3Hoi Harpy3ku B TTN.

Il pause W clear

APPLICATION DATA

Filters uplink  downlink activation ack error

time counter port

a 15:57:02 83 1 devid: node uno_sensor payload: 09 C40B 54 03 86 04 80 00 5ABD 68 21 B6ABEAQ4 06  airqua ppm: 11!
A 15:51:29 71 1 devid: pode uno_sensor payload: 09 C40AF0038605A1005DBD 68 27 BSABE8 03 EA  airqua ppm: 144
4 15:48:54 65 1 devid: node uno sensor payload: 09 C40A8C038605D1005DBD682DB6ABES03CD  airqua ppm: 14&
a 15:46:19 59 1 devid: node uno_sensor payload: 09 C40A 28 03 86 063500 5EBD 68 23B6ABEE 0408 airqua ppm: 158

Pucynox 6 — Ilonesnast narpy3ka B TTN
B tabauue 1 nokaszan npumMep pa3dopa JaHHBIX MOJIE3HON Harpy3kH B hopmare HEX:
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0A 8C 0C 8003 8D 01 A10063 BD 7D 62 B6 B1 07 04 0B, pazmep JaHHBIX COOTBETCTBYET 18 Oalitam.

Tabnuia 1 — AHamu3 NOMYYSHHBIX JaHHBIX

ITapametp HEX nmansbie | JlecATHYHBIN Koaddurmment JlanHbBIE
SKBHBAJICHT
Temnepatypa 0A 8C 2700 0.01 °C Signed MSB 27°C
BnaxxHocth 0C 80 3200 1 % Unsigned 32 % RH
aBnenne 038D 909 1 hPa Unsigned MSB 909 hPa
AirQua 01 Al 417 1 ppm Unsigned MSB 417 ppm
Barapest 00 63 99 0.01 Signed 0.99
GPS: Latitude BD 7D 62 43.235003
GPS: Longitude B6 B1 07 76.909951
GPS: Altitude 04 0B 1035
Taxoke Ha pucyHKe 7 TIOKa3aH oOpa3el] oJe3HOH Harpy3KH JaHHBIX, KOTOphIe BPEMEHHO XpaHsITCS Ha
cepsepe TTN.
time counter port
A 15:46:19 59 1 payload: 09 C40A 28 0386 06 3500 5EBD 68 23 B6 A8 EE 04 08
Uplink
Payload

09 C40A 28 03 86 06 35 00 SE BD 68 23 B6 AS EE 04 08

Fields

"airqua_ppm": 1589,

"alt": 1032

"humidity_%": 26,

"pressure": 902,
"temp_celcius"

B

T

"vbat"

0.94

Pucynok 7 — Ilone3Has Harpy3ka, nojlydeHHas Ha KoHconu npuioxkeHust TTN oT koHedHOro y3na

Hanee uaer mporecc AEeKOAMPOBAHUS IOJIE3HOM HAarpy3KM AJIsl MOJIy4eHMs AECSITUYHOro Qopmara.
Hns nexogupoBaHust HEOOXOAWMO MOHMMATh (opmMar, B KOTOpOM OH Obul 3akoaupoBaH. Ha pucynke 8
NPOJIEMOHCTPUPOBAH KOJ JEKOJepa, MCIOJIb3YEMbIH AJsi KOHBEpTalMW IAHHBIX W3 3aJaHHOW IOJIE3HOMH

Harpy3kKu.

1 function Decoder (bytes, port

2 var result =

3 var transformers = {

4

5 if (port==1)

6 transformers =

7 "temperature'’: function transform (bytes)
8 value=bytes[0]1*256 + bytes[1

9 if (value>=32768) value=value-65536;
10 return value/100.0;
11 ,

12 'humidity': function transform (bytes)

13 return (bytes[@]*256 + bytes[1])/100.0;
14

15 'pressure’: function transform (bytes)

16 return (bytes[0]*256 + bytes[1

17

18 'airqua': function transform (bytes

19 return (bytes[@]*256 + bytes[1]);

20 }

'lat': function transform (bytes

return ((bytes[@] * 16777216 + bytes[1] * 65536 + bytes[2] * 256 + bytes[3

'Ing': function transform (bytes) {
return ((bytes[@] * 16777216 + bytes[1] * 65536 + bytes[2] * 256 + bytes[3

'alt': function transform (bytes

return bytes[@] * 256 + bytes[1

Pucynok 8 — ®parMeHT Kofa 11 IeKoaepa
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Ha pucynke 9 moxazan npumep (opmara MOJe3HOW HArpy3KH HHUCXOJAIIET0 KaHajla B KOHCOJNH U
MOJTyYeHHUsS] JAaHHBIX B YHMTaeMOM BuUjC (TOHATHBIM YEJIOBEKY TEKCT). B KoHcomu QyHKIHsS aekojepa
porpaMMHUpyeTcs Ha si3pike JavaScript.

Payload

0A 8C 0C 8003 8D 01A10063BD 7D 62 B6 B107 04 0B 1

"airqua_ppm": 417
"alt": 1035
"humidity_%": 3?
"lat": 43.235007
"lng": 76.909954
"pressure": 909
"temp_celcius": 27
"vbat": 0.99

was valic

Pucynoxk 9 - Ilpumep nexonupoBaHus ¢opMaTa IMOJIE3HOM Harpy3KH Ha KOHCONW nprinoxerns TTN

Ha nocnenneM »srtame peanuzauuu apxuTekTypbl LoRa paHHbIE NOJE3HON HArpy3KH, IOIY4HB
UCXOIHBIN (popMaT JaHHBIX, Aajiee IepeNatoTCs Ha CEpPBEP I XPaHEHHS.

2.5. Coop nanHbIX. Pe3yabTaThl 3KCIEPUMEHTOB

B npeanaraemoii cucreme 3HaueHHMs JAAaTYMKOB CHCTEMBl TaKUX, KaK TEMIIEpaTypa, IaBJICHUE,
BJIAXKHOCTh, KaueCTBO BO3JyXa IOJIy4eHbl M OTHpasiieHbl uyepe3 muito3 LoRa wa cepsep TTN. TTN He
MO3BOJIICT XPaHUTh JaHHbIE Ha ux cepBepe. st xpanenus nannueix U3 TTN cepBepa Obina co3gana 06asza
nmauabix (/1) Ha MySQL ¢ nanpHeimmM oToOpaskeHneM ux B Opaysepe.

Pazpaborunku coobmectsa TTN co3gami HECKOIBKO KOMIUIEKTOB ISl pa3paboOTKH MPOTPAMMHOTO
obecrieyenust (SDK) mms momywenust akruBanuii u cooOmenuit ot ycrpoiictB loT uepe3 cetp Things
Network Ha Hamr cepBep. B manHom cmywae Opun mcmonms3oBaH SDK Ha NodeJS ¢ npm (makeTHbBIM
MeHemKepoM). Mcmonbsyercss xpanwnmiie ganabix MySQL, Oputa BwiOpana pemakums bJI-MySQL
Community Server.

Jns oToOpakeHHs JaHHBIX B Opay3epe ObUT NMPUMEHEH BEO-MHCTPYMEHT aJMWHHUCTPUPOBAHHS
MySQL-phpMyAdmin, ua Be6-cepsepe Apache.

JopabdoTka

[IpumeHeHne W TeCTHpPOBaHHE pabOTHI ajlbTEPHATHBHOW Bepcuu Oubimorexu mis LORa LMIC mns
MCCI, xotopasi oCHOBaHa Ha BEPCHHM, KOTOPas MCIOJIb30BANACh B JAHHOM HCCIEIOBAHMH, HO TOCIEIHSSA
Bepcust Obuia ynyudiiena. Takxe paccMorpenus TpeOyer mopt Lacuna ¢ moguepkkoi SX126x (nmpuMeHuma,
ecy uMeroTest orpanudeHus B O3Y win GudiI-maMsTH).

B Oynymewm crout 3amada 00 OOHOBJIEHHH M YJIy4IICHHH apXUTEKTYpbl cucTeMbl. [ obecniedeHus
MOJTy4eHus 00Jiee TOYHBIX JIAHHBIX OT JIATYUKOB IUIAHUPYETCSI yIYUIIUTh COCTaB KOMIIOHEHTOB B CUCTEME.

Hccnenoanre v BHIOOP MOJIYJIS Ui CUCTEMbl MOHUTOPHMHIA M aHaiu3a, BeO-cepuc RESTful APL
Jis XpaHeHUs] JaHHBIX PacCMOTPETh BO3MOXKHOCTH BBIOOpA M HCHONB30BaHHA 0a3bl JaHHBIX, HAIPUMeE,
PostgreSQL, BmecTe ¢ TeM u3ydeHue miaatdopm A1 BU3yaau3alnni, aHAIMTUKH 1 MOHUTOPHHTA.

3akia0ueHue

B 3710i1 cTathe npencrarieHa nHGOPMAIUS O peATH3AIUN TPOTPAMMHO-TEXHUYECKUX aclleKTOB cOopa
JAHHBIX OT KOHEYHBIX YCTPOMCTB JJII MOHUTOPHMHIrA OKPYXKAIOIIeH cpenbl, ObLI pa3paboTaH MPOTOTHII
YCTpPOHCTBA W TIPOBEIEHHI €Tr0 HCHBITaHWA. [IpoBENEHHBIE JTambl TECTHPOBAHUS  IOKa3ald
paboTOCIIOCOOHOCTH CUCTEMBI.

LoRaWAN sBisieTcsi IEpCIEKTUBHON TeXHOJIOTHEH, kKpome Toro, TTN Takke SBISETCS Ba’KHBIM
¢dakxTopom ycriexa LoRaWAN. TTN mo3BoJsieT Mmoiib30BaTelsiM UCIONB30BaTh CBOKO CETEBYIO CTPYKTYDY,
MO3TOMY JiJIsi TOJHOIeHHOTO (yHKIMoHUpoBaHuss LoRaWAN HeoOX0oquMbl TOJIBKO IMUIF03 M KOHEYHOE
YCTPOUCTBO.

C moMompl0 JaHHOW CHUCTEMBI OBUIM TIOJIYYCHBI pEalbHBIC TaHHBIE, TCHEPHUPYEMbIE NaTIMKAMH,
TaKUMHU KaK JaTyuK M3MEPEHHsI KadecTBa BO3AyXa, JaTYUMK TEMIIEpaTypbl M BIAXHOCTH, JaTYUK
aTMoc(epHOro JaBJICHUs, JaTYUK peadbHoro Bpemenu u GPS. Jlanee aTu maHHBIE OYAYT UCTIOIH30BAHBI JJIS
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AQHAINTUKA JaHHBIX W BU3yalM3allii OCHOBHBIX CBEJCHWHN ISl M3YYEHWs 3arpsS3HEHUS BO3MyXa B TOpOJE
AJMaTEL.

Baarogapuocts. VccnenoBanus mpoBOAMiIHCh B pamkax mpoekta Ne AP05134597 «IIporpammuo-
anmapaTHBI KOMIUICKC I aHaiW3a W MOHUTOPWHTa KIMMATHYCCKUX W OKOJIOTUYECKHX W3MCHEHUH
OKpYKaIOLLIEW Cpelib».
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COHFBI TOPANITAPJIAH JIEPEKTEP/II JKUHAY IBIH
BAFJTAPJIAMAJBIK )KACAKTAMACHI )KOHE TEXHUKAJBIK
ACTIEKTLIJIEPI: MOCEJIEJEPI MEH MEH MYMKIHITT

Bb.b. UmankyaoBa*, C.T. Aman:xouaoBa, K.C. /lyilicedbexoBa

XansikapanblK AKnapaTTsiK Texnomorusuiap YHauBepcurteti, Anmvatsl, Kazakcran PecyOnukacer
e-mail: b.imankulova@edu.iitu.kz

Anoamna. Maxananeiy Hecizei maxcamvl KOpUIAan Opmarvl OAKbLIAYA APHANEAH COHZbl KYPLLIbLIAPOAH
depexmep HCuHayobly 6a20apIamanbik-annapammolk acnekmiiepin cunammay 6oavin mabwliaovl. Coygol myuinoep
KOpuiazan opmanbsiy 0epeKmepin anyea JdHcaHe oaapovl api Kapai eHoey dHcaHe O6axbiiay Yulin cepgepee winio3 apKblibl
Jrcibepyee MyMKIHOIK Gepemin Kipikmipineen 3usimkepiik Jcyiie mypinoe dcysece acwipvliaovl. Hamuowcecinde, ocwvi
JICYlieHiy KeMeziMeH aya Ccandacvld enuwey oamuuei (eaz Oamuuzi), memnepamypa MeH blIALObLIbIK Oamyuuei,
ammocgepanvik KvicbiM O0amuuei, Haxmwl yakelm oamuuei dcone GPS cuskmer oamuuxmep wbl2apamuli HAKMbl
Odepexmep anviHObl. LoRa manoanean mexHono2usacel meomen 3Hepeus mymvinyobl, YAKeH ayMAaKma JCYMbulC Hcacayobl
JHCoHe KAYINCI30IKmi KamMmamdacsls emeoi, COHbIMEH Kamap aulblk NPOMoKoIed ue.

Conyzbl mopanmap ayaHvly 1ACMAHYbIH 3epmmey Yin Animamsl KaiacblHOa OPHAIACTHBIPLIZAH.

Tyiiin co3oep: loT oucyiieciniy monumopunei, loT depexmepin scunay, LoRa mexnonoeuscul, depekmep bazacwl,

Oepexmepoily opmamvi 0eKoOmay.

SOFTWARE AND TECHNICAL ASPECTS OF DATA COLLECTION FROM
END NODES: PROBLEMS AND PROSPECTS

B.B. Imankulova*, S.T. Amanzholova, K.S. Duisebekova

International Information Technologies University, Almaty, Republic of Kazakhstan
e-mail: b.imankulova@edu.iitu.kz

Annotation. The purpose of this publication is to describe the software and technical aspects of data collection
from end devices for environmental monitoring. End nodes are implemented as an embedded smart system. It allows
you to receive data from the environment and then transfer it through the gateway to the server for their further
processing and visualization. As a result, real data generated by the sensors were obtained using this system. These
sensors are: air quality measurement sensor (gas sensor), temperature and humidity sensor, barometric pressure
sensor, real time sensor and GPS. Selected LoRa technology ensures low power consumption, long range and safety,
also has an open protocol. Terminal nodes were located in Almaty to study air pollution.

Key words: 10T monitoring system, 10T data collection, LoRa technology, data base, decoding data forma.
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AJIMATBI DHEPTETUKA UHCTUTYTBIHBIH KYPbBLJIY TAPUXbI

B.K. Kaogymes™, M.JI. lokenos, C.X. baiignabauna™

«Fymapbek [loykeeB aTeiHAaFEI AIMATBI DHEPTETHKA KoHE OaiilaHbIC YHUBEPCUTETI» KOMMEPIHSIBIK eMec
aKITMOHEPIIiK KoFaMbl, AiMartsl K., Kazakcran
e-mail: b.kabdushev@aues.kz s.baidildina@aues.kz

AHnoamna. Maxanrada Animamer snepeemuxa uncmumymuinely Kas3l[ITH-0iy  Kypameinoa sHepeemuxa
Gaxyrememi 60abin, KeliH 63 ANO0bIHA JHCEKe HCORAPbl MEXHUKAILIK OKY OpHbl O0IbIN KYPbLIZAHObIZbL OAAHOANAObL.
Onbiy Kanblnmacyvlna ynec KOCKaw Kapanauvim kageopa meneepyuwiinepi, gaxyromem OeKaHOapul, UHCIMUMYMMbIHY
Oipinwi  pexmopsl  A.B. Bonomos ocane con kezdezi Kasakcman Pecnybnukacvlnvly ipi  memieKemmix
Kaupamkepaepiniy ecimoepi Kypmemnen amanaovl. Onapovly HCYMbIIA HCACARAH  KAXCHIPIbL  eHOeKmepiHiy
Hamudicecinoe KblcKa Mep3im iwinoe gpaxyromemmep, Oimipmyuii scane Koeamovlk Kageopanap meH Kbl3menm Kopcemy
KIMWINIZIHIY YULIMOACbIPLIIZAHObIEbL MYpagam Kysxcammapvinan anrvinzan. Cmyodenmmepoi oKyea Kabwiioay sHcone
OKbimy  ypoiciniy,  3epmXaHanapovly,  LITLIMU-IOICEMENIK — HCYMBICMAPOblY — YULIMOACMBIDLLTY — 6apbichl
Kapacmuipoiiadvl. Cypanvicka cail SHepeemuka UHCmumymsl Quiauaioapoiuviy Axmonada, OckemeHnoe auubliybl
mandanaovl. Maxananuwiy coyvinoa AU xvicka mepszimoe Opma A3zusoazel dcemeKuti Hco2apvl 0KY OPbIHOAPLIHBIY
6ipine, KCPO-0azvl yuinuti 9HepeemuKaivlk UHCMUmymya auHaizanoblebl KOpblmblHObLIAHEAH.

Tyitin ce30ep: KaslITH-Oiy snepeemuka ¢axynibmemi, UHHICEHEP-IHEPSEMUK OASPAAY, HCHLLY IHEpeemuKd,
Kagheopa, dnekmp MauuUHaIapsbl 3ePMMIAHACHL, OHOIPICIIK MARbLIbIM.

Kipicne

ABU - ADxBU - Fymapbex JloykeeB arbiHIarbl AJNMAaThl JHEpreTHKa >KOHE OalmaHbIC
YHUBEPCUTETIHIH TapuXbl Oalf, JKYpIll OTKEH KONl >KapKbIH, OOJamarbl 30p eiMi3Zeri TEeXHUKAJBIK
YHHUBEPCUTETTEPAIH KeIIOaclbIChl OO TaObuIaAbl. YHUBEPCUTET KYpbUIFaH Ke3iHeH Oacram, TeK KaHa
JKOFapbl OiiM oplackl OOJBIN KajFaH JKOK, COHBIMEH Oipre 3HEpreTHKa, )KbUIy dHEepPreTHKachl, OaiiaHbIC
callaNapbIHIaFrel KeTeKn OuliM Oepy »oHE FHUIBIMU-TEXHUKAIBIK caiajapAblH ipi FBUIBIMU-3EPTTEY
OpTaJIbIFbIHA AlHANBIIN, OTAHBIMBI3/IbIH ©HEPKACiOiHIH, XaJbIK ApyalIbUIbIFBIHBIH JaMyblHa alpBIKILIA yIIeC
KOCTBHI.

TaJakbl1ay

YCBIHBIIBII OTBIPFaH afalllKpl 3epTTey €HOeri pecmyOiaMKaMbI3arbl JHEPreTHKa CalachIHAAFbI
ANFaIIKbl JKOFaphl TEXHHUKAJBIK OKY OPHBIHBIH TAapUXbIH 3epjeiieyre JereH afamKbl KajaMm OOJIbI
TaObUIaIbl. ANTMAThl 3HEPreTHKa HHCTHTYTHIHBIH KYPBUTYBI TYpalibl KYHJBI MOIIMETTEpJi OHBIH OipiHIi
pekTopbl AnpOept BacunmbeBnu bonoToB sHepretMk Mamanpgap naspiayablH 40 OKbULABIFBIHA apHam
celineren ce3inyme OasHpan Oepxi. Camacel Hamap Oojca Jia coji correpai OeifHeneWTiH GoTo cyperrep
KYHJIBI JIEpEKTep KaTapblHa >KaTajbl. ATaylbl >KOFaphl OKYy OpPHBIHBIH 20 JKbUT TOJYbIHA Opail anFamr
«Beuepnss Anma-Atay» razeringe ADU pexrtopsl I.C. TpodumoBThIH OepreH cyx0atsl xapblk kepai. OKy
OpHBIHBIH >keTicTikTepi MeH 1990 >KpuLaapablH AaFAapbIChl KE3EHIHE OPbIH alfaH MpobjeManapbl Typabl
aiiteuianpl. Fymapoek JloykeeB pekTop OONFaH TYCTa SHEPreTUKAIBIK OKY OPHBI Typajbl KOC KiTall apblK
KepreH OonaTbiH. HeriziHeH XapHaManblK MakcaTTa KYpacThIPBUIFAHABIKTAH WHCTUTYTTBIH KYpPBLIYBI
Typajibl KpICKallla aHblKTama, (axKyJIbTeTTep MeH op KadeIpaHbIH JKETiCTIKTepi ecem TypiHAe OepiireH.
Myparat aepekTepiHe HerizaeiMercH Oojica Ja Oy MAJIIMETTEpiH OKHMFa Kyarepijepi peTiHIeri Tapuxu
KE3CHJIEP/Ii alllyAarbl MaHbI3bI 30P OOJIIbI.

Fymapbek JloykeeB aThiHAarbl AJIMaThl SHEPreTUKA XKOHE OailylaHbIC YHUBEPCUTETIHIH KaJbIIITACYBI
MEH JIaMYHBIH >KapThl FACBIPFA JKYBIK TapUXbIH MIAPTTHI TYple OipHelle Ke3eHaepre Oelin KapacThIpyra
Oomnapl:
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1975-1990 orcvinoap — Anmatbl SHepreTvika WHCTUTYTHIHBIH (ADU) KYphUTYBl JKOHE KANBINTACYhI
xanmnsel Kenec OnarbIHIAFbI )KOFaphl TEXHUKANBIK O11iM Oepy xyieci asceinaa ep6ini. KCPO Munuctpnep
Keneci men Kazakcran Kommnaprusicer Opransik Komuterinin xone Kazak KCP Munucrpnep Kenecinig
1974 xpursl Kaynputapsl Herizinae Anmarbina 1975 sxeuineie 1 kagTapeiaga B.W. Jlennn ateianarsr Kazak
MOJIUTEXHUKANBIK MHCTUTYTHIHBIH JHEpreTrka (akynpTeTiHiH Oa3zachlHAa eNmiMi3feri SHepreThka >KoHeE
OaiiylaHpIC CaJachIHBIH HWHXKEHEPIIEPiH AaspialThlH TYHFBINI iprefli TEXHUKAIBIK JKOFapbl OKY OpPHBI
Kypsuiael. byt kesemme ADM e3iHIH MaTephaIIbIK-TEXHUKAIBIK 0a3achIHBIH IpreTachlH Kajlall, FBIIBIMH-
Oimim Oepy omneyeTiH OpPHBIKTBIPABL. Y KBIMIBIK OacHIBUIBIK jkacay KaibimracTel. OH Oec >KpUT imriHme
eNMiMI3[IIH XaJbIK IapyallbUIbIFbI YILIiH JKY31ereH HHXEeHEP-2)HEPTreTHK MaMaHJap/Abl JalbIHIAM YATepIi.

