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IIaHoBHI yuTa4i Ta aBTOPH LBLOI0 30ipHUKA!

Penakuis BKuBae 3axOfiB 10 NEPETBOPEHHS HAIIOTO MEPIOAMYHOTO BHIAHHS B
HAayKOBHUH JKypHaJI, IIMPOKO MPEACTABICHNH Y MDKHAPOIHUX HAYKOMETPUYHHX 0a3zax
JaHUX.

[Mepmioro, xo4ya JaleKko HE OCTAHHBOIO BHMOTOIO JIO JKypHAIIy € 3a0e3meueHHs 4-X
MOBHOIIHHUX 1 CBOEYACHO MIATOTOBIEHUX BHUIYCKiB Ha pik. Yekatnmemo Ha Bamry
aKTUBHY y4acTb y (OpMYyBaHHI Ta MOCTIHHIM MiATPUMII BiAMOBIAHOTO MOPTQEINIO
pemakmii. bynp macka, Haacuiaiite Bamr BmacHi craTTi Ta pekoMeHAamii g0
omyOnikyBaHHs poOiT Bammx korner Ta yuHis!

BaxnuBy ponp y 37iliCHEHHI HamuX IUIaHIB BifirpaBaTMMe 3pOCTaHHS BIICOTKY
cTaTei, mo MyOMiKyIOThCA Y 30ipHUKY aHTIIHCHKOI0 MOBOIO. Haxcumnaiite 6e3 Baranp
Taki poOOTH 10 HAmoi penakilii, SKIIO0 MAaeTe BIICBHEHICTh HE TUIBKA B SKOCTI
HAyKOBHX pPE3yJbTATiB, ajie ¥ TOTOBI MO CHiBpOOITHUIITBA B HAMPSIMKY TOBEICHHS
TEKCTy JIO0 SIKOCTi, BiAMOBIJHOI CTaHIapTaM MiXXHAPOJHUX BUIaHb. 31 CBOr0 OOKY
penmakmiifHa KoJjeris 3a0e3ledyBaTHMe BIANOBIMHY fAKICTh peAaryBaHHA  BCIX
AHIJTMCHPKUX aHOTAlllii Ta cTaTel, HAlMCAHWUX aHIJIMCHKOI0 MOBOIO, BUXOISYH
HPOTATOM HACTYHMHOTO POKY 3 TOrO, II0 BOHHM IOBHHHI CKJIAQJaTH 10 TPETUHH
3arajlbHOTO 00CATY cTaTel, siKi MmyOIiKyBaTHMYThCSI.

Ha 3aBepmennst Haragyemo, mo ¢axoBi myOunikamii y Hamomy 30ipHUKY MOBHHHI
BiJIMIOBIIaTH MMACMOPTY OJHIET 3 HACTYMHHX CIIENiaJbHOCTEH (32 HOMEHKIIATYpOIo, 32
SIKOIO 3apa3 MOKH IO JI0Th CIIeLiali30BaHi pajiy 3 3aXUCTy JTUCEPTAIlii):

3 (i3uUKO-MamemMamuyHux HayK — CIIeliaTbHOCTI:

01.05.02 — maTeMaTH4yHEe MOJIEIIOBAHHS Ta O0OYHCIIOBAIbHI METOIH,

01.02.05 — mexanika piJiHH, ra3y Ta [Ia3MHu,

01.02.04 — mexanika gehopMOBaHOTO TBEPIOTO Tija,

01.05.03 — maremaTuuHe Ta MporpaMHe 3a0e3MeueHHs OOYMCIIOBAILHUX MAIIHMH 1
CHCTEM;

3 MEXHIYHUX HAYK - CTICLIAIbHOCTI:

01.05.02 — MmaTemaTH4HE MOJEITIOBAHHS Ta OOYHCIIOBAILHI METOIH,
01.02.05 — mexanika piguHH, Ta3y Ta IUIa3MH,

05.13.05 — xoMIT'tOTEpHI CHCTEMH Ta KOMITOHEHTH,

05.13.06 — indopmarliiiHi TEXHOJIOTIT,

05.13.21 — cucremu 3axucty iHQOpMAIIii,

05.13.07 — aBTomMaTu3allist MpoIeciB KEPyBaHHSI.

[TpocuMo 3 PO3YMIHHSAM TOCTABUTHUCS 10 JESKHX YCKJIQJHEHb IMIATOTOBKH aHOTAIiN
1o crareit. CripaBa B TOMy, IO Pi3HI HAYKO METPHYHI 0a3K BUMAraroTh Pi3HUX QOpM i
nokaxxuukiB. llounnaroun 3 1 Bumycky 2018 poky Oyae 3MIHEHO BHMOTH JIO
MiITOTOBKH PYKOIHUCIB, TOJIOBHAM YMHOM Y YaCTHHI MiITOTOBKY aHOTAIlii.

3 moBaroro, PegakuiiiHa KoJierisi.
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Perpeciiinuii aHani3 TeHIEHIIN pO3BUTKY KibepaTak

C. O. AkcroHuukoB, I. B. €Emenbsnona, K. JI. Mapkosa, 1. [. CBaToBchKHit
Xaprxieckuii nayionanvHutl ynieepcumem imeni B. H. Kapasina, Yxpaina

B crarTti npuBeneHo oOIpyHTYBaHHS IPOBEICHHS PErpeciiiHOrO aHaily TeHICHLIN
po3BuTKy KiOepatak. Bumineni d¢axropu, mo, HaliMOBipHilIe, HaiOIbIIE
MO3HAYAIOThCA HA KOJHMBAHHIX IHTCHCHBHOCTI arak. [IpoBeneHi kopemsuiiHuid Ta
perpeciiinuii aHami3 (akTopiB BIUIMBY Ha KiIbKiCTh Kibeparak Ha Web-pecypcu 3
BUKOPUCTaHHSIM CTaTUCTHUKM 3a OCTaHHI Kigbka pokiB. [IpoBenmeHa mepeBipka
aJIeKBaTHOCTI OTPUMAHMX MOJENeH 1 JOBeJeHa MOXIIMBICTH BHUKOPHUCTaHHS
OTPHUMaHHMX [aHHMX JUIsI MOKpalleHHs 3axucTy Web-pecypciB. 3poOieHi BHCHOBKH
IIO0 OTPUMAaHMX PE3yJIbTATiB 1 OOIPYHTOBAHI IUISAXH MiABUIIEHHS IOCTOBIPHOCTI
PE3yNbTaTIB y NOJATBIINX JOCTIKSHHIX.

Kniwouosi cnosa: kibepamaxa, web-mexonocii, peepecitinuii auanis, KopeisyiiHuii aHauis,
Kopeayis .

B crarse npuBeseHO 000CHOBaHKE IIPOBEICHNUS PErPECCHOHHOTO aHAIN3a TCHICHIUH
pa3BuTHs KnbOeparak. BriieneHs! GpakTopel, KOTOpEIE, BEPOSTHEE BCETO, CKa3bIBAIOTCS
Ha KOJEOAaHMSIX WHTEHCUBHOCTH aTak. [IpoBedeHBl KOPPELUOHHBIA U
perpeccHOoHHBI aHanu3 (HaKTOpOB BIHSHUS Ha KOJIMYECTBO KuOepaTak Ha web-
PECypCHI ¢ HCIIONB30BAHMEM CTATHCTHUKM 32 MOCIEAHHME HECKOJbKo JieT. IIpoBeneHa
HpOBEpKa aJICKBaTHOCTH IONYYEHHBIX MOJeNeil M  JOKa3aHa BO3MOXHOCThb
UCHOJIb30BAaHUS TOJYYEHHBIX JAHHBIX IS YJIy4LIGHHS 3alluThl web-pecypcos.
CrenaHbl BBIBOABI O IOJYYEHHBIX pe3yjbTaTaX M OOOCHOBAaHBI MYTH HOBBIICHUS
JOCTOBEPHOCTH Pe3yJIbTAaTOB B JANBHEHIIINX UCCIIETOBAHHSX.

Knroueevie cnosa: KM6€pdm(lK[l, web-mewaloeuu, peZp@CCuOHHblIZ aHalus, KOppGJl}ZL}MOHHbHZ

ananus, KOppesyus.

The article gives a justification for conducting a regression analysis of trends in the
development of cyber attacks. Factors which are likely to affect most the fluctuations
in the intensity of attacks have been selected. Correlation and regression analysis of
factors which influence the number of cyber attacks on web-resources have been
carried out by using the statistics for a few previous years. The adequacy of the
obtained models has been checked and the possibility of using the obtained data to
improve the protection of web-resources has been proved. Conclusions regarding the
obtained results are made and the ways of increasing the reliability of the results in
further research are substantiated.

Key words: Cyber Attack, Web-technology, Regression Analysis, Correlation Analysis,
Correlation.

1 Betyn

Cy4yacHe CyCHUIBCTBO KOPHCTYETBCS BCIMa IepeBaraMd  BHUKOPHCTAHHS
iHQOpMAIIHHUX TEXHOJIOTIH, SKi TPAIOTh BUPIMIAIBEHY POJIb MPAKTHYHO B OYAb-SIKUI
JIOACHKIN MisibHOCTI. O4YeBHIHO, M0 B IIMX YMOBax 3HAuYCHHs KiOepOesneku s
Cy4aCHOI'0 CYCHIJIbCTBa HaJ3BMuUaiiHO 3poctae [1]. Ha choropuimHiéi 1aeHb
kibepOe3meka repecrana OyTH mpooIeMoro, sika TypOye nuie (haxiBIliB B il 001acTi.
[HnmaenTn B cdepi KibepOe3nekn MO3HAYAIOThCS Ha JKUTTEIISUIBHOCTI CIIOKHUBAUiB
iHpopMalifHUX i 0araThbOX IHIIMX TIOCHYT, SIKKM Hapa3i TakoX Jo0pe BiJOMO Mpo
Bipycui artaku (WannaCry, Petya.A Tta inmi) um Kibeparaku, HaIliJieHi  Ha
pi3HOMaHITHI 00’€KTH  IHQPACTPYKTypH CHCTEM €JEKTPOHHHX KOMYHIKAI[iii dYu
yIpaBIiHHS TeXHOMOTiuHIUME nipotiecamu (Stuxnet, Flame, BlackEnergy Ta inm.) [2].

© AkcboHunkos C. O., EmenbsHosa |. B., Mapkosa K. [., CBaToBcbkui |. 1., 2017
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Benuke 3aHENOKOEHHS BHM3MBAIOTh SIK TSDKKI TEXHIKO-€KOHOMIYHI HACHiAKU
kibeparak, Tak i TEHJICHII O 3POCTaHHS X KUIBKOCTI 1 pPI3HOMAaHITHOCTI, IO
BiZJOOpaKa€eTbcsi CTAaTHCTUYHOIO 3BITHICTIO B oOrsAfax 3 KibepOe3meku BimoMux
cBiToBHX KommaHiii [6-11]. Jlesiki 3 1ux Kibeparak HaIliieHi Ha BeO-pecypcH, 30Kpema,
Ha BeO-pecypcH JAep)KaBHHUX MiANPUEMCTB, a)Ke MArOTh MOJITHYHE a00 €KOHOMIUHE
HiATPYHTS.

UHCIEHHICTh €JIEMEHTIB, 10 CTaHOBJATH Kibepmpoctip [1,3], BelHMKa KiIbKiCTh
B3a€MO3B'S3KIB  MDK HHMH, MOXIHBICTh 3aCTOCYBAaHHS CIICHiabHUX TEXHIK
YOpaBIiHHS TiIMH LUX €JIEMEHTIB M0 TUIY OOT-MepeX, HalpHKIaj, BU3HAYAIOThH
MOJKJIMBOCTI PO3BHUTKY 3arpo3, fiki MpUCYTHI B iHdopmauiiiHoMmy mpoctopi. [lpu
IOMY BCE HApPOCTAal04a IHTEHCHBHICTh KiOepaTak IOXOAWTH BiJ MacIITaOHOCTI
cBitoBoro kidepnpoctopy. Cknanui araku tuny APT (Advanced Persistent Threats)
MalOTh KOMIUIEKCHY CTPYKTYpPY, PIi3HOMaHITHI MeXaHi3MH cBOe€i peanizamii Ta
CIIUPAIOTECA Ha MOXKIIMBICTP BHKOPHUCTAaHHS PI3HUX HAMNPSMKIB  TONTHPCHHS
iHpopmMartii. BuUKopuCTaHHS METOMIB COIIANIBHOI 1H)KEHEpii JTO3BOJISTE 3HAXOIUTH
HaWOUIbII TMPOAYKTUBHI MeTomu opranizamii atak [3]. ¥V xkibepmpocropi, sk
MIPOTHO3YETHCS CHEIlialliCTaMH, MOKYTh PO3BUBATHCS BCe OLIBIIT HeOe3MmeuHi 1 CKiragHi
3arpo3u, M0 POOHTH aKTYaJIbHOIO 3a7lady iX BCEOIYHOTO aHaji3y Ta BHKOPUCTAHHS
pe3ynbTaTiB i1 BUpimeHHs A7 e()EeKTUBHOI MPOTHUIIi iCHYIOUHM 1 MOMKJIMBUM B
Maii0yTHROMY KiGep3arpo3am.

2 OOrpyHTyBaHHS HANPSIMY AOCJITKEHb

Tennenuii po3BUTKY KiGepaTak 3MiHIOIOTHCS PiK BiJl POKY 1 Ha MEpIINH MOTIISI €
JOCHTB BUIIAIKOBUMH. MU MOYKEMO MPOBECTH X aHaJIi3 10 3BiTaX aBTOPUTETHHX B ITii
chepi kommawiii, Takux sk Positive Technologies [6] Tta Cisco [9], mo perymspHo
MyOMIKYOThCS KOXKESH KBapTal POKY. 3BITH Ta OTJISIH 10 KibepaTakaM MICTITh JOCUTh
JICTaJIbHI CTaTUCTUYHI JaHi, OJHAK HE Jal0Th MOXJIMBOCTI 3HAWUTH NPUYUHHO-
HACNIJIKOBUH 3B’S30K MK pi3HUMH (akTopamu, mHapameTpaMu (BEKTOpaMH) Ta
HacIiIKaMu KibepaTak, JIUIIE MOTJISHYBIIN HA HUX.

st Toro, mo0 JOCTiUTH 3aKOHOMIPHOCTI MIATOTOBKY 1 MPOBECHHS KibepaTak Ta
BUSIBUTH 3B 30K MK HUMH Ta BIUIMBOM Pi3HOMAHITHUX (DaKTOpiB, HA HAII TMOTJIS,
HEOOXiIHO TPOBECTH KOPEJAMIMHUNA Ta perpeciiHuil aHami3 TakuxX JaHUX, a
KOHKpETHO — (haKTOpiB, L0 XapaKTepu3yroTh KiOepaTaku. Ha3Bani BHOM aHaizy €
MIPHUKIIAJIOM HANOIIBII BaXIIMBUX 1 MOMYJIAPHUX KiTbKICHUX METOJIB MAaTeMaTUYHOTO
MOJEIIIOBAaHHs, METOI0 SIKUX € BCTaHOBJICHHS (akTy HasBHOCTI a00 BiJCYTHOCTI
MEBHOTO 3B'A3Ky (KOpemnslii) MiX BHUITQJKOBUMH BeMYMHAMH ab0 MpolecamH Ta
BUABIIEHHS (DYHKIIIOHATBLHOTO 3B'SI3Ky, TOOTO BUAY Ii€i 3anexnocTi [4,5].

Jnst Toro, mo0 BH3HAYMTH OCHOBHI TEHJEHIlI PO3BUTKY KiOeparak, HEOOXiTHO
MEPEBIPUTH KOPENSAIiI0 MK KUIBKICTIO BUSIBICHUX aTak i YMHHUKamu ((akropamn),
I0 iMOBIPHO MOXXYTh TO3HAYaTHCS HAa KOJIWBAHHAX IHTEHCHBHOCTI arak. Jlns
MIPOBEJICHHST KOPENALIHHOTO aHaji3y Oynu BuOpaHi (akTopw, SKi, Ha HaIl TIOTJIS,
HaANOLTBIT IMOBIPHO BIUIMBAIOTh HA OCHOBHI TEHJICHIIIT PO3BUTKY KiOepaTak:

N — KiTbKiCTh BUSIBIIGHUX aTak Ha BeO-pecypcH, MITH;

N; — KITbKICTh HOBUX BHSABJICHUX BHIB (TEXHIK) aTak, MJIH;

N, — reorpadiunmii hakrop 1 (pO3MOBCIOMKEHICTH aTaK);

N3 — reorpadiunuii pakrop 2 (MOTEpHaHHs BiJl aTakK IO CBITY);
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N, — mOMMpPEeHiCTh TEXHOJIOTIH aTak;

N5 — nommmpenicTh miatgopmu Web-pecypciB, Ha sKi 31iHCHIOBAIUCH aTaKy;

Ng — cepa KUTTeIISITBHOCTI, IO HAWOUTBIIE MOTEepIIajia Bij aTak.

CratucTudHi JaHi, sIKi BUKOPHUCTaHI y AaHii poOoTi, Oyo 3amo3mdeHo 3i 3BiTiB 110
KibepaTakam 3a 2015-2017 poku Big xommaniit Positive Technologies [6], Kasperky
[7], McAfee [8], Cisco [9] Ta TrendMicro [10], a Takox 3 pEeUTHHTIB BeO-TEXHOJIOTIH,
smiBcTaBrneHux Stack Overflow [11]. s aHamizy B sIKOCTI KUTBKICHOTO BimoOpaskeHHs
PEUTUHTY KpaiHM BHKOPHUCTOBYBAaBCS ii MOPSAKOBUM HOMEP B PEUTHHIY KpaiH 3a
E€KOHOMIYHUM po3BUTKOM [12]. JlaHi Takox Oynu posmnojaisieHi mo kBapTtaiam 3 2015
o 2017 poku.

3 IIpoBeneHHsi KopeasiliiiHOro aHanizy BIJIMBY (aKTOpiB Ha PO3BHTOK
Ki0eparak

[ yMcIoBOi OLIHKM MOXIIMBOIO 3B'I3KY MIXK ABOMa BUIIaJKOBUMHU BEIUIMHAMHU:
Y (i3 cepenniM My 1 cepeTHbOKBaIpaTHYHNM BIAXUIIEHHAM Sy) 1 - X (i3 cepeqHiM My 1
CepEeTHbOKBAPATUYHUM BIJIXWICHHSIM Sy) TNPHUUAHITO BUKOpHCTOBYBaTH [4] Tak
3BaHWI BUOIPKOBHIA JTIHIHHAN KOS(IIIEHT KOPETAIIl:

1 N
NZ(ai —a*)([; —b*)
i1

* = 1
S[a]S[b] ’ 3D
ne @ ,b” - ominkyu MatemaTHuHNX ouikysaub M[a] i M[b];
1 N *)2 1 N *) 2
S[a]= || 2@ —a)”, Sl = |==—=> (b, —b*) (3.2)
T =l N-143

KoedoimieHnT kopensiii npuiiMae 3Ha4eHHs Big -1 10 +1 B 3aJIeXKHOCTI BiJl TICHOTH
3B'SI3KYy MiX JaHUMHU BUNAJKOBHMH BeIHMYWHAMH. SIKMIO KoedillieHT Kopemsiil
JOPiBHIOE HyITI0, TO X 1 Y Ha3WBarOTh HEKOPEIbOBAaHUMH [5].

Hamu Oyno mpoBeneHo kopensnidHuii aHaiz ¢aktopiB Ni...Ng 3 dakropom N
(KiTBKICTH BUSBJIICHUX aTak). Pe3ynpTaTs 3p00IeHNX pO3paxyHKIB 3BEJCHO Y TAOIUITO
Koe(irienTiB Kopessiii (Ta6s.3.1).

Tabnuys 3.1 Koeghiyiecnmu xopensyii

ITo3HaueHHs 3HaueHHs
(haktopy Koe(iieHTy
KOpeJsiii
N, 0,720521
N, -0,7367
N3 0,773986
Ny 0,328211
N5 0,422164
Ng 0,600009
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ITo pe3ynbraTam aHamizy gaHux B Ta0m. 3.1 MOKHA 3pOOMTH BHCHOBOK, IO TICHO
KOPEJILOBAHUM 3 KUIBKICTIO aTak € (JaKTOp BUSBJICHHS HOBUX IIKiTMBUX TEXHOJIOTIH,
a Takox reorpadivyni gaxropu. Came 1i ¢paxTopu OyJ0 BUKOPUCTAaHO Ha HACTYITHOMY
eTarni aHaji3y JaHuX 1o KidepaTakam.

4 3acrocyBaHHsl perpeciiiHOro amnanizy BIIMBY (aKTOpiB HAa PO3BHUTOK
Kideparak

OxpiM BcraHOBIEHHS (DaKTy HasBHOCTI abo BIACYTHOCTI TIEBHOTO 3B'SI3KY
(ropensiiii) MiXK BUIMAJAKOBUMHU BEIMYHMHAMH a00 MPOLECAaMU METOKO JOCIIIKEHHS
Moxe OyTu 1 Oe3mocepenHe Bu3HauUeHHS (PYHKIIOHATBHOTO 3B'SI3KY, TOOTO BUAY IIi€i
3ayie’)kHOCTI. [locTaBmeHa MeTa TOCATaeThCS PErpeciiHiM aHajli30M 3HAYeHb (aKTOPiB
i Biaryky [13,14]. [nst uporo HeoOXiTHO 3HAWTH KOe]Iili€HTH Ta PiBHSHHS perpecii
[15,16], 3aranpHui BUTIISI SKOTO NPEICTABICHUH Y HACTYITHOMY BHpPa3i

n
y*=1(X)=Bo + Bixs + BaXp +...+ BnXn = 2. BiXi, (4.1)
i=0
ne X, =1, B;- xoediuientn perpecii.

IIpouenypa moOymoBu JiHIMHOT perpeciiiHoi Mojeni Oyjia aBTOMaTU30BaHA B
tabimyHoMy penaktopi Exel kopmopamii Microsoft. 3okpema ist moOyI0BH JiHIHHOT
perpecii 6yna 3actocoBana Qynkuis «IMHIMH», ska motpibHa mms po3paxyHKiB
CTaTHCTHK IS PSITY 13 3aCTOCYBaHHSAM METOy HaMEHIINX KBapaTiB.

Jani po3paxyHKiB 3 BHKOPUCTAaHHSIM JaHOl (QYHKIii MpUBeleHI Ha miarpami 3
rpagikoM perpecii i ii piBHIHHM (pHc. 4.1).

Ha puc. 4.1 maBeneHO mMoOymOBaHy perpeciiiHy Mojeh BIUIMBY KLTBKOCTI HOBHX
BUSIBIICHUX IIKIJJIMBUX TEXHOJOTiH (TEXHIK aTak) Ha KiIbKICTh BUSBICHHX aTak B
minomy. Ha puc. 4.2 i 4.3 nHaBeneHi moOymoBaHi perpeciiiHi Mojeni BIUIUBY
reorpadigHUX (HaKTOpiB HA KiJTHKICTh BUSBICHUX aTak.

70 y = -5E-12x® + 2E-08x° - 2E-05x* + 0,0167x3 - 6,6848x2 + 1409,9x - 122580
60 R*=0,98 //*
40

3 o X
20 ,,“/
10

o T T T T T T T 1
0 100 200 300 400 500 600 700 800

Puc. 4.1 Peepecitina mooens KiibKOCMI BUABLEHUX AMAK HA 8eO-pecypcu, MIH Md KLIbKOCI
HOBUX BUABNIEHUX WKIOAUBUX MEXHONO02IU, MH.
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250

y = -4E-11x5 + 1E-07x° - 0,0002x* + 0,1295%3 - 53,475x? + 11685x - 1E+06

200 R*=0,8606 /\
150 l

100
®
(&
50 *
0 T T T T T T T 1
0 100 200 300 400 500 600 700 800

Puc. 4.2 Pezpeciiina modenb KilbKOCMI 8UAGTIEHUX AMAK HA 6€0-pecypcu, MIH ma Kpainu, wo
Hatlbinvue nomepnaia 8i0 amax.

70 Ty = T5E-12x6 + 2-08xC - 26-05x* + 0,0167x3 - 6,6848x2 + 1409,9x - 122580
60 R=0,98 /f%
50

40 /
: NS

20
10

O T T T T T T T 1
0 100 200 300 400 500 600 700 800

Puc. 4.3 Pecpeciiina modens KiibKocmi 8UAGIEHUX AMAK HA 8€0-pecypcu, MAH ma Kpainu,
36I0KU PO3NOBCIONANCYBANACA HAUOINbULA KITLKICMb AMAK.

5 Pe3yJibTaTu NpOBeeHHS AaHAJII3Y

IlepeBipka anexkBaTHOCTI Mojesied, mMoOylOBaHMX Ha OCHOBI PIBHSHB perpecii,
MOYMHAETHCS 3 IEPEBIPKU 3HAYMMOCTI KOXKHOTO KoedillieHTa perpecii.

3HAYMMICTh KOEIli€HTIB perpecii 3MiMCHIOETHCS 3a JOMOMOTOI BigoMmoro t-
kputepito CterofenTa [17]:

il
tp == (5.1)

O'ai

ne Gg_ - qucriepceis koedilienTta perpecii;
1

[TapameTp MOz€Ii BUBHAETHCS CTATUCTUYHO 3HAUYIIIUM, SIKIIIO th >tp.
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IIpoBenemo ortiHKY Koe(imieHTIB perpecii. Pe3ymbratét OIIHKH IS IIEPIIOTO
piBHSIHHS HaBeneHi B Ta0u. 5.1. [lepiue piBHSIHHS perpecii Mae BUTIISIL:

y =-5E —12x® + 2E —08x° — 2E — 05x* +0,0167x° — 6,6848x? +14099x —122580

Tabnuya 5.1 Pesynomamu oyinku xoe@iyienmis pezpecii nepuio2o pieHaHHA

Howmep 3HaYCHHS Cepenne
.. o . 3HaueHHS
KoeQiieHTy Koe(imieHTy Hucrrepcis KBaJpaTHIHE t
perpecii perpecii BiJIXHJICHHS posp
1 5,00E-12 1,08E-16
2 2,00E-08 4,32E-13
3 2,00E-05 4,32E-10
4 0,0167 2138565539 46244,6271 3,61E-07
5 6,6848 1,45E-04
6 1409,9 3,05E-02
7 122580 2,65E+00

PesynbTaTi OLIHKK 1JIsl IEPIIOTO PiBHSHHS HaBeAeHi B Tabn. 5.2. Jlpyre piBHSHHS
perpecii Mae BUTIIAL;

y =—4E —11x8 +1E —07x® —0,0002x* +0,1295x> —53,475x +11685 —1E + 06

Tabnuyn 5.2 Pesyromamu oyinku xoepiyicnmie pezpecii 0py2020 pisHAHHA

Howmep 3nauenns koedimienty | [lucmepcis Cepenne 3HaueHH
KoeilieHTy perpecii KBaJIpaTHU4YHE thosp

perpecii BiJIXFJICHHS
1 4E-11 1,06E-16
2 1E-07 2,65E-13
3 0,0002 5,30E-10
4 0,1295 1,4232E+11 | 377250,1 3,43E-07
5 53,475 1,42E-04
6 11685 3,10E-02
7 1E+06 2,65E+00
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Pe3ysbTaTu OIIHKHU ISt TPETHOTO PIBHSHHS HaBeleHI B Ta0. 5.3. Tpere piBHAHHS
perpecii Mae BUTIIAL;

y =—1E —11x® + 4E —08x® — 6E — 05x* +0,0473°> — 20,53x? + 47087x — 44593F

Tabmuya 5.3 Pesynomamu oyinku xoegpiyicumie pezpecii mpemvozo pienans

Howmep .. Cepenne
.. 3HaueHHs KoeDilieHTy . 3HaYeHHS
KoeilieHTy Hucnepcis | KkBagpaTu4He
perpecti . toosp
perpecii BIJIXMJICHHS
1 1,00E-11 5,94E-17
2 4,00E-08 2,38E-13
3 6,00E-05 3,57E-10
4 0,0473 2,8311E+10 | 168258,806 | 2,81E-07
5 20,53 1,22E-04
6 4708,7 2,80E-02
7 445935 2,65E+00

Kpurtnuni 3naueHHs t-po3moainy npu 22 cTyHeHsX cBOOOIH MpHUBE/CHI B Ta0I. 5.4.

Tabnuysa 5.4. Kpumuuni snavenns t-poznooiny

VIMOBipHiCTb {-3HaYeHHS
0,05 2,074
0,01 2,819
0,001 3,792

B Hammx Mozensx BCi Koe(ilieHTH MiATBEPMKYIOTh MPABUIO [ty [> tipum. Lle
03Hayae, 10 MOJIEJNI € JIOCTATHhO aJIeKBATHUMH, CTATUCTUYHO 3HAYMMHUMH 1 MOXYTh
BUKOPHCTOBYBATUCS Ul TPOrHO3yBaHHS. Ha OCHOBI 3p00JIeHMX BHCHOBKIB MOXHA
pOOUTH MPOTHO3M IIOJO TCHJIEHIIM KidepaTrak, a TakoX IMOBIPHO BKa3yBaTH, SKi
YMHHUKA MOTJIM BIUIMHYTH Ha PICT YW 3HIDKEHHS KUIBKOCTI aTak. 3aBASKH LOMY
OTpUMaHI JaHi € MAIPYHTSIM sl MMOKpaImieHHsT e(eKTHBHOCTI cucteM Oesrneku Web-
pecypciB, MOCHIAIOYKMCh Ha TOW 4M iHImmWMNA ¢akrtop Oesmeku. Hampukianm, skmio
3HAYUMHUM (PAKTOPOM € KiIbKICTh HOBUX BHSIBICHUX TEXHIK, TO 1€ CBIJYUTH MpPO TE,
o 6e3mexy Web-pecypcis HeoOXiaHO 3abe3meuyBaTy 3 OTJISI0M Ha TEHICHIIIO TOSBH
HOBHX BHJIB aTak. 3HAYMMICTh reorpadiyHoro ¢GaxkTopy MOKe CKa3aTH IpO Te, YH €
Oe3neuyHrM BHKOPUCTaHHS JOMEHY Ti€i 4M iHIIOT KpaiHu st cBoix Web-pecypcis.
[HTeprperaliito OTpUMaHHWX pE3yNbTaTiB 1 3pOOJEHUX BHCHOBKIB BHUKJIAJEHO Y
HACTYITHOMY PO3JIiJIi.
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6 BucHoBKH
TakuM YHHOM, pe3ynabTaTH MAOCHIKEHHS CBiguaTh MPO HASBHICTD KOpPEIALii
BUOpaHuX (DaKTOPiB 3 OCHOBHUMH JIOCTIKCHUMH TEHJCHIISIMU PO3BHUTKY KiOepaTak.
ITobymoBani perpeciitHi Momeni st HAHOIIBII TOMMPEHNX KOPENMIOI0YHX (HaKTOPIB €
aeKBaTHUMH 1 CTATUCTHUYHO 3HaYMMHUMH. Kopemsiiis Mix ¢akropamu N (KUTBKICTh
BUSIBIICHUX aTak) i N; (KUTbKiCTh HOBHX BHUSBJICHHMX IIKIJJTUBUX TEXHOJIOTiH) JOCUTh
JIOTiYHA, aJPKe 3 TIOSBOIO HOBHMX TEXHOJIOTIH KibepaTak, Uil SKHX Ie HEe 3HaHAeHi
METOJU MPOTH/Ii1, KITBKICTh aTak B MUJIOMY 30UTbIIUTHCA. JloCTaTHROT KOPEJSIii 1
(baxkTOpiB MOMYNISPHOCTI PI3HOBHIIB arak Ta IuATPopM BeO-po3poOKu He Oyio
BUSIBIICHO, aJie reorpadivyHa KOpensilis BUsBHIAcCS OUTBII IIKaBOIO.

