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CUTYAINOHHOE ITJTAHUPOBAHUE U OITEPATUBHAASA
KOPPEKTHUPOBKA MAPHIPYTA ABTOHOMHOTIO
POBOTU3NUPOBAHHOTI'O ITOABOJHOI'O AIIITAPATA (APIIA)

AuHomauyus. Ha 6a3e VCIITIP npednoxeHsl 08a nymu peanusayuu onmumais-
Hblx cmpamezull npoyecca NPpUHAMUA peuweHull, OCHOBAHHbIX HA Mamemamu-
YecKoM annapame meopuu MApKOBCKUX U NOJyMAPKOBCKUX Npoyeccos C Uc-
nosb308aHUemM NpuHYUNG onmumansHocmu bennmana.

Knioyesble cnosa: nodsodHsili pobom, 8bI60p Mapwipyma, cumyayuoHHas
cemsb, WCIIIP, mMapkosckue u noAyMAapKOBCKUE NpOUecChl, ONmumasabHble
cmpameauu NpUHAMUSA peweHul

BBegenue

[Ipu oueHke 3pdHEKTUBHOCTM NMpPUMEHEHMsI MOABOAHOro poborta (ITP)
MIPUHIIMIIMATIbHOE 3HaueHMe MMeeT CTelleHb ero MHMOpMAalMOHHOI aBTO-
HOMHOCTM, T.e. CIIOCOOHOCTM CaMOCTOSITeJIbHO IeJiCTBOBATb B HEM3BECTHOM
IV HeOCTaTOYHO oIpeneneHHou cpene[l]. B HacTos1ee Bpemsa muccun (3a-
nauus) nas [IP ¢gopmupyoTcs ¢ UCIIONb30BaHMEM MMIIEpaTUBHBIX METOIOB
IIPOrpaMMMPOBaHMS (KaK TEKCTOBBIX, TaK U Ipaduueckux), JeTaJbHO OIMCHI-
BaIOIIMX I10C/IeA0BATEeIbHOCTD AEeMCTBIUIL POOOTA, KOTOPhIE HY;KHO COBEPIINUTD
IJIS TOCTVKeHUs Tpebyemoit menn. [Ipu 9TOoM mpeacTaBieHue O CaMoil 1en
MMeeT TOJIbKO orepatop IIP, KoTopblii cocTaBaseT MUCCUIO, HAITpUMeDp, AOC-
TaBKM I'py3a B IieJeByI0 TOUKy. [TogobHast TexHojorus 3¢bQeKTuBHA, eciu
MMccusl poboTa OCYIIEeCTB/ISIETCSI B paMKax allpMOPHOro clieHapus. B ocraib-
HBIX CTy4Yasix OHa MOXKET JIMO0 BOOOIIEe He BhIITOJHUTHCS, MO0 BBITIOJIHUTHCS
c 60JIBIIMMM HapYyLUIeHUSIMU M YTrpo30it Oe30IacHOCTM amrmapara. [loaTomy
171 BBITIOJTHEHUSI MUCCUU TIPU HEIIPeABUIAEHHBIX 00CTOSTEIbCTBAX UCKIIOUM-

TeJIbHOE 3HaUYeHNME MMEET «MHTE/VIEKTyaJIn3aunda» CUMCTEMbI YIIPpaBJIE€HMA aB-
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TOHOMHOTO IIP, T.e. co34aHMe aBTOHOMHOI'O POOOTU3MPOBAHHOTO ITOABOSHO-
ro amnnapara (APIIA) ¢ siemeHTaMy MCKYCCTBEHHOrO MHTesIeKTa[2,3]. NH-
Te/iekTyanusauus APITA mogpasyMeBaeT ClIOCOOHOCTb CUCTEMBI YIIpaBIeHMsI
OCYIIECTB/ISITh (PYHKIMM aHaIM3a CIeH U 001Ieit 06CTaHOBKM, OPUEHTUPOBA-
HUSI B BOOHOI cpene, c6opa M HAKOIJIEHMS pa3HOOOpasHO MHGPOpPMAaLMA.
Hcnonb30BaHMe TpaAUIIMOHHBIX METOLOB IUIAHMPOBAHMUS, B JAHHOM CJlyyae,
HEeBO3MOYXHO M3-3a BEPOSITHOTO BO3HMKHOBEHMSI HAa MapuUipyTe HeIpenBu-
IEeHHBIX CUTYaLUIA.

OTcropa, CUTYaUMOHHBIN MOAXO0M B IPUHITUM pelleHUN IPU TUIaHUPO-
BaHuy mapuipyta APIIA BecbMa akTyajieH M IMO3BOJISIET HE TOJbKO OLIEHUTh
BO3MOXHYIO CUTYalIMI0 HA MapuipyTe, HO U ONpeneuThb YIIpaBJsloliue pe-
HIeHMS IJIs1 OTlePaTUBHOM KOPPEKTUPOBKM MapIuipyTa ¢ UCIOJIb30BaHNMEM UH-
TeJIJIEKTYaJIbHOM CUCTEMBI ToAmep>kku npuHsatus pemenuit (UCIIIIP) Pa3pa-
60TKa Mofesieil mpolecca MapHIpyTU3aluy OCHOBaHA Ha MpeCTaBJIeHUN CH-
TyallMOHHOM MOJeiu B BUJe y3j10B rpada, nepexoibl KOTOPOTO COOTBETCTBY-
0T YIIPaBJSIOIIMM pelleHusM. Takoe IpencTaB/ieHMe MOJyuYua0 Ha3BaHUe
HeueTKoO¥ cutyaumoHHon cetu (HCC) [4-7].

ITocTaHoBKa 3agaumn

PaccmoTpum 3amauy CUTYalMOHHOTO IJIAHUPOBAHMS U OTIePaTUBHOM KOPPEKTU-
poBku mapiipyTta APITA fjis mocTaBky rpysa B LeJIeBYI0 TOUKY [IPU BEPOSITHOM
BO3HMKHOBEHMM HA MapIIpPyTe «HelpeaBUAEeHHbIX» CUTyaluii. bBygemM cunTarh,
yTo Ha APITA 60pTOBast BEIUMCIMUTEIbHASI HABMUTALIMOHHAS araparypa, a Takke
CUCTeMa TEXHUYECKOTO 3pEeHMSI, UTO ITO3BOJISIET ITPY HAIMYMM HEOOXOIVIMOIA
mHbopMariu Ha 6a3e VICIIIIP riaHupoBaTh MapuIpyT ¥ KOPPEKTUPYIOIIe
VIIpaBJISIOLIMeE peleHns (orepaTuBHOE yIpaBieHe) NPy BOSHUKHOBEHUY He-
TpeABUIEHHBIX CUTYaLINA.

[TycTb CUTYallMOHHBIN 11T yIIpaBaeHus mpecTaBisieTcs QopMysioit:

Sner * 85,5,

I€e Snet — BBIMIOJIHEHME OIOPHOrO (TepBOHAUYAJIbHOIO) IUIAaHA; Sj — TeKyllas
cutyauus (y3en Wi ); Sij —HOBas cutyauus (y3en Wj KOppeKTUPOBKa OITIOPHOTO
maHa); Ux — BbIOOp MapuipyTa B «HEeNpeaBUIAEHHON» CUTyaluyu (BbIOOp MO-

ey IOoCTaBKM). 3aauy OorepaTMBHOTO YIIpaBaeHMsT BbIOopa MaplipyTa Joc-
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TaBKM TPEeOYIOT IPUBJIEUEHMUS MOMOJHUTENbHBIX METOMO0B, Cpeayu KOTOPbIX
XOpOIlIO cebs1 3apeKOMeHJ0BaaM MeTONbl, OCHOBaHHbIe Ha IpeACTaBIeHUN
COBOKYITHOCTY TUIOBBIX COCTOSIHMIT CUCTEMbI B BUe Y3/10B rpada, nepexobl
KOTOPOT'O0 COOTBETCTBYIOT YIIPABISIOMIMUM pelieHUsIM. CUTYallMOHHAS CETb Spet
IpeJcTaBjieHa B BuUIe OpMEHTUpoBaHHOro rpada S.=(W,A), rme W-
MHOeCTBO Y3JI0B(COCTOSIHUM), @ A — MHOXECTBO Oyr-mepexofoB MeXIy CO-
cTosIHUSIMM rpada, T.e.
nee = (W, A);

W= (w; li=1,..., N);

A= (aij|i=1,...,,N; j=1,...,N)

Heobxonumo pa3paboTaTh ONTMMAaJbHbIe CTPATErUM IPUHSITUS pelile-

HUI1 peain3anyy OMIOPHOTO MapiipyTa U, B Clyyae BO3HMKHOBEHUS «HeIpe/l-
BUJIEHHOJ CUTyaluMN», COOTBETCTBYIOIIEE €Ji MHOXXECTBO YIPaBJSIIOIIUX pe-
IIEeHUM, OJ1s1 AOCTVMOXKEHMS 11eJieil TVIaHMPOBAHMS M OTIEPAaTUBHOTO YIIPaBIEHUS
BbIOOpA MapIIpyTa JOCTaBKM, JJIsSI Yer0 He0OXOAMMO OMpeAenTh BO3MOKHbIE
TOC/IeICTBUS YIIPAB/ISIOIIMX PellleHN Ha HeCKOJIbKO LIAaroB BIIepes,.
Peanu3sanyst ONITMMAaJIbHBIX CTpATeruii IPUHSITUS pelleHn

[IpuHATHEe pelieHKit B 001leM BUIe MOXKHO pacCMaTpuUBaTh Kak BeT-
BSIIIIMIICS TIpollecC 06pa3soBaHMs U Ipeobpa3oBaHUsT MepapXUUeCcKUX CTPYK-
TYp, peajn3yeMblit IByMSI CllocobaMy, OTOOpakaloIMMM XapaKTep M3MeHe-
HUST 3TUX CTPYKTYP OT MCXOAHON K 3amaHHOi [3]. [Ipu nepBom criocobe uc-
XOHAasl CUTyalus sBiasieTcsi HayaabHOM S(t0) M BbIOMpaeTcs Takas Iiernouyka
rocjiefoBaTeIbHOTO BbimosHeHus omnepanuit  Rjk (k= 1,2,...,T-t0), , koTopas
BelleT K 3amaHHoMi cutyanuu ST=S(T). YKa3aHHbI IIPOLeCC MOXHO MpeacTa-

BUTDb C)'IE,Z[YIOHJ,EVI Imociaeg0BaTeJIbHOCTbIO!

S(T)R;S(zy +DR;,..S(T —70)R ;_, S(T) 1)

YKa3aHHas TOCae0BaTeNbHOCTh MOXET ObITh OIpeesieHa Tpuamoi
S(tO)RS(T), T.e. mo S(t0) n S(=0) oreickMBaeTcs R. B aToM ciiydae riporiecc Ha-
XOkIeHMs1 R MoXeT ObITh MpeAcTaBAeH MHAYKTUBHON 11eIT0YKOi IocaeaoBa-
TeJIbHOT'O HaxoxkaeHus1 coctostHuit S(10 +k).

[Ipu BTOpOM cIrocobe MCIIOAb3yeTcsl TaK Ha3biBaeMoe MOISITHOe IBU-
keHue. B kauecTtBe HauaibHOM cutyaumum S(t0) BbICTyMaeT 3aJaHHasl CUTYya-
uus S(T), a B kauecTtBe 1enu S(T)- ucxongHas cutyanus S(zg). Tak ke Kak u npu
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IepBOM Crocobe OTBICKMBAEeTCS IIeloYKa orepanuii Rj, TMepeBoasias
S(w0)=S(T) B S(T)=S(0),T.€. peanusyeTcst MocjemoBaTebHOCTD (1), HO B 06part-
HOM Topsiake. IIpu ompeneneHuu obiero IpeobpasoBaHusi R mociaenoBa-
TEeJIbHOCTD OIepaluii, TaK ke Kak ¥ B IepBOM Cjlydyae, COKPATUTCS IO TPUAIbI.
30ech Takke MMeeTCs CXeMa MHOYKTMBHOTO pelleHMs, OOHAaKO IpOoLecC Ha-
XOXIOeHUd Rjx HOCUT NenyKTUBHBIN Xapaktep, T.e. 1o S(T) OTbICKMBaeTCs
S(T- ) nt.4.

B o6oux crocobax mpoiiecc pemieHus IpearnoiaraeT UCKIUYeHUs U3
paccMOTpeHUsI 3allpemeHHbIX cUTyauuit. IIpu 3TOM OOBIUHO MCIIOIb3YeTCS
MIPOIIBIV OMbIT. TakMM 06pa3oM, 3amada oIpejie/ieHs] ONTUMaJbHONM CTpa-
Teruy npoiecca IMPUHITUS PellleHMIT 3aK/IIYaeTCsl B Olpeae/ieHUu TakKux Co-
CTABJISIOIIMX IiX MaTpUIIbl BRIMIPBINIEi RY, KOoTOpbIe /11 HEKOTOPBIX CTpaTe-
T'Uii K TpMHeCYT MaKCUMaJIbHbIN BhIMTpPbIII. [IpM 9TOM, KakK B IIepBOM, TakK U BO
BTOPOM CjIy4yae Ha MpaKTUKe BO3MOKHBI [Ba IIYyTU ONTUMMU3ALNUU ITPUHUMAE-
MbIX OIIepaTOPOM pelleHMIA.

[TepBbIit TyTh 3aKII0YAETCSI B BbIOOpE pelieHmii U3 CPaBHUTEIbHO He-
60/1b1110T0 HA6OpPa BO3MOKHBIX BAPMAHTOB, @ KpUTEPUEM CITYKUT OTKIOHEHME
OT ONITUMAJIBHOTO CITI0Cc06a pereHus, T.e. omnbku. OrpaHuUYeHeM 3/1eCh Bbl-
CTyIaeT BpeMs IPUHSTUS PELIEHUIA.

BTOpOit IMyTh COOTBETCTBYET PesKUMY pabOThl, IPM KOTOPOM OCHOBHOE
BHMMaHMe obpalaeTcsi Ha HeIOITyCTUMOCTb OIIMOOK. BpeMsi mpuHSTUSI pe-
HIeHUs. U3MEHSIeTCS MPU 3TOM B IIMPOKMUX IIpefenax, a KpuUrepueM OITU-
MaJIbHOCTU TIPUHSTBIX pellleHNN SIBISeTCS BpeMs, 3a KOTOpoe HaiJeHbl Hau-
Jyyliye penieHns.

PaccMoTpuM 1iepBblil U3 YIIOMSHYTBIX IIYyTEe ONITUMMU3ALUN.

st yripaBsieMoi cucteMbl ¢ N BO3MOKHBIMMU COCTOSIHUSIMU i=1,...,N.
B KakIOM COCTOSSHMM 1 OTlepaTop MOXKEeT HNPUHSATb Al BO3MOXHBIX pelleHuit
(cTpatermnii), COBOKYITHOCTh KOTOPBIX [JISI BCeX COCTOSIHUM CUCTEeMbl B pac-
CMaTpUBaeMblil MHTEPBAJl BpeMEHM COCTaBJISIET MOJUTUKY oriepatopa. Ctpa-
Terusi orepaTopa MoOKeT ObITh BbIpakeHa KakK MaTpuIla IepexoaHbIX BEpOsIT-
HocTeit pij=||pijk|| oT cocTossHMS i K cocTosiHMIO j. [IpMBemem eil B COOTBETCT-
Bue MaTpuily Beiurpbiiieit Rk=|| rijk||, mosyuyaeMbIx OT peann3sainm Kaxxgoro

peleHus onepaTopa.
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Ec/iv TIpOBOAMTCS aHa/IM3 MOMCKA ONITUMMAaJIbHOM CTpaTerMy Ha KOHeY-
HOM MHTepBaJie BpeMeHM, TO MOXEeT ObITb OLIEHEH OOIIMI BBIMIPBIII OT TOJ
VIV IHOW TIOJINTUKY OIlepaTopa.

[Tpy 5TOM OYEBUAHO, YTO CHUCTeMa YIpaBJIeHUS IIepeXOaUT U3 OJHOTO
COCTOSIHUS B Apyroe yepe3 paBHble MHTEpPBa/ibl BpeMeHu. CunuTas, 4To rnocie-
IeViCTBME OTCYTCTBYET, IPOLECC MPUHSATUS pPellleHUi A MOXHO OIMCaTh arila-
paToOM TeopuM MapKOBCKUX ITPOLIECCOB.

Kpome Toro, [jis1 aHaaM3a CTpaTeruii paboTsl orepaTopa Ha KOHEUHOM
MHTEpBajie BpeMeHM, KOrjaa MMeeTcsl Habop BO3MOKHBIX BapMAHTOB pellle-
HMI, J1S TIOJIy4eHUS 3TaJIOHHOM ONTUMMAJIbHONM CTpaTeruu mnpeajiaraeTcs uUc-
10JIb30BaTh CTAHAAPTHYIO IPOLIEAYPY METOAA OMHAMMUUYECKOrO MPOorpaMmu-
poBaHu4 [8].

B 3TOM c/ly4yae MOJIHBIV OXKMIaeMblii BBIMI'PBIII 3a N 1IaroB 6yzeT pa-

BEH:
N N N
vi(m)=>Y p,lr,+v,(n=D]1=> p,r, + > p;v,(n-1)
= J=1 j=1 (2)
N
Vi(n) =q;,t Zpgjv_/ (n=1)
WU j=1 ,
N
q; = Z yne
roe J=l - MMHMMAaJbHbIN O)KI/I,ZLaeMbIIZ BBIWIPBIII, a OIITMMAaJIbHAsA

CTpaTerusa 6y,ZLeT COOTBETCTBOBATb KPpUTEPUIO OIITMMAJIBHOCTU (I’l"‘l)—FO pe-
HIeHusdg:
N
v,(n+l)= ma x{q, + Zpijvj (n)},k=1,.,A,,i=1..,N.
J=1 (3)
HpI/I HeOTrpaHMUYEeHHOM BpeMeHM IIPOTEeKaHUAd OH@HVIB&QMOVI gesiTellb-
HOCTUM oI11epaTopa CYMMaprIﬁ BBIMTPBIII CMCTEMbBI TAKXKE€ paCTeT HEeOIrpaHU-
YEHHO, ITO3TOMY IIOJIMTUKY OIlepaTOpd MOKHO OLI€EHMBATD II0 CpeaHEMY OXKM-
JaeMOMYy OOXOoOy OT peain3daiuui OJHOI'O pellieHNA.
B sTOM ciyuae 3agavy IOMCKa ONTUMAJIbHOM CTpaTerum MOKHO pac-
CMAaTPpMBATD II0 OTHEJIbHBbIM dKTaM IMPUHATUA pe]l[eHI/Iﬁ BHE 3aBUCUMOCTU OT

MHTEPBAJIOB BpeMeH!, B KOTOpbI€ OHU peaJIn3yIOTCA.
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JIJ1s HaxOXIEeHMs TaKOM TOIUTUKMA MOKHO BOCIIOJIb30BaThCs UTEpa-
TUBHBIM IIpoLeccoM. Ecim nmonutmka oneparopa GUKCUpoBaHa, TO TOUCK OII-
TUMAJIbHOI CTPaTeruy CBOAUTCS K PEIIeHMIO CUCTEMbI YPaBHEH I :

N
G+v, =g+ DV,
s 4)
C MICTIO/Ib30BaHMEeM KpUTePUsI
k k u k
q :mkax{gi +Zpijvj _Vi}
= (5)

O6bmas mpoueaypa Ioyucka ONTUMAIbHON CTpaTeru MPUHSITUSI pelle-
HMIT Tpy GMKCUPOBAHHBIX ' CBOAMTCA K cienyiomemy. IIpy pUKCMpoBaHHOI
TOJIUTUKE A pelllaeTcs CucTemMa ypaBHeHUM (4), mpuyem B Hel Vi ripu j=N no-

V. —V.
JlaraeTcs paBHBIM HYJIIO (HOCKOHbe HaM Ba’>XHbl pPa3HOCTU ' /7 OTHOCHU-

A
TeJIbHBIX BECOB, a He MX aOCOJIOTHbIe 3HaueHusl). 3aTeM HaiiJeHHble Beca

MOACTABJISIOTCS B hopmyiy (5), ¥ AJISI KaKAOro ! HaXOOUTCS MaKCUMMaJIbHOE

3HAUYeHMe KpuTepus, M HabOp cTpareruii, Ha KOTOPOM AOCTUTAETCS MaKCHU-

MaJIbHOE CpeJiHee 3HaUYeHMe KpUTepusl, IPUHMMAETCS 38 HOBYIO TTOJIUTUKY 4

[Tpu BTOpOM IIyTU peanu3saliiy mpoiiecca MPUHSITUS pellleHUli BpeMs
MIPUHSTHUSI OTHAEIbHBIX pellleHuii KojaebeTcs B IMPOKUX IIpedenax 3a Cyer
OOCTVDKeHMSI TOYHOTO pellleHusi. B 3ToM ciydae A1 peanm3annm 3TaTOHHbBIX
CTpaTeruii MIpuUHSATUS pellleHui MpeajiaraeTcsl MCIoAb30BaTh alIapaT Teopun
MOJIyMapKOBCKMX TIPOLeCcCOB. IIpy 3TOM cucTeMa yIrpaBjieHUs Iepen TeM Kak
TIepeTIU U3 COCTOSIHUS 1 B COCTOSIHME |, HAXOOUTCS B COCTOSIHUM 1 CTydaitHOe

BpeMsI Tij=m c IVIOTHOCTbIO pacrnpenenenus fij(tij = m)=N(tij = m). 3HaueHMEM

Jy(m) oIpeiessieTcss BePOSITHOCTh TOTO, UTO CUCTEMA B COCTOSIHMM ! ITPOBO-
OUT POBHO ™ eOMHUIL] BpeMeHU, Ipexknae uem mepeiitu B /. Eciu monmuTuka
peleHuit OrepaTopoM OIMMCHIBAETCSI KakK ITOJTYMapKOBCKUii mpoiiecc [9], To

OIITMMaJIbHas CTpaTermd k B COCTOSIHUM [ MOXKeT 6bITh BbI6paHa Ha OCHOBaA-
k

HUM aHajiM3a IepexXOOdHbIX BepOSITHOCTEN Pi

hy; (m)

, TNIOTHOCTM pacIpeeaeHus
k k k
o (! b (m b (m
, d TAK)Ke CUCTEMHBbIX BbII/IprIIHeI/I TUIIA y”() n ”( ) B,Her ”( ) -
CUCTEeMHBIN BBIMTPBIII OT ITepexonga CUCTEMDbI, HaXOﬂMBmeﬁCH B TeueHle Bpe-

MeHM ™ B COCTOSIHMM | M3 cocTOosIHMA ! B cocTosiHme / npn k-ﬁ OIITMMaAaJIb-
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vy ()

HOJi cTpaTeruu omneparopa, - BBIUTPBIII OT MPeObIBaHMUSI CUCTEMBI B TaH-

HOM COCTOSIHMM ! B TeUeHUM BPEMEHHOr0 MHTepBaja (1_1’1), IIPOIIOPLIMO-
Ha/IbHBI/l HEKOTOPOJi HOpMe BBIMTPBIIIA 33 eMHMIY BpeMeHM npu K-t om-
TUMAaJIbHOM CTPaTeruu.

[Ipy TakuX OOMYIIEHMUSIX 3a7aua MOXKeT ObIThb chopmMyaMpoBaHa Kak
3a7jauya MaKCMMM3alMy OJHOIIATOBOTO BBIMTPBIIIA, MO0 KaK 3ajaya MaKCy-
MM3anuu MOJTHOI0 OKMUIAEeMOTI'0 JO0X04a.

Kak ¥ mpy MapKOBCKMX Mpolleccax Oyaem paccMaTpuBaTh IOJIyMap-
KOBCKMe MPOoIecChl KOHEUHOW U 6eCKOHeUYHOol AjuTenbHOCTU [9]. B mepBom
c1ydae 3amavya COCTOUT B OIpenesieHMM IOJIUTUKY, MaKCUMU3UPYIOLLei MoJI-
HbIIi 0XXKMIaeMbIii BBIUTPBIII OT MpoIilecca, 10 KOHIa QYHKIMOHMPOBAHUS KO-
TOPOTO OCTAJI0Ch N eAVMHUIL BpeMeHu. B ciiydae rpoiieccoB 6eCKOHEUHO -
TeJbHOCTY 3a7jlaua MOXKeT ObITh chOpMyIMpPOBaHa MO0 Kak 3a7auya MakKCUMU-
3al MM OLHOLIArOBOTO BBIUIPHILIA (AHAJIOTMYHO 3aJaue IJIs1 MapKOBCKUX IIPO-
11eCCOB 6@CKOHEUYHOI IJIUTEeTbHOCTH), IMOO0 Kak 3aJaua MaKCMMMU3aluu moJ-
HOTO OXMAAeMOTo A0XoAa. B 061eM BuIe MOKHO ONepupoBaTh KpUTEpUEM,

I10JIy4aeMbIM B COOTBETCTBME C IIPUHLUIIOM ONTUMaTIbHOCTU bessimaHa [8]:

m=1

v =max(Y pt 3 LI Oy O+ ph S £, IS D+ 1 m) v, (0 m))
| 6)

rme i=LN.n=123..

CpenHUIt OXKMUIAeMblIii JOXOA ' OT Mpe6bIBaHMS CUCTEMBI B COCTOSIHUM
I ¥ yXo#a M3 3TOTO COCTOSIHUS IIPU IJUTENTbHOM (PYHKIMOHMPOBAHUM IIPO-
1lecca oyger:
N o0 m—1
=D py 2 (M vy + by (m)].
=l m=0 1=0 (7)
CremyeT 3aMeTUTb, UTO JJIs1 IIPOI[ECCOB C OJHMM 3ProAuMdeckuM Kiac-
COM, KOTZIa ITpeebHasi BEPOSITHOCTh / -TO COCTOSTHMSI He 3aBMUCHUT OT HAyailb-
HOT'O COCTOSIHMSI, TPUOBLIH OAMHAKOBA JIJIS BCeX COCTOSIHMIA Ipollecca.
[TOMUTUKY, ONTUMAJIbHYIO B CMBICJI€ MaKCMMM3alMM OJHOIIATOBOI
puOBUIM TIpoliecca, T. €. CpeJHero OXXUAaeMoro A0XOAa 3a eIVHUILY BpeMe-
HJ, MOKHO HaiTH C IIOMOIIbIO UTE€PATUBHOIO IIPOLIECCa, OMMCAHHOTO BhIIIE U
MICIIOJIb3YIOIEr0 KpUTEPUii
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9" =qf +%[ﬁ:py‘v.f ;] - max
®)
3aKioueHme

Takum obpa3om, B paboTe mpeaioskKeHbl IBaA IYTU peaausaluu OITH-
MaJIbHBIX CTPATEruil mpolecca NPUHITUS pellleHUi1, OCHOBaHHbIX Ha MaTeMa-
TUYECKOM arlrapaTe TeopuM MapKOBCKMX UM II0JIYMapKOBCKMX IIPOIECCOB C
MCII0JIb30BaHMEM IIPUHLIMIIA OTITUMAIbHOCTU beimaHa.

PaccMoTpeHHbIe TTyTU peann3alyuu ONTUMAaIbHbIX CTpATEruii mpoliec-
ca TIPUHSTUS pelIeHU 1 KaCcalTCs CTpaTerMy Ha HEMPOOO/DKUTEIbHOM KOHeY-
HOM MHTepBaJie BpeMeHM peajn3alyy JOCTaBKU I'pys3a, YTO HamboJiee 4acTo
BCTpEeYaeTcs Ha MpaKTuUKe, U OJIUTEIbHOM MHTEpBaJie NOCTaBKMU rpy3a OTHO-
CUTEILHO BCeil 3agaun B 11eyioMm. KpoMe Toro, B pabore paccMaTpMBalOTCS My-
TU HAXOXIEHUS ONTUMMAJIbHBIX CTpPAaTeruii, Korga Bpems IPUHATUS eOUHUY-
HBIX pellleHUi T GUKCUPOBAHO U KOTraa BpeMs IepeBopa peanusyetcs VICIITIP
CJIy4aifHbIM 00pa3oM.
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VK 004.9
I.C. ImutpieBa
ITIOPIBHSIJIBHA OIITHKA 3A IOKA3HUKAMMUM HAJIMHOCTI
JIBOX BAPIAHTIB OPTAHI3AIIII POBOTHU A YIIJIEKCHOI
CTPYKTYPHU KOHTPOIJIEPIB ITO CTAHAM 3
BIZHOBJIEHHSAM

AHomauis. Poboma npucssyeHa nopisHsHHIO 0BOX BapiaHMis pobomu dynsexc-
HOT cmpyKmypu KoHmposiepis 01 po3pobieHux Memo0i8 OYiHKU HadiliHocmi ma
8I0MOBOCMILIKOCMT 6A2AMOKAHALHUX YNPABASIOYUX cucmeM 6e3neKku i cucmem
asapiliHo20 3axucmy 3 HecyMiCHUMU CMAHAMU 1 PI3HOMAHIMHICMIO MOXAUBUX B4-
piaHmis nocnidosHocmell BUHUKHEHHS ABHUX T NPUXOBAHUX BIOMOB 3 PO3PAXYH-
Kom (imosipHocmeli nepebysaHHs Yux cucmemu 8 npaye30amHomy Cmawi, y Cmaxi
NOMUJIKOB020 CNPayb0BYBAHHA HA 30GHOMY THMePBA 4acy.

Kntoyosi cnosa: cucmemu asapitiHo2o 3axucmy, HAOdilHOCMI, OynaeKCHI CmpyK-
mypu KoHmMposepis.

[Ipo6nema 3abe3reueHHsT HaiiftHOCTI iH(OpPMAaIliitHO-YIIPaBISIOUNX
CUCTEM € CKJIAJHOI0 KOMIUIEKCHOIO ITP06IeMOI0 0COOIMBO OIS MOTEHIIiiiHO-
HeOe3MeuHUX TeXHIUHMX KOMIUIEKCiB. Yrpanisiioui cuctemu 6esnexku (YCB)
MpY BUMHUKHEHHi aBapiitHOi cuTyallii Ha 06'eKTi yIpaB/liHHSI MPU3BOASITH B
IiI0 BiAIIOBigHI 3aXMCHi, TOKaIi3yIOTh i 3a0€3I1eUyI0Th CUCTeMM Oe3I1eKN i KO-
OPAMHYIOTH iX poOOTY 3 MEeTOW 3arobiraHHs aBapiit i kKatacTpod. o ympas-
JISIOUMX CUCTeM Oe3TeKM Mpes sIBISIIOTbCS HaA3BUUYAHO BUCOKI BUMMOTU IO
HaiiiHOCTi. AHa/JIOTiYHiI BUMOTHY MIpem IBASIOThCS 1 10 CUCTEM aBapiiiHOIo 3a-
xucty (CA3) arperatiB i 00'eKTiB, 110 BiZTHOCSATHCS A0 QYHKIIIOHAJIBHUX KOM-
TJIEKCiB TeXHIiYHMX 3aco0biB 3abe3mneueHHs] HAceaeHOCTi i 60pOThOM 3a XKUBY-
YiCTb, 30KpeMa A0 CUCTeM I10XKEeXXOTaCiHHS, aBapiiHOro BOAOBIIJIMBY Ta iH-
VM.

Ilini i 3aBmaHHa po6oTn. 11 po3pobaeHoi MaTeMaTUYHOI Mojesein
OIIiHKM HAIiifHOCTi Ta BiIMOBOCTifiKOCTi 6araToKaHaJAbHUX YIIPABISIOUNX CU-
cTeM Oe3IeKM i aBapiifHOro 3aXMUCTy SIK CUCTEM 3 eJieMeHTaMM 3 TpbOMa He-
CYMiCHMMM CTaHaMM: IlepeOyBaHHS CMCTEMM B IIpale3JaTHOMY CTaHi, y CTaHi

© Omutpiena I.C., 2019
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TMMOMMWIKOBOTO (HaJMipHOTO) CIpaijbOBYBaHHS Ha 3aJaHOMY iHTepBaJi yacy,
HeOoOXiTHO TOPiBHSITM ABa BapiaHTM POOOTU TYTUIEKCHOI CTPYKTYpU KOHTPO-
nepiB. KoHTposiepu mpaiiomoTh 3a cxeMoio Master-Slave.

Po3r/IsiHEMO HAMIIPOCTIilli AYTIJIEKCHI CTPYKTYPU [IJISI OTPUMAaHHS aHa-
JITUYHUX pillleHb MO OLHII HaAiiHOCTHMX BaactubBocTteit CA3 i YCb, mas
SIKMX HeoOXiTHO BpaxyBaTy SIK IBa BUAM BiIMOB KaHaJIiB (TOOTO po3risigaTu
eJleMeHTU He OiHapHi, a eJleMeHTU 3 TPbOMa HECYMiCHMMM CTaHaMM), Tak i

BCi MOKIMBI ITOC/iTOBHOCTI Ta/ab0 MOPSIOK iX CJIigyBaHHSI B dYaci

¢ @ @ @

TIE 1 TTK 2 [K 1 TIK 2

n
C C.” ;Er‘f’
¥ ¥ }{
<

(pUCYHOK 1).

a) 0)
U - ue mxxepena indopmaiiii; I1K 1, ITK 2-mporpamMmoBaHi KOHTpoOIEpHU;
1,2 - 0OMOTKM i KOHTaKTM BUXiJHUX YIIPAB/ISIIOUNX pejie
PucyHok 1 - [lymiekcHi crpykTypu CA3, IKi MpalioloTh 3a cXeMaMy BUOOPY pillleHb
«132-x»(a)i«232-x»(0)

OTpuMaHHS KiHIIeBUX BUpPa3iB (IIiAKPeCJMMO - B OYKBEHOMY BUIJISIII)
came ISl LMX «HAUIIPOCTIIINX» OYIUVIEKCHUX CTPYKTYP € BOKJIUBUM IIPU BU-
pimeHHi 3amav aHanizy YCb i CA3.

[Tepiia cTpykTypa 36epirae mpaie3fgaTHICTb MPY BUHUKHEHHI «Ipu-
XOBaHOI» BIIMOBM OJIHOTO 3 KaHaJiB, Apyra - Mpyu BUHMKHEHHI «SIBHOI» Bif-
MOBM OIHOTO 3 KaHaJIiB.

KoskeH okpemMuii KaHaja OymeMo po3mIsigaTu SIK €qUHUIMA, SIKUit Xapak-

TepU3yeEThCS MMOBipHiCTIO BigMoBM ¢(¢) Ha iHTepBaii (0, t). [Ipu ubomMy Oy-
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IeMO pO3TJISIAATH BaskKJIMBUI IJIsT cuUcTeM 6e3reKy i aBapiifHOro 3aXMCTy BU-
MaJloK, KOJY KOXKeH 3 KaHa/IiB MOXKe MaTy [1Ba BUIM BiIMOB - BiAMOBa TUITY
«sIBHA BiIMOBa» i TUITY «IIpUXOBaHa BiAMoOBa», TOOTO

pP()+q,()+q.()=1, (1)
ne p(t) - “MOBipHicTb 6e3BiAMOBHOI pob6OTU KaHany; ¢,(t) - MOBipHICTb
«IBHOI» BIAMOBY, ¢, (¢) - IMOBIPHICTb «IIPUXOBAHOI» BIAMOBM.

BUHMKHEHHST «SIBHOI» BiIMOBM OJHOTrO 3 KaHaJiB MPU3BOAUTH, NIPU-
POIHO 10 IMTOMMJIKOBOTO abo 3aiiBoro crpaiboByBaHHS CA3; BUHMKHEHHS K
«IIPUXOBAHOI» BIIMOBY KaHaJ/y IIPU3BOAUTD 0 MEpexoay MOoro B «HeCIocCTe-
piraemuii» CTaH Hellpale3gaTHOCTI Ta, SIK HaC/IiJOK HeCIlpalbOBYBaHHI KaHa-
JIy IIif, Yac BCTYITy 3asIBKM Ha CIpalibOBYBAaHHS aBapilfHOTO 3aXMUCTy. 3pO3yMi-
JI0, IIO SIK «SIBHY» BiIMOBY 3 «XMOGHMM» CIIpPallbOBYBAaHHSIM, TakK i HeCIpalbo-
ByBaHHS CA3 npu3BOAUTh OO0 Pi3HMUX HACTIKIB, SIKi IJISI KOKHOTO KOHKpeT-
HOTO 00'€KTa 3axXMCTy MOBMHHI OYTU YTOUHEHi. A OTXe, BU3HAYaJIbHUII BILUIUB
Ha CTYMiHb Hebe3IeKy Oyae rpaTu CITiBBiJHOIIIEHHS MiX IMOTOKAMU «SIBHUX» i
«MIPUXOBAHMX» BiIMOB, [IJIsI YOTO B MPUITYIIeHHI €KCIIOHEHIiaJIbHOTO 3aKOHY
HaIlpall0BaHHS KaHaliB 10 BiAMOBM 3 IHTeHCUBHICTIO A, TOOTO F(f)=1—¢",
ne A=A, +4,.

ITig BigmMOBOIO cucTeMM 6yIeMo pO3yMiTH 3HAXOMKEHHS CUCTeMU abo
B CTaHi «IIOMMJIKOBOI'O» CIIPal[bOBYBAaHHS a00 B CTaHi MmepeOyBaHHS B «IIPU-
XO0BaHOi» BimMoBMu. KpiM Toro, 3 Orjsiiy Ha iCTOTHY BiIMiHHICTh B CTYIIE€Hi
Hebe3mneky BimMoB CA3 TuUITy «X1OHe» CITpalibOBYBAHHS i TUITY HECIIPAllbOBY-
BaHHSI, HEOOXiTHO JaTU OLIiHKM MMOBIpPHOCTi i «IIOMMJIKOBOI'O» CITPAllbOBY-
BaHHSI, 1 TMOBIpHOCTI 3HaXOKeHHS CUCTEMM B CTaHI «IIPUXOBAHOI» BiIMOBMU.
PesynbTaTi MOJieTI0BaHHS MIpeICTaB/JIeHO B MonepeaHii pobori [1].

[TopiBHsIEMO ABa BapiaHTM POOOTHU AYIUIEKCHOI CTPYKTYPU KOHTpOJIe-
piB. KoHTpoJiepu paliioloTh 3a cxemoro Master-Slave.

Hot StandBy 6a3yeTbcsi Ha BOYIOBaHOMY KOHTpPOJIi B KOKEH ITporpa-
MOBAaHMI1 KOHTPOJIEP. 3aJIe5KHO BiJl pe3yabTaTy KOHTPOJIIO 3IiMICHIOETHCS TIe-
pelayva yIpaBJiHHS 3 OJHOr0 KOHTpOJiepa Ha iHIIWIA.

SA&C 3acHOBaHMI1 Ha MOPIBHSIHHI pOOOTM MEPIIOro i APYroro KOHT-

poJiepiB, 110 MPOTPaMYIOThCS, 3 MONATbIIUM IepeBeleHHSIM CUCTeMU B Oe3-
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TIeYHUI CTAaH «3yIMHKa», SKII0 CAMOKOHTPOJIb HEe BU3HAUMB [IPOrPaMOBaHNI
KOHTPOJIED, SIKUIA BiIMOBUB.
PosrisiHeMmo cTpykTypy Hot StandBy 3 BigHOBIeHHSIM.
1

/ y ST

(] |
YA / \ e \
/ ) (O M)

=

‘mo
._B-Y,

|II Y | / T e ___._\

| . -, S : s

(mE (mm
afBapus e

Sz
A

PucyHok 2 - I'pad nepexonis 3i ctany B cTaH cuctemu Hot StandBy

[To6ymyemo 1o rpady B mpocTopi cTaHiB cucteMy piBHSHb A.H. Koj-
MOTOpOBA ISl BUITAAKY, KOJM CUCTeMa 3 BiZHOBJIEHHSM. BigHOBiIeHHS mo-
3HAYEHO ITyHKTUPOM:

d_lj:_zym + Py + uP,— (- ) AR;

dP,

7:;/J,PI—(,U+7//1)PZ —(1=y)AP, + uF;;
dP,

7:;/J,PI—(,U+M)P3 —(1=p)AP + uk;
dP,

—E=(=PAR=AyP, ~(1=)AF;

L5 (-pUR+ PR RY
%zm(g + P+ P)=2ub,.

PosrassHemo cTpyKTypy SA&C 3 BiTHOBJIEHHSIM.
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o -Ix |L| s _"-xﬂ

i uABa pum}
PucyHoK 3 - I'pad nepexopiB 3i crany B ctaH cuctemu SA & C

[To6ymyemo 1o rpady B mpocTopi cTaHiB cucteMy piBHSHb A.H. Koi-
MOI'OpOBa [Jisl BUITAZKY, KOJIM CUCTeMa 3 BigHOBJIEeHHSM. BigHOB/II€HHS MO-

3HAUY€HO MYHKTUPOM (PUCYHOK 3):

L~ 22+ (P + )= 2= 7)AR + uP

dP,
7—7/“’1 — uP, = yAP; = (1= y)AF + uP,
dP,

E =2(1=y)AR — 1P,

7;=7/1Pl—ﬂﬂ—7w—(l—7)w + P,
dP
— SIMB A B)=2ub,

=(1=AL+F).

Bukopucropyemo naketr MATLAB aJist Moge/itoBaHHSI OTPMMaHUX PiB-
HSIHb. Po3paxyHKM OygmeMo BMKOHYBATH 3 KpokoM 0.001 B sSKocCTi MiHiMasIb-
HOTrO 3HaueHHs npuiimaemo 0.00001 i B 9K0CTi MakCUManbHOrO - 1. IHTEpBal,

Ha IKoMy 6y/1eMo MPOBOAUTM po3paxyHOK - [0; 8600] roauH.
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Ha pucyHky 4 mnpencraBieHo rpadiku, oTpuMMaHi HIpu poO3paxyHKY

3HaueHb OCHOBHMX ITOKa3HMKiB 3a JBOMa BapiaHTaMM opraisallii pobotu

IOYTUIEKCHO1 CTPYKTYpu KoHTposiepiB: Hot StandBy Ta SA&C.

Hot StandBy y =0,9 SA&C ¥ =0,9
R(¢) - ViMOBipHiCTh 3HaXOMKEHHS CYCTEMMU B ITpale31aTHOMY CTaHi
(D a0l =i [ [ al0i %
il il
MepaLAHHER MeprLEHHAR
L ﬂ""\-\. L "
0.e88 . 0.5
o.o8 "“"-H \\\
., o.m ,
o.97 ety 0.9 Rx
0,94 e e .
0,95 "HH e MEH
0,94 e —
0,93 ., 0.4 T
0,9z ""*-.H 0.3 '““-u.,___x
o rian u] 3080608 sooo 000 [~ = u] o zooo xooo Lo un] TR [= nu_a]
Epera Epe=raa
Q, . - IMOBipHOCTi TOMM/IKOBOTO CIIpalboByBaHHs CA3
[rese=-35 iD=l [ IS il
5 g
ERERERTEL] MepeseHHER
LF_E [ |
"H (L]
u.aaasl e "l \ |
0,388 T, u_-_.l L |
o ssusl x\x |:|.u'l x‘“xx I
-, e
u.slslul ™ I:ll‘sl e |
| u.ql . |
0, 8875 0.2 T
I —
o r{m ] i [nnn 5000 7000 j= ] o Iooo xooo Lou_ ] e ] p=n ]
Epe=ran Eperaa
Q, . - ViMmoBipHicTb 3HaxomxeHHS CA3 B cTaHi IPUXOBAHOI BiIMOBU
[ I al0l X [ P =
0 Q
MEpAAHHER REREEEREET
0,08 y 0,08 o
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PucyHok 4 - I'padiku mopiBHsHHS Mik Hot StandBy i SA&C cuctem
3 BiIHOBJIEHHSIM
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Buxopsuu 3 oTpuMaHux pesynbTariB, cucteMu SA&C 3 BiTHOBIEHHSIM
€ KpaluM BapiaHTOM y MOpPiBHSIHHI 3 cucTteMmoio Hot StandBy 3 BigHOBIEH-
HSIM.

OTpumani pe3ynbTaTu OyAyTh B MOMATBIINX MOC/TiIKEHHSIX BUKOPUC-
TaHi JJ1s1 OTPUMAaHHS 3a/IeXKHOCTEeN IJ/1s1 3HAUHO CKIAIHIIINUX CTPYKTYP CUCTEM
aBTOMAaTUYHOTO 3aXUCTY.
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UDC 004.931
0.0. Kavats, A.O. Kostenko
ANALYSIS OF CONNECTION METHODS OF TELEGRAM
ROBOTS WITH SERVER PART

Abstract. In the paper methods of interaction of robots applications with
Telegram servers are analyzed. Standard method of polling (Long
Polling) and Webhook both from the viewpoint of the interaction rate of
the application with the end-user, and the complexity of debugging from
the developer’s point of view are compared.

Keywords: Telegram, Polling, Webhook, pyTelegramBotAPI, Python.

