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IIpuBeTCTBEHHOE CJI0BO Y4aCTHUKAM
JABanuaroii roounaeitno Mexx1yHapoaHOH A3HATCKOH LIKOJIbI-CEMUHAPA
«ITpo0JieMbl ONTUMM3ALMH CJIOKHBIX CHCTEM

YBaikaeMble Y4aCTHHUKH LIKOJIBI-CEMUHAPA, FOCTH, KOJIJIETH, A0POTrHe JOKTOPAHTHI,
MATMCTPAHTHI U CTYJCHThI!

[MpuBetcTByto Bac u mo3gpaBisito ¢ HavamoMm paboThl MIKOJbI-cemMuHapa! B pabote
JBannatoii robuneitHot MexayHapoqHoit  Asuarckod  mikonbl-cemuHapa  «IIpoGiemsl
ONTUMU3ALIMHU CIIOKHBIX CUCTEM» TPUHUMAIOT y4acTHe BUIHbIE yUEHbIE U3 OJMKHEr0 U IabHEro
3apyOexbs, OTeuecTBeHHble YyueHble Benymux BVY3oB PK u HaydHo-mccnenoBaTelbCKHUX
MHCTUTYTOB. K cokaneHuto, u3-3a T€ONOJUTHYECKON CUTyallud B MHUpeE, KOH(pepeHuus Oyaer
pOBOAUTHCS B 0(h(hiaiiH 1 OHJIANH -peKuMe.

JBaanaras azuarckas MIKoJa-ceMHHap nocssmeHa 90-neturo Kazaxckoro HamoOHajaIbHOTO
yHHUBEpcUTEeTa UMeHHU anb-DPapabu u 70-1€THI0 U3BECTHOT O YUEHOTr0, TOKTOpa TEXHUYECKUX HAYK,
npodeccopa Ponnonosa Anekces CepreeBuua!

DTOT mpa3gHUK SIBJISETCS BAXXKHBIM COOBITHEM HE TOJIBKO Ul YHUBEPCHUTETOB M Hay4dHO-
HCCJIEZI0BATEIbCKUX HHCTUTYTOB, HO M JUJISl BCEX CTpaH, IPUHUMAIOLIUX y4aCcTHE B MEPONIPUSATHUH,
a TaKKe ThICAY HAYYHBIX pAOOTHUKOB, IPOXKUBAIOIINUX B I€CATKAX CTpaHAX MHpA.

IIpoBenenne Hamed exerogHod MeXIyHapoAHOW A3HMATCKOM IIKOJBI-CEMHUHApa CTaJo
xoporureld Tpaaunuend. C KaKIbIM roJIOM PacTeT YUCIIO YYaCTHUKOB KOH(EpEHINH, TOBBIIIaeTCs
KaueCTBO WX BBICTYIUICHHH M MyOnukanui. TpaauiinoHHO B padoTe KOH(MEpeHIuH y4acTBYIOT
yueHble U crnenuanuctel u3 Poccun, Kazaxcrana, Kupruszum, Y3oekucrana, CILA, Ykpaunsi,
[Tonbum, Typuuu, Utanuu, Manaiizum, Mpana u gpyrux crpas. X 3auHTepecoBaHHOE ydacTue
OPUJAeT HalleMy MEpPONPUATUIO MEXAyHapoaHOe H3MepeHue. [lenvio nposedenus >3moco
Meponpusmus A619emcsa 00beOUHeHUEe HAYYHBIX UCCIe008AHULl POCCUNICKUX U  A3UAMCKUX
(npescoe ececo cmpan CHI) yuenwvix, oOmen onvimom no psaoy npobiem co8peMeHHOU HaAYKU, d
makce nepeoayd 2mo2o ONvlma MoJ00bIM HAYYUHBIM COMPYOHUKAM, ACNUPAHMAM U CHLYOeHmMaM
cmapwux Kypcos. HapammuBaHue TIOTEHIIMANa OTEYECTBEHHOM Hayku, d¢hdekTuBHOES
UCIOJIb30BAaHUE pE3YyJbTATOB HCCIEAOBAaHUN M YCKOPEHHOE BHEIPEHHUE HMX B IPAKTUKY —
Ba)KHEHIIIME MPHOPUTETHI TOCYJapCTBEHHON MOJUTHKU. OCOOEHHO BaXKHO, YTO B 3Ty paboTy
BKJIIOYEHBI TAJAHTIMBBIE CTYJICHTHI U MOJOJbI€ yY€HBIE, MPU3BAHHBIC ONPENENsATh HE TOJIBKO
HacToslIee, HO ¥ Oyayliee Ka3aXxCTaHCKOM 1 MUPOBOM HayKH, BCEro Hamiero oomectsa. Hammmu
napTHEPaMU U OPraHu3aToOpaMu 3TOr0 MEPONPUATUS SBIIIOTCS VHCTUTYT MH(OPMALMOHHBIX U
BeruncnutenbHeiX Texnonoruit KH MHBO PK (Pecnyb6nuka Kazaxcran, r.Anmater), Kazaxckuit
HallMOHAJbHBIA yHUBepcuTeT uMeHu anb-Dapabu (Pecnybnuka Kazaxcran, r.AnmMartsl),
Yuusepcutet «Typan», IHCTUTYT BbIUMCAUTENFHOM MAaTEMATUKH U MAaTEMaTUYECKOM Treopru3uKu
CO PAH (Poccus, r.HoBocubupck), MOCKOBCKUI TOCYIapCTBEHHBIN YHUBEPCHUTET I'€OAE3UU U
kaprorpadun (MUUI'AuK) (Poccus, r.MockBa), VYpreHuckuii ¢unuan TamkeHTCKOTro
yHHMBEpCUTETa HMHGOpPMAlUOHHbIX TexHojoruil (Pecnybmuka VY30ekucran, r.Ypreuu),
Kbiprei3ckuii  HanuoHanbHbli  yHuBepcuTeT wumMeHu JKycyma banacarsina (Kbipreizckas
Pecny6nuka, r.bumkex) Yuusepcurer Pasu, kadenpa matemartuxku (Mpan, r.Kepmanmax)
Uraupckuii  yHuBepcuter,  kKadenpa wmatematuku (Typouws, r.Urmup). I[lpum monmmepikke
Cubupckoit Poccuiickoit Cekunu R8 IEEE (Poccust, r.HoBocu6upck).

Haneroch, nmomydeHHbIe pe3yabTaThl OyAyT MOJIE3HBI BCEM YYaCTHHUKAM, B IIEPBYIO OYEpEIhb
MO3BOJIUT Pa3BUBATh U COBEPUICHCTBOBATH CHCTEMY MOATOTOBKHU CHEUANNCTOB JUIsl 3KOHOMUKHU
HAIIUX CTpaH, a MPEAJIOKEHHbIE PEKOMEHAANN JeHCTBUTENFHO HAaWIyT CBOE NMpUMEHEHHUE B
MIPAKTUYECKON JEATENBHOCTH. YBEPEH, MPOBOAMMAs IIKOJA-CEMHUHAp HE CTAHET PSIOBBIM
COOBITHEM, MTPOMET B JyXe TBOPUECTBA, CTAHET IJIOLIAIKON A 00CYKICHHS, AeHCTBUTEIBHO,



aKTyaJIbHBIX U BAXKHBIX MMPOOJIEM U MOMOXKET HAWTH MyTH UX perneHus. JKenar BCeM y4aCTHUKAM
LIKOJIBI-CEMHHAPA U TOCTSIM ILJIOJOTBOPHBIX IUCKYCCHI U HOBBIX JOCTHKEHHIi!

Sl xouy mnoxkenath BCEM CEroaHs IUIOAOTBOPHON pabOThl M, 4YTOOBI HAEH, KOTOPbIE
BBICKA3bIBAJIMCh, 3aTEM MTPETBOPSUIUCH B )KU3HB. DTO YPE3BBIYANHO BaJKHO HE TOJIBKO JIs YUEHBIX,
KOTOPEIE YK€ COCTOSUIACH, HO erle 0oJee BayKHO IS, CTYJA€HTOB, MarUCTPAHTOB, JOKTOPAHTOB U
BOOOIIIE 151 HAYYHOH MOTOIEKH.

Bripaxkaro 6iarogapHoCTh BCceM ydacTHHKaM JlBaauartoil roOumeitHoit MexayHapomHoit
A3naTCKOW MIKOJBI-CEMUHAPAa U T'OCTSAM, KOTOpPbIE HAUUIU BpeMs, YTOOBI MPUHATH Y4acTUE B
koH(pepenuuu. XKenarw MIOAOTBOPHBIX AUCKYCCHil M HOBbIX aoctwxkenwuii! Kemaro Bcem Bam
KPEIKOTro 310POBbsI, HHTEPECHOH PAOOTHI M MOJIE3HBIX AETOBBIX KOHTAKTOB!

IIpencexarens IlporpaMMHOro KOMHTETA,
akagemuxk HAH PK e AZ/ - ML.H. Kanumoanxaes
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in big data analysis and pattern recognition



YUCJIEHHOE PEIIEHUE 3AJIAYU TEOPUU OPUJIBTPAIIN
CO CBOBOJHBIMH (HEU3BECTHBIMHN) T PAHUIIAMUA

K.K. Baiixkacaposa®, M.JK. Kuakummues?, C.T. Myxamberskanos>

YAmuipaycruii npukacnuiickuti cospementbvlil KonIeoxHc
240 «Embamynatizazy
SUncmumym mexanuxu u mawunosedenus um. Y.A. [Jocondacbexosa

VIIK 532.685

Aunnomauyusa. B wnacmosweii pabome npeonazaemcs MemoO HUCIEHHO20 peuleHus:
OOHOMEPHLIX N0  NPOCMPAHCMBEHHBLIM —NEPEMEHHbIM —3a0a4u  meopuu  Quibmpayuu  co
CB0OOOHBIMU  (HEU3BECMHBIMU) CPAHUYAMY, NO360JAOWUL C NPOU3BOTbHLIM U NepeMeHHbIM
yuciom gas. Aneopumm pewieHuss OCHOBAH HA NPUMEHEHUU COBDEMEHHbIX Memooo8
sbIYUCIUMENbHOU Mamemamuku. Pacuemul npoeedenvl no 00OHOPOOHOU cxeme U ¢ pearbHbMU
OQHHBIMU KOHKPEMHO20 MEeCMOPONICOeHUsT 3anaono2o pezuona Pecnybauku Kazaxcman, umo
oenaem mMemoo YHUBEPCATbHbIM U NO360.]I5em OMHeCmU €20 K KIACCY Memoo08 CKBO3HO20 Cuemd.
Ha ocnose mooenu baxnea — Jlesepemma eedemcs akkypamHoe ciedceHue 3d NoJN0HCEeHUeM
SPAHUY MeHCOY BbIMECHAIOWUM U BbIMECHAEMbIM A2eHMAaMU, KaK 6 Memooax ¢ ebl0ejleHuem
@PpoHmos, umo denaem 603MOICHVIM PeUleHUe 3a0ad OMHOCUMENbHO MAMEMAMUYECKOU MOOeIU
baxnes — Jlesepemma ¢ 8b1cOKOU MOUYHOCMbIO, XAPAKMEPHOU 0I5l MEMOO08 IM020 MUnd.

Kniouesoie cnosa: evimechsemvle acenmul, NOGEPXHOCMHO — akmuehble sewecmea (I1AB),
euopogunvnvie u 2udpoghoouvie naacmol, Hazosvle NPOHUYAEMOCIU, MEXHOLOSUYECKUE
napamempbl, Heu30mepMudecKas Guibmpayus, NOOBUNCHbIE SPAHUYDL.

BBenenue

[IpennoxeHHblt B HacTosiIel paboTe cmoco0 YMCIEHHOTO PELIeHUs OJHOMEPHBIX MO
MPOCTPAaHCTBEHHON IMEPEMEHHON OJAHOMEPHBIX 3aJlay C MOJBWKHBIMU TpAaHULIAMH 3aHUMAET
IIPOMEKYTOUHOE MOJIOKEHNE MEKIY METOJIOM C BbIIEIEHHEM (DPOHTOB U METOAAMM CKBO3HOI'O
cdeTa v 00JIaZJaeT HEKOTOPHIMU MPEUMYIIECTBAMH U TE€X U JPYTUX METOI0B. Tak Kak Mo3BOJISIET
pemaTs 3aJauyd C JIOOBIM 4YUCIOM THUMOB (ha3, C MPOU3BOJBHBIM U TEPEMEHHBIM YHCIOM
OBIKYIIMXCSA TpPaHUIl B 3aJadax Teopud (uiIbTpaluud €O CBOOOIHBIMH (HEU3BECTHBIMH)
rpaHuliaMd. Meron Takke MPUMEHUM Uil pelieHHs 3a7ad TeOpUudu (HUIbTPALUU, B KOTOPBIX
MOJABM)XHBIMU SIBJISIFOTCS WM BHEIIHHME TPAaHULBI O0JAacCTH, JUJIS 3a/1ad ¢ y3KuMHU (a3amu, Korjaa
KO3(QUIMEHTbl NPOHULIAEMOCTH B (ha3ax OTJIMYAIOTCS BO MHOTO pa3, a TakkKe IJs 3a1ad
HEU30TEPMHUYECKON (UIBTpPAIlUU CO CBOOOAHBIMH (HEH3BECTHBIMU) TpaHumamu. [lpu sToMm
CUMUTAETCS, YTO MpEAeNbHbIE TEXHOJOTHYECKHE MapaMeTpbl HE(PTSIHOro IijacTa HEMOCTOSHHBL
Pa3pemmMocTb U CBOICTBA PEILICHUH paccMaTpUBAaEMOM MOJIEIIH UCCIIeIoBaHbI B paboTax [1-4].

HecmoTpst Ha paznmume mopoabl (ruapoduibHa wiav ruapodoOHa), ITH Ciaydad s
OJTHOMEPHOTI 0 IIPoLIecca MOT'YT OBITh PACCMOTPEHBI B paMKax €IUHOI0 IOIX0/1a.

JlomycTtuM, 4TO KUAKOCTH HECKHMAEMbl, 1 MEXAYy PACCTBOPEHHOH B Bojae U HedTu u
aJCOpOMPOBAHHONW TIOPUCTOM  CpPENOM MPUMECHIO JIOKAJBHO  BBIMOJTHSIOTCS — YCIOBUS
TEPMOJIMHAMHYECKOr 0 paBHOBecHs. Toraa uMeeM CUCTEMY YPaBHEHUU:

6 . > . — — — — —
ma—i+ divu; =0, div(u; +uy) =0, u =u; +u, 1)



d[lmcys+m(1-s)cy+a

= 4 div(e, i, + cyily) + divg = 0, @)

g =c¢ ¢;=¢(), a=al(cs), §=—-D-Vc, D=D(cs) (3)

i, = —fifi(c, $)-Vpy, i=1.2 4)
P2 —p1 = R(c,5) ®)

Wnnexc 1 - oTHOCUTCS K BOJlE, a 2- kK HedTu. [lanee, paccmorpum KonnyecTBo dQ B eMHUIIE
oobema. [lonHbI MOABON Temya BCIEACTBHE TEIUIONPOBOAHOCTH M KOHBEKIMM B AJIEMEHT 3a
IPOMEKYTOK BpeMeHH dt ecTh:

szdt%(A-g—z—Qk) (6)

rne T — Temmeparypa, A - KO3QPHUIUEHT TEIIONPOBOAHOCTH, () - KOHBEKTHBHBIA IOTOK
TeIJIa, KOTOPBIH ONpeaeIseTcs CAeAYIOUIMM COOTHOIIEHUEM (IIPU HYJIEBOM CyMMapHOM CKOpPOCTH
(GWIbTpaLlUK U ONyCKas HHIEKC):

Qu=(—-C) TV, (7)

rae €4 u Cy — 00beMHBIE TENJI0EMKOCTH COOTBETCTBEHHO BBITECHSIONICH U BBITECHSIEMOM
dba3ebl.

Ecimu €3 — oO0beMHas TETIIOEMKOCTh MaTepHalia IOPUCTOro Tejla, M3MEHEHHE KOJIMYeCTBa
TenJja B KaX a0 (a3e BBIPaKaroTCs COOTBETCTBEHHO:

dQ, =m-d(sC.T),
dQ, =m-d[(1 —s)C,T],
dQs = (1 —m) - d(C3T). 8

CrnenoBarenbHO, U3 cooTHOLIEHUH (6) — (8) momyunm ypaBHeHuUE OanaHca Teria

d d 2 oT
E[T(S-l-b)] +h-£(Tu1) =a(xa

rac

_ mC2+(1—m)C3 . _ A . h _ 1
m(C1—Cy) ’ - m(Cl—Cz), om

(N- TemmepaTypanpoBOIHOCTS).

Cuwutas, uTo Ba3kocTH a3 y;, ha3oBble NPOHUIIAEMOCTH f;, KanmuusipHOe AaBieHue P, u
kod(pdunmenTel mepenoca X u D Moryr 3aBHCETh, NMOMHUMO OOBIYHBIX TEPEMEHHBIX, OT
KOHIICHTPAIIMH TPUMECH U TEMIIepaTyphI:

Hi = ”i(c' T)r Pc = PC(S, c T)' fi = fi(s; c T), N = N(C, T)' D= D(C, T) (138)

ypaBHenus (1), (2) 1 ¢ yueToMm 3aBHCHMOCTEH MK Y KO3 GHIIHEHTaMU 00pa3yr0T OCHOBHYIO
CHCTEMY ypaBHEHHUH MCCIISyeMOro mpoliecca.



[Tycth nopucrast cpeza, HachlleHHast HE(PTHIO U BOAOH (HayallbHAsl BOJ] HACBIIICHHOCTD S),
3anoNHAIas noJaynpocrpaicTBo X>0, B MoMmeHT BpemeHu t=0 Bo BxogHoM cedeHuun X=0
MNpUBOAUTCA B COINPHUKOCHOBCHUC C BOAHBIM pPacTBOpPOM AKTUBHOM InpuMeCu, TEMIICpaTypa
KOTOPOT0, BOOOIIE TOBOPs, OTIIMYHA OT MJIACTOBOM.

Bo3Hukaroniee HapyllleHHE KanWJUJISIPHOTO PaBHOBECHUS MPUBOJIUT K MPOJABUKEHUIO BOJbBI
BHYTPbH IMOPUCTON Cpelbl, TPOTUB HAMPABICHHOMY BBITECHEHHUIO HEPTH U COMYTCTBYIOLIEMY
MIEPEHOCY AKTUBHON IPUMECH U TEILIA.

ITocranoBka 3agaun

3ajaue 0 NPOTUBOTOYHON KaNWIJSIPHOM IPOMUTKE OTBEYAET OHOMEPHOE NPSIMOIMHEHHO —
napaieibHOe IBHKEHUE C HYJIeBOH CyMMapHON CKOpPOCThIO (GuibTparuu. CuuTas, 4To mpuMech
pacTBOpUMa TOJBKO B BOHOHU (aze (¢, = 0), u3 npuBeneHubix ypasuenui (1) — (5):

= 171 = —1_[2 (9)

<l

as 01_1:1
mZ 42—,
at + ox

d[mces + al N d(ciiy)  9*(Dc)

g =c¢ a=a(cs),

ot ox ox2 '’
ZT(s+ D) +h o (Tuy) = - (X 2 (10)
i = —fifi(c,s) B =12 (11)
P2 —p1 = Fe(c,s) (12)

B ciywyae paccmoTpeHus 3agau B HEM30TEPMUYECKHUX YCIOBHSX, K cUCTeMe ypaBHEHUH (9)
— (12) mpucoenuHsieTcss ypaBHEHUE C 3aBUCUMOCTSIMH MKy Kod(duiimeHTamu.
N3 cootnomenuti (9), (10) u (11) umeem:

_ _kAaf, OF _
Up = e o W e/l (13)

9s 0 _khfz 9P
at 6x[m(uf1+f2) 0x

]1=o0. (14)

Cucrema ypasaenuit (14), (10) u (1.36), ¢ yd4eToM BBIlIIE TMPUBEIECHHBIX BBIPAKECHUI
BXOZSIINX B yPaBHEHHsI BEJIMYUH, ONMCHIBAET MCCIIEAYEMBIN Mpoliecc.
Ecnu nnact nepBoHavyaibHO HE BO3MYILEH, HaUaJbHbIEC M TPAHUYHBIC YCIOBUS UMEET BU/I:

s(x,0) = sp,¢(x,0) =0,T(x,0) =0,
s(0,t) = s%¢(0,t) =% T(0,t) = TO. (15)
YucJsieHnoe HCCJICA0OBAHUE B ABTOMOAC/IbHBIX IEPEMECHHDBIX
C MOMOIIbIO ABTOMOJIENBHOI epeMentoil § = x - (a?t) V2, a? = kIl/p4, a Taxxe
nepeob0o3HaYuB perieHne ncxoanou 3anaun yepes s = s(§),¢ = ¢(§), T = T(§), npugem k

PELICHHUIO CIEAYIOUIMX CUCTEM OOBIKHOBEHHBIX TU((EepeHIINATbHBIX YPaBHEHHUMI:
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d F T de—O P =P./II
d_€< (S,C, ) E) E d_f_ ’ - C/ )

d/ D dey d § d(cs+a/m)
d—€<ma2'%>+§( -F(s,c,T) - d_f)+ —df =0,
d /X dT\ d § d(T(s+b)
df(az d€>+—€(h T-F(s,c,T)- —€)+ =0

F=—fifo/m(ufi + 1), (16)

rae IT— XapaKTCPHOC 3HAYCHUC KAITHJIJIAPHOI'O J1aBJICHH .
KpaeBble yCJI0BUs UMCIOT BHUA:

s() = sp,¢(0) = 0,T(0) =0,
s(0) = s%¢(0) =% T(0) =T". (17)

Cucremy ypaBHenuit (17), ucrnomnb3ys nepBoe ypaBHEHHE, MOKHO YIPOCTUTb. YUUTHIBAS,

4yTO B psae ciydaeB koddpduuueHT auddysun D man mo cpaBHEHHIO ¢ KO3PPHUIMEHTaMU

TEMIIEpaTypONPOBOIHOCTH ¥ KAITHILIAPHOTO IIEPEHOCa A%, eCTECTBEHHO, TIOJIOKHUTH €r0 PABHEIM

HYJIIO.

d dP\ ¢ ds
= (F(s ¢, T)- g) =0
<F(scT) d—P+— a(c)> 0,
ds

d /R dT £ ar _

dg( a dE) (F(scT) & E) 5 (s +b) =0,
ap oP ds JdP dc opP dT
=0 @t wtora (16)

Pemenue BTOporo ypaBHenusi cucremsl (18) mpu kpaeBbix ycnoBusx (17) mmeer BuI
CTYNEHYATON (PYHKIINHU:

c=c® (0<¢E<E), c=0 (&>&).

Oynkuun P(§) u T(§) HempepbIBHBL, MOITOMY IMPHU ap / dc * 0 CKadoK KOHICHTpaLuu
COIMPOBOX/IAETCSI CKAYKOM HACBIIIICHHOCTH C YCJIOBUSMH Ha CKAYKe:

Pt=pP-, Tt=T", ¢ct=c% c =0,

dp* dP~ &,

ac _F_f —(S —S)—O

F*.
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dPt &,

0_F+ 0, ot
c dz +2 c’-sT+ m ,
Tt dpt dT~
N - +T+t.Ft. - N — =
d§ dg d§
- F S0 et — 5T =
T™-F d€+2 T-(s s7)=0 (29)

B cnyuae, ecniu P He 3aBucHuT 0T ¢, U3 niepBoro cootHourenus (19) cnemgyer, uto Ha cKauke
KOHIIGHTpAIlMK S HENPEpbhIBHO (IMOATBEp)KIAIONINE PE3yNbTaThl MPUBOASITCS HUXKE), a Pa3phiB
TepnuT npousBoaHas ds/dE.

MoaeabHbIe (l)yHKIII/II/I, BCTPECHAKIIHUECHA B pacueTax, 1 SHAYCHUA HCKOTOPLIX

BECJINYUH
B pacuere umcnosnp3oBaHbl MojeibHbIe 3aBucumoctd i F(S,C,T) u P(s,Cc,T), mpuuem
(1)33OBBIC MNpOHUIACMOCTH U KAITWJIJIAPHOC JAaBJICHUC BbI6paHBI B BUJC:

A=) Gan) s =) 20)

a(c)=Ic, P.=1II/(s—0,2)>2

Bs13KOCTh BOJIBI CUMTANIACH TOCTOSTHHOM, BSI3KOCTh HEPTU — (YHKITUEH OT TEMIIePaTypPhI:

"1 = IJ10J Hy = Hzo -exp(—vy-T) (21)

rne 1% 1, Wy mocrosHHBlE. cex pacyerax 3HAYEHMS TOCTOSIHHBIX — OBUIA
CIENYIOUIUMU:

K=1 mapcu, m=0,2; II=1; u;° =1 cII3; D=10"%cu’/c, a 0OBEMHBIE TEMIOEMKOCTH W
K02 (PPULUEHT TEMIONPOBOHOCTH:
C, = 1000kkan/m' °C; Cy = 300kkan/m* C;Cqy = 750kkan/m* C n A = 36xkan/
M * cyT¢C. 3Hauenns Bemmuun B, U3, I, ¥, 1y B pacuerax BapbUPOBAIIHCh.

MeToauKa YMCJIEHHOI 0 HCCJIe10BaHUS

Cucrema ypaBuenuii (18) pemraercst METOJIOM yCTaHOBIICHUS 10 SIBHOM Pa3HOCTHOU CXEME.
Certka 1o MpoCTPaHCTBEHHOM NEPEMEHHOM § paBHOMEpHAs, a BPEMEHHOM 1Iar T - BRIOMpaeTcs u3
YCIOBUSA YCTOMYMBOCTA KOHEYHOM — PA3HOCTHOM cxeMbl. KOHEYHO — pa3HOCTHas cucrtema
ypaBHeHUH, annpokcumupyromias (18) umeer Bu:

J¥1 _ J Jj_JJ j
s; " =s; +0,5-(4r/48) - & - (s; —s;_,) + K] - At/ A¢,

j+1

Ci

= cl.j +uij Ml] - (A4t /48),

+1
)" =T/ + At/ (48)? = (T, —2T) + T )+
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at j i a_Pj () _ i

+0,5- & - (4t/88) - [(s + )]y jp T/ = s+ D)y, T, (22)

J J

; ; dapP . (0P
Jj_ i j
K; _Fi+1'(£)i_Fi (%)

i wi (9PY i (0 i
vl =F, -(§>' +05-& - 5; +-(%)i (] =l )/m- 49,
l

)
i-1

J J J J J J
] _ i i-1 i i—-1 i i—1
P'i -_ F( ) ) )'

B obmem ciywae, korja Ha KanWUIIPHOE JaBJIEHUE BIUSET aKTUBHAas IpPHUMECH,
AIIIPOKCUMUPYETCS BBIPAKEHUEM:

()= G b () 5k ®

i] HaXoJATCA aHAJIMTHYCCKHU U3

3Hauenus BenuuuH da/dc, dP /ds,0P /dc u F B Toukax si] uc
3aJIaHHBIX MOJIEJIbHBIX 3aBUCHUMOCTEN.
KpaeBsbie yciioBHS anmpOKCUMHUPYETCS B BUJIE:

si =5s%¢)=c0T] =T°,

sh=s0.c,=0,T, =0 (24)

C nesnplo yMEHBIIEHHS «pa3MasblBaHUs» (DPOHTOB KOHLEHTPALMM H3-3a TPHUMEHEHHUS SBHOU
YTOJIKOBOM CXEMBI, IMPOBOAMINCH METOAMYECKHE PAcyeThl C Pa3HbIMHU IIaraMd IO MPOCTPAaHCTBEHHOMH
nepemenHoii. Pacuetsi ¢ 50, 100, 200 u 400 y3namu, 1 mokasajin 10cTaTOYHOCTD BeIOOpa 100 y370B.

Kputepuem ycTaHoBieHUS ABISUIOCH Y CIOBHE:
j+1 _

S

j+1
i i i

l

max{|s e —cl.j|,|Tl.j+1—7"ij|}SAr-s
1<i<N-1

(25)

B pacuerax 3nauenue € = 0.001.

Bpewms ycranoBieHus 7Sl ypaBHEHUN OTHOCHTENIFHO HACBHIIIEHHOCTH M TeMIepaTyphl Ha
MHOI'0 MEHbIIIE, YEM JJIsl ypaBHEHUHN KOHLEHTpauuu. C Leabl0 5KOHOMUM MAIIMHHOIO BPEMEHU
KpUTepui (25) MOXKHO CTaBUTh B BUJIE:
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J+l Jj+l

sit=sl| et =) T -1

> s s <e.
l;srzls%zl( AT AT AT

(26)

}IOCTI/IFHYB Takou TOYHOCTHU, MOXHO IMMPOCYUTATh HCCKOJIBKO CJIOCB TOJIBKO YPaBHCHHE
KOHICHTpAalIKU A0 BBIITOJIHCHHUA yCIIOBUS:

maX\Cf“ —Cij‘Sé‘.-AT (27)

I<i<N-1

IIpu »5>TOM 3HaudeHus si u T’i, yIIOBJIETBOPSIIOIINE YCIOBHIO (26), cCuuTaroTcs
¢ukcupoBanubiMH. [locie sToro mepecunTtaB ypaBHEHHUs s, ¢ U T u3 (22), MOXXHO OOHUTHCS
BBITIOJTHEHUS Kputepus (27).

YcaoBue yCTOMYMBOCTA BRIOPAHHOW Pa3HOCTHOM CXEMBI:

0_P)" ]

0<e =2 PR 12Ty
<g = -miaxli- (Af)+mgx€i|'f< )

0< —| b, 2y

=% Ima2@ag " M ag S
0= e =2 s minf0,5 -5 (o by + B2 20y (28)
S& =255 Tmin(0,5-&-(s;+b)+F; -~ = - <1

3Ha4yeHHE BpEMEHHOTO Miara AT st pacueTa j+1 —To ciios, BBIOUpaeMble U3 YCIIOBHS:

AT
- max{51,52,53} =09

48

o0ecrieunBaeT yCTOWYMBOCTb  PA3HOCTHOM CXEMbl U OCTaBJSIET CXEMYy  CETOYHO—
XapaKTepUCTHYeCKor. Hrrke NpuBOASITCS HEKOTOPBIE PE3YJIBTAThl PACUETOB, KOIIa KAIIUJUISIPHOE
JlaBJICHUE 3aJ]aHO B BUJE:

P=(I,+1I, ¢)/(s — 0,2)? (29)

IMpyu KanuUISIPHOM TaBJICHHUH, HE 3aBUCsIEeM oT Kouentpaiuu (I1; = 1 u 1, = 0), ckagok
KOHIICHTpAIIMK COMPOBOXaaercss ckauykom ds/dé, a mpu I1; =0,5 u I, = —0,5 ckadok
KOHIIEHTPAIIMK COMTPOBOKIACTCSA CKAYKOM HACBIIEHHOCTH S.

[Ipn n3ydeHuM XapakTepa KPHUBOH HACHILEHHOCTH B 3aBHCUMOCTH OT KOHIICHTPALUU
npuMecH (IepBble ABa ypaBHEHUS U3 cucTeMbl (18)) 11 BA3KOCTU BBITECHSIEMOMN KUAKOCTH My
IPUHUMAJNCh pa3lWyHble TOCTOSHHbIE 3HadeHHs. Pe3ynbTaThl pacueToB TNpUBEIEHBI Ha
pucyHkax 1 - 6.
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H3meHnenue rpaHmibl OTHOCHTEC/JIbHO BOJOHACHIIICHHOCTH U KOHIHCHTPaIUN

Ga step Help

PucyHok 2 - ®poHT u3MeHEHUs] KOHIIEHTPALUU

HN3meHeHnue IrpaHMibl OTHOCUTEC/IBHO JaBJICHUA

& 3 Mposon,.. - i oTHET - Mic.,,

Pucynok 3 - B Hauane pacuera
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T Framer

Go Step Helc

- [ G o - ...

Pucynok 4 - B xoHIie pacuera

HN3meHeHue rpaHulbl OTHOCUTEIBHO TeMIIEPaTYpPhbl 110 BpeMeHH

Go Step Hek

Pucynox 5 - B mauasne pacuera

B Framer

Go Step Help

- | G oTHET - Mic... &l cmcoxmeT.. | S 100D

Pucynox 6- B xoH1ie pacuera
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3akjao4YeHune

[TonmyuenHble B paboTe YMCIEHHBIE 3KCIIEPUMEHTHI IOKA3bIBAIOT, YTO METOJ] HE YCTYIAET 110
TOYHOCTU W3BECTHBIM METOJaM M, B YaCTHOCTH, HAMHOI'O TOYHEE METOJI0B CKBO3HOI'O CUETa.
KanusipHast mponuTKa UrpaeT BaKHYIO poJib B U3BJIEUCHUU HE(PTH U3 CIIOMCTO—HEOIHOPOTHBIX
Y TPELIMHOBATO NOPUCTHIX NJIACTOB. biiaroaaps kanwuisipHOi IPOIUTKE BOJA IPOHUKAET B MEHEE
IPOHUIIAEMBIE JIEMEHTHI I171acTa, B KOTOPHIX He()Th OCTaeTCsl HEBHITECHEHHOM TPH (PPOHTATIBHOM
3aBoJHEHMH. Takoil MexaHU3M IpeloiaraeT, YTo Boja 00JagaeT Jydliel cMauuBaeMOCTbhIO, YeEM
HepTh (T.e. MOPOABI SBIAIOTCA TUAPOGUIBHBIMH), M IMOTOMY B YCJIOBHUSAX KamWUIIPHOTO
paBHOBeCHS TPEUMYIIIECTBEHHO 3aI0JIHSAET YYaCTKU C MEJIKUMU Tlopamu. B psinie cimydaeB mopoasl
OKa3bIBaOTCs THAPO(OON3UPOBAaHHBIMU B PE3YJIbTATE aICOPOLIMK HA UX TOBEPXHOCTH aKTUBHBIX
KOMITOHEHTOB HE(TH, M MPOIECC KaNWUIPHONW NPONMHUTKA HE MOXET HMJITH, YTO HNPUBOIUT K
CHIJKEHUIO He(pTEeOTaauH.

OnHako U3 CpPe]CTB MOBBIIIEHUS HEPTEOTaul B TAKUX YCIOBUSAX SIBJIIETCS J0OABIIEHHE K
3aKayMBaeMOW BOJ€ MOBEPXHOCTHO — aKTUBHBIX BemiecTB (IIAB), xoropele, ancopOupyscs Ha
IIOBEPXHOCTH MOPUCTOrO cKeneTa, ruapodpmimsupyert ee. [lockonbky npouecc rupopuiIn3anuu
IOBEPXHOCTH JOJDKEH IpEeNIIecTBOBATh MNPONUTKe, Tuiapopunusupytomee [IAB nomkHo
o0lagaTh  HEKOTOPOM  pacTBOPUMOCThIO B Hedptu. OPPekTUBHOCTH  IOCTPOEHHBIX
BBIUHCIUTEIbHBIX AJTOPUTMOB IPOTECTUpPOBaHA Ha PEAJIbLHOM MECTOpOXKJIeHUH «BocTounslit
Monnabexk» ATbipayckoil 00JacTu U Jajlu 0XKHJIaeMble pe3yIbTaThl IPU IPOTHO3HBIX pacyeTax.
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CEKLIUS 2

Ecenrteynepni yibIMIacThIpyAaFbl OHTAMIAHIABIPY MIHJETTEP1

Sanaqn OIITUMH3ALIMHU B OpraHu3aliun BBIYMCJICHUM

Optimization problems in the organization of computation
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COKPAIIIEHUE YHUCJIA OITEPAITAI ITPU BBIMUCJIEHUN
XAPAKTEPUCTHUK CBA3ZHOCTHU COIYYAUHBIX I'MIIEPT'PA®bI

A.C. Ponuonos
Hucmumym sviuuciumenvuou mamemamuxu u mamemamuvecxoui ceogpusuxu CO PAH

VK 519.1

Annomayusa. B cmamve paccmampusaiomcs memoovl YCKOPeHUs pacyéma u OYeHKU
PAa3IUYHBIX noKazamenell HA0eHCHOCMU CAYYAUHbIX 2unepepagos, 8 KOMOPbIX Y3ibl AGIAIONCA
HAOECHbIMU, A 2uneppebpa MO2ym 6biX0OUMb U3 CMPOs HEe3A8UCUMO C  3A0AHHBIMU
sepossmuocmamu.  Paccmampusaemces  éepossmuocms  coeOunenus  6cex  y3nos  (ATR,
BCEMEPMUHANIbHASL HAOEHCHOCTY). DMa Xapakmepucmura Ha0edCHOCIU XOPOUO U38eCmHa 0Jis
CAYUAUHBIX 2paghos, mo2oa Kak eé ucciedosanus 01 CIyHauHblx eunepepagos peoku. B mo oice
8pems 9mo umeem OOabUIOe 3HAUEHUe 0I5l AHAUZA U ONMUMUAYUU MHOSUX MUNOE COBPEMEHHBIX
cemell, MaKux Kaxk 6ecnpogoomvle u COYUuaIbHble cemu.

Knroueswvie cnosa: ciyuaiinvii eunepepagh, HA0EHCHOCMb, CEAZHOCD.

BBenenue

Cnyuaiiabie rpadsl (CI) ¢ HaIe)KHBIMU BepIIMHAMY U HEHAIKHBIMHU peOpaMu KaK MOJIeb
ceTell pa3IMYHOro Ha3HAYEHUS U3yYar0TCs MHOTMMH aBTOPAMH Ha MPOTSHKEHUH HECKOJIBKUX JIE -
csatuneTuil [1-6], moIy4eHO MHOXKECTBO TEOPETUYECKUX PE3YJIbTATOB, Pa3pabOTaHbl MHOTOUYHC-
JICHHBIC aJITOPUTMBI aHAJIN3a U CTPYKTYPHOU ONTHMHU3AIUH.

B 10 xe Bpems ciyuaiinbie rurnieprpadsl (CI'T) Bo MHOTHX citydasix sSIBISIFOTCS OoJiee aJiek -

BAaTHOM MOJI€NbI0, XOPOIIUMH IPUMEPAMU SBIISIIOTCS PaJIn0, SKOHOMHUYECKUE U COLIMATIBHBIE CETH.
HenaBusist crathbs [7] ABIsIeTCSl XOPOUIMM ITPUMEPOM TaKOT'O UCCIEI0BAHMS, HO B HEM paccMaTpH -
BaIOTCS TOJIBKO TUTIEpPrpadbl C OMMHAKOBOM HAJISKHOCTHIO pedep U HCCIeAyeTCsl IPUMEHEHHE Me-
toga MonTte-Kapmo ans annpokcumanuu BcerepMuHanbHol HagexHoctu (ATR). Hexoropsle pe-
3yJabTaThl UccaenoBanuil, kacatoumxcsa CI'T, nmpeacrasnensl B [§], HO paccMaTpuBaeTCs TOJIBKO
0COOBII THIT TPEXIOIBHBIX TUIIEPTPadOB.

B nokiaze Mbl McclieyeM TOYHBIE METO/Ibl pacueTa 3TOro IoKa3aTels.

Kax u B Hammx paGotax no nokazatensm Haaexkanoctu CI' [9-11], Ml paccMaTpuBaeM pas-
au4Hble MeTonbl pacuera ATR.

Mei1 paccMaTpuBaem cirydait runeprpad)oB ¢ HaJIeKHBIMH y3JIaMHU U HEHAASKHBIMU TUTIEppE-
Opamu (nanee uist KpaTHOCTH MBI Ha3bIBaeM UX MPOCTO pedpamu, eciid Xapakrep pedpa He Hal0
HOJYEPKHYTh CIIELHUAIbHO), KOTOPbIE MOT'YT BBIXOJUTh U3 CTPOSI HE3aBUCUMO JIpyT OT Apyra. Kak
U B CIIy4ae ¢ MOJAENbIO cydalHbIX TpadoB, Mbl IBITAEMCS HAWTU pa3HbIE CIIOCOOBI YMEHbIICHUS
pa3MepHOCTH 3aa4ul, TO €CTh BO3MOXHBIE peaykiuu u gekomnozuuuu CI'T. bBynem cuutats, 4yTo
B ciIy4ae, korja Bce peopa Haaexusie, CI'T cBsizeH.

[Tpu BerumciieHnn MateMatudeckux oxunanuii pynkuuit CI'T, kak U B ciiydae paccMoTpe -
Hua CI', ucnonb3yem onpenesieHne MATEMaTHYECKOr0 OKUAAHUS TUCKPETHON CIydailHON BesH -
YUHBI:

E[1(HG)]= Y P(H)u(H), 1)

HeE
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r7ie = — MHOXECTBO BCceX BO3MOXKHBIX peanuzauuii CI'T, a BeposTHOCTh KOHKPETHOM pean3aluu
H paBHa npou3BeICHUIO BEPOSTHOCTEH MPUCYTCTBUSA pEOEp, MpuHaIeKamux H 1 BeposTHOCTEH
oTcyTcTBUs pEédep, ell He mnpuHaiexammx. [lanee mjii MpOCTOTH 3HAK MaTEMaTHYECKOIO
OKHJIaHUs OyJIeM OIyCKaTh, T.€. UCIOJb30BaTh nmpocTo 1(HG).

Kak u B Hammx paboTax 1o UCCIIeI0BAHUIO XapaKTePUCTUK CITydallHbIX I'pa()oB, B OCHOBHOM
npu BerarcaeHnn xapakTepuctuk CI'T MBI Mcnonb3yeM pa3iudHble MOIU (DUKAIIIN XOpOIIO celst
3apeKOMEHI0BaBIIEr0 MeTo/1a (pakTOpHU3aIMH 110 COCTOSIHUIO POU3BOJILHOTO pedpa:

u(HG) = p,u(HGe) + (1 p,) u(HG \e), 2)

rne HG/e — CI'T, B koTopoM pebpo e mpucyTcTByer ¢ BepostHocThio 1,a HG\e — CI'T, B koTopom
3TO pedpo yIaiaeHo.

IIpunsiTHIe 0003HAYCHUSA

ATR — BceTepMuHaibHasE HAJISKHOCTD

HG(n,m) — runeprpad ¢ n BepiMHaMyd U m runeppedpamu (nanee pedpamu)
V(e) — Habop BepIINH, HHIIUACHTHBIX PeOpy €

m(e) — KOMMYECTBO BEPIINH, MHIIMICHTHBIX pedpy e, m=|V(e)|

d(V) — creneHp BEpIIMH V: KOJHYECTBO pedep, MHIMICHTHBIX BEPIIHHE V
E(v) — Habop pedep, MHIUICHTHBIX BEPIIMHE V

Dc(e) — Habop BepIIKMH CTENEHH C, HHIIUACHTHBIX PeOpy €

Onpenenenusi

Ilapuup — y3en, yaajeHHe KOTOPOro NPUBOAUT K OTKIIOYEHHUIO paHee MOJAKIIYEHHOW CeTH;
y3ell, ylIaJeHHe KOTOpOro NpPHUBOAUT K Pa3AEICHUI0 CETH Ha OJHY WIM HECKOJIbKO
HerepeceKarouXxcs Moicerei.

Lens — HaGop U3 1BYX MM Oosee pedep, MPOXOAANINX Yepe3 y3/Ibl CTENEHH JBA.

IIpocToe pedpo — pedpo, UHIMIEHTHOE TOJIBKO ABYM BEPLIMHAM.

1. Cuayyvaiinbiii runeprpad n ero ATR
B o6uiem ciiydae, y Hac ecTb pa3zieJIeHHE BCEX BEPIINH MEXIY peOpaMy U Kak1as BepIIiHa
MOKET IpPHUHAJUIEkKATh IPOU3BOJIBHOMY KOJIMYECTBY pedep. Mbl Ha3blBaeéM 3TO KOJIUYECTBO
CTENEHbIO JAaHHOHM BeplInHbl. OTMETUM, YTO HECKOJBKO BEPIINH, HHIUIEHTHBIX OJHOMY pedpy,
B 00IL[eM ClTyyae UMEIOT pa3IuyHble CTEEHH.

Ilpasuno 1. Kasicooe pebpo, unyudenmuoe xoms Obl 0OHOU BepuiuHe CMeneHu 00UH, OOINCHO
npunaoaexcamv Kaxcoou ceazuou pearuzayuu CI'T. Omo npasuno ouesuono. Eco ucnonvsosanue
noseonsiem ymenvbuuums xoauvecmeo peanusayuu CI'T 6 cmyyae nonnozo nepebopa, unoz2oa
3HAYUMETLHO.

O0603HaunM Kak S(V) MHOXKECTBO BEPIIMH, MHIIUACHTHBIX TEM e péOpaM, KOTOPhIM MHIIUICHTHA
V.

S(vM)= [ V)

ecE(v)
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Ilpasuno 2. Bce sepuiunnt 6 S(V) nepaziuuumol ¢ mouku 3penus eviuucienusi ATR u mocym 6vimo
*
3aMeHeHbl 00HUM 00bEOUHEHHBIM NCeBO0V3IOM V.

Kaxnoe pebpo € MOXKeT cojepkaTh HECKOJbKO TAaKUX IICEBJOBEPIIMH, KOTOPbHIE C
BEPOSITHOCTHIO Pe COEAMHEHBI 3TUM PeOPOM, HO MOT'YT OBITh COEIMHEHBI U MYTAMU Yepe3 Ipyrue
pebpa.

Takum obpa3om, mociie o0benuHenus Beex S(V) B MCEBI0Y3IIbI U IPUMEHEHUHU TpaBuia 1,
MbI UMeeM 3a1ady ATR B crnygaitHoM runeprpade MeHbIIeld pa3MepHOCTH.

[Tpumep npusenén Ha Puc. 1. 3necy pébpa 2 u 4 nomKHBI 00s3aTENBHO MPUCYTCTBOBATH

cornacHo mpasuiy 1. Mtorosoe snauerne ATR pasao P,P,(P,+ P, — P.P,) -

HG

S\ e L o \ & [o v |
| } | sy Nl
v, | U] O

Puc. 1. PenynupoBanue CI'T ucnonb3zoBanuem npaBui 1 u 2

B HEeKOTOPBIX BUJIAX CETel, HAPUMED, COLUATBHBIX U PAIHOCBS3H, BOSMOXKHO MEPEKPBITHE
MHOXKECTB Y3JI0B, UTO B rumeprpadax COOTBETCTBYeT MepeKphiTuio pédep. B aToMm ciyuae,
MPUCYTCTBHE MJIM OTCYTCTBHE BJIOKEHHOTO pedpa, B Cirydae MPUCYTCTBHS pedpa 0ObEeMITIONIETO,
HE UMeeT HUKaKoi posu ¢ Touku 3penus 3HaueHuss ATR CIT.

Ez Es E> Es

S Uﬂ I RSE f\-ﬁ |
o

[ ]
Es . Es

1|

| v

Puc. 2. PexomeH1yemMblii IO TPaBIITY 3 OPSAAOK (PaKTOpU3ALIAN

Hpasuno 3. B cayuae nanuuus maxoti napol péoep €1 u €2, umo V() DV (&,) , npu svibope
pebpa 0ns akmopuszayuu npeonoymernue ciedyem omoasamv peodpy €1, NOCKOJIbKY MO
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coxpawjaem HUCIO  pACCMAMpUeaemvlx  6apuanmos. B ciayuae yenouku  6n0dceHull,
Gaxkmopuzayuio credyem HAUUHAMb C CAMO20 8HeUlHe20 pebpa.
[Ipumep wucnonb3oBaHus npaBwia npuBeaéH Ha Puc. 2. IlpeaBapurtenbHo ObuIO

MCIOJIB30BaHO NpaBuilo 2. Pesynstupytomee 3Hadenne ATR runeprpada paBHo 0 + Pg P, .

1.1. ChneunuajbHble cjy4au, NO3BOJIsSIONIIUE YcKopeHne pacuérta ATR

Puc. 3. 'uneppedpo u BepimHa
T'uneppeopo u eepuiuna

Ecmu CIT cocrout u3 omHoro rumneppedpa ¢ K y3iamu U HaJeKHOCTBIO Po ¥ BEpIIHHBI,
CBSI3aHHOM co Bcemu HUMH (cM. Puc. 3), To uMeem odeBuaAHOE

k

R(HG) = p, {1—1_[(1— pi)}(l— po)li[ P (3)

i=1
Ilapa cuneppéoep, coeOunénnwvix npocmvimu péopamu

Ecin y Hac ectp mapa runeppé€0ep ¢ HaJSKHOCTBIO p1 U p2, KOTOPBIE COEAMHEHBI M
IPOCTHIMU pEOpaMH, HE OOpPa3yIOIIMMHU JEpeBO M HMEIOIMIMMU HAAEKHOCTU Pi,P2,...,0m, U
pacrpeieIecHHbIMA MEXy HEKOTOPhIMHU (MOKET ObITh 01HO) K <m mepeBbsiMu Ti, Kaxmoe u3
KOTOPBIX UMeET Si, I=1,...,K pédep (cMm. Puc. 4), To MbI IMEEM CIIEAYIOIINE BO3MOXHOCTH :

1. o0a runeppebpa HaJECKHBI;
2. onHO THUIEeppedpo HAZIEKHO, IPYTroe HET;
3. o0a runeppeOpa HEeHaEKHBI.

Puc. 4. [Tapa runeppé6ep, coeAMHEHHBIX TPOCTHIMU PEOpamMU

B nepBoM BapuaHTe Uil CBI3HOCTH JOCTATOYHO CYIIECTBOBAHUS JHOOOr0 MpoCcToro peodpa,
BO BTOPOM BapHaHTe XOTs ObI OHO MPOCTOE PeOPO B UX CBSI3HOM MOJMHOKECTBE JJOJDKHO OBITH
HaJEKHBIM, B [TOCIIEAHEM BapHaHTE BCE MPOCThIe pedpa JODKHBI OBITh HaIeKHBIMU. TakuM obpa -
30M, MBI UIM€€EM JIJIs1 IEPBOTO CIIydasi:
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R(HG) = p,p, +[p1(1—p2)+(1—p1)p2]H 1_1_[(1_ pe) +ﬁ P;- (5)

i=1 eeT;

EcTh n1Ba KpallHUX Cilydas: BCe IPOCTbIEe pedpa COEAMHEHBI B IEPEBO U BCE ITH pedpa He
[IEPECEKAIOTCA.
B nepsom ciiyuae Mbl nMeemM

i=1

R(HG) = p,p, +[,01(1—p2)+(1—,01),02]{1—H(l— pi ):|+ rj Pis (6)

JUIsL BTOPOTO CIIydast

R(HG) = .0, + (- o) | P 7)

i=1

B obmem ciydae MoxeT ObITh NMPOU3BOJIBHOE KOJMYECTBO T'UIEppEOep, KOTOpbIE HE
CMEXKHbBI MEXAYy COOOH, T.e. HE UMEIOT OOIIMX BEPILUH, a CBA3AHBI MEXAY COOONH IPOCTHIMU
pé6opamu. OT-MeTHM, YTO HOCJE MPUMEHEHUs MpaBuia 2 B runeppéOpax HET BEPILUH, KOTOpPbIE
He ObUIM OBl CBSI3HBI C BEPIIMHAMU APYrUX Tuneppédep.

B sToMm ciydae ¢akTopu3annio IPeAnoYTUTENIbHEH TPOBOJUTh UMEHHO 10 runeppéopam,
TaK Kak yJajgeHue Takoro pedpa He paspymaer CI'T, HO MO3BOJISIET CHU3UTH €T0 Pa3MEPHOCTH 3a
CU€T pelyKLUHU MMOSBUBILUXCS B pe3yJIbTaTe PEYKLUU BUCSYUX BEPILUH U/UIIH e el U3 MPOCThIX
pédep, a MO JTUHUM CTATMBAHUS IOJy4aeM OAHY BEpIIMHY, COEAMHEHHYIO C OCTaJbHON YaCThIO
CIT mpocteiMu péopamu (cM. Puc. 5). Tem cambiM, paHO UK MO3AHO Tpolece GaKkTOpU3aluu
npuBeET 60 K nosydeHuto CI' u3 mpocTeiX p€dep U BO3MOKHOCTH HCIOJIB30BAHUS CYIIECTBY -
formx anroput™oB pacuéra ATR crnyuaiinoro rpada, 1160 K BO3MOXHOCTH HETTOCPECTBEHHOT O
pacuéra ATR, kak B paCCMOTPEHHBIX BBIIIE CIIELUAIBHBIX CIIydasiX.

7 X

@ Ez
X

Es
Ea

Puc. 4. ®akropuzanus o runeppedpy npu HECMEKHBIX TUIIEppEOpax

23



4. 3akjIoYeHue

B noknaae paccMOTpeHbl HEKOTOPBIE BOMPOCHl OPraHU3alUKU BBIYMCIEHUS BEPOSITHOCTU

CBSA3HOCTH ClIy4aiiHoro rumeprpada ¢ Haa&KHBIMH BEpUIMHAMH M HEHAAGKHBIMU pEOpaMH.
IIpuBeneHsl npaBuiIa, MNO3BOJLSIIOIIME CYIIECTBEHHO CHHM)KAaThb PAa3MEPHOCTh 3aJaud IIpH
UCMOJb30BaHUU MeToAa ¢aktopuszauuu. s camoro Merona (GakTOpU3aLUU MPE]I0KEHbBI
HEKOTOpbIE MOAXOJbl K BBIOOpY paspemiaroniero rumneppedpa. B pampHelimem ycunus OyayT
HaIpaBJIeHbl Ha IPOrPaMMHYIO peaIu3aliio MPEAJIOKEHHbBIX IPaBUII U MTOAX0J0B, B TOM YHCIIE
napasuieIbHbIX.
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OJeYMETTIK-9KOHOMUKAJIBIK MPOLIECTEP/IETT OHTAMIaHBIPy Maceenepi

3aj:[aq1/1 OIITUMH3AIMHU B CONHUAJIbBHO-9KOHOMHWYCCKHUX ITPpOoHCccCax

Optimization problems in socio-economic processes
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MUWHUMM3ALUSA BIOJ)KETHBIX PUCKOB B JIBYXYPOBHEBOI
3AJAYE I'OCYJAPCTBEHHO-YACTHOI'O ITAPTHEPCTBA

A.O. 3bipsinoB, I0.A. Koueros, C.M. JlaBauHCKH

Hnemumym mamemamuxu Cubupcrxoeo Omoenenus PAH umenu C.JI. Cobonesa

YK 519.863

Annomavusn. Mvi paccmampusaem HOB8YI0 NOCMAHOBKY 3A0a4U 08YXYPOBHEE020 OUHAPHO2O
JIUHENHO20 NPOSPAMMUPOBAHUS Ol CMPAmMe2udecKko20 NIAHUPOBAHUS  20CYOAPCHBEEHHO -
YACMHO20 NAPMHEPCMEd, 8 KOMOpPOoU 0100XHcemvl USPOKA 8ePXHe20 YPOBHS (20CYy0apcmea) He
onpedeneHvl. B 0anHotl 3a0aue mbi 00IHCHBI NOCMPOUMb PACNUCAHUE OMKPLIMUSL IKOJIO2UYECKUX,
UHGDPACMPYKMYPHBIX U NPOU3BOOCMBEHHBIX NPOEKMOE OJisl KOHEUHO20 20PUOHMA NAAHUDOBAHUSL.
lea uepoxa, 2ocyoapcmeo ¢ 00HOU cmopousl (Mudep) U YaCMHbLLL UHBECMOpP € OPY2Ool (8600 Mblil)
nOCIe0068aMeNbHO NPUHUMAIOM peuleHue 00 OMKPulmuu NPOEKmo8 6 pAaMKax OHO0ICemHbIX
oepanuvenuil. Mol npeononazaem, umo 6100cem, He 0CBOCHHBLIL 8 MeKYujem 200y, Moxcem Ovlmb
nepenecen Ha nociedyrowue 200a. Yacmuulil UHBECMOP MAKCUMUIUPYEM cOOCMBeHHbIl 00X00, a
2ocyoapcmeo  MuHuMusupyem — ceou  3ampamoul.  MunumaneHuili  00X00  2ocydapcmea
obecneyugeaemcsi cCneyuanbHblM ocpanudenuem. Mol nokasanu, umo OAaHHASL O8YXYPOBHEBAs.
3a0aua seisemcsa X 2"\p-ClOHCHOU 8 KOONEPAMUBHOM U HEKOONEePpamueHom cayyasx. Taxoce mol
00Ka3anu, 4mo paszpolé Mexcoy 3HA4YeHUAMU Yenesol YyHKYUuU 20Cy0apcmea 015 KOOnepamusHo20
U HEeKOONepamusHO20 CAyYae8 Moxcem OOCMUSAMb CKOb Y20OHO 0Oonbuux 3HaveHutl. Mol
00Ka3anu, Ymo CKoJIb Y200HO Maloe ocladienue 02panudenus Ha 00X00 20Cy0apCcmed Motcem
npusecmu K CKob Y200HO OOIbUIOMY YMeHbuleHuio sampam 2ocyoapcmea. Muvl npedcmasuiu
pe3yibmamsl  GbIYUCTUMENbHBIX IKCNEPUMEHMO8 011 MOOeIbHO20 NOJU2OHA, NPooOPA3OM
KOmMopo2o aensiemcs Haoop u3 50 mecmopodrcoeHuli noIUMemaiiudeckux pyo 3a0atikaibeKozo
Kpasi.

Knrwouegvie cnosa: 08yxyposnesoe npocpammuposarue, MemaspucmuKu, ol4UcIUmenbHasl
crodcHocmy, uepvl Lllmakenvbepea.

BBenenue

3aauy 1ByXypOBHEBOI'O IPOrpaMMHUPOBAHUS YK€ XOPOIIO U3BECTHBI. BhIMyIIeHbI ThICAYN
CTaTel M HECKOJIbKO MOHOrpaduii, a MeXIyHapoJHble KOH(EpPEHLMH HUMEIOT TeMaTHYECKue
cekiuu. TeM He MeHee IUarna3oH MPUMEHEHUH OCOOEHHO B 00JIACTH JAMCKPETHBIX MOCTAHOBOK
MOCTOSIHHO pacIIdpsieTcsi. DTO MPOUCXOAUT Kak u3-3a urp lltakensOepra qis HEpaBHONPABHBIX
UI'POKOB, BO3HUKAIOLIMX IPU KOHKYPEHIMU Ha PbIHKE, TaK U U3-3a AITOPUTMHUYECKON CI0KHOCTH
BO3HMKAIOIIMX ONTHMMHU3AaMOHHBIX 3a1ad. Hekoropble M3 HUX ABIAIOTCA X 2/'P-CIHOXKHBIMH -
Ooee CIOKHBIMH, YeM MHPOKO n3BecTHhIe NP-nonmubie 3a1aun, ecimu P #+ NP.

B nanHoil paGoTe MBI M3y4aeM HOBYIO JABYXYPOBHEBYIO OMHApHYIO 3ajady JMHEWHOIO
IpPOrpaMMHUPOBAHUS, BO3HHUKAWOIIYID TpU  MOACIMPOBAHUU  TOCYJapCTBEHHO-YACTHOTO
naptHepctBa (I'UII). CHavana rocygapcTBO NPUHUMAET PEIICHHME KaK UTPOK MEPBOrO YPOBHS
(ylmpep). 3aTeM MHBECTOP JIeNIaeT CBOM BBIOOP Kak UTPOK BTOPOro YpoBHS (Bemomblii). Urpoku
MaKCUMU3UPYIOT cBou 1eneBble pyHKUIuU (LD), oTKpbIBast HHPPaCTPyKTypHbIE, SKOJIOTHUECKHEe
U TPOU3BOACTBEHHBIC MPOEKThl B paMKaxX OOJKETHBIX OrpaHH4YeHUid. MbI JommyckaeM, 4To
HEOCBOCHHBIN OIO/KET MOXET OBITh MCIOJIb30BaH MO3XKE, HA30BEM 3TO MSTKHUMH OI0OKETHBIMH
orpanndenussMu (MBO). [Ins unBectopa L{® - 3170 cymmMapHBI YHUCTBHIM NPUBEAECHHBIM TOXO/I.
Jna rocymapctBa I[® 3amaercs pa3MepoM HEOCBOEHHOIO OlO/pKETa MpH  COOJIOAEHUU
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OrpaHUYEHMS HA MUHHUMAJbHBIM JMCKOHTUPOBAHHBIN IOTOK HAJIWYHOCTHU Mapbl «rOCYyAapCTBO-
HaceneHuey. Takas mocTaHOBKa OO0ycCIOBJIEHA TMOTPEOHOCTbIO MHUHHUMH3AIMH PHCKOB HE
BBITIOJTHUTH OIOJKETHBIC OI'PAaHUYEHUS TOCYJApPCTBA, TaK KAK B PEATBbHBIX YCIOBHUSAX TOHOBBIC
OI0/KETHI MOTYT OBITh HEMIPEICKA3yEeMO YMEHbBIIICHBI.

B pabGote MBI ycTaHOBaeM KeaeMblii ypOBEHb J0X0/a TOCY/IapCcTBa M HAXOAUM HauMEHEe
PHCKOBAHHOE C TOYKH 3PEHHSI BBIIOJHEHUS OF0JKETHBIX OI'paHUYCHUI PELIeHHE 3a TOCY1apCTBO.
MBI [0Ka3bIBaEM, 4TO HOBas 3a/aua rOCYNapCTBa SBISETCS b - CIOKHOM, paccMaTpuBaeMm
KOOIIEpAaTUBHOE M HEKOOIIEPAaTUBHOE MOBEICHUE UHBECTOPA M MOKA3BIBAEM, YTO Pa3pbiB MEKIY
ONTUMAaJIbHBIMU 3HaueHUsIMU LD rocynapcrea B cilydae KOONEPATUBHOIO U HEKOOIIEPATUBHOIO
MOBEICHUS MHBECTOPA MOXET OBITh CKOJIb YTOAHO OO0JBIIIM. MbI TPUBOJIMM JI0OKA3aTEIIbCTBO, YTO
CKOJIb YT'OJTHO MaJjioe OcTabjeHre OrpaHMYCHUN Ha JJOXO/1 FOCy1apCTBa MOXKET IIPUBECTH K CKOJIh
yroaHo 6onpimoMy yBenudenuto L[D. Takxe Mbl 10Ka3bpiBaeM, 4TO 3ajada ToCyaapcTBa, rae B
kauectBe L[ Oepercst m0X04 TrocynapcrBa, SBJSIETCA IUIOXO OOYCIIOBIEHHOH, TO €CThb Yy
rocyapcTBa MOXET OBITh HECKOJIBKO ONTHMAJIbHBIX PEIICHUN U Pa3pblB MEKIY 3HAYECHUSMU
HEOCBOEGHHOT0 OI0JKETa ISl 3TUX PEIICHU MOXKET ObITh CKOJIb YTroIHO OonbiM. HakoHer, Mbl
IIPENOCTABISAEM PE3YyJbTaThl YUCIEHHBIX JKCIIEPUMEHTOB [ MOJEIBHOIO IIOJUIOHA,
npooOpa3oM KOToporo sBisieTcss Habop u3 50 MeCTOpOKICHHH MOTUMETANTHYECKUX Py
3abaiiKanbCKOro Kpas.

1. IlocTanoBKa 3axauu

Beenem T'UIl wmopmenp Kak 3amadyy JBYXYPOBHEBOIO OHMHApHOIO  JIMHEHHOI'O
IPOrpaMMHPOBaHUs C THOKMM BpEMEHEM 3amycka KaXKIOro MpOoeKTa M y4acTHEeM YacTHOTO
MHBECTOpa B Ipolecce pa3padOTKH MporpamMMbl UCIOIb30BAHUS MPOU3BOACTBEHHO -ChIPbEBOI
6a3bl. B kauectBe L|® BepxHero ypoBHs MOJ0KUM HAMMEHBIINI HEOCBOCHHBIH OI0JKET Ha BCEM
TOPU30HTE TUIAHUPOBAHUS P U JA00ABUM CIELHAIbHOE OrpaHMYEHHE Ha MUHHUMAJbHBIN J10XOJ
rocynapcrBa. B kauectse L@ HUKHETO ypOBHS BO3BMEM CYMMAapHBbI YHMCTBIA IPUBEIECHHBIN
JIOXOJI.

Ha Bxoxe Mmomenn 3agaroTcs:

1) ropuonT muanupoBanus T,

2) OromkeTsl TocyaapcTa b9 u MHBecTOpa b'™ B KaXkIbIi IOl TOPU30HTA IIAHUPOBAHHS,

3) amckoHTHI rocynapctea 89 u unsectTopa 67,

4) HaOOp WHBECTUIIMOHHBIX MPOCEKTOB, PEANTU3yEMBIX YaCTHBIM HHBECTOPOM, MOMEHTBHI
3aIycKa ¥ KOHKPETHYIO KOH(UTYpaIii0 KOTOPBIX HHBECTOP BBIOMPAET B 3aBUCUMOCTH OT
TOr'0, 4TO IpeJlaraeT rocy1apcTBO B 00JIaCTH HHPPACTPYKTYPHOT O CTPOUTEILCTBA,

5) Habop WHQPPACTPYKTYpHBIX TMPOEKTOB, pPEATM3YEMbIX TOCYIapCTBOM, KOHKDPETHBI
nepeYeHb KOTOPbIX U MOMEHTHI 3allyCKa  TOCYAapCTBO BBIOMpPAET, MCXOAS M3 CBOHMX
OLIEHOK A((PEKTUBHOCTH € TOYKU 3pPEHUS MEPCIEeKTHB JOJITOCPOUYHOTO pPa3BUTHS
TEPPUTOPHH,

6) mepedycHb PKOJOrMYECKUX MPOCKTOB, HEOOXOMUMBIX [UIS KOMIICHCAIIMU KOJOTMYESCKUX
IIOTEPb, BBI3BAHHBIX PEAIM3ALME HHBECTULMOHHBIX IIPOEKTOB; KOHKPETHBIN pa3jel
0053aTeNHCTB MO Pean3aii SKOJIOTHIECKUX ITPOEKTOB MEXK/y YACTHBIM HHBECTOPOM H
rocy/1apCTBOM Ha BXOJI€ HE OMpPEEIIEH U 10DKEH ObITh MOJyY€H Ha BBIXOJI€ MOJIENH,

7) 3aBHCUMOCTH MEXIY IPOU3BOICTBEHHBIMU, MH(PPACTPYKTYPHBIMU H SKOJOTHYCCKUMHU
IIPOEKTaMH,

8) MUHMMAaIBHBI J0XO0] roCyapcTBa P;.

BeIxon Mmozenu - pacnucaHue crapra NpOEKTOB BCEX BUAOB M MEXAaHMU3M pasjielia 3aTpaT B
IIPOLIECCE PeaIn3alui YKOJIOIMYECKUX IIPOEKTOB MEKY IOCYJapCTBOM U HHBECTOPOM.
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IlepemeHHbIE BEpXHEro YypOBHS OTBEYAIOT 3a OTKPBITHE HHPPACTPYKTYPHBIX MU
9KOJIOTMYCCKUX IIPOCKTOB, a ICEPEMCHHBLIC HHXHCIO YPOBHA 3a IMPOU3BOACTBCHHBLIC U
HKOJIOTUYECKUE MTPOEKTHI.

OrpanuueHuss  BEpXHEro  ypoBHS  oOecleuyuBalOT  OJHOKPATHOCTh  3aIllycKa
MH(QPACTPYKTYPHBIX IPOEKTOB, COOJIIOJEHHE OIOJKETOB IOCyAapcTBa a TaKXKe JOCTHKEHHE
MUHUMAJIBHOTO JoXoJa TrocygapctBa. OrpaHHuYeHUs] HUXKHEr0 YPOBHS O0ECIEeYUBaIOT
OJTHOKPATHOCTh  3aIlyCKa SKOJOTWYECKH W MPOM3BOJICTBEHHBIX IPOEKTOB, OIO/KETHBIC
OIrpaHUYCHHA MHBCCTOpA, a TAKIKC CO6JIIOI[€HI/IG 3aBHUCUMOCTCH MCXKAY MNPOU3BOACTBCHHBIMU,
MH(PACTPYKTYPHBIMH U 3KOJOTMYECKUMHU MPOEKTaMH. 3aM €TUM €IIe, YTO UTPOK HUKHETO YPOBHS
CBOMM PCHICHUEM MOKCET HAPYIIUTH OIrPAaHUYICHUC HA MUHHMAaIbHBIN J0XO0 BCPXHCI'O YPOBHHI.

2. OcHOBHBIE CBOVMICTBA M BLIYUCJIUTEIBHAA CJI0KHOCTD

PaccmatpuBaemas 3agada ['UI1 ¢ MArkuMH MK SKECTKUMU OIOJKETHBIMH OT'PaHUYECHUSIMU
ABIISIETCS  IJIOXO  OOYCIIOBJIEHHOM  3ajadeil  JABYXYpPOBHEBOIo OWHApHOTO  JIMHEHHOTO
porpaMMHupoBaHusi. UIrpok HUKHEro ypOBHSI MOYXKET UMETh HECKOJIBKO ONTUMAJIbHBIX PEIICHUH,
YTO IPUBOJUT K HEOIpeAeeHHOCTU B 3HaueHusAX L P BepxHero ypoBHs. Mbl paccMaTpuBaeM JiBa
ciIy4ass KOONEPAaTUBHBIM, KOIZa W3 MHOXECTBA CBOUX ONTHMAJIBHBIX PEIIEHUH HWHBECTOP
BbIOMpAET MaKCUMHU3UPYIOIIEE J0XOA TOCylapcTBa M HEKOONEPAaTUBHBIM, KOrjJa HHBECTOP
BbIOMpaeT MUHUMH3UPYIOLIEE JOXOA rocynapcTa. Takum o0pa3om, CTpaTerusi ”HBECTOpa BIIHSIET
Ha BBINOJHEHUE OTPAaHUYEHHMS] Ha MUHUMAJbHBIM JOXOJA rOoCyJapcTBa, U3-3a YEro rocyAapcTBO
MOXET OBITb BBIHY)XXIEHO OTKPBIBAaTh JIOMOJHHUTENIbHBIE TPOEKTHl U  PacxoaoBaTh
JIOTIOJTHUTENbHBIN OI0JIKET.

Teopema. 3apaua T'Yll sBnsercs 25’ - TPYAHOW NpPU MATKUX U JKECTKHX OFOJKETHBIX
OrpaHUYECHUSX, B KOOIIEPATUBHOM U HEKOOIIEPATUBHOM CIIydasiX.

Teopema. AOCONIOTHBIM U OTHOCUTENbHBIA Pa3pblB MEXIY ONTHUMAJBLHBIMHU 3HAUECHUSMU
® rocynapcrsa 3agauu ['UI1 B KOoOmepaTUBHOM M HEKOOIIEPATUBHOM CIIy4YasiX MOXKET JOCTUTaTh
CKOJIb YTOIHO OOJBIION BETUYHHEI.

YcnoBuMcs 0003HaYaTh 3a7a4y, IJI€ JOX0J] TOCyJapcTBa U3 orpaHndeHus nepexoaut B LD
BEPXEHUTO YPOBHSI, C HEU3MEHHBIMU OrpaHUYeHUSAMU U L]D HUKHEro ypoBHs, HCXOIHOM 3a/1auei.

Teopema. Wcxomnaa 3amaya I'UII mMoxkeT vMMeETh HECKOIBKO ONTHMAJIBHBIX PELICHUU.
AOCOTIOTHBIA M OTHOCUTEIBHBIN Pa3pbIB MEXKIYy  3HAYEHUSMH p IS ITHX PEUICHHH MOXeT
JIOCTUTaTh CKOJIb YTOAHO OOJbIINX 3HAYEHUH.

Teopema. Tlycts mcxommas 3amada ['UIl MMeeT OJHO ONTUMANbHOE pelleHUME U P, -
ONTHMAJIBHOM 3HaueHue poxoxa rocynapcerBa. Ilycte 0 < e< 1 - CKOJIB YrOZHO Malo.
AGCOMOTHBINA U OTHOCHUTEIBHBION PasphlB MEXIy 3HAYEHUAMHU p IS Clydae, Korja P, = P, u
P, = P, — &, MOXKET JOCTUTaTh CKOJIb YTOJHO OOJIBIINX 3HAUEHMIA.

3. AJIrOPUTM pellieHus1 3a1a491

JIns monyyeHus: BepxHEl OLIEHKM onTuManbHOro 3HadueHus LD BepxHero ypoBHs 3ajgaya
perakcupyercs A0 OAHOYpOoBHEBOH. Mpbl pemaem 3amauy 0e3 I[®d wumnBecTopa co Bcemu
OTPaHUYCHHUSAMHU BEPXHETO M HIDKHErO ypoBHs. Ha3zoBeMm Takoe perieHHe MOHOMOJBHBIM, OHO
MPEANOJIaraeT, YTO roCyJapCTBO KOHTPOIUPYET U CBOU MTEPEMEHHBIE, U TIEPEMEHHBIE HHBECTOPA.

J171st moJTyd eHMS HU)KHEH OIEHKH ONTHMasIbHOT 0 3HaueHus 1P BepxHero ypoBHbI pazpadboTaH

CTOXACTUYECKUH METOJ JIoKaJdbHOro moucka c 3amperamu (Tabu Search(TS)) mo mepemeHHBIM
BEpXHEro ypoBHs (rocynapctBa). COOTBETCTBYIOINIEE pEILIEHUE HUYKHErO0 YpPOBHSI (MHBECTOpA)
HaXOJMUTCS METOJOM BeTBei W rpanul] ¢ nmomomibio makera GUROBI. Taxkoit moaxon mokaszan
CBOIO (P PEKTHBHOCTH IPH PEIICHUH MHOTHX 3a]1a4 JIBYXyPOBHEBOT'O ITPOT PAMMHUPOBAHUSI.

28



B kaudecTtBe OKpECTHOCTH pelIeHUs MCIOJb3YIOTCS BCE PELICHUs], MoJIydaeMble U3 JAHHOIO
NPYMEHEHUEM OJTHOM U3 CIEAYIOIIUX OMEpaIuii:

1) OTKpBITHE OAHOIO WM JABYX HOBBIX IPOCKTOB,

2) 3aKpBITHE OJHOIO WJIH JABYX IIPOEKTOB,

3) 3aKpbITHE MPOEKTa U OTKPHITHE HOBOTO MPOEKTA,

4) caBHT cTapTa MPOCKTa Ha OoJiee paHHEEe WIIH MO3HEE BPEMS.

OKpeCTHOCTh PEIICHUs COAEPKUT B ce0€ PEIICHHUs, OTCTOSIINE OT UCXOAHOTO He Oosiee ueM Ha 2
110 XOMMUHTY.

Jiis nuBepcuUKaUY TOMCKA B COKPAIICHUS TPYAOEMKOCTH OJHON UTEPAIUU IPUMEHSICTCS
MpoLeaypa pPaHAOMM3ALMM OKPECTHOCTH: KaXXJ0€ COCEIHEE pEHICHHE BKIKOYAETCS B
PaHIOMU3HPOBAHHYIO OKPECTHOCTh C 3aJaHHOM BEPOSATHOCTBIO P HE3aBUCHUMO OT JAPYTHX
PEILLICHUIA.

Ha xaxnoit utepanuu merona T'S mpoucxoaut o6xo1 paHAOMU3UPOBAHHOM OKPECTHOCTH, ITPH
TOM HEKOTOpbIE€ pPELICHUS] JAHHONM OKPECTHOCTH MOTYT OKa3aTbCsd HEAONMYCTUMBIMHU, TO €CTh
3ajJlaya MHBECTOpAa MOKET HE HUMETh pEIIeHUs, WIA OrpaHUYEHHUS] BEPXHEro YpOBHA HE
BBITIONHAIOTCS. B Takom ciydae 1|® B maHHBIX pemieHusx Oepercs co mrpadom (B TEKyIIeH
3aj1aue JyIsl JI'oO0ro peieHruss MOXeT ObITh MoJydeHo 3HaueHue [[D BepXHero ypoBHs, 1aKe Ciu
Y HIDKHETO YPOBHS HET JIOMYCTUMBIX PEIICHUI ). DTO MO3BOJISIET MEPEXOIUTH B HOBOE PEIICHUE U
CTPOUTh HOBYIO OKPECTHOCTb, Ja)K€ €CJIM B TEKYIeHd OKPEeCTHOCTH HE OBLIO HH OJHOTO
JIOITYCTUMOT'O PEIICHHS U, TAKUM 00pa3oM, TUBEPCUUIIUPOBATH TTOKCK.

JlonoJIHUTENbHO BO BpeMs 00XOJa OKPECTHOCTH HA MOJYYEHHE PElICHUs] B KaKJIOW TOUKE
YCTaHABJIMBACTCS OrPAaHUYEHUE 110 BPEMEHH. DTO TMO3BOJISET YMEHBIIUTh BpeMs 00Xoaa
okpecTHOCTH. [lociae 00Xoma OKPECTHOCTH JJIi TOYKW C HAMJIYYIIMM HAWJICHHBIM pEIICHHEM
CTPOUTCSI TOYHOE pelIeHne 0€3 BPeMEHHBIX OTPAHUYCHUM.

4. YncJieHHbIE pacyeThbl

BrruncnurenbHble SKCIIEPUMEHTH TPOBOASTCS HA OCHOBE IMOJYCUHTETHYECKOT'O TECTOBOTO
CTE€H/1a, TPOTOTUIIOM KOTOPOTO siBJsieTCcsa Habop U3 50 MECTOPOKAEHUN MOIUMETAJUTMY€CKUX Py
3abaiikanbcKkoro kpas. B gaHHOM MOJENBHOM TIOJIMTOHE YHUCJIO IPOU3BOJCTBEHHBIX H
IKOJIOTUYECKUX MPOEKTOB paBHO 50, 4ucio HMHPPacTpyKTypHBIX NpoekToB 10, TOpU30HT
rianupoBanus 20 ser. BeposTHOCTh pelieHHs] MONacTh B paHAOMHU3MPOBAHHYIO OKPECTPOHTH
paBHa 0.1, nmHa cricka 3anpeToB OepeTcst paBHOil 10, orpaHrueHue Ha TOMYYEHUS PEIICHUs B
Touke OKpecTHOCTH 0.5 CeKyHIbpl, B KaueCTBE CTapTOBOrO pelIeHHs OepeTcss MOHOIOJBHOE
peleHue 3a rocy1apcTBo.

Tabmuubl 1 w 2 mpeAcTaBiSIOT Pe3yJbTaThl YUCICHHBIX SKCIEPUMEHTOB Jii METOoJa
JIOKaJIbHOT'O MOMCKA C 3alpeTaMu Il pa3IMyHbIX KOMOMHAIMI OCHOBHBIX IapaMETpPOB 3a/layy,
KECTKUX U MATKUX Or0/pKeTHBIX orpannyeHuit (MBO) u koonepaTuBHOTO M HEKOONEPATUBHOT O
cnydaeB. Cronber ['oc. MBO conepxut 1, korna MBO BkitoueHsl 1715 rocynapctea u 0 nHave.
Cronbenr MuB. MBO paer ananornunyoo HHGOpPMAIMIO Ui WHBECTOpa. P COOTBETCTBYET
3HAUYCHUIO J0XO0Jla TrocCyaapcTBa Ui pemieHuss ucxomgHou 3amauu [UIl. B cronbue LB
3aMMCchIBaeTCsl HUXKHSAS TPaHULIA JUIsl P, KOTOpasi COOTBETCTBYET CTapTOBOMY peleHuto. Takxke B
cronbue UB 3amuchiBaeTCsi BEpXHsisl TpaHULA Uil P, KOTOpasi COOTBETCTBYET MOHOMOJIHLHOMY
pELIEHUIO 32 TOC-BO. P; paBHO 3HAYEHMIO JI0XOJa TOCYIapCTBa Ui HAWIYYIIero HalJeHHOrO
pelieHus. §p, MOKA3BIBAET, KAK YMEHBIIUIICS 10X0OM Tocyaapetsa, 8p, = (P — P)/P[". p* paBHO
3HAUEHUIO P JJIsl HAWJTyqIIero HaiiienHoro pemenus. [locnennuii ctonbern & Coaep uT pa3pbiB p
TSI HAMUTYYIIIEr0 HalICHHOTO PEIICHUsT OTHOCHUTEIbHO BepxHel rpanuisl, § = (UB — p*)/UB. B
HEYETHBIX CTPOKAaX WHBECTOP BBIOMpPAET HEKOOMEPATUBHYID CTPATETHI0, a B YETHBIX
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KOOIICPAaTUBHYIO. Kaxcz[a;{ CTpOKa Ta6J'II/ILI COOTBCTCTBYCT CAMHHUYHOMY 34aIlyCKYy aJIrOpuTMa
JIOKAJIbHOI'O ITOMCKaA.

# | e | po | pin |10 UL pe LB (B | B | 6, o 5
1 |01 |5 0 0 25726 | 0.98 | 450 | 23425 | 009 | 430 | 0.04
2 o1 |s 0 0 26160 | 0.96 | 4.30 | 23569 | 010 | 430 | 0.00
3 |o1 |5 |20 |o 1 351.47 | -0.88 | 4.30 | 316.96 | 010 | 430 | 0.00
4 o1 |5 |20 |o 1 35158 | -0.97 | 4.30 | 32049 | 009 | 420 | 0.02
5 |02 |5 |20 |o 1 34148 | -0.99 | 430 | 307.84 | 010 | 338 | 021
6 |02 |5 |20 |o 1 34220 | -0.99 | 430 | 308.99 | 010 | 367 | 015

Tabnumna 1. Pe3yabpTaThl 4MCIEHHBIX SKCIIEPUMEHTOB IS JIOKambHOro moucka it 69 = 0.01

# oin | b9 | bin ;}’B"‘O 11(1/[1;53(.) P | LB |UB P, 8, | p° s
1 Jo1 |5 [5 Jo 0 149.99 | -0.89 [ 430 [ 137.19 [ 009 [430 [ 0.0
2 Jo1 [5 5 Jo 0 147.46 | -0.95 | 450 | 13459 [ 009 | 430 |0.04
3 o1 |5 J20 Jo 1 21574 | -091 [ 430 | 19449 | 0.10 |3.90 |0.09
4 Jo1 [5 20 Jo 1 21364 | -097 | 430 | 196.13 | 0.08 | 4.30 | 0.00
5 Jo1 [10 [10 |1 0 264.16 | -0.97 | 10.0 | 237.76 | 0.10 | 100 | 0.00
6 |01 [10 [10 |1 0 260.28 | -0.94 [ 10.0 | 236.22 | 0.09 | 100 | 0.00
7 Jo2 [5 5 o 0 147.35 | 092 | 430 [ 132.94 [ 010 [ 430 [ 0.0
8 |02 [5 [5 o 0 150.04 | -0.98 | 430 | 137.44 | 008 | 430 | 0.00
9 Jo2 J20 [5 |1 1 19513 | -0.94 [ 20.0 [ 176.22 [ 010 [20.0 [0.00
10 (02 J20 [5 1 1 196.22 | -0.97 | 200 [ 177.78 [ 009 [ 200 [0.00

Ta6nuia 2. Pe3ybTaThl YUCICHHBIX SKCICPUMEHTOB TS JIOKaIbHOro oucka it 89 = 0.05

5. 3akiarouenue

Msbl paccMOTpenu HOBYHO TIOCTAHOBKY 3a/Iaud JBYXYPOBHEBOTO OMHAPHOTO JIMHEHHOTO
MporpaMMHUpPOBAaHUsl  JUIsI  CTPATETMYECKOTrO  IUIAHUPOBAHUS  TOCYAAPCTBEHHO-YACTHOI'O
MapTHEPCTBA B YCJOBUSX OIO/HKETHOM HEOIpeAeeHHOCTH. MBI MoKa3aiu, 4To JaHas 3ajada
SIBJISICTCS 25 -CIIO)KHOW B cCllyyae MSATKHMX U JKECTKUX OIJDKETHBIX OTpaHUYEeHUM Uit
KOOMNEPAaTUBHOIO M HEKOONMEPAaTUBHOTO ciiydyaeB. Takke Mbl JOKa3aid, 4TO aOCONIOTHBIA U
OTHOCUTEJIBHBIM Pa3pblB MEXAY ONTUMaJIbHbIMU 3HadeHusAMU L[D rocynapcrsa 3agauu ['UII B
KOOIEPAaTUBHOM U HEKOONEpaTHMBHOM CIy4yasX MOXKET JOCTHIaTh CKOJIb YrogHO OOJbIIOHf
BeIUYUHBL. B pabore mpuBOAMTCS 0Ka3aTelbCTBO, YTO McxofaHas 3aaada ['YIl moxeT umers
HECKOJIbKO ONTUMANbHBIX pEIIeHU, W aOCONIOTHBII U OTHOCUTEIBHBIA pa3pblB MEXAY
3HAYEHHSMH P AJIS OTUX PELICHUI MOXKET JOCTUTATh CKOJIb YTOIHO OOJbIINX 3HAYCHUI, a TAKKe
YTO CKOJb YIOJHO MAaJIO€ YMEHBIIEHHE J0X0/la TOCyAapcTBa MOXET BECTH K CKOJIb YTOJHO
00NBIIOMY YBEIMUYEHUIO P.

B cTaTthe onuckIiBaeTCsS METO JTOKAJIbHOIO MOMCKA € 3alpeTaMu JUIsl pEIIEHUs TOCTaBJICHHON
3agaun ['YUII u npuBoasITCSA pe3yabTaThl YUCIECHHBIX SKCIEPUMEHTOB HA MOJIEIBHOM MMOJIUTOHE U3
50 MeCTOpOXJCHUN MMOJIMMETALTMYCCKUX pyA 3abalKalbCcKoro kpas. M3 BBIYMCIMTEIbHBIX
SKCIEPUMEHTOB BHUAHO, YTO B psAJ€ CIy4aeB JIOKAJIbHbIA IMOMCK Hallel pelIeHue, Jarollee
BepxHIo rpanunly L{®d rocymapcTBa, mpH 3TOM B OOJNBIIMHCTBE CllydaeB NOTpeOOBajIoCh
YMEHBIINUTH 10X0A rocygapctsa Ha 10%.
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MaremaTudeckue MCTOAbI PpCIICHHA OIITUMH3ALIMOHHBIX 3a1a4

Mathematical methods for solving optimization problems
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Annomayusn. In this paper, the definition of vector-valued control problem (VCP) is
extended to linear spaces. It is shown that the admissible set of (VCP) is nonempty when the
algebraic interior of the ordering cone is nonempty and is also proved that the weak efficient
solution of (VCP) is nonempty when and the algebraic boundary of the admissible set of (VCP) is
nonempty. It is proved that the Gerstewitz function ¢A K is real valued function if A is a cone (
even with the weaker condition which there exists 6 > 0 and tx € C for each x € A and 0 <t <
o)and k € Y\A . The scalar version of (VCP), denoted by (SP), in the setting of vector spaces is
introduced. The solution set of (SP), under suitable assumptions, is nonempty and closed is
provided. The condition that nonemptyness of the admissible set of (SP) guarantees the
nonemptyness of the admissible set of (VS) and vice versa is investigated.

Tyuin co30ep: Algebraic interior, nonsolid ordering cones, vector optimization, nonlinear
scalarization, Gerstewitz function.

1. PRELIMINARIES

Throughout this paper, unless otherwise specified, Y represents a nontrivial real linear space

and Y' represents its algebraic dual which is given by Y’ := {y’ : Y —R]y’ is linear}. It is
wellknown in the literature that Y can be endowed with the strongest locally convex topology tc,

which is generated by the family of all semi-norms defined on Y [4, sec.6.3]. The topology
tc is called the convex core topology. Also in [4, Prop.6.3.1], the topological dual space (Y, tc)*
of Y is exactly the algebraic dual space Y'. In the recent works, for example [5] and [8], tC is used
to derive properties for algebraic interiority notions, namely core and intrinsic core.

2. FORMULATION OF THE PROBLEM AND SOLUTION
CONCEPTS

It is our interest in this paper to study the following vector-valued control problem (VCP);
let Y be linear space and C Y be convex and pointed cone. Let Z,Z1 be linear spaces, C c Z and
D c Z1 be convex and pointed cones. Also, let U be a linear space and G : Y xU — Z be a mapping.
Furthermore, let A : Y xU —-»Y'and F : Y XU —Z1 be mappings, and f € Y'.

The function G is called vector-valued cost function and the function A, a possibly nonlinear
mapping, for instance a differential operator being associated to PDE-constraints. We consider the
following problem in the setting of linear spaces.

The following example is a special case of (VCP) which are vector-valued control problems
with nonlinear PDE-constraints.

Example 2.1. Assume that Q € Rn is an open and bounded set with Lipschitz boundary 9 Q.
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The idea in Example 2.1 is to find the smallest controls u € Eff(G,S,C) in a pointwise sense
such that constraints of the problem (Pppg) are fulfilled. It is important to mention that for the
constraints in the above problem, the assumptions for the existence result for solutions (see,
Kogut [6, Th. 5.2, Lem. 5.3]) are fulfilled.
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Abstract. The aim of this research is to develop the Allosteric Learning Optimization
Algorithm (ALOA). ALOA begins with the initialization of random points in the solution space,
representing initial conformations. It uses modulators to dynamically adjust parameters based on
specific criteria, mimicking the conformational changes in allosteric proteins. The algorithm
alternates between local and global search strategies to explore the solution space
comprehensively and employs feedback mechanisms to refine these strategies continuously.
Solutions undergo continuous adaptation and evolution to ensure robustness and diversity. The
algorithm’s flexibility and adaptability make it particularly effective for diverse optimization
problems, including engineering design, financial modeling, and Al system parameter tuning. By
dynamically adjusting search strategies and learning from feedback, ALOA can better adapt to
varying problem landscapes. This adaptability is particularly advantageous in high-dimensional
and complex optimization scenarios where traditional methods often fall short. Its ability to
dynamically adapt, avoid local optima, and comprehensively explore solution spaces positions it
as a powerful tool for solving complex, real-world optimization problems. Further research and
testing across different domains are warranted to fully explore the potential and applications of
ALOA.
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1. Introduction

Model optimization is a significant task in today's world, and it is essential to emphasize the
significance of feature selection in order to achieve the highest possible speed and clarity [1,3].
Within the context of a problem space, the optimization process determines the best possible
values for a set of parameters in order to arrive at the best possible outcome. Methods of
metaheuristic optimization have undergone tremendous development over the course of the last
twenty years, which has led to their broad application in a variety of sectors for the purpose of
resolving difficult practical issues. As a consequence of this, these methods have gained
widespread recognition not only among computer scientists but also among academics working in
other fields due to the fact that they are both successful and relevant [4,5]. The main groups of
metaheuristic methods in this context can be given as follows [6]:

1. Biological-Based Algorithms:

o Inspired by the evolutionary and social behaviors of living organisms, such as
evolutionary algorithms, ant colony optimization, bee colony optimization, and
artificial immune algorithms.

2. Physics-Based Algorithms:

o Based on physical events and laws, such as the multi-point annealing algorithm and
the electromagnetism algorithm.
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3. Swarm-Based Algorithms:

o Developed from the movements and decision-making processes of groups of living
organisms, such as particle swarm optimization.

4. Social-Based Algorithms:

o Inspired by the social structures and interactions of human communities, such as
the imperialist competitive algorithm and the parliamentary optimization
algorithm.

5. Music-Based Algorithms:

o Based on musical processes and the concept of harmony, such as the harmony
search algorithm.

6. Sport-Based Algorithms:

o Inspired by sports competitions and competitive structures, such as the league
championship algorithm.

7. Chemistry-Based Methods:

Methods developed by drawing inspiration from chemical reactions and
interactions between substances.

In this paper, we proposed an optimization algorithm labelled as Allosteric Learning
Optimization Algorithm (ALOA) based on both social based models like Teaching-Learning
Based Algorithm [7] JAY A Algorithm [8], Social Group Optimization [9] and chemistry based
methods such as Artificial Chemical Reaction Optimization Algorithm [6], Atom Search
Optimization [10,11]. Allosteric Learning Optimization Algorithm (ALOA) was inspired by
Allosteric Learning model in education. In the 1990s, Andre Giordan put out the idea of allosteric
learning as a conceptual framework for learning. When it comes to the connection between
enzymes and substrates in biology, the allosteric idea provides the inspiration for the model's name.
The term "allosteric" refers to a biochemical notion that was formed by taking into consideration
the structures and activities of specific proteins. Allosteric molecules are able to modify their forms
and functions in response to the conditions that exist within the organism. Individuals are able to
modify their learning characteristics and adapt in response to the shifting environmental settings
that they are in, according to the premise that underpins the model. This biological metaphor is
known as the allosteric learning technique, and it was developed by taking into consideration the
structure and function of specific proteins that are referred to as "allosteric.” The conditions of the
organism's environment cause allosteric molecules to undergo a transformation in both their shape
and their function. In a similar vein, one may argue that the effects of stimuli in the immediate
environment are responsible for shaping cognitive architecture [12,13,14]. Since our model based
on the features of the stages related to educational situation given as preperation, discovery,
deepening and transfer [13]. Hence, ALOA begins with the initialization of random points in the
solution space, analogous to initial conformations in biological systems. It employs modulators to
dynamically adjust parameters based on specific criteria, mimicking the conformational changes
observed in allosteric proteins. The algorithm alternates between local and global search strategies
to comprehensively explore the solution space, utilizing feedback mechanisms to continuously
refine these strategies. This adaptive and evolving process ensures robustness and diversity among
solutions.

2. METHODOLOGY

A. Algorithm
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Allosteric regulation involves modulating an enzyme's activity through the binding of
molecules at specific sites, leading to conformational changes that affect the enzyme's function.
Here’s a detailed explanation of how ALOA:

1.Preparation

The preparation phase involves initializing the population within specified bounds, similar to
preparing a set of initial states in a biological system. This ensures that the algorithm starts with a
diverse set of potential solutions.

2. Exploration

The exploration phase involves diversifying the solution by applying modulators. This is
similar to how an allosteric modulator influences the function of an enzyme by binding to a site
other than the active site.  This phase involves diversifying the solution by applying modulators,
analogous to an allosteric modulator influencing an enzyme's function by binding to a site other
than the active site. This approach helps in exploring a wide range of potential solutions.

3. Deepening

The deepening phase includes local search methods to fine-tune solutions within their
immediate vicinity, akin to the enzyme's conformational changes upon ligand binding. This phase
includes local search methods to fine-tune solutions within their immediate vicinity, akin to the
enzyme's conformational changes upon ligand binding. This helps in refining the solutions for
better optimization.

4. Exploration

Global search methods are used to explore solutions further afield, ensuring a wide search
space is covered. It uses global search methods to explore solutions further afield, ensuring a
comprehensive search space is covered. This broad exploration helps in avoiding local minima.

5. Elaboration

Differential evolution and particle swarm optimization techniques are employed, which
represent the adaptive nature of biological systems influenced by allosteric modulators. It employs
differential evolution and particle swarm optimization techniques, representing the adaptive nature
of biological systems influenced by allosteric modulators.

6. Evaluation

The fitness of the population is evaluated to identify the best solutions, similar to how the
efficiency of an enzyme is measured after a conformational change. The fitness of the population
is evaluated to identify the best solutions, similar to how the efficiency of an enzyme is measured
after a conformational change.

7. Transfer (Transfer)

The best individual is selected, and elite solutions are preserved to ensure that beneficial
adaptations are carried forward. The best individual is selected, and elite solutions are preserved
to ensure that beneficial adaptations are carried forward.

8. Adaptation

Adaptive parameter control adjusts the mutation and crossover rates dynamically, reflecting
the adaptive nature of biological systems in response to environmental changes. Adaptive
parameter control adjusts the mutation and crossover rates dynamically, reflecting the adaptive
nature of biological systems in response to environmental changes.
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9. Combined Search
The dynamic search combines differential evolution and particle swarm optimization, adjusting
strategies based on the current and previous best fitness values. Combines differential evolution
and particle swarm optimization, adjusting strategies based on the current and previous best fitness
values. This hybrid approach ensures a balanced exploration and exploitation.

B. Criteria

The benchmark functions used in the evaluation included Ackley, Bohachevsky, Booth, De
Jong's, Beale, and Three-Hump Camel, with metrics focused on mean best fitness, median best
fitness, and standard deviation of best fitness. Population sizes tested were 50, 100, and 200.
Performance metrics involved evaluating the mean best fitness, median best fitness, and standard
deviation for each population size and function.

3. RESULTS

The Allosteric Learning Optimization Algorithm (ALOA) generally performs better with
larger population sizes for most functions. A population size of 200 often yields the best mean and
median best fitness values, as well as the lowest standard deviation, indicating more consistent and
optimal solutions. The results suggest that increasing the population size can improve the
algorithm's performance, particularly for complex functions like Ackley, Bohachevsky, and the
Three-hump Camel function. However, for functions like De Jong's, increasing the population size
beyond 100 does not significantly enhance performance, suggesting that the optimal population
size may vary depending on the specific function being optimized. The Allosteric Learning
Optimization Algorithm (ALOA) often demonstrates better performance and consistency across
various benchmark functions compared to the Genetic Algorithm (GA). It particularly excels in
achieving lower mean and median best fitness values, indicating more effective optimization,
especially for certain complex functions like the Booth and Beale functions. However, for simpler
functions like De Jong's function, the Genetic Algorithm shows superior performance. The choice
between these algorithms can depend on the specific optimization problem and the desired
consistency in performance.

Table 1. The Allosteric Learning Optimization Algorithm (ALOA) generally performance
with some functions

| HThe Allosteric Learning Optimization Algorithm (ALOA) HThe Genetic Algorithm |

Poplato gt | Medio st |StndardDeviation  Mean et | Sanderd Dot
Fitness Fitness
Ackley 150 1814 ][L965 ||0.926 111,997 2.001  |[1.045 |
Function 100 lL230  ][r079 |l0.795 ||1.088 0728 |0.958 |
200 o705 Jjo.648 |0.438 |0.653 0463 ]/0.659 |
Bohachevsky |50 14128 ][1.0522 |[1.058 |2.955 2119 |[3.138 |
Function 100 [1.1320  ][1.0280 ||0.735 |[L.181 0939 ]/0.890 |
200 l0.8150  ]/0.8073 ||0.423 0591 0.557  ]|0.400 |
Booth /50 0.022  Jlo.011 1/0.024 |0.534 0227  0.609 |
Function 100 0.013  ]/0.009 llo.011 |l0.235 lo.167  ]]0.294 |
200 0.00s  ]l0.004 [[0.004 0.068 10.035  ][0.091 |
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HThe Allosteric Learning Optimization Algorithm (ALOA) HThe Genetic Algorithm

Populatio g/leesi\n Median Best ||Standard Deviation |Mean Best g/lee;:lan Standard Deviation
n Size Fitness Fitness of Best Fitness Fitness Fitness of Best Fitness
De Jong’s 50 1.1638  [[1.0143 0.3354 8210e-14 |[8.163e- [[1.694e-14
Function 14
100 1.0073  [[0.9997 0.0241 8.106e-14 [|8.094e- [/6.138e-14
14
200 1.0079  |[0.9985 0.0327 8.047e-14 [[8.040e- [[3.33e-14
14
Beale Function |[50 0.002  J0.001 1/0.002 |[0.172 0.094  ]]0.203 |
100 [0.001  J0.001 |[0.001 |[0.268 0.065  ][0.524 |
200 [0.000  ]0.000 |/0.000 |[0.031 0.028  ][0.020 |
Three-Hump |[50 [0.004  ][0.003 ||0.005 |[0.039 0.005  ][0.089 |
Camel 100 [0.001  ][0.001 |[0.001 0.003 [0.001  ][0.007 |
200 [0.000  ][0.000 |[0.000 10.006 [0.000  ][0.041 |

Based on the results obtained from running the Allosteric Learning Optimization Algorithm
(ALOA) with three different functions evaluate the performance of the algorithm

Rapid Initial Convergence: Across all functions and population sizes, there is a rapid initial
convergence where the fitness value drops significantly within the first 25 iterations.

Stabilization: After the initial rapid decline, the fitness values stabilize, with larger population
sizes generally showing better final fitness values and more stability.

Consistency: Larger population sizes tend to show more consistent performance with narrower
standard deviations, indicating that increasing the population size can improve both the
performance and reliability of the algorithm.

€) De Jong Function N. 5

Concluslon

The innovative approach of ALOA demonstrates significant improvements in navigating
complex solution spaces, effectively avoiding local optima, and efficiently converging to optimal
solutions. Its flexibility and adaptability make it particularly effective for a diverse range of
optimization problems, including engineering design, financial modeling, and Al system
parameter tuning. By leveraging the principles of allosteric modulation, ALOA offers a robust
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framework for addressing the limitations of traditional optimization algorithms, dynamically
adjusting search strategies and learning from feedback to better adapt to varying problem
landscapes.

o [Effectiveness: The Allosteric Learning Optimization Algorithm (ALOA) effectively
reduces the fitness value quickly in the initial iterations for all tested functions, showing
its efficiency in navigating the solution space.

e Population Size Impact: Larger population sizes (100 and 200) tend to achieve lower
fitness values and show more consistent results, indicating that a larger population size can
improve the algorithm's performance and stability.

o Convergence Speed: The algorithm demonstrates fast convergence speed in the initial
stages, followed by gradual improvements and stabilization.

These observations suggest that ALOA is robust and efficient for optimizing different

benchmark functions, especially with larger population sizes. Further experiments with additional
runs could provide more detailed insights into its performance. The adaptability of ALOA is
especially advantageous in high-dimensional and complex optimization scenarios where
traditional methods often fall short. This algorithm provides a significant advancement in the field
of optimization by incorporating biological principles into its design, positioning it as a powerful
tool for solving complex, real-world optimization problems. Further research and testing across
different domains are warranted to fully explore the potential and applications of ALOA.
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Ob HAUBOJIEE DOKOHOMHNYHOM JIBUKEHUHU OTPE3KA HA
IVIOCKOCTH

T.C. Mycradpun
Kazaxcmancko-bpumanckuu mexuuueckui ynugepcumem, Animamul, Kazaxcman
YAK 517.95

Aunnomauun. B oannoi pabome paccmompena 3a0aya 0 HAXONCOEHUU 3AKOHA MAKO20
HenpepvleHo2o nepemewjeHus eOuHuYHo2o ompesxka AB u3 nonoscenus AgB,y 6 nonoscenue A1By,
umooOwl cymma OauH nymetl, nPouOeHHbIX e20 KoHyamu, ovlia Haumenvuel. Ilpunacaromes memoo
U aneopumm peulenHus 3a0ayu.

Knwuesvie cnosa: onmumanvHoe ynpaeieHue, NPUHYUN Maxkcumyma, 3adaua Yiama,
nPUOIUIHCEHHBIE MEMOObL.

3azayd ONTUMH3aLUU 3apOAMIIACh JAaBHO: BO BpeMeHa Apxumena u 3eHompopa. Mmu
BBISICHEHO, YTO UTO «CpEeIu M30METpUYEeCcKUX (uryp Hambosiee BMECTUMBIM SIBJISETCS KpYT, a
cpenu (uUryp paBHOM IIIOIIAAM — MIAP.

N3BectHa 3anada EBximma. B nanssiii tpeyronsauk ABC Bnncats napasmienorpamm ADEF
HauOOIbILIEH MITOMAIH.

B atux cinoBax o0o03HaueHa MOCTAHOBKA CIEAYIOLIMX SKCTPEMAJbHBIX 3aJad — cpelu
IUIOCKUX 3aMKHYTBIX KPUBBIX, UMEIOIUX 33JaHHYIO KPUBYIO, UMEIOIIMX 3aJaHHYIO JJIMHY, HAalUTH
KPHBYIO, OXBaThIBAIOLLYI0 HAuOOJbIIYHO IJIOUIAlb, U CPEIU IPOCTPAHCTBEHHBIX 3aMKHYTBIX
MIOBEPXHOCTEHM, HMEIOIMX 3aJaHHYI0 IUIONIab, HAWTH IOBEPXHOCTb, OXBAaTBIBAIOILYIO
HauOOIbIIUN 00bEM.

N3BecTHa 3a1a4a J{U10HBI, ABIAIOMIENCS KIACCUYECKON B TEOPUN IKCTPEMAJIBHBIX 3a7a4:

Tpebyercs ykazaTh oNTUMaIbHYIO (POPMY ydacTKa 3eMJIM, KOTOPBIM MpU 3aaHHOM JJIMHE
nepumetpa L umeer Haubonpinyto mwiomans S. E€ pemenuem Oyaer Kpyr.

B cpennme Beka »sKcTpeManbHBIE 3aJaud PELIATUCh CHEUUATIbHO pa3padOTaHHBIMU
METOAaMHM, OOIMX MPUEMOB PEIIECHUS IKCTPEMAIbHBIX 3a7a4 He 0bl10. OT™MeTHM, uTo M. Kemnep
pEIINJI HECKOJIBKO KOHKPETHBIX HKCTPEMaJIbHBIX 3aJad, B YaCTHOCTH 3a/Jady O LUIUHIpPE
HauOoJbIIero 00beMa, BIIMCAHHOM B IIap.

OtmeruM Bknax Takux ydeHblX Kak Kasaibepu, BuBnanu, Topuuemnu, ®epma, H.
bepnymnu, U. Hetoron, L Telinep u npyrue.

Hanpumep, 3anayva [lltelinepa 3By4nT Tak. B INIOCKOCTH TPEYroJIbHUKA HAWTH TOUKY, CyMMa
paccTosHUI OT KOTOPOH /10 BEPIIMH TPEyroJibHUKa MUHUMAJIbHA.

3amaua o ObicTponeiicTBuu. IlycTh uMeeTcs Tenexka, ABMXKYILAs HpSMOJIMHEHHO Oe3
TPEHUs 110 TOPU3OHTAJIbHBIM pesibcaM. TellexKa ynpaBisieTcsl BHEIIHENH CUIION, KOTOPYIO MOXKHO
U3MEHSTh B 33JJaHHbIX IIpefenax. Tpedyercss OCTAHOBUTH TEJISKKY B ONPEIEIEHHOM MOJ0XKEHUH
B Kparyailmee Bpemsi. OCcOOEHHOCTH (cujla TATOTEHHs) ITOM 3a/layd 3aKJI04Yaercs B OT, 4TO
JEMCTBYIOIME CUJIbI AenATcs Ha JiBe yacTu. OJlHA 4acTh — CHUJIbI IPUPOJIBI, Ipyras (CUja TATH)
MO3XKeE.

Teopus perieHuss Takux 3agad Oblla IMOCTPOCHA M €€ HA3BIBAIOT TCOPHEH ONTHMAIbHOTO
yIpaBJICHHUSL.

OnHOlt M3 BaXXHBIX OCOOCHHOCTEH COBPEMEHHOW OJIOXM SIBIISETCS BCE BO3pacTarolnee
BHUMaHUE K mpoOsemam ympaBieHus. Omrymiaercs MOTPeOHOCT, B IUIOAOTBOPHOM H
3p(PEeKTUBHOM HCMOJIb30BAaHUU MPUPOIAHBIX PECYpPCOB, OrPOMHBIX JIIOJCKHX PECYpCOB,
MaTepUAIIBHBIX M TEXHUYECKUX CpelncTB. Besne, rae ecTh BO3MOXKHOCTh AKTMBHOIO Y4YacTH
YeJIOBeKa, BCErJa BO3HUKAET MpoOieMa HAaWIy4Illero, WM ONTHMAIbHOTO W3 BO3MOXKHBIX
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ynpaBiaeHuil. ONTHUMH3AIMOHHBIE MPOOJIEMBI, CBS3aHHBIE C MOTPEOHOCTSAMHU DKOHOMHKHU U
TEXHUKH, TOTPeOOBAIM B CBOIO OUepe/lb CO3/IaHus HOBBIX pa3aenoB MateMatuku. B 40-x rogax
MPOIIUIOrO CTOJIETHS MPUOOPENTH aKTyaIbHOCTh 3aJa4M yIPABICHUS J€TaTeIbHBIMH allliapaTaMu
Y TEXHOJIOTUYECKUMU MPOI[ECCAMU CIOKHOU CTPYKTYPHI.

Takas MaTeMaTuyeckas Teopusi OblIa CO3/]aHa B MATUACCATHIX TOAAX MPOIIJIOTO CTOIETHS U
MOJIYYMJIM Ha3BaHUE TEOPUHU ONTHUMAIBLHOIO yIpaBieHus. Brinaroniytocs poib chirpall MPUHLHUI
MakcuMyMa [lonTpsiruna. [Ipon3somen cuHTe3 UAEH U METOIOB UCCIEN0BAHUS, C OJHOM CTOPOHBI
BOCXOSIIIIMX K KJIaCCMKaM BapUallMOHHOTO HCYHUCIEHHUS, & C JPYroil CTOpPOHbI — BIIOJHE
COBPEMEHHBIX.

OIHOBPEMEHHO C YUCTO TEOPETHUYCCKUMHU HCCIEAOBAHHSAMHU IPOMCXONUIIA pa3paboTka
NpUOJIMKEHHBIX METOIOB PEIICHUS 3a/1ad ONTUMAJILHOTO yrIpaBieHus. B Hacrosiiee Bpems 00
3P PEKTUBHOM METOJI€ PEIIEHUS MOXKHO TOBOPUTH B TOM CITydae, €CIH ASHCTBUTEIHFHO PEIIalOTCs
npuKIagHbie 3anadu. K coxaneHuto, IS pelieHuss MHOTHX 3a/1ad HeT 3()(QEeKTHBHBIX OICHOK,
MO3BOJIAIOILIMX MO 3aJaHHOW TOYHOCTH ONPEAEIUTh UX PECYPCOEMKOCTD.

Ceiiuac c031aHO MHOT'O BBIUMCIUTEIbHBIX METOAOB U1 pELIEHUS 3a/ad ONTHUMAalbHOIO
ynpasienus. Co3qaHbl CTaHAAPTHBIE aJITOPUTMBI, 00bEeAMHEHHbIE OOIIMM HAa3HAYEHHWEM — OHU
UCTOJB3YIOTCSI B KadyecTBe paboyero MHCTPYMEHTa TMpU YHCIEHHOM pEIIeHUH 3a]ad
ONTUMH3AIUH.

[Mpuanun makcumyma [loOHTpsiTMHA — ATO OMPENENICHHOT0 THIA HEOOXOAUMOE YCIIOBHE
AKCTPEMYMa, KOTOPOE TAaeT BO3MOYKHOCTh CPEIM BCEX BO3MOXKHBIX JIOMYCTHUMBIX IMPOLIECCOB
BBIJICJIUTh T€, KOTOPHIE MOT'YT MPETEHJ0BATh HA POJIb ONTUMAJIbHBIX.

[IpyHiun makcuMyma OCOOEHHO Ba)K€H B CHUCTEMax YIPaBJICHUS C MaKCHUMAaJIbHbIM
OBICTPOCHCTBUEM W MHUHUMAJBHBIM PACXOJOM OJHEPrHH, TJe MPUMEHSIOTCS YIpaBJICHUS
pEJICHHOr0 THUIIA, MPUHUMAIOUINE KpaliHWEe, a HE MPOMEXYTOYHBIC 3HAYEHHUS HA JOMYCTUMOM
WHTEpBAJIC YIIPABJICHHUS.