I'eorpacdiuni KOpemnsii MOXKYyTb CBITYATH TPO Pi3HI pedi. Y BUMAAKY KOpPEeJMii 3
nepmuM reorpagiuHuM (QakToOpoM MaeMO HETaTHBHY KOPEJLiI0 3 KpaiHamH, IO
PO3MOBCIOJKYIOTh arakd. lle o3Hadae, 1m0 B OLIBII TEXHOJOTIYHO PO3BUHEHHX
KpaiHaX CIOCTEpIraeThes OiNbIa arpecHBHICTH MPOBEACHHS KidepaTak. Y BHITaIKy 3
ypaxyBaHHSIM BIUIUBY Jpyroro  reorpadgigHoro ¢akTtopy  MaeMO ITO3UTHBHY
KOpEJALI0 3 KpaiHaMu, IO MOTEPHAaloTh BiJl aTak, TOOTO KpaiHH 3 TIpIIUM piBHEM
PO3BUTKY MOTEPHIAIOTH BiJ KidepaTak B OLIBIIIH Mipi, HIXX pO3BUHEH] KpaiHH.

Ile Moxe o3Ha4yaTH, IO PO3BHHEHI KpaiHW, Ha BiAMIHY BiI KpaiH, IO
PO3BHBAIOTKCSI, 3a0€3MeUIIIN cebe JOCTATHIM 3aXHCTOM, a00 XK IIe MOXKE CBIAYUTH PO
3MiHY MOJITHYHHUX 1 COLialibHUX OpUYMH KiOepaTak. Lle, Haxanb, TOBOPUTH TPO
30UTBIICHHsT HEOe3MmeKHu [uis KpaiH, [0 po3BUBalOThCA. OOHAK I11i BHCHOBKH
HEOCTaTOYHI, aJ’KE€ BOHU 3aJIC)KaTh BiJl KOPEKTHOCTI BXIJIHHMX JaHHUX JUIS MPOBEICHHS
aHaizy.

B mimomy pe3ynmpTaTHm TpoOBENEHHS perpeciiHoro aHamizy (QakTopiB, IO
XapaKTepu3ylTh PO3BHTOK KibepaTak, MOXyTh OyTH YTOYHEHI 3a pPaxyHOK
PO3IIMPEHHS 1 3a0e3MeUeHHs aJeKBaTHOCTI BXIJIHUX CTATUCTHMYHHUX JaHUX. Takox
BOHU MOXXYTh OYTH BUKOPHCTAHHMH 3 METOIO IIPOTHO3YBAaHHS PO3BUTKY Kibeparak Ta
PO3pOOKH METOIIB i 3ac00iB TPOTHAIT iM.
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VJIK 004.89

CoBpeMeHHbIE METOIbI 00Pa0OTKH €CTECTBEHHOTO SI3bIKa

b. O. bnuzniok, JI. B. Bacunbesa, U. [I. Ctpensaukos, /1. C. Tkauyk
XapvKogcKkuil HAYUOHANbHYII YHUBEPCUME
umenu B. H. Kapasuna, ni. Ceo6o0wi, 4, 61022, Xapvros, Ykpauna

B nmaHHO# craTthe paccMOTpEHBI OCHOBHBIE NPOOIEMBI 0OpabOTKM €CTEeCTBEHHOTO
a3bIka.  [IpoaHanu3upoBaHBl  OCHOBHBIE  HAmpaBleHUS 00pabOTKHM, METOMBL,
MHCTPYMEHTHI ¥ OHOIHOTEKH, JOCTYNHBIE HAa TEKYIIHH MOMEHT BpeMeHH. [IpoBeneHo
JIBa SKCIIEPHMEHTA, TJe JAHHbIE METOAUKHI OBUIH NIPUMEHEHBI AT PELICHHS PeabHBIX
3a7a4 — aHaJIN3 TOHAJIBHOCTH HOBOCTHOTO ()OHA HEKOTOPBIX KPHIITOBATIOT C IIEJIBI0
OIIpE/IeNICHUS 3aBHCHMOCTEH MeXI[y HOBOCTHBIM ()OHOM M MX OOMEHHBIM KypCOM M
a”Hanmu3 (aKTOB O COTPYAHHUYECTBE KOMIIAHWH, HCIIONB3Yysl HX YHOMHHAHUS B
pa3NMYHBIX Mpecc-penu3ax. Iloka3aHo, YTO aHAIN3 TEKCTOBHIX IaHHBIX HMeEET
6ouTbIII0E IPAKTUIECKOE 3HAUEHHE B COBPEMEHHOM MHUPE.

Knroueswie cnosa: oﬁpa60mka ecmecmeernHoco A3blKa, AHAIU3 mexkcmd, 06pa60mi<a mexcma,
aHAIU3 MOHAIbHOCMU meKemd, KJldCCu(iJuKﬂuuﬂ, H@ﬁpOHHble cemu, 060[7 OaHHbIX.

Y nmamHid cTaTTi pPO3IJSHYTI OCHOBHI MpoOiaeMd o0OpoOKH TPHPOJHOI MOBH.
IIpoaHnaii3oBaHO OCHOBHI HaNpPsSMKH OOpPOOKH, METOIH, IHCTPYMEHTH Ta 0i0iioTeKH,
nmo Hapaszi moctymHi. [IpoBemeHO aBa EKCIEPUMEHTH, J€ JaHI METOJUKU OyIH
3aCTOCOBAaHI ISl BUPIIICHHS peaJbHUX 3aBJaHb - aHajli3 TOHAJIBHOCTI HOBHH IIOJO
JeSKNX KPUITOBAIIOT 3 METOIO BU3HAYCHHS 3aJI€KHOCTEI MiXkK HOBHHAMH 1 OOMIHHUM
KypcoM 1 aHami3 (akTiB NMpO CHIBIpAlI0 KOMIIaHi{, BUKOPUCTOBYIOUM iX 3TraiKH B
pizHux mpec-pemnizax. [lokasaHo, oo aHali3 TEKCTOBUX JaHUX MAa€ BEIHKE MPAKTUIHE
3HAYCHHS B Cy4aCHOMY CBITI.

Knwouosi cnosa: o6pobka npupoonoi Mmosu, ananiz mexcmy, 00pobKa mexkcmy, aHaunis

MOHANLHOCME MeKCmYy, Klacugikayis, Heuponna mepedicd, 30ip OaHux.

The main challenges of natural language processing have been covered in the article.
The main processing tasks, methods, tools and libraries presently available have been
analyzed. Two experiments have been carried out, where these techniques have been
used to solve real-life problems, namely, the analysis of the internet news concerning
some cryptocurrencies to see if the sentiment of those news correlated with the prices
of the cryptocurrencies and the extraction of facts from the various press-releases to
find out the companies with established partnerships. It has been shown that natural
language processing is a very important and powerful tool in the modern age.

Key words: Natural Language Processing, text analysis, text processing, sentiment analysis,
classification, neural network, data mining.

1 Beenenue

Mpbl KMBEM BO BpeMs, KOrja oOO0beMbl MPOU3BOJAUMON  YEIOBEUYCSCTBOM
uHpopMaIK 00JIbIIIE, YeM KOrjia 00 M KOJUYECTBO STUX JAaHHBIX PACTET C KaXIbIM
nmHeM. OHAKO 3HAYMTENBHYIO TMOINB3Y M3 ATOH MH(OpMAIMU MOKHO W3BIIEYh JIUIIH
MIPH MTPABIIILHOM 00pabOTKe U aHAIN3€ ATUX JTaHHBIX.

Celiuac eXKeCeKyHJHO 10 BCEMY MHUPY CO3JAar0TCsA TMrabaiThl HOBBIX JaHHBIX
Pa3IMYHOTO BUJIA: JEJIAIOTCSA HOBBIC CHUMKH, BH/ICO3AIUCH, IHIIYTCS COTHH OT3BIBOB
K TOBapaM B HHTCPHCT-MaradvHax, TBICAYU KOMMCHTApPUCB II0A 3alrCiIMH Ha
Facebook, necstku penensuii k puiabMaM B OHJIAWH-KUHOTEATPaX, IICHbI HA aKIIMU TO

© Bbrmsniok b. O., Bacuneesa J1. B., CtpensHukos W. [1., Tkauyk [. C., 2017
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B3JIETAIOT, TO MafaroT. M OobIast 9acTh 3THX JaHHBIX B “CHIPOM’ BHJE MPAKTUIECKH
Oecrone3na. YToObl U3BIICYh M3 HUX KAKYHO-TO TOJb3Y, UX HYKHO OT(HUIBTPOBATH U
o0Opabotatk. Bo BpeMeHa, kKorja TEXHOJOTHH €lle HEe ObUTM TaK Pa3BUTHI, BCE 3TO
MPHUXOIMIIOCH JieNlaTh BpyuHyto. Ha 370 yxomwnm dackl, THU, HEAETH, & TO M MECSIIHI.
A eciam ydecTh, UTO paHbIIe W camMoil mH(OpManuu A oOpaboTKu OBLTO B pasbl
MEHBIIIE, TO HECIIO)KHO TIOHATh, YTO celiuac oO0pabaThiBaTh Takue 0OBEMBI BPYUYHYIO
MPOCTO HEBO3MOXKHO. [ToaTomMy OBLIIO pa3paboTaHO MHOKECTBO allTOPUTMOB, KOTOPEIE
MO3BOJISIIOT JAENaTh 3TO TMPH ITOMOIIM KOMITBIOTEPHOH TeXHHWKH. VIMEHHO O Takumx
METOJIaX, KacarolMxcsi 00pa0OTKH ECTECTBEHHOTO S3bIKa W MOWAET pedb B JAHHOM
pabore.

2 OcHOBHbBIE HANIPABJIEHUS

Oo6paborka ecrectBenHoro si3bika (Natural Language Processing, NLP) — o0mee
HarnpaBJIeHHEe WCKYCCTBEHHOTO HHTEIUICKTA W MAaTeMaTHYECKOW JTUHTrBUCTHKHA. OHO
u3ydaeT TpoOIeMbl KOMIIBIOTEPHOTO aHallM3a M CHHTE3a CECTECTBEHHBIX SI3BIKOB.
[IpuMEHUTENIEHO K WCKYCCTBEHHOMY WHTEIUIEKTY, aHAJIW3 O3Ha4yaeT IOHMMaHUE
S3bIKa, & CHHTE3 — IeHEpalluio0 TPaMOTHOTO TeKcTa. PemieHue 3Tux mpobieM Oyner
O3HaYaTh co3AaHue Oojee yAOOHONH (HOpPMBI B3aUMOJEHCTBHS KOMITBIOTEpa U
yenoBeka.[ 1] K ocHOBHBIM HampaBieHHSIM 00paOOTKH €CTECTBEHHOT'O SI3bIKa OTHOCST
Takue, KaKk u3BJeueHue (HaKkTOB, aHAIN3 TOHAIBHOCTH TEKCTa, OTBETHl Ha BOIPOCHI,
WHQOPMAIMOHHBIN TOWCK, TeHepalus TeKCTa, NepeBoAg u T.a. lloapoOHee o
HCKOTOPLIX M3 HUX.

2.1 N3Biieyenne nHpopManum uim pakTos

Ilon W3BIICYCHUEM nHpOpPMaLUH MOJIPa3yMeBaETCs MTOMCK B
HECTPYKTYPHPOBaHHOM WM cJab0 CTPYKTypHPOBAaHHOM JOKYMEHTE OTIEIbHBIX
UHTEepecyImuXx Bac (akToB. Hampumep, y Bac HMeeTcs OTPOMHOE KOJIUYECTBO
cTaTeil, B KOTOPHIX (QUIypUpyeT OOJbIIOE KOJMYECTBO PasHbIX JUYHOCTEH, U BBI
XOTHTE COCTaBUTh 0a3zy JaHHBIX, KOTOpas OyAeT XpaHWTh JaHHbIE O TOM, KTO U3
GUrypupyommx B JaHHBIX CTaThsX JIIOACH, SBIAIOTCS MYXKEM U KeHOW. JlaHHBIN
npumep ObLI HCIOJIB30BaH ISl AEMOHCTpauuu[2] BO3MOXKHOCTEH MPOTrpaMMBbl IOJ
Ha3BanueM DeepDive, co3gaHHON Ipynnol CTYAEHTOB W PaOOTHUKOB YHHBEPCHUTETa
Stanford.

2.2 AHaJIN3 TOHATBHOCTH TEKCTa

AHanu3 TOHAIBHOCTH TEKCTa TMOApa3yMeBaeT I0Jl CcO0OW aBTOMaTHYECKOe
oTpeJiesieHle MOIMOHAIBHOW OKPAcKH TEKCTa U BBISBICHHE OTHOIICHHS YEIOBEKa,
HAITMCABIIEr0 TEKCT, K 00BEKTy oOCyXIeHus. [/laHHBIA THI aHanM3a MOXET OBITh
UCIIOJIb30BaH, HalpUMep, MPOJaBIaMH JJIsl TOTO, YTOOBI JIydllle MOHSTh, KaKoW W3
NPO/IaBaeMbIX WM TOBApOB IMOJB3yeTCsl OOJNBIIUM YCIIEXOM CpEeIu TOKyIaTelnei,
aHAIM3UPYySd OT3bIBBI. Takke €ro MOryT HCIOJIb30BaTh BIACTH ISl BBISBICHUS
OTHOIICHMS K HUM U UX PEUICHUSIM IpaXJIaH CTpaHbl U T.1. B Hamre Bpems: Hanboee
YacTO HCHOJIb3YEMBIMH B HCCIIEOBAHHUSIX METOIAMH SBISIOTCS METOABI Ha OCHOBE
MaIIMHHOTO 00yuyeHHs c yuuteneM. CyTblO TakMX METOAOB SIBIISIETCA TO, YTO Ha
MepBOM dTane o0ydaeTcsl MAIIMHHBIA KilaccudukaTop (Hampumep, OaiiecoBckuii) Ha
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3apaHee pPa3MEUCHHBIX TEKCTaX, a 3aTeéM HCIOJB3YIOT MONYYCHHYI0O MOCNIb IPH
aHaJIN3e HOBBIX JOKYMEHTOB.[3]

2.3 OTBeTHI HAa BONPOCHI

[Mon maHHOE ompenencHWE B IIEIOM MOTYT MOAXOIWThL M TaK Ha3bIBaGMbIC 4aT-
0OTBI, KOTOPBIE UMUTHPYIOT peallbHOE OOIICHUE C JIFOJIEMU TOCPEACTBOM IEepeaadu
TEKCTOBBIX COOOIICHUH, M CHENMAIbHBIE TPOrPAMMBI, KOTOPBIE CIIEpBa aHATU3UPYIOT
HEKHUH TEKCT, a IOCJI€ — OTBEYAIOT Ha BOIPOCHI, CBSA3aHHBIC C €r0 COACPKAHHUEM.
Pe3ynbTarhl OHOTO U3 NOCIEIHUX UCCIICOBAHUI Ha 3Ty TEMY, ONUCAHBI B CTaThe [4],
nox aBTopcTBoM John Ball.

2.4 IlepeBoa TekcTa

Taxke ogHMM W3 Haubojee W3BECTHBIX M YacTO HCHOJNb3YEMBIX HarpaBJICHUH
00pabOTKH €CTECTBEHHOI'O TEKCTa SIBJSIETCS €ro MEPEBOJA € OJHOI0 €CTECTBEHHOIO
a3pIKa Ha Apyrod. OnHol n3 HambOosiee MPOABUHYTBHIX METOIUK, HCIIOJIB3YEMBIX B
JAHHBI MOMEHT AJIsl JOCTHXKEHHSI IPaBHIBHOTO MEPEBO/A, SBISETCS HCIIOIb30BaHUE
HelpoHHBIX ceTted Tuma “Seq2Seq”’[5] ¢ “Buumanmem”[16], 9ro pacmmdpoBbiBaeTcs,
Kak ‘“‘sequence to sequence”, WM “MOCIEAOBATENIBHOCTh B IMOCJIEAOBATEIBHOCTD .
[To3sxe, MbI OoJIee TOAPOOHO PACCMOTPHUM JIaHHBIM TUI HEHPOHHBIX CETEH.

3 Cnocodb1 aHa/IN3a

I[HSI peUICHUA BBIIMICOIMMMCAHHBIX 3aAdad, HUCCICA0BATCIIM IOJbB3YIOTCA OrpPpOMHBIM
Ha60p0M HWHCTPYMCHTOB U TCXHUK aHaJIM3a €CTCCTBCHHOI'O A3LIKA. HCKOTOprC U3 HUX
y3KOCIIELIMaIN3UPOBaHHbIE, KaK seq2seq, ApYrHe e MOTyT INPUMEHAThCA B
Pa3IMYHBIX CHUTyaluax, kak Word22Vec, 0 KOTOpoM Jaibliie 1 MOWAET pedb.

3.1 Word2Vec

B ocHOBe naHHOH TEXHONOTHM JISKUT MPEACTABICHUE CJIOB B BHUIEC BEKTOPOB
3aJJaHHOW Pa3MEPHOCTH, pacrmojaras MOoX0XHe CIIoBa OJIU3KO ApYT K Apyry. To ecTb,
paccTossHuEe MEXIY BEKTOPaMHU CJIOB, O0O3HAYAIOMIMX IMOXOXKHE BEIW, HAIpUMEp,
“koT” W “cobaka”, OymeT 3HAYUTEIHHO MEHBINE, YeM MEXAY CIIOBAaMH, 3HAYCHUS
KOTOPBIX UMEIOT Majo o0IIero, HanpuMep, “KoT” U “‘caMmonét”’. JlaHHas 0COOEHHOCTH
no3BoJIgeT Oojiee THOKO MPECTaBIsITh JaHHbBIE, KOTOPBIE B JIAJILHEHIIIEM MOTYT OBITh
MCIIOJIb30BaHbl B 00y4eHUN HEHPOHHBIX CeTel, pasIMuHbIX KIAacCU(UKATOPOB U T.1.

Hnst co3maHus 0a3bl COOTBETCTBHH “‘CIIOBO - BEKTOp”’, ajrOpuUTM CHadvala
MpOCMaTpUBaeT BECh BBIJAHHBI €My TEKCT, COCTaBissl ‘‘CloBaph’, KOTOPHIM B
MOCIIEYIONIMX UTEePaLUsX paboThl alropuT™Ma, OyAeT NCTIONB30BaH IS ONPEIeIICHHS
COOTBETCTBYIOIIUX BEKTOpoB. CyllecTByeT JBa OCHOBHbIX mnoaxoxa: CBOW
(Continuous Bag of Words) u Skip-gram. CBOW — «HenpepbIBHBII MEIIOK CO
CJIOBaMW» MOJIeNIbHAsI apXUTEKTypa, KOTopasi IPeCKa3bIBaeT TEKYIIEee CIIOBO, UCXOs
U3 OKPYXKAaIOLIEro ero KOHTeKcTa. ApxuTekTypa tumna Skip-gram neiicTByeT nHaue:
OHa HCIIOJIB3YET TEKYILEE CIOBO, YTOOBI MIPELyraiblBaTh OKPYKAIOLINE €ro CI0Ba.[0]

3.2 Onpenesienne CTPYKTYPBI TEKCTA
Bce TekcThl Ha €CTECTBEHHOM SI3bIKE MMEIOT OOJIBIIOE KOJIMYECTBO CIIOB, KOTOPHIE
He HecyT mH(popManuu o JaHHOM Tekcre. K mpumepy, B aHTIMHCKOM SI3bIKE€ TaKUMHU
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CJIOBaMH SIBIISTFOTCSI apTHKIU, B PYCCKOM K HUM MOXXHO OTHECTH IMPEIJIOTH, COHO3BI,
yacTuIlbl. JlaHHBIE CJI0BAa HA3BIBAIOT IIIYMOBBIMH HJTU CTOM-CJIOBAaMU. J[J1s1 JOCTIDKEHUS
Jy4IIero KayecTBa KIACCH(UKAIMK Ha TIEPBOM 3Tane MpenoOpabOTKU TEKCTOB
00BIYHO HEOOXOIMMO YIAIITh TaKue ciIoBa. BTopoii atam npenoOpaboTKu TEKCTOB —
NPUBEICHUE KaXKIIOTO CIIOBAa K OCHOBE, OJIMHAKOBOW JUIS BCEX €ro IpaMMAaTHYECKUX
¢dopM. DTO HEOOXOAMMO, TaK KaK CIIOBA HECYIIUE OJUH U TOT K€ CMBICT MOTYT OBITh
3amucanbl B pasHoi Gopme. Hanmpumep, 0JJHO U TO K€ CIOBO MOXKET BCTPETUTHCS B
Pa3HBIX CKIOHCHUSX, HIMETh PA3INYHbIC TIPUCTABKU ¥ OKOHYAHUSI.

3.3 HeiiponHble ceTn

HckyccTBeHHBIE HEHPOHHBIE CETH MPECTABISIOT COOON CHCTEMY COCTWHEHHBIX U
B3aUMOJICHCTBYIOIINX MEXKIY €000 MpOCTHIX MPOIECCOPOB — HMCKYCCTBEHHBIX
HEHPOHOB. AJNTOPUTM pPabOTBl TaKUX MPOLECCOPOB 3a4acTyl0 KpailHe MpocCT.
Hanpumep, nporeccop MOXeT IpocTo NpeodpakaTh MMOJYyYEHHBIH Ha BXOJE CUIHAJ,
UCIIONIB3YSl HEKYI0 MaTeMaTHYecKylo (YHKIHMIO, B BBIXOAHOH. W, TeM He MeHee,
Oyayun COCIMHEHHBIMH B JOCTaTOYHO OOJNBLIYI0O CETh C  YHPaBIIEMBIM
B3aUMOJIEHCTBUEM, TAKUE IO OTIEIBHOCTH HPOCTHIE MPOLECCOPBI BMECTE CIIOCOOHBI
BBITIOTHSTH JOBOJIBHO CIIOKHBIE 33Ja4H.

RNN/LSTM

PexyppeHTHbIe HEHpOHHbIE ceTH[7] OTIMYAIOTCS OT APYroro THIA CETeH TeM, 4To
KpOMeE CBsI3€H, NEPEXOJAINX OT OJHOTO HEHPOHA K APYTrOMY HampsMYyIO, KaK B CETSIX
MPSIMOTO PacIpOCTPAHEHHUsS, a TaKKe CBs3U, Mpoxonsduiue “Bo BpeMeHH . To ecTs,
CHUTHAJI OT OJHOTO HepoHa Ha dTane t mepehaeT K IpyromMy (WIu dTOMY Ke) HEHPOHY
Ha dtane t+1. Takum o0Opa3oM peKkyppeHTHble HEHpPOHHBIE CETH MOTYT COXPaHSThH
WH(GOPMAIUIO BO BPEMEHH, TEM CAMBIM ‘‘3aIllOMUHas’” HEKOTOphIe NaHHbIC. JlaHHas nx
0CcOOCHHOCTh KaK pa3 OYeHb CHJIBLHO TIOMOTaeT B IEpeBOje, KiacCH(pUKaLUK H
00paboTKe MPUPOAHOTO TEKCTA B IIETIOM, TaK KaK Halll S3bIK YCTPOCH TAKUM 00pa3zoM,
YTO HEKOTOphIC JaHHBIC B Hayaje OJIOKAa TEKCTa, MOTYT IOBIUATh HA IOHHMMaHHUE
W/WIHM TIepeBOJ] B ero KoHie. B manHoW [17] cTaThe OTIMYHO MOKa3aHBI pEalbHBIC
BO3MOKHOCTH PEKYPPEHTHBIX HEHPOHHBIX CEeTeHl U UX MPUMEHEHUs.

CNN

CHC - cBeprouHble HEHpOHHBIE CETH  Jy4llle BCEro IMoOKa3aiu celds B
pacro3HaBaHUM OOBEKTOB M 00pa30B HA KapTHHKaX, KiaccCH(UKAIMUA W300paKeHnH,
BBIJICJIEHUH OCOOEHHOCTEW M CokaTHM JaHHBIX. OJTHAKO, UM HAIIJIOCh IPUMEHEHHE U B
00paboTKe TeKcTa.

Tocumsonvubiil n00x00.

[MocuMBONBHBI TOAXOJ Ui KJIAcCH(PHUKAIUK TEKCTa ¢ MOMOIIbIO CBEPTOYHBIX
HEHpPOHHBIX ceTed ObLI mpemnokeH B crathe [16]. IlogpoOHee omumieM maHHBIN
MeToA. ANdaBuT - 3TO YHNOpsI0ueHHBI Habop cuMmBoioB. [lycTh naHHBIA andasut
COCTOUT M3 m cHUMBOJNOB. Kaxkaplii cumBon andaBuTa B TEKCTE 3aKOJMPOBaH C
NOMOIIBI0 | — M — KOAMPOBKH. (T. €. KAKIOMY CUMBOJIy Oy/ET COIOCTABJICH BEKTOP
JUIMHBI M 3JEMEHT KOTOPOTO paBeH €AVHHLE, B MO3ULIUU PABHOM IMOPAIKOBOMY
HOMEpY CHMBOJia B ay()aBUTE, a HYJIO BO BCEX OCTAIBHBIX MO3MIHUAX.) B ciyuae,
KOTJa B TEKCTE BCTPETUTCS CHMBOJI, KOTOPbIM He Bowied B aidaBUT, TO €ro
HEOO0XOIMMO 3aKOAMPOBAaTh BEKTOPOM JUIMHBI M COCTOSIINM U3 OIHUX HyJel. [aiee,
13 TEKCTa ClIeyeT BoIOpath nepebie | cumBosios. [lapamerp | momkeH ObITH OOJIBIINM,
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4TOOBI

OIIPEACIICHUS KJIaCcCa BCCTO TECKCTA.

WcxoaHoin

TexkcT

1

CBepTouHbIA Cnoi
C ABYMA AApamMu
CBEpPTKM

B IEpBBIX | CHMBOJIAX COAEPIKAIOCH JOCTATOYHO MH(POPMALMK IS

(1*1 +0"1 +0"2) +
(0*1 +1*1 +0"2) +
(0*1 +0*1 +0'2) =2

- /
I’l°l°l‘ olofo|t P~ ———__ o

feanpe . MM Buop
cBepTKM MakcumManobHo
aneMeHTa
pasmepa 1x3 Max-pooling

Puc. 1 ITocumeonvhwiii no0x00

3aTreM HCXOTHBIE BEKTOPHI OOBEAMHAIOTCA B MATPHUILy pazMepa m X I, B KOTopoii B
KaKABIA cromberny OymeT wmMeTh He Oomee ofHOW enuHUIBL Kaxkmas cTpoka
MOJy4YeHHONW MAaTpHUILbl HCTIONb3YyeTCsl KakK OTAeNbHas KapTa npuszHakoB. Ha Bxox
CBEPTOYHON HEHPOHHOM CETH MOJAaeTCsl M KapT MPU3HAKOB pa3Mepa | X | aHanmoruuHo
M300pakeHNI0. APXHTEKTYpy CETH HEeoOXOAMMO BEIOMpaTh MCXOAS W3 3amaun. Ha
Puc. 1 mpuBeaeH mpuMep NMOCUMBOJIBHOTO moaxona st 1 = 6, m = 3. B nmpumepe
MOKa3aH OJIMH CBEPTOYHBIN M OJIUH CYOAUCKPETUIUPYIOIIMIA CIIOH.

1lo0x00 ¢ ucnonvzosanuem KOOUPOBAHUS CILOS.

B nmanHOM moaxone KaXAOMY CIOBY B TEKCTE COIOCTaBISIETCS BEKTOP
(hUKCUPOBaHHOW IJIMHBI, 3aT€M M3 TONYYEHHBIX BEKTOPOB Ui Ka)XIOro OOBEKTa
BBIOOPKM COCTABIISIETCS MAaTpHILA, KOTOpas aHAJOTMYHO M300PaKCHUSAM MOAAETCs Ha
BXOJl CBEpTOYHOM HeMpoHHOW cetn. Ha Puc. 2 mpuBeneH npumep CBEpTOYHOMI
HEHPOHHOM CETH C UCIIONIb30BAaHUEM KOAUPOBAHUS CIIOB.

wait
for
the
video [~ | W\
and 2\
do — \
n't I
rent - Il
it = Il

Max-over-time
multiple filter wicths and pooling
feature maps

onnected layer
with dropout and

softmax output

Puc. 2 I[1o0x00 ¢ ucnonvzosanuem KOOUPoOBaHust Clos
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Seq2Seq

YHuBepcanbHas OnOnMMoTeKa KoIUpoBIIUK-Aexonaep anst Tensorflow[5], koTopas
MOJKET HCIOJIb30BAThCSI JAJS MAIIMHHOTO IIEPEBOAA, OMpPENeNICHUs] COACpKaHHS
TEKCTa, MOJICIIUPOBAHUS JHAIOTOB, OMHMCAHUS COJCPKAHHS W300paKeHHH W T. 1.
Seq2Seq mo3BosET cO3AaBaTh M 00y9IaTh MOJENM HEUPOHHBIX CEeTel BHIA ‘sequence
to sequence’.

Encoder € |/ €1 |/ €2 |/ €3 |/ €4 |—/| es |/ | €5

Decoder do — d; —_— d2 — ds

Puc. 3 - Busyaruzayus npunyuna pabomuol 6ubnuomexu Seq2Seq, ucmouHux:
https://github.com/google/seq2seq

4 JIpyrue kjiaccu(pukaTopsl

4.1 BaiiecoBckmii KJaccupukaTop

Haunplii  OaifecoBckmid  KilaccUPHUKATOp —  MPOCTOH  BEPOSATHOCTHHIH
KJIaCCH(UKATOpP, OCHOBAHHBI Ha NPUMEHEHHH TeopeMbl baifeca co cTporumu
(HavBHBIMH) IPEATIONIOKEHUSIMHI O HE3aBUCUMOCTH.

JIoOCTOMHCTBOM HaWBHOTO 0aliecOBCKOTO KiaccudukaTopa SBISETCS Majoe
KOJINYECTBO JAHHBIX M1 OOy4YeHHs, HEOOXOIMMBIX JJIsl OLIEHKH IapaMeTpoB,
TpeOyeMbIX JuId Kiaccupukamnuu.

IIycts X — MHOXECTBO oOmHMcaHWil 00BEKTOB, Y — MHOXXECTBO HAaWMEHOBaHUU
knaccoB. Ha MHOXecTBe map «0OBEKT, Klaccy OmpesielieHa BepOsSTHOCTHas mepa P.
HNmeercss  xoHewyHas  oOywaromasi — BBIOOpKa  HE3aBUCHMBIX  HaOIIOJIeHUN
X™ = {(x1, Y1) » Cm) Vim)}, MOJTYUEHHBIX COTTIACHO BEPOSTHOCTHOM Mepe P.

[Tpu pabore ¢ HENMpepHIBHBIMU JTAHHBIMH OCHOBHOE IPEAIOJIOXKEHNE COCTOUT B
TOM, YTO HETIPEPHIBHBIC 3HAUYEHHUSI, CBA3aHHBIE C KXK/IBIM KIIACCOM, PaclpeIelisioTCs B
COOTBETCTBHH C pacipenenenremM ['aycca.

4.2 SVM/SVC
Mertoa onopusx BekTOpoB (aHri. SVM, support vector machine) — Habop cX0Xux
QITOPUTMOB OOYYEHHs C YYHTENeM, MCIOIb3YIOIMXCS IS 3a/1a9 KIacCH(UKAUKN 1
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perpeccruoHHoro aHanmza. OcoOBIM CBOWCTBOM METO/Ia OTIOPHBIX BEKTOPOB SIBISETCS
HENPEPHIBHOC YMEHBIICHHE 3MITUPUUSCKON OINMMOKU KIIACCU(UKAIUN U YBEITHUYCHUEC
3a30pa, IMOSTOMY METOJ TaKKe HW3BECTEH KaK MeTol Kiaccupukatopa ¢
MaKCHMAaJIbHBIM 3230POM.

OcHOBHas uies MeTo/ma — IMEPeBOJ] MCXOTHBIX BEKTOPOB B IPOCTPAHCTBO Ooiee
BBICOKOM pa3MEpHOCTH U TMOHUCK Pa3AeSIONIel THUIIEPIUIOCKOCTH ¢ MaKCHMaJbHBIM
3a30pOM B 3TOM IPOCTpaHCTBE. JIBe MapauiedbHBIX THHEPIIOCKOCTH CTPOSITCS TI0
o0erM CTOpOHAM THIIEPIUIOCKOCTH, pa3meisfiomiell  Kimacchl.  Pasmensroreit
TUNEPIUIOCKOCTBIO OyJIET THUIEPIIOCKOCTh, MAKCHMH3HUPYIOIAs PACCTOSIHUE JIO JABYX
MapauIeIbHBIX TUIICPILUIOCKOCTEH. AJITOPUTM pa0OoTacT B MPEAINOJIOKECHUH, YTO YeM
OonpIie  pa3HHIlA WM PAacCTOSHAE  MEXKIy  OTUMH  THapauiedbHBIMHU
TUNEPIUIOCKOCTSIMH, TEM MEHBIIIE OYACT CPeIHss ONTHOKa KIIaCCU(PHUKATOPA.