1991-1996 scvinoap — Kazakcran PecnyOnvkackiabiH Toyenci3mik anyraH eiuimapbiHaarsl ADU-iH
Tapuxbl. by keseHzme AsimaThl 3HEpPreTHKa HMHCTUTYTBIHBIH OacThl crpaterusichl Kenecrep OpmarblHBIH
BIIBIPAYBIMEH OMIpre KenreH »xac MemiiekeT — Toyenci3 Kaszakcran PecmyOnuKachIHBIH HapBIKTHIK,
KOFaMbIH/Ia €JliHe KBI3MET XKacaWThIH OTAHIIBLI a3aMaThlH, KociOM MaMaHAbl TopOueseyre Heri3meimi.
WMHCTHTYT OaciIbLIBIFBl MEH Y)KBIMBIHBIH alilaFbl MaKcaTTapra KOJN JKeTKi3yl JKy#emni cascar IeH epeH
eHOEeKTIH apKachIHJIa JKY3ere acThl, SIFHM OCHI apalibIKTarbl 0Ky OpHBIHBIH Kbi3MeTi KCPO-HBIH TapaybiMeH
eJIJIe KOHE dlleMJIe KAIBINITACKAaH OKUFajap aschIHAa opOii.

JKanmer enmeri, OHBIH imIiHAE KOFapel OUTiM Oepy KyHeciHAeri OpbIH allfaH KUBIHIIBUIBIKTAPFa
KapamacTaH, HHCTUTYT 63 UMHJDKIH caKTall KaHa KoiMaii, cayaTTel, THIMIlI TYpAe *XOHE Aep Ke3iHAe COol
KBUIIAPABIH TEreypiHIepiHe Kayan KaliTapyFa ThIPBICTHI.

1990-xpmapapry OacbiHma-ak ADM MaHBI3BI MEH ©3eKTiNiri KyHi OyTiHre JeiiH KyH TopTiOiHeH
TYCTIeH TYpFaH aHa Jla ©3eKTi, Ke3eK KYTTipMec OacramanapiablH Kapiibickl 0omapl. OmapasH KaTapblHaa
MEMJICKETTIK TijJle iC-Kara3lapblH KYpPrizy, MEMIIEKETTIK Til MEH WIeT TUIIH OKBITY KypcTapbl MeH
yiipMenepiH YHbIMIACTHIPUTYBI, OKY YPAICIHE KaHa TEXHHKAa MEH TEXHOJIOTHSUIAPABI €HTI3y, FHUIBIM MEH
OimiM OepyaiH HHTETPAIHSICH, CTYACHTTEP i FEUIBIME KYMBICKA TapTy JKOHE BIHTAAHABIPY, JKOFAPHI OlmiMIi
I3TiICH I pY, HHXKEHePITiK OiiM Oepy MeH eHAipiCTIH HHTETpaIHsIChl Macemenepi, T.0. O0IIbI.

1997-2014 sicvinoap — Anmatbl dHEpreTHKa >KoHE OaillaHbIC YHUBEPCHTETIHIH ajFalllKbl PEKTOPHI
F.OK. loykeeB Oacmpiibik eTkeH 1997 xpiiabH 3 mambipel — 2014 sxpurasiH 31 KazaHBl apaiibIFBIHIAFED
KaJIBIITACY JKOHE JaMy TapHUXbIH JKEKe KapacThIPFaH KeH.

1997 xbuiapiy 3 Mambipeinga Kaszakctan PecmyOnmukackl YKIMETIHIH «AJMaThl SHEPreTHKA YKOHE
OaitylaHbIC MHCTUTYTBIH KYpy TypaibD (Ned3 10.01.1997) kaysbichiHa COMKEC MEMIICKETTIK eMec AJMaThl
JHEpreTHKa oHe OaiijaHplc MHCTUTYTHI eMipre kenmi. byn Kaszakcranmarbl KOMMEPUUSUIBIK €MeC YHBIM
MOpTeOECiH alFaH TYHFBII MEMJIEKETTIK €MeC TEXHUKAIIBIK dKOFapbl OKY OPHBI e]Ii.

Fymap6ek XKycinbexybl J[oykees jKeTEKIITIK €TKeH KbULIapbl AJIMaThl JHEPTeTHKA XKoHE OalTaHbIC
yHuBepcuTeTi KazakcTaH sHepreTnka JKyHeci MeH TeNIeKOMMYHHMKALMsIChl AJbMa-MaTepiHiH Y3IiK
JOCTYpiepl MEH KYHIBUIBIKTapblH CaKTaid OTBIPBIN, CEHIMII A€ KapKeIHABI TypAe Iamblabl. Emnig
TEXHUKAIBIK JKOFApbl OKY OpPBIHJIAPBIHBIH PEHTHHTIHAE Y3MiK HOTHXKENepre KON KETKIi3iM, KbUTy
SHEPreTHKAChl, BJIEKTP 3HEPreTHKAChl >KOHE PaJUOTEeXHHKA, TEJIEKOMMYHHUKAIMA OarbITTaphl OOMbIHIIA
kemOacmbl Oosbin TaHbUIABL. 2010 >xbutel ADxbBU-ra yHuBepcurer mopteOeci Oepinmi. YHUBepCHUTET
Kazakcran men Opra A3usiiarbl 6acekere KabiieTTi OKy OpbIHIapbIHBIH KaTapbIHaH OPBIH aJIJIbL.

2014 ocoirovy 31 xazamvinan - 2020 owcvinza Oeuinel apanvl. AWTYIBl KE3€HIC YHHBEPCHUTET
0acCIIBUTBIFBI MEH Y)KBIMBI ©3iHIH KbUIIAP OONFHI KANBINTACKAH V3K IOCTYPIIEPIH CAKTAal OTHIPHIT, SIIEMIIK
UHTerpamus MeH skahaHmaHy KarJadbIHAAaFbl 3aMaH TajanTapblHa OcHiMIEIreH YJITTBIK —OuTiM
9KOHOMHKACHIHBIH TaHIayJbl WHTEIUIEKTYaJ[bl PECYPCTApBhIH KOHE €JJIIH WHILYCTPHAIBI-HHHOBAIIUSIIBIK
JaMybl KOJBIHIAFbI aJIBIHFBl KaTapiibl TEXHOJIOTUSUIAPBIH KAJIBINTACTHIPYbl ©31HIH 0acTbl MHUCCHSCHI JAem
€CENTEHTIH )KOFaphl OKY OPHBI EKECHJIITiH JJIEIIE/II.

VYuuBepcurer OuriM  OepylniH O03BIK 3aMaHayH TEXHOJOTHSJIAPBIH MEHTepy, DJHEpreTHKa,
aKnapaTTaHAbIpy JKOHE TEIIEKOMMYHHKAIUS CAJIACHIH/A FBUIBIMH-3€PTTEY PECYPCTapBIHBIH OpPTAIbIFbIHA
aliHaJy ’KoHEe YHHBEPCHUTETTIH OKYy-3€pPTXaHAJIbIK KEUICHIH KaHFBIPTYIbI JKY3€re achlpy MaKcaTbIHIA KaKbIH
’KOHE aJIbIC IIETeJ KOFApbl OKY OPBIHJAPBIMEH BIHTHIMAKTACTHIFBIH KYIICHTY/IE OpacaH 30p KYMBICTap/IbI
atkapbin  kenemi. Kasakcran PecmyOsnukackl  YKIMETIHIH — KayJbICBIMEH — HMHXXEHEPJIIK-TEXHHUKAJIBIK
MaMaHJapAbl AalblHAaynarbl apeikiia enOeri ymiH 2019 >kputbl AJMaThl 3HEPreTHKA XKOHE OailaHbIc
YHHUBEPCUTETIHE KOPHEKTI FanbIM-KaiipaTkep FymapOek XKycinbexysl [loykeeBTiH ecimi Oepinai.

Kasipri Tania yHHUBEPCHTET DHEPreTHKA, JKbUTy dHEpPreTHKAchl, OallaHbIC, aKIapaTThIK TEXHOJIOTHUS
caylanapblHIAFhl KeTeKlIl OiniM Oepy *oHEe FhUIBIMHU-TEXHUKANBIK OPTajbIKKa aifHanael. OHBIH KBIPHIK Oec
JKBUIIBIK IJaMy TapUXBIHBIH opOip Ke3€Hi KeIl Ti3riHiH ycTaraH OaciIbuIapbl MEH OHBIH TYTAC YKBIMBIHBIH
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FBUTBIMU-TIEITAaTOTUKAITBIK, YHBIMIACTHIPYIIBUIBIK JKOHE OAacIIBUIBIK ©MipiMEH THIFBI3 OaiflaHbIicTa OpOifi.
OnapabiH 9pKaiChICH KOPHEKTI FaIbIM, OLTIKTI MIEAaror, TajJaHTThl MaMaH-YHbIMIACTHIPYIIBI OOJIIBL.

YHHUBEPCHUTETTIH 9p KbI3METKEPiHiH eMip KOJIbl, KbI3METI MeH eHOeri e3iHIe xeke Tapux. OnapabiH
OPKaMCHICBIHBIH OMIp YKOJIBI JKEeKe KiTalKa apKay OO0JIaThIHBIHA CEHIMIIMI3.

ojicrep

Makanansl Jkazy#a OOBEKTHBTUIIK, TApUXWUIBIK, JKYHENITIK JKOHE CaJbICTRIPMANBl  Tallgay
MPUHLOUNITEPT OacHIBUIBIKKA aNbIHABI. Toyenci3mik 3aMaHbIHIA TapuXW OKWFalapAsl JKaHa Ke3Kapac
TYPFBICBIHAH 3epTTey Tanadbl Koibutyaa. COHABIKTaH 3ePTTEY/iH YATiCiHe COHFBI KbUIIapAa >KapblK KepreH
JKOFaphl OKY OPBIHIApPBIHBIH KYPBUTYbBl MEH KBI3METI TypachIHAAFbl €HOeKTep Heri3 Oosmbl. MyparaTTarsl
FBUIBIMH alfHaJIbIMFa €HOCTeH KY)KaTTap CaJBICTHIPMAIBI TYPJE capanTayJaH oTKi3imi. AJMaThl SHEPTreTHKa
WHCTUTYTBIHBIH KaJbINTACYHl, jKaHa (akyJabTeTTep, OiTipTymi kadeapanap MeH 3epTxaHajiap, KOFaMJBIK
Kadeapanap MEH OKIMIILTIK KbI3METTEp YHBIMIACTHIPBUTYBIH Tangan memyre Kazakcran PecnmyOmukacs
Opranbik Memnekertik Myparateinaarel Kazak KCP-i Xaneik Arapty muHucTpririnin 2217, 1982
KOPJIAPBIHBIH KY)KATTapbl HET13T¢ aJIbIH]IbI.

JKanmel  KYMBICTBIH — JIEPEKTEMEIIK HETI3iHEe MPOQecCOp-OKBITYIIbIIAD JKOHE KbhI3METKEpJep
YKBIMBIHBIH, OFaH OacCIIBUIBIK >KacaraH YHBIMIACTBIPYIIBI, FABIM-TICAAror TyJIFanapabiH eHoekrepi KP
Opransik MemiekeTtik MyparaTeiHbIH ADXBY MyparaThIHBIH JepeKTepi, MpoQeccop-OKBITYIIBIIAD MEH
OITipylIi TYJNEKTEp/iH ecTemiK-cyx0aTTapsl, peciyOInKanbIK OackUIbIMAapAa KapblK KOpreH MaTepuaiiap,
ecenTik 6achUTBIMIAphl KeHIHEH Taii1aTaHbUIIbL.

HoaTukeci

Kazakcranma anranikbl MHXXEHEP-dHEPreTHK MaMaumapnabl naspiay B.W. Jlenwn areiagarer Kazak
MONMUTeXHUKANBIK WHCTUTYTH (Kazipri K.M. CorbaeB areimarel Kaz¥T3Y) sHepretuka akynbTeTiHIH
KypambIHia xy3ere actel. 1960 xburnsiH 8 mringecinge Kaszak Tay-KeH MeTauTyprisulblK WHCTHUTYTHIHBIH
Kazak monmuTexHUKanbIK HHCTUTYTHI OOJBIN ©3repyiMeH MHCTUTYT JaMyBIHBIH jkaHa Oeneci OacTanraH efi.
MyHaii, reogusuka, aBTOMAaTHKa >KOHE €CENTEy TEXHHUKAChl, KYPBUIBIC >KOHE COyleT (axylIbTeTTepiMeH
KaTtap sHepreTuka QaxkynbTeTiH amy Typaisl 1961 xeuapiy 1 ka3zaneiHga OpTa jkoHE JKOFaphl apHAYJIbl OKY
MUHHCTPIHIH OYHPBIFBI IIBIKKAH COH YHBIMAACTBIPY KYMBICTaphl KapKbIHIbBI kyprizingi. Conm ke3zgeri
Kas[ITHU-nin pekropsl, ipi rambiM-akagemMuk O.A. BaiiKOHBIpOBTBHIH IakeipybiMeH Peceligig Tomck
KallachlHaH T.F.K., AoueHT Kpomanun C.C., 1.F¥.K., goneHT HoBokmonos B.C. (keliiH TeXHUKA FEUIBIMBIHBIH
JOKTOpBI, mpodeccop), T.F.K., goneHT KapeimoB P.I'., T.¥.k., nouent Kocrpeiruan B.A. xoHe YkpanHamaH
T.F.K., JoneHT Turapenko FO.A. CHSKTBI TOXipHOENi Memaaror MaMaHAap >KYMBICKA OPHAIACTHIPBUIBII,
TYrenged moTepMeH KaMmMTaMachl3 eTiieai. OHuipicTe JKyMbIC icTenm >KYpreH OULTIKTI MamaHaapAbl
TIearOTUKANIBIK JKYMBICKA IIAKBIPY iCiHE epekine KoHUT Oeminmi. JKeprijgikTi YIT eKiuIIepiHeH CTyIeHTTep
KaTapbl KeOeHim, onapAasl acUpaHTypa MEH JOKTOpaHTypara OKyFa xiOepy aipbIKimia KapKblH aifaH
KBUTAAP OOIIBL.

OHepreTuka (akynpTeTi KypbulraHHaH Oactar, 60 *XbuigaH actaM y30ei KbI3MET jKacall KeJie )KaTKaH
yHuBepcuTeT apaarepi, ADxBY-miH kypmerti mpodeccopsl I.X. Xoxun: «Con ke3fe HEpreTHKAIbIK
¢axynbrer exi 0303 - «OHipicTepi )KoHe Kalanap/isl IEKTP SHEPrHsiChIMEH KaMTaMachl3 eTy» xkane 0305
- «OKpuly bsmekTp CTaHUMSUIApb» MaMaHIBIKTApbl OOMBIHIIA WHXKEHEepyepli JailblHnayasl OacTaibl.
Ouepretuka (akyibTeTiHIH OipiHmn gekaHsl, fgoueHtr E.I'. UepkacoB 0ojaTbiH, KeHiH JIeKaHHBIH
operabacapsr 6omsit K.M. OMapoB TaralbIHIANIBD», - IETI €CKE alaIbl.

Kazakcranna anfamksl HWHXXEHEP-DHEPreTHK MaMaHAapAbl Aaspiiayla TeXHHKa FbUIBIMIAPBIHBIH
kanaunatel, goueHt Yepkacos E.I'., dakyneTer nexanbiHbIH opbiHOacapbl bannypuna (Mwumenko) H.X.,
keiinri (akynprer nexanmapel Omapo K.M., KuenkyioB C.A., kadenpa MeHrepyuiijiepi, TeXHHKa
FRUTBIMAAPBIHBIH KaHnaunatTapsl, goneHtrep Kpomanun C.C., Kapumos P.I'., Xoxun I'.X., Tutapeako B.M.,
Bpatuukos B.H., Kum ['u-1llen, Texarka FeiIbIMAAPBIHBIH JOKTOpIaphl, npodeccopnap TonkoHoruii A.B.,
Hookmonos B.C., XKXypasner B.K. T.6. ¢axkynbTeTTiH OKYy YpIHIiCIH YHBIMIACTHIpYJa, OKY-9/iCTEeMEIIK
Kypan-KaOIbIKTADMEH  KaMTamachl3 eTyle, OKy 3epTXaHaIapblHBIH  MaTepHalJblK  Oa3zajiapbiH
KaJIBIIITACTBIPYAa €peKIlle €HOEK CiHip/Ii.

1966 XbUTbl anfamkel HHKEHEP-SHEPIeTHUKTEP MEH WHXKEHEP-KbUTYy SHEPreTUKTepAiH OiTipymi
TYJEKTepl JUTUIOMIAPBIH ANbIN, PECIyOIMKaMBI3IBIH OJAKTHIK KOJIEMJIETT KaphllITal JaMbIFaH OHIIpIC
OLIAKTapbIHA aTTAHIbI.

1969-1973 >xpuigapsl SHepreTuka (akynbTETiHIH JEKaHbl OONBIN O€Nrimi FalbIM OHE KOFaM
Kaiipatkepi C.A. XXuenkynoB TaralbiHaanasl. OHBIH YCBIHBICBIMEH 1970 KBUTHI «EKTP CTAHIUIAPED», Al
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1971 xpuTHl «OJEKTp JKyHelepi MEH TopanTapbDy Kadeaparaphl ambUIgbl. «NEKTP CTAHIHSIIAPBD)
kadenpaceiHply MeHrepyirici Oonbin momeHt E.I. UepkacoB (1971-1973 »xok.), ketiinHeH poneHt [.X.
Xoxkun (1973-1984 sxox.) TaraiibiHmanagpl. An «DJNEKTp JKyHenepi MeH TopanTapbl» KadeapachbIHbIH
MeHrepymrici Gomeim (yakeiTmia) goreHT KombapoB M.H., keifin moment ApbictanoB M.K. Kpizmer
aTKapraH. DHepreTuka (GpakyiIbTeTiH JaMBITYAaFbl OYJI KagaMIap/IblH OaplibIFbl )KaHa OKY OPHBIH arryra Oip
TabaH XaKbIHJ]aTa TYCTI.

1968-1976 xbinaper Kas[ITU-nin pextopsl ©.K. OMapoBTHIH iCKepiiri MEH YHBIMIACTBIPYIIBLIBIK
mebepiiri mHotmxecinae B.U. Jleann ateragarst Kazak monuTeXHUKaNBIK HTHCTUTYTH OTaKTaFbl TEXHUKAIBIK
JKOFapbl OKY OpBIHIAPBIHBIH apachbliHa aJJbIHFBl KaTapFa IIBIKTHL I[pi KOCINOpPBIHAApMEH, FHUIBIMU
MEKeMeJIepMEH e3apa THIFBI3 OaljlaHBIC OpHATA OTHIPHIN, OoJIamak MaMaHAapIbl OHTIPICTIK JKOHE FHIIIBIMH-
TIeAArOTUKAIBIK TKIpHOeIeH OTKi3yMiH apKachlHAa HHCTUTYT OLTIKTI MHXKEHEp KaJlplapabl NalbIHaayFa, ipi
FBUIBIMU-3EPTTEYICPI YHBIMIACTHIpYFa KOJ JKeTKi3mi. COHBIMEH KaTap o Oojamiak 3HEePreTUKAIBIK
JKOFapbl OKY OPHBIHBIH HETI31H KaJlayFa epeKIIe YJIeC KOCTHI.

1970-xpumapaeie O0ackiHAa Kaszak MONUTEXHHUKAIBIK WHCTUTYTHIHBIH SHEpreTuka (akyibTeTiHIH
0azaceiHga OpTa A3us aiiMarblHa KQKETTi SHEPreTHKa MHCTUTYTHIH ally Maceneci micin xetinre exni. Oran
Heri3 Oonran KazakcraH eHepkociOiHIH KapKBIHABI AaMybl OapbICBIH/IA SHEPTHs KO3iHE CYPaHBICTHIH apTyHl,
1960-xpimapapy coHbrHna op 6morer 500 MBT, sxammer Kyatst 20 MiaH KBT-ThI KypaiiTeiH ExiOacTy3 KbuTy
SHEPTreTHKAIBIK JKYHeciHiH icke Kochutyhl, 300 MBT ceri3 6mokran TypateiH EpmakoB I'POC (kazipri Akcy)
canbiHa Oactaybl, Kenectep OnarbiHBIH ©HEpKacinTIiK aiiMakTapbl Opan xoHe Opranblk Pecelifin sHeprus
JKYHECIMEH THIFBI3 OaiIaHBICKI JKOFAphl OLTIKTI DHEPreTWK MaMaHJap NalbIHAAYABIH OTKIp KaKETTLIIriH
arikprHmanasl. KCPO-ga kaObuinaHFaH TOFBI3BIHIIBI O€CKBUTABIKTREIH (1971-1975) Xanplk mapyambuTbIFbIH
JIAMBITY KOHIHJCTI TUPEKTHBAJBIK KYXKaTTapblHIa KOFaphl OKY OpBIHAApPBbIHIA MaMaHAap Jaspiay XajbIK
IapyalIbIbIFBl MEH FHUIBIMA TEXHHUKAJBIK MPOTPECC CYpaHBICTAphIHA cali OOyl KEpeK JereH TajamnTap
kol KCPO Munnctpnep Kenecinig 1974 xpuiasiy 27 kantapaarsl Ne 666 KaynbpIChIHA COHKeEC KOHE
pecnyOnnKaga OJHEpPreThka cajachl YVINH MaMaHgap [Oaspliayasl apTTeIpy MakcaTeiHIa Kazakcran
Kommynuctik maptusiceiablH OpTansik Komuteri sxone Kazak KCP Munuctpnep Kenecinin 1974 xbutrsl 4
kazannma Ne 526 kaynbichl KaObUTHaHbIN, OHAA «Anmarbima 1975 xeuineiH 1 xaHTapmarslr B.U. Jlenun
aTeiHAarbl Kazak IMONMTEeXHWKANBIK WHCTHTYTHIHBIH OSHepreTHka (akynbpTeTiHiH Oa3achbiHma AMaThl
JHEpPreTUKa MHCTUTYTHI KYPBUICHIHY, - AETeH IIelliM mbFapbuapl. Ocbulaiiina eniMi3lieri SHepreTuka KoHe
OaiiylaHbIC CaNachIHBIH WHXKEHEPJICPIH JaspialThiH iprefii TEXHUKAIBIK JKOFapbl OKYy OPHBIHBIH ipreTachl
1975 xwbisl Kananra exni. Ocwl Kaynbira coiikec Kazak KCP XKoraps! xoHe opTa apHaysibl OKy MUHUCTPJIIT
1974 kbl 22 KazaHIa WHCTUTYT KYpy dkaibiHaa Ne 732 OyHpBIFBIH IIBIFAPBIN, MUHUCTPIIKTIH COJ
*bUIIBIH 31 kentokcanbiHaarel No 903 OyiipeirbiHa coiikec AJIMAaThl DHEPTeTHKAa WHCTUTYTBHIHBIH PEKTOPHI
OOJBINT TEXHWKA FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop KBIPBIK *kacTarbl AnpOepT BacumbeBnd bomotoB
TaradsIHmaams! [1].