Formulation of the problem

Sooner or later, any software developer faces the problem of
expanding his product, as well as writing software code for telegram bots, and
this direction is no exception. In the transition from testing the program to a
full product developer, the developer may face the effect of the "narrow bottle
neck," which role is played by the method of Telegram-bot and telegram
servers’ communication called "Long Polling", which queues the requests of
the application users, since the process of Telegram-bot and Telegram
servers’ communication is periodic in the survey of servers for the incoming
messages [1]. This system is suitable for use in unloaded applications or
applications with a small number of users (no more than 1000 simultaneous
interactions) [2], as well as for debugging and testing the program. In this
paper, the mechanism of Telegram-bot with Telegram servers interaction with
support of Webhook will be considered, which significantly raises the overall
program performance, saving the user's request time and increasing fault
tolerance. In this paper, we shall consider these methods in more detail on
specific examples and draw conclusions for how the use of these methods
affects the work of applications.

© Kavats 0.0., Kostenko A.O., 2019
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Analysis of recent research

Webhook is a way to deliver real-time application data. Unlike
traditional APIs, where you often need data to get real-time information,
Webhook sends data immediately. Webhook is a kind of analogue of push
messages on your mobile phone. Instead of burning the battery on your
phone, extracting information (polling) from applications to receive updates,
Webhook sends data automatically based on events triggers. Like push
messages, Webhook is less resource-intensive.

Webhook is much more effective than polls in terms of resources and
communication. Zapier conducted a study of 30 million requests for surveys
done through their service, and found that 98.5% of the polls were wasted and
they spent 66 times more resources on the poll [3].

Always fresh data. The very nature of Webhook and the fact that they
are usually triggered by events means that they provide you with information
in real-time. In this regard, if you want the information to be as close as
possible to the real time, you should choose the use of Webhook instead of the
survey (Long Polling) [4].

Webhooks surpass the survey in terms of data relevance,
communication efficiency, and infrastructure costs.

Formulating the goals of the article

The purpose of the study is to compare the methods of interaction of
the application Telegram work written in the language Python, as well as the
implementation of these methods in practice, in order to identify the
complexity of writing the two solutions.

Main part

In the course of work, both methods of trying the robot program to use
the Telegram servers: Long Polling and Webhook - were used, the basic
schema of which is shown in Figure 1.
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Polling Webhooks
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?
Anything? o
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?
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>

4

Event Data!l!

Anything?

>

Nothing.

Figure 1 - Schematic diagram of Long Polling and Webhook.k

The paper considers two of the most common variants of
communication between the robot and the Telegram server. The first and
easiest option is to periodically poll Telegram servers for the availability of
new information. All this is done through Long Polling, that is, the connection
is opened for a short time and all updates are immediately flown by the bot. It
is simple, but not very reliable. First, Telegram servers periodically begin to
return the 504 (Gateway Timeout) error, which makes some bots stingy that
even the pyTelegramBotAPI library created to write telegrams in Python can
not always survive the following [5].

Second, if several bots are running at the same time, the probability of
encountering errors increases. It's a shame if the bots themselves are not used
very often [5].

Webhook works a bit differently. By installing Webhook, you would say
to Telegram servers: "If anyone sends me write here - (link)". There is no need
to periodically poll servers themselves, thus, the unpleasant reason for the fall
of search engines' spamming disappears. However, for this you have to install
a full web server on the machine on which it is planned to launch Telegram
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robots. What's even unpleasant, you need to have your own SSL certificate,
because Webhook in Telegram works only on HTTPS [6] Fortunately, on one
glorious day, support for self-signed certificates has appeared.

The ultimate goal of any API integration is to effectively exchange
data between the application and the server in order to provide more
performance for your users. To speed up the program's work, integration
should provide a method for detecting changes as well as events occurring in
the user's application. Currently, two of the most popular event management
tools are the Long Polling (Web Polling) and web hooks (Webhook). Let's
consider these two methods in more detail, on the example of the simple
application of the telegrams "Schedule of classes", which is based on the
reference to the MySQL database, written in Python, using the interface of the
Telegram program by the end user. During the writing of the bot, the standard
method of interviewing Telegram servers using the API was used, but during
the testing of the program, immediately revealed the negative aspects of such
interaction between the program and servers, namely, the rate of response of
the program to the end-user request, and with increasing number of requests
and users (testers of the application), the response rate for incoming requests
was significantly reduced, thereby forcing the search field to be a productive
method of communicating with the servers; it became a method called
Webhook [7]. Trend of increased speed of the application on a user's query is
shown in figure 1.

Processing time with Long Polling and Processing time with
Webhook

B Processing time with Long Polling, sec [l Processing time with Webhook, sec

200 400 600 ] 1000
Number of requests, pcs
Chart 1 - The trend of increasing the response rate
of the application to the user's request
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To study this particular questioning of the servers, ten testers of the
Schedule of Occupations application were used, during the testing, the data
was collected without using and using Webhook. The essence of the test was
the simultaneous loading created by the testers in addition which had
artificially removed the mechanisms of protection against DDoS attacks,
namely, the limits of access to the same requests set in a certain unit of time
were removed. After the experiment, the results of measurements were put in
Table 1, then the data from Table 1 was plotted 1.

Table 1
Measurement of the peak load created by the testers in addition to the

«Schedule of occupations»

Number of requests,

pcs 10 50 100 500 1000
Processing time with
Long Polling, sec 0,1 0,3 0,9 1,8 3,6
Processing time with
Webhook, sec 0,1 0,3 0,5 0,7 1
Conclusions

In this paper, an alternative version of the robot application and
Telegram servers’ communicating with the help of Webhook was suggested. In
the process of changing the method of data exchange from the standard poll
(Long Polling) to Webhook was proved its undeniable advantage in loaded
applications, namely on the number of inquiries more than a thousand,
Webhook showed three times more performance than the standard poll (Long
Polling) This undoubtedly justifies its more labor-intensive debugging process
(SSL certificates, etc.).
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YK 004.932.2
T.B. CeniBbopcToBa, B.I0. CeniBbopcToB, K.A. Coko/10B
AJITOPUTM AJETEKTYBAHHSA MIPU CKPYIJIEHHSA OJIs1
AHAIJII3Y IU®POBUX 30BPAXEHD

AHomayis. B cmammi onucaruli 3anponoHosaxuli aneopumm 0emeKmyB8aHHs
MIpUu CKpy2e/ieHHs O/ GHAMI3y Uugposux 306paxeHb. 3210HO 3anpPONOHOBAHO-
20 anzopummy 06’eKm Ha 306paxKeHHT — HeMemasiese BKIOYEHHS BBAXAEMbCS
61u3bKUM 00 Kpyenoi opmu, AKWO BIOHOWEHHA 00BXUHU OKpYXHOCMI pi-
BHOI No niowi HememasnesoMy BKKYEHHI0O 00 00BXUHU KOHMYPY BKIIO-
YeHHA HAbauXaembcs 00 o0uHuyi. [posedeHi docnioxeHHs Ha mecmo-
BUX 306paxKeHHAX NOKA3aau 01€BICMb 3aNPONOHOBAHO20 NiOX00Y.
Knto4yosi cnosa: anzopumm, OKpyeneHHs, 00BXUHG, KOHMYpP, KOJ0, No-
Wa, 306paxeHHs, HeMemanesi BKIOYEeHHs, PeKypcuBHA 3G/UBKA, NpPo-
epamHa peanizayis, C++ Builder.

ITocTaHOBKA MpoOGIEMM

Bigomo, 110 4yTAMBICTh 4O OKPUXYYBAHHS (30KpeMa BOLHEBOTO) 3Ha-
YHO 3JIeKUTh BiZl SIKOCTI cTaji. TOMy 4acTO CIIOCTepiraeTbCs pi3Ha CXUJb-
HiCTb 10 BOJIHEBOT'O OKPUXUYBAHHS CTajeii, OM3bKUX 3a XiMiYHUM CKJIaZOM.
Iy>ke BaskiMBa hopmMa HEMeTaJIEBUX BKJIIOUYEHb B CTajli, 0COGIMBO CyabDifiB.
[Tpy 3BMYAiiHIl BUILIABI cTadi cyibdigy MaloTh mIacTMHYACTY Gopmy, Ipu
IOIaTKOBiiI 06pOOIi CMHTETUUYHMM IIVIAKOM - OKPYIJIY, efircomnomiony. Ha-
MIPUKJIa, BUITPOOYBaHHSI TPYOHOI CTajli 3 OHAKOBMM BMiCTOM CipKM ITOKa3y-
I0Th, IO IIKiAMBUIA BIJIMB BOJHIO HA CTajIb 3 €JIIICONOAiOHMMM Cyabdimamu
Ha 10-40% HMKUMIA, HiXK Ha CTajb 3 IJIACTMHYACTUMMU CyabdigzamMu.

B meTtanyprii Ta 1IMBapHOMY BUMPOOHMUIITBI IJIs1 aHA/Ii3y MaKpOCTPYKTY-
pU TeMIUIETiB MeTaly BUKOPUCTOBYIOTbCS, B TOMY UMCJi, CipuaHi BigOUTKH,
IIpU LIbOMY POOUTHCS, HACAMIIEPE/I, SIKiCHA OLIiHKA OTPUMMAHOTO 300paskeHHS Y
BiITIOBigHOCTI M0 MpuUitHATOIL MmKaau 6anbHOCTi. Came TOMY 3aJaua po3poOKu
CIeia/Jli3oBaHOro0 IPOrpaMHOr0 3abe3reueHHs OJI aHali3y olu@poBaHMUX
300pakeHb CipyaHMX BiZOMTKIB i OIIHKM MipM CKPYIJIEHHSI KOHTYPY € aKTya-
JIBHOIO.

© CeniBbopcTtoBa T.B., CeniBbopcToB B.10., Cokonos K.A., 2019
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AHaji3 ocTaHHIX JOCTiAKeHb i myo/riKaIiin

o cienyndiuyamx ocobamBocTein IUMPOBUX 300paskeHb CipuaHMUX BigOUT-
KiB MOJXHA BiJHeCTU:

— KOJIbOPOBY I'pafallito 306paskeHHs (BiATiHKM ciporo);

— HeperyisipHy (Gopmy obsacTeii 3HMKEHOI sICKpaBOCTi, IO BiAroBina-
I0Th Cy/IbPigHMM BKIIOUEHHSIM;

— BUITAAKOBMUI XapaKTep MPOSIBY 00/1aCTel 31 3HMKEHOIO SICKPaBiCTIO;

— BUIIAJKOBUIT pO3Mip 06/1acTeil 3i 3SHMKEHOIO SICKPaBiCTIo;

— HeoOMesKeHU PO3Mip 306paskeHHS.

3a3HavyeHi 0COOJMBOCTI IT€PEIIKO/KAITh BMKOPMUCTAHHIO Haimolmpe-
HIllIMX TeXHOJIOrii aHami3y uudpoBux 300paskeHb, 3aCHOBAHMUX Ha Kiacudi-
Kallii ¥ MopiBHAHHI i3 ma6soHoM. TakoXX BaykKO 3aCTOCOBYBaTU Helipomepe-
>KeBi MeTonIu aHasi3y Ta igeHTudikalii 306paxkeHb, OCKiJIbKM HEMOXXJIMBO ITe-
penoaunTy HeoOXimHMIA 0OCIT i 3MiCT HAaBUYaJIbHOI BMOIpPKM [IJISI OXBaTa IIOB-
HOTr'0 HabOPy MOKIMBOIO pO3TallyBaHHS i popM ob6acTeit 3HIMKEHOI SICKpa-
BOCTI, 1110 BiATIOBigatOTh Cy/1bdigHUM BKIIOUEHHSIM [1 — 3].

Merta mocaigskeHHs IoJIsIra€e y po3poOlii aJiropuTMy Ta Creliaji30BaHOIo
MIPOrpaMHOro 3abe3IevyeHHsT IJIS1 JOC/iIKeHHS 300paskeHb MaKpOCTPYKTYD,
OTPMMAaHHS KiJIbKICHUX XapaKTEPUCTUK Mipyu OKPYIJIOCTI HeMeTaleBUX BKIIIO-
YeHb.

ATOpuUTM IeTeKTYBaHHSI Mipy CKpPYT/IEHHS JJIsI
OOCTiaKeHHSI 300pa’keHb MaKpPOCTPYKTYP
ANTOPUTM [eTeKTYBAaHHS MipM OKPYIJIOCTi IJjIs1 300paskeHHsI HeMeTa-
JIEBOT'O BK/IIOUEHHS € TOCUTb IIPOCTUM i 6a3y€ThCsI HA BU3HAYEHHI BiTHOIIEH-
HSl OBXMHM KOHTYPY BKJIIOUEHHSI [0 MOBXMHU OKPYKHOCTI Ti€ixK camoii
rionii. Ha pucyHky 1, HaBeleHO 300paskeHHSI HEMETAJIEBOrO BK/IIOUEHHS 3

BifliIeHMM KOHTYPOM.
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a) 6)

a) HeMeTaJjieBe BK/IIOUEeHHS;
0) rpaHMIIs HEMEeTAaJIeBOT0 BKIIOUEHHS

PucyHok 1 — ®parmMeHT 300paskeHHS i3 HeEMeTaJIeBUM BKIIOUEHHSIM

71 meTeKTyBaHHSI OKPYIJIOCTE) KOHTYPY HEMEeTAaJIeBOTO BKJIIOUEHHS
3aITPOIIOHOBAHO BUKOPUCTOBYBATM HACTYITHMIA MiXi:
1) 06UMCTIOETHCST TUIONIA BKIIOUEHHS B PiX (QJITOPUTM PEKYpPCUBHOI

sayuBki [4]) S ., pix’;

2) 06UMCIIIOETHCS NOBXKMHA KOHTYPY BKJIIOYEHHS B pix (MoAamdikawis
aIrOPUTMY PEKYPCUBHOI 3/MBKY) L, , pix ;

3) 0OUMCIIOETHCS DOBXMHA Koma L, ., pix OMMCAHOTO 61111 OKPY>KHOC-
Ti iomero S, , pix’;

4) 06UMCITIOETHCS BiJHOIIEHHS JOBXUH KOJa Ta KOHTYPY BKIIIOUEHHS
L/ L, - IMM 61VKUE 3HAYCHHS O OAVHUI TUM GiMbil MOAIGHMM [0 KoJla
€ hopMa HeMeTa/IeBOr0 BKIIOYEHHSI.

[l10111a BKIIOYEHHS B Pix S, = 7R, .

Pagmiyc Kona molielo Spl.x Rpl.x =1/7r/ Sp,.x, Ile DOBXMHA KoJjia pajiycy

R, Li,.=27R .

pix “circle
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AJITOPUTM peKypPCMBHOTO 3aJMBYy MOXJIMBO BMKOPUCTOBYBATU MJIsI
BU3HAUeHHS IUIoIIi 3adapboBaHoi obmacTi. B 11boMy BMIAAKy, KOKEH pas3
nipu nepedapOyBaHHi Mikcesa 36iabIIYETHCS TiUMIbHUK KiJIbKOCTI MiKCeJTiB,
110 BXOASTH 10 3adapOboBaHOi 06/1aCTi.

[Ipy HeoOXimHOCTI HAaHMII aITOPUTM MOKIMBO MOAMMIKyBaTU MJIst
BU3HAUYEHHS JOBXMHM KOHTYpYy 3adapboBaHoi ob6aacti. [Ias 1boro Ha
KOKHii1 iTepalii mpoBOOUTHCS MepeBipKa HASIBHOCTI OiJIOro IiKCeJst Mopsiy,
i3 3adapboBaHMM, Yy pasi BMKOHAHHS [AHOI YMOBM, 30iJTbLIYETHCS
JUMJIBHUK KiJbKOCTI ITiKCeJIiB, IO BXOASTb A0 KOHTYpYy 3adapboBaHOi
obJ1acTi.

s mociimkeHHST poOOTU aITOPUTMY JTeTEKTYBaHHSI CTYME€HIO OKPYT-

JocTi GopmMMu HeMeTaseBOTO BKIIOUEHHS Oysio oOpaHO psif TeCTOBMX 300pa-

>KeHb, SIKi MiCTSITh JIMIlle OfHe BKIIOUeHHSs. B Tabnuii 1 HaBe#eHi pe3yabTaTu

00p0o6KM 300pakeHHs i3 BKIIOUEHHSIM KpPYI/I0i (PMCYHOK 2) Ta OBajbHOI (pu-

S ,pix’ . : ..
CYHOK 3) dhbopMu. 3HaUeHHS pic> P4 L., pix oTpuMaHi i3 fomaTKy, peura

o6uc/ieHb BUKOHAHA 3a gornomoro Excel.

PucyHok 2 — TectoBe 300paskeHHS 1 PucyHok 3 - TecToBe 300paskeHHST 2

Tab6muus 1
HocmimskeHHS MaKpPOCTPYKTYP i3 BKIIOUEHSIMU ITPaBUIbHOI popMu

.2 . .
Spix > P1X Lpix » PIX Lcircle » P1X Lcircle /Lpix

PuCyHOK 2 489 96 78.37 0.82

PucyHok 3 726 124 95.49 0.77

28
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Ins miasmMu Kpyraoi ¢dopmu BigHOWeHHS L . /Lpl.x nopisHoe 0.82,

Npy UbOMY [JI OBIy AaHe BigHoOmIeHHS AopiBHIOEe 0.77. Binmpumr kpyrmimi

IJIIMY MalOTh 3HAYeHHS L . /Lpl.x O/mKue 0 OJMHMIN. Ajle 3HaYeHMs Bifl-
HOIUEHHS L . / L . 3anexxuTsp Bif po3Mipy 306paskeHHS.

B Tabnuili 2 HaBeJeHi pe3yabTaT 0OpPOOKM 300paskeHHS i3 BKIIOUEH-
HSIM HeIlpaBU/IbHOI GopMu (PUCYHOK 4, 5, 6).

Pucynok 3 — TecToBe Pucynok 4 — TecTtoBe PucyHok 5 — TecToBe
300paskeHHs 3 300paskeHHs 4 300paskeHHs 5
Tabmuiig 2
HocmimkeHHS MaKpOCTPYKTYP M3 BKIIOUEHSIMI HellpaBWIbHOI hopmu
. 2 . .
Spix » PIX L pix? pix Lcircle » PIX L circle / L pix
P1CyHOK 3 983 174 111.11 0.64
PucyHOK 4 918 155 107.38 0.69
PUCYHOK 5 1052 178 114.95 0.65

3 Tabmuii 2 MO>XHa 3pOOUTY BUCHOBOK, 10 UMM CKJIaJHillle KOHTYP, TUM
meHule sHaueHHs L, /L . . Jlnd nopiBHSAHHS 06Mpasy 306pakeHHs OIHAKO-
BOTO pO3Mipy.

B Tabmuii 3 HaBemeHi pe3ysnbTaT 0OPOOKM 300pa’keHHS i3 AeKiJbKoMa
BKJIIOUEHHSIM HeIlpaBUIbHOI GopMM (PUCYHOK 6, 7).
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PucyHok 6 — TecToBe 300paskeHHS 6 PucyHok 7 — TecToBe 300paskeHHS 7
Tabmuiia 3
HocnigkeHHS MaKpOCTPYKTYP i3 JeKiIbKOMa BK/IFOYEHSIMU
\) piv> P ix> |L i P Ix Lo PIX Licre / L pix
PUCYHOK 6 37 16 21.56 0.90
205 48 50.74 0.75
352 84 81.74 0.66
P1cyHOK 7 37 16 21.56 0.90
116 32 38.17 0.83
356 59 66.87 0.76
368 80 67.99 0.65

[TporpamHumMii 3aci6 «/leTeKTyBaHHSI HETEKTYBAaHHS Mipu CKPYIJIEHHS
IJ1s1 aHaJi3y mu@pPoBUX 300paskeHb» BimoOpaska€ CTATUCTUKY B ITOPSIIKY 3pOC-
TAHHS IUIONI BKIIOUEHHS.
BUCHOBKU
HocnimiskeHHST poO0TH PO3pP0OJEHOr0 aJITOPUTMY TETEKTYBaHHS Mipu

CKPYTJIEHHSI /11 aHasi3y UG poBUX 300pakeHb ITOKa3a10 OJM3bKiCTh 10 OM-

HUILl BiJHOIIEHHS LCirC‘e/ Ll”'x IJISI KOMIAKTHMUX BK/IIOYEHb y IMOPiBHSIHHI i3
BKIOUEHHSIMMU 3i CKJIaJHUM KOHTYpOM. IIporpamumii 3aci6 «JleTeKTyBaHHS Jie-
TEeKTYBaHHSI Mipy CKpYTJIeHHS IJ1s1 aHami3y 11bpoBUX 300paxkeHb» po3pobiie-
Huit y cepemoBuiii C++Builder.
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VK 506:510
[.B. baknan, T.B. lllynbkeBuY
IIOPIBHSIJIbBHUM AHAJII3 TIPOTHO3YVY IIPU BAPIAIIIT
IMAPAMETPIB I'BPUJHOI JIHTBICTUYHOI MOJEJI

AHomauis. B cmammi po3ansHymo pe3ynbmamu nposedeHi nid yac ob64uciosa-
JIbHUX eKcnepumeHmis, byna 00BedeHa SKICMb NPO2HO3YBAHHSA YACOBUX PADIB pi-
3HOMAHIMHOT npupodu npu pi3HUX napamempax. ExcnepumeHmanbHUM WAAXOM
BUSIBJIGHT ONMUMA/bHT napamempu anzopummy. Anzopumm 6y/10 3aCmMOCOBAHO
00 pI3HOMAHIMHUX 4acoBux pAdiB (coyianbHux, MeOUYHUX, (THAHCOBUX MA eKo-
HOMIYHUX), BUPAXYBAHT CMAMUCMUYHI NOKA3HUKU MOoYHocmi npozHo3y. Excnepu-
MeHmMU NOKA3anu, Wo anzopumm cmabifbHO BUKOHYE NPO2HO3 3HAYeHb PAJY Ha
3-4 kpoku Bneped ma npoeHo3 3MiHU mMpeHOY Ha 3-5 KPOKis..

Kno4osi cnosa: npozHo3yBaHHSA, 2i6pUOHA NH2BICMUYHA MOOesb, JiHeBICMUYHE
MOOEII0BAHHSA.

ITocTaHOBKA MpOOGIEMM

CroiTh 3amavya BMKOPMUCTAHHSI TiOPMOHOrO JIIHIBICTMYHOTO ITiAXOmy
711 MOAEIIOBaHHSI YMCIOBUX 00pasiB y BUIJISIAI 4aCOBUX PSIAiB 3 BUKOPUC-
TAaHHSM MMOBipHICHMX IpaMaTMK Ha OCHOBi NPUXOBAHUX YaCOBUX DPSAIB Ta
iMIieMeHTYBaTH iHGOpPMaLiiiHy TEXHOJIOTiIO I TOOYI0BM MHOKMH JIiHTBiC-
TUIHUX MOAeJieil Ta iX ribpumais, sIKi ONMUCYIOTh AMHAMIKY OOpaHMX YaCOBUX
PSIZIiB MIPOLIECiB Pi3HOI IPUPOIN.

AHaJti3 myostikanii mo TeMi JoC/IiIKeHHS

JIHTBICTMYHMIT (CTPYKTYPHUIA, CUHTAKCUYHUI) MIAXiO BiZOMUIN 1€ 3a
poboTamMM aMepMUKaHChbKOTO HAYKOBILSI KUTalCcbKOro nmoxomxkeHHs1 KiHr CyHb
@y [1,2]. Came BiH BUCIOBUB MOK/IMBICTh BUKOPUCTAHHS MOBipHicHUX dop-
MaJIbHUX TpaMaTUK JJIs1 OTIUCY CKIAJHMUX 06pasiB.

EnemMeHTM JIIHI'BiCTUMYHOTO ITigXoay Oyiy BuKIageHi B poboTax Coko-
noBa [3], CenkeBuua [4], Oposkauua [5], Cynumonoit [6], Oscar Cordon Ta
Francisco Herrera [7], Gui-Wu Wei [8]. T'i6puaHuit JiHrBicCTMYHMI TTiAXin 3a-
MpornoHoBaHuit y poborax baknana [9, 10, 11]. IIpakTuuHi acmekT BUKOPU-

CTaHHS JIIHIBICTMYHOTO MOJe/MI0BaHHS IIpuBeeHi B [12].

© baknaHs I.B., lllynbkeBuu T.B., 2019
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MeTa mociaigskeHHS

MeTO10 UMHHOTO AOC/IIKeHHS € eMIlipuyHe TOBedeHHS MPUIATHOCTI
BUKOPUCTAHHS TiOPUIHOIO JIIHIBICTUMYHOTO ITiAXOIy JJIs1 IPOTHO3YBAHHS Ya-
COBUIX PSIZiB.

OcHOBHA yacTHUHA

JIIHTBICTMYHE MOJe/IOBAHHSI — KOMIIIEKC METOJiB, METOAMK Ta aJiro-
PUTMIB, SIKi BUKOPUCTOBYIOTh MpOILeC MepeTBOPEeHHS YMCIOBUX MAaCUBIiB iH-
dopmalilii g0 JiHIBiCTMUHMUX ITOCTiZOBHOCTEN, HA OCHOBI SIKMX BiTHOBJIIOETHCS
dbopmasibHa rpaMaTHKa.

JIIHTrBiCTMYHA MOZeIb OMHAMIUYHOIO MpPOIeCy CKIAOA€EThCS 3 HACTYM-
Hux eneMeHTiB: <D,[[L,G> ne D — CyKymHICTb 4aCOBUX PSIiB OMHAMIUHOI'O
TIpolLiecy Ta psAAiB, MOXiAHMUX BiJl BXimHMX maHuX, | — croci6 Ta mpaBuia iH-
tTepBaiisanii, L — Mopdism BimoOpaskeHHSI iHTEpPBaJbHOI'O IIPEICTABIEHHS
psny Ha reBHMi andasit, G — BigHOB/IIEHA rpamMaTMKa AMHAMIYHOTO ITpoIlecy.

Kpoxknu (mig3amaui) mo6ymoBu JIIHIBiCTMYHOI MOAesIi Ha OCHOBi uuce-
JIBHOTO YaCOBOTI0 pSIAy AMHAMIYHOTO MpoI1ecy:

e [Ti13a4a4a OTPUMAaHHS Pi3HUILIEBUX PSIiB;

e [Ti13a4a4a iHTepBai3allii;

e Mif3azayva JiHIBiCTU3AlIil;

e MMifI3a7aua BimHOBIeHHS (OpMabHOI rpaMaTUKNA.

IeTanbHi 0COOJMBOCTI 3aCTOCYBaHHS TiOPUAHOTO JIIHIBICTUUHOTO MO-
nenoBaHH [12].

Ha po3pob6iieHOMY ITporpaMHOMY 3abe3IieueHHi Oy/u IpoBeIeHi uuce-
JIbHI eKCIIepMMEHTH IIOA0 MPOTrHO3YBAaHHS YaCOBUX PSIiB HA Pi3HMX TUMAX iH-
TepBasisallii (po3mnoisiax MMOBipHOCTEN), OY/I0 HOCTIIKEHO SIKICTh ITPOrHO3Y
YacoBOTO psIAy Ha Pi3HMUX MOTYKHOCTSX andaBiTy (KiTbKOCTi iHTepBasIiB).

[l ekcriepMMeHTiB Oy/iu BUKOPUCTaHi 4acoBi psiau [13]:

1. ABia nepenboTu (airline-passengers) - couiaqbHMi

2. BumipioBaHHS piBHS IJIIOKO3M B KpoBi (glucose measurement) - Me-
OUYHU

3. Llinu CkaHAMHABCHbKOTO PUHKY ejieKTpoeHeprii (nordpool svet) -

eKOHOMIYHM
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4. linn nipupogHoro rasy Ha NYMEX (prices_natural gas usd) - eko-

HOMIYHU

Ha pucynkax 1-5 MOpPiBHIOETbCS IIPOTHO3 4YAacOBOTO psIIy aBia

nepesniboTiB B CIHA.
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PucyHOK 3 - Pe3ybTaTyi MpOrHO3y MO KpOKax JJis HOpMaIbHOTO PO3IOIiTY

i [ 1OT»MHICT B aundr asitw S
—p— 1 OTyHICT B andy asity 10
MorTyxHicT b andraasity 15
g [1OTYHHICT & and asitTy 20
—fp— [OTY2MHICT & aund aeity 25

1 2 3 4 5

PucyHoOK 4- Pe3ysibTaTy IIPOTHO3Y 110 KpoKax Aj1s1 beta posnoginy
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PucyHoK 5 - Pe3ynbTaTi IPOTHO3Y MO KpoKax aJist posnoainy CT’ rogeHTa

Ha pucyHkax 6-10 MOpiBHIOETBCSI POTHO3 IO 4YaCOBOMY PSIAY BUMi-

PIOBAHHS PiBHS IIIOKO3Y B KPOBI.
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PucyHOK 7 - Pe3ynbTaTt Ipor1o3y 1o Kpokax s posnozginy Jlariaca
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PucyHok 8 - Pe3ynbTaTyi IPOTHO3Y MO KPOKAX [J1S1 HOPMaJIBHOTO PO3IOLITY
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Ha pucynkax 11-15 MoOpiBHIOETHCSI IIPOTHO3 10 YaCOBOMY PSIAy IIiHU
CKaHOMHABChKOTO PUHKY €JIEKTpOeHeprii.
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Ha pucyHkax 16-20 mOpiBHIOETBHCS IIPOTHO3 MO YaCOBOMY PSAY LiHU

npupogHoro razy Ha NYMEX.
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Pucynoxk 20 - Pe3ynbpTaTy Ipor{o3y mo Kpokax gjisi posnoginy Cr’rogeHTa

5

Po6oTa npoBoawiacs y paMKax TeMM  IHTeJeKTyaabHi MeTOAM Ipo-
rpaMyBaHHS, MOJIETIOBAHHS i IMPOTHO3YBaHHS 3 BUMKOPUCTAHHSIM IMOBipHic-

38 ISSN 1562-9945



3(122) 2019 «CucTeMHbIE TEXHOJOTUU»

HOTO 1 JIIHTBICTUMYHMX Tigxo#diB”. [lep>kaBHUIT peecTpalliliHuii HOMep
01170000926.
BucHoBku

EkciepMMeHTaJIbHUM IUISIXOM BUSIBJIEHI OINTUMAJIbHI MapamMeTpu ali-
rOpUTMY. AJITOpUTM 6YJI0 3aCTOCOBAHO A0 Pi3HOMAaHITHMUX YaCOBUX PSIIiB (CO-
1ia7bHUX, MeAUYHMX, QiHAHCOBMUX Ta €KOHOMIUHMX), BUpAXyBaHi CTaTUCTUY-
Hi MOKa3HMKM TOYHOCTI MPOTHO3Yy. EXCIiepMMeHTM MoKas3aju, 10 aJropuTM
cTabiibHO BMKOHYE TIPOTHO3 3HAaU€Hb PSIAY Ha 3-4 KPOKM BIlepe] Ta MPOTHO3
3MiHM TpeHy Ha 3-5 KpOKiB.
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P.B. Kupus, I''U1. JlapuoHos, H.I'. JlapuoHOB
MATEMATHUYECKAA MOJEJIb HAIIPSI)KEHHO -
OJE®OPMHUPOBAHHOTIO COCTOSAHUA JIEHTBI C TPY30M
TPYBUYATOTO JIEHTOUHOI'O KOHBEVMEPA

AHHomayus. B cmamee paspabomaHa mamemamuyeckas mMooesb Ha-
npsXeHHo-0eopMUPOBAHHO20 COCMOSHUS JleHMbl mpy64yamoeo KOH-
seliepa, 3anoJIHeHHoU cbiny4um epy3om. [lpu smom neHma paccmampu-
BaeMCs KaK MOHKAs ynpy2as Hepacms)umas QuauHopuyeckas o60s10y-
Ka, a cbinyqud epy3 8 jeHme Haxooumcs 8 npedesbHoM cocmoaHuu. [lo-
JlydeHa cucmema OuggepeHyuanbHbIX ypasHeHUl pasHosecus mpybya-
mod leHMbl C CbINy4UM 2py30M OMHOCUMEbHO YCUAUl U uz2ubarujux
MOMEHMOB 8 JleHme, KOmopas npu ynpoweHuu ceenace K ouggepeHyu-
a7bHOMY YPABHEHUI Yemsepmo20 NopAoKa omHoCUmMesbHO npo2ubos
neHmsl. Ha ocHose amol mamemamuyeckol MoOesnu nosyyeHsl U npo-
AHANU3UPOBAHBI AHAUMUYECKUe 3asucUMOCmU npoz2ubos JeHmsl
mpy64amoz0 KoHgellepa om napamempos KoHseliepa, paduyca Uu
csolicms nieHmMbl, @ MAKXe csolUCMB8 cbiny4ye20 2py3a. B pesynemame
onpedesieHO MAKCUMA/bHOE 00ONyCMUMOe PaccmosHue Mexoy POJUKO-
onopamu mpyb4yamozo KoHseliepa. [lpu 3mom ycmaHosneHo, ymo 0o-
nycmumoe paccmosHue mexoy posuKoonopamu npsamMo nponopyUoHasb-
HO HAMsAXeHUto ieHmbl U 06pamHoO NpPonopyuoHaIbHO Keaopamy pa-
ouyca neHmsl U 0bbeMHOMY Becy 2py3d. Pe3ynbmamsi ucciedosaHuli
mMo2ym 6bImb UCNO/b30BAHLI NPU NPOEKMUPOBAHUU MpPYy6YaAMBbIX /eH-
MOYHbIX KOHBelepos, MPaHCNoOpmMupyLWUX Cbinyyue 2py3bl.

Kntoyesble cnosa: HanpsxeHHO-0epopMuposaHHoe COCMOsAHUe, Cbiny-
yul epy3, mpybyamsili 1eHMOoYHbIl KoHBeliep, mpybyamas neHma, po-
JIUKOONOPbI, U32ubarue MoMeHmsl.

BBenenue
TpybuaTbie JIEHTOUHbIE KOHBeJiepbl B HAcCTOSIIee BpeMs MHOJTYUYNIN
IIMPOKOe MPUMEHEeHMe B PasIMUYHbIX OTPAC/ISIX MPOMBILIIEHHOCTU: TOPHOIA,

MeTannypqueCKoﬁ, CTpOMTE]’IbHOﬁ U Xummn4deckoit. OCHOBHbBIMU nmpemMynie-

© Kupus P.B., Jlapuonos I'.I., Jlapuonos H.I'.; 2019
42 ISSN 1562-9945



3(122) 2019 «CucTeMHbIE TEXHOJOTUU»

CTBOM TpyOUaThIX KOHBEIEpPOB, B OT/IMUME OT OOBIKHOBEHHBIX JIEHTOUHBIX
KOHBEIEpOB C 3Kelo0uaToi JIeHTO, SIBJISIIOTCS 9KOJOTUUYHOCTh M BO3MOXK-
HOCTb TPAHCIIOPTUPOBAHMS CBIITYUMX TPY30B IO KPUBOJMHENHBIM Tpaccam
6e3 meperpy3ouHbIX y3/0B. OgHako ux 3¢gpdeKkTMBHOE UCIIOIb30BaHME B MIPO-
MBIIIJIEHHOCTY CHepP>KUBAETCSI OTCYTCTBMEM HAyUYHO 0O0CHOBAHHBIX METOIOB
pacueTa OCHOBHBIX ITapaMeTpoB TpybuaToro KoHBeltepa. B uacTHOCTH, He Cy-
1IeCTBYyeT pacyeTa MaKCUMAJIbHO OOMYCTMMOIrO PACCTOSIHUS MEXIY POJIMKO-
ormopaMy TpybuaToro KOHBeliepa B 3aBMCUMOCTHM OT ITapaMeTpOB KOHBelepa,
YIIPYTUX CBOJCTB JIEHTbI, a TaKKe (PU3MKO-MexXaHNUeCKUX CBOVCTB ChIITyuyero
rpysa.

JlJist pellieHusI TOM 3ama4uM HEOOXOAMMO, IIPeKae BCero, pa3paboTaThb
MaTeMaTUYeCKyl0 MOJe/Ib HaIpskKeHHO-Ie(opMUPOBAaHHOIO COCTOSIHUS 3a-
TIOJIHEHHOM ChIITyYMM T'PY30M JIEHTBI IIPU €€ ABVKEHUM [0 POJIMKOOIOpaM
Tpyb6UyaToro KoHBelepa.

Bonpocamu co3maHMsl MaTeMaTM4eCcKOoi MOoaeau HalpsKeHHO-
nedbOopMMUPOBAHHOTO COCTOSIHMS JIEHTbI, 3alI0JIHEHHOV ChIITyYUMM TPy30M, 3a-
Humaauceb B. . Imutpues, E. E. lllemko, B. M. I'yiuuH, A. B. Ipsuenko, /. C.
Kynaruu [1-3], a Taxke B.]l. YepHeHko [4]. B 3Tux paboTax uccjieToBaHbI
HOpMaJIbHbIe pacrpeae/ieHHbIe CUJIbI Paciopa ChIIy4yero rpysa, geincTBylue
Ha JIEHTY CO CTOPOHBI ChIIIyYero rpysa Ipu ee ABVMKEHUM M0 POJIMKOOIopam
KOHBeitepa. [Ipy 3TOM Ccbhilyuuii rpy3 Ha JIeHTe KOHBeliepa HaXOOgWUICs B Ipe-
IleJIbHOM paBHOBECUMN.

B pesysibTaTe MOJIydeHbl aHAJIUTUUYECKME 3aBUCMMOCTU pacrpenese-
HUS 9TUX CUJI OT YIJIOBOM KOOPAMHAThl HOPMAaJbHOI'O CeyeHUsl JeHTbl. [Ipu
3TOM nmedopmalins 1eHTbl He YUUTbIBaIaCh.

B pa6ore B.[I. UepHeHKO pa3paboTaHa MaTemaTudeckasi MOje/ib Ha-
MIpsSDKEeHHO-1e()OpPMUPOBAHHOTO COCTOSIHUS TPyOuaTOit JIEHTbI, 3alI0JTHEHHO
CBIITyYMM TPy30M, OCHOBaHHAs Ha 0OIeit Teopuu yIpyrux o600ueKk u Ipe-
IleJIbHOTO COCTOSIHUS ChIIlyuyeli cpefibl. B pe3ysibTaTe 1MosydeHbl CJIOKHbBIE CUC-
TEeMbl YPaBHEHMI1 B YaCTHBIX MPOU3BOLHBIX, OIpPeIessIolie HaIpssKeHUs
nedopmaliuyu B 060JI0UKe U ChITyueit cpejie, KOTOPbIe JJIs1 YaCTHBIX C/Iy4aeB

pemajancb YMCJI€eHHbIM MEeTOO0M.
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B manHOi1 paboTe paspaboTaHa MaTeMaTHuecKash MOJe/Ib HaIlpssKeH-
HO-71e()OPMMPOBAHHOTO COCTOSIHMSI JIEHTbI TPyOYaTOro KOHBeiiepa, 3aroJi-
HEHHOJI ChIIIyYMM I'Py30M, OCHOBAHHASl Ha TeOPUM TOHKUX YIIPYTUX LMJIUNH] -
puueckux obosouek C. I1. Tumorenko. I[Ipu 3ToM IpeAIonaraaioch, UTo 060-
JIOUKa HepacTsbkuma, a medopmMaiuy ee Masibl. B pe3ysbTaTe mosydyeHbl aHa-
JUTUYECKMe 3aBUCUMOCTH ITporuba JIeHThbl OT ITlapaMeTpPOB KOHBelepa, yIpy-
TUMX CBOJCTB JIEHTBI, a Takke (U3MKO-MaTeMaTUUeCKUX CBOVICTB ChIITy4yero
rpysa. JTa 3aBUCUMOCTb [ajia BOSMOXHOCTb OIpene/iUTb MaKCUMaJIbHO [0-
MTyCTVIMbIE PACCTOSTHUSI MEKAY POJIMKOOIIOpaMM JIEHTOUHOTO TPyOUaTOro KOH-
Beliepa.

[IpencTaBUM y4acTOK JIEHThI TPyOUaTOro KOHBeepa, pacIioiosKeHHbI
MEXIY POJMKOOIIOpaMM, KaK TOHKYIO YIIPYTYI0 HWIMHAPUUECKYIO 000/I0UKY,
3aleMJIEHHYI0 MeXIy poiMKoonopamu (puc. 1).

Pucynok 1 - HopmanbHOe ceueHMe JIeHTbI TPyOUaTOro KOHBeliepa

Ha puc. 1 o603HaueHO: ¢ — TeKylas yrjioBasi KOopaAuHaTa, paj; 01 1 0,
— YIVIOBble KOODPIAMHAThI IlepeceueHMs] MOBEPXHOCTU TPyOUaTOro ceueHust
JIGHTBI ChIITyYUM I'PYy30M, pan,.

CorJyiacHO TeopuM TOHKUX YIIPYTUX HWIMHIPUUECKUX 000/I0ueK [5, 6] Ha
3JIeMEHT CpeJIMHHOI TTOBEPXHOCTY 000I0UKM MTpU ee nedhOopMUPOBAHUY JIEICT-
BYIOT CWJIbI M MOMEHTbI, ITpuueM aedhopMaly 000J0UKM CUMTAIOT CYIeCTBEH-
HO MaJIbIMU B CPaBHEHUU C ee pagmuycom R (M).

B sToM ciiyyae ¢ yyeTOM YHOpPOILIEHUIT CUCTEMbl YpaBHEHMII paBHOBe-
cus [5] moce UCKIIOUeHMSI COOTBETCTBYIOIIMX COCTAB/SIONMIMX YpaBHEHMI CUC-

Tema OyIeT MMeThb BU/I:
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oN
RNy | Mo =0;
oX o
ON 2 ON
oy RN, 7V RO g 4R =0;
op 0X 0X ?
0Q 2
R&+;"’+RNX8—2/+N +qR =0; (1)
ox  0p OX K
oM, oM
R ¢ ——2+RQ, =0;
ox op ?
oM
o gM, -RQ, =0
op oX

Kaxk u B [5], IpMHSATO: OCh Z HaIpaBjeHa 10 HOpMa/ii K lehOpMMUPOBaH-
HOJM CpeIVHHOJ MOBEPXHOCTU JIEHThl KOHBeliepa, OCb X HallpaB/eHa IO Kaca-
TEJIbHOM K CPeAVHHONM TOBEPXHOCTU, OChb Y HampaBjieHa IepPIeHAUKY/ISIPHO K
IIJIOCKOCTU XZ; Ny — MHTEHCMBHOCTb MeMOpaHHBIX PaCTSTMBAIOIIUX YCUIUIA
BI0JIb KOOpAMHATHO ocn X, H/mM; N, — MHT@HCUBHOCTD MeMOpaHHbBIX YCUJTUIA B
cedeHMM 1o KoopavHare ¢, H/M; Ny, — MHTeHCMBHOCTb KacaTelbHbIX MeMOpaH-
HbIX ycunuit, H/M; Qx — MHTEHCUBHOCTD Iepepe3bIBaloNX CMUI B HAallpaBJIeHUN
ocu X, H/M; Q, — MHTEHCUBHOCTD Iepepe3bIBaloIlMX CUJT B HAIIPaBIEHUM KOOP-
nviHatel ¢, H/m; My, My, My, M — VHTEHCMBHOCTM U3TMOAIOMIMX U KPYTSILINX
MOMEHTOB HOPMAJIbHBIX CEUEeHMIT 3JIeMeHTa LVIMHAPUIEeCcKoi obonouky, H; g —
HOpPMAaJIbHOE pacripefiejieHHOe yCcuine, 1eiCTBYIolee Ha JIEHTY CO CTOPOHBI Chi-
myJero rpysa, H/m?; 1 — KacaTeslbHOe HalpsbKeHMe, TeiiCTBYolee Ha JTIeHTY KOH-
Bejiepa Co CTOPOHBI ChIITyuero rpysa, H/m?.

CumtaeM Takke MajbIMU IepeMelleHNUs] ToueK 000JI0uKY u (M), v (M) U
w(M) COOTBETCTBEHHO BJ0JIb OCM CUMMETPUM X 0O0JIOUKM JIEHTHI, B OKPY’KHOM
HaIlpaBJIeHUHU @, a TAKXKe TI0 HOPMaJ K IOBEPXHOCTY Z 000JIOUKM JIEHTHI.

Tak Kak nmepeMelieHus u, v, w Majbl, TOrJa COTJIaCHO 3aKOHY ['yka cu-
JIbI U3TMOA ¥ MOMEHTBI OTIpeeNsiioTcs o popmysiam [5, 6]:

Eh . Eh , TwER
NX:l—V% (8X+V18(p)’ NLP:]_—V% (8(p+V18X)’ NX(p:Z(l(p—Vl)’
M, ==D(tx +Vixy); My ==D(te+Vika); Myy=—My =D(A=Vi)1s, ()
rue
_ou, oV w ou ov.