Paccmorpena 3amadya O HaXOXKIEHMM 3aKOHA TaKOr0 HEMPEPBIBHOTO MEpPEMEIICHUS
enuHuyHOro orpeska AB u3 nonoxenus A 0 B 0 B nonoxxenue A 1 B 1, uto0Opl cymma amH
nmyTel, MPONUEHHBIX €ro KOHIaMH, Oblla HauMEHBIIeH. BhUTH MpeaoKeHbl pa3Hbie pelieHus
9TOM 3aja4u [2]. ABTOp CBEJI ATY 3aJlauy K HaXOKJ€HUI0O MUHUMYMa UHTEerpania, Pemenue 3anaun
OH HCKaJ B CIENHAILHOM KJjiacce (DyHKIMA, YTO TMO3BOJMIIO TONYYUTh ypaBHEHUs Ouiepa.
Hecmotps Ha pa3oOpaHHble ciaydau 3aaauu Yiaama [2], Obuto Obl HHTEPECHBIM MOMYYUThH OoJiee
MIPOCTOE PEIICHUE C UCIOJIb30BaHUEM MPUHITUTIA MakcuMyMa [ToHTpsTHHA.

Hepemennoii octanach 3aiada B ciaydae, KOrja MHHUMaJIbHOE 3HAUYE€HUE NMPUHUMAET HE
CyMMa JJIMH MyTeW, OMMCAHHBIX KOHIIAMH OTPE3Ka, a KOPEHb KBAJAPATHBINA U3 CyMMBbI KBaJApaTOB
3TUX JUIUH [2]. MBI IpeyiaraeM anropuTMbl pelieHus 3TO! 3a/1auu, a TAKXKe 3aJ1a4i HaX0XKICHUS
MUHHUMAJILHOTO 3HAYEHUSI HE CyMMBI ITyTEH, O CAHHBIX KOHIIAMH OTPE3Ka, a KOPHS KBAJPaTHOT O
U3 CYMMBI KBaIpaTOB 3TUX JJIMH, KCTaTH yKa3aHHOMU B 3ToM ke cratbe C. Ynama. Ilpunaratorcs
AJIrOpPUTMbI U IPOrPaMMBbl PELICHUS ITUX 3a/]1a4.
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WHTEJUIEKTYAJIBHBIA METO/I JIJISI PEIIEHUS OBPATHOM
3AJAYHU I'EODJIEKTPUKHU

A.A. Tarun
Eepazuiickuii nayuonanvrolil ynusepcumem umenu JI.H. ['ymunesa
YK 517.956.29 +004.032.26

Annomauus. B Oannou pabome paccmampueaemcs npamas u oopamuas 3aoada 07
ypasHenus  ceodnekmpuxu. Paccmampusaemcsi obpamuas 3a0aua  no  onpeoeieHuro
OUIIEKMPUYeCcKoU NPoHUYaemocmu cioucmoix cped. Ha npakmuxe makue 3a0a4u 603HUKAom no
ONpeoesieHUur0  2e09NeKMPUYECKUX  XAPAKMEPUCIMUK  CIMPOUMENbHbIX YHACMKO8, a MAKice
COCMOSIHUSL 83]1EMHO-NOCAOOYHBIX AIPOOPOMOS.

Cymb obpamuoil 3a0auu cocmoum 6 OnpeoeieHul OUINEKMPUYECKOU NPOHUYAEeMOCMU
COUCIBIX Cped NPU U3BECMHOU MOWHOCMU cloes. [ peuenus 00pamuoll 3a0a4u paspaboman
UHMENIeKMY ANbHbI ANIOPUMM OCHOBAHHOU HA ONMUMU3AYUU QYHKYUU AKMUBAYUU HelPOHHBIX
cemeil. [[na apxumexkmypuvl HeEUPOHHOU cemu NOCMpoeHd 6blbopKa Habopa napamempos
XapaxkmepHvIxX 3Ha4eHull OUIIEKMPULeCcKoll NPOHUYAEeMOCU NO CL0sM. [t 06yUeHUs HeUPOHHOU
cemu no onpeoeseHuro peueHuu nPIMol 3a0ayu UCNOIb308aH Memo0 NOCIOUHO20 nepecyemd.
s uucnenHvix pacuemog no anpooayuu UHMEIEeKMYaibHO20 AI2OPUMMA UCHOTb306AHbBL
Ooannvle uzmepenus ceopaoapa cepuu OKO-2 na OnesHOU nosepXHOCMuU (CAOUCMOU Cpedbl).
Dxcnepumenmul ObLIU NPOBEOEHbI COBMECMHO CcO cheyuanucmamu Hayuonanvnozo yemmpa
9IKCHnepmu3bl 00po*CHbIX akmueos PK.

Knroueevle cnosa: ceoghusuxa, nekoppekmuvle u obpammuvie 3a0aqu, 2eopaoap, memoo
NOCI0UHO20 nepecuema, npeobpasosanue Pypove.

IHocTanoBKa NpAMOIl U 00OPATHOM 321241 I'e03JIeKTPUKH

@dusuyeckas MOCTAaHOBKA 3aJjaud COCTOMT B CIEAYIOIIEM: Ha JHEBHOM MMOBEPXHOCTH
(c7IOMCTOM Cpezbl) MPOBOAMTCS 30HIAMpPOBaHHME reopamapHbiM Komiiekcom Oko-2 (GPR) ¢
ucrnonp3zoBanueM aHTeHH 400 m 1000 (I'm). Pasnuunble ciou oTauuaroTcs Ipyr OT JApyra
JURIIEKTPUUECKOI MPOHUIIAEMOCTBIO U TPOBOJUMOCTBIO.

Ha nHeBHOI NOBEpXHOCTM C IIOMOIIBIO IepelaTiMKa M AaHTEHHBl H3JIydaercs
ANIEKTPOMArHUTHBIA uMIynbe. Jlanee nmpueMHOM aHTeHHOW (UKCUPYEeTCs OTKJIMK Cpelbl —
COBOKYIHOCTb BOJIH, OTJIMYAIOLIUXCS APYr OT Jpyra BpeMeHaMu MpobOera, MHTEHCUBHOCTBIO U
dbopMoH.

[Tpu uccnenoBaHuM CIOUCTHIX cpell ¢ GPU3NUECKON TOUKU 3PEHUSI, MOKHO MPEATIOI0KHUTD,
910 KOO()QUIMEHTBI CHCTEMBI ypaBHEHMs MakcBeula He 3aBUCAT OT IIEPEMEHHOM X,. OTO
OIpaBABIBAETCSA TEM, YTO CIOMUCTBIE CPEIbl UMEIOT I'€OIEKTPUUECKHIpa3pe3, pacolokKeHHbIN
ciosiMu  (mmacramu). OmnMineM IOCTAaHOBKY —3a/1ayu,chOpMyIMpOBaHHONW JJis ypaBHEHHS
T'CORJICKTPHKH B paborax [1].
PaccMOTpUM HCTOYHHMK CTOPOHHUX TOKOB BUJA:

0

119(x)6(z-z)0(t) f (1) (1)
0
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3amanue cTOpoHHEro Toka B BHuae (1) cCOOTBETCTBYeT MTHOBEHHOMY BKIIIOUEHHUIO TOKa,
napaienbHoro ocu Oy COCpelmoTOYeHHOro B TOYKE Z, W pachpenenéHHoro mo ocu OX ¢

IUIOTHOCTBIO ((X) (B 9aCTHOCTH 3TO MOXKET OBITh 0€CKOHEUHO JJIMHHBIN Ka0elb), B 3aBUCHMOCTH
OT BPEMEHHM TOK BeAET cedst cornacHo ynkiuu f (t).

Paccmorpum — N, -cnoiiHyro CTpyKTYpy € rpanunamu pasnena z, (k = rl\lI ), 2, =0;
M-biii  cio — wmHTepBan [z, ,,Z.], mocmemmmit N, +1 (momctunmaroumit) cnoit  —
OJIYIIPOCTPAHCTBO [ZNI ,0) , BO3YX — MOJIyIpocTpaHcTBO (—00,0].

DJEKTPOMarHUTHBIE  CBOMCTBA  KAXAOTO  CJIOS  XapaKTEPU3YIOTCS  3HAYCHHSIMHU
JUJIEKTPUUECKON MPOHUIIAEMOCTH &,& , IPOBOAUMOCTH O U MAarHUTHOW NMPOHUIIAEMOCTH Lo/ .
U3BecTHo, uto £, =8,854-10™ ®/M u u, =47-107" /M, 1 4715 ZOCTATOUHO MIMPOKOrO KPyTa
cpen 3HaueHue & usMeHsercs B uHTepBaie [1;80] m x4 =1, mosaTomy OyneMm cuuTarh, 4TO
MarHUTHAs IPOHUIIAEMOCTb SIBIISIETCS U3BECTHOM IMOCTOSHHOM.

Tax xak cpema sBISIETCS TOPU3OHTAIBHO-CIOUCTOH, TO &, O SBISIIOTCS KyCOYHO-
HOCTOSIHHBIMH (DyHKIUSMH NepeMeHHO Z (Z € (—o0,) ).

Hy'CTb B HayaJbHBI MOMEHT BpPEMCHU 3JICKTPOMAIrHUTHOC I10JIC HAXOAUTHCA B COCTOAHUU ITOKOA:

El«=0 H|,=0. (2)

[Ipu BEIIIEYKa3aHHBIX MTPEIIOIOKEHUAX TG HepeHIIATHFHOE YpaBHEHUE JIJIsT KOMITOHCHTHI
E, [1], npumer Bux:

2
ga E22+O-E:E l@ _}_g 1@' (3)
ot ot ox\uox ) oz\u oz
C HAYaJIbHBIMU YCHOBI/IHMI/I
Ez |t<oE 0, (4)
58 YCHOBI/IS'IMI/I Ha FpaHI/II_[e
1 cE ,
E, |,-0= 9(X,1), {——2} = f'(t). )
u oz |,

[TpumenuB npeoOpa3zoBanre Dyphe M0 TOPU3OHTAILHON IEPEMEHHOW X W IO BPEMEHHOU
MEPEMEHHON 1 :

u(w, 1,2) = .[ IEZ (t, x, z)e'“***dxdt

—00—00

[Monyuum u3 (1)-(5) cnenyromryro 3amaqy [2]:

u, — (1> — @ py,6 +iop,o)u =0, (6)

Ll =0 [l =0, j=0N, [ul, =0, [u], =~f(@, U



3mecb A W @ — mnapaMerpbl mpeoOpaszoBaHus Dypbe 1o mepeMeHHbIM X u t
COOTBETCTBEHHO, 0003HaueHue [-], ucrnoab3yercs /il ckieiku, T.e. [w], =w(z+0)—w(z—-0)u

Be3JIC HIDKE YepTa HaJl KOMILICKCHOHN BEIMIMHON OyJeT 0003HaYaTh KOMILIEKCHOE CONPSDKCHUE.
O0603HaYyuM

K* =22 =y, 7= 0 upges +iop,, 8

®Oynknus K - ABISIETCS  KyCOYHO-TIOCTOSIHHOM  (DYHKIMEH, Tak Kak KyCOYHO-TIOCTOSHHBIMHU
(GYHKIUSAMU SBISIOTCS € U O .
VYcnoBus 3aTyxaHusi Ha 0€CKOHEUHOCTH

u—0 (X — to0), ©))

[Tycte OTHOCHTENBHO pelleHus NpsMoil 3amadyu (6) — (8) mM3BecTHA IOMOJIHUTEIbHAS
uH(popManus:

u |z=O: g(a)’ /1) (10)
MeTton nmoc/10ifHOr 0 nepecuyera

Jlnst ommcaHUsl YUCICHHOTO ajiropuTMa penieHus npsmoi 3amaum (6) — (9) mpuBesem
HCXOJHOE YPaBHEHHUE K YpaBHEHHIO PUKKaTH.

s pemenns ypaBHenus (6) mcmonb3yeM MeToj mocioiHoro mepecuéra [3]. Breaém
GyHKLHIO S

u,(2) = s(z)u(2), (11)
Oto pyHKIIMS yIOBIETBOPSET YpaBHEHHUIO PUKKaTH
s'+s” = k>, (12)
[Tpu BBIYKMCIIEHUH “CIIpaBa — HAJIEBO™, B K&KJIOM MHTEpBaie [Z ., Z ]peuienue ypaBHeHus
UMETb BUJL:
2k (z-z..,)
s(2) =k (s"+k e ™ ™+ (s" —Kk,,) (13)
m 2k (z-z.,) !
(s"+k,)e ™™ —(s"—Kk,,)
IIPY BBIUKCIICHUH “‘CJI€Ba — HANpaBO, pelieHne ypaBHeHus (13 umeer Bua:
S™ 4k )4+ (s"—k )eZmUma
S(Z) - km ( m) ( m) (14)

(5™ +ky) = (8"~ e s

rae: S" =S|,., , K, — 3Hauenue kycouno-nocrosuHoi ¢pynxuuu K B untepsane [z, ,,Z.] u
m

Re{k.}>0.
PexyppeHTHBIC BBIUKCICHHS CO CJIOS Ha CJOM OyIeM BECTH, OMPEEeNnB 10 TOYKH Z,., B

KOTOPOM PACIONOKEH HCTOUHUK.
U3 ycnoust (9) umeem, 4To

s(2) = Ky €[z, ).
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N3 ycnoBust CKIelKku:

[s],, =0. (15)

ITonoxuMm, 9TO:

N|

S :_kN +1

PeKyppeHTHOE BBIUMCIECHHUS ‘‘CripaBa-HaleBO” 3HAYEHMH S BBHIYMCIMM  CIEAYHOIIMM
oOpa3zom:

iz (8" ke 4 (8" k)

S m _ 1
(s™ +k, )e m'm _(s™—k )

Homyuynm gto: S =S|, ..

AHaJIOrMYHO, UCMOJBb3YS yCIoBHE 3aTyXaHus (9), moaydum:

s(z) = k,, Z e (o,z].

Tak kKaK HCTOYHHK pacroniokeH B (00,0], To

S |z=z*—O: k0 '
N3 ycnoBus ckieiiku (15) B Touke z = z,
ul,., =u"=-—2 f(a).
I1=17%
s —k,

WuTterpupys ypasaenue (12) na unrepsaie [z.,0],momyqaum :

—KAZ
0_ 2k,e °

ul,.,.=u =u -
- (s° +ko)e 0" —(s° —k,)

Wuterpupys Ha KaxaoMm uHrepsane [Z,. ,,Z.] ypasuenue (16), penienue npsaMoi 3agauu
(7)-(9) umeer Bu:

5 (s™ +k, et mm) _(sm_k )

=u™(z),  1(z)=e O |
u@@)=u"1(@), 1(2)=e (s" +k,)e 2 n'm — (s —k, )

(16)

Pemenne HpﬂMOfI 3aJa4M 3aBHUCUT OT UBMCHCHH S BCIINYNHBI k , T.C.

u=u(k),

Torma u3 (13) BeITEKaET, 4TO:

k= \/[/ﬂt2 _a)zzuogog]z "'[a)luoo_]z e,
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0]

arct : >0 pyg,e

g 12—0)2/,{0808 luo 0
S =172, P =0 pyg,e,
rrarctg— 207 R <0 pee

A = pye,e

HauGosbIee BiIMsHEE Ha M3MCHECHHE BETMYMHBI K OKa3bIBAaIOT BapHallMK € U O, B Cllydae
2 2 2
O HyEgE R OO U A° ~ O fU & €.
2 —
[Tonoxum @°,E,€ = OO , TOr1a UMEEM:

W, = i (17)
&y

Ecnu u3BecTHBI cpeqHue 3HAYCHUS AUAIEKTPUUECKON MPOHUIIAEMOCTH U TIPOBOIUMOCTH,
3Ha4YeHHE OMOPHON KPYroBoil 4acToThl (17) U MOIIHOCTh CKUH-CJIOS JJIs 3TOM YacCTOThI, MOKHO
BBIUUCIIUTD U3 COOTHOIICHUS:

2

hy= |——.
e

S

HNHTesieKTyabHbIN aJITOPUTM /IJISl PellieHusi 00PaTHOM 3a1a4u

Obpamnas 3a0aua. MycTh OTHOCUTENBHO pelleHus mpsmoin 3axayu (6) — (8) u3BecTHa
nononHuTenbHast nHGopMmarus (10) (orkmuka cpenbl). Torna u3 ypaBHeHus (6) 10 U3BECTHEIM (7)
— (8) u nononHuTeNBbHON HHPopManmH (10) BoccTaHOBUTH HA0OP TapaMeTPOB

N = (V*PVIIVZF v3l V4), (18)

rae HaOopbl V; — JUAJIEKTpUYecKas MPOHUIAeMOCTh -TO CJIOS, a V, — JIUAJIEKTpHYecKas
POHHUIIAEMOCTh Bo3ayxa (v, = 1).

Jlnsa HaxoxaeHus Habopa napaMmetpo (18), B mepByro ouepenb, COCTaBJISIEM CUETHYIO
IpyMIly BCEBO3MOKHBIX HAOOPOB [TapaMeTPOB, OMMCAHHBIN HIKE

RU) — (ro(j),rl(j),rz(j),r3(j),r4(j)), j=TN, (19)

R={RV|j=1N} (20)

r7e rpymnna RcOOTBETCTBYET NMAJICKTPUUYECKONU MpoHHUIlaeMocTh €. COCTaBICHHE ITOM T'PYIIbI
Habopos (19) — (20) BosHe peanu3yema, IMOCKOJIBKY AUIIEKTPHUECKas IPOHUIIAEMOCTh € B Cpelie
Mensiercsa ot 1 go 80.

BBenem KycOUHO-TTOCTOSTHHBIE (QYHKIIUU rU )(Z) JUIsl TpyINIbl RTakue, 4To
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fro(j), z € (=, 0],
r(j), z € [0,2z],
rO@=1n",  zelzz) j=1N, 21)
r3(j), Z € [z,,23],
kT'4(j), Z € [z,, )

ITpu stom dyskmun Y (2) cootsercrByror HaGopam mapamerpos RU).
Janee, mns xaxmoro Ha6opa RU) w3 rpymmsl Habopa mapamerpoB R pelmaeM IpAMYFO
3a1aqy

uD — (kD)uD =0, j=T,N,, (22)
o], =o, [ugﬂ]zm =0, m=1W, [u] =0 [ugj)]Z* = —pof (). (23)

Ipu sToMKodddumuent kU rakoit, uro
kD = (A9)? = (0D poeor® + iw Do,

rae r9) — kycouno-nocrosunble Gynkimu (21).
Haiinennsie pemienus u3 (23) — (24) o0benuauM B rpymmy pemeruii U Takoi, 4To

U={ul|j=1Ng} (24)

B cuny TeopemMbl eIMHCTBEHHOCTH, JJIsl MPAMBIX 3a1a4 (22) — (23) cienyer, 4To KaxIaoMy
nabopy mapamerpoB RU)us rpynmer RcootsercTByer enuncTBenHOe pemenne u') u3 rpymmsr U,
¥ HA000POT. A TakXKe B CHIIy TOH K€ TEeOpeMbl eAMHCTBEHHOCTH I OOpaTHOM 3a/1a4u CIenyer,
YTO, IPUMEHSIS HEHPOHHYIO CETh, MBI TOYHO CMOXKEM onpeaenuTh pemenue (18)obpaTHoii 3axaqmn.

PaccMoTpuM KBasipaTHUHbIN QyHKIIMOHAI CIIEAYIOIEro BUAA

Cwg
J=]lrl= f [u(w, 29, 0; &) — u(w, 4, 0; 7)]*dw (25)
(.l)o/c
rme A% = wiupgee, A2 = wiupgsyr, a  r-mapamerp  pemenus  u(w, Ay, 0;7)us

ypaBuenus (6) — (8), rzue € 3aMeHeH Ha 7.

3amaua 3aKI0YACTCS B MHUHHMH3ALUU KBAJAPATHYHOrO (DYyHKIMOHAJNA M B HAXOKICHUH
pUOIMIKEHHOE 3HAYCHHE 7" K TOYHOMY 3HAYCHUIO €. J[J1s1 3TOr0 CTPOUTCS MTEPAIIMOHHBIN MPOLIECC
cIeayromero Buaa (MeTo/ Irpa il eHTHOTO CITYCKa)

F+1) — () _ V][r(n)], n=2012,.. (26)
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XO0Th € TOYKH 3pEHHUS METOAOB ONTUMHU3AIMH (DYHKIMOHAN SIBISETCS KOHCTAHTOM U
IPaUeHT ero pPaBeH HYJIO, OJAHAKO C TOYKH 3pEHHS HeHpoceTH (YHKIHMOHANI 3aBUCHT OT
mapaMeTpa 1 W TPaJAMCHTH (QYHKIHMOHANa Takxke Oepyrcs mo mapamerpam 7. Ilosromy
BBINTMCAHHBIN I'paJineHT (yHKIIMOHAJA B (26) HE HYJIEBBIC M JJAHHBIN UTEpAllMOHHBIH TIporecc (26)
MMEET CMBICII Ha CYIIECTBOBAHUE.

Wnes cocronut B 00y4yeHUM HEHPOCETH TaKUM OOpa3oM, 4TOObI OH HAXOIMJI MPHOJIMKEHHOE
pemenue r ™)K TOUHOMY peIIEHHIO £ U3 IPYIIIBI HAGOPOB TApaMeTpoB R.

YuciaeHHbIe pacyeTsl
Paccmotpum mMojienb ciioucTom cpeasbl: 1-biil ¢lioil — Mecok, 2-0il CJI0W — ¢ METKUM I'paBUEM
mebenka, 3-uil cmoil — ¢ KpymHBIM rpaBueM IeOeHka, 4 cioil — cyrnmuka. Tabmuma 1 —

npeaACTaBIIACT MOACIIb CIIOMCTOH Cpeabl.

Tabmuma 1. — Mojesb c10ucToi cpenbl

HOMED CJIOS 1 2 3 4
£ 4.0 5.0 8.0 18.0
o (Cm/m) 0.00592 0.00662 0.00837 0.0126
Z, (M) 0.20 0.50 0.90 2.00

IMockonbky ¢yHkuun &(z)u o(z)ABIAOTCS KyCOYHO-INOCTOSHHBIMM, TO HETPYIHO
BBIUMCIIUTh CPEIHUE 3HAYEHHS STUX (DYHKIMH B BU/E YCPEIHEHHBIX HHTEIPAIIOB 110 IIyOUHE

h h
1 1
Emean = Ef e(z) dz =~ 12.65, Omean = Ef 0(z)dz =~ 0.0105 .
0 0

Janee BerumciuM 110 ¢popmyie (17) onopHyro KpyroBylo 4acToTy wg ~ 9.4+ 107 . Torna
MOIIHOCTh CKHH-CJIOS:

2
hy = |——— ~ 1.3(m).
WoloOmean

Ha pucynke 1 mmke npuBenes|u(w,A,0)|mMoxyns pemieHus mpsiMoll 3amadu, s
BbIOpaHHOM MOJENU CIOUCTON Cpellbl.

KpyroBas yacTora MeHsI€TCSl B MHTEpBaJe [%, 60w0], N, = 2048.

[TockoabKY HETPYAHO BBIYUCIUTh Wolod =~ 1.12, TO NPOCTPAaHCTBEHHYIO YacCTOTY BBIOEpEM U3
unrepsaia [0, 2], N; = 2048.
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1.00
I
epaMerp 125
=4

120 17
"~ 2.00 ¢

Puc.1.|lu(w, 4, 0)|

Monyie penieHus mpsMon 3a1a9u

Pe3yabTaThl HMCNOJB30BAHUST HHTE/UIEKTYAJIBHOI0 METOAA /JIfl PpelleHus
oOpaTHO# 3axa4u

[To wu3BecTHOW MAOMONHUTENbHON WHPOPMAIMU YAAIOCh BOCCTAaHOBUTH CTPYKTYPY
MOJ3EMHOM Cpe/bl, MyTEeM NPUMCEHCHHS HEHpOHHOW ceTn. B Tabimne 2 HukKe yKa3aHbI
JUAJIEKTPUYECKUE TPOHUIAEMOCTH U YAEJIbHONW MPOBOJUMOCTH MCXOAHOW MOA3EMHOI Cpelbl, a
TaK)Ke MPUOMDKEHHBIC 3HAYCHMsI K IapaMeTrpaMm AUAJIEKTPUYECKON MPOHUIIAEMOCTH JaHHOMN
Cpelbl.

1e-7 TOMHOE ¥ NpUbNMXKeHHoe pelweHns NPAMoN 3anayun npu z =0

TouHoe
MpubnnxeHHoe

0.0 02 08 1.0

04 06
Bpems — t [10 Hc]

Puc.2. Tounoe u mpuOIMKEHHOE PEIICHUS TPSAMOM 3aa4l
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OTHOCUTENbHAaA NOrpeLuHoCcTb pelwerHna npn z= 0

(100 VL TN

04 06
Bpema — t [10 Hc]

Puc.3. OtHOCUTENbHASA TOTPEIIHOCTD (B IpoleHTax %) pelienns npsMoi 3a1auu

Tabmuna 2. — TouHble ¥ PUOTMKEHHbIE 3HAUEHUS XapaKTePUCTUK JTAaHHOU Cpelbl

HOMED CJIOS 1 2 3 4
£ 4.0 5.0 8.0 18.0
o (Cm/m) 0.00592 0.00662 0.00837 0.0126
r 3.85 5.07 8.12 17.78

Il € — TOYHbIE 3HAYECHUS XapaKTEPUCTHK CPEJibl, @ T—UX NPUOIMKEHHbIEC 3HAUECHUSL.
Ha pucynkax 2, 3 Bblllle IpUBEACHBI TOYHOE, NPUOIMKEHHOE PELICHNs NPSIMON 3a1a4u U
OTHOCHUTEJIbHAS NOTPEIIHOCTE. A TaKkXe IMOrPeIHOCTh 10 HOpMeE L, NMeeT Claeayromuii Mopsa0K

”[Ez]true(z =0,0) — [E2lprea(z = 0, t)”Lz =172 10777,

[IpubamkeHHoe pelieHMe Ha pUCYHKE 2 ObUIO TOJYy4eHO IyTeM MpUMEHEHUs
MHTEJUIEKTYaJbHOI0 METO/Ia pelIeH st 00paTHOM 3a1auu.

Pabora nonnepxkana B pamkax rpantosoro ¢punancuposanus MHuBO PK 2023-2025 no
npoekTy AP 19680361 «Pa3paboTka BIYUCIUTEIbHBIX TEXHOJIOTUHN I AUATHOCTUKH JOPOXKHOM
OJICXTbI aBBTOMOOMIIBHBIX TPACCH.
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OHNTUMHU3AIITMOHHBIE METO/1bI PELIEHUS MPSAMOM U
OBPATHOMU 3AJAYM ITOAITIOBEPXHOCTHOU PAANOJOKAIINHU

K.T. UckakoB

Eepazuitickuii nayuonanvroil ynusepcumem um. JILH. I'ymunesa, ¢ Acmana. Kazaxcman

YK 517.956.29 + 519.677

Annomauyusa. B Ooxnade wHamu paccmampueaemcsi  mMamemamuyeckas —MoOeb
unmepnpemayuu - paoapocpamm, noayueHuvix eeopadapamu: «Jloza-By, «Oko-2». [a
KAuecmeeHHOU UHMepnpemayuu paoapospamm Heodxooumo conoCmasisins pacienHtvle OaHHble
MAmMemMamuyeckol Mooeiu C pPeaibHbIMU OAHHbLIMU, YMO NO360JUM pa3pabomams MemoouxKy
uHmepnpemayuu padapocpamm.

T'eopadapvl umeiom 6cmpoeHnHoe NpocpammHoe obecneyeHue, blXOOHAs UHDOPMayUsL
KOmMopo2o npedcmasisem coboll padapocpammy, m.e. 6pemMenHble Pa36epmKUu OMpAaHCeHHO20
CUeHana, cHamble 800b Mpaccyl. /s unmepnpemayuu paoapospamm UCHOoIb3VIOm UHHCEHEPHO-
MeXHUYeCKue npuemvl, d Maxdice 3dAUCUM OM ONbIMAd 2e0U3UKA U HABbIKOG UMeEHUs
paoapozspamm.

C Opyeoil cmopoHbl, cyujecmeyiom UHOe HANPAeieHue UHMepnpemayui paodapocpamm,
OCHOBAHHOE  HA ~ MAMEMAMUYeCKOM U  KOMHbIOMEPHOM  MOOEIUPOBAHUU  npoyecca
PACHPOCMPAHEHUs U OMPAXNCEeHUsT INeKMPOMACHUMHBIX 601H 8 cpede. Paoapoepamma
npeocmasusiem ¢ cooot QyHKyuo om epemeHu npode2a 00 HeOOHOPOOHOCU .

1. IloctanoBka mpsiMoii HW  O00paTHOW 3aJa4d  MOJANOBEPXHOCTHOI
PaaMoI0KALMHU

®duznyueckas TOCTAaHOBKA OJHOM M3 33/1a4 MOANOBEPXHOCTHON paIuOIOKAIIAY 3aKIII0YAETCs
B CIICIYIOIIEM; Ha TIOBEPXHOCTH ac]aybTa BIKIIO-9a€TCS MCTOYHUK CTOPOHHEr0 TOKa jcm,
UMEIOIIMNA 0 BPEMEHHM KOJIOKOJIO-00pa3HbIi BUJ r(t) U JUIMTEIbHOCTh BO3ACHUCTBUA MOPsIKA

JIBYX HaHOCEKyHJA. TaM jke Ha MOBEPXHOCTH ac(aibTa B TEUEHUH NpUMEPHO 50 HAHOCEKYH]
U3MEpsETCs IEKTPOMArHuTHOE nosie (OTKJIMK Cpelibl), 10 KOTOPOMY TpeOyeTcss ONpelesuTb &
(umu o), 100 OHOBPEMEHHO &, O Ha INIyOUHE OT HyJIs 10 2,2 MeTpa.

PaccMoTpuM OIMH M3 NPOCTEUINIMX BAapUAHTOB YKa3aHHOM 3aJayu, KOrga & U O 3aBUCAT OT

IyOUMHBl X;, @ MCTOYHMKOM CTOPOHHETO TOKa SABISETCA JOCTaTOYHO [UIMHHBIN KaOelb,
PACHONIOKEHHBIM 10 LEHTPY U MPOTAHYTHII BIOJb JOPOKHOIO MONOTHA (IO ocu X;). B arom

ciy4dac, npeHe6peraﬂ BJIMAHHUECM KOHIIOB KabeJi1 1 OOKOBBIX I'paHul JOPOru, JJi1 KOMIIOHCHThI E2
BCKTOpa SHCKTqueCKOﬁ HAIIPSXKCHHOCTHU IMOJYYHM CICAYIOIIYIO 3a1a1y Kommu:

el o lE ~ 1A E, - p(x a0 ) () )
at2 2 ot 2 u XXz 2 1 3
0
Ez\t:ozo’ aEz\t:ozo' (2)

() r
31CCh: & = 80 ’ gomu’ EO :8'854.10712 M’ /l = luO ' luomHI :uo :1257 .1076 ﬁ, :uomH :1r p(Xl)
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p(xl) q(x3) - (DyHKLMH, ONMCHIBAIOLIME TONEpEUHbIe pa3Mepbl HCTOUHMKA. [ nccienoBaHus

npsimoii 3aaauu (1)-(3) ObLIM BEIOPAHBI YETHIPE XapaKTEPHBIX JJIS peajibHOM CUTyaIluy MOJICIH, C
OOMIMMU  TEOdJEKTPUYECKUMHU  CBOMCTBaMH. | OpM3OHTaNbHbIE  MYHKTUPHBIE  JIMHHUH

Xé =0.2m, X:f =1.2m, Xg =2.2M-COOTBETCTBYIOT  IpaHUIlAaM  pa3jiena  Cpeld  MEKIY

OOIHOPOAHBIMU CpE€AaMH, B Ka)KHOﬁ U3 KOTOPBIX 3HA4YCHUA &, U O -TIOCTOSHHBI. 3HaueHue

H

AJIEKTPOMArHUTHBIX TApaMETpPoOB & U O B CHOSIX ¢ HOMepamu 1,2,3,4 miis KaKa0il U3 4eThlpex

OmH

paccMaTpuBaeMbIX MOJIEJIeH MpUBeeHbl B Tabimie 1.

[TopsankoBsiit Epp O,
HOMEp MoJem Homepa croes Homepa crmoes
1 2 3 4 1 2 3 4
I 1 3.5 6 9 0 0.02 0.02 0.02
1 1 9 6 9 0 0.02 0.02 0.02
i 1 9 6 9 0 0.05 0.02 0.05
v 1 9 6 6 0 0.05 0.02 0.05

Ceenem 3anauy (1)-(2) x ogHomepHoi. O003HaUUM Yepe3 ornepatop npeodpazoBanust Pypbe 1mo
nepeMeHHol X,, nepenuiueM (1)-(2) B Buze:

1 .
eJy +oU, :;(Ux3x3_lzu)_PAq(X3)r (t) ©)

Ui, =0U 0, 4)

ft=0 ~
3necs: U = Fxl[Ez(Xl,Xa,t)], P, = Fxl[p(xl)], A - mapameTp mnpeobpasoBanus Pypbe 1O

NIEPEMEHHON X, .

OtmernM, 4TO 33aHKue Ko umeHToB ypaBHeHus (1) B Buae, npencTaBieHHON B

tabmure 1, TPUBOAMT K HEOOXOMUMOCTH J100aBUTh K cooTHommeHusMm (1)-(2), ycrnoBus
- 1 2
HEIPEPLIBHOCTU Ul TOPU30HTAIBHON KOMIIOHEHTHI E,, Ha rpaHumax paszmena X;, Xj, X;,

KOTOpO€ B TepMUHAX QyHKUIUHU U (00pa3 Pypbe ), MpUMET BUA:

Ulw=0u,] ,=0 k=123 (5)

Wrak, mocraHoBKa MpsSMOM 3a7a4l COCTOUT B cieayromeM. [1o n3BEeCTHBIM 3HAYEHUSIM KYCOYHO
MOCTOSIHHBIX (DyHKINN E(X3 ), G(X3), U TOJIOKHUTEILHON MOCTOSHHOM 4 OMpenenuTh (PyHKIHIO
U kak pemenue o6o6menHon 3agaun Komm u3 cootHomenui (3)-(5). Ilycth oTHOCHTEIBHO
peteHus psiMoit 3a1auu (3)-(5) u3BecTHA OMONHKUTENbHAS HHPOpMaIHs B Touke X; = 0, oTKImK
Cpensl:

U*(0,t)=f(t) (6)

CoopmynrpyeM TOCTAHOBKM PacCMaTPUBAEMbIX HAMU OOpaTHBIX 3aj1au:
3adaua 1. Tlo u3BecTHBIM 3HaYeHUsM &£(X;), 4 ¥ ponoaHuTENbHON MHpopManuu (6) (rae:

A = A, -bukcupoanno) onpenemuts o(X;), U™ u3 coornomennii (3) — (5).
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3a0aua 2. T1o u3BeCTHBIM 3Ha4YCHUAM &£(X;), 4 W IOMOJHATENbHON nHbOopManuu (6) (rue:
A = A,-bukcuposanno) onpenemuts £(X,), U™ u3 coornomenwit (3)-(5).
3aznaua 3. ITo U3BECTHBIM 3HAYEHUSM A W JONONHUTENbHOU nHdopmanuu (6) (roe: A=4,4,)
onpenemuth £(X;), o(X,), U™, U* u3 coornomennit (3)-(5).
[lpm wmcciaeqoBaHUM TMOMIMOBEPXHOCTHBIX CTPYKTYpP, B YaCTHOCTH JOPOXHOTO IIOJIOTHA, C
¢bu3nYecKoi TOYKU 3PEHHS], MOKHO MPEAIONI0KHUTh, 4TO KO3 PUIHeHTHI cucTeMbl (1) He 3aBUCAT
OT MEPEMEHHOH X,. DTO ONpaBABIBAETCSA TEM, YTO JOPOKHOE MOJOTHO MMEET I'e€0JOrHYecKuil

pa3pe3 pacroJIOKEHHBINM CcI0AMH (TUIaCTaMu), IPUUEM 3apaHee U3BECTHBIMU I'€0IEKTPUUYECKUMHU
CBOMCTBaMHU cpel. 3ajaya AMATHOCTHKU TOJIOCHI, COCTOMT B ONPEAEIECHUHU H3MEHEHUH 3TOHN
Cpenbl, BO3HUKAIONIMX KaK IMpPaBHJIO BCIEICTBHE MPHUPOIHBIX (PAKTOPOB, JMOO HMHBIX
noBpexaeHuil. [locneqnee npuBOIUT K TPEUIMHAM WM TpOcajke pabodeil Monockl, 4TO MOXKET
IIPUBECTU K aBAPUM, UM UHBIM ITOCIIEICTBHSIM.

2. OnTUMHU3ANMOHHbIN MeTO peleHus 00paTHOM 3a1a4un
KoHkpeTn3upyeM mocTaHOBKY 3aJ1auyd B BOJIHOBOW ITOCTaHOBKE, C(hOPMYJIUPOBAHHOW HAMH

B noapasaene 1.1. B obnactu Q:[O, L]x[O,T] paccMOTpuUM 3aady o0 ornpeneneHuH (QpyHKIHH
v(X;,t) U3 COOTHOIIEHMIA:

2
gun+0'ut:ia—l;—£/lzu—g(x3,t), 0<t<T, O<x<L, (7)
M Oxy U
U|t:0:0’ Ut|t:0:0' (8)

Uy

3

xeo = M (D), 0], =0. (9)

(2)

3nech

9(x,,1) = 5(x,)5(t).
CuuraeM, 4T0 Bce KodDPuIueHTs ypaBHeHus (7) TaakuMu QyHKITUIMHU.

[TycTh OTHOCHTENBHO peleHus npsMoit 3aaaun (7)—(9) uzBectHa AOMOTHUTENbHAS HHHOPMALIHS:
v(0,t;¢)= fy(t). (10)

Obpamnas 3aoaua 1: I1o u3BecTHON AononHuTenbHON uHGopmanuu (10) Halitu &(x,) u

v(x,,t;&) U3 cootHomeHHit (7)—(9), (MoIaraeM 4To U3BECTHB O, i, J, A%).

Obpamnas 3a0aua 2: 1lo u3BecTHON AononHUTENbHON HHPopMmanuu (10) Halitn o(X,) u

v(x,,t; o) u3 coorHomenwuit (7)—(9), (monaraeM 4To U3BECTHHI &, 4, §, A°).

[Iycte oTHOcuTenbHO pemieHHus npsiMod 3amaud (7)—(9) U3BECTHBI JOMOIHUTEIbHBIE
uH(popMaIuu:

VW0t <e,0>)=f01), i=12 4,4, (11)
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Obpamnas 3aoaua 3: Haittu mapy ¢yskumid <e(x,),o(X,)> u U(Z, t; <g,0 >) u3
cooTHomEeHHH (7)—(9) 10 M3BECTHBIM JOMOIHUTENLHBIM HHGopManusaM (11) npu A =4, A =4,
(cuuTaem, 4TO U3BECTHBI L, Q).

Onmumusayuonusii Memoo peutenuss oopamuou 3a0auu 1

3nech U B JanbHeWmeMm OyaeM cuMTaTh, YTO X, =2, TaK KaKk OObIYHO B TeOo(H3UKe
0003HAYAIOT Yepes z ITyOuHy, M MONOKUM I yroocrsa f, (t)=f(t).

ITycts p(z) — NpuOMIKEHHOEe pelreHne oOpaTHOi 3amaum 1. BBemem B paccMoTrpeHune
KBaJPAaTHYHBIN (PYHKIIMOHAI:

[0(0,t; p)— f(1)dt. (12)

J(p)=

O —

Munumusupyem ¢ynkuunonan (12) meromoM Hauckopeiimiero cmycka. [lycTb u3BecTHO
npudIHKEeHNE p(”)(z) , TOCIIEAYIOIM e MPUOIMKEHHSI OIIPEIETUM U3:

p™(2) = p™(2) - &, vI (p™). (13)

3nece «, — kodddunueHt crnycka, a VJ (p(”)) — rpaaueHT (PyHKIMOHAIA.

Ilycmo koshpuyuenmor ypasnenus (7) u pynkyus f(t) nenpepwisnvie pynkyuu, moeoa epaduenm
¢yHKkyuonana (12) ecmn 2/ABHAs yacme npupawerus @yHKyuonana
AJ(p)=<VJ,sp>, +0(“5 p||i2) U uMeem 6Uo:

Va(p)= oz )z )t m

20e gynxyus ¢(z,t)— ecmov pewenue cnomoeamenvHoU (CONPINHCEHHON) 3a0a4U:

a-a)n -2 2| Lo)-Liotn @oce. a9
o(z,T)=0, ¢(zt),; =0 0<z<L. (16)
10
~—q@ =20t p)-f(t), 0<t<T. (17)
/,162 z=0

p(Lt)=0, 0<t<T. (18)

Takum 00pa3om, aJITOPUTM PEIICHUsT 00paTHOM 3a7a4u 1, BBITJISIUT CIASAYIOMNUM 00pa3oM:

1. 3amaeM HavaIbHOE IPUOIIKEHUE p(o)(z) , ¥ pemmaeM npsamyio 3agauy (7)—(9), nonxyuum

u(o)(z,t; p(O))_
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2. Breraucium kpaeBoe 3Hadenue (17) u pemaem conpspbkeHHyro 3anauy (15)—(18), momyuum
gD(O)(Z,t, p(O)).

3. Boruucium rpaguenrt, no gopmysie (14), T.e. naxogum VJ (p(o)(z)).
4. Beraucinm odepeaHoe mpuomKeHne p(ml)(Z) o popmyie (13).
5. [TpoBepum 3HaueHME pyHKIMOHANA (12), €CiM OH JOCTUT MUHUMYMa TO MEePeXo]l K MyHKTY

6, €CIIH HET, TO MMoJIaraeM p(o)(z) = p(")(Z)H BO3BpAT K MYHKTY 1.

6. [Tonmaraem mpuGnrKeHUE p(“)(z) — 32 IPUOJIMKEHHOE PeIleHre 00 paTHOU 3a1auu.

Cuutaem, 4to Bce K03 puuneHTsl ypaBHeHUs (7) TTaAKUMU QYHKIHSIMH.

3. IlpenBapuresibHas 00padOTKA CUTHAJIOB

HNannsie reopagapa OKO-2, HeoOxonuMo mnpenBapuTenbHO 00padoTaTh OT pa3IU4HbIX
IIYMOB U MIOMEX, IOCJIEIHEE CBA3aHO C TEM, YTO LIyMbl BO3HUKAIOT OT MHBIX CUTHaJIOB, HAllpUMEpP
OT JIMHUU BBICOKOBOJIbTHBIX, OT MIOMEX M Cauoro npuodopa, Tak Kak aHTEHHbI IPUKPEIJICHbI K
aBTOMOOWJIIO Ha pacCTOSIHUU Nopsiaka 30 CaHTUMETPOB U HHBIX TOMEX.

[IpuBeneM METOIMKY OUMCTKH CUTHANA Ha OTHOM U3 IIPUMEPOB, IPOBEICHHBIX B IPOCHEKTE
Typan r. Actansl 11.06.24 reopagapom OKO-2 ¢ pynopnoit antenHoir Ab-1000P, ¢ wacToToin
curtasna 1000 MI'm.

JnmuHa ckanupoBaHHOrO yyactka goporu 500 m.

time{ns)

Puc. 1. IIpo¢uns ucxoaHoi pagaporpammsl Puc. 2. I'pacuk ucxonnoit 521 tpaccel

B npodmuiie 3334 tpacc usmepennas ¢ marom 15cm. Paccmotpum 521 Tpaccy B3siTast u3
HEepBOI aHOMaJIbHON 30HBI MPOQUIIS (IIEPBbIH BCILIECK).

CBoiicTBa Tpacchl:

[Tepuon nuckperuzanuu 0.03125 He

YacrtoTa nuckperuzaunu 32000 MI '

Jmvna curnana 512

Bpewms ckanupoBanus Tpaccel 16 He
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00 1000 1500 2000 2600 3000 3500 4000
0 P 000 150
MHz

Puc. 3. Cnextp ucxonnoit 521 tpaccel Puc. 4. IIpoduns mocne punabTpanuu

Panmaporpamma oTduiibTpoBaHO 1M0J0COBBIM (puiibTpoM baTTepBOpTa ¢ MOJI0OCON MPOMYCKaHUs OT
510 MI'r o 1330 MI11.

amplitude
o
&

°
T

0 2 4 3 8 10 12 1 16 0 500 1000 1500 2000 2500 3000 3500 4000
time(ns) MHz

Puc. 5. I'papux 521 tpaccel mocne punptpanun  Puc. 6. Cnextp 521 Tpaccsl nocie

Ilpeoopaszoeanue I'unbbdepma ona od6padomku cuznanos zeopaoapa

Hamu wucnonb3oBano mpeoOpasoBanue [mipbepra ams oOpaOOTKM U OmpeneneHus
XapaKTepUCTUK CHrHanoB reopaaap [28]-[30].

Omnpeznenenrne MaKCUMyMOB MOYJIS TPe0oOpa30oBaHUsI TO3BOJISIET OOHAPYKUTh KOHTAKTHbIE
IPaHUIbl, HA KOTOPHIX IMPOUCXOIUJIO OTpaKeHHUE curHanga. Ecim B cpelne ecThb JIOKaJbHbBIE
BKIIIOUCHWS, B BHJE TUNEpOON, TO NpUMEHEHHEe mpeoOpazoBaHus [ unpbepra yIydIIHTh
OOHApYKEHHE OTUX KpPUBBIX. [IpM TPOXOXKIEHUU BJIOJL TPACCHl KPHUBBIC, OOpa3OBaHHBIC
MaKCUMyMaMH MOJlyJisl TpeoOpa3zoBanue [ uipoepra, mo3BossIT 0OOHAPYKUTH (OPMY OTpaKaroIIen
MOBEPXHOCTH.

Monayne mnpeoOpa3oBaHHsl JaeT paclopeldesieHHe SHEeprud B CUTHalE, TaKk Kak
.ipeobpazoBanue ['nipbepTa mpou3BOAUT MOBOPOT o (aze mpeodpazoBanue Oypre curuana Ha
/2.

[TpeobOpa3zoBanue 'mnbdepra Gpynkumu U (f) umeeT BUA:

1% u(r)dz'

H[ul() == ——— (19)

-7

31ech HHTETpall IOHUMAETCs B CMBICIIE IJIABHOrO 3HaueHus1. Hamu nmpoenensl pacueTs! 1is
JAHHBIX pajzaporpaMMm JOpOKHOM oxaexapl. Ha pucynke 1 mokasaHa Tunu4Has KapTHHA
BOJIHOBOTO TOJIA U TpeoOpazoBanus [ unpOepra A5 JaHHON pagaporpaMMbl JOPOKHON OTEKIBI,
MTOJIYYEHHOU JJ151 YETBIPEXCIOWHON Cpellbl C MUHUMYMOM CKOPOCTH B ITOCIIETHEM CIIOE.

IIpeoGpa3oBanre MPOBOAMIOCH MO JAUCKPETHBIM (OpMyJaM, OCHOBAaHHBIM Ha CBS3H
npeobOpazoBanus Oypbe ¢ npeodbpazoBanuem I unsdepra:
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N-1

S(n):NZE(kAt)-exp(—iZﬂkn/N), n=01...,N/2. (20)
H(kAt):2-NZ/23(n)-exp(27zikn/N), k=01..,N. (21)

n=1

YucneHHbIE MpUMeEDPEI pacueTa npeodpazoBanuii [ misdepra

PaccmoTpum Mozeb cpelibl JOPOKHONW OfeKabl: 1-bIit cioi — acdaibT (MEIKO3EPHHU CThIH
U KPYITHO3EPHUCTHIN), 2-Uil €O — MOAYIIKa U3 cMecH MenKoi mebenku ¢ ¢pakuueit 0.4 u 7%
[IEMEHTAa, 3-Ui CII0H — MoMyIIKa U3 KpymHo mebeHku ¢ ¢ppakmueit 0.8, 4 crnoii - moacTHIIAIOINI
cioil — rpyHT (cyriuHka). Tabmuua 1 — npeacraBiseT MOAEIb TOPOKHON ONEXKIbI.

Tabmuma 1 — Mopens TopOoKHON OEK bl

HOMED CJIOS 1 2 3 MOACTUJIAIO NI CIIOH
& 2.6 10.0 6.5 30.0
o (Cm/m) 0.00429 0.00842 0.00679 0.0146
Z, (M) 0.15 0.45 0.70 2.20

PelueHUe VCXOAHOM NPAMOM 3313 U MOAYNL Npeobpasosatys Masbepta npn z=0
le-7

5 — Volt)
— Golt)

Vo and Go

) )
Bpems — t [10 Hc)

Pucynok 1 — Tunuunoe npeodpaszoBanue ['unpbepra pagaporpaMmMbl JOPOKHOM OJIEKABI IS
YETBIPEXCIIOMHON Cpeabl ¢ MUHUMYMOM CKOPOCTH B IIOCTIEIHEM CJI0€

Cornacuo popmynam (1)-(3) nis pacuera npeoOpazoBanus [ miibOepra cHavama mpoOBOAUTCS
JUCKpeTHOe ImpeoOpasoBaHue @ypbe curHama, 3areM 1o npeoOpazoBanuio Dypbe
BOCCTaHaBIMBaeTcsi mpeoOpasoBanue [wmnpbepra. Ha pucynke 1. mokasaHa KapTuHa
npeoOpa3oBaHus I YEThIPEXCIIOWHON pellbeHON Cpeibl C MUHMMYMOM CKOPOCTH B ITOCJICTHEM
cioe (CTpoeHHEe MOJEIBLHOW Cpelbl IMOKa3aHO Ha pUCYHKE 2), TJAe IepBas dYepHas Touka
(JtokambHBIE MAaKCUMYMBI) SIBJIISIETCSI MEPEXOJl C BO3JyXa Ha 3€MIII0, & OCTABIIMECS TOYKH —
IpaHULbI IEpexX0/ia OT OJTHOTO CJIOSI Ha APYT oM.

B ciydae cuibHO BBIpaXXeHHOTO pesibeda B BUAC OAMHOYHON BMAJAMHBI KaK MOKa3aHO HA
pPHCYHKE 2, THHHUSI MAKCUMYMOB ITPe00pa30BaHMsI UCKAXKAIOTCS B BIIAJMHAX penbeda U MOBTOPSIOT
HaIpaBlieHHUE BIIAINHBI penbeda, HanmpuMep, Kak Ha PHCYHKE 3.
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[paHnLbl cnoes Moaynb npeobpasosaHua Mabbepta |GO| npu z=0

400

rny6uHa — z [M]

075 1.00 125 150 175 2.00 1000

AnuHa — X [m] 0 500 1000 1500 2000 2500 3000 3500 4000

Pucynox 2— Mogenb cpenbl ¢ penbedro-cnouctoit  Pucynok 3 — [IpeobpaszoBanue ['unpbepra

MOACTHIIAIOIIEH MOBEPXHOCTHIO JUJISE MOJICNIN CPENbI C pelibeHON
YETBIPEXCIONHON MOACTUIIAIOIIECH
MMOBEPXHOCTHIO

Pa3zpaboranHas mporpamma Oblja MPOTECTHpOBaHA IYTEM CpaBHEHHS pPE3yJbTaTOB C
npeoOpa3oBaHUSIMHM, pEaTM30BaHHBIMU B TTakeTe numpy (python).

BriBonsl. [IpeobpazoBanue ['nnpbepra ABiseTCS KIACCUYECKUM HHCTPYMEHTOM B 3aadax
00paboTKM BpeMEHHBIX psAnoB. Kak moOKa3bIBalOT pacdyersl A pajgaporpamm, 3TO
npeoOpa3oBaHME MO3BOJISET BBIICIUTh JIMHUM MAaKCUMyMa SHEPTUU CUTHAJIOB, YTO BHOCUT BKJIAJ
B YJIYYIICHHE Ka4eCTBA HHTEPIPETAIIH PalapOrPaMM.

Onucanue nporpaMmmsl

[Iporpamma BeiiBieT 00pabOTKH pagaporpamMm IMO3BOJSIET IPOCMOTP NpopuiId U rpaduxa
Tpacchl pajaporpamMmbl. BEIMONHSETCS pacdeT CneKTpa MCXOAHOM W OYMINEHHOW Tpacchl MO
anropuTMy ObIcTporo npeobpazosanus Dypswe. [IpenycmMorpeHo coxpaneHue rpadrukoB B pa3HbIX
dopmarax.

[IporpamMa mpenHa3HaueHa s TEPBUYHOM 0O0paOOTKM TeopaapHbIX MJAaHHBIX U
BU3yalIM3allMM  TE€OPAJAMOIOKAIMOHHON HWHpOpManmuu, 4YTO o0Jerdaer MHTEPIPETAUIo
pazaporpaMMbl B T€OpaInoJIOKallMOHHbBIX HccleqoBaHugX. [IporpaMMa criekTpajlpHOrO aHaIn3a
U BEUBJIET OYUCTKHU TPacC paJaporpamM JOIMOIHAET HHTEPIPETAIIIO Pe3yIbTaTOB I'eopagapHbIX
HCCIIeIOBaHU ¢ moMoInblo pupMeHHBIX [10, mocTaBsieMbIX BMeCTe C reopanapamu (puc. 1).

W gprsigras T e

vain Bedner owknia

Pazaporpaom (aitTDAT_0365_AlLd3) Tpadux tpacecst e tpacea
0 o —— ——

Coextp ommremnoro curm

Puc. 1. OxHoO nporpamMmsl

PaGoTta momnepkana B pamkax rpaHToBoro (¢unancupoBanus MOH PK 2023-2025 mo
npoekty AP 19680361
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CEKIIMSI 5

Hakrsl s)xylienepai Moaenbaeyaeri OoHTalIaHabIpy Macesenepi

OHTI/IMI/ISaHI/IOHHble 3aaa4 B MOACIIMPOBAHNU PCAJIbHBIX CUCTEM

Optimization problems in modeling real systems
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MOJAEJIUPOBAHUE HAI'PEBA BO/J1bl MUKPOBOJIHOBBIM
N3J1YYEHUEM

Asmmmakan kbi3bl K., Kaiipeies H.K.

Kuipevizcko-Poccutickuit Cnaganckuu ynusepcumem, Koipeoizcman
YK 53.072

Ha ocnose mamemamuueckoii mooenu MUKPOBOIHOB020 HA2pesad B00bl 6 CMEKISAHHOU
éMKOCMU, NPOBOOUMCSL PACYEM XAPAKMEPUCTIUK 800bl U INeKMPOMACHUMHO20 U3TYYeHUsl 8
3a6UCUMOCIU OM NOOBOOUMOU MOWHOCMU U PAZMEPO8 NPAMOY2OTbHOU MUKPOBOJIHOBOU NeYll.

Knrwouesvle cnosa: muxposonnogoe usiyuenue, IJIeKMPOMASHUMHASL —60JIHA, 6004,
MASHUMHAS 2UOPOOUHAMUKA.

Mopenab. MateMaTH4eCKOE MOAEIUPOBAHUE B3aWUMOJEUCTBUS BOJBI C MHUKPOBOJIHOBBIM
usnydeHneM mnposoautcs B [1-3]. B gamHON paboTre paccMarpuBaeTcs MPSAMOYTOJIbHAsS
MHUKpPOBOJHOBAs edb pazmepamu 33x31x21 cm ¢ BomHOBOIOM 10 X8 x5 cm (puc.1). B nenTpe neun
HAXOJUTCS CTEKJISTHHBIN IIMIIMHIPUYCCKAN CTaKaH AuaMeTpoM 3.6 cm M BBICOTOM 6 cm, B KOTOPOH
HaXOJQUTCS BojJa TIpH KOMHAaTHOM Ttemmepatypsl 1 = 20°C. Yacrora mnomaBaemoit
AIEKTPOMArHuTHOM BOJIHBI 2,45 I'Ty.

[IpoBoauTcst pacué€r HU3MEHEHUs] XapaKTEPUCTUK JAUCTUILUIMPOBAHHOM BOJABI B
MUKpPOBOJIHOBOM I€YM MPU OJAHOCTOPOHHEM IMOABOAE MOIIHOCTH 3JIEKTPOMArHUTHOIO IMOJI.
[Ipouecc HarpeBa BOABI MHKPOBOJHOBBIM H3JIyYEHHEM MOJACIUPYETCS HAa OCHOBE YpaBHEHU U
MarauTHO# ruapoannamuku (M) [3]:

2o (T ot + (VT ) =v-(avT)+ ] -E/2.
pleviet+ VvV )=v.-(7vV)-VvP+ fx B2 + pg,
oplot+v -(pV)=0;
VxE=-0B/dt; VxH=]+aD/ét-
V-D=p,; V-B=0.
HaaTh HELE K rPAHMHLE YCTORNS:

t=0: T=20°C, U0=0

Ha ctenkax BosHOBOAA: (ﬁ % E) ~0
B BosnHOBOzE: TE,, —wave: E= E ot E ref
u= O

Ha BHYTPCHHHUX CTCHKAX CTaKaHa:

—i-(kVT)=0

Ha BHenIHUX CTEHKaX CTaKkaHa:
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Ha rpanuiie Bo3ayxa v BOABL: “f- (kVT) — O, i

<l
Il
o

Time=195.91 s Surface: Total heat source (W/m®) Arrow Volume: Power flow, time average

A 2.31x107
%107

1.5

¥ 1.65x107

Puc. 1. Cxema HarpeBa BoJlbl MUKPOBOJIHOBBIM H3JIyY€HHEM U3 BOJIHOBOJA B KAMEPY
IPSIMOYTOJIHOM Meuu (CTPESIKU — pacpocTpaHeHust Bektopa YMmoa-IloiiHTuHra)

Pemenne. KospduunenTsl qucTuimpoBaHHON BOJBI 334a0TCS U3 TE€X )K€ MCTOYHUKOB,
Kak 1 B pabore [3]. UncneHHas MOJeNb PELICHHs peain30BaHa Ha KOMIBIOTEPE C MOMOIIBIO
nporpammuoi matgopmer COMSOL Multiphysics. Ilpenmnonaraercsi, 9T0 CTEHKH BOJIHOBOJA
ABIIIIOTCA DJIEKTPUUECKMMU INPOBOJHUKAMM, A CTEKJSIHHBIM CTakaH C TOHKMMH CTEHKaMH
ABJIAETCS JUAJEKTPUKOM JUJII MUKPOBOJHOBOI'O M3JIYYEHHS M IMOITOMY B 3JIEKTPOMAarHUTHOM
MOJZIEIIM pacuera OH He y4yuThiBaercs. B mukpososHoBou neun MI'Jl ypaBHeHus pemarorcs B
IPSMOYT OJILHOM CHCTeMe KOOPAMHAT B 00J1aCTsX, 3aHUMaeMbIX BO3lyXOM U Boaoil. Harpes Bozbl
MUKPOBOJIHOBBIM U3JIy4€HUEM ITPOUCXOMASAT 10 TOTO MOMEHTAa BPEMEHH, IT0KA BOJA HE JOCTUTHET
temnepartypa kunenus (100°C).

Pesyabrarsl pacyera: [loxBoaumass B KaHajd BOJHOBOAA 3JIEKTPOMAarHUTHas BOJIHA
B3aMMOZCHCTBYET C BOLOM M CTEHKAMU MHUKDOBOJIHOBOW Ileud. B pesynbraTe Ccynepno3uuuu
NIOJBOJMMOM U3 BOJHOBOJA, IPOLIEAIIEH CKBO3b BOAY, OTPaKEHHOW OT CTEHOK I1€YU U CTaKaHA C
BOJIOM, 3JIEKTPOMAarHUTHas BOJIHA HArpeBaeT BOJY, HaXOJALIYIOCs B cTakaHe. MakcuMmaibHOE
3HAUEHUE HANPSHKEHHOCTU AJIEKTPUUYECKOro MOoJIsd peajau3yercs B LEHTpe BOJIHOBOAA (puc.2), a

h
TAaKXXC Ha rpaHUIIaX CMKOCTU BOJIM3HU BOJIHOBOJA B CCYCHUU Y = 0 B TOYKax z = + E' x = R.

2
Bunmno w3 puc.2, 4ro «mKoyieBo» TemnoBbiaenenue ( Qg ZO'|E| /2), Bwlmensercs B

OCHOBHOM B IICHTPE EMKOCTH B O0JaCTH C MaKCHMaJbHbIM 3HAYCHHUEM HaIPSKCHHOCTH
AJIEKTPUY ECKOT'0 TTOJISI MU YMEHBIIIAETCS 110 MEPEe MPUOMKEHHS K CTEKJITHHBIM CTeHKaM. B TaHHBIX
00JaCTSAX MPOUCXOIUT UHTEHCHUBHBIA HArPEB BOJIBI BILIOTH /10 €€ KUTICHUSI, @ B OCTAJIBHBIX - BOJIA
OCTaeTCs NPAKTHYECKH XOJIOJHON. YBEIWYEHHE IMOJABOJIUMONW MOIIHOCTH MHKPOBOJIHOBOIO
U3ITy4YeHHs] 00eCreunBaeT YCKOPEHHE CKOPOCTH «[KOYJIeBa» TEIUIOBBIICICHUS U YMEHBIIICHHE
BPEMEHU HarpeBa BOJBI.

66



Jluccumanust MUKPOBOJIHOBOT'O U3JTYUCHUS TP B3aUMOJICHCTBUY C BOJIOM cocTaBiisieT ~22%
(ky ~ 0,22 ), 3HauUTENbHAS YaCTh U3TyYCHHS OTPAKACTCS OT CTEHOK IIEUU U CTEKJITHHOTO CTaKaHa
¢ Bojot ~77% (k, ~ 0,77) ¥ He3Ha4YUTENbHAs YacTb, IPUMEPHO 1%, M3TydeHHs MPOXOJUT
yepes eMKOCTh ¢ BoJoi (k, ~001 ).

Pacnpesenenue E (t=197.34 ¢) B wiockoety y=0 Pacripenenenye Q (t=197.34 c) B miockoctn y=0

x10 [} 7 %107
" 4 V/m . o W/m? )
3f 2x10 3t A 2.3x10
x10 %107

1.5

0.8

0.6

04 08

0.2 -3r

0
| i A A i Yo AL, . . . . . . , , ¥ 3.5x107°
0 1 2 3 x10%m -4 -3 2 -1 0 i 2 3 X102 m

Puc. 2. Hanpsike€HHOCTB 2JIEKTPHUECKOro MO (ClieBa) U «IKOYJIEBOY» TEIJIOBBIICICHUE
(cripaBa) B cTakaHe BOJBI B MUKPOBOIHOBOM 1ieuu (Pi=300 Bm, =2.45 I'Ty)

C yyeToM TEIUIONPOBOAHOCTH M KOHBEKTUBHBIX TMAPOJUHAMHUYECKMX IIOTOKOB Harpes
BOJIBI AJIEKTPOMATHUTHBIM H3IYYEHHEM NPOMCXOIUT MO BCEeMY OOBEMY IUIMHIPUYECKOH
€MKOCTH. B HayanbHbIii MOMEHT BpeMEHM TeMmIlepaTypa BbLAeNseTcs 0ojiee MHTEHCHUBHO B
o0acTaX ¢ MaKCHMMaJbHBIM 3HAaUEHHUEM «IKOYyJieBa» TeIIoBblIeneHus (puc.2). B crneacreue
NeMCTBUSI KOHBEKTUBHBIX U KOHITYKTUBHBIX TOTOKOB TeIlIa, TPOMCXOAUT HArPEB BOJIbI B CTAKaHE.
OTmeTHM, YTO OCHOBHYIO pOJIb MIPAalOT KOHBEKTHMBHBIE NMOTOKM Tema. Harperas &uAKoOCTb,
MMEIOIIas MEHBIIYIO IIOTHOCTh, BCIUIBIBAET BBEPX B IOJI€ TATOTEHMsI 3€MJIM, PAcTEKaeTcs IO
MOBEPXHOCTH K CTEHKAM CTaKaHa, OXJIAXJaeTcs MO MyTHU PaclpOCTPAHEHUS U OMYCKAeTCs BHU3
BJIOJIb XOJIOAHBIX CTEHOK B INTyOMHY cTakaHa. B cTekIsiHHOM crakaHe (opMHUpPYETCsl BUXpPEBas
TUAPOJMHAMHUYECKAss KapTHHa TedeHHs xuakoctu (puc.3). IIpouecc mpomomkaercs 10 TOTO
MOMEHTA, KOTIa BOJ]a HE JOCTUTHET TEeMIIepaTyphl KUIICHHUS.
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Time=195.91's surface: Velocity magnitude (m/s) Arrow Volume: Velocity field | Hsorepmut (t=187.34 ¢) B mnockoctn y=0
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Puc. 3. Pacnipenenenue nosie HanpaBIeHH BEKTOPa CKOPOCTH BOJIBI (CJIEBA)
u (cripaBa) TEMIIEPaTypbl B KOHIIE HArpeBa BOJbI (Bpems kunenust t = 196 c)

K xoHuy BpemeHHu HarpeBa BoJbl HaOIromaeTcs Oosiee BHICOKAs TeMIEpaTypa B BEPXHUX
crnosix crakan (puc.3). DTo cBsizaHO ¢ Oojiee MHTEHCHUBHBIM KOHAYKTHBHBIM OTBOJOM IMOTOKa
TEIJIa TEeTJIONPOBOJHOCTHIO U3 HIKHEr0 00beMa BOJBI K CTEHKAM JHA KaMepbl MHUKPOBOJIHOBOM
neuu. bonee riybokue ciou BOABI HArpeBarOTCS ropa3fo MeaJieHHee, UMEIOT 00Jiee BBICOKYIO
IUIOTHOCTh M OCTAlOTCS HAa THE CTAKaHA.

BriBoabI

YpaBHEHUsS] MarHUTHOM THAPOJUHAMUKH IO3BOJISIOT OMUCATh MPOLECC PacHpoCTpaHEHUs
3JIEKTPOMAarHUTHOM BOJIHBI, B3aUMOJEHCTBHE M HArpeBa BOJbl MHUKPOBOJHOBBIM H3JyYE€HHUEM B
MPSIMOYT OJIbHOM T1€4H.

B MuKpoBONHOBOW Te4r HaOIIOACTCS CIOKHAsI KapTUHA CYMEPHO3UIUU TOIBOIHMOM,
OTPAKEHHOM W TpOIIENIed CKBO3b BOJIY JJIEKTPOMAarHUTHOM BOJHBI. Ha HarpeB BoJbI
pacxoayeTcst Bcero 22% oT MoaBOAMMON MOITHOCTH 3JIEKTPOMArHUTHOMN BOJIHBI.

HpI/I BSaHMOHGﬁCTBHH BOIAbBI C BJ'IGKTpOMaFHI/ITHBIM 1/13J1yqu1/1eM B I.[CHTpe CTaKaHa,
00pa3yloTcs HWCTOYHUKH» JDKOYJIEBa» TeIla M IMPOUCXOTUT (OPMHUPOBAHUE BHXPEBOU
FHI[pOI[HHaMH‘ICCKOﬁ KapTI/IHBI TCUCHU . HarpeB BOIbI O6YCJ'IOBJ'IGH B OCHOBHOM KOHBCKTHUBHBIMHU
MMOTOKaMH TeIIa, a TEIIONPOBOJHOCTh OKAa3bIBAET BJMSHHE HAa OXJIAXKIECHHUE BOABI y CTCHOK
CTaKaHa ¥ TMPUJIOHHBIX CJIOCB JKHJIKOCTH.
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IMPUMEHEHUE UMUTAIINOHHOI'O MOAEJIUPOBAHUA 115
3AZJAY OITUMUM3ALIINUA IBKEHUSA TPAHCIIOPTHBIX IIOTOKOB

B.U. Tkaues!, O./1. CokoJioBal
Ynemumym eviuuciumenshoii mamemamuku u mamemamuyeckoii 2eogpusuxu CO PAH
YK 004.942

Annomauus. Onucanvl B03MOJCHOCIMU  pA3PAOOMAHHO20 6e0-NPUNOIHCEHUS.
«Meowcpationnoe 0gudiceruey 0Ji MOOEUPOBANUS MPAHCNOPMHBIX HOMOKO8 8 YCI08USAX OeNeHUs
Kapmsl 20p00a Ha patiouvl. s peuwienus 3a0a4 ONMUMUIAYUU OBUNCEHUS MPAHCNOPMA U
PacCcmano8ku  00beKmos UHGpAcmpyKmypvl  Oblid  6bIOPAHA  O8YXCMAOULHASL  MOOeIb,
BKIIOUAIOWAsl paAcyem Mampuybl KOPPEeCHOHOCHYUU MedcOy pPAauoOHAMU U pacnpeoe-ieHue
mpaguka no nymam mpaucnopmuou cemu. Ilpu pazpabomke npunodcenus 01i CO30AHUSA
NOIb3068aAMeENb-CKUX UHMEPDelicO8 UCNONb308ANACy OUOIUOMEKA C OMKPBIMBIM UCXOOHBIM KOOOM
React, ona susyanuzayuu epaguxu u pabomul ¢ OAHHLIMU UCHOTIL306AH HADOP UHCMPYMEHMO8
suzyanuzayuu OaHHulx bubauomexa D3.

Kniouesvie cnosa: mpancnopmuvie nOmMoxu, ONMUMUAYUS OBUICEHUS, UMUMAYUOHHOE
Mooenuposanue.

BBenenue

B mnocnenHue roael B KPYMHBIX MEramojiicax OYeHb 3aMETeH pPOCT Harpy3Kd Ha
CYILIECTBYIOIIME TPAHCIIOPTHBIE CHCTEMbI, BO3HUKAET HEOOXOIUMOCTh MPUHUMAThH PELICHUS 110
Pa3BUTHIO JTOPOXKHON MHQPACTPYKTYpHI, MOMCKY ONTHUMAJbHBIX MECT JJI HOBBIX Pa3BsI30K U
pa3MenieHuss OOBEKTOB. ABTOpbl MHOTHMX MCCIEIOBAaHUN 3aMeyaloT, YTO INpPUMEHEHHUE
MMUTALIMOHHOIO MOJEJIMPOBAHMS T103BOJISIET HAXOAWTh ONTHMAJIbHBIE DEUIEHMs] B 3ajadax
NoBbIMEHNUS () (PEeKTUBHOCTH pabOTHI TPAaHCTIOPTHON cUCTeMBI [1-4]. O630p pa3nTUUHBIX TAKETOB
MOZETMPOBaHUA TpadHKa ABMKEHUS TPAHCIOPTA MPENIIoKeH B [4]. ABTOPBI CpaBHUBAIOT PaOOTHI
TpeX NHakeToB, KoTopble Hambosnee monyisipusl B EBpome: AIMSUN (Transport Simulation
System, Spain), PARAMICS (PARAllel MICroscopic Simulation, United Kingdom) u VISSIM
(PTV AG, Germany). B mnogpoOHOM aHajmM-3¢ OTMEYaeTCs, YTO COBPEMEHHBIC IaKEThI
BOCIIPOU3BOJAT PEAJILHYIO FT€OMETPUIO 10POT, AETAIBHO MOJEIUPYIOT IOBEICHUE TPAHCIIOPTHBIX
CPEACTB, pEaJn3ylOT CHCTEMY YIpaBieHus TpadukoM. OmnucbiBas BO3MOXXHOCTH IIaKeTa
AIMSUN, aBTOpBI OTMEUAIOT, YTO NEPEABUKEHUE TPAHCIIOPTHBIX CPEACTB peaau3yercs ABYMs
crnocobamu: MO0 MO 3aJaHHBIM MapuIpyTaM M NPOLEHTHOMY pacIpeleleHHI0 MOTOKa, JMOo
COTJIACHO  3aJlaHHOM  MaTpulle  KOppecnoHAeHUuil. MaTpuma  KOppecnoHIeHIMH B
paccMaTpuBaeMOM CiIydae — 3TO MaTpULla, 3JIEMEHTaMH KOTOPOH SBJISIOTCS 3HAYCHU S KOJIMYEeCTBA
NEPEIBMKCHUM MEXIY Ka)XIOW MMapoil TPaHCIOPTHBIX PaliOHOB. MaTpHIlbl KOPPECIOHICHIINM
MOYKHO JI€TaJIM3UPOBaTh MO BHUAAM TPAHCIOPTA, JJIUTEIHHOCTH aHAJIM3UPYEMOrOo HHTEpBaia
BPEMEHU U ILenbi0 moe3lku. [Ipu ucrnonb3oBaHMM MaTpHULlbl KOPPECHOHJEHIMH Mapii-pyT
OIIpeeNIeTCsl TpeMs CIoco0aMM: paHee 3aJI0KeHHOH HH(popMmanuel, nmepecyeToM Mapuipyra
COTJIACHO MAaTpHUIle CTOUMOCTEH, MyTeM ITUHAMHUYECKOro Iepecuyera B XoJie MojearupoBanus [4].
OcHoBa METOJI0B MOJEIUPOBAHUS MATPHI] KOPPECTIOHAECHIIMN 3aKIIF0UYaeTCs B TOM, YTOOBI 110 2N
napaMmeTrpaM (YMCICHHOCTH aKTUBHOTO HACEIEeHUs B N pailoHax U pabo4MX MeCT B ATUX paiioHax)
OMpeneNnTh N2 mapaMeTpPoOB - MATPUILy KOppecrnoHIeHInil. Moaenn pacuera MaTpHUIbl Koppe-
CTMOHACHIMNH 6a3upyroTCs Ha XapaKTepUCTUKAX PaliOHOB M MaTpHUILIax 3aTpaT (3aTpaThl HA JOPOTY
U3 OJTHOT'O palioHa B APYTroil: BpeMsl, paccTOsIHUE U T.1.) [5].
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3amaya MEKPaOHHOTO MOJCIHPOBAHMS TPAaHCIHOPTHBIX MOTOKOB OTHOCHUTCS K KJaccCy
nporHo3HbIX. OCHOBHBIC IENIM MPUMEHEHHUS! UMUTAIMOHHOTO MOAECIUPOBAHUS B pa3paboTaHHON
CUCTEME — TCCTUPOBAHUE AJIT'OPUTMOB, IMTO3BOJIAIOIINX MOACIUPOBATE ABUIKCHUC TPAHCIIOPTHBIX
CpeNCTB; ompeneiieHne Haubojee TMeperpykKeHHbIX YYacTKOB CETH; IMOHUCK ONTHMAaJbHBIX
pemenuii. CyTh TAKMX MOJICIICH 3aKIIF0OYAETCS B pacUeTe YCPEAHCHHBIX XapaKTEPUCTHK JIBHKCHHUS,
TaKUX KaKk OO0bEeM MEXpalOHHBIX IEpPeABIKCHUN, WHTEHCUBHOCTH IOTOKA, pacHpeeieHue
IIOTOKOB IIO0 HOYTAM H Jp. HpOFHOSHLIe MOACIM MPCAHA3HAYCHBI OJI1I MOACIMPOBAHHA
TPaHCIIOPTHBIX TOTOKOB B CETSAX C M3BECTHOH T'€OMETpUEH M XapaKTePUCTHKAMU, a TaKKe MpH
M3BECTHOM pa3Melle-HUHM IMMOTOKOOOpa3yromux o0bekToB ropoaa. [lomoOGHbIe Momenn MOryT
MNPUMCHATBHCA IJIA IMMOAJACPKKH TPUHATHUA pCIHeHI/Iﬁ B o0Jractu IIJIAaHUPOBAHUA PA3BUTUA I'OpOJa,
aHalin3a HOCHC}ICTBI/Iﬁ Pas3siiIMYHbIX MCPp IIO OpraHu3alluv JIBWUIKCHHA, BBI60pa AJIbTCPHATUBHBIX
IIPOEKTOB Pa3BUTHS TPAHCIIOPTHOM CETH U JPYTUX 3a4ad.

1. IlocTaHoBKa 3agaun

Jlns pemieHus 3a1a4y UMUTAIIMIOHHOTO MOJIETIMPOBAHUS TPAHCIIOPTHBIX TOTOKOB U IOUCKA
ONTUMAJIBHBIX MAPIIPYTOB U ONTUMAJILHON PacCTaHOBKM OOBEKTOB ObLIa pa3paboTaHa cucrtema,
COCTOSIILAs U3 HECKOJIBKUX MOJYJIEH:

* Monynb JBWKEHHS B YCIOBHSX JOPOXKHBIX Pa3BA30K (ONTUMHU3AIUS JIBHIKCHHS
TpaHCIIOpTa B Ipeenax TPaHCIOPTHON Pa3Bs3KH);

* Moaynp ONTUMHU3ALMK Pa3MEUICHHUS U PEKUMOB PaOOThl JOPOKHOTO PErylrpyOIIEro
o0opynoBaHus (pa3MeleHre PEeryJMpyronero o000py10BaHus);

* Monynb MEXpalOHHOTO [BIDKEHHS (OmpeneieHue oOIMX OOBEMOB IMEpeABUKEHUS
MEXJy palloHaMU Topojia, pacipeaeneHue Tpaduka mno myTsim);

@OYHKIIMOHAJIbHBIE BO3MOXKHOCTH MPOrPAaMMHBIX MOJIYJIEH MPEeACTaBICHbI HA PUCYHKE 1.

Moayne “MempaidioHHoe ABKMHEHWE"

O Beibop ropoga nau
aroMepaLpM e P JkcnopT
Tl Wccneposarme
paHCMopTHO M ceT)

--------- <<sinomtorz= -~ == ===}  komdmrypaLym
Mogenu

_ SSEBKGMMTDRS

WMmnopt
KOHGMrypaLpmu
Mogenn

1

SEEKMOMMTESS S EMOMHTESS

KCMOPT BOIXOAHOR
Pacuet mogenu S BRICMHTER
uHbOo pMaELKM
< PRCLHPHTESS
3MEHEHME <
PenaunTupoBaHue SEERIOATER
napameTpos << BUmaHTE s <pacumpumsss
MpocmoT
YaCTHOB ~ P P MNpocmoTp B
s BLIXO4HO M
e PepaktuposaHue Tabavuax
FEERTEE cucTembl palioHos
NoBaeneHue u
MpocmoTp Ha
KapTorpamMme

HbopmaLm
NaNEHWE YUACTHOS e =BT
Puc. 1 ®yHKIMOHAIBHBIE BO3MOKHOCTH MOAYJIS «MexXpalilOHHOE IBM>KEHHE)

Crneupanuct
MpocmoTp KapTbl
yac

3MEHeHME
NobGaenerme n
napameTpos .
" naneHme paiioHos
palioHos

C noMompbi0 TECTUPOBAHUS Pa3JIMYHBIX CUTyallud Ha MMHUTAIMOHHOM MOJEIN MOXHO
IIPOrHO3UPOBATh  MOCIEACTBUS  BHECEHMsS  PAa3jMYHBIX HM3MEHEHUH B  TPAHCIOPTHYIO
uHpacTpykrypy. OCHOBHBIMH HWH(GOPMAIMOHHBIMU M (YHKIHOHAJIBHBIMH HOTPEOHOCTIMHU
MIOJIb30BATENEN SIBIIIFOTCS BO3MOYKHOCTH [0 OLIEHKE BIIMSIHMS BBIIIOJIHEHHBIX W3MEHEHUH, a
MMEHHO MNPOTrHO3bl YIy4llleHus (PYHKIMOHWPOBAHUS TPAHCIHOPTHOW CETH MOCIE BBEACHUS B
JIOPO’)KHYIO CEThb HOBBIX YYacCTKOB, YAaCTHMYHOIO MM IOJHOTO 3aKPBITUS CYHIECTBYIOLIUX
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YYaCTKOB, U3MEHEHHUS NApAMETPOB YUACTKOB, U3MEHEHHUS XapaKTEPUCTUK UCTOYHUKOB U CTOKOB
KOPPECIOHACHITUH, pa3MEIICHIE HOBBIX MJIM JIMKBUIAIUS CYIIECTBYIOIIMX 00bEKTOB.

2. AiIropuT™m peleHus 3a1a4u

JIByxcraguiiHas Mojenb JUIsl pacyeTa TPaHCIOPTHBIX MOTOKOB OmucaHa B [6], aBTOpbI
OTMEUAIOT, YTO B paboTe NMpPUBEACHBI YIYYIIEHHS MOIENIH, KOTOpbIE MOBBIAIOT HEKOTOpPhIE
MoKa3aTeNy — JeTaIM3allii0 MOACIUPOBAHUS U CKOPOCTh BBIYMCIIEHUS. MOJIelIb COCTOUT U3 IBYX
0JI0OKOB, TJie EPBBIH — 3TO MOJIENb pacuéTa MaTPULIbl KOPPECHOHEHIINI, a BTOPO — MOJEh
PaBHOBECHOT'O pacpeieseHus] TPAHCIOPTHBIX MOTOKOB O MYTSIM.

[lepBoMy OJOKy mpenlecTByeT 3Tan npenoOpadboTku rpada yindHo-1opoxkHoM cetu. Ha
3TOM OJTamne J100aBisioTcs (QUKTUBHBIE pedpa B rpade, COOTBETCTBYIOUIME KaXIOMY U3
BO3MOXKHBIX HANpaBJICHUH Mpoe3da pas3Bs30K M ITEPEKPECTKOB, a Moenupyemast 00JacTb
paszensercs Ha pailoHBI.

Hcnonp3ys MoJellb PAaBHOBECHOT'O PACIIPENEIEHHs] IIOTOKOB 110 Iy TSM, MOKHO PacCYUTATh
MmaTpuly 3arpar. Ilo marpune 3arpaT, B CBOIO O4Yepelb, MOXHO pPacCuUTaTb PaBHOBECHOE
paciipenesneHue MOTOKOB 10 NyTsM. PaBHOBecueMm B JByXCTaAUITHOM MOJEIM TpPaHCIOPTHBIX
[IOTOKOB Ha3bIBAIOT HEMOJBMIKHYIO TOUKY LEMOYKH U3 ITUX ABYX Mozelel. [l perienns 3ajauu
[IOWCKAa HENOJBMKHOM TOYKM ObLI BbIOpaH croco0 CBEIEHHs 3a/Jayd IOMCKa OIMCAHHOIO
paBHOBECHS K €AMHON 3aJaue BHIIYKJION HEraaJKkoil onTUMHU3auK. JTOT Coco0, a TAKXKe METOA
€ro YHMCIICHHOT'0 PEIICHHsI ONKMCaH B padote [6].

BxoaHbpIMM JaHHBIMU SBJSEeTCS MH(OpMAIMs O J0porax, MecTaxX >KUTENbCTBAa U MecTax
cocpenoToueHusi HaceneHus. [locTynaroT 3TH JaHHBIE B IPOrpPaMMHOE CPEICTBO B BHUJAE jSON
00BEKTOB, MOJY4YEHHbIX B pe3ynbTaTe 3ampoca k Overpass API (Application Programming
Interface). Over-pass APl - ato unrtepdeiic nis 3ampoca manHbix u3 0a3el OpenStreetMap,
KOTOPBI TO3BOJIAET TMOJyyaThb HMH(POPMALMIO C Y4YETOM 33JaHHBIX KpuTepue [7].
[TpoMexyTOUHBIMU TAHHBIMH SIBIISIOTCS O0BEKTHI, KOTOPBIE XPaHAT WH(POPMALMIO O JOPOKHOM
rpage, ero pedpax u y3iax, pailoHax roposa. BeIXOIHBIMU TaHHBIMH SBIISIIOTCS BEO -CTpaHMIIBI,
KapTorpaMmbl, (ainel uist skcnopta. B kadecTBe MCTOYHMKA KapTorpauuecKkux JIaHHBIX
ucrnonn3yerca cepuc OpenStreetMap, a 11 3ampoca HHGoOpManuu U3 HeEro — uHTepdelic
Overpass API.

Jnst pacyeta ABYyXCTaauWHON MoOJeNd HEOOXOAMMO UMETh JAaHHBIE 00 oOIUX o0BeMax
OTHpPAaBICHUS M NPUOBITHS TPAaHCHOPTa B paliOHAX TOpojIa, CXEMY JOpOXKHOro rpada u
MH(pOpPMAILMIO O NEPEeIBMKEHUM TpaHCIOpTa Mexay paioHamu. [lng omnpeneneHus oOHmIMX
00bEMOB OTIPABJICHUS W MPUOBITUS TpPaHCIOPTa BbINONHsAETCA 3ampoc K APl Ha momyueHue
JAHHBIX O BCEX JXKWIbIX 00BbEKTax (reorpaguueckoe pacHoJOXKEeHUe, THI KHIOTO 3JaHHs U
KOJIMUECTBO dTaxei ). FiMes: TaHHBIE, MOXKHO CPOPMUPOBATH pailoHbI U BEIOPATH JJIsl HUX LEHTPHI
— HMCTOYHUKHM U CTOKH KOPPECHOHACHLMH, TEM CaMbIM IIOJIyYUB BEKTOPBI OTIPABIIECHUS U
OpUOBITUS TPAHCIIOPTHBIX cpeAcTB. 11 BbIOOpa MCTOYHUKOB U CTOKOB ropoj pa3OuBaercs Ha
pailoHbl CETKOM MEPEMEHHOTO pa3Mepa M B KaXKJIOM pailOHE BBIOMPAETCS MO OAHOM BEpIIHHE-
UCTOYHMKY U BEPIINHE-CTOKY.

3. UnciieHHble pacueTbl 0J1I0KOB MOI eI

J171st 9MCIICHHOTO pacyeTa MmepBoro 0JIOKa JBYXCTaIUHHON MOJIEITH UCTIOIB3YETCS AT OPUTM
CunxopHa [8], mpuMeHeHU e ATOT0 aIropuT™Ma B 3a7]a4ax TPAHCIIOPTHON ONTUMH3AIIMHU OMUCAHO B
[9]. Ans pacdera BTOPOro 0JI0Ka MCHONIB3YETCS ajlrOPUTM YHHBEPCATHHOI'O METO/a MOAOOHBIX
TPEYroJIbHUKOB, B cTaThe [ 10] aBTOPHI 1aI0T €ro moapoOHOE ONUcCaHuEe U TPUMEHEHHUE JIJIS TOUCKa
paBHOBECHI B TPAHCIOPTHBIX CETAX
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broku nByxcTaguMiHOW MOJENU «BJIOKEHBD» OJIUH B JAPYrOM, T.€. SHTPONMUWHAS MOJEIb
pacuéra MaTpullbl KOPPECIOHACHIMK (MepBbIi OJIOK) — 93TO BHEIIHUH IMKJI, a MOJEIb
PaBHOBECHOI'O paclpeeseHus] MOTOKOB MO MyTAM (BTOpOil 0J10K) — BHYTpeHHUN LukiI. Takum
0o0pa3oM, Ha KaXIyI HTEPALMI0 MOJIESIA PAaBHOBECHOTO PACIPEACICHUs MOTOKOB MPUXOIUTCS
OJIMH pacyeT 0OHOBJIEHHON MaTpULbl KoppecnoHAeHIMi. O6a HUKIIa BBIIOJHSIIOTCS 10 TeX Mop,
MoKa He OyeT HalJIeHa HeMOIBIKHAS TOYKA.

ApXUTEKTypa IMPOrPaMMHOIO MOAYJII COCTOMT U3 CIEAYIOLIUX OCHOBHBIX KOMIIOHEHTOB,
CBSI3aHHBIX MEKIy COOOM ¥ ONpeNessIoIMX JIOTUKY paboThl MPOrPaMMHOTO MOJYJIS:
TUHAMHUUYecKass OMOMMOTeKa IS pacuera MoJeNd; rpaduyecKuii peaakTop; KOMIIOHEHT
HayaJIbHOM CTPAaHUIBl MPUIOKEHUS, HAa KOTOPOM MpoOUMCXOAUT B3auMozehcTeue ¢ API
KapTorpaduueckoro cepBruca; KOMIIOHEHT, OTBEYAIOIIHNI 3a TPAHCIIOPTHOE paiOHUPOBAHHUE.

JIByxcTanuiiHas MoOzelb HamucaHa Ha s3blke Rust u coOpana B OuOGaMoTeKy, KOTopas
CKOMIIIIMpOBaHa B Java Script-moy s ipu momonw Texaonoruu Web Assembly.

4. 3akiao4yeHue

MonenupoBaHue ABUKEHUS TPAHCIOPTA, TOMCK ONTUMAJIBHBIX pelIeHUM Jisi 6e301MacHoro
JIBIDKEHUS B METAIOJKCaX SBISETCS BAXKHOM M MEPCIEKTUBHOW HAYYHOW 001aCThIO, KOTOpas
ONpeneNsieT pa3BUTUE TPAHCHOPTHBIX CHUCTEM COBPEMEHHBIX TopoAoB. C MNOMOIIBIO
MMUTALUOHHOTO MOJIEJIMPOBAHUSA MOXKHO TECTUPOBATh TPAHCIOPTHBIE CETU Tropoja — Kak
CYILLECTBYIOIIME, TaK M IEpPCHEKTUBHBIE, AHAIU3UPOBATh 3arpy>KEHHOCTb YYaCTKOB JOpOT,
HaXOJUTh ONTUMAJIbHbIE PE-IIEHUS JISl YIIyUIIeHUs JOPOKHOT O ABUKEHUS.

Pa3zpaGoTanHoe cpeacTBO MMHUTAIIMOHHOTO MOAEIMpoBaHUs «MeXpalilOHHOE IBUKEHUE)
MOXKET MPUMEHATHCS ISl PEIICHUs 3a7ad ONTUMHU3ALUUU JIBUKEHUS TPAHCIOPTa B TOPOJCKOMN
cpene — HAaXOXKACHUS ONTUMAJIBLHOIO ABHXKEHHS TPAHCHOPTA MEXKAY palOHaMH C Y4E€TOM
pacronoXeHusl 31aHui, 00beMa MEeXPAOHHBIX MEPEABIKCHUN U IPYTUX YCIOBUH.

I'padmueckuii pemakTop mpencraBinsier coOoW yOOOHBI W HMHTYUTUBHO TOHSITHBIN
WHCTPYMEHT /Il BU3yaJIM3allMi Kak BBOJMMBIX JaHHBIX, TaK M IMOJYYEHHBIX PEIICHUU, UTO
SIBJIIETCS] He-00XOIMMBIM yCIIOBUEM TIPH pa3pabOTKe HOBBIX TPAHCIOPTHBIX MApPIIPYTOB U MECT
pa3MelnieHrs 00beKTOB TPAHCIIOPTHONW HH(PPACTPYKTYPHI HA KapTe Merarojuca.

HccnenoBanus BBINONHEHBI B paMKax rocyaapcrseHHoro 3aganus MBMuMIT CO PAH
FWNM-2022-0005.
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COBMECTHAA OHEHKAUI/ISMEHEHI/Iﬁ COCTOSAHUA
OKPYXAIOHNEN CPEJAbI PETUOHA

C.A. Mycrapun
Hucmumym ungopmayuonHsix u ebiuuciumensusvix mexunoaoeuil, Aimamol, Kazaxcman
VK 332.1

Annomavuna. OOnum u3 HAnpaeieHull 0esimeIbHOCMU Yel06eKa ABNAeMC UCCAO008AaHUe
COCMOAHUNL NPUPOOHLIX U MEXHOSEHHbIX 00beKmos ¢ yeavio obecneuenus onpeoeieHus
COCMOSIHUAL OKpYdHCatowel cpedvl pecuoHd, 0e30nacHoOCmu U npeodynpexcoetus 4pe38bluatiHblx
cumyayuti. IlpupoOnvie u mexHoceHHble Kamacmpo@vi 00yCl061UBAIOM HEOOXO0OUMOCHb
pacuupenus MHOJMCeCmsea npuemos, Memooos8 UCCIe008anUus U OYeHOK COCMOAHUS 00BEKMO8.
Ilpu pewenuu 3adauu onpeoenenus UMEHEeHUU COCMOAHUL 00BLEKMO8 NO MOHUMOPUHSOBbIM
OAHHBIM DESUOHA OCHOBHOU Yelblo AGIAeMCs CPAGHeHUe ONUCAHULU e20 NPOCMPAHCHEEHHO -
BPEeMEHHbIX cocmosanull. B cmamve paccmompen 60NpPOC COBMECMHOU OYEHKU U3MeHeHUs
COCMOSIHUAL OKpYdcaroujeli cpedbl No €20 YACUYHBIM ONUCAHUAM, NPeoslodceHd Npoyeoypa
OYEHKU U3MEHEHUSI COCMOSIHUSL CPeObl HA 6PEeMEHHOM UHmepaae.

Knrouesvie cnosa: monumopune, KOHMpPOIb, OYEeHKA USMEHEHUsl OKPYHCcatoujell cpeobl.

CocrosiHuEe OKpy’Karolleil cpeibl ONmpenensieTcs MHOXECTBOM €ro CBOWCTB, KaXI0€ W3
KOTOPBIX BBIPAXKEHO B KAYECTBEHHBIX H/MUIM KOJMYECTBEHHBIX IIOKA3aTENsAX [0 PETHOHY,
OTHECEHHBIX K HEKOTOPOMY (PUKCHpPOBAaHHOMY MOMEHTY BpeMmeHu. CBOMCTBA OKpY’Karomien
Cpebl U3MEHSIOTCS B pe3y/bTaTe BHYTPEHHHUX MPOILIECCOB W/UIM B3aUMOJCUCTBUS C BHEITHUMHU
dakropamu. Ilpym omwcaHuM COCTOSHHS OKPY’KAIOLIEH Ccpeabl permoHa Heo0XO0IuMOo
chopMyIUpOBaThH LIEb ONPENEICHUS] COCTOSIHUS U, B 3aBUCHMOCTH OT MOCTaBJICHHOH IIeNH, U3
MHOXKECTBa CBOUCTB (TIOKa3aTelel, XapaKTePUCTHK) OKPYKAIOIIEH Cpebl BHIOPATH IKCIIEPTHO TE,
KOTOpbI€ HEOOXOIMMBI JIJIsI €0 ONMUCAHUS MOCTABJICHHOMU 11eiH [ 1].

Marepuan pabGoTbl OTHOCHTCS K THpobOsiemMamM BbIOOpa U CpaBHEHUS COCTOSHUMN
JUHAMHUYECKOro OOBEKTa JJI OCYIIECTBJICHHUS KOMIUIEKCHOTO KOHTPOJISI COCTOSHHMSI OOBEKTa
OKpYXarolled cpensl M0 pa3sHOPOJHOM HHGOPMAlMM U MOXKET ObITh NMPUMEHEH B CHCTeMax
JTUATHOCTUKH U YIIPABJICHUS IS TOTYIEHUS JOCTOBEPHON MH(DOPMAIIHH O M3MEHEHUS COCTOSTHUS
00BEeKTa HCCIeI0OBaHUS.

[Ipu pemeHnn 3a7a4uu ONpPEAEIEHUs] COCTOSHUM OKpYXKarolel Cpeibl 0 €ro ONUCAaHUAM
OCHOBHOM 1I€JIbI0  SIBJISIETCA  ONMCAaHUE €ro MPOCTPAHCTBEHHO-BPEMEHHOIO  COCTOSIHUS
OKpYXaloIlel cpebl, KOTOPOE B MOJHOW MEpPEe XapaKTEpU3yeTcs MOJIOKEHUEM B MPOCTPAHCTBE
ONMCAHUI BO BPEMEHHU.

ObecrieueHre OLIEHKON COCTOSHUSI OKpPY)KaloOIeW Ccpelbl CBA3aHO C PEIIEHUEM
COBOKYITHOCTH 3aJ]a4, OTHOCSAIIMXCS K Pa3JIMYHBIM 00JACTSIM IEATEeIbHOCTH - HKOJOTHYECKOTO,
COLIMAJIBHO-?KOHOMHYECKOTr'0, YIPaBJIEHYECKOr0, TEXHOJOTMYECKOro Xapakrepa. B 3Tor criucok
BXOAHUT 3aqadya oOecrmeyeHus 0e30MacHOCTH TEXHOTCHHBIX CHCTEM, peIIeHHE KOTOpOH Jaer
MH(pOPMAIMIO O MPOCTPAHCTBEHHO-BPEMEHHOM COCTOSIHUU OKpYy’Karolleil cpenbl pernona. Kak
M3BECTHO a0COMIOTHYIO 0€30acCHOCTh TEXHOT'€HHOM JEsTeIbHOCTH 00ECIeUunTh HEBO3MOKHO U
MIOTOMY IMOSBISIETCSI HEOOXOAMMOCTh OLEHUBAaTh MEPY HM3MEHEHHS COCTOSIHHS OKpY)Karollen
Cpedbl, T.€. COBMECTHOE OIIEHMBAaHWE IOCIENCTBUNA B PA3JMYHBIX OO0JACTAM Cpelbl. DTUM
000CHOBBIBAETCSI BaXKHOCTh TEMBbI MCCIIEAOBAaHUM.

B mpennaraemoii pabore paccMoTpeHa mpoOjieMa M3MEHEHHUsS COCTOSHMS OKpY’Karolleu
cpelbl B IPOCTPAaHCTBE ee Moka3aresiell Bo BpeMeHHU. Llenb paboTel HampaBiieHa Ha CO3/1aHUE
CHCTEMbl MOHUTOPHHIAa U KOHTPOJS MPOLIECCOB OKPYXKAIOLIEH cpenbl pernuoHa, Mo3BOJISIOIIEH
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BECTU IIOCTOSIHHBIA YJaJd€HHbIW MOHUTOPUHI W TIOMOIIb B TIOJATOTOBKE M IMPUHITUU
YIPaBJIEHY€CKUX PELICHUH JJI1 CBOEBPEMEHHOI0 MPEAYIPEkKICHUS HEXKENaTeIbHbIX CUTYalui 1
MX BOBHUKHOBEHUS, MOCIIEICTBUI, CH)KEHUE 3aTpaT Ha BOCCTAHOBJIEHHE cpeabl. OTMEUYEHO, YTO
KaKIbId TOKa3aTeNlb OKPYKAIOIIEH Cpelbl PEerioHa B OTIAEIBHOCTH OMNPENENSIET COCTOSIHUE
YACTHUYHO, TOJIBKO OJIHY €€ CTOPOHY OIUCAHUsI, U HE MOXKET OBITh 10027 IbHOM OIIEHKON COCTOSTHUSI
Cpellbl BCEro peruoHa.

HecmoTpss Ha MHOXECTBO METOJOB OIICHMBAHUS W3MEHEHUH COCTOSHUN OOBEKTOB Ha
BPEMEHHOM MHTEpBaje, KaKIblii 13 METO/I0B MPUBOJUT K PA3JIUUYHBIM pe3yJibTaTaM. DTO MOKHO
OOBSCHUTH TE€M, YTO MaTeMaTH4yecKas MOJEJb, JIeXKAIlasi B OCHOBE TOTO WJIM WHOTO SIBJICHHSI,
nperonaraeTcs abCoOMIOTHO JOCTOBEPHOM, a €e CBOWCTBA NPHU BBHIOOPE YpPOBHS aJe€KBAaTHOCTHU
peaTbHOCTH OKOHYATEIBHOTO PEIICHUS MPEIOCTaBISIETCS JKcmepTam paspabotku. [losTomy
pacuMpeHue MHOXECTBa METOJOB OIIEHKH HM3MEHEHHUs OKpYy)Karolled cpeiabl Ha BPEeMEHHOM
UHTEpBAJIC SIBJIICTCS HEOOXOIUMBIM U aKTyaslbHbIM [4, 5].

OnuH 13 HEOOXOAMMBIX 3JIEMEHTOB Pa3pabOTKU METO/IOB OLICHKH U3MEHEHHUS OKPY>KaoIIen
cpenbpl Ha BPEMEHHOM HWHTEpBajie MPHUXOIUTCS Ha BHIOOp MoOKazaTeleld OKpysKaroueil cpemsbl,
M3MEPEHHBIX B Pa3HbIX IIKalaX, U BBEICHHUE CKAJSIPHOTO MHTEPHPETUPYIOLIErO (YHKIIMOHANIA
COCTOSIHMSI OKpY)Karollel cpeabl pernoHa. UTo kacaeTcs BpIOOpa IMOKaszaTesei OKpyKarolen
Cpenbl peruoHa B JaHHBIM HHTEPBAJ BPEMEHU, TO €r0 OCYIIECTBISIOT IKCIEPTHI-IKOJIOTH.

Cpenn MHOXECTBa 3a/1ad OIICHKH OKPYKAIOIIEH CPEIbl BBIACISAIOT 3a/1ady OINpEAeIICHUS
MPOCTPAHCTBEHHO-BPEMEHHOTO COCTOSIHUS OKpYyXkaroled cpenbl. s ee pemieHuss HE0OX0IuM
CHCTEeMaTH4YECKUI KOHTPOIb COCTOSHUII 00bekToB. CyHIECTBYIOT pa3sHOOOpa3HbIE METOJbI
KOHTPOJIS, KaXIbli M3 KOTOPBIX MMEET CBOM YCIOBHUS NHpUMEHEHUs U 1enu. Jlis KOHTpois
MPOCTPAHCTBEHHO-BPEMEHHOTO0 COCTOSHHS 00BEKTOB HEOOXOIMMBI JaHHBIE 00 UX CBOWMCTBAaX BO
BpeMeHH. K HUM OTHOCSTCS U MOJIOKEHHE B IPOCTPAHCTBE U IPYTUE CBOMCTBA, XapaKTEPU3YIOIIHE
B3aMMHOE PACIOJIOKEHHE MHOXKECTBA TOYEK OOBEKTa OTHOCHUTEIILHO BHEIIHEH Cpenpl U
OTHOCHUTENBHO JIpyr Apyra. BhIMOIHUTE HEMOCPEACTBEHHOE M3MEPEHUE TAaKMX CBOMCTB dYalle
BCEro 3aTPyJHEHO U MOATOMY ISl UX OMNPEAETCHHs] MPUMEHSIOT METOAbl MAaTEMaTHYECKOIo
MonenupoBaHus [1]. McXonHbIMU AaHHBIMH JUII MOJAEIMPOBAHUS CIIy’)KaT BPEMEHHBIEC PsIbI
KOOPJIWHAT MHOXKECTBA TOYEK UCCIEyeMOro 00beKTa, MOMydeHHbIC 0 PE3yIbTaTaM MOBTOPHBIX
[IUKJIOB HAOJIIOJICHUI. AHAIM3UPYsT PE3yJbTaThl MOJICIMPOBAHUS CBOMCTB O0OBEKTa, MOXKHO
CYIUTh O €r0 COCTOSTHUH, OICHUBATh U3MEHEHHUS ITOTO COCTOSHUS M MPUHUMATh HEOOXOAMMBIC
MEPOTIPUATHUS ISl CHUIKEHUS PUCKA BO3HUKHOBEHHS HEXKENATENbHBIX aBAPUIHBIX COCTOSHHM,
COIPOBOXK/IAIOIIUXCS HE TOJIHKO 3HAUUTENIbHBIM MaTepHaIbHBIM YIIEPOOM, HO M YETTOBEUECKUMHU
JKEPTBAaMU M CBSA3aHHBIX C TMOJHBIM WJIM YaCTUYHBIM pa3pylieHueM oObekTa. Hapymenue
0€30MacHOCTH KU3HU PACCMATPUBAEMOT0 PErHOHA MOYKHO OBLIIO OBl TPEABUIETH ITPH TOCTOSHHOM
Y CBOCBPEMEHHOM BBIIOJHEHUH PA0OT 10 HAOIIOICHUIO U aHAJIM3Y COCTOSIHUS perrona [4, 5].

OTMmeruM, YTO Cpead MHOXECTBa METOJOB ONHMCAaHHS MPU3HAKOB OOBEKTOB OTIAIOT
NpeaOYTEeHUE [TapaMEeTPUUYECKUM METO0/1aM, KOTOPbIE MO3BOJIAIOT MOJAEINPOBATh CUTYAIlUU C TOU
WM UHOU CHUCTEMOH MoKa3aTeneil Ha BpeMEeHHOM WHTEepBasie HabMoJeH!s CBOWCTB 00 BEKTA.

B cBs13u ¢ nmosiBJI€HNEM HOBBIX BO3MOXKHOCTEH MOJTydeHHs 1 00paOOTKH MPOCTPAHCTBEHHOM
uHpopmaruu 00 OOBEKTaX, OCHOBAHHBIX HAa WCHOJIB30BAHWU COBPEMEHHBIX, AaIMapaTHBIX
TEXHOJIOTHUM, CTaJO0 BO3MOXHBIM OIPENENIATh, U KakK CJEICTBHE, aHAJIU3UPOBATh W3MEHEHUE
MPOCTPAHCTBEHHOIO MOJIOXKEHHS 00BEKTA B LIETIOM, UCIOJIB3YS (hopMalbHbIE IPOIIETy bl aHAIN3a,
a HE BBIBOJUTH CYXJEHUE 00 N3MEHEHUU COCTOSIHUS OKPY’KAIOIIEH Cpe/ibl pEruoHa MO OTAENbHBIM
BBIOPAHHBIM IMOKA3aTENsIM MM UX YACTSIM.

MonenmupoBanue I1EIOCTHOW KapTHHBI HM3MEHEHHUS IMPOCTPAHCTBEHHO-BPEMEHHOTO
COCTOSIHUS OKpPY’)KaroUIed Cpeabl permoHa Ha BPEMEHHOM MHTEpBaje, OCHOBAaHHOE Ha
(dbopManIbHBIX METOAAX U MPOIIENYPaX, ABISETCS YACTO SIUHCTBEHHO BO3MOKHBIM BBIXOOM.

HcxoaubiMM NaHHBIMUA JJIE MOJICIMPOBAHUSL CIIy)KaT BPEMEHHBIE pPsiibl MOKa3aTenei
ucclieyeMoro o0bexTa Ha BpeMEeHHOM HHTepBasie. [{Jst KOHTPOJIS TPOCTPaHCTBEHHO -BPEMEHHOTO
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COCTOSIHHSI OKPY>KaIOILeH cpeabl perioHa HE0OXOAUMBI TaHHbBIE 00 UX CBOWCTBAX, KaK (PYHKIIHSIX
BpeMeHU. K HHM OTHOCATCS WM TOJIOKEHHE OKPY)KAIOIIeH Cpeapl pPerHoHa Kak OObEeKTa B
MPOCTPAHCTBE BHIOPAHHBIX ITOKA3aTEJIAX. BBIMOIHUTE HEMOCPEACTBEHHOE M3MEPCHHE CBOMCTB
Cpedbl JaXXe COBPEMCHHBIMH TEXHHUYECKHMH CPEJICTBAMU HE BCerja YIa€rcs IO MPUYHHE
HEIOCTATOYHOI'0 TEXHUYIECKOTr0 00SCIICUECHUS U TTO3TOMY JIJISl ONIPEACIICHUS IEIOCTHONW KapTHHBI
W3MEHEHUS TPOCTPAHCTBEHHO-BPEMEHHOTO COCTOSIHUSI  OKpPY)KaloIeH cpenbl  peruoHa
HEOOXOAMMO MPUMEHSTH MOIXOJ, MCIOJB3YEMbIi B pPAacHO3HABaHHM OOPa30B M HAIISAIIHA
HIMPOKOE TPUMEHEHUE B Pa3IMYHBIX 0o0nacTsx 3HaHW. HeoOxommmocTs pa3paOOTKH HOBBIX
MOJIXO/I0B K PEIICHHUIO TaK MOCTABJICHHBIX 3a/1a4 SIBJISICTCS OTBETOM HA BOSHUKIIHE TPAKTHUCCKUEC
3ajauu.

Hcnonp3oBaHWe  MaTEeMAaTHYECKOTO  MOJCIHMPOBAHMS C  IPHBJICYCHUEM  METOJIOB
WHTEIUICKTyalbHOW 00paObOTKM JaHHBIX MMO3BOJSET PElIaTh 3a/1aud, KaK IMOKA3bIBACT MPAKTUKA,
JaBas 3a4acTyIO JyYIIUi pe3yJbTaT, HeKEIU PEIICHHsI, OCHOBAHHBIC HA KIIACCHYECKHUX CIIOKHBIX
MaTeMaTHYeCKuX Mojesix [1, 2].

OCHOBHBIMH HEJJOCTaTKaMHU MPUMEHSIEMBIX METOJIOB JIJIsl OLIEHKH U3MEHEHU S OKpY>Karolei
Cpedbl SBISIOTCS OJHOCTOPOHHOCTh ONMCAaHUS OO0BEKTa PACCMOTPEHHS M HE00XOJUMOCTh
MOCTPOEHUSI UHIUBUIYAJbHBIX TPAAMPOBOYHBIX 3aBHCHUMOCTEH MO pe3ysibTaTaM HCCIEIOBAHMIMA
OKpyxaromiei cpenbl. Llems mpeniaraeMoro HaMHu IMOIXOAA — IIOCTPOCHUE METOJa CPaBHEHUS
COCTOSIHMH OKpPY)KAroIIed Cpelbl PETMOHA 3a CYET KCIOJIb30BAHUS CTPYKTYPHI JAHHBIX I10
COCTOSIHHSIM OKPYKaloIIeH cpelbl BO BpeMeHU. TeXHUYECKUH pe3ysbTaT MpeliaraeMoro HaMu
3aKJIF0YAETCs B MOBBIIICHUH JOCTOBEPHOCTH COBMECTHOW OLICHKH U3MEHEHU S COCTOSTHUS 00BbEKTa
UCCIIEZIOBAHUS C ONEPATUBHBIM OIPENEICHHEM OTHOCHTEIbHOW BEMMYMHBI U XapakTepa
W3MEHEHUS €ro COCTOSHUSI.

3ajaya MOJENMM — TIOBBINICHUE JOCTOBEPHOCTH W OINEPATHBHOCTH OICHKU H3MCHCHHUS
COCTOSIHUS OKPY)KAIOIIEH CPelbl pErHoHa.

ConepxaTenbpHas 3alUCh MpPeIaraeMoro METOAa COCTOMT B CleAyromeM. MeTroanka
OLIEHKH M3MEHEHUN COCTOSHUS CIOKHOTO JMHAMHYECKOT0 00HEKTa 10 U3MEPEHUSIM ITapaMeTPOB
00BEKTa B MOMEHTBI BPEMEHHU COCTOUT, MO KpaitHel Mepe, U3 YeThIPEeX ITAllOB M 3aKIIF0YAETCS B
uX ucnoyHenuu [2, 3]:

BBIOOp MTapaMeTPOB COCTOSTHUIN OKPY)KAIOIIECH CpeIbl perioHa B MOMEHT BPEMCHH t;

WU3MEpPCHUE MapaMeTPOB COCTOSIHMIA OKPYXKAIOIICH Cpeibl PETHOHA B MOMEHTBI BPEMEHH
t; U t, COOTBETCTBCHHO,

HOpMAaJTM3alysl 3HAYCHUN IMMapaMeTPOB COCTOSHHS OOBEKTa OKpYXKAIOMEeH Cpeasl 1o
MHTepBajaM U3MEHEHHs BIOPaHHBIX TapaMeTPOB OMMCAHUS CPEbl PETHOHA;

OlLIEHKa WM3MEHEHHUS COCTOSHUU CpeIbl pEeruoHa COIJIACHO CIEAYIOLIEMY peIIaloleMy
MPaBUITY: OIIEHKA U3MEHEHHSI MKy COCTOSIHUSIMHU 00BEKTa OKpY)Karollel Cpebl paBHa CpeaHen
OT CyMMBI TIPUBEICHHBIX OTKJIOHCHUH 110 BEIOPAaHHBIM MTapaMeTpaM H3ydaeMoOu CPEIbI.

Takum 00pa3om, H3JI0KEHHOE U MPUBEICHHAS IOCIEAOBATEIHLHOCTh ATANOB 00pabOTKH
JAHHBIX OKPYXKAIOIIEH Cpellbl PETHOHA TOKA3hIBACT BO3MOXKHOCTH MOJCIUPOBAHUS H3MCHCHHIA
MPOCTPAHCTBEHHO-BPEMEHHOT'O COCTOSIHUS OKPYXKAIOUIEH cpeabl M0 JTaHHBIM MOHHUTOPUHTOBBIM
HAOIIOICHUSIM 110 PETHOHY .