AnpOepTr  BacuibeBHMY = HMHXKEHEP-IJCKTPUK  MaMaHIbIFbl  OOHBIHINA  aybUIIIAPYalTbLIBIFBI
uHCTUTYTHIHBIH  (Kazipri KaszYAY) 1957 xeurer Tyneri. ExOex sxomeiH Kaszak Onepro I'POC-1
KOCIITOPHBIH/IA Ke3€KIli MHKeHep KpI3MeTiHeH OactaraH. 1958-1960 xwiinapsr Kazak KCP FA Amnraii Tay-
MeTayprusiiblk  F3U-npiH ki FeUIbIME - KbI3MeTKepi, 1960 sxbuiman B.W.Jlenun areimarbel Kazak
MOJIMTEXHUKAIBIK MHCTUTYThIHAFbI (Ka3ipri K.JM.Corbaer aTbinaarel Ka3¥T3Y) KbI3METiH aFa HHXKCHEPACH
Oacrari, 6ac WHXXEHEp, TIA3MaNBIK MPOIECTEp 3ePTXaHACHIHBIH MEHIEPYIIiCi, OHEPKACI KOCITOPBIHAAPHIH
JJIEKTpMEH Ka0apIKTay KadeApachlHbIH MeHrepyimici, 1971-1973 xbuimapbl SHepreTuka (axKyabTeTiHIH
JICKaHbl JIaya3bIMbIHA AEWiH ecemi. «JKanmpl MeHiH SHepreTHKa »Orapbl OKY OPHBIHA KEIYIMHIH €31 je
KYTIereH xaraai oOonpl. ©O30ekcTanHaH Kazakcranra kenrenae npodeccop A.B. BpuukuHHIH KOIIaybIMeH
TUTa3MallbIK  TIPOIECC JKAWIbl FBUIBIMH JKYMBICKa OeT OypraH Ke3iM... 1964 KbUTBI KaHAWUIATTHIK
JIUCCePTAIMSIMIbI KOPFaIbIM, KOPBITHIHIBICH OOMBIHIIA JTOKTOPJIBIK aTaK OepMeKk 00i1bl. MeH oFaH Kapchl
6omaeiM, JKAK-ke xat »ka3blil, 6acka )KOoCImapbiM OaphIH alTHIN, TOKTOPIBIK JopexKeaeH 0ac TapTThIM», - eI
ecke anaael npodeccop A.B. Bonoros. JKac FajapIMHBIH FRUTBIMU JKAaHAIBIKKA TOJIBI 3€PTTEY KYMBICTAPHI
onbl OfaK KoHE IIETeN FhUIBIMBIHAA KEHIHEH TaHbIMabIKKa xkeTki3mi. Conzpikrad Aa A.B. BonoToBThIH
most FeuUTbiMH TaXipuOeci KCPO-ma yiminmi ambuirad KazakcTaHgarbl SHEPreTHKAJIBIK KOFaphl OKY
OPHBIHBIH TOJIBIK OCHiHIII >KYMBIC iCTE€yiH YHBIMAACTBIPYIbI, SHEPreTHKAa XoHE OailylaHBIC cajallapbIHBIH
MaMaH/IBIKTapbl OOWBIHIIA MHKEHEPIEPIi JaibIHAaYAbI, MAaHBI3bI FEUTBIMU 3€PTTEYIIEPAl COTTI OPBIHAAY B
KaMTaMachl3 eTyre YHbITKbl 0051161 [2].

WHCcTUTYT pexTopsl AnbOepT BacuinbeBHUTIH aWTyBIHINIA, SHEPTETHKAIBIK JKOFApbl OKY OPHBIH alry
Oip KYHHIH ici eMec, 01 Y3aK JalbIHIbIKTaH oTKeH eai. «bys OaKThIK JAEHrelaeri e3eKTi Macene OOk,
KCPO-gma sHepreTrk MamMaHmapApl JaspiIaiThIH )KOFaphl OKy OpbIHAaphl Mockey MeH ViBaHoBa ma rana Gap
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OomaterH. Omap MamMaHAapAbl ONAKTHIK PECIyONUKaIapAblH KOCIMOPBIHAAPIHA OAaFbITTAll JAHBIHAANTHIH.
1970 xpuiet KCPO FrutbiMm AxanemusiceiabiH CiOip OeiMiHAE TOKTOPIBIK JAUCCEPTANUAMIBI KOPFaIbIM.
JKyMBICTBIH HOTHKeCT OOMBIHIIA TYpJi aTak-MapamaTTapra ue OONBIN, MEHi LIeTenjepre Iopic OKyFa
makbIpa 6acranel. Ocwuaiinra Kazakeran Kommapruscer Opraneik KomuTteTiHiH HazapbiHa utiHaiM. Keszekti
iccamapian KauTein keniciMen Optansik KoMHUTETiHIH WACOMOTHS XaTIIBICH], Kaap MaceJeciH YhlecTipymi
C.H1. HmameB xaGapnacein, KoHaeBTBHIH KaObulgayblHa IIakbIpTTHL. bynm kesmecy MeHiH Oojamak
TaFrABIPBIMIBI AHKBIHAAFaH TapUXd OKHWFa OOJApl. Oi eciMue, KeH kabwuerine kipreHimme [I.A. Konaer
OpHBIHAH TYpa MaraH Kapchl XKYPIIT KBUTBI Kapchl anmbl. JKaiFackaH COH MEHIH XaliMIi, acaml >KaTKaH
JKYMBICTapbIM JKaHIIbl, OHBIH KOPBITBIHIABUIAPH! KalJa KeTil aTKaHABIFbl, HE YIIH IIeTeJAepre LIaKbIpy
aJaTBIHIABIFEIMIBI, alla KaHOai >kocmapiapsIM Oapbl skeHiHIe cypacTeipAnl. On ke3ne akamemuk Cepreit
[TaBnoBuu KoponeBTiH KocMOCTa I1a3MaHbl KOJIAHY Typasbl FBUIBIMU jk00anap TypachlHIa YChIHBICHI Oap
emi. Mockeyre xaOblK MekemesepAiH OipiH Oackapyra IIaKplpy ajdFaHBIMABI AUTTHIM. MYHBI ecTireH
Jinmyxamen AXMeTYJIbI OpHBIHAH TYPBIN KETTi A€ apbl-0epi kype Oactanel. MeH ae coHbiHaH epaim. bip
Ke3ze TokTal Kambin: «aj, Ci3 typansl Kazakcran OK-tiH 6acka xocnapsl 6ap», - Aeni. Pecrrybnukambizma
9KOHOMHKAMBI3/IBIH KapbIIITall JAaMyblHAa OalIaHBICTHl SHEPTETHK MaMaHAap aspialThiH >KOFapbl OKY
OpHBIH allly KEePEeKTiriH aiTTel. MeH Ooscam: «JliHMyxames AXMETYJIIbl, MEHIH dKOFaphl OKY OpPHBIHAA dKYMBIC
ToxipnOem koK. TpamBaiil xyprizy YIIiH MaMaHZIBI YII ail malbHAAHIb. AT MeH Oip KYH e JKOFaphl OKY
OpHBIH/IA KYMBIC iCTEreM >KOK», - el OWBIMIBI allbIK alTThIM. O OiyIaHbII TYPIBI A, KOJIBIH Oip cinren:
«CCHIH KOJILIHHAH KeJIe/i» JIeTeH IIemiMiH alTThl. by ke3necy MeHiH emipimaeri Kazakcranmarbl TYHFBIII
SHEPreTHKAJIBIK OKY OPHBIH allly OaKbITbl OYHBIPFaH TApUXH COT OOJIATHIHY.

Ocnr ke3necyneH coH A.B. BomoToB omakThIK Iopekeneri Mmia3MalblK 1abopaTopusHbl OacKkapyMeH
KaTap JKOFapbl OKY OpPHBIHA ayBICTBIPBUIBII, OipAeH Kadenpa MEHrepylici, Kol y3amail (GakyabTeT JeKaHbI
caiiylaHFaHbl JKOHIH/E WICHIIM HIBIFApbUIBITN, SHEPreTHKa MHCTHTYTHIH airy JadbiHAbIKTapbl Kas[ITH-asig
sHepreTnka (paKymbTeTi HeriziHae K3y Oactambim keTTi. OFaH MHCTUTYT pekTopbl OmiM KypamOaityis
OwmapoB epekiie Kongay kepcerTi. «ExeyMmi3 MHCTUTYTTBIH KYPBUIBIMBI Typajbl JKHi aKbLINAcaThIHOBI3,
JKOFapbIIaH TYCKCH 9p IIeIiMIe OailylaHbICThI OMBIH aiThIN, CEHIH ©3 IMISHTIMIH KaHaal Jen cypanThiH. TinTi
o Feutbimu KeHecTiH KyMBICHIH Kajlail YHBIMIACTHIPY KePeKTIiriHe meiiH MeHi YHPETin OThIpaThIHy, - IeHIi
BomoroB A.B. Ocipece oky iciniH mnpopekropsl Fabmomna HeicanOaiiysnelr HbeicanOaeBTBIH alphIKia
KaMKOPJIBIK JKacaFaHbIH €CKe aJaJibl.

1974 XbUIIBIH COHBIHA JIHiH DHEpreTMKa MHCTUTYTHIH KYPYJBIH HETI3T1 KYMBICTaphl asKTalFaH
OonateiH. MamaHIbBIK OOWBIHINA OiUNIMIH IIBIHIAWTHIH Kadempanmap MeH 3epTxaHanap, (axymbTerTep,
pEeKTOpaT, OJapAblH OemimJiepi YHBIMAACTHIPHULABL. MamaHJapFa TarchIpbic OEpeTiH KocilOpbIHAapMEH
Oaiinanpic OpHATHULIBL JKaHa FBUIBIMH 3€pTXaHaJap KYPBUIBII, FBUIBIMH TONTAp KacakTamabl. OKUTHIH
CTYAEHTTEpAIH caHbl OenrijieHin, kewipinai. Cabak OepeTiH mpodeccop-OKBITYIIBUIAPABIH KypaMbl Ja
ipikrenren emi. 1975 xbputbl 1 kanrapna KaslITU-miH cTymaeHTTep MEH OKBITYMIBLUIAPFA JIBIK TOJFAaH aKT
3abIHa AJIMATBl SHEPreTHKa WHCTUTYTBHIHBIH alllbLTy PACiMi calnTaHATThl TYpA€ OTTi. AIIBLTY paciMiHe
KazakcranapiH Opta XoHE >Kofapbl apHaynbl oKy MuHHCTpi TypranOexk KartaeBnu KartaeB katwichlm,
MHCTUTYT peKTopsl Asekcanap BacwibeBuu BonoToBKa *aHa OKy OpHBIHBIH KINTiH TaObICcTansl. JKublHIa
Opranbik Komurer exinzuepi, eHaipic Oacmbuiapbl KYTTHIKTAay CO3JICpPiH aMTHIIN, )aHA OKY OPHBIHA aKXKOJ
tinektepin xoiaaael. Ockutaiima KCPO-na ogakThik kenemzae Mackey xkoHe BaHOBajgaH KeWiHT1 KociOu
SHEPreTHK MaMaHJap AaspialThIH YLIIHII SHEPTEeTHKAJIBIK )KOFapbl OKY OpHBI JIYHUETe KeJIi.

JKana ambiiran oKy opHbI Kasipri ADxkBY-niH «b» ruMapaTbiHia OpHAIACTBI. «A» FHUMapaThIHBIH
KYPBUIBICHL JKYpill >kaTThl. KochIMIIa WHCTHTYTKa IIapyamibUIBIK HBICAHIAApBHl Oepiiin, Xep aymarbl
keHelTinai. Crynentrepre apHanrad Nel skaTakxaHa cajbIHBIN Naigananyra Oepinni. Oran Koca «OpOuta»
HIaFbIH ayJaHbIHAH JKaTaKXaHaHbIH KYpPBUIBICH OacTaiel. bip KbuigaH coH «A» FUMapaTbIHbIH KYPBUIBICHI
TOJIBIK asiktayiran 0ojiaThiH. OHbIH Oapibirbl KCPO DHeprertuka munuctpiirinid, Kasakcran MemitekeTTik
KOcrapiiay KOMHTETiHIH Teparanapel Tayduk [ameeBnu Myxamen-Paxumos, Kambik AOmysmaeBud
AbnymiaeB, AxmerOekoB Mapar VYTenHoBu4, OHepretuka MuHHCTpi Tumodeidt MBanoBuu batypos,
opeiaOacapel Bynar IMasucoBuy Hypskanos, Baiinaneic MUHHMCTpiHIH opbiHOacapbl KasbikeH BasbutoBuu
basputoB, KopraHbIC MUHHCTPJIIri, pPeCHyONHKAIBIK CAAIBIK MUHHCTPIIKTED *oHe KazakcTaHHBIH cOl
Ke3Jleri YKiMeT Oaciubichl OmiMoB boiikeH OmmiMyIBIHBIH TiKeJIeH KOJAaybIMEH KhICKa Mep3iMie Ky3ere
achIpbUIFaH mmapyainap OoNaThbIH.

WNHCTUTYTTHIH anFamKkbl MaHBRAB KyxkaTTapel A.B. bomotoB 1974 xwpuiasiH 30 KeITOKCAaHBIHAH
PEKTOPJIBIK KBI3METIHE KIPICKEH KYHHEH KajapiapApl ipikTeyneH Oactananbl. WHCTUTYT KbI3METiHIH
JKEKeJIereH cajiajapbl OOMBIHINA PEKTOPABIH €H >KaKbIH KOMEKIL1Iepi caHaaThIH OKY iCi KOHiH/Aer, FBUIBIMU
KYMBIC OOMBIHINA, KEIIKi XOHE CBHIPTTal OKy OemiMziepi, oKIMIIIIK — IIapyamIbUIBIK HMPOPEKTOpIapbiHa
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YMITKepJiepii pecyOIMKaHbIH JXOFaphl OKY OpPBIHAApPhl MHUHUCTpIITiHE XarheH xabapiaasl. 1975 xbuiasig
14 aknanbinga pexrop A.B. BonotoBTeiH Ne 12 OyipbIFbIMEH TEXHUKA FHIIBIMAAPBIHBIH KaHUIATHI, TOLEHT
Mapat XKycinyisl ApbICTaHOB OKY ici dOHIHJEr MPOPEKTOp, TEXHUKA FHUILIMIAPBIHBIH KaHAWAATHI, JOLCHT
O0uIymIa OMipsieB FUTBIMU JKYMBIC )KOHIH/ETI MPOPEKTOP, TEXHUKA FHUIBIMAAPBIHBIH KaHIUAATHI, JOIEHT
Komin Baity3akyiel EpmexOaeB Keliki ®oHE CHIPTTail OKy KeHiHjaeri nmpopekrop, Kepimraii Hypkepimysist
BoitiMOeTOB OKIMIIITIK-IIIAPyalIbUIBIK )KYMBIC )KOHIHJIET] IIPOPEKTOP KbI3METiHEe TaraibIHIaIIb [3].

CryneHTTepMeH OKYy-9[icTeMe, TOpOue XoHE FBUIBIMH-3€PTTEY JXYMBICHIH JKYPTi3yAi JKeTUIAipiM,
YUBIMIACTHIPY JKOHE MaMaHJap JalbIHAayAbIH camachkiH jkakcapTy MakcatsiHna Kazak KCP JKorapsr xoHe
opta apHaynsl oKy MuaucTpi T.K.KaraeBToig (0ynan opi Kazak KCP KOO munuctpaniri) 1975 xbuiasiy 14
aknanbiHIarel Ne 113 OyipeIFbIMEH HHCTUTYT KaOBIPFAchIH A Keleci (aKyIbTeTTep allbuIIbl:

1. JKsuty sHEpreTHKACH

2. DIEKTp PHEPreTHKACHI

3. DeKkTp MexaHHKAaChl

4. DIEKTp TEXHUKACKHI

5. Kemiki xoHe ceipTTaii oKy [4].

Pextop A.B. BonoToB nekanaapabl koHe OJapAblH OpbIHOacapiapbiH ipiKTeI TaFalblHAAY A FEUIBIMU
aTak-JopeKeNepiH, OKy-9[liICTEMEIIK ToXipuOenepiH, YKbIMMEH JKYMBIC iCTel OlLTy KaOlleTTepiH KoHe T.0.
KacHeTTepiH eckepin oThIpAbl. OcChIHAAN KepceTKimTepre opaii TEXHUKA FBHUIBIMIAPBIHBIH KaHAWAATTapbI
Kirep Aiitkazyier [loitipOexoB, ['ennaamii BukropoBuu CryneHukoB, [eopruii OckapoBuu Mapkyec,
Kynicoex Kycanbexynbr OMipoB, 'amune XomkaeBnd XO0XKHH COMKECIHINE JKBLUTY YHEPTETUKACHI, DIIEKTP
SHEPreTHKACHI, JIEKTP MEXaHUKACHI, DJIEKTP TEXHHKACHI, KEIIKi JKOHE CBHIPTTall OKY (haKynbTeTTepiHiH
JEeKaHIBIFbIHA TaralblHAANAbl. Bynap jkaHa KypbUlFaH AJMaTbl SHEPTeTHKA WHCTUTYTBIHBIH aJFalliKbl
JICKaHAAPhI e/1i.

Kazax KCP KOO munuctpiniy 1975 xeuapy 6 Haypezbianars Ne 171 Oyiipeirsiver 1975 sxbumapig
10 Haype3bIHAH OacTam ANMaThl SHEpreTHKa WHCTHTYTHIHAA 22 Kadenpa o3 KYMBICHIH Oactaabl. OnapapiH
KypaMBbl TEXHUKAJIBIK Oi1iM OepeTiH jkaHe yKamsl OiaiM OepeTin Kadempanapaad Typas! [5].

Aran aliTKaHJa:

1) COKII tapuxbl )oHE CasiCH SKOHOMUS

2) MapKcTik-JIeHUHIIK (GHI0COGUS )KIHE FHUTBIMH KOMMYHH3M

3) XKorapbl MaTeMaTHKa

4) Ousuka

5) Xumus

6) Llleren sxoHe OpbIC TiNAEPI

7) JleHe LIBIHBIKTBIPY JKOHE CIIOPT

8) Komman6asisl MeXaHHKa

9) YKambl KbUTy TEXHHUKACHI

10) Cr136a reomeTpusi sxxoHe rpaduka

11) DaeKTp TEXHUKACBIHBIH TEOPUSIIBIK HETi31

12) Enbex Kopray

13) BrexTpai emniey KoHe KOIAaHOAIBI SJIEKTP TEXHUKACHI

14) DnexTp xeTeri

15) ©OHepkacim KacimopbIHAapEl MEH KaTajgapabl SJIEKTPMEH KAMTAaMAacChI3 €Ty

16) DaexTp cTaHIMsIAPbl MEH Killli CTAHIUsLIIAp

17) YKorapbl KbICEIM TEXHUKACHI

18) DrekTp keninepi KoHe Kyienepi

19) Xputy SHEpreTHKA KOHIBIPFbLIAPHI

20) DnexTp MaIMHAIAPHI

21) DKOHOMHKA 5KOHE PHEPreTHKAHBI YHBIMIACTBIPY

22) A3aMatTThIK KOPFaHBIC KYPChI

Kadenpanap dakynprerTepAiH KociOM  MaMaHaap — Jaspiayldarbl  €peKIIEIKTepiHe  opai
¢bakynbrerTepre OeniHim, ¢axyIbTeTTEpAiH KYPBUIBIMBIHAA OKY-O[IiCTEMEINIK, FhUIBIMHU, TOpOHE >KYMBICHIH
YHBIMIACTBIPY/IbI KOJIFA aJ/Ibl, OKBITYIBIH Ma3MYHBIH OaibITy, canaibl MaMaHgap AalbIHAAaYAa THIMAI1 OaFbIT
YCTaH/IbI.

Kwiny anepeemuracel ghaxynomeminiy Kypamvinoa Keneci kadenpanap xKyMbIC Kacalbl:

1) Xbuty sHEpreTHKa KOHABIPFBUIAPEI

2) DKOHOMHMKA YKSHE YHEPTeTUKAHBI YHBIMIACTBIPY
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3) XKanrsl )KbUTY TEXHUKACHI

4) Xumus jxoHe MaTepraITaHy

5) Illeren xxoHe opbIC TiNIACPI

Onexmp snepeemuxacul hakynomeminiy KypamviHa:

1) OHepkacin KoCIMOpbIHIAPBIH, KaJlalap MEH aybUl MIAPYallbUIBIFBIH 3JCKTPMEH jKa0IbIKTay

2) DIEKTp/i eIIIey KOHE KOIAaHOABI JCKTPTEXHUKA

3) XKoraprsl MaTeMaTrKa.

4) Ousuka

5) EnOek Kopray Kadeapanapsl eHI.

Onekmp mexanuxacwvl Qaxynibmeminiy KypamviHa.

1) DieKTp CTaHIMsIapH! )KOHE Killli CTaHIMsIap

2) DIEKTp )KETerl XKOHE OHEPKICIN KOHIBIPFBLIAPBIH aBTOMATTaHABIPY

3) DnekTp MamMHaIapbl

4) KommganOassl MEXaHHKA

5) JleHe mIBIHBIKTHIPY Kadeapaaapbl Kipi.