) & H, H; Hy
®e
o ®
®
o ®
o O
O
o~ o0
O Yp
-

¥

Puc. 4 HI,H2,H3 — eunepnaockocmu. H3 — 2unepniockocms MaxcumManioHOU pasHocmu

5 CymectByomue 6udauorexu ajasi NLP

5.1 Stanford CoreNLP

JanHpIii OecrmaTHBIA IMPOTPaMMHBIA TPOMYKT OBUI OBUT CO3/MaH  OOIUMH
YCUIMSAMH CTYJEHTOB M HAy4yHbIX paboTHHKOB yHuBepcutera Stanford. OcHOBHOM
3ajaueif, Koropas Oblla TMOCTaBlieHa B Hadaje ero pa3paboTku, ObUIO co3/aHHe
Habopa COBPEMEHHBIX MHCTPYMEHTOB, MO3BOJIIOLINX 00pabaTrIBaTh
HECTPYKTYpHpPOBaHHbIN TekcT. Ilo ceil AeHb 3TOT NMPOAYKT SBIAETCS OIHUM U3
ayqmux B cBoedd Hume. C ero moMonipbl0 MOKHO TPOBECTH TOJIHBIA aHaN3 4acTer
peun B TEKCTe, CTPYKTYPBl TEKCTa, IPOBECTH paclio3HaBaHUE HMEHOBaHHBIX
00BEKTOB, ONPEEIUTD, [I€ B TEKCTE pa3HbIe CYLIECTBUTEIbHbIE 0003HAYAIOT OAUH U
TOT € OOBEKT, TPOBECTH aHAM3 TOHAIBLHOCTH TEKCTa W MHOToe Jpyroe. bombiie
UHPOpPMAIMK O TPOAYKTE W TIPUMEPHl HCIIONH30BAHUS MOXXKHO HAWTH Ha
odunmansHOM caiire[ 12].
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5.2 Natural Language Toolkit, NLTK

Hannas GecrutatHast OnbIMOTeKa A s3bIKa mporpammupoBanus Python siBisercs
OHOW M3 NyYIIUX AJS CO3JaHUsl Pa3lUYHbIX NPOTPAMMHBIX NPOAYKTOB Ha 3TOM
s3pike. OHa MpenocTaBIsAeT OOBIION HAOOp HHCTPYMEHTOB, KOPITYCOB TEKCTa, MMEET
MPeTyCMOTPEHHBIE O0EpTKU ISl MCIOJB30BaHUS APYTUX OMONHOTEK BHYTpH ceOsl.
Hanpumep, ni1st aHann3a TOHAJIBHOCTH TEKCTa M Pa3METKH MPEIJIOKEHHH, €CTb
BO3MOKHOCTP TOJKITIOUeHHS BbImeonuncanHoro mpoaykra Stanford CoreNLP. Taxxe
st pasnmnuabix  kinaccupukanuid B NLTK 6pur mpemycmorper wuHTEpdeiic ams
MOJKITIOUEHHH Kiaccu(UKaToOpoB U3 npyroit oubmmorexu — Scikit learn, o xotopoii
noaér peup amanpmie. A Oonblie WHQOpPMANMKM 00 HCHONB30BAaHHH, YCTPOHCTBE
JIAHHOM MOYKHO HAWTH Ha opuItManbHOM caite[13].

5.3 Scikit learn

XoTs oTa OMONMOTEKa HE WMEET HHUKAKUX CHEIU(PHYECKUX HHCTPYMEHTOB IS
00pabOTKK TPHUPOJHOTO SI3bIKa, B HEW HMeEEeTCs OTrpOMHEMHIee KOJIHYECTBO
KJIACCU()MKATOPOB, OCHOBAHHBIX HA PAa3JIMYHBIX alTOPUTMAaX; MOJENCH HEUPOHHBIX
ceTell W MpOoYMX OOIUX WHCTPYMEHTOB JUIS MAIMHHOTO oOyueHwus. Vcmonbsys eé
BMECTE C JPYTHUMH, yY3KOHATPABICHHBIMH HHCTPYMEHTAMH, MOKHO CO3/1aBaTh OYCHb
CIIOXHBIC M KAUeCTBCHHBIC CHUCTEMBI IJii O00palbOTKH, aHaiW3a, KiacCU(UKALUU U
JIaX€ TEeHepaluu IMPUPOJHOTO TEKCTa. SIPKUM NPUMEPOM HCHOJb30BAaHUA AAaHHOMN
oubnmorexkn sBhseTcss cheayrommii| 14] oOywarommii MaTepuan, HaIlMCaHHBIN
YEJIOBEKOM I10JT HUKOM sentdex.

5.4 Tensorflow

Taxke kak W BbeIIconucanHas OumbOmmoreka, Tensorflow[15] abcomoTHO HE
3ayMblBaNach, Kak OuOIMoTeKa Ui OOpabOTKM TMPHPOJHOTO TEKCTa, a Kak
WHHOBAlIMOHHAs OWOJMOTeKA JUIsi MAIIMHHOTO OOydYeHUss H, B OCOOEHHOCTH,
MCKYCCTBEHHBIX HEMpPOHHBIX ceTell. Ho oHa Takke MOXKeT OBITh HCIIONB30BaHA IS
aHanmM3a ¥ TeHepalud TPUPOTHOTO TeKCTa. BrplleomucaHHbll seq2seq, Kak H
Word2Vec, sSBIsitOTCS 4acThio AaHHOW OMOIHMOTEKH, MOCTOSHHO J0pabaThIBAIOTCS H
YK€ YCIEHIHO HCHONb3yeTCs UL Pa3iIUyYHBIX HCCIENOBAaHUM U CO3HAHUS
MPOrpaMMHBIX TPOMYKTOB. B naHHO# [5] oOydwaromiedl cratbe MOXKHO NPOYUTATH O
TOM, KaK MO’KHO HCIIOJIb30BaTh MOJIEIb seq2seq Ui epeBo/ia TEKCTa.

6 IIpakTHYecKoe MPUMEHEHHE AHATN3A TEKCTa

B Teuenue Bcero 2017 roma TeXHONOTHs OJIOKYEHH CTPEMHTEIbHO HaOupasa
000poThl. LleHBl Ha KPUNTOBATIOTHI OYEHH CHJIBHO OTIWYAIOTCSA APYT OT JIpyra u
3aBsi3aHbl HA OTPOMHOM KOJHYecTBE (akTopoB. Takmx, Kak o0Imee KOJINYECTBO
“MOHET” WM “TOKEHOB”, HaJMuMe BEPXHEW TpaHUIBl WX KOJMYECTBAa, CIIOCOO
“noObran” TaHHOW BATIOTHI M MHOTHE ApyrHe. Tak Kak B IIEJIOM TEXHOJIOTHS BCE eIe
OYeHb HOBA, JIBWKCHHS II€H HAa JAHHBIN THIT BaJIOT B OCHOBHOM 3aBUCST OT OJIHOTO
KITFOYeBOro (hakTopa — MHEHHUS JIIOJIEH O NaHHOW BaIOTe, KOTOpoe (opMupyeTcs
UCXOJll M3 HOBOCTEH KIIFOUEBBIX KPHIITO-M3/IaHUH, aHOHCOB OT pa3padOTYMKOB,
WHGOpPMAIMN O MAPTHEPCTBE C APYTUMH OPTaHU3aIUSIMH M OCTAIEHOM HOBOCTHOM
¢one. Xopommii HOBOCTHOH ()OH BOKPYr BalIOTHl TPUBOAUT K IIOBBIIICHHOMY
BHUMaHUIO CO  CTOPOHBI  OOIIECTBEHHOCTH, 4YTO  TIPUBJIEKAeT  OoJibIIe
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3aMHTEPECOBAHHBIX JIIOJIEH, YTO TMOBBIMIAET CIPOC, M, KaK IPAaBWIO, MO3UTHBHO
CKa3bIBACTCSI HA CTOUMOCTH JAHHOW BANIOTHI.

OO0paTHyI0 CUTYaIMIO MBI MOKEM HaOJII0JaTh NPU HETaTMBHOM HOBOCTHOM (hoHe
BOKPYT KaKOH-TO KPUITOBATIOTHI — IJIOXHE HOBOCTH 3a9acTyI0 HETaTHBHO BJIMSIOT HA
JMHAMHKY POCTA TAHHOMN BaJIOTHI.

OpHako, JaHHBIE BBIBOJABI OBUTH CAETAaHBI B XOA€ HAOMIOJCHUIN 3a PHIHKOM H HE
OBUTH TIOJKPEIUICHBl HUKAKMMH CTaTHYeCKHMMH JAaHHBIMHU. IS TIOXTBEpIKACHHS
THIIOTE3Bl OBUIO PEHIEHO CHPOEKTHPOBaTh W PEATN30BaTh CHCTEMY, KOTOpas
no3Bonmia Obl MPOaHAIM3UPOBAaTH HOBOCTHOW (DOH HEKOTOPHIX KPHUITOBATIOT MU
CPaBHUTP PE3yJIbTaThl aHAIN3a C TPAQUKOM H3MEHEHHS CTOUMOCTH.

B xonme mpenBapuTeNFHOTO MCCIEIOBAHMS OBLIO HAMIEHO HECKOIBKO CEPBHCOB,
NPEJOCTABISIOIINX aHANIN3 TOHAJBHOCTH TEKCTa, Cpedu KOTophIX Sentimentl40,
sentiment_viz, AlchemyAPI u npyrue. @yHKIHOHaT JaHHBIX CEPBHCOB JOBOJIBHO
OTpaHMYEH U TTO3BOJISIET MIPOAHATM3UPOBATH JIUIIH HEOOIBIIOE KOJMYECTBO 3aINCEH.

bitshares English v | Search
Sentiment analysis for bitshares

Sentiment by Percent Sentiment by Count

I MNegative (1

Nagative (3% N
) _ W Fositive (31

Puc. 5 — Honvzosamenvckuii unmepgetic cepsuca Sentiment140

Hamu Opmma copoekTupoBaHa cucTeMa Ui OOpaOOTKM HOBOCTEH, CTaTew,
KOMMEHTApPUEB U MPOUYUX TEKCTOBBIX AHHBIX, KOTOPbIE HEMOCPEACTBEHHO KacaluCh
KpunTtoBaiatoT. Ha MOMEHT HanmMcaHus JaHHOW CTaThU CUCTEMA BCE €Ile HAaXOJIUTCS B
paHHHX dSTamax pa3paboTKH, OJTHAKO YK€ MMeeTcs paboumii MPOTOTHI IJIS aHaIn3a
TOHAJIBHOCTU TEKCTa HOBOCTEH M aHOHCOB, KOTOPBIE JIIOJU Pa3MEIa0T Ha IUIONIA/IKEe
“Twitter”.

Jist HayabHBIX ATANOB Pa3paOdO0TKU CHUCTEMbI OBLIO PEIICHO HMCIIOJIb30BaTh OoJiee
MPOCTHIC B CO3/IAaHUM U OOCITY>KHBaHUU METOJIbI, @ UMEHHO — CO3/IaTh KJIacCU(UKATOP
JUTSL OTIPEJICNICHUS] TOHAJIbHOCTH HOBOCTEH, KOTOPBIN OyJeT BKJIHOYATh B ceOs pa3HbIC
MoAX0Jbl K Kiaccuukanuu. BbpUIO NMPUHSITO pelieHHe I KaKIAOW IMOCTyHarolen
HOBOCTH BBIYHCIIATH Sentiment score — WHAMKATOP, ITOKA3BIBAIOMIMNA, HACKOIBKO
MO3UTUBHBIN WK HETaTUBHBIM OKpac UMEET NaHHAas HOBOCTb.
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Add computed score
1o the record

Save
Run
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Puc. 6 - BvicokoyposHesblii 0630p apxumeKkmypbl cucmembvl Ol AHALU3A HOBOCTEl O
Kpunmoeauaomax

Panee Hamu OBIJIO MPOBEAEHO €Ille OAHO HCCIEAOBAaHHE, B XOAE KOTOPOro Oblia
MOCTaBJIeHa 3aflaya — BBIACHUTH, MOXHO JIM, UCHOJb3ysd OYeHb IPOCTHIE IpaBHIIa,
u3BJI€Yb U3 OOJBIIOIO KOJIMYECTBA HECTPYKTYPHPOBAHHOI'O TEKCTAa HYKHYIO
WH(POPMAITHIO.

Beuto  pemieHo TpoBEpUTH JAaHHOE MPEANONIOKEHHE, W3BIeKas (akTl O
COTPYIHMYECTBAX KOMIIAHWN, HCIONB3YS HMX YIOMUHAHHUS B pPAa3IMYHBIX Mpecc-
penn3ax. B mccnenoBaHMM HCHONB30BAINCH INPECC-PENU3bl TAKUX KOMITAHUH, Kak
Cloudera, Microsoft, Amazon u ap.

Jns u3HavyanbHOM COOpPKM JaHHBIX ObUIa HCHOJNB30BaHa MOAMMDUIIMPOBAHHAS
Bepcust Apache Nutch. beima ckawana wHpopmarms u3 o0IIero apxvwBa JaHHBIX, a
Takke Ooyiee aKTyallbHBIE CTaThbU OBLIM COOpaHBI HETIOCPEICTBEHHO C O(UIIMATBHBIX
CaliTOB KOMIIAHUH. SIpKMM IpPUMEpPOM HCIIOJIB30BAHHBIX JAHHBIX SIBISETCS IPECC-
penu3 kommnanuu Cloudera [8].

Cuctema paboTana ciexyouuM o0pa3oM - Ha IIEPBOM 3Tane ObLIN 3arpy>KeHbI BCE
HY)XKHBIE HaM JlaHHble, jJanee jaaHHble Obutm momemensl ElsaticSearch. Ilocne,
WCIIONIB3YS HalTMCaHHBIA HAMU CKPUNT Ha si3blke Ruby, uTepatuBHO, K K0 cTaThe,
OBUT IPUMEHEH CJIeTYIOLIUN aJlTOPUTM:

1. TIIpoBepuTh NpaBUIBHOCTH PETUCTPA CIOB B 3ar0JIOBKE MPECC-Pesu3a.

2. YcTpaHUTh HENpaBWIBLHO HAMWCaHHBIE CJIOBA, HCIONB3YS COCTABIICHHBIC
CJIOBapH, aHAJIN3 TEKCTa CaMOM CTaThbU

3. IlpoBeputb, YTO BCE OCTaBIUHECS CJIOBA, HAIMCAHHBIE C OONBIION OYKBBI,
SBJISIOTCSA Ha3BaHMUAMHU KOMIAHHM, MCIOJB3Ys TOWCK MO 0a3e JaHHBIX KOMIAHWN Ha
Crunchbase [9], Wikipedia [10] u rpade 3unanuit Google [11].

4. Baectn MHQOpPMALUIO O JAHHBIX KOMIAHMUAX B 0a3zy JaHHBIX, €CIM TaKOBBIX
elle HeT

5. TlpoBepuTh 3aroiOBOK Ha HaJIW4YKe OTOOPAHHBIX HAMH CJIOB, 0003HAYAIOIINX
COTPYJHUYECTBO MEXY JIByMs] CTOPOHAMH
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6. Ecnu TakoBble IMEIOTCS, TO MPOBEPUTH PACTIONIOKEHHUE HA3BAHUN KOMIIAHUH U
HalJIeHHBIX CJIOB OTHOCHUTEIBHO APYT APYyra M, €CIM OHU COOTBETCTBYIOT NpaBHJIaM,
TO BHECTHU B 0a3y JaHHBIX 3alUCh O COTPYAHUYECTBE STHX JIBYX KOMIaHHUN

W3-3a cBoed MPOCTOTHI, aNrOPUTM MOTPeOOBaj MHOTO BpPEMEHU OTIAJKH,
3aroNTHeHUsT cioBaped W otOopa uckmoueHuit. OqHako, OH BcE paBHO Jall OYCHb
HEIIOXOU pe3ynbTaT. M3 HEeCKONbKMX AECSATKOB THICSY CTaTe€dl MBI CMOTJIH cOOparthb
nHpOpMaIIo 0 coTpyaHudecTBe oonee 150 kommanuii. Ha Puc. 7 moka3zaH ckpuHIIOT
coOpaHHBIX JaHHBIX B PostgreSQL Ha paHHUX dTanax paOboThl arOPUTMA.

d names

[PK] serial character varying[)
1 1 {Cloudera, “Cloudera In(.':
2 {Google, "Google lnc'.'Goog:l
3 3 (Dell)
4 4 {Cloudera3ds}) |
s s {Hadoop} 1
6 6 (Talend} :
7 7 (Informatica) 1
8 8 {"Digital Reasoning”) 1
9 o {Cseries) |
10 18 {“Hadoop MetaScale”) )
11 1 {Oracle} :
12 12 {Comverse} |
13 1 {Capgemini} 1
14 14 {Splunk} 1
15 15 {Fic0) |
16 16 {"Cloudera Enterprise*} 1
17 7 {Persado) )
18 18 {Accenture} 7
19 19 {udacity) :
20 20 ("Red Hat"}
21 21 {"Microsoft Azure*} )
22 22 (Telkomsel} b
23 23 {NEC) 3
24 24 {"Cloudera Science Wech'}«
25 25 (AsiaPacific) :
26 6 {Experian} .
.

B NOWELE WN -

company1_Id company2_k

Integer Integer
Com—
6 1
7 1
1 8
1 9
1 16
111 1
1 12
13 1
14 1
15 1
1 16
17 1
1 5
18 1
1 19
1 20
1 21
|22 1
1 3
23 1
24 25

~
o

Puc. 7 — Jlannvle o komnanusix

[Nony4yennyto nHPOpPMAIMIO MBI TIO3KE MPeoOpa3oBallM U BHECTH B 0a3y JaHHBIX,
OocHOBaHHYIO Ha rpadax — Neo4j. Hwxke, na Puc. 8 u Puc. 9, npusenens! npumepst

coOpaHHBIX JaHHBIX.

)|

¥
»7
)

‘/
’ ‘If.

’ & £

e - &

Puc. 8 — Ces3u mesncdy cobpannvimu OanHbIMU
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Puc.9 — Csasu mescdy cobpanHbimu OaHHbIMU

7 BuIBOIBI

B nannO#i paboTe OBIIM paccCMOTPEHBI OCHOBHBIC HAIPABICHUS H CIOCOOBI
aHaliM3a €CTECTBEHHOTO S3bIKa, a TaKKe METOAbl 00pabOTKM TEKCTOBBIX JaHHBIX.
[lpuBeneHo omucaHue CYMIECTBYIOUIMX WHCTPYMEHTOB W OumOnmorex s Natural
Language Processing. B mnpuBeneHHBIX NpuUMepax HCIOIB3YIOTCS HEKOTOphIE W3
YIOMSIHYTBIX B CTaThe METOIbI 00pabOTKH U KIIaCCH(HUKAIINH TEKCTA.

B skcniepuMenTe ¢ OLeHKOH KOTHPOBOK KPUNTOBAIIOT MOKHO TOJIaraTh, YTO €CTh
HEKOTOpasi 3aBUCHMOCTb MEXJIYy 3HAY€HHEM TOHAJbHOCTH TEKCTa M OOMEHHBIM
KyPCOM.

B skcniepriMenTe ¢ aHann3oM (hakToB O COTPYAHUYECTBE KOMITAHUH ¢ IOMOIIBIO UX
VIIOMHHAaHUH B Tpecc-penu3ax ObuT co3fgaH Tpad B3ammojeiictBus Oonee 150
KOMITaHUH.

[TogBoas MTOr MOXHO CJenaTh BBIBOJ YTO B COBPEMEHHOM MHUpPE, B CpeAe
IMOCTOAHHO PpacTyliux OG’LGMOB I/IH(bOpMaIII/II/I, aHaJIn3 TCEKCTOBBIX JaHHBIX HWMECT
OOJIBILION MTOTEHIINAI U ITUPOKOE IPHMEHEHHE.
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UDC 532.5

Modeling of the viscous fluid flow around rotating circular
cylinders with the lattice Boltzmann method at moderate Reynolds
numbers

G. Bulanchuk, A. Ostapenko
Pryazovskyi State Technical University, Ukraine

In this work the task of the viscous fluid flow around both a circular cylinder which
rotates with the constant speed in a plane channel and a lattice of rotating cylinders has
been numerically solved by the lattice Boltzmann method. The method of setting the
boundary conditions on the rotating cylinder boundary has been developed and tested.
The comparison of obtained results with known numerical results obtained by other
numerical methods has been made. Both stationary and periodic solutions have been
investigated. The dependence of the computational grid resolution on the cylinder
rotation speed for the predefined accuracy has been shown.

Keywords: viscous fluid, rotating circular cylinder, lattice of cylinders, Boltzmann equation,
Reynolds number.

B po6oTi MeToioM TpaTKoOBHX PiBHAHB BobIMaHa YUCETBHO PO3B’sI3yBasacs 3ajada
OOTiKaHHS TIOTOKOM B’SI3KOI PIIMHM KPYroBOTO IIIHApPa B IUIOCKOMY KaHajil Ta
PELIITKM KPYroBUX LMJIHIPIB, IO 00epTaloThCs 31 CTalor MBHAKiCTIO. Byma
po3po0iieHa Ta THPOTECTOBaHA METOMMKA 3aJaHHA TPaHMYHUX YMOB Ha TpaHULi
WTiHApa, mo obepraeThes. [IpoBeneHO MOPIBHSHHSA OTPUMAHHUX pe3yJlbTaTiB i3
BIIOMHMH YHCEIFHHMH PO3B’S3KaMH, [I0 OYylIM OTPUMaHI IHIIUMH METOIaMHU.
JocnimkyBaiuch SK CTaliOHapHI Tak 1 mepioandHi pexumu Tediil. [lokazana
3aJIeKHICTE PO3MIpY PO3PaXyHKOBOI CITKH BiI HIIBHIKOCTI OOEpTaHHS LIUIIHIAPY NPH
3aJaHii TOYHOCTI.

Kniwouosi cnoea: 6’s3xa piouna, o6epmanvHutl Kpy2oeutl YuniHop, pewimka yuniHopie, pieHAHHS
Boavymana, uucno Petinonvoca.

B nmanHON paboTe ¢ MOMOIIBIO METOJOM pPELICTOYHBIX ypaBHeHWH bosbrMana
YHCICHHO pelIanach 3ajada OOTeKaHHs IIOTOKOM BS3KOH >KHIKOCTH KPYTOBOTO
UIMHIPA B IIIOCKOM KaHAaJIe U PELIETKH KPYTOBBIX IIIHHAPOB, KOTOPHIE BPAIIAIOTCS
C MOCTOSIHHOM CKOPOCThIO. Bhlma pazpaboTaHa M MpoTeCTUPOBAaHA METOAUKA 3aJaHUS
TPaHNYHBIX YCIOBUH Ha IpaHUIE Bpamiaromerocs muiuHapa. [IpoBeneHo cpaBHeHHE
MOTyYEeHHBIX Pe3yIbTAaTOB C M3BECTHBHIMH UHCICHHBIMH DEIICHUSIMH, TOIyIeHHBIMI
JIpyrUMH MeToJaMmHu. MccnemoBanuch Kak CTalMOHApHbIE, TaK M IEpUOAMYECKUE
pesxumbl TedeHHH. Iloka3zaHa 3aBUCHMOCTb pa3Mepa pacdeTHOM CETKH OT CKOPOCTH
BpallleHUs] LIIMH/IPA MIPH 3aJJaHHOM TOYHOCTH.

Knrouesvie cnosa: ss3xasn jcuokocmv, 6pawaiowuiics Kpy206ou Yunuiop, peuemra yuiuHopos,
ypasnenue borvymana, uucno Peiinonvoca.

1. Introduction

Rotating circular cylinder is a classical problem in fluid mechanics [1, 2]. During a
cylinder rotation, a symmetric flow around it becomes disrupted and forms a
circulation flow [2]. In this case, a flow rate increases on the one hand of a rotating
cylinder and decreases on the other one. The speed difference entails the difference in
pressure. Thus, the additional lift appears (the Magnus effect [3]).

In this paper, to simulate the fluid flow around a rotating cylinder the lattice
Boltzmann method has been used. Usage of this method, based on the kinetic theory
of gases, started in 1990 and is growing rapidly [4]. One of the advantages of this

© Bulanchuk G., Ostapenko A., 2017
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method are simplicity of understanding and programming, due to all stages being well
understood processes of a particle collision and a particle transport which are
described by the linear equations and therefore can be solved with the explicit
schemes. There is also a possibility to parallelize the algorithm on CPU using the
OpenMP technology and on GPU, using the CUDA technology. The usage of the
CUDA technology provides a significant speed-up of computations, approximately in
50-70 times [5].

The lattice Boltzmann method is one of the new promising approaches in the
computational fluid dynamics and it is widely used for the simulation of the
conventional and multiphase flows [6], the multi-component flows [7], the flows with
the free boundaries [8], the heat transfer [9] and the calculation of hydrodynamic
coefficients [10]. The method has been already used for the flow simulation around a
rotating circular cylinder built on complex boundaries [11-12], but clear and universal
rules for setting the rotating boundary condition have not been given.

The aim of this work is to develop and test the boundary conditions needed to
specify the rotation of a circular cylinder constructed along the edges of the
computational grid cells with the lattice Boltzmann method. The obtained results have
been compared with the similar results obtained with other numerical experiments.

2. The lattice Boltzmann method
For the fluid dynamics simulation with the lattice Boltzmann method, the pseudo

particles described by the discrete particle density distribution function f, [13-15]

have been used. The particle displacement probability in one of the k directions has
been described by the distribution function values. It should be noted that in the
kinetic theory of gases, the particle density distribution function determines the
density of the probability of finding the particle around the point of the six-
dimensional phase space (coordinates and velocities) [16].

The computational field is divided by the square cells with the length d. There are
nine values of the particle density distribution function in each cell. Thus, particles can
move to one of the eight possible directions or stay at rest (fig.1). This model is called
two-dimensional nine-vectors model of the lattice Boltzmann method (D2Q9) [13-15].

- > -
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Fig. 1. Possible directions of the particle movement according to D2Q9 model
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To determine the size of cells d, the fluid kinematic viscosity v and the number of
cells per length N are set. The time step is calculated according to the equation [17]:

2

Atzld—(r—l) (1)
3v 2

where 7 — nondimensional parameter of relaxation [17]. According to equation (1) and

basing on the condition At >0, the limitation of the relaxation parameter isz >0.5.

Such modeling parameters as the lattice speed ¢ and the lattice speed of sound C

are defined as [18]:
1 1d
C,=—=C=—12=— 2
=B A )
The system of the discrete kinetic equations that describes the movement of pseudo
particles is [17]:
fi(r+ed,t+At)= 1, (rt)+Q, k=08 3)
where Q, — collision operator [17] (the model of the collision integral from the
integral Boltzmann equation);
r=(x,y) - coordinates;
t — time.

The model of the collision integral is presented in the BGK (Bhatnagar-Gross-
Krook) approximation form [17], which is the linear relaxation to the local Maxwell

equilibrium;
fe(r,t)—f (r.t
R o
In the LBM for isothermal flows, the expansion of the Maxwell equilibrium

distribution function by the powers of the velocity vector U has form [19]:

(cec.d(rt)) a(cea(rt))” yuiie)

eqd (o +)_ -
i (rt) =wpo(r,t)| 1+ z o @ ()
where w, —weights;
p — fluid density;
u — velocity vector.
, 4 1 1
The weights for the D2Q9 model are: w, = §?W174 = §;W578 ~3% [17].

The conversion from the particle density distribution function to the fluid

properties such as density p, velocity U and pressure p is performed according to
equations [17]:
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p(F1)=2 (7t a(;,t)zﬁgcank(at); p(r.t)=c2o(Ft) ©

It is known that the disadvantage of the LBM is conditional stability [14, 15, 19-
21]. The stability of the solution is affected by:

e C, — the lattice speed of sound: as shown in [14], the method remains stable

when: C, < «/1—U§]ax , where U, is the maximum speed value in the computational

domain;
e 7 — the relaxation parameter: to avoid the negative influence of the relaxation
parameter on the numerical results, it is usually setas z =1 [15];
e ¢ - the lattice speed: as shown in [19, 20], the method remains stable when
M <<1, where M is the lattice Mach number calculated by the equation:
U

M = —max )
C

3. Setting the boundary conditions
There are several methods of setting the boundary conditions in LBM [15, 22-24]
which can be chosen according to the task.

Vv
Y, in /\ P=const
= CT 2R [=>

No-slip BC _

Fig. 3. Boundary conditions

In this work the following boundary conditions (BC) are used (fig. 3):

» No-slip BC. The method for setting the no-slip BC is described in [22] in
details and it is implemented by setting the condition of the particles reflection from
the boundary in the opposite direction.

» Inlet BC. Inlet BC. When the inlet BC is set, there are two levels that describe
fluid: the macroscopic level and the microscopic one. Firstly, at the macroscopic level,
the velocity components are set. The fluid density on the boundary can be calculated
according to the method described in [24, 25] using the known distribution function
values. As the lattice speed of sound is a variable value, the density is calculated
according to the equation:

(1) = (fo+f,+ f4i+2( fo+ fo+ 1)
1—Eugﬁn

Then, at the microscopic level, the unknown distribution function values on the
boundary can be calculated by formulas [25]:
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(R0 = (.0 + = p(F,0u, (1)
3c
L0 = HED+ 2 £,(0 - H00)+ (.00,

fy(r,0) = f(r,t) +%( f,(r,t) - f, (F,t))+é p(r 1)U, (r,1)

» Outlet BC. The fluid flow from a channel is implemented by the constant
pressure boundary condition at the outlet of channel [25]. For this purpose, firstly set

the u, velocity component on the boundary which is equal to the velocity on the
previous layer of the computational grid u, (N, -1, j)=u, (N, —2,j). HereN, is a

number of cells along x axis. Velocity component U, is set as zero: U, (N, =1, j)=0

All nine values of the distribution function are recalculated according to the equation
(5). Thus, there is the relaxation of the distribution function to the local equilibrium on
the right boundary.

» Symmetric BC. Using the symmetric BC particles that move over the
boundary not reflecting from it but transferring to the opposite boundary without
changing their direction (fig. 4) [22].

Fig. 4. The motion scheme of the particles. The symmetric boundary
conditions are applied to the side walls

For setting the rotation of a cylinder the following technique is proposed. Consider
a circular cylinder with radius R, which rotates with the constant linear speedv,. A

circumference shown in fig. 5 corresponds to the boundary layer of the cells with a
fluid that are directly adjacent to the cylinder. Knowing the rotating speed of the
cylinder the velocity componentsv,,v, in each cell with a fluid that borders the
cylinder can be calculated. For this, knowing that the velocity vector is directed along
tangent, we can use the property of the perpendicular vectors:

V-r=0 (8)
where v = (v,,Vv,) —the velocity vector at any point on the circumference;
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r — the radius vector from an arbitrary point on the circumference to its center (40
vector in fig.5);

Vi

=V

)

v Wy

Fig. 5. The direction of the velocity vector and its components in any point of the
circumference

The linear velocity of rotation Vv, is a velocity vector module v

v, =‘\_/‘ = VPV (9)

Combining equations (8-9) we obtain the system of nonlinear equations for the
each cell with a fluid from the circumference in fig. 5.

v-r=0,

e (10)
v =z,

Solving the system (10) numerically by using the Newton method we got the

velocity components valuesv,,v, for each fluid cell. For all fluid cells that border the

cylinder we set all nine values of the particle density distribution function using
equation (5) of the Maxwell equilibrium distribution function.

4. Results of the modeling

All calculations presented below have been obtained using original program
written in C++ language in the development environment software Visual
Community2015 using CPU parallel technology OpenMP.