€

PN €, = ) X =——+—
““ax’ " Rog R’ ™ Rop
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_ow, o _1(ov dw)  _1fov 0O'w
L=t % TR 50 00 ) T T Rloax " oxoe )

3mech & — medopMalyst B HaIIpaBIeHUN OCH X; €, — AedopMmanys B Ha-

IIPaBJICHUMA @; Y, — YIJIOBast fedopManys; yx — M3MEeHeHe KPVBU3HbI B HAaIlPaB-
JIeHUM OCU X, M'; y, — M3MeHeHMe KPUBU3HbI B HAllpaBIeHMUU CeueHus ¢, M;
Yro — V3MEHEeHMe KPUBM3HBI B HAIMIPaBIeHUM ceueHus X¢, M™'; D — UMIUHAPU-
yeckas XeCTKOCTb JIeHTbI, H-M; h — ToniuHa JeHTbl KOHBeliepa, M; E — MOy/ib
VIIPYTOCTY MaTepuasa jeHTsl, H/m?; vi — KoadpduimenT ITyaccoHa JIEHTbI.

HunuHapuyeckast XeCcTKOCTb TPyouaToit JIeHTbl coraacHo [5] mo dop-
mysie D=Eh3/12(1-v1?).

YuutsiBasg TOT (aKT, UYTO MPOMAOJbHBbIE CUJIbI, T.e. CUIbI HaTSKEHUS
JeHTbl Ny MHOTOKPaTHO IIPEBBIIIAIOT IT0IIepeyHble Cubl N, MMM MOXKHO Ipe-
HeOpeub, T.e. N, = 0. Tak KaKk CU/Ibl CKPYUMBaHMS JIEHTbI TAKKe OTCYTCTBYIOT,
TO MOMEHTBI OT 3TUX CUJI COOTBETCTBEHHO PaBHbI HY/IO, T.e. My, = My = 0.
Kpome Toro, B Hamem ciyyae Kpome Cuil HaTsokeHUS Ny, OeCTBYIOIIMX Ha
JIEHTY, He0OXOAMMO y4eCTb MeMOpaHHble KacaTelbHble CUJIbI, IeliCTBYIOL/E
B HOPMaJIbHOM U TIPOJOJbHOM CeUYeHMSsIX TpyOuaToii JIeHThl KOHBeliepa, T.e.
Ni#0; Nyy = Nge# 0.

Tak kak My, = My = 0, TOrga us nocjaefHux IBYX YpaBHEHMUI CHUCTEMBbI
(1) meroT MeCTO paBeHCTBA:

0, -1, o M, )
R 0o

1504
[TogcTaBuB 3TM paBeHCTBA BO BTOpOe U TpeThbe ypaBHeHMs (1), Torma

cucrtema ypaBHeHu (1) mpumeTt BUA:

ON
RaN" +—% =0;
ox o
2 oN oM
RN, 9V g T 1M p g, 4)
ox ox R 0
2 82M 2
Ra]\/zl"Jrl 2‘P+RNXa—v:+qR:O.
oX R oo oxX

[TponuddepeHIInpoBaB BTOpOe ypaBHEHME CUCTEMBI (4) IO ¢ U IOMI-
CTaBUB MOJIYYEHHOE PABEHCTBO B TPEThbE YpaBHEHME 3TOV CUCTEMBI C YUETOM

TIepBOTO YpaBHEHMS ¥ PaBeHCTB (3), Iocjie mpeoOpa30BaHMSI ITOTYUMM:
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2 3 2 2
oM RN, LY RO N gy, CW RO R =0, 5)
oX 0X“0¢ oX 0X op

[Tonarast, 4To JieHTa BIOJIb OCM X HepacTSKMMa, MO3TOMY PaCTSTU-

R

Balomiasi cuia Ny He 3aBUCUT OT X U @, T.e. Ny = s= const, Torga ypaBHeHue (5)
T1ocjie mpeobpa3oBaHUSI IIPUMET BUJT
2 3 2
M v o'w
0 S-+S 62 +S 2+ﬁ+q20, (6)
oX OX“0¢ ox* 0o

rae S — MHTEHCUBHOCTD PaCTSITMBAOIIMX HATsSKeHuit (s = S,/B), H/m; S, — Ha-

TsbKeHMe JieHThl, H; B — mupuHa 1eHTbl KoHBeiepa (B = 2nR), M.

CormnacHo (2) umeem:

2 2 2 2 2 2
M,=-D 8_v2v+ﬁ 8_\;+8_v;/ ; M,=-D 1 8_\;+8_12/ +V18_v2v .
ox“ R\ op® Op ? R\ 0¢® 0o ox
113 mocneHUX COOTHOILIEHMI TOMyYUM
2

o‘w
2
M, =-D(1-V] )leM(P. (7)
[TponuddepeniiupyeM paBeHCTBO (7) OBasKIbI 110 X U MOACTAaBUM €ro

B (6) C yueToM TOro, uro M, = const, T.e. IIpejIonaras, 4To MpofojbHbIie 13-
rubaroIiyie MOMEHTBI B JIEHTE He 3aBUCSIT OT KOOPAMHATHI X, TTIOTYUUM
o'w v d'w o

—s _s - =0. 8
rme D, = D(1-v?).

Hpe,ZLl'IOIIO}KI/IM, YTO pacCTiArmBaroiiast ,Hed)OpMaLU/IH IIOoIIepevyHoro ce-

1

4yeHMs JIGHThbI paBHa HYJIIO, TO eCTb &,=0. Torga cornacHo (2) umeem

oV w
SCP ==
Ré¢ R
U3 ImocjaegHero paBeHCTBa MMeeM
Yo w, 9)
o¢

[TponuddepeninpoBas paBeHCTBO (9) ABa pa3a IO X U MOACTAaBUB €ro
B (8), monyunm auddepeHiagibHOe ypaBHEHMEe OTHOCUTE/IbHO MTporuoba aeH-
Tbl KOHBeliepa
o'w . o'w or

D —2s - =0. 10
18)(4 6)(2 a(p q((P) ( )
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Tak Kak JileHTa Mo MpeAIIoN0XKeHNI0 Ha PoJIMKoonopax He nedhopmMupy-
eTCs B paguaabHOM M OKPY)XHOM HaIllpaBJ/IeHUSIX, T.e. 3allleM/ieHa, TO TpaHuy-
HbI€ YCJIOBUS IPUHMUMAIOT BUJ,:

6_w
1504

_ow

_a :07 (11)
x=0

x=l,

W|x:0 = W|x:lp = O’

rae [, — paccTosiHMe MeXAy POJIMKOOTIOpaMMu, M.
[Ipenmosarasi, UTO KacaTejlbHble HAMPSDKEHMS, AEMCTBYIONIME HA JIEHTY
CO CTOPOHBI CHIITYYEro Irpysa, MOJUMHSIIOTCS 3aKOHY AMOHTa-KysoHa, uMeem
T = fi1q. (12)
rae fi — KoadhbulMeHT TpeHMsI ChIITyUuero rpysa o JeHTYy KOHBeiepa.
VpasHenue (10) c yuetom (12) 3anuinem B BUge
o'w . o'w ot

D —2s - =0, 13
15)(4 aXZ 5([) Q1((P) ( )

rae q,(9)=f, Z—Z +q().

CornacHo [2] mpu ABWKEHMUM JIEHTbI IO POJIMKOOINOpaM TPyouaTOro
KOHBejiepa Ha JIEHTY CO CTOPOHBI CBIIyYero rpysa AeiCTBYIOT akKTUBHAs U
IacCMBHAs HOpMaJIbHbIe paclipeie/ieHHble Harpy3Ky, paBHbIe:

q, = Ry(cos? ¢+ msin’ (p)(cos 20 +Cos @);
(14)

.2
q, = Ry(cos2 o+ 20 (Pj(cos 20+ Cos @),
m

rIe (. — aKTUBHAs paclipeliejieHHasi Harpy3ka Ha JIeHTy KOHBeiepa, CBSI3aH-
Hag c ee ckatueM, H/M?; g, — maccuBHas paclpeejeHHas Harpyska Ha JIEHTY
KOHBejiepa, CBSI3aHHas C ee pa3BasioM, H/m?; ¢ — TeKylas yriioBast KOOpAyHaTa
B TIOTIEPEYHOM CeYeHMM TPyOuaToit JeHTbl KOHBelepa, paj; 6 — yroj, onpese-
JISIIOIIMIA CTereHb 3allO/THEHMS CBIITyUYMM TPYy30M IIOIIEPEeUYHOro CeyeHus] KOH-
Typa JIeHTbI, paf, (cM. puc. 1); m — KoadPUIMeHT MOABMUKHOCTU ChIITyYero rpy-
3a, m=1+2f2 - 2f-J1+ f? [7]; f — K0O9ppUIMEHT BHYTPEHHETO TPEHMS ChIITyUEro
rpy3a; y — 00beMHBI BeC ChIITyuero rpysa, H/m>;

CpenHsis BeIMUMHA HOPMAJIbHOM pacripee/ieHHON Harpy3Ku Ha JIEHTY

CO CTOPOHBLI CBIITYUEr'o I'py3a OoIipeneisaeTcs 1o d)OpMY)'Ie

q, +q
— fa " Hn 15
q 5 (15)
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B ciyyae HeCMMMETPUUYHOrO PaCIIONIOKEHUS ChIIyyero rpysa B ceve-
HUJ JICHTBI OIIpeNeIVM G 110 U3BeCTHBIM (q U (n OTLEIbHO A/ IBYX Y4aCTKOB
KPYTrOBOT'O ceueHus JieHTbl — 1eBoro 0 < ¢ < n—201 u npaBoro —(n-202) < ¢ <0,
rae 0: u 02 — CTereHu 3ari0/JIHEHUS JIeBO U TPaBOi CTOPOH CeueHMs JIeHTHI,
paz (cm. puc. 1).

ITopcrasnss (14) B (15) mJ1st 1eBOi U IIpaBOJi OJIOBUH CEUEHMS JIEHTHI,
IOJIYUMM CpeJHMe 3HaueHUs paclipefie/leHHOV HOPMa/JIbHOWM Harpysku q Ha

JIEHTY KOHBeJiepa CO CTOPOHBI ChIITyY€ero rpysa B BUIE:

m?+1

0,5Ry(c0s 26, + cos (p)(z cos® o+ sin® (pj mpu 0< Q< @,;

q(e) = (16)

2
0,5Ry(cos 26, + cos (p)(z cos? o+ - I

sin® (pj npu ¢, <e<0,

roe ¢ = n—201; P2 = —(712—292).
B cnyuae oTcyTcTBuUs cua TpeHus (t = 0) KacaTenbHble MeMOpaHHbIE
ycunus B JIEHTe PaBHBI HYJIO, TO €CTh Ny, = Nox = 0. B aTOM Ci1yuae, mpoBens

Te K€ BbIK/IaAKN, UTO M BbIlE, ITIOJIYUYMM YPABHEHUE HpOI‘I/I6OB JICHTBI B B1je:

o*w  o'w
Di—F-s —q(9)=0. (17)

ax* T ox?
Pemras ypaBHeHue (17) ¢ yueToM rpaHUYHBIX ycaoBuii (11), moayuynm
ypaBHEeHME IPOrmbOB JIEHThI TPyOUAaTOTO KOHBeliepa 0e3 yueTa CUI TpPeHUS

CBIITyUero rpysa o JeHTy KoHBeliepa [5]:

effey]
q o]l ad—0x

" 4usthu chu 2s

l ER’
rge u=-"2 i;s:i; D =—-.
2\ D, B 12

AnanornuyHo pemas ypaBHeHMe (10) C y4yeTOM TIpaHMUYHBIX YCJIO-

(18)

Buit (11), moayumum ypaBHeHMe mporuba TpyouaToro KoOHBejiepa ¢ yueTom CUJI
TpPEeHMs ChIITyuero rpysa o JieHTy KoHBelepa (t # 0):
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) ch{u'(l _ZXH
Chlp Ip 14 ('Zl(lp - X)X

w= (19)
8u'sth(u’) ch(u") 4s
, L [2s
roe u' =% |[=—.
2\ D,

Ananus dopmyn (18) u (19) mokasan, 4To Tak Kak S, >> Di (u >> 1,
u' >> 1), To mepBble cjaraemMblie B 3TUX GopMyJiax Ha MOPSIIOK MeHbIIle BTOPbIX
M MMM MOKHO MpeHebpeub. B pe3ysbTaTe ypaBHeHMs IMPOrMOOB J€HTHI MPU-
MYT BU/I:

— B (JIyyae OTCYTCTBUSI CUJT TPeHUS], T.e. T = 0:

[ —x)xB
W= ql, —x) : (20)
2§,
— B cIyyae HaJauuusi CuI TpeHus, T.e. t # 0:
[ —x)xB
W= M (21)
48

J
Kpome Toro, eciu npeicTaBUTh JIEHTY C IPy30M TPyOuaTOro KOHBeiiepa B
BUJIe TMOKOJ HUTH, HArpy>KeHHOI pacIipelleJIeHHOM HarpysKoif, TO ee Mpormo
onpenenutcs 1o gopmyiie [7]
qo(l, —x)x
W=—-F"—"-—",
28

J

(22)

roe Qo — MakCMMajbHasl TIOTOHHAs Harpy3ka Ha JIeHTy KOHBeliepa
(qo = mR*), H/Mm.

[Ipenmonoskum, 4To TpybuaTas JieHTa KOHBeliepa IOJHOCThIO 3arpysKe-
Ha ChITyuMMm rpy3om. Torga 6; = 62 = 0, a mporu6 B caMoii HUKHEN TOUKe Tpyo-
yaToit ieHTbI pu ¢ = 0 onpenensietrcst 1o popmyne (19), roe g = q1 = =2Ry.

Pe3ynbTaThl U UX O0CYKIeHME

13 ananusa ¢dopmyn (20), (21) u (22) ciaemyeT, UTO MPOTUObBI JT€HTEI
TpyOuaTOro KoHBeiiepa 6e3 ydyeTa CUI TpeHMSI B ABa pasa 00Jibllle IIpOrmboB
JIEHTBI C YYeTOM CUJI TPEHMS TOTO Ke TpyOouaToro KoHBeiepa, a IMporuobl JeH-
ThI TPYOUATOTO KOHBEJepa ¢ y4eTOM CHJI TPeHMS B [ABa pa3a OoJIblie IIpormboB
I'MOKOJ HUTM, HATPY>KEHHOJM TaKo¥ ke paclipeleseHHOV Harpys3Koil, Kak u
TpyOuaTas JeHTa.
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Ha pucyHke 2 moka3aHbl rpaduKyu 3aBUCMMOCTH ITpornbda JeHThbI TPyO-
YaTOM JIEHTbI, MAaKCMMaJIbHO 3arpy>KeHHOM ChIITyYMM I'PYy30M B CJIyyae OTCYTCT-
BUS CuI TpeHus, T.e. T = 0 (KpuBas 1), 1 ¢ ydeToM CuI TpeHus, T.e. T # 0 (Kpu-
Basi 2), M mporuba HUTHU, HATPY>KEHHOM Takoii Xe paclpelneseHHO Harpys-
KO#1, yTO U TpybuaTas jeHTa (KpuBas 3), oT kKoopauHaThel X (0 < x < [,). TIpu
3TOM MapameTphbl JIEHTBI ¥ CBOVCTBA IPy3a IMIPUHMUMAIM CJIeAyIolIye 3HaUeHUS:
S»=20000H; R=0,25Mm; h=0,01 m;1,=1m; E=2-10" H/m?; y ~ 10000 H/m>.

3 rpaduKoB BUAHO (CM. pUC. 2), YTO MaKCUMMaJbHbI IIporub Tpybua-
TOJ JIEHTbl U TMOKOI HUTH, HArpy>KeHHOI TOii ke MaKCUMMaJbHOI pacripene-
JIEHHOJ Harpy3Koi, HaXOIUTCS ITocepeaHe POMKOOIIOPDI, T.€. TIPU X = [,/2.

Ha ocHOBaHMM MOTYYEHHBIX Pe3y/JIbTaTOB aHAJIUTUUECKNX UCCIeL0Ba-
HUI1 OIpenenumM Telepb AOMYCTUMOE PacCTOSIHME MEeXOY POJIMKOOMOpaMu

Tpyb6UyaToOro KOHBelepa.

W, m

¥ 1
0,04

2

0,03

1/
0,02 / - \
o LA N\

% -~ \&
0

o o1 02 03 04 05 06 0,7 08 09X M
PucyHok 2 - I'padpuk 3aBMCMMOCTY IIPOTMOOB JIEHTHI OT KOOPAMHATHI X:
1 - Tpy6uaTas jieHTa 6€3 yuera CWI TpeHus; 2 — Tpyouarasi JeHTa C y4eTOM CIUJT Tpe-

HMSI; 3 — TMOKAsI HUTh

ITopcrasnsgsa B (20)-(22) x = I,/2, moayuyuM MaKCUMaJIbHbIe HPOIUObI
TpyOUuaTOi JEeHThl M I'MOKOI HUTU, HArPYKEHHOJ TO Ke caMoil pacrpepe-
JIEHHOJV Harpy3sKojii, YTo ¥ TpybuaTas JieHTa:

— Tpybuaras jeHTa 6e3 yueTa CUI TPeHUS
R,

28’

- TDY6anaH JIEHTa C Y4YeTOM CUJI TPEHM S

(23)

Wlmax =
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TCRZ’YIZ

WZmax = Fp , (24)
— rMbKas HUTh
TCRZ'YIZ

WSmax: 85 z * (25)

13 dhopmyn (23)—(25) cnegyeT, UTO MaKCUMMAaJTbHbINM ITPOrub TpyoUaToi
JIEHTBI, TOJTHOCTBIO 3aII0JITHEHHOI ChIITyYMM I'PY30M, B CJIydae OTCYTCTBUSI CUJT
TpeHMsI ChIITy4yero rpysa o JIEHTY B iBa pa3a 60Jblile MaKCMMaIbHOTO Mporubda
TpyOuaTOii JIEHThI C yUeTOM CUJ TpeHMUS M B 4eTbipe pa3a Oojbllle MaKCU-
MaJbHOTO Iporuba TMOKOV HUTM, HArPY;KEHHON TOJ >XKe pacipemeleHHO
MaKCMMaJIbHOJ ITOTOHHOM HArpy3Koii, 4YTO ¥ JIeHTa TPy6uaToro KoHBeiiepa.

CoryiacHo [8] IOIMyCTMMBbII MaKCUMaJIbHBIN MTPOTUO JIEHTHI fg HAXOIUTCS
B rpepenax fa = (0,0125+0,025)1, unu

fa = Kplp, (26)
roe k, = 0,0125+0,025.

[Toacrasisisgs B popmyiibl (23)—(25) BMECTO Wimax, Wamax, W3max fd U3 BbI-
paxkeHus1 (26) U ompeJiesisisi U3 MOJyYeHHbIX PABEHCTB [y, TOTYyYMM MaKCUMaJlb-
HbI€ IOMMYCTUMbIE PACCTOSTHME MEeXKAY POIMKOOIIOpAMMU IS

— TpyOuaTOI JIEeHTHI 6€3 yueTa CUJI TPEHUS

ZSﬂkp
llmax = TERZ > (27)
Y
— TpyOUYaTOI JIEHTHI C YUETOM CUJI TPEHMUSI
4S8 k
L =27, 28
2max TCRZ}/ ( )
— I'MOKOI HUTH
8S k
L=t 29
3max TERZ'Y ( )

ITonaras S, = 20000 H; R = 0,25 m; y ~ 10000 H/m?; k, = 0,025, cornmacHo
dbopmyn (27)-(29) umeem

Lo ®0SM; L =10 Mm; L =21 M.
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BoiBoabI

1. PaspaboTaHa MaTeMaTuyeckas MOJieJib HaIlPS)KeHHO-
IedhopMMPOBAHHOTO COCTOSIHMSI 3alIOJTHEHHOJ ChIyUYMM TPY30M JIEHTBI IIpU
ee NIBIDKEHUM TIO POJIMKOOIIOpaM Tpyb6daToro KoHBeiiepa. IIpu 3TOM jeHTa
TIpe/iCTaB/IsIeT CO00¥ TOHKYIO YIIPYTYI0 LUMIMHAPUUYECKYI0 HepacTSKUMYIO
000JI0UKY, a ChIITyUnii Ipy3 HAXOAUTCS B IIPee/IbHOM COCTOSIHUMA.

2. IMosryyeHbl aHAIUTUYECKME 3aBUCUMOCTY MPOTMO0B JIEHThI TPyOUaTO-
IO KOHBelepa OT HaTsOKeHUs M pauyca JIeHTbI, ee YIIPYTUX CBOWCTB, pacCTOs-
HIUSI MEXIY POJIMKOOIIOpaMM, a Takoke (PM3UKO-MeXaHMUeCKMX CBOVICTB ChITyye-
ro rpysa. [Ipy 3TOM yCTaHOBJIEHO, UTO MaKCMMAaJIbHbBIN MTPOTrMO TPyoUuaToi JieH-
Thl, TIOJIHOCTBIO 3aIIOJTHEHHOM CBIITYYUM TPy30M, B CJiyuyae OTCYTCTBUS CUJI Tpe-
HUSI CBIITYYETo rpy3a O JIEHTY B [iBa pa3a 60Jiblile MaKCMMaIbHOTO Iporuba Tpyo-
YyaToJi JIEHTBI C YUeTOM CWJI TPEeHMS M B ueTbipe pasa 60Jibllle MaKCMMaIbHOTO
rporu6a rmbKoi HUTU, HATPY;KEHHOM TOM Ke pacIipeIeIeHHO MaKCUMaIbHOM
ITIOTOHHO HATrpy3Koii, YTO M JIEHTa TPyOUaTOro KOHBeepa.

3. Ha ocHOBaHMM II0JTyYE€HHO 3aBUCUMOCTU OTIpeie/IeHO MaKCUMaJlb-
HO JIOITyCTMMOE PacCTOSIHME MEXIY POIMKOOIopaMy TpybouaToro KoHBelepa.
[Tpy 5TOM yCTaHOBJIEHO, UYTO MAaKCMMAaJIbHO TOITYCTUMOE PaCCTOSTHUE MEeXIY
POJIMKOOTIOpaMM IMPOIIOPLMOHATLHO HATSDKEHUIO JIEHThbI, 0OpaTHO MPOIIOp-
IMOHAJIbHO KBaApaTy pajuyca JEeHTbl M 00beMHOT'0 Beca TPaHCIIOPTUPYEMOTO
rpys3a.
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UDC 004.9:544.6

0.G. Kapitonov
THE COMPUTER SYSTEM FOR COULOSTATIC EXPERIMENTS.
THE ADSORPTION MEASUREMENTS UNIT

Annotation. Mathematical model and corresponding computer application for
determination of adsorption characteristics in coulostatic experiments on solid
electrodes were developed. The model simulates coulostatic relaxation of the
electrodes' potential while adsorption is considered as slow stage. Impact of
the surface inhomogeneity on potential curves behavior is discussed.

Key words: relaxation, adsorption, simulation.

1. Introduction

Kinetic effects caused by adsorption phenomena at the elec-
trode/electrolyte interface make it possible to control the rate of the electro-
chemical processes as well as properties and structure of metal deposits.
That is why studies on kinetics of electrochemical reactions taking place un-
der adsorption of electrochemically inactive organic surfactants attract con-
tinuing interest despite the results already achieved. One of the most impor-
tant tasks in this research direction is determination of quantitative relations
between the inhibition coefficient and the surface coverage with organic sub-
stance (0). Conventional technique is based on measurement of the double
layer capacitance within the framework of the two parallel capacitors model.
The coulostatic relaxation technique seems to be very promising for applica-
tion in this area. It is based on injection of electric charge of controlled value
into electrode system following with potential registration while charging cir-
cuit is open.

However, in the case of solid crystalline electrodes the interface reacts
rather like so called constant phase element (CPE) than like a capacitor. It was
shown earlier ([1]), that for adequate description of the relaxation process un-
der coulostatic conditions one should replace the time derivative in corre-
sponding equation with the functional

© Kapitonov 0.G., 2019
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n t
DEE 1 J-dE(r)/d‘rdT
Dt" I'(l-n)y (t-1t)"

where n is a dimensionless parameter varying within interval from 0.5 to 1; T

(1)

— Euler’s gamma-function.
2. The problem
Kinetic and adsorption parameters of the electrode reactions under in-
vestigation were determined with use of an automated measuring system [2].
If the impedance of the electrode corresponds to the Ershler — Randles model

then the relation between time and relaxation potential is described by
dE _ E

4 dt R, @)
where Rris the faradaic resistance; Cqis the double layer capacitance.
Solution of (2) can be obtained easily:

E(t) = Ecexp(-t/RrCa) (3)

Ey is the initial potential of the relaxation.

The double layer capacitance can be used for determination of 6 being
represented as sum of capacitance for pure metal surface and that of covered
with organic substance one (two capacitors joined in parallel). Then:

0 = (C4°-C4°)/(C4*-Cab) 4)

where C&, Cs” and Cq! are the values of Cqat coverages 0, 6 and 1, re-
spectively. Cs%, Cs° can be found from (3) directly; C4' can be obtained by ex-
trapolation from capacitance/ bulk concentration of organic substance dia-
gram.

The fact that interface of solid electrodes with electrolytes does not
behave like a capacitor in the most of cases changes the measurement routine
radically; formal substitution of the time derivative in (2) by the functional (1)
leads to the problem of n predetermination to arise. The old technique still
works in the case of n=1 only. At n<1 the dissipation of the electric energy
takes place even for very short injection pulses and goes on at relaxation
stage. As it has been shown earlier [3], for n<1 the potential decreases slower
in comparison with corresponding exponent of (3) type. Obviously, recording
of relaxing potential must occur in wider time range and choice of its width
set another problem for experimenter.
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These problems can be solved on the basis of computer control of the
couloststic experiment. That means that few relaxation curves in series should
be registered only. 2-3 of them must be used for the time window determina-
tion, next 2-3 ones — for the coverage to be calculated.

To estimate the impact of the inhomogeneity on relaxation of the po-
tential let's present corresponding equation in form

K, (D"E/Dt") +E/Rr= 0 (5)
where

Ky = 0Korg - (1-0)Kpure (6)
indices at Ko, Kpure reflect that value of K corresponds to covered with organic
substance or pure metal surface. Measurements at different 6 allow to calcu-
late 0, as usual:

0 = (Kpure-Ko )/ (Kpure=Korg ) (7)

Laplace transformation of (5) represents potential transform in the
form

— s"“E,

T UKE, ®)

In general case it was shown [1] that time dependence of the potential
can be expressed as linear combination of Mittag-Leffler's functions. Here we
consider the case of maximal inhomogeneity of the surface: n=0.5. For this

value (8) can be rewritten as
E()
SO'S(SO'5+ l/KRF) (9)

In time domain (9) transforms into

E(t) = Eo exp(a®t)erfc(at®™®) (10)
where a= 1/KRr . Right part of (10) is well-known tabulated function. To
register the same decrease of (10) as for (3) one must use time window two
orders wider than that of exponent.

In general case - 0.5<n<1 - calculation of 6 includes an algorithm for
reconsruction of electrochemical system's impedance in complex plane
where Re(s)=0 with following application of available program packages to
simulate alternative electrical circuits of the object under investigation.

The reconstruction of the impedance includes such steps.
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1. Definition of a set of functions with next properties:

a) approximation of relaxation curves under the given error level;

b) the set must include functions describing the potential relaxation
for simple models (for example, n=0.5; 1);

c) the set must make it possible to represent Laplace transforms as a
linear combination of analytical functions.

2. Numerical filtration of registered signal with some LF filter.

3. Normalization of records to Eo=1.

4. Approximation with linear combination of probing functions.

5. Reconstruction of the impedance as linear combination of
corresponding transforms.

Such approach allows to avoid improper integrals to be calculated;
including additional probing functions to the set makes possible decrease of
the approximation error to given restriction.

3. Results

Model's adequacy was checked by comparison of real experimental
data with output of computer simulation. Routines described above were de-
veloped as procedures of specialized unit within computer system for cou-
lostatic measurements. Use of uniform data during the whole cycle of experi-
ment series makes the simulation process more convenient for researcher and
more effective with regard to time of calculation as well as reliability of re-
sults.
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YIK 664.696:678.027

B.C. I'pumnn, C.0. A6paMmoB
MOIOEJTIOBAHHS TEKCTYPYBAHHS ITOBEPXOHb
KOJIEKTOPHUX ITJIACTHUH

Summary. The article discusses the theoretical foundations and methodologies
for designing highly efficient resource-saving technological processes for fin-
ishing the collector plates of electrical machines, as well as the formation of a
microrelief on the lateral surface of the collector plates in the area of the
abrasive-air jet and the relationship between the factors and their degree of
influence on the intensity. Formed a model for finishing the side surfaces of
collector plates treated with silicon carbide (black).

Keywords: simulation, analysis, finishing, collector plate, abrasive particle, sili-
con carbide.

KonekTopu ejeKTpoMalliyH MpaliolTh IPpU MeXaHiYHUX HaBaHTa>KeH-
HSIX 1 BUCOKMX OKPY>KHMX IIBUAKOCTSIX, CXUJIbHI 10 IMHAMIUYHMX BIUIMBIB i TO-
My HabupawTbcd 3 mpodinio TpaneueigaabHoi GopMu mepepisy, KyToBi pos-
Mipy SIKOTO TOBMHHI OYTM BUKOHAHi 3 BMCOKOIO TOUHICTIO. BUTOTOB/IEHHS
npodinio 3BMUaitHMMM criocobamy He 3abe3neuye HEOOXiAHY TOUHiCTh. Haii-
MEHIII BigXWJIEHHSI B pO3MipaxX BiJ, KOHCTPYKTOPCBKUX B IPOLECi CKIagaHHS
KOJIEKTOpa B apKOBOMY ab0 KJIMHOBOMY 3’€IHAHHSIX MPUBOASTDH 0 pafiaib-
HMX IlepeMillleHb KOHTAKTHUX ITOBEPXOHb IJIACTUMH B KOJIEKTOPi NpyU AMHAMI-
YHMX HaBaHTa)KeHHSIX.

3agavero pobOTH € MiABUINEHHS MOHOJITHOCTI KOHCTPYKIIii KOJeKTopa
3a paxyHOK 306iJbIIeHHSI MiKpopeabedy KOHTAKTHMUX MOBEPXOHb METOAOM
CTPYIHO-abpasyMBHOIO TEKCTYPYBaHHS, 110 B CBOIO Yepry CIPUSITUME ITiIBU-
IIeHHIO TeXHOJIOTIYHOCTI /i HaZi/iHOCTi pecypCy KOJIeKTopa.

[[IMpoKi TeXHOJIOTiUHi MOKIMBOCTI CTPYIfHO-abpa3MBHOI 06POOKM 3a-
JekaTh BiJl BCTAHOBJIEHHSI TEXHOJIOTiIUHMX TMapameTpiB (po3Mip abpasmMBHUX
YaCTOK, MBUIAKOCTI pyXy YaCTOK, KOHILIEHTPALLisl, TUCK CTUCJIOTO MOBITPs, KYT
ataku, (i3MKo-MexaHiuHi BJIACTUBOCTI YaCTOK i 00poO6/II0BaHOI MMOBEPXHi) Ta

BUXiTHMMM ITapaMeTpaMiu Ipolecy (IOPCTKiCTh 06p006IeHOi ITOBEepXHi, BeJIN-
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YMH 3HIMaHHSI MeTa/ly Ta Hak/eIy). [I[o B cBOIO uepry 3yMOBJIIO€ HEOOXiTHICThb
OITMMAaJIbHOTO BMOOPY BeJIMUYMH TEXHOJIOTiYHMX IapaMeTpiB B YMOBax TeKC-
TYpyBaHHSI G0KOBMX ITOBEPXOHb MimHMX JiaMeseit. OCHOBHI 3aKOHOMipHOCTI
MOKXYTb OYTM BCTAHOBJIEHI B pe3y/JbTaTi perpeciiHOro aHasizy eKkcIepu-
MEHTa/JIbHUX JaHuX. [IpoTe BUKOPUCTAHHSI OTPUMAHMUX 3aKOHOMipHOCTe 00-
MEXYETHCSI TPYAOMICTKICTIO MpPOIleCy Ta IMOPiBHSIHO BY3bKMMM 0O6aCTSIMU
3MiHM ITapaMeTpiB IIPOBeJeHHS eKCIIEPUMEHTY.

dopMynIOBaHHA 00'€KTa cTaTTi. MeTo poOGOTM € BU3HAUEHHS
dakTopiB, SKi BM3HAUalOTh MpPOLlEC YTBOPEHHS Mikpopeibedy B 30HI mii
CTPYitHO-abpa3suBHOI 00pPOOKM, B3a€EMO3B 'SI30K MiK HUMMU Ta CTYITiHb iX BIUIM-
BY Ha iHT@HCUBHICTh POpMYyBaHHSI MiKpopenbedy; GopMyBaHHSI MOesi TeKC-
TYPYBaHHSI MTOBEPXOHb KOJEKTOPHUX IJIACTUH, CTBOPEHHSI TEOPETUUHUX OC-
HOB i MeTomoJIOTii MPOeKTYBaHHS BUCOKOe(eKTUBHUX pecypco3bepiramoumx
TEXHOJIOTIYHUX ITPOIeCiB BMUPOOHMIITBA KOJIEKTOPIB BY3JiB eJeKTPUUYHUX
MalllyH.

AHaniz nmyOsikamiii 3a TeMOKW OOCTiAKeHHsI. Barommuii BHECOK Yy
PO3BUTOK Teopii Mome/noBaHHSI CTPyMeHeBO-abpa3uBHOI 00pOOKM ITOBEpXHi
3poOWIM TaKi HAyKOBIIi, SIK, 30KpeMa, [IpoBosionbkuit O.€. [1], JeHuciok B.1O.,
Xapuuk M.M., byus B.II. [2], Augunaxait A.A., HoBukos @.B. [3], 'opzees A.L,
Vpb6auwok €.A., Cinin P.C. Ta iHmi.

OCHOBHI MiAXOOU 10 TEOPETUUYHOTO OIMMCAHHS 1 JOCTIAKeHHS Ipolie-
ciB abpa3MBHO-CTPYMMHHOTO 0O0poOJieHHS BuUKIageHi B Tpyni [1], [ne
3aIIPONOHYBaHi 3aJI€5KHOCTI, SIKi Jal0Th 3MOT'y HaOG/IMKeHO ITapamMeTpu 06poo-
JIEHHSI; TIPOBEIeHO iMiTallil/iHe MOJeI0BaHHS KOHTAKTHOI B3a€MO/il OOMHMA-
YHOI YacTMHKM abpasuBy i3 0OpOOGIIOBAHOIO TMOBEPXHEIO OIS HOCTiIKeHHS
3MiHM PO3MipiB IOBEpPXHi Ta MIOPCTKOCTI IIiJi Yacy abpa3mMBHO-CTPYMMHHOIO
00p0o06IeHHS.

AHasyoriyHmMit MiAXia 3ampoIrioHOBAaHO aBTopamu [4,5] Ojst CTpyitHO-
abpa3MBHOiI 06POOKM TOBEPXOHb.

OcHoBHa yvacTtmMHaA. Haiibifbil  yHiBepcaJIbHUM  MiJIXOA0M,
3aCHOBAHMM Ha BM3HAUeHHI IMOITYKOBUX 3aJIe;KHOCTeN 1 pillleHHi 3amadi oIl-
TUMi3allii TeXHOJOTiYHMX IMapaMeTpiB IPoIecy CTPYiTHO-abpas3suBHOI 00p06-
K B pe3yJibTaTi CTaTUCTUYHOTO iMIiTalliiHOTO MO E/IIOBaHHS, a caMe MOXKJ/IN-
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BiCTb KepyBaHHS BXiIHMMM IlapaMeTpaMi 0 IOYaTKy poOOTHM Mojaesi uu y
npoiieci pobOTM — OfHA i3 KIIOUOBMUX IepeBar BMKOPUCTAHHS iMiTalliliHOTO
MOZEJ/IFOBaHHS [JIs aHaji3y CUCTeM Ta mpolieciB. Lle mae MOXIMBICTb BU-
3HAUMUTU ONTUMAJIbHI ITapaMeTpHu, 3a SIKMUX JOCITA€TbCS MakCcuMasbHa edek-
TUBHICTbh pOOOTM IIPOIIECiB, BUSHAUUTU 3aJIE€KHICTh MiXK BXiTHMMM Ta BUXim-
HUMM [TapaMeTpaMu.

ITpencraBieHa Mozenab po3pobsieHa Ajs OOUMCAeHHS 3MiHM i IOpPCT-
KOCTi 006p006/ItoBaHOI MOBEPXHi MpU TEKCTYPyBaHHi KOJIEKTOPHUX ILIACTUH,
IIJISIXOM [Iii yoapHOi epo3iii Ha 06po6/I0BaHy MOBEPXHIO YHAC/iTOK BXXMBAHHS
SIK HAaITOBHIOBAUa CTPYMEHsI — Kap0Oigy KpeMHilo.

PeasibHi TE€XHOJIOTiUHi 0COOJIMBOCTI Mmpoliecy ¢iHillTHOI 06pO6KM KoJe-
KTOPHMX IIJIaCTUH, 30KpeMa, MOMCKpeTHa IIpupoAa IIOTOKY YaCTUHOK,
YKa3ylTb Ha HEOOXigHiCTh BMKOHAHHS MOCTiTOBHO OAMHUYHUX aKTiB KOHK-
peTHOi B3aeMOii Ha eJieMeHTapHii MiMsIHIII 06po6IoBaHOI TMoBepxHi. [Ipn
TaKOMY ITiIXOZi 3MiHa IIOPCTKOCTi i 06p06/II0BaHOI ITOBEPXHi MOXKe OYTU BU-

3Ha4YeHa sK:
N
Ra;d,V)= ) rd.V)
j=1 —max (1)

ne N — KiJbKiCTh OAMHMYHMX aKTiB KOHTAKTHOI B3a€MO/il Ha ejeMeHTapHiit
IO a1 ;

' — BeJIMYMHA JIYHKU ITiC/ISI ONMHMYHOIO aKTa KOHTAKTHOI B3a€EMO/ii;

d — BeiuuyHa a6pa3sMBHOI YaCTUHKUA;

V — mBUAKiCTh aOPa3suBHOTO ITOTOKY.

[Ipu 1boMy 3HIMaHHS MaTepianay, IPUNMAaETbCY SIK 0OMesKeHHSI

G;(d.V) »min (2)

[Ipu upboMy BeMYMHA 7 OOYMOBJIEHA TEXHOJOTiUHMMM IapaMeTpamMu
MIPOLIeCy, MIOPCTKICTIO MMOBEPXHI i 11 BJIaCTUBOCTSIMM.

TakumM 4MHOM, B OCHOBY MaTeMaTUYHOI MO/eJi Ipollecy B3aeMO/Iil
abpasMBHUX YACTMHOK IMOKJaJeHa MOIedb OOVMHUYHOIO aKTy KOHTAKTHOI
B3a€MO/Iii, 1110 MO3BOJISIE BU3HAYATU BeJIUUNHY T .

K0 0OMEXUTM BUAM NAHUX IMOBEPXOHb, IO IiAAAI0OTHCS 00POOII,
TIOPiBHSIHO IIPOCTUMM, IO 3a0€3IeUyI0Th JOCUTh OJHOPIAHI YMOBU 0OpOOKM

Ha BCilt TOBepXHi (B JaHOMY BUIIAJIKy TJIONIMHM), TO BeJIMUMHA 3araJbHOI 1110-
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PCTKOCTI 3i Bciei moBepxHi Moyke OYyTHM BM3HaUeHa, SIKIO BigoMuit uac t, Heob6-

XimHMI1 17151 06POOKM:
N

REL:t‘Z(r)E

== (3)
e N - KiIbKiCTh OAMHUYHUX aKTiB KOHTAaKTHOI B3a€EMO/Iil B OJVMHMUIIIO Yacy;
KinbKicTh YacTOK, 110 IOa0ThCSI HA 00P00/II0BaHy ITOBEPXHIO B OAM-
HUIIIO Yacy, 3HaXOAMMO SIK YacTKa Bif disieHHs ceKyHaHOI BuTpaTu U Ha Macy

ofHiei abpa3sMBHOI YAaCTKA :

U  6sU
N.=Mi ™= d3«p, 4)
2?31 mi
Tyr =~ ¢ - BU3HAYAETHCS eKCIIepMMEHTA/JIbHO SIK YacTKa Bif, [i-
Nc
m;
JIEHHS Macu abpa3MBHOTO MaTepiany /=i Ha yac [, 3a gKe 19 Maca BU-

KUJIA€THCS COTIJIOBMM arapaToOM.

3MiHa IIOPCTKOCTi ITOBepXHi B Ipoileci 06po6KkyM B3aeMO3B'si3aHa 3 00-
MeXXKeHHSIM 3HiMaHHSI MaTepiaqy i mMoBMHHA OyTM BpaxoBaHa Mpu po3pooOiii
MaTeMaTUYHOl MOJeJIi.

Buxopsium 3 BUKIaAeHOTO, B OCHOBY MaTeMaTUYHOI MOJIeIi TIpo1iecy Te-
KCTYPYBaHHSI OOpOOKM IIOTOKOM abpasmMBHMX YaCTMHOK IOK/IaZeHa MOJEb
OAVHUYHOTO aKTy KOHTAKTHOI B3a€EMOZii, 110 J0O3BOJISIE BUSHAUUTU BeIUUYMHY
(I‘)i.

BpaxoBymwoum CKIaIHMII XapaKTep IPOIEeCiB, O MPOTiKalTb Ipu 00-
poO11i MOTOKOM abpasuBy, MOIIIbHO BimOCOOUTM HesiKi CTOPOHM SBUINA, IO
BMBYAKOTHCS, 3a4aBIIM, TAKMUM UMHOM, [M€BHY CTPYKTYpPy MaTeMaTUUYHOI MO-
neni. B 3arajibHOMY BMIIQAKy MaTeMaTM4YHa MOJe/lb MAa€ B CBOEMY CKIafi
B3a€MO3B'SI3aHi eJleMeHTH, IO OMMCYIOTh: 0OpOO/IOBAHY ITOBEPXHIO; IOTiK
abpasyBHUX YACTOK; KOHTAKTHY B3a€MO/il0; 3HIMaHHIO IIOPCTKOCTi 3 00p06-
JIIOBAHOI MTOBEPXHi.

Oco6aMBOCTI IMOPCTKOI IMMOBEPXHIi Iic/IsI CTPYIHHO-abpa3uBHOI 00pPOOKMU
rokasaHi Ha (puc. 1).

Ile mo3BOJISIE iCTOTHO CIIPOCTUTM TIOJAJIbINy IOOYIOBY MOeTi
KOHTAKTHOI B3aeMogii. SIKIO po3IisoaTy rpaHHi 4acTHHI Kapbigy KpeMHiio
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(UOpHOTr0), SIK 4acTMHKY cdepuuyHoi dopmu (pamiyc ommcaHOi OKPYKHOCTI,

PucyHOK 1 - MikKpoCTpyKTypa IIOPCTKOI MOBEPXHi KOJIEKTOPHOI IJIaCTUHMU, 00-

po6sieHO1 abpa3sMBHMMM YaCcTKaMM Kapoiny KpemHiio (wopHmit); M1 a - x 20, 6 — x 40

[llopcTKa rmoBepxHsI 06POO6IIOBAHOTO MaTepiasy MoOJieToBaaacs CyKym-
HicTI0O chepMUHMX 3allagyH, MapaMeTpu SIKUX MigKOPSIIOTbCSI HOPMaJbHOMY
3aKOHY PO3IIOIi/y i BU3HAUAIOThCS B pe3y/bTaTi aHasli3y nmpodisorpam mose-
pxHi. [Tpodinorpamu 3HiMaOThCA (HAIpUKIad, 3a Jollomoroio 3D mpodino-
MeTpa) He MeHIle, YMM B IUSITU XapaKTepHUX 30HAX T[OBEPXOHb Y
B3a€MOIEPHeHAUKYASIpHUX HampsaMax. OnNTUYHUI iHTepdepeHIliiiHMiI mpo-
dinomerp «MikpoH-anbdar», SKUIL BUKOPUCTOBYETHCS [0 amapaTypHUX
3ac006iB iHTepdepeHIliiiHOiI mpodistomeTpii, HA MiATPYHTI KOrepPeHTHOIO i He-

KOTepeHTHOT'O BUIIPOMiHIOBaHHS (puc. 3).

a

PucyHOK 2 - MikpocTpyKTypa abpasuBHOI 4acTKM KapbimLy KpeMHiio (YOpPHUIA);
a-x20,6-x40
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IaHi 3ac00M KOHTPOJIO MO3BOJISIIOTh BiHOB/IIOBATU MikpoTororpadii
TOBEePXHi METOIOM OOPOOKM IOC/iTOBHOCTI iHTepdepeHiitHMUX manux. [Ipu
[IbOMY TOYHICTb i PO3[i/bHA 3JaTHICTh BU3HAUYAKTHCS JOBXMHOK XBWJII BU-
MIPOMiHIOBaHHS i € JOCUTbH BUCOKUMM.