PaGora BhIMONHSATACH B paMKax MpoOrpaMMHO-IIeNeBOro (uHaHcupoBanus 3a Ne
BR10965172 «Kocmuuecknii MoHUTOpUHT U ['MC 11 KOIMYECTBEHHOM OLICHKU 3aCOJIEHHOCTU
IIOYB U JIErPalalluy CEIbCKOXO03SUCTBEHHBIX YT OIUN».
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OIMPEJAEJIEHUE MECTOITOJIOXKXEHUSA NCTOYHUKA U3JTYYEHUA
C.A. Mycra¢pun, A.K. KozdakoBa, A./l. Kymapxanos, O.C. Hlapun
HHncmumym unghpopmMayuoHHbIX U GbI4UCTUMENbHBIX MeXHOoRo2ull, Aimamel, Kazaxcman
YIK 519.6

Annomavus. Mamepuan cmamoeu omuHocumcs K 001acmu paouomexHuku, K cnocooam
onpeoeneHus MeCmonolONCeHUss UCMOYHUKA paduousiydenus. B npeonacaemom onpeoenenuu
MECmONOoNONCEHUs. UCMOYHUKA PAOUOUSTYYEHUS, BKIIOUAIOUeM UMEPEHUe HANPANCEHHOCMU
9NEKMPOMASHUMHO20 NOJIA, Npuem paouoCueHaI08 UCMOYHUKA PAOUOUSTYUEHUS HA 3A0AHHOU
yacmome, npeobpasosanue paouoCUcSHAIA U3 AHan02080ll 8 Yupposyro opmy, oaiee usmepaom
HANPANCEHHOCMb  INeKMPOMACHUMHO20 NOAA 6 MOYKAX BbIOPAHHO20 YYACMKA, MOUYKY C
HAUOONLWUM 3HAYEHUEM HANPANCEHHOCMU NPUHUMAIOM 34 YEeHMp HO8020 YYdCmKd, U Odjee
MAaKuM sHce 00paszom NPUOIUNCAIOMCSL K MECIONONONCEHUIO UCOYHUKA PAOUOU3ITYYEHUS.

Knrouegwle cnosa: nanpsagiceHHocms 31eKmMpoMASHUMHO20 NOJIA, OKPeCMHOCMb CLyY4auH020
NOUCKA, UCMOYHUK U3TYYEeHUSL.

W3noxkeHHOE B CcTaThe OTHOCUTCA K OOJIACTH PAaJUOTEXHHMKH, K CIIOCO0aM OMpeneieHUs
MECTOMOJIOKEHUS UCTOYHUKA PATHOU3ITydECHUSI.

Haubonee OnMM3KUM 1O TEXHUYECKOW CYHIHOCTH K 3asBISIEMOMY SBJISIETCS CIIOCOO
OIIPENICTICHUS] MECTOITOJIOKEHUSI HMCTOYHHMKA PaJUOM3IYYCHHs, OCHOBAaHHBIM HA HW3MEPECHUU
HANPSDKEHHOCTH TTOJISI HA MECTHOCTH IEPEMENICHUEM YCTPOMCTBA TI0 CBOOOHOM TPAeKTOPHUH, H
OIpENICTICHNS] 110 TOJYYCHHBIM JIAHHBIM BEKTOpPa TPaJHMCHTA JJICKTPOMArHUTHOTO IOJSI OT
UCCIIEYEMOro HCTOYHMKA W3ITy4eHHUS B PAa3IMYHBIX TOYKaX HAa MeCTHOCTU. KoopauHaTsl
MepeceyeHrss BEKTOPOB TPaJUEHTa DSIEKTPOMATHUTHOTO OIS MPHHUMAIOT 32 KOOPIUHATHI
MECTOIOJIOKEHHUS UCCIEyEMOro UCTOYHUKA PaIHOU3ITydeHUs, ONPEIeTICHHBIC N3 COBOKYITHOCTH
WU3MEPCHHBIX 3HAYCHHWHA HANPSDKEHHOCTH 3JICKTPOMAarHUTHOTO TOJS HW  TeorpaduuecKux
KOOPJIMHAT TOYEK WU3MEPEHUs, MOJTYYCHHBIX MyTeM IMEepeMEIIeHUsT U3MEPHUTENs 0 CBOOOIHOMN
TPACKTOPHH B 30HE PATUOIOCTYTHOTH UCTOYHUKA HU3TyICHHS.

Crioco6 mHBapuaHTEH K TEXHUYECKHM XapaKTEPUCTUKAM PaJHONPUEMHOTO YCTPOHCTBA U
AHTCHHBI, YaCTOTE M3YICHHSI, TTOJISIPU3AIIUU ¥ BHIY MOAYJISIIIAK TPUHIMaeMoro curaana [1].

Yka3aHHBII C1OCO0 SABISETCS PAa3HOBUIHOCTHIO OMPEETICHUS MECTONOIOKECHHSI ICTOYHHUKA
palMoON3Iy4eHHUs] METOAOM TPUAHTYJSIHMM C [OMOIIBI0 OJHOTO, IEepPEeMElIaloIIerocs B
pOCTpaHCTBE neneHraropa. OCHOBHBIM €ro HEeI0CTATKOM SIBJISIETCS HE0OXOJUMOCTh AOCTYIa KO
BCEMY MOJII0, CO3[JaBa€MOr0 HCTOYHUKOM M3JIy4EHHUS, YTO BBI3bIBAET 3HAUUTEIbHBIE CIOKHOCTH
OTIPEICICHHS U 3aTPaThl HA TIEPEIBIKEHHE MPUOOPa U sBJIsIETCs podiemoit [2].

3amadeld mpemsaraeMod  MOJENHM  SBISETCS  pa3paboTka  cmoco0a  ONpeieseHHs
MECTOIOJIOKCHUST WCTOYHUKA PAJHOU3IyYCHUS, KOTOPBIA MO3BOJIAT OCYIICCTBISTH ITOUCK
MCTOYHHMKA H3Iy4YEHHUS MOCPEICTBOM IEpEeMEIICHHs] U3MEpPEHUil M0 BO3MOXKHOM OKPECTHOCTH
JOCTYITHOHM 00JIacT! IIpUeMa PaJiOCUTHATIOB MCTOYHHUKA H3TYICHHSL.

s sToro B cmocoOe OMpeAesieHUusT MECTOMOJOKEHUSI WCTOYHUKA PaJHON3ITY4YCHHUS,
BKIIIOYAIONIEM HM3MEPECHUE HANPSDKEHHOCTH JJICKTPOMATHUTHOTO IOJISI, MPUEM PaJHMOCUTHAIIOB
UCTOYHUKA DPATUOM3IY4YCHHsT Ha 3aJaHHOW 4YacToTe, MpeoOpa3oBaHWE pAAMOCUTHANA U3
aHajoropod B muGpoByrd  (HOpMy, COTJIACHO MOIEITH HU3MEPSIOT  HAMPsSHKEHHOCTH
DIIEKTPOMAarHUTHOTO TIONI B TOYKAX BHIOPAHHOTO JIOKAJTBHOTO Yy4YacTKa, OrPaHUYEHHOTO
OKPYKHOCTBIO, TOYKY C HAaHOOJIBIIINM 3HaYECHUEM HAMPSHKEHHOCTH TPUHUMAIOT 32 IIEHTP HOBOT'O
JIOKAJIbHOTO y4acTKa, OrPaHUYCHHOT'O OKPY)KHOCTBIO C TAKUM K€ PAaJUyCcOM, U Jialiee TAaKUM Ke
00pa3zoM OMpEAEISIOT CIASIYIOIIUE JIOKATBHBIC YYaCTKU U OIPEACISIFOT UCTOYHUK.
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[Ipennaraemsplii crnoco® oOmpeneneHus] MECTOMOJIOKEHUS HCTOYHUKA PaJaHOU3TydCHUS
OCYIIECTBIISIIOT CIEAYIOIIUM 00pa3oM.

[IpuHUMaOT pajAMOCUTHAJIBl MCTOYHHMKA pPAaJUOU3IIyuYEHUs Ha 3aJaHHOM YacToTe,
npeoOpa3yroT pajlOoCHTHald U3 aHAJIoroBoil B LU(POBYI0 (opMy, HU3MEPSIOT HANPSKEHHOCTH
AJIEKTPOMArHUTHOI'O IIOJISA, 3alMCHIBAIOT PE3yJIbTAT B 3allOMUHAIOLIEE yCTPOWCTBO, MU3MEPSIOT
reorpauyeckre KOOPIAMHATHI TOYKM HW3MEPEHUs, 3alMCHIBAIOT PE3yJNbTaThl H3MEpPEHHS
KOOpJIMHAT B 3allOMHMHAIOIIIEE YCTPOHCTBO.

B mpouecce nepemenieHuss yCTpOWCTBA U3MEPEHUS IO CIy4YalHBIM TOYKaM JIOKaJIbHOMN
OKPECTHOCTH C LIEHTPOM B TOYKE 30HBI PAJMOAOCTyNa CUTHAJIOB OT HMCTOYHUKA W3IY4YECHHUS,
HECKOJIbKO Pa3 OCYIIECTBIISIIOT ISl KaXK10M TOUKH COBOKYIHOCTH CJIEAYIOIIUX MPOLEeayP:

- U3MEPAIOT HAIPSHKEHHOCTh 3JIEKTPOMArHUTHOTO MOJISt B TOUKaX BHIOPAHHOTO JIOKAJIbHOTO
y4acTKa, OrpaHUYEHHOI'0 OKPY>KHOCTBIO, U 3alIMChIBAIOT JAHHBIE B 3alIOMUHAIOIIEE YCTPOICTBO;

- TOYKY C HaumOOJBIIMM 3HAUYEHHEM HANpPSHKEHHOCTH HPUHUMAIOT 3a IEHTP HOBOTO
JIOKaJIbHOT'O y4acTKa, OrPAaHUYEHHOI'0 OKPY>KHOCTBIO C TAKUM K€ PaJJUyCcOM, U Jajiee TAKUM JKe
o0pa3oM OmpeAensoT HeoOXOoquMble TOCIHEAYIOIINe YYacTKHU, 3alHChIBAIOT JaHHbBIE
HANPSHKEHHOCTH U reorpauueckre KOOpANHAaThI;

- OIpeNeISII0T MECTOIOJI0KEHN € UCTOUHHKA.

YCTpoiiCcTBO oOmnpeneneHus: MECTONONOKEHUsSI UCTOYHUKA PAJUOU3IIYyYE€HUsS COCTOUT M3
IPUEMHUKA C aHaJoro-uudpoBbIM IMpeobdpa3oBaTesieM U aHTEHHOH, yCTpoOWCTBAa HaBUIallUH,
0110kKa 00pabOTKH, yCTPOICTBA YIPABICHUS U OTOOPAXKEHUS PE3YIbTATOB.

TouHOCTH oOmHpeAeNeHus] MECTONOJIOXKEHUS HCTOYHMKA W3JIy4eHHUs] HE€ 3aBUCUT OT
JIMHEMHOCTU aMIUIMTYJHO- YaCTOTHOM XapaKTEpUCTUKU MPUEMHOro Tpakra. B kauectBe
NPUEMHOM AaHTEHHbI MOXET OBbITh NpUMEHEeHa Jito0as aHTEeHHa, B TOM YHCJIE AaKTUBHas
MajorabapuTtHasi, oOecrneyuBaollas IpUEM pPaJUOCHTHaNa B JAHHOM Touke Ha Tpedyemoi
4acToTe.

Crioco6 ormpeneneHuss MECTOMOJOKEHUSI HCTOYHUKA PAJUOU3IYYCHUS, BKIIOYAIOIIUI
M3MEpPEHNUE HANPSIKEHHOCTH DJIEKTPOMArHUTHOTO MO, NPUEM paAUOCUTHAJIOB HCTOYHHKA
paZMoOM3Iy4YeHHs] Ha 3aJaHHOW dYacToTe, NpeoO0pa3oBaHME paJMOCUTHAJIA W3 aHAJIOroOBOM B
udpoByo GopMy, OTIMYAIOLUIMNICA TEM, YTO U3MEPSAIOT HANpPSHKEHHOCTh 3JEKTPOMArHUTHOTO
Mojisl B TOYKAX BBIOPAHHOTO JIOKAJIBHOT'O YYacTKa, OIPAaHUYEHHOTO OKPYXHOCTHIO, TOUKY C
HauOONBIIUM 3HAYEHHEM HANpPSHKEHHOCTH MPUHUMAIOT 3a IIEHTP HOBOT'O JIOKAJbHOTO y4acTKa,
OTPaHUYEHHOT'0 OKPYKHOCTBIO C TAaKUM K€ PaJuyCcoM, U Jjajiee TaKUM ke 00pa3oM OIpenessitoT
CIIEAYIOIME JIOKAJIBHBIE YYaCTKH, U TaKUM 00pa3oM IpUOJIMKasCh K ONPEIEIIEHUIO0 HCTOYHUKA
U3ITy4EeHMUSL.

Takum o00pa3zoMm, NpenokKeH CHocod ONpeAeTeHUs] MECTONOJIOXKEHUs MCTOYHUKA
U3IY4YEHMs, IO3BOJSIOIIMNA OCYIIECTBISATh IOMCK MCTOYHMKA M3IY4YEHHs] IOCPEICTBOM
nepeMelnieHrs U3MEePeHU HaNpsHKEHHOCTH 3JIEKTPOMArHUTHOTO OIS IO OKPECTHOCTH 001acTh
pUeMa paJuOCUTHAJIOB HCTOYHUKA PaJMOU3IY4YEHHUS 0 peUIeHUs 3aJadyd IO OIpEAesICHUIO
MECTOIOJI0KEHHS] ICTOYHUKA U3ITYYECHHUS.
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CTABWIN3AIIUA TEYEHUS DJEKTPOAYTIOBOM IJIAZMBI
COBCTBEHHBIM MAT'HUTHBIM I1OJIEM

Ax.0. Ycenkanos, H.M. bakuposa

Kuipevizcxuii eocyoapecmeennwiii ynusepcumem umenu K. banacazvina

YK 519.63:533.9

Annomauun. B pabome, na ocnoge cucmemvl MIJ] ypaenenuii, paccmompeHnsl nomoxu
91eKmMpOo0Yy20601l NAA3MbI, 2eHepUpyemvle C8aAPOUHbLIM NAASMOMpPOoHOM. OOHapydiceHo, 4mo 6
obnacmu OOMLUWUX PACXO008 2aA3d, KOMOpPble HA36AHbI NPEOEIbHbIMU, NPOUCXOOUM NOmeps
VCMOUUUBOCNU PeUuleHUs] CUCeMbl YPasHeHUll. AHAIU3 IKCNepUMEeHMANbHbIX OAHHbIX N0360Ji1em
npeononazams, 4mMoO NOmepsA YCMOUUUBOCMU peuleHUs HNpOUCXooum 60ausu nepexood
JAMUHAPHO20 pedcuma medenus 6 mypoyienmuoe.

Knwouegvie cnosa: neycmoiiuusocms pewieHus, 31eKmpooy2o6ds niama,; J1aMUHAPHBI,
mypoOyaieHmubill pedxcum medenus, yucio Petnonvoca.

Beenenue

CyuiecTBEHHOE BIMSHUE HA CTPYKTYPY T€UEHUS OKa3bIBAIOT IapaMeTphbl 1yTrOBOr0 pas3psaa,
reoMeTpusl KaHajia, COCTaB IJ1a3M000pa3yIoIIero rasa, croco0bl ero nojaayu B kaHan u ap. He-
CMOTpsI Ha ONpEEIEHHbIEC YCIIEXH B Pa3BUTUU TEOPUH YCTOWYMBOCTH JAMUHAPHBIX TEUCHUN ra3a
[1], 10 cux mop He UCCleA0BAHBI KPUTEPUH, ONPEAEIIAIOIINE BOSHUKHOBEHHE TYpOYICHTHOCTH B
KaHaJjax 3JIEKTPOIYT OBbIX F€HEPaTOPOB IJIa3MbI [2].

W3-3a HHEIMHEHHOCTH W MarHUTOTMIPOTMJIPOJUHAMHYECKUX YPAaBHEHMH M HaIU4UUs
MaJIbIX TIapaMeTPOB MPH CTAPIIUX IMPOU3BOIHBIX BO3HUKAIOT OIpe/elIeHHbIE ITPOOIeMbl KaK MpH
UX aHa-JIMTUYECKOM PAacCMOTPEHMHM, TaK U IIPU YUCIEHHOM 3KCrepuMeHTe. Bmecre ¢ Ttem, npu
3alaHHBIX CTAllMOHApHBIX YCIOBHMSAX B 3a7ad4e O TEUYEHMM ra3a B KaHajle CYIIECTBYET
CTallMOHAPHOE PEUICHHE YPaBHEHUN TUAPOIUHAMUKU, KOTOPOE Pean3yeTcs MpH JTIOObIX YUCTax
PeitHonbnca [3]. DTO moa-TBEpKAAETCS U MHOTOYMCIEHHBIMU 3KCIHEPUMEHTaMHU, KOrja MyTeM
YMEHbILIEHUS BO3MYILEHUI Ha BXOJ€ B KaHAJI MOKHO “‘3aTSHYTh~ /10 OY€Hb BBICOKHX uucen Re
nepexo OT JJAaMUHApPHOIO PEKMUMa Te4eHus K TypOyJieHTHOMY [4]. Takue «uaeaabHbIe» yCIOBUS
TEUEHUs ONMUCHIBAIOTCS CTAllMOHApP-HBIMU ypaBHeHUsMU HaBbe-CToOKca Npu COOTBETCTBYIOIEM
BbIOOpE rpaHUYHBIX yciaoBHid. OHAKO He BCIKOE PelleHHe YPaBHEHUH MOXKET OCYIECTBUTHCS Ha
MPaKTUKE. DTO CBSI3aHO C TEM, YTO BCE PEAJIbHO CYIIECTBYIOIIME CTAlMOHAPHBIE TEUEHUS 1OKHBI
HE TOJIBKO Y/IOBJIETBOPATH YPAaBHEHU-IM TUAPOJAUHAMUKH, HO JJOJDKHBI €1l1e ObITh YCTOWYUBBIMU
10 OTHOIIEHUIO K MaJIbIM BO3MYIICHU -IM. ECiIM 7k€ BO3HHKAIOIME B TOTOKE ra3a CKOJIb YTOJHO
Majble BO3MYIIEHHS CTPEMATCS BO3pac-TU CO BPEMEHEM, TO JIBUJKEHHE CTaHOBUTCS
HEYCTOWYUBBIM U CYILIECTBOBaTb B CTAllMOHAPHOM BH-I€ He MoxeT. [logoOHast 3aBHUCUMOCTD
HaAOII0JaeTCs ¥ TP TEUEHUH ra3a B KaHalle M1a3MOTpoHa [S]: mpu MallbIX CKOPOCTSAX IMOTOKA J1yTa
TOPUT YCTOMYMBO U PEATU3YETCsl CTALMOHAPHOE TEUEHHUE, a C YBEJIMUEHUEM pacxojia (CKOpOCTU
BBOJIa r'a3a B KaHaJl) YCTOMYMBOCTh HApyILIAeTCs, U CTALMO-HAPHOE TEUEHUE HE pPEeasu3yercs.
O4eBHIHO, UTO HAJM4YME B KaHajle MOJOCTEH, yCTyHOB, Aua-¢pparM U T.N., UTPAIOIUX POJb
€CTECTBEHHBbIX (PAKTOPOB BO3MYILIEHHUS, OTrpaHUYMBAET BO3MOX-HOCTb OCYLIECTBIIECHUS
YCTOWYMBOIO JJAMUHAPHOI'O TEUEHMS MPU YBEJIMUYEHUHN PACX0Jla rasa. ITO JOKHO MPUBOJIUTH K
peanu3aluy 4YeTKOH TpaHUIbl pas3jiena MEXAY JIAMUHApHbBIM U TYpOyJIEHT-HBIM pEKHMaMU
TEUEHUs, KaK B HATyPHBIX, TaK U B BBIYHNCIUTEIBHBIX IKCIIEPUMEHTAX.

N3BectHO, 4TO B 3a7adax oOTeKaHUs Tel KUAKOCThIO mpu Re~10+50 TeueHue sBusiercs
6e30TpeiBHBIM, TTpH Re <300 Teuenue B cieie ocTaeTcs CTalliOHAPHBIM, HO 332 00 TEKaEMBIM TEJIOM
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o0Opa3yercss TMapa MPUCOCOUHEHHBIX BUXpsA (AByXMepHas 3ajJada), TpU yBEIUYCHHE
Re~100+10000 B ciene 3a TEJIOM pa3BUBAOTCS MEPHOIUYECKHUE KOJIeOaHUs (BUXPEBas TIOPOXKKA
Kapmana).

B paGote [6] 0000marTCs HSKCHEPUMEHTAIBHBIE M TEOPETHUYECKUE HCCIEAOBAHUS
o0TeKaHue TeJl AJIEKTPONPOBOAIICH KHUAKOCTbIO B MATHUTHOM IToJie. B yacTHOCTH, HA OCHOBE
AKCIIEPUMEHTANBHBIX HCCIENOBAHUHN MTOKa3aHO, YTO COBEPIICHHO aHAIOTHYHAsI CMEHa XapaKTepa
TEUEeHUsT HaONIOJaeTcsi, €clM Ha TOTOK C OINpeAelieHHBIM 4YHCIOM Re Bo3nelcTBOBaTh
MOCTIEIOBATEIBHO BO3PACTAIONINM MarHUTHBIM TosieM. [loaBnenre HenmnHEeHHbBIX 3G (HEKTOB O
BO3/ICHICTBHEM BHEIIHETO TOJISI HAOIIOAACTCS U IS TEUEHUS AJIEKTPOIPOBOASIICH KUJIKOCTH B
TpyoOe.

B pabotax [7-9] mpoBeneHbI 3KCIIEpUMEHTAIbHBIC M YW CICHHBIE UCCIICOBAHUS TTOTOKOB
DIIEK-TPOAYTrOBOM  IJIa3MBI  CBApOYHOr'0 IUIA3MAaTPOHA B 3aBUCUMOCTH OT  pacxoja
ia3mMoo0pa3yromiero rasa. [lokasano, 4To B cBOOOHOM 00MacTH CTON0A AYTH, C YBEIHUYCHUEM
pacxona rasza, HaOJIOJa-eTCs TMEePeXo]] JIAMUHAPHOTO TEYEeHHUS B TypOyJeHTHbIH pexum. Ha
ocHoBe AByMepHBIX M/II" ypaB-HeHHUIi B IEpeMEHHBIX "BUXPb-QYHKIUS TOKA" TOKa OKa3aHO, UTO
IIPU OTPEACNIEHHBIX YCIOBUSIX HE YAAaeTCs JOCTUYb CXOIUMOCTH Pa3HOCTHOM 3a4auu.

1. IlocTanoBKa 3a1a4u

B nannoii pabore Ha ocHOBe aByMmepHbIx MJII' ypaBHeHUN ¢ MCHOJIb30BAaHUEM
€CTECTBEHHBIX (CKOPOCTb-JaBJE€HUE) MEPEMEHHbIX MPOBOJAUTCS pacueT XapaKTepUCTHK
JIEKTPOAYTOBOI'0 IOTOKA IUIA3Mbl CBApOYHOro IulazMaTpoHa. Ilmasmoobpasyromuii a3
paaualibHO MOABOAUTCS B 00JIACTH AYTOBOIO pa3psiia MeX 1y padoyrM TOPLIOM KaToAa U BEPXHUM
Cpe30M COIlUIa, Pa3orpeBaeTcs B KaHale€ W BBIXOAUT B CBOOOJHOE IMPOCTPAHCTBO B BUJE
IJIA3MEHHOI'0 IOTOKA C IOCIEAYIOIIHMM pac-TEKaHUEM Yy IOBEPXHOCTH IIJIOCKOro aHona. Llens
paboOTBI: CpaBHUTh pE3YyJbTaThl pPAacUETOB B I€-PEMEHHBIX "BUXpb-QYHKIUS TOKa" uU B
€CTECTBEHHBIX NEPEMEHHBIX; ONPENEIUTh 00JIaCTh YCTON-YMBOCTH YMCIEHHOIO PEIICHUS IpH
M3MEHEHUU pacxo/a raza u CHJIbl TOKA, M YCTAHOBUTD JJIs 3a-1aHHOW I'€OMETPHH UX MPEAEIIbHbIE
3HAUEHMS, YAOBIETBOPSIOLIME YCIOBHUSAM II€pEX0/a JIAMHHAP-HOTO pPEXUMa TEYEHUs B
TypOyJIEHTHOE TeUEHUE.

JI1s onvcaHus TEUEHMS M HarpeBa rasa npeanosaaraeTcs, YTo NpoTEeKarIe IpoLecchl cTa-
IIMOHAPHBI, TEUCHUE JJAMUHAPHOE U, U3JIydeHHue 00beMHOe, MJIa3Ma HAaXOAUTCS B COCTOSIHUU JIO -
KaJbHOI'O0 TepMOAMHaMu4eckoro pasHoBecusi. Cuctema MI'J] ypaBHEHMI HENPEPHIBHOCTH,
Haswe-Croxca, 6ananca snepruu, Makceiuia u 3akoH OMa, 3anuceiBatotcs B Buje [10]:

V- (pV) =0,
p(V- WV ==V (P+2q7-V)+ 27 n$) +J x uH,
pCp(V-V)T =V -VP+]-E+V-(AVT) —1),

VXE=

(=]

,VxH=7],

= oE.

~

Cucrema AOMOJHACTCA HHTECI'PAJIBHBIMU COOTHOIICHUAMU COXPAHCHUSA TOKA YT U pacxoaa
rasa:
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I = an:jz rdr, G = 2m fORpurdr

U 3aBUCHUMOCTSMH KO3(G(UIMEHTOB IMepeHoca U TeIIOoU3NYECKUX CBOICTB IUIa3Mbl OT
TemMnepaTypsbl U JaBieHus [1].

O6o3Ha4yeHUs:
17(17, 0, u)— CKOpOCTb,
7Gr, 0, j,) — IUIOTHOCTH SJEKTPUIECKOTO TOKA,
E (E-, 0, E,), H (o, Hg, 0) — HAaNPSHKEHHOCTH AJIEKTPUYECKOT0 U MATHUTHOT' O TIOJIEH,
T, P — temmniepaTypa u J1aBJICHHUE,
J— MarHUTHas MOCTOSIHHAS,
S — TeH3op ckopocrTeii gedopmaiuii,
p 0 A4 1,y Cp — COOTBETCTBEHHO IJIOTHOCTb, 3JEKTPONPOBOJHOCTh, TENJIONPOBOJAHOCTb,
BSI3KOCTh, H3JTydaTeIbHasi CIOCOOHOCTh U ylIeTbHAs TEMJI0EMKOCTb.
WHnekcsl r, z, ¢ — COOTBETCTBYIOT OCSIM LIMJIMHAPUYECKON CUCTEMBI KOOPAMHAT,
R — 3HaueHHsIM Ha CTEHKE.
ITpu uucnenHom pemenun MIJl ypaBHeHUN B (U3HYECKUX IEPEMEHHBIX CcUCTEMa
NPUBOAUTCA K IUBEPreHTHOM (opMe M, C YYETOM OCEBOM CHMMETPHUH, 3alHCHIBACTCS B
HUAJTMHAPUYECKON CUCTEME KOOPAUHAT B 00OOIICHHOM BHUJIE:

rae nepemennas ¢=(T, y=rHy, V, U, P) u 3HaueHus HeauHEHHBIX K03 duimeHToB Cy, Dy, Sy
YCTaHaBIMBAIOTCS U3 cOOTBETCTBUS McXoaHbIM MI'Jl ypaBHenusiM. Ilpu stom 3akoH Oma u
ypaBHeHHSI MaKkcBemia CBOASTCS K YPaBHEHUIO NIl QYHKIIUH SJIEKTPUIECKOTO TOKa y=rH .

I'paHuYHbBIC YCIOBUS TSl KaXKI0i 3aBUCUMOI mepeMeHHou (¢=v, u, P, T, y) 3amaroTcs 1o
3aMKHYTOMY KOHTYpY, OTpaHUYHBAIOIIEMY €€ pacdeTHYI0 00iacTh. HauanbHbIE pacmpeneneHus
CKOPOCTH W (PYHKIHHU DIEKTPHYECKOrO0 TOKAa Ha BXOJE B KaHANl ONPENEISIFOTCS W3 PelIeHUs
onHoMepHelx MI'Jl ypaBHeHMM 1O 3aJaHHBIM 3HAYECHMSAM CHJIBI TOKAa, pacxoxa rasa,
reOMETPUYECKUM TMapaMeTpaM KaHaja W TeMIiepaTypbl raza 7=Tr. Ha oxmaxmaembpIX CTEHKax
KaHaJla W 3JIEKTPOJAxX HCIOJIb3YIOTCS YCIOBUS NPWIMIAHUS M HENPOHUIIAEMOCTH, HAa OCH -
ycIoBUsl ciMMeTpur. Ha cBOOOIHON rpaHHIE UCIONB3YIOTCS YCIOBHSI HOPMAIbHOT'O BTEKAHUS -
BBHITEKaHMUsI Tra3a, JaBlieHne aTtMmocepHoe. BOnM3u MOBEPXHOCTH KAaTOJAa HCHOJB3YIOTCA
AKCIIEPUMEHTAJIbHBIE JTAHHBIE MO PACIPEIEICHUI0 TEMIEPATYPbl U PaAuyCy IMPUBSI3KH IyTH K
AJEKTpoAy. Pa3Mepbl 1 pacriosiokeHrne aHOIHOM MPUBSI3KY JyT'U, PACHpeeIeHUs INIOTHOCTU TOKa
U TeMIIepaTypbl IIa3Mbl BOJIM3H 3JIEKTPOJia YCTAaHABIMBAIOTCS B MPOIIECCE YUCIEHHOTO pEelIeHuUs
KaK pe3yJibTaT CaMOCOIJIACOBAHHOIO B3aUMOJECUCTBUSA TEMJOBBIX, 3JEKTPOMArHUTHBIX U
ra3o0JJMHAMUYECKUX XapaKTEPHUCTHUK.

OGosuauenus: V(v,u,0) - ckopocts, T— Temmeparypa, h — sHramenms, P — naBienue,
H (0,0,Hp) - HAIPAKEHHOCT MATHUTHOTO 10N, J(jy, jz, 0) - IIIOTHOCTb 3JEKTPHUIECKOTO TOKA, AL -
MarHuTHas MOCTOsIHHASA, O, O, A, ¥, 17, Cp — COOTBETCTBEHHO IJIOTHOCTH, JJIEKTPOIPOBOIHOCTD,
TEIJIONPOBOIHOCTb, H3JIydaTeiabHasi CIIOCOOHOCTb, BSI3KOCTh U yJENbHAsl TEIJIOEMKOCTb IpU
MOCTOSIHHOM JaBJeHUHM, R—BHewmHuil panuyc kaHanta. MHAaEKCsl I, Z, ¢ - COOTBETCTBYIOT OCSIM
WIMHAPUYECKON CHCTEMbI KOOpIUHAT, R — creHke, K — karonmy.

2. AIropuT™M peleHus 3a1a4u

Pemenne nuddepeHnnanbHbIX ypaBHEHUH MPOBOAUTCS METONOM KOHEUYHBIX Pa3HOCTEH.
Juckpernsanus ypaBHEHHI OCYILECTBISAETCS HA HEPABHOMEPHON CETKE METOI0M KOHTPOJIBHOTO
o0beMa. B MCKpeTHBIX aHanmorax ypaBHEHUH K03 GUIIMEHTHI ITep eHoca Ha T'PaHAX KOHTPOIbHBIX
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00bEMOB ONPEACIIAIOTCS TAPMOHMYECKH CpPEIHUM 3HAuY€HHEM, 4TO I03BOJISIET BECTH pacyer
TEeMJIOBOM 3a7a4M HENpPepbIBHBIM 00pa3oM, BKIIIOYas SJEKTPOJ M CTEHKM KaHaua, C
ABTOMAaTUYECKUM BBIITOJIHEHUEM YCIOBUH CONPSIKEHHOIO TEIMIOOOMEHa Ha IpaHuLEe pasfelna
cpen. Ilpm pemeHuM pa3HOCTHBIX YpPaBHEHMH HCIONb3YKOTCS METOAbl HMTEPAalUi, HHUKHEU
peJlakcaluy ¥ IPOrOHKH B PaINajibHOM HAIPaBJICHUH.

3. HucieHHbIe pacyeTsbl
s pacdera XapaKTEpUCTHUK AyroBoro mnotoka 3amatorcs (puc. 1): G=100-250 wr/c,

I=50+100 A, TR=300 K, naBnenue Ha Bbixojae Po=0,1 MIla, nmmHa u paguyc kanama 6 mm, R=1.5
MM, MEX-3JICKTPOIHOE paccTosiHue 10 MM, paauyc npuBs3ku Ayry K katoay Rk=1 mMm. B kauectBe
1a3M0-00pa3yOIIEro ra3a UCIOIb3yeTCs AprOH U YTICKUCITBIHA ras3.

PaccmoTpuM ycTONYMBOCTD MOTYYEHHBIX PEILIEHHUH B 00/1aCTH NPEAEIbHbBIX 3HAYCHUH CUJIIBI
TOKa W pacxojia raza (0OTMETHM, YTO CXOAMMOCTh K pemeHuto npu G>200 mr/c, I=70 A nocrtura-
Jach BEIOOpOM MapamMeTrpa HuxkHer penakcanuu 0,05+0,1).

Kak 1moka3pIBarOT BEIYHCIUTEIBHBIE SKCIIEPUMEHTHI, TIpH pacxoxax G< 210 mr/c (I=70 A)
Ma-JIble BO3MYIICHHS YU CICHHOT O PEHICHHS OBICTPO 3aTyXal0T U HE HAPYIIAIOT KAPTUHY TEUCHHUS,
YTO YKa3bIBAa€T HAa YCTOMYMBOCTB MOJYyYEHHOTO pemieHus. [Ipu aTux ycnoBusx ¢hopMupoBaHHe
MOTOKA OMPENENSIETCS] B OCHOBHOM MOJEKYJISPHBIMU AP (eKTaMu U BETUYHUHBI MOJIEKYJISIPHOM
BSI3KOCTH JIOCTATOYHO, YTOOBI CH€NaTh ATH TEUYEHUS TUAPOJUHAMUYECKH U YHUCIEHHO
YCTONYUBBIMH.

Hpyras kaptuna HaOmomaetcst ipu G>210 mr/c: B mporiecce uTepannii BO3MYIIEHUS Hapac-
TaIOT U CYIIECTBEHHO M3MEHSIOT CTPYKTYPY T€UeHHUs. B MTepannoHHOM IuKiIe (OpMHpPOBaHUE
napamMeTpoB MOTOKAa HOCUT XaOTHYECKU OCHMJUIMPYIONIMM Xapakrep. Takoe «HecTallmOHApHOe»
MOBEICHUE MTPOMEXYTOUHBIX PEIICHUI HE COOTBETCTBYET UCXOHON MaTeMaTHYE€CKOW MOJIEIH, a
AITOPUTM pacyeTa TepsieT CBOM JIeMilupyromue cBoiicTBa. ITo 3HauuT, yto npu G>210 mr/c
(I=70 A) MoJteKyJISIpHBIH AUCCUTIATHBHBIN MEXaHU3M HE 00€CIIeUrBACT CXOSAIICTOCS PEIICHHS, a
BEJIMYMHBI BA3KOCTH YK€ HEAOCTATOYHO ISl CTAOUITN3aLMK JAMUHAPHOTO T€UEHUSI, U OHO CTaHO -
BUTCS TypOyNeHTHBIM. [losBIeHNE OCIMIIIHPYIONIMX PELICHUH B pe3yJbTaTe pOcTa MajbIX BO3-
MYIIEHHI MOXKHO pacCMaTpUBaTh Kak mepexoj K TypOyneHTHocTH. [lomoOHoe pa3ButHe TypOy -
JIEHTHOCTH Nojiy4eHo B padoTax [11-13] npu uncinax Re>Rekp. 3oHa ocmsanuii XapakTepUCTUK
JyTOBOI'0 ITOTOKA 3aMETHO MPOSIBJISETCS B 30HE CBOOOIHOIO T€UEHUS, a BHYTpU KaHalla, Iie 1yra
CHJIBHO 00’KaTa CTEHKaMHM, CTPYKTYypa TCUCHHSI HE U3MEHSETCS M 9Ta 00J1aCTh HauboJiee yCTONYH -

Ba 10 OTHOICHUIO K THAPOANHAMUYCCKHUM BO3MYILICHUAM.
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Puc. 1. Jlunuu toka rasza (G/Go= 0.05, 0.3, 0.9, 1.5, 2, 2.5) u uzorepmst ayru (7= 1, 5, 10,
15, 20 xK) B aprone u B yriekuciom raze; 1=70 A.

VYBenuueHne cuibl daekTpuyeckoro toka ayru (I>70 A), a 3Ha4yuT U COOCTBEHHOIO
MarHUTHO-TO NOJISI, TPUBOJUT K JJAMUHAPU3ALIUH TOTOKA. DJIEKTPOMArHUTHBIE CUIIbI COBMECTHO C
BSA3KMMHU CHUJIAaMU BO3pPacTaloT MO CPaBHEHMIO C CWJIaMU WHEpUUH, U mpudbmmkenue Crokca
XOPpOILO ONKCBI-BAET TEUEHUE PEAJIBHOTO ITOTOKA 3JIEKTPOAYTOBOM IJIa3MBl.

4. 3aki0ueHue

CpaBHeHUE PE3yJIbTATOB SKCIEPUMEHTAIBHBIX U YUCJIEHHBIX MCCIEAOBAHUIN MOKa3bIBAET,
4TO COOCTBEHHOE MarHUTHOE MOJI€ 3JEKTPUUECKOM TYTH, KaK U B CIy4asX ¢ JEKTPOIPOBOASIIEH
JKUJIKOCTH BO BHEITHEM MarHUTHOM I10JI€, CTAOMIIM3UPYET MOTOK JIEKTPOAYTOBOM miia3msel. Yrc-
JICHHBII aHaJIU3 HA OCHOBE pa3IMYHbIX MeTo10B pemenns MI'Jl ypaBHEHU NOATBEPKAAET MOTE -
PIO YCTOMYMBOCTH JIAMUHAPHOTO TEUCHUS TP YBEIMYCHUH pacxoa rasza (I=const) u mpu ymeHs -
meHun cuibl Toka (G=const). [lodydeHHble mpenenbHbIE 3HAYEHUS OTHUX MApaMeTPOB
MONyYeHHbIE KaK B Cllydyae pelIeHHS B MEPeMEHHBIX "BUXpb — (YHKIHS TOKa», TaK U B
bU3NYECKNX MEePEMEH-HbIX XOPOIIO COTIACYIOTCS MEXKy COOOH U C SKCIIEPUMEHTOM.

CpaBHEHHUE C IKCIIEPUMEHTAIBHBIMU TAHHBIMU MTO3BOJISIIOT HHTEPIPETHPOBATH OOHAPYKEH -
HbIe 2P (HEKTHI, KaK BO3MOXXHOCTh B XOJ1€ YHCICHHBIX 3KCIIEPUMEHTOB OIPEENSTh 00JacTh MpH-
MEHUMOCTH TPEIJIOKEHHOM MaTeMaTHUYeCKOW Mojaenu. Maremarnudeckass MOJelb IPU STOM HE
MIpETeH1yeT Ha ONMCaHue TYpOYJICHTHBIX TeUECHUM.

84



Cnmcok ureparypbl

1. Beruos P., Kpumunane B. Bomnpockl rugpoannamuyeckoit ycroiuuBoctu. — M.: Mup,
1971.

2. Jlesutan H0.C. O xpuUTHUECKHX PEKMMax TEUCHHUS B IMHIUHAPUYECKOM KaHAJIE CO
crabunm3u-poBanHoi crenkor ayrout // I3B. CO AH CCCP. Cep. Texn. Hayk. — 1986. - Ne 16,
Bemm. 3. — C. 74-80.

3. Apremos B.U., JleButan 10.C., CunkeBuu O.A. HeycToitunBocTH U TypOyJIEHTHOCTh B
HU3KO-TeMIlepaTypHol iasme. M.: MOU, 1994. — 412 c.

4. Cunkenu O.A. UccnenoBanus no GU3MKe U TEXHUKE HU3KOTEMIIEpaTypHOU MIIa3mbl //
TBT, 1998. —T. 36, Ne 4. —C. 660-673.

5. Jlontusuckuit JL.I'. Mexanuka sxuakoct u raza. M.: Hayka, 1987. — 840 c.

6. [unoGep A.b. MI'Jl o6Tekanue ten. "3unarue”, Pura, 1970. -291 c.

7. Sadyrov K. A, Usenkanov D. O., Jainakov A, Nishio K. To interaction of the electric arc
with the molten metal. Satellite VVenture Business Laboratory. Kyushu Institute of Technology.
Neg, june, 2007. Japon.

8. YcenkanoB JIxk.0., AxmommoeBa, C.b. Ceittaimea C.Y., CanmpipoB K.A. 06
YCTOMYMBOCTH PpELIEHUs 3JIEKTPOAYIOBOrO pas3psga CBapO4YHOIro IiasmaTpoHa. M3Bectus
KBIpreI3ckoro roc-y1apcTBEHHOI0 TEXHM4ECKOro yuusepcurera uM. M. Pa3szakosa, Ne 24,2011

9. YcenkanoB Jk.0., XKaitnakoB A., CeiitamueBa C.U. Poiap MarHuTHOrO mojs Ayrud B
CTaOMIM3aIMU OTOKA 3JEKTPOAYroBoi miasMbl. M3Bectrs KbIPreI3cKOro rocynapcTBeHHOTO
TEeXHU

10. A.XaiinakoB, B. M. JleneBkun, B. C. MeueB u ap. DnekTpuyeckasi ayra—reHepaTop
HU3KO-TeMIlepaTypHOU 1a3msl. - bumikek: Mnum, 1991.- 373

11. Tlatankap C. UwucieHHbple METOABI PEHICHUS 3a/Jad TEIJI00OMEHAa W JAHUHAMUKH
KUIKOCTH. M.: DHeproaTomm3aar. - 1984. - 152 c.

12. BenonepkoBckuii O.M. UncieHHOE MOJICTMPOBAHUE B MEXaHUKE CILTOIIHBIX cpen. M.:
Hayxa, 1984. - 520 c.

13. Homxauckuii @.B., Kisiukun B.U., O0yxoB A.M., UycoB M.A. HenuHelinbie cucTeMsl
ruapo-nruHamMudeckoro tuna. — M.: Hayka, 1974.

Licymabaii Ocmonbexosuu Y ceHkanos — K.qh.-M.H., 3a8e0yiowuii Kagheopoti
meopemuueckou u ooweul uzuxu Koipevizckoeo

T'ocyoapcmeennozo ynugepcumem umenu K. banacazvina

720033, buwxkex; e-mail: juma_21@mail.ru;

Hypszam Meoemkxanosna baxupoea - npen. kagheopvl meopemuyeckoti u ooweu
@usuxu Kuvipevizckozo I'ocyoapcmeennoco ynusepcumem umenu K. baracazvina
720033, buwxkex; e-mail: b.nurzat_89@mail.ru

85



METOJA OJHOBPEMEHHOI'O UBMEPEHUS CUJIBI U
TEMIIEPATYPbI C IPUMEHEHUEM
BOJIOKOHHO-OIITUYECKOI'O JATYHUKA

B. Byituuk!?, I1. Kucanal?, A.Y. Kaanxanosa'?, A.X. Ko3oaxosal*, M. Kynen6aen'>,
XK.C. Aiitkyaos®, JLII. Yepukoaena'®, A.Y. Yrerenosa'?, T. Opmanos?

YUnemumym ungpopmayuonnvix u evruuciumenvuvix mexnono2uti KH MHBO PK,
2/lrobnuncKutl mexuuveckutll ynueepcumen,
SAnmamuncruii ynusepcumem snepeemuru u ceasu umenu I'. Jlaykeeea,
4 Anmamuncruii mexnonozuueckuil ynusepcumem
SKazaxckuii HayuoHanbHwlii ynueepcumem umenu aiv-Dapabu
8Kazaxckuii HayuoHanbHblil HCeHCKULl neda2o2udeckutl yHusepcumen

YK 004.3

Annomauun. B Ooannoti cmamve npedcmasien memoo usmepeHus 08yxX COCMAGIAIOUUX
useubaroueri CUIbl U memMnepamypsvl ¢ UCROIb308aHUEM 0OHOU CEHCOPHOLL 201068KU. [Ipumensemcs
KOCBEHHblUl 8b1600, COCNAHHBINL HA CNEeKMpPax O08YX B60JIOKOHHbIX OP32206CKUX peulemox,
NOMeWeHHbIX HA KOHCObHOU Oanke. Memoo 6vin pazpaboman 8 xooe pabomuvl HA0 0OPAMHOU
3a0auyetl onpeodenenus HepasHOMEPHO20 PACHPeOeNeHUsl HANPAXCeHUll Ha ocHoge cnekmpoe BEP.
I'paouenm 6 npogure nanpsdxceHul BONOKOHHOU OPI2206CKOU pe-uemKyu npusooum K
xapaxmepmnoti ¢opme ezco cnekmpa ompadicenus. OOHOBpeMeHHOe u3MepeHue Culvl U
memMnepamypvl CmMai0 603MONCHLIM U3-3a NOOX00SAUWE20 PACNONONCEHUS. CEHCOPHOU 20I08KU.
Cnexmpanvhvie XapaxmepucmuKu peuemox 0amuuKa He COXpausaom co8epuleHHOU cCuMMe mpuu,
umo 00YCN0GNeHO 2eoMmempuell 20J06KU Oamyuka U C8A3AHHOU ¢ 9MUM pasHuyeu 8
pacnpeoeneHuy 0ceblX HANPAXCeHUl Ha pewemkax. B npeonacaemom nooxoode usmenenue
WUPUHBL CYMMbL HOPMATUZ08AHHBIX CHEKMPO8 NPONYCKAHUSA UCNONb308AN0CH 01 ONpeOeleHus]
BEIUUUHbL  NPUNOJCEHHOU Cculbl. B npedcmaenennom memooe NONY4eHO NOBblULEHUE
YYBCMBUMENbHOCMU  IMO020 U3MEHEHUsl K Cule NO CPABHEHUN) ¢ OpyeuMu U36ECHHbIMU
cucmemamu. Habnooanrocoy usmenenue wupunsbl CReKmpa npu y8eaudeHuu u3euoauwux yeumul
om 0 0o 150 H. /[ns yenetl 0anuoii pabomsl 6614 CNPOEKMUPOBaAHA YCMAHOBKA C MEePMOKAMePOUl
U KPOHWMEUHOM, HA KOMOPOM OblLIU YCMAHOBIeHbl 80I0KOHHO-ONmMu4ecKue npeobpaszosamenu
071 npumenerus 8 6yoyuux uzmeperusx. CeHcopHas 20J108Ka 8 IMOM IKCNepUMeHme cuumaemcs
KAK YHUBEPCAIbHOE YCMPOUCMBO C BO3MONCHLIM UCNONb308AHUEM 6 OPYUX PA3HOBUOHOCMIAX
ONMUYEeCKUx OamuuKo8 U MONCem pPacCMampueamspcs KaKk Mooyab 05l paspadomku nymem ee
MYTbMUNTIEKCUPOBAHUSL HA OOHOM ONMUYECKOM BOJIOKHE.

Knwuesvie cnosa: 6010koHHo-onmuveckue 0amuyuki, 60J10KOHHble OP32206CKUe peulemKu,
0amuuKy memnepamypboi.

BBenenue

IIporuo3 coctossaus cucreM SHM (Structural health monitoring -SHM) o0mmpHo
NPUMEHSET-CSl B TPAKIAHCKUX COOPYKCHHUSX, TAKUX KAaK MOCTBI, TPyOONpPOBOMBI, IaMObI U
TYHHEIIU, JUIS TOA-IepKaHus paboueil COXPaHHOCTH W MPOJJICHHUS CPOKa CIYXKObl 3a CueT
YBEIMYEHHUSI WX TPOYHOCTH W  HAASKHOCTA. BOJIOKOHHO-ONTHYECKHE JAaTYMKH  C
HE3HAYUTEIBHBIMH Pa3MepaMU, MaJbIM BECOM, CTA0MIBHOCTBIO K AJIEKTPOMArHUTHBIM TIOMEXaM
EMI (electromagnetic interference -EMI), pxxaB-unHe U CHOCOOHOCTBIO K BCTPANBAHHIO TIOKA3aITH
HEOTbeMJIEMbIE UM IMTPEUMYIIECTBA I MHTE-TPallly B TpakJaHCKHE KOHCTPYKIUH. B mocnennue
TOABI U1l TIPOTHO3a COCTOSIHUS CHCTEM OBLIO MPENIIOAKEHO OOJIBIIOE YHUCIO HOBBIX CEHCOPHBIX
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TEXHOJIOI'Mi Ha OCHOBE BOJIOKOHHO-onTHueckux aaturkoB (BOJI) (BO/I-fiber-optic sensor- FOS).
BosokoHHO-onTHYECKHE JAaTYMKU 00aJal0T PSA-IOM MPEUMYILIECTB, CPEIU KOTOPhIX Hambomee
BKHBIMU SIBJSIFOTCS YCTOWYMBOCTh K AJICKTPOMAr-HUTHBIM BO3MYIIEHUSM U BO3MOXHOCTh HX
BCTPaMBaHMs B U3MEPSAEMYIO0 KOHCTPYKIIMIO, BHICOKAsI YYBCTBUTENbHOCTh, OOJIBIIIOE PACCTOSIHUE,
MYJIbTUIIJIEKCUPOBAHUE U pacnpeaeaeHHbId MOHUTO-pUHTr. BO/l MeeT BO3MOXKHOCTh U3MEPEHUS
negopmari, CMEIIeHUsT U TeMIepaTypbl o0 Bced iuHE BOJNOKHA. B [1,2] mis m3mepeHus
pacripeneneHHbIX n1edopMalnii Mo Bceld MPOTSIKEHHOCTH BOJIOKHA OBUTH MPEIIIOKEHBI JaTIUKH
Ha 0a3e BOJIOKOHHOH pemieTku bpoarra, natuuku Ha 6asze pediekromerpun (paccesnue Panes u
bpunnmona) u natunku Ha ocHOBe nHTEephepomeTpun (Padpu-Ilepo) u Max-Ilenaepa. B paborax
[3,4] pa3paboranmu AaT4uku pedICKTOMETpPHH, Oa3u-pyONIMECcs Ha TMPUHIMIE ONTHYECKON
pedaexromerpun B ckopoteunbie 30Hb1 OTDR (Optical Time Domain Reflectometer (OTDR) —
npubop Uisi W3MEpEeHHs] MapaMeTpOB BOJOKOHHO-onTHYeckux auHUM mnepenaun (BOJIID)),
KOTOpBbIE FOJATCA ISl HENPEPBIBHBIX 3aMEPOB HA OIPOM-HBIX paccTosiHusAX). B [S] pa3paboranu
JATYMK ¢ BOJIOKOHHOM Oparrockoii penietkoit (BBP) (BBP-Fiber Bragg grating- FBG), koTopbtit
CO3/1aH Ha CABUTE JJIUHBI BOJHBI bparra, 6arogaps H3MEHEHUIO TeMIepaTyphl, AedopManuu u
BUOpaLnu B okpyskatoiueil cpeze. B cratee [6] natunk ®abpu-Ilepo npumeHseT HapsHKEHHOCTD
UHTep(EPEHIIMOHHBIX CUTHAJIOB, HM3Ty4aeMbIX MEXKIY ABYMSI CHHXPOHHBIMH OTpa)KaloIUMU
uHTepdericamu, A1 U3MEpPEHUs TeMIiepaTypsl U AaBieHus. Jatuuk Maxa-Llennepa ycrpoen Ha
M3MEHEHUU HANpsyKEHHOCTU (PAa30BOr0 CIBMIra, OCBELIAEMOro JABYMS JIydaMHd, pa3OUTBIMH OT
onHoro ucrounuka csera [7]. Jaruukum FBG o0mamaroT MHOXE-CTBOM NPEBOCXOJACTB IS
JOTIOJIHEHUI TMPOTHO3a COCTOSHUS KOHCTPYKLHMN, TaKMX Kak HEOOJbIIOH BeC, HECKOIBKO
JATYMKOB B OJHOM BOJIOKHE, HAJ&KHOCTh K arpeCCUBHBIM CpelaM (TeMIlepaTypa, XUMUYECKHe
KOMITOHEHTBI), JOJITOCPOYHAs YCTOMYMBOCTh M JIOJITOBEYHOCTh. B [8] pexomMeHI0BaH HOBBIM
UHAUKATOP MOBPEXACHUS JJIsI OOHApPYKEHHUsI OTKa30B NyTeW Meperpy3ku JUis CUCTEM C He-
CKOJIbKMMH MapUIpyTaMH Harpy3ku Ha 0asze peakluu Ha jaedopMaiinio, U3MEpEHHOH 1aTYuKaMu
FBG. B [9] npumensinu natuuk 3BykoBoi smuccuu FBG i1 moka3biBaHUs JIOKAJIM3ALMKU TTOBPE -
xkaenuit B namuHatax u3 yraernactika (CFRP). B cratee [10] mpumensmu natuuk FBG nmst 06-
Hapy»X€eHHUsl yTeueK B BOJOMPOBOAHBIX TpyOax. B pabore [11] nmpumensnu aatuuku FBG nns
OLICHKH OCTATOYHOI'0 HAIPSKEHM S, TOSIBIISIFOILIETOCS B TTIAAKUX TEPMOMIACTUYHBIX KOMITO3UTHBIX
JaMHMHATax BO BpeMsi CKOPOCTHBIX MPOM3BOICTBEHHBIX MpolieccoB. B nuccnenoBanuu [12] mpume-
Hsum natunku FBG g HaxoxxaeHust Mecra yiapa MHTEHCUBHON KOMITO3UTHOM MaHENIU C UCTIOJIb -
30BaHHMEM criocoba TpuaHrysnun. B [13] pekoMeHoBaaIn HOBOUCIICY GHHBI METO/, CeTaHHBIH
Ha BUOpaluu, ¢ npuMeHenneM aatyukoB FBG mist oOHapykeHHs TOBPEXIEHUN B TPaXTaHCKUX
CHCTEMax U MPOruo3a ux cocrosiHus. B [14] npumensinu nBa natunka FBG mis cuaxponHoro us-
MepeHus ObICTPOTHI TIOTOKA ¥ TEMIIEPATyphl B TpyOompoBoae. B pabore [15] npencraBuim HOBBIN
natunk FBG, unTerpupoBaHHbIi B OCTOHHBIE KOHCTPYKIHMHU, JJISI MPOTHO3a TEMIIEPATypPhl BO
Bpems noxxapoB. B nccnenoBanuu [16] npeniokuiiv HOBBIM AaTUMK TPEHUS B IPOEMeE MPOKATKU,
cnenaH-HbIM Ha u3Mmepenuu aedopmaruu FBG, nns olleHKH KOHTAaKTHOTO YCUIIUS B JABM)KCHUU
NpOXJIaJ-HOM NPOKATKU. BO MHOIMX TEXHUYECKUX NPUIIOKEHHUSX CUHXPOHHOE YCTaHOBJIEHUE
nedopMalii U TeMIepaTypbl Ype3BbIYAHO BaXKHO, HANIPUMED, MPU paboTe B KOHCTPYKIHSIX
camosneroB [17] u nomacTsax BeTpsHBIX TypOMH [18] M ympaBieHMHM Hay4yHO-TEXHUYECKUMH
nporeccaMu He(hTeXUMHU-4eCKUX 3aB0J10B [ 19]. BoIbIIMHCTBO BOJIOKOHHO-ONITUYECKUX JATIUKOB,
ucnonp3yembix s SHM, BocnpuuMuuBHI Kak K AedopMmanuu, Tak W K TeMIepaTrype, 4To
NPUBOJUT K HEXKEJaTelIbHOM Iepe-KPeCTHOM BOCIPUUMYMUBOCTH MEXKIY JAAHHBIMU JIByMs
napametpamu [20]. OnHUM M3 NOPAKTUYE-CKUX MOJAXOJI0B, HCHOJIb3YEMBIX JI Pa3IUUYCHHs
negopMai M TeMIlepaTypbl, IMPEACTaBISETCS NPUMEHEHUE pPa3sHOOOpPA3HBIX TEXHOJOTUH
M3MEpeHus, TaKuX Kak codetanne natunka FBG ¢ kom-OnHannoHHbIM paccesHuem cBeta [19]. B
[21] uHTErpUpOBaM KOMOMHAIIMOHHOE PACCEsTHUE U pacCesHre bpuiumodsHa i CHHXPOHHOTO
u3MepeHus nedopMalnuy U TeMiepaTtypsl. B ctatbe [22] mpuMeHsu cIBUT 4acTOTH bpuinirosna
U JIBOMCTBEHHOE Jy4erperaoMIIeHUue, YTOObl pa3rpaHUyu-BaTh AedopMalnio U Temnepatypy. B
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[23] pekoMeHAOBaIM METOMA, COYETAIOUINI ONTHYECKYI0 pe-(QIeKTOMETpUI0 BO BPEMEHHOMN
obmactu (OTDR) u u3mepenus 1By TydenpernoMIIeHUs I OLEHKH TeMIlepaTypsl U AedhopMaiuu.
B pabGote [24] npenctaBuid HOBYIO TEOPUIO HM3MEPEHHs, OCHOBAH-HYIO Ha BOJIOKOHHO-
ONTHUYECKOM JIaTYMKE, UHTETPUPOBAHHOM B JIAMUHUPOBAHHBIE KOMIIO3UTHI, JJI CHHXPOHHOIO
M3MEpeHUs Temneparypsl 1 nedpopmannu. Bee nepednciieHHbIe BbIIIE 101X0/bl MOTYT IIPUBECTH
K COJIMTHOMY ITOBBILIEHUIO LIEHBI U CII0KHOCTH CEHCOPHOM CHCTEMBI.

Ienbro coznanus U3MEPUTENBHON CUCTEMBI OBLIIO OTHOBPEMEHHOE U3MEPEHHUE CHIIBI U TEM -
nepaTypsl. [ 3Toro Oplj1a COPOEKTUPOBAHA CTAHIUS C TEPMOKAMEPOM U B JaJIbHEUIIINX U3MeEpe -
HUSAX MCIOJIb30BAJICA KPOHUITEIH, HA KOTOPOM KpENWiIach penieTKa.

1. MeToauka uccjeaoBaHus

BrinosnHeHne 0JHOBPEMEHHBIX U3MEPEHUI CHIIBI M TEMIIEPATYPHI CTAJIO BOZMOXKHBIM 0J1aro-
Jlapsi UCIIOJIb30BAHUIO CEHCOPHOU cUCTEMBI. M crionb30Baics KOCBEHHBIN METO U3MEPEHUM C UC-
N0JIb30BaHUEM MH(POPMALIUHU CIIEKTPa OJHOPOAHOM OpIrTOBCKOM peleTky, MOMEIIeHHON Ha 1o/ -
craBky. CxeMa U3MepUTeIIbHONH CHCTEMbI U3MEPEHUS U3MEPAEMBIX BEIMUUH (COCTABIISIOIIUX CH -
JIbl, AEHCTBYIOUIMX B JIBYX HAIlPaBJICHUSX, NEPHEHIUKYISPHBIX OCH PELIETKH) NMPe/ICTaBlIeHa Ha
pucyHke 1.

FBG2
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Puc. 1. biiok-cxema n3MepUTENbHON CHCTEMBI, HCIOIb3YyEMOM U1 OTHOBPEMEHHOI O
HU3MEPEHUs TEMIIEPATY Pl U CUJIBL, ACHCTBYIOIIEH 10 IBYM OCSIM X U Y

CBer OT IMPOKOIOJOCHOIO HCTOYHUKA CBETAa HAIIPABJIAJICS YEPE3 ONTOBOJOKOHHBIN coeu -
HuTesb 50:50 Ha 0IHOMOI0BOE BOJIOKHO € IBYMsI OJHOPOAHBIMU Op3rTOBCKUMU peIlIeTKaMHU, pac-
HOJOKEHHBIMU Ha HeM. PeIIeTky 3anKChIBaINCh € IIOMOLBbIO OAHOM U TOH ke (a30BOI MacKu Ha
OIITOBOJIOKHE C BOAOPOJHON HAKaYKOM U pacrosaraiuch ¢ 1Byx cropod: FBGI1 - BBepxy u nepen
kpoHTeiiHoM, 1 FBG2 - BHU3Y U c3aau KpoHIuTelHa. DieMeHTsl FBG ObliN npuKIIeeHbl K MeTa -
JMYECKOH orope-o0pas3iyy BMECTO BBIPE3aHHOI'O JIA3€POM OTBEPCTHSI.

Ha pucynke 2 noka3zana gedopmariyisi KaHTUJIEBEpa U3-3a IPUIIOKEHUS CUJIbI, JEH CTBYIOLICH
1o ocu y. Ha pucyHnke 3 nokasaHsl pe3yJsibTaTbl HAIPSDKEHUS KaHTUJIEBEPA U3-3a CUJIBL, 1EUCTBY-
FOILIEH I10 OCH X.
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Max: 2,924
1ot
ax: 6.068¢9

x10°

odksztatcenie wzdtuz osi z

odksztalcenie ujemne

ksztalt wspornika ksztalt wspornika
przed przylozeniem sity Fy po przylozeniu sity Fy

Min: -2.992e-4

“
wysoko$é: wartos¢ wydtuzenia w ptaszczyznie y-z o

kolor: warto$¢ naprezenia w ptaszczyinie y-z

Puc. 2. Peaynbrathl pacuera oceBoil nedhopmannu KpoHiTeitna natunka FBG, Bei3BaHHOM
CHJION 10 ocH y (a) aedopmalius ¥ HanpsHKEHHUE B INIOCKOCTH X-Y, (0) oTMedeHbl 00J1acTH ¢
MIOJIO’KUTENb-HOM U OTPUIIATENILHOM 0ceBoi nedopManueii pemerok bparra

~205,5 GPa

Puc. 3. ®otorpadus naturka (mojcTaBKa ¢ pemeTkon, npukiaeeHHon kieem Cukanyp-30). Uep-
HbIE MapKepbl - MApKUPOBKA XapaKTEPHbBIX pa3MepoB, benblie Mapkepsl - 3HaU€HUsI MOy IeH
Onra Merammyeckoro KpoHITeitHa, kKies u ontoBojokHa ot FBG

3HayeHusl BEJIMYMH, OTMEUEHHBIX Ha PUCYHKE 3, ObUIM CIEAYIOIUMU: s=25MM, a=15MM,
g=1mM, LFBG=10mM.

TpeOoBaHus K CTaJbHBIM ONOPaM B BUJE UX CTAHAAPTU3UPOBAHHBIX PAa3MEPOB M CPaBHH-
TEJIbHO BBICOKAsi TOUHOCTh (DOPMBI BBIPE3aeMbIX OTBEPCTHI U MX PaCIlOIOKEHUS TOTPeOOBAIN UX
W3TOTOBJIEHUS C MCIOJIb30BAaHUEM JIA3€PHOM TeXHOJOruu. [t aToi nenu ucnoaszopaica CO2 -
nazep kinacca 4 (TRUMPF TC L 4030), cootBercTBytomuii crangapty EN 60825-1.

IIpennaraemast ceHcopHasi CHCTEMa MCIOIb3yeTCs 11 U3MEPEHUs CUIIBbL, TO3TOMY LI€JIECO -
00pa3Ho UCMOIb30BaTh TBEP/IbIE MAaTEPUAJIbl C BBICOKMM 3HAUYEHHEM MOAYJIS YIPYTOCTH, YTOOBI
MOXHO OBIJIO U3MEPATh 3HAUUTEIbHBIE MEXaHWYECKHE HAarpy3Ku. BhIIen3noxkenHoe mpearnono-
KEeHHe ToTpeOOBAI0 MCIOIB30BAHUS ONMOPHI M3 CTaiuH, Moayis KOHra xoropoi cocraisut 205
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['Tla. s pa3paOOTKM AAHHOTO METO/a U3MEpeHHi Obl1a MpoBeeHa MpeaBapuTe/ibHasl OlleHKa
ko3 (urmenta nepegaun HanpsHKEHUH B 3aBUCUMOCTH 0T Moyt FOHra kiest. Y cTaHOBJICHO, UTO
ket ¢ koapduuuentom FOnra Boiue 10 I'Tla no3Bonser coxpaHUTh XapakTep HalpsLKEHUH, 1e-
penaBaeMbIX OT KPOHIITENHA K pemerke bparra. /[ sxcrepuMeHTaabHOM IPOBEPKU BO3ZMOMKHO -
CTH MCIOJIb30BAHUS MPEIJIOKEHHOTO METOIA OJJHOBPEMEHHOI O U3MEPEHUS TEMIIEPATyPhl U CHJIBI
obu1 cronb3oBaH kel Sikadur-30 ¢ monynem FOnra 13 I'Tla. OnpenenuTs BeTHUUHY OCEBOH Jie-
dopManuu B pelIeTkax yJaloch METOJOM KOHEYHBIX AJIEMEHTOB. 3Hau€HHE HANpsDKEHUS B
OITOBOJIOKHE MPH Pa3INYHbIX CUJIAX, AEHCTBYIOIIMX BAOJIb OCH Y, IOKa3aHO HAa PUCYHKE 4.

F=1N
K &Fl \ F=5N

\ F=10N

F=15N

/ Ag,
4t A&

I &

1 d Koy

odksztatcenie , €

poczatek siatki, i=1

n

koniec siatki, i=N i

-1 -0.5 0 0.5 1
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Puc. 4. XapakrepucTtuku oceBoi AehopMaIiiy OIITHYCKOr'0 BOJIOKHA, TTOMEIICHHOTO
B nojoxke-uue FBG1 onpeneneHs METOIOM KOHEYHBIX 3JIEMEHTOB ¢ yueToM mMonydis FOHra
KpPOHIIITEeHHA, KJIes U ONTHYECKOro BosiokHa. Cepble 00JacTH 0003HAYAKOT THAa30HbI
MMOCTOSTHHON YyBCTBU-TEJILHOCTH B HadaJle M KOHIIE PEIICTKH

2. Pe3yabTaThl
Ha ocHOBaHWM MOJy4EHHBIX PE3yJIbTATOB pacyera, MPeACTaBICHHBIX Ha PUCYHKE 4, ObLI
orpeneneH K03 PHUIMEHT TyBCTBUTEIBHOCTH K 0CEeBOM nedopmanuu.

OnrroBonokHo K k monepeuHoii cuiie, aeiictByromieii mo ocu 0-y, IPUITOKEHHOM K Omope:

Kepi(2) = =22 (1)

r7e i — UHJeKc, 0003HAYaIOIUI MOI0KEHHE BJJOJIb OCH ONITUYECKOT 0 BOJIOKHA, IPU ATOM 1
=1,...,N, B CBOIO ouepeapr | o3HauaeT Hayuajo pemeTky, a N o3HadaeT ee KoHell. Ag; — U3MEHeHUe
3Ha4YeHHs OceBOU nedopmannu, BBI3BAHHOE U3MEHEHHEM CHIIbI 7S 3aIaHHOTO TOJI0XKEHUS 110
JUTMHE pemeTKu. YyBCTBUTENBHOCTh OCEBOM JedopMaluy 3aBUCUT OT MOJOKEHUS BAOJb OCH Z
(och BOJIOKHA OpASTTOBCKOW pelIeTKH). BennymHa YyBCTBUTENBHOCTH W3MEHEHUS OCEBOU
nedopMaliu K MonepevHoi cuie, n3mensomeiics no ocu 0-y B auanazone ot 10 H go 15 H, B

HayaJje peneTku coctaBisier K. = 36us/N, a ipu ero koHel, K gy = 14ue/N cnenoBaTenbHO:

Ker1 # Kepn 2

3TO O3HAYaeT, YTO pemeTKa OyIeT HCIHBITHIBaTh YHUPI B pe3ysibTaTe€ €€ HepaBHOMEpPHOU
negopmaliuy, BEI3BAHHOM NMOCTOSHHOW CHIIOH, aelicTByromiel o ocu 0-y. Ha pucynke 4 Taxke
MIOKa3aHbl TOCTOSHHBIE 1MAIla30Hbl UyBCTBUTEIBHOCTH B Hadasle U KoHIE pemeTku. Ha pucynke
5 mnoka3aHa ¢opma OCeBBIX AePOPMAIMOHHBIX XapaKTEPUCTHK ONTOBOJIOKHA B MeECTax
pa3MelleHNs PEMIETOK, OIPENEICHHAs METOJOM KOHEUHBIX 3JIEMEHTOB.
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Puc.5. 3nauenus nepopmanuu pemerku gatunka FBG1(xapakTeprucTuky nmoka3aHbl CHHUMU
muHuAMH) 1 FBG2 (XapakTepuCTUKHY MTOKa3aHbl KPaCHBIMH JIMHUSAMH) IS Pa3HbIX 3HAUCHUH
OOKOBOM cUJIBI, AeiicTBYOMIEH 110 ocu 0-Yy

CornacHo uepTexy U MpeanosoKeHUusIM METO/a, UCIIOIb3YEMOT0 I OJHOBPEMEHHOIO U3 -
MepeHus: OOKOBOI CHIIBI M TEMITEPATYypPhl, OJJHA U3 peleToK (B nanHoM ciydae FBG1) pactanyra
- KaK BUJIHO HA PUCYHKE 5, MPEACTABISIOIIAs MOJIOKUTENbHbIC 3HaUeHUs nedopmanmu. OnHaKo
BTOpas ceHcopHas peuierka (FBG2) nmonsepraercs cxxaTuio, 4TO BUIHO Ha PUCYHKE 5, rae nedop-
Manust FBG2 orpunarensHa. PazMelienne pemnerok B CyKEHHU KPOHIITEMHA U MPUIIOKEHUE YCH -
JUH MPUBOAUT K BOZHUKHOBEHUIO CTPEKOTAaHUS PEIIETOK B pe3yjbTaTe UX HEpaBHOMEPHOM Je-
dopmaruu. OOpa3oBaHKe YUpIa TPUBOIUT K YIIMPEHHUIO CIIEKTPATIbHBIX XapaKTEPHCTHK IPOITyC-
KaHUS 00eHX pelIeToK. 3HaueHUs] U3MEHEHUS MepHoAa PELIeTKH UMEIOT Pa3HbId 3HAK JJIs JIBYX
paccmaTpuBaeMbIx ceHcopHbIX pemeTok FBG1 u FBG2 B ¢Bsi3u ¢ TeM, 4TO 0/JHA U3 HUX UCIIBITHI -
BaeT HEPAaBHOMEPHYIO, MOJOXKUTENbHYIO JedopMaluio, a Jpyras - HEpaBHOMEPHYIO
nedopmarliio, Ho 3To oTpuliatenabHas Aepopmarus. Ha pucynke 6 mpuseneHbl edopMaiioHHbIe
XapaKTEepUCTU-KU PEIIETOK JJis cuibl o ocu 0-y, paBHoi 15 H. MakcumanbHOe 3HaU€HHE CHITBI,
neiictByromeil mo ocu 0-y, cocraBuno 150 H. BBuny cxoskeil gopmbl oceBOro rpaaueHta
negopmalm, XapakTepUCTUKH HE BOILIU B padoTy.

x10°
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. N (e

I
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&

Puc. 6. JlebopmarinoHHble XapaKTEPUCTUKH PEIICTOK MPH CHIIe, AecTByromei mo ocu 0-y 15H
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[Hocne pazmerku anmud FBG1 u FBG2 Ha pucyHke 6 BUAHO, YTO XapaKTep U3MEHEHUS Jie-
dbopmanmii 1 o6enx pemieTok aHainoruded. OJIHaKO CyHIECTBYIOT pa3indus B aOCOIIOTHOM Be-
TnarHe AedopMalii peieTKy - 0COOCHHO B 00acTu (OTMEUeHa Ha pUCYHKE BHINIE), T/IE pacipe-

nenenue nedopmanun €(2) g, 411 FBGI He paBHO pacnpenernenuto gedpopManu €(2)qgq, IS
FBG2, uto 60siee TOUHO MTOKA3aHO HA PUCYHKE 7.
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Puc.7. AGcomoTHble 3HaUEHUS 0CEBOM AedopMalii Op3rrOBCKUX PELIETOK MpeIiaraéMoro J1at-
YHKa, BEI3BAHHOM CUJION, eicTByromieit mo ocu 0-y 15H

Ha pucynkax 8 u 9 moka3aHbl pe3yJibTaThl U3MEpPEHHs XapakTepuctuk nepenaun FBG1 u
FBG2 cooTBeTCTBEHHO A pa3iMYHbIX 3HAYEHUN CHIIbI, AeicTByromel o ocu 0-y. M3amepenus
MPOBOAMIIMCH TPU U3MEHEHUH cuJibl B quana3zone ot 0 H no 150 H npu nocrosiHHOM TeMiiepaType
250C. ITo mepe yBenuueHHsl CUIIbL, IPUIIOKEHHOM K TaTYUKY, cekTp nepenaun FBG1 cmemaercs
B CTOPOHY 0oJiee AIMHHBIX BOJIH, IPH 3TOM MOJIYIIMPUHA CIIEKTpa yBenuuuBaercs. Pemerka bpar-
ra, obo3HauenHas kak FBG2, Tak:xe UCIBITHIBACT pacUIMpPEHUE CIIEKTpa MPOMYyCKaHus, 3a UCKITIO-
YEeHHEeM TOro, 4to B cirydae FBG2 cekTp cmemaercs B CTOpoHY 0osiee KOPOTKUX BOJIH.

Puc.8. PesynbraThl uamepenuii xapakrepuctuk nepenaun FBG1 B ycnoBusx nepeMeHHON CUJTBI,
JercTByromei mo ocu 0-y
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Puc.9. Pesynbratel n3mepenunii xapakrepuctuk nepenaun FBG2 B ycinoBUsX nepeMeHHON CUIIBI,
nercTByromei mo ocu 0-y

iI . [
| 1 u 4 o F=ORIFEGT)
M x | o ¢ FS10W(FBGY) |

Puc.10. HopmupoBanHbie CrieKTpajbHbIe XapaKTepUCTUKU MPOMYCKaHUs BCErO JaTUMKA,
coOpaH-HBIC Ha O0IIEM YepTexKe, B yCIOBHUSIX EPEMEHHON CHIIBI, ICHCTBYIOMIEH HAa OCh -y

AHanu3 CHeKTpaJbHBIX XapaKTEPUCTUK MMOKA3bIBAET, YTO MO MEPE YBEIMUYEHHUSI CUIIbI, AeH -
CTByMOIIEH B HampaBieHuu 0-y, CIeKTpalbHble XapaKTepUCTUKH perieTok natunkoB (FBGI1 u
FBG2) cranoBsrTcs mupe U Aanblie Ipyr OT Apyra, a U3MEHEHUE TEMIIEPaTyphl BbI3bIBAET JIUILb
CIIBUT CIIEKTPAJIbHBIX XapaKTEPUCTHK. XapaKTEPUCTUKHU PEIIETOK. DTO CBONWCTBO HCII0JIb30BATIOCH

JUI OTHOBPEMEHHOI'0 U3MepeHus TemnepaTypsl U cuiibl. Ha pucynke 11 nokasansl HOpMHUPOBaH -
HBIE CIIEKTPBI 1aTYUKA U3MEHEHMS CUIIBI B PE3YJITATE YBEIMYEHUS CUJIbI, IEUCTBYIOLIEH 110 OCH

0-y or 0 H no 150 H, npu nocrosiuHol Temmnepatype 2500 C.
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wspotézynnik transmisiji

Achirpegeyrs

1555.85
1555.45

55.05 3
., Achirpegsiirsss
155485  diugosé fali, nm

0 155425

Puc.11. Hopmanu3oBaHHBIN CIIEKTpP aT4yMKa CUJIbI, IEUCTBYIOIIEH Mo ocu 0-y, C OTMEUEHHBIMHU
IIMPUHAMH, BOSHUKAIOMIMMHU B PE3yJIbTaTe YUpIa 00enX penieToK U CIIBUTOB XapaKTEPUCTHK B
YCIIOBUSIX TOCTOSIHHOM TeMIIepaTyphl

CpaBHuBas rpaduky Ha pUCYHKax 8 W 9, MOXKHO CHENaTh BBIBOJA, YTO CIEKTpPaJbHBIC
XapakTe-pucTUKU ceHcopHbIX pemerok natdyukoB (FBG1 um FBG2) He coxpaHsSIOT MOJHYIO
CUMMETPHUIO, YTO SIBJSIETCS CJIEACTBUEM I'€OMETPUM KPOHIITEHHA AAaTYMKA U CBSI3aHHOM C 3TUM
pasHUIBI B OCEBBIX HANpPSDKEHUSAX pacHpeleleHHe pelIeTOK. 3a CYeT MCIOIb30BaHUs
uHpOpMau 00 M3MEHEHMM WIMPUHBI CyMMBI HOPMHPOBAHHBIX CHEKTPOB IMPOIMYCKAaHUS s
ONpEIENECHNS] 3HAYCHUS IPUIIO-)KEHHONW CHJbI YYBCTBUTEIBHOCTh 3TOTO HM3MEHEHHUS K CHIIE
MOBBIIIAETCS 10 CPAaBHEHUIO C CHCTE-MOIl, B KOTOPOH HCHOJIB3YeTCs TOJbKO MHGOpMAIUsS O
IIMPUHE CIEeKTpa NpOonycKaHUs. OyleT HC-TI0JIb30BAaThCi OJHA M3 peleToK. Pe3ynabTaTsl
BBIOOPOUYHBIX U3MEPEHUH, ITpE/ICTaBICHHBIE HA pU-CyHKaX 12 u 13, MOATBEPKIAIOT CEIaHHBIE

BBIIIC BBIBOABI.
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Puc. 12. CnekTpanbHble XapakTepucTuku ceHcopHbIX pemietok: FBG1 (a) u FBG2 (0) ¢
OTMEUYECHHBIMU TOJIYIIMPUHAMH MPU OTCYTCTBHH HArpy3ku - cuiibl Fy = 0 H u ipu

Harpy3ke Fy = 50 H
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Puc. 13. HopmupoBaHHBIE CIIEKTpaIbHBIE XapaKTEPUCTUKU BCETO JIaTYMKa (CyMMa CIIEKTPOB
npo-nyckanus FBG1 u FBG2 ¢ oTMeueHHBIMHU MOJTyIIMPHHAMHE B CITy4ae X 0JIOCTOTO X0/ -
cunbl Fy =0 H (a) u ¢ varpyskoit Fy = 50 H (0)

V3MmeHeHune 3HaueHus ClIEKTpalbHOM IIUPUHBI ¢ yBeauueHueM usrubaronieit cuisl ot 0 H
10 50 H mocruraer 3nauenus nopsaka 0,13 um nus FBGI1, mostomy 3HaueHue K03 duiineHTa
YYBCTBUTEJIBLHOCTH IIMPUHBI CLIEKTPA K CUJIE OMPEAeseTcs Kak:

_ AFWHM

K
F AF

©)

COOTBETCTBOBANO pucyHKaM 12 u 13 coorserctBenno: st FBG1 K. =2,6*10°nm/N ,a s
Bropoii pemetkn K. "°%? =1,2*10°nm/ N .

AHaJOrnyHOE 3HAU€HHE YYyBCTBUTEILHOCTH, OMpPEAENIIeMOe 0 YpaBHEHUIO (2) Al BCEro

FBG1+FBG2
K FEoFEe _ 5

JaTYMKa, PABHO 8*10°nm/ N, 4to sBIsAETCA BENMUMHOMN, GOMbILEH CyMMbI 4yB-

CIBUTEIBHOCTH OTAEIbHBIX PEIIETOK:
FBGL+FBG2 FBGL FBG2
Ke > Ke +Ke (4)

BrlieonucanHoe sBJI€HHE SABISETCS PE3YJIbTaTOM CMEIIEHUsT BCEro CIeKTpa 00eHnx
PELIETOK B PEe3yJbTaTE U3MEHEHMS CUJIbl, IPUYEM COIJIACHO PHUC. 8 U 9 3TH CMEIIEHUS] UMEIOT
MPOTHBOIIO-JIOKHBIE 3HakH. HepaBeHCTBO (4) ykasplBaeT Ha YJIy4lIeHHE YYBCTBUTEIBbHOCTH
JATYMKa, TOCTUTAaeMOe TIPU MCIOJIb30BAaHUU TaAKOTO KpOHIITeWHa aatuynka cuiibl FBG, koTopsiii
OyneT BBI3BIBATH KaK YHUPI, TaK W MPOTHBOMOJOXKHBIA 10 3HAKY CIABHUT CIEKTPaJIbHBIX
XapaKTEPUCTUK B  OpIrroBckux  pemietkax. OTCYyTCTBHE CHMMETPUU  CHEKTPAIbHBIX
XapaKTEePUCTUK O0EHX pemIeTOK O00y-CIOBJICHO Jake HEe3HAUYUTEIbHBIMU Pa3MEPHBIMU
OTKJIOHEHUSIMH, B TOM YHCJI€ TOJUIMHOW, CTPYKTYpOW MaTepHuayia, TBEPAOCTbIO, KECTKOCThIO
CHCTEMBl HArpy>kKe€HWusi U T.J., HA KOTOpOW pasMme-lieHbl pemieTku. [Ipu pe3ke KpoHIITEHHA
Ja3epHbIM JIy4OM MaTepuaj ¢ NpaBOM U JIEBOM CTOPOHBI OT PEXKYUIEH WHIENHU MOJABEPraercs
BO3JICHCTBHUIO ONPEAECICHHOIO KOJMYECTBA TEIUIOBOW 3HEPrHH. DTO BbI3BIBAET U3MECHEHHUS B
CTPYKTYpe MaTepHuaja; MaciTad dTUX U3MEHEHUH ObUI IMPpOaHaIM3UPOBAH M0 MUKPOCKOIIOM, YTO
MO3BOJIMJIO CIEJIaTh BBIBOJ, YTO OHU TAK)KE IMOBJIUSIIA HA U3MEPEHHBIE CHEKTPHI MPOITYCKAHUS
OpATTOBCKUX PEIIETOK.

[To pe3ynpTatam mpOBEAEHHBIX 3KCIIEPUMEHTAIBHBIX UCIBITAHUI MOKHO CHENATh BBIBOJ,
YTO MO>KHO OJTHOBPEMEHHO U3MEPSITh TEMIIEPATYPY U CUITY, AEHCTBYIOLIYIO B OJHOM U3 IBYX OCEH,
WCIOJIb3YsI IBE OPATTOBCKHUE PEIIETKH.
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[TorpemHocT U3MEPEHUs CABUTA JJIMHBI BOJIHBI ONIPEAEISAIOTCS, CPEAU IIPOUYETrO: paspeuie-
HUE aHaJIM3aTopa CIEeKTpa. 3HaHUE UX 3HAYEHUH 1103BOJISET ONPEAEIUTh NOTPEUTHOCTH OIpeere -

nus kodpdunmentor K, Ky, K., Kpg, K, u K g, uto mossossieT onpenenuts cranaapr-

HYIO OIIMOKY OIpeneauTeNs MaTPULIbI.

4. 3aksIr04eHue

JlocTrkeHue OIpeneNeHHbIX MapaMeTpoB JaT4MKa C BOJIOKOHHOM pemierkor bparra tpe-
OyeT pa3pabOTKHU COOTBETCTBYIOIIErO KPOHIITEHHA. DTO BO3MOXKHO C MIOMOIIBIO METOJ0B MeXa-
HUYECKOI0 CUCTEMHOro aHanu3a. C MOMOIIbIO TaKOr0 aHAINW3a MOXKHO OINPENEIUTh UaNla30HbI
BO3MOJKHBIX 3HAUEHUIN U3MEPSIEMbIX BEINYNH, BIMSIOMUX Ha AaT4uK. OJHAKO AJI MOATBEPXKIE-
HUS CAEJIAHHBIX MPEAIOJIOKEHNN U BO3MOKHOCTU ONPEENEHUS N1eHCTBUTEIbHBIX 3HAUCHUN Ta-
pamMeTpOB CUCTEMBI CIEYET UCIOJIB30BAaTh MHAYKTUBHBIE METO/bl. OIpeiesieHne peaJbHbIX 3Ha -
YEeHUI YyBCTBUTEIILHOCTH OT/IEJIbHBIX IAPAMETPOB CEHCOPHON CHCTEMBI ¢ OP3ITOBCKMMHU PELIET-
KaMHU K TEMIIEPAType U CHJIE UMEET pellalollee 3HaueHne Ui IOHUMaHUs €€ METPOJIOTHYECKUX
CBOMNCTB. JlaTuMK, UCIIOIb30BaHHBIN B SKCIIEPUMEHTE, MO’KHO paCCMaTPUBATh KaK MOYJIb PACIIH -
pEHUs, Pa3MHOXKUB €0 Ha OJJHOM ONTOBOJIOKHE. TakuMm o0pa3oMm, rojioBKa JaT4MKa JOCTUTHET
OosbIIMX (PU3UYECKUX pa3MEPOB, UTO ITO3BOJIUT BMECTO 3TOI0 U3MEPATH CUITYy U TEMIIEPATypy B N
MecTax 1, TAKUM 00pa3oM, OIPEENISITh PACIPEAEIICHIE CUIIbI U TEMIIEPaTyphl.

OKcnepuMeHTabHbIE HCCIEA0BAaHUSA MPOBOAMIMCH B JabopaTopusx ONTO3IEKTPOHUKU
baxkynbTeTa 3JEKTPOTEXHUKM M  KOMIBIOTEPHBIX HayK JIIOOIMHCKOrO TEXHMYECKOIro
yHUBepcuTeTa B paMkax npoekta '@ NeAP19679153 «MccnenoBanue U pa3paboTka METO/Ia H
TEXHOJIOITMH CO-3[JaHUSI KOMITO3UTHBIX CTPYKTYpP CO BCTPOEHHBIMU (hoTOHHBIMU AaTyukamu PSBC
(Photonic Smart Bragg Composites)» MMBT KH MHBO PK.
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BEPOATHOCTHBIN IMOAXO/ U1 OLIEHKA MAKCHUMAJIBHOW
BMECTUMOCTHU ®OTOIJEKTPUUECKUX MOJYJIE B
SJIEKTPUUECKHAX CETSIX HU3KOT' O HATIPSDKEHHUS

JLK. Kuw',

'Vuusepcumem Hapxos
YK 51-74

Annomauun. Maccoswili 6600 pacnpedeneHHblx UCMOYHUKO8 dHepeuu (PUD) 6
pacnpeoerumenbHyio 2J1eKmpuiecKyro cemn, Hanpumep omosiekmpudeckux mooyneu (OM) na
Kpblulax 30anuti, npueooum K ee cepvesnoti mpancgopmayuu. Ilaccusnuvle ysnvi-nompeoumenu
npespawjaomcsi 8 npocvloMepos, KOmopble Mo2ym NOmpeOdNamsb, CHUNCAMb U/UTU CMewjams
nompebnenue NO  8peMeHU, XpaHumsv U 2eHepUpo8amv  INEKMPOIHEP2UID 8  cemu.
Pacnpeoenumenvuas cemv  cmaHoBUmMCA  AGKMUBHbIM — DJIEMEHMOM — dHEP2OCUCMEMbl  C
08YHANDABIEHHBLIMU NOMOKAMU MOWHOCMU U USMEHEHUAMU HANPSNCEHUS, OnpeoensemMblMu
Hazpy3kamu u eenwepayueti PUD. /lannas paboma noceéaujeHa OOHOU U3 OCHOBHBIX NpOOIeM
Mmaccosoeo 6soda DPM: yxyowenuio kavecmea HanpsdxceHus 8 ysaax cemu. Mwvi uccredyem
Maxkcumanvhyro emecmumocmo DM 6 snekmpuneckux cemsax Hu3ko20 nHanpsxcenus (HH) ¢ mouxu
3peHUs Kauecmea HanpsHCeHUs, Ybl 3HAUEeHUsL O0IHCHbL Oblmb 8 00NYCMUMOT 00.1a CMU 3HAYEHUIL.
Mbt onpeoensiem nouwsmue maxcumanrviou emecmumocmu DPM ¢ cemu HH u ¢hopmynupyem
ONMUMU3AYUOHHBIE 3A0AHU C 8ePOIMHOCIMHBIMU 02PAHUYEHUAMU Ol5 ee OYEeHKU .

Knwuegvle cnosa: maxcumanvbHas 6MeCcmMUMOCMb  (HOMOIIeKMpudeckux mooyiel,
pacnpeoenumenvHas ceHepayusl, pacnpeoeiumenvHas cems, HANpsXCeHue, OnMmuMU3ayUoOHHAs
3a0aua, 8eposAmHOCMHBIIL NOOXOO0.

Beenenne

TpaguimonHo, 5JeKTpodHEprus, BbIpabaTbiBaeMas KPYHNHBIMH 3JIEKTPOCTAHIUSAMH,
nepeaaercs o pacipeneauTeNbHbIM CETsIM C BBICOKUX YPOBHEH HampsbkeHus Ha 6osee Hu3kue. C
nosBiieHueM OM OTOKM SHEPTUH CTAHOBSTCS IBYHAIIPAaBIEHHBIMHU, a IOTPEOUTENH — AKTHUBHBIM
AJIEMEHTOM DHEProCUCTEMBL. B TO e BpeMs BO3HUKAIOT HOBbIE ITpoOieMbl. C OZHON CTOPOHHBI,
HeoOXoAuMo oOecreuuTh MOAKIYeHne Haubospuiero kommuyectBa @M k ceru. C npyroi
CTOPOHBI, HEOOXOIUMO OOECHEeUnTh KauecTBO 3JeKTposHepruu [1]. Dta mpobiema cBsizaHa ¢
oLleHK oM MakcuManbHol BMectumoctu M B cetu HH (cm. [2]).

Crnyyaiinple KosebaHHUsS MOIIHOCTU pacHpeeleHHON I'eHepalii, BhI3BaHHbBIE COJIHEUHOMN
reHepanueldl U moTpediieHueM B y3JlaX CEeTH, INPUBOAST K Oojee BBICOKUM CTOXaCTUYECKUM
KOJICOAHMSIM HANpSHKEHHs, YeM B TPAJUIMOHHBIX ceTsX. CIHMIIKOM HU3KUE WM BBICOKHE
HaNpsOKEHUs] NMPUBOAST K HEIONMYCTUMOMY YXYyJIIIEHHI0 KadecTBa 3JIEKTPOIHEPruH. Takum
o0pa3oM, COJHEYHas I'eHepalus OKa3blBA€T CEPhE3HOE BIMSHUE HA NPO(QUIL HANpPSDKEHUS B
pacIpeaenuTeNbHbIX CeTIX, U sBisieTcs mpodiemoil npu unrerpaunu @M B cers HH.

Ienb Hamiel pabOThl — OIEHUTHh MaKCUMaJIbHYI0 BMecTHMOCcTh @M B cetn HH B TepMuuax
TOKOB M KoJimuectBa @M ¢ ydyeToM OrpaHUYEHHH, CBSI3aHHBIX C KAUYECTBOM HampsbKEHHs. Mbl
WCTOJIb3YEM BEPOSITHOCTHBIM TMOAXOJ JJisl aHajdu3a HanpsbkeHut B y3nmax cetu HH ¢
pacnpeneneHHon renepanueid OGM.

KomnuectBo paboT, MOCBSIIEHHBIX HCCIEIOBAHUIO HAIpPSDKEHUN B paclpelenuTeIbHON
CEeTH, IOCTATOYHO BEIHMKO (CM. 0030p [3]), 1 BO MHOTHX M3 HUX HCIOJB3YETCS BEPOSTHOCTHBIN
noaxox [3]-[4]. B GonpImmHCTBE U3 HUX JIJIS UCCIIEOBaHUS BEIOMpaeTcst GyHKIIMOHAM, 3aTeM JIN0O
aHAJM3UPYIOTCS UCTOPUYECKHE IaHHbIe, MO0 pa3padaTbiBaeTcss UMUTAIIMOHHAS MOJENb CETH U
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MI0CJI€ €€ MHOTOKPAaTHOT O MOZENUPOBaHUs MeTo10M MoHTe-Kapiio olieHuBatoTCs BEPOSITHOCTHBIE
XapaKTepUCTUKK BbIOpaHHOrO ¢yHKuoHana ([4]-[7]). B To ke BpeMs u3-3a OONBIIOTO
KOJINYECTBA MOJIEIMPOBAHUM, HEOOXOJUMBIX JUISI CXOAMMOCTH, 3TOT METOA OObIYHO TpelyeT
OOJIbIIMX 3aTPaT BPEMEHHU, B OTIIMYUE OT aHAJIUTUYECKUX MeTo0B. Kpome Toro, Takoi moaxo
HE O4YeHb yJA00eH s M3y4YeHHUS 3aBUCHUMOCTU pE3YyJIbTaTOB OT BXOAHBIX IapameTpoB.
AHanuTHYECKHE METOABI, KaK MTPABUIIO, JIMIIEHBI 3TUX HEIOCTATKOB.

[ToMumMO yKe yINOMSHYTBIX CIy4alHBIX KoJeOaHHM MOILIHOCTH pacIpeeeHHON
reHepally, Ba)XHO TaKXXE OTMETUTh, UTO B pacnpenenutenbHbix ceTsax HH kommuectso
JIOCTYITHBIX M3MEpPEHUN B peajbHOM BpPEMEHU OOBIMHO OdYeHb orpaHumdeHo [8]. [ToaTomy B
KayecTBe JOIMOJHUTENbHBIX HW3MEPEHUI MCIONB3YIOTCS TICEBIO H3MEpPEeHUs C OOJbUIMMHU
MOTPEIIHOCTSAMM.

MEI1 paccmaTprBaeM napaMeTpbl CETH KaK CIIydalHble BEJIMYMHBI U CIIy4aiiHbIE ITPOLIECCHI C
HEKOTOPBIM BEPOATHOCTHBIM pacmpefeiacHueM. Mbl ucmoiab3yeM TOT (PakT, 4TO OCHOBHOM
3a/la4ell oleparopa pPaCHpPEedeIUTEIbHON CETH SABIIETCS IMOAJAECpXKAHUE IIApaMETPOB CETH B
npeaenax [OCTa. Dto o3HauaeT, 4TO OMepaTopy CETH He 00sA3aTeIHHO 3HATh TOYHBIE 3HAUCHUS
OLICHMBAEMbIX NApaMETPOB, a JIOCTATOYHO 3HATh, OCTAIOTCA JIM 3TH MHapaMeTpbl B IMpeaenax
COOTBETCTBYIOIIIUX OrpaHU4YeHHl. B COOTBETCTBMM € 3TOW JIOTMKOM BMECTO MOMCKA TOYHBIX
3HA4YCHUM IapaMeTPOB MbI HCCIIEAYEM BEPOSITHOCTb TOI'0, YTO HCKOMBIE ITApaMETPhI TPUHAIIEKAT
JIOITy CTUMBIM MHTEpBajIaM 3HadeHUi. bosiee TOro, ecimm Mbl MOKEM HAaWTH HMIIM OLEHUTH TAKYIO
BEPOSTHOCTb, TO CIEAYIOLUIMM IIArOM MOXKET ObITh HaXOXKJIEHHE TaKUX 3HAYEHHH HEKOTOPBIX
BXOJHBIX ITAPaMETPOB, KOTOPbIE MAKCUMU3UPYIOT BEPOSTHOCTD WM JPYTYIO LENeBYI0 (QYHKIHUIO,
CBSA3aHHYIO C 3TOH BEPOSITHOCTHIO.

B naHHOl paboTe MBI paccMaTpUBaeM paCIpeeMTENIbHYI0O CETh CO CIy4allHBIMHU
HANpPsOKEHUSIMH, KOTOpBIE 3aBUCAT OT COJHEYHOH TIeHepaluu U Harpy3ku norpedouteneii. B
cootBeTcTBUM co ctanaapToM EN 50160 [9], mpoduiib HanmpsiKeHUs KaXkJI0TO y3J1a CeTH JT0KEH

om £10% (U, . — HOMHHaIbHOE HampsDKEHHE) MO MEHbLIeH Mepe

HAXOQUThcs B uHTepBaie U
BCEro BPEMEHH, YTO MOXKHO MepeopMyIHpOBaATh KaK BEPOSITHOCTh TOTO, YTO HAMPSDKEHUE Yy3JIa
HAXOJUTCS B JIOITYCTUMOM HMHTEpBaJie JOJDKHO OBITh HE MEHbIe, yeM . Torja 3agada OIeHKH
MOIITHOCTH pa3MeiieHuss @M cBOAUTCA K ONTHUMHU3AIMOHHON 3ajlaue C BEPOSTHOCTHBIMU

OrpaHUYCHUSAMU HA HAIPSIKCHUS.

1. Moaeab u popmyaTupoBKa 3a1a4n

Ha puc. 1 nokazan npumep cetn HH c tpexdasnoit cxemoil ¢ HEWTpaabHOU JTHHHEH U
TpaHchopmaropom cpenHero/nuskoro Hanpsbkenus (CH/HH). He Bce norpeburenu nucnonb3yroT
Tpex¢aszHoe nutanue. MHOrue U3 HUX MOAKJIIOYEHBI K OHOH (a3e, HO Tak UTO pe3yIbTUPYIOLIUE
Harpy3ku Tpex (a3 ImpuUMEpHO paBHble. B Takom ciyuae TOK B HEWTpajbHOM JMHUU Oyner
MHUHHMMAaJIbHBIM, KaK ¥ pa3HUIla MEXAY (a3HbIMU HANPSDKEHUSIMU. DTO MO3BOJIAET MCCIe0BaTh
TOJIBKO OJIHY (ha3y, a MOJTy4YEeHHbIE PE3YJIbTaThl IPUMEHUTH K IBYM JAPYTUM (azam.

Puc.1. IIpumep cetn HH
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Ms1 paccmaTpuBaeM oaHO(a3HYIO pacrpeaenuTenbHyo ceth HH B TeueHune HEeKoToporo
WHTEpBaja BpEMEHH. Bpems MOXeT paccMaTpuBaThCs Kak J€Hb, CE30H WM OOibIle, B
3aBUCUMOCTH OT 3ajaauu. [lapametpsl TpaHchopmaTopa OOBIYHO YCTaHABIMBAIOTCS Mapy pas B
roJi, I03TOMY, €CJIH MBI IIPEII0JIAraeM, YTO CYyTOYHOE IIOBEEHUE MAPAMETPOB CETH NTEPUOANYHO,
JIOCTaTOYHO UW3YYHTh JeHb. EcmM HeoOXOAMMO YYecTh CE30HHBIE KOJeOaHUs, MOXKHO
paccMaTpuBaTh 0oJiee AU TENbHEIC, YeM JIEHb HHTEPBaJIbI.

[Ipenmnonoxum, 4TO CETh UMEET Y3JI0B C HANPSLKEHUAMU

U, (), U, (t),....U_(t), te[0,T].

Kaxxnprit y3em cetw CBsi3aH C MPOCBIOMEPOM (prosumer), KTO MOXKET MOTPeOIsITh M
IeHepHPOBATh SHEPrulo B ceTh. [IycTh HaYanbHbBIA y3en Oanancupyoomuii, T.e. U, MoxeT ObITh

orpeneneH 3apaHee U 3adukcupoBaH. OnpenenuM BEKTOp HaNpsbKeHUH Oe3 OanaHCHPYIOLIEro
y3ia

U(t) = (U,(t),U,@),....U, 1)
nu BeKTOp TOKOB

1®) = (1,(t), 1, (0),..., 1,(1)"-
BekTopa HanpspKeHUH M TOKOB CBSI3aHBI MEXKIY cO00it
U@t)=U,+HxI(),
rie —matpuia  y3nossix conporueiernii n Uy =(Ug,U,,...,U;)" .
[Tpenmonoxxenue 1. Kaxaplil TOK B y371€ MOXKET OBITh IPEICTABIICH B BUJIE:
1 () ==S1, () + J; (©),
rae Sl (t) >0 — aktusHsIi Tok or ®M B y3ne | u J;(t) >0— Tox norpednenus B y3ue i . M

TCHECPUPYIOT TOJIBKO AKTUBHBIA TOK. HOCHCIIHCC BBIPAKCHUEC MOXET OBITH nepenmMcaHo B
BEKTOPHOU (opme

I(t) ==SI(t)+J(t),
rae SI(t),J(t) - BexTopa ¢ anementamu Sl (t)u J,(t),i=12,...,m.

B pamkax geTepMUHHUPOBAHHOIO MOAXO0AA MO MaKCUMabHON BMECTUMOCThI0 OM B ceTn
B TEPMHHAX TOKOB MOXXHO [TOHUMAaTh MAKCUMAaJIbHBIM CYMMAapHBIN TOK OT COJIHEUYHBIX MaHeNen

MaX, o 1) Z SI(b),
i=1

P KOTOPOM BBIMIOJIHAIOTCS TpeOOBaHUs K MPOQHIII0 HanpsikeHus (¢ BepoaTHOCThO 1). Ha Ham
B3TJIsS11, 9TO MPUBOAMT K JOBOJILHO OTpaHUYMTEIbHBIM BBIBOJAM.
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[penmonoxenne 2. Ml MmoxxeM pacemarpuBatb Sl (1), J. () u L.(t),1=12,...,m t€[0,T], xax
ClTy4JaitHbIe MPOIECCHI C HEMPEPHIBHBIMHU TPACKTOPUSIMH.

Torma TtpeboBanus EN 50160 o monmyCTHMBIX 3HAYCHHSX HAIPSOHKEHUH MOTYT OBITBh
nepeopMyIIMPOBAHBI, UCIIOJIB3YsI BEPOSITHOCTHYIO JIOTUKY: 11t HekoToporo Majioro 0<g<0.05

P(0.9U,,, < U(t)[<1.1U

nom —I

)=1-¢, @

nom

rae U = (U om U

MOJyJiell HampsHKEeHUI y3710B. DTO 3HAYMUT, YTO MOJYJIM HAIMpPsDKEHUN JOJDKHBI OBITH BHYTPHU
MHTepBaja JOMYCTUMbIX 3HAUCHUN C BEPOSITHOCTBIO OJM3KON K eAMHUIIE. 3HAaYEHHE OIpeaensieT
«yPOBEHb HaJICKHOCTU» CETH.

Omnpenenenue 1. Ilog Bmectumocteto ®M B cetn HH B TepmuHax TOkOB MbI Oynem

U )Tf BEKTOp M3 HOMHMHAILHBIX Hanpsbkenuid u |U(t) |- BexTop

nom? nom?* - *? nom

[OHUMATh BEKTOP Sz(Sl,SZ,...,Sm)T, takoi, uyro s Jmoboro 0< Sl (t) <S ycnoue (1)
BBITIOJTHEHO.

Onpenenenue 2. [Tog makcumanbHol BMecTUMOCTHI0 @M B cetn HH B TepMuHax TOKOB MbI
OyJeM OHMMAaTh CYMMapHbI MaKCUMaJIbHBIA TOK OM

2.

i=1
IIPU KOTOPOM BBITTOJHSIOTCS ycioBust (1).
Harua nens — Haiitn Uy u S 11 kotopbix ycnosue (1) BbinosHeHo. M3BecTHO, 4TO BO Bpems
BEUEPHETO NMHUKA Y3JIOBbIC HANPSKCHUS MPUHUMAIOT CBOM MHHUMAJIbHBIE 3HAUCHUS, MOITOMY
JKENaTeNbHO YCTAHOBUTH 3HadeHne U Kak MOXHO BbIIIE, YTOOBI H30€XaTh NPEBBILICHHS

HanpspkeHusiMu Hiokaero npegena 0.9U, . B To e Bpemst 1HeM, Korjja HanOoJIbIIast CONMHEeqHast

reHepanus. U HauMEHbIllee MOTpedJieHne, HANMPSHKEHUS MOTYT IMPEBBICHTh BEPXHUU Mpereln

1.1U

nom » HOOTOMY HAIIPSXKCHUC UO HE JOJDKHO OBITh OYEHD OOJIBIINM.

9T0 03Ha4acT, 4TO CHa4dYaJjia Mbl MOXXEM BI)I6paTI) MHUHHUMAJIbHOC 3HAYCHUC UO , Ip1 KOTOpOM

BEPOSATHOCTH NaJCHUS HANIPSDKEHUST HIDKE JOMYCTUMOI'O IIpeJea BO BpEMsl BEUEPHETO MHKa HE
IPEBbIIAET &. 3aTeM HalWJeM MaKCHMaJbHYI BMECTHMMOCTb, IPU KOTOPOH BBINOJHSIETCA
cootHomeHue (1). EcrecTBEeHHO NpenonoKUTh, YTO BO BpPEMS BEUEPHErO IHKA COJHEYHas
reHepanusi OTCyTCTBYET.

Teneps Mbl MOXeM chOpMYyIMPOBATH OOIIYIO MOCTAHOBKY 3aJaud, KOTOpas COCTOUT W3
JIBYX ONTUMHU3ALIMOHHBIX 3a/1a4.

Chopmynupyem mepByro ONTUMHU3ALUOHHYIO 3aa4y:

U, - min, (2

npu orpannuenusx: 0.9U . <U,<1.1U_ wu mst wekoroporo & >0

P(0.9U,,, SU(t)[<1.1U

nom —

|SI(t) =0)>1-¢,

nom

I7€ — HYJEBOH BEKTOD.
Bropas ontumu3anroHHas 3a1aya:
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isi —> max, ©)

i-1
npu orpaHuueHusx: 1 € >0

P(0.9U,,, SU()[<1.1U

nom —

|Uy =Ug)21-¢,

nom

* * * * T
rae U =(Ug,Ug,....Ug)

CymuiecTBoBaHME PELIEHUI MepBOi M BTOPOH ONTHMMM3ALMOHHBIX 3a/a4 00ecrednBaeTcs
¢ynkunonuposanuem cetu HH 6e3 ®M.

2. OcHOBHBIE pe3yJibTaThI

PeaktuBHble conpotuBieHus U Toku B ceTax HH manbl o cpaBHEHHIO ¢ UX aKTUBHBIMU
3HAYEHMSIMM, TIOITOMY CJIEYIOIIEE IIPENNOJIOKEHNE YIIPOIIAET BIYMCICHU .

ITpeanonoxxenue 3. Mbl npeHeOperaeM peakTUBHbBIMU apamerpamu cetu HH.

Huxe Mbl npuBOAMM ps AONOJHUTENBHBIX MPENNOJIOKEHUNH, KOTOPBIE IIO3BOJIIIOT
MouGUIUPOBaTh (GOPMYIUPOBKY ONTUMHU3ALMOHHBIX 3a/1a4 U MTOJyYUTh OLEHKU MaKCUMaJIbHON
emkoctu OM.

[Ipennonoxenune 4. [IpennonoxuM, 4To It KaXKI0ro0 y3Jla CYIIECTBYET MOMEHT BPEMEHU

(Beuepnuii muk) € €[0,T], korna norpeGiieHre 1OCTHraET CBOET0 MAKCHMAJIBHOTO 3HAUCHHSI, T.C.

Ji(e) =max, 1, J;(t), 1=12,...,m.
Onpenenum

37 =(3,(8), 3,(8,), -, I (60))"
OueBHIHO, UTO

|SI(t)=0,J(t) =J°) < P(0.9U,,,, <U(t) <1.1U

nom —

nom < |SI(t) =0).

nom nom

P(0.9U,,, <U(t)<1.1U
[ToaToMy, ecnu HallZieM pelIeHne ONTUMHU3ALMOHHOM 3a1a4uu:
U, » min, (@)

npu orpanndenusx: 0.9U  <U,<1.1U_wnans €>0

P(0.9U,,, <U(t)<1.1U,,, [SI =0,0=0°)>1-¢,

nom — nom

KOTOPYIO Ha30BEM TPeTbel ONTHMHU3AIIMOHHON 3a/1adyeii, Mbl HAliZieM OLIHKY AJis 3aauH (2).
J7s KpaTKOCTH BBIBOJIOB MbI CUMTaeM, 4YTO TOKHM OT ®OM pasHbIX NPOU3BOAUTENEH U C

pa3Hoii 3(pheKTUBHOCTHIO MPEe0Opa30BaHMS COTHEUHOMN pauallii MOTYT OBITh CBEIEHBI K TOKY OT

naHesiel CTaHJapTHOr O THUIIA, KOTOPbIE Mbl OYZleM MOHUMATh KaK ycIoBHbIH OM.
[Ipenmnonoxkenue 5. Mbl npeznogaraeM, 4To Kak/Jblii OTpeOUTEIb UCIIOIb3YET OJIHU U T€

*e ycnoBHble @M, pa3HUIIA JIMILIb B UX KOJMYECTBE M TEXHUYECKUX JETANAX YCTAHOBKH (yroi

HAKJIOHA COJIHEYHBIX IIaHeJIel, HallpaBJIeHUE Ha COJHIIE U T. 11.).

DTO0 03HAYALT, YTO

St)=q,f, (SR(t)),
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rae SR(t)— conneunas paanarms B MOMEHT BpeMeHH t, 0, — kommdectBo ycinoBHBIX ®M u Sl (t)

- TOK OT ycJI0BHOr0 @M, KOTOPBIN 3aBUCUT OT TEXHUUECKUX JE€TaJIel €r0 YCTAHOBKH B y3IIE .

JUist nanbHEH X BHIBOJOB HAM MTOHA00STCS JOMOJHUTENbHbBIC OTPAHUYCHHS.
[Ipennonoxenne 6. Ilpeanonoxkum, yto Bce ycnoBHble PM OIMHAKOBO pPACHOIIOKEHBI MO
OTHOILIEHUIO K COJIHILY U UMEIOT OJIMHAKOBBIM YTroJ HaKJIOHA.

DTO MpeANnoIoXKeHHe, Ha MEepBbI B3IJIAJ, KaXXETCsl JOBOJbHO OrpaHUYMTEIbHBIM, XOTS
BIIOJIHE BEPOSITHO, YTO BCE MOTPEOMTENH OYyAyT CTapaTbCsd YCTAHOBUTH CBOU ITAHENU TaKUM
00pazom, yToOBI JOOUTHCS MAaKCUMaJIbHON SKOHOMHYecKoi 3dpdexTuBHOCTH. Ha puc. 3 mokaszan
IpUMep PaCIoIOKEHUsI COJTHEUHBIX MaHe el B )kujioM nocenke @paitdypr, I'epmanmus.

Puc. 3. ®@peiibypr, I'epmanus (Andrewglaser, Wikipedia)

Hpez{nonoxceHHe 7 noApa3yMeBacT, 4To

max, o1y Sl; (t) = g; < SC,

rae SC HOMHMHAIBHBIN TOK OT ycioBHOro OM.
[Mpennonoxenne 7. IlycTs s Kaxaoro y3na cymecrsyer moment Bpemenn 0, €[0,T], B
KOTOPOM JIOCTHTAETCS THEBHOM MUHUMYM MOTPEOIIEHUS, T.€.

Ji(d;)) =mino., (), i=12,...,m.

W3 npennonioxxenuit 6 u 7 ciaenyert, 4To
() ==SI.(t)+ J.(t) >—q.SC + J.(d.), i =1,2,...,m.

[Tonoxum
U’ =Up +Hx(-gqxSC+J?)=U; —HxgxSC+HxJ",

T
rae q=(0, 0., Gy ) -
OueBHIHO, UTO

P(0.9U,,, <U(t)<1.1U

nom —

won | U = U5, 81 =qxSC,1=3")<P(0.9U,,, <U(t) <1.1U,,, | U, = Uy),

[JI€ TIOCTIEHSIA BEPOSATHOCTD onpenenena it modoro 0<SI (1) <g,SC, i=12,...,m.
Chopmynupyem 4eTBEPTYIO ONTUMHU3ANMOHHYIO 33/1a4y:
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m
SC» g, — max, (5)
i=1
npu orpaHuueHusx: 1 € >0

P(0.9U,,, U’ <1.1U,, )21-¢,

rae U,— pemienue TpeTbeil ONTUMHU3ALMOHHON 3a1a4u.