4.1. Rotating circular cylinder modeling

To test the proposed method of setting the rotating conditions in LBM, the series of
calculations of laminar flows around a rotating cylinder at Reynolds number Re =200
and at dimensionless rotating speed belonging to the rangev, =0,5—3 have been

conducted. The obtained results, namely, the flow patterns have been compared with
the known experimental data [1-3].

The results of the calculations have been obtained as periodic solutions and
stationary circulating flows. Possible instability of a numerical solution is a feature of
modeling such flows with the lattice Boltzmann method. When cylinder rotating speed
increases, the lattice Mach number also increases according to formula (7). To avoid
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the increase of the lattice Mach number and, consequently, instability, the lattice speed
c must be decreasing. Lattice speed ¢ reduction can be achieved by grinding the
computational grid, which leads to the increase in the simulation time.

Let us set the kinematic viscosityv =6,25-10"°, the diameter of the cylinder
D =0,125, the fluid velocity at the entrance of the channelU,, =0,1, the relaxation
parameter 7 = 0,55, the simulation time T =20 and the size of the domain2x1. Thus,
the Reynolds number is Re=200 and the blockage ratio isB=1/D=8. Also the
series of calculations with these parameters to get the lattice Mach number M ~ 0,15

have been conducted. A larger value M will result in increasing an error of the
numerical solution, as shown in [19, 20]. The results of the numerical solutions are
presented in the table 1.

Tab. 1. Dependence of the rotation speed of a cylinder on the modeling parameters

Rotation speed v, v, =0,5 v, =10 v, =15 v, =20 v, =30
Number of cells N 300 300 350 400 550
Time step At 0,00296 0,00296 | 0,00218 0,0025 0,00182
Lattice speed ¢ 1,125 1,125 1,3125 1,5 2,0625
Mach number M 0,144 0,163 0,158 0,159 0,156
Solution time (min) 44 43 87 141 460
Flow patterns for different cylinder rotation speeds are shown in figure 6.
a) v=1 b) =2 o) v=3

Fig. 6 — Flows around a rotating circular cylinder at Reynolds number Re = 200 and at
different rotation speeds

As shown in figure 6, when the fluid flows around a rotating circular cylinder the
circulating current appears. A solution can be periodic or stationary depending on the
cylinder rotation speed. It should be noted that the transition from the periodic to the
stationary solution occurs at the rotation speed critical values v/ =1,9for the

Reynolds number Re=200. The same results have been shown in [3]. Thus, the
obtained results fully correspond to the existing data.

As shown in table 1, the solution time increases with an increase of the rotation
speed (fig. 7).
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Fig. 7. Graph of the dependence of the solution time from the cylinder rotation speed
at the Reynolds number Re=200

The reason for this growth is the grinding of the computational grid, required to obtain
the lattice Mach number M = 0,15. Therefore, the calculations for the rotation speed

v, >3 have not been carried out in this work. Nevertheless, these results can be

obtained by using algorithm parallelization on GPU using CUDA technology, which
could increase calculation speed up to 100 times depending on the computational
capabilities of the graphics card [5].

4.2. Modeling a lattice of rotating circular cylinders

Let us make the series of similar calculations for a lattice of rotating cylinders. To
do this, we define the symmetry boundary conditions on the top and the bottom
boundaries of the domain, as has been shown in the previous section. The received
flow patterns are corresponding to the flows at Reynolds number Re=200, shown in

Fig. 8.
Lo ST BRI
W

-

a) vl b) w2 ¢ v=3
Fig. 8. Flow around a lattice of rotating circular cylinders at Reynolds number Re = 200 at
different rotational speeds

As shown in Fig. 8, there is not the vortex separation from cylinders for the speed
range v, =1—3and the solutions are stationary. If the rotation speed is less than the



BicHuk XapkiBcbkoro HawioHanbHoro yHiepcuteTy iMeHi B. H. Kapasina, 2017 35

velocity of the fluid flow, i.e. v, <1, there is the separation of vortices and the solution
is periodic (fig. 9).

Fig. 9. Flow around a lattice of rotating circular cylinders at Reynolds number Re = 200 and
v, =0,5

Thus, the flow pattern in the simulation of a lattice of rotating cylinders differs from
the flow in a channel with the same parameters. Moreover, the critical rotation speed
value at which the solution transits from the periodic to the stationary one for the case
of the flow around a lattice of cylinders is less than for the case of the flow in a
channel.

Conclusion

The paper presents the results of modeling the two-dimensional problem of a
viscous fluid flow around a rotating circular cylinder in a plane channel and the flow
around a lattice of rotating cylinders with the lattice Boltzmann method. The method
of defining the boundary conditions for the rotation of cylinders for simple geometry,
in which the cylinder is constructed along the edges of the cells of the computational
grid has been proposed and tested. Both periodic and stationary regimes of the
received flows have been shown. We have determined the critical number of the
circular cylinder rotation speed, at which the transition from periodic solution (when
the vortex track behind a cylinder is observed) to the stationary one occurs. Namely,
v/" =1,9for the Reynolds number Re=200 which corresponds to the results of other

authors. The dependence of the cylinder rotation speed on the solution time has been
shown. The data confirm the adequacy of the proposed method of setting the rotation
conditions. Furthermore, this technique is much simpler in terms of description and
programming. It should be noted that the lattice Boltzmann method is of great
potential. We are planning to obtain a sustainable solution for large Reynolds numbers
in further researches.
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VJIK 51.76, 519.6

Oo6partHoe nipeoOpazoBanue Pagona He coaepikalee CHHTYISIPHON
dunbTpauu

A. U. BaiicOypn, T. I'. Buxtunckas, K. 3. Hemuenko

Xapvkrosckuti Hayuonanvuwsili ynugepcumem umenu B.H. Kapaszuna, Ykpauna

B pabore wu3noxeHBl pe3ynabTaThl MCCIENOBAaHUS B 0OJACTH KOMITBIOTEPHOM
ToMorpauy, Ha OCHOBE KOTOPOTO NPEATIOKEH METO BOCCTAHOBIIEHHUsS BHYTPEHHETO
CTPYKTYpHI Ucciaenyemoro oobekra. Mues 3aximouaercs B UCHONb30BAaHUU 0OPaTHOTO
npeoOpazoBanus PanoHa, KOTOpoe HE MPHBOJUT K BO3HUKHOBEHHIO CHHIYJISIPHOTO
saapa. B pabore mpoBeneH mpoBepka DaHHOTO METOJa M €r0 CpPaBHEHHE C YKe
CYHIECTBYIOIIUMH METOAUKAMH.

Knrouesvie cnosa: npeobpaszosanus Padona, meopema 0 YeHmMpamibHOM ceyeHuu, o6pamuoe

npoexmuposanue, pamn - (jnmbmp, eayccoes (puﬂbmp HU3KUX yacmom.

B poborti BuKIameHi pe3ynbTaTd AOCTIIKEHHsI B 00nacTi KoMIT'toTepHoi ToMorpadii,
Ha OCHOBI SIKOTO 3aIpOIIOHOBAHMHA METOJ BIAHOBIICHHS BHYTPILIHBOTO CTPYKTYpPH
JOCIIKyBaHOTO 00'ekTa. lmes moiysirae B BUKOPHCTaHHI 3BOPOTHOTO IEPETBOPEHHS
Pamony, sika He IpPU3BOAMTG 1O BHHUKHEHHS CHHIYJIIpHOro sjapa. B poborti
NPOBEICHO IepeBipka JAHOTO METOAY 1 HOro IOpIBHSHHSA 3 YKE ICHYFOUMMH
METOIMKaMHU.

Knrouosi cnosa: nepemeopeHns Pat)ouy, meopema npo uenmpaﬂbnml nepemun, 360pOMHE
NPOEKMY6AHHS, PAMN-Qiibmp, 2aycie Qitbmp HUZLKUX 4acmom.

The paper presents the results of a study in the field of computed tomography, on the
basis of which the method for reconstructing the internal structure of a studied object
has been proposed. The idea is to use the inverse Radon transform, which does not
lead to the emergence of a singular nucleus. In this work, this method has been tested
and compared with the existing methods.

Keywords: Radon transform, central cross-section theorem, reverse projection, ramp filter,
Gaussian low-pass filter.

1. BBenenue

Bo mHOrmMX 00macTsx Hayku, TaKMX KaKk MeNWInHa, reo(u3nKa, acTpOoU3UKa,
NPOMBIIIUICHHasT J1e(EeKTOCKONHUs, AMArHOCTUKA IUIa3Mbl M JPYTUX, BO3HHKAET
npobJieMa OmpeieeHUs] BHYTPEHHEH CTPYKTYphl oObekta. Jljis pelieHus TaHHOM
3aJa4d  BO MHOTHMX CIy4asX SIBJASIOTCS HENPUEMJIEMBIMH IIpSIMbIE METOMbI
UCCIICIOBAHUS, CBSI3aHHBIE C pa3pylleHHeM OOBEKTa, II03TOMY CO3Jar0TCs
CHeIMabHBIE CHUCTEMBl MOMYyYeHHUsS AaHHBIX. DU3NYECKUH NPHUHIUII 3THX CHCTEM
COCTOUT B HCIOJIB30BAaHUM BO3ACUCTBHSA, MpPEACTaBIAIONIEr0 co0oi mporecc
NPOM3BOJIBHOM IMPHUPOAB! (M3Iy4YeHHE, BOJIHOBOE IOJIE U T.J.), M MOCIEAYIOLIeH
perucTpanmeil OTKIMKa 3TOro mpoliecca Ha 00bEKT.

Baxnyio ponb B oOmpeneneHMH BHYTPEHHEH CTPYKTyphl OOBEKTa HrparoT
UCCIIeIOBaHuUs CBsI3aHHBIE ¢ onpenenenueM 3D - GyHKumi HCTUHHOTO pacipeneneHus
TaKUX TapaMeTpoB KaK TeMIIepaTypbl, IJIOTHOCTH, KOHIIEHTpPAIlMM KOMIIOHEHT B
o0pemMax HccieyeMbIX 0ObEeKTOB. BO3MOKHOCTD TMONydYeHHUS TaKOTrO POAa JaHHBIX
MO3BOJIIET pa3padaTbiBaTh HOBBIE, OoJjiee TOYHBIE MOJENU (U3UUECKHX OOBEKTOB,
rry0e MOHMMaTh (PU3UUECKHE MPOLECCHl U SBJICHUS MPOTEKAIOLINEe B HUX U IIP.
[TosToMy, pa3paboTKa HOBBIX METOJIOB JUIsl PELICHHUS 3a]ad PEKOHCTPYKIIUH (PYHKIHH
pacnpeneneHus HCCIeTyeMbIX TapaMeTPOB OOBEKTOB SABJSAETCS aKTyaIbHOM 3a/1a4ei.

© Banicbypp A. W., Buxtunckas T. T, Hemuenko K. 3., 2017
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2. IIpeoOpazoBanusi Pagona

B ocHoBe OoibmMHCTBAa TOMOTpad)OB JISKHT HJACS, COCTOAMIAs B TOM, 4YTO
BHYTPEHHIOI CTPYKTYPY OOBEKTa MOXKHO IPEICTABUTh, MOJYYUB PsJ] MAPAIICITbHBIX
noriepedHbix cedennid [1-5]. [loaTomy riaBHast 3ajada KOMITBIOTEPHON TOMOTpaduun
COCTOHT B TOJYYEHUU ABYMEPHOTO (IUIOCKOTO) M300paKeHHS MOTIEPEYHOTO CEUSHHS
uccienyeMoro o0beKTa, KoTopast U OyJeT paccMOTpeHa aajee.

MeToa monmy4deHus: ABYMEPHOTO TOMOTPadUIecKOro N300paKEHUsT COJCPKUT B
sranma. Ha mepBom srame (QoOpMHUpPYIOTCS NPOEKIMOHHBIC JaHHBIE, HA BTOPOM IO
MPOEKIIMOHHBIM JIJaHHBIM BOCCTaHABJIMBACTCS M300paKCHHE IOMEPEYHOrO CCUCHUSI.
O003HauMB TUIOTHOCTH paclpelesicHuss B wuccieayemMoMm cioe kak f(X\y) mis
PEruCTpUpyeMOro omHoMepHoro wuszoopaxenus F(X,a), KOTOpoe COOTBETCTBYET
MPOEKIIMHU CIICTAHHOM MOJT YTJIOM ¢, TIOJTy4aeM CIICAYIOIIEee BhIpaKCHHUE:

F(X,a)=[f(xy)dl. (1)

3nech uHTErpan Oepercss BIOJbL Jyda NPOCKTHPOBaHMA, X — KOOpAWHATA Ha
nerektope, dl — sneMeHT AIMHBI Ty4a MPOSKTHPOBAHUSL.

Casi3p MKy ACKapTOBBIMU KOOPJMHATAMHU X U Yy B cJoe, U KoopauHatamu | Ha
nyde U X ¥ JJIeTEKTOpe JaeTCsl COOTHOIICHUSIMU

X(I, X) = X cosa —Isinx X =Xxcosa + ysina
) 58 . ’ (2)
y(l, X) = Xsina +1cosa | =ysina —ycosa
KOTOpBIE TIO3BOJISIOT MepenucaTh HHTerpai (1) B BUIe IByKpPaTHOTO HHTETrpaa;
F(X,a) = [dxdys(xcosa + ysina — X) f (x,y). (3)

Ecm  Bxomsmyro B (3) ngenmpra-yHKImio 3ammcate depe3 ee  Dypbe-
Ipe/ICTaBICHHE!

500 = [ 2exp(Q), @
T
TO BBIpaKeHHe (3) mpuolOpereT BU:
F(X,a)= jg—dexdyexpGQ(xcow +ysina — X)) f(x,y) (5)
V4

Teneps, kak u Juid JenbTa-QyHKIWU, ClEAyeT 3anmucath PDypbe NpeaCTaBIICHUE
UCXOIAHON (PYHKIIUU pacnpez[eneHm{'

f(xy)= I 7 g(kx,ky)exp(k X+ikyy) (6)

rae g(ky, k,) — @ypse-obpas q)yHKuI/II/I f(x, Y) , KOTOpBIN ONPENENACTCS CIEAYOIHM
obpa3zom:

g(ky, ky) :J'dxdyf(x, y)exp(ikyx—ikyy) @)

IloncraBuB (6) B (5) W BBHINONHSS WHTETPHUPOBAHHE TIO TPOCTPAHCTBEHHBIM
koopauHatam s Gynkiun F(X o) momy4daem BeipakeHue
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F(X,a)=jg—ge+ing(Qcosa,Qsina). (8)

OT0 BRIpaKeHUe (popManbHO sABiIsIeTCA pa3nokenneM Oypobe
d .
F(Xa)=] 526" 6Q.a) ©)

¢ynknu F(X ), moatomy mis @ypbe—o0Opaza 3Toil pyHKIUHU NOTydaeM CIIEAyIoIIee
COOTHOLICHHE

G(Q,x) =g(Qcosa,Qsin ), (10)

CyTb npeoOpa3oBanus Pamona cBoauTCs K MCnoib3oBanuio npoekimu F(X,a) as
HaxOXICHUS UcxomHou ¢ynkiuu pacnpenenenus f(Xy). C stoit menpio B (6)
COBEpIIIaeM MNepexoja B TOMSPHYIO CHCTEMY KOOPAWHAT B COOTBETCTBHM C 3aKOHOM
npeoOpazoBaHUs

Ky = kcos/ 0<k 0<f<2 11
ky:ksinﬂ’me <k<+00, 0< < 2r. (11)
B stux xoopamHaTax cooTHoOIIeHHE (6) MPeICTaBIsICTCS B BUIE
+00 27T
foay)=[ | kdkdf g(kcos B, ksin B)exp(kxcos S +ikysin g).  (12)
0 o (27)

[anee B 3TOM COOTHOILIEHMH HEOOXOIUMO MEPEHTH K HOBBIM IIEPEMEHHBIM,
KOTOpBIE PaBHBI CTapbiM ( = K 1 y = /3, HO 3aJaHHBIM B APYroi 00JIaCTH ONpeeICHHS:

—o<(g<+o0, 0< <.
B sTux nepeMenHbIx nHTErpUpoBanue (12) mpumer Buj

+o0 7T d d
o) - | (90

w0 (27)?

g(qcosy,qgsin y)exp(igxcosy +iqysiny) (13)

Cpasuenne (13) u (10) mokaspiBaeT, 4TO B HHX BXOAWT OJHA W Ta XK€ (YHKIIHS
g(qcosy, Qsiny) CBOMX apryMeHTOB, MHpHYEM OOJAaCTH OIpEeIeeHUs] apryMEHTOB
COBMAIAIOT. DTO 3aKi0YeHHE Mo3BoIIsieT cBsizaTh Dypbe—o00pa3 G(Q,a), rae a — yrou
NPOEKIMH B 0OBIYHOM MPOCTpaHCcTBe, ¢ Dypre—oOpazom miotHocT g(Qcosy, gsiny),
IJie y — yriioBas nepeMeHHasi B @ypbe— MpoCcTpaHCTBe:

9(qcosy,qsin7) = G(Q.@)| 4—y,0—q - (14)

[Tony4yeHHOE COOTHOIICHHE NPEACTABISAET COOOH TaK Ha3bIBAEMYI) TEOpEMY O
[ICHTPAJILHOM ceueHuu [6-8].
Hcnons3ys cBs3b (15) npusonum (14) x Bugy

f(x,y)= jpg—Q;laG(Q,a)expGQxcow +iQysina). (15)
T
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OTO BBIpAXEHUE TMPEACTABISIET COOOW HMCKOMOE pEIICHWE 3aJaddl O
BOCCTAHOBJICHUU U OTPaXKaeT CyTh MpeoOpa3zoBanuii Pamona. Takum oOpa3om, ucxomst
u3 (15), obpatHoe mpeoOpazoBanue PajoHa MoKeT ObITH 3aITUCaHO B BUC

f(x,y) = [dadXF(X,a)R(X — xcosa — ysina). (16)
3nech

R(Z) = %exp(—i@z) an
T

dbopMalbHO TIpENCTaBIIIeT CO0OM sapo oOpaTHOro mpeoOpazoBanus Pamona, u
JTATBHEUIIINE UCCIIC0OBAHUS TEIIePh CBOJSATCS K MIOMCKY SIBHOTO BHJIA 3TOH QyHKIUY.

OCHOBHO¥ TPOOJIEMON TTPH ATOM SIBISIETCS TOT (akT, 4To uHTerpai (17) comepkut
O0COOEHHOCTH M, MIOATOMY, BMECTO HETO HCHOIB3yeTCsl MPHOImKEeHHbIe (yHKITHH [8-
10], xoTOpBIe OTpakarOT OCHOBHBIE CBOMCTBa QyHKIWH (17), HO TIPH 3TOM MPHUBOST K
MPUOIMKEHHOMY BOCCTaHOBJICHHIO.

K mpocreiimuM ©3 Takux METOJOB OTHOCUTCS BBEICHHE MAKCUMAaJIbHOU
MPOCTPAHCTBEHHON 9aCTOTHI Qpax:

Qmax d
= J’ 9 2exp(—in), (18)
~Quax \7

KOTOpOE MPUBOJIUT K CIEAyIolIeMy SBHOMY BUay QyHkmu G:

2 {anx SiN(Qpax 2) B 1-cos(Qpax Z)}
(272)2 z 22 '

R(2)

R(z) = (19)

K Hemoctatkam Takoro MeToAa OTHOCHTCS OTCYTCTBHE QJITOpPUTMa BBIOOpa
MaKCHMaJbHOW MPOCTPAHCTBEHHON YacTOTHI Qmax, 3aBUCHMOCTH HAWIY4IIEro BHIOOpA
TaKOM Y4acTOThl OT YACTOTHBIX CBOMCTB HUCXOOHOTO I/1306pa)KCHI/I$1, a TaK)KC HaJIU4Yue
apTe(aKkToB B BOCCTAHOBIEHHOM M300PaKEHHUH.

3. IlpepnaraemMasi METOANKA BOCCTAHOBJICHHSA
OcHOBHOW wuzaeed JaHHOW pabOTBI SBISCTCS HWCIOJNB30BaHHE OOpPATHOTO
npeoOpaszoBanus Panona B obuiem Buze:

f(x,y)= 1)2 [IQdQdadX F(X,a)exp-iQ(X —xcosa —ysina))  (20)

(2

B srom cnydae He Bo3HMKaeT moHATHS ¢uibTpa R (18), KOTOpHIA HCMOIB3yETCs
st ¢unbTpanud - (00pabOTKM) TMPOEKIWA Tmepex  MpoUeaypold  oOpaTHOTO
npoektupoBanus (16). Bmecto 3TOro mpeanaraercsi HE MEHATh IOPSAOK
WUHTETpUpOBaHus B ob1ieM cooTHomeHuu (20) U BecTH 00paOdOTKy MCXOIHBIX TAHHBIX
BCETJa C TIOMOIIBIO TPOMHOTO HHTEIPUPOBAHUS:

f(x,y):2%T|Q|dedadXF(X,a)cos(Q(X—xc03a—ysina) (21)
70
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Takoif MeTon TO3BOJISET M30aBUTHCS OT IIEJIOTO psAda HEIOCTATKOB CTaHIAPTHOM
Metoauku (16).

Bo-niepBeIX,  OTCYTCTBYeT = HEOOXOJUMOCTH  HMCKYCCTBEHHOTO0  Iojadopa
MaKCHMalIbHOW YacCTOTbl BOCCTAHOBIEHHS Quax, WIM JIPYTUX IOATOHOYHBIX
napametrpoB ¢(unbTpoB [8-10], YTO KpoMe MPOYNX TMPEUMYIIECTB, MO3BOJSET
MU30aBUTHCS OT XapaKTEPHBIX JUIS MPUOIMKEHHOT0 BOoccTaHOBIIeHUS (16) apTedakToB.

Bo-BTOpBIX, CXOmMMMOCTH WHTETpasioB B (21) mpm >ToM obecreunBaeTcs
YAaCTOTHBIMH XapaKTEPUCTHKAMU HCXOAHBIX Tpoekimii F(X,a), 4ro mo3Bosser
OJIMHAKOBO XOPOIIO BOCCTAHABIMBATH AMIUIMTYAbl BCEX YaCTOTHBIX KOMIIOHEHT
UCXOHOTO pacnpeaeneHus miotHocty f(X,y).

B-Tperpnx, Takoil mMoaxo MO3BOJSAET SBHBIM O0Opa3oM IMEPEXOANUTH K PeabHBIM
UCCJICJIOBAHUSM, B KOTOPBIX YIJIOBasl MEPEMEHHAs 00 M KOOpJMHATA Ha JETeKTOpe X
SIBIIIIOTCS JIUCKPETHBIMU BEJIMYMHAMU. Takoi mepexoll 0COOCHHO Ba)KCH, TaK Kak
KOHEYHON [EeJhI0 WCCIEOBaHMs SBISETCS MaJjlopaKypcHas Tomorpadus, WU
TOMOCHHTE3, B KOTOPOM KOJHYECTBO MPOEKIHI PEe3KO OTpaHW4eHo, a Gopma mydKa
PEHTTEHOBCKOT'O U3IYYCHHUS ABJISCTCS KOHYCHOM.

Hns Toro, uroObl yOemutbes, dro nroboe mpubmmkenue Quastpa (19) BHOCHT
apreakThl B BOCCTaHOBJIEHHOE wn300pakeHwe, 3amMeHMM B (20) WUCTHHHBIHA
«HaKJIOHHBIN GunbTp» (ramp filter) |Q| Ha ero 06oOiIeHHOE pUONMKEHUE B hopMe
rayccoBOi KpUBOI:

Q] —|Qlexp(-Q?%/2Q§) (22)

3neck Qo — 3ddexTuBHBI NMapaMeTp (QUIBTPALMU BHICOKHX YaCTOT, aHAJIOTHMYHBIN
Qmax B (18).

Ucnonszys (22) B popmyne obpamenus (20) ¢ yuerom (3) momydaeM BBIpaKEHHE
JUTSI BOCCTAHOBJICHHOM (DYHKIIMU B BUJIC CBEPTKHU:

F(x,y) = [dxdys f (%, y2)F (x=x)F(y - y1) (23)
3nech
. Q2 |do [Q§ 22
F(x) = [ex IQX—E %z iexp(—x Q5 /2). (24)

Bripaxenue (23), kak U CclIei0Bajio 0XHMIATh, NMPEJICTABIsIET cOO0H HUYTO HHOE,
KakK TayccoB (WJIBTP HHM3KHX YacTOT, MO3TOMY BOCCTaHOBIIEHHE C (QWILTpaMH THIIA
(22) o6s3aTENHLHO MPUBOAMT K TIOTEPSM M apTedakTaM IMpH BOCCTAHOBICHHU TPAHUI] U
00BEKTOB MaJIOTo pasmepa.

Takum o00pa3zoM, SIBHOE BBeJCHHE (QUIbTpaUMUM B OOpPaTHOM NpeoOpa3OBaHUM
Panona Bcerjja mpuBOIUT K YXYALLIEHUIO Ka4€CTBa BOCCTAHOBIICHUSI.

Pesynbprarel ganHON paOOTHI SIBJISIOTCS OCHOBOM ISl TAJIBHEHIIIETO MCCIIEOBAHMS
BOIIPOCa O BOCCTAHOBJICHUU BHYTPEHHHX CTPYKTYp 00BekTOB. ClleAyrOIIMM MIarom
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JOJDKHO CTaTb M3Y4YCHUC IIPUMCHHUMOCTH IMNPCIAJIOKECHHOI0O METOJa B ClIydac
OrpaHUYCHHOr0 4ucjia HpOCKHHﬁ, a TaKiKXE paCcCMOTPCHHA BECPHOTO M KOHYCHOI'O
mpoeuupOBaHus. HCO6XOI[I/IMO 6yI[eT OLCHUTHL BO3MOKHBIC IIOTCPU TOYHOCTH B
JaHHBIX ClIy4adX W MNPOBECTU AHAIUTHYCCKOC H ISKCICPHUMCEHTAJIBHOC CPAaBHCHHC
CYHICCTBYIOIHUX U MPEAJIOKEHHOI'O METOAOB BOCCTAHOBJICHU .

10.
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KoMmbroTepHas nporpaMma Jijisi TECTUPOBaHUS pAOOTHUKOB 110
IIOKapHOU U 2JIEKTPOOE30MACHOCTH.

JI. B. Bacunsesa, A. B. [lepenepun

Xapvkrosckuti Hayuonanvuwsiti ynugepcumem umenu B.H. Kapaszuna, Ykpauna

B craTbe npescTaBieHa KOMIIbIOTEPHAS IPOrpaMMa JUIs OLEHHBAHHS 3HAHUH pabodnx
M0 TeMaM MOXapHOH U 31ekTpobe3omacHocTH. PaspaboTraHa KOMMBIOTEpHAast
IporpaMma KoTopas COJAEepKHT B ceOe TecT M0 JaHHOH TeMe U pa3paboTaH MeXaHU3M
OLICHUBAHUS PE3YNbTATOB ITOr0 TecTa. IIpoBefeH aHaMM3 U CpaBHEHHE aHAJOTUYHBIX
Meroauk. [TogpoOHO ommcaHBl BCce (YHKIMH KOMITBIOTEPHOH mporpaMmel. Ommcana
CTpyKTypa mporpammbl. CocCTaBlIe€HO pPYKOBOACTBO IIOJIb30BaTens. B pesynbrare
arnpoOanyy BEISBICHEI JOCTOMHCTBA H IIPEUMYIIECTBA CO3IaHHOTO MPOIYKTA.

Knrouesvie cuosa: KoOMnbromepHoe mecmuposanue, mecmupoeanue no nooicapnozi

6€3OI’ILICHOCW[M, mecmuposarnue no aﬂekmpoﬁewnacnocmu.

B craTTi mpencrasieHa KOMII'IOTepHA MporpaMa sl OLIHIOBaHHS 3HAHb POOITHHKIB
32 TEMaMH TOXKEXKHOI Ta eNeKTpoOe3neku. Po3pobieHo KOMI IOTEpHY Mporpamy ska
MICTHTB B 001 TECT 3 ZaHOI TeMH 1 po3poOIeHHI MEXaHI3M OIIHIOBaHHS Pe3yJIbTATIB
poro Tecty. [IpoBeneHO aHammi3 i MOPIBHSAHHSA AaHAJIOTIYHMX METOIUK. JleTanbHO
omucaHo Bci ¢(yHKHii kKomm’torepHOi mporpamu. ONHCaHO CTPYKTYPY IIPOTrPaMH.
CkilazieHo KepiBHHITBO KOpHCTyBada. B pesymprari ampoOauii BusBIIeHi Oijblie
BapTICTh 1 IEPEBaru CTBOPEHOT'O MPOAYKTY.

Kniouosi cnosa: komn tomepre mecny6ants, mecnyeants 3 NOJICENCHOT Gesnexu, mecmyeants 3
eﬂeKmp06€31’l€KM.

The computer program for assessing the workers’ knowledge in the field of fire and
electrical safely has been presented in the article. The computer program which
contains the test has been developed and the mechanism for evaluating the test results
is presented. The analysis of and comparison with the similar methods have been
carried out. Detailed description of all the computer program functions has been
presented. The program structure has been described. The user manual has been
compiled. The results of approbation shows the advantages of the created product.

Key words: computer testing, fire safety testing, electrical safely testing.

Cpelln OCHOBHBIX MEPOTIPHUATHI 10 00ECIIEYSHUIO OXPaHbl TPYa Ha TPEATIPUATUHH
BRIICISAIOT chenyromme: 1) OOyuenne oxpaHe TpyzZa M 0e30MacHBIM MeETOAaM
BBIOJIHEHUsT  paboT Bcex  Karteropuid; 2) CBOEBpeMEHHBI  MOHHTOPUHT
TEXHOJIOTHUYECKOro obopynoBanus; 3) PerimaMeHTHpOBaHHE TEXHHUKU BBITIOIHEHHUS
0c000 omacHbIx pabot; 4) lMcmonb30BaHuE CPEACTB MHIUBUAYAIBHON 3allUTHI; 5)
IIpoBeneHne 00s3aTENbHBIX, NPEIBAPUTEIBHBIX M MEPHOAUYCCKUX MEIULMHCKUX
0CMOTpOB; 6) O0s3aTeTFHOE COIMATBHOE CTPAXOBAHUE OT HECYACTHBIX CIy4aes; 7)
ATTecTranus paboYuX MECT 10 YCIOBHIM U OXpaHe Tpy/a.

Hannas paboTa MOCBALIEHA OJHONW M3 AaKTYaJIbHBIX MPOOJeM, C KOTOpPOii
CTaJIKUBAIOTCS CHELMANMCTBI, KOTOPbIE IOJDKHBI 00y4daTh W HPOBEPSATH PE3yIbTAThI
00y4eHus1 OOJBIIOTO KOJTMYECTBa JIIOAEH 38 KOPOTKUN CpPOoK. DTa mpobdiema sIBIseTcs
HauOojiee aKTyalbHOM JJIi OTBETCTBEHHBIX 32 OXpaHy Tpyda Ha KPYHHBIX
NPEANPHUITUSIX, [TOCKOJIIBKY BO3HHKAeT HEOOXOAMMOCTh B KOPOTKHE CPOKH NPOBECTH
o0y4yeHHE W TECTHpPOBAaHUE BCEX COTPYINHHMKOB. [laHHas paboTa Npu3BaHa MMOMOYb
PYKOBOIMTENSIM paboT, a Tak K€ OTBETCTBEHHBIM JIMIIAM HAa KOTOPBIX BO3JI0XKEHO

© Bacunbesa J1. B., MepepepuH A. B., 2017
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IIPUKa30M PYKOBOJUTENS 0053aHHOCTh IPOBENICHU HHCTpyKTaxkell. T.e. BceM TeM KTo
MPOBOJUT BCTYMHTENIbHBIC, TIOBTOPHBIC U LIEJIEBbIC HHCTPYKTAXKH.