Onexmp mexnuxacwl ¢haxynomemine:

1) DnexTp Kyiienepi KoHe Keminepi

2) DIEKTp TEXHUKACBIHBIH TEOPHUSIIBIK HETi3aepi

3) Cb130a reomeTpus JKoHE rpaduka

4) XKoraprbl KepHEY TEXHHKACHI Kadeapanapbl Gepii.

JKanmbl HHCTUTYTTHIK KadeapaaapaslH KaTapbIH:

1) COKII Tapuxsl :oHE CasICH SKOHOMUS

2) MapKcTik-JIeHUHIIK (GUI0CO(UsS )KOHE FHUTBIMH KOMMYHH3M

3) AzamatThIK KOPFaHbIC KypChl Kadeapanap Kypasibl.

®dakynpTeTTep JKAaHBIHAH OKIMINUIIK JKYMBICTIEH AalHaNBICAaTBIH  JCKaHATTap[blH  KBI3METI
yibMaacTeipeiinbl. DakynbTeTTepAiH  AGKaHAApPBHl  OKy-o/licTeMe, YHBIMAACTBIPY JKOHEe TopOue
JKYMBICTApBIHIA YIKEH ToXKipuOenepi Oap HOIEeHTTep eni. Op (QaKyIbTeTTe NeKaHAAPABIH TOParalbiFbIMEH
OTETiH KEeHECTeP KYPBUILIBL.

®akynbTeT HMHCTHUTYTTBIH OKY-FBUIBIMH JKOHE OKIMIIUTK Oemimi peTiHIe KociOu OarbITTarbl
Kadeapanappl, Kanmbl OLTIMIIK KoHE KaJlbl HHXEHEPIiK Kadeapanap/s! Oipiktipai. MyHnai apakateiHac
AJMaThl 3HEpreTHKa WHCTHTYTHI (aKyJIbTETTEpiHIE KOFaMIBIK-TYMaHHTApJbIK Kadeapanrapasl Tene TeH
Oeiyre MYMKIHIIK Oepi, KOFaMIBIK-CasiCH JKOHE TOpOMe KYMBICTAPBIH YTHIMABI KYPri3y YIIIH KaXeTTi
Karaauapl KamTaMachl3 eTTi. MHeTuTyT dakyibprertepinid Kypambiaaa 50-meH 100-re >kybIK CTYACHTTIK
TONTAp JXKOHE MITaT Kecteci OoHbiHIIA 218 OKbITYIIBUIap OO0l OKBITYIIBUIAPIBIH CaNANBIK KOPCETKIII
TeMeH/Ie 1-KecTe/ie KOpCeTITeH.

ATKapaTbIH KbI3MET aTarbl lrar 1 MaychIMIaFbl HAKTHI FouteiMu atak mopexeci
Kecreci CaHbl OoMBIHIIIA
OolbIHIIIA
1975 1976 1975 1976

Kadenpa menrepymrici:
a) nmpodeccopiap 2 2 2 2 2
0) JoLEeHTTEP 10 10 13 10 13
B) aFa OKBITYLIBLIAP 9 9 7 6 6
Kadenpa npodeccopnapst
Kadenpa nouenrrepi 39 38 34 30 33
A¥a OKBITYIIBLIAD 64 53 63 18 19
Accucrenrrep 56 35 53 2 4
OKpITyIIBLIAP 38 24 36 - -

Bapnprrsr: 218 171 208 68 77

1 xecte — OKBITYIIBI-TTPOdeCcCcOpIIap IbIH CanaNbIK KOPCETKII

JlexaHnaTTapablH KypaMbIHa JACKaHHBIH OKY iCl JKOHIHJETI OphIHOAcaphl, NEKAHHBIH FBHUILIMH KYMBIC
YKOHIHJIETI OpbIHOACAphI, XaTIIBICH, CTYACHTTIK TONTAPABIH KypaTopiapsl Kipai. bapibik oKy koHe TopOue
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JKYMBICTApBIH JCKaHATTBHIH KBI3BMETKEPJICpl ITOpICIIIEPMEH, TONTapAa MpPaKTHKAIBIK cabak KyprizeTiH
OKBITYHIBUIApMEH, (aKyIbTeTTEepAiH, KypcTapAblH >KOHE CTYACHTTIK TONTAPABIH MapThsi, KOMCOMOIL,
KOCIIOIaK YHBIMAAPBIMEH THIFBI3 OaiJIaHBICTA KYPTi3/i.

Hekanarrap (akyiabTeT MaMaHIBIKTAPBIHBIH OKY JKOCIIAPBIH KapacTBIPBIN, OKY JKYMBICHIH
YUBIMIACTBIPABI, TiKeNel OKy cabaKTapblHBIH, €MTHXaHOApAbIH JKOHE T.0. KecTenepiH, KyKaTTapblH
JaiblHmayFa Tikened atcaibicTbl. Onap ceMecTpAeri OKy NpoOILecCiHiH OapbhIChIH OakblIajgbl, eMTHUXaH
CECCHSCHIH JKOHE OHIIPICTIK MPAKTUKAHBI, TATIIOMIBIK JKoOaapapl YUBIMIAACTHIPABI, MEMIICKETTIK €MTHXaH
KOMUCCHSICBIH KYPABI, JKaraxaHajlapja CTYACHTTep KEHEeCTepiHiH KbhI3METiHe e OacUIbUIBIK KacaJbl,
CTUNCHIUSL OONyAl KapacThIpAbI, CTYACHTTEPJI CEMECTPACH CEMECTPre KOIIipii, CTyISHTTCPAIH >KEKe
KyKaTTapblH PETTEyMEH aifHAJIBICTHI.

WHCTHTYT ©3IHIH Kaapiiap MEH MaTepHaNIBIK-TeXHUKAIBIK oneyeTiH eckepin 1975-1976 oky
JKBUIBIHAH OacTal MHKEHepIiep Aaspiayabl KeJeci MaMaHABIKTap OOMBIHIIA )KY3ere achbIpAbL:

1) 3C - 0301 - a5eKTp CTaHIMIAPHI

2) DK (OCC) - 0302- smekTp Kemimepi xaHe Kyihenepi

3) OKDX (OIIII) - 0303 - eHepkacim KOCIMOPBIHAAPHIH, Kajlalap MEH aybUl MIapyallbUIbIFbIH
JNEKTPMEH KaMTaMachI3 €Ty

4) KDOC (TIC) - 0305 - *xbuTy SJAEKTP CTAHIHSIAPDI

5) ©D2- 0315- 31eKTp SHEPreTHKACHI

6) DXKOKA (DAILY) - 0628 - s5eKTp KeTeri )KOHe OHEPKACII KOHIBIPFhUIAPBIH ABTOMATTAHIBIPY

7) KOT (I'DT) - 1605 - xana 3J1eKTp TPaHCIIOPTHI

8) DY (B0D) - 1707 - DKOHOMHUKA YKOHE SHEPTETUKAHBI YHBIMIACTHIPY.

Myparar kyxarrapsl 1975 KbIIbl HHCTUTYTTA JKOFapblga aTajraH OeyiMIEpMEH Katap OKy YpAiciH
yibIMaacTeipaTeiH 15  okiMmrilik  OenmiMHIH KYpbUIBIT 63 (YHKIUOHAIABIK MIHIACTTEPiH aTKapyFra
KipICKEHIITiH KopceTei.

ADW-niH asFeIHAH TiK TYPHII KETYi KaJplapablH 63 QYHKIFUIAPBIH YTHIMIBI aTKAPYbIHA OaiIaHBICTHI
eKeHMITiH TycinreH pekrop A.B. Bonoror 1975 skpuinein 14 akmanbina Ne 13 OVHpPBIFBIH MIBIFAPBIN, Op
MPOPEKTOPIBIH, IEKaHAap MEH OJIapAblH OpBIHOACAPIAPBIHBIH, OKYy OemiMiHIH OacCTHIFBIHBIH HETi3Ti
MIHJETTepiH Oenrijen OEKIiTTi jKoHe XKYMBIC OapbICBIHIA COJ MIHAETTEP.IIiH MYJTIKCI3 OPBIHIATYBIH Taarl
eTim, Kagaraaasl [6].

WHCTUTYTTBIH CasiCHU-KOFaMJIBIK ©MipiHe OaFbIT Oepylll KOFaMJIblK YibiMaap Kypbuiasl. M.K.
Hyiicebaes maptusi OropochiHbIH xaTmibickl, M.W. Ilak kocimojgak komuTeTiHiH Teparackl, B. TamanoB
KOMCOMOJI KOMHUTETIHIH XaTIIBICHI OOJIBIIN CAiIaHbII, KOFAMJIBIK CasiCH )KYMBICTaP Il )KaHIaHABIPbL.

PexTopaTThlH KypaMbIHa PEKTOP JKOHE MPOPEKTOPIAPMEH KaTap MapTHsl )KOHE KOMCOMOJ YHBIMBIHBIH
XaTIIBIIApbl, OKBITYIIBUIAP, JKYMBICHIBIIAD MEH KBI3METHIJIEp KOHE CTYASHTTEpAiH KACilmojaaK
YHBIMAAPBIHBIH ~ Teparamapel  Kipai.  VHcTUTYT —OaciiblFbIMEH Koca  JieKaHaap MeH  Kadenpa
MeHrepyIIiiepineH TypathiH FrutbiMu keHec Kypbuiabl. Ochliaiiina AIMaThl SHEPreTHKAa WHCTUTYTHIHAA -
YKBIMJIBIK OACIIBUTBIK Kacay KaJbIITacThl.

Auramikpel 1975 Kbutbl ATMaThl SHEPreTHKa HHCTUTYTHIHBIH allIbLTybl OaphICHIHAA KOFaphlIa aTalFaH
Kaeapa MEHrepyuiiepi peKTopaslH OYHPBIFBIMEH TaFalbIHIANBIN KbI3MET aTKapbl. OnapplH KatapblHIa
Xoxun I'.X., Toukonoruii A.B., Beinonzosa M.H., Horokmonos B.C., XXypasnes B.K., Typraubaer W1.T.,
Mutu 10.C., Kentieco H., Tuxomupos B.I1., Jlyiicebaes M.K., MBanoB D.A., Ponsirun A.A., Boropoackwuii
C.B., Tobaskos XK.O., Kanuauna H.H. xone T.60. 6oanbl. Kadeapanapna 214 npodeccop-oKbITYIIbLIAp
*yMbIc ictemi. Coll OKy XbUTbI 00C OpBIHFa (BaKaHCHsI) caiyiay xyleci KallblHa KeNTipiiin, OeKiTiIreH mraT
OoibiHIIa 128 okpITymIBI-ipodeccopnap cainayaan etti. Onapasiy iminae 12 — kadgenpa menrepymici, 17 —
JO1eHT, 39 — ara OKbITYIIbI, 60 — aCCHCTEHTTEp MEH OKBITYIIBIIAP IITATTHIK KbI3METKE caitansl [7]. Byaan
KeWiHT1 XpUIiapja Ja mrarra OeKiTiireH 00c OpbIHFa caiiiay TopTiOi OKBITYHIBUIAPIBI TaHAAI, KypaMblH
JKaKcapTyra jkoHe OuTiM Oepyl KYLMIEHTyre bIKIal eTKeH MaHbI3Abl (aKTOpFa aiiHaJIIbI.

WucTtutyTThIH npodeccop-OKBITYIIBUIAp KYpaMbIMEeH TONBIKTBIpbUTYsl B.W.JIennn arpmparer Kazak
MOJIMTEXHUKA WHCTUTYTHIMEH JKacallFaH KeJiciM-IIapT OOWBIHIINA KYPTi3iJiN, TOM-TOOBIMEH, MKEKelel Jie
AJMaTBl 3HEpreTHKa WHCTHTYThIHA aybIcThl. Ochbutaiiina nmpodeccop-OKBITYIIBl Kaapiap KypaMbl JKbIIIaH
JKBUIFa YIIFalbIll, oflap Jiaya3blM aTarbiHa Kapai xikrenai. IIpodeccopnap meH okpiTymbuiap Kypamsl 1976
K. - 215, 1977 x. - 233, 1978 x. - 255, 1979 x. -285 amamasl kypas [8].

BynaH KeiiHri KblIgapbl HHCTUTYTTAFbl FHUIBIMHU, IEIarOTHKANBIK KaapJapablH KaTaphbl OLTIKTLTIKTI
apTTHIPY (QaKyIbTETIHE KOHE aCIIMPAHTYpaia OKbITY apKbUIbl KeTUIAipinin oteipabl. Onap kadeapanapasiy
KociOu OarbIThl OOMBIHIIA MaMaHAAHBII, ©HAIPICTEH KOJ Y3il >koHe Koil y30el okbiabl. 1976-1977 oky
KBUIIApbIHAA aCHUpPaHTypaHblH OChl eki (opmaceiHga 50 amam OimiM amabl. OHBIH 26-Chl MHCTUTYT
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KbI3MeTKepliepi, 18-1 eHepKacin KocimophIHAAPEl MEH FHUIBIMU 3€PTTEY HHCTUTYTTAPHI, 2-eyi O0acka »Oorapbl
oky opeiHAapsl (JKOO) kei3MeTKepaepi, 2-eyi )kac MaMaH MEH TarbUIBIMIep ei. ¥JITTBIK KYpaMbl JKaFbIHaH
27 opeic, 13 ka3ak, KayFaHmapsl Oenopycrap, TaTapiap, KopicTep jkoHe T.0. YT ekimaepi 6onasl. Onapapiy
3-eyi oifen ajgam OoJFaH.

1976 XbUIBl HHCTUTYTTHIH FHUIBIMU-3EPTTCY TaFbUIBIMAAMACHIHA 18 TaFbUIBIMIep-3ePTTEYII OKbIIbL.
AcnupaHTTapAblH FBUIBIMH 3epTTeyiHe 13 FBUIBIM KaHAWIATTaphl MEH 2 FBUIBIM JOKTOPHI KETEKIIJIIK eTTi
[9].

biniM Gepymi FRUTBIMMEH YINTAaCTHIpyFa OaFrbIT anbIHAbL. J[opicxaHalBIK TONTHIK cabaKTapablH OapIbiK
TYPiHIH MakcaTbl (CeMHHap, 3epTXaHalbIK )KYMBICTap, AopicXaHajlapAarsl MPaKTHKAIBIK cabakTap *oHe T.0.)
Jopicrepne OasHIANFaH MarepHalfapibpl KEHEHTy, TepeHIeTy jkoHe Oekityre Herizmenmi. COHIBIKTaH
WHCTHUTYTTA TOITHIK ca0aKTap IbIH THIMAUTIITIH apTThIpyFa KO KOH1I OeiH/Ii.

JKorap¥rbl OKy OpBIHIAPBI )KYMBICHIHBIH OipJeH-0ip HETi3r1 KaFuaachl OKBITYAb! OHAIPICTIK KbI3METIICH
ymtactelpy OonateiH. ADW KypbeUFaH KyHiHeH Oyi Mocenere aipbIKiia MaHbI3 Oepai. OHAIIpicTIK
MPAKTUKAHBIH THIMAUIITIH opJaiibiM apTTHIPHINT OTHIPY VIIH HHCTUTYT OHAIPICTIK MPaKTHUKAHBIH 0a3achl
peTiHAe eMiMI3IiH aJIBIHFBI KaTapiibl, 3aMaHayd KOCIOPBIHIAPBIH TaHaaabl. [IpakTHkara ®ETEKIILIiK eTy
OHJIPICTI JKaKChl OUIETIH ToKIpUOENl OKBITYIIBIIAPFa JKYKTENAi. OHIIPICTIK MPaKTUKAIBIK THUITIK
Oarmapiamachl FRUTBIM MEH TEXHUKaHBIH Ka3ipri skai-KyWiH, SJKOHOMHKa MEH eHOeKTi KOpFay MacelelepiH
Oeitreneni. bonamak mamaHDapapl KaJbIITACTBIPYJa KOFAMIIBIK-CASCH IpakTHKa Ja Oenrim Oip pen
atkapapl. [lpaktukanelH Oyn Oemiri opOip CTYOEHTTIH OHIIpiC Y KbIMAAPbIHAA YHBIMIACTHIPY KOHE
KOFaM/IBIK-CasICH YKYMBIC KYPTi3y JaFIbUTapbIH KaJbIITACTHIPEIN, OUTIMIH TOXKIpHOEIeH OTKI3yre MYMKIHIIK
Oeperin. CoHpail-ak CoWKecCiHINE, CBIPTTail XoHEe Kemlki OemiMiepAe OHAIPICTEH KON Y3il OKHUTHIH
CTYJCHTTEP/IiH TePSH TCOPUSIIBIK OLTIM ayhl YIIIIH OKY MPOIECIH JKaKcapTy mapaiapsl KaObuiganabl. 1975-
1976 oKy XbIIBIH/Ia MHCTUTYTTA, KaJbl CTYyJIEHTTEpAiH canbl 2852-Hi KypaJbl.

dakynbTeTTEP CryzneHTrep caHbl
DNeKTp SHEPreTUKACKH 711
Keury sHEpreTHKaCH 483
ONEeKTp TEXHUKACHI 432
DJIEKTp MEXaHUKAChI 358
CeipTTaii 0enim 868

2 kecte - DakynbTeTTep OOMBIHIINA CTYICHTEPAIH CaHBI

CryneHTTep O3/ICpiHIH KypaMbl KaFblHAH TYPJi OJCYMETTIK TONTApPABIH: JKYMBICIIBI, KOJIXO3IIbI,
3USJTBI KAYBIM OKLIJIEpi OOJIIbI.

MHCTUTYTTAFBI CTYIEHT KacTap IbIH KaTaphl JKbIJI CAbIHFBI TAJIANIKEPJIEP/IIH OKyFa TYCYIMEH KoOeHIi.
MyHbI TOMEH IeT] KecTeleH Oalikayra 00aIb:

OKy XplU1AAPEI CryneHTTep caHbl
1976-1977 2137
1977-1978 2305
1978-1979 3982
1979-1980 3985
1988-1989 4817
1989-1990 4716
1990-1991 4720

3 kecre - Tamankepnep canbiHbIH ecy kepcerkimi (KP OMM-ueiH 2217 xop MamimerTepi
nai1anaHpUIIbL. )

Kecte mamimertepi anrarkel 1976-1977 oky »xbUibl MeH Toyenci3mik kapcaHsiHaarbl 1990-1991 oky
JKBUTBI apaJibIFbIHIAFbl MHCTUTYTKA OKyFa TYCyre HUET OUIIIpreH Tajarkepiep CaHbIHBIH JKbUI CalblH OcCiIl,
OHBIH €Ki eceJIcH apTKaHbIH KepceTel.

JKorapel OKy OpHBIHA OKyFa TYCyre HHET OUIIpreH »acTapjbl, MEKTENl TYJIEKTEPiH OKyFa TapTy
MakKCaThIHJa MHCTUTYT «aIIbIK €CIK KYHIEPIH» OTKi3Zi, OpTajblKk Mep3iMaik OachuibiMaap «COIHaTUCTIK
Kazakcran», «Kazaxcranckas npasna», «BewepHsst Anma-Arta» >xoHe T.0. raserrepie >xapHama Oepai,
OHJIIPICTIK TpaKTHKara OapraH CTYACHTTED KICIOPBIHAAP/BIH KbI3METKEpJIepi MEH >KYMBICIIbIIAphIHA 63
WHCTUTYTBI TYpaJIbl MOIIMETTEP TapaThII, OKYFa IIAKbIP/IbI.
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Anmatpl PHEpreTMKa WHCTUTYTHIHA TYCINl OLTIM anaMblH, SHEPTeTHK - WHKEHEp OOoJaMblH AeyIIi
ykacTapra naibiHIbIK Kypesl (1K) ynken kemek kepcerti. Kazak KCP Munuctpnep Kenecinig 1975 xbinFsn
26 Tampparel Ne 621 skapneirbiH opbiHgay ymiH Kazak KCP JKOO wmunwmctpinig 1975 xeusr 1
KbIpkyiiekTeri Ne 582 OyipbIFbIMEH AJIMAThl SHEPreTUKAa MHCTHTYTBHIHAA JaWbIHABIK Kypchl ambupibl. On
1975-1976 oKy XbUTbIHA JKOHE OJ1aH KehiHri sxkputaaps! 1a 100 anamuan kabwiiman oteipzs [10].

Omnap eHpipicTeH Kon y3in 3 aif, 6 aii, 8 aii Ooiibl maibiHAbIKTaH o©TTi. [IK ThIHDAymIbLIapel TYCY
eMTHUXaHIapbIH TAOBICTHI TAIICHIPFaH JKaFaalia MHCTUTYTTHIH KYHAI3Ti OeliMiHe OKyFa TYCy MYMKiH[ITiHE
re 0ombl. AIIMaThI SHEPTreTHKA WHCTHTYTHI OH/IIPICTEH KeNyIIijep i KaObiaay MeH OKBITY/Ia alTapIIbIKTai
TOXiprOe KMHAKTAJbl, OKY )OCHapbl MEH OKy OaFaapiaMaiapblH jKacabl, 9liCTeMe Kypalbl JalbIHIaIIbII
OacmagaH MIBFAPBUIABI, TYPAKTHI TOXKIPHOENTi OKBITYIIBUIAD KYPaMbl KAJIBIITACTHL

JIaWbIHIBIKTBIH KYH/I3T OKBITY opMackiMeH Katap 1983 »xpiimaH Oactam Kelmki JaWbIHIBIK OemiMi
KYMBIC icTel 6actanpl. CoHal-aKk MHCTUTYT KaObIpFachlHAa PecyOIMKaaH ThIC JKepe OKBITY >KOCMaphIHa
coiikec Mackey, Jlennnrpaa KOO gailbIHABIK KypcTapblHa KaObUIay >KY3ere achblpbUIbL.