Mp1 MOk €EM IPUMEHUTh U3BECTHBIE YHCIEHHBIE METO/IBI 1 PEIIEHUs] 3TOM 3a1a4u, HO OHU
TpeOyroT Gosiee riy0oKOro MaTeMaTHUYECKOro UCCIeA0BaHMs MpobiaeMbl. BMmecTo 3Toro ceeaem
3a/1a4y K y’K€ U3BECTHOM U XOPOLIO U3y4EHHOM 3a]a4e JIMHEHHOI0 IpOrpaMMHUPOBAHUSI.

PaGotath ¢ mHOromepHod (yHKUIHEH CIO0KHO, MO3TOMY BOCIOJB3YEMCS H3BECTHBIM

HepaBeHcTBOM ®pere: mycts A, A,,..., A, - HEKOTOpBIE COOBITHS, TOT 1A

P(AA,...A,)2P(A)—-(m-1).

Ecmu M1 nonoxum, uto P(A)>1-¢/m, rue

A={09U . <U’<11U_ %} i=12..,m,

nom —

d d
u U, —anement Bextopa U, T0

P(0.9U <U?<1.1U )21—8.

nom — nom

Jlerxo BuaeThH, 4YTO

P(0.9U,,, U’ <1.1U,,, )=P(0.9U,,, <U;~HxgxSC+HxJ" <1.1U,, )=

nom —

P(0.9U,,, U + HxqxSC <HxJ’ <1.1U , — U + HxqxSC).

d -
Onpezenum st KpatkocTu sseMentsl Bekropa HxJ%kax h, 1=1,2,...,m. Torua Mbl MoxeM

Haiiti kBauTIwiM A 1 0, ciryyaiiHOM Benmuuubl N, Takue, 4To
P(d,<h <a)21l-¢/m,i=12,...,m

Tenepr Mbl MOKeM cHOPMYJIUPOBATH MATYIO ONTHMH3AIMOHHYIO 3a/1a4y:

m
SCY» g, — max,
i=1
MIPH OT'PAHUYCHUSX

nom?

a—(1.1U,,, -U; ) <HxqxSC <d+U; -0.9U

rre a=(a,a,,...,a,)" ,d=(d,,d,,...,d ).
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3. 3akiaiouyeHue

Mpb!I u3yuninu npobiieMy OoleHKH MakcuMaiibHoW BMectumoctu @M B cetn HH Ha ocHoBe
BEPOSITHOCTHOI'O TOAXOJa M C TOYKH 3pPEHUsS] KadecTBa HampspkeHus. TpaauiimoHHbIE
JIETePMUHUPOBAHHBIC MOJIXObI K PEIICHUIO 3TOH MPOoOIeMbl HANIPSHKEHUST 0OBIYHO CUUTAIOT, YTO
Kaxapiii @M BBITa€T TOK, PaBHBIA €r0 HOMHHAIFHOMY 3HAYSHHIO, U KaXIBIH y3€l MOoTpedsier
HAaUMEHBIIYI0 OXHAAaeMylo Harpy3ky. Jlis omnpeaeneHuss MHUHUMAJIBHOTO —HANPsDKEHUS
YYHUTHIBAIOTCS BEUEPHUE MUKOBBIE HArpy3Ku. B To jxe Bpemst moTpediieHne U reHepaIus KaxXaoro
y371a CeTH, a TAKXKE CTETIEHh 3aBUCUMOCTH MEXIY HUMHU IMOCTOSSHHO MEHSIOTCA. Takum obpazoM,
TPaAUIMOHHBIA JIETEPMUHUPOBAHHBIM TOAXOA K aHalu3y HANpSHKEHUS OPUEHTUPOBAH Ha
HauXyALIHN clieHapui. B pe3ynabpTaTte TpaAULIMOHHOIO MOAX0/1a BO3MOKHOCTH HHTErpanuun OM
CUJIbHO HEJ0OLICHUBAIOTCS.

B nanHoit paboTe MbI HCI10JIb30BaIA BEPOATHOCTHBIE UJI€U, KOTOPBbIE B HEKOTOPOM CMBICIIE
000011al0T JeTepMUHUPOBAaHHBIN noaxo. [locnennuil onepupyer COOBITUSIMUA C BEPOSTHOCTHIO
OJIUH, a TEPBbI — C BEPOITHOCTHIO, OJM3KON K equHuIle. BaXHO Takke OTMETUTbh, YTO MHOTHE
TEXHUYECKHE MmapameTpsl OonbimmHcTBa ceTeil HH M3BecTHBI ¢ HEKOTOPOW MOrpenHoCTbI0, YTO
OMSATh K€ TOBOPUT B MOJB3Y BEPOSITHOCTHBIX METOJIOB.

MaxkcumanbHast BMectumocTh @M B cetu HH Opina onpenenena uepe3 cyMMapHbIii TOK OT
COJIHEYHBIX IIaHEJIEHd B CETH, YTO B HEKOTOPBIX CIydasX MOMXHO pacCMaTpuBaTh Kak
MaKCUMaJIbHOE KOJHYECTBO HEKOTOPHIX YCIOBHBIX @M, KOTOpbIE MOTYT OBITh YCTaHOBJICHBI B
ceTu 6€3 HEraTUBHOTO BIMSHUS HA HATPSIKEHHE.

Mpbl chopMynupoBany ONTHUMU3AIMOHHYIO 3a1ady MOMCKAa MAaKCHMAJIbHOT'O KOJIMYECTBa
ycinoBHbIX @M, npu KOTOPOM HaOpsDKEHUS HAXOIATCS B JOMYCTHMOM HWHTEpBajie C
BEPOSITHOCTBIO, OJIM3KOM K €UHUIIE. DTO 03HAYAET, YTO C BEPOSTHOCTHIO, OJIU3KOM K €IUHUIIE, BO
BpEMsI BEUEPHEro MUKAa MaJCHUE HANPSHKEHUW B y3JIlaX CETH HE HapyLIaeT HUKHEro Mmpeaena

0.9U

IpeBBIIAIOT BepxHero npeaena 1.1U .

noms 4 BO BpEM:A MaKCHMAaJIbHOM COJHEYHOU TeéHEepalui 3HAYCHHUA HaANOPAKCHHUA HCE

OO611ast 11es1b PaboThI 3aKITI0YAETCS B pa3paboTKe MaTEMAaTHIECKUX METOIO0B JUIS HAJCKHOTO

noJJepXkanus ypoBHei# HanpspkeHus B cetd HH, cootBercrByromumx cranmapry (U, . £10% ),

pHy Ii1y0OKOM NMpOHUKHOBeHUH OM.

OTMmeruM, YTO Hall BEpPOSATHOCTHBIA TMOAXOA, KaK M JIETEPMUHUPOBAHHBINA, OBLI
OpPHMEHTUPOBAaH Ha SKCTpEMajbHbIE CilydauW /I 3HAYeHUN HanpsbkeHuil. Ha nHam B3risg,
UCCIICIOBAHNE H3MEHYMBOCTH HAIIPsDKEHUS B HOBBIX YCIOBHUAX TpebyeT Oosee IIyOOKHX
MaTEeMaTUYECKUX METO/0B, KOTOpbIE, IIOMHUMO SKCTPEMAaJIbHBIX CIIy4aeB, OyIyT y4WUTHIBaTbh
HauboIee 0XKUAAeMbl€ CLIECHApUH ITOBEIEHUS HAIIPSDKEHUN CETH.

HanHoe uccrnenoanue ¢uHaHcupyerca Komuterom no Hayke MHUHHCTEpCTBA HayKu U
BhICIIero oopasoBanus Pecriyonuku Kazaxcran (rpant Ne AP19680230).
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CEKIIMS 7

Kacanapl HHTEIIEKT KyienepiHaeri OHTalIaHIbIPy KOHE
OHTaMIaHBIPy MIHJETTEP1

HCKYCCTB@HHBIﬁ HHTCIUICKT B OIITUMU3allU1 U OIITUMH3AIIMOHHBIC 3a1a4YH
B CUCTEMAX UCKYCCTBCHHOI'O MHTCJUICKTA

Artificial intelligence in optimization and optimization problems
in artificial intelligence systems
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HEJOCTATKH U PUCKHA ITPU NCITOJIB3OBAHUH
NCKYCCTBEHHOI'O HHTEJIVIEKTA B MATEMATHYECKHUX
HNCCIEJOBAHUAX

I'.M. Kenen6aeBa', JI. Ackap kbi3b1°, A. Cyarankya kbi3bi2, K.K. Beiime6aena’

Koipevizcxuti Hayuonanonoui ynusepcumem um. XKycyna Banacazvina, obpasosamenvuas
npozpamma «lIpuxnaouas mamemamuxa u uHGopmamuray,
2Koipevizckuii Hayuonanvuuiii ynueepcumem um. JKycyna Banacazeina, obpasosamenvhas
npoepamma «lIpuknaouas ungopmamurxar

VIK 004.832.3

Annomauusa. B cmamve ommeuaromces paxmul-owubKy U NONIMKU UX 3AMACKUPOBAMD,
oonyujennvie UCKyccmeeHHbiM unmennexkmom (MH). Bvisignensvt npuyunst ouubOK u HenoOHUMAHUsL
mekcmog (ne moavko MU, no u niodvmu, 6 mom uucie y4awumucs) - HesiCHOCMb MHO2UX C08,
HeACHOCMb U HEeOOHO3HAYHOCIb UCOPUYECKU CIONCUBUIUXCS MAMEMAMUYECKUX 0003HAYEHU.
Hanwi pexomenoayuu no oowernuio ¢ MU u ucnonvzoeanuro UHU. Ilpusoosmces npumepuol.

Knroueevie cnoesa: l/lCKyCC’m(feHHbZIZ UHmeJjlneKni, 0u4u61<a, HeYemkKoe MHoaHcecmeo,
KOMMYHUKayusl.

BBenenue

B Hacrosmee Bpems HCIOJIb30BaHME MCKyccTBeHHoro wuHtemnekra (MU) B
MaTEeMaTHYECKUX HCCIEAOBAHUSIX CTAaHOBUTCS Bce Oomee pacmpoctpaHeHHbIM. MW mo3Bomnser
ABTOMATH3UPOBATh PsII MaTEMaTUYECKUX IPOIIECCOB, YCKOPSISl BBIUMCICHUS, ONTUMH3UPYS
METOJIbI U aJITOPUTMBI M TPEIOCTABIISAsI HOBBIE MHCTPYMEHTHI U aHAIM3a U TPEICKa3aHUsI.
MeToapl MamMHHOTO OOy4eHUss M TJIyOOKOro oOydeHHs HCHOJIb3YITCS [JId IOMCKa
3aKOHOMEPHOCTEN B MATEMATHYECKUX JAHHBIX, CO3aHUs MOJIENIEH U MTPEACKAa3aHU, a TAKKe JJIs
ONTUMHU3ALMK pEIIEHUs MaremMaThdeckux 3axad. HMcnonp3zoBanume WM Takke mno3BOJIsIET
MaTeMaTHKaM HCCIIENoBaTh 0O0Jiee CIOKHBIC M a0CTpaKTHBIE MPOOJIEMbI, KOTOpbIe paHee ObUIH
HEIOCTYIHBI A aHanu3a. Takum obpasom, MW urpaer Bce Oosiee BaXKHYIO pOJIb B Pa3BUTUHU
MaTEeMaTUYECKUX MCCIEAOBAaHUN, OTKpbIBas HOBBIE BO3MOXHOCTH JUIsl HCCIENOBAHUS U
MPUMEHEHUS! MAaTEMAaTUYECKUX KOHLICTILIUM.

Ha »ty Temy ects MHOro mnyOnukanmii. OpHako, 1O HalleMy MHEHHUIO, OHU
HEJOCTATOYHBI, HEKOHKPETHBl U MX HCIOJIb30BAaHWE MOXKET MPUBECTH K ommbOkaM (He Oynem
OPUBOAMTh KOHKPETHBIX CCBUIOK, TIOCKOJBKY Kaxkaas CChlIKa TpeOyeT 00O0CHOBaHHOMN
kputuku). Hampumep, 1. ABTOMatm3anusi NHOBCEAHEBHBIX 3anay; 2. MuauBuayamuzaunus
oOyuenusi; 3. I'eHepanmsi KOHTEHTa M 00pa3oBaTeNbHBIX MpuiiokeHuit; 4. PaszButhHe Tak
Ha3bIBAEGMBIX  «MSTKHX HaBBIKOB». B  Takux nybOmumkamusax  pekimamupyercs UU,
MEPEUNCISIOTCST KJIACChl 3a7a4y, KOTOpbIe pemaroTcst ¢ momoipio MU, HO HET KOHKPETHBIX
npuMEpoB H pekoMeHmanuii. [losTomy Takume mMmyOIMKalMUd HEBO3MOKHO HCIIOIb30BATh.
Vaanocs HalTM TOJNBKO cTatbio [1], TmEe mpuUBEAEHBI TPUMEpPHl  OMIMOOK TpHU
(GOpMYIBHBIX BBHIYUCICHHUSIX MPOU3BOMHBIX OT CIOXKHBIX BBIPQXKCHHI, HO HE C/IeNaHbl HUKAKUE
BBIBOABL. [lOATOMY WH3IOXKY CBOH ONBIT U COOOpa)XEHUS M ONBIT JAPYTUX MaTeMaTHUKOB
KsIpreizcrana.
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1. HepocraTku

Nwmeercs nmyOnukanus [1]. ABropsl noguepkusatoT npennoutenust MW, Ho He ynmoMuHaioT
€ro HEIOCTaTKU M ONAcHOCTU. VI3BECTHO, YTO HEMOBpPEXACHHbIE paboune poOOTHl YOMIU
MHOKECTBO JIOAEH.

Mgt cipocumua: 1+1+1+3+1+1+1-3+2+1+3+2=?

Yar GPT 3.5: UToObI petinTh BbIpaKEHUE:

1+1+1+3+1+1+1-3+2+1+3+2:

CHauyajia cI0KUT Bce enuaunbl:  1+1+1+1+1+1+1+1=8

3arem 1006aBUT ocTaybHbIe yucna: 3+2+1+3+2=11

Tenepr 00benHsASA pe3yabTaThl IaroB ciaoxeHus: 8+11=19.

Haxkouner,: 19-3=16.

Urak, 3Hauenne 1+1+1+3+1+1+1-3+2+1+3+2 pasno 16.

Oto Toxe u3BecTHO. Ecnu 9T nudpsl SBisoTCs pe3yabTaTaMu u3Mepenuit, a y M ecthb
UCIOJHUTEIbHBIE MEXaHU3MBbI (MO3T pob0Ta), TO MOCIEACTBUS OYAYT TParM4HBbI.

MpeI npopomxuin: cnonb3ynTe KaabKyIsTOp

ChatGPT: ¢ nomMouipto KaJdbKyJIATOpAa MOKHO y3HATh 3HAUCHHE

1+1+1+3+1+1+1-3+2+1+3+2 paBho 14

Mer: [Touemy b1 OTBETHI 167

ChatGPT: mpomy mnpomienuss 3a omuOKy. [laBaiiTe pa3bepeM BbIpa)ke€HHE IOATAITHO
npaBwibHO: CiiokuM Bce enuHunbl: 1+1+1+1+1+1+1+1=8.

3aTeM ciokuTe octaBlmecs yucna: 3+2+1+3+2=11.

Hakownen, Beratute 3: 8+11-3=16-3=14 Cnacu6o, 4To yka3ajau Ha OIIUOKY.

To ectp MM 3Haer, 4TO OH pPACCUMTHIBAET HENPABUIBHO, HO IBITA€TCS OOMaHYTh
MOJIb30BATENS, YTBEPKAasi, 4To MeToabl UU BepHBI.

Taxxe, Hampumep, B orBeT Ha 3anpoc «lloka3aTb BEpTUKaNbHBI CETMEHT U
TOPU30HTANIBHBIA cerMeHT ¢ ucrnosib3oBanueM ASCII Arty Gemini mokas3aj J1Ba BEPTHKAJIbHBIX
CErMEeHTa M J1Ba TOPU30HTAJIbHBIX CETMEHTA.

Ecmu Mb1 nose3yemcst IHTEpHETOM. ..

[Touemy ChatGPT naet HeBepHBIE MaTEMAaTUYECKIE OTBETHI?

bnaronaps si3pIKOBON MojenHu 4aT-00T (OpPMHpYET CBOMl OTBET Ha OCHOBE BalllMX CIIOB,
UCIOJIb3Ys TEXHOJIOTUIO Ipeo0pa3oBaTelis, a 3TO 03HAYAET, YTO OH YyBCTBUTEJIEH K TOMY, UTO BbI
nUIIeTe ¥ Kak Bl BbIpaxkaeTe cBou Mbiciu. Jpyrumu cmoBamu, ChatGPT — 310 TekcToBas
A3bIKOBasl MOJIENIb, @ HE KaJbKYJIATOP WM MaTEMaTH4ECKUIl FeHUil.

OT0 3HAYUT, 4yTO paszpadoTunku MV, mpiTaBIIMEecs UCIOIB30BaTh TOJIBKO MPeodpa3oBaHue
CYILIECTBYIOIIUX TEKCTOB, HE BKJIIOUHMIINM MaTeMaTHUYEeCKUe HHCTPYMEHTHI (KaJlbKymsTop, Mathcad,
Math Lab, Wolfram...) u co3mani HOBbIE YyIpO3bl UEJIOBEYECTRY.

3ameuanue. C ApeBHENUIINX BPEMEH CaMO/1eH CTBYIOLINE YCTPONUCTBA (aBTOMATBHI): JIOBYILIKH,
MUHBI, YMHbIE€ MUHBI. .. CTaJIM YTPO30H AJIs JI0/1€H, B TOM YHUCIIE AJI UX aBTOPOB, H300peTaTenen
u npoussoaureneil. [Ipurun 26:27 «KTo poer My, TOT ynazer B HEE».

K coxanenuro, pazpabotunku MU He cnenanu Bce BO3MOXKHOE A cMsrueHus yrpo3 UN.

3ameuyanue. Gemini oTBeTHNIM: «YTOOBI PEHIMTH 3TO BBIPAKEHUE, MBI MOXKEM IPOCTO
BBITMIOJIHUTD apuMeTUYecKre AeHCTBHs CJIeBa HAMPABO:» U Al MPABUIBHBINA pe3yabTaT 14.

Ho

(1+1)+1+(3+1+1+1-3)+2+(1+3+2)= 2+1+(4-3)+2+(6)== 2+1 +1+2+6 = 12

Orto o3Hauvaer, yro Gemini Jydlle yJiaBIMBaeT HAEH, HO y HUX HET BCTPOCHHOTO
KaJIbKYJIATOPA.

MBI paccMaTpuBaeM CIO0KHOCTH M HEACHOCTH B MaT€MaTHUECKHX TEKCTaX HE TOJIBKO JIf
WU, HO u 1151 yenoBeKa U Ja€M HEKOTOPhIE PEKOMEHIAIUH.
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Hexkotopsie nmonoxeHus JaHHON cTaThu ObUTH NMpoyuTaHbl HA V bopyOaeBCKUX YTEHUSX B
buiikeke B utone 2024 r. u ony0auKoBaHbI [4].

2. HesicHOCTH MOHSATHIA

[TosiBnenne MM 3actaBuiIo Mo-ApyroMy MOCMOTPETh HA BCE UHTEIUIEKTYAIbHOE TOCTOSIHUE
gyenmoBeyecTBa, NMockoibky WU, 3HauuTenbHO ObIcTpee MOO0r0 YenoBeKa, MMEET IOCTYH U
WCIIOJIb3YET 3HAYNUTEIBbHYIO YaCTh ATOTO JOCTOSIHUS.

Bonbiiasg yacTe 3TOro AOCTOSIHUA COCTOUT U3 TeKCTOB. Ho, Kak 3HaIM BCeria IopucThl, CII0Ba
He ompenenieHbl. B HayyHOM OTHOLIEHMHM Takyio paboTy Hauan Jlyrdu 3ane, KOTOpbI BBe
noustue fuzzy (Heuerkoe). Hampumep, Gpas3sl: MbI 1ajJeKo OT YHUBEPCUTETA; Mbl HEAAJCKO OT
YHusepcurera; Mbl B UyliCKOM 10aMHE; MBI HE B Uyl CKOM 10IMHE HE IPOTUBOpEYaT APyT APYry,
MOTOMY 4YTO JAJIEKUH — HEYETKOE IpujarateiabHoe, Yyiickas J0JIMHA — HE4YeTKas 4acThb
MPOCTPAHCTBA.

MHorue Ka4yecTBEHHbIE IpUJIaraTelibHble JJIMHHBINA-KOPOTKHUMA, OOJBIIONH-MaJIeHbKHH,
MIUPOKUM-Y3KUH, CHUJIBHBIN-CIA0BIA, TSOKENBIA-TIETKUH, BBICOKUW-HU3KUM, alIeKO-OJIM3KUHI,
rOpSIYMN-XONOAHBIN. .. HedueTkne. 1 y UM ecTp nmpuunHbl uX He NMoHUMaTh. LlBeTa HeueTkue,
MMEIOT pa3Hble HEYETKHE O00JACTH B PA3HBIX SA3BIKAX M YACTO HCHOJIB3YIOTCS B MEPEHOCHOM
cMmbiciie. MHorue reorpadudeckue TEPMHUHBI «IOJIMHA», «XpedeT», «ropa», «modepexney,
«EBponay, «A3us... HEUETKHE.

ABTOpBI [3] pacmpocTpaHHIM MOAOOHBIE MCCIICAOBAHUS HA MPOCTPAHCTBCHHBIE MMOHSITHS
CBEpXY, CHU3Y, CleBa, cipaBa... . Paccmorpum Beicka3piBaHue Tuma X &V (B KbIPTBI3CKOM SI3BIKE
ucnonb3yercs noctguxcHas 3anuch XV &), rae X — Touka, V — 9acth npoctpancTBa. Okas3anoch,
YTO HEKOTOPBIC HOCUTEIH S3bIKa TOHUMAOT TaKUe BhICKa3biBaHus Kak ( VZ €V)(X&LZ), a npyrue
noHumMarot ux kak (7Z €V )(X&Z). To ecTb pe3yJbTaThl — 3TO JIa)KE HE HEYETKHE, a COBEPIICHHO
pa3HbIe YaCTHU MPOCTPAHCTBA.

3ameuanue. CioBapH He AIOT OMPEACICHUS CIIOB, @ OOBSICHSIOT OJHH CJIOBA Yepe3 Ipyrue,
YTO MPUBOAUT K JTIOTHYECKUM KPYTaM.

3. HesicHocTH B rpaMMaTuKe

CymecTByronye rpaMMaTHUeCKHE (OPMBI, OTCYTCTBHE CEMAaHTUYECKUX CKOOOK HE MOT'YT
aJICKBAaTHO pearupoBaTh HA CYLIECTBYIOIIME OTHOIICHUS MEXAy NMOHATUsMH. Hampumep, mon
BonpmmM aBTO3aBOAOM MOKHO MOHUMAaTh M Kak (bonbmiol aBTOMOOWIIBHBIN) 3aBOA, M Kak
Bbonbmoii (aBto3aBon). 1 y MU ects ocHOBaHMS He MOHMMATh Takue Mpukasbl, kak «Ilokazate
TOUYKY U OTPE30K»: MOXKET ObITh, 3TO ([TokazaTs TOuKy) u (0Tpe30ok)? UenoBek J0HKEH HAMKUCATh,
[Toxa3zaTh (TOuky U oTpe30kK) niau [lokasaTh TOUKY U MOKa3aTh OTPE3OK.

4. HesicHOCTH B MAaTEMATHYECKHUX TCPMHUHAX H 0003HaYEeHHUAX

MHorue MaTemMaTH4€CKHe CUMBOJIBI HE HAITMCAHbI, a TOAPa3yMEBalOTCA.

MpbI HallUIM HECKOJIBKO MyOIMKaIMid Ha 3Ty Temy, [5], ¢.53. [Touemy 4x o3Hadaer 4 * x7?
HO 4 %> o3navaeT 4 + %27 (D70 3ametnn U. HetoTon) u 43 o3nauaer 4 * 10 + 37

[6]: f~1(x) moxeT 6bITH 06paTHBIM; TIpo06pa3; 1/f ().

f2(x) moxer 66T (f © f)(X) u (f(x))2.n!! =n(n—2)(n—4) ---um (n!)!?

MHorue HeoJHO3HaUYHbIe TEPMUHBI ITepeunciieHsl B [7], [8].

3ansTas (,) MOKET O3Ha4aTh V, 3, «IIpuy», KIPpU YCIOBUNY, KIIPU», KIIPH YCITOBUN.

Kpyrible ckoOku () MMEIOT CIAMIIKOM MHOIO 3HAa4Y€HWH, BIUIOTh [0 «CKaJSIPHOrO
MIPOU3BEICHUS».

KBagpatHbie ckoOKHM [] UMEIOT CIWIIIKOM MHOTO 3HAa4€HWH, BIUIOTH JO CIEIHAIBHBIX
(GYHKIMIA B pa3IMYHBIX pa3/iefiaX MaTeMaTHKH.

MHorue MaTeMaTH4eCKHe CHMBOJIBI HE HATTMCAHBI, a MTOAPa3yMEBaIOTCS.
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JIBa OCHOBHBIX Pa3JIMYHBIX MATEMATHUECKUX MTOHSATHS 3aIlM ChIBAIOTCSL OIMHAKOBO: W(X+Y)
MOJKET O3Ha4aTh «(PYHKIHIO W OT CyMMBI X U y» HIIU «YUCJIO W, YMHOXXEHHOE Ha CYMMY X U Y.

brITOBOE 3HAUEHME CIIOB OTJIMYAETCS OT MaTeMaTH4ecKoro. Bo Bcex s3bIKax «IeeHue»
UMeeT Kak MaTeMaTuueckoe 3HaueHue: «pasaenum 20 Ha 10», Tak u 001IeKuTeCKOe 3HaUeHHE:
«pa3/iesuM BCE YMciia Ha YETHBIE U HEUETHBIE.

Bepxnue u HIKHUE WHAEKCHI UMEIOT CIHMIIKOM MHOT'O 3HAYEHUW: OT apryMEHTOB IO
KOMITOHEHTOB 0003HA4YEHUH.

W,e Moxer o3nauate W[25] wau W([2][5] (W[2,5]) B 0003HaUEHHSIX aNrOpUTMUIECKUX
SI3BIKOB.

«Jluaus HAA 3HAKAMKY, 3Be3/104UKa (*) 0003HAYAET MHOXKECTBO CHEIUANBHBIX (PYHKIHHA B
Pa3IUYHBIX pa3jesiax MaTeMaTHKH.

sint siBHO sABJsieTCsl cMHYcoM t. SIBisieTcst mu Si t 1enbiM cuHycoM t nim s * i * t?

TpaaunmoHHOE UCIOIb30BaHKE 3HaKa (|) BO MHOTOM NMPUBOAUT K MyTaHHUIIE:

|7 +2]-1-3|-18 + 2|.

JIro6ast OykBa MOXET UMETh KaK 00liee 3HaueHHe, TaK U KOHKPETHOE.

Hanpumep: y(x) = a + bx + cx? + dx3 + ex*. 3nech d u e, BeposTHO, MOGKIE YUCIA.

dx=2dy. 3nech d siBHO 0003HaYaeT Maioe ciokeHnue (auddepeHIaibHoe HCUUCICHUE).

y(x) = e* 3nech sBHO € = 2,71 ...

y(x) = a + px + % + 3. 31eck AcHO, 4TO §— 3TO, BEPOATHO, M0O0E YUCIIO.

0;j,» BEPOSTHO, O3HAYAET CUMBOJ KpoHekepa.

Jf(x—=s)3(s)ds - sBHO uMeeTcs B BULy Aenbra-QyHKIus Jupaka.

[To Hamemy OMBITY, MHOTHE OJJapEHHBIE Y4EHUKHU OOSTCS TAKUX HESICHOCTEH M HESICHOCTEH
(K TOMY XK€ OHM HE OOBSICHSIOTCS YYUTEIEM) U CUMTAIOTCSA HECIOCOOHBIMHU K MaTeMaTuke (1
dusuke).

Pexomennanuu: He roBopute yuanmmcst: « — 3TO IPOU3BOTHASNY, & CKAKUTE YIAIIMCS:
«[IpousBogHas mHOT1a 0003HAYAETCs Kak '»; cpocute: «Kakue emre 0003HaAYSHHS MPOU3BOTHOM
BBI 3HaeTe?» [5].

[MTunmrte orkpeiThiM  TekcToM (ASCII), 6e3 BepXHMX U HIKHHUX HHJIEKCOB, 0e3
CrieMalibHBIX 0003HaueHuH, ¢ (), {}, ¢ moscHenusmu 1 MU:

(mernoe ymcio, cymma, MakcumMyM) {8 * x — x"2: 1 <= x <= 10}.

5. Ucnonb3oBanne UU

He Beppre UU.

W moxer ynaBnuBath uien. Eciy Bl MOMy4HIIM MaTEMaTUYECKUN PE3yJIbTaT, KeIaeTe
MOJIyYUTh MAaTEMAaTHUYECKUH pe3yJbTaT WJIM XOTUTE Y3HAaThb O MAaTEeMaTHYECKUX pe3yJibTaTax,
obpatutech Kk M.

Oo6patuTech k pazHbiM NU.

Haunnre ¢ npocteix Borpocos. He ucnoine3yiite cnenuanbaele TepMuHbL. [loctapaiitecs
OO0BSICHUTD MTPOCTHIMU c10BaMU. KBECT OJIMH M TOT K€ B Pa3HbIX TEPMUHAX.

JIBa npumepa.

1) Uccnenyem dyHKIMOHANBHBIE COOTHOMIEHUS. OTHUM U3 MPOCTHIX IPUMEPOB SBIISETCS
NEPUOJUYECKOE U3JaHUE.

¢byHkuuu (OMHApHOE COOTHOIIEHNUE). 3HAIOT I OHU KaKHUe-TO ero 0000meHus?

Mpl cripocuii: Kak Ha3blBalOTCA (YHKLHWH, yIOBJIETBOpstomme yciaouw f(x) — f(x +
h) = 0 s Bcex BemiecTBEHHBIX X? — mepuoandeckue (yHkuunu. Kak HaspiBaroTCcs (yHKIWH,
yroBJieTBopsiroue ycnoButo f(x —h) — 2 * f(x) + f(x + h) = 0 ans Bcex BEIIECTBEHHBIX X?
— UU otBeTnn: @ynkuuu upuxie.
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Ho ects enuncTBenHas uzBectHas Gpynkuus Hupuxie: 1, ecnu X paunonaneH, u 0, eciu X
uppanuonaieH. Eciu h pannonaneH, To ata GpyHKIMs yI0BIETBOpPsET yciaoBuio0. O3HAaYaeT Ju 310,
YTO MBI OTKPBUIH HOBBIN KJIacC (DYHKIIHIA?

2) Ms1 cpocunu: EcTh cocyll cO MHOXKECTBOM JKEJIE3HBIX MIAPUKOB PAa3HOTO pa3Mepa.
Ecnu notpsictu cocyn, riae okaxkercs camplii 6onbinoi mapuk? MW He Hamen Hamry craTbio [9],
HO Harreln myosmkanwuio [10].

Takoke MBI 1aeM 00yJaroIMcs 00pa3oBaTeIbHbIC 3aJaHUS: IPUAYMATh CIOKHBIC 334U,
KOTOpBbIE CMOXKET pemnTh NN

IIpennaratorcs cieayronme Te3UChI:

1) He onpenesnen 1 He MOXKET OBITh OINpeNesieH CMBICI CIIOB B LI€JIOM (3Ty paboTy Havall
JI.3ane B NOHATUM «HEUYETKHE MHOXKECTBa»). « TOJIKOBBIE CIIOBapH» HE AIOT OMpPEAEICHUIN CIOB,
a O0OBACHAIOT OJJHU CJIOBA YEpE3 APYTrUe, YTO MPUBOAUT K JOTMUECKUM KpyraM, Hanpumep B [3]
IT1.C.ITankoB u C.A.KapabaeBa HalUIM KOHKPETHBIE BOMPOCHI, KOTJa HOCUTENN S3bIKa JIaOT
COBCEM pa3Hble OTBETHI. TeM OoJiee, HEeT MOHATHS «aJIeKBAaTHBIM epeBOI».

2) Kak oOHapyXxuiu Hamu Koyulerd U apyrue monaud, MM uHorna naer ommOoyHBIE
OTBETHI MIPU BBIYUCICHUN TPOCTHIX apU(PMETHUIECKUX BBIPAKEHUH.

3) U He 3HaeT MOHATUH «10KA3aTEIbCTBOY», «BCEY, «JIOTUYECKHUI BBIBO, KIIPOBEPHUTHY.
Bmecre ¢ T1em, WM 3Haer mOHATHE «BBIUMCIWTH CHOBa» W MOJIy4aeT APYrou
pe3ynbTaT, MPaBUIbHBIN WK 00Jiee TPaBUITbHBIH.

4) Oto MOXHO OO0BSICHUTH TeM, yTto MM paboraer ¢ TekCcTamMM, MMEIOIIMMUCS B
HuTepHeTe, OHU SIBIAIOTCS HEOMPEAENeHHBIMH U3-3a 1) M B HUX MOT'YT OBITh OIIMOKH.

5) Ilo aToli ke nmpuyuHe MOXXHO oOMaHbIBaTh MM B pexkmme nuanora. Kaxapiii oTBET
yenoBeka MU cumTaer MCTUHHBIM BBICKA3bIBAHHMEM M OTKA3bIBAETCS OT CBOUX IPaBUIIbHBIX
BBICKA3bIBAHUU.

6) PesynbraTtel, mannsie MU, Henb3s wWCHonb30BaTh, KaK HCTUHHBIE, CPEAH BCErO
MHOTr000pa3us KUBOro Ha 3eMJie HHTEJIEKTOM 00J1a/1at0T TOJIBKO JIFOJIH.

7) Pekomennyercss ucnonb3oBath MM i1 mowcka W3BECTHBIX NMYOJIMKAIMKA IO TeMe
HayyHOUW paborel. J[lns »dToro HyxkHO (OpPMyIMpOBATH BOMPOC 0€3 HCIOJIb30BAHUS
CeNHallbHBIX TEPMUHOB; HECKOIBKO pa3 3aJaBaTh BONPOC B Pa3HBIX (QOpMyIHpoBKax. Tak
HaMHU OBLIO HAMIEHO TTIOBTOPHOE OTKPBITHE SIBJICHUSI KUProe» —IUCKPETHAs ONMTHUMH3AIINS C
MOMOIIIbI0 cuHepreTuku [11].

6. 3akjI04YeHue
MBI HageeMcCs, UTO 3Ta CTaThA GYILGT CHOCO6CTBOBaTB paSBI/ITI/IIO OI[apeHHBIX CT}’I[CHTOB C
IINIOXUMHU HavYaJIbHBIMU 3HAHUSAMHA U ITIOMOXET B MATEMATHUYCCKUX UCCIICAOBAHUAX.
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ONTUMMU3 AN CBEPTOYHBIX HEMPOHHBIX CETEM JJISI 3AJJAY
CEJIBCKOI'O XO3SIICTBA

B.P. Caéuros!, A.O. Pricnaes?, I1I. )Kycynkeanues, A.JI:x. Kapranosa,
3.A. Dmapos? , C. Dprewmdaii yyay®

Koipevizcxuti Hayuonanonoui Ynusepcumem um. JK. baracazvina, 2. buwkex
2Koipevisckuii I'ocyoapcmeennviti Ynusepcumem um. U. Apabaesa. 2. Buwikex
3Owickuii F'ocyoapcmeennviii Ynueepcumem, 2. Out

Annomauus. B oannoii cmamve ucciedyemcs npobaema onmumusayuu  2nyo0Kkoeo
obyuenue (DL), komopas npedcmasnsem ¢ coOOU COBPEMEHHYIO UHCMPYMeHm 00pabomku
usobpaxcenuil. [[na 3a0a4 ceabCcko20 X034Ucmea noCmMpoeHsl MOOenU OCHOBAHHbIE HA PealbHbIX
OAHHBIX ACPAPHBIX CUCMEM 8 YCIOBUAX U3MeHeHus Kiumama. Paspabomanvl modenu 07
NPOCHO3UPOBAHUsL OO0NIe3HU pACMeNUll OCHOBAHHbIE HA CBEPMOYHLIX HEUPOHHbIX cemeu U Ux
onmumusayus. Ilposeden 0630p ucciredosamenvbckux pabom no NPOSHOIUPOBAHUIO PA3TUYHBIX
3a0ay cenbCcKo20 X03AUCMEd, 8 KOMOPLIX UCNOAb3YIOMCs ceepmoutble HeliporHvle cemu (CNN),
npeocmasuaowue ¢ coboil ocodwvili Kiacc 3aoau 2nybokozo obdyuyenus. Paccmampusatomcest
usyuaemvie  CelbCKOXO3AUCMBEHHble — NpOOeMbl,  UCNOb3YeMble  MOOenu,  UCMOYHUKU
UCNONb3YEeMbIX OAHHBIX U 00Was MOYHOCMb Ol NOCMPOEHUsl Ka4eCmEeHHbIX Mooenel no
pacnosnasanuio 6oneznetl pacmernutl. CeepmoyHbvle HeUpOHHble cemu CPABHUBAIOMCS C OPYUMU
CYUeCmayromumMU MexHoI02UAMU, A MAKHICe Nepeducisaomecs npeumywecmea u HeooCmamKu
ucnonvsoganusi CNN 6 cenvckom xossaiticmege. Paccmampusaemcs 3adaua onmumuzayuu
C6epMOUNbIX HEUPOHHBIX cemell, Ha 6aze OnMuUMU3AMOPO8 21yOOK020 00YUeHUs.

Knwueegvie cnosa: 2nyboxkoe obyuenue, ceepmoumvie HeUpPOHHblE cemu, ONMUMUIAYUS
HEUPOHHBIX cemell, MOOeU, CelbCKOe X03AUCMB0, pACNO3HABaHUe DOJIe3Hell pacmeHUll .

Beenenne

Jlns 3ajmad celbCKOro XO3sICTBa MOCTPOEHBI MOJENM HAa OCHOBE METOJIOB TITyOOKOTro
oOyuenus. /1751 00paboTKM JaHHBIX MPUMEHSIIOTCS METObl MAIIIMHHOTO O0OYyUEHUS U TIepeoBbIe
METObl ONTHUMH3AIUH aalITHPOBAHHBIC K PA3JIMYHBIM CBEPTOYHBIM HEHPOHHBIM ceTsiM. O01iei
3a/1a4uei 1S ITUX ceTel sBIIeTCs JOCTUKEHNE HAauBBICILIEH TOUHOCTH 3a KOPOTKOE BpeMsl. 3ajada
pelaercs myreM Moau(UKaluy CeTer U yIaydIIeHus IpeABapUTelIbHON 00pabOTKU JaHHBIX, TIe
MOYKHO YBEJIWYUTb TOYHOCTb. IIpu »TOM Bpemst oOydeHuss Mopenu octaercs cBoOoaHbM. C
MCII0JIb30BAaHUEM METOJIOB ONTHMHU3ALMU, MOXKHO MOBBICUTh TOUHOCTb, HE YBEIMYMBAs BpPEMS.
OTo AocTUTaeTcs MyTeM HaCTPOMKU THIeprapaMeTpoB, KOTOPble HEOOXOIUMBI Uil HEeHpPOHHBIX
cerax. PaccMoTpensl Monu(pUKaluy anropuTMOB ONTUMHU3ALIMN [IEPBOTO U BTOPOTO MOPSIIKA.

OnTuMu3aTopsl CyIIECTBEHHO ITOBJUSUIM HAa Pa3BUTHE HEUPOHHBIX CETEH IOCPEICTBOM
MIPUMEHEHUSI UHCTPYMEHTOB, IPEAHA3HAYEHHBIX JJIs1 ONTUMU3aUMOHHBIX 3a1a4. [locie 3Toro Ml
MOKAa3bIBAEM CITOCOOBI Pa3pabOTKK aarOPUTMOB ONTUMHU3AIMH B JTaJbHEHIITNX UCCIIEIOBAHUIX C
WCII0JIb30BAaHUEM COBPEMEHHBIX HEHPOHHBIX cerei. [lomMuMO pacrio3HaBaHHs 00pasoB,
MIPOTHO3UPOBAHMS BPEMEHHBIX PSIOB U 00HAPYKEHHS 00 BEKTOB, CYIIECTBYET MHOXKECTBO IPYTUX
NPUJIOKEHU B MAIIMHHOM OOYYEHHH: KBAaHTOBbIE BBIYMCIEHUS, YPaBHEHHMS] C YAaCTHBIMU
IPOU3BOAHBIMU U UHTErPO-IU(pepeHnanbHble ypaBHEHNUS, @ TAK)KE CTOXaCTUYECKHU € ITPOLIECCHI.
Jnsi TOBBIIEHUST TOYHOCTH HEWPOHHBIX CeTeH, KpoMme BBIOOpa €€ COOTBETCTBYIOUICH
ApXUTEKTYpPHhl, BAXKHBIM OCTaeTCs Ha0Op aHHBIX ydacTBYIOLHE B o0yueHun mozaenu. [lpu stom
BO MHOTHIX CJIy4asix TPEOYIOTCS pa3iIMuHbIC TIOAXO0/IbI METOIOB YBEIMYCHHUS JaHHBIX [1], BAXKHBIM
BOIIPOCOM OCTAE€TCsl MaTeMaTUYeCKOe 00OOCHOBAHUE UCIIOJIB3YEMOr0 MOAX0/a, Al TIOCTPOCHHUS
MOJIEIT Ha OCHOBE HEHPOHHO# cetr [2], oOy4ueHue Mosereii Ha OCHOBE TpaHC(HEPHOTo 00yUeHUS
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oCTaercs CaMblM HaJEXKHBIM METOIOM HeHpoHHOH cetu [3]. Bee cymecTByromye moaxonsl,
KOTOpbIE IIPEAHA3HAYCHBI JIJIsI OBBIIEHUS TOYHOCTH PA3JIMUHBIX aPXUTEKTYp HEHPOHHBIX ceTell,
XOPOUIO MOAXOMAT JJIsl 00ydeHHUs] MoJiele Ha KOHKPETHBIX AaHHbIX 00ydeHus. [Ipu saTom s
MHOTUX IMPHUKJIAJHBIX 3ajla4, HAallpUMep 3aJau CEIbCKOIro XO3sicTBa TepsieTcs 00O0OIIEHHOCTb
MOCTPOEHHBIX Mozeneld. Moaenu TepsoT CHOCOOHOCTh JUIsl €€ MPUMEHEHHUs JJIi KOHKPETHBIX
JAHHBIX CEJIbCKOTO XO3sMCTBa UMEIOIIME CIOXKHBIE HEMHEWHBIE CBSA3UM MEXIY IpU3HaKamu. B
IIEJIOM, CYIIECTBYIOIIME YHMBEpCAIbHbIE METOIBI, yIydlIaloT oOyueHHe HeHpOHHBIX CeTe B
mporiecce ee 00ydeHusl.

1. ITocTaHOBKA 3a1a4U

B nmannoii pabGore MBI HcCcleayeM 3anaudy onTUMU3aNus (QYHKIUH TIOTEPb,
OPUEHTHUPOBAHHBIX K 3aJadyaM CeJIbCKOTO XO3sIiCTBa, HAmpUMep MOCTPOCHUE MOAEIH
YpOXKAMHOCTH Il CENbCKOXO3SMCTBEHHBIX KyJIbTYp. OCHOBHas mpobiemMa B MOCTPOSCHUU
HelpoceTell sBIIsIeTCS BBIOOP ONTHMHU3ATOpPa HEWPOHHBIX CETEH T.e. ONpelneNieHHs CIycka K
rio0anbHOMY MUHUMYMY. Pa3paGoTaHbl MHOTHE MOIXObI C UCMOIb30BAHHEM CTOXaCTUYECKOTO
rpagueHTHoro crnycka (SGD) [4]. B nmanHOW paboTe paccMOTPEHO ONTHMHU3ATOP IMEPBOrO U
BTOpOro mopsiaka st HedpoHHbIX ceTeii CNN, momydeHbl pa3nudHbIe MOJCTH PaClO3HABAHUS
0one3Hel CeNbCKOXO3AMCTBEHHBIX PACTEHUN M YPOKAMHOCTU CTPATErHYECKU BAXKHBIX KYJIBTYP
JUTSL PETUOHOB CTPAHBI.

CroxacTU4eckuii TPaJMEHTHBI CIYCK W JUIsl CIydas MCUYE3alollero rpajueHTta Oblia
00001IeHa HAa UMIYJIbCHBIM Metoa Hecteposa [5]. JlanHbI MeTona ObLIa MCIOIB30BAHO IS
MUHUMHU3AaIUM ~ (QyHKIUOHATa OmMOOK €O  MHOXECTBOM  JIOKaJdbHBIX ~ MHUHHUMYMOB.
Pe3ynbTaTUBHOCTH MaHHOTO TOAXOAA COCTOSJIO B TOM, JOOWTHCS 3a MEHbBIIEE KOJIUYECTBO
UTEpAlMil JOCTUTHYTh JKEJIaeMOW TOYHOCTH. JlaHHBIE METOABI T'PAJUEHTHOIO CIYCKa HMEIOT
HauOoJpIllee TPUMEHEHUS ISl TMOCTPOCHUS B HEHPOHHOM MOJICIMPOBAHUS IJIsi MHOTHX
npukiIaaHbix 3anad. CormacHo crpykrype SGD, B pabote [6], Obimn nipemokensr AdaGrad, B
paborax RMSProp [7], Adadelta [8] u Adam [9] paccMOTpeHBI aIrOpHUTMBI, KOTOPBIE TTO3BOJISIOT
IOCTUYh MHHHMyMa (YHKIHMH, COAepKallMX JIOKaJbHBIE OKCTpEMyMBl. MHorue wu3
MEePEUNCIICHHBIX MOAX0A0B JOCTUTAIOT II100aJTbHOTO0 MUHUMYMa YUUTHIBAS TOJHKO HAINIPaBICHUS
rpagueHTa. DKCIOHCHIIUATBHBIX CKOJB3ANMX CPEAHUX HEAOCTATOYHO TSI MUHUMHU3AINHI TaKUX
TecToBbIX (hyHKIMI. Ta e TexHuka ucrnoiasdyercs B Moaudukanusx Adam u SGD. OOHOBIIsIs
OKCIIOHEHITUATbHBIC CKOJB3SIINE CPEAHHE, aNrOpUTMBI THIAa Adam CTpOSTCS JJsl YIydIICHUS
MUHUMHU3AIANA MHOTOIKCTpEeMadbHBIX (QyHKIUH. [IpemMyImecTBo 3THX IMOAXOJO0B B TOM, YTO
WHULMAIIM3AIHS CMEIICHU I MOXKET ObITh HEUTpaIn30BaHa, YTO MPUBOJUT K OIIEHKAM C IO PaBKOU
Ha cMmenieHue. OJIHaKoO OHU MOTYT MUHUMU3HPOBATh (YHKIUIO TOTEPh, HO HE BCETJa JI0CTUraTh
rnobdanbHOro MuHuUMyM™me. [losTomy ans AocTiKeHusi Oojiee BBICOKOW TOYHOCTH CIEAYeT
MPUMEHSATh ONITUMU3ALUIO BTOPOro nopsaka. OCHOBHas 11€1b alTOPUTMOB ONITUMM3ALUK BTOPOTO
nopsiaka [10-11] — nmoctuub T7100aJBHOTO MHUHUMYyMa 3a KOPOTKOE BPEMSsi, MOCKOJBKY OHHU
MEJICHHEE aJrOPUTMOB ONTHUMHU3AIMHU TEPBOTO TMOPSAKA. AJNTOPUTMBI BTOPOTrO TMOPSIKA
YUUTBIBAIOT BBINYKJIOCTh (KpUBM3HY) LEeNeBbIX (yHKIUM Marpuueid I'ecce. OToT moaxon
HasbIBaeTcs MeTofoM omntumusauuu Hetotona [12]. Beramcrnenus obpatnoit matpuisl ['ecce
YCIOXKHSAIOT OMTUMHU3ALMIO BTOPOro Mopsiaka. B MammHHOM 00yueHuu ontuMusanus HeioToHa
aBnsieTcss HEdP(PEKTUBHBIM HMHCTPYMEHTOM H3-32 KOJIMYECTBA HEHPOHOB, KOTOPOE MOXKET
MPEBBINIATh HECKOJIBKO coTeH. OaHaKo anmpoKcuManus oOpaTHOW MaTpullsl ['ecce mo3BosieT
MUHHUMH3UPOBATh (YHKIMIO TIOTEPh B Ipenenax TpeOyeMbIX BPEMEHHBIX 3aTtpaT. Takoil MeTon
Ha3bIBAETCS METOJIOM KBAa3MHBIOTOHOBCKOM onTtuMmu3amnuu [13].

2. AITOPpUMT pelieHus 3212491
Paccmotpeno 3amau knaccudukanuy anropuTMOB ONTUMHU3AINHI, ONPEACIICHBI UX CBOWCTBA
U OpeAoCTaBJICHO MCETOAbI MHUHUMU3AIUU I ﬂaJ’ILHeﬁH.IPIX I/ICCJIG)IOBaHPlﬁ. 21.]'[5[ 06yquI/I$I
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HEHPOHHOU CeTH OmpeeNieHbl TPOIEAYPbl ONTUMU3AIINH, KOTOPasi BKIIOYAET B ce0s OnpeieNieHne
napaMeTpoB CETH, MUHUMHU3HPYIOIIUX (YHKIHIO MOTEPb. DTH MOJENH TPEOYIOT HACTPOUKHU
OTPOMHBIX HAO0OpPOB MAHHBIX W MHOTHX MapamMeTpoB MOJeIH. B 3moXy HCKyCCTBEHHOTO
WHTEJUIEKTa TIOUCK ONTHMAJbHOTO MeTo/na 00pabOTKH OrpOMHBIX OOBEMOB JIaHHBIX SIBIISIETCS
BJIOXHOBJISIIOIICH M CIOXKHOM 3amaded. CtoxacTuueckuil rpaguenTHbiil cryck (SGD) sBisiercs
MPOCTBHIM U YCIIEHIHBIM CpPEAM MOJENeH MAlIMHHOTrO oO0y4eHHs. 3a TMOCIeHHE HEeCKOJbKO JIeT
OBLIO MPEIOKEHO MHOT'O pabOTHI IS pEIIeHUs 3a1a4 ONTHMH3AIUHU HIIM yITydIIeHHUS MOIX0/10B
K ONITUMHU3AIMHU B MAIIMHHOM 00yueHuu. [Tocine MeTo10B onTUMHU3allMi Ha OCHOBE IpajiieHTa Mbl
JEMOHCTPUPYEM aJbTEPHATUBHBIC TOAXOABl K MHUHUMH3AIUUA (QYHKIUKA 1OTepb. Jla

npocTpancTBa obydarommx gaHHbix Q=X,Y:(X,V:), 1 =1...,n chopmymmpyem obiyro 3agaqy

ONTHMU3AINHI CIAEAYIO UM 00pa3oM:
L(®) =min L(w) = lz L (f(X,®),Y,), Muaumym Oepercs o @ @ Q)
)

rie o mpeacTaBisieT co0oi Beca MoAenau, [ MOJeNb AJi MPOTHO3UPOBAHUS, KOTOPYIO XOTHM
MOCTPOUTh, a L; QyHKIHOHAN OMMOOK [ MUHUMH3AIUHU, V;-IPOrHO3UpyemMas (yHKIHS,
KOTOPYIO XOTHM ITPOTHO3UPOBATH.

BBenem HekoTOpoe ciy4ailHOE MOAMHOXKECTBO ¢ HCIONb3yeTcs M IpeaCTaBICHUS
MOJMHOXKECTBA (WK TpymIibl HogMHOXKecTB). Kpome Toro, F nipeacTaBisieT co00it KOMOUHAIIIIO
¢ynkuuu noteps L(w) u QyHKIUU TPOTHO3UPOBAHUA f, TOITOMY MOTEPH IEpENUIIeM B BUIE
F(w, &), nnma moboit manmHou mnapel (w,§). PaccMoTpeHbl (yHIaMEHTaJbHBIE aJIrOPUTMBbI
ONTUMU3ALINY JUISI MUHUMH3AIHH (YHKIIMOHAA OMIMOOK C MPUMEHEHHEM TPaJIMEHTHOrO CITyCKa
U €¢ BApHAHTOB.

IlaxemHnuwiii epaduenmuwlii CnycK

st OOHOBIIEHHSI BECOB (0 METOJI TPAIMEHTHOT'O CITYyCKa BBIYUCIISET TPATUCHT (PYHKIIHH
norepb. CKOPOCTh OOYYCHHsI 1) OmpeesieT 00beM KaxJIOH HTepalluu, BJIUSS Ha KOJIHYECTBO
UTEpaIHii, HEOOXOIUMBIX JIJIS IOTyYEHUS UeaTbHOr0 3HaueHusI. [lakeTHBIN TpaueHTHBIN CITyCK
[ 34 ], takke WM3BeCTHBIH KaK MOJHBIA TPaJUEHTHBIA CIYCK, HUCIOJB3YEeT BCE BBIOOPKH IS
oOHOBJIeHUS TTapameTpoB. Clenyronue mard 4epeIyroTcs 10 CXOANMOCTH aJrOpUTMa:

wltl =l — % L VF (07, 8), @

rie w/ — pesysbTaT IpenBIIyIIel HTEepPALHH.

[Mukn oOyueHust Bcero HaboOpa JaHHBIX HA3bIBACTCS «3MOXON», U NAKETHBIN IpajleHTHBIN
CITyCK IIpeKpalaeT 0OOHOBJICHHE B KOHIIE BceX 310X 00ydeHus. OHo 0OHOBIIEHHE HAOOpa JaHHbIX
TpeOyeT pacuera BCeX UX I'paiueHTOB. [[akeTHbIHM rpaJueHTHBIN CIYyCK CXOANUTCS OYEHb MEIJIEHHO
JUts OOJIbIIMX JAHHBIX U HEpa3pelnM Uil HAOOPOB TaHHBIX, KOTOPbIE HE TIOMEILAIOTCS B TAMSATH.
OpaHako 3TOT METOA YMEHbUIAET YACTOT OOHOBJIECHUHM U NPUBOJUT K CTAOMIbHOMY PELIEHHUIO.

MeTo/ makeTHOro rpaJMeHTHOTO CIYyCKa MPOCT B UCIOJB30BAHUU U €CIU LieeBast PYHKIUS
BBIIYKJIasi, TO PELICHUEM SBIsETCS TJo0anibHOE pelieHue. B BBIMYyKIBbIX 3a7adax MaKeTHBIH
IPAJUEHTHBIM CIyCK MMEET JIMHEHHYI CKOPOCTb CXOAMMOCTH M IapaHTHUPOBAHHO CXOIUTCA K
JIOKaJIbLHOMY MUHUMYMY.

Ha 6a3e rpaineHTHOrO CIyCcKa JIETKO PEaIM3yIOTCS JIOTUCTUYECKAst perpeccus, perpeccus
rpebus u perpeccuu Jlacco. Perpeccus Jlacco ne nuddepernupyema. Takum 06pa3oM, MbI MOKEM
UCIOJb30BaTh ee cyorpaauent. OaHaKo B JaHHOM Cilydae riiy0okoe o0ydeHHe CIUIIKOM MHOTO
CJIOEB, YTO NMPUBOJIUT K HECTAOUIIBHOMY TPaIUEHTY.

Cmoxacmuueckuii 2paduenmuulii Cnyck

117


https://www.mdpi.com/2227-7390/11/3/682#B34-mathematics-11-00682

PaccmoTpeno Takke BapuaHT aJlfOPUTMa TPAAUEHTHOrO CITyCKa, CTOXAaCTHYECKHUI I'paleH THHIH
cinyck (SGD). BmecTo BbIUKCIICHHS BCETO MMaKeTa IpaueHTa (PyHKIIMOHAIA

n
ELF (0, 6)] o — > F (@)
Nz
OH HCIOJB3YeT TOJIBKO OZIHY CIIyYailHyt0 BEIOOPKY JUIs OL[eHKH rpajueHTa & u3 nakera F(@;<&)
B Ka70M utepanuu. [lakeTHbIN rpaiMeHTHBIA CIYCK MPOBOAUT U30BITOUHBIC BBIYUCICHUS JJIs
KPYITHOMACIITAOHBIX 3aJ]a4, MOCKOJbKY OH MEePEeCUUTHIBAET I'PAaJUCHTHI CBS3aHHBIX 00pa3oB
nepes KaXabIM U3MEHEHHEeM MapaMeTpa, Toraa kak SGD BBIIOMHSAET TOJNBKO OJJHO BBIUUCIICHUE
3a urepauuto. Anroput™ SGD, npoct B 00pallieH!H B UCHOJIb30BAHUN U SKOHOMUT NamsTh. Jlis
MOCTPOEHUSI MUHUMU3HMPYIOIIEH IOCIEN0BAaTENbHOCTH CYIIECTBYIOT Ppa3JIMYHbIE aJIr OPUTMBI
orntumuzanuu Ha ocHoBe SGD. B manHO# paboTe ¢ MOMOIIBI0 peKypPPEeHTHOW MUHIUMH3UPYIOICH
HI0CJIEZI0BATEIbHOCTH

o't =0 -a'V, L(w), (3)

rae o' —osroBec, L(w;)— 310 GpyHKIMs mOTEPh cO cBoMM rpaguentoM V,L(w;), @ — ckopocTh
o0yuyeHus: TpaJMEHTHOr0 METOAAa CTPOUTCS MHUHUMH3UPYIOIAs I[OCIeN0BaTeNbHOCTh. C
nomonibo CNN nmocTpoeHo Mojenu paclno3HaBaHUs OOJE3HHU JAJIs LIMPOKOTO Kiacca pacTeHUH
CTpAaTerMYecKOro Ha3HA4eHHUs, B KOTOpPOM BOHUIM Kaprodenb, KyKypy3a, IMIICHUIA,
CEJIbCKOXO35MCTBEHHBIC JIFOIIEPHBI U TPaBbl, a TAK)KE PACIO3HABAHHUS BUPYCHBIX 3a00JI€BaHMIA
CalioBBIX KyInbTyp. s Kkiacca 3amad ¢ HCYE3AIOMMM TPagUeHTOM, PAcCMOTPEHO TaKkKe
croxactuyeckuii mpouecc HecrepoBa, rae pekyppeHTHas Gopmylia OmpeaensieTcs Cienyromen
MI0CJIEI0BATEIbHOCTHIO

ot =0'-a'(V,L(w)+ub™) (4)

rie @ — sBiseTcs HAYANbHON TOYKOM, a J00aBOYHBIA dYjeH

PEKYPPEHTHOT'O COOTHOIICHUSI.

b**1 onpemenserca u3

¥ = b + (L—7)(V, F () + ), (5)

B pabore 6bu10 paccMoOTpeHO MoaU(UUIMPOBAHHAS BEpPCHS TPAJAUEHTHOrO CIYCKa,
ONTUMU3ATOP AZama, KOTOpasi UCIOJIb3YET SKCIOHEHI[UAIbHBIE CKOJB3AIIIE CPEAHNE I'PaIUeHTa
" €ro KBaJApaTsbl. HaHpaBHCHI/IH TpagueHTa U CpCAHNEC 3HAYCHUS MOMCHTOB, IIpU MUHUMU3ALUN
(GYHKIMHM TOTEPh, B JAHHOM CJIydae CXOJUTCS B TIJI00AJIbHBII MHUHUMYM C Oojiee BBICOKOM
yacToToi. Tepaninonnas popmyiia orpeaensercs mo caeayoiuM GopMyiam:

m =AM, +1-8)9, v, =L+ 5,9 (6)-(7)
M, =m, /(1_131t)’ O =y, /(1_ﬂ;)1 (8)-(9)
o =0, —af (o, +&) (10)

3necs  f, B, Ha3pIBAIOTCS MOMEHTaMH, M, MU, SKCIOHEHIMATBHBIC CKONB3SIINE CPEHNE

or g, u g’ coorBercTBeHHO. OleHKa OMMOKM MO METORY AJaM OTKJIOHEHMsS CPEIHEro
OIPEIENAETCS 10 METPUKE.
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R = Y IF ()~ F (@] a

3. YucjieHHbIE pacyeTsl
Huxe mnpencraBiens pesynstaThl npumeHeHuss CNN nis pacnozHaBanusi OonesHei

KapTodenst ¥ KyKypy3Hl.

model accuracy model loss

accuracy
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Puc.1. imonp30BaHus ONTUMHU3ATOPA CTOXACTUYECKOTO IPaIMEHTHOTO CIyKa A
pacriozHaBaHus OoJne3Heil KapTodens MoxydeHHas ¢ TOMOIIBIO AaPXUTEKTYPhl CTOXaCTHYECKOT O
IPaJHEeHTHOTO CITyCKa

. Conv2D -> MaxPool -> Conv2D -> MaxPool -> Dense -> Dense -> Sigmoid
** Optimizer **Croxactiuueckuii rpaiieHTHBIN cryck Batch size = 32 Epoch = 20
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Puc. 2. Unonp3oBanus ontuMu3aTopa AaM JJis pacro3HaBaHus Oone3Hel kaprodens

ApXUTEKTYypa HEHPOHHON CETH HMMEET CJIENYIOIIYI CTPYKTYpPY C ONTUMH3AaTOPOM CETU
Adam: Conv2D -> MaxPool -> Conv2D -> MaxPool -> Dense -> Dropout -> Dense -> Dropout
-> (Dense -> Sigmoid) Ontumusarop Adam Batch size = 32 Epoch = 20

4. 3akayeHue

B

CTaTbC PACCMOTPCHBI

3aJa4il  ONTHMHU3AIMH HEHPOHHBIX ceTell OWHApHOU U

MHOT'OKJIACCOBOM 3a/1a4 CEIBCKOro X03siMcTBa. /{okazaHo mpeuMyIecTBO MOJIENEN, MOCTPOECHHBIX
Ha OCHOBE ONTHMH3ATOPOB AJlaM, CTOXaCTHYECKOro rpaaueHtHoro cmycka (SGD) u RMSprop
JUTSI MHOTOKJIACCOBBIX 3a/1ad paclo3HaBaHUs OOJIE3HEH CENbCKOXO3SMCTBEHHBIX paCTEHUH,
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BKJIIOYAsi Ca/loBble KYJbTYpbl. [lpeasnaratoTcsi YMCICHHbIE METOAbl ONTHMHU3ALMHU MOJENEH,
Oasupyrolmecs Ha BapuaHTaxX IpaJueHTHOro cmycka st 3amad DL. OOcyxnaercs Oymymimii
MOTEHIMAJ YU CICHHOI 0 M0JX0/1a U ee ucnoib3zoBanus CNN ais perieHust po0ieMbl BbISBICHHS
pa3nuyHBIX 00JIe3HEN paCTUTEILHOCTH Ha caoBbIX yuacTkax Mcebik-Kynbckoit obmactu. Obmue
pe3ynbTaThl mokazanmu, uto CNN mpencraBiser co0oli MHOTOOOCMIAIONUNA METO/A C BBICOKOM
MPOU3BOJUTEIBHOCTBIO C TOUKH 3pEHHUS TOYHOCTH ¥ TOUHOCTH KJIAaCCU(UKALINH, TPEBOCX OIS LINN
CYIIECTBYIOIIME IIHPOKO UCIOIb3yeMble METO/IbI 00paboTku n300pakeHuii. bospioe BHUMaHue
yIeNAETCsl TEXHOMOTHSIM cOOpY JaHHBIX OOJBHBIX U 370POBBIX JIMCTHEB CEIbCKOX03IHCTBEHHBIX
KyJIbTYpP, OT KOTOPOI'O 3aBUCUT OKOHYATEJIbHBIN yCleX Kax10i noctpoeHHor Moxemu CNN.
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PEI'YJIIPU3AIIMS HEVPOHHBIX CETEN AJIS1 ITIPOI'HO3UPOBAHUS
3AJIAY CEJIBCKOI'O XO3AAUCTBA

B.]. Buii6ocynos!, 5.P. Caéuros?, C.K. Buiidocynosa?,
M. Acankyaoa®, H.C. CeliTkazneBa’

Koipewvizcxuii I'ocyoapcemeennwiti Ynueepcumem um. M. Apabaesa. 2. Buwikex
2Koipevizcxkuti Hayuonanonoii Ynusepcumem um. JK. baracazvina, 2. buwkex
SUncmumym Mamemamuxu HAH Kvipewvisckoii Pecnybnuku, 2. Buwikex

YK 004.891.3

Abstract. B odawnnoti pabome uccredyemcs npumeHenue MeEXHON02Ull 21y60K020 U
MAWUHHO20 00YYeHUs K 3a0a4am celbCKo2o xo3alcmea. Ha ocnose onmumuzamopos nelpoHHbIX
cemell pacCMOmMpensl 3a0a4a MUHUMU3AYUY 00We20 QYHKYUOHANA OUUDOK, Ol NOCMPOEHUs.
Mooesiell N0 pacno3Hasanuilo Oonesuell pacmeHnutl. [na nepeoOyueHHbIX Mooeell noCMmpoeHbl
peayaapusyrowue anrcopummul A.H. Tuxonosa.

Keywords: 3adauu cenvckoco xossiicmea, ueuponnvie cemu, 2ny60Koe oOyueHue,
OnmMuMU3aAYUsL, MOOeIU, CBePMOUHbIE HEUPOHHbIE cemul, nepeodyUeHHble MOOelU, pe2yapu3ayus,
peepeccus Jlacco, Pudoica u snacmuyna cemo.

Beenenne

I'mybokoe oOydyeHue mpencTaBisieT OONBIION WHTEPEC B TAaKUX 00MacTaX, Kak
3[paBOOXpAHEHUE, aCTPOHOMHS W HMH(POpPMATHKA, TN€ TaHHBIE MPeoOpa3yrOTCsS B 3HAHUA H
00pabaThIBaIOTCA Pa3syMHO. OTO TEXHOJOTHsS HWHTEIUIEKTYyaJlbHOIO aHajau3a HWH(OpMaIuy,
OCHOBaHHAasi Ha JaHHBIX, KOTOpass MOXET o0pabaThiBaTh OTrpOMHBIE 00BEeMBI MaHHBIX. C
HKCMOHEHIIMAIBHBIM POCTOM JIaHHBIX TPAJULMOHHBII METOJ T'PaJHUEHTHOro CIycka OOJjblle He
MOKeT 3QPEeKTUBHO peniaTh MaciITaOHble 3aJaul MalIMHHOro 00yueHus. CyliecTByeT /iBa THIIa
pacrpoCTpaHEHHBIX METOJ0B, M OJMH M3 HUX 3aKJOYAeTCs B HCHOJIB30BAHUM KaK MOXKHO
OOJBIIIEr0 KOMMYecTBa 00yJaloIUX BEIOOPOK, HO BBIMOJHEHUH JIMIIb HEOOIBIIOr0 KOINYECTBA
BBIUMCIIEHUH Ha BBIOOPKY. [lpyroii 3akirodaercs B MCIOIb30BAaHUM HEOOJBIION YacTH JAAHHBIX
JUIT BBICOKOMHTCHCHUBHBIX BbluncieHuii. B paborax [1]-[3], mpeamonaraercs, merox OoJee
spdeKTuBHEE, MO CPAaBHEHUIO CTAHIAPTHBIX AJTOPUTMOB ONTHMH3AIUH, KOTOPBIM SBIISAETCS
croxacTuyeckuid rpaaueHTHBId cryck (SGD). C OwICTpbIM OOHOBJIEHHEM U Pa3BUTHEM
HEHPOHHBIX CeTel alrOpUTMbl T'PAJUEHTHOrO CIYyCKa MOJYYMUIIM IIUPOKOE MpPHUMEHEHHUE.
Hampumep, B PyTorch ecrp maker onTHMH3aTOPOB, KOTOPBIA IOAJEpKUBACT Haubolee
pacrpoCcTpaHEHHbIE aNTOpUTMbI onTuMH3anuu, Bkmouas SGD, Adagrad, Adadelta, RMSprop,
Adam u npeaHa3HaYCH ISl BBIOOpA MTapaMeTpOB ONTHMHU3ATOPOB. B paboTe maHHBIH makeT ObLT
UCIOJB30BaH AJIS CO3JAaHMS PA3IMYHBIX MOJENeH M 00CYXIAI0TCs CYIIECTBYIOIIUE aJrOPUTMBI
HEHPOHHBIX CETel M UX TUMIMYHBbIC MTPUMEHEHUS B KPYITHOMACIITAOHOM MAIlMHHOM OOy4YEHUH U
riiy0okoM oO0yuyeHnu. OCHOBHBIE MOJIOKEHUS TaHHOW CTaThbH PE3IOMHUPYIOTCS CIEAYIOIMIUM
obpazom: [locTtaHoBKa 3a7auM ONTUMH3ALUU Ui OOJIBIIMX JaHHBIX M 0030p CBA3AHHBIX C HEH
Monernel ray0okoro oOydeHus. AHaimm3 0030pa u OOCYXIEHUsS IMOCIEAHUX ITOCTUXKEHUU B
obmactu SGD nns 3agau cenbekoro xo3siicTsa. Co3laHue MPUIIOKEHUN U HCCIeJOBaHUE 00IInX
3a]a4 ONTUMHU3AIHNH 33]1a4 CEITbCKOT 0 XO35HUCTBA.

B Hacrosiiee Bpemsi CymecTBYeT JIUIIb HECKOIbKO 0030poB, cBsizanHbix ¢ SGD [1]-[12]. [To
CPaBHEHMIO C HUIMHU Halll BKJIAJ JIeaeT clenyrolee:

e O606maer anropuT™msl, cBa3aHHble ¢ SGD, ¢ TOUkM 3peHHs] MAIIMHHOTO OOY4YeHHs U
ONTUMU3ALIUY.
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e PaccMOTpeHO MpOKCHUMAaJbHBIE CTOXAaCTUYECKHE METOABI, KOTOpPhIE IO CHX IOp €IIe
HYXKJaJIUCh B 0000 LIIEHUH.

e [Ipegocrapisier MaTeMaTHyE€CKUE CBOMCTBA MOJIENIEld U METO/10B.

OOcyxmaercsi pa3pblB MEXAy TeOpued U MPHIOKEHUsAMU. KoMIbIOTEpHOE 3peHHe
HAMPAaBIICHO HA TO, YTOOBI MMO3BOJIUTH KOMIBIOTEPAM UMUTHPOBAThH YEJIOBEUECKUE Iia3a, YTOOBI
pacro3HaBaTh, OTCIKHUBATH U U3MePATh 00beKTHI [ 13]. [Ins 3a1a4 knaccu pukauu n3o0paxkeHui
LeNet-5 [14] u AlexNet [15] siBAsitOTCS MEPBBIMH TPEIIOKEHHBIMA CBEPTOYHBIMU MOJICIISIMU.
VGGNet [Karen 204], ResNet [Kaiming 205] u ResNeXT [Saining 206] mozxe Obumn
pa3paboTaHbI KaK yJIy4llIeHHbIe MeTOAbI. J[J1s 3a1au oOHapykeHUs1 00bEKTOB OBLIH MPEIJIOKECHBI
R-CNN [16], YOLO [17] u R-FCN [18]. dns 3amau o6paboTku Buaeo aBTopsl [19] 3amenmmn
ceeprkun B EfficientDet u HRNet Ha mnponyieHHble cBepTkM 0€3 MOTEpPU TOYHOCTU U
OJTHOBPEMEHHOI'O0 CHUXEHUSI BBIYUCIUTENBbHBIX 3aTpar. OOBIYHO HUCHOJIB3yEMbIE OIEpPaTOPHI
pemenus gt 3tux moneneit - SGD. Hosas monens pexyppentHoit cetn cBepTku (RCN) Oblna
npenyioxkena B [20], kotopast couetaeT B cedbe RNN u CNN. B crarbe [21] npencraBiena Moueib
ycioBHON muddy3uu i 3amad nepeBoja uM3oOpaxeHus B m3o0paxeHue. SR3 pazpaboran
BEPOSITHOCTHYIO MOJiesib 1 dy3un ¢ IMIyMONOABIEHUEM JJIs cBepxpazpemienus [22]. Otu Tpu
MOJIENT UCIOJIB3YIOT AZlamMa B KaueCTBE peliaTessl ONTUMU3AIUH.

1. [TocranoBka 3a1a4uu

Heobxomumo co3maTh MOJEIM YPOXKAMHOCTH M paclio3HaBaHMs OOJNE3HEH PACTeHHUH Kak
OCHOBHAs MPOOJIEMa CEIbCKOT'0 XO3SICTBA, OCHOBAHHOE HA METOJaX MAIIUHHOTO OOYYCHHS U
ryookoro ooyuenus. Jis mepeoOydeHHBIX MOJeneil  pa3paboTaTh METOJbI OCHOBAaHHOE Ha
peIIeHUH 3aj]a4 MAIIMHHOTO OOy4YeHWs peryispu3anuu. J[JIs TOBBIMICHUS TOYHOCTH
nepeo0yUCHHBIX MOJICIIeH TITyOOKOro 00y4eHuUs PH paboTe ¢ COBEPIIICHHO HOBBIMU JaHHBIMHU U3
npo0JIeMHONM 00JIaCTH, HEOOXOAMMO TMOCTPOUTh MOJCIH C PEryIsapH3aTOpPaMH Pas3InYHOIo
xapakTepa. PaccmarpuBaercs 3alaya MUHUMU3AIUNA (PYHKIMOHANA OMMOKH MOJEIH C y4ETOM
COBPEMEHHBIX ONMTUMHU3aTOPOB. [10 pe3ysbTaTaM MOCTPOSHHBIX MOJIEICH CO3/aHbl BEO CHCTEMBI,
OCHOBaHHBIC Ha 0a3¢ 3HAHMI B BHJIC HCKYCCTBEHHOTO MHTEJUICKTA.

2. AITOpUTMBI pelieHus 3a1a4H

OCHOBHO# 11€TTbI0 PAOOTHI ONTUMH3AIHS BEIUHACIUTEINBHON CETH JIJIsl 00ydeHHs HeWPOHHOM
CETH MCMOJIb30BaHbl BAPUAHTOB T'PAJUEHTHOrO CITyCKa, CTOXAaCTUYECKUU T'PaJMEHTHBIN CIYCK,
ontumu3zatopsl Anam 1 RMSProp. beimn co3nansl paznmuunbie apxuTektypel CNN, Takne kak
AlexNet, VGG, Inception u ResNet q1s Gonbiioro kiacca 3aj1ad ceJibCKoro xo3siiictea. MHorue
3a/la4ydl 3KCIIEPUMEHTUPOBAHbl € apXUTEKTypaMu HEHpOHHBIX ceTedl komOuHupys CNN c
OpyruMu anroputMmamu: JmHedHas perpeccust (LR), merox omopHbix BekTopoB (SVM),
rpagueHTHbI  OycTMHT(XGBoost) u cayuaiinbeiii sec (RandomForest) nms KOHKpeTHBIX
IIPaKTUYECKUX 3a/1a4 CEJIbCKOT0 X035 CTBA.

JUis  mepeoOyueHHbIX MOJENEH IOCTPOEHBl PErpecCHOHHbIe Mojenu Ha 0Oasze
peryisipuzatopoB Jlacco-perpeccust ¢ a00aBlIeHMEM «a0COJIOTHOE 3HAYEHHE BEJIMYMHBDY
kod(dunmenTa B kauectse mrpadHoro uneHa kK pynkuu moreps (L). Cozman Mmopens perpeccuu
Pumka, ncnonp3yromas TEXHUKY peryispusanuu L2, koTopas 100aBisieT «KBaapaT BETUYHHbBI»
KodpduireHTa B kauecTBe mrpapHoro wieHa k ¢yHkuuu notepb (L). Paccmorpeno monens
AJIACTHYHAs YHCTasl perpeccus, KoTopas MpeacTaBiseT MOoAelb KOMOMHAIUIO perysipusanuuu Lqu
L,. 310 03HauaeT, 4To MbI J00aBIsieM a0COMIOTHYIO HOPMY BECOB, a TAK)KE KBAJIPAaT MEPHI BECOB.
B pa6ote npennoxeno Texnonoruu apxutektypsl CNN, takue kak AlexNet, VGG, Inception u
ResNet s Oompmioro  Kjlacca  3amay  CEJIbCKOrO  XO03sicTBa. MHOruMe  3ajaud
AKCIEPUMEHTUPOBAHBI C JIPYTUMH apXuTekTypamu komouaupyst CNN ¢ Apyrumu aaroputMaMu
muueliHas perpeccust (LR), metos omopubix BekTopoB (SVM) , rpanuenTtHbiit Oyctunr (XGBoost)
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u ciyuaiinbiii ec(RandomForest) st KOHKpETHBIX MPAKTHYECKUX 3aJ1au CEIbCKOTr0 XO3sHCTRA.
PaccmarpuBaercs 3agaua MUHUMHU3AIUK (QYHKIIHOHATA

" =R (0-nVI(w))
J(w):%iL(f (x;),y) - min (1)
i=1
HpI/IBe)IeHI)I YU CJICHHBIC PC3YIIbTAThI, BHIIIOJHCHHBIC C IIOMOIIIBIO METOJOB OIITUMH3AIIUH.
J(@) = (@) +(@-,)"V, I (@) = %zlj L(f (x%5), y") = (@=-@)"V,L(F (xP;9,), y) = min (2)

Xopo1I0 U3BECTHO, YTO 100aBJICHUE IITyMa K BXOJHBIM JJAHHBIM HEUPOHHOM CETH BO BpeMs
OoOydeHHs] MOXKET B HEKOTOPBIX CIy4asXx TMPUBECTH K 3HAYUTEIBHOMY YJIy4YIICHHUIO
MPOU3BOAUTENbHOCTH 0000menus. [Ipensiaymas pabora mokaszana, 4To Takoe oOydyeHue ¢
IIyMOM SKBHBAJIEHTHO (pOpPME pEeryssipu3aluu, ITpu KOTOpol K QyHKIHH OMHMOOK J00aBisercs
JOTIOJIHUTENbHBIN uiieH. OMHAKO 4JieH pPeryispusaliy, KOTOPbIi BKJIIOYAeT B ce0s BTOpHIC
MpPOM3BOAHBIE (DYHKIMH OIMMOOK, HE OTrPAaHWYEH CHHU3Y M TOITOMY MOXET MPHUBECTH K
TPYIHOCTSIM, €CIIU OH UCIOJb3YETCs HEMOCPEACTBEHHO B aJIrTOPUTME 00y4YEHHUS, OCHOBAHHOM Ha
MUHHUMH3AIUHA OMMOOK. B 3TO# cTaThe MBI MOKa3bIBaeM, 4TO JJIs 11eJIeil O0y4eHHUs CETH YJIeH
perynspu3aiil MOKHO MPUBECTH K MOJOXKHUTEIBHO OMpeAeneHHol (hopMe, KOTopasi BKIIOYAET
TOJILKO TIEPBBIE TIPOM3BOIHBIE CETEBOro 0TOOpakeHUsl. DYHKIMH OMIMOOK HUCHOJB3YIOT CYMMBbI
KBAJIPaTOB YJIEH PEryJsIpU3allid, KOTOphIe MPUHAANEKAT KJIAcCy OO0OOMIEHHBIX THXOHOBCKHX
perymnspuzatopoB. [IpsMass MUHUMU3AIUS PETYISIPU30BAHHON (QDYHKIIMHM OMMOOK MPENCTABIISCT
co0oit MPAKTUYECKYIO aJIbTepHATHUBY oOy4deHHs c ITYMOM. Jlacco-
perpeccust 100aBiseT «aOCOMIOTHOE  3HAUEHHE  BEJIMYMHBD KOO(PQHUIIEHTa B  KayecTBe
mrpadroro wieHa kK ¢yHknuu moteps (L). Jlacco-perpeccusi Takke momoraer HaM JOOUTHCS
BBIOOpA MPHU3HAKOB, MITpadys Beca MPUMEPHO 0 HYJISA, €CJIM 3TOT NPU3HAK HE CIIYKUT HUKAKON
LEJTA B MOJIETIH.

. 1 . 2 n
L(y1 yfa))=HZ(y| _yi) +AZICU| | (3)
i=1 i=1
rae, @ = (wq,ws,,..., W, )-HEU3BECTHBIA BEKTOP, M — KOJMYECTBO (DYHKIHI, N — KOJHMYECTBO

00BEKTOB y;— (haKTHUECKOE IIeJIeBOe 3HAYCHHE -MOAEIb U J;— IPOTHO3UpYEMBIE IleJIeBbIe
3HaueHus. PaccMOTpeHO mocTpoeHue MOJENIM Ha OCHOBE Pumka perpeccuu, MCIOIb3yHOLIAs
TEXHUKY peryispusauuu B  L,, Ha3pIBaeTcs perpeccueil Pumxa. Pumx-perpeccust nodasisier
«KBaJpaT BEJIMYMHBD) KO3 (uLineHTa B KauecTBe mTpaHOro wieHa k pynkuuu noreps (L).

LY. 9.0) ==Y (0 -9) +A @
Ly, 9.0) =22 -9) +A@-a)Y [+aXial) 6

Aneopummul onmumuzayuu 6mopo2o nopsoKa
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AJTOPUTMBI ONITUMHU3ALMH TIEPBOTO MOPsaKa HeI(PPEKTUBHBI IS MOTYUEHUS II100aIbHOTO
MUHUMYMa IeleBoi rnaakoil GpyHkuuu. Takue moaxoasl K MUHUMHU3ALUUN OOBIYHO YYUTHIBAIOT
HalpaBJICHUs rpaJueHTa Ha KaXa0u urtepaunn. Hactpolika 1 mpou3BOJUTEIBHOCTh aJTOPUTMOB
ONTUMH3ALUNA TIEPBOTO TMOPSIIKA MOTYT TOJBKO MOBBICUTH TOYHOCTh M M30€XKaThb HEKOTOPHIX
JIOKAJIbHBIX MHUHHUMYMOB. TakuM 00pa3oM, MPEUIOKEHBl aIrOPUTMbI ONTHMHU3AIMU BTOPOTO
nopsiaka. OHU JOCTUTalOT MUHHMYMa C Y4€TOM HE TOJIbKO HAalpaBJIeHUN TI'PaJWEHTOB, HO U
BBIMTYKJIOCTH (KPUBU3HBI) [IENIEBOM (PYHKIIMH, KOTOpast U3MEPSIETCs ¢ TOMOIIBIO reccuana. Takoid
MOJIX0J1 Ha3bIBaeTcst MeTo1oM HeloToHa.

OcHoBHast unes Meroja ontumu3zanuu HplOTOHa OCHOBaHa Ha TPAaJUEHTHOM CIyCKeE,
cofieprKallleM BbIUMCICHHE OOpaTHOro reccMaHa Tiiagkoil neneBod ¢yHKuuu. Takoil moaxon
MOBBIMIAET TOYHOCTh MUHUMU3AINH (PYHKIIUN C HECKOJBKUMHU YHCJIAMH JIOKAJTbHBIX MUHUMYMOB.

J1Jis anmpoKcuMaIui BTOPOro mopsika GyHKIIMOHAT MMEET BU/ alllPOKCHMAITUH:
_ T 1 T _1s5 () 4y Y
J(@) = I @)+ (@=ay) V, I (@) +2 (0= mp) H(o-a) —HZ[L(f(X 1), Y )=
i=1
(@-a,)"V,L(F(X";@,), y")+ 6)

+%(a)—a)o)T H(o-o,),

rae matpuna ['ecca, onpenensercs o U3BECTHOH Gopmyiie:

82
H=—J(w).
0,00,

Jlist 0OHOBJIEHUS TAPaMETPOB UCIIONIB3YETCsl PEeKyppeHTHas (opMmyIia

o =w,—-HV, I (w,) (7)
Wnu aHanoruvHo B BUAC PEKYPPEHTHON (HOPMYIIBIL:

o, = o, — Hess(w) "V (@), (8)

[TocTpoeHnsl paznuyHble MOJENU MCHOJIB3YIOUIME pa3JIMYHbIE ONTUMU3ATOPbl HEHPOHHBIX
cerel. AropuT™ ontuMu3auuu HeroTOHA onuchIBaeTcs Kak

Hess(w,) = V2 J(Hess(w,)) 9)

Ota utepanronHas ¢popmyiia moiaydeHa u3 pasnoxkenus Teiinopa BTOpOro mopsjaka.

B pabore [23] mpexncraBieH METOJ ONTHMHU3ALUKM MHHMMAJIbHOW HeBsi3ku HproTOHA
(HeroroH-MR), KOTOpBIN BRIUKCISAECT MAaTpUIly [ 'ecce ¢ moMoIp 00paTHOro oneparopa Mypa—
[Tenpoy3a [24] T. e. nceB100OPATHON MaTPHUIIBL.

G = 0,4 P, = 0, + V23, (@)] VI () (10)

3HaK + O3HauaeT mnceBgooOpaTHyro MmaTtpuily. [lo meromam HeroToHa ObLia mpemiokeHa
BBHIMTYKJIasl ONTUMU3anus. Takoil moaxos omucad B [23] ¢ COOTBETCTBYIONIIMMH alTOPUTMAaMH,
KOTOPbIE BHIYUCIISAIOT HAMpaBJIeHUE OOHOBJIEHUS C YUETOM CiIydasi CHJIbHOU BbIMYKJI0CTU. OJTHAKO
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CYLIECTBYIOT U Apyrue Moaudukanuu MeTONO0B onTuMu3zauud HpIOTOHA, oOTIMYaroNIrecs
MPOCTOTON pealin3aiiuy U peaanu3alii B HEMPOHHBIX CETSIX.
IIpokcumanbHBIA FpaAMEHTHBIN CITYCK.

B npeapiaynmx pasnenax oOCyxkaaics I'IaJKUi peryssipus3aTtop, TaKod Kak KBaJpaTHBIN
L, Hopma. JIjisi HErjajakoro peryJsipu3aropa MOXKHO HMCIOJIb30BaTh CyOrpaJMEeHTHBIA METOJI.
Hpyroii Merog — MeToA MPOKCHMAaIbHOTO TrpaaueHTa (0000IIeHHBIH TPaJHUeHTHBIN CITYCK),
KOTOPBI MMEET JYYIIYI0 CKOPOCTh CXOJMMOCTH, YeM BTOPHUYHBIA rpaaueHT. B 0000meHHOM
CMBICJIE 3TO CYUTAETCS MPOEKIH EH.

PaccMmoTrpen ciydail, Korja P HEHYJIEBOW HEIrJIAJAKUH M IMPOKCUMAIIbHBIA OIlepaTop
p(w) nerko BIMUCTUTH. BOT 3a1a4a:

minL(@) ==L (f (;0.6),y) + 2p(@), < R" (11)
N5z
rae A > 0. [IpokcumanibHBIN OnepaTop p ONmpenenseTcs Kak

B, (W) =argmin(p(e) + - | o-u ), >0, (12)
n

I/IJ'H/I €€ MOXHO OHpe[[eﬂI/IT B BHUJIC
l.(w)=0, ecnmu w € Cunave o, ecau x ¢ C.

riae C — BBINYKJIOE MHOXKECTBO. [IpOKCHMAaIbHBIN OIEPaTOp — 3TO OmepaTop mnpoekuuu Ha C,
1.e. P(®)=P.(*). Takum 06pa3om, mar onpenensiercs Kax

o =P, (0-nVI(w)) (23)

TO €CTb BBIINOJHSAETCA OOBIYHOE OOHOBJIEHHME TIpajJueHTa, a 3aTeM MPOEeLUpPYeTcs
obpatHo Ha C. OToT METOJ Ha3bIBACTCS IIPOTHO3UPYEMBIM I'PaJUEHTHBIM
CIyCKOM. PerymspusaTopsl Bcerja BBI3BIBAIOT Pa3peKEHHOCTb ONTHUMAJIBHOrO pemeHus. s
MalIMHHOTO OOy4YeHUsi HaOOp [aHHBIX COJIEPKUT MHOTO H30BITOUHON UHOpMAIUHU, H
yBEJIMUEHHE Pa3peKeHHOCTH MPU3HAKOB B HAOOpe JaHHBIX MOXXKHO paccMaTpUBaTh Kak BBIOOD
IIPU3HAKOB, KOTOPBIA yIlpouieHue moaend. PaccMoTpeHbl peanusanus OTHENIBHBIX METOIOB
perynspu3anuu 1 MOIy4EeHbl pa3IMYHbIe MOAEIN JUIS 3a7a4 CEJIbCKOr0 X0341CTBa.

3. Unc/ieHHbIE pacyeThbl

Ha npumepe ObUIM peain30BaHO PEryJIsIpU30BaHHBIA MOJEb JJIs1 MEPEOOYyUCHHBIA MOIEIH
CJIagKOoro mnepua u KapTO(beJ'IH. B PE3YJIbTAaTEC TOYHOCTb HAa NAHHBIX IPOBCPKHU U TCCTUPOBAHUA
Jlalii XOpouIre pe3yabTatel. Bot, nmponecc peainsanuu.
Epoch 20/20

98/98 [==============================] - 725 737ms/step - loss: 0.0260 - accuracy:
0.9939 - val_loss: 0.0131 - val_accuracy: 0.9974
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S CNN-Accuracy
—— Train loss
~—— Validation loss 100
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Puc.1. Peanuzanus peryssipu3aniuu Moaesd OOJIE3HH CJIAJIKOT O IepIia

[Ipumep peanuzanuu PEryJIIpU3alMK  MOJEIH paclio3HaBaHUsS OOJe3HH KapTodes.
Tounocth 99.08 %. OmmubOKa Ha TeCcTOBBIX M oOy4daronmx qaHHbix 0.01.BoT peanuzamus.

Epoch 20/20

69/69 [==============================] - 51s 738ms/step - loss: 0.0530 - accuracy:
0.9886 - val_loss: 0.0221 - val_accuracy: 0.9908

loss acc

—— Train loss 1.0
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Puc.2. Perynsipu3oBaHHbIi Moj€Tb KapTO(ess B IPOCTPaHCTBE L,

4. 3ak/l04eHne

B paGore mpoBeneHo ucclieOBaHUE MPUMEHEHHUS METOJOB TIIIyOOKOTrO OOy4deHUs ISt
HIMPOKOT0 KPyTa CellbCKOXO3sIMCTBEHHBIX 3a/1a4. BBIABIICHBI OCHOBHBIC (DAKTOPHI, BIUSIONINE HA
YPOKAWHOCTh CEIBCKOXO3SMCTBEHHBIX KYJIBTYp C TOMOIIBIO AJITOPUTMOB MAIIMHHOTO U
rIyOOKOro 00y4eHHs.

- co3/1aHbI 0a3bl TAHHBIX, OCHOBAHHBIC HA KIIMMATUYCCKUX U arPapHbIX CUCTEMAX;

- IPOBEJICH aHAJIN3 IAHHBIX 33a]1a4 Ha 0a3e TeXHOIOTUi MaITMHHOT0 00yUeHHS,

- TOCTPOCHBI PAa3JMYHBIC HEIMHCWHBIC MOJENU JUJIsl TPOTHO3WPOBAHUS YPOXKANHOCTH
CEJIbCKOXO3SIICTBEHHBIX KYJIBTYp C HCIHOJB30BAHHEM METOJOB YBEIMYCHUS JAHHBIX H
paciMpeHreM apaMeTpOB MPU3HAKOBOTO ITPOCTPAHCTBA arPapHbIX U IKOJIOTHYECKHX CHCTEM.

Paccmotpeno maTemaTnyeckoe 00OCHOBaHUE ONTUMHU3AIMU HA OCHOBE OMTHMHU3AIINN
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- PACCMOTPEH YHWCIEHHBI METOJ, OCHOBAaHHBIM Ha T'PaJUEHTHOM CIYCKE B Pa3JIMYHBIX
BapuaHTaxX, BKJIIOYAsl MAKETHBIA T'PaJIMEHTHBIA CIYCK, CTOXaCTUYECKUW T'PaJIUEHTHBIN CIYCK U
MUHHU MTaKETHBIN TPAMEHTHBIN CITyCK, M HCCIIEIOBAHA UX CXOANMOCTb;

- UCCIENOBAHO NPUMEHMMOCTh Meroaa perymspusauuu  A. H. TuxonoBa mis
nepeoOydeHHbIX MOJIETIeH CEeIbCKOro X035HCTBA;

- TIPOBEACHO MaTeMaTH4eckoe OOOCHOBAHHWE OCHOBHBIX MPOOJIEM B IIIyOOKOM OOy4YEHHH
npu 00y4eHUN HEHPOHHBIX CETel METO/IOM PETyIsIpHU3aIii, 00ydeHHe MOIeTIeH ¢ MPUMEHEHHEM
CBEPTOYHBIX HEHUPOHHBIX CETEM, ONTUMHU3ALMUS PA3JIUUYHBIX APXUTEKTYP HEUPOHHBIX CETEU U
TparchepHoe 00yueHue A1l TOCTPOCHUSI MOJIETICH B TITyOOKOM 00y4YeHUH;

- TIOCTPOEHBI CBEPTOUYHBbIC HEHPOHHBIE CETH ISl OOY4YEeHHs] MOAeNed W I MOBBILICHUS
3 deKTUBHOCTH KJaccuUKauu O0oJe3Hel pacTeHuid Ha Oe3e Habope JaHHBIX, COOpaHHOM B
MOJIEBBIX YCIIOBUSIX.

B pabore Obumn peann3oBaHbl TepeoOyUSHHBIE MOJICNN Tl PA3IUYHBIX CAJIOBBIX KYJIbTYP
Ha 6a3e CNN u UX TEXHOJIOTHH PEeryJsipH3aliy ¢ COOTBETCTBYIOIIUM BEIOOPOM ONTHMH3ATOPOB
HEWPOHHBIX CETEM.
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ITPOTOKOJI BECHEHTPOBOI'O KBAHTOBOI'O PACHIPEAEJIEHUSA
KJIIOYEN HA OCHOBE CYIIEPIIO3NIINN

E.E. Berumb6aena'?, T.M. Kakcauabikos'?, A. Axranos?, P. [lamkesuu?, O.A. Ycaropal?

1Satbayev University, Ammamul, Kazaxcman
2Kaszaxcmancko-Bpumancxuii Texnuueckuii Ynueepcumem
SUncmumym ungopmayuonnvix u evtuuciumenvuvix mexuonoauti KH MHBO PK, Kasaxcman

YK 004.056.5

Annomauua. B ycnosusx pocma uucia Kubepamax u cO8epUIEHCBOBAHUL MemOo008
83710MA, MPAOUYUOHHbIE KPUNMOCUCTNEMbL HYHCOAlomcs 6 0Oonee HAOEHCHBIX peuleHUsx.
Keanmosas kpunmoepaghus, ocnosannas ma npunyunax KeAHmMoOSOU MeXaHukKu, npeoidazaem
HOBble N0OX00bl K 3awume OaHHbIX. B cmamve npeocmasnen npomokon 0eyeHmpaiu308aHHo2 0
K6AHMOB020 pacnpedenenus Kaouel, KOMOpwlli OCHO8AH HA NPUHYune Cynepnosuyull.
Ilpumenenue K6aHMOBHIX UCTOYHUKOB, OEMEKMOPO8 U ONMUUECKUX KOMNOHEHMO8 8 COUemaHuu
€ KIACCUYeCKUMU KAHAAMU C853U 0becneyusaenm blCoKy0 MOYHOCHb U HA0EHCHOCMb CUCTEMb.
Ilpomoxon obnadaem GblCOKOU MACUMAOUPYEMOCMbIO U  CHOCODEH — a8MoMamuyecKu
obHapycusams NONLIMKU HECAHKYUOHUPOBAHHO20 00CMYNA, Ymo Oelaem e20 nepCneKkmuHbiM
0715 UCNOTIL30BAHUSL 8 3AUWUWEHHBIX CeMAX HOB8020 NOKOAEHUs. J{annblil no0xXo0 y00enemeopsem
co8pemMeHnbIM mpedosanusm 6e3onacHocmu u 3awuujaem UHGOPMAYUo om KiacCUYecKux u
K6aHmoswix yepos. lLlenv Oannol cmambu — npedcmasums HOBblU OeyeHmpaiu306aHHblL
MHO20NO0I6308AMENbCKULL NPOMOKOL KB8AHMOB020 pacnpedeienus Koyell, OCHOBAHHbIL HA
NPUHYUNe CYNnepno3uyuu, U HnpPoOOeMOHCMPUPOBAMb €20 NPeuMyujecmea 6 NoebluleHUU
be3zonachocmu u 3gppexmuenocmu nepedauu OAHHHIX.

Knwuegvie cnoea: ungpopmayuonnasn besonacnocms, Kyoum, K6anmosas kpunmozapagus,
K6anmosoe pacnpeoenenue Kuodel, Cynepno3uyus, K6aHmoseas MexaHuxa.

Beenenue

B coBpemenHoM mupe, rae nubpoBble TEXHOJOTMHM MPOHUKAIOT BO BCE Cepbl KHU3HH,
BOMpPOCHl MH(OpMAIIMOHHON 0€30MacHOCTH CTAHOBATCS BCE Oosiee akTyalbHBIMH. YBeEJIWYCHUE
yucia KubepaTak, UCIOJIB3YIOIUX BCE OoJiee CI0KHbBIE METO/IbI, IPE/ICTaBISIeT CepbE3HBIN BHI30B
JUId  CyIIECTBYIOUIMX KpunTtorpagudeckux cucreM. B 2024 romy kosmuecTBO KubepaTak
IPOJODKAET CTPEMHUTENbHO pacTH: mo gaHHbIM [T Governance, B mepBble Mecslbl roja
IIPOM3OILIIO0 HECKOJIBKO KPYIHBIX YT€UEK JAAHHBIX, 3aTPOHYBIINX THICAYM OpraHU3aLUi 110 BCEMY
MUDY .

Nudopmanmonnas 0e30MacHOCT, CTAHOBUTCA KPUTHUYECKH Ba)KHOM 3amadeid s
opranuzanuii moboro macmtada. J{onroe Bpems Kit04eBbIMH 3JIEMEHTaMHU 3aIUTHI HH()OpMAIHH
OCTaBaJIMCh TAKUE KJIACCUUECKUE KPUIITOrpapUUECKue CUCTEMBI, KaK HHPPACTPYKTYpa OTKPBITBIX
kimouerd (PKI) u mporokxonel SSL/TLS, ocHoBanHble Ha acumMmeTpuyHoi kpuntorpaduu. PKI
obecreunBaeT ayTeHTH (PUKaLKIO U MU POBAHNE TaHHBIX C TOMOUIbIO IU(PPOBBIX CEPTUPHKATOB,
toraa kak SSL/TLS 3ammuiaeT naHHbIe PU IIepenaye, co3nabas 0€30MacHOe COSTMHCHUE MEXK Y
KIIMEHTOM H cepBepoM. O1HaKo, 0 Mepe pocTa 00BEMOB U 3HAUMMOCTH MEePeaBAEMBbIX TaHHBIX,
KOTOpbIe cocTaBisIlOT okono 402,74 wmiuH TepabalT B JI€Hb, TPAJAUIIMOHHBIC METOJIbI
Kpunrorpaduu CTaJKUBAIOTCA C HOBBIMU BbI3oBaMH. COBpPEMEHHBIE Yrpo3bl U YA3BUMOCTH
TpeOyroT pa3paboTku Oosee HaIEKHBIX KPUITOT PAPUIECKUX METOIO0B JIJIS 3aIUTHI HH(OpPMAIUH.

[TosiBieHnEe KBAaHTOBBIX TEXHOJOTHMH MOMKET pPaJMKaJIbHO U3MEHUTH TEKYULIYIO MMapajurmy
6e3omacHoctu. Anroput™ Illopa, paspaboranusni Ilutepom Illopom, sBiseTcs KBaHTOBBIM
BBIYUCIUTEIBHBIM METOJIOM, CIIOCOOHBIM A(PQPEKTUBHO (HaKTOPHU30BATH OONBIIME YHCIA, YTO
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CTAaBUT IO/ Yrpo3y 0€30MacHOCTh TaKMX KpunTocucreM, kak RSA. KBaHTOBbIE KOMIBIOTEPHI,
UCTIOJIB3YIOIINE 3TOT AITOPUTM, MOT'YT COKPATUTh BPEMs B3JIOMa KJIFOYel C KBAJAPHIUIMOHOB JIET
JI0 HECKOJbKMX YacOB MJIM MHHYT, YTO CTaBUT II0J BONPOC HAIE&KHOCTh COBPEMEHHBIX
KpUOTOrpauuecKux METO/I0B.

Co3nanne amroputma Illopa crano  KaTaau3aTOpoM — Pa3BUTUS  IIOCTKBAHTOBOM
Kpunrorpaduy, HaIpaBIEHHOM Ha CO3JJaHME aJITOPUTMOB, YCTOHYMBBIX K aTakaM KBAaHTOBBIX
KOMITbIOTEepOB. OJJTHOBPEMEHHO C 3TUM Pa3BUBAETCS KBAHTOBAs KPUNTOTpadus, OCHOBaHHAs Ha
NPUHIMIIAX KBAHTOBOM (DM3MKH, MpeJararomas MeToJbl Ieperadd IaHHBIX, HW3HAYaIbHO
3aIlMILEHHBIE OT IIEpEeXBaTa U B3JIOMA.

KBanroBas kpuntorpadus ucroyb3yer KyOuTsl, 00Jaaroye YHUKaIbHON CIOCOOHOCTHIO
HaXOIUTbCA B COCTOSHUU CYNEPHO3UIMH, YTO TO3BOJSIET KBAaHTOBBIM KOMIIbIOTEpAM
o0pabarbiBaTh MH(OPMAIMIO 3HAYUTEIbHO d(p(deKkTHBHEe Kiaccuuyeckux. lIpuMeHeHne Takux
IPUHLIMIIOB, KaK MOJspU3alUs cBeTa U (POTOHHBIE MMITYJIbCHI, AAET BO3MOXHOCTh pa3padoTaTh
HOBBIE METOJbl 3aIIMThl MHGOpPMALMU M pelaTh 3a7adyd, KOTOpble ObUIM HEAOCTYNHBI IS
KJIACCUYECKUX KPUITOrpadrUeCcKUX CUCTEM.

IIpenmyniecTBa KBAHTOBOI'O PacnpeaeJeHus KI4en

OpauM n3 HanOoJsiee NEPCHEKTUBHBIX HANpPaBICHUM NPUMEHEHUS KBAHTOBBIX TEXHOJOTUMI
ABIIsieTCs oOecriedueHre Oe3omacHOM mepenaud AaHHbIX. KBaHTOBas Kpunrorpadus, BIIEpBbIE
npeanoxenHas CtuseHoMm Busnepom u Yapibe3om bennerrom B 1979 rony, ocHoBbIBaeTcs Ha
(byHIaMEHTAJIbHBIX 3aKOHAX KBAHTOBOW MEXaHUKH, UTO I03BOJIAET JOCTUTaTh OeCIpeLie/IeHTHOro
ypOBHS 0€30MacCHOCTH IIPHU Nepeadye CEKPETHBIX KIFoUel Mexay AByMs cTopoHamH. B orianuue
OT TPaJULHUOHHBIX KPUNTOrpaMuecKUX METOA0B, KOTOPBHIE OMUPAIOTCS HA BBIYHUCIUTEIbHYIO
CIIO)KHOCTb, KBAHTOBasi KpUIITOrpadusi MCIOJb3YyeT SIBJIECHUS KBAHTOBON CYNEPIO3ULUU U
HNPUHLIKI HeonpeneaeHHoCcTH [ eiizenbepra it obecrneyeHus 3alyIeHHOCTH JaHHbIX.

[Iporrecc  KBAaHTOBOrO  pacmpefelieHus KJo4eld  BKJIIOYaeT OOMEH  CIydaiHOun
MIOCJIEZIOBATEIFHOCTRIO KyOUTOB MEXAY ABYMS yYaCTHHKaMH, YTO T'apaHTHUPYET OOHapyX eHHe
mr00bIX MONBITOK mepexBara. IIporokomsr QKD, takme xak BB84 u E91, nemoHcTpupyroT
BBICOKYIO CTEMeHb 3allUThl OJaronapsi MCIOJIb30BaHUIO KBAHTOBBIX CBOWCTB (poToHOB. BB84,
paspaborannbiii Yapnszom bennerom u XKuiem bpaccapom, HCIONB3yeT YeThIpE COCTOSIHHS
noysipuzanuu ¢otoHoB, Toraa kak E91, mpenmoxeHHbIt ApTypoM DKKEpTOM, OmMpaercs Ha
SBJICHUE KBAHTOBOW 3aIyTAHHOCTH.

TexHosoruueckue moaxoabl K peannzanun QKD

Cy1iecTBYIOT 1Ba OCHOBHBIX M0X0/1a K peanmu3anuu QKD: ¢ ucrnoap3oBaHUEM AUCKPETHBIX
nepemeHHbIX (DV) u HenpepbiBHBIX nepeMeHHbIX (CV). CV-cucTeMbl, B 4aCTHOCTH, IPEAJIAratoT
MPEUMYIECTBA B BHUJIE€ BBICOKOM CKOPOCTH TeEpelaud KIo4Yeil Ha KOPOTKHE PACCTOSIHUS U
COBMECTUMOCTH c CYIIECTBYIOIUMU TEeNIEKOMMYHHUKAIIMOHHBIMH TEXHOJIOTHSIMHU.
DKCnepuMeHTaIbHbIE Pa3pabOTKHU, MPOJEMOHCTPUPOBABIIHNE MPAKTUYECKYIO OCYIIECTBUMOCTD
QKD, Ob11i ycnenrHo peaan30oBaHbl.

C pa3BuUTHEM KBAaHTOBBIX TEXHOJOTMH BO3pacTaeT HEOOXOAUMOCTh HMX HHTErpallid B
CYILIECTBYIOIIE CeTH CBs3H. KBaHTOBBIE ceTH, 0OECIeynBaOIINE BBICOKHI YPOBEHb 3alUThI
JNAHHBIX, TPeOyIOT pa3pabOTKu THUOPUIHBIX PEIICHHH, KOTOpble OOBEIUWHSIOT KBAaHTOBBIE W
KJIACCHYECKUE MOJEIU CBSI3M, MHUHUMH3UPYSd PHCKA U 3aTpaTbl Ha MOJICPHU3AIHUIO

UH(PaCTPYKTYPBHI.

IIpoToKoJ1 0eCleHTPOBOr0 KBAHTOBOIO pacnpeaejeHus K0 Yei

}IJ'IH pfam3ali IpOTOKOJIa JCHCHTPAIN30BAHHOI'O KBAHTOBOI'O paClpCaACICHUA KJIIO‘Ieﬁ,
OCHOBAaHHOI'O Ha CYHNCPHO3WIUH, KAXKIAOMY I10OJIB30BATCIIIO Tpe6yeTC${ Ja3ep A TeHEpanuu
OJUHOYHBIX (bOTOHOB (KBaHTOBBII‘/’I I/ICTOLIHI/IK), BBICOKOYYBCTBUTCIIbHBIC (bOTOHHI)Ie JACTCKTOPLI,
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Takue Kak JaBuHHbIE (oromuonsl (APD), nns m3MepeHHs KBAaHTOBBIX COCTOSIHMI, a TaKkxKe
ONTUYECKHE KOMIIOHEHTHI, BKJIIOUas MOJISPU3AIOHHBIE CBETOACTUTEINH, (Pa30Bble MOAYISATOPHI U
OINITOBOJIOKOHHBIE KaHajbl i1 KOPPEKTHOW Iepeladyd M MaHUIYJIMPOBAHUS KBAaHTOBBIMU
curHagamu. Kpome Toro, HeoOXoquM 3alMINEHHBIN KJIACCUYECKHI KaHal CBS3U g oOMeHa
uHpopManel U BHICOKOTOYHBIE Yachl C CHHXPOHMU3ATOpPAMHU JUI KOOpJMHAIMHM MPOLIECCOB
nepenayu U U3MepeHusl.

[Iporecc moaroToBKM KyOUTa HAUMHAETCS C COITIACOBAHUS JUTMHBI KJII0Ya 11 MEXKJ1y XOCTaMHU
0 KJaccuueckoMy KaHaimy. Jlamee Kaxaplii 1OIb30BAaTENb TIEHEPUPYET CilydallHbIe
MOCJIEe0BaTeIbHOCTH OUTOB  X; = {xl,xz’x3 xn},xi € {0,1}, koTopeie mpeobpasyroTcs B
KBAaHTOBBIC COCTOSTHUSI. DTHU COCTOSIHUSI KOMUPYIOTCs B Z-0azuce: : |0) wmm [1), mocie vero k
Ka)XJI0OMY KYOUTY IpUMEHsIETCSI BEHTUIIb AJlaMapa, MepeBOAsIINN UX B COCTOSHUE CYTIEPIO3UIINHN:

1 1
H|0) = ﬁ(|0)+ 1), H[1) = \/—E(IO)— 1))

3aTeM C UCIIOJIb30BAHUEM OIepanuu BpalieHus Ry(6) BHIYHMCIAIOTCS HOBBIE aMILTMTYIbI
COCTOSIHMI KyOuTa, T]11e

Ry (0) = exp (—i * gX) = cos (g) * | — i *sin (g)x,

IIPH OTOM KayKJIbIi MTOJIb30BaTEIb BEIOUpAET ciaydakiHbii yroy 6 ot 0 1o 360 rpaaycos.

Ha sTane 06paboTka KyOMTOB OCYIIIECTBIIICTCS Iepeaada KyOuTOB 10 KBAHTOBBIM KaHajaM
U UX Iroclnenyroiee naMepenue. I[lepenaya kyOUTOB NMPOUCXOAUT MO 3apaHee yCTAaHOBJICHHBIM
KBaHTOBBIM KaHaJlaM, TAaKMUM KaK OIITOBOJIOKOHHBIE CHCTEMBI CBSI3H. B mporecce n3aMepeHus c
MIOMOIIBIO CITEIIUATN3UPOBAHHBIX MTPHOOPOB MPOU CXOIHT KOJIJIANIC BOJIHOBOH ()YHKIIMU KyOHUTOB,
YTO [MO3BOJISIET MOJIYYHTh 3HAUCHUS MEPETaHHBIX KBAHTOBBIX COCTOSHUH.

Tperwii sTan BKJIOYAaeT M3BIICUCHHE KIIOYa IMyTEM MPUMEHEHHS OyNeBbIX (YHKIHHA K
ammmatyaam (a ) u (b). s xaxaoro kyouTa kimod Beraucisiercs mo popmyiie (K; = f(a, b)),
rze (f) Moxer OBITh Kak omnpene’aéHHol OyaeBoil GpyHKIMEH, Tak 1 Ha0OpoM OyieBbIX (YHKIUH.

PesyabTarTsl

B xo7e BbINoHEHNs SKCIIepUMEHTa OBbLITN MOTy4YeHbI cieaylomme pe3ynbpraTel. Ha nepsom
JTane OCYLIECTBJIJIACh CilydaiHas reHepanus OHWTOB KaXIbIM Y3JoM. Jlns reHepauuu
UCIOJIB30BAINCh  IICEBJOCIYYalHbIE  I'EHEpaTopel  4YHCEI.  Y3el A CreHepupoBall
nocnenoBaTebHOCTh OuToB 10101, a y3enm B — 00010.