[NoBbiieHHE YpOBHS 3HaHUM PaOOTHUKOB B 00JIACTH OXpaHbl TPpyAa BOOOIIE U MO
BOIIPOCAM IOKAPHOM M 3JIEKTPOOE30IIaCHOCTU B YACTHOCTH, SIBJISICTCSA OUY€Hb BAKHBIM
JUtst 6e301macHO paboThl a0CONMIOTHO BCEX YUPEXKIECHUH W TMPEeNNpHsITHA B JFOO0H
orpaciu. TecTupoBaHue 3HAaHMH PabOYMX MO MOXKAPHOH M DIEKTPOOE30MACHOCTU
IPOBOZATCSA pa3 B TPU roja, M 3aHUMAeT ompexaeneHHoe Bpems. llosTomy wesnbro
JTAHHOW paboTHI OBUIO pa3paboTaTh KOMITBIOTEPHYIO MPOrpaMMy, KOTOpas IOMOMKET
OTBETCTBEHHBIM 32 OOyYeHHMEe UM KOHTPOJb 3HaHMH TIO0 TOXAPHOH W
3MEeKTPOOE30MaCHOCTH B YUPEKICHHAX OBICTPO M IPPEKTHBHO CIPABUTHCS C ITOU
3a1ayeil.

Bonpock! noxkapHoii 1 37eKTpo0e30MacHOCTH B HACTOSIIIEE BpEMsI IPHOOPEH elle
OONBIIYI0 aKTyalbHOCTh. Kakaplii eHh Ha KaKOM-TO U3 MPEINpUSTHHA WU 3aBOJC
IPOMCXOANT aBapusi M3-3a HECOOJIONEHMsSI TEXHHKH Oe30macHOCTH. B pesynbrarte,
TAaKWe XaJaTHbIE OTHOLICHHS HPUBOIAT K YymepOy IPOM3BOACTBY, IIE€PCOHANLY H
OPEANpUITUHIO B LeloM. YToOBl M30ekaTbh MOJOOHBIX CIy4aeB M KOJIUYECTBO HX
NOSABJICHUN B Pa3bl yMEHBIINTh OBUIO MPUHATO pELICHHE O pa3padoTKe NaHHOU
KOMITBIOTEPHON IPOrPaMMBl.

B xoxe nmanHOro wmcciemoBaHMs ObUT NMPOBEACH aHaIM3 HMHTEPHET pecypca Ha
HaJIMYMEe aHAJOTMYHBIX mporpamm. CyIIEeCTBYIOIIME OHJIAH TECThl HE BCeraa
yIoOHBIE, TOCKOJIBKY MPEIOCTABISIOT BO3MOXHOCTHU Ul TECTUPOBAHUS HE B IOIHOM
Mepe. AHAJOTUYHBIX TMPOrPaMM KOTOpPBIE MO3BOJISIOT MPOBECTH TECTHPOBAHHE MO
JlaHHOW TeMe He Obulo HaizaeHo. [loaromy Obula pa3paboTaHa mporpamMma, KOTopas
MO3BOJIAET OBICTPO U YAOOHO PELINThH HOCTABICHHYIO 3a7auy.

B xome pemenus mocTtaBieHHON MpoOJIeMbl, OblIa pa3paboTaHa KOMIBIOTEpHAs
nporpaMMa Ha sI3bIKe MOporpaMMupoBanusi Java, a rTpaduueckuid wuHTEepdeiic
pazpaboTan ¢ momomibto iathopmel JavaFX. MaTepdeiic mporpaMmbl oTBeYaeT BceM
COBPEMEHHBIM TpEOOBaHHSIM JPrOHOMHKH, SBISETCS WHTYUTUBHO HOHSITHBIM,
JOCTYITHBIM M MPOCTHIM B MCIIONB30BaHUU. [IJIs1 CO3[]aHUSI TECTOBBIX BOMPOCOB OBLIH
WCTIOJIb30BaHbl HECKOJBKO HMCTOYHMKOB B OO0JIaCTH OXpaHbl TPyAa, IOKAPHOH
0e30MmacHOCTH | 3JeKTPoOe30macHOCTH. B mporpaMmMe copepxurcs B o0mmend cymme
50 TecToB, KOTOpBIE PACCMATPHUBAIOT Cpa3y 3 TEMBL: IOKapHYI0 Oe30I1acHOCTS,
ANEKTPOOE30MaCHOCTh M OXpaHy TpyZAa. TecThl HAYT APYT 3a IPYrOM H UMEIOT TOJIBKO
OJIMH BAapHaHT NpaBWIbHOrO oTBeTa. IlocienoBaTenbHOCTH BONPOCOB HE MEHSETCH,
MO3TOMY HpHU 3aIlyCKE€ HOBOI'O TECTUPOBAHHUS, BONPOCHI OYIyT MATH B TakoW ke
MOCJIeJOBATEIFHOCTH, YTO W B IpeAbLIyIHid pa3. [IporpaMma jerko MHCTAIUIUPYETCs
Ha JI000H KOMIBIOTEpP TaK e, KaKk M OOBIUYHBIA copT, U HE TpedyeT CI0XKHOTO
o0opynoBanus. Bo BpeMs YCTaHOBKHM IOJIb30BATENIO NMPEIBSBISETCS PSA OKOH Ha
KOTOPBIX MOXKHO Oy/IeT MPOYHTATh YTO yCTAHABIMBACTCS, yKa3aTh MyTh YCTAHOBKH
caMoll MporpaMMbl, OKHO C OTOOpaK€HHEM COCTOSHHSI YCTaHOBKH W 3aBeplIarolice
OKHO KOTOPOE€ OIOBELIAET, YTO JaHHAs MporpaMMa OblUla YCIIEIIHO YCTaHOBJICHA Ha
KOMIIbIOTEp TMoJyib30Barens. [laHHas mporpaMMa MOXeT OBITh YCTaHOBJEHAa  Ha
KOMITbIOTEpaxX ¢ omnepanuoHHoi cucremoit Windows, waumnas ot Windows 95
3akanuuBas Windows 7. Tak ke Ha KOMITbIOTEPE JA0JDKHO ObITh ycTanoBieHo JDK u3
NOCIEOHUX  BEpCUil, 4YTOOBI  NPWIOXKEHHE  pa3padOTaHHOE  Ha  SI3BIKE
NPOTrpaMMHUPOBaHUs Java MOTIIO QYHKIIHOHHUPOBATh.
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RO}IHB]O’IEPB&H oporpaMMa O0Js TeCTHPOBEAHHe paﬁornm{on
nomapnoﬁ H 3.‘18RTP06830]13CBOC'[H.

Hagats Tect

Puc 1. I'nagnoe oxno npocpammsi

[Tocne ycTaHOBKM IporpaMMbl Ha pabodeM CTojie IOJIb30BaTesst OyaeT co3laH
APJIBIK C TOMOIIBI0 KOTOPOI'O MOXHO 3allyCTHTh IIPOTPaMMy IUIsl TECTHPOBAHHUS W
HayaTh camMo TecTHpoBaHue. CaMa MporpamMma COCTOMUT U3 ABYX OKOH M OJHOTO
JIMAJIOTOBOTO OKHA KOTOPBIM TOKa3bIBaeT pe3yjbTaT TecTupoBaHus. llpu 3amycke
IPOrpaMMBbl 3arpyKaeTcsi INIABHOE OKHO MPOTrPaMMBbl, KOTOpoe u300pakeHo Ha Puc 1.

Ha rnmaBHOM OkHE M300pakeHO Ha3BaHHWE MPOrpaMMbl U OonHa KHomka «HauaTb
TekcT», ¢ MOMOIIBI0 KOTOPOH MOKHO 3aIlyCTHTh caMo TecTupoBanue. [locne HaxxaTus
Ha kHomKy «Hauate TekcT», HauHETCS caMO TECTUPOBAaHHUE, U MPOTPaMMa 3amyCTHT
BTOPOE OKHO MIPOTrPAMMBI.

[ ] [+ ] [Emwman:] [+ ]

| Bribepure 1 BapnanT oTEeTa

K onacHEIM paKTopaM Mo&apa, Bo3AeHCTEYIOIAM Ha TJeil H
FMYIIECTEOD, OTHOCATCH:

[Laanma 1 HCEPEI TeIlLT0B0i MOTOK; MOBBIMIeHHAA KOHIEHTPALIHA
IIl O TOKCHYHBIX NPOIYKTOE FOPeHHA H TEpMIYeCK0or0 PpasnokeH;
[OHIGEeHHAA KOHIEHTPAUNA KHCI0OpoJa,

[Laama i HCEPBI; NOELIMTEHHAH KOHIEHTPAOHHA TOKCHYHBIX NPOAYKETOE
Izl COpeHHA H TEPMHYeCKOTD PazToKeHHA

0BE KOHIEHTP TOKCHYHEIX NPOIVKTOE I'OPeHHA H
Izl [epPMHIECKOTD PAXTOERSHHA: MOHIKeHHA A KOHIEHT PATHA KHCI0poga

== D

Puc 2. Oxno mecmuposeanus
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Ha puc 2 w3o0pakeHO camMO OKHO TecTHpoBaHWA. Ha Hem HaxomutTcs 3
¢ynkunonaneHele kKHONKU «lIpoBeputsy, «llanee» W «3aKOHUUTH», C TOMOLIBIO
KOTOPBIX IIPOXOJUT TECTUPOBAHME. B X0Ie TECTHUPOBAaHUS MOXKHO OTCIEAUTH CBOU
pe3ynbTaT C IOMOLIbIO BEPXHEH 4YacTH OKHA, TAE€ OTOOpakaeTcs KOJIUYECTBO
NPaBWIBHBIX W HENPAaBWIBHBIX OTBETOB II0 XOAY TECTHPOBAHMs. OTO IO3BOJISIET
YCKOPUTb IIPOLEAYpPY TECTUPOBAaHUA HE IIPOXOJs BCEro Marepuana. Tak xe
0TOOpaXkaeTcsi HOMEpP TEKYIIETo BONPOca, YTOObI 3HATh, CKOJIBKO MPOHIEHO U CKOJIBKO
0CTaJIoCh €Ile BOIPOCOB.

B okne m300pakeHO 4 MPAMOYTOJIBHHKA, TEKCT B KOTOPHIX OYyAET MEHSTHhCA B
3aBUCHMMOCTH OH HOMepa Bompoca. B mepBoM mpsMOyroibHHKE OyAeT HallMcaH cam
Bompoc. B npyrux tpex npsiMoyrosbHuKax OyIyT HallMCaHbl BAPUAHTHI OTBETOB.

C noMoImpto Kpyrioro Mapkepa, KOTOpbIii HaXOQUTCA ClIeBa OT MPSIMOYTOJIbHUKOB
C oTBeTamu, OylIeT TMoMeyaeTcsi TOT BapHaHT OTBETa, KOTOPBIM cUHTaeTcs
npaBuwiIbHBIM. [loce Toro kKak npaBUJIBHBIM BapuaHT OyneT BbIOpaH clieyeT HaXaTb
kHONKY «IIpoBepuTh». C MOMOILBIO 3TON KHOIIKH, BEIOPAHHBII OTBET CPAaBHUBAETCS C
0a30# TecTa U MpoBepsieTCs Ha MPaBUIbHOCTE. Eciin 0TBET KOTOPEIi ObLT BEIOpaH ObLI
MIPABUJIBHBIM, TO TEKCT OTBETA CTaHET 3€JICHOrO IIBETa M KHOMKa «Jlameey» cTaHeT
akTuBHOH. Eciu ke oTBeT ObUI HE NPaBHIIBHBIM, TO TEKCT BEIOPAaHHOTO OTBETAa CTAHET
KpacHOTO I[BE€Ta, a TEKCT OTBETAa, KOTOPBIM NMpaBWIbHBIN cTaHeT 3eneHoro. Kaomka
«Jlanee» Tak ke CTaHET aKTUBHOM.

C momompr0 TOro, 4TO TEKCT OTBETA NPUHMMAET KPACHBIM M 3€JICHBIE IBETa,
TECTUPYEMBIN B XOJ€ MPOXOXKIACHHUS TECTa HE TOJBKO IPOBEPSIET CBOU 3HAHUS, HO U
pacupsier ux. Tak, Ipu NPOXOXKIECHUU TECTA €lIe pa3, KOJUYECTBO IIPABUIIBHBIX
OTBETOB OyzeT yke Oojblle, 4eM B MpeAblAyIuil pa3 TecTupoBaHus. be3 HaxaTus
kHonku «lIpoBeputby», kHOMNKa «/laneey» He OyaeT akTHUBHA. DTO CHENAHO AJIS TAKOTO
Cllydasi, KOT/Ia TECTUPYEMBI HEe 3HAeT MPAaBUIBHOTO OTBETA, YTOOBI OH HE MPOITyCKAall
JIAHHBIM BOIPOC, a NOJIydal Ha HEro OTBET, U B CIEAYIOLIUN pa3 IpU IIPOXOKICHUU
TECTUPOBAHUS JaJI IPABMIIBHBIA OTBET.

Ecnmu Tectupyemblii He BBIOEPET HHM OJHOTO OTBETa M HAXKMET KHOIKY
«IIpoBeputh», TO KHONKa «/laiee» CTaHET AKTUBHOM, TEKCT OTBETA, KOTOPBII
NPaBUIBHBINA OyIeT 3eJICHOro LBETA, HO MPH 3TOM OyJeT 3aCUUTaHO, UYTO OTBET ObLI HE
NPaBUIIBHBIN, TaK KaK ero BooOIie He Obu1o. DTO TOBOPUT O TOM, YTO TECTHUPYEMBIH
HE 3HAeT Ha HEro OTBETA.

Bo Bpemst IpoX0oAeHUsI TECTUPOBAHUS, €CTh BO3MOXXHOCTb BBIOpATh HECKOJIBKO
BapHUaHTOB OTBETA, HO IPH 3TOM OYyJeT 3aCUUTaH TOT, YTO BBIIIE, TAK KaK IPABUIbHBIN
OTBET Ha BOIPOC TONBKO onuH. CienoBaTeNbHO, NMPH BHIOOpE JIByX OTBETOB MU
Ha)KaTHH Ha KHOTIKY «[IpoBepuTH», TOT OTBET, KOTOPHIH BbIlIEC OYAET CPABHUBATHCS C
0a30# TECTOB M IOCJIE ATOTO OTOOPA3UTCS B COOTBETCTBYIOIIEM LIBETE.

Eciu B X0/1€ IPOXOXKICHUS TECTA, TECTUPYEMBbIi He MpoiaeT nonHOCTh0 TecT (50
BOIPOCOB), HO MPHU 3TO HAXKMET KHOMKY «3aKOHYUTH», TO MPOTpaMMa 3aKpOETCs U
TEeKylmel mpomecc He OyIAeT HHUKyJa COXpaHeH. OJTO CAEJNaHO C LeJbIo
MPENOTBPAIICHNsT MPOXOXKIEHUS TecTa NpeAplAyniero ydactHuka. T.e. ecimu
TECTUPYEMBIH 3aIlyCTUT TPOrpaMMy U TaM yke OyaeT oTBedeHO 27 BOMpOCOB, OH
MOJKET JIOMTH TECT A0 KOHLA M MPUCBOUTH PE3YJIBTAThl MPEABIAYIIETO TECTHPYEMOTO
cebe.
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ITocne Toro kak TecTUpyeMBIM TpoiaeT Bce 50 BOMPOCOB W HaXMET KHOIIKY
«/lanee», mporpamMma BBIBEJET €My JHAJIOTOBOC OKHO C HAQANHCBIO 00 ero
ycrneBaeMocTH. B 3ToM OkHe OyJeT HammmcaH TeKCT U udpa B MPOIEHTaX, HA CKOJIBKO
MPOIEHTOB U3 CTa OH mpoiien TecT. KomrmuecTBo mpaBUIBbHBIX OTBETOB B MPOICHTAX
CUYHMTAETCS KaK KOJMYECTBO MPABIIIBHBIX OTBETOM YMHOXXEHHBIE Ha 2. DTO TIO3BOJISET
IO0ATFHO OIICHUTh 3HAHUS TECTUPYEMOro W OBICTPO CHENaTh BBIBOJ O €ro
ycneBaemocT. [Ipumep okHa m3o0paxken Ha Puc 3.

Ilociie Toro Kak TeCT OKOHYEH, Pe3yJabTaThl TECTUPOBAHHS TOJDKEH MPOBEPUTH
YeJIOBEK KOTOPBIM OTBETCTBEHHBIM 3a 9To. I[locne mpoBepku pe3yibTaToB
TECTUPOBAHUSI, TECTUPYEMBIH MOXKET OBITh CBOOOJHBIH W TPOHTH TMOBTOPHOE
TECTUPOBAHHE MCXOJS U3 €ro pe3yabTaToB. lIpn mpoxokIeHnn TeCTUPOBAHUS TTOIPSIIT
HECKOJIBKO pa3, IPOUCXOIUT 3alIOMUHAHKME TEX BOIMPOCOB Ha KOTOPBIC HE OBLIO JaHO
npaBuwiIbHOTO OTBeTa. [Ipu mpoBeAeHUM KOHTPOJIBHOTO MOCIEAHET0 TECTUPOBAHMS,
TECTUPYEMbIE TIOKKET HAWIyYIIUHd CBOW pe3yabTaT © CMOXKET 3aKperuTh
MONTydeHHbIE 3HAHHWA. JTO TPOHUCXOIUT ONaromapss TOMY, YTO BOIPOCHI KOTOpPHIE
UCIIONB3YIOTCS  JUIsl  TECTHUPOBAaHUA  MAYT  KaXIbli pa3 B OJMHAKOBOM
MOCIIEIOBATENIEHOCTA. braromapss 3ToMy y TECTHPYeMOTO HE IepPeMElINBaIOTCS
pasHbIe BONPOCHI C Pa3HBIMH OTBETAMH, a IPOWCXOTUT IOCTEIIEHHOE 3aIllOMUHAHUE
MaTepuana U3JI0KEHHOTO B TeCTax.

Cam Tect coctouT U3 50 BOMpPOCOB MOTOMY, UYTO JAHHOE KOJMWYECTBO BOIIPOCOB
JIOCTaTOYHO, YTOOBI B 0OIIIEel Mepe TOHATh HACKOJIBKO YEIOBEK 3HAKOM C MaTEepPHaIOM
U IIPU MPOXOKACHUU 3aHNUMACT HE MHOI'O BPEMCHHU, UEM OHJIAMH TECTHI.

oL My Test | = 29 |
(<]
# " Information | 23 | -
Dt o .

- Bl oTEETMAM NpaBuABHO Ha 12 % sonpocos.

H amsa

Puc 3. Oxno ¢ pezynemamom

2 ams

B xome pemienus mocraBieHHOW 3amaum, OblUla pa3paboTaHa apXUTEKTypa M
KOMITBIOTEpHAsT TPOTpaMMa Juisl TECTHPOBaHMS PAOOTHUKOB IO TOXKAPHOH W
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3JIeKTpo0Oe30nmacHOCTH. Tak ke ObLIH COOpaHbl CaMU BOMPOCHI JIJIsl TECTOB BHIOPAHHBIC
U3 Ppa3HBIX HUCTOYHMKOB M PACKpPBIBAIOIIME IIeJIb CaMOil mporpammbl. JlaHHas
nmporpaMma 3HauUTeNILHO 00JIer4yaeT KOHTPOJb 3HAHUW Y COTPYJAHUKOB M SKOHOMUT
BpeMs camux paboTomareneld Ha JaHHOE MepompusaThe. Tak ke, JaHHas MporpaMmma
HE TOJBKO OCYIIECTBIIIET KOHTPOIb 3HAHUH paOOTHUKOB, HO U MOXET paboTaTh B
oOydatomeM pexxuMe. Tak Kak aHajloroB JaHHON MporpaMMbl HE OBUIO HaWCHO,
MOJKHO CYHTATh €€ YHUKAIBHOI pa3paboTKOM.

no
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VJIK 519.6; 537.8

KauecTBeHHBIE MOJIENN CBEPXU3IIYYEHNS B UHBEPTUPOBAHHBIX
cpenax

A. B. Kupuuok, A. B. Muiun

Xapvkrosckuti Hayuonanvusiti ynugepcumem umenu B.H. Kapasuna, Ykpauna

OOroBOpIOETBCS AWHAMIKA IBOPIBHEBOI CHCTEMH MOOJIM3Y IOPOTY i1HIYKOBAaHOTO
BUIIPOMIHIOBaHHS, KOJIM ITOYaTKOBAa IHBEPCisl HACEICHOCTEH JOPIBHIOE KBAJAPATHOMY
KOPEHIO BiJl MOBHOi KUIBKOCTI CTaHiB. 3a MEPEeBHUILEHHA LBOTO MOPOTY KUIBKICTH
KBaHTIB MOYHMHAE 3POCTATH EKCHOHEHLIalbHO Yy yaci. B poOoTi 3pobieHo cmpoby
HOSICHUTH TIPUPOAY Lboro mopory. Jias mporo Oyio BHAUIEHO CIOHTaHHY Ta
IHIyKOBaHy CKJIQJIOBI y CTPYKTYpi BHIPOMIHIOBaHHS Ta HPOBEICHO BiJIOBIIHY
PEIOyKIil0 CHUCTeMH pIiBHSHb. BHKOpHCTaHHS SKICHUX Mopeneil B 3Ha4yHIH Mipi
MPOSICHAWIIO AETaNi MpoIeciB (OpMyBaHHS IMIYJIbCY IHAYKOBAaHOTO BHIPOMIHIOBaHHS
Ta pOCTY IHTEHCUBHOCTI CHOHTAHHOTO BUIIPOMIHIOBAaHHS.

Knwouosi cnoea: Hosuil nopie iHOYKOBAHO20 —BUNPOMIHIOBAHHS, —IMNYIbC IHOYKOBAHO2O
BUNPOMIHIOBANHSL, K8AIKIACUYHA MOOEIb, BUNPOMIHIOBANHSL 32YCMKY 3aPSONCEHUX YACOK.

OOcyxmaercsi TMHAMHKA JIByXYPOBHEBOH CHCTEMBI BOJIN3H [OPOTa HHIYIUPOBAHHOTO
U3JIy4eHMs, KOIrja HayajbHas MHBEPCHUs 3aCEelICHHOCTEH paBHAa KOPHIO KBaJpaTHOMY
U3 IOJHOTO 4uciia COCTOSHUM. Ilpu mpeBbIIEeHUH 3TOro IOpora 4YHUCIO KBaHTOB
HAYMHACT PAaCTU OSKCIIOHCHLIHMAJIBHO CO BpeMeHeM. B pabore cpenaHa mombITKa
MOSICHUTB TIPHPOJLY 3TOTO mopora. st 3Toro ObIIO BBIAEICHO B CTPYKTYPE H3IydSHHUS
CIIOHTAaHHOM M MHIYIMPOBAHHOM COCTABISIOINX M IPOBEIEHA COOTBETCTBYIOIIAS
peaykuusi cuctemMbl ypaBHeHUH. lcnonb3oBaHME KadeCTBEHHBIX MOAEIeH B
3HAUUTENIFHOM CTENeHN MHPOSCHUIIO JETalM IPOIECCOB (OPMHPOBAHUS HMITYIIbCA
UHIYIMPOBAHHOTO M3IyYeHUS X POCTa HHTEHCUBHOCTH CIIOHTAHHOTO U3IIydeHHUSI.

Knrouegvie cnoea: mnogwill nopoz uHOYYUPOBAHHO20 USIYYEHUS, UMNYILC UHOYYUPOBAHHO2O
U3IyYeHUs, K8A3UKNACCUYeCKasn MOO€b, U3NYYeHUe NYYKA 3aPAXNCeHHbIX Yacmuy.

The dynamics of the two-layer system near the threshold of stimulated emission, when
the initial population inversion is equal to the square root of full number of states has
been discussed. The number of quanta begins to grow exponentially when this
threshold is exceeded. An effort to clarify the nature of this threshold has been made in
the article. Therefore, spontaneous and induced constituents of an emission have been
isolated and the corresponding reduction in the system of equations has been made.
Using qualitative models has largely clarified the details of the stimulated emission
pulse formation process and increase in the spontaneous emission intensity.

Key words: new threshold of stimulated emission, momentum of stimulated emission,
quasiclassical model, radiation beam of charged particles.

1. BBegenune

Onucanne (GU3NYECKUX SBJICHWH C TOMOINBIO CHUCTEM YypPaBHEHHH B YaCTHBIX
MIPOM3BO/IHBIX, BHIBEJCHHBIX HA OCHOBE HAOIIOJEHUHA M AKCIEPUMEHTAIBHBIX (HaKTOB
YacTO CKPBIBACT OT MCCIEAOBATENS PSJl BAXKHBIX sBIeHUNH. OCOOECHHO B TE€X CIydasXx,
KOTJla B JIaHHOW O0JIaCTH W3MEHEHUS TMEPEMEHHBIX W JUIS HEKOTOPHIX HHTEPBAIIOB
MapaMeTpoB HCCIIEJOBATENH HE OXUAAIT OOHAPYXKUTh AaHOMAIUH W CMEHBI
TEHJIEHIIMM B JUHAMHUKE cUcTeM. [loJie3HBIM I CO3JaHUS 3¢)¢)eKTI/IBHHx
HUMUTAIIUOHHBIX M0)1ene171 ABJISICTCA HUCITOJIB30BAHHUC 3BpI/ICTI/I‘-IeCKI/IX, OCHOBAHHBIX Ha
SMIMPUIECKUX JaHHBIX MMOAXOJOB K OMUCAHMIO IPOIECCOB, BHECEHHE B M3BECTHHIE
YHHUBEpCaIbHbIE YPaBHEHUS W OMMCAHUS TMOJIE3HBIX M3MeHeHni. 160 mo MHeHuio A.
Ilyankape «riaaBHBIM 00pa30M ypaBHEHUS HAC JODKHBI yIUTh TOMY, 9TO MOKHO U 9TO

© Knpuyok A. B., Muwmn A. B. 2017
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cliefyeT B HUX U3MEHHTh». Hmke paccMOTpM JBe KaueCTBEHHBIE MOJEIH
CBEPXM3IyYCHNUs, OCHOBAaHHbIC HA BBIJACIICHUN BAKHBIX XapaKTEPUCTUK, OCHOBAHHBIX
Ha OMIIMPUYECKOM OIBITE W PEAYKUUH TPAAULIUOHHBIX CHUCTEM YpaBHEHHUS IS
BBIZICTICHUS AMHAMUKH 9THX XapaKTePHCTHK.

B mepBoif Momenu IpyXypoBHEBOW KBaHTOBOW cucTeMbl [l] obOcyxmaercs
BBIJICJICHNE B CTPYKTYpE U3IyUeHHs CIIOHTAHHON M MHIYLIUPOBAHHOM COCTABIISIFOIINX
U COOTBETCTBYIOICH pEIyKIMH CHUCTeMBbl ypaBHeHHI. CIIOHTaHHBIM HPHUHATO
Ha3bIBaTh M3IyYEHHE OCHWIIATOpPAa (WIM HMHOTO W3JIydaTels), HE HaBsI3aHHOE
BHEIIHUM TII0JIEM Ha MJaHHOW dactoTe. VHAYIMpOBaHHBIM WM BBIHY)KICHHBIM
Ha3bIBAIOT M3IIyYCHHE, BO3HUKAIOIIEE BCICACTBUE BO3JACHCTBUS BHEUIHETO MOJSI Ha
UCTOYHUK H3JTydeHHS Ha TOW e camoi dacTtoTre. CyIIecTBOBa M TpPyTHOCTH
MHTEpIpeTalisl HHAYLUPOBAHHOTO M3JIyYeHHsI KaK U3Iy4eHUs! KorepeHtHoro. 116o B
KBaHTOBOM ONHMCaHUH, TJI¢ B OTIIMYHE OT KIACCHUECKOTO CIIydyasi HeJib3sl ObLIO HUYETO
cka3aTh O (ha3ax TOJIeH, H3ITydaeMbIX OTHEIBHBIMH aTOMaMH M MOJIEKYJIaMH,
NPE/ICTAaBICHHE O KOTEPEeHTHOCTH M3ITyYeHUS MPAaKTHIECKH He UcIoib3yercs. Tem He
menee Y. TayHc, omupasch Ha MHOTOUYMCIIEHHBIE O3KCIIEPUMEHTANbHBIE (DaKThI
Hoyarai, 9To «...9HEeprus, M3iydaeMas MOJICKYJSIPHBIMA CHCTEMaMH, UMEET TO Ke
caMoe pachpeleNeHue IoJsl M Ty K€ CaMylo YacTOTy, 4TO M HHAyIHUpYIoIIee
W3JIyYeHHe, a CJIeOBaTeNbHO M MOCTOSHHYIO (BO3MOKHO HYJEBYIO) Pa3HOCTH (a3
[2].

Bo BTOpOit paboTe oOcykmaeTcss H3IydeHHE B cpele MydKa 3apsHKEHHBIX YaCTHIL,
HavanbHas (YHKOUA pacnpefesicHuss MO CKOPOCTSAM KOTOPOTO B TPOCTPAaHCTBE
CKOPOCTEH COMEP)KUT MHBEPTUPOBAHHBIN y4acTOK, B KOTOPOM YHCIIO YACTHIL C POCTOM
3HaYeHUs CKOPOCTH yBeIMUMBaeTcs. B atom cimywae (cM., Hampumep, [3]) BO3MOXKHO
KaK CIIOHTaHHOE, TaK M WHIYyIUPOBAHHOE H3TyYCHHE PE30HAHCHBIX BOJH CPEIBL.
Pe3onaHcHBIE yCcTIOBHUS 3/1€Ch COCTOST B CHHXPOHHU3AIMK CKOPOCTH Ty4Ka U (a3oBoi
CKOPOCTHU KOJIICKTUBHBIX BO3MYI]_[CHI/II>'I CpCabl.

Llenpto paboTHl SBISETCS IOCTPOCHHE W aHAJIHM3 KAdeCTBEHHBIX MOJelNel
JIBYXYPOBHEBOH CHCTEMBI M Iy4YKa 3apsXKEHHBIX HYacTHIl B Cpelie C paslielicHHeM
CIIOHTAHHOT'O U UHAYIHWPOBAHHOI'O U3JTYUCHU.

2. KauecTBeHHast MOJe/Ib ONIMCAHMS ABYXYPOBHEBO# CHCTEMBI.

PaccMmoTpuM noBeieHME MHBEPTUPOBAHHOW JBYXYPOBHEBOM KBAaHTOBOM CHCTEMBI
BONMM3M OOHapyXxeHHOro B padorax [1] mopora nHAynIHpOBaHHOTO M3NydeHus. Hmxke
3TOr0 MOpora M3Iy4eHHE B IMPOCTPAHCTBEHHO OJHOPOJHBIX CHUCTEMAX BO3MOXKHO
TobKO croHTaHHoe. CormacHo mpencTaBieHUsM A. DiHmTeina [1], ommcanue
JIByXypOBHEBOM CHCTEMBI MpH HaJUYMM U3Iy4YeHHs Ha YacToTe IMepexoja
&y — &1 =haoyy cnepyromee

Ny /0t = —(Uzq +Wap - Ni) - Mg + Wy - Ny -y,
1)
Oy /0t =—wy- Ny -y + (Upg + Wi - N ) - np,
IpUYEM MOJHOE YMCJIO YacTHIl CHCTEMbI Ha MEPBOM M Ha BTOPOM YPOBHE
IIOCTOSIHHO  ny +n, = Const, U21°M2_ ckopocts m3MeneHus konmuecTBa KBaHTOB

BTOpOro B036y7K,I[eHHOFO YpOBHA 3a CYCT CIHOHTAHHBIX IIPOHECCOB H3IYUYCHUS.
CKOpOCTB HU3MCHCHHUA KOJIMYCCTBA KBAHTOB (‘laCTI/ILI) Ha 3THUX YPOBHAX 3a CUCT
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MH/Iy[[UPOBAHHBIX TporieccoB manyuenus Woq - Ny -No u mormormenust Wyp - N -1y
3nece Ny - 4MCIIO KBAaHTOB M3Iy4EeHHs Ha 4YacTOTe€ IEepexoaa, A KOTOPOro

CIIpaBCAJIMBO YpPAaBHCHUC
N,

7:(U21+W21'Nk)'n2_(W12'Nk)'nl (2)
[lepernmenm cuctemy ypaBuenwii (1)-(2) B Buae
ony /ot =—ny — - Ny, (3
oulot=-2ny —2u- Ny, (@)
aNk/8t=n2+y-Nk (5)

rie 7=Wpq-t, Up;=Wpy;=W. Hmxke oOcynmuMm ciydail, Korga HHBEpCHs
M =Ny —M <<Ny,Ny. Eciin HavanpHOE 3HAa4YeHHE MHBEPCUM i) OKA3BIBAETCS OOJIbIIE
WJIM MEHBIIIE IIOPOTOBOTO 3HAYCHHUS [4], paBHOTO

1/2
Hrrz =2(N)™ 7, (6)

B CUCTEME BO3MOKHO IOSIBJIEHUE UHIYLIUPOBAHHOE U3IIyYEHUE, POCT KOTOPOro BO
BPEMEHU NIPUOOPETAET IKCIIOHEHIINATIBHBIN XapaKTep.