V pesynbTaTi 060po6ku mpodinorpam oTpumMyeMo Habopu 3HaYEHb BU-
COT i po3MipiB OCHOB (Ha piBHi cepeqHbOI JMiHii mpodinio) HepiBHOCTEIA.

JIJIsT KO3KHOI MiKpPOHEpiBHOCTI BCiX mpodisorpad BMU3HAUAETHCS Be-

JIMYHA IpUBeHeHoro paaiycy [3]:

N Vbj* d; j
tj . ..
7 Yrj=8hij (5)
me ¥Ybi i Vri - xoedillieHTM BepTUKAJILHOTO i TOPU3OHTAIBHOIO 30i/IbIIEeHHS

dij i hij - posmipu ocHOBY Ha

nast | —TOT mpodinorpadm, o aHamisyeThCs;
piBHi cepeHbOi NiHil mpodiro i BucoTn i- mikpoHepiBHOCTI / — TOT mpodino-
rpaMu.
11 KoskHOi mpodinorpady o6UMCIIOIOTHCS OLIiHKYM MaTeMaTUYHOTO
YyeKaHH i gucnepcii
?'[J,-
Ri=ox Y1y
I — (6)

Hj-

1 2
Df=nj—_1* ;(’"i;‘ - R;) o

me '~ KilbKicTh 3HAYeHb PO3MIpiB OCHOBM i BucoT miasa / —TOT mpodino-
rpamiu.

JIJ1s1 KO>KHOI 3 M'SITU 30H TOBEpPXHi, B sAKil 30ymoBaHi rpodinorpamu y
B3a€MHOIEPIIeHAMUKYISIPHUX HampsMax, BU3HAUAIOTbCSl TPUBEOEHi OILIiHKU

MaTeMaTUYHOTrO YeKaHHs i gucnepcii pagiycy:

= &

Rk= R ._,*R, ®)
N e

Dk— "anj—lxnnj (9)

e Rupi-1 i Ruj - OlliHKa MaTeMaTMYHMUX YeKaHb pajiyciB msi mpodinorpam (j-
TOI 1 j-1- TO1) y B3aeMonepIrieHAUKYISIPHUX HAIpsIMax.

SJK mapameTpyM HOPMAJbHOTO 3aKOHY PO3IOAUIY BipOTimHOCTI IJIst
paniyciB chepuIHMX CerMeHTiB MOJejli IOPCTKOI ITOBEePXHi 3aCTOCOBYIOTHCS
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cepellHi 3HAUEeHHS OI[IHOK MaTeMaTUMYHMX 4YeKaHb i BiATIOBIAHMX IucHepcii
ILJISL TT'SITU XapaKTepHUX 30H TIOBEPXHi:

k=1 (10)
; &
D=-x>»D
5 ;Z ; (11)

AnasoriyHo, 1Mo gopMynax BM3HAUYaIOThCS MapaMeTpu 3aKOHY pO3IIo-
iy 1J1S1 BeIMYMHY PafiiyCy OCHOBM CeTMEHTY.

Bci chepuuni 3amaguHM MopeIi IMIOPCTKOCTI MOBEPXHi B MeXKax eje-
MEHTAapHOr0 MalilaHuMKa MalTb MOCTIMHUI paaiyc oCHOBU Re, 1 pi3sHi
paniycu cdep Rei. Y BubOpaHiit cucTeMi KOOpAMHAT LIEHTPU OCHOB CEIMEHTIB
PO3TaAIIOBYIOThCS 3 OLHAKOBMM KpPOKOM y HanpsMmi oceit OX, OY, OZ (puc. 3).

|
a H 10 ‘

220
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—

hl

e
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60
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0

Cross-section

120111 ‘1
A7 K il
|

[ Semple Rough Painls
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PucyHok 3 - Mikpopesbed MOpCTKOi MOBEepXHi KOJIEKTOPHOI IIJIaCTUHM, 06p00-
JIeHO1 abpa3MBHMMM YaCTKaMM Kapbimy KpeMHiio
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Lle mo3BosIsie 30eperTu B maM'siTi KOMII'toTepa iHpopmaliliio, 110 OIUCYE
BCi 3MiHM 3 KOKHUM Cc(pepuuHMM CeTMEeHTOM ITpu Aii abpa3uBHMUX YaCTOK.

Tomy micnst MopentoBaHHS 00OpoOKM (a TakKoOX B IIpoleci Mope-
JIIOBAHHS) MOXJ/IMBO BM3HAUaTH pe3yyibTylouy (260 MOTOYHY) HMIOPCTKICTh ITO-
BepXHi, 00pOoOMBIIIM HASIBHi B IaM'sITi MacuMBM JaHUX PO BUCOTY «HEPiBHOC-
Teil» MOJeJi LIOPCTKOi IMOBEpXHi IO CTAHJAPTHiA MeTOoauIli 3400YyTTs
TOKAa3HMKIB IMIOPCTKOCTI O IpodisorpaMmam.

[TepeBipka Mopesi HIOPCTKOI IIOBEpXHI MiATBEpAMIA MOXIUBICTD
aJIeKBaTHOT'O OMMUCY 3 i1 JOMOMOTI0I0 IOPCTKOCTi peaJbHUX ITIOBEPXOHb.

CraHgapTHUI TUIIOPO3Mip abpasuBHMX MaTepiajiB MiCTUTb 3a3BUYait
65% - ocHOBHOI, 30% - npibHOi i 5% - KpynHOi ¢paxiiii.

TakumM UYMHOM, BeJMUMHM MPOLIEHTHOTO BMIiCTy (dpaxiiii B
abpasyBHOMY MaTepiaji eKBiBaJleHTHi BeJMUYMHAM BipOTiIHOCTI MOSIBU
YaCTOK, BiITIOBIAHMX AaHil Qpakiiii.

Peasizailii po3mMipiB 4acTOK IIOTOKY BiATBOPIOIOTHCS MNpUiOMaMM
CTaTUCTUYHOTO MOJe/II0BAaHHS [6] B [1Ba eTallN.

Ha mnepmomy - 00O BeaMyMHi BUIIAAKOBOTO (TOYHIilIe, IICeBIO-
BUIMAAKOBOI0) UMc/a 3 PiBHOMipHMM 3aKOHOM PO3IIOiy BipOTiZHOCTI, SIKUit
BiATBOPIOETHCS 3a AOMOMOTOI CTaHAAPTHOTO TeHepaTopa MceBA0BUITaAKOBUX
yyceJl MaTeMaTMUHOTO 3abe3revyeHHS KOMIT'IOTepa, BU3HAYAETHCS TUII
dpakuii. Ha apyromy etarmi BCTAaHOBJIOETbCSI 3HAUEHHSI PO3Mipy HiameTpy
chepu yacTKM ycepenyuHi Aiama3oHy, BiAIIOBiZHOro BMOpaHiii Ha mepiIomMy

etamni ¢pakiii:

da‘j: dk—1+gi:ﬁi:i‘ (@ —Py_y) (12)
Ie r - TpaHUYHI 3HaUeHHSs pajiyciB, BiMOBigHI maHii ¢paxiiii yacTok; dk - Bi-
pOTiIHiCTh MOSIBM K-1-0i i K-TOi ¢pakiiii yacToK, BiAMOBiJZHO: o - IICEBIO-
BUIMAAKOBe UMCJIO 3 piBHOMIpHUM (Ha iHTepBaJi /0,1/) 3aKOHOM PO3MNOMIiNY Bi-
POTiAHOCTEIA.

[TokasHuKMU di3MKo-MexaHiuUHMUX BJIACTUBOCTEN marepiany
abpasuBHMUX YACTOK (TBEPHiCThb, IIiIbHICTb, KoedillieHT IlyaHcoHA, MOIY/b
MPY’KHOCTI, MILJHICTb Ha 3pi3) € BUMNAAKOBMMM BeJIMUYMHAMU 3 HOPMAJbHUM
3aKOHOM pO3MOJily BIipPOTiAHOCTi, $IKi BiATBOPIOIOTBHCS 3a AOMOMOIOIO

IaTuyKiB BUNALKOBMX uycesn. [lapameTpy 3aKOHY pPO3IOAINY (MaTeMaTUuyHe
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YeKaHHS i IMCIIepcCisi) BCTAHOB/IIOIOTHCS 10 BiZOMMUX MeTOAMKAaX i TOBiIKOBUX
maHux. Ilo BCTaHOBJIEHMX TaK CamMoO JiaMeTpy YacTKM i IIUIbHOCTI (Pn)

MaTepiaay po3paxoBYETHCSI Maca PyXOMOi YaCTKH:

_ H*di'?’*Pr
my= ———~ (13)

[lomanpiile  OOCTIIKEHHS  IepenbavyaeTbCsi  BUKOHYBATU IS
abpa3MBHMX YACTOK, SIKi pyXaloThCs 3 MOCTiifHOIO MIBUIAKICTIO i KyTOM aTaku
(110 BiIHOIIIEHHIO 10 06PO06II0BAHOI TTOBEPXHI).

B pesyinbTaTi aHamidy HayKOBO-TexXHiIUHOi Jitepatypu [7,8]
BCTAHOBJIEHO, IO TIIpUM BUKOPUCTAaHHI coria JlaBaisi, rasoBa Tedis €
CTal[iOHAapHUM i OMHOBUMIipHUM, TOOTO B OyIb-sIKiii (pikcoBaHii TOUIli coria
BCi ImapaMeTpy IIOTOKY MOCTiiiHI B 4Yaci i 3MIHIOOTBbCS TUIBKM Y3O0BX OCi
coria, MPUYOMY Y BCiX TOUKax 06paHOro MOIepevyHoro rnepepisy rnapamerpu
TOTOKY OJHAKOBIi, 8 BEKTOP MIBUAKOCTI ra3y BCIOAV MapajeJbHNUii 0Ci cuMeTpii
coIia, TOOTO IIBUIKICTh YAaCTOK Ha 3pi3i coIia MOKHA MPUITHSATY PiBHIA

IIBUAKOCTI BUIiI€HHS CTUC/IOTO ITOBITPsI yepes 1ie COMJIO:

I k-1
1, = = : * * —p x
Uy (2 A R TD) 1 De (14

ne k- mokasHuk amiabatu, mjist mosiTps k= 1,4055;

R=287 IIxx/(xr*K) - muTOMa rasoBa MoCTiiiHa;
po i To - THCK i TeMIlepaTypa CTMUCJIOTO IIOBITpSl MO IMOIAQAaHHS B COILIO
JlaBass;
P=0,1 MIla - TuCK MOBIiTps Ha 3pi3i coruia, piBHMIT aTMOCHEPHOMY TUCKY.

[Ipy migcraHoBui 3HaveHb R, k, p i BBaxkawoum, mo To=293K ,
BUpakeHH4 (14) cOpoIyeThCS i IPUMMAE BUTTISIL:

i n N2
! 0502

Po (15)

Uy = /1 J,le—
BennunuHa KyTa aTaKM 4aCTKU 3aJ1e>KUTb Bi,EL TeXHOJIOTIYHMX 0COOIMUBO-

CTeil MOJIeTbOBAHOTO ITpoIlecy 06pobku. Hanpukian, B pasi Joc/iIsKeHHS 00-
POOKM ITOTOKOM YaCTUMHOK, CQOPMOBAHMM COIJIOBMM ariapaToM, IIPUitMaEMo,
10 BCi YaCTKM MOTOKY MAalTh OJHAKOBUI KyT ataku. [Ipu 11bOMy BelnunHa
KyTa MOXKe 3MiHIOBAaTUCS B IIMPOKUX MexXax (mpakTuuHo Big 0 mo 180 rpan),

ajie 3BMYAifHO BUOMUpaeThes Big 15° mo 90°.
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JOBXMHA CTPYMEHSI BCTAHOBJIIOETHCS Y B3a€MO3B'SI3KY 3 KYTOM aTaKy a
i BimcTanHio L” Big TOpI1Ig comia g0 06po06/II0BaHOI ITOBEPXHi:

sina’ (16)

TakuMm UMHOM, MOBXMHA CTPYMeHSs, B JaHiii Momesi, 6e3mocepegHbO
He 3a[a€ThCs, a PO3PAXOBYETHCH MO BUpaxkeHHIO (16). Y Hamiomy BUIIALKY,
rpu 0=90, BigcTaHb Bif TOpLS coIia 40 0OpoOJI0BaHOI MOBEPXHi JOPiBHIOE
IOBKMHI CTpyMeHS]).

KinpKicTh BiZTBOpHMX IIPM MOJEIIOBAaHHI abpa3sMBHMUX YaCTOK, TOOTO
KiJIbKiCTh aKTiB OOMHMYHOI KOHTAKTHOI B3aemofii, oOyMoBjieHa KOH-
IleHTpalli€elo abpasuBHOrO mMaTepiaay B IOTOIli, BeJIMYMHOIO BUTPATU B ONM-
HMIIIIO Yacy yepes 3pi3 coIvia TAKOK YaCOM i MapuIpyTOM IepeMillleHHS CoIlia
1o 00po6IIoBaHil MoBepxHi. BBaskaioun, 1m0 abpas3mMBHiI YacTKM PiBHOMipHO
pPO3IOAIeH] B IMMOTOLLi, MOJE/I0EMO 1X KOHIIEHTPAIIil0 SIK KIJIbKiCTh YaCTOK, 110
3HAXOOATbCS B OAMHMUIL 06'eMy. IToTik abpa3suMBHMUX YACTOK, 110 BUKUIAIOTHCS

COIIJIOBMM aIlapaToM, € YCideHMM KOPIYyCOM, 00'eM SIKOTO PiBHMIA:
=L

V="1z (d®+D?+d*D), (17)
V cBoOw 4Yepry miaMeTp IUISIMM KOHTakKTy D cTpymeHsI abpasvBHUX

YaCcTOK 3aJIeXKHO Bifl IiameTpy Ha 3pi3i comoBoro amnaparty d i JOBXKUHU CTPY-
MeH4 L 3Haxoamumo SIK:

D =d + zL*tgB (18)
ne B - ILeHTpaJbHUII KYT PO3KPUTTS COILIA, KU 3a3Buuaii BUOMPAIOTHh B
Meskax 6-8 rpaaycis.

[Ticis migcTaHOBKY i TIepeTBOpeHb BupaskeHHs (17) HabyBae BUTJISIAY:

=L

V—

x 2 x x 2¥ 2
= (3d” +6d =« L = tgp + 4L" = tg?p) (19)

3HawuM MBUAKICTb, 3 SIKOI YAaCTKM BUXOHSATH 3 COIUIOBOrO amapary
v» (15) i BBaXkaloum 110 MBUIKICTb IMOCTi/iHOIO, 3HAXOAMMO Yac, MPOTITOM
SIKOTO TOPU3OHTAJIbHUI IIap YacTOK IepeMiCTUTbCSA BiJ, 3pi3y COIUIOBOTO

amapaty A0 06po6JII0BaHOI ITOBEPXHi:

v (20)
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A, 3HaIOUM KiJIbKiCTh YaCTOK, 1[0 BUKUIAKTHCS COTIJIOBMM allapaToM B
OAMHMUIIIO Yacy, MOXKHA 3HAMTU KiJbKiCTh YaCTOK, IO 3HAXOHSIThCSI B 00’eMi

PO3TJISHYTOrO BUIy KOHYyCA:

L
N,=N_=at =J'VC¥F Q1)

Topmi KibKiCTh YaCTOK, 1110 3HAXOASITHCS B OAMHUIIL 06’€MY:

L
N, 12+ N, = 7
V msL+Bd? +6dsLstgf+41% «tg?p) (22)
[Ticast mepeTBOpeHb OTPUMYEMO:
" 72+ U
w2 dZspy s v(3d? +6d L= tgP + 412 « tg2p) (23)

e MBUAKICTb Vr 3HAXOOMMO BifmoBigmHO A0 hopmyan (15). 3HaUeHHS
MOKa3HMUKiB (i3suKO-MeXaHiYHMX BJIACTMBOCTEl IIOBEpPXHEBOro Iapy Ta
Marepiany (Taki $IK TBepAiCTb, MIilIHICTb Ha 3pi3, HIiJbHICTb, KOedillieHT
ITyaccoHa, Mofienb MPY>KHOCTI) SIBASIOTHCS peasi3almisiMy BUIMAJKOBUX BeJIM-
YMH 3 HOPMa/JIbHMM 3aKOHOM PO3IIOAiJTY, BU3HAUAIOTHCSI B pe3yabTaTi JOCITi-
I>KeHHSI TIOBEePXHi (HaIllpMKAand, OJsl TBePOOCTi) UM MO OOBIJKOBINM TeXHiIUHi
JiTeparypi.

BUCHOBKM Ta NepcneKTUBU MOJATbIINX JOCTiAKeHb. Y poO0Ti BU-
pillleHO BaXKJIMBO HAYKOBO-TEXHIUHY 3a7ayuy, OB’ SI3aHy 3 IMiABUIIEHHSIM SIKO-
CTi MOBEPXHi, a TAKOX eKCIUIyaTaliiHUX BAaCTUBOCTEN MiJHUX KOJIEKTOPHUX
IJIACTUH, 110 IoJsrae y opMyBaHHi ONMTUMAaIbHOIO MiKpopeibedy IIISIXOM
3aCTOCYBaHHS CTPYIHO-a0pa3MBHOI 06pOOKK. Y pe3yibTaTi iMiTalliifiHOTO MO-
IeJIIOBaHHS MPOIleCy CTPYIHO-abpa3mMBHOIO TEKCTYPYBAaHHS OOKOBMX ITOBEp-
XOHb MiJHMX IUIACTMH BCTAHOBJIEHO,II0 HEOOXiTHMIA TOBIIbHUIT MiKpopeabed
MOBEepXHi 151 3a6e3MeueHHs] HePYXOMiCTi MiXk MiTHMMM KOJIEKTOPHUMM ILjIa-
CTUHAMM 1 TJTACTMHAMM CJIIOO IIJIACTY YTBOPIOETHCS B Pe3yJ/IbTaTi KOHTAKTHOL
B3a€MO/ii abpa3sMBHMX YACTUHOK 3 ITOBEpPXHEI0 0e3 3HAYHOro 3HiMaHHS Ma-
Tepiaay. 3acToCyBaHHSI PO3p00eHOI MO/ PO3PaxXyHKY IJIsI IIPOIIEeCiB TeKC-
TYPYYBaHHSI JO3BOJISI€ IIPOTHO3YBAaTU BJIACTUBOCTI OBEPXHEBOTO IIapy KoJjie-
KTOPHUX MJaCTUH.
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VK 622.724;622.76
B.®. Monacteipckuii, C.B. MoHacTeipckuii, JI.A. HOBUKOB
OIITUMU3ALN VA KOHCTPYKIINU 3ATPY30OUYHBIX
VCTPOMCTB JIEHTOUHBIX KOHBEMEPOB

AHHOmayusa. B Hacmoaweld cmamee paccmompeHa MHO20KpUmMepuaabHas 3a-
0a4ya onmuMu3ayuu KOHCMpYKYUU 3a2py304HbIX Yycmpolicms NeHMOYHbIX KOH-
geliepos npu HazpyxeHuu Ux HacbinHbIM 2py30oM. PeweHue 3a0ayu BbINOIHA-
J0Cb 8 08 3mana: onmumu3ayus CmMpyKmypHoU cxembl No Kpumepusam co-
BepuweHcmB8a KOHCMPYKYUU 3a2py304YHbIX ycmpolcms, npu MUHUMGIbHOU
cmouMocmu Ux U320mMOBJeHUA U BbI6OP HAUMYYWUX BAPUAHMOB peweHul ¢
y4yemom Kpumepus — pasHocms cKopocmel 2py3a U JieHmbl 8 NPOeKyuu Ha
nJI0CKOCMb ee 0BUXeHUS, Npu KOmopol U3HOC IeHMbI U xenoba byoem MUHU-
MasbHbIU. YCMaHoB8eHo, Ymo 3HayeHue Ko3g@uyueHma cosepuieHcmsosa-
HUA 3a2py304HbIX ycmpolcms u3meHsemca 8 npedenax 0,86-0,88, a makcu-
ManbHbIl CPOK CyxKObI Xenoba 8 3aBUCUMOCTMIU OM MUNA 3G2PY304HO20 YCm-
policmsa u abpasusHocmu 2py3a Moxxem u3mMeHAmMbscA 8 npedenax om 8000 y
0o 15000 u.

Kntodessbie cnosa: KoHseliepHas neHmMa, 3a2py304Hoe ycmpoucmso, onmumu-
3ayus, Kpumepud, U3HOC, 20pHAsA Macca.

AHanus ucoIegoBaHMtT M HyOoJAMKaMii. Bompockl onTummsanun
rapaMeTpoB 3arPy30UHbBIX YCTPOICTB MOAPOOHO M3JI0keHbI B [1,2,3], B KOTO-
POl MpuBeAeHbl YyPaBHEHMS LIeIN 110 KPUTEPUSIM NPOU3BOAUTETbHOCTU, CUTIE
B3aMMOJIeCTBUS TPy3a C JIEGHTOM, YIJy 3arpy3Ku rpysa Ha JIeHTY, reOMeTpu-
yecKMM IlapaMeTpaM, a Takke OorpaHmMueHus ob6jacTy BapbUpyeMbIX I1apa-
MeTpOB. PelieHue 3a1aum ONTUMMU3ALUN 3aTPY30UYHBIX YCTPOVCTB BBIIIOJTHEHO
MeTOAOM CTy4aiiHOTO MMOMCKAa HaMIYyUYIINX pelleHnii, MO3BOSIONUM C MUHU-
Ma/IbHBIMM 3aTpaTaMy OmpeneauTb MHOXecTBO ITopeTo. OgHAKO BbIIIOJTHEH-
Hble MCC/IeJOBAaHMSI He YUYUTHIBAIOT CTPYKTYPHOM HaMl€KHOCTU 3arpy304YHOrO
YCTPOJCTBA U M3HOCA Kej100a 1o, AeiiCTBMEeM HAChIITHOTO Ipy3a.

IlocTaHOBKA 3aJa4uM ONTMMM3alMM 3arPY30YHBIX YCTPOMCTB JIEHTOY-
HbIX KOHBeJepoB IpeACcTaB/JIeHa B CIeAyIOIeM Byie: ToOpHas Macca u3 OyHke-

pa IUIACTMHYATBIM MUTaTeJeM IeperpykaeTcss Ha MNPUEeMHbIV JTeHTOUHBIN

© MoHactbipckuit B.®., MonacTteipckuii C.B., HoBukos JI.A., 2019
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KOHBeliep uepe3 3arpy304Hoe YCTPOICTBO, 3JIeMeHTbl KOTOPOTO, C TOYKU 3pe-
HMSI HAIEeXKHOCTU, CTPYKTYPHO COeIVHEHbl MPUUMHHO-JIOTUIECKUMMU CBI3SIMU
(6e3 pe3epBUpPOBaHMS, C pe3epBUpPOBaHMEM, MTepeKIoueHneM 1 apyrue).Ilom
BO3/Ie/iCTBMEM HACBIITHOTO rpy3a keja00 3arpy304HOro yCTPOiCTBa MOABepra-
eTCs U3HOCY Ha TyTU TPEHUS.

Ilesb MccemoBaHUI: TTOBBICUTD 3(P(EKTUBHOCTH PAOOTHI JIEHTOUHBIX
KOHBeepoB IyTeM OINTMMM3aIMUM CPpOKa CAY>KObl KOHBeepHOI JIeHTbl P
Pa3IMYHBIX KOHCTPYKIMSX 3arPy30UHBbIX YCTPOMCTBAX U YCIOBUIA UX SKCILTya-
TalVN.

CozepskaHue OCHOBHOIrO MaTepuasa. PellleHne 1oCTaBjIeHHO! MHO-
TOKpUTEPUAIbHONM 3a7auM BBIMOJHSJIOCH B IBa 3Tana. Ha mepBom 3rtare ajs
OINTUMMU3ALUU CTPYKTYPHOM CXEeMbl IIPUBJIEKAINCh KPUTEPUM TEXHUUYECKOTO
COBepIleHCTBA KOHCTPYKIMM (Hambosiee OJM3KOe COOTBETCTBME KOHBeliepa
MUPOBBIM M OT€YeCTBEHHBIM CTaHAAPTaM) ¥ MMHMMAJAbHOM CTOUMOCTU Csar
M3TOTOBJIEHUS 3aTrPy30YHOI0 YCTPOJCTBA.

1

A
= — — > max 1
nc K,Z:M > ( )

k
=1 Vi

C,,—— min,
rae A, M, — COOTBETCTBEHHO 3HAa4YeHMS i-To IoKa3aTesss paboToCIIOCOOHOCTI
3arpy304YHOro YCTPOIiCTBa U 6a30BOr0 (HOCTUTHYTbIN YPOBEHbD),
K=1,2,3 ... - KOIMYeCcTBO IIPUHITHIX ITOKa3aTesiei IJIs ornpenenaeHns Kosd-
dulieHTa COBepIIeHCTBOBAHMS KOHCTPYKIIUH,
Csq: — CTOMMOCTD U3TOTOBJIEHUS 3aTrPY30YHOT0 YCTPOMCTBA.

CTOMMOCTD 3arpy304YHbIX YCTPOVCTB JIEHTOUYHbIX KOHBEEPOB MPUHMU-
MaJIM KaK CyMMY KaIllUTaJIbHBIX U 3KCITyaTalMOHHBIX 3aTPaT, MPUXOISIIUXCS
Ha OJIVH rOf;:

Cu00-Kian+35, (2)
rae Kian = Csa: Ke /Kinc —KanIUTaJIbHBIE 3aTPAThI;
3,=C,, /T, - sKcIulyaTalMOHHbIE 3aTPaTbhl, KOTOpbIe OINpemesINCh C

y4eTOM M3HOCA 3JIEMEHTOB 3arpy304HbIX YCTPOJCTB IOJ BO3AEICTBMEM Ha-
CBIITHOTO Tpy3a:
K=0.15 -ko3pduimeHTa BI0OKEHMI];
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5. -l5.] -
a2~ 3600 Jch\V pecypc 3arpy304HOTO YCTPOIICTBA;

8., [6,]- COOTBETCTBEHHO HOMMHA/IbHAS U IOMYCTUMAas TOJIMHBI Ke006a ¢

YUe€TOM €ro IIpo4yHOCTH,

J - MHT@HCUBHOCTb JIMHEHOI'0 M3HOCa MaTepuaia >1<e1106a;

ch - CpeJHsISl CKOPOCTD ABMKEHUS rpy3a I10 5Keooy;

¥ - K03bPUIIMEeHT Harpy>keHus.

OrpaHuMueHMSIMM 3a7auy OINTUMM3ALMMU IIapaMeTpPOB 3arpy304HOTO
YCTPOIICTBA SIBJISIIOTCS

QOmin < Qsar < Qmax;

Vmin < Vp < Vmax; (3)

Hmin < Hyp < Hmax;

Cmax < Csars Cmin

Dmin < D £ Dmax

Amin <A« < Amax,

Tmins Tsar € Tmax

Ha pucynke 1 mpencraBiieHa CTPYKTYpHasi cxeMa 3arpy304HOIO YCT-

poOJiCTBA C pa3aUIHBIMU IIPUUMHHO-JIOTUYECKUMU CBSI3SIMMA.

4

3 L
—* 1 2 >

» 4 5 ]

[§¥]

L
Lh
o

¥

¥

¥
V3]

Pucynok 1 - CTpyKTypHas cxema 3arpy304HOro yCTpOiCTBa. 1 — oropHas MeTaljio-
KOHCTPYKUMS; 2 — YIIPyTUe 3JIEMEHTbI, 3 — IIapHUPHOE 3aKpeIieHue,
4 — xeo6, 5 — HampaBJsIoONIe 60pTa, 6 — pe3MHOBOE OrpaxkaeHne

BapbupoBaHHBIMM ITapaMeTpaMy IpUHUMaIMCh: Qmin, Qmax , Vmin,
Vmax, Hmin, Hmax, Cmax Cmin, D min ,Dmax, Tmin ,Tmax.
3HaueHne K03DbuilMeHTa TEXHMUECKOTTO COBEPIIIEHCTBA OIpeieseT-

Cs1 C IPUBJIEYEHMEM CTPYKTYPHOI cxembl mjisi C3ar—min npuBeIeHbl HA pPU-
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CyHKe 2 1 B Tabnuiie 1 ns KoadduieHTa «TpyaHOCTU» dKcIuryaTauyuu 150 u
117 6annios [3].

Taar, 4
A\
14000
12000 \\
10000
a000 \
6000 \\ \
4000
2000 =

[] L]
0 2 4 6 g Vep, mic

Tsar= bv-"cp

—

—IEECTHA K o Ne3Ha A pyoa
PucyHOK 2 - 3aBMCHMMOCTM CpOKa CTYKObI 5Kejioba 3arpy304HOro yCTPOMCTBA OT

CpeliHei CKOpOCTY ABUKEeHMS HAChIITHOTO Ipy3a

[Tpy 3TOM 151 CpPaBHUTEJIBHOTO aHAJ/IM3a TEXHUUYECKOr'0 COBepPIIeHCTBa
3arpy304HOr0 YCTPOJCTBA JIEHTOUHBIX KOHBeepoB OTOMpaNNUCh Clieayloliye
TI0Ka3aTe/n Hale>KHOCTU:

— HapaboTKa Ha OTKa3s;

— BEepOSITHOCTDb 6e30TKa3HOI pabOThI B 3alaHHOE BpeMs;

— MHTEHCUBHOCTb OTKA30B;

— K03(uUIMEeHT TOTOBHOCTM.

3HaueHMs MoKasaresieil HageXXHOCTU IPUHUMAJH T10 pe3yJibTaTaM UC-
cJiefOBaHMI SKCIUTyaTallMOHHOM HaJesxkHOCTH [1], a 6a30Bble UX 3HAUEHUS —
110 JOCTUTHYTOMY YPOBHIO OT€UECTBEHHOI'O U 3apyOeskKHOTO OITbITa KOHBelie-
poctpoeHust [5,6]. AHaAM3 MOSYUYEHHBbIX Pe3y/abTaToB (Tabsmia 1) mokasai,
4YTO 3arpy30uHbie ycTpoiicTBa uMmerT K. = 0,86...0,88.

3ajaya ONTMMM3ALMM SKCIUIyaTalMOHHBIX 3aTpaT Ha MOALepsKaHue
keyjoba 3arpy304HOro yCTPOCTBA B pabOTOCIIOCOOHOM COCTOSIHUMM CBOJIUTCS
K MMHMMM3aLMMU M3HOCA Keyloba Mo, NeiiCTBMEeM HAChIITHOTO I'Py3a, KOTOPbII,
pas3rpykascb C MOJIOTHA MUTATeJNs], OBUXKETCS PaBHOMEPHO YCKOPEHHO (3a-
MeJJIeHHO) I10 Xej00y, UCTUpast ero Ha MyTU TpeHus. Bbi6Op HAMIYUIIMX Ba-
PUAHTOB KOHCTPYKIMYU 3arPy30YHOTO YCTPONMCTBA B ITYHKTE Meperpy3Ku JieH-

TOYHOTO KOHBEﬁepa BBIITOJIHAJICA B 3aBUCMMOCTU OT Cpe,ZLHeﬁ CKOpPOCTU OBU-
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SKeHMUSI Tpy3a Mo Xejo0y U Buia rpysa (puUcyHok 2). IIpu 9ToM BapbMpOBaIn
dbopmy mornepeyHoro ceueHus keynoba (IPSIMOYTObHAs, MPSIMOIMHEHAsS) U
rpaHCoOCTaB rpysa. MaKCMMaJIbHbBIV pecypc 3arpy304HOro yCTPOWCTBA, COOT-
BETCTBYIOIEr0 MUMHUMAIbHOMY M3HOCY skeji06a Ipu cpeaHeil CKOPOCTU ABU-
keHmst rpysa 1 m/c cocrasisier 8000-15000 yacoB, B 3aBUCMMOCTM OT BUA
rpy3a M KpMBOJIMHEHOTO Ipodus skeyoba.

Kputeprem BbiOOpa HaWIYUIIMX pellleHUi MPU ONTUMM3ALUM CPOKa
CJ1y>kObl KOHBeJiepHOJ JIEHTbI B 3aBUCUMOCTY OT KOHCTPYKI[MM 3aTPy30UHOTO
yCcTpoJicTBa Obljia MPUHSATA Pa3HOCTb CKOPOCTEN Tpy3a U JIEHTbl B MIPOEKIUU
Ha TIJIOCKOCTh ee IBMKeHMS, 9KOHOMUYECKU 1ieiecoobpa3Hoe 3HaueHue KOTO-
poit obecreunT MUHUMATbHbBIM M3HOC JIEHThI KOHBeliepa 1 skejioba 3arpy3ou-
HOTO YCTPOMCTBA.

BbiBOAbI. PelieHa MHOTOKpUTepMaabHas 3ajavya ONTUMMU3ALMM Mapa-
MEeTPOB KOHCTPYKLUMM 3arpy30YHbIX YCTPOWCTB, MPU KOTOPBIX HOCTUTAETCS
SKOHOMMYECKM 11eJIeCO00pa3HbIii CPOK CTY3KObI KOHBEMEPHO JIEHTHI U JKeJI0-
6a 3arpy304HOro yCTpOiiCcTBa.

Tabnuia 1
3HaueHMs IoKa3aTesei HaJeXXHOCTH 3arPy30UHbIX YCTPOICTB JIEHTOYHBIX

KOHBeepoB, 3KCIUIyaTUPYEeMbIX B pa3IMUYHbIX YCIOBUSX

Ko3pHImeHT TpYIHOCTH 3KCILTYaTaIn, 6amt
HamMeHoRa 135 117 K
Hte M/ g | | J | M/ . | | J
KoHBeliepa 10 H,/Hs | P;/Ps | K/ Ki5 | mg/my 104 H;/Hs | P;/Ps | KK mg /M
T[JIK-2 0,85 7350 0,65 092 194 0,8
(adpuka 12 @ @ W ﬁ ﬁ 8
2K-1 13 3600 0,72 0,96 .75 0,8
W[ OK 161 | 5600 | 08 | 098 | 194 | 6
PJIK 1 1,3 6950 0,65 0,9 1,94 0,8
dabpuka 12| 138 | 8930 | 0.75 | 096 22 9
K3 1,3 3690 0,65 0,96 1,75 0,8
ITOK 16 | s600 | 08 | 098 | 194 |6

[IpymedaHue: Ai, ks — COOTBETCTBEHHO MHTEHCUMBHOCTb OTKA30B I10 JAHHBIM
9KCIUTyaTaluu 1 6a30Boe 3HAUEHMUE;

Hi, Hs - cooTBeTCTBeHHO HapabOTKa Ha OTKa3 MO AAHHBIM 3KCIUTyaTaluu u
6a30Boe 3HAUEHNE,

P;, Ps - COOTBETCTBEHHO BEPOSITHOCTb 6€30TKA3HOI pabOThI MO JaHHBIM IKC-
TyaTauumu 1 6a3oBoe 3HaUeHUE,
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Kui, Kis - cooTBeTCTBEH KO3G(UIMEHT TOTOBHOCTM IO JaHHBIM SKCILTyaTa-
1Iuu 1 6a30Boe 3HaUEHHeE;
m;, ms - Macca 3arpy304HOro yCTpoiCcTBa U 6a30BOe 3HAYEHME;
Krc - 3HaueHMe ko3dg@duieHTa COBEpIIEHCTBA KOHCTPYKIMM JIEHTOYHOI'O
KOHBeliepa.
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UDC 681.518.5

O. Syrotkina, M. Alekseyev, I. Udovyk
GRAPHICAL AND ANALYTICAL METHODS FOR
PROCESSING “BIG DATA” BASED ON THE ANALYSIS OF
THEIR PROPERTIES

Abstract. This paper addresses the subject of creating mathematical methods
in order to optimize time and computing resources when processing “big data”
by analyzing their structural properties. We derive certain properties for the
given data structure known as “m-tuples based on ordered sets of arbitrary
cardinality.” These properties are based on logical rules applicable to the for-
mation of the analyzed data structure. We also describe mathematical meth-
ods based on the properties of “m-tuples” and show a graphic illustration of
the Boolean graphs. The delineated vertices of the graph are determined using
the derived analytical dependencies as Boolean elements which include the
same common element. These Boolean elements do not require the execution
of any algorithms and allow us to obtain the desired result from those proper-
ties.

Keywords: “big data,” data structure, ordered set of arbitrary cardinality, m-
tuples, Boolean graph, minimization of time and computing resources.

Problem statement

At the present stage of information technology development, the task
of processing, storing, analyzing and managing “big data” remains a serious
problem. Recently, there have been many new and diverse “big data” genera-
tors such as social networks, web networks, cellular networks, multichamber
video surveillance systems, distributed multi-level, multi-tasking and multi-
user SCADA systems, etc. At the same time, important problematic aspects of
the uses of “big data” are the methods and tools to analyze them [1].

Publication analysis regarding topic research

At the present time, the storage and processing of “big data” in sys-
tems specifically based on relational databases is not always highly efficient.
In order to store data in a relational database, we need to perform several
steps: develop a data storage structure, filter and convert data to the required

© Syrotkina O., Alekseyev M., Udovyk I., 2019
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format, and load data into the database. Any of these stages can be a long and
time-consuming process.

One of the ways of solving this problem is the creation of a new class
of NoSQL (Not Only SQL) systems. The advantage of a NoSQL system is the
flexibility of data models which include the use of horizontal scaling and par-
allel processing. Results from this system can be obtained rather quickly.

From the viewpoint of “big data” analysis, there have been other
methods developed such as machine learning, artificial intelligence, distrib-
uted processing of streams and events, and visual data research technology.

Article [2] describes the models of interoperability and navigation
through big data, allowing information to be extracted from large and com-
plex collections of semi-structured data. The difference between the proposed
models and the traditional relational data model is that the information about
the structure of big data arrays is defined in terms of the domain identifier
and business key. Using a domain/key mathematical model allows us to create
a structure that can remove all restrictions, except for domain restrictions and
key restrictions. However, the practical implementation of converting a col-
lection of semi-structured data into a normal domain/key form remains an
open question.

In article [3], the author considers mathematical methods and princi-
ples for constructing expert systems. The work describes such concepts as the
system of alternatives, incompatibility modules, the module of the ban, impli-
cation modules, and production modules. It shows the implementation of the
inference in the system of alternatives. According to the author, the method
of alternative systems is designed to organize and process data when solving
problems associated with the search for options. Another way of using this
method is to create an expert system knowledge base in the form of a system
of alternatives for solving recognition and classification problems. The paper
also discusses methods for restoring regular and context-free languages.
These methods are used by the author in the automated extraction of knowl-
edge from the knowledge system of the expert system.

The principles of building an expert system for diagnosing an object by
unstructured diagnostic features (UDF) are presented in article [4]. The paper
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shows that the values of the UDF can be determined by a set of patterns. The
main idea of the diagnostic method is to determine the similarity coefficient
of the diagnostic object compared to its pattern. The knowledge base of the
expert system is determined by the graph. The vertices of the graph are the set
of UDFs and its arcs are the set of patterns defining the values of UDFs. After
calculating the similarity coefficients of the diagnostic object compared to its
pattern, their values are assigned to the arcs. After that, the author calculates
the probability of establishing a connection between the initial vertex of the
graph with its terminal vertices. The paper concludes that if the degree of di-
agnostic discernibility corresponds to a given value, then the diagnostic proc-
ess is complete. Otherwise, the process continues on to the next UDF.

In article [5], the authors consider the diagnostic concept of how in-
formation systems (IS) work based on LV (Latent Variable) models. The sys-
tem determines the process parameters that exceed established monitoring
levels based on the array of archived data collected by SCADA. These parame-
ters are associated with the operation of equipment, the behavior of the tech-
nological process or the disruption of operating modes. The approach is based
on the ability of personnel to formulate an expert assessment of the trends in
the technological process and equipment operation. Knowledge-based deci-
sion support systems can be applied to automate the process of forming an
expert assessment. At the same time, LV models must be unique and inter-
pretable. It also requires processing large arrays of missing data and monitor-
ing their integrity within the LV area as established by the training set. Re-
strictions on the use of LV models built on the archival data of the system
consist of limiting the space of latent variables determined by those archived
data. LV models also cannot be used to extrapolate the modes of information
system operation for which there are no monitoring statistics.

Formulation of the aim of the article

The aim of the research is to develop mathematical methods for proc-
essing “big data.” It is based on the system analysis of the data organizational
and structural properties known as “m-tuples based on ordered sets of arbi-
trary cardinality (OSAC).” The use of this data structure in the NoSQL data-
base with the “key value” data model will allow optimizing the main charac-
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teristics of the “big data” such as reducing the amount of stored and proc-
essed information, an increase in the speed of searching, processing and
transmitting data while preserving their value and reliability.
Main part

The description of the basic terms and definitions, as well as some
properties and mathematical methods to work with “m-tuples based on
OSAC?” are given in the works [6 — 8].

In this paper, we consider mathematical methods for determining the
truth of expression (1), whose operands are elements of Boolean 2%, repre-
sented by “m-tuples” based on an ordered basis set X of cardinality n.

n n
{yml,h — ymz,fz

m<m, (1)

where y;},,,- — m-tuple, Boolean element 2%; n — cardinality of ordered basis
set X; mi, my— tuple lengths; ji, j» — indices (index numbers) of m-tuples in or-
deredsets Y,; and Y, .

As an example for our research, we can define a symbolic alphabeti-
cally ordered basis set X of cardinality n = 8. The decomposition of the Boo-
lean 2% into sets is given in Table 1.

Table 1
Representation of a Boolean 2% by sets Y, (n=28)
m Y, ko
1 2
1 Ye =labc,de, f,gh
2 ng ={(@b)(@.0).(a,d)(a,0)(a, ){ag)ah).b,e)b.d).b.e)b. ) b.g) b, 28
D LcleNicchidold Niddh e e . L {gh)
3 Y38 :{(a,b,c),(a,b,d),(a,b,e),(a,b,f),(a,b,g),(a,b,h),(a,c,d),(a,c,e),(a,c,f), 56
@cgach(adelad Nadgadnhaef)aegaenaf.g),
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Continuation of Table 1

1 2

3

(@ f,h).(a,gh),(b,c.d),(b,c.e).,(b,c, [).(b.c,8).(b,c.h),(b,d,e),(b.d, [),(b,d, g),
(b.d,n)(be.f)b.e)ben.b.f,.2)b.f. 1. bghcd.e)cd f)dg),
(@d.h).(c.e, f).(c.e,.8)(c.e ). (c.f,8)(c.[.h).(c.8h).d.e [).(deg)deh),
(d,f.8).(d, f,h),(d,g,h). (e f,8). (e f,h). (e, h),(f, &N}

4 Y; ={(abcd)abce)@be iabe g abehabde)abd,f),
(@bhd g abdhabef) abegabehab.f,9) abf.habghacde),
(aBC"d’f)’(a3c3d’g)’(a3cidDh)’(a)cﬂe’f)’(aﬂc)e’g)’(aﬂcﬂeﬂh)’(aﬂc’f’g)’((kc’f’h)’(a’c’g’h)’
(@d.e f)(adeg adehad,f,2 adf,h(adgh e f.g)aef,haegh),
(@ f,g h),bcde)bcd, ) bcdg)bcdh),bce,f)bceg)bceh),becf,2),
bafhbeghbdef)bdeg bdeh bdf,.g(bdf.hbdghbef.g),
(bﬁe’fﬁh)7(b’ eﬁgﬁh)7(b’fﬁg’ h)?(c7 d’ eﬁ.f)’(c’dﬁe’g)?(cﬁd?e?h)’(c’d’f’g)’(c’ d’f’ h)’(c’d’g’ h)’
et .9lcef:-Hceghicf.ehdef,.9de M deghid.f.ghief.gh)

70

5| ¥=labcdefabedNabedg) abedh@bee N abceg)abceelh,
(a.b,c,f,2).(a,b,c, f,h),(ab,cgh)(abde,f)abdeg)abdeh)(abd,f,g),
(a,b,d, f,h),(a,b,d,g h)(abef,g) abef h),(abegh),abf gh)(acde,f),
(a,c,d,e g),(a,cd,eh)(acd,f,2).(acd,f h(acdgh),acef g ace,f,h),
(a,ce,g,h),(ac, f,g.h)(adef,g)(adef,h),adegh)adf,gh)aef,gh),
bede Nbedeg) badeh bad,f,9bad f,hbcdghbeef.2).
(b,ce f,h),(bcegh). (b f,gh),bdef,2).bdef,h),bdegh),bdf gh),
bef.ghcdef.9lcdefWcdegh cdf.ghcef.ehde.f,gh)

56

6 ¥ ={abcde Habedeglabedeh abed,f.g). abcd,f.h),
(ab.cdgh(abce,f.2) abce,f,h(abcegh abcf,.ghabdef.g),
(a,b,d,e, f,h),(ab,d,e g h)(abd,f,g,h)(abe,f gh)acde,f,g)(acdef,h),
(acdegh)acdf.ghacef.gh(adef.gh bcdef,g) bcdef,h),
bedeghbad f.ghbaef.ghbdef.ghcdef.gh)

28

7 Y’78 :{(aﬁb’cﬁdﬁe7f7g)’(a3b7c7dﬁeﬁf7h)’(a7b7Cﬁdﬁe7g7h)7(a7b3c3d3f’g’h)’
(a,b,c,e, f,g,h),(a,b,d,e, f,g,h),(a,c,d,e, [,g,h),(b,c,d,e, f,g h)}

8 Y88 ={(a,b,c,d,e,f,g,h)}
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where k| — cardinality of set Y.

n n!
- (MJ S (n-m)tm’ @

We can represent Boolean 2¥ on the basis of an ordered basis set X of

cardinality n = 8 in the form of a graph (see Fig. 1), where each vertex of the

graph corresponds to an element y, ..