CnenyronmM »TanoM Obljla MOArOTOBKAa KyOMTOB Il MOCHEAYIOLIeH mepenadu |
o0pabotku. B Tabmuue 1 npencraBieHsl pe3ysbTaThl Mpoliecca MOArOTOBKM KyOuTa Uil y3ia
Anucel (A). B kaxaom ciaydae ObUIM oIlpefesieHbl HayalbHble OUTOBBIE COCTOSHUS Z U X,
3Ha4yeHusl mapamerpa R, a Takke MOIydeHHble cOCTOsiHHs KyOuTOB (|@,)). AHamormvHblii
nporecc OblI poBeeH i y3na boba (B), pe3ynpTaTsl KoTOporo npusesneHsl B Tabmune 1.

Ta6numa 1 - Pesynprar nporecca moaroToBku Kyoutos Anmcel 1 booa

Bit |Z X R Pesynbrat (A) Bit |Z [X |R |Pesynbrar (B)

1 -} [ 333 | [@a1) = @4110) 484, 11) 0 |10){1+)|182 ||@p1) = @py10) +Bpq 1)
|, ) = -0.85264|0) + |@,1) = -0.71934|0) + 0.69465|1)
0.52249]1)
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0 10) [+) 248 |0a2) = @g210) +B,211) 0 10){1+)(287 {|l@p2) = apz10) +Bp,11)
lg,,) = -0.98162|0) + |@,,) = -0.98901|0) + (-0.14780)|1)
0.19080]1)

1 11) [-) 13 |a3) = @g310) +B,311) 0 10){I+)(359 {|@p3) = ap310) +Bp311)
|@q3) = 0.62251|0) + (- |@p3) = -0.71325]0) + (-0.70090)[1)
0.78260)11)

0 10) I+) 119 |@qa) = @q410) +B,411) 1 11)[I-) 347 ||@pa) = @palO) +Bp4l1)
|@q4) = -0.250380) + |,4) = -0.78260]0) + 0.62251]1)
0.96814|1)

1 11) ) | 310 | |@gs) = agsl0) +B4s11) 0 [I0)[I+)|57 (l@ps) = aps|0) +Bps11)
[@qs) = -0.93969|0) + |¢ps) = 0.28401]0) + 0.95882|1)
0.34202|1)

3akioueHne

3aKITIOYUTENBHBIM 3TAllOM CTaJIO M3BJIEYEHUE Kitoua. B cooTBeTCTBHU € ompeneneHHOU
OyneBoil ¢yHkiued, B maHHoM ciydae (yHkruern XOR, ObLIO NMPOM3BENECHO BBIYHMCICHUE
3HAYCHUH KJItoYa I KKI0i mapel COOTBETCTBYIONIMX COCTOsIHUI @ u b. B utore ycranoBuiics
crnenyromui kimod Mexay Amucord u bodom: 01111. DtoT kimtou OyaeT HUCMONAB30BATHCS IS
JanbpHenero mudpoBanus u pacmupoBaHus JAHHBIX B paMKaX KBAHTOBOTO MPOTOKOJIA.
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ITPOI'HO3UPOBAHUE YI'PO3 U VA3BUMOCTEN
NHOPOPMAIIMOHHOU BE30ITACHOCTHU HA OCHOBE AHAJIN3A
JAHHBIX TEMATUYECKUX UHTEPHET-PECYPCOB

AM. CamyiinoBa
Kasaxcxuti Hayuonanvuwiti Ynusepcumem umenu Anv-@apadbu
YK 004.891.53

Aunomauus. B cmamve paccmampusaemcsi mMemooono2us npocHO3UPOSAHUS YZPO3 U
yazeumocmetl 8 cepe UHGOPMAYUOHHOU OE30NACHOCMU, UCNOL3YS OAHHble, NOJYYeHHble U3
cneyuanusuposanuvlx Mumepnem-pecypcos, maxkux Kak gopymsi u unmeprem-niowaoku. Ha
cecoOHAWHUlL OeHb 6 cemu Humepnem cywecmsyem MHONCECMBO CNREYUATUIUPOBAHHBIX
UHPOPMAYUOHHBIX — pecypcos,  20e  Noab308amenu  aKMuGHO  00CYHCOarom  60NPOCyL
uHgopmayuonHol 6e30nacHocmu, Memoobl HeCaAHKYUOHUPOBAHHO20 OOCMYNA K 3AUUUCHHBIM
oannvim u opyeue acnekmsli dmou obnacmu. Ha makux ¢popymax sapeeucmpuposanvi Kax
HOIb308aMeNU, 3aUHMEPECOBANHble 8 3auume KOMIbIOMEPHOU UHGopmayuu, maxk u me, Kmo
usyuaem memoobl amax HA UHPOPMAYUOHHBlE cucmembl. YKasauuvie opymvl mocym
PACCMampueamspCsi  UCMOYHUKAMU — UHPOpMAyuU O HOBOM 8DEOOHOCHOM NPOCPAMMHOM
obecneyenuu, YA36UMOCMAX U KOMIbIOMEPHbIX amakax. [is NpocHO3Uposanus yepo3 u
yazeumMocmet  UHGOPMAYUOHHOU — OE30NACHOCMU  UCNOAb3YIOMCS  MAKUe Memoobl, KAk
CMamucmu4eckoe UcCie008anue cooouenul Ha Gopymax, nPuUMeHeHue mMemooo8 HeuemKo20
JI02UYECK020 6b1800d, CEMAHMUYECKUN AHAIU3, UCNONb306aHue oumono2ul. Kombunuposanue
UCNOIb306aAHUE OAHHLIX MEmMO0008 CHOCODCMBYem NOBbIUEHUIO IDhekmusHocmu Memooos u
cpeocme  BblsAGIeHUs Yepo3 U YA36UMOCHeEU UHGOPMAYUOHHOU OE30naACHOCMU HA OCHOBe
paspabomxu aneopummos u UHGOPMAYUOHHO -AHATUMULECKOU CUCMEMbL Ol AHATU3A NOMOKA
MeKCmoa8ulX coobuenuil memamuieckux Hnmepnem-pecypcos.

Knrouesvle cnosa: yeposvl ungopmayuonnoil bezonacnocmu, memamudeckue Mnmepnem-
pecypcul, ¢opympl, cemanmuyeckull AHAIU3, CMAMUCMU4ecKull anaiu3, OHMOoOA02Usl, HeyemKuil
Jlo2uyecKull 661800.

BBenenue

B Hacrosmiee BpeMsi OCHOBHBIMH HCTOYHMKAMU 3HAaHUH 00 yrposax U ysA3BUMOCTAX
6e3omacHocTH MHGOPMAIUHU SABISIOTCS CHEHAIM3UPOBaHHbIE 0a3bl JAHHBIX, CO3/IaBaeMble MPU
y4acTUHU HCCIEA0BATEIbCKIX LIEHTPOB U FOCYIapCTBEHHBIX CTPYKTYp. TeM He MeHee, epedyHu
yIrpo3 U YA3BUMOCTEH, coaepxamiuecs B TakuxX 0Oa3ax JaHHBIX, HE BCEr/a OXBaThIBAIOT BCE
CyliecTByromue acnektel. [loaTomy MHOrme wucciemoBarenu B 00JacTd HHGOPMALUMOHHOM
0€30MmacHOCTH MPUOETAIOT K HCIOJIH30BAHUIO TEMATHYECKUX HMHTEPHET —PECYpPCOB, TAKUX KaK
bopyMBl U MHTEPHET-TUIONMIAJIKH, B KAaueCTBE JOMOJHUTEIBHOIO MCTOYHHKA HHPOpManuu 00
yrpo3ax u ysa3BUMOCTSX.

Ha cerogusiiinuii aeHb B ceTu MHTEpHET CyIIECTBYET MHOXKECTBO CIEI[MAITN3UPOBAHHBIX
WH()OPMAITMOHHBIX  PECYypcoB, TIJ€  II0JIb30BAaTeIM  aKTHBHO  OOCYXKJAIOT  BOIPOCHI
nH(pOpMaIMOHHON 0€30MacHOCTH, METO/Ibl HECAaHKIIMOHUPOBAHHOTO JOCTYyMA K 3aIIUICHHBIM
JAHHBIM M JApPYTHE acleKThl 3Toi obsactu. Ha Takux Qopymax 3aperucTpupoBaHbl Kak
MOJIL30BATENH, 3AMHTEPECOBAHHBIC B 3aIIUTE KOMITBIOTEPHOU HH(MOPMAIINH, TAK U T€, KTO U3y4aeT
METOZbl aTak Ha HWH(OpPMAlMOHHBIE CHUCTEMBI. YKa3zaHHblEe (OPYMbl MOT'YT paccMaTpuBaThCS
HUCTOYHHUKaAMHU I/IH(I)OpMaI_II/II/I O HOBOM BPCIAOHOCHOM IIPOrpaMMHOM 06€CHGLIGHI/II/I, YA3BUMOCTAX U
KOMIIBIOTCPHBIX aTaKax. CpGI[I/I [OJIb30BaTeIeM TaKHUX TEMaTHYECKHUX HHTCPHCT—PCCYPCOB
NPUCYTCTBYIOT KaK IMOTEHIIMAILHBIE HAPYIINTENHU, TaK U YYACTHUKH, 00JIaIal0MIHe CBEICHUSIMHU

136



00 yrpo3ax # ysI3BUMOCTSIX HHPOpMAIMOHHOI O6e30macHocTi. OHM 00MEHUBAIOTCS UMEIOIIUMUCS
y HUX 3HAaHUSIMU C HCIIOJIb30BaHUEM (OPYMOB M HHTEpHET—IUIoNA10K. [Tepednciennbie hakTopsl
MO3BOJISIIOT MMPOTHO3UPOBATH YI'PO3bl U YSA3BUMOCTH B 00J1IaCTH MH(OpPMALIMOHHOM 0€30MacHOCTH
Ha OCHOBE aHaJM3a JAaHHBIX TEMAaTHUYECKUX WHTEPHET—PECYpPCOB, MCMOJB3Ysl 3aKOHOMEPHOCTH,
KOTOPbIE XapaKTEePHBI IS ITpoliecca 0O0CYKIEHUS YIPO3 U ySI3BUMOCTEH.

Jlis xaxaoro cooOIieHus: nHTepHeT—(hopyMa JOCTyIHA Takas HMHQOpMAaIus, KaKk BpeMs
CO3JIaHUS COOOIICHMSI, aBTOP M €r0 PEHTHHT, MPUHAATICKHOCTH K ONpeieiecHHOMY (opymy U Teme
dopyma, kommdecTBO cooOmeHnit B TeMe ¢opyma [1]. DTa cTpyKTypa COOOIIEHUH MO3BOJSIET
MPOBOAUTH KaK CEMAHTUYECKUM, TaK M CTaTUCTHYECKUM aHanu3. [IpoBeneHne ceMaHTHYEeCKOro
aHajgn3a TO3BOJISET OTQMILTPOBATH COOOIIEHHS, HE OTHOCSIIMECS K IMPEIMETHOH 00JIacTH
uH(pOopMaIMOHHOM Oe3omacHOoCTH. B pesynpTaTe 3TOro aHaiau3a MCKIIOYAIOTCS COOOILIEHUS, He
cofiepKamme WHQOPMAIMH O IMOTEHIHAIBLHBIX YIrpo3ax M YSI3BUMOCTSIX WH(OPMAIHMOHHOM
0€e3011acHOCTH.

Ha cerognsmmuii neHp B KadecTBE OAHOTO M3 3(P(GEKTUBHBIX MOAXOJOB OMHMCAHUS
NpeAMETHBIX 00JacTeld MpPUMEHSETCS OHTOJIOTWS, MPH HCHOJb30BAHUU KOTOPOM HYKHas
npeaMeTHasl 00J1acTh MOJJISKUT ONMHMCAHUIO B BHJI€ OPraHM30BAHHON COBOKYIMHOCTH TMOHSATUH C
Y4E€TOM CYUIECTBYIOLIMX MEXKY HUMU CBSI3€d U UX CBOMCTB. [Ipu MpUMEHEHNHN OHTOJIOTMYECKUX
METOJIOB TPOUCXOJUT aHAJIN3 TEKCTOBBIX JTAHHBIX C IEIBI0 OMPENeNeHUs] MX COOTBETCTBUSA
TEPMHUHAM ¥ KOHIENIUSM, 3aIaHHBIM B OHTOJIOTHH.

JUis NporHO3UpOBaHUS Yrpo3 M ysA3BUMOCTeH HH(OpPMAaLMOHHOM 0Oe30macHOCTH
UCIOJIb3YIOTCSl  JJaHHbIe, I[OJYyYEHHbIE M3 aHajlu3a JeATEJIbHOCTH II0JIb30BaTele Ha
CHeLHAaM3UPOBAHHBIX MHTEPHET —pecypcax. DTOT aHAIM3 BKIIOYAET B ce0s CTATHCTHYECKOE
UCClIeZIOBaHNE COOOICHUH Ha opyMax U MPUMEHEHHE METO/I0B HEUETKOr O JIOTHYECKOr0 BBIBOJIA.
[Tocnennue MO3BOJSIIOT OTCIEKUBATH 3aKOHOMEPHOCTh, MPUCYIYI0 TEMAaTUYECKUM HHTEPHET—
pecypcaM U 3aKJIIOYAIONIYIOCS B TOM, YTO MPH MOSBICHUU YTPO3bl HJIA YSA3BUMOCTH, YIaCTHHUK
dopyma cozzaer HOBYIO TEMY M OCTaBJsieT COOOIIEHHE, KOTOpPOE MOTOM OINpOBEpraercs Wi
NOJACP)KUBACTCS APYTMMHU y4acTHHKamu. Ha OCHOBe Ba)XKHOCTH 0OCykIaeMoil WH(popMaIruu
3a/laeTcsi BHYTPEHHHI pPEUTHHT aBTOPOB cooOmieHui Qopyma. 3aKOHOMEPHOCTh TaK K€
HAOMOaeTcs B YBEIMYEHWU YACTOTHI TIOSIBICHUS COOOIIEHHH TpPHU BBICOKOH BaXKHOCTH
obcyxnaemoi nadopmarmu [3].

1. I[ToctanoBKA 3a1a4u

OCHOBHOM 3amavedl HJaHHOT'O HKCCIEIOBAHHUS SABJSIETCS aHAIW3  METOHOB I
MIPOTHO3UPOBAHMSI YI'PO3 M YSI3BUMOCTEH WH()OPMAIIMOHHON 0€30IacHOCTH Ha OCHOBE aHAM3a
JAHHBIX TEMAaTUYECKHX HHTEpPHET-pecypcoB. B pamkax NaHHOW 3aqadu HEOOXOAWMO pEIIUTh
CIICYIOIIN e TTOA3a1aUH:

1. AHanu3 anropuTMOB MPOTHO3MPOBAHMS Yrpo3 M YSA3BHUMOCTEH HH(OpPMAIMOHHOU
0e30IacHOCTH Ha OCHOBE aHaJIM3a JaHHBIX TeMaTHUecKuX HTepHET-pecypcoB.

2. IlpumeHneHue yka3aHHBIX aJITOPUTMOB.

3. AmnHamm3 pe3yibTaToB.

4. 3akiIrOueHHE U BHIBOJIBI.

JlanHasi paboTa HampaBjieHAa Ha CO3[aHME KOMILIEKCHOTO MOAXO0Ja K MPOTHO3UPOBAHHIO
yrpo3 W yA3BUMOCTEH HWHQPOPMAIMOHHON OE30MacCHOCTM Ha OCHOBE aHajlu3a JIaHHBIX
teMaTuueckux MHTEepHET-pecypcoB.

2. AJropuTM TNPOTrHO3MPOBAHHUS Yrpo3 M Yysi3BUMOCTeill MH(OpMALHOHHOI

0e30IacHOCTH HA OCHOBE AHAJIN3A JaHHbIX TeMaTHYeckux MHTEepHeT-pecypcoB

IToTOK TEKCTOBBIX COOOIIEHHI — 3TO COBOKYITHOCTb COOOIIEHUH, CO3/1aBaeMBbIX MOJIb30BATEISIMU
Ha uHTepHeT-(hopyMax. J{i1s MporHo3upoBaHUs yrpo3 U yI3BUMOCTEN HHPOPMAIIMOHHOM 6€30MacHOCTH,
MOJIeTb JJOJDKHA TpeyCMaTpuUBaTh BO3MOXHOCTb CTATHUCTMUYECKOIO M CEMAHTHYECKOro aHaiu3a
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coobmrenuii. [Ipu STOM yuuTHIBaeTCS WX NPUHAUIGKHOCTH K OONACTH YTpo3 M yS3BHMOCTEH,
KOHKpPETHOMY (hOpyMy, aBTOPY, €r0 peUTUHTY U BPEMEHH CO3JaHuUsI COOOILICHUI.

Pazzeas

VuukaisHbil naeHTHdHKaTOP pasaena

IMoassosarenn
HMA paszcia VHHEATEHEL HICHTHOHEATOD MOIES0BATETE
KOTHYECTBO HOPYMOB B pasacie HMH [0IB30BATEIA
THI pazgcaa anpec MEKTPOHHOH MOYTH
MApPOTh MOTEIOBATETR

l KOIHYECTES MOATOTOBICHHE COO0MeHRTT
Dopynmr KOTHYECTEO HA4YATRIX MOME30BATEIEM TEM
Vuukansubiit naentguratop dopyma PeliTHHI MONBIOBATENA HA dopyme
mienTHdHEATOP pajlena, KoOTOpOMY eTaTyc moassceare1r dopyna
OpHHATICHHT (opyM KATCIOPHA yHaCTHHKA
HasBaHHe dopyMa
THI fopyMa
EQIHYECTEO TeM dopysa
KOMHUECTBO coodmenHi dopyna

l CooGmenna
Tenst VHAKATEHEIH HACHTRQHEATOP COODMEHNR
VHHEATsHBI HICHTHOHKATOP TCMBI 3aroJoBOK (B ¢IyYae PAYTHYHA ¢ OCHOBHEIM
HICHTHQHEATOp GopyMa, KOTOpOMY 3ar0J0BKOM TEMbI)
OPHHALICHHT TEMA HASHTHHEATOP TEMBI, KoTOpol
KOJIHYCCTBO COODIICHHH B TEMC p TPHHALICHHT COODIIEHHE
HIeHTHpHKATOP NOIB30OBATENA, EpeMA COSTAHHA cOoo0meHNA
COMMABLIETO TEMY HICHTHHHEATOP ABTOPA COODIMEHHA
HacHTHGHEATOP NOIB30BATCIA,
OCTAEHMEIIETO MOCICIHEe COODIIEHHe
HAIBAHHE TeMEl hopyMa

Puc. 1. Jlornueckast Moziesib 6a3bl JaHHBIX TEMAaTUYECKUX HHTEPHET— PECYPCOB

B Hacrosmee Bpemsi oOHToJIOTHS fABIsAeTcs HauOosee 3(PQGEKTUBHBIM CPEIACTBOM IS
OMHCAaHUS KOHKPETHOM mpenMeTHoW oOnacTu. OHTOJOTMYECKHM MOJIXOJ 3aKiiodaercs B
NPEACTaBICHUN TPEIMETHOM 00JacTH B BHUAE OPraHW30BAaHHOM COBOKYIHOCTH TIOHSITHH,
YUUTBHIBas CYIIECTBYIOIIME MEXIYy HUMH CBS3M M MX CBOMCTBa. B o0mem Buae Moens MOTOKa
TEKCTOBBIX COOOIICHHA, OTHOCSIIUXCS K MPEIMETHOW 00IacTH, 3aJJaHHOW OHTOJOTHEH, Oymer
IIPEJICTABJIEHA TPOUKOM:

St=(M,0,T) (1)

rae ST — MOTOK TEKCTOBBIX COOOINEHHWH B TEKYIIMH MOMEHT BpeMeHUu T; M — MHOXECTBO
coobuieHuit B moroke; O — oHTONOrMA mpeameTHou obnmactu; T = {1 , ... , T} — MHOXECTBO
MEPUOJIOB BPEMEHH, B KOTOpBIE BEJIOCh HAOIIOACHHE 32 MOTOKOM COOOMICHHH (4acoB, AHEH,
MecsIeB U T.1.) [2].

O =(ERF) (2)

rae E — MHOXECTBO TEPMUHOB MPEAMETHOW 00JIacTH; R — MHOXECTBO OTHOIICHHH MEXIY
TEPMUHAMU TMPEAMETHON ob0nactH; F — MHOXECTBO 3a/laHHBIX Ha TEPMHUHAX M OTHOIICHUSX
OHTOJIOTUHU (DYHKIIMI HHTEPIIPETAIIUU (AaKCHOMATU3AIIMH ).

JInst  OCYIIECTBJICHHMS CEMaHTUYECKOHW (HIbTpanuu COOOIMICHUH, OTHOCSIIUXCA K
OpeAMETHONM 00JacTH yrpo3 M ys3BUMOCTeH HH(OpMalMOHHOW 0€30MacHOCTH MOXKET
IPUMEHSTHCS TE3aypPYyCHbIM KPUTEpUH OLICHKH CTEHNEHU OJIM30CTH COOOIIEHUS K TEePMHHAM
npobsiemHol oOnactu. CreneHb OJIM30CTH OMOPHOTO OOBEKTa OHTOJOTMHM K IOCTYHAroLIEMY
COOOIIEHUIO pacCUUTHIBaeTCs Mo popmyre:
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k; = max i:(%) 3)

rae m — oll1iee KOJIM4ecTBO 0OOBEKTOB OHTOJIOTUU; Nj— KOJIMYECTBO CJIOB B JIEMME COOOILEHUS,
MPUCYTCTBYIOIIUX B JIEMME i—TO OOBEKTa OHTOJOTHH; Pj— — KOIUYECTBO CIOB B JIEMME i—TO
o0OBekTa oHTONOTHHU. B ciydae, korga onuHakoBoe 3HaueHHe KodddunmenTa ki momydeno st
HECKOJIbKUX PA3JIMYHBIX OOBEKTOB OHTOJOTHH, OMOPHBIM CUUTACTCS OOBEKT, BEIMYMHA N; —
KOTOPOro MPHHUMAeT MaKCMMaJdbHOE 3HaueHue. Ecim cymecTByer HEeCKOJIbKO OOBEKTOB, JJIs
KOTOPBIX 3HaUEHUs K; ¥ nj— OJMHAKOBBI, TO BCE OHU CUUTAIOTCS OMTOPHBIMU. [[J151 Ka)10T0 U3 HUX
MIPOBOJIUTCS JAJTBHEH NI aHAJIM3 110 OHTOJIOTHYECKOMY KpUTEpHIo. B ricnosib3yemMoi cTpykType
OHTOJIOTUU KaKIbIH €€ 00BeKT 00MamaeT cBoiicTBoM «siBisieTcs: TepmuHoM». OHO ompenenseTcs
OKCIEPTHBIM MyTEM, MPUHUMAS JIOTUYCCKUI TUT 3HAYEHUS, B 3aBUCUMOCTH OT TOT'0, HACKOIJILKO
00BEKT XapakTepeH Il paccMaTpuBaeMod mpeaMeTHOH oOsactu. OCHOBHOE IPUKIAIHOE
IpUMEHEHHE YKa3aHHOE CBOWCTBO HAXOAWT NpPH pEIIEHUH 3aJad H3BJICUEHHUS TEPMHHOB C
UCIOJIb30BaHUEM T€3ayPYCHOT'0 KPUTEPHS TEPMUHOJIOTMUYHOCTH. B COOTBETCTBHH C Te3aypyCHBIM
KPUTEpUEM CTEMeHb OJM30CTH COOOILIEHHs TEepMUHAM KOHKPETHOM NpeAMETHOH o0iaacTu
paccuuThIBaeTCA IO ciaenyrouiei Gpopmyse:

k¢

ko, = —&
ont c+1

(4)

rae ky — xkoaddunuent, paccuutanuelii mo ¢opmyie 6 Ha IEPBOM 3Tana aHalu3a, C — YUCIO
OTHOILICHUH, CBS3BIBAIOLINX OMOPHBIM OOBEKT OHTOJOTMH C OOBEKTaMH, y KOTOPBIX 3HAUYCHHUE
CBOMCTBA «sBIsgeTCS TEpMHHOM» HWCTHHHOE. EcCiM ONOpHBIM OOBEKT OHTOJIOTHMH SIBIISCTCS
TEPMHHOM MpenIMeTHOM obsacth, To ¢ = 0 [5].

DOMIIMpUYEcKre 3HAHUS, KacalollMecs OMHCAHHBIX paHee 3aKOHOMEpPHOCTEH H3MEHEHHS
YacTOThl BO3HUKHOBEHHUS COOOIEHUN TEMaTHYECKUX HHTEPHET—PECypcoB M pelTHHra ux
aBTOPOB, B 3aBHCHMOCTH OT 3HaYMMOCTH OOCYXKAaeMoN HH(pOpMaIi, MOKHO NPEICTaBUTh B
BUJIe Habopa 3BPUCTUYECKUX IIPABUJI, IPEACTABIEHHBIX B Tabuue 1.

Tabmuua 1. OBpucTHyeckue npaBuia GyHKIIMOHUPOBAHHS TEMATHIECKUX HHTEPHET -PECYPCOB

1 | Ecnu yacrora nosiBieHus: coo01eHuit Ha popyMe oueHb BbICOKasi 1 YPOBEHb peiTHHTa
aBTOPOB BBICOKHUH, 3HAUYNUT BEPOSTHOCTh BOSHUKHOBEHHUS YTPO3BI UIIH YSA3BUMOCTH
MH(POPMaIMOHHON 0€30aCHOCTH OY€Hb BBICOKASI.

2 | Ecnm wacrora mosiBieHust COOOIIeHUI Ha popyMe BBICOKAsi U YPOBEHb PEHTHHIa aBTOPOB
BBICOKHH, 3HAYUT BEPOSITHOCTb BOSHUKHOBEHHUS YTPO3bl WIH YSA3BUMOCTH
MH(POPMAILIMOHHON 0€30MaCHOCTH BBICOKAs!.

3 | Ecnm wacrora mosiBieHust cooOmIeHuit Ha opyMe BBIIIE CPeJHENH U YPOBEHb PEHTHHTA
aBTOPOB BBICOKHUH, 3HAUUT BEPOATHOCTh BOZHUKHOBEHUS YTPO3bl N YSI3BUMOCTU
MH(pOPMAIIMOHHOM 0€30IaCHOCTH BBIIIE CPEAHEH.

4 | Ecim yacToTta mosiBjeHUs: cooOIeHni Ha (hopyMe CpeaHssi U ypOBEHb PEHTHUHTA aBTOPOB
BBICOKMH, 3HAYUT BEPOSITHOCTh BOSHUKHOBEHHUSI YIPO3bl WIH YSA3BUMOCTH
MH(GOPMAIIMOHHOM 6€30aCHOCTH CPETHSS.
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5 | Ecnn yactoTa nosiBiieHus: cOOOI1eHUI Ha (popyMe HIKE Cpe/lHel U ypOBEHb peUTUHTa
aBTOPOB BBICOKHI, 3HAUYUT BEPOSITHOCTh BOSHUKHOBEHUS YIPO3bI HJIU YS3BUMOCTH
UH()OPMAITMOHHON 0€30MaCHOCTH HUXKE CPEITHCH.

6 | Eciun yactora nosiBiieHus: cooO1ieHuil Ha popyMe HU3Kast U ypOBEHb PEHTHHIa aBTOPOB
BBICOKHIA, 3HAYUT BEPOSITHOCTh BOSHUKHOBEHMSI YTPO3bI WM YS3BUMOCTH
UH(POPMAITMOHHOM 0€30MacCHOCTH HHU3Kas.

7 | Ecnn yacToTta mosiBiieHUs1 COOOIIeHUH Ha (hopyMe oueHb HU3Kasi U yPOBEHb PEHTHHTA
ABTOPOB BBICOKHI, 3HAYUT BEPOSITHOCTh BOSHUKHOBEHHUSI YTPO3bl UJTU YSI3BUMOCTH
nH(OPMAITMOHHON 0€30MaCHOCTH OYEHb HU3KAS.

8 | Ecim wacToTa mosiBiieHus coOOIIEeHH Ha popyMe oueHb BBICOKAsi U YPOBEHb PEUTHHTA
aBTOPOB CPEIHMI, 3HAYUT BEPOATHOCTb BOSHUKHOBEHUS YTPO3bI HIIA YSI3BUMOCTH
MH(POPMAILIMOHHON 0€30I1aCHOCTH BBICOKas.

9 | Ecim wacToTa mosiBiieHus cooOIIeH Ha popyMe BBICOKAst U YPOBEHb PEHTHHTA aBTOPOB
CpEIHUM, 3HAYUT BEPOSTHOCTb BOSHUKHOBEHUS YTPO3bI HIIN YSI3BUMOCTH
1H(OPMaAILIMOHHOM 0€30I1aCHOCTH BBIILIE CPETHEN.

10 | Ecsin yacToTa nosiBiieHUs COOOIEHUH Ha (popyMe BbIIIe CpeiHei U ypOBEHb PEHTHHTa
aBTOPOB CPEIHUI, 3HAYUT BEPOSITHOCTh BOZHUKHOBEHHS YTPO3bl MJIU YA3BUMOCTU
nH(}OPMaILMOHHOM 0€30MaCHOCTH CPEIHSS.

11 | Ecnu yacToTa mosiBiieHUs: COOOIIeHN Ha (hopyMe CPeIHss U YPOBEHb PEHTHHTA aBTOPOB
CpEeIHUM, 3HAUUT BEPOSTHOCTh BOSHUKHOBEHHUSI YI'PO3bI UJIH YSI3BUMOCTHU
UHGOPMAITMOHHOM 0€30MaCHOCTH HUXKE CPEIHEH.

12 | Ecnu yacToTa mosiBIieHUs cO00IIeHn Ha (hopyMe HIDKE CpeHEel 1 ypOBEHb pEeHTHHTA
aBTOPOB CPEINHMI, 3HAYUT BEPOSATHOCTH BOSHUKHOBEHUS YTPO3bI HJIA YI3BUMOCTH
nH(OPMAIMOHHOM 0€30MaCHOCTH HU3Kas.

13 | Ecnu yacToTa nmosiBieHUs cOOOIIeHHH Ha (opyMe HU3Kas M YPOBEHb PEHTHHIa aBTOPOB
CpEeIHUI, 3HAYUT BEPOSTHOCTh BOZHUKHOBEHUS YTPO3bl N YSI3BUMOCTH
UH(GOPMAIIMOHHON 6€30MacHOCTH OYEHb HU3Kasl.

14 | Ecnu yacToTa nosiBiIeHUs COOOLIEHHH Ha (hopyMe OUeHb HU3Kasi U YPOBEHb pEUTHUHIa
aBTOPOB CpPEJIHUI, 3HAUUT BEPOSITHOCTh BOZHUKHOBEHHS YTPO3bl MJIU YA3BUMOCTU
MH(POPMAILIMOHHOM 0€30MacHOCTH MUHUMAJIbHAS.

15 | Ecnu yacToTa nosiBiieHUs! cOOO1IeHH Ha (opyMe OUeHb HU3Kasi U YPOBEHb PEUTHHIa
aBTOPOB HU3KUI, 3HAYUT BEPOATHOCTh BOSHUKHOBEHUS YI'PO3bl MU YSI3BUMOCTH
nH(POPMAITMOHHON 0€30MaCHOCTH OYEHb HU3KAS.

Ha ocHoBaHuu nepeunciaeHHbIX MpaBUil CTAHOBUTCS BO3MOXKHBIM CO3JaHHME 0a3bl MpaBUI
JUIsl CUCTEMbl HEUYETKOro BbIBOJA. B NaHHON cucrteMe OofHa M3 BXOAHBIX JMHTBUCTHYECKUX
nepeMeHHBIX OyeT 0003HaueHa KakK [f; — «4acToTa MOsBJICHHUS COOOILIEHHI», a BTopas — Kak 5, —
«ypOBEHb pEUTHHTa aBTOPOB». BBIXOMHOI IJMHTBUCTUYECKOW mepeMeHHOW Oyner f3 —
«BEPOSATHOCTh BO3HMKHOBEHHS Yrpo3bl MM YS3BUMOCTH WH(POPMAIMOHHON 0€30ImacHOCTH».
Takum 00pa3zoM, CO31aeTCsi CUCTEMa HEYETKOro JIOTMYECKOro BHIBOJA, YUHUTHIBAIOIAs JAHHBIE
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nepemennbie [4]. B aToM ciydae co3maBaemasi cHCTEMa HEYETKOrO JIOTHYECKOr'O0 BBIBOJA
COIEPXKHUT 15 mpaBuI HEYETKUX TTPOYKIIUMA, TPEICTABICHHBIX B Ta0JMIIE 2.

Tabmuna 2. [IpaBuia HeUETKUX TPOIYKIIMMA

ITpasmio_1 | ECJIN «f1 ects OB» U «f2 ectb B» TO «B3 ectb OB»
ITpasmiio_2 | ECJIN «f1 ects B» U «f2 ectb B» TO «f33 ects B»
ITpasuiio 15 | ECJIN «B1 ectb OH» 1 «fB2 ects H» TO «fB3 ects OH»

3. IlpuMeHeHUe YyKA3aHHBIX METOI0B

B uccnenoBanuu ucnosnb3oBascs nHabop manusix Hacker News Comments with High User
Engagement [7]. B kome peanu3oBaH MpollecC aHAIM3a IOTOKAa TEKCTOBBIX COOOIIEHHUN C
UCIOJb30BAaHUEM OHTOJIOTMUYECKOTO MOAXO0Ja K MpeaMeTHOW oOmacth KubepOe30macHOCTH.
OHToOJIOTHSI BKJItOYAaeT B ce0s MHOXKECTBO TEPMUHOB (Hampumep, "ys3BUMOCTh", "Bupyc"),
OTHOILIEHUS MEX1y HUMH (Hampumep, "sBisiercs", "cBsi3aH c") U (QYHKIMM HHTEpIpETALUU
(axcuomsl). Kon Brimouaer npenoOpaboTky TekcTa coobuienuid, co3nanue TF-IDF BekTopoB st
aHaJIM3a U BBIYUCIEHNE KOCUHYCHOM OJIM30CTH MEX1Y COOOIIEHUSIMU U TEPMUHAMU OHTOJIOTHH.
Pe3ynbTathl GUABTPYIOTCS HA OCHOBE 3aJJaHHOTO NOPOra KOCHHYCHOM OJIM30CTH M COXPAHSIOTCS
JUI JanbHEUIEero aHaimsa. DTOT MOAX0 M03BoJsieT 23((GEKTUBHO BBHISBIATh U aHATH3UPOBATH
TEKCThI, CBS3aHHBIE C KHOEpOE30MacHOCTHIO, HCIOJB3Ysl CTPYKTYPUPOBAHHYIO OHTOJIOTHIO
MpPEeIMETHON 00JIacTH.

# Mpumep Te3aypyca Ana npegMeTHou obnacTu kmbepbesonacHocTu
thesaurus = [

"cybersecurity”, "threat"”, "vulnerability”, "malware", "phishing",

"ransomware”, "attack", "defense", "firewall", "antivirus",

"data breach", "security policy”, "risk assessment”, "incident response”,
"encryption™, “decryption”, "spyware”, “"adware”, "botnet”, “exploit”,

"zero-day", "patch management", "DDoS", "intrusion detection”,

"penetration testing”, "ethical hacking”, "cyber espionage”, "cyber warfare",
"identity theft", "social engineering"”, "backdoor", "rootkit", "keylogger",
"honeypot”, "cyber hygiene", "security awareness”, "multi-factor authentication”,
"password management"”, "data loss prevention"”, "security information and event management”,
"security operations center", "network security", “application security”,

"cloud security”, "mobile security”, "endpoint security”, "threat intelligence",
"incident management”, “"digital forensics", "privacy protection”,

"compliance”, "regulation”, "GDPR", "HIPAA", "PCI DSS", "SOX",

"NIST", "ISO 27001", "security architecture", "security framework",

"security controls”, "threat modeling", "vulnerability assessment”,

"security testing”, "access control”, “"privileged access management”,

"least privilege", "network segmentation"”, "virtual private network",

"SSL/TLS™, "cryptography”, "public key infrastructure”, “"certificate authority”,
"security audit", "security governance", “"cyber insurance”, "business continuity",
"disaster recovery”, "incident response plan", "security training",

"phishing simulation”, "risk management™, "third-party risk management”

Puc. 2. [Ipumep tezaypyca ans npeameTHon obaactu kubepoe30nacHOCTH
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# Cozpanue TF-IDF pekTopoB anA coobuweHuit u Te3aypyca

vectorizer = TfidfVectorizer()

tfidf_matrix = vectorizer.fit_transform(df['processed message'])
thesaurus_matrix = vectorizer.transform(thesaurus_processed)

# BblMMCNEHWE KOCUHYCHOW 6aM30CTH
cosine_similarities = cosine similarity(tfidf matrix, thesaurus matrix)
max_similarities = cosine similarities.max(axis=1)

# Onpegenenne nopora ana ¢unsTpauuum (Hanpumep, 9.1ﬂ
threshold = 0.1

df[ 'relevance’] = max_similarities

filtered_df = df[df[ 'relevance’] > threshold]

# CoxpaHeHWe OTOUALTPOBAHHLIX AAHHLIX B HOBLIA naTadpeidm u CSV daiin
output_file = 'filtered data.csv’
filtered df.to csv(output file, index=False)

Puc. 3. Onenka creneHu 6JuU30CTH COOOIIEHUST K TEPMUHAM MTPOOJIEMHOM 00IacTH

OneHka crerneHu 6JU30CTH COOOIIEHNS K TEPMUHAM ITPOOJIEMHOM 001acTH IPOU3BOAUIIACH
IyTEeM BBIYHCICHUS KOCHHYCHOM OJHM30CTH MEXKAYy BEKTOpaMH TEPMHHAMHU Te3aypyca |
COO0IIeHUH 13 HaOOpa JaHHBIX.

# [lobaeneHwe dyHkumil npuHamnexHocTu anAa comment_ranking

comment ranking['low'] = fuzz.trimf(comment ranking.universe, [@, @, 35])
comment_ranking[ 'average'] = fuzz.trimf(comment ranking.universe, [25, 35, 45])
comment_ranking[ 'high'] = fuzz.trimf(comment ranking.universe, [4@, 55, 7@])

# [obaenenne dyHKUMIA npuHannexHocTw anAa author_comments

author_comments[ 'low'] = fuzz.trimf(author_ comments.universe, [11, 11, 2500])

author comments[ 'average'] = fuzz.trimf(author comments.universe, [1508, 2508, 3508])
author_comments[ ‘high'] = fuzz.trimf(author_comments.universe, [3000, 4000, 4984])

# [obaenenune QyHKUMIA NpuHapnexHocTw anAa story comments

story_comments[ 'low'] = fuzz.trimf(story comments.universe, [11, 11, 60@])

story comments|[ 'average'] = fuzz.trimf(story comments.universe, [400, 600, 800])
story_comments[ "high'] = fuzz.trimf(story comments.universe, [70@, 900, 1216])

Puc. 4. Co3nanue GyHKIUNA TPUHAIIIEIKHOCTH

# MpaBuna He4eTKOro BLHBOAA Ha OCHOBE 3BPUCTUYECKMX NpaBun

rulel = ctrl.Rule(comment ranking['high'] & author comments['high'], threat probability['very high'])
rule?2 = ctrl.Rule(comment ranking['average'] & author comments['high'], threat probability['high'])

rule3 = ctrl.Rule(comment_ranking['low'] & author_comments['high'], threat_probability[ average'])

rule4 = ctrl.Rule(comment ranking['average'] & author_comments['average'], threat probability['average'])
rule5 = ctrl.Rule(comment_ranking[ "high'] & author_comments['average'], threat_probability['low'])

rule6 = ctrl.Rule(comment_ranking[ low'] & author_comments['average'], threat_probability[ 'very low'])
rule7 = ctrl.Rule(comment_ranking[ "high'] & author_comments['low'], threat_probability[ 'high'])

rule8 = ctrl.Rule(comment_ranking['average'] & author_comments['low'], threat_probability[ 'average'])
rule9 = ctrl.Rule(comment_ranking['low'] & author_comments['low'], threat_probability[ 'very_low'])

rulel® = ctrl.Rule(story comments|['high'] & author comments['high'], threat probability['high'])

rulell = ctrl.Rule(story comments['average'] & author comments['high'], threat probability['average'])
rulel2 = ctrl.Rule(story comments|['low'] & author comments['high'], threat probability['very low'])
rulel3 = ctrl.Rule(story comments['average'] & author comments['average'], threat probability['average'])
ruleld = ctrl.Rule(story comments['low'] & author_comments['average'], threat_probability['low'])

rulel5 = ctrl.Rule(story_comments[ low'] & author_comments['average'], threat_probability[ 'very low'])
rulels = ctrl.Rule(story_comments['low'] & author_comments['low'], threat_probability[ 'very_low'])

Puc. 5. Co3nanue npaBujI HEUETKOT'O BBIBO/IA

142



5> Predicted threat probability: 85.42868026254101
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Puc. 6. Pe3ynbTaT npeackazaHus yrposbl

4. 3akiar0uenune

B nanHoii cTaThe ObliIa pacCCMOTPEHA METOI0JIOTHSI IIPOTHO3UPOBAHHUS YI'PO3 M YA3BUMOCTEH
B chepe nHPOpPMAITMOHHON 0€30MaCHOCTH Ha OCHOBE aHaIM3a JaHHBIX TeMaTH4YecKuX MHTepHeT -
pecypcoB. B xonme umccienoBanus Obul pa3paboTaH MOAXOJ, BKIFOYAIOMUA KOMOMHHUPOBAHHE
CTaTUCTUYECKHMX METOJOB aHallM3a TEKCTOBBIX COOOIMIEHUI, CEMaHTHYECKOro aHaiu3a u
UCTIONIb30BAaHUSI OHTONOTUH. DTH METOABl MO3BOJIOT 3()PEKTHBHO H3BIEKATH PEIEBAHTHYIO
UH(POPMAITUIO U3 COOOIICHU Ha CIICIHATM3UPOBAHHBIX (OpyMaX U MHTCPHET -ILIOMAAKAX, YTO
SIBIIICTCS. BaXKHBIM IIarOM B TPOTHO3MPOBAHWM HOBBIX Yrpo3 H ys3BUMocTed. OCHOBHBIC
pe3yJIbTaThl ~ HMCCIENOBAHUS  BKJIIOYAIOT  pa3pabOTKy  aJTOPUTMOB  CEMAaHTHYECKOIO H
CTaTUCTHUYECKOro aHanus3a JaHHbIX. Mcnons3oBanne TF-IDF BekTOopH3aluMu M BBIYKCIEHUE
KOCHHYCHOW ONHM30CTH MEXAYy COOOIICHHSMH W TEpMUHAMHU Te3aypyca IO3BOJHIN
OoT(pUIHTPOBATH HEPEIIEBAHTHBIC COOOIICHUS U CKOHIIEHTPUPOBATHCS HA T€X, KOTOPBIE COEPKAT
uHpopMaIuioo 00 yrpozax u ys3BUMOCTSX. Co3JaHUE OHTOJOTMH MPEIMETHOM 001acTh
MO3BOJIMJIO CTPYKTYpPHpOBaThb 3HaHUS O KubOepOe3omacHOCTH B BHJIE OpPraHM30BaHHON
COBOKYITHOCTH TMOHSATHH U CBA3€M MexIy HUMH. OTO CHOcoOCTBOBajo Oojiee TOYHOMY
OTIPEICIICHUIO PEJIIeBAaHTHOCTH cooOmenuit. Pa3zpaboTka Mojeneil HEYEeTKOro JOTHYeCKOro
BBIBOJIa HA OCHOBE SMIUPUYECKUX TPABHI JIaJla BOSMOKHOCTh YUUTBIBATH YACTOTY TOSBIICHUS
COOOIIEHUN W YPOBEHb PEUTHHTA aBTOPOB YISl TPOTHO3HPOBAHUS BEPOSITHOCTH BOSHHUKHOBCHHUS
yrpo3 U yA3BUMOCTEN HHPOPMAIIMOHHOW 6€30MacHOCTH. DMIUPHUECKOE HCCIeIOBAaHUE U OLIEHKA
3¢ G eKTUBHOCTH MPEI0AKEHHOT0 MOAX0/1a C UCIOJIb30BaHNEeM JaHHBIX U3 Habopa Hacker News
Comments with High User Engagement npoeMoHCTprUpOBaio MPUMEHUMOCTh U 3P (HEKTUBHOCTh
IPEJIOKCHHBIX METOJIOB B pEAIbHBIX YCJIOBUAX. [loNydeHHBIE pe3yJbTaThl MOTYT OBITh
UCIIOJIb30BaHBI JIJIsT pa3pabOTKU WH(OPMANMOHHO-AHAMTHYECKUX CHCTEM, KOTOPBIC MTOMOTYT
CIeNUAIMCTaM B oOyiacTd WH(POPMAIMOHHON O€30IaCHOCTH CBOCBPEMEHHO BBISBISTH U
pearupoBaTh Ha HOBBIE YTPO3bI U YSA3BUMOCTH, YTO, B CBOIO OY€PE/b, TOBBICHT YPOBEHB 3aIUThI
WH(GOPMAITMOHHBIX cucTeM. B OyayIineM riaHupyeTcs: pacimpenne 0a3bl JaHHBIX HCCIETYEMbIX
GOpyMOB M HWHTEPHET-TUIOMIAJIOK, & TaKXe COBEPIICHCTBOBAHHE METONOB CEMaHTHYECKOTO
aHaJIM3a U HEYETKOT0 JIOTHYECKOT 0 BBIBOJIA JIJIS IOBBIIICHUSI TOYHOCTH TPOrHO3upoBaHus. Kpome
TOr'0, PacCMaTPHUBACTCS BO3MOXKHOCTh WHTETPAIlUU JIOMOJHUTEIBHBIX MCTOYHUKOB JAHHBIX H
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HUCIIOJIB30BaHUA MCTOJ0B MAIIMHHOI'O o6yquI/151 U1 aBTOMAaTHU3alluK W YJIYYHICHHUA IIpOoLecca
aHaJM3a.
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KOHHENIUA AYTEHTHOUKALIUN HA OCHOBE PUCKA C
IMPUMEHMEM BJIOKYEHWH IJI51 3AIIIUTBI
MEIUIMUHCKHUX JAHHBIX

O.A. Ycarosal, III.LH. Makunaenos? , E.E. Bernmoaepa’

YUnemumym ungpopmayuonnix u evruuciumenvuvix mexuonozuii MHBO PK,
2Kasaxckuil Hayuonabuwlil ynusepcumenm umenu aib-Dapabu

VK 004.056.55

Annomauyus. B cmamve npedcmasiena KOHyenyus aymeHmuukayuu Ha 0CHO8e PUCKA C
npumeHeHuem O10KUelH-MeXHOA02ULl O 3auumsbl MeOUYUHCKUX Oanuwlx. Paccmampuesaromces
Memoobl 08YXIMANHOU AYMeHMUPUKAYUU U PA3IuyHble YPOBHU O0CMYNA K MeOUYUHCKOU
ungopmayuu. OcHogHoe GHUMAHUE YOeNaemcs paciemy pUucka O0Jisl pasiuiHuIX poJieli U U008
aymeHmuukayuu, a makxice GblyuUcCieHU0 Kodpouyuenma eepugurayuu, Heob6x00UM020 OJis
BbINOJIHEHUST onpedesleHHblx Odelicmeuti 6 cucmeme. Ilpedcmasnenuviii aneopumm 6KuOYAEm
uUcnov3oeanue ONOKYelUH Ol XpaHeHus mabdauy pacnpeodenenus YposHell O0ocmyna u
KO9(hPuyuenmos eepudukayuu, 4mo 2apaHmupyem ux HeUIMEeHHOCMb U 3AUUUJEHHOCHb.
Ipumenenue npeonodceHHol Komyenyuu obecnequsaem BblCOKUll YpOeHb 0e30NnaACHOCmU U
HAOEHCHOCMU MEOUYUHCKUX UHDOPMAYUOHHBIX CUCTEM.

Knroueewvie cnosa: aymemmughuxayus, O10Kuelin, MeOUYUHCKUE OaHHble, O08YXIMANHASA
aymenmupurayus, ynpaesienue puckamu,y Yposuu oocmyna.

BBenenue

B nocnennue roapl 3ammTa MEIUIMHCKUX JaHHBIX CTajla OJHOW M3 CaMbIX aKTyaJbHBIX
3amay B oOnactu wHpopMmanuoHHOW Oe3omacHOCTH [1]. YuuThIBas BBICOKYIO ILIEHHOCTH U
YyBCTBUTEIBHOCTh TUX JAaHHBIX, TpeOyeTcs pa3padoTka HaAEKHBIX METOAOB MX 3alIUTHI [2].
OaHuM W3 TakMX METONOB sBJsieTcsl ayTeHTu(ukauus Ha ocHoBe pucka (RBA), koropas
aJanTUpyeT Ipolecc ayTeHTU(HUKAIMU B 3aBUCHMOCTH OT TEKYILEro YpoBHS pHcKa. B maHHOM
CTaTbe paccMaTpHUBAEeTCsl KOHIEMIUS JIBYXSTalmHOW ayTeHTH(UKAlMM Ha OCHOBE pHCKA C
pUMEHEHUEM OJIOKYEHH-TeXHOJIOTHIA ISl 3aIUThI MEIUIIMHCKIX JaHHBIX.

AyTeHTH(UKAINS HA OCHOBE PHUCKA SIBIISIETCS MOIIHBIM MHCTPYMEHTOM JIJISi TIOBBILICHUS
6e3omacHOCTU B chepe 37paBoOXpaHEHHUs], T]I€ 3aIuTa KOH(UACHIIMAIbHBIX JaHHBIX NAl[UEHTOB
UMeeT IMEepBOCTENeHHOE 3HaueHue. B crathe [3] uccienyercs MeTol OMpeNeNeHus PUCKOBOM
ayTeHTH(UKalUW C HCIojJb3oBaHHeM BpemMeHu oOmeHa TokeHamu OpenlD Connect, uTto
JEMOHCTPUPYET BO3MOKHOCTh AaHa/M3a BPEMEHHBIX METPUK JUJIs BBISBJICHHUS AHOMAaJIbHBIX
MOMBITOK  ayTeHTU(HUKAIMK. AHAJOTHYHBIM o0pa3oM, B craThe [4] paccmaTpuBaercs
apdextuBHOCT RBA B peanbHbIX YCIOBHAX, NOTUEPKMBAs, UTO CIOXHbIe Mozaenu RBA
IPEBOCXOASAT IPOCThIE MOAXOABI B IJIaHE OE30MACHOCTH M YA00CTBa HCHOJIB30BAaHUA. DTH
UCCIIEZIOBAHUS TMOATBEPKAAIOT, YTO KOMILJIEKCHBIM MOJXOA K OLEHKE pPHCKa, BKJIIOYAIOLIHUM
MHOXXECTBO (PaKTOPOB, sABJIIETCS O0Jiee HATEKHBIM U (D PEKTUBHBIM.

BrioxueitH-TeXHOI0r KM MOTYT 3HaUUTEIbHO YCUIUTh RBA, obecrieynBasi HEM3MEHHOCTh U
3alUTy J@HHBIX, XpaHUMbIX B cucreme. CtaTha [5] 0OCykJaeT METOAbl 3allUThl OT YI'po3
uaeHTUUKaMKU C ucnoigb3oBaHueM RBA, nomu€pkuBas BakHOCTh aHajM3a puUCKa Ui
MOBBIIICHUS YCTOMYMBOCTH CUCTEM ayTeHTU(UKALIUY K aTakaM. B couetanuu ¢ OJ10K4elH, Takue
CHCTEMbI MOT'YT FapaHTHUPOBATh I[€IOCTHOCTh U MOJUIMHHOCTH JIaHHBIX, YTO OCOOEHHO Ba)XKHO B
METUIIMHCKOI cdepe, rae aaxe HeOONbIIME H3MEHEHUS NaHHBIX MOTYT HMETh CepbE3HBIC
HOCJIEICTBUS.
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Peamuzauus RBA Ha nmpaktuke paccMoTpeHa B craTbe [6], Tie IpecTaBIeHa MOJIHOCTBIO
dbyukunonanbHas peanuszanus RBA ans nnatdopmer OpenStack. DTo ncciaenoBanme moka3biBaer,
KaKk MOXHO ajganTupoBaTh RBA ans pazauuHbiX niaatgopm, 4TO BaXKHO AJI MHTErpalud TOU
TEXHOJIOTMH B CYLIECTBYIOIIME MEIUIMHCKUE UH(OPMALIMOHHbBIE CUCTEMBI. B MHOrOCEpB €pHBIX
cpenax, TaKUX Kak pacrnpeles€éHHble MEIUIIMHCKUE CHCTEMbI, apXMTEKTypa, MpelJIoKeHHas B
cratbe [7], mo3BomsieT 3ddekTuBHO peann3oBaTh RBA, yuutsiBas pazHooOpas3HbIe MapameTpbl
JUTSL OLIGHKH pHUCKa.

MmuorodakTopHas ayteHTH(uKanms, komOnaupyemast ¢ RBA, mpezncraBnser coboit emé
OJIMH BaXKHBIN acreKT MOoBbImIeHus Oe3onacHocTH. Ctarhs [8] aHaIM3UpyeT, KakK pa3IuvHbIC
METOAbl ayTeHTU(UKAIMK MOTYT OBITh OOBEIMHEHBI JJI MOBBIIIEHUS YPOBHS O€30MaCHOCTH.
BBenenue nonoaHUTENBHBIX (PAaKTOPOB ayTeHTU(UKALINY, TAKUX KaK OMOMETPHS U OJHOPA30BBIE
konel (OTP), B komOunannu ¢ RBA mo3Bomnsier co3naBath 0ojiee ruOkue U HaJa&KHbIE CHCTEMbI
3aIUTHI TAHHBIX.

[Ipumenenune RBA c¢ 61okueiiH-TexHOIOruAMHU B cepe 3ApaBOOXPAHEHUS MO3BOJISIET HE
TOJIKO TIOBBICUTh ypOBEHb 0O€30MaCHOCTH MEAWLMHCKUX JaHHBIX, HO U YIy4YIIUTb
yIpaBiIseMOCTh JOCTYIIOM K JTHM JaHHBIM. Mcronb3oBaHue OJOKYeiiHA Ui XpaHEHUS
CTaTUYHBIX JAHHBIX, TAaKUX KakK HIEHTU(PUKAIMOHHbIE HOMEpAa COTPYJHUKOB, UX HMEHa U
JODKHOCTH,  TapaHTUPyeT  HEU3MEHHOCTb  3TOW  uH(pOpMaUMM U 3aAlUTy  OT
HECaHKIIMOHUPOBAHHOTIO foctyna [9]. B To e Bpems, TuHaMUYHBIE TaHHbIE, TAKUE KaK 1apOJId U
OJTHOPA30BbI€ KOJbl, MOTYT 00pa0aThIBaThCsl ¢ yUETOM TEKYILEro YPOBHS pUCKa, oOecreuuBas
JIOTIOJTHUTENbHBIA YPOBEHb 3aLLUTHI.

Takum o00pa3oM, COBMEIICHHME ayTeHTH(HKAIMM Ha OCHOBE pHUCKa C OJIOKYCHH-
TEXHOJIOTUSIMU TIPEACTABIISIET COOOM MEPCHEeKTUBHOE HAIpaBiICHUE IS 3aLIUThl MEAUIMHCKUX
JaHHBIX, oOecreunBasi BBICOKMH YpOBEHb O€30MAaCHOCTH M HAJAEKHOCTH B MEAMIIMHCKHUX
MH(OPMAIIMOHHBIX CUCTEMAX.

1. ITocTtanoBka 3agaun

OCHOBHOI1 11eMIbI0 TAHHOW HMCCIIeIOBATENBCKON PabOTHI SBISETCS pa3padOTKa KOHIICTIUU
ayTeHTU(UKAIIMM HAa OCHOBE pHUCKAa C TMPUMEHEHHEM OJOKYCHH-TEXHOJOTHUN I 3aIIuThl
MEIUIIMHCKAX JaHHBIX. B COBpEMEHHBIX MEIUIMHCKUX HH(POPMAIIMOHHBIX CHCTEMax
0€30MacHOCTh JJAHHBIX UTPAET KIFOUYEBYIO POJIb, TOCKOJIBKY HECAHKIIMOHUPOBAHHBINA TOCTYIT WITH
M3MEHEHHUE JTAHHBIX MOTYT UMETh CEpbe3HbIE MOCIEACTBUS sl MalMeHTOB. B 3TOM KOHTEKcTe
HEOOXOAMMO CO3J1aTh CUCTEMY ayTeHTH()HUKAINH, KOTOpast CMOXKeT d(P(PEKTHBHO MPOTUBOCTOSATH
MOTEHIIHMAIBHBIM yTpo3aM U 00€CIeunBaTh BBICOKHI YPOBEHB 3aIUTHI.

Jns noctuxeHus 5TOM 1enu TpeOyeTcs pelnTh HECKOJbKO B3aMMOCBSI3aHHBIX 3ajad.
[Ipexxae Bcero, HEOOXOAMMO ONPENENUTH 3Talbl ayTEHTHU(HUKAIMU U YCTAHOBUTH Pa3IUYHbIC
YPOBHHU JIOCTYIAa K MEAULIUHCKUM JIaHHBIM. JTO [MO3BOJIUT CTPYKTYPUPOBATH MPOLIECC MTOTYYECHHUS
JIOCTyIa U clienaTh ero 6ojee ynpaisieMblM. ClIeIYIOIUM IIAroM SBJISETCSl pacueT pucka JJs
pasIMyHBIX JEHCTBUI B MeAMUMHCKOM cucrteme. g 3Toro morpedyercd aHalIu3upoBaTh
BO3MOXKHBIE YTPO3bI U ONPEEISITh BEPOATHOCTh MX BOZHUKHOBEHUS B 3AaBUCUMOCTH OT KOHTEKCTa
U ponu nojp3oBaTens. Ha ocHoBe 3THX NaHHBIX OyaeT pa3paboTaHa MaTeMaTH4ecKas MOEb,
MO3BOJISIOIIAS BEIYUCIATH KO3 (DPHUIIMEHT BepudHKaALUH, KOTOPBIA MOTPEOYETCs IS BHITOJHCHUS
KOHKPETHBIX ICHCTBUI B CUCTEME.

Kpome Toro, Ba)XHbIM acCIEKTOM SIBJISIETCS pa3paboTKa ajaropuTMa, KOTOpBIA Oyner
YIOPABIISITh TPOILIECCOM ayTEHTU(UKAIIUU. DTOT aJITOPUTM JOJDKEH YUUTHIBAThH KaK CTATHYHBIC, TAK
Y TWHAMHUYHBIC JAHHBIC MOJIH30BATENS, YTOOBI 00CCIEUNTh HAJCKHYIO MPOBEPKY MOTMHHOCTH.
bnokueitH-TexHOIOrUN OYIyT MCIONB30BATHCS Ul XpaHEHUs TaOIUI[ pacrpeneseHus YpOoBHeH
nocTymna U KodGGUIIMEHTOB BepUPHUKAIIUU, YTO TapaHTUPYET UX HEM3MEHHOCTh U JIOCTYIMHOCTh
TOJIBKO JIJIs1 aBTOPU30BAHHBIX MOJIH30BATENEH.
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Takum o0pa3om, OCHOBHas 3ajaya JaHHOM pabOThl 3aKJIOYAETCs B CO3JAaHUM
MHTEIPUPOBAHHON CHCTEMbl ayTEHTH(UKALMU Ha OCHOBE pHCKa, KOTOpas codyeraeT B cebde
HAJEKHOCTh OJIOKYEHH-TEXHOJIOTUH M T'MOKOCTh MHOTOYPOBHEBOI'O IMOAXOJA K YIPaBIIEHUIO
JIOCTYIIOM.

2. AIropuT™M pelieHus 3a1a4u

ANTOPUTM IBYXDTAITHOW ayTEHTU(HUKAIIMN B METUIIMHCKON CHCTEME HauYWHAETCS C BBOZAA
NOJb30BaTEIEM HMEHM TIOfb30BaTelsl M TMapoyii g JocTyna K 0a30BOMY YpOBHIO,
MO3BOJIIOIIEMY TOJBKO MPOCMOTP MEAMIMHCKUX NaHHBIX. Eciim monb3oBartenb 3ampamidBaer
Oosiee BBICOKHUU YpOBEHb JOCTyNa, HampuMep, A CO3/IaHUs, PEAAKTUPOBAHMS WM YyAaJeHUs
3amuceld, CHCTeMa TpOBEpsSeT ero YydYeTHble JaHHble U TpedyeT BToporo (¢akropa
ayreHTrukanuu, tTakoro kak PIN-kon, USB token, SMS OTP wmm ckanmpoBanme QR-xoma
yepe3 cmapTdoH. [Tocie ycrenHoi npoBepku BTOPOro (hakropa mojib30BaTelio MPeJoCTaBIsIeTCs
HEOOXOAMMBIN JOCTYyI, a MpU HeyAaue BepUPHUKAIMU JOCTYN OTKIOHSETCS. DTOT Mpoliecce
o0ecreurBaeT BHICOKHI YPOBEHb O€30MacHOCTH U JOBEpUS K CHUCTEME, HCIOJb3Ysl OJIOKUeHH 1Jis
XpaHEeHUs U 3aLIUTHI TAOJIUI pacipeeeHns YpoBHe 1ocTyna U Kod(h(UuueHToB BepupuKaluu.

S HE I—+o

| |
M e

N —

x Y e

Juarpamma-1. Anroput™ paboThl ayTeHTH(UKAIIMH HA OCHOBE PUCKA C IPUMEHEHHEeM OJIOKUYEeiH

HCCB,ZIOKO)I aJiropuT™Ma pa6OTI)I aYTeHTI/I(i)I/IKaHI/II/I Ha OCHOBC pHCKa C IPHMCHCHUCM
OJIOKUEWH IpeCTaBJIeH CIEAYIOLUMM 00pa3oM:
: Start
: Display "Enter username and password"
: username «— get_input()
: password «— get_input()

A WPN PR

. if validate_credentials(username, password) == False then
Display "Invalid credentials™

Go to End

cend if

9: access level < get access level(username)

10: if access_level == "View Only" then

11: Display "Access granted: View Only"
12: GotoEnd

13:end if

147



14:
15:
16:

17:
18:
19:
20:

21:

22:
23:
24
25:
26:
27:
28:
29:
30:
31:

B
poJisiM U

Display "Second factor authentication required for higher access level”
Display "Enter second factor authentication (PIN, Token, OTP, QR Code)"

second factor «— get_input()
if validate_second_factor(username, second_factor) == False then
Display "Second factor verification failed, access denied"
Go to End
end if
new_access_level «<— get new access level(username, second factor)
if new_access_level == "Create" then
Display "Access granted: Create records”
elseif new_access_level == "Edit" then
Display "Access granted: Edit records"
elseif new_access_level == "Delete" then
Display "Access granted: Delete records”
else
Display "Access denied"
end if
End

CTaThbe IpeaJlaraercs HCIOJb30BaHUE TAOJMUIbl pacHpeiesieHuss ypoBHEH J0CTyIa Io
WX JAEHCTBUSAM B MEAUIIMHCKON cucTeMe. DTa TaOuIla SBISIETCS] OCHOBHOM U ONpEAesieT

BCE BO3MOXKHBIE JICHCTBHS TI0JIb30BaTENIel B METUIIMHCKOW WH(GOPMAIIMOHHON CUCTEME.

Tabmuna-1. Tabmuua pacnpeneneHus ypoBHEW IOCTyma MO POJIIM M UX ACUCTBUSM B
MEIUIUHCKONA CUCTEME

Poab HeiicTBust Ko3ppuuuent Bepupukanuu
HeiictBue 1 X1
Posp 1 [eiictBue 2 Y1
HeiictBue 3 Z1
Jeiicteue 1 Xo
Ponp 2 Jeiictue 2 Y2
JeiictBue 3 Z>

Jannas Ttabnuua obecneunBaer 0€30HacHBIM JOCTYNl K MEAUIMHCKON CHUCTEME IyTeM
OorpaHUuYeHMs JAelcTBUM mosb3oBareneil. [l Toro 4rtoObl MOJIb30BaTENb MOI BBIIOJIHHUTH
oIlpe/eJIeHHbIE 1eH CTBHSI B CUCTEME, EMY HE0OXO0JMMO HabpaTh COOTBETCTBYIOIINI KO3 puiineHT
BepH (DUKAIMK Yepes JiBa dTana ayTeHTHUKanuu. i 3anpeieHHbIX AeHCTBUI MoJib30BaTeen
BBICTaBJII€TCS BBICOKUN KO3 (hDULIMEHT BepupHUKALUU, KOTOPbIH HEBO3MOXKHO HAOpaTh Jake MpH
JIBYX 3Talax ayTeHTU(PUKAIMU C CAMBIMU BBICOKMMH KO3 (ppUIIEeHTaMU.

Kaxxnomy Buay ayTeHTH(HUKAIIUU MPUCBAUBAETCS COOTBETCTBYIOIMHN Ko3(dduuneHT, 4To

IMO3BOJIA

eT THOKO HacTpauBaTh YPOBEHb Oe30MacHOCTH cucTeMbl. Eciu monb3oBaTens HaOupaer

HEOOXOAMMBIN KO3 (PHUIIMEHT HA TIEPBOM dTalle, TO BTOPO 3Tan ayTeHTU(DHUKAUN HE TPeOyeTCsl.
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Tabmuma-2. Tabmuna npucBoeHus  KoddduimueHTa BepudUKANIMK 1O  BHJAAM
ayTeHTU(UKALIMH 111 COOTBETCTBYIOIIMX POJICH

Poab Bup ayrenrudukanumn Koy puument Bepupukanuu
Haponb CVpass_l
ITun-KOI CVpin 1
Pors 1 Email OTP CVemailoTp_1
— SMS OTP CVswms oTp 1
CkanupoBanne QR uepes3 cmapTdon CVor 1
Hapom, CVpass_Z
[TuH-KO CVpin 2
Pors 2 Email OTP CVemailotp_2
- SMS OTP CVsms oTp 2
CkanupoBanue QR uepe3 cmapTdon CVor 2

Jis  obecriedenust Oe30macHOCTH, TaOJMIBl paclpeleneHuss YpPOBHEH JocTyna u
pUCBOEHUS KO3 (HUIIMEHTOB BepUPUKALIUU TOJKHBI XPaHUTbCS B OJ0KUYeiiHe. DTO rapaHTUpyeT
HEM3MEHHOCTb U JIOCTYITHOCTb JAaHHBIX JJIS BCEX I10JIb30BATENEH CUCTEMBI, P ITOM MCKIIIOYas]
BO3MOXKHOCTb MX H3MEHEHHUsI KeM-JIM0O0, KpOME aJIMUHUCTpPALMU MEAUIIMHCKON OpraHu3aluu,
KOTOpbIE SIBJIAIOTCS y3JaMH OJI0KYeHH. biokueliH-TexHoa0rust 00ecrnednBaeT BbICOKHI ypOBEHb
3alUTHl JAHHBIX, TAPAHTUPYS LEJIOCTHOCTh U JOBEPHUE K CHUCTEME ayTeHTU(UKAIIMK Ha OCHOBE
pHCKa.

Puck ( R') BbIMOSHEHUs! ONPEAEICHHOr0 AEHCTBUS B MEULIMHCKOW CHCTEME OTpe/IesIeTcs
Kak QyHKIMs OT posu mons3osareis ( Role) u Buna ayrentuduxanmu ( AuthType ). s kaxaoii
pOJIM ¥ BUJa ayTeHTH (HUKAIIMH 33]]aeTCsl CBOM YPOBEHb pHCKa.

O6o3naunm R (Role, AuthType; ) kax puck ans pomn Role, u Buna ayrentuduxarmn AuthType,

n

R =Z > r;-Role- AuthType, (1)

i=1  j=1
rue:
e I, - xo3(h¢unuent pucka misi poiu Role, u Buna ayrentuduxanun AuthType,,

e M - KOIMYECTBO POJIEH,
e N - KOJIWYECTBO BUJOB ayTECHTUPHUKAIUH.

Koodpdunuenr Bepudukanuu (CV ) momkeH mokasare ypoBEeHb JOCTOBEPHOCTH JHYHOCTH
nonp3oBaTess cucreMbl. OH ompenensercs Kak ¢yHkuus ot pucka (R), ponu (Role) u Buna
ayrentudukanuu ( AuthType).

CV = f(R,Role, AuthType) 2

PaccmorpuM  jietanbHO K03 duumeHt Bepubukamuum juisi ponm  Role, w  Buma

ayrenTnduxanuu AuthType;:
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CV = 1 3)

ij 1+ e—(a~RoIei +b-AuthType; —R)

rae:
e awub -KkodpOULHEHTHI, ONPENEAIONME BEC POIM M BH/Ia Ay TEHTU(PUKAIIMU COOTBETCTBEHHO,
e R -paccunTaHHBIN PUCK ISl COOTBETCTBYIOIICH POJIU M BUJIA AyTEHTH (PUKAIIHH.

3. UucieHHbIE pacyeTsbl

21.]'[5[ OICHKHN 3(1)(1)CKTI/IBHOCTI/I HpeﬂHOX(eHHOﬁ CHUCTCMBI aYTeHTI/I(bI/IKaHI/II/I Ha OCHOBC pUCKa
A OJOKYEHH-TEXHOJIOTUH OBLIN MPOBCACHBI YHUCJICHHBIC PACYCTHI. OTH pacucTbl BKJIOYAIOT
Olpe/ieNieHNe 3HAYEHWH pUCKa Ul PAa3JIMYHBIX POJNe M BHUJIOB ayTEeHTU(HUKAIMH, a TaKKe
BBIUHCIIEHNE KOXPQUIMEHTOB BEpUPHUKALMU 51 KOHKPETHBIX MAECHCTBUM B MEAMLHUHCKON
uHpopmarmonnont cucreme. [lomyueHHble HaHHBIE OBUIM HCIOJIB30BaHBI AJISI MOACIUPOBAHUSA
pa6OTBI CUCTCMbI B Ppa3JIMYHBIX CHOCHAPUAX, YTO IIO3BOJMUJIO OICHUTH €€ HAJACKHOCTb H
YCTOMYMBOCTh K YTpO3aM.

PaccMoTpum Tabnuity BECOB /I poJiel U BUJOB ayTCHTH(PUKAIIUH:
Tabmuma-3. Beca poneii

Poab Bec
MeHemxkep 0.5
Bpau 1.0
AJIMUHHUCTpATOP 15

Tabnuma-4. Beca BU10B ayTeHTHU(PHKALIMH

PoJib Bec
[Tapoiib 0.1
IIun-xon 0.3
USB Toxken 1.2
SMS OTP 1.3
Email OTP 0.8
CkannpoBanue QR yepe3 cmaptdon 1.9

Paccunrtaem xoddunmeHT Bepudukanum 1 Bpada, ucnoisiyroiiero SMS OTP:

Paccuuraem puck s ponm "Bpau" u Buga ayrentudukanuu "SMS OTP":
R =r;- Role;- AuthType;

R=r,,1.01.3

IIpennonoxum, yro I,,, =0.5,

R=0.5-1.0-1.3=0.65

Paccunrtaem k03 ppuuneHT BepupuKanuu:

1
CV = 1+ e_(a.Rolei +b-AuthType; —R)
Iycts a=0.7u b=0.5,
1
CV = 1+ e—(0.7~1.0+0.5~1.3—0.65)
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1

CV = 1+ e—(0.7+0.65—0.65)
1
Y e™

CV =0.668=0.7

Takum obpazom, cornacHo Tabmuie-1, Monbp30BaTeb ¢ poiiblo «Bpad» MOXKET BBITOIHUTD
JeiicTBHE, HE MPEBbIIIANIIMN K03 puirenT Bepudukanuu 0,7.

Pe3ynbTaTel 4YMCIEHHBIX pacyeTOB JAEMOHCTPUPYIOT, UYTO MCIOJb30BAHUE CHCTEMBI
ayTeHTHU(UKAallUd HAa OCHOBE pHCKa C OJOKYEHH-TEXHOJOTUSMH 3HAUYUTEIBHO IOBBIIIAET
0e301acHOCTh MEIMLIMHCKUX JaHHBIX. AHAJIM3 pa3jM4YHBIX CLIEHApUEB IOKa3al, 4TO CHCTeMa
3GPEeKTUBHO NPEJOTBpAIAeT HECAHKIMOHUPOBAHHBIM JOCTyN, TpeOys OT IoJib30BaTeNel
IPOXOXKAECHUS JABYXATalHOM ayTeHTH(UKALUMU C Pa3JIM4YHBIMU YPOBHSIMHM IIPOBEPKH B
3aBUCHUMOCTH OT BBINOJHSEMBbIX JelcTBUN. B Tabmuie pacnpeneneHus ypoBHEH nocTyma u
ko3 (puneHToB BepupHUKALNM, XpaHSIMIeHcs B OJOKYeiiHEe, 00ecreunBaeTcsi HEM3MEHHOCTb
JTAHHBIX, YTO UCKJII0YAET BO3MOKHOCTb UX MOAJEIKN WIN HECAaHKIIMOHUPOBAHHOI'O U3MEHEHUS.

Takum o0pa3oM, mNpenyioxkeHHass MOAeIb ayTeHTHU(UKALUU O00eCrneunBaeT BBICOKHMM
YPOBEHb 3alIUTHl U JOBEpUS K CHCTEME, YTO OCOOCHHO BAa)XKHO B KOHTEKCTE MEIUIIMHCKOMN
uHpopmauu.

4. 3akiIrouenue

B nanHol cTathe ObLIa MpemsIoKeHa KOHUENIHS ayTeHTHU(UKAIMN HAa OCHOBE PHCKA C
NpUMEHEHUEM OJIOKYEHH-TEXHOJIOTUN IS 3alllUThl MENWIIMHCKUX JaHHBIX. MHTerparus
ayTeHTH(UKallUM Ha OCHOBE PHCKAa C MCIOJIb30BaHHEM OJIOKYEHH-TEXHOJIOTUN TMPEACTaBIISET
co00i MOIIHBIH WHCTPYMEHT JUIA 3alIUThl MEIUIMHCKUX JaHHBIX. AJanTarus IpoIecCOoB
ayTeHTI/I(l)I/IKaI_II/II/I B 3aBUCHUMOCTH OT ypOBHH pI/ICKa 3HAQUUTCIIBHO ITOBLIIIIACT 6630HaCHOCTb B
cq)epe 3HpaBOOXpaH€HI/I$I, rac KOH(l)I/II[GHL[I/IaJIBHOCTB JAHHBIX ITAIITUCHTOB HrpaeT KJ'IIO‘-ICBYIO pOJ'IB.
Ucnons3oBanue 6J'I0KLI€I7IH O6€CH€‘H/IBa€T OESIIOCTHOCTD U NOCTYITHOCTDH Ta6J'II/IH pacupeaciaCHusA
ypoBHEW JnocTtynma W KOI(PQPUIMEHTOB BepUPHUKAIMK, WCKIIOYas BO3MOXHOCTh WX
HecaHKHI/IOHI/IpOBaHHOFO N3MCHCHUI. I/ICCHGHOBaHI/Iﬂ HOJITBep}K)IaIOT 3(1)(1)CKTI/IBHOCTI) METOAOB
aYTeHTI/I(i)I/IKaLII/II/I HAa OCHOBC pI/ICKa B TIIOBBLIIICHUU YCTOP'I‘{PIBOCTI/I CUCTEMBI K yrp03aM
ayTeHTU(UKALHMKM, YTO [eJaeT ATOT IMOAXOJ OCOOEHHO AaKTyaJdbHBIM [UJISI MEIUIIUHCKHUX
MH(OPMAILIMOHHBIX CUCTEM.

Kpome Toro, coueranme mHorodakTopHoii ayreHTH(ukanuu ¢ RBA ycuiamBaer mepsl
6630H3CHOCTI/I, npeaiarasa FI/I6KI/I€ U CTPOTrucC NMPOTOKOJIbI 3alIUTHI JaHHBIX. BHCI[peHI/Ie TaKoOu
CUCTCMblI HC TOJIBKO YKPCIJIACT 6630HaCHOCTB MCIULIUMHCKHUX HOAaHHBIX, HO MW YJIy4dllacT
yOpaBJICHUE JOCTyNmoM. Takum o00pa3oM, MpemIoKeHHass MOJAENbh OOECIeuMBAECT BBICOKUMA
YPOBEHb 3alllUTHl U BHEJAPEHUS OBEpUs K CUCTEMaM MEIULMHCKON MHpOpMaluu, 4TO KpailHe
BAXHO JuId obOecrieyeHus: KOH(QUACHIMAIBLHOCTU NALMEHTOB U COOJIIOJEHUS PEryJUpPYIOLIMX
HOPM.
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Abstract. The article discusses current R&D on the intellectualization of traffic lights
equipped with IP video cameras. It shows the application areas of smart traffic lights and
describes the stages of designing and semi-industrial testing of the prototype, the core of which is
a Raspberry Pi 4 mini PC. During the design and construction of the hardware and software
complex (HSC), features of frame-by-frame methods for webcams and streaming methods for IP
video cameras for Al image recognition were identified. To increase vandal, water, and dust
resistance and reliability for semi-industrial testing of the prototype, an outdoor IP video camera
by HIKVISION in the EXIR Fixed Mini Bullet Network Camera modification was used. Periodic
power outages at intersections in Almaty required research and development of a method for
automatic start-up of the HSC from the moment of power loss. The proposed BIOS configuration
algorithm for the Raspberry Pi 4 mini PC is novel and unique in its OS Raspbian settings as a
non-standard version of Debian GNU/Linux. The found solutions and test results demonstrated
the reliability of the automatic start-up of the traffic light with neural computer vision. Smart
traffic lights with video vision allow adaptive control of traffic lights with Al in street conditions
at the Abay/Saina interchange in the metropolis of Almaty.

Keywords: intelligent traffic light, reliability, PyCharm, CV2, BIOS mini PC Raspberry PI

l. INTRODUCTION

Smart or intelligent traffic lights, like other smart technical devices, find wide application in
large cities for adaptive control of traffic light phases considering the traffic situation at
intersections. The difference between modern smart traffic lights and the first traffic lights is
roughly equivalent to the difference between the first automobiles and sixth-generation robotaxis
with autopilot. An overview of the evolution of smart traffic lights is provided in works [1], which
show that for urban infrastructure, traffic lights are the most budget-friendly and reliable devices
for active traffic regulation at intersecting roads. In cases of high traffic levels at the intersection
of two highways in large cities, expensive and complex multi-level interchanges are built. Such
bridges are rarely constructed in the historic parts of major European cities.

Many authors' works on traffic optimization in metropolises with developed road
infrastructure demonstrate the objective necessity of using traffic lights to regulate the intensity of
vehicle flow depending on the changing capacity of highways. They also help optimize vehicle
movement during congestion in central or business parts of the city [2].

In Almaty, there is a single semi-ring high-speed, signal-free highway, the Saina-Al-Farabi-
East Ring Road. Its construction required the building of a complex of two-level interchanges on
heavily loaded city highways on Nazarbayev, Seifullin, Zharokov, Rozybakiev, Zhandosov,
Shalyapin, Abay, Tole Bi, and Raimbek streets. Overall, more than 100 billion tenge were spent
on the construction of these interchanges by the Almaty city administration. The construction of
similarly designed interchanges at Saina-Zharokov, Saina-Shalyapin, and Saina-Abay alone cost
13.4 billion tenge, with a capacity of 220,000 vehicles per day. Meanwhile, the construction of the
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Big Almaty Ring Road (BARR) and the extension of Abay Avenue to BARR led to an increase in
traffic from west to east along Abay to 80,000 vehicles per day. It is worth noting that historically,
Abay Avenue was the city's first highway with 4-lane traffic in the westward direction. Figure 1
shows how Abay Avenue is integrated into the landscape and street structure of Almaty.

Anmatbl

Fig. 1. Abai Avenue and its location with street structure

Around this highway, large residential areas, known as the city's "bedroom™ districts, were
built by Soviet Kazakhstan in the mid to late 20th century. During the post-Soviet period, this
highway was equipped with a centralized traffic management system (CTMS) featuring an analog
video surveillance and traffic light control system. The city administration continually expands
and modernizes the CTMS, and it can be stated that the current CTMS is a hybrid with a
heterogeneous digital component. Part of the video surveillance systems convert video streams
from digital to analog formats. The state of the CTMS is outdated and physically worn, requiring
a complete overhaul.

Currently, from Abay West to Abay East, covering a distance of 18.8 km, there are 23 traffic
light installations with numerous surveillance and video control cameras, not counting pedestrian
traffic lights. Abay Avenue can be classified as the most traffic-light-heavy highway in modern
Kazakhstan. The travel time from Abay West to Abay East ranges from 50 minutes to 1 hour under
average traffic conditions, and during peak hours, this can increase to 1.5 to 2 hours. For
comparison, in central London, the average vehicle speed is 12 km/h.

Therefore, studying and upgrading the digital traffic light systems on Abay Avenue is a
relevant and important task for the urban transport infrastructure of the metropolis of Almaty.

1. LITERATURE REVIEW

One of the classic and fundamental computer vision tasks is object detection, which aims to
locate objects in images and videos. To be more specific, object detection seeks to classify each
object and generate bounding boxes from an input image. Two-stage strategies, which handle
district proposition and order independently, have been proposed to manage both limitation and
arrangement. Mask R-CNN [3], for instance, suggests bounding boxes by utilizing the Region
Proposal Network (RPN) and an additional regressor. Additionally, it classifies the objects
contained within the proposals. Then again, one-stage indicators like YOLO[4], SSD [5], and
RetinaNet [6] handle two errands all the while through a solitary model, making them a lot less
complex and quicker than other two-stage identifiers.

Multi-target single-camera (MTSC) Following, otherwise called multi-object following
(Saying), plans to appraise articles' directions across the edges in every video. The greater part of
the techniques follow the following by-identification worldview, what isolates Adage into two
separate undertakings. It begins by independently detecting objects for each frame. Then, at that
point, the distinguished occasions of a similar character are connected to make a solitary direction.
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The majority of approaches in this paradigm primarily target association issues. For instance, [7]
used the Hungarian algorithm [8] to match the bipartite graph created by the similarity scores and
presented Spatial-Temporal Relation Networks to estimate the similarity scores between existing
trajectories and objects in the frame. All the more as of late, in [9] had recommended a solitary
stage multi-object tracker named Tracktor. It takes advantage of a jumping box regressor of
Quicker RCNN [10] to find bouncing boxes of articles in the ongoing edge from their bouncing
boxes in the past casing. Different techniques like Retina-Track [11], JDE [12], and FairMOT [13]
are additionally as of late proposed single-stage trackers, which identify items and concentrate
their appearance highlights immediately. Using the extracted features and additional spatial-
temporal information, such as distance and intersection over union (loU), they have used a variety
of detectors and association algorithms to connect the detected objects.

The majority of approaches to MTMC tracking make use of the following pipeline to solve
the problem: first, they generate the trajectories of detected objects for each camera, and then they
connect those trajectories across multiple cameras to infer complete trajectories. For instance, in
[14] authors have proposed the MTMC following strategy that utilizes versatile weighted trio
misfortune to prepare a component extraction organization and connection bunching to match the
directions. In a similar fashion, in [15] authors used the Restricted Non-negative Matrix
Factorization algorithm to solve the tracklet-to-target assignment problem, which was changed
from the trajectory matching problem. For MTMC following on vehicles, the CityFlow dataset
[16] has given a significant benchmark from city-scale traffic cameras. Worked with by open
datasets and challenges, in [17] furthermore, [18] have shown improvements to follow every
vehicle on multicamera.

I11.  MATERIALS AND METHODS

In automation theory, traffic lights are typical discrete multi-position regulators widely used
in critical technological processes for sorting in transportation, communication, aviation, logistics,
the food industry, etc. When considering the light-technical part of a traffic light, it is an electrical
device with three, two, or one indicator lamps, operated by a special analog or digital controller.
The lamps can be red, yellow, green, or moonlight. The algorithm for turning on the traffic light
lamps is called the traffic light cycle program. Analog traffic light systems have been thoroughly
studied in transportation science, while adaptive and digital traffic lights with neural computer
vision are a new, innovative, and practically valuable direction in transportation digitalization.

Let’s consider digital traffic lights paired with a controlling mini-PC running Linux OS, with
RAM and a modern video card. In practice, industrial traffic controllers like DK-2 [19] are paired
with microcontrollers with RAM up to 100MB and Modbus network protocols. Therefore, creating
a wireless semi-industrial digital reliable traffic light with computer vision based on Al is a
relevant task presented in this R&D project [20].

The initial components chosen for the R&D project were: industrial control mini-PCs, a web
camera, an IP camera, a set of electromechanical relays DC/DC 5V24V 10A, and an industrial
three-section traffic light. Figure 2 shows these components with their practical implementation
parameters in the R&D project.
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Fig. 2. Industrial components for the assembly of a semi-industrial prototype of a digital traffic
light with neural computer vision, where a)Logitech C922 Pro Webcam b) HIKVISION D8-
2CD2043G-2 IP camera c)Switching relay DC/DC 5B/24V 10 A d)Raspberry Pi4 /RAM
8Gh/1.2GHz e)Industrial LED three-section Traffic light 1S-T8.3/24/3

As shown in Figure 2, the sensor is a webcam or IP camera, the actuator is the I1S-T8.3/24/3
traffic light, and the traffic controller is a Raspberry Pi 4 mini-PC. The task of creating a digital
automated system with Al is complicated by the type of sensor in the form of video cameras, which
require Al technology for processing the raw data. For video analysis, a special compact control
mini-PC with 8GB RAM/1.2 GHz and a microcontroller library GPIO (pins controlled by the PC’s
physical 5V connectors) is necessary, along with the capability to work with computer neural
network image recognition algorithms for video streams. The approach presented in this
development is innovative and has significant practical importance for the accelerated
digitalization of traffic light systems on Abay Avenue. The developed software products are
protected by copyright certificates from the Republic of Kazakhstan [21].

Let’s consider the circuit solutions for further mounting of the above-mentioned smart traffic
light components on the mounting board. Figure 3 shows part of the circuit for connecting the
Raspberry Pi 4 to the relay module and the indicator lamps of the traffic light’s cycle program.
The connection of the traffic light as an executive device is performed in a standard way through
a relay transition. For example, the 1S-T8.3/24/3 traffic light panel operates from a 24-volt power
supply, with three wires responsible for the "+" of the red, yellow, and green lights connected to
the NO terminals, and the "-" wire connected to the "-" of the power supply. At the same time, the
"+" of the power supply is connected to the central "Common" terminals of the relay module. In
the case of connecting a 220-volt AC traffic light panel, the common black wire of the panel is
connected to “N,” and the red wires of the panel are connected to the NO terminals corresponding
to the light relay of the panel, with the L1 phase of the power supply connected to the "Common"
terminal. These tasks are standard and described in technical literature.
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Fig. 3. Pinout scheme for control and signal pins of the mini PC Raspberry pie 4
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Fig. 4. Connection diagram of a mini PC, keyboard, mouse and display, IP camera and
relay unit

To connect the relays, follow the procedures described earlier. Connecting a keyboard,
mouse, and webcam is standard through the PC's USB ports. When connecting an IP camera, you
need to plug its network cable into the PC's network COM port (see Figure 2, link "b"), and power
the chosen IP camera using a 12-volt adapter. The mini-PC is powered standardly through a USB-
C connector. The mini-PC also features a mini HDMI port, allowing it to be connected to any TV
display via an HDMI connector [22], [23].
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IV. RESULTS AND DISCUSSION

After completing the commissioning work for installing Debian GNU/Linux, loading Python
libraries CV2, Ultralytics libraries with the YOLOV8 neural network [24], and the Client_Reley.py
program, we manually launch the program for recognizing the number of cars in front of the smart
traffic light with computer vision. In Figure 5a, it is shown that the program counts the number of
cars and changes the duration of the green phase of the traffic light panel accordingly. Figure 5b
provides the code for the recognition program. Thus, the IP camera works as a sensor, while at the
same time, the PC memory holds an image of the traffic situation, which also carries important
information for the traffic control officer (DPS).

# Eeu onunecmeo Mauiun GoTsiue, 4e YRasauHslll XAy nopososoll UHIMEHCUEHOCHY, N0
ERTONACM 3e1eHBll el caomodopa

# Pacnozkaem KoTUHECINED MALLH 1O Ka\epe
oumbsrOfCars = seilarsromCand)

1f numberOfCars > 4:

phased =30
else:
phased =20
traffic, Sain. N phase, times = [phasel, phasel, phase3 - 3, 3, phase4 - 3, 3]
print(fRecoanised cars: {nymberOfass))
starting = fime fime()

Fig. 5. Recognition of the number of Al machines and software code for adaptive control
of traffic light phases by a smart traffic light with neural computer vision c CNN YOLOvV8n

Hence, when testing the prototype in laboratory conditions, the startup and shutdown of
programs and the PC as a whole are performed in the same way as on laptops. To do this, all
programs need to be closed, the "Start" button pressed, and "Shutdown™ initiated. Startup is done
in reverse order. This method of stopping/starting is not feasible for a real traffic light, as it will
be installed on a pole with limited access to the equipment (see Figure 6).

Fig. 6. The layout of the smart traffic light control unit with computer vision and an IP
camera on a street pole
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Note that the street power supply for traffic lights has limited reliability, and the
uninterrupted power supply in some areas of the city leaves much to be desired. Therefore, it is
necessary to develop methods for configuring the Raspberry Pi 4 mini-computer that allow the
smart traffic light with computer vision and an IP camera to autonomously resume operation from
the point of stop.

In the Windows 10 operating system and standard industrial microcontrollers, the problem
of auto-restart due to power outages is solved in two ways. The first is the use of an uninterruptible
power supply (UPS), and the second is system restoration using the BIOS command "Restore on
AC Power Loss." Industrial microcontrollers autonomously restore their operation by default.

The situation is complicated by the loss of power to the Raspberry Pi 4 mini-computer (RAM
8GB/1.2 GHz) running Debian GNU/Linux—a limited version of the Linux OS. Manual restart is
possible in limited cases during preventive maintenance. To improve the reliability of the R&D
project, it is necessary to solve the problem of auto-restarting the entire system in case of power
loss and restoration. Below is an algorithmic analysis and the code for configuring the auto-restart
in the BIOS of the Raspberry Pi 4 processor.

In algorithmic notation, the sequence of batch commands for the BIOS of the Raspberry Pi
4 processor is as follows:

It should be noted that for the Raspberry Pi 4, there are several options for implementing the
auto-restart of applications, which are achieved by modifying the system startup scripts [24].

Option 1: You can modify the rc.local startup script, which runs at the beginning of
Raspberry's startup and is supported even in manual startup mode. To use this auto-start option,
you need to change the code of this script using the command:

sudo nano /etc/rc.local

Add a series of terminal commands at the end of the file before the command exit 0. Note
that this implementation is considered outdated and is recommended for use in specific cases.

Option 2: You canalso add a task using crontab. This option works by modifying the crontab
task file script using the command:

crontab -e

The uniqueness of using crontab is the ability to add a schedule/cycle for running the script,
as crontab is a task manager.

Option 3: The most optimal option for auto-start is to create an internal service in Raspberry.
This can be implemented using the following commands:

Create a service->sudo nano /etc/systemd/system/servicename.service, then change the file
permissions->sudo chmod 644 /etc/systemd/system/servicename.service-> then enable the
servicesudo systemctl daemon-reload->sudo systemctl enable servicename.service

Thus, in option 3, the system settings of the Raspbian-Linux OS optimally solve the problem
of auto-starting the operating system and the client program for computer vision for neural network
image recognition.

This program will automatically search and connect to the server on the police dispatcher’s
PC via Bluetooth, transmitting data on the traffic intensity at the Abay/Saina intersection.

The results obtained are important due to the limited access to the street IP camera with cv2
and the electrical box with the automated system, as access to the system is possible only during
commissioning work.

V. CONCLUSION

As a result of the R&D, the following findings have been established:

1. The use of industrial microcontrollers to solve the problem of recognizing traffic intensity
through video images requires computers with large amounts of RAM and libraries such as CV2,
GPIO, Ultralytics, and CNN YOLOV8 in the nano version.
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2. The most compact, affordable, and budget-friendly mini PC in the Republic of Kazakhstan
with such parameters is the Raspberry Pi4 /RAM 8Gb/1.2 GHz.

3. The commissioning work for installing Debian GNU/Linux, applications, and
programming environments is described in technical literature. However, configuring system
BI1OS programs requires highly qualified system programmers.

4. The issue of manually restarting the system after a power outage is resolved during
laboratory prototype testing. However, in street tests, there is a critical need to develop and
configure the auto-start BIOS of the Raspberry Pi4 /RAM 8Gb/1.2 GHz mini-computer after
power loss and restoration.

5. The conducted test trials demonstrated the reliability of the developed adaptive traffic
light management system with neural network computer vision under city conditions and power
outages.
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®OCPOPUT KAJIBIKTAPLIHBIH ATJTOMEPALIAS YPIICIH
WHTEJUIEKTY AJIJIBI BACKAPYIBI YJTLIEY

M. Toaranbaesal, A.A. Opmandexosa?, E.C. Typroinéexon?

M.X. J[ynamu amvinoaser Tapas eyiprix ynueéepcumemni,
2on-Dapabu amvinoazer Kazax ¥immuix Yuusepcumemi, Aimamet, Kazaxcman

OOK 004.89

Anoamna. Byn scymvic COMSOL Multiphysical 6azoapramanvix Kypanvineiy komeeimen
Gocpammul may HcbIHLICMAPBIHBIY KALOBIKMAPLIHGIY UHMEIeKMYanidbl deilomepayus ypoicin
Mooenvoeyee apuaneau. ILlluxizammul OauvlHOQy, MEPMUAILIK OHOeY, CAIKbIHOAMY JHCIHE
cakmayovl Kammumvl ypoicmiy Hecizei KeszeHOepi cunammanzan. Mooenvoey «keyekmi
Mamepuandapoagel JHeovly aIMacyobly QUIUKATLIK pemmenyin 6aKuliaiobl, memnepamypaHsly
e32epyin 0211 bakwiiayea MyMKIHOIK Oepedi. Makanada xammul dcane 2a3 mapizoec gazanrap
apacwvinoazel scvly aamacyza manoay scacanob. COMSOL Multiphysics natioanany ypoic
napamempuepin muimoi banmayea, ougpgepeHyuandvly aoicmep HCyUecCiHiy onuUeMOiNiciH
asaimyea, (QUIUKATBIK 9KCHEPUMEHMMEPMEH CANbICIMbIPRAHOA  VAKbIM  NEeH  KAPICHLIbIK
pecypcmapowvl aumapivlkmatil yremoeyze MyMKIiHOIK bepeoi.

Kinmmik coe30ep: unmmenekmyanovl 6ackapy, JHcoliy aimacy, aziomepam, yieiney, ypoicmi
Mooenvoey, OHMAIaHObIP) .

Kipicne

Tay-keH xoHEe XMMHsI OHEPKICIOIHIH JaMybIMEH jKaHa WHTEIUIEKTYaJIbl alropuTMIEpIi
a3ipey i Tajan eTeTiH GocdaTThl Tay KbIHBICTAPBIHBIH KAJIJBIKTAPbIH arjoMepalusiay YpaiciH
Oackapy maceneci TysiHaan b1, COHIBIKTaH OYJI 3epTTEYAIH OHALYIII CEKTOP YIIiH MaHbI3bI 30p
KOHE THUIMAIPEK TEeXHOJNOTUsIapbl Kacayra oKenyl MYMKiH. DocGopUT KaJAbIKTapbIHBIH
arJioMepalnys MOCeJEeCiH Tanjay >KoHE 3epTTey Ka3ipri Koramja ©3€KTI JKOHE CypaHbICKa He
Mocenenepaid O0ipi 6ok TaObaabl. DocdaTThl Tay KBIHBICTAPBI KAIBIKTAPHIHBIH KOJIEMIHIH
ecyiHe 0aillaHBICTBI OJlap/bl 0aCKapyIbIH THIMJII QAICTEPiH 3ipiaey KaKeTTUTri TybHaaabl. by
KOpIIaFraH OpPTaHBIH JIACTAHYBIHBIH apTybIHA KOHE OHJIPIC YPIiCiHIH OHIMIUTITIHIH TOMEHEyi1He
okeneni. ConabikTaH GocOopUT KaaABIKTAPBIH arjioMepalusiiay MoceIeCiHIH 63EKTUIITH 3epTTey
Ka3ipri )KaFJai bl )KaKCcapTY/IbIH XK OHE KOpILIaFaH OpTara Kepi ocepiH a3aiTyAbIH HAKThI SAICTEPIH
Kacayra MYMKIHJIIK Oepenl. 3epTTeyIiH Heri3ri MakcaThl )acaH bl UHTEJUIEKT 9/1ICTEpPiH KOoJAaHa
OTBIPHIT, (HOCPATTHI TAY KBIHBICTAPHIHBIH KAJIBIKTAPBIH arJIoMepanusiay MporeciH 6ackapy by
MHTEJUIEKTYyaJibl aJIrOpUTMAEpIH kacay Oonbin TaObuiaasl. byn Makcarka »kery YIIiH
arJioMeparys MpoIeciHe TeOPUsIIBIK Talay JKYPri3y, OChI MPOIECTi 0aCKapybIH KOJIIaHbICTAFbI
onmicTepiH 3eprrey KoHe QocdaTThl Tay KBIHBICTAPBIHBIH KaJIBIKTAPBIH arjioMepalusiay
MPOILIECIH OHTaNTIAHMBIPYIbIH HUHTEIUICKTYaJAbl adrOpUTMIEPiH KOJAaHy MYMKIHIITIH Tangay
CHUSIKTBI MaCeJIeNIep/l LIelly KaKeT.

1. TanceipMa KoM

Ariiomeprey ypaici — METAJUTyprusIblK INMUXTaHBIH Kypampaac [1] Oesiktepi Ooubin
TaOBUIATHIH YCaK MaTepHuanaapas! (pyaa, KeH KOHIIGHTpAaTTapsl, (GIrocTep, KAIIBIKTap KoHE T.0.)
HiIIHI MEH KAacHeTTepiH (XUMHSUIBIK Kypambl, KYpbUIbIMBI) OankeiTyra Kaxer. Docdopur
KEeHJIepiH aryiomepanusuiay ypaici KazakctanHwsiH oHTYcTirinae, Kapatay keH OpHBIHA >KaKbIH
opHanackas JKana XXam6su1 pocop 3aysireinaa (KAD3) sxyprizineni. Ariomeparus aaici 1623
K neiiiari Temneparypaga AKM-7-312 arnomepanusiceiina GpochopuTTiH ycak OemeKTepin
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aryioMeparysiiay OoJbIl Ta0blIalbl, MYH/Ia YCAKTAIFaH KOKC KaTThl OTBHIH PETIH/E 9PEKEeT eTel.
AryioMmepanus 3aybITTarbl capbl Gochop eHAIpiCiHEH KEHIHT1 eKIiHII MaHBI3ABI YPIiC OObII
TaObUIaABI, OJI YIIH arjoMepaT OacTamkbl MIMKi3aT OO0JbIN TaObuTanbl. TEeXHONOTHSIBIK YPAIC
IIMXTa/aFbl OTHIHHBIH alTapibIKTail e3repyiHe oKeJIeTiH J03aJ1ayChl3 OepieTiH MHXTaHbl CYBIK
JKOHE YUIIHII PeTTIK KalTapymeH Oacramnkpl apanacteipyfaH Oacranansl. ComaH KeWiH muxTa
KO3FayIllbl Tacmara OarpITTanasl, OHIa on Taburu ra3 Hemece CO2 apKbUIBI JKaHBIN [2], TOpH
apkpbl  oteni. dochoput KeHIepiHIH arioMepanusChIHBIH HETi3ri Ke3deHaepi 1-cyperre
kentipinreH. ®ochopuT KeHAEpiHIH arJoMeparsIChIHBIH HET13T Ke3eHepl KeleciIei:

1. Hluxmansi Oativinoay: ycakTay *oHE YHTaKTay: PocopuT KeH1 KaKETTI YHTaKKa JIeHiH
yHTaKkTanaasl (aaerre 0-5 MM); KenTipy: YHTaKTalraH K€H bUIFaJIbl KeTipy YILIIH KenTipiieni,
OUTKEH1 apTHIK BUIFAJJBUIBIK arJIOMEpPaTThIH HO31K OOJKTepiHe oKellyl MyMKiH; J103ajlay: KeH,
arplH (OIETTE OKTacC) JKOHE OTHIH (KOKC, aHTpaluT) OepiireH IIMXTa peLeNnTiHE CoiKec

MeJILIEPIIEHE]; apalacThIpy: MINXTAa KOMIIOHEHTTEP! O1pKEJKI TapalyblH KaMTaMachl3 €Ty YIIIH
MYKUSAT apaiacThlpblIajibl.

__________________________

=
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£
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=)
[+5)
e
g
£
&

1
ATTIOMepanHsIIBIK, :
MamIHHaHBIH TacacbklHA |
IINXTa Tecey H

!

ATIoMepanusHbI YCaKTay
JKOHE eley

_________________________

1-cyper. ®ochoput KeHaepiHiH arioMepamusaChIHbIH HETi3r1 Ke3eHaepi

2. Aenomepayusanvlk MAwlUHAHLIY MACNACLING WUXMA mocey: KaOaTThIH KaJbIITacybl:
MIMXTa arjOMEPANMsUIBIK MalllMHAHBIH TacmachliHa Oipkenki OemiHin, OepiiireH KaJbIHIBIKTHIH
KabaTbhlH Kypaiabl; THIFBI3AAY: IIMXTa KabaTbl OHBIH OEpIKTIrT MeH OIpKEeKl >XbUIBIHYBIH
KaMTaMachl3 €Ty YILIiH apHaibl KYpbUIFbLIAPABIH KOMETrIMEH ThIFbI3/1aJIa Ibl.

3. luxmanwl ocagy: anjplH aja TyTaHy: )kKaHapMail KabaThl IIMXTaHbIH OeTiHe XKaFblIaibl;
HET13T1 TYTaHy: MUXTaHbl Oenrisi Oip TeMiepaTypara JeiiiH KbI3AbIpFaHHAH KeWiH, HEeTi3Tr1 TyTaHy
Kypeni, Oy IUXTaHbIH OYKL1 KabaThIH/Ia )KaHapMaiIbIH KaHybIH KAMTaMachl3 eTell.

4. Hluxma aznomepayusicel. KbUIBITY aliMaFbl: IMXTA KbUIBITY aliMaFbIHAH ©TE/l1, OHJA OJI
JKaHapMaWJblH TYTaHy TeMIepaTypacblHa AeHiH OIpTiHIeN KbI3aJbl; KENTIpY aiiMarbl: KENTipy
aliMarbIH/a KAJIBIK BUIFAJI IIMXTAAaH MIBIFAPbUIAIbI; KAPKBIH/IBI KBI3ABIPY aliMarbl: Oy1 aiiMakTa
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IMXTa TeMIepatypachl arjomepanus temrneparypacbiHa (1200-1350°C) neiiin te3 keTepiieni;
arJioMepanus aWMarbl: arjiomMepamus aWMarbiHAa [3] arjgoMepaTThiH Oepik  OeJiKTEepiH
KaJBITACTHIPY YIIIH MIAXTa KOMIIOHEHTTEpi OaiKpIl, arjoMepanusuIaHaabl; CaJIKbIHAATY
aliMarbl: arjioMepaT TachbiMaiay Ke3iHe Oy3blJIMalThIH TeMIlepaTypara JIeiiiH calKbIHAATbLIA IbI.

5. Aenomepammur ycakmay ocone eney: ycakTay: CAJKbIHAATBUIFAH arjioMepaT KaKeTTi
bpakuusiapra OemiHel; eNey: arIoMepaTThIH KYHIipiIMereH OeiKTepi MeH MeIIIepiHe colkec
KeTIMEWTiH (ppakuusiap 6emiHesni.

Haktel wHxeHepnik ecenteynep (GU3MKAIBIK OKCIEPUMEHTTEp MEH MPOTOTUNTEPIi
aybICTBIPYAbl OOJABIPMAMTHIH TOKIpUOEINIK YATIIEepAl KOJIaHyFa HerizaenreH. byn moxenbaep
OHEPKICINTIK KapbIKTaHIBIPY/IbI HEMECE OHIIPIiC MPOIECiH xKobatayasl )keHinnereai. Moaensaey
KBUTIAM, THIMII )KOHE YaKbIT OOWBIHINA (PU3UKAITBIK SKCIIEPUMEHTTEP MEH IMMPOTOTUNITI ChIHAYIaH
apTHIKIIBUIBIFBI Oap MPOLECTI OHTAMIaHABIPYABIH JKAKChI dAICI.

2. Mingerrepai memy ajJropurmi

Monenbaey 00beKTici — 6acTanKel MaTepHal, IMKUXTa OEpUIETIH MayIeT OOJbIN TaObLIAIbI.
Tay acTbIiHIaFbl TAJIETKE ra3 Oepyii MOJENbIey YIIH CaThlIbl CUTHAJ KOJJaHbUIaAbI, Oy Tay
aCTBIHJAFbl TMAJUIETTIH OpTalla YyakbpIThiHA Ccolikec keieni. byn Ooipkammap omebuerrtep
KO3/IepiHEH aJIbIHFaH MAIIMETTEPre HeTi3/1eNTeH [4] )KoHe arj0JIeHTaHbIH KO3FaITy JKbIIIaM IbIFbIH
eckepenl. ArJIOMepalusHbIH Y3bIHABIFBL - 78 M, OopTalia >KbUIaMABIFBL - 3,6 M/MUH, all IMXTa
Ka0aThIHBIH OWIKTIrT — 260 MM. OneOueTTep MONybIHIa KOPCETUINeHICH, arjioMepalus YpaiciH
MOJIeNbey, aTall alTKaH[a arjioMepanus Ke3iHIeri TeMIiepaTrypaHblH e3repyl KaTThl KOHE ra3
TOpi3i opTajap apachlHAAFbl JKbUIY alMacyAblH (PU3UKAIBIK 3aHJBUIBIKTApbIHA HET13/eCH.
ATrJIOMEepanusiIbIK KYHAIPY HOTHIKECIHIIE IMXTa KECeK MaTepuai OOoJbIll TaOBUIATHIH >KOHE
HETri31HEeH KeyeKTi MaTepuall O0JIbI TaObUIATHIH arjloMepaTKa aifHauabl.

Ariiomepanus YpHAiCiHIH MaTeMaTHKaJIbIK MOJAENl KejeCl (U3MKAIBIK JKOHE XUMHSUIBIK
KYOBUTBICTapABl CUTIATTAl bl (2-CypeT):

- KeyekTi MmaTepuaniarsl ®KbLTy ajaMacy.

- DpryH xoHe bpuHKMaH TeH1eynepi apKbUIbl KEyeKTI MaTepHaIarsl ra3 KO3FabICHI.

- KOKCTBIH )aHYBIHBIH XUMHUSUIBIK PEAKIUAIAPbI )KOHE IMUXTAHBIH bUIFAIBUIBIFBIH CCITKE
any.

- ['a3 KOHIIEHTPAIUSACHIHBIH ©3Tepyi.

AFBIM CHIATTAMACKI M

Onwemaep

Tepmoduiukaabir

KacH C'I”I‘l‘[]i

Keyekri
MaTepHAITAFbT
KBITY anMacy

[

Keyekri
MaTCpHANIaFhI
ra3 KOIramkICkl

]

!

Mopgenb

Peakuus
KHHETHKAChI

t

KOTTIIE'[TTP‘(IHHFIT]ET
aImey

Temmneparypa

Koiaamaeik,
KbICBIM

2-cypet. Monenb/iiH cxeMalblK KOpiHici
Arnomepriey YpAiCiH MOJIebIey Ke3iHAe MOIeTb KipiciH/e Keneci aifHpIMaIbliap e3repei:

- aFbIH MOHJIEp] — TeMIIepaTypa )KoHe ra3/aya MaccabIK yJiec.
- eJIIeMJiepl — najuieT Y3bIHABIFbI, KabaT OMIKTIr], TYHIpUIIKTEpAiH OpTalla 1uaMeTpi.
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- I[UXTa MEH Ta3[blH TEPMOQU3HMKAIBIK KACHETTepl — IKbUIY OTKI3TIITIK, XbUTY
CBIMBIM/IBUIBIK, KEYEKTLTIK, TYTKBIPJIBIK.

MonenbaiH MBIFBICHIHIA 013 Kesieci mapameTpiiepal 6ackapa ajiaMbl3:

- 3apsiITay TeMIlepaTypachl.

- Ta3 aFbIHBIHBIH KbLUIIAMJIBIFbI.

- Ka0aT KbICHIMBIL.

- kabattarel CO, CO2, O2 memepi.

Ocplinaifma, Mojenbaey eceOiHIH TYKBIPBIMBI KeJNeciiei: ariioMepanus YpIaicCiHiH
KipiciH/eri alHbIMaJblIapFa CYHEeHe OTBIPBIN, IIMXTaHbl arjoMepanusyiay Ke3iHjae OojaThlH
(U3MKAIIBIK KOHE XUMHSIIBIK KYOBIIBICTAP/IbI KOPCETETIH MOJEIb/II KYPY KaXKeT, OJI aHbIKTaHIbl
ypaicTi 6ackapyfa apHajFaH HeTi3ri aifHpIMaJbliaap OOJbI TaObLIa kL.

KeyekTi opTa apKbUIBI )KBUTY O€py 9/1€TTe KATThl MaTpHIla O OMBIHIAFBI XK BUTY OTKI3TIIITIKTI,
IIIKI KeyeKTep apKbLIbI KBUTY HIBIFAPY/IBI KOHE KEYEKTep/Ii TONTBIPATHIH ra3iap apKbLIbl )KBLTY
Oepy/i KaMTHTBIH JKbUTY aF bIHAAPBIHBIH KUBIHTBIFBI PETIHIE KaPACThIPhUIALL. ['a3 TONTRIPBUFaH
KeyeKTepJieri KOHBEKTUBTI YKOHE OTKI3TIII JKbLITy aFbIHBI apachIHIAFbl COHFBI, €pPIKCi3 TaHaayFa
KeJleTiH 0oJicaK, KOHBEKTUBTIK JXbLTy Oepy mamamMeH 10 mMMm-7eH a3 TecikTepae Oachliaibl.
KeyexkTi MmaTepuaniapablH HHXEHEPIIK )KoHE FhUTBIMU MOHAEP/IH KeH ayKbIMBIHIA KOJJaHBLTYbI
Oap. KeyekTi MmaTepuan Heri3iHeH KaTThl )KoHE ra3 (Hemece CyibIK) (ha3aaH TypaThlH €Kl (a3ajibl
KYpbUIbIM 00JbIn Tabbutaabl. bacranksl Gocoput 3apsiibl XKOHE COHFBI arjloMepaT KaTThl )KOHE
ra3 Topi3ai ¢azamap KapacThIPhUIATBHIH KEYEKTI MaTepuangap Ooisbim TaObutanel. Keyekti
MaTepuaIarbl KaTTh )KOHE ra3 Topizai ¢azamapasiH Temnepatypanapsl Ts = Tf=T TeH xxone [5]
Keseci (hopMyJlaMeH aHbIKTaJIa/Ibl:

Bpscps + (1= 0)pCy S+ pCuVT + V(—(Brs+ (1— )V =Q  (11)

MyHIarel k — xbiTy oTkizrimTik (tra3) [Br/(Mm - K)], p — xapeiktanaeipy (ra3) [kr/m3], Cp -
TYPaKThI ra3 (ra3) Ke31HAer1 )KbUTy ChIibIMABLIBIFRI [ [[k/(kT - K)], 8 — kenemaik yiec (KaTThl ieHe),
ks — xpuny eTki3rimTik (keyekti matpuna) [Br/(m - K)], ps [kr /M3] — KeHICTIKTIK (KEyeKTi
MaTpula), €pP.S — MEHMIIKTI XbUTy CHIMBIMABUIBIFEI (KeyekTi Marpuua) [[x/(kr - K)], Q-
aTMocdepanblK KyObUIBICTApJaH albIHATBHIH KbUTY Ke3i [BT/M3] >koHe, u — KeyeKTi opTalarbl
ra3blH JKbUIIaMIbIFbI.

bacrankpel TemmepaTypa MoHI peTiHAe KopliaraH opTa temmepartypacel TO = 20,15°C
anbiHaabl. [lannerTepai KapacThIpyAbIH IIeKapasibIK MapTTaphl:

— MaJUIETTEP/1H COJI )KOHE OH kakK OeJIKTepl 3apsianeH Oipeil Temneparypara ue;

— 1200°C (0-2 MuH) TemmepaTypachl Oap ra3 >»XorapbllaH Tay acTbhlHAa O0iy YpHICiH
MOJIENBACHTIH NaJieTKe Oepiiiel, an 2 MUHYTTaH OacTall arjioMepalusuIbIK OeleyiHiH COHbIHA
Jeiin Oomamsl;

— KOpIIaFraH OpTa TeMIIepaTypachl;

— arJoMepanusbIK ra3iap arJoMepanusuiblK OeneyaeH oTel )KoHe BaKyyM/IbIK KaMepalapMeH
KYTHUTAIBI.