MoxHo, mpeHeOperass mpoleccaMu CTa0WIM3alMd  YWCJIa KBAaHTOB, Ha
KayeCTBEHHOM YPOBHE IIPEAIOJIOKUTh, UTO CJIaraeMble B IIPABBIX YACTIX YpaBHEHUH
(2) nponopiyonansHsle Ny, 0TBEUaIOT MHAYLUPOBAHHBIM KOI'€PEHTHBIM IpOLIECcCaM,
TaKke Kak ¥ 4ucio kBaHTOB N| , 3amucaHHOE TaM >ke. PalMoHaIbHO NMpencTaBUThH
YUCJIO KBAHTOB KaK CyMMYy HWHAYLHMPOBAaHHOM KOIE€PEHTHOM M CIIOHTaHHOH,
nexorepentroi, cocrapmsomux Ny = N, 0 1 N, €Ny sappcars, ypanenus (1)-

(2) B BUAC
onglot=—nNy — - Nk(COh) (7
ul 87 =—2ny — 21 N, (M ®)
oN, (NN 157 —n, )
N € /o7 = 4. N, (D) (10)
rae Upp =Wo1=Wo, No =(N+x)/2, a monHOe YKCIIO YacTHI] HA JBYX YPOBHSIX
N=n+n,.

CpaBHMM XapakTepbl pa3BUTHs Ipoliecca omuchiBeMoro ypasaeHusmu (11)-(13)
(BepxHsis wacTh Tabmumbl 1) m mporecca, omuceiBaeMoro ypasuenwmsmu (14)-(15)
(HMOKHSS 9acTh TaOmuIml 1).

Tabnuyal. Kauecmeennas u mpaduyuonHas cucmemsl ypagueHutl 6onusu nopoza(6)
KauecTBeHHas cucteMa ypaBHEHHI

OM /8T =—Ng—2M - N ; (11)
aNinC/(aT:No—@'Ninc; (12)
ONg /8T =M -Ng —0- N, (13)

TpaauumoHHas cucreMa ypaBHEHUI
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6M1/8T = —2”21—2'\/' . Nl; (14)

8N1/6T=n21+M1'N1—0~N1. (15)

e Ning =N /g, Ne =N /g, M=plpg, M=My=ulu,
T=Wy-pg-t=pg-7, Np=Nyg/py, eIUHCTBEHHBIM yIOOHBIM U1 AaHAIH3a
cBoOoaHbIM mapameTpoMm sBisiercst Ng =N/ yg. st KOpPEKTHOCTH CpaBHEHHS

OyJeM CYMTaTh, 4TO OOIIee 4YHUCIO peanbHbIX cocTosHui N =n;+n, =102, a

noporosast uHBepcust Ng =N/ ,ug, quth:‘/W =10°. ITepexon k emuHO# ImIKae

BPeMEHU Oy[eM OLECHHBATh COINIACHO COOTHOWICHWIO T =7-u, rae T - Bpems B

KaKIOM OTAETHHOM cirydae. HadanpHble 3HAUEHUS ONMPEAeTNM CIETYIOINM 00pa3oM
M(T =0) = My(T =0) =1, Ninc(T =0) = Ninc/ 1t =3-10*/ 1o;
N (T =0)=N¢/ 19 =3-10%/ 119 ; Ny(T =0) =Ny / 19 =3-10*/ 11¢.

[TorsomeHre SHEPTUH TOJIS YUUTHIBACTCS 3HaYeHUeM & = O / Hy -

B OTCYTCTBHUC MOITIOHMICHUA SHEPIU KBAHTOB COIJIACHO KaYCCTBCHHOMY OIIMCAHHUIO
(11)-(13) mocse yMeHbIIEH S aMILTUTYIbl KMITYJIbCa KOT€PEHTHOTO H3IYYECHHS YHCIIO
KBaHTOB CIIOHTAHHOTO U3JIy4YEHHUs MPOAOIKaeT pacTu. B Tpanutmonnoit mogenu (14)-
(15) mpouiecchbl MOTIOIEHUST OTPAHUYUBAIOT POCT MOJHOTO YHCIIa KBAHTOB, H YPOBEHB
H3JIYYCHHA BBIXOJUT HA CBOC CTAllMOHAPHOC 3HAUCHUC. OILHaKO CpaBHUBAsA JUHAMHKY
IPOLIECCOB MOXKHO IIOHSTH, YTO IIOCIE YMEHBLICHHUS aMIUIUTYIbl KOTEPEHTHOTO
UMITYJIbCa OCHOBHOH BKJIaJl B MOJTHOE YHCJIO KBAHTOB JIaeT CIIOHTAaHHBIN mporecc. To
€CTh, Ha BpPEMCHAX, IMPEBLIIAOIINUX MIATCIBHOCTL KOICPEHTHOI'O HMIIYJIbCA,
JOMUHHUPYET HEKOTEPEHTHOE U3ITyUCHHE.

1x
b
~
A
A\
0.51——— —
\ Pt
«r"\’-’.-
0 St
-0.5 : |
0 10 20 T

Puc.1. Ilogeoenue genuyun Ml u Nl(mouku), M (mynxmup), Nc u Ninc (cnaownas u

UMPUXNYHKMUPHAA TUHUU, coomgemcmeeHHO) npu omcymcmeuu nocjiouieHus (0 = 0) u npu

N, = N/ 22 =0.05.
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-0.5

0 10 T
Puc.2. [logeoenue genuuun Ml u Nl(mouku), M (nynxmup), Nc u Ninc (cnnownas u

WMPUXNYHKMUPHAs TUHUU, coomeemcmeeimo) npu omcymcmeuu no2ioujerust

(6=2-10°,0=5/ 14, =0.045) unpu Ny =N/ 12 =0.05.

Y4eT NoraoueHns: KBaHTOB IOJISL TIOJABIISIET MPOIECCH [eHEPALlUH, TOITOMY ObLIO
BBIOPaHbI CPABHUTEIILHO HEOONBIINE YPOBHU MOTEPh UX SHEPIUH, TO €CTh O = 2 10°

uS=410°,

Xapaktep mporiecca TeHEpalu CcoXpaHseT Te e depThl. OJHaKo Temephb
IMOIJIOMICHUE OrpaHNYMBACT BPEMA CYHICCTBOBAHUA I'CHCPpALIUMM W OTIMYHA MCEKIY
JIByMsI OTIFICAHWUSIMH MEHee BhIpakeHbl. Cremyer oOpaTuTh BHUMaHHE Ha TOT (hakT,
YTO B ciiydae (PMKCHPOBAHHOTO KOHEYHOTO YPOBHS MOTEPh WIIH TOTIIOMIEHHS SHEPTUN
KBAaHTOB, pasMEp KOTCPCHTHOI'0 HMIIyJIbCa HE€ MCHACTCA HaXXC IPU 3HAYUTCILHOM
YBEJIMYCHUH YPOBHS HHBEPCHUH 3aCETICHHOCTEH.

3. Ha3Banue cratbu KadyecTBeHHOE onMHMcaHUe U3JIYyYeHUS MyYKa 3apsKeHHBIX
YacTHL.

PaccMoTpuM mporiecc CIIOHTaHHOTO HM3JTyYeHHs TUIA3MEHHBIX BOJH JJIEKTPOHHBIM
TIY4KOM, JBIDKYIIMMCS CO CKOpOCThI0 V B HampasieHuu ocu OZ B XOJNOAHOM IIa3Me.
OrpaHn4yuMcs U IPOCTOTHI OMUCAHUSI OHOMEPHBIM ciiydaeM. [lJisi mydka gacTuil ¢
byHKIMEH pacnpeaeneHus

27,2
fo =[Nno /v - vip]-exp{-(v —Vop)* /v } (16)
(rne Npg- OAHOpOAHAs B IPOCTPAHCTBE IUIOTHOCTb 3JIEKTPOHOB IIyuKa, Vop,
V1p =+/2Tp /M - CPeIHss W TEIUIOBask CKOPOCTH ITyYKa COOTBETCTBEHHO, NPH 3TOM

Vop >> V1p, Tp- TeMIeparypa Iydyka B 9HEPreTUYECKHX €IUHUIAX, M- Macca HOKOs

3JIEKTPOHA), W3MEHEHUE IIJIOTHOCTH JHEPruM MoJsl B eAMHuIEe oObema Iydka B
€JMHUILY BPEMEHH 3a CYET CIIOHTAHHOTO M3IY4eHHUs IJIa3MEHHBIX (JIEHTMIOPOBCKHX)
KosiebaHuil (KOTOpOe MpU OTCYTCTBHM NMPOCTPAHCTBEHHOH MOIYIISLMHU My4YKa UMEET
CITy4ailHbI XapakTep), paBHO
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(spor)
OE{

K= [dk[v- fi () F(K) (17)

IJIe CHJIa PAIMalldOHHOTO TOPMOXKEHHS, MPUXOSMIAscs Ha OMHY YacTHIy IyYKa
paBHa

F (k) =47 -ie? ke (kvgp, K)], (18)

IMPUYCM CBA3b MCIKAY IJIOTHOCTBIO DOHEPIruu Ek 1 HANIPSPKCHHOCTBIO 3JICKTPUYCCKOT'O

IIOJIA IJIa3BMOHOB E k OMpeaACIACTCA COOTHOIICHHUEM

W
=M| = |2z i| Ex |2, JIUDJIEKTPUUECKAss TPOHUIIAEMOCTh IUIa3MBbI

Ey
0w 470 (K)

2
Wpe

(o, k) =e(w)=1- € - 3apsxn SIEKTPOHA, Npg- TIOTHOCTE JIEKTPOHOB

o(w+1Vej) ’

miasmbl, k a)(k)=a)pe=,/4ﬂeznp0/ M- BOJHOBOE YHMCIO M  4acToTa

JICHTMIOPOBCKOM BOJIHBL. MOJKHO IIOKa3aTh, YTO C YYETOM BCEX IPHUBEICHHBIX
COOTHOILIEHWH, ypaBHEHHE IJs W3MEHEHHs IUIOTHOCTH 3HEPIUU JIEHTMIOPOBCKHUX
KoJIeOaHuil TP CLIOHTaHHOM HM3JIyYCHUH IPUHUMACT BUJL

o (sPon) 2
—k 2% “)k—gk) f, (@) . (19)

W3menenus: QpyHKIMM paclpenesieHus] 3a CUET CIIOHTAaHHBIX MPOLIECCOB MOXKHO
MPEJICTaBUTh KaK

ofy (v k
T 57202 XK 1 iy 1k~ oW g}
ot nk V= T
(20)
k) ofp(v)
9,252 @(K) Oy
e 2o o Ivzw(kk)+hr:

YacTo CHOHTaHHBIM H3JIyYCHHEM IIydKa INPEHEeOperaloT IO CpPaBHEHHEM C
BBIHY>KACHHBIM (MHAYLHPOBAaHHBIM) U3JIy4YCHHEM.

BreiHyX/1eHHOE W3Ty4YeHHe MPOUCXOAMT TOJ BO3JACHCTBHEM IOJS BHEIIHETO IO
OTHOLICHUIO K KaIoMy uznydaremto. Ilpum sToMm mpoucxoaut cuHxpoHuzanus das
u3IydaTeneil M u3NyueHHe NpHoOpeTaeT KOTEpeHTHBIH Xapakrep. BrlpakeHue s
M3MEHEHUS] SHEPTHH TOJS TaKOr0 BBIHYKJICHHOTO KOT€PEHTHOTO H3ITyYEHHS MOYKHO
MOJTyYUTh B paMKax KJIaCCHYECKOTO OMHMCAHUS MPSIMBIM BBIYHCICHUEM WJIH TPUBJIEKas
KBAaHTOBBIE IIPEACTABICHUS:

ind
By 20 @09 Lina k (V)

ind
; R R Y

k
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_ 2
me 7L =Wr /2)‘”b“’(k) e L R IR

kv, VTb
BEIOpaHHON HaMy paHee (PyHKIIUHM pacmpeneneHus MeKTPOHOB my4ka (1) u3BecTHBII
[3] WHKPEMCHT KHHETUYECKOU My4YKOBO-TUTA3MEHHOMN HEYCTOWMYUBOCTH

(HEyCTOMYMBOCTH My4yKa c OompmM  pazdbpocom o CKOpPOCTSIM
(Npo /Npp) << (V?b/ V03)) B OTCYTCTBHHU TOTEPh DHEPIHH IUIA3MOHOB. M3MeHEeHuUs

(bYHKLII/II/I pacnupeaciacHuss 3a CUCT HWHAYUUPOBAHHBIX IMMPOLCCCOB OIMMUCBIBAIOTCA
HN3BCCTHBIM YPaBHCHHUEM KBa3UJINHCHHON TCOpUU:

Ofpo (e - 0 fhole
bgt( )=27z2e2EL”dv-a)(k) abo( )lg 0. (22)

21\2 2
e 6=mv? /2 &0 =mo? (k)2 12k2,
PaIII/IOHaJ'II)HO NnepenucaTto ypaBHCHUA JI1 U3MCHCHHUSA KBAHTOB CIIOHTAHHOI'O WU

NSPON _ ESPON 4 k)
WHIAYIUPOBAHHOTO  W3IYYEHHS,  COOTBETCTBEHHO k k

NP =B/ ha(k) 272 -t-e2w(k) 1 1k3 = ¢

, BEIOpaB MacmTad BpeMeHH , TO €CTh
Nﬁspon)
" fo W o) = fole®] (23)
T v=—"~

k
ind
GN(km ) _ N (ind) 'hk of (V)
ot K m ov

|V7%:hw.N(klnd) ofp (5) lvoe o)’ (24)
k
Takum 00pa3oMm, B MPOCTOH HOPMHUPOBKE CHCTEMa YypaBHEHUH, OIMMCHIBAIOIIAS
penaKcanuio Imyyka B YCJIOBHSX BO30YKICHHUS JICHIMIOPOBCKHX KOJICOaHMiA, MOXKET
OBITH 3aIlMCaHa B BUIE

(ind)

g /07 =—Ng — g - (Ns —Ns1) - N + o - (Ng41 —Ng) - Ns+1(md) (25)

aNGCPOY /o7 = n

s, (26)
ind ind
aNs(In )/572/10'(”5 _ns—l)'NS(m ), (27)
rae HCIIOJIb30BaHBI clietyromnme BBIPAXKEHUS, Ns(spon) = N(ksspon) g,

Ng (ind) _ N(md)/,u, de NLr;d_lz,uo. Obpatum BHMMaHH€ Ha TO, YTO

YPABHEHUS MCIOJB3YIOT Pa3JelIeHUE Ha CIIOHTAHHOE U UHAYLUPOBAHHOE U3JIy4YCHHUE.
PaccMoTpuMm  cimydali, Korma ¢ MaKCUMalbHBIM JIMHEWHBIM HHKPEMEHTOM
BO30YXKIar0TCsl KojieOaHHs B peKUME TeHepaluy HHAYIUPOBAHHOTO U3NYYEHUs, MIPH

3TOM BBIJEJIUM TOJIBKO PE30HAHCHBIA MHTEPBAJI CKOPOCTEU IMyvKa, Ns(ind) = N(nd) ,
N@D | =01, 1<s<¥%=100, NgGPOD | =0, 1o =0.5,
Ng |,—0=1+ p(s—1) . YpaBuenus (27) cBOAATCA K OJJHOMY

oND 157 = 40 (ns —ny)-NND, (28)
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Value

Value

700

400

200

|

90 100

70

50
time

10 20 30 40 60 80

ind
Puc. 3a). [losedenue senuuutivl N ) o PE30HAHCHOM UHmepsae.

spon
NS

10

Puc. 36). [losedenue eenuuunvl Ns(Spon)
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Ha puc. 3a) nokaszaH pocT KBaHTOB MHAYLIUPOBAaHHOI'O U3JIyY€HUs B PE30HAHCHOM
uHTEpBajie, Ha puc. 30) MOXHO BHIECTh KaK W3MEHSIETCS BEIUYMHA CIOHTAHHOTO
U3ITY4YEeHHS.

Ha puc.4 noka3aHo u3aMeHEHHE HHBEPCUU B PE3YIIbTaTe N3TyICHUS.

n
s

60

10

Puc.4. Ilosedenue eenuuunvt N

[IpencraBisier Takke HHTEPEC PACCMOTPETH PEXKUM, KOTJIa YUUTHIBACTCS TaKKe H
HEepe30HAHCHbIE 00JIaCTH ITyuka B HpOCTpaHCTBEe ckopocTel. IlycTs pe3oHaHCHas
oOmacth orBevaer 3HaueHusIM 30<S <70, a Hepe3oHaHCHBIE 00iacTH 1<S<29 u

71<s<>=100. Ng |T:0=1+,L10(S—1), Ho =0.9,
NSO(ind) _ N31(ind) - = N70(ind) _ N(ind), N(ind) |r=0=0-11 Ns(spon) |r=0:O'
Ny | _g== Ngg ™™ [, p=0.1, N7o" D —g= = N5 | p=0.1,
VYpaeHenus (27) 11 pe30HAHCHBIX 00JIaCTEH CBOAATCS K OJJHOMY

N /57 = 115 - (ngg —ngo) - N, (29)

a JUIsl HEPe30HAaHCHBIX CIIEIyeT BOCIOIb30BaTHCS ypaBHEHUAMH (27).
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Value

Value

10

100
Puc.5. llosedenue senuuunvl Ny ¢ yuemom nepe3onancuvix obracmer nyuxa.

B »ToM ciydae uHAYHIHMpOBaHHBIM Tporecc (HOPMHUPYET «Imaaro» y QyHKIHH
pacripezienenus (cM. puc.5), IUPUHA U BBICOTA KOTOPOTO MOCTEIEHHO YMEHBIACTCSI

Hn3-3a I[efICTBI/ISI CIIOHTAHHBIX ITPOLECCOB.
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4. BeIBOABI.

OO0cyx/1aeMblii B IEPBOA MOJICIN JBYXYPOBHEBOH CHUCTEMBI TIOPOT KOTEPEHTHOTO
U3Iy4YeHHsT OTBEUACT CIIydalo, KOTJa CIlydallHO pacrpeielieHHoe 10  daszam
CTIOHTAHHOE W3JIyYeHHE CPaBHUBACTCS C M3NMYUYCHUEM HHAYIHMpoBaHHBIM. [locienHee
B OOJIBIIION CTENEHW KOTePEHTHOE M3IyYeHHUE, MM TPEACTaBIICT COOOH HECKOIBKO
Y3KHX BOJIHOBBIX ITAKETOB KOTEPEHTHOT'O M3Iy4eHUs. [Ipu OTHOCUTEIHLHO HEOOIBIIIX

ypoBHsX uHBepcHH N << 19 << N KOrepeHTHOE U3JIydyeHUE BCEria INpPUCYTCTBYET
B BHJE JOCTATOYHO KOPOTKOTO HWMITyJIbCa C IJIUTEIBHOCTBIO 7 < (,UO / N). Ha

0onpIINX BpEMEHAX 7 > (/10 / N) JOMHUHMPYET HEKOTepeHTHoe u3inydyeHue. Ilpu ydaere

MOTJIOMIEHUs, Jla)kKe  HEOOJBIIOrO, JIMTEIBHOCTh  KOTEPEHTHOTO  MMITYJIbCa
MPAaKTHYECKH HE MEHSETCS MPH POCTe WHBEPCHH, MO KpailHed Mepe, JOCTaTOYHO
JTAJIEKO OT TIopora.

Pasnenenne wu3nydyeHus Ha WHAYHNUPOBAHHYI0 M CIOHTAaHHYIO YacThb TaKkKe
MO3BOJIACT MOHITH HE TOJILKO XapakTep UCKaKeHHsA (DYHKLIWHU paclpelreNeHUs Mmydka
3apsHKEHHBIX YaCTHIl, PACIPOCTPAHSIONIETOCs B IUIa3MEHHOW Cpele, HO W TPUIHHBI
€r0 BBI3BIBAIOIIIHE.

Takum 00pa3oM, HCHOJIB30BAaHME KAadyeCTBEHHBIX MOJENEH, HCHONb3YIOMINX
paszeneHue KBAHTOB OIS IO WX MPOMCXOXKICHHUIO TPOSICHSAET JAETaNH Ipoliecca
(hOopMUPOBAHUS UMITYJIbCA MHIYIIMPOBAHHOTO H3ITYICHUSI.
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VJIK 004.02

Parallel construction of decision trees

B.V. Parshentsev, E.G. Tolstoluzhskaya
V. N. Karazin Kharkiv National University, Ukraine

Decision trees are a well-established set of methods for classification, recognition and
decision support in the machine learning, the identification, the data analysis and the
situational management. The decision tree must be compact - it lessens expenses when
answering questions. Moreover, compact trees have a better prognostic ability. In
some applications, such as Data Mining, a dataset to be learned is very large. In those
cases it is highly desirable to construct univariate decision trees within a reasonable
period of time. This can be accomplished by parallelizing univariate decision tree
algorithms.

Key words: hypersingular integral equations, numerical solution, computer-based experiment,
diffraction problem, parallelism, 1D3, knot.

JlepeBbsl MPUHATHS PEILICHHH - XOPOIIO 3apEKOMEHIOBAaBIINIA cebs HabOp METOHOB
KIacCU(MKAIHI, PACTIO3HABAHMS U TIOICPKKH IPUHATHS PEIICHHI B KOMIIBIOTEPHOM
o0y4yeHHH, UACHTU(UKALNN, aHATN3C NaHHBIX, CHTYAllHOHHOM YIpaBiicHHH. JlepeBo
pCIICHUH JOJDKHO OBITh KOMIIAKTHBIM - 3TO 3KOHOMHUT 3aTpaThl NMPH OTBETE Ha
BONpOChl; Kpome TOro, KOMIMAKTHBIC IEPEBbS HMEIOT JIYYIIYI MPOTHOCTHYECKYIO
crocoOHOCTh. B HECKONIBKMX MPUIIOKEHHUSIX, B OCHOBHOM B ToM yucie Data Mining,
HabOp [OAaHHBIX, KOTOPBIA HYXXHO H3y4WTh, OYCHb BENHMK. B 3THX Ciaydasx OYeHb
JKENIATENIbHO MOCTPOHUTH OIHOMEPHBIE IEPEBbs PEIICHHI B pasyMHBIE CPOKH. DTO
MOYeT OBITh JOCTHTHYTO ITyTE€M apaUIeIH3alii OJHOMEPHBIX aJrOPUTMOB JepeBa
perieHuil.

Knroueevie cnosa: cunepcuHeyisiphoe  uHmeepdaivbHoe ypdeHeHue, YucjileHHoe peutenue,

KOMNbIOMEPHbIIL IKChepuMenm, 3a0aua ougpaxyuu, napaiieisrocms, 1D3, yzen.

JlepeBa pimieHs - 1e 100pe BCTaHOBJICHUN HAOIp METOIB Kiacubikallii, BA3HAHHS Ta
HiATPUMKH NPUIHATTS pillleHb NPY MalIMHHOMY BHBYEHHI, ineHTH(ikanii, aHamizy
AHWX, CUTYaliiHOTO ympaBiiHHA. JlepeBo pimeHb Mae OyTH KOMIIAKTHHUM - L€
€KOHOMUTHh BUTpATH NpPH BIiANOBiNI Ha 3amuTaHHSA; KpiM TOro, KOMIakTHI Iepesa
MAarOTh Kpally MPOrHOCTUYHY 3aTHICTh. Y Psli JOAATKiB, B OCHOBHOMY, BKJIFOYAIOYH
Data Mining, Ha0ip naHuX, KU MOTPiIOHO BUBYHTH, TY>KE BENUKUH. Y IUX BHIAAKAX
Iyxe OakaHO MOOyIyBaTH OZHOPIYHI JepeBa pillleHb B po3yMHuil yac. e moxe Oytn
JOCSITHYTO IIUISIXOM pO3TapasieFoBaHHs OJHOMIPHHX aJrOPUTMIB JiepeBa pillieHb.

Kniouosi cnoea: cinepcuncynapre inmezpanvHe pi6HAHHI, YUCENbHUL PO36 30K, KOMN TOMepHUll
excnepumenm, 3aoaua ougpaxyii, napanenvuicms, 1D3, gyzon.

1 Introduction

Regression trees and classifications, also known under a common name as decision
trees, are data structures that allow interpreting data for study purposes. Because
decision trees are so easy to interpret, they are among the most widely used data-
mining methods in business analysis, medical decision-making, and policymaking.
Often, a decision tree is created automatically, and an expert uses it to understand the
key factors and then refines it to better match her beliefs. This process allows
machines to assist experts and to clearly show the reasoning process so that
individuals can judge the quality of the prediction. Decision trees have been used in
this manner for such wide-ranging applications as customer profiling, financial risk
analysis, assisted diagnosis, and traffic prediction. [1] Decision trees can be drawn by

© Parshentsev B. V., Tolstoluzhskaya E. G., 2017
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hand or created with a graphics program or specialized software. Informally, decision
trees are useful for focusing discussion when a group must make a decision.
Programmatically, they can be used to assign monetary/time or other values to
possible outcomes so that decisions can be automated. Classification is the task of
learning a target function f that maps each attribute set x to one of the predefined class
labels y. The target function is also known informally as a classification model. A
classification model is useful for the following purposes. [2]

Each tree has three types of nodes. Root node that has no incoming edges and zero
or more outgoing edges. Internal nodes, each of which has exactly one incoming edge
and two or more outgoing edges. Leaf or terminal nodes, each of which has exactly
one incoming edge and no outgoing edges. The aim is to obtain a classification tree of
symbolic notation class and, by the use of regression trees, continuous values are
returned. For a decision tree you need to provide sample data, so you need to pre-
assemble the data. On the one hand, the data may be prepared by an expert, and on the
other hand, the accumulation of the facts relating to this task may be envisaged.
Various applications can be created on the base of the purely interpretable data. In
practice, each element under consideration can be represented by a set of attributes
against which the decision tree predicts an unknown attribute.

Tree solutions can be used as a component responsible for making decisions on the
bank accounting. Each situation is represented as a set of attributes, so in each
particular situation the decision tree can suggest the best way of doing things.
Furthermore, regression trees could be used to evaluate the strengths of any object (or
to predict the outcome, both positive and negative). Tree solutions are divided into
two types. The application of classification trees leads to categorical responses, and
the regression trees return continuous values. In each node decision-making provides
verification of the condition determined on the variables of forecasting. The number of
ribs corresponds to the number of possible verification results. The tree levels form a
hierarchical structure. Sheet nodes return answers, either categorical or continuous.
The simulation algorithm uses a sample of data for passing through the tree according
to the results of each condition verification. The tree training algorithm acts on the
basis of the recursive partition principle on non-overlapping sets based on the use of
the most suitable variable for this, which leads to the receipt of subsets containing the
minimum number of third-party inclusions.

The corresponding decision node is created in the tree, and the process continues
recursively. The best way to improve training is to make the dataset more manageable
by using additional verification kits. The classification model presented in the form
decision tree is intuitive and simplifies the understanding of the problem being solved.
The result of the work of algorithms for constructing decision trees, in contrast, for
example, from neural networks, which are "black boxes", is easily interpreted by user.
This property of decision trees is not only important when referring to defined class of
the new object, but also useful in interpreting the model classification as a whole. The
decision tree makes it possible to understand and explain why a particular object
belongs to a particular class. The decision trees make it possible to extract rules from
the database on a natural language. Example rule: If Age> 35 and Income> 200, then
issue a loan. The decision trees make it possible to create classification models in
those areas where it is difficult to formalize knowledge. The algorithm for
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constructing the decision tree does not require the user to choose input attributes
(independent variables). The input of the algorithm can be fed all existing attributes,
the algorithm itself will choose the most significant among them, and only they will be
used to build a tree. In comparison with the neural networks, for example, this greatly
facilitates the user's work, because in the neural networks the number of input
attributes affects the learning time significantly. The accuracy of models created with
decision trees usage is comparable to other methods of constructing classification
models (statistical methods, neural network). [3]. First introduced in 1960, the
decision trees is one of the most effective methods of data mining; they are widely
used in several disciplines. [4] An example of the medical use of the decision trees is
the health diagnosis based on the symptoms, in which classes defined by the decision
tree, can be either different clinical subtypes, or condition, or patients with a condition
that should receive different treatment. [5]

21D3

The iterative algorithm of Dichotomiser 3 (ID3) is one of the most popular tree
induction design solutions. It is not tolerant of missing values or noisy, and the value
of attributes must come from an infinite fixed set. ID3 uses entropy to calculate the
sample homogeneity, as well as for separation. Information coefficient G for each
attribute A is calculated using the following equation: to the last root of the tree the
highest rate of information gain is assigned. Then the new subtree is built recursively
upon each value of the attribute bound to the root. ID3 (C4.5 and CART) builds a tree
induction solutions in descending recursively divide and overcome the way through
the space of possible decision trees using greedy strategy. The decision is taken at
each step, which is done for the optimizations purposes. For each node, locate the test
the condition of the best segment assigns a workout data. Features tree induction
solutions in the case include ID3 the following:

1. Each node excluding the leaf of the tree corresponds to an input attribute,
each arc to a possible value of that attribute

2. Entropy is used to determine how informative a particular input attribute is
about the output class on a given dataset

3. The recursive algorithm [6]

To evaluate the information gain associated with a split of T based on attribute ai,
we must determine the total count of positive and negative examples as well as the
number of positive and negative instances for each value of attribute ai. The
computational complexity of ID3 (for categorical attributes) at each node of the
decision tree is (jNj jAj), where N is the number of examples and A is the nhumber of
attributes examined at the node. ID3 time requirements indicate that the total cost of
the algorithm is superquadratic as for the set of workouts size. Obviously, the use of
continuous data largely coincides with the computational time required to build a
decision tree. To accelerate the the examination of candidates (and corresponding
frequency calculation amount), ID3 firstly sorts the training examples using a
continuous attribute as the sort key. It is the sorting operation, which increases the
computational requirements to (N log2N), that leads to potentially exorbitant CPU
time for large training sets. There is the solution to the above problem is called
peepholing; the basic idea is to discard a sufficient number of candidates for threshold
values so that the computational expense of sorting is lessened. It is (approximately)



64 Cepisi¥Mart. mogentoBaHHs. IHpopmaLiiHi TexHonorii. ABTOMaT130BaHi CUCTEMM yipaBiHHsH, BUM. 3 6

an intelligent sampling of the candidates that aims to create a small “window" of

threshold values; this window is then sorted as usual. Empirical results have shown

that peepholing produces significant improvements over the traditional 1D3 algorithm
for several large training sets, however there is no guarantee that this approach will
perform with consistent accuracy over all possible domains.

The main advantage of ID3 is its simplicity. Due to this reason, ID3 algorithm is

frequently used for teaching purposes. However, ID3 has several disadvantages:

1. ID3 does not guarantee an optimal solution; it can get stuck in local optimums
because it uses a greedy strategy. To avoid local optimum, backtracking can be
used during the search.

2. ID3 can overfit to the training data. To avoid overfitting, smaller decision trees
should be preferred over larger ones. This algorithm usually produces small trees,
but it does not always produce the smallest possible tree.

3. ID3 is designed for nominal attributes. Therefore, continuous data can be used
only after converting them to nominal bins. ID3 is designed for nominal attributes.