The Graph of Boolean (n=8)

I e saala s et I

Y i [T1.

'ICTI} 3 =dir—m3

.;E. 4 —— 11

¥

=4 YT v v v v v v e T e e e e e pr e e —s=1M5

o 3 Jdtekelvialabelehambelio holdol ko ol baestbubadvivtubalib dubatvttubatvb bt bttt st

jrem ——mb
2 | 1 1 7
1 I I 1 I 1 I 1 mé

0 10 20 0 a0 50 &0 70 80
Tuple index §

Figura 1 - The graph of Boolean 2X when n = 8

where n — the number of parallel segments of the graph corresponding to the
number of elements of basis set X; m — the ordinal number of the segment
that corresponds to the length of Boolean element y; .; j — the ordinal number

of the graph vertex that corresponds to the ordinal number of Boolean ele-

ment y, . in ordered subset Y, of Boolean elements of the same length; k; -

the number of vertices on the m™ segment of the graph, corresponding to the
subset cardinality; (j, m) — coordinates of the graph vertex.
We define table 2 which shows if expression (1) is true for element

8 " .
y,’;l,jl =Y;1 = 4. In other words, we define set 12?,,2 = {jz}, where each of its ele-

ments j; unequivocally determines tuple y,’;,,.z for which expression (1) is true.
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Property of membership for Boolean elements 1. Expression (1) is true

-m
for !

elements of set Y, .

m, —m,

Property of membership for Boolean elements 2. Expression (1) is true

for >’ n-m, elements of Boolean 2.
2 ml

my=m;+1

Property of membership for Boolean elements 3. If j; == 1, then ex-

pression (1) is true for the first {rrrzlz_—n:)lil elements of set Y, .
Table 2
Determination of set 12,8,72 for Boolean element y,’;,,-l = )/18, 1

my VM X 122 (Vi 1) = [n:lz_—mnij
2 | y8=1+7 12, (v8)) = m —7
31 u8=1+21| w208)-= ;]:21
4 | f=1+35| n2,08)-= ;sts
5 | u2B=1+35| m2s0b)-= Z]:ss
6 | y2g=1%21| w2e0d)- ZJzzl
Tl =157 | w208- @:7
8 723=1 n25(vi) = [Z] =1

where nj2 ,(y,, ) — cardinality of set 2, .

W20V =t =y |- 3)

Figure 2 shows the Boolean graph with the cardinality of the basis set
n = 8. Closed polylines outline the sets of Boolean elements represented by

tuples of length m, > mi, for which each element yfnl’ is a subset of each set

1

8
element T2y, .
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Closed polylines S1, ..., S6 outline Boolean elements .

with length m: including elements with length m; .
and coordinates (1,1), (1,2), ..., (1,6) as subsets o
3 L 3 ——
8
=—=—m5
7 il 15
E & e | L T
'E] 5 B ma
-35- 4 -5
=
% 3 =57
o
2 =153
% —r 5]
——
Qa -
o 10 20 E1i] Al 54 &0 74 B0 b S
Tuple index j
Figura 2 - Boolean graph with closed polylines for determining
8
sets /2, to elements y, ,
Example 1.
We have n, mi=1, ji=1, my, ja, mi<ma.
Required to determine if expression (1) is true for element Vi
Decision:
n—-m
nj2 .= P 4
] m2 mz . ml} ( )
Answer:

Expression (1) is true for expression 1<j, <nj2 .
We can define table 3 which shows if expression (1) is true for ele-

n 8
mentyml,jl = yl,z = b.
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Table 3
Determination of set 12572 for Boolean element y,';l g = }/i 5
my| 7 sznm 1 2m2.0 Gt 1) | 7 2m2 i, j1)
2 |2 1 1 7
1| 8+13
3 12| 1+6 6 21
1]22+36 15
4 | 2| 1+15 15 35
1|36+55 20
5 12]1+20 20 35
1|36+50 15
6 |2 1+15 15 21
122+27 6
7 12| 1+6 6 7
1 8 1
8 |2 1 1 1
where 77 — the ordinal number of element y; . in tuple y, . ; ’anz,n — set of

n
my ,ja

indices j2, that unequivocally determines a set of elements y” . for which ex-

pression (1) is true. At the same time, element y, . is located in 7 in tuple

n

Yoo > W2, — cardinality of set ]anz’n .

Figure 3 shows the Boolean graph with the cardinality of the basis set
n = 8. Closed polylines outline the sets of Boolean elements represented by
tuples of length m, > m, for which element y;, is a subset of each of the ele-

8
ments of set /2, .

On the basis of table 3, we can create table 4 which shows if expres-

sion (1) is true for element y;', when n has any value possible.
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Closed polylines S1, S2 outline Boolean elements
with length m: including an element with
coordinates (2,1) as subsets

—tmi

E 6 ——Tid
-ED x ——m3
5 — 14
il s
gu ==k
=3
—— 7
2 ~@—m§
1 bt m—
— 52
Q e
o 10 20 30 A S0 =14 70 20
Tuple index j
Figura 3 - Boolean graph with closed polylines for determining
8
sets /2, to element );,
Table 4
. . n n
Determination of set /2,, for Boolean element Y,
. n . n
my | 1] JZZ12J7 = {j2m2’”’1,,,,,]'2’"2,”,1‘1“} 1 2m2,5 (V1 j1) 122 (Ym1, j1)
2 2 72,5, =1 = [ n=Ji ]
2,2,1 nj2,,=
1227 my —my - (-1 e
7220005t =222 _(n=i) =1 nj2, [mz —m1]
0 1
e
1 J2901 =12, +1 2 :[ n—=ji ]: 2-1
20 {my —my = (n 1)
J2 Liast =25 129 .
=n _]1
3 2 j2321=1 . _[ n_jl J_ _[n—mlj
.2, nj2,,= = nj2,=
15327 \my —my - (n-1) 153 my —my
J230.0at = W23 _(n=i )= _(n-1)_
1 i 3-1
1 2000 = w21 . _[ n-j ]_ =[n—l]
317 W43 nj2,,= =
530 my =y~ (=) 2
J23 0005 = W23 W23, _[n - jl]
2
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Continuation of Table 4

; ,, ] .
m; | 17 .1222”7 - {j2m2,n,l,...,j2m2,,7,,ast} 122, V1) 122 (V1 1)
no 2 J2401=1 nid :[ n—j J
M2, Yy "2 u—m _(77_1)
j2,u,2,/ast = njzy,Z
1 . - . 1 ne i I’ijﬂz n—nm
J2u0n= W2t nj2 1=[ G ] u—m
L\ p—my—(m=1)
jz/t,l,/ast = njz,u + I’ljzﬂ’l
n 2 J2yip =1 n2, 12~
-1 . R B
T2 12,005t = W2012 n-2 = n=7 —
n—=l—m—@n-1)
n-2
(n—3] I’Z]2n_1 {n_l_mlj
1 J2 =2 +1= _[ n-j ] 1
~LL1 T p n nj2 = _(n-1)_
n n Yen-11 n—l—ml—(ﬂ—l) [n_zj_ 1
jzn—l,l,last = njznfl + njznfl,l =n n—=2
= = = 1
n-2
no| 2 2, =1 o o[ mi )=
}’l,z,l j I’l,2 n_m1—(77—1) n_l
J2,00 =12,, =1 [” —2] nj2, = [n —1] -
= =1
n—2

where /2,,,, — the minimum sequence number j; of element y; . inset Y, ,

for which expression (1) is true when element y, ; is located in the n™ place in

tuple T the maximum sequence number j; of element Y, inset
Y, , for which expression (1) is true when element y,, . is located in the ™
place in tuple y, .

Example 2.
We have n, mi=1, ji1=2, my, j2, mi<ma.
Required to determine if expression (1) is true for element y, . .

Decision:

88 ISSN 1562-9945




3(122) 2019 «CucTteMHbIE TEXHOJOTUU»

o [n-m
nlzmz rn2 _mll’ (5)

: [ n—j
n]2m2,27:2 - m2 _ ml _ 1} ’ (6)

: [ n—j,
nlzmz n=l1 ’,n2 _ ml } ’ (7)
jsz,U:Z,l =1, (8)
jzmz,qzz,last = njzmz,t]:Z ) (9)
2, 00 =12, +1, (10)
jzmz,qzl,last = njzmz + njzmz,qzl (1 1)

Answer:

Expression (1) is true for expression (j2,, ,,<j2<j2, ;) V (2, ,,<)2

< 720, tast )
The algorithms considered in example 1 and example 2 relate to algo-
rithms of linear execution time O(n).
Conclusions

In this article, we considered certain properties of data structure “m-
tuples based on ordered sets of arbitrary cardinality.” These properties follow
the rules of logic when forming ordered ascending elements of the given data
structure. It allows us to determine interdependencies between m-tuples by
their location in the structure defined by a pair of indices (j, m) without exe-
cuting computing algorithms. At the same time, there are certain operations
for Boolean elements. These are the operation of intersection, union and
membership. For these operations the functional dependency of the time es-
timation to obtain the results using the methods described changes from cu-
bic O(n3) to linear O(n) depending on cardinality n of basis set X. This ap-
proach allows us to speed up data processing time significantly and minimize
the time and computing resources to real time.
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VIIK 629.7
A.Il. AnnaTtos, FO.M. l'onpaimTeiiH
METOAUKA KIIACTEPU3AIILUU OPBUT OBCJIY>XVWBAEMBbBIX
KOCMMUWYECKHUX AIIITAPATOB

AHHomayus. llpu naaHuposaHuu opbuManbHbIX CepBuUCHbIX onepayuli B03HU-
Kaem 3a0a4a payuoHaabHo20 pazbueHus MHOXecmsaa opoum o6CayKuBaemMbix
KOCMUYeCKUM annapamom Ha nooMHoxecmsa (knacmepsl) opbum. B oanHoU
cmamee npednoxeHa MemoOuKa Kaacmepusayuu opbum o06CayKuBaembix
KOCMUYeCKUX annapamos 0/ nposedeHUs UX CepBUCHO20 OOCTYyXUBAHUS
MHO20pA308bIM CEPBUCHbIM KOCMUYECKUM annapamom C 371eKmpopeakmusHsImM
dsueamenem manol maau. Memooduka 6azupyemcs Ha memoode k - cpedHux. B
Kayecmse paccmosHus mexoy mo6ol napoli opbum 06C/yKUBAGMbIX KOCMU-
yeckux annapamos (Mempuku) memooa k - cpedHuUX NpedsIoKeHO UCNo/b30-
8amb XAPaKMepUCMUYecKylo CKopocms MexopbumasnbHo20 nepexo0a Mexoy
amumu opbumamu.

Kntoyessbie cnosa: opbumasnsHoe cepsucHoe 00CayXUBAHUe, KOCMUYecKue an-

napamel, Ka1acmepu3ayus, aneopumm k - cpeoHux.

BBegenue

[TepcrieKTMBHBIM ITYTEM YIOBJIETBOPEHMS BO3PACTAOIIMX TPeOOBaHMIA
K YBEJIMYEHUIO OJUTEbHOCTU CPOKOB aKTUMBHOI'O CYIIECTBOBAHMUS KOCMMYE-
CKMX aIlliapaToB, HAJEKHOCTU UX QYHKIIMOHUPOBAHUS U CHUKEHUIO SKCILTya-
TaI[MOHHBIX PACXOIOB SIB/SIETCS BHEIpPEHMEe TeXHOJOTUM OpOUTATIBHOIO Cep-
BrucHoro obcaykuBauust (OCO). OCO sBisieTcs BasKHBIM HaIllpaBjeHMEM I10-
BbIllleHUsT 3(PHEeKTUBHOCTY KOCMUYECKOi esiTeibHOCTH [1].

OCO 6bIBaOT IUVIAHOBBIMM U 3KCTpeHHBbIMU. IImanoBbie OCO mpoBo-
ISITCSL B COOTBETCTBUM C 3apaHee IPeayCMOTPEHHbIM perjiaMeHTOM, a 3KC-
TpeHHble OCO MpPOBOASTCS B C/lyyae HeNpeaBUIEeHHBIX M HELITATHbIX CUTYya-
LA,

OCO MoOryT IpOBOAMUTBCS JMOO ITyTEM HEMOCPeICTBEHHOI paboThl
cepBUCHOro kocMmmueckoro armapara (CKA) ¢ 06c1ykuBaeMbIM KOCMUYECKUM
anmapaTtoMm (OKA), m160 myTéM ero MCIoab30BaHMS IJISI TPAHCIIOPTUPOBAHMS

OKA ¢ ero op6utsl Ha OpOUTATBbHYIO 6a3y 0OCTYKMBaHMS, a IIOC/Ie IIPOBee-

© Anmatos A.IL., l'onpaiureiin F0.M., 2019
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Hus1 obcnyskuBaHusi OKA cpenctBamu maT@opmbl, JOCTaBKM 0O6paTHO Ha Op-
ouTY.

B HacTosiee BpeMsi Haubosiee IMEPCIEKTUBHBIMU [IJISI BBITIOJTHEHUS
ornepanuit OCO cumnrarmTcss MHoropasosble CKA KocMmueckoro 6a3mpoBaHMs
C 3JeKTpOpeaKTUBHBIMM ABuratenassmu. OHM MOTyT obciayxkuBaTh OKA 110
YyeJTHOUHOM cxeMe MJIM TI0 cXeMe IocjaenoBaTeabHOro ooxonaa. Ilpu yeaHou-
HOJI cxeMme, MOC/ie KaxkAoi orepanyyu 0OCTYy>KMBAHUSI OCYILECTBIISIETCS BO3-
BpaT CKA Ha 6a30ByI0 TpaeKTOPUIO MJIM OPOUTAIbHYIO CTaHIMIO Oa3upoBa-
HUSI.

[Ipu cxeMe mocienoBaTesbHOTO 06xoma HeckKoabKkux OKA Bo3BpaT Ha
6a30BYI0 TPAaeKTOPUIO MM OPOUTATbHYIO CTAHIMIO 6a3MPOBAHUS OCYIIECTB-
JIIeTCs TI0CJIe TIOJTHOT'O 3aBepIlieHNst 06Xo/1a.

ITocTaHoBKa 3agaumn

[Tpu mnanupoBanuu onepaiinit OCO HEOOXOAMMO YUUTHIBATH OrPaHM-
YeHHOCTb 3HepreTmyeckux Bo3MoxkHOCTeli CKA. B cBSI3M ¢ 3TUM BO3HMKaeT
3a7jlaua paloHaJbHOTO pa3ouenus MHOXecTBa opouT OKA Ha mOAMHOKeCTBa
(kmactepsl) opout, oocaykuBaembix ogauuM CKA. Kaskgast opoura OKA mosmk-
Ha MpMHAJJIexXaTb TOAbKO OJHOMY KjaacTepy. [IpuHaaiexaliue Kaactepy op-
OUTbHI JOJIKHBI ObITh GIM3KM 10 SHEPreTUYeCcKMM 3aTpaTaM Ha OpOUTaIbHBIN
repexo]i Mexay HUMMA.

Knacrepusamust op6utr OKA cocTouT 13 mociaeaoBaTe/IbHOTO pelleHns
CledyoIIMX 3amad: omnpeneneHue BbI6opkM opbut OKA mis mocienmymolei
KJacTepusanyuy; oT60op Habopa IMepeMeHHbIX, C MOMOIIbI0 KOTOPBIX OYyAyT
OIIeHMBATbCSI OPOUTHI BBIOOPKM; OTIpeie/ieHe MeTPUKN; MPUMeHEeHe ajro-
pUTMa KJIACTEPHOTrO aHaMM3a [Jisl pa3bueHus BbIOOPKM Ha KaacTepbl, Comep-
Kare OpouThI CO CXOAHBIMY MTPU3HAKAMM.

K HacrosiiemMy BpeMeHM pa3paboTaHO MOCTATOYHO OOJIbIIIOE YMCIIO
aJTOPUTMOB KJIAaCTEPHOTO aHajaM3a: Mepapxudyeckue ajJropMTMbl, HeMepapxu-
yeckyue UTepaTUBHbIE aJITOPUTMBbI, TpacdoBbie aJITOPUTMBbI, aITOPUTMbI HEUeT-
KOl KjacTepusaluu, aJropuTMbl C MCII0Jb30BaHMEM HEVPOHHbBIX CeTeil, re-
HeTUYeCKue aJiTOPpUTMBI [2] — [4].

Haunbosblliee TpuMeHeHMe B TIPUKIAIHBIX 3amadyax TOAYUYMIN [IBE
TPYIIIIBI
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aJITOPUTMOB KJIACTEPHOTO aHajau3a: uepapxuyeckue U Heuepapxmudyeckue
(uTepaiMoHHbie). Mepapxuyeckue ajJropuTMbl UCIIOIb3YIOTCS MpPU HEOOJIb-
muX 00bEMax KIacTepu3yeMbIX HAaHHBbIX. VX MpeuMylIecTBOM SIBJISIETCSI Ha-
TJISIHHOCTb ¥ BO3SMOXXHOCTD TTOJIYUUTD JleTajJbHOE MpeAcTaBleHNue O CTPYKType
IaHHbIX. Mepapxmudyeckyue ajJiTOPUTMbI, B OT/JIMYME OT UTEPALMOHHbIX, HE OIl-
penessiioT YMCJIO KIaCTePOB U CTPOSIT MOJTHOE IepeBO BIOKEHHBIX KJIaCTEPOB.
[TosToMy MX MCIIOJb30BaHMe I KiaacTepusaiiuyu opout OKA He paloHa b-
HO.

s pemienus 3agady Kiaactepusauyy opout OKA paumoHanibHee 1C-
M0JIb30BaTh AJITOPUTM k - CpegHMX, KOTOPbIII OTHOCUTCSI K TpyIIlie Heuepap-
XUYEeCKUX ITAJIOHHBIX METO0B KJIaCTepHOro aHaausa [4].

I OCTOMHCTBAMM aJrOPUTMa k - CPpeIHUX SIBJISIFOTCSI TIPOCTOTA U OBICT-
poTa ero UCIoJb30BaHMs, IIOHITHOCTb U IMMPO3PAavyHOCTD anroputma. K Hegoc-
TaTKaM aJroOpuTMa cieayeT OTHECTU Me[JIEHHYI0 paboTy ¢ O60JbIIMMU 00be-
MaMM MCXOIHBIX JAHHBIX M HEOOXOOMMOCTD 3aJaHMsI KOJIMUYECTBA KIaCTEPOB
IO IpOBeIeHMs KilacTepu3alyn.

Anroputm k- cpeagHux B 3agaue KjaacTepusanum OpouT

[IpegcTaBuM 3j1eMeHTBHI MHOXecTBa opout OKA X :{xl,xz,...,xn} B

BIIE UX XapaKTepPUCTUUECKUX BEKTOPOB. B manbHelilieM M3JIOKeHUU Gymem
TTOJTHOCTBIO OTOKAECTBIISTh OPOUTY C €€ XapaKTePUCTUUECKMM BEKTOPOM, KO-
TOPBINi TIpeacTaBasieT co60ii Habop OpOMTAIbHBIX MapameTpoB. Tpebyercs

pa3fennTb 3TO MHOXeCTBO OpOUT Ha k KaacTepoB S;,S,,...,S; . [Ipuuém kax-

fast opouTa DO/DKHA TPMHAIJIEXATh TOIBKO OJHOMY KIacTepy, PacroiosKeH-
HOMY Ha HaMeHbIIIeM pPacCTOSHUM OT 3TOii op6uThl. PacmpeneneHue op6uT
0 KIacTepaM AO/DKHO YIOBJIETBOPSITH KPUTEPUIO OMTMMATIbHOCTHM, BbIpa-
JKeHHOMY Yepe3 pacctosaus ply;, x; Jmexay moGoit mapoit op6uT pacemaTpu-
BaeMOr0 MHOXeCTBa.

B kauecTBe paccTOssHUSI (METPUKU) MEKIY OpOUTaMU MOXKET MUCIO/b-

30BaThCA JII00as HeoTpHunaTe/JIbHasia JleliCTBUTeIbHAas CbYHKLU/IFI p(xi,xj), OIl-
peneieHHas Ha MHOXeCTBe X U yOOBJeTBOPAIOLUIasa cjleayloliM YCIOBUSIM

plx,., xj): 0 TOJBKO TIPM X; = X ;, 1)

p(xi’xj)zp(xj’xi)’ (2)
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p(xiaxj)gp(xivxk)"'p(xkaxj)- (3

[Ipy pa3bueHMM MCXOOHOTO MHOXecTBa opbuT X Ha Kk KiacTepoB

S1,85,...,S; NIPUMEHSIeTCSl UTePAUVOHHbBIN aJITOPUTM k - cpelHUX. OH MUHU-

MU3UPYeT CYMMY KBaZpaTOB PACCTOSHUIM OT KaXKIOM TOUKMU KjlacTepa OO ero
LieHTpa (LleHTpa Macc Kiaacrepa).

HleiicTBME aIropuTMa k - CpegHUX CBOOUTCS K TOUCKY:

ok
argmin Y, ¥ p(x, ;). 4)
S i=lxeS;

rae
S=1{8,85,.,8;}

,
U; - LIeHTPBI KIacTepos, i =1,...,k,
p(x, 1;)- YHKIMS paccTOSHUS MEXTY OPOUTOIN X M IIEHTPOM i KacTepa ;.

B panbHelmeM U3/I0KeHnn 47151 0603HaUYeHusl HoMepa Iara uTepanyun
VICTIOJIb3YeTCS TIepeMeHHas ¢ .

Ha nepBoM 11are BHITIOJIHEHWS aATOPUTMA k - CPeIHMUX OCYLeCTBIsIeT-
Cs TOUCK NPUG/VKEeHHOTO 3HaYeHMs LIeHTPOB KJIacTepoB. IyIg 3TOro BhIGMpa-
eTcsl TIPOU3BOJIbHOE MHOXECTBO TOYeK MPOCTPAaHCTBA XapaKTepUCTUK OpOUT
i i=1,...k, pacCMaTpuBaeMbIX KaK HayajJbHbIe LIEHTPBI KIACTEPOB 1) = ;
i=1...k.

Ha ciiepyromem mare op6UThI pacipenesioTcs 110 KIacTepaM.

Bce op6UTHI IPYNNMUPYIOTCS B KIACTePbl, PACCTOSIHME [0 LIeHTPOB KO-
TOPBIX MUHUMAJILHO

Vx,eX,i=l..n:x €S, < j=arg min p(xi,y,gt‘l)). (5)

k

Ha cnegyroomeM miare mpoBOAUTCS IepepacyeT HeHTPOB U3MeHEeHHbIX

KJIaCTepOB

Vi:1,2,...,k:,ui(’) =|%Zx. (6)

xeS,

I[Ipoiecc BIYKCIEHMS IIEHTPOB U Iiepepacipee/ieHus 00beKTOB IIPo-
IO/KAeTcsl M0 TeX MOp, ITOKa He BBIIOJHEHO OJHO M3 YCIOBMIA: KIacTepHbIe
IEeHTPbI CTAOMIM3UPOBAIUCH, T.€. BCe HAOIIOMeHNsT IIpUHAAJIEXAT KIacTepy,
KOTOPOMY IPMHAIJIEXAIN A0 TeKYIIei UTepaum U YuCcIo UTepaluii paBHO

MaKCYMaJbHOMY UMCTy UTepaLyii.
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OHepreTmMUecKass METPUKA 3a4aUM K/IacTepU3anuu OponUT

PaccMOTpuM MHOXKECTBO op6ut - OKA X ={x,X;,..,x,}. B obmem

cjlydyae KOOPAMHAThI XapaKTepUCTUUECKMX BEKTOPOB 3TUX OpOUT ITpeCcTaB-
JISIIOT CO00J KeIlJIEpOBCKME 3JIEMEHTBhI OpOUTHI: a,e, i, Q,w. Pa3mepsl u
dbopMa opObUTHI XapaKTePMU3YIOTCSI ABYMS 3JieMeHTaMM: 00JIbIII0i MTOTYOChIO a
M 3KCLIEHTPUCUTETOM e. [losoKeHMe IUIOCKOCTM OpPOUTHI OIpedessiioT Tpu
5/IeMEHTA: HAKIIOHEeHMe OPOUTHI i IOJIr0Ta BOCXOJSIIErO y3/1a M apryMeHT
nepures o [5].

Kcrionb3ys yIpolailiiye IpearoiokeHss OTHOCUTEeIbHO BiIa OpoOuUT
OKA 1 6a//IMCTUUYECKO cXeMbl IepeiéTa MeXIy HUMM, YMEeHbIIMM pa3Mep-
HOCTb MIPOCTPAHCTBA XapaKTePUCTUUYECKUX BEKTOPOB C MSITU A0 ABYX: paauyca
M HAKJIOHeHUSI opOuThl. YMeHbIIeHe Pa3MepPHOCTM IMPOCTPAHCTBA XapaKTe-
puctuk opout OKA nmo3BosiseT yCKOPUTbD IIPOIiecc KiacTepusaiin.

PaccMoTpuM JeTalabHO YIIpoliawliue mpeanooxeHusi. B pabore [6]
II0Ka3aHO, UTO IIOJaBJsIONlee OOJbIIMHCTBO opouT OKA SBASIOTCS MOYTHU
KPYTOBbIMM. [IJISI TAKOTO TUIIA OPOUT IKCIEHTPUCUTET ¢ MOXKHO IPUOIMKEH-
HO CUMTaThb PaBHBIM HYJIIO, a ITapaMeTp Iepuresi @ TepsieT CMbICI. [loaToMy
OKCHEHTPUCUTET e U IMapaMeTp IEePUrest @ MOKHO UCKIKUYUTDL U3 KOOPAMHAT
XapaKTepUCTUUECKMUX BeKTOPOB opouT OKA.

[To paccmaTpuBaeMoit cxeMe 6a/UIMCTUYECKIME TIePEIEThI MeXAY Opou-
tamyu OKA oCyIiecTBASIOTCS B MOMEHT IIPMMEPHOI0 COBIIafeHus AOITOT Op-
OUT, MEXIYy KOTOPBIMM OCYILECTBIIsIETCS IepeneT. [IoaToMy OoTmagaeT HeoO6-
XOJIMMOCTb ITOBOPOTA IUVIOCKOCTU OpOUTHI HA yTOJI, paBHbIV Pa3HOCTU TOJATOT
opbut mnepenéra. IIpogo/KUTEIbHOCTD OXMIAHMS BpeMeHM Hauvaja MesKop-
OUTAIbHBIX IEPEJIETOB OIpeAe/sieTcs] Pa3sHOCTbI0 CKOPOCTEN IMpeneccum op-
OouT 1mepesyéTa. B cumy BRIOPAHHO CXeMbl 0a/UIMCTUUECKUX ITePeIeTOB I0JITO-
TY BOCXOJSIIIETO y3JIa OpOUTHI ) MOKHO MCK/IIOUMTh U3 KOOPAMHAT XapaKTe-
pUCTUYECKMUX BEKTOpOoB opouT OKA.

BaskHbIM 3TarioM Kiaactepusaiuy opout OKA siBisieTcss BBIOOp MeTPH-
KM, TI0 KOTOPOJ oIpenesnsieTcss 6JM30CTh OPOUT. DTO OOBSICHSIETCS TE€M, UTO
pe3yJibTaThl KJIacTepu3aluy MOTYT CYIIeCTBEHHO OTIMYATbhCS IIPU MUCII0/Ib30-

BaHMM pa3HbIX MeDP.
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Bbi60p paccTosiHMS MeXAy op6uTamMy HeOJHO3HAUYeH U B 3TOM 3aKJIIO-
yaeTCsi OCHOBHAS CJIOKHOCTb. HanboJsiee 4acTo UCIIOMb3yeTCsl eBKINA0BA MeT-
puka. HIMpoOKO MPUMEHSIOTCS TakkKe OpPyrue MeTPUKM: KBaZpaT eBKIMUIO0BA
pacCTOSIHUSI, PacCTOSIHME TOPOJACKMX KBapTajaoB, paccTosiHue YeObIlieBa U
CTelleHHOe paccTosiHue. Hapsioy ¢ mepeunc/ieHHbIMM MeTpUKaMM MUCIIOIb3Y-
eTCs U LeJIblil psf APYTUX, MeHee yIOTPeOUTeNbHbIX MeTPUK [3], [4].

[TomeiTKa Kimactepusaumy opout OKA ¢ MCIIO/Nb30BaHMEM II€peumc-
JIeHHBIX METPUK He MpuBeJia K MOJ0XKUTEIbHbIM pe3yybTaTaM. B ¢BSI3u ¢ 3TUM
BBeJleHa CrieliyajibHasl HeCTaHJapTHas MeTpuKa.

B KauecTBe pacCTOSIHUSI MeKIy 1106071 mapoit opout OKA mpejioskeHo
MCIIONIb30BaTh YHEPreTUUeCcKyld METPUKY - XapaKTepUCTUUYECKYH CKOPOCThb
MeXOpOUTATIbHOTO ITepexoaa Mexkay STUMMU OpOouTaMM.

PaccMoTpeH ciyuait MpoCTpaHCTBEHHOTO MeXXOpOUTaIbHOTO Iepexoia
C KpyroBoit Op6UTHI paamuyca ' | Ha KPyroBylo opouTy pamuyca ' 2 u usMeHe-

HJe yIJIa HAaKJIOHA IUIOCKOCTM OpOUTHI Ha Ai [Ipu opbuUTaNBHOM IHEepexome
UCIIOJIb3YEeTCS HeperyJupyeMblil OBUTaTe/ib MajOil TIATU C pejeiHONM IIpo-

|a| = const

I‘p&MMOVI OpMeHTaluumn TATU n I1epexKinidYeHmneM TIArm Ha CMMMET-

pUUYHOe HampaBjieHle OTHOCUTEIbHO TIJIOCKOCTU OPOUTHI B TOUKAX, TJe apry-
u= iz
MEHT IIUPOTHI 2 [5], [7]. B paccmaTpuBaeMoM cydae 3HaueHMe XapaK-

Tepuctuyeckoit ckopoctu AV umeer crnemyrommit Bup, [8], [9]:

AV = |H 1_2cos(7zAz/2)+r_1’ %
n NG ry

rae u TpaBUTALMOHHBIN MapamMeTp 3eMIn.

XapakTepuctuieckasi CKOpocTs (7) yoosietBopsieT yciaoBusm (1) — (3) u
MOKEeT MCIO0/JIb30BaThCsI B KAUECTBe METPUKM B 3a7jaue KjiacTepusaiuyu opouT
OKA.

3ak/iaoueHmne

B nmaHHOIT paboTe pa3paboTaHa MeTOIMKa KjaacTepusaluy OopouUT o00-
CIYKMBAeMbIX KOCMMYECKMX ammapaToB. MeToauka 6asupyeTcsi Ha MeTome
k - cpegHux. B KauecTBe paccTosTHUS MeKIy 10007 mapoit opout OKA (mert-
PUKM) MeTOa k - CpeJHUX IIPeIJIOKeHO UCII0Ib30BaTh SHEPreTUUEeCKY MeT-
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PUKY - XapaKTepUCTUUYECKYI0 CKOPOCTh MEXOPOUTAIbHOrO Iepexona MesKIy
3TUMM OpOUTAMMN.

C ucrnosib30BaHMEM IIPeJIOKEeHHO MEeTOOMKM pa3paboTaHa KOMITbIO-
TepHasl IporpaMma mAjsl KjiacTepusanuyu opOUT 0OCTyKMBaeMbIX KOoCcMuYe-
CKMUX ammnapatoB. Pe3ynbTaThl MPOBEAEHHBIX TECTOBBIX PAacyeTOB IMOKa3aau
3(peKTUBHOCTb MpeaI0KeHHO MeTOAMKM KaacTepusaiuu. MeToguka mo-
KeT HaliTU MpMUMeHeHMe IIpU IUIaHMPOBAHUM OPOUTAIbHBIX CEPBUCHBIX OIle-
panmii.
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VK 004.75.02
B.O. l'oxnii
MOIOEJTIOBAHHSA ITOJJIITPA®IYHOIO WEB-CEPBICY 3A
OJOIIOMOTIOI0 KOJIBOPOBUX MEPEX IIETPI

AHomayis. [lpedcmasneHo modenoBaHHA nosiepagidyHo2o0 web-cepsica Ha oc-
HOBI Ko/boposux Mmepex [lempi. Onuc cmpykmypu noniepagiyHozo web-
cepsicy 30iliCHIOEMbCA HA 0CHOBT aneebpu cepsicis ma diaepam 8 Homauii DFD.
lobydosaxa cucmema modeneli 8 CPN Tools nepwozo ma dpy2o2o pisHis. [po-
se0eHo iMimauyiliHe MOOeNOBAHHA Ma O0CNIOXeHHs po3pobaeHux moodesel.
Knwo4osi cnosa: noniepagiyHuli web-cepsic, s83aemodis web-cepsicis, KO/bO-
posi mepexi [lempi.

Beryn

BukopucrtanHsi mepex IleTpi, K iHcTpyMeHTa rpadiyHoro i MmaTema-
TUYHOTO MOJE/IIOBaHHS CKIaJHMUX CUCTEM Ta MPOLieCciB OCTaHHIM 4acoOM OTpU-
MaJio IIMpPOKe PO3MmoBCIoakeHHs [1-3, 5,6,9] MeToayu Bi3yaabHOTO IpeaCTaB-
JIEHHSI Ta MOJe/IIOBaHHS, TaKi K KOJIbOpOBi Mepeski IleTpi Ha eTami po3po6Ku
CKJIQIHUX cUcTeM e(eKTUBHI TOMY 110 TO3BOJISIIOTh POPMabHO OMMCYBaTH Ta
MOJIETIOBATY Ha CUCTEMY Pi3HUX PiBHSX abCTpakilii Ta JOCTimKyBaTu iX B
oyHaMmini. TIpukiaamoM OMHaMiuHOI cucTemMu € web-cepBicu. Beb-cepsicu Ta
IX KOMIIOHEHTM MOXYTb B3a€EMOIISATU 3 PISHUMMU AOJATKaMM, SIKi BiAIIOBiga-
I0OTh CTAaHAAPTaM Beb-cepBiciB. SIK mpaBuM/Io, OOMH CepBic He 3aJ0BOJIbHSIE I10-
Tpeb KOpUCTYBauiB, i cepBicK CTalOTh BCe Oi/MbII CKIaTHUMMU. DAKTUYHO CY-
YacHMI1 BeO-cepBiC CTBOPIOETHCS MIISIXOM ITOE€IHAHHS Pi3HUX Beb-cepBiciB Ta
iX KOMIIOHEHTIB AJIs1 CTBOPEHHSI KOMIIOHEHTHOTO CepBicy, SIK1ii IIPOIIOHYE Ha-
6ip HOBUX (YHKIIOHAJbHUX ITOCAYT. [Ipy moegHAaHHI Ta CyMiCHOMY BUKOPUC-
TaHHi Be6-CcepBiciB caMMUM KpUTUYHMM € B3a€EMO/Iisl BeO-cepBiciB Ta iX KOMIIO-
HEHTiB MiX 00010, 10 BUMAarae AeTaJbHOIO JOCTiIKEeHHS IPOoLeciB (QyHKIIiO-
HYBaHHS Ta MOZE/IIOBAHHS iX ITOBeIiHKM IJIsI ITiABUIIIeHHS iXe(eKTMBHOCTI.

[Tonirpadiunmii web-cepBic — Iie ckjagHa MporpaMHa CUCTema, IO
opraHisye HajgaHHS MoJirpadiuHmux Mmocjayr. BoHa mpailioe 3 KJIi€eHTOM 4epes

[HTepHeT Ta Ja€ MOXJIMBICTb 3HANTU B MoJirpadiuHMX IeHTpaxX HeOoOXimHY
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MOCJAYTY 3a ONTMMAaJbHi KOIITM, 3POOUTM 3aMOBJIEHHS, CKOPUCTATHUCh
pi3HMMM TIOCAyramu, 3IOiJiCHUTM OIUIaTy IOCAYT, obpaTu 3acié oriaTu Ta
moctaBku moJjirpadiyHoi mpoaykiii. CkiagHa CTpykTypa web-cepBicy BuMa-
rac JOCJiIKeHHS Ta MOIEII0OBAaHHS B3a€MOZii 10ro KOMIIOHEHTIB AJis 3a6e3-
reyeHHs e()eKTUBHOCTI (PyHKIIOHYBaHHS.
ITocTaHOBKA MpoOoGIEMM

MeTo10 JaHHOI pobOTM € po3pobKa Mogjesneit moairpadiuHux BeoO-
CepBiciB Ta iX KOMIIOHEHTIB Ha OCHOBi KOJbOPOBUX Mepex IleTpi, As1 goCTi-
IKeHHS OMHAMiuHOI B3a€EMOJiil iX KOMIOHEHTIB ISl ITigBUIeHHS e(peKTuB-
HOCTi iX QYHKITIOHYBaHHSI.

CTpykTypa cyyacHoro nosirpadiuynoro web-cepsicy

JIJ1sT MOMenioBaHHSI CUCTEMM KOMIIO3UTHOI'O web-cepBicy He0bOXimHO
BUIIIUTM OCHOBHi Ta AOIOMIiXKHI MigcucTemMu 3acobaMy CTPYKTYPHOTO
a”anizy. CTpyKTypHa cxema web-cepBicy mpeacTtaBieHa Ha puc.l. ¥ $KOCTi
iHCTpyMeHTa CTPYKTYPHOTO aHa/li3y BMKOpPMCTaHa JiarpaMma IMOTOKiB JaHUX
(DFD) B Horaiii momibniii Hotaiii I'eiiHa-CapcoHa. KoHTekcTHa miarpama
BEPXHbOI'O PiBHSI MiCTUTh Habip mimcucTeM 3’€JHAHMUX IIOTOKAMM JAHUX.

CepBic mpaifioe HacTynmHMM uMHOM. KoMItaHisl Hagae KOMOiHOBaHMIA
royiirpadiuamic web-cepic (PWS), sIKuii IpomnoHye mnepeik mojirpadiyamx
nocayr. KiHileBMMM KOpuUCTyBauaMy MOAiOHUX IOCAYT MOXYTh OYTU OKpeMmi
KJIieHTH abo iHIIi web-cepBicK, IKi BUKIMKAIOTD 1eit web-cepBic. KnieHTn
KoMIaHii ¢opMyloTh KopucTyBalbki 3anutu B PWS. TMomirpadiunnit web-
cepic (PWS) mae 3B's130K 3 iHmMMM web-cepBicamu 111 06pOOKM KOXKHOTO
3anuTy. [IpMKIagamMy 30BHIIIHIX MOCAYT € IMOCAYTU MojirpadiyHux 1eHTpiB
(WSPC), dinancoBi mocayru (FWS), mociayru ausaitny (DesWS), mocmayru
MOCTavYa/IbHMKIB po3ximHux MmatepianiB (WSSC), nmomrtoBi nociayru (MWS),
nocayru goctaBku (DWS) Ta kaprorpadiundi mocayrm (MWS). Tumnosum
ciieHapieM Oye KIi€HT, 1[0 BUKOPUCTOBYE cepBic PWS mjis orpumaHHS omHiel
a60 JeKiJIbKoX KOMOGiHOBaHMX TTOJIirpadiuHMX MOCITYT.

KiieHT 1ouyMHae 3 BUKIUKY Ollepallii «3aMOBJIEHHS TepesiKy IMOCTyT»
B PWS, n1s1 oTpuMaHHS nepeiky Mocayr 3 iHamu (Kpok 1). [Ij1s1 popmyBaHHS
BigmoBini Ha 3amoByieHHS PWS B3aemogie 3 nosirpadiyHMmy eHTpaMu U 3a
moriomoroio omnepailii «Ilepesik mocayr» iHpopMmye KiieHta (Kpok 1.1). ko
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KJIi€eHT o6paB AKyChb MOCHYTY 3i criucky, To PWS 3anutae y momirpadiuamx

LIeHTPiB MOKJIMBI CIlelliajbHi MPONO3UIIii IO peastisallii i€l MOCTyTH.
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Pucynoxk 1 — CTpykTypHa cxeMa noJjirpadiuHoro web-cepsicy

[TapanenbHo mojirpadiyHi HeHTpU 3’€IHYIOTHCSI 3 IOCTavYaIbHUKAMM
po3XimHMX MarTepianiB. 3a goroMorolo omnepaiii «Po3xigHi Martepianm»
HAJA€ETHCS CIIMCOK PO3XigHMX MaTepiasiB 3 iHaMu (KpokK 1.2). Il 3py4yHOCTi
KOPUCTYBaya CIMCOK IojirpadiuHux LEeHTPiB, 0 HaZAlTh 00paHy ITOCIYTY
3B’3aHi 3 MiCUSIMM iX po3TallyBaHHSI Ha KaprTi. lle pe3ysbTaT 3aMOBJIEHHS
30BHIIIHBOI TIOCAYTU y KapTorpadiuHoro web-cepBicy (kpok 1.3). SKino
KJIi€EHT OoKpemMoO abo mapajeqbHO Ma€ MoTpeby B MOC/Ayrax Au3aiiHy, TO BiH
BUKJ/IMKAE orepaillito «3aMOBUTHU Au3saiiH». Iy dbopMmyBaHHS Binmosimi PWS
B3a€MOJIli€ 3 30BHIilIHIM web-cepBicoM IOC/Ayr amu3aiHy. 3a AOMOMOTOI0
ornepanii «IIpomo3niiii Au3aiiHy» HAOAETLCS BiAMOBiAb HA 3aMOBJIEHHS
(kpok 2.1). Jaii KIi€HT IOoJa€ 3allMT Ha pO3paxyHOK BapTOCTi mosirpadiuyHmnx
MOCJYT 3a AOMOMOror omnepailii «Po3paxyBaTu craTy» Ta oTpumMmye «Po3spa-
XYHOK CIJIaTM» 3a J[OOIIOMOIOI0 3O0BHIIIHbOrO (iHAHCOBOTO web-cepBicy
(kpok 3.1). IToTim 3afisIB TO ske web-cepBic KJIi€EHT OIIauye Mocayry KapTamMmu
VISA abo Master Card. SKimo Iie HeoOXiJgHO, KJIi€HT 3aMOBJISIE IOCTAaBKY
rOTOBOI ToJjirpagiuHoi MpoAyKIiii 3a JOMOMOTrO0 oIlepallii «3aMOBUTK OOC-
TaBKy». lleif 3aluUT Iepe aapecyeThCsl 30BHIIIIHbOMY web-cepBicy moCTaBKH,
SIKUi1 3a moromoroio omepaiiii «IIpomosuiiii goctaBku» iHGopmye PWS
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(xkpok 4.1). 3a moromoroi omepaliii «OTpuMaT MOIITOBY IOCIYTY» web-
cepBiC MOCTaBKM 3’€IHYETHCS 3 30BHIIIHIM web-cepBicoM i1 HafaHHS II0-
IITOBMX ITOCJTYT TP AOCTaBIIi mosirpadivyHoI MpoayKIiii.

Onuc cTpykTypu nosirpacgiunoro web-cepsica

Omnuc cTpykTypu nonirpadiuyHoro web-cepBicy 34iiiICHIOETbCS Ha OCHO-
Bi anre6pu cepsiciB [4]. Ha BepxHbOMY piHi MOJe/Nit0BaHHS 3a JIOMIOMOTIOI0
KOMOiHallii BBeJeHMX oIlepaTopiB [Jis nmojirpadiuHoro web-cepsicy cTpyKTy-
pa Mojesi NpeaCTaBasIeTbCsl Y BUTJISIII:

Seq (Seq (Registering, Loop (ArbSeq (EnerPrivateOffice,
Choice (WSPC, Seq (WSPC, DesWS))))), Choice (FWS, Seq (FWS, DWS)))

V miil Moc/aigoBHOCTI CIifi BiAMIiTUTH OOOB’SI3KOBE IIEPIIMM € BUKO-
HaHHS peecTpallii, Jajai € MOXIMBICTh iTepaliifHOTO OOBiIIBHOTO BUOOpY
BimBimyBaHHs «OcobucToro kabiHeTy», abo obpatu Bubip momirpadiyHux 1mo-
cyr. [TocmigoBHICT OnepaToOpiB 3aKiHUYETHCSI TOOGOPOM MOSKIMBUX BUJIB OTI-
JIaT TocayT abo oIiaTy Ta JOCTaBKM IoJirpadiuyHoi MpoayKILii.