Monensaey ymin COMSOL Multiphysics opracel Tanmanasl, 01 IU3aliHHBIH, OHAIPICTIH
YKOHE FBUIBIMM 3€PTTEYJIEPAIH 9PTYPIli callajlapbIHIaFbl OPTYPIIL JKYyienepi, KYpblIFbUIAp/Ibl KOHE
ypaictepai mudpiablK MoAeabAcyre apHaiFaH [6] rpadukanibiK miaardopMa OOJbII TaObLIA b
BipiHmi ke3eHae MOAeNbIl ecenTey YIIiH KONJIaHbLIAThIH OapiiblK FaJlaMJIbIK IapamMeTpiiep MEH
allHBIMaJIBLIAP/Ibl OpHATY KakeT. by Oanrtay »ahaHIbIK aHbIKTamMaIap OeiMiHIE OpbIH/IAIa kI,
MyH/1a 0acTanmKpl TapaMeTpiepli CaH1ap, MaTEeMaTUKAIIBIK OPHEKTEP, KHCHIK ChI3BIKTAap (MBICAJIBL,
Kajgam — Oip Kazam), COHBIMEH KaTap KecTelep TypiHae opHaryra Oomaabl. JKahaHmbik
napaMmeTpJiep MeH alfHbIMaJIbliIap MoJiefbaey OipHeme ypaicTepai kKaMTuThiH Hemece COMSOL
TUTIMEH aliTKaHa, OipHenIe OaillaHbIChl )KOK KypaMIacTap/bl JKacaraH Ke3/1e aHbIKTaIa bl by
JKarmanWga KaTThl JKOHE Ta3 Topi3fec opralap apachlHAAFbl KbUTy alMacyIblH (DHU3HKAIBIK
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3aH/IBLIBIKTAPBIH, COHIali-aK KeyeKTI OpTajarbl *KbLIy aJIMacy/ bl KOJJaHATBIH €Ki TYPJIl MOJIEb
A3ipJIcHEe .

3. CanabIK ecenreyJiep

Keyekti maTepuaiblH JKbUIy ajMacy 3aHbBIHBIH arjioMepanus YpAiciHe KOJJIaHBLTYbI
OpTYPJIi arJIoMepantsIbIK 3€pTTEyIep/e YCHIHBIIFAH CTAHIAPTTHI I'a3 ®KOHE KaTThl (ha3alIbIK KbLTY
anMacy YATiIepi apKbUbl Tekcepinemi. AmasiMeH 3apsaateiH (3-cyper) A, B xone C
HYKTEJIEpIHJEeri TeMIiepaTypa KHCBIKTapbIHBIH TYypl, COHJaii-ak arjoMepar ImiHAeri ras
(a3achIHBIH >KbUIAAM/IBIFBl AaHBIKTAJIAAbl. ATJIOMEpATThIH arjloMepalusChlH CUIATTal ThIH HET13r1
napaMeTp TemIiiepaTypa OOJFaHIBIKTaH, KATThl KOHE Ta3 Topi3Aec opTajap apachIHIAFbl KbLUTY
ajMacy MOJenbJepl YIIIH TeMIIepaTypaHbl, COHIail-aKk KeyekTi matepuanjgarsl A, B xone C
HYKTEJIEPIH/IE )KbUTY O€py/ll ecenTey Kaxer.

KeyekTi opTajiarsl Temreparypa
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3-cypert. KeyekTi opTaHbIH 9pTYpJli HYKTEJIEpiHAET1 TeMiepaTypa

I'padukTen KepiHim TypraHAaid, arjoMepanus YpHAICIH MOZAENbAey VUIH KEYyeKTi
MaTepHaJIaFbl KBUTy alIMacyAblH (PU3MKANBIK 3aHIBUIBIKTAPBIH MaiiadaHy KaTThl KOHE Ta3
TOpI31 OpTajap apacblHAAFbl KbUIY aJMacyabl MOJENbIAEyAEH Ic XKy3iHue [7] el
aliplpMalibuIbIFbl KO0K. 1350°C TemmepaTypajiarbsl opTalla KBajpaT KaTecl 3apsIThlH Oipaen
6acranksl mapametpiepiMeH 4°C-nmeH a3. CoOHbIMEH KaTap, KEyeKTI MaTepuajjapia >KbLTy
TachIMaJIJIaFbIII MOJICITIH TMai1alaHy MOJEbIl KSHUIIETETIiH )KoHE MOJICIIb/II OPHATYAbI, Oacka
(Gu3MKaIBIK YpAICTepMEH OalIaHBICTBIPYABl JKOHE €cCelNTey pecypcTapblH Koca ajFaHjaa,
MOJIENbJIEY pPECypCTapblH TYTHIHYJbl a3alTaTbiH 1IiHapa Au(@epeHUHaNaAbIK TEeHIEeYJIep
KYHMECIHIH ©JIIIeMIUTINH TOMEHAETE 1.

4. KopbITBIHBI

Kattbl sxoHE ra3 Topi3zec opraiap apachlHAaFbl KbUTy aaMacylblH (U3HKAIBIK YpIicTepi
apKblJIbl OChl YPIICTIH JHMHAMUKACBIH CUNATTAMTBIH arjoMepanus YpAICIHIH KeNTereH
MaTeMaTUKaJIbIK Mojenbaepi Oap. Mogenbaey opTypiai (GHU3MKAIbIK YPAICTEPAIH JalbIH
KiTarmxaHajJapblH KaMTaMachl3 €TETIH, YPAICTIH T€OMETPHUSCHIH o aHBIKTayFa JKOHE opTypii
HIelTy O/iCTepiH KOoJJaHa OTBIPHIIN, imiHapa auddepeHuanasiK TeHAeyIepal ecenTeyai xKy3ere
aceipyra MyM™mKiHAik Oeperin COMSOL Multiphysics OGarmapmaManblk KypajblH TaiizanaHy
apkpinbl  opeiHAanapl. COMSOL  Multiphysics opHaTyIbIlH KapamaibIMABUIBIFEI, OacTanKbl
TEHJICYJIEePAl ©3repTy KoHE LICLIIM IICIH TaHAay MYMKIHAIr kaHe 3D Monenbiey MyMKiH TiKTepi
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MOJIENb jKacay YyaKbITBIH KBICKapTyFa JKOHE 3epTTey >KOHE MHKEHEpIIK MakcarTap YIIiH 9
HOTIKENepAl amyra MyMKiHZIiK O6epeni. CoHbIMEH KaTap, OYJI MOJEINb 3apsATaFbl BAaKyyM, 3apsl
OMIKTITIHIH e3repyl, NaJIeT >KbUIIaMIbIFbl, MIMXTaJarbl KOKC Meuuiepi MeH Qochoput
KOHIIGHTpAIMCHl, OLIAK AacThIHAAFbl TYTaHy TEMIIEpaTypachl CHUSKTBl KipiCc YpPHAICIHIH
allHBIMAJBUIAPBIH ©3repTy OOWBIHIIA HKCIEPUMEHTTEp JKYPri3yre MyMKIHIIK Oepemi. by
TOKipUOENep HAKThI 3aybIT CBIHAKTAPBIH JKYPri3yre KaKeTTi YaKbIT IIEH peCypCcTapabl a3alTaibl.

gaeduerrep Tizimi

1.  ToxkraceinoBa H., CyneiimenoB b., boneeBa JI. CoBpemMeHHOE COCTOSIHHE METO/I0B
CHHTE3a CHCTeM YIIPaBJICHHS TOYKOW CIIeKa TpH arjioMepaluoHHOM oOxwure // BecTHuk
KasHUTY. — 2018. — Ne5. — C. 134-137.

2. Mitterlehner J., Loeffler G., Winter F., Hofbauer H., Schmid H., Zwittag E., Buergler
T. H., Pammer O. and Stiasny H. Modeling and Simulation of Heat Front Propagation in the Iron
Ore Sintering Process // ISIJ International. — 2014. — Vol. 44, Ne.1 — P. 11-20.

3. AznabaeB [[.A. CoBepIieHCTBOBaHUE TEOPUH TBEPIO(DA3HBIX XUMUYECKUX PEAKIIUN 1
uHTeHcudukanus npoiecca arinomeparmu: wi PI'b OJ] 61:85-5/4899: http://www.dslib.net/cvetn-
metallurgia/sovershenstvovanie-teorii-tverdofaznyhhimicheskih-reakcij-i-intensifikacija.html

4.  Hansen J. F. Nusselt, Rayleigh, Grashof, And Prandtl: Direct Calculation of A
Userdefined Convective Heat Flux // Excerpt from the Proceedings of the 2015 COMSOL
Conference in Grenoble. - 2015 - P. 1-5:
https://www.comsol.com/paper/download/291661/hansen_paper.pdf.

5. DuS.,WuM, Chen X, Lai X., Cao W. Intelligent Coordinating control between burn-
through point and mixture bunker level in an iron ore sintering process // Journal of advanced
Computational Intelligence and Intelligent Informatics. — 2017. — Vol. 21, Nel — P.139-147

6. VuJ. Modelling of Convective Heat Transfer in Porous Media: Electronic Thesis and
Dissertation Repository. 4852. — 2017: https://ir.lib.uwo.ca/etd/4852.

7.  ZhouH., ZhaoJ. P, Loo C. E., Ellis B. G., Cen K. F. Numerical Modeling of the Iron
Ore Sintering Process // IS1J International. — 2015. — Vol. 52, Ne9. — P.1550— 1558

Toneanbaesa Meondip — oxvimywer. M.X. [[yramu amvinoazer Tapas

OHIPIIK YHUSepcumemi,

080000, Tapas,

Opmanbekosa Aunyp Anubexosna — PhD. an-@apabu ameinoaevl Kazax ¥ammoix
Ynueepcumemi;

050000, Armame; e-mail: ainura.alibekd@gmail.com

Typevinbexos Epoon Capcenbexosuu — aza okoimyuivt. M.X. [ynamu ameinoazvl Tapa3z
OHIPIIK YHUSepcumemi,

080000, Tapas, e-mail: es.turgynbekov@dulaty.kz

168



KOWEJEPAI UHTEJUVIEKTYAJIABI )KAPBIKTAHIBIPY: 3AMAHAYH
KAJIAJIAP YIHIH COHI'BI TEXHOJIOT UAJIAP

MLIII. Jxxynucoexon!, A.A. Opmanbexona’, E.C. Typroinoexos' , B.B. Taemucos!

"M.X. Iynamu ameinoaewr Tapas enipaik ynusepcumemi,
2on-Dapabu amvinoazer Kazax ¥immuix Yuueepcumemi, Aimamet, Kazaxcman

OOK 004.89

Anoamna. Maxanaoa s#capoikouo0msl mexHoI0SUSANAD MeH OACKAPBLIIAMbIH 31eKMPOHObL
Jcytienep HeliziHOe2l Koulenepoi HapblKMaHObIpy CANACLIHOAbL 3AMAHAYU d3ipaemenepee Uloay
acacanvinzan. Cmapm wamoapoviy HCYMbIC NPUHYUNT HCIHE OAAPObIH SHEpeUusi muimoiniei meH
y3aK mep3imoiniei cuskmol 0ocmypai weuwlimoepoen apmulkuiblivievl cunammanzat. loT orcone
oamyukmepoiy — dHepeusi MYmulHyObl — OHMAUIAHOBIPYOA&bl — JHCOHe  KANAIblK — opmaod
AHCAPLIKMAHOBIPYObL  OACKApYObl Hcakcapmyoazvl peii Kapacmuipuliaovl. COHbIMeH Kamap
cMapm AHCapulKMAaHObIpYObl eHei3y0iy HcahanOblK madicipubecin JHcane OHbIH KANAAblK OPMAHBIH
Kayincizoiei Men mypaxmsl OaMyblHa dcepi MATKbLIAHAH.

Kinmmik ce30ep: unmmenekmyanowl scapvixmanovipy, LED wamoap, snepeus muimoiniei,
AHCAPLIKOUOOMbL MOZIMOINIK, KANA UHGPAKYPBIILIMYL.

Kipicne

3aMaHayy Kellelep/l KapbIKTaHABIPY a3aMaTTapblH eMipi MEH OeJICeHIUNriHe alTapIIbIKTan
acep eTe OTBIPBII, KAkl XKaHE Kayilci3 KalallblK OpTaHbl Kypy/a IIelyI pen aTkapaasl. by tek
JKapblK Ke3/epl FaHa €eMeC, COHbIMEH KaTap eMip camachblH JKaKCcapTyFa JKOHE KaJlaJbIK
MH(PaKypbUIBIMHBIH TUIMIUTITH apTThIpyFa KOMEKTECETIH IIEMEHTTEP.

Kermenepai >kapbIKTaHIBIPYABIH OipHele MaHbBRIb (QyHKIWsUApsl Oap. bipiHmiaeH, TyHri
yaKpITTa JKOJN-KONIK OKWFalapbl MEH KBUIMBIC KaylliH a3aifTy apKbUIbl >Kasty >KYpriHIIUIEp MeH
KOJIKTEPIH KayINCI3AIriH KaMTaMachl3 erefl. 2Korapbl canaibl KapbIKTaHIbIpy Kelleneperi KopiHy/al
’KOHE JKaJITbl OPTaHBI JKaKcapTabl, Oy acipece XalblK THIFBI3IBIbI )KOFAphl Kanagap YUIiH MaHbI3/IbI
Oombit TaObutazel [1]. ExiHmgeH, bIHFAIbI KalajblK OpTaHbl KypyZa KellelepaAl *KapbIKTaHIbIpy
MaHbBBIBI pen aTkKapaabl. JKakchl >KapbIKTaHABIPHUTFAH KelleNep TYPFbIHIAp MEH TypHUCTepal
KbI3BIKTBIPa/Ibl, KEIIKI )KOHE TYHI'1 yaKbITTa KaJlJIbIK TYPH3M MEH 1CKepIIiK O€ICeH AUTIKTI 1aMbITa ibl. by
COHBIMEH KaTap Kaja MOIECHMETI MEH QJIEYMETTIK OMIpIHIH JaMyblHa, JeMajbIC IeH OElICeH/l YaKbIT
OTKI3yre apHaJIFaH KaylIci3 aiiMaKTap/iblH YJFalObIHA bIKIAJIbIH TUI13€/1.

1. TancbipMa Ko10

TexHOMOrusHbIH JaMybIMEH KeLIenep/il KapbIKTaHAbIPY (YHKIMOHAIIBUIBIK M€H THIMAUIIKTIH
»aHa JeHreiine ke1uti. XKapbIK JMOATHI IaMIap/ibl aiilaiaHy 1oCTypIli KbI3IbIpY HEMECE ra30pa3psaAThl
HIaMJIAPMEH CAJIBICTBIPFAHAA SHEPrUsIHbl TYTBIHYABI aWTapibIKTal a3alTajgbl. byl 3KOHOMUKAIIBIK
TYPFBIIaH THIMJII OOJIBIN KaHa KOWMai, COHBIMEH KaTap KaJlajabIK WH(PPAKYPbUIBIMHBIH SKOJOTHSUTBIK
TYPaKThUIbIFBIHA BIKNAIBIH THTI3€ anajpl. 3amMaHayw cMapT Kana skoHe loT TexHomorusmapbiMeH
OIpIKTIpUITeH OacKapbLIaThIH YKAPBIKTAHABIPY JKyHeepi yasty KYPriHIIIep HEMeCe KoMK KO3FaJIbIChl
CHAKTBI KOpILIAFaH OPTaJIaFbl e3repicTepre jkayarm Oepyre >KoHE HAaKThl YaKbITTa JKapbIK JCHTCHIH
aBTOMATTHl Typae [2] perreyre MyMKiHIIK Oepemi. bys1 sHeprust TyThIHYAbI OHTAMIAHABIPAIbI KOHE
KeIIeNep/Il JKapbIKTaHBIPYIbIH KaIbl TUIMAUIIIH apTThIpajbl, KajanapAbl 3KOHOMUKAIBIK >KOHE
SKOJOTMSUIBIK TYPFBIIAH TypakThl erefi. OchUiaiiina, 3amMaHayd Kelledepii >XKapbIKTaHIbIpYy Kaja
TYPFBIHAAPhl MEH KOHAKTapBhIHBIH KAYINCI3IrT MEH >KalIbUIGIFBIH KaMTaMachl3 €Tl KaHa KOoMaii,
TYpPaKThl JIaMyFa >KOHE eMip CYpy CamlachlH >KaKCapTyFa BIKMAJI €TeTiH KaJaJlbIK WH(pPaKypbUIBIMIbI
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JKAJIIbI )KaHFBIPTY/1a MaHbI3bI POJI aTKapalbl.

2. Mingerrepi lIenry aaropurMi

AKBUIIIBI KaJlaJlap cMapT KYpbURBUIApAbIH KeOetol, 3artap mHTepHeTi (IoT) KochMiamapsiH
KeHIHEeH KOJJaHy KOHE eMip carachlH jKakcapTyFa kahaHIIBIK HazapIblH apTybl apKAChIHIA TAHBIMAJ
0oy na. AKBUTIBI Kasla TY>KBIPHIMIAMACHI AJITHI HET13T1 aTpHOYTTapMEeH CHIIATTANIA/IbL: aKbUIIBI OacKapy,
AKBUIIBI OMIp CANITHI, aKBUTIBI SKOHOMHKA, aKbUTIBI a7aM/Iap, aKbUIIBI KOJIK KoHe aKbUTIbI opTa. ChIPTKBI
JKApbIKTaHABIPY KahaHIBIK AJIEKTP SHEPrUsAChIH TYTHIHYIBIH 15-19% Kypaiiapl, >KapbIKTaHIBIPY
aJIaM3aTThIH KBUIIBIK SHEPreTUKAIBIK PECYpCTapbIHbIH IamMameH 2,4% TyThIHAbI, HOTIDKECIHIIE
aTMocepara MMapHUKTIK Ta3aap MIbFapbIHIbUIAPBIHEIH 5-6% Kypaiias! [3]. KoraMabIK skapbIKTaHIBIPY
KyHenepiHiH mamameH 66% eckipreH *oHe THIMCI3 TeXHOJIOTHsIapra CyleHenl, Oyl ImaMasiaH ThIC
SHEPrHsHBl TYThIHYFa OKeNlenll. Byl KyObUIBICTBIH KOFaMJBIK JKapbIKTaHABIPY WH(PaKyphIIbIMBIH
JKAKCApTy >KOHE PHEPrusl TYTHIHYIbl a3aiiTy YIIIH alTapiblKrail nmoreHuuans! Oap. XKapbKranpipy
asIChIH/IA TYTHIHBUIATHIH SHEPrHSHBIH aMaMeH 5% KaJlaHbIH HeMece eJIi MEKEHHIH KaJllbl SHEeprus
TYTBIHYBIHBIH Kypamzac Oestiri 0oJbIl TaObLIaThIH KAkl JKapbIKTaHIBIpyIaH Kememi. Horwkecinae
Kellle IIaM/Iapbl SHEPrUsSHBIH aUTapIIbIKTail MeIIEpiH TYThIHABI, OYJI MACEeH] ey )KoHe Kellle
YKapbIFbIH TYTHIHY/IbI a3aiTy CTpaTerusuIapbiH a31piiey KaKETTUIIH KOpCeTel.

Byn 3eprreyaid Hazapbl 3HEPrusi TMIMAUII MEH IIBEFBIHAAPABI a3aiTy YIIIH MaHbI3IbI OOJBIIT
TabbutaThiH  KapblK uoATel (LED 1mampap) mampapapl mnaiianaHaTelH  aKbULAbl  KeLIEIepsl
JKapbIKTAHABIPY XKYHeciHe OarbITTalFaH. DKCIIEPHMEHTTIK HOTYKENEp Kellenepl )KapbIKTaHIbIPY/IbIH
JIOCTYPJTi XKYHenepiMeH CalTbICThIPFaHa JeyeTTi SHeprusiHbl yHemaey 80% aeitin 60y bl MyMKIH eKeHiH
kepcereni. COHpIMEH KaTap, )Kyie TepMUHATABIK KYPbUFbUIAP apKbLIbI Kajla Kellenepi MaMIapbIHbIH
KYHiH KalllbIKTaH OaKbUIayFa 5KoHe MHTEIUICKTyaIbl Oackapyra MyMKIHIIIK Oeperii.

KapacTeIpbutbit OTBIpFaH Kyiie YHEM/I1, apHAWbI alllapaTThIK KOH(GUTYyparys 00k TaObLIaIbl,
01 JaTYUKTEp >KUBIHTHIFbIHA KOCBUIFAH JEPeKTep/l >KUHAy KoHe Oepy KYpbUWBICBIH KaMTHbL
bipinmizen, 1-cyperte kepceTiireH e, aBTOMaTThI KoHE OeiiMIIeNTeH Kollle )KapbIKTaHIbIPY )KYHeCiHIH
YKYMBIC TEOPHSCHIH JKacall, MOJIeNTbIeTeHIMi3 Il Oalikayra Oomaabl. Monenbaey HeriziHae 013 KyleHi icke
aCBIPIBIK ’KOHE OHBIH OHIMILTINH, COHAaN-aK JepeKTepre Heri3ereH MapTThl KYHIIPTTeY I KOPCETTIK.
Exinmmigen, Tapa3 KaachIHBIH KaJlaJbIK aiiMarbIHIarbl KOTIK KO3FaJIbICIHBIH €Ki KOIIIeIEpPiHIE KaphIK
YaKbIThIH/IA (KYH OaTKaHHAH KeJiecl KYHI TaH aTKaHFa JICHiH ) KOJTIK KO3FaJIbIChl TYPaJIbl HAKTHI IEPEKTEP/Ii
KUHaJBIK. bi3 jkeTi KyHIIK TpaduK AepeKTepiH KUHaIl, p KyHHIH opTailia MoHiH ecentenik. ConaH Keiin
013 )KUHAJFaH JIEPEKTEPAl YChIHBUTFAH Kolle KapbIKTaHABIPY JKYHEC! YIIH apbIKIUOATHI IaMIapIbIH
Y3aKThIFbl MEH KYHTIPTTEY YaKbIThIH aHBIKTAY YIIIH MalaTaHbIK.
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1-cyper. Kemrenepi »kapbIKTaHABIPYIBIH CMapT KYHECIHIH )KYMBIC OapbIChIHA IIOTY
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Y CBIHBUTFAH KeIIeNIep/li JKapbIKTaH IbIPY KYHECIH 33ipiiey TOMEHE KEeNTIPUIreH KyHeHIH OJIoK-
CXeMachlHaH OacTanaibl. ¥ ChIHBUIFAH KOIIe JKaphIKTaHIbIPY JKYHeci OHTAWIbI (DYHKIIMOHAIIBLIBIKTHI
KamMTaMachl3 €Ty YIIIH HEri3ri Kipic KOMIOHEHTTepi peTiHae Qoropesucropnapasl (LDR),
VABTPAABIOBICTHIK CEHCOpIiapabl koHe HaKThl yakelT caraThiH (RTC) Oipiktipeni [4]. dotopesuctop
(LDR) xapbIKTaHablpy KYHeciH COHKECIHIIE peTTey YILUIH KYHII3I1 KapblK KapKbIHbUIbIFbIHBIH
e3repyiH jKoHEe BOJIBTIICH KOPCETLUINeH METEOPOIOTHSITBIK aYBITKYIapabl OaKbUIAN b Y TBTPaabIOBICTHIK
JATYUKTEP OOBEKTUICPIIIH, aCipece aBTOMOOMJIBIACP/IIH KO3FAIBICBIH aHBIKTAl ajiaJibl, OyJ1 oTilm OGapa
YKATKaH KOJIKTeP/IiH KaTbICYbIMEH aIalTUBTI )KapbIKTAHABIPY )KYHECIH HT13y/i dKEeHUTIeTe 1.

3. CangpIK ecenreyJiep

Bbyn xobama Toynmik yakeIThiH aHblkray ymnH LDR gatuwri kommassupiel. LDR paTuwrinig
KeJIeprici MOTEHIIMOMETP CHSKTHI aHBIKTAMTBIH JKapblK MenmepiHe OaiimanbicTel esrepemi. LDR
JMATYUTiHIH Olp MBFBICEI 5B Ke3iHe KOChURaH, all €KIHII MIBFBICHIHBIH YIIIBI Kepre TYWbIKTaIFaH
TypakThl Keneprire kocburaH. NodeMCU-na cxemana KepceTuIreH el TypakThl KapchbUTblK TieH LDR
JATYUTIHIH OIp IIBIFBICHI apachIHAAFbl HYKTere KochulaThiH apHaiibl ADC(AQ) mbrbicel 6ap. LDR
JATYUTIHIH KeIeprici »apblK JACHTCHJIEpIHIH ©3repyiHe >Kayal peTIHIAEC ©3repeTiHIIKTeH, Oyl
koHpuryparus AQ GoibIHIIA alfHBIMAIBl KEPHEY TyAbIpaibl. TypaKThl KapchlIbIK MoH1 amMameH 10
KOM Kypaipl.

WNubpakp3pll  TaTIMKTEp, KEPICIHINE, KOIIeAeH oTinm Oapa >kKaTKaH aJaMIapiblH HeMmece
HBICAHAAP/IBIH OOJIYBIH aHBIKTAY YIIiH KOJIaHbUIaabl. Ojap WHPPAKBI3bUT COyJIEep MIbIFapy apKbLIbl
YKYMBIC iCTEHIi, erep onap ajaam [5], )kaHyap HeMece KOJliK CUSKThI HbICAaHFa Tarl 0oJica, TaTYMKKe Kepi
marenIbica bl KaObimaymipl U0 MAFbUIBICKAH WH(QPAKBI3BUT COyJIeNepli aHBIKTalIbl, OChUIAMIIA
00BEKTIHIH OOJTYBIH pacTaiiibl, COaH KeHiH CalKec KapbIKIHMOATHI OerceHaipesi. byt Tacii sHeprusiHb
alftapibIKTail YHeMeli, eMTKeHI Kellle MIamjapbl JKakKbIH jkepze Oipeyil aHbIKTaraH Ke3/le FaHa
KOCBLIA/Ibl.

OpOip MH(PPAKBI3BUT JATIMKTE JICTTE YIII MBFLICHI Oonaael: Vo, Gnd sxaHe Vcc. JlaTunkrepin
6apibeik Gnd msrbicTapel NodeMCU skyiiecineri Gnd mibrbIckiHA KOChUTFaH. COJl CHSIKTBI, OapibIK Ve
mibiFpIcTapbl AQ 1IbIFbICEIHA KochUFaH. LDR nmatyukrepinin Oip mibiFbichl AQ MIBFBICHIHA, )T SKIHIII
VIIBI TYPAKThl KeJeprire KOChUFaH. byil KapChUIBIKTBIH Oacka MIbEFBICKI Gnd MIBEFBICBIHA KOCHUIFAH.
WH}pakpI3pl1 JATYMKTEPIAIH VO IIBIFBICTAPBI JKOHE JKApPBIK JUONTAPBIHBIH OH IIBIFBICTAPBI CaHIIBIK
HIBIFBICTApPFa KOCBUFaH. JKapbIK AuonTapasH Tepic cbivaapsl Gnd mibEbIchHA KochUraH. JKyiieHiH
MKYMBIC YIIT1IIEpi 2 -CyperTe KOpCeTUIreH.
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3arrap unTepHeti (I0T) yurH skacanpiHFaH, oMOeOan 1uathopMa, Ochkl Ko0aaa KOIIaHbUIATHIH
loT-cepBepi — ThingSpeak Oonbm Tabputamel [6]. ThingSpeak opTypni maT4uMKTepAeH albIHFaH
JIEPEKTEPIl )KUHAY, CaKTay, TAIIAy, BU3yaIu3alusiiay sKoHE OJlapFa yayar Oepy MYMKIHJITH YChIHATHIH
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ambIK aepextep skaHe API mmardopmace! perinae kpi3mer ereni. [lnargopma OynTTa HAKTHI yaKbITTaFbI
JICPEKTEp aFrbIHIAPBIH JKUHAY/bIL, BHU3yaIM3aldsulay/ibl JKOHE Tayiayipl >keHuaeTeTiH loT yrmiH
AQHATMTHKAJIBIK KBI3MET PETIHIIE YKYMBIC JKacal/IblL.

ThingSpeak ocipece 10T »xylieciH nambITyabIH OacTankbl Ke3eHIEpIHJE TaHbIMal, OJ1 Kyplemi
JIEPEKTEP/Il Talaay/ibl KOKET €TETIH MPOTOTUNTEP MEH TYKbIPhIMAAMaHbI JEIICHTIH >K00amap/ibl
»Kacayra keMekreceni. Kinriripim koMmMeprusuisik emec skodanap yuriH ThingSpeak akpichI3 Ko xeTimi,
oI *KbUTbIHA mamMaMeH 8 200 xabapra TeH KeJeTiH JKbUIbIHA 3 MIJUTHOH Xabapriamara JeiiHTi 1epeKTep
KeJIeMiH OHJey MYMKIHAIriH Oepemi. YnkeH kommanOamap yiiiH ThingSpeak akpuisl Oiprnik peTiHze
YCBIHBUTA/IbI, OJIapAbIH OpKaMChIChl Oip KL immHAe 33 MWUIMOHFA JIeiH Xabapapl HeMece KYHiHe
mamamet 90 000 xabGapbt eH7en, cakTaii anazpl [7]. by maciraGTanaThiH TOCLT ©TIIIEMI IAFbIH HEMECe
MaHBIIbI IEPEKTEPl OHJICY JKOHE CaKTay MYMKIHAIKTEpiH KaxeT ereTiH apTypii loT xobanaps! yimiH
KOJIQMJIBI.

4. KopbITbIHABI

AKpUIIBI Kellle mamMaapblH Oakpuiay yiniH 3atrap uHTepHeTiH (IoT) maiinanmany sHeprusiHbl
YHEMJIeyTe apHaJIFaH YHEM/II, PAKTHKAJIBIK, SKOJIOTHSUIBIK Ta3a KOHE KAyiIlci3 MIeliiM OOJIbI TaObLIa Ibl.
by xyiie exi e3exTl xahaHIbIK MOCEJIEH] TUIMII IIEMIe OTBIPBI, HAKThl YaKbITTa K3 KEIIeH KEepIAeH
JKapBIKTaH/ABIPY KYHl Typalibl aKMapaTka KAIIbIKTaH KOJ JKETKI3yre MYMKIHIIK Oepemi: SHEeprusiHbl
YHEMJIEY KOHE aKaylibl mamjaapabl anbikray. OpHAaTy MeH aFbIMIarbl KOHIEYIIH OacTamkpl KyHbI
KUBIHIBIKTAP TYIBIPYBI MYMKIH O0JICA J1a, TEXHOIOTUSUIBIK JKETICTIKTEP MEH THIM/II peCcypcTap/ibl 0ackapy
’KOOAHBIH UIBIFBIHIAPBIH aWTapibIKTall TeMmeHaeTyi MyMkiH. COHBIMEH Karap, >XKOFapbl caraibl
JKaOJIBIKTBI MaiiaiaHy »Hi TeKCepy MEH TEXHHKAJBIK KbI3MET KOPCETY KaKETTUNH a3aiTazipl. by
xko0asra y3aK KbBMET €Ty MeEp3IMIMEH, CaJKbIH JKapblK ULIbIFapybIMEH, YJbl MaTepHaiaapablH
YKOKTBEbIMEH JKOHE JKblIIaM aybIcybIMeH TaHbiMall LED TexHosorusce! 6acTsl pen aTKkapaibl.
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OIITUMM3ALIMSA PABOTHI C BA30M JTAHHBIX B IPUJIOKEHUU
I AHAJIM3A KOPITYCOB TEKCTOB

B.B. Bapaxuun'?, M.B. Kapnog?, E.Il. Mauukuua®*, P.P. Myca6aes’®

Kazaxcruii nayuonanvuvlil ucciedoeamenbCkull MexHudeckull yHueepcumen
umenu K.1. Camnaesa,
2edepanvhblil UCCACO06aMENbCKULL YEHMP UHGOPMAYUOHHBIX U EbIYUCTUM ETIbHBIX MEXHON02U,
3Hoesocubupckuii 20cydapcmeennviii ynueepcumen,
ACubupckuii 2ocyoapcmeennvlil yHuepcumen meaekoOMMYHUKAYULL U UHGOPMamuKy,
SUncmumym ungopmayuonnsix u evruucaumenvivix mexnonozuti KH MHBO PK

VJIK 004.62

Annomauusn. Kompopmuas paboma noavzosamens ¢ OOIbUWUMU KOPRYCAMU MEKCMOB
obecneuugaemcs NOCPeOCMEOM ONMUMUZAYUU BeO-NPUTONCEHUS, Npedxcoe 6ce20, 6 Hacmu
onmumusayuell pabomul ¢ 6azou Oaunvix. A3k 3anpocos SQL asusemca xopowum npumepom
0eKIapamueHo20 A3blKd, 4Ymo O0dem B03MONCHOCMb HNPOU3BOOUMb GecbMd IPHeKmueHyIo
onmumuzayuio 3anpocos. B cmamve nposodumcs opmanusayus 3a0auu  ONMUMUZAYUL,
Gopmynupyemces odwas cmpamecus ONMUMUZAYUU 3ANPOCOE U U3NA2AIOMC KOHKDENnHble
npumepsbl ee peanuzayuu, 00Ka3bleaOuue 8biCOKYI0 3(PheKkmueHocms npedsiodceHHOU MemoOUKU
ONMUMUZAYUU.

Knrwouesvie cnosa: awnanuz Kopnycoe mekcmos, ONMUMUZAYUS  8eD-NPUTONCEHUL,
ONMUMU3AYUSL 3ANPOCO8.

Beenenne

B Hacrosimee BpeMsi BO3HUKAET HEOOXOIUMOCTh Pa0OTHI ¢ KOPIyCaMH TEKCTOB OOJBIIOTO
o0beMa IMpH PeICHNH MHOTHUX 3a/1a4 00pabOTKH €CTECTBEHHOTO s3bIKa. K MX 4HCIly MOXKHO OTHE-
CTH, B YaCTHOCTH, IPAKTUYECKU BCE 3a/1a4M, CBSA3aHHBIC C MPHUMEHEHHEM METO0B MAaIIWHHOTO
00y4eHHs1, HapuMep Co3/1aHue OOJIbIINX SI3IKOBBIX MOJIEIIEH, a TAK)KE aBTOMATHYECKOE ITOCTpoe-
HHUE OHTOJOrMi. BaxkHo oTMeTHTh, yTO 00€ Ha3BaHHBIC 33Ja4M B MPHUHLUIE HE MOTYT MMETh
OKOHYATEJILHOTO PEUICHHUs: OOJIbIINE S3BIKOBBIC MOIEIH MTOCTOSIHHO MOIOJIHATCS HOBBIMU 3HAHM -
SMH, paBHO KaK U OHTOJIOTUU HYKJAIOTCSA B MOCTOSHHOM PAaCIIMPEHUH M YTOYHEHHH HA OCHOBE
KOPITyCOB TE€KCTOB, OTHOCSIIIIUXCSI K Pa3IMYHBIM MPeAMETHBIM obsacTsaM. [Ipu aTom muist obenx 3a-
nad Bce Oonee aKTyaJbHOH CTaHOBUTCS paboTa ¢ MYJIbTUSA3BIYHBIMH KOPITyCaMH TEKCTOB, IO-
CKOJIbKY TaKOH IO/XOJ TI03BOJIIET HHTEI PUPOBATh 3HAHUS, COlEpIKaIIecs B TEKCTaX Ha Pa3HbBIX
s3bIKaX. PazymeeTcs, MyJIbTHSA3BIYHOCTD KOPITYCOB TEKCTOB HEU30EKHO YBEINIUBACT UX 00BHEM.

Knaccuueckue 3a1auu TMHTBUCTUKY UK (DUIIOJIOTUH, PElIaeMble C MCIOJIb30BAHHEM COBPE -
MEHHBIX WH(GOPMALMOHHBIX TEXHOJIOTUM, TAaKXKe MPEAyCMaTPUBAIOT HEOOXOIUMOCTh PabOTHI C
KOpITycaMH TEKCTOB Ooipiioro oobema. Hanmpumep, cozganue HHPOPMAIIMOHHBIX CHCTEM KOM -
TUIEKCHOT'0 aHAJTN32 MO THYECKUX TEKCTOB, MO3BOJIIOIIHX, B YACTHOCTH, TPOBOIUTH ONPEICIICHHE
CEeMaHTHKH TOTO MJIMI HHOT'O CTUXOTBOPHOI'O pa3Mepa, 3aKJIF0YAroIIeecs B HCCICOBAHUN HE €ro
€IIMHUYHBIX YIIOTPeOICHHUHA, a TPATUIIIH €T'0 )KaHPOBOI'0 M TEMATUYECKOTO M CIIOJIb30BAHNUS, IPE] -
nojiaraeT aHaiu3 OOJBIINX KOPITYCOB MOITUYECKUX TEKCTOB.

[Tporpammel, padoTaromue ¢ OOIBIIMMU KOPIYCaAMH TEKCTOB, CO3/IAI0TCA, KaK IMPaBHIIO, B
dopme BeO-punokenuii. Takoi popmaT moapazymMeBaeT, YT0 OCHOBHAS 9aCTh pa0OTHI MPOTpaM -
MBI BBITIOJTHSIETCS] HA yTAJIGHHOM OT MTOJIB30BATENsl CEPBEPE, PH STOM OJIMH CEpBEP 00CITYy)KUBACT
00J1bI1I0€ KOJMYECTBO MOJb30BaTeNeil. Y clenHoe pa3BUTHs MPOrpaMMHOI0 IpoAyKTa B hopme
BEO-TIPUJIOKECHUS 03HAYAET, B CBOIO OYEPEeIb, POCT KOJIMYECTBA MOJIB30BATEIICH, UTO YBEITMUYNBACT
Harpy3ky Ha cepsep. [Ipu 1OCTH)XKEHUH ONpPEAEIeHHOr0 KOJIMYECTBA KIMEHTOB, OJHOBPEMEHHO
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paboTaroIKUX ¢ cCepBEPOM, HAUMHAET YBEIMUHUBATHCA BpeMs 00pabOTKH 3ampoca, YTO CIoco0CTBY -
eT yXyameHuo koMmdopTa paboTsl monas3oBaTeneid. Kpome Toro, kak ye 0TMe4anoch BBIIIE, C
TEUEHUEM BPEMEHU MPOUCXOIUT yBeIUYeHUEe o0bemMa 00pabaThIBa€MbIX KOPITYCOB TEKCTOB, YTO
YBEIMYHMBALT JUIUTEILHOCTh TTOMCKA pesieBaHTHOM nHpopmaruu. Obecrneduenre koMpOpTHOI pa-
00THI MOJIb30BaTENEH MpPU OOJBLIIOM KOJUYECTBE OJHOBPEMEHHO 00pabaThIBa€MbIX COOBITUI U
3HAUUTEILHOM O0bEME XPaHUMBIX HAHHBIX SIBISETCS CIOXKHOM TEXHHMYECKOH MpoOsIeMoi,
KOTOPYIO HEOOXOAMMO pellaTh CO3AaTENsIM CUCTEM, pabOTAIOIIUX C KOPITYCaMHU TEKCTOB.

Bo3MO0xHBI pazHble cITIOCOOBI OBBIIIEHUS TPOU3BOAUTEIBLHOCTH cepBepa. Bo-nepBbIx, ecTh
BapHaHT YBEJIWYEHUS BBIUMCIUTEIbHBIX MOIIHOCTEN: BEPTHUKAIbHOE WM TOPU3OHTAIbHOE Mac-
mrabupoBanue. Ho BepTukanbHoe MacTabupoBaHie UMEET Mpeien: TaKTOBasi YacToTa MpoLiec-
copa M KOJHMYECTBO sIep Ha IMPOIECCOpe OrpaHUYEHbl, a TOPU30HTAILHOE MaclITaOupoBaHUE
IPEACTABIIAET COOOM CI0XKHYIO TEXHUYECKYIO 3a7jauy U3-3a IPo0JIeM, BOZHUKAIOLIMX IIPU CHHXPO-
HU3alUU CepBEPOB. BO-BTOPBIX, €CTh BaApUAHT ONTUMHU3ALMKM CaAMOU IIporpamMmsel. BaxxHo oTMe-
TUTb, YTO 3TU BapUAHThl HE B3aUMOU CKIIIOYAIOLINE: MOXKHO OJHOBPEMEHHO MPUMEHSITh U BEPTH -
KaJbHOE MaclITabMpoBaHUE, M TOPU3OHTAIBLHOE MACIITaOMpPOBAaHUE, W  ONTHMHU3ALUIO
nporpaMMbl. OJIHAKO B MEPBYIO OYEPEb CIEAYET BBINOJHUTh ONTUMU3ALUIO, IOTOMY UTO 3TO
pelieHue mpo-01eMbl — caMmoe MPOCTOe M Majio3aTpaTHOE, a Pe3ysIbTaT MOXKET OKazaTbcs Oosee
YEeM yJIOBJIETBO-PUTEIbHBIM: B HEKOTOPBIX CLIEHAPUAX BpeMs paOOoThl IPOrpaMMbl COKpAIaeTcs B
JIECSITKU M COTHU pa3 0€3 YBEJIMUEHHUs PacX0/10B Ha MOAJIep)KaHuEe UH(PACTPYKTYPBHI.

KpaTko onuiieM 0CHOBHBIE ITOIXObI K ONTUMHU3ALUU IPOTPaMMBI.

[Ipexxne Bcero, BO3MOXKHa onTUMHU3aLMs KoMnuiaaropa. Hanpumep, B craBuiell kiaccuye-
cKoi pabore [1] mpemIokeH METOI, UCITOIb3YEMBbIi Ceiiuac BO MHOTUX KOMITUJIATOPAX, KOTOPBIN
3aKIJII0YaeTCs B 3aMeHe Habopa MHCTPYKLUN, COOTBETCTBYIOIIMX HEKOTOPOMY IIA0IOHY, HA SKBH -
BaJICHTHBIN GoJiee 3PpPpeKTUBHBIN HAOOP.

Kpome Toro, cyimecTtByer MHOro HcCCIEIOBAaHUMN, CBS3aHHBIX C ONTUMHU3ALUEH PabOThI
camo¥ 0a3bl TaHHBIX: SI3BIK 3aMpocoB SQL sBIseTCS XOPOLIMM IPUMEPOM JEKIapaTUBHOTO SI3bIKA,
YTO JaeT BO3MOXKHOCTb IIPOU3BOJUTH BeCbMa 3P (EKTUBHYIO ONTUMHU3AIUIO 3a1pocoB. OCHOBHON
IPUHLIUI ONTUMM3ALUH 3alIPOCOB 3aKJIIOYAETCS B IOUCKE CaMOr0 BBHITOAHOIO MJIaHA U3 MHOXE -
CTBa IUUITAHOB 3aIpoca B COOTBETCTBUH C HEKOTOpo (yHKIMel 3aTpaT O630p paboT B 3T0i 001a-
CTH, BBINTOJTHEHHBIX B 1970-¢ — 1990-¢ ronpl, mpuBeneH B [2].

Ecim roBOpHuTE O COBPEMEHHBIX MTOAX0aX, TO MOKHO OTMETUTh paboThl [3-5]. B [3] mpuBe-
JIeH Ha0Op TeXHUK 10 ONTUMH3ALUU PadOTHI IPUIIOKEHUS ¢ 02301 TaHHBIX: ONTHMH3AIUs OU3HEC -
JIOTMKY MTPUIIOKEHUS, U3MEHEHHUE CTPYKTYpPbI 0a3bl JaHHBIX (Ta0IMIl U CBSI3€i MEXKIy HUMHU), O -
TUMU3ALUS JIOTHYECKON CTPYKTYpHI (100aBIE€HNE UHIEKCOB), PETYJIMPOBAHUE BBIJCIIEHUS TaMATH
0a3e nmaHHbIX. B [4] Obuta mpemayioxkeHa cxema ONTUMU3AIUU BeO -PUIIOKEHUM, HATMCAHHBIX HA
Java EE. [Ipexnae Bcero BeO-puiioxKeHue pas3iensercs Ha CJIOU: CETEBOM CJIOH, CIIOW Kojaa MpH -
JIOXKEHUS, CIIOM XpaHUJIUIIA JaHHBIX U TaK Aajee. B KaK10M U3 HUX MOKET IPOU3BOIUTHCS ONTH -
mu3zanug Jlanee 1uist KaXK10T0 U3 CIOEB TPUBOJUTCS HAOOP MPUMEPOB, B KOTOPBIX BO3HUKAIOT PO -
OJeMbl C TPOM3BOAUTENHHOCTHIO, U X pelIeHus. [IJis cnos XpaHUJIHMINa TaHHBIX MTpeiaraeTcs Ba-
pPHAHT ONTUMM3ALMH, KOTJa Pe3yJIbTaT JeHCTBUS M10JIb30BATENS CHavalla 3allUChIBaeTCs B KA1, a
[IOTOM aCUHXPOHHO — B 0a3y JaHHbBIX. J{J1 MPOBEPKU TOr0, YTO ONTUMU3ALUS €A CTBUTEIBHO ObI-
Jla MPOoU3BeIeHa, PEKOMEH/10BaHO UCII0JIb30BAHUE TEXHUKU TECTUPOBAHUS POU3BOIUTEIBHOCTH.
B [5] paccmoTpenbl pa3inyuHble TOAXO0Abl K ONTUMH3ALUU, TAKKE KaK IIepe3anuch 3alpocoB, UH -
JIEKCUPOBAHUE U KA POBAHUE, UCIOJIb3yEMbI€ /1711 TOUHOW HACTPOMKH CXEM BBIIIOJIHEHMS 3a1po -
COB C I1€JTbI0 YMEHBIICHUS TOTPEOHOCTH B PECYPCOEMKHX onepanusix. Kpome Toro, o6cyxaamorcs
cTpaTeruu 3¢ (eKTUBHOr O YIIPaBJIEHUS pecypcamMu, BKIIOUasl pacrpeieseHle mamMsTH, OTHMHU3a -
IIUIO INCKOBOT'0 BBO/Ia-BBIBOJIA M MAPAJIIEIBHYIO 00paboTKYy.

AHanu3 auTepaTypsl IO3BOJISIET CI€TIAaTh BBIBOJ O TOM, YTO B OOIIETEOPETHYECKUX HCCIIEe10-
BaHUAX MPEJJIaraeTcs TOT UM WHOW Habop peKOMeEH IalHii, KOTOPhIE He Taf0T HUKAKUX rapaHTH
peanbHOI onTuMH3ay. Takke uMeeTcs 00JbIIoe KOIMIECTBO paboT, TOCBSAILICHHBIX ONTHMHU3A -
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IIUM KaKOr'0-TO KOHKPETHOTO MPHUJIOKEHUS, [T0Ka3bIBAIOIIMX, YTO Ka)K/as 3ajaya ONTUMH3ALUU
paboThI ¢ 6azaMu TaHHBIX (PAaKTHUYECKU WHIUBUIyaIbHA U TPEOYET TBOPUECTBA IPH PEIICHUH. TeM
HE MCHECC, BbIBO/JbI, CACIAaHHBIC, IIPU ONITHUMU3AlIUN KOHKpCTHOﬁ 3aaa4r, MOKHO 3KCTPAIoJrupo -
BaTh Ha JApyrue MOX0oXKHUe 3a7auu B Buje pekoMeHaanuil. Takum obpa3om, 3ajaqa ONTUMH3ALUU
paboThI BEO-NIPHIIOKEHUH, pa0OTarOIMX ¢ O0IBIIMMU KOPITyCaMU TEKCTOB TPEOYET CBOEro pelle-
HHA, OITMCAHHUIO KOTOPOI'O U IMOCBAILIICHA JaHHAA CTATbA.

1. ITocTanoBKa 3axauu
g hopmanu3zanuu 3aaul ONTUMH3AIMHN B HallleM ciiyyae OyZeM HCIOJb30BaTh MOHATHE
ONITUMHU3alluH, JAHHOC B MATEMATHYCCKOM HpOFpaMMI/IpOBaHI/II/I:

fx) - min

rae X — I0MmyCTUMOE MHOXKECTBO, f — 1eneBasi QyHKIIHS.

Br16op ¢yHKIMM f onpenensieTcst IpakTUy eCKOM 1eIblo JaHHON paOoThI: ylydIlIeHHE Kaye-
CTBAa UCIIOJIb30BAHUS TPUIIOKEHHSI TMOCPEICTBOM YBEIMYEHUS NPOAYKTHBHOCTH pPaOOTHI
noJb30Ba-Tels B cucreMe. KomopT u mponyKTUBHOCTh 3aBUCAT OT BPEMEHH PEAKLUU CUCTEMBI
Ha Jiei-cTBUE moJib3oBatesss. CorjiacHO MOJICNIM OIEHKU Mpou3BoauTeNnbHOCTH caiita RAIL [6],
IpU 3a-Iep)KKe PeaklMyd CUCTEMbl Ha JelcTBUE Mojb3oBaTens Oonee 1 CeKyHIbI, OH TepsieT
KOHIIEHTPA-IIMI0 Ha BBIIOJIHAEMON 3a1a4e.

UTo0OBI ONIpeaeuTh BPEMS pEAKIIH CHCTEMBI, MOYKHO U CITOJIH30BATH BPEMsI BHITTOTHEHHUSI 32 -
npoca K cepepy. Bo-nepBbiX, IOTOMY, UTO HaC HHTEPECYIOT TOJIBKO CIIeHapuu paboThl ¢ 6a3oi
JTaHHBIX, H, BO-BTOPBIX, IOTOMY, YTO KOJI, KOTOPBI BRIOJHETCA B Opay3epe, B Cilydae uccleaye-
MOH CHCTEMBbI KpailHe IPOCT, 1 BPEMEHEM €ro BBIMOJHEHHUS MOXHO MpeHeOpeub. B HeKOTOphIxX
NPUIOKEHUSX OJHO JEHCTBUE IMOJb30BATENS MOXKET BbI3bIBATh HECKOJIBKO 3alpOCOB, U TOrJa
HY>KHO CYMTaTh CyMMAapHOE€ BPEMs M X BBIIOJHEHUS, €CJIM OHU BBITIOJHAIOTCS MOCJIEI0BATEIBHO,
WM BpPEMs BBIITOJHEHHUS CaMOro JOJIFOro 3ampoca, HO B IaHHOM INPUJIOKEHUH OIHO JCHCTBUE
MOJIb30BaTEIs BBI3BIBAET HE O0JIee OHOr0 3arpoca K cepBepy.

Bpewms BoinmosHeHHs 3a1Tpoca MOKHO Pa3IokKUTh Ha IBE COCTABIISIONINE: BpEMs, 32 KOTOPOE
uH(pOpMAIHs O 3aIPOCe JOXOIUT OT KIMEHTA JI0 cepBepa U 0OpaTHO, H BPEMsl, KOTOPOE CepBep
oOpabarsiBaeT 3ampoc. [lepBas cocraBsitonias 3aBUCUT OT MECTOIOJIOXKEHHUS MOJIH30BATENS U OT
CETH, 10 KOTOPOU MH(pOPMAITUS TOXOUT JI0 CEPBEPA, UTO MBI, KaK pa3paboTUYNKH, HE MOKEM KOH -
TposupoBaTh. [103TOMY MBI OyZ1eM MUHUMHU3UPOBATh UMEHHO BpEMsi, KOTOPOE cepBep 00pabdathl -
BAaET 3aI1poc.

Urak, f — Bpems, 3a KOTOpoe cepBep oOpabaThIBaeT 3ampoc.

Jns onpenenenus 1OMyCTUMOI0 MHOKECTBA X MEPEUUCIIAM, OT YErO MOYKET 3aBUCETH f:

1. OT OBICTpOAEHCTBUS BHIYUCIUTENBHON MAIIMHBI, HA KOTOPOH 3amy1ieH cepsep. [loaTomy
BCE DKCIIEPUMEHTHI OYyT IPOBOAUTHCSA HA OJHOM M TOM K€ KOMITBIOTEPE.

2. Ot Bepcuu 6a3bl JaHHBIX, SA3bIKA MTPOTPAMMUPOBAHUS, UCIIOIb3YyEMbIX OMOINOTEK. DTH
BE-JIMYMHBI TAKXKE HE OYIyT MEHATHCS B XO/I€ TECTHPOBAHUSI.

3. Ot npyrux nporpamMm, 3amyiieHHbIX Ha BEIYUCIMTEIBHON MallinHe. Bo Bpems uccienosa-
HUW HEOOXOAMMO CJIEAWTh, YTOOBI HA MAIIMHE HE OBLIO 3aIyIICHO TSKEIOBECHBIX MPOrpamM,
BIIU-STHUEM OCTaJIbHBIX MPOrpaMM MOXKHO MpeHeOpedb. Taxke JUis ModydeHus 0oJiee TOYHBIX
pe3yJb-TaTOB CTOUT OpaTh CpellHee 3HaUCHUE JJIsi CEPUU 3aMEPOB.

4. Ot 171006aTbHOTO COCTOSIHUS — COJEPKUMOTro 0a3bl JaHHBIX HA MOMEHT BBITIOJTHEHUS 3a-
npoca. CKOpOCTh BEITIOTHEHHS 3apoca Ha YTEHUE 3aBUCUT OT 00beMa JIaHHbIX B 0a3e, KaK U CKO-
POCTb 3alMCH, B YACTHOCTH, CKOPOCTh OOHOBJICHHS HHICKCA JaHHBIX. YTOOBI HUBEIMPOBAThH ATOT
MYHKT, OyI€M BBINOJIHATEH 3aMEPHI 0 U TTOCIIC ONTUMHU3AINH ¢ 02301 TaHHBIX B OJMHAKOBOM TJIO -
O0arbHOM CcOCTOSIHMHM. YTOOBI MOXHO OBbUIO MpeHeOpeub BIMSHUEM BPEMEHH, 3a KOTOpOe
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uH(pOpMa-IUst O 3ampoce AOXOIUT 10 0a3bl JaHHBIX M OT 0a3bl JAHHBIX OOpPAaTHO IO cepBepa
MPHIIOKCHHS, OyIeM 3aITyCKaTh 0a3y JaHHBIX HA TOW € MalIMHE, YTO U MPUIIOKCHHUE.

5.0t BXOAHBIX JAaHHBIX. B GomnbiinHCcTBE CJIy4acB MHOXXCCTBO BAJIMIHBIX BXOJHBIX JaHHBIX
3arpoca 6eckoHeuHo. YToObl CBECTH 00J1acTh ONpe/leleHNUs K KOHEUHOMY MHOXECTBY, BXOJHbIE
JaHHBIC OCJIT Ha KJIACChl DKBUBAJICHTHOCTU OTHOCHUTCIIBHO KaKoro-inoo IIpU3HAaKa. B paMKax
JAHHOT'O UCCJIeOBaHMs MBI OyieM (PUKCHPOBATh BXOJIHBIE IaHHBIE B PaMKaX KaXKJ10H 3a7a4u 1Mo
OIITUMHU3AIIUH.

6. Ot peanmuzanuu anroputMa. Peanu3zamus anropuTMa J0KHA COOTBETCTBOBATH (DYHKITHO -
HaJHLHBIM TPEOOBAHUSM K MTPOTpaMMe.

B Hamiem mccnenoBaHuu Mbl paboTaeM TOJBKO CO CJIOEM JaHHBIX. DTO 3HAYHT, YTO HAKJIA -
JIBIBAETCA JOMOIHUTENIPHOE OTPAaHUYECHUE HAa MHOXECTBO X. JlomycTuM, ¢ — CyIlecTByrOIas pea-
J3anuA ajaropuTma. TOI‘I[a A0IMYCTUMOC MHOXKECTBO

X’:{¢+61+62+63|61EA1,626A2,63EA3},

rue:

1) + — omepanus MpUMEHEHUSI U3MECHCHUS;

2) A, — MHOXXECTBO U3MEHEHUI MCXOJHOI'0 KOJA MPOrpaMMbl B (DyHKIUH, B KOTOPOW OH
B3au-MOJIEHCTBYET ¢ 6a30i JaHHBIX: U3MEHEHUE CII0Cc00a B3aUMO/ICHCTBUS;

3) A, — MHOXXECTBO U3MEHEHHIA CTPYKTYPHI 3arpoca K 0a3e TaHHbIX;

4) Az — MHOXKECTBO U3MEHEHUMN CTPYKTYpPhI caMoi 0a3bl TaHHBIX.
Chopmynupyem KpUTEpHid yCIIEITHOW ONTUMU3AINH, UCIOIB3YS X'

f(x)<bxeX

rae f — Bpems 00pabOTKH cCepBepOM 3ampoca, b — orpaHUYeHHE, ONpeaeIMMOoe He(pyHKITNOHAIIE -
HBIMU TPEOOBAaHMSI K MpOrpaMme, 00bIYHO 1 ceKkyH/a.

Takum 00pa3oM, ONITUMH3AINH TOJICKHUT e CTBHE MTOB30BATENsI B CHCTEME, peakius Ha
KOTOPOE MPEBHIIIACT OHY CEKYHIY.

Kpome Toro, BayKHO TPOCIECIUTh, YTOOBI MOCJIE TPOBEACHUS ONTUMHU3AIMK OJTHOM 3aJa4u
JpyTUe 3a7a4d HE MePeCcTai YAOBJICTBOPATh KpUTEPHI0. Takoe MOKET BO3HUKHYTbh, HAIPUMED,
npu 100aBIIEHUU WHJEKca B 0a3y JAaHHBIX: 3aj[a4a, CBS3aHHAS C MOJYYCHHEM JIaHHBIX, MOXET
CTaTh ONTUMU3UPOBAHHOMW, HO 3a/1a4ya 3aIiCH JaHHBIX MOXKET MOTEPSATH 3TO CBOWCTBO.

2. AropuTM peuieHus 3a1a4u

Janee MbI chopMynupyem 001Ul MOPAI0K Aei CTBUI ISl ONTUMHU3AIMU BpeMeHu 00paboT-
KU 3a11poca U BbIOEpEM UHCTPYMEHTHI, KOTOpbIE OyaeM 11 3TOr0 UCI0JIb30BaTh.

Paszymeercs, naHHbI 3Tal HaNPsIMYIO 3aBUCUT OT KOHKPETHBIX TEXHOJIOTNYECKUX PELICHUH,
HCIOJIb30BAaHHBIX MPU CO3AAHUM XPAaHWIMILA JAHHBIX U Pa0OTaIOIIEro ¢ HUMU BEO-IIPHIIOKEHHUS.
PykoBoACTBYsICh U3BECTHBIM IPUHIUIIOM, chopmynupoBanHbIM JI. Knytom: «IlpexaeBpemennas
ONTUMU3ALIUSA — 3TO KOPEHb BCeX Oea» [7], — onmuieM aaropuT™ ONTHMH3AIUN IPUMEHUTEIHHO
K XpaHWIUILY TPOrpaMMHOM CUCTEMBI 00pabOTKH KOPITYCOB TEKCTOBBIX TOKYMEHTOB, CO3aHHOMN
MO0 TEXHOJOTWUU, W3JIOKEHHOW B [8], ¢ yderom ™moaudukanuu, onucanHoi B [9]. ua
HKCIEPUMEHTOB MbI OyZeM HCIOJIb30BaTh 0a3y JaHHBIX, COJEPKAIIYI0 KOPIYC MO3ITHYECKHX
TEKCTOB, IMOCKOJbKY OHA, BBHJY HAJIWYUS MHOTOYMCIEHHBIX METaJaHHBIX, OMMCHIBAIOIIUX
METPOPUTMHUYECKHE, CTpO-pUuecKkre U T.I. XapaKTePUCTUKH TOITHYECKOTO TeKCTa, oOlamaer
Oosiee CIOXKHO CTPYKTYpOH, ueM 0a3a JaHHBIX, colepiKamiasi OObIYHbIE TEKCTHI, YTO MOBHIIIAET
BEPOSTHOCTH OTCYTCTBHSI ITPO-0JIEM MPHU IKCTPATIOIALIUN allTOPHUTMA «OT CIIOKHOTO K TPOCTOMY».

TexHon0rNN, NCIOIB30BAHHBIE JJIS1 CO3JaHUsl ONTHUMHU3UPYEMON MPOrPaMMHON CHCTEMBI,
TaKOBBI: MPUIJIOKEHHE HAMMCAHO Ha s3bIke nmporpamMMupoBanus Python [10] ¢ ucnonb3zoBanuem
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BeO-¢peitmBopka Flask [11], paGoTa ¢ 6a30ii JaHHBIX OCYIIECTBIISIETCS IIOCPEACTBOM OMOIMOTEKH
SQLAIchemy [12], a B kauectBe CYB/I BeiOpana PostgreSQL [13].

[Tpu npoBeneHN: ONTHMHU3AIUU HEOOXOANMO COXPAHHUTH BBITONHEHHE (DYHKIMOHAIBHBIX
TpeOOBaHUI K IporpaMMe U JOOUTHCS YIIyqlIeHUs: He(hyHKIMOHATBHBIX, TO €CTh, B HAIIIEM CITy -
4ae, CKOpoCcTH 00paboTKu 3ampoca.

OyHKIIMOHAIBHBIE TPEOOBAHUS TOJKHBI OBITh 3a(PUKCHPOBAHBI B aBTOMATHYECKHX TECTaX,
KOTOpBIE CO3JAI0TCS B IIpoIiecce pa3padoTku. Mbl Oy/ieM mucath TECThl Ha MPOBEPKY (PyHKIIHO-
HAJTBHOCTHU TE€X 3alPOCOB, KOTOPHIE MBI ONITUMHU3HPYEM, UCIIOIB3YS JIJISl TECTUPOBAHUS OUOIHOTE -
Ky pytest [14].

TpeOoBaHus K ONTUMH3AIMKA MBI OyZeM (UKCHPOBATH B TECTaX Ha MPOU3BOAUTEIBHOCTS,
UCIIOJIB3YS JJIsl BEIYUCIICHHS BpEMEHH 00paOOTKH 3a1rpoca GyHKIIMU MOAYJIS time U3 CTaHAapTHOM
OMOIMOTEKH.

Ecmn  oOpaboTka JeWcTBHS TMOJIb30BATENsl 3aHUMAeT CIMIIKOM MHOTO BpEMEHH,
HEOOXOAMMO JIOKAJIU30BaTh NPoOIeEMY U BBISCHUTD, CBSI3aHa JIM OHA ¢ paboToM ¢ 6a30i JaHHBIX.

Bbynem UCIOJIb-30BaTh TUISt 3TOTO WHCTPYMEHT npodunupoBanus
werkzeug.middleware.profiler.ProfilerMiddleware [15], koTOpbIii BBIIOJIHSAET MPOPUITUPOBAHUE
Ka)KI0ro 3arpoca ¢ ucnoiibzoBanuemM Monyist cProfile u coxpaunsier pesynsrat B aiin. J{is Busya-
JAU3alUM pe3ysIbTaTOB NMPOQHIMPOBAaHUS UCIOIb30BaHa OubamnoTeka snakeviz [16].

[Tocne onpenenenust GyHKIuM, paboTaromiei ¢ 6a30i JaHHBIX, KOTOpas TpeOyeT OO0IBIIOro
KOJIMYECTBA BPEMEHH, MTPOBOAUTCS Ooiee TOYHAs JIOKAIM3AIMS KPUTHIECKOTO (hparMeHTa I pu
MOMOIIIY TEXHUKH ITOCTPOYHOr0 MPOQUINPOBAHUS C UCIIOJIL30BAHUEM HHCTpyMeHTa line profiler
[18].

Korna npuunna MeasieHHOH 00paboTKH 3allpOCOB YCTaHOBIIEHA, MOXKHO MPUCTYIIUTH K pe-
HICHHUIO TTpo0sIeMbl. be3yciioBHO, pemeHne B KaX/10M KOHKPETHOM ClTydae HHIUBUAYaIbHO. TeM
HE MEHee, OCHOBBIBAsSICh HA PACCMOTPEHHBIX BBIIIE HCCIISIOBAHHUSX, MOXKHO BBIJICIUTH HECKOIBKO
TUIOBBIX CUTYallMH U peleHui npu padore ¢ 6a30ii nanHbIX. OHU pUBENEeHBI B TabuIe 1.

Ta6mn. 1. ComocTaBieHHe TUIOBBIX CUTYAIlUi U PEUISHHUH Ul HUX MPU ONTUMHU3AINHA PAOOTHI C

b1

Curyarnus Pemienne

Jlonroe BBITIOJIHEHHE KaKOro-Imoo U3 N3menenune cTpyKTypsl 3ampoca,

9TamNoB 3aMpoca Ha MOITYYEHUE TaHHBIX J00aBJICHUE MHIEKCA

Jlonroe BBITIOJIHEHHE KaKOro-Imoo U3 N3menenue cTpyKTyphl 3ampoca, yaajaeHue

ATAaNoB 3aMpoca Ha U3MEHEHUE JaHHBIX WHJEKCa

Bonbiioe komm4yecTBO 3aIpOCOB B LIUKIIE 3ameHa 3arpocoB B LIUKJIE HA
SKBUBAJICHTHBIN 3aIPOC BHE IIUKJIA

[lepen u3meHeHneM CTPYKTYPhI 3aIIpOCa UITU JOTMYECKON CTPYKTYPbI Oa3bl JAHHBIX HYKHO
M3YYHUTh IJIaH 3apoca, YTOObI MOHSATh, KAKOH U3 ATAIIOB 3apoca 3aHUMAET OCHOBHOE KOJIMYECTBO
BpeMeHH. J{Ji u3ydeHus IIaHoB 3allpocoB OyaeM MCI0JIb30BaTh MporpamMmy pgAdmin.

[Tocne BBIMONHEHUS ONTHMH3AIMU HEOOXOAMMO yOEIUTHCS B YCIEUIHOM MPOXOXKICHHH BCEX
TECTOB.

3. HuciieHHbIe pacyersbl

[TpumenuM pazpaboTaHHYIO METOAMKY JJISl YIIYUIIEHUS BPEMEHH PEaKIi CUCTEMBI PadOThI
C KOPIyCOM MO3TUUYECKHUX TEKCTOB Ha HEKOTOPbIE e CTBUSA MoJib3oBaTes. il TECTOB UCIOIb30-
BaHa oTHeNnbHast 0a3a gaHHbIX. [lepen KakIbIM TECTOM BCE 3alKCH U3 0a3bl JAHHBIX YAAJISIOTCS.
Jlnst TecTUpOBAHUS 3aITPOCOB CO3/1aH TECTOBBIM KIIMEHT, KOTOPBIM HE UCIOJIB3YET peajibHbIH BeO-
cepBep, a cpa3y BhI3bIBaCT QYHKIIUIO—00PabOTUYHK 3ampoca.
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ITonpoOHo onumieM mpolecc ONTUMU3ALMN Ha IPUMEpPE ONTUMHU3AIMH 3a1Ipoca Ha Moy4e -
HUe BeO-CTpaHUILIbI C al(aBUTHBIM yKa3aTeleM CIHUCKa CIIOBOYNOTPEOICHUH B TEKCTAaX KaXKOro
aBTOpA.

B pesynbraTe npoduimpoBanus BUAUM (puc. 1), 4To 3ampoc BhINONHSAJICS Oojee 0OAHOH ce-
KkyHzbl. Taxxke u3 pesynbrata npoQUIMPOBaHUE BUIHO, YTO OCHOBHOE BPEMS Mbl IIOTPATUIIN Ha
paboTy c 6a30ii JaHHBIX.

app.py:1504(full_dispatch_request)

getters.py:398(get | base wards _by_author_and_letter)

session.py:1563(execute)
137s

&
w

base py:1691(_execute_20)
137s

Puc. 1. HpO(bI/IJ'II/IPOBaHI/IC 3alpoca Ha MOJIy4YCHUEC CTPaHHUIIbI C aﬂ(l)aBI/ITHLIM yKazaTeJeM

JlaHHbIe, TPUBEICHHBIE HA CTpaHHUIle, (HOPMUPYIOTCA Ha OCHOBAHUU JOCTATOYHO CIOKHOTO
3ampoca, KOTOpbI co3maercs mnpu mnomomm Oubmmorekn SQLAlchemy B dyHKUIMH
get_base words_by author_and_letter.

DTOT 3ampOC BHIMOIHACTCS OJIUH Pa3 U 3aHUMAET OOJIbIIE CEKYyH b, J{JIs1 MpOBeIeHUsT OTITH -
MU3alMU U3y4HM ILUIaH 3arpoca (puc. 2).

Timings
#  Node
Exclusive Inclusive
— Ne}ste.d Loop In‘ner Join (cost=66126.02..67791.79 rows=74 width=264) (actual=609.26..1935.685 rows=... 1742.597 ms 1935685 ms
Join Filter: (((string_agg(("DICTIONARY_1""WORD")::text, ' ":text ORDER BY "POEM_LINES_TO_DICT_1"*ID")) ~~* ((
2. — Unique (cost=21833.45..21954.67 rows=998 width=52) (actual=190.762..192.406 rows=680 loops=1) 0.617 ms 192.406 ms
3. — Gather Merge (cost=21833.45..21949.68 rows=998 width=52) (actual=190.762..191.79 rows=7... 32.241 ms 191.79 ms
4, — Sort (cost=20833.43..20834.47 rows=416 width=52) (actual=159.477..159.549 rows=257 |.. 0.277 ms 159.549 ms

Puc. 2. (DparMeHT IJIaHa 3aIpoca 10 OITHMH3AlUuH

BunHo, 4T0 OCHOBHOE BpeMs P BBINOJIHEHUH 3a1IpOca IMOTPAYeHO Ha ONepaluio 00bean -
HEHMs OTHOLIEHUM B camoM KoHLe. Cam Kputepuil st o0beauHeHus: chopMyaIMpoBaH KakK ycio-
Bue u3 Tpex OR c oneparopom ILIKE: ans ciayyasi, korja ciioBo BCTpeYaercs B Hauaje, B cepe-
JIMHE WIN B KOHIIE CTPOKHA CTUXOTBOPEHUS.

Brmosnenue oneparopa ILIKE mist kaxxnoro u3 cioB — 3aTpaTHasl onepanus, Io3ToMy
00beIMHEHU € 3aHUMAET MHOT'O BpeMEHU. MOXKHO YIIPOCTHUTD ATy OIEPAIUIO, €CIU BHIYUCIATS Ie-
pemennyro BASE TEXT He kak CTpoKy, a Kak MacCUB, U IPOBEPATH CIOBO HA BXOXKIECHHUE B 3TOT
MaccuB IpH moMoIny onepatopa = u Gpynkuuu ANY (puc.3).
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— Nested Loop Inner Join (cost=66126.02..67766.84 rows=244 width=264) (actual=594.723..782.797 rows=...
1. - 638.75 ms 782.797 ms
Join Filter: (("DICTIONARY" "WORD"):text = ANY (((array_agg("DICTIONARY_1" "WORD")))::text[]))

2. — Unique (cost=21833.45..21954.67 rows=998 width=890) (actual=142.183..143.303 rows=663 loops=1) 0.348 ms 143.303 ms
3. — Gather Merge (cost=21833.45..21949.68 rows=998 width=890) (actual=142.181..142.956 rows=... 7.17 ms 142.956 ms
4, — Sort (cost=20833.43..20834.47 rows=416 width=890) (actual=135.744..135.786 rows=252 I... 0.278 ms 135.786 ms

— Hash Inner Join (cost=2733.36..20815.33 rows=416 width=890) (actual=114.304..135...

1. 135.
Hash Cond: ("POEM_LINES_1""POEM_ID" = "POEM_1""ID") 353 ms 35.508 ms

Puc. 3. CDparMeHT IJIaHa 3aI1poca MmocJjIC MEpPBOro 3Tama MONnbITKU ONITUMU3ALUN

AHanu3 3ampoca MOKa3bIBaeT, YTO OH COCTABJICH CIMILIKOM CJIO0XKHO, [I0O3TOMY €r0 MOXHO
nepenucaTh: B 6a3ze nanabix umeercs tabmmna POEM _LINES TO_ DICT, ucnosibs3yst KOTOpyto,
MOYKHO TOJIYYHTb CJIOBa, BCTPEUAIOIIMECS B CTPOKE CTUXOTBOPEHUS 0€3 CpaBHEHMSI CTPOKOBBIX
TUNIOB JaHHBIX. HOBBII 3ampoc TpedyeT HAMHOTO MeHbIlle BpeMeHH (puc. 4).

Timmgs Rows

# Node Loops
Exclusive Inclusive Rows X Actual Plan

1. — Gather Merge (cost=21833.45..21930.52 rows=832 width=232) (actual=15... 8.428 ms _ 1 755 832 1

2, — Sort (cost=20833.43..20834.47 rows=416 width=232) (actual=152.68... 0.303 ms 6 T 1.66 252 416 3

— Hash Inner Join (cost=2733.36..20815.33 rows=416 width=232) (...

. ; ; 1.619 ms +0.56 252 416 3
Hash Cond: ("POEM_LINES" POEM_ID" = "POEM'"ID")

4. — Nested Loop Inner Join (cost=2453.48..20501.64 rows=128... 36.351 ms ns 1 0.51 8559 12878 3

5 — Hash Inner Join (cost=2453.06..14464.76 rows=12878 .. 92765 ms 112.86 ms ~051 8559 19878 3
Hash Cond: ("POEM_LINES_TO_DICT""DICT_ID" = "DICTIONARY

6. — Seq Scan on POEM_LINES_TO_DICT as POEM_LIN... 13.565 ms 13.565 ms +0.42 340003 425003 3

Puc. 4. ®parmenT niana 3amnpoca nocie BTOpOro 3Tana ONTUMUA3ALHT

Onnako MOXHO n00uThCs emie Ooznee 3¢ddekTuBHBIX Mokazartenei. M3 mmana 3ampoca
BUJIHO, YTO OCHOBHAsl 4acTh BpeMeHH TpaTtuTcs Ha oOweamHenue otHomeHuit DICTIONARY u
POEM_LINES TO_DICT (5-1 cTtpoka), a mepeq 3TUM OINepainus MOCIeI0BaTeIbHOIO YTCHHUS
Tpwkael Bospamaer 1o 340003 3amucu tabmuuer POEM LINES TO DICT, T.e. Bce
uMmeromyecs B Tabnume 3amucd. YUTOOBI COKpaTHTh BBIMOJHEHHE ONEepaluuu, J00aBUM
cragaaptHeii wHAeKe mo-iasi LINE ID B Tabmume POEM_LINES TO DICT, Torma ans
noixydeHust naHHbiXx u3 Tabmuuel POEM LINES TO DICT moxkHO OyneT BOCHOJB30BATHCS
ungekcom mosis LINE ID u He cuuThI-BaTh C JMCKa BCE JaHHbIE TAaOJNUIBI JJIA TOMCKA
pelieBaHTHBIX (pHC. 5).

Timings Rows
# Node Loops
Exclusive Inclusive Rows X Actual Plan
1. — Gather Merge (cost=14388.37..14485.44 rows=832 width=232) (actual=48.88... 6.378 ms E 111 755 832 1
2. — Sort (cost=13388.34..13389.38 rows=416 width=232) (actual=4542 45 +1.66 252 416 3
— Hash Inner Join (cost=2733.36..13370.24 rows=416 width=232) (act.
. 0.
3 Hash Cond: ("POEM_LINES_TO_DICT""DICT_ID" = "DICTIONARY""ID") 0.56 252 416 3
4. — Nested Loop Inner Join (cost=280.3..10881.16 rows=13722 wid... T 0.46 10000 13722 3
—+ Hash Inner Join (cost=279.88..8790.35 rows=2942 width=...
5 Hash Cond: ("POEM_LINES""POEM_ID" = "POEM"’ID") 1047 2100 2942 8
6. — Seq Scan on POEM_LINES as POEM_LINES (cost=0..8... 4.117 ms 4117 ms 1043 71400 91119 3
7. — Hash (cost=275.75..275.75 rows=330 width=73) (actu 0.98 ms 1.438 ms 037 300 330 3

Buckets: 1024 Batches: 1 Memory Usage: 40 kB

— Seq Scan on POEM as POEM (cost=0..275.75 row...
8. Filter: CAUTHOR_ID" = '27":smallint) 0.458 ms 0.458 ms T0.37 300 330 3
Rows Removed by Filter. 9900

— Index Scan using POEM_LINES_TO_DICT_LINE_ID_idx on P...
Index Cond: ("LINE_ID" = "POEM_LINES""ID")

0.001 ms 0.001 ms T 0.34 5 5 6300

Puc. 5. I1nan 3anpoca nocie TpeThero 3Tana onTUHMHU3AIUN

Hcnonp3ys npodunupoBanue, yoeauMcs B yBEITUISHHH CKOPOCTH PAOOTHI TPHIIOKEHUS 110 -
Cclie TpeX 3TaroB ONTUMU3ALMH (pHUC.0).
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app.py:1504(full_dispatch_request)
0.216s

app-py:1480(dispatch_request)
0.213s

getters.py:377(get_base_words_by_author_and_letter)
0.147 s

|

templating.py:124(_render)
0.0619 s

e _I
0.1

43s

base.py:1691(_execute_20) dictionary_page.html:5(root)
0.142s 0.0581s

Puc. 6. [IpodunupoBanre ONTHMH3UPOBAHHOTO 3aIIpOCa Ha TOJyYeHUE CTPAHUIIBI C
andaBUTHBIM yKa3aTeleM

AHanoOruuHeIM 00pa3oM ObUIM ONTHMM3UPOBAHBI U JIPYTHE 3aIPOCHI, B YACTHOCTU 3aIPOC
Ha 3arpy3Ky B 0a3y JAaHHBIX [TO3THYECKOro TekcTa. Eciu 1o onTuMM3anuy, 3aKiIrodaromencs B
HKBU-BAJICHTHOM IIpe0Opa30BaHUU 3allpoca ¢ BHIHECEHHEM 3a INpeeibl LHUKIA MoA3anpoca s
YCTa-HOBJIEHHUSI CBSI3M MEXJY CIOBOM M COAEpPIKAILEH ero CTPOKOM, BpeMs mopsaka 1 ceKyHIbl
TpeboBa-IoCh I 3arpy3Kd IMO3THYECKOro Tekcra odbemMoMm okosio 100 cTpok, To mocne
OINITUMM3ALIMH 32 TAKOE e BpPeMs cTaja BO3MOXKHA 3arpy3ka Tekcta 00beMoM okoJio 1000 cTpok.

4. 3aksIr04eHue

B craTtbe mpoBeneHa ¢popmanuzanys 3ajauy ONTUMH3AIN paboThl ¢ 0a30i TaHHOM, coaep-
JKallel KopIyc TeKCTOB, chOpMyIMpOBaHa 00IIask CTpATErUsl ONTHMU3ALINHU 3aIIPOCOB M U3JIOXKE -
Hbl KOHKPETHBIE MPUMEPBI €€ Pean3alliy, JOKa3bIBAIONIHE BHICOKYIO 3(PEKTUBHOCTh MPEIIIO-
KEHHOW METOUKH OTITUMHU3AINH.

JanbHelmme ucciae10BaHus MOT'yT 3aKJII0UaThCs B TOMCKE HOBBIX CLIEHAPUEB ISt ONTUMU -
3aIuH, a TakKe B pa3paboTke Ooiee CTPOoro moaxoaa K GyHKIMOHATLHOMY U He() yHKIIMOHATBHO -
MY TECTUPOBAHHIO MPUIIOKEHUN J1JIs TOBBILICHUS] KOPPEKTHOCTU MOIYYEHHBIX Pe3yJIbTaTOB.

PaGora BeImonHeHa nmpu yacTMUHOM (QuHaHcoBOW moanepxkke npoekra MHBO PK (xon
npoekta BR21882268).
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BAJIAJIAPFA APHAJIFAH APHAMBI JIOIONEUSJIBIK OKBITY
ZKYUEHIH 93IPJIEY APXUTEKTYPACBI

I.P. Paxumosal?, P.P. 'anumosa® O.T. Typapoex'?, 1I.E. /laBaeros?, M. Buken?

LOon-Dapabu amwinoazer Kasax ¥immuix Yuusepcumemi, Anmamel, Kazaxcman
2Axknapammuik scone ecenmeyiu mexuono2usaap uncmumymot, Aimamot, Kaszaxcman
3Tysey yneicinoezi cotiney mymkindikmepi wiexmeyni 6anaiap2a apHaizan
Ne 54 bebexacati-b6anabakwacet, Aimamst, Kazaxkcman

VJIK 004.9

Anoamna. Kaszipei yaxeimma oananapowviy ceiiiey Kabiieminiy HAuWapaayvl Ko2amoavl
KypOeni maceneze atiHanovl. Kenmezen Kocviuwanapmen oepekmep opbvic Hemece backa minoepee
beuimoencen. Kazax mini ywin apuaiivl MamMaHObIpuLIAH Jcyuenepliy xcemicneyuinici
baiikanaovl. 3epmmeyoiy makcamol — OANAHBIY OAMYbIHOA KOJ HCemKi3y2e bIKnal ememin #ana
MexXHON02UANAPObl NAUOANAHA OMBIPLIN, COUNEYOl Mmy3emy CalacblHoa AKnapammolk HCyueHi
Kypy 6oavin mabwiiaovl. Byn mocenemi wewy ywin xazax mininoe2i dicaya 1020NeOUsIblK
Kocvimuia 23ipney. Byn oicymeic noeconedus canacvinoagvl dcana neoa202UKAIbIK HCYUeHi
ABMOMAMMAaHObIPY2a bIKNAJL emeoi.

Tyiiin ce30ep: Kaszax mini, 1020neoust, MOOUILOI KOCLIMULA, APXUMEKMYPd.

Kipicne

[TenarorukanblK OKBITY caJlaChIHJA aWTapJBIKTAll TEXHOJOTHUSJIBIK YKaHA "IIBUIIBIK
Kasakcranra xxete KoiiMaabl. ©3iMi3re MaJliM, Kasipre AeiiH JoCTY Pl OKY ofici Mai1aJaHbUIa b,
An epekmie OamamapMeH KYMBIC OapbICBIHIAFBl aKMapaTTHIK JKyHe MEH TEXHOJIOTHSIIaP/IbIH
Karnaipl aiitnacakra O6enrim. TMJL enaepi apacblHIa JOroneAusl cajachblHa apHAIFaH OKBITY
Ky#enepi ken. OHBIH 11IiHAE apHaiibl MaMaH AapAbIH OKY KypcTapblHaH OacTar, >Koif FaHa ONBIH
apKpLIbl 0ajia TUTIH JKATTHIKTBIPYFa apHAIFaH OWBIHAAp KOCBIMINATAPhL. Bysl KOCKIMIIANapIbIH
O13/11H canT-CaHaMbI3Fa COIIKeC KeJIMEyI1HIH ajFallKbl alKbIH ce0e01 opbIC TUTIHAE 00ybl. Y IIT ITEH
WIBICTBIH KaMbIH OWjlacak OanaHbIH Kell JaMbIFaH TUIIHIH ©31H Ka3akK TUIIHE MIBIFapybIMbI3 €71
annpiHAarel mapbi3 eMec me?! Tarbl Oip KeMIIJI TYChl aKMapTThIH TOJBIK alllbIIMAYbl JKOHE
KOJIJIAaHYIIbIFA KOII XKaFaaiaa KOJDKeTIMCI3airi 6onbin otelp.  EHII Ka3ak ayauTOPHsChIHIAFbI
KOCBIMITIAJIap MEH KypaJIJjapFa aHaJu3 )acauTeiH OoJicak, Android yieciHe apHaJFaH KaJFbl3
FaHa KochiMIna Taba anasiM. OHBIH 631 1-cypeTTe KepceTUIreH Iel apHaiibl J0oromne; MaMaHHbIH
KypchblHa apHanraH Maiipa BoiaaTOeKKbI3BIHBIH —TAICHIPBICBIMEH KAacaJFaH aKbUIbI KOCBHIMIIIA
OOJIBII MIBIKTHI [5].

Kochkimmia GipiHmmiaeH, akblIbl OOJFaHABIKTaH KOl ajaMFa KOJDKeTiMci3. ExiHmmiaeH, exi
OeniMHEH FaHa Typajabl, Ojlap — OWBIHAAP JKOHE BHJEO, ayauo cabakrap. KochIMIaHbIH
cUIaTTaMachlHA KapaFaH/a YU JKaFJaibiHIa OallaHbIH OH-JIAiH TYPJE JalbIHIBIFBIH KAMTaMachi3
ereni. bamaHeiH TeK MaMaHMEH >KYMBICHI TOJIBIK HOTIIKEre Kemuiaik OepMeci aHbIK. bepreHHiy
©31H/I€ Y3aK YaKbITTHIK €HOCKTI Tajam eTeIl.

bynan Genek, 2-cypeTTe KepceTINTeHIel Kas3ak TuTiHAeri Oanajmapra ceslnepial auThIn
yHpeTyre apHaJIiFaH OMbIHIAp TonTamajapsl 0ap [6].

TexHoorus KaphIlIITall JaMbIFaH 3aMaHJa Ke3 KeJreH akKMapaTThIH Te3 opi camalsbl,
KOJDKETIM/II JKETKI3yIiH KOJBIH KapacThIpybIMBI3 mapT. Opbic TUTIHIE akmapaT KaparnaibiM
XaJIbIKKa Kall 3aMaHHaHOa KOJDKETIMIl 0ojbin Keliemi. OHBIH afiKbIH J9JI€Ti, OCHI JIOT O EaUs
caJlachlHaH/Ia OPBIH aJibIll OTHIp. Kazak ayuTopusichiHa apHAJIFaH pecypcKka Oail JyHHeNep oiar
Taby KepekKImi3.
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O6pazosaHue

2-cyper. «Kazakma ce3nep 6amanapra» Android KoceiMIacet

Konnmanyra bIHFaMIIbl jKacallFaHBIMEH, TU3aiHBI MEH KaMTHTBIH aKMapaTTHIK PeCcypchl a3
€KEHI KepiHin-ak Typ. Jloronenus canacblHaa alTapbIKTail 09CEKEIECTIKTIH dKOK eKeHIHE OChI €Ki
KochIMIa aonen. Expiri MakcaT noromenus cajachlHIa akKMapaTThIK KYHe MEH TeXHOJIOTHUSHBI
naMbITy. bananapra apHanFaH Ka3ak TUIIH/E )KaHa 3aMaH aKnapaThl KOOSHTeH calibIH Ka3aK TUTiHIH
Ma3MYHBIHBIH KEHEIOIHE YJIeC Kocap eIiK.

Tannay HOTHXKECIH KOPBITHIH/IBIACAK, aFBUIIIBIH TUIAI OarmapiiaMaiapra KaparaHaa opbic
TUI1 ayIMTOPUSFa apHaJIFaH MOOMJIB1 KOCBHIMIIIAJIap KaTapbl KapKbIHbI AaMblFaH. Ke3 kenrexn
dbopMaTTa TEriH HEMece aKbUIBl TYpPHE JKYKTeyre 0ojaabl. AFBUINIBIH TUTIHAET KOCBIMIIAIap
JKYHEISHIUTIPreH SFHU ayJIUTOPHUSCHl HAKThI, YCHIHATBIH aKMapaTbl aHBIK JXOHE HHTepderci
BIHFAMIIBI OMTACTHIPBUIFaH. AJl OpBIC TUTIHIE KYpPBUIFaH KOCHIMIIAalmapia Kyheci3 jKacalFaH,
KOJIZIAaHyFa BIHFANCHI3, KAMTUTHIH aKIapaT ayKbIMbI Tap KOChIMINIAIap sl Ko ke3aectipaiM. Kepi
OaitnaHpic (QYHKIUSACH! KapacThIPbIIFaH KOCBIMIIIA MIHJIETTI TYpJl€ aKbUIbl HET13/1e YChIHbIIA/bI.
ConbIMeH KaTap, MOOWJIBJI KOCBIMILIAHBI Oaiikam Kepy YIIiH, OacTanmkbl JEHreijepiH TeriH
KOJDKETIMJII €Til, KaJlFaH €H KePEK JIereH aKnapatrap MeH QyHKIUAIapAbl aKBUTBI TYPJIC )KacaraH.
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Erep KochIMIIIa TOJIBIK TETiH opi MamMaHMEH Kepi OaljaHbICHl 00Jica, 0JI MaMaHHBIH KbI3METiH
caTyblHa HeTi3aenreH OoJbll TaObLIaAbl. Byl TajamanraH akmapaTTapabl Ka3ak ayIdTOPHUsACHIHA
’KaHa MOOMJIB/II KOCBIMIIIA KYpY eceOiHae 0acThl Ha3apra alry Kepek.

1. KypbuiaTbiH aKNIAPATTHIK KYHEHIH KOMbLIATBIH ece0i

Jloromeausi calachlH 3€pTTEM, CYpPaHBIC KOJEMIH aHBIKTAIl, OCBl CalaJaFbl aKMa-paTThIK
JKyiHernepre aHaiau3 jkacail Kene, TOMEHIeriield KeMIIUTIKTepiH OaiKaitMbI3:

—JIOTOTe]l MaMaHHBIH KOMET1HE )KYT1HETIH coilyiey KaOiieTiH e aybITKyhl Oap Oaanap caHbl
JKBUIJIaH XKBIJFA apThII KEJIET;

—Ka3akK ayIuTOPUSChIHA apHAJFaH aKIapaT )KOKTHIH KaChl;

—JIOTONEUs calachblH/la KYpbUIFaH Ka3ak T1J/1 XKaJFbl3 FaHa MOOMIIb/1 KOCkIMILa Oap;

—KapamaibIM XaJbIKKa KOJDKeTiMci3 skoHe Android kyiieciHe apHamaraH MO-OWIIBII
KOCBIMIIIA aKbIJIbl HET13/I€ )KacallFaH,

—KOCBIMIIIaHBIH JepeKTep Ke3i eTe a3 koHe Oananapra apHaJIFaH pecypc KeJeMiH KeHelTy
KepeK;

—KOCBIMIIIAaHBIH MHTepdeiici Oanamapra KbI3bIKCHI3 KYpbUIFaH (Oyi1 KbI3bI-FYHIBIIBIKTHIH
SFHU CYPAHBICTBIH TOMEHCYIHE aJIbIM KeJe/i);

—MOOUJIBA1 KOCBIMIIIAHBIH OariapiaMachiH/la TICHXOJOTUSIIBIK €PEKIIeNiK TMeH OallaHbIH
Kacbl ECKEPUIMETeH;

—KaHJaii 1a 061p TEXHUKAIBIK KAUBIHABIKTAp MEH CYpaKTapFa xayan OepeTiH Kepi OaiiyiaHbic
KapacTbIpbLIMaraH.

Ochl aranFaH KEMIIUIIKTEpi HEri3re ajnga OTHIPHIN, Celjiey KaOlJeTiHae aybITKybl Oap
Oananapra apHaJFaH akKMapaTTHIK )XYHEHIH MaKcaTThl ecebiH KypaThiH Oonmambr3. Kasipri tanga
KOJIZIAHBLIBIN JKYPreH aKMapaTThIK TEXHOJOTHUS HOTHKEJICPIH 9JeMIIIK HAPBIKIICH CAJBICTHIPA
OTBIPHII, TaIay xKacaablK. CoJ )KYMBICTBIH KOPBITHIHIBICBIMCH KYPBLUIBITAH aKIAPATTHIK XKYHCHIH
HET131H kacail anambI3. bys Tanmay >KyMbICH )kKaHa aKMapaTThIK KYHeHIH 0ocekere KaOiaeTTiik
JKOHE TMalJaNaHyIIbl CYPAaHBICBIH KAMTa "MaChI3 €Te/Il.

2. Ceiiiey kaOineri Oy3puLIFaH OajiajlapFa apHAJFaH Ka3aK TiJliH OKBITY
JKylieciH PyHKIMOHAIABI MO EJIbCY

binim Oepy camachlHIa TYTHIHYIIBI Tapamka aKMapaTThl XEHIT opi BIHFAWIbI Typiae
KOJDKETIMJII €Ty YIIH TYpJl Kypajaaapasl naigananyra Oomanbl. bi3fiH camambi3fga 1a ceisey
KaOineri Oy3pUIFaH Oanajapra Ka3ak TUIIH OKBITY XYHEeCiH Kypy YIIIH ajIbIMEH OHBIH
apTHIKIIBUTBIKTAPl MEH KEMIIUTIKTEepPIH Talijjay HOTWIKECIHIE JKYHEHIH KaHa eceOiH
TaraiibiHAanbIK. EHAIr Ke3ek, KOMBIIFaH ecenTi cana OONbIHIIA KYPhUIATHIH aKIapTTHIK KYHeH1
a3ipsiey YUIIH MOJENbIH KypacTblpy Kepek. Ou1 yIIiH >KYHEHIH CBhIPTKbl KYpbUIBIMBbIHA
GyHKIIMOHAIABI MOJAEINl TNaiganaHaMbl3. ¥UBIMHBIH (QyHKIUOHAIAbBI moxaeni (¥ DOM) — Oy
YUBIMHBIH (DYHKIIMOHANABI KaOUIETTEpIH KOPCETETIH KOHE OHBIH HAKThl KYPBUIBIMBI TYpPAaJIbl
JKEHIJJICTUINEH TYCIHIK O€peTiH aJeMeHTTep xkyieci [14] .

Kazipri yakpITTa KOMIBIOTEPIIK TEXHOJOTHIAP HAPBIFBIHAA JKYHEHI TecTiieyre KoHe
MOJENbACYre MYMKIHAIK OepeTiH Oipkatap MaMaHJIaHIbIpbUFAaH Oardapiamanap Oap
Mopnenbaey1iH MakcaThl — aJblHFAaH aKnapaTThl aHAIMTHKAJBIK OHJIEYT'e BIHFAIIIBI BU3Yyaslbl
rpaduKaIblK TYpAE KOMIAHUS XKIHE OHBIH OM3HEC-TIPOIIecTepl Typasbl OUTIMII KylieIiey.

3-cyperTe KepceTUreHjaei Oananapra apHaJFaH OKBITY JKYHECIH o3ipJieyliH Heri3ri
JKYMBICBIH O€c Killll Taricblpmara 0eryre 00Jabl:

- Kyi#ere Kipy;

- ICUXOJIOTHSUTBIK TalbIHIAITY

- JIOTOTE/ITIeH apHANBI )KYMBIC JKacay;

- OMBIHJIAp OWHAY;

- Kepi OaliaHbIC Kacay.
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3-cyper. bananapra apHaiiFaH OKBITY XYy#eciH a3ipney nporecinin IDEF0
AS-IS mozemni. AO OJOTBIHBIH 1EKOMITO3UIUSIIAH b

KyppuiaTelH aKknapaTThIK KyHene skeTi kinacc Kypbutanasl. Onap: Kiru, Cabinet, Feedback,
Okubolimi, Psycology, Game xone Tirkrlu. Bys1 kinacctap uatepdeiicteri OemiMaepaiH KYpbUTYbI
OapbIChIHIa KaKeTTi Ooubim TaObUIambl. JKyleneri kmaccrap auarpaMMachiH §-cyperTerigei
KYpaTbIH 00JIaMBbI3.

Kin
omail

&Password |
1

|__Game
| @num_game|
evels.

Okubolimi
oVideoname
oVi_opes

-,
| Feedback |

4-cyper. AKnapaTThIK KYHEHIH naljadanybsl OeliriHiH KiaccTap JauarpaMMachl

Op KIJIACCThIH JKeKke aTpuOyTtrapel O0ap. Meicambl, Cabinet KIacChIHBIH aTpUOYT Tapbl
petinae name, mail, adress, number, fa_name, ma name TarailbiHIaNABL. ATpHUOyTTapbIHA
NaliJaaHyIIBIHBIH MOJIEMETTEepl MEHIIKTENENl. Byl KiIaccThiH KOMEriMeH maigalaHyIIbl
TipKenenal, OaJaHbIH XKEKe aHKEeTachl KaJbinTacaabl kone JIK cakramams.

Knaccrap Oip-OipiMeH ThIFbI3 OaiimaHbicThl. OJapAblH apachlHIaFbl OalJaHBICTapra
TOYENIIK TeH accocalus OaiylaHbIC TYpiH MmaimananaeiM. Toyenninik OannansicbiHga Cabinet
kiaccebl Kiru, Tirkrlu knmaccrapeina Toyenni 6oabin keneni. Kanran kinaccTapiblH OadiaHBICHI
TOyesCi3 00BEKT aiMaca aJlaThIHJIal eTill accocalysl apKblibl OailnaHbicaibl.

3. A’K unTepeiici :KoHe HITHKEIEP
XKanmer aknapatTeiK Kyiie Android xyienepine apHamFaH MOOWIIBII KOCBHIMINA PETIHIE
Kypbutaael. KoChIMITaHBIH MO3ipi TOMEHAETIeH TOPTINIEH KYPacThIPhLIATHIH OO b
v’ Kipy *koHe Tipkenry 6erimi;
v/ 0OanaHbIH )KEKe KOOUHETI;
v’ apHaiisl cabakTap;
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v/ JIOrONe/IeH KYMBIC;
v’ olibIH GeuiMi;
v’ Kepi Gaiiianbic Goimi.

Ceitney kabOineri Oy3pUIFaH Oananapra apHajFaH akKmapaTThK kyideni Android
OTepaIysIIbIK XKYHeciHe apHaiFaH MOOMITBI1 KOCBIMIIIA peTiHae Kypbuiabl. Android onepanusiibik
JKyHeci eH Kell KOJJAaHbICTa OOJFaHJBIKTAaH, OChI JKyHere apHajiraH MOOWIIBII KOCHIMIIAHBI
KypateiH Oonambi3. Kocbimma Android Studio 2021.1 optaceinma Java OGarmapnamanay Timi
Heri3inae .apk keHenTimi Oap (aiira Kypac THIPBUIaAbI, COAaH KEiH Oy (aill KOChIMIITaHbI
Android xymbIc icCTEITIH KYpBUIFBIJIapFa OpHATY YIIIH KOJAaHbIIA/bI.

beiine wmatepuanmapmen >kymbic ictey yuiiH Android BWIKETTepiHIH CTaHAAPTTHI
KUBIHTBIFBIH/A OCiHEeHI oifHaTyFa MYMKIHZIK OepeTiH OeifHe 1oy Kiacel aHbIKTanFaH. beiiHeni
Kapay MOOWJBAI KYpBUIFBIJAa OpHANACTBIPBUIFAH pPOJMKTEPMEH Je, Kemigeri OeitHe
MaTepualJapMeH A€ XYMbIC icTell anansl. bys jkarmaiina 613 >KeprijikTi OpHaNaCThIPBLIFAH
OciiHeH1  KoijgaHaMmbI3. Ojerre  OeliHematepuangap kobama RES/raw  kanrtaceiHa
opHanacteipeiafbl. Oy yiriH res QaiiblH kKoHe maiiga OosraH maszipaen JKana - > Android
pecypcTap KaTajorblH TaHIay apKbUIbl Kypambl3. by OeifHe maTepuainnbl KOCYIbIH Oip *OJbI
00J1bII TAOBUTAMBI.

Ocblnail OeiiHe MmaTepuangapibl MHaiiagaHa OTBIPBIN, 6-CyperTe >aHa OeniM Jioromnen
MaMaHMEH apHalbl cabaKTapIbl KOPEe aaaMbI3.

Ainalaiyn

Maxut Hasepke Anmackbiabl 4 Xolnabik Taxipubeci 6ap
Aedexronor-norones Mamaubl Kasipre aeiin 100-re xybiK
6anaHbly cenney KabineTiHi{ AaMybliHa ynec KOCKaH

Maccax 6enimi 1-cabak, Ycak Kon moTopukacs! Biagix
MUbIMBI3Fa TiKenei acepin 6epeTiH TaMbipNapbiMbi3
CayCcaKTapbIMBbI3fibiH YLWbIHAA OpHANackaK,con cebenTi
GanaHbi yCaK KON MOTOPUKACHIH AaMbITY 6T MaHbi3Aibl
On apKbinbl 63 6anaHbiK Co3l aHbIK,Te3 WhIFYbIHA bIKNaNbIH
TUrisemis.

5-cyper. Jloroneamnen xxymbic Oemimi. ApHaiibl OeitHe cabakTap

Ocpl OemiMpaeri Buneo (opmattarbl (aingapabl ajaablH aja JepeKTep KOpPbhIHA JKYKTET,
cinreMe apkpUIbl KonpaHambl3. CinreMe apKbUIbl KOJAAHY BIHFAWIBI, YaKbITTBI KOHE JKaJlbl
KeJleMiH YHemzaeyre kemekTeceni. PutBytes() omici — daiinasl nepexTep KOpbIHA KYKTEYAIH €H
truiMal sxonbl. PutBytes() byte[] kaOblmmaiiapl xKoHE KYKTEY KYWiH Oackapy jkoHe Oakpliay YIIiH
navigananyra OomateiH UploadTask «kairapaasi. PutBytes() byte[] kaOpuimaraHabIKTaH,
Oarmapnama QaiiiasiH 6apibIKk Ma3MYHBIH Oip yaKbITTa KaJTa caKTayabl Tauamn ereai. JKaaTer a3
naiganany yuris putStream() aemece putFile() konganyasl KapacThIpraH KeH.

Firebase nepektep kopwiHma «@aitnmapray OTim, OHII KYKTeHMi3. OHII KOChIMaMeH
OaitmanbicThIpy YIIiH 0i3re URL MekeH-kaiibl KaxkeT. OH (QailibIHbIH OH KaK mieTiH mepTin, URL
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MEKCH)KaibIH KemripeMi3. CinTeMeHi OacKaHHAH KEWiH OJI aBTOMATThl TYypJAe Keulipiieni. OH
JepeKTep KOpbIHIa OONFaHIBIKTaH KOCHIMIIIAFa OHBI OWHAY YIIiH MHTEpHET KaxkeT. EH anapiMeH,
MaHugect QailbiHa OTin, oFaH cuiTeMeHl KosiMbl3. Oncreate() omiciHmeri alHbIMaIbLIAPIbI
anbikTaiMb3. Oceinan keitin onCreate() omicinge Media player nanachiH xacay Kepek.

Ainalaiyn Ainalaiyn

6-cyper. KocpiMmaarsl oifbIH 06J1iMi JKOHE OWBIHAAP/BI TaHIAy OeTi

4. KopbITBIHABI

JKyMBICTBIH MakcaThl — KON  JKarJaiga KOJDKETIMII 00JIMAalTBhIH KaXKeTTI aKmapaTTapabl
aiy, ceiney KaOineTi Oy3bUIFaH Oanajiapra apHaJFaH Ka3ak TUIIH OKBITY JKYHECIH TYPFbI3y KoHE
OCHI cajajia ’KaHa IMeJarorHKaJblK JKyHeHI aBTOMaTTaHablpy Ooyael. OChl MakcaTKa KeTy
YKOJIBIH/IAa TOMEH/IET1/Iei KOWBLUIFaH TarchipManap OPbIHIANIbL:

—0Oepinren xx00a OOMBIHIIA KaXKETTI MaTepHaIap/abl )KUHAKTAIIbI,

—cana OoiibIHIIA OocekenecTep JKaiibl aKmapaT >KUHAKTHI, OJIEMIIK JKOHE eiMi3
JIeHrediHe Tanay >kacajbl;

—OKBITY 0a3aChIH €HT13y JKYHEeCiH aBTOMATTaHABIPY 1Bl MOJICIIH KYPaCThIP-THIPHUIIBL;

—KYpBIJIaThIH KYHEHIH epeKIIeNiria caparrar, OarmapiamMa KypyFa apHalFaH ecenTepiH
KYPaCThIPBIPHLIIbI

—FIREBASE MKBX mnaiinananslll cypaHbICTap >KacabIM jKoHE KEPEK MAJIEMETTEP KOpHI
YHBIMIIACTBIPBUIIHI,

—KoceiMmanbl Android Studio 2021.1 MyMKIHIIUTIKTEPiH MaiAaIaHbI 93ipJIeH ],

Ceiiney kabineti Oy3buraH Oajanap—JIbIH aTa-aHajJapbIHA TICUXOJOTUSIIBIK TANBIH/IBIK PETI,
OamaMeH KaJlall JKYMBIC jKacaraHJa HOTIKENl OONAaTBIHABIFBI, KOCBIMILIA TaFbl Ja KONTEreH
TICUXOJIOTHSIIBIK OLTIMIED JKOHE OCHI MOOWIIB/II KOCBIMINIAHBI HOTHKEI MaigalanyFa HYCKayJIbIK
peTinae cabakTap KapacThIPBLIFaH.
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KA3AKCTAH PECIIY BJIMKACBIHBIH 3AHHAMACBI
CAJIACBIHJATBI CYPAK-/KAYAII ’)KYUECIH 93IPJIEY
O/JlICTEPIH 3EPTTEY

J.P. PaxumoBa, A.T. Typapoek
an-@apadbu amvindaevl Kazax ynmmuolk yHueepcumemi
YK 004.9

Anoamna. 3epmmey ob6wvexkmici naudanamywibliapea OepineeH NIHOIK cana OOUbIHUA
cypakmapowly KeH ayKblMblHA JHcayan Oepemin cypak-scayan xcyienepi 001uin maodwviiaobwl.
3epmmeyodiy maxcamvl — 3aHHAMA CANACHIHOAELL CYPAK-JICAYan JicylleNepiniy Hecizel manenepi
MeH 0amy meHOeHYUANAPbIH AHLIKMAY. A8momammul CYpaK-icayan — OYi #acaobl UHMe1eKm
nex mabuzu mindi eHoeydeei 3epmmeynep nykmeci. On bacmankbloa adamoapoviy aknapammaoi
me3 J#cane 0271 a1y Kadcemminikmepin KaHaeammanowulpy yulin scacanzan. CoHavl dculioapul ol
acemicmi Homudwcenep Oepoi, 6ipax muicmi OYpPbIHbl WOLYIAP HCAHA 3epMme) HIMUNCENePiH
KamMmuiMaiobl Hemece OYKIl CYpak-jcayan i3zoey JiCYUeciH JHCaInbliaMaumvlH Hemece
manodamaimeit Oip canaga Hazap ayoapmatiovl.

Kinm ce30ep: cypax-sicayan dcytieci, aHbIKMAMALbIK JCylle, CYpak-icayan izoey scyieci,
CYPaK-dHcayan xHeynecin Kypy aoicmepi, 6a20apiamanvlk KAMmamacsl3 emy.

Kipicne
3epTTey JKYMBICBIH/IA CypaK-Kayan XKYHeciH a3ipiiey omicTepi KapacThipbuianasl. Cypak-
Kayan Okydeci (arsutmibiHan Question-answering system) — cypakTtapabl TaOWFM  Time

KaObII/IayFa )KoHE OJlapra ayar Oepyre KaOileTTi akmapaTThIK XKyie, Oackama aiTkaHaa, Oy
TaObUFU-TIIAIK nHTEpdeiici 6ap xyiie [1]. Camanbl cypak-Kkayar KyHeciH Kypy *KoHE OFaH epKiH
KOJI JKETKI3y/ll KAMTaMachl3 €Ty MOTIHHIH YJIKEH KOJIEeMiH/e KaKeTTi aKlapaTThl i37eyTre KeTeTiH
YaKpITThl €I9yip KbICKapTabl. O3IpJEHTeH Ccypak-Kayan >KyHeJaepiHiH KeIMIIUIIri aFblIIIbIH
TiTiHAE KypacTeippurad. CoHali-aKk, 3aHHaMa cajlachl YIIiH JIe €H 03BIK 93ipiieMeliep aFbUIIIBIH
TiiHAES OOMBIT KeNei.

2014 xbLab1 afBOKAT DHIPIO AppyAa BUPTYaJIbl 3aH KOMEKIIICIH a31pieyre apHaarad Ross
Intelligence xomnanusicein Kypabl. AKI-Tarb! ocbiHAall KOMIaHUSIAPIBIH CaHBI ApPTHIN Kenedl
JKOHE 3aH (upMaiapbl BUPTyasJbl KOMEKIIUIEpAl O9CeKenecTepieH achlll TYCY/IH KOJbl Al
caHaiinpl. Law 360 capammbuiapblHBIH MiKIpiHILE, )XYMBIC HIBIHBIMEH Ae Biglaw yYMBICHIHBIH
JOCTYPJIl MOJIEITiH KaiTa KypBbIIl, )kaHa 0acTaraH 3aHrepiepaiH 0ip O6JIiriH )KyYMbBICTaH HIbIFapyFa
Kayin TeHaipeni [2]. OkiHimke opaid, Ka3ak TiJTiHAE MYHIal KYy#esep >KOKThIH Kachl.

KazakcTtanna na 3aHHaMa cajnachlHA KaHA TEXHOJIOTHSIIAP/Ibl €Hr13yre OEICeH Il THIPHICY A,
MbICajibl, OAUIET MUHHUCTPIIrT LUGPAbIK namy MuHucrpiirimen Oipnecin «E-3AHHAMA»
aKMapaTThIK >KYHMECIHIH 3aH UIblFapy IpoLeci MOAYIIH OHEpKICINTIK NaijanaHyra €HIri3y
JKOHIHJIET1 )K00aHbI iCKe achlpyaa. bypbiH OV opTypsi MEMJIEKEeTTIK OpraHaapibiH 7-8 xyheci
6onateiH. CoHflali-aK 3aHHaMa calachlH/a jKacaH bl MHTEUICKT a3ipienyne [3].

1. EcenTiH KOHBLIBIMBI

Cypax-xayar xyieci — OyJ1 TaOUFH T OHICYAl KOJIaHa OTBIPHII, alaMIapMeH ceiiece
alaThlH KOCHIMIIA. AJaM MEH MallWHalap apachlHAAFbl JUAJOrThl MOJENBICY KaCaHJIbl
WHTEJUICKTTIH MaHbI3/bI MIHACTTEPiHIH Oipi OOJBIN caHamaabl. AJlaM-MaluHAJBIK COMIeCyIepai
MOJIENBICYIIH KAaKChl KOpCETKIImTepi 0ap 4ardoT Kypy odi Je OCHl calaJarbl HIeIiIMereH
MIHAETTepAIH O1pi 60JIBIN TaObIIAbI.