Therefore, continuous data can be used only after converting them to nominal bins.[6]

3 Parallel Tree
Panda et al. (2009) proposed a parallel implementation of tree induction with
MapReduce framework. MapReduce is one of the most popular parallel programming
frameworks for data mining. In this framework, programmers need to specify a map
function which processes key/value pairs to emit a set of intermediate key/value pairs
and a reduce function that aggregates all intermediate values associated with the same
intermediate key. The MapReduce framework was pioneered by Google and then
popularized by open-source Apache Hadoop project. While there are other parallel
programming frameworks (such as CUDA and MPI), MapReduce has become the
industry standard and implemented on cloud computing services such as Amazon EC2
and various companies such as Cloudera provide services to ease Hadoop deployment

[6]. Among the classification methods, the ID3 is computationally inexpensive - at

first glance, it may not seem appropriate to apply parallelism to get benefit at runtime.

However, when applied to huge amounts of data, you can expect that the maximum

size of the learning set will require non-trivial amounts of computation. In addition,

you can use the total available memory of multiprocessors with distributed memory or
workstation clusters to accommodate ever-increasing sets of training materials that
may not be possible on individual machines. Model-driving parallelization strategy to
tree construction seems to be the most natural strategy of assigning processing
elements to nodes of the decision tree and reflects the “divide and conquer" nature of
the algorithm. Although appropriate to many search strategies such as branch-and-
bound, the limitations of this approach when applied to tree construction become
apparent. It is difficult to partition the workload among available processors (as the
actual workload is not known in advance) - if the least loaded processor will be
chosen, the processor assigned the middle branch of the root of the tree will complete
first and will be idle. Alternatively, a “master-worker" scheme for a task assignment,
where the available processors are assigned to the task of determining the best
attribute for splitting of a single node and then is returned to a “waiting pool" may
exhibit excessively fine-grained parallelism. The overall computation time may be
influenced by the overhead of the computation time or by the overhead of approaches.
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The efficiency is limited by the fact that the bulk of the computational work is
associated with the root of the decision tree, where the entire training set T as well as
all m-attributes must be examined to determine the subsets represented in the
immediate children. Attribute based decomposition is another strategy that associates
m processing elements with each attribute in X so that the evaluation of gain for all m-
attributes can proceed concurrently. Pearson evaluated the performance of a
combination of the “master-worker" approach and attribute based decomposition to
compensate for growing workloads at lower levels of the decision tree and the
accompanying increase in the ratio of parallel overheads to the "useful” work. Pearson
conclusion that “none of the results show a speed reduction (in proportion) with the
possible parallel computation” highlights the shortcomings of this strategy. A further
limitation of this approach is the shared-memory model that must be assumed to allow
global access to training examples by the individual tasks; this assumption severely
limits the scalability of the algorithm (Fig. 1).

[ 4

Figure 1. model-driven model.

An alternative method of parallelizing tree construction employs a data-parallel
approach and is depicted in Fig. 2. [7]

R

‘m:@:;ﬂ::‘

1 1

- Training Set -

Figure 2 Data-parallel model.
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The motivation behind this decomposition strategy arises from the observation that
most trees construction algorithms rely on frequency statistics derived from the data
itself. In particular, the fundamental operation in 1D3-like algorithms is the counting
of the attribute value/class membership frequencies of the training examples. Parallel
Decision Trees is a strategy for dataparallel tree construction. The machine model
employed assumes the availability of P processing elements (PE), each with associated
local memory. The interprocessor communication primitives required are minimal:
each PE must be able to send a contiguous block of data to its nearest neighbor;
additionally, each PE must be able to send data to a distinguished \host"processor.
This machine model is general enough so that the strategy may be employed on
currently-available massively parallel systems as well as networks of workstations.
Because the communication patterns involved are regular, with the bulk of transfers
involving only nearest neighbor Pes, the additional overhead incurred due to inter-
processor communication is kept to a minimum.

DparallelID3(Instances x, Feature fi)
Send x and fi to each slave processor
Sort x in each slave processor Receive possible split points from slave
processor(s)
Determune the minimum of them Send the minimum
to the slave processor(s)
Receive the frequency statistics from slave processor(s)
Slave processor(s) update their iterator(s) if necessary
Calculate information gain gy for that split point
from the gathered frequency statistics
Compare gi with bestgain and update if former is better
Gotg above to receive again possible split points

Figure 3. Parallelization (pseudocode)

As attributes are chosen for splitting criteria associated with internal nodes of the
decision tree, the master broadcasts the selected criterion to worker processors, who
use this information to “mask" training events that do not belong to the subset of cases
that are examined at lower levels of the tree (Fig. 4).
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Tree partitions the entire training set among the available PEs so that each
processor contains within its local memory at most [N/P] examples from T. This
partitioning is static throughout tree construction and subsequent pruning. No
examples are allocated to the “host" processor, which is instead responsible for:

e Receiving frequency statistics or gain calculations from the “worker" PEs
and determining the best split.

o Notifying the PEs of the selected split at each internal node.

e Maintaining the data structures for the tree itself.

Conclusion

The ID3-like algorithms, induce, axis-parallel, decision trees, in which each test
one attribute value is equivalent to a hyperplane parallel to the size attribute in object
space. Recently, methods for induction of oblique decision tree, such as Oblique
Classier 1 (OC1) have been developed which have the potential of capturing a more
general class of concepts more succinctly and accurately than their axis-parallel
counterparts OC1 use ascent and randomization to identify inclined splits training
data. Because OCl's search starts at an axis-parallel split that is subsequently
perturbed into oblique orientations to find better partitions, the strategy outlined by
tree can benefit algorithms such as OC1. ID3 is a non-incremental (or batch) inductive
procedure; all training examples are required prior to construction of the classier.
Several modifications to ID3 have been proposed to provide for an incremental variant
of the algorithm. ID5P tree is an example of the incremental method, which increases
the decision tree frequency counter associated with each non-leaf node. Information
needed for the construction of the original tree, is available in our parallel formulation.
Thus, the "bootstrap" structure can benefit from parallel structure using PDT method,
and the resulting tree can be modified as new examples are presented.
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DBOIOIUS COOOIIECTB CTPATETUN IPU HATHYUU UCTOYHHKOB

A. B. [lpuiimak, B. B. SlnoBckuit
Xapvrosckuii HayUOHANbLHYIIL YHUSEpCUmen
umenu B. H. Kapasuna, nn. Ceo600si, 4, 61000, Xapvros, Yxpauna
Hnemumym monoxkpucmannos, Hayuonanvhas
Axademus Hayx Ykpaunsl, np. Hayxku, 60, 61001 Xapvros, Yxkpauna

PaccmoTpeHa SBOMIOINMS MOMYNIALNH CTPATErHil, OrpaHMYEHHBIX TOJNBKO ITyOHHON
MaMATH, TIPH HAJIMYMU MCTOYHUKOB CTpaTeruii pasHod riyOuHbl mamstH. [TokasaHo,
YTO TIIyOMHA NMaMATH U CJIOXKHOCTD CTPATETHH SBIAIOTCS 3BOJIONHOHHO BBITOJHBIMIL.
VcraHoBIeHBI CBOWCTBa cTpaTeruii, GopMupyromux crandoHap. Iloka3aHo, 4To BO
BCEX CIIyJasX arpecCHBHOCTb CTPATETHH MajaeT M Ha CTAallMOHAPHOW CTaguM Bce
CTpaTeTHH HUMEIOT HYJIEBYIO arpecCHBHOCTh MO OTHOIIGHHIO APYT K Ipyry. OTo
CBOWCTBO MOXKHO HCIIOJIb30BAaTh B KauecTBe MpuHIMMIA oTOOpa crpateruid. [lokazana
CBSI3b MEXJly arpeCCUBHOCTBIO U KOJIMYECTBOM OUYKOB Ha XOJ| cTpaTeruu. Yem Bhlie
arpecCUBHOCTb, TEM MEHbIIIE OUKOB YBOJIIOLIUOHHBIX IIPEUMYIIECTB Ha XOJ CTPATETUu.

Knroueswie cnosa: 260J7I0YUs, NONYTAYUS, cmpamecus, CI0HCHOCHb, Koonepayusl.

Po3rnsHyTO €BOMIONI0 MOMYJIALIT CTpaTerii, 0OMEXECHUX TITBKU TIHMOMHOK MaM'sTi,
IPU HasBHOCTI JpKepen cTpateriii pisHoi rmOuHu mam'sti. [Tokasano, mo rimbuHa
Mam'sTi 1 CKJIAAHICTD CTPATeTiil € eBOJIOMIMHO BUTiAHUMH. BCTaHOBIEHO BIACTUBOCTI
cTpaterii, ki GopMmyroThs cTanioHap. [lokasaHo, Mo y BCiX BHNAIKaX arpeCHBHICTH
CTpaTeriii magae i Ha CTaliOHAPHIH cTafii BCi cTparerii MalOTh HYJIBOBY arpecHBHICTh
M0 BiHOIICHHIO OAWH 10 oxHOi. L{f0 BIacTHBiCTH MOYKHA BHKOPHUCTOBYBATH B SIKOCT1
NPHUHIMITY BigOopy crpareriil. [Toka3zaHo 3B'I30K MiX arpecHBHICTIO 1 KUIBKICTIO 090K
Ha Xi}l CTpaTel“ﬁ. Yum BHUIIC al"peCI/IBHiCTB, THM MCHIIC O4YOK eBOHmHiﬁHHX rnepesar Ha
Xix cTparerii.

Knrouosi cnosa: esonioyis, nonyasyis, cmpamezis, CKIGOHICHb, KOONEPayis.

The evolution of population of the strategies, limited only by the memory depth, in the
presence of the sources of strategies of different memory depths has been considered.
It has been shown that the memory depth and the complexity of strategies are
evolutionarily beneficial. The properties of the strategies which form the stationary
state have been established. It has been shown that the aggressiveness of the strategies
falls in all cases and at the stationary stage all strategies have zero aggressiveness in
relation to each other. This property can be used as the strategy selection principle.
The relation between the aggressiveness and the number of points for a strategy move
has been shown. The higher the aggressiveness, the fewer points of evolutionary
advantage the strategy has.

Key words: evolution, population, strategy, complexity, cooperation.

1. Beaenue

DBOJIONUS CIIOKHBIX OMOJOTMYECKHX CHCTEM IIPHBJIEKaeT OOJbIIOe BHHMAaHHE,
HaunHas ¢ pabortel Y.Jlapsuna [1]. Teopus urp [2-4] obecrnieumBaeT HaJeKHOES
OCHOBaHME Uil HU3y4yeHHs HBomonuHd. OIHUM M3 BaXHBIX HANpaBICHHHA O3THX
UCCIICZIOBAHUH SIBIISIETCSI TIOMCK MEXaHW3MOB BO3HMKHOBEHHS COTPYIHHYECTBA WM
koornepanuu. Cpend MHOTHX WTPOBBIX MOJIENiei, KOTOpble HCIONB3YIOTCS IS
00BsICHEHHST KOOIIEPATHBHOTO TOBEICHHsI, 0CO00€ MECTO 3aHMMAIOT UTPHI, KOTOpHIC
MOKHO pacCMaTpHBaTh Kak 00OOIICHHE THICMMBI 3aKiodeHHOro [5-7]. Bwibop
MaTpHUIBI  BHIJIAT B 3TOM  ClIydae OMNpeleNseTcss NPOCThIM  (QHU3HUYECKUM
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coobpakenneM. Koomeparms Bcerna TpeOyeT JOMOJHHUTENBHBIX 3aTPaT PECypCcoB IO
CPaBHEHHMIO C OTKa3oM OT Koomepauud. CKIOHHOCTh K SKOHOMHH PECYPCOB WIIU
YCWIIMiI HaKJIaJbIBaeT OrPaHMYCHUE HA CBOICTBA MATPHILIBI BBITUIAT. Tak, MpU KaKaIoM
OT/ETBHOM B3aMMOJICHCTBUY WHIVBHYaIbHBIA BBIUTPHINI IIPH OTKA3€ OT KOOTEPAIHH
NPEBBIIIAET BBIUTPHIII TP COTTIACKH Ha Koorepannio. CTOK CTpaTeruii onpeaensercs
yCJIOBHEM OTKa3a OT MPUMEHCHHUS XyJIIIeH CTpaTerMd Ha KaKIOM HOBOM OJTare
nporecca BOMIOUUH TOMYJISIIUN WIIH, IPYTHMHU CIOBAMH, OTKa30M OT MPHUMEHEHHS
XYAIIAX CTPATeTUH MPEIBIAYIIETO TOKOICHUS.

Pa3Butue 3TOr0 HaNpaBICHNUS MPUBEIIO K OTKPHITHIO MEXaHU3MOB KOOIIEPATHBHOTO
NOBE/ICHHSI KaK B TEOPUH, TaK U IKCIICPUMEHTANbHBIX HaOmoaeHusx [8]. Hauwmnas c
pabotet HoBak u Meit [9], 3BOMIOIHMOHHBIE WIPBI OBUIM HIMPOKO H3YYCHBI B
CTPYKTYPUPOBAHHBIX MOIYJISLUIX, B TOM YHCJIEe Ha PEryIspHbIX pemierkax [10-12] u
cnoxkubix ceTsix [13-18]. B Hactosimiee Bpemsi oOHapykeH psn OOLIMX, HO
KOHKPETHBIX MEXaHU3MOB, IPUBOJIIMX K KOOIEpalU¥ B CaMbBIX Pa3HOOOPa3HBIX
cucremax (cm. manmpumep [19]). Cpeau Takux MeEXaHM3MOB CJEAYeT OTMETHUTB:
noopososibHoe yuactue [20], Hakasanus [21], cxomctBo [22], HeomHOpomHAs
nestenbHOCTh [23], conmanbHoe pasHooOpasue [24, 25], nunamudveckue cBsizu [26],
aCUMMETpUYHOE B3auMoJeicTBHe M Tpad mepectaHoBok [27], mwurparms [28-30],
rpynmnoBoit ¢asoputusm [31], B3ammosaBucumbie cBsizu [32]. Hcmomnb3ys Takoit
HOAXOJ, MOXHO BBISICHUTH TIOSIBICHHE MHOXKECTBA Pa3HOOOpa3HBIX CBOMCTB Y
IBOJTIOLMOHUPYIONHX TOMy siuuii. [1o7 3BOMIOIMOHHBIMH MOMYJISALIUSIMU, CIEIYS
HapBuny, OyJIeM TOHMMaTh MHOXECTBO OOBEKTOB, KOTOPbIC MOAYHHSIIOTCS
CIEIYIOIMM MNpUHIMMAM. OTO 1) MNPUHLMI HACIEACTBEHHOCTH, 2) MPUHIUI
W3MEHYHBOCTH H 3) €CTECTBEHHOTO 0TOODA.

2. JBoJIonus coodlIecTBa cTpaTerui

OpmHUM U3 BaYKHEHIIINX CBOWCTB OMOJIOTMYECKUX OOBEKTOB SIBISICTCS AMATH H, KaK
CIIC/ICTBHE, CIIOKHOE MOBE/ICHHUE I TOSBICHHUE CIOXHBIX CTpaTeruil moseaeHus. B
pabote [33] paccMOTpeHa 3BOMONKMSA COOOIIECTBA BCEX CTPATETHi ¢ OrpaHHYCHHOM
ryounoit mamsatn K <2 B pamkax 3amauu Komm. CTOK crTpareruii B Takux
coobmiecTBax oOecrieyrBaeT WX KOHKYPEHIUS M HMCYE3HOBEHHE IPOUTPAaBLICH
CTpaTerud. YBENWMYCHHE TIyOWHBI NaMATH CTAIKUBACTCS C  OTPOMHBIMHU
BBIYHCIIUTEIBHBIME  CIOKHOCTAMH ~ HM3-32  CBEPXIKCIIOHEHIMAIBHOTO  poCcTa
YHCJIEHHOCTH BCEX BO3MOXKHBIX CTpaTerwii ¢ ruyounodl mamsatu K. DT1o cosmaer
HETPEOI0IMMbIC BBIYUCIUTENbHBIE TPYAHOCTH (cM. obcyxaenue B [33]). C apyroii
CTOPOHBI YHCIIEHHOCTh HOCHUTEIIEH CTpaTernii KOHEYHa U BCET/a CYIECTBYET TiTyOnHa

namsitd K., TpH KOTOPOM 4YHMCIO BO3MOXHBIX CTPATErHil IpPEBBIMIAET YUCIO HX

Hocuteneil. B aroif cuTyanmm mnocraHoBka 3amaun Komm 00 3BoMOIMH  Beex
BO3MOJKHBIX CTpaTeruii HEBO3MOXKHA IS Takoro coodmiectBa. [loaTomy B 3TOM
ciydae cOOOIIECTBO HY)KHO pPaccMaTpUBaTh KaK OTKPHITOE JJIsl HOBBIX CTpaTeTHid,
OTCYTCTBYIOIIMX HA HayaJbHOW CTaauWU 3BOJIOLMH. DAKTUYECKH B 3TOM IPOLECCE
JIETKO YBUJAETh peajM3alyio NMPHHIMUNA u3MeHYnBOcTH Teopuu [lapBuna. C TOUKH
3peHUs] CTATUCTHYECKOH (M3UKU B OOIIECTBE MPUCYTCTBYET CTOK CTPaTeTMi M X
UCTOYHUK. [IpuMepaMu TakuX (UIUYECKUX CHCTEM MOXET CIYXKUTh CHIIbHAS
TYpOYJIEHTHOCTb B )KUAKOCTH (CM., Haripumep, [34, 35]). B 3Tux yciioBHAX BOSHUKAIOT
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CTallUOHAPHBIE HEPAaBHOBECHBIE pACIpPEICICHUsT CTpaTeruil. OBOMIOLUSA TaKUX
COOOILIECTB, €CTECTBEHHO, CYIIECTBEHHO OTJIMYACTCSI OT paccMOTpeHHbIX B [33] B
nocTaHoBKe 3aaaun Komu.

Ha xaxmoMm »JTame »5BOJNIONMM NPOWIpaBIIAs CTPAaTerds HE IEpeaaeTcs
CIEAyIOIIEMy TIOKOJEeHHIO. B3aMeH ucuesHyBlIeW cTparerud B OOLIECTBO
BOpacbIBaeTCs HOBasl cTpaTerus. JpyruMu cioBamMu, MOAEIMpYeTcS HepaBHOBECHAsS
CUTyauusi C HICTOYHHKaMH U CTOKaMH cTpareruil. MlctouHnk BOpachIBaeT CTpaTeruy,
nIyOMHA MaMSITH KOTOPBIX OTJIMYAETCs] OT TIyOMHBI MAaMATH UCXOIHOI'O COOOIIeCTBa
ctpateruii. Hac OynyT mHTepecoBaTh /1BE OCHOBHBIE XapaKTEpUCTUKU CTpATEeTHH -
ryOMHa TaMATH U CJIOXHOCTb CTPAaTErMd U COOTBETCTBYIOLIME XapaKTEPUCTHKH
coobmiectBa crpareruil. [loatomy OyneM HCHOIB30BaTh KOJUICKTHBHBIE IIEPEMEHHBIC
JUTsl OTpyOJIEHHOTO OMUCaHMsI COOOIIECTB.

JKv3Hp B MOMYJAINM U €€ IBOJIOLUS ONPEENIAEeTCS XapaKTepoM B3aUMOACHCTBUS
o0wekToB momynsanuu. Hambonee mpocToil cirydail 3TO MX MapHOE B3aMMOAEHCTBHE.
bynem mpenmosarate, 4ro OOBEKT B IPOLECCE >KU3HU HE MEHSET CTPATETHI0 U
B3aMMOJEHCTBYET B COOTBETCTBUM C HTEPUPOBAHHOW Wrpod MO JWiIeMMe
3aKJTFOYEHHOTO C KaXI0# CTpaTernel Momyisanny, BKitodas cebs. Jpyrumu cnoBamu,
paccMaTpUBaeTCsl OJHOYACTHYHOE NPUOIIKEHHE B3aMMOICHCTBUS CTpaTreruil - 0e3
yueTa yuciia HOCUTeNel cTpaTeriud. JJoNoTHUTENbHOE TPEUMYILIECTBO TaKOT'O BRIOOpa
CBS3aHO C BO3MOXKHOCTBIO CPaBHUBATh PE3yNbTaThl C pe3yibTaTaMu 3agauu Komiw,
nosydeHubie B padote [33].

Jnst Toro, 4ro0OBl YCTaHOBUTH PE3YJbTAaT MApHOI'O B3aMMOJEHCTBHSI CTpaTeTwui,
OIpeaAcIuM MaTpuIlly BBIIIJIAT. I[I/IJICMMEI 3aKJIFOUCHHOI'O IBYX UT'POKOB COCTOMUT B TOM,
YTO KOKIBIH UTPOK MOXKET BBIOpATh MEXIy coTpynHudectBoM (1) mmu otkazom (0). B

paboTe MBI HCIONb3yeM 3Ha4YeHWs MaTpulsl BhiLIaT Akcenspoma M; [36] - B
3aBHCHMOCTH OT CTPAaTerdy COIEpPHHKA BBIOPAHHBIN UIPOK MOJydaeT 8, =3, eCIH
00a coTpyaHHYaIoT; a,, =1- ecin oba orkaseiBaroTcs; &, =0 - ecim BhIOpaHHBIH

COTPYIHMYAaCT M HPOTHBHUK OTKA3bIBAaeTCSA; M @,  =O - €CIM BHIOPAHHBIN

OTKa3bIBACTCA, a IIPOTUBHUK COTPYAHNYACT. ManI/I‘IHI)IC OJICMCHTBHI,
COOTBCTCTBYIOIIIHE JHUJIIEMME 3aKJIFOYCHHOTO, OTpaHNYCHbI HEPAaBCHCTBaAMU

8y >a, >a, >a,n 28, >a,+a,.

Yucno B3aMMOJEHCTBHH JBYX CTparermii B OJHOM TIOKOJICHHH BBIOEpeM
omunakoBeiM N =100. Dr0 onTHManbLHOE 3HAaYEHHME YyXKE JOCTATOUHOE IS
HEYYBCTBUTEIBHOCTH PE3yJIbTaTOB 3BOJIIOIUH K IEPBOMY X0y, Kak 1moka3ano B [33].

HcroyHuK cTpaTeruii MOZAENHMPYET HW3MEHUUMBOCTb CTpAaTEeruid, HalpUMEp, B
pe3ynpTaTe MyTanui. Ilpm 5TOM MOIyT CyIIECTBEHHO OTIMYAThCSA CBOMCTBA
MCXOJIHBIX CTpaTeruil COOOIIECTBa OT CBONCTB BOpachIBaeMbIX cTpaTeruil. Baxubimu
SBIISIFOTCS JIBa TPUHIMITUATIBHO pa3IMYHbIX clydas. Bo-TiepBbIX BOpachiBaeMble
CTpaTEeTrHu MOT'YT UMETh OONBLIYIO TITyOUHY aMsTH, YeM cool1iecTBo. B aToM ciydae
BOpachIBatoTCA U 0oJiee CIIOKHBIE cTpaTernd. Bo-BTOphIX, BOpachiBacéMble CTpaTEeruu
MOTYT HMETh MEHBIIYI0 MNIyOWHY TNaMsITH, 4eM cTpaTeruu coobmectBa. B stom
ciydae B cOOOIIECTBO BOpachiBaroTcs Oolice MPUMHUTHBHBIE cTpaTerun. OCHOBHOM
MHTEpEC MPEJCTABISIOT CBOMCTBA 3BOJIFOLMH COOOIIECTB B 3THX ciydasx. Haunem co
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Ciydasi, KOoTJa TIyOrnHa aMsITH BOpaChIBAEMBIX CTpaTeruii OoJbIne TITyOWHBI TaMsITH
o01IecTBa Ha HAYAJIHHOM 3TaIle SBOJIOIHH.

3. Coolu1ecTBO cTpaTeruii ¢ HyJ1eBOi M eIMHUYHON MAMATHIO U UCTOYHUKOM
cTparteruii ¢ riryoOuHoi namsiTu 2

[TycTs HayampHOE COCTOSIHUE COOOIECTBAa CTpaTeruii 00pa3yloT Bce CTPATETHH C
rny6ounoit mamsaty K <1. Yucno takux crpareruit 104. ITocne mposeneHus sTana
9BOJIIOLMM TPOWTpaBlIas cTparerus (HaOpaBmIas HAUMEHBIIYIO CYMMY OYKOB)
ymanseTcss W Ha CIeAyIONIMA 3Tall He Jomyckaercs. B ocraBmeecs cooOriecTBo
BOpacbIBaeTcsl CllydaifHasi cTparterus c rinyOmHOH mamsatd 2. Bee ocraBmmecs
CTpaTerMu W BOpOIIEHHAs CHOBa BCTYNAIOT B COPEBHOBAaHHE C HavaJbHBIMU
HYJIEBBIMA OYKaMH OBOJNIONHOHHBIX MPEUMYIIECTB. OJTH CTPAaTeTHH MOXKHO
paccMaTpuBaTh Kak TOTOMKH TPEIBIIYIIETO MOKOJEHHS C MYTHPYIOMmEH HOBOH
cTparerueil. Jlanee mporecc MoBTOPsIETCA A0 BBIXOJA B CTAI[HOHAD.

B paccmarpmBaemMoM ciydae TpPH YUCIEHHOM MOJIEIHPOBAHUN CTAIHOHAP
mocturaercs Ha 2590 craaum 3Bomronun. Pazymeercs, BpeMs BbIXo/a B CTallMOHAP B
pasHBIX peanu3alMiaX MOXET OTIUYaTbCd M3-32 HCIOJBb30BAaHUS — CIIyYaiHOTO
BOpachlBaHHWsS CTpaTeruil. XapakTepHOe BpeMsl BBIXOJa B CTAllMOHAp MOpPsAKa
HECKOJIBKMX ThICSIU MOKoNeHuid. B cranuonape npucyrctByroT 104 crpareruu c
y49eTOM pa3u4uidi B TIEPBOM XOJe. Bce »OTH cTpaTernn WMEIOT HYJIEBYIO
Arp€CCUMBHOCTDL IO OTHOUMICHHIO JPYT K APYTY U Ha6I/IpaIOT OJHUHAKOBOEC YHCJIO OYKOB
(31200.0) Ha cTanmOHAPHOM 3Tarle SBOIIOIIH. DTO CBOHCTBO COBMAIAET C IBOIOIIUEH
COOOIIECTB CTPATErWii M TIPH OTCYTCTBHH HCTOYHUKOB cTpateruii (cm.[33]).

Kpowme atoro, cranuonap (GopMUPYIOT CTpaTeruu ¢ OOJBbIICH TIIyOUHON MaMSTH U
MaKCUMAaJIbHON WM OJIM3KOW K HeH cioxHOCThi0. Ha puc.l npuBeneHa YUCIEHHOCTh
crpateruii N ot riy6ounst mamsta M u ciokuoct C B crarmonape.

N

)
=
=

; : T : O

P — e
T
] 05 1 L5 M o 2

3 4 H & 7 C
Puc.1. Yucno cmpameauii N 6 cmayuonape c onpedenennoii enybunori namsmu M - cresa u
yucno cmpamezuti N onpedenennoii cnoscnocmovio C - cnpasa. Jlunuu nanecenst o1
yoobcmea opuenmayuu u GuauULecKo20 CMbICAA He UMEIom

Jlerko 3aMeTUTh, 4YTO B CTallMOHAPEe OCHOBHAs YacThb CTPaTerdii HMeeT
MaKCHMaJbHYI0 TJIYyOMHY NHaMATH W MaKCUMAaJbHYIO CIOXHOCTb. Manas dacTb
crpareruii 3to 4.8% wuMeroT TNyOMHY NaMsATH MeHbIIe MakcuMmanbHOH u 45.2%
OCTaBIIMXCS B CTallMOHApPEe MMEIOT CIOXXHOCTh MEHbIle MakcuMalbHOW. [Ipu 3TOM
NPUMUTHBHBIE CTPAaTETHU CO CIOKHOCTBIO (0, 1 BOBCE OTCYTCTBYIOT B CTallMOHAape.
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Jpyrumu cioBamMH, OOLIECTBO CTpaTEerMii 3aXBaTBIBAIOT CIIOXKHBIE CTPAaTETHH C
MaKCUMaJIbHOM ITyOMHOM MaMsITH.

OOcynmuMm  Temepp Kak THPOHMCXOAWUT BbIXOA B crauuoHap. (OcCHOBHEIC
XapaKTePUCTUKH, KOTOpBIE IPEACTABISIIOT HMHTEPEC, IOJDKHBI OBITh CBS3aHBI C
NIyOMHOM HaMATH U CIIOKHOCTBIO crpareruid. CiexeHue 3a BCEMH CTPAaTeTrHsMU
OeccMBICIEHHO U3-3a OO0JBIIOTO YMClia BO3MOXKHBIX cTpareruid. [loaTomy ucnonszyem
KOJUIEKTUBHBIE TIEPEMEHHBIE - YHCIEHHOCTh CTPATETHi C OMPENEICHHOW TITyOMHOMN
NaMsITH W YHCJIEHHOCTH CTPATeTHil ONpPENCICHHOW CIO0XKHOCTHU. OTH IIEPEMECHHBIE
cojepkarT Haubojee ACTaNbHYI0 HMH(POPMALHUIO O TMOBEICHHM TIYyOMHBI MaMATH U
CIIO)KHOCTH B OOILECTBE CTpaTeruii NpH SBOJIONMU. UMCIEHHOE MOJACITHPOBAHHE
SBOJIIOLNN MO3BOJISIET ONPENEIUTh M3MEHECHHE 4YHCIa CTPATETHH C ONpENeIeHHON
riryOuHO# namstu (puc.2).

B0

60 a0

204 20

S , . . , , — 0
500 1000 1500 2000 t 00 000 500 2000 t S0 1004 1500 2000 t

Puc.2. H3menenue co epemenem uucienHocmu cmpamezuti ooujecmaa c enyourou namsamu 0
(cnesa), 1 (yewmp) u 2 (cnpasa)

XopomIo 3aMeTHO MOHOTOHHOE YMEHbBIIIEHNE YHCIEHHOCTH CTPATETuil ¢ TIIyOHHOM
namsity 0 (JieBast KpuBasi) ¥ ¢ TIyOuHol naMst | (LeHTpanbHas kKpuBas) Ha puc.2. J{o
CTalFioHapa JTOKMBAET OJfHA CTpaTerus ¢ HyleBoil rmyomHor mamstu (1)01 u 4 ¢
rryouHo#t mamsatu 1 (B 3Toil peammsanuu 3to crparerun (1)(11)0111, (1)(01)0111,
(H(11)0011 =m (1)(01)0011). MOHOTOHHO yBEIMYMBAETCS TOJBKO YHUCICHHOCTh
CTpaTeruii ¢ rimyOnHON mamsiTh 2 (TpaBast KpUBast).

Hpyroit BaxxHO! mH(pOpMAITHEH yKe O CIOXKHOCTH CTPaTErnii COOOIIECTBa CITyKaT
YHCJICHHOCTH CTPATETHH ONpPEIEeICHHON CIOXKHOCTH. VX MOBEIeHHE MPH 3BOJIIOLUH
MOKa3aHo Ha puc.3.

Bunno, 4uro yncneHHOCTh cTpareruii Mainoi cioxknoctu (0, 1, 2, 3, 4) yObIBaeT co
BpPEMEHEM, a YBEJIIMUMBACTCS TOJIBKO YHCICHHOCTh CTPATETUH CO CIOXKHOCTHIO 6,7 U 8.
UUCIIEHHOCTh CTpaTeruii IPAHUYHOM CIOKHOCTH 5 OCLHUJUIMPYET C BO3PACTAHUEM IIPU
npuOmKeHnn K cranuoHapy. IlpumurtuBHBIE cTpaTteruu cinoxHocTH 0 u 1 He
JOXHUBAIOT A0 CTAlMIOHAPHOTO COCTOSIHWS. TOJIBKO OJHA CTpaTerusl CIOXKHOCTH 2 -
(1)01 («oxo 3a OKO») HOXKHUBAEeT IO CTAllMOHApa, JBE CTPATETMH CIOXKHOCTH 3 -
(1)(11)0011, (1)(01)0011 u aBe cnoxuoctu 4 - (1)(11)0111, (1)(01)0111.