ABU ¢bunuaniapelHbIH alibUTYbl J1a WHCTHUTYT JaMYyBIHIAFbI jkKaHa KagaM Oomnnel. 1977 skputer 15
TaMbi3a peKTopasiH Ne 268 OyHpbIFbIMEH OCKeMEH KajachlHaa AJIMaThl 3HEPreTHKAa WHCTUTYTHIHBIH
JKaJIIMbl MHCTUTYTTHIK (haKyJdbTeTi ambLiabl, OyraH Heri3 OonraH IlIeirpic KazakcraH OOJBICTHIK MapTHs
KOMMMTETIHIH 3HEPreTHK MaMaHIapAbl JaiblHAAYIbl OJapAblH OoJalaK >KyMbIC OPbIHOApPbIHA JKAKbIHAATY
YChIHBICHI Heri3 6ompl [11]. JTon ockiraaii cebenmnen Llenunorpan kanaceinaa (kasipri Hyp-Cyinran Kanacher)
JKaJIIbl KHCTUTYTTHIK (hakyabTeT pekropasiH Ne 32 Oyitpsirbiver 1981 sxbutbl miinaeae ambuiast [12].

byn dakynererrep (dmnman) Kameimracy Ke3eHiH OacblHaH eTkepai. MHctutyT Kadempamapsr
OONBICTHIK OemiMIIenepre YIKEeH KeMeK KepcerTi. KeMmek Heri3iHeH OKy, ojicTeMe, FBUIBIMH JKOHE
YHBIMIACTBIpY — OarbITTapblH  (HopicTep, OKY, JOUILUIOMABIK >KoOaiayiap, OKY J>Kocmapiapsl MeH
OarmapnamanapblH JailbIHIAY, 3epTXaHajlbK 0a3za Kypy, CTyISHTTEp/iH MpaKkTHKa ©TeTiH 0a3achiH OeKiTy,
FBUIBIMH-TICIArOTUKANIBIK KaJApiap NalblHOay, MeMJIEKeTTIK emTuxaH komuccusichl (MEK) »xymbiceiHa
KaTbIHACY) KaMThInbl. PakyneTeTTep ((Prinan) KyphUTbIT TapaThUIFAHFa EHiHTI Ke3eH apallbIFbIH/IA XaJIbIK
HIapyallbUIbIFbIHA KKETTI MaMaHAap AalbIHAAayFa ©3 YJIECTEePiH KOCHIN, OJIApAblH TYJIEKTEpiHiH OachiM
oemiri Contycrik Kazakcran xone Llemmuorpan (kasipri AxMoina) OONBICTApPBIHBIH KOCITOPBIHIAPHIHAA
JKEMICTI eHOEK €TTi.

KopbIThIHABI

Ocpunaiitia 1975 XbUTHI )KaHa alllbUIFaH JKOFApbl TEXHUKAIBIK OKY OPHBIHBIH JKac YKbIMbI KYPaMbIHBIH
KQXKBIPJIBI eHOETiHIH apKachlHIa jkaHa (aKyIbTeTTep, OITipTyln Kadenpanap MEH 3epTXaHanap, KOFaMJIbIK
Kadeapanap MEH OKIMIIUIK KbI3METTep YHBIMAACTHIPHULABL. MaMaHmapra TarchIpbic Oepymlriiepin
KOCIOpBIHApbIMEH OaiilaHbIC OpHATHULABI, )KaHA FBUIBIMH 3€pPTXaHanap MEH FBUIBIMH TONTAp KYPBUIIbI,
KaHa MaMaHAbIKTap ambuipl. PakynsrerTepain (puman) xadenpanapsl FHUIBIMU-3EPTTEY KYMBICTapbIH
JKYPri3mi, FBUIBIM MeH OHIpicTi OaitmaHbICThIpABl. KociMOpBIHIAPIBIH TANCHIPHICEIMEH OPBIH/AIFaH
FBUIBIMH 3€PTTEY JKYMBICTAPBIHBIH KojeMi Jie aiTapibikraid Oonabl. Acrupantrrap KCPO-HBIH opTanbik
JKOFapbsl OKY OpBbIHIAphIHAA AalblHAayFa Keiicimzaep kacanblHAbl. MHcTHTYT OpTa A3usmarbl >KETEKIi
JKOFaphl OKY OpbIHAapbIHBIH Oipine, sFHM KCPO-mars! yIIiHII SHEPreTUKAIbIK MHCTUTYTKA aHAJIIbL.
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NCTOPUA CO3JAHUA AIMATHHCKOI'O HUHCTUTYTA SQHEPTETUKHA

Bb.K. Kaonymes*, M./I. lakenoB, C.X. baiinnabauna*

Hexommepueckoe akImoHepHOe 00IIEeCTBO «AIIMATHHCKUI YHUBEPCUTET SHEPTETHKU H CBSI3H UMEHH
I'ymapOexka JlaykeBay, r. Anmatsl, Kazaxcran
e-mail: b.kabdushev@aues.kz e-mail: s.baidildina@aues.kz

Annomayusn. B cmamve coeopumcs, umo Aamamunckuil dHepeemudeckull uHcmumym Obvll CO30aH Kax
Garxynomem ¢ KaslITH, a 3amem kax omoenvHoe 6bicuiee mexHuueckoe yuebnoe 3zagedenue. Paccmampueaemcs
OdesamenbHOCIb TUYHOCHel, KOMOopble 6HeCaU C80l 6KIA0 8 €20 CMAHOGIeHUe, OM 3d8edViouux Kagedp 00 KpPYnHbIX
eocyoapcmeennvix Oesimeneti Pecnyoauxu Kazaxcman. Ilpedcmasnena ungopmayus u3 apxusHulX OOKYMeHmMO8 00
opeanuzayuu axyrbmemos, Kagheop, AOMUHUCMPAYUL U 3AYUCTEHUU CITYOEeHMO8 o cneyuaibHocmsm. Onucvieaemcs
paboma no omxpvimuio 1a60pamoputi, NOO20MOSUMENbHBIX KYPCo8 Oasi nocmynienus ¢ BY3 u npouzeodcmeennvix
npakmuk Ha npeonpusmux. Takoice paccmampugaemcs: omkpvimue Guiuailos uncmumyma 6 2opooax Llenunozpao u
Yexemen. Ommeuaemces, umo 3a xopomxoe epems ADU cman oouum u3z sedywux yHusepcumemos 8 Cpeoueti A3uu u
mpemvum duepeemudeckum uncmumymom ¢ CCCP.

Knrouesvie cnoea: KaslITH, snepeemuueckuii @axyibmem, menjiodHepeemuka, Kageopa, arabopamopust
INEKMPUYECKUX MAUUH, NPOU3B0OCMBEEHHOE 0OYUeHUe.

THE HISTORY OF FOUNDATION OF ALMATY INSTITUTE OF POWER
ENGINEERING

B.Zh. Kabdushev *, M.D. Dakenov, S.Kh. Baydildina*

Non-profit joint-stock company "Almaty University of Power Engineering and Telecommunications
named after Gumarbek Daukeev"”, Almaty, Kazakhstan
e-mail: b.kabdushev@aues.kz s.baidildina@aues.kz

Abstract. The Institute of Power Engineering was established as a faculty at KazPl and then as a separate
Higher Technical Institute. It deals with the individuals who contributed to the foundation of the Institute including the
Heads of the departments and the statesmen of the Republic of Kazakhstan. The information is given based on the
archival documents on the organization of the faculties, departments, administration and enrollment of the students by
the specialities. It describes the work on the opening of the laboratories, preparatory courses for the admission of the
students and the organization of the industrial training at the enterprises. The opening of the new branches of the
institute in the cities of Tselinograd and Uskemen is also stated. It is noted that in a short time the AEI has become one
of the leading universities in the Central Asia and the third Institute of Power Engineering in the USSR.

Key words: KazPTI, faculty, Heat Power Engineering, department, laboratory of the electrical machines,
Industrial training.
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BECTHHE BOITPOCHI BBICHIEM IKOJIBI,
Ja/v/3/c} NMHHOBALMOHHOE PAZBUTHUE BBICHIEI'O
OBPA30OBAHUA
VJIK 004.93712

MAHJAJTAHYIIBUIAP PEUTUHI TEPIH TAJIJIAY YIITH
AKITAPATTBIK )KYUE MOJAYJIH KACAY

I'.T. banakaeBa, K.A. AKmbIp3aeBa*

On-Dapabu ateiHaarel Kazak ¥ ATThIK yHUBepcHuTeTi, AntmaThl, KazakcraH,
e-mail:akmyrzayeva.aizhan@mail.ru

Anoamna. JKOO-ubiy Kbizmemin UHOUKAMUBMIK HCOCHAPAAY JHCIHE pellmuHemiK 0aeanayovly aKnapammolk,
orcyiecin azipney oicone eneizy, KOO-uviy iwki 6usnec-yoepicmepin Oipikmipyee MYMKIHOIK 6epemin ukemoi JicoHe
ayKbIMObL aKnapammol Jicyleni Kypy 6oavin mabwvinaovl. CouvbiMeH Kamap, MOHUMOPUHZ NeH Manoayovl dcyseze
aceipy, Hamudicenepee Hezizoenzen OACKapy MYdCbIPbIMOAMACLIHOA OPMaA MEP3IMOI UHOUKAMUBMI HCOCNAPAAYObl
yubiMOacmuipyobl Jdcane npopeccopivik-OKblmyubliblK KYPAMbIHbIY, Kagedpanap meH (hakyivmemmepoiy Kblzmemine
iwki peumune 6epy. By dicytie H#co2apbl 0Ky OPHbIHLIH bLILIMU-OLTIM 6epy Kbi3MemiHil opma Mep3iMOi UHOUKAMUSMIK
AHCOCNAPLIH  JCIHE  NPOPECccOP-OKbIMYWbIIAD — KYPAMbIbIY, Kageopanap MeH akyrvmemmepoiy —peumunein
KAbINMACMbIPY2a HCIHe Manoayea ApHAIEaH.

Tyiiin ce30ep: Peiimune, ananus, MOHUMOPUHS, UHOUKAMUBIE HCOCNAD

Kipicme. YKorapsl 0Ky OpHBIHBIH KBI3METIH Oarajay KOPCETKIIMITEPiHIH KOMTIriMeH, KapKbIHIIBI
©3TepeTiH CHIPTKBI OpTaMeH, xahaHJaHyMeH jkoHe OiliM Oepy HapBIFBIHIIA OTKIp 09CEKeNeCTIKTIH 00IybIMEH
cUNATTaJaThIH Ka3ipri jkarjaiiapaa Korapbl OKYy OpPHBIH OacKapy Maceesepi IueseHicim, OutiM Oepy
camachlH apTThIPY, OKBITYIbIH Ky3bIpeTTi yirinepiH icke acwlpy j>KoHEe HOTWKere OarmapiaHraH Oackapy
JKYHECIH Kypy MiHAETTepi 63¢KTi OOJIBIT OTHIP.

OjicteMe Oec KYMbIC TypiHeH (OKY, FBUIBIMH, €HTi3y, FBUIBIMU-JJIICTEMEINIK KOHE MOJCHU-TIPOHE)
OKBITYIIIBIHBIH JIaya3bIMJIBIK JKaTaKbICHIHBIH OIO/PKETTIK O6IriH KaJlbINTACThIpyFa Heri3nenreH. PedTuHrTi
ecenTey 0a3achl PETiHAE FHUIBIMH - TEIarOTHKANBIK KbI3MeTKep yImiH 1548 carat (258 anTel caraTThIK
JKYMBIC KYHI) BUIJIBIK YaKbIT OFOJDKeTi KaObuIIaHpl. JKYMBICTBIH 9pOip Typi YIIiH OoJapAbl OpPBIHAAYIIBIH
JKOCTIapIIaHFaH YaKbITHl OenrilieHreH. bysl perTe OKBITYIIbl KYHTI30€TIK Kb ilIiHIe OpbIHIAyFa MIHIETTI
OKY XYMBICBIHBIH YJIeCi yakbIT OrokeTiHiH 58% — BIH Kypaiabl, FRUIBIMH >KyMbIc-13 %; MemileKkeTTik
OFO/IKETTIK JKOHE IApyallbUIbIK KEeTiCIM-IIAPTTHIK FHUTBIMU d3iplieMeliepiH HOTHKENEPiH OHipicKe eHri3y
OoiibIHIIA JKYMBICTAp-9 %; FBUIBIMH-OMiCTEMENIK >KyMbic — 11%; MomeHH-TopOue xymbichl — 9%.
YxpauHaHblH ¥JITTHIK ArpapiiblK YHUBEPCUTETI OKBITYILIB YIIIH JKYKTEMEHIH 9p TYPiHIH YJec caaMarblH
apTTBIPYAbl HeMece a3alTylIbl KapacTbIpaabl, Oipak OapiblK KbI3MET TYPJIEPIHE XKallbl XYKTEME KeM
nerenae 1548 caraTTel Kypaybl KepekK, OyJT sKajJaKbIHbIH OFOJKETTIK OOJIIriH aayblH KaKETTI IIapThl OOJIBII
TaOBLUIAIBL.

HdupexTuBTti 6ackapy mozeni-Oyn Oackapy cyObekTici OactaraH >KyileHiH OepiireH mapamerpiepre
colikecTirin Oaranay ToptiOi. backapy cyOmekrtici e31 Oaranay cyOBeKTiCi peTiHze opekeT ereni. Mojenb
OOBEKTUTIK KaTBIHACTAPMEH, YJKEH KYII KalIBIKTHIFBIMEH JKOHE TiKelneld akmaparThlK —arblHJapMeH
cunartananel. byn perre Oackapy oObekTici Oaranay oObekTiciMeH, an Oackapy cyObekTici Oaranay
cyOBbekTiciMeH coiikec kenemi[1].

JlupekTuBTI OacKapyablH MbICAIbl PETIHIAEC CHIPTKbI OaKbLIAYABIH JSCTYPil (opMachiH KEITipyre
Oomansl. bakpuiay el Oyi1 TYpi YIUiH aHBIKTAHTBIH TPUHLIUITED:

®  Kipic KOpPCETKILITEPiH PErIaMEeHTTEY *KoHE KbI3MET HATI KEJIEpi Typajibl aKnapar KuHay;
e  KBI3METTiH OapIIBIK ACHIEKTIIEpiH Mep3iMi OaKplIay CTpaTeruschl, ""epexeci3 OnbIH".
Baranay anroputmin Oackapy cyObekTici Oenrineiai >koHe, 9AeTTe, KeH KOFaMABIK TaJIKbUlay MEH
e3repicTi Ounmipmeiini. baramay pocimiH Tikeieil opbIHIAyLIbLIAP PETiHAC OacKapy CyOBbeKTICiHIH (bacKapy
OpraHJIapbIHBIH) OKIJIETTi OKiIIEPi KaThICAIBI.
Baranay TopTi6i ogeTTe yII Ke3eHHEH TYpabl:
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e xocmapiay (3KOCTapAaH THIC PACciM A€ OOIybl MYMKiH);
e o3iHmik Oaramay (KepTiTIKTI kepiepaeri 0akpuiay);
®  KOPBITBHIH/BI IIBIFApYy.

AKIII-tarer MyFramiMmepnaiH KYMBICBIH Oaranay OKYy YAEpICiHIH camachlH KaMTaMachl3 eTyIiH
MaHpBI3ABI KypaMaac Oeiri perinae xKapacteipbiiansl skoHe AKLL yHuBepcuteTTepi MEH KOJleKaepiHAeT
OeJ1iM OaCIIBICHIHBIH €H KHUBIH JKOHE MaHBI3IBI KBI3METTEPiHIH Oipi O0BITT TaOBLTAIEL.

Bbyn wmingerti memy XXOO - HbIH 0OocekenecTiK YCTaHBIMAAPBIH KYIICHTyre OHE OepiireH
KepceTKilTepre KON JKeTKizyre, (akynprerrep, Kadenpaiap MeH OeiniMiuenep OOWBIHIIA COHFBI
OpBIHIAyIIbIIapra - mpodeccop-okpiTymsmiap KypambiHa (IIOK) mbFaTeiH — KepceTKimTepiH
JIEKOMIIO3HUIIMSACEIHA OaFbITTAIFAH HAKTHI JKOCHapiayra Herizmenyi twic. bynm karmaiima JXOO-HBIH
aKmapaTThIK JKyieciHiH Oackapy memimMaepin KaObuiaay YIIiH KOJ JKeTKi31IreH KOpPCeTKITep MOHUTOPHHT
KYpaJTbl )KoHE JIEPEKTEP TeHEPATOPBI PETiHAETI pei KypT apTanbi[2].

baranay TeXHOIOTHSIIAPBIHBIH Ccalla KOPCETKIMTEPiH 00Ty KoHe Kypalaaphl Maiiiatanpurad Oaranay
TEXHOJIOTHsUIaphl OOWBIHIIIA KecTe KYpyFa >KoHE MyFaliMIepIiH KociOuM KbI3METiHIH camachlH Oarajay
YZAepiciHae onapabl KOJNJaHy MepcreKTUBaIapblH aHbIKTayFa MyMKIHIIIK Oepe/ii.

Kacibu Kp13MeT canaceiH Oaranay TeXHOJIOTHSIIAPBIH CABICTHIPY |-KecTene KOpCeTUITeH:

TexXHOIOTUSHBIH baranay TexHOTOTrUIHBIH Maoacenenepai TexHOoTOTUAHBIH
aThl TEXHOJIOTUACHIHBIH CEHIMIOUTIK 11(S113'2111: JKABIHTHIK cara
OHBIH KepceTKimTepi TEXHOJIOTHSICHIH KepceTKimTepi
MPUHIIATITEPiHE YCBIHY
COMKeCTITriHIH KepCeTKiImTe-pi

KOpCeTKimTepi
PeiituarTi 0,9 0,7 0,43 0,67
Oaranay
CapanraMaibik 1 0,8 1 0,93
Oaramay
O3iH-031 0,6 0,5 0,5 0,53
Oaranay
Crynentrepai 0,6 0,6 0,05 0,4
Oaramay

1-xecte. KociOu KpI3MeT canachlH Oaraiiay TEXHOJIOTHSIIAPHI

Kecrenen kepiHin TypraHmaid, eH >KOFapbl MYMKIHIIKTEp capanTaMaiblK >KoHE PEeHTHHITIK Oaraiay
TEXHOJIOTHSUIApbIHA Me. Byl Kaszipri Ke3zmeri TeXHOJOTHSUIAapAbl €H TEPCHEKTHBAIBI eTedl JKOHE OJIapibl
YHHUBEPCUTETTETT TPO(eccCOpIBbIK-OKBITYIIBUIBIK KYPaMBIHBIH KoCiOM KBI3METIHIH camacklH Oaranayra
YCBIHYFa MYMKiHIIK Oepeni [3].

Moaeanaep. Mogenbain Mbicaibl Metdeccens med Muxasib yebiaran "Eight-stage evaluation process”
(ceri3 caThUIBI MOJIENB) OOIBIN TAOBLIAIBL:
e Oarayiay paciMiHe OYKUIT YKbIMJIBI JKOHE OUTIM Oepy yiepiciHe KaThIChl Oap amamiapibl Tapry;
MakcaTTap MEH epeKIiie MiHACTTEP i alKbIH/IAY;

e  YKBIMIBI Oarajnay yAepiciHe naiblHAay )KOHE HACUXATTay;

e ouuiey KypajJapblH TaHIAY;

®  [EJarorvKajIbIK OJIley KYPri3y;

®  aJIbIHFAH HOTHXKEJICPl Tajiiay;

®  HOTIDKENEpP/Il TYCIHIIpY (CaNbICTBIPY, KOPPEISIIHUs KoHE T. 0.);

e OarjmapiaMaHbl JKETUINIPY JKOHE MakcaTTap MEH MIHIETTepli TYy3eTy YIIiH YChIHBIMIAp

pecimuey.

«HankaTBTI Kocmap» imIKi OKyileci jkocmapiay MeH OakpUIayAblH HETi3rl MiHAETTepiH
opeinaaiapl, «IIOK peliTuHrici» OKBITYIIBUIAPABIH FBUIBIMH JKOHE OiniM Oepy KbI3METiH Oarayaiifibl, ai
«Tampgay» 1imKki Jkyileci akKKpemuTTey KOPCETKIIITEepI MEH YITTBIK PEHTHHTTEPAiH TalanTapblH
KaHaFaTTaHABIpAaThIH  OEKITUINeH KeHmIeHJI HMHIUKATOpJapFa CoWKec YHHBEPCUTETTIH JKaFrIaiibIH
JIUarHOCTHKaJay JIepeKTepiH allyFa MYMKiHIIK Oepeni [4].
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Epkin Garamay monenbaepi. by skarmaiina 0i3 OaranayaplH OeipecMH TociiaepiMeH CHUIATTalIaThIH
Oaramay MoJeni Typaisl alThII OTHIPMBI3. byn Monenpaep Oaramay KepceTKilUTepiHiH (opmaibabl
CUITaTTaMacChIHBIH OOJIMaybIMEH J>KOHE KOPBITBIHIBI MHICHIIMII aly oicTepiMeH cumarTanaipl. OJeTTe,
onapnblH OapibIFel Oaraiiayra KOrapbl OUTIKTI MaMaHAapAbl TapTyFa Herizgenred. Ochuiaiilia, MBICAJIBI,
Hupepnanneigarel yHUBEpCUTETTEPAl aKKPEIUTTEY KE3iHAE capanTaMaliblK Oaranay >Ky3ere achblpbliabl.

dopmanpasl Oaranay oficTepiH KOKKa LIbIFapy OiumiM Oepy JKyileciH Teme-TeH emec, ©3iH-031
JAMBITATHIH, ©31H-631 PETTEHTIH XKYie peTiHAe KapacThIpyMeH OailaHBICTHI, erep Oaranay SficTepi MyMKiH
0oca, OH/Ia MaTEMaTHUKAIBIK eCenTeylep eMec, kymcak'" amictep MeH "eHrizinreH Ooaxputay'[S].

INOK kpI3MeTiHIH camacklH Oarajayia OChl TOCUIAIH OOBCKTHBTLIITIHE KYMOH KENTipreH jKarmahaa
epkiH Oaranay MOelli eTe KeH KoJJaHbIcKa we. "YHaWapl — yHaMmaiael" aereH mikip Qopmamuzainusra
OepinmMetimi, nereaMeH, KaapibIk memiMaepaid KOIIijIiri, oKiHIIKe opai, OChl HeTi3/e KaObIIaHa bl

Epkin Oaranay Mojeni KOJIaHyIBIH 9p TYpii opManapbiHa oHE KOJAAHYIBIH KEH ayKbIMbIHA He:
CyOBEKTUBTI OaraliaylbIH TOJIBIK EpKIHIIMIHEH OacTam capanTaMaiblK Oaranayibl CaHJIBIK KOPCETKIIIKe
ayJapyablH eTKer-Ter kel oficine AediH ue. OferTe, o OaranayablH (KYHeH! KalTbIITacThIPYIbIH) jKaHa
HBICAHJIAPBIH €HTI3y Ke3iHae Hemece OaranaynblH (KYHEHIH TYpPaKThl JKYMBIC iCTEyl) JKETKUTIKTI YJIKeH
ToXipuOeci Ke3iHae KoIaHbLIaabi[6].