Astopnap [4] SPE-QA nen atamaTbiH kaHa TOCLaAl yCbiHABL OJI CypaKKa TaKbIPBITITHIK
o0beKTire OarbpITTalIFaH KaHIUJATTBIH 1IKIrpadblHAH OHBIH €H CEMaHTHUKAJbBIK «CYpakK-Kayar
JKOJIBIH aHBIKTAY JKOHE COHFBI XKayall PETIHIE OCBI XKOJIBIH KYWPBIK MOHIH aHBIKTAy apKbLIbI
xayar Oepeni. Makanana [5] 6ipHelie KoJIMeH jkacajiFad GyHKLIUsIIApAbl KOJIJJaHa OTHIPbII, O1J1IM
KOpbIHAH KONTEereH TaKbIpblITap OOMbIHIIA CcypaKTapra jkayan Oepyli YHpeHEeTiH xKyiie
VCBIHBUIFaH. Y CBIHBUIFAH MOJENIbh OUTIM KOPBIHBIH C€e37epi MEH KOMIIOHCHTTEDIHIH TOMCH
OIIIeM/II TipKEeMeJIepiH 3epTTei i, OYJI KopiHicTep TaOWFU TIAEri CypaKTapAbl YMiTKEpIepaiH
JKayanTapbIMEH CaJbICTBIPY YIIH KOJJAHBUIAABI. ABTOpIAp KIKTEYre, TEXHUKAIBIK icTepre,
JIepeKTep JKUBbIHBIHA >KOHE aBTOMATThl Cypak-Kayan Oarajay KOpPCETKIIITEpiHE TOJIBIK IOy
)Kacal/Ibl )KOHE epeKere HETi3eNreH dMiCTepli, CTATUCTHKAIBIK HEMECce MAIIMHAIIBIK OKBITYFa
HETI37IeTeH SMICTEP/l KOHE TEPEH OKBITYFa HETI3AENTeH oMiCTep/i Koca ajFaH/aa, YII Heri3ri
onicti Tanmaiasl [6]. ABTopinap Minerva-HbIH jKaHa aJrOPUTMIH YCBIH/BI, 01 Oaitiansic Oenrii,
Oipak Oip FaHa HbIcaHbl Oap cypaKTapra )kayarn OepyiiH dJ/eKaiiia Kypaeil *oHe IPaKTHUKaJIbIK
Macenecin 1memenl. Kesnmelicok cepyenney Oenrici3 OarbIT TeH OacTamkbl TYWIHHEH
KOMOMHATOPJIBIK TYPIE KOl Kojnap 0ap *xaraaiiapia NpakTUKaJIbIK eMec OONFaH/IbIKTaH, oJap
00JDKaMJIBI KOJIAAP/BI 13718y YIIIH Kipic cypaybIMEeH IapTTaiFaH rpauk OOWBIHIIA KO3FATY/IbI
yipeHeTiH HeHpOHIBIK KYIIEUTY OKBITY TOCLTiH yChiHanbl [7]. Makanazna aBTOpiap aibIHFbI
onicTepaiH KeHOip IIeKTeylepiH >KOFa MYMKIHAIK OepeTiH Ti30eKTI CoMKEeCTeHIIpYIiH >KaHa
UTEePAIUSUTBIK MOJICTIH YCBhIHAABI. OJIC MAHBI3[bI €MEeC TapMaKTapIbl KECIill TacCTalJbl KOHE
XKoJapra colikec 6aranapasl OlpTiHaen TaraiblHAaab! [8].

binim rpadwuri cypakka »xayan Oepy eceOl YIIiH maimanbl €KeHi Oenriyii, eWTKeHI o
00BeKTIep apachiHAa JKaKChl KYPBUIBIMIAIFAH PEILMSUIIBIK aKmapaTThl Oepesl jKoHe JKaHama
dakrtisiepai ogaH opi mmbIFapanabl. JlereHMeH, TeK Cypak-Kayal >KyITapblHa HEri3fenareH Oiaim
rpaduKTepiH Tangayabl YHPEHETIH camaHbl OaKbplUIay XYHelnepiH Kypy KUbIH. ABTOpIap TepeH
OKBITYJIBIH JKaHa apXUTCKTYpachlH, COHJAH-aK CYypaKTapAarbl IIyJIbl OHJCH ajJaThlH XKoHE Oip
YaKbITTa KOIT CaThUIBI AaBIMIAY/IBl 3€PTTECH aJTaThIH BaAPHAIMSUIBIK OKBITY aJrOPUTMIH YCHIH]IbI
[9].

ABTOpiap ’kacaHAbl WHTEIJIEKTTI KYKBIKTBIK PETTEy MOCENECiH aJaMHBIH KayilcCi3mik
KYKBIFbI KOHTEKCTIH/IE TalIalbl. « DNEKTPOHIBIK TYJIFa» YFBIMBIHA HA3ap ayAapblIabl, COHIAM -
aK JKacaHJIbl MHTEIUIEKTTIH KYKBIKTBIK MopTeOeciH Oepy Maceneci KapacToipbuiaasl xkone AKII,
Kprtait sxone EO ennepiHiH OChI cajaiapbIHIaFbl 3aHHAMAJIBIK TOKIPUOEH1 3epTTeiiai. ABTOpap
COHBIMEH KaTap 3aHHAMAaJIBIK CcajaJarbl OapiblK >KUHAKTAJFaH TOKIPUOCHI >XKWHAKTANUTBHIH
HETi3/IeMeIiK XaJblKapablK KOHBEHIUSHBI 331pIiey jKoHe KaObuaay KaXeTTiirin Herizneiai [10].
Makanana >KapTbUIail KYpbUIBIMIAIIFaH JEPeKTepli OHJACYIl 3epTTey HOTHXKeNepl KoHe
TapaThUIFaH KJIACTEPIIIK €CENTey OPTAChl MEH MAIIMHAIBIK OKBITYBI KOJJaHA OTBIPHII, PECEUITIK
COTTapplH wIemiMaepid Tanaay (30 MUIIIMOHFa KYBIK) cunaTTanrad. JlepekTepal eHaey YIUiH
Spark, an Tanmay yumiH memiM aramrapsl naiganansuiasl. Peceit @enepanuscsl 3aHHAMAChIHBIH
epEeKILEeTIKTEPIH ecKepe OThIPHIN, 3aHHaMa cajlachl YILIiH HAIlap KYPbUIBIMAAIFaH JepeKTepacH
OLTIMIII almy JKOHE KYpbhUIbIMAAY diictepi a3ipaenai [11].

2. Ecenri memy ajaropurmi

Kazakctan PecnyOnukachlHBIH 3aHHAMachl cajachlHIa cypak-kayan skyidecin (CXIK)
a3ipJiey 3aHJBIK CUIIATTaFbl TYPJ CypaKTapra »ayan ajxy MpOIECiH jkakcapra ajgap eai. by
JKYHMEHI TaMbITy YUIIH CypaK-Kayall >KyHeciH KYpYAbIH Kajllbl HET13r1 TypiepiH, Ke3eHIepi MeH
OMICTEPIH KapacThIPy KaXKeT.

CXXK-iH eki Heri3ri Tonka 6emyre 6onassl [12]:

- JKaJIbI-Ke3-KeJreH cypaKTapra HeMece oNlap/IbIH KOMIIUIIriHe kayan Oepyre OarbITTanFral
CXOK typi. [Malimananymisl KoiiFaH cypakka skayan any ymiH myHaaih COKOK MuTepHeTT! *%Hi
navigananaapl. JKammer CXOK kebOiHece KypbUIbIMAAIMaFaH aKMapaTThl OHJCH[I, OCHIFaH
OailaHbBICTBl ONap KypAeni 1mKI KypbUIbIMFa He O0Jybl Kepek >koHe opTypii NLP
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TEXHOJOTHSIIAPBIH KOJJaHYbl KEpeK;

- )KOFaphl MaMaHJIaHJBIPBUIFAH-0CNTII  Oip TaKBIPBINTBIH HEMece IOHJIK CaJaHbIH
(MenuumHa, eHep xkoHe T.0.) cypakrapbida apHanran CXOK typi. Mynaait COXKOK HeriziHeH moHIIK
aliMaK TaKbIPbIOBIHAFBI )KEPIUTIKT1 JepeKTep KoiMaapblH NaiinanaHaibl.

Conpnaii-ak, CXKK aknapaTThIK 137€y, aKIapaTThIK MIIMETTEP KOPHIHBIH TYPl MEH OO0JIYyHI,
Oenrimi  Oip TaKBIPBINTAFBl capammbuiapabl  Tapry Kaxerrtimiri, CXIK apxurekTypaibik
MKEMJILTIr, eCenTey Pecypchl CHUSKTHI epeKmenikTepai eckepe orbipbin, CXIK enrizy omicrepi
OoiibIHIIA KiKTeTyi MyMKiH [13].

CXK cany Tocinaepi MeH NpUHIMITEP] OOMBIHIIA Keseci Typiepre 6emyre 60ia bl

- Be6-i3neyni konmanatein CXKOK (arsummisiamma «web-based question answering systems»)
[14];

- CypakTap MeH xayanTap kuHarbl 6ap CHAOK;

- Unpexcrenren KyxatTap kxuHarsl 6ap CXKIK;

- capansl CHOK.

Beb6-i3neyai kommanatein CHOK [15] aknapatTsl i34€y Kyleci peTiHae Be0-0erTep Hemece
oJlapbIH parMeHTTepi OOJBIN TAOBIIATHIH 13/1€Y )KYHECIHIH HOTHXKECIH Naigananansl, 1 cyperre
KepceTiireH. MyHJald CcaJIMakThIH KYMBIC airoputMmi Kenecimedd Oosysl mymkin: CHOK
naiilananymbIaH OFaH CYpakK YCBIHBICHIH ajajibl, CONAH KEHiH CYpaKThl OHICUIl JKoHE i3ley
KyHeciHe KIIT ce3llepiHeH cypay skacaiapl. KinTTIK ce3aep CypakThlH HETi3iHIE TaHIalajbl.
I3ney cypaybiabig HoTxkeciHae CXOK akmapaTThl 1371€y JKYMBICBIHBIH HOTHUXKECIH CLITEMEJIEp
JKUBIHTBIFBI )KOHE Y31HIIIEp el aTaJaThlH MOTIHHIH AFBIH CHUIIIIETTEP] TYPIHC aajibl.

ITaiinanagymIs!

. i

Cypak-kayar xKyileci
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Isney Tinai eHxey
Hylecl amicTepi

1-cyper. Be6-izneyai konmanateid COKOK >kanmbliaHFaH apXUTEKTYPacChl

Konmansictarer CXXOK-ThIH Herisri Oesiri arFbUIIIBIH TiJTIMEH XYMBIC 1CTEyre apHajFaH.
CXOK OoiipiHma kelbip xymbicTapiabl 3epTred oTwipbin, CHOK xymbic npomecin OipHere
Ke3eHre Oestyre 60J1abl 1e€re€H KOPBITHIH/IbI JKacayFa 001a bl

- CYpaKTHI Tajgay )KoHE OHJICY;

- JKayarTsl 1311eY;

- JKayar aiy.

CoHbIMEH KaTap, Ke3eHIep/Il aHbIKTayFa 00J1aIbl:

- JKayarlTel 6arajay kKoHe TYCIHIIPY;

- )kayan 6epy;

- Kepi OaliaHbIC JKOHE KOChIMIIIA CYpaKTap.

3. Cypak-xkayan :Kyiecinaeri Taduru Tijiai oHjaey aaicrepi

Morinai tangay omicrepi. Cypak-Kayamn >KyWeCiHAE TUIMI OHIEYMIH OpTYpii omicTepi
KOJIZIaHbIIA b, OJlapFa CEMAHTUKAJIBIK Tajlay, KOJJIaHYIIBIHBIH CYPaHbICHl asChbIH/Ia CO3/IEP MEH
€3 TIpPKEeCTepiHIH MarblHACBIH TYCIHYre MYMKIHJIK OepeTiH oic kaTanbl. CoHaaii-aK, MOTIHI1
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tangay ymia CXOK o3iprmey ke3iHae KOJAAHBUIATBIH JKOHE CO3JAEPAIH TI'PaMMaTHKAJBIK
KYPBUIBIMBIH aHBIKTaYyFa XKOHE 3aT eciMep, €TICTIKTEP, ChIH eciMep )KoHe T. 0. CUSKTBI COUIICY TIH
Heri3ri 6esyiikTepiH Oeulin Kepceryre MyMKIHJIK OepeTiH MITIHHIH MOP(OJIOTrUsIbIK TajlAaybl.
MoTiHal Tannay, CeWJIEMHIH CHHTAKCHUCTIK KYpPbUIBIMBIH aHBIKTayFa »OHE OHBIH HeErisri
AJIIEMEHTTEPIH, MBICAIbl, CYOBEKT, MPEAUKAT, TOJBIKTAYBIII >KOHE T.0. Talgayabl COMIEMHIH
CEMAaHTUKANBIK KYpPBUIBIMBIH aHBIKTAay VIIIH J€ KoJjaHyFa Oomanbl, Oyn  kyiere
naianaHylmbIHBIH CypayblHa jkKayarn Oepy YVINIH KaHAail ce3lep MaHBI3[bI €KeHIH TYCIHyTe
MYMKiHAIK Oepeni [15].

YwMitkeprepai xayaOblH TaHaay. ATalFaH HbICAHAAP/bI TaHIAy, MYH/Ia KYTUIETIH XKayar
TYpl MOTiH (parMeHTIHCH >KayanThl aHBIKTAy CTPATETHSChIH AHBIKTAWBI, OCTTC MOTIH
dbparmMeHTTEepiH OacTanmkpl Tanmay Kesinae ¢akTinep Typanbl cypakrtap yumriH. JKayamrapra
apHaJraH MmabJoHAapAbl KOJAaHy, MOTIHHEH >Kayan alyAblH Tafbl O1p TaHbIMaJl Tocli
(arpummbIHIIA  «pattern matchingy). Byn omicTiH KymMbIc MeXaHU3Mi KeJecifei: KyTiIeTiH
JKayalThlH 9p Typl YIIIH MIaOJOHJAp jkacajazabl, COJ apKbLIbl MOTIH Y3IHAUIEpIHIE XKayan
YMITKepJepiH 13ei i koHe mbiFapassl. [laiinanany N-rpamMmm MOTiHIIK (hparMEeHTTEPICH JKayarn
ajyFa YMiTKepJepAl Tagaay yiuid N-rpamm naiifjanany apKeUibl HIbIFapy nporeci. N-rpamm — Oyt
Oip-OipiHEeH KEHIHT1 N 3JIEMEHTTEP/ICH TYPATHIH PETTUIIK. MyHa# alrOpUTM CYPAKThI OHJICY XKOHE
Tanjgay Ke3eHIHEH KeHIH KaJblITacaThlH 137€y CypayblHaH KeWiH TaObUIFaH CHUIIETTEpre
KOJJaHyaa THiMA1 maiaansiaast [16].

Ywmitkeprepais xayabbin Oaranay. XKayan ymiTKepiepid TaHIay Ke3eHi Oarasiay Ke3eHIMEeH
JKoHEe OOoNDKaMIlbl >KayamnThl TaHAayMeH jKajracajpl. baramay Tekcepy apKbpUIbl op Typai
JKOJITapMeEH KYy3ere achlpbliaabl (arpuUmibiHIIa «answer candidate proofing»). Ce3 cemkeci ofici-
Kayan Oepyirire OaranayJbl €CeNTeyAiH KapamaibiM >KOHE KEH TapalFaH oOiicTepiHiH Oipi,
colJieMre TOYENIUIIK TpaMMATHUKAChIH KOJIJAHY OMICi, BIKTUMaJI jkayamnm OepymriHi Oaranay
TOCUIEpiHiH Oipi, coiiyiemMre ToyeIlIiKk rpaMMaTHUKAChIH KOJlaHa bl (arbuIIbHIIA «dependency
grammars»). CeMaHTUKaJbIK KYpPbUIBIMAAP/bl KOJIaHY 9JIiCi, HETi31 CEeMaHTUKAJBIK pejaepil
aHBIKTAyMEH OalIaHBICTBI MOTIH/IIK aKIapaTThl OHICY OOJbIN TaObLIaAbI (aF BUIIIBIHINA «Semantic
role labeling») [17-18]. XKanmbl, Oy omicTiH MiHAETI Keneciael: TaOuru Tijmeri Oenrimi Oip
COMIIeM YIIiH ceiieMie CUTIATTaJFaH Ke3-KeIreH >KaFAaiIbIH OapIliblK KaThICYIIBLIAPBIH KOHE
OJIapJbIH KaThICYLIbIJIAp apachIHJaFbl KaThIHACTAPFa COWKEC KeNEeTIH ceMaHTHKAaJIbIK pesIepiH
Oenriney Kaxer.

4. KopbITBIHABI

3eprrey OapbichiHa KoaaanbicTarbl CHOK TunTepi MeH MoTIHI Tanaay 9icTepl 3€pTTENI.
Konmansictarel CXOK Tammayer xyprizinmi. CoHbIHAA, i3€yre HETI3AeNreH CcypakTap MEH
’KayanTapa KUl Ke3leceTiH Keilbip Maocenenep arajiabl koHe Oojamak JaMy TeHAeHIUIapbIH
KOHE 13[eyre Heri3JenreH cypak-Kayamn MacelelepiH TalKbUIaHIbl. 3epTTey TaKbIPHIOBI
OolpIHIIa 93ipiey OoJaliarbl JKEPruUIKTI JEePeKKOPAbl MailaJaHaTblH KOHE TOPT KE3EHHEH
TypaTbiH 3aHHaMa canacbkiaaa COK a3ipiey Gonbin TaObLIaAbl: CYpaKThl OHJIEY XKOHE Taiaay,
JKayanThl aKIapaTTHIK 1371€y, )Kayall ary KoHe Kepi OailaHbIC )KOHE KOCBIMIIIA CypaKTap.

3eprrey KyMbichl (;k00a koaslt AP19677835).
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AlI-POWERED TRAFFIC MANAGEMENT FOR BUSY INTERSECTIONS

Didar Moldakhmetov, Madina Mansurova, Baurzhan Belgibayev,
Zhanel Baigarayeva, Talshyn Sarsembayeva, Asel Ospan

Department of Artificial Intelligence and Big Data, Al-Farabi Kazakh National University
Almaty, Kazakhstan
e-mail: dodisamuraii@gmail.com, mansurova.madina@gmail.com

Abstract. A modern system of intelligent dispatching for a complex road infrastructure
facility in the metropolis of Almaty is being presented. To improve the existing automated traffic
management system (ATMS) in the city and to gradually implement digital traffic technologies
with autopilot vehicles, a crucial and pressing task for IT is to replace the traffic police dispatcher-
employee with a neural network-based artificial intelligence. The work demonstrates the methods
and results of implementing a neural network into a mobile server program for the AnyLogic
environment using the SUMO application. This approach, using the built-in TraCl connector,
established connections with Python scripts of the server program AnylogicRaspberryServer.py.
Testing and analysis of the research results showed the adequacy of virtual dispatching, which
allowed reducing the load on the traffic police employee under moderate and average traffic
conditions. It is noted that manual control of the situation at the Abay/Saina intersection is more
preferable during peak hours. The obtained software products and the semi-industrial prototype
of the local ISU with Al are protected by copyright certificates and have important practical
significance.

Keywords: Al, SCADA, digitalization of road infrastructure, 10T, traffic management,
Intelligent transport systems, M2M.

I. INTRODUCTION

At the current stage of the intellectualization of dispatch systems by automated management
systems, a new important direction is emerging, related to the application and determination of the
ranges of adequate use of neural networks in the tasks of unmanned (robotized) decision-making
for important and very complex technical objects. The most advanced SCADA systems for the
civilian public sphere are car autopilots of various generations. The emergence of unmanned
robotaxis has become a reality; however, attempts to teach neurocomputers of electric cars to
safely navigate complex and multi-level interchanges represent a super-task for the programmers
of the latest generation autopilots.

The analysis of the reasons for the significant limitation of the use of Tesla electric car
autopilots in the USA due to fatal accidents led to the necessity of the presence and active
monitoring of the road situation by a dispatcher-driver of an electric car with an autopilot. In fact,
the reliability and safety of robotaxis have been legislatively limited, although statistics show that
the likelihood of an accident with a human-driven car is higher than that of a robotaxi.

These facts are largely analogous to the technological disasters at large and strategically
important technical objects in the nuclear industry and aviation, equipped with modern SCADA
systems. In the case of the Chernobyl disaster, the human factor led to terrible consequences, while
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in the case of the disappearance of the Malaysian passenger plane MH-370 due to unauthorized
shutdown of the SCADA system by the pilot, it also indicates flaws in SCADA system software.
Automation could not report the emergency situation and shut down the technical object from
unauthorized human managerial decisions. In the case of the above-described electric car
accidents, the cause of accidents is the ambiguity of the road situation at multi-level interchanges
or non-standard situations on the road during repair work. According to several authors [1,2], who
studied the features of traffic on complex high-speed highways, one-sided 0T automation of only
the rolling stock is a potentially dangerous trend, indicating the need to consider the features of
human-robot interaction (HMI) and robot-to-robot (M2M) interaction.

It should be noted that multi-level interchanges implement complex transport operations
involving the interaction of cars and humans [3]. The most dangerous and difficult to program
traffic rules are related to performing maneuvers such as left turns and U-turns, as well as
pedestrians crossing the roadway outside of regulated pedestrian crossings. In practice, drivers
perform this maneuver according to the “right-hand obstacle” rule, but in some situations, this can
lead to congestion processes.

It is known that performing a left turn by the penetration method is a complex and very
dangerous maneuver, which often leads to accident situations. Figure 1 shows the diagram of this
maneuver.

\J[]
]
||

Fig. 1. The scheme of the left turn at the intersection by the penetration method

T—

As can be seen, the green car needs to precisely calculate the moment to safely penetrate the
gap between the red and white cars. On Abay Avenue, large gaps between cars are very rare, as
this highway is one of the busiest roads in Almaty during working hours.

Moreover, the complexity of performing this maneuver at the intersection of Abay Avenue
and Saina Street led to the necessity of constructing an interchange.

Fig. 2. Displaying the traffic situation on the local PC of a traffic police dispatcher with a
SCADA system (a) and a traffic diagram at the Abai/ Sain interchange
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It should be noted that the task of the left turns of the Abai interchange is/The problem has
not been completely solved due to technical and economic problems. The lack of a full-blooded
interchange at this intersection with non-intersecting left turns has almost dramatically reduced
traffic and negated the idea of no traffic light interchange.

An additional southern pocket at the interchange from the traffic light allows you to close
traffic along Abai Avenue for 35 seconds, which allows buses and cars to make a safe left turn.
Therefore, it was decided in the project to apply simulation modeling to regulate the stopping time
of transport by direct traffic along Abai Avenue when making left turns from the northern pocket
in the morning and the southern pocket when driving in the evening.

Thus, training the Al of the interchange server for adequate management decision-making
in difficult situations of maneuvering vehicles on intersecting courses for the multilevel
intersection of Sain / Abai in Almaty is an urgent applied task for the implementation of IoT at
transport facilities.

Il. LITERATURE REVIEW

There are numerous opportunities for improvement in smart transportation, which is why
many academics are interested in it. Route or course streamlining is one of the main subjects of
interest in shrewd transportation [4]. Intelligent transportation systems, or ITS, have been
developed since the beginning of the 1970s. Itis the transportation system's direction for the future.
Modern technologies like electronic sensor technologies, data transmission technologies, and
intelligent control technologies are incorporated into transportation systems by ITS [5]. Some Al
transportation technologies include Artificial Neural Networks (ANN), Genetic Algorithms (GA),
Simulated Annealing (SA), Fuzzy Logic Model (FLM), and Ant Colony Optimiser (ACO). The
objective of carrying out these techniques in transportation the executives is to alleviate clog,
increment suburbanite travel time unwavering quality, and improve the general framework's
financial aspects and efficiency [6]. Over the past few decades, ITS technology has advanced
significantly. Meanwhile, conventional travel conditions have improved as a result of the
implementation of ITS. ITS has become a global phenomenon, attracting the attention of
transportation experts, automobile manufacturers, and government officials worldwide [7]. While
exceptional devel-opments in detecting, handling, and remote correspondence innovation have
permitted ITS applications, they will introduce a few obstructions because of their versatility and
different nature of-administration necessities, as well as the tremendous volumes of information
they will make [8].

As evidenced by the fact that the annual congestion cost for a motorist in the United States
in 2018 was 97 hoursand $1,348, it is because of the growing urban population. Therefore, a recent
ITS research priority is regulating traffic signals with adaptive modules [7]. Intelligent
transportation systems (ITS) are the seamless integration of emerging technologies like connected
cars, cloud computing, and the Internet of Things (IoT) with transportation infrastructures. A
computer network, information collection, business applications, monitoring features, alarming
functions, resource management, support for operation, maintenance, and service,
communications, security management, and running protection are all parts of this system [8].
Concerns like reduced fuel consumption, increased CO2 emissions, reduced traffic congestion,
and enhanced road safety will be made possible by ITS [9].

Even though automated traffic light systems have replaced traffic wardens and flagmen,
optimizing large traffic jams remains a significant challenge, particularly when there are multiple
junction nodes [10]. The new planned expert system, in contrast to conventional traffic signals,
has a variable cycle time [11]. Pre-time (predefined signal plan), actuated (triggered signal
control), or ATSC (adaptive traffic signal control) are the three traditional traffic control
techniquesthat are utilized in accordance with the traffic assignment approach chosen by the traffic
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management authority [12]. Intelligent The problems with traditional traffic signal systems have
led to the development of traffic lights. The technology of smart traffic lights is used to
dynamically control traffic and pedestrians [13]. A smart signaling system can be implemented
using RFID technology. RFID is a condensing for Radio Recurrence Recognizable proof
Framework [14].

Real-time traffic monitoring is made possible by sophisticated sensors and Al algorithms,
making accurate analysis of the current traffic conditions possible [15]. Predictive traffic
management is made possible by Al-powered prediction algorithms that use historical and real -
time data to estimate traffic congestion [16]. These advances have shown guarantee as far as course
enhancement, travel time decrease, and generally speaking traffic stream. Addressing privacy
concerns brought up by widespread surveillance is one of the difficulties [17]. Real-time
monitoring improves the efficiency of urban transportation networks by making it easier to allocate
resources and respond quickly to emergencies [17]. In response to rising traffic demands and
expanding transportation requirements, automated driving systems are being implemented instead
of the current helper systems. Before full implementation, connectivity in the form of Vehicle-to-
Vehicle (V2V) and Vehicle-to-Infrastructure (\V21) settings is anticipated to improve traffic safety
and efficiency. Associated and robotized vehicles (CV/AV) try to resolve issues, for example,
expanded traffic interest, geological limitations, and ecological impacts [18].

I11. MATERIALS AND METHODS

As isknown, the definition of SCADA (Supervisory Control And Data Acquisition) includes
software for the centralized control and data acquisition for favorable forecasting of technological
processes in large and hazardous productions. Currently, SCADA allows systematic monitoring
of technological data flows from multiple control points, data collection, forecasting, and
management.

The main devices for visual display of current data have become touch screens of PCs,
mobile phones, and tablets. Access to SCADA system data is carried out from OPS servers via
network protocols for transmitting/receiving graphical, digital, and audio information. Internet
technologies and industrial 10T automation qualify these properties of information and control
systems for road facilities and modern electric cars as a compact SCADA system, which is
constantly evolving due to new embedded systems for road service automation and autopilots.

It should be noted that the characteristics and functionality of the SCADA systems in cars
and road facilities do not reflect the completeness and complexity of industrial SCADA systems,
such as those at a nuclear power plant. Therefore, this work considers a version of a mobile
compact SCADA system, which is implemented for modern cars and road infrastructure, using the
example of the complex interchange at Abay/Saina in the metropolis of Almaty. Below are the
main functions of the software for the interchange and robotaxi based on an electric car.

Firstly, this software for the interchange and electric car is part of the mobile Internet of
Things, in which satellite internet from Elon Musk's SpaceX is widely used. These information
exchange systems include remote satellite terminals (RTU) and the main terminal MTU as the
Data Center. The road facility is a stationary automation object, and the upgrade is carried out
using well-known IoT methodologies.

Secondly, data transmission between mobile and stationary devices is carried out using
industrial comprehensive automation protocols, such as ModBus TCP/Serial ProfiBUS/NET,
CANBus, RS-232, RS-422, and RS-485. Modern cross-platforms allow access to these protocols
at the level of information systems (ERP, MES, CRM).

Thirdly, existing industrial comprehensive automation and visualization environments have
become the basis for creating a compact and mass-market sixth version of automotive (mobile)
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SCADA systems, which according to Tesla, are sold as additional options for robotaxis for 12,000
USD . Chinese companies, such as Baidu , are actively promoting sixth-generation robotaxis with
the RT6 model SCADA system. Experiments based on a fleet of 1,000 cars in the metropolis of
Wuhan showed 1.5 times the efficiency of robotaxis compared to taxis with drivers.

Fig. 3. View of the interior of a robotaxi with autopilot RT6 (photo by Baidu)

Thus, automotive SCADA systems are a set of programs that adequately model the mutual
positioning of road infrastructure objects, pedestrians, and cars around a robotaxi. The main goal
of such interactions is to safely deliver passengers to their final destination using Al with graphical
and digital recognition of the current situation for maneuvering and movement. During the
journey, the ISU, as part of the SCADA system, perceives passengers' audio signals. In the event
of an emergency, the SCADA system activates passenger emergency life support systems and
reports the causes of the accident in the form of a report to the taxi fleet's information center and
the traffic police. The car'saudio and visual signal lights indicate the accident and alert surrounding
road users.

Therefore, existing and prospective SCADA systems with visualization of technological
processes in vehicles allow the dispatcher (human or robot) to quickly and adequately assess the
condition of the managed transport object and make the right decision from video analysis and
assessment of digital sensor and detector values. Generations of autopilots range from a driver-
dispatcher with automation of control processes from 0% to 90% in high-level autopilots.
Currently, there is no autopilot capable of completely replacing a human.

In cars without a built-in computer (i.e., a control PC with a powerful processor, graphics
card, and GPIO library), all functions of assessing the state of the car as a mobile technical object
and controlling it depending on the road situation are performed by the human driver. This
common profession falls into the category of complex, dangerous jobs requiring state certification
of driving rights by categories and types of vehicles. Safety monitoring and analysis in transport
are controlled by the traffic police, the prosecutor's office, the Ministry of Internal Affairs, etc.

In fact, the driver is a technologist-dispatcher of a complex SCADA system that changes and
improves over time. The evolution of automation and the implementation of electronic systems in
cars and transport infrastructure are presented in the work. It should be noted and emphasized that
the increase in the level of automation of all technological processes in transport corresponds to
the development and mass availability of microelectronics and IT technologies. The evolution of
driver labor ergonomics and the improvement of road transport safety is the most important
direction of technical progress in transport, and the emergence of robotaxis is a new innovative
solution to improve the economic efficiency of taxi fleets.

M2M interaction of compact automotive SCADA systems and 0T data objects in road
infrastructure significantly eases the work of driversand traffic police officers for safe and efficient
traffic in the city of Almaty. This is the novelty of this development.
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IV. RESULTS AND DISCUSSION

Let us consider the features of the data transmission block structure regarding the road
situation around the Abay/Saina interchange in the Internet network to implement M2M
interaction with the road situation analysis block at the multi-level interchange of the electric car
autopilot SCADA system. As the analysis of the latest modifications of electric car autopilots has
shown, due to fatal accidents on overpasses, Tesla programmers have started making changes to
the road infrastructure recognition library, adding a sub-library with typical and most complex
multi-level interchanges on US highways. As is known, maneuvering on multi-level overpasses in
the US is a challenging task for inexperienced drivers, even with the use of online navigators. A
similar problem often arises in Almaty.

This approach significantly limits the scope of autopilot applications and will require
constant updates to the libraries of interchange structures and markings in other countries. The
probability of an accident at a road interchange sharply increases with changes in the traffic light
cycle programs, road markings, and in the event of road traffic incidents (RTISs).

For example, as shown in Figure 1, the Abay-east direction has an option for a left turn onto
Saina-south; in the previous version, this turn was strictly prohibited as it reduced the traffic flow
in the Abay-west direction. Such changes in the maneuvering rules at interchanges in the city are
made frequently, and drivers are poorly informed about them, which can lead to RT]s.

Figure 4 shows the functional and schematic diagrams of the M2M interaction between the
robotaxi and the ISU of the Abay/Saina interchange.

Fig. 4. Functional and schematic diagram of M2M interaction of the robotaxi SCADA system with the
PC server of the traffic police dispatcher: 1-traffic police officer -dispatcher;2-PCserver with AnyLogic
with Al;3-socket wireless PC interface channel with mini PC; 4-single-board mini control PC with
Raspbian OS and CNN “yolov8n”; 5-a block with keyboard and display for debugging; 6-the real picture
of traffic at the interchange Abaya/ Saina; 7-street vandal-impact resistant IP camera with mini Linux OS;
8-traffic light; 9-relay assembly for interfacing a traffic light with an intelligent set-top box with video
vision and a control PC; 10-Internet access, 11- SCADA -robotaxi system with Al

As seen in Figure 4, analog, hybrid, and digital information systems for road video analytics
are operating in the central part of the city, some of which are equipped with outdated analog
telemetry for phase control. Modernization work is constantly being carried out by the Almaty city
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administration, and this work proposes one of the options for mobile digitization of such transport
tasks using Al.

The main solution so far is the heuristically found rational ratio of the traffic light phases for
allowing traffic in the Abay west-east directions. The descent from Saina Street to the north-south
involves using a fixed change in the traffic light phases, heuristically determined by the traffic
police officer, considering the daily traffic intensity. It is noted that the criterion for the feasibility
of using the chosen ratio of permissive traffic light phases is the exclusion of a complex
unmanaged "jam™ at the intersection, which requires the intervention of a traffic police officer for
manual traffic flow regulation. It is also noted that the inefficiency of traffic lights operation is
evident during low and moderate traffic.

At the same time, to ease the monotonous work of the traffic police dispatcher in traffic
control, it is proposed to replace them with Al, which, through the Internet and M2M interaction,
can optimize traffic light phases using convolutional neural networks (CNNs) with neurocomputer
vision and ISU robotaxi.

The detailed results of CNN training based on a series of experiments implemented using a
simulation computer model of traffic at the Abay/Saina interchange and the developed software
algorithms are protected by an RK patent. The application of SUMO allowed the integration of
the neural network into a mobile server program paired with a dispatcher PC, where online
animation is implemented in the AnyLogic environment. This approach made it possible to
establish connections with Python scripts of the AnylogicRaspberryServer.py server program
using the built-in TraCl connector and actively manage traffic light cycle programs through a
socket interface.

As a result of the Al server operation, the following traffic light cycle programs were
obtained for low and moderate traffic on the upper tier of the Abay/Saina interchange. Below, it is
shown how adjacent intersections affect traffic and which cycle programs were selected by the Al.

'

Fig. 5. interaction of adjacent intersections with the Abai /Sain interchange

To simplify calculations with Al, we will introduce three levels of traffic: light, medium and
heavy. As can be seen from Table 1, with light and medium traffic, the throughput is below 50
machines per minute. This mode is adequately implemented by Al and the participation of the
traffic police dispatcher is limited only to online monitoring. Note that the online monitoring mode
in the proposed version may be remote.
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TABLE I.

INTERCHANGE ABAY /SAINA

CLASSIFICATION AND LOADING MODES OF TRAFFIC LIGHT OBJECTS AT THE

Abaya-EW Abaya-WE Saina-SN Saina-NS
Light ~750 c/h ~750 c/h ~400 c/h ~400 c/h
12-13 ¢/m 12-13 ¢/m 6-7 ¢/m 6-7 c/m
Medium ~1500 ¢/h ~1500 ¢/h ~750 ¢/h ~750 ¢/h
25 ¢/m 25¢m 12-13 ¢/m 12-13 ¢/m
Heavy ~3000 ¢/h ~3000 ¢/h ~1500 ¢/h ~1500 ¢/h
50 ¢/m 30 ¢/m 25¢/m 25¢/m
Dataset Number
Abaya-EW Abaya-WE Saina-SN Saina-NS Car count
1 Light Light Light Light
2 Medium Medium Medium Medium 4500
3 Heavy Heavy Heavy Heavy
e Light Heavy Light Heavy
5 Heavy Light Heavy Light
6 Light Medium Light Medium
7 Medium Light Medium Light

More complex cyclograms occur during peak traffic (see Figure 6).

Car Count
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2000 4000

6000
Time
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10000
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Fig. 6. The waiting time for vehicles at the traffic lights of the Abay/Saina interchange

As shown in Figure 6, the calculated waiting times by Al at the intersection for light and
medium traffic are displayed. In reality, under these conditions, this intersection can be traversed
in less than 100 seconds. The maximum waiting time is slightly more than 1 minute.

The developed methods of Al training and calculations for the SCADA system on the PC
server have shown that for moderate traffic intensity, a rational way to reduce the idling time of
vehicles with running internal combustion engines is a uniform cycle program with a 15-30 second
green light phase.

As morning traffic increases, it is rational to change the morning green light phase on Abay
Street in the east direction to 60 seconds instead of the current 43 seconds. This will account for
the sharp decrease in the number of cars traveling from Abay west and making a left turn onto
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Saina south. These data can be considered by the Al of the SCADA system of the electric car
autopilot, allowing safe passage through the Saina/Abay interchange.

Thus, testing and evaluating the effectiveness of the SCADA system on the PC server and
the electric car autopilot based on Al reduces the workload on traffic police compared to traditional
methods of visual monitoring and manual traffic management. The proposed Al software products
contribute to the implementation of modern methods of intelligent traffic forecasting and
digitization in the city of Almaty.

V. CONCLUSION

Based on the review, analysis, and synthesis of previously obtained results and the work
conducted on the application of Al in mobile SCADA systems in transportation, the following
conclusions and recommendations are made:

1. SCADA systems in transportation are a subclass of modern industrial SCADA systems
for large and complex technical objects.

2. The main property of SCADA systems for transportation structures and electric car
autopilots is the timely and adequate display of current traffic conditions and the forecasting of
safe transport movement under conditions of heavy traffic and peak loads on highways.

3. Autonomous robot taxis are a new and innovative type of efficient electric transport and
require the creation of a digital 10T road infrastructure.

4. The proposed mobile digital PC server with a DPS officer dispatcher in the work can be
improved with an Al application based on CNN, which raises the level of digitization of HMI and
M2M interaction of smart traffic lights, pedestrians of Smart City, and 10T road infrastructure.

5. Calculations on the PC server of the local SCADA system using Al have shown the
feasibility of replacing the DPS officer dispatcher with Al, allowing police officers to focus on
making managerial decisions during peak hours.

6. Al network applications for the PC server and robotaxi will allow safe passage through
the Abay/Saina interchange in "leader-follower" mode.

7. The extensive application of the work's results will enhance the level of digitization and
intellectualization of the road infrastructure in the metropolis of Almaty at the most significant and
critical nodes of the city's transport system.

ACKNOWLEDGMENT
This study was funded by Committee of Science of Republic of Kazakhstan AP19678998
"Neurocomputer Vision of Smart Traffic Lights in Megacities of the Country".

REFERENCES

[1] Tarasov V.B., Svyatkina M.N. Intelligent SCADA Systems: Origins and Prospects. -
Collection Science and Education. - Moscow: Bauman Moscow State Technical University, No.
10, 2021, pp. 1-13.

[2] Six Levels of Vehicle Automation.
https://www.google.com/amp/s/autokyiv.info/2018/02/12/6-urovney-avtomatizatsii-avtomobiley/

[3] A. Boltaboyeva, B. Belgibayev, M. Mansurova, Zh. Baigarayeva. Utilization of
Developments of Intelligent Automation and Control Systems in Education. - Proceedings of the
International Scientific and Practical Conference AIACIT-2024 "Achievements and Applications
of Artificial Intelligence in Automation, Control and Information Technologies."” - Almaty, AUES,

207



2024, pp. 22-26.

[4] F. Zantalis, G. Koulouras, S. Karabetsos, and D. Kandris, A review of machine
learning and IoT in smart transportation,” Future Internet, vol. 11, no. 4, p. 94, 2019, doi:
10.3390/fi11040094.

[5] L. Zhu, F. R. Yu, Y. Wang, B. Ning, and T. Tang, ”Big data analytics in intelligent
transportation systems: A survey,” IEEE Transactions on Intelligent Transportation Systems, vol.
20, no. 1, pp. 383-398, 2018, doi: 10.1109/T1TS.2018.2815678.

[6] R. Abduljabbar, H. Dia, S. Liyanage, and S. A. Bagloee, ”Applications of artificial
intelligence in transport: An overview,” Sustainability, vol. 11, no. 1, p. 189, 2019, doi:
10.3390/s5u11010189.

[7] Y. Lin, P. Wang, and M. Ma, "Intelligent transportation system (ITS): Concept,
challenge and opportunity,” in 2017 ieee 3rd international con- ference on big data security on
cloud (bigdatasecurity), ieee international conference on high performance and smart computing
(hpsc), and ieee international conference on intelligent data and security (ids), 2017: IEEE, pp.
167-172, doi: 10.1109/BigDataSecurity.2017.50.

[8] T. Yuan, W. Da Rocha Neto, C. E. Rothenberg, K. Obraczka, C. Barakat, and T.
Turletti, ”Machine learning for next-generation in- telligent transportation systems: A survey,”
Transactions on emerging telecommunications technologies, vol. 33, no. 4, p. e4427, 2022, doi:
10.1002/ett.4427.

[9] E. D’Andrea and F. Marcelloni, ”Detection of traffic congestion and incidents from
GPS trace analysis,” Expert Systems with Applications, vol. 73, pp. 43-56, 2017, doi:
10.1016/j.eswa.2016.12.018.

[10] L. Isa, N. Shaari, A. Fayeez, and N. Azlin, "Portable wireless traffic light system
(PWTLS),” International journal of research in engineering and technology, vol. 3, no. 2, pp. 242-
247,2014.

[11] 1. M. Albatish and S. S. Abu-Naser, ”Modeling and controlling smart traffic light
system using a rule-based system,” in 2019 International Conference on Promising Electronic
Technologies (ICPET), 2019: IEEE, pp. 55-60, doi: 10.1109/ICPET.2019.00018.

[12] W.-H. Lee and C.-Y. Chiu, ”Design and implementation of a smart traffic signal
control system for smart city applications,” Sensors, vol. 20, no. 2, p. 508, 2020, doi:
10.3390/s20020508.

[13] L. F. P. De Oliveira, L. T. Manera, and P. D. G. Da Luz, ”"Development of a smart
traffic light control system with real-time monitoring,” IEEE Internet of Things Journal, vol. 8,
no. 5, pp. 3384-3393, 2020, doi: 10.1109/J10T.2020.3022392.

[14] A.Atta,S.Abbas,M.A.Khan,G.Ahmed,andU.Farooq,” Anadaptive approach: Smart
traffic congestion control system,” Journal of King Saud University-Computer and Information
Sciences, vol. 32, no. 9, pp. 1012- 1019, 2020, doi: 10.1016/j.jksuci.2018.10.011.

[15] A.Haydariand Y. Yilmaz, ”Deep reinforcement learning for intelli- gent transportation
systems: A survey,” IEEE Transactions on Intel- ligent Transportation Systems, vol. 23, no. 1, pp.
11-32, 2020, doi: 10.1109/T1TS.2020.3008612.

[16] B. Sun and J. Apland, ”Operational planning of public transit with economic and
environmental goals: application to the Minneapolis—St. Paul bus system,” Public Transport, vol.
11, no. 2, pp. 237-267, 2019, doi: 10.1007/s12469-019-00199-9.

208



[17] L. S. Iyer, Al enabled applications towards intelligent transporta- tion,”
Transportation Engineering, vol. 5, p. 100083, 2021, doi: 10.1016/j.treng.2021.100083.

[18] A. Richter, M.-O. Lo'wner, R. Ebendt, and M. Scholz, ”Towards an in- tegrated urban
development considering novel intelligent transportation systems: Urban Development
Considering Novel Transport,” Techno- logical Forecasting and Social Change, vol. 155, p.
119970, 2020, doi: 10.1016/j.techfore.2020.119970.

[19] Elon Musk's Plans for Robotaxi Production Caused Chaos in Tesla's Business.
https://hightech.plus/2024/04/23/plani-ilona-maska-po-vipusku-robotaksi-vizvali-haos-v-
biznese-tesla

[20] A Very Cheap Level 4 Autonomous Car was Presented in China. It Will Be Used in
Taxis. https://dzen.ru/a/lZKWY Zv3bwX6gktz7

[21] Automation Based on Autonomous Vehicle Transport.
https://www.informio.ru/publications/id6323/Avtomatizacija-na-osnove-bespilotnogo-
avtomobilnogo-transporta

[22] Belgibayev Baurzhan Abdrakhimovich, Mansurova Madina Yesimkhanovna,
Sarsembayeva Talshyn Sagdatbekkyzy. Traffic Light Control Signal Recognition System in Real -
Time Using Raspberry Pi. - Author's Certificate of the Republic of Kazakhstan No. 47420 dated
June 12, 2024.

[23] Car Automation. https://evolution.skf.com/ru

[24] Baurzhan Belgibaev, Madina Mansurova, Sanzhar Abdrakhim, and Ainur
Ormanbekova. Smart Traffic Lights with Video Vision Based on a Control Minicomputer in
Kazakhstani Megacities. - Seminar "Soft Computing and Intelligent Systems: Theory and
Applications” in Kazakhstan, November 7-9, 2023, in conjunction with the 14th International
Conference on Emerging Ubiquitous Systems and Pervasive Networks (EUSPN). SCISTA2023
submission 20 update. - Almaty, 2023.

[25] Moldakhmetov Didar Aidosuly, Belgibayev Baurzhan Abdrakhimovich. Simulation
Modeling of Adjacent Smart Traffic Lights Interaction at City Street Intersections. - Author's
Certificate of the Republic of Kazakhstan No. 47001 dated June 5, 2024.

[26] Smart Cars. https://center2m.ru/ymnie-avtomobili

209



CPABHUTEJIbHBIN AHAJIN3 MEP PACCTOSTHUA JIJIA
HECTPYKTYPUPOBAHHOI'O OBHAPYKEHUSA CMEHBI IUKTOPA

A. Touaey, I'. Toaeren, P. Mycabaes, b. ’/Kymaxkanos, A. KpacoBuukui
Hucmumym ungopmayuonHsix u ebiuuciumensusvix mexunoaoeuil, Aimamol, Kazaxcman

YIK 519.676

Annomayusa. B oOaunnoii cmamve oyenusaemcs 3Qp@exmusHoCms PA3IUYHBIX  Mep
paccmosnus 015 3a0ayu oOHapysceHuss cmenvl ouxmopa (Speaker change detection SCD)
UCNOIL3YSA HECMPYKMYPUPOBAHHbIE NOOX00bl HA OCHOBE Mel-KenCmpaibHblX KOdpduyuenmos
(MFCC), komopule oxeamviéarom Hauboiee Cyuec meeHHvle XapaKmepucmuKu peieso2o CUSHAA.
Hccnedosanue onpedensem Haubonee d¢hghekmugnvie Mepsvl paccmoanus U NOpo208ble 3HAYUeHUs.
07151 00CMUMNCEHUsL 8bICOKUX 3HaueHull F1, onmumusupys kaxcoyro 8bloOpanHyo mepy paccmosanus
071 coomeemcmeayoujeco nopo2a. IKChepumeHmsl NPOGOOUNUCH C UCNONbI0BAHUEM HECKOTbKUX
mep, BKI0YAS e8KIUO0B0 PACCMOsAHUE, KOCUHYCHOe cX00Ccmeo, ougepeenyuto Kynvbaxa-Jletibnepa
(KL), uckasicenue sexmopnozco keanmosganus (VQ), necxoocmeo bpesi-Képmuca u opyeue. Cpeou
Hux uckaxcenue VO u necxoocmeo bpes-Képmuca oocmuenu naugvicuiux 3navenutt F1 — 89,21
u 89,29 coomeemcmeenHo, 6 mo epemsa KAk e8KIU0080 pACCMOSHUE NOKA3AL0 CONOCMABUMbLE
pesynomamsl ¢ Fl-oyenxoil pasnoti 89,15. Knouesvimu oyeHOUHbIMU KpUMepusimu OJisk KAHcOou
U3 BbIOPAHHBIX Mep OblIU MOYHOCMb, NOJHOMA, HYECMEUMENbHOCMb U UX KOMOUHAYUU.
Hccnedosanue noouepkusaem 8axicHOCmMb 6bl60pa NOOX00AUUX Mep PACCMOSHUSA U NOPO20BLIX
3HaueHull 015l OANAHCUPOBKU OYEHOYHBIX Kpumepues, 4mo 6 NPAKMUYECKUX NPUTOHCEHUAX
nomozaem RnO8bICUMb Ycmouuusocms u HaoedcHocmsv cucmem SCD. Dmu  pezyremamol
cnocobcmeyrom pazpabomke 6onee 3phekmusnvix Memooog u cmpamezuii 8 NPUMEHeHUU K
3a0aue 0OHAPYIAHCEHUSI CMEHbl OUKMOPA.

Knwuegvie cnosa: obnapysicenue cmenvl OUKMopd, HeCMpYKmMypuposawHoe obOyuyeHue,
MempuKu paccmosHusl.

Pabora BeimonHeHa npu puHaHcoBol noanepxke Komurera Hayku MuHncTepcTBa HayKu
u BoIcuiero oopasoBanus Pecnyomuku Kazaxcran (kon rpanta AP19676744).
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OLHEHKA U CPABHEHUE KAYECTBA SMBE/I/IMUHI'OB CJ1I0OB

AM. Anbxkanosl, K.K. Paxpiméex?

!Astana IT University,
2Bocmouno-Kasaxcmanckuii I'ocyoapemeennviii ynusepcumem umenu C. Amandiconosa

VJIK 004.89

Annomayusa. Ombe0ounzu cio6 ucpaiom Kiuesylo poib 6 COBPEMEHHbIX Memooax
obpabomxu ecmecmeennoeo sazvika (NLP). B oanHOU cmambve paccmampuaromcst memoobvl
OYeHKU Kauecmea 2MOe00UH208, KOMOpble MOIICHO pa30eiumv HAd 6HYMpeHHUe U 6HeulHue.
Brympennue memooul oyenusaiom npedcmaesieHus 6He KOHMeKCmMa KOHKPEeMmHbuIX 3a0au, mo2oa
KaK HewHue mMemoowvl ucnoavsyiom zadauyu NLP ons oyenku. OcHogHnoe GHUMAHUE yOensemcs
OYEeHKe CEMAHMUYECKO20 CXO0CMEA C UCROAb306aHUeM Habopos oannvix WordSim-353, SimLex-
999 u SimVerb-3500. [lna oyenxu Oviau ucnonvzosamnsvl npedodyuenuvie modeau FastText u
SentenceBERT. Pe3ynbmamul nokasvieaiom, umo mooenu FastText oemoncmpupyom 6vicoKue
KoaghPuyuenmol  Koppenayuu u npesocxoosm SentenceBERT 6 3adaue npedcmagierus
omoenvHvix cnog. SentenceBERT, necmomps ma ceou npeumyujecmsa 8 3a0adax MNOUCKA
CeMaHmuyeck020 cXxo0Cmea u Kiacmepuzayuu, menee 3@ gexmusen 0Jisi 0moeibHbix clo8. Beibop
MoOenu 001HCeH OCHOBbIBAMbCS HA IMAUPUHLECKUX OAHHBIX U Chneyugpuueckux mpeoosanusx
3a0ayu.

Knwuesvie cnosa: smbedouncu cnos, obpabomra ecmecmeennozo sazvika, FastText,
SentenceBERT.

BBenenue

DOMOENIUHTH CJIOB MTPAIOT KIIOYEBYIO POJIb B COBPEMEHHBIX METO/Aax 00padOTKH ecre-
crBeHHOro A3blka (NLP) u npeactaBisioT co00i MI0THBIE BEKTOPHBIE IPEACTABIEHUS CII0B, KOTO-
pbl€ 3aXBaTHIBAIOT UX CEMAaHTHUYECKHE U CHHTaKCHUeCKHe CBOMCTBA. OHU SIBIISIIOTCS OCHOBOM /1A
MHOKecTBa 3a1a4 NLP, Bkitouas MallIMHHBIN TepeBo/], aHAJIN3 HACTPOCHUM, paclioO3HaBaHUE UMeE -
HOBAaHHBIX CYIIHOCTEH U MHOTHE Jpyrue. OMOeAIuHTH M03BOJIAI0T MoaensiM NLP o6pabaTeiBaTh
TEKCTOBBIE JJaHHBIE OoJiee H(h(HEKTUBHO, TaK KaK OHU IPEOOPa3yIOT CII0Ba B YHCIIOBBIE BEKTOPEI,
KOTOPbI€ MOKHO MCIOJIb30BATh B PA3JIMYHBIX AJITOPUTMAX MAITUHHOTO 00 y4EeHHUS.

Uro cocTaBisier xopouire sMOeAIuHru? JTa TeMa J0 CUX MOp aKTUBHO MCCIEYEeTCs, U JJIs
OLIEHKU KauecTBa AMOeAMHIOB OblIIN pa3paboTaHbl pa3anuHble cucteMbl. Ha ocHoBe 0630pa -
TEepaTypbl METO/ABI OLIEHKH MOKHO Pa3[eINUTh Ha JBAa OCHOBHBIX THIIA: BHYTPEHHHUE U BHEILIHUE.
BHyTpeHHHE OLEHOUHbIE CUCTEMbl OLIEHUBAIOT KAYECTBO IPEACTABICHUN BHE 3aBUCUMOCTU OT
KOHKPETHBIX 3amauy o0paboTku ectecTtBeHHOro s3bika (NLP), dokycupysice Ha mnpsiMoMm
U3MEPEHUH CHUHTaKCUYECKUX MM CEMaHTHUYECKUX OTHOIIEHHH MeXJIy ciloBaMu. BHemHue
OLICHOYHBIE CHUCTE-MbI, C IPYrOld CTOPOHBI, UCMOIL3YIOT 3agauu NLP miig ouenku. O1u 3amauun
MOryT BKJtO4aTh POS-Terrusr, pasmerky, paclio3HaBaHME€ MMEHOBAHHBIX CYIIHOCTEW, aHAJIU3
HACTPOCHUN U MAIIMHHBIN TEPEBOJI.

Cy1iecTByIOT Takxe O€HUMapKu, pa3paboTaHHBIE AJIsl OLIEHKH CEMAaHTHYECKOr0 CXO/ICTBA U
CEMaHTUYECKOU cBsi3aHHOCTH. OJTHAKO, HAIlle OCHOBHOE BHUMAaHHE Oy/IeT yAeleHO OLIEHKE CeMaH -
THYECKOro cXxojcTBa. Heckonbko HabopoB HaHHBIX, Takux kak WordSim-353 [3, 4], SimLex-999
[5] u SimVerb-3500 [6], mpenocTaBisIFOT Mapbl CIOB C OIIEHKAMHU CXOJCTBA, aHHOTHPOBAHHBIMH
JrOABMH. DTH HAOOPHI JaHHBIX CIYXKAT 3TAJTOHOM JJI CPABHEHUSI U KOPPEJILIUYA TPOU3BOIUTED -
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HOCTH Pa3IUYHBIX Mojeneld smMOenauHroB. OMHAKO 3aXBaT CEMAHTUYECKOTO CXOJICTBA MOXKET
OBITh HEOJHO3HAYHBIM H 4aCTO TPEOYeT KOPPEKTUPOBOK JJIsl COOTBETCTBHS KOHKPETHBIM 3a/1a4aM.

1. Onucanue IKCNIEPUMEHTOB

Bo BpeMsi SKCHEpUMEHTOB MBI HCIOJB30BAIN PA3IMUYHBIC MPEJOOYUCHHbIE MOJAEIH 5M -
OenuHroB cioB. g penieHus mpodJieMbl CIIOB, OTCYTCTBYIOUIMX B CJIOBape, Mbl MCCIIEAOBAIN
ucnoab3zoBanue monenn SentenceBERT (SBERT), ocoGenHo nmpu renepanui SMOEAMHTOB IS
ourpamm u tpurpamMm. SBERT, monudukanus npenodydennoit cetu BERT, ucnons3yromas cu -
aMCKHE U TPUIUIETHBIE CETEBBIE CTPYKTYPBI, IPEUIaraeT peleHr e, BKIIYaIoee ONepaltio arpe-
ranui K Beixoqy BERT, 4To mpuBoauT K (DUKCHPOBAHHBIM dMOSIIMHTaMH TPEIJIOKEHUH 115 1€ -
abIx ourpamm uinm tpurpamm. SBERT no3BossieT reHepupoBath (pUKCHpPOBaHHBIE BEKTOPHI IS
[ENbIX OWrpaMM/TpUrpamMm, BKIIOYash MEXaHWU3M arperanuu B BbixoaHble manHeie BERT, uto
yIpouaeT co3faHue (PUKCHPOBAHHBIX HMOEIIUHIOB MpeIoKeHU. ABTOpHI [7] UCIIOJIB30BAIN
TPHU CTPAaTEruy arperaliy: UCroib3oBanue Boixona TokeHa CLS, BIuncieHne cpeiHero BCex Bbl -
XOJIHBIX BeKTOpoB (cTpaTeruss MEAN) 1 BbINOJIHEHNE MaKCUMAJIbHOM onepaluy Mo BpeMeHH Ha
BbIXOJHBIX BekTopax (cTpaTerusd MAX). [1o ymonuanuto msl BeiOpasu crpateruto MEAN. Kpome
TOr'0, aBTOPBI NOAYEPKHYJIM YHUBEpCcAIbHOCT, SBERT, 4T0 MO3BOMIAET HCITOIB30BATH €0 JJIs 3a -
Jlay CeMaHTUYECKOro Moucka u kiacrepuzanuu. Agantupyemocts SBERT k koHkpeTHBIM 3a7a-
YyaM MOATBEPXKIAETCsI €ro BbIIAIOIIENHCs TPOM3BOIUTEILHOCTBIO Ha CII0KHOM Ha0Ope JaHHBIX IS
CXOJZICTBA apryMEHTOB.

DKCIeprUMEHTHI TaKXKe TPOBOAMIINCH C MCoNb30BaHneM Monenu Facebook FastText, paspa-
0oTaHHOI aBTOpamu [8]. DTa MoJeNb BBOAUT HOBBIN MMOJX0/ Ha OCHOBE Mojenu skipgram u xa-
paKTEpU3yeT KaXKJ0€ CIIOBO KaK HAaOOp CUMBOJIbHBIX N-TPaMM, UTO [TO3BOJISIET €l yUUThIBaTh MOp-
¢osoruto npu onpenaeneHnn 3HaueHuil cioB. CyMMHUpPYsl 3TH CUMBOJIbHBIE N-TPaMMBbI JUIsl TIPET -
CTaBJICHUS CIIOB, MOJIeNb 3(h(heKTUBHO pemaeT npodiieMy OTCYTCTBYIOIMX B CIOBape M PEIKUX
cJI0B. B Hamem uccieoBaHuK MbI MCIIOIb30BAIIM MOJIeH, o0y4ueHHbIe Ha Wikipedia, HOBOCTHBIX
koprycax u Common Crawl, mpenocraBiennsie Ha fasttext.cc [9, 10]. OTu Moxenu BKIFOYAIOT
“fasttext-wiki-news-subwords-300" u “fasttext-crawl-300d-2M-subword”.

2. Pe3yJibTaThl IKCIIEPUMEHTOB

CpaBHenue Tpex Moneneii - “fasttext-wiki-news-subwords-300”, “fasttext-crawl-300d-2M-
subword” u “sentence bert” - Ha Tpex Habopax gaHHbIX - WordSim-353, SimLex-999 u SimVerb-
3500 - moka3sbpIBaet nocuenaoBaTenbHyto TeHaeHnuo (Puc. 1, Puc. 2). B Habope nanapix WordSim-
353 mogens “fasttext-crawl” meMOHCTpUPYET caMble BRICOKHE KO PHUITUESHTHI KOPPEIAIUHU, KaK
no IMupcony (0.8320), tak u no Crupmeny (0.8351). Mouenp “fasttext-wiki-news” cienyer 3a
Hel ¢ nocroiinpiMu 3HaueHusIMU (ITupcon: 0.8168, Criupmen: 0.8235), XOTh 1 HEMHOT'O HIKE, YEM
y “fasttext-crawl”. Mogens “sentence bert” nmoka3zbiBaeT HEMHOT0 Oosiee HU3KUE KO3 PUIIMEHTHI
koppessiuu (ITupcon: 0.7793, Cnupmen: 0.7670), HO Bce ke MOAAEP)KUBAET MPUEMIIEMbIH YPO -
BEHb IPOU3BOIUTEIbHOCTH. [Tepexons k Habopy nanubix SimVerb-3500, monens “fasttext-crawl”
CHOBa MPEBOCXOJIUT JAPYrMe C CaMbIMH BBICOKUMHU 3HadYeHUsMH Koppessiuu ([Tupcon: 0.3968,
Crupmen: 0.3778). Xors u “sentence_bert”, u “fasttext-wiki-news” moka3pIBalOT CpeIHUE PE3YIib-
TaTbl, OHU OCTAIOTCSA HIDKE MO CpaBHEHMIO ¢ Mojenbio “fasttext-crawl”. B Habope naHHBIX
SimLex-999 moaens “fasttext-crawl” Taxke 1eMOHCTPUPYET HAUBBICILIKE 3HAYCHUS KOPPEISILIAN
(ITupcon: 0.4956, Cnmpmen: 0.4704). PesynbTaThl Takke mpeacTaBieHbl B Tadbmuie 1:
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Tabnuma 1. Pe3ynbpTraThl SKCIIEPUMEHTOB Ha TPEX MOJACIISX dIMOEIIMHTOB

Moaeasn Haracer MeTpuka KoppeJassuuu 3HayeHue KOppeassuun
fasttext_crawl | WordSim-353 Pearson 0,832
fasttext_wiki WordSim-353 Pearson 0,8168
sentence_bert | WordSim-353 Pearson 0,7793
fasttext_crawl | WordSim-353 Spearman 0,8351
fasttext_wiki WordSim-353 Spearman 0,8235
sentence_bert | WordSim-353 Spearman 0,767
fasttext_crawl | SimVerb-3500 Pearson 0,3968
fasttext_wiki SimVerb-3500 Pearson 0,3713
sentence_bert | SimVerb-3500 Pearson 0,3421
fasttext_crawl | SimVerb-3500 Spearman 0,3778
fasttext_wiki SimVerb-3500 Spearman 0,3558
sentence_bert | SimVerb-3500 Spearman 0,3322
fasttext_crawl SimLex-999 Pearson 0,4956
fasttext_wiki SimLex-999 Pearson 0,4726
sentence_bert SimLex-999 Pearson 0,4592
fasttext_crawl SimLex-999 Spearman 0,4704
fasttext_wiki SimLex-999 Spearman 0,4401
sentence_bert SimLex-999 Spearman 0,4454

Correlation scores

1.0

0.8

0.6

0.4 1

0.2

0.0 -

Pearson's correlation coefficient

B fasttext_crawl

WordSim-353

W fasttext_wiki

Sim\Verb-3500

BN sentence_bert

0.47260 4592

SimLex-999

Puc. 1. CpaBHenue kodduiimenToB koppemnsiuu [lupcona Moeneit SMOeIIMHTOB
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Spearman's correlation coefficient
10

B fasttext_crawl W fasttext_wiki B sentence_bert

0.8351p.8235

Correlation scores

WordSim-353 SimVerb-3500 SimLex-999
Puc. 2. CpaBaenne ko3 dunnerToB koppensinuu CriupMmena Mojenen sMOeIMHT OB
4. 3aksIr04eHue

B 3akmouenne mogenu 3pPpeKTUBHO MPEACTABIAIOT CI0BA, OTCYTCTBYIOIIUE B CIOBape, He-
CMOTps Ha ux paznuuus. ScHo, uro mozaenu “FastText” mokas3piBaroT cxoxkyro U 3¢ (HEeKTUBHYIO
IPOM3BOAUTEIBLHOCTD B 3aXBaTe 3HAUEHUHN OTAENbHBIX ci10B. OnHako, XOoTs “sentence bert” ne-
MOHCTPHUPYET IPUEMIIEMYIO TPOU3BOIUTEIILHOCTh, OHa MOXKET He OBITh MOJHOCTHIO I OJXOISIeH
JUISL TIPEJIOCTaBIEHUS SMOCIIMHIOB I OTAEIBHBIX cIoB. [lo3TOMYy pekomeHayeTcs: BHIOMpATh
MOJIETI Ha OCHOBE SMIIMPUYECKHX JaHHBIX, OOECIeYrBasi COOTBETCTBHE HMX KOHKPETHBIM
TpeOOBaHUAM 3a]aUH.
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OKUFAJIAP MEH FAPBIII KBI3SMETIHE KATBICYUIBLJIAP TYPAJIBI
KYPBLIIBIMJIAJIMAFAH AKITAPATTBI ABTOMATTHI TYPJIE
CEMAHTUKAJIBIK TAJIIAY YIIIH OHTOJIOT USLUIBIK
JKYUECIH 93IPJIEY

M.T. ApmuaunoBa, A.b. JI’xakcbuibIKOBa
FK KP F)KBEM Axnapammuix dcone ecenmeyiul MexHOI02USLIAPbL UHCTMUMY bl

VIIK 004.827

Anoamna. Byn 3epmmey Hakmovl 271emoe2i O0epeKkmep HCUHAKMAPLIHOA HCemicnetimin
OepekmepOi 6HOey MacenecCin weuty ywin 3amanayu maobueu mindi eyoey (NLP) xypanoapwvin
nAanuoaiaHa Omulpuin, 2APvIUL CALACH KOHMEKCMIHOe OHMONOUAHBL KYPY NPOYecin 3epmmeuol.
HKemicnetimin OepexmepOi dHcannvl Cypak-sHcayan niwlimMiHe mypaeHOIpemin caya macin
YCbIHbLIAObL. Ooicmeme Oepekmep JHCUbIHbIHOARbL KOo0a Oap axnapam Heei3iHoe caliKec
cypakmapobl KYpacmulpyovl JHcoHe calikec ocayanmapovl Kypyool xammuowsl. ChatGPT,
samanayu NLP Kypanvl, oHmo.nocusnsl Kypy ypoicinoe dcemicnetimin depexmepoi momuipyobl
JICeHin0emin, OCbl JAHCAyanmapowvbl AHcaAcayoa Mauvl30bl OPuIHOLL ueleHell. Fapwvli caiacvina
OetliMOenceH OHMOJIO2UAHbL KYPY ApKblibl OY1 3epmme)y O0oMeHOe2l a8moMammanoblpbli2aH
JcytienepOi oamvlmyea yaec Koca Ombvlpbln, 2apbluKa KamulCmbl aknapammsl MyciHy MeH
nanoanamyowl xcaxcapmyza baeimmanzat. Fapviu enepkacioi 03iniy OUHAMUKATLIK CUNAMBINA,
apuatiel MepMUHOTIOSUACHIHA JHCoHe IPMYPIi aknapam Ke3oepiHe Oaiiauwvicmel 0Oipezell
KUBIHOLIKMApObl myovlpadsl, OYiI OHMOLOSUAHb KYPYEad MAMAHOAHOBIPLLIZAH MACLIOI Kadicem
emeoi.

byn maxana onmonoeusa xypwinvicvl dcoue dcemicnedmin oepekmepoi backapy, acipece
2apwiul canacvl OOULIHWA aAKAOeMUANbIK OUCKYPCKA biknan emedi. Homuowcenep onmonocusanviy
kypviivic npoyecmepinde ChatGPT cusxkmol 3amanayu NLP Kypanoapvinely unmezpayusicol
Mypanvl Mycinik bepedi sHcane xcemicneumin 0epekmepoi CYpaK-scayan niimine mypaeHoipyoiy
Mmuimoinicin kepcemeoi.

Tyiiin ce30ep: onmonoeus, mabueu mindi exoey (NLP), cypax-sicayan, sxcemicnetimin
depexmep, 2apblulmblK, OKULANAP.

Kipicne

WNHupopmaTrkagarbl OHTOJIOTUSHBIH JaMybl OUTIMIl KOMIIbIOTEpEple MNaijanaHy YILUIH
KYPbUIBIMJIBIK, YHBIMIACTBIPBUIFaH TYPAE KOPCETY KaXKETTUIITHEH TybIHAaW bl Ti3iMaep Hemece
JEPEKKOP CHUSKTBI aKNapaTThl YCHIHYABIH IOCTYPJIi 9icTepl MepeKTepAiH KYpAEliri apTkaH
caiiplH JKeTKiTikci3. OHTOJOrusIap akmapaTThl YHBIMIACTBIPY JKOHE MOJENbACY YIIIH pecMu
HEri37li KamMTamachl3 eTe/i, Oyl MalMHaiapra ASpeKTepIi MaFblHAJIBl TYPAE TYCIHAIPYTe jKoHE
nalbpIMJayFa MYMKIHJIIK Oepeni.

Fappimr  wHAyCcTpHsCHl acTpOHOMHS, acTpo(U3WKa, a’pPOFApPBHIITHIK TEXHHKA JKOHE
CITyTHHKTIK TEXHOJIOTHSUIAD CHUSKTHI OPTYPJl IMOHICPAI KAMTUTBIH KYpAEi JKOHE KapKbIHIIBI
JaMBbIIl KeJie JKaTKaH caia. Fapelm cajnacklHa OCHIMICITEH OHTOJIOTHSHBI KYpPY OpiCTiH
JUHAMHKAJIBIK CHUIIAThIHA OHE KOJDKETIMII aKmapaT Ke3JepiHiH OpTYpPJLIiriHe OaiJIaHBICTBI
epeKIlIe KUBIHBIKTAP/bI TYIBIPAIbI.

Kaszakctan nyHue >Xy3iHZIEri €H KeHe JKOHE €H 1pl FapbIIITHIK YIIBIPY KOHIBIPFBICHI —
baiikoHBIp FaphIIl aliJIaFbIH OPHATIACTHIPATHIH XKahaHABIK CaXHaaFbl MAHBI3 bl FAPBIII OPTAJIBIFbI
peTtinae KanbpintacTel. KazakcTaHHBIH FaphIIITH 3¢pTTEYre KOCKAH YyJieci, OHbIH imiHae Kasrapsi
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areHTTITHIH KYPBUTYBl OCBI callajia 1M1 jKOHE YKaH -KaKThl IepEKTep KUHAYABIH MaHbI3IbLIbIF bIH
KOpCeTeIi.

OnTONOrMsIapAbl  KOJMEH KYPACTBIPY apTHIKIIBUIBIK IE€H JKETKUIKCI3AIK CHSAKTHI
KUBIHIBIKTAPbI TYABIPaAbl. APTHIKIIBUIBIK THIMCI3AIK TEH TYCIHIKCI3IIKKE OKelyl MYMKIiH, aj
KETKUTIKCI3IK OLTIMHIH TOJNBIK KepceTiiMeyiHe okenyl MyMkiH. COHbIMEH KaTap, AepeKTepiH
OymiHyi opTypni ¢akropiaapra OaimaHBICTBI OONYBl MYMKiH, OYJ akKmaparT CeHIMJILUTITiH
KaMTaMachl3 €Ty YIIIiH JepeKTepAl 1)1 KaablHa KeATIPYAl MaHbI3AbI €TE/Ii.

J1om 5KoHe jKaH-KaKThl FAPBIII OKUFACH MEH KAaTBICYIIBIIAD Typasbl MOIIMETTEPl )KUHAYFa
apHaJFaH apHaibl IaTGOpMaHbIH OOMMaybl KUBIHIBIKTAP TYFbI3aabl. MyHmai miatdopMaHb
KYpy aKMapaTThlH OPTAJBIKTAaHABIPBIIFAH PEMO3UTOPUIIH KaMTaMachl3 €Ty JKOHE OChI caliaja
KAKChl TYCIHY MEH BIHTBIMAKTACTBIKTBI KaMTaMachl3 €Ty apKbUIbl 3epTTeylIiiepre,
casicaTKepiepre, Fapblll areHTTIKTEPIHE )KOHE CaslaliblK capallllbulapra Maija oKeseul.

Onebu 1oy

Natural Language Processing (NLP) — kommbproTepsiepre agaMm TUTIH TYCIHYTe >OHE
TYCIHAIpYre MYMKIHIIK O€peTiH jkacaHJbl HHTE/UIKTTIH Kocaskbl canacbl. Herisri NLP
onicTepiHe KypbUIBIMAAIMaraH JEpeKTEepIeH aKmapaTThl ajyAbl KoHE YHBIMIACTBHIPYIbI
KEHIIJIETEeTIH CO3lli CErMEHTTEY, arayibl HblcaHIbl TaHy (NER), kinT ce3ai mbiFapy >koHE
KaTbIHACTBI LIBIFApy Kipel.

OHTOJIOTUSIHBI KYPYIaFbl TOCTY Pl TOCLIIEep KOOIHECE TOMEHTE TOH KOHE MIEKTEYIIIi OOJIBII
TaOBLIATBIH CHHTAKCHCTIK YJTUIEp MEH epeXere HerizaenreH omicremenepre cyieHeni. COHFBI
3epTTeyJIep CTAaTUCTUKANBIK omicTepai, NLP omicTepiH jkoHe KapamaiblM MOTIHHEH
OHTOJIOTUSJIAP/BI JKacay YIIIH ajJblH aja aHbIKTAJFaH CO3AIKTEp/i Maiaamanyasl YChIHIbL. by
Tociaep THIMII OOJIFaHBIMEH, YJTLIEPIl Kacayla *oHE CO3MIKTEepIl JKYpridyae auTapibIKTau
KYII CaTy/bl KaXKeT eTel.

Buxkunenus motingepi men BERT yarinepin naiganaHaTelHAAp CHSIKTHI OHTOJIOTHSHBI
KypyFa apHaJiFaH aBTOMATTaHIBIPBUIFAH JKYMBIC YPAICTEpl THIMII >KOHE O] OHTOJIOTHSHBI
KYpyablH oneyeriH kepceredi. binmim rpaduri (KGs) xoHe cypak-kayan >kyienepi akmapaTrTbl
ayna )oHe O1TiM/II KOpCeTye 6Te MaHbBI3/IbL.

Hakrtbel omemperi nepeKkTep >KUBIHBIHIAFBI JKETICIEHTIH AepeKTepAl OHJey IepeKTepIiH
TOJIBIKTBIFBI MEH JOJIJIITIH KAMTaMachl3 €Ty YIIIiH 6T¢ MaHbI3AbL. JKEeTiCIIEHTIH IepeKTep i ecenrtey
OMICTEPl KOPPETSALUSIFa HETI3ACNTeH JiCTepal, AepeKTepai (PYyHKIMOHAIABIK TaJlAaybl KOHE
MAaIIMHAJBIK OKBITY TOCUIAEpiH KaMTHABL. JlepeKkTep/i KajmblHa KeNTipYyaiH CeHIMI1 9IiCTepiHiH
JaMybl FaphIlll HHIYCTPUSCBIHAH THIC KEHIpEK KoJmaHOamapra ue, OyJ1 JepeKkTepai OacKapyaarsl
HKETICTIKTEPre XKoHE dPTYPJIl cajlajlapAarbl CEHIMAUTIKKE bIKIAJ eTel.

OHTOJOTMSUIBIK KYPBUIBIC ITPOLIEC]

FapelmThlk HHIYCTpHSIa OHTOIOTHSHBI KYPY TpoIieci OipHeme KagaMIapIbl KAMTHIL:

1. JepekTepni >kKHHAy KoHE aJJIbIH ana eHJEey: FApPBIITHIK OKUFAIApbl, CITyTHUKTEP1
YIIBIPYZbI KOHE KaTBICYIIbLIAp TypaJsibl aKmapaTThl KOca ajfaHia, opTYPJl Ke3AepleH THiCTi
nepekTepi xkuHay. Cana MeH JOHEKTIIIKTI KaMTaMachI3 €Ty YIIiH AEPEKTeP Il ajlIblH ajla OHJIeY.

2. Herisri yreiMaap MeH KapbIM-KaThIHACTAP/IbI AHBIKTAY: FAPBIII OHEPKICIOIHIer1 HeTi3r1
YFBIMJIAP/IbI, HBICAHAAP/IBI XKOHE KATPIHACTAP/IbI aHBIKTAY. ByJ1 Kagam TuicTi OUTIMHIH KaH -)KaKThI
KaMTBLTYbIH KAMTaMachl3 €Ty YIIH JOMEH CapamibUIapblH TapTabl.

3. Cypaxkrap MeH xayanTapAbl KYpacThIPY: KETICIEHTIH IepeKTeP/i KYPhLUIBIM/IBIK CYpaK -
kayan (opmaTeiHa TypiaeHaipy. Komma 6ap aepektep HeriziHae ColKec CypaKTapibl KYypacThlpy
xoHe ChatGPT xemeriMmeH coiikec jkayanTap/bl xKacay.

4. NLP xypanaapblHbIH WHTETpalusICchl: TYKbIPbIMAAIFaH CypaKTapra jkayanTap xacay
ymiH ChatGPT cusktel 3amanaym NLP kypanpapein maiinanmany. JXerticneiTiH aepekrepai
TOJIBIKTBIPY 7KOHE O11IM/I1 YCBIHY/IBI )KaKCapTy YILiH OChI XKayanTap/abl OHTOJIOTUsFa O1pIKTIPY.
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5.  OHTOJIOTHSIHBI TEKCEPY JKOHE HAKThUIAY: JTOJJIIK TEH TOJBIKTHIKTHI KaMTaMachl3 €Ty
YIIiH KYPacThIPbUIFAaH OHTOJIOTHUSHBI TeKcepy. JJOMEeH capalibulapbIHBIH Kepi OaillaHbIChl KOHE
Y3IIKCi3 JepeKTepli )KaHAPTy HET131H/1e OHTOJIOTHSHBI HAKTHIIAY.

Merta
Excel Mera GPT wuar (cemaHTHKa) OLAP Buszyanu-
—» 3arust
(aiiier (cemaHTHKa) .
CHpeK . Apaiibt —»  AKnaparThiK
i3ney API KUHAKTap
KecTe AKIaparThIK
KUHAKTAN MaMaH;Iap

Kerinaipinren | —p!
(monennev)

Banupamnus

1-cyper. 3eprTey omicTteMeci OOMBIHIIA KYMBIC OAPHICHI

Kemicnetimin Oepekmep0i wieuty

KericnieliTiH nepekTep - AEPEKTepHiH TOJBIK XHHAJIMayblHaH, JEPEKTEpAiH OYJiHyiHEH
HeMece JIepeKTep/Ii SHT13y1eri KaTeJIepIeH TyblHaaybl MyMKiH. JKeTicnelTiH nepekTepai 6ackapy
OHTOJIOTUSIHBIH TOJBIKTBIFBI MEH JQJIITIH CaKTay YIIiH ©T€ MAaHBI3IbL. ¥ CBIHBUIFAH OIiCTeME
KeJlecl KajaM1apabl KAMTHIBL:

1. JKemicnetimin Oepexmepoi aHviKmay. NIEPEKTEpP >KUBIHBIHIAFBI 0OC OpBIHIAAP MEH
JKETICIICHTIH MOHJIEP/Il AaHBIKTAY.

2. Cypagmul Kypacmuipy. KeTICIIEUTIH JePEKTEPIiH KOHTEKCTIHE HET13/]e]reH CypaKTapabl
KypacTelpy. MpIcajbl, erep CIIyTHUKTIH YIIBIPBUIFaH KYHI 0K Oojca, «Stellite X ymsipy KyHi
KaH/ai?» IereH CypakK TybIHAAYbl MYMKIH.

3. JKayanmapowl scacay: TYKBIPBIMAAIFAH CypaKTapra skayantapabl )kacay yurid ChatGPT
naiiganany. ChatGPT KOHTEKCTTI TYCIHY JKQHE THICTI XKayanTapasl 6epy MyMKIH/IT1 )KeTiCIeUTIH
JEPEKTep/li TONTHIPYIbI KEHUTIETeII.

4. JKayanmapowr 6ipikmipy: KYpBUIFaH XayanTaplbl OHTOJOTHUSFa OipiKTipy, OUTIMHIH
KYPBUIBIMJIBIK ’KOHE CTaHAApTTAJIFaH KOPIHICIH KAMTaMachl3 eTy.

Kecre 1 - CanpicThipy OOMBIHINIA OHIMIIIIK KOPCETKIIITED

Kanty F1 xepcerkiumn | Epexkmemnik 1 Monnix 2 Jonmik
ChatGPT 0,968 0,981 998 999 0,985
Yari
ApHaiibl i31€y 0,569 0,647 0,444 0,729 0,561
API

ChatGPT wmogmeni maitmananymsl 3aey APl unTepdeiicimen canpICThIpFaHia opTypii
Oaranay KepceTKimTepi OOUBIHIIA KOFApbl OHIMJILIIKTI KOPCETE/I.

Honnik typreickiHan ChatGPT moneni 998 tamaina HoTHXKE KopceTeli, Oyl OHbIH OapJIbIK
OH Ooipkamaapbl aypbic OonraHbiH Olnmipeni, anm Custom Search API keilibip xanran
no3uTuBTepAi Kepcererin 0,729 nonairine ue.

CurnanapiH KaiitybiHa KaTbicThl ChatGPT momeni 0,965 ymaii skuHar, KenTereH HaKThl OH
akrnapartsl anajsl, ain Custom Search API 0,575 ynaii »uHan, oH MOHIEp/IiH alTapibIKTail CaHbIH
xorantaasl. Jlonaik yuria ChatGPT moneninin 0,967 xorapsl ynaiisl 6ap, Oyi Custom Search API
0,561 TeMeH MOIIriMEH CalbICThIPFaHa XaJIbl AYPHIC OOJHKaMAApIAbIH JEHICHiH KOPCETEI].
Jonpik meH curHanasiH KaTysiH TeHecTipeTi F1 kepcerkimi ChatGPT ynrici yuria 0,981 xantsr
eHIMILTIKTI KepceTeni, an Custom Search API untepdeiicinne 0,647.
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Conpiana, ChatGPT mopeninig epekmieniri 997, sFHU 01 O0apibIK JKaFbIMCHI3 JIEPEKTEPi
nypeic anbikTanbel. Kepiciame, Custom Search API 0,437 epekuienirine uwe, OyJ OHBIH Tepic
JaHaIaApIbl TYPHIC OOJDKaMIaFaHbIH KOPCETEIi.

Tyracraii anranga, ChatGPT ynrici monmik, CUTHAJIIBIH KalTybl, 1onaik, F1 xepcerkimi
oHe epekmeniri 6oibiHma Custom Search API unTepdeiicinen acein tyceni. Jlereamen, Oy
YATLIepIiH OHIMIIIT nakjanaHblIaThIH HAKTHI TarlChipMa MEH JISPEKTEeP KU BIHbIHA OaliTaHbICThI
op Typi1i 60JIybI MYMKIH €KE€HIH €CKEPY MaHBbI3/IbI.

Hotuxkesiep

¥YcwHburaH oficteMe KasakcTaHHBIH FAPBIITHI HTEPYCTi poNiHEe Ha3ap ayaapa OTBIPHII,
FapbIlll CaJACHIHBIH OHTOJOTHACHIH Kypy YIOIH KoimaHbeinabl. [lpomecc opTypni akmapat
KO3JIepIHEH JEPeKTEep/ll *KUHAYMbI, HET13T1 TYXbIpbIMaaManapasl aHbikTayasl xkoHe ChatGPT
KOMETIMEH JKETICIIEUTIH AepeKTep/Il eIy 11 KaMTbIIbI.

Hormxkenep skeTicnelTiH AepeKkTep/i Cypak-Kayarn MilIMiHe TYPJICHIIPYAIH THIMIUITH
kepcereni. ChatGPT uHTerpanuscsl OHTONOTUSHBIH TOJNBIKTHIFBI MEH JAJAITH apTThIpa OTHIPHI,
HAKTBI JKayanTapAbl FeHepalusiay/bl )KeHinaeTTi. KypblFan OHTOIOrus aKnapaTThl TUIMII 131€y
MEH TajiayFa MyMKIH/IIK O€pETiH FapbIIKa KAThICTHI O LTIMHIH YKaH -)KaKThl KOPIHICIH KAMTaMachi3
eTTI.

3epTTey COHBIMEH KaTap FaphINITHIK OKHFalap MEH KAThICYIIBIIAPABIH JIEePEKTEPiH
TangayJblH MaHBI3ABUIBIFBIH aTan Kepceredi, KazakcTaHHBIH FapbIIIThl UTepyre KOCKaH yieci
JKOHE OHBIH kahaHABIK ocepi Typalbl TYCiHIK Oepeni. 3epTTey FapbIITHIK OacTamajap/IbiH
HKOHOMUKAJIBIK, TEXHOJOTHSIIBIK JKOHE aKaJeMUSIIBIK eJmeMaepine 0aca Hazap ayaapblm, Ao
JKOHE YKaH-KAKTHI IEPEKTEPIi )KHHAYIBIH MaHBI3IbUIBIFBIH KOPCETE/I.

KopbIThbIHABI

Bbyn 3eprrey xericnedTiH AepeKkTep MaceneciH memnry yirH 3amaHayn NLP kypamnnapsia
naiiianana OTBIPBIN, FApBIII WHIYCTPHUSCHIH/IA OHTOJIOTHS KYPBIJIBICBIHBIH JKaHa 9/iCHAMACHIH
YCbIHAAbl. ¥ CBHIHBUIFAH TOCUI JKETICIEHTIH JepeKTepi KYpPbUIBIMABIK CYpak-Kayan MilliMiHe
TYpJEHAIpENi, aKmapaTThl THIM/I 13716y MEH TaJlJayabl )KeHUIIEeTeI.

ChatGPT-1i onTosorusiHel Kypy mporecine Oipiktipy NLP kypasimapeiabiy Oimimi
YCBIHY/IbI )KaKCapTy1aFbl )KOHE IEPEKTEP OJNKBIIBIKTAPBIH IIEHIYIET1 QJIEyETIH KopceTeal. 3epTTey
HOTHIKENEpl OChl cajazarbl OUTIMHIH UINepljieylHe BIKIAJ €Te/ll KOHE Faphllll MHAYCTPUACHIHIA
JKOHE OZIaH THIC JKEpJIepAe IepeKTepl Oackapy MEH Taigay/Jbl )KaKcapTyFa MPAaKTUKaJIBIK dcep
erel.

bonamak 3eprreynep ocbl omicTeMeHiH Oacka JOMEHJepre KOJIAHBUIYbIH 3epTTell,
OHTOJIOTMSIBIK KYPBUIBIC IIPOLIECTEPIH O/1aH api skakcapTy yuiH NLP KockiMIa KypaigapblHbIH
MHTErPalMACHIH 3epTTel ananpl. Fapelln OoKuFacsl MEH KaThICYIIBLIAp Typajbl MAliMeTTepi
KUHaYFa JKOHE YHBIMJIaCThIpYyFa apHaJFaH apHaibl 1J1aT(OpPMaHbIH 1aMybl J1a OChI cajara KyH/bl
ysec 60ybl MYMKIH.
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INPUMEHEHHWE METPUKH BLEU U SARI B OIIEHKE YIIPOINEHHbBIX
TEKCTOB HA KA3AXCKOM A3bIKE: AHAJIM3 U DOPEKTUBHOCTD

C.T. Hypcana, .M. YanueBa
Kaszaxcxuti Hayuonanouwiii Ynusepcumem umenu Ano-Dapadbu
YK 004.89

Anunomauyusa. B smou cmamve paccmampueaemcs Memoouxka OYeHKU Kavecmeda
VNPOWEHHBbIX MeKCMO8 HA KAa3aXCKoM sA3blke ¢ ucnoavzosanuem mempux BLEU u SARI
Ynpowenue mexcmos sasnsiemcsa easxcHvimM acnekmom 01 obecneyeHus: O0O0CHMYNHOCU
uHgopmayuu u obaecuenuss npoyecca oOyueHuss Ha Kazaxckom szvike. Mempuxka BLEU,
OCHOBAHHAS HA CPABHEHUU N-2PAMM Nepesood U IMANOHA, WUPOKO UCNOIb3YEeMCs Osl OYeHKU
Kayecmea MAwuHHO20 nepeooa, HO He yyumvleéaem KOHMeKcm 6xo0no2o mexkcma. Mempuka
SARI, cneyuanvro paspabomanuas 05k OYEeHKU YNPOWeHUs MeKCma, yyumoleéaem usmeHeHus 6
cemanmuxe u 0eMoHCmpupyem 0o./iee 8bICOKYI0 KOPPEIAYUIO C OYeHKamu yenoseka. B pamkax
uccnedo8aHus OvLIU NPUMEHEHbL AN2OPUMMbL 3AMEHbL CTIOHCHBIX CI08 NPOCMBIMU CUHOHUMAMU U
aneopummyvl 3aMeHbl UIU YOaNeHUs CIONCHLIX (pa3. Pesynemamvl ananusza noxkazanu, uymo
mempuka SARI 6onee uyscmeumenvrua Kk u3MeHeHUAM, 6HECEHHbIM 8 YNPOUjeHHble MEeKCmbl, NO
cpasnenuio ¢ BLEU. Takum obpazom, kombunuposannoe ucnoavsosanue mempux BLEU u SARI
obecneuugaem GCeCMOPOHHIOND U MOYHYIO OYEHKY Kauecmea YHPOWEHHbIX MeKCMOo8 Ha
KA3aXCKOM 513blKe.

Kniwoueswie cnosa: ynpowenue mexcmos, kazaxckuil sa3vik, mempuku oyenxu, BLEU, SARI,
Kayecmeo mekcmos, MAUUHHbIU nepesoo, demomMamuieckoe ynpoujenue mekcma, aicopummol
VIpOWeHus, OYyeHKa Kauecmaa.

BBenenue

VYrpouieHue TEKCTOB Ha Ka3aXCKOM SI3bIKE UTpaeT BaKHYIO pOJb B OOECIEUEHUHU J0-
CTYMHOCTH HWH(OpMaIMM W YIPOIICHUH Tpolecca oOyueHHs W OOIICHHs Ha ITOM s3blke. B
COBPEMEHHOM MHpPE JOCTYIMHOCTh WH(MOpPMAIMM Ha POIHOM SI3bIKE CTAHOBUTCS KITIOYEBBIM
(bakTOpOM ISl YCIEUIHOW WHTErpalyi B OOIIECTBO M 00pa3oBaTelbHBIE Mporecchl. OaHAKO
OTCyTCTBUE J(P(GEKTUBHBIX METOAOB OIEHKHM KauecTBa YIPOIIEHHBIX TEKCTOB 3aTpyIHSET
pa3paboOTKy WHCTPYMEHTOB M MOAXOOB JUIS ympolueHus Tekcra [1]. B pe3ynbpraTte Bo3HHKA-eT
HEOOXOIUMOCTh B CO3JaHHWU W aJIAITAllUd METPHK, KOTOPBIE MOTJIM ObI aJleKBaTHO OLIEHU -BaTh
KayecTBO YIPOLICHHBIX TEKCTOB W O0ECleynBaTh BBICOKYIO TOCTYITHOCTh W TOYHOCTh
nHpopmaruu.

Metpuka BLEU (Bilingual Evaluation Understudy) siBnsiercst onHO#M 13 HanboJiee mu-poKo
UCTIOJIb3YEMBIX METPUK JUISl OLEHKH KadyecTBa MAIIMHHOrO mepeBona [2]. OHa ocHOBa-Ha Ha
CpPaBHEHHH N-TpaMM II€peBOJia C OTAJOHHBIMH II€PEBOJAMH W TO3BOJAET IIOIYYHUTh KO-
JMYECTBEHHYIO OLIEHKY cxojcTBa Mex 1y HUMHU. OnHako BLEU He ydnThIBaeT KOHTEKCT BXOJIHOTO
TEKCTa, YTO MOXKET MPUBOAUTH K HEIOCTATOYHON TOUHOCTH TP OIEHKE Ka4eCTBa YIPOLICHHBIX
TEKCTOB.

Metpuka SARI (System output Against References and against the Input sentence) Obia
CIeUaibHO pa3paboTaHa ISl OLEHKM KadecTBa aBTOMATHYECKOrO YMpomieHHs Tek-cta. OHa
YYUTHIBAET HM3MEHEHHsS B CEMaHTHKE M CTPYKType TEKCTa, a TakXkKe JIEMOHCTpUpyer Ooree
BBICOKYIO KOPPEJISIIUIO C OLleHKaMH denoBeka. J1o aenaeT SARI Gonee moaxonsimieit 1uist 3a1a4
YIPOIIEHUS TEKCTa, TaK KaK OHa MO3BOJISIET OI[EHUBATh KaK MPAaBUIBHOCTH J100aB-JIEHHBIX CIIOB,
TaK U TOYHOCTh Y/IaJCHUI U COXPaHEHUH BayKHBIX HJIEMEHTOB TEKCTA.
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B pamkax qaHHOTO HCCleAOBaHMs ObLIM MPUMEHEHHI IBa alrOpUTMa YIPOIIEHHS TEK-CTa
Ha Ka3aXCKOM SI3bIKE: 3aMEHa CJIOKHBIX CJIOB IPOCTHIMH CMHOHMMAaMHU U 3aME€Ha WM yAaJieHue
CIOXKHBIX (pa3. DTU aNrOPUTMBI TO3BOJIIIOT CHU3UTH CJIOXKHOCTh TEKCTa, COXpa-Hss €ro
CMBICJIOBYIO HATPY3KY H YIy4Ilasi JOCTYITHOCTh HH(OPMAIIHH.

OCHOBHOM LIEJIBIO TAHHOTO MCCieN0BaHus sBisieTcs npumeHenue metpuk BLEU u SARI
JUTSL OLICHKM KaueCTBa YIMPOIICHHBIX TEKCTOB HA Ka3aXCKOM SI3bIKE U MIPOBEJICHUE CPABHUTEIBHOTO
aHanmm3a uX J(QQPeKTUBHOCTU. Pe3ynbrarthl aHamm3a mokazaiw, 4yto Merpuka SARI Gomee
YyBCTBUTEJIIbHA K W3MEHEHMUSM, BHECEHHBIM B yIOpPOILIEHHbIE TeKCThl, 4yeM BLEU, uyrto
MOTYEPKUBACT BaXKHOCTH M CIIOIh30BAHUS CTICIIUATIM3UPOBAHHBIX METPHK JIJISI OIICHKHU YIIPOICHUS
TEKCTA.

1. ITocraHoBKa 3a1auu

OcHOBHOM 3a7jau€ell TaHHOT' O UCCIIE0BaHUS SIBJISIETCS] IPUMEHEHHU € CYIIECTBYIOLINX METPUK
BLEU u SARI nyig olieHKM KadecTBa YHNPOIIEHHBIX TEKCTOB Ha Ka3axXCKoM si3bike. B pamkax
JaHHOM 3a7]a4i HEOOXOAUMO PEUINTh CIEAYIONIUE MOA3a1auu:
Ananu3 npumenumocTtd MmeTpuk BLEU u SARI niist ka3zaxckoro sizbika
2. IlpumeHeHHe anrOpUTMOB YIIPOIICHHUS TEKCTA
3. pumenenne merpux BLEU u SARI 11151 onjeHKM KauecTBa yIpOIIEHHBIX TEKCTOB
4. CpaBHUTEIbHBIN aHATINU3 PE3YIbTATOB
5. BbIBOABI U peKOMeHaaNN

Jannas paboTa HampaBiieHa Ha CO3[JaHUE KOMIUJIEKCHOT'O MOJIXO0Ja K OIIEHKE KadecTBa
VIPOIIEHHBIX TEKCTOB Ha Ka3aXCKOM S3bIKE, YTO OyIeT CIocOoOCTBOBATH MOBBIMICHHIO [0-
CTYNHOCTH HH(pOpMAlMU M YIydllleHUo oOpa3oBareiabHoro mnpouecca. KomOuHupoBaHHOE
ucnonb3zoBanue Merpuk BLEU um SARI olecneunBaeT BCECTOPOHHIOIO M TOYHYIO OLIEHKY
KAaueCTBa YIPOIIEHHBIX TEKCTOB, YUUTBIBAsl KaK JICKCUMYECKHE, TAK U CEMAaHTHYECKHE aCIEK-Thl
YIPOILEHUS, YTO MO3BOJISET BBIIBUTH OCOOEHHOCTH Ka)KJOI'O METOJA M UX NPUMEHHU-MOCTh K
KOHKPETHBIM citydasm [3].

=

2. O030p MeT010B OLIEHKH

J171s OIIeHKH KayecTBa yNPOIEHHBIX TEKCTOB Ha Ka3aXCKOM SI3bIKE B JAHHOM HCCII€0-BaHUU
UCMoJb3ytoTcsl aBe ocHOBHble MeTpuku: BLEU um SARI. DT MeTpuku NO3BOJSIIOT KO-
JMYECTBEHHO OLIEHUTh CXOJCTBO MEX/Y YINPOIIEHHBIM TEKCTOM M TAJIOHHBIM TEKCTOM, a TaKKe
YUUTBIBATh U3MEHEHUS, BHECEHHBIE B TEKCT JIJIsl €r0 YIPOLIECHHUS.

Metpuka BLEU (Bilingual Evaluation Understudy) Oplna pa3pabotana Ijisi aBTOMATH -
YECKOM OLIEHKM KauecTBa MalIMHHOro nepeBoja. OHa OCHOBBIBAETCS HAa CPaBHEHHUM N-TpaMM
NIEPEBEACHHOr0 TEKCTA € 3TAJIOHHBIM TEKCTOM M BBIYUCIISIET TOYHOCTh COBIAICHUS 3TUX N-TPAMM.
OcHoBHble acniekTsl MeTpuku BLEU Bxitogarot:

* N-rpammsbl: [TocnienoBaTeabHOCTH U3 N CJIOB, UCIIOIb3yEMbIE /1JIsl CPABHEHUS.

* Precision (Tounocts): OTHOIIEHHE YHUCA COBMAJAONIMX N-TpaMM B TEpeBEACH-HOM
TEKCTE K 00IIeMy YHCIy N-TPaMM B 3TOM TEKCTE.

* Brevity Penalty (Iltpad 3a kpatkocts): IllTpad 3a caumkom KOPOTKHN Tepe-BO/,
BBOJIMMBIH B Cily4ae, €clid IepEeBEACHHbIN TEKCT KOpOU€ 3TaAJIOHHOT .

BLEU mmpoko wucnoib3yeTcs s OLIEHKHM MAIIMHHOTO mepeBoga OJsiaromaps cBoeit
npoctoTe U 3PGHEKTUBHOCTH, HO y HEro ecTh cBou orpanudeHus [4]. B wacrnoctu, BLEU He
YUUTBIBAET KOHTEKCT BXOJAHOI'O TEKCTa U HE BCET/1a OTPaXKaeT CEMAaHTHUYECKHE U3MEHEHUS.

®opmysa BLEU:

N
BLEU=BP- exp Ewnlog( r,) D)
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rIe:

1, ecAu C>r
e ¢, ecauc<r

* C — JJIMHA NepeBEACHHOr0 TEKCTa;

* [ — JJIMHA 3TAaJIOHHOT'O TEKCTa,

* p, — TOYHOCTb N-TPamu;

* @ — BEC JUIsk n-rpamMM (OOBIYHO BCE BECa PaBHbI).

Mertpuka SARI (System output Against References and against the Input sentence) Gpina
CIeHalbHO pa3paboTaHa AJIs OIIEHKU Ka4ecTBa aBTOMATHYECKOT0 YIPOIIEHUS TeKCTa. B oTimume
or BLEU, oHa y4uThIBaeT M3MEHEHHS, BHECEHHBIE B TEKCT, U OLEHUBAECT UX IOJIE3HOCTh U
MPaBHJILHOCTh HA OCHOBE CPaBHEHUS C 3TAJOHHBIMU TEKCTAMHU M UCXOJHBIM TEKCTOM.

OcHoBHbI€ acniekThl MeTpuku SARI:
* Additions ([obaesnenus): Hackolbko HOBBIE CJIOBA, N00AaBJICHHBIC B YIPOIIECHHBIH TEKCT,
MOJIE3HBI.
* Deletions (Yoanenus): Hackoabko npaBUiIbHO yJajd€HbI CIIOKHbIE CJIOBA WU (pasbl.
* Keeps (Coxpanenus): HackonbKo MpaBUIIBHO COXPAHEHBI BAYKHBIE CJI0BA U (Ppa3bl U3 HCXOAHOTO
TEKCTa.

®opmyna SARI:

1
SARI = g( Precision addT Precision Delete T Fl1 Keep) (2)
rie:
*  Precision , ,,; TOUHOCTb OOABJIEHHBIX CIIOB.
Add
e Precision Delete: TOYHOCTB y/1aJIEeHHBIX CIIOB.

« Fl Keep- F1l-mepa 1 coxpaHEHHBIX CIIOB, KOTOpasl yUUThIBAET KaK TOYHOCTD, TaK U MOJIHOTY.

SARI nemoHCcTpHpYyeT 60JIee BEICOKYIO KOPPEISIIHIO C OLEHKAaMH YeJIOBEKa 10 CpaBHE-HUIO
¢ BLEU, uto nenaer e€ Oosiee moaxoasiuen A 3aaad ynpouieHus Tekcta [5]. OHa no3Boisier
OLIEHMBATh KaK MPaBUIbHOCTh J00ABJIEHHBIX CJIOB, TaK U TOYHOCTb YJaJleHUH U COXpaHEHUH
BaXKHBIX 2JIEMEHTOB TEKCTa, YTO OCOOCHHO BAXKHO JUJIS 3a/1a4 YIPOLLIECHUS.

O6e metpuku, BLEU u SARI, urpatot BaxHyI0 pOJib B OLIEHKE Ka4eCTBA TEKCTA, HO KaXK1ast
U3 HUX HMeeT CcBou IpeumyuiectBa U orpanuueHusi. BLEU sBisercs npocroit u ObIcTpoit
METPUKOM JJIs1 OLEHKH MAIIMHHOI'O IEPEBOJA, HO HE YYUTBIBAET KOHTEKCT BXOJHO-TO TEKCTA.
SARI, HanpoTtus, 0oJjiee UyBCTBUTEIbHA K U3BMEHEHUSAM B TEKCTE U JIy4llle OTpa-KaeT KauecTBO
YIPOLIEHUS, YTO JieaeT e€ bonee MoaAXoaAIIel s OLIeHKH YIPOLIEHHBIX TEKCTOB Ha Ka3aXCKOM
A3bIke. B pamMkax JaHHOTO MCCIIEAOBaHUS IUIAHUPYETCS HCIOJIb30BA-HHE O0EUX METPHK s
IIOJIyYEHMsI BCECTOPOHHEH OLIEHKU KauecTBa YIPOLIEHHbBIX TEKCTOB.

3. AJITOpUTMBI YIIPOLIEHUSI TEKCTA

B pamkax gaHHOro uccienoBaHus ObUTM MPUMEHEHBI JIBA OCHOBHBIX aJITOPHUTMa YIIPO-
LICHUS TEKCTA Ha Ka3aXCKOM SI3bIKE: aJTOPUTM 3aMEHBI CIOKHBIX CJIIOB IPOCTBIMU CUHOHU -MaMHU
Y QJITOPUTM yJIaJICHHsSI WU 3aMEHBI CII0XKHBIX (pa3 0oJiee MPOCTHIMU BBIPAKCHUSIMHU.
AJNTOPUTM 3aMEHBI CJIOKHBIX CJIOB IPOCTHIMU CHHOHMMAaMH HAIPABJIEH HA 3aMEHY CJIOXKHBIX WIH
PEIKO MCMOb3YEMBIX CJIOB UX Oojiee MPOCTHIMU U MOHSITHBIMH CUHOHMMaMHu. Jlyis peanu3anuu
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aJIropuTMa CO3JAETCSl CIOBAaph, B KOTOPOM Ka)JOMY CJIOXKHOMY CIIOBY CO-OTBETCTBYET €rO
YIPOILEHHBIH CHHOHUM. [IpuMepHbIii mpoliecc paboThl aIropuT™Ma Cleny -FOIInA:

1.  Co3znanue cioBapsi CHHOHHMOB:

* CocraBisieTcsi CIIUCOK CIOXHBIX CJIOB M X YIPOIIEHHBIX aHAJIOTOB.

* Ilpumep: "Kypanapl" 3aMeHsieTCa Ha "KacayraH".

2.  3amMeHa CJIOB B TEKCTE:

* TekcT aHANM3UPYETCs, U KAXKJ0€ CI0XKHOE CIOBO 3aMEHSIETCSl Ha COOTBETCTBYIO -
M CHHOHHUM U3 CIIOBaps.

* Ilpumep: "Kazak XanKbIHBIH JOCTYpPJi a3bIK-TYJIK OHIMIepi Oacka ga KeImeHAl
XaJIBIKTap CUSIKTBI €T TIeH CYT TaFaMJapblHaH, COHJAN-aK, OCIMIIK KOHE aHIIBUIBIK JKOHE OabIK
eHIMJIepiHeH Kypannbl." -> "Ka3ak XaldKbIHBIH JOCTYPJIl TaFaMIaphl €T, CYT, OCIMJIIK, aHIIbLIBIK
JKOHE OalbIK eHIMJIEpIHEH KacayraH."

ANTOPUTM yAajJeHUs] WU 3aMEHBl CIOXKHBIX ¢pa3 0ojiee MPOCTHIMU BBIPAKECHUSIMU
HaIpaBJIeH Ha YNPOIICHUE CIOXKHBIX (Dpa3 U MPEJIoKEeHUH, aenas ux 0oyiee MOHATHBIMU JJIS
HIMpOoKol ayauTopuu. OCHOBHBIE ATalbl pabOTHI AJITOPUTMA BKITIOYAIOT:

1.  Coznanue crimcka CIOXKHBIX ()pa3 v UX YIPOILIECHHBIX BEPCHil:

» CocraBnsieTcs CIUCOK CIOXKHBIX (pa3 v uX 0osiee MPOCTHIX aHAJIOTOB.

» Ilpumep: "MaTepuanablK MOICHUETTIH €pPEeKIIe MaHbI3bl JIEMEHTI 001a OTHIphIT" -
> "epeKIe MaHbI3Ibl 2JIEMEHT1 00bIT".

2.  Amnamu3 Tekcrta u 3ameHa (pas:

* TekcT aHanM3UpyeTCs Ha HaJM4YMe CIOXKHBIX (pa3, KOTOpbIE 3aMEHSIOTCS Ha UX
YIOPOILIEHHbIE BEPCUU.

o Ilpumep: "¥ATTHIK TaraM TypJepi MaTepUaIbIK MOJACHHUETTIH €peKIle MaHbI3IbI
ayieMeHTI 0oyia OTBHIPbIN, YITTHIK (GopMackl MeH J9CTYpiHiH OipliamMa TYpakKThbl-JbIFbIMEH
adppiKanaHagsl." ->  "¥ATTBIK TaraM Typiiepl YITTBIK (QopMackl MEH JOCTYpiHIH
TYPaKThUIBIFBIMEH epeKIiesneHeni."

OTU aJrOPUTMBI MO3BOJIIIOT YMEHBIIUTh CIOKHOCTh TEKCTa, COXPAHSS €r0 CMbICIO-BYIO
HArpy3Ky U yIydmiasi JOCTYITHOCTh WH(OpMAIIUH.

Tabmuna 1 — [Ipumeps! ypoIieHHbIX TEKCTOB [6]

Hcxonusiil TekcT YTpOIlIeHHBINA TEKCT
¥ATTHIK TaraM  Typjepl MaTepUasdblK | YJITTBIK TaraMm TypJepl YITTBIK (Gopmacsl
MOJIEHUETTIH €epeKIlle MaHbI3bl 3JEMEHTI | MeH JOCTYpiHIH TYPaKTbUIBIFBIMEH

Ooma OTBIPBIN, YATTHIK ¢opMmackl MeH | epekuieneHeni. Kasak XamKbIHBIH ASCTYpdi
JIOCTYpiHIH ~ OipmiamMa  TYpaKTBUIBIFBIMEH | TaFamzaaphl €T, CYT, OCIMJIIK, aHIIBUIBIK KOHE
alpBIKIIATAHAIBL. Kazak XaJIKBIHBIH | OQJIbIK OHIMIEPIHEH KYpaJiFaH.

JOCTYpJl  a3bIK-TYJIK eHimzaepl Oacka naa
KOIIICHI XalbIKTap CHSIKTHI €T IEH CYT
TaFaMmJlapblHaH, COHJaii-aK, OCIMIIK >XoHE
AQHIIBUIBIK ~ JKOHE  OaJIbIK  eHIMJIepiHeH
KYpaJibl.

224



baybipcak — yHHaH >KacaJaThlH Ka3aKTHIH
VITTBIK ~ TaraMJapbl IMIHAE KAkl
JKYPTIIBUIBIKKA TaHBIMAJI TYPJEPiHIH Oipi.
baypipcakTel Maiifa KybIpbill micipemi. On
YIIIH dyesi apHailbl alllbIThUIFAH KaMbIPJIb
OPTYPJL KeJieMJe >KOHE OpTYpJii KajbllTa
y3il  Kacaiinpl.  MpIcaiibl,  JOHIeNeK
OaybIpcak, comak OaybIpcak, KbIThIPJIAK IIH
OaybIpcak, jKalmak opi YJKeH OaysIpcak
ceK1nl 0aybIpCcaKThIH TYpJEpiH KaMbIpiaH
KeCIII aJIFaH Ke3/ie NaiibIHAaiIbl.

baysipcak - Ka3aKThIH VIITTBIK
TaraMJapbIHBIH ~ Oipi, MaiFa  KYBIPBII
micipeni. On  opTypii Kelemjae JKoHE

KaJIBIIITA dPTYPJIi KAMBIP/IbI AIlIbII KaCahIbl,
MBICAJIbl, JOHIEJIEK, CONAK, KbITHIPJAK LU,
JKaJmaK opi YIKEeH OaybIpcak.

Jonmi JAKbLIIAPABIH HIIHAE Kul
naijaJaHblIaTbIH TYPJIEpiHiH Oipi — Tapsbl.
KasakcTaHHbIH Keil eH1pJepiH/ie KybIpbUIbII,
KeJlire Ty#imim, KaOBIPIIBIKTaApbIHAH
Ta3apThbUIFAH TapblHBl COK JeM, TeK IIUKI
KYHiH/e FaHa Tapsl 1em aTaiipl. COKTI CyTKe
CaJIBITI Ta, TUIPMEHTE TaAPTHIN TAJIKAH KbLIBITT
Ta xeyre Oomanpl. CoHmai-aKk COKKE KaHT,
capbl Maii KOCBIII )KEHT Te kacailapl. COKTEH
JKacajfaH TaraM ©Te KyHapJibl, TOHBIMIbI
TaraM caHalajabl. AJ OoFaH alpaH KYWBbIII,
KallHaTBIN )KacaraH TaraM Tapbl KeXe el
aTayajpl.

Jonmi JAKbLIIAPABIH HIIHAE Kul
naijaJaHbplIaTbIH TYPJIEpiHiH Oipi — Tapsl.
byn Kazakcranma Ke eHIpIIepae
KYBIPBUIBITI, KeJre TY#HiTiN,
KaOBIPIIBIKTAPbIHAH Ta3apThUIFAH Tapajbl.
CeKxke CYT cambll, JUIPMEHTe TapThIN TaJIKaH
KBUITBITI Ta JKeyTre OOl

Kazak Xxankpl bIbIC-asKTap MEH YH 1HIUTK
TYPMBICTBIK 3aTTap/bl HEri3iHeH Tepi MeH
arallTaH  JKoHE  YH  KaHyapiapbIHBIH
cyleriHeH jkacaraH. AJyaH TYpJii OChIHAY
3aTTapAblH  aprbl  OactayblH  Eypasus
JaJIachIHIAFbl KOILTEeHI1Iep QJIEMIHIH
MaTepUalbIK MOACHHUETIHEH Ke3ecTipyre
Oomazpl. YW 1K TYPMBICTBIK 3aTTap
ImHAe  TepiieH  jkacajFaH  opTypii
MeJIIIEep/eT] bIABICTAP KOITEN Ke3/1eCe.