Ilepeiinem Temepb K OOCYKACHUIO CpPEAHUX XapaKTEPUCTUK CTpaTerui
coobmectBa. Haunem c moBeneHus cpegHeil TiyOMHBI MaMsITH cOOOILIECTBA CO
BpemeHeM (puc.4). CpeaHee 3HaueHUE TJYyOMHBI MaMSATH JIETKO OIPEICIHTh I10

0-my(t) +1-m,(t) +2-m,(t)
my (D) +m, () +m,(t)

uzBecTHeiM M. (t) kak M =
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Puc.4. Cnesa usmenenue cpeoneil enyounsvl namamu 06uecmea co epemenem (MouKu) u

omnupuyeckas kpusas M =2 —2 [N/ 5+1 (monxas xpusas). Cnpasa usmenenue cpeoneii
CILOJICHOCMU cmpame2uti 00uecmsa co pemenem (MoyKu), COOmeemcmeyoudsi KOpHeEoMYy

3aKOHY 8bIX00A 8 CMAYUOHAD C=71-5/ Nt/9+1 (mouras kpusas)
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Jlerko 3ameTuTh, YTO CpemHSAs TIIyOWHA MMaMATH HApacTaeT CO BpEeMEHEM |

JOCTHIacT B CTAlMOHAPE MaKCUMaJIbHOrO 3HaveHus, Onmskoro k 2 (M =~1.9).
BO3MOXHO, YTO €ClIM YBEIWYUTh BpPeMs HaOMIOJEHHMs Ha MOPSIOK, TO Oyner
JIOCTHTHYTO MaKCHMajbHOE 3HadeHue 2. XapakTep BBIXOAAa B CTAlMOHAp HMMEET

2
Jt/5+1

MOJKHO JTaKe yIy4YIINTh, TOAOUpasi IOCTOSHHBIE.
Brranciaenne cpemHedl  CIOKHOCTH  COOOIIECTBA CTpaTerHil  TaKKe JIETKO

CTENeHHON Xapakrtep, Ommskuii k M =2— , COBIIAZIEHUE 3aBUCHUMOCTEM

BBINOJIHATG, WCIOJB3YS YMCICHHOCTh CTpaTerdil ompeneneHHoi cmoxaoctd N (t)

_ 8 8
cormacuo C(t) = Zi n(t)/ ZHi :
i=0 i=0

CpeI[Hﬂ}l CJIOKHOCTb TAaKK€C MOHOTOHHO HapacCTacT, BBIXOAA ACUMIITOTUYCCKH Ha

IU1aTo, COOTBETCTBYIOLIEe cpeaneil cnoxknoctn C = 7.1. Dro nocratouno Gimskoe
3HaYCHWE K MaKCHUMaJbHO BO3MOXKHOHM CIIOKHOCTH 8. AHAIM3Upys 3TH JaHHBIC,
MOKHO 3aMETUTh YAOBIICTBOPHTENILHOE COBIAJCHHE 3aKOHA pEJIaKcalluu CpexHel
CIIOKHOCTH K  (DEHOMEHOJIOTHYECKOMY  KOPHEBOMY  3aKoHy (cM.  puc.4)

Ct)=71-—>
Jt/9+1

Crnenmyer OTMETHTB, YTO Cly4ailHOE BOpAchIBAaHHE CTPATETHH NAET OTHOCHTEIBHO
Mauible UIyKTyalluu CpeAHeH ITyOHHbI TaMSITH U CPETHEH CIIOKHOCTH.

Eme omHa BakHas XapaKTEPUCTHKA COOOINECTB, KOTOpasl aHAJM3UPYETCsl B 3TOH
paboTe, 3T0 arpecCUBHOCTH cTpaTeruil. [1o/ arpecCUBHOCTHIO Oy/1eM MTOHUMATh JOJIHO
OTKa30B CTpaTerud OT Koomepauuu. Pazymeercs, MOXHO IONBITaTbCA BBECTU
KOJUICKTUBHBIC IIEPEMEHHbIC JJIsl ONMCaHusi dToH xapakTepuctuku. OpmHaKo,
arp€CCMBHOCTb IMPUHUMACT )Z[pO6HI>Ie 3HAUYCHUA, YTO 3aTpyAHACT HUX BBCACHHC.
Ilostomy B »9dTOlf paboTe OrpaHMYMMCSI ONHMCAHWUEM I[OBENEHUS CpenHei
arpecCUBHOCTH co001IecTBa cTparernii. BunHo, 4To cpeqHsst arpecCUBHOCTh yOBIBAaET
co BpeMeHeM (cM. puc.5). MckitoueHne cocTaBisieT KOPOTKUI HadallbHBIA y4acToK,
BEJIMYMHA KOTOPOTO OJIM3KA K MEPUOJTy UCUE3HOBEHHSI TPUMUTHBHBIX CTPATETHI.

BaxHo oTmeTuTh, 4TO CcTauuMoHap (OPMHUPYIOT CTPATEruu, HE NPOSABIIOIIUE
arpeccHUBHOCTH 0 OTHOIIEHHIO APYT K APYTY (arpeccuBHOCTH HyneBas). Bo3zmoxkHo
9TO MOXXHO c(OpPMYJIHpOBaTh B KayecTBE TJIABHOTO JBOJIOIMOHHOTO IPHHIUIA
otbopa cTpaTeruil. Xapakrep craJaHus, KOTOPHI MOXHO YCTAaHOBHUTD 110 YHUCICHHBIM
JaHHBIM, HE JOCTATOYHO SIPKO BBIPAXKEH, U MO-BUANMOMY OJIM30K K JINHEHHOMY.

Haxonen, nepeiiiem k o0cyxaeHnio Habopa CTPaTErUsIMH OYKOB 3BOJIFOLIMOHHBIX
MPEUMYIECTB B CpPEJHEM Ha OJHOM XOJ€ CTpaTernd Ha OIpPEeIEHHOM 3Tare
3BOJIONMU. JTa XapaKTEPUCTHKA HAeT BO3MOXKHOCTb CpaBHHUBAaTh 3((EKTHBHOCTH
B3aI/IMOIIeI‘/'ICTBI/I$[ CTpaTeFI/Ifl. KomnuectBO 04KOB OBOJIIOOMOHHBIX IMPEUMYIICCTB,
MOJIy9aeMBbIX CTpaTErHel B CpPeIHEM Ha XOJ, BO3PACTAET CO BpPeMEHEM (CM. puc.S).
[pyrumu ciioBamu, B3aMMOJICHICTBUE CTpaTETHil CTAHOBUTCS Bce O0JIee BHITOIHBIM.

CymecTByeT yHHBEpCalbHasl CBSI3b MEXKAY arpecCUBHOCTBIO M YHCIOM OYKOB,
Ha6paHHLIX Ha OTHOM XOJ€ CTpaTeruu:
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Puc.5. Cnesa usmenenue cpedueil azpeccugnocmu cmpamezuti 00wecmsa co epemenem. B
Yenmpe usMeHeHue o 6peMeHeM YUCIA OYKO8 HA X0O cmpame2uu 06uecmed 6 CpeoHeMm.
Cnpasa cpasnenue cpedneil azpeccugrocmi, ROJLYYEeHHOU YUCIEHHbIM MOOEIUPOBAHUEM

(keaopamuxu), ¢ coomnouenuem (1) (kpecmuru)

3Ha4YeHHUs] MOCTOSHHBIX BO BCEX CIIydasix BBIOMPAIOTCS OfMHaKoBbiMH P =3,

A=53/8 u a=0.2. Pesynaprar cpaBHEHHMs CpEIHEH arpecCUBHOCTH ¢
3akoHOMepHOCThIO (1) mpuBenen Ha puc.5. OTaMuust TPyOHO 3aMETHTh WH3-3a
NPaKTHYECKH TIOJHOTO COBMAJCHHMS TOYEK. YHHUBepcaibHas 3akoHOMepHOCTh (1)
BBIIIOJIHACTCA HE TOJIBKO B ITIOCTAHOBKE 3aa41 KOHH/I, HO 1 B HCPABHOBCCHBIX CllydasaX
C UCTOYHUKOM CTpaTeruu.

B 3axiouenue pasnena oOCyAUM JOMHHHUPYIOIINE CTPATerny Ha KaXKIOM JTare
spoytonud. [log JOMUHUPYIOIIMMHU CTPATETUSAMHU OyJaeM IMOHHMMATh MOOCIKIAFOIINE
CTpaTeruyl B KaXJIOM TIIOKOJIEHHH. Pasymeercs, MMeHa WIM IpaBWia CTPaTETHl
SBIISIOTCS CIMIIKOM JeTalbHOW MH(popManmed U majgonHpopMatuBHOW. Hac OymyT
MHTEpEeCcOBaTh TAKWE CBOWCTBA TMOOEKAAIOMIMX CTpPATErHid, Kak TIyOWHA MaMITH U
cinoxHOCTh. Ha puc.6 mokasaHsl TiyOWHA MaMATH W CIOXHOCTH TOOEKIAFOIINX
CTpaTeruii Ha BCEX JTarax BOJIOLHUH.
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Puc.6. Cresa noxasana enybuna namsimu, cnpasd - CJIONCHOCHb NOOeOUSWUX cmpameuii Ha
coomeemcmayrowem smane 38010Yuu
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[To Mepe sBoNIOIMK COOOIIECTBA B HEM HAYMHAIOT JIOMUHUPOBATH CTPATETHU C
0OMBIION TIyOMHOW MaMATH M CIIOXKHBIE cTpaTeruu. OJHAKO, HA HAYAIBHOHN CTaauu
3BOJIIOIIMY TPUCYTCTBOBAIM TIEPUONbI JIOMHHUPOBAaHUS CTpaTeruii Oe3 mamsaTH u
Majoil CIOXKHOCTH 2. EauHWdYHBIE »3Tambl AOMHHHPOBAHUS TaKHX CTpaTeruit
BCTPEYAIOTCs BILIOTh 10 1771 mokoneHus, 4to cocraBiser 68% BpeMeHU BhIXOAA B
crarponap. Cienyer 0XuaTh, 4TO U B JPYTUX COOOIIECTBAX CTpATEruil ¢ OOJbIICH
TITyOWHOM MaMATH JOMHUHHPOBAHHUE TPUMUATHBHBIX CTPATETHI MOKET HAaOIIOAaThCs Ha
3HAYUTENHHBIX TIEPHUO/IaX IBOIIOINH.

4. Coo01ecTBO cTpaTeruii ¢ eIMHUYHOI NaMSITHIO M MCTOYHMKOM CTpaTeruii ¢
rJyouMHOi namMsTu 2

[lepeiinem Temepp K COOOLIECTBY CTpaTeTHil, W3 KOTOPHIX HCKIIOYCHBI
NPUMUTHBHBIE CTpPAaTeTHd 0e3 MamsITH M TPUCYTCTBYEeT HCTOYHHK CTpaTeruil c
rryonHo#l mamsatu 2. Ha HavanpHOW CcTaguM B «coOOIIecTBEe» MPUCYTCTBYIOT BCe
CTpaTerud ¢ €AMHUYHOW NaMAThI0. OTO JOCTaTOYHO Onu3Kas CHUTyauus K
pPaccMOTPEHHOM BBIIIE U OCHOBHOM HMHTEpEC NMPEACTaBIsET BIUSHHE MPUMHUTHUBHBIX
CTpaTETHi Ha IBOJIFOLIMIO COOOIIECTB.

B paccmaTtpuBaemMoM cilydae CTallMOHAp AOCTUTrAaeTCs Ha 2656 cTaauu 3BOJIIOLUH -
HEMHOTO TIO3KE, YeM IMPU HAIWYUK B COOOIIECTBE CTpPATETHil ¢ HYJIEBOW TITyOWHON
namsaTH. B cranmonape nmpucyTCTBYIOT 96 cTpaTeruii, ¢ y4eToM pas3n4uil B EpBOM
xolle. Bce aTm cTpaTermm MMEIOT HYJEBYHO arpeCCHBHOCTH IO OTHOLIEHHIO K JIPYr
JIpYyTy U HaOMParoT 0IMHaKOBOE YnciIo 04koB (28800.0) Ha cTaimoHapHOM 3Tare.

Ha cranmonapHO¥ CTaJiluu BBIKUBAIOT CTPATETHUH C OOJNBIICH MTyOMHOMN MaMsATH U
cnoxubie. Ha puc.7 mpuBeneHa dwucieHHOCTh cTpatermié N B cTamuoHape ot

riyounsl mamsitd M 1 cnoskaoctu C .

_ P
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Puc.7. Yucno cmpamezuii N 6 cmayuonape c onpeoenennoii 2nybunoii namsamu M cresa u
wucno cmpamezuii N onpedenennoii cnoncnocmu C cnpasa

Jlerko 3aMeTHTh, 4YTO B CTallMOHAPE OCHOBHAs YacTh CTPaTerdil HMeeT
MaKCHMaJIbHYIO ITyOHHY NMaMsITH ¥ MaKCUMAaIbHYIO CIIOKHOCTh. B HEM mpucyTcTBYyIO
TOJBKO 4 cTpaTteruu ¢ | TyOWMHOI maMsTH, mapa KOTOPBIX MMEET CIOXKHOCTH 3 (3TO
crparerun (1)(01)0011 u (1)(11)0011), a Bropas mapa (1)(01)0111 u (1)(11)0111 -
cinoxHocth 4. Tompko 4.2% crparernmii WMEOT TIyOMHY NaMiTH MEHBIIE
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MakCUMaJIbHOH W 52% - CJIOXKHOCTH MEHbBIIE MakchuMaidbHOW. OOIecTBo
3aXBaThIBAIOT CJIOXKHBIC CTPATETUU C MAKCUMAJIBHOM TITyOUHOM MMaMsTH.
OOGcyauM Tenepb BbIXOJA B cTanuoHap. Ha puc.8 mpuBeneHbI 3aBUCHUMOCTH OT

BPEMEHHM YHCICHHOCTH cTparterii ¢ riayousoit mamstu 1 - m(t) u ¢ ry6unoit
namsta 2 - M, (t). Herpyaso 3ametuts, uto uncieHHocTs crpaternit M, (t) yobiaet
co Bpemenem, a mM,(t) yBennumBaercs. WHTEPECHO OTMETHTH OTCYTCTBHE

3HAYMTENBHBIX (IIyKTyalMii MX YMCJIECHHOCTH, HECMOTPS HA HAJIMYHE CIy4alHOTO
ucroyHnka. Xapakrep nosexerns M, (t), m,(t) 6ansok k npexpiaymemMy ciyyato.

oo o0 lEe  Xoo " 00 W00 IS0 2000 !
Puc.8. Usmenenue co epemenem uuciennocmu cmpamezuti oouecmsa ¢ enyounou navsmu 1
(cnesa) u 2 (cnpasa)

Crpareruu co cnoxnocteio 0,1,2 B cooOmectBe oTcyTcTBYIOT (prc.9). Kak u B
IpeabIAYILEM CIIy4ae YUCIEHHOCTh CTPATETnii CIIOKHOCTH HIKE 5 yOBIBAET, a BBILIE -
YBCINYUBACTCA C 3aMETHBIMHU OCUHUJIIAIUAMU. YuCIEHHOCTh CI0XKHOCTH 5 sBIIsIETCS
FpﬁHH‘IHOﬁ, OTACIAA Ka4YCCTBCHHO pa3HbIC PCIKUMBI. OCLII/IJIJI}IIH/II/I YHUCJICHHOCTH,
€CTECTBCHHO, HanboJiee 3aMETHBI B CIIydae MaJlOd YHCICHHOCTH CTPAaTeruil — Ul HUX
CiIy4aifHOe BOpachlBaHHE CTpaTeTWi OKa3bIBAeT CYIECTBEHHOE BiusHHUE. [loaToMy

OTHOCHTENbHAs aMIuMTy1a (Quykryauid mensue y Ng(t), wem y n,(t) n ng(t).
MakcumaibHasi aMIUIMTY[a OCHWUISLMI JIOCTHTaeTcsi y BEIMYMHBI T[PAHUYHON

ancnennoctd Ng(t). AMmmryna cooTBeTCTBYIOMMX OCHMIImA mopsiaka /1, (1)

rne 1=5,6,...,8. C yBenuueHHWEM YHCIEHHOCTH OTHOCHUTEIbHAs aMIUIMTYA

y6LIBaeT ~ T B COOTBETCTBUU C OOBIYHBIMU CTATHCTUYECKUMHM 3aKOHAMU.
n (t
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Puc.9. Hsmenenue co gpemenem uucienHoCmuy cmpame2uti 00uecmsa co CloHCHOCHbio 3
(Ny(t) ) u co cromernocmoro 1 =4...8 - zpagpuxu n; (t)

Taxke HaONMIOAACTCS MOHOTOHHOE YBENWYCHUE CpEJHEH TIyOMHBI MaMsTH |
cinoxHocTH (prc.10). Panee oOHapykeHHBIE KOPHEBBIE 3aKOHBI BHIXOJIa B CTAllMOHAP

M=2-2/t/5+1 u C=7.2-5/+t/9+1 xopomo cormacylorcs u ¢ 3THM

CIIy4aeM.

-4
0

o

- T T T T T a T T T T T
1500 2000 i

I Ioan 1500 000 L] i} 100 e sl i
Puc.10. Cnesa usmenenue cpedneil enyouHsl namamu ooujecmea co epemenem (mouku) u

omnupuueckasn kpusas M =2 —2 [ \[t[5+1 (monxas xpusas). Cnpasa usmenenue cpedneii
CNIOJICHOCMU cmpame2uti 00wecmsa co epemenem (MouKu), COOMmeemcmeyouas KOpHeaoMmy

3AKOHY 8bIX00A 8 CMAYUOHAD C=72-5/ Nt/9+1 (mouxas kpusas)
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Xapaktep M3MECHEHHs CpEellHEH arpecCHBHOCTH OOIIECTBA COXPAHSETCS U B 3TOM
cinyuae (puc.11). CpemHsisi arpeCCHBHOCTh YMEHBIIIAETCsl cO BpeMeHeM. CranuoHap
(hOPMUPYIOT CTpATETUH, KOTOPHIC UMEIOT HYJIEBYIO arpeCCUBHOCTD MO OTHOIICHUIO K
Ipyr apyry. B cooTBeTcTBHH ¢ yHHBepcaibHOH CBs3pio (1) cpemHee YHMCIIO OYKOB
IBOJIOIIMOHHBIX MPEHMYIIECTB BO3PACTACT CO BPEMEHEM.

=l

T:". '.II" 5:'.". 1000 I'. F':". e 1 FI'.". 2000 1
Puc.11. Cnesa usmenenue cpeonetl azpeccusHocmu cmpame2uti 06uecmea co pemeHeM.
Cnpasa usmenenue co 8pemMeneM YUcid 04Ko8 Ha X00 cmpamezui 00ecmsd 8 cpeoHem

Takum 00pa3oM, Bce 3aBHUCUMOCTH Ka4€CTBEHHO COXPAHSIOTCS, a BO3HHMKAIOLIHME
OTIMYHSI CBOIATCS K HEOOJIBIINM KOJIMYECTBEHHBIM H3MEHEHUSIM.

CrnenmoBarenbHO, B TIpOLIECCE OBOJIONMU OOIIECTBO 3aXBaTHIBAIOT CJIOXKHBIC
CTpaTerMH C OOJNBLION CIOXKHOCTBIO M MaKCHUMalbHOH TiyOmHON mnamstu. Bcee
CTallMOHAPHBIE CTPATErMH MMEIOT HYJIEBYIO arpeCCHBHOCThH IO OTHOILUIEHHIO IPYT K
npyry. bomee Toro, 3TH 3aKOHOMEPHOCTH CHpPAaBEAJIMBHI JJISl BCEX OOINECTB, KOTIa
BOpachIBAIOTCS CTpaTeruy OOJNBbIICH CI0XKHOCTH, YeM HPUCYTCTBOBAJIM W3HAYAIBHO.
bbun paccMOTpeHBI, KpOME OIMCAHHBIX B HACTOSIIEH paboTe, ciydau oOuiecTBa ¢
rryonHO# maMsaTé 0 M1 HICTOYHUKOM CTPaTeruii ¢ TIIyOuHON 1 U OTAeNbHO TITyOUHOM 2.

Ilosromy paccMoTpuM ciiydail, Korja BOpPACHIBAIOTCS CTPATETMH MEHBIICH
TTyOWHBI TAaMATH, YeM OBLTH HCXOHO B 0OIIECTBE.

5. CooburecTBO cTpaTernii ¢ eTMHUYHONH MAMATHI0 U HCTOYHUKOM CTpaTerui ¢
riiyounoii namsitu 0

B sTOM cnyuae xapakTepHOe BpeMs BBIXOJ1a B CTallMOHAp cocTaBisieT 583 srana. B
cTarnpoHape octaercs 96 crpareruil (C y4eToM pa3iuduil B IEPBOM XOJ€ WIJIM YHUCIIO
HOCHUTEIICH CTpaTeruit).

Buano, uTo pacnpeneneHue cTpaTerdii Mo riyorHe NaMsaTH U CIIOKHOCTH (puc.12)
KaUECTBEHHO MEHSETCSI M0 CPaBHEHMIO C NPEIBIAYHIMMH ciydasMu. MakcumanbHa
YHUCIIEHHOCTh CTPATETHii C HyJIEBOI MaMAThIO, HO CTPATETUH U C EAMHUYHON TITyOHHON
MaMATH MPHUCYTCTBYIOT B CTalMOHape. UWCIEHHOCTbh MO CIO0XHOCTH TaKXe HMeEeT
CYLIECTBEHHBIE OTIMYUS - MPHUCYTCTBYET MAKCUMYM YHCIEHHOCTH IPH CIIOXKHOCTH
cTpareruii 2. 3aMeTHM, 4YTO 3TO 3HAYEHHE CII0)KHOCTH COOTBETCTBYET MaKCHMaIbHOMN
CIIO)KHOCTH cpeau BOpaceiBaeMbIX cTpaTeruii. COOCTBEHHO, 3TH CTpaTeTud H
JOMHMHHUPYIOT B CTalMOHAape. MOKHO MPEANOI0KUTh, YTO MAKCUMYM UYHCIIEHHOCTH B
3agadax co BOpachlBaHMEM CTPATETHil TOCTUTAETCS Ha BOPACHIBAEMBIX CTPATETHAX C
MaKCHMAaJIbHON CIIO)KHOCTBIO. DTO TPABUJIO BBHIMOIHIETCS BO BCEX PACCMOTPEHHBIX
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cinyqasx. [IpumutnBHbIe cTpaTernn 0-0ff CIOKHOCTH MCYE3AI0T M3 CTAI[MOHApa KaK U
B MpeIblAyIINX ciydasx. BeDKHBaeT HEOONbHIIOE KOJUYECTBO W MAaKCHMAIBHO
CIOXKHBIX cTparerui (5.2%) (cM. puc.12) HecMOTpst Ha OOJBLION YHCICHHBIN TIepeBec
1 BOpachIBaHHe TPHUMHTHBHBIX CTpaTeruil. [IpuMepHO CTOIBKO K€ CTpaTerwmil ¢
MakcHManbHOH mamAThIo (8.3%) ocTaercs B cramuoHape. Jpyrumu cioBamu, Jaxe B
TaKOW HEONaronpusITHON CHUTyallMd CIOXKHOCTh CTPAaTErWH IMO3BOJSIET BBUKHUTH H
MPOHUKHYTH B CTAI[MOHAPHOE COCTOSHWE OO0ImIecTBa. Bce cramuoHapHbBIE CTpaTeruu
uMeroT O arpecCMBHOCTh IO OTHOIIEHHWIO K Apyr Apyry. llpaBunmo HymneBoit
arpecCUBHOCTH BBHIMIOHIECTCS BO BCEX PACCMOTPEHHBIX CIy4asiX Kak MPH OTCYTCTBUU
WCTOYHUKA, TaK ¥ PU HAJTMYMH UCTOUYHUKA HOBBIX CTPATETHI.

&0

o - . 0
@ oz a4 os a% L @ I 2 3 [

Puc.12. Yucno cmpameauii N 6 cmayuonape c onpedenennoii enybunoii namamu M cresa u
uucno cmpamezuti N onpedenennoii cnoscnocmu C cnpasa

IlepeiineM K 3BOJIIOLMM CTpaTeruil co BpemeHeM. llepuon BeIMUpaHUS caMOi
arpeccuBHoi crpareruu (0)0000 3anumaet 319 sranos u cocrapisieT 54.7% BpeMeHu
BBIXOJa B CTaluoHap. l3MeHeHHe YMCIIEHHOCTH CTpaTeruil Mo TIiayOuHEe NamsTu
npuBeaeHo Ha puc.l3. KauecTBeHHOE OTIMYME OT MPEABIAYIIUX CIy4aeB COCTOWUT B
YBEITMUEHUH YMCICHHOCTH CTPATETHi C HYJEBOW IIyOWHON MaMsSTH U YMECHBIICHHUEM
YUCIIEHHOCTH CTpaTeTui ¢ OONbIIel TITyOHHON MaMATH.

Co 200 300 400 500 i i 200 300 400 S04 :
Puc.13. HUzmenenue uuciennocmeii cmpameauti co epemenem ¢ 2nyounoi namsmu 0 (cresa) u ¢
enyounoti namsmu 1 (cnpasa)
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XapakTep 3aBUCHUMOCTEH YHCJIEHHOCTH CTpaTEerui OMNpEeNeHHON CIO0KHOCTU
JIOCTaToOuyHO HeTpuBHalieH (cM. pwuc.14). BugHo, 4YTO Ha HayaJIbHOM JTare
YHCIICHHOCTh CTPATErHii ¢ HYJICBOW CIIOKHOCTHIO BO3pacTaya, HO JOBOJIBHO OBICTPO
WX YUCIEHHOCTh YMEHBIIWIACH 1O HyJId W TaKWe CTPaTerMd HE BBHIIUIN B
CTalOHApHBIM pexuM. CTpaTermy CO CIIOKHOCTBIO | Ha HAYambHBIX JTammax
OTCYTCTBOBAJIM, HO CTaJM YBEIMYMBATH CBOIO UUCICHHOCTh HAYWHAS MPUMEPHO C
MTOJIOBIHBI BPEMEHH BBIX0J1a B CTaIlOHap. YNCIEHHOCTh CTPAaTEeruid CO CIOKHOCTHIO 2
MOHOTOHHO BO3pacTalia Ha POTsLKEHHWH BCEro BpeMeHH dBomonnu. Ctparernn Oosee
BBICOKOH CJIOKHOCTH YMEHBIIIAIN CBOIO YHUCICHHOCTh Ha MPOTSHKECHUU BCETO BPEMEHU
BBIXOJIa B cTarmoHap. OQHAKO, UX YUCICHHOCTh BBIXOJUT HA KOHEUHOE HE HYJICBOE
3HaYeHHE B CTAI[OHAPE.

T

Ilco

-

.',.n'

oo E-:I-: !-:I-: 4-5: E-:I-: : - 'EI-: E-:I-: 00 -I-I:-: E-I:-: i
Puc. 14. Ilokazano uzmenenue co 8pemenem YucieHHocmel cmpamezuil ¢ OnpeoeieHHol

CIIOHCHOCMbBIO 6 061/1460}7166 HAa pa3nvblx omanax 360J110YUU. Crooicnocmo () - no (t) , CJIOJICHOCMb

1- n,(t), croxcrocms 2 - N, (t), crooecnocmo 3 - Ny(t) u croscnocms 4 - N, (t)

Cpenusisi riryOrHa aMsTH U CPEAHSs CIIOKHOCTh O0IIeCTBA CIaJaoT CO BPEMEHEM
(puc.15).

HNHTepecHO OTMETHUTh, YTO M3MEHEHHME arpecCHMBHOCTH oOmiecTBa (puc.16)
Ka4eCTBEHHO COXPaHsETCS KaK M IMPH DBOJIONMU OO0IIecTBa 0e3 MCTOYHHKA HOBBIX
CTpaTeruii. JTa 3aBUCMMOCTb MMEET MaKCHUMyM Ha HAdalbHBIX 3Tallax 3BOJIOLUH H
MOHOTOHHOE (BO3MOXKHO JHHEWHoe) craganue A0 ( mepen BBIXOJOM B CTalMOHAP.
BI/II[Ha KauCCTBCHHAA 3aBUCHUMOCTHL 4YHUCJIa OYKOB B CpE€AHEM Ha OIWH XO4 U
arpecCUBHOCTH. YHHUBEpcaIbHas cBs3b (1) MeXIy arpeCCMBHOCTBIO M YHCIOM OYKOB
Ha XOJ1 CTPAaTETHH XOPOILIO BBHITIOJIHAECTCS U B 9TOM CITydae.
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Puc.15. Cnesa cpeonsis enyouna namamu oouecmsa om epemenu. Cnpasa cpeoHsis
CNIOJACHOCMb 8 06UleCmBe HA PASHBIX IMANAX I60TOYU

N\ |

P |
|
1

e 200 a0 40 500 1 i 0o X0 E r 400 500 : - oo 200 E[v ) 400 500
Puc.16. Cnesa cpednss acpeccusnocmv 06wecmea Ha pasHvix smanax seomoyuu. B yenmpe
YUCTO OYKO8 HA XOO Cmpamezuu 8 CpeoHeM Ha pasuwix smanax ssomoyuu. Cnpasa cpagnenue

CpeoHell azpeccusHOCmU ¢ A2PecCUgHOCMbIO, HOCMPOEHHOU co2nacho coomuouenuro (1)

JoMuHUpOBaHUE CTpaTernii ¢ MAaKCUMAIILHOW TTyOMHOHN MaMsITH U MaKCHMalbHOMH
CIIO)KHOCTBIO IIEPEMEXKACTCS IMEPHOAAMH IOMHUHHUPOBAHMSA CTPATEruil C HYyJIEBOM
rIyOMHOH maMsITH W MeHbIIeH crnoxHOocThio (puc.17). [lpm mpubmmxeHuio
CTallMOHAPY JOMUHHUPYIOT CTPATErvu ¢ MaKCHMAJIbHO BO3MOXHOM I'TyOMHOH mamsTu
U ¢ ONM3KOH K MakCHUMyMY CIOXXHOCTBIO. Ilepnonsl NTOMUHMpOBaHUS CTpaTerui
MUHUMAaJIbHOU CcII0’)KHOCTH ) OTCYTCTBYIOT, @ €JMHCTBEHHBINH CITy4dail JOMUHUPOBAHUS
CTpaTEruy CJIOKHOCTH 1 Ha IOCIIeHEM ATalle CKOpee UCKIIIUEHNE U3 IPaBUIL.

0 0 300 410 wo ot W 4 500

Puc.17. Cnesa enyouna namsamu nobeousuieii cmpameuu, CHpaga CLONCHOCHb
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6. BoIBOABI
HpI/I HaJIM4YNUU HUCTOYHUKOB N CTOKOB CTpaTeFI/Iﬁ FJ'Iy6I/IHa naMAaATHu MU CIIOXKHOCTbH

CTpaTCFI/Iﬁ - OBOJIIOIMOHHO BBII'OAHBIC CBOMCTBA. MaKCI/IMyM YHUCJIICHHOCTH CTpaTeFI/Iﬁ

B 3a1a49aX ¢ UICTOYHHUKOM JOCTHUTACTCS Ha MaKCHUMAJILHON CII0KHOCTHU B6paCLIBaeMLIX

CTpaTeTHd. DTO CHPAaBEMINBO KaK IIPH HAIWYUH HCTOYHHUKOB, TaK W TPH HUX

OTCYTCTBUMU. Bo Bcex ClIydadaXx arp€CCUBHOCTH CTpaTCFI/Iﬁ ImagacT U Ha CTaHHOHapHOﬁ

CTaau AOOCTHUIa€T HYJICBOI'O0 3HAYCHUA. BO3MO)KHO, 9TO YHHBEPCAJIBHOC CBOMCTBO

MO>XHO HCITOJIb30BaTh B KadyeCTBE OCHOBHOTO MPHHITMIIA OTOOpa CTpaTeTHH IIPH

3BOJIFOIIUU. CyIIIeCTByeT YHUBEpCaJlbHasA CBA3b (1) MCKAY arp€CCUBHOCTBIO H

KOJMYECTBOM OYKOB Ha XOJ CTpPAaTCruu. YeM BbIIIC arpeCCMBHOCTb, TEM MCHBIIC

OYKOB 5BOJTIOINHUOHHBIX NPEUMYHICCTB Ha X0 CTPATECIUHU.
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