KOO-merg TIOK, dakyneTerTepi MeH Kadenpanapbl KbI3METIHIH camacklH Oaranay Oackapy
KbI3METTepiHiH Oipi Oombim TaObutazpl. backapy TeopwschIHIA >KaNIbl KaOBUINAHFaH KBI3METTEPIIiH
OpKalCBICBI-KOCTIApiay, YHUBIMAACTBIPY, BIHTAIAHABIPY, OaKbUIAyAbIH ©3iHIIK MakcaTTapbl, Ma3MYHBI,
(dopMamapsl MEH HOTIXKENepl Oap JKoHEe SpKaMCHICHI 63 Ke3eriHae Oenrini Oip anropuTMre coiikec xysere
aceIppuTaAbl. MeIcanbl, Oakpulay KbI3METi OaKbLIayIbIH MaKcaTTapbIMEH, Ma3MYHBIMEH, HBICAHAapbIMEH
aHBIKTAJaAbl koHe Oenrim Oip HoTmkenepre ue. CoHbIMEH Oipre Oackapy KbI3METI peTiHIe Oakpuiay
JKOCTIapJIaHaIbl, YHBIMIACTHIPBUIAJIbI, BIHTAIAHIBIPBUIAIBI JKOHE OaKbUIaHaAbl (SFHU, OyJ JKarmaiimga 0i3
Mera-0aranay Typaibl alTBIIT OTBIPMEI3).

OpOip GYHKIMSHBIH THIMIUTITL OLTiM Oepy KBI3METIH KoHE JKaNIBI O1TiM Oepy KYHEeCiH KeTUaipyre
BIHTAJAHIBIPY OOJIBI TAOBLIAIBI )KOHE 1aMy Ibl MAKCATThI ©3Tepic peTiHae aHbIKTaiabI[7].

Typmi enmepmeri IIOK KpI3MeTiHIH camacklH Oaranay[elH NPAKTUKAIBIK TOKIpHOECiH Tanmay
Oaranay TopTiOiHiH Oec MOJIENiH 06N KepceTyre MyMKIiHIIK Oeperi:

e JlupeKTUBANBIK OacKapy TOpTiOiHIH MOJIeNi;

o CastbicThIpMAaJIbl Oaranay paciMiHIH MOJIENI;

o [pikTeMerni Garaay paciMiHiH MOJICIIL;

e MeTta-0aranay TopTiOiHIH MOEIII;

o [[ukiapIk Oaranay TipTiOiHIH MO,

PoGepr I'masepmin "teaching — learning-evaluation model" (OKbITY »9HE OKBITY YIepicTepiH
Oarayiay MOJIeJIi) MOIEIIiH Haljananyra 0osassl. By Mojenb iy ToH Oenriepi:

® OKBITYIIBIIAD MEH OUTiM aTylIbUIapABbIH JKEKeJEeTeH TYJIFajlapbl MEH TONTApPBIHBIH JKaJIIBl JKOHE
epexkiie 6iiM 6epy MaKcaTTapbl MEH MiHIETTEpiH alKbIHIAY;

® OKBITYIIBLIAP MEH OLTIM ayIIbIIAPAbIH MiHE3-KYJIKBIHBIH MAPTTHUIBIFBIH aHBIKTAY (TEK KYHeilimiK
KepCeTKilTepre CyHeHe OThIPbIN);

® OKBITY/IBI Oaranay (TeJaroruKaiblK TEXHOJIOTHsIIap, aknapaTr oepy Tocini, OKy mMarepuaigapsl MeH
OKBITY KYpaJiaaphbl, Kepi OaiiaHbIC ajay aaicTepi);

e HOTWOKeJIepAl OipiHINI yII Ke3eHIe CoHKecTiriH Oaranay: MakcaTTapAbl, IIAPTTapAbl aHBIKTAY,
NPOLECTi YIUBIMAACTBIPY.

MoenbaiH KYHIBUIBIFBI-0YJT OlliM Oepy »KYHeCiH TYTacTai ajiFaH/ia KYPbUIBIMJBIK JIEMEHTTEP MEH
OaitmaHbICTapbIH OIpiiiri, coHpai-ak Kepi OaiaHbicKa OarbITTaJIFaH, MaFbIHAJIBl JKOHE IPOTrPECCUBTI
KO3FaJIBICTAFbI KY€ peTiHae KapacTelpalbl. by cypakrapra sxayan Oepyre MyMKiHIIK Oepeni:

® KaH/[ail MiHJETTep KOWBLIIbI;

® KaH/all cTpaTerusi MeH paciMaep KOJIAaHbUIIBL;

e OyJ1 IpoLieAypanap KaHIAIBIKT THIMAI KOHE THIML;

® MaKcaTTapFa KAHIIAIBIKTHI THIM/II KOJI )KEeTKi3LIIi.

Huxnnik Oaranmay Mozaemnmi-Oyil >kyHenmi imKi jKoHE CHIPTKbI Oaranay pocimi. Mogenb cyOBekT -
CYyOBEKTITIK YIDKAKThl KaThIHACTAPJBI, TIKENEH J>KOHE Kepl aKmapaTThiK aFblHAApHbl, opOip MUK
asKTaJlFaHHaH KeHiH Oaranay >KyieciH keTinaipyai (c-Ty3ery) ke3aenai[§].

Byn Monenp anmbiHFBI MOZENBACPIiH MYMKIHAIKTEpiH KaMTBIIABI JXOHE KeJeci MPHHIUNTEePIi
’KUHAKTa/Ibl:
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e GaranaynblH OacTaMaIbICkl Oackapy cyobekTici (0ackapy opraHbl) O0TaIbI);

® 3iH-031 TEeKCepy JKYPri3y JKoHE OHBIH HOTWKENEPIH CHIPTKBI capamnrTama TipTiOiHIH Heri3i peTiHpae
naianasy;

® KeH aKaJeMIUTBIK JKYPTIIBUIBIKTEI OaFanay pociMiHEe capamiibUIbIK KOMHCCHsUIAp MEH ©31H-031
TeKCepy KOMUCCHUSIIAPBIHBIH MYLIEIIEPiH TapTy;

e 0ip MekeMeHiH (OKBITYIIBIHBIH, KadeapaHblH, (akymbTeTTiH) IIIKi JKOHE CBIPTKHI Oaramay
HOTIXeJepiH ockl Oeifingeri 6acka MexkemenepAiH (OKbITYMIBUIAPBIH, KadeapanapasH, GaKylbTeTTepliH)
Oaranay HOTKEIEPIMEH CANBICTHIPY;

e Oarajay HOTIKeNepi OoibIHIIA OacKapyIIBUIBIK IIemiM KaObaay[9].

Ananus. 1-cyperre kenripinreH «HAMKAaTUBTI Kocmapy iIIKi KyHeHiH KOHTEKCTIK AMarpamMMachl
CUMATTalfaH >KYMEHIH MaKcaThlH KepCeTeli: YHHUBEPCHUTETTIH FBUIBIMH JKoHE OiliM Oepy KbI3METiH
WHAWKATHUBTI )KOCIapiay yJepiciHe )KaH-)KaKThl aKIapaTTHIK KOJIIay KOPCETY.

Kasarcran Bacrin GarerrTap
Pecmyfonmcack:
Bimm ®aHe FEUEIM
erpuiri
YVHHEEHCHTETTENDE
HOPMATHETIE
EYEATTAPE] ¥
: > _ . — - —
[TOK, peHTiHr Typame! epexs «VMHAMKATHET! HOCTIApY AFTIApaTTEL, EyHec YHHBECHTET [IEH 6emme_nep;m{
n CTPATETHANEE, HENHKATHET HOCIAPE]
Lal
YHHEEpPCHTET PECYRCTAPEL . >
» [TOF, mHmaTHETL HOCTApE]
) o A >
VHHBERCHTETTH KasyTl Karaik] Ecentep
Capantama |, ANIEpaTTS e
xovmccrAce: | MAMEH PATTRN R

1-cyper. « IHAMKATHUBTI JKOCTIapy 1MIKi )KYHECiHiH KOHTEKCTIK TharpaMmmachl

YHHUBEPCHTETTIH FHUIBIMHU oHE OUTiM Oepy KbI3METIH jKocmapiay Kelieci MpoNecTepleH TYpajbl:
OKBITYIIBIHBIH JKE€KE WHIUKATHBTI KOCIApBIH KAJIBINTACThIpY, Kadeapamap MeH (aKyJIbTeTTepIiH
MHIMKATHBTI )KOCTIapJapblH KYPY, KYPBUIBIMIBIK OeiMIIenepIiH HHANKATUBTI )ocnapnapbiH Kypy[10].

JKy¥ieHiH Heri3ri KbI3MeTTepi:

e NalijjananylbliapFa WHIUKATHBTI JKOCTapiiap MEH peUTHHr mnpoduiblaepiHe KO IKEeTKi3yai
YUBIMAACTHIPY;

® MHIMKATHUBTI JKOCIIap MEH PEUTHHITIK cayajlHaMaHbIH KYPBUIBIMBIH MKEMI, MaciuTaOTsl Oackapy
(xocy, pegakuusiay, apXuBTEY )KOCIAPBIHBIH HHANKATOPJIAPbI / PEHTHHITIK aHKETa);

® KYHEHIH KYMBIC pexXiMIepiHEe KOJI JKETKi3y KYKBIFBIH OpPTaJIBIKTaHABIPBUIFAaH OacKapyabl
yibIMzaacTeIpy (>kocmapiapabl / cayaliHamalapAbl TONTHIPY, OaKbUIay jKoHE Kapay pexkuMIepiH amry / xaly);

o MHIUKATOp (popMynanapblH KOJNJaHa OTBIPHIN, MOHJIEP/l aBTOMATTBI €CeNTey i iCKe KOCY apKbUIbI
UHTETpalMsJIaHFaH KyHelep YIIIH MOJIMETTep/i KOHBEpCHsIay TNpOIEAypaiapblH aBTOMATTaHIBIPY
(MHOMKATHBTI JKOCTIapiay YILiH - MOHJEP, PEUTHHITIK cayajHaMaiap YIIiH - Oanigapasl ecenTey);

® MHIMKATHUBTI KOCHapyap MEH PEUTHHITEPAIH XKal-KyHiH Tangay »oHE MOHUTOPUHT (KOCHapJiaHFaH
HOTIXKETe KOJI )KETKI3y MHAEKCI, pEUTHHT MPOQUIIbAEPiHIH PAaHKUHT);

e OakplIay Ke3eHIHJIETT MHIUKATOPIAP/IbIH Kal-KYHi Typaibl aKImapaTThl Keien 0epy MYMKIH/IIT;

® MOJIIMETTEP/II KOpceTUIreH hopMaTTa OIpbIHFal JIePEKKOP/IaH IKCIOPTTAY.

Ochl aKmaparThiK KYHEHIH 9iCHAMaJIbIK HETi31 0OJIbIT TaObUIATBIH YHUBEPCUTETTIH FHUIBIMU JKOHE
Oinim Oepy KBI3METiH MHJIUKATHUBTI JKOCIapiay Kelieci TOPT MpoIieAypaHbl )Ky3ere achlpy/bl KapacThIpaibl:

1) pecnyOnukanblk OuniM Oepy KyHeciH JaMBITYJBIH CTPATETrHsUIBIK KOCIAPBIH €CKEPe OTBIPHII,
YHUBEPCHUTETTI OpTa MEP3iM/Ii K€3CHTE TaMBITY IbIH CTPATETHSUIBIK KOCTIAPBIH 93ipIIey;
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2) CBHIPTKBI KOHE IIIIKi OPTAHBIH SPEKINEIITT TYPFBICBIHAH YHUBEPCUTET KbI3METIH TaJIIay;

3) yHuBepcUTeTTe KaObUIaHFAH HOTIDKENCpre HETIi3feNreH 0ackapy TYKbIpbIMIaMachl HETi3iHze
opTa Mep3iMIi Ke3eHIe apHalfaH WHIUKATHBTI KOcCTHapiapAbl KYpy; PEUTHHITIK MHIUKATOpIAp KYHECiH
JIAMBITY YKoHE bIHTAJaHIBIPY MEXaHNU3MI PETIHE PEHTHHT KYHeciH OeKiTy;

4) yHUBEpCUTETTI AaMbITy OOWBIHIIA KaObUIaHFAH CTPATETUSHBI, KOWBUIFAH MaKcaTTapra JKeTy
JIOPEeXECiH JKOHE BIHTAIAHIBIPY MEXaHM3MIEpiH MKeMJi 0ackapy apKbpUIbl KaKETTI TY3€Ty SpeKeTTepiH
(aybITKymaps1) icke acbipynbl Oaramay[11].

bipinmi mporiexypa 6ec Ke3eHHEeH TYpabl:

e MakcaTTapAbl KaJBIITACTHIPY XKOHE PeCypCTapblH IEKTEeyNIepiH Oaramay;

® YHUBEPCHUTETTET] FHUIBIMHU KOHE OKY YAEpiCiH CHMATTaWTBIH HETi3T1 KOpCeTKIIITepAiH alablH-ana
00JDKaMbl, yHUBEPCUTETTIH KOPCETKIIITEPI MEH KapKbUIBIK >KarJailblH Oaramnay;

e CICHAapWil TOCUTIH KOJNIAaHy apKbUIBI MaKcaTTapAbl aybl3Ila CHUIATTAy, OJIApAbl Tajnay >KoHE
BIIBIPATY;

® MakcaTKa JKeTy/iH CaHIbIK OJIIIEM/IePiH KAIBIITACTRIPY JKOHE TaJay;

e KOHMBUIFaH MakKcaTTapFa XeTy YIIiH [Iapajap/sl 93ipIiey jKoHe Tanjay.

Exinmni npoueaypa MbIHaNmap 6l KAMTHIBL:

® FBUIBIMH JKOHE OuTiM Oepy, OKIMIIUIIK JKOHE KAp)KbUIBIK-DKOHOMHMKAJIBIK KBI3MET TYpalibl
aKMapaTThl )KUHAY KOHE OHJIEY;

® YHUBEPCHUTETTIH OAPIIBIK PECypCTAPhIH KOHE MYMKIH pe3epBTEPiH Tallay;

® YHUBEPCHUTETTIH AaMYBIHBIH CTPATETHIIBIK 0aCHIMBUILIKTAPBIH TANJAY JKOHE aliKbIHAaY;

® FBUIBIMH, OUTIM Oepy, OKIMIIITIK OHE KapXKbLIBIK-)KOHOMUKAJIBIK KBI3METTIH HETI3Tl CaHJIBIK
KOPCETKIIITEPiHIH OOKAMBI.

YuriHmi — mpoueaypa  mpodecCOpiBIK-OKBITYIIBIIBIK — KYPaMBIHBIH,  KadeapaimapAplH — JKOHE
(bakynpTeTTepAiH PEUTHHTIH KaJbINTACTHIPY apKbUIbl OaKpulay HYKTEJEpiHIETI oiliey HOTHIKeNepi
OOMBIHIIIA PEUTHUHITIK KOPCETKIIITED KYUECIH peTTey apKbUIbl KYHEHI KaXeTTi Kyire KelaTipyre MyMKiHIiK
Oepeni [12].

by xarmaiina Oi3 imKi 3epTTey HOTIDKENEpiH ipikTen Oakpuiay HerisiHae Oaramay TopTiOi Typaiisl
ANTBIN OTBHIPMBI3. BYJT MOJIENBIIH aJIJIBIHFBI MOJICIIBIEP/ICH TYOCTeiI albIpMaIIbUIbIFbI-0araay mpoleciHae
CyOBEKTUBTI KaThIHACTAP JKOHE ©31H-031 Oaranay paciMiHiH OOYHI.

O3iH-e31 Oarajay mpouexypacbl OepUIreH KepceTKimTepli ' KbUIThIpaTyMeH" mekTenmenni. by
MoJIeJIbJIeTl ©3iH-031 Oarayay OiiM Oepy KbI3METIHIH HOTHXKEJEpIH iIKi OaKbuiay, OHBIH €H aJlJbIMEH
YHHUBEPCUTET YIIiH MaHBI3/bI TapaMETPIICPiH TEPEH 3ePTTEY PETIH/IE SPEKET eTe/i.

O3iH-e31 Oaramay opTypJili MakcarTapia KOJAAaHBUIYbl MYMKiH: MEKeMEH1 JaMbITy OarxapiaMachiH
Kypy, 0ackapy KYpbUIBIMBIH OHTaWJIaHABIPY, OKBITYIIBLIAP KYPAMBIHBIH IIBFAPMAIIbUIBIK OSICeHIUTIrH
BIHTAJIAH/IBIPY, OKBITY CAllaChIH apTTHIPY, KaJApJIap/Ibl aTTeCTaTTay KoHe T. 0.

TypakTel e3iH-631 OaranaynblH KalbINTaCKaH TeTiriHe wue Ooma oThIphin, KOO-Fa CHIPTKEI
caparrtamara JalbIH/IBIK Ke3iH7e KOChIMINA Oaranay paciMIepiH JKYPri3yaiH KaKeTi JKOK.

Byn xarmaiia ChIpTKBI capanTaMaHblH Ma3MYHbI ©31H-631 TEKCEpPy HOTMXKENEpiH IpikTen Oaranay
OoubIin TabbUIaABl. ©31H-631 TEKCEpy Typalibl TEPEH erKel-TersKeilli ecen yHUBEPCUTETTIH KbI3METIHE YIKEH
CEHIM TyABIpaJbl, €H 0acTBICHI OFaH OiliM Oepy MPOIEeCiH YIbIMAACTHIPYIAFhI )KETICTIKTEP Typasbl KOCHIMIIIA
aKrmapar oepyre MyMKiHIIIK Oepe/i.

IpikTemerni Oaranay MOJCIIHIH apTHIKIIBLIBIFBI-0JI aTTECTATTay PACiMiH anibik ereai. COHBIMEH KaTap,
Oaranmay mpoueaypacsl Oackapy CyOBEKTICiHIH MakcaTTapblHa FaHa €MeC, COHbIMEH KaTap YHHBEPCHTET
YKBIMBIHBIH 1K1 OMIipJIiK MoceleNep/Ii menyaeri cyObeKTHBTI YCTaHbIMBIH BIHTATaHIbIpab| 13].

OraH MbIHAJIAp Kipei:

e KaObUIAaHFaH CTPATETHSUIBIK OaFbpITTapFa CoMKec KYpBUIFaH JKQHE KOCHapiiapAbl iCKe achIpyIbIH
TUIMJIUTITIH CUMATTAWTBIH KOHE WHJUKATUBTI WHAMKATOPIAPIBIH YKOFApFbl INETiH OENTiIeUTIH MaKCaTThl
MHIMKATOpIapAbl KepceTeTiH, Qakynbrerrep / Kadeapamap / OKBITYyIIbIap ACHreWiHAE HHAMKATUBTI
KOcTapyap/ sl KIbITaCTHIPY;

® MHIUKATHBTI JKOCTIapiap/blH HETi3rl KepceTkimrepi OoibiHIIA OW3HEC-TIPOIEeCTePIiH Kal-KYHiH
OakpuIay;

® MHIUKATHUBTI JKOCTIapJIapAbl iCKe achIpyAbl BIHTANAHABIPY MEXAaHU3MI PETiHIE PEUTHHITIK Ti3iMIepai
KYpy.

TepTiHII Ipoleypara MbIHAJIAP KATAJIbI:

® AJIBIHFAH HOTIDKEIEPIl TYCIHAIPY;
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® JlaMy CIIEHApHIIEPIH KYPY;

® BIHTATAHBIPY XKYHECiH 0acKapy apKbUIBI KQXKETTI TY3eTy OpEeKeTTepiH OphIHAAY YIIiH;

¢ OoJamakka YChIHBICTap JKacay;

® FEUTBIMU JKOHE O1TiM Oepy KbI3METiHIH CTPaTEeTHsACHIH JKOHE JKaFTalbIH TY3ETY paciMIepiH a3ipiey.

YHuBepcuTeTTiH OM3HEC-TIpollecTepiH OaKbUIAyIbIH HETi3Ti MIiHIETI - KOWBUIFaH MaKCaTKa JKETY
JKOJIBIH/IAFbI «KUBIHABIKTapAbl» jKoHEe OacKapyIblH ColiKec mpobieManapblH aHbIKTay. busHec-mpouecrepai
OakpuIay MEXaHU3MI KeJleci KagaMaapaaH Typabl:

1 xe3eH - 6aKpIIay HYKTEIEPIHIET] YaKbITTH OJIIIEY;

2 Ke3eH - HETi3r KeImeHAI KOPCETKIITepre aHaJUTHKAIBIK CCENTeyep MKOHE Oakbuiay
CTaTUCTHKACBIHA COHKEC OKY MPOLECiH YHBIMAACTRIPY 16l Oaramnay;

3 Ke3eH - JKYMBICTHl YUBIMAACTHIPYIBI XKETUIAipyre OarpITTalFaH KaKETTI SKIMIILTIK-Oackapy ic-
9peKeTTepi Typaisl IenriM Kadbluiaay;

4 Ke3eH - eCeNTiK KyKaTTaMaHbl KaJbIITACTHIPY JKOHE KeJCUICKTerl YHUBEPCUTETTIH illIKi OpTachlH
Tajaay YIIiH KOJJaHBUIATHIH apXUBTI KaJIBIITACTEIPY.