AHanoriyHo MOJAETbCSI  CTPYKTypa  Mojesjeil Ojsd  KOXHOTO
30BHIIIHBOTO Web-cepBicy, S$Kiifi BXOOUTb [0 CKJIamy arperoBaHoOro
nojirpagiuHoro web-cepsicy. s migcucremu «OcobMcTuii KabiHeT» CTPYK-
Typa MoZeJli MpeCcTaB/sIeTbCs Y BUTJISIII:

Loop (Choice (ArbSeq (Change Pass, ArbSeq (Change Login, ArbSeq (Change
Mail, Apply For Service))), Choice (Change Pass, Choice (Change Login,
Choice (Change Mail,Apply For Service))))

ITocmigoBHiCTh oOmepaToOpiB IIpeACTaBsi€ iTepalliiiHuii BubGip 3
IOBiIbHOI MOCTiMOBHOCTI onepailiii «OcobucToro KabiHety» abo Jo6opy O6yab-
SIKO1 3 HaBeJleHMX oIlepalliii 1iei migcucTeMu.

Ins  mincucrtemu «PeecTpaliisi» CTPpyKTypa MoOjesi mpeacTaBieHa Yy
BUTJISIAL:

Seq (Registering, Seq (Enter Login, Seq (Enter Pass, Enter Mail)))

Lle 3BMyaiiHa IMOCIIZOBHICTh OIepaliiii Ipyu peecTpallii, SKa BKIOYAE
BBiJI JIOTiHA, MAapoJIsl Ta aApeca MOIITOBOI CKOPUMHKM KOPUCTyBayva.

Hns migcucremu «Ilomyk momirpagiuHoi Mocayru» CTPYKTypa Mojaei
rpencTaBjieHa y BUTTISI:
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Loop (Seq (SetOfServiceFilter, Seq (Loop ([WSPC: (p1, q1) : WSPC, (pn, qn))),
ArbSeq (GetPriceList, ArbSeq (GetLocation, ArbSeq (ReceiveSpecialOffers,
ArbSeq (AskForConsumables, KnowHowMany))))))).

[TocnimoBHICTh OmepaToOpiB IpPeNCTaBIISIE iTepaliiiHy MOCIITOBHICTh 3

BK/IQIeHMMM OIlepaTopaMy AOBiJIbHUX ITOCTiTOBHOCTEIA.

Ins migencremu «Ilociyra ausaiHy» CTPYKTypa MOJei IpeacTaBiie-
Ha Y BUTJISII:

Loop (Seq (ApplyForDesign, EnterDataForDesign))

Ile iTepaliiiiHa MOCAiAOBHICTh 3aMOBM MOCAYTM OM3aliHy Ta BBeOEeHHS
iHdbopmaliii 1y1s1 BUKOHAHHS 1Ii€i MOCYTH.

IOns migcucremu «CrtaTa Mmocayr» CTPYKTypa Mojesli mpeacTaBieHa y
BUTJISIMI:

Choice (Seq (ChoiceVISA, EnterDataForVISAPayment), (Seq (ChoiceMaster-
Card, EnterDataForMCPayment)))

Ile omepaTop BMOOpPY 3 BKJIAJEHMMM OIlepaTopaMy MOCTiTOBHOCTE.
Krnient obupae tun kaptku (VISA abo MasterCard) nyis 3nijiCHeHHS OIUIATU
TTOCJIYT.

IOnst migcucremu «Ilociyra IoCcTaBKM» CTPYKTypa MOeli IpeacTaBiie-
Ha Y BUTJISII:

Seq (OrderDelivery, Seq (UseMail, EnterDataForDelivery))

LIi omepaTopu peasni3ylTb MOCAILOBHICTh 3aMOBU ITOCIYTU AOCTAaBKH,
BEIEeHHSI OCOOMCTMX IIOKa3HMKIiB, TaKuUX SK TenedoH, agpec IOIITOBOI
CKPUHBKMU, Ta BeJIeHHS JaHUX 10 JOCTaBKIN.

ITo6ynoBa mogeti nmonirpadgiunoro Be6-cepsicy B CPN Tools

Cucrema CPN Tools Hagmae nBa OCHOBHMX 3aC00M aHali3y Mopeseit:
imiTalligs moBemiHKM Mepexi Ta GopMyBaHHSI IIPOCTOPY CTaHiB. AHasli3 Mpo-
CTOPY CTaHiB MOXK/IMBO 3OiMICHUTU JIJISI HEBEJIMKUX Mojesieit 3aBasiku eekTy
3pOCTy IIPOCTOPY CTaHiB. JlaHMI1 aHai3 BUKOPUCTOBYIOTh INpu Bepudikariii
KOpPIOpPaTUBHMUX CepBiciB, KoJu HeoOxigHa iHdopmallis mpo cTaHAapTHI
BJIACTUBOCTI Mepexi. [IJIT Mopmesneil CKIagHUX CUCTeM OOHMM 3 3aco0iB
aHaJIi3y MpOCTOPY CTaHiB Mepex IleTpi € mpencTaBaeHHS CTPYKTYPHOI MO eTi
cucrteMu, ToO6TO Mepexi [leTpi B iepapxiuHOMY BUTISIAi, Ta po36uUTTS ii masmi
Ha OKpeMmi Mepexi Opyroro piBHs [7,8]. SIKio pes3ynbTaT¥ OTpUMaHi Mpu
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aHaJli3i BJIACTUBOCTEN MepeX HWKHBOTO PiBHS Ta OCHOBHOI Mepexi 3a40-
BOJIBHSIOTh OaXkaHili SIKOCTi, TO MOX/IMBO CTBepAKyBaTu, IO TPU aHasisi
BJIACTMBOCTEM iepapxiuyHOi Mepeski Oy/e OTpMMaHO NMOAiOHMIA pe3yIbTar.

KonbopoBa mepeska IleTpi mosirpadiyHoro web-cepsicy nipencrabieHa

Ha puc.2.
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Pucynok 2 - KobopoBa mepeska ITeTpi nosirpadiunoro web-cepsicy

[IpencraBumo naHy mepexy I[leTpi B iepapxiunomy Buriasigi. Ha puc. 3
300paskeHa roJIOBHA CTOpiHKa iepapxiuHoi mepexi IleTpi, ska Bimobpaskae
OCHOBHI mpoliecu npu QyHKIiOHYyBaHHI mojirpadiuHoro web-cepsicy. Cuc-
TeMa CKJIaJa€ThCsl 3 CEMM OCHOBHMX CIIeHapiiB: 3HaXOKeHHsI B web-cepsici,
peecTpallii, MoIIyky mnojirpadiuHoi Mocayru, Mocay3i aAu3aiHy, po3paxyHKy
3a 00paHi MOCIYrM Ta IOCAYTU JOCTaBKM IOJirpadgivyHoi MpomyKilii, a TaKoX
«Ocobuctuit KabiHer». KoxkeH 3 NpeJiCTaB/JIeHMX CIleHapilB MOXKe
(dyHKIIIOHYBaTM OKpeMO, ISl IIbOT0 HeOOXigJHO MOMIMUTM OCHOBHI ClieHapii Ha
Mepexi apyroro piBHS (puc. 4.3). [Ipu aHami3i mpocToOpy CTaHiB iepapXiuyHOI
Mepexi 06yno rmobymoBaHo rpad crtaHiB. B cuctemi Hema 3aliMKiIeHb, 4-me U
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Ta 25-me MapKyBaHHS € TYNMKOBUMU. [laHe MapKyBaHHS — 1le CTAHU BUXOY 3

web-cepBicy, TO6TO, BOHM PO3TIJISIHYTI SIK CTaHM 3aBepIlieHHS pOOOTH.

PWS Binder 0

| EnterPrivateOffice

Exit PWS

yalue

| Registering

[Eeaistring]

MNone

PucyHok 3 - T'osioBHa cTopiHKa iepapxiuHoi Mepexi [TeTpi momirpadiuHoro
web-cepBgicy

Ockinbky Mmepexi apyroro piBHs (Registering, DWS, FWS, Enter Private
Office, WSPC, DesWS) € miacucTremaMu, TO iX MOXJIMBO aHaji3yBaTu OKpPeMO
Big ocHOBHOI Mepexxi. Ha pucyHKy 4.4 npeacTraBaeHa Mepexka OPYyroro piBHS
IJis1 BUKOHAHHS creHapilo «Ocobuctuii KabiHeT». SKIIO Mepexka IS
nepeBipKu cucteMu Oyja MoAijeHa Ha iepapxii, Tomi aHami3 Mepexi Apyroro
piBHSI MOTPiGHO MOYMHATH 30 BCiX MOKIMBUX BXiAHUX CTaHIB i 1[I0 MEpPexXy —
IUIST JaHOTO MPUKIAAy iCHYE TUIbKM OOVH BXigHMI CTaH.

[TpocTip cTaHiB AJIs1 JaHOI MepeXki BUTJISIIA€ TaKMM Y/MHOM:
V={mi(1,0), m2(0,1)}
E = {(m1, Enter Private Office, ms), (m2, Change Pass, mz), (m2, Change Login, my),
(m2, Change Mail, my), (m2, Apply For Service, mz), (m2, Go To PWS, m)}.
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PucyHok 4 — Mepeska gpyroro piBHst «OcobucTuii KabiHeT»
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AHasi3 mpOCTOpPY CTaHiB BUSIBJISIE HASIBHICTh ABOX BEPILIMH Ta LIECTU
IyT 3 TIOBHICTIO JKUBUM MapKyBaHHSIM MepeXi, BiICYyTHICTh 3allMK/I€Hb, TYMN-
KOBMX PO3MIiTOK Ta MOSK/IMBICTIO OYTH CIIpallbOBAHMMM JIJISI YCiX ITepexoIiB.

AHaJoriyHi pe3yabTaTy 6y/IM OTpUMaHI IIpU aHai3i M’ ITU 3aIUIIeHUX

MepeX IOPYroro piBHS, MOJesi SIKUMX Y BUIJISIAI KOMbOPOBUX Mepex Ilerpi

rpecTaBjeHi Ha puc.5-9.
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PucyHoKk 5 — Mepexka gpyroro piBHs «PeecTpailisi»

WEPL Binder 1
Erorw HowEany
Get
P | Recriye
m:':uq vl '\:"-“’ valug { Soecia0ffars
Nl
valga valua
%EII:E:r?m @ Choica Saraces
INT :
dabi ,..EEE_____.H
== sk For

Shiow
LErdfSarvicas Consiamabibes

Lotaman

MEinE |

PucyHok 6 — Mepeska Apyroro piBHS «IIormryk mosirpadiuHoi mociyrmn»
Binder 2
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Pucynok 7 - Mepeska gpyroro piBHs «Ilociyra nusaiiny»
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Pucynok 8 - Mepexxa npyroro piBHs «Criiata mociyr»
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PucyHnok 9 — Mepexa gpyroro piBHs «I[loc/yra focTaBkm»

AHAOrivHICTh pe3ylbTaTiB IO BCiX MepexXax OPYroro piBHS

Ia€

MOXKJIUBICTh COPOCTUTU Mepexy IleTpi, sika mpexncrasieHa Ha puc. 10. Pe-

3yJIbTaTH, SIKi OTPMMaHi IIpPU aHasi3i iepapxiyHOi Mepexi IIJIKOM, Ta pe3yJb-

TaTH, SKi OTpUMaHi NpU aHaji3i Mepex APYroro piBHS Ta IOJOBHOI Mepexi

OKpeMO, CITiBIIaZal0Th: B CUCTEMi € JBa TYMiKOBI MapKyBaHHS (BUXifd 3 cuC-

TeMW), BiICYTHi 3allMKJIeHHSs, BCi Tepexoiy CIpalbOBYIOTb.
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Pucynok 10 — CrpornieHa mepesxka IleTpi nosirpadiuHoro web-cepsicy

BucHoBKUu

[IpencraBiaeHo Mozesb moirpadiuHoro web-cepsicy y BUIIISIIT Mepesxxi

[leTpi B iepapxiyHOMY BMIJISIAI 3 METON aHa/i3y OKpeMUX Mepexk OPYyroro

piBHS. Lle mae MOK/IMBICTh aHAJ/Ii3yBaTU OKPEMO BCi YaCTUHM MepeXki Ta BUKO-

PUCTOBYBaTU pe3yJabTaTu IJisI GOpPMyBaHHSI BUCHOBKIB PO KOPEKTHICTh IIO-

O6ymoBu Bciei Mepeski. IIpu icHyBaHHi 3B’SI3KiB MiK MepeskaMy JIPyroro piBHS
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HeoOXiTHO BHECTHM AOHATKOBiI KpuTepii aHa/mi3zy MepesK, sIKi ITOB’si3aHi 3 Jo/a-
BaHHSIM B OCHOBHY MepesKy MiCT Ta IepeXo/iiB Mixk MepexkaMu IPYroro piBHS,
KIJIBKICTDh SIKUX 3aJIEKUTh Bill KiJIbKOCTI MOXKJIMBUX CTaHiB B3a€MOIil Mik Me-
peskaMu APYToro piBHS.
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VIK 622.73
JI.B. My3bIika
ABTOMATUYECKOE VIIPABJIEHUE PEJXUMOM 3AI'PY3KU
CTPYHHOM MEJIbBHUIIBI

AHHomayus. Cmames nocssweHa paspabomxe cucmemsl aBMOMAMUYECKO20
ynpasneHus 3a2py3Koli cmpyliHol MesbHUUbI Ha OCHOBe GHA/U3A AKYCMUYECKUX
CU2HAJI0B PA3/IUYHBIX PeXUMOs ee pabomsl. ViccnedosaHue nposoousiocs O/1S
Da3HbIX PEXUMOB 3aNuUCU CU2HAJI08 AKYCMUYECKO20 MOHUMOPUHed U npoyecca
U3MesibYyeHUs PazfuYyHbIX CbInydux Mmamepuanos. YucieHHbIM 3KCNepUMEeHmMoM
YCoBepLIeHCMBOBAHA MemOOUKA GHAMU3A AKYCMUYECKUX CU2HAJI08 30HbI U3Me-
JIbYeHUs, yMeHblueHa noepewHocms. (o030aHa annapamkas 6a3a cucmemsl
YNpassieHus U peaau308aHa MoOesb Yynpasasemo2o byHKepa 3a2py3Ku.
Knioyessie cnosa: 2azocmpyliHas MesibHUUA, aKycmuyeckuli cuzHa, KoHmposep,
OyHKep 3a2py3Ku

l'azocTpyitHOe u3MebueHMe SIBASeTCS OOHUM M3 HauboJsiee Iepcliex-
TUBHBIX CIIOCOOOB ITOJIYUYeHUSI TOHKOAMCIIEPCHBIX MaTepuanaoB. OIHaKO BbICO-
Kasi S9HEePrOeMKOCTb TE€XHOJIOTMUECKOro IIpollecca CAep>KMBAeT ero IMpoKoe
BHeJIpeHMe B ITPOMBIIIIEHHOCTD. [Ipy BBIOPAHHBIX TEXHOJIOTMUYECKMUX Iapa-
MeTpax ONTUMAJIbHBIN PEXXUM M3MeJIbUeHUS ONpenesieTCs HallOJITHEHHOCThIO
cTpyit MatepuasoMm. IIpu u36bITKe (Ileperpy3ke MeJbHMUIIbI) M HeIOCTaTKe
(pasrpy3ke MeJIbHUILIbI) MaTepuaaa IIPOU3BOAUTENbHOCTb CHUKAETCS, MPO-
11eCC U3MeJIbUeHMsI MOXKeT IpeKpaTutcs. IloaTomy KpajiHe Ba)kHO KOHTPOJIN-
pOBaThb 3arpy3ky CTPyil MaTepuaioM U BOBpPeMSI OCYILECTBJSTb A03arpysKy
HEeo0X0IMMOI MOpLMY MaTepuaa.

WccnemoBanust [1] mokasanu 3QGeKTMBHOCTb KOHTPOJSI Ipoliecca
CTPYMHOTO M3MeJIbUeHMSI Ha OCHOBE aKyCTMYe€CKOrO0 MOHUTOPUHTIa. YCTAaHOB-
JIeHa B3aMMOCBSI3b TEXHOJIOTUUYECKUX, PEKMMHBIX U aKyCTUUYECKUX TapaMeT-
poB Tpoliecca [2], pazpabaTbiBaeTcsl aBTOMaTU3MPOBAHHAS CCTeMa yIIpaBJie-
HUSI MeTbHUIe. I Kaskaoii TpebyeMoii KPYITHOCTM IOTOBOTO ITPOAYKTA yC-
TaHaBJIMBAETCS CBOJ TEXHOJOTMUECKUIT peXXM M3MeabueHus U Kaaccuduka-
LIMM U, COOTBETCTBEHHO, CBOJ AMAIla30H XapaKTePUCTUK aKyCTUUYECKUX CUT-

HaJIOB JIJIS1 HOCTUKEeHMSI MaKCUMaIbHOM IMIPpON3BOAUTEIIBHOCTU M3MeJIbUeHNA.

© Mysbika JI.B., 2019
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Ha 3TOM OCHOBaHa cucTema ympaBjeHUs paboToit CTPyitHOI MeJIbHUIIbI IO
pe3yJibTaTaM aKyCTMUYeCKOro MOHUTOPUHTA

[lesb paboThl — pa3zpaboTaThb aBTOMATU3UMPOBAHHYIO CUCTEMY yIIpaB-
JeHusI GYHKEpPOM 3arpy3Ky CTPYIHOI MeJIbHUIIbI Ha OCHOBE aHa/IM3a aKyCTu-
YeCKMUX CUTHAJIOB 30HbI U3MEJIbUeHUSI.

CosganHas paHee mopenb OyHKepa [3] mo3Bosimia pa3paboTaTh CUC-
TeMYy aBTOMATMUYECKOI0 YIIpaBJeHUs 3arpy3koil MejabHMUIbl. IJIs1 TosydyeHus
CUTHaJIa YIIpaBJeHUsI CUIOBBIM MPUBOJIOM HEOOXOAMMO aHaAMU3UPOBATh aKy-
CTUYeCKMe CUTHAJIbI 30HbI U3MebueHus. 119 BbINIOJIHEHNS aHa/In3a CYLIeCT-
ByeT MHOXeCTBO METOJVK, HO [IJIl peaaiusaluuu CpeacTBaMu porpaMmmupye-
MOTO Jiornueckoro koHTposiepa (IVIK) Hamboiee IPUTOAHBIN aMIUIUMTYIHbIA
aHaIn3.

11 OCylIeCcTBAeHUSI aKyCTMUYECKOr0 MOHUTOPUHTA B M3MEJIbUUTE b-
HOJl KaMepe YyCTaHaBIMBAETCS BOJIHOBOJZ, KOTOPBbIM COelVHEeH C Ibe3oKkepa-
MMUYECKMM JATUMKOM. B Hamem ciaydae 611 ucrosb3oBad ITJIK TM251MESE
(puc 1.) ¢ mogynsimu pacmmpenns (TM3DI8, TM3DQ8U u TM3AI2H) ns o6-
pabOTKM aHAJIOTOBBIX M AMCKPETHBIX CUTHAIOB. JIaTuMK GUKCUPYET CTOJKHO-
BEHMSI M3MeJIbUaeMbIX YacTUIl C BOJHOBOJOM, U IIpeoOpasyeT 3SHEpPriuio
CTOJIKHOBEHMS B JIEKTPUIECKUI CUTHaJI. MiccienoBaHms MoKa3aiun, 4To 3arim-
ChIBAEMbII CUTHAJI MMeeT HeOOJIbIIYI0 aMIUIUTYAY, KOTOpasi Mpu OObIUHOM
peskume paboThl cocTapisieT ropsiaka 100 MB, a 6e3 3arpy3ku maTepuana (Xo-
noctoit xom) - 10-15 mB. PaspsgHocts ALl cocrtaBnsier 16 paspsigoB Iipu
nuanasoHe usmepenus ot 0 mo 10 B. B ¢BsI3u ¢ 9TUM HeoO6X0OIMMO CUTHAJI JI0-
IOJIHUTEIbHO YCUJIUTD C IIOMOIIBIO OTIePallMOHHOTO YCUIIUTEJIS, BKIIIOUEeHHO-

O 10 CXeMe He MHBEPTUPYIOLIEro yeuanTens ¢ Kospduimentom ycunenus 10

(puc 1.).
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PucyHok 1 - [IpyHUMIManbHas 37eKTpuuecKkasi cxema yrpaBjieHUs

V3MepsieMbIii CUTHAJ HeceT B cebe BO3MYIIEHMUS, KOTOpPble MMEIOT
C/Iy4YalHbIN XapakTep (epeHanpskeHus), II03TOMY yIIpaBJieHue COJIEHOUI0M
OyHKepa 3arpy3Ky [0 OAHOMY aMILIUTYIHOMY 3HAaueHMIO HEBO3MOKHO. [Iis
yCTpaHeHMs MOIPeIIHOCTH M3MepeHust 6epercsl Beioopka 13 100 3HaUeHMIA.
[Tpu Takoit koHburypauuu Bpems peakuyu CAY cocraBut 100 mc, ipu yacTo-
Te orpoca 1 mc. BeiopanHOe 060pyaoBaHMe UMeeT OrpaHMYEeHMe 10 BpeMeHN!
onpoca AIIIT 3a KaXXabIil UUKIT IpOrpaMMbl (pUC 2.), KOTOpPOe cocTasisieT 1 mc.

JIJ1s1 OLIEHKM MOTPEIIHOCTM ObIIO ITPOBEIEHO SKCIIepUMEHTA/IbHOE JC-
cJlegoBaHMe CUTHAJIOB. 32 MCTMHHBIN CUTHAJ BbIOMpPAeTCs] CUTHAJI, 3amucaH-

HbIi1 HA YactoTe 400 kI'1 (puc. 3), a 3a usmepsiembiii (puc. 4) — CUrHasI, 3amnm-

OyHKepOM 3arpy3Ku

caHHbIN Ha yactoTe 1 kKI't, (mpu yactoTe onpoca 1 mc.).
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PucyHOK 2 — Aroputm paboThl mporpaMmmMHoro obecreuenus ITJIK
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0)

Pucynok 3 — 3anucu curHanoB mpu yactorte 400 xI'1y (a)  ripu yactore 1 kI (6).

ObpaboTaB MaccuB JaHHBIX B makere Matlab, 1 BeuMCINB cpemHee
apudmeTHUecKoe 3HaAUEHMe, MOJYYMIM, YTO OTHOCUTETbHAs OlIMbKa cocTa-
Bwia MmeHee 1%. [lociie BbIUMCI€HUI U UCKITIOUEHUST U3 BBIOOPKM CITy4YaiiHbIX
BEeJIMUMH, cpegHeapudmMeTIeckoe 3HaUeHMe cpaBHMBaeTcs (puc. 2) ¢ 3aJaH-
HbIM 3HAY€HMEM BeJMUMHBI aMIUIUTY I, KOTOPOEe ObIIO MOTYyUYeHO MPU Tpe/I-
BapUTEJIbHOM UCCIeLOBAaHUN M3Melb4yaeMOro MaTepuania.

JIJ1s1 CKJTFOUeHMSI YacToro cpabaTbiBaHus («ApebesskaHus») COJIeHOMU-
1a, 3aJjaHHasi BeJIMuYMMHa, BbIOVpAeTcsl B BUjle IBYX 3HaUeHU, a UMEHHO, JIJIs
OTKPBITUSI U 3aKpbITUSI OyHKepa 3arpy3ku. OTBITHBIM ITyTeM [JISI YCTAHOBKU
VYCH-20 6b1I0 YCTAHOBJIEHO, UTO I'UMcTepe3nc ¥4-5% oT 3aJaHHOV BeJINUYMHBI
SIBJISIETCSI ONITMMAaJIbHBIM C TOUKM 3peHMsT ObICTPOAECTBUS CUCTEMbBI U M3HOCA

MOJIBMKHBIX YacTelt IpuBojia OyHKepa 3arpy3Kiu.
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B kauecTBe CMJIOBOI'O MpMUBOJA, ObLI BBIOpPAH COJIEHOU I, C IMMTAIIINM
HarpsbkeHuem 12 B ¥ pabouMm TOKOM B YCTaHOBMBIIEMCS pekuMme 5 A, c
TIPY>KMHOM BO3BpaTa, KOTOpas OIMyCKaeT OXMBaIO (3aC/I0OHKY) U 3aKpbIBaeT
OyHKep 3arpy3kyu B ciayuyae IpeKpauieHus moaauy MUTAIIEro HalpsoKeHMsI.
[Tocie 06paboOTKM BCeX AAHHBIX, YIIPABISIOMINIA CUTHAJ ITOCTYIIAeT C MOMIYJIS
pacmupenus I[TJIK TM3DQ8U Ha 610K yrpaBjaeHus COJIEHOUI0M, KOTOPBIii CO-
O6paH Ha 6a3se mojieBoro TpaH3sucropa STP100N6F7 (puc. 46) ¢ pabouum Ha-
npsokeHueMm 60 B 1 makcumanbHbIM TOKOM 10 100 A.. 3aTem yIpaBJsiOLUiA
CUTHAJ MepefaeTcsl Ha OTKPbITME WIM 3aKpbITHe 3aC/JIOHKM OyHKepa 3arpy3kiu
(puc. 40).

a)
PucyHOK 4 — AninmapaTHas peaan3anus CUCTEMbl aBTOMAaTUUYECKOTO yITpaBJjie-
HUSI TIPUBOIOM OyHKepa 3arpy3Ku

BeiBoapl. Pa3paboTaHa cucTteMa yIpaBjeHMs 3arpy3Koili MeIbHMUIIbI

IIOCPEeICTBOM YIIPaB/ISIEMOro OYHKepa Ha OCHOBE Pe3y/bTaTOB HEIIPEPHIBHOIO

dKYCTMYeCKOTIO0O MOHUTOPHMHTIa ITponecCa M3MeJIbUYeHN .
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VIK 532.516
C.C. MupHsIiii, I.A. Peguniy,
MATEMATHUYECKOE MOJAEJINPOBAHUE OBTEKAHUSA I'PVIIIIBI
TEJI IOTOKOM BSI3KOM HECXKUMAEMOM JXUJIKOCTHU

AHHOmayus. B pabome npedcmassieHsl pe3ynbmamsl UCCAEO0BAHUS BAUSHUSA
B3GUMHO020 pacnosioxeHus 08yX YUIUHOPOB U cihep HA Ux a3poouHamuyecKue xa-
PaKmMepUCMUuKU U KapmuHy meyeHus npu o6meKaHuu 2pynnsi NOMOKOM BA3KOU
Heckumaemou xudkocmu. Mamemamuyeckoe MoOenuposaHue nposoousocs ¢
NOMOLWbIO HYUCNIEHHO20 pelieHusa ypasHeHul Haswe-Cmokca 0n1a Hecxumaemol
Xuokocmu. [na sepugukayuu 8bI6paHHOL MemoOuKU OCyWecmsasiocs Mooe-
JIUPOBAHUE 06MeKaHUsA eOUHUYHO20 YUAUHOPA U Chepbl NPU Pa3NUYHBIX YUCAAX
PetiHonbOca. [poaHanu3uposaHbl 0CobeHHOCMU, nposedeHa Kaaccuguxkayus u
CPABHeHUe KapmuH meyeHus npu 06meKaHuuU 2pynnsi YUauHOpos u cgep.
Knioyessle cnosa: Mamemamuyeckoe modenuposaHue, ypasHeHus Haswbe-Cmokca,
obmeKxaHue 0Byx YuauHOpos, obmexaHue 08yx cgep.

BBegeHue. AHAIN3 MCCIeJOBAHUI U ITyOIMKaAIIMIA

3BeCcTHO, UTO HaJM4Me BO3Jjie Tejia B [IOTOKe APYroro Tea Jnbo TBep-
IOVi CTEeHKM MOKET B 3HAUMTEIbHOM CTEIeHY U3MEHUTh KaK OOIIYI0 KapTUHY
TeYeHMs, TaK U adpOoAMHaAMUUECKMe XapaKTePUCTUKU OTIe/IbHO B3SIThIX TeJl.
ITomo6HbIe SIBJ€HUSI B3aMMHOTO BJIMSHMS TeJl JOCTAaTOUHO IIMPOKO pacipo-
CTpPaHEHbI B COBPEMEHHOM TeXHUKE: B ApXUTEKTYpe — 3TO B3aMMHOE BIIMSHUE
0JIM3KOPACIIOIOKEHHBIX BBICOTHBIX 3[aHMII, B3aMMHOE BJIMSHME 3JIEMEHTOB
KOHCTPYKIMM BaHTOBBIX MOCTOB, B aBMallMM — 3TO B3aMMHOE BJIMUSHME CaMO-
JIETOB IIPU BBIIIOJTHEHMUM COBMECTHBIX CJIOKHBIX QUTyp MMIOTaxKka M IIpU 403a-
IIpaBKe B II0JIETE, YMEHbIIeHMe JIOOOBOIO CONMPOTUBIEHMUS IIPU OBUKEHUU
IPYIIIOI YaCTO UCIIOJIb3YETCS B CIIOPTE, HAIIPUMED IIPU ABVMKEHUNM KOMaHJbI
BEJIOTOHIIMKOB, a TAK’Ke YMEHbIIIEeHMEe JIOO0BOTO COIPOTHUBIIEHNE IPU IBVIKE-
HUM TPYIIION MCIOb3YyeTCs IpU rpysoliepeBo3kax (platooning). 3To mo3Bo-
JIeT 3HAUUTEJIbHO COKPAaTUTh KOJMYECTBO HEOOXOAMMOIO TOIUIMBA IIpU Ie-
peBO3Kax C IOMOIIbI0 aBTOMOOWMIbLHBIX IT0e3/10B. I10 olileHKaM, IpMUBegeHHbIM
B [37] sKOHOMMSI cOCTaBJsieT [AJIs1 TIepBOrO aBToOIoe3na rnopsaka 4.5%, a gjisi
cremyioniero nmopsaka 10% TormmBa. OTO CTaJ0 BO3MOKHBIM Oj1aromapst pas-

© Mupmnsiii C.C., Pequnig I1.A., 2019
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BUTHIO METOAOB MCCIeIOoBaHMUSI OOTeKaHMS Tejl, a TakKkKe pa3sBUTUIO CPeJiCTB
KOHTPOJISI U YITPaBJIe€HUS TPAHCIIOPTHBIMMU CpeACTBaMMU.

B3auMHOe BIMSHME TeJT B ITOTOKE MOXKET ObITh KaK MOJIOKUTEIbHBIM
(yMeHblIlIeHM e JT0O0BOT'O COMTPOTUBJIEHMS), TaK U OTPUIIATEIbHBIM: U3MEHSIEeT-
Cs 4aCTOTa OTPbIBA BUXPEN, YTO MOKET MPUBECTU K Pa3pylLIEeHNI0 KOHCTPYK-
MM U3-32 BO3SHMKHOBEHMS HEYUTEHHBIX IIPU MPOEKTUPOBAHUN PE30HAHCHBIX
saBieHnn [21].

[TepBble pabOThI, ITOCBSIIeHHbIE B3aMMOIECTBIIO BUXPEi B IIOTOKe 3a
HECKOJIbKMMM TejlaMMU, MOSIBUINCh B Hauajie 20-ro BeKa. DTU UCCIeq0BaHMs B
OCHOBHOM KaCa/JICh CWJI, OEMCTBYIOIIMX Ha 3JI€MEHTbl KOHCTPYKLMI, HaX0-
OSAIIMXCS B HEIIOCPeNCTBEHHO 6J1M30CTH, KaK, Harpumep, B [9]. B aToii pabo-
Te aBTOPbI MCIOJIb30BaIM MCCAENOBAHMSI B a’poAMHAMMUUECKOil Tpybe mjisi
M3MepeHUsT COIPOTHUBIIEHUST OOTEeKAaeMbIX M KPYIJbIX CTOEK B Pa3IUUHBIX
KOHMUTrypamusix, BKaouasi TaHIeMHbIe pacIiosoKeHNsI. ABTOPbI 0OHAPYKUIIH,
YTO COINPOTMBJIEHME O3TUX TeJ Mpu OoOTeKaHuM KaK IpyIlmna OymeT Bcerma
MeHbllle, YeM CyMMa COIIPOTUBJIEHUI TeX Ke TeJl, KOTOPble TeCTUPOBAINUCH
oTnenbHO. KpoMe Toro, B IpeAcTaBAeHHBIX pe3y/bTaTax Oblaa ompeaesieHa
OHA U3 BaKHEMIIMX OCOOEHHOCTEei 00TeKaHMs KPYTOBBIX LVJIMHAPOB: MPU
TAaHZEMHOM PaCIIOJIOKeHUM TPOUCXOOUT pe3KOoe M3MeHeHMe BeJMYUHbI a3-
POAVMHAMMYECKNX CUJI TIPU MTOCTEIIEHHOM M3MEeHEeHUM PAaCCTOSIHUS MEXKIY LiV-
JIMHAPaMU [0 TOTOKY OT 3 10 4 [uaMeTpOB LWJIUHAPA.

B pab6oTe [32] mpuBeeHbl pe3yibTaThl UCCIeA0BAHUS U3MeHeHUs 00-
et KapTUHbI TeueHus: M (OopMbI B3aMMOAECTBUS BUXpeit 3a TAHAEMHO pac-
[OJIO’KEHHBIMM KPYTOBBIMU LIMJIVHIPAMUA.

B nmanpHeieM, SKCIIEpMMEHTAJIbHbIE MCCIeIOBaHMUSI OOTEKaHMS
TPYIIIBI, COCTOSIIIEN U3 NBYX UMIMHAPOB, ObLIM HAapaB/JIeHbl HA KaaccudyKa-
M0 KapTUH TE€YEeHUI1 B 3aBUCUMOCTHU OT IOJIOKEHUS TPYIIIbI B IIOTOKE, pac-
CTOSTHUSI MeXIY IMJIMHApaMu U uuciaa PeitHonbaca [22, 23, 35, 36]. OocTa-
TOYHO TO/JTHAsl uAeHTUdUKAUMS U KaaccuduKauus KapTUH TeueHUt BBITOJ-
HeHa B paboTe [31]. ABTOpBI BbIAEIUIN IEBITh PA3JIMUHBIX KAPTUH TeueHMUs,
KOTOpbIE B AajbHEIeM ObLIM JeTaJbHO IIpoaHaau3MpoBaHbl. Habmomanmch
ciaenyrollye SBJIeHUs: TOBTOPHOE TPUCOeqMHEeHNEe TOTPAaHUYHOTIO CJ10S, BbI-
HY>XIE€HHBIM OTPBIB IOTOKA, MAapHBbI OTPBLIB BUXPEN, UX CUHXPOHMU3ALUS U
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B3aumMogeiicTBue. B nanbHeiinieMm pab6oTa [31] 6bl1a paciiupeHa 1 JOTIOTHEHA
B pabore [32]. Knaccudbukauus u uaeHTUUKaALMSI KAPTUH TeueHUit SBISIeTCs
BaKHON 3aJlaueli COBPEMEHHOM aspOornapoaMHaMUKM U BeJeTCsl 10 CUX I0D,
Harnpumep [22].

3HauNTE/NIbHO MeHbIlle pPaboT IOCBSIIEHO MCCIeAOBAHUIO OOTEeKaHMS
rpynn cdep. [Ipy 06TeKaHUM OAMHOUYHOV cepbl BbIIEISIOT HECKOJbKO Xa-
paKkTepHbIX KapTUH TeueHus [3,5,7,8,18,19,27]: craumoHapHOe OCeCMMMeET-
puuHoe obOTekaHue (Ajs umcen PeiiHonbaca Re<210), HecTaliOHapHOe 00Te-
KaHMe C CMMMeTpMeil OTHOCUTEIbHO TIOCKOCTH (O Re ot 210 mo 450), He-
CTallMOHAPHbIM aCMMMETPUUHbIN pexkxuMm (Os umcen Re > 450). [Ipu 3HaueHU-
s1X uncen PejiHonbaca He npeBblimamonux 210 3a chepoit popmupyeTcss oau-
HOYHas CTallMOHApHas CITyTHasl CTpys. JanbHelillee yBejauueHue uucia Peii-
HOJIbICA MPUBOAUT K TOMY, UTO (POpMUPYeETCs ABOVHAS CIyTHasl cTpys. [Ipu
TpeBbIllIeHMM 3HaueHus yucia PeitHonbaca 270 3Ta CTPysS CTAHOBUTCS HEYC-
TOVUMBOI [5,27] U clel COCTOUT M3 IOCAeJ0BaTeJIbHbIX B3aMMOCBSI3aHHBIX
BUXPEBBIX IeTejb (IIIMMIbKOOOpa3Hblie BUXPU), CUMMETPUUHBIX OTHOCUTEIIh-
HO IUIOCKOCTU. IIpM manpHeilemM yBeJdMdeHUM 4yuciaa PeliHoibAca TeuyeHue
CTAaHOBUTCS 00Jjiee CJIOKHBIM, aCMMMETPUYHBIM U IIPOUCXOOUT IIePexoj K
TypOyJIEeHTHOMY TeUeHMIO Tpu 4Yucjae PeiHOJblcCA, TpeBbIIIAOIEM
1000 [5,27].

HccnenoBaHus, MOCBSILEHHbIE KIacCUPUKALMM KapTUH TedeHUl BO-
KpYT TpymIl chep HA JaHHbBIi MOMEHT BBITTOJHSIIOTCS B OCHOBHOM C TTIOMOIIIbIO
MaTeMaTu4ecKoro MojaenupoBanus. B paborax [27, 28, 29] mpoBeneHo mofe-
AupoBaHMe obTekaHus cdep MpyM IOJOKEHMM CTOPOHA K CTOpOoHe. B pabo-
Te [34] BbITIOHEeHA KaacCcuUKays TUIIMUHBIX KapTUH 00TeKaHus IBYX cdep
npu unuciae Re=300 u pasamMuHbIX ITOJOXKEHUSIX cpep OTHOCUTEIbHO IMOTOKA.
ABTOpBI [34] ONMMCBHIBAIOT OEBATh TUIIMYHBIX KAPTUH TE€UEeHMS [10 aHAaJIO0IUM C
KapTUHaMM 00TeKaHUs IBYX IIMJIMH]IPOB.

Ileasp ucciegoBaHMs M MMOCTAHOBKA 3aa4n

Ilenbio JaHHOJ pabOTHI SIBISIETCS MCCAeI0BaHMe B3aMMHOIO BIMSIHUS
IBYX TeJ B IIOTOKE BSI3KOV HEC)KMMAaeMOil SKUAKOCTM ¥ IIpeoOpa3oBaHMUe
CTPYKTYPbI T€UEHUS IIPU U3MEHEHUN TTOJIOKEHUS TeJl B IPYIIIIe OTHOCUTEIbHO
HaberaroIero MoToKa, a TakKKe BIMSHME B3aMMHOTO PAacIIOOXKEHUS TeNl B

ISSN 1562-9945 119



3(122) 2019 «CucTeMHbIe TeEXHOJOTUNY

rpyIllie Ha HeCTallMOHAapHble ¥ OCpPeJHEHHbIe II0 BpeMeHM aspoayHamMuye-
CKIe XapaKTepUCTUKINA.

B kauecTBe MOZENbHBIX PAaCCMATPUBAIUCL TPYIIIbI, COCTOSIIME U3
IBYX KPYTOBBIX IWIMHAPOB U OBYX chep oamHaKOBOTO aAuameTrpa. Ha puc. 1
IOKa3aHa cxemMa MOJe/IbHOTO SKCIIepUMEHTA.

[Ipu MmomenupoBaHUM 0O0TEKAHMS I'PYIIIbI IMJIMHAPOB IMapaMeTphbl Ha-
6eraIiero rMOToKa COOTBETCTBOBAIM T€UEHMIO BOKPYT OJMHOYHOTO IIMIMH]I -
pa npu umciaax PeitHonbaca 80 un 1.66:10°. Tlpy MopenMpoBaHUM OOGTeKaHMS
rpymnIbl cep mapaMeTpbl Haberarollero MNOTOKa COOTBETCTBOBAIM TEeUEHUIO
BOKPYT OJMHOYHOI cdepsl Ipu unciie PeitHonbaca 750.

MaTemaTnyeckoe MoAeaMpoOBaHye MPOBOAMIIOCH C TIOMOIILIO YMUC/IEeH-
HOro peiieHus ypaBHeHuit HaBbe-CTOKca /i HeCKMMaeMOM XUAKOCTU. B
KOHCepBaTUBHOI (Qopme ypaBHeHMs1 HaBbe-CTOKCa MOXHO 3amucaTh B BU-
ne [6,12,17]:

V.V =0, 1)
Vv 7 7)=-Yyv7 Ly, @)
ot p p

rae V- BEeKTOpP CKOPOCTH, p - HaBJIeHMe, v - OMHAMMYECKAsl BSI3KOCTb, p -

IIJIOTHOCTD KUJKOCTH, R - TeH30p HalpskeHuit PeitHoibaCa.
Jy1s1 MomenupoBaHusl 00TeKaHMs IPYIIIbI IMJIMHAPOB Ipu uucie Peii-

HoJIbJca 1.66-10° 1CII01b30BaNaCh MOIE/b TYpOyaeHTHOCTY k- SST [25].
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PucyHoxk 1 - CxeMaTuueckoe 1M300paskeHre MOAEeTbHOTO SKCITIepUMeHTa A1t
o0TeKaHMS ABYX IIMJIMHIPOB (a) 1 IBYX cpep (6,B)

K cucreme ypaBHeHuit (1-2) mobasisieTcsl ypaBHeHMe IJi TYpOYy/IeHT-
HOVi KMHEeTMYECKO SHePTUM U ypaBHEHMe IJIs1 CKOPOCTU ayuccumnamnuu. Typoy-
JIEHTHAs KMHeMaTu4ecKas BSI3KOCTb BBIUMCIISIETCS KaK:
a,k
r = 3)
max(a, o, SF,)

14

TypOysnieHTHasT KUMHETMUECKas] JSHEpPrusl OIMMChIBAETCS CIeAyIIUM
ypaBHEHUEM:

ok ok

0 ok
—+U, —=P - ko+—| v+ — 4
e, Er e ax[w améxj @)

VpaBHeHI/Ie OJIsI CKOPOCTHU OUCCUTIAlTUN .

ow oo o2 2 0 ow 1 ok dw
E‘l‘U}a—QS —ﬂa) +aj (V+Ga)VT)Kj +2(1—F1%wzgaa
(5)
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COOTBQTCTBYIOH_U/IQ 3aBUCHMMOCTH OIIpede/IssioTCA KakK:

2
F2 =tanh {max( Zﬁ , S%OV]] (6)
fp oy y o
. aUl £
Pk =min Tij K,10,8 kaw (7)
4
40 k
F, =tanh{,min max( \/E ,50201/} ®2 5 (8)
p wy y“o)CD, 'y
B 1 ok 6w ,,-10
p=¢F +4,l-F) (10)

i mosiydyeHus1 IMCKPEeTHBIX aHajloroB ypaBHeHuit HaBbe-CTokca (1)-
(2) ucroab30BaJICI MEeTOA, KOHTPOIbHBIX 00beMOB. OCOOEHHOCTHIO YPaBHEHMIA
Hasbe-CToOKca [y HEC)KMMAEMO XKUIKOCTU SIBJISIETCSI OTCYTCTBUE IABJIEHUS
B YpaBHEHUM Hepa3pbIBHOCTH (1), YTO MPUBOAUT K HEOOXOAMMOCTY BBEIEHMUS
IOTIOJTHUTE/IbHBIX YMCIEHHbBIX IIPOLEeAypP, CBSI3bIBAIOLIMX I10JSI CKOPOCTU U
naByieHUs. Ha maHHBI MOMEHT i1 B3aMMHOM KOPPEKIUN 110Jiei JaBIeHus U
CKOpPOCTH pa3paboTaHO HECKOJIbKO MeTodoB [12, 13, 17, 27, 33]. [Ins Mmoaenm-
pOBaHMSI HeCTALMMOHAPHBIX MPOILIECCOB M COTrJIACOBAHMS ITOJIel OaBJIE€HUSI U
CKOpoCcTU ucmosib3oBajicsa meron PIMPLE. MognenupoBaHue IpOBOANUIOCH C
MOMOIIIbI0 BIYMCAUTENbHOM T1aTdopmbl OpenFOAM [15,16,24,26].
MogaenupoBaHue 00TeKaHMs IPYIIIbI IUJINHIPOB
st BepuduKauyy BbIOPAHHON METOAMKM ITPOBOAMIOCH MOIEIMUPO-
BaHMe 00TeKaHMs KPyroBoro umamuapa npu Re = 80 u 1.66:10°. TlonyyeHHbIe
pe3y/IbTaThl XOPOIUO COTJIACYIOTCS C U3BECTHLIMU AaHHbIMU [8, 11, 31].
MaTeMaTuueckoe MOJIeJIMpoBaHMe OOTeKaHMsI TPYIIIbl IIPOBOAMIOCH
IIpY 3HAUYEHMSX YyIJIa MOBOpoTa Ipymibl 0 = 0°, 15° 30°, 45°, 60°, 75° 90° u
3HaUeHMSIX 3a30pa mexnay umanHapamu h=0.2D, 0.4D, 0.6D, 0.8D, 1.0D, 2.0D,
3.0D, 4.0D, 5.0D. B xauecTBe XapaKTepHOTO pa3mepa BbIObIpa/ICS AMaMeTp
OOVMHOYHOTO LmaMHApa. Ha OCHOBaHMM MOJyYEHHBIX pacrpeneneHuin Io
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BpeMeHU K03 GUIMeHTOB T060BOr0 COPOTUBIIEHUS U TTOAbEMHO CUJIbI OTI-
penensinuch OocHOBHbIe umciaa CTpyxansi (4aCTOThbI), aMIUIUTYIbl KOJeOaHMIA
ko3 duiueHToB Cy ,Cy KaK OTHENbHBIX LWJIMHAPOB, TaK U LMJIMHIPOB KakK
eIMHOI cucTeMbl Tesl. ITo M3MeHeHMI0 aMIUIUTY I, Koyebauuit C, u C, onpee-
JISIOCh, TIPOUCXOAUT JIM OTPBIB Buxpeil B pase mianu B npotusBodase [11,20].
Bbl10 OOHApyskeHO BOCEMb XapaKTEPHBIX KapTUH OOTeKaHus (PesKMMOB)
TPYIIIbI U3 ABYX UUANMHAPOB Ipu Re = 80 (puc. 2). Pexxumsl 1 n 2 — crauuo-
HapHbie. [Ipu peskume 1, kosadpduimeHT m060Boro conporupiaeHust Cy<0, a
st pexkuma 2 Cx2>0. Pexxumbl 3-8 — HecTal[MOHapHbie. Pexxum 8 — anepuonm-
yeckue usmeHenus Cy ,Cy. PesxuMbl 3 — 7 SABISIOTCS ITePUOAMUYECKUMHU, XapaK-
TepPU3YIOTCSI pa3HbIMM BenuumMHamu KosdduiumeHto Cy ,Cy, a Takke TeM,
npoucxonsaT Koynebanus Cy, Cy B ¢ase uau npotusodase.