Ka3zak XanKplHBIH BIIBIC-asKTapbl MEH Y
IIUJIIK ~ TYPMBICTBIK  3aTTapbl Tepi MeEH
araniTaH, COHJAW-aK YH JKaHyapJilapbIHbIH
cyieriHeH kacanraH. bys ocbliHay 3aTTapblH
Eypasus  pmanmacelHAarbl — KeIINEHJiIEp
ONIEMIHIH ~ MaTepUajIblK  MOACHHUETIMEH
KapbIM-KaTbIHACBIH CaKTal/Ibl.

Alipan naWpiHAay YOIH TICKEH CYTKe
YHBITKBI CaJIbIll, apajacThIPbIN Oip-eKi caraT
ay3plH JKayblll Kosanael. bIcTeiKTa  TeE3
OY3BUIaTBIH allpaH/Ibl MY3/IaTKBIIIKA KOWBII
KaHa cakrayra Oonazabl, BypbIHFBI Ke3mepi
TEpeH KyJAbIKKa calblll TacTaraH. JKa3
ME3TUTIHE CYyChIH PETiHJE 1lly YIIH OFaH
azJam cy HeMmece CYT apalacThIPBIN IIajiar
bif:020818016:070108 8

Alipan [naWplHAAQy YIOIH CYTKE YHBITKBI
CaJIbITl, apajacThIpbIN Oip-eKi caraT ay3blH
J)Kayblll KOsiAbl. bBICTBIKTa My31aTKBIIIKA
KOMbIN cakTaiabl. XKa3 Me3ruinae iy yiiH
asz/an Cy HeMece CYT apajlaCTBhIPHIN Imajan
NalbIHIANIbI.

4. llpumenenune metpuk BLEU u SARI

[Ipumenenne merpuk BLEU m SARI no3Bosmino moayduTh KOJIMYECTBEHHYIO OLIEHKY
CXOJICTBA MEXIY YINPOIIEHHBIMH M J3TaJOHHBIMU TEKCTaMM, a TaKK€ OLIEHUTb W3MEHEHHS,
BHECEHHBIE B TEKCT JJI €r0 YIPOIICHUS.

JUnist mpoBe/ieHNs OLeHKU ObUTH MCIIO0JIb30BaHbI TEKCTHI, Pa3eIeHHbIe Ha TPH KaTero-puu:
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e HMcXOIHBIA TEKCT
*  YOpoImieHHbIH TEKCT
*  DTaJOHHBIA TEKCT
Ot1u nansbie ObuTM 3arpyxkeHsl u3 CSV daiina. Kaxnas ctpoka daiina conepxaia OauH
Ha0Op TEKCTOB (MCXOIHBIN, YIPOIIEHHBIM M 3TAJIOHHBIN), YTO MO3BOJSIO aBTOMATH3H -pOBAThH
MPOLECC OLICHKHU.
s pacuera BLEU MeTtpuku ucrnons3oBanacsk ondmmoreka nltk. BLEU uzMepsieT TOUHOCTH
COBIIAJICHUS N-TPAaMM MEXKIY YIPOUICHHBIM U dTAJIOHHBIM TEKCTaAMH:

from nltk.translate.bleu_score import sentence_bleu, SmoothingFunction

def calculate_bleu(reference, hypothesis):
reference_tokens = [reference.split()]
hypothesis_tokens = hypothesis.split()
smoothie = SmoothingFunction().method4
bleu_score = sentence_bleu(reference_tokens, hypothesis_tokens, smoothing_function=smoothie)
return bleu_score

Puc. 1. Pacuer metpuku BLEU

s pacuera SARI merpuku Obla peanu3oBaHa crenuanbHas (QyHKUUS, YUUTHIBAIO -1as
TpU acreKTa: 100aBJIeHNE HOBBIX CJIOB, YJJaJI€HUE CIIOKHBIX CIIOB U COXPaHEHHE BaXK -HbIX CJIOB U3
HCXOJTHOT'O TEKCTA.

def calculate_sari(source, simplified, references):
source_tokens = source.split()
simplified_tokens = simplified.split()
reference_tokens = [ref.split() for ref in references]

num_ref = len(reference_tokens)

add_total, add_correct = @, @
keep_total, keep_correct = @, @
del_total, del_correct = @, @

for word in simplified_tokens:
if word not in source_tokens:
add_total += 1
if any(word in ref for ref in reference_tokens):
add_correct| += 1

word in source_tokens:
if word not in simplified_tokens:
del_total += 1
if all(word not in ref for ref in reference_tokens):
del_correct += 1

word in source_tokens:

keep_total += 1

if word in simplified_tokens and all(word in ref for ref in reference_tokens):
keep_correct += 1

add_precision = add_correct / add_total if add_total > @ else @
del_precision = del_correct / del_total if del_total > @ else @
keep_precision = keep_correct / keep_total if keep_total > 8 else @

add_recall = add_correct / num_ref
del_recall = del_correct / num_ref
keep_recall = keep_correct / num_ref

add_fl = 2 x (add_precision * add_recall) / (add_precision + add_recall) if (add_precision + add_recall) > @ else @
del_f1 = 2 % (del_precision * del_recall) / (del_precision + del_recall) if (del_precision + del_recall) > @ else @
keep_f1l = 2 * (keep_precision * keep_recall) / (keep_precision + keep_recall) if (keep_precision + keep_recall) > @ else @

sari_score = (add_f1 + del_f1 + keep_f1) / 3
return sari_score

Puc. 2. Pacuer merpuku SARI
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Jlnst kaxxaoro Habopa TEKCTOB (MCXOIHBIM, YIPOIICHHBIN, 3TAJIOHHBIN) PacCUNUTHIBA -JIUCh
3HaueHust BLEU u SARI. [Tony4yenHsle pe3ynbpTaThl:

NcxogHbin TeKCT YNpOWeHHbI TeKCT JTaNoHHbIM TeKCT BLEU SARI
WcxopHen @ YnpoweHHbIA @ 3TanoHHLIA @ .604836 .599231
WNcXonHbIA YnpoweHHbIA 3 TaN0oHHINA .573087 .648968
WcxoaHsiv YnpouweHHbIA 3 TaNIOHHbINA .612384 .652864
WcxoaHsiv YnpoueHHbIN 3 TaNIOHHbINA .656151 .629886
NcxonHbIn YnpouweHHbIA 3 TaNOHHLIA .568292 .661936

WcxopHbid 95 YnpouweHHblin 95 JTanoHHelin 95 .506824 .689266
WcxopHuid 96 YnpouweHHslin 96 JTanoHHelin 96 .594806 .625807
WcxoaHuid 97 YnpouweHHslin 97 JTanoHHelid 97 .593053 .677686
NcxonHbik 98 YnpolieHHslia 98 3TanoHHbIn 98 .580256 .672910
WcxopHoin 99 YnpoweHHblid 99 dTanoHHbin 99 ©.568271 0.612851

Puc. 3. PesynbTar

OpHOll M3 OCHOBHBIX TPYAHOCTEW OBLIO aJanTHPOBATh CYLIECTBYIOIINE METPUKU JIs
Ka3aXCKOro s3bika. Ka3axckuil si3pIK UMEeT CBOIO CHEHU(PHUECKYI0 TpaMMaTHKY U JIEKCHKY, YTO
noTpeboBaIo BHECEHHSI HEKOTOPHIX U3MEHEHHUI B aNropuTMbl orleHKU. Hampumep, nns pacuera
BLEU Heo0xonuMo ObLI0 YYUTHIBATH OCOOCHHOCTH Ka3aXCKUX CIOBOGOPM U UX CKIOHEeHUs. J{iis
aJICKBAaTHOT'O CPAaBHEHUS YIPOIIECHHBIX TEKCTOB C JTaJOHHBIMH TOTPEOOBa-IOCH cOOpaTh
JIOCTATOYHOE KOJUYECTBO ATAJIOHHBIX TEKCTOB. DTO OKAa3aJ0Ch HENPOCTOM 3a-Iayved, TaK Kak
STaJIOHHBIE TEKCTHI JOJDKHBI ObUIM OBITH TPAMOTHO HAMHCAHBI U COOTBET-CTBOBATH YPOBHIO
YIOPOIIEHHBIX TEKCTOB.

[Tonyuennsie pe3ynbTaThl Nokazanu cpenHioro oneHky BLEU na ypoBHe 0.58 u SARI Ha
ypoBHe 0.67 mpu anammze 100 npennoxeHuid. DT mUPPH CBUACTEIBCTBYIOT O JOCTATOY-HO
BBICOKOM YPOBHE CXOJ/ICTBA YIPOIICHHBIX TEKCTOB C ATAJIOHHBIMH BEPCHUSIMU, YTO TIO]T-TBEPXKIAET
3((HEeKTUBHOCTH TIpollecca YNPOIICHUS. OTH PE3YJIbTaThl COTJACYIOTCS C BBIBO-JAaMH Dsjia
WCCJIeIOBAaHUM, MPOBEACHHBIX B 00JACTH aBTOMATHYECKOTO YIPOIIEHHUS TEKCTa, YKa3blBas Ha
0oJee BHICOKYIO YyBCTBUTENbHOCTh METPUKH SARI Kk M3MeHeHHsIM, BHECEHHBIM B YIPOILICHHBIE
TeKcThl. OTHAKO OTCYTCTBHE d(PPEKTUBHBIX METOAOB OLEHKH KadecTBa YIPOIICHHBIX TEKCTOB
3aTpyAHseT OleHKY 3((EeKTHBHOCTH Mpoliecca YIPOUEeHUs U pa3pa-00TKY COOTBETCTBYIOLIMX
MHCTPYMEHTOB U MOJAXO0/0B [7].

5. 3akiaouyenue

B nannom uccnenoBanuu Obutn mpumeHeHbl Metpukun BLEU u SARI nns ounenku xa-
YecTBa YHPOILLEHHBIX TEKCTOB Ha Ka3aXCKOM s3blKe. OTH METPUKU MO3BOJMIA IPOBECTU
BCECTOPOHHUU aHANN3 TEKCTOB, BBISBUTH S(PPEKTUBHOCTH AJITOPUTMOB YIPOIUICHHUS U OMpe-
JEMUTh HanOoJiee MOAXOSIINE MTOAXO0bI ISl MOBBIIIEHHS JOCTYITHOCTH UH(opManuu.

Pe3ynbTaThl moKa3anu, 4TO MPUMEHEHUE ATOPUTMOB 3aMEHBI CIIOKHBIX CIOB PO -CTHIMU
CHMHOHMMAaMHU ¥ 3aMEHbl WM YHAaJeHUs CIOXKHBIX (pa3 MO3BONSIET 3HAYUTEIBHO CHU-3UTh
CJIIO’)KHOCTh TEKCTa, COXPaHSsI IPH 3TOM €r0 CMBICJIIOBYIO Harpys3Ky.

Mertpuka BLEU, mmpoko ucnosnb3dyemas sl OLIEHKM KayecTBa MAaIlMHHOIO IEPEBO-1a,
MOKa3aJia CBOIO MOJI€3HOCTH JJISl OLIEHKH YIPOILIEHHBIX TeKCTOB. OJITHAaKO, U3-3a €€ orpa-HU4eHHON
CIOCOOHOCTH YYHTHIBATh KOHTEKCT BXOAHOTO Tekcra, merpuka BLEU He Bcerma orpakaer
CEMaHTHUYECKUE W3MEHEHUS, BHECEHHbIE B TEKCT. B To xe BpeMsa meTtpuka SARI, cneunanbHo
pazpaboTaHHast MU OIICHKM aBTOMAaTHYECKOr'O0 YIPOIIEHUS TEKCTa, MPOJIEMOH -CTpUpOBaIa
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BBICOKYIO YYBCTBUTEJIBHOCTh K U3MEHEHUSAM B TEKCTE, 4TO JAeaeT ee Oojiee MOAXOoAsAIen s
3aJa4 yIpoOILEHUsl.

Cpennue ouenku BLEU (0.58) u SARI (0.67) cBUAETENLCTBYIOT O JIOCTATOYHOM YpPOBHE
CXOJICTBA YIPOIIEHHBIX TEKCTOB C 3TaJOHHBIMU BEPCUSIMU. DTH PE3YyJIbTaThl O -TBEPKAAIOT, UTO
IPEAJI0KEHHbIE aTOPUTMBI YIIPOIIEHUS YCIIEIIHO CIIPABISIOTCS ¢ 3aJladyeid, Jienas TEeKCThI Oonee
JOCTYITHBIMU 0€3 CYIIECTBEHHOM MOTepy NHPOPMAITUH.

Kom6unuposannoe ucnons3zoBanne Merpuk BLEU n SARI no3Bonser nmoiayunts 60-ee
MOJHOE IpEeACTaBlIeHue O KadecTBe yrnpoieHus tekcra. Merpuka BLEU obecrnieunBaeTt oreHKy
JEKCUYECKOro cxonacrea, Ttoraa kak SARI omeHMBaeT CTpyKTypHbBIE U CEMaHTHYE-CKHE
u3MeHeHus. TakuMm 00pa3oM, MCHOJb30BaHUE 00EUX METPUK MO3BOJISET BBISIBUTH CUJIb-HbBIE U
crnabble CTOPOHBI Pa3IMYHBIX MTOIXO0B K YIPOIIEHUIO TEKCTA.
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MMPOT'PAMMHO-ATIIIAPATHBIA KOMILJIEKC MOHUTOPHUHT A
YPOBH4 3AITIOJIHEHHOCTHU BOJIOEMA
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M.C. Anunackap'?, A.T. Kakcpimber!

'Kasaxckuii nayuonanvuviii ynusepcumem umenu aiv-Dapabu, Armamor, Kazaxcman
2Meorcoynapoouwiii undicenepHo-mexnoo2udeckuii ynueepcumem, Aimamot, Kazaxcman

YK 627.8+532.5

Annomauua. llenv nacmosweeo uccied008anus 3axKuouaemcs 8 co30aHuu 2UubPUOHOL
MoOenu OJis NPOSHO3UPOBAHUSL NOCIEOCBUL PA3PYUWEHUsS. 2UOPOMEXHUYECKUX 00BbEKMO8, MaKUx
Kax 0ambwul u niomunsl. Paboma nanpasnena Ha agmomamusayuio npoyeccos MoOeIuposanus u
AHANU3A PA3PYWEHUT, ONUPASICL HA COBPEMEHHbIE NOOX00bl 8 2UOPOOUHAMUKE U MeNniou3uKe.
AxmyanvHocme ucciedo8anus 00yCio61ena pocmom Yacmomyl U Macumabos pa3pyuumenbHbix
HABOOHEHUT, BbI3GAHHBIX PA3PYUIEHUEM SUOPOMEXHUUECKUX COOPYICEHUU, Ymo NoOYepKusaem
Heob6x00uUMocmy 8 paspabomke IPHexmuHbIx Memoo08 NPOSHOZUPOBAHUSL U NPEOOMEPAUEHUS
no00OHLIX cobvimull. Paspabomanuvie Memoovl U MOOenu UMeom BANCHOE NPAKMUYecKoe
3HaueHue OJil OYEHKU DPUCKOS, NIAHUPOBAHUS IBAKVAYUOHHBIX MEPONPUAMULL U MUHUMUZAYUU
yugepba om upe3ebluaiiHblX CUmyayuil, C6A3aHHbIX C pa3PYyUeHUeM IOMUH U 0amo.

Knrwouesvie cnosa: cuopomexnuueckue coopyxicenus, npopwle NJIOMUHbL, Cele8ol NOMOoK,
YUCTIeHHOE MOOeUPOBAHIUe, UHMEPBATbHASL MAMEMAMUKA, NPOSHO3UPOBAHUE .

BBenenue

Teppurtopus Kazaxcrana o6iamaer 3HAUMTEILHBIMUA BOJHBIME pecypcamu. O3epa U peku
ABIISIIOTCS MCTOYHMKAMHU IPECHOH BOJABI, KOTOpas HCIONb3yeTcs Kak B JKU3HEOOeCleueHUH
HACEJICHHUs] CTPaHbl, TaK U JJIS MOJUBA CEJIbCKOXO3SIMCTBEHHBIX YyroAaui. B ropHON MecTHOCTH
Kazaxcrana uMeroTcsi MOpEeHHBIE 03epa, paclooKeHHbIEe Ha 0010l BbicoTe. Vcnonp3oBanue
BOABl B KayecTBE MCTOYHHMKA DSHEPruM crnocoOcTBOBalo pa3BuTuio B Kazaxcrane
THJIPO3HEPreTHYecKoi oTpaciu. B crpane ¢yHkunonupyiot 6osee 30 rHAPOINEKTPOCTAHIIUH.
OpnHako (akTOM OCTaeTcs M pa3pylIMTeIbHAs CHJIa BOJbI, CIOCOOHAs CMETaTh Ha CBOEM IYTH
nenble nmoceneHus. OMacHOCTh TaUTCS HE CTOJBKO B 3aTOIUIEHWH, CKOJIBKO B BO3MOXHOCTH
00pa30BaHMs CEJIEBBIX MOTOKOB, KOTOPbIE MOTYT HECTU KaMHHU, JIEAsSHbIE TIIBIObI U T.1. [1].

B nHacrosimiee BpeMs Ha TEppUTOpPHM pPecIyOJuKH MMeEOTcs 1665 IuapOTEeXHUYECKUX
COOpY’KEHHI1, B TOM 4HCle BOJOXpaHUIUI ¢ oobemoM Gonee 1,0 M3 — 319 mryk (u3 HUX B
pecnyOIMKaHCKON COOCTBEHHOCTH — 83 MTYK, B KOMMYHalbHOU coOcTtBeHHOoCcTH — 200 mTyK, B
YaCTHON COOCTBEHHOCTH — 34 mITyK B Oecxo3siiiHbie — 60 mTyK); MIOTHH — 443 mTyK (U3 HUX B
pecnyO0IMKaHCKOH COOCTBEHHOCTH — 32 MITYK, B KOMMYHaJbHOH COOCTBEHHOCTH — 346 MTYK, B
YaCTHON COOCTBEHHOCTH — 45 mTyK 1 6ecxo3sitabie — 20 mTyK); nam6 — 125 mryk u qpyrue ' TC—
778 WTyK.

Ha cerognsimmHuii 1eHb SKCIUIyaTHPYIOTCS TaKue KPYMHBIE BOJOXPAHWIMINA, Kak
Acranunckoe nocrtpoennoe B 1970 roxy ¢ emxoctsio 410,9 mimn.m3, Cenerunckoe — 1965 romy
(230 min.m3), Kapramunackoe — 1975 rony (280 man.m?), Baproraiickoe — 1982 roay (320 mun.m8),
Kanmaraiickoe — 1970 roxy (18560 mn.m®), Tepc-Ammobynakckoe — 1963 roxy (158,6 mumm.mS),
Tacotkensckoe — 1974 roay (620 mia.m®), Camapkanackoe — 1939 roxy (253,7 min.m®), Bepxue-
To6onbckoe — 1972 rony (816,6 mimm.m?), Kaparomapckoe — 1965 roay (586 mun.M3), Byrynsckoe
— 1967 romy (370 mn.m®) u npyrue.
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MHorue cnenuanycTbl HEOAHOKPATHO MBITATHCh HAUTH OalaHC MEXAy HCIOJIb30BaHUEM
MOWMEHHBIX U TPUOPEKHBIX 3€MEIb U MIPEIOTBPAIEHINEM YOBITKOB OT HaBOAHEHUN. OJTHAKO ATOT
BONPOC OCTa&TCs OTKPHITHIM. J[J1s1 aHaIM3a BO3MOXKHOCTH AKCIUTyaTalluM MPUOPEKHBIX 3eMellb
HEOOXOAMMO YYUTHIBaTh NOTEHIUAIBHBIN yIepO, KOTOPbI MOT'YT BbI3BaTh HABOJHEHMS, B TOM
yucie u3-3a paspymienus mioTuH [2, 3]. OcoO0eHHO 3HAYUTENbHBIE MOTEPH HAOIIOAIOTCS B
CEJIbCKOXO3SIMICTBEHHBIX palloOHax, I/€ HABOJHEHMs MOBPEXKIAIOT IIOCEBBI M  pPa3pyllaoT
MH)XCHEPHbIE U MEJINOPATUBHBIE CHCTEMBI.

3ammra TeppUTOPUIl OT HABOAHEHHUH BKIIIOYAET MEPONPUSATHS MO YKPEIUICHHIO OEperos.
OCHOBHOI METOJ CEroiHs — 3TO CTPOUTENHCTBO AamMO o6BasoBanus. I1pu Bo3BeneHuu 3Tux 1amo
KPUTUYECKH BaKHO TOYHO PACCYUTATh UX pa3Mepbl, TaK Kak MPH MEpenrBe BOAA MOXKET CMBITh
namOBbl, cBe1s X 3P PeKTUBHOCTD K HYJ0. OnpeaeneHne ONTUMaIbHBIX MECT J1JIl CTPOUTEIHCTBA
TaKUX 1aM0 IMOMOTraeT MPEeOTBPATHTD JaJbHENIIIee PacPOCTPAHEHHE BOIBI.

CrouMocTh Bo3BeAeHUs 1aMO 00BaJIOBaHMS 3aBUCUT OT UX JJIMHBI U BBICOTHI, UTO J€JIAET
HEOOXOAMMBIM ONTUMU3ALNIO UX NapamMeTpoB. OAUH U3 pallMOHAJIbHBIX IOIX0A0B 3aKI0YaeTCs
B HCIIOJIb30BAHUM MOJCIMPOBAHUSI PEUYHBIX IOTOKOB JJIsl BBISBJICHHS MOTEHUUAIbHBIX 30H
3atoryieHus. Ha ocHOBe 3THX Mozeneil MO>KHO TOYHO OMPEeIuTh apaMeTphl 1aM0 0OBalOBaHMSL.
Takue pacueTbl MO3BOJIAIOT BbIOpaTh HauOosiee 3PQPEeKTHUBHBIE MapaMEeTPbl YKPEMUTEIbHBIX
COOPYXKEHUH JJIs1 3alUThl TEPPUTOPUI OT HABOJHEHUM.

Ompenenenne TOYHOCTH W I(HEKTUBHOCTH MOJENEH, KOTOPBIE MPEIACKa3bIBAIOT
pacrpoCcTpaHEHUE BOJH I0CJIE HNPOphIBa MJIOTHH, MPEACTABIAET CO00M OCTATOUHO CIIOKHYIO
3azauvy.

B 2010 romy BecHOW B AJMaTHHCKOW OOJIACTH MPOM3OIUIO TPAarudecKoe HaBOJHCHHUE,
KOTOPOE YHECJIO0 KM3HU JIFOACH U HAaHECIO 3HAYUTEIbHBINA yiepo. [IpuanHoii 3Tol KatacTpodsl
CTaJl IPOPBIB IJIOTHHBI. AHAJIOrHYHas cuTyalus nopropuiack B Kaparanauackoit odbnactu B 2014
rofy.

1 mas 2020 roma B VY306ekucrane Ha CapgoOMHCKOM BOJOXPAHUIIHUIIE IPOU3OILIO
paspyieHre aaMOBbl, UTO MPHUBENIO K MPOPBHIBY MUJUTMOHOB KyOOMETPOB BOJBI Uepe3 OCTOHHbIE
3arpaxeHus. B pesynbrare, U3 30HbI O€ICTBUS B Y30€KHCTaHE YBAKyHPOBAJIH CBbIIIE 85 ThICAY
yesoBekK, a B Kazaxcrane, Kya takke Jo1uia Boja, 3Bakyuposanu 6omee 30 Ticsd.

2024 rTom oOkazaics OCOOCHHO HACBHIIIEHHBIM Ha TMOA00HBIE TpoMCIIeCTBUA. B
AfiTekeOniickom paiione AKTIOOMHCKON o0nactu 29 maprta npousomien npopsiB LllepoakoBckoit
IJIOTUHBL. 7 ampesis HanonHeHne CepreeBckoro BogoxpaHwimina gocturiao 175%, u 10 anpens
BBICOTA II€peNIMBa MIPEBbICUIIA UCTOPUUECKUI pekopl — 422 cantuMerpa. Takxke 31 mapra B cene
baiixkent AsmMaTuHCKONW oOnactu Obul 3a(UKCUPOBAH NPOPBIB IIOTHHBI BopommiaoBckoro
BOJIOXpaHMWJIULIA.

OTH TPEBOXKHBIE COOBITHS CTaIN CEPbE3IHBIM IPEIOCTEPEIKECHUEM ISl BCEX HKUTEJIEH CTPaHbI
U TOKa3ald HEeOOXOAMMOCTb IPEJOTBpAIICHUS TMOAOOHBIX CcHTyanud B Oynymem. Jlns
MOBBIIICHUS YPOBHS O€30MACHOCTH THUIPOTEXHUYECKUX COOPYKEHHH HYKHO pa3padaThiBaTh
PEKOMEHJAINH 110 UX OCHAIIEHUIO COBPEMEHHBIMU KOHTPOJIBHO-U3MEPHUTENbHBIME IPHOOpaMu U
000pyI0BaHUEM.

1. IlocTanoBKAa 3a1a4M

CoBpeMeHHbIE CHCTEMbI MOHUTOPHHTA JOJDKHBI IMOCTOSIHHO OTCICKHBATH MPUPOTHBIC U
TEXHOTEHHBIEC SIBIICHUS M TMPOIECChI, YTOOBI CBOCBPEMEHHO BBISBIIATH BO3MOXHBIE YTPO3bI ISt
JOJIeN U UX OKpyXkKaroien cpeabl. OCHOBHAA 33/1aua MOHUTOPUHTAa — MPEIOCTaBUTh JAHHbBIE 111
TOYHOT'O IPOTHO3a YPE3BBIUAMHBIX CHUTYyaIlUH, UCHOJIB3YS OOBEIUHECHHBIE WHTEIICKTYalbHBIC,
UH(POPMAIIMOHHBIE W TEXHOJOTMYECKHE PECypChl pasIHYHBIX BEAOMCTB W OpraHH3alluii,
3aHUMAIOIINXCS MOHUTOPUHTOM Pa3JIMYHbIX BHJIOB OMAaCHOCTEH. MOHUTOPUHTOBAsI HHPOpMAIIUS
SIBJIICTCSI OCHOBOM JJIsl TPOTHO3U POBAHMSI.
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MuKkporpoieccopHble TEXHOJIIOTUU MPOYHO BOLUIM B MOBCEAHEBHYIO JKHU3HB, OTKpPBIBas
IIMPOKHE BO3MOXKHOCTH  Onarojaps CBOEH  YHUBEPCATbHOCTH, THOKOCTH, MPOCTOTE
NPOCKTUPOBAHUS M TPAKTUYECKH HEOTPAaHUYECHHBIM BO3MOXHOCTSIM B OOJIACTH YCIIOKHEHUS
ITOPUTMOB 00pa0OTKM NAaHHBIX. MHKPONPOLECCOPHl HAaXOMST NMPUMEHEHHE KaK B OBITOBBIX
ycTpoiicTBax Jyisi 0OpaOOTKM CHUTHAIOB M (OpMHpOBaHUS KOMaHJ, TaK U B CIIOXKHBIX
M3MEPHUTENBHBIX CHCTeMax JJIsi HU(poBOii 00padboTKu MH(GOpMAITUH.

CoBpeMeHHbIE JOCTI)KEHHS B pa3pabdOTKe pa3sHOOOpa3HBIX NATYMKOB W YICIICBIICHHE
MHUKPOIPOILIECCOPOB  MO3BOJIMIIM  3HAYUTENBHO pACHIMPUTh HMCIOIb30BAaHWUE  AaMMapaTHO-
NPOTrPaMMHBIX CPEICTB JJIsI MOHHTOPHHTA KIMMaTHYECKUX mapameTpoB. OCOOEHHO 3TO
NPOSIBUJIOCH B IIMPOKOM NMPHMEHEHUH KOHTPOJUIepoB Arduino, KoTopeie, Oiarogaps OO pHON
0aze pa3pabOTaHHBIX JATYMKOB M CPEICTB MX CBS3H C KOMIIBIOTEPAMH, CTAIW TOMYJISPHBIM
peleHueM JUIs MPUKIIAIHBIX 3a1a4.

AHanmM3 TPOMIEeNNINX COOBITUH IMO3BOJSIET BBIIEITUTH JBAa THUIA BOAOEMOB: TOPHBIE U
paBHUHHBIC. ['OpHBIE BOJOEMBI, KaK MPAaBWJIO, UMEIOT HEOOJBIIYI0 TJIOMAAb, 3HAYUTEIHHYIO
rIyOMHy W BBIPAXXEGHHBIN Iepernaja BBICOT HIDKE IUIOTUHBI. B ciydae paspylieHHs MIOTHHBI
BOJIHBIIM MOTOK OBICTPO paclpoCTpaHseTcs, pa3pylias Bce Ha CBOEM IyTH, KaK 3TO MPOU30IILIO B
KbI3b1naraiue.

PaBHUHHBIE BOIOEMBI, HAIIPOTHB, XapaKTEPU3YIOTCS OOJBIION IJIOMAIBI0 M HEOOIBIION
riyOnHoi. Oco0yro onacHOCTb /Il HUX MPEACTABIISAIOT BETPOBbIE HAIPY3KH, KOTOPbIE B CIy4yae
CHJIBHOT'O BETpPa, HAaIIPaBJIEHHOI'0 Ha JaMOy, MOT'YT IPUBECTH K I1€PEIHUBY BOABI, YTO HA0III0/1a710Ch
B Y30eKuCTaHe.

B cBere sTux HaOmoneHU#, HaMu OBIJIO MPUHATO pEIIEHHWE YYUTHIBATH CIEAYIOIINE
napaMeTpbl: YpPOBEHb 3alOJHEHHOCTH BOJOEMOB, BIQXKHOCTh U TEMIEpaTypy, KOJHYECTBO
0CaJIKOB, HAaIlPaBJIEHUE U CUIIy BETpA.

2. AIropuT™M pelieHus 3a1a4u

st 5 PeKTHBHOTO MCIOIB30BAHUS Pa3padaThIBAIOTCS CUCTEMBI MOHUTOPUHTA COCTOSHUS
BOJIOEMOB B P€aJIbHOM BPEMEHHU, OCHOBaHHbIE HAa aBTOMATH3AI[MH 11 polleccoB cOopa 1 00pabOTKH
uHpOpMaIuu. B Taknx aBTOMaTH3MPOBAHHBIX CHCTEMaX MOHUTOPHHTA TPUM CHSIFOTCS Pa3JIMUHbIC
JATYNKH: HHKJIMHOMETPUYCCKHUE, TSUH, TehopMaliiu, TeMIIepaTyphl, 1aBJICHUS HA TPYHT H YPOBHSI
BoJIbI [68-70].

B mporecce dKcmutyatanu THIPOTEXHHYECKHX COOPY)KEHHH, OCOOEHHO TMJIOTHH,
pa3pylieHne HAOPHOTro (GPOHTA SBISETCS OJHON M3 HauOOJee OMACHBIX aBAPUIHBIX CHTYAIIHH,
MPUBOASAIIEH K 3HAUUTEIHHBIM YKOHOMUYECKUM, SKOJIOTUYECKUM M COLUATbHBIM MOCIEICTBUSM.
Kpome Toro, sTo oka3blBaeT CYLIECTBEHHOE BJIMSHHME HA DKOJIOTMYECKOE COCTOSHUE HHMKHEro
obeda ruapoysios. s nHGOPMAITMOHHBIX CHCTEM MOHUTOPUHTA HEOOXOIUMO 00ECIEYUTh COOp
JAHHBIX B PEaJIbHOM BPEMEHH.

OO6opynoBanue ISl U3MEPEHUS YPOBHS BOABI MOXET BapbUpOBaThCs. UTOOBI crcTema
(GYHKIIMOHUpPOBANAa JIOJDKHBIM 00pa3oM, M3MepUTEeNIbHbIE MPUOOPHl OyayT WHTErPUPOBAHBI C
MOJCUCTEeMON TMepenayd JaHHBIX W TOJCHUCTeMON »sHeprocHaOxenus. Takas wuHTerpauus
MO3BOJIUT OCYLIECTBIATh MOHUTOPUHT YPOBHS BOIBI Ja)X€ B TPYJHOIOCTYIMHBIX MOPEHHBIX
o3epax. TexHudeckue cpencTBa U3MEPEHUs: YPOBHS BOJBI JOJKHBI 00ECIIEUnBATh BO3MOXHOCTh
MOJTYYEHUS TaHHBIX C IATIUKOB C PA3JIMIHON MEPUOAUIHOCTBIO.

HaxkorieHHbIe 1aHHBIE OYAYT IepeaBaThCs B CHTYAllHOHHBIE IEHTPHI U MCIIOIb30BaThCS
CIIeIUaTbHBIMU CITY’K0aMHU ISl IPOTHO3WPOBAHUS BO3MOYKHBIX TTABOAKOB M HABOJIHEHHH, pacyera
pacxona Boabl U B Apyrux 1mensx. CucreMa MOHUTOPHHTa MOXET OBITh CBSI3aHA C JIPYTHMH
ABTOMATHU3UPOBAHHBIMU CHCTEMaMH, TAKUMHU KaK CHCTeMbI 3a00pa 1 cOpoca BOJbI HA MIOTHHAX
THIPORJICKTPOCTAHIIUN, CHCTEMBI TPEBOKHOTO OINOBEIICHUS M JPYrUMHU (DYHKIIMOHAIBHO

232



B3aMMOCBS3aHHBIMU CUCTEMaMu. BHeapeHue cucteMbl MOHUTOPUHIA YPOBHSI BOZBI I1O3BOJIUT
3 PEeKTUBHO MPEAOTBPAIIATH BOSHUKHOBEHHIE YPE3BBIYAHHBIX CHTYAIHH.

3. HucieHHbIe pacyersbl

Hama pa3paboTka mpezacraBisieT co00i KOMIUIEKCHYIO CHCTEMY MOHHTOPHUHTA COCTOSHHS
BOJIOEMOB, IIPEHA3HAUEHHYIO JUIS NIPEAYNPEXIECHUS MPopbiBa INIOTHH. OHA BKIIIOYAET YETBIPE
OCHOBHBIX 0OJIOKa:

1. bnok cOopa u nepegaun JaHHBIX O TEKYILIEM YPOBHE BOJIbI, BIAXXHOCTH U TEMIIEpAType
Ha TpeOHe MIOTUHBI.

2. bnok cbopa u mepegaun JaHHBIX O BETPOBBIX YCIOBHUSX.

3. bnok o0OpaGoTkm W aHanmm3a JaHHBIX (CepBep), KOTOPBIA OIEHMBACT TEKYIIYIO
CUTYaIMIO U YPOBEHDb YT PO3BIL.

4. Biok MporHo3upoBaHUs MOCIEICTBUI BO3MOKHOI'O IPOPBIBA MIIOTHHBI.

Hcnionb3yemble KOMIOHEHTHI

JUis co3aHus aBTOHOMHOM CHUCTEMBbI Nepeadyy KIMMaTHUYEeCKUX JaHHBIX Mbl IIPUMEHMIIN
ofHoIJIaTHBIN KommbtoTep Raspberry P14 B+ u mukpoxkontposiep Arduino Uno.

* Arduino Uno:

0 VYcrpoiicTBO, OCHalleHHOe MUKpoKoHTpoiuiepoM ATmega 328, ynpomiaer paboty ¢
MHUKpoKoHTposuiepoM. [Toakmouenne ocymectsisercs dyepe3 AC/DC apantep, Oatapero uiau
USB-kabenb (Ha pucyHke 1 momedeHo mudpoii 3).

* Raspberry Pi 4 B+:

0 KommakTHbII O1HOMIATHBINA KOMITBIOTEP, KOTOPBIA COBMELIAET B c€0€ BCE KOMIIOHEHTHI
CTaHJAPTHOI O KOMIIbIOTEpa Ha OAHOM I1aTe. OH MoJAepKUBAET OlepalMOHHbIE cUcTeMbl Linux
u Windows (Ha pucynke 1 momeueno mudpoii 6).

@DyHKLINOHAJIBHBIE OJI0KH CUCTEMBI

*  broxk cbopa 1 mepeaayu TaHHBIX O TEKYIEM COCTOSHUU:

0 PasmemienHblie Ha TpeOHE MIOTHHBI JATYUKU U3MEPSIOT YPOBEHb BOABI, BIAXKHOCTh U
Temnepatypy. JaHHble oTmpaBisitoTcs Ha MHKporpoueccop Arduino s mpeaBapUTENbHON
00paboTKH U JanbHEWIIeH mepeaadn Ha cepBep.

*  bnox cbopa u nepegaun BeTpoBoil UHPOpMAITIH:

0 Orot 050K Oaszupyetcs Ha O6ecipoBogHON MereoctaHuuu moaean WHI108, nanusie ¢
KOTOpO# nepenaroTcsa Ha Raspberry Pi u nanee uepes Arduino Ha cepsep.

OCHOBHbIE JTaHHBIE U AATYUKU

KiroueBble JaHHbIE 111 MOHUTOPUHIA PUCKOB MPOPHIBA IJIOTUHBI IOCTYNAIOT OT JaTYUKOB
YPOBHS BOJIbl, TEMIIEPATYPbl, OCAIKOB U BETPOBOI HArpy3KH.

» Jlatuuk DHTI11:

0 VYcTpoHCTBO AJii U3MEPEHMsI TEeMIEpaTypbl M BIIAXKHOCTH, C OAHUM LHU(POBBIM
BBIXOI0M. YacToTa ormpoca He MPeBBIAeT OAHOTO0 paza B 1-2 cekyHabl (Ha pucyHKe | momMeueHo
uudpoii 2).

Texnuyeckue xapakrepuctuku DHT11:

*  Hamnpsoxenue nutanus u I/O: 3-5 B

*  Jluanazon uzMepenus BiaaxHoctu: 20-80% c TounocThro £5%

*  Jlnanazon uzMepenus temnepatypsl: 0-50°C ¢ Tounoctero £2°C

*  Yacrora onpoca: 1o 1 'y (pa3 B cekyHay).

Wnmo CTpaliii 1 KOMIIOHCHTBI
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Pucynok 2. biiok npuema u nepeaauu MeTeo-uHdopMauu
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T — .
HONDA EGS55

Pucynok 3. beH3uHOBBIN TeHepaTop

5, T Y

PI/ICYHOK 4. ABTOHOMHAas MMOoJACHUCTEMA IIpUEMa U IICpeaadIn JaHHBIX 00 YPOBHE BObI U

TEeMIIepaType Ha COJTHEYHOM MUTAHUHU

Ha pucynke 1 npencraBieHbl OCHOBHbIE KOMIIOHEHTBI CHCTEMBbI:

wCoNOOR~RWNE

HC-SR04: YnbTpa3BykoBoi MOLYJIb JJIsl U3SMEPEHUS PACCTOSHHUSL.

DHT11: laTuuk TemnepaTypsl U BJIaYKHOCTH.

Arduino Uno: MUKpOKOHTpOJLIED.

nRF24L01 PA LNA: PagnoMonyiis a1 nepeaadyy JaHHbIX.

Hucnieit 1602 ¢ 12C anantepom: XKK-aucmiieit 1y orodpaxenust uHpopmanuu.
Raspberry Pi 4 Model B: OnHonnatHblif KOMOBIOTED.

WH108: CeHcopHblii 9kpaH 6ecripoBOJHON METEOCTAHIUH.

ConHeuHast MaHeNb: ISl TUTaHUSL CUCTEMBI.

KaGenps nutanus nis Arduino ot 6arapeu "Kpona'.
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10. Samsung, 10000Mah: BHenHui akkyMyisTop.

Cneyugurayuu KoMnoneHmos
* VubptpazBykoBoii gatuuk US-015:
0 MHcnonw3yercs ans uaMepeHust ypoBHs Bojbl. PaboTaeT, nmochliasi 3ByKOBbIE BOJIHBI HAa
orpeneneHHol yactoTe (Ha pucynke 1 momedeH nudpoii 1).
» Texuuyeckue xapaktepuctauku US-015:
Hanpsoxenue nutanus: S B
[Torpebnsiemsrii Tok: 20 MA
Pexxum oxnpanus: 2,2 MA
Yron uzmepenust: 15°
Junanazon n3mepenus: 2 - 700 cm
Tounocts: 0,3 cM + 1%

O O OO OO

* Pagnomonyns NRF24L01+PA+LNA:

0 IIpennasznaveH ais nepefayu JaHHBIX MO paaudokaHandy. PaboTaer B quamazoHe 4acTOT
ISM (Industrial, Scientific, Medical), noxnepuBaet mnepeaady JaHHBIX Ha PacCTOsHUE 10 2
Mo6wuT/cex u yactotHblil nuama3on 2400 - 2524 MI'n (va pucynke 1 momeuen uudpoii 4).

* XKK-mucnnent 1602 ¢ [2C apmantepom:

0 Jlucmieil ¢ moiacBeTKoi s oToOpakeHus uHpopmanuu, nojximodeH Kk Arduino (Ha
pucyHke 1 momedeH mudpoi 5).

0 Mereoctaniuss WHI108 mnpencraBiena Ha pucyHke2. CeHCOpPHBIM 3KpaH A
MOHHUTOPHHTA M IPOTHO3a MOrojbl (Ha pUcyHKe 1 moMeueH mudpoii 7).

» IlepenocHast ObITOBas METEOCTAHIUS ¢ OCCIPOBOMHOW CBSI3bI0O MEXAY MaTYUKAMU H
MPUEMHHUKOM, o0OecrieunBaronas mojkiIoueHne Kk komneotepy depe3 USB mopt mis 3anucu u
aHajmM3a JaHHBIX, a TaKXe BO3MOXHOCTh CaMOCTOSITEIBHOTO TPOTHO3UPOBAHUS TOTOBI.
OCHOBHOH OJIOK METEOCTaHIIMH OTOOpa)kaeT BaXHYIO TEKYIIyI0 HH(POPMAIMIO O IOroje,
MONYYEHHYI0O OT HApYXHBIX NAaTYMKOB: TEeMIIepaTypa, BIaKHOCTb, aTMOC(hepHOe IaBlICHUE,
HaIpaBJIeHHE U CKOPOCTh BETPA, a TAKXKE KOJMYECTBO BBHIMABIIMX 0caJKoB. HapykHble naTyuku
BKJIFOYAIOT B ce0s1 yT00HBIE MOHTAXXHBIC KPOHIIITCHHBI U IITAHTY, MO3BOJISIIONINE Pa3MECTUTh MX
32 OKHOM, B CaJly WJIM Ha KPBIIIE I0Ma JIJIS TTOJTYYSHHS HAMTYYIINX METEOPOJIOT HIECKUX TAHHBIX.

Duepeocnaborcenue cucmemul

[Ipry OTCYTCTBMU CTAIIMOHAPHOTO AJIEKTPOOOECIICUEHUSI MPEIyCMOTPEHBI CIEIYIOIINe
BapHAHTHI TUTAHUS:

1. Conneuynas nanenb (Ha pucyHke 1 momeuena nudpoii §).

2. barapeitnoe nutanue: Kabens mns nmonkmouenuss Arduino ot 6atapen "Kpona" (Ha
pucyHke 1 momeueH mudpoii 9).

3. Baemmnuii akkymyssarop Samsung, 10000Mah (Ha pucynke 1 momeuen nudpoi 10).

4. beH3uHOBBIN reHepaTop (Ha pUCyHKE 3).

Aemonomnas cucmema MOHUMOpUH2a

Ha pucyHke 4 moka3aHa aBTOHOMHas IOJCHCTEMa, paboTaroliasi Ha COJIHCYHOM ITUTAHHH,
JUIsl cOOpa M Tepelayd JTaHHBIX O YPOBHE BOJBI M TEMIIepaType. JTa CUCTEMa MOAXOIUT IS
MOHUTOPHUHTA yJIAJICHHBIX WU TPYAHOIOCTYITHBIX BOJOEMOB.

briox 06paboTKM HJaHHBIX

DTOT OJIOK COAEPIKUT MOCTOSIHHYIO MH(POPMAIIHIO O XapaKTePUCTUKAX BOAOEMA U TMIJIOTHUHBI,
a Tak)Ke COOMpaeT TeKylIMe JaHHble. B ciiydae yrpo3sl cUCTeMa aBTOMATHYECKH OMOBENIAeT
roCy/IapCTBEHHbIE OPraHbl O BO3MOXHOW OMAaCHOCTH IPOpPHIBA.

biiok nporuo3upoBaHus MOCAEACTBUI
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Ha ocHoBe pa3paOoTaHHON MoOJENM M XapaKTEPUCTUK BOJOEMa OJOK MPOrHO3UPYET
BO3MOJXKHBIE TIIOCJIEJACTBUS TMPOPHIBA IUIOTHHBI, BKJIOYAs pPAacyeThl BBICOTHI BOJHBI H
MOTCHIINAIbHBIC PA3PYIICHHUS.

4. 3akiaouenue

Hcxonst m3 mpUMEHEHUs MUKPOIPOLECCOPHON TEXHUKU U CEHCOPHBIX JATYMKOB, ObLIa
pa3paboTaHa aBTOHOMHAasi MHUKPOKOMIIBIOTEpHAs CHUCTeMa Iepefadyd KIMMaTHYeCKHX TaHHBIX.
[Iporpamma MOHHMTOpPHHIa (aKTOPOB MPOPBHIBHBIX BOJH B pEaJbHOM BPEMEHHM CO3/1aHA C
UCMOJb30BAaHUEM MAaTeMaTH4YeCKOW MOJENH, CIIOCOOHOW  OCYIIECTBIATH HENpPEephIBHOE
OTCJIEKMBAHUE YPOBHS 3allOIHEHHOCTU BOJIOEMAa U OLIEHMBATh BEPOSITHOCTH MPOpPHIBA 1aMOBI.
[IpennokeH MeTOX MOHHUTOPHHIA YPOBHS BOJBI, OCHOBAHHBI HAa HEYETKOM M HMHTEPBAJIBHOMN
matemaTuke. HakomneHHble naHHbIE OyIyT NepeAaBaThCs B CHTYAI[MOHHBIE ILIEHTPHI H
UCIIOJIb30BAThCA  CIEHUAIN3UPOBAHHBIMKM  CIIy’KOaMU I8 NIPOTHO3MPOBAHUS  BO3MOXHBIX
HABOJHEHUH, MOZCYETa BOJIHBIX PECYpPCOB U IApyrux neneil. CUcTeMa MOHUTOPHHIA M OKET
UHTETPUPOBATHCSl € JPYTMMHM aBTOMAaTU3MPOBAHHBIMU CHUCTEMAMM, TAKUMU KaK CHUCTEMBI
yIpaBiIeHUsI BOJOCOOPOM Ha THUIPOAIEKTPOCTAHLUAX, CUCTEMbl TPEBOXKHOIO OIOBELICHUS U
JIpyrue B3aMMOCBsI3aHHbIE (DYHKIIMOHAJIbHBIE CUCTEMbl. BHeApeHHe CHCTEMBl MOHUTOpPUHIA
YPOBHS BOJIbI ITpeAMnoiaraeT NpopuIakTUKy BOZHUKHOBEHUS Ype3BbIYaHBIX CUTYALUH.

PaGoTa BeimonHeHa 3a cuet cpeacts HUM matematuku u mexanuku npu KazHY umenu ann -
®apabu ¥ rpaHTOBOro (PMHAHCHUPOBAHMS HAy4HBIX HccienoBaHuii Ha 2023-2025 roasl mo
npoexkty AP19678157.
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NHHOBAIIMOHHBIE TEXHOJIOI'MM JJI1 DHEPTI'OOBECIIEYEHUA
TEIVIMYHOI'O KOMIIVIEKCA: CO3JAHHUE TEIIJIOBOI'O HACOCA
HA BA3E ARDUINO

I'.'!. XKoaganraposa
HAO Espasutickuti Hayuonanousii ynusepcumem umenu JI.H.I ymunesa

VIIK 519.676

Aunnomauyusa. B Oaumnoii pabome paccmompeHna OCHOBHASL MemMOOUKA CO30AHUS
OpPOCUMENLHOU  CUCTEMbl € UCNOIb308AHUEM COBDEMEHHbIX UHMDOPMAYUOHHBIX MEXHOIO2ULL.
Onpedenenvl 0CHOBHble (akmopwvl (ampubymul), enusOwWUe HA IHEpeemuyecKue napamempbl
NPAGUIbHO2O  (DYHKYUOHUPOBAHUSL — Opocumenvhol  cucmemvl. Ilpednacaemas  ocHoGHas
MexXHOI02Usl OpouleHUss NpeOHa3HadeHa OJil NOBbIUEHUS NPOU3BOOUMENbHOCMU mpyoda 0Oe3
npugieyeHuss OONbUI020 KOIUYEeCMBa Hel08edecKUX Cuil nymem onpeoeienus YPO6Hs B00bl,
memnepamypol HO46bl, COOEPAHCAHUL NUMATNETbHBIX 8eUlecms u m.o.

Kniwouesvie cnosa: mexuonocus opowieHusi, OCHO8Has Mmemoouka, Ha 6aze Arduino,
MeNnI060U HACOC, MEMOObL.

Beenenne

B coBpemeHHOM Mupe HHHOBAIIMOHHBIE TEXHOJOIMU UIPAlOT KIOYEBYIO pOJb B
HOBBIEHUN 3(PPEKTUBHOCTH M YCTOWYMBOCTH DPA3JIMYHBIX OTpaciell sKkoHoMHKH. OnHOH u3
TaKUX OTpaciel SBISETCS CeIbCKOE XO35IHCTBO, I/ie SHEeprod(h(PpeKTUBHbIEC PEIIeHUs! CTaHOBSTCS
Bce Oosiee BocTpeOoBaHHBIMU. OTHUM U3 MIEPCIIEKTUBHBIX HANPaBJIEHUH B 3TOI 00J1aCTH SABISIETCS
UCIOJIb30BAaHUE TEIIJIOBBIX HACOCOB JJIS OTOIJICHUS TEINIMYHBIX KOMIIEKCOB. TerioBble HacOCh
MO03BOJISIOT 3(P(PEeKTUBHO UCTIOIB30BaTh BO30OHOBISIEMblE HCTOYHUKH SHEPrUHU, TAKHE KaK TEIIOo
IPyHTa WM BOJBI, JJIS1 CO3/IaHUS ONTUMAJIbHOIO MUKPOKJIMMATA B TETLJIUIAX.

Hcnonw3oBanue mnatdopmbl Arduino st cO3aHUs TEIUIOBBIX HACOCOB OTKPHIBAET HOBBIC
BO3MOXKHOCTU JUJIi aBTOMATHU3allMM M YIpaBJEHUS CHCTEMaMH OTOIUIEHHs Teniuiu. Arduino
IpeicTaBiIsieT co0O0i JOCTYmHOE M THOKOE peIIeHHe, KOTOpOe I03BOJISIET pa3pabaThiBaTh
CIIO)KHBIE CHCTEMBl YIPaBJICHUS, WHTETPUPYS pPAa3JIUYHbIEe JAaTYUKH UM HUCIOJHHUTEIbHBIC
MeXxaHu3Mbl. biarogapst 3ToMy MOXXHO 3HAUMTENIbHO CHM3UTh 3aTpaThl Ha 00OpyJOBaHUE U
YIPOCTUTh IPOLIECCHl YCTAHOBKH U 3KCILTyaTaI[1H.

B nanHOl craThe paccMaTpuUBaeTCd METOAMKA CO3JIaHUS BOASIHOIO TEIUIOBOTO Hacoca
3aMKHYTOTO WJINM OTKPBITOrO KOHTypa Ha 0a3ze Arduino. OnmcaHbl OCHOBHBbIE KOMIIOHEHTHI U
o0opyioBaHuE, CXeMa MOJKIIIOUEHUS, IPOrpaMMHOE 00 ecliedeHHE JIIsl yIIPaBJIEHUS] CUCTEMOH, a
TaKKe JaHbl PEKOMEHJALMU MO cOOpKe M HacTpoiike cucTeMbl. Takoil Moaxox Mo3BOJSET
o0ecrieunTh HaJEKHOE U HEProdpPpekTUBHOE OTOIUIEHUE TEIUIMIIbI, CO3/jaBasi OJaronpusTHbIE
YCIIOBHUS 111 pOCTa PACTEHUH U MUHUMM3HUPYS SKCILTyaTal[MOHHbIE PACXOIbI.

1. 0630p Pa3JINIHbIX IIpI/IMeHeHI/Iﬁ HMHHOBAIIMOHHBIX TEXHOJIOI'NA B CECJIBCKOM
X03s1iicTBE

Cenbckoe XO03SHCTBO MTpaeT BaXKHYIO poiib B dKOHOMUKE Kazaxcrana. ABToMaTu3anus B
CEJIbCKOM XO3SIICTBE, @ UMEHHO pa3padoTKa aBTOMATH3WPOBAHHOW CHCTEMBbI OPOIICHUS SIBJISIETCS
aktyanpHOU 3amaueir. B pabore [1] (TAHXA OXAPA TU JIP) nmpuBeneH ayauT pa3iIddHBIX
NPUMEHEHUN HMCKYCCTBEHHOTO HMHTEJUIEKTa B CEJIBCKOM XO3SHCTBE, TaKMX KakK: OpPOIICHHUE,
MPOTIOJIKA, ONPHICKHBAHUE C MTOMOIIBIO JATYUKOB U APYTUX CPEACTB, BCTPOCHHBIX B pOOOTOB U U
NpUMEHEHUE OCCHIIOTHBIX JIETATENBHBIX amNapaToB. ABTOpAMH OTMEUYEHO, YTO TEXHOJOTHS
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MCKYCCTBEHHOTO HHTEIJIEKTa 3allUTHIIA YPOXKAHHOCTh CENbCKOXO3AHCTBEHHBIX KYJIBTYpP OT
pa3nU4YHBIX (GAKTOPOB, TAKMX KaK M3MEHEHUE KJIMMaTa, POCT HaCeNeHUs, MPOOIEMBbI 3aHATOCTH H
npoOJieMbl MPOJOBOJBCTBEHHOM Oe3omacHocTH. Pa3paboTaHHbIE TEXHOJOIMM 3KOHOMST
M30BITOYHOE HCIOJIb30BAaHUE BOJbI, MECTULUIOB, IepOULIUIOB, MOJACPKUBAIOT ILIOJOPOJIUE
MIOYBBI, a TAK)KE MIOMOTratoT B 3((EKTUBHOM HCI0JIb30BAHUHU YEJIOBEUECKON SHEPTUU U MOBBIILIAIOT
YpOKalHOCTb U yIy4IlaloT KauecTBO. OOCYk Aat0TCsl BONPOCH IPUMEHEHHS pa3IMYHbIX METOJI0B
30HAMPOBAHMS TOYBEHHOM BOJBI, a TaKKe aBTOMAaTU3MPOBAHHBIX METOAbl IPOIOJIKH.
OOcyxnaercss BHEApEHHWE OCCIHUIOTHBIX JIETATEIBHBIX AamNNapaToB, pa3IUYHBIE METOIBL,
UCIOJb3yeMble OECIMIOTHBIMY JIETATEIbHBIMU anmapaTaMy AJis ONPHICKUBAHUS U MOHUTOPHHTA
CeJIbCKOXO3SIIICTBEHHBIX KYIbTYP.

B pa6ore [2] Kymap (2014) obOcyxmaer pa3idyHble METOJIBI OPOLIEHUS C OCHOBHBIM
MOTHBOM DPa3pabOTKH CHCTEMBI C YMEHBIICHHBIM HCIOJb30BAHUEM PECYPCOB M IOBBIIICHHON
sddexTrBHOCTHIO. Takue mpruOOPLI, Kak H3MepuTeNs mrogopoaus u PH-merp, ycranaBimBaroTcs
Ha I0JIe AJI ONpeesIeHUs II0IOPOAHS TOUBbI IYTEM ONPEAEIEHUs IPOLEHTHOIO COJEpKaHus
OCHOBHBIX KOMIIOHEHTOB ITOUBBI, TAKUX KaK Kauii, pochop, a30T. ABTOMAaTUYECKHE UPPUTATOPHI
pacTeHUH BBICAXKUBAIOTCA Ha TOJEe C MOMOIIbI0 OecrpOBOAHONW TEXHOJOIMH KamelbHOro
opoleHus. DTOT MeToA oOecreyuBaeT IJIOA0opoarue MOYBBI U A(P(EKTUBHOE HCIIOIb30BAHHE
BOJIHBIX PECYPCOB.

B pabore [3] CaBura u Ymamaxemsapu (2018) Taxke pasBuiu uaero 3PpQPekTUBHONW U
ABTOMATU3MPOBAHHON HPPUTALMOHHOW CHUCTEMbI, pa3pabdoTaB [HMCTAHIMOHHBIE JATYUKU C
UCIOJIb30BaHUEM TEXHOJIOTUU Arduino, KOTOpbIe MOTYT YBEIHYUTH MPON3BOACTBO A0 40%.

Eme onmHa crcTtemMa aBTOMAaTH3MPOBAHHOI'O OPOIICHHS ObLIa MpeiokeHa B padore [4]
Baparapamkany u Pamnpa0y (2018). I1pu Takom moaxoje ObUTH MOCTPOCHBI Pa3JIMYHbIE TaTYNKH
JUI Pa3jMuHBIX IIeJIed, TaKue Kak JaTYMK BJIQXKHOCTU IOYBBI JJIsl OIpPENENECHUsl COJep KaHUs
BJIard B IIOYBE, JaTUMK TEMIIEpaTyphl Ui OMNpEACNIEHUS TeMIlepaTyphl, JaTYUK PEryisaropa
JaBJCHUS s TOJJAEp)KaHMUS JaBJIEHUS M MOJIEKYJSIPHBIM JaT4yuK Ui JIy4lIero pocrta
CENIbCKOXO3SIMICTBEHHBIX KYJBTYp. YCTaHOBKa HH(POBBIX ¢oTroamnmapaToB. BeIXxoa Bcex 3THUX
yCTpOHCTB TpeoOpasyercss B IUGPOBOM CHTHAT M Tepenaercs Ha MYJIbTHILIEKCOP 4epes
OecripoBO/IHEBIE ceTH, Takue Kak Zigbee u hotspot [5].

OaHMM U3 OCHOBHBIX aCIEKTOB MOJAepKaHUs MOIXOMSAIINX YCIOBUHM JUIsl pOCTa pacTeHU
B TEIUIMIAX SBIISETCS HCIOJIb30BAaHUE 3HAUUTEIbHBIX OOBEMOB JHEpruu. /sl MOBBIIICHUS
3pPEeKTUBHOCTH TaKUX KOMIUIEKCOB YacTO BHEAPSAIOT CHCTEMBl DHEProcHaOXKeHus c
UCIOJIb30BaHUEM TEIIOBBIX HACOCOB. JTa TEXHOJIOTHSI IIMPOKO N3YUYEHA U YCIIEIIHO IPUMEHSETCA
JUIsL OTOTUICHUS Pa3JIMYHBIX NOMelleHud. B maHHOW cTaThe MpoBeAEH aHaIU3 HCIOIb30BAHUS
TEMJIOBOr0 HacOCa COBMECTHO C TEIJIOBBIM JIBUTATeNIeM il 0OecriedeH sl SJHEpruel TeIMyHoro
komiuiekca. OAHMM U3 TEpPCHEKTHUBHBIX pPELIEHUM B 3TOM 00j1acTH sIBJsSIETCS NpPUMEHEHHE
TEMJIOBBIX HACOCOB, oOecrneynBaonmx 3G GeKTUBHBIN MEPeHOC Temila MeXIy HUCTOUHHKaMH. B
paMKax TaHHOM CTaTbH PACCMOTPEHO HCIOIb30BaHKE TEMJIOBOI0 HAaCOCa HA OCHOBE IIAT(HOPMBI
Arduino, 4To cnocoOCTBYeT CHMKEHHIO 3aTpaT Ha 00OpyIOBaHWE M YNPOIIEHUIO YIpaBICHUS
CUCTEMOM.

2. MeTtoabl

W3nepxku Ha OTanjuMBaHHME - KJIIOUYEBBIE PACXO/bl B CEKTOPE TEIJIUYHOrO XO34WCTBA U
HaIlpsIMyH0 BO3JEHCTBYIOT Ha MTOTOBYHK LIEHY BBIPAIEHHONW MNpoaykuuu. [loatomy BaxHO
oOpamath BHHUMaHH€ Ha H3HEProd((EKTUBHOCTh TEIUIMYHBIX XO3SIMCTB, 4YTOOBI BBIBECTU
OTE€YECTBEHHYIO MPOAYKLHIO Ha KOHKYPEHTOCIHOCOOHBIH YPOBEHb M IMOCTENEHHO YMEHBIIUTh
JIOJIX0 UMITOPTHBIX IIPOTYKTOB.

TernnoBoi HACOC — 3TO YCTPOMCTBO, KOTOPOE MEPEHOCUT TEILJIO U3 OJTHOTO MECTa B APYyroe,
UCMOJb3ys] HEOONBIIOE KOJIMYECTBO BHEIIHEH SHEPruu. B KOHTEKCTE TENIMYHOrO KOMILIEKCa
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TETJIOBOM HACOC MOXET 3a0upaTh TEIIO U3 OKPYKAIOIIeH cpeabl (BO3ayxa, BOJIBI UM 3€MIIH) U
MEPEHOCUTD €r0 BHYTPb TEILIULIBI JJIsI TOAIEPKaHUsI HE0OXOIMMOMN TeMrepaTypsl [S].
O¢ddexTBHOCT, PAabOTHl TEMIOHACOCHOW YCTAaHOBKHM XapaKTEPU3yeTCs OTHOIIEHUEM
TenJ0THI Q, MOTYyYEHHOM TEII0 TOTPeOUTENEeM, K ITOTPEOJIEHHOM TETJIOBOM HACOC 3 JIEKTPUUYECKON
momHocTH Ny . JlanHyro BenuuuHy HashiBaloT KodGuurentom npeodpasosanus TH:

w=k (1)

np

Jlnsg pacdeToB HCMONB3YIOTCS HadallbHble JaHHbIE O TUJIOH[AJM TEIUIUIbI, KOTOopas
cocraBisier 10000 kBaapaTHBIX METpoB MM | rekTap. DHepro 3aTpaThl Ha HCKYCCTBEHHOE
ocBeteHre paBHbl 20% OT oOuiero motpeOieHUs] SHEpruy Ha BBIpAIMBaHHE KYJIbTYp. DTOT
IPOLIEHT 3HEPrMM OOBIYHO MCIOJNB3YETCS A CTUMYJSIUU POCTAa PACTEHUH C IOMOILBIO
HCKYCCTBEHHOI'O OCBEIIIEHHUS B T€UeHHUE Bcero roja. IlorpeOHOCTh pacTeHuil B TEIIE 3aBUCUT OT
BPEMEHHU I'Ofia, IIPU 3TOM pacxXoj SHEPruu Ha OTOIUIEHHE HaXxoAUuTcs B mpenenax ot 15 1o 50 (70)
BaTT Ha KBaJpaTHBIA MeTp. i pacueroB mpumeM, 4yTO MOTPEOHOCTh B TEIJIOBOW IHEPIHH
cocraBisieT 50 BaTT Ha KBaJpaTHBIM METP.

Jlnsg cpaBHEHHs pa3IMYHBIX BAapHAHTOB DHEPrOCHAOXKEHUS TEIUIMI[ MPUMEM 3a OCHOBY
4acOBOM pacxo/] yCIOBHOI'O TOIUIMBA JJIs MOJIy4€HHUs OIPENEICHHOIO KOJIMYECTBA SHEPTrUu. ITO
MO3BOJIUT CH€JaTh JIOCTOBEPHOE CPABHEHME, OTKIOHUBIIMCH OT aHaiau3a 3PQPEKTUBHOCTU
0o0Opy/lOBaHUSI Ha OCHOBE CTOMMOCTH OJKCIUTyaTalluM, Y4YUTbIBas, YTO LE€Hbl Ha TOIJIMBO,
TEIJIOBYIO U DJIEKTPUUYECKYIO0 SHEPIrHI0 MOCTOSHHO MEHSIOTCS MPHHITA BEIWYWHA YCJIOBHOTO
TorumBa, paBHas 293 000 kuiomKoyJiel Ha KUJIorpamMMm (3a rpaHulleld UCIONIb3yeTCs HEQTAHOM
skBuBaJeHT - 10 000 kuokanopuii Ha KUJIOTPaMMm).

Takum o6pazom, 17151 06orpeBa He0OXOoAMMa TEMIOBas MOIIHOCTh B pa3mepe 500 KuiioBarr.
DJIeKTpUYEeCcKasi MOLIHOCTh JIs J0cBeuuBaHud cocrasisieT 20% ot 3Toro 3HaueHus, 1o ects 100
kuioBaTT. CymmapHas MOIHOCTE paBHa 600 kuioBatT [5].

Bricoknii  koaduimenT HEprodGHEeKTHBHOCTH SBISETCS KIIOYEBBIM IOKa3aTelleM
KauecTBa TeMjaoBoro Hacoca. Yem Bbeile 3TOoT Kod(duimeHnt, tem 3ddekTuBHEE padoTaet
YCTaHOBKA, M TEM MEHBIIE JIEKTPOIHEPTUU TpeOyeTcs AJist 0OecredeHust Hy>KHOTO YPOBHS TEIUIa.
[TosTomy mpu BbIOOpe Hacoca HEOOXOAUMO oOpaliaTh BHUMaHHWE MMEHHO Ha 3TOT Mapamerp.
Hwxe npuBuaeH npumMep cxema pabotsl TenioBoro Hacoca (Puc 1).

-—
—
Otpaua Tenna MocTtynnexue Tenna
> |
—
—_—>

Cxamue

Komnpeccop I Hcnaperue
\

PaclwWpuTenkHBIA KnanaH

Puc. 1. Cxema paboTbI TEMIOBOI'0 Hacoca
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Cy1iecTBYIOT pa3fiUYHbIE TUIBI TEIUIOBBIX HACOCOB, KAXKIBIH M3 KOTOPBIX UMEET CBOU
0COOCHHOCTH M IOKa3aTeau dHeprodddextuBHOCTH. Hanpumep, BO3YIIHBIC TEIIJIOBBIC HACOCHI
00BIYHO UMEIOT O0Jiee HU3KUI KO3 PUIIMEHT, YeM TPYHTOBBIE WM BOASIHbIE Hacochl. [loaTomy
npu BeIOOpE Hacoca HEOOXOAWMO YYHUTHIBATH TAKKE OCOOCHHOCTH KOHKPETHOH YCTaHOBKH M
YCJIOBHUU 3KCIUTyaTauu [5].

[ToBpimenue sHeprodpGEeKTUBHOCTH TEMIIOBBIX HACOCOB SIBIIIETCS BaXKHBIM HAIPaBICHHEM
pa3BUTHS JAaHHOW TexHosoruu. IIpom3BoauTeNM NOCTOSHHO pabOTalOT HaA yIy4lIeHHEM
KOHCTPYKIIUM HACOCOB, YyBenmuueHHeM Kod(hduuuenta dSPPEKTHBHOCTH U  CHUKCHHEM
sHepromnoTpebieHns. Takue yCOBEPIICHCTBOBAHHUS IO3BOJBIIOT COKpallaTh pPacXoabl Ha
OTOIJICHUE M CHU)KATh BPEAHOE BO3/ICHCTBHE HA OKPYKAIOIIYIO CPEay.

3. CxemMa noaKJIK04YeHUs
DHeprocHa0XeHHE TEIUIUI C MCIOIh30BAHHEM Ta30BOTO KOTIA SIBIAETCS IPPEKTUBHBIM
croco0oM mojaepKaHusi ONTHUMAJIbHOTO MUKPOKJIMMATa JJIsl pocTa pacTeHuil. Vcrnonb3oBaHue
wiatpopmbl Arduino mo3BosisieT aBTOMAaTU3UPOBATh YIpaBiIeHHUE Ta30BbIM KOTJIOM U CHCTEMOM
OTOIJICHUS], YTO MOBBIMIAET FHEProdPPEeKTUBHOCTH U YA00CTBO dKCIIyaTaluuu. Vcrnonb3oBaHue
JATYNKOB TEMIEPATypbl U pelie MO3BOJISIET TOYHO KOHTPOJMPOBATH pabOTy KOMIIpeccopa H
IUPKYJSAIHOHHBIX HACOCOB, 0OeCreunBasi ONTUMANLHBIE YCIOBHS ISl pocTa pacTeHui. Taxoi
MOJXOJ CHU)KAET JIKCIUTyaTAIHOHHBIC 3aTPAaThl W MOBBIMACT 3P(PEKTUBHOCTh HCIOJb30BAHUS
SHEPruu B TEIUIMYHBIX KomIuiekcaxX. [lmardopma Arduino Oblia BbIOpaHa Ui YIpaBIICHUS
TEIJIOBBIM HAacOoCcOM Oiarofapsi CBoei JOCTYMHOCTH, IPOCTOTE MPOrPaMMHUPOBAHUS U IIUPOKUM
BO3MOXKHOCTSIM paciupenus. Arduino mo3BojsieT KOHTPOJIMPOBATH TEMIEPaTypy B TEILIUIE C
BBICOKOM TOYHOCTBIO U aBTOMATH3HPOBAThH PA0OTY CHCTEMBI.
KoMIioHeHTHI Tem10BOro Hacoca
1. Kommpeccop: cxumaet pabodee Tesno, yBeIUYUBas €ro TEMIEPATYPY.
2. KonzueHcaTtop: TemiooOMeHHUK, rae pabdodee TeIo OTAaET TerIo.
3. UcnapuTenb: TEIIO0OOMEHHHUK, T1e pabodee TeJIO MOTrJIomaeT TEIIo.
4. JIpoccenbHBIN KIamaH: perylupyer MOTOK pabodero Teiaa MEXIy KOHIAEHCATOPOM H
HCIIAPUTEIIEM.
5. MUKpOKOHTpOJUIED: YIPaBJsET pab0oTON Hacoca M KOHTPOJIMPYET TeMIEpaTypy.
Cxema MOJKIHOY CHUS:
KomnoHeHTH moAKII09arTest K Arduino cieqyronmM o0pa3oMm:
- JlaTunKu TeMrnepaTyphl MOAKIIOYAIOTCS K MU POBBIM MTUHAM JIJIsi CAUTHIBAHUS TaHHBIX.
- Pene mopkmrouaercs Kk nudpoBOMy IMHUHY JIJIS YIIPABICHHUS KOMIIPECCOPOM.
- BeHTHIATOPHI M TEMJIOOOMEHHHUKH pPa3MEIIAloTCs B HEOOXOIMMBIX MecTax JJist
obecrieueHusi s¢ddexTuBHOrO TemmooomMena. Ha pucyHke 2 moka3zaHa TEXHOJOTHS JJist
sHeproodecrnevyeHrs TeIIMYHOro KOMILJIEKCa.
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Puc. 2. Cxema co3maHus TEMIOBOro Hacoca Ha 0a3ze Arduino

B nmanHOW craThe B KadecTBE IpOrpaMMHOro ooOecredeHuss Obuia BbhIOpaHa cpena
ArduinolDE, 3anporpammupoBanHas Ha si3bike C++.

Coznanue TermioBOoro Hacoca Ha 0aze Arduino mpeacTaBisieT coOON WHHOBAIIMOHHBIN
HOAXOJl K HEProoOECHedyeHHI0 TEIUIMYHBIX KOMILIEKCOB. JTOT MPOEKT HE TOJBKO CHMIKAET
9KCILTyaTAallMOHHBIE PACXOAbl, HO M CHOCOOCTByeT Oosiee >(PPEeKTUBHOMY U YCTOHUMBOMY
BE/ICHUIO CeNIbCKOro Xo3sicTBa. Mcnonp3oBanne Arduino mo3BOISET peamn30BaTh ATOT MPOEKT €
MHUHHMMAaJIbHBIMU 3aTPAaTaMU M BBICOKOHM CTENEHBbIO aBTOMATU3AIlMH, YTO JIEJIAeT €ro JOCTYIHBIM
JUISl IIMPOKOT0 Kpyra MOJIb30BaTEIeH.

OneWire — st0 O6HOIMOTEKA, KOTOpas obecrneunBaeT paboTy ¢ uHTepheiicom OneWire.
Untepdeiic OneWire paszpaboran kommanueid Dallas Semiconductor (HbiHE yacTh Maxim
Integrated) m umcmonp3yeTcs sl CBSI3M C JaTYMKAaMH M JAPYTMMH YCTPOHCTBAMM 4epe3 OJHH
nposoj. bubmmorekn OneWire u DallasTemperature mpennazHadeHsl 7151 paboThl ¢ U (ppOBEIMU
JaTYNKaMU TeMiepaTypbl, Takumu kak DS18B20, uepe3 untepdeiic OneWire. Otu 6ubmoTeku
II03BOJIAIOT JIETKO MOJKJIIOYATh U YIPABIATh HECKOJIBKUMH JJaTYMKAMU TEMIIEpaTypbl, UCHOJb3Ys
BCEr0 OAMH MpPOBOX JuId mHepedaud AaHHbIX. bubmmoreku OneWire u DallasTemperature
IPeIOCTABISAIOT yI0OHbIE M MOILIHBIE MHCTPYMEHTHI A paboThl ¢ LU(POBBIMU JAaTYUKAMU
temriepatypbl. OHM 3HAYUTEIHHO YIPOIIAIOT MPOIECC HHTETPALIMH TaTINKOB B ITPOCKTHI Ha Oa3e
Arduino, no3Boisis pa3paboT4MKaM COCPEIOTOUYMTHCS Ha JIOTHKE YIpaBJEHUS U 00paboTKH
JTAHHBIX, 2 HE HA HU3KOYPOBHEBOM B3aMMO/ICH CTBHH C TaTYNKAMHU.

4. 3akiioueHue

C MCnoJIb30BaHHEM COBPEMEHHBIX HH()OPMAIIMOHHBIX TEXHOJIOTHH BO3MOXKHO ITOCTPOUTH
WHTCIUICKTYalbHYI0 CHCTEMYy opolneHus. Ha HadanbHOM 3Tame WCnolib3ys Teodusmueckue
npUOOPBI, BO3MOXKHBI ONMPEICIUTh (PHU3UYECKHE CBOHCTBA BEPXHUX CJIOCB IOBEPXHOCTH
oportaemMoro nois. MccnenoBaHus Moje3Hb! 17151 OOHAPYKEHHUS BJIaKHOCTH IMOPUCTOCTH BEPXHUX
clioeB T'pyHTa. Ha criemyromiem dTame yCTaHOBKA JATYMKOB IS OMPENEICHUS HEOOXOIUMBIX
napaMeTpoB U3y4aeMOro IMOJjs, JaHHbIe JaTYHKU (UKCUPYIOTCS MUKPOKOHTpoiuiepoM Arduino,
Janee mpoIece MPOXOIUT MO YKa3aHHOM BBIIIIE CXEME.
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TpaaunnoHHas cucTeMa 3HEProcHA0XKEHHs TeIIUIBI UMEET MPOCTYI0 TEIUIOBYIO CXEMY
npocTa B HKCILTyaTallMd, TEM HE MEHee, €€ IJIaBHBIH HEeJOCTATOK — MaJlasi 3KOHOMHYHOCTb.
TennoBele HACOCHI JAIOT OOJBIINE BO3MOKHOCTH 10 COEPEXEHUI0 SHEPTUU HA OTOIJICHU € TEILINLI.
Texnonorusa pacdera M MOHTa)ka TEIUIOBBIX HACOCOB XOpOLIO OTpabOTaHa M LIMPOKO
UCMOJIb3YETCs B HACTOSIIIEE BPEMsI JJIsl IOMEIIEHUH.
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AN APPROACH TO REPRESENTING TIME IN MODELING
DEVELOPING SYSTEMS

Igor N. Skopint?
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2Novosibirsk State University

Abstract. Approaches to the determination of model time in studies of developing systems
are discussed. The possibility of setting the global time of the system using the local times of its
elements, understood as protocols of events in which they participate, is shown. Combining all
such protocols results in a partial order of events. It is proposed to use this order as the global
time of the system. The correctness of such a definition of time is shown, as well as the fact that it
is well combined with the use of an event control mechanism in simulation models.

Keywords: developing system; evolving system; local and global time; partial order relation
on the set of events; events, reaction of elements to events; event protocols.

I know that | measure time, but I cannot measure the future, because it does not yet exist;

I cannot measure the present because it has no duration; I cannot measure the past because

it no longer exists. What am | measuring? Time that passes, but has not yet passed?
Aurelius Augustine (354 — 430). Confession [1]

1. Introduction

The study of a developing system by modeling methods always provides that the model
representation of development reflects changes in the real system that occur at some points in the
time of its existence. Development processes start, run, and end within certain time frames, which
in itself indicates the need for time modeling. However, what is important here is not so much
hours, minutes, etc., but such properties as mutual influence and synchronization of the behavior
of system elements, development under the influence of events external to the system being
modeled or produced by its elements. In other words, at the model level, the interactions of
elements are more significant than the moments of absolute time when these interactions occur.

The problem of adequate reflection of time in models is very important for any approach to
the study of processes and phenomena. But when developing or evolving systems are studied, it
takes on special significance. A common task in such cases is to reconstruct or simulate the
behavior of the system as the interaction of its elements over time. As a consequence, the concept
of model time is required, which would reflect reality in a consistent way with interactions. One
of the main goals of the proposed work is the construction and justification of such a concept. The
research presented in the report showed that overcoming the difficult problems of time
globalization on the basis of world clocks is achievable if global time is considered as an entity
secondary to the local times of the system elements. This made it possible to determine the general
requirements for software support tools for model construction, taking into account the need to
optimize model calculations on supercomputers. The development of unified design patterns for
constructing development models is considered as a perspective of the approach.

2. Options for representing time in simulation

In any approach to modeling, it is necessary to distinguish between three options for
representing time, one way or another used in building models and performing calculations (We
define options for representing time following [2], refining them to better match the proposed
concept):
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» Real time, in which the functioning of the object under study takes place is the time
of the real system, the model of which is built for the study;

« Model time, on the scale of which the experimental calculations of the model are
organized, is a reflection of real time in the constructed model (it is often called
system time, which, in our opinion, may not be understood quite correctly);

« Computer time, which reflects the time spent by the simulation - this attribute is
especially important when using models, the adequacy of which depends
significantly on the amount of computing resources involved in the calculations.

Real time for research is an attribute or an observable characteristic of the modeled object
as a whole, which fixes the framework for the development of the system, presented in the form
of the behavior of its elements. In most cases, real time is used as a source of values for the time
parameters of the model as a whole and its elements, reflecting causal relationships. If it is
necessary to model the real or, which is the same, the absolute time of a real system, it is natural
to represent it as a data structure formed according to information about the order of interactions
of elements, i.e. as a structure that is globally available for all elements of the system when
performing their local actions.

The choice of approach to setting model time is very ambiguous (see, for example, [3]), but
if the development of the system is associated with the activity and interactions of elements, then
it becomes obvious that two types of model time must be agreement determined: local time of each
element and the global time of the system as a whole. The key requirement here is agreement.

Human communities invented a single time for general use at the dawn of their existence,
and therefore its use for synchronizing events occurring during the functioning of the model system
and its elements seems natural. Unfortunately, global time, whatever its definition, suffers from
redundancy, due to the fact that it is necessary to track not only events, but also the course of time,
i.e. a real non-existent time generator. But something else is worse. This mechanism does not cope
with the task of coordinating the actions of the elements of the system. Firstly, the property of the
relevance of events is lost — you always have to check with the “world clock™ alienated from the
local sequence of actions of the element, and secondly, the required accuracy of indicating the
simultaneity and sequence of performing several actions that depend on each other is not achieved,
i.e., when one of them produces data for others. In such cases, neither the agreement on the
"instantaneous" actions, nor the consideration of non-deterministic behavior helps to cope with
dependencies - in real life, this is enough. Therefore, it is necessary to supplement the time model
with special corrective agreements. If so, isn't it easier to abandon the calculation of different times,
which does little to harmonize the order of model actions and events? A more detailed discussion
of the problems of global time can be found in [4].

When building development or evolving models, the computer time spent on carrying out
model calculations limits the number of development trajectory options that can be verified. In
addition, when the model uses imitation of continuous processes described by differential and
integral equations, instead of the exact solution of which its approximation is calculated, the
quality of the result can be improved by using more productive computing equipment. Clearly,
that these circumstances affect the adequacy of the study.

3. Modeling of developing systems and event driven control

A system (ancient Greek cvotnua “a whole made up of parts; connection”), according to
the definition of the Great Russian Encyclopedic Dictionary, “is a set of elements that are in
relationships and connections with each other, which forms a certain integrity, unity” [5]. The
given interpretation of the concept of a system reflects the commonality of its various existing
definitions: we can say that almost always systems are made up of elements and relationships, the
essence of which is fixed in further clarifications.

With regard to modeling problems, two types of systems should be defined simultaneously:
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« areal-life system under study — a real object of research, and
« model system — an artifact that reflects the properties and behavior of a real system,
defined for the study.

In the proposed concept, it is considered that the real system is a developing or evolving
object. Development is a change in the system, which is carried out under the influence of the
activity of its elements and the influences of the environment. Both the elemental composition of
the system, its properties and the properties of its elements, including the links between elements,
change. In this regard, building a forecast or identifying patterns of changes in the system can be
chosen as the goals of studying the system, i.e. the dependence of its development on the properties
of the elements, their interaction with each other and with the environment, in other words — with
the environment of functioning.

A model system is an object designed to imitate a real object in order to identify and track
the patterns of its development. The model system should reflect the parts of the real object
provided for by the study, its properties and functions. Therefore, the construction of a model
system provides for the abstraction from everything non-essential in the structure and behavior of
a real object. In turn, the model system as a whole and its elements should have properties,
functions, and other attributes that could be disappeared due to abstraction. These features are
attributed to the elements and the system as a whole. Due to such attribution, the integrity of the
model system is restored.

Compared to a real object, information obtained about a model system with the help of
observations, measurements, and experiments turns out to be more accessible for analytical work.
If abstraction and attribution are carried out adequately to the requirements for the study, and
observations are performed correctly, then the transfer to the real object of the revealed patterns
of development of the model system will be legitimate.

Elements of the model system is distinguished by its attribute representation, which allows
the transfer of data and methods to perform the actions necessary when operating with the model.
The attribute representation of element stores information about the particular type of an element,
as well as about the connections between elements — relations with other elements. The types of
connections between the elements of a real object are diverse and changeable, but even before the
start of the study, those elements and connections that are taken as essential are selected — the
existence of other aspects of real objects is ignored. So the elemental decomposition required for
the study of the real object is constructed, or rather, the element decomposition required for the
study of the real object is selected, which we will further call the studied real system.

The properties and links of the elements of the model object are not selected, but are
constructed using the concepts and objects of an already existing system of concepts and tools for
their combination. Thus, a model system is built. The criterion for selecting components for a
model system of elements is that, using their properties and relationships, the real system
representing the object under study can be reconstructed as an independent structure that allows a
one-to-one correspondence between the studied real and model systems.

When the object of study is a developing or evolving system, it is postulated that the elements
of the system can perform certain actions: the creation and destruction of elements, changing their
properties and relationships, as well as the properties and relationships of other elements. It is
essential that with the development of the system, the actions available for execution change.
Therefore, we need to talk about the sequence of element states. Each of them is characterized by
a set of valid actions that the element, being in this state, can perform. A state is a special kind of
property of an element that dynamically changes during the operation of the system.

The concept of the state of an element of a model system is in good agreement with the same
concept of a real developing or enveloping system. Moreover, the very development of the system
can be interpreted as a combination of sequences of state changes of all its elements. In real
systems, such a union is achieved by linking state changes to a single time axis, which, as shown
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above, is not enough to synchronize interactions in model systems. It is required to reflect in the
model the reasons for the transition of an element from one state to another: in the course of
carrying out calculations, the element must receive a signal about the need to perform transition.
An adequate way of such signaling is a general event mechanism, applicable not only for changing
the states of elements. Its essence boils down to the following operations performed in the specified
order:

1. Generation of an event by some element of the model system or its environment (in
relation to the change in the states of elements, this is the source of the event, the cause of a possible
change in the states of some elements);

2. Recognition of an event by those elements that should receive a signal (this is the
identification of a signal by some elements as the cause of a possible change in their states);

3. Reaction to the event by each of the elements that recognized the event by performing
actions defined for this event (this is a consequence of the event recognized by the element as the
reason for making a decision to change its state).

It is important to note that the response to an event, interpreted as a requirement to perform
some action, may be different from this action. The element decides which reaction to take based
on all the information available to it, not just the recognition of the event. So, if the requirement
to move to a new state is determined not by one event, but by some sequence of them (for example,
the situation with the accumulation of some resource), then it is accepted only as a result of
responding to the final event of the sequence. Note that events with ambiguously chosen reactions
of the same element are easy to eliminate: it is enough for such a state to set a special function as
a reaction that generates an auxiliary event with a single reaction for each of the options for the
initial reactions.

Responding to an event is not necessarily an immediate consequence of recognition. It can
be delayed until the trigger conditions are met, and in a real system or when implementing the
global time of the model, it can also be assigned to a specific time. As in the case of ambiguous
reactions, a delayed reaction is easily simulated using a special auxiliary event that is generated
when the trigger conditions are met. In this case, it is not necessary to generate this event with an
explicit assignment of a delayed reaction for a certain time. It is only necessary that it occur after
the delayed reaction and before the events that depend on it.

Events connect a system element with other elements: the very generation of an element and
its further states depend on its actions, actions of other elements and the environment, more
precisely, on the results of these actions. All these actions are the consequences of the
corresponding events that are their causes. Some of the real events in the simulation are ignored -
the researcher either does not know about them, or abstracts from their existence. In both cases,
the causality of the action of the element, including changes in its state, is attributed to other events
or processes initiated by such events. Both causality and attribution of causality are directly related
to the concept of model time: until a causal event (perhaps several necessary events or one of them
— it depends on the semantics of the model) does not occur, the corresponding reactions cannot
occur. It is clear that it should not violate the causal relationship: the attribution of causality later
than the onset of its consequences, including events-consequences, is prohibited.

Let us illustrate the introduced concepts on the example of a fragment of the conditional
model of tea drinking. An electric kettle with the following alternative properties is considered as
one of the elements of the model: empty and filled with water, switched off and on. Permissible
combinations of these properties characterize the states of the teapot. With correct operation of the
kettle, the switch-on event leads to the activation of the boiling process. We will assume that the
event of turning on the kettle without water is controlled, i.e. for an empty kettle, switching on
does not entail any actions, in particular, they do not change its state. In the case of a kettle filled
with water, the switch-on event is attributed to causality: in the tea-drinking model, it is assumed
that the water in the teapot boils because of it, and boiling before switching on is not allowed. At

248



the same time, it is ignored that boiling is impossible without heating, the processes of generating
electricity and turning it into heat, and the boiling event occurs after a certain period of time after
switching on without any special actions. In real life, the question of when this will happen does
not arise, but the fact of boiling is transferred to the model level as a statement that this happens
after switching on. For a boil event to occur, a new event may be required, for example, when
there is a forced shutdown of heating in the interval between the initial start and the end of the
process. But information about the size of this time interval is actually not used in any way.

Conscious attribution of causality is a natural modeling technique that allows you to
correctly abstract from the insignificant details of the system under study. At the same time,
unconscious attribution can lead to a violation of the principle of Occam's Razor: "One should not
multiply things unnecessarily” [6] and, as a result, to the inadequacy of the created models. This
is especially important to take into account in approaches that appear when the processes and
phenomena under study require the joint construction of a set of models:

» aspecific system is considered as a part, an element of another system of a higher
level, called a supersystem;

» some elements of the system are considered as consisting of other elements, ie. as
systems of a lower level, called subsystems.

Options for constructing a model consisting of several levels, starting from low-level
elements by collecting the necessary subsystems of the supersystem from them — ascending, i.e.
bottom-up approach, or in the opposite direction — descending, i.e. top-down approach, are
formally equivalent. Both approaches can be used in modeling practice. And if one of them is
chosen, then the second should be considered as a testing tool. However, it should be noted that
both the complexity of building a system of models and the efficiency of calculations largely
depend on the choice of design direction. Both approaches allow building as strictly hierarchical
systems, when each of the them can be a part, i.e. element of only one supersystem, and non-
strictly hierarchical, when elements of supersystems can be included in different supersystems.

Both approaches allow building as strictly hierarchical systems, when each of the
subsystems can be a part, i.e. element of only one supersystem, and non-strictly hierarchical
systems, when subsystems-elements of supersystems can be included in different supersystems.
(The properties of hierarchy and methods for constructing hierarchies based on two types of binary
relations: equivalence and subordination are studied in detail in [7, 8]. In them, strictly and non-
strictly hierarchical systems are called, respectively, classification and subordination.)

The observed reality, in which the object of study is immersed, can be considered as a
system: it consists of at least two parts: the object of study and its environment. From the
researcher's point of view this is already an abstraction: what is not required for the purposes of
the study is ignored, and are fixed the parts-elements of the system being created and their names.

Here are examples of such systems, the level of which for the relevant research could be the
highest for relevant objects of study: the earth is land, water and air, everything else is the
environment; the tree is the crown, trunk, and roots, everything else is the environment; the
scientific school is founding teachers, generations of students, periods of growth, apogee,
stabilization and attenuation, etc., everything else is the environment. The observed reality, in
which the object of study is immersed, can be considered as a system: it consists of at least two
parts: the object under study and its environment. From the point of view of the researcher, this
division already is an abstraction: what is not required for the purposes of the study is ignored, and
are fixed the parts-elements of the system being created and usually their names.

It is at the level of observed reality that time appears as a special attribute of the system as a
whole. The temporal order in which reality events arise and are processed does not necessarily
have a direct bearing on the order of model events of subsystems and their elements, and this can
be misleading. Considering reality as a system consisting of elements does not mean identifying it
with a model system. In particular, events and their temporal order in reality are determined by a
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huge number of factors influencing the development of the object of research, and not only by
considered essential. And of course, in reality there is simply no place for attributions and artificial
constructed causal relationships. The reality in which the object of study is immersed is whole,
unified and indivisible into parts.

How, then, to achieve consistency of the model concept of time with the really existing or
only subjectively felt, substantial or only relational essence of time, the interest in which was born
at the dawn of mankind and has not ceased to this day? Without claiming to be universal, we
propose a solution to the problem of time when modeling developing systems, the behavior of
which depends significantly on the activity of their elements. The basis of the solution is the
organization of the interaction of elements, mediated by event management of calculations.

The sequence of events that the element of the model recognizes and to which it reacts during
the development of the system is hereinafter referred to as the protocol of the element's behavior.
It is the protocol that is naturally identified with the local time of the element. Protocols can
overlap, i.e. have common events, which means the synchronized behavior of the elements of the
system — they are involved in actions that should be considered a common reaction of the elements
to the event recognized by them. The set of all protocols of all elements of a model system of a
certain level partially orders the set of all events of this system. It makes sense to consider this
partial order as a representation of the observed time of a real system, i.e. global time of the model
system. When building models of different levels together, this representation is an attribute of the
top-level system. The transition from a system of a certain level down the model hierarchy makes
it possible to coordinate the local times of subsystems with the time of their common supersystem.

Note that the protocols do not imitate the real observable time in the model (they do not
pretend, for example, to reflect the duration of the intervals between events), but perform such an
important function for development as setting the binary relations “earlier”, “later”, and
“incomparable” on the set of all events.

The requirement to simulate duration can be useful, for example, for posteriori, historical
analysis, but not in cases of developmental modeling, for which a direct correspondence between
the real observed time of the modeled object and its model representation would mean an
additional entity without any benefits. That would be another violation of Occam'’s Razor.

4. Events, Protocols, Local Time

This section formalizes the concepts related to the event concept of time. Formalization fixes
the minimum required level of requirements, sufficient to accurately specify the proposed concept
of time and interactions.

Definition 1. The term event is understood as the essence of the behavior of the system,
which has the following properties:
a) Event is generated by the environment or elements of the system;
B) Event can be handled by some elements that are said to respond to an event, i.e.
I. they identify or recognize an event and,
Il. they activate the processing, i. e. event response program;
c¢) Event can be tracked, i.e. fixed for each element, in the sequence in which the element
reacts to system events;
d) Event do not repeat, i.e. in the sequence of events to which each of the elements reacts,
there are no two or more identical events.
Then, for each element of the system, local time is defined as the sequence of all events to
which this element reacts. This sequence is called the element behavior protocol.

Commentary on Definition 1
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(a). The occurrence of events to which elements respond is an indefinable notion. It is enough
to know only that the elements of the system interact through reactions to events that arise as a
result of external influences or the behavior of any elements. The possibility of an element to
declare an event "for itself" is not excluded, i.e. one to which he reacts himself, perhaps together
with other elements. The set of events to which the element reacts changes in the course of the
system functioning. As a result of various reactions, the set of recognizable events dynamically
changes, which means that the response of the element to events changes (it does not matter
whether they are external to the system or internal). This assumption allows us to talk about the
development of elements and the system as a whole.

(b). Processing an event by an element is the identification of an event and the execution of
a reaction program that uses the information associated with the event. The behavior of an element
that does not respond to an event is independent of that event. He knows nothing about him. We
can say that such events for the element do not exist. At the same time, events unknown to the
element can indirectly affect its behavior.

(b.1). The instantaneous identification of an event by an element is postulated. The event
does not affect any of the actions of the system and its elements, except for those that detect the
event. No events occur during identification. Identification is a trigger function (predicate) that
prescribes the execution or non-execution of the reaction program.

(b.I1). The execution of a reaction program to an identified event may be instantaneous if no
other events can occur during execution. Else the execution of the reaction is called long. The latter
means the admissibility of changing behavior, including the reaction itself due to the appearance
and processing of other events.

(c). An element’s tracking of the events it responds to leads to the ability to access the
element's history, i.e. to its protocol, which lists, in order of occurrence, all events associated with
the element. Therefore, protocols are treated as retrospective local element time. It is also possible
to consider the prospective or forecast local time of an element, meaning by this the totality of all
possible continuations of the current state of the protocol, thereby replenishing the retrospective
time with future variants of protocol continuations. Protocols may overlap. This means that two or
more elements respond to the same event together, i.e. neither the order of execution of processing
programs, nor the side effects possible as a result of such compatibility are determined in any way.

(d). The impossibility of repeating events means that when the response of elements to an
event is required, coinciding with the response to some event already presented in the protocols, it
is always a new instance of the event, even if it is functionally identical to the previous one. If
necessary, you can define the types of events as equivalence classes in relation to the identity of
the reaction of the elements of the system. All protocols are finite sequences. At the same time,
the set of potentially possible events may turn out to be infinite due to the appearance of new
elements in the system, and hence new future continuations of the protocols.

End of comment

5. The cycle of the element
Definition 2: Creation, activation and deactivation of an element.
Let some elements of the system react to some event in such a that as a result it turns out to
be fulfilled:
+ the appearance of an attribute representation of an element that corresponds to its
type and reflects the inclusion of the element in all structures presented in the system;
» generation of an empty protocol of a new element;
» declaring, as the only event identified by the element, an activation event, the
intended response to which initiates the element's active behavior (actual birth).
Such an event is called element creation. Creation is a common event of a new element and
all elements that react to it. It is declared that for each element of the system an event is defined,
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the reaction to which includes the termination of its activity, i.e. it stops responding to other events.
Such an event is called an element deactivation.

The creation and activation events are the first members of the protocol of the new element.
The deactivation event is the last member of the protocol. These three events can be either external
or internal to the system. It is believed that the elements of the system that are present at the
beginning of its functioning are created by a fictitious element that is inactive in the future.

Activation can occur either immediately after creation of element, or it can be delayed, but
until it happens, this new element is unable to respond to other events. This is provided by
initialization of attributive description of the element, which is considered as a reaction to the
activation event.

The tasks of studying a developing system can be divided into historical and predictive ones.
The first ones are connected with the analysis of implemented protocols, the second ones — with
possible options for continuing the protocols. If the study concerns only realized protocols, then
two limitations can be specified for considering the history: the beginning of the functioning of
the system and its current moment. It is technically convenient to think of them as formal events
generated externally. We will denote them as + and -, respectively. The same symbols are used
for the start event, which activates the appearance of the model system, and the final event, which
activates the actions associated with the end of the simulation.

All the created inactive elements that are initially present in the system respond to the initial
event . Their reactionto it is the initialization of the corresponding attributive descriptions. Those
for initial elements, the initial event is their activation. The event 4 is final or suspending, that
depends on whether the system is expected to resume functioning or not. Active elements react to
it, remembering their current state and freezing all actions. Thus, a terminating/suspending event
is understood as a deactivation event.

It is expedient to provide renewal for performance of the analysis of the developing system
configuration (The concept of a configuration for the developing concept is auxiliary: it is used in
those cases when it is required to consider time slices of the model calculations in order to extract
information at certain “moments”. The researcher should be able to pause model calculations with
a guarantee of resuming them in the future without any losses.). A forced reconfiguration is
allowed, but only in cases where the modified configuration is achievable by the natural evolution
of the system from its initial configuration. Otherwise, the picture of development will be
obviously non-realistic.

In connection with possibility of resumption, it is appropriate to expand the interpretation of
the initial event, allowing it not only as the "creation” of the system, but also as a means of
resuming functioning in a suspended configuration. In the new interpretation, + is reacted to by
elements presented in a suspended configuration. This does not negate the understanding of the
initial event as activation, but requires correction of the content of the reaction to it, which ensures
the restoration of attributive descriptions. The correctness of the resume is guaranteed when all
elements that are active when suspended respond to the event . Otherwise, the further behavior
of the system may be unattainable from the initial configuration.

The event - starts the protocol of any element initially present in the system. Suspension
leads to the completion of all protocols with the event -, and the resumption leads to their
completion with the event . In order not to contradict the requirement of non-repeatability of
events (see condition (d) in definition 1), the last two members of the protocol sequence - and
are considered to cancel each other during the renewal initialization of the element. Thus, the
"invisibility" of the suspension / resumption of actions is achieved.

Definition 3. Historical and prospective events

The set of all events that occurred during the functioning of the system, i.e. recorded in the
protocols of all its elements, is denoted as . These are historical or realized events. Q is formed
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by replenishing the initially empty set with emerging events. The set of all events that can occur
during any functioning is called the set of all potentially possible events. It is denoted as Q*.

The set Q consists of events to which at least one element responds. It does not include
potentially possible events to which there would be a reaction under a different set of
circumstances, as well as predictive events from options for continuing protocols. Q is always
finite. Itis with him that the solution of the historical problems of studying the system is connected.
As for forecasting problems, they relate to the study of the set of potentially possible events Q*.
But not all of this set is required, but only that part of it that contains continuations of protocols
containing only realized events. For short forecasts, you can use the options for continuing the
development of the suspended configuration of the system, but for studying trends, this is too
heavy a tool.

We identify protocols and retrospective local time, but do not abandon synchronized
interactions. Therefore, a concept is needed that reflects what is considered at the everyday level
as a time scale, and which provides the necessary and sufficient means for describing interactions.

6. Time order of events and global time
Definition 4. Temporal partial order relation on the set of events and global time
Let s1, s2€Q be two events, and the relation < on the set of all events is defined as follows:
a) Ifslands2 belong to the same protocol, then s1 < s2 (s1 "before" s2, inverse relationship
—s2 "later"” s1) in accordance with their order in the protocol sequence;
b) If sl and s2 belong to different protocols that have common events, then s1 < s2 if and
only if there is an event s common for the two protocols and s1 < s, and s < s2;
c) The relation is transitive <, i.e. V s, s2, s3 (s1< s2) & (s2< s3) D (s1< s3)
(this condition must be postulated only for such triples s1, s2 and s3, in which the first
and last events belong to different protocols, and s2 is a common event);
d) For some events s1 and s2, the relation < can be forced if such setting does not violate
the asymmetry of the relation: Vs"',s"'eQ (sN'<sM" )D = (sM'<s™)
(it suffices to require this only for those s” and s", one or both of which coincide with sl
or s2);
e) Inall other cases, the relation < between sl and s2 is not established.
Then < is called the temporal (partial) order relation. This relation is declared by the system's
global time.

Statement 1. The relation < is a strict partial order on the set of all realized events Q. Chains
of this order are all protocols and all protocol branches, i.e. sequences of events, which are built
as follows. The beginning of the chain is taken from one protocol or from a previously constructed
chain, and the continuation is taken from another, which has a common event with the beginning.

Note that for the set of all potential events Q*, such a statement does not hold, which is in
good agreement with the interpretation: under different combinations of circumstances, the same
events can be realized in a different order.

7. Periods of occurrence of events and synchronization of protocols

Global time can be purely mechanically used to build hierarchies of the set of all events.
However, this construction is rather artificial. In particular, it does nothing to help correlate
historical events with levels meaningful for systemic hierarchies. Events by themselves do not
form a system, they can only be a manifestation of the development of a system of elements. The
hierarchy of events does not represent the structure of the system as a set of its elements with
connections, but only provides some information about the behavior of the system as a whole and
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its elements. It can (and should!) be used when considering the system as a black box, if it is
assumed that the connection between events and the behavior of elements is not known a priori
(and the task is to reveal this connection), or as a gray box, when some information about the
structure is known, for example, the elements themselves. The hierarchy of events is able to
determine the limits beyond which (earlier and later) an event cannot occur, i.e. periods of
occurrence of events.

Definition 5. The period of occurrence of events

Let < be a time order relation on the set of realized events Q, x be an arbitrary event from
Q. Then the sets L(x) and H(x) are defined as follows:

L(x) = {aeQ|(a<x) & ~3IbeQ((a<b) & (b<x))},

H(x) = {beQ| (x<b) & -JaeQ((x<a) & (a<h))}

are called the lower and upper limits of the period of possible occurrence of the event x.

Statement 2.

Definition 5 is correct, i.e. for any realized x, the sets L(x) and H(x) do not intersect and
define at least one event, before and after which x cannot occur.

Proof of statement 2. The presence of elements in L(x) and H(x) follows from the fact that
F<x and x<4; if these sets intersect, then their common element a would simultaneously hold
x<aand a <x.

Definition 6. Synchronization of protocol events

Let the time order relation < be defined on the set of realized events Q, E1 and E2 are the
elements of the system, and m(E1) and m(E2) are the protocols of these elements: m(E1)={sl, ...,
snl}, m(E2)={s'l, ..., s'n2}, respectively. Let, further, x be an event to which the element E1
reacts, i.e. m(E1) = {sl, ..., si-1, x, si+1, ..., snl}, 1<i<nl. Then it is considered that

a) X s left synchronized with m(E2) if m(E2) has a subsequence s'l,...,s'jl such that s'k<X
for k<jl and —(s'k<x ) for k>jl. In this case, event x cannot occur before event s'jl. If, in
addition, s'jleL(x), then x is exactly synchronized with m(E2) from the left;

b) xisright synchronized with m(E2) if m(E2) has a subsequence s'jr,...,sn2 such that
x<s'k for k>jr and —(x<s'k ) for k<jr. In this case, the event x cannot occur later than
the event s'jr. If, in addition, s’jreH(X), then x is exactly synchronized with m(E2) from
the right.

It is considered that x is fully synchronized with m(E2) if x is synchronized with m(E2) from

the left and from the right, i.e. 3s'jl, s'jrem(E2) satisfying conditions (a) and (b). If, in addition, x
is synchronized with m(E2) from the left and right exactly, i.e., sJleL(x) and s'jreH(x), then x is
fully synchronized with m(E2) exactly.

If xem(E1) and xem(E2), then x is a common event of protocols m(E1) and m(E2), i.e. for

some k, k<n2, m(E2)={s'l, ..., sk-1, X, s'’k+1, ..., s'n1}. Then, by definition, sjl= s'’k-1 and s'jr=
sk+1. In this case, the elements E1 and E2 react jointly to the common event x.

Statement 3.

Definition 6 is correct, i.e. for any event x to which at least one element responds, and any
protocol m of some element, either Xxem, or there are events of this protocol s'jl and s'jr that indicate
synchronization of x with m on the left and right. There are protocols for which these properties
hold exactly.

Proof of the statement 3. To prove it, it suffices to note that any event occurs no earlier than
+ and no later than 4. These events are prime candidates for s'jl and s'jr. Sequential viewing of the
selected protocol rejects events that do not satisfy the required properties. If all members of the
protocol, with the exception of the initial and final events, are rejected, then the events + and
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remain to be sought. For elements that arise during the active functioning of the system, the
rejection procedure remains feasible, since there is always the possibility of choosing a parent
element, the branching of which means the creation of a new element. Skipping when rejecting all
members of the parent protocol sequence before the element creation event is legal, because there
are certainly no required events in this part of the chain. Taking into account the fact that any
protocol is a chain, i.e. its members are ordered linearly, the necessary events are determined
unambiguously.

Summarizing the above, it can be argued that the correct global time is a partial order on the
set of events. If this is not enough during modeling, then the desired time scale can be set using a
special element of the system, which can naturally be interpreted as a time generator, or a system
clock. His role is the constant creation of moments in time. Other elements react to some of them,
which means that their activity is tied to the timeline: the element “knows” at what moment it
should perform the corresponding reaction. Some events are placed in relation to the temporal
order with moments in time by specially. This is correct if the asymmetry condition (d) from
Definition 4 is preserved and the transitive closure holds for the partial order extension. By such
decision, everything that is required from the traditional global time is dosed, and uncertainty is
preserved where the reference to time is only hypothetical.

8. Conclusion

The concepts of global and local time, temporal partial order, synchronization, etc. within
the framework of the presented concept can be defined exactly, and this makes it possible to check
the formal correctness of the interaction of elements that jointly respond to common events. We
have shown the sufficiency of the introduced system of concepts to ensure the correct modeling of
the interactions of the system elements within the framework of the event mechanism without
involving global time in the form of a world clock.

It is generally accepted that the mechanism of event synchronization must satisfy the
requirement of a local causality constraint, which provides simulation of the natural order of events
“from cause to effect” for model time [10]. It is clear that no formalism is able to guarantee the
automatic fulfillment of this or a similar requirement. Our formalization is not an exception.
However, using it, the model developer will know exactly what properties of the model system
need to be checked to verify its correctness. The organization of such a check is beyond the scope
of this work. In this regard, it is worth mentioning the publications [11-14], in which special
attention is paid to algorithms for synchronizing the interaction of processes and verification of
time simulation.

Our concept of time as a partial order on a set of events does not pretend to be the only
possible formal definition of a system of concepts for modeling development. Historically, the so-
called quasi-parallel system of discrete events of the Simula language [15], and then Simula 67
[16], proposed by O.1. Dahl and K. Nygard back in the 60s (The history of the development of
Simula, its concepts, user tools and other features is presented in a very interesting publication by
the authors of the language [17]). This solution is remarkable in that it proves the possibility of
mapping the interaction of autonomous processes, which the programmer can and should think of
as parallel, into a scheme of sequentially executed program modules. At the same time, the effect
of parallelism is preserved. The computing equipment of that time did not allow counting on the
implementation of parallel calculations, and therefore it was necessary to build strictly sequential
execution of models and simulate parallelism. Perhaps it was this limitation that allowed the
authors of the Simula project to offer a balanced solution that has not ceased to be actual today.

Unlike model time, which is determined on the basis of relationships between events, the
quasi-parallel system of Simula and Simula 67 sets or, better to say, constructs the predicted model
global time, ordering the elements of the system in accordance with a dynamic calculation plan.
This plan includes calls of elements' programs and environment of the system. To streamline the
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execution of model calculations, a special data structure is used, called the control list, in which
the elements (links to them) planned for activation are entered. At each moment of model
calculations, the only active element is the one referred to by the first element of the control list.
Once an element is no longer active, it is removed from the control list. All subsequent elements
presented in the list are waiting for their turn to be executed.

The process performed by the element can be in one of four states:

a) active, when the process program is (actually) being executed;

b) suspended, when the execution of the process program is interrupted, but the resume

point is remembered and the process is on the control list;

c) passive, when the process is not running and not on the control list, but the reactivation

point is remembered;

d) terminated when the execution of its program is interrupted and the reactivation point

is not remembered.

The control list construct simulates time. The first process is the only active one. When it
interrupts its execution (becomes suspended, passive, or terminated), the next process of control
list becomes to be active. A process can be inserted into the control list (before or after any process
in the list, after a certain time) or removed from it. A process can also be scheduled for a specific
time. This means that it is inserted before the process whose execution time is the minimum time
that is greater than the one assigned. Perhaps a random (pseudo-random) action to insert a process
into one or another place in the control list. We can assume that with the help of the control list,
processes are given relative priorities. One may postulate that all operation with the control list
and with the activity states of processes is a consequence of events occurring discretely in the
system. Until any of the events has occurred, the reaction to which provides for the corresponding
changes, the state of each the process and its position in the control list cannot change.

The most significant thing about the Simula discrete event system is that its operating
facilities allow the programmer to think of the system elements as parallel agents in conditions of
implicitly defined global time. In fact, the elements execute their programs sequentially and in
strict accordance with a dynamically changing control list, which provides global time as a
completely ordered set of events that have already occurred and are planned to occur. The
computing equipment of the time when the Simula was created did not allow one to count on the
implementation of parallelism, and therefore the decision to use a special data structure that
supports the complete ordering of the activation of the elements of the model system, proposed by
Dahl and Nygard, is quite justified (an analysis of this concept is presented in the publication [18]).

Today, one would like to see the development of discrete event systems that would orient
computing towards the productive use of a multiprocessor resource, combined with the effect of
parallelism provided by the control list. However, this problem is not as simple as it might seem
on the surface. The fact is that a strictly ordered sequence of events creates the appearance of an
additional dependence of the processes performed as reactions to events. The task of recognizing
which of the processes can be executed in parallel is very laborious — it requires analysis of the
relationships between the processes at the level of all contexts accessed by the processes, which is
practically unrealistic for simulation programs. Approaches are needed that refuse to follow the
straightforward ordering of calculations based on the global time of the model system.

An obvious way to organize computations to help reduce the cost of dependency analysis is
to reduce process links through a common global context. With regard to event management in
developing systems, this directly indicates the need to abandon global time modeling. And here it
is necessary to speak about the development of language models of computations, aimed at the
implementation of convenient and understandable means of supporting the task of local operation.
As perspective directions in this area it is possible to name languages of functional style of
programming and systems of the fragmented programming (Despite the fact that the first
functional language, Lisp, is almost as old as Fortran, it became a start of functionality only in
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1978 after the publication by J. Backus of the lecture that he gave when he was awarded the Turing
Prize [19]. Fragmented programming [20] does not have such a long history. However, the
experience of designing programs by preparing fragments that are combined to set the required
calculations, taking into account the properties and features of both the algorithms being compiled
and the real computing environment used, shows very good results.). The first of these areas
includes pure Lisp with support for object-oriented programming (the CLOS system [21]), Haskel
[22], etc., the second one includes the Luna programming language and system [23, 24]. Both
directions have proved their effectiveness in designing programs in many applied and system
areas, however, the adequacy of their use in modeling the development of systems remains to be
explored.

The current state of art of investigation in time modeling reflects a detailed review by V.V.
Okolnishnikov [25], which contains fairly complete information on approaches to solving
developmental imitation. The value of this publication is that the author points out the motives for
choosing one or another way of representing time in models, based on the needs of solving real
modeling problems. In particular, he substantiates the reasons for the emergence of the Top Level
Architecture Standard for Modeling and Simulation Systems [26], as well as related standards that
were developed by the IEEE to unify problem solving methods in this industry. The author of the
review notes that all considered simulation time models are currently used in various areas of
modeling application, and their differences are related to the features of these areas.

The research presented in this paper has shown that overcoming the difficult problems of
time globalization on the basis of world clocks is achievable if global time is considered as an
entity secondary to the local times of the system elements. On this basis, you can build design
patterns that implement fairly general methods for building models of evolutionary development.
Identification of situations in which such templates are required, we consider as a promising work.
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