YHUBEpCHUTETTIH KBI3METIH WHANKATHBTI )KOCTIapiay MEH PEeHTHHITIH aKIapaTThIK JKyieci eKi Herisri
1K1 JKyHenepaeH Typasl - « IHAMKAaTUBTI xKocnapiayy skoHe «PeHTHHT», oap MbIHANAP/IBI KApacThIPaIbL:

® MHIUKATHBTI JKOCTIAPJIbIH KEUICHI KOPCETKIIUTEpiH >KOHE PEUTHHITIK cayalHaMaHbIH YKHBIHTBIK
0anIbIK pEUTHHITEPiH aBTOMATTHI TYPAE €CEITey paciMIepiHiH O0TysI;

® UHIWKATHUBTIK JKOCHApiapAblH OpPBIHIATY [OpeXeciH Oaramay XoHe PeHTHHITIK Ti3iMaepai
KaJIBIIITACTRIPY YIIiH JepPeKTepIi MOHUTOPUHTLIEY KOHE TANJaMAIIbIK OHICY;

® UH/IMKATHUBTI )KOCHAP/IbIH KYPhUILIMBI MEH Ma3MYHBIH HKEMJII OacKapy;

e OakplIay MyHKTTEPIH/ETI MHIUKATOPIAP/BIH Kal-KYHi Typalibl akapaTThl xKelen 6epy MyMKiH/IIT1;

® TalijaNaHyIIBIHBIH MHIUKATHUBTI JKOCTapiaap MEeH peUTUHT poduibaepiHe KO )KEeTIMILTIT;

® TOJITBIPY PEXUMIIEPIH alry/kaly, )Kocnapiapra/cayaiHaMaliapFa MOHUTOPHHT JKYPri3y oHe Kapay
0eJIiriHIe TONTHIK KOJI KETKi3y KYKBIKTAPbIH OPTAIBIKTaHABIPBUIFaH OacKapy;

e IepeKTeplli KOHBEPCHsUIAy TPOLEAypaNapblH aBTOMATTAHIBIPY JKOHE JepeKTepAl OenrineHreH
¢dopmarka 3KcriopTTay MYMKIHTIITI[ 14].

MakcaTka KOJI JKeTKi3y WHICKCiHeH 0acKa, MOHUTOPHUHT JKYHeci asChIH/Ia KOPCETKIIITEPIiH HAKThI

MOHiHIH JKOCTIapJIaHFaHHAH ayBITKYBIH OaKbpuUIay Kepek (3-cyper).

QA

t1 12 t3 t4 t5 t6 t
Kyzri cemectp ~ KexTemri cemecTp

3-cypet. UnanKaTopiapaslH HAKTHl MOHJIEPiHIH XKOCHapJiaHFaHHAH aybITKYbIH IpadUKaIbIK
TYCIHAIPY

"PefiTuHr" Kimi skyiieci OKbITYIIBIFa/KbI3METKEPre PEHTHHITIK cayalHaMaHbl XoHe 0acKa 1a KaKeTTi
KY)KaTTap/bl KaJbIITACTHIPYFa JKOHE TOJITBIPYFa, KApacCTHIPBUIFAH PEHTHUHITIK Oaluigapabl koHe T. O.
ecenteyre, an Oacuibuiapra — kKadenpa, (akyiabTeT O6IiHICIHIAE cayajiHama TYypiiepi, KbI3MET TypJepi
OOHBIHIIA OKBITYIIBIHBIH PEUTHHTIHE TaNay XKYprisyre MyMKinzik Oepeni[ 15].
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KopbITbIHABI. PelTHHTTIK XYiie O6enrisi Oip OKBITYIIBIHBIH, KadenpaHblH, AeKaHATTHIH, 00JIMHIH
YHHUBEPCUTETTI JaMBITYABIH CTpPaTeTHAJIBIK MakcaTTapblHa KOJI JKeTKi3yJeri yieciH Oaramay Kypabl,
COHBIMEH KaTap OJapIblH JKYMBICHIHBIH MAaTepUANIbIK MODPAJbIbIK BIHTAJAHABIPY MEXaHU3Mi OOJIbII
TaObLIa b1, OYJI OJAP/IBIH JKYMBIC CaIlaChIH jKaKCapTyFa AETeH KbI3bIFYLIBUIBIFBIH apTThIpaasl [4].

CoHIBIKTaH PEUTHHT JKOHE TaJl[ay JKYHECIHIH HEeT13T1 MiHACTTEPI:

e Oackapy LemimMaepin KaObliay YIIiH yaKbITBUIB )KOHE CEHIM/II aKmapar ainy,

® YOKBIMHBIH ©31H/IIK JKYMBICHIHBIH THIMIUIITIHE CBIHHM, alllbIK TaNJay JKacay apKbUIbl YHUBEPCUTETTIH
KbI3METi MEH AaMYbIH KETUIIIpY;

® VHUBEPCHUTETTIH CTPaTETWsUIBIK MIHAETTEPIH IIENIyre >XoHe PEeUTHHTIH KeTepyre OarbITTalFaH
OapiBIK KBI3MET TYPIEPiH )KaHIaHABIPYFa BIHTATAHABIPY KYHECIH KYpY;

o (hakympTeTTEpAiH, KadeapamapablH, OKBITYIIBUIAPABIH THIMAUIIK JeHreiiH Oaramay MeH
OaxpIIayIbIH OIpBIHFA HHTETPAIIBI OJIIEMIEPIH Ay,

® KbI3METKEPIIEPAiH KICiOn ecyi YILIIH kaFaai skacay, 0ackapy KaJpiapblHbIH PEe3ePBiH KaIbIITACTHIPY
JKOHE CTPATeTHsUIBIK MakcaTTapra KON JKETKI3yre JKeKe YIECiH ecKepe OTBIPBIT MpodeccopibIK-
OKBITYIIBUIBIK KYPaMIbl aJIFa YMTBULIBIPY JKOHE JKaJIbl yHUBEPCUTET PEHTHHT1H apTTHIPY;

® )KOFaphl OKY OPHBIHBIH JKalbl KbI3METiHIH, (paKyIbTeTTEpiH, Kadeaparap MEH OKHITYIIBLIAPIBIH
THUIMIUTITIH THHAMIKA/Ia KOPCETETiH MaTiMeTTep OaHKIH KaIBIITACTHIPY.

"PefiTuHr" Kili skyiieci OKBITYIIBIFa/KbI3METKEPre PEHTHHITIK cayaTHaMaHbl XKoHe 0acKa /1a KaKeTTi
KYKaTTapAbl KaJbIITACTBIPYFa JKOHE TOJTBIPYFa, KapacTHIPbUIFAH PEHTHHITIK Oamuigapabl >koHe T. O.
ecenreyre, an Oacmbuiapra — kadenpa, (akynpreT OelnmiHICIHAE cayadHama TYpJiiepi, KbI3MET Typiepi
OOMBIHINA OKBITYIIBIHBIH PEUTHHTIHE TANJAY.
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DEVELOPMENT OF INFORMATION SYSTEM MODULE FOR USER
RATING ANALYSIS

G.T. Balakayeva, A. Akmyrzayeva*

Kazakh national university named after Al-Farabi,Almaty, Kazakhstan,
e-mail: akmyrzayeva.aizhan@mail.ru

Abstract. In the article the development and implementation of information systems for indicative planning and
ranking of the university's activities are described. The author has created a flexible and complex information system
that allows integrating the internal business processes of the university. Monitoring and analysis, the organization of
medium-term indicative planning within the framework of the concept of results-based management and the internal
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rating of the activities of the teaching staff, departments and faculties were carried out in this system. It is intended for
the formation and analysis of a medium-term indicative plan for the scientific and educational activities of a higher
educational institution and the rating of the teaching staff, departments and faculties

Key words. Rating, analysis, monitoring, indicative plan

PA3BPABOTKA MOJIYJISI ”THOPOPMALIMOHHOM CUCTEMBI 1151
AHAJIN3A PEUTUHI'OB IIOJIB30OBATEJIEN

I'. T. banakaeBa, A.K. AkmbIp3aeBa®
Kazaxckuii HalMOHANBLHBIN YHUBEPCUTET UM. anb-Dapadbu, Anmarel, Kazaxcras,
e-mail: akmyrzayeva.aizhan@mail.ru

Annomayus. Paspabomka u enedpeHue UHDOPMAYUOHHBIX CUCEM UHOUKAMUBHOZO NIAHUPOSAHUA U
pelimuneosanus 0eamerbHoCmu 8y3a, co30anue 2UOKou U KOMNIEKCHOU UHGOPMAYUOHHOU CUCmeMbl, NO3601AI0ufell
uHmespuposams sHympeHHue obusnec-npoyeccol 8y3a. Kpome moeo, ocywecmensaemes ocywecmeneniie MOHUMopuHaa u
AHanU3a, OPeaHU3AYUS CPEOHEeCPOUHO2O0 UHOUKAMUBHO2O WIAHUPOBAHUS. 6 PAMKAX KOHYenyuu YnpasneHus,
OPUEHIMUPOBAHHO20 HA Pe3YTbmam, U GHYMPEHHe20 Pelimunea OesmerbHOCmU npopeccopcKko-npenodasamenbCKo2o
cocmasa, kagedp u axyrememos. JJanHas cucmema npeoHasHayeHa 01 POPMUPOBAHUS U AHAIU3A CPEOHECPOUHO20
UHOUKAMUBHO20 NAAHA HAYYHO-00PA308AMMENbHOU  OesMETbHOCU  BbICUE20 YUeOH020 3a68edeHus U  pelimuned
npogeccopcko-npenodasamenbcko2o cocmasa, Kageop u axyibmenos.

Knrouesvie cnosa: peiimune, ananus, MOHUMOPUHS, UHOUKAMUGHBIU NIAH
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BECTHHE BOITPOCHI BBICHIEM IKOJIBI,
Ja/v/3/c} NMHHOBALMOHHOE PAZBUTHUE BBICHIEI'O
OBPA30OBAHUA

I'PHTHN 44.01.81

BUPTYAJIBHBIE JIABOPATOPHBIE PABOTbBI KAK ®OPMA
JANCTAHIIMOHHOI'O OBYYEHUA

C.I'. Xan, XK.C. TaeyoaeBa, A.FO. 'unasitoBa
HAO «AnmaTHHCKUI YHUBEPCUTET YHEPTETHKU U cBsi3u uMeHH ['ymapbeka JlaykeeBa»

r. Anmatsl, Kazaxcran
e-mail: s.khan@aues.kz

Annomayusa. B cmamve 060cno8ana akmyanbHOCHs UCHOIb308AHUSA BUPMYATLHBIX 1AOOPAMOPHBIX pabom Kax
PopMbl OUCMAHYUOHHO20 0OYUEHUs, YMO, HECOMHEHHO, ABNAEMCS BANCHBIM ACNEKMOM Yupposuzayuu 06paz06aHus.
Paccmampusaromea memoovt paspabomku  upmyanibHbix 1a00PAMOPHbIX pabdom u ux 6blNOIHEHUEe 6 pedcume
oucmanyuonno2o  obyuenusi. Paccmampusaemcs  cpeda  epaghuueckoeo  npocpammuposanus —LabView  kax
nPeonoumumenbHolll UHCMPYMeHm O paspabomKu GUPMYAnbHuIX 1a60pamopHbix cmen0os. llpusedenvl npumepbl
BUPMYATLHBIX 1AOOPAMOPHBIX pabom, paspabomanuvix Ha Kagpeope «Aemomamuzayus u ynpaeneruey AYIC.

Kniouesvie cnosa: oucmanyuonnoe obOyuenue, supmyaivhas aabopamopuas paboma, cpeda LabView,
mexHuyecKue cpeocmaa usmepenuii, Mempono2us u uUsMepeHus.

Beenenue

B Hacrosmee Bpemsa Kaszaxcran mepemien Ha JIUCTaHIMOHHOE OOy4YeHHE W3-3a BCIIBIIIKH
KOpOHaBUpYyCa, Ha3HAYEH KapaHTWH ¥ MPHOCTAHOBJIEHO O4HOE oOyueHwe. CTyaeHTaMm yA0OHO B JIaHHOM
CUTYaIluH BBIIONHATH BUPTyallbHBIE TabopaTtopHbie paboTsl (BJIP) B pexkxnMe AMCTaHIIMOHHOTO OOYYECHHS,
yAaJIeHHO OT YHUBEPCHUTETA.

[udposoe (oHaliH) 00y4eHNE NPEACTABIIAET COOON PEBOIOIMIO B TPAAUIIMOHHBIX 00pa30BaTEIbHBIX
CHUCTEMaXx, PEBOIOIINIO, KOTOpasi CO3/1ajla HOBBIE IIEJIM B YNPABJICHUU CHCTEMaMH O0pa30BaHUs, XapaKTepe
oOydeHusi, poNM TIperojaBaTeliel M BO BCEX acleKTax oO0pa3oBaTeNbHOTO Tporecca. B uucio
WHCTPYMEHTOB, HCIIONB3yeMbIX B IIU(PPOBOM OOyUEHHH, BXOJUT MOJCIHPOBAHUE peajbHBIX JabopaTopuii
WIH BUPTyallbHBEIE abopaTopun. Dusmueckue paccTOSHUS W HEXBaTKa PECYpCOB JENAIOT HEBO3MOXHBIM
MIPOBEJICHNE PEANBbHBIX JKCIIEPUMEHTOB, OCOOCHHO KOTJa OHHM CBSI3aHBI CO CJIOXHBIM OOOPYZOBaHWUEM U
npubopaMu. BupryanbHas mabopaTopusi MO3BOJSIET CTYIEHTY O€301acHO MPOBOJWUTH IKCIIEPUMEHTHI M
MOJTy4aTh PE3yNbTAThl C IOMOIIBIO0 KOMIIBIOTEpA.

BupryanpHple abopaTopuH TPENOCTABISIOT CTYJASHTaM pe3yJdbTaT »SKCIIEPUMEHTa OJHUM U3
CIEJYIOIMIUX MEeTOJI0B (MM, BO3MOXHO, MX KOMOWHaiuen). Mooderuposanue @usuueckozco seienus ¢
MOMOIIBI0 HA0OPa YpaBHEHHI U MPOBEJICHUEC UMHUTAIIMOHHOTO MOJICIIMPOBAHMUS JIUIsl TTOJYYEHUS pe3yiibTaTa
KOHKPETHOTO SKCIIEPHUMEHTa. DTO MOXKET, B JIyUllIeM CIIydae, AaTh MPHOTU3UTEILHYIO BEPCUIO "peanbHoro"
skcrniepuMenTa. [IpenocraBnenne n3MEpeHHBIX JaHHBIX AJS BUPTYAJIbHBIX JIAOOPATOPHBIX AKCIEPUMEHTOB,
COOTBETCTBYIOLIMX JIaHHBIM, paHEe IIOJIyYeHHBIM B pE3yJibTaTeé H3MEPEHHH Ha peajdbHON CHCTEME.
JucTaHIMOHHOE BBINIOJHEHHE 3KCIIEPUMEHTOB B peajbHON J1adOpaTOpUM M TNPENOCTABICHUE CTYACHTY
Pe3ybTAaTOB 3KCIIEPHUMEHTOB uepe3 KOMIbIoTepHBId wuHTepdeiic. IlpoBeneHne 5SKclepUMEHTOB Ha
BUPTYAIbHBIX JTA0OPATOPHBIX CTEHJAaX, MOJHOCTHIO HMMUTHPYIOUIUX BBITIOJHEHUE pabOThl Ha
(UBUYECKUX CTEH/IAX.

[Mocnennuit mMetom mnpuMmeHsercs Ha kKadeape «ABToMaTuzanus W ynpaieHue» AYIC mnpu
pa3paboTKe BUPTYaIbHBIX JJA0OPATOPHBIX PAOOT MO PA3IUYHBIM JUCIUILIHHAM: METPOJIOTHS U U3MEPEHMS,
Mertponorus, craHgapTH3anus, cepTudUKanus ¢ YyOpaBlIeHWE KauecTBOM; TeXHHUYECKHE CpeACTBa
n3Mepernii; ‘TexHomormdeckne w3MepeHuss ©  Opubopsr; JIWHEHHBIE CHCTEMBI aBTOMATHYECKOTO
perynupoBanusi; OCHOBBI €IMHCTBA HM3MEpPEHHMH M TeXHHYECKoe perynupoBanue; lIpoexTupoBanme
BUPTYaJIbHBIX CPEICTB U3MepeHui u npyrue [1, 2-4].
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0O0630p cymectBytomux BJIP moxazan Oompmioe pasHooOpaszue padOT W3 IIKONBHOM, BY30BCKOM
NporpaMM, peau30BaHHBIX B TaKUX CpeAax mporpammupoBanus, kak Object Pascal, Delphi, Visual Studio,
Matlab, Visual Basic u npyrux, KOTOpble UMEIOT KaK JOCTOMHCTBA, TaKk U HeAocTaTku [5-8]. Tak, Hampumep,
B mporpamme VisSim, kak u B mporpamme Matlab, HeT BO3MOXXKHOCTH BHPTYaJIBHOTO H300PaKEHUS CTEHAA,
YTO 3aTPYAHSET OLEHKY MPaBUIBHOCTH COCTABJICHHOW CTPYKTYPHOW CXEMBI, IPH HEIIPABUIHLHOM COCTUHCHUH
BXOJIHBIX M BBIXOJHBIX CHTHAJIOB NpOrpamMma He BbyiaeT omuOKy. B wmcmombszyemoii B Delphi mapagurme
dopm (Form) Bcs mHbopMamms o ¢dopme, BKITIOUas CBOWCTBA, HACTPOHWKH KOMIIOHCHTOB, 3HAYCHHS IO
YMOJYaHUIO0, XpaHATCs B exe-(aiiiie, mpudeM He oNTUMAIBHBIM 00pazoMm. B Delphi He xBaTaeT oueHb MHOTHX
cpenctB C++: He ocTaeT MAabIOHOB, NIEpe3arpy3Ku OnepaTopoB U 00beKTHON Mozaenu. B mporpammax Visual
Studio oTmedaercs BBICOKOE MOTpeOacHHE TaMmATH (Jor-Gaiasl 3aHUMAIOT MHOTO MeCTa Ha JIHCKeE);
OTCYTCTBYET aBTOMaTHYCCKOE M3MECHEHHE pa3Mepa B 3aBUCUMOCTH OT pa3pellcHHUs SKpaHa.

B nacrosmei pabote cpeacTBoM pa3paboTKu BHPTyalbHOW JabopaTopHOW paloTHI SBIsSETCS cpena
rpagudeckoro nporpamMupoBanus kommanuu National Instruments — Labview, koTopast ©UMeeT MIMPOKUI
CTHIEKTp MHCTPYMEHTOB JUIsl MPOTPAMMHPOBAHUS PA3THYHOTO KOHTPOJIBHO-U3MEPUTENHLHOIO 000pYyIOBaHUS
[9, 10]. HoctonncTBoM NI LabVIEW siBisiercsi ympaBiieHHE MPOLECCOM U3MEPEHHUSI B MHTEPAKTUBHOM WIIN
aBTOMaTH4YecKoM pexume. Jlas aHanmm3a W 0OpabOTKM JaHHBIX TMPUMEHSETCS OoJblIoW Habop
(GYHKIIMOHATBHBIX OHOJIHOTEK. B3anMoJelcTBHE ¢ OMEpaTOpOM BBITIONHSACTCS C TOMOIIBID MPOCTOTO H
nmpoayMaHHoro rpadudeckoro uHTepderica. B mureparype BcTpewaroTcst pazpaborku BJIP B cpeme NI
LabVIEW [11-15]. Oxgnako, BJIP mo pucuuiinHaM, IpUBEIEHHBIM BhIIIE, HE OTMEYEHBI.

I'padmuecknii sa3bixk nporpammupoBanus NI LabVIEW

Cpena nporpammupoBanust NI LabVIEW — HauGosee ontuManbHbIN BapuaHT i pa3padorku BJIP,
TaK KaK B HEW €CTh TOTOBbIE WHCTPYMEHTHI 10 W3MEpEHHSIM M aBTOMaTH3aluu. Pa3pabarhiBacMble
mporpaMMHBIE MOIynH HaspiBatoTcsi «Virtual Instruments» (Buprtyamsnasie WuCTpymeHTH VI), uMmeroT
pacumpenre *.vi MoxHO 0€3 3aTpyIHEHMH IPOBOOUTH SKCIIEPUMEHTHI, YIPABIATh PAa3TUYHBIMU
npudopamMu.

I'padmaeckwii s13p1k iporpammupoBanns NI LabVIEW 6Geper cBoe Hauano B 00JacTH aBTOMAaTH3AIUH
ynpaBiieHHsT U cOopa JaHHBIX. Ero 0COOEHHOCTH COCTOMT B TOM, YTO OH HCIIONB3yeT rpadudeckue
JUarpaMMbl, a He CTPOKM TEKCTa, YTO JeNlaeT ero 0ojee MHTYUTHBHO TOHSTHBIM JUIS HHXCHEPOB W
MPEBOCXOAHBIM JUTSI TAPAJLIETBLHOTO IporpaMMupoBanus [10].

Hmeercss BO3MOKHOCTh pa3MelIeHUs] Ha (QPOHT maHensx (uHTepdeiicax) BUPTYaJIbHBIX MPUOOPOB
TaKUX DJIEMEHTOB, KaK KHOIKH, MEPEKIIOYaTeIH, PYYKA PEryJIUPOBKH, JIAMIIOUKH, Tpaduyeckue MaHen!,
1ugepOnaThl U T. M., YTO CIIOCOOCTBYET BOCCO3/IaHUIO BHEIIHETO BHUJIA TPAJAUIIMOHHBIX TPUOOPOB (PUCYHOK
1).

Jloruka pa®oThl BHPTYaJIbHOTO NPHOOpa OCHOBBIBAETCS Ha CO3JaHHOM TIpaduueckoM koxe (OJ0k-
JUarpaMmme) MporpaMMbl, KaKAbIH y3el KOTOPOW COOTBETCTBYET BBITOJHEHUIO KaKOH-THOO (YHKIUH WIIH
MOCJIe0BATEILHOCTH ACUCTBUHN, HHAYE IPOLEAYPHI (PUCYHOK 2).

Kommnekr rpaduueckoro mnporpammupoBanusi LabVIEW  mosBomsier  paspalarbiBath B
JEHCTBUTETILHOCTH JTIOOBIE TPUIOKEHUS, B3aUMOJICHCTBYIOIIME C TEMU WM WHBIMH BHJAMH, THUIIaMH
anmapaTHBIX CPEJCTB, MOACP)KUBAEMBIX ONEPAIMOHHON CHCTEMOM KOMITBLIOTEpA.