Hamnbonee 3HauMTeIbHbIE M3MEHEHMSI KaPTUHBI T€YeHUS U ad3pOoAMHa-
MUYECKUX XapaKTEPUCTUK IIPOUCXOOAT IPU TaHIEMHOM PaCIIOJIOXKEHUM
(puc. 3, 4) u npu yBeJIMUEHUM PACCTOSIHUS MeXAY LeHTpaMyu LUUINHAPOB OT
Tpex A0 4YeThbIpex AMaMeTpPOB U IIPU PACIOJOKeHUM CTOPOHA K CTOPOHE Ipu
YBEeJIMYEHUM PACCTOSIHMS MEXKAY IeHTpaMy LMIMHAPOB OOJIbIIE TpexX aua-
MeTpOB. MogenupoBaHyue 00TeKaHMs IPYHITIbl HMIAUHIPOB TYpPOYJIEHTHBIM I10-
TOKOM MNPOXOIAMJIO MIPU TAHEMHOM PACIIOJIOKEHUM U PACIIOIOKEHUM CTOPOHA
K cTOpoHe 1nipu 1.435D u 3.7D.
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PucyHOK 2 - PeskuMbl 00TEKaHMSI CUCTEMBI IBYX HUIMHAPOB
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PucyHOK 3 - MTHOBeHHOe pacIipefiejieHi e CKOPOCTU. PacCcTosiHue MeKay 1eH-
Tpamu 1.435D, Re = 1.66°10°

PliCyHOK 4 - MrHOBEHHOE pacrpeesieHle CKOPOCTI. PaccTossHMe MeXITY 11eH-
Tpamu 3.7D, Re = 1.66°10°

MoaenupoBaHue o0TeKaHusI rpynmsl cep

OobTtekanue cdepsl SIBIASIETCS OAHON 13 GyHIaMEHTAJIbHBIX 3a[au CO-
BPE€MEHHO BbIUYMUCIUTEIbLHOM MeXaHUKU KUOKOCTU U rasa [1, 2, 4, 8, 10, 14].
Inst BepuduKaluym MeTOAMKM MOIEIMPOBAHMUS ITPOBOAMIOCH MaTeMaTuue-
CKOe MOJeIMpPOBaHMe OOTEeKaHMSI OJMHOUHONM cdephbl IMOTOKOM BS3KOI He-
CKMMaeMo¥ KUMAKOCTH Ipu umciaax PertHonbaca 100, 150, 300, 450, 600, 750,
900. PesynbTaTbhl MOAEJMPOBAHUS XOPOIIO COBMANAKT C M3BECTHBIMMU OAH-
HBbIMMU.

MaTemaTuueckoe MoJieIMpOBaHMe 00TeKaHMsI TPYIIbI, COCTOSIIEN U3
IBYX cdep, BbITIONHEHO a1 uncen PeitHonbaca 750 nipu Ax=0.0, 1.0, 2.0, 3.0 u
Ay=0.0, 1.0, 2.0, 3.0, tne AX u Ay — paccTossHUS MeXAy 1eHTpamu cdep B
miockocTt XOy (puc. 5). B tabs. 1 u 2 npuBemeHsl NoIydyeHHbIe KO3 duieH-
ThI IOOOBOT'O COMIPOTUBJIEHMS IJIsI IepBOJi ¥ BTOPOi cep B rpymme. s ean-
HUYHO cepbl KoadbuiineHT 1060BOro conpoTuBaeHus paBeH C=0.527.

[Ipy TaHZEMHOM pacIiojoXXkeHUM cep U pacCTOSHUM MeXAY LieHTpa-
MU Ax=2.0 Ko3(pduLeHT T060BOr0 COIMPOTUBIEHMS [IJIs1 TIEpBOJi cdepshl Ipe-
BBIIIAE€T aHAJIOTUYHBIN KO3PduumeHT ajis oguHouHoi. KoadduimeHt no6o-
BOTO COIPOTUBJIEHUSI BTOPOJ cdepbl OTpuilaTe/ieH, UTO yKas3biBaeT Ha BO3-

HUMKHOBEHNME HMPKYJIAIMOHHOTIO TEUeHMA MeXOY HUMMN.
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Tab6nuua 1
KosdduiimeHT 1060BOT0 COMPOTHUBIEHMS TIepBOIi cpepbl
Ax
4 0.0 1.0 2.0 3.0
0.0 - - 0.605 0.508
1.0 - 0.773 0.568 0.592
2.0 0.602 0.584 0.578 0.589
3.0 0.551 0.624 0.552 0.576
Tab6nuua 2
KosdduiineHT 1060BOr0 COMPOTUBIIEHMSI BTOPOII chepbl
AX
A
Y 0.0 1.0 2.0 3.0
0.0 - - -0.154 0.337
1.0 - 0.482 0.496 0.538
2.0 0.598 0.577 0.554 0.585
3.0 0.551 0.552 0.542 0.525
/4{ i S
/5%/

PucyHok 5 — M3omoBepxHoCTH BTOporo nHBapuanta Q=0.001 TeH30pa rpagueHTa

ckopocTu, Re=750, oguHouHas cdepa (a), nBe chepsl pu Ax=0.0, Ay=3.0 (6) u nBe
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[Ipy yBeJn4YeHUM pacCCTOSTHUS Mexnay cdepaMy TPOUCXOAUT Iiepe-
CTpoiiKka TedeHUsI U KO3 GUIMEHT JI060BOIO COMPOTUBIEHMS T1ePBO cdepbl
yMeHbIaeTcs (Tabs. 1), a BTOpoi CTaHOBUTCS MOJOXKUTENbHBIM (Ta0JI. 2).

[Ipy 06TekaHMM OOMHOUYHONM cdepbl MTOTOKOM BSI3KOIM HeC)KMMaeMOil
SKUAKOCTU ITpu umciie PeitHonbaca 750 cuMMeTpum B BUXPEBOM cJiefie He Ha-
omomaetcs. [s1 BceX pacyeTHBIX cyiydaeB 00TeKaHUs ABYX cep MpoUCXOaUT
BOCCTAHOBJIEHME CUMMETPUU BUXPEBBIX CTPYKTYP OTHOCUTEIBHO IIOCKOCTU
xOy (puc. 5) KpoMme cjiyuyasi TaHAEMHOIO pacriojioskeHust cdep. B ciayuae TaH-
IeMHOTO pacrionoxeHus cdep (puc. 5.B), peannsyeTcss OTPbIB MeTIeBUIHbBIX
BUXPEBBIX CTPYKTYP KaK IIpy 00TeKAaHUM OAMHOYHOI cephl.

BbiBOBI

B pa6oTe npuBeeHbl pe3yabTaThl MaTEMATUYECKOTO MOJIEIMPOBAHMS
00TeKaHMs TPYIIbl U3 ABYX LMUJIMHIAPOB M TI'PYIIIbI U3 IBYX chep MOTOKOM
BSI3KOJ HEeC)KMMaeMO¥ XUAKOCTU B CJiydyae UX pPasjIMYHOro I0JIOKEHUS B I10-
TOKe. [IJ1s1 KaXOOro pacCMOTPEHHOTO CJIyyasl IOJIOKEHUS! TPYIIIbl OTHOCU-
TeJIbHO IMTOTOKa I10JIyuYeHbl HeCTal[MIOHapHbIe U OCpeHEeHHbIe adpoaHaMuye-
CKMe XapaKTepUCTUKU UUAUHAPOB U cdep B TpyIline, a TakKe IMpoaHaIN3UpO-
BaHbI COOTBETCTBYIOLIME KAPTUHBI TEUEHMS.

B 3aBMCHMMOCTM OT MOJIOKEHMS TPYIIIbI TeJl OTHOCUTEJIbHO MOTOKa
cpenHMii KO3G@UIMEHT J060BOr0 COMPOTUBIEHUS IWIMHIAPOB U cdep B
IpyIire MOXeT ObITh KaK MeHbIIIe, TaK 4 60Jbllie ueM KO3(pdULMeHT T060BOTr0
COTIPOTUBJIEHMSI OAMHOYHOTO TeJIa IIPU TeX Ke IapamMeTpax HaberaroIiero Io-
TOKA.

[Ipu TaHIEMHOM pacHoJIOKEeHUM BTOPOI IIMIMHAP OKa3blBaeT CTabu-
JN3NpYIoLee OeiCTBMe M IIPU YMEHbIIeHMUM 3a30pa MeHee TpeX OAMaMeTpPOB
TeyeH}e CTAHOBUTCS CTALMMOHAPHBIM.

JIJIsT Bcex pacyeTHBIX CaydyaeB OOTeKaHMSI OBYX cdep HaOmMOmaeTcs
BOCCTAQHOBJIEHME CUMMETPUU BUXPEBBIX CTPYKTYP OTHOCUTEBHO IIOCKOCTU
xOy. B ciriyyae TaHIeMHOIO pacrnoyioskeHust cep, peann3yeTcsi OTPbIB MeTJie-
BUIHBIX BUXPEBbIX CTPYKTYP KakK Py 06TeKaHUM OAMHOYHOI cdepbl.

WccneqoBaHus NpOBOAVIINCD TIPU NOALepsKKe I'paHTa Ha BBITIOJIHEHME
Hay4YHO-JCCJIeIOBATE/NbCKOI PabOThl MOJIOJbIX YueHbIX HalMoHa/lIbHOI aka-
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oeMuy HayK YKpauHbl «JlOCTiJI>KeHHSI B3a€EMHOTO BIJIMBY IBOX TiJI B IOTOIIi
HecTUCIMBOI B a3KOoi pimyum» (N2 roc. perucrpaumu 016U003698).
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VK 519.2:004.9
JI.O. Kupuuenko, A.E. TkaueHko, T.A. PagusuioBa
KIIACTEPU3AIINS 3ANIYMJIEHHBIX BPEMEHHBIX PSI/10B

AnHomayus. [posedeH cpasHUMeNbHbILI AHAU3 KAACMepU3ayuU 3aUyMIeHHbIX
8pemeHHbIX p008 BbIOOPKU. BbibopKa 01 Knacmepu3ayuu co0epxana spemeH-
Hble pAObl pas/uYyHbIXx MUNo8, cpedu KOMOpPbIX NPUCYMCMBOBAAU HEMUNUYHbIe
obvekmbl. Knacmepusayus nposodunace memodamu k-cpedHux u DBSCAN ¢ uc-
no/Ib308aHUEM Pa3UYHbIX PYHKYUL pACCMOAHUSA 0151 BpeMeHHbIX pA00s.
Knioyesble cnosa: knacmepusayus, spemeHHoU psaod, YHKYUA paccmosHus, me-
mod k-cpedHux, memod DBSCAN.

BBenenue u 1enp

OnHoJ M3 aKTyaJbHBIX 3a7la4 MallIMHHOTO OOyUeHMsI SIBJISIETCS 3a7aua
KJIacTepusanuy o0beKToB. KiacTepusanusi BpeMeHHBIX PSIAOB MCIIOIb3YeTCs
KaK CaMOCTOSITe/IbHAsI UCC/IeqoBaTeIbcKasl TeXHMKA, a TaKKe KaK 4acTh Oojee
CJIOSKHBIX METO/IOB MHTEJIJIeKTyaJIbHOTO aHa/IM3a JAaHHbIX, TaKue KaK 00Hapy-
KeHye TpaBul, Knaccudukaliiys, BbisiBeHe aHoMannuit u T.4. [1-4]. B 3agaue
KJIACTEPHOTO aHaju3a BpPEMEHHBIX pSAOB TpedyeTcsi pa3sdbuTh MHOXKECTBO
00BbEKTOB Ha OTHOCUTE/JIbHO HEOOJIbIIOe UMC/IO KJIaCcTepOB TaK, YTOObI KpUTe-
pUil KauecTBa TPYIIIMPOBKM MIPUHS Hauayullee 3HadeHue. I[log Kpurepuem
KayecTBa OOBIYHO ITOHMMAETCsS HEKOTOPbIN (YHKIIMOHAJI, 3aBUCSIINII OT pa3-
O6poca 00beKTOB BHYTPU KJIACTEPOB M pacCTOsTHMIT Mexkay HumMu. Criocobsl 3a-
OaHMs PACCTOSIHUSI MJIM MepPbl pas3jInMums MeXIYy 00beKTaMU TaKKe SIBJISTIOTCS
pasauuyHbIMU [2-5].

OnHOJ U3 3a7a4 KIacTepu3alyy BPeMEeHHbBIX PSIIOB, SIBJISETCS BblIe-
JleHue B OT[e/IbHBIN K/IacTep aHOMAaJbHBIX OOBEKTOB. [6,7]. DTO He SIBJSIETCS
MIPOCTHIM 3aJaHMeM, OCOOEHHO B YCJIOBMSIX 3alTyMJI€EHHOCTY BpPEMEHHBIX PsI-
noB. llenpio JaHHOV PabOTHI SIBJISIETCS IPOBEAEHME CPABHUTEIBHOIO aHaaM3a
K/IaCTepMU3aLMM 3aITyMJIEHHBIX BPEMEHHBIX PSIJIOB C HETUIIMUYHBIMM O0bEKTa-
MM C MCIIOJIb30BAaHMEM HECKOJbKMUX METOAOB KJacTepusalyuy M pas3IUUHbIX

(bYHKIIMIT pacCTOSTHUS.

© Kupnuuenxko J1.0., Tkauenko A.E., PanuBunosa T.A., 2019
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MeToOabI MCC/IeJOBaHUS

MeToz, K-CpegHMX SIBJISIETCS OOHUM U3 IIMPOKO MCIIOJb3yEMbIX Me-
TOAOB Kiactepusamuu [2,5]. BHauase Mbl 3ajjaeM KOJIMYECTBO KJIACTEPOB U
COOTBETCTBYIOILIMiE LEeHTPOUIBI I KaKAoro u3 Hux. LleHTpouasl — 3TO 3a-
IaHHbIE IJIaBHbIEe 00BbEKTHI, OTHOCUTEIbHO KOTOPBIX PaCIIpeIessIoTCsI 00beK-
ThI TI0 KJIacTepaMm, IepBOHAYaJbHO OHM MOTYT ObITh BbIOpaHbI C/Iy4aitHo. [la-
Jlee pacripeessieM Bce 0OBbEeKThI II0 KJIacTepaM COTJIaCHO OJM30CTU K LieH-
TpaM. TepaTMBHOCTb METOAA 3aK/JIH0YaeTCs B TOM, UTO MOCJ/e KaXIO0ro pac-
rpeneieHus OTHOCUTEbHO LIEHTPOUIOB Mbl UX II€pPEeCUYNTbIBAEM U TTOBTOPSI -
€M BeCh Ipoliecc ¢ Havazna. [IpomosskaeM Ipoliecc o0 Tex Mmop, oka LeHTPOou-
IbI He TIepeCTaHyT MEHSThCS.

C TOYKM 3peHUs BBIUUCIUTEIbHOM CJIOXHOCTU aJTOPUTM IOBOJIbHO
rmpoct. HemocTaTkOM SIBJISIETCSI TO, UTO KOJIMYECTBO KJIaCTEPOB HE MEHSEeTCS U
pe3yabTaT 3aBUCUT OT HAYAJIbHBIX LIEHTPOUILOB. DTO 3HAUUT, UYTO Mbl MOXKEM
MOJTYUYNUTDh B KJIACTepe Takue 00beKThl, KOTOPhIE HA CAMOM JIejie He SIBJISTFOTCS
OJIM3KMMU K UX LIEHTPOUIY.

Meton DBSCAN (Density-based spatial clustering of applications with
noise). CyTb MeToZa — pacIlpeneanuTh JOCTATOYHO OM3KMe 0ObEKTHI O Kia-
CTepaM OTHOCUTEJIbHO TJIOTHOCTU pcripenesieHus o6bekToB [1,2]. TlepBoHa-
YaJIbHO 3aJIaeTCsl Pajuyc OJM30CTM M MMHMMAJIbHOE KOJIUYECTBO TOUEK, KO-
TOpbIe MOJIKHBI HAaXOOUTCSI BHYTPU 3TOTO paamyca. JoCTaTOUYHO OJU3KUMU
MJIM TIJIOTHO PAcCIIOIOKEHHBIMMU SIBJISIIOTCSI OOBEKThI, KOTOpble HAaXOMASTCS Ha
pacCTOSSHMM MeHbllle 3aJaHHOro paamyca. OHM BBIZENSIOTCS B KIaCTepbl.
[llymoM SIBASIIOTCSI OOBEKThI, KOTOPbIE HE CXOXM HU C KaKMMM U3 BBIAEEeH-
HbIX. OOBbEKTBI, KOTOPBIE SIBJISIOTCS ITYMOM, pacHpee/siioTcs Mo KiacTepaM
wIegyoIIMM 06pasoM: eIy B 3aJaHHOM paauyce OT IIYMHOIO 0ObeKTa HeT
HM OZHOTO 00bEeKTa, TO OH OmpenesseTcs B OTAeNbHbIN Kiaactep. Eciu B pa-
OMyce HaxXOOUTCSI OOMH MJIM HECKOJIbKO ITYMHBIX O0BbE€KTOB, TO OHUM O0bemu-
HSIOTCS B OAMH Kj1acTep.

Opuum u3 goctonHcTB Metoga DBSCAN sBisieTcsI BO3MOKHOCTDb BbI-
IOeNsSITh HETUIIMUYHbIE OOBEKThI BBIOOPKM. OOHMUM M3 HETOCTATKOB SIBJISIETCSI
TO, UTO OOBEKTHI, KOTOPBIE SIBJISIFOTCS IITYMOM, MOTYT OIpeae/sThCsl KaK Ipu-
HaJyIexkalnie Kakomy —JImbo KiacTepy.
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DOyHKIMM paccTossHuA. [Ipy Kiacrepusanuuy BpeMeHHBIX PSALOB He-
00X0AMMO MCIIOb30BaTh 0C0Oble MeTpuku. OQHOI 13 Haubosee MPOCTHIX U

MOITYJIAPHBIX METPUK ABJISIETCSI MEeTPUKaA SBKJII/I,ZLa:
E(X, ?) = \/EF: 1(1’:!- - }’;‘)2’

roe x, v — BpeEMEHHbIE DAAbI JJINMHBI 1.

Cy11ecTBYIOT CUTyallMM, KOTJa IBA BpeMeHHbIX psifia B 1LI€JIOM CXOXKU,
HO CWJIBHO OTJMYAIOTCS JJIs1 HEKOTOPBIX 3HAaueHuit BpeMeHu. Ecim Heo6Xo-
OMMO CUUTATh 3TU PSAbI IOXOXKUMM, MOXXHO MCII0/Ib30BaTh OCHOBHYIO MeTPU-
Ky 1 @ynkuuio Complexity Invariance Distance (C]JD):

CID(X,Y) =D(X,Y) x CF(X,Y), CF(X,Y) = max{CE (x),CE(y)}

min{cE(X) .EE{Y]}’

CE I:X] = E?:E \/I:x:' - x:‘-ljz)
rae X, Y - BpemeHHble psiibl ayinHbl h, D(X,V) — ocHOBHast MeTpuKa.

Ecny Heo6X0IMMO CpaBHMBATh BpeMeHHbIE PSIIbl pa3HO IJMHBI, TO
MOYXHO MCITO/Jb30BaTh MeTpuKy Minimum Jump Cost (MJC). OcHoBHas upaest
METPUKM — HEOOXOAMMO HAMTU CYMMY MUHUMAJIbHBIX «CKAUKOB» MEXIY psi-
JaMU.

ITycTh MMeeTcs OBa psifa X M y OJIVMHBL 1 U M COOTBETCTBEHHO. bepem

HauaJabHyI0 TOUKy x(i), { = 0. Jlaee HaXOaMM TaKyl KOMIIOHEHTY j psaa y,
qro6bl (x(i) — y(j))* = min , npuuem i < j . Ha cienyomeit urepanym
i=j+1,

MJC(X, F) = Z:'C;q:'n’ C:m'n = min (ct}' Cty+l-m .CtJHN),

te! tx tx
o
rae Ct} — 3TO BCeBO3MOJKHbIE «CKaUKN», KOTOPbI€ MbI BbIUMCJISIEM I10 d)OpMYJIe

Eyra 2
Ce, = (xtx _}’t},w) .

DYHKIIMOHA/IBI KauecTBa. [l mpoBepKkM KauecTBa KiaacTepusaluun
HeoOX0IMMO MPOBEPUTh, HACKOJIbKO MOXOKME 00BbEKThl HAXOASITCSI B OOHOM
KJIacTepe ¥ HAaCKOJbKO pa3Hble 00BbEKThI B pa3HbIX KiaacTepax. @yHKIMOHAJ
KayecTBa — 3TO HeKoTopasi QyHKIIMS, KOTOopas XapaKTepu3yeT CTeleHb Mpu-

OJIVI>KeHHOCTU pe3y/JbTaTOB KlaCTepu3al K naeaJIbHOMY pEIIeHUIO.
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CyMMa BHYTPUKIACTEPHBIX PACCTOSIHUI. DTO CyMMa PACCTOSIHUI Me-
KOy 00beKTaMM, KOTOpble HaXOSITCSI B OMHOM KJlacTepe:
. E?::J_E_:'t:z'ﬂ_P{-’"z’--’f'_.l'}u{-"'z'--r_.l'-}’i-}’_.f}

Fo ="

=1

P ulrinyony)

rae n — KOJUYeCTBO OObEKTOB, p(x!-,xj) — 3a7aHHasl QYHKLUMS PaCCTOSTHUS
MeXIy 00beKTaMu, u.(x!-, X;, Vi, yj) — GYHKUMS IPUHAAIEKHOCTU OOBEKTOB X;

K Kj1acTepy v;.
CyMMa MeXK/IaCTepHbIX PAaCCTOSHMUI. ITO CYMMa PacCCTOSIHUI MeXIy
00beKTaMM, KOTOPbIe HAXOSITCS B pa3HbIX KlacTepax:

Fo SR, I iy (o) (1-uloepxpaiyy))
. Sy Theppa (1-ulweapanyg))

Ecnau cTouT 3ajava CpaBHUTh HECKOJIBKO ITOJTYUYeHHbIX pa3OueHmii Ha
KJIaCTepbl, TO JIYUIIUM OYJIET TOT, Y KOTOPOro 6yaeT MMHMMAIbHBIM OTHOIIIE-
Hue Fo/F1 .

Pe3yibTaThl UCC/I€0BAHMUS

B paboTe 6bLT IIPOBEIEH YMCIEHHBIN SKCIIePUMEHT IJIsT MICCIe0BaHMSI
npumeHeHuss MetonoB k-means 1 DBSCAN K Moae/IbHbIM BpeMEHHBIM psiiaM
C aoIUTUBHBIM O€eJIbIM IITYyMOM. BbIOOpKa, Ha KOTOPOi1 IMPOBOAMIACH KIacTe-
pu3anysi, COCTOSJIa U3 M BPEeMEHHBIX PSIOB pa3jIMUHOTO TUIIA: TapMOHNUYe-
CKHMe peanusalyy, rapadonmuecKue peanmsalnuy U «BCIUIECKM». s ammu-
TUBHOTO 3allyMJIeHMSI BpeMEeHHbIX PSIOB ObUIM MCIIOJb30BaHbI peaan3alyn
6esoro mryma ¢ HopMajabHbIM pacrnpeneneraueMm N(0,0). [lviciepcust HOpMaib-
HOTO pacrpezneeHust U3SMeHsIach 1 uMesia sHaueHus o2={0.5, 0.75, 1.0, 1.25}.
Ha puc.l npencraBieHbl HEKOTOPbIE TUMNIMYHBIE «UYUCTbIe» WU 3alllyMJIEHHbIE
peanm3alnun Ojisl Kjiactepmusanuumu, c2=1.

Kak xopommii pesynabTaT KjlacTepusalyy, ObIIO OXMIAeMO, UTO Ha
BBIXOJle MBI IIOJTYYMM MUHMMYM 3 KjiacTepa. B mepsulil KiacTep mnomnanyT ps-
Ibl, CreHepMPOBaHHbBIE C ITIOMOIIbIO HA OCHOBE rapMOHMUYECKMX KoebaHMit, BO
BTOPOJi — KBaJpaTUUYHbIe KPMUBbIE U OTIeIbHO OYIYyT BRIHECEHBI B TPETUI1 KiIa-

CTep aHOMAaJIbHbIE 00'BEeKTHI THUIIA BCIIJIECKOB.
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PucyHok 1 - TunuuyHbie peanusauumn

Iyt ucciieqoBaHMit ObUIM BhIOpPAaHBI MeTOabl KiaacTepusaiyyu DBSCAN
1 k-means. B meToze k-means Ob1J10 3aJaHO 3 1IeHTpa. BXOgHbIe IMapaMeTpbl
Metona DBSCAN mnomb6upanyuch SKCIIepMMEHTANbHO. [IJIsI cpaBHeHUs 6J1130-
CTU BpPEeMEHHBIX PSL0B ObUIM MCIIOJb30BaHbl MeTpuKu MJC 1 MeTpuka JBK-
nupa ¢ ¢yHkumeit CID. Pe3ynbTaThl 3KCIIepMMEHTa OLIEHMBAINCh KaK BU3Y-
aJbHO TIPOBEPKOJi IMonagaHusi 00beKTOB B HYKHbBIN KIacTep, Tak U C IOMO-
b0 (PYHKIMOHAIOB KauecTBa.

Kinacrepusanys «4MCThIX» BpEMEHHBIX PSOB.

OcCcoOeHHOCTBIO 3aJJaHHOV BBIOOPKM SIBJISIETCS HaIMuMe HeTUITUMIHBIX
peanu3auuii (BcruieckoB). CoryiaCHO MOJy4eHHBIM pe3yjbTaTaM, BBIHECTU Ta-
Kyie 00beKThI B OTIE/IbHbIN KJIACTEeP YCIIEIIHO MOJTYYUIOCh TOJIBKO C TOMOIIIbIO
metoma DBSCAN, He cMOTpSI Ha TO, UTO IJiS B MeToe k-means ogHMM 13 Ha-
YyaJIbHbIX I[€HTPOB 3aJaBajiCsi HETUIIMYHBII 00BEKT. B pesynbTaTax, Imosy-
YeHHBIX MeToAoM k-means, B OJHOM KJjacTepe ObLIM CMeIIaHbl BpeMeHHbIe
psbl pa3Hoit GOpMbI, TaKKe cpelay HUX ObUIM M HETUTIMUHbIE 00beKThl. Cpe-
IV BbIOpAHHBIX METPUK [JISI CPaBHEHMSI BpeMeHHBIX pSI0OB HawIydlline pe-
3yJIbTaThl ObUIM MOJyUYeHbI C TOMOIIbI0 MeTpUKM IBKAMAA ¢ dyHkumei CID. B
Tabs.1 TpeAcTaB/leHbl KOJIMYECTBEHHBIE ITOKa3aTeaM KauecTBa KiIacTepusa-
. Hago oTMeTUTh, UTO UMC/I€HHbIe 3KCIIEpUMMEHThDI ITOKa3aau, YTO MaJible
3HaueHUs1 BenuumHbl Fo/F1 0 MeTtona k-means cOOTBeTCTBYIOT HeITpaBUJIb-
HOMY pacITpefie/ieH!I0 00beKTOB I10 KJIacTepaM.
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Tabauna 1
[TokasaTeny KauecTBa KJaaCTepU3alun I KIUCThIX» PSIIOB
MeTpuka MeTons Fo/F1
) K-means 0.425

Euclidean+ CID

DBSCAN 0.336

K-means 0.194
M]C + CID

DBSCAN 0.490

Knacrepusanusi 3alilyM/IEHHBIX JaHHBIX

B maHHOM ciydyae pe3y/bTaTbhl aHAJOTUYHBI pe3yJibTaTaMm, ITOJyYeH-
HBIM [IJISI YUCTBIX TaHHbIX. Hamnydine nmokasarenu y metroga DBSCAN ¢ mert-
pukoit OBkanuga u CID. Bo Bcex OCTa/IbHBIX C/Iydasix B OOHOM KJlacTepe OKa3bl-
BAIOTCS pSiZibl, KOTPbIe OTAMUAIOTCS 10 hopMe.

Tabmmia 2 geMOHCTPUPYET M3MEHEHMEe KOJMYECTBEHHBIX ITOKasaTe-
Jieli KayecTBa Mpy BO3pacTaHMM AUCIIEPCUM IITyMa IJIsT KiaacTepusanuun. 3Ha-
yeHue 62=0 COOTBETCTBYET BbIGOPKE C «UUCTHIMMU» peannsauusimu. OueBUIHO,
YTO HECMOTPSI Ha AOCTATOYHO OOJIbIIIOI ypoBeHb Ityma, MeTos DBSCAN 1o-
Ka3bIBaeT KOPPEKTHOe pa30MeHMe Ha KIaCTephbl. DTO IO3BOJISIET MCIIOJIb30-
BaTh JAHHBII METOJ IJIs KIacTepu3aluy peaabHbIX JAHHBIX, KOTOPbIe 00bIY-

HO SABJIAIOTCA 3alllyMJICHHBIMMN.

Tabauiia 2
[TokasaTenn KauecTBa KjaacTepu3aluy AJjs 3allyMIeHHbIX PSIA0B
o? 0 0.5 0.75 1 1.25
Fo/F1 0.336 0.627 0.667 0.694 0.774
BbiBOBI

B pabore 6bl1a IpoBeIeHa KilacTepu3anys 3allyMIeHHbIX BpeMEeHHbBIX
PSAOB pas3IMUYHBIX TUMNOB. Bbuin wucronab3oBaHbl MeTonbl DBSCAN mn k-
CpenHMX C pa3IMUHbIMU QYHKLIMSIMU paccTOsIHMS. JIyuliie pe3yibTaThl ITOKa-
3a1 metoa DBSCAN c eBkiumoBoi MmeTpukoit u CID-dyHKIIMern.

AHanu3 pesynbTaTOB KlacTepusalyy BPEMEHHBIX PSAOB IT03BOJISIET
OIpeennTh KIYEeBble pa3andusi MeXIY MeTOLaMM: eCaU MOXKHO oIlpeje-
JIUTDH KOJIMUYECTBO KJIACTEPOB U He TpebyeTcs OTAeNSITh HETUIIMYHbIE BpeMEH-
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Hble PSIIbI, METOJ k-CcpegHMX TOKa3bIBAeT MOBOJIBHO XOPOIMe pe3yJbTaThl;

e HeT MHGOPMAaILMM O KOJIMYECTBE KJIACTEPOB M CYIIECTBYET 3a7aua BbIe-

JIeHUSI HETUIIMUHBIX PSIJIOB, Ilejeco0pa3Ho UCIo/b30BaTh MeToa DBSCAN.
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B.W. Ky3Henos, I'.JI. EBTymenko, M.B. AHaproxuHa,
I.A. Kypunenxko, A.3. Ily6poBuH
PEIIEHUE CUCTEMHBIX 3AJTAY CJIOKHOM CTPYKTVYPBI C
NCITIOJIb3OBAHMUEM METOJOB MHOTOKPUTEPUAJIBHOTO
AHAJIN3A B CIIIIP NOOTRON

AHHomayus. B 0anHoli pabome nposedeH aHANU3 BO3MOXHOCMEU UCNO/b30-
BAHUA Memo008 MHO20KpumepuanbHo2o aHanusa 8 Cl1P NooTron 8 cucmem-
HbIX 300a4ax CI0XHOU CMPYKMYypbl HA KOHEYHOM MHOXXecmse albmepHamus u
Kpumepues.

Kniouessie cnosa: CIIP NooTron, MHo2okpumepuanHbil aHanus, MAU.

Vcmosib30BaHMe MeTOA0B MHOTOKpUTepuaabHOro anaausa (MKA) cra-
HOBUTCSI HEOThEMJIEMOI YaCThIO pellleHNsT TpobieM, BO3HMKAIOIIMX IIPU aHa-
nu3e, ONTUMM3AIMM, OlleHKe 3((GEeKTUBHOCTU CIOXKHBIX C1ab0 CTPYKTYypH-
pyembIx cucteM [1 — 7]. DTO Takue MpobieMbl, KaK CpaBHUTEIbHbIN aHAIU3 U
BbIOOp Jyullieit aJbTepHATUBDI, IPUHSATME IMPOEKTHBIX peIleHNii, BEKTOpHas
ONTUMM3aLNS, paclipelesieHne pecypcoB, OMArHOCTMKA, COCTaBJIEHME peli-
TUHTOB.

MeToabl MHOTOKPUTEPUATbHOTO aHaAu3a MPUMEHSIOTCS BO MHOIMX
00J1acTsIX HAaYKM M MPaKTUKU. B CBOIO ouepenib, 0COOBIN MHTEpeC MpeCcTaBIs -
I0T KoJnmuecTBeHHble MeToabl MKA. 3T MeTonbl IIpefoCTaB/IsIIOT 110 CBOeN
CYTU aJITOPUTMBbI pa3bueHust UccaenyemMoii CMCTEMHOI 3alauy Ha OTAe/bHbIe
3JIeMEeHTbI (IeKOMITO3ULIMS), MPOBeleHNusI aHa/liM3a B BbIIeJIE€HHbIX OJI0KaX,
olpefesieHue CTelleHM BAUSHUSA KaXKAOro 3jeMeHTa Ha Apyrue (aHaans), oIl-
penesieHye JIOKAJbHBIX (KPUTEPUAIbHBIX) Pe3yJIbTaTOB U CBeeHue UX B IJI0-
6aIbHYIO OLIEHKY (arperaumus).

Boibop metoma MKA 111 KOHKpPETHO# 3ajauyu IpeACcTaBiseT co0oii
OTHEeJIbHYIO ITP00JeMy M 3aBMCUT OT TaKMX OCHOBHBIX (DaKTOPOB: CTPYKTypa

3ajaun (Mepapxusi, C€Tb U T.I.), KOJIMUYECTBO UCCIeAyeMbIX 3JIEMEeHTOB MPO-

© KysHenos B.U., Esrymenko I'.JI., Augproxuda M.B.,
Kypunenko /I.A., IyopoBuH A.3., 2019
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0/ieMbl, HaJIMuMe M XapaKTep BHEIIHMX YCJIOBMII, YpOBeHb 3HAHUSI METO/I0B
MKA nuiiom, npyHMMAIOIIM pellieHye.

OTMeTuM, UTO OOJBIIMHCTBO IMPAKTUUYECKMUX 3a4au, [IJISI pelleHus KO-
TOPBIX NPUMEHSIOTCSI MeToabl MKA, SIBASIIOTCS AMCKPETHBIMU, TO €CTh 3a1a-
yaMy Ha KOHEYHOM MHOeCTBe aJIbTepHaTUB U Kpurepues [3].

Llenb maHHO pabOThI — MPOJEMOHCTPUPOBATH BO3MOKHOCTY METOIOB
MHOTOKPUTepHuaabHOTrO aHanm3a u3 6moamoreku CIIIIP NooTron [8] B cuc-
TEeMHbIX 3a/1auax CJI0KHOM CTPYKTYpPbl HA KOHEYHOM MHOXXeCTBe aJlbTePHATUB
M KpUTepueB, BKIKOYAS 3aJauM M MeTOJbl, peajin30BaHHbIe B HOBOJ BepCuUu
CIIITIP NooTron.

[nst MccnemoBaHMsl BbIOpaHa TpyIINa KOJMYECTBEHHBIX MHOTOKpPUTE-
pUaIbHBIX METOI 0B, KOTOpbIE SIBJSIOTCS Hauboiee MIMPOKO UCIIONb3yeMbIMU
1 MOAMUIIMPYEMbIMHU, & UMEHHO: MeTO/I, aHa/IM3a uepapxuit, MeToJl aHa/Iu3a
cereit, metomonorus omeHku 3dpdextuBHocTM BOCR, MeTond B3BelIeHHBIX
CyMM, METO/i, MaTPUIIbl pelLlIeHMIA.

MeToa aHanu3sa uepapxuit (MAU) pa3zpaboTaH aMmepUKaHCKUM yue-
HbIM, pod. Tomacom Caatu. 3a 6ojee yuem 30 JeT CBOEro CyIleCcTBOBAHMSI,
METOJl aHa/JIM3a Mepapxuil MPUMEHSICS B pellleHuyM OOJbIIOro KOJIMYecTBa
HAy4YHO-ITPAKTUUYECKMX 3a[a4d IMPUHSATUS pelleHuii M NpU3HaH OJHUM U3 Ca-
MbIX TOYHBIX METOAOB MHOTOKPUTEPUATBHOTIO aHaan3a, KOTOPbI MO3BOJISET
BBITIOJIHATH BCe 3Talbl CUCTEMHOI0 UcCaenoBanus 1, 2]. 3totr meton, UCIIOIb-
30BaH HAMM B KauecTBe 0a30BOro sl pa3pabOTKM 00Ieli KOHIEIINMA UHTe-
rpalyy KOJNMYeCTBEHHBIX MHOTOKPUTEPUAJIbHBIX METOIOB [7, 8].

MeTon, aHanM3a Mepapxmuii OCHOBAH Ha Mepapxmu4yeCKOM MpeacTaBie-
HUM 3JIEMEHTOB CUCTEeMHOI 3amauu (liejib, KpUTepUn, aalbTepPHATUBHI), TIPU-
OpPUTEThI 3JIEMEHTOB OIIPeNessIloTCS C MMOMOIIbI0 IMapHbIX CpaBHeHMIi. OH
NpegHa3HauvyeH )i OTBETCTBEHHBIX 33/1a4 MHOTOKPUTEPUATbHOTO PAHXMUPO-
BaHMs U BbIOOpA.

MeToa aHa/iM3a ceTeil M MeTOHoJIOTUsl OoneHKu 3¢ PeKTUBHOCTU
BOCR ocHOBaHbI Ha MeTOHe aHalam3a uepapxmuii u passusarT ero [1]. Tak,
METOJl aHa/M3a CeTeil MO3BOJISIET YUYUThIBATh FOPM3OHTA/IbHbIE U OOpaTHbIE
cBsi3u, a metomosorusi BOCR — mo3BosiseT onieHUTh 3PHEKTUBHOCTD aJIbTep-
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HATUB (IIPOEKTOB) C YUETOM ITOJIOKUTEJIbHBIX M OTPULIATEIbHBIX aCIIEKTOB UC-
ciegyeMoii 3a1a4n.

MeToa, MmaTpuibl pelIeHui MO3BOJISIET YUMUTHIBATh TaK Ha3bIBaeMble
«BapMAaHThI BHEITHUX YCJIOBUII», KOTOPbIE OTHOCSITCSI K IPOTHO3MPYyeMOMY OY-
nyieMy. B MeTozie MaTpuIlbl peliieHnit BbIOOp Jyuliieii abTepHAaTUBbI OCYyIIe-
CTBJISIETCSI HA OCHOBE OJIHOTO UJIM HEeCKOJIbKUX ITpaBui metoza (Banbaa, baiie-
ca-Jlamnaca, I'ypBuiia u ap.) [4 — 6]. IIpobiema MeToma — BbIOOp ITpaBuma JJist
KOHKpeTHOM 3amaun. OTOe/nbHONM 3amaueii SIBJASETCS 3alloJHeHMe MaTpPUIIbI
(M HECKOJIBKUX MAaTPULL) MIOJIE3HOCTEN.

MeTo/, B3BellIeHHbIX CYMM I103BOJISIET PAOOTaTh C OOJIBIIMM KOJIMYe-
CTBOM KPUTEPUEB CIOXKHO MepapXudyeckoi CTPYKTYPbI U OOJIBIIMM KoJnde-
CTBOM ajibTepHaTyB [3]. Mcrionb3yeTcst OJ1st COCTaBIeHMS PeMTUHIOB U Kilac-
cudukaumit. Meton, mpecTaBasieTcsl IPOCTbIM U IMTOHSITHBIM, OTpaHMYeHMs Ha
KOJIMYECTBO U CTPYKTYPY KPUTEPUEB, TaK K€ KaK UM Ha KOJIMYECTBO CPaBHU-
BaeMbIX 00bEKTOB B 3TOM MeTO/e OTCYTCTBYIOT, 13-3a UEro OH SIBJISeTCSI He-
YCTOMYMBBIM ¥ MOXKET I[OJABEPraTbCsl MAHUITYJIMPOBAHUIO, a [JIaBHOM MPO-
6;1eMoJi MeToa SIBJISIETCS COTJIaCOBAaHHOE OIpejiesieHl e BeCOB KpUTepeB.

Kak oTrmeuyasiocb paHee, pellieHKe 3a4a4 C MCIOJb30BaHMEM MHOTO-
KpUTEePUaTbHBIX METOI0B BK/IIOUAEeT TPM OCHOBHBIX, OOIIMX MpPOLIeAYphI: Je-
KOMMOO3UIIMS, aHanu3, arperauyus. [lepBoiii 3Tar, JeKOMIIO3UILNUS, COCTOUT B

CTPYKTYPUPOBAHMMU IMPOOIEeMbI, MTOCTPOEHUM MepapXUUecKoit WM CeTeBOi

BOCR: Uenb

CTPYKTYPbI TPOOIEMBI.

PucyHok 1 - [IpyMep MHOTOKpUTEPUAJIBHOM

mnepapxuueckoit mogenu BOCR [20]
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CTpyKTypa 3amauM — OCHOBA JJIs1 BbIOOpa COOTBETCTBYIOIIEr0 MeToza
MKA niyu HeCcKoJIbKUX, [IJIS1 UCTI0/Ib30BaHUSI HA pa3HbIX 3Tarax. DTO 0COOeHHO
XapaKTepHO IJis 3amay CI0XHOM CTPYKTypbl. Hanpumep, 3azmau, npuBeneH-
HbIX B Tabauie 1 [9 - 19].

Ha pucyHkax 1 — 4 nipuBeaeHbl IpuMepbl rpad0B CUCTEMHBIX 3a7a4 C
MHOTOYPOBHEBOJ CTPYKTYpOIi, TOPU3OHTAJIbHBIMU U OOPATHBIMU CBI3SIMU,

pelieHHbIX ¢ ucnonb3oBaHuem CIIIP NooTron [8].

Kpurepsuy

PucyHnok 3 — CeTeBasi CTPyKTypa OLIEHKM ITPUOPUTETOB CITIOCOOOB ITPABOBOI OXPaHbI

KOMIIBIOTEePHBIX IIporpaMm c romoupo MAC [18]
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PucyHOK 4 — UeThIpEXypOBHEBAS Miepapxusi CPAaBHUTEIbHOTO aHAIM3a aKTUBAIUMA

BOZIOYTOJILHOTO TOILIMBA Ha 6aze MAU [19]

Tabnuiia 1

CucTeMHbIe 3aaUM CJIOKHOM CTPYKTYPbI, pellleHHbIe

c ucnonb3zoBaHueM CIITIP NooTron

N? | PewenHas 3adaua Memood MKA

Cmpykmypa npob.jiembl

1 | MHorokpurepuaabHas
ONTUMM3ALNSI T[apaMeT-

Ta COIJIACHO KOHLeILNUNU
CUCTeMHOM Mopenu [9]

OB TeIUIOZHepreTuye MHTerpupOBaHHbIA
P . p meton MAU +
CKOJ/ CHUCTeMbl MeTa- MMP
JIYPrMYecKkoro KoMOMHa- .

yP 06006111 HHbI

CTpykTypa: TpEXypOBHEBAs
mepapxus

BapuaHTbI BHEITHUX
ycoBmin: 12

Kpurepuu: 2
AnbrepHatussbl: 20
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[Tponomkenue Tabanuiibl 1

N¢ | PeweHnHas 3adaua Memod MKA Cmpykmypa npobyiembl
2 CTpyKTypa: TpeéXypOBHeBas
. MAU ¢ ucrosnb3o- PyKTyp PexXyp
CpaBHUTEIbHBIN aHAIN3 Mepapxus
., | BaHMEM KOJIUYeCT-
COTOBBIX 3aMOJHUTEJEN . Kpurtepun: 5
. BEHHOJ LIKaJIbl OT-
Y KOHCTPYKLuii [10] . AnbprepHaTuBbl: 4 KIiacca,
HOIIIeHUT
13 anpTepHaTUB
3 | MHOrOKpUTepMaibHas CrpykTypa:
puTep MAN c¢ wucmonb3o- by “yp
OII€HKA ¥ BbIOOP JYUIINX YeTbIPEXYPOBHEBASI Mepap-
BaHMEM KOJINYEeCT-
00pa3loB  TEIIOBU3MU- . XU
. BEHHOJ LIKaJIbl OT-
OHHOI TEeXHUKU [OJI OX- . Kputepumu: 10
., | HOIIeHUI U IIKaJIbI
paHbl TOCYIAPCTBEHHOM Caatu AnbTepHaTUBBI: 5
rpaHuisl [11]
4 WNuTterpupoBaHHbili | CTpyKTypa: 4 uepapxuu
Ouenka s¢dextuBHocTu | MmeTog MAU + MMP | BOCR
MIPOEKTOB  MHTETPpUpo- | C 3amnojiHeHMeM | BapuaHTbl BHEITHUX
BAaHHBIM METOJOM MHO- | MATPULIBI  MOJIe3- | YCJIOBUIA: 3
TOKpUTEpUATbHOTO aHa- | HocTeir Ha 6ase | Kpurepun: 10
mmsa [12] MeTO0JIOTUY AnbTepHaTUBbI: 3
BOCR
5 CTpyKTypa: NSITUYypOBHEBAs
PaspaboTka moenun mnepapxusa (3 ypOBHS KpuU-
MHOTOKpUTepuanbHoro | IHTerpupoBaHHbIN | Tepues, 1 — uenb, 1 — anb-
paHxupoBaHus rnoapas- | Mmeron MBC + MAM | TepHaTUBBI)
IeneHuii Bysa [13, 14] Kpurtepun: 51
AnbTepHaTUBLI: 3
6 . | CTpyKTypa:IsiTUypOBHEBAS
dopMupoBaHNE KOMaH MHTerpUpOBAHHbIL Mepz XSI/’IIS)I (3 S;11)3H$1 Kpu
pwp meton MBC + MAU pap yp p
Ibl HAY4YHOTO IIPOEKTa Tepues, 1 — 1eab, 1 — anb-
Y MEeTOJ, PaHXUPO-
BbICIIIET0 YYeOHOro 3a- TEepPHATUBbI)
BaHHbIX BECOB
BeneHus [15] Kpurepun: 24
KpUTepreB
AnbTepHaATUBBI: 5
7 . MeTonmonorus CtpykTypa: 4 wuepapxumn
MHoOrokpuTepuaJibHbIn & PyxTyp pap
BOCR c¢ paspab6o- | BOCR
aHamm3 3¢PeKTUBHOCTHU . .
N TaHHOM mkanoi | Kpurepun: 14
roptderieii HayYHbIX
BXXHOCTM (aKTo- | AJIbTePHATUBBI: 2
IIPOEKTOB BY30B [16]
poB
8 . CTpyKTypa: 4eTbIpEXypOB-
CpaBHUTENbHBIV aHAIN3 . PyKIyp PeXyp
. MAWN u HeauHeli- | HeBas Mepapxus
TEXHOJIOTUI MeTaJUIyp- .
Hb1ii MBC Kpurepumu: 10
rum xesnesa [17]
AnbTepHaTUBBI: 6
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[Tpogomkenue Tabauiibl 1

N¢ | PeweHHas 3adaua Memod MKA Cmpykmypa npobjiembl
9 | OueHka  TIPUOPUTETOB CTpykTypa: ceThb
B puopuz MAC 1 MAU B a6- | - PY<YP
CIIoco0OB IPaBOBOI OX- Lenu: 2
COJMIIOTHUX  WU3Me-
paHbl  KOMIIbIOTEpPHBIX Kpurepun: 5
peHUSIX

rporpamm [18] AJlbTepHAaTUBLI: 7

10 | CpaBHuTeNbHBIN aHanmu3 | MAU ¢ pomosiHu- | CTpyKTypa:

U TIOCTPOEHMEe MHOXECTB | TeJIbHbIM [10- | YeTbIPEXYPOBHEBAsl Mepap-
OIITUMMAJIbHBIX BapuaH- | CTPOEHMEM  MHO- | XUS

TOB aKTUBALUU BOLO- | )KeCTB ONTUMalb- | Kpurepun: 12

YLOJILHOTO TOIUIMBA [19] | HBIX pelieHuin AbTepHaTUBLL: 9

B Tabnuie 1 mpuBemeHbl NpaKTUUeCKMe CUCTEMHbIe 3a7auM, pelleH-
Hble ¢ ucrnoab3oBaHueM CIIIIP NooTron [8]. MoxXHO chenaTh BbIBOZ, O TOM,
YTO JaHHAas CUCTeMa IIpemoCTaB/seT IMIMPOKUIA CIIEKTP BO3MOXKHOCTEN [IJisi
CUCTEMHOI'0 aHAJIUTUKA, a TAKKe MO3BOJISIET BBIMOJHSITh aHAINU3 CIa00CTPYK-
TYPUPYEMBIX CUCTEM.

[TpoekT «CIITIP NooTron» mpomosskaeT pa3sBMBATHCSI U COBEPIIEHCTBO-
BaTbCs. Ha MOMEHT HamnuMcaHUs JAHHOM CTAaTby BBIMIOJIHEHBI C/IeAyIolie pas-
pabOTKM B pa3BUTHE CUCTEMBI:

1. ApxuTeKTypa MpoeKTa yCOBEPIIEHCTBOBAHA HA OCHOBE BbIIEJIEHHbIX
KOMIIOHEHTOB MHOTOKPUTepUaIbHbIX MeToA0B [20] u JavaScript ¢peiimBopka
React, ¢ meabio Oyayiiei mogaepskKy U MacIITabMpoOBaHMS.

2. Oprann3oBaH 0OMeH JaHHBIMM MEXKIY KOMIIOHEHTaMM, UX CMHXPO-
HM3aLMs ¥ 00paboTKa COCTOSTHUS MTPUIOKEHMS.

3. YyuiieHO B3aUMOENCTBIE C CepBepOM IJISl MIOJIyYEeHUS TIPOMEXKY-
TOUHBIX Pe3YyJIbTAaTOB pellleHNs 3aJaul.

4. PaspaboraH yHUGUIMPOBAHHBI KOMITOHEHTHbIN TMOKMUIA BapuaHT
MeTO/Ia aHa/I13a uepapxuii c moMoIbio JavaScript dpeiimBopka React.

5. Peann30BaHO OTOOpaskeHME NMHAMUUECKON MepapXuuyeckoi CTPyK-
TYpPbl MHOTOKPUTEpPHUAIbHOM 3agaun B MAI.

6. Begetcst paspaborka yrpomeHHoro ajaroputma BOCR gjst ouieHKM

sapdpexTuBHOCTU IT-TIPOEKTOB.
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&« CMPABKA PEWMTb 3A0AUY ABTOPU3ALIMA

Nootron
MeToq aHATH3a HEPAPXHiT

CTpykTypa sagauw
Hauano N8 pelleHrA 330340 HeoBXoOMMbl CReayLMe BX00HbIS AaHHbIE

BBon JaHHBIX
Llens

TlapHEIE CPABHEHHA KPHTEPHER
L Kpurep | Beifop npoekTa |

IlapHbIE CPABHEHHA ATLTEPHATHE Ao 80 cimeonos

To kpurepuio "TIpevMeTHan KpuTepmu ANBTEPHATUBDI

of1acTE"

MpeameTHas obnacTo | | | MpoekT 1 | |

Ilo KpHTepHio "TeEXHOIOTHA"

TEXHONOMHK | pd | | MpoexT 2 | 4 |
Io kpuTepuo "lorocpoaHan
NEPCIeKTHRE
| Oonrocpodsas nepens | | | MpoexT 3 | e |
PeayabTaT
NobaEuTh | MpoexT 4 | |
=

KommeHTapuu

Oo 100 cemeonoe

PucyHok 5 — Ctpanuiia BBoja naHHbix MAU B CIITIP NooTron

CIIIIP NooTron Haxogutcs B cBoOGogHOM goctyme [8]. OHa akTMBHO
MCIT0JIb3YeTCsl B yueOHOM Ipoiiecce. Ha pucyHke 5 Ha npumepe MAU nipuse-
IeH HOBbIMI UHTepdeiic MHOrokpuTepuaabHoro Meroga B CIIIIP NooTron.
ATOT BapMaHT MOBbINIAET HATJISIAHOCTDb, 00JIeTYyaeT CTPYKTYPUpPOBaHME 3a1aUm
U TiepeMeleHmne MeXay dTarnamMmy CpaBHUTE/bHOTO aHaau3a M BHECEHMe KOp-
PEKTUPOBOK, UTO SIBJISIZIOCh HECKOJIbKO 3aTPYOHUTEIbHBIM B IpeabIayIleii
BEpPCUN CUCTEMBI.
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PED®EPATBI

YK 519.21

MuxanboB 0.I., CreHnn 0.A., Naceko B.M., CreHunH 0.C., Tumowin H0.A. CutyauiiiHe nna-
HYBaHHA Ta OMepaTMBHE KOPUIYBaHHA MapLIPYTy ABTOHOMHOrO pPOGOTM30BAHOro
nipsogHoro anapaty (APMA) // CuctemHble TexHONOruW. PervoHanbHblit MeXBY30BCKUIA
cOOpHMK Hay4HbIX paboT. - Beinyck 3 (122). - nenp, 2019. - C.3 - 11.

Ha ocHOBi iHTeNeKTyanbHOi cMCTEMM NiATPUMKM NPUAHATTA pilleHb 3anponOHOBAHO fBa
WAAXK peanizauii oNnTUMaNbHWUX CTpaTerit NPUAHATTA pilleHb HA OCHOBi MaTeMaTUYHOro anapa-
Ty Teopii MapKiBCbKWUX i HaMiBMAapKiBCbKMUX MpOLECiB 3 BUKOPUCTAHHAM NPUHLKNY On-
TumanbHocTi bennmana.

bi6s1.9

YK 004.9

Omutpiesa I.C. NopiBHANbHA OWiHKA 33 MOKAa3sHMKAMW HaAiWHOCTI ABOX BapiaHTiB
opraHisayii po60oTu gynneKcHOi CTPYKTYpU KOHTpoJiepiB No CTaHaM 3 BifHOBNEHHAM //
CuctemMHble TexHonorMu. PerMoHanbHbIl MeXBY30BCKMII COOPHMK HayyHbIX paboT. - Beinyck
3(122). - OHenp, 2019. - C.12 - 18.

PoboTta npucesaYeHa nNOPiBHAHHIO [ABOX BapiaHTIB poOOTM [AYNNEKCHOT CTPYKTYpW
KOHTpONepiB Ans po3pobNeHnx MeToAiB OLiHKM HaAiMHOCTI Ta BigMOBOCTINKOCTI 6araToka-
HaNbHUX YNPaBNAYMUX CUCTEM OE3NEKM i CUCTEM aBAPiNHOrO 3aXMCTy 3 HECYMiCHUMMK CTaHaMK i
Pi3HOMAHITHICTIO MOXJ/IMBMX BapiaHTiB NOCNIAOBHOCTEN BUHWUKHEHHS ABHWUX i MPUXOBAHUX
BiMOB 3 PO3paxyHKOM MMOBipHOCTEN nepebyBaHHA LUX CUCTEMU B MpaLe3faTHOMYy CTaHi, y
CTaHi NOMMNKOBOrO CNpaLbOBYBAHHA HA 3aaHOMy iHTepBani yacy.

bi6n.2, inn. 4.

YK 004.931

Kasay 0.0. AHani3 meToaiB 3B'A3Ky po6OTiB Teserpam 3 cepBepHOi YacTUHOIO/
0.0. KaBau, A.0. KocteHko// CucTeMHble TeXHONOTMU. PernoHanbHbIit MEXBY30BCKUI COOPHUK
Hay4HbIX paboT. - Beinyck 3 (122). - OHenp, 2019. - C.19 - 24.

B po6oTi npoBegeHo aHani3 metoais B3aemopii gofaTtkie poboTiB 3 cepBepamu Tenerpam.
MpoBeaeHo NOPiBHAHHA CTaHAApTHOro MeTofy onuTyBaHHA (Long Polling) i Webhook sik 3 60oky
WWBMAKOCTI B3aEMOAIT OAATKA 3 KIHLEBUM KOPUCTYBAYEM, TaK i TPYAOMICTKOCTI HanarogeHHs 3
TOYKM 30py PO3pobOHMKa

bi6n. 5,in. 1.

YK 004.932.2

CenisbopcToBa T.B., CeniBbopcToBa B.H)., Cokonos K.A. Anroputm aeTeKTyBaHHA Mipu
CKpYr/ieHHA ANA aHanisy undposux 306paxkeHb // CucTeMHble TEXHONOTUN. PernoHanbHbli
MeXBY30BCKMIt COOPHUK HayyHbIX paboT. - Beinyck 3 (122). - AHenp, 2019. - C.25 - 31.

B cTaTTi onucaHuii 3anponoHOBaHMII AanNropuTM [ETEKTYBAHHA MipW CKPYrNeHHs Ans
aHanisy unchpoBux 306paxeHb. 3rifHO 3aNPONOHOBAHOIO aNropuTMy 06'€KT Ha 300paXKeHHi —
HeMeTasnieBe BKJIIOYEHHSA BBAXAETLCA OAU3bKUM [0 KpYrioi hOpPMH, AKILO BiJHOLWEHHS JOBXUHMU
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OKPY)XXHOCTi PiBHOT MO N/oWi HemeTaneBoOMy BKJIIOYEHHIO A0 AOBXMUHU KOHTYPY BK/IIOYEHHS
HaONMKAETbCA A0 ofuHMUi. [poBefeHi AOCNiAKEeHHA Ha TecTOBMX 300paXKeHHAX MoKaszanu
Ai€BICTb 3aNPONOHOBAHOIO Nifxoay.

bi6n. 4.

YK 506:510

baknan I.B., lWynbkesuy T.B. TMopiBHANbHMW aHani3 nporHoly npu Bapiauii
napametpis ri6bpuaHoi niHreictuyHoi mopeni // CuctemHble TexHONOTrUW. PernoHanbHblii
MeXBY30BCKMI1 COOPHUK Hay4HbIX paboT. - Beinyck 3 (122). - AHenp, 2019. - C.32 - 41.

B cTaTTi po3rnsHyTO pe3ynbTaTi NpoBeAeHi Nig yac 064YnCNiOBaNbHUX EKCNePUMEHTIB, Oy-
na foBefeHa AKiCTb NPOrHO3yBaHHA YacoBUX PALIB Pi3HOMAHITHOT NPUPOAM NpU Pi3HMX napa-
MeTpax. EKcnepuMeHTanbHUM WAAXOM BUABNEHT ONTUMaNbHi napameTpyu anroputmy. Aroputm
OyN0 3aCTOCOBAHO A0 Pi3HOMAHITHMUX YACOBMX PALIB (couianbHUX, MEAUYHUX, DiIHAHCOBUX Ta
€KOHOMIYHMX), BUPAaxyBaHi CTaTUCTUYHI NOKA3HUKW TOYHOCTI NporHo3y. EkcnepumeHTn nokasa-
N, WO anroputm cTabinbHO BUKOHYE NPOrHO3 3HAY€Hb pPAAY Ha 3-4 KPOKW Bnepep Ta NporHo3
3MiHW TpeHay Ha 3-5 KpoKiB.

bi6n. 13,1in.20.

YIK 519.65.001.57

Kupia P.B, JlapioHos T.I., JlapuoHos M.[. MaremaTtMyHa Mopenb HanpyxeHo-
Aec¢opMOBaHOro CTaHy CTPiYKM 3 BaHTaXKeMm TpyGuacToro cTpiykoBoro KoHseepa // Cuc-
TEMHble TeXHONOrMu. PervoHanbHbli MEXBY30BCKMIA COOPHUK Hay4HbIX paboT. - Bbinyck
3(122). - fHenp, 2019. - C.42 - 54.

B cTatTi po3pobneHo mMateMaTUyHy MOLENb HanpyXeHo-AeOpPMOBAHOrO CTaHy CTPiyku
Tpy6YaCTOro KOHBEEPa, 3aMOBHEHOT CUMKUM BaHTaxeM. [1py LbOMY CTpiyKa pO3rNALAETLCA AK
TOHKA NPYXHa HEPO3TAXHA UMNiHAPOBA 000/0HKA, @ CUNKMUI BaHTaX B CTPiyLi 3HAXOAUTLCA B
rpaHuyHomy ctaHi. OTpumaHo cuctemy AaudepeHuianbHUX piBHAHL piBHOBarM TpybyacToi
CTPiYKM 3 CUNKUM BaHTAXKEM WOA0 3YCMAb i 3TMHAKYMX MOMEHTIB B CTPiYLli, AKA NPU CNPOLLEHHI
3Benaca o AudepeHUianbHOro piBHAHHA YeTBEpPTOro MOPALKY LWOAO NPOrMHaHb CcTpiuku. Ha
OCHOBI Lii€] MaTeMaTUYHOT MOAENT OTPMMaHa i MpoaHani3oBaHa aHaNiTUYHA 3aNEXHICTb Nporu-
HaHb CTPiYKM TpPybYacTOro KOHBEEpa Bif MapaMeTpiB KOHBEEpPA, Pajiycy i BnacTuBocTeit
CTPiYKM, @ TaKOX BNACTMBOCTEN CUMKOro BaHTaxy. B pe3ynbTaTi BU3HaYeHO MaKCUManbHO f0-
nycTumy BifCTaHb MiX ponukoonopamu Tpybyactoro KoHBeepa. [1pu LbOMY BCTAaHOBJIEHO, WO
AOMYCTUMA BifCTaHb MiX POSIMKOONOPaMW NPsSMO NPOMNOPLiAHA HATATHEHHIO CTPiukM i obepHe-
HO nponopuiiiHa [0 KBagpaTta paaiycy CTpiyku Ta 06'eMHOT Baru BaHTaxy. Pe3ynbTati mgochi-
AX€eHb MOXe OyTM BMKOPMCTAHO MpW MPOEKTYBaHHi TpyO4acTUx CTPiYKOBUX KOHBEEPiB, WO
TPAHCMOPTYIOTb CUNKI BaHTAXI.

bi6n. 8,in. 2

YK 004.9:544.6

KanitoHos 0.I. Komn'ioTepHa cuctema AAA KyJIOHOCTaTUYHUX eKCnepuMmeHTiB. Mo-
Aynb apop6uiHux BuMiptoBaHb // CUCTEMHbIE TEXHONOTMU. PernoHanbHbIii MeXBY30BCKMUIA
c60pPHMK HayyHbIX paboT. - Beinyck 3 (122). - OHenp, 2019. - C.55 - 58.
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Po3pob6neHo maTeMaTUyHy Mofenb Ta peanizoBaHoO BiANOBiAHWI KOMN'OTEPHWIA AOAATOK
ANs pO3paxyHKiB aacopOUiiHUX XapaKTepUCTUK B KYNOHOCTaTUYHMUX ekcnepumeHTax. Mogenb
OMWCYE penakcauilo eneKTPOAHOro MoTeHLiana 3a YMOBM CMOBiNbHEeHOi cTapii apcopouii.
Po3rnsapaetbca BNAMB HEOAHOPIAHOCTI NOBEPXHi Ha XiJ NOTEHLiaNbHUX KPUBKX.

bi6n. 3

YK 664.696:678.027

lpuwuu B.C., Abpamos C.A. MopenupoBaHue TEKCTYPMPOBAHUA MOBEPXHOCTEN KON-
NEeKTOPHbIX NNACTUH // CUCTEMHblE TEXHONOMNU. PernoHanbHblii MEXBY30BCKUIA COOPHUK Ha-
YYHbIX paboT. - Beinyck 3 (122). - flHenp, 2019. - C.59 - 71.

B cTatbe paccMoTpeHbl TEOPETUYECKME OCHOBbLI U METOAO0NOMMU NPOEKTUPOBAHUA BbICO-
K03 eKTUBHbIX pecypcocOeperaiowmx TEXHONOTMYECKUX NPOLEccoB GUHUIWHON 0O6paboTKM
KONNEKTOPHbIX NNACTUH 3NIEKTPUYECKMX MALIMH, A TaKKe npoLlecc obpa3oBaHus MUKpopenbeda
Ha OOKOBOM MOBEPXHOCTU KONNEKTOPHBIX MNACTUH B 30HE [eNCTBUA abpa3vuBHO-BO3AYLIHOIA
CTPyM ¥ B3aUMOCBA3b MeXAy (AKTOpaMu W CTeNeHb WX BAUAHUA HA WMHTEHCUBHOCTb.
ChopmupoBaHa Mopenb GUHUWHOK 00pabOTKM OOKOBLIX MOBEPXHOCTEN KOMIEKTOPHbIX
NNacTuH, 06paboTaHHbIX KAPOUAOM KPEMHUSA (YEpHbIiA).

bubn. 8, n.3.

YOK 622.724; 622.76

MoHactupcbkuit B.®., MoHactupcbkuin C.B, Hogikos JI.A. OnTMMM3aLUA KOHCTPYKLUUU
3arpy304HbIX YCTPOMCTB JIGHTOYHbIX KOHBeNepoB // CucTeMHble TEXHONOMUMU. PerroHanbHblif
MeXBY30BCKMIt COOPHUK HayuHbIX paboT. - Beinyck 3 (122). - OHenp, 2019. - C.72 - 77.

PaccmoTpeHa MHOrokputepuanbHas 3afavya ONTUMMU3ALMUM 3arpy304HbIX YCTPONCTB JIEH-
TOYHbIX KOHBEAEPOB C Y4E€TOM MX U3HOCA HACbINHbIM rpy30M. Kputepuem onTuMu3auum NnpuHa-
Tl KO3 PULUMEHT COBEPLIEHCTBA KOHCTPYKLMM, MUHMMANbHAA CTOMMOCTb 3arpy304HOro ycT-
POWCTBA M Pa3HOCTb CKOPOCTEA Tpy3a U NEHTbl B NPOEKLMU HA NNOCKOCTb €€ LBUXEHUSA, Npu
KOTOPOW M3HOC KOHBENEPHOW NEHTbl MUHUMANbHbIA. BbI6GOP Haunyuwmnx BapuaHTOB peLieHuil
3afaun BbibMpancs MeToAoM Cy4aitHOro NOMCKa. YCTAHOBNEHO, YTO 3HAYEHUs KO3 duLmeHTa
COBEpLIEHCTBA 3arpy304HbIX YCTPOWUCTB M3MeHAloTca B npegenax 0,86-0,88, a MakcMManbHbIi
CPOK CnyXObl enoba B 3aBUCUMOCTM OT TUMA NPUMEHSEMbIX 3arpy304HbIX YCTPOWUCTB M abpa-
3UBHOCTU FOPHOM MAcChl MOXeT U3MeHATbLCA B npeaenax ot 8000 4 go 15000 u.

bubn. 5, un.2, Tabn. 1.

YK 681.518.5

CupotkiHa 0.I. FpacpoaHaniTMyHi metoaM 06POOKM «BENUKUX AAHUX» HA OCHOBI
aHanisy BnacTtuBocTei ix CTpyKTypHoi opranisauii / 0.I. CupotkiHa, M.0. Anekcees,
I.M. YpoBuk // CuctemHble TeXHONOTUN. PernoHanbHblit MeXBY30BCKMIt COOPHUK HayYHbIX pa-
60T. - Bbinyck 3 (122). - Anenp, 2019. - C.78 - 90.

Po3rnsapfatoTbCs MaTeMaTUYHi METOAN 0OPOOKM «BEIMKMX JAaHWX» 31 CTPYKTYPOIO TUMY «M-
apHi KopTexi Ha OCHOBi BNOPAAKOBAHUX MHOXWH A0BiNbHOT noTyHocTi (BMAM)» pnsa 3actocy-
BaHHA B NoSQL B[] 3 Moaennio gaHUXx «Kno4-3HaYeHHA». MeTo AOCNiAXKEHHS € onTUMi3aLis
OCHOBHUX  XapaKTepUCTUK  «Benukux paHux». CdopmynboBaHO fefki  BNACTMBOCTI
pocnipgxysaroi COL, aki € HacnigKoOM NoriyHux npasun GopmyBaHHA faHoT cTpyKTypu. OnucaHo
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3aCHOBAHi Ha LMX BNAcTUBOCTAX MaTeMaTUyHi meToau. [pacm GyneaHa npoinocTpoBaHo pu-
cyHkamu. OkpecneHi BepwuHuM rpada BignosigaTb 3ageknaposanum snactusoctam COA. [Ans
BU3HAYEHHSA UMX enemeHTiB OyneaHa Oyniu BMBeLEHi aHaniTUYHi 3anexHocTi. [ns uux

€IeMeHTiB He NOoTPiOHO BMKOHAHHSA anropuTMiB, WO peanisyoTb JOCNifXYBaHi onepalii nepe-
TUHY, 00'€AHAHHSA, HANEXHOCTI ONepaHAiB, TOMY WO WYKAHWI pe3ynbTaT BU3HAYEHUI Y CaMiil
Bnactusocti COM. Mpu LbOMY OUiHKA Yacy OTPMMAHHA pe3y/bTaTiB 3MiHIOETbCA 3 KYyOiYHOT Ha
0(n3) Ha niHiitHy O(n).

bi6n. 8,in. 3, Tabn. 4.

YIK 629.7

Annatos A.M., FonbawTeitd 0.M. MeToauKa Knacrepusauii op6it KocmiyHux anaparis,
wo o6cnyroByTbCA // CUCTEMHbIE TEXHONOTUMU. PernoHanbHblil MeXBY30BCKNII COOPHUK Ha-
YYHbIX paboT. - Beinyck 3 (122). - AHenp, 2019. - C.91 - 98.

Mpu nnaHyBaHHi op6iTanbHUX CEPBiCHMX OnepaLiii BaxiMBe 3HaYeHHs Ma€ 3ajada paui-
OHAILHOr0 PO3OUTTA MHOXMWHM OpOiT, WO 06CNYroBYIOTHCA KOCMIYHUM anapaToM, Ha NigMHOXN-
HU (knactepu) op6iT. B wiii cTaTTi 3anponoHoBaHa METOAMKA KnacTepu3auii opbiT KOCMiuHMX
anaparis, Wo 06CnyroByoTbCA, B pa3i NpoBefieHHs ix cepBiCHOro 06CnyroByBaHHsA H6aratopaso-
BMM CEPBiCHUM KOCMiYHWM anapaTom 3 eNeKTPOpeakTUBHWUM LBUTYHOM Manoi Taru. MeTtoguka

6a3yeTbcsa Ha metogi K - cepeaHix. B skocTi BiacTaHi Mix 6yab-aKOK Napoto opbiT KOCMiYHMX

anaparis, Wo 06CnyroByTLCSA, (METPUKM) METORY k - CepefHix 3anponoHOBaHO BUKOPUCTOBY-
BAaTM XapaKTEPUCTUYHY WBMAKICTb 0p6iTaNbHOro Nnepexoay Mix uumu opbitamu.

bi6n. 9.

YK 004.75.02

Foxuit B.A. MogenupoBaHue nonurpacguyeckoro web-cepeuca ¢ noMoLbIO LBETHbIX
ceteu Netpu // CuctemMHble TeXHONOrUU. PernoHanbHbI MEXBY30BCKUIA COOPHUK HAy4YHbIX pa-
60T. - Boinyck 3 (122). - Henp, 2019. - C.99 - 109.

MpeactaBneHsl mogenu noaurpacdmyeckoro web-cepeuca Ha ocHoBe LBETHbIX ceTelt [leT-
pu. Onucanune cTpyKTypbl nonurpadmyeckoro web-cepeuca ocywecTBaseTcs Ha OCHOBE anreb-
pbl cepBMCOB U gnarpamm B Hotauuu DFD. MocTpoeHa cuctema mopeneit 8 CPN Tools nepsoro v
BTOPOro ypoBHei. poBeAeHO UMUTALMOHHOE MOAENUPOBAHME U UCCNef0BaHWe pa3paboTaH-
HbIXx Mopeneil. Ha ocHoBe mogeneit 61 pa3pabotaH web-pecypc no npefocTaBaeHMo Noau-
rpacmyeckux ycayr.

bn6n. 9, puc.10.

YK 622.73

My3uka J1.B. ABTOMaTU4yHe KepyBaHHA pPeXXUMOM 3aBaHTAXKEHHA CTPYMUHHOI0 MAMHA
// CuctemHble TeXHONOrMU. PernoHanbHbIN MEXBY30BCKUI COOPHUK HayyHbIX paboT. - Buinyck
3(122). - Henp, 2019. - C.110 - 116.

Cratts npucBsveHa po3pobLi cMCTeMM ABTOMATUYHOTO YMPaBMiHHA 3aBaHTAXKEHHAM
CTPYMEHEBOr0 MJINHA HA OCHOBiI aHaNi3y akyCTUYHWUX CUTHANIB Pi3HUX pPeXUMiB ioro poboTu.
JocnigxeHHs NpoBOAMNOCA ANA PI3HUX PEXUMIB 3aNNUCy CUTHANIB aKYCTUYHOrO MOHITOPUHTY Ta
npouecy NOAPiOHEHHA Pi3HMX cUMyyYux MaTepianiB. YncenbHUM eKCnepuMeHTOM YAOCKOHANEHO
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METOAMKY aHaNi3y aKyCTUYHUX CUFHANiB 30HW noppibHeHHs, 3MeHWweHa noxubka. CtBopeHo
anapaTtHy 6a3y CMCTEMM ynpaBAiHHA i peani3oBaHO MOfEeNb KEPOBAHOTO OYHKEpY 3aBaHTaXeH-
HA.

bi6n. 3,in. 4.

YK 532.516

MupHuin C.C. Pegunup [.0. MaTtemaTuyHe MopaeNtoBaHHA Teyii HABKONO rpynu Tin no-
TOKOM B‘A3K01 HecTucaueoi pignHmu // CuctemHble TexHONorun. PermoHanbHbIl MeXBY30B-
CKWi1 COOPHUK Hay4HbIX paboT. - Buinyck 3 (122). - AHenp, 2019. - C.117 - 132.

Po3rnsapaioTbca pe3ynbtaTv LOCNIAXKEHHA B3AEMHOrO BMAMBY TiNl B MOTOLi B 3aN€XHOCTI
Bif ix po3TalwyBaHHA y rpyni. BukoHaHa cepisn 064MCNIOBaNbHUX EKCNEPUMEHTIB 3 MOAENIOBAH-
HA 06TiKaHHA rpyn 3 ABOX LUMNiHAPiB i ABOX chep Npu iX pi3HOMY NONOKEHHT BiJHOCHO NOTOKY.
OTpuMaHO HecTaLioHApHi Ta OCepeAHEeHi 3a YaCOM aepOAUHAMIYHI XapaKTEPUCTUKM UMNIHAPIB 1
cthep y rpyni. 3a oTpUMaHMMKM KapTMHAMM Teuyii npoBefeHa knacudikauis KapTuH Teyii B
3aNEXHOCTI Bifj MONOXEHHA Tiny rpyni.

bi6n. 37,1in. 5, Tabn. 2.

YK 519.2:004.9

Kipiuenko J1.0., TkaueHko A.€., Papiginosa T.A. Knactepusauia 3awiymneHHmMx 4acoBux
paaiB // CuctemHble TEXHONOrMU. PermoHanbHbI MEXBY30BCKUIA COOPHUK Hay4HbIX paboT. -
Beinyck 3 (122). - fHenp, 2019. - C.133 - 139.

MpoBeaeHO NOPiBHANBHMIA aHaANi3 KnacTepu3auii 3alWlyMNEeHHUX YacOBUX PALIB BUOipKM.
Bubipka gns knactepusauii mictuna yacosi pagu pisHUX TUNiB, cepen AKUX OyAM NpUCYTHi
HeTunoBi 06'ekTn. Knactepusauis nposopgunacs metopamu k-cepepHix i DBSCAN 3 Bukopu-
CTaHHAM pi3HUX DYHKLiA BifCTaH1 4NA YaCOBMX PAAIB.

bi6n.7, puc. 1, Tabn.1.

YK 004.942:519.816

KysHeuos B.I., €BTywenko I.J1., AHpgptoxuHa M.B., Kypunenko [.A., [ybposiH A.E.
BupiweHHa cucTeMHUX 3ajay  CKNAAHOT CTPYKTYPU 3 BUKOPUCTAHHAM MeETOAiB
6aratokputepianbHoro aHanisy B CMIMP NooTron // CuctemHbie TexHonoruu. PermoHanbHblii
MeXBY30BCKMI1 COOPHUK Hay4HbIX paboT. - Beinyck 3 (122). - AHenp, 2019. - C.140 - 152.

Y paHin  poboTi npoBefeHO aHani3  MOXAMBOCTEN  BMKOPUCTAHHA  MeTOfLiB
6aratokpuTepianbHoro aHanisy 3 6i6niotekn CMNIMP NooTron B cucTEMHUMX 3afayax CKNagHoi
CTPYKTYPY HA KiHLEBiA MHOXWHI anbTEPHATMB 1 KPpUTEpiiB.

bi6n. 20, in. 5, Tabn. 1.
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ubC519.21

Mikhalyov A.I., Stenin A.A., Pasko V.P., Stenin S.A., Tymoshin Yu.A. Situational plan-
ning and operational adjustment of the route of the Autonomous robotic underwater ve-
hicle (ARPA) // System technologies. N 3(122) - Dnipro, 2019.- P.3 — 11.

On the basis of the intelligent decision support system, two ways of implementing opti-
mal decision-making strategies based on the mathematical apparatus of the theory of Markov
and semi-Markov processes using the Bellman optimality principle are proposed.

Bibl.9

uUDC 004.9

Dmytriieva I. Analysis of the reliability properties of duplex structures of emer-
gency protection systems with constant redundancy // System technologies. N 3(122) -
Dnipro, 2019.- P.12 - 18.

The work is devoted to the comparison of two options for the operation of the duplex
structure of controllers for the developed methods for assessing the reliability and fault toler-
ance of multichannel control safety systems and emergency protection systems with incom-
patible states and a variety of possible options for the sequences of occurrence of obvious
and hidden failures with the calculation of the probabilities of these systems being in a work-
ing condition in a false state triggers at a given time interval.

Bibl. 2, il. 4.
UDC 004.931

Kavats 0.0. Analysis of the communication methods of robots Telegram with server
part / 0.Kavats, A. Kostenko // System technologies. N 3(122) - Dnipro, 2019.- P.19 - 24.

The paper analyzes the methods of interaction between telegram bots applications and
Telegram servers. A comparison was made between the standard polling method (Long Poll-
ing) and Webhook, both from the speed of the application’s interaction with the end user and
the complexity of debugging from the developer’s point of view.

Bibl. 5,ill. 1.
UDK 004.932.2

Selivorstova T., Selivorstov V., Sokolov K. Algorithm detection rounding measures for
analysis of digital images // System technologies. N 3(122) - Dnipro, 2019.- P.25 - 31.

The article describes a proposed algorithm for detecting a rounding action for the
analysis of digital images. According to the proposed algorithm, an object on the image - a
non-metallic inclusion is considered to be close to the circular shape, if the ratio of the cir-
cumference length equal to the area of non-metallic inclusion to the length of the contour of
inclination tends to unity. The research carried out on the test images showed the effective-
ness of the proposed approach.

Bibl. 4.
UDK 506:510

Baklan I.V., Shulkevych T.V. Comparative analysis of the forecast for variation of the
parameters of the hybrid linguistic model // System technologies. N 3(122) - Dnipro,
2019.- P.32 - 41.
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In the article the results of computational experiments are considered, the quality of
forecasting of time series of diverse nature at various parameters was proved. Experimental
way to find the optimal parameters of the algorithm. The algorithm was applied to a variety of
time series (social, medical, financial and economic), calculated the statistical accuracy of the
forecast. Experiments have shown that the algorithm consistently performs the forecast of
values in a range of 3-4 steps forward and forecasts the trend change by 3-5 steps.

Bibl. 13, ill. 20.
UDK 519.65.001.57

Kiriya R.V., Larionov H.I, Larionov M.H. Mathematical model of the stress-strain state
of belt with the load of tubular belt conveyer // System technologies. N 3(122) - Dnipro,
2019.- P.42 - 54,

The article developed a mathematical model of the stress-strain state of a tubular con-
veyor belt filled with bulk load. In this case, the belt is considered as a thin elastic inexten-
sible cylindrical shell, and the bulk load in the belt is in the limit state. A system of differen-
tial equilibrium equations for a tubular belt with a bulk load with respect to forces and bend-
ing moments in a belt was obtained, which, when simplified, was reduced to a fourth-order
differential equation for belt deflections. Based on this mathematical model, analytical de-
pendencies of the deflections of the tubular conveyor belt on the parameters of the conveyor,
the radius and properties of the belt, as well as the properties of the bulk load are obtained
and analyzed. As a result, the maximum allowable distance between the roller supports of the
tubular conveyor is determined. It was found that the allowable distance between the roller
bearings is directly proportional to the tension of the belt and inversely proportional to the
square of the radius of the belt and the bulk weight of the load. The research results can be
used in the design of tubular belt conveyors transporting bulk load.

Refs. 8, ill. 2.
UDC 004.9:544.6

Kapitonov A.G. The computer system for coulostatic experiments. The adsorption
measurements unit // System technologies. N 3(122) - Dnipro, 2019.- P.55 - 58.

Mathematical model and corresponding computer application for determination of ad-
sorption characteristics in coulostatic experiments on solid electrodes were developed. The
model simulates coulostatic relaxation of the electrodes' potential while adsorption is consid-
ered as slow stage. Impact of the surface inhomogeneity on potential curves behavior is dis-
cussed.

Bibl. 3.

UDC 664.696:678.027

Grishin V., Abramov S. Modeling of texture of the surface of collector plates // Sys-
tem technologies. N 3(122) - Dnipro, 2019.- P.59 - 71.

The article discusses the theoretical foundations and methodologies for designing
highly efficient resource-saving technological processes for finishing the collector plates of
electrical machines, as well as the formation of a microrelief on the lateral surface of the col-
lector plates in the area of the abrasive-air jet and the relationship between the factors and
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their degree of influence on the intensity. Formed a model for finishing the side surfaces of
collector plates treated with silicon carbide (black).

Bibl. 8, IL.3.
YIK 622.724; 622.76

Monastirsky V.F., Monastirsky S.V., Novikov L.A. Optimization of the design of the
loading devices of belt conveyors // System technologies. N 3(122) - Dnipro, 2019.-
P.72 -77.

The multi-criteria task of optimizing the loading devices of belt conveyors with regard
to their wear by bulk cargo is considered. The optimization criterion adopted the coefficient
of perfection of the design, the minimum cost of the loading device and the difference be-
tween the speeds of the belt the load and in the projection on its plane of movement, at
which the wear of the conveyor belt is minimal. The choice of the best solutions to the prob-
lem was chosen by random search. It is established that the values of the coefficient of per-
fection of loading devices vary within 0.86-0.88, and the maximum service life of the chute,
depending on the type of loading devices and abrasiveness of the bulk cargo can vary from
8000 hours to 15000 hours

Bibl. 5,ill. 2, table. one.
UDC 681.518.5

Syrotkina 0. Graphical and Analytical Methods for Processing "Big Data" Based on
the Analysis of Their Properties / 0. Syrotkina, M. Alekseyev, I. Udovyk // System technolo-
gies. N 3(122) - Dnipro, 2019.- P.78 - 90.

We explore mathematical methods for processing “big data” with a data structure “m-
tuples based on ordered sets of arbitrary cardinality (OSAC).” We examine them for use in
NoSQL databases with a “key-value” data model. The aim of the research is to optimize the
main characteristics of “big data.” We formulate certain properties of the data structure.
These properties follow rules of logic when forming the given data structure. We describe
mathematical methods based on those properties and which include illustrated Boolean
graphs with drawings. The outlined vertices of the graph correspond to the properties of the
data structure we analyze. We derive analytical dependencies to determine these Boolean
elements, the latter of which do not require the execution of algorithms that implement the
particular operations of intersection, union, and membership. This is because the desired re-
sult is already determined by these properties. In this case, the time estimate for obtaining
results changes from a cubic O(n3) to linear O(n) dependency.

Ref. 8, fig. 3, Tab. 4.

uDC 629.7

Alpatov A.P., Holdshtein Yu.M. Methods of Orbit Clustering of Serviced Spacecraft //
System technologies. N 3(122) - Dnipro, 2019.- P.91 - 98.

When planning orbital service operations, it is important to rationally divide a set of or-
bits serviced by a spacecraft into subsets (clusters) of orbits. This article proposes a tech-
nique for clustering the orbits of serviced spacecraft in the event of their servicing by a reus-
able service spacecraft with an electric rocket low thrust engine. The technique is based on

the method of & - means. As the distance between any pair of orbits of the serviced space-
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craft (metrics) of the method k — means, it was proposed to use the delta- ¥V of the orbital
transition between these orbits.

Bibl. 9.
UDC 004.75.02

Gozhyj V.0. Modeling of polygraphic web-service using colored networks of Peter //
System technologies. N 3(122) - Dnipro, 2019.- P.99 - 109.

Modeling of polygraphic web-service on the basis of colored petri Networks is pre-
sented. The description of the structure of the polygraphic web-service is carried out on the
basis of service algebra and diagrams in the DFD notation. The system of models in the CPN
Tools of the first and second levels is constructed. Simulated and research of developed mod-
els were carried out. Based on the models, a web-resource for the provision of polygraphic
services was developed.

BibL 9, fig.10.
UDK 622.73

Muzyka L.V. An automatic mode control of the jet mill loading // System technolo-
gies. N 3(122) - Dnipro, 2019.- P.110 - 116.

The article is devoted to the development of an automatic control system for the jet mill
loading based on the acoustic signal analysis of various operation modes. The study was con-
ducted for different recording modes of acoustic monitoring signals and the grinding process
of various bulk materials. The numerical experiment improved the analyzing method of the
acoustic signals of the grinding zone, reduced the error. A hardware base of the control sys-
tem was created and a model of a controlled loading bunker was implemented.

Bibl. 3,ill. 4.
UDC532.516

Mirnyi S., Redchyts D. Numerical simulation of the viscous incompressible flow
around of the group of two bodies // System technologies. N 3(122) - Dnipro, 2019.-
P.117 - 132.

The results of the study of mutual influence of bodies in the flow are considered de-
pending on their location in the group. A series of computational experiments on simulation
the flow around groups of two cylinders and two spheres at a different position relative to the
flow was performed. Unsteady and time-averaged aerodynamic characteristics of cylinders
and spheres in a group are obtained. It is performed the classification of the obtained flow
patterns, according to the position of the bodies in the group.

Ref. 37., pic. 5, tabl. 2.
UDC519.2:004.9

Kirichenko L., Tkachenko A., Radivilova T. Clustering Noisy Time Series // System
technologies. N 3(122) - Dnipro, 2019.- P.133 - 139.

A comparative analysis of clustering noisy time series is carried out. The clustering
sample contained time series of various types, among which there were atypical objects.
Clustering was performed by k-means and DBSCAN methods using various distance functions
for time series.
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Ref.7, fig. 1, tab.1.

UDC 004.942:519.816

Kuznetsov V.I., Yevtushenko G.L., Andryukhina M.V., Kurylenko D.0., Dubrovin 0O.E. Solv-
ing system problems of a complex structure using multi-criteria analysis methods in the
DSS NooTron // System technologies. N 3(122) - Dnipro, 2019.- P.140 - 152.

There were analyzed the possibilities of using multi-criteria analysis methods from the
DSS NooTron library considering system problems of a complex structure on a finite set of
alternatives and criteria.

Ref. 20, fig. 5, tabl. 1.
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