Pa3paboTka BupTyajibHoii 1a6opaTopHoii padotsl (BJIP)

[Ipu pa3paboTke BHUPTYalbHBIX J1A0OPATOPHBIX PAOOT HCIOJB30OBAJICA METOJ HMHTALMOHHOIO
MOJIeIMpOBaHus. MOJeNUpyIONIie alTrOPUTMbl U3MEPUTEIBHBIX KaHAJIOB B pa3pabO0TaHHBIX BUPTYaIbHBIX
nabopaToOpHBIX PabOTax BOCIPOU3BOJIAT TOTPEIIHOCTH, BO3HUKAMOIINE B M3MEPHUTEIHHBIX KaHAIAX MPH
W3MEPECHUH BXOHON BEJIMYHHEI (pacXo/ia, TEMIIEpaTyphl, TaBICHUS U T.1.) [2].
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Pucynok 2 — I'paduueckuit ko nporpammsl (610K quarpamma) LabView

B kauectBe mpumepa npuBeaeHa paspaborannas aBropamu BJIP «M3mepeHue pacxoja ¢ MOMOIIBIO
CyXamomux ycTpoicTB. ['pamympoBka cTangapTHOil auadparmsel U TpyObl BeHTypu» mo aucuuiuinHe
«TexHudeckue cpejicTBa U3MepeHHid» JJIsl OOY4YeHHs CTYJCHTOB O0pa30BAaTENBHOW IMPOrPaMMEI
«ABTOMaTHU3aLHUsA U yIIPABIECHUE».

Ou3nyecKrii CTEHA 10 M3YYEHHIO H3MEPEHHUs] pacxoia C MOMOILIbI0 CYXKAIOIUX YCTPOWUCTB
pacmionioxkeH B gaboparopunt 5134 AYDC (pucynok 3). CornacHo menu u 3aJlaHus K jJadopaTtopHoi pabore
n3ydaeTcs M3MEpeHHe pacxojia raza B TPyOONpOBOAE, OCHOBAHHOE HA IPUHIHUIIE NEPEMEHHOro Iepernana
JaBJICHUs] Ha CY)KalolleM YCTPOMCTBE — cTaHmapTHOM auadparme. IlepeMeHHBI mepenan AaBiIeHUS
U3MEpSIETCsl ¢ OMOLIbI0 MUKpoMaHoMeTpa. C MOMOIIBbIO HAacoca CO3/1aeTCs IBIUKEHUE ra3a B TpyOOIpoBoe,
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pacxox (CKOPOCTh) KOTOPOTO PETYIMPYETCS dIEKTPOABUTATETEM. MOITHOCTD HJIEKTPOABHUTATENSI 33/1a€TCS C
MOMOMIBIO PYYKH PEryJIsiTopa, CKOPOCTh H3MEPSETCS TAXOMETPOM.

Pucynoxk 3 — JlaGopaTopHbIii cTeH T

BupryasbHbIii aHAIOT JAHHOTO CTEH[a, pa3paboranubiii B LabView, npusenen Ha pucynke 4.
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Pucynok 4 — UnTepdeiic BJIP «M3Mepenune pacxojia ¢ TOMOIIBIO CYKAFOIUX YCTPOWCTB.
I'panynpoBka crangapTHOM Auadparmel 1 TpyOsl BenTyp»

Hannas BJIP mo3BonisieT BBITIONHUTH BCE 3aJaHusl J1aOOpaTOpHOW paboThl W, Ooiee Toro, ecTh
BO3MOKHOCTh BUPTYaJIbHOM 3aMEHBI OJTHOTO BH/A CY)KAIOILEro yCTPOWCTBA — CTAHAAPTHOM nuadparMel — Ha
apyroit — TpyOy Bentypu. Ha ¢u3udeckoM cTeHAe 9TO MPaKTUYECKH HEBO3MOXKHO BBITIOJIHUTH B CBSI3U C
HEOOXOJMMOCTBhIO Pa30OpKH W CcOOpKHM TpyOONpoBOJa W OTPaHWYCHUEM [0 BPEMEHH BBITOTHEHUS
nabopatopHoii paboTHI.
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Hpyroe npeumymectso BJIP:  ecTb BO3MOXHOCTH BBINOJHATH HE TOJIBKO OJHOKPATHBIE, HO H
MHOTOKpaTHbIE W3MEpPEHHs, KOTOphle B OTIMYHE OT (DPU3MYECKOr0 CTeHJa HE 3aMyT MHOTO BpPEMEHH.
OO0u1en3BecTHO, YTO MHOTOKPATHBIE U3MEPEHHS JAal0T Pe3yabTaThl MOBBIILICHHOW TOYHOCTH.

CryneHT uMeeT BO3MOXKHOCTh IPOAHAIM3MPOBAaTh TOYHOCTh PA3IMYHBIX METOAOB H3MEPEHHH.
Pesynbrarel u3MepeHuii (OJHOKpPAaTHBIE W MHOTOKPAaTHBIC) BBIBOASATCS HAa COOTBETCTBYIOIIMX BKIIAAKAX
untepdeiica BJIP (pucynku 5, 6).

Bo  Bkuanke «Pacuer wusmepeHuil» (PUCYHOK S5) BBOIATCS 3HAYEHHUS HCXOIHBIX JAHHBIX:
(Cramnaptaoe 3navenue), (K), (12), (L), (3nauenme), (Koadournment pacxona), (E — momnpaBounbrit
MHOXHTENb), (p — mIoTHOCTh), (Koaddunuent ucrounnka C), (Koapduuuent ckopoctu noaxona E), (d),
(D). OcymecTBinsieTcs NpoOBEpKa BEPHOCTH BBOAA MCXOAHBIX MJAaHHBIX. J3HAa4YeHHE MOKAa3aHUI
Mukpomanomerpa (L) BBomaTcs, Kak cpenHee apuMeTHYECKOEe 3HAYCHHH MAacCHUBa, IOJIYYEHHOTO HA
Bknagke «Bpibop ycrporictBay. Ilpu nHaxatuum «Pacder» BHU3yanM3UpyIOTCS pAaCCUUTAHHBIC 3HAYCHUS
nepenasa gasnenns (JIEJIBTA P), (m), (OFbEMHBIN PACXO/I Q, Kosddurment pacxona, FO — miomas
OTBEPCTHS).

ITpu mporpammupoBanun ucnoiab3oBanel Numeric Control uis BBoja MUCXOTHBIX JaHHBIX, Boolean —
JUIS BBIBOJA PEIICHUS O BEPHOCTH BBOjAA AaHHbIX M Numeric Indicator — s momydyeHust pe3yiabTaToB
H3MEpPEHUI.

Pucynok 5 — Bxiagka «Pacuer usmepeHuin»

Briagka «Craructuyeckas o0paboTka» TpuBeleHa Ha pucyHKe 6. JlaHHBIA pexkuM paboTh
UCIIOJB3YeTCsl JUIsl BBIMOJHEHUs 3aaHusi Ne3, COIIaCHO KOTOpOMY HEOOXOIMMO PAacCUUTATh CIyYaiHYIO
MOTPEITHOCT TIOKa3aHWl MUKPOMaHOMETPa METOJIOM CTaTHCTHYECKOW 00pabOTKH pe3ysIbTaTOB H3MEPEHHH.
JUi1st 9TOro NPOBOASATCS MHOTOKPATHBIE M3MEPEHHs Heperaja AaBICHUs, U3MEpIeMOro MHKPOMaHOMETPOM
IPY OJTHOM 3HAYECHUH MOIIHOCTH DJIEKTpoABUraTes. [Jisi MoCTPOeHUs rpayupoBOYHOro rpaduka (3a1aHue
Ne4) HeoOXoaMMO CcHHMaTh IOKa3aHHS MHUKPOMAaHOMETpa NPH Ppa3IMYHBIX 3HAYCHHSX MOIIHOCTH
anekTpojaBurarelns. Ha Omok-muarpamme (prCyHOK 7) MOKa3aH KOJ HMporpamMmbl BKIaaku «CTaTuCcTHYeCKas
obpabotkay. Mcmons3zoBana nopamnporpamma (.vi) «Crarucrudeckas oOpadOTKay», B KOTOPOHW € TIOMOIIBIO
JaTYMKA CITyYaiHBIX YHCEI 33aHbl CIyYaifHbIe TTOTPEITHOCTH MUKPOMaHOMETPA.
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Pucynok 6 — Brimagka «Cratuctaueckast 00paboTkay

O06o3Ha4ueHs HA PUCYHKE 7:

1 — crpykrypa While Structure — ki1 ¢ HEU3BECTHBIM YHCIIOM [TOBTOPEHHIA;

2 — crpykrypa For Structure — iuki1 ¢ U3BECTHBIM YMCIIOM ITOBTOPEHUIA;

3 — crpykTypsl Case Structure — cTpyKTypa NPUHATHS PEIICHHH;

4 — MoIeTMpPOBAaHUE CITyJalfHbIX YUCEIT;

5 — nmoanporpamMma CTaTHCTUYECKON 00paOOTKH. Vi;

6 — CBETOIMO;

7 — 610K IPOBEPKH NPABUIIBHOCTH PacUETOB.

B nabGoparopHoif pabore mocie CTaTHUCTHYECKOW OOpabOTKH pPe3yabTaTOB HMHTAIlMOHHOIO
OKCIIEPUMEHTAa  BBIBOJIATCS  3HAYCHUS  OICHOK  MAaTeMaTHYeCKOr0  OKHJIAHMS, JUCIEPCHU |
CPEe/THEKBAJPaTHYECKOTO OTKJIOHEHUS pPe3yJbTaTOB HAOMIOJNCHUH W pe3ynbTaroB u3MepeHuid. Crpost
JIMarpaMMy 3aKOHa pacHpesesIeHHsl pe3yJbTaTOB HAOMIONCHUH HM3MEpSeMOH BEIMYHMHBI, COIEPIKAIIUX
Clly4aliHbIe TIOTPEIIHOCTH. 3alojHSIT TaOmuiy «Pe3ynbraTel M3MEpEeHHH W PAacuyeTOB Ha BUPTYAJIbHOM
CTEHJIe» W 110 JaHHBIM Pe3yJIbTaTOB, 3aHECCHHBIX B TaOJIUILY, CTPOUTCS TpaduK rpaJyHupoBKH CTaHAAPTHOM
nmuadparmer Qg = f (Ap) (pucynok 8). M3 rpadmka BUIHO, YTO 3aBUCHMOCTh PAcX0Jia OT Mepenajia IaBIeHus
Ha CVY sBisieTcsl HeNMMHEHHON XapaKTePHUCTUKOM.
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CKO pesynnrara
z0l

— =3
LEILIE

| Cranactunetcn obpatonavi

. Array TpyGa Berry st

=)

Pucynok 7 — biok-guarpamma Binagku «CraTuctuiyeckas o0padoTka»

Arcay [nadparsn

/

10

3areM Bce IMYHKTHI MOBTOPSIOT AJISI CYXKAaIOIIEro YCTpoWcTBa — TpyObl Benrypu. OOyuarommiics
aHAJTM3UPYET Pe3yIbTATH, IOJIyYCHHBIE JJIs1 IBYX BHJIOB CYXKAIOIIUX YCTPOMCTB, U A€IaeT BHIBO.

N Q, =f(bp)

35,0000 -
4,0000 4

32,0000

Paa "0 Touka 2" |
JraueHue: 18575

1352 784 1176 1568 18816 22736 2352 166,506 319,23 40768 486,08 57232
AP

Pucynok 8 — I'padux nuadpparmer Qg = f (Ap)
B pesynbrare mpojenaHHON paboThl OBLTH HCCIIEAOBAaHbI MPUHIUIIBI JEHCTBUS CYXKAIOIIUX

YCTPOMCTB, NPOBEIACHBI JIAOOpAaTOPHBIE SKCIEPHUMEHTHl Ha BUPTYaJbHOM CTEHJIE, PAcCCUUTAH Ppacxoj
CYXaIOILIET0 yCTPOICTBa AByMs METOaMH, IOCTPOEHA IPayUPOBOYHAS XapaKTEPUCTHKA.
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Hpyrum npumepom pazpadotanHoii BJIP sBisiercst pabota «/3yueHne OCHOBHBIX M TOTIOJTHUTEIBHBIX
MOTPEIIHOCTEH CPEIICTB U3MEPCHHMIN» TI0 TUCIUILTUHE «MeTposiorus ¥ u3MepeHus» (pucyHok 9). OcHOBHOU
MOTPEUIHOCTRI0 cpeAcTBa u3MepeHnit (CH) Ha3pBaeTcsi €ro MOTPENIHOCTh B HOPMAIBHBIX YCIIOBHAX
JKCIUTyaTallly, KOTJ]a 3HAUCHHS TeMIIepaTyphl OKPYKAIOIIEH Cpe/ibl, aTMOCHEPHOTO JABJICHISI, MATHUTHOTO
OJISl 3eMJIM HaxXoJsTcA B 00JIacTH HOPMaJIbHBIX 3HaueHui. MccnenoBanne BIUsSHUS JaHHBIX TapaMeTPOB Ha
norpemHocTs CU Ha u3nyeckoM cTeH]le HEBO3MOXKHO BBUAY HEBO3MOXKHOCTH M3MEHEHHS MX 3HAUCHHH B
peambHON oOctaHOBKe. JlaHHas 3ajaya pelieHa IyTeM MOJCIMPOBAHUS HM3MEHEHHS MapaMeTpoB
OKpY’KaIOIIIeil Cpejibl, 3aIaHHBIX TeHEPATOPaMH CITydaiHbIX dncen B cpene LabView.

Pucynok 9 — Unrepodeiic BJIP «M3yueHre OCHOBHBIX U JOMOIHUTENIBHBIX OIPEIIHOCTEH CPEACTB
M3MEPEHUID)

Mogenupyercst M3MEpeHHe IOKa3aHHH M3MEPUTENFHOTO KaHala TeMIIepaTypbl, COCTOSIIETO H3
MEPBUYHOTO MpeodpazoBaTelis (TepMOIaphl M TEPMOCONPOTUBIICHHUS) U BTOpHYHOTO mpubopa. B pabore
MIPOBOAATCS IATHh JKCIIEPUMEHTOB. Vccienyercs BIMSHHE Ha NOTPEIIHOCTh M3MEPHUTENBFHOTO KaHanma: 1)
W3MEHEHUH TeMIIepaTyphbl OKPYKAIOIIETo BO3/yXa; 2) U3MEHEHUN aTMOC(EPHOro NaBJICHUS; 3) U3MEHEHHHA
HaNpsHKEHHOCTH MAarHUTHOTO TOJISL 3eMIIM; 4)U3MEHEHUH Tpex (akTOpoB OJHOBPEMEHHO; S5) MapaMeTpbl
OKpY)KalOIlel Cpeibl HAXOAATCS B Mpelelax HOPMAIBHBIX 3HA4YeHHH. Pe3ynbTaThl MHOTOKPAaTHBIX
M3MEPEHUI B KaKIOM IKCIIEpUMEHTE 00pa0daThIBAIOTCSI METOIOM MaTeMaTHYECKON CTaTUCTUKH.

Kpome pazpaboranneix BJIP Ha kadenpe BHeapeHa aBTOMAaTH3MpOBaHHAs OOydalomias CHCTEMa
(AOC) no mucuuruimHe «MeTposorust 1 u3MepeHus», pazpadoranHas B cpene LabView, uto mokassiBaeT
BO3MOXHOCTH TIporpammupoBanuss B LabView pasnmuunbeix yueOHbIX 3agad. AOC mpoBOIUT PEKUMBI
TectupoBaHus (pucyHOK 10) U TeOpeTHUeCKOro 00y4eH s, 3aHOCUT PE3YJIbTAThl TECTUPOBAHUS B OTACIBbHBII
(aiin.
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BriBoabI

Paszpaborannas BJIP «l3mepenne pacxofa C TOMOIIBIO CYXKalOUIMX YCTpOHWcTB. ['pamynpoBka
CTaHIapTHON nuadparMel U TpyOsl BeHTypn» wmcmomnm3yercst B yueOHOM mpouecce kadeapsl AY npu
BBINIOJIHEHUHU CTYJCHTaMH 3 Kypca CHeIHAIBbHOCTH «ABTOMATH3alMs M yNPaBICHUE» 1a00pPaTOPHBIX paboT
no apuctumianHe «TexHuuecknue cpeacTBa N3MEPEHUI».

IIporpaMMa MO3BOJSIET MPOBOAWUTH HMMMTALMOHHBIM JKCHEPUMEHT II0 M3MEPEHHIO pacxoaa ¢
IIOMOIIBIO CY’KAIOIUX YCTPOWCTB: CTaHAApTHOH amadparMbl U TpyObl BeHTypu, a Taxke NpPOBOIUTH
CTaTUCTHYECKYI0 OO0pabOTKy pe3y/lbTaTOB HMHTALMOHHOIO OKCIEPHUMEHTA: OLCHKa CiydailHOM
MOTPEIIHOCTH  MHUKpPOMaHOMeTpa. bbeutn  pa3paboTaHbl METOAMYECKHE YKa3aHUs K  BBIIOJIHEHHIO
nabopaToOpHOI pabOTEHI.

3 Ter -
+ BN
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Pucynok 10 — Pexxum AOC «TectupoBanne: IpocMOTp pe3yabTaTOBY

BJIP «M3yueHue OCHOBHBIX U JAOIOJHHUTEIbHBIX ITOTPEIIHOCTEN CPENCTB U3MEPEHUI 110 TUCIMILINHE
«MeTpoorust 1 U3MEPEeHHs» — MPUMEP BO3MOKHOCTH MOEITUPOBAHUS BIUSHIS apaMeTPOB OKPYKaroIIeh
Cpensl Ha pe3ylbTaThl HM3MEpPEHWI KaHajda W3MEpPEeHHsS TeMIIepaTyphl, COCTOSIIET0 W3 IEPBUYHOTO
npeoOpa3zoBaTeisi U BTOPHYHOTO mpubopa. BozHUKaromas mpu 3TOM IOTPENIHOCTh SIBISIETCS CYMMAapHOMN
MOTPEITHOCTHI0 M3MEPUTENFHOTO KaHalla, TEOPETHYECKHIl pacdeT KOTOPOM OCIOXKHIETCS HaXOXIACHUEM
ko3 uLmenTa KOppenmsiqMK COCTaBJSIOIIMX TOTPEIIHOCTH, YTO He TpeOyeTcss B HMHUTAIlMOHHOM
JKCIIEPUMEHTE.

Pa3paborannbie Ha Kadeape «ABromarusanus W yrparieHue» AYIC Oosee 30 BUPTyalbHBIX
na0opaTopHBIX PadOT MO Ppa3IMYHBIM AWCLUUILIMHAM [OKa3bIBAIOT XOPOILIYI0 BO3MOXKHOCTH PELICHUS
npoOJeMbl MPOBEACHUS! HKCIIEPUMEHTOB Ha (PU3MYECKHX CTEHAAX B JUCTAHLIHUOHHOM pEXHME OOYyYeHHS.
Paspaborannas AOC mMoxeT ObITh HCIIONB30BaHa KaK JUIS JIOMyCKa K BBITIOJIHEHHUIO Ja0opaTopHBIX pador,
Tak u 171 3ammTel BJIP.

Cpena rpaduyeckoro nporpammupoBanus LabView spnsiercs Hanbosee nmpueMIeMbIM BapHaHTOM
Jutst pazpabotku BJIP, Tak kak siBjsieTcst cpeaoi pa3pabdoTku B 001aCTH U3MEPEHUH ¥ aBTOMATH3aIIHH.
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BUPTYAJIIbI BEPTXAHAJIBIK /K¥YMBICTAP KAIIBIKTBIKTAH
OKbITYbIH TYPI PETIHJAE

C.T. Xan, XK. C. TaeyoaeBa, A. 0. 'unasToBa

«Fymapbex /loykeeB aTbiHIAFBI ATMATHI SJHEPTETHKA JKoHE Oaiianpic yHIUBepcuTeTi» KeAK,
Anmarsl K., Kazakcran

e-mail: s.khan@aues.kz

Annomauyusn. Makanada KawbiKmelKman OoKbImyOwlH Oip mypi peminOe Supmyaiobl 3epmXAHAIbIEK
AHCYMBICMAPObL KONOAHYOBIH 63eKmiici HezizoenceH, Oy co3ciz Oinim bepydi yu@dpianovipyovly Maybi30bl ACNEeKmicl
0onbin MadwviIadLl. Bupmyanowl 3epmxananviy HHcymblcmapobl a3ipaey aoicmepi xHcane onaposbl KAUWbIKMLIKMAH OKbINY
peoiciminde opwinoay Kapacmueipwiiaosl. LabView epaguxanviy Oaz0apramanay opmacel upmyanobl 3epMXAHALbIK
cmeHOmepOi dcacayovly manoayavl Kypansl peminde Kapacmulpuliadvl. ADxcBY-oviy "Aemomammanovipy dicane
backapy" kagedpacvinoa a3ipieHzer 8UPMYandbl 3ePMXAHATIBIK HCYMbICIMAP bIHbIH MbLCALOAPbI KeIMIPIIEH.

Tyiiin ce30ep: KawblKMulKmMan OKbimy, 6Upmyanobl 3epmxXananvly scymvic, LabView opmacwl, mexnuxanvik
onuey Kypaioapul, Mempoiocus JcaHe oauley.

VIRTUAL LABORATORY WORKS AS A FORM OF DISTANCE
LEARNING

S. G. Khan, Zh. S. Tleubayeva, A. Yu. Ginayatova
Non-profit joint-stock company “Almaty University of Power Engineering and

Telecommunications named after Gumarbek Daukeev”, Almaty, Kazakhstan
e-mail: s.khan@aues.kz

Annotation. In the article the relevance of using virtual laboratory work as a form of distance learning is
substantiated. This is undoubtedly an important aspect of the digitalization of education. Methods for the development
of virtual laboratory works and their implementation in distance learning mode are considered. Graphical
programming environment LabView is considered as the preferred tool for developing virtual laboratory stands.
Examples of virtual laboratory work developed at the Automation and Control Department of AUPET (Almaty
University of Power Engineering and Telecommunications named after Gumarbek Daukeyev) are given.

Keywords: distance learning, virtual laboratory work, LabView environment, technical measurement
instruments, metrology and measurement.

203


mailto:s.khan@aues.kz
mailto:s.khan@aues.kz

